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𝐺 =  6,67 × 10−11 𝑚3 · 𝑘𝑔−1 · 𝑠−2

𝑀𝑇 = 5,97 × 1024 𝑘𝑔

𝑀𝐿 = 7,34 × 1022 𝑘𝑔

𝑚1  =  4,50 × 104 𝑘𝑔

𝑅𝑇 = 6,37 × 103 𝑘𝑚

𝑅𝐿 = 1,73 × 103 𝑘𝑚

𝑔𝑇  =  9,81 𝑚 · 𝑠−2

 103 = 1000

 

1,5
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6,56 × 103 𝑘𝑚

190 𝑘𝑚 𝑣ℎ = 7,79 × 103 𝑚 · 𝑠−1

𝑅 2𝜋𝑅

 

 

𝐸𝑝 =  8,39 × 1010  𝐽

 𝐸𝑐

 𝐸𝑚

 𝐸𝑚0

𝐸𝑚0  =  0 𝐽

 

5 × 1012 𝐽

 

ℎ𝐿  =  110 𝑘𝑚

𝑚2 3,0 × 104 𝑘𝑔
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�⃗� 

𝑚 𝑚′

𝑟  

𝐹 = 𝐺
𝑚𝑚′

𝑟2
�⃗� 

�⃗� 𝑚′

𝑚

 

𝑎 ℎ𝐿

 𝑣 𝑅𝐿 + ℎ𝐿 𝜔

𝑟𝑎𝑑. 𝑠−1

�⃗�  

𝑎 = 𝑣𝜔

 𝑣 ℎ𝐿

𝑣 = √
𝐺𝑀𝐿

𝑅𝐿 + ℎ𝐿

 𝑇
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60 𝑐𝑚

𝑦(𝑡)

𝑡 =  0 𝑠
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𝑦(𝑡) =
𝑎𝑦

2
𝑡2 + 1,4. 𝑡

𝑣𝑦(𝑡) = 𝑎𝑦. 𝑡 + 1,4

 

𝑣0𝑦

 𝑎𝑦(𝑡) = −1,72 𝑚. 𝑠−2

𝑔𝐿

 150 𝑘𝑔

60  𝑐𝑚

𝑣0𝑦
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𝐵𝑎

 

𝐵𝑎 =
ℎ𝑟𝑆

𝑎

𝐹𝑏𝑐𝑝

 

ℎ𝑟 𝐽. 𝐾−1. 𝑠−1.𝑚−2

𝑆 

𝐹 𝑘𝑔. 𝑠−1

𝑐𝑝 

𝐽. 𝐾−1. 𝑘𝑔−1

 

𝑎 𝑏
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𝐺 =  6,67 × 10−11 𝑚3 · 𝑘𝑔−1 · 𝑠−2

𝑀𝑇 = 5,97 × 1024 𝑘𝑔

𝑀𝐿 = 7,34 × 1022 𝑘𝑔

𝑚1  =  4,50 × 104 𝑘𝑔

𝑅𝑇 = 6,37 × 103 𝑘𝑚

𝑅𝐿 = 1,73 × 103 𝑘𝑚

𝑔𝑇  =  9,81 𝑚 · 𝑠−2

 103 = 1000

 

1,5
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6,56 × 103 𝑘𝑚

190 𝑘𝑚 𝑣ℎ = 7,79 × 103 𝑚 · 𝑠−1

𝑅 2𝜋𝑅

 

1,5  

1,5.2𝜋. 6 560 = 61 827 𝑘𝑚 = 61 827 000 𝑚

7 790 𝑚 · 𝑠−1

 

𝑡 =
𝑑

𝑣
=

61 827 000

7 790
= 7 937 𝑠 = 132 𝑚𝑖𝑛 17 𝑠

 

𝐸𝑝 =  8,39 × 1010  𝐽

9,81 𝑚. 𝑠−2

 𝐸𝑐

 

𝐸𝑐 =
1

2
𝑚1𝑣ℎ

2 =
1

2
. 4,50. 104. (7,79. 103)2 = 1,37.1012 𝐽

 𝐸𝑚

 

𝐸𝑚 = 𝐸𝑐 + 𝐸𝑝 = 1,37. 1012 + 8,39.1010 = 1,45.1012 𝐽

 𝐸𝑚0

𝐸𝑚0  =  0 𝐽

 

5 × 1012 𝐽
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𝐸𝑚 = 1,45.1012 𝐽 1.2.2

