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✸ st❛t✐❦❛

✸✳✶ s✐❧❡

✶✳ ❙ ❦♦❧✐❦➨♥♦ s✐❧♦ ♣r✐✈❧❛↔✐➨ ❦ s❡❜✐ ❩❡♠❧❥♦❄

❘♣✿ P♦ ✸✳◆❡✇t♦♥♦✈❡♠ ③❛❦♦♥✉ ❥❡ s✐❧❛ s ❦❛t❡r♦ ♣r✐✈❧❛↔✐♠ ❩❡♠❧❥♦ ♥❛s♣r♦t♥♦ ❡♥❛❦❛ s✐❧✐ s ❦❛t❡r♦
❩❡♠❧❥❛ ♣r✐✈❧❛↔✐ ♠❡♥❡ ✲ t♦ ❥❡ t❡➸♦✦
❚♦r❡❥✿
~F = −~Fg

❱❡❧✐❦♦st✐ ♦❜❡❤ s✐❧ st❛ ❡♥❛❦✐✿
F = Fg = mg = 100 kg · 10 m/s2 = 1000N

✷✳ ❙ ❦♦❧✐❦➨♥♦ s✐❧♦ ♣r✐✈❧❛↔✐ ❦❛♠❡♥ ③ ♠❛s♦ ✷ ❦❣ ❩❡♠❧❥♦❄

❘♣✿ P♦ ✸✳◆❡✇t♦♥♦✈❡♠ ③❛❦♦♥✉ ❥❡ s✐❧❛ s ❦❛t❡r♦ ❦❛♠❡♥ ♣r✐✈❧❛↔✐ ❩❡♠❧❥♦ ♥❛s♣r♦t♥♦ ❡♥❛❦❛ s✐❧✐ s
❦❛t❡r♦ ❩❡♠❧❥❛ ♣r✐✈❧❛↔✐ ❦❛♠❡♥ ✲ t♦ ❥❡ t❡➸♦✦
❚♦r❡❥✿
~F = −~Fg

❱❡❧✐❦♦st✐ ♦❜❡❤ s✐❧ st❛ ❡♥❛❦✐✿
F = Fg = mg = 2kg · 10m/s2 = 20N

✐♥ t♦ ❥❡ t♦ ❀✮

✸✳ ❷❡ ♥❛ ✈③♠❡t ♦❜❡s✐➨ ✵✱✸ ❦❣✱ s❡ r❛③t❡❣♥❡ ③❛ ✶✱✺ ❝♠✳ ■③r❛↔✉♥❛❥ ❦♦❡✜❝✐❡♥t ✈③♠❡t✐✦ ❩❛ ❦♦❧✐❦♦ s❡
✈③♠❡t r❛③t❡❣♥❡✱ ↔❡ ♥❛♥❥♦ ♦❜❡s✐➨ ✵✱✺ ❦❣❄

❘♣✿ ❍♦♦❦♦✈ ③❛❦♦♥
m1 = 0.3 kg

x1 = 1.5 cm = 0.015 m

m2 = 0.5 kg

F = k · x0

k =
F

x0

k =
g · m
x0

k =
10 m/s2 · 0.3 kg

0.015 m

k = 200 kg/s2

x2 =
F

k

x2 =
m · a

k

x2 =
0.5 kg · 10 m/s2

200 kg/s2

x2 = 0.025 m = 2.5 cm

✹✳ ❱③♠❡t s❡ r❛③t❡❣♥❡ ✷✱✺ ❝♠✱ ↔❡ ♥❛♥❥♦ ♦❜❡s✐➨ ✵✱✺ ❦❣✳ ■③r❛↔✉♥❛❥ ❦♦❡✜❝✐❡♥t ✈③♠❡t✐✦ ❑♦❧✐❦♦ ♠♦r❛♠♦
♦❜❡s✐t✐ ♥❛ ✈③♠❡t✱ ❞❛ ❜♦ r❛③t❡③❡❦ ✸ ❝♠❄

❘♣✿ ❆❧✐ ✈✐❞✐t❡ ❦❛❦➨♥❡ ✈③♣♦r❡❞♥✐❝❡ ③ ♣r❡❥➨♥❥♦ ♥❛❧♦❣♦❄❄❄
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❙❧✐❦❛ ✾✿ ❚♦ ❥❡ ③❛ ❢❛③❛♥❡✳

✺✳ ❘❛③st❛✈✐ s✐❧♦ F ♥❛ ❦♦♠♣♦♥❡♥t✐ Fx ✐♥ Fy t❡r ✐③r❛↔✉♥❛❥ ♥❥✉♥✐ ✈r❡❞♥♦st✐✦ ❙✐❧❛ F = 4N ❥❡ ♥❛❣♥❥❡♥❛
❣❧❡❞❡ ♥❛ ✈♦❞♦r❛✈♥✐❝♦ ③❛ 30◦✳ ◆❛❧♦❣♦ r❡➨✐ r❛↔✉♥s❦♦ ✐♥ ❣r❛✜↔♥♦✦

❘♣✿ Pr❡❞♣♦st❛✈❧❥❛♠ ❞❛ ❥❡ ✈♦❞♦r❛✈♥✐❝❛ ♣r❛✈③❛♣r❛✈ Fx✳
~Fx + ~Fy = ~F

❍♠♠ t♦ s❡ ❢❛③❛♥✐ ✉↔✐❥♦✳ ✳ ✳ ➨❦♦❞❛ ❞❛ ♥❡ ③♥❛❥♦ ❦♦t♥✐❤ ❢✉♥❦❝✐❥✳
◆♦ ❢❛③❛♥✐ ♠❛t❡ t♠ ❡♥♦ ❧❡♣♦ s❧✐❦❝♦✳✳ ♣❛ s❡ ③♥❛❥❞t❡✳

sin 30◦ =
Fy

F

Fy = F · sin 30◦

Fy = 4N · 1

2

Fy = 2N

cos 30◦ =
Fx

F

Fx = cos 30◦ · F

Fx =

√
3

2
· 4 N

Fx = 2
√

3 N

✻✳ ❘❛③st❛✈✐ s✐❧♦ ❋ ♥❛ ❦♦♠♣♦♥❡♥t✐ Fx ✐♥ Fy t❡r ✐③r❛↔✉♥❛❥ ♥❥✉♥✐ ✈r❡❞♥♦st✐✦ ❙✐❧❛ F = 5N ❥❡ ♥❛❣♥❥❡♥❛
❣❧❡❞❡ ♥❛ ✈♦❞♦r❛✈♥✐❝♦ ③❛ 60◦✳ ◆❛❧♦❣♦ r❡➨✐ r❛↔✉♥s❦♦ ✐♥ ❣r❛✜↔♥♦✦

❘♣✿ ❦♦t ③❣♦r❛❥ Fx = F cos ϕ Fy = F sin ϕ

✼✳ ❘❛③st❛✈✐ s✐❧♦ F ♥❛ ❦♦♠♣♦♥❡♥t✐ Fx ✐♥ Fy t❡r ✐③r❛↔✉♥❛❥ ♥❥✉♥✐ ✈r❡❞♥♦st✐✦ ❙✐❧❛ F = 4N ❥❡ ♥❛❣♥❥❡♥❛
❣❧❡❞❡ ♥❛ ✈♦❞♦r❛✈♥✐❝♦ ③❛ 70◦✳

❘♣✿ Fx = 1, 37 N✱ Fy = 3, 76 N

✽✳ ❘❛③st❛✈✐ s✐❧♦ F ♥❛ ❦♦♠♣♦♥❡♥t✐ Fx ✐♥ Fy t❡r ✐③r❛↔✉♥❛❥ ♥❥✉♥✐ ✈r❡❞♥♦st✐✦ ❙✐❧❛ F = 8N ❥❡ ♥❛❣♥❥❡♥❛
❣❧❡❞❡ ♥❛ ✈♦❞♦r❛✈♥✐❝♦ ③❛ 20◦✳

❘♣✿ Fx = 7, 52 N✱ Fy = 2, 74 N
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✾✳ ❋♦t♦❣r❛❢s❦✐ ❛♣❛r❛t ③ ♠❛s♦ ✶✱✺ ❦❣ st♦❥✐ ♥❛ st❛t✐✈✉✱ ❦✐ ✐♠❛ tr✐ ♥♦❣❡✳ ❑♦t ♠❡❞ ♥♦❣❛♠✐ st❛t✐✈❛ ❥❡
120◦✱ ❦♦t ♠❡❞ ♣♦s❛♠❡③♥♦ ♥♦❣♦ st❛t✐✈❛ ✐♥ ♥❛✈♣✐↔♥✐❝♦ ♣❛ 30◦✳ ❙ ❦♦❧✐❦➨♥♦ s✐❧♦ ♣r✐t✐s❦❛ ❢♦t♦❛♣❛r❛t
♥❛ ✈s❛❦♦ ♥♦❣♦ st❛t✐✈❛❄

✶✵✳ ❈❡st♥❛ s✈❡t✐❧❦❛ ✈✐s✐ ♥❛ sr❡❞✐ ✶✵♠ ❞♦❧❣❡ ➸✐❝❡✱ ❦✐ ❥❡ ♥❛♣❡t❛ ♣r❡❦♦ ❝❡st❡✳ ❩❛r❛❞✐ t❡➸❡ s✈❡t✐❧❦❡ ✺✵◆
s❡ ➸✐❝❛ ♥❛ sr❡❞✐♥✐ ♣♦✈❡s✐ ③❛ ✺✵ ❝♠✳ ❙ ❦♦❧✐❦➨♥♦ s✐❧♦ ❥❡ ♥❛♣❡t❛ ➸✐❝❛❄

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

✶✷✳ ▲♦❦ ✐♠❛ t❡t✐✈♦ ③ ❞♦❧➸✐♥♦ ✶✱✺♠✳ ❙ ❦♦❧✐❦➨♥♦ s✐❧♦ ♠♦r❛♠♦ ♥❛♣❡t✐ ❧♦❦✱ ↔❡ ❥❡ t❡t✐✈❛ ♥❛♣❡t❛ s s✐❧♦
✷✵✵◆✱ ❦❛❞❛r ❥♦ ♣♦t❡❣♥❡♠♦ ③❛ ✷✵ ❝♠ ❦ s❡❜✐❄

✶✸✳ ◆❛ ❞✈❛ ❞✐♥❛♠♦♠❡tr❛ ♣r✐tr❞✐➨ ✉t❡➸ ③ ♠❛s♦ 500 g✳ ❊♥ ❞✐♥❛♠♦♠❡t❡r ✈❧❡↔❡➨ ✈♦❞♦r❛✈♥♦✱ ❞r✉❣❡❣❛
♣❛ ♣♦❞ ❦♦t♦♠ 30◦ st♦♣✐♥❥ ❣❧❡❞❡ ♥❛ ✈♦❞♦r❛✈♥✐❝♦✳ ❑♦❧✐❦♦ ♣♦❦❛➸❡t❛ ❞✐♥❛♠♦♠❡tr❛❄

✶✹✳ ◆❛ ❞✈❛ ❞✐♥❛♠♦♠❡tr❛ ♣r✐tr❞✐➨ ✉t❡➸ ③ ♠❛s♦ 400 g✳ Pr✈✐ ❞✐♥❛♠♦♠❡t❡r ✈❧❡↔❡ ✉t❡➸ ✈♦❞♦r❛✈♥♦✱ ❞r✉❣✐
♣❛ ❥❡ ♥❛❣♥❥❡♥ ③❛ ❦♦t 45◦ st♦♣✐♥❥ ❣❧❡❞❡ ♥❛ ✈♦❞♦r❛✈♥✐❝♦✳ ❑♦❧✐❦➨♥♦ s✐❧♦ ♣♦❦❛➸❡t❛ ❞✐♥❛♠♦♠❡tr❛❄
❩❛ ❦♦❧✐❦➨❡♥ ❦♦t ♠♦r❛♠♦ ♥❛❣♥✐t✐ ❞r✉❣✐ ❞✐♥❛♠♦♠❡t❡r✱ ❞❛ ❜♦ ♣♦❦❛③❛❧ tr✐❦r❛t t♦❧✐❦♦✱ ❦♦t ♣♦❦❛➸❡
♣r✈✐ ❞✐♥❛♠♦♠❡t❡r❄

✶✺✳ ◆❛ ❞✈❛ ❞✐♥❛♠♦♠❡tr❛ ❥❡ ♣r✐tr❥❡♥❛ ✉t❡➸ ③ ♠❛s♦ 200 g✳ ❖❜❛ ❞✐♥❛♠♦♠❡tr❛ st❛ ♥❛❣♥❥❡♥❛ ③❛ ❦♦t
45◦ ❣❧❡❞❡ ♥❛ ♥❛✈♣✐↔♥✐❝♦✳ ❑♦❧✐❦➨♥♦ s✐❧♦ ♣♦❦❛➸❡t❛ ❞✐♥❛♠♦♠❡tr❛❄ ❑♦❧✐❦➨❡♥ ♠♦r❛ ❜✐t✐ t❛ ❦♦t✱ ❞❛
✈s❛❦ ❞✐♥❛♠♦♠❡t❡r ♣♦❦❛➸❡ ❡♥❛❦♦ ✈r❡❞♥♦st✱ ❦♦t ❥❡ s✐❧❛ t❡➸❡❄

❘♣✿ r❛✈♥♦✈❡s❥❡ s✐❧✿
F =

Fg√
2

= 2 N√
2

= 1, 41 N

♣r✐ ❦♦t✉ ϕ = 60◦✱ ❦❛❥t✐ t❡❞❛❥ ❧❡➸✐❥♦ s✐❧❡ ♥❛ str❛♥✐❝❛❤ ❡♥❛❦♦str❛♥✐↔♥❡❣❛ tr✐❦♦t♥✐❦❛

✶✻✳ ◆❛ ❞✈❛ ❞✐♥❛♠♦♠❡tr❛ ❥❡ ♣r✐tr❥❡♥❛ ✉t❡➸ ③ ♠❛s♦ 200 g✳ ❖❜❛ ❞✐♥❛♠♦♠❡tr❛ st❛ ♥❛❣♥❥❡♥❛ ③❛ ❦♦t
30◦ ❣❧❡❞❡ ♥❛ ♥❛✈♣✐↔♥✐❝♦✳ ❑♦❧✐❦➨♥♦ s✐❧♦ ♣♦❦❛➸❡t❛ ❞✐♥❛♠♦♠❡tr❛❄ ❑♦❧✐❦➨❡♥ ♠♦r❛ ❜✐t✐ t❛ ❦♦t✱ ❞❛
✈s❛❦ ❞✐♥❛♠♦♠❡t❡r ♣♦❦❛➸❡ ❡♥❛❦♦ ✈r❡❞♥♦st✱ ❦♦t ❥❡ s✐❧❛ t❡➸❡❄

❘♣✿ F = 1, 155 N

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

✶✽✳ ◆❛ ❞✈❛ ❞✐♥❛♠♦♠❡tr❛ ❥❡ ♣r✐tr❥❡♥❛ ✉t❡➸ ③ ♠❛s♦ ✷✵✵ ❣✳ ❖❜❛ ❞✐♥❛♠♦♠❡tr❛ st❛ ♥❛❣♥❥❡♥❛ ③❛ ❡♥❛❦
❦♦t ❣❧❡❞❡ ♥❛ ♥❛✈♣✐↔♥✐❝♦✳ ❑♦❧✐❦➨❡♥ ♠♦r❛ ❜✐t✐ t❛ ❦♦t✱ ❞❛ ❞✐♥❛♠♦♠❡tr❛ ♣♦❦❛➸❡t❛ ❞✈❛❦r❛t ✈❡↔❥♦
✈r❡❞♥♦st ❦♦t ❥❡ s✐❧❛ t❡➸❡❄

✶✾✳ ◆❛ t❡❧♦ ❞❡❧✉❥❡t❛ s✐❧✐ ❋ ❂✽◆ ✐♥ ❋ ❂✶✷◆ t❛❦♦ ❞❛ ❥❡ ♠❡❞ ♥❥✐♠❛ ❦♦t 30◦✳ ❑♦❧✐❦♦ ❥❡ ✈❡❧✐❦♦st
r❡③✉❧t❛♥t❡❄ ◆❛❧♦❣♦ r❡➨✐ r❛↔✉♥s❦♦ ✐♥ ❣r❛✜↔♥♦✦

✷✵✳ ◆❛ t❡❧♦ ❞❡❧✉❥❡t❛ s✐❧✐ ❋ ❂ ✶✺◆ ✐♥ ❋ ❂ ✶✵◆ t❛❦♦ ❞❛ ❥❡ ♠❡❞ ♥❥✐♠❛ ❦♦t 60◦✳ ❑♦❧✐❦♦ ❥❡ ✈❡❧✐❦♦st
r❡③✉❧t❛♥t❡❄ ◆❛❧♦❣♦ r❡➨✐ r❛↔✉♥s❦♦ ✐♥ ❣r❛✜↔♥♦✦

✷✶✳ ❱ sr❡❞✐➨↔✉ ❦✈❛❞r❛t♥❡ ♣❧♦➨↔❡ ❞❡❧✉❥❡❥♦ ✈ r❛✈♥✐♥✐ s✐❧❡ ✷◆ ♣r♦t✐ ♦❣❧✐➨↔✉ ❆✱ ✹◆ ♣r♦t✐ ♦❣❧✐➨↔✉ ❇✱ ✻◆
♣r♦t✐ ♦❣❧✐➨↔✉ ❈ ✐♥ ✽◆ ♣r♦t✐ ♦❣❧✐➨↔✉ ❉✳ ❉♦❧♦↔✐ s♠❡r ✐♥ ✈❡❧✐❦♦st r❡③✉❧t❛♥t❡✦ ◆❛❧♦❣♦ r❡➨✐ r❛↔✉♥s❦♦
✐♥ ❣r❛✜↔♥♦✦

✷✷✳ ◆❛ t❡❧♦ ❞❡❧✉❥❡t❛ s✐❧✐ ✺◆ ✐♥ ✼◆ t❛❦♦ ❞❛ ❥❡ ♠❡❞ ♥❥✐♠❛ ❦♦t 30◦✳ ❑♦❧✐❦♦ ❥❡ ✈❡❧✐❦♦st r❡③✉❧t❛♥t❡❄
◆❛❧♦❣♦ r❡➨✐ r❛↔✉♥s❦♦ ✐♥ ❣r❛✜↔♥♦✦

✷✸✳ ◆❛ t❡❧♦ ❞❡❧✉❥❡t❛ s✐❧✐ ✺◆ ✐♥ ✶✵◆ t❛❦♦ ❞❛ ❥❡ ♠❡❞ ♥❥✐♠❛ ❦♦t 60◦✳ ❑♦❧✐❦♦ ❥❡ ✈❡❧✐❦♦st r❡③✉❧t❛♥t❡❄
◆❛❧♦❣♦ r❡➨✐ r❛↔✉♥s❦♦ ✐♥ ❣r❛✜↔♥♦✦

✷✹✳ ■③r❛↔✉♥❛❥ r❡③✉❧t❛♥t♦ s✐❧ ✷✵◆ ✐♥ ✶✺◆✱ ↔❡

✭❛✮ ✐♠❛t❛ s✐❧✐ ❡♥❛❦♦ s♠❡r

✭❜✮ ✐♠❛t❛ s✐❧✐ ♥❛s♣r♦t♥♦ s♠❡r

✭❝✮ ✐♠❛t❛ s❦✉♣♥♦ ♣r✐❥❡♠❛❧✐➨↔❡ ✐♥ ♦❦❧❡♣❛t❛ ❦♦t 90◦✦
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◆❛❧♦❣♦ r❡➨✐ r❛↔✉♥s❦♦ ✐♥ ❣r❛✜↔♥♦✦

❘♣✿ ♣r✐♠❡r s❡➨t❡✈❛♥❥❛ ✈❡❦t♦r❥❡✈✿
Fa = 20N + 15 N = 35 N

Fb = 20N − 15 N = 5 N

Fc =
√

(20 N)2 + (15 N)2 = 25N

✷✺✳ ■③r❛↔✉♥❛❥ r❡③✉❧t❛♥t♦ s✐❧ ✷✵◆ ✐♥ ✶✺◆✱ ↔❡

✭❛✮ ✐♠❛t❛ s✐❧✐ ❡♥❛❦♦ s♠❡r

✭❜✮ ✐♠❛t❛ s✐❧✐ ♥❛s♣r♦t♥♦ s♠❡r

✭❝✮ ❥❡ ♠❡❞ s✐❧❛♠❛ ♣r❛✈✐ ❦♦t✦

❘♣✿ ♣r✐♠❡r s❡➨t❡✈❛♥❥❛ ✈❡❦t♦r❥❡✈ ❦♦t ③❣♦r❛❥✿
Fa = 28N

Fb = 4N

Fc = 20N

✷✻✳ ■③r❛↔✉♥❛❥ r❡③✉❧t❛♥t♦ s✐❧ ✹◆ ✐♥ ✺◆✱ ↔❡

✭❛✮ ✐♠❛t❛ s✐❧✐ ❡♥❛❦♦ s♠❡r

✭❜✮ ✐♠❛t❛ s✐❧✐ ♥❛s♣r♦t♥♦ s♠❡r

✭❝✮ ✐♠❛t❛ s❦✉♣♥♦ ♣r✐❥❡♠❛❧✐➨↔❡ ✐♥ ♦❦❧❡♣❛t❛ ❦♦t 90◦✦

✭❞✮ ✐♠❛t❛ s❦✉♣♥♦ ♣r✐❥❡♠❛❧✐➨↔❡ ✐♥ ♦❦❧❡♣❛t❛ ❦♦t 60◦✦

◆❛❧♦❣♦ r❡➨✐ r❛↔✉♥s❦♦ ✐♥ ❣r❛✜↔♥♦✦

✷✼✳ ■③r❛↔✉♥❛❥ r❡③✉❧t❛♥t♦ s✐❧ ✹◆ ✐♥ ✸◆✱ ↔❡

✭❛✮ ✐♠❛t❛ s✐❧✐ ❡♥❛❦♦ s♠❡r

✭❜✮ ✐♠❛t❛ s✐❧✐ ♥❛s♣r♦t♥♦ s♠❡r

✭❝✮ ✐♠❛t❛ s❦✉♣♥♦ ♣r✐❥❡♠❛❧✐➨↔❡ ✐♥ ♦❦❧❡♣❛t❛ ❦♦t 90◦✦

✭❞✮ ✐♠❛t❛ s❦✉♣♥♦ ♣r✐❥❡♠❛❧✐➨↔❡ ✐♥ ♦❦❧❡♣❛t❛ ❦♦t 60◦✦

◆❛❧♦❣♦ r❡➨✐ r❛↔✉♥s❦♦ ✐♥ ❣r❛✜↔♥♦✦

✷✽✳ ■③r❛↔✉♥❛❥ ♠❛s♦ s✈❡t✐❧❦❡✱ ↔❡ ❥❡ s✐❧❛ ✈ ✈r✈✐ ❆❈ ❡♥❛❦♦ ✶✹✵◆✱ ✈ ❞r♦❣✉ ❆❇ ♣❛ ✶✵✵◆✦ ◆❛❧♦❣♦ r❡➨✐
r❛↔✉♥s❦♦ ✐♥ ❣r❛✜↔♥♦✦ ●❧❡❥ s❧✐❦♦ ✶✵✦
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A

B

C

❙❧✐❦❛ ✶✵✿ ❙✈❡t✐❧❦❛ ♥❛ st❡♥✐✳

✷✾✳ ■③r❛↔✉♥❛❥ ♠❛s♦ s✈❡t✐❧❦❡✱ ↔❡ ❥❡ s✐❧❛ ✈ ✈r✈✐ ❈❇ ❡♥❛❦❛ ✽◆✱ ✈ ❞r♦❣✉ ❆❇ ♣❛ ✻◆✦ ◆❛❧♦❣♦ r❡➨✐ r❛↔✉♥s❦♦
✐♥ ❣r❛✜↔♥♦✦ ●❧❡❥ s❧✐❦♦ ✶✶✦

✸✵✳ ◆❛♣✐➨✐ ✈s❡ ✸ ◆❡✇t♦♥♦✈❡ ③❛❦♦♥❡ s s✐♠❜♦❧✐ ✐♥ ❜❡s❡❞❛♠✐✦✦✦ ◆❛♣✐➨✐ ✈s❡ ③❛✈✐r❛❧♥❡ s✐❧❡✳ P♦s❡❜❡❥ s✐❧♦
✉♣♦r❛ ✭s❦✉♣✐♥❛ ❜❂tr❡♥❥❛✮
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B

C

A

❙❧✐❦❛ ✶✶✿ ❙✈❡t✐❧❦❛ ♥❛ st❡♥✐✳

❘♣✿ ✶✳■♥❡r❝✐❥❛ ❛❧✐ ✈③tr❛❥♥♦st ✿ t❡❧♦ ✈③tr❛❥❛ ✈ s✈♦❥❡♠ ❣✐❜❛♥❥✉ ✱ ↔❡ ❣❛ ♥❡ ③♠♦t✐ ♥♦❜❡♥❛ ③✉♥❛♥❥❛
s✐❧❛✳ ❷❡ ✐♥ s❛♠♦ ↔❡ ❥❡ ✈s♦t❛ ✈s❡❤ s✐❧ ♥❛ t❡❧♦ ❡♥❛❦❛ ✵✱ ♣♦t❡♠ t❡❧♦ ♠✐r✉❥❡ ❛❧✐ ♣❛ s❡ ❣✐❜❧❥❡
♣r❡♠♦✲❡♥❛❦♦♠❡r♥♦✳
✷✳✿ ✈s♦t❛ ③✉♥❛♥❥✐❤ s✐❧ ♥❛ ♦♣❛③♦✈❛♥♦ t❡❧♦ ❥❡ ♣r♦❞✉❦t✉ ♠❡❞ ♠❛s♦ t❡❧❡s❛ ✐♥ ♥❥❡❣♦✈✐♠ ♣♦s♣❡✲
➨❦♦♠✳
✸✳r❡❛❦❝✐❥❛✿ ❷❡ ✶✳ t❡❧♦ ❞❡❧✉❥❡ ♥❛ ✷✳ t❡❧♦ ③ ♥❡❦♦ s✐❧♦✱ ♣♦t❡♠ t✉❞✐ ✷✳ t❡❧♦ ❞❡❧✉❥❡ ♥❛ ✶✳ t❡❧♦ ③
♥❛s♣r♦t♥♦ ❡♥❛❦♦ s✐❧♦✳
❩❛✈✐r❛❧♥❡ s✐❧❡✿ ▲❊P❊◆❏❊✱ ❚❘❊◆❏❊✱ ❯P❖❘✳
❚❘❊◆❏❊✿ ❞❡❧✉❥❡ ♠❡❞ ♥❡❦✐♠ t❡❧❡s♦♠ ✐♥ ♥❡❦♦ st✈❛r❥♦ ✭t❧❛✱ ❞r✉❣♦ t❡❧♦✳ ✳ ✳ ✮✳
❚❡❧♦ s❡ ♣r✐ tr❡♥❥✉ ●■❇▲❏❊✳
▲❊P❊◆❏❊✿ ❞❡❧✉❥❡ ♠❡❞ ♥❡❦✐♠ t❡❧❡s♦♠ ✐♥ ♥❡❦♦ st✈❛r❥♦ ✭t❧❛✱ ❞r✉❣♦ t❡❧♦✳ ✳ ✳ ✮✳
❚❡❧♦ s❡ ♣r✐ ❧❡♣❡♥❥✉ ◆❊ ●■❇▲❏❊✳
❯P❖❘✿ ✭♥♣r✳③r❛❦❛✮✿❦♦ ♥❡❦♦ t❡❧♦ ♥♣r✳ ♣❛❞❛ s st♦❧♣♥✐❝❡ ✐♠❛ ♠❛♥❥➨✐ ♣♦s♣❡➨❡❦ ♦❞ 9, 81 m/s2✱
❦❡r ❣❛ ✉♣♦r ③r❛❦❛ ③❛✉st❛✈❧❥❛✳ ❚❛❦♦ t❡❧♦ ♣❛❞❡ ♥❛ t❧❛ ③ ♠❛♥❥➨♦ ❤✐tr♦st❥♦✱ ❦♦t ♣❛ ❜✐ ♣r✐ ♣❛❞✉
❜r❡③ ✉♣♦r❛ ③r❛❦❛ ✭♣r♦st✐ ♣❛❞✮✳
◆❊ P❖❩❆❇■ ◆❆P■❙❆❚■ ◆❊❲❚❖◆❖❱❊ ❩❆❑❖◆❊ ➆❊ ❙ ❙■▼❇❖▲■✦✦✦✦✦

✸✶✳ ❉✈❛ s✐❧♦♠❡r❛ st❛ ♥❛❣♥❥❡♥❛ ③❛ ✹✺ st♦♣✐♥❥ ❣❧❡❞❡ ♥❛ ♥❛✈♣✐↔♥✐❝♦✳ ◆❛ s✐❧♦♠❡r❛ ❥❡ ♣r✐tr❥❡♥❛ ❦r♦❣❧✐❝❛
③ ♠❛s♦ ✹✵✵ ❣✳ ❑♦❧✐❦♦ ♣♦❦❛➸❡t❛ s✐❧♦♠❡r❛❄ ❩❛ ❦♦❧✐❦➨❡♥ ❦♦t ❣❧❡❞❡ ♥❛ ♥❛✈♣✐↔♥✐❝♦ ♠♦r❛t❛ ❜✐t✐
♥❛❣♥❥❡♥❛ s✐❧♦♠❡r❛✱ ❞❛ ♣♦❦❛➸❡t❛ ✷ ❦r❛t ✈❡↔❥♦ s✐❧♦✱ ❦♦t ❥❡ ♣❛ t❡➸❛ ❦r♦❣❧✐❝❡❄

❘♣✿ ◆❛r✐➨❡♠♦ ✐♥ s✐❧❡ s❡st❛✈✐♠♦ ✈ tr✐❦♦t♥✐❦✳

FsilomeraFsilomera

gF

g−F

❙❧✐❦❛ ✶✷✿ ❉✈❛ ❞✐♥❛♠♦♠❡tr❛✳

Fkroglice = 4N

❘❆❩❇❊❘❊▼❖ ❩ ❙▲■❑❊ ✶✷✿ Fsilomera =
Fg

2 ·
√

2 = 2 N · 1, 41 = 2, 8 N

↔❡ ♥❛❥ s✐❧♦♠❡r❛ ♣♦❦❛➸❡t❛ ✷ ❦r❛t ✈❡↔❥♦ s✐❧♦✱ ♣♦t❡♠ ♠♦r❛ ✈s❛❦ ❦❛③❛t✐ ✽◆✱ ♥❡ ♣❛ ✹◆ ✐♥ ③❛t♦
tr✐❦♦t♥✐❦ ♥✐ ✈❡↔ ❡♥❛❦♦str❛♥✐↔♥✐ ✲ ❥❡ ♣❛ ♥❛❧♦❣❛ t❡➸❥❛❀✮
✈❡❧❥❛✿

cos α =
Fg

2

Fsilomera
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❦❡r ❥❡✿ Fsilomera = 2Fg

s❧❡❞✐✿
cos α =

1

4

✐♥ α = 75, 6◦

✸✷✳ ●♦st♦t❛ ❜❛❦r❛ ❥❡ 8, 9 g/cm3✳ ❑❛❦♦ ❞♦❧❣♦ ➸✐❝♦ s ♣r❡♠❡r♦♠ 2 mm ❧❛❤❦♦ ♥❛r❡❞✐➨ ✐③ 3 kg ❜❛❦r❛❄

❘♣✿ ♣♦❧♠❡r ➸✐❝❡ ❥❡ s❛♠♦ ♣♦❧♦✈✐❝❛ ♣r❡♠❡r❛ r = 1mm

m = ̺V = ̺Sl = ̺πr2l

l =
m

̺πr2l
= 107, 3 m

✸✸✳ ●♦st♦t❛ ❛❧✉♠✐♥✐❥❛ ❥❡ 2, 7 g/cm3✳ ❑♦❧✐❦♦ ❥❡ ✈✐➨✐♥❛ ❆❧ ♣❧♦➨↔❡ s str❛♥✐❝❛♠❛ 3 m ✐♥ 4 m✱ ↔❡ ❥❡ ♠❛s❛
♣❧♦➨↔❡ 6 kg❄

❘♣✿

m = ̺V = ̺Sh = ̺abh

h =
m

̺ab
= 0, 185 mm

✸✹✳ ❇♦❥❛ s ♣♦❧♠❡r♦♠ ✶✱✶✶ ❞♠ ❥❡ ♣r✐tr❥❡♥❛ ③ ➸✐❝♦ ♥❛ ❞♥♦ ♠♦r❥❛✱ t❛❦♦ ❞❛ ❥❡ ❜♦❥❛ t✐❦ ♣♦❞ ❣❧❛❞✐♥♦✳
❚❡➸❛ ❜♦❥❡ ❥❡ ✸✵◆✳ Pr❡❞♣♦st❛✈✐✱ ❞❛ ✐♠❛ ♠♦rs❦❛ ✈♦❞❛ ❡♥❛❦♦ ❣♦st♦t♦ ❦♦t s❧❛❞❦❛ ✈♦❞❛✳

✭❛✮ s✐❧❛ ✈③❣♦♥❛

✭❜✮ s✐❧❛ ➸✐❝❡

✭❝✮ ❦♦❧✐❦♦ ✪ ❜♦❥❡ ❥❡ ♣♦❞ ✈♦❞♦✱ ↔❡ s❡ ➸✐❝❛ str❣❛ ✐♥ ❜♦❥❛ s♣❧❛✈❛ ♥❛ ♣♦✈r➨❥❡

❘♣✿

V =
4

3
· π · r3 = 5, 7 dm3

❣♦st♦t❛ H2O ❥❡ 1 kg/dm3

❛✮
Fv = ̺tekoc”ine · V · g = 1kg/dm3 · 5, 7 dm3 · 10 m/s2 = 57N

❜✮
Fz = Fv − Fg = 57N − 30 N = 27 N

❝✮

̺boje =
m

V
=

3 kg

5, 7 dm3
= 0, 53 kg/dm3 ⇒ 53%

✺✸✪ ❜♦❥❡ ❥❡ ♣♦❞ ✈♦❞♦

✸✺✳ ❖❦r♦❣❧❛ ❜♦❥❛ s ♣♦❧♠❡r♦♠ 0, 91 dm✱ ❦✐ ❥❡ t❡➸❦❛ 20 N✱ ❥❡ ♣r✐tr❥❡♥❛ ♥❛ ♠♦rs❦♦ ❞♥♦ s ❦♦✈✐♥s❦♦ ➸✐❝♦
t❛❦♦✱ ❞❛ ❥❡ ♣♦♣♦❧♥♦♠❛ ♣♦t♦♣❧❥❡♥❛✳ ❱ r❛↔✉♥✐❤ ♣r❡❞♣♦st❛✈✐✱ ❞❛ ❥❡ ❣♦st♦t❛ ♠♦rs❦❡ ✈♦❞❡ ❡♥❛❦❛
❣♦st♦t✐ s❧❛❞❦❡ ✈♦❞❡✦

✭❛✮ ❑♦❧✐❦➨♥❛ ❥❡ s✐❧❛ ✈③❣♦♥❛ ♥❛ ❜♦❥♦❄

✭❜✮ ❙ ❦♦❧✐❦➨♥♦ s✐❧♦ ❥❡ ♥❛♣❡t❛ ➸✐❝❛❄

✭❝✮ ➎✐❝❛ s❡ str❣❛ ✐♥ ❜♦❥❛ ♣r✐♣❧❛✈❛ ♥❛ ❣❧❛❞✐♥♦✳ ❑♦❧✐❦➨❡♥ ❞❡❧ ♥❥❡♥❡ ♣r♦st♦r♥✐♥❡ ♦st❛♥❡ ♣♦❞ ✈♦❞♦❄

❘♣✿ ♣r♦st♦r♥✐♥❛ ❜♦❥❡✿ V = 4
3πr3 = 3, 14 dm3

s✐❧❛ ✈③❣♦♥❛✿ Fv = ̺vgV = 31, 4 N

s✐❧❛✱ s ❦❛t❡r♦ ❥❡ ♥❛♣❡t❛ ➸✐❝❛✿ F = Fv − Fg = 11, 4 N

❞❡❧ ➸♦❣❡ ♣♦❞ ✈♦❞♦✿ V ′

V = ̺vgV ′

̺vgV =
Fg

Fv
= 0, 635

✸✻✳ ❖❦r♦❣❧❛ ❜♦❥❛ s ♣♦❧♠❡r♦♠ ✶✱✶✶ ❞♠✱ ❦✐ ❥❡ t❡➸❦❛ ✸✵◆✱ ❥❡ ♣r✐tr❥❡♥❛ ♥❛ ♠♦rs❦♦ ❞♥♦ s ❦♦✈✐♥s❦♦ ➸✐❝♦
t❛❦♦✱ ❞❛ ❥❡ ♣♦♣♦❧♥♦♠❛ ♣♦t♦♣❧❥❡♥❛✳ ❱ r❛↔✉♥✐❤ ♣r❡❞♣♦st❛✈✐✱ ❞❛ ❥❡ ❣♦st♦t❛ ♠♦rs❦❡ ✈♦❞❡ ❡♥❛❦❛
❣♦st♦t✐ s❧❛❞❦❡ ✈♦❞❡✦
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✭❛✮ ❑♦❧✐❦➨♥❛ ❥❡ s✐❧❛ ✈③❣♦♥❛ ♥❛ ❜♦❥♦❄

✭❜✮ ❙ ❦♦❧✐❦➨♥♦ s✐❧♦ ❥❡ ♥❛♣❡t❛ ➸✐❝❛❄

✭❝✮ ➎✐❝❛ s❡ str❣❛ ✐♥ ❜♦❥❛ ♣r✐♣❧❛✈❛ ♥❛ ❣❧❛❞✐♥♦✳ ❑♦❧✐❦➨❡♥ ❞❡❧ ♥❥❡♥❡ ♣r♦st♦r♥✐♥❡ ♦st❛♥❡ ♣♦❞ ✈♦❞♦❄

✸✼✳ 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♦❞❡❄

❘♣✿ ❱♥❡s❡♠♦ t♦↔❦❡ ✈ ❣r❛❢✱ ❦❥❡r ♦❞↔✐t❛♠♦ Vš ✐♥ V1✳ ❚♦↔❦❡ ♥❛❥ ❜♦❞♦ ❥❛s♥♦ ✈✐❞♥❡✱ ♣r❡♠✐❝♦
♥❛r✐➨❡♠♦ t❛❦♦✱ ❞❛ s❡ ❦❛r ♥❛❥❜♦❧❥ ♣r✐❧❡❣❛ t♦↔❦❛♠✳
h1

.
= 1, 5 cm✱ V1

.
= 6 cm3✱ m1

.
= 6g✱ mš

.
= 12 g

✸✽✳ 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♦❞❡❄

❘♣✿ h1
.
= 1, 25 cm✱ V1

.
= 5 cm3✱ m1

.
= 5g✱ mš

.
= 14 g

✸✾✳ ➎♦❣❛ ✐♠❛ ♠❛s♦ 400 g ✐♥ ↔❡ ♣❧❛✈❛ ♥❛ ✈♦❞✐✱ ❥❡ 20% ♥❥❡♥❡ ♣r♦st♦r♥✐♥❡ ♣♦t♦♣❧❥❡♥❡✳

✭❛✮ ❑❛t❡r❡ s✐❧❡ ❞❡❧✉❥❡❥♦ ♥❛ ➸♦❣♦✱ ❦❛❞❛r ♣❧❛✈❛ ✐♥ ❦❛❦♦ ✈❡❧✐❦❡ s♦❄

✭❜✮ ❙ ❦♦❧✐❦➨♥♦ s✐❧♦ ❥❡ ♣♦tr❡❜♥♦ ♣♦t✐s♥✐t✐ ➸♦❣♦✱ ❞❛ ❥♦ ♣♦♣♦❧♥♦♠❛ ♣♦t♦♣✐♠♦ ♣♦❞ ✈♦❞♦❄

✭❝✮ ❙ ❦♦❧✐❦➨♥✐♠ ♣♦s♣❡➨❦♦♠ s❡ ③❛↔♥❡ ➸♦❣❛ ❞✈✐❣♦✈❛t✐✱ ↔❡ ❥♦ s♣✉st✐♠♦ ✐③ ❣❧♦❜✐♥❡ ❡♥❡❣❛ ♠❡tr❛✳ ❱
③❛↔❡t♥❡♠ tr❡♥✉t❦✉ ❧❛❤❦♦ ③❛♥❡♠❛r✐♠♦ s✐❧♦ ✉♣♦r❛✦

❘♣✿ ❣rr❡♠♦ ♣♦ ✈rst✐✿

✭❛✮ Fg = F ′
v = 4N

✭❜✮ F = Fv − Fg = 16N

✭❝✮ a = F/m = 40m/s2

✹✵✳ ➎♦❣❛ ✐♠❛ ♠❛s♦ 400 g✳ ❷❡ ❥♦ ♣♦t♦♣✐♠♦ ❡♥ ♠❡t❡r ♣♦❞ ✈♦❞♥♦ ❣❧❛❞✐♥♦✱ ❥♦ ♠♦r❛♠♦ t✐➨↔❛t✐ ♥❛✈③❞♦❧
s s✐❧♦ F = 15N✱ ❞❛ s❡ ♥❡ ❞✈✐❣♥❡✳

✭❛✮ ❙ ❦♦❧✐❦➨♥✐♠ ♣♦s♣❡➨❦♦♠ s❡ ③❛↔♥❡ ➸♦❣❛ ❞✈✐❣♦✈❛t✐✱ ↔❡ ❥♦ s♣✉st✐♠♦ ✐③ ❣❧♦❜✐♥❡ ❡♥❡❣❛ ♠❡tr❛✳ ❱
③❛↔❡t♥❡♠ tr❡♥✉t❦✉ ❧❛❤❦♦ ③❛♥❡♠❛r✐♠♦ s✐❧♦ ✉♣♦r❛✦

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

✭❝✮ ❑♦❧✐❦➨❡♥ ❞❡❧ ✭❦♦❧✐❦♦ ♣r♦❝❡♥t♦✈✮ ➸♦❣❡ ♦st❛♥❡ ♣♦t♦♣❧❥❡♥ ♣♦❞ ✈♦❞♦✱ ❦♦ ➸♦❣❛ ♣r✐♣❧❛✈❛ ♥❛
♣♦✈r➨❥❡❄

❘♣✿ ❣rr❡♠♦ ♣♦ ✈rst✐✿

✭❛✮ ♣♦s♣❡➨❡❦ a = F
m = 15 N

0,4 kg = 37, 5 m/s2

✭❜✮ ❦❛❞❛r t❡❧♦ ♣❧❛✈❛ ♥❛♥❥ ❞❡❧✉❥❡t❛ t❡➸❛ Fg ✐♥ ✈③❣♦♥ F ′
v❀ s✐❧✐ st❛ ♥❛s♣r♦t♥♦ ❡♥❛❦✐ ✕ ❦❡r ❥❡

t❡➸❛ ✈❡❧✐❦❛ Fg = 4 N✱ ❥❡ ✈❡❧✐❦♦st s✐❧❡ ✈③❣♦♥❛ ♣r❛✈ t♦❧✐❦➨♥❛ F ′
v = 4 N ✕ s❡✈❡❞❛✱ ✈③❣♦♥

❞❡❧✉❥❡ ❧❡ ♥❛ t✐st✐ ❞❡❧ ➸♦❣❡✱ ❦✐ ❥❡ ♣♦t♦♣❧❥❡♥
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✭❝✮ r❛③♠❡r❥❡ ♠❡❞ ♣♦t♦♣❧❥❡♥♦ ♣r♦st♦r♥✐♥♦ ➸♦❣❡✱ ❦♦ ♣❧❛✈❛ V ′ ✐♥ ❝❡❧♦t♥♦ ♣r♦st♦r♥✐♥♦ V ❥❡
❡♥❛❦♦ r❛③♠❡r❥✉ ♠❡❞ ✈③❣♦♥♦♠ ♥❛ ➸♦❣♦✱ ❦♦ ♣❧❛✈❛✱ ✐♥ ✈③❣♦♥♦♠ ♥❛ ➸♦❣♦✱ ❦♦ ❥❡ ♣♦♣♦❧♥♦♠❛
♣♦t♦♣❧❥❡♥❛✿

V ′

V
=

̺vgV ′

̺vgV
=

F ′
v

Fv
=

4 N

15 N + 4 N
= 0, 21 = 21%

s❛❥ ❥❡ s✐❧❛ ✈③❣♦♥❛ ♥❛ ➸♦❣♦✱ ❦♦ ❥❡ ♣♦♣♦❧♥♦♠❛ ♣♦t♦♣❧❥❡♥❛ ❡♥❛❦❛ ✈s♦t✐ s✐❧❡ t❡➸❡ ✐♥ s✐❧❡✱ s
❦❛t❡r♦ ♠♦r❛♠♦ t✐➨↔❛t✐ ➸♦❣♦ ♣♦❞ ✈♦❞♦✳

✹✶✳ ❑♦❧✐❦♦ ❥❡ ❣♦st♦t❛ ❩❡♠❧❥❡✱ ❦✐ ✐♠❛ ♠❛s♦ 6 · 1024 kg ✐♥ r❛❞✐❥ 6400 km❄

✹✷✳ ❑♦❧✐❦♦ ❥❡ ❣♦st♦t❛ ❙♦♥❝❛✱ ❦✐ ✐♠❛ ♠❛s♦ 2 · 1030 kg ✐♥ r❛❞✐❥ 700000 km❄

✹✸✳ ■③r❛↔✉♥❛❥✱ ❦♦❧✐❦♦ ✏❦❣✑ ❧❛❤❦♦ ♥♦s✐ ❜❛❧♦♥✱ ❦✐ ❥❡ ♥❛♣♦❧♥❥❡♥ s 1000 m3 ✈♦❞✐❦❛✦ ●♦st♦t❛ ✈♦❞✐❦❛ ❥❡
0, 08 kg/m3✱ ❣♦st♦t❛ ③r❛❦❛ ♣❛ 1, 2 kg/m3✦

✹✹✳ ❑♦ ♥❛ ✈③♠❡t ♦❜❡s✐♠♦ ✉t❡➸✱ s❡ ✈③♠❡t r❛③t❡❣♥❡ ③❛ a✳ ◆❛t♦ ✉t❡➸ ♣♦t♦♣✐♠♦ ✈ ✈♦❞♦✳ ❱③♠❡t s❡
t❡❞❛❥ r❛③t❡❣♥❡ b✳ ▼❛s♦ ✉t❡➸✐ s♠♦ ♣♦③❛❜✐❧✐ st❡❤t❛t✐✱ ✈❡♠♦ ♣❛✱ ❞❛ ❥❡ a > b✳ ❑♦❧✐❦♦ ❥❡ ❣♦st♦t❛
✉t❡➸✐❄ ❘❡③✉❧t❛t ✐③r❛③✐ ③ ❣♦st♦t♦ ✈♦❞❡ ✐♥ ♦❜❡♠❛ r❛③t❡③❦♦♠❛✦

✹✺✳ ❑♦ ♥❛ ✈③♠❡t ♦❜❡s✐♠♦ ✉t❡➸✱ s❡ ✈③♠❡t r❛③t❡❣♥❡ ③❛ x✳ ◆❛t♦ ✉t❡➸ ♣♦t♦♣✐♠♦ ✈ ✈♦❞♦✳ ❱③♠❡t s❡
t❡❞❛❥ r❛③t❡❣♥❡ y✳ ▼❛s♦ ✉t❡➸✐ s♠♦ ♣♦③❛❜✐❧✐ st❡❤t❛t✐✱ ✈❡♠♦ ♣❛✱ ❞❛ ❥❡ x > y✳ ❑♦❧✐❦♦ ❥❡ ❣♦st♦t❛
✉t❡➸✐❄ ❘❡③✉❧t❛t ✐③r❛③✐ ③ ❣♦st♦t♦ ✈♦❞❡ ✐♥ ♦❜❡♠❛ r❛③t❡③❦♦♠❛✦

✹✻✳ ❑♦ ♥❛ ✈③♠❡t ♦❜❡s✐♠♦ ✉t❡➸ ③ ♠❛s♦ 200 g✱ s❡ ✈③♠❡t r❛③t❡❣♥❡ 7 cm✳ ◆❛t♦ ✉t❡➸ ♣♦t♦♣✐♠♦ ✈ ✈♦❞♦✳
❱③♠❡t s❡ t❡❞❛❥ r❛③t❡❣♥❡ 5 cm✳ ❑♦❧✐❦♦ ❥❡ ❣♦st♦t❛ ✉t❡➸✐❄

❘♣✿ ❦♦♠❜✐♥✐r❛♠♦ ❍♦♦❦♦✈ ③❛❦♦♥ ✐♥ ❆r❤✐♠❡❞♦✈ ③❛❦♦♥
♣♦ ✈❛r✐❛♥t✐ ❛✮ ✐③r❛↔✉♥❛♠♦ ❦♦❡✜❝✐❡♥t ♣r♦➸♥♦st✐ k =

Fg

x1
(= 2/4 N/cm = 0, 286 N/cm)❀ ♥♦

s❛❥ ♥❛♠ r❛↔✉♥❛ ♥✐ tr❡❜❛ ❦♦♥↔❛t✐✦
♥❛t♦ s✐❧♦ ✈③❣♦♥❛✿ Fv = k(x1 − x2) =

Fg

x1
(x1 − x2) (= 4 N

7 )

