
✶ ▼❊❘❏❊◆❏❊ ✸

✶ ♠❡r❥❡♥❥❡

✶✳✶ ♠❡rs❦❡ ♥❛♣❛❦❡ ✐♥ ♦❜❞❡❧❛✈❛ ♣♦❞❛t❦♦✈

✶✳ ■③r❛↔✉♥❛❥ ♣r♦st♦r♥✐♥♦ ❦♦❝❦❡✱ ↔❡ ✐③♠❡r✐♠♦ str❛♥✐❝♦ ❛ ❂ 5 cm ± 1 mm✦ ❑♦❧✐❦➨♥❛ st❛ r❡❧❛t✐✈♥❛ ✐♥
❛❜s♦❧✉t♥❛ ♥❛♣❛❦❛ ♣r♦st♦r♥✐♥❡❄

❘♣✿ str❛♥✐❝❛ ❦♦❝❦❡ ③❛♣✐s❛♥❛ ③ ❛❜s♦❧✉t♥♦ ✐♥ r❡❧❛t✐✈♥♦ ♥❛♣❛❦♦✿ a = 5 cm ± 1 mm = 5 cm(1 ±
1/50) = 5 cm(1 ± 0, 02)

♣r♦st♦r♥✐♥❛ ❦♦❝❦❡✿ V = a3 = 125 cm3

r❡❧❛t✐✈♥❛ ♥❛♣❛❦❛✿ V = a3 = 125 cm3(1 ± 0, 02 · 3) = 125 cm3(1 ± 0, 06)

❛❜s♦❧✉t♥❛ ♥❛♣❛❦❛✿ V = a3 = 125 cm3(1 ± 0, 06) = 125 cm3 ± 7, 5 cm3

❧❛❤❦♦ ❜✐ ♣✐s❛❧✐ t✉❞✐ ♥❛ ❞♦❧❣♦✿
V = a3 = (5 cm± 1 mm)3 = [5 cm(1± 0, 02)]3 = 125 cm3(1± 0, 02 · 3) = 125 cm3(1± 0, 06)

✷✳ ■③r❛↔✉♥❛❥ ♣❧♦➨↔✐♥♦ ❦r♦❣❛✱ ↔❡ ♥❛♠❡r✐♠♦ r❛❞✐❥ r = 12 cm ± 1 mm✦ ❑♦❧✐❦➨♥❛ st❛ r❡❧❛t✐✈♥❛ ✐♥
❛❜s♦❧✉t♥❛ ♥❛♣❛❦❛ ♣❧♦➨↔✐♥❡❄

❘♣✿ ❑❡r ❥❡ ♣❧♦➨↔✐♥❛ ❦r♦❣❛ p = πr2 ✱ ❜♦♠♦ ♠♦r❛❧✐ s❡➨t❡t✐ r❡❧❛t✐✈♥✐ ♥❛♣❛❦✐ r❛❞✐❥❛ ✭✷① r❡❧❛t✐✈♥❛
♥❛♣❛❦❛ r❛❞✐❥❛✮✱ ③❛t♦ ♥❛❥♣r❡❥ ♣♦✐➨↔❡♠♦ ❧❡✲t♦✿

r = 12 cm ± 1 mm = 12 cm

(

1 ± 1 mm

12 cm

)

= 12 cm(1 ± 0, 008)

♣❧♦➨↔✐♥❛✿
p = πr2 = π122 cm2(1 ± 0, 008 · 2) = 452 cm2(1 ± 0, 016)

♣❛ ✐♠❛♠♦ ③❛♣✐s ③ r❡❧❛t✐✈♥♦ ♥❛♣❛❦♦✦
♣♦✐➨↔❡♠♦ ➨❡ ❛❜s♦❧✉t♥♦ ♥❛♣❛❦♦✿

p = 452 cm2(1 ± 0, 016) = 452 cm2 ± 7 cm2

③❛ ❦♦♥❡❝ ➨❡ ♣r❛✈✐❧♥♦ ③❛♦❦r♦➸✐♠♦✿

p = 450 cm2(1 ± 0, 02) = 450 cm2 ± 7 cm2

✸✳ ■③r❛↔✉♥❛❥ ♣❧♦➨↔✐♥♦ ❦✈❛❞r❛t❛✱ ↔❡ ✐③♠❡r✐♠♦ str❛♥✐❝♦ a = 5 cm ± 1 mm✦ ❑♦❧✐❦➨♥❛ st❛ r❡❧❛t✐✈♥❛ ✐♥
❛❜s♦❧✉t♥❛ ♥❛♣❛❦❛ ♣❧♦➨↔✐♥❡❄

✹✳ ■③r❛↔✉♥❛❥ ♣❧♦➨↔✐♥♦ ❡♥❛❦♦str❛♥✐↔♥❡❣❛ tr✐❦♦t♥✐❦❛✱ ↔❡ ✐③♠❡r✐♠♦ str❛♥✐❝♦ a = 5 cm±1 mm✦ ❑♦❧✐❦➨♥❛
st❛ r❡❧❛t✐✈♥❛ ✐♥ ❛❜s♦❧✉t♥❛ ♥❛♣❛❦❛ ♣❧♦➨↔✐♥❡❄

✺✳ ❇❛③❡♥ ❥❡ ❞♦❧❣ 20, 0 m✱ ➨✐r♦❦ 12, 0 m ✐♥ ❣❧♦❜♦❦ 2, 5 m✳ ✭Pr✐ r❡➨❡✈❛♥❥✉ ♥❛❧♦❣❡ ❥❡ ♣♦tr❡❜♥♦ ✉♣♦➨t❡✈❛t✐
❞♦❣♦✈♦r ♦ ③❛♣✐s♦✈❛♥❥✉ ❦♦❧✐↔✐♥ ✐♥ ♠❡rs❦✐❤ ♥❛♣❛❦❛❤ ♣r✐ ③❛♣✐s✉✦✮ ●♦st♦t❛ ✈♦❞❡ ❥❡ 1000 kg/m3✦

✭❛✮ ❑♦❧✐❦♦ ✈♦❞❡ ♠♦r❛♠♦ ♥❛t♦↔✐t✐ ✈ ❜❛③❡♥✱ ❞❛ ❣❛ ❞♦ ✈r❤❛ ♥❛♣♦❧♥✐♠♦❄

✭❜✮ ❑♦❧✐❦➨♥❛ ❥❡ ♥❛♣❛❦❛ ♥❛ ✈♦❧✉♠♥✉ ✈♦❞❡❄

✭❝✮ ❑♦❧✐❦➨♥❛ ❥❡ ♥❛♣❛❦❛ ♥❛ ♠❛s✐ ✈♦❞❡❄

✻✳ ❖❦r♦❣❧❛ ❦❛♣❧❥✐❝❛ ♦❧❥❛ ✐♠❛ ♣r❡♠❡r 0, 5 mm±0, 01 mm✳ ❑♦❧✐❦➨♥❛ ❥❡ ❛❜s♦❧✉t♥❛ ♥❛♣❛❦❛ ♣r✐ ✐③r❛↔✉♥✉
♣r♦st♦r♥✐♥❡❄ ❖❜❦r♦➸✐✦

✭❛✮ 4 · 10−9 mm3

✭❜✮ 0, 02 mm3

✭❝✮ 6%

✭❞✮ 2%

✭❡✮ 0, 07 mm3



✶ ▼❊❘❏❊◆❏❊ ✹

✶✳✷ ✜③✐❦❛❧♥❡ ❦♦❧✐↔✐♥❡

✶✳ Pr❡t✈♦r✐✦

✭❛✮ 10 m = 1000 cm

✭❜✮ 200 kg = 0, 2 t

✭❝✮ 100 km/h = 100 m/s

✶✳✸ r✐s❛♥❥❡ ❣r❛❢♦✈

✶✳ Pr✐ ♠❡r❥❡♥❥✉ r❛③t❡③♥♦st✐ ✈③♠❡t✐✱ s♠♦ ♥❛♠❡r✐❧✐ r❛③t❡③❦❡ ✐♥ s✐❧❡✱ ❦✐ s♦ ✈ t❛❜❡❧✐✿

① ❬❝♠❪ ✶ ✷ ✸ ✹ ✺ ✻ ✼
❋ ❬◆❪ ✷✱✹✺✼ ✸✱✵✼✽ ✸✱✹✵✶✺ ✹✱✵✾✼ ✹✱✹✷✶✽ ✺✱✵✹ ✺✱✺

◆❛r✐➨✐ ❣r❛❢ s✐❧❡ ✈ ♦❞✈✐s♥♦st✐ ♦❞ r❛③t❡③❦❛✦ ❑♦❧✐❦♦ ❥❡ ❦♦❡✜❝✐❡♥t ♣r♦➸♥♦st✐❄ ❙ ❦♦❧✐❦➨♥♦ s✐❧♦ ❥❡
♥❛♣❡t❛ ✈③♠❡t✱ ↔❡ ❥❡ r❛③t❡③❡❦ ✹✱✺ ❝♠❄ ❑♦❧✐❦♦ ❥❡ r❛③t❡③❡❦✱ ↔❡ ❥❡ ✈③♠❡t ♥❛♣❡t❛ s s✐❧♦ ✶✵◆❄

✷✳ Pr✐ ♠❡r❥❡♥❥✉ r❛③t❡③♥♦st✐ ✈③♠❡t✐✱ s♠♦ ♥❛♠❡r✐❧✐ r❛③t❡③❦❡ ✐♥ s✐❧❡✱ ❦✐ s♦ ✈ t❛❜❡❧✐✿

① ❬❝♠❪ ✶ ✷ ✸ ✹ ✺ ✻ ✼
❋ ❬◆❪ ✺✱✹✽✼ ✼✱✷✷ ✽✱✻✵✾✶ ✶✵✱✻✵✾✶ ✶✸✱✷✶✼ ✶✺✱✺ ✶✼✳✶

◆❛r✐➨✐ ❣r❛❢ s✐❧❡ ✈ ♦❞✈✐s♥♦st✐ ♦❞ r❛③t❡③❦❛✦ ❑♦❧✐❦♦ ❥❡ ❦♦❡✜❝✐❡♥t ♣r♦➸♥♦st✐❄ ❙ ❦♦❧✐❦➨♥♦ s✐❧♦ ❥❡
♥❛♣❡t❛ ✈③♠❡t✱ ↔❡ ❥❡ r❛③t❡③❡❦ ✸✱✺ ❝♠❄ ❑♦❧✐❦♦ ❥❡ r❛③t❡③❡❦✱ ↔❡ ❥❡ ✈③♠❡t ♥❛♣❡t❛ s s✐❧♦ ✷✺◆❄

✸✳ Pr✐ ♠❡r❥❡♥❥✉ ♠❛s❡ ❦♦✈❛♥❝❛ s♠♦ ❦♦✈❛♥❝❡ ♣♦❧❛❣❛❧✐ ✈ ✈❛❧❥❛st♦ ♣♦s♦❞♦ ✐♥ ♠❡r✐❧✐✱ ❦♦❧✐❦♦ ❥❡ ✈✐➨✐♥❛
♣♦t♦♣❧❥❡♥❡❣❛ ❞❡❧❛ ♣♦s♦❞❡✳ P❡t❡r ❥❡ ♥❛♠❡r✐❧ ♥❛s❧❡❞♥❥❡ ♣♦❞❛t❦❡✳

Pr❡♠❡r ♣♦s♦❞❡ ❥❡ d = 2, 257 cm ✐♥ ③❛t♦ ❥❡ ♣r❡s❡❦ ✈❛❧❥❛st❡ ♣♦s♦❞❡ S = πr2 = 4 cm2✳ ➆t❡✈✐❧♦
❦♦✈❛♥❝❡✈ ✈ ♣♦s♦❞✐ ❥❡ ♦③♥❛↔✐❧ ③ N ✱ ✈✐➨✐♥♦ ♣♦t♦♣❧❥❡♥❡❣❛ ❞❡❧❛ ♣♦s♦❞❡ ♣❛ s h✳ ■③♠❡r❥❡♥❡ ♣♦❞❛t❦❡
❥❡ ③❛♣✐s❛❧ ✈ t❛❜❡❧♦✳

◆ ✹ ✺ ✻ ✼ ✽ ✾ ✶✵
❤ ❬❝♠❪ ✾✱✹ ✶✵✱✸ ✶✷ ✶✸✱✹✾ ✶✺ ✶✻✱✾ ✶✼✱✻

◆❛r✐➨✐ ❣r❛❢ ♣r♦st♦r♥✐♥❡ ♣♦t♦♣❧❥❡♥❡❣❛ ❞❡❧❛ ♣♦s♦❞❡ ✈ ♦❞✈✐s♥♦st✐ ♦❞ ➨t❡✈✐❧❛ ❦♦✈❛♥❝❡✈✦ ❑♦❧✐❦♦ ❥❡
♠❛s❛ ❡♥❡❣❛ ❦♦✈❛♥❝❛❄ ❑♦❧✐❦♦ ❥❡ ♠❛s❛ ✈❛❧❥❛st❡ ♣♦s♦❞❡❄

❘♣✿ r❡➨✐t❡✈ ❣❧❡❥ ♥❛ str❛♥✐ ✸✷✦

✹✳ Pr✐ ♠❡r❥❡♥❥✉ ♠❛s❡ ❦♦✈❛♥❝❛ s♠♦ ❦♦✈❛♥❝❡ ♣♦❧❛❣❛❧✐ ✈ ✈❛❧❥❛st♦ ♣♦s♦❞♦ ✐♥ ♠❡r✐❧✐✱ ❦♦❧✐❦♦ ❥❡ ✈✐➨✐♥❛
♣♦t♦♣❧❥❡♥❡❣❛ ❞❡❧❛ ♣♦s♦❞❡✳ P❡t❡r ❥❡ ♥❛♠❡r✐❧ ♥❛s❧❡❞♥❥❡ ♣♦❞❛t❦❡✳

Pr❡♠❡r ♣♦s♦❞❡ ❥❡ d = 2, 257 cm ✐♥ ③❛t♦ ❥❡ ♣r❡s❡❦ ✈❛❧❥❛st❡ ♣♦s♦❞❡ S = πr2 = 4 cm2✳ ➆t❡✈✐❧♦
❦♦✈❛♥❝❡✈ ✈ ♣♦s♦❞✐ ❥❡ ♦③♥❛↔✐❧ ③ N ✱ ✈✐➨✐♥♦ ♣♦t♦♣❧❥❡♥❡❣❛ ❞❡❧❛ ♣♦s♦❞❡ ♣❛ s h✳ ■③♠❡r❥❡♥❡ ♣♦❞❛t❦❡
❥❡ ③❛♣✐s❛❧ ✈ t❛❜❡❧♦✳

◆ ✹ ✺ ✻ ✼ ✽ ✾ ✶✵
❤ ❬❝♠❪ ✽✱✷ ✶✵✱✵✺ ✶✶ ✶✷✱✷✺ ✶✸✱✺ ✶✹✱✹✺ ✶✻✱✸

◆❛r✐➨✐ ❣r❛❢ ♣r♦st♦r♥✐♥❡ ♣♦t♦♣❧❥❡♥❡❣❛ ❞❡❧❛ ♣♦s♦❞❡ ✈ ♦❞✈✐s♥♦st✐ ♦❞ ➨t❡✈✐❧❛ ❦♦✈❛♥❝❡✈✦ ❑♦❧✐❦♦ ❥❡
♠❛s❛ ❡♥❡❣❛ ❦♦✈❛♥❝❛❄ ❑♦❧✐❦♦ ❥❡ ♠❛s❛ ✈❛❧❥❛st❡ ♣♦s♦❞❡❄



✷ ●■❇❆◆❏❊ ✺

✷ ❣✐❜❛♥❥❡

✷✳✶ ♣r❡♠♦ ❡♥❛❦♦♠❡r♥♦

✶✳ ❑♦❧❡s❛r ❥❡ ♣r❡✈♦③✐❧ 21 km s sr❡❞♥❥♦ ❤✐tr♦st❥♦ 7 km/h✱ 20 km s sr❡❞♥❥♦ ❤✐tr♦st❥♦ 12 km/h ✐♥ 18 km
s sr❡❞♥❥♦ ❤✐tr♦st❥♦ 15 km/h✳ ❑♦❧✐❦♦ ↔❛s❛ ❥❡ ♣♦tr❡❜♦✈❛❧ ③❛ ❝❡❧♦t♥♦ ♣♦t❄ ❑♦❧✐❦♦ ❥❡ ♣♦✈♣r❡↔♥❛
❤✐tr♦st❄

❘♣✿ v̄1 = 7km/h

v̄2 = 12 km/h

v̄3 = 15 km/h

∆s1 = 21 km

∆s2 = 20 km

∆s3 = 18 km

s = ∆s1 + ∆s2 + ∆s3

s = 59 km

t = t1 + t2 + t3

t =
∆s1

v̄1
+

∆s2

v̄2
+

∆s3

v̄3

t =
21 km

7 km/h
+

20 km

12 km/h
+

18 km

15 km/h

t = 3h + 1, 67 h + 1, 2 h

t = 5, 87 h

v̄ =
s

t

v̄ =
59 km

5, 87 h

v̄ = 10km/h

✷✳ ❙ ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ ❥❡ ✈♦③✐❧ ✈❧❛❦✱ ❦✐ ❥❡ s ♣♦st❛❥❡ ♦❞♣❡❧❥❛❧ ♦❜ ✷✷❤✺♠✶✹s ✐♥ ♣r✐♣❡❧❥❛❧ ✈ ✺✸✵ ❦♠
♦❞❞❛❧❥❡♥ ❦r❛❥ ♦❜ ✻❤✶✼♠✺✻s❄

❘♣✿ ♥❛❥♣r❡❥ s❡ ✈♣r❛➨❛❥♠♦ ✲ ❦♦❧✐❦♦ ↔❛s❛ ❥❡ ✈♦③✐❧ ✈❧❛❦❄
↔❛s ✈♦➸♥❥❡ ❞♦❜✐♠♦✱ ❦♦ s❡➨t❡❥❡♠♦ ↔❛s ✈♦➸♥❥❡ ♣r❡❞ ♣♦❧♥♦↔❥♦ ✐♥ t✐st❡❣❛ ♣♦ ♣♦❧♥♦↔✐✿

t = 1h 54min 46 sek + 6 h 17 min 56 sek = 8 h 12 min 42 sek

t❛ ↔❛s ♣r❡t✈♦r✐♠♦ ✈ s❡❦✉♥❞❡

t = 8 · 3600 s + 12 · 60 s + 56 s = 29576 s

❦❡r ❥❡ ❤✐tr♦st ♣r❡❞✈✐❞♦♠❛ st❛❧♥❛✿

v =
s

t
=

530 km

29476 s
=

530 000m

29576 s
= 17, 9 m/s = 64, 5 km/h
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✸✳ ❷♦❧♥ ✈♦③✐ ♣r♦t✐ r❡↔♥❡♠✉ t♦❦✉ s ❤✐tr♦st❥♦ ✽ ❦♠✴❤ ❣❧❡❞❡ ♥❛ r❡❦♦ ✐③ ❦r❛❥❛ ❆ ✈ ❇✱ ❦✐ st❛ ✷✹ ❦♠
♥❛r❛③❡♥✳ ❘❛③❞❛❧❥♦ ♣r❡✈♦③✐ ✈ ✹ ❤✳ ■③r❛↔✉♥❛❥ ❤✐tr♦st r❡❦❡❄ ❑♦❧✐❦♦ ↔❛s❛ r❛❜✐ ③❛ ♣♦t ✐③ ❇ ✈ ❦r❛❥
❆❄

❘♣✿ ❦❡r ♣r✐♣❧✉❥❡ ↔♦❧♥ ✐③ ❆ ✈ ❇ ✈ ✹❤✱ r❛③❞❛❧❥❛ ♠❡❞ ❦r❛❥❡♠❛ ♣❛ ❥❡ ✷✹❦♠✱ ❧❛❤❦♦ ✐③r❛↔✉♥❛♠ ❤✐tr♦st
↔♦❧♥❛ ③❛ ♦♣❛③♦✈❛❧❝❛ ♥❛ ❜r❡❣✉✿

vo =
s

t
=

24 km

4 h
= 6km/h

❦❡r ✈♦③✐ ↔♦❧♥ ♣r♦t✐ t♦❦✉ ❥❡ ❤✐tr♦st r❡❦❡✿

vr = vc − vo = 8km/h − 6 km/h = 2 km/h

♥❛③❛❥ ❣r❡❞❡ ♣❧✉❥❡ s t♦❦♦♠✱ t♦r❡❥ ❥❡ ❤✐tr♦st ↔♦❧♥❛ ③❛ ♦♣❛③♦✈❛❧❝❛ ♥❛ ❜r❡❣✉ ✈❡↔❥❛✿

v
′

o = vc + vr = 8km/h + 2km/h = 10 km/h

③❛t♦ ❥❡ ↔❛s ♣♦t♦✈❛♥❥❛ ❦r❛❥➨✐✿

t
′

=
s

v′

o

=
24 km

10 km/h
= 2, 4 h = 2h24m

t❛❦♦

✹✳ ❑r♦❣❧✐❝♦ ③❛❦♦t❛❧✐♠♦ ♣♦ t❡❦♦↔❡♠ tr❛❦✉ ✈ s♠❡r✐ ♥❥❡❣♦✈❡❣❛ ❣✐❜❛♥❥❛✳ ❚r❛❦ t❡↔❡ s ❤✐tr♦st❥♦ 2 m/s✳
❙ ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ s❡ ♠♦r❛ ❦r♦❣❧✐❝❛ ❣✐❜❛❧✐ ❣❧❡❞❡ ♥❛ tr❛❦✱ ❞❛ ♣r✐❞❡ ✈ 10 m ❞❛❧❡↔ ✈ 2 s❄ ❑♦❧✐❦➨♥♦
♣♦t ♥❛♣r❛✈✐ ✈ ✐st❡♠ ↔❛s✉✱ ↔❡ ❥♦ ③❛❦♦t❛❧✐♠♦ ✈ ♥❛s♣r♦t♥✐ s♠❡r✐❄