𝐸𝑚0 = 0 𝐽

𝐸𝑚 − 𝐸𝑚0 = 1,45.1012 − 0 = 1,45.1012 𝐽 < 5.1012 𝐽

 

ℎ𝐿  =  110 𝑘𝑚

𝑚2 3,0 × 104 𝑘𝑔

�⃗� 

𝑚 𝑚′

𝑟  
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𝐹 = 𝐺
𝑚𝑚′

𝑟2
�⃗� 

�⃗� 𝑚′

𝑚

 

𝑎 ℎ𝐿

 

𝑚2𝑎 = 𝐺
𝑀𝐿𝑚2

(𝑅𝐿 + ℎ𝐿)
2
�⃗� 

 

𝑎 = 𝐺
𝑀𝐿

(𝑅𝐿 + ℎ𝐿)
2
�⃗� 

 𝑣 𝑅𝐿 + ℎ𝐿 𝜔

𝑟𝑎𝑑. 𝑠−1

 

(𝑅𝐿 + ℎ𝐿)𝜔 = 𝑣

 

 

[𝑅𝐿 + ℎ𝐿] = 𝑚
[𝜔] = 𝑠−1

[𝑣] = 𝑚. 𝑠−1

�⃗�  

𝑎 = 𝑣𝜔

 𝑣 ℎ𝐿

𝑣 = √
𝐺𝑀𝐿

𝑅𝐿 + ℎ𝐿

2.1

𝑚2𝑣𝜔 = 𝑚2𝑎 = 𝐺
𝑀𝐿𝑚2

(𝑅𝐿 + ℎ𝐿)
2

 

𝜔 =
𝑣

𝑅𝐿 + ℎ𝐿
→ 𝑚2𝑣𝜔 = 𝑚2

𝑣2

𝑅𝐿 + ℎ𝐿
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𝑚2

𝑣2

𝑅𝐿 + ℎ𝐿
= 𝐺

𝑀𝐿𝑚2

(𝑅𝐿 + ℎ𝐿)
2
→ 𝑣2 = 𝐺

𝑀𝐿

𝑅𝐿 + ℎ𝐿

 

𝑣 = √
𝐺𝑀𝐿

𝑅𝐿 + ℎ𝐿
= √

6,67. 10−11. 7,34. 1022

1,73.106 + 110.103
= 1 631 𝑚/𝑠

𝑘𝑚 𝑚

 𝑇

 

𝑣 =
2𝜋(𝑅𝐿 + ℎ𝐿)

𝑇
 

𝑇 =
2𝜋(𝑅𝐿 + ℎ𝐿)

𝑣
=

2𝜋(𝑅𝐿 + ℎ𝐿)

√
𝐺𝑀𝐿

𝑅𝐿 + ℎ𝐿

=
2𝜋. (1,73.106 + 110.103)

1 631
= 7 088 𝑠

 

21.60 + 36 = 1296 𝑚𝑖𝑛 = 77 760 𝑠

11  
77 760

𝑇
=

77 760

7 088
= 10,97
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60 𝑐𝑚

𝑦(𝑡)

𝑡 =  0 𝑠
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𝑦(𝑡) =
𝑎𝑦

2
𝑡2 + 1,4. 𝑡

𝑣𝑦(𝑡) = 𝑎𝑦. 𝑡 + 1,4

 

𝑣0𝑦

 

𝑣0𝑦 = 𝑣𝑦(𝑡 = 0) = 1,4 𝑚/𝑠

 𝑎𝑦(𝑡) = −1,72 𝑚. 𝑠−2

𝑔𝐿

 

𝑚𝑎𝑦 = −𝑚𝑔𝐿

𝑔𝐿

 150 𝑘𝑔

60  𝑐𝑚

𝑣0𝑦

𝑎 = −𝑔 = −9,81 𝑚. 𝑠−2

 

𝑣𝑦(𝑡) = −9,81. 𝑡 + 𝑣0𝑦 = −9,81. 𝑡 + 1,4

 

𝑦(𝑡) = −
9,81

2
. 𝑡2 + 1,4. 𝑡 = (−

9,81

2
. 𝑡 + 1,4) . 𝑡

𝑦(𝑡) = 0 𝑡 = 0 𝑠  

−
9,81

2
. 𝑡 + 1,4 = 0

 

𝑡 =
1,4

9,81
2

= 0,29 𝑠
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 𝑣𝑦(𝑡) = 0  

𝑡 =
1,4

9,81
= 0,14 𝑠

 

