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𝑖 =
𝜔1

𝜔1
=

𝑛1

𝑛2

𝑖 = 𝑖1𝑖2 … 𝑖𝑘

3. 

𝑇 = 𝑃/𝜔

η

𝜂 = 𝑃2/𝑃1

η

η

𝜂 =  𝜂1𝜂2 … 𝜂к

η η η

𝜔1 = 𝑃1/Т1 𝜔2 = 𝑃2/Т2
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𝜔1

𝜔2
=

Т2𝑃1

Т1𝑃2
=

𝑇2
𝑇1𝑃2

𝑃1
=

𝑇2

𝑇1𝜂

𝑖 =
𝑇2

𝑇1𝜂

𝑖 =
𝜔1

𝜔2
=

𝑛1

𝑛2
=

𝑇2

𝑇1𝜂

𝑇2 = 𝑇1𝑖𝜂

𝐹𝑡 =
2𝑇

𝑑
= 𝑃/𝜐

υ π

4. 
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𝑛1

𝑛2
= 𝑑2/[𝑑1(1 −  𝜀)]

η η

𝜀 𝜀

𝜀

𝜀

𝑖 = 𝑑2/𝑑1

υ

𝑖 =
𝑛1

𝑛2
= 𝑍2/𝑍1

η η
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Д

𝜔2𝑚𝑎𝑥 𝜔2𝑚𝑖𝑛

Д =  𝜔2𝑚𝑎𝑥/𝜔2𝑚𝑖𝑛

𝑖𝑚𝑖𝑛

𝑖𝑚𝑎𝑥

𝑖𝑚𝑖𝑛 =  𝜔1/𝜔2𝑚𝑎𝑥 𝑖𝑚𝑎𝑥 =  𝜔1/𝜔2𝑚𝑖𝑛

𝜔1

Д ≤ 10

𝜂 = 0,8 … 0,9.

𝜔2

𝜔1

𝑅1 = 𝑐𝑜𝑛𝑠𝑡. 𝑅2

𝑅2𝑚𝑖𝑛 … 𝑅2𝑚𝑎𝑥.

Д =
𝜔2𝑚𝑎𝑥

𝜔2𝑚𝑖𝑛 
=

𝑖𝑚𝑎𝑥

𝑖𝑚𝑖𝑛
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𝑖𝑚𝑎𝑥 =
𝜔1

𝜔2𝑚𝑖𝑛
 ≈

𝑅2𝑚𝑎𝑥

𝑅1
𝑖𝑚𝑖𝑛 =

𝜔1

𝜔2𝑚𝑎𝑥
 ≈

𝑅2𝑚𝑖𝑛

𝑅1

Д ≤ 3.

𝑅𝑚𝑖𝑛 𝑅𝑚𝑎𝑥 𝜔2

𝜔1

𝑅1𝑚𝑖𝑛 = 𝑅2𝑚𝑖𝑛 𝑅1𝑚𝑎𝑥 = 𝑅2𝑚𝑎𝑥

𝑖𝑚𝑎𝑥 =
𝜔1

𝜔2𝑚𝑖𝑛
 ≈

𝑅𝑚𝑎𝑥

𝑅𝑚𝑖𝑛
𝑖𝑚𝑖𝑛 =

𝜔1

𝜔2𝑚𝑎𝑥
 ≈

𝑅𝑚𝑖𝑛

𝑅𝑚𝑎𝑥 

Д ≤ 8

𝑃 ≤ 15 кВт.