♥❛t♦ ♣❛ ✐③ r❛③♠❡r❥❛ ♠❡❞ t❡➸♦ ✐♥ ✈③❣♦♥♦♠ ✐③r❛↔✉♥❛♠♦ ❣♦st♦t♦ ✉t❡➸✐✿

Fg

Fv
=

̺V g

̺vV g
=

̺

̺v
⇒ ̺ = ̺v

Fg

Fv
=

̺vx1

x1 − x2
= 3, 5

kg

dm3

♣♦ ✈❛r✐❛♥t✐ ❜✮ r❛✈♥♦ t❛❦♦ ✐③r❛↔✉♥❛♠♦ ❦♦❡✜❝❡♥t ♣r♦➸♥♦st✐ k t❡r s✐❧♦ ✈③❣♦♥❛ Fv = k(x1 −
x2) = ̺vV g

♥❛❞❛❧❥✉❥❡♠♦ ♠❛❧♦ ❞r✉❣❛↔❡✿

̺ =
m

V
=

m
k(x1−x2)

̺vg

=
mg̺v

k(x1 − x2)
=

kx1̺v

k(x1 − x2)
=

̺vx1

x1 − x2
= 3, 5

kg

dm3

✐♥ ③❛♥✐♠✐✈♦ ✕ r❡③✉❧t❛t s♣❧♦❤ ♥✐ ♦❞✈✐s❡♥ ♦❞ ❦♦❡✜❝✐❡♥t❛ ♣r♦➸♥♦st✐ ✈③♠❡t✐✦

✹✼✳ ❑♦❝❦❛ ✐③ st✐r♦♣♦r❛ ♣❧❛✈❛ ♥❛ ✈♦❞✐✳ ❙tr❛♥✐❝❛ ❦♦❝❦❡ ❥❡ ❞♦❧❣❛ 8 cm✳ ❱ ✈♦❞♦ ❥❡ ♣♦t♦♣❧❥❡♥ 1 cm
str❛♥✐❝❡✱ 7 cm ♣❛ s♦ ③✉♥❛❥✳

✭❛✮ ❑♦❧✐❦♦ ❥❡ ❣♦st♦t❛ st✐r♦♣♦r❛❄

✭❜✮ ❑♦❧✐❦♦ ❥❡ s✐❧❛ ✈③❣♦♥❛✱ ❦✐ ❞❡❧✉❥❡ ♥❛ ❦♦❝❦♦❄

✭❝✮ ❑♦❧✐❦♦ ❥❡ t❡➸❛ ❦♦❝❦❡❄

✭❞✮ ❑♦❧✐❦➨♥♦ ❜r❡♠❡ ➨❡ ❧❛❤❦♦ ♣♦❧♦➸✐♠♦ ♥❛ ❦♦❝❦♦✱ ♥❡ ❞❛ ♣♦t♦♥❡❄

❘♣✿ ̺s = 0, 125 kg/dm3

Fv = 64mN

Fg = 64mN

F ′
g = 448mN

✹✽✳ ❑♦❝❦❛ ✐③ ❧❡s❛ ♣❧❛✈❛ ♥❛ ✈♦❞✐✳ ❙tr❛♥✐❝❛ ❦♦❝❦❡ ❥❡ ❞♦❧❣❛ 12 cm✳ ❱ ✈♦❞♦ ❥❡ ♣♦t♦♣❧❥❡♥♦ 7 cm str❛♥✐❝❡✱
5 cm ♣❛ s♦ ③✉♥❛❥✳
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✭❛✮ ❑♦❧✐❦♦ ❥❡ ❣♦st♦t❛ ❧❡s❛❄

✭❜✮ ❑♦❧✐❦♦ ❥❡ s✐❧❛ ✈③❣♦♥❛✱ ❦✐ ❞❡❧✉❥❡ ♥❛ ❦♦❝❦♦❄

✭❝✮ ❑♦❧✐❦♦ ❥❡ t❡➸❛ ❦♦❝❦❡❄

✭❞✮ ❑♦❧✐❦➨♥♦ ❜r❡♠❡ ➨❡ ❧❛❤❦♦ ♣♦❧♦➸✐♠♦ ♥❛ ❦♦❝❦♦✱ ♥❡ ❞❛ ♣♦t♦♥❡❄

❘♣✿ ❆r❤✐♠❡❞♦✈ ③❛❦♦♥✦
̺l = ̺v

h
a = 0, 583 kg/dm3

Fv = ̺vgV = ̺vga2h = 10, 08 N

Fg = 10, 08 N

F ′
g = Fv0 − Fg = ̺vga3 − ̺lga3 = ̺vga3 − ̺v

h

a
ga3

F ′
g = ̺vga2(a − h) = Fv

a − h

h
= Fv

5 cm

7 cm
= 7, 2 N

✹✾✳ ◆❛ t❡❧♦ ❞❡❧✉❥❡t❛ ✈ ✐st✐ t♦↔❦✐ ❞✈❡ s✐❧✐✿ F1 = 10 N ✐♥ F2 = 20 N✳ ■③r❛↔✉♥❛❥ ✈❡❧✐❦♦st ✐♥ s♠❡r
r❡③✉❧t❛♥t❡✱ ↔❡✿

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

✭❜✮ ♣r✈❛ ❞❡❧✉❥❡ ✈♦❞♦r❛✈♥♦ ♣r♦t✐ ❧❡✈✐✱ ❞r✉❣❛ ♣❛ ✈♦❞♦r❛✈♥♦ ♣r♦t✐ ❞❡s♥✐❄

✭❝✮ ♣r✈❛ ❞❡❧✉❥❡ ♥❛✈♣✐↔♥♦ ♥❛✈③❣♦r✱ ❞r✉❣❛ ♣❛ ✈♦❞♦r❛✈♥♦ ♣r♦t✐ ❧❡✈✐❄

✺✵✳ ❊♥❛❦✐ s✐❧✐ ♦❦❧❡♣❛t❛ ♣r❛✈✐ ❦♦t✱ ✐♠❛t❛ ✈❡❧✐❦♦st 10 N ✐♥ ♣r✐❥❡♠❧❥❡t❛ ✈ ✐st✐ t♦↔❦✐✳ P♦✐➨↔✐ s✐❧♦ ③ ✐st✐♠
♣r✐❥❡♠❛❧✐➨↔❡♠✱ ❦✐ ❥❡ ③ ♥❥✐♠❛ ✈ r❛✈♥♦✈❡s❥✉✦ ◆❛❧♦❣♦ r❡➨✐ r❛↔✉♥s❦♦ ✐♥ ❣r❛✜↔♥♦✦ ◆❡ ♣♦③❛❜✐ ♥❛♣✐s❛t✐
♠❡r✐❧♦ ③❛ ❣r❛✜↔♥♦ r❡➨✐t❡✈✦

✺✶✳ ❙✐❧✐ 5 N ✐♥ 12 N ♦❦❧❡♣❛t❛ ♣r❛✈✐ ❦♦t ✐♥ ♣r✐❥❡♠❧❥❡t❛ ✈ ✐st✐ t♦↔❦✐✳ P♦✐➨↔✐ s✐❧♦ ③ ✐st✐♠ ♣r✐❥❡♠❛❧✐➨↔❡♠✱
❦✐ ❥❡ ③ ♥❥✐♠❛ ✈ r❛✈♥♦✈❡s❥✉✦ ◆❛❧♦❣♦ r❡➨✐ r❛↔✉♥s❦♦ ✐♥ ❣r❛✜↔♥♦✦ ◆❡ ♣♦③❛❜✐ ♥❛♣✐s❛t✐ ♠❡r✐❧♦ ③❛
❣r❛✜↔♥♦ r❡➨✐t❡✈✦

✺✷✳ ❙r❛❦❛ s❡❞❡ ♥❛ ✈♦❞♦r❛✈♥♦ ♥❛♣❡t♦ t❡❧❡❣r❛❢s❦♦ ➸✐❝♦✳ ❖❜❦r♦➸✐✦

✭❛✮ ♥❛♣❡t♦st ➸✐❝❡ s❡ ♥❡ s♣r❡♠❡♥✐

✭❜✮ ♥❛♣❡t♦st ➸✐❝❡ s❡ ♣♦✈❡↔❛ ③❛ t❡➸♦ ♣t✐❝❡

✭❝✮ ♥❛♣❡t♦st ➸✐❝❡ s❡ ③♠❛♥❥➨❛ ③❛ t❡➸♦ ♣t✐❝❡

✭❞✮ ♥❛♣❡t♦st ➸✐❝❡ s❡ ♣♦✈❡↔❛ ✈❡↔ ❦♦t ③❛ t❡➸♦ ♣t✐❝❡

✭❡✮ ♥❛♣❡t♦st ➸✐❝❡ s❡ ③♠❛♥❥➨❛ ③❛ ✈❡↔ ❦♦t ③❛ t❡➸♦ ♣t✐❝❡

✺✸✳ ❱ r♦❦✐ ❞r➸✐♠♦ ✈③♠❡t♥♦ t❡❤t♥✐❝♦✱ ♥❛ ❦❛t❡r✐ ✈✐s✐ ✉t❡➸ ③ ♠❛s♦ 250 g✳ ❑♦❧✐❦♦ ❦❛➸❡ t❡❤t♥✐❝❛✿

✭❛✮ ❦♦ r♦❦❛ ♠✐r✉❥❡❄

✭❜✮ ❦♦ s❡ r♦❦❛ ❣✐❜❧❥❡ ♥❛✈③❣♦r s ♣♦s♣❡➨❦♦♠ 1, 5 m/s2❄

✭❝✮ ❦♦ s❡ r♦❦❛ ❣✐❜❧❥❡ ❡♥❛❦♦♠❡r♥♦ ♥❛✈③❣♦r s ❤✐tr♦st❥♦ 0, 2 m/s❄

✭❞✮ ❦♦ s❡ r♦❦❛ ❣✐❜❧❥❡ ♥❛✈③❞♦❧ s ♣♦s♣❡➨❦♦♠ 1, 5 m/s2❄

✺✹✳ ◆❛ ✈r✈ ♣♦❞ ❞✈✐❣❛❧♦♠ ❥❡ ♦❜❡➨❡♥♦ ❜r❡♠❡ 150 kg✳ ❙ ❦♦❧✐❦➨♥♦ s✐❧♦ ❜r❡♠❡ ♥❛♣❡♥❥❛ ✈r✈✱

✭❛✮ ↔❡ ❞✈✐❣❛❧♦ ♠✐r✉❥❡❄

✭❜✮ ↔❡ s❡ ❞✈✐❣❛❧♦ ❣✐❜❧❥❡ ♥❛✈③❞♦❧ s ♣♦s♣❡➨❦♦♠ 1, 5 m/s2❄

✭❝✮ ↔❡ s❡ ❞✈✐❣❛❧♦ ❣✐❜❧❥❡ ❡♥❛❦♦♠❡r♥♦ ♥❛✈③❞♦❧ s ❤✐tr♦st❥♦ 1 m/s❄

✭❞✮ ↔❡ s❡ ❞✈✐❣❛❧♦ ❣✐❜❧❥❡ ♥❛✈③❣♦r s ♣♦s♣❡➨❦♦♠ 1, 5 m/s2❄

✺✺✳ ❚❡➸❛ t❡❧❡s❛ ❆ ❥❡ 1 N✱ t❡➸❛ t❡❧❡s❛ ❇ ♣❛ 2 N✳ ❙✐❧❡ r✐➨✐ ❦♦t ✉s♠❡r❥❡♥❡ ❞❛❧❥✐❝❡❀ 1 N ♣r❡❞st❛✈✐ ③ ❞❛❧❥✐❝♦
❞♦❧➸✐♥❡ 2 cm✳ ●❧❡❥ s❧✐❦♦ ✶✸✦

✭❛✮ ◆❛ s❧✐❦♦ ✶✸✭❛✮ ♥❛r✐➨✐ ✈s❡ s✐❧❡✱ ❦✐ ❞❡❧✉❥❡❥♦ ♥❛ t❡❧♦ ❆✦
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A

B
✭❛✮ s✐❧❡ ♥❛ t❡❧♦ ❆

A

B
✭❜✮ s✐❧❡ ♥❛ t❡❧♦ ❇

❙❧✐❦❛ ✶✸✿ ❙✐❧❡ ♥❛ t❡❧♦ ❆ ✐♥ ❇✳

✭❜✮ ◆❛ s❧✐❦♦ ✶✸✭❜✮ ♥❛r✐➨✐ ✈s❡ s✐❧❡✱ ❦✐ ❞❡❧✉❥❡❥♦ ♥❛ t❡❧♦ ❇✦

✭❝✮ ❑♦❧✐❦♦ ❥❡ s✐❧❛ t❡❧❡s❛ ❆ ♥❛ t❡❧♦ ❇❄

✭❞✮ ❑♦❧✐❦♦ ❥❡ s✐❧❛ t❡❧❡s❛ ❇ ♥❛ t❡❧♦ ❆❄

✭❡✮ ❙ ❦♦❧✐❦➨♥♦ s✐❧♦ ❞❡❧✉❥❡ ♣♦❞❧❛❣❛ ♥❛ t❡❧♦ ❇❄

✭❢✮ ❙ ❦♦❧✐❦➨♥♦ s✐❧♦ ❞❡❧✉❥❡ t❡❧♦ ❇ ♥❛ ♣♦❞❧❛❣♦❄

✭❣✮ ❑♦❧✐❦➨♥❛ ❥❡ r❡③✉❧t❛♥t❛ ✈s❡❤ s✐❧ ♥❛ t❡❧♦ ❆❄

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

✺✻✳ ❚❡➸❛ t❡❧❡s❛ ❆ ❥❡ 3 N✱ t❡➸❛ t❡❧❡s❛ ❇ ♣❛ 1 N✳ ❙✐❧❡ r✐➨✐ ❦♦t ✉s♠❡r❥❡♥❡ ❞❛❧❥✐❝❡❀ 1 N ♣r❡❞st❛✈✐ ③ ❞❛❧❥✐❝♦
❞♦❧➸✐♥❡ 1 cm✳ ●❧❡❥ s❧✐❦♦ ✶✹✦
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A

B

✭❛✮ s✐❧❡ ♥❛ t❡❧♦ ❆

��������������
��������������
��������������

��������������
��������������
��������������

A

B

✭❜✮ s✐❧❡ ♥❛ t❡❧♦ ❇

❙❧✐❦❛ ✶✹✿ ❙✐❧❡ ♥❛ t❡❧♦ ❆ ✐♥ ❇✳

✭❛✮ ◆❛ s❧✐❦♦ ✶✹✭❛✮ ♥❛r✐➨✐ ✈s❡ s✐❧❡✱ ❦✐ ❞❡❧✉❥❡❥♦ ♥❛ t❡❧♦ ❆✦

✭❜✮ ◆❛ s❧✐❦♦ ✶✹✭❜✮ ♥❛r✐➨✐ ✈s❡ s✐❧❡✱ ❦✐ ❞❡❧✉❥❡❥♦ ♥❛ t❡❧♦ ❇✦

✭❝✮ ❑♦❧✐❦♦ ❥❡ s✐❧❛ t❡❧❡s❛ ❆ ♥❛ t❡❧♦ ❇❄

✭❞✮ ❑♦❧✐❦♦ ❥❡ s✐❧❛ t❡❧❡s❛ ❇ ♥❛ t❡❧♦ ❆❄

✭❡✮ ❙ ❦♦❧✐❦➨♥♦ s✐❧♦ ❞❡❧✉❥❡ str♦♣ ♥❛ t❡❧♦ ❇❄

✭❢✮ ❙ ❦♦❧✐❦➨♥♦ s✐❧♦ ❞❡❧✉❥❡ t❡❧♦ ❇ ♥❛ str♦♣❄

✭❣✮ ❑♦❧✐❦➨♥❛ ❥❡ r❡③✉❧t❛♥t❛ ✈s❡❤ s✐❧ ♥❛ t❡❧♦ ❆❄

✭❤✮ ❑♦❧✐❦➨♥❛ ❥❡ r❡③✉❧t❛♥t❛ ✈s❡❤ s✐❧ ♥❛ t❡❧♦ ❇❄
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✺✼✳ ❚❡❧♦ ✈❧❡↔❡♠♦ s st❛❧♥♦ ❤✐tr♦st❥♦ ♣♦ ♣♦❞❧❛❣❛❤ ③ r❛③❧✐↔♥✐♠✐ ❦♦❡✜❝✐❡♥t✐ tr❡♥❥❛✳ ❘❛③♠❡r❥❡ ❦♦❡✜❝✐❡♥✲
t♦✈ ❥❡ k1 : k2 : k3 = 0, 2 : 0, 04 : 0, 8✳ ❑♦❧✐❦➨♥♦ ❥❡ r❛③♠❡r❥❡ s✐❧✱ s ❦❛t❡r✐♠✐ ✈❧❡↔❡♠♦❄ F1 : F2 : F3 =
✭❖❜❦r♦➸✐✦ ✮

✭❛✮ 1 : 1 : 1

✭❜✮ 0, 8 : 0, 04 : 0, 2

✭❝✮ 10 : 2 : 40

✭❞✮ 1 : 0, 2 : 4

✭❡✮ 0, 1 : 0, 5 : 0, 025

✺✽✳ 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✐❄ ❑♦❧✐❦♦ ❥❡ r❡❧❛t✐✈♥❛
♥❛♣❛❦❛ t❛❦♦ ❞♦❧♦↔❡♥❡❣❛ ❦♦❡✜❝✐❡♥t❛❄

✺✾✳ Pr✐ ♠❡r❥❡♥❥✉ ❦♦❡✜❝✐❡♥t❛ tr❡♥❥❛✱ s♠♦ ♥❛♠❡r✐❧✐ ✈❧❡↔♥❡ s✐❧❡ ✐♥ s✐❧❡ t❡➸❡✱ ❦✐ s♦ ✈ t❛❜❡❧✐✿

Fg❬◆❪ ✸✱✶✹ ✺✱✹✻ ✼✱✶✺ ✾✱✵✵ ✶✶✱✽ ✶✶✱✼ ✶✺✱✺
Fvl ❬◆❪ ✵✱✻✶ ✵✱✾✵ ✶✱✹✺ ✶✱✻✷ ✷✱✶✵ ✷✱✺✵ ✷✱✼✹

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

✸✳✷ ♥❛ ❦❧❛♥❝✉

✶✳ ❑♦❧✐❦➨❡♥ ❥❡ ♥❛❦❧♦♥s❦✐ ❦♦t ❦❧❛♥❝❛✱ ↔❡ ♠♦r❛♠ ✈♦③ ③ ♠❛s♦ ✷✵ ❦❣ ✈❧❡↔✐ ♣♦ ❦❧❛♥❝✉ ♥❛✈③❣♦r s s✐❧♦
✶✵✵◆✱ ❞❛ ♠✐r✉❥❡❄ ◆❛❧♦❣♦ r❡➨✐ r❛↔✉♥s❦♦ ✐♥ ❣r❛✜↔♥♦✦

✷✳ ❑♦❧✐❦➨❡♥ ❥❡ ♥❛❦❧♦♥s❦✐ ❦♦t ❦❧❛♥❝❛✱ ↔❡ ♠♦r❛♠ ✈♦③ ③ ♠❛s♦ ✷✵ ❦❣ ✈❧❡↔✐ ♣♦ ❦❧❛♥❝✉ ♥❛✈③❣♦r s s✐❧♦
✶✵✵◆✱ ❞❛ ♠✐r✉❥❡❄ ◆❛❧♦❣♦ r❡➨✐ r❛↔✉♥s❦♦ ✐♥ ❣r❛✜↔♥♦✦

✸✳ ◆❛ ❦❧❛♥❝✉ s str♠✐♥♦ ✶✵✵✪ ❧❡➸✐ ③❛❜♦❥ ③ ♠❛s♦ ✸✵ ❦❣✳ ❑♦❧✐❦➨♥❛ ❥❡ s✐❧❛ ❧❡♣❡♥❥❛ ♠❡❞ ③❛❜♦❥❡♠ ✐♥
♣♦❞❧❛❣♦✱ ↔❡ ③❛❜♦❥ ♠✐r✉❥❡❄

✹✳ ❑♦❧✐❦➨❡♥ ❥❡ ♥❛❦❧♦♥s❦✐ ❦♦t ❦❧❛♥❝❛✱ ↔❡ ❦❧❛❞❛ ③ ♠❛s♦ ✷✵ ❦❣ ♣r✐t✐s❦❛ ♥❛ ♣♦❞❧❛❣♦ s s✐❧♦ ✶✼✸◆❄ ◆❛❧♦❣♦
r❡➨✐ r❛↔✉♥s❦♦ ✐♥ ❣r❛✜↔♥♦✦

✺✳ ◆❛ t✐r✉✱ ❦✐ ❥❡ ♥❛❣♥❥❡♥ ✶✵◦❣❧❡❞❡ ♥❛ ✈♦❞♦r❛✈♥✐❝♦ st♦❥✐ ✈❛❣♦♥ ③ ♠❛s♦ 2 t✳ ❙ ❦♦❧✐❦➨♥♦ s✐❧♦ ♠♦r❛➨
❞r➸❛t✐ ✈❛❣♦♥✱ ❞❛ ♥❡ ③❞r✈✐ ♣♦ ❦❧❛♥❝✉ ♥❛✈③❞♦❧✱ ↔❡ ❥❡ s✐❧❛ tr❡♥❥❛ ③❛♥❡♠❛r❧❥✐✈❛ ❄

✻✳ ◆❛ ❦❧❛♥❡❝ ③ ♥❛❦❧♦♥s❦✐♠ ❦♦t♦♠ 30◦ ♣♦❧♦➸✐♠♦ t❡❧♦ ③ ♠❛s♦ ✹✵ ❦❣✳ ◆❛❥♠❛♥❥ s ❦♦❧✐❦➨♥♦ s✐❧♦ ♠♦r❛♠♦
♣r✐t✐s❦❛t✐ ♥❛ t❡❧♦ ♣r❛✈♦❦♦t♥♦ ♥❛ ❦❧❛♥❡❝✱ ❞❛ ♥❡ ❜♦ ❞rs❡❧♦ ♣♦ ❦❧❛♥❝✉ ♥❛✈③❞♦❧❄ ❑♦❡✜❝✐❡♥t ❧❡♣❡♥❥❛
♠❡❞ t❡❧❡s♦♠ ✐♥ ♣♦❞❧❛❣♦ ❥❡ ✵✱✶✳

✼✳ ◆❛ ❦❧❛♥❝✉ ③ ♥❛❦❧♦♥s❦✐♠ ❦♦t♦♠ 45◦ ❧❡➸✐ ③❛❜♦❥ ③ ♠❛s♦ ✸✵ ❦❣✳ ❑♦❧✐❦➨♥❛ ❥❡ s✐❧❛ ❧❡♣❡♥❥❛ ♠❡❞
③❛❜♦❥❡♠ ✐♥ ♣♦❞❧❛❣♦✱ ↔❡ ③❛❜♦❥ ♠✐r✉❥❡❄

✽✳ ◆❛ t✐r✉✱ ❦✐ ❥❡ ♥❛❣♥❥❡♥ ✶✵◦❣❧❡❞❡ ♥❛ ✈♦❞♦r❛✈♥✐❝♦ st♦❥✐ ✈❛❣♦♥ ③ ♠❛s♦ ✷ t✳ ❙ ❦♦❧✐❦➨♥♦ s✐❧♦ ♠♦r❛➨
❞r➸❛t✐ ✈❛❣♦♥✱ ❞❛ ♥❡ ③❞r✈✐ ♣♦ ❦❧❛♥❝✉ ♥❛✈③❞♦❧✱ ↔❡ ❥❡ ❦♦❡✜❝✐❡♥t tr❡♥❥❛ kt = 0, 01 ❄

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

✶✵✳ P♦ ❦❧❛♥❝✉✱ ❦✐ ❥❡ ♥❛❣♥❥❡♥ 30◦ ❣❧❡❞❡ ♥❛ ✈♦❞♦r❛✈♥✐❝♦✱ s❡ ♣❡❧❥❡ s♠✉↔❛r s ❤✐tr♦st❥♦ ✶✺♠✴s✳ ▼❛s❛
s♠✉↔❛r❥❛ ③ ♦♣r❡♠♦ ❥❡ ✾✵ ❦❣✳ ❑♦❧✐❦➨❡♥ ❥❡ ❦♦❡✜❝✐❡♥t tr❡♥❥❛ ♠❡❞ s♠✉↔♠✐ ✐♥ s♥❡❣♦♠✱ ↔❡ ❥❡ ❤✐tr♦st
s♠✉↔❛r❥❛ st❛❧♥❛❄

✶✶✳ ❙ s❛♥♠✐ s❡ ♣❡❧❥❡➨ ♣♦ ❦❧❛♥❝✉✱ ❦✐ ❥❡ ♥❛❣♥❥❡♥ 30◦ ❣❧❡❞❡ ♥❛ ✈♦❞♦r❛✈♥✐❝♦✳ ❚✈♦❥❛ ♠❛s❛ s s❛♥♠✐ ❥❡
✼✵ ❦❣✳ ❑♦❧✐❦➨❡♥ ❥❡ ❦♦❡✜❝✐❡♥t tr❡♥❥❛ ♠❡❞ s❛♥♠✐ ✐♥ s♥❡❣♦♠✱ ↔❡ ❥❡ t✈♦❥❛ ❤✐tr♦st st❛❧♥❛❄
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✶✷✳ ▲♦❦♦♠♦t✐✈❛ ✈❧❡↔❡ ✈rst♦ ✈❛❣♦♥♦✈ s s❦✉♣♥♦ ♠❛s♦ ✺✵✵ t♦♥ ♥❛✈❦r❡❜❡r ♣♦ ❦❧❛♥❝✉ s str♠✐♥♦ ✶✱✺✪ ✐♥
s✐❝❡r s ❤✐tr♦st❥♦ ✸✵ ❦♠✴❤✳ ❑♦❧✐❦➨♥❛ s✐❧❛ ❥❡ ③❛ t♦ ♣♦tr❡❜♥❛✱ ↔❡ ♥❡ ✉♣♦➨t❡✈❛♠♦ tr❡♥❥❛ ✐♥ ③r❛↔♥❡❣❛
✉♣♦r❛❄ ❑♦❧✐❦➨♥❛ ♣❛ ❥❡ s✐❧❛✱ ↔❡ ✉♣♦➨t❡✈❛♠♦ ❦♦❡✜❝✐❡♥t tr❡♥❥❛ ✵✱✵✺❄ ❑♦❧✐❦➨♥❛ ❥❡ r❡③✉❧t❛♥t❛ ✈s❡❤
③✉♥❛♥❥✐❤ s✐❧✱ ❦✐ ❞❡❧✉❥❡❥♦ ♥❛ ✈❡s ✈❧❛❦ ✈ ♦❜❡❤ ♣r✐♠❡r✐❤❄

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

✶✹✳ P♦ ❦❧❛♥❝✉✱ ❦✐ ❥❡ ✈✐s♦❦ ✶✵♠✱ ♣❡❧❥❡ ♥❛✈③❞♦❧ ❦♦❧❡s❛r s st❛❧♥♦ ❤✐tr♦st❥♦ v = 12m/s✱ t❛❦♦ ❞❛ ❥❡ ✈ ✹✵ s
♣r✐ ✈③♥♦➸❥✉ ❦❧❛♥❝❛✳ ❙✐❧❛ tr❡♥❥❛ F = 15 N ③❛✈✐r❛ ❦♦❧❡s❛r❥❛✳ ❑♦❧✐❦♦ ❥❡ ♠❛s❛ ❦♦❧❡s❛r❥❛ s ❦♦❧❡s♦♠
✐♥ ❦♦❧✐❦➨❡♥ ❥❡ ❦♦❡✜❝✐❡♥t tr❡♥❥❛❄

✶✺✳ ❆✈t♦♠♦❜✐❧ ♣❡❧❥❡ ♥❛✈③❞♦❧ ♣♦ ❦❧❛♥❝✉ s st❛❧♥♦ ❤✐tr♦st❥♦ v = 108 km/h✳ ❱ ↔❛s✉ ✸✵ s ♣r✐♣❡❧❥❡ ❞♦
✈③♥♦➸❥❛ ❦❧❛♥❝❛✱ ❦✐ ❥❡ ✈✐s♦❦ ✶✵✵♠✳ ❙✐❧❛ tr❡♥❥❛ F = 120 N ③❛✈✐r❛ ❦♦❧❡s❛r❥❛✳ ❑♦❧✐❦♦ ❥❡ ♠❛s❛
❛✈t♦♠♦❜✐❧❛ ✐♥ ❦♦❧✐❦➨❡♥ ❥❡ ❦♦❡✜❝✐❡♥t tr❡♥❥❛❄

✶✻✳ ❉❡❧❛✈❡❝ s❡ ♣♦s❧✉➸✐ ✷✱✹♠ ❞♦❧❣✐❤ r❛♥t✱ ❞❛ ❞✈✐❣♥❡ ✸✷✵✵◆ t❡➸❛❦ s♦❞ ♥❛ ✽✵ ❝♠ ✈✐s♦❦ ✈♦③✳ ❙ ❦♦❧✐❦♦
s✐❧♦ ♠♦r❛ ♣❡❤❛t✐ s♦❞ ✈③♣♦r❡❞♥♦ s ❦❧❛♥❝❡♠❄

✶✼✳ ▲♦❦♦♠♦t✐✈❛ ✈❧❡↔❡ ✹✵✵✲t♦♥s❦✐ ✈❧❛❦ s st❛❧♥♦ s✐❧♦ ✹✺ ❦◆ ♣♦ ❦❧❛♥❝✉ ♥❛✈③❣♦r✳ ❑♦❧✐❦♦ ↔❛s❛ ♣♦tr❡❜✉❥❡
✈❧❛❦✱ ❞❛ ♣r✐♣❡❧❥❡ ♥❛ ✈r❤ ✶ ❦♠ ❞♦❧❣❡❣❛ ❦❧❛♥❝❛✱ ↔❡ ♣❡❧❥❡ s st❛❧♥♦ ❤✐tr♦st❥♦ ✶✵♠✴s❄ ❑♦❧✐❦♦ ❥❡ ✈✐➨✐♥❛
❦❧❛♥❝❛✱ ↔❡ tr❡♥❥❡ ③❛♥❡♠❛r✐➨❄ ❑❛❥ ♣❛ ↔❡ ✉♣♦➨t❡✈❛➨ ❦♦❡✜❝✐❡♥t tr❡♥❥❛ ✵✱✵✵✷❄ ❙♦❞ ③ ♠❛s♦ ✾✽ ❦❣
✈❛❧✐♠♦ ♥❛ ✈❛❣♦♥ ♣♦ ✶✱✷♠ ✈✐s♦❦❡♠ ✐♥ ✺♠ ❞♦❧❣❡♠ ❦❧❛♥❝✉✳ ❑♦❧✐❦➨♥❛ s✐❧❛ ❥❡ ③❛ t♦ ♣♦tr❡❜♥❛✱ ↔❡ ♥❡
✉♣♦➨t❡✈❛♠♦ tr❡♥❥❛✱ ✐♥ ❦♦❧✐❦➨♥❛✱ ↔❡ ✉♣♦➨t❡✈❛♠♦ ❦♦❡✜❝✐❡♥t tr❡♥❥❛ ✵✱✷❄

✶✽✳ ❑❧✐♥ ③❛❜✐❥❡♠♦ ✈ ❧❡s s s✐❧♦ ✶✻✵◆✳ ❙ ❦♦❧✐❦➨♥♦ s✐❧♦ ♣r✐t✐s❦❛ ❦❧✐♥ ♥❛ ❧❡s✱ ↔❡ ❥❡ ↔❡❧♦ ❦❧✐♥❛ ➨✐r♦❦♦ ✹✱✷ ❝♠
✐♥ str❛♥✐❝❛ ❞♦❧❣❛ ✷✵✱✺ ❝♠❄ ❑❛❥ ♣❛ ↔❡ ✉♣♦➨t❡✈❛♠♦ ➨❡ tr❡♥❥❡❄ ✭k = 0, 25✮

✶✾✳ ❑♦❧✐❦➨♥❛ s✐❧❛ ♠♦r❛ ❞❡❧♦✈❛t✐ ♥❛ ↔❡❧♦ ❦❧✐♥❛✱ ❦✐ ❣❛ ③❛❜✐❥❛♠♦ ✈ ❧❡s✱ ↔❡ ❧❡s ❞❡❧✉❥❡ ♥❛ str❛♥✐❝❡ ❦❧✐♥❛
s s✐❧♦ ✺✵✵◆❄ ➆✐r✐♥❛ ↔❡❧❛ ❥❡ ✺✱✹ ❝♠ ✐♥ ❞♦❧➸✐♥❛ str❛♥✐❝❡ ❦❧✐♥❛ ✹✺ ❝♠✳ ❑❛❥ ♣❛ ↔❡ ✉♣♦➨t❡✈❛♠♦ ➨❡
tr❡♥❥❡❄ ✭kt = 0, 25 ✮

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

✷✶✳ ◆❛ ❦❧❛♥❝✉✱ ❦✐ ❥❡ ♥❛❣♥❥❡♥ ✸✵◦❣❧❡❞❡ ♥❛ ✈♦❞♦r❛✈♥✐❝♦ st♦❥✐ ✈♦③ ③ ♠❛s♦ ✺✵ ❦❣✳ ❑♦❡✜❝✐❡♥t ❧❡♣❡♥❥❛ ♠❡❞
✈♦③♦♠ ✐♥ ♣♦❞❧❛❣♦ ❥❡ ✵✱✷✳ ❑❛❦♦ ✈❡❧✐❦❛ ❞♦❞❛t♥❛ s✐❧❛ ③❛❞r➸✉❥❡ ✈♦③ ♥❛ ❦❧❛♥❝✉✱ ↔❡ ✈❧❡↔❡ ✈③♣♦r❡❞♥♦
s ❦❧❛♥❝❡♠❄ ❑❛❦♦ ✈❡❧✐❦❛ s✐❧❛ ♣❛ ♠♦r❛ t✐➨↔❛t✐ ✈♦③ ♣r❛✈♦❦♦t♥♦ ♥❛ ❦❧❛♥❡❝✱ ❞❛ ♥❡ ③❞rs♥❡❄

✷✷✳ ◆❛ ❦❧❛♥❝✉ ♠✐r✉❥❡ t❡❧♦ s t❡➸♦ 5 N✳ ❑❧❛♥❡❝ ❥❡ ❞♦❧❣ 5 m ✐♥ ✈✐s♦❦ 3 m✳

✭❛✮ ◆❛r✐➨✐ s❧✐❦♦ ✈ ✉str❡③♥❡♠ ♠❡r✐❧✉ t❡r ✈s❡ s✐❧❡ ♥❛ t❡❧♦ t❡r ❥✐❤ ♦③♥❛↔✐✦

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

✭❝✮ ◆❛❥♠❛♥❥ ❦♦❧✐❦♦ ❥❡ ❦♦❡✜❝✐❡♥t ❧❡♣❡♥❥❛✱ ❞❛ t❡❧♦ ❧❛❤❦♦ ♠✐r✉❥❡ ♥❛ t❛❦➨♥❡♠ ❦❧❛♥❝✉❄

✭❞✮ ❷❡ t❡❧♦ ♣♦t❡❣♥❡♠♦ ♣♦ ❦❧❛♥❝✉ ♥❛✈③❞♦❧ s s✐❧♦ 1 N✱ s❡ ♣r❡♠❛❦♥❡✳ ❑♦❧✐❦♦ ❥❡ s❡❞❛❥ ❦♦❡✜❝✐❡♥t
❧❡♣❡♥❥❛❄

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

✷✸✳ ◆❛ ❦❧❛♥❝✉ ♠✐r✉❥❡ t❡❧♦ s t❡➸♦ 10 N✳ ❑❧❛♥❡❝ ❥❡ ❞♦❧❣ 10 m ✐♥ ✈✐s♦❦ 6 m✳

✭❛✮ ◆❛r✐➨✐ s❧✐❦♦ ✈ ✉str❡③♥❡♠ ♠❡r✐❧✉ t❡r ✈s❡ s✐❧❡ ♥❛ t❡❧♦ t❡r ❥✐❤ ♦③♥❛↔✐✦

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

✭❝✮ ◆❛❥♠❛♥❥ ❦♦❧✐❦♦ ❥❡ ❦♦❡✜❝✐❡♥t ❧❡♣❡♥❥❛✱ ❞❛ t❡❧♦ ❧❛❤❦♦ ♠✐r✉❥❡ ♥❛ t❛❦➨♥❡♠ ❦❧❛♥❝✉❄

✭❞✮ ❷❡ t❡❧♦ ♣♦t❡❣♥❡♠♦ ♣♦ ❦❧❛♥❝✉ ♥❛✈③❞♦❧ s s✐❧♦ 1 N✱ s❡ ♣r❡♠❛❦♥❡✳ ❑♦❧✐❦♦ ❥❡ s❡❞❛❥ ❦♦❡✜❝✐❡♥t
❧❡♣❡♥❥❛❄

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



✸ ❙❚❆❚■❑❆ ✸✽

✸✳✸ ♥❛✈♦r

✶✳ Pr✐ ❦♦❧✐❦➨♥✐ r♦↔✐❝✐ ♣♦✈③r♦↔✐ s✐❧❛ 5 N ♥❛✈♦r 3 Nm,↔❡ ❥❡ ❦♦t ♠❡❞ s✐❧♦ ✐♥ r♦↔✐❝♦ 45◦❄

✷✳ ❙ ❦♦❧✐❦➨♥♦ s✐❧♦ ➨↔✐♣❧❥❡❥♦ ❦❧❡➨↔❡ ➸✐❝♦✱ ❦❛❞❛r st✐s❦❛♠♦ r♦↔❛❥❡ ❦❧❡➨↔ ♥❛ r❛③❞❛❧❥✐ ✶✺ ❝♠ ♦❞ ♦s✐ s s✐❧♦
✺✵✵◆ ✐♥ s♦ ↔❡❧❥✉st✐ ❦❧❡➨↔ ♦❞❞❛❧❥❡♥❡ ♦❞ ♦s✐ ✷✱✶ ❝♠❄

✸✳ Pr✐ ❦♦❧❡s✉ ♥❛ ✈r❡t❡♥♦ ❥❡ ♣♦❧♠❡r ✈r❡t❡♥❛ ✷✵ ❝♠✱ ♣♦❧♠❡r ❦♦❧❡s❛ ♣❛ ✻✵ ❝♠✳ ❑♦❧✐❦➨♥❛ s✐❧❛ ❥❡ ♣♦✲
tr❡❜♥❛✱ ❞❛ ❞✈✐❣♥❡♠♦ ✐③ ✈♦❞♥❥❛❦❛ ↔❡❜❡r ③ ✷✵ ❧ ✈♦❞❡❄

✹✳ ➎❡❧❡③❡♥ ❞r♦❣ ✉♣♦r❛❜✐♠♦ ❦♦t ✈③✈♦❞ ③❛ ❞✈✐❣♦✈❛♥❥❡ ✽✵✵◆ t❡➸❦❡ s❦❛❧❡✳ ❙ ❦♦❧✐❦➨♥♦ s✐❧♦ ♠♦r❛♠♦
♣r✐t✐s♥✐t✐ ♥❛ ❞r♦❣✱ ↔❡ ✈③✈♦❞ ♣♦❞♣r❡♠♦ t❛❦♦✱ ❞❛ ❥❡ ❦♦♥❡❝ s ❦❛t❡r✐♠ ❞✈✐❣✉❥❡♠♦ s❦❛❧♦ ❞♦❧❣ ✶✱✺♠✱
❦♦♥❡❝ ♥❛ ❦❛t❡r❡♠ ♣r✐t✐s❦❛♠♦ ♣❛ ❥❡ ❞♦❧❣ ✸♠❄

✺✳ ❙ ✹♠ ❞♦❧❣✐♠ ➸❡❧❡③♥✐♠ ✈③✈♦❞♦♠ ❤♦↔❡♠♦ ❞✈✐❣♥✐t✐ ✹✷✵✵◆ t❡➸❛❦ ✈♦③ s s✐❧♦ ✺✵✵◆✳ ❑❥❡ ♠♦r❛♠♦
✈③✈♦❞ ♣♦❞st❛✈✐t✐❄

✻✳ ❘✐♠s❦❛ t❡❤t♥✐❝❛ ❥❡ s❡st❛✈❧❥❡♥❛ ✐③ ➸❡❧❡③♥❡ ♣❛❧✐❝❡ ③ ♠❛s♦ ✸ ❦❣ ✐♥ ❞♦❧➸✐♥♦ ✼✵ ❝♠✳ P♦❞♣rt❛ ❥❡ ♥❛
↔❡trt✐♥✐ ❞♦❧➸✐♥❡✳ ❑♦❧✐❦♦ st❛ ♥❛❥✈❡↔❥❛ ✐♥ ♥❛❥♠❛♥❥➨❛ ♠❛s❛✱ ❦✐ ❥♦ ❧❛❤❦♦ st❡❤t❛♠♦✱ ↔❡ ❥❡ ♥❛ ❞❛❧❥➨❡♠
❦♦♥❝✉ ♣❛❧✐❝❡ ♣r❡♠✐↔♥❛ ✉t❡➸ ③ ♠❛s♦ ✶✵ ❦❣❄ ✭♥❛♠✐❣✿ ❑❥❡ ♠♦r❛ st❛t✐ ♣r❡♠✐↔♥❛ ✉t❡➸✱ ↔❡ t❡❤t❛♠♦
♥❛❥♠❛♥❥➨♦ ♠❛s♦✱ ✐♥ ❦❥❡✱ ↔❡ t❡❤t❛♠♦ ♥❛❥✈❡↔❥♦ ♠❛s♦❄✮

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

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

✾✳ ◆❛ ❞✈❡❤ st❡❜r✐❤ s❧♦♥✐ ✻♠ ❞♦❧❣ ❞r♦❣✳ ◆❛ r❛③❞❛❧❥✐ ✷♠ ♦❞ ❧❡✈❡❣❛ ❦♦♥❝❛ ❥❡ ♦❜❡➨❡♥♦ ❜r❡♠❡ ✸✵✵◆✳
P♦✐➨↔✐ s✐❧✐✱ ❦✐ ❞❡❧✉❥❡t❛ ♥❛ st❡❜r❛❄

✶✵✳ ▲❡t❡✈ ③ ❞♦❧➸✐♥♦ ✻✺ ❝♠ ❥❡ ♣♦❞♣rt❛ ♥❛ ❦♦♥❝❡❤✳ ❙ ❦♦❧✐❦➨♥♦ s✐❧♦ ♣r✐t✐s❦❛ ♥❛ ✈s❛❦♦ ♣♦❞♣♦r♦✱ ↔❡ ❥❡ ✈
r❛③❞❛❧❥✐ ✷✺ ❝♠ ♦❞ ❡♥❡❣❛ ❦♦♥❝❛ ♦❜❡➨❡♥♦ ❜r❡♠❡ s t❡➸♦ ✻✺◆❄

✶✶✳ Pr❡❦♦ ✺♠ ➨✐r♦❦❡❣❛ ♣♦t♦❦❛ ❥❡ ♥❛♣❡t❛ ❜r✈ ✐♥ ♥❛ ♥❥❡❥ st♦❥✐ ✷♠ ♦❞ ❜r❡❣❛ ✼✺✵◆ t❡➸❛❦ ↔❧♦✈❡❦✳ ❙
❦♦❧✐❦➨♥✐♠❛ s✐❧❛♠❛ ♣r✐t✐s❦❛ ❜r✈ ♥❛ ❜r❡❣♦✈❛❄

✶✷✳ ✶✵✵◆ t❡➸❛❦ ❞r♦❣ ❥❡ ✈ ✈♦❞♦r❛✈♥✐ ❧❡❣✐ ♣♦❞♣rt ♥❛ tr❡t❥✐♥✐ s✈♦❥❡ ❞♦❧➸✐♥❡✳ ❩ ❞❛❧❥➨✐♠ ❦♦♥❝❡♠ s❡
♥❛s❧❛♥❥❛ ♥❛ t❡❤t♥✐❝♦✳ ❑♦❧✐❦♦ ♣♦❦❛➸❡ t❡❤t♥✐❝❛❄

✶✸✳ ❚r❛♠ ③ ❞♦❧➸✐♥♦ ✼♠ ❥❡ t❡➸❛❦ ✺✵✵◆✳ P♦❞♣rt ❥❡ ♥❛ ❦♦♥❝❡❤✳ ❙ ❦♦❧✐❦➨♥♦ s✐❧♦ ♣r✐t✐s❦❛ ♥❛ ✈s❛❦♦ ♦♣♦r♦✱
↔❡ ❥❡ ♥❛ r❛③❞❛❧❥✐ ✸♠ ♦❞ ❡♥❡❣❛ ❦♦♥❝❛ ♦❜❡➨❡♥♦ ✶✵✵✵◆ t❡➸❦♦ ❜r❡♠❡❄

✶✹✳ ❉❡❧❛✈❝❛ ♥♦s✐t❛ ♥❛ ❦♦✈✐♥s❦❡♠ ❞r♦❣✉ ✺✵ ❧✐t❡rs❦♦ ✈❡❞r♦ ♣♦❧♥♦ ✈♦❞❡✳ ❉r♦❣ ❥❡ ❞♦❧❣ ✶✱✺♠✱ ✈❡❞r♦ ♣❛
❥❡ ♦❜❡➨❡♥♦ ❡♥ ♠❡t❡r str❛♥ ♦❞ ♣r✈❡❣❛ ❞❡❧❛✈❝❛✳ ❑♦❧✐❦➨♥♦ s✐❧♦ ♠♦r❛t❛ ♣r❡♠❛❣♦✈❛t✐ ♥♦s❛↔❛❄

✶✺✳ ◆❛ ❡♥❡♠ ❦♦♥❝✉ tr❛♠❛ ③ ❞♦❧➸✐♥♦ ✶✵♠ ✐♥ ③ ♠❛s♦ ✷✵ ❦❣ ❥❡ ♦❜❡➨❡♥❛ ✉t❡➸ ③❛ ✾ ❦❣✳ ❱ ❦❛t❡r✐ t♦↔❦✐
♠♦r❛♠♦ tr❛♠ ♣♦❞♣r❡t✐✱ ❞❛ ❜♦ ✈ r❛✈♥♦✈❡s❥✉❄

✶✻✳ ❙t♦❥❛❧♦ ③❛ ♦❜❧❡❦❡ s❡st❛✈❧❥❛ ♦❦r♦❣❧❛ ❦♦✈✐♥s❦❛ ♣❧♦➨↔❛ ③ ♠❛s♦ ✻ ❦❣ ✐♥ ♣♦❧♠❡r♦♠ ✶✺ ❝♠ ✐♥ ③❛♥❡✲
♠❛r❧❥✐✈♦ ❧❛❤❡❦ ♥♦s✐❧❡❝ ✈ ♦❜❧✐❦✐ ↔r❦❡ ✏❚✑ ③ ✈✐➨✐♥♦ ✶✽✵ ❝♠ ✐♥ ❝❡❧♦t♥♦ ❞♦❧➸✐♥♦ ✶✵✵ ❝♠ ✈ ✈♦❞♦r❛✈♥✐
s♠❡r✐✳ ❑❛❦♦ t❡➸❛❦ ❥❡ ♥❛❥✈❡↔ ❧❛❤❦♦ ♣❧❛➨↔✱ ❦✐ ❣❛ ♦❜❡s✐♠♦ ♣r❛✈ ♥❛ ❦♦♥❡❝✱ ❞❛ s❡ st♦❥❛❧♦ r❛✈♥♦ ➨❡
♥❡ ♣r❡✈r♥❡❄ ◆❛❥♣r❡❥ ❞♦❧♦↔✐ ♦s✱ ♦❦r♦❣ ❦❛t❡r❡ s❡ st♦❥❛❧♦ ③❛✈rt✐✱ ↔❡ ❥❡ ♣r❡♦❜r❡♠❡♥❥❡♥♦✦

✶✼✳ ❚r❛❦t♦r ✈♦③✐ ♣r❡↔♥♦ ♣♦ ❦❧❛♥❝✉ ③ ♥❛❣✐❜♦♠ ✸✵◦✳ ❑❛❦♦ ✈✐s♦❦♦ s♠❡ ❜✐t✐ ♥❥❡❣♦✈♦ t❡➸✐➨↔❡✱ ❞❛ s❡ r❛✈♥♦
➨❡ ♥❡ ♣r❡✈r♥❡❄ ❘❛③❞❛❧❥❛ ♠❡❞ ③❛❞♥❥✐♠❛ ❦♦❧❡s♦♠❛ ❥❡ ✶✷✵ ❝♠✳ Pr❡♠✐s❧✐✱ ♦❦♦❧✐ ❦❛t❡r❡ ♣r❡♠✐❝❡ s❡
tr❛❦t♦r ♣r❡✈r♥❡✦

✶✽✳ ▲❛❤❦❛ ♠❡trs❦❛ ♣❛❧✐❝❛ ❥❡ ♥❛ ❦♦♥❝❡❤ ✈♦❞♦r❛✈♥♦ ♦❜❡➨❡♥❛ ♥❛ ✈③♠❡t❡❤ s ❦♦❡✜❝✐❡♥t♦♠❛ ✺◆✴❝♠ ✐♥
✽◆✴❝♠✳ ❑❛♠ ♠♦r❛♠♦ ♦❜❡s✐t✐ ❜r❡♠❡✱ ❞❛ ♦st❛♥❡ ♣❛❧✐❝❛ ✈♦❞♦r❛✈♥❛❄



