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ЭНЕРГЕТИЧЕСКИЕ ХАРАКТЕРИСТИКИ  

МОЛЕКУЛЯРНО-ВЯЗКОСТНЫХ ВАКУУМНЫХ НАСОСОВ 

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

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

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

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

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

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

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

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

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

̄˷̈̅̈˷. ˨̄˿˽˼̄˿˼ ̔̄˼̇˺˼̉˿̎˼̈́˿̌ ˾˷̉̇˷̉ ̄˷̈̅̈˷ ̆̅˾˹̅̂˿̉ ̊̃˼̄̓̏˿̉̓ ̆̅̉̇˼˸̂˼̄˿˼ ̔̂˼́̉̇̅̔̄˼̇-

˺˿˿, ̈˼˸˼̈̉̅˿̃̅̈̉̓ ̄˷̈̅̈̅˹, ̆̅˹̒̈˿̉̓ ̔̋̋˼́̉˿˹̄̅̈̉̓ ˿̌ ̇˷˸̅̉̒. 

ǪȋȞȗȅвțȅ ȑȋȎва: ̃̅̂˼̖́̊̂̇̄̅-˹̖˾́̅̈̉̄̒̀ ˹˷́̊̊̃̄̒̀ ̄˷̈̅̈, ̔̄˼̇˺˼̉˿̎˼̈́˷̖ ̌˷̇˷́̉˼̇˿̈̉˿́˷, ̃̅̐-

̄̅̈̉̓, ̇˼˺̊̂˿̇̅˹˷̄˿˼ ̈́̅̇̅̈̉˿ ˻˹˿˺˷̉˼̖̂. 
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ENERGY CHARACTERISTICS  

OF MOLECULAR-VISCOUS VACUUM PUMPS 

The paper discusses the components of energy costs for high-vacuum pumps, which also include molecular-

viscous vacuum pumps, which are a new modern development. The principle of operation of molecular-

viscous pumps allows them to operate in a wide pressure range, i.e., from high vacuum through to low. Due 

to changes in the range of operating pressures generated by the pump, there is a significant increase in the 

power of the pump motor (typically with an increase in pressure). At the moment there is no data about the 

energy consumption of these pumps. Analysis of the working conditions of the molecular-viscous vacuum 

pump in various ranges of pressures helped to identify the main factors influencing the change in the power 

and measures for decreasing it, for example, by redistribution of loads in the stages of multistage pumps, 

change of  step lengths, rotation speeds of pump rotors. Reducing the energy costs of the pump will reduce 

the power consumption and cost of pumps, improving their operational efficiency. 
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АǬǴǵǢǭǾǯоǳǴǾ ǳоǤǧǲǺǧǯǳǴǤоǤǢǯǪȁ ǳǵǻǧǳǴǤǵȀǻǪǷ 

Ǫ ǳоǩǦǢǯǪȁ ǯоǤǽǷ ǳǲǧǦǳǴǤ оǴǬǢǹǬǪ 

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

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

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

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

˻˷̄̄̅̃̊ ̊̈̂̅˹˿̕. ˦̅̔̉̅̃̊ ̖̆̅̈̉̅̄̄̅ ̈̅˹˼̇-

̏˼̄̈̉˹̖̊̉̈̕ ̈̊̐˼̈̉˹̊̐̕˿˼ ˹˷́̊̊̃̄̒˼ ̄˷̈̅-

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

̆̅˻̏˿̆̄˿́̅˹̒˼ ̊˾̂̒ ̉̊̇˸̅̃̅̂˼̖́̊̂̇̄̒̌ 
̄˷̈̅̈̅˹ (˩ˣˤ), ˹ ́̅̉̅̇̒̌ ˿̈̆̅̂̓˾̅˹˷̂˿̈̓ 
̆̅˻̏˿̆̄˿́˿ ́˷̎˼̄˿̖, ̇˷˸̅̉˷̐̕˿˼ ̈ ˽˿˻́̅̀ 

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

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

̃˷˺̄˿̉̄̒˼ ̅̆̅̇̒. ˩˷́̅˼ ̇˼̏˼̄˿˼ ̆̅˾˹̖̅̂˼̉ 
̊̂̊̎̏˷̉̓ ́̅̄̈̉̇̊́̉˿˹̄̒˼ ̆˷̇˷̃˼̉̇̒ ̈̅˹̇˼-
̃˼̄̄̒̌ ̉̊̇˸̅̃̅̂˼̖́̊̂̇̄̒̌ ̄˷̈̅̈̅˹ [1–5]. ˦˷-
̇˷̂̂˼̂̓̄̅ ̈ ̈̅˹˼̇̏˼̄̈̉˹̅˹˷̄˿˼̃ ́̅̄̈̉̇̊́̍˿̀ 

