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ВАРИАНТНЫЕ РАСЧЕТЫ  
ПРОМЫШЛЕННЫХ ЦЕНТРОБЕЖНЫХ КОМПРЕССОРОВ  

НА ОСНОВЕ УПРОЩЕННОЙ МАТЕМАТИЧЕСКОЙ МОДЕЛИ 

В˷̇˿˷̄̉̄̒̀ ̇˷̈̎˼̉ – ̆˼̇˹̒̀ ̏˷˺ ˺˷˾̅˻˿̄˷̃˿̎˼̈́̅˺̅ ̆̇̅˼́̉˿̇̅˹˷̄˿̖. ˦̇˿˹˼˻˼̄̒ ́̇˷̉́˷̖ ˿̄-

̋̅̇̃˷̍˿̖ ̅˸ ̊̆̇̅̐˼̄̄̅̀ ̃˷̉˼̃˷̉˿̎˼̈́̅̀ ̃̅˻˼̂˿ К˦˛, ˷ ̉˷́˽˼ ̅̈̄̅˹̄̒˼ ̊̇˷˹̄˼̄˿̖ ˻̖̂ ̅̍˼̄́˿ 

К˦˛ ˿ ̅̈̄̅˹̄̒̌ ̆˷̇˷̃˼̉̇̅˹ ́̅̃̆̇˼̈̈̅̇̅˹. В̅˾̃̅˽̄̅ ̈̅̆̅̈̉˷˹̂˼̄˿˼ ́̅̃̆̇˼̈̈̅̇̅˹ ̈ ̇˷˾̄̒̃ 

̎˿̈̂̅̃ ˹˷̂̅˹, ̎˷̈̉̅̉̅̀ ˿̌ ˹̇˷̐˼̄˿̖, ́̅̂˿̎˼̈̉˹̅̃ ˿ ̃˼̈̉̅̆̅̂̅˽˼̄˿˼̃ ˹ ̆̇̅̉̅̎̄̅̀ ̎˷̈̉˿ ˺˷˾̅-

̅̌̂˷˻˿̉˼̂˼̀, ̉˿̆̅̃ ̇˷˸̅̎˿̌ ́̅̂˼̈ ˿ ˻˿̋̋̊˾̅̇̅˹. ˦̇˿˹˼˻˼̄̒ ̆̇˿̃˼̇̒ ˹˷̇˿˷̄̉̄̅˺̅ ̇˷̈̎˼̉˷ ˻˹̊̌ 

̉˿̆̅˹ ́̅̃̆̇˼̈̈̅̇̅˹ ̂˿̄˼̀̄̅˺̅ ˺˷˾̅̆˼̇˼́˷̎˿˹˷̐̕˼˺̅ ˷˺̇˼˺˷̉˷, ́̅̃̆̇˼̈̈̅̇˷ ˻̖̂ ̆̅˻˾˼̃̄̅˺̅ ̌̇˷-
̄˿̂˿̐˷ ˺˷˾˷ ˿ ˹̅˾˻̊̏̄̅˺̅ ́̅̃̆̇˼̈̈̅̇˷ ̅˸̐˼˺̅ ̄˷˾̄˷̎˼̄˿̖. ˦̅́˷˾˷̄̅, ̎̉̅ ̅˻̄̅˹˷̂̓̄̒˼ ́̅̃̆̇˼̈-
̈̅̇̒ ˻̖̂ ̆̅˻˾˼̃̄̒̌ ̌̇˷̄˿̂˿̐ ˺˷˾˷ ̈̂˼˻̊˼̉ ̅̆̉˿̃˿˾˿̇̅˹˷̉̓ ̆̊̉˼̃ ˹̒˸̅̇˷ ̃˷́̈˿̃˷̂̓̄̅ ˹̅˾̃̅˽̄̅˺̅ 

̎˿̈̂˷ ̈̉̊̆˼̄˼̀ ˿ ̆̅˻˸̅̇˷ ̈̅̅̉̄̅̏˼̄˿̖ ́̅̔̋̋˿̍˿˼̄̉̅˹ ̄˷̆̅̇˷ ˿ ˻˿˷̃˼̉̇̅˹ ̇˷˸̅̎˿̌ ́̅̂˼̈. ˦̅́˷-
˾˷̄̅, ̎̉̅ ̅˻̄̅˹˷̂̓̄˷̖ ̈̌˼̃˷ ˹̅˾˻̊̏̄̅˺̅ ́̅̃̆̇˼̈̈̅̇˷ ̅˸̐˼˺̅ ̄˷˾̄˷̎˼̄˿̖ ̊̈̉̊̆˷˼̉ ̆̅ ̔̋̋˼́̉˿˹-
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VARIANT CALCULATIONS  
FOR INDUSTRIAL CENTRIFUGAL COMPRESSORS BASED  

ON SIMPLIFIED MATHEMATICAL MODEL 

Variant calculation is the first step in gas dynamic design. The study provides brief information on the 

simplified mathematical model of efficiency and basic equations for estimating the efficiency and basic 

parameters of compressors. It is possible to compare the variants of compressors with a different number of 

shafts and rotation frequencies, with a different number and location of gas coolers in the flowing part, with 

different types of impellers and diffusers. Examples of a variant calculations are given for two types of 

compressors of a linear gas compressor unit and of a compressor for underground gas storage. It is shown 

that single-shaft compressors for underground gas storages should be optimized by selecting the maximum 

possible number of stages, by selecting the ratio of loading factors and the diameters of the impellers. It is 

shown that the single-shaft scheme of a general-purpose air compressor is inferior in efficiency to a two-

shaft scheme with a large number of intermediate cooling. 
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ВǤǧǦǧǯǪǧ 

˭˼̄̉̇̅˸˼˽̄̒˼ ́̅̃̆̇˼̈̈̅̇̒ ̆̇˿̃˼̖̖̄̉̈̕ 

˹ ̇˷˾̂˿̎̄̒̌ ̅̉̇˷̖̈̂̌ ̆̇̅̃̒̏̂˼̄̄̅̈̉˿ (̄˼̋-

̉˼̌˿̃˿̎˼̈́̅˼ ̆̇̅˿˾˹̅˻̈̉˹̅, ̃˼̉˷̂̂̊̇˺˿̖). 

В ˧̅̈̈˿˿ ̄˷˿˸̅̂˼˼ ̏˿̇̅́̅ ̍˼̄̉̇̅˸˼˽̄̒˼ 
́̅̃̆̇˼̈̈̅̇̒ ̆̇˿̃˼̖̄̉̕ ̆̇˿ ˻̅˸̒̎˼ ˿ ̉̇˷̄̈-

̆̅̇̉˿̇̅˹́˼ ̆̇˿̇̅˻̄̅˺̅ ˺˷˾˷. ˧˷˾˹˿̉˿˼ ˺˷˾̅-

̉̇˷̄̈̆̅̇̉̄̅̀ ̈˿̈̉˼̃̒ ̈̉̇˷̄̒ ̉̇˼˸̊˼̉ ̇˷˾̇˷-
˸̅̉́˿ ̄̅˹̒̌ ́̅̃̆̇˼̈̈̅̇̅˹ ̄˷ ̇˷˾̂˿̎̄̒˼ ̆˷-

̇˷̃˼̉̇̒ ̆̇̅˼́̉˿̇̅˹˷̄˿̖. ˤ˷ ̆̇˿˹̅˻ ́̅̃̆̇˼̈-
̈̅̇̅˹ ˾˷̉̇˷̎˿˹˷˼̖̉̈ ˸̅̂̓̏̅˼ ́̅̂˿̎˼̈̉˹ ̔̄˼̇-

˺˿˿, ̆̅̔̉̅̃̊ ̄˼̅˸̌̅˻˿̃̅ ̈̅˾˻˷˹˷̉̓ ̆̇̅̉̅̎̄̒˼ 

̎˷̈̉˿ ̈ ̃˷́̈˿̃˷̂̓̄̅̀ ̔̄˼̇˺˼̉˿̎˼̈́̅̀ ̔̋̋˼́-

̉˿˹̄̅̈̉̓̕ (̄˷˿˹̒̈̏˿̃ К˦˛), ̆̇˿ ̔̉̅̃ ̅˸˼̈-
̆˼̎˿˹˷̖ ̈̅́̇˷̐˼̄˿˼ ̈̇̅́̅˹ ˿ ̊̃˼̄̓̏˼̄˿˼ 
̈̉̅˿̃̅̈̉˿ ̆̇̅˼́̉˿̇̅˹˷̄˿̖ ̍˼̄̉̇̅˸˼˽̄̒̌ 

́̅̃̆̇˼̈̈̅̇̅˹. 

˭˼̂̓ ˺˷˾̅˻˿̄˷̃˿̎˼̈́̅˺̅ ̆̇̅˼́̉˿̇̅˹˷̄˿̖ – 

̆̇̅˼́̉ ̆̇̅̉̅̎̄̅̀ ̎˷̈̉˿ ́̅̃̆̇˼̈̈̅̇˷, ̅˸˼̈̆˼-
̎˿˹˷̐̕˼˺̅ ̅̆̇˼˻˼̂˼̄̄̒̀ ̉˼̌̄˿̎˼̈́˿̃ ˾˷˻˷̄˿-

˼̃ (˩˞) ̇˷̈̌̅˻ ˺˷˾˷ ˿˾ ̅˸˷̈̉˿ ̈ ˿˾˹˼̈̉̄̒̃˿ ˿̈-
̌̅˻̄̒̃˿ ˻˷˹̂˼̄˿˼̃ ˿ ̉˼̃̆˼̇˷̉̊̇̅̀ ˹ ̅˸̂˷̈̉̓ ̈ 
̉̇˼˸̊˼̃̒̃ ˻˷˹̂˼̄˿˼̃. ˛̖̂ ̇˷̈̎˼̉˷ ̄˼̅˸̌̅˻˿̃̅ 

˾̄˷̄˿˼ ̋˿˾˿̎˼̈́˿̌ ̈˹̅̀̈̉˹ ˺˷˾˷. ˮ˿̈̂̅ ̅˸̅̇̅-

̉̅˹ ̇̅̉̅̇˷ ˹ ̃˿̄̊̉̊ ̃̅˽˼̉ ˸̒̉̓ ̊́˷˾˷̄̅ ˹ ˩˞ 

˿̂˿ ˹̒˸̇˷̄̅ ̆̇̅˼́̉˿̇̅˹̐˿́̅̃.  

˦˷̇˷̃˼̉̇̒ ́̅̃̆̇˼̈̈̅̇˷ ̃̅˺̊̉ ˸̒̉̓ ̅˸˼̈-
̆˼̎˼̄̒ ̆̇˷́̉˿̎˼̈́˿ ̄˼˿̈̎˿̈̂˿̃̒̃ ́̅̂˿̎˼̈̉-
˹̅̃ ˹˷̇˿˷̄̉̅˹ ́̅̃̆̇˼̈̈̅̇˷. В ̅˸̐˼̃ ̈̂̊̎˷˼ ́ 

̆̇˼˻̃˼̉˷̃ ˹̒˸̅̇˷ ˻̖̂ ̆̇̅˼́̉˿̇̅˹̐˿́˷ ̅̉̄̅-

̖̖̈̉̈:  

́̅̂˿̎˼̈̉˹̅ ˹˷̂̅˹, ̄˷ ́̅̉̅̇̒̌ ̊̈̉˷̄̅˹̂˼̄̒ 

̇˷˸̅̎˿˼ ́̅̂˼̈˷ ̈̉̊̆˼̄˼̀; 

́̅̂˿̎˼̈̉˹̅ ̈̉̊̆˼̄˼̀ ̄˷ ˹˷̂̊; 

̎˿̈̂̅ ̅˸̅̇̅̉̅˹ ˹˷̂˷ ˹ ̃˿̄̊̉̊; 

́̅̂˿̎˼̈̉˹̅ ̆̇̅̃˼˽̊̉̅̎̄̒̌ ̅̌̂˷˽˻˼̄˿̀; 

́̅̂˿̎˼̈̉˹̅ ̈̉̊̆˼̄˼̀; 

˻˿˷̃˼̉̇̒ ̇˷˸̅̎˿̌ ́̅̂˼̈; 
̉˿̆̒ ̇˷˸̅̎˿̌ ́̅̂˼̈ (̇˷˻˿˷̂̓̄̒˼ ˿̂˿ ̅̈˼-

̇˷˻˿˷̂̓̄̒˼); 

̉˿̆̒ ˻˿̋̋̊˾̅̇̅˹ (̂̅̆˷̉̅̎̄̒˼, ˸˼˾̂̅̆˷-
̉̅̎̄̒˼).  

˦̇̅̃̒̏̂˼̄̄̒˼ ́̅̃̆̇˼̈̈̅̇̒ – ̃̅̐̄̒˼ 
̃˷̏˿̄̒ ̈ ˸̅̂̓̏˿̃ ̈̇̅́̅̃ ̔́̈̆̂̊˷̉˷̍˿˿. 

˨̉̅˿̃̅̈̉̓ ̔̄˼̇˺˿˿ ˻̖̂ ̆̇˿˹̅˻˷ ́̅̃̆̇˼̈̈̅̇̅˹ 

̃̄̅˺̅́̇˷̉̄̅ ̆˼̇˼́̇̒˹˷˼̉ ́˷̆˿̉˷̂̅˹̂̅˽˼̄˿̖ 

(˹́̂̎̕˷̖ ̈̉̅˿̃̅̈̉̓ ́̅̃̆̇˼̈̈̅̇˷) ˿ ̇˷̈̌̅˻̒ 

̄˷ ̅˸̈̂̊˽˿˹˷̄˿˼. ˦̅̔̉̅̃̊ ̎˷̐˼ ˹̈˼˺̅ ̍˼̂̓ 

˺˷˾̅˻˿̄˷̃˿̎˼̈́̅˺̅ ̆̇̅˼́̉˿̇̅˹˷̄˿̖ – ̈̅˾˻˷̉̓ 
́̅̃̆̇˼̈̈̅̇ ̈ ̃˿̄˿̃˷̂̓̄̒̃ ̆̅̉̇˼˸̂˼̄˿˼̃ 

̔̄˼̇˺˿˿, ̉. ˼. ̈ ̃˷́̈˿̃˷̂̓̄̒̃ К˦˛.  

˦̅̃˿̃̅ ̆˼̉˼̇˸̊̇˺̈́̅̀ ̆̅̂˿̉˼̌̄˿̎˼̈́̅̀ 

̏́̅̂̒ ́̅̃̆̇˼̈̈̅̇̅̈̉̇̅˼̄˿̖, ̇˷̈̎˼̉̅̃ ˿ ̆̇̅-

˼́̉˿̇̅˹˷̄˿˼̃ ̍˼̄̉̇̅˸˼˽̄̒̌ ́̅̃̆̇˼̈̈̅̇̅˹ 

˾˷̄˿̃˷̖̉̈̕ ̇̅̈̈˿̀̈́˿˼ ˿ ˾˷̇̊˸˼˽̄̒˼ ̅̇˺˷̄˿-

˾˷̍˿˿ [1–11]. 

К̅̃̆̓̉̕˼̇̄̒˼ ̆̇̅˺̇˷̃̃̒ ˣ˼̉̅˻˷ ̊̄˿˹˼̇-

̈˷̂̓̄̅˺̅ ̃̅˻˼̂˿̇̅˹˷̄˿̖ [12–15] ̆̅˾˹̖̅̂̉̕ ̇˷̈-
̈̎˿̉˷̉̓ ˺˷˾̅˻˿̄˷̃˿̎˼̈́˿˼ ̌˷̇˷́̉˼̇˿̈̉˿́˿ ̂̕-

˸̅˺̅ ˿˾ ˹̅˾̃̅˽̄̒̌ ˹˷̇˿˷̄̉̅˹ ̆̅̂̄̅̈̉̓̕ ̈̆̇̅-

˼́̉˿̇̅˹˷̄̄̅˺̅ ́̅̃̆̇˼̈̈̅̇˷. ˤ̅ ̈̇˷˹̄˼̄˿˼ 
˸̅̂̓̏̅˺̅ ́̅̂˿̎˼̈̉˹˷ ˹˷̇˿˷̄̉̅˹ ˸̒̂̅ ˸̒ ̈̂˿̏-

́̅̃ ˾˷̉̇˷̉̄̒̃. ˦̇˿˹̅˻˿̃̒˼ ̄˿˽˼ ̊̇˷˹̄˼̄˿̖ 

̆̅́˷˾̒˹˷̉̕, ̎̉̅ ˹˷̇˿˷̄̉̄̒̀ ̇˷̈̎˼̉ ̃̅˽˼̉ ˸̒̉̓ 
˻̅̈̉˷̉̅̎̄̅ ̆̇̅̈̉̒̃, ˼̈̂˿ ̈̊̐˼̈̉˹̊˼̉ ̆̇̅̈̉˷̖ 

̃˷̉˼̃˷̉˿̎˼̈́˷̖ ̃̅˻˼̂̓ ̇˷̈̎˼̉˷ К˦˛ ̈̉̊̆˼̄˼̀. 