✸ ❙❚❆❚■❑❆ ✸✾

❘♣✿ ❷❡ s♠❡♠♦ ③❛♥❡♠❛r✐t✐ ♠❛s♦ ♣❛❧✐❝❡✱ ♣♦t❡♠ ✉❣♦t♦✈✐♠♦✱ ❞❛ ❥❡ r❡③✉❧t❛t ♥❡♦❞✈✐s❡♥ ♦❞ ♠❛s❡
✉t❡➸✐✱ ❦✐ ❥♦ ♦❜❡s✐♠♦ ♥❛ ♣❛❧✐❝♦✳ ❩❛↔♥❡♠♦ ♣r✐ r❛✈♥♦✈❡s❥✉ ♥❛✈♦r♦✈✳ ◆❛✈♦r ♥❛ ❧❡✈✐ str❛♥✐
♣r✐tr❞✐➨↔❛ ✭♦❜❡s✐➨↔❛✮ ✉t❡➸✐ ♠♦r❛ ❜✐t✐ ❡♥❛❦ ♥❛✈♦r✉ ♥❛ ❞❡s♥✐ str❛♥✐✿

k1xr1 = k2x(r − r1)

❯♣♦r❛❜❧❥❡♥❡ ♦③♥❛❦❡✿ k1 ✐♥ k2 st❛ ❦♦❡✜❝✐❡♥t❛ ✈③♠❡t✐✱ r1 ✐♥ r2 st❛ r❛③❞❛❧❥✐ ♦❞ ♣r✐tr❞✐➨↔❛ ✉t❡➸✐
❞♦ ♣♦s❛♠❡③♥❡ ✈③♠❡t✐ ✐♥ ♥❥✉♥❛ ✈s♦t❛ ❥❡ ❡♥❛❦❛ ❞♦❧➸✐♥✐ ♣❛❧✐❝❡ r1 + r2 = r✱ x ♣❛ ❥❡ r❛③t❡③❡❦
♦❜❡❤ ✈③♠❡t✐✱ ❦✐ ♠♦r❛ ❜✐t✐ ❡♥❛❦✱ ↔❡ ♥❛❥ ❜♦ ♣❛❧✐❝❛ ✈♦❞♦r❛✈♥❛ ✕ ♣r✐ t❡♠ ♣r❡❞♣♦st❛✈✐♠♦✱ ❞❛
❥❡ ❜✐❧❛ ✈ ③❛↔❡t❦✉✱ ♣r❡❞❡♥ s♠♦ ♥❛♥❥♦ ♦❜❡s✐❧✐ ✉t❡➸✱ t✉❞✐ ✈♦❞♦r❛✈♥❛✦
■③r❛③✐♠♦ r❡❝✐♠♦ r❛③❞❛❧❥♦ r1 ✐♥ ✐③r❛↔✉♥❛♠♦✿

r1 =
r

k1

k2
+ 1

=
2m

8 N/cm
5 N/cm + 1

= 0, 77 m = 77 cm

❯❣♦t♦✈✐♠♦✱ ❞❛ ♠♦r❛♠♦ ✉t❡➸ ♣r✐tr❞✐t✐ 77 cm ♦❞ ❦♦♥❝❛✱ ❦❥❡r ❥❡ ✈③♠❡t s ❦♦❡✜❝✐❡♥t♦♠ 8 N/cm✳

✶✾✳ ▲❛❤❦❛✱ ✷♠ ❞♦❧❣❛ ♣❛❧✐❝❛ ❥❡ ♥❛ ❦♦♥❝❡❤ ✈♦❞♦r❛✈♥♦ ♦❜❡➨❡♥❛ ♥❛ ✈③♠❡t❡❤ s ❦♦❡✜❝✐❡♥t♦♠❛ ✶✻◆✴❝♠
✐♥ ✹◆✴❝♠✳ ❑❛♠ ♠♦r❛♠♦ ♦❜❡s✐t✐ ❜r❡♠❡✱ ❞❛ ♦st❛♥❡ ♣❛❧✐❝❛ ✈♦❞♦r❛✈♥❛❄ ❑❛❥ s❡ s♣r❡♠❡♥✐✱ ↔❡
✉♣♦➨t❡✈❛➨ ♠❛s♦ ♣❛❧✐❝❡ m = 600 g❄

❘♣✿ r1 = 40 cm

❷❡ ✉♣♦➨t❡✈❛♠♦ ➨❡ ♠❛s♦ ♣❛❧✐❝❡✱ ♣♦t❡♠ ✐♠❛♠♦ t❡➸❛✈❡✱ s❛❥ s❡ ✈③♠❡t✐ ➸❡ ♥❛ ③❛↔❡t❦✉ r❛③t❡✲
❣♥❡t❛✳ ❱s❡❦❛❦♦r ❥❡ r❡③✉❧t❛t ♦❞✈✐s❡♥ ♦❞ ♠❛s❡ ♣❛❧✐❝❡✦

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

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

✷✷✳ ▲❛❤❦❛ ♣❧♦➨↔❛ ✐♠❛ ♦❜❧✐❦♦ ❦✈❛❞r❛t❛ s str❛♥✐❝♦ 20 cm✳ ◆❛ ♦❣❧✐➨↔✐❤ ♣❧♦➨↔❡ s♦ ♣r✐tr❥❡♥❡ ✉t❡➸✐ s t❡➸❛♠✐
2 N✱ 3 N✱ 5 N✱ 10 N✳ ❑❥❡ ❥❡ t❡➸✐➨↔❡ s✐st❡♠❛❄

❘♣✿ ❑♦ ❦✈❛❞❡r ♣♦❥❡❝✐r❛♠♦ ♥❛ ❡♥♦ str❛♥✐❝♦✱ r❡❝✐♠♦ ✈③❞♦❧➸ ♦s✐ ❳✱ ♣♦t❡♠ ❞♦❜✐♠♦ ❞❛❧❥✐❝♦✱ ❦✐ ✐♠❛
♥❛ ❦♦♥❝❡❤ t❡➸✐ 2 N + 10N ✐♥ 3 N + 5N✱ ❦✐ st❛ r❛③♠❛❦♥❥❡♥✐ ③❛ a ✱ ③❛t♦ ❥❡ ✈③❞♦❧➸ t❡ ❞❛❧❥✐❝❡
t❡➸✐➨↔❡✿

xt =
a · 8 N

20 N
=

2

5
a = 8 cm

❑♦ ❦✈❛❞❡r ♣r♦❥❡❝✐r❛♠♦ ♥❛ ❞r✉❣♦ str❛♥✐❝♦✱ r❡❝✐♠♦ ✈③❞♦❧➸ ♦s✐ ❨✱ ♣♦t❡♠ ❞♦❜✐♠♦ ❞❛❧❥✐❝♦✱ ❦✐
✐♠❛ ♥❛ ❦♦♥❝❡❤ t❡➸✐ 2 N + 3N ✐♥ 10 N + 5N✱ ❦✐ st❛ r❛③♠❛❦♥❥❡♥✐ ③❛ a ✱ ③❛t♦ ❥❡ ✈③❞♦❧➸ t❡
❞❛❧❥✐❝❡ t❡➸✐➨↔❡✿

yt =
a · 15 N

20 N
=

3

4
a = 15 cm

✷✸✳ ▲❛❤❦❛ ♣❧♦➨↔❛ ✐♠❛ ♦❜❧✐❦♦ ❡♥❛❦♦str❛♥✐↔♥❡❣❛ tr✐❦♦t♥✐❦❛ s str❛♥✐❝♦ 20 cm✳ ◆❛ ♦❣❧✐➨↔✐❤ ♣❧♦➨↔❡ s♦
♣r✐tr❥❡♥❡ ✉t❡➸✐ s t❡➸❛♠✐ 2 N✱ 3 N ✐♥ 5 N✳ ❑❥❡ ❥❡ t❡➸✐➨↔❡ s✐st❡♠❛❄

❘♣✿ ▼❛❧♦ ③❛♣❧❡t❡♥❡❥❡ ❦♦t ③❣♦r❛❥✱ s❛❥ ✐♠❛♠♦ ✈ ❡♥❡♠ ♣r✐♠❡r✉ ♥❛ ❞❛❧❥✐❝✐ tr✐ ♠❛s♥❡ t♦↔❦❡✳
xt = 11 cm✱ yt = 8, 6 cm✳

✷✹✳ ❚r✐ ③❡❧♦ ❧❛❤❦❡ ❧❡t✈✐❝❡✱ ❞♦❧❣❡ ♣♦ 20 cm✱ s❡st❛✈✐♠♦ ✈ tr✐❦♦t♥✐❦✳ ❱ ♦❣❧✐➨↔❛ tr✐❦♦t♥✐❦❛ ♣r✐tr❞✐♠♦
❦r♦❣❧✐❝❡ ③ ♠❛s❛♠✐ 10 g✱ 20 g ✐♥ 30 g✳ ❑❥❡ ❥❡ t❡➸✐➨↔❡ tr✐❦♦t♥✐❦❛❄

✷✺✳ ◆❛ ❞r♦❣✱ ♣♦❞♣rt ✈ sr❡❞✐♥✐✱ ♦❜❡s✐♠♦ ♥❛ ❧❡✈✐ str❛♥✐ ❜r❡♠❡ ✾ ❦❣ ✈ r❛③❞❛❧❥✐ ✻✵ ❝♠ ✐♥ ❜r❡♠❡ ✽ ❦❣ ✈
r❛③❞❛❧❥✐ ✶✺ ❝♠ ♦❞ ♦s✐✳ ◆❛ ❞❡s♥✐ str❛♥✐ ♣❛ ❜r❡♠❡ ✶✶ ❦❣ ✈ r❛③❞❛❧❥✐ ✹✵ ❝♠ ♦❞ ♦s✐✳ ❑♦❧✐❦♦ ♠♦r❛♠♦
♦❜❡s✐t✐ ♥❛ ❞❡s♥✐ str❛♥✐ ✈ r❛③❞❛❧❥✐ ✸✵ ❝♠ ♦❞ ♦s✐✱ ❞❛ ❜♦ s✐st❡♠ ✈ r❛✈♥♦✈❡s❥✉❄

✷✻✳ ❏❡❦❧❡♥❛ ♣❛❧✐❝❛ ✐♠❛ ❞♦❧➸✐♥♦ 1 m ✐♥ ♠❛s♦ 1, 2 kg✳ ◆❛ ❡♥✐ str❛♥✐ ❥❡ s t❡↔❛❥❡♠ ♣r✐tr❥❡♥❛ ♥❛ ♦♠❛r✐❝♦✳
◆❛ ♣❛❧✐❝✐ ❥❡ 30 cm ♦❞ t❡↔❛❥❛ ✭❦❥❡r ❥❡ ♦s✮ ♣r✐tr❥❡♥♦ ❜r❡♠❡ ③ ♠❛s♦ 4 kg✳

✭❛✮ ❑♦❧✐❦♦ ❥❡ ♥❛✈♦r t❡➸❡ ♣❛❧✐❝❡❄



✸ ❙❚❆❚■❑❆ ✹✵

✭❜✮ ❑♦❧✐❦♦ ❥❡ ♥❛✈♦r t❡➸❡ ❜r❡♠❡♥❛❄
✭❝✮ ❑♦❧✐❦♦ ❥❡ ✈s♦t❛ ✈s❡❤ ♥❛✈♦r♦✈ ♥❛ ♣❛❧✐❝♦✱ ↔❡ ❧❡✲t❛ ♠✐r✉❥❡❄❄
✭❞✮ ❑♦❧✐❦➨♥❡ ♥❛✈♦r ❥❡ ♣♦tr❡❜❡♥✱ ❞❛ ♣❛❧✐❝♦ ♦❜❞r➸✐ ✈ r❛✈♥♦✈❡s❥✉❄
✭❡✮ ❙ ❦♦❧✐❦➨♥♦ s✐❧♦ ❥❡ tr❡❜❛ ❞r➸❛t✐ ♣❛❧✐❝♦ ♥❛ ❞r✉❣✐ str❛♥✐ t❡↔❛❥❛✱ ❞❛ ❜♦ ♠✐r♦✈❛❧❛❄

❘♣✿ Mt = mg l
2 = 6Nm✱ Mb = mgl = 12Nm✱ Σ ~M = 0✱ M = Mb + Mt = 18Nm✱ F = M

l =
18 N

✷✼✳ ❏❡❦❧❡♥❛ ♣❛❧✐❝❛ ✐♠❛ ❞♦❧➸✐♥♦ 2 m ✐♥ ♠❛s♦ 1, 5 kg✳ ◆❛ ❡♥✐ str❛♥✐ ❥❡ s t❡↔❛❥❡♠ ♣r✐tr❥❡♥❛ ♥❛ ♦♠❛r✐❝♦✳
◆❛ ♣❛❧✐❝✐ ❥❡ 70 cm ♦❞ t❡↔❛❥❛ ✭❦❥❡r ❥❡ ♦s✮ ♣r✐tr❥❡♥♦ ❜r❡♠❡ ③ ♠❛s♦ 4 kg✳

✭❛✮ ❑♦❧✐❦♦ ❥❡ ♥❛✈♦r t❡➸❡ ♣❛❧✐❝❡❄
✭❜✮ ❑♦❧✐❦♦ ❥❡ ♥❛✈♦r t❡➸❡ ❜r❡♠❡♥❛❄
✭❝✮ ❑♦❧✐❦♦ ❥❡ ✈s♦t❛ ✈s❡❤ ♥❛✈♦r♦✈ ♥❛ ♣❛❧✐❝♦✱ ↔❡ ❧❡✲t❛ ♠✐r✉❥❡❄❄
✭❞✮ ❑♦❧✐❦➨❡♥ ♥❛✈♦r ❥❡ ♣♦tr❡❜❡♥✱ ❞❛ ♣❛❧✐❝♦ ♦❜❞r➸✐ ✈ r❛✈♥♦✈❡s❥✉❄
✭❡✮ ❙ ❦♦❧✐❦➨♥♦ s✐❧♦ ❥❡ tr❡❜❛ ❞r➸❛t✐ ♣❛❧✐❝♦ ♥❛ ❞r✉❣✐ str❛♥✐ t❡↔❛❥❛✱ ❞❛ ❜♦ ♠✐r♦✈❛❧❛❄

✷✽✳ ❑✈❛❞❡r ✐♠❛ str❛♥✐❝❡ 5 cm × 4 cm × 10 cm✳ ◆❛ ✈♦❞♦r❛✈♥✐ ♣♦❞❧❛❣✐ st♦❥✐ ♥❛ ♥❛❥♠❛♥❥➨✐ ♣❧♦s❦✈✐✳
❑♦❡✜❝✐❡♥t tr❡♥❥❛ ♠❡❞ ❦✈❛❞r♦♠ ✐♥ ♣♦❞❧❛❣♦ ❥❡ 0, 75✳ ●♦st♦t❛ ❦✈❛❞r❛ ❥❡ 10, 2 kg/dm3✳ ❱ ❦❛t❡r✐
s♠❡r✐ ✐♥ s ❦♦❧✐❦➨♥♦ s✐❧♦ ❣❛ ❥❡ ♣♦tr❡❜♥♦ ♣♦t✐s♥✐t✐✱ ❞❛ s❡ ③✈r♥❡ ♥❛ ♥❛❥✈❡↔❥♦ ♣❧♦s❦❡✈❄

❘♣✿ ❩❛♥✐♠✐✈♦✱ ❞❛ ♥❛❧♦❣❛ ③❛❤t❡✈❛ r❡➨✐t❡✈✱ ❦✐ ♥✐ ❡♥❛ s❛♠❛ ✕ ♦↔✐t♥♦ s✐ ❧❛❤❦♦ r❡➨❡✈❛❧❡❝ s❛♠ ✐③❜❡r❡✱
✈ ❦❛t❡r✐ t♦↔❦✐ ❜♦ ♣♦t✐s♥✐❧ ❦✈❛❞❡r✱ ✈ ❦❛t❡r✐ s♠❡r✐ ❣❛ ❜♦ ♣♦t✐s♥✐❧ ✐♥ ♣♦t❡♠ ♠♦r❛ s❛♠♦ ➨❡
✐③r❛↔✉♥❛t✐ ❦♦❧✐❦➨♥❛ ❥❡ t❛ s✐❧❛✦ ❊❞✐♥♦ tr❡♥❥❡ ♠❡❞ ❦✈❛❞r♦♠ ✐♥ ♣♦❞❧❛❣♦ ♥❛♠ ♦♠❡❥✉❥❡ ✐③❜✐r♦
t♦↔❦❡ t❡r s♠❡r✐ ✈ ❦❛t❡r✐ ❞❡❧✉❥❡ s✐❧❛✳ ◆❛ ✐③❜✐r♦ ✐♠❛ t✉❞✐ ♦s ✈rt❡♥❥❛✱ ❦✐ ❥❡ ❧❛❤❦♦ r♦❜ ❦✈❛❞r❛
❛❧✐ ♥❥❡❣♦✈♦ ♦❣❧✐➨↔❡✳
❡✳❣✿✳ ◆❛ s❧✐❦✐ ✶✺ s♠♦ s❡ ♦❞❧♦↔✐❧✐✱ ❞❛ ❜♦♠♦ ♣♦t✐s♥✐❧✐ ❦✈❛❞❡r ✈ t♦↔❦✐ ❧❡✈♦ ③❣♦r❛❥ ✐♥ s✐❝❡r
t❛❦♦✱ ❞❛ s❡ ❜♦ ③❛✈rt❡❧ ♦❦♦❧✐ r♦❜❛✳ ■♥ ➨❡ ✈❡❞♥♦ ✐♠❛♠♦ ♣r❡❝❡❥ ♠♦➸♥♦st✐✱ ❞❛ s✐ ✐③❜❡r❡♠♦ s♠❡r
❞❡❧♦✈❛♥❥❛ s✐❧❡✳ ❖❞ ♦❜♦❥❡❣❛ ❥❡ ♦❞✈✐s♥❛ ✈❡❧✐❦♦st s✐❧❡✳ ❱ ✈s❛❦❡♠ ♣r✐♠❡r✉ ♠♦r❛♠♦ ❞❡❧♦✈❛t✐ s
t♦❧✐❦➨♥♦ s✐❧♦✱ ❞❛ ❜♦ ♥❥❡♥ ♥❛✈♦r ✈s❛❥ t♦❧✐❦➨❡♥✱ ❦♦t ❥❡ ♥❛✈♦r t❡➸❡ ❦✈❛❞r❛✿ M ≥ Mg✦
❷❡ s✐ ✐③❜❡r❡♠♦ s♠❡r ♥❛✈♣✐↔♥♦ ♥❛✈③❣♦r ✭s✐❧❛ F ♥❛ s❧✐❦✐ ✶✺✮✱ ❦❛❦♦r ❜✐ ❞✈✐❣♦✈❛❧✐ ❦✈❛❞❡r✱ ↔❡
❜✐ st❛❧ ♥❛ ♥❛❥✈❡↔❥✐ ♣❧♦s❦✈✐✱ ♣♦t❡♠ ❧❛❤❦♦ r❛↔✉♥❛♠♦ t❛❦♦❧❡✿

Fd sin ϕ = Fg
d

2
sin ϕ ⇒ F =

Fg

2

d ❥❡ ♣r❡↔♥❛ ❞✐❛❣♦♥❛❧❛ ❦✈❛❞r❛ ✕ t♦r❡❥ ❞✐❛❣♦♥❛❧❛ ♣r❛✈♦❦♦t♥✐❦❛✱ ❦✐ ❥❡ ♣r❡r❡③ ❦✈❛❞r❛✳
❑❡r ❥❡ ♣r♦st♦r♥✐♥❛ ❦✈❛❞r❛ V = abc = 200 cm3 ✐♥ ♠❛s❛ ❦✈❛❞r❛ m = ̺V = 2, 04 kg✱ ❥❡ s✐❧❛
F = 10, 2 N✳
❷❡ s✐ ✐③❜❡r❡♠♦ s♠❡r s✐❧❡ F1✱ ❦✐ ❥❡ ✈③♣♦r❡❞♥❛ s ♣♦❞❧❛❣♦✿

F1d sin(
π

2
− ϕ) = Fg

d

2
sin ϕ ⇒ F1 =

1

2
Fg tanϕ

❱ t❡♠ ♣r✐♠❡r✉ ❜♦ s✐❧❛ ♥❛❥♠❛♥❥➨❛✱ ↔❡ ③❛✈rt✐♠♦ ❦✈❛❞❡r ♦❦♦❧✐ str❛♥✐❝❡✱ ❦✐ ❥❡ ❞♦❧❣❛ 5 cm✱ t❛❦♦
❞❛ ❥❡ t❛♥❣❡♥s ❦♦t❛✿ tanϕ = 4 cm

10 cm = 0, 4✱ t❡❞❛❥ ❥❡ s✐❧❛ F1 = 4, 08 N✳
❷❡ s✐ ✐③❜❡r❡♠♦ s♠❡r s✐❧❡ F2✱ ❦✐ ❥❡ ♣r❛✈♦❦♦t♥❛ ♥❛ ❞✐❛❣♦♥❛❧♦✿

F2d = Fg
d

2
sin ϕ ⇒ F2 ≥ Fg

2
sin ϕ

❚✉❞✐ ✈ t❡♠ ♣r✐♠❡r✉ ❜♦ s✐❧❛ ♥❛❥♠❛♥❥➨❛✱ ↔❡ ③❛✈rt✐♠♦ ❦✈❛❞❡r ♦❦♦❧✐ str❛♥✐❝❡✱ ❦✐ ❥❡ ❞♦❧❣❛
5 cm✱ t❛❦♦ ❞❛ ❥❡ s✐♥✉s ❦♦t❛✿ sin ϕ = 4 cm√

(10 cm)2+(4 cm)2
= 0, 37✱ t❡❞❛❥ ❥❡ s✐❧❛ F2 = 3, 79 N✳

❯❣❛♥❡♠♦ ❧❛❤❦♦✱ ❞❛ ❜♦ ✈ t❡♠ ♣r✐♠❡r✉ s✐❧❛ ♥❛❥♠❛♥❥➨❛✦
❚♦ ❥❡ ❧❡ ♥❡❦❛❥ ♣r✐♠❡r♦✈✱ ❦❛❦♦ ❧❛❤❦♦ t❛❦➨♥♦ ♥❛❧♦❣♦ r❡➨✐♠♦✳
❙ t❡♠ ♣❛ ♥✐ ❦♦♥❡❝ t❡➸❛✈ ✐♥ ③❛♣❧❡t♦✈✦ ❍✐tr♦ ✉❣♦t♦✈✐♠♦✱ ❞❛ s❡ ❜♦ s✐❧❛ s ❦❛t❡r♦ ♠♦r❛♠♦
❞❡❧♦✈❛t✐ ♥❛ ❦✈❛❞❡r ③♠❛♥❥➨❡✈❛❧❛✱ ❦♦ ❣❛ ❜♦♠♦ ♣r❡✈r❛↔❛❧✐✳ ❖st❛♥❡ ➨❡ ✈♣r❛➨❛♥❥❡✱ ❛❧✐ ❥❡ tr❡♥❥❡
❞♦✈♦❧❥ ✈❡❧✐❦♦✱ ❞❛ ❦✈❛❞❡r ♥❡ ❜♦ ③❞rs♥✐❧ ✳ ✳ ✳
◆❛ ③❛↔❡t❦✉ s❡ ♠✐ ❥❡ ③❞❡❧♦✱ ❞❛ ❥❡ t❛❦➨♥❛ ♥❛❧♦❣❛✱ ♣r✐ ❦❛t❡r✐ ♥✐ ❡♥❡ s❛♠❡ r❡➨✐t✈❡✱ ♥❡❦❛❦♦
♠❛♥❥✈r❡❞♥❛✳ ▼❡❞ r❡➨❡✈❛♥❥❡♠ s❡♠ ♠♥❡♥❥❡ s♣r❡♠❡♥✐❧✳ ◆❛❧♦❣❛ ♣✉➨↔❛ ❞♦✈♦❧❥ ♠♦➸♥♦st✐✱
♥❡❦❛t❡r❡ r❡➨✐t✈❡ s♦ ❡♥♦st❛✈♥❡✱ ❦♦t t❡✱ ❦✐ s❡♠ ❥✐❤ ③❛♣✐s❛❧✱ ❞r✉❣❡ ❜♦❧❥ ③❛♣❧❡t❡♥❡✳
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ϕ

ϕ

F

F1

2

F

gF

tF

❙❧✐❦❛ ✶✺✿ Pr❡❦✉❝♥✐♠♦ ❦✈❛❞❡r✦ ❑❥❡ ❜♦♠♦ ♣r✐t✐s♥✐❧✐ ♥❛ ❦✈❛❞❡r✱ ✈ ❦❛t❡r✐ s♠❡r✐ ✐♥ s ❦♦❧✐❦➨♥♦ s✐❧♦❄

✷✾✳ ❑✈❛❞❡r ✐♠❛ str❛♥✐❝❡ 5 cm × 4 cm × 10 cm✳ ◆❛ ✈♦❞♦r❛✈♥✐ ♣♦❞❧❛❣✐ st♦❥✐ ♥❛ ♥❛❥✈❡↔❥✐ ♣❧♦s❦✈✐✳
❑♦❡✜❝✐❡♥t tr❡♥❥❛ ♠❡❞ ❦✈❛❞r♦♠ ✐♥ ♣♦❞❧❛❣♦ ❥❡ 1, 75✳ ●♦st♦t❛ ❦✈❛❞r❛ ❥❡ 8, 2 kg/dm3✳ ❱ ❦❛t❡r✐
s♠❡r✐ ✐♥ s ❦♦❧✐❦➨♥♦ s✐❧♦ ❣❛ ❥❡ ♣♦tr❡❜♥♦ ♣♦t✐s♥✐t✐✱ ❞❛ s❡ ③✈r♥❡ ♥❛ ♥❛❥♠❛♥❥➨♦ ♣❧♦s❦❡✈❄

❘♣✿ ●❧❡❥ ♣r❡❥➨♥❥♦ ♥❛❧♦❣♦✦

✸✵✳ ❏❡❦❧❡♥❛ ♣❛❧✐❝❛ ✐♠❛ ❞♦❧➸✐♥♦ 2 m ✐♥ ♠❛s♦ 1, 5 kg✳ ◆❛ ❡♥✐ str❛♥✐ ❥❡ ♦❜❡➨❡♥❛ ✉t❡➸ ③ ♠❛s♦ 2 kg✱ ♥❛
❞r✉❣✐ str❛♥✐ ♣❛ ✉t❡➸ ③ ♠❛s♦ 4 kg✳

✭❛✮ ❑❛❥ ❥❡ t♦ t❡➸✐➨↔❡❄

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

✸✶✳ ❷❡ ❥❡ ❦♦❧♦ ❞♦❜r♦ ❝❡♥tr✐r❛♥♦ ✐♥ ↔❡ ♦❞str❛♥✐♠♦ ✈❡♥t✐❧✱ ❥❡ t❡➸✐➨↔❡ ❦♦❧❡s❛ ♥❛ ♥❥❡❣♦✈✐ ♦s✐✳ ▼❛s❛
❦♦❧❡s❛ ❥❡ 2, 5 kg✱ ♠❛s❛ ✈❡♥t✐❧↔❦❛ ♣❛ 16 g✳ ❱❡♥t✐❧↔❡❦ ❧❡➸✐ 30 cm str❛♥ ♦❞ ♦s✐✳ ❑❛❦♦ ❞❛❧❡↔ ♦❞ ♦s✐ ❥❡
t❡➸✐➨↔❡ ③❞❛❥❄

✸✷✳ ❱ ❦❛t❡r✐❤ ♣r✐♠❡r✐❤ ❥❡ s✐st❡♠ ✈ r❛✈♥♦✈❡s❥✉❄ ●❧❡❥ s❧✐❦♦ ✶✻✦ ❱s❡ s✐❧❡ s♦ ❡♥❛❦♦ ✈❡❧✐❦❡✳ ❖❜❦r♦➸✐✦

a) b)

c) d) e)

❙❧✐❦❛ ✶✻✿ ❘❛✈♥♦✈❡s❥❡ ■✳
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✸✸✳ ❑❛t❡r❡ ♦❞ ♥❛s❧❡❞♥❥✐❤ ↔❡t✈❡r✐❝ ❡♥❛❦♦ ✈❡❧✐❦✐❤ s✐❧ ❜✐ ❧❛❤❦♦ ♦❜❞r➸❛❧❡ t❡❧♦ ✈ r❛✈♥♦✈❡s❥✉❄ ●❧❡❥ s❧✐❦♦ ✶✼✦
❖❜❦r♦➸✐✦

✭❛✮ F1 = F2 = F3 = F4

✭❜✮ F1 = F2 = F3 = F4

✭❝✮ F1 = F2 = F3 = F4

✭❞✮ Fg = 4N ❀ F1 = F2 = 2
√

2N

✭❡✮ F2 = F3 = F1

2

ϕ

ϕ

ϕ

ϕF4

F1

F2

F3

a)

F1

F2 F3

e)

F2F1

F3 F4

c)

F1
F2

Fg

d)

F1

F2

F3

F4

b)

❙❧✐❦❛ ✶✼✿ ❘❛✈♥♦✈❡s❥❡ ■■✳

✸✹✳ ❖↔❡ ✐♥ s✐♥ ♥❡s❡t❛ ♥❛ r❛♠❛❤ 4 m ❞♦❧❣ ✐♥ 100 N t❡➸❛❦ ❤♦♠♦❣❡♥ ❞r♦❣✳ ◆❛ ♣r✈❡♠ ❦r❛❥✐➨↔✉ ❞r♦❣❛✱
❦✐ ♠♦❧✐ 1 m ♣r❡❞ ♦↔❡t❛✱ ❥❡ ♦❜❡➨❡♥❛ ✉t❡➸ ③❛ 300 N✳ 1 m ♣r❡❞ ③❛❞♥❥✐♠ ❦r❛❥✐➨↔❡♠✱ ❦✐ ❣❛ ♣♦❞♣✐r❛
s✐♥✱ ❥❡ ♦❜❡➨❡♥❛ ♥❛ ❞r♦❣✉ ✉t❡➸ ③❛ 600 N✳ ❑♦❧✐❦♦ ♥♦s✐ ♦↔❡ ✐♥ ❦♦❧✐❦♦ s✐♥❄

❘♣✿ F2 = 600N✱ F1 = 300N✱ l = 4m✱ a = 1m✱ Fg = 100N

r❛✈♥♦✈❡s❥❡ s✐❧✿
F1 + F2 + Fg = F + F ′

r❛✈♥♦✈❡s❥❡ ♥❛✈♦r♦✈ ✭❣❧❡❞❛♠♦ ✈ ❧❡❣✐✱ ❦❥❡r ♥♦s✐ s✐♥✮✿

F1l +
Fgl

2
+ F2a − F (l − a) = 0
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F =
F1l +

Fgl
2 + F2a

l − a
= 670N

F ′ = F1 + F2 + Fg − F = 330N

✸✺✳ ❚r✐♥♦➸♥♦ st♦❥❛❧♦ ✐♠❛ ❡♥❛❦♦ ❞♦❧❣❡ ♥♦❣❡✱ ❦❛t❡r✐❤ ♣♦❞♥♦➸✐➨↔❛ t✈♦r✐❥♦ ❡♥❛❦♦str❛♥✐↔♥✐ tr✐❦♦t♥✐❦✳
◆♦❣❡ s♦ ♥❛❣♥❥❡♥❡ 30◦ ♣r♦t✐ ♥❛✈♣✐↔♥✐❝✐ ✐♥ s♦ ♦❜ t❧❡❤ ♣♦✈❡③❛♥❡ ③ ✈r✈✐❝❛♠✐✳ ❙ ❦♦❧✐❦➨♥✐♠✐ s✐❧❛♠✐
s♦ ♦❜r❡♠❡♥❥❡♥❡ ♥♦❣❡ st♦❥❛❧❛ ✐♥ s ❦♦❧✐❦➨♥✐♠✐ s✐❧❛♠✐ s♦ ♥❛♣❡t❡ ✈r✈✐❝❡✱ ↔❡ st♦❥✐ st♦❥❛❧♦ ♥❛ ❣❧❛❞❦✐❤
✈♦❞♦r❛✈♥✐❤ t❧❡❤ ✐♥ ❥❡ ♥❛ ✈r❤ st♦❥❛❧❛ ♦❜❡➨❡♥❛ ✸✵✵ ❦✐❧♦❣r❛♠s❦❛ ✉t❡➸❄

❘♣✿ F = 3000N ϕ = 30◦ α = 60◦

F
Fg

3 cos ϕ
= 1154N

2F ′ cos
α

2
= F sin ϕ

F ′ = 333N

✸✻✳ ❑♦③❛r❡❝ ✈♦❞❡ ♥❛ ❦❧❛♥❝✉✦ ❑❛❥ s❡ ♣r❡❥ ③❣♦❞✐✿ ❛❧✐ ③❞rs♥❡✱ ❛❧✐ s❡ ♣r❡❦✉❝♥❡ ❛❧✐ s❡ r❛③❧✐❥❡❄ ●❧❡❥ ➨❡
t❡➸✐➨↔❡ tr❛♣❡③❛✦ ❆❧✐ ❥❡ t❡➸✐➨↔❡ ❦✈❛❞r❛st❡ ♣♦s♦❞❡ r❛✈♥♦ t❛♠✱ ❦♦t t❡➸✐➨↔❡ ✈❛❧❥❛st❡ ♣♦s♦❞❡❄

✸✼✳ ❑✈❛❞❡r ✐♠❛ str❛♥✐❝❡ 4 cm✱ 4 cm ✐♥ 10 cm✳ ❑♦❡✜❝✐❡♥t tr❡♥❥❛ ♠❡❞ ❦✈❛❞r♦♠ ✐♥ ♣♦❞❧❛❣♦ ❥❡ 0, 75✳
●♦st♦t❛ ❦✈❛❞r❛ ❥❡ 10, 2 kg/dm3✳ ❑♦❧✐❦♦ ❥❡ ♥❛❥✈❡↔❥❛ str♠✐♥❛ ❦❧❛♥❝❛✱ ♥❛ ❦❛t❡r❡❣❛ ➨❡ ❧❛❤❦♦ ♣♦✲
st❛✈✐♠♦ ❦✈❛❞❡r ♥❛ ♥❛❥♠❛♥❥➨♦ str❛♥✐❝♦✱ ❞❛ s❡ ♥❡ ③✈r♥❡ ✭❧❛❤❦♦ ✐③r❛↔✉♥❛➨ t✉❞✐ ❦♦t✱ ↔❡ t✐ ❥❡ ❧❛➸❥❡✮❄

❘♣✿ ❍♠♠♠✳ ✳ ✳ ③♥♦✈❛ ❞✈♦❥♥✐ ♣r♦❜❧❡♠✱ s❛❥ s❡ ✈ ♥❛❧♦❣✐ s❦r✐✈❛ ➨❡ ❞r✉❣♦ ✈♣r❛➨❛♥❥❡✳ ❑✈❛❞❡r ❜♦
st❛❧ ♥❛ ❦❧❛♥❝✉✱ ❞♦❦❧❡r ❜♦ t❡➸✐➨↔❡ ❦✈❛❞r❛ ♥❛❞ ♦s♥♦✈♥♦ ♣❧♦s❦✈✐❥♦✱ ♥❛ ❦❛t❡r✐ st♦❥✐ ❦✈❛❞❡r✳
❚❡❞❛❥ ❥❡ ❦♦t ③❛ ❦❛t❡r❡❣❛ ❥❡ ❦❧❛♥❡❝ ♥❛❣♥❥❡♥ ♣r♦t✐ ✈♦❞♦r❛✈♥✐❝✐ ϕ ♠❛♥❥➨✐ ♦❞ ♠❡❥♥❡❣❛ ❦♦t❛
ϕo✳ ❑❛❞❛r ❥❡ ❦❧❛♥❡❝ ♥❛❣♥❥❡♥ ③❛ ♠❡♥❥♥✐ ❦♦t✱ ❥❡ t❡➸✐➨↔❡ ❦✈❛❞r❛ ♥❛t❛♥❦♦ ♥❛❞ r♦❜♦♠ ❦✈❛❞r❛✱
♦❦♦❧✐ ❦❛t❡r❡❣❛ s❡ ❦✈❛❞❡r ♣r❡❦✉❝♥❡✳ ❱❡❧❥❛ ❞❛ ♥❛✈♦r t❡➸❡ Mg ❞r➸✐ ❦✈❛❞❡r ♥❛ ❦❧❛♥❝✉✱ ❞♦❦❧❡r
ϕ ≤ ϕo✳ ❑♦ ♣❛ ❥❡ ϕ > ϕo✱ Mg ♣r❡❦✉❝♥❡ ❦✈❛❞❡r✳ ❑♦t ✈✐❞✐♠♦ ✐③ ❣❡♦♠❡tr✐❥❡ ♣r♦❜❧❡♠❛✱ st❛
str♠✐♥❛ ♣r✐ ♠❡❥♥❡♠ ❦♦t✉ ✐♥ ♠❡❥♥✐ ❦♦t✿

tanϕo =
4 cm

10 cm
= 0, 4 ⇒ ϕo = 21, 8◦

❆♠♣❛❦ ❦❛❥ ♣❛✱ ↔❡ ❦✈❛❞❡r ➸❡ ♣r❡❥ ③❞rs♥❡❄ ❑✈❛❞❡r ③❞rs♥❡ ♣♦ ❦❧❛♥❝✉✱ ❦❛❞❛r ❥❡ str♠✐♥❛ ❦❧❛♥❝❛
✈❡↔❥❛ ♦❞ ❦♦❡✜❝✐❡♥t❛ tr❡♥❥❛ kt✳ P♦❣♦❥ ③❛ ③❞rs ❥❡✿

kt < tanϕo

❱ ♥❛➨❡♠ ♣r✐♠❡r✉ s❡ ❜♦ ❦✈❛❞❡r ♣r❡❦✉❝♥✐❧✦

✸✽✳ ❑✈❛❞❡r ✐♠❛ str❛♥✐❝❡ 5 cm✱ 10 cm ✐♥ 10 cm✳ ❑♦❡✜❝✐❡♥t tr❡♥❥❛ ♠❡❞ ❦✈❛❞r♦♠ ✐♥ ♣♦❞❧❛❣♦ ❥❡ 1, 75✳
●♦st♦t❛ ❦✈❛❞r❛ ❥❡ 8, 2 kg/dm3✳ ❑♦❧✐❦♦ ❥❡ ♥❛❥✈❡↔❥❛ str♠✐♥❛ ❦❧❛♥❝❛✱ ♥❛ ❦❛t❡r❡❣❛ ➨❡ ❧❛❤❦♦ ♣♦st❛✲
✈✐♠♦ ❦✈❛❞❡r ♥❛ ♥❛❥✈❡↔❥♦ str❛♥✐❝♦✱ ❞❛ s❡ ♥❡ ③✈r♥❡ ✭❧❛❤❦♦ ✐③r❛↔✉♥❛➨ t✉❞✐ ❦♦t✱ ↔❡ t✐ ❥❡ ❧❛➸❥❡✮❄

❘♣✿ P♦❞♦❜❡♥ ♣r♦❜❧❡♠ ❦♦t ③❣♦r❛❥✱ ❧❡ ❞❛ ❥❡ ✐③♣♦❧♥❥❡♥ ♣♦❣♦❥ ③❛ ③❞rs✳ ❚♦ ♣♦♠❡♥✐✱ ❞❛ s❡ ❦✈❛❞❡r
♥❡ ❜♦ ♣r❡❦✉❝♥✐❧✱ ❛♠♣❛❦ ③❞rs♥✐❧ ♣♦ ❦❧❛♥❝✉ ♥❛✈③❞♦❧✳

1, 75 = kt < tanϕo =
10 cm

5 cm
= 2

✸✾✳ ◆✐❤❛❧♦ ✈ ✉r✐ ❥❡ ♥❛r❡❥❡♥♦ ✐③ 1 m ❞♦❧❣❡ ❥❡❦❧❡♥❡ ♣❛❧✐❝❡ ③ ♠❛s♦ 0, 3 kg✱ ❦✐ ✐♠❛ ♥❛ ❦♦♥❝✉ ♣r✐tr❥❡♥♦
♠❡❞❡♥✐♥❛st♦ ✏❧❡↔♦✑ ③ ♠❛s♦ 1 kg ✐♥ s ♣r❡♠❡r♦♠ 10 cm✳ ❑❥❡ ❥❡ t❡➸✐➨↔❡ ♥✐❤❛❧❛✱ ↔❡ ❥❡ r♦❜ ✏❧❡↔❡✑
♣♦r❛✈♥❛♥ s s❦r❛❥♥✐♠ ❦♦♥❝❡♠ ♣❛❧✐❝❡ ✐♥ ❥❡ ❝❡❧♦t♥❛ ❞♦❧➸✐♥❛ 1, 1 m❄

❘♣✿ ❷❡ ③ xl ✐♥ xp ♦③♥❛↔✐♠ r❛③❞❛❧❥✐ t❡➸✐➨↔❛ ❧❡↔❡ ❞♦ t❡➸✐➨↔❛ s✐st❡♠❛ ✐♥ t❡➸✐➨↔❛ ♣❛❧✐❝❡ ❞♦ t❡➸✐➨↔❛
s✐st❡♠❛✱ ♣♦t❡♠ ❧❛❤❦♦ ③❛♣✐➨❡♠ r❛✈♥♦✈❡s❥❡ ♥❛✈♦r♦✈✿

mlgxl = mpgxp
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❚❡➸♥✐ ♣♦s♣❡➨❡❦ ❧❛❤❦♦ ❵♣♦❦r❛❥➨❛♠✬✱ r❛③❞❛❧❥♦ xp ♣❛ ✐③r❛③✐♠ s ♣♦♠♦↔❥♦ r❛❞✐❥❛ ❧❡↔❡ r ✐♥ ❞♦❧➸✐♥❡
♣❛❧✐❝❡ l✿ xp = l

2 + r − xp✳ ❱st❛✈✐♠ ✈ r❛✈♥♦✈❡s❥❡ ♥❛✈♦r♦✈ ✐♥ ♣♦ ❦r❛❥➨❡♠ r❛↔✉♥✉ ✉❣♦t♦✈✐♠✿

xl =
mp

(

l
2 + r

)

ml + mp
= 12, 7 cm

❑❡r ❥❡ t❡➸✐➨↔❡ s✐st❡♠❛ ③❛ xl ♦❞❞❛❧❥❡♥♦ ♦❞ t❡➸✐➨↔❛ ❧❡↔❡✱ ❥❡ ♣♦t❡♠ ♦❞ s❦r❛❥♥❡❣❛ r♦❜❛ ❧❡↔❡
♦❞❛❧❥❡♥♦ ③❛ r❛❞✐❥ ❧❡↔❡ ✈❡↔✿ xl +r = 17, 7 cm✱ ♣♦ ❞r✉❣✐ str❛♥✐ ♣❛ ❥❡ ♦❞ s❦r❛❥♥❡❣❛ r♦❜❛ ♣❛❧✐❝❡
♦❞❞❛❧❥❡♥♦ l + r − xp = 92, 3 cm✳

✹✵✳ ▼❡trs❦❛ ♣❛❧✐❝❛ ❥❡ s❡st❛✈❧❥❡♥❛ ✐③ ❡♥❛❦♦ ❞♦❧❣❡❣❛ ♠❡❞❡♥✐♥❛st❡❣❛ ✐♥ ❛❧✐♠✐♥❦❛st❡❣❛ ❞❡❧❛✳ ❑❥❡ ❥❡
t❡➸✐➨↔❡ ♣❛❧✐❝❡✱ ↔❡ ❥❡ ❣♦st♦t❛ ♠❡❞❡♥✐♥❡ 8400 kg/m3✱ ❣♦st♦t❛ ❛❧✉♠✐♥✐❥❛ ♣❛ 2700 kg/m3❄

❘♣✿ ❯♣♦r❛❜✐♠ ❡♥❛↔❜♦ ③❛ r❛↔✉♥❛♥❥❡ t❡➸✐➨↔❛ ✐♥ ✉❣♦t♦✈✐♠✱ ❞❛ ❥❡ t❡➸✐➨↔❡ ❦♦♠❜✐♥✐r❛♥❡ ♣❛❧✐❝❡ ♦❞❞❛✲
❧❥❡♥♦ 37, 6 cm ♦❞ s❦r❛❥♥❡❣❛ r♦❜❛ ♠❡❞❡♥✐♥❛st❡❣❛ ❞❡❧❛ ✐♥ 62, 4 cm ♦❞ s❦r❛❥♥❡❣❛ ❛❧✉♠✐♥❥❛st❡❣❛
❞❡❧❛ ♣❛❧✐❝❡✳

✹ ❞✐♥❛♠✐❦❛

✹✳✶ s✐❧❡

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

✭❛✮ ❚r❡♥❥❡ ③❛♥❡♠❛r✐♠♦

✭❜✮ ❯♣♦➨t❡✈❛❥ tr❡♥❥❡ ✭❦♦❡❢✳❂✵✱✵✸✮ kt = 0, 03

✭❝✮ ❦♦❧✐❦♦ ❥❡ ♥❛❥✈❡↔❥❛ str♠✐♥❛ ❦❧❛♥❝❛✱ ♣♦ ❦❛t❡r✐ ❧❛❤❦♦ ❜r❛♥❥❡✈❦❛ ➨❡ ♣♦t✐s❦❛ s✈♦❥ ✈♦③❄

❘♣✿ ♦♣♦♠❜❛✿ ✈ t❡st✉ ❥❡ ❜✐❧❛ ❤✐tr♦st v = 5m/s

♥❛ ♣r✐♠❡r t❛❦♦❧❡✿
❛✮ P♦ ✷✳◆❡✇t♦♥♦✈❡♠ ③❛❦♦♥✉ ❥❡ ♣♦s♣❡➨❡❦ r❛③♠❡r❥❡ ♠❡❞ ✈s♦t♦ ✈s❡❤ ③✉♥❛♥❥✐❤ s✐❧ ✐♥ ♠❛s♦
♦♣❛③♦✈❛♥❡❣❛ t❡❧❡s❛✿

a =
F

m
=

30 N

80 kg
= 0, 375 m/s2

♣♦s♣❡➨❡❦ ❥❡ r❛③❧✐↔❡♥ ♦❞ ✵✱ ③❛t♦ ❥❡ ❣✐❜❛♥❥❡ ♣r❡♠♦ ❡♥❛❦♦♠❡r♥♦ ♣♦s♣❡➨❡♥♦✿

t =
v

a
=

5 km/h

0, 375 m/s2
=

1, 39 m/s

0, 375 m/s2
= 3, 7 s

s = v̄ · t =
v

2
· t =

1

2
· 1, 39 m/s · 3, 7 s = 2, 57 m

❜✮ ❷❡ ✉♣♦➨t❡✈❛♠♦ ➨❡ tr❡♥❥❡

Ftr = kt · Fp = 0, 03 · 800 N = 24 N

s❡ s♣r❡♠❡♥✐ ✈s♦t❛ ✈s❡❤ ③✉♥❛♥❥✐❤ s✐❧ ♥❛ ✈♦③✲♣♦t❡♠ ❥❡ ✈s♦t❛ ✈s❡❤ ③✉♥❛♥❥✐❤ s✐❧✿
F = Fb − Ftr = 30N − 24 N = 6 N

a =
6 N

80 kg
= 0, 075 m/s2

t =
v

a
=

1, 39 m/s

0, 075 m/s2
= 18, 5 s

s =
v

2
· t = 12, 9 m

❝✮ ◆❆❘■➆❊▼❖ ❙▲■❑❖ ✭❣❧❡❥ ❣❧❡❥ s❧✐❦❛ ♠❛♥❥❦❛✦✮
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❘❛③❜❡r❡♠♦✿ Fg = 800N✱ Fb = 30N✱ Fp =
√

F 2
g − F 2

b = 799, 4 N ≃ 800 N

❜r❛♥❥❡✈❦❛ ❧❛❤❦♦ ♣♦t✐s❦❛ ✈♦③ s st❛❧♥♦ ❤✐tr♦st❥♦ ✈ ❦❧❛♥❡❝ t❡❞❛❥✱ ❦♦ ❥❡ Fb t❛❦♦ ✈❡❧✐❦❛ ❦♦t
✈❡❦t♦rs❦❛ ✈s♦t❛ Fg ✐♥ Fp❀

❛❧✐ ③❛♣✐s❛♥♦ ♠❛❧♦ ❞r✉❣❛↔❡✿ ~Fg + ~Fp + ~Fb = 0

s✐❧❡ ❧❛❤❦♦ ♥❛r✐➨❡♠♦ ✈ ♣r❛✈♦❦♦t♥✐ tr✐❦♦t♥✐❦✦
str♠✐♥❛ ❦❧❛♥❝❛ ❥❡ ❡♥❛❦❛ r❛③♠❡r❥✉ s✐❧❡ s ❦❛t❡r♦ ❜r❛♥❥❡✈❦❛ ♣♦t✐s❦❛ ✈♦③ ✐♥ s✐❧♦ ♣♦❞❧❛❣❡✿

str♠✐♥❛ =
Fb

Fp
=

30 N

800 N
= 0, 0375

t♦ ♣♦♠❡♥✐✱ ❞❛ s❡ ♥❛ 100 m ✈♦❞♦r❛✈♥❡ r❛③❞❛❧❥❡ ❧❛❤❦♦ ❦❧❛♥❡❝ ❞✈✐❣♥❡ ③❛ 3.75 m

✷✳ ❚r✐ t❡❧❡s❛ ③ ❡♥❛❦♦ ♠❛s♦ s♠♦ ✈r❣❧✐ ♥❛✈③❣♦r✳ ❱ ♥❡❦❡♠ tr❡♥✉t❦✉ s♦ ✈s❛ tr✐ t❡❧❡s❛ ♥❛ ✐st✐ ✈✐➨✐♥✐✱ ❧❡
❞❛ ✐♠❛❥♦ r❛③❧✐↔♥❡ ❤✐tr♦st✐✳ Pr✈♦ ❥❡ ❞♦s❡❣❧♦ ♥❛❥✈❡↔❥♦ ✈✐➨✐♥♦✱ ❞r✉❣♦ s❡ ❣✐❜❧❥❡ ♥❛✈③❣♦r s ❤✐tr♦st❥♦
5 m/s✱ tr❡t❥❡ ♣❛ s❡ ❣✐❜❧❥❡ ♥❛✈③❞♦❧ s ❤✐tr♦st❥♦ 3 m/s✳ ◆❛ ❦❛t❡r♦ t❡❧♦ ❞❡❧✉❥❡ ✈❡↔❥❛ s✐❧❛ ✐♥ ③❛❦❛❥❄