❘♣✿ ♣r✐♠❡r s❡st❛✈❧❥❡♥❡❣❛ ❣✐❜❛♥❥❛

❙❧✐❦❛ ✶✿ ❑r♦❣❧✐❝❛ ♥❛ t❡❦♦↔❡♠ tr❛❦✉✳

v2 = 2m/s

v1 =??? ✳ ✳ ✳ ❚♦ ❥❡ ❤✐tr♦st s ❦❛t❡r♦ ③❛❦♦t❛❧✐♠♦ ❦r♦❣❧✐❝♦ ♣♦ t❡❦♦↔❡♠ tr❛❦✉✳
s = 10m

t = 2 s

v = v1 + v2

s

t
= v1 + v2

v1 =
s

t
− v2

v1 = 10m/2 s − 2 m/s

v1 = 3m/s✳ ✳ ✳ ❑r♦❣❧✐❝❛ s❡ ♠♦r❛ ❣✐❜❛t✐ ✸♠✴s ❣❧❡❞❡ ♥❛ tr❛❦✳
❷❡ ❥♦ ③❛❦♦t❛❧✐♠♦ ✈ ♥❛s♣r♦t♥✐ s♠❡r✐ ③ ✐st♦ ❤✐tr♦st❥♦ s❡ ❤✐tr♦st v1 ✐♥ v2 ♦❞➨t❡❥❡t❛✳ ❷❛s ♦st❛♥❡
2 s✳
s1✳ ✳ ✳ Pr❡❞st❛✈❧❥❛ ♣♦t✱ ❦✐ ❥♦ ❜♦ ♦♣r❛✈✐❧❛ ❦r♦❣❧✐❝❛ ↔❡ ❥♦ ③❛❦♦t❛❧✐♠♦ ✈ ♥❛s♣r♦t♥♦ s♠❡r✳
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❑r♦❣❧✐❝❛ s❡ ❜♦ ♣r❡♠✐❦❛❧❛ ✈ ♥❛s♣r♦t♥♦ s♠❡r ♦❞ s♠❡r✐ ❣✐❜❛♥❥❛ t❡❦♦↔❡❣❛ tr❛❦❛✱ s❛❥ ❥❡ ♥❥❡♥❛
❤✐tr♦st ✈❡↔❥❛ ♦❞ ❤✐tr♦st✐ tr❛❦❛✳

v = v1 − v2

s1 · t = v1 − v2

s1 =
v1 − v2

t

s1 =
3m/s − 2 m/s

2 s

s1 = 0, 5 m ✳ ✳ ✳ ❙❛♠♦ t♦❧✐❦♦ ♣♦t✐ ♦♣r❛✈✐✱ ↔❡ ❥♦ ③❛❦♦t❛❧✐♠♦ ✈ ♥❛s♣r♦t♥♦ s♠❡r✳

✺✳ ❉✈❛ ❛✈t♦♠♦❜✐❧❛ ♣❡❧❥❡t❛ ♣♦ ✐st✐ ❝❡st✐ ✽✵ ❦♠ ❞❛❧❡↔✳ Pr✈✐ ✈♦③✐ ✈❡s ↔❛s ❡♥❛❦♦♠❡r♥♦ s ❤✐tr♦st❥♦ ✺✵
❦♠✴❤✱ ❞r✉❣✐ ♣❛✱ ❦✐ ♦❞♣❡❧❥❡ ✐st♦↔❛s♥♦ ❦♦t ♣r✈✐✱ ♦❞♣❡❧❥❡ s ❤✐tr♦st❥♦ ✻✵ ❦♠✴❤✳ ❚♦❞❛ ♣♦ ♣♦❧ ✉r❡
✈♦➸♥❥❡ s❡ ❞r✉❣✐ ❛✈t♦ ✉st❛✈✐ ③❛ ✶✵ ♠✐♥✉t✳ ❑❛t❡r✐ ❛✈t♦ ❜♦ ♣r✈✐ ♥❛ ❝✐❧❥✉❄ ❷❛s❡ ♣♦s♣❡➨❡✈❛♥❥❛ ✐♥
③❛✈✐r❛♥❥❛ ③❛♥❡♠❛r✐✦

❘♣✿ s = 80 km

v1 = 50 km/h

v2 = 60 km/h

ts = 10min = 1
6 h✳ ✳ ✳ ❷❛s ③❛ ❦❛t❡r❡❣❛ s❡ ✈st❛✈✐ ✷✳ ❛✈t♦♠♦❜✐❧ ♣♦ 0, 5 h✳

❷❛s✱ ❦✐ ❣❛ ♣♦tr❡❜✉❥❡ ✶✳ ❛✈t♦♠♦❜✐❧ ❞♦ ❝✐❧❥❛✿

t1 =
s

v1

t1 =
80 km

50 km/h

t1 = 1, 6 h

❷❛s✱ ❦✐ ❣❛ ♣♦tr❡❜✉❥❡ ✷✳ ❛✈t♦♠♦❜✐❧ ❞♦ ❝✐❧❥❛✿
✭▲❛❤❦♦ ❣❛ ✐③r❛↔✉♥❛♠♦ ♣r❡♣r♦st♦ t❛❦♦✱ ❞❛ ↔❛s✉✱ ❦✐ ❜✐ ❣❛ ♣r❡✈♦③✐❧ ❜r❡③ ✉st❛✈❧❥❛♥❥❛ ♣r✐➨t❡❥❡♠♦
✶✵ ♠✐♥✳✮

t2 =
s

v2
+ ts

t2 =
80 km

60 km/h
+

1

6
h

t2 = 1, 5 h

❚♦r❡❥ ➨❡ ✈❡❞♥♦ ♥❛ ❝✐❧❥ ♣r✐s♣❡ ❞r✉❣✐ ❛✈t♦✱ ❦❛t❡r❡❣❛ ♣♦✈♣r❡↔♥❛ ❤✐tr♦st ❥❡ ❜✐❧❛ 60 km/h✳ ◆❛❥
✈❛s t♦ ♥❡ ③❛✈❡❞❡✱ ♣♦ ♥❛s❡❧❥✐❤ ❥❡ ➨❡ ✈❡❞♥♦ ♦♠❡❥✐t❡✈ 50 km/h✳

✻✳ ➎❡♥❛ ✐♥ ♠♦➸ s❡ ♦❞♣r❛✈✐t❛ ♥❛ ♣♦t♦✈❛♥❥❡✳ Pr✈♦ ♣♦❧♦✈✐❝♦ ♣♦t✐ ♣r❡✈♦③✐ ➸❡♥❛ s ❤✐tr♦st❥♦ ✺✵ ❦♠✴❤✱
❞r✉❣♦ ♣♦❧♦✈✐❝♦ ♣♦t✐ ♣❛ ♠♦➸ s ❤✐tr♦st❥♦ ✶✵✵ ❦♠✴❤❄ ❑♦❧✐❦♦ ❥❡ ♣♦✈♣r❡↔♥❛ ❤✐tr♦st❄ ✭❘❡③✉❧t❛t ♥✐
♦❞✈✐s❡♥ ♦❞ ❞♦❧➸✐♥❡ ♣♦t✐✮

❘♣✿ ♣♦✈♣r❡↔♥❛ ❤✐tr♦st ❥❡ ❞❡✜♥✐r❛♥❛✿
v̄ =

scelotna

tcelotni

❦❡r ❥❡ ➸❡♥❛ ✈♦③✐❧❛ s
2 ✐♥ ♣r❛✈ t♦❧✐❦♦ ♠♦➸✱ ❧❛❤❦♦ ❞♦❧♦↔✐♠♦ ↔❛s❛✱ ❦✐ st❛ ❣❛ ♦❜❛ ♣♦tr❡❜♦✈❛❧❛ ③❛

s✈♦❥♦ ♣♦❧♦✈✐❝♦ ♣♦t✐✿
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tz =
s
2

vz
✐♥ tm =

s
2

vm

s❡❞❛❥ ♣❛ ➨❡ ✈s❡ s❦✉♣❛❥ ✈st❛✈✐♠♦ ✈ ❡♥❛↔❜♦ ③❛ ❤✐tr♦st✿

v̄ =
scelotna

tcelotni
=

s

tz + tm
=

s
s

2

vz

+
s

2

vm

✈ ✐♠❡♥♦✈❛❧❝✉ ✐③♣♦st❛✈✐♠♦ s/2 ♣♦❦r❛❥➨❛♠♦✿

v̄ =
s
2

vz
+

s
2

vm
=

s

s
2

(

1
vz

+ 1
vm

)

✐♥ ❞♦❜✐♠♦✿

v̄ =
2

1
vz

+ 1
vm

= 66, 7 km/h

t♦ ❦❛r s♠♦ ❞♦❜✐❧✐ ❥❡ ♣r❛✈③❛♣r❛✈ ❤❛r♠♦♥✐↔♥❛ sr❡❞✐♥❛
❦❛r s❡✈❡❞❛ ♥✐t✐ ♣r✐❜❧✐➸♥♦ ♥✐ ❡♥❛❦♦ ❛r✐t♠❡t✐↔♥✐ sr❡❞✐♥✐ ♦❜❡❤ ❤✐tr♦st✐

v̄ =
vz + vm

2
= 75 km/h

✼✳ ➎❡♥❛ ✐♥ ♠♦➸ s❡ ♦❞♣r❛✈✐t❛ ♥❛ ♣♦t♦✈❛♥❥❡✳ Pr✈♦ ♣♦❧♦✈✐❝♦ ♣♦t✐ ♣r❡✈♦③✐ ➸❡♥❛ s ❤✐tr♦st❥♦ ✺✵ ❦♠✴❤✱
❞r✉❣♦ ♣♦❧♦✈✐❝♦ ♣❛ ♠♦➸ s ❤✐tr♦st❥♦ ✶✺✵ ❦♠✴❤✳ ❑♦❧✐❦♦ ❥❡ ♣♦✈♣r❡↔♥❛ ❤✐tr♦st❄ ✭❘❡③✉❧t❛t ♥✐ ♦❞✈✐s❡♥
♦❞ ❞♦❧➸✐♥❡ ♣♦t✐✮

❘♣✿ ❦❤♠ ✳ ✳ ✳ ❦❤♠ ✳ ✳ ✳

v̄ =
v1 + v2 + . . . + v(n−1) + vn

n

❂✲❃ t♦ ➸❛❧ ✭❛❧✐ ♣❛ ♥❛ sr❡↔♦✮ ❞r➸✐ ❧❡ ✈ ♣♦s❡❜♥✐❤ ♣r✐♠❡r✐❤ ✭❦❥❡r ❥❡ ↔❛s ♣♦t♦✈❛♥❥❛ ❡♥❛❦✱ ❛❧✐ ↔❡
❥❡ ❣✐❜❛♥❥❡ ❡♥❛❦♦♠❡r♥♦ ♣♦s♣❡➨❡♥♦✮

v̄ =
v1 + v2

2

v̄ =
50 km/h + 150 km/h

2

v̄ = 100 km/h

t♦ ❥❡ ♥❛♣❛↔❡♥ r❡③✉❧t❛t

❣❧❡❥ ➨❡ ♣r❡❥➨♥❥♦ ♥❛❧♦❣♦✿ ♦↔✐t♥♦ ❥❡ t❛❦♦ ❞♦❜❧❥❡♥❛ ♣♦✈♣r❡↔♥❛ ❤✐tr♦st ✈ ♥❛s♣r♦t❥✉ ③ ❞❡✜♥✐❝✐❥♦

♣♦♣r❡↔♥❡ ❤✐tr♦st✐✦

✽✳ ➎❡♥❛ ✐♥ ♠♦➸ s❡ ♦❞♣r❛✈✐t❛ ♥❛ ♣♦t♦✈❛♥❥❡✳ Pr✈✐❤ ✶✵✵ ❦♠ ♣♦t✐ ♣r❡✈♦③✐ ➸❡♥❛ s ❤✐tr♦st❥♦ 60 km/h✱
❞r✉❣✐❤ 100 km ♣❛ ♠♦➸ s ❤✐tr♦st❥♦ 140 km/h✳ ❙ ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ ❥❡ ♣❡❧❥❛❧❛ ➸❡♥❛ ✐♥ s ❦♦❧✐❦➨♥♦
♠♦➸❄ ❑♦❧✐❦♦ ↔❛s❛ ❥❡ ✈♦③✐❧❛ ➸❡♥❛ ✐♥ ❦♦❧✐❦♦ ↔❛s❛ ♠♦➸❄ ❑♦❧✐❦♦ ❥❡ ♣♦✈♣r❡↔♥❛ ❤✐tr♦st❄

✾✳ ➎❡♥❛ ✐♥ ♠♦➸ s❡ ♦❞♣r❛✈✐t❛ ♥❛ ♣♦t♦✈❛♥❥❡✳ Pr✈✐❤ 50 km ♣♦t✐ ♣r❡✈♦③✐ ➸❡♥❛ s ❤✐tr♦st❥♦ 130 km/h✱
❞r✉❣✐❤ 50 km ♣❛ ♠♦➸ s ❤✐tr♦st❥♦ 50 km/h✳ ◆❛r✐➨✐ ❣r❛❢ ❤✐tr♦st✐ ✈ ♦❞✈✐s♥♦st✐ ♦❞ ↔❛s❛✦ ❑♦❧✐❦♦ ❥❡
♣♦✈♣r❡↔♥❛ ❤✐tr♦st❄

✶✵✳ ➎❡♥❛ ✐♥ ♠♦➸ s❡ ♦❞♣r❛✈✐t❛ ♥❛ ♣♦t♦✈❛♥❥❡✳ Pr✈✐❤ 100 km ♣♦t✐ ♣r❡✈♦③✐ ➸❡♥❛ s ❤✐tr♦st❥♦ 60 km/h✱
❞r✉❣✐❤ 100 km ♣❛ ♠♦➸ s ❤✐tr♦st❥♦ 100 km/h✳ ◆❛r✐➨✐ ❣r❛❢ ❤✐tr♦st✐ ✈ ♦❞✈✐s♥♦st✐ ♦❞ ↔❛s❛✦ ❑♦❧✐❦♦
❥❡ ♣♦✈♣r❡↔♥❛ ❤✐tr♦st❄

✶✶✳ ➎❡♥❛ ✐♥ ♠♦➸ s❡ ♦❞♣r❛✈✐t❛ ♥❛ ♣♦t♦✈❛♥❥❡✳ Pr✈♦ ♣♦❧♦✈✐❝♦ ♣♦t✐ ♣r❡✈♦③✐ ➸❡♥❛ s ❤✐tr♦st❥♦ ✺✵ ❦♠✴❤✳ ❙
❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ ♠♦r❛ ♠♦➸ ♣r❡♣❡❧❥❛t✐ ❞r✉❣♦ ♣♦❧♦✈✐❝♦ ♣♦t✐✱ ❞❛ ❜♦ ♣♦✈♣r❡↔♥❛ ❤✐tr♦st ✶✵✵ ❦♠✴❤❄
✭❘❡③✉❧t❛t ♥✐ ♦❞✈✐s❡♥ ♦❞ ❞♦❧➸✐♥❡ ♣♦t✐✮
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✶✷✳ Pr✈✐ ❦♦❧❡s❛r 5 km ♣r❡✈♦③✐ ✈ 15 minutah✱ ❞r✉❣✐ ♣❛ ✈ 20 minutah✳ ❖❜❛ ✈♦③✐t❛ s st❛❧♥♦ ❤✐tr♦st❥♦✳

✭❛✮ ❑♦❧✐❦➨♥♦ ❤✐tr♦st ✐♠❛ ✈s❛❦❄ ■③r❛③✐ ✈ m/s ✦

✭❜✮ ❑♦❧✐❦♦ ♠✐♥✉t ♣♦r❛❜✐ ♣r✈✐ ③❛ 7, 5 km❄

✭❝✮ ❑♦❧✐❦♦ km ♣r❡✈♦③✐ ❞r✉❣✐ ✈ 35 minutah❄

✶✸✳ ❆✈t♦ ✐♥ ❦♦❧❡s❛r ♦❞♣❡❧❥❡t❛ ✐③ ❦r❛❥❛ ❆ ✈ ✶✽ ❦♠ ♦❞❞❛❧❥❡♥✐ ❦r❛❥ ❇✳ ❍✐tr♦st ❛✈t♦♠♦❜✐❧❛ ❥❡ ✼✵ ❦♠✴❤✱
❤✐tr♦st ❦♦❧❡s❛r❥❛ ♣❛ ✶✽ ❦♠✴❤✳ ❑♦❧✐❦♦ ↔❛s❛ ♣r❡❞ ❦♦❧❡s❛r❥❡♠ ❥❡ ❛✈t♦ ♥❛ ❝✐❧❥✉ ❄

✶✹✳ ❷❧♦✈❡❦ ❤♦❞✐ ♣♦ ✈❛❣♦♥↔❦✉ ✈ ❞❡s♥♦ s st❛❧♥♦ ❤✐tr♦st❥♦ 0, 8 m
s ❣❧❡❞❡ ♥❛ ✈❛❣♦♥↔❡❦✳ ❩❛ ❦♦❧✐❦♦ s❡ ❣❧❡❞❡

♥❛ t❧❛ ↔❧♦✈❡❦ ♣r❡♠❛❦♥❡ ✈ 2s✱ ↔❡ s❡ ✈❛❣♦♥↔❡❦ ❣✐❜❧❥❡ ❡♥❛❦♦♠❡r♥♦

✭❛✮ ♥❛ ❞❡s♥♦ s ❤✐tr♦st❥♦ 5 m
s ✱

✭❜✮ ♥❛ ❧❡✈♦ s ❤✐tr♦st❥♦ 3 m
s ❄

✶✺✳ P♦ ✹✵✵ ♠❡tr♦✈ ❞♦❧❣✐ ❦r♦➸♥✐ st❡③✐ s❡ ✐st♦↔❛s♥♦ ♦❞♣❡❧❥❡t❛ ❦♦❧❡s❛r ✐♥ ♠♦♣❡❞✐st✳ ❑♦❧❡s❛r ✈♦③✐ s
❤✐tr♦st❥♦ 15 km/h✱ ♠♦♣❡❞✐st ♣❛ 45 km/h✳ ❷❡③ ❦♦❧✐❦♦ ↔❛s❛ ♠♦♣❡❞✐st s♣❡t ♣r✐❞❡ ❞♦ ❦♦❧❡s❛r❥❛ ✐♥
❦♦❧✐❦➨♥♦ ♣♦t ♣r✐ t❡♠ ♣r❡✈♦③✐ ❦♦❧❡s❛r❄

✷✳✷ ♣♦s♣❡➨❡♥♦

✶✳ ❆✈t♦ ✈♦③✐ s ❤✐tr♦st❥♦ 78 km/h✳ ◆❛ ❦❛t❡r✐ r❛③❞❛❧❥✐ s❡ ❧❛❤❦♦ ✉st❛✈✐✱ ↔❡ ❥❡ ♥❥❡❣♦✈ ♣♦❥❡♠❡❦ 5, 0 m/s2❄

❘♣✿ s♠✐s❡❧♥♦ ❥❡ s♣r❡♠❡♥✐t✐ ❡♥♦t♦ ♣r✐ ❤✐tr♦st✐✿ v = 78 km/h = 21, 7 m/s

✐♠❛♠♦ ✈❡↔ ♠♦➸♥♦st✐
r❡❝✐♠♦✿

s =
v2

2a
=

(21, 7 m/s)2

2 · 0, 5 m/s2
= 469m

❛❧✐ ♣❛✿

s =
vz + v

2
· t

✈❡❧❥❛ ③❛ ♣♦t ♣r✐ ③❛✈✐r❛♥❥✉✱ ♠❡❞t❡♠ ❦♦ s❡ ❤✐tr♦st ③♠❛♥❥➨✉❥❡✿ v = vz − a · t
✐③ ❡♥❛↔❜❡ ③❛ ❤✐tr♦st ✐③r❛↔✉♥❛♠♦ ↔❛s✱ ↔❡ ✉♣♦➨t❡✈❛♠♦✱ ❞❛ ❥❡ ❦♦♥↔♥❛ ❤✐tr♦st 0 m/s✿

t =
vz

a

↔❛s ❧❛❤❦♦ ✐③r❛↔✉♥❛♠♦ ❛❧✐ ♣❛ ✈st❛✈✐♠♦ ✈ ❡♥❛↔❜♦ ③❛ ♣♦t
↔❡ ❣❛ ✐③r❛↔✉♥❛♠♦ ❞♦❜✐♠♦✿ t = 43, 3 s ✐♥ ♣♦t❡♠ ➨❡ ♣♦t
s = vz+0

2 · t = 21,7 m/s
2 · 43, 3 s = 469 m

↔❡ ♣❛ ♥❛r❡❞✐♠♦ s✉❜st✐t✉❝✐❥♦✱ ♣❛ ❞♦❜✐♠♦✿

s =
vz + v

2
· t =

vz

2
· vz

a
=

v2
z

2a

❦❛r ❥❡ ❡♥❛↔❜❛✱ ❦✐ s♠♦ ❥♦ ♣♦✈❧❡❦❧✐ ✐③ r♦❦❛✈❛ ➸❡ ♥❛ ③❛↔❡t❦✉✳

✷✳ ❉✈✐❣❛❧♦ ❞♦s❡➸❡ ♣♦ ✷ s ❡♥❛❦♦♠❡r♥♦ ♣♦s♣❡➨❡♥❡❣❛ ❣✐❜❛♥❥❛ ❤✐tr♦st ✶♠✴s✱ ♣♦t❡♠ ♣❛ s❡ ❣✐❜❧❥❡ ♣r❡♠♦
❡♥❛❦♦♠❡r♥♦✳ ❑♦❧✐❦♦ ↔❛s❛ ♣♦tr❡❜✉❥❡ ❞♦ ✈r❤❛ ✷✺♠ ❞♦❧❣❡ st❛✈❜❡❄

❘♣✿ t = 26 s

✸✳ ❉✈✐❣❛❧♦ ❞♦s❡➸❡ ♣♦ ❞✈❡❤ s❡❦✉♥❞❛❤ ❡♥❛❦♦♠❡r♥♦ ♣♦s♣❡➨❡♥❡❣❛ ❣✐❜❛♥❥❛ ❤✐tr♦st 1 m/s✱ ♥❛t♦ s❡ ❣✐❜❧❥❡
♥❛♣r❡❥ ❡♥❛❦♦♠❡r♥♦ s t♦ ❤✐tr♦st❥♦✱ ♥❛ ❦♦♥❝✉ ♣❛ ③❛✈✐r❛ s ♣♦s♣❡➨❦♦♠ 0, 25 m/s2✱ ❞♦❦❧❡r s❡ ♥❡
③❛✉st❛✈✐✳ ❑♦❧✐❦♦ ↔❛s❛ ♣♦tr❡❜✉❥❡✱ ❞❛ ♣r✐❞❡ ❞♦ ✈r❤❛ 25 m ✈✐s♦❦❡ st❛✈❜❡❄

✹✳ ❚r❛♠✈❛❥ ♦❞♣❡❧❥❡ s ♣♦st❛❥❡ ❡♥❛❦♦♠❡r♥♦ ♣♦s♣❡➨❡♥♦✳ ❑♦❧✐❦➨❡♥ ❥❡ ♣♦s♣❡➨❡❦✱ ↔❡ ✐♠❛ ♣♦ ♣♦❧ ♠✐♥✉t❡
✈♦➸♥❥❡ ❤✐tr♦st ✶✷ ❦♠✴❤❄ ❑❛❦♦ ❞❛❧❡↔ ♦❞ ♣♦st❛❥❡ ❥❡ ✈ t❡♠ tr❡♥✉t❦✉❄

❘♣✿ a = 0.111 m/s2✱ s = 50m
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✺✳ ❑❛❦♦ ❞♦❧❣♦ ♠♦r❛ ❜✐t✐ ❧❡t❛❧✐➨↔❡✱ ❞❛ ❜♦ ❧❛❤❦♦ ♣r✐st❛❧♦ ❧❡t❛❧♦✱ ❦✐ ❧❡t✐ s ❤✐tr♦st❥♦ 360 km/h✱ ↔❡
③♠❛♥❥➨✉❥❡ ❤✐tr♦st ♦❞ tr❡♥✉t❦❛ ❞♦t✐❦❛ ③ ③❡♠❧❥♦ s ♣♦s♣❡➨❦♦♠ −0, 5 m/s2 ❄ ❑♦❧✐❦♦ ↔❛s❛ ❜♦ ❧❡t❛❧♦
♣r✐st❛❥❛❧♦❄

✻✳ ❱❧❛❦ s❡ ♣r✐❜❧✐➸✉❥❡ ♣♦st❛❥✐ ❡♥❛❦♦♠❡r♥♦ ♣♦❥❡♠❛❥♦↔❡✳ ❑♦❧✐❦➨❡♥ ❥❡ ♣♦❥❡♠❡❦✱ ↔❡ ✐♠❛ ♣♦❧ ♠✐♥✉t❡
♣r❡❞ ✉st❛✈✐t✈✐❥♦ ❤✐tr♦st ✾ ❦♠✴❤❄ ❑❛❦♦ ❞❛❧❡↔ ♦❞ ♣♦st❛❥❡ ❥❡ ✈ t❡♠ tr❡♥✉t❦✉❄