˭˼̂̓ ̇˷˸̅̉̒ – ̆̇˼˻̈̉˷˹˿̉̓ ˹̅˾̃̅˽̄̅̈̉˿ 

̊̆̇̅̐˼̄̄̅̀ ̃˷̉˼̃˷̉˿̎˼̈́̅̀ ̃̅˻˼̂˿ ˻̖̂ ˸̒-

̈̉̇̅˺̅ ˹˷̇˿˷̄̉̄̅˺̅ ̇˷̈̎˼̉˷ ̆̇̅̃̒̏̂˼̄̄̒̌ 

̍˼̄̉̇̅˸˼˽̄̒̌ ́̅̃̆̇˼̈̈̅̇̅˹ ˿ ˹̒˸̅̇˷ ̂̊̎̏˼-
˺̅ ˹˷̇˿˷̄̉˷, ̆̇˿̎˼̃ ̔̉˷ ̃̅˻˼̂̓ ˿̈̆̅̂̓˾̊˼̖̉̈ 

˻̖̂ ̇˷̈̎˼̉˷ ̄˼̈́̅̂̓́˿̌ ̆̇̅̃̒̏̂˼̄̄̒̌ ́̅̃-

̆̇˼̈̈̅̇̅˹ ̄˷ ̇˷˾̂˿̎̄̒˼ ̆˷̇˷̃˼̉̇̒. 
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ǎǧǴоǦǽ Ǫ ǱоǦхоǦǽ 

ǐǳǯоǤǯǽǧ ǵǲǢǤǯǧǯǪя ǴǧǲмоǦǪǯǢмǪǹǧǳǬоǥо ǲǢǳǹǧǴǢ 

˞˷˻˷̄̄̒̀ ˹ ˩˞ ̃˷̈̈̅˹̒̀ ̇˷̈̌̅˻ ́̅̃̆̇˼̈-
̈̅̇˷ ̅˻˿̄˷́̅˹ ̊ ˹̈˼̌ ̈̉̊̆˼̄˼̀, ̅̉ ̆˼̇˹̅̀ ˻̅ 

̆̅̈̂˼˻̄˼̀ «z» ̈̉̊̆˼̄˿:*  

 

ɪаɫɱ ɪаɫɱ1 ɪаɫɱ2 ɪаɫɱz

*
20

ɪаɫɱ1 2 2*
0 ɪаɫɱ1

*
20

ɪаɫɱ2 2 2*
0 ɪаɫɱ2

*
20

ɪаɫɱ z 2 2*
0 ɪаɫɱz

= = = ... =

Φ

=Φ = ...

... =Φ .

m m m m

p
D u

RT

p
D u

RT

p
D u

RT



 
   

 

 
  
 

 
  
 

 (1) 

˦̅̈́̅̂̓́̊ 2
2 2

π n
= = 0,05235 ,

60

D
u D n ̉̅ ˻̖̂ ̈̉̊-

̆˼̄˼̀, ̇˷̈̆̅̂̅˽˼̄̄̒̌ ̄˷ ̅˻̄̅̃ ˹˷̂̊, ̆̅̂̊̎˷˼̃ 

 

    
 

 
 

 

 
 

* 3
ɪаɫɱ ɪаɫɱ10 1 2 1 ɪаɫɱ

*
20ɪаɫɱ 2

ɪаɫɱ2 2(2) 2(1)*

0 1

*
20 ɪаɫɱ i

ɪаɫɱ 2( ) 2(1)*

0 1

/ 0,05235 =Φ =

=Φ / =

= ... =Φ / .i i

m D n

D D

D D











 (2) 

˞˻˼̈̓ ̅̉̄̅̏˼̄˿˼ ˻˿˷̃˼̉̇̅˹ ̇˷˸̅̎˿̌ ́̅̂˼̈ 

(˧К) ̈̉̊̆˼̄˼̀ ́ ˻˿˷̃˼̉̇̊ ̆˼̇˹̅̀ ̈̉̊̆˼̄˿ ̄˷ 
˹˷̂̊ 

2( ) 2(1)/iD D  – ̔̉̅ ˿̈̈̂˼˻̊˼̃̒̀ ̆˷̇˷̃˼̉̇ 

˹˷̇˿˷̄̉̄̅˺̅ ̇˷̈̎˼̉˷.  
К̅̔̋̋˿̍˿˼̄̉ ̈˽˿̃˷˼̃̅̈̉˿ ˻̖̂ ̈̉̊̆˼̄˿ – 

̅̉̄̅̏˼̄˿˼ ̆̂̅̉̄̅̈̉˿ ˺˷˾˷ ̄˷ ˹̒̌̅˻˼ ́ ̆̂̅̉̄̅-

̈̉˿ ̄˷ ˹̌̅˻˼ – ˻̅̆̊̈̉˿̃̅ ̇˷̈̈̎˿̉̒˹˷̉̓ ̆̅ ̆̅̂-

̄̒̃ ̆˷̇˷̃˼̉̇˷̃ ˿̈̌̅˻̖ ˿˾ ̊̇˷˹̄˼̄˿̖ ̆̅̂˿̉̇̅̆-

̄̅˺̅ ̆̇̅̍˼̈̈˷, ̉˷́ ́˷́        
* *

0 +1 0 0 +1 0
ρ / ρ ρ / ρ :

i i i i
  

 

 
 

     

 

 

 

* * *
0 +1 0 0

* * *
0 00 +1

1
* 1

0 +1

*

0

ρ ρ
= / =

=

*

.
i

i

i

i i i

n
i

i

RT RT

T

T

 
  

    
            

 
 
 
 

 (3) 

                                                      
* ˨̃. ̆̇˿̖̄̉̒˼ ̅˸̅˾̄˷̎˼̄˿̖ ˹ ˦̇˿̂̅˽˼̄˿˿. 

˦̅́˷˾˷̉˼̂̓ ̆̇̅̍˼̈̈˷ ̈˽˷̉˿̖ ˹ ̈̉̊̆˼̄˿ ˾˷˹˿-

̈˿̉ ̅̉ ̆̅́˷˾˷̉˼̖̂ ˿˾̅̔̄̉̇̅̆̒ ˿ К˦˛. ˟˾ ˿˾-

˹˼̈̉̄̅˺̅ ̈̅̅̉̄̅̏˼̄˿̖ =
1 1

n k

n k


 
 ̆̇˿˸̂˿-

˽˼̄̄̅ ̈ ̊̎˼̉̅̃ ̃˷̂̅˺̅ ̅̉̂˿̎˿̖ К˦˛ ̈̉̊̆˼̄˿ ̆̅ 

̆̅̂̄̒̃ ˿ ̈̉˷̉˿̎˼̈́˿̃ ̆˷̇˷̃˼̉̇˷̃ ̈̂˼˻̊˼̉ 

 

*

*

Ș
1=

Ș 1
1

.

k

kn
k

k






 (4) 

˥̉̄̅̏˼̄˿˼ ̆̅̂̄̒̌ ̉˼̃̆˼̇˷̉̊̇ ̆̅̂̊̎˷˼̖̉̈ 

˿˾ ̊̇˷˹̄˼̄˿̖ ̔̄˼̇˺˿˿: 

 
 

 

 
 

 

2
2( )ɪаɫɱ*

0
*

0 +1

* *

0 0ɪаɫɱ

ψ
+

1= .

ii i

i

i

i i

u
T

k
RT

k

T T

 
 

 
 

 (5) 

˞˻˼̈̓ ́̅̔̋̋˿̍˿˼̄̉ ˹̄̊̉̇˼̄̄˼˺̅ ̄˷̆̅̇˷ i 

˾˷˹˿̈˿̉ ̅̉ ́̅̔̋̋˿̍˿˼̄̉˷ ̉˼̅̇˼̉˿̎˼̈́̅˺̅ ̄˷-
̆̅̇˷ ˿ ́̅̔̋̋˿̍˿˼̄̉̅˹ ˻˿̈́̅˹̅˺̅ ̉̇˼̄˿̖ ˿ 

̆̇̅̉˼̎˼́ ˹ ̂˷˸˿̇˿̄̉̄̅̃ ̊̆̂̅̉̄˼̄˿˿ ̆̅́̇̒-

˹˷̐̕˼˺̅ ˻˿̈́˷:  

 
 

  
ɬ ɬɪ ɩɪ

2 2 ɬɪ ɩɪ

ψ = ψ 1+β +β =

= / 1+β +β .

i

uc u
 (6) 

˦̇˿ ̆̇̅˼́̉˿̇̅˹˷̄˿˿ ˣ˼̉̅˻̅̃ ̊̄˿˹˼̇̈˷̂̓-
̄̅˺̅ ̃̅˻˼̂˿̇̅˹˷̄˿̖ ́̅̔̋̋˿̍˿˼̄̉ ̉˼̅̇˼̉˿̎˼̈́̅-

˺̅ ̄˷̆̅̇˷   ̉̇ ˷̈̎ ́˷˽˻̅̀ ˿˾ ̈̉̊̆˼̄˼̀ – ̔̉̅ ̆˷̇˷-
̃˼̉̇ ̆̇̅˼́̉˿̇̅˹˷̄˿̖, ˹̒˸˿̇˷˼̃̒̀  ̈̊̎˼̉̅̃ ˿˾-
˹˼̈̉̄̅˺̅ ˹̂˿̖̄˿̖ ̄˷ К˦˛, ̋̅̇̃̊ ̌˷̇˷́̉˼̇˿̈̉˿-

́˿, ̇˷˾̃˼̇̒, ̅́̇̊˽̄̊̕ ̈́̅̇̅̈̉̓ [16–17]. ˩˷́˿  ̃

̅˸̇˷˾̅̃, ́̅̔̋̋˿̍˿˼̄̉ ̉˼̅̇˼̉˿̎˼̈́̅˺  ̅̄˷̆̅̇˷ – 

̔̉̅ ˿̈̈̂˼˻̊˼̃̒̀ ̆˷̇˷̃˼̉̇ ˹˷̇˿˷̄̉̄̅˺̅ ̇˷̈̎˼̉˷, 
́̅̉̅̇̒̀ ˻˷˼̉ ́̅̂˿̎˼̈̉˹˼̄̄̊̕ ̅̍˼̄́̊ К˦˛,  

̅́̇̊˽̄̅̀ ̈́̅̇̅̈̉˿, ˻˿˷̃˼̉̇˷ ̇˷˸̅̎˿̌ ́̅̂˼̈.  
˛̖̂ ̇˷̈̎˼̉˷ ́̅̔̋̋˿̍˿˼̄̉̅˹ ˻˿̈́̅˹̅˺̅ 

̉̇˼̄˿̖ ˿ ̆̇̅̉˼̎˼́ ˹ ̂˷˸˿̇˿̄̉̄̅̃ ̊̆̂̅̉̄˼̄˿˿ 

̆̅́̇̒˹˷̐̕˼˺̅ ˻˿̈́˷ ̆̇˿̃˼̖̖̄̉̈̕ ̆̅̂̊̔̃̆˿-

̇˿̎˼̈́˿˼ ̊̇˷˹̄˼̄˿̖:  

 

β = 0,01182
Φψ

β = 0,707
Φ

2
̉̇

̉

̊̆̂ 1
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;
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.
D

D

K


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
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27 

Энергетика и электротехника

˞˷˻˷̄̄̅˼ ̅̉̄̅̏˼̄˿˼ ˻˷˹̂˼̄˿̀ ́̅̃̆̇˼̈̈̅̇˷ 
̅̆̇˼˻˼̖̂˼̉ ˹̄̊̉̇˼̄̄˿̀ ̄˷̆̅̇, ̄˼̅˸̌̅˻˿̃̒̀ 

˻̖̂ ̆̅̂̊̎˼̄˿̖ ̉̇˼˸̊˼̃̅˺̅ ̅̉̄̅̏˼̄˿̖ ˻˷˹̂˼̄˿̀ 

̈ ̊̎˼̉̅̃ К˦˛ ́̅̃̆̇˼̈̈̅̇˷: 

 

*
1

Ș
1

* *
ɪаɫɱ ɧ ɪаɫɱ= π 1

1
.

k

k

k

k

i

k
H RT

k

  
 
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 (8) 

˨ ˻̇̊˺̅̀ ̈̉̅̇̅̄̒, ˹̄̊̉̇˼̄̄˿̀ ̄˷̆̅̇ ́̅̃-

̆̇˼̈̈̅̇˷ ˼̈̉̓ ̈̊̃̃˷ ̄˷̆̅̇̅˹ ̈̉̊̆˼̄˼̀: 

      
2
21 2

1

= + +...+ = ψ .
z

i ii i i z
H h h h u  (9) 

ˣ̅̐̄̅̈̉̓ ̄˷ ˹˷̂̊ ́̅̃̆̇˼̈̈̅̇˷: 

 = .i iN H m  (10) 

˥̉̄̅̏˼̄˿˼ ˻˷˹̂˼̄˿̀ ́̅̃̆̇˼̈̈̅̇˷ ̇˷˹̄̅ 

̆̇̅˿˾˹˼˻˼̄˿̕ ̅̉̄̅̏˼̄˿̀ ˻˷˹̂˼̄˿̀ ˹̈˼̌ ̈̉̊-

̆˼̄˼̀:  

      
* * * *

1 2
... .

z
      (11) 

˥̉̄̅̏˼̄˿˼ ˻˷˹̂˼̄˿̀ ̈̉̊̆˼̄˿, ̈̂˼˻̊̐̕˼˼ 
˿˾ ̊̇˷˹̄˼̄˿̖ ̆̇̅̍˼̈̈˷: 
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* 1
* 1

* 2

*
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0
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1

k

k k

k
ihT

kT RT
k





 
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             

 (12) 

˛̖̂ ̇˷̈̎˼̉˷ ˹˷̇˿˷̄̉̅˹ ́̅̃̆̇˼̈̈̅̇˷ ̈ ˾˷-
˻˷̄̄̒̃ ̃˷̈̈̅˹̒̃ ̇˷̈̌̅˻̅̃ ɪаɫɱm  ˿ ̅̉̄̅̏˼-

̄˿˼̃ ˻˷˹̂˼̄˿̀ 
*
ɪаɫɱ  ̄˷˻̅ ˾̄˷̉̓ ̉˼̃̆˼̇˷̉̊̇̊ ˿ 

˻˷˹̂˼̄˿˼ ̄˷ ˹̌̅˻˼ ˹ ́̅̃̆̇˼̈̈̅̇  
* *
ɧ 0 1

(T T  ˿ 

*
ɧ ),p  ̆̅́˷˾˷̉˼̂̓ ˿˾̅̔̄̉̇̅̆̒ = /p vk c c  ˿ ˺˷˾̅-

˹̊̕ ̖̆̅̈̉̅̄̄̊̕  R, ˛˽/́˺/К. ˨ ̊̎˼̉̅̃ ̆̅̉˼̇̓ 

˻˷˹̂˼̄˿̖ ˹̅ ˹̌̅˻̄̅̃ ̆˷̉̇̊˸́˼ ̈̂˼˻̊˼̉ ̇˷̈̈̎˿-

̉˷̉̓ ̆̅̂̄̅˼ ˻˷˹̂˼̄˿˼ *
0p  ̄˷ ˹̌̅˻˼ ˹ 1-̕ ̈̉̊-

̆˼̄̓. 

˛̖̂ ̇˷̈̎˼̉˷ ˹˷̇˿˷̄̉̅˹ ̅˻̄̅˹˷̂̓̄̅˺̅ ́̅̃-

̆̇˼̈̈̅̇˷ ˸˼˾ ̆̇̅̃˼˽̊̉̅̎̄̒̌ ̅̌̂˷˽˻˼̄˿̀ ˻̅-

̈̉˷̉̅̎̄̅ ˾̄˷̉̓ ́̅̔̋̋˿̍˿˼̄̉̒ ̆̅̂˼˾̄̅˺̅ ˻˼̀-

̈̉˹˿̖ ˹̈˼̌ ̈̉̊̆˼̄˼̀ ́̅̃̆̇˼̈̈̅̇˷, ˻̖̂ ̅̆̇˼˻˼-

̂˼̄˿̖ ́̅̉̅̇̒̌ ̈̂̊˽˿̉ ̆̇˼˻̈̉˷˹̖̂˼̃˷̖ ̄˿˽˼ 
̊̆̇̅̐˼̄̄˷̖ ̃˷̉˼̃˷̉˿̎˼̈́˷̖ ̃̅˻˼̂̓. ˨̂˼˻̊˼̉ 
˹̒˸̇˷̉̓: ̎˿̈̂̅ ̅˸̅̇̅̉̅˹ ̇̅̉̅̇˷ ˹ ̃˿̄̊̉̊ ̂˿˸̅ 

́̅̔̋̋˿̍˿˼̄̉ ̇˷̈̌̅˻˷ 1-̀ ̈̉̊̆˼̄˿, ́̅̂˿̎˼̈̉˹̅ 

̈̉̊̆˼̄˼̀, ́̅̔̋̋˿̍˿˼̄̉̒ ̉˼̅̇˼̉˿̎˼̈́̅˺̅ ̄˷-
̆̅̇˷ ́˷˽˻̅̀ ̈̉̊̆˼̄˿. ˦̅ ̆̇˿˹˼˻˼̄̄̅̃̊ ˹̒̏˼ 
˷̂˺̅̇˿̉̃̊ ˿̉˼̇˷̍˿̖̃˿ ̃̅˽̄̅ ̇˷̈̈̎˿̉˷̉̓ ́̅-

̔̋̋˿̍˿˼̄̉ ̇˷̈̌̅˻˷ 1-̀ ̈̉̊̆˼̄˿, ˼̈̂˿ ˾˷˻˷̄̒ 

̅˸̅̇̅̉̒, ˿̂˿ – ̄˷̅˸̅̇̅̉, ˷ ̉˷́˽˼ ́̅̔̋̋˿̍˿-

˼̄̉̒ ̇˷̈̌̅˻˷ ˹̈˼̌ ̈̉̊̆˼̄˼̀, ˻˿˷̃˼̉̇̒ ̇˷˸̅̎˿̌ 

́̅̂˼̈, ̅́̇̊˽̄̒˼ ̈́̅̇̅̈̉˿, К˦˛ ́̅̃̆̇˼̈̈̅̇˷ 

˿ ˹̄̊̉̇˼̄̄̕̕ ̃̅̐̄̅̈̉̓.  

