


 

2,74 × 1012  𝑚 3,00 × 1012 𝑚

 

�⃗�𝑇 𝐼𝑆𝑆⁄

 



 

 

 

 𝑇

 𝑣 𝑟

 

𝑟𝑝 = 9,38 × 103 𝑘𝑚

𝑇𝑃 =  0,32  𝑗 𝑇𝐷 = 1,26 𝑗

𝑟𝐷

 

 



 

 𝑀1 𝑀1
′ 𝑀2 𝑀2

′

𝐴1 𝐴2

 

𝑇𝐻 =

 



𝑣𝑇 =  √
𝐺 ⋅ 𝑀𝑆

𝑟𝑇

𝐺 = 6,67 × 10−11 𝑚3 · 𝑘𝑔−1 · 𝑠−2

𝑟𝑇 = 1,22 × 106 𝑘𝑚

𝑅𝑆 = 5,8 × 104 𝑘𝑚 

𝑀𝑆 = 5,69 × 1026 𝑘𝑔

 

𝑉𝐼𝑆𝑆 = 27600 𝑘𝑚 ℎ−1

𝑅𝑇 = 6370 𝑘𝑚

 



𝑎𝑠⃗⃗ ⃗⃗ 𝑆

𝑎𝑠 = 𝐺 ⋅
𝑀𝑇

𝑟2

 

1 440 𝑚𝑖𝑛 100 𝑚𝑖𝑛

 



𝑇𝐸 =

557 𝑎 𝑇𝑃 = 248 𝑎 

 

𝑟𝐼0
= 4,0 × 105 𝑘𝑚

𝑇𝐼0
= 1,5 𝑗

 

𝑅 = 470 𝑘𝑚

ℎ = 13 500 𝑘𝑚 15 𝑗

𝑇2

𝑅3
=

4𝜋2

𝐺 ⋅ 𝑀𝐶

𝑇

𝑟

𝐺 𝐺 = 6,67 × 10−11𝑚3 · 𝑘𝑔−2 · 𝑠−2

𝑀𝐶



 

𝑟𝐻

= 3,45 𝑢. 𝑎 6,398 𝑎

1 𝑢. 𝑎. = 1,5 × 108 𝑘𝑚

 𝑇2 = 𝑓(𝑅3)
𝑇2

𝑅3 = 3,0 × 10−19 𝑠2  · 𝑚−3

 
𝑇2

𝑅3 

 

2,52 𝑢. 𝑎

4,01 𝑎

𝑇2

𝑅3

𝑇2 = 𝑓(𝑅3)



1 𝑢. 𝑎. = 1,5 × 108 𝑘𝑚

 

𝑻(𝒋) 𝒓(𝑘𝑚)

4,22 × 105

6,71 × 105

3,55 × 105

1,88 × 106

 

𝑟𝑇𝑟𝑖 = 3,547 × 105 𝑘𝑚

𝑎𝑁𝑒𝑟 5 513 × 103



𝑣𝑇𝑟𝑖 = √
𝐺⋅𝑀𝑁𝑒𝑝

𝑟𝑇𝑟𝑖
 

• 𝐺 = 6,67 × 10−11 𝑚3 · 𝑘𝑔−1 · 𝑠−2

• 𝑀𝑁𝑒𝑝 = 1,025 × 1026 𝑘𝑔

• 𝑀𝑇𝑟𝑖 = 2,15 × 1022 𝑘𝑔

• 𝑀𝑁𝑒𝑟 = 3,1 × 1019 𝑘𝑔

• 𝑇𝑇𝑟𝑖 = 5 𝑗 21 ℎ

 

𝑣2 = 𝐺 ⋅
𝑀𝑇

𝑅𝑇+ℎ

𝑇

𝑇 𝐺, 𝑀𝑇 , 𝑅𝑇   ℎ.

 

𝑀1 𝑀1
′  𝑀2 𝑀2

′



 

𝐹1, 𝐹2, 

 𝑀1𝑀1′ 𝑀2𝑀2′

 

 

𝑣2 =
𝐺⋅𝑀𝑆

𝑟

 

ℎ =  225 𝑘𝑚



𝑣 = √
𝐺⋅𝑀𝑇

𝑅𝑇+ℎ

• 𝐺 =  6,67 × 10−11 𝑚3 · 𝑘𝑔−1 · 𝑠−2

• 𝑅𝑇 = 6 370 𝑘𝑚

• 𝑀𝑇 = 5,97 1024 𝑘𝑔 

 

 



𝑎𝑆⃗⃗⃗⃗⃗

𝑣𝑆 = √
𝐺⋅𝑀𝑇

𝑅𝑇+ℎ

ℎ

• 𝐺 =  6,67 × 10−11 𝑚3 · 𝑘𝑔−1 · 𝑠−2

• 𝑚𝑆 = 400 𝑘𝑔

• 𝑣𝑆 = 7,47 𝑘𝑚 · 𝑠−1

• 𝑇𝑇 = 23,93 ℎ

• 𝑅𝑇 = 6 370 𝑘𝑚

• 𝑀𝑇 = 5,97 × 1024 𝑘𝑔

• 

�⃗�   (

𝑑𝑣

𝑑𝑡
𝑣2

𝑟

)

(𝐺,�⃗⃗�,�⃗⃗⃗�)

 



𝑇 = √
4𝜋2 ⋅ 𝑟3

𝐺 ⋅ 𝑀𝑇

4,22 × 104 8,62 × 104

42,1 × 103 8,58 × 104

7,19 × 103 6,08 × 103

7,70 × 103 6,74 × 103

 

 

𝑇2

𝐷3
=

4𝜋2

𝐺 ⋅ 𝑀𝑇

𝜀 

• 𝑇 = 656 ℎ



• 𝑀𝑇 = 5,97 × 1024 𝑘𝑔

• 𝐺 =  6,67 × 10−11 𝑚3 · 𝑘𝑔−1 · 𝑠−2

• 𝑎 = 406 300 𝑘𝑚

• 𝑏 = 356 700 𝑘𝑚

 

𝑇𝐸 =
557 𝑎𝑛𝑠.

𝑟𝐷 = 3,60 107𝑚 𝑇𝐷 = 15,0 𝑗 = 1,30 × 106 𝑠 

 

 

𝑇𝑃 = 248 𝑎.

 𝑎𝐷⃗⃗ ⃗⃗ ⃗

 𝑎𝐷⃗⃗ ⃗⃗ ⃗

 

𝑇𝐷 =  2𝜋√
𝑟𝐷

3

𝐺 ⋅ 𝑀𝐸

 𝑀𝐸 𝑀𝑃 = 1,31 1022 𝑘𝑔

 



 

 

 

 

 

• 𝐺 = 6,67 × 10−11 𝑚3 ⋅  𝑘𝑔−1 ⋅ 𝑠−2

• 𝑅𝑆𝑜𝑙𝑒𝑖𝑙 = 7,0 × 105𝑘𝑚 

• 𝑀𝑆𝑜𝑙𝑒𝑖𝑙 = 2,0 × 1030 𝑘𝑔

• 𝑉 =
4

3
𝜋𝑟3

 



 

𝐹𝑇 𝑆⁄
⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗⃗

 

 

𝑀𝑇𝑒𝑟𝑟𝑒 ℎ 𝑅𝑇𝑒𝑟𝑟𝑒

 

 

𝑣 = √
𝐺 ⋅ 𝑀𝑇𝑒𝑟𝑟𝑒

𝑅𝑇𝑒𝑟𝑟𝑒 + ℎ

 𝑘𝑚 · 𝑠−1

 𝑣 𝑅𝑇𝑒𝑟𝑟𝑒

ℎ

 

 

 𝐾

𝐺 𝑀𝑇𝑒𝑟𝑟𝑒

 



• 𝐺 = 6,67 × 10−11 𝑚3 ⋅  𝑘𝑔−1 ⋅ 𝑠−2

• 𝑚 = 8 200 𝑘𝑔

• ℎ = 800 𝑘𝑚

• 𝑀𝑇𝑒𝑟𝑟𝑒 = 5,97 × 1024 𝑘𝑔

• 𝑅𝑇𝑒𝑟𝑟𝑒 = 6,38 × 103 𝑘𝑚

• 𝑇𝑇𝑒𝑟𝑟𝑒 = 1 436

 

 

 

 𝑣𝑆

 

𝑇𝑆
2

(𝑅𝑇𝑒𝑟𝑟𝑒 + ℎ𝑆)3
=

𝑇𝐼𝑆𝑆
2

(𝑅𝑇𝑒𝑟𝑟𝑒 + ℎ𝐼𝑆𝑆)3

 𝑣𝐼𝑆𝑆



𝑣2 < 𝑣1

• 𝑀𝑇𝑒𝑟𝑟𝑒 = 5,97 × 1024 𝑘𝑔

• 𝑅𝑇𝑒𝑟𝑟𝑒 = 6,38 × 103 𝑘𝑚

• 𝑇𝑇𝑒𝑟𝑟𝑒 = 1 436

• ℎ𝑆 = 220 𝑘𝑚

• 𝑇𝑆 = 88,66 𝑚𝑖𝑛

• ℎ𝑆 = 320 𝑘𝑚

• ℎ𝐼𝑆𝑆 = 400  𝑘𝑚

• 𝑚𝐼𝑆𝑆 = 400 × 103 𝑘𝑔

 



• 𝐺 = 6,67 × 10−11 𝑚3 ⋅  𝑘𝑔−1 ⋅ 𝑠−2

• 𝑀𝑆 = 1,99 × 1030 𝑘𝑔

• 𝑀𝑇 =

• 

• 

 

• 𝐺 = 6,67 × 10−11 𝑚3 ⋅  𝑘𝑔−1 ⋅ 𝑠−2

• 𝑀𝑀𝑎𝑟𝑠 = 6,42 × 1023 𝑘𝑔

• 𝑅𝑀𝑎𝑟𝑠 = 3,39 × 103 𝑘𝑚

• 𝑎𝑀𝑎𝑟𝑠 = 2,28 × 1011 𝑚

• 𝑇𝑀𝑎𝑟𝑠 = 24,6 ℎ

• 𝑇𝑀𝑎𝑟𝑠 = 687 𝑗

 

𝑇2

𝑟3
=

4𝜋2

𝐺𝑀
= 𝑐𝑠𝑡𝑒 



𝑟 =

 42 164 𝑘𝑚 𝑇𝐺 = 86164 𝑠 𝑀𝑇

𝑟𝐷 𝑇𝐷 =  30 ℎ 18 𝑚𝑖𝑛

• 𝐺 = 6,67 × 10−11 𝑚3 ⋅  𝑘𝑔−1 ⋅ 𝑠−2

• 𝑅𝑇𝑒𝑟𝑟𝑒 = 6,38 × 103 𝑘𝑚
• 𝑔0 = 9,8 𝑚/𝑠2

 

ℎ =  600 𝑘𝑚

𝐻 𝑚 =  12103 𝑘𝑔

ℎ𝐺 =  35 800 𝑘𝑚.

𝑚 𝑔0 𝑅𝑇 ℎ

𝑔0

ℎ = ℎ𝐻  =  600 𝑘𝑚.

𝑅𝑇 𝑔0 𝑒𝑡 ℎ

𝑚/𝑠 𝑒𝑡 𝑒𝑛 𝑘𝑚/ℎ ℎ =  ℎ𝐻 𝑘𝑚

𝑇



• 𝐺 = 6,67 × 10−11 𝑚3 ⋅  𝑘𝑔−1 ⋅ 𝑠−2

• 𝑅𝑇𝑒𝑟𝑟𝑒 = 6,38 × 103 𝑘𝑚
• 𝑔0 = 9,8 𝑚/𝑠2

 

𝑧 = 705 𝑘𝑚 

𝑚𝑠𝑎𝑡 = 2 𝑡𝑜𝑛𝑛𝑒𝑠

𝑟𝑇

 

𝐸𝑝 = −
𝐺 ⋅ 𝑀𝑇 ⋅ 𝑚𝑆𝑎𝑡

𝑟

• 𝑀𝑇𝑒𝑟𝑟𝑒 = 5,97 × 1024 𝑘𝑔

• 𝐺 = 6,67 × 10−11 𝑚3 ⋅  𝑘𝑔−1 ⋅ 𝑠−2

• 𝑅𝑇𝑒𝑟𝑟𝑒 = 6,38 × 103 𝑘𝑚
• 𝑔 = 9,8 𝑚/𝑠2

 



ℎ = 7,8.105 𝑚

𝑀𝑇

𝑟𝑇

�⃗⃗⃗�𝑂𝑆

𝑔(ℎ) 𝐺 𝑀𝑇 𝑟𝑇 ℎ

𝑔 ℎ 𝑔 
𝑅𝑇

2

(𝑟𝑇+ℎ)2

𝑔 𝑟𝑇 ℎ 𝑇 𝜔

𝑉, 𝑇 𝜔

𝑇’

𝑇0 = 8,64 × 104 𝑠.

ℎ0 =

780 𝑘𝑚

ℎ𝑖+1 (𝑖 +  1)è𝑚𝑒 

ℎ𝑖 𝑖è𝑚𝑒

ℎ𝑛 ℎ0

400 𝑘𝑚



 

𝑀  𝑟

𝐺, 𝑀, 𝑚  𝑟

𝜔2𝑟3  =  𝐺𝑀

𝑀 =  5.98 1024

 

𝑀 =

 2,041. 106𝑘𝑔

𝐹 =  3,24. 107𝑁 𝑔

ℎ =  296𝑘𝑚

6,968. 104 𝑘𝑔

𝑔(ℎ) = 𝑔 (
𝑅𝑇

𝑟𝑇+ℎ
)

2



𝑣 = √𝑔(ℎ) ⋅ (𝑟𝑇 + ℎ)

𝑡 = 7ℎ07𝑚𝑖𝑛

69,68. 103𝑘𝑔

𝑇1 𝑇2

𝑇1 𝑇2

 

𝑀𝑇 𝑟𝑇

𝑚𝑆

𝑔(ℎ)  𝑀𝑇 𝑟𝑇 ℎ

G 𝑟𝑇 ℎ 𝑔0. 