❘♣✿ a = 0.0833 m/s2✱ s = 37.5 m

✼✳ ❚r❛♠✈❛❥ ♣♦t✉❥❡ ♦❞ ♣♦st❛❥❡ ❆ ♣r♦t✐ ♣♦st❛❥✐ ❈✱ ♠✐♥♦ ❦r❛❥❛ ❇✳ ❖❞ ❆ ❞♦ ❇✱ ❦✐ st❛ ♦❞❞❛❧❥❡♥❛ ✶✷✵♠✱
✈♦③✐ ❡♥❛❦♦♠❡r♥♦ ♣♦s♣❡➨❡♥♦ s ♣♦s♣❡➨❦♦♠ 15 m/s2✳ ❑♦ ♣r✐♣❡❧❥❡ ❞♦ ❦r❛❥❛ ❇✱ ③❛↔♥❡ ③❛✈✐r❛t✐ s
♣♦s♣❡➨❦♦♠ −12 m/s2✳ ❑♦❧✐❦♦ ↔❛s❛ ♣♦tr❡❜✉❥❡ ③❛ ♣♦t ♦❞ ❆ ❞♦ ❈❄

✽✳ ❱❧❛❦ ③❛↔♥❡ ✈♦③✐t✐ ❡♥❛❦♦♠❡r♥♦ ♣♦s♣❡➨❡♥♦ s ♣♦s♣❡➨❦♦♠ 14 m/s2✳ ❑♦ ❞♦s❡➸❡ ❤✐tr♦st ✼✵♠✴s✱ ③❛↔♥❡
③❛✈✐r❛t✐ s ♣♦❥❡♠❦♦♠ 10 m/s2✳ ❑♦❧✐❦♦ ↔❛s❛ ✈❧❛❦ ♣♦tr❡❜✉❥❡ ③❛ ♣♦t❄

✾✳ ❱❧❛❦ ③❛↔♥❡ ✈♦③✐t✐ s ♣♦st❛❥❡ ❆ ❡♥❛❦♦♠❡r♥♦ ♣♦s♣❡➨❡♥♦ s ♣♦s♣❡➨❦♦♠ 1 m
s2 ✳ ❑♦ ❞♦s❡➸❡ ❤✐tr♦st 72 km

h ✱
✈♦③✐ ♣❡t ♠✐♥✉t ❡♥❛❦♦♠❡r♥♦ s t♦ ❤✐tr♦st❥♦✳ 200 m ♣r❡❞ ♣♦st❛❥♦ ❇ ③❛↔♥❡ ③❛✈✐r❛t✐ ❞♦ ♣♦st❛♥❦❛
♥❛ ♣♦st❛❥✐ ❇✳ ❑♦❧✐❦➨♥❛ ❥❡ r❛③❞❛❧❥❛ ♠❡❞ ♣♦st❛❥❛♠❛❄ ❑♦❧✐❦♦ ↔❛s❛ ♣♦tr❡❜✉❥❡ ✈❧❛❦ ③❛ ❝❡❧♦t♥♦ ♣♦t❄
◆❛r✐➨✐ ❣r❛❢ ♣♦t✐ ✈ ♦❞✈✐s♥♦st✐ ♦❞ ↔❛s❛✦

✶✵✳ ❱❧❛❦ ✈♦③✐ s ❤✐tr♦st❥♦ ✹✺ ❦♠✴❤✳ ❩ ③❛✈✐r❛♥❥❡♠ s❡ ✉st❛✈✐ ♣♦ ✶✽ s✱ st♦❥✐ ♥❛ ♣♦st❛❥✐ ✸✵ s✱ ♥❛t♦ ♣❛
❞♦s❡➸❡ ♣r❡❥➨♥❥♦ ❤✐tr♦st ♣♦ ✽✷ s✳ ■③r❛↔✉♥❛❥ s ❦♦❧✐❦➨♥✐♠❛ ♣♦s♣❡➨❦♦♠❛ ✈❧❛❦ ③❛✈✐r❛ ✐♥ ♣♦s♣❡➨✉❥❡ t❡r
❦♦❧✐❦➨♥✐ ♣♦t✐ ♣r❡✈♦③✐ ♠❡❞ ♣♦s♣❡➨❡✈❛♥❥❡♠ ✐♥ ③❛✈✐r❛♥❥❡♠❄

✶✶✳ P♦ ✷ ❦♠ ❞♦❧❣✐ ♣r♦❣✐ ♠❡❞ ♣♦st❛❥❛♠❛ ✈♦③✐ tr❛♠✈❛❥ t❛❦♦❧❡✿ s ♣♦st❛❥❡ ♦❞♣❡❧❥❡ ❡♥❛❦♦♠❡r♥♦ ♣♦s♣❡✲
➨❡♥♦ s ♣♦s♣❡➨❦♦♠ 0, 2 m/s2✳ ❑♦ ❞♦s❡➸❡ ❤✐tr♦st ✻✵ ❦♠✴❤✱ ✈♦③✐ ♥❛♣r❡❥ ❡♥❛❦♦♠❡r♥♦ s t♦ ❤✐tr♦st❥♦✱
♥❛③❛❞♥❥❡ ♣❛ ③❛✈✐r❛ s ♣♦s♣❡➨❦♦♠ −0, 3 m/s2✱ ❞♦❦❧❡r s❡ ♥❡ ✉st❛✈✐✳ ❑♦❧✐❦♦ ↔❛s❛ tr❛❥❛ ✈♦➸♥❥❛ ♠❡❞
♣♦st❛❥❛♠❛❄ ❑♦❧✐❦➨♥♦ ♣♦t ♣r❡✈♦③✐ tr❛♠✈❛❥ ❡♥❛❦♦♠❡r♥♦❄

✶✷✳ P❛❞❛❧❡❝ s❦♦↔✐ ✐③ ❧❡t❛❧❛ ♥❛ ✈✐➨✐♥✐ ✷✺✵✵♠✳ P♦ ❦♦❧✐❦➨♥❡♠ ↔❛s✉ ✐♥ s ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ ❜✐ ♣r✐❧❡t❡❧ ♥❛
t❧❛✱ ↔❡ s❡ ♠✉ ♣❛❞❛❧♦ ♥❡ ❜✐ ♦❞♣r❧♦❄ ❙✐❧♦ ✉♣♦r❛ ③❛♥❡♠❛r✐✦

✶✸✳ ❑r♦❣❧❛ ✐③ ♣✉➨❦❡ ♣r❡❜✐❥❡ ✸✺ ❝♠ ❞❡❜❡❧♦ st❡♥♦✱ ♣r✐ ↔❡♠❡r s❡ ❥✐ ③♠❛♥❥➨❛ ❤✐tr♦st ♦❞ ✻✼✵♠✴s ♥❛
✸✷✵♠✴s✳ ■③r❛↔✉♥❛❥ ♣♦❥❡♠❡❦ ❦r♦❣❧❡ ✐♥ ↔❛s ❣✐❜❛♥❥❛ ✈ st❡♥✐✦ Pr✐✈③❡♠✐✱ ❞❛ s❡ ❥❡ ❤✐tr♦st ❦r♦❣❧❡
❡♥❛❦♦♠❡r♥♦ ③♠❛♥❥➨❡✈❛❧❛✳

✶✹✳ ❆✈t♦♠♦❜✐❧✐st ✈♦③✐ s ❤✐tr♦st❥♦ ✶✵✵ ❦♠✴❤✱ ❦♦ ♣r❡❞ s❡❜♦❥ ③❛❣❧❡❞❛ ♦✈✐r♦✳ Pr❡❞❡♥ ♣r✐t✐s♥❡ ♥❛ ③❛✈♦r♦
♠✐♥❡ ✵✱✷ s✱ ♥❛t♦ ♣❛ ③❛✈✐r❛ ❡♥❛❦♦♠❡r♥♦ s ♣♦s♣❡➨❦♦♠ −7 m/s2✳ ❑❛❦♦ ❞♦❧❣♦ ♣♦t ♣r❡✈♦③✐ ✈♦③♥✐❦
♦❞ tr❡♥✉t❦❛✱ ❦♦ ③❛❣❧❡❞❛ ♦✈✐r♦✱ ❞♦ ③❛✉st❛✈✐t✈❡❄

✶✺✳ ❑❛♠❡♥ s♣✉st✐♠♦ ③ ♥❡❦❡❣❛ st♦❧♣❛✳ ■st♦↔❛s♥♦ ♥❡❦❞♦ ✈r➸❡ s t❛❧ ❞r✉❣ ❦❛♠❡♥ ♥❛✈♣✐↔♥♦ ♥❛✈③❣♦r ③
③❛↔❡t♥♦ ❤✐tr♦st❥♦ ✹✵♠✴s✳ ❙ ❦♦❧✐❦➨♥❡ ✈✐➨✐♥❡ s♠♦ s♣✉st✐❧✐ ❦❛♠❡♥✱ ↔❡ s❡ ❦❛♠♥❛ sr❡↔❛t❛ ♥❛t❛♥↔♥♦
♥❛ ♣♦❧♦✈✐❝✐ ✈✐➨✐♥❡❄

✶✻✳ ❑❛♠❡♥ s♣✉st✐♠♦ ③ ✈✐➨✐♥❡ ✶✵✵♠✳ ■st♦↔❛s♥♦ ♥❡❦❞♦ ✈r➸❡ s t❛❧ ❞r✉❣ ❦❛♠❡♥ ♥❛✈♣✐↔♥♦ ♥❛✈③❣♦r ③
♥❡❦♦ ❤✐tr♦st❥♦✳ ❙ ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ ❥❡ ✈r❣❡❧ ❦❛♠❡♥✱ ↔❡ s❡ ❦❛♠♥❛ sr❡↔❛t❛ ♥❛t❛♥↔♥♦ ♥❛ ♣♦❧♦✈✐❝✐
♣♦t✐❄

✶✼✳ ❑r♦❣❧✐❝✐ ✈r➸❡♠♦ ♥❛✈♣✐↔♥♦ ♥❛✈③❣♦r s ❤✐tr♦st❥♦ ✶✺♠✴s✱ ❞r✉❣♦ ✷ s ❦❛s♥❡❥❡ ❦♦t ♣r✈♦✳ ❑❥❡ ✐♥ ❦❞❛❥
s❡ ❦r♦❣❧✐❝✐ ♣r✈✐↔ sr❡↔❛t❛❄

✶✽✳ ❑❛♠❡♥ ✈r➸❡♠♦ ♥❛✈♣✐↔♥♦ ♥❛✈③❞♦❧ s ❤✐tr♦st❥♦ ✺✱✺♠✴s✳ ❑❛❦♦ ❣❧♦❜♦❦♦ ♣❛❞❡ ✈ ✺ s ✐♥ s ❦♦❧✐❦➨♥♦
❤✐tr♦st❥♦ ✉❞❛r✐ ♦❜ t❧❛✱ ↔❡ s♠♦ ❣❛ ✈r❣❧✐ ③ ✈✐➨✐♥❡ ✸✵✵♠❄

✶✾✳ ❑❛♠❡♥ ✈r➸❡♠♦ ♥❛✈♣✐↔♥♦ ♥❛✈③❞♦❧ ③ ③❛↔❡t♥♦ ❤✐tr♦st❥♦ ✶✷♠✴s✳

✭❛✮ ❑♦❧✐❦♦ ❥❡ ❤✐tr♦st ♣♦ ♣♦❧ s❡❦✉♥❞❡❄

✭❜✮ ❑♦❧✐❦♦ ❥❡ ♣♦t ♣♦ ❡♥✐ s❡❦✉♥❞✐❄

✭❝✮ ❙ ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ ♣❛❞❡ ♥❛ t❧❛✱ ↔❡ ❥❡ ✈✐➨✐♥❛ 20 m❄

✭❞✮ ◆❛r✐➨✐ ❣r❛❢ ❤✐tr♦st✐ ✈ ♦❞✈✐s♥♦st✐ ♦❞ ↔❛s❛ ✐♥ ❣❛ ♦③♥❛↔✐✦

❘♣✿ ✭❛✮
v = vo + at = 12m/s + 9.81 m/s2 0.5 m/s = 16.9 m/s
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✭❜✮

s = vot +
at2

2
= 12

m

s
1 s +

9.81 m/s2 (1 m/s)2

2
= 16.9 m

❛❧✐
v = vo + at = 12m/s + 9.81 m/s2 1 m/s = 21.8 m/s

s =
(vo + v)t

2
=

(12 m/s + 16.9 m/s)1 s

2
= 16.9 m

✭❝✮
v2 = v2

o + 2as = (12 m/s)2 + 29.81 m/s2 20 m = m2/s2

✭❞✮ ❣r❛❢ v(t)✱

❧❛❤❦♦ s✐ ♣♦♠❛❣❛♠♦ s tr❡♠✐ ♣♦③♥❛♥✐♠✐ t♦↔❦❛♠✐✿
t [s] ✵ ✵✳✺ ✶
v [m/s] ✶✷ ✶✻✳✾ ✷✶✳✽
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]

t [s]

✷✵✳ ❙ ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ ♠♦r❛♠♦ ③ ✈✐➨✐♥❡ ✸✵♠ ✈r❡↔✐ ❦❛♠❡♥ ♥❛✈♣✐↔♥♦ ♥❛✈③❞♦❧✱ ❞❛ ♣r✐❧❡t✐ ♥❛ t❧❛ ♣♦
✶✱✷ s❄ ❙ ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ ♣r✐❧❡t✐ ♥❛ t❧❛❄ ❬❘♣✿ ✐③ s = vot + 1

2gt2 → vo = 19.1 m/s✱ ✐③
v = vo + gt → v = 30.9 m/s❪

✷✶✳ ❙ ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ ♠♦r❛♠♦ ✈r❡↔✐ t❡❧♦ ♥❛✈♣✐↔♥♦ ♥❛✈③❞♦❧✱ ❞❛ ❜♦ ♣♦ ✼ s ✈ ❣❧♦❜✐♥✐ ✸✺✵♠❄ ❑♦❧✐❦➨♥♦
❤✐tr♦st ✐♠❛ t❛❦r❛t❄

✷✷✳ ❑❛♠❡♥ ✈r➸❡➨ ♥❛✈♣✐↔♥♦ ♥❛✈③❣♦r s ❤✐tr♦st❥♦ ✹✵♠✴s✳ ❑❛❦♦ ✈✐s♦❦♦ ❥❡ ♣♦ tr❡t❥✐ s❡❦✉♥❞✐❄ ❩❛ ❦♦❧✐❦♦
s❡ ❞✈✐❣♥❡ ✈ ↔❡trt✐ s❡❦✉♥❞✐❄ ❑♦❧✐❦➨♥❛ ❥❡ ♥❥❡❣♦✈❛ ❤✐tr♦st ♣♦ ❞✈❡❤ s❡❦✉♥❞❛❤❄

✷✸✳ ❩ ✈✐➨✐♥❡ ✺✵♠ ③❛❧✉↔❛♠♦ ❦❛♠❡♥ ♥❛✈♣✐↔♥♦ ♥❛✈③❞♦❧ s ❤✐tr♦st❥♦ ✶✺♠✴s✳ P♦ ❦♦❧✐❦➨♥❡♠ ↔❛s✉ ✐♥ s
❦❛❦➨♥♦ ❤✐tr♦st❥♦ ♣❛❞❡ ❦❛♠❡♥ ♥❛ t❧❛❄

✷✹✳ ❑❛♠♥❡ s♣✉st✐♠♦ ③ ✈✐➨✐♥❡ ✻✵♠✳ ❙ ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ ♣❛❞❡ ♥❛ t❧❛❄

✷✺✳ ❙ ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ ✈r➸❡♠♦ ❦❛♠❡♥ ♥❛✈♣✐↔♥♦ ♥❛✈③❣♦r✱ ↔❡ ❥❡ ✈ ③r❛❦✉ ✸✱✷ s❄

✷✻✳ ❙ ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ ✈r➸❡♠♦ ❦❛♠❡♥ ♥❛✈♣✐↔♥♦ ♥❛✈③❣♦r✱ ↔❡ ❧❡t✐ ✸✵♠ ✈✐s♦❦♦❄

✷✼✳ ❙ ❦♦❧✐❦➨♥❡ ✈✐➨✐♥❡ s♠♦ s♣✉st✐❧✐ ❦r♦❣❧✐❝♦✱ ❦✐ ♣❛❞❡ ♥❛ t❧❛ s ❤✐tr♦st❥♦ ✾✵ ❦♠✴❤❄

✷✽✳ ❙ ❦♦❧✐❦➨♥❡ ✈✐➨✐♥❡ ♠♦r❛♠♦ s♣✉st✐t✐ t❡❧♦✱ ❞❛ ♣❛❞❡ ♥❛ t❧❛ s ❤✐tr♦st❥♦ ✷✵✵ ❦♠✴❤❄

✷✾✳ ❑❛♠❡♥ s♣✉st✐♠♦ ✈ ✈♦❞♥❥❛❦✳ ❑♦❧✐❦♦ ❥❡ ❣❧♦❜✐♥❛ ✈♦❞♥❥❛❦❛✱ ↔❡ s❧✐➨✐♠♦ ♣❧❥✉s❦ ↔❡③ ✺ s❄

❘♣✿ 107.6 m✱ ↔❡ ❥❡ g = 9.81 m/s2

✸✵✳ ❑❛♠❡♥ ✈r➸❡♠♦ ♥❛✈♣✐↔♥♦ ♥❛✈③❣♦r s ❤✐tr♦st❥♦ ✷✵♠✴s✳ ❑♦❧✐❦➨♥♦ ❤✐tr♦st ✐♠❛ ♣♦ ♣r✈✐✱ ❞r✉❣✐✱ tr❡t❥✐
s❡❦✉♥❞✐ ✐♥ ❦♦❧✐❦➨♥♦ ♣♦t ♦♣r❛✈✐ ✈ ♣r✈✐ ✐♥ ✈ ❞r✉❣✐ s❡❦✉♥❞✐❄ ❷❡③ ❦♦❧✐❦♦ ↔❛s❛ ♣❛❞❡ ♥❛ t❧❛❄

❘♣✿ v1 = 10.2 m/s✱ v2 = 0.38 m/s✱ v3 = 9.43 m/s✱ h1. = 15.1 m✱ h2. = 5.29 m

✸✶✳ ◆❛✈♣✐↔♥♦ ♥❛✈③❣♦r ✈r➸❡♠♦ t❡♥✐s ➸♦❣♦ ✐♥ ♥❛♠❡r✐♠♦✱ ❞❛ ❥❡ ✈ ③r❛❦✉ ✸ s✳ ❑♦❧✐❦➨♥♦ ✈✐➨✐♥♦ ❞♦s❡➸❡ ✐♥
s ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ s♠♦ ❥♦ ✈r❣❧✐ ♥❛✈③❣♦r❄ ❑♦❧✐❦♦ ❥❡ ♥❥❡♥❛ ❤✐tr♦st ♣♦ ✷ s ✐♥ ♣♦ ✽ s ❄ ◆❛r✐➨✐ ❣r❛❢❛
v(t) ✐♥ s(t) ✦
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❘♣✿ tg = td = 1
2 t = 1.5 s✱

h =
1

2
g t2d =

1

2
9.81

m

s2
(1.5 s)2 = 11.0 m

vo = −v

v = g td = 9.81
m

s2
1.5 s = 14.7 m/s

❛❧✐

v = vo + g t ⇒ −vo = vo + g t ⇒ vo = −1

2
g t = −1

2
(−9.81

m

s2
)3 s = 14.7 m/s

t = 2 s
v = vo + g t = 14.7 m/s + (−9.81

m

s2
)2 s = −4.91 ms

❣r❛❢ v(t)✱ t❛❜❡❧❛✿
t s] ✵ ✵✳✺ ✶ ✶✳✺ ✷ ✷✳✺ ✸
v [m/s] ✶✹✳✼ ✾✳✽✶ ✹✳✾✶ ✵ ✲✹✳✾✶ ✲✾✳✽✶ ✲✶✹✳✼
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❣r❛❢ s(t)✱ t❛❜❡❧❛✿
t s] ✵ ✵✳✺ ✶ ✶✳✺ ✷ ✷✳✺ ✸
s [m] ✵ ✻✳✶✸ ✾✳✽✶ ✶✶✳✵ ✾✳✽✶ ✻✳✶✸ ✵

 0

 2

 4

 6

 8

 10

 12

 0  0.5  1  1.5  2  2.5  3

s 
[m

]

t [s]

✸✷✳ ❉✈❡ t❡❧❡s✐ ♣r♦st♦ ♣❛❞❛t❛ ③ r❛③❧✐↔♥✐❤ ✈✐➨✐♥ ✐♥ ✐st♦↔❛s♥♦ ❞♦s❡➸❡t❛ ③❡♠❧❥♦❀ ❡♥♦ ♣♦ ❞✈❡❤ s❡❦✉♥❞❛❤✱
❞r✉❣♦ ♣♦ ❡♥✐ s❡❦✉♥❞✐✳ ❱ ❦❛t❡r✐ ✈✐➨✐♥✐ ❥❡ ❜✐❧♦ ♣r✈♦ t❡❧♦✱ ❦♦ ❥❡ ❞r✉❣♦ ③❛↔❡❧♦ ♣❛❞❛t✐❄

✸✸✳ Pr♦st♦ ♣❛❞❛❥♦↔❡ t❡❧♦ ✐♠❛ ✈ ✈✐➨✐♥✐ ❆ ❤✐tr♦st ✹✵♠✴s✱ ✈ ✈✐➨✐♥✐ ❇ ♥✐➸❡ ♣r♦t✐ ③❡♠❧❥✐ ♣❛ ❤✐tr♦st
✶✺✵♠✴s✳ ❑♦❧✐❦♦ st❛ ♠❡st✐ ❆ ✐♥ ❇ ♥❛r❛③❡♥❄

✸✹✳ ❑r♦❣❧✐❝♦ s♣✉st✐♠♦✱ ❞❛ ♣r♦st♦ ♣❛❞❛✳ ❙ ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ ♣❛❞❡ ♥❛ t❧❛ ✺✵♠ ♥✐➸❥❡❄ ◆❛r✐➨✐ ❣r❛❢
♣♦t✐ ✐♥ ❤✐tr♦st✐ ✈ ♦❞✈✐s♥♦st✐ ♦❞ ↔❛s❛✦

✸✺✳ ❑❛♠❡♥ ③❛❧✉↔❛♠♦ s ❤✐tr♦st❥♦ ✺♠✴s ♥❛✈③❞♦❧ ✈ ✈♦❞♥❥❛❦✱ ❦✐ ❥❡ ❣❧♦❜♦❦ ✶✵ ♠✳ ❑♦❧✐❦♦ ❥❡ ❤✐tr♦st
❦❛♠♥❛ ♥❛ ♣♦❧♦✈✐❝✐ ❣❧♦❜✐♥❡ ✈♦❞♥❥❛❦❛✱ ↔❡ ③❛♥❡♠❛r✐♠♦ ✉♣♦r ③r❛❦❛❄

❘♣✿ v = 11.1 m/s

✸✻✳ ❑❛♠❡♥ ✈r➸❡♠♦ ♥❛✈③❣♦r ③ ③❛↔❡t♥♦ ❤✐tr♦st❥♦ ✻✵♠✴s✳ ❑♦❧✐❦♦ ❥❡ ❤✐tr♦st ❦❛♠♥❛ ♥❛ ✈✐➨✐♥✐ ✺✵♠✱ ↔❡
③❛♥❡♠❛r✐♠♦ ✉♣♦r ③r❛❦❛❄
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❘♣✿ v = 51.2 m/s

✸✼✳ ❑♦❧✐❦♦ ↔❛s❛ ♣❛❞❛ ❦❛♠❡♥ ✈ ✶✵♠ ❣❧♦❜♦❦ ✈♦❞♥❥❛❦❄ P♦ ❦♦❧✐❦➨♥❡♠ ↔❛s✉ ③❛s❧✐➨✐♠♦ ♣❧❥✉s❦❄ ❍✐tr♦st
③✈♦❦❛ ✈ ③r❛❦✉ ❥❡ ✸✹✵♠✴s✦