❘♣✿
~F1 = ~F2 = ~F3 = ~Fg

✸✳ ❑r♦❣❧✐❝♦✱ ❦✐ ✐♠❛ ♠❛s♦ 200 g s♠♦ ③❛❧✉↔❛❧✐ ♥❛✈♣✐↔♥♦ ♥❛✈③❣♦r ✈ t♦↔❦✐ A✱ ❦♦t ❦❛➸❡ s❧✐❦❛✳ ❷rt❦❛♥❛
↔rt❛ ♥❛ s❧✐❦✐ s❤❡♠❛t✐↔♥♦ ♣r❡❞st❛✈❧❥❛ tr❛❥❡❦t♦r✐❥♦✳ ❩❛↔❡t♥❛ ❤✐tr♦st ❦r♦❣❧✐❝❡ ❥❡ ❜✐❧❛ 15 m/s✳ ◆❛r✐➨✐
✈❡❦t♦r❥❡ s✐❧✱ ❦✐ ❞❡❧✉❥❡❥♦ ♥❛ ➸♦❣♦ ✈ ❧❡❣✐ B✱ ❦✐ ❥❡ ♣r✐❜❧✐➸♥♦ ♥❛ ♣♦❧♦✈✐❝✐ ♥❛❥✈❡↔❥❡ ✈✐➨✐♥❡✱ ❦✐ ❥♦ ❞♦s❡➸❡
t❡❧♦✳ ❉♦❧➸✐♥❛ ✈❡❦t♦r❥❛ s✐❧❡ ♥❛❥ ♣♦❦❛➸❡✱ ❛❧✐ s♦ s✐❧❡ ❡♥❛❦❡ ❛❧✐ r❛③❧✐↔♥❡✳

A

B

✹✳ ❑r♦❣❧✐❝♦✱ ❦✐ ✐♠❛ ♠❛s♦ 100 g s♠♦ ③❛❧✉↔❛❧✐ ✈♦❞♦r❛✈♥♦ ✈ t♦↔❦✐ A✱ ❦♦t ❦❛➸❡ s❧✐❦❛✳ ❷rt❦❛♥❛ ↔rt❛
♥❛ s❧✐❦✐ s❤❡♠❛t✐↔♥♦ ♣r❡❞st❛✈❧❥❛ tr❛❥❡❦t♦r✐❥♦✳ ❩❛↔❡t♥❛ ❤✐tr♦st ❦r♦❣❧✐❝❡ ❥❡ ❜✐❧❛ 15m/s✳ ◆❛r✐➨✐
✈❡❦t♦r❥❡ s✐❧✱ ❦✐ ❞❡❧✉❥❡❥♦ ♥❛ ➸♦❣♦ ✈ ❧❡❣✐ B✱ ❦✐ ❥❡ ♣r✐❜❧✐➸♥♦ ♥❛ ♣♦❧♦✈✐❝✐ ✈✐➨✐♥❡✱ s ❦❛t❡r❡ s♠♦ ❣❛ ✈r❣❧✐✳
❉♦❧➸✐♥❛ ✈❡❦t♦r❥❛ s✐❧❡ ♥❛❥ ♣♦❦❛➸❡✱ ❛❧✐ s♦ s✐❧❡ ❡♥❛❦❡ ❛❧✐ r❛③❧✐↔♥❡✳
A

B
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✺✳ ◆❛ t❡❧♦ ③ ♠❛s♦ 4 kg ❞❡❧✉❥❡♠♦ s s✐❧♦ 8 N✳ ❑♦❧✐❦♦ ❥❡ ♣♦s♣❡➨❡❦❄ ❑♦❧✐❦➨♥♦ ♣♦t ♦♣r❛✈✐ t❡❧♦ ✈ 4 s✱ ↔❡
❥❡ s♣♦↔❡t❦❛ ♠✐r♦✈❛❧♦❄ ❑♦❧✐❦♦ ❥❡ ❤✐tr♦st ♣♦ ♣♦t✐ 6 m❄

❘♣✿ m = 4kg✱ F = 8N ♣♦s♣❡➨❡❦✿

a =
F

m
= 2m/s2

♣♦t ✈ ↔❛s✉ t = 4 s✿

s =
at2

2
= 16m

❤✐tr♦st ♣♦ ♣♦t✐ s = 6m✿
v =

√
2as = 4, 9 m/s

✻✳ ◆❛ t❡❧♦ ③ ♠❛s♦ 8 kg ❞❡❧✉❥❡♠♦ s s✐❧♦ 4 N✳ ❑♦❧✐❦♦ ❥❡ ♣♦s♣❡➨❡❦❄ ❑♦❧✐❦➨♥♦ ♣♦t ♦♣r❛✈✐ t❡❧♦ ✈ 8 s✱ ↔❡
❥❡ s♣♦↔❡t❦❛ ♠✐r♦✈❛❧♦❄ ❑♦❧✐❦♦ ❥❡ ❤✐tr♦st ♣♦ ♣♦t✐ 5 m❄

❘♣✿ m = 8kg✱ F = 4N ♣♦s♣❡➨❡❦✿

a =
F

m
= 0, 5 m/s2

♣♦t ✈ ↔❛s✉ t = 8 s✿

s =
at2

2
= 16m

❤✐tr♦st ♣♦ ♣♦t✐ s = 5m✿
v =

√
2as = 2, 4 m/s

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

❘♣✿ ✉♣♦r❛❜✐♠♦ ✷✳◆❡✇t♦♥♦✈ ③❛❦♦♥ ✐♥ ✉♣♦➨t❡✈❛♠♦✱ ❞❛ ♥❛ ♣❛❞❛❧❝❛ ❞❡❧✉❥❡t❛ s✐❧❛ ♣❛❞❛❧❛ ✐♥ s✐❧❛
t❡➸❡ a = ∆v

∆t = −5 m/s2

✈s♦t❛ ③✉♥❛♥❥✐❤ s✐❧ ♥❛ ♣❛❞❛❧❝❛✿ F = ma = −350 N

s✐❧❛ ♣❛❞❛❧❛ ♥❛ ♣❛❞❛❧❝❛✿ Fp = Fg − F = 1050 N✱ ↔❡ s♠❡r✐ s✐❧ ✉♣♦➨t❡✈❛♠♦ s ♣r❡❞③♥❛❦✐✱ ❛❧✐
Fp = Fg + |F | = 1050N✱ ↔❡ r❛↔✉♥❛♠♦ s❛♠♦ ③ ✈❡❧✐❦♦st♠✐ s✐❧✳

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

❘♣✿ a = 4m/s2✱ Fp = 1120N

✾✳ ◆❛ ✈♦❞♦r❛✈♥✐❤ t❧❡❤ ♣♦t✐s❦❛♠♦ ❦♦❧♦ ③ ♠❛s♦ ✶✵ ❦❣ s s✐❧♦ ✶✵✵◆✳ ❑♦❧✐❦➨❡♥ ❥❡ ♣♦s♣❡➨❡❦ ❦♦❧❡s❛✱ ↔❡
tr❡♥❥❡ ③❛♥❡♠❛r✐♠♦❄ ❑♦❧✐❦➨❡♥ ♣❛ ❥❡ ♣♦s♣❡➨❡❦ ❦♦❧❡s❛✱ ↔❡ ❥❡ ❦♦❡✜❝✐❡♥t tr❡♥❥❛ ♠❡❞ ❦♦❧❡s♦♠ ✐♥
t❧❡♠✐ ✵✱✷ ❄

✶✵✳ ❑♦❧✐❦➨♥❛ s✐❧❛ ♣♦t✐s❦❛ t❡❧♦ ③ ♠❛s♦ ✺✵ ❦❣✱ ❞❛ ✈ ↔❛s✉ ✶✵ s ♦♣r❛✈✐ ♣♦t ✶✵✵♠❄ ❚r❡♥❥❡ ③❛♥❡♠❛r✐✦

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

✶✷✳ ❑♦❧✐❦➨♥❛ ❥❡ ♠❛s❛ ✉t❡➸✐✱ ❦✐ ❜✐ ❥♦ ♥❛ ▲✉♥✐ ❞✈✐❣♥✐❧ ❞✈✐❣♦✈❛❧❡❝ ✉t❡➸✐✱ ↔❡ ❧❡✲t❛ ♥❛ ❩❡♠❧❥✐ ❞✈✐❣♥❡ ✉t❡➸
③ ♠❛s♦ ✺✺✵ ❦❣❄ ❚❡➸♥✐ ♣♦s♣❡➨❡❦ ♥❛ ▲✉♥✐ ❥❡ 1, 62 m/s2✳

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

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

✶✺✳ ◆❛ ✈♦③✐↔❡❦ ③ ♠❛s♦ ✷✵ ❦❣ ❞❡❧✉❥❡t❛ ✈ ♥❛s♣r♦t♥✐❤ s♠❡r❡❤ ❞✈❡ s✐❧✐✿ ✸✵◆ ✐♥ ✷✵◆✳ ❱ ❦❛t❡r✐ s♠❡r✐ ✐♥
s ❦♦❧✐❦➨♥✐♠ ♣♦s♣❡➨❦♦♠ s❡ t❡❧♦ ❣✐❜❧❥❡✱ ↔❡ tr❡♥❥❡ ③❛♥❡♠❛r✐♠♦❄ ❑♦❧✐❦➨❡♥ ❜✐ ♠♦r❛❧ ❜✐t✐ ❦♦❡✜❝✐❡♥t
❧❡♣❡♥❥❛✱ ❞❛ ❜✐ ✈♦③✐↔❡❦ ♠✐r♦✈❛❧❄

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

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

✶✾✳ ❉✈✐❣❛❧♦ ③ ♠❛s♦ ✼✵✵ ❦❣ s❡ ③❛↔♥❡ s♣✉➨↔❛t✐ s ♣♦s♣❡➨❦♦♠ 1 m/s2✳ ❙ ❦♦❧✐❦➨♥♦ s✐❧♦ ✈❧❡↔❡ ✈r✈❄

✷✵✳ ❉✈✐❣❛❧♦ ♥❡❜♦t✐↔♥✐❦❛✱ ❦✐ ✐♠❛ ③ ❧❥✉❞♠✐ ✈r❡❞ ♠❛s♦ ✽✹✵ ❦❣✱ s❡ ❞✈✐❣❛ ♣♦s♣❡➨❡♥♦ ✐♥ ♣r✐❞❡ ✈ ♣r✈✐❤ ✶✵ s
✸✺♠ ✈✐s♦❦♦✳ ❙ ❦♦❧✐❦➨♥♦ s✐❧♦ ❣❛ ✈❧❡↔❡ ✈r✈✱ ♥❛ ❦❛t❡r✐ ✈✐s✐❄

✷✶✳ ❙ ❦♦❧✐❦➨♥♦ s✐❧♦ ♣r✐t✐s❦❛ ↔❧♦✈❡❦ ③ ♠❛s♦ ✼✵ ❦❣ ♥❛ t❧❛ ❞✈✐❣❛❧❛✱ ↔❡ ❞✈✐❣❛❧♦✿ ❛✮ ♠✐r✉❥❡✱ ❜✮ ✈♦③✐ ♥❛✈③❞♦❧
❡♥❛❦♦♠❡r♥♦ s ❤✐tr♦st❥♦ ✸♠✴s✱ ❝✮ ✈♦③✐ ♥❛✈③❣♦r ❡♥❛❦♦♠❡r♥♦ ♣♦s♣❡➨❡♥♦ s ♣♦s♣❡➨❦♦♠ 2 m/s2❄

✷✷✳ ❚❡❧♦ ③ ♠❛s♦ ✷ ❦❣ ❥❡ ♦❜❡➨❡♥♦ ♥❛ ✈③♠❡t♥✐ t❡❤t♥✐❝✐✱ ❦✐ ❥❡ ♣r✐♣❡t❛ ♥❛ str♦♣ ❞✈✐❣❛❧❛✳ ❑♦❧✐❦➨♥♦
s✐❧♦ ♣♦❦❛➸❡ ✈③♠❡t♥❛ t❡❤t♥✐❝❛✱ ❦♦ ❞✈✐❣❛❧♦✿ ❛✮ ♠✐r✉❥❡✱ ❜✮ ✈♦③✐ ♥❛✈③❞♦❧ ❡♥❛❦♦♠❡r♥♦ ♣♦s♣❡➨❡♥♦ s
♣♦s♣❡➨❦♦♠ 0, 1 m/s2✱ ❝✮ ✈♦③✐ ♥❛✈③❣♦r ❡♥❛❦♦♠❡r♥♦ s ❤✐tr♦st❥♦ 0, 2 m/s ❄

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

✷✹✳ ❚r❛♠✈❛❥ s❡ ③❛↔♥❡ ❣✐❜❛t✐ s ♣♦s♣❡➨❦♦♠ 0, 5 m/s2✳ ✶✷ s ♣♦ ③❛↔❡t❦✉ ❣✐❜❛♥❥❛ ✐③❦❧❥✉↔✐ ♠♦t♦r ✐♥
tr❛♠✈❛❥ s❡ ❡♥❛❦♦♠❡r♥♦ ♣♦❥❡♠❛❥♦↔❡ ❣✐❜❧❥❡ ❞♦ ♥❛s❧❡❞♥❥❡ ♣♦st❛❥❡✳ ◆❛ ❝❡❧♦t♥✐ ♣♦t✐ tr❛♠✈❛❥❛ ❥❡
❦♦❡✜❝✐❡♥t tr❡♥❥❛ ❡♥❛❦ ✵✱✵✶✳ P♦✐➨↔✐✿ ♥❛❥✈❡↔❥♦ ❤✐tr♦st tr❛♠✈❛❥❛✱ ❝❡❧♦t♥✐ ↔❛s ♣♦t♦✈❛♥❥❛ ♦❞ ❡♥❡ ❞♦
❞r✉❣❡ ♣♦st❛❥❡✱ ♣♦❥❡♠❡❦ ♣r✐ ✉st❛✈❧❥❛♥❥✉✱ r❛③❞❛❧❥♦ ♠❡❞ ♣♦st❛❥❛♠❛✦

✷✺✳ ❩ ✈r✈✐❝♦ ♣♦✈❡➸❡♠♦ ❞✈❡ ❡♥❛❦✐ ✉t❡➸✐ ③ ♠❛s❛♠❛ ✸✵✵ ❣✳ ❱r✈✐❝♦ ♦❜❡s✐♠♦ ♣r❡❦♦ ➨❦r✐♣❝❛✱ t❛❦♦ ❞❛ ✉t❡➸✐
♣r♦st♦ ✈✐s✐t❛✳ ❑♦ ♥❛ ❡♥♦ ✐③♠❡❞ ✉t❡➸✐ ♦❜❡s✐♠♦ ❞♦❞❛t♥♦ ✉t❡➸ ③ ♠❛s♦ ✷✺ ❣✱ ❞♦❜✐♠♦ ❆t✇♦♦❞♦✈♦
♣❛❞❛❧♦✳ ❑♦❧✐❦➨❡♥ ❥❡ ♣♦s♣❡➨❡❦ ❆t✇♦♦❞♦✈❡❣❛ ♣❛❞❛❧❛ ✐♥ s ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ ♣❛❞❡ ♣❛❞❛❧♦ ♥❛ t❧❛✱
↔❡ st❛ ✉t❡➸✐ ♥❛ ③❛↔❡t❦✉ ✶♠ ✈✐s♦❦♦❄ ❚r❡♥❥❡ ③❛♥❡♠❛r✐✦ ■③r❛↔✉♥❛❥ ❦♦❡✜❝✐❡♥t tr❡♥❥❛ ③❛ ♣r✐♠❡r✱ ❦♦
♥❛♠❡r✐➨✱ ❞❛ ♣❛❞❛❧♦ ♣❛❞❡ ♥❛ t❧❛ ✈ ✷✱✺ s✦

✷✻✳ ◆❛ ♠✐③✐ st♦❥✐ ✈♦③✐↔❡❦ ③ ♠❛s♦ ✹✵✵ ❣✳ ❩ ✈r✈✐❝♦ ❥❡ ♣r❡❦♦ ➨❦r✐♣❝❛ ♣♦✈❡③❛♥ ③ ✉t❡➸❥♦✱ ❦✐ ♣r♦st♦ ✈✐s✐ ♥❛❞
t❧❡♠✐ ✐♥ ✐♠❛ ♠❛s♦ ✶✵✵ ❣✳ ❙ ❦♦❧✐❦➨♥✐♠ ♣♦s♣❡➨❦♦♠ s❡ ③❛↔♥❡ ❣✐❜❛t✐ ✈♦③✐↔❡❦✱ ❦♦ s✐st❡♠ s♣✉st✐♠♦❄
❙ ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ ♣r✐♣❡❧❥❡ ✈♦③✐↔❡❦ ❞♦ ➨❦r✐♣❝❛✱ ↔❡ ❥❡ t❛ ♦❞❞❛❧❥❡♥ ✻✵ ❝♠❄ ❚r❡♥❥❡ ③❛♥❡♠❛r✐✦
■③r❛↔✉♥❛❥ ❦♦❡✜❝✐❡♥t tr❡♥❥❛ ③❛ ♣r✐♠❡r✱ ❦♦ ♥❛♠❡r✐➨✱ ❞❛ ✈♦③✐↔❡❦ ♣r❡♣❡❧❥❡ ✐st♦ ♣♦t ✈ ✶✱✺ s✦

✷✼✳ ❱♦③✐↔❡❦✱ ❦✐ ✐♠❛ ♠❛s♦ 20 kg✱ ✈❧❡↔❡➨ s st❛❧♥♦ s✐❧♦ 10 N✳ ▼❡❞ ❦♦❧❡s✐ ✐♥ t❧❡♠✐ ❥❡ ❦♦❡✜❝✐❡♥t tr❡♥❥❛
0, 03✳ ❱ ❦♦❧✐❦➨♥❡♠ ↔❛s✉ s❡ t✐ ❤✐tr♦st ♣♦✈❡↔❛ ♦❞ ♥✐↔ ❞♦ 5 m/s❄ ❑♦❧✐❦➨♥♦ ♣♦t ♣r✐ t❡♠ ♣r❡♣❡❧❥❡➨❄

❘♣✿ r❛↔✉♥❛♠♦ ♣♦ ✷✳◆❡✇t♦♥♦✈❡♠ ③❛❦♦♥✉ Ft = 6N

a =
F − Ft

m
= 0, 2 m/s2

t = v
a = 25 s

s = vt
2 = 62, 5 m

✷✽✳ ❙❛♠♦❦♦❧♥✐❝♦✱ ❦✐ ✐♠❛ ♠❛s♦ 50 kg✱ ♣♦t✐s❦❛➨ s st❛❧♥♦ s✐❧♦ 20 N✳ ▼❡❞ ❦♦❧❡s♦♠ ✐♥ t❧❡♠✐ ❥❡ ❦♦❡✜❝✐❡♥t
tr❡♥❥❛ 0, 03✳ ❱ ❦♦❧✐❦➨♥❡♠ ↔❛s✉ s❡ t✐ ❤✐tr♦st ♣♦✈❡↔❛ ♦❞ ♥✐↔ ❞♦ 3 m/s❄ ❑♦❧✐❦➨♥♦ ♣♦t ♣r✐ t❡♠
♣r❡♣❡❧❥❡➨❄

❘♣✿ r❛↔✉♥❛♠♦ ♣♦ ✷✳◆❡✇t♦♥♦✈❡♠ ③❛❦♦♥✉ Ft = 15N

a =
F − Ft

m
= 0, 1 m/s2

t = v
a = 30 s

s = vt
2 = 45m

✷✾✳ ❆t✇♦♦❞♦✈♦ ♣❛❞❛❧♦ ✐♠❛ ♥❛ ❧❡✈✐ str❛♥✐ ♦❜❡➨❡♥♦ ✉t❡➸ ③ ♠❛s♦ 250 g✱ ♥❛ ❞❡s♥✐ str❛♥✐ ♣❛ ✉t❡➸ ③ ♠❛s♦
200 g✳ ❱ ❦♦❧✐❦➨♥❡♠ ↔❛s✉ s❡ s♣✉st✐ 2 m❄
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❘♣✿ ✉♣♦➨❡t✈❛♠♦ ✷✳◆❡✇t♦♥♦✈ ③❛❦♦♥ ✐♥ ✐③r❛↔✉♥❛♠♦ ♣♦♣❡➨❡❦

a = g(m1−m2

m1+m2
= 10

9 m/s2 = 1, 11 m/s2

✐♥ t❛❦♦ ❥❡ ↔❛s✿ t =
√

2s
g = 1, 9 s

✸✵✳ ❆t✇♦♦❞♦✈♦ ♣❛❞❛❧♦ ✐♠❛ ♥❛ ❧❡✈✐ str❛♥✐ ♦❜❡➨❡♥♦ ✉t❡➸ ③ ♠❛s♦ 200 g✱ ♥❛ ❞❡s♥✐ str❛♥✐ ♣❛ ✉t❡➸ ③ ♠❛s♦
210 g✳ ❱ ❦♦❧✐❦➨♥❡♠ ↔❛s✉ s❡ s♣✉st✐ 2 m❄

❘♣✿ a = 0, 244 m/s2✱ t = 4, 05 s

✸✶✳ ❆t✇♦♦❞♦✈♦ ♣❛❞❛❧♦ s❡ ✈ 2 s s♣✉st✐ 2 m✳ ❙❦✉♣♥❛ ♠❛s❛ ✉t❡➸✐ ♥❛ ♦❜❡❤ str❛♥❡❤ ♣❛❞❛❧❛ ❥❡ 300 g✳
❑♦❧✐❦♦ ❥❡ ♠❛s❛ ✉t❡➸✐ ♥❛ ❧❡✈✐ ✐♥ ❦♦❧✐❦♦ ♥❛ ❞❡s♥✐ str❛♥✐ ♣❛❞❛❧❛❄

✸✷✳ ◆❛ ✈♦❞♦r❛✈♥✐ ♠✐③✐ ❥❡ ✈♦③✐↔❡❦ ③ ♠❛s♦ 6 kg ✐♥ ❥❡ ♣r❡❦♦ ➨❦r✐♣❝❛ ♣♦✈❡③❛♥ ③ ✉t❡➸❥♦✱ ❦✐ ✐♠❛ ♠❛s♦
2 kg ✐♥ ♣r♦st♦ ✈✐s✐✳ ❑♦❧✐❦♦ ❥❡ ❦♦❡✜❝✐❡♥t tr❡♥❥❛✱ ↔❡ ✈♦③✐↔❡❦ ♣r❡♣❡❧❥❡ ✈ 4 s ♣♦t 32 m❄

m1

m2

mg

F
t

❙❧✐❦❛ ✶✽✿ ❱♦③✐↔❡❦ ♥❛ ✈♦❞♦r❛✈♥✐ ♠✐③✐✳

❘♣✿ m1 = 6kg✱ m2 = 2kg✱ t = 4 s✱ s = 32m❀ ❣❧❡❥ s❧✐❦♦ ✶✽✦
❞r✉❣✐ ◆❡✇t♦♥♦✈ ③❛❦♦♥✱ ↔❡ ✉♣♦➨t❡✈❛♠♦ s✐❧♦ tr❡♥❥❛ Ft = µFp✱ ❦❥❡r ❥❡ µ ❦♦❡✜❝✐❡♥t tr❡♥❥❛✿

(m1 + m2)a = m2g − Ft = m2g − µm1g

✐③r❛↔✉♥❛♠♦ ♣♦s♣❡➨❡❦✿

s =
at2

2
⇒ a =

2s

t2
= 4m/s2

✈st❛✈✐♠ ✈ ③❣♦r♥❥♦ ❡♥❛↔❜♦ ✐♥ ✐③r❛③✐♠ ❦♦❡✜❝✐❡♥t tr❡♥❥❛ µ✿

µ =
m2

m1
− 2s

gt2

(

1 +
m2

m1

)

❦♦ ✐③r❛↔✉♥❛♠♦✿
µ < 0

❦❛r ❥❡ ③❡❧♦ ♥❡♥❛✈❛❞♥♦✱ s❛❥ ❦♦❡✜❝✐❡♥t tr❡♥❥❛ ♥❡ ♠♦r❡ ❜✐t✐ ♥❡❣❛t✐✈❡♥✳ ❩❛t♦ ♣r✐♠❡r❥❛♠ ♣♦✲
s♣❡➨❡❦ ✐③r❛↔✉♥❛♥ ✐③ ♣♦t✐ ✐♥ ↔❛s❛ s ♣♦♣❡➨❦♦♠✱ ❦✐ ❣❛ ❞♦❜✐♠ ❜r❡③ ✉♣♦➨t❡✈❛♥❥❛ tr❡♥❥❛
❞r✉❣✐ ◆❡✇t♦♥♦✈ ③❛❦♦♥✱ ↔❡ ♥❡ ✉♣♦➨t❡✈❛♠♦ tr❡♥❥❛✿

(m1 + m2)a = m2g − Ft ⇒ a = g
m2

m1 + m2

a =
g

4
< 4 m/s2

P♦❞❛t❦✐ ♥✐s♦ ♣r❛✈✐ ✕ ❦❛❥ t❛❦❡❣❛ s❡ ♥❡ ❜✐ ♠♦❣❧♦ ③❣♦❞✐t✐✦ Pr✐ ✐st✐ ♣♦t✐ s = 32m ❜✐ ♠♦r❛❧ ❜✐t✐
↔❛s ✈s❛❥✿

t ≥
√

2s

a
=

√

2s
g
4

=

√

8s

g
= 5, 05 s
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✸✸✳ ◆❛ ✈♦❞♦r❛✈♥✐ ♠✐③✐ ❥❡ ✈♦③✐↔❡❦ ③ ♠❛s♦ 6 kg ✐♥ ❥❡ ♣r❡❦♦ ➨❦r✐♣❝❛ ♣♦✈❡③❛♥ ③ ✉t❡➸❥♦✱ ❦✐ ✐♠❛ ♠❛s♦
2 kg ✐♥ ♣r♦st♦ ✈✐s✐✳ ❑♦❧✐❦♦ ❥❡ ❦♦❡✜❝✐❡♥t tr❡♥❥❛✱ ↔❡ ✈♦③✐↔❡❦ ♣r❡♣❡❧❥❡ ✈ 8 s ♣♦t 32 m❄

✸✹✳ ❑♦❧✐❦♦ ❥❡ ♣♦s♣❡➨❡❦ ✈♦③✐↔❦❛✱ ❦✐ ❥❡ ♥❛ ✈♦❞♦r❛✈♥✐ ♣♦❞❧❛❣✐ ✐♥ ❥❡ ③ ✈r✈✐❝♦ ♣♦✈❡③❛♥ ♣r❡❦♦ ➨❦r✐♣❝❛ ③
✉t❡➸❥♦✱ ❦✐ ♣r♦st♦ ✈✐s✐❄ ▼❛s❛ ✈♦③✐↔❦❛ ❥❡ 4 kg✱ ♠❛s❛ ♣❛ 1 kg✳ ❚r❡♥❥❡ ③❛♥❡♠❛r✐✦ ❑♦❧✐❦♦ s❡ ✉t❡➸
s♣✉st✐ ✈ 8 s❄

❘♣✿ m1 = 4kg✱ m2 = 4kg❀ ❣❧❡❥ s❧✐❦♦ ✶✽✦
❞r✉❣✐ ◆❡✇t♦♥♦✈ ③❛❦♦♥✱ ↔❡ ♥❡ ✉♣♦➨t❡✈❛♠♦ tr❡♥❥❛✿

(m1 + m2)a = m2g − Ft ⇒ a = g
m2

m1 + m2
=

1

5
g = 2m/s2

✐♥ ③❛t♦ s❡ ✈ t = 8 s ✉t❡➸ s♣✉st✐ ③❛✿

h =
at2

2
= 64m

✸✺✳ ❩♥❛➨❡❧ s✐ s❡ ♥❛ ♦t♦❦✉ ❧❥✉❞♦➸❡r❝❡✈✱ ❦✐ s♦ ③❡❧♦ ✈❡❧✐❦♦❞✉➨♥✐✳ Pr❡❞♥♦ t❡ ♣♦❥❡❞♦✱ s♦ t✐ ❞❛❧✐ ♠♦➸♥♦st✱
❞❛ s❡ r❡➨✐➨✳ Pr✐♣❡❧❥❛❧✐ s♦ t❡ ♣r❡❞ ❞✈♦❥❛ ✈r❛t❛ ✐♥ ✈s❛❦❛ str❛➸✐ ❡♥ str❛➸❛r✳ ❊♥❛ ✈r❛t❛ ♣❡❧❥❡❥♦
✈ s✈♦❜♦❞♦✱ ❞r✉❣❛ ✈ ❧♦♥❡❝✳ ❊❞❡♥ ✐③♠❡❞ str❛➸❛r❥❡✈ ✈❡❞♥♦ ❧❛➸❡✱ ❞r✉❣✐ ♣❛ ✈❡❞♥♦ ❣♦✈♦r✐ r❡s♥✐❝♦✳
❩ ❡♥✐♠ ✈♣r❛➨❛♥❥❡♠✱ ❦✐ ❣❛ ❧❛❤❦♦ ③❛st❛✈✐➨✱ ♠♦r❛➨ ✉❣♦t♦✈✐t✐✱ s❦♦③✐ ❦❛t❡r❛ ✈r❛t❛ ❧❛❤❦♦ ❣r❡➨ ♥❛
♣r♦st♦st✦

❘♣✿

✹✳✷ ♥❛ ❦❧❛♥❝✉

✶✳ ❑♦❧✐❦➨♥❛ s✐❧❛ ❥❡ ♣♦tr❡❜♥❛✱ ❞❛ s❡ 8000 N t❡➸❛❦ ❛✈t♦♠♦❜✐❧ ♣♦♠✐❦❛ ❡♥❛❦♦♠❡r♥♦ ♥❛✈③❣♦r ♣♦ ❦❧❛♥❝✉
③ ♥❛❣✐❜♦♠ 30◦❄ ❚r❡♥❥❡ ③❛♥❡♠❛r✐✦

✷✳ ◆❛ ❦❧❛♥❡❝ ③ ♥❛❦❧♦♥s❦✐♠ ❦♦t♦♠ 45◦ ♣♦❧♦➸✐♠♦ t❡❧♦ ③ ♠❛s♦ 40 kg✳ ❙ ❦♦❧✐❦➨♥♦ s✐❧♦ ♣r✐t✐s❦❛ ♥❛
♣♦❞❧❛❣♦❄ ❙ ❦♦❧✐❦➨♥✐♠ ♣♦s♣❡➨❦♦♠ s❡ ③❛↔♥❡ ❣✐❜❛t✐✱ ↔❡ tr❡♥❥❡ ③❛♥❡♠❛r✐♠♦❄

✸✳ ◆❛ ♣♦❧❡❞❡♥❡❧❡♠ ❦❧❛♥❝✉ ③ ♥❛❦❧♦♥s❦✐♠ ❦♦t♦♠ 30◦ ❛✈t♦♠♦❜✐❧✉ ③ ♠❛s♦ 1050 kg ♦❞♣♦✈❡ ♠♦t♦r✳ ❙
❦♦❧✐❦➨♥✐♠ ♣♦s♣❡➨❦♦♠ ③❞rs✐ ♥❛✈③❞♦❧❄ ❙ ❦♦❧✐❦➨♥♦ s✐❧♦ ❞❡❧✉❥❡ ♥❛ ♣♦❞❧❛❣♦❄

✹✳ ◆❛ ❦❧❛♥❝✉ st♦❥✐ ❦✈❛❞❡r ❧❡s❛ ③ ♠❛s♦ ✷ ❦❣✳ ❑♦❡✜❝✐❡♥t tr❡♥❥❛ ♠❡❞ ❦✈❛❞r♦♠ ✐♥ ♣♦❞❧❛❣♦ ❥❡ ✵✱✺✳
❑♦❧✐❦♦ ❥❡ ❧❛❤❦♦ ♥❛❥✈❡↔ ♥❛❦❧♦♥s❦✐ ❦♦t ❦❧❛♥❝❛✱ ❞❛ ❦✈❛❞❡r ❧❡s❛ ♥❡ ③❞rs♥❡ ♣♦ ♥❥❡♠❄

✺✳ P♦ ❦❧❛♥❝✉ ③ ♥❛❦❧♦♥s❦✐♠ ❦♦t♦♠ 30◦ s♣✉st✐♠♦ ❦♦s ❧❡❞✉ ③ ♠❛s♦ 100 g✳ ❑♦❧✐❦➨❡♥ ❥❡ ♣♦s♣❡➨❡❦ t❡❣❛
❦♦s❛ ❧❡❞✉✱ ↔❡ ❥❡ kt = 0, 01✳ ❱ ❦♦❧✐❦➨♥❡♠ ↔❛s✉ ♣r✐❞❡ ❧❡❞ ❞♦ ❦♦♥❝❛ 2 m ❞♦❧❣❡❣❛ ❦❧❛♥❝❛❄

✻✳ P♦ ❦❧❛♥❝✉ ③ ♥❛❦❧♦♥s❦✐♠ ❦♦t♦♠ ✶✵◦s♣✉st✐♠♦ ❦♦s ❧❡❞✉ ③ ♠❛s♦ ✷✵✵ ❣✳ ❑♦❧✐❦➨❡♥ ❥❡ ♣♦s♣❡➨❡❦ t❡❣❛
❦♦s❛ ❧❡❞✉❄ ❱ ❦♦❧✐❦➨♥❡♠ ↔❛s✉ ♣r✐❞❡ ❧❡❞ ❞♦ ❦♦♥❝❛ ✺♠ ❞♦❧❣❡❣❛ ❦❧❛♥❝❛❄ ■♥ ✈ ❦♦❧✐❦➨♥❡♠ ↔❛s✉✱ ↔❡
✉♣♦➨t❡✈❛➨ ❦♦❡✜❝✐❡♥t tr❡♥❥❛ ❦ ❂ ✵✱✷❄

✼✳ P♦ ❦❧❛♥❝✉ ③ ♥❛❦❧♦♥s❦✐♠ ❦♦t♦♠ 20◦ s♣✉st✐♠♦ ✈♦③✐↔❡❦ ③ ♠❛s♦ 200 g✳ ❑♦❧✐❦➨❡♥ ❥❡ ♣♦s♣❡➨❡❦ t❡❣❛
✈♦③✐↔❦❛❄ ❱ ❦♦❧✐❦➨♥❡♠ ↔❛s✉ ♣r✐❞❡ ✈♦③✐↔❡❦ ❞♦ ❦♦♥❝❛ 5 m ❞♦❧❣❡❣❛ ❦❧❛♥❝❛❄ ■♥ ✈ ❦♦❧✐❦➨♥❡♠ ↔❛s✉✱
↔❡ ✉♣♦➨t❡✈❛➨ ❦♦❡✜❝✐❡♥t tr❡♥❥❛ k = 0, 42❄

✽✳ ❙ ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ ♠♦r❛♠♦ ♣♦❣♥❛t✐ ❦♦s ❧❡❞✉ ♣♦ ❦❧❛♥❝✉ ♥❛✈③❣♦r✱ ❞❛ ❜♦ ✐♠❡❧ ♥❛ ✈r❤✉ ❦❧❛♥❝❛
❤✐tr♦st ✹♠✴s❄ ▼❛s❛ ❧❡❞✉ ❥❡ ✻ ❦❣✱ ❞♦❧➸✐♥❛ ❦❧❛♥❝❛ ✶✵♠ ✐♥ ❦♦❡✜❝✐❡♥t tr❡♥❥❛ ✵✱✷✺✳ ❑❧❛♥❡❝ ❥❡
♥❛❣♥❥❡♥ ♣r♦t✐ ✈♦❞♦r❛✈♥✐❝✐ ♣♦❞ ❦♦t♦♠ ϕ = 45◦✳

✾✳ ❑♦❧✐❦➨♥❛ ❥❡ str♠✐♥❛ ❦❧❛♥❝❛✱ ↔❡ ♠♦r❛♠♦ ③❛❜♦❥ ③ ♠❛s♦ 100 kg ③❛❞r➸❡✈❛t✐ s s✐❧♦ 200 N✱ ✈③♣♦r❡❞♥♦
s ❦❧❛♥❝❡♠❄ ❙ ❦♦❧✐❦➨♥✐♠ ♣♦s♣❡➨❦♦♠ s❡ ③❛➸♥❡ ❣✐❜❛t✐ ③❛❜♦❥✱ ↔❡ t❛ s✐❧❛ ♣r❡♥❡❤❛ ❞❡❧♦✈❛t✐❄ ❑♦❧✐❦➨❡♥
❥❡ ❦♦❡✜❝✐❡♥t tr❡♥❥❛ ♠❡❞ ③❛❜♦❥❡♠ ✐♥ ♣♦❞❧❛❣♦✱ ↔❡ s❡ t❡❧♦ ♣♦ ♣r❡♥❡❤❛♥❥✉ ❞❡❧♦✈❛♥❥❛ ✈❧❡↔♥❡ s✐❧❡
❣✐❜❧❥❡ s ♣♦s♣❡➨❦♦♠ 2 m/s2❄

✶✵✳ P♦ ❦❧❛♥❝✉✱ ❦✐ ❥❡ ♥❛❣♥❥❡♥ ❣❧❡❞❡ ♥❛ ✈♦❞♦r❛✈♥✐❝♦ 30◦✱ ❞rs✐ ✈♦③✐↔❡❦✳ ▼❛s❛ ✈♦③✐↔❦❛ ❥❡ 5 kg✳ ❑♦❧✐❦➨❡♥
❥❡ ♥❥❡❣♦✈ ♣♦s♣❡➨❡❦ ✐♥ ❦♦❧✐❦♦ ♥❥❡❣♦✈❛ ❤✐tr♦st✱ ❦♦ ♣r❡♣❡❧❥❡ ♣♦t 2 m✱ ↔❡ tr❡♥❥❡ ③❛♥❡♠❛r✐➨❄
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ϕ

Ft

F

Fp

g

❙❧✐❦❛ ✶✾✿ ◆❛ ❦❧❛♥❝✉✳

❘♣✿ ϕ = 30◦✱ m = 5kg❀ ❣❧❡❥ s❧✐❦♦ ✶✾✦
♣♦s♣❡➨❡❦✿

a =
F

m
=

mg sin ϕ

m
= g sin ϕ = 5m/s2

❤✐tr♦st ♣♦ ♣♦t✐ s = 2m✿
v =

√
2as = 4, 5 m/s

✶✶✳ ◆❛ ❦❧❛♥❝✉ ❥❡ ❦❧❛❞❛ ③ ♠❛s♦ 2 kg✳ ❑❧❛♥❡❝ ❥❡ ♥❛❣♥❥❡♥ ❣❧❡❞❡ ♥❛ ✈♦❞♦r❛✈♥✐❝♦ 45◦✳ ❑❧❛❞❛ ❞rs✐ ♣♦
❦❧❛♥❝✉✳ ❑♦❧✐❦♦ ❥❡ ❦♦❡✜❝✐❡♥t tr❡♥❥❛✱ ↔❡ ❦❧❛❞❛ ✈ 2 s ♣r❡♣❡❧❥❡ ♣♦t 8 m❄

❘♣✿ ϕ = 45◦✱ m = 2kg✱ t = 2 s✱ s = 8m❀ ❣❧❡❥ s❧✐❦♦ ✶✾✦
❞r✉❣✐ ◆❡✇t♦♥♦✈ ③❛❦♦♥✱ ↔❡ ✉♣♦➨t❡✈❛♠♦ s✐❧♦ tr❡♥❥❛ Ft = µFp✱ ❦❥❡r ❥❡ µ ❦♦❡✜❝✐❡♥t tr❡♥❥❛✿

mg sin ϕ − mgµ cos ϕ = ma

✐③r❛↔✉♥❛♠ ♣♦s♣❡➨❡❦✿

a =
2s

t2
= 4m/s2

♣♦ ♠❛❧♦ r❛↔✉♥❛♥❥❛ ✐③r❛③✐♠ ❦♦❡✜❝✐❡♥t tr❡♥❥❛ µ✿

µ = tanϕ − a

g cos ϕ
= 0, 43

✶✷✳ ❑♦❧❡s❛r ✐♠❛ s ❦♦❧❡s♦♠ ✈r❡❞ ♠❛s♦ 110 kg✳ ❙♣✉st✐ s❡ ♣♦ ❦❧❛♥❝✉ ✭❦♦❧❡s❛ ♥❡ ♣♦❣❛♥❥❛ ✈❡↔✮✱ ❦✐ ❥❡
♥❛❣♥❥❡♥ ♣r♦t✐ ✈♦❞♦r❛✈♥✐❝✐ 10◦ ✐♥ ♥❛ ❦♦♥❝✉ ❦❧❛♥❝❛ ❞♦s❡➸❡ ❤✐tr♦st 15 m/s✳ ❑♦❡✜❝✐❡♥t tr❡♥❥❛ ❥❡
0, 03✳ ❑♦❧✐❦♦ ❥❡ ❞♦❧➸✐♥❛ ❦❧❛♥❝❛✱ ↔❡ ❥❡ ✐♠❡❧ ♥❛ ✈r❤✉ ❦❧❛♥❝❛ ❤✐tr♦st 5 m/s❄ ❑♦ ♣r✐♣❡❧❥❡ ❞♦ ✈③♥♦➸❥❛
❦❧❛♥❝❛✱ ♥❡ ③❛↔♥❡ ♣♦❣❛♥❥❛t✐ ❦♦❧❡s❛✱ ❛♠♣❛❦ ♠❛❧♦ ♣♦↔✐✈❛✳ ❑❛❦♦ ❞♦❧❣♦ ♣♦t ♣r❡♣❡❧❥❡ ♣♦ ✈♦❞♦r❛✈♥✐
♣♦❞❧❛❣✐ ❞♦❦❧❡r s❡ ♥❡ ✉st❛✈✐❄

❘♣✿ ❱ ♣r✈❡♠ ❞❡❧✉ s❡ ❦♦❧❡s❛r s♣✉st✐ ♣♦ ❦❧❛♥❝✉✳ ❙✐❧♦ t❡➸❡ Fg r❛③st❛✈✐♠ ♥❛ ❦❧❛♥❝✉ ✈③♣♦r❡❞♥♦
❦♦♠♣♦♥❡♥t♦ F‖ = Fg sin ϕ = 191N ✐♥ ♥❛ ❦❧❛♥❡❝ ♣r❛✈♦❦♦t♥♦ ❦♦♠♣♦♥❡♥t♦ F⊥ = Fg cos ϕ =
1100 N cos 10◦ = 1083N✳ P♦t❡♠ ❧❛❤❦♦ ➨❡ ❞♦❧♦↔✐♠ s✐❧♦ tr❡♥❥❛ Ft = ktF⊥ = 32, 5 N✳
❙❡❞❛❥ s❡ s♣♦♠♥✐♠ ♣r✈❡❣❛ ◆❡✇t♦♥♦✈❡❣❛ ③❛❦♦♥❛✿ ✈s♦t❛ ③✉♥❛♥❥✐❤ s✐❧ ♥❛ ❦♦❧❡s❛r❥❛ ❥❡ ❡♥❛❦❛
♠❛s✐ ❦♦❧❡s❛r❥❛ ♣♦♠♥♦➸❡♥✐ ③ ♥❥❡❣♦✈✐♠ ♣♦s♣❡➨❦♦♠✳ ❑❡r ♣r❛✈♦❦♦t♥♦ ❦♦♠♣♦♥❡♥t♦ t❡➸❡ F⊥
✉r❛✈♥♦✈❡s✐ ♣♦❞❧❛❣❛✱ ❥❡ ③❛t♦ ✈s♦t❛ ③✉♥❛♥❥✐❤ s✐❧✿ F = F‖−Ft = 32, 5 N✳ P♦s♣❡➨❡❦ ❦♦❧❡s❛r❥❛✱
❦♦ s❡ s♣✉st✐ ♣♦ ❦❧❛♥❝✉✿

a =
F‖ − Ft

m
= 1, 44 m/s2

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

v2 = v2
o + 2al ⇒ l =

v2 − v2
o

2a
= 69, 4 m

❱ ❞r✉❣❡♠ ❞❡❧✉ ♥❛❧♦❣❡ s❡ ❦♦❧❡s❛r ♣❡❧❥❡ ♣♦ r❛✈♥✐♥✐✳ ❑❡r ❥❡ ✈s♦t❛ ③✉♥❛♥❥✐❤ s✐❧ ♥❛❥ ❡♥❛❦❛
tr❡♥❥✉✱ s❡ ♠✉ ❤✐tr♦st ③♠❛♥❥➨✉❥❡✳ ❘❛↔✉♥❛♠ ♣♦❞♦❜♥♦ ❦♦t ♣r❡❥✱ ❧❡ ❞❛ ♠♦r❛♠ ✉♣♦➨t❡✈❛t✐✱ ❞❛
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❥❡ s❡❞❛❥ s✐❧❛ tr❡♥❥❛ ♠❛❧❡♥❦♦st ✈❡↔❥❛ ❦♦t ♣r❡❥✱ s❛❥ ❥❡ s❡❞❛❥ s✐❧❛✱ ❦✐ ❥❡ ♣r❛✈♦❦♦t♥❛ ♥❛ ♣♦❞❧❛❣♦
❡♥❛❦❛ t❡➸✐✳ ❚r❡♥❥❡ ♥❛ ✈♦❞♦r❛✈♥✐ ♣♦❞❧❛❣✐ ❥❡✿ Ft = ktFg = 33N✳
P♦s♣❡➨❡❦ ✭♣♦❥❡♠❡❦✮✿ a = −Ft

m = −0, 3 m/s2

♣♦t✱ ❦✐ ❥♦ ♣r❡♣❡❧❥❡✿ s =
v2−v2

o

2a =
0−v2

o

2a = 41, 7 m

✶✸✳ ❑♦❧❡s❛r ✐♠❛ s ❦♦❧❡s♦♠ ✈r❡❞ ♠❛s♦ 80 kg✳ ❙♣✉st✐ s❡ ♣♦ ❦❧❛♥❝✉ ✭❦♦❧❡s❛ ♥❡ ♣♦❣❛♥❥❛ ✈❡↔✮✱ ❦✐ ❥❡
♥❛❣♥❥❡♥ ♣r♦t✐ ✈♦❞♦r❛✈♥✐❝✐ 5◦ ✐♥ ♥❛ ❦♦♥❝✉ ❦❧❛♥❝❛ ❞♦s❡➸❡ ❤✐tr♦st 15 m/s✳ ❑♦❡✜❝✐❡♥t tr❡♥❥❛ ❥❡
0, 03✳ ❑♦❧✐❦♦ ❥❡ ❞♦❧➸✐♥❛ ❦❧❛♥❝❛✱ ↔❡ ❥❡ ✐♠❡❧ ♥❛ ✈r❤✉ ❦❧❛♥❝❛ ❤✐tr♦st 5 m/s❄ ❑♦ ♣r✐♣❡❧❥❡ ❞♦ ✈③♥♦➸❥❛
❦❧❛♥❝❛✱ ♥❡ ③❛↔♥❡ ♣♦❣❛♥❥❛t✐ ❦♦❧❡s❛✱ ❛♠♣❛❦ ♠❛❧♦ ♣♦↔✐✈❛✳ ❑❛❦♦ ❞♦❧❣♦ ♣♦t ♣r❡♣❡❧❥❡ ♣♦ ✈♦❞♦r❛✈♥✐
♣♦❞❧❛❣✐ ❞♦❦❧❡r s❡ ♥❡ ✉st❛✈✐❄

❘♣✿ ❞♦❧➸✐♥❛ ❦❧❛♥❝❛ ❥❡ 174, 6 m✱ ♣♦ ✈♦❞♦r❛✈♥✐ ♣♦❞❧❛❣✐ ♣r❡♣❡❧❥❡ ➨❡ 41, 7 m

✹✳✸ ♣r✐ ❦r♦➸❡♥❥✉

✶✳ ❩ ✈♦❞♦ ♥❛♣♦❧♥❥❡♥ ❦♦③❛r❡❝ ✈✐❤t✐♠♦ ✈ ♥❛✈♣✐↔♥✐ r❛✈♥✐♥✐ ♣♦ ❦r♦❣✉ s ♣♦❧♠❡r♦♠ ✹✵ ❝♠✳ ❙ ❦♦❧✐❦♦
✈rt❧❥❛❥✐ ♥❛ s❡❦✉♥❞♦ ♠♦r❛♠♦ ✈rt❡t✐✱ ❞❛ ✈♦❞❛ ♥❡ ❜♦ ✐③t❡❦❧❛❄

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

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

✹✳ ◆❛ ✸✵ ❝♠ ❞♦❧❣✐ ✈r✈✐❝✐✱ ❦✐ s❡ str❣❛ ♣r✐ s✐❧✐ ✻✵◆✱ ❥❡ ♦❜❡➨❡♥ ❦❛♠❡♥ ③ ♠❛s♦ ✷ ❦❣✳ Pr✐ ❦♦❧✐❦➨♥✐ ❦♦t♥✐
❤✐tr♦st✐ ✈rt❡♥❥❛ s❡ ✈r✈✐❝❛ ♣r❡tr❣❛✱ ↔❡ ✈rt✐♠♦ ✈ ♥❛✈♣✐↔♥✐ r❛✈♥✐♥✐❄ ❑❛❥ ♣❛ ↔❡ ✈rt✐♠♦ ✈ ✈♦❞♦r❛✈♥✐
r❛✈♥✐♥✐❄

