


𝑂 𝑂′ 𝑂′

𝑣 𝑂 𝑥

𝑥 = 𝑥′ = 0 𝑡 =

𝑡′ = 0

𝑂 𝑥, 𝑦, 𝑧, 𝑡 𝑂′:

𝑥’, 𝑦′, 𝑧′  𝑡′

𝑂 𝑂′

𝑢𝑥, 𝑢𝑦, 𝑢𝑧 𝑂

𝑢′
𝑥, 𝑢′

𝑦, 𝑢′
𝑧 𝑂′

𝑡 𝑥′ = 𝑥 − 𝑣𝑡



𝑢′
𝑥 =

𝑑𝑥′

𝑑𝑡′
=

𝑑

𝑑𝑡
(𝑥 − 𝑣𝑡)

𝑑𝑡

𝑑𝑡′
= (

𝑑𝑥

𝑑𝑡
− 𝑣) ⋅ 1 = 𝑢𝑥 − 𝑣  

𝑢𝑥
′ = 𝑢𝑥 − 𝑣          𝑢𝑦

′ = 𝑢𝑦         𝑢𝑧
′ = 𝑢𝑧 

𝑎𝑥 =
𝑑𝑢𝑥

𝑑𝑡
 

𝑡 = 𝑡′ 𝑣

𝑎𝑥
′ = 𝑎𝑥  ;   𝑎𝑦

′ = 𝑎𝑦  ;   𝑎𝑧
′ = 𝑎𝑧



 30 𝑚/𝑠

𝑡 = 𝑡′ = 0 20 𝑠

800 𝑚

 30 𝑚/𝑠

𝑡 = 𝑡′ = 0 20 𝑠

800 𝑚 5 𝑠 

850 𝑚

0,6 𝑐 0,7 𝑐



60 𝑘𝑚/ℎ 12 ℎ 00 20 𝑠

1 𝑘𝑚

0,25 𝑘𝑚

1800 𝑘𝑚/ℎ

600 𝑘𝑚/ℎ

 

𝑚1 = 3 𝑘𝑔 𝑢1 = 4 𝑚/𝑠

𝑥 𝑚2 = 1 𝑘𝑔 𝑥

𝑢2 = −3 𝑚/𝑠 𝑚2 𝑢2
∗ = 3 𝑚/𝑠 𝑢1

∗

𝑚1

 𝑂′ 𝑥

2 𝑚/𝑠 

𝑂′

30 𝑚/𝑠

6 𝑚/𝑠

 



𝜕2Φ

𝜕𝑥2
+

𝜕2Φ

𝜕𝑦2
+

𝜕2Φ

𝜕𝑧2
−

1

𝑐2

𝜕2Φ

𝜕𝑡2
= 0

 

6 𝑚

18 𝑚/𝑠

𝑂

𝑂 𝑂′

40 𝑘𝑚/ℎ 16 𝑘𝑚/ℎ



160 𝑘𝑚/ℎ

40 𝑘𝑚/ℎ, 

4 𝑘𝑚/ℎ

120 𝑘𝑚/ℎ

60 𝑘𝑚/ℎ

0,25 𝑘𝑚

10 𝑚𝑖𝑛

20 𝑚/𝑠



1 𝑘𝑔 𝑥 3 𝑚/𝑠

𝑥

 

 

 

𝑥 1,5 𝑚/𝑠

 

𝑦 𝑦

5 𝑚/𝑠

50 𝑚

𝑥

𝑂

𝑂′ 𝑥

𝑢 𝑂



 



 



(𝑥, 𝑦, 𝑧, 𝑡)

 𝑥 = 800 𝑚

𝑡 = 20𝑠. (𝑥, 𝑦, 𝑧, 𝑡) = (800𝑚, 0,0,20𝑠)

 

𝑥 = 𝑣𝑡 = 30
𝑚

𝑠
⋅ 20 𝑠 =

600 𝑚

𝑥′ = 𝑥 − 𝑣𝑡 = 800 𝑚 − (30
𝑚

𝑠
× 20 𝑠) = 200 𝑚

(𝑥′, 𝑦′, 𝑧′, 𝑡′) = (200𝑚, 0,0,20𝑠)