✸✽✳ ❉♦ ❦❛t❡r❡ ✈✐➨✐♥❡ ♠♦r❡♠♦ str❡❧❥❛t✐ s ♣✉➨❦♦✱ ↔❡ ❥❡ ③❛↔❡t♥❛ ❤✐tr♦st ✐③str❡❧❦❛ ✽✷✵♠✴s ✐♥ ↔❡ ③r❛↔♥✐
✉♣♦r ③♠❛♥❥➨❛ ✈✐➨✐♥♦ ③❛ ✻✵✪❄

✸✾✳ ❙ ✺✵♠ ✈✐s♦❦❡❣❛ st♦❧♣❛ ❤❦r❛t✐ ✈r➸❡♠♦ ❞✈❛ ❦❛♠♥❛✳ Pr✈❡❣❛ ♥❛✈③❣♦r s ❤✐tr♦st❥♦ ✷✵♠✴s✱ ❞r✉❣❡❣❛
♥❛✈③❞♦❧ ③ ❡♥❛❦♦ ❤✐tr♦st❥♦✳ ❙ ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ ♣❛❞❡ ✈s❛❦ ✐③♠❡❞ ❦❛♠♥♦✈ ♥❛ t❧❛❄ ❑♦❧✐❦♦ ↔❛s❛ ❥❡
✈s❛❦ ✐③♠❡❞ ❦❛♠♥♦✈ ✈ ③r❛❦✉❄

✹✵✳ ❇❛t ③❛ ③❛❜✐❥❛♥❥❡ ♣✐❧♦t♦✈ ♣r♦st♦ ♣❛❞❛ ③ ✈✐➨✐♥❡ ✹✱✾♠✳ ❩❛ ❞✈✐❣♦✈❛♥❥❡ ♣♦tr❡❜✉❥❡ ✸✲❦r❛t ✈❡↔ ↔❛s❛✱
❦♦t ③❛ ♣❛❞❛♥❥❡✳ ❑♦❧✐❦♦❦r❛t ♣❛❞❡ ✈ ♠✐♥✉t✐❄

✹✶✳ ❱♦③✐↔❡❦ s♣✉st✐♠♦ ♣♦ ❦❧❛♥❝✉ ✐♥ ♥❛♠❡r✐♠♦✱ ❞❛ ♠✉ ✈ ✸ s ❤✐tr♦st ♥❛r❛st❡ ♦❞ ✵ ❞♦ ✺♠✴s✳ ❙ ❦♦❧✐❦➨♥♦
❤✐tr♦st❥♦ ♣r✐♣❡❧❥❡ ✈♦③✐↔❡❦ ♥❛ ❦♦♥❡❝ ✶✵ ♠ ❞♦❧❣❡❣❛ ❦❧❛♥❝❛❄ ◆❛r✐➨✐ ❣r❛❢❛ v(t) ✐♥ s(t) ✦

✹✷✳ ❆✈t♦♠♦❜✐❧ ♣r✐❞❡ s ❤✐tr♦st❥♦ ✷✵♠✴s ❞♦ ❦❧❛♥❝❛✱ ❦❥❡r s❡ ♠✉ ✈ ✸ s ❤✐tr♦st ③♠❛♥❥➨❛ ♥❛ ✶✻♠✴s✳ ❑❛❦♦
❞❛❧❡↔ s❡ ♣r✐♣❡❧❥❡ ♣♦ ❦❧❛♥❝✉ ♥❛✈③❣♦r ✐♥ ❦♦❧✐❦♦ ↔❛s❛ ♣♦tr❡❜✉❥❡ ③❛ t♦ ♣♦t❄ ❑♦❧✐❦♦ ❥❡ ♥❥❡❣♦✈❛ ❤✐tr♦st
♣♦ ✷ s ✐♥ ♣♦ ✽ s❄ ◆❛r✐➨✐ ❣r❛❢❛ v(t) ✐♥ s(t)✦

✹✸✳ ❩ ❞♦❧♦↔❡♥❡ ✈✐➨✐♥❡ s♣✉st✐♠♦ ❦❛♠❡♥✳ ❉✈❡ s❡❦✉♥❞✐ ❦❛s♥❡❥❡ s♣✉st✐♠♦ ❞r✉❣ ❦❛♠❡♥ ③ ✈✐➨✐♥❡ ✻✵♠✳
❑♦❧✐❦♦ ↔❛s❛ ✐♥ s ❦♦❧✐❦➨♥❡ ✈✐➨✐♥❡ ♣❛❞❛ ♣r✈✐ ❦❛♠❡♥✱ ↔❡ ♣❛❞❡t❛ ♦❜❛ ❦❛♠♥❛ ❤❦r❛t✐ ♥❛ t❧❛ ❄

✹✹✳ ❚❡❧♦ s❡ ❣✐❜❧❥❡ ♣♦ str♠✐♥✐ ♥❛✈③❞♦❧ ❡♥❛❦♦♠❡r♥♦ ♣♦s♣❡➨❡♥♦ s ♣♦s♣❡➨❦♦♠ 0, 4 m/s2✳ ❑♦❧✐❦➨♥❛ ❥❡
❜✐❧❛ ③❛↔❡t♥❛ ❤✐tr♦st t❡❧❡s❛✱ ↔❡ ✈ ✶✷✱✷ s ♣r❡t❡↔❡ ✶✷✺♠ ❞♦❧❣ ❦❧❛♥❡❝❄ ❑♦❧✐❦➨♥♦ ♣♦t ♣r❡t❡↔❡ ✈ ③❛❞♥❥✐
s❡❦✉♥❞✐❄

✹✺✳ ❑♦❧❡s❛r s❡ ③ ✈r❤❛ ❦❧❛♥❝❛ ③❛↔♥❡ ❣✐❜❛t✐ s ♣♦s♣❡➨❦♦♠ 0, 3 m/s2✳ ❑❛❦♦ ❞♦❧❣ ❥❡ ❦❧❛♥❡❝✱ ↔❡ ✐♠❛ ♦❜
✈③♥♦➸❥✉ ❤✐tr♦st ✺✵ ❦♠✴❤❄

✹✻✳ ❑♦❧❡s❛r s❡ s♣✉st✐ ♣♦ ❦❧❛♥❝✉✳ ❑♦❧✐❦➨♥♦ ❤✐tr♦st ❞♦s❡➸❡ ✈ ❞❡s❡t✐❤ s❡❦✉♥❞❛❤❄ ❑❛❦♦ ❞❛❧❡↔ ♣r✐♣❡❧❥❡
✈ t❡♠ ↔❛s✉✱ ↔❡ ❥❡ ♥❥❡❣♦✈ ♣♦s♣❡➨❡❦ 0, 4 m/s2❄ ◆❛ ❦♦❧✐❦➨♥✐ r❛③❞❛❧❥✐ ❞♦s❡➸❡ ❤✐tr♦st ✶✵♠✴s❄

✹✼✳ ❑♦❧❡s❛r s❡ ♣❡❧❥❡ ♣♦ ❦❧❛♥❝✉ ♥❛✈③❞♦❧ ❡♥❛❦♦♠❡r♥♦ ♣♦s♣❡➨❡♥♦ s ♣♦s♣❡➨❦♦♠ 0, 21 m/s2✳ ❑♦❧✐❦➨♥❛ ❥❡
❜✐❧❛ ♥❥❡❣♦✈❛ ❤✐tr♦st ♥❛ ✈r❤✉ ❦❧❛♥❝❛✱ ↔❡ ✈ ✶✺ s ♣r❡✈♦③✐ ✶✵✻♠❄

✹✽✳ ❩ ♥❛❥♠❛♥❥ ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ ♠♦r❛ ❦♦❧❡s❛r ③❛♣❡❧❥❛t✐ ✈ ❦❧❛♥❡❝✱ ↔❡ s❡ ❣✐❜❧❥❡ ♣♦ ❦❧❛♥❝✉ ✷✺ s s
♣♦❥❡♠❦♦♠ 0, 5 m/s2 ✐♥ ➸❡❧✐ ❦❧❛♥❡❝ s♣❡❧❥❛t✐❄ ❑❛❦♦ ❞♦❧❣ ❥❡ ✈③♣♦♥❄

✹✾✳ ❑r♦❣❧✐❝♦ s♣✉st✐♠♦ ♣♦ ❦❧❛♥❝✉ ✐♥ ♥❛♠❡r✐♠♦✱ ❞❛ s❡ ❥✐ ✈ ♣r✈✐❤ ✸ s ❤✐tr♦st ♣♦✈❡↔❛ ♦❞ ✵ ♥❛ ✾♠✴s✳
❑♦❧✐❦➨❡♥ ❥❡ ♣♦s♣❡➨❡❦ ❦r♦❣❧✐❝❡❄ ❑♦❧✐❦➨♥❛ ❥❡ ❤✐tr♦st ❦r♦❣❧✐❝❡ ♣♦ ✺ s ✐♥ ♥❥❡♥❛ ♣♦t ♣♦ ✶✵ s❄

✺✵✳ ❑r♦❣❧✐❝❛ ♣r❡t❡↔❡ ♥❛ str♠✐♥✐ ✈ ♣r✈✐ s❡❦✉♥❞✐ ♣♦t ✸✵ ❝♠✳ ❙ ❦♦❧✐❦➨♥✐♠ ♣♦s♣❡➨❦♦♠ s❡ ❣✐❜❧❥❡❄ ❑♦❧✐✲
❦➨♥❛ ❥❡ ♥❥❡♥❛ ❤✐tr♦st ♥❛ ❦♦♥❝✉ ♣r✈❡✱ ❞r✉❣❡✱ tr❡t❥❡ s❡❦✉♥❞❡✱ ↔❡ ❥❡ ❦r♦❣❧✐❝❛ ♥❛ ③❛↔❡t❦✉ ♠✐r♦✈❛❧❛❄
❑♦❧✐❦➨♥♦ ♣♦t ♦♣r❛✈✐ ✈ ♣r✈✐✱ ❞r✉❣✐✱ tr❡t❥✐ s❡❦✉♥❞✐❄

✺✶✳ ❑♦❧❡s❛r ♣r✐♣❡❧❥❡ ❞♦ ✈r❤❛ ❦❧❛♥❝❛ s ❤✐tr♦st❥♦ ✸♠✴s✱ ♥❛t♦ ♣❛ s❡ s♣✉st✐ ♥❛✈③❞♦❧ s ♣♦s♣❡➨❦♦♠
0, 8 m/s2✳ ■③r❛↔✉♥❛❥ ❞♦❧➸✐♥♦ ❦❧❛♥❝❛ ✐♥ ❤✐tr♦st ❦♦❧❡s❛r❥❛ ♥❛ ❦♦♥❝✉ ❦❧❛♥❝❛✱ ↔❡ ✈♦③✐ ♣♦ ❦❧❛♥❝✉
✻✱✷ s❄

✺✷✳ ❏❛♥❡③ ♣❡❧❥❡ ♣♦ ❘❡s❧❥❡✈✐ s ❤✐tr♦st❥♦ ✼✵ ❦♠✴❤ ↔❡③ ❦r✐➸✐➨↔❡ ③ ✉❧✐❝♦ ❑♦♠❡♥s❦❡❣❛✳ P♦❧✐❝❛❥ ♥❛ ♠♦t♦r❥✉✱
❦✐ ♥❛ ③❛↔❡t❦✉ ♠✐r✉❥❡✱ s❡ ♣♦➸❡♥❡ ③❛ ♥❥✐♠ ✈ tr❡♥✉t❦✉✱ ❦♦ ❏❛♥❡③ ♣❡❧❥❡ ↔❡③ ❦r✐➸✐➨↔❡ ♠✐♠♦ ♣♦❧✐❝❛❥❛✳
❙ ❦♦❧✐❦➨♥✐♠ ♣♦s♣❡➨❦♦♠ ♠♦r❛ ♣❡❧❥❛t✐ ♣♦❧✐❝❛❥ ♥❛ ♠♦t♦r❥✉✱ ❞❛ ❞♦❤✐t✐ ❏❛♥❡③❛✱ ❦✐ ✈♦③✐ ✈❡s ↔❛s s
st❛❧♥♦ ❤✐tr♦st❥♦✱ ♥❛ r❛③❞❛❧❥✐ ✶ ❦♠❄

✺✸✳ ■③r❛↔✉♥❛❥ ❝❡❧♦t♥♦ ♣♦t ✐♥ ♣♦s♣❡➨❦❡ ♥❛ ♣♦s❛♠❡③♥✐❤ ♦❞s❡❦✐❤✦ ●❧❡❥ s❧✐❦♦ ✷✦

✺✹✳ ■③r❛↔✉♥❛❥ ❝❡❧♦t♥♦ ♣♦t ✐♥ ♣♦s♣❡➨❦❡ ♥❛ ♣♦s❛♠❡③♥✐❤ ♦❞s❡❦✐❤✦ ●❧❡❥ s❧✐❦♦✦ ●❧❡❥ s❧✐❦♦ ✸✦

✺✺✳ ▼♦t♦r✐st ✈♦③✐ ③ ❡♥❛❦♦♠❡r♥✐♠ ♣♦s♣❡➨❦♦♠ 1 m
s2 ✳ ❙❦♦③✐ ♣r✈✐ ❧❡t❡↔✐ ❝✐❧❥ ③❞r✈✐ s ❤✐tr♦st❥♦ 72 km

h ✱ s❦♦③✐
❞r✉❣❡❣❛ s 144 km

h ✳ ❑♦❧✐❦♦ ↔❛s❛ ♣♦tr❡❜✉❥❡ ♦❞ ♣r✈❡❣❛ ❝✐❧❥❛ ❞♦ ❞r✉❣❡❣❛❄ ❑♦❧✐❦➨♥❛ ❥❡ r❛③❞❛❧❥❛ ♠❡❞
❝✐❧❥❡♠❛❄
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❙❧✐❦❛ ✷✿ ●r❛❢ ❤✐tr♦st✐ ✈ ♦❞✈✐s♥♦st✐ ♦❞ ↔❛s❛ ✭❣r❛❢ v(t)✮✳

❙❧✐❦❛ ✸✿ ●r❛❢ ❤✐tr♦st✐ ✈ ♦❞✈✐s♥♦st✐ ♦❞ ↔❛s❛ ✭❣r❛❢ v(t)✮✳

✺✻✳ ❷❧♦✈❡❦ ❤♦❞✐ ♣♦ ✈❛❣♦♥↔❦✉ ✈ ❞❡s♥♦ s st❛❧♥♦ ❤✐tr♦st❥♦ 0, 8 m
s ❣❧❡❞❡ ♥❛ ✈❛❣♦♥↔❡❦✳ ❩❛ ❦♦❧✐❦♦ s❡ ❣❧❡❞❡

♥❛ t❧❛ ↔❧♦✈❡❦ ♣r❡♠❛❦♥❡ ✈ 2 s✱ ↔❡ s❡ ✈❛❣♦♥↔❡❦ ❣✐❜❧❥❡ ❡♥❛❦♦♠❡r♥♦

✭❛✮ ♥❛ ❞❡s♥♦ s ❤✐tr♦st❥♦ 5 m
s ✱

✭❜✮ ♥❛ ❧❡✈♦ s ❤✐tr♦st❥♦ 3 m
s ❄

✺✼✳ P♦ ♦③❦✐ r❛✈♥✐ ❝❡st✐ ✈♦③✐ ♦s❡❜♥✐ ❛✈t♦ s st❛❧♥♦ ❤✐tr♦st❥♦ 100 km
h ✳ ❩❛r❛❞✐ ♠❡❣❧❡ ❥❡ ✈✐❞❧❥✐✈♦st 130 m✳

❩ ♥❛s♣r♦t♥❡ s♠❡r✐ s❡ ❛✈t✉ ♣r✐❜❧✐➸✉❥❡ t♦✈♦r♥❥❛❦✱ ❦✐ ✈♦③✐ s st❛❧♥♦ ❤✐tr♦st❥♦ 70 km
h ✳ ❑♦ s❡ ✈♦③♥✐❦❛

♦♣❛③✐t❛✱ ③❛↔♥❡t❛ ❡♥❛❦♦♠❡r♥♦ ③❛✈✐r❛t✐✳ ❆✈t♦♠♦❜✐❧❛ s❡ ✉st❛✈✐t❛✱ t✐❦ ♣r❡❞❡♥ tr↔✐t❛✳ ❙ ❦♦❧✐❦➨♥✐♠
♣♦❥❡♠❦♦♠ s❡ ✈♦③✐❧✐ ✉st❛✈

✺✽✳ ❩ ✈r❤❛ 50 m ✈✐s♦❦❡❣❛ st♦❧♣❛ ✈r➸❡♠♦ ❦❛♠❡♥ ♥❛✈♣✐↔♥♦ ♥❛✈③❞♦❧ ③ ③❛↔❡t♥♦ ❤✐tr♦st❥♦ 20 m/s✳ ❩❛✲
♥❡♠❛r✐ ③r❛↔♥✐ ✉♣♦r ✐♥ ✐③r❛↔✉♥❛❥✿

✭❛✮ s ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ ✉❞❛r✐ ❦❛♠❡♥ ♦❜ t❧❛✱

✭❜✮ ❦♦❧✐❦♦ ↔❛s❛ ♣❛❞❛ ❞♦ t❛❧✱

✭❝✮ ❦❞❛❥ ❥❡ ♥❛ ✈✐➨✐♥✐ 30 m✱

✭❞✮ ❦♦❧✐❦♦ ♠❡tr♦✈ ♣r❡❧❡t✐ ✈ ③❛❞♥❥✐ s❡❦✉♥❞✐ ♣❛❞❛♥❥❛✳

✺✾✳ ▼♦t♦r✐st ✈♦③✐ ③ ❡♥❛❦♦♠❡r♥✐♠ ♣♦s♣❡➨❦♦♠ 1 m
s2 ✳ ❙❦♦③✐ ♣r✈✐ ❧❡t❡↔✐ ❝✐❧❥ ③❞r✈✐ s ❤✐tr♦st❥♦ 72 km

h ✱ s❦♦③✐
❞r✉❣❡❣❛ s 144 km

h ✳ ❑♦❧✐❦♦ ↔❛s❛ ♣♦tr❡❜✉❥❡ ♦❞ ♣r✈❡❣❛ ❝✐❧❥❛ ❞♦ ❞r✉❣❡❣❛❄ ❑♦❧✐❦➨♥❛ ❥❡ r❛③❞❛❧❥❛ ♠❡❞
❝✐❧❥❡♠❛❄

✻✵✳ ❘❛❦❡t❛ ✈③❧❡t✐ ♥❛✈♣✐↔♥♦ ♥❛✈③❣♦r ✐♥ ♣r✈✐❤ 5 s ♣♦s♣❡➨✉❥❡ s ♣♦s♣❡➨❦♦♠ 3 m/s2✳ ❯♣♦r ③r❛❦❛ ③❛♥❡✲
♠❛r✐✦

✭❛✮ ❑♦❧✐❦➨♥♦ ✈✐➨✐♥♦ ❞♦s❡➸❡ r❛❦❡t❛❄

✭❜✮ ❙ ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ ♣❛❞❡ ♥❛ t❧❛❄

✭❝✮ ◆❛r✐➨✐ ❣r❛❢ ❤✐tr♦st✐ ✈ ♦❞✈✐s♥♦st✐ ♦❞ ↔❛s❛✦

✭❞✮ ◆❛r✐➨✐ ❣r❛❢ ✈✐➨✐♥❡ ✈ ♦❞✈✐s♥♦st✐ ♦❞ ↔❛s❛✦

✭❡✮ ❑❥❡ ❥❡ r❛❦❡t❛ ♣♦ 12 s❄

✻✶✳ ❱ r❛③r❡❞✉✱ ❦❥❡r ❥❡ str♦♣ 4 m ✈✐s♦❦♦ ✈r➸❡♠♦ ➸♦❣♦ s ❤✐tr♦st❥♦ 7 m/s ♥❛✈♣✐↔♥♦ ♥❛✈③❣♦r✳ ❩❛↔❡t♥❛
✈✐➨✐♥❛ ➸♦❣❡✱ ❦♦ ③❛♣✉st✐ r♦❦♦ ❥❡ 1, 5 m✳ ❙ ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ ♣❛❞❡ ➸♦❣❛ ♥❛ t❧❛❄ ❑♦❧✐❦♦ ↔❛s❛ ❥❡ ✈
③r❛❦✉❄ ❯♣♦➨t❡✈❛❥✱ ❞❛ s❡ ➸♦❣❛ ♥❛ str♦♣✉ ♦❞❜✐❥❡ ③ ❡♥❛❦♦ ❤✐tr♦st❥♦✦

✻✷✳ ❑r♦❣❧✐❝❛ s❡ ♥❛ str♠✐♥✐ ✈ ♣r✈✐ s❡❦✉♥❞✐ ♣r❡❦♦t❛❧✐ 50 cm✳ ❙ ❦♦❧✐❦➨♥✐♠ ♣♦s♣❡➨❦♦♠ s❡ ❣✐❜❧❥❡❄ ❑♦❧✐✲
❦➨♥❛ ❥❡ ♥❥❡♥❛ ❤✐tr♦st ♥❛ ❦♦♥❝✉ ♣r✈❡✱ ❞r✉❣❡✱ tr❡t❥❡ s❡❦✉♥❞❡✱ ↔❡ ❥❡ ❦r♦❣❧✐❝❛ ♥❛ ③❛↔❡t❦✉ ♠✐r♦✈❛❧❛❄
❑♦❧✐❦➨♥♦ ♣♦t ♦♣r❛✈✐ ✈ ♣r✈✐✱ ❞r✉❣✐✱ tr❡t❥✐ s❡❦✉♥❞✐❄ ✳
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✻✸✳ ❑r♦❣❧✐❝❛ s❡ ♥❛ str♠✐♥✐ ✈ ♣r✈✐ s❡❦✉♥❞✐ ♣r❡❦♦t❛❧✐ 50 cm✳ ❙ ❦♦❧✐❦➨♥✐♠ ♣♦s♣❡➨❦♦♠ s❡ ❣✐❜❧❥❡❄ ❑♦❧✐✲
❦➨♥❛ ❥❡ ♥❥❡♥❛ ❤✐tr♦st ♥❛ ❦♦♥❝✉ ♣r✈❡✱ ❞r✉❣❡✱ tr❡t❥❡ s❡❦✉♥❞❡✱ ↔❡ ❥❡ ❦r♦❣❧✐❝❛ ♥❛ ③❛↔❡t❦✉ ♠✐r♦✈❛❧❛❄
❑♦❧✐❦➨♥♦ ♣♦t ♦♣r❛✈✐ ✈ ♣r✈✐✱ ❞r✉❣✐✱ tr❡t❥✐ s❡❦✉♥❞✐❄ ✳