𝑦(𝑡 = 0,14) = −0,86. 0,142 + 1,4.0,14 = 0,18 𝑚

𝐵𝑎

 

𝐵𝑎 =
ℎ𝑟𝑆

𝑎

𝐹𝑏𝑐𝑝

 

ℎ𝑟 𝐽. 𝐾−1. 𝑠−1.𝑚−2

𝑆 

𝐹 𝑘𝑔. 𝑠−1

𝑐𝑝 

𝐽. 𝐾−1. 𝑘𝑔−1

 

𝑎 𝑏

 

[𝑆] = 𝑚2

[𝐹] = 𝑘𝑔. 𝑠−1

[𝑐𝑝] = 𝐽. 𝐾−1. 𝑘𝑔−1

[ℎ𝑟] = 𝐽. 𝐾−1. 𝑠−1.𝑚−2

 

[𝐵𝑎] = [
ℎ𝑟𝑆

𝑎

𝐹𝑏𝑐𝑝
] =

(𝐽. 𝐾−1. 𝑠−1.𝑚−2). (𝑚2𝑎)

(𝑘𝑔𝑏 . 𝑠−𝑏). (𝐽. 𝐾−1. 𝑘𝑔−1)
= 𝑘𝑔1−𝑏. 𝑠−1+𝑏.𝑚2𝑎−2
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1 − 𝑏 = 0 → 𝑏 = 1

 

2𝑎 − 2 = 0 → 𝑎 = 1

 

𝐵𝑎 =
ℎ𝑟𝑆

𝐹𝑐𝑝

𝑚𝑉

𝐶𝐺𝑉

 
𝑚𝑉  =  4 500 𝑘𝑔
𝐶𝐺𝑉  =  0,5 𝑚

𝐶𝑀𝐴 =  2,50 𝑚
𝑑 =  0,7

1150

 
1150 litres 

0,20 m 𝑑𝑎𝑣 

𝑑𝑎𝑟 
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1,5 𝑚

38 𝑐𝑚

 

 
𝑀𝑎𝑣𝑖𝑜𝑛 = 80.2 + 1150.0,7 + 4500 = 5465 𝑘𝑔

  

 
𝑀𝑎𝑣𝑖𝑜𝑛𝐶𝐺 = 𝑀𝑐𝑎𝑟𝑏𝑢. (−0,2) + 𝑀𝑝𝑖𝑙𝑜𝑡𝑒(𝑑𝑎𝑣 + 𝑑𝑎𝑟) + 𝑚𝑣𝐶𝐺𝑣

 
𝑑𝑎𝑣 = 𝑑𝑎𝑟 + 1,5

 
𝑀𝑎𝑣𝑖𝑜𝑛𝐶𝐺 = 𝑀𝑐𝑎𝑟𝑏𝑢. (−0,2) + 𝑀𝑝𝑖𝑙𝑜𝑡𝑒(2𝑑𝑎𝑟 + 1,5) + 𝑚𝑣𝐶𝐺𝑣

 
𝑀𝑎𝑣𝑖𝑜𝑛𝐶𝐺 − 𝑀𝑐𝑎𝑟𝑏𝑢. (−0,2) − 𝑚𝑣𝐶𝐺𝑣 = 𝑀𝑝𝑖𝑙𝑜𝑡𝑒(2𝑑𝑎𝑟 + 1,5)

𝑑𝑎𝑟 =
1

2
(
𝑀𝑎𝑣𝑖𝑜𝑛𝐶𝐺 − 𝑀𝑐𝑎𝑟𝑏𝑢. (−0,2) − 𝑚𝑣𝐶𝐺𝑣

𝑀𝑝𝑖𝑙𝑜𝑡𝑒
− 1,5)

𝑑𝑎𝑟 =
1

2
(
5465. (−0,38) − 1150.0,7. (−0,2) − 4500. (−0,5)

80
− 1,5) = 1,34 𝑚

 𝐶𝐺 𝐶𝑀𝐴

 

𝐶𝐺% =
0,38

2,50
100 = 15,2 %

 