 

𝑡𝑖 = 20 𝑠, 800 𝑚 (𝑥𝑖, 𝑦𝑖 , 𝑧𝑖, 𝑡𝑖) = (800 𝑚, 0, 0, 20 𝑠)

𝑡𝑓 = 25 𝑠, 800 𝑚 (𝑥𝑓 , 𝑦𝑓 , 𝑧𝑓 , 𝑡𝑓) = (850 𝑚, 0, 0, 25 𝑠)

𝑢𝑥 =
Δ𝑥

Δ𝑡
=

𝑥𝑓−𝑥𝑖

𝑡𝑓−𝑡𝑖
=

850−800

25−20
= +𝟏𝟎

𝒎

𝒔

𝑥

 𝑡𝑖 = 20 𝑠

𝑥′ = 𝑥 − 𝑣𝑡 = 800𝑚 − (30
𝑚

𝑠
× 20 𝑠) = 200𝑚

(𝑥𝑖
′, 𝑦′

𝑖
, 𝑧′

𝑖 , 𝑡′
𝑖) = (200 𝑚, 0, 0, 20 𝑠)

𝑡𝑓 = 25 𝑠

𝑥′ = 𝑥 − 𝑣𝑡 = 850 𝑚 − (30
𝑚

𝑠
× 25 𝑠) = 100 𝑚

(𝑥𝑓
′ , 𝑦′

𝑓
, 𝑧′

𝑓 , 𝑡′
𝑓) = (100 𝑚, 0, 0, 25 𝑠)

𝑢𝑥
′ =

Δ𝑥′

Δ𝑡′ =
𝑥′

𝑓−𝑥′
𝑖

𝑡′
𝑓−𝑡′

𝑖
=

100−200

25−20
= −20

𝑚

𝑠

𝑥

𝑢′ = 𝑢 − 𝑣 =  +10
𝑚

𝑠
− 30

𝑚

𝑠
=  −20

𝑚

𝑠



𝑂, 𝑂′,

0,6 𝑐 𝑢𝑥 = −0,7 𝑐 𝑥 𝑣 =
0,6 𝑐.

𝑢𝑥
′ = 𝑢𝑥 − 𝑣 =  −0,7 𝑐 − 0,6 𝑐 =  −1,3 𝑐

 

(1𝑘𝑚, 0,0,20𝑠)

 

60 𝑘𝑚/ℎ) 20 𝑠: 𝑣𝑡 =
60000

3600

𝑚

𝑠
⋅ 20 𝑠 ≈ 333 𝑚 =

1

3
 𝑘𝑚

𝑥′ = 𝑥 − 𝑣𝑡 =  1 𝑘𝑚 −
1

3
 𝑘𝑚 =

2

3
𝑘𝑚

𝑡 = 𝑡′ =
𝑑

𝑣
=

250 𝑚

1800000 𝑚
3600 𝑠

=
250 ⋅ 3600

1800000
𝑠 =

900000

1800000
𝑠 =

1

2
𝑠

𝑥′ = 𝑥 − 𝑣𝑡

𝑥 𝑑𝑐𝑜𝑠(45°)

 

𝑥′ = 𝑥 − 𝑣𝑡 = −250 cos(45°) −
600000

3600
⋅

1

2
=  −260,11 𝑚



𝑦′, 𝑥,

𝑦

𝑦′ = 𝑦 = 𝑑 sin(45°) = 250 ⋅ 0,707 = 176,8 𝑚

𝑧

𝑧′ = 𝑧 = 0.