✻✹✳ ❑❛♠❡♥ ✈r➸❡♠♦ ♥❛✈♣✐↔♥♦ ♥❛✈③❣♦r ③ ③❛↔❡t♥♦ ❤✐tr♦st❥♦ 15 m/s✳

✭❛✮ P♦ ❦♦❧✐❦➨♥❡♠ ↔❛s✉ ❦❛♠❡♥ ❞♦s❡➸❡ ♥❛❥✈❡↔❥♦ ✈✐➨✐♥♦❄

✭❜✮ P♦ ❦♦❧✐❦➨♥❡♠ ↔❛s✉ ♣❛❞❡ ❦❛♠❡♥ ♥❛ t❧❛❄

✭❝✮ ❙ ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ ♣❛❞❡ ♥❛ t❧❛❄

✭❞✮ ❑♦❧✐❦♦ ♠❡tr♦✈ ♥❛❞ t❧❡♠✐ ❥❡ ❦❛♠❡♥ ♣♦ ✶ s❄

✭❡✮ ❑♦❧✐❦➨♥❛ ❥❡ ❤✐tr♦st ❦❛♠♥❛ ♥❛ ✈✐➨✐♥✐ ✺ ♠ ♦❞ t❛❧❄

✻✺✳ ❑❛♠❡♥ ✈r➸❡♠♦ ♥❛✈♣✐↔♥♦ ♥❛✈③❣♦r ③ ③❛↔❡t♥♦ ❤✐tr♦st❥♦ 25 m/s✳

✭❛✮ P♦ ❦♦❧✐❦➨♥❡♠ ↔❛s✉ ❦❛♠❡♥ ❞♦s❡➸❡ ♥❛❥✈❡↔❥♦ ✈✐➨✐♥♦❄

✭❜✮ P♦ ❦♦❧✐❦➨♥❡♠ ↔❛s✉ ♣❛❞❡ ❦❛♠❡♥ ♥❛ t❧❛❄

✭❝✮ ❙ ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ ♣❛❞❡ ♥❛ t❧❛❄

✭❞✮ ❑♦❧✐❦♦ ♠❡tr♦✈ ♥❛❞ t❧❡♠✐ ❥❡ ❦❛♠❡♥ ♣♦ ✷ s❄

✭❡✮ ❑♦❧✐❦➨♥❛ ❥❡ ❤✐tr♦st ❦❛♠♥❛ ♥❛ ✈✐➨✐♥✐ ✶✵ ♠ ♦❞ t❛❧❄

✻✻✳ ❆✈t♦ ♣♦s♣❡➨✉❥❡ 5 s ✐♥ ❞♦s❡➸❡ ❤✐tr♦st 60 km/h✳ ◆❛t♦ ✈♦③✐ 10s s st❛❧♥♦ ❤✐tr♦st❥♦✳ ◆❛ ❦♦♥❝✉ ③❛✈✐r❛
2s ✐♥ s❡ ✉st❛✈✐✳ ◆❛r✐➨✐ ✐♥ ♦③♥❛↔✐ ❣r❛❢ ❤✐tr♦st✐ ✈ ♦❞✈✐s♥♦st✐ ♦❞ ↔❛s❛✦ ❑♦❧✐❦➨♥♦ ♣♦t ♣r❡♣❡❧❥❡❄ ❑♦❧✐❦♦
❥❡ ♣♦✈♣r❡↔♥❛ ❤✐tr♦st ♥❛ ❝❡❧♦t♥✐ ♣♦t✐❄

✻

✲

✻✼✳ ❆✈t♦ ♣♦s♣❡➨✉❥❡ 4 s ✐♥ ❞♦s❡➸❡ ❤✐tr♦st 50 km/h✳ ◆❛t♦ ✈♦③✐ 8 s s st❛❧♥♦ ❤✐tr♦st❥♦✳ ◆❛ ❦♦♥❝✉ ③❛✈✐r❛
1 s ✐♥ s❡ ✉st❛✈✐✳ ◆❛r✐➨✐ ✐♥ ♦③♥❛↔✐ ❣r❛❢ ❤✐tr♦st✐ ✈ ♦❞✈✐s♥♦st✐ ♦❞ ↔❛s❛✦ ❑♦❧✐❦➨♥♦ ♣♦t ♣r❡♣❡❧❥❡❄
❑♦❧✐❦♦ ❥❡ ♣♦✈♣r❡↔♥❛ ❤✐tr♦st ♥❛ ❝❡❧♦t♥✐ ♣♦t✐❄

❘♣✿ s1 = 1
2v t1 = 1

250 km
h 4 s = 1

213.89 m
s 4 s = 27.78 m✱

s2 = v t2 = 50 km
h 8 s = 13.89 m

s 8 s = 111.11 m✱

s3 = 1
2v t3 = 1

250 km
h 1 s = 1

213.89 m
s 1 s = 6.94 m✱

s = s1 + s2 + s3 = . . . = 146m

v̄ =
s

t1 + t2 + t3
=

146 m/s

13 s
= 11.2 m/s = 40.4 km/h
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❣r❛❢ v(t)✿

✻

✲

t [s]

v
[km/h]

4 12 13

50

✡
✡

✡
✡

✡
✡

✡
✡

✡
✡

✡
✡✡ ❊

❊
❊
❊
❊
❊
❊
❊
❊
❊
❊
❊❊

✻✽✳ ◆❛❧♦❣♦ s ❦❛♠♥♦♠✱ ❦✐ ❣❛ ✈r➸❡♠♦ ③ ③❛↔❡t♥♦ ❤✐tr♦st❥♦ 5 m/s ✈ 10 m ❣❧♦❜♦❦ ✈♦❞♥❥❛❦✱ ❥❡ ♥❡❦❞♦ r❡➨✐❧
t❛❦♦❧❡✿

✭❛✮ ❷❡ ❦❛♠❡♥ ♣❛❞❛ ❜r❡③ ③❛↔❡t♥❡ ❤✐tr♦st✐✱ ✐♠❛ ♥❛ ❞♥✉ ❤✐tr♦st
√

2gh✱ ❦❛r ❥❡ ♣r✐❜❧✐➸♥♦ 14 m/s✳
❱ ❞❛♥❡♠ ♣r✐♠❡r✉ ♣❛ ❥❡ ❤✐tr♦st ③❛ 5 m/s ✈❡↔❥❛✱ t♦r❡❥ ❥❡ ❤✐tr♦st 19 m/s✳

❩❛❦❛❥ ❥❡ t❛ r❛↔✉♥ ♥❛♣❛↔❡♥❄ ❑❛❦♦ ❥❡ ♣r❛✈❄

✻✾✳ Pr✐ s♣❡❧❥❡✈❛♥❥✉ ❛✈t♦♠♦❜✐❧❛ ♥❛r✐➨❡ ❜❡❧❡➸♥✐ ♠❡r✐❧♥✐❦ ❤✐tr♦st✐ ❣r❛❢✱ ❦✐ ❣❛ ❦❛➸❡ s❧✐❦❛ ✹✳ ❙❦✐❝✐r❛❥
↔❛s♦✈♥✐ ♣♦t❡❦ ♣♦s♣❡➨❦❛ ✐♥ ♣♦t✐ t❡r ♥❛r✐➨✐ ✉str❡③♥❛ ❣r❛❢❛✳

v

t

❙❧✐❦❛ ✹✿ ●r❛❢ ❤✐tr♦st✐ ✈ ♦❞✈✐s♥♦st✐ ♦❞ ↔❛s❛✳

✼✵✳ ❙❧✐❦❛ ✺ ❦❛➸❡ ❦❛❦♦ s❡ s♣r❡♠✐♥❥❛ ❤✐tr♦st t❡❧❡s❛ ✈ ♦❞✈✐s♥♦st✐ ♦❞ ↔❛s❛✳ ❙❦✐❝✐r❛❥ ↔❛s♦✈♥✐ ♣♦t❡❦
♣♦s♣❡➨❦❛ ✐♥ ♣♦t✐ ✈ ♦❞✈✐s♥♦st✐ ♦❞ ↔❛s❛✦

✼✶✳ ❙❧✐❦❛ ✻ ❦❛➸❡ ❣r❛❢ v(t)✳ ❙❦✐❝✐r❛❥ ❣r❛❢❛ a(t) ✐♥ s(t)✦

✼✷✳ ❑❛t❡r❡ ♦❞ ♥❛s❧❡❞♥❥✐❤ s✐t✉❛❝✐❥ ♥✐s♦ ♠♦❣♦↔❡❄ ❖❜❦r♦➸✐✦

✭❛✮ t❡❧♦ ✐♠❛ ~v ♣r♦t✐ ✈③❤♦❞✉ ✐♥ ~a ♣r♦t✐ ③❛❤♦❞✉

✭❜✮ t❡❧♦ ✐♠❛ ~v ♣r♦t✐ ✈③❤♦❞✉ ✐♥ ~a ♣r♦t✐ ✈③❤♦❞✉

✭❝✮ t❡❧♦ ✐♠❛ ~v = 0 ~a 6= 0 ♣r♦t✐ ③❛❤♦❞✉

✭❞✮ ✐♠❛ st❛❧❡♥ ♣♦s♣❡➨❡❦ ✐♥ s♣r❡♠✐♥❥❛❥♦↔♦ s❡ ❤✐tr♦st

✭❡✮ ✐♠❛ st❛❧♥♦ ❤✐tr♦st ✐♥ s♣r❡♠❡♥❧❥✐✈ ♣♦s♣❡➨❡❦

✼✸✳ ❑r♦❣❧♦ ③ ♠❛s♦ 0, 5 kg s♣✉st✐♠♦ ③ ✈✐➨✐♥❡ 80 m✳ ❩r❛↔♥✐ ✉♣♦r ♣r✐ ❣✐❜❛♥❥✉ ③❛♥❡♠❛r✐♠♦✳
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v

t
✭❛✮ ♣r✈✐ ♣r✐♠❡r

v

t
✭❜✮ ❞r✉❣✐ ♣r✐♠❡r

❙❧✐❦❛ ✺✿ ●r❛❢ ❤✐tr♦st✐ ✈ ♦❞✈✐s♥♦st✐ ♦❞ ↔❛s❛ ■■✳

v

t
✭❛✮ ♣r✈✐ ♣r✐♠❡r

v

t
✭❜✮ ❞r✉❣✐ ♣r✐♠❡r

❙❧✐❦❛ ✻✿ ●r❛❢ ❤✐tr♦st✐ ✈ ♦❞✈✐s♥♦st✐ ♦❞ ↔❛s❛ ■■✳

✭❛✮ ❑♦❧✐❦♦ ↔❛s❛ ♣❛❞❛ ♥❛ t❧❛❄

✭❜✮ ❑♦❧✐❦➨♥♦ ❤✐tr♦st ✐♠❛ t✐❦ ♥❛❞ t❧❡♠✐❄

✭❝✮ ❱ ❦♦❧✐❦➨♥❡♠ ↔❛s✉ ♣r❡❧❡t✐ ③❛❞♥❥✐❤ 5 m❄

✭❞✮ ❑♦❧✐❦➨♥♦ ♣♦t ♥❛r❡❞✐ ✈ ③❛❞♥❥✐ s❡❦✉♥❞✐❄

✭❡✮ ◆❛r✐➨✐ ✐♥ ✐③r❛↔✉♥❛❥ ✈s❡ s✐❧❡ ♥❛ ❦r♦❣❧♦ ♣♦t❡♠✱ ❦♦ ❥❡ ❜✐❧❛ s♣✉➨↔❡♥❛❄

✼✹✳ ❑❛♠❡♥ ③ ♠❛s♦ 0, 1 kg ✈r➸❡♠♦ ♥❛✈♣✐↔♥♦ ♥❛✈③❣♦r✳ ❩r❛↔♥✐ ✉♣♦r ♣r✐ ❣✐❜❛♥❥✉ ③❛♥❡♠❛r✐♠♦✳

✭❛✮ ❑♦❧✐❦➨♥♦ ❤✐tr♦st ♠♦r❛ ✐♠❡t✐ ♥❛ ③❛↔❡t❦✉✱ ❞❛ s❡ ❜♦ ❞✈✐❣♥✐❧ 20 m ✈✐s♦❦♦❄

✭❜✮ ❑♦❧✐❦♦ ↔❛s❛ s❡ ❜♦ ❞✈✐❣❛❧❄

✭❝✮ ❑♦❧✐❦➨♥♦ ♣♦t ❜♦ ♥❛r❡❞✐❧ ✈ ③❛❞♥❥✐ ♣♦❧♦✈✐❝✐ s❡❦✉♥❞❡ ✭♣r❡❞❡♥ ❞♦s❡➸❡ ♥❛❥✈❡↔❥♦ ✈✐➨✐♥♦✮❄

✭❞✮ ❱ ❦♦❧✐❦➨♥❡♠ ↔❛s✉ ❜♦ ♣r❡❧❡t❡❧ ③❛❞♥❥❡ 3 m ✭♣r❡❞ ✈r❤♦♠✮❄

✭❡✮ ◆❛r✐➨✐ ✐♥ ✐③r❛↔✉♥❛❥ ✈s❡ s✐❧❡ ♥❛ ❦r♦❣❧♦ ♣♦t❡♠✱ ❦♦ ❥❡ ❜✐❧❛ s♣✉➨↔❡♥❛❄

✼✺✳ ◆❛ ❣r❛❢✉ v(t) ✭❣❧❡❥ s❧✐❦♦ ✼✦✮ ❥❡ ♣r✐❦❛③❛♥♦ ❣✐❜❛♥❥❡ s❛♥✐✱ ❦✐ s❡ s♣✉st✐❥♦ ♣♦ ❦❧❛♥❝✉ ♥❛✈③❞♦❧✳

✭❛✮ ❩ ❜❡s❡❞❛♠✐ ♦♣✐➨✐ ❣✐❜❛♥❥❡ s❛♥✐ ✈ ♣r✈✐❤ ➨❡st✐❤ s❡❦✉♥❞❛❤✦

✭❜✮ ❑♦❧✐❦➨❡♥ ♣♦s♣❡➨❡❦ ✐♠❛❥♦ s❛♥✐ ✈ ❞r✉❣✐ s❡❦✉♥❞✐❄

✭❝✮ ❑♦❧✐❦➨♥❛ ❥❡ ❤✐tr♦st ♦❜ ❦♦♥❝✉ ❞r✉❣❡ s❡❦✉♥❞❡❄

✭❞✮ ❑♦❧✐❦➨♥❛ ❥❡ ❤✐tr♦st ♦❜ ❦♦♥❝✉ ♣❡t❡ s❡❦✉♥❞❡❄

✭❡✮ ❑♦❧✐❦➨♥♦ ♣♦t ♥❛♣r❛✈✐ ✈ ♣r✈✐❤ ✻ s❡❦✉♥❞❛❤❄

✭❢✮ ❑♦❧✐❦➨♥♦ ♣♦✈♣r❡↔♥♦ ❤✐tr♦st ✐♠❛ ✈ ♣r✈✐❤ ✻ s❡❦✉♥❞❛❤❄

✼✻✳ ◆❛ ❣r❛❢✉ v(t) ✭❣❧❡❥ s❧✐❦♦ ✽✦✮ ❥❡ ♣r✐❦❛③❛♥♦ ❣✐❜❛♥❥❡ ❛✈t♦♠♦❜✐❧❛ ♣r❡❞ s❡♠❛❢♦r❥❡♠✳



✷ ●■❇❆◆❏❊ ✶✽

t[s]2 3 4 5 61 7

v[m/s]

1

2

0,5

1,5

❙❧✐❦❛ ✼✿ ●r❛❢ ❤✐tr♦st✐ ✈ ♦❞✈✐s♥♦st✐ ♦❞ ↔❛s❛✳

t[s]2 3 4 5 61 7

v[m/s]

1

2

0,5

1,5

❙❧✐❦❛ ✽✿ ●r❛❢ ❤✐tr♦st✐ ✈ ♦❞✈✐s♥♦st✐ ♦❞ ↔❛s❛✳

✭❛✮ ❩ ❜❡s❡❞❛♠✐ ♦♣✐➨✐ ❣✐❜❛♥❥❡ ❛✈t♦♠♦❜✐❧❛ ✈ ♣r✈✐❤ ➨❡st✐❤ s❡❦✉♥❞❛❤✦

✭❜✮ ❑♦❧✐❦➨❡♥ ♣♦s♣❡➨❡❦ ✐♠❛❥♦ ❛✈t♦♠♦❜✐❧ ✈ ♣❡t✐ s❡❦✉♥❞✐❄

✭❝✮ ❑♦❧✐❦➨♥❛ ❥❡ ❤✐tr♦st ♦❜ ❦♦♥❝✉ ❞r✉❣❡ s❡❦✉♥❞❡❄

✭❞✮ ❑♦❧✐❦➨♥❛ ❥❡ ❤✐tr♦st ♦❜ ❦♦♥❝✉ ♣❡t❡ s❡❦✉♥❞❡❄

✭❡✮ ❑♦❧✐❦➨♥♦ ♣♦t ♥❛♣r❛✈✐ ✈ ♣r✈✐❤ ✻ s❡❦✉♥❞❛❤❄

✭❢✮ ❑♦❧✐❦➨♥♦ ♣♦✈♣r❡↔♥♦ ❤✐tr♦st ✐♠❛ ✈ ♣r✈✐❤ ✻ s❡❦✉♥❞❛❤❄

✼✼✳ ❩ ❞♥❛ ❣❧♦❜♦❦❡❣❛ ❜❛③❡♥❛ s♣✉st✐♠♦ ❧❡s❡♥♦ ❦r♦❣❧✐❝♦ s ♣r❡♠❡r♦♠ 2 dm✱ ❞❛ s❡ ❞✈✐❣✉❥❡ ♣r♦t✐ ♣♦✈r➨❥✉✳
▼❡r✐♠♦ ❤✐tr♦st ❦r♦❣❧✐❝❡ ✈ ♦❞✈✐s♥♦st✐ ♦❞ ↔❛s❛✳ P♦❞❛t❦✐ s♦ ♣♦❞❛♥✐ ✈ t❛❜❡❧✐✿

t[ s] ✵ ✵✱✶ ✵✱✷ ✵✱✸ ✵✱✹ ✵✱✺ ✵✱✻ ✵✱✼ ✵✱✽ ✵✱✾ ✶✱✵
v[m/s] ✵ ✵✱✼✻ ✶✱✷✼ ✶✱✺✹ ✶✱✻✹ ✶✱✼✵ ✶✱✼✶ ✶✱✼✷ ✶✱✼✸ ✶✱✼✸ ✶✱✼✸

◆❛r✐➨✐ ❣r❛❢ ❤✐tr♦st✐ ✈ ♦❞✈✐s♥♦st✐ ♦❞ ↔❛s❛ ✐♥ ♥❛ ♥❥❡♠ ❞♦❧♦↔✐ ♥❛❥✈❡↔❥♦ ❤✐tr♦st✱ ❦✐ ❥♦ ❞♦s❡➸❡ ❦r♦❣❧✐❝❛✦
❑♦❧✐❦➨♥♦ ♣♦t ♥❛r❡❞✐ ❦r♦❣❧✐❝❛ ✈ ♣r✈✐ ❞❡s❡t✐♥❦✐ s❡❦✉♥❞❡❄ ❑♦❧✐❦♦ ❥❡ ♥❥❡♥❛ ♣♦t ♠❡❞ ✵✱✺ s ✐♥ ✶✱✵ s❄
❑♦❧✐❦➨♥♦ ♣♦t ♥❛r❡❞✐ ✈ ♣r✈✐ s❡❦✉♥❞✐ ❣✐❜❛♥❥❛❄

✼✽✳ ❱ ✈♦❞✐ s♣✉st✐♠♦ ❦♦✈✐♥s❦♦ ❦r♦❣❧✐❝♦ s ♣r❡♠❡r♦♠ 2 cm✱ ❞❛ ♣❛❞❛ ♣r♦t✐ ❞♥✉✳ ▼❡r✐♠♦ ❤✐tr♦st ❦r♦❣❧✐❝❡
✈ ♦❞✈✐s♥♦st✐ ♦❞ ↔❛s❛✳ P♦❞❛t❦✐ s♦ ♣♦❞❛♥✐ ✈ t❛❜❡❧✐✿

t[ s] ✵ ✵✱✶ ✵✱✷ ✵✱✸ ✵✱✹ ✵✱✺ ✵✱✻ ✵✱✼ ✵✱✽ ✵✱✾ ✶✱✵
v[m/s] ✵ ✵✱✼✸ ✶✱✷✸ ✶✱✹✺ ✶✱✺✽ ✶✱✻✵ ✶✱✻✶ ✶✱✻✷ ✶✱✻✸ ✶✱✻✸ ✶✱✻✸

◆❛r✐➨✐ ❣r❛❢ ❤✐tr♦st✐ ✈ ♦❞✈✐s♥♦st✐ ♦❞ ↔❛s❛ ✐♥ ♥❛ ♥❥❡♠ ❞♦❧♦↔✐ ♥❛❥✈❡↔❥♦ ❤✐tr♦st✱ ❦✐ ❥♦ ❞♦s❡➸❡ ❦r♦❣❧✐❝❛✦
❑♦❧✐❦➨♥♦ ♣♦t ♥❛r❡❞✐ ❦r♦❣❧✐❝❛ ✈ ♣r✈✐ ❞❡s❡t✐♥❦✐ s❡❦✉♥❞❡❄ ❑♦❧✐❦♦ ❥❡ ♥❥❡♥❛ ♣♦t ♠❡❞ ✵✱✺ s ✐♥ ✶✱✵ s❄
❑♦❧✐❦➨♥♦ ♣♦t ♥❛r❡❞✐ ✈ ♣r✈✐ s❡❦✉♥❞✐ ❣✐❜❛♥❥❛❄

✼✾✳ ❙ ♣❡t ♠❡tr♦✈ ✈✐s♦❦❡❣❛ ❜❛❧❦♦♥❛ ✈r➸❡♠♦ ❤❦r❛t✐ ❞✈❡ ➸♦❣✐✳ Pr✈♦ s ❤✐tr♦st❥♦ 10 m/s ♥❛✈③❣♦r ✐♥
❞r✉❣♦ s ❤✐tr♦st❥♦ 10 m/s ♥❛✈③❞♦❧✳ ❑❛t❡r❛ ➸♦❣❛ ♣❛❞❡ ♣r✈❛ ♥❛ t❧❛ ✐♥ ❦❛t❡r❛ ➸♦❣❛ ♣❛❞❡ ♥❛ t❧❛ ③
✈❡↔❥♦ ❤✐tr♦st❥♦❄ ❖❞❣♦✈♦r ✉t❡♠❡❧❥✐✦ ◆❛ ❦❛t❡r✐ ✈✐➨✐♥✐ ❥❡ ❡♥❛ ✐③♠❡❞ ➸♦❣✱ ❦♦ ❞r✉❣❛ ♣❛❞❡ ♥❛ t❧❛❄
✭✰✮❑♦❧✐❦♦ ❥❡ r❛③❞❛❧❥❛ ♠❡❞ ➸♦❣❛♠❛ ♣♦ 0, 3 s❄
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✽✵✳ ❩ ❞✈❛ ♠❡tr❛ ✈✐s♦❦❡❣❛ ❜❛❧❦♦♥❛ ✈r➸❡♠♦ ❤❦r❛t✐ ❞✈❡ ➸♦❣✐✳ Pr✈♦ s ❤✐tr♦st❥♦ 5 m/s ♥❛✈③❣♦r ✐♥
❞r✉❣♦ s ❤✐tr♦st❥♦ 5 m/s ♥❛✈③❞♦❧✳ ❑❛t❡r❛ ➸♦❣❛ ♣❛❞❡ ♣r✈❛ ♥❛ t❧❛ ✐♥ ❦❛t❡r❛ ➸♦❣❛ ♣❛❞❡ ♥❛ t❧❛ ③
✈❡↔❥♦ ❤✐tr♦st❥♦❄ ❖❞❣♦✈♦r ✉t❡♠❡❧❥✐✦ ◆❛ ❦❛t❡r✐ ✈✐➨✐♥✐ ❥❡ ❡♥❛ ✐③♠❡❞ ➸♦❣✱ ❦♦ ❞r✉❣❛ ♣❛❞❡ ♥❛ t❧❛❄
✭✰✮❑♦❧✐❦♦ ❥❡ r❛③❞❛❧❥❛ ♠❡❞ ➸♦❣❛♠❛ ♣♦ 0, 2 s❄