˦̇˿ ̇˷̈̎˼̉˼ ́̅̃̆̇˼̈̈̅̇̅˹ ̈ ̆̇̅̃˼˽̊̉̅̎-

̄̒̃ ̅̌̂˷˽˻˼̄˿˼̃ ̈̂˼˻̊˼̉ ˹̒˸̇˷̉̓ ̆̅̂̅˽˼̄˿˼ 
˺˷˾̅̅̌̂˷˻˿̉˼̂˼̀. ˤ̊˽̄̅ ˾˷˻˷̉̓ ̆̅̉˼̇̕ ̆̅̂̄̅-

˺̅ ˻˷˹̂˼̄˿̖ ˹ ˺˷˾̅̅̌̂˷˻˿̉˼̂˼ ̆̅ ̅̉̄̅̏˼̄˿̕ ́ 

˻˷˹̂˼̄˿̕ ̄˷ ˹̌̅˻˼, ˷ ̉˷́˽˼ ̇˷˾̄̅̈̉̓ ̉˼̃̆˼̇˷-
̉̊̇ ̄˷ ˹̒̌̅˻˼ ˿˾ ˺˷˾̅̅̌̂˷˻˿̉˼̖̂ ˿ ̄˷ ˹̌̅˻˼ ˹ 

́̅̃̆̇˼̈̈̅̇.  

˦̇˿ ̇˷̈̎˼̉˼ ̃̄̅˺̅˹˷̂̓̄̒̌ ́̅̃̆̇˼̈̈̅̇̅˹ 

̈̂˼˻̊˼̉ ˹̒˸̇˷̉̓ ̂˿˸̅ ̎˿̈̂̅ ̅˸̅̇̅̉̅˹ ̇̅̉̅̇˷ ˹ 

̃˿̄̊̉̊, ̂˿˸̅ ́̅̔̋̋˿̍˿˼̄̉ ̇˷̈̌̅˻˷ 1-̀ ̈̉̊̆˼-
̄˿ ́˷˽˻̅˺̅ ˿˾ ˹˷̂̅˹. ˛˷̂˼˼ ́˷˽˻̒̀ ˿˾ ˹˷̂̅˹ 

̇˷̈̈̎˿̉̒˹˷˼̖̉̈ ́˷́ ̅˻̄̅˹˷̂̓̄̒̀ ́̅̃̆̇˼̈̈̅̇. 

ˣ̄̅˺̅˹˷̂̓̄̒˼ ́̅̃̆̇˼̈̈̅̇̒, ́˷́ ̆̇˷˹˿̂̅, 

˿̃˼̉̕ ̆̇̅̃˼˽̊̉̅̎̄̒˼ ̅̌̂˷˻˿̉˼̂˿.  

ǕǱǲоǻǧǯǯǢя мǢǴǧмǢǴǪǹǧǳǬǢя моǦǧǭǾ ǲǢǳǹǧǴǢ 

КǑД ǸǧǯǴǲобǧǨǯоǫ ǳǴǵǱǧǯǪ 

˪̆̇̅̐˼̄̄˷̖ ̃˷̉˼̃˷̉˿̎˼̈́˷̖ ̃̅˻˼̂̓ К˦˛ 

˻̖̂ ̇˷̈̎˼̉̄̅˺̅ ̇˼˽˿̃˷ ˿̈̆̅̂̓˾̊˼̉ ̅̈̅˸˼̄̄̅-

̈̉˿ ̆̇̅˼́̉˿̇̅˹˷̄˿̖ ̈̉̊̆˼̄˿ ́̅̃̆̇˼̈̈̅̇˷ ˣ˼-
̉̅˻̅̃ ̊̄˿˹˼̇̈˷̂̓̄̅˺̅ ̃̅˻˼̂˿̇̅˹˷̄˿̖. ˣ˼̉̅˻ 

̅̆˼̇˿̇̊˼̉ ̇˷˾̃˼̇˷̃˿ ̆̇̅̉̅̎̄̅̀ ̎˷̈̉˿, ̅̉̄˼-
̈˼̄̄̒̃˿ ́ ˻˿˷̃˼̉̇̊ ̇˷˸̅̎˼˺̅ ́̅̂˼̈˷, ́̇˿̉˼-
̇˿̖̃˿ ̆̅˻̅˸˿̖ ˿ ˺˷˾̅˻˿̄˷̃˿̎˼̈́˿̃˿ ́̅̔̋-

̋˿̍˿˼̄̉˷̃˿.  

ˣ˼̉̅˻ ̊̄˿˹˼̇̈˷̂̓̄̅˺̅ ̃̅˻˼̂˿̇̅˹˷̄˿̖ 

̉̇˷́̉̊˼̉ ̊̈̂̅˹̄̒̀ ́̅̔̋̋˿̍˿˼̄̉ ̇˷̈̌̅˻˷ ˫̇˷̈̎ 

˿ ́̅̔̋̋˿̍˿˼̄̉ ̉˼̅̇˼̉˿̎˼̈́̅˺̅ ̄˷̆̅̇˷ ̉ ̇˷̈̎ 
́˷́ ˻˹˷ ̅̈̄̅˹̄̒̌ ̆˷̇˷̃˼̉̇˷ ̆̇̅˼́̉˿̇̅˹˷̄˿̖ 

̈̉̊̆˼̄˿, ̅̉ ́̅̉̅̇̒̌ ˾˷˹˿̖̈̉ ̅̈̄̅˹̄̒˼ ̇˷˾̃˼-
̇̒ ̆̇̅̉̅̎̄̅̀ ̎˷̈̉˿. К̇̅̃˼ ˫̇˷̈̎ ̄˷ ̇˷˾̃˼̇̒ 

̇˷˸̅̎˼˺̅ ́̅̂˼̈˷ ˿ ̈́̅̇̅̈̉˿ ̆̅̉̅́˷ ˹̂˿̖˼̉ 
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́̅̄̈̉̇̊́̉˿˹̄̅˼ ̅˺̇˷̄˿̎˼̄˿˼ – ˹̉ .D  ˮ˼̃ 

˸̅̂̓̏˼ ˹̉ ,D  ̉˼̃ ˸̅̂̓̏˼ ̈́̅̇̅̈̉˿ ̄˷ ˹̌̅˻˼ ˹ 

̇˷˸̅̎˼˼ ́̅̂˼̈̅. ˦̇˿ ̔̉̅̃, ˼̈̂˿ ̆̇̅̎˿˼ ̊̈̂̅-

˹˿̖ ̇˷˹̄̒, К˦˛ ̄˿˽˼.  
В ̃̅̄̅˺̇˷̋˿˿ [15] ̇˷̈̈̃̅̉̇˼̄̅ ˹̂˿̖̄˿˼ ̄˷ 

К˦˛ ̈̉̊̆˼̄˿ ̆˷̇˷̃˼̉̇̅˹ ̆̇̅˼́̉˿̇̅˹˷̄˿̖ ˫̇˷̈̎, 

  ̉̇ ˷̈̎. ˦̇˿ ̃˷̂̒̌ ˫̇˷̈̎ ́˷̄˷̂̒ ̆̇̅̉̅̎̄̅̀ ̎˷̈̉˿ 

̊˾́˿˼ ˿ ˹ ̄˿̌ ̆̇˼˹˷̂˿̇̊̉̕ ̄˼̊̈̉̇˷̄˿̃̒˼ ̆̅̉˼̇˿ 

̉̇˼̄˿̖. ˦̇˿ ˸̅̂̓̏˿̌ ˫̇˷̈̎ ̇˷̈̉˼̉ ́˿̄˼̉˿̎˼̈́˷̖ 

̔̄˼̇˺˿̖ ̆̅̉̅́˷ ˿ ˹ ˧К, ˿ ˹ ̄˼̆̅˻˹˿˽̄̒̌ ̔̂˼̃˼̄-

̉˷̌. В̅˾̄˿́˷̉̕ ̆̇̅˸̂˼̃̒ ̈ ̆̇̅̈̉̇˷̄̈̉˹˼̄̄̒̃ 

̅˸̉˼́˷̄˿˼̃ ˹̒̈̅́˿̌ ̂̅̆˷̉̅́, ̈̅̅̉˹˼̉̈̉˹˼̄̄̅ 

К˦˛ ̈̄˿˽˷˼̖̉̈. ˨̊̐˼̈̉˹̊˼̉ ˻˿˷̆˷˾̅̄ ˾̄˷̎˼̄˿̀ 

˫̇˷̈̎, ˹ ́̅̉̅̇̅̃ ̆̇˿ ̆̇̅̎˿̌ ̇˷˹̄̒̌ ̊̈̂̅˹˿̖̌ 
К˦˛ ̈̉̊̆˼̄˼̀ ̃̅˽˼̉ ˸̒̉̓ ̃˷́̈˿̃˷̂̓̄̒̃.  

В̂˿̖̄˿˼ ˻̇̊˺̅˺̅ ̆˷̇˷̃˼̉̇˷ ̆̇̅˼́̉˿̇̅˹˷-
̄˿̖ – ̉ ̇˷̈̎ – ˹ ̆̇˷́̉˿̎˼̈́˿ ˿̈̆̅̂̓˾̊˼̃̅̃ 

˻˿˷̆˷˾̅̄˼ ˾̄˷̎˼̄˿̀ ̃̅̄̅̉̅̄̄̅˼. ˮ˼̃ ˸̅̂̓̏˼ 
̉ ̇˷̈̎, ̉˼̃ ˸̅̂̓̏˼ ́˿̄˼̉˿̎˼̈́˷̖ ̔̄˼̇˺˿̖ ˹ ̄˼-
̆̅˻˹˿˽̄̒̌ ̔̂˼̃˼̄̉˷̌, ̎̉̅ ̊˹˼̂˿̎˿˹˷˼̉ ̆̅̉˼̇̕ 

К˦˛. ˮ˼̃ ˸̅̂̓̏˼ ̉ ̇˷̈̎, ̉˼̃ ˸̅̂̓̏˼ ˹̒̌̅˻̄̅̀ 

̊˺̅̂ ̂̅̆˷̉̅́ ˧К, ˸̅̂̓̏˼ ̆̅˹̅̇̅̉ ̆̅̉̅́˷ ̂̅-

̆˷̉́˷̃˿ ˿ ˹̒̏˼ ́̅̔̋̋˿̍˿˼̄̉ ̆̅̉˼̇̓ ˧К.  

˟˾̂̅˽˼̄̄̒˼ ̈̅̅˸̇˷˽˼̄˿̖ ̆̅́˷˾̒˹˷̉̕, 
̎̉̅ К˦˛ ̈̉̊̆˼̄˼̀, ̈̆̇̅˼́̉˿̇̅˹˷̄̄̒̌ ̆̅ ˼˻˿-

̄̅̀ ̃˼̉̅˻˿́˼, ˾˷˹˿̈˿̉ ̅̉ ̆˷̇˷̃˼̉̇̅˹ ̆̇̅˼́̉˿-

̇̅˹˷̄˿̖ ˿ ́̇˿̉˼̇˿˼˹ ̆̅˻̅˸˿̖. ˫̅̇̃˷̂̓̄̅˼ 
̊̇˷˹̄˼̄˿˼ ˹̒˺̖̂˻˿̉ ̈̂˼˻̊̐̕˿̃ ̅˸̇˷˾̅̃: 

  *
̇˷̈̎ ̇˷̈̎ ̉̇˷̈̎ ˹̉, , ,M ,Re .,u u Șf D k  ;  (13) 

В ̆̇̅˹˼˻˼̄̄̒̌ ̇˷̈̎˼̉˷̌ ˿̈̆̅̂̓˾̅˹˷̄˷ ̃̅-

˻˼̇̄˿˾˿̇̅˹˷̄̄˷̖ ˹˼̇̈˿̖ ̊̆̇̅̐˼̄̄̅̀ ̃̅˻˼̂˿ 

˿˾ ̇˷˸̅̉̒ [19]: 

 
̉ ˹̉ u

*
̇˷̈̎ 1 ˫ ̂˻ ˹̆1 .D MX K K K K      (14) 

˦̇˿ ǵ1 = 0,12 ˿ ̆̅̆̇˷˹̅̎̄̒̌ ́̅̔̋̋˿̍˿˼̄̉˷̌ 
K = 1 ̃˷́̈˿̃˷̂̓̄̅ ˹̅˾̃̅˽̄̒̀ К˦˛ ̈̉̊̆˼̄˿ 

̆̇˿̖̄̉ ̇˷˹̄̒̃ 88 %. В̂˿̖̄˿˼ ̎˿̈̂˷ ˧˼̀̄̅̂̓˻̈˷ 
˿ ̅̉̄̅̈˿̉˼̂̓̄̅̀ ̏˼̇̅̌̅˹˷̉̅̈̉˿ ̄˼ ̊̎˿̉̒˹˷˼̖̉̈. 

ˣ̅˻˼̂̓ ˹˼̇˿̋˿̍˿̇̅˹˷̄˷ ̆̅ ˿˾̃˼̇˼̄̄̒̃ К˦˛ 

̃̅˻˼̂̓̄̒̌ ̈̉̊̆˼̄˼̀ ̈ ̊̈̂̅˹̄̒̃ ̎˿̈̂̅̃ ˧˼̀-

̄̅̂̓˻̈˷ 2 2Re /u ȍu D   6 000 000 ˿ ̅̉̄̅̈˿̉˼̂̓-

̄̅̀ ̏˼̇̅̌̅˹˷̉̅̈̉̓̕ ̏ ̏ 2/k k D  0,000015.  