✺✳ ◆❛ 30 cm ❞♦❧❣✐ ✈r✈✐❝✐✱ ❦✐ s❡ str❣❛ ♣r✐ s✐❧✐ 60 N✱ ❥❡ ♦❜❡➨❡♥ ❦❛♠❡♥ ③ ♠❛s♦ 4 kg✳ Pr✐ ❦♦❧✐❦➨♥✐ ❦♦t♥✐
❤✐tr♦st✐ ✈rt❡♥❥❛ s❡ ✈r✈✐❝❛ ♣r❡tr❣❛✱ ↔❡ ❦❛♠❡♥ ✈rt✐♠♦ ✈ ✈♦❞♦r❛✈♥✐ r❛✈♥✐♥✐❄ ❑❛❥ ♣❛ ↔❡ ❣❛ ✈rt✐♠♦ ✈
♥❛✈♣✐↔♥✐ r❛✈♥✐♥✐❄ ❑♦❧✐❦♦ ❥❡ t❡❞❛❥✱ ❦♦ s❡ ✈r✈✐❝❛ str❣❛ ❣✐❜❛❧♥❛ ❦♦❧✐↔✐♥❛ ❦❛♠♥❛ ✐♥ ❦♦❧✐❦♦ ❦✐♥❡t✐↔♥❛
❡♥❡r❣✐❥❛❄

✻✳ ◆❛ 60 cm ❞♦❧❣✐ ✈r✈✐❝✐✱ ❦✐ s❡ str❣❛ ♣r✐ s✐❧✐ 30 N✱ ❥❡ ♦❜❡➨❡♥ ❦❛♠❡♥ ③ ♠❛s♦ 2 kg✳ Pr✐ ❦♦❧✐❦➨♥✐ ❦♦t♥✐
❤✐tr♦st✐ ✈rt❡♥❥❛ s❡ ✈r✈✐❝❛ ♣r❡tr❣❛✱ ↔❡ ❦❛♠❡♥ ✈rt✐♠♦ ✈ ✈♦❞♦r❛✈♥✐ r❛✈♥✐♥✐❄ ❑❛❥ ♣❛ ↔❡ ❣❛ ✈rt✐♠♦ ✈
♥❛✈♣✐↔♥✐ r❛✈♥✐♥✐❄ ❑♦❧✐❦♦ ❥❡ t❡❞❛❥✱ ❦♦ s❡ ✈r✈✐❝❛ str❣❛ ❣✐❜❛❧♥❛ ❦♦❧✐↔✐♥❛ ❦❛♠♥❛ ✐♥ ❦♦❧✐❦♦ ❦✐♥❡t✐↔♥❛
❡♥❡r❣✐❥❛❄

✼✳ ❑❧❥✉↔ ③ ♠❛s♦ 100 g ❥❡ ♣r✐tr❥❡♥ ♥❛ 0, 5 m ❞♦❧❣✐ ✈r✈✐✳ ❱ ✈♦❞♦r❛✈♥✐ r❛✈♥✐♥✐ ❡♥❛❦♦♠❡r♥♦ ❦r♦➸✐ s
❢r❡❦✈❡♥❝♦ 4 Hz✳ ❑♦❧✐❦➨♥❛ s✐❧❛ ❥❡ ♣♦tr❡❜♥❛ ③❛ t♦ ✐♥ ✈ ❦❛t❡r✐ s♠❡r✐ ❞❡❧✉❥❡❄ ❑❛❥ s❡ ③❣♦❞✐ s ❦❧❥✉↔❡♠✱
↔❡ s❡ ✈r✈✐❝❛ ♣r❡tr❣❛❄

❘♣✿ s✐❧❛ ♣r✐ ❦r♦➸❡♥❥✉
a = ω2r = (2πν)2r = 4π2ν2r = 320m/s2

s✐❧❛ F = ma = 32N ✐♠❛ s♠❡r ♣r♦t✐ sr❡❞✐➨↔✉ ❦r♦➸❡♥❥❛
↔❡ s❡ ✈r✈✐❝❛ str❣❛✱ ♦❞❧❡t✐ ❦❧❥✉↔ t❛♥❣❡♥t♥♦ ♥❛ ❦r♦➸♥✐❝♦✱ t♦ ❥❡ ✈ tr❡♥✉t♥✐ s♠❡r✐ ✈❡❦t♦r❥❛
❤✐tr♦st✐

✽✳ ❑❧❥✉↔ ③ ♠❛s♦ 300 g ❥❡ ♣r✐tr❥❡♥ ♥❛ 0, 75 m ❞♦❧❣✐ ✈r✈✐✳ ❱ ✈♦❞♦r❛✈♥✐ r❛✈♥✐♥✐ ❡♥❛❦♦♠❡r♥♦ ❦r♦➸✐✳
Pr♦t✐ sr❡❞✐➨↔✉ ❣❛ ✈❧❡↔❡ st❛❧♥❛ s✐❧❛ 800 N✳ ❙ ❦♦❧✐❦➨♥♦ ❢r❡❦✈❡♥❝♦ ❦r♦➸✐ ❦❧❥✉↔❄ ❑❛❥ s❡ ③❣♦❞✐ s
❦❧❥✉↔❡♠✱ ↔❡ s❡ ✈r✈✐❝❛ ♣r❡tr❣❛❄

❘♣✿ ♣♦s♣❡➨❡❦ ❥❡ ❦♦t s✐❧❛ ✉s♠❡r❥❡♥ ♣r♦t✐ sr❡❞✐➨↔✉✳ ◆❥❡❣♦✈❛ ✈❡❧✐❦♦st ❥❡✿

a =
F

m
=

800N

300g
= 2667m/s2

❱♠❡s♥✐ r❛↔✉♥ ③❛ ❦♦t♥♦ ❤✐tr♦st ♣r❛✈③❛♣r❛✈ ♥✐ ♣♦tr❡❜❡♥✿ ω2 = a
r = 3556 s−2 ⇒ ω =

59, 6 s−1 ✐♥ ③❛t♦ ❥❡ ❢r❡❦✈❡♥❝❛✿ ν = ω
2π = 9, 5 s−1



✹ ❉■◆❆▼■❑❆ ✺✷

▲❛❤❦♦ ♣❛ ✐③r❛↔✉♥❛♠♦ ❢r❡❦✈❡♥❝♦ ✈ ❡♥❡♠ ❦♦r❛❦✉✿

ν =
ω

2π
=

√

a
r

2π
=

√

F
m

r

2π
=

√

800 N
300 g

75 cm

2π
= 9, 49 s−1

❑♦ s❡ ✈r✈✐❝❛ str❣❛✱ ❦❧❥✉↔ ♦❞❧❡t✐ ✈ s♠❡r✐ tr❡♥✉t♥❡ ❤✐tr♦st✐✳ ❑❡r ❥❡ ✈❡❦t♦r ❤✐tr♦st✐ ✈❡❞♥♦
✉s♠❡r❥❡♥ t❛♥❣❡♥t♥♦ ♥❛ ❦r♦➸♥✐❝♦ ✈ t♦↔❦✐✱ ❦❥❡r s❡ t❡❧♦ tr❡♥✉t♥♦ ♥❛❤❛❥❛✱ ❦❧❥✉↔ ♦❞❧❡t✐ t❛♥❣❡♥✲
t♥♦ ♥❛ ❦r♦➸♥✐❝♦ ✈ t♦↔❦✐✱ ❦❥❡r ❥❡ ❜✐❧ ❦❧❥✉↔✱ ❦♦ s❡ ❥❡ ✈r✈✐❝❛ str❣❛❧❛✳

✾✳ ❑❧❥✉↔ ③ ♠❛s♦ 100 g ❥❡ ♣r✐tr❥❡♥ ♥❛ 2 m ❞♦❧❣✐ ✈r✈✐✳ ❱ ✈♦❞♦r❛✈♥✐ r❛✈♥✐♥✐ ❡♥❛❦♦♠❡r♥♦ ❦r♦➸✐✳ Pr♦t✐
sr❡❞✐➨↔✉ ❣❛ ✈❧❡↔❡ st❛❧♥❛ s✐❧❛ 800 N✳ ❙ ❦♦❧✐❦➨♥✐♠ ♦❜❤♦❞♥✐♠ ↔❛s♦♠ ❦r♦➸✐ ❦❧❥✉↔❄ ❑❛❥ s❡ ③❣♦❞✐ s
❦❧❥✉↔❡♠✱ ↔❡ s❡ ✈r✈✐❝❛ ♣r❡tr❣❛❄

❘♣✿ a = 8000m/s2✱ ω = 63, 2 s−1✱ to = 2π
ω = 0, 099 s

t❛♥❣❡♥t♥♦ ♥❛ ❦r♦➸♥✐❝♦

✶✵✳ ❑❧❥✉↔ ③ ♠❛s♦ 100 g ❥❡ ♣r✐tr❥❡♥ ♥❛ 2 m ❞♦❧❣✐ ✈r✈✐✳ ❱ ✈♦❞♦r❛✈♥✐ r❛✈♥✐♥✐ ❡♥❛❦♦♠❡r♥♦ ❦r♦➸✐ s
❢r❡❦✈❡♥❝♦ 2 Hz✳ ❑♦❧✐❦➨♥❛ s✐❧❛ ❥❡ ♣♦tr❡❜♥❛ ③❛ t♦ ✐♥ ✈ ❦❛t❡r✐ s♠❡r✐ ❞❡❧✉❥❡❄ ❑❛❥ s❡ ③❣♦❞✐ s
❦❧❥✉↔❡♠✱ ↔❡ s❡ ✈r✈✐❝❛ ♣r❡tr❣❛❄

✶✶✳ ❆✈t♦ ✈♦③✐ s❦♦③✐ ✈♦❞♦r❛✈♥✐ ♦✈✐♥❡❦ ❜❧✐③✉ ❈❡❧❛✳ ▼❛s❛ ❛✈t♦♠♦❜✐❧❛ ❥❡ 1709 kg✳ ❑♦❡✜❝✐❡♥t tr❡♥❥❛
♠❡❞ ❣✉♠❛♠✐ ✐♥ ❝❡st♦ ❥❡ 0, 7✳ ❘❛❞✐❥ ♦✈✐♥❦❛ ❥❡ 20 m✳ ◆❛r✐➨✐ s✐❧❡✱ ❦✐ ❞❡❧✉❥❡❥♦ ♥❛ ❛✈t♦✦ ❑♦❧✐❦➨♥❛ ❥❡
❧❛❤❦♦ ♥❛❥✈❡↔❥❛ ❤✐tr♦st ❛✈t♦♠♦❜✐❧❛ s❦♦③✐ ♦✈✐♥❡❦❄

✶✷✳ ❚❡❧♦ ③ ♠❛s♦ 150 g s❡ ❣✐❜❧❥❡ ❡♥❛❦♦♠❡r♥♦ ♣♦ ❦r♦➸♥✐❝✐ s ♣♦❧♠❡r♦♠ 15 cm ✐♥ ♥❛♣r❛✈✐ 120 ♦❜❤♦❞♦✈
♥❛ ♠✐♥✉t♦✳ ■③r❛↔✉♥❛❥✿

✭❛✮ ♦❜❤♦❞♥✐ ↔❛s

✭❜✮ ❦♦t♥♦ ❤✐tr♦st

✭❝✮ ❦r♦➸✐❧♥♦ ❤✐tr♦st

✭❞✮ ❝❡♥tr✐♣❡t❛❧♥✐ ♣♦s♣❡➨❡❦

✭❡✮ ❦♦t♥✐ ♣♦s♣❡➨❡❦

✭❢✮ t❛♥❣❡♥t♥✐ ♣♦s♣❡➨❡❦

✭❣✮ ❝❡♥tr✐♣❡t❛❧♥♦ s✐❧♦

✭❤✮ t❛♥❣❡♥t♥♦ s✐❧♦

✹✳✹ ❣r❛✈✐t❛❝✐❥❛

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

✷✳ ❑♦❧✐❦♦ ❥❡ ♦❜❤♦❞♥✐ ↔❛s s❛t❡❧✐t❛✱ ❦✐ ❦r♦➸✐ ♥❛ ✈✐➨✐♥✐ ✻✵✵ ❦♠ ♦❦♦❧✐ ❡❦✈❛t♦r❥❛❄ ▼❛s❛ ❩❡♠❧❥❡ ❥❡
6 · 1024 kg✳

✸✳ ◆❛ ❦❛t❡r✐ ✈✐➨✐♥✐ ♥❛❞ ③❡♠❡❧❥s❦♦ ♣♦✈r➨✐♥♦ s❡ t❡➸♥✐ ♣♦s♣❡➨❡❦ ③♠❛♥❥➨❛ ♥❛ ↔❡trt✐♥♦❄

✹✳ ❑♦❧✐❦♦ ❥❡ ♥❛t❛♥↔♥❛ r❛③❧✐❦❛ ♠❡❞ t❡➸♥✐♠❛ ♣♦s♣❡➨❦♦♠❛ ♥❛ ❡❦✈❛t♦r❥✉ ✐♥ ♥❛ ♣♦❧✉❄ ❯♣♦➨t❡✈❛❥ r❛③❧✐❦♦
✈ r❛❞✐❥✉ ✐♥ ✈rt❡♥❥❡ ❩❡♠❧❥❡✦ ✭re = 6378 km✱ rp = 6357 km✱ to = 23h 56 m 4, 1 s✮

✺✳ ❑♦❧✐❦♦ ❥❡ r❛③❧✐❦❛ ♠❡❞ t❡➸♥✐♠ ♣♦s♣❡➨❦♦♠ ✈ P♦rt♦r♦➸✉ ✐♥ ♥❛ ✈r❤✉ ▼t✳ ❊✈❡r❡st❛❄ ❘❛❞✐❥ ❩❡♠❧❥❡
❥❡ ✻✹✵✵ ❦♠✳

✻✳ ❑♦❧✐❦➨♥❛ ❥❡ ♥❛❞♠♦rs❦❛ ✈✐➨✐♥❛ ❙❦♦♣❥❛✱ ❦❥❡r ❥❡ t❡➸♥✐ ♣♦s♣❡➨❡❦ ❡♥❛❦ 9, 803 m/s2❄

✼✳ ■③r❛↔✉♥❛❥ ♠❛s♦ ❩❡♠❧❥❡✦ ❚❡➸♥✐ ♣♦s♣❡➨❡❦ ♥❛ ♣♦✈r➨✐♥✐ ❩❡♠❧❥❡ ❥❡ 9, 81 m/s2✱ r❛❞✐❥ ❩❡♠❧❥❡ ♣❛
✻✹✵✵ ❦♠✳

✽✳ ❑♦❧✐❦♦ ❥❡ ✈✐➨✐♥❛ s❛t❡❧✐t❛ ♥❛❞ ❩❡♠❧❥♦✱ ↔❡ ❦r♦➸✐ ♦❦r♦❣ ❩❡♠❧❥❡ s ❤✐tr♦st❥♦ ✺ ❦♠✴s❄ ❘❛❞✐❥ ❩❡♠❧❥❡ ❥❡
✻✹✵✵ ❦♠❄

✾✳ ▲✉♥❛ ❥❡ ❩❡♠❧❥✐♥ ❡❞✐♥✐ ♥❛r❛✈♥✐ s❛t❡❧✐t✳ ❖❦r♦❣ ❩❡♠❧❥❡ ❦r♦➸✐ ♥❛ ♦❞❞❛❧❥❡♥♦st✐ ✸✽✹ ✵✵✵ ❦♠✱ ♥❥❡♥❛
♠❛s❛ ♣❛ ❥❡ 7, 4 · 1022 kg✳ ❱ ❦♦❧✐❦➨♥❡♠ ↔❛s✉ ♥❛r❡❞✐ ❡♥ ♦❜❤♦❞❄ ▼❛s❛ ❩❡♠❧❥❡ ❥❡ 6 · 1024 kg✳
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❘♣✿ ●r❛✈✐t❛❝✐❥s❦✐ ③❛❦♦♥
▲❯◆❆✿r = 380000 km

m = 7, 4 · 1022 kg

❩❊▼▲❏❆✿M = 6 · 1024 kg

✭❣r❛✈✐t❛❝✐❥s❦❛ ❦♦♥st❛♥t❛ G = 6, 6 · 10−11 Nm2/kg2✮

Fg = mg = G · mM

r2

Fg =
2, 9304 · 1037 Nm2

1, 475 · 1017 m2
⇒ a = 0.00274 m/s2

a =
v2

r
→ v2 = ar = 0.00274 m/s2 · 380000000 m → v = 3675 km/h

v =
obsegkroga

to
=

2πr

to

to =
2πr

v
= 649, 7 h = 27 dni

Pr✐ t❡♠ r❛↔✉♥✉ ❥❡ ♣♦✈♣r❡↔♥❛ r❛③❞❛❧❥❛ ♠❡❞ ▲✉♥♦ ✐♥ ❩❡♠❧❥♦ ♠❛❧ ♣r❡♠❛❥❤♥❛✱ ♣r❛✈ t❛❦♦ ♣❛
t✉❞✐ ❣r❛✈✐t❛❝✐❥s❦❛ ❦♦♥st❛♥t❛✳ ❘❛↔✉♥ ❧❛❤❦♦ ♣♦♥♦✈✐➨ ➨❡ ③ ❜♦❧❥ ♥❛t❛♥↔♥✐♠❛ ✈r❡❞♥♦st✐♠❛✳
❇♦❧❥ ❡❧❡❣❛♥t♥♦ ❜✐ ❜✐❧♦ t❛❦♦❧❡✿
■③ ❡♥❛↔❜

ma = G · mM

r2
✐♥ a = ω2r ✐♥ ω =

2π

to

✐③r❛③✐♠♦ ♦❜❤♦❞♥✐ ↔❛s

to = 2π

√

r3

GM

✈st❛✈✐♠♦ ♣♦❞❛t❦❡ ✐♥ ✐③r❛↔✉♥❛♠♦✿ to = 2.363 Ms = 27.3 dni

✶✵✳ ❑♦❧✐❦➨❡♥ ❥❡ t❡➸♥✐ ♣♦s♣❡➨❡❦ ♥❛ ▼❛rs✉✱ ❦✐ ✐♠❛ ♠❛s♦ ✶✵ ❦r❛t ♠❛♥❥➨♦ ❦♦t ❥❡ ❩❡♠❧❥✐♥❛ ✐♥ ❥❡ ♥❥❡❣♦✈
♣♦❧♠❡r ✸✸✽✵ ❦♠❄

✶✶✳ P♦❧♠❡r ▼❛rs❛ ❥❡ ✵✱✺✸ ♣♦❧♠❡r❛ ❩❡♠❧❥❡✱ ♥❥❡❣♦✈❛ ♠❛s❛ ♣❛ ❥❡ ✵✱✶✶ ♠❛s❡ ❩❡♠❧❥❡✳ ❑♦❧✐❦➨❡♥ ❥❡ t❡➸♥✐
♣♦s♣❡➨❡❦ ♥❛ ♣♦✈r➨❥✉ ▼❛rs❛❄

✶✷✳ ❱❡♥❡r❛ ❥❡ ❞r✉❣✐ ♣❧❛♥❡t ♣♦ ♦❞❞❛❧❥❡♥♦st✐ ♦❞ ❙♦♥❝❛✱ ❦✐ ♠❡r✐ 1, 08 · 108 km✳ ❱ ❦♦❧✐❦➨♥❡♠ ↔❛s✉
❱❡♥❡r❛ ♦❜❦r♦➸✐ ❙♦♥❝❡❄ ▼❛s❛ ❙♦♥❝❛ ❥❡ 2 · 1030 kg✳

✶✸✳ ❑♦❧✐❦➨❡♥ ❥❡ t❡➸♥✐ ♣♦s♣❡➨❡❦ ♥❛ ❏✉♣✐tr✉✱ ❦✐ ✐♠❛ ✸✶✽ ❦r❛t ✈❡↔❥♦ ♠❛s♦ ❦♦t ❩❡♠❧❥❛ ✐♥ ♣♦❧♠❡r
✼✶✸✺✵ ❦♠❄

✶✹✳ ❑♦❧✐❦➨❡♥ ❥❡ t❡➸♥✐ ♣♦s♣❡➨❡❦ ♥❛ ♣♦✈r➨❥✉ ❙♦♥❝❛✱ ↔❡ ❥❡ ♥❥❡❣♦✈❛ ♠❛s❛ 3, 33 · 105 ♠❛s ❩❡♠❧❥❡✱ ♥❥❡❣♦✈
♣♦❧♠❡r ♣❛ ✶✵✾ ♣♦❧♠❡r♦✈ ❩❡♠❧❥❡❄

✶✺✳ ◆❛ ❦❛t❡r✐ ✈✐➨✐♥✐ ♥❛❞ ❩❡♠❧❥♦ ❦r♦➸✐ ✉♠❡t♥✐ s❛t❡❧✐t ♦❦r♦❣ ❩❡♠❧❥❡✱ t❛❦♦ ❞❛ ❥❡ ✈❡s ↔❛s ♥❛❞ ✐st✐♠
❦r❛❥❡♠❄

✶✻✳ ❑♦❧✐❦➨♥♦ ❤✐tr♦st ♠♦r❛ ✐♠❡t✐ ✉♠❡t♥✐ s❛t❡❧✐t ✈ ✈♦❞♦r❛✈♥✐ s♠❡r✐✱ ❞❛ ♥❡ ♣❛❞❡ ♥❛ ❩❡♠❧❥♦✱ ↔❡ ❥❡ ♥❛
✈✐➨✐♥✐ ✶✵✵ ❦♠❄

✶✼✳ ▼❡r❦✉r ✏❦r♦➸✐✑ ♥❛ ♦❞❞❛❧❥❡♥♦st✐ ✺✽ ♠✐❧✐❥♦♥♦✈ ❦♠ ♦❞ ❙♦♥❝❛✳ ❙ ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ ♣♦t✉❥❡ ♦❦♦❧✐
❙♦♥❝❛❄

✶✽✳ ▼❛rs♦✈ s❛t❡❧✐t ❉❡✐♠♦s ✐♠❛ ♦❜❤♦❞♥✐ ↔❛s ✶✱✷✻ ❞♥❡✈❛ ✐♥ ❥❡ ♦❞❞❛❧❥❡♥ ♦❞ ▼❛rs❛ ✷✸✵✵✵ ❦♠✳ ❑♦❧✐❦♦
❥❡ ❣r❛✈✐t❛❝✐❥s❦✐ ♣♦s♣❡➨❡❦ ♥❛ ▼❛rs✉✱ ↔❡ ❥❡ ♥❥❡❣♦✈ r❛❞✐❥ ✸✸✽✵ ❦♠❄

✶✾✳ ▼❛rs♦✈❛ ❧✉♥❛ ❋♦❜♦s ❦r♦➸✐ ✈ r❛③❞❛❧❥✐ ✾✸✽✵ ❦♠ ♦❦r♦❣ ▼❛rs❛ ③ ♦❜❤♦❞♥♦ ❞♦❜♦ ✼❤ ✸✾♠✳ P♦❧♠❡r
▼❛rs❛ ❥❡ ✸✸✽✵ ❦♠✳ ❑♦❧✐❦♦ ❥❡ ♦❜❤♦❞♥❛ ❤✐tr♦st ✐♥ ❦♦❧✐❦♦ ❦♦t♥❛ ❤✐tr♦st ❋♦❜♦s❛❄
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✷✵✳ ❏✉♣✐tr♦✈ s❛t❡❧✐t ❊✈r♦♣❛ ✐♠❛ ♦❜❤♦❞♥✐ ↔❛s ✸✱✺✺ ❞♥❡✈❛ ✐♥ ❥❡ ♦❞❞❛❧❥❡♥ ♦❞ ❏✉♣✐tr❛ ✻✼✶✵✵✵ ❦♠✳ ❑♦❧✐❦♦
❥❡ ❣r❛✈✐t❛❝✐❥s❦✐ ♣♦s♣❡➨❡❦ ♥❛ ❏✉♣✐tr✉✱ ↔❡ ❥❡ ♥❥❡❣♦✈ r❛❞✐❥ ✼✶✸✺✵ ❦♠❄

✷✶✳ ■③r❛↔✉♥❛❥ ♠❛s♦ ❙♦♥❝❛✱ ↔❡ ✈❡➨✱ ❞❛ ❣❛ ❩❡♠❧❥❛ ♦❜❦r♦➸✐ ✈ ✸✻✺ ❞♥❡❤ ♥❛ r❛③❞❛❧❥✐ ✶✺✵ ♠✐❧✐❥♦♥♦✈
❦✐❧♦♠❡tr♦✈✦

✷✷✳ ❑♦❧✐❦♦ ↔❛s ♣♦tr❡❜✉❥❡ ▲✉♥✐♥ ♠♦❞✉❧✱ ❞❛ ♦❜❦r♦➸✐ ▲✉♥♦ ♥❛ ✈✐➨✐♥✐ ✷✵✵✵♠❄ P♦❧♠❡r ▲✉♥❡ ❥❡ ✶✻✵✵ ❦♠✱
♥❥❡♥❛ ♠❛s❛ ♣❛ 7, 4 · 1022 kg✳

✷✸✳ ❖❜❤♦❞♥✐ ↔❛s ❩❡♠❧❥❡ ♦❦♦❧✐ ❙♦♥❝❛ ❥❡ ✶ ❧❡t♦✳ ▼❛s❛ ❙♦♥❝❛ ❥❡ 2 · 1030 kg✳ ❩♦r♥✐ ❦♦t ❙♦♥❝❛ ③ ❩❡♠❧❥❡
❥❡ 32′✳ ❑♦❧✐❦♦ ❥❡ ❩❡♠❧❥❛ ♦❞❞❛❧❥❡♥❛ ♦❞ ❙♦♥❝❛✱ ↔❡ ✉♣♦➨t❡✈❛➨✱ ❞❛ ❦r♦➸✐❄ ❑♦❧✐❦♦ ❥❡ ♦❜❤♦❞♥✐ ↔❛s
◆❡♣t✉♥❛✱ ❦✐ ❥❡ ♦❞ ❙♦♥❝❛ ♦❞❞❛❧❥❡♥ ✹✱✺ ♠✐❧✐❥❛r❞❡ ❦✐❧♦♠❡tr♦✈❄ ❑♦❧✐❦♦ ❥❡ ♥❥❡❣♦✈❛ ♦❜♦❞♥❛ ❤✐tr♦st❄
❑♦❧✐❦♦ ❥❡ ③♦r♥✐ ❦♦t ❙♦♥❝❛ ③ ◆❡♣t✉♥❛❄

✷✹✳ ❱ ♦❞❞❛❧❥❡♥✐ ❣❛❧❛❦s✐❥✐✱ ♥❡❦❥❡ ❞❛❧❡↔✱ ❦❛♠♦r ➨❡ ♥✐ s❡❣❧♦ ↔❧♦✈❡➨❦♦ ♦❦♦✱ ♦❜st❛❥❛❥♦ ♥❡♥❛✈❛❞♥❡ ③✈❡③❞♥❡
❦♦♣✐❝❡✳ ❙❦♦r❛❥ ✈ sr❡❞✐➨↔✉ t❛❦➨♥❡ ❦♦♣✐❝❡ ♦❜st❛❥❛ ♦r❥❛➨❦❛ ❤❧❛❞♥❛ ③✈❡③❞❛✱ ❦✐ ➸❡ ❞♦❧❣♦ ✈❡↔ ♥❡ ❣r❡❥❡
❤r❜t♥❡ str✉♥❡ s❦♦r❛❥ ✈❡↔♥♦ ➸✐✈❡↔❡❣❛ ▼❡❞✉③❛❧❡♠❛✱ ❧✐❣♥❥✉ ♣♦❞♦❜♥❡❣❛ ❜✐t❥❛ s s❧✉③❛st✐♠✐ ♦↔♠✐✳
❚❛ ❵❧✐❣❡♥❥✬ ❥❡ ➨❡ ♣♦s❧❡❞♥❥✐ ♣r❡❞st❛✈♥✐❦ ❧❥✉❞❡♠ ♥❡③♥❛♥❡ ✈rst❡ s✉♣❡rt❡➸❦✐❤ ♠❡❞✉③♦❦r❛❦♦✈✳ ◆❥✐❤♦✈
➸✐✈❧❥❡♥❥s❦✐ ♣r♦st♦r ❥❡ ♦❦♦❧✐❝❛ ♦r❥❛➨❦✐❤ t❡➸❦✐❤ ③✈❡③❞✱ ❦❥❡r s❡ ✐③❧❡➸❡❥♦ ✐③ ✈❛❦✉✉♠❛✳

✭❛✮ ❑♦❧✐❦➨❡♥ ❥❡ ♦❜❤♦❞♥✐ ↔❛s ▼❡❞✉③❛❧❡♠❛✱ ↔❡ s❡ ❥❡ ✐③❧❡❣❡❧ ♥❛ r❛③❞❛❧❥✐ 3, 8 · 108 m ♦❞ t❡➸✐➨↔❛
♦r❥❛➨❦❡ ③✈❡③❞❡ ✐♥ ❦r♦➸✐ ③ ❤✐tr♦st❥♦ 106 m

s ❄

✭❜✮ ❑♦❧✐❦➨♥❛ ❥❡ ♠❛s❛ ③✈❡③❞❡❄

✭❝✮ ▼❡❞✉③♦❦r❛❦✐ ✐♠❛❥♦ ❣❧❛✈♦ ♦❜r♥❥❡♥♦ ✈❡❞♥♦ ✈str❛♥ ♦❞ ③✈❡③❞❡✳ ❙ ❦❛❦➨♥♦ s✐❧♦ ❥❡ ♥❛♣❡t ▼❡❞✉✲
③❛❧❡♠✱ ↔❡ ✐♠❛ ♣♦❧♦✈✐❝♦ ♠❛s❡ ③❜r❛♥❡ ✈ r❡♣✉ ✐♥ ♣♦❧♦✈✐❝♦ ♠❛s❡ ③❜r❛♥❡ ✈ ❣❧❛✈✐ ✐♥ ❥❡ ♥❥❡❣♦✈❛
❞♦❧➸✐♥❛ 1800 km❄ ▼❡❞✉③♦❦r❛❦✐ s♦ t❡➸❦✐ ❦♦t ♥❛➨❛ ❧✉♥❛ ✭1023 kg✮✳ ❘❛③❧✐❦♦ s✐❧ ③❛r❛❞✐ ❣r❛✈✐✲
t❛❝✐❥❡ ✐♥ r❛③❧✐↔♥✐❤ r❛③❞❛❧❥ ❣❧❛✈❡ ✐♥ r❡♣❛ ❞♦ ③✈❡③❞❡ ③❛♥❡♠❛r✐✦✦✦

✷✺✳ ❊♥❛↔❜❡ ♣r❡✉r❡❞✐♠♦ ✈ ♥❛♠✐➨❧❥❡♥❡ ❜r❡③❞✐♠❡♥③✐❥s❦❡ ❡❦✈✐✈❛❧❡♥t❡ ✐♥ ♣✐➨❡♠♦✿ ❡❧❡❦tr♦♥ ✐♥ ❥❡❞r♦ ↔✉t✐t❛
♣r✐✈❧❛↔♥♦ s✐❧♦ FE = 1

r2 ✱ ❡❧❡❦tr♦♥ ❦r♦➸✐ ♦❦♦❧✐ ❥❡❞r❛ ✐♥ ♥❥❡❣♦✈❛ ❝❡♥tr✐❢✉❣❛❧♥❛ s✐❧❛ ❥❡ FC = v2

r ✳
❱❛❧♦✈♥❛ ❞♦❧➸✐♥❛ ❡❧❡❦tr♦♥❛ ❥❡ λ = 1

v ✐♥ ♣♦❣♦❥ ③❛ st❛❜✐❧♥♦ ✭♠♦➸♥♦✮ ♦r❜✐t♦ ❥❡✱ ❞❛ ❥❡ ♦❜s❡❣ ❦r♦❣❛
♣♦ ❦❛t❡r❡♠ ❦r♦➸✐ ❡❧❡❦tr♦♥ ❝❡❧♦➨t❡✈✐❧s❦✐ ✈❡↔❦r❛t♥✐❦ ♥❥❡❣♦✈❡ ✈❛❧♦✈♥❡ ❞♦❧➸✐♥❡ ✭2πr = nλ✱ n =
1, 2, 3 . . .✮✳ ❚❛ ③❛❤t❡✈❛ ♣♦♠❡♥✐✱ ❞❛ ❥❡ ❡❧❡❦tr♦♥ ✈ s✈♦❥✐ ✈❛❧♦✈♥✐✱ ♥❡❧♦❦❛❧✐③✐r❛♥✐ s❧✐❦✐ ♣♦✈s♦❞ ③✈❡③❡♥
✐♥ ❣❧❛❞❡❦✳ ❑❛❦➨♥❛ ❥❡ ❡♥❡r❣✐❥❛ ♠♦➸♥✐❤ st❛❜✐❧♥✐❤ ♦r❜✐t En ✈ ♦❞✈✐s♥♦st✐ ♦❞ n = 1, 2, 3..✱ ↔❡ ✈❡➨✱
❞❛ s❡ ❝❡❧♦t♥❛ ❡♥❡r❣✐❥❛ ③❛♣✐➨❡ ❦♦t E = v2

r − 1
r ❄ ◆❛ ♣♦❞♦❜❡♥ ♥❛↔✐♥ ❥❡ ❉❛♥s❦✐ ✜③✐❦ ✐♥ ✜❧♦③♦❢ ◆✐❡❧s

❇♦❤r ✐③♣❡❧❥❛❧ ♣r✈✐ tr✐✉♠❢❛❧❡♥ r❡③✉❧t❛t ♥♦✈❡ ✜③✐❦ ✲ ❦✈❛♥t♥❡ ♠❡❤❛♥✐❦❡ ✐♥ ♥❛♣♦✈❡❞❛❧ ❡♥❡r❣✐❥s❦♦
❧❡st✈✐❝♦ ③❛ ✈♦❞✐❦♦✈ ❛t♦♠✳ ◆❡ ♣r❡str❛➨✐t❡ s❡ t❡❦st❛✱ ♥❛❧♦❣❛ ❥❡ ❧❛❤❦❛✱ ♣♦tr❡❜♥♦ ❥❡ s❛♠♦ ③❞r✉➸✐t✐
❡♥❛↔❜❡✳

✷✻✳ ❑♦❧✐❦♦ ❥❡ r❛③❞❛❧❥❛ ♦❞ ❙♦♥❝❛ ❞♦ ♣❧❛♥❡t❛✱ ❦✐ ✐♠❛ ♦❜❤♦❞♥✐ ↔❛s ✶✶ ❧❡t❄

❘♣✿ ♣♦ ✸✳❑❡♣❧❡r❥❡✈❡♠ ③❛❦♦♥✉ ❥❡
r3

t2o
= konst.

⇒ r = rz
3

√

t2o
t2oz

= rz
3

√

(

to
toz

)2

= 4, 95 a.e.

r = 1ae
3

√

(

11let

1leto

)2

= 4, 95 a.e.

✷✼✳ ❑♦❧✐❦♦ ❥❡ r❛③❞❛❧❥❛ ♦❞ ❙♦♥❝❛ ❞♦ ♣❧❛♥❡t❛✱ ❦✐ ✐♠❛ ♦❜❤♦❞♥✐ ↔❛s ✸✷ ❧❡t❄

✷✽✳ ❑♦❧✐❦♦ ❥❡ r❛③❞❛❧❥❛ ♦❞ ❙♦♥❝❛ ❞♦ ♣❧❛♥❡t❛✱ ❦✐ ✐♠❛ ♦❜❤♦❞♥✐ ↔❛s ✽✾ ❧❡t❄

❘♣✿ ♣♦ ✸✳❑❡♣❧❡r❥❡✈❡♠ ③❛❦♦♥✉ ❥❡

r3

t2o
= konst.

⇒ r = rz
3

√

t2o
t2oz

= rz
3

√

(

to
toz

)2
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r = 1ae
3

√

(

89let

1leto

)2

= 20 a.e.

✷✾✳ ❑♦❧✐❦♦ ❥❡ r❛③❞❛❧❥❛ ♦❞ ❙♦♥❝❛ ❞♦ ♣❧❛♥❡t❛✱ ❦✐ ✐♠❛ ♦❜❤♦❞♥✐ ↔❛s ✶✻✷ ❧❡t❄

✸✵✳ ❑♦❧✐❦♦ ❥❡ ♦❜❤♦❞♥✐ ↔❛s ♣❧❛♥❡t❛✱ ❦✐ ❥❡ ♦❞ ❙♦♥❝❛ ♦❞❞❛❧❥❡♥ 3/4 ❩❡♠❧❥✐♥❡ r❛③❞❛❧❥❡ ♦❞ ❙♦♥❝❛❄

✸✶✳ ❑♦❧✐❦♦ ❥❡ ♦❜❤♦❞♥✐ ↔❛s ♣❧❛♥❡t❛✱ ❦✐ ❥❡ ♦❞ ❙♦♥❝❛ ♦❞❞❛❧❥❡♥ 7/10 ❩❡♠❧❥✐♥❡ r❛③❞❛❧❥❡ ♦❞ ❙♦♥❝❛❄

✸✷✳ ❑♦❧✐❦♦ ❥❡ ♦❜❤♦❞♥✐ ↔❛s ♣❧❛♥❡t❛✱ ❦✐ ❥❡ ♦❞ ❙♦♥❝❛ ♦❞❞❛❧❥❡♥ 20 ❦r❛t t♦❧✐❦♦ ❦♦t ❩❡♠❧❥❛❄

✸✸✳ ❑♦❧✐❦♦ ❥❡ ♦❜❤♦❞♥✐ ↔❛s ♣❧❛♥❡t❛✱ ❦✐ ❥❡ ♦❞ ❙♦♥❝❛ ♦❞❞❛❧❥❡♥ 30 ❦r❛t t♦❧✐❦♦ ❦♦t ❩❡♠❧❥❛❄

✸✹✳ ❑♦❧✐❦♦❦r❛t s❡ ③♠❛♥❥➨❛ t❡➸❛ t❡❧❡s❛ ③ ♠❛s♦ ✶ ❦❣✱ ↔❡ ❣❛ r❛❦❡t❛ ❞✈✐❣♥❡ ✈ ✈✐➨✐♥♦ ✻✹✵✵ ❦♠❄

❘♣✿ ❦❡r ❥❡ ❣r❛✈✐t❛❝✐❥s❦❛ s✐❧❛ ♦❜r❛t♥♦ s♦r❛③♠❡r♥❛ s ❦✈❛❞r❛t♦♠ r❛③❞❛❧❥❡

Fg ∝ 1

r2

✐♥ ❦❡r ❥❡ ✈✐➨✐♥❛ ❡♥❛❦❛ ❞✈❡♠❛ r❛❞✐❥❡♠❛ ③❡♠❧❥❡ h = ro ✐♥ ❥❡ t♦r❡❥ r❛③❞❛❧❥❛ ♦❞ sr❡❞✐➨↔❛ ❩❡♠❧❥❡
r = 2ro

❥❡ ♣♦t❡♠t❛❦❡♠

Fg =
Fgo

22
= 2, 5 N

✸✺✳ ❑♦❧✐❦♦❦r❛t s❡ ③♠❛♥❥➨❛ t❡➸❛ t❡❧❡s❛ ③ ♠❛s♦ ✶ ❦❣✱ ↔❡ ❣❛ r❛❦❡t❛ ❞✈✐❣♥❡ ✈ ✈✐➨✐♥♦ ✶✷✽✵✵ ❦♠❄

❘♣✿ ❦❡r ❥❡ ❣r❛✈✐t❛❝✐❥s❦❛ s✐❧❛ ♦❜r❛t♥♦ s♦r❛③♠❡r♥❛ s ❦✈❛❞r❛t♦♠ r❛③❞❛❧❥❡
Fg ∝ 1

r2

✐♥ ❦❡r ❥❡ ✈✐➨✐♥❛ ❡♥❛❦❛ ❞✈❡♠❛ r❛❞✐❥❡♠❛ ③❡♠❧❥❡ h = 2ro ✐♥ ❥❡ t♦r❡❥ r❛③❞❛❧❥❛ ♦❞ sr❡❞✐➨↔❛
❩❡♠❧❥❡ r = 3ro

❥❡ ♣♦t❡♠t❛❦❡♠ Fg =
Fgo

32 = 1, 11 N

✸✻✳ ❑♦❧✐❦♦ ❥❡ ✈✐➨✐♥❛ s❛t❡❧✐t❛ ♥❛❞ ❩❡♠❧❥♦✱ ↔❡ ❦r♦➸✐ ♦❦r♦❣ ❩❡♠❧❥❡ s ❤✐tr♦st❥♦ ✹ ❦♠✴s❄ ❘❛❞✐❥ ❩❡♠❧❥❡ ❥❡
✻✹✵✵ ❦♠✳

❘♣✿ ■③ ❣r❛✈✐t❛❝✐❥s❦❡❣❛ ③❛❦♦♥❛ ✐③♣❡❧❥❡♠♦✿

v =
√

GM
r ✐♥ ♦❞t♦❞ ✐③r❛③✐♠♦ r

r = GM
v2 = 2, 5 · 107 m = 25000 km

t♦r❡❥ ❥❡ ✈✐➨✐♥❛ h = r − ro = 18600 km

✸✼✳ ❑♦❧✐❦♦ ❥❡ ✈✐➨✐♥❛ s❛t❡❧✐t❛ ♥❛❞ ❩❡♠❧❥♦✱ ↔❡ ❦r♦➸✐ ♦❦r♦❣ ❩❡♠❧❥❡ s ❤✐tr♦st❥♦ ✷ ❦♠✴s❄ ❘❛❞✐❥ ❩❡♠❧❥❡ ❥❡
✻✹✵✵ ❦♠✳

❘♣✿ ■③ ❣r❛✈✐t❛❝✐❥s❦❡❣❛ ③❛❦♦♥❛ ✐③♣❡❧❥❡♠♦✿

v =
√

GM
r ✐♥ ♦❞t♦❞ ✐③r❛③✐♠♦ r

r = GM
v2 = 1 · 108 m = 100000 km

t♦r❡❥ ❥❡ ✈✐➨✐♥❛ h = r − ro = 93650 km

✸✽✳ ■③♣❡❧❥✐✱ ❦❛❦♦ ❥❡ ❤✐tr♦st ♣❧❛♥❡t♦✈ ♦❞✈✐s♥❛ ♦❞ r❛③❞❛❧❥❡ ♣❧❛♥❡t❛ ♦❞ sr❡❞✐➨↔❛ ❙♦♥❝❛✦ ◆❛r✐➨✐ ✐♥ ♦③♥❛↔✐
❣r❛❢✦

✸✾✳ ◆❛r✐➨✐ ❣r❛❢✱ ❦✐ ♣r✐❦❛③✉❥❡✱ ❦❛❦♦ s❡ ❣r❛✈✐t❛❝✐❥s❦✐ ♣♦s♣❡➨❡❦ s♣r❡♠✐♥❥❛ ✈ ♦❞✈✐s♥♦st✐ ♦❞ r❛③❞❛❧❥❡ ♦❞
sr❡❞✐➨↔❛ ❩❡♠❧❥❡✦ ❇♦❞✐ ♣♦③♦r❡♥ ♥❛ t♦✱ ❞❛ ❥❡ r❛❞✐❥ ❩❡♠❧❥❡ ✻✹✵✵ ❦♠✳ ◆❛ ❦❛t❡r✐ ✈✐➨✐♥✐ s❡ t❡➸♥✐
♣♦s♣❡➨❡❦ ③♠❛♥❥➨❛ ♥❛ ♣❡t✐♥♦ ✈r❡❞♥♦st✐✱ ❦✐ ❥♦ ✐♠❛ ♥❛ ③❡♠❡❧❥s❦❡♠ ♣♦✈r➨❥✉❄ ▼❛s❡ ❩❡♠❧❥❡ ♥❡
♣♦③♥❛➨✱ ✈❡➨ ♣❛✱ ❞❛ ❥❡ t❡➸♥✐ ♣♦s♣❡➨❡❦ ♥❛ ♣♦✈r➨❥✉ 10 m

s2 ✳

✹✵✳ ◆❛r✐➨✐ ❣r❛❢✱ ❦✐ ♣r✐❦❛③✉❥❡✱ ❦❛❦♦ s❡ ❣r❛✈✐t❛❝✐❥s❦✐ ♣♦s♣❡➨❡❦ s♣r❡♠✐♥❥❛ ✈ ♦❞✈✐s♥♦st✐ ♦❞ r❛③❞❛❧❥❡ ♦❞
sr❡❞✐➨↔❛ ❙♦♥❝❛ ✭♠❛s❛ ❙♦♥❝❛ ❥❡ 2 ·1030 kg✮✦ ❇♦❞✐ ♣♦③♦r❡♥ ♥❛ t♦✱ ❞❛ ❥❡ r❛❞✐❥ ❙♦♥❝❛ 700000 km✳ ◆❛
❦❛t❡r✐ ✈✐➨✐♥✐ s❡ t❡➸♥✐ ♣♦s♣❡➨❡❦ ③♠❛♥❥➨❛ ♥❛ ♣♦❧♦✈✐❝♦ ✈r❡❞♥♦st✐✱ ❦✐ ❥♦ ✐♠❛ ♥❛ s♦♥↔❡✈❡♠ ♣♦✈r➨❥✉❄



✹ ❉■◆❆▼■❑❆ ✺✻

✹✶✳ ◆❛r✐➨✐ ❣r❛❢✱ ❦✐ ♣r✐❦❛③✉❥❡✱ ❦❛❦♦ s❡ ❣r❛✈✐t❛❝✐❥s❦✐ ♣♦s♣❡➨❡❦ s♣r❡♠✐♥❥❛ ✈ ♦❞✈✐s♥♦st✐ ♦❞ r❛③❞❛❧❥❡ ♦❞
sr❡❞✐➨↔❛ ❩❡♠❧❥❡✦ ❇♦❞✐ ♣♦③♦r❡♥ ♥❛ t♦✱ ❞❛ ❥❡ r❛❞✐❥ ❩❡♠❧❥❡ ✻✹✵✵ ❦♠✳ ◆❛ ❦❛t❡r✐ ✈✐➨✐♥✐ s❡ t❡➸♥✐
♣♦s♣❡➨❡❦ ③♠❛♥❥➨❛ ♥❛ tr❡t❥✐♥♦ ✈r❡❞♥♦st✐✱ ❦✐ ❥♦ ✐♠❛ ♥❛ ③❡♠❡❧❥s❦❡♠ ♣♦✈r➨❥✉❄ ▼❛s❡ ❩❡♠❧❥❡ ♥❡
♣♦③♥❛➨✱ ✈❡➨ ♣❛✱ ❞❛ ❥❡ t❡➸♥✐ ♣♦s♣❡➨❡❦ ♥❛ ♣♦✈r➨❥✉ 10 m

s2 ✳

✹✷✳ ❑♦❧✐❦♦❦r❛t s❡ ③♠❛♥❥➨❛ t❡➸❛ t❡❧❡s❛ ③ ♠❛s♦ 4 kg✱ ↔❡ ❣❛ r❛❦❡t❛ ❞✈✐❣♥❡ ✈ ✈✐➨✐♥♦ 6400 km❄ ◆❛r✐➨✐
❣r❛❢ t❡➸❡ ✈ ♦❞✈✐s♥♦st✐ ♦❞ ✈✐➨✐♥❡✦ ▼❛s❡ ❩❡♠❧❥❡ ♥❡ ♣♦③♥❛➨✱ ✈❡➨ ♣❛✱ ❞❛ ❥❡ t❡➸♥✐ ♣♦s♣❡➨❡❦ ♥❛ ♣♦✈r➨❥✉
10 m

s2 ✐♥ r❛❞✐❥ ❩❡♠❧❥❡ 6400 km

✹✸✳ ❑♦❧✐❦♦❦r❛t s❡ ③♠❛♥❥➨❛ t❡➸❛ t❡❧❡s❛ ③ ♠❛s♦ 3 kg✱ ↔❡ ❣❛ r❛❦❡t❛ ❞✈✐❣♥❡ ✈ ✈✐➨✐♥♦ 12800 km❄ ◆❛r✐➨✐
❣r❛❢ t❡➸❡ ✈ ♦❞✈✐s♥♦st✐ ♦❞ ✈✐➨✐♥❡✦ ▼❛s❡ ❩❡♠❧❥❡ ♥❡ ♣♦③♥❛➨✱ ✈❡➨ ♣❛✱ ❞❛ ❥❡ t❡➸♥✐ ♣♦s♣❡➨❡❦ ♥❛ ♣♦✈r➨❥✉
10 m

s2 ✐♥ r❛❞✐❥ ❩❡♠❧❥❡ 6400 km✳

✹✹✳ ❚❡❧♦ ✐♠❛ ♠❛s♦ 4 kg✳ ◆❛r✐➨✐ ❣r❛❢✱ ❦✐ ♣r✐❦❛③✉❥❡✱ ❦❛❦♦ s❡ t❡➸❛ t❡❧❡s❛ s♣r❡♠✐♥❥❛ ✈ ♦❞✈✐s♥♦st✐ ♦❞
r❛③❞❛❧❥❡ ♦❞ sr❡❞✐➨↔❛ ❩❡♠❧❥❡✦ ❇♦❞✐ ♣♦③♦r❡♥ ♥❛ t♦✱ ❞❛ ❥❡ r❛❞✐❥ ❩❡♠❧❥❡ 6400 km✳ ▼❛s❡ ❩❡♠❧❥❡ ♥❡
♣♦③♥❛➨✱ ✈❡➨ ♣❛✱ ❞❛ ❥❡ t❡➸♥✐ ♣♦s♣❡➨❡❦ ♥❛ ♣♦✈r➨❥✉ 10 m

s2 ✳ ◆❛ ❦❛t❡r✐ ✈✐➨✐♥✐ s❡ t❡➸❛ t❡❧❡s❛ ③♠❛♥❥➨❛ ♥❛
tr❡t❥✐♥♦ ✈r❡❞♥♦st✐✱ ❦✐ ❥♦ ✐♠❛ ♥❛ ③❡♠❡❧❥s❦❡♠ ♣♦✈r➨❥✉❄ ❑♦❧✐❦♦ ❥❡ ♠❛s❛ t❡❧❡s❛ ♥❛ ✈✐➨✐♥✐ 21000 km❄
✭✰✮ ❆❧✐ ❜✐ ❧❛❤❦♦ ✐③ ♣♦❞❛t❦♦✈ ✐③r❛↔✉♥❛❧ ♠❛s♦ ❩❡♠❧❥❡❄ ✭❷❡ ❞❛✱ ❦❛❦♦✱ ↔❡ ♥❡✱ r❛③❧♦➸✐✦✮