✽✶✳ ➎♦❣✐❝♦ s♠♦ ✈r❣❧✐ ♥❛✈♣✐↔♥♦ ♥❛✈③❣♦r✳ ▼❡r✐❧✐ s♠♦ ✈✐➨✐♥♦ ➸♦❣✐❝❡ ✈ ♦❞✈✐s♥♦st✐ ♦❞ ↔❛s❛✳ P♦❞❛t❦✐ s♦

♣♦❞❛♥✐ ✈ t❛❜❡❧✐✿
t ❬s❪ ✵ ✵✱✷ ✵✱✹ ✵✱✻ ✵✱✽ ✶✱✵ ✶✱✷ ✶✱✹ ✶✱✻
h ❬♠❪ ✵ ✶✱✹ ✷✱✹ ✸✱✵ ✸✱✷ ✸✱✵ ✷✱✹ ✶✱✹ ✵

✭❛✮ ◆❛r✐➨✐ ❣r❛❢ ✈✐➨✐♥❡ ✈ ♦❞✈✐s♥♦st✐ ♦❞ ↔❛s❛✦

✭❜✮ ❑♦❧✐❦♦ ↔❛s❛ ❥❡ ➸♦❣✐❝❛ ✈ ③r❛❦✉❄

✭❝✮ ❑♦❧✐❦➨♥❛ ❥❡ ✈✐➨✐♥❛ ➸♦❣✐❝❡ ♣♦ ✵✱✺ s❄

✭❞✮ ❙ ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ s♠♦ ❥♦ ✈r❣❧✐ ♥❛✈③❣♦r❄

✭❡✮ ❑♦❧✐❦♦ ❥❡ ❤✐tr♦st ➸♦❣✐❝❡ ♣♦ ✵✱✸ s❄

✽✷✳ ▼❡r✐❧✐ s♠♦ ❤✐tr♦st ❦r♦❣❧✐❝❡ ✈ ♦❞✈✐s♥♦st✐ ♦❞ ↔❛s❛ ♣r✐ ❣✐❜❛♥❥✉ ♥❛ ✈♦❞♦r❛✈♥✐ ♣♦❞❧❛❣✐✳ P♦❞❛t❦✐ s♦
♣♦❞❛♥✐ ✈ t❛❜❡❧✐✿

t ❬s❪ ✵ ✵✱✶ ✵✱✷ ✵✱✸ ✵✱✹ ✵✱✺ ✵✱✻ ✵✱✼
v ❬♠✴s❪ ✵ ✷ ✹ ✹ ✹ ✹ ✹ ✵

✭❛✮ ◆❛r✐➨✐ ❣r❛❢ ❤✐tr♦st✐ ✈ ♦❞✈✐s♥♦st✐ ♦❞ ↔❛s❛✦

✭❜✮ ❑♦❧✐❦♦ ❥❡ ♣♦s♣❡➨❡❦ ❦r♦❣❧✐❝❡ ♣♦ ✵✱✶✺ s ❣✐❜❛♥❥❛❄

✭❝✮ ❑♦❧✐❦♦ ❥❡ ❤✐tr♦st ❦r♦❣❧✐❝❡ ♣♦ ✵✱✻✺ s ❣✐❜❛♥❥❛❄

✭❞✮ ❑♦❧✐❦♦ ❥❡ ❝❡❧♦t♥❛ ♣♦t ❦r♦❣❧✐❝❡❄

✭❡✮ ❑♦❧✐❦♦ ↔❛s❛ s❡ ➸♦❣✐❝❛ ❣✐❜❧❥❡❄

✭❢✮ ❑♦❧✐❦♦ ❥❡ ♥❛❥✈❡↔❥❛ ❤✐tr♦st ➸♦❣✐❝❡❄

✭❣✮ ❑♦❧✐❦♦ ❥❡ ♣♦t ❦r♦❣❧✐❝❡ ♠❡❞ ✵✱✷ s ✐♥ ✵✱✺ s❄

✷✳✸ s❡st❛✈❧❥❡♥♦

✶✳ ❷♦❧♥ ✈♦③✐ ♣r❛✈♦❦♦t♥♦ ♥❛ ❜r❡❣ s ❤✐tr♦st❥♦ 2 m/s ↔❡③ r❡❦♦✱ ❦✐ t❡↔❡ s ❤✐tr♦st❥♦ 1 m/s✳ ❑♦❧✐❦➨♥♦ ♣♦t
♦♣r❛✈✐ ↔♦❧♥✱ ↔❡ ❥❡ r❡❦❛ ➨✐r♦❦❛ 50 m✱ ✐♥ ❦♦❧✐❦♦ ❣❛ ③❛♥❡s❡ ♣♦ str✉❣✐ ♥❛✈③❞♦❧❄

✷✳ ❙ ↔♦❧♥♦♠ s❡ ♦❞♣r❛✈✐➨ ↔❡③ r❡❦♦✱ ❦✐ ❥❡ ➨✐r♦❦❛ ✶✵✵♠ ✐♥ t❡↔❡ s ❤✐tr♦st❥♦ ✸♠✴s✳ ❱ ↔❛s✉ ✺✵ s ❜✐ r❛❞
♣r✐➨❡❧ ↔❡③ r❡❦♦ t♦↔♥♦ ♥❛ ♥❛s♣r♦t♥✐ str❛♥✐ str✉❣❡✳ ❙ ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ ♠♦r❛➨ ♣❡❧❥❛t✐ ✐♥ ✈ ❦❛t❡r✐
s♠❡r✐❄

✸✳ ❷♦❧♥✱ ❦✐ ✈ ♠✐r♥✐ ✈♦❞✐ ❞♦s❡➸❡ ❤✐tr♦st ✶✷♠✴s✱ ✈♦③✐ ♣r❡❦♦ r❡❦❡✱ ❦✐ ❞❡r❡ s ❤✐tr♦st❥♦ ✾♠✴s✳ ❱♦➸♥❥❛
tr❛❥❛ ✶✺ s ✐♥ ↔♦❧♥❛r s❡ tr✉❞✐✱ ❞❛ ↔♦❧♥ ❦r♠❛r✐ ♥❛t❛♥↔♥♦ ♣r❛✈♦❦♦t♥♦ ♥❛ ❜r❡❣✳ ❑❛❦♦ ➨✐r♦❦❛ ❥❡ r❡❦❛❄
❑♦❧✐❦♦ ❣❛ ♠❡❞ ✈♦➸♥❥♦ r❡❦❛ ③❛♥❡s❡ ♥❛✈③❞♦❧❄ ❑♦❧✐❦➨♥❛ ❥❡ ❤✐tr♦st ↔♦❧♥❛ ❣❧❡❞❡ ♥❛ ❜r❡❣❄

✹✳ ❱❡s❧❛↔✱ ❦✐ ❧❛❤❦♦ ♥❛ ❥❡③❡r✉ ✈❡s❧❛ s ❤✐tr♦st❥♦ ✺♠✴s✱ ❜✐ r❛❞ ♣r❡❦♦ ✺✻♠ ➨✐r♦❦❡ r❡❦❡✱ ❦✐ t❡↔❡ s ❤✐tr♦st❥♦
✸✱✺♠✴s✳ ❑♦❧✐❦♦ ↔❛s❛ ✈❡s❧❛ ♣r❡❦♦ r❡❦❡✱ s ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ s❡ ❣✐❜❧❥❡ ❣❧❡❞❡ ♥❛ ❜r❡❣ ✐♥ ✈ ❦❛t❡r✐
s♠❡r✐ ♣♦t✉❥❡✱ ↔❡ ✈❡s❧❛ ♣r❛✈♦❦♦t♥♦ ♥❛ ❜r❡❣ r❡❦❡❄

✺✳ ❷♦❧♥ ✈♦③✐ ♣r❡❦♦ ✸✹♠ ➨✐r♦❦❡ r❡❦❡ ✷✵ s ✈ s♠❡r✐✱ ❦✐ ♦❦❧❡♣❛ ③ ❜r❡❣♦♠ ❦♦t ✷✺◦✳ ❑♦❧✐❦♦ ❥❡ ❤✐tr♦st
↔♦❧♥❛ ❣❧❡❞❡ ♥❛ ❜r❡❣✱ ❦♦❧✐❦♦ ❥❡ ❤✐tr♦st r❡❦❡ ✐♥ ❦♦❧✐❦➨♥♦ r❛③❞❛❧❥♦ ♣r❡♣♦t✉❥❡ ↔♦❧♥ ✈③❞♦❧➸ r❡❦❡❄

✻✳ ❷♦❧♥ ✈♦③✐ ♣r❡❦♦ r❡❦❡ s ❤✐tr♦st❥♦ ✽♠✴s✱ ♥❛s♣r♦t♥✐ ❜r❡❣ ♣❛ ❞♦s❡➸❡ ♣♦ ✷✺ s✳ ❑❛❦♦ ➨✐r♦❦❛ ❥❡ r❡❦❛ ✐♥
❦♦❧✐❦♦ ❣❛ r❡❦❛ ③❛♥❡s❡ ♥❛✈③❞♦❧✱ ↔❡ ❥❡ ♣❧✉❧ ✈ s♠❡r✐✱ ❦✐ ♦❦❧❡♣❛ ③ ❜r❡❣♦♠ ❦♦t ✸✹ st♦♣✐♥❥❄

✼✳ ❖♣❛③♦✈❛❧❡❝ ♥❛ ❜r❡❣✉ ✉❣♦t♦✈✐✱ ❞❛ s❡ ♣❧❛✈❛❧❡❝ ❣✐❜❧❥❡ s ❤✐tr♦st❥♦ ✹♠✴s ✈ s♠❡r✐✱ ❦✐ ③ ❜r❡❣♦♠
r❡❦❡ ♦❦❧❡♣❛ ❦♦t ✷✵ st♦♣✐♥❥✳ ❑♦❧✐❦➨♥❛ ❥❡ ❤✐tr♦st r❡❦❡❄ ❙ ❦❛❦➨♥♦ ❤✐tr♦st❥♦ ♣❧❛✈❛ ♣❧❛✈❛❧❡❝ ♣r♦t✐
♥❛s♣r♦t♥❡♠✉ ❜r❡❣✉❄ ❱ ❦♦❧✐❦➨♥❡♠ ↔❛s✉ ❞♦s❡➸❡ ♣❧❛✈❛❧❡❝ ♥❛s♣r♦t♥✐ ❜r❡❣ r❡❦❡✱ ❦✐ ❥❡ ➨✐r♦❦❛ ✺✵♠❄

✽✳ ▲❡t❛❧♦ ❧❡t✐ ♣r♦t✐ ❥✉❣✉ s ❤✐tr♦st❥♦ ✺✺✺ ❦♠✴❤✱ ✈❡t❡r ♣❛ ♣✐❤❛ ♣r♦t✐ ✈③❤♦❞✉ s ❤✐tr♦st❥♦ ✷✵✵ ❦♠✴❤✳ ❱
❦❛t❡r✐ s♠❡r✐ ✐♥ s ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ ❣❧❡❞❡ ♥❛ t❧❛ s❡ ❣✐❜❧❥❡ ❧❡t❛❧♦❄ ❑♦❧✐❦➨♥♦ r❛③❞❛❧❥♦ ❣❧❡❞❡ ♥❛ t❧❛
♣r❡❧❡t✐ ❧❡t❛❧♦ ✈ ✶✺ ♠✐♥✉t❛❤❄



✷ ●■❇❆◆❏❊ ✷✵

✾✳ ▲❡t❛❧♦ ❧❡t✐ s ❤✐tr♦st❥♦ ✹✽✵ ❦♠✴❤✱ ↔❡ ♥✐ ✈❡tr❛✳ ❑♦❧✐❦➨♥❛ ❥❡ ♥❥❡❣♦✈❛ ❤✐tr♦st ❣❧❡❞❡ ♥❛ t❧❛✱ ↔❡ ♠✉
♣✐❤❛ ♥❛s♣r♦t✐ ✈❡t❡r s ❤✐tr♦st❥♦ ✸✵ ❦♠✴❤ ✐♥ ❦♦❧✐❦➨♥❛✱ ↔❡ ♣✐❤❛ ✈❡t❡r ③ ✐st♦ ❤✐tr♦st❥♦ ✈ s♠❡r✐ ❧❡t❛❧❛❄
❱ ❦♦❧✐❦➨♥❡♠ ↔❛s✉ ♣r✐❧❡t✐ ✈ ✺✵✵ ❦♠ ♦❞❞❛❧❥❡♥ ❦r❛❥ ✈ ❜r❡③✈❡tr❥✉✱ ♦❜ ♥❛s♣r♦t♥❡♠ ✈❡tr✉ ✐♥ ③ ✈❡tr♦♠
✈ ❤r❜❡t❄

✶✵✳ ▲❡t❛❧♦ ♣❡❧❥❡ ✐③ ▲❥✉❜❧❥❛♥❡ ✈ P❛r✐③✳ ❑r❛❥❛ st❛ ♦❞❞❛❧❥❡♥❛ ✼✵✵ ❦♠✱ ❧❡t❛❧♦ ♣❛ ♣r❡✈♦③✐ r❛③❞❛❧❥♦ ✈ ✶
✉r✐ ✈ ♠✐r♥❡♠ ♦③r❛↔❥✉✳ ❑♦❧✐❦♦ ↔❛s❛ ♣♦tr❡❜✉❥❡✱ ❞❛ ♣r❡❧❡t✐ ♦❞ ▲❥✉❜❧❥❛♥❡ ❞♦ P❛r✐③❛ t❡r ♥❛③❛❥✱ ↔❡
♣✐❤❛ ✈❡t❡r s ❤✐tr♦st❥♦ ✶✵✵ ❦♠✴❤ ♦❞ ▲❥✉❜❧❥❛♥❡ ♣r♦t✐ P❛r✐③✉❄ ❑♦❧✐❦♦ ❥❡ ♣♦✈♣r❡↔♥❛ ❤✐tr♦st ❧❡t❛❧❛❄
❑❛❥ ♣❛✱ ↔❡ ♣✐❤❛ ✈❡t❡r ♣r❛✈♦❦♦t♥♦ ♥❛ s♠❡r ▲❥✉❜❧❥❛♥❛ P❛r✐③ ✲ ❦♦❧✐❦♦ ❥❡ t❡❞❛❥ ♣♦✈♣r❡↔♥❛ ❤✐tr♦st
✐♥ ❦♦❧✐❦♦ ↔❛s❛ ♣♦tr❡❜✉❥❡ ③❛ ♣♦t❄

✶✶✳ ❩ ✶✵♠ ✈✐s♦❦❡❣❛ ❜❛❧❦♦♥❛ ✈r➸❡➨ ❞✈❡ ➸♦❣✐❝✐✳ Pr✈♦ s ❤✐tr♦st❥♦ ✶✵♠✴s ✈♦❞♦r❛✈♥♦ ✈ ❡♥♦ s♠❡r✱ ❞r✉❣♦
s ❤✐tr♦st❥♦ ✷✵♠✴s ✈♦❞♦r❛✈♥♦ ✈ ♥❛s♣r♦t♥♦ s♠❡r✳ ❑❛t❡r❛ ➸♦❣✐❝❛ ♣❛❞❡ ♣r❡❥ ♥❛ t❧❛❄ ❑❛t❡r❛ ♣❛❞❡
♥❛ t❧❛ ♣♦❞ ✈❡↔❥✐♠ ❦♦t♦♠ ❣❧❡❞❡ ♥❛ ✈♦❞♦r❛✈♥✐❝♦❄ ❑♦❧✐❦♦ st❛ ♦❞❞❛❧❥❡♥✐ ❞r✉❣❛ ♦❞ ❞r✉❣❡✱ ❦♦ ♣❛❞❡t❛
♥❛ t❧❛❄

✶✷✳ ❩ ✶✵♠ ✈✐s♦❦❡❣❛ st♦❧♣❛ ✈♦❞♦r❛✈♥♦ ✈r➸❡♠♦ ❦❛♠❡♥ ③ ③❛↔❡t♥♦ ❤✐tr♦st❥♦ ✸✵♠✴s✳ ❑♦❧✐❦♦ ❥❡ ❞♦♠❡t
❦❛♠♥❛❄ ❑♦❧✐❦♦ ❥❡ ✈❡❦t♦r ❤✐tr♦st✐ ✭s♠❡r ✐♥ ✈❡❧✐❦♦st✮ ♣♦ ✶ s ✐♥ ♣♦ ✺ s❄

✶✸✳ ❙ ✹✵♠ ✈✐s♦❦❡❣❛ st♦❧♣❛ ✈♦❞♦r❛✈♥♦ ✈r➸❡♠♦ ❦❛♠❡♥✳ ❑♦❧✐❦♦ ❥❡ ③❛↔❡t♥❛ ❤✐tr♦st✱ ↔❡ ❥❡ ❞♦♠❡t ❦❛♠♥❛
✶✵✵♠❄ ❑♦❧✐❦♦ ❥❡ ✈❡❦t♦r ❤✐tr♦st✐ ✭s♠❡r ✐♥ ✈❡❧✐❦♦st✮ ♣♦ ✶ s ✐♥ ♣♦ ✺ s❄

✶✹✳ ❑❛♠❡♥ ♣❛❞❡ ♥❛ t❧❛ ♣♦ ✺ s ♣❛❞❛♥❥❛ s ❤✐tr♦st❥♦ ✻✹♠✴s✳ ❙ ❦♦❧✐❦➨♥❡ ✈✐➨✐♥❡ ✐♥ s ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦
s♠♦ ❣❛ ✈♦❞♦r❛✈♥♦ ✈r❣❧✐❄

✶✺✳ ➎♦❣❛✱ ❦✐ ❥♦ ❥❡ ♦tr♦❦ ❜r❝♥✐❧ ③ ✶✵♠ ✈✐s♦❦❡❣❛ ❜❛❧❦♦♥❛✱ ❥❡ ♣r✐st❛❧❛ ✺♠ ♣r♦↔ ♦❞ ❤✐➨❡✳ ■③r❛↔✉♥❛❥
❦♦❧✐❦♦ ↔❛s❛ ❥❡ ♣❛❞❛❧❛✱ s ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ ❥❡ ♣❛❞❧❛ ♥❛ t❧❛ ✐♥ s ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ ❥♦ ❥❡ ♦tr♦❦
❜r❝♥✐❧❄

✶✻✳ ❑r♦❣❧✐❝♦ ✈r➸❡♠♦ ♣♦➨❡✈♥♦ ♣♦❞ ❦♦t♦♠ ✸✵ st♦♣✐♥❥ ♣r♦t✐ ✈♦❞♦r❛✈♥✐❝✐ ③ ③❛↔❡t♥♦ ❤✐tr♦st❥♦ vo =
25 m/s✳ ❑❛❦♦ ❞❛❧❡↔ ❧❡t✐ ✐♥ ❦♦❧✐❦➨♥♦ ✈✐➨✐♥♦ ❞♦s❡➸❡❄

✶✼✳ ❱❧❛❦ s❡ ♣r❡♠✐❦❛ s ❤✐tr♦st❥♦ ✸✻ ❦♠✴❤✳ ❉❡↔❡❦ st♦❥✐ ♣r✐ ♦❦♥✉ ✐♥ s♣✉st✐ ③ ✈✐➨✐♥❡ ✸♠ ❦❛♠❡♥ ♥❛
➸❡❧❡③♥✐➨❦✐ ③♥❛❦✳ ◆❛ ❦♦❧✐❦➨♥✐ r❛③❞❛❧❥✐ ♣r❡❞ ③♥❛❦♦♠ ♠♦r❛ s♣✉st✐t✐ ❦❛♠❡♥✱ ❞❛ ❣❛ ③❛❞❡♥❡❄

✶✽✳ ❙ ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ ♠♦r❛ ❦r♦❣❧❛ ③❛♣✉st✐t✐ ♣✉➨❦✐♥♦ ❝❡✈ ✈ ✈♦❞♦r❛✈♥✐ s♠❡r✐ ✐♥ ✈ ✈✐➨✐♥✐ ✽✵✵♠✱ ❞❛
♣❛❞❡ ♥❛ ✶✵ ❦♠ ♦❞❞❛❧❥❡♥✐ ❦r❛❥ ✈ ♥✐➸✐♥✐❄

✶✾✳ ❩ ❣r❛❞✉✱ ❦✐ ❥❡ ❞✈✐❣♥❥❡♥ ♥❛❞ ♠❡st♦♠✱ ✐③str❡❧✐❥♦ t♦♣♦✈s❦♦ ❦r♦❣❧♦ s ❤✐tr♦st❥♦ ✼✵♠✴s ✈ ✈♦❞♦r❛✈♥✐
s♠❡r✐✳ ❑r♦❣❧❛ ♣❛❞❛ ✽ s❄ ❑♦❧✐❦♦ ♠❡tr♦✈ ♥❛❞ ♠❡st♦♠ ❥❡ ❣r❛❞❄ ❙ ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ ❥❡ ✉❞❛r✐❧❛
❦r♦❣❧❛ ♦❜ t❧❛❄ ❑❛❦♦ ❞❛❧❡↔ ♦❞ ✈③♥♦➸❥❛ ❣r❛❞✉ ❥❡ ♣❛❞❧❛❄

✷✵✳ ■③ ✈♦❞♦r❛✈♥♦ ♥❛r❛✈♥❛♥❡ ♣✉➨❦❡ ♦❞❧❡t✐ ❦r♦❣❧❛ s ❤✐tr♦st❥♦ ✾✵✵♠✴s ♣r♦t✐ t❛r↔✐✱ ❦✐ ❥❡ ♦❞❞❛❧❥❡♥❛
✹✹✹♠✳ ❑♦❧✐❦♦ ♥✐➸❡ ③❛❞❡♥❡ ❦r♦❣❧❛ t❛r↔♦❄

✷✶✳ P✉➨❦♦✱ ✐③ ❦❛t❡r❡ ♣r✐❧❡t✐ ❦r♦❣❧❛ s ❤✐tr♦st❥♦ ✻✵✵♠✴s✱ ♥❛r❛✈♥❛♠♦ ✈♦❞♦r❛✈♥♦ ♣r♦t✐ t❛r↔✐✳ ❑❛❦♦
❞❛❧❡↔ ❥❡ t❛r↔❛✱ ↔❡ ③❛❞❡♥❡ ❦r♦❣❧❛ ✶✵✵ ❝♠ ♣♦❞ sr❡❞✐♥♦❄ ❙ ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ ❦r♦❣❧❛ ③❛❞❡♥❡ t❛r↔♦❄

✷✷✳ ❙ ✶✺✵♠ ✈✐s♦❦❡❣❛ st♦❧♣❛ ❥❡ ❜✐❧❛ ✐③str❡❧❥❡♥❛ ❦r♦❣❧❛ ✈ ✈♦❞♦r❛✈♥✐ s♠❡r✐ s ❤✐tr♦st❥♦ ✶✵✵♠✴s✳ ❑❥❡ ❥❡
❦r♦❣❧❛ ♣♦ ✹ s❄ ❑♦❧✐❦➨♥❛ ❥❡ ✈ t❡♠ tr❡♥✉t❦✉ ♥❥❡♥❛ ❤✐tr♦st❄