˦̅̆̇˷˹̅̎̄̒˼ ́̅̔̋̋˿̍˿˼̄̉̒: 

Ȅȋȟ ȓȗȅȒа ȊȎȝȔȔȈȖȈȅȍȒа ȐаȑȕȎȄа 

̆̇˿ ˫̇˷̈̎  0,085 

   4

˫ 2 3 ̇˷̈̎1 0,085 ˫ ;
X

K X X      (15) 

̆̇˿ ˫̇˷̈̎ > 0,085 

    6 8
˫ 5 ̇˷̈̎ ̉ ˹̉1 ˫ 0,085 1 ;

X X
K X X D     (16) 

˹ ̈̂̊̎˷˼ ˫̇˷̈̎ > 0,085 ̆̇˿̃˼̖̖̄̉̈̕ ̅̈˼̇˷-
˻˿˷̂̓̄̒˼ ̇˷˸̅̎˿˼ ́̅̂˼̈˷; 

Ȅȋȟ ȓȗȅȒа ȊȎȝȔȔȈȖȈȅȍȒа ȒȅȎȐȅȒȈȗȅȑȊȎȃȎ 

ȍаȏȎȐа 

   10

̉ 9 ̉ ̇˷̈̎ 0 ;1 ,5
X

K X      (17) 

˼̈̂˿ ̉ ̇˷̈̎ < 0,5, ̉̅ 

 
̉

1;K   (18)  

̆̇˿ ̉ ̇˷̈̎ < 0,42 ̄˼̉ ̔́̈̆˼̇˿̃˼̄̉˷̂̓̄̒̌ ˻˷̄-

̄̒̌, ̆̅˻̉˹˼̇˽˻˷̐̕˿̌ ̆̇˿˺̅˻̄̅̈̉̓ ̊̆̇̅̐˼̄-

̄̅̀ ̃̅˻˼̂˿; 

Ȅȋȟ ȓȗȅȒа вȒȓȋȎȗȍȎȃȎ ȎȒȍȎȘȅȍȈȟ 

   1312

˹̉ 11 ˹̉ ̇˷̈̎1 .1
XX

DK X D    (19) 

Э̉˷ ̋̅̇̃̊̂˷ ̊̎˿̉̒˹˷˼̉ ̉̅̉ ̋˷́̉, ̎̉̅ ̊ ̃˷̂̅-

̇˷̈̌̅˻̄̒̌ ̈̉̊̆˼̄˼̀ ̄˷ ˹̌̅˻˼ ̄˼˸̅̂̓̏˷̖ ˹̒̈̅-

̉˷ ̂̅̆˷̉̅́ ˿ ˻˿˷̃˼̉̇ ˹̌̅˻˷ ̄˼˸̅̂̓̏̅̀ ˻˷˽˼ 
̆̇˿ ˸̅̂̓̏˿̌ ˹̉̊̂̅̎̄̒̌ ̅̉̄̅̏˼̄˿̖̌. ˤ˼˺˷-
̉˿˹̄̅˼ ˹̂˿̖̄˿˼ ˹̉̊̂̅̎̄̅˺̅ ̅̉̄̅̏˼̄˿̖ ̈˿̂̓-

̄˼˼ ̖̆̇̅˹̖̂˼̖̉̈ ̊ ̈̇˼˻̄˼̇˷̈̌̅˻̄̒̌ ˿ ˹̒̈̅́̅-

̇˷̈̌̅˻̄̒̌ ̈̉̊̆˼̄˼̀; 

Ȅȋȟ ȓȗȅȒа ȗȈȑȋа Ǭаȕа 

 15 16
M 141 (M 0,5) ( 0,0 .1)

u

X X

uK X     (20) 

˦̅̆̇˷˹̅̎̄̒̀ ́̅̔̋̋˿̍˿˼̄̉, ̊̎˿̉̒˹˷̐̕˿̀ 

˹̂˿̖̄˿˼ ̎˿̈̂˷ ˣ˷̌˷, ˹́̂̎̕˷˼̉ ˾̄˷̎˼̄˿˼ ̊̈̂̅˹-

̄̅˺̅ ́̅̔̋̋˿̍˿˼̄̉˷ ̇˷̈̌̅˻˷. Э̉̅ ̅̉̇˷˽˼̄˿˼ 
̉̅˺̅ ̋˷́̉˷, ̎̉̅ ̆̇˿ ˸̅̂̓̏˿̌ ˫̇˷̈̎ ˸̅̂̓̏˼ 
̈́̅̇̅̈̉˿ ̄˷ ˹̌̅˻˼ ˹ ˧К, ˺˻˼ ˹̂˿̖̄˿˼ ́̇˿̉˼̇˿̖ 

̈˽˿̃˷˼̃̅̈̉˿ ̖̆̇̅˹̖̂˼̖̉̈ ̄˷˿˸̅̂˼˼ ̈˿̂̓̄̅.  

˛̖̂ ̊̎˼̉˷ ̆̅̉˼̇̓ ˹̅ ˹̌̅˻̄̅̃ ̆˷̉̇̊˸́˼ 
˿ ˹̂˿̖̄˿̖ ̉˿̆˷ ˻˿̋̋̊˾̅̇˷ ̄˷ К˦˛ ̆̇˼˻̂̅˽˼-
̄̒ ̔̃̆˿̇˿̎˼̈́˿˼ ˾˷˹˿̈˿̃̅̈̉˿. В˼̇˿̋˿́˷̍˿̖ 
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̊̆̇̅̐˼̄̄̅̀ ̃˷̉˼̃˷̉˿̎˼̈́̅̀ ̃̅˻˼̂˿ К˦˛ 

̈̉̊̆˼̄˿ ˻˷̂˷ ̆̅̂̅˽˿̉˼̂̓̄̒˼ ̇˼˾̊̂̓̉˷̉̒. ˦̅ 

̔̉̅̀ ˹˼̇̈˿˿ ̃˷̉˼̃˷̉˿̎˼̈́̅̀ ̃̅˻˼̂˿ ̈˻˼̂˷̄̒ 

̆̇˿˹˼˻˼̄̄̒˼ ˻˷̂˼˼ ˹˷̇˿˷̄̉̄̒˼ ̇˷̈̎˼̉̒. 

ǒǢǳǹǧǴǯоǧ ǪǳǳǭǧǦоǤǢǯǪǧ.  
ǑǲǪмǧǲǽ ǤǢǲǪǢǯǴǯǽх ǲǢǳǹǧǴоǤ 

ǐǳобǧǯǯоǳǴǪ ǲǢǳǹǧǴǢ ǬомǱǲǧǳǳоǲоǤ ǱǲоǳǴоǫ 

ǳхǧмǽ (оǦǯоǤǢǭǾǯǽǧ бǧǩ ǱǲомǧǨǵǴоǹǯоǥо охǭǢ-

ǨǦǧǯǪя). ˪̇˷˹̄˼̄˿̖ ̇˷̈̎˼̉˷ ̅̈̄̅˹̄̒̌ ̆˷̇˷-
̃˼̉̇̅˹ ˿ ̇˷˾̃˼̇̅˹ ́̅̃̆̇˼̈̈̅̇˷ ̆̇˿ ˿˾˹˼̈̉̄̅̃ 

К˦˛ ̈̉̊̆˼̄˼̀ ̆̇˿˹˼˻˼̄̒ ˹̒̏˼ – ̊̇˷˹̄˼̄˿̖ 

(1)–(12). ˪̇˷˹̄˼̄˿̖ ̇˼̏˷̖̉̈̕ ˿̉˼̇˷̍˿̅̄̄̅ 

̆̇˿ ̇˷̈̎˼̉˼ К˦˛ ̈̉̊̆˼̄˼̀ ̆̅ ̆̇˼˻̈̉˷˹̂˼̄̄̅̀ 

˹̒̏˼ ̊̆̇̅̐˼̄̄̅̀ ̃˷̉˼̃˷̉˿̎˼̈́̅̀ ̃̅˻˼̂˿.  

К̅̄̈̉̇̊́̉˿˹̄̅˼ ̅˺̇˷̄˿̎˼̄˿˼ ˹̉D  ̈̂˼˻̊˼̉ 
˹˹˼̈̉˿, ˼̈̂˿ ̅̄̅ ̅˸̊̈̂̅˹̂˼̄̅ ˩˞, ̂˿˸̅ ̅̍˼-
̄˿̉̓ ̆̅ ̔̃̆˿̇˿̎˼̈́˿̃ ̋̅̇̃̊̂˷̃ [4]. В̉̊̂̅̎-

̄̅˼ ̅̉̄̅̏˼̄˿˼ ˻̖̂ ˺˿˸́̅˺̅ ˿ ˽˼̈̉́̅˺̅ ˹˷̂̅˹ 

̇˷̈̈̎˿̉̒˹˷̖̉̈̕ ̉˷́ (˹ ̂̕˸̅̃ ̈̂̊̎˷˼ ˹̉D  ̄˼ 
̃˼̄˼˼ 0,25):  

 

0,5
˹̉ ̈̉

0,5
˹̉ ̈̉

 ˺˿˸́˿̀ ˹0,00044( 2,3)

0,00

˷̂;

˽˼̈̉0813( 2, ́˿̀ ˹˷̂) .3

D i n

D i n  

 
 (21) 

˛̖̂ ̈̇˷˹̄˿̉˼̂̓̄̅̀ ̅̍˼̄́˿ ̇˷˾̃˼̇̅˹ ́̅̇-

̆̊̈˷ ˹ ˾˷˹˿̈˿̃̅̈̉˿ ̅̉ ˻˿˷̃˼̉̇˷ ̇˷˸̅̎˿̌ ́̅̂˼̈ 

˿ ˿̌ ̊̈̂̅˹̄̒̌ ́̅̔̋̋˿̍˿˼̄̉̅˹ ̇˷̈̌̅˻˷, ́̅̂˿-

̎˼̈̉˹˷ ̈̉̊̆˼̄˼̀, ˹̉̊̂̅̎̄̅˺̅ ̅̉̄̅̏˼̄˿̖, ̅̉̄̅-

̈˿̉˼̂̓̄̅˺̅ ˻˿˷̃˼̉̇˷ ˻˿̋̋̊˾̅̇˷ ˹ ̆̇̅˺̇˷̃̃˼ 
˿̈̆̅̂̓˾̅˹˷̄˷ ̈˿̈̉˼̃˷ ̔̃̆˿̇˿̎˼̈́˿̌ ̋̅̇̃̊̂: 

  
2 3

́̅̇̆ ́̅̇̆ max 2 1
,

4
V L D D


  (22) 

˺˻˼ ́̅̇̆ 1 1 1
1

11 4,5
i

L b D b    – ˻̂˿̄˷ ́̅̇̆̊̈˷; 

2 2/3
1 ˹̉ ̇˷̈̎1,26˫D D   – ˻˿˷̃˼̉̇ ̄˷̎˷̂˷ ̂̅̆˷̉̅́; 

2 2
1 ˹̉

1
14

D D
b

D


  – ˹̒̈̅̉˷ ̂̅̆˷̉̅́ ˧К ̄˷ ˹̌̅˻˼; 

4 1,57,D  ˼̈̂  ˿˫̇˷̈ (̎1) > 0,055, ˿ 4D  1,57 – 2,5(0,055 –  

– Фɫɬ1), ˼̈̂˿  ̇˷̈̎ 1
˫ ;0,055  max 4 14 .D D b   

˫̅̇̃̊̂̒ (21) ˿ (22) ̅̈̄̅˹˷̄̒ ̄˷ ˷̄˷̂˿˾˼ 
̇˷˾̃˼̇̅˹ ̈̉̊̆˼̄˼̀ ̈ ̇˷˻˿˷̂̓̄̒̃˿ ̇˷˸̅̎˿̃˿ 

́̅̂˼̈˷̃˿. ˦̇˿ ̅̍˼̄́˼ ˻̂˿̄̒ ̇̅̉̅̇̅˹ ̄˼ ̊̎˿-

̉̒˹˷˼̖̉̈ ˹̅˾̃̅˽̄̅̈̉̓ ̊̈̉˷̄̅˹́˿ ˺˼̇̃˼̉˿̎̄̒̌ 
˺˷˾̅˹̒̌ ̊̆̂̅̉̄˼̄˿̀.  

˦̇˿ ˹̅˾̃̅˽̄̅̈̉˿ ̃˺̄̅˹˼̄̄̅ ̇˷̈̈̎˿̉˷̉̓ 
К˦˛ ̈̉̊̆˼̄˿, ̄˼ ̆̇˿˸˼˺˷̖ ́ ̆̇̅̋˿̂˿̇̅˹˷̄˿̕ 

̆̇̅̉̅̎̄̅̀ ̎˷̈̉˿, ̄˼̈̂̅˽̄̅ ̆̇̅˹˼̈̉˿ ̈̅̆̅-

̈̉˷˹̂˼̄˿˼ ˹˷̇˿˷̄̉̅˹ ́̅̃̆̇˼̈̈̅̇˷.  
˨̅̆̅̈̉˷˹̖̖̂̉̈̕ ˹˷̇˿˷̄̉̒ ́̅̃̆̇˼̈̈̅̇˷ ̈ 

̇˷˾̄̒̃ ̎˿̈̂̅̃ ̈̉̊̆˼̄˼̀. ˦̇˿ ́˷˽˻̅̃ ̎˿̈̂˼ 
̈̉̊̆˼̄˼̀ ̇˷̈̈̎˿̉̒˹˷̖̉̈̕ ̆˷̇˷̃˼̉̇̒ ́̅̃̆̇˼̈-
̈̅̇˷ ̆̇˿ ̇˷˾̄̒̌ ˾̄˷̎˼̄˿̖̌ ́̅̔̋̋˿̍˿˼̄̉˷ ̄˷-
̆̅̇˷ ˹ ̆̇˼˻˼̂˷̌ ̉ ̇˷̈̎ = 0,30–0,80. ˦̇˿ ˸̅̂̓̏˼̃ 

̎˿̈̂˼ ̈̉̊̆˼̄˼̀ ˿ ˸̅̂̓̏˿̌ ́̅̔̋̋˿̍˿˼̄̉˷̌ ̄˷-
̆̅̇˷ ̉ ̇˷̈̎ ́̅̔̋̋˿̍˿˼̄̉̒ ̇˷̈̌̅˻˷ ˫̇˷̈̎ ˹̒̌̅˻̖̉ 
˾˷ ˹˼̇̌̄˿̀ ̆̇˼˻˼̂ (0,15), ˹̒̏˼ ́̅̉̅̇̅˺̅ ̈̄˿˽˼-
̄˿˼ К˦˛ ̍˼̄̉̇̅˸˼˽̄̒̌ ̈̉̊̆˼̄˼̀ ̄˼˿˾˸˼˽̄̅.  

˧˷̈̈̃̅̉̇˼̄̄̒˼ ̄˿˽˼ ̆̇˿̃˼̇̒ ̈˹̖˾˷̄̒ ̈ 

̇˼˷̂̓̄̅̀ ̆̇̅˼́̉̄̅̀ ̆̇˷́̉˿́̅̀ ̆̇˿̃˼̄˼̄˿̖ 

ˣ˼̉̅˻˷ ̊̄˿˹˼̇̈˷̂̓̄̅˺̅ ̃̅˻˼̂˿̇̅˹˷̄˿̖. 

КомǱǲǧǳǳоǲ ǭǪǯǧǫǯоǥо ǅǑА 25 ǎВǴ *(ǲǢǳǹ= 1,44) 

Ǧǭя ǥǢǩоǱǲоǤоǦǢ 7,45 ǎǑА 

˩̊̇˸˿̄˷ ́̅̃̆̇˼̈̈̅̇˷ ̇˷˾˹˿˹˷˼̉ 4850 ̅˸/̃˿̄. 

ˤ˷ ̇˿̈. 1 ̆̅́˷˾˷̄̒ ̇˼˾̊̂̓̉˷̉̒ ˹˷̇˿˷̄̉̄̅˺̅ 

̇˷̈̎˼̉˷ ˹ ˺̇˷̋˿̎˼̈́̅̃ ˹˿˻˼.  
˛̖̂ ́̅̃̆̇˼̈̈̅̇̅˹ ̂˿̄˼̀̄̒̌ ˚˦А ̄˼ ̈̂˼-

˻̊˼̉ ̆̇˿̃˼̖̄̉̓ ̉ ̇˷̈̎ ˸̅̂˼˼ 0,55–0,57. ˮ˼̃ 

˸̅̂̓̏˼ ́̅̔̋̋˿̍˿˼̄̉ ̄˷̆̅̇˷, ̉˼̃ ˸̅̂˼˼ ̆̅̂̅-

˺˷ ̄˷̆̅̇̄˷̖ ̌˷̇˷́̉˼̇˿̈̉˿́˷. ˤ˼˽˼̂˷̉˼̂̓̄̒˼ 
̆̅̈̂˼˻̈̉˹˿̖ [15]: 

̆̅̉̇˼˸̖̂˼̃˷̖ ̃̅̐̄̅̈̉̓ ̃̅̄̅̉̅̄̄̅ ̇˷̈̉˼̉ 
̈ ̊˹˼̂˿̎˼̄˿˼̃ ̇˷̈̌̅˻˷. ˣ̅̐̄̅̈̉˿ ˺˷˾̅̉̊̇-

˸˿̄̄̅˺̅ ̆̇˿˹̅˻˷ ̄˼˻̅̈̉˷̉̅̎̄̅ ˻̖̂ ̇˷˸̅̉̒ 

́̅̃̆̇˼̈̈̅̇˷ ̈ ̊˹˼̂˿̎˼̄̄̒̃ ̇˷̈̌̅˻̅̃ ˿ ̆̅-

̄˿˽˼̄̄̒̃ ̅̉̄̅̏˼̄˿˼̃ ˻˷˹̂˼̄˿̀; 

˺̇˷̄˿̍˷ ̆̅̃̆˷˽˷ ̆̇˿˸̂˿˽˷˼̖̉̈ ́ ̇˷̈̎˼̉-
̄̅̃̊ ̇˼˽˿̃̊. ˣ˷́̈˿̃˷̂̓̄̒̀ К˦˛ ̉˷́˽˼ 
̈̄˿˽˷˼̖̉̈. 