−260,11 𝑚, 176,8 𝑚, 0 𝑚,
1

2
 𝑠) 

 

𝑚1𝑢1 + 𝑚2𝑢2 = 𝑚1𝑢1
∗ + 𝑚2𝑢2

∗

(3 𝑘𝑔) (4
𝑚

𝑠
) + (1 𝑘𝑔) (−3

𝑚

𝑠
)

= (3 𝑘𝑔) (𝑢1
∗

𝑚

𝑠
) + (1 𝑘𝑔) (3

𝑚

𝑠
) 

⇔ 12 − 3 = 3 𝑢1
∗ + 3 

⇔ 6 = 3 𝑢1
∗   ⇒  𝑢1

∗ = 2 𝑚/𝑠 

 

 𝑢1
′ = 𝑢1 − 𝑣 = 4

𝑚

𝑠
− 2

𝑚

𝑠
= 2

𝑚

𝑠

 𝑢2
′ = 𝑢2 − 𝑣 = −3

𝑚

𝑠
− 2

𝑚

𝑠
= −5

𝑚

𝑠

 𝑢1
∗′

= 𝑢1
∗ − 𝑣 = 2

𝑚

𝑠
− 2

𝑚

𝑠
= 0

𝑚

𝑠

 𝑢2
∗′

= 𝑢2
∗ − 𝑣 = 3

𝑚

𝑠
− 2

𝑚

𝑠
= 1

𝑚

𝑠

𝑢1
∗′

= 0

2
𝑚

𝑠
. 𝑚1

(3 𝑘𝑔) (2
𝑚

𝑠
) + (1 𝑘𝑔) (−5

𝑚

𝑠
) = (3 𝑘𝑔) (0

𝑚

𝑠
) + (1 𝑘𝑔) (1

𝑚

𝑠
)  ⇔ 1 = 1



 

𝑦′ = 𝑣0𝑡′ +
𝑎𝑡′2

2
= (6

𝑚

𝑠
) ⋅ 𝑡′ +

1

2
(−𝑔

𝑚

𝑠2) (𝑡′2) =
𝑔=10

 6 𝑡′ − 5 𝑡′2

𝑋 𝑥′ = 0

 

𝑌

𝑦 = 𝑦′ = 6 𝑡′ − 5𝑡′2
= 6𝑡 − 5𝑡2 𝑡 = 𝑡′

𝑋:         𝑥 = 𝑥′ + 𝑣𝑡 = 0 + (30
𝑚

𝑠
) ⋅ 𝑡 = 30 𝑡

𝐹⃗ = 𝑚𝑎⃗    ⇔  −𝑘(𝑥 − 𝑥0) = 𝑚
𝑑2𝑥

𝑑𝑡2

𝑥 = 𝑥′ + 𝑣𝑡; 𝑥0 = 𝑥0
′ + 𝑣𝑡;

𝑑2𝑥

𝑑𝑡2
=

𝑑2𝑥′

𝑑𝑡′2 ; 𝑡 = 𝑡′

−𝑘(𝑥′ + 𝑣𝑡 − 𝑥0
′ − 𝑣𝑡) = 𝑚

𝑑2𝑥′

𝑑𝑡′2   ⇔  −𝑘(𝑥′ − 𝑥0
′ ) = 𝑚

𝑑2𝑥′

𝑑𝑡′2



𝜕2Φ

𝜕𝑥2 +
𝜕2Φ

𝜕𝑦2 +
𝜕2Φ

𝜕𝑧2 −
1

𝑐2

𝜕2Φ

𝜕𝑡2 = 0

𝑅′.

𝑅(𝑥, 𝑦, 𝑧, 𝑡) 𝑅′(𝑥′, 𝑦′, 𝑧′, 𝑡′)

𝑉 𝑥 𝑅
𝑥′ = 𝑥 − 𝑉𝑡   (1) 
𝑦′ = 𝑦             (2) 
𝑧′ = 𝑧             (3)  
𝑡′ = 𝑡              (4)

𝑅, 𝑥, 𝑦, 𝑧 𝑡 𝜙(𝑥, 𝑦, 𝑧, 𝑡) 𝑅′,

𝜙′(𝑥′, 𝑦′, 𝑧′, 𝑡′)

𝑅′, (𝑥′, 𝑦′, 𝑧′, 𝑡′).