✷✸✳ ■③r❛↔✉♥❛❥ ✈❡❦t♦rs❦♦ ✈s♦t♦ ♣♦s♣❡➨❦♦✈ ~a = ~a1 + ~a2✱ ❦✐ st❛ ✈❡❧✐❦❛ a1 = 16 m
s2 ✐♥ a2 = 12 m

s2 ✱ ↔❡

✭❛✮ ✐♠❛t❛ ❡♥❛❦♦ s♠❡r

✭❜✮ ✐♠❛t❛ ♥❛s♣r♦t♥♦ s♠❡r

✭❝✮ ❥❡ ♠❡❞ ♥❥✐♠❛ ♣r❛✈✐ ❦♦t

✷✹✳ ■③r❛↔✉♥❛❥ ✈❡❦t♦rs❦♦ ✈s♦t♦ ❤✐tr♦st✐ ~v = ~v1 + ~v2✱ ❦✐ st❛ ✈❡❧✐❦✐ v1 = 20 m
s ✐♥ v2 = 15 m

s ✱ ↔❡

✭❛✮ ✐♠❛t❛ ❡♥❛❦♦ s♠❡r

✭❜✮ ✐♠❛t❛ ♥❛s♣r♦t♥♦ s♠❡r

✭❝✮ ❥❡ ♠❡❞ ♥❥✐♠❛ ♣r❛✈✐ ❦♦t
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✷✺✳ ●✐❜❛♥❥❡ t❡❧❡s❛ ♦♣✐➨❡♠♦ ③ ❞✈❡♠❛ ✈❡❦t♦r❥❡♠❛ ♣♦t✐✱ ❦✐ st❛ ❞♦❧❣❛ 5 m ✐♥ 7 m✳ ❘❛↔✉♥s❦♦ ✐♥ ❣r❛✜↔♥♦
❞♦❧♦↔✐ ✈s♦t♦ t❡❤ ❞✈❡❤ ✈❡❦t♦r❥❡✈✱ ↔❡ st❛✿

✭❛✮ ✈③♣♦r❡❞♥❛✦

✭❜✮ ♥❛s♣r♦t♥♦ ✈③♣♦r❡❞♥❛✦

✭❝✮ ♣r❛✈♦❦♦t♥❛✦

✷✻✳ ●✐❜❛♥❥❡ t❡❧❡s❛ ♦♣✐➨❡♠♦ ③ ❞✈❡♠❛ ✈❡❦t♦r❥❡♠❛ ♣♦t✐✱ ❦✐ st❛ ❞♦❧❣❛ 10 m ✐♥ 7 m✳ ❘❛↔✉♥s❦♦ ✐♥ ❣r❛✜↔♥♦
❞♦❧♦↔✐ ✈s♦t♦ t❡❤ ❞✈❡❤ ✈❡❦t♦r❥❡✈✱ ↔❡ st❛✿

✭❛✮ ✈③♣♦r❡❞♥❛✦

✭❜✮ ♥❛s♣r♦t♥♦ ✈③♣♦r❡❞♥❛✦

✭❝✮ ♣r❛✈♦❦♦t♥❛✦

✷✼✳ ▲❡t❛❧♦ ♣❡❧❥❡ ✐③ ▲❥✉❜❧❥❛♥❡ ✈ P❛r✐③✳ ❑r❛❥❛ st❛ ♦❞❞❛❧❥❡♥❛ 700 km✱ ❧❡t❛❧♦ ♣❛ ♣r❡✈♦③✐ r❛③❞❛❧❥♦ ✈ ✶
✉r✐ ✈ ♠✐r♥❡♠ ♦③r❛↔❥✉✳

✭❛✮ ❑♦❧✐❦♦ ↔❛s❛ ♣♦tr❡❜✉❥❡✱ ❞❛ ♣r❡❧❡t✐ ♦❞ ▲❥✉❜❧❥❛♥❡ ❞♦ P❛r✐③❛ t❡r ♥❛③❛❥✱ ↔❡ ♣✐❤❛ ✈❡t❡r s ❤✐tr♦st❥♦
100 km/h ♦❞ ▲❥✉❜❧❥❛♥❡ ♣r♦t✐ P❛r✐③✉❄ ❑♦❧✐❦♦ ❥❡ ♣♦✈♣r❡↔♥❛ ❤✐tr♦st ❧❡t❛❧❛❄

✭❜✮ ❑❛❥ ♣❛✱ ↔❡ ♣✐❤❛ ✈❡t❡r ♣r❛✈♦❦♦t♥♦ ♥❛ s♠❡r ▲❥✉❜❧❥❛♥❛ P❛r✐③ ✲ ❦♦❧✐❦♦ ❥❡ t❡❞❛❥ ♣♦✈♣r❡↔♥❛
❤✐tr♦st ✐♥ ❦♦❧✐❦♦ ↔❛s❛ ♣♦tr❡❜✉❥❡ ③❛ ✐st♦ ♣♦t❄

✷✽✳ ▲❡t❛❧♦ ♣❡❧❥❡ ✐③ ▲❥✉❜❧❥❛♥❡ ✈ ❘✐♠✳ ❑r❛❥❛ st❛ ♦❞❞❛❧❥❡♥❛ 500 km✱ ❧❡t❛❧♦ ♣❛ ♣r❡✈♦③✐ r❛③❞❛❧❥♦ ✈ ✶ ✉r✐
✈ ♠✐r♥❡♠ ♦③r❛↔❥✉✳

✭❛✮ ❑♦❧✐❦♦ ↔❛s❛ ♣♦tr❡❜✉❥❡✱ ❞❛ ♣r❡❧❡t✐ ♦❞ ▲❥✉❜❧❥❛♥❡ ❞♦ ❘✐♠❛ t❡r ♥❛③❛❥✱ ↔❡ ♣✐❤❛ ✈❡t❡r s ❤✐tr♦st❥♦
100 km/h ♦❞ ▲❥✉❜❧❥❛♥❡ ♣r♦t✐ ❘✐♠✉❄ ❑♦❧✐❦♦ ❥❡ ♣♦✈♣r❡↔♥❛ ❤✐tr♦st ❧❡t❛❧❛❄

✭❜✮ ❑❛❥ ♣❛✱ ↔❡ ♣✐❤❛ ✈❡t❡r ♣r❛✈♦❦♦t♥♦ ♥❛ s♠❡r ▲❥✉❜❧❥❛♥❛ ❘✐♠ ✲ ❦♦❧✐❦♦ ❥❡ t❡❞❛❥ ♣♦✈♣r❡↔♥❛
❤✐tr♦st ✐♥ ❦♦❧✐❦♦ ↔❛s❛ ♣♦tr❡❜✉❥❡ ③❛ ✐st♦ ♣♦t❄

✷✾✳ ❷♦❧♥ ♦❞♣❧✉❥❡ s ❤✐tr♦st❥♦ 7 m/s ♣r❛✈♦❦♦t♥♦ ♥❛ ❜r❡❣ ♣r❡❦♦ r❡❦❡✱ ❦✐ t❡↔❡ s ❤✐tr♦st❥♦ 5 m/s✳ ❘❡❦❛
❥❡ ➨✐r♦❦❛ 42 m✳

✭❛✮ ❑❥❡ ❥❡ ↔♦❧♥ ♣♦ tr❡❤ s❡❦✉♥❞❛❤ ✭❦♦❧✐❦♦ s❡ ❥❡ ♣r❡♠❛❦♥✐❧ ✈③❞♦❧➸ r❡❦❡ ✐♥ ❦♦❧✐❦♦ ♣r❛✈♦❦♦t♥♦ ♥❛
r❡❦♦✮❄ ❑♦❧✐❦♦ ❥❡ t❡❞❛❥ ♥❥❡❣♦✈❛ ❤✐tr♦st❄

✭❜✮ ❑❥❡ ✐♥ ❦❞❛❥ ❞♦s❡➸❡ ↔♦❧♥ ♥❛s♣r♦t♥✐ ❜r❡❣❄ ❑♦❧✐❦➨♥❛ ❥❡ t❡❞❛❥ ♥❥❡❣♦✈❛ ❤✐tr♦st❄

❘♣✿ x = vrt = 15 m✱ y = včt = 21 m✱v =
√

v2
r + v2

č = 8, 6 m/s✱ ♥❥❡❣♦✈❛ ❤✐tr♦s ♦st❛♥❡ s❧❡❥
❦♦ ♣r❡❥ ❦♦♥st❛♥t♥❛ v = 8, 6 m/s✱ ♣r❡❦♦ r❡❦❡ ♣♦tr❡❜✉❥❡ t = š/vč = 6 s✱ ❦❡r ❥❡ r❡❦❛ ➨✐r♦❦❛
š = 42 m s❡ ✈③❞♦❧➸ ♥❥❡ ♣r❡♠❛❦♥❡ ③❛ l = vrt = 30 m ✐♥ ❥❡ ♦❞ ✐③❤♦❞✐➨↔❛ ♦❞❞❛❧❥❡♥ s = vt =
51, 6 m✳

✸✵✳ ❷♦❧♥ ♦❞♣❧✉❥❡ s ❤✐tr♦st❥♦ 5 m/s ♣r❛✈♦❦♦t♥♦ ♥❛ ❜r❡❣ ♣r❡❦♦ r❡❦❡✱ ❦✐ t❡↔❡ s ❤✐tr♦st❥♦ 4 m/s✳ ❘❡❦❛
❥❡ ➨✐r♦❦❛ 30 m✳

✭❛✮ ❑❥❡ ❥❡ ↔♦❧♥ ♣♦ tr❡❤ s❡❦✉♥❞❛❤ ✭❦♦❧✐❦♦ s❡ ❥❡ ♣r❡♠❛❦♥✐❧ ✈③❞♦❧➸ r❡❦❡ ✐♥ ❦♦❧✐❦♦ ♣r❛✈♦❦♦t♥♦ ♥❛
r❡❦♦✮❄ ❑♦❧✐❦♦ ❥❡ t❡❞❛❥ ♥❥❡❣♦✈❛ ❤✐tr♦st❄

✭❜✮ ❑❥❡ ✐♥ ❦❞❛❥ ❞♦s❡➸❡ ↔♦❧♥ ♥❛s♣r♦t♥✐ ❜r❡❣❄ ❑♦❧✐❦➨♥❛ ❥❡ t❡❞❛❥ ♥❥❡❣♦✈❛ ❤✐tr♦st❄

❘♣✿ x = 12m✱ y = 15m✱v = 6, 4 m/s✱ t = 6 s✱ š = 30m✱ l = 24m

✸✶✳ ❑r♦❣❧✐❝♦ ③❛❦♦t❛❧✐♠♦ s ❤✐tr♦st❥♦ 4 m/s ♣r❛✈♦❦♦t♥♦ ♥❛ t❡❦♦↔✐ tr❛❦✱ ❦✐ t❡↔❡ s ❤✐tr♦st❥♦ 7 m/s✳ ❚r❛❦
❥❡ ➨✐r♦❦ 10 m✳

✭❛✮ ❑❥❡ ❥❡ ❦r♦❣❧✐❝❛ ♣♦ ❞✈❡❤ s❡❦✉♥❞❛❤ ✭❦♦❧✐❦♦ s❡ ❥❡ ♣r❡♠❛❦♥✐❧❛ ✈③❞♦❧➸ tr❛❦✉ ✐♥ ❦♦❧✐❦♦ ♣r❛✈♦❦♦t♥♦
♥❛ tr❛❦✮❄ ❑♦❧✐❦♦ ❥❡ t❡❞❛❥ ♥❥❡♥❛ ❤✐tr♦st❄

✭❜✮ ❑❥❡ ✐♥ ❦❞❛❥ ❞♦s❡➸❡ ❦r♦❣❧✐❝❛ ♥❛s♣r♦t♥♦ str❛♥ tr❛❦✉❄ ❑♦❧✐❦➨♥❛ ❥❡ t❡❞❛❥ ♥❥❡♥❛ ❤✐tr♦st❄

❘♣✿ x = 14m✱ y = 8m✱v = 8, 06 m/s✱ t = 2, 5 s✱ š = 10m✱ l = 17, 5 m✱ s = 20, 2 m
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✸✷✳ ❑r♦❣❧✐❝♦ ③❛❦♦t❛❧✐♠♦ s ❤✐tr♦st❥♦ 3 m/s ♣r❛✈♦❦♦t♥♦ ♥❛ t❡❦♦↔✐ tr❛❦✱ ❦✐ t❡↔❡ s ❤✐tr♦st❥♦ 2 m/s✳ ❚r❛❦
❥❡ ➨✐r♦❦ 7 m✳

✭❛✮ ❑❥❡ ❥❡ ❦r♦❣❧✐❝❛ ♣♦ ❞✈❡❤ s❡❦✉♥❞❛❤ ✭❦♦❧✐❦♦ s❡ ❥❡ ♣r❡♠❛❦♥✐❧❛ ✈③❞♦❧➸ r❡❦❡ ✐♥ ❦♦❧✐❦♦ ♣r❛✈♦❦♦t♥♦
♥❛ r❡❦♦✮❄ ❑♦❧✐❦♦ ❥❡ t❡❞❛❥ ♥❥❡♥❛ ❤✐tr♦st❄

✭❜✮ ❑❥❡ ✐♥ ❦❞❛❥ ❞♦s❡➸❡ ❦r♦❣❧✐❝❛ ♥❛s♣r♦t♥♦ str❛♥ tr❛❦✉❄ ❑♦❧✐❦➨♥❛ ❥❡ t❡❞❛❥ ♥❥❡♥❛ ❤✐tr♦st❄

✸✸✳ ✳➎♦❣♦ ✈r➸❡♠♦ ✈♦❞♦r❛✈♥♦ s ❤✐tr♦st❥♦ 15 m/s✳ ◆❛ t❧❛ ♣❛❞❡ 40 m ❞❛❧❡↔✳

✭❛✮ ❑❥❡ ❥❡ ➸♦❣❛ ♣♦ ❡♥✐ s❡❦✉♥❞✐ ✐♥ ❦♦❧✐❦♦ ❥❡ t❡❞❛❥ ♥❥❡♥❛ ❤✐tr♦st❄

✭❜✮ ❑❥❡ ✐♥ ❦❞❛❥ ♣❛❞❡ ➸♦❣❛ ♥❛ t❧❛ ✐♥ s ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦❄

✭❝✮ ✭✰✮ ❷❡③ ❦♦❧✐❦♦ ↔❛s❛ ❥❡ ♥❥❡♥❛ ❤✐tr♦st 2× ✈❡↔❥❛ ♦❞ ③❛↔❡t♥❡❄

❘♣✿ ♣♦ ❡♥✐ s❡❦✉♥❞✐✿ x = vot = 15m✱ y = 1
2gt2 = 5m✱v =

√

v2
o + v2

y = 18m/s✱

❦♦♥↔♥❛ ❤✐tr♦st ✐♥ ❧❡❣❛✿ t = d/vo = 2, 67 s✱ x = d = 40m✱ y = 35, 6 m✱ v = 30, 6 m/s

❦♦ ❥❡ ❦♦♥↔♥❛ ❤✐tr♦st ❞✈❛❦r❛t ✈❡↔❥❛ ♦❞ ③❛↔❡t♥❡ ✈❡❧❥❛ v = 2vo✳ ➎❡ ♣r❡❥ s♠♦ ✉♣♦r❛❜✐❧✐ ③✈❡③♦
v2 = v2

o + g2t2✳ ❱❛♥❥♦ ✈st❛✈✐♠♦ ♥❛➨ ♣♦❣♦❥✿

4v2
o = v2

o + g2t2 ⇒ t =

√
3vo

g
= 2, 6 s

✏❣❧✐❤ ❦✉♠✐✑ ❞❛ ♥❡ ♣❛❞❡ ♣r❡❥ ♥❛ t❧❛

✸✹✳ ➎♦❣♦ ✈r➸❡♠♦ ✈♦❞♦r❛✈♥♦ s ❤✐tr♦st❥♦ 10 m/s✳ ◆❛ t❧❛ ♣❛❞❡ 30 m ❞❛❧❡↔✳

✭❛✮ ❑❥❡ ❥❡ ➸♦❣❛ ♣♦ ❡♥✐ s❡❦✉♥❞✐ ✐♥ ❦♦❧✐❦♦ ❥❡ t❡❞❛❥ ♥❥❡♥❛ ❤✐tr♦st❄

✭❜✮ ❑❥❡ ✐♥ ❦❞❛❥ ♣❛❞❡ ➸♦❣❛ ♥❛ t❧❛ ✐♥ s ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦❄

✭❝✮ ✭✰✮ ❑❥❡ ❥❡ ➸♦❣❛✱ ❦♦ ❥❡ ♥❥❡♥❛ ❤✐tr♦st 3× ✈❡↔❥❛ ♦❞ ③❛↔❡t♥❡❄

❘♣✿ ♣♦ ❡♥✐ s❡❦✉♥❞✐✿ x = 10m✱ y = 5m✱ v = 14, 1 m/s✱
❦♦♥↔♥❛ ❤✐tr♦st ✐♥ ❧❡❣❛✿ t = 3 s✱ x = d = 30m✱ y = 45m✱ v = 31, 6 m/s

v = 3vo ⇒ t = 2, 83 s

✸✺✳ ❷♦❧♥✱ ❦✐ ✈ ♠✐r♥✐ ✈♦❞✐ ❞♦s❡➸❡ ❤✐tr♦st 12 m/s✱ ✈♦③✐ ♣r❡❦♦ r❡❦❡✱ ❦✐ ❞❡r❡ s ❤✐tr♦st❥♦ 7 m/s✳ ❱♦➸♥❥❛
tr❛❥❛ 19 s ✐♥ ↔♦❧♥❛r s❡ tr✉❞✐✱ ❞❛ ♠♦t♦r ➸❡♥❡ ↔♦❧♥ ♥❛t❛♥↔♥♦ ♣r♦t✐ ♥❛s♣r♦t♥❡♠✉ ❜r❡❣✉✦ ■③r❛↔✉♥❛❥✿

✭❛✮ ❑❛❦♦ ➨✐r♦❦❛ ❥❡ r❡❦❛❄

✭❜✮ ❑♦❧✐❦♦ ❣❛ ♠❡❞ ✈♦➸♥❥♦ r❡❦❛ ③❛♥❡s❡ ✈③❞♦❧➸ t♦❦❛❄

✭❝✮ ❑♦❧✐❦➨♥❛ ❥❡ ❤✐tr♦st ↔♦❧♥❛ ❣❧❡❞❡ ♥❛ ❜r❡❣❄

✭❞✮ ❱ ❦❛❦➨♥✐ s♠❡r✐ ✈♦③✐ ↔♦❧♥❄

✸✻✳ ❩ ❣r❛❞✉✱ ❦✐ ❥❡ ❞✈✐❣♥❥❡♥ ♥❛❞ ♠❡st♦♠✱ ✐③str❡❧✐❥♦ t♦♣♦✈s❦♦ ❦r♦❣❧♦ s ❤✐tr♦st❥♦ 57 m/s ✈ ✈♦❞♦r❛✈♥✐
s♠❡r✐✳ ❑r♦❣❧❛ ❥❡ ♣❛❞❛❧❛ 9, 8 s✳

✭❛✮ ❩❛ ❦♦❧✐❦♦ ❥❡ ❣r❛❞ ❞✈✐❣♥❥❡♥ ♥❛❞ ♠❡st♦♠❄

✭❜✮ ❙ ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ ❥❡ ❦r♦❣❧❛ ✉❞❛r✐❧❛ ♦❜ t❧❛❄

✭❝✮ P♦❞ ❦❛❦➨♥✐♠ ❦♦t♦♠ ❥❡ ✉❞❛r✐❧❛ ♦❜ t❧❛❄

✭❞✮ ❑❛❦♦ ❞❛❧❡↔ ♦❞ ✈③♥♦➸❥❛ ❣r❛❞✉ ❥❡ ♣❛❞❧❛❄

✸✼✳ ❩ ✈❧❛❦❛✱ ❦✐ s❡ ❣✐❜❧❥❡ ❡♥❛❦♦♠❡r♥♦ s ❤✐tr♦st❥♦ 72 km/h✱ ✈r➸❡♠♦ 2 m ♦❞ t❛❧ ✈ ✈♦❞♦r❛✈♥✐ s♠❡r✐
❦❛♠❡♥ s ❤✐tr♦st❥♦ 10 m/s ♣r❛✈♦❦♦t♥♦ ♥❛ s♠❡r ❣✐❜❛♥❥❛ ✈❧❛❦❛✳ ❑❛❦♦ ❞❛❧❡↔ ♦❞ ✈❧❛❦❛ ✐♥ s ❦♦❧✐❦➨♥♦
❤✐tr♦st❥♦ ♣r✐❧❡t✐ ❦❛♠❡♥ ♥❛ t❧❛❄

❘♣✿ vo = 72 km/h = 20 m/s v′ = 10m/s h = 2m

v =
√

v2
o + v′2 + 2gh = 23, 2 m/s

s = v′t = v′

√

2h

g
= 6, 3 m
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✸✽✳ ❖♣❛③♦✈❛❧✐ s♠♦ ✈♦❞♦r❛✈♥✐ ♠❡t ❦r♦❣❧✐❝❡✳ ▼❡r✐❧✐ s♠♦✱ ❦❛❦♦ ❥❡ ❞♦♠❡t ❦r♦❣❧✐❝❡ ♦❞✈✐s❡♥ ♦❞ ③❛↔❡t♥❡
❤✐tr♦st✐✳ ▼❡r✐t✈❡✱ ❦✐ s♠♦ ❥✐❤ ❞♦❜✐❧✐ s♦ ♣♦❞❛♥❡ ✈ t❛❜❡❧✐✳

vo❬❝♠✴s❪ ✾✱✾✼ ✶✸✱✶ ✶✻✱✻ ✶✾✱✹ ✷✸✱✸ ✷✼✱✵ ✷✾✱✺ ✸✷✱✶ ✸✻✱✼ ✸✾✱✹
d❬❝♠❪ ✸✱✾✽ ✺✱✵✼ ✻✱✼✹ ✽✱✵✹ ✾✱✶✺ ✶✵✱✷ ✶✶✱✸ ✶✷✱✽ ✶✸✱✾ ✶✻✱✶

◆❛r✐➨✐ ❣r❛❢ ❞♦♠❡t❛ ✈ ♦❞✈✐s♥♦st✐ ♦❞ ③❛↔❡t♥❡ ❤✐tr♦st✐✦ ❑❛❦♦ ✈✐s♦❦❛ ❥❡ ♠✐③❛❄ ✭✰✮❑♦❧✐❦♦ ❥❡ r❡❧❛t✐✈♥❛
♥❛♣❛❦❛ ✈✐➨✐♥❡ ♠✐③❡❄

✸✾✳ ❖♣❛③♦✈❛❧✐ s♠♦ ✈♦❞♦r❛✈♥✐ ♠❡t ❦r♦❣❧✐❝❡✳ ▼❡r✐❧✐ s♠♦✱ ❦❛❦♦ ❥❡ ❞♦♠❡t ❦r♦❣❧✐❝❡ ♦❞✈✐s❡♥ ♦❞ ③❛↔❡t♥❡
❤✐tr♦st✐✳ ▼❡r✐t✈❡✱ ❦✐ s♠♦ ❥✐❤ ❞♦❜✐❧✐ s♦ ♣♦❞❛♥❡ ✈ t❛❜❡❧✐✳

vo❬❝♠✴s❪ ✶✵✱✷ ✶✷✱✾ ✶✼✱✵ ✶✾✱✼ ✷✷✱✼ ✷✻✱✼ ✸✵✱✷ ✸✸✱✸ ✸✼✱✸ ✸✾✱✼
d❬❝♠❪ ✺✱✵✾ ✻✱✺✷ ✽✱✵✸ ✾✱✽✸ ✶✶✱✸ ✶✸✱✻ ✶✺✱✸ ✶✻✱✸ ✶✽✱✹ ✶✾✱✹

◆❛r✐➨✐ ❣r❛❢ ❞♦♠❡t❛ ✈ ♦❞✈✐s♥♦st✐ ♦❞ ③❛↔❡t♥❡ ❤✐tr♦st✐✦ ❑❛❦♦ ✈✐s♦❦❛ ❥❡ ♠✐③❛❄ ✭✰✮❑♦❧✐❦♦ ❥❡ r❡❧❛t✐✈♥❛
♥❛♣❛❦❛ ✈✐➨✐♥❡ ♠✐③❡❄