˪ ̅˻̄̅̈̉̊̆˼̄̎˷̉̅˺̅ ˹˷̇˿˷̄̉˷ ̆̇˿ ̆̇˿˼̃̂˼-
̃̅̃ ̉ ̇˷̈̎ = 0,55 ́̅̔̋̋˿̍˿˼̄̉ ̇˷̈̌̅˻˷ ̇˷˹˼̄ 

˫̇˷̈̎ = 0,174, ̎̉̅ ˻˼̂˷˼̉ К˦˛ ̄˿˾́˿̃. ˩̇˼˸̊˼-
̃˷̖ ̅́̇̊˽̄˷̖ ̈́̅̇̅̈̉̓ 357 ̃/̈ ̉˷́˽˼ ̈̅˾˻˷˼̉ 
̄˼̄̊˽̄̒˼ ̆̇̅˸̂˼̃̒. В˷̇˿˷̄̉ ̄˼̆̇˿˼̃̂˼̃. 
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˧˿̈. 1. ˦˷̇˷̃˼̉̇̒ ˹˷̇˿˷̄̉̅˹ ́̅̃̆̇˼̈̈̅̇˷ ̂˿̄˼̀̄̅˺̅ ˚˦А 25 ˣВ̉ *
ɤ( p = 7,45 ˣ˦˷) ̆̇˿ ̅˻̄̅̀, ˻˹̊̌ 

˿ ̉̇˼̌ ̈̉̊̆˼̖̄̌ 

Fig. 1. Parameters of variants of the compressor of linear GPU 25 MW *
ɤ( p  = 7,45) MPa at one, two and three stages 

 

В˷̇˿˷̄̉ ̈ ˻˹̖̊̃ ̈̉̊̆˼̖̄̃˿ ˸̂˿˾̅́ ̆̅ ̆˷-

̇˷̃˼̉̇˷̃ ́ ̌̅̇̅̏˿̃ ̅̉˼̎˼̈̉˹˼̄̄̒̃ ́̅̃̆̇˼̈-
̈̅̇˷̃ ̂˿̄˼̀̄̒̌ ˚˦А ̃̅̐̄̅̈̉̓̕ 16 ˣВ̉  

*
ɤ( p = 7,45 ˣ˦˷). ˧̖˻ ̆̅̌̅˽˿̌ ̆̇̅˼́̉̅˹ ̈˻˼̂˷̄ 

ˣ˼̉̅˻̅̃ ̊̄˿˹˼̇̈˷̂̓̄̅˺̅ ̃̅˻˼̂˿̇̅˹˷̄˿̖. 

К̅̃̆̇˼̈̈̅̇̒ ̆̅ ̔̉˿̃ ̆̇̅˼́̉˷̃ ˿ ̆̅̈̉˷˹̖̂̉̕-
̖̈ ˺˷˾̅˹̅̀ ̆̇̅̃̒̏̂˼̄̄̅̈̉˿ ˻̅ ̈˿̌ ̆̅̇ [12]. 

˦̇˿ ̉ ̇˷̈̎ = 0,55 ̊̈̂̅˹̄̒˼ ́̅̔̋̋˿̍˿˼̄̉̒ 

̇˷̈̌̅˻˷ ˼˺̅ ̈̉̊̆˼̄˼̀ ̄˼ ̈̂˿̏́̅̃ ˻˷̂˼́˿ ̅̉ 
̅̆̉˿̃˷̂̓̄̒̌ ˾̄˷̎˼̄˿̀. 

В˷̇˿˷̄̉ ̈ ̉̇˼̖̃ ̈̉̊̆˼̖̄̃˿ ˿ ̉ ̇˷̈̎ = 0,45 

̆̇˼˹̅̈̌̅˻˿̉ ̆̅ К˦˛ ˹˷̇˿˷̄̉ ̈ ˻˹̖̊̃ ̈̉̊̆˼-
̖̄̃˿ ̄˷ ˾˷̃˼̉̄̒˼ 1,5 %. ˛˿˷̃˼̉̇̒ ˼˺̅ ́̅̂˼̈ 
̃˼̄̓̏˼, ̄̅ ̈̉̊̆˼̄˼̀ ̉̇˿, ̆̅̔̉̅̃̊ ́̅̇̆̊̈ 

̃˼̄̓̏˼ ̆̅ ˻˿˷̃˼̉̇̊, ̄̅ ˻̂˿̄̄˼˼ – ̅˸̑˼̃̒ 

̆̇˷́̉˿̎˼̈́˿ ̅˻˿̄˷́̅˹̒˼. ˪̈̂̅˹̄̒˼ ́̅̔̋̋˿-

̍˿˼̄̉̒ ̇˷̈̌̅˻˷ ˼˺̅ ̈̉̊̆˼̄˼̀ – ˹ ̅̆̉˿̃˷̂̓̄̅̀ 

˾̅̄˼. ˦̇˿ ̃˼̄̓̏˼̃ ́̅̔̋̋˿̍˿˼̄̉˼ ̇˷̈̌̅˻˷ ̊ 

̉̇˼̌̈̉̊̆˼̄̎˷̉̅˺̅ ˹˷̇˿˷̄̉˷ ̆̇˼˻̆̅̎̉˿̉˼̂̓̄˼˼ 
̋̅̇̃˷ ̌˷̇˷́̉˼̇˿̈̉˿́˿. В̒˸̅̇ ˹˷̇˿˷̄̉˷ – ˾˷ 
˾˷́˷˾̎˿́̅̃ ˺˷˾̅˻˿̄˷̃˿̎˼̈́̅˺̅ ̆̇̅˼́̉˷ ̈ ̊̎˼-
̉̅̃ ̉˼̌̄̅̂̅˺˿˿ ̆̇̅˿˾˹̅˻̈̉˹˷, ̈̅̅̉̄̅̏˼̄˿̖ 

̈̉̅˿̃̅̈̉˿ ˻˼̉˷̂˼̀ ̇̅̉̅̇˷ ˿ ̈̉˷̉̅̇˷, ˿ ̉. ̆. 

КомǱǲǧǳǳоǲ ǭǪǯǧǫǯоǥо ǅǑА 25 ǎВǴ  
*
ǲǢǳǹ(π  = 1,44) Ǧǭя ǥǢǩоǱǲоǤоǦǢ 9,91 ǎǑА 

˘̅̂˼˼ ˹̒̈̅́̅˼ ˻˷˹̂˼̄˿˼ ˹ ̉̇̊˸˼ ̊˹˼̂˿̎˿˹˷-
˼̉ ̆̇̅̆̊̈́̄̊̕ ̈̆̅̈̅˸̄̅̈̉̓ ˿ ̈̊̐˼̈̉˹˼̄̄̅ 

̊̃˼̄̓̏˷˼̉ ˾˷̉̇˷̉̒ ̄˷ ̉̇˷̄̈̆̅̇̉˿̇̅˹́̊ ˺˷˾˷ 
[20]. ˨̅˹̇˼̃˼̄̄̒˼ ˺˷˾̅̆̇̅˹̅˻̒ ̇˷˸̅̉˷̉̕ ̆̇˿ 

̉˷́̅̃ ˻˷˹̂˼̄˿˿. ˩̊̇˸˿̄˷ ́̅̃̆̇˼̈̈̅̇˷ ̇˷˾˹˿-

˹˷˼̉ 4850 ̅˸/̃˿̄.  
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˧˿̈. 2. ˦˷̇˷̃˼̉̇̒ ˹˷̇˿˷̄̉̅˹ ́̅̃̆̇˼̈̈̅̇˷ ̂˿̄˼̀̄̅˺̅ ˚˦А 25 ˣВ̉ *
ɤ( p = 9,91 ˣ˦˷) ̆̇˿ ˻˹̊̌ ˿ ̉̇˼̌ ̈̉̊̆˼̖̄̌ 

Fig. 2. Parameters of variants of the compressor of linear GPU 25 MW *
ɤ( p = 9,91 MPa) at two and three stages 

 
ˤ˷ ̇˿̈. 2 ̆̅́˷˾˷̄̒ ˹ ˺̇˷̋˿̎˼̈́̅̃ ˹˿˻˼ ̇˼-

˾̊̂̓̉˷̉̒ ˹˷̇˿˷̄̉̄̅˺̅ ̇˷̈̎˼̉˷.  
˥˻̄̅̈̉̊̆˼̄̎˷̉̒̀ ˹˷̇˿˷̄̉ ˼̐˼ ̃˼̄˼˼ ̆̇˿-

˼̃̂˼̃, ̎˼̃ ̊ ̆̇˼˻̒˻̊̐˼˺̅ ́̅̃̆̇˼̈̈̅̇˷ ̈ 
̃˼̄̓̏˿̃ ́̅̄˼̎̄̒̃ ˻˷˹̂˼̄˿˼̃. ˛˹̊̌̈̉̊̆˼̄̎˷-
̉̒̀ ˹˷̇˿˷̄̉ ̖˹̄̅ ̄˼̅̆̉˿̃˷̂˼̄, ̉˷́ ́˷́ ˻̖̂ 

̆̅̂̊̎˼̄˿̖ ̖̌̅̉ ˸̒ ̆̇˿˼̃̂˼̃̅˺̅ К˦˛ ̄˷˻̅ 

̆̇˿̃˼̄˿̉̓ ̇˷˸̅̎˿˼ ́̅̂˼̈˷ ̈ ̉ ̇˷̈̎ = 0,65–0,70. 

В̒̏˼ ̄˷˾˹˷̄̒ ̆̇˿̎˿̄̒, ̆̅ ́̅̉̅̇̒̃ ̔̉̅ ̄˼-
˽˼̂˷̉˼̂̓̄̅.  

Э̉̅̉ ́̅̃̆̇˼̈̈̅̇ ˸̂˿˾̅́ ̆̅ ̆˷̇˷̃˼̉̇˷̃ ́ 

̊˽˼ ̇˷̈̈̃̅̉̇˼̄̄̅̃̊ ́̅̃̆̇˼̈̈̅̇̊ ̄˷ ́̅̄˼̎̄̅˼ 
˻˷˹̂˼̄˿˼ 7,45 ˣ˦˷. ˪ ̄˿̌ ̉̊̇˸˿̄̄̒̀ ̆̇˿˹̅˻ ̈ 

̅˻˿̄˷́̅˹̅̀ ̃̅̐̄̅̈̉̓̕ ˿ ̎˿̈̂̅̃ ̅˸̅̇̅̉̅˹, 

̅˻˿̄˷́̅˹̅˼ ̅̉̄̅̏˼̄˿˼ ˻˷˹̂˼̄˿̀. ˦̇˿ ̔̉̅̃ 

̃˷̈̈̅˹̒̀ ̇˷̈̌̅˻ ̉̅˽˼ ̅˻˿̄˷́̅˹̒̀. ˟˾-˾˷ 
˸̅̂̓̏˼˺̅ ́̅̄˼̎̄̅˺̅ ˻˷˹̂˼̄˿̖ ̃˼̄̓̏˼ ̅˸̑˼̃-

̄̒̀ ̇˷̈̌̅˻, ̆̅̔̉̅̃̊ ́̅̔̋̋˿̍˿˼̄̉̒ ̇˷̈̌̅˻˷ 
̃˼̄̓̏˼ ̊ ˹˷̇˿˷̄̉̅˹ ̈ ̅˻˿̄˷́̅˹̒̃ ̎˿̈̂̅̃ 

̈̉̊̆˼̄˼̀ ̆̇˿ *
ɤp  = 9,91 ˣ˦˷. В ̇˼˾̊̂̓̉˷̉˼ ˸̅-

̂˼˼ ̆̇˿˹̂˼́˷̉˼̂˼̄ ̉̇˼̌̈̉̊̆˼̄̎˷̉̒̀ ˹˷̇˿˷̄̉ ̈ 
̃˷́̈˿̃˷̂̓̄̒̃ К˦˛ ̆̇˿ ̉ ̇˷̈̎ = 0,50. ˥̆̒̉ 
̆̇̅˼́̉˿̇̅˹˷̄˿̖, ˿̃˼̐̕˿̖̀̈ ˹ ̂˷˸̅̇˷̉̅̇˿˿ 

«˚˷˾̅˹˷̖ ˻˿̄˷̃˿́˷ ̉̊̇˸̅̃˷̏˿̄» ˨˦˸˦˪ ˦˼̉-
̇˷ В˼̂˿́̅˺̅, ˹ ́̅̉̅̇̅̀ ̇˷˸̅̉˷˼̉ ̅˻˿̄ ˿˾ ˷˹̉̅-

̇̅˹, ̆̅́˷˾̒˹˷˼̉, ̎̉̅ ˹ ̆̇̅̉̅̎̄̅̀ ̎˷̈̉˿ ̈ ˫̇˷̈̎ 

 0,085 ̄˼ ̅˸̖˾˷̉˼̂̓̄̅ ̆̇˿̃˼̖̄̉̓ ˻̅̇̅˺˿˼ ̅̈˼-
̇˷˻˿˷̂̓̄̒˼ ̇˷˸̅̎˿˼ ́̅̂˼̈˷. 

КомǱǲǧǳǳоǲ Ǧǭя ǱоǦǩǧмǯоǥо хǲǢǯǪǭǪǻǢ ǥǢǩǢ 

7,8 ǎВǴ 
*
ǲǢǳǹ(π = 3,0, *

Ǭp = 12,3 ǎǑǢ) 

˩̊̇˸˿̄˷ ́̅̃̆̇˼̈̈̅̇˷ ̇˷˾˹˿˹˷˼̉ 9000 ̅˸/̃˿̄.  

ˤ˷ ̇˿̈. 3 ̆̅́˷˾˷̄̒ ˺̇˷̋˿́˿ ˾˷˹˿̈˿̃̅̈̉˿ 

̆˷̇˷̃˼̉̇̅˹ ́̅̃̆̇˼̈̈̅̇˷ ̅̉ ́̅̔̋̋˿̍˿˼̄̉˷ 
̉˼̅̇˼̉˿̎˼̈́̅˺̅ ̄˷̆̅̇˷ ̆̇˿ ̇˷˾̄̅̃ ̎˿̈̂˼ ̈̉̊-

̆˼̄˼̀. 

˥̎˼˹˿˻̄̅, ̎̉̅ ˺̂˷˹̄˷̖ ̆̇̅˸̂˼̃˷ ̔̉̅˺̅ 

́̅̃̆̇˼̈̈̅̇˷ – ̄˼˻̅̈̉˷̉̅̎̄˷̖ ˸̒̈̉̇̅̌̅˻̄̅̈̉̓ 

̆̇˿˹̅˻˷. ˦̇˿ ̎˿̈̂˼ ̈̉̊̆˼̄˼̀ 6 ̄˼̂̓˾̖ ̆̇˿̃˼-
̄˿̉̓ ̄˿˾́̅̄˷̆̅̇̄̒˼ ̈̉̊̆˼̄˿ ˿˾-˾˷ ̃˷̂̒̌ ˾̄˷-
̎˼̄˿̀ ́̅̔̋̋˿̍˿˼̄̉˷ ̇˷̈̌̅˻˷ ́̅̄̍˼˹̒̌ ̈̉̊-

̆˼̄˼̀. ˦̇˿ 7-̃˿ ̈̉̊̆˼̖̄̌ ˿ ˹̒̈̅́̅̄˷̆̅̇̄̒̌ 
̇˷˸̅̎˿̌ ́̅̂˼̈˷̌ К˦˛ ̆̇˿˸̂˿˽˷˼̖̉̈ ́ 80 %. 

˦̇˿ 9-̉˿ ̈̉̊̆˼̖̄̌ К˦˛ ̃̅˽˼̉ ˸̒̉̓ ˻̅̈̉˷̉̅̎-

̄̅ ˹̒̈̅́˿̃ ˻̖̂ ́̅̃̆̇˼̈̈̅̇˷ ̔̉̅˺̅ ̉˿̆˷, ̄̅ 

˹̅˾̃̅˽̄̅̈̉̓ ̅˸˼̈̆˼̎˿̉̓ ˽˼̈̉́̅̈̉̓ ̇̅̉̅̇˷ ̈̅-

̃̄˿̉˼̂̓̄˷. ˮ˿̈̂̅ ̈̉̊̆˼̄˼̀ 8 ̆̇˼˻̈̉˷˹̖̂˼̖̉̈ 

̃˷́̈˿̃˷̂̓̄̅ ˹̅˾̃̅˽̄̒̃.  