15%

15% 𝐶𝑀𝐴  
𝐶𝐺

2,50
100 = 15 → 𝐶𝐺 =

15.2,50

100
= 0,375 𝑚

 
𝑀𝑎𝑣𝑖𝑜𝑛. 𝐶𝐺 = 𝑀𝑎𝑣𝑖𝑜𝑛. (−0,375) = 𝑀𝑐𝑎𝑟𝑏𝑢. (−0,2) + 𝑀𝑝𝑖𝑙𝑜𝑡𝑒(2𝑑𝑎𝑟 + 1,5) + 𝑚𝑣𝐶𝐺𝑣

 
𝑀𝑎𝑣𝑖𝑜𝑛 = 2𝑀𝑝𝑖𝑙𝑜𝑡𝑒 + 𝑀𝑐𝑎𝑟𝑏𝑢 + 𝑚𝑣
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(2𝑀𝑝𝑖𝑙𝑜𝑡𝑒 + 𝑀𝑐𝑎𝑟𝑏𝑢 + 𝑚𝑣). (−0,375) = 𝑀𝑐𝑎𝑟𝑏𝑢. (−0,2) + 𝑀𝑝𝑖𝑙𝑜𝑡𝑒(2𝑑𝑎𝑟 + 1,5) + 𝑚𝑣𝐶𝐺𝑣

 

𝑀𝑐𝑎𝑟𝑏𝑢. (−0,375 + 0,2) = (2𝑀𝑝𝑖𝑙𝑜𝑡𝑒 + 𝑚𝑣). 0,375 + 𝑀𝑝𝑖𝑙𝑜𝑡𝑒(2𝑑𝑎𝑟 + 1,5) + 𝑚𝑣𝐶𝐺𝑣

𝑀𝑐𝑎𝑟𝑏𝑢. (−0,175) = 𝑀𝑝𝑖𝑙𝑜𝑡𝑒(2.0,375 + 2𝑑𝑎𝑟 + 1,5) + 𝑚𝑣(𝐶𝐺𝑣 + 0,375)

 

𝑀𝑐𝑎𝑟𝑏𝑢 =
1

−0,175
[𝑀𝑝𝑖𝑙𝑜𝑡𝑒(2.0,375 + 2𝑑𝑎𝑟 + 1,5) + 𝑚𝑣(𝐶𝐺𝑣 + 0,375)]

𝑀𝑐𝑎𝑟𝑏𝑢 =
1

−0,175
[80. (2.0,375 + 2.1,34 + 1,5) + 4500. (−0,5 + 0,375)] = 961 𝑘𝑔

 
961

0,7
= 1373 𝐿
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𝐹
𝑆

𝜌 𝑉 

𝐹 =
1

2
𝜌𝑆𝑉2𝐾

𝐾
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0,1 𝑚𝑚

𝑉 = 2 200 𝑚3

𝑚𝑛𝑎𝑐𝑒𝑙𝑙𝑒 = 56 𝑘𝑔

40 𝑘𝑔 20 𝑘𝑔

 : 𝑔 = 9,81 𝑚 · 𝑠−2

 𝑆 = 847 𝑚2

 𝜑𝑛𝑦𝑙𝑜𝑛 = 65 𝑔 · 𝑚−2

 𝑅 =  8,314 𝐽 · 𝑚𝑜𝑙−1 · 𝐾−1 

 𝑀𝑎𝑖𝑟 =  29,0 𝑔 · 𝑚𝑜𝑙−1 

 𝑛𝑎𝑖𝑟 𝑚𝑜𝑙 

 𝑚𝑎𝑖𝑟 𝑘𝑔

https://escholarship.org/
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1,5 𝑘𝑚

𝑝

𝑃𝑉 = 𝑛𝑅𝑇

𝜌𝑖𝑛𝑡 𝑝, 𝑀𝑎𝑖𝑟, 𝑅

𝑇

𝜌𝑖𝑛𝑡 1,5 𝑘𝑚 0,8 𝑘𝑔 ·

𝑚−3

373 𝐾

𝐺

(𝑂, 𝑖, �⃗⃗�)