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

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

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

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

́˷́ ̆̇˷˹˿̂̅, ̃̅̂˼̖́̊̂̇̄̒˼, ˹˿̌̇˼˹̒˼ ˿ ̃̅̂˼-
̖́̊̂̇̄̅-˹̖˾́̅̈̉̄̒˼ ̆̇̅̉̅̎̄̒˼ ̎˷̈̉˿ [6–13]. В 

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

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

˹˷́̊̊̃̄̅̀ ̈˿̈̉˼̃˼ ̅̉́˷̎́˿. ˤ˷˿˸̅̂˼˼ ̎˷̈̉̅ 

̆̇̅˿˾˹̅˻˿̉˼̂˿ ́̅̃˸˿̄˿̇̅˹˷̄̄̒̌ ˩ˣˤ ˿̈-
̆̅̂̓˾̊̉̕ ̃̅̂˼̖́̊̂̇̄̒˼ ̆̇̅̉̅̎̄̒˼ ̎˷̈̉˿, ́̅-

̉̅̇̒˼ ̃̅˺̊̉ ̇˷˸̅̉˷̉̓ ̄˼ ̉̅̂̓́̅ ˹ ̃̅̂˼̖́̊̂̇-

̄̅̃, ̄̅ ˿ ˹ ̃̅̂˼̖́̊̂̇̄̅-˹̖˾́̅̈̉̄̅̃ ̇˼˽˿̃˷̌ 
̉˼̎˼̄˿̖ ˺˷˾˷ [3–5, 6–13].  

˨̅˾˻˷̄˿˼ ̄̅˹̒̌ ̉˿̆̅˹ ˹˷́̊̊̃̄̒̌ ̄˷̈̅̈̅˹, 

́ ́̅̉̅̇̒̃ ̃̅˽̄̅ ̅̉̄˼̈̉˿ ˿ ̃̅̂˼̖́̊̂̇̄̅-

˹̖˾́̅̈̉̄̒˼ ˹˷́̊̊̃̄̒˼ ̄˷̈̅̈̒ (ˣВВˤ) [7], ̈̅-

̖̈̉̅̐˿˼ ˿˾ ̃̅̂˼̖́̊̂̇̄̅-˹̖˾́̅̈̉̄̒̌ ̆̇̅̉̅̎-

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

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

̃̅̂˼̖́̊̂̇̄̅-˹̖˾́̅̈̉̄̅̃ ̇˼˽˿̃˼. ˦̇˿ ˿̈-

̆̅̂̓˾̅˹˷̄˿˿ ̃̅̂˼̖́̊̂̇̄̅-˹̖˾́̅̈̉̄̒̌ ̆̇̅-

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

̊˹˼̂˿̎˼̄˷ ˻̅ 0,15·10–3 ̃ ˻̖̂ ̇̅̉̅̇˷ ˻˿˷̃˼̉-
̇̅̃ 60·10–3 ̃ [1, 3] ˸˼˾ ˿˾̃˼̄˼̄˿̖ ̅̉́˷̎̄̒̌ 

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

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

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

̅̉́˷̎́˿, ̊̆̇̅̐˷̉̓ ̊̈̂̅˹˿̖ ̔́̈̆̂̊˷̉˷̍˿˿ ˿ 

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

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

̈̉̇̊́̍˿̀ ̄˷̈̅̈̅˹ ˿ ̈̅˾˻˷̄˿̖ ̄̅˹̒̌ ̄˷̈̅̈̅˹ 

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

̃˼̄̉˷̂̓̄̅ ̆̅˻̉˹˼̇˽˻˷̉̓ ̆̅̂̊̎˼̄̄̒˼ ˻˷̄̄̒˼.  

ǟǯǧǲǥǧǴǪǹǧǳǬǪǧ ǷǢǲǢǬǴǧǲǪǳǴǪǬǪ 

 ǤǢǬǵǵмǯǽǷ ǯǢǳоǳоǤ 

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

̈̉˿́˷ [14], ̅̆̇˼˻˼̖̂̐̕˷̖ ˿˾̃˼̄˼̄˿˼ ̃̅̐̄̅̈̉˿ 

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

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

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

̄̅˺̅ ̄˷̈̅̈˷ ̆̅˾˹̖̅̂˼̉ ̆̅̄˿˾˿̉̓ ̃̅̐̄̅̈̉̓, 

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

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

̄˼ ̉̅̂̓́̅ ̊̃˼̄̓̏˿̉̓ ̈̉̅˿̃̅̈̉̓ ̈˿̈̉˼̃̒, ̄̅ ˿ 

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

̉̇˼˸̂˼̄˿̖ (̄˷̆̇˿̃˼̇ ˹ ́̅̈̃˿̎˼̈́˿̌ ˷̆̆˷̇˷̉˷̌).  