𝑣𝑆 𝑔 𝑟𝑇 ℎ

𝑇𝑆

𝑣𝑆 𝑇𝑆

𝑔 =  9,8 𝑚. 𝑠−2 ;  ℎ =  200 𝑘𝑚 𝑟𝑇 =  6400 𝑘𝑚.

𝐷𝑎𝑡𝑒 𝐴𝑙𝑡𝑖𝑡𝑢𝑑𝑒(𝑒𝑛 𝑘𝑚)  𝑉𝑖𝑡𝑒𝑠𝑠𝑒(𝑒𝑛 𝑚/𝑠) 

𝑇1 𝑡 𝑚𝑖𝑛 54,86 1475 

𝑇2 𝑡 𝑚𝑖𝑛 11,58  223,5 



𝑟 =  𝑟𝑇  +  ℎ

𝑀𝑇  =  5,98 × 1024𝑘𝑔

 

𝑣

𝑇2

𝑟3

𝑟 =  185500 𝑘𝑚 

𝑇

𝑆′ 𝑇′ =  108,4 ℎ𝑒𝑢𝑟𝑒𝑠

𝑟′

 



𝑅𝑇

𝑔0 𝑟𝑇 ℎ

𝑣𝑆 

 𝐴  𝑚𝑆  =  1020 𝑘𝑔, 𝑅𝑇 = 6400𝑘𝑚  ℎ =  400𝑘𝑚

𝐸𝑝 = −
𝐺 𝑚𝑆𝑚𝑇

𝑅𝑇 + ℎ
 

𝐺 𝑚𝑇 𝐸𝑃 =  0

 𝐸𝑃 𝑚𝑆 𝑅𝑇 𝑔0 ℎ

 𝐸

𝐸𝑃 𝐸𝐶 𝑒𝑡 𝐸 𝐸𝐶

∆𝐸 = + 5. 108 𝐽

 

𝑟 𝑂 �⃗�  =  −
𝐺𝑀

𝑟2 �⃗⃗�

�⃗⃗� =
𝑂𝐴⃗⃗⃗⃗⃗⃗⃗

𝑂𝐴

𝑣 𝑆 𝑔0, 𝑅 𝑟.

𝑟 =  8000 𝑘𝑚



𝑑𝑤 = 𝑓 ⋅ 𝑑𝑟⃗⃗⃗⃗⃗

𝑓

𝑟 𝑊 = 𝑚𝑔0𝑅2 (
1

𝑟
−

1

𝑅
).

𝑔0, 𝑚, 𝑟 𝑅.

𝑆 𝑔0, 𝑚, 𝑟 𝑅.

𝑑𝑟

𝑑𝑣 =  −
𝜋

𝑇
𝑑𝑟. 

 

𝑁2𝑂4

𝑇

𝑇 =  2445 𝑘𝑁

965 𝑘𝑔

𝑔 𝑒𝑠𝑡 𝑔0  =  9,8 𝑚. 𝑠−2

𝑚

𝑚1



𝑎1

𝑚2 𝑚2

𝑎2

�⃗�𝑒

�⃗�𝑒 =
Δ𝑡

Δ𝑚
⋅ �⃗⃗�

où 
Δ𝑡

Δ𝑚

 𝑣𝑒

𝑣𝑒

 
Δ𝑡

Δ𝑚
�⃗�𝑒

 

𝑆 𝑚𝑆

𝑟 𝑀𝑇 𝑅𝑇 𝑂

𝑎 

𝑟 𝑣

𝐺 

𝑆 ℎ 𝑟 =  𝑅 +  ℎ

�⃗�𝑆

�⃗�𝑆 = 𝑚𝑆�⃗�(ℎ)

𝑔(ℎ)

 𝑔(ℎ) 𝑀𝑇 , 𝑅𝑇 , ℎ 𝐺 𝑔(ℎ) 𝑅𝑇 , ℎ 

𝑔0 = 𝑔(0)

𝑣𝑠 𝑔0 𝑅𝑇

ℎ 𝑇𝑆

𝑣𝑆 𝑇𝑆

𝑔0  =  9,8 𝑚. 𝑠−2 ;  ℎ =  200 𝑘𝑚  𝑅𝑇  =   6400 𝑘𝑚.



 



 



 

 

 

 𝑟 = 𝑅𝑇𝑒𝑟𝑟𝑒 + ℎ

 

�⃗�𝑇 𝐼𝑆𝑆⁄ = 𝐺 ⋅
𝑀𝑇 ⋅ 𝑀𝐼𝑆𝑆

(𝑅𝑇𝑒𝑟𝑟𝑒 + ℎ)2

• �⃗�𝑇 𝐼𝑆𝑆⁄

• 𝑀𝑇 𝑀𝐼𝑆𝑆

• 𝑅𝑇𝑒𝑟𝑟𝑒 ℎ

• 𝐺 𝑁 ⋅ 𝑚2 ⋅ 𝑘𝑔−2 (= 6,67 × 10−11 𝑁 ⋅ 𝑚2 ⋅ 𝑘𝑔−2)

 



 

 

 v =
x

t
x

r, x = 2πr t, T,

𝒗 =
𝟐𝝅𝒓

𝑻

 r′ =
r

4
v′ =

2πr′

T
𝑇

v′ =
2πr

4 T
(=

πR

2T
) 

v r

 



 

 

𝑇𝑃ℎ𝑜𝑏𝑜𝑠
2

𝑎𝑃ℎ𝑜𝑏𝑜𝑠
3 = 𝑘

 

𝑇𝐷𝑒𝑖𝑚𝑜𝑠
2

𝑎𝐷𝑒𝑖𝑚𝑜𝑠
3 = 𝑘

𝑇𝑃ℎ𝑜𝑏𝑜𝑠
2

𝑎𝑃ℎ𝑜𝑏𝑜𝑠
3 =

𝑇𝐷𝑒𝑖𝑚𝑜𝑠
2

𝑎𝐷𝑒𝑖𝑚𝑜𝑠
3

𝑇𝑃ℎ𝑜𝑏𝑜𝑠
2

𝑟𝑃ℎ𝑜𝑏𝑜𝑠
3 =

𝑇𝐷𝑒𝑖𝑚𝑜𝑠
2

𝑟𝐷𝑒𝑖𝑚𝑜𝑠
3  ⇒  𝑟𝐷𝑒𝑖𝑚𝑜𝑠

3 = 𝑟𝑃ℎ𝑜𝑏𝑜𝑠
3 ⋅

𝑇𝐷𝑒𝑖𝑚𝑜𝑠
2

𝑇𝑃ℎ𝑜𝑏𝑜𝑠
2  ⇒ 𝑟𝐷 = √(𝑟𝑃ℎ𝑜𝑏𝑜𝑠

3 ⋅
𝑇𝐷𝑒𝑖𝑚𝑜𝑠

2

𝑇𝑃ℎ𝑜𝑏𝑜𝑠
2 )

3

𝒓𝑫 = √((9,38 ⋅ 106𝑚)3 ⋅ (
1,26 𝑗

0,32 𝑗
)

2

)
3

= 2,3389 107𝑚 = 𝟐𝟑 𝟑𝟖𝟗 𝒌𝒎

 

𝑑�⃗�/𝑑𝑡

𝒂 =
𝒗𝟐

𝒓
�⃗� = −

𝑣2

𝑟
𝑟

�⃗� 𝑟

 

 



 

𝑀1 à 𝑀1
′

𝑀2 à 𝑀2
′ 𝐴1 𝐴2.

⇒ 𝑨𝟏 = 𝑨𝟐

 

 

 Δ𝑡1 = Δ𝑡2 𝐴1 = 𝐴2.

𝐴1 = 𝐴2

Δ𝑡1 

Δ𝑡1.

 



�⃗�𝑆/𝑇 = 𝐺 ⋅
𝑀𝑆 ⋅ 𝑀𝑇

𝑟𝑇
2 �⃗⃗�

𝑟𝑇

�⃗�𝑆/𝑇 = 𝑀𝑇�⃗�, �⃗� =
�⃗�𝑆/𝑇

𝑀𝑇
=

𝐺⋅
𝑀𝑆⋅𝑀𝑇

𝑟𝑇
2 �⃗⃗�

𝑀𝑇
= 𝑮 ⋅

𝑴𝑺

𝒓𝑻
𝟐 �⃗⃗⃗�

 

 

 

�⃗� = 𝑮 ⋅
𝑴𝑺

𝒓𝑻
𝟐 �⃗⃗⃗� �⃗�𝑇 = 0.

𝑎𝑇 =
𝑑𝑣

𝑑𝑡

𝑑𝑣

𝑑𝑡
= 0 𝑣

𝑎𝑁 =
𝑣𝑇

2

𝑟

𝑎𝑁 = 𝐺 ⋅
𝑀𝑆

𝑟𝑇
2

𝑣𝑇
2

𝑟𝑇
= 𝐺 ⋅

𝑀𝑆

𝑟𝑇
2  ⇔ 𝑣𝑇

2 = 𝐺 ⋅
𝑀𝑆

𝑟𝑇

𝒗𝑻 =  √
𝑮 ⋅ 𝑴𝑺

𝒓𝑻

 

𝒗𝑻 =  √
𝐺 ⋅ 𝑀𝑆

𝑟𝑇
= √

6,67 10−11𝑚3 · 𝑘𝑔−1 · 𝑠−2 ⋅ 5,69 × 1026 𝑘𝑔

1,22 × 109 𝑚
= 𝟓, 𝟓𝟖 ⋅ 𝟏𝟎𝟑 𝒎/𝒔



 

𝑟 = 𝑇𝑇 + 𝑎𝑙𝑡𝑖𝑡𝑢𝑑𝑒 𝑠𝑎𝑡𝑒𝑙𝑙𝑖𝑡𝑒

𝐶𝐼𝑆𝑆 = 2 𝜋 (6370 + 400)𝑘𝑚 = 42537 𝑘𝑚

 

⇒ 𝑣𝐼𝑆𝑆 =
𝐶𝐼𝑆𝑆

𝑇𝐼𝑆𝑆
 ⇒

𝑇𝐼𝑆𝑆 =
𝐶𝐼𝑆𝑆

𝑣𝐼𝑆𝑆

⇒ 𝑻𝑰𝑺𝑺 =
42 537 𝑘𝑚

27600
𝑘𝑚
ℎ

= 1,54 ℎ ≈ 𝟏𝒉𝟑𝟐 𝒎𝒊𝒏 

 

�⃗�𝑇/𝑆 = 𝑚 𝑎𝑆⃗⃗⃗⃗⃗,

𝐹𝑇/𝑆 = 𝐺 ⋅
𝑚⋅𝑀𝑇

𝑟2 �⃗⃗�

𝑚 𝑎𝑆⃗⃗⃗⃗⃗ = 𝐺 ⋅
𝑚 ⋅ 𝑀𝑇

𝑟2
�⃗⃗�  ⇒ 𝑎𝑠 = 𝐺 ⋅

𝑀𝑇

𝑟2
 

 



 

𝑇2 = 𝒦𝑎3
𝑇2

𝑎3 = 𝒦

𝒦

𝑇𝐸
2

𝑎𝐸
3 = 𝒦 =

𝑇𝑃
2

𝑎𝑃
3  ⇒  

𝑇𝐸
2

𝑇𝑃
2 =

𝑎𝐸
3

𝑎𝑃
3  . 𝑇𝐸 = 557 𝑇𝑃 = 248 𝑎 

𝑇𝐸

𝑇𝑃
> 1

𝑇𝐸
2

𝑇𝑃
2 > 1

𝑎𝐸
3

𝑎𝑃
3 > 1 ⇒ 𝑎𝐸

3 > 𝑎𝑃
3  ⇒ 𝑎𝐸 > 𝑎𝑃. 

 

𝑇𝐼𝑜
2

𝑎𝐼𝑜
3 = 𝒦 =

𝑇𝐶
2

𝑎𝐶
3  ⇒  𝑇𝐶

2 = (
𝑎𝐶

𝑎𝐼𝑜
)

3

⋅ 𝑇𝐼𝑜
2

➔ 𝑎𝐶 = 4,5 𝑎𝐼𝑜.

⇒ 𝑇𝐶
2 = (

𝑎𝐶

𝑎𝐼𝑜
)

3

⋅ 𝑇𝐼𝑜
2 = (

4,5 𝑎𝐼𝑜

𝑎𝐼𝑜
)

3

⋅ 𝑇𝐼𝑜
2 = (4,5)3 ⋅ 𝑇𝐼𝑜

2  ⇒ 𝑻𝑪 = √(4,5)3 ⋅ (1,5)2 

= 𝟏𝟒, 𝟑 𝒋𝒐𝒖𝒓𝒔



 

• 𝑅 = 470 𝑘𝑚

• ℎ = 13 500 𝑘𝑚

• 15 𝑗

• 

𝑇2

𝑅3
=

4𝜋2

𝐺 ⋅ 𝑀𝐶

𝑇

𝑟

𝐺 𝐺 = 6,67 × 10−11𝑚3 · 𝑘𝑔−2 · 𝑠−2

𝑀𝐶

𝒎 𝒔

𝑇2

𝑅3
=

4𝜋2

𝐺 ⋅ 𝑀𝐶
 ⇒  𝑀𝐶 =

4𝜋2 ⋅ 𝑅3

𝐺 ⋅ 𝑇2
=

4𝜋2 ⋅ ((470 + 13500)103)3

6,67 10−11 ⋅ (15 × 24 × 3600)2
= 9,61 × 1020 𝑘𝑔. 