✹✺✳ ❚❡❧♦ ✐♠❛ ♠❛s♦ 7 kg✳ ◆❛r✐➨✐ ❣r❛❢✱ ❦✐ ♣r✐❦❛③✉❥❡✱ ❦❛❦♦ s❡ t❡➸❛ t❡❧❡s❛ s♣r❡♠✐♥❥❛ ✈ ♦❞✈✐s♥♦st✐ ♦❞
r❛③❞❛❧❥❡ ♦❞ sr❡❞✐➨↔❛ ❩❡♠❧❥❡✦ ❇♦❞✐ ♣♦③♦r❡♥ ♥❛ t♦✱ ❞❛ ❥❡ r❛❞✐❥ ❩❡♠❧❥❡ 6400 km✳ ▼❛s❡ ❩❡♠❧❥❡ ♥❡
♣♦③♥❛➨✱ ✈❡➨ ♣❛✱ ❞❛ ❥❡ t❡➸♥✐ ♣♦s♣❡➨❡❦ ♥❛ ♣♦✈r➨❥✉ 10 m

s2 ✳ ◆❛ ❦❛t❡r✐ ✈✐➨✐♥✐ s❡ t❡➸❛ t❡❧❡s❛ ③♠❛♥❥➨❛ ♥❛
♣❡t✐♥♦ ✈r❡❞♥♦st✐✱ ❦✐ ❥♦ ✐♠❛ ♥❛ ③❡♠❡❧❥s❦❡♠ ♣♦✈r➨❥✉❄ ❑♦❧✐❦♦ ❥❡ ♠❛s❛ t❡❧❡s❛ ♥❛ ✈✐➨✐♥✐ 31000 km❄
✭✰✮ ❆❧✐ ❜✐ ❧❛❤❦♦ ✐③ ♣♦❞❛t❦♦✈ ✐③r❛↔✉♥❛❧ ♠❛s♦ ❩❡♠❧❥❡❄ ✭❷❡ ❞❛✱ ❦❛❦♦✱ ↔❡ ♥❡✱ r❛③❧♦➸✐✦✮

✹✻✳ ❖❦♦❧✐ ③✈❡③❞❡ ❦r♦➸✐ ♣❧❛♥❡t ♥❛ r❛③❞❛❧❥✐ 20 a.e. ③ ♦❜❤♦❞♥✐♠ ↔❛s♦♠ 50 let✳ ❷❡ ✈❡♠♦✱ ❞❛ ❥❡ ❛str♦✲
♥♦♠s❦❛ ❡♥♦t❛ 1 a.e. = 150 · 106 km ✐♥ 1 leto = 365, 24 dni✱ ❧❛❤❦♦ ✐③r❛↔✉♥❛♠♦ ♠❛s♦ ③✈❡③❞❡✳

✭❛✮ ♦♣✐➨✐ ♣♦st♦♣❡❦✱ s ❦❛t❡r✐♠✱ ❜✐ t♦ ❧❛❤❦♦ st♦r✐❧✐✦

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

✭❝✮ ✐③r❛↔✉♥❛❥ ♠❛s♦ ③✈❡③❞❡✦

✹✼✳ ❖❦♦❧✐ ③✈❡③❞❡ ❦r♦➸✐ ♣❧❛♥❡t ♥❛ r❛③❞❛❧❥✐ 50 a.e. ③ ♦❜❤♦❞♥✐♠ ↔❛s♦♠ 20 let✳ ❷❡ ✈❡♠♦✱ ❞❛ ❥❡ ❛str♦✲
♥♦♠s❦❛ ❡♥♦t❛ 1 a.e. = 150 · 106 km ✐♥ 1 leto = 365, 24 dni✱ ❧❛❤❦♦ ✐③r❛↔✉♥❛♠♦ ♠❛s♦ ③✈❡③❞❡✳

✭❛✮ ♦♣✐➨✐ ♣♦st♦♣❡❦✱ s ❦❛t❡r✐♠✱ ❜✐ t♦ ❧❛❤❦♦ st♦r✐❧✐✦

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

✭❝✮ ✐③r❛↔✉♥❛❥ ♠❛s♦ ③✈❡③❞❡✦

✹✽✳ ❖❦♦❧✐ ③✈❡③❞❡ ❦r♦➸✐ ♣❧❛♥❡t ♥❛ r❛③❞❛❧❥✐ 120 a.e. ③ ♦❜❤♦❞♥✐♠ ↔❛s♦♠ 30 let✳ ▼❛s♦ ③✈❡③❞❡ ❧❛❤❦♦
✐③r❛↔✉♥❛♠♦✱ ↔❡ ✈❡♠♦✱ ❞❛ ❥❡ 1 a.e. = 150 · 106 km ✐♥ 1 leto = 365, 24 dni✱ ❧❛❤❦♦ ✐③r❛↔✉♥❛♠♦ ♠❛s♦
③✈❡③❞❡✳ ●r❛✈✐t❛❝✐❥s❦❛ ❦♦♥st❛♥t❛ G = 6, 67 · 10−11 Nm2

kg2 ✳

✭❛✮ ♥❛t❛♥↔♥♦ ✐♥ ❥❛s♥♦ ♦♣✐➨✐ ♣♦st♦♣❡❦✱ s ❦❛t❡r✐♠✱ ❜✐ t♦ ❧❛❤❦♦ st♦r✐❧✐✦

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

✭❝✮ ✐③r❛↔✉♥❛❥ ♠❛s♦ ③✈❡③❞❡✦

✹✾✳ ❙ ♣♦♠♦↔❥♦ ♣♦❞❛t❦♦✈✱ ❦✐ ❥✐❤ ✐♠❛♠♦ ♦ ❣✐❜❛♥❥✉ ❩❡♠❧❥❡ ✭♦❞❞❛❧❥❡♥♦st ♦❞ ❙♦♥❝❛ ❥❡ ✶✺✵ ♠✐❧✐❥♦♥♦✈
❦♠✱ ♦❜❤♦❞♥✐ ↔❛s ❩❡♠❧❥❡ ♣❛ ❥❡ ✶ ❧❡t♦✮✱ ❧❛❤❦♦ ✐③r❛↔✉♥❛♠♦ ♠❛s♦ ❙♦♥❝❛✳

✭❛✮ ♦♣✐➨✐ ♣♦st♦♣❡❦✱ s ❦❛t❡r✐♠✱ ❜✐ t♦ ❧❛❤❦♦ st♦r✐❧✐✦

✭❜✮ ✐③♣❡❧❥✐ ❡♥❛↔❜♦ s ❦❛t❡r♦ ❧❛❤❦♦ ✐③r❛↔✉♥❛♠♦ ♠❛s♦ ❙♦♥❝❛ ✐♥ ✐③♣❡❧❥❛✈♦ ❦♦♠❡♥t✐r❛❥ ♦③✐r♦♠❛
✉t❡♠❡❧❥✐✦

✭❝✮ ✐③r❛↔✉♥❛❥ ♠❛s♦ ❙♦♥❝❛✦

✺✵✳ ❙ ♣♦♠♦↔❥♦ ♣♦❞❛t❦♦✈✱ ❦✐ ❥✐❤ ✐♠❛♠♦ ♦ ❣✐❜❛♥❥✉ ▲✉♥❡ ✭r❛③❞❛❧❥❛ ♦❞ ▲✉♥❡ ❞♦ ❩❡♠❧❥❡ ❥❡ ✸✽✵✵✵✵ ❦♠✱
♦❜❤♦❞♥✐ ↔❛s ▲✉♥❡ ❥❡ ✷✼ ❞♥✐✮✱ ❧❛❤❦♦ ✐③r❛↔✉♥❛♠♦ ♠❛s♦ ❩❡♠❧❥❡✳



✹ ❉■◆❆▼■❑❆ ✺✼

✭❛✮ ♦♣✐➨✐ ♣♦st♦♣❡❦✱ s ❦❛t❡r✐♠✱ ❜✐ t♦ ❧❛❤❦♦ st♦r✐❧✐✦

✭❜✮ ✐③♣❡❧❥✐ ❡♥❛↔❜♦ s ❦❛t❡r♦ ❧❛❤❦♦ ✐③r❛↔✉♥❛♠♦ ♠❛s♦ ❩❡♠❧❥❡ ✐♥ ✐③♣❡❧❥❛✈♦ ❦♦♠❡♥t✐r❛❥ ♦③✐r♦♠❛
✉t❡♠❡❧❥✐✦

✭❝✮ ✐③r❛↔✉♥❛❥ ♠❛s♦ ❩❡♠❧❥❡✦

✺✶✳ ■③ ❞❛♥✐❤ ♣♦❞❛t❦♦✈ ✐③r❛↔✉♥❛❥ ♠❛s♦ ❙♦♥❝❛✦ ✭r❛③❞❛❧❥❛ ♦❞ ❩❡♠❧❥❡ ❞♦ ❙♦♥❝❛ ❥❡ ✶✺✵ ♠✐❧✐❥♦♥♦✈ ❦♠✱
♦❜❤♦❞♥✐ ↔❛s ❩❡♠❧❥❡ ♦❦♦❧✐ ❙♦♥❝❛ ❥❡ ✶ ❧❡t♦✮

✹✳✺ ❣✐❜❛❧♥❛ ❦♦❧✐↔✐♥❛

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

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

❘♣✿ ✈❡♠✿
∆~Gsistema = ~0;

◆❛❥ ❜♦✿
m =♠❛s❛ ↔❧♦✈❡↔❦❛ ✐♥ M =♠❛s❛ ↔♦❧♥✐↔❦❛✱ t❡r v1 = ❤✐tr♦st ↔❧♦✈❡↔❦❛❀
~Gzacetna = ~Gkoncna

t♦r❡❥✿
~0 = m · ~v1 + M · ~v2;

✐③r❛③✐♠♦ v2✱ r❡↔❡♠♦✱ ❞❛ ✐♠❛ ✈❡❦t♦r v1 ♣♦③✐t✐✈❡♥ ♣r❡❞③♥❛❦✱ t♦r❡❥ ✐♠❛ ~v2 ♥❡❣❛t✐✈♥❡❣❛ ✐♥ s❡
③❛t❡❣❛❞❡❧❥ ❣✐❜❧❥❡ ✈ ♥❛s♣r♦t♥✐ s♠❡r✐ ✿✮

v2 = − m

M
· v1 = 1, 07 m/s;

✸✳ ●r❛♥❛t❛✱ ❦✐ s❡ ❣✐❜❧❥❡ s ❤✐tr♦st❥♦ ✶✵♠✴s s❡ r❛③❧❡t✐ ♥❛ ❞✈❛ ❞❡❧❛✳ ❚❡➸❥✐ ❞❡❧✱ ❦❛t❡r❡❣❛ ♠❛s❛ ❥❡
✻✵✪ ♠❛s❡ ❝❡❧❡ ❣r❛♥❛t❡✱ s❡ ❣✐❜❧❥❡ ♥❛♣r❡❥ ✈ ♣r✈♦t♥✐ s♠❡r✐ s ❤✐tr♦st❥♦ ✷✺♠✴s✳ ❱ ❦❛t❡r✐ s♠❡r✐ ✐♥ s
❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ ♦❞❧❡t✐ ❧❛➸❥✐ ❞❡❧ ❣r❛♥❛t❡❄ ▼❛s❛ ❣r❛♥❛t❡ ❥❡ ✸✵ ❦❣✳

❘♣✿ ✈❡♠✿
∆~Gsistema = ~0;

✐③ t❡❣❛ s❧❡❞✐✿
~Gzacetna = ~Gkoncna

t♦r❡❥ ❧❛❤❦♦ ③❛♣✐➨❡♠ t✉❞✐ ❜r❡③ ✈❡❦t♦r❥❡✈ ③❛❡♥❦r❛t✿

mgranate · vzacetna =
mgranate · 60

100
· v1 +

mgranate · 40

100
· v2;

✐③ t❡ ❡♥❛↔❜❡ ❧❛❤❦♦ ✐③r❛③✐♠ v2✱ ③❛❡♥❦r❛t ♣❛ r❛↔✉♥❛♠ s❛♠♦ ✈❡❧✐❦♦st✿

v2 =
mgranate · vzacetna − mgranate·60

100 · v1

mgranate·40
100

= −12, 5 m/s;

❛❧✐ ♣❛ ❦r❛❥➨❡

v2 =
vzacetna − 0, 6v1

0, 4

✈❡♠ t✉❞✐ ❞❛ ❥❡ s♠❡r ✈❡❦t♦r❥❛ ~v2 ♥❛s♣r♦t♥♦ ❡♥❛❦❛ s♠❡r✐ ✈❡❦t♦r❥❛ ~v1✱ ❦❡r ✐♠❛ v2 ♥❡❣❛t✐✈❡♥
♣r❡❞③♥❛❦✱ ♣r✐✈③❡❧✐ ♣❛ s♠♦✱ ❞❛ ✐♠❛ ③❛↔❡t♥❛ ❤✐tr♦st ~vzacetna ♣♦③✐t✐✈❡♥ ♣r❡❞③♥❛❦❀

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

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



✹ ❉■◆❆▼■❑❆ ✺✽

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

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

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

✾✳ ❱♦③✐↔❡❦ ③ ♠❛s♦ 15 kg s❡ ❣✐❜❧❥❡ ♣♦ ✈♦❞♦r❛✈♥❡♠ t✐r✉ s ❤✐tr♦st❥♦ 20 m/s✳ ❩ ✈✐➨✐♥❡ 15 m s♣✉st✐♠♦
♥❛✈③❞♦❧ s✈✐♥↔❡♥♦ ❦❡♣♦ ③ ♠❛s❡ 5 kg✱ t❛❦♦ ❞❛ ♣❛❞❡ ♥❛ ✈♦③✐↔❡❦ ✐♥ s❡ ♥❛❥ ♣r✐❧❡♣✐✳ ❑♦❧✐❦➨♥❛ ❥❡ ♥♦✈❛
❤✐tr♦st ✈♦③✐↔❦❛❄ ❑❥❡ ♠♦r❛ ❜✐t✐ ✈♦③✐↔❡❦✱ ❦♦ s♣✉st✐♠♦ ❦❡♣♦✱ ❞❛ ❧❡✲t❛ ♣❛❞❡ ♥❛♥❥❄

❘♣✿ P♦③♦r✦ ❱ ✈♦❞♦r❛✈♥✐ s♠❡r✐ s❡ ❣✐❜❛❧♥❛ ❦♦❧✐↔✐♥❛ ♦❤r❛♥❥❛✱ t❛❦♦ ❞❛ ❥❡ Gpred = Gpo✱ ♠❡❞t❡♠
❦♦ s❡ ✈ ♥❛✈♣✐↔♥✐ s♠❡r✐ ♥❡ ♦❤r❛♥❥❛✱ s❛❥ tr❛↔♥✐❝❡ ♣r❡str❡➸❡❥♦ s✉♥❡❦ s✐❧❡ s✈✐♥↔❡♥❡ ❦❡♣❡ ✐♥ ❥♦
③❛✉st❛✈✐❥♦✳ ❱ ✈♦❞♦r❛✈♥✐ s♠❡r✐ t❛❦♦ ✈❡❧❥❛✿

mvvv = (mv + mk)v ⇒ v =
mvvv

mv + mk
= 15m/s

❑❡r ❦❡♣❛ ♣❛❞❛

t =

√

2h

g
= 1, 73 s

✱ ✈♦③✐↔❡❦ ✈ t❡♠ ↔❛s✉ ♣r❡♣❡❧❥❡ ♣♦t

sv = vvt=34, 6m

❱♦③✐↔❡❦ ♠♦r❛ ❜✐t✐ t♦❧✐❦♦ sv ♦❞❞❛❧❥❡♥ ✈ ✈♦❞♦r❛✈♥✐ s♠❡r✐ ♦❞ ♠❡st❛✱ ❦❥❡r ❜♦ ♣r✐st❛❧❛ ❦❡♣❛✳

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

✶✶✳ ◆❛ ❧♦♣❛t✐❝♦ P❡❧t♦♥♦✈❡ t✉r❜✐♥❡ ❜r✐③❣❛ ❝✉r❡❦ ✈♦❞❡ s ❤✐tr♦st❥♦ 20 m/s✳ ❱s❛❦♦ s❡❦✉♥❞♦ ♣❛❞❡ ♥❛
❧♦♣❛t✐❝♦ 30 kg ✈♦❞❡✳ ❱♦❞❛ s❡ ♦❞ ❧♦♣❛t✐❝❡ ♦❞❜✐❥❡ ♥❛③❛❥ s ❤✐tr♦st❥♦ 15 m/s✳ ❙ ❦♦❧✐❦➨♥♦ s✐❧♦ t✐➨↔✐
❝✉r❡❦ ♥❛ ❧♦♣❛t✐❝♦❄

❘♣✿ ❙✐❧❛ ❥❡ s❡✈❡❞❛ ❡♥❛❦❛ s♣r❡♠❡♠❜✐ ❣✐❜❛❧♥❡ ❦♦❧✐↔✐♥❡ ✈ ↔❛s♦✈♥✐ ❡♥♦t✐✳ ❊❞✐♥♦ ♥❛ ❦❛r ♠♦r❛♠♦
♣❛③✐t✐ ❥❡✱ ❞❛ ✐♠❛ ✈♦❞❛ ♣♦ ♦❞❜♦❥✉ ♦❞ t✉r❜✐♥❡ ♥❛s♣r♦t♥♦ s♠❡r✱ t♦r❡❥ ✐♠❛♠♦ ♥❛♠❡st♦ r❛③✲
❧✐❦❡ ✈❡❧✐❦♦st✐ ❣✐❜❛❧♥✐❤ ❦♦❧✐↔✐♥✱ ❦♦t ♠❛rs✐❦❞♦ ♣r✐↔❛❦✉❥❡✱ ♣r❛✈③❛♣r❛✈ ✈s♦t♦ ✈❡❧✐❦♦st✐ ❣✐❜❛❧♥✐❤
❦♦❧✐↔✐♥✳

F =
m

t
(vpo + vpred) = 1050 N

✶✷✳ ◆❛ ❧♦♣❛t✐❝♦ P❡❧t♦♥♦✈❡ t✉r❜✐♥❡ ❜r✐③❣❛ ❝✉r❡❦ ✈♦❞❡ s ❤✐tr♦st❥♦ 20 m/s✳ ❱s❛❦❡ ✸ s❡❦✉♥❞❡ ♣❛❞❡ ♥❛
❧♦♣❛t✐❝♦ 30 kg ✈♦❞❡✳ ❱♦❞❛ s❡ ♦❞ ❧♦♣❛t✐❝❡ ♦❞❜✐❥❡ ♥❛③❛❥ s ❤✐tr♦st❥♦ 15 m/s✳ ❙ ❦♦❧✐❦➨♥♦ s✐❧♦ t✐➨↔✐
❝✉r❡❦ ♥❛ ❧♦♣❛t✐❝♦❄

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

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

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

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

✶✼✳ ❍❡❧✐❦♦♣t❡r ③ ♠❛s♦ ✸ t ❧❛❤❦♦ ❧❡❜❞✐ ✈ ③r❛❦✉✱ ↔❡ ③ ✈♦❞♦r❛✈♥✐♠ ♣r♦♣❡❧❡r❥❡♠ ♣♦t✐s❦❛ ③r❛❦ ♥❛✈③❞♦❧✳ ❙
❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ ♠♦r❛ ♣♦t✐s❦❛t✐ ③r❛❦✱ ↔❡ ❥❡ ♣♦❧♠❡r ♣r♦♣❡❧❡r❥❛ ✹♠✱ ❣♦st♦t❛ ③r❛❦❛ ♣❛ 1, 2 kg/m3❄



✹ ❉■◆❆▼■❑❆ ✺✾

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

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

✷✵✳ ❩ ✷✵♠ ✈✐s♦❦❡❣❛ ♠♦st✉ ♣❛❞❡ ✈r❡↔❛ ♣❡s❦❛ ③ ♠❛s♦ ✷✵ ❦❣ ♥❛ ✈❛❣♦♥ ③ ♠❛s♦ ✶✵✵ ❦❣✱ ❦✐ ♣❡❧❥❡ s
❤✐tr♦st❥♦ ✻♠✴s✳ ❑♦❧✐❦♦ ❥❡ ❣✐❜❛❧♥❛ ❦♦❧✐↔✐♥❛ ✈❛❣♦♥❛✱ ♣r❡❞❡♥ ♣❛❞❡ ✈r❡↔❛ ♥❛♥❥❄ ❦♦❧✐❦♦ ❥❡ ❣✐❜❛❧♥❛
❦♦❧✐↔✐♥❛ ✈❛❣♦♥❛ ✐♥ ✈r❡↔❡ ♣♦ tr❦✉❄ ❑♦❧✐❦♦ ❥❡ ❤✐tr♦st ✈❛❣♦♥❛ ✐♥ ✈r❡↔❡ ♣♦ tr❦✉❄ ❑♦❧✐❦♦ ❥❡ ❦✐♥❡t✐↔♥❛
❡♥❡r❣✐❥❛ ✈❛❣♦♥❛ ♣r❡❞❡♥ ♣❛❞❡ ✈r❡↔❛ ♥❛♥❥❄ ❑♦❧✐❦♦ ❥❡ ❦✐♥❡t✐↔♥❛ ❡♥❡r❣✐❥❛ ✈❛❣♦♥❛ ✐♥ ✈r❡↔❡ ♣♦ tr❦✉❄
◆❛ ✈❛❣♦♥✉ ❥❡ ❧♦♣✉t❛✱ ❦✐ s❡ ↔❡③ ↔❛s ♦❞♣r❡✱ t❛❦♦ ❞❛ ♣❛❞❡ ✈r❡↔❛ ③ ✈❛❣♦♥❛✳ ❑♦❧✐❦♦ ❥❡ ❤✐tr♦st ✈❛❣♦♥❛✱
❦♦ ✈r❡↔❛ ♣❛❞❡ ③ ♥❥❡❣❛❄

✷✶✳ ❉rs❛❧❡❝ ✐♥ ♥❥❡❣♦✈❛ ♣❛rt♥❡r❦❛ s❡ ❞r➸✐t❛ ✐♥ ❞rs✐t❛ ♣♦ ❧❡❞✉ s ❤✐tr♦st❥♦ 4 m/s✳ ◆❥❡❣♦✈❛ ♠❛s❛ ❥❡ 70 kg✱
♥❥❡♥❛ ♣❛ 40 kg✳ ❱ ♥❡❦❡♠ tr❡♥✉t❦✉ s❡ ♦❞r✐♥❡t❛ ❞r✉❣ ♦❞ ❞r✉❣❡❣❛ ✈ s♠❡r✐✱ ❦✐ ❥❡ ♣r❛✈♦❦♦t♥❛ ♥❛
♣r✈♦t♥♦ s♠❡r ❣✐❜❛♥❥❛✳ ❉rs❛❧❡❝ s❡ ♦❞ ♣❛rt♥❡r❦❡ ♦❞❞❛❧❥✉❥❡ s ❤✐tr♦st❥♦ 3 m/s✳ ❑❛❦♦ s❡ s♣r❡♠❡♥✐
♥❥✉♥❛ s❦✉♣♥❛ ❣✐❜❛❧♥❛ ❦♦❧✐↔✐♥❛ ✭ ❯t❡♠❡❧❥✐✦✦✦✮❄ ❙ ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ s❡ ❣✐❜❧❥❡t❛ ❣❧❡❞❡ ♥❛ tr❡♥❡r❥❛✱
❦✐ st♦❥✐ ♦❜ ❞rs❛❧✐➨↔✉❄

❘♣✿ Pr✐ r❛↔✉♥✐❤ ❜♦♠♦ ✉♣♦➨t❡✈❛❧✐ ✐♥❞❡❦s 1 ③❛ ❞rs❛❧❝❛ ✐♥ 2 ③❛ ❞rs❛❧❦♦✳
❙❦✉♣♥❛ ❣✐❜❛❧♥❛ ❦♦❧✐↔✐♥❛ ♦❜❡❤ ❞rs❛❧❝❡✈ s❡ ♣r✐ t❛❦➨♥❡♠ ♦❞r✐✈✉ ♦❤r❛♥✐✱ t❛❦♦ ❞❛ ✈ s♠❡r✐✱ ❦✐
❥❡ ♣r❛✈♦❦♦t♥❛ ♥❛ ♣r✈♦t♥♦ s♠❡r ❣✐❜❛♥❥❛✱ s❦✉♣♥❛ ❣✐❜❛❧♥❛ ❦♦❧✐↔✐♥❛ ♦st❛♥❡ 0✱ t♦❧✐❦♦ ❦♦t ❥❡
❜✐❧❛ ♣r❡❞ ♦❞r✐✈♦♠✳ ❱ s♠❡r✐ ❣✐❜❛♥❥❛ ❞rs❛❧❝❡✈ ♣❛ ❣✐❜❛❧♥❛ ❦♦❧✐↔✐♥❛ t✉❞✐ ♦st❛♥❡ t♦❧✐❦➨♥❛ ❦♦t
❥❡ ❜✐❧❛ ♣r❡❥✱ s❛❥ ♥✐ ♥♦❜❡♥❡ ③✉♥❛♥❥❡ s✐❧❡✱ ❦✐ ❜✐ s❦✉♣♥♦ ❣✐❜❛❧♥♦ ❦♦❧✐↔✐♥♦ s♣r❡♠❡♥✐❧❛✳
❱ s♠❡r✐✱ ❦✐ ❥❡ ♣r❛✈♦❦♦t♥❛ ♥❛ ♣r✈♦t♥♦ s♠❡r ❣✐❜♥❥❛ ♦❜❡❤ ❞rs❛❧❝❡✈ ❧❛❤❦♦ ③❛♣✐➨❡♠♦ ✐③r❡❦ ♦
♦❤r❛♥✐t✈✐ ❣✐❜❛❧♥❡ ❦♦❧✐↔✐♥❡✿ ∆G = 0 ❛❧✐ m1v1 = m2v2✳ Pr✐ t❡♠ ✉♣♦➨t❡✈❛♠♦ ➨❡✱ ❞❛ ❥❡ ❤✐tr♦st
s ❦❛t❡r♦ s❡ ❞rs❛❧❝❛ ♦❞❞❛❧❥✉❥❡t❛ ❞r✉❣ ♦❞ ❞r✉❣❡❣❛ ❡♥❛❦❛ ✈s♦t✐ ❤✐tr♦st✐ ♣♦s❛♠❡③♥❡❣❛ ❞rs❛❧❝❛
v = v1 + v2✳ ❊♥♦ ❤✐tr♦st ✐③r❛③✐♠♦ ③ ❞r✉❣♦ ✐♥ ✈st❛✈✐♠♦ ✈ ✐③r❡❦ ♦ ✐❤r❛♥✐t✈✐ ❣✐❜❛❧♥❡ ❦♦❧✐↔✐♥❡✳
P♦ ❦r❛❥➨❡♠ r❛↔✉♥✉✱ ❦✐ ❣❛ ♥❛❥ ❜r❛❧❡❝ ③❛ ✈❛❥♦ ♥❛r❡❞✐ s❛♠✱ ✉❣♦t♦✈✐♠♦✱ ❦♦❧✐❦♦ st❛ ❤✐tr♦st✐
❞rs❛❧❝❡✈ ✈ s♠❡r✐✱ ❦✐ ❥❡ ♣r❛✈♦❦♦t♥❛ ♥❛ ♣r✈♦t♥♦ s♠❡r ❣✐❜❛♥❥❛✿

v1 =
v

1 + m1

m2

= 1, 09 m/s ✐♥ v2 =
v

1 + m2

m1

= 1, 91 m/s

❩❛ ❦♦♥↔❡♥ r❡③✉❧t❛t ♠♦r❛♠♦ ✉♣♦r❛❜✐t✐ ➨❡ ♣✐t❛❣♦r♦✈ ✐③r❡❦✱ s❛❥ s❡ ❞rs❛❧❝❛ ❣✐❜❧❥❡t❛ s ❤✐tr♦st❥♦
vo = 4m/s✱ ❦✐ ❥❡ ♣r❛✈♦❦♦t♥❛ ♥❛ ❤✐tr♦st✐ v1 ✐♥ v2✳ ❚❛❦♦ ❞♦❜✐♠♦ ❦♦♥↔♥♦ ❤✐tr♦st ❞rs❛❧❝❛ vD

✐♥ ❞rs❛❧❦❡ vd✿

vD =
√

v2
o + v2

1 = 4, 15 m/s ✐♥ vd =
√

v2
o + v2

d = 4, 43 m/s

✷✷✳ ❉rs❛❧❡❝ ③ ♠❛s♦ 60 kg✱ ❦✐ ✐♠❛ ✈ r♦❦✐ ➸♦❣♦ ③ ♠❛s♦ 5 kg✱ s❡ s ❤✐tr♦st❥♦ 1 m/s ♣r❡♠✐❦❛ ♣♦ ❧❡❞❡♥✐
♣❧♦s❦✈✐ ✈③♣♦r❡❞♥♦ ③ r♦❜♦♠ ❞rs❛❧✐➨↔❛✳ ◆❡♥❛❞♦♠❛ ✈r➸❡ ➸♦❣♦ s ❤✐tr♦st❥♦ 10 m/s ✈ s♠❡r✐ ✈♦➸♥❥❡✳
❑♦❧✐❦➨♥❛ ❥❡ ❤✐tr♦st ❞rs❛❧❝❛ ♣♦ ♠❡t✉❄ ❙ ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ ❜✐ ♠♦r❛❧ ✈r❡↔✐ ➸♦❣♦✱ ❞❛ ❜✐ s❡ ✉st❛✈✐❧❄
❱s❡ ❤✐tr♦st✐ s♦ ❞❛♥❡ ③❛ ♦♣❛③♦✈❛❧❝❛✱ ❦✐ st♦❥✐ ♦❜ r♦❜✉ ❞rs❛❧✐➨↔❛✦

✷✸✳ ❚♦✈♦r♥❥❛❦ ③ ♠❛s♦ 10 ton ✐♥ ♦s❡❜♥✐ ❛✈t♦ ③ ♠❛s♦ 1, 5 tone ♣❡❧❥❡t❛ ♣r❛✈♦❦♦t♥♦ ❞r✉❣ ♥❛ ❞r✉❣❡❣❛
✐♥ ♥❡♣r♦➸♥♦ tr↔✐t❛✳ ❘❛③❜✐t✐♥❡ ✈ ♣r✈❡♠ tr❡♥✉t❦✉ ♣♦ tr❦✉ ❞rs✐❥♦ s ❤✐tr♦st❥♦ 10 km/h ✈ s♠❡r✐✱
❦✐ ♦❦❧❡♣❛ ❦♦t 60◦ s ♣r✈♦t♥♦ s♠❡r❥♦ ♦s❡❜♥❡❣❛ ❛✈t♦♠♦❜✐❧❛✳ ❑♦❧✐❦♦ ❥❡ ❤✐tr♦st ❛✈t♦♠♦❜✐❧♦✈ ♣r❡❞
tr❦♦♠❄

❘♣✿ ❯♣♦➨t❡✈❛♠♦✱ ❞❛ st❛ ❣✐❜❛❧♥✐ ❦♦❧✐↔✐♥✐ ♦❜❡❤ t❡❧❡s ✈❡♥❞❛r❧❡ ✈❡♥❞❛r❧❡ ✈❡❦t♦r❥❛✳■③r❛↔✉♥❛♠♦
♥❛❥♣r❡❥ s❦✉♣♥♦ ❣✐❜❛❧♥♦ ❦♦❧✐↔✐♥♦ ♣♦ tr❦✉ G = (ma+mt)v✱ ♥❛t♦ ♣❛ ③ ♥❡❦❛❥ ❣❡♦♠❡tr✐❥❡ ❣✐❜❛❧♥✐
❦♦❧✐↔✐♥✐ ♦❜❡❤ ✈♦③✐❧ ♣r❡❞ tr❦♦♠ t❡r ♥❛t♦ ➨❡ ♥❥✉♥✐ ❤✐tr♦st✐✿ va = 38, 3 km/h✱ vt = 9, 96 km/h✳

✷✹✳ ▲✐♠✉③✐♥❛ ③ ♠❛s♦ 3 tone ✐♥ ❦❛❜r✐♦❧❡t ③ ♠❛s♦ 1, 2 tone ♣❡❧❥❡t❛ ♣r❛✈♦❦♦t♥♦ ❞r✉❣ ♥❛ ❞r✉❣❡❣❛ ✐♥
♥❡♣r♦➸♥♦ tr↔✐t❛✳ ❘❛③❜✐t✐♥❡ ✈ ♣r✈❡♠ tr❡♥✉t❦✉ ♣♦ tr❦✉ ❞rs✐❥♦ s ❤✐tr♦st❥♦ 15 km/h ✈ s♠❡r✐✱ ❦✐
♦❦❧❡♣❛ ❦♦t 30◦ s ♣r✈♦t♥♦ s♠❡r❥♦ ❧✐♠✉③✐♥❡✳ ❑♦❧✐❦♦ ❥❡ ❤✐tr♦st ❛✈t♦♠♦❜✐❧♦✈ ♣r❡❞ tr❦♦♠❄
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❘♣✿ vl = 5, 05 m/s✱ vk = 7, 3 m/s

✷✺✳ ➎♦❣♦ ③ ♠❛s♦ 200 g ✈r➸❡♠♦ s 5 m ✈✐s♦❦❡❣❛ ♦❦♥❛ ✈ ✈♦❞♦r❛✈♥✐ s♠❡r✐ s ❤✐tr♦st❥♦ 10 m/s✳

✭❛✮ ❑♦❧✐❦♦ ❥❡ s♣r❡♠❡♠❜❛ ❣✐❜❛❧♥❡ ❦♦❧✐↔✐♥❡ ➸♦❣❡❄

✭❜✮ ❑♦❧✐❦♦ ❥❡ s✉♥❡❦ s✐❧❡ ♥❛ ➸♦❣♦❄

✭❝✮ ❑♦❧✐❦♦ ❥❡ r❡③✉❧t❛♥t❛ ③✉♥❛♥❥✐❤ s✐❧✱ ❦✐ ❞❡❧✉❥❡❥♦ ♥❛ ➸♦❣♦❄

✷✻✳ ➎♦❣♦ ③ ♠❛s♦ 100 g ✈r➸❡♠♦ ③ 10 m ✈✐s♦❦❡❣❛ ♦❦♥❛ ✈ ✈♦❞♦r❛✈♥✐ s♠❡r✐ s ❤✐tr♦st❥♦ 5 m/s✳

✭❛✮ ❑♦❧✐❦♦ ❥❡ s♣r❡♠❡♠❜❛ ❣✐❜❛❧♥❡ ❦♦❧✐↔✐♥❡ ➸♦❣❡❄

✭❜✮ ❑♦❧✐❦♦ ❥❡ s✉♥❡❦ s✐❧❡ ♥❛ ➸♦❣♦❄

✭❝✮ ❑♦❧✐❦♦ ❥❡ r❡③✉❧t❛♥t❛ ③✉♥❛♥❥✐❤ s✐❧✱ ❦✐ ❞❡❧✉❥❡❥♦ ♥❛ ➸♦❣♦❄

✷✼✳ ➎♦❣❛ ③ ♠❛s♦ 500 g ❥❡ ♣r✐❧❡t❡❧❛ ✈ ♥❛✈♣✐↔♥✐ ③✐❞ ♣♦❞ ❦♦t♦♠ 30◦ s ❤✐tr♦st❥♦ 20 m/s ✐♥ s❡ ♦❞ ③✐❞✉
♦❞❜✐❧❛ ♣♦❞ ❡♥❛❦✐♠ ❦♦t♦♠ ✐♥ ③ ✐st♦ ❤✐tr♦st❥♦✳ ◆❛r✐➨✐ s❧✐❦♦✦

✭❛✮ ❑♦❧✐❦➨♥❛ ❥❡ ❣✐❜❛❧♥❛ ❦♦❧✐↔✐♥❛ ➸♦❣❡ ♣r❡❞ tr❦♦♠❄

✭❜✮ ❑♦❧✐❦➨♥❛ ❥❡ ❣✐❜❛❧♥❛ ❦♦❧✐↔✐♥❛ ➸♦❣❡ ♣♦ tr❦✉❄

✭❝✮ ❑♦❧✐❦➨♥❛ ❥❡ s♣r❡♠❡♠❜❛ ❣✐❜❛❧♥❡ ❦♦❧✐↔✐♥❡ ➸♦❣❡❄

✭❞✮ ■③r❛↔✉♥❛❥ s✉♥❡❦ s✐❧❡ ♥❛ ➸♦❣♦✦

✭❡✮ ❙ ❦♦❧✐❦➨♥♦ s✐❧♦ s❡ ♦❞❜✐❥❡ ♦❞ ③✐❞✉✱ ↔❡ tr❛❥❛ st✐❦ s st❡♥♦ 0, 1 s❄

✭❢✮ ❑♦❧✐❦➨❡♥ ❦♦t ♦❦❧❡♣❛ s♠❡r s✐❧❡ s st❡♥♦❄

❘♣✿ G1 = mv1 = 10Ns✱ G2 = mv2 = 10Ns✱
∆~G = ~G2 − ~G1 ⇒ ∆G = 2G2 cos ϕ = 17, 3 Ns✱
F∆t = ∆G = 17, 3 Ns✱ F = ∆G

∆t = 173N✱ ❦♦t ♠❡❞ s♠❡r❥♦ s✐❧❡ ✐♥ st❡♥♦ ❥❡ 90◦✳

✷✽✳ ➎♦❣❛ ③ ♠❛s♦ 300 g ❥❡ ♣r✐❧❡t❡❧❛ ✈ ♥❛✈♣✐↔♥✐ ③✐❞ ♣♦❞ ❦♦t♦♠ 60◦ s ❤✐tr♦st❥♦ 20 m/s ✐♥ s❡ ♦❞ ③✐❞✉
♦❞❜✐❧❛ ♣♦❞ ❡♥❛❦✐♠ ❦♦t♦♠ ✐♥ ③ ✐st♦ ❤✐tr♦st❥♦✳ ◆❛r✐➨✐ s❧✐❦♦✦

✭❛✮ ❑♦❧✐❦➨♥❛ ❥❡ ❣✐❜❛❧♥❛ ❦♦❧✐↔✐♥❛ ➸♦❣❡ ♣r❡❞ tr❦♦♠❄

✭❜✮ ❑♦❧✐❦➨♥❛ ❥❡ ❣✐❜❛❧♥❛ ❦♦❧✐↔✐♥❛ ➸♦❣❡ ♣♦ tr❦✉❄

✭❝✮ ❑♦❧✐❦➨♥❛ ❥❡ s♣r❡♠❡♠❜❛ ❣✐❜❛❧♥❡ ❦♦❧✐↔✐♥❡ ➸♦❣❡❄

✭❞✮ ■③r❛↔✉♥❛❥ s✉♥❡❦ s✐❧❡ ♥❛ ➸♦❣♦✦

✭❡✮ ❙ ❦♦❧✐❦➨♥♦ s✐❧♦ s❡ ♦❞❜✐❥❡ ♦❞ ③✐❞✉✱ ↔❡ tr❛❥❛ st✐❦ s st❡♥♦ 0, 1 s❄

✭❢✮ ❑♦❧✐❦➨❡♥ ❦♦t ♦❦❧❡♣❛ s♠❡r s✐❧❡ s st❡♥♦❄

✷✾✳ ➎♦❣❛ ③ ♠❛s♦ 0, 5 kg ❥❡ ♣r✐❧❡t❡❧❛ ✈ ♥❛✈♣✐↔♥✐ ③✐❞ ♣♦❞ ❦♦t♦♠ 45◦ s ❤✐tr♦st❥♦ 20 m/s ✐♥ s❡ ♦❞ ③✐❞✉
♦❞❜✐❧❛ ♣♦❞ ❡♥❛❦✐♠ ❦♦t♦♠ ✐♥ ③ ✐st♦ ❤✐tr♦st❥♦✳ ◆❛r✐➨✐ s❧✐❦♦✦

✭❛✮ ❑♦❧✐❦➨♥❛ ❥❡ ❣✐❜❛❧♥❛ ❦♦❧✐↔✐♥❛ ➸♦❣❡ ♣r❡❞ tr❦♦♠❄

✭❜✮ ❑♦❧✐❦➨♥❛ ❥❡ ❣✐❜❛❧♥❛ ❦♦❧✐↔✐♥❛ ➸♦❣❡ ♣♦ tr❦✉❄

✭❝✮ ❑♦❧✐❦➨♥❛ ❥❡ s♣r❡♠❡♠❜❛ ❣✐❜❛❧♥❡ ❦♦❧✐↔✐♥❡ ➸♦❣❡❄

✭❞✮ ■③r❛↔✉♥❛❥ s✉♥❡❦ s✐❧❡ ♥❛ ➸♦❣♦✦

✭❡✮ ❙ ❦♦❧✐❦➨♥♦ s✐❧♦ s❡ ♦❞❜✐❥❡ ♦❞ ③✐❞✉✱ ↔❡ tr❛❥❛ st✐❦ s st❡♥♦ 0, 1 s❄

✭❢✮ ❑♦❧✐❦➨❡♥ ❦♦t ♦❦❧❡♣❛ s♠❡r s✐❧❡ s st❡♥♦❄

✸✵✳ ❚❡❧♦ ③ ♠❛s♦ 5 kg s❡ ❣✐❜❧❥❡ ❡♥❛❦♦♠❡r♥♦ s ❤✐tr♦st❥♦ 20 m/s✳ ◆❡♥❛❞♦♠❛ ③❛↔♥❡ ♥❛ t❡❧♦ ❞❡❧♦✈❛t✐
st❛❧♥❛ ③✉♥❛♥❥❛ s✐❧❛✱ ③❛r❛❞✐ ❦❛t❡r❡ s❡ t❡❧♦ ❣✐❜❧❥❡ ↔❡③ 6 s ✈ ♥❛s♣r♦t♥✐ s♠❡r✐ ❦♦t ♣r❡❥ s ❤✐tr♦st❥♦
4 m/s✳ ■③r❛↔✉♥❛❥✿

✭❛✮ ❣✐❜❛❧♥♦ ❦♦❧✐↔✐♥♦ ♣r❡❞ ❞❡❧♦✈❛♥❥❡♠ s✐❧❡✱

✭❜✮ ❣✐❜❛❧♥♦ ❦♦❧✐↔✐♥♦ ♣♦ ❞❡❧♦✈❛♥❥✉ s✐❧❡✱

✭❝✮ s♣r❡♠❡♠❜♦ ❣✐❜❛❧♥❡ ❦♦❧✐↔✐♥❡✱

✭❞✮ s✉♥❡❦ s✐❧❡ ♥❛ t❡❧♦✱
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✭❡✮ ✈❡❧✐❦♦st s✐❧❡✱ ❦✐ ❞❡❧✉❥❡ ♥❛ t❡❧♦✦

❘♣✿ G1 = 100Ns✱ G2 = −20 Ns✱ ∆G = −120 Ns✱ F∆t = −120 Ns✱F = −20 N

✸✶✳ ❆✈t♦ ③ ♠❛s♦ 500 kg s❡ ♣❡❧❥❡ ❡♥❛❦♦♠❡r♥♦ ♣r❡♠♦ s ❤✐tr♦st❥♦ 10 m/s✳❱ ♥❡❦❡♠ tr❡♥✉t❦✉ ③❛↔♥❡ ♥❛♥❥
❞❡❧♦✈❛t✐ st❛❧♥❛ ③✉♥❛♥❥❛ s✐❧❛✱ ❦✐ ♣♦✈③r♦↔✐✱ ❞❛ s❡ ❛✈t♦ ③❛↔♥❡ ♣♦ 30 s ❣✐❜❛t✐ ✈ ♥❛s♣r♦t♥♦ s♠❡r s
❤✐tr♦st❥♦ 2 m/s✳ ■③r❛↔✉♥❛❥✿

✭❛✮ ❣✐❜❛❧♥♦ ❦♦❧✐↔✐♥♦ ♣r❡❞ ❞❡❧♦✈❛♥❥❡♠ s✐❧❡✱

✭❜✮ ❣✐❜❛❧♥♦ ❦♦❧✐↔✐♥♦ ♣♦ ❞❡❧♦✈❛♥❥✉ s✐❧❡✱

✭❝✮ s♣r❡♠❡♠❜♦ ❣✐❜❛❧♥❡ ❦♦❧✐↔✐♥❡✱

✭❞✮ s✉♥❡❦ s✐❧❡ ♥❛ ❛✈t♦✱

✭❡✮ ✈❡❧✐❦♦st s✐❧❡✦

✸✷✳ P❧♦➨↔✐❝❛ ③ ♠❛s♦ 3 kg ❞rs✐ ♣♦ ❡♥❛❦♦♠❡r♥♦ ♥❛❣♥❥❡♥❡♠ ❦❧❛♥❝✉ ♥❛✈③❞♦❧ ✐♥ ✐♠❛ ✈ t♦↔❦✐ ❆ ❤✐tr♦st
5 m/s✳ P♦ 50 m ♣♦t✐ ✈ t♦↔❦✐ ❇✱ ❦✐ ❧❡➸✐ 10 m ♥✐➸❡ ♦❞ t♦↔❦❡ ❆✱ ✐♠❛ ♣❧♦➨↔✐❝❛ ❤✐tr♦st 10 m/s✳

✭❛✮ ❑♦❧✐❦➨♥❛ ❥❡ ❣✐❜❛❧♥❛ ❦♦❧✐↔✐♥❛ ♣❧♦➨↔✐❝❡ ✈ t♦↔❦✐ ❆❄

✭❜✮ ❑♦❧✐❦➨♥❛ ❥❡ ❣✐❜❛❧♥❛ ❦♦❧✐↔✐♥❛ ♣❧♦➨↔✐❝❡ ✈ t♦↔❦✐ ❇❄

✭❝✮ ❑♦❧✐❦♦ ❥❡ s✉♥❡❦ s✐❧ ♥❛ ♣❧♦➨↔✐❝♦❄

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

✭❡✮ ❑♦❧✐❦♦ ❥❡ s✐❧❛ tr❡♥❥❛❄

❘♣✿ GA = mvA = 15Ns✱ GB = mvB = 30Ns✱ F∆t = ∆G = GB − GA = 15Ns✱
t = 2s

vA+vB
= 6, 67 s ✐♥ ③❛t♦ F = ∆G

∆t = 2, 25 N

Ft = Fg
h
s − F = 3, 75 N

✸✸✳ P❧♦➨↔✐❝❛ ③ ♠❛s♦ 5 kg ❞rs✐ ♣♦ ❡♥❛❦♦♠❡r♥♦ ♥❛❣♥❥❡♥❡♠ ❦❧❛♥❝✉ ♥❛✈③❞♦❧ ✐♥ ✐♠❛ ✈ t♦↔❦✐ ❆ ❤✐tr♦st
10 m/s✳ P♦ 40 m ♣♦t✐ ✈ t♦↔❦✐ ❇✱ ❦✐ ❧❡➸✐ 10 m ♥✐➸❡ ♦❞ t♦↔❦❡ ❆✱ ✐♠❛ ♣❧♦➨↔✐❝❛ ❤✐tr♦st 15 m/s✳

✭❛✮ ❑♦❧✐❦➨♥❛ ❥❡ ❣✐❜❛❧♥❛ ❦♦❧✐↔✐♥❛ ♣❧♦➨↔✐❝❡ ✈ t♦↔❦✐ ❆❄

✭❜✮ ❑♦❧✐❦➨♥❛ ❥❡ ❣✐❜❛❧♥❛ ❦♦❧✐↔✐♥❛ ♣❧♦➨↔✐❝❡ ✈ t♦↔❦✐ ❇❄

✭❝✮ ❑♦❧✐❦♦ ❥❡ s✉♥❡❦ s✐❧ ♥❛ ♣❧♦➨↔✐❝♦❄

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

✭❡✮ ❑♦❧✐❦♦ ❥❡ s✐❧❛ tr❡♥❥❛❄

❘♣✿ GA = 50Ns✱ GB = 75Ns✱ F∆t = 25Ns✱
t = 3, 2 s ✐♥ ③❛t♦ F = 7, 81 N

Ft = 4, 69 N

✹✳✻ ❡♥❡r❣✐❥s❦✐ ③❛❦♦♥

✶✳ ❚❡❧♦✱ ❦✐ ✈ ③❛↔❡t❦✉ ♠✐r✉❥❡✱ s❡ ❣✐❜❧❥❡ ♣♦❞ ✈♣❧✐✈♦♠ st❛❧♥❡ s✐❧❡✳ ❑❛❦♦ s❡ s♣r❡♠✐♥❥❛ ❦✐♥❡t✐↔♥❛ ❡♥❡r❣✐❥❛
t❡❧❡s❛ ✈ ♦❞✈✐s♥♦st✐ ♦❞ ↔❛s❛❄

