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1(Alsat1) 𝑚𝐿 = 90𝑘𝑔282002

𝑇 = 98𝑚𝑖𝑛
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𝑀𝑇𝑅

𝐹⃗𝑇
𝑆⁄

 

𝐹⃗𝑇
𝑆⁄𝐺𝑀𝑇𝑅𝑚𝑠ℎ

𝑎⃗

 

 



4  

 

 𝑔

 24ℎ) ( 

km 3r = 384×10= 25,5 j LT

1

v

2Apollo1968

= 110 km Ah

ATAhLRLMG

3Sr

2-.kg2N.m 11-G = 6,67×10kg 22= 7,34×10 LM

km 3= 1,74×10 LR
MT

ML
= 81,3TM

4

 S700h km14.55

 a S

 a Sv

rn

 

TGM
v

r


 STr
ST S

 14 2 3

3
9.85 10 .ST

s m
r

  

 TM

 116.67 10G SI 6400TR km



5  

 

112015

𝑂

𝑟𝑀𝑆
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𝑃⁄

𝑚𝑝𝐴 

2 𝐹⃗𝑆
𝑃⁄𝐺𝑀𝑆𝑚𝑝 𝑟𝑢⃗⃗ 
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4  
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𝑇2

𝑟3 = 3×10−19(𝑆𝐼)𝑀𝑆 

𝐺 = 6.67×10−11𝑆𝐼

122016

1 𝑃∆𝑡

𝑀1𝑀′1 𝑀2𝑀′2

  

2 𝑟

 

𝑇2

𝑟3
(𝑠2. 𝑚−3)𝑇𝑟×106𝐾𝑚

224𝑗  16ℎ108,2 

365𝑗  6ℎ149,6

686𝑗  22ℎ227,9

 𝑃

𝐺𝑀𝑆𝑟𝑃 

 𝑇𝐺𝑀𝑆𝑟 

  

 𝑀𝑆 

 𝑇 = 314𝑗  11ℎ𝑟 

𝐺 = 6.67×10−11𝑆𝐼

𝑻𝟐×𝟏𝟎+𝟏𝟕𝒔𝟐 
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ℎ = 23,6. 10 3𝑘𝑚 

1 

2 

3 TM  TRh  G
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5  

𝑇2(𝑠2) 𝑟3(𝑚3)𝑇(𝑠) ℎ(𝑘𝑚) 

  2,88×10413,9×103 GPS 

  4,02×10419,1×103 GLONASS 

  8,61×104 35,7×103𝑀𝐸𝑇𝐸𝑂𝑆𝐴𝑇 
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𝑇2 = 𝑓 (𝑟3)
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𝐺 = 6,67×10−11𝑆𝐼            ,          𝑅𝑇 = 6400𝐾𝑚
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v
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𝑚ℎ
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𝑘
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 (𝑆)𝐺𝑚 = 80𝑘𝑔

ℎ8𝑠

𝑣(𝑡)(𝑜𝑘⃗⃗)

 (𝑆)

 ℎ

 𝑔

 ℎ𝑓 = 𝑘𝑣2

 (𝑆)
𝑑𝑣

𝑑𝑡
= 𝑔 (1 −

𝑣2

𝛽
)𝛽

𝑘𝑔 𝑚

 𝛽

- (𝑆)𝑡 = 0

- 

- 𝑣𝑙𝑖𝑚(𝑆)

 (𝑆)

 𝑣𝑙𝑖𝑚

 𝑘

𝑔 = 9.8 𝑚 𝑠2⁄

 

 

𝑓 = 𝑘𝑣 … … … . . (1)𝑓 = 𝑘`𝑣2 … … … . . (2)

𝑓𝑣𝑘 𝑘`

- 
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- 𝜌0𝜌

- 𝑚𝑔𝑘

 
𝑑𝑣

𝑑𝑡
+ 𝐵𝑣 = 𝐴

𝐴𝐵

 𝑣𝑣𝑙𝑖𝑚

 𝐴𝐵

 𝑣 = 𝑓(𝑡)𝐴𝐵

𝑔𝑉𝑏

ρ𝑓 = 𝐾𝜌𝑣2𝐾

 ρ = 1.23 𝑘𝑔 𝑚3⁄𝑉𝑏 = 9𝑚3𝑔 = 9.8 𝑚 𝑠2⁄

 