˦̇˿ ̆̇˿˼̃̂˼̃̅̃ К˦˛ ̆˼̇˹̒̌ ̈̉̊̆˼̄˼̀ 

̄˿˾́˿̀ К˦˛ ̃˷̂̅̇˷̈̌̅˻̄̒̌ ̆̅̈̂˼˻̄˿̌ ̈̉̊̆˼-
̄˼̀ ˻˼̂˷˼̉ ̈́̇̅̃̄̅̀ ̔̋̋˼́̉˿˹̄̅̈̉̓ ˹̈˼˺̅ 

́̅̃̆̇˼̈̈̅̇˷.  
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˧˿̈. 3. ˦˷̇˷̃˼̉̇̒ ́̅̃̆̇˼̈̈̅̇˷ ˦ˬ˚ ˹ ˾˷˹˿̈˿̃̅̈̉˿ ̅̉ ́̅̔̋̋˿̍˿˼̄̉˷ ̉˼̅̇˼̉˿̎˼̈́̅˺̅ ̄˷̆̅̇˷  
̆̇˿ ̇˷˾̄̅̃ ̎˿̈̂˼ ̈̉̊̆˼̄˼̀ 

Fig. 3. Parameters of the compressor of the underground gas storage, depending on the theoretical head ratio  

for a different number of stages 

 

˞̄˷̎˼̄˿˼ ̉ ̇˷̈̎ = 0,625 ̈̇˷˹̄˿̉˼̂̓̄̅ ̄˼-
˸̅̂̓̏̅˼. ˞˷ ̈̎˼̉ ˸̅̂̓̏˿̌ ́̅̔̋̋˿̍˿˼̄̉̅˹ 

̄˷̆̅̇˷ ̃̅˽̄̅ ̆̅˹̒̈˿̉̓ К˦˛. В˷̇˿˷̄̉ ̈ ̇˷˾-
̄̒̃˿ ́̅̔̋̋˿̍˿˼̄̉˷̃˿ ̄˷̆̅̇˷ ˿ ̅˻˿̄˷́̅-

˹̒̃˿ ˻˿˷̃˼̉̇˷̃˿ ̇˷˸̅̎˿̌ ́̅̂˼̈ ̆̇˿ ́̅̔̋-

̋˿̍˿˼̄̉˷̌ ̄˷̆̅̇˷ ̆˼̇˹̒̌ ̎˼̉̒̇˼̌ ̈̉̊̆˼̄˼̀ 

̉ ̇˷̈̎ = 0,72 ˿ ̅̈̉˷̂̓̄̒̌ ̎˼̉̒̇˼̌ ̈̉̊̆˼̄˼̀ 

̉ ̇˷̈̎ = 0,648 ́̅̃̆̇˼̈̈̅̇ ̈̉˷̄̅˹˿̖̉̈ ˸̅̂˼˼ 
̔̋̋˼́̉˿˹̄̒̃ ̄˷ 1,38 %  

ˤ̅ ̆̅˹̒̏˼̄̄̒˼ ́̅̔̋̋˿̍˿˼̄̉̒ ̄˷̆̅̇˷ 
˻˼̂˷̉̕ ̄˼˸̂˷˺̅̆̇˿̖̉̄̅̀ ̃̅̐̄̅̈̉̄̊̕ ̌˷-

̇˷́̉˼̇˿̈̉˿́̊ ˿ ̆̇˿˸̂˿˽˷̉̕ ˺̇˷̄˿̍̊ ̆̅̃̆˷-

˽˷ ́ ̇˷̈̎˼̉̄̅̃̊ ̇˼˽˿̃̊. ˦̇˿˼̃̂˼̃̅̈̉̓  

̉˷́̅˺̅ ˹˷̇˿˷̄̉˷ ̈̂˼˻̊˼̉ ˿˾̊̎˿̉̓ ̆̅̈̂˼  

̆˼̇˹˿̎̄̅˺̅ ̆̇̅˼́̉˿̇̅˹˷̄˿̖ ̆̇̅̉̅̎̄̅̀ ̎˷̈-

̉˿ ˿ ̇˷̈̎˼̉˷ ˺˷˾̅˻˿̄˷̃˿̎˼̈́˿̌ ̌˷̇˷́̉˼̇˿-

̈̉˿́ ˣ˼̉̅˻̅̃ ̊̄˿˹˼̇̈˷̂̓̄̅˺̅ ̃̅˻˼̂˿̇̅-

˹˷̄˿̖.  

˦̇˿ ̅˻˿̄˷́̅˹̅̃ ̉ ̇˷̈̎ = 0,625 ̊̃˼̄̓̏˼̄˿˼ 
˻˿˷̃˼̉̇˷ ̇˷˸̅̎˿̌ ́̅̂˼̈ ́̅̄̍˼˹̒̌ ̈̉̊̆˼̄˼̀ 

̆̇˿˹̅˻˿̉ ́ ̆̅˹̒̏˼̄˿̕ К˦˛ ̄˼ ˸̅̂˼˼ ̎˼̃ ̄˷ 
0,1 %. ˧˷˻˿́˷̂̓̄̅˼ ̇˼̏˼̄˿˼ – ̆˼̇˼̌̅˻ ̄˷ ˸̒-

̈̉̇̅̌̅˻̄̒̀ ̆̇˿˹̅˻ ̅̉ ̈̅˹̇˼̃˼̄̄̒̌ ˺˷˾̅˹̒̌ 

̉̊̇˸˿̄.  
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ВоǩǦǵǺǯǽǫ ǬомǱǲǧǳǳоǲ обǻǧǥо ǯǢǩǯǢǹǧǯǪя 

160 м3/мǪǯ ( *
Ǭp = 9,0 ǢǴǢ) 

В̅˾˻̊̏̄̒˼ ́̅̃̆̇˼̈̈̅̇̒ ̈ ̉˷́˿̃ ́̅̄˼̎̄̒̃ 

˻˷˹̂˼̄˿˼̃ ˿ ̇˷˾̄̅̀ ̆̇̅˿˾˹̅˻˿̉˼̂̓̄̅̈̉̓̕ 

̆̇˿̃˼̖̖̄̉̈̕ ˻̖̂ ̅˸̈̂̊˽˿˹˷̄˿̖ ̆̄˼˹̃˷̉˿̎˼-
̈́˿̌ ̈˼̉˼̀ ˿ ˿̄̒̌ ̍˼̂˼̀ ̄˷ ̆̇˼˻̆̇˿̖̉˿̖̌ ̃˼-
̉˷̂̂̊̇˺˿˿, ̃˷̏˿̄̅̈̉̇̅˼̄˿̖, ̆˿̐˼˹̅̀ ̆̇̅-

̃̒̏̂˼̄̄̅̈̉˿ ˿ ˻̇̊˺˿̌. В ˧˫ ̄˷˿˸̅̂˼˼ ̇˷̈̆̇̅-

̈̉̇˷̄˼̄̒ ́̅̃̆̇˼̈̈̅̇̒ ̈ ̆̇̅˿˾˹̅˻˿̉˼̂̓̄̅̈̉̓̕ 

100, 160, 250, 500 ̃3/̃˿̄. К̅̃̆̇˼̈̈̅̇ ̈ ̆̇̅˿˾-
˹̅˻˿̉˼̂̓̄̅̈̉̓̕ 160 ̃3/̃˿̄ ˹̒˸̇˷̄ ˻̖̂ ˿̂̂̕-

̈̉̇˷̍˿˿ ˹̅̆̇̅̈̅˹, ̇˼̏˷˼̃̒̌ ̄˷ ̈̉˷˻˿˿ ˹˷̇˿-

˷̄̉̄̅˺̅ ̇˷̈̎˼̉˷. ˛̖̂ ̊̃˼̄̓̏˼̄˿̖ ̃̅̐̄̅̈̉˿ 

̈˽˷̉˿̖ ̊ ́̅̃̆̇˼̈̈̅̇̅˹ ̈̅ ˾̄˷̎˿̉˼̂̓̄̒̃ ̅̉̄̅-

̏˼̄˿˼̃ ˻˷˹̂˼̄˿̀ ̆̇˿̃˼̖̄̉̕ ̅̉˹̅˻ ̉˼̆̂˷ ̅̉ 
̈˽˿̃˷˼̃̅˺̅ ˺˷˾˷ ˹ ̆̇̅̃˼˽̊̉̅̎̄̒̌ ˹̅˾˻̊̌̅-

̅̌̂˷˻˿̉˼̖̂̌ ̃˼˽˻̊ ̄˼̅̌̂˷˽˻˷˼̃̒̃˿ ̈˼́̍˿̖̃˿ 

́̅̃̆̇˼̈̈̅̇˷. Э̋̋˼́̉˿˹̄̅̈̉̓ ́̅̃̆̇˼̈̈̅̇̅˹ ̈ 
̅̌̂˷˽˻˼̄˿˼̃ ˺˷˾˷ ̅̍˼̄˿˹˷˼̉ ˿˾̅̉˼̇̃̄̒̀ К˦˛: 

 
*

* ̄
˿˾
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˟˾̅̉˼̇̃̄̒̀ К˦˛ ̅̍˼̄˿˹˷˼̉ ̆̅̉˼̇˿ ̄˷̆̅-

̇˷ ˹ ̆̇̅̉̅̎̄̅̀ ̎˷̈̉˿ ˿ ˹ ˺˷˾̅̅̌̂˷˻˿̉˼̖̂̌, ˷ 
̉˷́˽˼ ̈̉˼̆˼̄̓ ̆̇˿˸̂˿˽˼̄˿̖ ́ ̈˽˷̉˿̕ ̈ ̆̅̈̉̅-

̖̄̄̅̀ ̉˼̃̆˼̇˷̉̊̇̅̀.  

˨ ̈˼̇˼˻˿̄̒ ̆̇̅̏̂̅˺̅ ̈̉̅̂˼̉˿̖ ́̂˷̈̈˿̎˼-
̈́˷̖ ̈̌˼̃˷ ́̅̃̆̇˼̈̈̅̇˷ ̅˸̐˼˺̅ ̄˷˾̄˷̎˼̄˿̖ – 

̅˻̄̅˹˷̂̓̄̒̀, 6 ̈̉̊̆˼̄˼̀, 2 ̆̇̅̃˼˽̊̉̅̎̄̒̌ 
̅̌̂˷˽˻˼̄˿̖, ̇˷˾̇˷˸̅̉˷̄̄˷̖ ̆̇̅̋˼̈̈̅̇̅̃ 

В.˫. ˧˿̈̅̃. ˦̅˾˽˼ ̄˷̏̂˿ ̏˿̇̅́̅˼ ̆̇˿̃˼̄˼-
̄˿˼ ̃̄̅˺̅˹˷̂̓̄̒˼ ̈̌˼̃̒ (2–4 ˹˷̂˷), ̎˼̉̒̇˼ 
̈̉̊̆˼̄˿ ̈ ̆̇̅̃˼˽̊̉̅̎̄̒̃˿ ̅̌̂˷˻˿̉˼̖̂̃˿ ̆̅-

̈̂˼ ́˷˽˻̅̀ ̈̉̊̆˼̄˿, ˿ ˻̇. [15]. ˛˷̂˼˼ ̆̇˿˹˼˻˼̄ 

˷̄˷̂˿˾ ˹˷̇˿˷̄̉̅˹ ́̅̃̆̇˼̈̈̅̇̅˹ ̈ ̅˻̄̅˹˷̂̓̄̅̀ 

˿ ˻˹̊̌˹˷̂̓̄̅̀ ̈̌˼̃˷̃˿.  

ǐǦǯоǤǢǭǾǯǢя ǳхǧмǢ. К̅̃̆̇˼̈̈̅̇̒ ̅˸̐˼˺̅ 

̄˷˾̄˷̎˼̄˿̖ ˿̃˼̉̕ ̔̂˼́̉̇̅̆̇˿˹̅˻ ̈ ̆̅˹̒-

̏˷̐̕˼̀ ˾̊˸̎˷̉̅̀ ̆˼̇˼˻˷̎˼̀ – ̃̊̂̓̉˿̆̂˿́˷-
̉̅̇̅̃. ˛̖̂ ̆̇˿˹̅˻˷ ́̅̃̆̇˼̈̈̅̇˷ ̄̊˽˼̄ ˻˹˿˺˷-
̉˼̂̓ ̃̅̐̄̅̈̉̓̕ 1000 ́В̉ ˿ ̈ ̃˷́̈˿̃˷̂̓̄̅̀ 

̈˿̄̌̇̅̄̄̅̀ ̈́̅̇̅̈̉̓̕ 3000 ̅˸̅̇̅̉̅˹ ˹ ̃˿̄̊-

̉̊. ˥˻̄̅̈̉̊̆˼̄̎˷̉̒̀ ̃̊̂̓̉˿̆̂˿́˷̉̅̇ ̉̇̊˻̄̅ 

˹̒̆̅̂̄˿̉̓ ̈ ̅̉̄̅̏˼̄˿˼̃ ̅˸̅̇̅̉̅˹ ˸̅̂˼˼ 6, 

̆̅̔̉̅̃̊ ˻̖̂ ˹˷̇˿˷̄̉̄̅˺̅ ˷̄˷̂˿˾˷ ̎˿̈̂̅ ̅˸̅-

̇̅̉̅˹ ̆̇˿̖̄̉̅ ̃˷́̈˿̃˷̂̓̄̅ ˹̅˾̃̅˽̄̒̃ – 

18000 ̅˸./̃˿̄. 

˪ ́̅̃̆̇˼̈̈̅̇˷ ̉̇˿ ̄˼̅̌̂˷˽˻˷˼̃̒̌ ̈˼́̍˿˿ 

̆̅ ˻˹˼ ̈̉̊̆˼̄˿. ˣ˼˽˻̊ ̈˼́̍˿̖̃˿ ̇˷̈̆̅̂̅˽˼-
̄̒ ̆̇̅̃˼˽̊̉̅̎̄̒˼ ˹̅˾˻̊̌̅̅̌̂˷˻˿̉˼̂˿ ˿ ́̅̄-

̍˼˹̅̀ ˹̅˾˻̊̌̅̅̌̂˷˻˿̉˼̂̓. ˞˷˻˷̄̄̒˼ ̄˼˻̅̅̌̂˷-
˽˻˼̄˿˼ 15 ˿ ̆̅̉˼̖̇ ̆̅̂̄̅˺̅ ˻˷˹̂˼̄˿̖ 5 % ̈̅-

̅̉˹˼̉̈̉˹̊̉̕ ̇˼˷̂̓̄̒̃ ̆˷̇˷̃˼̉̇˷̃ ̆̇̅̃˼˽̊-

̉̅̎̄̒̌ ̅̌̂˷˻˿̉˼̂˼̀. В̅˾˻̊̌̅̅̌̂˷˻˿̉˼̂˿ ̊̈̉˷-
̄̅˹̂˼̄̒ ̃˼˽˻̊ 2–3 ˿ 4–5 ̈̉̊̆˼̖̄̃˿. ˤ˷ ˹̒-

̌̅˻˼ – ́̅̄̍˼˹̅̀ ˹̅˾˻̊̌̅̅̌̂˷˻˿̉˼̂̓. 

В ̈̅̅̉˹˼̉̈̉˹˿˿ ̈ ̈̅˹̇˼̃˼̄̄̅̀ ̉˼̄˻˼̄̍˿˼̀ 

˻˿̋̋̊˾̅̇̒ – ˸˼˾̂̅̆˷̉̅̎̄̒˼, ˻̖̂ ̇˷̈̏˿̇˼̄˿̖ 

˾̅̄̒ ̇˷˸̅̉̒ ̆̅ ̇˷̈̌̅˻̊. ˦̅ ̆̇˷˹˿̂˷̃ ̆̇̅˼́-

̉˿̇̅˹˷̄˿̖ ˣ˼̉̅˻̅̃ ̊̄˿˹˼̇̈˷̂̓̄̅˺̅ ̃̅˻˼̂˿-

̇̅˹˷̄˿̖ ̆̇˿ ˫̇˷̈̎ > 0,085 ̇˷˸̅̎˿˼ ́̅̂˼̈˷ – 

̆̇̅̈̉̇˷̄̈̉˹˼̄̄̒˼ ̅̈˼̇˷˻˿˷̂̓̄̒˼ (3D). ˦̇˿ 

˫̇˷̈̎ = 0,085 ˿ ̃˼̄˼˼ – ́̅̂˼̈˷ ̇˷˻˿˷̂̓̄̒˼ (2D). 

˨̄˷̎˷̂˷ ̈̅̆̅̈̉˷˹̂˼̄̒ ̉̇˿ ˹˷̇˿˷̄̉˷ ́̅̃-

̆̇˼̈̈̅̇˷: 
1) ̊ ˹̈˼̌ ̈̉̊̆˼̄˼̀ ̅˻˿̄˷́̅˹̒˼ ˻˿˷̃˼̉̇̒ 

̇˷˸̅̎˿̌ ́̅̂˼̈ ˿ ́̅̔̋̋˿̍˿˼̄̉̒ ̉˼̅̇˼̉˿̎˼̈́̅-

˺̅ ̄˷̆̅̇˷ ̉ ̇˷̈̎ = 0,65; 

2) ˻˿˷̃˼̉̇̒ ̇˷˸̅̎˿̌ ́̅̂˼̈ ̊ ˹̉̅̇̅̀ ˿ ̉̇˼-
̉˼̀ ̄˼̅̌̂˷˽˻˷˼̃̅̀ ̈˼́̍˿˿ – ̃˼̄̓̏˿˼, ˷ ́̅-

̔̋̋˿̍˿˼̄̉̒ ̉˼̅̇˼̉˿̎˼̈́̅˺̅ ̄˷̆̅̇˷ – ̅˻˿̄˷-
́̅˹̒ (̉ ̇˷̈̎ = 0,65); 

3) ˹˷̇˿˷̄̉ ̈ ̃˼̄̓̏˿̃˿ ˻˿˷̃˼̉̇˷̃˿ ̇˷˸̅-

̎˿̌ ́̅̂˼̈ ̊ ˹̉̅̇̅̀ ˿ ̉̇˼̉̓˼̀ ̈˼́̍˿̀ ˿ ̇˷˾̄̒-

̃˿ ́̅̔̋̋˿̍˿˼̄̉˷̃˿ ̉˼̅̇˼̉˿̎˼̈́̅˺̅ ̄˷̆̅̇˷ 

(0,65, 0,60 ˿ 0,55 ̊ ́̅̂˼̈ ̈̅̅̉˹˼̉̈̉˹˼̄̄̅ ̆˼̇-

˹̅̀, ˹̉̅̇̅̀ ˿ ̉̇˼̉̓˼̀ ̈˼́̍˿̀). ˪̃˼̄̓̏˼̄˿˼ 
́̅̔̋̋˿̍˿˼̄̉̅˹ ̄˷̆̅̇˷ ́̅̄̍˼˹̒̌ ̈̉̊̆˼̄˼̀ 

̇˷̈̏˿̖̇˼̉ ˾̅̄̊ ̇˷˸̅̉̒ ̃̄̅˺̅̈̉̊̆˼̄̎˷̉̒̌ 

́̅̃̆̇˼̈̈̅̇̅˹ [15]. 