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

✸✳ ◆❛ t❡❧♦ ❞❡❧✉❥❡ st❛❧♥❛ s✐❧❛ 100 N ✈ s♠❡r✐ ❣✐❜❛♥❥❛ ♥❛ ♣♦t✐ 100 m✳ ❙✐❧❛ tr❡♥❥❛ ❥❡ 40 N✳ ❩❛ ❦♦❧✐❦♦ s❡
♥❛ ♣♦t✐ 100 m ♣♦✈❡↔❛ ❦✐♥❡t✐↔♥❛ ❡♥❡r❣✐❥❛ t❡❧❡s❛❄

✹✳ ❑❛♠❡♥ ③ ♠❛s♦ 3 kg ♣❛❞❡ ③ ✈✐➨✐♥❡ 2 m ♥❛ ✈③♠❡t✳ ❑♦❧✐❦♦ s❡ ✈③♠❡t s❦r↔✐✱ ↔❡ ❥❡ ❦♦❡✜❝✐❡♥t ✈③♠❡t✐
8 N/mm❄

✺✳ ❑r♦❣❧✐❝❛ ③ ♠❛s♦ 0, 3 kg ♣❛❞❡ ③ ✈✐➨✐♥❡ 75 cm ♥❛ ✈③♠❡t✳ ❑♦❧✐❦♦ s❡ ✈③♠❡t s❦r↔✐✱ ↔❡ ❥❡ ❦♦❡✜❝✐❡♥t
♣r♦➸♥♦st✐ ✈③♠❡t✐ 20 N/cm❄



✹ ❉■◆❆▼■❑❆ ✻✷

✻✳ ❑♦❧❡s❛r ♣r✐♣❡❧❥❡ ❞♦ 100 m ❞♦❧❣❡❣❛ ❦❧❛♥❝❛ s ❤✐tr♦st❥♦ 6 m/s✳ ❑❧❛♥❡❝ ❥❡ ♥❛❣♥❥❡♥ ♣r♦t✐ ✈♦❞♦r❛✈♥✐❝✐
5◦✳ ❙ ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ ♣r✐♣❡❧❥❡ ❦♦❧❡s❛r ♥❛ ❦♦♥❡❝ ❦❧❛♥❝❛✱ ↔❡ s❡ s♣✉st✐ ♣♦ ♥❥❡♠❄ ❑❛❥ ♣❛ ↔❡
✉♣♦➨t❡✈❛➨ ❦♦❡✜❝✐❡♥t tr❡♥❥❛ 0, 05❄

✼✳ ❱❛❣♦♥ ♣r✐♣❡❧❥❡ ❞♦ ❦❧❛♥❝❛✱ ❦✐ ❥❡ ❞♦❧❣ 1 km ✐♥ ♥❛❣♥❥❡♥ 1◦ ♣r♦t✐ ✈♦❞♦r❛✈♥✐❝✐✳ ❙ ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦
♠♦r❛ ♣r✐♣❡❧❥❛t✐ ❞♦ ❦❧❛♥❝❛✱ ❞❛ ❜♦ ✐♠❡❧ ♥❛ ✈r❤✉ ❤✐tr♦st 1 m/s❄ ❑❛❥ ♣❛ ↔❡ ✉♣♦➨t❡✈❛➨ ❦♦❡✜❝✐❡♥t
tr❡♥❥❛ 0, 005❄

✽✳ ❑♦❧✐❦➨♥♦ ❞❡❧♦ ♦♣r❛✈✐ ❛✈t♦♠♦❜✐❧ ③ ♠❛s♦ 1, 5 t✱ ❦♦ s❡ ♣♦✈❡↔❛ ♥❥❡❣♦✈❛ ❤✐tr♦st ♦❞ 20 km/h ♥❛
80 km/h❄ Pr✐ t❡♠ ♣r❡♣❡❧❥❡ ❛✈t♦ 500 m ❞❛❧❡↔✳ ❑♦❡✜❝✐❡♥t tr❡♥❥❛ ♣❛ ❥❡ 0, 05✦

✾✳ ❑♦❧✐❦➨♥♦ ❞❡❧♦ ♦♣r❛✈✐ ❦♦♥❥✱ ❦✐ ✈❧❡↔❡ ✈♦③ ③ ♠❛s♦ 1, 5 t✱ ↔❡ ♣♦s♣❡➨✐ ✈♦③ ♦❞ ❤✐tr♦st✐ 2 km/h ♥❛
8 km/h❄ Pr✐ t❡♠ ♣r❡♣❡❧❥❡ ✈♦③ 500 m ❞❛❧❡↔✳ ❑♦❡✜❝✐❡♥t tr❡♥❥❛ ♣❛ ❥❡ 0, 05✦

✶✵✳ ❑♦❧✐❦➨♥♦ ❞❡❧♦ ♦♣r❛✈✐ ❦♦♥❥✱ ❦✐ ✈❧❡↔❡ ✈♦③ ③ ♠❛s♦ 3, 5 t✱ ↔❡ ♣♦s♣❡➨✐ ✈♦③ ♦❞ ❤✐tr♦st✐ 1 km/h ♥❛
5 km/h❄ Pr✐ t❡♠ ♣r❡♣❡❧❥❡ ✈♦③ 1500 m ❞❛❧❡↔✳ ❑♦❡✜❝✐❡♥t tr❡♥❥❛ ♣❛ ❥❡ 0, 05✦

✶✶✳ ▲❡t❛❧♦ ③ ♠❛s♦ 2, 5 t s❡ ❞✈✐❣♥❡ ✈ ↔❛s✉ 5, 4 minut 1, 5 km ✈✐s♦❦♦✳ ➎❡♥❡ ❣❛ ♠♦t♦r✱ ❦✐ r❛❜✐ ♣r✐ t❡♠
36% s✈♦❥❡ ♠♦↔✐✳ ■③r❛↔✉♥❛❥ ♠♦↔ ♠♦t♦r❥❛✦

✶✷✳ ▼♦t♦r ③ ♠♦↔❥♦ 6 kW ♣♦❣❛♥❥❛ ♣✉♠♣♦✱ ❦✐ ❞✈✐❣♥❡ ✈♦❞♦ ✈ 20 m ✈✐➨❡ ❧❡➸❡↔✐ r❡③❡r✈♦❛r✳ ❑♦❧✐❦➨❡♥ ❥❡
❡♥❡r❣✐❥s❦✐ ✐③❦♦r✐st❡❦✱ ↔❡ ♣✉♠♣❛ ❞✈✐❣♥❡ 3400 kg ✈♦❞❡ ✈ 3 minutah❄

✶✸✳ ◆❛❥♠❛♥❥ ❦♦❧✐❦♦ ♠♦↔ ♠♦r❛ ✐♠❡t✐ ♠♦t♦r✱ ❦✐ ♣♦❣❛♥❥❛ ♣r❡♠✐↔♥❡ st♦♣♥✐❝❡✱ ↔❡ ➸❡❧✐♠♦✱ ❞❛ ✈ ✷ ✉r❛❤
♣r❡♣❡❧❥❡ ✹✵✵✵ ♦s❡❜ ✈ ♥❛❞str♦♣❥❡✱ ❦✐ ❥❡ ✼♠ ✈✐➨❡❄ P♦♣r❡↔♥❛ ♠❛s❛ ♦s❡❜❡ ❥❡ ✼✵ ❦❣✱ ♠♦↔ ③❛ ♣r❡♠✐✲
❦❛♥❥❡ ♣r❛③♥✐❤ st♦♣♥✐❝ ♣❛ ✸ ❦❲❄

✶✹✳ ▼♦t♦r ③ ♠♦↔❥♦ ✶✵ ❦❲ ♣♦❣❛♥❥❛ ✈✐t❡❧✱ ❦✐ ❞✈✐❣✉❥❡ ❜r❡♠❡ ③ ♠❛s♦ ✶✵✵ ❦❣ ✷✵♠ ✈✐s♦❦♦✳ ❱ ❦♦❧✐❦➨♥❡♠
↔❛s✉ ❞✈✐❣♥❡ ❜r❡♠❡ ♥❛ t♦ ✈✐➨✐♥♦✱ ↔❡ ❥❡ ✐③❦♦r✐st❡❦ ♠♦t♦r❥❛ ✽✵✪❄

✶✺✳ ▲♦❦♦♠♦t✐✈❛ ③ ♠❛s♦ ✸✵ t ❞♦s❡➸❡ ✈ ✶✱✺♠✐♥ ❤✐tr♦st ✸✻ ❦♠✴❤✳ ❑♦❧✐❦➨♥❛ ❥❡ t❡❞❛❥ ♥❥❡♥❛ ♠♦↔✱ ↔❡ ❞❡❧❛
♠♦t♦r ③ ✐③❦♦r✐st❦♦♠ ✼✵✪❄

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

✶✼✳ ❷r♣❛❧❦❛ ❞✈✐❣♥❡ ✈s❛❦♦ ♠✐♥✉t♦ 2400 litrov ✈♦❞❡ ✈ ❞❡s❡t ♠❡tr♦✈ ✈✐➨❡ ❧❡➸❡↔✐ ③❜✐r❛❧♥✐❦✳ ❑♦❧✐❦♦ ❞❡❧❛
s❡ ♥❡❦♦r✐st♥♦ ✐③❣✉❜✐✱ ↔❡ ❥❡ ♠♦↔ ♠♦t♦r❥❛ ↔r♣❛❧❦❡ 5 kW❄

✶✽✳ ❊❧❡❦tr✐↔♥❛ ❝❡♥tr❛❧❛ ✐③❦♦r✐➨↔❛ ❡♥❡r❣✐❥♦ ✈♦❞❡✳ ❱s❛❦♦ ♠✐♥✉t♦ ♣❛❞❡ ✶✱✷ t ✈♦❞❡ ✹✱✷♠ ❣❧♦❜♦❦♦✳ ❑♦❧✐❦♦
❞❡❧❛ ❧❛❤❦♦ ❝❡♥tr❛❧❛ ♦❞❞❛ ✈ ♦♠r❡➸❥❡ ✈s❛❦♦ s❡❦✉♥❞♦✱ ↔❡ s❡ ♣♦❧♦✈✐❝❛ ❡♥❡r❣✐❥❡ ✈♦❞❡ ♥❡❦♦r✐st♥♦
✐③❣✉❜✐❄

✶✾✳ ❱♦❞♦✈♦❞♥❛ ♣✉♠♣❛ ♣♦t✐s❦❛ ✈♦❞♦ ✈ ✸✵♠ ✈✐➨❡ ❧❡➸❡↔✐ r❡③❡r✈♦❛r✳ ❑♦❧✐❦♦ ❞❡❧❛ ♥❛❥♠❛♥❥ ♦♣r❛✈✐✱ ↔❡
♣♦t✐s♥❡ 100 m3 ✈♦❞❡❄ ❙ ❦♦❧✐❦➨♥♦ ♠♦↔❥♦ ❞❡❧❛✱ ↔❡ ✈s❛❦♦ ♠✐♥✉t♦ ♣♦t✐s♥❡ ✈ r❡③❡r✈♦❛r 100 m3 ✈♦❞❡❄

✷✵✳ ❱♦❞❛ ♦❞t❡❦❛ s str❡❤❡ ♣♦ ✶✵♠ ❞♦❧❣❡♠ ♥❛✈♣✐↔♥❡♠ ➸❧❡❜✉✳ ❑❛❦♦ ❞❛❧❡↔ ♦❞ ✈③♥♦➸❥❛ st❛✈❜❡ ♠♦r❛♠♦
✈ t❧❛ ✐③❦♦♣❛t✐ ♦❞t♦↔♥✐ ❥❛➨❡❦✱ ↔❡ ❥❡ ✐③t♦↔♥❛ ➨♦❜❛ ➸❧❡❜❛ ✈♦❞♦r❛✈♥❛ ✐♥ ❥❡ ✷✵ ❝♠ ♥❛❞ t❧❡♠✐❄

✷✶✳ ●✉♠✐❥❛st♦ ➸♦❣♦ ③ ♠❛s♦ ✷✵✵ ❣ s♣✉st✐♠♦ ③ ✈✐➨✐♥❡ ✷♠✳ ❉♦ ❦❛t❡r❡ ✈✐➨✐♥❡ s❡ ❞✈✐❣♥❡ ♣♦ ♣❡t❡♠
♦❞s❦♦❦✉✱ ↔❡ s❡ ➸♦❣✐ ♣r✐ ✈s❛❦❡♠ ♦❞❜♦❥✉ ❦✐♥❡t✐↔♥❛ ❡♥❡r❣✐❥❛ ③♠❛♥❥➨❛ ③❛ ↔❡trt✐♥♦❄ ❑♦❧✐❦➨♥❛ ❥❡
♥♦tr❛♥❥❛ ❡♥❡r❣✐❥❛ ✈ t❡♠ tr❡♥✉t❦✉❄

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

✷✸✳ ✶♠ ❞♦❧❣❛ ♣❛❧✐❝❛ ③ ♠❛s♦ ✺✵✵ ❣ s❡ ✈rt✐ ✈ ♥❛✈♣✐↔♥✐ s ❢r❡❦✈❡♥❝♦ ✷✵✵ ✴s ✈ r❛✈♥✐♥✐ ♦❦r♦❣ ♦s✐✱ ❦✐ ❣r❡
s❦♦③✐ ♥❥❡♥♦ t❡➸✐➨↔❡✳❑♦❧✐❦➨♥❛ ❥❡ ❡♥❡r❣✐❥❛ ♣❛❧✐❝❡ ③❛r❛❞✐ ✈rt❡♥❥❛❄

✷✹✳ ❑r♦❣❧✐❝❛ ③ ♠❛s♦ ✵✱✺ ❦❣ ❥❡ ♣r✐tr❥❡♥❛ ♥❛ ❦♦♥❝✉ ✶♠ ❞♦❧❣❡ ♣❛❧✐❝❡✳ P❛❧✐❝❛ s❡ ✈rt✐ s ❢r❡❦✈❡♥❝♦ ✸✵✵ ✴s
✈ ♥❛✈♣✐↔♥✐ r❛✈♥✐♥✐ ♦❦r♦❣ ♦s✐✱ ❦✐ ❣r❡ s❦♦③✐ ❞r✉❣ ❦♦♥❡❝ ♣❛❧✐❝❡✳ ❑♦❧✐❦➨♥❛ ❥❡ ❦✐♥❡t✐↔♥❛ ❡♥❡r❣✐❥❛
❦r♦❣❧✐❝❡❄



✹ ❉■◆❆▼■❑❆ ✻✸

✷✺✳ ❑♦❧✐❦➨♥❛ ❥❡ r♦t❛❝✐❥s❦❛ ❡♥❡r❣✐❥❛ ❞♥❡✈♥❡❣❛ ✈rt❡♥❥❛ ❩❡♠❧❥❡ ✐♥ ❦♦❧✐❦➨♥❛ ❥❡ ❦✐♥❡t✐↔♥❛ ❡♥❡r❣✐❥❛ ❧❡t♥❡❣❛
❦r♦➸❡♥❥❛ ❩❡♠❧❥❡ ♦❦r♦❣ ❙♦♥❝❛❄ P♦❧♠❡r ❩❡♠❧❥❡ ❥❡ ✻✹✵✵ ❦♠✱ ♣♦✈♣r❡↔♥❛ ❣♦st♦t❛ ❥❡ 5, 6 kg/dm3✱
♣♦✈♣r❡↔♥❛ ♦❞❞❛❧❥❡♥♦st ♦❞ ❙♦♥❝❛ ♣❛ 150 · 106 km✳

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

✷✼✳ ❆✈t♦♠♦❜✐❧ ✐♠❛ ♠♦↔ ♠♦t♦r❥❛ ✼✺ ❦❲✳ ■③❦♦r✐st❡❦ ♠♦t♦r❥❛ ♣❛ ❥❡ ✷✺✪✳ ▼❛s❛ ❛✈t♦♠♦❜✐❧❛ ❥❡ ✶✵✵✵ ❦❣✳
❑♦❧✐❦♦ ❥❡ ✈s♦t❛ s✐❧❡ ✉♣♦r❛ ✐♥ s✐❧❡ tr❡♥❥❛✱ ↔❛ ❛✈t♦ ♣❡❧❥❡ s st❛❧♥♦ ❤✐tr♦st❥♦ ✶✺✻ ❦♠✴❤❄ ❑♦❧✐❦♦ ❥❡
❦✐♥❡t✐↔♥❛ ❡♥❡r❣✐❥❛ ❛✈t♦♠♦❜✐❧❛❄ ❑❛❦♦ ❞❛❧❡↔ s❡ ♣r✐♣❡❧❥❡✱ ↔❡ ♠♦t♦r ♣r❡♥❡❤❛ ❞❡❧♦✈❛t✐❄ ✭P♦♠✐s❧✐✱
❦❛❦♦ ❥❡ ③ ③❛✈✐r❛❧♥✐♠✐ s✐❧❛♠✐✦✮

✷✽✳ P❧♦➨↔✐❝❛ ③ ♠❛s♦ 3 kg ❞rs✐ ♣♦ ❡♥❛❦♦♠❡r♥♦ ♥❛❣♥❥❡♥❡♠ ❦❧❛♥❝✉ ♥❛✈③❞♦❧ ✐♥ ✐♠❛ ✈ t♦↔❦✐ ❆ ❤✐tr♦st
5 m/s✳ P♦ 50 m ♣♦t✐ ✈ t♦↔❦✐ ❇✱ ❦✐ ❧❡➸✐ 10 m ♥✐➸❡ ♦❞ t♦↔❦❡ ❆✱ ✐♠❛ ♣❧♦➨↔✐❝❛ ❤✐tr♦st 10 m/s✳

✭❛✮ ❑♦❧✐❦➨♥❛ ❥❡ ❣✐❜❛❧♥❛ ❦♦❧✐↔✐♥❛ ♣❧♦➨↔✐❝❡ ✈ t♦↔❦✐ ❆❄

✭❜✮ ❑♦❧✐❦➨♥❛ ❥❡ ❣✐❜❛❧♥❛ ❦♦❧✐↔✐♥❛ ♣❧♦➨↔✐❝❡ ✈ t♦↔❦✐ ❇❄

✭❝✮ ❑♦❧✐❦♦ ❥❡ s✉♥❡❦ s✐❧ ♥❛ ♣❧♦➨↔✐❝♦❄

✭❞✮ ❑♦❧✐❦♦ ❥❡ ❦✐♥❡t✐↔♥❛ ❡♥❡r❣✐❥❛ ✈ t♦↔❦✐ ❆❄

✭❡✮ ❑♦❧✐❦♦ ❥❡ ❦✐♥❡t✐↔♥❛ ❡♥❡r❣✐❥❛ ✈ t♦↔❦✐ ❇❄

✭❢✮ ❑♦❧✐❦♦ ❥❡ ♣♦t❡♥❝✐❛❧♥❛ ❡♥❡r❣✐❥❛ ✈ t♦↔❦✐ ❆❄

✭❣✮ ❑♦❧✐❦♦ ❥❡ s♣r❡♠❡♠❜❛ ♣♦t❡♥❝✐❛❧♥❡ ❡♥❡r❣✐❥❡ ♠❡❞ t♦↔❦❛♠❛ ❆ ✐♥ ❇❄

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

❘♣✿ GA = mvA = 15 Ns✱ GB = mvB = 30 Ns✱ F∆t = ∆G = GB − GA = 15 Ns✱ WkA
=

1
2mv2

A = 37, 5 J✱ WkB
= 1

2mv2
B = 150 J✱ WpA

= mgh = 300 J + konst.✱ ∆Wp = 300 J

t = 2s
vA+vB

= 6, 67 s ✐♥ ③❛t♦ F = ∆G
∆t = 2, 25 N ❛❧✐ ♣❛ F = A

s = ∆Wk

s = 2, 25 N

F =
∆G

∆t
=

mvB − mvA
2s

vA+vB

=
m

2s

(

v2
B − v2

A

)

=
∆Wk

s

✷✾✳ P❧♦➨↔✐❝❛ ③ ♠❛s♦ 3 kg ✐♥ ♣♦❧♠❡r♦♠ 3 cm ❞rs✐ ♣♦ ❡♥❛❦♦♠❡r♥♦ ♥❛❣♥❥❡♥❡♠ ❦❧❛♥❝✉ ♥❛✈③❞♦❧ ✐♥ ✐♠❛
✈ t♦↔❦✐ ❆ ❤✐tr♦st 5 m/s✳ P♦ 50 m ♣♦t✐ ✈ t♦↔❦✐ ❇✱ ❦✐ ❧❡➸✐ 10 m ♥✐➸❡ ♦❞ t♦↔❦❡ ❆✱ ✐♠❛ ♣❧♦➨↔✐❝❛
❤✐tr♦st 10 m/s✳

✭❛✮ ❑♦❧✐❦➨♥❛ ❥❡ ❣✐❜❛❧♥❛ ❦♦❧✐↔✐♥❛ ♣❧♦➨↔✐❝❡ ✈ t♦↔❦✐ ❆❄

✭❜✮ ❑♦❧✐❦➨♥❛ ❥❡ ❣✐❜❛❧♥❛ ❦♦❧✐↔✐♥❛ ♣❧♦➨↔✐❝❡ ✈ t♦↔❦✐ ❇❄

✭❝✮ ❑♦❧✐❦♦ ❥❡ s✉♥❡❦ s✐❧ ♥❛ ♣❧♦➨↔✐❝♦❄

✭❞✮ ❑♦❧✐❦♦ ❥❡ ❦✐♥❡t✐↔♥❛ ❡♥❡r❣✐❥❛ ✈ t♦↔❦✐ ❆❄

✭❡✮ ❑♦❧✐❦♦ ❥❡ ❦✐♥❡t✐↔♥❛ ❡♥❡r❣✐❥❛ ✈ t♦↔❦✐ ❇❄

✭❢✮ ❑♦❧✐❦♦ ❥❡ s♣r❡♠❡♠❜❛ ❦✐♥❡t✐↔♥❡ ❡♥❡r❣✐❥❡ ♠❡❞ t♦↔❦❛♠❛ ❆ ✐♥ ❇❄

✭❣✮ ❑♦❧✐❦♦ ❥❡ ♣♦t❡♥❝✐❛❧♥❛ ❡♥❡r❣✐❥❛ ✈ t♦↔❦✐ ❆❄

✭❤✮ ❑♦❧✐❦♦ ❥❡ ♣♦t❡♥❝✐❛❧♥❛ ❡♥❡r❣✐❥❛ ✈ t♦↔❦✐ ❇❄

✭✐✮ ❑♦❧✐❦♦ ❥❡ s♣r❡♠❡♠❜❛ ♣♦t❡♥❝✐❛❧♥❡ ❡♥❡r❣✐❥❡ ♠❡❞ t♦↔❦❛♠❛ ❆ ✐♥ ❇❄

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

✭❦✮ ❑♦❧✐❦♦ ❥❡ s♣r❡♠❡♠❜❛ ❣✐❜❛❧♥❡ ❦♦❧✐↔✐♥❡ ♣❧♦➨↔✐❝❡❄

✭❧✮ ❑♦❧✐❦♦ ❥❡ ❞❡❧♦ t❡➸❡❄

Pr✐ ♥❛s❧❡❞♥❥✐❤ ♥❛❧♦❣❛❤✱ ❦❥❡r s❡ ♣♦ ❦❧❛♥❝✉ ❦♦t❛❧✐ ❦r♦❣❧❛ ♥❛❧❡t✐♠♦ ♥❛ t❡➸❛✈♦✳

●❧❡❞❡ ♥❛ ♣r❡❥➨♥❥♦ ♥❛❧♦❣♦ s❡ ③❞✐✱ ❞❛ ✈rt❡♥❥❡ ❦r♦❣❧❡ ♦❦♦❧✐ ❧❛st♥❡ ♦s✐ ✐♥ s t❡♠ r♦t❛❝✐❥s❦❡ ❡♥❡r❣✐❥❡
♥✐ ♣♦tr❡❜♥♦ ✉♣♦➨t❡✈❛t✐✳ ❱ ♣r✐♠❡r✉✱ ❞❛ ❦♦t❛❧❥❡♥❥❛ ♥❡ ✉♣♦➨t❡✈❛♠♦✱ r❡➨✉❥❡♠♦ ♥❛❧♦❣❡ ❦♦t ③❣♦r❛❥
♣r✐ ♣❧♦➨↔✐❝✐❀ ✈❡♥❞❛r ❥❡ ✈ t❛❦➨♥❡♠ ♣r✐♠❡r✉ r❡➨✐t❡✈ ✜③✐❦❛❧♥♦ ♥❡❦♦r❡❦t♥❛✱ ❥❡ ♣❛ t❛❦➨♥♦ r❡➨❡✈❛♥❥❡
♣r✐r♦↔♥♦ ③❛ ✈❛❥♦✦

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



✹ ❉■◆❆▼■❑❆ ✻✹

✸✵✳ ❑r♦❣❧♦ ③ ♠❛s♦ 3 kg s♠♦ ③❛❦♦t❛❧✐❧✐ ♣♦ ❡♥❛❦♦♠❡r♥♦ ♥❛❣♥❥❡♥❡♠ ❦❧❛♥❝✉ ♥❛✈③❣♦r✳ ❱ t♦↔❦✐ ❆ ✐♠❛
❤✐tr♦st 10 m/s✳ P♦ 50 m ♣♦t✐ ✈ t♦↔❦✐ ❇✱ ❦✐ ❧❡➸✐ 10 m ✈✐➨❡ ♦❞ t♦↔❦❡ ❆✱ ✐♠❛ ♣❧♦➨↔✐❝❛ ❤✐tr♦st 5 m/s✳

✭❛✮ ❑♦❧✐❦➨♥❛ ❥❡ ❣✐❜❛❧♥❛ ❦♦❧✐↔✐♥❛ ❦r♦❣❧❡ ✈ t♦↔❦✐ ❆❄

✭❜✮ ❑♦❧✐❦➨♥❛ ❥❡ ❣✐❜❛❧♥❛ ❦♦❧✐↔✐♥❛ ❦r♦❣❧❡ ✈ t♦↔❦✐ ❇❄

✭❝✮ ❑♦❧✐❦♦ ❥❡ s✉♥❡❦ ③✉♥❛♥❥✐❤ s✐❧ ♥❛ ❦r♦❣❧♦❄

✭❞✮ ❑♦❧✐❦♦ ❥❡ ❦✐♥❡t✐↔♥❛ ❡♥❡r❣✐❥❛ ✈ t♦↔❦✐ ❆❄

✭❡✮ ❑♦❧✐❦♦ ❥❡ ❦✐♥❡t✐↔♥❛ ❡♥❡r❣✐❥❛ ✈ t♦↔❦✐ ❇❄

✭❢✮ ❑♦❧✐❦♦ ❥❡ ♣♦t❡♥❝✐❛❧♥❛ ❡♥❡r❣✐❥❛ ✈ t♦↔❦✐ ❇❄

✭❣✮ ❑♦❧✐❦♦ ❥❡ s♣r❡♠❡♠❜❛ ♣♦t❡♥❝✐❛❧♥❡ ❡♥❡r❣✐❥❡ ♠❡❞ t♦↔❦❛♠❛ ❆ ✐♥ ❇❄

✭❤✮ ❑♦❧✐❦♦ ❥❡ ✈s♦t❛ ③✉♥❛♥❥✐❤ s✐❧ ♥❛ ❦r♦❣❧♦❄

✸✶✳ ❑r♦❣❧❛ ③ ♠❛s♦ 3 kg ✐♥ ♣♦❧♠❡r♦♠ 3 cm s❡ ❦♦t❛❧✐ ♣♦ ❦❧❛♥❝✉ ♥❛✈③❞♦❧✳ ❍✐tr♦st 10 m/s ❞♦s❡➸❡ ✈
t♦↔❦✐ ❆✳ P♦ 40 m ♣♦t✐ ✈ t♦↔❦✐ ❇✱ ❦✐ ❧❡➸✐ 5 m ♥✐➸❡ ♦❞ t♦↔❦❡ ❆✱ ✐♠❛ ❤✐tr♦st 15 m/s✳

✭❛✮ ❑♦❧✐❦➨♥❛ ❥❡ ❣✐❜❛❧♥❛ ❦♦❧✐↔✐♥❛ ❦r♦❣❧❡ ✈ t♦↔❦✐ ❆❄

✭❜✮ ❑♦❧✐❦➨♥❛ ❥❡ ❣✐❜❛❧♥❛ ❦♦❧✐↔✐♥❛ ❦r♦❣❧❡ ✈ t♦↔❦✐ ❇❄

✭❝✮ ❑♦❧✐❦♦ ❥❡ s✉♥❡❦ s✐❧ ♥❛ ❦r♦❣❧♦❄

✭❞✮ ❑♦❧✐❦♦ ❥❡ ❦✐♥❡t✐↔♥❛ ❡♥❡r❣✐❥❛ ✈ t♦↔❦✐ ❆❄

✭❡✮ ❑♦❧✐❦♦ ❥❡ ❦✐♥❡t✐↔♥❛ ❡♥❡r❣✐❥❛ ✈ t♦↔❦✐ ❇❄

✭❢✮ ❑♦❧✐❦♦ ❥❡ s♣r❡♠❡♠❜❛ ❦✐♥❡t✐↔♥❡ ❡♥❡r❣✐❥❡ ♠❡❞ t♦↔❦❛♠❛ ❆ ✐♥ ❇❄

✭❣✮ ❑♦❧✐❦♦ ❥❡ ♣♦t❡♥❝✐❛❧♥❛ ❡♥❡r❣✐❥❛ ✈ t♦↔❦✐ ❆❄

✭❤✮ ❑♦❧✐❦♦ ❥❡ ♣♦t❡♥❝✐❛❧♥❛ ❡♥❡r❣✐❥❛ ✈ t♦↔❦✐ ❇❄

✭✐✮ ❑♦❧✐❦♦ ❥❡ s♣r❡♠❡♠❜❛ ♣♦t❡♥❝✐❛❧♥❡ ❡♥❡r❣✐❥❡ ♠❡❞ t♦↔❦❛♠❛ ❆ ✐♥ ❇❄

✭❥✮ ❆❧✐ ✐♠❛ ❦r♦❣❧❛ ③❛r❛❞✐ r♦t❛❝✐❥❡ ❡♥❡r❣✐❥♦❄

✭❦✮ ❑♦❧✐❦♦ ❥❡ ✈s♦t❛ ③✉♥❛♥❥✐❤ s✐❧ ♥❛ ❦r♦❣❧♦❄

✭❧✮ ❑♦❧✐❦♦ ❥❡ s♣r❡♠❡♠❜❛ ❣✐❜❛❧♥❡ ❦♦❧✐↔✐♥❡ ❦r♦❣❧❡❄

✭♠✮ ❑♦❧✐❦♦ ❥❡ ❞❡❧♦ t❡➸❡❄

✸✷✳ ❑r♦❣❧♦ ③ ♠❛s♦ 3 kg ✐♥ ♣♦❧♠❡r♦♠ 13 cm ③❛❦♦t❛❧✐♠♦ ♣♦ ❦❧❛♥❝✉ ♥❛✈③❣♦r✳ ❍✐tr♦st 12 m/s ❞♦s❡➸❡ ✈
t♦↔❦✐ ❆✳ P♦ 40 m ♣♦t✐ ✈ t♦↔❦✐ ❇✱ ❦✐ ❧❡➸✐ 5 m ✈✐➨❡ ♦❞ t♦↔❦❡ ❆✱ ✐♠❛ ❤✐tr♦st 4 m/s✳

✭❛✮ ❑♦❧✐❦➨♥❛ ❥❡ ❣✐❜❛❧♥❛ ❦♦❧✐↔✐♥❛ ❦r♦❣❧❡ ✈ t♦↔❦✐ ❆❄

✭❜✮ ❑♦❧✐❦➨♥❛ ❥❡ ❣✐❜❛❧♥❛ ❦♦❧✐↔✐♥❛ ❦r♦❣❧❡ ✈ t♦↔❦✐ ❇❄

✭❝✮ ❑♦❧✐❦♦ ❥❡ s✉♥❡❦ s✐❧ ♥❛ ❦r♦❣❧♦❄

✭❞✮ ❑♦❧✐❦♦ ❥❡ ❦✐♥❡t✐↔♥❛ ❡♥❡r❣✐❥❛ ✈ t♦↔❦✐ ❆❄

✭❡✮ ❑♦❧✐❦♦ ❥❡ ❦✐♥❡t✐↔♥❛ ❡♥❡r❣✐❥❛ ✈ t♦↔❦✐ ❇❄

✭❢✮ ❑♦❧✐❦♦ ❥❡ s♣r❡♠❡♠❜❛ ❦✐♥❡t✐↔♥❡ ❡♥❡r❣✐❥❡ ♠❡❞ t♦↔❦❛♠❛ ❆ ✐♥ ❇❄

✭❣✮ ❑♦❧✐❦♦ ❥❡ ♣♦t❡♥❝✐❛❧♥❛ ❡♥❡r❣✐❥❛ ✈ t♦↔❦✐ ❆❄

✭❤✮ ❑♦❧✐❦♦ ❥❡ ♣♦t❡♥❝✐❛❧♥❛ ❡♥❡r❣✐❥❛ ✈ t♦↔❦✐ ❇❄

✭✐✮ ❑♦❧✐❦♦ ❥❡ s♣r❡♠❡♠❜❛ ♣♦t❡♥❝✐❛❧♥❡ ❡♥❡r❣✐❥❡ ♠❡❞ t♦↔❦❛♠❛ ❆ ✐♥ ❇❄

✭❥✮ ❑♦❧✐❦♦ ❥❡ ✈s♦t❛ ③✉♥❛♥❥✐❤ s✐❧ ♥❛ ❦r♦❣❧♦❄

✭❦✮ ❑♦❧✐❦♦ ❥❡ s♣r❡♠❡♠❜❛ ❣✐❜❛❧♥❡ ❦♦❧✐↔✐♥❡ ❦r♦❣❧❡❄

✭❧✮ ❑♦❧✐❦♦ ❥❡ ❞❡❧♦ t❡➸❡❄

✸✸✳ ❑r♦❣❧♦ ③ ♠❛s♦ 3 kg ✐♥ ♣♦❧♠❡r♦♠ 3 cm ✈r➸❡♠♦ ✈♦❞♦r❛✈♥♦ s ❤✐tr♦st❥♦ 10 m/s ✈ t♦↔❦✐ ❆✳ ◆❛ t❧❛
♣r✐❧❡t✐ ✈ t♦↔❦✐ ❇✱ ❦✐ ❧❡➸✐ 10 m ♥✐➸❡ ♦❞ t♦↔❦❡ s ❤✐tr♦st❥♦ 17, 3 m/s✳

✭❛✮ ❑♦❧✐❦❛ ❥❡ ❣✐❜❛❧♥❛ ❦♦❧✐↔✐♥❛ ❦r♦❣❧❡ ✈ t♦↔❦✐ ❆❄

✭❜✮ ❑♦❧✐❦➨♥❛ ❥❡ ❣✐❜❛❧♥❛ ❦♦❧✐↔✐♥❛ ❦r♦❣❧❡ ✈ t♦↔❦✐ ❇❄



✹ ❉■◆❆▼■❑❆ ✻✺

✭❝✮ ❑♦❧✐❦♦ ❥❡ ❦✐♥❡t✐↔♥❛ ❡♥❡r❣✐❥❛ ✈ t♦↔❦✐ ❆❄

✭❞✮ ❑♦❧✐❦♦ ❥❡ ❦✐♥❡t✐↔♥❛ ❡♥❡r❣✐❥❛ ✈ t♦↔❦✐ ❇❄

✭❡✮ ❑♦❧✐❦♦ ❥❡ ♣♦t❡♥❝✐❛❧♥❛ ❡♥❡r❣✐❥❛ ✈ t♦↔❦✐ ❆❄

✭❢✮ ❑♦❧✐❦♦ ❥❡ ♣♦t❡♥❝✐❛❧♥❛ ❡♥❡r❣✐❥❛ ✈ t♦↔❦✐ ❇❄

✭❣✮ ❑♦❧✐❦♦ ❥❡ ❣♦st♦t❛ ❦r♦❣❧❡❄

✸✹✳ ➎♦❣♦ ③ ♠❛s♦ 100 g ✈r➸❡♠♦ ③ ✈✐➨✐♥❡ 15 m ✈ ✈♦❞♦r❛✈♥✐ s♠❡r✐ s ❤✐tr♦st❥♦ 10 m/s✳ ❩❛✈✐r❛❧♥❡ s✐❧❡
③❛♥❡♠❛r✐✦

✭❛✮ ❑♦❧✐❦♦ ❥❡ s♣r❡♠❡♠❜❛ ❣✐❜❛❧♥❡ ❦♦❧✐↔✐♥❡ ➸♦❣❡❄

✭❜✮ ❑♦❧✐❦♦ ❥❡ s♣r❡♠❡♠❜❛ ❦✐♥❡t✐↔♥❡ ❡♥❡r❣✐❥❡ ➸♦❣❡❄

✭❝✮ ❑♦❧✐❦♦ ❥❡ s♣r❡♠❡♠❜❛ ♣♦t❡♥❝✐❛❧♥❡ ❡♥❡r❣✐❥❡ ➸♦❣❡❄

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

✭❡✮ ❙ ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ ♣r✐❧❡t✐ ➸♦❣❛ ♥❛ t❧❛❄

✸✺✳ ●❛s✐❧❝✐ r❡➨✉❥❡❥♦ ❧❥✉❞✐ ✐③ ✈✐➨❥✐❤ ♥❛❞str♦♣✐❥ ③❣r❛❞❜ t❛❦♦✱ ❞❛ ✉♣♦r❛❜✐❥♦ ♣♦s❡❜♥♦ ♣♦♥❥❛✈♦✱ ♣♦ ❦❛t❡r✐
❥✐❤ s♣✉➨↔❛❥♦ ♥❛✈③❞♦❧✳ ❚r❡♥❥❡ ♦♠♦❣♦↔❛✱ ❞❛ ❧❥✉❞❥❡ ♠❡❞ s♣✉➨↔❛♥❥❡♠ ♥❡ ❞♦s❡➸❡❥♦ ♣r❡✈❡❧✐❦❡ ❤✐tr♦st✐✳
Pr❡❞♣♦st❛✈✐♠♦✱ ❞❛ s❡ ♠❡❞ s♣✉st♦♠ ♣♦ t❛❦➨♥✐ ♣♦♥❥❛✈✐ 75% ♣♦t❡♥❝✐❛❧♥❡ ❡♥❡r❣✐❥❡ ✐③❣✉❜✐ ③❛r❛❞✐
tr❡♥❥❛✳ ▼♦➨❦✐ ③ ♠❛s♦ 80 kg s❡ s♣✉st✐ ♣♦ ♣♦♥❥❛✈✐ ✐③ ❞r✉❣❡❣❛ ♥❛❞str♦♣❥❛✱ ❦✐ ❥❡ 9 m ♥❛❞ t❧❡♠✐❀
♣♦♥❥❛✈❛ ❥❡ ❞♦❧❣❛ 12 m✳

✭❛✮ ❙ ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ ❜✐ ♣r✐❧❡t❡❧ ♥❛ t❧❛✱ ↔❡ ❜✐ s❦♦↔✐❧❄

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

✭❝✮ ❙ ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ ♠♦➨❦✐ ♣r✐st❛♥❡ ♥❛ t❧❡❤❄

✭❞✮ ❑♦❧✐❦➨♥❛ ❥❡ ♣♦✈♣r❡↔♥❛ s✐❧❛ tr❡♥❥❛❄

✸✻✳ ❑r♦❣❧✐❝❛ ③ ♠❛s♦ 0, 3 kg ❥❡ 75 cm ♥❛❞ ✈③♠❡t❥♦✳ ❑♦❧✐❦♦ s❡ ✈③♠❡t s❦r↔✐✱ ❦♦ ❦r♦❣❧✐❝❛ ♣❛❞❡ ♥❛♥❥♦✱
↔❡ ❥❡ ❦♦❡✜❝✐❡♥t ✈③♠❡t✐ 2 N/cm❄ ❯♣♦➨t❡✈❛❥✱ ❞❛ ❥❡ ✈③♠❡t ❞♦✈♦❧❥ ❞♦❧❣❛✳

✸✼✳ ❑❛♠❡♥ ③ ♠❛s♦ 3 kg ❥❡ 2 m ♥❛❞ ✈③♠❡t❥♦✳ ❑♦❧✐❦♦ s❡ ✈③♠❡t s❦r↔✐✱ ❦♦ ❦❛♠❡♥ ♣❛❞❡ ♥❛♥❥♦✱ ↔❡ ❥❡
❦♦❡✜❝✐❡♥t ✈③♠❡t✐ 8 N/cm❄ ❯♣♦➨t❡✈❛❥✱ ❞❛ ❥❡ ✈③♠❡t ❞♦✈♦❧❥ ❞♦❧❣❛✳

✸✽✳ ❚❡❧♦ ③ ♠❛s♦ 5 kg s❡ ❣✐❜❧❥❡ ❡♥❛❦♦♠❡r♥♦ s ❤✐tr♦st❥♦ 20 m/s✳ ◆❡♥❛❞♦♠❛ ③❛↔♥❡ ♥❛ t❡❧♦ ❞❡❧♦✈❛t✐
st❛❧♥❛ ③✉♥❛♥❥❛ s✐❧❛✱ ③❛r❛❞✐ ❦❛t❡r❡ s❡ t❡❧♦ ❣✐❜❧❥❡ ↔❡③ 6 s ✈ ♥❛s♣r♦t♥✐ s♠❡r✐ ❦♦t ♣r❡❥ s ❤✐tr♦st❥♦
4 m/s✳

✭❛✮ ❑♦❧✐❦♦ ❥❡ s✉♥❡❦ s✐❧❡ ♥❛ t❡❧♦❄

✭❜✮ ❑♦❧✐❦♦ ❥❡ ✈❡❧✐❦♦st s✐❧❡✱ ❦✐ ❞❡❧✉❥❡ ♥❛ t❡❧♦✦

✸✾✳ ➎♦❣♦ ③ ♠❛s♦ 300 g ✈r➸❡♠♦ ③ ✈✐➨✐♥❡ 10 m ✈ ✈♦❞♦r❛✈♥✐ s♠❡r✐ s ❤✐tr♦st❥♦ 15 m/s✳ ❩❛✈✐r❛❧♥❡ s✐❧❡
③❛♥❡♠❛r✐✦

✭❛✮ ❑♦❧✐❦♦ ❥❡ s♣r❡♠❡♠❜❛ ❣✐❜❛❧♥❡ ❦♦❧✐↔✐♥❡ ➸♦❣❡❄

✭❜✮ ❑♦❧✐❦♦ ❥❡ s♣r❡♠❡♠❜❛ ❦✐♥❡t✐↔♥❡ ❡♥❡r❣✐❥❡ ➸♦❣❡❄

✭❝✮ ❑♦❧✐❦♦ ❥❡ s♣r❡♠❡♠❜❛ ♣♦t❡♥❝✐❛❧♥❡ ❡♥❡r❣✐❥❡ ➸♦❣❡❄

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

✭❡✮ ❙ ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ ♣r✐❧❡t✐ ➸♦❣❛ ♥❛ t❧❛❄

✹✵✳ ➎♦❣✐❝♦✱ ❦✐ ✐♠❛ ♠❛s♦ 26 g✱ s♣✉st✐♠♦ ③ ✈✐➨✐♥❡ 1, 2 m✳ ❖❞❜✐❥❡ s❡ ❞♦ ✈✐➨✐♥❡ 1 m✳

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

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

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

✭❞✮ ❙ ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ ❜✐ ❥♦ ♠♦r❛❧✐ ✈r❡↔✐ ♥❛✈♣✐↔♥♦ ♥❛✈③❞♦❧✱ ❞❛ ❜✐ s❡ ❞✈✐❣♥✐❧❛ ❞♦ ③❛↔❡t♥❡ ✈✐➨✐♥❡✱
↔❡ ❜✐ s❡ ♣r✐ t❡♠ ✐③❣✉❜✐❧ ❡♥❛❦ ❞❡❧❡➸ ③❛↔❡t♥❡ ❡♥❡r❣✐❥❡ ❛✮❄
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✹✶✳ ➎♦❣♦✱ ❦✐ ✐♠❛ ♠❛s♦ 50 g ✈r➸❡♠♦ ✈♦❞♦r❛✈♥♦ s ❤✐tr♦st❥♦ 5 m/s ③ ✈✐➨✐♥❡ 3 m✳

✭❛✮ ❖♣✐➨✐ ❡♥❡r❣✐❥s❦❡ s♣r❡♠❡♠❜❡✦

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

✭❝✮ ❑♦❧✐❦♦ ❥❡ s♣r❡♠❡♠❜❛ ❦✐♥❡t✐↔♥❡ ❡♥❡r❣✐❥❡ ➸♦❣❡❄

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

✭❡✮ ❑♦❧✐❦♦ ❥❡ s♣r❡♠❡♠❜❛ ❣✐❜❛❧♥❡ ❦♦❧✐↔✐♥❡ ➸♦❣❡❄

✭❢✮ ❑❛❦♦ s❡ s♣r❡♠❡♥✐ s❦✉♣♥❛ ❡♥❡r❣✐❥❛ ➸♦❣❡❄

✹✷✳ ➎♦❣♦✱ ❦✐ ✐♠❛ ♠❛s♦ 50 g ✈r➸❡♠♦ ✈♦❞♦r❛✈♥♦ s ❤✐tr♦st❥♦ 5 m/s ③ ✈✐➨✐♥❡ 3 m✳

✭❛✮ ❖♣✐➨✐ ❡♥❡r❣✐❥s❦❡ s♣r❡♠❡♠❜❡✦

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

✭❝✮ ❑♦❧✐❦♦ ❥❡ s♣r❡♠❡♠❜❛ ❦✐♥❡t✐↔♥❡ ❡♥❡r❣✐❥❡ ➸♦❣❡❄

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

✭❡✮ ❑♦❧✐❦♦ ❥❡ s♣r❡♠❡♠❜❛ ❣✐❜❛❧♥❡ ❦♦❧✐↔✐♥❡ ➸♦❣❡❄

✭❢✮ ❑❛❦♦ s❡ s♣r❡♠❡♥✐ s❦✉♣♥❛ ❡♥❡r❣✐❥❛ ➸♦❣❡❄

✹✸✳ ●❛s✐❧❝✐ r❡➨✉❥❡❥♦ ❧❥✉❞✐ ✐③ ✈✐➨❥✐❤ ♥❛❞str♦♣✐❥ ③❣r❛❞❜ t❛❦♦✱ ❞❛ ✉♣♦r❛❜✐❥♦ ♣♦s❡❜♥♦ ♣♦♥❥❛✈♦✱ ♣♦ ❦❛t❡r✐
❥✐❤ s♣✉➨↔❛❥♦ ♥❛✈③❞♦❧✳ ❚r❡♥❥❡ ♦♠♦❣♦↔❛✱ ❞❛ ❧❥✉❞❥❡ ♠❡❞ s♣✉➨↔❛♥❥❡♠ ♥❡ ❞♦s❡➸❡❥♦ ♣r❡✈❡❧✐❦❡ ❤✐tr♦st✐✳
Pr❡❞♣♦st❛✈✐♠♦✱ ❞❛ s❡ ♠❡❞ s♣✉st♦♠ ♣♦ t❛❦➨♥✐ ♣♦♥❥❛✈✐ 67% ♣♦t❡♥❝✐❛❧♥❡ ❡♥❡r❣✐❥❡ ✐③❣✉❜✐ ③❛r❛❞✐
tr❡♥❥❛✳ ➎❡♥s❦❛ ③ ♠❛s♦ 60 kg s❡ s♣✉st✐ ♣♦ ♣♦♥❥❛✈✐ ✐③ ❞r✉❣❡❣❛ ♥❛❞str♦♣❥❛✱ ❦✐ ❥❡ 11 m ♥❛❞ t❧❡♠✐✳
P♦♥❥❛✈❛ ❥❡ ❞♦❧❣❛ 15 m✳

✭❛✮ ❙ ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ ❜✐ ♣r✐❧❡t❡❧❛ ♥❛ t❧❛✱ ↔❡ ❜✐ s❦♦↔✐❧❛❄

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

✭❝✮ ❙ ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ ➸❡♥s❦❛ ♣r✐st❛♥❡ ♥❛ t❧❡❤❄

✭❞✮ ❑♦❧✐❦➨♥❛ ❥❡ ♣♦✈♣r❡↔♥❛ s✐❧❛ tr❡♥❥❛❄

✹✹✳ ❆t❧❡t ③ ♠❛s♦ 70 kg t❡↔❡ s st❛❧♥♦ ❤✐tr♦st❥♦ 1 m/s ♥❛✈❦r❡❜❡r ♣♦ str♠✐♥✐✱ ♥❛❣♥❥❡♥✐ ③❛ 30◦✳