 𝑚

 

 𝑚

 𝑚 = 4.1𝑘𝑔

 

 
𝑑𝑣

𝑑𝑡
+ 𝐴𝑣2 = 𝐵

𝐴 𝐵𝑚ρ𝑉𝑏𝐾𝑔

 𝐵

 𝑣𝑙

 𝐾
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𝑡 = 0𝑜𝑧0 = ℎ = 2.0𝑚𝑣0 =

13.7 𝑚 𝑠⁄α = 35°𝑔 = 9.8𝑚×𝑠−1

 

 

 

 𝑧 = 𝑓(𝑡)

 𝑀

𝑑 = 21.51𝑚

𝑣0

 𝐴ℎ𝐴 = 2𝑚

𝑣⃗0α = 45°

(𝑂, 𝑖, 𝑘⃗⃗)𝑡 = 0

𝐴

 𝑥 = 𝑓(𝑡)𝑧 = ℎ(𝑡)

 𝑧 = 𝑔(𝑡)ℎ𝐴α𝑔𝑣0

 𝑣0ℎ𝐴α𝑔𝑑

 

𝑔 = 10𝑚/𝑠2𝑣0 = 10𝑚/𝑠

𝑡 = 0𝐵𝑣0⃗⃗⃗⃗⃗

α = 30°𝐵ℎ𝐵 = 2𝑚

1 

(𝑂𝑥, 𝑂𝑦) 

 𝑥(𝑡)𝑦(𝑡) 

 𝑦 = 𝑓(𝑥) 
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2 𝑑 = 10𝑚𝐿 = 2,44𝑚 

 𝑥𝑦 

 

𝑔 = 10𝑚×𝑠−2

𝑂𝑑 = 25𝑚

ℎ = 𝐴𝐵 = 2.44𝑚𝑣⃗0α = 30°

 (𝑜𝑥⃗⃗⃗⃗⃗, 𝑜𝑦⃗⃗⃗⃗⃗)

 

 𝑣0𝐴

𝐴

 𝑣′0𝐵

23.8 𝑚8.23 𝑚0.92 𝑚

6.4 𝑚

𝐵

𝑂𝐵 = 𝐿 = 18.7𝑚

𝐷ℎ = 2.2𝑚𝑂𝐷

𝑣0 = 126𝑘𝑚/ℎ

𝑔 = 9.8𝑚/𝑠2

 𝐷 𝐵

 

𝑥(𝑡) 𝑦(𝑡)

 

 𝑂𝐹 = 12.2𝑚

 

𝐴ℎ0 = 2.10𝑚

𝑣0 = 8 𝑚 𝑠⁄37°𝐺𝐶(𝑥𝑐 = 4.5𝑚, 𝑧𝑐)

(𝑜𝑥⃗⃗⃗⃗⃗, 𝑜𝑦⃗⃗⃗⃗⃗)
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 (𝑜𝑥⃗⃗⃗⃗⃗, 𝑜𝑦⃗⃗⃗⃗⃗)

 𝑧𝑐

 𝑣⃗𝑐β

𝑣𝑐 β𝑔 = 9.8 𝑚 𝑠2⁄

21.69 𝑚

ℎ = 2.62 𝑚

𝑣0 = 13.7 𝑚×𝑠−1α = 43°

𝑣𝑥(𝑡)𝑣𝑦(𝑡)

 

 𝑜𝑥

 𝑣0𝑦

𝑣0

𝑣0 = 13.7 𝑚×𝑠−1α = 43°

 𝒗⃗⃗⃗𝒔𝑆

 

𝑉ρ = 7.1×103 𝑘𝑔 𝑚3⁄

ρ = 1.29 𝑘𝑔 𝑚3⁄

 

 

 

0tm


0vO

),,(


jiO

OM
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 0v


0v

 xv0



0v

yv0

 tvx tvyst )88,10( 

OMh

ℎ𝑣0 = 50 𝑚 𝑠⁄

𝐺𝑡 = 0

𝑂𝑣⃗0𝑀

 

 𝑥(𝑡)𝑧(𝑡)

 𝑧(𝑥)

 𝑀

ℎ𝑀

𝑡 = 0

𝑓 = −100×𝑣⃗𝑣⃗

𝑡

 