𝜙(𝑥, 𝑦, 𝑧, 𝑡) = 𝜙′(𝑥′, 𝑦′, 𝑧′, 𝑡′)

𝜕2Φ(𝑥, 𝑦, 𝑧, 𝑡)

𝜕𝑥2
=

𝜕

𝜕𝑥
(

𝜕Φ(𝑥, 𝑦, 𝑧, 𝑡)

𝜕𝑥
) =

(5) 𝜕

𝜕𝑥
(

𝜕Φ′(𝑥′, 𝑦′, 𝑧′, 𝑡′)

𝜕𝑥
)

𝑥′ = 𝑥′(𝑥, 𝑦, 𝑧, 𝑡); 𝑦′ =

𝑦′(𝑥, 𝑦, 𝑧, 𝑡) ; 𝑧′ = 𝑧′(𝑥, 𝑦, 𝑧, 𝑡) ;  𝑡′ = 𝑡′(𝑥, 𝑦, 𝑧, 𝑡)

𝜕

𝜕𝑥
=

𝜕

𝜕𝑥′

𝜕𝑥′

𝜕𝑥
+

𝜕

𝜕𝑦′

𝜕𝑦′

𝜕𝑥
+

𝜕

𝜕𝑧′

𝜕𝑧′

𝜕𝑥
+

𝜕

𝜕𝑡′

𝜕𝑡′

𝜕𝑥
(6)

𝜕𝑥′

𝜕𝑥
=
(1)

1
𝜕𝑦′

𝜕𝑥
=
(2)

0
𝜕𝑧′

𝜕𝑥
=
(3)

0
𝜕𝑡′

𝜕𝑥
=
(4)

0
𝜕

𝜕𝑥
=

𝜕

𝜕𝑥′

𝜕2

𝜕𝑥2
=

𝜕2

𝜕𝑥′2

𝑦 𝑧, 𝑦 = 𝑦′ 𝑧 = 𝑧′

𝜕2

𝜕𝑦2
=

𝜕2

𝜕𝑦′2    𝑒𝑡  
𝜕2

𝜕𝑧2
=

𝜕2

𝜕𝑧′2

𝜕2Φ

𝜕𝑥2
+

𝜕2Φ

𝜕𝑦2
+

𝜕2Φ

𝜕𝑧2
=

𝜕2Φ′

𝜕𝑥′2 +
𝜕2Φ′

𝜕𝑦′2 +
𝜕2Φ′

𝜕𝑧′2

1

𝑐2

𝜕2Φ

𝜕𝑡2

𝑡 :

𝜕

𝜕𝑡
=

𝜕

𝜕𝑥′

𝜕𝑥′

𝜕𝑡
+

𝜕

𝜕𝑦′

𝜕𝑦′

𝜕𝑡
+

𝜕

𝜕𝑧′

𝜕𝑧′

𝜕𝑡
+

𝜕

𝜕𝑡′

𝜕𝑡′

𝜕𝑡



𝜕𝑦′

𝜕𝑡
=

𝜕𝑧′

𝜕𝑡
=

(2)𝑒𝑡 (3)
0

𝜕𝑡′

𝜕𝑡
=
(4)

1 ;  
𝜕𝑥′

𝜕𝑡
= −𝑉

𝜕

𝜕𝑡
= −𝑉

𝜕

𝜕𝑥′
+

𝜕

𝜕𝑡′

𝜕2

𝜕𝑡2.

𝜕2

𝜕𝑡2
=

𝜕

𝜕𝑡
(

𝜕

𝜕𝑡
) =

𝜕

𝜕𝑡
(−𝑉

𝜕

𝜕𝑥′
+

𝜕

𝜕𝑡′
) =

𝜕

𝜕𝑡
(−𝑉

𝜕

𝜕𝑥′
) +

𝜕

𝜕𝑡
(

𝜕

𝜕𝑡′
)