𝑂
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�⃗⃗�

𝑃𝐴
⃗⃗⃗⃗⃗ = 𝜌𝑒𝑥𝑡𝑉𝑔�⃗⃗�

𝜌𝑒𝑥𝑡 𝑉

𝑚

1,5 𝑘𝑚 1,06 𝑘𝑔 · 𝑚−3

0,80 𝑘𝑔 · 𝑚−3

�⃗⃗�

𝑃𝐴
⃗⃗⃗⃗⃗ 𝑔, 𝑚

�⃗⃗�
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1,5 𝑘𝑚 𝑇𝑒𝑥𝑡  =  278 𝐾

𝑃𝑟 = 𝜀 ·  𝜎 · 𝑆 · 𝑇4

𝑃𝑟

𝜀 𝜀 = 0,87
𝜎 𝜎 = 5,67 × 10−8

 𝑊 · 𝑚−2 · 𝐾−4

𝑆
𝑇 𝐾
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𝛷 =
∆𝑇

𝑅𝑡ℎ
 

𝛷 𝑊
∆𝑇

𝐾
𝑅𝑡ℎ

𝑅𝑡ℎ = 3,5 × 10−4
 𝐾 · 𝑊−1

𝑇 = 325 𝐾

𝑃𝑟

𝛷

𝑃𝑐𝑜𝑚𝑏

4 × 105 𝑊

𝐸𝑐𝑜𝑚𝑏 = 46,4 𝑀𝐽 · 𝑘𝑔−1

𝜏

68

3 × 106 𝑊
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: 
 

: 
 

:
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𝐹
𝑆

𝜌 𝑉 

𝐹 =
1

2
𝜌𝑆𝑉2𝐾

𝐾

 
[𝐹] = 𝑁 = 𝑘𝑔. 𝑚. 𝑠−2

[𝜌] = 𝑘𝑔. 𝑚−3

[𝑆] = 𝑚2

[𝑉2] = 𝑚2. 𝑠−2

 

[
𝐹

1
2 𝜌𝑆𝑉2

] =
𝑘𝑔. 𝑚. 𝑠−2

𝑘𝑔. 𝑚−3. 𝑚2. 𝑚2. 𝑠−2
= 1

𝐾
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0,1 𝑚𝑚

𝑉 = 2 200 𝑚3

𝑚𝑛𝑎𝑐𝑒𝑙𝑙𝑒 = 56 𝑘𝑔

40 𝑘𝑔 20 𝑘𝑔

 : 𝑔 = 9,81 𝑚 · 𝑠−2

 𝑆 = 847 𝑚2

 𝜑𝑛𝑦𝑙𝑜𝑛 = 65 𝑔 · 𝑚−2

 𝑅 =  8,314 𝐽 · 𝑚𝑜𝑙−1 · 𝐾−1 

 𝑀𝑎𝑖𝑟 =  29,0 𝑔 · 𝑚𝑜𝑙−1 

 𝑛𝑎𝑖𝑟 𝑚𝑜𝑙 

 𝑚𝑎𝑖𝑟 𝑘𝑔

https://escholarship.org/
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1,5 𝑘𝑚

𝑝

𝑃𝑉 = 𝑛𝑅𝑇

𝜌𝑖𝑛𝑡 𝑝, 𝑀𝑎𝑖𝑟, 𝑅

𝑇

 

𝑝𝑉𝑖𝑛𝑡 = 𝑛𝑎𝑖𝑟𝑅𝑇

 

𝑝
𝑚𝑎𝑖𝑟

𝜌𝑖𝑛𝑡
= 𝑛𝑎𝑖𝑟𝑅𝑇

𝑝

𝜌𝑖𝑛𝑡
=

𝑛𝑎𝑖𝑟

𝑚𝑎𝑖𝑟
𝑅𝑇

𝑝

𝜌𝑖𝑛𝑡
=

1

𝑀𝑎𝑖𝑟
𝑅𝑇

𝜌𝑖𝑛𝑡 =
𝑝

𝑅𝑇
𝑀𝑎𝑖𝑟

𝜌𝑖𝑛𝑡 1,5 𝑘𝑚 0,8 𝑘𝑔 ·

𝑚−3

373 𝐾
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1,5 𝑘𝑚 𝑝 = 85 000 𝑃𝑎

 

𝜌𝑖𝑛𝑡 =
85 000

8,314.373
29.10−3 = 0,795 𝑘𝑔. 𝑚−3

𝑘𝑔 10−3

𝐺

(𝑂, 𝑖, �⃗⃗�)

𝑂

�⃗⃗�

𝑃𝐴
⃗⃗⃗⃗⃗ = 𝜌𝑒𝑥𝑡𝑉𝑔�⃗⃗�

𝜌𝑒𝑥𝑡 𝑉

𝑚

1,5 𝑘𝑚 1,06 𝑘𝑔 · 𝑚−3

0,80 𝑘𝑔 · 𝑚−3
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�⃗⃗�

 