 

 

𝑇2 = 𝒦𝑎3
𝑇2

𝑎3 = 𝒦



𝑇2  𝑅3 𝒦

Δ𝑇2

Δ𝑅3.

Δ𝑅3 = 2 1035𝑚3 Δ𝑇2 0,6 1017 𝑠2

𝚫𝑻𝟐

𝚫𝑹𝟑 = 𝒦 =
0,6 1017 𝑠2

2 1035𝑚3 = 𝟑, 𝟎 𝟏𝟎−𝟏𝟗  
𝒔𝟐

𝒎𝟑

 

𝑟𝐻 = 3,45 𝑢. 𝑎 3,45 × 1,5 108 × 103 𝑚
 𝑇 = 6,398 × 365,25 × 24 × 3600 𝑠

⇒
𝑻𝟐

𝒂𝟑
=

(6,398 × 365,25 × 24 × 3600)2

(3,45 × 1,5 108 × 103)3
= 𝟐, 𝟗𝟒 𝟏𝟎−𝟏𝟗𝒔𝟐/𝒎𝟑

 2,94 10−19𝑠2/𝑚3

3,0 10−19  
𝑠2

𝑚3

 

 𝑇2  𝑅3 𝒦

Δ𝑇2

Δ𝑅3.

Δ𝑅3 = 2 1035𝑚3 Δ𝑇2 0,6 1017 𝑠2

𝚫𝑻𝟐

𝚫𝑹𝟑
= 𝒦 =

0,6 1017 𝑠2

2 1035𝑚3
= 𝟑, 𝟎 𝟏𝟎−𝟏𝟗  

𝒔𝟐

𝒎𝟑

2,52 𝑢. 𝑎

4,01 𝑎

• 𝑅 =  2,52 𝑢. 𝑎 = 2,52 × 1,5 × 108 × 103𝑚 = 3,78 × 1011 

• 𝑇 =  4,01 𝑎𝑛𝑛é𝑒𝑠 = 4,04 × 365,25 × 24 × 3600 𝑠 1,27492704 × 108 𝑠



⇒  
𝚫𝑻𝟐

𝚫𝑹𝟑
= 𝒦 =

(1,27492704×108)
2

 𝑠2

(3,78×1011)3 𝑚3
= 𝟑, 𝟎 𝟏𝟎−𝟏𝟗  

𝒔𝟐

𝒎𝟑

 
𝚫𝑻𝟐

𝚫𝑹𝟑

𝚫𝑻𝟐

𝚫𝑹𝟑

 

 

𝑇2 = 𝒦𝑎3
𝑇2

𝑎3 = 𝒦

𝑇2

𝑎3
,

     

 

 

𝐹 =
𝐺 𝑀𝑁𝑒𝑝⋅𝑚𝑇𝑟𝑖

𝑟2

𝐹 = 𝑚𝑇𝑟𝑖 ⋅ 𝑎𝑇𝑟𝑖 

⇒  𝑚𝑇𝑟𝑖 ⋅ 𝑎𝑇𝑟𝑖 =
𝐺 𝑀𝑁𝑒𝑝⋅𝑚𝑇𝑟𝑖 

𝑟2
 ⇔ 𝑎𝑇𝑟𝑖 =

𝐺 𝑀𝑁𝑒𝑝

𝑟2
 

Satellite Période T (j) Période T (s) T² (s²) r (km) r(m) r3  (m3 )  T²/R3

Io 1,8 155520 24186470400 4,22E+05 4,22E+08 7,52E+25 3,22E-16

Europe 3,6 311040 96745881600 6,71E+05 6,71E+08 3,02E+26 3,20E-16

Triton 5,9 509760 2,59855E+11 3,55E+05 3,55E+08 4,47E+25 5,81E-15

Callisto 16,7 1442880 2,0819E+12 1,88E+06 1,88E+09 6,64E+27 3,13E-16



𝑎 =
𝑣2

𝑟

𝑣𝑇𝑟𝑖
2

𝑟
=

𝐺 𝑀𝑁𝑒𝑝

𝑟2  ⇔ 𝑣𝑇𝑟𝑖
2 =  

𝐺 𝑀𝑁𝑒𝑝

𝑟
  ⇒   𝑣𝑇𝑟𝑖 = √

𝐺 𝑀𝑁𝑒𝑝

𝑟
 

𝒗𝑻𝒓𝒊 = √
6,67 10−11×  1,025 1026

3,547 108 = 𝟒, 𝟑𝟗 𝟏𝟎𝟑 𝒎/𝒔  

 

𝑇2 = 𝒦𝑎3
𝑇2

𝑎3 = 𝒦

• 
𝑇𝑁𝑒𝑟

2

𝑎𝑁𝑒𝑟
3 =

𝑇𝑇𝑟𝑖
2

𝑎𝑇𝑟𝑖 
3  

𝑇𝑁𝑒𝑟
2 =

𝑇𝑇𝑟𝑖
2 ⋅ 𝑎𝑁𝑒𝑟

3

𝑎𝑇𝑟𝑖 
3  

o 𝑇𝑇𝑟𝑖 = 5 𝑗 21 ℎ = 141 ℎ = 141 × 3600 𝑠 = 5,076 105 𝑠

o 𝑎𝑇𝑟𝑖 = 3,547 105𝑘𝑚 = 3,547 108𝑚

o 𝑎𝑁𝑒𝑟 =  5513 103𝑘𝑚 = 5513 106 𝑚

⇒  𝑇𝑁𝑒𝑟 =  √
𝑇𝑇𝑟𝑖

2 ⋅  𝑎𝑁𝑒𝑟
3

𝑎𝑇𝑟𝑖 
3 = √

4,317 1040

4,4625 1025
= 𝟑, 𝟏𝟏 𝟏𝟎𝟕𝒔 = 𝟑𝟔𝟎 𝒋𝒐𝒖𝒓𝒔

 

𝑣 = 𝑥/𝑡

𝑥 = 2𝜋𝑟 𝑇, 

𝑣 =
2𝜋𝑟

𝑇

𝑣2 = 𝐺 ⋅
𝑀𝑇

𝑅𝑇+ℎ
𝑣 = √ 𝐺 ⋅

𝑀𝑇

𝑅𝑇+ℎ

𝑣 =
2𝜋𝑟

𝑇
 𝑟 = 𝑅𝑇 + ℎ 𝑟 = 

2𝜋(𝑅𝑇 + ℎ )

𝑇
=  √ 𝐺 ⋅

𝑀𝑇

𝑅𝑇 + ℎ
 ⇔ 𝑇2 =

4𝜋2(𝑅𝑇 + ℎ)3

𝐺 ⋅ 𝑀𝑇
 ⇒ 𝑻 = √ 

𝟒𝝅𝟐(𝑹𝑻 + 𝒉)𝟑

𝑮 ⋅ 𝑴𝑻



 

 

𝐹1) 𝑂

 𝑀1 𝑀1
′  𝑀2 𝑀2

′

𝑀2𝑀2
′ 𝑀1𝑀1

′

𝑀2 𝑀2
′ 𝑀1 𝑀1

′ .

 𝑀𝑖 .

𝑀𝑖 𝐹1 𝑚𝑖𝐹1. 

𝑖 �⃗�𝑖𝑆/𝐶
= 𝐺 ⋅

𝑀𝑆⋅𝑚

𝑟𝑖 𝐹1

 𝑀𝑖𝐹1
⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗

 

 𝐸

𝐹𝑆/𝐸 =
𝐺 𝑀𝑆 ⋅ 𝑚𝐸

𝑟2

𝐹 = 𝑚𝐸 ⋅ 𝑎𝐸  

⇒  𝑚𝐸 ⋅ 𝑎𝐸 =
𝐺 𝑀𝑆⋅𝑚𝐸 

𝑟2  ⇔ 𝑎𝐸 =
𝐺 𝑀𝑆

𝑟2  

𝑎 =
𝑣2

𝑟

𝑣𝐸
2

𝑟
=

𝐺 𝑀𝑆

𝑟2  ⇔ 𝑣𝐸
2 =  

𝐺 𝑀𝑆

𝑟

 𝑣𝐸
2 =  

𝐺 𝑀𝑆

𝑟

𝑀𝑆 𝐺



𝑟

 

 

 

𝐹𝑇/𝑆 = 𝐺 ⋅
𝑀𝑇𝑀𝑆

𝑟2

 𝑀𝑚

𝐹𝑆/𝑚 =
𝐺 𝑀𝑇 ⋅ 𝑀𝑚

(𝑅𝑇 + ℎ)2

𝐹 = 𝑀𝑚 ⋅ 𝑎𝑚 

⇒  𝑀𝑚 ⋅ 𝑎𝑚 =
𝐺 𝑀𝑇⋅𝑀𝑚

(𝑅𝑇+ℎ)2  ⇔ 𝑎𝑚 =
𝐺 𝑀𝑇

(𝑅𝑇+ℎ)2 

𝑎 =
𝑣2

𝑟
=

𝑣2

𝑅𝑇+ℎ

𝑣𝑀
2

𝑅𝑇+ℎ
=

𝐺 𝑀𝑇

(𝑅𝑇+ℎ)2  ⇔ 𝑣𝑀
2 =  

𝐺 𝑀𝑇

𝑅𝑇+ℎ
 ⇒ 𝒗𝒎 = √

𝑮 𝑴𝑻

𝑹𝑻+𝒉

 

𝑣𝑚 = √
𝐺 𝑀𝑇

𝑅𝑇 + ℎ
= √

6,67 10−11 × 5,97 1024

(6370 + 225)103
= 7,77 × 103

𝑚

𝑠
= 27973

𝑘𝑚

ℎ

𝑻 =
2𝜋(𝑅𝑇+ℎ)

𝑣
=

2𝜋(6370+225)×103

7,77×103
= 5330 𝑠 = 𝟏, 𝟒𝟖 𝒉 

• 𝐺 =  6,67 × 10−11 𝑚3 · 𝑘𝑔−1 · 𝑠−2

• 𝑅𝑇 = 6 370 𝑘𝑚

• 𝑀𝑇 = 5,97 1024 𝑘𝑔 



 

 

 

𝐹𝑇/𝑆 = 𝐺 ⋅
𝑀𝑇𝑀𝑆

𝑟2

42000

2𝜋
= 6684 𝑘𝑚.  

ℎ = (6684 − 6371)𝑘𝑚 = 313 𝑘𝑚.

 

 

 ℎ

𝑅𝑇



 

 

 𝑀𝑆

𝐹𝑇/𝑆 =
𝐺 𝑀𝑇 ⋅ 𝑀𝑆

(𝑅𝑇 + ℎ)2

𝐹 = 𝑀𝑆 ⋅ 𝑎𝑆 

⇒  𝑀𝑆 ⋅ 𝑎𝑆 =
𝐺 𝑀𝑇⋅𝑀𝑆

(𝑅𝑇+ℎ)2  ⇔ 𝑎𝑆 =
𝐺 𝑀𝑇

(𝑅𝑇+ℎ)2 

𝑎 =
𝑣2

𝑟
=

𝑣2

𝑅𝑇+ℎ

𝑣𝑆
2

𝑅𝑇+ℎ
=

𝐺 𝑀𝑇

(𝑅𝑇+ℎ)2  ⇔ 𝑣𝑆
2 =  

𝐺 𝑀𝑇

𝑅𝑇+ℎ
 ⇒ 𝒗𝑺 = √

𝑮 𝑴𝑻

𝑹𝑻+𝒉

 𝑣𝑆 = √
𝐺 𝑀𝑇

𝑅𝑇+ℎ
𝑣𝑆

2 =  
𝐺 𝑀𝑇

𝑅𝑇+ℎ

ℎ =
𝐺 ⋅ 𝑀𝑇

𝑣𝑆
2 − 𝑅𝑇

⇒  𝒉 =
6,67 10−11 ⋅ 5,97 1024

(7,47 103)2
− 6370000 = 766 068 𝑚 = 𝟕𝟔𝟔 𝒌𝒎

 



 

 

𝑇2 = 𝒦𝑎3

𝑟

𝑇2

𝑟3
= 𝒦

𝐹 = 𝐺 ⋅
𝑀𝑇𝑚𝑠

𝑟2
.

𝐹 = 𝑚𝑠𝑎𝑠 =
𝑚𝑠𝑣2

𝑟
= 𝐺 ⋅

𝑀𝑇𝑚𝑠

𝑟2  ⇒ 𝑣2 = 𝐺 ⋅
𝑀𝑇

𝑟
.

 𝑇 =
2𝜋𝑟

𝑣
 ⇒ 𝑇2 = 4

𝜋2𝑟2

𝑣2
 𝑣2 𝐺 ⋅

𝑀𝑇

𝑟

⇒  𝑇2 =
4 𝜋2𝑟3

𝐺 ⋅ 𝑀𝑇
 ⇒ 𝑇 = √ 

4 𝜋2𝑟3

𝐺 ⋅ 𝑀𝑇
                  ∎

 
𝑇2

𝑟3 .