✭❛✮ ❑♦❧✐❦➨♥❛ ❥❡ ♥❥❡❣♦✈❛ ❦✐♥❡t✐↔♥❛ ❡♥❡r❣✐❥❛❄

✭❜✮ ❑♦❧✐❦♦ ❥❡ ♥❥❡❣♦✈❛ ❣✐❜❛❧♥❛ ❦♦❧✐↔✐♥❛❄

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

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

✭❡✮ ❩❛ ❦♦❧✐❦♦ s❡ ✈s❛❦♦ s❡❦✉♥❞♦ s♣r❡♠❡♥✐ ♥❥❡❣♦✈❛ ♣♦t❡♥❝✐❛❧♥❛ ❡♥❡r❣✐❥❛❄

✭❢✮ ❑♦❧✐❦♦ ❞❡❧❛ ♦♣r❛✈✐ ✈ ❡♥✐ s❡❦✉♥❞✐❄

✭❣✮ ❑♦❧✐❦➨♥❛ ❥❡ ♠♦↔✱ ❦✐ ❥❡ t❛ t❛❦ t❡❦ ♣♦tr❡❜♥❛❄

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

✭✐✮ ❑♦❧✐❦♦ ❞❡❧❛ ♦♣r❛✈✐✱ ❦♦ s❡ ✈③♣♥❡ ③❛ ✺♠❄

✭❥✮ ❑♦❧✐❦♦ ❞❡❧❛ ♦♣r❛✈✐✱ ❦♦ ♣r❡t❡↔❡ ✺♠❄

✭❦✮ ❑♦❧✐❦♦ ❥❡ ♥❥❡❣♦✈❛ ❤✐tr♦st ♣♦ ✸ ♠✐♥✉t❛❤❄

✭❧✮ ❑♦❧✐❦♦ ❥❡ ♥❥❡❣♦✈❛ ❣✐❜❛❧♥❛ ❦♦❧✐↔✐♥❛ ♣♦ ✷ ♠✐♥✉t❛❤❄

✹✺✳ ❆t❧❡t ③ ♠❛s♦ 70 kg t❡↔❡ s st❛❧♥♦ ❤✐tr♦st❥♦ 0, 5 m/s ♥❛✈❦r❡❜❡r ♣♦ str♠✐♥✐✱ ♥❛❣♥❥❡♥✐ ③❛ 45◦✳

✭❛✮ ❑♦❧✐❦➨♥❛ ❥❡ ♥❥❡❣♦✈❛ ❦✐♥❡t✐↔♥❛ ❡♥❡r❣✐❥❛❄

✭❜✮ ❑♦❧✐❦♦ ❥❡ ♥❥❡❣♦✈❛ ❣✐❜❛❧♥❛ ❦♦❧✐↔✐♥❛❄

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

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

✭❡✮ ❩❛ ❦♦❧✐❦♦ s❡ ✈s❛❦♦ s❡❦✉♥❞♦ s♣r❡♠❡♥✐ ♥❥❡❣♦✈❛ ♣♦t❡♥❝✐❛❧♥❛ ❡♥❡r❣✐❥❛❄

✭❢✮ ❑♦❧✐❦♦ ❞❡❧❛ ♦♣r❛✈✐ ✈ ❡♥✐ s❡❦✉♥❞✐❄



✹ ❉■◆❆▼■❑❆ ✻✼

✭❣✮ ❑♦❧✐❦➨♥❛ ❥❡ ♠♦↔✱ ❦✐ ❥❡ t❛ t❛❦ t❡❦ ♣♦tr❡❜♥❛❄

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

✭✐✮ ❑♦❧✐❦♦ ❞❡❧❛ ♦♣r❛✈✐✱ ❦♦ s❡ ✈③♣♥❡ ③❛ ✶✵♠❄

✭❥✮ ❑♦❧✐❦♦ ❞❡❧❛ ♦♣r❛✈✐✱ ❦♦ ♣r❡t❡↔❡ ✶✵♠❄

✭❦✮ ❑♦❧✐❦♦ ❥❡ ♥❥❡❣♦✈❛ ❤✐tr♦st ♣♦ ✷ ♠✐♥✉t❛❤❄

✭❧✮ ❑♦❧✐❦♦ ❥❡ ♥❥❡❣♦✈❛ ❣✐❜❛❧♥❛ ❦♦❧✐↔✐♥❛ ♣♦ ✸ ♠✐♥✉t❛❤❄

✹✻✳ ❆✈t♦ ③ ♠❛s♦ 1300 kg ✐♥ ❞♦❧➸✐♥♦ 413 cm ♣❡❧❥❡ ♣♦ ❡♥❛❦♦♠❡r♥♦ ♥❛❣♥❥❡♥❡♠ ❦❧❛♥❝✉ ♥❛✈③❣♦r ✐♥ ✐♠❛
✈ t♦↔❦✐ ❆ ❤✐tr♦st 15 m/s✳ P♦ 50 m ♣♦t✐ ✈ t♦↔❦✐ ❇✱ ❦✐ ❧❡➸✐ 10 m ✈✐➨❡ ♦❞ t♦↔❦❡ ❆✱ ✐♠❛ ❛✈t♦ ❤✐tr♦st
10 m/s✳

✭❛✮ ❑♦❧✐❦➨♥❛ ❥❡ ❣✐❜❛❧♥❛ ❦♦❧✐↔✐♥❛ ❛✈t❛ ✈ t♦↔❦✐ ❆❄

✭❜✮ ❑♦❧✐❦➨♥❛ ❥❡ ❣✐❜❛❧♥❛ ❦♦❧✐↔✐♥❛ ❛✈t❛ ✈ t♦↔❦✐ ❇❄

✭❝✮ ❑♦❧✐❦♦ ❥❡ s✉♥❡❦ s✐❧ ♥❛ ❛✈t♦❄

✭❞✮ ❑♦❧✐❦♦ ❥❡ ❦✐♥❡t✐↔♥❛ ❡♥❡r❣✐❥❛ ✈ t♦↔❦✐ ❆❄

✭❡✮ ❑♦❧✐❦♦ ❥❡ ❦✐♥❡t✐↔♥❛ ❡♥❡r❣✐❥❛ ✈ t♦↔❦✐ ❇❄

✭❢✮ ❑♦❧✐❦♦ ❥❡ s♣r❡♠❡♠❜❛ ❦✐♥❡t✐↔♥❡ ❡♥❡r❣✐❥❡ ♠❡❞ t♦↔❦❛♠❛ ❆ ✐♥ ❇❄

✭❣✮ ❑♦❧✐❦♦ ❥❡ ♣♦t❡♥❝✐❛❧♥❛ ❡♥❡r❣✐❥❛ ✈ t♦↔❦✐ ❆❄

✭❤✮ ❑♦❧✐❦♦ ❥❡ ♣♦t❡♥❝✐❛❧♥❛ ❡♥❡r❣✐❥❛ ✈ t♦↔❦✐ ❇❄

✭✐✮ ❑♦❧✐❦♦ ❥❡ s♣r❡♠❡♠❜❛ ♣♦t❡♥❝✐❛❧♥❡ ❡♥❡r❣✐❥❡ ♠❡❞ t♦↔❦❛♠❛ ❆ ✐♥ ❇❄

✭❥✮ ❑♦❧✐❦♦ ❥❡ ✈s♦t❛ ③✉♥❛♥❥✐❤ s✐❧ ♥❛ ❛✈t♦❄

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

✭❧✮ ❑♦❧✐❦♦ ❥❡ ❞❡❧♦ t❡➸❡❄

✹✼✳ ➎♦❣✐❝♦✱ ❦✐ ✐♠❛ ♠❛s♦ 33 g✱ s♣✉st✐♠♦ ③ ✈✐➨✐♥❡ 1, 5 m✱ ❞❛ ♣r♦st♦ ♣♦s❦❛❦✉❥❡ ♥❛ ♠❡st✉✳ P♦ ✈s❛❦❡♠
♦❞s❦♦❦✉ s❡ ✈✐➨✐♥❛✱ ❞♦ ❦❛t❡r❡ s❡ ➸♦❣✐❝❛ ❞✈✐❣♥❡✱ ③♠❛♥❥➨❛ ③❛ 40%✳

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

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

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

✭❞✮ ❉♦ ❦❛t❡r❡ ✈✐➨✐♥❡ s❡ ❞✈✐❣♥❡ ♣♦ ❞✈❛♥❛❥st❡♠ ♦❞s❦♦❦✉❄

✹✽✳ ➎♦❣✐❝♦✱ ❦✐ ✐♠❛ ♠❛s♦ 3 g✱ s♣✉st✐♠♦ ③ ✈✐➨✐♥❡ 1, 5 m✱ ❞❛ ♣r♦st♦ ♣♦s❦❛❦✉❥❡ ♥❛ ♠❡st✉✳ P♦ ✈s❛❦❡♠
♦❞s❦♦❦✉ s❡ ✈✐➨✐♥❛✱ ❞♦ ❦❛t❡r❡ s❡ ➸♦❣✐❝❛ ❞✈✐❣♥❡✱ ③♠❛♥❥➨❛ ③❛ 33%✳

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

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

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

✭❞✮ ❉♦ ❦❛t❡r❡ ✈✐➨✐♥❡ s❡ ❞✈✐❣♥❡ ♣♦ s❡❞♠❡♠ ♦❞s❦♦❦✉❄

✹✾✳ ❑❛♠❡♥ ✐♠❛ ♠❛s♦ m✳ ❱r➸❡♠♦ ❣❛ ✈♦❞♦r❛✈♥♦ s ❤✐tr♦st❥♦ vo ③ ✈✐➨✐♥❡ h✳ ❑♦❧✐❦♦ ❥❡ ❤✐tr♦st ❦❛♠♥❛✱
❦♦ ❥❡ ♣♦❧♦✈✐❝❛ ❦✐♥❡t✐↔♥❡ ❡♥❡r❣✐❥❡ ❡♥❛❦❛ ♣♦t❡♥❝✐❛❧♥✐ ❡♥❡r❣✐❥✐ ✭1

2Wk = Wp✮❄ ❘❡③✉❧t❛t ❧❛❤❦♦ ✐③r❛③✐➨
❧❡ s ♣♦❞❛♥✐♠✐ ❦♦❧✐↔✐♥❛♠✐ m✱ h ✐♥ vo✦

✺✵✳ ❑❛♠❡♥ ✐♠❛ ♠❛s♦ m✳ ❱r➸❡♠♦ ❣❛ ✈♦❞♦r❛✈♥♦ s ❤✐tr♦st❥♦ vo ③ ✈✐➨✐♥❡ h✳ ❑♦❧✐❦♦ ❥❡ ✈✐➨✐♥❛ ❦❛♠♥❛✱
❦♦ ❥❡ ❦✐♥❡t✐↔♥❛ ❡♥❡r❣✐❥❛ ❡♥❛❦❛ ❞✈❡♠❛ tr❡t❥✐♥❛♠❛ ♣♦t❡♥❝✐❛❧♥❡ ❡♥❡r❣✐❥❡ ✭Wk = 2

3Wp✮❄ ❘❡③✉❧t❛t
❧❛❤❦♦ ✐③r❛③✐➨ ❧❡ s ♣♦❞❛♥✐♠✐ ❦♦❧✐↔✐♥❛♠✐ m✱ h ✐♥ vo✦

✺✶✳ ❱❛❣♦♥ ♣r✐♣❡❧❥❡ ❞♦ ❦❧❛♥❝❛✱ ❦✐ ❥❡ ❞♦❧❣ s ✐♥ ♥❛❣♥❥❡♥ ϕ ♣r♦t✐ ✈♦❞♦r❛✈♥✐❝✐✳ ❙ ❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ vo

♠♦r❛ ♣r✐♣❡❧❥❛t✐ ❞♦ ❦❧❛♥❝❛✱ ❞❛ ❜♦ ✐♠❡❧ ♥❛ ✈r❤✉ ❤✐tr♦st v❄ ❑❛❥ ♣❛ ↔❡ ✉♣♦➨t❡✈❛➨ ❦♦❡✜❝✐❡♥t tr❡♥❥❛
kt❄

✺✷✳ ❑♦❧❡s❛r ♣r✐♣❡❧❥❡ ❞♦ s ❞♦❧❣❡❣❛ ❦❧❛♥❝❛ s ❤✐tr♦st❥♦ vo✳ ❑❧❛♥❡❝ ❥❡ ♥❛❣♥❥❡♥ ♣r♦t✐ ✈♦❞♦r❛✈♥✐❝✐ ϕ✳ ❙
❦♦❧✐❦➨♥♦ ❤✐tr♦st❥♦ v ♣r✐♣❡❧❥❡ ❦♦❧❡s❛r ♥❛ ❦♦♥❡❝ ❦❧❛♥❝❛✱ ↔❡ s❡ s♣✉st✐ ♣♦ ♥❥❡♠❄ ❑❛❥ ♣❛ ↔❡ ✉♣♦➨t❡✈❛➨
❦♦❡✜❝✐❡♥t tr❡♥❥❛ kt❄



✹ ❉■◆❆▼■❑❆ ✻✽

✺✸✳ ➎♦❣♦ s♣✉st✐♠♦✱ ❞❛ ♣r♦st♦ ♣❛❞❡✳ ❚✐❦ ♣r❡❞ t❧❡♠✐ ✐♠❛ ❤✐tr♦st vo✳ ❖❞❜✐❥❡ s❡ s ❤✐tr♦st❥♦ v✱ ❦✐ ❥❡
♠❛♥❥➨❛ ♦❞ ❤✐tr♦st✐ ♣r❡❞ ♦❞s❦♦❦♦♠✳ ❘❡③✉❧t❛t ❧❛❤❦♦ ✐③r❛③✐➨ ❧❡ s ♣♦❞❛♥✐♠❛ ❦♦❧✐↔✐♥❛♠❛ vo ✐♥ v✦

✭❛✮ ❩❛ ❦♦❧✐❦➨❡♥ ❞❡❧❡➸ ③❛↔❡t♥❡ ❡♥❡r❣✐❥❡✱ s❡ ❥❡ ③♠❛♥❥➨❛❧❛ ❦✐♥❡t✐↔♥❛ ❡♥❡r❣✐❥❛ ✭③❛ ❦♦❧✐❦♦ ♣r♦❝❡♥t♦✈✮❄

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

✺✹✳ ➎♦❣♦ s♣✉st✐♠♦ ③ ✈✐➨✐♥❡ ho✳ P♦ ♦❞s❦♦❦✉ s❡ ❞✈✐❣♥❡ ❞♦ ✈✐➨✐♥❡ h✱ ❦✐ ❥❡ ♠❛♥❥➨❛ ♦❞ ③❛↔❡t♥❡ ✈✐➨✐♥❡✳
❘❡③✉❧t❛t ❧❛❤❦♦ ✐③r❛③✐➨ ❧❡ s ♣♦❞❛♥✐♠❛ ❦♦❧✐↔✐♥❛♠❛ ho ✐♥ h✦

✭❛✮ ❩❛ ❦♦❧✐❦➨❡♥ ❞❡❧❡➸ ③❛↔❡t♥❡ ❡♥❡r❣✐❥❡✱ s❡ ❥❡ ③♠❛♥❥➨❛❧❛ ♣♦t❡♥❝✐❛❧♥❛ ❡♥❡r❣✐❥❛ ✭③❛ ❦♦❧✐❦♦ ♣r♦❝❡♥✲
t♦✈✮❄

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

✺✺✳ ❑❛♠❡♥ ✐♠❛ ♠❛s♦ m✳ ❱r➸❡♠♦ ❣❛ ♥❛✈③❣♦r s ❤✐tr♦st❥♦ vo✳ ❑♦❧✐❦♦ ❥❡ ❤✐tr♦st ❦❛♠♥❛✱ ❦♦ ❥❡ ❦✐♥❡t✐↔♥❛
❡♥❡r❣✐❥❛ ❡♥❛❦❛ tr❡♠ ↔❡trt✐♥❛♠ ♣♦t❡♥❝✐❛❧♥❡ ❡♥❡r❣✐❥❡ ✭Wk = 3

4Wp✮❄ ❘❡③✉❧t❛t ❧❛❤❦♦ ✐③r❛③✐➨ ❧❡ s
♣♦❞❛♥✐♠❛ ❦♦❧✐↔✐♥❛♠❛ m ✐♥ vo✦

✺✻✳ ❑❛♠❡♥ ✐♠❛ ♠❛s♦ m✳ ❱r➸❡♠♦ ❣❛ ♥❛✈③❣♦r s ❤✐tr♦st❥♦ vo✳ ❑♦❧✐❦♦ ❥❡ ✈✐➨✐♥❛ ❦❛♠♥❛✱ ❦♦ s♦ tr✐
↔❡trt✐♥❡ ❦✐♥❡t✐↔♥❡ ❡♥❡r❣✐❥❡ ❡♥❛❦❛ ♣♦t❡♥❝✐❛❧♥✐ ❡♥❡r❣✐❥✐ ✭3

4Wk = Wp✮❄ ❘❡③✉❧t❛t ❧❛❤❦♦ ✐③r❛③✐➨ ❧❡ s
♣♦❞❛♥✐♠❛ ❦♦❧✐↔✐♥❛♠❛ m ✐♥ vo✦

✺✼✳ ❑❛♠❡♥ ✐♠❛ ♠❛s♦ m✳ ❱r➸❡♠♦ ❣❛ ✈♦❞♦r❛✈♥♦ s ❤✐tr♦st❥♦ vo✳ ❑♦❧✐❦♦ ❥❡ ✈✐➨✐♥❛ ❦❛♠♥❛✱ ❦♦ ❥❡
❦✐♥❡t✐↔♥❛ ❡♥❡r❣✐❥❛ ❡♥❛❦❛ ❞✈❡♠❛ tr❡t❥✐♥❛♠❛ ♣♦t❡♥❝✐❛❧♥❡ ❡♥❡r❣✐❥❡ ✭Wk = 2

3Wp✮❄ ❘❡③✉❧t❛t ❧❛❤❦♦
✐③r❛③✐➨ ❧❡ s ♣♦❞❛♥✐♠❛ ❦♦❧✐↔✐♥❛♠❛ m ✐♥ vo✦

✺✽✳ ❑❛♠❡♥ ✐♠❛ ♠❛s♦ m✳ ❱r➸❡♠♦ ❣❛ ✈♦❞♦r❛✈♥♦ s ❤✐tr♦st❥♦ vo✳ ❑♦❧✐❦♦ ❥❡ ❤✐tr♦st ❦❛♠♥❛✱ ❦♦ ❥❡
♣♦❧♦✈✐❝❛ ❦✐♥❡t✐↔♥❡ ❡♥❡r❣✐❥❡ ❡♥❛❦❛ ♣♦t❡♥❝✐❛❧♥✐ ❡♥❡r❣✐❥✐ ✭1

2Wk = Wp✮❄ ❘❡③✉❧t❛t ❧❛❤❦♦ ✐③r❛③✐➨ ❧❡ s
♣♦❞❛♥✐♠❛ ❦♦❧✐↔✐♥❛♠❛ m ✐♥ vo✦

✺✾✳ ❑❛♠❡♥ ✐♠❛ ♠❛s♦ m✳ ❱r➸❡♠♦ ❣❛ ♣♦➨❡✈♥♦ ♥❛✈③❣♦r s ❤✐tr♦st❥♦ vo✳ ❑♦❧✐❦♦ ❥❡ ✈✐➨✐♥❛ ❦❛♠♥❛✱ ❦♦ ❥❡
❦✐♥❡t✐↔♥❛ ❡♥❡r❣✐❥❛ ❡♥❛❦❛ ❞✈❡♠❛ tr❡t❥✐♥❛♠❛ ♣♦t❡♥❝✐❛❧♥❡ ❡♥❡r❣✐❥❡ ✭Wk = 2

3Wp✮❄ ❘❡③✉❧t❛t ❧❛❤❦♦
✐③r❛③✐➨ ❧❡ s ♣♦❞❛♥✐♠❛ ❦♦❧✐↔✐♥❛♠❛ m ✐♥ vo✦

✻✵✳ ❑❛♠❡♥ ✐♠❛ ♠❛s♦ m✳ ❱r➸❡♠♦ ❣❛ ♣♦➨❡✈♥♦ ♥❛✈③❣♦r s ❤✐tr♦st❥♦ vo✳ ❑♦❧✐❦♦ ❥❡ ❤✐tr♦st ❦❛♠♥❛✱ ❦♦ ❥❡
♣♦❧♦✈✐❝❛ ❦✐♥❡t✐↔♥❡ ❡♥❡r❣✐❥❡ ❡♥❛❦❛ ♣♦t❡♥❝✐❛❧♥✐ ❡♥❡r❣✐❥✐ ✭1

2Wk = Wp✮❄ ❘❡③✉❧t❛t ❧❛❤❦♦ ✐③r❛③✐➨ ❧❡ s
♣♦❞❛♥✐♠❛ ❦♦❧✐↔✐♥❛♠❛ m ✐♥ vo✦

✻✶✳ ❖❜r❛✈♥❛✈❛❥ ❡♥❡r❣✐❥s❦❡ s♣r❡♠❡♠❜❡ ♣r✐ ❣✐❜❛♥❥✉ ▲✉♥❡ ♦❦♦❧✐ ❩❡♠❧❥❡✦ ✭❦❛t❡r❡ ❡♥❡r❣✐❥❡ s❡ s♣r❡♠✐✲
♥❥❛❥♦✱ ❦❛❦♦ ✐♥ ③❛❦❛❥✮

✻✷✳ ❖❜r❛✈♥❛✈❛❥ ❡♥❡r❣✐❥s❦❡ s♣r❡♠❡♠❜❡ ♣r✐ ❣✐❜❛♥❥✉ ❩❡♠❧❥❡ ♦❦♦❧✐ ❙♦♥❝❛✦ ✭❦❛t❡r❡ ❡♥❡r❣✐❥❡ s❡ s♣r❡♠✐✲
♥❥❛❥♦✱ ❦❛❦♦ ✐♥ ③❛❦❛❥✮

✻✸✳ ▲✉♥❛ s❡ ❣✐❜❧❥❡ ♦❦♦❧✐ ❩❡♠❧❥❡ ♣♦ ❡❧✐♣s✐✳ ❑❞❛❥ ❥❡ ❦✐♥❡t✐↔♥❛ ❡♥❡r❣✐❥❛ ▲✉♥❡ ♥❛❥✈❡↔❥❛✱ ❦♦ ❥❡ ▲✉♥❛
♥❛❥❜❧✐➸❥❡ ❛❧✐ ♥❛❥❞❧❥❡ ♦❞ ❩❡♠❧❥❡❄ ❖❞❣♦✈♦r ✉t❡♠❡❧❥✐✦

✻✹✳ ▼❛rs s❡ ❣✐❜❧❥❡ ♦❦♦❧✐ ❙♦♥❝❛ ♣♦ ❡❧✐♣s✐✳ ❑❞❛❥ ❥❡ ❦✐♥❡t✐↔♥❛ ❡♥❡r❣✐❥❛ ▼❛rs❛ ♥❛❥✈❡↔❥❛✱ ❦♦ ❥❡ ♥❛❥❜❧✐➸❥❡
❛❧✐ ♥❛❥❞❧❥❡ ♦❞ ❙♦♥❝❛❄ ❖❞❣♦✈♦r ✉t❡♠❡❧❥✐✦

✻✺✳ ❯♠❡t♥✐ s❛t❡❧✐t ③ ♠❛s♦ 1000 kg ❦r♦➸✐ ♦❦♦❧✐ ❩❡♠❧❥❡ ♥❛❞ ❡❦✈❛t♦r❥❡♠ t❛❦♦✱ ❞❛ ❥❡ ③❛ ♦♣❛③♦✈❛❧❝❛ ♥❡
❩❡♠❧❥✐ ✈❡s ↔❛s ♥❛❞ ✐st✐♠ ❦r❛❥❡♠✳ ◆❛ ❦♦❧✐❦➨♥✐ ✈✐➨✐♥✐ ♥❛❞ ❩❡♠❧❥♦ ❦r♦➸✐ s❛t❡❧✐t❄ ❑♦❧✐❦➨♥♦ ❡♥❡r❣✐❥♦
s♠♦ ♣♦r❛❜✐❧✐✱ ❞❛ s♠♦ s♣r❛✈✐❧✐ s❛t❡❧✐t s ♣♦✈r➨❥❛ ❩❡♠❧❥❡ ♥❛ t❛ t✐r❄ ❘❛❞✐❥ ❩❡♠❧❥❡ ❥❡ 6400 km✱ t❡➸♥✐
♣♦s♣❡➨❡❦ ♥❛ ♣♦✈r➨❥✉ ❩❡♠❧❥❡ ❥❡ 10 m/s2✳

✻✻✳ ❘♦❧❦❛r ✐♠❛ ♠❛s♦ 75 kg✳ ❙♣✉st✐ s❡ ♣♦ ❦❧❛♥❝✉ ③ ✈✐➨✐♥❡ h✱ ♥❛t♦ ♣❛ s❦♦③✐ ♦✈✐♥❡❦ s♠rt✐✱ t❛❦♦ ❞❛ ❥❡
✈ t♦↔❦✐ ❆ ♦❜r♥❥❡♥ ♥❛ ❣❧❛✈♦✳ Pr❡♠❡r ♦✈✐♥❦❛ d ❥❡ 5 m✳ ●❧❡❥ s❧✐❦♦ ✷✵ ♥❛ str❛♥✐ ✻✾✦

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

✭❜✮ ❑♦❧✐❦♦ ❥❡ s♣r❡♠❡♠❜❛ ♣♦t❡♥❝✐❛❧♥❡ ❡♥❡r❣✐❥❡ ♠❡❞ ③❛↔❡t♥♦ t♦↔❦♦ ✐♥ t♦↔❦♦ ❆❄

✭❝✮ ❑♦❧✐❦♦ ❥❡ ❦✐♥❡t✐↔♥❛ ❡♥❡r❣✐❥❛ ✈ t♦↔❦✐ ❆❄
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❙❧✐❦❛ ✷✵✿ ❆❦r♦❜❛ts❦✐ ③❛✈♦❥✳

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

✻✼✳ ❑♦❧❡s❛r ✐♠❛ ♠❛s♦ 103 kg✳ ❙♣✉st✐ s❡ ♣♦ ❦❧❛♥❝✉ ③ ✈✐➨✐♥❡ h✱ ♥❛t♦ ♣❛ s❦♦③✐ ♦✈✐♥❡❦ s♠rt✐✱ t❛❦♦ ❞❛
❥❡ ✈ t♦↔❦✐ ❆ ♦❜r♥❥❡♥ ♥❛ ❣❧❛✈♦✳ Pr❡♠❡r ♦✈✐♥❦❛ d ❥❡ 5 m✳ ●❧❡❥ s❧✐❦♦ ✷✵ ♥❛ str❛♥✐ ✻✾✦

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

✭❜✮ ❑♦❧✐❦♦ ❥❡ s♣r❡♠❡♠❜❛ ♣♦t❡♥❝✐❛❧♥❡ ❡♥❡r❣✐❥❡ ♠❡❞ ③❛↔❡t♥♦ t♦↔❦♦ ✐♥ t♦↔❦♦ ❆❄

✭❝✮ ❑♦❧✐❦♦ ❥❡ ❦✐♥❡t✐↔♥❛ ❡♥❡r❣✐❥❛ ✈ t♦↔❦✐ ❆❄

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

✻✽✳ ❑❡♣♦ ♣❧❛st❡❧✐♥❛ ③ ♠❛s♦ 50 g s♣✉st✐♠♦ ③ ✈✐➨✐♥❡ 1, 5 m✱ ❞❛ ♣❛❞❡ ♥❛ s❦♦❞❡❧✐❝♦ ✈③♠❡t♥❡ t❡❤t♥✐❝❡ ③
③❛♥❡♠❛r❧❥✐✈♦ ♠❛s♦✳ ❩❛ ❦♦❧✐❦♦ s❡ s❦r↔✐ ✈③♠❡t✱ ↔❡ ❥❡ ♥❥❡♥ ❦♦❡✜❝✐❡♥t 150 N

m❄

✻✾✳ ❑❛❞❛r ✈❡❧✐❦❛ ③✈❡③❞❛ ❡❦s♣❧♦❞✐r❛✱ ✈❡↔✐♥❛ s♥♦✈✐ ♦❞❧❡t✐ ✈ ✈❡s♦❧❥❡✱ ❥❡❞r♦ ③✈❡③❞❡ ♣❛ ♣♦st❛♥❡ t❛❦♦
❣♦st♦✱ ❞❛ ❥❡ ✉❜❡➸♥❛ ❤✐tr♦st ♥❛ ♣♦✈r➨❥✉ ❡♥❛❦❛ s✈❡t❧♦❜♥✐ ❤✐tr♦st✐✳ ■③r❛↔✉♥❛❥✱ ❦♦❧✐❦➨❡♥ ❥❡ r❛❞✐❥
t❛❦❡❣❛ ❥❡❞r❛ ③✈❡③❞❡✱ ↔❡ ❥❡ ♥❥❡❣♦✈❛ ♠❛s❛ ❡♥❛❦❛ ♠❛s✐ ❙♦♥❝❛ ✭2 · 1030 kg✮✱ ❤✐tr♦st s✈❡t❧♦❜❡ ❥❡
3 · 108 m

s ✳

✼✵✳ ◆❛ t❡❧♦ ❞❡❧✉❥❡ st❛❧♥❛ s✐❧❛ 200 N ✈ s♠❡r✐ ❣✐❜❛♥❥❛ ♥❛ ♣♦t✐ 200 m✳ ❙✐❧❛ tr❡♥❥❛ ❥❡ 80 N✳ ❩❛ ❦♦❧✐❦♦ s❡
♥❛ ♣♦t✐ 200 m ♣♦✈❡↔❛ ❦✐♥❡t✐↔♥❛ ❡♥❡r❣✐❥❛ t❡❧❡s❛❄

✼✶✳ ❏❛➨❡❦ ❥❡ ❣❧♦❜♦❦ 3 m ✐♥ ➨✐r♦❦ 2 m✳ ◆❛ ♥❥❡❣♦✈❡♠ ❞♥✉ ❥❡ 0, 5 m ♦❞ ❞❡s♥❡ st❡♥❡ ❧✉❦♥❥❛✳ ❙ ❦♦❧✐❦➨♥♦
❤✐tr♦st❥♦ ♠♦r❛♠♦ ✈r❡↔✐ ➸♦❣♦ ✈ ✈♦❞♦r❛✈♥✐ s♠❡r✐ ③ ❧❡✈❡❣❛ ③❣♦r♥❥❡❣❛ r♦❜❛✱ ❞❛ ❜♦ ♣♦ ♥❛t❛♥❦♦
❡♥❡♠ ♦❞❜♦❥✉ ♦❞ st❡♥❡ ③❛❞❡❧❛ ❧✉❦♥❥♦✳ ❚r❦ ➸♦❣❡ s st❡♥♦ ❥❡ ✐❞❡❛❧♥♦ ♣r♦➸❡♥✦ ❑♦❧✐❦➨♥❛ ♣❛ ♠♦r❛ ❜✐t✐
❤✐tr♦st✱ ↔❡ ♥❛❥ s❡ ➸♦❣❛ ♦❞ st❡♥ ♦❞❜✐❥❡ ✷ ❦r❛t✱ ✸ ❦r❛t ✳ ✳ ✳ ❄

✼✷✳ ▼♦❧❡❦✉❧❛ ❦✐s✐❦❛ O2 ❧❡t✐ s ❤✐tr♦st❥♦ 555 m/s ✐♥ ✐❞❡❛❧♥♦ ♣r♦➸♥♦ tr↔✐ ③ ♠♦❧❡❦✉❧♦ ✈♦❞❡ H2O✱ ❦✐ ❧❡t✐
✈ ♥❛s♣r♦t♥✐ s♠❡r✐ s ❤✐tr♦st❥♦ 333 m/s✳ ❑♦❧✐❦♦ ❥❡ s♣r❡♠❡♠❜❛ s❦✉♣♥❡ ❣✐❜❛❧♥❡ ❦♦❧✐↔✐♥❡ ✐♥ s❦✉♣♥❡
❦✐♥❡t✐↔♥❡ ❡♥❡r❣✐❥❡ ♦❜❡❤ ♠♦❧❡❦✉❧❄ ✭❛t♦♠s❦❛ ❡♥♦t❛ ♠❛s❡ ✐♠❛ ♠❛s♦ 1, 66 · 10−27 kg✮

✼✸✳ ▼♦❧❡❦✉❧❛ ❦✐s✐❦❛ O2 ❧❡t✐ s ❤✐tr♦st❥♦ 222 m/s ✐♥ ✐❞❡❛❧♥♦ ♣r♦➸♥♦ tr↔✐ ③ ♠♦❧❡❦✉❧♦ ❞✉➨✐❦❛ N2✱ ❦✐ ❧❡t✐
✈ ♥❛s♣r♦t♥✐ s♠❡r✐ s ❤✐tr♦st❥♦ 888 m/s✳ ❑♦❧✐❦♦ ❥❡ s♣r❡♠❡♠❜❛ s❦✉♣♥❡ ❣✐❜❛❧♥❡ ❦♦❧✐↔✐♥❡ ✐♥ s❦✉♣♥❡
❦✐♥❡t✐↔♥❡ ❡♥❡r❣✐❥❡ ♦❜❡❤ ♠♦❧❡❦✉❧❄ ✭❛t♦♠s❦❛ ❡♥♦t❛ ♠❛s❡ ✐♠❛ ♠❛s♦ 1, 66 · 10−27kg✮

✼✹✳ ■③ ③r❛↔♥❡ ♣✐➨t♦❧❡ ✐③str❡❧✐♠♦ ✐③str❡❧❡❦ ③ ♠❛s♦ 3 g ✈ ✈♦❞♦r❛✈♥✐ s♠❡r✐ ♣r♦t✐ ♠❡❤❦✐ t❛r↔✐✱ ❦✐ ✐♠❛
♠❛s♦ 200 g ✐♥ ❥❡ ♦❜❡➨❡♥❛ ♥❛ ✈r✈✐❝✐ ③ ❞♦❧➸✐♥♦ 1 m✳ ■③str❡❧❡❦ ♦❜t✐↔✐ ✈ t❛r↔✐✳ ❩❛ ❦♦❧✐❦➨❡♥ ❦♦t ♦❞
♥❛✈♣✐↔♥✐❝❡ s❡ t❛r↔❛ ♦❞❦❧♦♥✐❄

✼✺✳ ■③str❡❧❡❦ ③ ♠❛s♦ 3 g ♣r✐❧❡t✐ ✈ ✈♦❞♦r❛✈♥✐ s♠❡r✐ ✈ ♠❡❤❦♦ t❛r↔♦ ✐♥ ✈ ♥❥❡❥ ♦❜t✐↔✐✳ ▼❛s❛ t❛r↔❡ ❥❡
200 g✳ Pr✐tr❥❡♥❛ ❥❡ ♥❛ 1 m ❞♦❧❣✐ ✈r✈✐❝✐✳ ❚❛r↔❛ s❡ ♦❞ ♥❛✈♣✐↔♥✐❝❡ ♦❞❦❧♦♥✐ ③❛ ❦♦t 5◦✳ ❙ ❦♦❧✐❦➨♥♦
❤✐tr♦st❥♦ ❥❡ ♣r✐❧❡t❡❧ ✐③str❡❧❡❦❄

✼✻✳ ◆❛ ❤♦♠♦❣❡♥♦ ♣r✐③♠♦ ❆ ③ ♠❛s♦ 2 kg ❥❡ ♣♦st❛✈❧❥❡♥❛ ❤♦♠♦❣❡♥❛ ♣r✐③♠❛ ❇ ③ ♠❛s♦ 1, 5 kg✳ Pr❡↔♥❛
♣r❡s❡❦❛ ♣r✐③❡♠ st❛ ♣r❛✈♦❦♦t♥❛ tr✐❦♦t♥✐❦✐ s str❛♥✐❝❛♠❛ a = 15 cm ✐♥ b = 7 cm✳ ●❧❡❥ s❧✐❦♦ ✷✶✦ ❩❛
❦♦❧✐❦♦ s❡ ♣r❡♠❛❦♥❡ ♣r✐③♠❛ ❆✱ ❦♦ s❡ ♣r✐③♠❛ ❇✱ ❦✐ ❥♦ s♣✉st✐♠♦ ♣♦ ♣r✐③♠✐ ❆✱ ❞♦t❛❦♥❡ t❛❧❄ ❚r❡♥❥❛
♠❡❞ ♣r✐③♠❛♠❛ ♥✐✱ r❛✈♥♦ t❛❦♦ ♥✐ tr❡♥❥❛ ♠❡❞ ♣r✐③♠♦ ❆ ✐♥ t❧❡♠✐✳
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A

a

B

b

❙❧✐❦❛ ✷✶✿ Pr✐③♠✐ ✈ ❣✐❜❛♥❥✉✳

❘♣✿ ♦❤r❛♥✐t❡✈ ❣✐❜❛❧♥❡ ❦♦❧✐↔✐♥❡✿
mAvAx = mBvBx

s =
vt

2
mAsA = mBsB

sB = (a − b) − sA

sA =
mB

mA
sB

sA +
mB

mA
sA =

mB

mA
(a − b)

sa =
mB

mA
(a − b)

1 + mB

mA

=
6 cm

1 + 1,5
2

= 3, 4 cm

✼✼✳ ❉✈❛ ❡♥❛❦❛ ✈♦③✐↔❦❛ ③ ♠❛s♦ ♣♦ 0, 2 kg✱ ♠❡❞ ❦❛t❡r✐♠❛ ❥❡ st✐s♥❥❡♥❛ ✈③♠❡t✱ ♣♦✈❡➸❡♠♦ ③ ✈r✈✐❝♦ ✐♥
❥✉ ♣♦➸❡♥❡♠♦ ♣♦ ✈♦❞♦r❛✈♥❡♠ t✐r✉ s ❤✐tr♦st❥♦ 3 m/s✳ ◆❡♥❛❞♦♠❛ ♣♦♣✉st✐ ✈r✈✐❝❛ ✐♥ ✈③♠❡t ♣♦➸❡♥❡
✈♦③✐↔❦❛ ♥❛r❛③❡♥✳ ❑♦❧✐❦➨♥❛ ❥❡ ♣♦t❡♠ ❤✐tr♦st ✈♦③✐↔❦♦✈✱ ↔❡ ❥❡ ❦♦❡✜❝✐❡♥t ✈③♠❡t✐ 160 N/m ✐♥ ❥❡ ❜✐❧❛
✈③♠❡t st✐s♥❥❡♥❛ ③❛ 10 cm❄ ❚r❡♥❥❡ ♠❡❞ ✈♦③✐↔❦♦♠❛ ✐♥ t✐r♦♠ ❥❡ ③❛♥❡♠❛r❧❥✐✈♦✳

✼✽✳ ❷❡③ ❧❛❤❡❦✱ ♣r✐tr❥❡♥ ➨❦r✐♣❡❝ ❥❡ s♣❡❧❥❛♥❛ ③❡❧♦ ❧❛❤❦♦✱ ♥❡r❛③t❡❣❧❥✐✈❛ ✈r✈✱ ❦✐ s❡ ♣r❡tr❣❛✱ ↔❡ ❥♦ ♦❜r❡♠❡✲
♥✐♠♦ ③ ✈❡↔ ❦♦t 700 N✳ ◆❛ ❡♥♦ ❦r❛❥✐➨↔❡ ♦❜❡s✐♠♦ ✉t❡➸ ③❛ 60 kg✳ ❑♦❧✐❦➨♥♦ ♥❛❥✈❡↔❥♦ ✉t❡➸ s♠❡♠♦
♦❜❡s✐t✐ ♥❛ ❞r✉❣♦ ❦r❛❥✐➨↔❡ ✈r✈✐✱ ♥❡ ❞❛ ❜✐ s❡ ✈r✈ ♣r❡tr❣❛❧❛ t❛❦♦❥✱ ❦♦ ✉t❡➸ s♣✉st✐♠♦❄

✼✾✳ ❊❧❡❦tr♦♠♦t♦r ❞✈✐❣❛ t♦✈♦r ③ ♠❛s♦ 100 kg s ❤✐tr♦st❥♦ 5 m/s✳ ❑♦❧✐❦➨♥❛ ❥❡ ♥❛❥♠❛♥❥ ♥❥❡❣♦✈❛ ♠♦↔❄
❑❛❦♦ ✈✐s♦❦♦ s❡ ➨❡ ❞✈✐❣♥❡ ❜r❡♠❡✱ ↔❡ s❡ ✈❧❡↔♥❛ ✈r✈ str❣❛❄

✽✵✳ ❙✐❞r♦ ✈❧❡↔♥✐❝❡ ✈❧❡↔❡ s♠✉↔❛r❥❛ ③ ♠❛s♦ 80 kg ♥❛✈③❣♦r ♣♦ str♠✐♥✐✱ ❦✐ ❥❡ ♥❛❣♥❥❡♥❛ ③❛ ❦♦t 30◦❄✱ s
❤✐tr♦st❥♦ 6 m/s✳ ❑♦❧✐❦➨♥❛ ♠♦↔ ❥❡ ③❛ t♦ ♣♦tr❡❜♥❛❄ ❑❛❦♦ ❞❛❧❡↔ ✈ ❦❧❛♥❡❝ s❡ ➨❡ ③❛♣❡❧❥❡ s♠✉↔❛r✱ ↔❡
s❡ ✈❧❡↔♥❛ ✈r✈ str❣❛❄

✹✳✼ ✈rt❡♥❥❡

✶✳ Pr✐ ❦♦❧✐❦➨♥✐ r♦↔✐❝✐ ♣♦✈③r♦↔✐ s✐❧❛ 5 N ♥❛✈♦r 3 Nm✱ ↔❡ ❥❡ ❦♦t ♠❡❞ s✐❧♦ ✐♥ r♦↔✐❝♦ 45◦❄

✷✳ ➎❡❧❡③♥❛ ♣❛❧✐❝❛ ③ ♠❛s♦ 5 kg ❥❡ ❞♦❧❣❛ 50 cm✳ P♦❞♣rt❛ ❥❡ ♥❛ ↔❡trt✐♥✐ ❞♦❧➸✐♥❡✳ ❑♦❧✐❦♦ ❥❡ ♥❛❥✈❡↔❥❛
✐♥ ♥❛❥♠❛♥❥➨❛ ♠❛s❛✱ ❦✐ ❥♦ ❧❛❤❦♦ st❡❤t❛♠♦✱ ↔❡ ❥❡ ♥❛ ❞❛❧❥➨❡♠ ❦♦♥❝✉ ♣❛❧✐❝❡ ♣r❡♠✐↔♥❛ ✉t❡➸ ③ ♠❛s♦
10 kg❄ ❑❥❡ ♠♦r❛ st❛t✐ ♣r❡♠✐↔♥❛ ✉t❡➸✱ ↔❡ t❡❤t❛♠♦ ♥❛❥♠❛♥❥➨♦ ♠❛s♦✱ ✐♥ ❦❥❡✱ ↔❡ t❡❤t❛♠♦ ♥❛❥✈❡↔❥♦
♠❛s♦❄

✸✳ ❩ ✈r❡t❡♥❛ s ♣♦❧♠❡r♦♠ 40 cm s❡ ♦❞✈✐❥❛ ✈r✈✱ ♥❛ ❦❛t❡r✐ ✈✐s✐ 10 kg t❡➸❦♦ ✈❡❞r♦✳ ❱❡❞r♦ ♣❛❞❡ ✈ ♣r✈✐❤
tr❡❤ s❡❦✉♥❞❛❤ ③❛ 4 m✳ ❑♦❧✐❦➨❡♥ ❥❡ ✈③tr❛❥♥♦st♥✐ ♠♦♠❡♥t ✈r❡t❡♥❛❄ ▼❛s♦ ✈r✈✐ ③❛♥❡♠❛r✐♠♦✦

✹✳ ◆❛ ❞✈❡❤ st❡❜r✐❤ s❧♦♥✐ 6 m ❞♦❧❣ ❞r♦❣✳ ◆❛ r❛③❞❛❧❥✐ 2 m ♦❞ ❧❡✈❡❣❛ ❦♦♥❝❛ ❥❡ ♦❜❡➨❡♥♦ ❜r❡♠❡ 300 N✳
P♦✐➨↔✐ s✐❧✐✱ ❦✐ ❞❡❧✉❥❡t❛ ♥❛ st❡❜r❛❄

✺✳ ◆❛ ❡♥❡♠ ❦♦♥❝✉ tr❛♠❛ ③ ❞♦❧➸✐♥♦ 10 m ✐♥ ③ ♠❛s♦ 20 kg ❥❡ ♦❜❡➨❡♥❛ ✉t❡➸ ③❛ 9 kg✳ ❱ ❦❛t❡r✐ t♦↔❦✐
♠♦r❛♠♦ tr❛♠ ♣♦❞♣r❡t✐✱ ❞❛ ❜♦ ✈ r❛✈♥♦✈❡s❥✉❄



✹ ❉■◆❆▼■❑❆ ✼✶

✻✳ ❚r❛❦t♦r ✈♦③✐ ♣r❡↔♥♦ ♣♦ ❦❧❛♥❝✉ ③ ♥❛❣✐❜♦♠ 30◦ st♦♣✐♥❥✳ ❑❛❦♦ ✈✐s♦❦♦ s♠❡ ❜✐t✐ ♥❥❡❣♦✈♦ t❡➸✐➨↔❡✱
❞❛ s❡ r❛✈♥♦ ➨❡ ♥❡ ♣r❡✈r♥❡❄ ❘❛③❞❛❧❥❛ ♠❡❞ ③❛❞♥❥✐♠❛ ❦♦❧❡s♦♠❛ ❥❡ 120 cm✳ Pr❡♠✐s❧✐✱ ♦❦♦❧✐ ❦❛t❡r❡
♣r❡♠✐❝❡ s❡ tr❛❦t♦r ♣r❡✈r♥❡✦

✼✳ ▲❛❤❦❛ ♠❡trs❦❛ ♣❛❧✐❝❛ ❥❡ ♥❛ ❦♦♥❝❡❤ ✈♦❞♦r❛✈♥♦ ♦❜❡➨❡♥❛ ♥❛ ✈③♠❡t❡❤ s ❦♦❡✜❝✐❡♥t♦♠❛ 5 N/cm ✐♥
8 N/cm✳ ❑❛♠ ♠♦r❛♠♦ ♦❜❡s✐t✐ ❜r❡♠❡✱ ❞❛ ♦st❛♥❡ ♣❛❧✐❝❛ ✈♦❞♦r❛✈♥❛❄

✽✳ ❉❡❧❛✈❝❛ ♥♦s✐t❛ ♥❛ ❦♦✈✐♥s❦❡♠ ❞r♦❣✉ 50 l ✈❡❞r♦ ♣♦❧♥♦ ✈♦❞❡✳ ❉r♦❣ ❥❡ ❞♦❧❣ 1, 5 m✱ ✈❡❞r♦ ♣❛ ❥❡
♦❜❡➨❡♥♦ ❡♥ ♠❡t❡r str❛♥ ♦❞ ♣r✈❡❣❛ ❞❡❧❛✈❝❛✳ ❑♦❧✐❦➨♥♦ s✐❧♦ ♠♦r❛t❛ ♣r❡♠❛❣♦✈❛t✐ ♥♦s❛↔❛❄

✾✳ ❱♦❞❛ ✐③t❡❦❛ s ♣r❡t♦❦♦♠ 5 l/s ✐③ ➨♦❜❡ s ♣r❡s❡❦♦♠ 2 cm2 r❡❛❦❝✐❥s❦❡❣❛ ✈rt✐❧❥❛❦❛✳ ❉♦❧➸✐♥❛ ✈s❛❦❡❣❛
❦r❛❦❛ ❥❡ 25 cm✳ ❙ ❦♦❧✐❦➨♥✐♠ ♥❛✈♦r♦♠ ♠♦r❛♠♦ ③❛❞r➸❡✈❛t✐ ✈rt✐❧❥❛❦✱ ❞❛ s❡ ③❛r❛❞✐ ✐③t❡❦❛❥♦↔❡ ✈♦❞❡
♥❡ ❜♦ ✈rt❡❧❄

✶✵✳ ❑♦❧✐❦➨❡♥ ❥❡ ✈③tr❛❥♥♦st♥✐ ♠♦♠❡♥t s♦❞❛ ③ ♠❛s♦ 50 kg ✐♥ ♣♦❧♠❡r♦♠ 50 cm✱ ↔❡ s❡ ✈rt✐ ♦❦r♦❣ ❣❧❛✈♥❡
♦s✐❄ ❑❛❥ ♣❛ ↔❡ s❡ ✈rt✐ ♦❦r♦❣ ♦s✐✱ ❦✐ ❥❡ ✈③♣♦r❡❞♥❛ ③ ❣❧❛✈♥♦ ♦s❥♦ ✐♥ ♦❞ ♥❥❡ ♦❞❞❛❧❥❡♥❛ 30 cm❄

✶✶✳ ■③r❛↔✉♥❛❥ ✈③tr❛❥♥♦st♥✐ ♠♦♠❡♥t 1 m ❞♦❧❣❡ ♣❛❧✐❝❡ ③ ♠❛s♦ 200 g ❣❧❡❞❡ ♥❛ ❣❧❛✈♥♦ ♦s✱ ❦✐ ❥❡ ♣r❛✈♦✲
❦♦t♥❛ ♥❛ ♣❛❧✐❝♦❄ ❑❛❥ ♣❛ ↔❡ ❥❡ ♦s ♣r❛✈❦♦t♥❛ ♥❛ ♣❛❧✐❝♦ ✐♥ ❧❡➸✐ t✐❦ ♦❜ ❦♦♥❝✉ ♣❛❧✐❝❡❄

✶✷✳ ■③r❛↔✉♥❛❥ ✈③tr❛❥♥♦st♥✐ ♠♦♠❡♥t ❦r♦❣❧❡ s ♣♦❧♠❡r♦♠ 20 cm ✐♥ ♠❛s♦ 2 kg ❣❧❡❞❡ ♥❛ ❣❧❛✈♥♦ ♦s❄
❑♦❧✐❦♦ ♣❛ ❥❡ ✈③tr❛❥♥♦st♥✐ ♠♦♠❡♥t ❦r♦❣❧❡ ♦❦♦❧✐ ♦s✐✱ ❦✐ ❥❡ t✐❦ ♦❜ ❦r♦❣❧✐❄