 𝑡

 𝑣𝑙

 𝑡 = 0𝑡 = 10𝑠

𝑔 = 9.8𝑚×𝑠−2ℎ = 405𝑚𝑚 = 150𝑘𝑔

𝑚 = 58𝑔𝑍0𝑣0 =

28 𝑚 𝑠⁄12𝑚𝑍0 = 0.9𝑚

(𝑜𝑥; 𝑜𝑧)𝑔 = 9.8𝑚×𝑠−2
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 xfz 

𝑍010𝑐𝑚

24𝑚

𝑣

 𝑣𝛽 = 15°

24𝑚

ℎ

𝑔 = 9,8𝑚/𝑠2

𝑡 = 0𝑂

𝑣0 = 12𝑚/𝑠α = 37°𝑀

90𝑘𝑚/ℎ𝑡 = 0

𝑂𝑀𝑑 = 44𝑚

1 (𝑂, 𝑖, 𝑗)𝑥(𝑡)𝑧(𝑡) 

2 𝑧 = 𝑓(𝑥) 

3 𝑥𝑀(𝑡)𝑀

(𝑂, 𝑖, 𝑗) 

4 𝑡𝑀

ℎ𝑀 

5 
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𝑚 = 10𝑘𝑔(𝐴𝐶)𝐺𝐹⃗α = 30°

(𝐴𝐵)(𝐵𝐶)𝐺𝑡

 𝐺

𝐴𝐶

 𝐹⃗

𝑓

(𝑆)𝑚 = 100𝑔α = 20°𝑥𝑥`⃗⃗⃗⃗⃗⃗⃗

𝐴𝑣𝑖𝑚é𝑐𝑎 

 𝑣 = 𝑓(𝑡)

 

 (𝑆)𝑎

 𝑣0𝑡 = 0

 𝑡1 = 0.04𝑠𝑡2 = 0.08𝑠

 

 𝑎0

 𝑎0 𝑎

 𝑓

0.120.10.080.060.040𝑡(𝑠)

0.320.280.240.200.16𝑣0𝑣(𝑚 𝑠⁄ )
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932016

𝑔 = 10𝑚/𝑠2

(𝑆)𝑚 = 900g𝐴𝐵α = 35°

𝐴

𝐴𝐵

𝐺8𝐺7𝐺6𝐺5𝐺4𝐺3𝐺2𝐺1𝐺0

0.640.560.480.400.320.240.160.080.00𝑡(𝑠)

96.073.554.037.524.013.56.01.50.0𝑥(𝑚)

 𝐺0 𝐴𝐺8𝐵𝜏 = 80𝑚𝑠

1 𝐺2𝐺3𝐺4𝐺5𝐺6 

𝐺3𝐺4𝐺5

2 (𝑆) 

 (𝑆) 

 

𝑎 

3 𝑓 

 𝑓 

 𝐵

042012

 α

(𝑆)𝑚 = 1𝑘𝑔𝑡 = 0𝑂𝑣⃗0

(𝑆)𝑣 = 𝑓(𝑡)
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 (𝑆)𝑂

 (𝑆)

α

𝑡 = 0 𝑡 = 2𝑠

 𝑓

 (𝑆)

 (𝑆)

𝑓 = 1𝑁 

𝑔 = 9.8𝑚×𝑠−2

142014

(𝑆1)𝑚1 = 400𝑔

α = 30°(𝑆2)𝑚2 = 400𝑔

𝑡 = 0(𝑆1)𝐴

 𝑔 = 10𝑚×𝑠−2

 (𝑆1)(𝑆2)

 (𝑆1)

(𝑆1)𝐵 𝐴𝐵 = 1.25𝑚

 (𝑆1)

𝑣 = 𝑓(𝑡)

 (𝑆1)

 

(𝑆1)

𝑑𝑣(𝑡)

𝑑𝑡
=

𝑔

2
(1 − sin 𝛼) −

𝑓

2𝑚1
𝑓

(𝑆1)

𝑓𝑇⃗⃗

242011

(𝑆2)𝑚2 = 600𝑔(𝑆1)𝑚1 =

800𝑔α = 30°𝑓

𝑡 = 0𝐴𝐴𝐵 = 𝑥

𝐴

 (𝑆2)(𝑆1)

 (𝑆2)(𝑆1)
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 𝑥
𝑑2𝑥

𝑑2 =
(𝑚2−𝑚1 sin 𝛼)