𝑇2

𝑟3 

≈  9.9 10−14) 

 

 

𝑇2 = 𝒦𝑎3

𝑟
𝑇2

𝑟3 = 𝒦 𝑟

𝐹 = 𝐺 ⋅
𝑀𝑇𝑚𝐿

𝑟2 .

𝐹 = 𝑚𝐿𝑎𝐿 =
𝑚𝐿𝑣2

𝑟
= 𝐺 ⋅

𝑀𝑇𝑚𝐿

𝑟2  ⇒ 𝑣2 = 𝐺 ⋅
𝑀𝑇

𝑟
.

 𝑇 =
2𝜋𝑟

𝑣
 ⇒ 𝑇2 = 4

𝜋2𝑟2

𝑣2
 𝑣2 𝐺 ⋅

𝑀𝑇

𝑟

⇒  𝑇2 =
4 𝜋2𝑟3

𝐺⋅𝑀𝑇

𝑻𝟐

𝒓𝟑 =
𝟒 𝝅𝟐

𝑮⋅𝑴𝑻

 
𝑇2

𝑟3 =
4 𝜋2

𝐺⋅𝑀𝑇
 ⇒ 𝑟3 = 𝐺 ⋅

𝑀𝑇⋅𝑇2

4 𝜋2  ⇒ 𝒓 = √𝐺 ⋅
𝑀𝑇⋅𝑇2

4 𝜋2

3
= √6,67 10−11 ⋅

5,97 1024⋅(656×3600)2

4 𝜋2

3
=

                                                                                                   383 163 710 𝑚 = 𝟑𝟖𝟑 𝟏𝟔𝟑 𝒌𝒎

 

 
406 300−383 163

383163
=  0,06 = 6%

 
383 163−356 700

383163
= 0,069 ≈ 7% 

Satellite Rayon orbite r (km) Rayon orbite r (m) Période T (s) rapport T²/r3 

Goes 17 4,22E+04 4,22E+07 8,62E+04 9,89E-14

Meteosat 4,21E+04 4,21E+07 8,58E+04 9,87E-14

Noaa 20 7,19E+03 7,19E+06 6,08E+03 9,95E-14

Jason 3 7,70E+03 7,70E+06 6,74E+03 9,95E-14



 

𝑇𝐸 =
557 𝑎𝑛𝑠.

𝑟𝐷 = 3,30 107𝑚 𝑇𝐷 = 15,0 𝑗 = 1,30 × 106 𝑠 

 

𝑇2 = 𝒦𝑎3

 

𝑇𝑃
2

𝑎𝑃
3 = 𝒦 =

𝑇𝐸
2

𝑎𝐸
3  ⇒  𝑎𝐸

3 = (
𝑇𝐸

𝑇𝑃
)

2

⋅ 𝑎𝑃
3  ⇒ (

𝑎𝐸

𝑎𝑝
)

3

= (
𝑇𝐸

𝑇𝑃
)

2

= (
557

248
)

2

≈ 5

𝑎𝐸
3 = 5 𝑎𝑃

3

 �⃗�𝐷 = 𝑀𝐷 ⋅ �⃗�𝐷 = 𝐺 ⋅
𝑀𝐸⋅𝑀𝐷

𝑟𝐷
2  �⃗⃗⃗� ⇒ �⃗�𝐷 = 𝐺 ⋅

𝑀𝐸

𝑟𝐷
2  �⃗⃗⃗� �⃗⃗⃗� 

 

 

𝑟
𝑇2

𝑟3
= 𝒦 𝑟



𝐹 = 𝐺 ⋅
𝑀𝐸𝑚𝐷

𝑟2 .

𝐹 = 𝑚𝐷𝑎𝐷 =
𝑚𝐷𝑣2

𝑟
= 𝐺 ⋅

𝑀𝐸𝑚𝐷

𝑟2
 ⇒ 𝑣2 = 𝐺 ⋅

𝑀𝐸

𝑟
.

 𝑇 =
2𝜋𝑟

𝑣
 ⇒ 𝑇𝐷

2 = 4
𝜋2𝑟2

𝑣2  𝑣2 𝐺 ⋅
𝑀𝐸

𝑟

⇒  𝑇𝐷
2 =

4 𝜋2𝑟3

𝐺 ⋅ 𝑀𝐸
 ⇒ 𝑇𝐷 = √

4 𝜋2𝑟3

𝐺 ⋅ 𝑀𝐸
= 2𝜋 ×  √

𝑟3

𝐺 ⋅ 𝑀𝐸

 

𝑇𝐷
2 =

4 𝜋2𝑟3

𝐺 ⋅ 𝑀𝐸
 ⇒ 𝑀𝐸 =  

4 𝜋2𝑟3

𝐺 ⋅ 𝑇𝐷
2 =

4 𝜋2(3,60 107)3

6,67 10−11 ⋅ (1,30 106)2
= 1,63 1022 𝑘𝑔

1,31 1022𝑘𝑔,

 

 

 

• 𝑅𝑆𝑜𝑙𝑒𝑖𝑙 = 7,0 × 105𝑘𝑚 



• 𝑀𝑆𝑜𝑙𝑒𝑖𝑙 = 2,0 × 1030 𝑘𝑔

• 𝑉 =
4

3
𝜋𝑟3

𝜌𝑆 =
𝑀𝑆

𝑉𝑆

𝜌𝑇 =
𝑀𝑇

𝑉𝑇

𝜌𝑆 = 𝜌𝑇
𝑀𝑇

𝑉𝑇
=

𝑀𝑆

𝑉𝑆
 ⇒  𝑴𝑻 =

𝑀𝑆

𝑉𝑆
⋅ 𝑉𝑇 =

𝑉𝑇

𝑉𝑆
⋅ 𝑀𝑆

⇒  𝑴𝑻 =

4
3 𝜋𝑟𝑇

3

4
3 𝜋𝑟𝑆

3
⋅ 𝑀𝑆 = (

𝑟𝑇

𝑟𝑆
)

3

⋅ 𝑀𝑆 = (
2 × 106

7 × 105
)

3

⋅ 2 × 1030 = (
20

7
)

3

⋅ 2 × 1030 

                                                                           = 𝟒, 𝟕 𝟏𝟎𝟑𝟏 𝒌𝒈

 

• �⃗�𝑇𝑎𝑡𝑜𝑜1/2 /𝑇
= 𝐺 ⋅

𝑀𝑇𝑎𝑡𝑡𝑜1/2 𝑀𝑇𝑎𝑡𝑜𝑜𝑖𝑛𝑒

𝑟2  �⃗⃗�

𝑇𝑎𝑡𝑜𝑜1/2

• �⃗� = 𝑚𝑇𝑎𝑡𝑜𝑖𝑛𝑒 ⋅ �⃗�𝑇𝑎𝑡𝑜𝑜𝑖𝑛𝑒 �⃗⃗�

𝑇𝑎𝑡𝑜𝑜1/2.

 𝑎 =
𝑣2

𝑟

�⃗�𝑇 = 0 ⇔
𝑑𝑣𝑇

𝑑𝑡
= 0 ⇔ 𝑣𝑇 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡𝑒.

 𝑀𝑇

𝑀𝑇 = 𝑀𝑡𝑎𝑡𝑜𝑜1 + 𝑀𝑡𝑎𝑡𝑜𝑜2 = 2 × 4,7 1031 𝑘𝑔 =  9,4 1031 𝑘𝑔

𝑀𝑡

𝐹 = 𝐺 ⋅
𝑀𝑇𝑀𝑡

𝑟2 .

𝐹 = 𝑀𝑡𝑎𝑡 =
𝑀𝑇𝑣2

𝑟
= 𝐺 ⋅

𝑀𝑇𝑀𝑡

𝑟2
 ⇒ 𝑣2 = 𝐺 ⋅

𝑀𝑇

𝑟
.

 𝑇 =
2𝜋𝑟

𝑣
 ⇒ 𝑇𝑡

2 = 4
𝜋2𝑟2

𝑣2  𝑣2 𝐺 ⋅
𝑀𝑇

𝑟



⇒  𝑇𝑡
2 =

4 𝜋2𝑟3

𝐺 ⋅ 𝑀𝑇
 ⇒ 𝑇𝑡 = √

4 𝜋2𝑟3

𝐺 ⋅ 𝑀𝑇
= 2𝜋 ×  √

𝑟3

𝐺 ⋅ 𝑀𝑇

⇒  𝑇𝑡 =  2𝜋 ×  √
(200 × 106 × 103)3

6,67 10−11 ⋅ 9,4 × 1031
= 𝟕, 𝟏 𝟏𝟎𝟔 𝒔 ≈ 𝟎, 𝟐𝟐 𝒂𝒏𝒏é𝒆

 

 𝑟 𝑟 = 𝑅𝑇𝑒𝑟𝑟𝑒 + ℎ

⇒  �⃗�𝑇 𝑆⁄ = 𝐺 ⋅
𝑀𝑇𝑀𝑆

(𝑅𝑇 + ℎ)2
 �⃗⃗⃗�

�⃗⃗⃗�

 

 �⃗�𝑆 = 𝑀𝑆 ⋅ �⃗�𝑆

�⃗�𝑇 𝑆⁄ = 𝐺 ⋅
𝑀𝑇𝑀𝑆

(𝑅𝑇+ℎ)2  �⃗⃗⃗�

 ⇒  𝑀𝑆 ⋅ �⃗�𝑆 = 𝐺 ⋅
𝑀𝑇𝑀𝑆

(𝑅𝑇 + ℎ)2
 �⃗⃗⃗�   ⇒   �⃗�𝑆 =  𝐺 ⋅

𝑀𝑇

(𝑅𝑇 + ℎ)2
 �⃗⃗⃗�

 �⃗�

�⃗⃗⃗�.

 𝑎 =
𝑣2

𝑟
=

𝑣2

𝑅𝑇+ℎ
 ⇒  

𝑣2

𝑅𝑇+ℎ
= 𝐺 ⋅

𝑀𝑇

(𝑅𝑇+ℎ)2  ⇒  𝒗 = √
𝑮⋅𝑴𝑻

𝑹𝑻+𝒉



  𝒗 = √
𝑮⋅𝑴𝑻

𝑹𝑻+𝒉
𝒗 = √

6,67 10−11×5,97×1024

(6,38×103+800)103 = 𝟕𝟒𝟒𝟕
𝒎

𝒔
= 𝟕, 𝟒𝟓 𝒌𝒎/𝒔

 𝑣 =
𝑥

𝑡
𝑣 =

2𝜋𝑟

𝑇

𝑇 =
2𝜋(𝑅𝑇 + ℎ)

𝑣
=

2 𝜋 (6380 + 800) 𝑘𝑚

7,45 𝑘𝑚 /𝑠 
= 6055 𝑠 = 1,68 ℎ

 

 

𝑇2 = 𝒦𝑎3

 𝒦 =
𝑇2

𝑎3 𝑎3 = 𝑟3.

𝒦 =
𝑇2

𝑎3 =
𝑇2

𝑟3 𝑟 = 𝑅𝑇 + ℎ

𝑇2 =
4 𝜋2 (𝑅𝑇+ℎ)2

𝑣2

𝑣2 =
𝐺⋅𝑀𝑇

𝑅𝑇+ℎ

𝑇2 =
4 𝜋2 (𝑅𝑇 + ℎ)2

𝑣2
=

4 𝜋2 (𝑅𝑇 + ℎ)3

𝐺 ⋅ 𝑀𝑇
=

4 𝜋2 𝑟3

𝐺 ⋅ 𝑀𝑇
⇒  

𝑻𝟐

𝒓𝟑
=

𝟒 𝝅𝟐 

𝑮 ⋅ 𝑴𝑻
 

 𝒦 =
𝑇2

𝑎3
=

4 𝜋2 

𝐺⋅𝑀𝑇
=

4 𝜋2 

6,67 10−11× 5,97 1024
= 9,91 10−14 𝑠2/𝑚3

 



 

 

 𝑣 =
𝑥

𝑡
𝑣 =

2𝜋𝑟

𝑇
 . ℎ

𝑅𝑇 𝑟 = 𝑅𝑇 + ℎ.

𝑣𝑆 =
2 𝜋(𝑅𝑇 + ℎ)

𝑇𝑆

 𝑇2/𝑟3

𝑇2 = 𝒦𝑎3

𝑇𝑆
2

(𝑅𝑇𝑒𝑟𝑟𝑒 + ℎ𝑆)3
= 𝒦 =  

𝑇𝐼𝑆𝑆
2

(𝑅𝑇𝑒𝑟𝑟𝑒 + ℎ𝐼𝑆𝑆)3

 𝑣𝐼𝑆𝑆 =
2 𝜋(𝑅𝑇+ℎ𝐼𝑆𝑆)

𝑇𝐼𝑆𝑆

𝑇𝐼𝑆𝑆
2 =

(𝑅𝑇 + ℎ𝐼𝑆𝑆)3

(𝑅𝑇 + ℎ𝑆)3
⋅  𝑇𝑆

2 = (
𝑅𝑇 + ℎ𝐼𝑆𝑆

𝑅𝑇 + ℎ𝑆
)

3

⋅  𝑇𝑆
2 ⇒ 𝑇𝐼𝑆𝑆 = √(

𝑅𝑇 + ℎ𝐼𝑆𝑆

𝑅𝑇 + ℎ𝑆
)

3

⋅ 𝑇𝑆

⇒   𝑇𝐼𝑆𝑆 = √(
6380 + 400

6380 + 220
)

3

× 88,6 × 60 = √(
6780

6600
)

3

× 5319,6 = 5538 𝑠

𝑣𝐼𝑆𝑆 =
2 𝜋(𝑅𝑇 + ℎ𝐼𝑆𝑆)

𝑇𝐼𝑆𝑆

=
2 𝜋(6380 + 400)

5538
= 7,69 𝑘𝑚/𝑠



𝑀3 𝑀4 𝑀1 𝑀2.