✷✳✹ ❦r♦➸❡♥❥❡

✶✳ ❆✈t♦ ♣❡❧❥❡ s ❤✐tr♦st❥♦ 72 km/h✳ Pr❡♠❡r ♥❥❡❣♦✈✐❤ ❦♦❧❡s ❥❡ 60 cm✳ ❩❛ ❦♦❧✐❦➨❡♥ ❦♦t s❡ ③❛✈rt✐❥♦
❦♦❧❡s❛ ✈ 0, 2 s✱ ✐♥ ❦♦❧✐❦➨❡♥ ❧♦❦ ♦♣✐➨❡ t♦↔❦❛ ♥❛ ♦❜♦❞✉ ❦♦❧❡s❛ ✈ 0, 6 s❄ ❑♦❧✐❦♦ ❥❡ ❢r❡❦✈❡♥❝❛ ✐♥
❦♦❧✐❦➨❡♥ ❥❡ r❛❞✐❛❧♥✐ ♣♦s♣❡➨❡❦❄

✷✳ ❆✈t♦♠♦❜✐❧s❦♦ ❦♦❧♦ ✐♠❛ ♣r❡♠❡r ✺✵ ❝♠✳ ❙ ❦♦❧✐❦➨♥♦ ❢r❡❦✈❡♥❝♦ s❡ ❦♦❧♦ ✈rt✐✱ ↔❡ s❡ ❛✈t♦♠♦❜✐❧ ❣✐❜❧❥❡
❡♥❛❦♦♠❡r♥♦ s ❤✐tr♦st❥♦ ✶✵✽ ❦♠✴❤❄

✸✳ ❱rt✐❧❥❛❦ s❡ ③❛✈rt✐ ✷ ❦r❛t ✈ ♠✐♥✉t✐✳ ◆❥❡❣♦✈✐ s❡❞❡➸✐ ♣❛ s♦ ✺♠ ♦❞❞❛❧❥❡♥✐ ♦❞ sr❡❞✐➨↔❛ ✈rt❡♥❥❛✳ ❩❛
❦♦❧✐❦➨❡♥ ❦♦t s❡ ③❛✈rt✐ s❡❞❡➸ ✈rt✐❧❥❛❦❛ ✈ ✽ s ✐♥ ❦♦❧✐❦➨♥♦ ♣♦t ♥❛♣r❛✈✐ ✈ ❞✈❛❦r❛t ❞❛❧❥➨❡♠ ↔❛s✉❄
❑♦❧✐❦♦ ❥❡ ♦❜♦❞♥❛ ❤✐tr♦st s❡❞❡➸❛ ✐♥ ❦♦❧✐❦➨❡♥ ❥❡ r❛❞✐❛❧♥✐ ♣♦s♣❡➨❡❦❄

✹✳ ❙ ❦♦❧✐❦➨♥♦ ♥❛❥✈❡↔❥♦ ❢r❡❦✈❡♥❝♦ s❡ ❧❛❤❦♦ ✈rt✐ ♦❦r♦❣❧❛ ♣❧♦➨↔❛ s ♣♦❧♠❡r♦♠ ✶✷ ❝♠✱ ↔❡ r❛❞✐❛❧♥✐ ♣♦✲
s♣❡➨❡❦ ♥❛ ♥❥❡♥❡♠ ♦❜♦❞✉ ♥❡ s♠❡ ♣r❡s❡↔✐ ✷✵ ❦r❛t♥❡ ✈r❡❞♥♦st✐ t❡➸♥❡❣❛ ♣♦s♣❡➨❦❛❄

✺✳ ●r❛♠♦❢♦♥s❦❛ ♣❧♦➨↔❛ s ♣♦❧♠❡r♦♠ ✽ ❝♠ ♥❛r❡❞✐ ✹✺ ✈rt❧❥❛❥❡✈ ✈ ♠✐♥✉t✐✳ ❑♦❧✐❦♦ ↔❛s❛ ♣♦tr❡❜✉❥❡ ③❛
❡♥ ✈rt❧❥❛❥❄ ❑♦❧✐❦➨♥❛ ❥❡ ♥❥❡❣♦✈❛ ❦♦t♥❛ ✐♥ ❦♦❧✐❦➨♥❛ ♦❜♦❞♥❛ ❤✐tr♦st❄

✻✳ ❱❧❛❦ ✈♦③✐ ♥❛ ♦✈✐♥❦✉ s ❤✐tr♦st❥♦ ✸✵ ❦♠✴❤✳ ❑♦❧✐❦➨❡♥ ❥❡ r❛❞✐❛❧♥✐ ♣♦s♣❡➨❡❦✱ ↔❡ ❥❡ ❦r✐✈✐♥s❦✐ ♣♦❧♠❡r
t✐r❛ ✷✵✵♠❄

✼✳ ❑♦❧✐❦➨♥✐ st❛ ♦❜♦❞♥❛ ✐♥ ❦♦t♥❛ ❤✐tr♦st ▼❡s❡❝❛ ♣r✐ ❣✐❜❛♥❥✉ ♦❦r♦❣ ❩❡♠❧❥❡❄ ❖❜❤♦❞♥✐ ↔❛s ▼❡s❡❝❛
❥❡ ✷✼ ❞♥✐✱ ♣♦✈♣r❡↔♥❛ ♦❞❞❛❧❥❡♥♦st ♦❞ ❩❡♠❧❥❡ ♣❛ ✸✽✹ ✹✵✵ ❦♠✦

✽✳ ❑♦❧✐❦➨♥❛ ❥❡ ♣♦✈♣r❡↔♥❛ ♦❞❞❛❧❥❡♥♦st ❩❡♠❧❥❡ ♦❞ ❙♦♥❝❛✱ ↔❡ ♣♦t✉❥❡ ❩❡♠❧❥❛ s❦♦③✐ ✈❡s♦❧❥❡ ✭❦r♦➸✐ ♦❦♦❧✐
❙♦♥❝❛✮ s ❤✐tr♦st❥♦ ✸✵ ❦♠✴s❄

✾✳ ❉♦❧♦↔✐ ❦♦t♥♦ ❤✐tr♦st ❩❡♠❧❥❡ ♣r✐ ✈rt❡♥❥✉ ♦❦♦❧✐ s✈♦❥❡ ♦s✐ ✐♥ ♦❜♦❞♥♦ ❤✐tr♦st ❩❡♠❧❥❡ ♣r✐ ❦r♦➸❡♥❥✉
♦❦♦❧✐ ❙♦♥❝❛✦

✶✵✳ ❑♦❧♦ s ♣♦❧♠❡r♦♠ ✺✵ ❝♠ s❡ ✈rt✐ ♦❦r♦❣ st❛❧♥❡ ♦s✐ s ❦♦t♥✐♠ ♣♦s♣❡➨❦♦♠ 3 /s2✳ ❑♦❧✐❦➨♥❛ ❥❡ ❦♦t♥❛
❤✐tr♦st ♣♦ ↔❛s✉ ✻ s✱ ↔❡ ❥❡ ③❛↔❡t♥❛ ❦♦t♥❛ ❤✐tr♦st ✷✴s✳ ❑♦❧✐❦➨❡♥ ❦♦t ♦♣✐➨❡ ♥❡❦❛ t♦↔❦❛ ✈ ✻ s❄

✶✶✳ ❖❜ 6h ❥❡ ♠❡❞ ❦❛③❛❧❝❡♠❛ ♥❛ ✉r✐ ❦♦t ✐③t❡❣♥❥❡♥✐ ❦♦t ✭180o✮✳ ❷❡③ ♥❛❥♠❛♥❥ ❦♦❧✐❦♦ ↔❛s❛ ❜♦st❛ ❦❛③❛❧❝❛
♣r❡❦r✐t❛❄

❘♣✿ t = 6
11h = 32, 72 min = 32min 43, 6 s

✶✷✳ ❖❜ 3h ❥❡ ♠❡❞ ❦❛③❛❧❝❡♠❛ ♥❛ ✉r✐ ❦♦t 90o✳ ❷❡③ ♥❛❥♠❛♥❥ ❦♦❧✐❦♦ ↔❛s❛ s❡ ❜♦ t♦ ♣♦♥♦✈✐❧♦❄

❘♣✿ t = 6
11 h

✶✸✳ ❖❜ 12h st❛ ❦❛③❛❧❝❛ ♥❛ ✉r✐ ❦♦t ♣♦r❛✈♥❛♥❛✳ ❷❡③ ♥❛❥♠❛♥❥ ❦♦❧✐❦♦ ↔❛s❛ ❜♦ ♠❡❞ ♥❥✐♠❛ ✐③t❡❣♥❥❡♥✐
❦♦t ✭180◦✮❄

❘♣✿ t = 6
11 h

✶✹✳ ❖❜ 9h ❥❡ ♠❡❞ ❦❛③❛❧❝❡♠❛ ♥❛ ✉r✐ ❦♦t 90◦✳ ❷❡③ ♥❛❥♠❛♥❥ ❦♦❧✐❦♦ ↔❛s❛ s❡ ❜♦ t♦ ♣♦♥♦✈✐❧♦❄
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❘♣✿ t = 6
11 h

✶✺✳ ❩❛ ❦♦❧✐❦➨❡♥ ❦♦t s❡ ❩❡♠❧❥❛ ③❛✈rt✐ ♦❦♦❧✐ s✈♦❥❡ ♦s✐ ✈ ✷ ✉r❛❤❄
✭✯✮❑♦❧✐❦♦ ❥❡ ♥❛t❛♥↔❡♥ ❦♦t✱ ③❛ ❦❛t❡r❡❣❛ s❡ ❩❡♠❧❥❛ ③❛✈rt✐ ♦❦♦❧✐ s✈♦❥❡ ♦s✐ ✈ ✶ ❞♥❡✈✉❄

✶✻✳ ▼❡❞ ❡♥✐♠ ➨↔✐♣♦♠ ✭♣♦❧♥❛ ▲✉♥❛✮ ✐♥ ♥❛s❧❡❞♥❥✐♠ ♠✐♥❡ ✷✾✱✺ ❞♥✐✳ ❑♦❧✐❦♦ ❥❡ ♦❜❤♦❞♥✐ ↔❛s ▲✉♥❡ ✭♣r✐
✈rt❡♥❥✉ ♦❦♦❧✐ ❩❡♠❧❥❡✮❄

✶✼✳ ❩❛ ❦♦❧✐❦➨❡♥ ❦♦t s❡ ❩❡♠❧❥❛ ③❛✈rt✐ ♦❦♦❧✐ s✈♦❥❡ ♦s✐ ✈ ✶✺ ♠✐♥✉t❛❤❄
✭✯✮❑♦❧✐❦♦ ❥❡ ♥❛t❛♥↔❡♥ ❦♦t✱ ③❛ ❦❛t❡r❡❣❛ s❡ ❩❡♠❧❥❛ ③❛✈rt✐ ♦❦♦❧✐ s✈♦❥❡ ♦s✐ ✈ ✶ ❞♥❡✈✉❄

✶✽✳ ❖❜❤♦❞♥✐ ↔❛s ▲✉♥❡ ♣r✐ ✈rt❡♥❥✉ ♦❦♦❧✐ ❩❡♠❧❥❡ ❥❡ ✷✼✱✸✷ ❞♥✐✳ ❑♦❧✐❦♦ ↔❛s❛ ♠✐♥❡ ♠❡❞ ❡♥✐♠ ➨↔✐♣♦♠
✭♣♦❧♥❛ ▲✉♥❛✮ ✐♥ ♥❛s❧❡❞♥❥✐♠❄

✶✾✳ ❙❛t❡❧✐t ❦r♦➸✐ ♦❦♦❧✐ ❩❡♠❧❥❡ s ❤✐tr♦st❥♦ 8 km/s ♣r✐ r❛❞✐❥✉ 6400 km✳

✭❛✮ ❑♦❧✐❦♦ ❥❡ ❢r❡❦✈❡♥❝❛ s❛t❡❧✐t❛❄

✭❜✮ ❑♦❧✐❦♦ ❥❡ ♦❜❤♦❞♥✐ ↔❛s s❛t❡❧✐t❛❄

✭❝✮ ❑♦❧✐❦♦❦r❛t ♦❜❦r♦➸✐ ❩❡♠❧❥♦ ✈ ❡♥❡♠ ❞♥❡✈✉❄

✭❞✮ ❱ ❦♦❧✐❦➨♥❡♠ ↔❛s✉ s❡ s❛t❡❧✐t ③❛✈rt✐ ③❛ ❦♦t 30◦❄

✭❡✮ ❩❛ ❦♦❧✐❦➨❡♥ ❦♦t s❡ ③❛✈rt✐ ✈ 100 s❄

✭❢✮ ❑♦❧✐❦➨♥♦ ♣♦t ♣r❡♣♦t✉❥❡ t♦↔❦❛ ♥❛ ♦❜♦❞✉ ✈ 200 s❄

✷✵✳ ❙❛t❡❧✐t ❦r♦➸✐ ♦❦♦❧✐ ❩❡♠❧❥❡ s ❤✐tr♦st❥♦ 6, 4 km/s ♣r✐ r❛❞✐❥✉ 10000 km✳

✭❛✮ ❑♦❧✐❦♦ ❥❡ ❢r❡❦✈❡♥❝❛ s❛t❡❧✐t❛❄

✭❜✮ ❑♦❧✐❦♦ ❥❡ ♦❜❤♦❞♥✐ ↔❛s s❛t❡❧✐t❛❄

✭❝✮ ❑♦❧✐❦♦❦r❛t ♦❜❦r♦➸✐ ❩❡♠❧❥♦ ✈ ❡♥❡♠ ❞♥❡✈✉❄

✭❞✮ ❱ ❦♦❧✐❦➨♥❡♠ ↔❛s✉ s❡ s❛t❡❧✐t ③❛✈rt✐ ③❛ ❦♦t 60◦❄

✭❡✮ ❩❛ ❦♦❧✐❦➨❡♥ ❦♦t s❡ ③❛✈rt✐ ✈ 100 s❄

✭❢✮ ❑♦❧✐❦➨♥♦ ♣♦t ♣r❡♣♦t✉❥❡ t♦↔❦❛ ♥❛ ♦❜♦❞✉ ✈ 200 s❄

✷✶✳ ❑♦❧♦ ✐♠❛ ♣r❡♠❡r 60 cm✳ ❱ ✸ s❡❦✉♥❞❛❤ s❡ ③❛✈rt✐ 18 ❦r❛t✳

✭❛✮ ❑♦❧✐❦♦ ❥❡ ❢r❡❦✈❡♥❝❛ ❦♦❧❡s❛❄

✭❜✮ ❑♦❧✐❦♦ ❥❡ ♦❜❤♦❞♥✐ ↔❛s ❦♦❧❡s❛❄

✭❝✮ ❱ ❦♦❧✐❦➨♥❡♠ ↔❛s✉ s❡ ❦♦❧♦ ③❛✈rt✐ ③❛ ❦♦t 30◦❄

✭❞✮ ❩❛ ❦♦❧✐❦➨❡♥ ❦♦t s❡ ③❛✈rt✐ ✈ 0, 01 s❄

❘♣✿ ν = N/t = 6 s−1✱ to = t/N = 1/ν = 0, 167 s✱ t = ϕ/ω = ϕ/2πϕ = 1/72 s = 0, 014 s✱
ϕ = ωt = 2πνt = 0, 12π = 0, 377 = 21, 6◦✱ s = 0, 283 m

✷✷✳ ❑♦❧♦ ✐♠❛ ♣r❡♠❡r 120 cm✳ ❱ ✾ s❡❦✉♥❞❛❤ s❡ ③❛✈rt✐ 27 ❦r❛t✳

✭❛✮ ❑♦❧✐❦♦ ❥❡ ❢r❡❦✈❡♥❝❛ ❦♦❧❡s❛❄

✭❜✮ ❑♦❧✐❦♦ ❥❡ ♦❜❤♦❞♥✐ ↔❛s ❦♦❧❡s❛❄

✭❝✮ ❑♦❧✐❦♦ ❥❡ ♦❜♦❞♥❛ ❤✐tr♦st ❦♦❧❡s❛❄

✭❞✮ ❱ ❦♦❧✐❦➨♥❡♠ ↔❛s✉ s❡ ❦♦❧♦ ③❛✈rt✐ ③❛ ❦♦t 120◦❄

✭❡✮ ❩❛ ❦♦❧✐❦➨❡♥ ❦♦t s❡ ③❛✈rt✐ ✈ 0, 1 s❄

✭❢✮ ❑♦❧✐❦➨♥♦ ♣♦t ♣r❡♣♦t✉❥❡ t♦↔❦❛ ♥❛ ♦❜♦❞✉ ✈ 0, 2 s❄

❘♣✿ ν = 3 s−1✱ to = 0, 333 s✱ v = 11, 3 m/s✱ t = 0, 11 s✱ ϕ = 108◦✱ s = 2, 26 m

✷✸✳ ❑♦❧♦ ✐♠❛ ♣r❡♠❡r 30 cm✳ ❱ ✺ s❡❦✉♥❞❛❤ s❡ ③❛✈rt✐ 15 ❦r❛t✳

✭❛✮ ❑♦❧✐❦♦ ❥❡ ❢r❡❦✈❡♥❝❛ ❦♦❧❡s❛❄

✭❜✮ ❑♦❧✐❦♦ ❥❡ ♦❜❤♦❞♥✐ ↔❛s ❦♦❧❡s❛❄
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✭❝✮ ❑♦❧✐❦♦ ❥❡ ♦❜♦❞♥❛ ❤✐tr♦st ❦♦❧❡s❛❄

✭❞✮ ❱ ❦♦❧✐❦➨♥❡♠ ↔❛s✉ s❡ ❦♦❧♦ ③❛✈rt✐ ③❛ ❦♦t 60◦❄

✭❡✮ ❩❛ ❦♦❧✐❦➨❡♥ ❦♦t s❡ ③❛✈rt✐ ✈ 0, 5 s❄

✭❢✮ ❑♦❧✐❦➨♥♦ ♣♦t ♣r❡♣♦t✉❥❡ t♦↔❦❛ ♥❛ ♦❜♦❞✉ ✈ 0, 1 s❄

❘♣✿ ν = 3 s−1✱ to = 0, 333 s✱ v = 2, 83 m/s✱ t = 0, 056 s✱ ϕ = 504◦✱ s = 0, 283 m

✷✹✳ ❆✈t♦ ♣❡❧❥❡ s ❤✐tr♦st❥♦ 130 km/h✳ Pr❡♠❡r ♥❥❡❣♦✈✐❤ ❦♦❧❡s ❥❡ 60 cm✳

✭❛✮ ❑♦❧✐❦♦ ❥❡ ❢r❡❦✈❡♥❝❛ ❦♦❧❡s❛❄

✭❜✮ ❑♦❧✐❦♦ ❥❡ ♦❜❤♦❞♥✐ ↔❛s ❦♦❧❡s❛❄

✭❝✮ ❱ ❦♦❧✐❦➨♥❡♠ ↔❛s✉ s❡ ❦♦❧♦ ③❛✈rt✐ ③❛ ❦♦t 30◦❄

✷✺✳ ❆✈t♦ ♣❡❧❥❡ s ❤✐tr♦st❥♦ 50 km/h✳ Pr❡♠❡r ♥❥❡❣♦✈✐❤ ❦♦❧❡s ❥❡ 60 cm✳

✭❛✮ ❑♦❧✐❦♦ ❥❡ ❢r❡❦✈❡♥❝❛ ❦♦❧❡s❛❄

✭❜✮ ❑♦❧✐❦♦ ❥❡ ♦❜❤♦❞♥✐ ↔❛s ❦♦❧❡s❛❄

✭❝✮ ❱ ❦♦❧✐❦➨♥❡♠ ↔❛s✉ s❡ ❦♦❧♦ ③❛✈rt✐ ③❛ ❦♦t 30◦❄

✷✻✳ ❱rt✐❧❥❛❦ s❡ ③❛✈rt✐ ♦❦♦❧✐ ♦s✐ ✈ ✷♠✐♥✉t❛❤✳ ◆❥❡❣♦✈✐ s❡❞❡➸✐ ♣❛ s♦ 5 m ♦❞❞❛❧❥❡♥✐ ♦❞ sr❡❞✐➨↔❛ ✈rt❡♥❥❛✳

✭❛✮ ❩❛ ❦♦❧✐❦➨❡♥ ❦♦t s❡ ③❛✈rt✐ s❡❞❡➸ ✈rt✐❧❥❛❦❛ ✈ 8 s❄

✭❜✮ ❑♦❧✐❦➨♥♦ ♣♦t ♥❛♣r❛✈✐ ✈ ❞✈❛❦r❛t ❞❛❧❥➨❡♠ ↔❛s✉❄

✭❝✮ ❑♦❧✐❦♦ ❥❡ ♦❜♦❞♥❛ ❤✐tr♦st s❡❞❡➸❛ ❄

✭❞✮ ❑♦❧✐❦➨❡♥ ❥❡ r❛❞✐❛❧♥✐ ♣♦s♣❡➨❡❦❄

✷✼✳ ❇♦❜❡♥ ♣r❛❧♥❡❣❛ str♦❥❛ ✐♠❛ ♣r❡♠❡r 50 cm✳ Pr✐ ♦➸❡♠❛♥❥✉ s❡ ✈rt✐ s 1200 ♦❜r❛t✐ ♥❛ ♠✐♥✉t♦✳

✭❛✮ ■③r❛③✐ ❢r❡❦✈❡♥❝♦ ✈ ❍❡rt③✐❤✦

✭❜✮ ❑♦❧✐❦♦ ❥❡ ♦❜❤♦❞♥✐ ↔❛s ❜♦❜♥❛❄

✭❝✮ ❩❛ ❦♦❧✐❦➨❡♥ ❦♦t s❡ ③❛✈rt✐ ❜♦❜❡♥ ✈ 0, 01 s❄

✭❞✮ ❑♦❧✐❦♦ ↔❛s❛ ♣♦tr❡❜✉❥❡ ❜♦❜❡♥✱ ❞❛ s❡ ③❛✈rt✐ ③❛ 30◦❄

✭❡✮ ❙ ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ s❡ ❣✐❜❧❥❡ ③✉♥❛♥❥✐ r♦❜ ❜♦❜♥❛❄

✭❢✮ ❑♦❧✐❦♦ ❥❡ ♣♦s♣❡➨❡❦ ♥❛ ③✉♥❛♥❥❡♠ r♦❜✉ ❜♦❜♥❛❄

✷✽✳ ❇♦❜❡♥ ♣r❛❧♥❡❣❛ str♦❥❛ ✐♠❛ ♣r❡♠❡r 60 cm✳ Pr✐ ♦➸❡♠❛♥❥✉ s❡ ✈rt✐ s 900 ♦❜r❛t✐ ♥❛ ♠✐♥✉t♦✳

✭❛✮ ■③r❛③✐ ❢r❡❦✈❡♥❝♦ ✈ ❍❡rt③✐❤✦

✭❜✮ ❑♦❧✐❦♦ ❥❡ ♦❜❤♦❞♥✐ ↔❛s ❜♦❜♥❛❄

✭❝✮ ❩❛ ❦♦❧✐❦➨❡♥ ❦♦t s❡ ③❛✈rt✐ ❜♦❜❡♥ ✈ 0, 01 s❄

✭❞✮ ❑♦❧✐❦♦ ↔❛s❛ ♣♦tr❡❜✉❥❡ ❜♦❜❡♥✱ ❞❛ s❡ ③❛✈rt✐ ③❛ 60◦❄

✭❡✮ ❙ ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ s❡ ❣✐❜❧❥❡ ③✉♥❛♥❥✐ r♦❜ ❜♦❜♥❛❄

✭❢✮ ❑♦❧✐❦♦ ❥❡ ♣♦s♣❡➨❡❦ ♥❛ ③✉♥❛♥❥❡♠ r♦❜✉ ❜♦❜♥❛❄