𝑎)  
𝜕

𝜕𝑡
(−𝑉

𝜕

𝜕𝑥′
) =

𝑉 𝑒𝑠𝑡 𝑐𝑠𝑡𝑒
− 𝑉

𝜕

𝜕𝑡
(

𝜕

𝜕𝑥′
) = −𝑉 [−𝑉

𝜕

𝜕𝑥′
(

𝜕

𝜕𝑥′
) +

𝜕

𝜕𝑡′
(

𝜕

𝜕𝑥′
)] = 𝑉2

𝜕2

𝜕𝑥′2 − 𝑉
𝜕2

𝜕𝑡′𝜕𝑥′

𝑏)  
𝜕

𝜕𝑡
(

𝜕

𝜕𝑡′
) =  −𝑉

𝜕

𝜕𝑥′
(

𝜕

𝜕𝑡′
) +

𝜕

𝜕𝑡′
(

𝜕

𝜕𝑡′
) = −𝑉

𝜕2

𝜕𝑥′𝜕𝑡′
+

𝜕2

𝜕𝑡′2

𝜕2

𝜕𝑡2 =
𝜕

𝜕𝑡
(−𝑉

𝜕

𝜕𝑥′) +
𝜕

𝜕𝑡
(

𝜕

𝜕𝑡′) = 𝑉2 𝜕2

𝜕𝑥′
2 − 𝑉

𝜕2

𝜕𝑡′𝜕𝑥′
− 𝑉

𝜕2

𝜕𝑥′𝜕𝑡′ +
𝜕2

𝜕𝑡′2 

= 𝑉2
𝜕2

𝜕𝑥′2 − 2𝑉
𝜕2

𝜕𝑡′𝜕𝑥′
+

𝜕2

𝜕𝑡′2

𝑅
𝜕2Φ

𝜕𝑥2 +
𝜕2Φ

𝜕𝑦2 +
𝜕2Φ

𝜕𝑧2 −
1

𝑐2

𝜕2Φ

𝜕𝑡2 = 0 𝑅’

𝜕2Φ′

𝜕𝑥′2 +
𝜕2Φ′

𝜕𝑦′2 +
𝜕2Φ′

𝜕𝑧′2 −
1

𝑐2
(𝑉2

𝜕2Φ′

𝜕𝑥′2 − 2𝑉
𝜕2Φ′

𝜕𝑡′𝜕𝑥′
+

𝜕2Φ′

𝜕𝑡′2 ) = 0

⇔ (1 −
𝑉2

𝑐2
)

𝜕2Φ′

𝜕𝑥′2 +
𝜕2Φ′

𝜕𝑦′2 +
𝜕2Φ′

𝜕𝑧′2 −
1

𝑐2

𝜕2Φ′

𝜕𝑡′2 +
2𝑉

𝑐2

𝜕2Φ′

𝜕𝑡′𝜕𝑥′
= 0

(1 −
𝑉2

𝑐2)
𝜕2Φ′

𝜕𝑥′2

2𝑉

𝑐2

𝜕2Φ′

𝜕𝑡′𝜕𝑥′
 



𝑥′, 𝑡′) =

 (6𝑚, 2𝑠)

𝑥 = 𝑣𝑡 = 18 ∗ 2 = 36 𝑚.

𝑥 = 36𝑚 + 6𝑚 = 42𝑚.

𝑂, (𝑥, 𝑡) = (42𝑚, 2𝑠)

𝑢 = 𝑢′ + 𝑣

𝑢 𝑣

𝑢′,

𝑢′ = 𝑢 − 𝑣 = 40
ℎ𝑚

ℎ
− 16

𝑘𝑚

ℎ
= 24

𝑘𝑚

ℎ

𝑢 = 𝑢′ + 𝑣

𝑢′ = 40𝑘𝑚/ℎ 𝑣 = 160 𝑘𝑚/ℎ

⇒ 𝑢 = 𝑢′ + 𝑣 = 40
𝑘𝑚

ℎ
+ 160

𝑘𝑚

ℎ
= 200 𝑘𝑚/ℎ 

𝑢 = 𝑢′ + 𝑣

𝑢′ = −4 𝑘𝑚/ℎ 𝑣 =

120 𝑘𝑚/ℎ

⇒ 𝑢 = 𝑢′ + 𝑣 = −4
𝑘𝑚

ℎ
+ 120

𝑘𝑚

ℎ
= 116 𝑘𝑚/ℎ 



(𝑥′, 𝑡′) = (−250 𝑚, 2 min)

𝑥 = 𝑣𝑡 =
60 000𝑚

60 min
⋅ 2 = 2000 𝑚.