𝑣2 𝑣1

𝒗𝟐 < 𝒗𝟏.

 

 𝐹 = 𝑚 ⋅ 𝑎 = 𝑚 ⋅
𝑣2

𝑟

𝐹 = 𝐺
𝑀 𝑚 

𝑟2

 𝑚 ⋅
𝑣2

𝑟
= 𝐺

𝑀 𝑚 

𝑟2  ⇒ 𝑣2 = 𝐺 ⋅
𝑀

𝑟
  ⇒ 𝒗 = √𝑮 ⋅

𝑴

𝒓

𝒗𝑹 = √𝑮 ⋅
𝑴𝑻

𝒓𝑻−𝑹 

𝑟𝑇−𝑅 

𝑟𝑇−𝑅 = 2500 + 20000 = 22500 𝑚

 𝑣𝑅 = √6,67 10−11 ⋅
10×109×103

22500
= √

6,67

225
  = 0,17

𝑚

𝑠

 

𝑇 =
2 𝜋 𝑟

𝑣
=

2𝜋 ⋅ 22500

0.17
= 831598 𝑠 ≈ 231 ℎ𝑒𝑢𝑟𝑒𝑠



 

 𝐹 = 𝑚 ⋅ 𝑎 = 𝑚 ⋅
𝑣2

𝑟

𝐹 = 𝐺
𝑀 𝑚 

𝑟2

 𝑚 ⋅
𝑣2

𝑟
= 𝐺

𝑀 𝑚 

𝑟2  ⇒ 𝑣2 = 𝐺 ⋅
𝑀

𝑟
  ⇒ 𝒗 = √𝑮 ⋅

𝑴

𝒓

𝒗𝒎𝒐𝒅𝒖𝒍𝒆 = √𝑮 ⋅
𝑴𝑴

𝒓 

𝑟 

𝑟 = 3 390 000 + 110 000 = 3 500 000 𝑚

 𝑣𝑚𝑜𝑑𝑢𝑙𝑒 = √6,67 10−11 ⋅
6,42 1023

3 500 000
= 3498

𝑚

𝑠
≈ 3,5 𝑘𝑚/𝑠

 

24,6 ℎ

• 𝑇𝑠 𝑟𝑠

𝑟𝑠 = 𝑅𝑀𝑎𝑟𝑠 + ℎ𝑠 ℎ𝑠

𝑇𝑠
2

𝑟𝑠
3 =

𝑇𝑠
2

(𝑅𝑀𝑎𝑟𝑠 + ℎ𝑠)3
= 𝒦

ℎ𝑠

(𝑅𝑀𝑎𝑟𝑠 + ℎ𝑠)3 =
𝑇𝑠

2

𝒦
  ⇒ 𝒉𝒔 = √

𝑻𝒔
𝟐

𝓚

𝟑

 − 𝑹𝑴𝒂𝒓𝒔

𝒦 …

• 

𝒦 

𝓚 =
𝑇𝑚

2

𝑟𝑚
3 =

(2𝜋𝑟𝑚)2

𝑟𝑚
3 ⋅ 𝑣2

=
4𝜋2

𝑟𝑚 ⋅ 𝑣2
=

4𝜋2

(3 500 000) ⋅ (3498)2
=  𝟗, 𝟐𝟏 𝟏𝟎−𝟏𝟑 𝒔𝟐 ⋅ 𝒎−𝟑



𝒉𝒔 = √
𝑇𝑠

2

𝒦

3

 − 𝑅𝑀𝑎𝑟𝑠 = √
(24,6 × 3600)2

9,21 10−13

𝟑

− 3 390 000 = 𝟏𝟕𝟎𝟑𝟎𝟕𝟓𝟖 𝒎 ≈ 𝟏𝟕 𝟎𝟎𝟎 𝒌𝒎  

 

𝑇2

𝑟3
=

4𝜋2

𝐺𝑀
= 𝑐𝑠𝑡𝑒 

 𝑀𝑇
𝑇𝑠

2

𝑟𝑠
3 =

4𝜋2

𝐺𝑀𝑇

⇒  𝑀𝑇 =  
4𝜋2 ⋅ 𝑟𝑠

3

𝐺 ⋅ 𝑇𝑠
2

⇔ 𝑀𝑇 =  
4𝜋2 ⋅ (42164 × 103)3

6,67 × 10−11 ⋅ (86164)2
= 5,976 1024 𝑘𝑔 

 𝑀𝑀

• 𝑀𝑀𝑎𝑟𝑠 =  
4𝜋2⋅𝑟𝑝

3

𝐺⋅𝑇𝑝
2 ⇔ 𝑀𝑀 =  

4𝜋2⋅(9380×103)
3

6,67×10−11⋅(((7×60)+39)×60)2 = 6,44 1023 𝑘𝑔

• 𝑀𝑀𝑎𝑟𝑠 =  
4𝜋2⋅𝑟𝑑

3

𝐺⋅𝑇𝑑
2 ⇔ 𝑀𝑀 =  

4𝜋2⋅(23460×103)
3

6,67×10−11⋅(((30×60)+18)×60)2 = 6,42 1023 𝑘𝑔

 

6,43 1023 𝑘𝑔
6,417 1023𝑘𝑔.

 𝑀𝐿 

𝑀𝐿𝑢𝑛𝑒 =  
4𝜋2 ⋅ 𝑟𝐴

3

𝐺 ⋅ 𝑇𝐴
2 ⇔ 𝑀𝑀 =  

4𝜋2 ⋅ (2040 × 103)3

6,67 × 10−11 ⋅ (8420)2
= 7,4 1022 𝑘𝑔



 

 �⃗�𝑇/𝐻 = 𝐺 ⋅
𝑀𝑇𝑀𝐻

𝑟2  �⃗⃗�

 

𝐹𝑇/𝐻 = 𝐺 ⋅
𝑀𝑇𝑀𝐻

(𝑅𝑇+ℎ)2
 

𝑔0. 𝑔0

ℎ = 0 

𝑟 = 𝑅𝑇

𝐹 = 𝑚𝑎 = 𝑚𝑔0 = 𝐺 ⋅
𝑀𝑇𝑚

𝑟𝑇
2  ⇒ 𝑔0 =  𝐺 ⋅

𝑀𝑇

𝑟𝑇
2  ⇒ 𝐺 ⋅ 𝑀𝑇 = 𝑔0 𝑟𝑇

2 

𝐹𝑇/𝐻 = 𝐺 ⋅
𝑀𝑇𝑀𝐻

(𝑅𝑇+ℎ)2
=

𝑔0⋅𝑟𝑇
2⋅𝑀𝐻

(𝑅𝑇+ℎ)2

 ℎ = 600 𝑘𝑚

𝐹𝑇/𝐻 =
𝑔0 ⋅ 𝑅𝑇

2 ⋅ 𝑀𝐻

(𝑅𝑇 + ℎ)2
=

9,81 ⋅ (6380 103)2 ⋅ 12103

(6 380 000 + 600 000)2
= 99 195 𝑁

 

𝑎 =
𝑑𝑣

𝑑𝑡
= 0 𝑣𝑡𝑎𝑛𝑔𝑒𝑛𝑡𝑖𝑒𝑙𝑙𝑒 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡𝑒.

 

𝐹 = 𝑀𝐻𝑎 =
𝑀𝐻𝑣2

𝑟
=

𝑀𝐻𝑣2

𝑅𝑇 + ℎ
=

𝑔0 ⋅ 𝑅𝑇
2 ⋅ 𝑀𝐻

(𝑅𝑇 + ℎ)2
  ⇒ 𝑣2 =

𝑔0 ⋅ 𝑅𝑇
2

𝑅𝑇 + ℎ
 

⇒ 𝑣 = 𝑅𝑇 ⋅ √
𝑔0

𝑅𝑇 + ℎ

𝒗 = 6 380 000 ⋅ √
9,81

6 380 000+600 000
= 𝟕𝟓𝟔𝟑

𝒎

𝒔
= 7,563 𝑘𝑚/𝑠 

 𝑣 =
𝑥

𝑡
,

𝑇 =
2𝜋𝑟

𝑣
=

2𝜋 (𝑅𝑇 + ℎ)

𝑅𝑇
 √

𝑅𝑇 + ℎ

𝑔0
= 2

𝜋

𝑅𝑇
⋅  √

(𝑅𝑇 + ℎ)3

𝑔0

=
2𝜋

6380 103
⋅ √

(6380 103 + 600 103)3

9,81
= 𝟓 𝟕𝟗𝟖 𝒎/𝒔



 

𝑎 =
𝑑𝑣

𝑑𝑡
= 0 𝑣𝑡𝑎𝑛𝑔𝑒𝑛𝑡𝑖𝑒𝑙𝑙𝑒 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡𝑒.

 

𝐹 = 𝑀𝑆𝑎 =
𝑀𝑆𝑣2

𝑟
=

𝑀𝑆𝑣2

𝑅𝑇 + 𝑧
=

𝑔0 ⋅ 𝑅𝑇
2 ⋅ 𝑀𝑆

(𝑅𝑇 + 𝑧)2
  ⇒ 𝑣2 =

𝑔0 ⋅ 𝑅𝑇
2

𝑅𝑇 + 𝑧
 

⇒ 𝑣 = 𝑅𝑇 ⋅ √
𝑔0

𝑅𝑇 + 𝑧

𝒗 = 𝑅𝑇 ⋅ √
𝑔0

𝑅𝑇+𝑧
6380 103 ⋅ √

9,81

(6380+705)⋅103 = 𝟕𝟓𝟎𝟕 𝒎/𝒔

𝐸𝑐 =
𝑚𝑠⋅𝑣𝑠

2

2
=

2000∗(7507)2

2
= 𝟓, 𝟔𝟑𝟓 𝟏𝟎𝟏𝟎 𝑱𝒐𝒖𝒍𝒆𝒔

 

𝐸𝑝 = −
𝐺 ⋅ 𝑀𝑇 ⋅ 𝑚𝑆𝑎𝑡

𝑟
= −

𝐺 ⋅ 𝑀𝑇 ⋅ 𝑚𝑆𝑎𝑡

(𝑟𝑇 + 𝑧)
= −

6,67 10−11 ⋅ 5,97 1024 ⋅ 2000

(6380 + 705) × 103

= −1,12406 1011 𝐽𝑜𝑢𝑙𝑒𝑠

𝐸𝑚 = 𝐸𝑐 + 𝐸𝑝 = 5.635 1010 − 1.12406 1011 = −5,6 × 1010𝐽𝑜𝑢𝑙𝑒𝑠

 

𝑚 



𝑚, 𝐸𝑐 =  
𝑚𝑣2

2
,  

𝐸𝑝 = −𝐺 ⋅
𝑀𝑇⋅𝑚

𝑟
𝑬𝒎 = 𝑬𝒄 + 𝑬𝒑 = 𝟎

𝐸𝑐 =
𝑚𝑣2

2
= |−𝐺 ⋅

𝑀𝑇 ⋅ 𝑚

𝑟
| = 𝐺 ⋅

𝑀𝑇 ⋅ 𝑚

𝑟
 ⇔ 𝑣𝑙 = √

2 𝐺 𝑀𝑇

𝑟𝑇
 

𝑣𝑙 𝑟𝑇

𝑣𝑙 = √
2 𝐺 𝑀𝑇

𝑟𝑇
= √

2 × 6,67 10−11 ×  5,97 1024

6380 000
= 11 172

𝑚

𝑠
= 𝟏𝟏, 𝟏𝟕 

𝒌𝒎

𝒔
 

𝑧 =

705 000 𝑚, 

𝑧. 

𝑣𝑙𝑠
= √

2 𝐺 𝑀𝑇

(𝑟𝑇 + 𝑧)
= √

2 × 6,67 10−11 ×  5,97 1024

6380 000 + 705 000
= 10602

𝑚

𝑠
= 10,6

 𝑘𝑚

𝑠

𝐸𝑐 =
𝑚𝑠𝑣𝑙

2

2
=

2000×(11170)2

2
= 1,25 1011 𝐽𝑜𝑢𝑙𝑒𝑠. 