˧˷˸̅̉˷ ˣВВˤ ˹ ˻˿˷̆˷˾̅̄˼ ˻˷˹̂˼̄˿̀ ̅̉ 10 

˻̅ 105 ˦˷ ̆̇˿ ̅́̇̊˽̄̅̀ ̈́̅̇̅̈̉˿ ̄˷ ̇̅̉̅̇˼ 
150–180 ̃/̈ ̆̇˿˹̅˻˿̉ ́ ̎̇˼˾˹̒̎˷̀̄̅ ˸̅̂̓̏˿̃ 

˾˷̉̇˷̉˷̃ ̃̅̐̄̅̈̉˿ (̇˿̈. 1).  



 

32 

Научно-технические ведомости CПбПУ. Естественные и инженерные науки. Том 25, №1, 2019

 

      

N, Вɬ 
1500

1000

500

0
100 120 140 160 180  u, ɦ/ɫ 

 
 

˧˿̈. 1. ˞˷˹˿̈˿̃̅̈̉̓ ̃̅̐̄̅̈̉˿, ̆̅̉̇˼˸̖̂˼̃̅̀ ̈̉̊̆˼̄̓̕ ˣВВˤ,  

̅̉ ̅́̇̊˽̄̅̀ ̈́̅̇̅̈̉˿ ˻˹˿˽˼̄˿̖ ̇̅̉̅̇˷ ̆̇˿ ˻˷˹̂˼̄˿˿ ˹ ̈̉̊̆˼̄˿ 105 (1), 104 (2) ˿ 103 (3) ˦˷ 

Fig. 1. The dependence of the power consumed by the stage MWN on the circumferential speed  

of the rotor at a pressure of 105 (1), 104 (2) ˿ 103 (3) 

 
˛̖̂ ̊̃˼̄̓̏˼̄˿̖ ̆̅̉̇˼˸̖̂˼̃̅̀ ̃̅̐̄̅̈̉˿ 

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

˽˼̄˿̖ ̈̉̊̆˼̄˼̀, ̊̃˼̄̓̏˷̖ ˿̌ ̆̅ ̃˼̇˼ ̊˹˼̂˿-

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

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

̈̂˼˻̄˿˼ ̈̉̊̆˼̄˿ ̆̇˿ ˻˷˹̂˼̄˿˿ 104 ˦˷. ˦̅̔̉̅-

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

̈́̅̇̅̈̉̓ ˻˹˿˽˼̄˿̖ ̆̅˹˼̇̌̄̅̈̉˿ ̇̅̉̅̇˷ ̆̅-

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

К ̉̅̃̊ ˽˼, ̈̅˺̂˷̈̄̅ ˻˷̄̄̒̃ ̇˷˸̅̉̒ [15] ̄˷ 

˿˾̃˼̄˼̄˿˼ ̆̅̉̇˼˸̖̂˼̃̅̀ ̃̅̐̄̅̈̉˿ ˹̂˿̖˼̉ 
˻̂˿̄˷ ̈̉̊̆˼̄˿. ˦̅ ̇˿̈. 2 ˹˿˻̄̅, ̎̉̅ ̅̉̄̅̏˼-
̄˿˼ ˻˷˹̂˼̄˿̀ ˾˷˹˿̈˿̉ ̅̉ ˻̂˿̄̒ ̆̇̅̉̅̎̄̅̀ ̎˷-
̈̉˿ ̄˷̈̅̈˷ ˿ ˻˿˷̃˼̉̇˷ ̇̅̉̅̇˷, ̉.́. ˹˼̂˿̎˿̄˷ 
˻˿˷̃˼̉̇˷ ̅̆̇˼˻˼̖̂˼̉ ̅́̇̊˽̄̊̕ ̈́̅̇̅̈̉̓ ̇̅̉̅-