2000 𝑚 −  250 𝑚 = 1750 𝑚

(𝑥, 𝑡) = (1750𝑚, 2min)

20 𝑚/𝑠

𝑥 = 𝑣 ⋅ 𝑡 = 20
𝑚

𝑠
⋅ 6000 𝑠 = 12 000 𝑚 = 12 𝑘𝑚

𝑚1 = 1𝑘𝑔 ; 𝑢1 = 3
𝑚

𝑠
 ; 𝑚2 = 1 𝑘𝑔 ; 𝑢2 = 0

𝑚

𝑠

𝑃 = 𝑚1𝑣1 + 𝑚2𝑣2 = (1) ⋅ (3) + (1) ⋅ (0) = 3 𝑘𝑔 ⋅
𝑚

𝑠

3 𝑘𝑔 ⋅ 𝑚/𝑠

 𝐸𝑇 =
𝑚1𝑣1

2

2
+

𝑚1𝑣1
2

2
=

1⋅(3)2

2
+ 0 = 4,5 𝐽

4,5 𝐽

 𝑣 = 1,5
𝑚

𝑠
.

𝑢1 = 3
𝑚

𝑠
 ; 𝑢2 = 0

𝑚

𝑠
𝑣 = 1,5

𝑚

𝑠

𝑢1 = 𝑢1
′ + 𝑣 ⇒ 𝑢1

′ = 𝑢1 − 𝑣 = 3
𝑚

𝑠
− 1,5

𝑚

𝑠
= 1,5

𝑚

𝑠

𝑢2 = 𝑢2
′ + 𝑣 ⇒ 𝑢2

′ = 𝑢2 − 𝑣 = 0
𝑚

𝑠
− 1,5

𝑚

𝑠
= −1,5

𝑚

𝑠



𝑃 = 𝑚1𝑢′
1 + 𝑚2𝑢′

2 = (1) ⋅ (1,5) + (1) ⋅ (−1,5) = 0 𝑘𝑔 ⋅
𝑚

𝑠
 !

𝑚1 1,5 𝑚/𝑠

𝑚2 1,5
𝑚

𝑠
.

𝑚1𝑚2 !

𝐸′
𝑇 =

𝑚1𝑢1
′ 2

2
+

𝑚1𝑢1
′ 2

2
=

1 ⋅ (1,5)2

2
+

1 ⋅ (−1,5)2

2
= 𝟐, 𝟐𝟓 𝑱

 

𝑢 = 𝑢′ + 𝑣 ⇒ 𝑢′ = 𝑢 − 𝑣

𝑢1 = (3,0) 𝑚1 3 𝑚/𝑠 𝑋 0
𝑚

𝑠
 .

𝑢2 = (0,0) 𝑚2

𝑣 = (0, −2) 2
𝑚

𝑠

  𝒖𝟏
′ = 𝑢1 − 𝑣 = (3,0) − (0, −2) = (𝟑, 𝟐)

𝒎

𝒔
 

𝒖𝟐
′ = 𝑢2 − 𝑣 = (0,0) − (0, −2) = (𝟎, 𝟐)

𝒎

𝒔
𝑷(𝒙, 𝒚)⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗ = 𝑚1𝑢1

′ + 𝑚2𝑢2
′ = 1(3,2) + 1(0,2) = (3,2) + (0,2) = (3,4)

|𝑃⃗⃗| = √32 + 42 = 5 𝑘𝑔
𝑚

𝑠

𝐸𝑇
′ =

𝑚1𝑢1
′ 2

2
+

𝑚1𝑢2
′ 2

2
=

(1)𝑢1
′ 2

2
+

(1)𝑢2
′ 2

2
=

𝑢1
′ 2

2
+

𝑢2
′ 2

2
𝑢1

′ = (3,2)
𝑚

𝑠
 ⇒ 𝑢1

′ 2
= 32 + 22 = 13 𝑢2

′ = (0,2)
𝑚

𝑠
⇒ 𝑢2

′ 2
= 02 + 22 = 4

 