𝑚1+𝑚2
𝑔 −

𝑓

𝑚1+𝑚2

 (𝑆1)

 

 𝑥(𝑆1)

 

 𝑎

- 𝑓𝑇𝑔 = 9.8𝑚×𝑠−1

34

 𝐴𝑚𝐴 = 0.5𝑘𝑔𝐵𝑚𝐵

α = 30°β = 45°

 𝑚𝐴𝑚𝐵α β

𝑚𝐵

 𝐵𝑚𝐵 = 2𝑚𝐴

 𝑎 = 3 𝑚 𝑠2⁄

 5𝑠

 

 

 

 

𝑎 =
𝑔

3
(2 𝑠𝑖𝑛 𝛽 − 𝑠𝑖𝑛 𝛼) −

2𝑓

3𝑚𝐴

 𝑓𝑇𝑔 = 10 𝑚 𝑠2⁄
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442015

 (𝐴)𝑚𝐴 = 300𝑔(𝐵)𝑚𝐵 = 150𝑔

(𝐴)

𝑓 𝑔 = 10𝑚/𝑠2

 

𝑑𝑣

𝑑𝑡
+ 𝛽 = 0𝛽α𝑚𝐴𝑚𝐵𝑔 𝑓

 (𝐴)𝐷

(𝐴)(𝐵)

 

 

 

 (𝐴)

𝑓α

452013

𝐴𝐵𝐵𝐶α = 10°𝑑

(𝑆)𝐺𝑚 = 170𝑘𝑔

 (𝑆)𝐴𝑡 = 0𝑣𝐴 = 10 𝑚×𝑠−1𝑡1 = 5𝑠𝐵𝑣𝐵

(𝑆)

𝐴𝐵

 𝐵𝐶𝐹⃗𝑓 = 500𝑁𝐵𝐶



23  

 

 𝐹⃗(𝑆)𝐴𝐵

 (𝑆)𝐶𝑣𝐶 = 25 𝑚×𝑠−1𝑃

 (𝑆)(𝐶𝑥, 𝐶𝑦)

 𝑑 = 40𝑚𝐵𝐶 = 56.3𝑚

462015

𝐴𝐵𝛼 = 30°𝐴𝐵 = 50𝑚

𝐵𝐶

𝐶𝑂ℎ

𝑚 = 80𝑘𝑔𝑔 = 10𝑚/𝑠2

 𝐴 𝐵

𝑓𝐴𝐵𝐶𝐵𝑣𝐵 = 20 𝑚 𝑠⁄

𝐴𝐵

 𝐵𝐶𝐶

𝐸

 𝑥(𝑡) 𝑦(𝑡)

(𝑜𝑥, 𝑜𝑦)

 

𝐸

 𝑣𝑣𝑥𝑣𝑦𝑣2𝑡2

 𝐶 𝐸

ℎ

472016

𝑓(𝑆)𝐴𝑂 = 𝑑 = 1,5𝑚

α = 45°𝐴𝑂𝑁

𝑔 = 9.8𝑚/𝑠2(𝑆)𝑚 = 500g

(𝑆)

𝐴𝑂𝑁(𝑆)

(𝑥𝑁 = 0.62𝑚  , 𝑦𝑁 = ℎ = 1.00𝑚  )

1 𝑓𝑎(𝑆)𝐴𝑂 

 (𝑆)𝐴𝑂𝑓 = 𝑚(g sin 𝛼 − 𝑎) 
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 𝑎(𝑆)𝑓 

2 𝑓𝑁(𝑆)𝑂 

 𝑥(𝑡)𝑦(𝑡)(𝑆)(𝑂𝑥, 𝑂𝑦) 

 𝑦 = 𝑓(𝑥) 

 𝑣0(𝑆) 

 𝑎(𝑆)𝐴𝑂 

 1𝑓 

3 1.8𝑁 ≤ 𝑓 ≤ 2.0𝑁

482015

g = 10𝑚/𝑠2𝛼 = 30°𝐴𝐵 = 2 𝑚

 (𝑆)𝑚 = 100𝑔𝐴𝐵𝐶𝐷(𝑆)𝐴

𝐵𝑣𝐵 = 2𝑚/𝑠𝐶𝑣𝑐⃗⃗ ⃗⃗(𝑆)

𝐴𝐵

 