˪ ˹̈˼̌ ˹˷̇˿˷̄̉̅˹ ̅́̇̊˽̄˷̖ ̈́̅̇̅̈̉̓ ̃˼̄˼˼ 
300 ̃/̈, ̎̉̅ ˹̆̅̂̄˼ ̆̇˿˼̃̂˼̃̅ ˿˾ ̆̇̅̎̄̅̈̉-
̄̒̌ ̈̅̅˸̇˷˽˼̄˿̀. ˮ˼̃ ˸̅̂̓̏˼ ́̅̔̋̋˿̍˿˼̄̉ 
̄˷̆̅̇˷, ̉˼̃ ̃˼̄̓̏˼ ̄̊˽̄̒˼ ˻̖̂ ̆̅̂̊̎˼̄˿̖ 

˾˷˻˷̄̄̅˺̅ ̅̉̄̅̏˼̄˿̖ ˻˷˹̂˼̄˿̀ ̅́̇̊˽̄˷̖ ̈́̅-

̇̅̈̉̓ ˿ ˻˿˷̃˼̉̇ ̇˷˸̅̎˿̌ ́̅̂˼̈. ˨̅̅̉˹˼̉̈̉˹˼̄-

̄̅, ˸̅̂̓̏˼ ́̅̔̋̋˿̍˿˼̄̉̒ ̇˷̈̌̅˻˷.  
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˪ ˹˷̇˿˷̄̉˷ 1 ̈ ̅˻˿̄˷́̅˹̒̃˿ ˻˿˷̃˼̉̇˷̃˿ 

˿ ́̅̔̋̋˿̍˿˼̄̉˷̃˿ ̄˷̆̅̇˷ ˧К ̉ ̇˷̈̎ = 0,65 

́̅̔̋̋˿̍˿˼̄̉ ̇˷̈̌̅˻˷ 1-̀ ̈̉̊̆˼̄˿ ̇˷˹˼̄ 

˫̇˷̈̎ = 0,167. Э̉̅ ˾˷ ̆̇˼˻˼̂˷̃˿ ˾̅̄̒, ˺˻˼ 
̃̅˽̄̅ ̅˽˿˻˷̉̓ ˹̒̈̅́̅˺̅ К˦˛ ̈̉̊̆˼̄˿. К̇̅-

̃˼ ̉̅˺̅, ̊ ˹̒̈̅́̅̇˷̈̌̅˻̄̒̌ ̈̉̊̆˼̄˼̀ ˹̒̏˼ 
̊̇̅˹˼̄̓ ̈́̅̇̅̈̉˼̀ ˹̅ ˹̌̅˻̄̅̃ ̆˷̉̇̊˸́˼ ˿ 

˸̅̂̓̏˼ ̆̅̉˼̇˿ ̄˷̆̅̇˷. ˧˼˾̊̂̓̉˷̉: К˦˛ 1-̀ 

̈̉̊̆˼̄˿ ˹̃˼̈̉˼ ̈ ˹̌̅˻̄̒̃ ̆˷̉̇̊˸́̅̃ ˹̈˼˺̅ 

78,7 %, ˟˾̅̉˼̇̃̄̒̀ К˦˛ ́̅̃̆̇˼̈̈̅̇˷ – 

66 %. Э̉̅ ̄˼ ̅̎˼̄̓ ̃˷̂˼̄̓́˷̖ ˹˼̂˿̎˿̄˷, ̆̅-

̈́̅̂̓́̊ ̊ ̈̇˼˻̄˿̌ ̈̉̊̆˼̄˼̀ ̅̆̉˿̃˷̂̓̄̒˼ ́̅-

̔̋̋˿̍˿˼̄̉̒ ̇˷̈̌̅˻˷ ˿ ˿̌ ˹̒̈̅́˿̀ К˦˛ 

́̅̃̆˼̄̈˿̇̊˼̉ ̄˿˾́̊̕ ̔̋̋˼́̉˿˹̄̅̈̉̓ ̆˼̇˹̅̀ 

̈̉̊̆˼̄˿.  

˪ ˹˷̇˿˷̄̉˷ 2, ́˷́ ˿ ̊ ˹˷̇˿˷̄̉˷ 1, ́̅̔̋̋˿-

̍˿˼̄̉ ̄˷̆̅̇˷ ̉ ̇˷̈̎ = 0,65 ̅˻˿̄˷́̅˹ ̖̂̂ ˹̈˼̌ 

˧К. ˤ̅ ˻˿˷̃˼̉̇̒ ́̅̂˼̈ ˹̉̅̇̅̀ ̈˼́̍˿˿ ̃˼̄̓-
̏˼, ̎˼̃ ̊ ́̅̂˼̈ ̆˼̇˹̅̀ ̈˼́̍˿˿. ˪ ̉̇˼̉̓˼̀ ̈˼́-

̍˿˿ ˻˿˷̃˼̉̇̒ ˧К ˼̐˼ ̃˼̄̓̏˼. ˛̖̂ ̆̅̂̊̎˼̄˿̖ 

̄̊˽̄̅˺̅ ̄˷̆̅̇˷ ˻˿˷̃˼̉̇ ˧К ̆˼̇˹̅̀ ̈˼́̍˿˿ 

̈̉˷̂ 300 ̃̃ – ̆̇̅̉˿˹ 280 ̃̃ ̊ 1-˺̅ ˹˷̇˿˷̄̉˷. 
К̅̔̋̋˿̍˿˼̄̉ ̇˷̈̌̅˻˷ ̆˼̇˹̅̀ ̈̉̊̆˼̄˿ ̈̉˷̂ 

˫̇˷̈̎ = 0,141 – ̆̇̅̉˿˹ 0,167 ̊ 1-˺̅ ˹˷̇˿˷̄̉˷. 
К˦˛ ̆˼̇˹̅̀ ̈̉̊̆˼̄˿ (˹́̂̎̕˷̖ ̆̅̉˼̇˿ ˹ В˦) 

̊˹˼̂˿̎˿̖̂̈ ˻̅ ̆̇˿˼̃̂˼̃̅̀ ˹˼̂˿̎˿̄̒ 0,822. 

К̅̔̋̋˿̍˿˼̄̉̒ ̇˷̈̌̅˻˷ ́̅̄̍˼˹̒̌ ̈̉̊̆˼̄˼̀ 

̊˹˼̂˿̎˿̂˿̈̓, ˿ ˿̌ К˦˛ ̈̉˷̂ ˸̅̂̓̏˼, ̎˼̃ ̊ 
̈̉̊̆˼̄˼̀ 1-˺̅ ˹˷̇˿˷̄̉˷. К˦˛ ́̅̃̆̇˼̈̈̅̇˷ 
̈̉˷̂ ̇˷˹˼̄ 0,673 (̄˷ 1,3% ˸̅̂̓̏˼, ̎˼̃ ̊ 1-˺̅ 

˹˷̇˿˷̄̉˷), ̎̉̅ ̄˼̆̂̅̌̅ ˻̖̂ ́̅̃̆̇˼̈̈̅̇˷ ̈ ̅˻-

̄̅˹˷̂̓̄̅̀ ̈̌˼̃̅̀. 

˩̇˼̉˿̀ ˹˷̇˿˷̄̉ ̈ ̊̃˼̄̓̏˷̐̕˿̃˿̖̈ ˻˿˷-
̃˼̉̇˷̃˿ ˿ ́̅̔̋̋˿̍˿˼̄̉˷̃˿ ̄˷̆̅̇˷ ̆̅́˷˾˷̂ 

К˦˛ 0,671, ̉. ˼. ̄˷ 0,2 ̃˼̄̓̏˼, ̎˼̃ ̊ 2-˺̅ ˹˷-

̇˿˷̄̉˷. Э̉̅ ̅́̇̊˺̂˼̄̄˷̖ ̅̍˼̄́˷ ̔̋̋˼́̉˿˹̄̅-

̈̉˿. ˘̅̂˼˼ ̉̅̎̄̅ ̈̎˿̉˷˼̖̉̈ ̆̅̉̇˼˸̖̂˼̃˷̖ 

̃̅̐̄̅̈̉̓. ˥̄˷ ˸̅̂̓̏˼ ̊ 3-˺̅ ˹˷̇˿˷̄̉˷ ˹̈˼˺̅ 

̄˷ 10 В̉. ˤ̅ ̆̇˼˿̃̊̐˼̈̉˹̅ 3-˺̅ ˹˷̇˿˷̄̉˷ – 

˸̅̂̓̏˿̀ ˾˷̆˷̈ ̆̅ ̆̅̃̆˷˽̊. Э̉̅ ́˷̎˼̈̉˹˼̄̄˷̖, 

̄̅ ˹˼̇̄˷̖ ̅̍˼̄́˷. Э̉̅̉ ˹˷̇˿˷̄̉ ̃̅˽̄̅ ˼̐˼ 
˸̅̂˼˼ ̅̆̉˿̃˿˾˿̇̅˹˷̉̓, ̆̅˻˸˿̇˷̖ ̄˷˿̂̊̎̏˿˼ 
̈̅̅̉̄̅̏˼̄˿̖ ˻˿˷̃˼̉̇̅˹ ˿ ́̅̔̋̋˿̍˿˼̄̉̅˹ ̄˷-
̆̅̇˷ ̇˷˸̅̎˿̌ ́̅̂˼̈.  

ДǤǵхǤǢǭǾǯǢя ǳхǧмǢ. ˩˷́ ́˷́ ̆̇˿ ̉˷́̅̀ ̈̌˼-
̃˼ ̇˷˻˿˷̂̓̄̒˼ ̇˷˾̃˼̇̒ ̅˺̇˷̄˿̎˼̄̒ ̃˼˽̍˼̄-

̉̇̅˹̒̃ ̇˷̖̈̈̉̅̄˿˼̃ ˹˷̂̅˹, ̄̊˽̄̅ ̆̇˿̃˼̖̄̉̓ 
́̅̃̆˷́̉̄̒˼ ˹ ̇˷˻˿˷̂̓̄̅̃ ̄˷̆̇˷˹̂˼̄˿˿ ̈̉̊̆˼-
̄˿ ̈ ˸̅̂̓̏˿̃˿ ́̅̔̋̋˿̍˿˼̄̉˷̃˿ ̇˷̈̌̅˻˷. 
˥˸̒̎̄̅ ˻̖̂ ̆˼̇˹̅̀ ̈̉̊̆˼̄˿ ˫̇˷̈̎ > 0,09.  

ˣ˼̄̓̏˼˼ ̄˷ ̉̇˼̉̓ ̎˿̈̂̅ ̈̉̊̆˼̄˼̀ ̆̅ ̈̇˷˹-

̄˼̄˿̕ ̈ ̇˷̈̈̃̅̉̇˼̄̄̅̀ ˹̒̏˼ ̅˻̄̅˹˷̂̓̄̅̀ 

̈̌˼̃̅̀ ̉̇˼˸̊˼̉ ˸̅̂̓̏˿̌ ́̅̔̋̋˿̍˿˼̄̉̅˹ ̄˷-
̆̅̇˷ ˿ ˸̅̂̓̏˿̌ ̅́̇̊˽̄̒̌ ̈́̅̇̅̈̉˼̀. ˦̇˿̃˼-
̖̖̄̉̈̕ ˿̈́̂̎̕˿̉˼̂̓̄̅ ̆̅̂̊̅̉́̇̒̉̒˼ ̅̈˼̇˷-
˻˿˷̂̓̄̒˼ ̇˷˸̅̎˿˼ ́̅̂˼̈˷. ˥˻̄̅ ˿˾ ̆̇˼˿̃̊-

̐˼̈̉˹ ̈̌˼̃̒: ˻̖̂ ̅˸̅˿̌ ˹˷̂̅˹ ̃̅˽̄̅ ̆̅˻̅-

˸̇˷̉̓ ̅̆̉˿̃˷̂̓̄̅˼ ̎˿̈̂̅ ̅˸̅̇̅̉̅˹, ̆̇˿ ́̅̉̅-

̇̒̌ ̊ ̈̉̊̆˼̄˼̀ ˸̊˻̊̉ ́̅̔̋̋˿̍˿˼̄̉̒ ̇˷̈̌̅˻˷ 
˫̇˷̈̎ ˹ ˾̅̄˼ ˹̒̈̅́˿̌ К˦˛.  

ˤ˷ ̇˿̈. 4 ̆̅́˷˾˷̄̒ ́̅̄̈̉̇̊́̉˿˹̄̒˼ ˿ ˺˷-
˾̅˻˿̄˷̃˿̎˼̈́˿˼ ̆˷̇˷̃˼̉̇̒ ̆˼̇˹̅˺̅ ˿˾ ̇˷̈-
̈̃̅̉̇˼̄̄̒̌ ˹˷̇˿˷̄̉̅˹ ˻˹̊̌˹˷̂̓̄̅˺̅ ́̅̃̆̇˼̈-
̈̅̇˷. 

˨̅̆̅̈̉˷˹̂˼̄̒ ˹˷̇˿˷̄̉̒ ̈ ˫̇˷̈̎ 1 = 0,09, ̅̉-
̂˿̎˷̐̕˿˼̖̈ ́̅̔̋̋˿̍˿˼̄̉˷̃˿ ̄˷̆̅̇˷ ̉ ̇˷̈̎ 
(0,75, 0,70, 0,65, 0,60), ́̅̉̅̇̒˼ ̆̇˿̖̄̉̒ ̅˻˿-

̄˷́̅˹̒̃˿ ̊ ˹̈˼̌ ̈̉̊̆˼̄˼̀.  

˦̇˼˿̃̊̐˼̈̉˹̅ ˸̅̂̓̏˼˺̅ ́̅̂˿̎˼̈̉˹˷ ̆̇̅-

̃˼˽̊̉̅̎̄̒̌ ̅̌̂˷˽˻˼̄˿̀ ˿ ˸̂˿˾́˿̌ ́ ̅̆̉˿̃̊-

̃̊ ́̅̔̋̋˿̍˿˼̄̉̅˹ ̇˷̈̌̅˻˷ ˹̈˼̌ ̈̉̊̆˼̄˼̀ ̆̇̅-

̖˹˿̂̅̈̓ ˹ ̊˹˼̂˿̎˼̄˿˿ К˦˛ ̄˷ 1 % ̆̅ ̈̇˷˹̄˼-
̄˿̕ ̈ ̂̊̎̏˿̃ ˿˾ ˹˷̇˿˷̄̉̅˹ ̅˻̄̅˹˷̂̓̄̅˺̅ 

́̅̃̆̇˼̈̈̅̇˷. ˥́̇̊˽̄˷̖ ̈́̅̇̅̈̉̓ ̊ ̔̉̅˺̅ ˹˷̇˿-

˷̄̉˷ – ̃˼̄˼˼ 300 ̃/̈. ˧˷̈̎˼̉ ˷̄˷̂̅˺˿̎̄̒̌ ˹˷-
̇˿˷̄̉̅˹ ̈ ̃˼̄̓̏˿̃˿ ́̅̔̋̋˿̍˿˼̄̉˷̃˿ ̄˷̆̅̇˷ 
̆̅́˷˾˷̂, ̎̉̅ ̆̅˹̒̈˿̉̓ К˦˛ ̄˼ ̊˻˷˼̖̉̈. ˤ̅ ̆̇˿ 

̃˼̄̓̏˿̌ ́̅̔̋̋˿̍˿˼̄̉˷̌ ̄˷̆̅̇˷ ̂̊̎̏˼ ̌˷̇˷́-

̉˼̇˿̈̉˿́˿. ˪ ̄˷˿˸̅̂˼˼ ̆̇˿˹̂˼́˷̉˼̂̓̄̅˺̅ ˹˷-
̇˿˷̄̉˷ (̉ ̇˷̈̎ = 0,65) ̆̇˿˼̃̂˼̃˷̖ ̅́̇̊˽̄˷̖ 

̈́̅̇̅̈̉̓ – ̃˼̄˼˼ 320 ̃/̈, К˦˛ ˸̅̂̓̏˼ ̄˷ 
0,1%, ̄̅ ˻̅̂˽̄˷ ˸̒̉̓ ̂̊̎̏˼ ̋̅̇̃˷ ̌˷̇˷́̉˼̇˿-

̈̉˿́.  