𝑖𝑚𝑎𝑥 =
𝜔1

𝜔2𝑚𝑖𝑛
 ≈

𝑅2𝑚𝑎𝑥

𝑅1𝑚𝑖𝑛
𝑖𝑚𝑖𝑛 =

𝜔1

𝜔2𝑚𝑎𝑥
 ≈

𝑅2𝑚𝑖𝑛

𝑅1𝑚𝑎𝑥

Д =
𝜔2𝑚𝑎𝑥

𝜔2𝑚𝑖𝑛
=

𝑖𝑚𝑎𝑥

𝑖𝑚𝑖𝑛
= 𝑅1𝑚𝑎𝑥𝑅2𝑚𝑎𝑥/𝑅1𝑚𝑖𝑛𝑅2𝑚𝑖𝑛

Д ≤ 1,5

Д ≤ 12

Д = 7

Д =
𝜔2𝑚𝑎𝑥

𝜔2𝑚𝑖𝑛
=

𝑖𝑚𝑎𝑥

𝑖𝑚𝑖𝑛
=

𝑅2𝑚𝑎𝑥

𝑅2𝑚𝑖𝑛

Д =
𝜔2𝑚𝑎𝑥

𝜔2𝑚𝑖𝑛
=

𝑖𝑚𝑎𝑥

𝑖𝑚𝑖𝑛
=

𝑅𝑚𝑎𝑥
2

𝑅𝑚𝑖𝑛
2
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𝑖кп 𝑚𝑎𝑥

𝑖кп 𝑚𝑖𝑛

Дкп =  𝑖кп 𝑚𝑎𝑥/𝑖кп 𝑚𝑖𝑛

Дкп

Д

Д = Дкп

𝑖зп =
𝑍2𝑍4

𝑍1𝑍3

𝑍1 𝑍2 𝑍2 𝑍4

𝑖𝑚𝑎𝑥 =  𝑖кп 𝑚𝑎𝑥/𝑖зп 𝑖𝑚𝑖𝑛 =  𝑖кп 𝑚𝑖𝑛/𝑖зп

𝑖кп 𝑚𝑎𝑥 𝑖кп 𝑚𝑖𝑛 Д 𝑖зп 𝑖𝑚𝑎𝑥 𝑖𝑚𝑖𝑛
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𝑇1 = 𝑐𝑜𝑛𝑠𝑡 𝑃1 = 𝑐𝑜𝑛𝑠𝑡

𝑃2

𝑇2

𝑇2 = 𝑐𝑜𝑛𝑠𝑡 𝑃2 ≠ 𝑐𝑜𝑛𝑠𝑡

𝑇1 𝑃1

𝑇2 𝑃1 𝑇1

 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 48 

   

        

 

 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 49 

 

                                                                                                   

   

   

 

    

   

 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 50 

 

 

 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 51 

   

 

 

 

 

 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 52 

 

 

 

β β β

β

 

 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 53 

 

 

 

 

 

 

 

 

β β 

 

 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 54 

       

       

    
  

    

    

  

 

   

 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 55 

 

 

 

 

 

 

 

 

 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 56 

  

  

  

  

 

    

 

  

  

  
  

  

 

 

  

 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 57 

    

    

  

          

    

            

      

    

   

  

  

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 58 

  

  

  

  

  

  

  

         

    

         

  

       

 

 

 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 59 

 

        

     

  

  

 

 

 

 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 60 

   
 

 

β

β  

β  

 

   

 

    

      

    

  

  

 

   

 

  

   

 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 61 

 

 

 

  

 

    

 

β

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 62 

 

β

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 

 
 

    

   

         

  

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 63 

 

   

   

   

 

  

 

   

   

      

        

       

   

  

    

       

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 64 

      

 

    

 

  

    

  

  

       

  

 

     

      

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 65 

        

    

 

 

          

    

         

 

    

β

  

        

  

    

    

   ∙  ∙   

       

         

         

         

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 66 

   

 

  

  

  

  

       

       

 

 

 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 67 

 

 
     

 

 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 68 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 69 

 

ω ω

 

 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 70 

  

 

  

  

        ω     

 

 

 

 

 

 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 71 

 

 

   

 

 

  

 

 

   

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 72 

 

   

 

   

  

   

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 73 

   

  

 

α α  
α α

 

 α  

 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 74 

 

   

 α 

  

  

 

 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 75 

  

 

  α   

 

   

   

   

   

   

   

   

   