 

 �⃗�𝑇→𝑆 = − 𝐺 ⋅
𝑀𝑇𝑀𝑠

(𝑅𝑇+ℎ)2
 �⃗⃗⃗�𝑜𝑠



�⃗�𝑇→𝑆 = 𝑀𝑠�⃗⃗� = 𝑀𝑠 �⃗⃗⃗�(ℎ)

�⃗�(ℎ) = − 𝐺 ⋅
𝑀𝑇

(𝑅𝑇+ℎ)2  �⃗⃗⃗�𝑜𝑠

𝑔0

ℎ = 0 𝑟 = 𝑅𝑇

⇒ 𝑔0 = 𝐺 ⋅
𝑀𝑇

𝑅𝑇
2

 ⇒ 𝐺 ⋅ 𝑀𝑇 = 𝑔
0
𝑅𝑇

2  

�⃗�(ℎ) = −𝑔
0

 
𝑅𝑇

2

(𝑅𝑇+ℎ)2  �⃗⃗⃗�𝑜𝑠

𝑔(ℎ) = 𝑔
0

 
𝑅𝑇

2

(𝑅𝑇 + ℎ)2

 �⃗�𝑇→𝑆 = − 𝐺 ⋅
𝑀𝑇𝑀𝑠

(𝑅𝑇+ℎ)2  �⃗⃗⃗�𝑜𝑠

�⃗�𝑇→𝑆 = 𝑀𝑠�⃗�

�⃗� = − 𝐺 ⋅
𝑀𝑇

(𝑅𝑇+ℎ)2  �⃗⃗⃗�𝑜𝑠

�⃗�𝑡  = 0 =
𝑑�⃗⃗�𝑡

𝑑𝑡
  ⇒ �⃗�𝑡 

 𝑎 =
𝑣2

𝑟
=

𝑣2

𝑅𝑇+ℎ
 

𝑎 = 𝑔(ℎ) = 𝑔0  
𝑅𝑇

2

(𝑅𝑇+ℎ)2

𝑣2

𝑅𝑇+ℎ
= 𝑔0  

𝑅𝑇
2

(𝑅𝑇+ℎ)2
  ⇔ 𝒗 = 𝑹𝑻 ⋅ √

𝒈𝟎

𝑹𝑻+𝒉

𝑻 =
2𝜋𝑟

𝑣
=

2𝜋(𝑅𝑇+ℎ)

𝑹𝑻⋅√
𝒈𝟎

𝑹𝑻+𝒉

=
𝟐𝝅

𝑹𝑻
⋅ √

(𝑹𝑻+𝒉)𝟑

𝒈𝟎

𝝎 = 2𝜋𝑓 =
2𝜋

𝑇
=

2𝜋

𝟐𝝅
𝑹𝑻

⋅√
(𝑹𝑻+𝒉)

𝟑

𝒈𝟎

= 𝑹𝑻 ⋅ √
𝒈𝟎

(𝑹𝑻+𝒉)𝟑

ℎ = 7,8 105 𝑘𝑚

• 𝒗 = 𝑅𝑇 ⋅ √
𝑔0

𝑅𝑇+ℎ
= 6380 × 103 ⋅  √

9,8

6380 103+7,8 105 = 𝟕𝟒𝟔𝟒
𝒎

𝒔

• 𝑻 =
2𝜋

𝑅𝑇
⋅ √

(𝑅𝑇+ℎ)3

𝑔0
=

2𝜋

6380 000
⋅ √

(6380000+780000)3

9,8
= 6027 𝑠

• 𝝎 = 𝑅𝑇 ⋅ √
𝑔0

(𝑅𝑇+ℎ)3 = 6380000 ⋅ √
9,8

(6380000+780000)3 = 1,042 10−3 𝑟𝑎𝑑/𝑠



 

2𝜋 𝑟𝑎𝑑,

𝜃𝑇(𝑡) 𝑡 𝜃𝑆(𝑡)

𝑡.

Δ𝜃 2𝜋

𝜃𝑆(𝑇′) − 2𝜋

𝑇’

𝑇′, 𝜃𝑆(𝑇′) − 2𝜋 = 𝜃𝑇(𝑇′)

𝜃 = 𝜔 ⋅ 𝑡, 

𝜃𝑆(𝑇′) − 2𝜋 = 𝜃𝑇(𝑇′) ⇔  𝜔𝑆 ⋅ 𝑇′ − 2𝜋 = 𝜔𝑇 ⋅ 𝑇′ ⇒ 𝑇′ =
2𝜋

𝜔𝑠 − 𝜔𝑇

⇔  𝑇′ =
2𝜋

2𝜋
𝑇𝑠

−
2𝜋
𝑇𝑇

=
𝑇𝑠 ⋅ 𝑇𝑇

𝑇𝑇 − 𝑇𝑆
=

6027 ⋅ 86400

86400 − 6027
= 6478 𝑠

(6478 − 6027)𝑠 = 451𝑠 = 7,5 𝑚𝑖𝑛

𝑡 = 0 

 𝑻 =
𝟐𝝅

𝑹𝑻
⋅ √

(𝑹𝑻+𝒉)𝟑

𝒈𝟎

𝑇 

ℎ

𝑇 =
2𝜋

𝑅𝑇
⋅ √

(𝑅𝑇 + ℎ)3

𝑔0
 ⇔ (𝑅𝑇 + ℎ)3 = 𝑔0 ⋅

𝑇2 ⋅ 𝑅𝑇
2

4𝜋2
 ⇔ 𝑅𝑇 + ℎ = √𝑔0 ⋅

𝑇2 ⋅ 𝑅𝑇
2

4𝜋2

3

  



⇔ ℎ = √𝑔0 ⋅
𝑇2 ⋅ 𝑅𝑇

2

4𝜋2

3

− 𝑅𝑇 = √9,8 ⋅
(86400)2 ⋅ (6380 103)2

4𝜋2

3

− 6380 103

= 35871 103𝑚 ≈ 35800 𝑘𝑚 

ℎ0 ℎ𝑖 , 𝑖è𝑚𝑒

ℎ𝑛 𝑛è𝑚𝑒

ℎ1 = ℎ0 −
1

1000
 ℎ0 = ℎ0 (1 −

1

1000
) = 0,999 ℎ0

⇒ ℎ2 = ℎ1 −
1

1000
 ℎ1 = 0,999 ℎ1

𝒉𝒊+𝟏 = 𝟎, 𝟗𝟗𝟗 𝒉𝒊

 ℎ2 = ℎ1 −
1

1000
 ℎ1 = 0,999 ℎ1 = (0,999) ⋅ (0,999)ℎ0 

                                                                                                    = (0,999)2 ℎ0

𝒉𝒏 = (𝟎, 𝟗𝟗𝟗)𝒏 ⋅ 𝒉𝟎

 400 = (0,999)𝑛 ⋅ 780 ⇔ 0,999𝑛 =
400

780
 ⇔ ln(0,999𝑛) = ln (

400

780
) 

⇔ 𝑛 ln(0,999) = ln (
400

780
) ⇔ 𝒏 =

ln (
400
780)

ln(0,999)
= 𝟔𝟔𝟕 𝒕𝒐𝒖𝒓𝒔  

 

�⃗�𝑇/𝑠 =
𝐺𝑀𝑚

𝑟2  �⃗⃗� �⃗⃗�

𝑈𝐵 − 𝑈𝐴 = −𝑊 = − ∫ �⃗� ⋅ 𝑑𝑟⃗⃗⃗⃗⃗

𝐵

𝐴

∞ ∞

𝐸𝑝(∞) = 0

∞ 𝑟.

 

𝑈𝑟 − 𝑈∞ = −𝑊 = − ∫ −
𝐺𝑀𝑚

𝑟2
 𝑑𝑟

𝑟

∞

= 𝐺𝑀𝑚 ∫
1

𝑟2
 𝑑𝑟

𝑟

∞

= 𝐺𝑀𝑚 [−
1

𝑟
]

∞

𝑟

            



                                                                                       = −
𝑮𝑴𝒎

𝒓
𝑟

𝑈𝑟 = −
𝐺𝑀𝑚

𝑟

𝐸𝑝(∞) = 0

𝐸𝑚 = 𝐸𝑐 + 𝐸𝑝

𝐸𝑐 =
𝑚𝑣2

2

𝐹 = 𝑚𝑎 =
𝑚𝑣2

𝑟
=

𝐺𝑀𝑚

𝑟2
 ⇒ 𝑣2 =

𝐺𝑀

𝑟
  ⇒ 𝐸𝑐 =

𝑚𝑣2

2
=

1

2

𝐺𝑀𝑚

𝑟
 

𝐸𝑝 = −
𝐺𝑀𝑚

𝑟

𝐸𝑚 = 𝐸𝑐 + 𝐸𝑝 =  
1

2

𝐺𝑀𝑚

𝑟
−

𝐺𝑀𝑚

𝑟
= −

𝟏

𝟐

𝑮𝑴𝒎

𝒓

𝐹 = 𝑚𝑎 =
𝑚𝑣2

𝑟
=

𝑣=𝜔𝑟 𝑚𝜔2𝑟2

𝑟
= 𝑚𝜔2𝑟

𝐹 =
𝐺𝑀𝑚

𝑟2

 𝑚𝜔2𝑟 =
𝐺𝑀𝑚

𝑟2   ⇔ 𝜔2𝑟3 = 𝐺𝑀

• 

𝜔2𝑟3 = 𝐺𝑀

𝑟 = 𝑅𝑇 + ℎ 𝜔 = 2𝜋𝑓 =
2𝜋

𝑇
  ⇒ 𝜔2 = 4

𝜋2

𝑇2

𝑟3 = (𝑅𝑇 + ℎ)3 =
𝐺𝑀

𝜔2
=

𝐺𝑀 𝑇2

4 𝜋2 
  ⇒ 𝒉 = √

𝐺𝑀 𝑇2

4 𝜋2 

3

− 𝑅𝑇  

= √
6,67 × 10−11 ⋅ 5,98 × 1024 (86400)2

4 𝜋2 

3

− 6380 × 103 = 𝟑𝟓𝟖𝟕𝟎 𝒌𝒎

• 

𝑣 =
2𝜋𝑟

𝑇
=

2𝜋(35870 + 6380) × 103

86400
= 3072

𝑚

𝑠
= 3,072

𝑘𝑚

𝑠

• 



𝐸𝑚 = 𝐸𝑐 + 𝐸𝑝 = −
1

2

𝐺𝑀𝑚

𝑟

𝐸𝑚 = −
1

2

𝐺𝑀𝑚

𝑟
=  −

1

2
⋅

6,67×10−11⋅5,98×1024⋅68

(35870+6380)×103 = −3.11 × 108 𝐽𝑜𝑢𝑙𝑒

 

𝑚 

𝑚,

𝐸𝑐 =  
𝑚𝑣2

2
,  

𝐸𝑝 = −𝐺 ⋅
𝑀𝑇⋅𝑚

𝑟
𝑬𝒎 = 𝑬𝒄 + 𝑬𝒑 = 𝟎

𝐸𝑐 =
𝑚𝑣2

2
= |−𝐺 ⋅

𝑀𝑇 ⋅ 𝑚

𝑟
| = 𝐺 ⋅

𝑀𝑇 ⋅ 𝑚

𝑟
 ⇔ 𝑣𝑙 = √

2 𝐺 𝑀𝑇

𝑟𝑇
 

𝑣𝑙 𝑟𝑇

𝑣𝑙 = √
2 𝐺 𝑀𝑇

𝑟𝑇
= √

2 × 6,67 10−11 ×  5,97 1024

6380 000
= 11 172

𝑚

𝑠
= 𝟏𝟏, 𝟏𝟕 

𝒌𝒎

𝒔
 

 

�⃗⃗� �⃗⃗� 𝑇



 𝑂𝑧⃗⃗⃗⃗⃗⃗ ,

∑ �⃗� = �⃗⃗� + �⃗⃗� = �⃗⃗� + 𝑚�⃗� = 𝑚�⃗�

𝑇 − 𝑚𝑔 = 𝑚𝑎 ⇒ 𝑎 =
𝑇 − 𝑚𝑔

𝑚

|𝑇| > |𝐹|   ⇔ 𝑇 > 𝑚𝑔  ⇔   𝑇 − 𝑚𝑔 > 0  ⇔   𝑎 > 0

𝑎 =
𝑇 − 𝑚𝑔

𝑚
=

3,24 107 − 2,041 106 × 9,8

2,041 106
=  6,16 𝑚/𝑠2

 𝑧 =
𝑎𝑡2

2
.

𝒛 =
𝑎𝑡2

2
=

6,16× 22

2
= 𝟏𝟐, 𝟑𝟐 𝒎

 

 �⃗�𝑇→𝐷 =  𝐺 ⋅
𝑀𝑇𝑀𝐷

(𝑅𝑇+ℎ)2
 �⃗⃗�

�⃗�𝑇→𝐷 = 𝑀𝐷�⃗⃗� = 𝑀𝐷 �⃗⃗⃗�(ℎ)

�⃗�(ℎ) =  𝐺 ⋅
𝑀𝑇

(𝑅𝑇+ℎ)2  �⃗⃗⃗�

𝑔0

ℎ = 0 𝑟 = 𝑅𝑇

⇒ 𝑔0 = 𝐺 ⋅
𝑀𝑇

𝑅𝑇
2

 ⇒ 𝐺 ⋅ 𝑀𝑇 = 𝑔
0
𝑅𝑇

2  

𝑔 (ℎ) = 𝑔
0

 
𝑅𝑇

2

(𝑅𝑇+ℎ)2 

 ℎ = 296 𝑘𝑚,



 𝑔 (ℎ) = 𝑔
0

 
𝑅𝑇

2

(𝑅𝑇 + ℎ)2
 ⇔  𝒈 (𝟐𝟗𝟔 𝒌𝒎) = 9,8 

(6380 × 103
)

2

((6380 + 296) × 103
)

2

= 𝟖, 𝟗𝟓 𝒎/𝒔𝟐 

 𝐹 = 𝑚𝑎 = 𝑚𝑔(ℎ)

𝐹 = 𝑚𝑎 =
𝑚𝑣2

𝑟

𝑚𝑔(ℎ) =
𝑚𝑣2

𝑟
 ⇔ 𝑣2 = 𝑔(ℎ). 𝑟 ⇔ 𝑣 = √𝑔(ℎ) ⋅ 𝑟

𝑟 = 𝑅𝑇 + ℎ 𝒗 = √𝒈(𝒉) ⋅ (𝑹𝑻 + 𝒉)

𝒗 = √𝑔(ℎ) ⋅ (𝑅𝑇 + ℎ) = √8,95 ⋅ (6380 + 296) 103 = 7729
𝑚

𝑠
= 𝟕, 𝟕𝟐𝟗

𝒌𝒎

𝒔

 