В˷̇̓˿̇̅˹˷̄˿˼ ́̅̔̋̋˿̍˿˼̄̉̅˹ ̇˷̈̌̅˻˷ ˿ 

̈̅̅̉̄̅̏˼̄˿̀ ˻˿˷̃˼̉̇̅˹ ̄˼ ̆̇˿˹˼̂̅ ́ ̆̅˹̒-

̏˼̄˿̕ К˦˛. ˤ˷˿˸̅̂˼˼ ˿̄̉˼̇˼̈˼̄ ˹˷̇˿˷̄̉ ̈ 
̊̃˼̄̓̏˷̐̕˿̃˿̖̈ ̅̉ ̆˼̇˹̅̀ ˻̅ ̎˼̉˹˼̇̉̅̀ ̈̉̊-

̆˼̄˿ ́̅̔̋̋˿̍˿˼̄̉˷̃˿ ̄˷̆̅̇˷.  
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˧˿̈. 4. К̅̄̈̉̇̊́̉˿˹̄̒˼ ˿ ˺˷˾̅˻˿̄˷̃˿̎˼̈́˿˼ ̆˷̇˷̃˼̉̇̒ ̆˼̇˹̅˺̅ ˿˾ ̇˷̈̈̃̅̉̇˼̄̄̒̌ ˹˷̇˿˷̄̉̅˹  

˻˹̊̌˹˷̂̓̄̅˺̅ ́̅̃̆̇˼̈̈̅̇˷ 

Fig. 4. Constructive and gas dynamic parameters of the first of the considered versions of a two-shaft compressor 
 

˪ ̔̉̅˺̅ ˹˷̇˿˷̄̉˷ ̆̇˿˼̃̂˼̃˷̖ ̅́̇̊˽̄˷̖ 

̈́̅̇̅̈̉̓ – 313 ̃/̈, К˦˛ ˹̈˼˺̅ ̄˷ 0,1 % ̄˿˽˼, 
̎˼̃ ̊ ̆̇˼˻̏˼̈̉˹̊̐̕˼˺̅, ̄̅ ̊̃˼̄̓̏˷̐̕˿˼̖̈ 

̅̉ ̆˼̇˹̅̀ ́ ̆̅̈̂˼˻̄˼̀ ̈̉̊̆˼̄˿ ́̅̔̋̋˿̍˿˼̄̉̒ 

̄˷̆̅̇˷ ̅˸˼̐˷̉̕ ˸̅̂˼˼ ̏˿̇̅́̊̕ ˾̅̄̊ ̇˷˸̅̉̒ 

˹̂˼˹̅ ̅̉ ̇˷̈̎˼̉̄̅̀ ̉̅̎́˿. 

ǐбǳǵǨǦǧǯǪǧ ǲǧǩǵǭǾǴǢǴоǤ 

˛̖̂ ̆̇˿˹̅˻˷ ́̅̃̆̇˼̈̈̅̇̅˹ ̂˿̄˼̀̄̒̌ ˺˷-
˾̅̆˼̇˼́˷̎˿˹˷̐̕˿̌ ˷˺̇˼˺˷̉̅˹ ̈̅˾˻˷̖̉̈̕ ˸̒̈̉-
̇̅̌̅˻̄̒˼ ˺˷˾̅˹̒˼ ̉̊̇˸˿̄̒. ˦̇˿ ̅̉̄̅̏˼̄˿˿ 

˻˷˹̂˼̄˿̀ ̖̆̅̇˻́˷ 1,3 ̔̉̅ ̆̅˾˹̖̅̂˼̉ ̆̇˿̃˼̄˿̉̓ 
̅˻̄̅̈̉̊̆˼̄̎˷̉̒̀ ́̅̃̆̇˼̈̈̅̇, ˿̃˼̐̕˿̀ ̖̇˻ 

̆̇˼˿̃̊̐˼̈̉˹, ̆̅˾˹̖̅̂̐̕˿̌ ̆̅̂̊̎˿̉̓ ̄˷˿˸̅-

̂˼˼ ˹̒̈̅́˿̀ К˦˛. ˦̇˿ ̃˼̄˼˼ ˸̒̈̉̇̅̌̅˻̄̅̃ 

̆̇˿˹̅˻˼, ˸̅̂̓̏˼̃ ̅̉̄̅̏˼̄˿˿ ˻˷˹̂˼̄˿̀ ˿ ˹̒-

̈̅́̅̃ ́̅̄˼̎̄̅̃ ˻˷˹̂˼̄˿˿ ˸̅̂˼˼ ̔̋̋˼́̉˿˹̄̅ 

̆̇˿̃˼̄˼̄˿˼ ̉̇˼̌ ̈̉̊̆˼̄˼̀. 

˥˻̄̅˹˷̂̓̄̒˼ ́̅̃̆̇˼̈̈̅̇̒ ˻̖̂ ̆̅˻˾˼̃̄̒̌ 

̌̇˷̄˿̂˿̐ ˺˷˾˷ ̈̂˼˻̊˼̉ ̅̆̉˿̃˿˾˿̇̅˹˷̉̓ ˾˷ ̈̎˼̉ 

˹̒˸̅̇˷ ̃˷́̈˿̃˷̂̓̄̅ ˹̅˾̃̅˽̄̅˺̅ ̎˿̈̂˷ ̈̉̊̆˼-
̄˼̀, ̆̅˻˸̅̇˷ ̈̅̅̉̄̅̏˼̄˿̖ ́̅̔̋̋˿̍˿˼̄̉̅˹ 

̄˷̆̅̇˷ ˿ ˻˿˷̃˼̉̇̅˹ ̇˷˸̅̎˿̌ ́̅̂˼̈. В ̆˼̇̈̆˼́-

̉˿˹˼ ̄̊˽̄̅ ̆˼̇˼̌̅˻˿̉̓ ̄˷ ˸̅̂˼˼ ˸̒̈̉̇̅̌̅˻̄̒˼ 
˺˷˾̅˹̒˼ ̉̊̇˸˿̄̒.  

˥˻̄̅˹˷̂̓̄˷̖ ̈̌˼̃˷ ˹̅˾˻̊̏̄̅˺̅ ́̅̃̆̇˼̈-

̈̅̇˷ ̅˸̐˼˺̅ ̄˷˾̄˷̎˼̄˿̖ ˻˷˽˼ ̆̇˿ ̅̆̉˿̃˷̂̓-

̄̅̀ ˸̒̈̉̇̅̌̅˻̄̅̈̉˿ ̊̈̉̊̆˷˼̉ ̆̅ ̔̋̋˼́̉˿˹-

̄̅̈̉˿ ˻˹̊̌˹˷̂̓̄̅̀ ̈̌˼̃˼ ̈ ˸̅̂̓̏˿̃ ́̅̂˿̎˼-

̈̉˹̅̃ ̆̇̅̃˼˽̊̉̅̎̄̒̌ ̅̌̂˷˽˻˼̄˿̀. ˪̆̇̅-

̐˼̄̄˷̖ ̃̅˻˼̂̓ ̇˷̈̈̎˿̉̒˹˷˼̉ ˹̄̊̉̇˼̄̄˿̀ 

К˦˛ ˸˼˾ ̊̎˼̉˷ ̅˸̑˼̃̄̒̌ ˿ ̃˼̌˷̄˿̎˼̈́˿̌ ̆̅-

̉˼̇̓. ˟˾˹˼̈̉̄̅, ̎̉̅ ̔̉˿ ̆̅̉˼̇˿ ̃˼̄̓̏˼ ̊ 

˻˹̊̌˹˷̂̓̄̒̌ ́̅̃̆̇˼̈̈̅̇̅˹ ̈̅ ˹̈̉̇̅˼̄̄̒̃ 

̃̊̂̓̉˿̆̂˿́˷̉̅̇̅̃. ˨̅̅̉̄̅̏˼̄˿˼ ̆˷̇˷̃˼̉̇̅˹ 

˻˹̊̌˹˷̂̓̄̅˺̅ ́̅̃̆̇˼̈̈̅̇˷ ̉˷́̅˹̅, ̎̉̅ ˹̒˸̅̇ 

̆˷̇˷̃˼̉̇̅˹ ̆̇̅˼́̉˿̇̅˹˷̄˿̖ ̈̉̊̆˼̄˼̀ – ́̅-

̔̋̋˿̍˿˼̄̉̅˹ ̇˷̈̌̅˻˷ ˿ ̄˷̆̅̇˷ – ̃˷̂̅ ˹̂˿̖˼̉ 
̄˷ ̃˷́̈˿̃˷̂̓̄̒̀ К˦˛. Э̉̅ ̆̅˾˹̖̅̂˼̉ ̆̇̅˼́-

̉˿̇̅˹̐˿́̊ ̊˻˼̂˿̉̓ ˹̄˿̃˷̄˿˼ ̇˷˾̃˼̇˷̃ ̆̇̅-
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̉̅̎̄̅̀ ̎˷̈̉˿ ˿ ˹̒˸̇˷̉̓ ˹˷̇˿˷̄̉, ̊ ́̅̉̅̇̅˺̅ 

˸̊˻̊̉ ˸̅̂˼˼ ˸̂˷˺̅̆̇˿̖̉̄̒˼ ˺˷˾̅˻˿̄˷̃˿̎˼̈́˿˼ 

̌˷̇˷́̉˼̇˿̈̉˿́˿. 

ǉǢǬǭȀǹǧǯǪǧ 

˦̇˼˻̈̉˷˹̂˼̄̒ ̆̇˿̃˼̇̒ ˹˷̇˿˷̄̉̄̅˺̅ ̇˷-
̈̎˼̉˷: ́̅̃̆̇˼̈̈̅̇˷ ˻̖̂ ̆̅˻˾˼̃̄̅˺̅ ̌̇˷̄˿̂˿̐˷ 
˺˷˾˷, ˻˹̊̌ ̉˿̆̅˹ ́̅̃̆̇˼̈̈̅̇̅˹ ̂˿̄˼̀̄̅˺̅ ˺˷-
˾̅̆˼̇˼́˷̎˿˹˷̐̕˼˺̅ ˷˺̇˼˺˷̉˷ ˿ ˹̅˾˻̊̏̄̅˺̅ 

́̅̃̆̇˼̈̈̅̇˷ ̅˸̐˼˺̅ ̄˷˾̄˷̎˼̄˿̖. ˧˷̈̎˼̉̒ ̆̅-

́˷˾˷̂˿, ̎̉̅ ̅˻̄̅˹˷̂̓̄̒˼ ́̅̃̆̇˼̈̈̅̇̒ ˻̖̂ 

̆̅˻˾˼̃̄̒̌ ̌̇˷̄˿̂˿̐ ˺˷˾˷ ̈̂˼˻̊˼̉ ̅̆̉˿̃˿˾˿-

̇̅˹˷̉̓, ˹̒˸˿̇˷̖ ̃˷́̈˿̃˷̂̓̄̅ ˹̅˾̃̅˽̄̅˼ ̎˿̈-
̂̅ ̈̉̊̆˼̄˼̀, ̆̅˻˸˿̇˷̖ ̈̅̅̉̄̅̏˼̄˿̖ ́̅̔̋̋˿-

̍˿˼̄̉̅˹ ̄˷̆̅̇˷ ˿ ˻˿˷̃˼̉̇̅˹ ̇˷˸̅̎˿̌ ́̅̂˼̈. 
˥˻̄̅˹˷̂̓̄˷̖ ̈̌˼̃˷ ˹̅˾˻̊̏̄̅˺̅ ́̅̃̆̇˼̈̈̅̇˷ 

̅˸̐˼˺̅ ̄˷˾̄˷̎˼̄˿̖ ̊̈̉̊̆˷˼̉ ̆̅ ̔̋̋˼́̉˿˹̄̅-

̈̉˿ ˻˹̊̌˹˷̂̓̄̅̀ ̈̌˼̃˼. 
˦̇˼˻̈̉˷˹̂˼̄̄̒˼ ̇˷̈̎˼̉̒ ̆̅́˷˾˷̂˿, ̎̉̅ 

́̅̃̆̓̉̕˼̇̄̒˼ ̆̇̅˺̇˷̃̃̒ ̄˷ ˸˷˾˼ ̄̅˹̅̀ ˹˼̇-

̈˿˿ ̊̆̇̅̐˼̄̄̅̀ ̃˷̉˼̃˷̉˿̎˼̈́̅̀ ̃̅˻˼̂˿ ˻˷̉̕ 
˻̅̈̉̅˹˼̇̄̊̕ ˿ ˻̅̈̉˷̉̅̎̄̊̕ ˿̄̋̅̇̃˷̍˿̕ ˻̖̂ 

˹̒̆̅̂̄˼̄˿̖ ˹˷̇˿˷̄̉̄̒̌ ̇˷̈̎˼̉̅˹. 

ǃǭǢǥоǦǢǲǯоǳǴǾ 

˧˷˸̅̉˷ ˹̒̆̅̂̄˼̄˷ ˹ ̂˷˸̅̇˷̉̅̇˿˿ «˚˷˾̅˹˷̖ ˻˿-

̄˷̃˿́˷ ̉̊̇˸̅̃˷̏˿̄» ˨˦˸˦˪, ˹̅˾˺̂˷˹̖̂˼̃̅̀ ̆̇̅-

̋˼̈̈̅̇̅̃ ˵. ˚˷̂˼̇́˿̄̒̃, ́̅̉̅̇̅̃̊ ˷˹̉̅̇̒ ˹̒̇˷-
˽˷˼̉ ̆̇˿˾̄˷̉˼̂̓̄̅̈̉̓ ˾˷ ̈̅˹˼̉̒ ˿ ́̅̄̈̊̂̓̉˷̍˿˿ 

̆̇˿ ˹̒̆̅̂̄˼̄˿˿ ̇˷˸̅̉̒.  

ǑǲǪǭоǨǧǯǪǧ 

ǳȑȋȎвȍțȅ ȎȁȎȇȍаȗȅȍȈȟ: 

D2 – ̄˷̇̊˽̄̒̀ ˻˿˷̃˼̉̇ ̇˷˸̅̎˼˺̅ ́̅̂˼̈˷; D  –

 ̅̉̄̅̈˿̉˼̂̓̄̒̀ ˻˿˷̃˼̉̇; ɜɬD  – ˹̉̊̂̅̎̄̅˼ ̅̉̄̅̏˼-
̄˿˼; k – ̆̅́˷˾˷̉˼̂̓ ˿˾̅̔̄̉̇̅̆̒; n – ̆̅́˷˾˷̉˼̂̓ ̆̅-

̂˿̉̇̅̆̒; T – ̉˼̃̆˼̇˷̉̊̇˷; Ȑ – ˻˷˹̂˼̄˿˼; Mu – ̊̈̂̅˹-
̄̅˼ ̎˿̈̂̅ ˣ˷̌˷; m – ̃˷̈̈̅˹̒̀ ̇˷̈̌̅˻; SR

 
 –

 ̅̉̄̅̈˿̉˼̂̓̄̒̀ ̇˷˻˿̊̈ ˾˷́̇̊˺̂˼̄˿̖ ̆̅́̇̒˹˷̐̕˼˺̅ 

˻˿̈́˷ ǰǪz  – ̎˿̈̂̅ ̂̅̆˷̉̅́ ̇˷˸̅̎˼˺̅ ́̅̂˼̈˷; ˫̇˷̈̎ –

 ̇˷̈̎˼̉̄̒̀ ̊̈̂̅˹̄̒̀ ́̅̔̋̋˿̍˿˼̄̉ ̇˷̈̌̅˻˷; ̉ – ́̅-

̔̋̋˿̍˿˼̄̉ ̉˼̅̇˼̉˿̎˼̈́̅˺̅ ̄˷̆̅̇˷;  – ̆̂̅̉̄̅̈̉̓ ˺˷˾˷. 
ǯȎȄȑȒȐȎȗȍțȅ ȈȍȄȅȊȑț: 

0, 1, 2 – ˿̄˻˼́̈̒ ́̅̄̉̇̅̂̓̄̒̌ ̈˼̎˼̄˿̀; ̇˷̈̎ –

 ̖̅̉̄̅̈̐˿̖̀̈ ́ ̇˷̈̎˼̉̄̅̃̊ ̇˼˽˿̃̊ (̆̅ ̇˷̈̌̅˻̊); 

ǭаȄȑȒȐȎȗȍțȅ ȈȍȄȅȊȑț: 
* – ̅̉̄̅̈˿̖̉̈ ́ ̆̅̂̄̒̃ ̆˷̇˷̃˼̉̇˷̃ (̆˷̇˷̃˼̉̇̒ 

̉̅̇̃̅˽˼̄˿̖). 
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