�⃗⃗� + 𝑃𝐴
⃗⃗⃗⃗⃗ = 0⃗⃗ → �⃗⃗� = −𝑃𝐴

⃗⃗⃗⃗⃗ = −𝜌𝑒𝑥𝑡𝑉𝑔�⃗⃗�

𝑃𝐴
⃗⃗⃗⃗⃗ 𝑔, 𝑚

�⃗⃗�

 

𝑃𝐴
⃗⃗⃗⃗⃗ = −�⃗⃗� = −𝑚𝑔�⃗⃗�

 

𝜌𝑒𝑥𝑡𝑉𝑔 = 𝑚𝑔

 

𝑚 = 𝜌𝑒𝑥𝑡𝑉 = 1,06.2 200 = 2 332 𝑘𝑔

 

𝑚𝑎𝑖𝑟 = 𝜌𝑖𝑛𝑡𝑉 = 1750 𝑘𝑔

 

𝑚𝑒𝑛𝑣 = 𝜑𝑛𝑦𝑙𝑜𝑛𝑆 = 65.10−3. 847 = 55 𝑘𝑔

 

56 𝑘𝑔
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2 332 − 1750 − 56 − 55 = 470 𝑘𝑔

 

160 𝑘𝑔

470 − 160 = 310 𝑘𝑔

80 𝑘𝑔

1,5 𝑘𝑚 𝑇𝑒𝑥𝑡  =  278 𝐾
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𝑃𝑟𝑎𝑦 𝑟𝑒ç𝑢 + 𝑃𝑐𝑜𝑚𝑏 = 𝑃𝑟 + 𝛷 + 𝑃𝑜𝑢𝑣𝑒𝑟𝑡𝑢𝑟𝑒

𝑃𝑟 = 𝜀 ·  𝜎 · 𝑆 · 𝑇4

𝑃𝑟

𝜀 𝜀 = 0,87
𝜎 𝜎 = 5,67 × 10−8

 𝑊 · 𝑚−2 · 𝐾−4

𝑆
𝑇 𝐾

𝛷 =
∆𝑇

𝑅𝑡ℎ
 

𝛷 𝑊
∆𝑇

𝐾
𝑅𝑡ℎ

𝑅𝑡ℎ = 3,5 × 10−4
 𝐾 · 𝑊−1
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𝑇 = 325 𝐾

𝑃𝑟

 

𝑃𝑟 = 𝜀 ·  𝜎 · 𝑆 · 𝑇4 = 0,87.5,67 × 10−8. 847.3254 = 4,7.105 𝑊

𝛷

 

𝛷 =
∆𝑇

𝑅𝑡ℎ
=

325 − 278

3,5.10−4
= 1,3.105 𝑊

𝑃𝑐𝑜𝑚𝑏

4 × 105 𝑊

 
𝑃𝑟𝑎𝑦 𝑟𝑒ç𝑢 + 𝑃𝑐𝑜𝑚𝑏 = 𝑃𝑟 + 𝛷 + 𝑃𝑜𝑢𝑣𝑒𝑟𝑡𝑢𝑟𝑒

𝑃𝑐𝑜𝑚𝑏 = 𝑃𝑟 + 𝛷 + 𝑃𝑜𝑢𝑣𝑒𝑟𝑡𝑢𝑟𝑒 − 𝑃𝑟𝑎𝑦 𝑟𝑒ç𝑢

𝑃𝑐𝑜𝑚𝑏 = 4,7.105 + 1,3.105 + 1,8.104 − 1,9.105 = 4,3.105 𝑊

𝐸𝑐𝑜𝑚𝑏 = 46,4 𝑀𝐽 · 𝑘𝑔−1

𝜏

68

3 × 106 𝑊

 

𝑃𝑐𝑜𝑚𝑏 =
𝑚𝑝𝑟𝑜𝑝𝐸𝑐𝑜𝑚𝑏

𝜏

𝜏 𝑠  
𝑚𝑝𝑟𝑜𝑝 = 68.10−3. 𝜏

 
𝑃𝑐𝑜𝑚𝑏 = 68.10−3. 𝐸𝑐𝑜𝑚𝑏 = 68.10−3. 46,4.106 = 3,2.106 𝑊
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80 𝑘𝑔
20 𝑠 2 𝑠  

𝑚𝑝𝑟𝑜𝑝 = 68.10−3. 2 = 0,136 𝑘𝑔

20 𝑠 80 𝑘𝑔  
80

0,136
= 588

 
11 765 𝑠 = 3,27 ℎ

 
3ℎ15

 