ℎ1 𝐸ℎ1
= −

𝐺𝑀𝑚

𝑅𝑇+ℎ1

ℎ2, 𝐸ℎ2
= −

𝐺𝑀𝑚

𝑅𝑇+ℎ2

|𝑊| = |Δ𝐸𝑝| = |𝐸ℎ1
− 𝐸ℎ2

| = −
𝐺𝑀𝑇𝑚

𝑅𝑇 + ℎ1
+

𝐺𝑀𝑇𝑚

𝑅𝑇 + ℎ2
= 𝐺𝑀𝑇𝑚 ⋅ (

1

𝑅𝑇 + ℎ2
−

1

𝑅𝑇 + ℎ1
) 

=
𝑞𝑢𝑒𝑠𝑡𝑖𝑜𝑛 𝐼𝐼.2

 𝑔0𝑅𝑇
2𝑚 ⋅ (

1

𝑅𝑇 + ℎ2
−

1

𝑅𝑇 + ℎ1
) 

= 9,8 ⋅ (6380 103)2 ⋅ 6,968 104 ⋅ (
1

(6380 + 11,58)103
−

1

(6380 + 54,86)103
) 

= 2,925 1010𝐽𝑜𝑢𝑙𝑒𝑠

 𝑊𝑝𝑜𝑖𝑑𝑠 = +2,925 1010𝐽𝑜𝑢𝑙𝑒𝑠

𝐷𝑎𝑡𝑒 𝐴𝑙𝑡𝑖𝑡𝑢𝑑𝑒(𝑒𝑛 𝑘𝑚)  𝑉𝑖𝑡𝑒𝑠𝑠𝑒(𝑒𝑛 𝑚/𝑠) 

𝑇1 𝑡 𝑚𝑖𝑛 54,86 1475 

𝑇2 𝑡 𝑚𝑖𝑛 11,58  223,5 



 

(
𝑚𝑣2

2
)

𝑊𝑝

𝑊𝑓

Δ𝐸𝑐 = 𝑊𝑝 + 𝑊𝑓   ⇒ 𝑊𝑓 = Δ𝐸𝑐 − 𝑊𝑝

𝑊𝑓 = Δ𝐸𝑐 − 𝑊𝑝 = 69,68
103

2
 (223,52 − 14752) − 2,925 1010 = −1,032 × 1011𝐽𝑜𝑢𝑙𝑒𝑠

𝑊 = 𝐹 ⋅ Δℎ.

𝑭 =
𝑊

Δℎ
=  

−1,032×1011

11580−54860
= 𝟐, 𝟑𝟖 × 𝟏𝟎𝟔𝑵 

 

 �⃗⃗�

�⃗�𝑇→𝑆 = 𝐺 ⋅
𝑀𝑇𝑀𝑆

𝑟2
�⃗⃗� = 𝐺 ⋅

𝑀𝑇𝑀𝑆

(𝑅𝑇 + ℎ)2
 �⃗⃗�

�⃗�𝑇→𝑆 = 𝑀𝑆�⃗⃗� = 𝑀𝑆 �⃗⃗⃗�

𝑔(ℎ) =  𝐺 ⋅
𝑀𝑇

(𝑅𝑇+ℎ)2 

𝑔0

ℎ = 0 𝑟 = 𝑅𝑇

⇒ 𝑔0 = 𝐺 ⋅
𝑀𝑇

𝑅𝑇
2

 ⇒ 𝐺 ⋅ 𝑀𝑇 = 𝑔
0
𝑅𝑇

2  

𝑔 (ℎ) = 𝑔
0

 
𝑅𝑇

2

(𝑅𝑇+ℎ)2  



𝑎 =
𝑑𝑣

𝑑𝑡
= 0 𝑣𝑡𝑎𝑛𝑔𝑒𝑛𝑡𝑖𝑒𝑙𝑙𝑒 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡𝑒.

 𝑎 =
𝑣2

𝑟
=

𝑣2

𝑅𝑇+ℎ
 

𝑎 = 𝑔(ℎ) = 𝑔0  
𝑅𝑇

2

(𝑅𝑇+ℎ)2

𝑣2

𝑅𝑇+ℎ
= 𝑔0  

𝑅𝑇
2

(𝑅𝑇+ℎ)2
  ⇔ 𝒗 = 𝑹𝑻 ⋅ √

𝒈𝟎

𝑹𝑻+𝒉

𝑻 =
2𝜋𝑟

𝑣
=

2𝜋(𝑅𝑇+ℎ)

𝑹𝑻⋅√
𝒈𝟎

𝑹𝑻+𝒉

=
𝟐𝝅

𝑹𝑻
⋅ √

(𝑹𝑻+𝒉)𝟑

𝒈𝟎

 ℎ = 200 𝑘𝑚

• 𝒗 = 𝑅𝑇 ⋅ √
𝑔0

𝑅𝑇+ℎ
= 6400 × 103 ⋅  √

9,8

6 400 000+200000
= 𝟕𝟕𝟗𝟖

𝒎

𝒔

• 𝑻 =
2𝜋

𝑅𝑇
⋅ √

(𝑅𝑇+ℎ)3

𝑔0
=

2𝜋

6400 000
⋅ √

(6 400 000+200 000)3

9,8
= 5317 𝑠

 

 𝑇 =
𝑥

𝑣
= 2

𝜋𝑟

𝑣
(1)

𝐹 = 𝑚𝑠𝑎 =
𝑀𝐶𝑈 𝑚𝑠 𝑣2

𝑟
  𝐹 = 𝐺 ⋅

𝑀𝑇 𝑚𝑠

𝑟2   

⇒  
𝑚𝑠 𝑣2

𝑟
= 𝐺 ⋅

𝑀𝑇 𝑚𝑠

𝑟2
   ⇔ 𝑣2 = 𝐺 ⋅

𝑀𝑇

𝑟
 ⇒ 𝑣 =  √𝐺 ⋅

𝑀𝑇

𝑟
                       (2)

(1) ➔ 𝑇 = 2
𝜋𝑟

𝑣
= 2

𝜋𝑟

√𝐺⋅
𝑀𝑇

𝑟

 ⇔ 𝑇2 =
4 𝜋2𝑟2 𝑟

𝐺⋅𝑀𝑇
 ⇔ 𝑟3 =

𝑇2𝐺𝑀𝑇

4𝜋2  ⇔ (𝑅𝑇 + ℎ)3 =
𝑇2𝐺𝑀𝑇

4𝜋2  

⇔ 𝑅𝑇 +  ℎ = √
𝑇2𝐺𝑀𝑇

4𝜋2

3
 ⇔   ℎ = √

𝑇2𝐺𝑀𝑇

4𝜋2

3
− 𝑅𝑇

𝑀𝑇

𝑔0 𝑅𝑇 𝒉 = 𝟎. 

𝐹 = 𝑚𝑎 = 𝑚𝑔0 =
𝐺𝑀𝑇𝑚

𝑅𝑇
2  ⇒ 𝐺 𝑀𝑇 = 𝑔0 𝑅𝑇

2

⇒  𝒉 = √
𝑇2 𝑔0 𝑅𝑇

2  

4𝜋2

3

− 𝑅𝑇 = √
(8,64 × 104)2 ⋅ 9,8 ⋅ (6400 × 103)2 

4𝜋2

3

− 6400 × 103

= 3,57 × 107𝑚 ≈ 𝟑𝟓𝟕𝟎𝟎 𝒌𝒎



 

 

�⃗� = 𝐺 ⋅
𝑀𝑝⋅𝑀𝑠

𝑟2  �⃗⃗�

 �⃗⃗�

�⃗�𝑇→𝑆 = 𝐺 ⋅
𝑀𝑇 ⋅ 𝑚

𝑟2
�⃗⃗� = 𝐺 ⋅

𝑀𝑇 ⋅ 𝑚

(𝑅𝑇 + ℎ)2
 �⃗⃗�

�⃗�𝑇→𝑆 = 𝑚𝑎 �⃗⃗� = 𝑚 𝑔(ℎ) �⃗⃗� 

𝑔(ℎ) =  𝐺 ⋅
𝑀𝑇

(𝑅𝑇+ℎ)2 

 

𝑎 =
𝑑𝑣

𝑑𝑡
= 0 𝑣𝑡𝑎𝑛𝑔𝑒𝑛𝑡𝑖𝑒𝑙𝑙𝑒 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡𝑒.

 𝐹 = 𝑀𝑠 ⋅ 𝑎 = 𝑀𝑠 ⋅
𝑣2

𝑟

𝐹 = 𝐺
𝑀𝑝 𝑀𝑠 

𝑟2

𝑀𝑠 ⋅
𝑣2

𝑟
= 𝐺

𝑀𝑝 𝑀𝑠 

𝑟2
 ⇒ 𝑣2 = 𝐺 ⋅

𝑀𝑝

𝑟
  ⇒ 𝒗 = √𝑮 ⋅

𝑴𝒑

𝒓

𝑇 =
2𝜋𝑟

𝑣
𝑇 =

2𝜋𝑟

√𝑮⋅
𝑴𝒑

𝒓

 ⇔ 𝑇 = 2𝜋√
𝑟3

𝐺𝑀𝑝

𝑇2

𝑟3

𝑇 = 2𝜋√
𝑟3

𝐺𝑀𝑝
 𝑇2 = 4𝜋2 𝑟3

𝐺𝑀𝑝
 

𝑻𝟐

𝒓𝟑
= 𝟒

𝝅𝟐

𝑮⋅𝑴𝒑
= 𝒄𝒐𝒏𝒔𝒕𝒂𝒏𝒕𝒆

 𝑇2 = 4𝜋2 𝑟3

𝐺𝑀𝑝
𝑀𝑝.



⇒ 𝑴𝒑 = 4𝜋2
𝑟3

𝐺𝑇2
= 4𝜋2 ⋅

(185,5 × 106)3

6,67 × 103 ⋅ (22,6 × 3600)2
= 𝟓, 𝟕𝟎 × 𝟏𝟎𝟐𝟔𝒌𝒈

 𝑀𝑝 = 5,7 1026𝑘𝑔 𝑇 = 108,4 × 3600 𝑠 = 390240 𝑠

𝑇2 = 4𝜋2
𝑟3

𝐺𝑀𝑝
 ⇒ 𝑟3 =

𝑇2𝐺𝑀𝑝

4 𝜋2
=

(390240)2 ⋅ 6,67 × 10−11 ⋅ 5,7 1026𝑘𝑔

4 𝜋2

= 1,46 1026 𝑚3

⇒ 𝒓 = √1,46 1026 
3

= 527 353 104 𝑚 ≈ 𝟓𝟐𝟕 𝟎𝟎𝟎 𝒌𝒎

 

 �⃗⃗�

�⃗�𝑇→𝑆 = − 𝐺 ⋅
𝑀𝑇 ⋅ 𝑚

𝑟2
�⃗⃗� = − 𝐺 ⋅

𝑀𝑇 ⋅ 𝑚

(𝑅𝑇 + ℎ)2
 �⃗⃗�

�⃗�𝑇→𝑆 = 𝑚𝑎 �⃗⃗� = 𝑚 𝑔(ℎ) �⃗⃗� 

𝑔(ℎ) =  𝐺 ⋅
𝑀𝑇

(𝑅𝑇+ℎ)2 

𝑔0

ℎ = 0 𝑟 = 𝑅𝑇

⇒ 𝑔0 = 𝐺 ⋅
𝑀𝑇

𝑅𝑇
2

 ⇒ 𝐺 ⋅ 𝑀𝑇 = 𝑔
0
𝑅𝑇

2  

𝑔 (ℎ) = 𝑔
0

 
𝑅𝑇

2

(𝑅𝑇+ℎ)2  

 𝑎 =
𝑣2

𝑟
=

𝑣2

𝑅𝑇+ℎ
 

𝑎 = 𝑔(ℎ) = 𝑔0  
𝑅𝑇

2

(𝑅𝑇+ℎ)2

𝑣2

𝑅𝑇+ℎ
= 𝑔0  

𝑅𝑇
2

(𝑅𝑇+ℎ)2
  ⇔ 𝒗 = 𝑹𝑻 ⋅ √

𝒈𝟎

𝑹𝑻+𝒉

𝑻 =
2𝜋𝑟

𝑣
=

2𝜋(𝑅𝑇+ℎ)

𝑅𝑇⋅√
𝑔0

𝑅𝑇+ℎ

=
𝟐𝝅

𝑹𝑻
⋅ √

(𝑹𝑻+𝒉)𝟑

𝒈𝟎

𝜺𝒄 =
𝑚𝑣2

2
=

𝒎𝑹𝑻
𝟐 𝒈𝟎

𝟐(𝑹𝑻+𝒉)

𝜺𝒄 =
𝑚𝑅𝑇

2 𝑔0

2(𝑅𝑇+ℎ)
=

1020×(6400⋅103)2×9,8

2(6400000+400000)
= 3 × 1010 𝐽𝑜𝑢𝑙𝑒𝑠



 

�⃗� = −∇⃗⃗⃗ 𝑈 

�⃗� = −
𝑑𝑈

𝑑𝑟

𝑊 = Δ𝐸𝑝 = − ∫ �⃗� ⋅ 𝑑𝑟⃗⃗⃗⃗⃗

𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛𝑓𝑖𝑛𝑎𝑙𝑒

𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛𝑖𝑛𝑖𝑡𝑖𝑎𝑙𝑒

�⃗� = −
𝐺𝑀𝑇𝑚

𝑟2
 �⃗⃗�  �⃗⃗�

𝑟 = 𝑅𝑇 + ℎ, 

𝑊 = Δ𝐸𝑝 = − ∫ �⃗� ⋅ 𝑑𝑟⃗⃗⃗⃗⃗

𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛𝑓𝑖𝑛𝑎𝑙𝑒

𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛𝑖𝑛𝑖𝑡𝑖𝑎𝑙𝑒

= 𝐺𝑀𝑇𝑚 ∫
1

𝑟2
⋅ 𝑑𝑟 = 𝐺𝑀𝑇𝑚 [−

1

𝑟
]

