
 





 



  

 



 

 

 

 

 

 





 

 

 

 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 



 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 



𝑚̇

∆𝑣



 





 

 



 

 



 







 



 



𝑚̇ = −
𝑑𝑚

𝑑𝑡

∑ 𝐹 = 𝑚̇ ∗
𝑑𝑣

𝑑𝑡

−𝑚 ∗ 𝑔 −  𝐷 + 𝑚̇ ∗ 𝑔 ∗  𝐼𝑠𝑝 =  𝑚 ∗ 
𝑑𝑣

𝑑𝑡

−𝑚 ∗ 𝑔 −  𝐷 −  
𝑑𝑚

𝑑𝑡
∗ 𝑔 ∗  𝐼𝑠𝑝 =  𝑚 ∗  

𝑑𝑣

𝑑𝑡

𝑑𝑣 = −𝑔 ∗ 𝑑𝑡 − 
𝐷

𝑚
∗ 𝑑𝑡 −  

𝑑𝑚

𝑚
∗ 𝑔 ∗  𝐼𝑠𝑝

𝛥𝑣 =  𝑔𝑒 ∗  𝐼𝑠𝑝 ∗ ln (
𝑚𝑜

𝑚𝑓
) − ∫ 𝑔 𝑑𝑡

𝑡𝑏

0

− ∫ (
𝐷

𝑚
)  𝑑𝑡

𝑡𝑏

0

𝛥𝑣 =  𝑔𝑒 ∗  𝐼𝑠𝑝 ∗ ln (
𝑚𝑜

𝑚𝑓
)



• 

• 

• 

𝑚̇

 

𝐷 =
1

2
∗ 𝑐𝑑 ∗ 𝑟ℎ𝑜 ∗ 𝑆 ∗ 𝑣2

𝐼𝑠𝑝 =  
𝐹

𝑚̇

𝐼 =  𝐼𝑠𝑝 ∫  𝑚̇ 𝑑𝑡
𝑡𝑏

0

=  𝐼𝑠𝑝 𝑚𝑝



 

 

 



 

 





 

  



  





 

 

 

   

 



 

 

 

 



 

 





 



  

 

 

 

 

 

 



• 

𝑡𝐶  =  15,04 −  
6,49 ∗  𝑦

1000

𝑡𝐶  =  −56,46

𝑡𝐶 =  −76,5 +  
𝑦

1000



𝑡𝐶 =  −134,1 +  
2,8 ∗ 𝑦

1000

𝑡𝐶 = −2,5

tC =  140,3 −  
2,8 ∗ y

1000

𝑡𝐶 =  83,5 −  
2 ∗ 𝑦

1000

𝑡𝐶 =  −86,28

𝑡𝐶 =  −9,96 −  76,3232 ∗ √1 − (

𝑦
1000 −  91

−19,9429
)

2

  

𝑡𝐶 =  −33,15 +  12 ∗ ( 
𝑦

1000
 −  110)

𝑡𝐶 =  726,85 −  640 ∗  𝑒
[ 

 −0,01875 ∗ (
𝑦

1000
 − 120) ∗( 6356,766 + 120) 

6356,766 + 
𝑦

1000

]



• 

o 

o 

• 

• 

6,67 ∗ 10−11  
𝑁𝑚2

𝑘𝑔2

𝐹 = 𝑚 ∗ 𝑎

𝑃𝑜 =  101,29 ∗  (
𝑡𝐶  +  273.1

288,08
)

5,256

𝑃𝑜 =  22,65 ∗  𝑒1,73 − 0,000157 ∗ 𝑦

𝑟ℎ𝑜 =  
𝑃𝑜

0,2869 ∗  (𝑡𝐶  +  273,1)
 

𝑐 = 20 ∗ √(𝑡𝐶 + 273,1)

𝐹 =
𝐺 ∗ 𝑚1 ∗ 𝑚2

𝑟2

𝑔 = −
𝐹

𝑚
= −

𝐺 ∗ 𝑚1 ∗ 𝑚2

𝑟2 ∗ 𝑚1



𝑡𝐶

𝑔 = −
𝐺 ∗ 𝑀𝐸

(𝑅𝐸 + 𝑦)2

𝑐 = 20 ∗ √(𝑡𝐶 + 273,15)

𝑀 =
𝑣

𝑐



• 

• 

• 

𝑐𝑑 =
0,75

√1 − 𝑀2

𝑐𝑑 = 1,73

𝑐𝑑 =
0,75

√𝑀2 − 1



𝑇𝑣𝑎𝑐

𝐷 =
1

2
∗ 𝜌 ∗ 𝑣2 ∗ 𝑐𝐷 ∗ 𝑆

𝐹𝐷 = −𝐷

𝐹𝑥𝐷 = 𝐹𝐷 ∗ 𝑐𝑜𝑠(𝑎𝑙𝑝ℎ𝑎𝐷) 

𝐹𝑦𝐷 = 𝐹𝐷 ∗ 𝑠𝑖𝑛(𝑎𝑙𝑝ℎ𝑎𝐷) 

𝐹 = 𝑚 ∗ 𝑎

𝐹𝑇 = 𝑚 ∗ 𝑎 + 𝑃 ∗ 𝐴

𝐹𝑇 = 𝑚 ∗ 𝑎 + (𝑃𝑒1 − 𝑃𝑜) ∗ 𝐴

𝑇𝑣𝑎𝑐 = 𝑚 ∗ 𝑎 + 𝑃𝑒1 ∗ 𝐴



𝐹 = 𝑚 ∗ 𝑎

𝐹𝑇 = 𝑇𝑣𝑎𝑐 − 𝑃𝑜 ∗ 𝐴

𝐹𝑥𝑇 = 𝐹𝑇 ∗ 𝑐𝑜𝑠(𝑎𝑙𝑝ℎ𝑎𝑇)