𝐴𝐵

 𝑓

𝐵𝐶

 (𝑆)𝐶ℎ = 0.8 𝑚𝑂𝐷

𝐷𝑣𝐷⃗⃗ ⃗⃗⃗

(𝑆)𝐶

 (𝑆)(𝑂; 𝑖; 𝑘⃗⃗)𝑧 = −
g

2𝑣𝑐
2 𝑥2 + ℎ

 𝐷𝑂𝑂𝐷

𝑣𝐷
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492014

𝑡 = 0(𝑆)𝑚 = 400𝑔𝑣⃗0𝐴

𝐵𝐴𝐵 = 1.4𝑚(𝑆)𝑓

 (𝑆)

𝑑𝑣

𝑑𝑡
= −

𝑓

𝑚

𝐴

𝑣(𝑡)𝑥(𝑡)𝑓𝑣0 𝑚

 𝑣2 = 𝑓(𝑥)

 𝑣2𝑥

𝑣0𝑓

 (𝑆)𝐴𝐵𝐵𝑣⃗𝐵

𝐸𝐵𝐷 = 0.5𝑚

 (𝑆)𝐵

(𝐵𝑥, 𝐵𝑦)

 y = 𝑓(𝑥)

𝐷𝐸(𝑆)𝐸

 

𝑔 = 10𝑚×𝑠−2

502008

𝑣 ⃗⃗⃗ ⃗𝑑1𝜏1𝜏1

𝑑2𝜏2𝐷𝑑1𝑑2

𝐷 = 𝑑1 + 𝑑2

𝐺𝑀

 𝜏1

 

 
𝑑1

𝑣

 𝜏1𝑑2
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𝐹⃗𝑓
𝐺⁄

𝑣𝑣2𝑑2

𝑣2 = 𝑔(𝑑2)

𝐹⃗𝑓
𝐺⁄

𝑀 = 900𝑘𝑔

152008

(𝑆)𝐴𝐴𝐵α = 30°

𝐴𝐵 = 𝐿

𝐴𝐵𝐵𝐵𝐶𝑂𝑟𝐴𝐵𝐶 𝑂

𝐵𝐶

(𝑆)𝑚 = 0.2𝑘𝑔𝑔 = 10 𝑚 𝑠2⁄𝐿 = 5 𝑚𝑟 = 2 𝑚

 (𝑆)𝐵𝐿𝑔 α

 (𝑆)𝐶

 𝑚𝑔 α(𝑆)

𝐼𝐵𝐶(𝑆)𝐼𝑣𝐼 = 7.37 𝑚 𝑠⁄

(𝑆)𝐼

 (𝑆)𝐶𝐵𝐶

 (𝐶𝑥⃗⃗ ⃗⃗⃗, 𝐶𝑦⃗⃗⃗⃗⃗⃗ )𝑦 = 𝑓(𝑥)(𝑆)𝑡 = 0(𝑆)

𝐶

 (𝑆)𝐵𝐶𝑀𝐶𝑀



27  

 

56

(s)𝑚 = 0.1𝑘𝑔ABCD 

AB AhB

CDO𝑟 = 3𝑚

1 (s)A B𝑣𝐵 = 10m/s

 

s𝐴𝐵 

𝐴𝐵 = 10𝑚𝑔 = 10 𝑚 𝑠2⁄

2 (s) (BC)

 (s) 

 (𝐶)𝑣𝑐 =

3𝑚/𝑠 

3 (s)(E)

 (s)Er  θ  g 

 θ 

(𝑆)𝑚 = 100𝑔𝐵𝐶𝑟 = 10𝑚

𝐴𝑣⃗𝐴𝐴𝐵 = 𝑑 = 1𝑚𝑓 =

0.8𝑁(𝑆)𝐵𝐵𝐶𝑣⃗𝐵

𝑁

 (𝑆)𝐴𝐵

𝑣𝐴

𝑣𝐴
2 = 𝑣𝐵

2 +
2×𝑑×𝑓

𝑚

 cos 𝜃𝑣𝐵
2 𝜃

(𝑆)𝑁𝑣⃗𝑁

 𝑣𝑁
2𝑣𝐵

2𝑔𝑟𝜃

 𝑅⃗⃗(𝑆)

cos 𝜃𝑣𝐵
2𝑔𝑟

(𝑆)𝑁

𝑔

 𝜃𝑣𝐴