∞

𝑟

= −
𝐺𝑀𝑇𝑚

𝑟

𝑟

∞

= −
𝐺𝑀𝑇𝑚

𝑅𝑇 + ℎ
 

⇒ 𝐸𝑝(𝑟) = −
𝐺𝑀𝑇𝑚

𝑅𝑇 + ℎ
 (𝑐𝑎𝑟 𝐸𝑝(∞) = 0)

𝐺 ⋅ 𝑀𝑇 = 𝑔0𝑅𝑇
2 𝑬𝒑(𝒓) = −

𝒎 𝒈𝟎 𝑹𝑻
𝟐

𝑹𝑻+𝒉

𝐸 = 𝐸𝑐 + 𝐸𝑝 =  
𝑚𝑅𝑇

2  𝑔0

2(𝑅𝑇 + ℎ)
−

𝑚 𝑔0 𝑅𝑇
2

𝑅𝑇 + ℎ
= −

1

2

𝑚 𝑔0 𝑅𝑇
2

𝑅𝑇 + ℎ

𝑬 =
𝟏

𝟐
𝑬𝒑 𝑬 = −𝑬𝒄 𝑬𝒄 = −

𝟏

𝟐
𝑬𝒑



 

• 𝐸𝑝 = −
𝐺𝑀𝑚

𝑟
= −6 × 1010𝐽𝑜𝑢𝑙𝑒

• 𝐸𝑐 =
1

2

𝐺𝑀𝑚

𝑟
  =    3 × 1010𝐽𝑜𝑢𝑙𝑒

• 𝐸 = −
1

2

𝐺𝑀𝑚

𝑟
= −3 × 1010𝐽𝑜𝑢𝑙𝑒

𝐸 =
1

2
𝐸𝑝 𝐸 = −𝐸𝑐 𝐸𝑐 = −

1

2
𝐸𝑝

 𝐸 =
1

2
𝐸𝑝 𝐸𝑝 = 2 𝐸 Δ𝐸𝑝 = 2 Δ𝐸 = 109𝐽.

𝑬𝒑𝒇
= 𝐸𝑝 + 109 𝐽𝑜𝑢𝑙𝑒 = −6 × 1010𝐽 + 109𝐽 = −𝟓, 𝟗 × 𝟏𝟎𝟏𝟎 𝐽𝑜𝑢𝑙𝑒

𝐸𝑝(𝑟) = −
𝑚 𝑔0 𝑅𝑇

2

𝑅𝑇+ℎ

𝒉 = −
𝑚 𝑔0 𝑅𝑇

2

𝐸𝑝
− 𝑅𝑇 =

1020 ⋅ 9,8 ⋅ (6400 103)2

5,9 × 1010
− 6400 103 ≈ 𝟓𝟒𝟎 𝒌𝒎

 𝐸𝑐 = −
1

2
𝐸𝑝 𝐸𝑐 = −

1

2
× −5,9 × 1010 = 2,95 1010𝐽𝑜𝑢𝑙𝑒

𝐸𝑐 =
𝑚𝑣2

2
 ⇒ 𝑣 = √ 2

𝐸𝑐

𝑚
= √ 2

2,95 1010

1020
= 7,6 𝑘𝑚/𝑠

 

 𝑟 𝐹 = 𝑚𝑎 =
𝑚𝑣2

𝑟

𝐹 =
𝐺𝑀𝑚

𝑟2

 
𝑚𝑣2

𝑟
=

𝐺𝑀𝑚

𝑟2  ⇔ 𝑣2 =
𝐺𝑀

𝑟

𝑟 = 𝑅 𝐺 = 𝑔0)

𝐹 = 𝑚𝑎 = 𝑚𝑔0 𝐹 =
𝐺𝑀𝑚

𝑅2

 𝑚𝑔0 =
𝐺𝑀𝑚

𝑅2  ⇔ 𝐺𝑀 = 𝑔0𝑅2

𝑣2 =
𝐺𝑀

𝑟
=

𝑔0𝑅2

𝑟
  ⇒ 𝒗 = 𝑹√

𝒈𝟎

𝒓
 

 𝑣 =
2𝜋𝑟

𝑇
, 𝑇 =

2𝜋𝑟

𝑣
=

2𝜋𝑟

𝑅√
𝑔0
𝑟

=
2𝜋

𝑅
⋅ √

𝑟3

𝑔0

𝑟 = 8000 𝑘𝑚,



𝑇 =
2𝜋

6400 103
⋅ √

(8 106)3

9,8
= 7096 𝑠 (≈ 2ℎ)

 𝑑𝑤 = 𝑓 ⋅ 𝑑𝑟⃗⃗⃗⃗⃗

𝑑𝑤 = 𝑓 ⋅ 𝑑𝑟⃗⃗⃗⃗⃗  ⇒ 𝒘 = ∫ 𝑓 ⋅ 𝑑𝑟⃗⃗⃗⃗⃗

𝑟

𝑅

= −𝐺𝑀𝑚 ∫
1

𝑟2
 𝑑𝑟

𝑟

𝑅

= −𝐺𝑀𝑚 [−
1

𝑟
]

𝑅

𝑟

= 𝐺𝑀𝑚 (
1

𝑟
−

1

𝑅
)  

= 𝒎𝒈𝟎𝑹𝟐 (
𝟏

𝒓
−

𝟏

𝑹
)  

𝑅 < 𝑟,
1

𝑟
−

1

𝑅
< 0 𝑤 < 0

 

Δ𝐸 

Δ𝐸𝑝 = −𝑊 ⇔ 𝑊 = −Δ𝐸𝑝  ⇔ 𝑊 = − (𝐸𝑝(𝑟) − 𝐸𝑝(𝑅)).

𝐸𝑝(𝑅) = 0 𝑊 = −𝐸𝑝(𝑟) =
𝑞𝑢𝑒𝑠𝑡𝑖𝑜𝑛 2

− 𝑚𝑔0𝑅2 (
1

𝑟
−

1

𝑅
) = 𝑚𝑔0𝑅2 (

1

𝑅
−

1

𝑟
)

 

𝐸𝑐 =
𝑚𝑣2

2
=

𝑞𝑢𝑒𝑠𝑡𝑖𝑜𝑛 1𝑎
  

𝑚

2

𝑔0𝑅2

𝑟

𝑬𝑻𝒐𝒕 = 𝐸𝐶 + 𝐸𝑝 =
𝑚

2

𝑔0𝑅2

𝑟
+ 𝑚𝑔0𝑅2 (

1

𝑅
−

1

𝑟
) = 𝑚𝑔0𝑅2 (

1

𝑅
−

1

𝑟
+

1

2𝑟
)

= 𝒎𝒈𝟎𝑹𝟐 (
𝟏

𝑹
−

𝟏

𝟐𝒓
)

 𝑣 = 𝑅√
𝑔0

𝑟
= 𝑅√𝑔0 𝑟−

1

2

𝑑

𝑑𝑟
𝑣 =

𝑑

𝑑𝑟
(𝑅√𝑔0 𝑟−

1
2) = 𝑅√𝑔0

𝑑

𝑑𝑟
𝑟−

1
2 = −

1

2
𝑅√𝑔0𝑟− 

3
2              (∗)



𝑇 =
2𝜋

𝑅
⋅ √

𝑟3

𝑔0
=

2𝜋

𝑅

𝑟
3
2

√𝑔0

=
2𝜋

𝑅
⋅

1

√𝑔0 𝑟− 
3
2

 ⇒ 𝑹 √𝒈𝟎 𝒓− 
𝟑
𝟐 =

𝟐𝝅

𝑻

 (∗)
𝑑

𝑑𝑟
𝑣 = −

1

2
𝑅√𝑔0𝑟− 

3
2 = −

𝜋

𝑇
  ⇒ 𝒅𝒗 = −

𝝅

𝑻
 𝒅𝒓 

 

�⃗⃗�

𝑇

∑ �⃗� = 𝑚�⃗�

𝑇 − 𝑃 = 𝑚1𝑎 ⇔ 𝑇 − 𝑚1𝑔 = 𝑚1𝑎 ⇒ 𝑎 =
𝑇

𝑚1
− 𝑔

𝑚1 = 208 000 𝑘𝑔  ; 𝑇 = 2 445 000 𝑁 ; 𝑔 = 9,8

⇒  𝒂𝟏 =
𝑇

𝑚1
− 𝑔  ⇔  𝑎1 =

2 445 000

208 000
− 9,8 = 1,95 𝑚/𝑠2   

𝑁2𝑂4

𝑚2 = 𝑚1 − 𝑁2𝑂4 𝑒𝑚𝑝𝑜𝑟𝑡é = 208 000 − 147 500 = 60 500 𝑘𝑔

𝒂𝟐 =
𝑇

𝑚2
− 𝑔 =  

2 445 000

60 500
− 9,8 = 30,6 𝑚/𝑠2 

1,95 𝑚/𝑠2 30,6 𝑚/𝑠2

 𝑣𝐸⃗⃗⃗⃗⃗ =  
Δ𝑡

Δ𝑚
⋅ �⃗�

• [Δ𝑡 ] = [Temps ]

• [Δ𝑚 ] = [Masse ]



• [F ] = [Masse ⋅
𝐿𝑜𝑛𝑔𝑢𝑒𝑢𝑟

(𝑇𝑒𝑚𝑝𝑠)
2  ]

 [𝑣𝐸⃗⃗⃗⃗⃗] =
[Temps ]

[Masse ]
⋅ [Masse ⋅

𝐿𝑜𝑛𝑔𝑢𝑒𝑢𝑟

(𝑇𝑒𝑚𝑝𝑠)
2  ] = [

𝐿𝑜𝑛𝑔𝑢𝑒𝑢𝑟

𝑇𝑒𝑚𝑝𝑠
 ] = 𝑣𝑖𝑡𝑒𝑠𝑠𝑒 (

𝑚

𝑠
)

𝑣𝐸⃗⃗⃗⃗⃗
𝑚

𝑠

 Δ𝑡 (= 𝑡2 − 𝑡1)

Δ𝑚 (= 𝑚2 − 𝑚1)

Δ𝑡 > 0 ⇒ Δ𝑚 <  0 ⇒  
𝚫𝒕

𝚫𝒎
< 𝟎

�⃗⃗�

> 0 �⃗�𝑒 =
Δ𝑡

Δ𝑚
⋅ �⃗⃗�

 

 

𝑎𝑡 = 0.

𝑎⊥ 

 𝑀𝑇   𝑚𝑠

(𝑂𝑆)

𝐺.

�⃗�𝑇→𝑠 = −�⃗�𝑠→𝑇 = −𝐺
𝑀𝑇 ⋅ 𝑚𝑠

(𝑅𝑇 + ℎ)2
 



 �⃗⃗⃗�𝑂𝑆

�⃗�𝑇→𝑆 = − 𝐺 ⋅
𝑀𝑇 ⋅ 𝑚𝑠

𝑟2
�⃗⃗⃗�𝑂𝑆 = − 𝐺 ⋅

𝑀𝑇 ⋅ 𝑚𝑠

(𝑅𝑇 + ℎ)2
 �⃗⃗⃗�𝑂𝑆

�⃗�𝑇→𝑆 = 𝑚𝑠 𝑎 �⃗⃗⃗�𝑂𝑆 = 𝑚𝑠 𝑔(ℎ) �⃗⃗⃗�𝑂𝑆 

𝑔(ℎ), 𝑔(ℎ) =  𝐺 ⋅
𝑀𝑇

(𝑅𝑇+ℎ)2 

𝑔0

ℎ = 0 𝑟 = 𝑅𝑇

⇒ 𝑔0 = 𝐺 ⋅
𝑀𝑇

𝑅𝑇
2

 ⇒ 𝐺 ⋅ 𝑀𝑇 = 𝑔
0
𝑅𝑇

2  

𝑔 (ℎ) = 𝑔
0

 
𝑅𝑇

2

(𝑅𝑇+ℎ)2  

 𝑎 =
𝑣2

𝑟
=

𝑣2

𝑅𝑇+ℎ
 

𝑎 = 𝑔(ℎ) = 𝑔0  
𝑅𝑇

2

(𝑅𝑇+ℎ)2

𝑣2

𝑅𝑇+ℎ
= 𝑔0  

𝑅𝑇
2

(𝑅𝑇+ℎ)2
  ⇔ 𝒗 = 𝑹𝑻 ⋅ √

𝒈𝟎

𝑹𝑻+𝒉

𝑻 =
2𝜋𝑟

𝑣
=

2𝜋(𝑅𝑇+ℎ)

𝑅𝑇⋅√
𝑔0

𝑅𝑇+ℎ

=
𝟐𝝅

𝑹𝑻
⋅ √

(𝑹𝑻+𝒉)𝟑

𝒈𝟎

 

• 𝒗 = 𝑅𝑇 ⋅ √
𝑔0

𝑅𝑇+ℎ
= 6400 × 103 ⋅  √

9,8

6400 103+2 105 = 𝟕𝟖𝟎𝟎
𝒎

𝒔

• 𝑻 =
2𝜋

𝑅𝑇
⋅ √

(𝑅𝑇+ℎ)3

𝑔0
=

2𝜋

6400 000
⋅ √

(6400000+200000)3

9,8
= 5317 𝑠
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