   

   

   

  

  

 

 
  

          

 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 76 

   

  

  

  

 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 77 

 

 

  

  

 

 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 78 

 

 

   

          

  

      φ

   ψ

 

 

  

  ∙

 

   

  

    

 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 79 

     

      

 

  

 

    

   

   

 

   

  

    

  

  

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 80 

 

   

  

  

  

    

  

    

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 81 

  

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 82 

  

    

  

 
 

 

  
 

 
 

         

 

 

  

 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 83 

       

   

  

  

  

  

  

 

 

 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 84 

 

https://creativecommons.org/licenses/by/4.0/deed.ru|


 

 85 

 
 

 

𝒆

𝑤в 𝑤𝑐

𝑤кр 𝑛кр
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𝑚

𝑒

𝑓 𝐹

𝑤𝑐 = 𝑤кр = √𝐶
𝑚⁄

𝐶 = √𝐹
𝑓⁄ 𝑚 = √𝐹

𝑔⁄ 𝑔  

𝑤кр =  √
𝐹𝑔

(𝐹𝑡)⁄ = √𝑔
𝑡⁄

Пкр = (30
𝜋 ⁄ )𝑤кр = (30

𝜋 ⁄ )√𝑔
𝑡⁄ ≈ 950√1

𝑓⁄

𝑤кр Пкр 𝑓 𝑔

𝑓

𝑓0 = 𝐹𝑙3

(48𝐸𝐽)⁄

𝑙 𝐸 𝐽 ≈

0,05 𝑑4

𝐹ц

𝐹ц = 𝑚𝑤2𝑟 =  𝑚𝑤2 (𝑒 + 𝑦)

𝑤 𝑦 𝐹ц 𝑟 = (𝑒 + 𝑦)

𝐹ц

𝐹у

𝐹у = 𝐶𝑦 

𝑚𝑤2 (𝑒 + 𝑦) = 𝐶𝑦
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𝐶

𝑚𝑤2

(𝑛 ≤ 𝑛кр)

𝑦 =
𝑒

(
𝑤кр

𝑤
)

2
−1

=
𝑒

(
𝑛кр

𝑛
)

2
−1

(𝑛 ≥ 𝑛кр)

𝑦 =
−𝑒

1−(
𝑤кр

𝑤
)

2 =
−𝑒

1−(
𝑛кр

𝑛
)

2

𝑛

𝑛 ≈ 𝑛кр 𝑦 → ∽

𝑛

𝑒

𝑛 → ∽      𝑦 →  𝑒

÷

𝑤кр и 𝑛кр
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𝑛 ≤ 0,7 𝑛кр 

𝑛 ≥ 1,3 𝑛кр

𝐶

𝑓Р

𝑓э

𝑚гр  

𝐶

𝐶 =
𝑚гр𝑔

𝑆⁄

𝑆

𝑓э

𝑓э = 𝐹
𝐶⁄

 𝑓Р 𝑓э

𝑛′ ≈ 950√1
𝑓р

⁄ 𝑛′′ ≈ 950√1
𝑓э

⁄

𝑓р , 
𝑆 ,  𝐺 , 

𝑓э , 

𝑛кр.р
′ 𝑛кр.р

∗
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  𝑛кр
∗

𝑛кр
∗∗

 𝑛кр
∗ 𝑛кр

∗∗ 𝑛кр =
(𝑛кр

∗ + 𝑛кр
∗∗ )

2
⁄

  𝑛кр
∗   𝑛кр

∗∗
𝑛кр

𝑙 𝑑

𝐽 𝑚 𝑚гр  

𝑛кр

𝑦

𝑒 𝑛 𝑛кр
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
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∙ ∙ ∙ψ

ψ

ψ ψ





𝑖общ =
𝑇𝛿

𝑇𝑝 ∙ 𝜂
=

𝐺𝐷

2𝐹𝑝𝑙𝑝𝑘𝜓𝜂

∙

π  ∙





π ∙

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 
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