𝐹𝑦𝑇 = 𝐹𝑇 ∗ 𝑠𝑖𝑛(𝑎𝑙𝑝ℎ𝑎𝑇)

𝑎 =
𝐹

𝑚

𝑎𝑥 =
𝐹𝑥𝑇 + 𝐹𝑥𝐷

𝑚

𝑎𝑦 =
𝐹𝑇 + 𝐹𝐷

𝑚
+ 𝑎𝑐 + 𝑔



 

𝑎𝑦 =
𝐹𝑦𝑇 + 𝐹𝑦𝐷

𝑚
+

𝑣𝑥
2

𝑅𝐸 + 𝑦
−

𝐺 ∗ 𝑀𝐸

(𝑅𝐸 + 𝑦)2

𝑣𝑥 = 𝑣𝑥 + 𝑎𝑥 ∗ 𝑑𝑡

𝑣𝑦 = 𝑣𝑦 + 𝑎𝑦 ∗ 𝑑𝑡

𝑥 = 𝑥 + 𝑣𝑥 ∗ 𝑑𝑡 

𝑦 = 𝑦 + 𝑣𝑦 ∗ 𝑑𝑡

𝐹𝑔 = 𝐹𝑐

𝐺 ∗ 𝑀𝐸 ∗ 𝑚

(𝑅𝐸 + 𝑦)2
 =  

𝑚 ∗ 𝑣2

𝑅𝐸 + 𝑦
 

𝑣𝑘 = √
𝐺 ∗ 𝑀𝐸

𝑅𝐸 + 𝑦
 



• 

• 

• 

𝑎𝑙𝑝ℎ𝑎𝐷

 

𝑎𝑙𝑝ℎ𝑎𝑇 = 𝑎𝑟𝑐𝑡𝑎𝑛 (
𝑑𝑦

𝑑𝑥
) 

𝑎𝑙𝑝ℎ𝑎𝑇 = 0 

𝐹𝑥𝐷 = 𝐹𝐷 ∗ 𝑐𝑜𝑠(𝑎𝑙𝑝ℎ𝑎𝐷) 

𝐹𝑥𝐷 = 𝐹𝐷 ∗ 𝑐𝑜𝑠(𝑎𝑙𝑝ℎ𝑎0) 

𝐹𝑥𝑇 = 𝐹𝑇 ∗ 𝑐𝑜𝑠(𝑎𝑙𝑝ℎ𝑎𝑇)



𝑎𝑙𝑝ℎ𝑎𝑇

• 

• 

𝑎𝑥 =
𝐹𝑥𝑇 + 𝐹𝑥𝐷

𝑚
 

𝐹𝑥𝑇 = 𝑎𝑥 ∗ 𝑚 − 𝐹𝑥𝐷 

𝐹𝑇 ∗ 𝑐𝑜𝑠(𝑎𝑙𝑝ℎ𝑎𝑇) = 𝑎𝑥 ∗ 𝑚 − 𝐹𝐷 ∗ 𝑐𝑜𝑠(𝑎𝑙𝑝ℎ𝑎0) 

𝑐𝑜𝑠(𝑎𝑙𝑝ℎ𝑎𝑇) =
𝑎𝑥 ∗ 𝑚 − 𝐹𝐷 ∗ 𝑐𝑜𝑠(𝑎𝑙𝑝ℎ𝑎0)

𝐹𝑇
 

𝑎𝑙𝑝ℎ𝑎𝑇 = 𝑎𝑟𝑐𝑐𝑜𝑠 (
𝑎𝑥 ∗ 𝑚 − 𝐹𝐷 ∗ 𝑐𝑜𝑠(𝑎𝑙𝑝ℎ𝑎0)

𝐹𝑇
)

𝐹𝑦𝑇 − 𝐹𝑦𝐷 + 𝐹𝑐 − 𝐹𝑔 = 0 

𝐹𝑇 ∗ 𝑠𝑖𝑛𝑑(𝑎𝑙𝑝ℎ𝑎𝑇) +
𝑣𝑥

2

𝑅𝐸 + 𝑦
+ 𝐹𝐷 ∗ 𝑠𝑖𝑛𝑑(𝑎𝑙𝑝ℎ𝑎𝐷) −

𝐺 ∗ 𝑀𝐸 ∗ 𝑚

(𝑅𝐸 + 𝑦)2
= 0 

𝑎𝑙𝑝ℎ𝑎𝑇 = 𝑎𝑠𝑖𝑛𝑑 (
(

𝐺 ∗ 𝑀𝐸 ∗ 𝑚
(𝑅𝐸 + 𝑦)2 −

(𝑣𝑥 − 0) 2

𝑅𝐸 + 𝑦 ) − 𝐹𝐷 ∗ 𝑠𝑖𝑛𝑑(𝑎𝑙𝑝ℎ𝑎𝐷))

𝐹𝑇
) 

𝐸𝑘𝑖𝑛 = 𝐸𝑝𝑜𝑡



 

1

2
∗ 𝑚 ∗ 𝑣𝑦

2 = 𝑚 ∗ 𝑔 ∗ (𝑦𝑘 − 𝑦)

𝑦 = 𝑦𝑘 −
𝑣𝑦

2

2 ∗ 𝑔

𝑦 = 𝑦𝑘 −
𝑣𝑦

2

2 ∗
𝐺 ∗ 𝑀𝐸

(𝑅𝐸 + 𝑦)2



 

• 

• 

• 

• 
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