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

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

В ̇˷˸̅̉˼ [14] ̅̉̃˼̎˷˼̖̉̈ ̄˼̅˸̌̅˻˿̃̅̈̉̓ 

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

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

̄̒̌ ̄˷̈̅̈̅˹ ˹ ̈˹̖˾˿ ̈ ̇̅̈̉̅̃ ̈̉̅˿̃̅̈̉˿ ̔̄˼̇-

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

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

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

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

̄˷̈̅̈˷̃, ̄˼ ̆̊˸̂˿́̊̉̕ ̆̅̂̄̒˼ ˻˷̄̄̒˼ ̆̅ 

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

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

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

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

̃̅̐̄̅̈̉˿. ˦̇˿ ̔̉̅̃ ˹ ̇˷̃́˷̌ ́̂˷̈̈˷ ˹˷́̊̊̃-

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

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

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

˺˼̉˿̎˼̈́˿̌ ̌˷̇˷́̉˼̇˿̈̉˿́. 
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˧˿̈. 2. ˚̇˷̋˿́ ˾˷˹˿̈˿̃̅̈̉˼̀ ̆̅̉̇˼˸̖̂˼̃̅̀ ̃̅̐̄̅̈̉˿ ˣВВˤ ̅̉ ̅̉̄̅̏˼̄˿̖ l2/l3  

̆̇˿ ̇˷˾̄̒̌ ˻̂˿̄˷̌ ̆˼̇˹̅̀ ̈̉̊̆˼̄˿: 1 – l1 = 50 ̃̃; 2 – l1 = 100 ̃̃; 3 – l1 = 200 ̃̃ 

Fig. 2. Chart of dependency of power consumption MWN from the relationship l2/l3  

at different lengths of the first stage: 1 – l1 = 50 mm; 2 – l1 = 100 mm; 3 – l1 = 200 mm 

 
˥̈̄̅˹̄˷̖ ̍˼̂̓ ̄˷̏˼̀ ̇˷˸̅̉̒ ̈̅̈̉̅˿̉ ˹ 

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

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

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

̉̇˼˸̊˼̃̅̀ ˻̖̂ ̇˷˸̅̉̒ ̄˷̈̅̈˷. 

ǐǱǪǳǢǯǪǧ ǿǬǳǱǧǲǪмǧǯǴǢǭǾǯоǥо ǳǴǧǯǦǢ  

Ǧǭȁ оǱǲǧǦǧǭǧǯǪȁ ǿǯǧǲǥǧǴǪǹǧǳǬǪǷ ǷǢǲǢǬǴǧǲǪǳǴǪǬ 

ǎВВǏ 

˛̖̂ ˿̈̈̂˼˻̅˹˷̄˿̖ ̅̉́˷̎̄̒̌ ̆˷̇˷̃˼̉̇̅˹ 

̃̅̂˼̖́̊̂̇̄̅-˹̖˾́̅̈̉̄̒̌ ˹˷́̊̊̃̄̒̌ ̄˷̈̅̈̅˹ ̈ 

̇˷˾̂˿̎̄̒̃˿ ̆̇̅̉̅̎̄̒̃˿ ̎˷̖̈̉̃˿ ˹ ̏˿̇̅́̅̃ 

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

̉˷̂̓̄̒̀ ̈̉˼̄˻ [1], ̈̌˼̃˷ ́̅̉̅̇̅˺̅ ̆̇˼˻̈̉˷˹̂˼-
̄˷ ̄˷ ̇˿̈. 3. 

В˷́̊̊̃̄˷̖ ̊̈̉˷̄̅˹́˷ ̈̅̈̉̅˿̉ ˿˾ ̄˷̆̊̈́-

̄̅̀ ́˷̃˼̇̒ CV1 ˿ ˿˾̃˼̇˿̉˼̂̓̄̅̀ ́˷̃˼̇̒ 

CV2, ˿˾˺̅̉̅˹̂˼̄̄̒̌ ˿˾ ̄˼̇˽˷˹˼̐̕˼̀ ̈̉˷̂˿ ̈ 

̆̅̂˿̇̅˹˷̄̄̒̃˿ ˹̄̊̉̇˼̄̄˿̃˿ ̆̅˹˼̖̇̌̄̅̈̉-

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

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

˸̒̈̉̇̅̉̒ ˻˼̀̈̉˹˿̖ ˣВВˤ.  