𝐸𝑇
′ =

𝑢1
′ 2

2
+

𝑢2
′ 2

2
=

13

2
+

4

2
=

17

2
= 𝟖, 𝟓 𝑱



𝑡 = 0)

5 𝑚/𝑠

𝑥 = 5
𝑚

𝑠
⋅ 6 = 𝑉 ⋅ 𝑡 = 30 𝑚.

6 𝑠

𝑋′, 𝑌′

𝑥′ = −30 𝑚 ; 𝑦′ = 50 𝑚 ; 𝑡 = 6 𝑠

𝑢1 𝑢2 𝑚1 𝑚2 𝑢′
1 𝑢′

2

𝑚1 𝑚2

𝑚1𝑢1 + 𝑚2𝑢2 = 𝑚1𝑢1
′ + 𝑚2𝑢2

′                  (1)

1

2
𝑚1𝑢1

2 +
1

2
𝑚2𝑢2

2 =
1

2
𝑚1𝑢′

1
2

+
1

2
𝑚1𝑢′

2
2(2)

𝑤1 𝑤2 𝑚1 𝑚2 𝑤′
1 𝑤′

2

𝑚1 𝑚2

𝑉, 

𝑢1 = 𝑉 + 𝑤1  ⇒ 𝑤1 = 𝑢1 − 𝑉 𝑤2 = 𝑢2 − 𝑉 ; 𝑤′
1 = 𝑢′

1 − 𝑉 𝑤′
2 = 𝑢′

2 − 𝑉

𝐸𝑐
′(𝑎𝑣𝑎𝑛𝑡) =

1

2
𝑚1𝑤1

2 +
1

2
𝑚2𝑤2

2 =
1

2
𝑚1(𝑢1 − 𝑉)2 +

1

2
𝑚2(𝑢2 − 𝑉)2 

=
1

2
𝑚1𝑢1

2 − 𝑚1𝑢1𝑉 +
1

2
𝑚1𝑉2 +

1

2
𝑚2𝑢2

2 − 𝑚2𝑢2𝑉 +
1

2
𝑚2𝑉2 

=
1

2
𝑚1𝑢1

2 +
1

2
𝑚2𝑢2

2 − 𝑉(𝑚1𝑢1 + 𝑚2𝑢2) +
1

2
𝑉2(𝑚1 + 𝑚2)



𝐸𝑐
′(𝑎𝑝𝑟è𝑠) =

1

2
𝑚1𝑤′

1
2

+
1

2
𝑚2𝑤′

2
2

=
1

2
𝑚1(𝑢′

1 − 𝑉)2 +
1

2
𝑚2(𝑢′

2 − 𝑉)2 

=
1

2
𝑚1𝑢′

1
2

− 𝑚1𝑢′
1𝑉 +

1

2
𝑚1𝑉2 +

1

2
𝑚2𝑢′

2
2

− 𝑚2𝑢′
2𝑉 +

1

2
𝑚2𝑉2 

=
1

2
𝑚1𝑢′

1
2

+
1

2
𝑚2𝑢′

2
2

− 𝑉(𝑚1𝑢′
1 + 𝑚2𝑢′

2) +
1

2
𝑉2(𝑚1 + 𝑚2)

1

2
𝑚1𝑢1

2 +
1

2
𝑚2𝑢2

2 =
1

2
𝑚1𝑢′

1
2

+
1

2
𝑚2𝑢′

2
2

𝑚1𝑢1 + 𝑚2𝑢2 = 𝑚1𝑢1
′ + 𝑚2𝑢2

′  

𝐸𝑐
′(𝑎𝑣𝑎𝑛𝑡) 𝐸𝑐

′(𝑎𝑝𝑟è𝑠)