В ́˷̎˼̈̉˹˼ ̂̅́˷̂˿˾̅˹˷̄̄̅˺̅ ˿̈̉̅̎- 

̄˿́˷ ̄˷̆̊̈́˷ ˺˷˾˷ ˹ ́˷̃˼̇̊ CV1 ̈̂̊˽˿̉ 
˿˺̅̂̓̎˷̉̒̀ ̄˷̉˼́˷̉˼̂̓ VF, ̆̅˾˹̖̅̂̐̕˿̀ ̇˼-
˺̊̂˿̇̅˹˷̉̓ ˺˷˾̅˹̒˼ ̆̅̉̅́˿. ˧˷˹̄̅̃˼̇̄̅˼ 
̇˷̈̆̇˼˻˼̂˼̄˿˼ ̄˷̆̊̈́˷˼̃̅˺̅ ̆̅̉̅́˷ ̆̅ ˹̌̅˻-

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

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

˹˷̄̄̅̀ ̄˷ ́˷̋˼˻̇˼ «В˷́̊̊̃̄˷̖ ˿ ́̅̃̆̇˼̈-

̈̅̇̄˷̖ ̉˼̌̄˿́˷» ˣ˚˩˪ ˿̃˼̄˿ ˤ.˴. ˘˷̊̃˷̄˷, 

˿̂˿ ̈˼̉̅̎̄̒̃ ̈˼̆˷̇˷̉̅̇̅̃. ˩˷́˷̖ ̈˿̈̉˼̃˷ 

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

˹̇˼̃˼̄̄̅ ˹ ̄˼̈́̅̂̓́˿̌ ̉̅̎́˷̌ ̆̅̆˼̇˼̎̄̅˺̅ 

̈˼̎˼̄˿̖ ˹˷́̊̊̃̄̅̀ ́˷̃˼̇̒, ̆̇˿ ̔̉̅̃ ̆̅̉̅́˿ 

̇˷˹̄̅̃˼̇̄̅ ̇˷̈̆̇˼˻˼̂˼̄̒ ̆̅ ̆̅̆˼̇˼̎̄̅̃̊ 

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

˧˧˚-12. 
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Fig. 3. Schematic diagram of the experimental stand 

 

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

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

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

̇˷ U1 ˹ ̄˷̖̆̇˽˼̄˿˼ ̇̅̉̅̇˷ U2, ̎˷̈̉̅̉̒ ̆˿̉˷̄˿̖ 

f1 ˹ ̎˷̈̉̅̉̊ ̉̅́˷ ̇̅̉̅̇˷ f2, ̔̂˼́̉̇˿̎˼̈́̅̀ ̃̅̐-

̄̅̈̉˿ N̔̂, ̆̅̉̇˼˸̖̂˼̃̅̀ ˿˾ ̈˼̉˿, ˹ ̃˼̌˷̄˿̎˼-
̈́̊̕ ̃̅̐̄̅̈̉̓ Ñ˼̌, ̇˷˾˹˿˹˷˼̃̊̕ ˻˹˿˺˷̉˼̂˼̃. 

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

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

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

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

̉̒; ̅̈̉˷̂̓̄˷̖, ̈̊̐˼̈̉˹˼̄̄̅ ̃˼̄̓̏˷̖ ̎˷̈̉̓ 

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

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

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

̉̅́˷ ̇̅̉̅̇˷, ́̅̉̅̇̒̀ ̊̎˷̈̉˹̊˼̉ ˹ ̋̅̇̃˿̇̅˹˷-

̄˿˿ ̃̅̃˼̄̉˷, ̇˷˾˹˿˹˷˼̃̅˺̅ ˻˹˿˺˷̉˼̂˼̃. ˤ˷ 
̇˿̈. 4 ˿˾̅˸̇˷˽˼̄˷ ̔̄˼̇˺˼̉˿̎˼̈́˷̖ ˻˿˷˺̇˷̃̃˷ 
˷̈˿̄̌̇̅̄̄̅˺̅ ˻˹˿˺˷̉˼̖̂. 

˦̇˿ ̆̅˻́̂̎̕˼̄˿˿ ̅˸̃̅̉́˿ ̈̉˷̉̅̇˷ ˷̈˿̄-

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

̉̅́˷ ˹̅˾̄˿́˷˼̉ ˹̇˷̐˷̐̕˼˼̖̈ ̃˷˺̄˿̉̄̅˼ ̆̅̂˼, 
̊˺̂̅˹˷̖ ̈́̅̇̅̈̉̓ ω0 ́̅̉̅̇̅˺̅, ̄˷˾̒˹˷˼̃˷̖ 

̈˿̄̌̇̅̄̄̅̀, ̄˷̌̅˻˿̖̉̈ ̆̅ ̋̅̇̃̊̂˼  

 


  1
0

2
,

ȏ

f

p
 (1) 

˺˻˼ f1 – ̎˷̈̉̅̉˷ ̆˼̇˼̃˼̄̄̅˺̅ ̉̅́˷ ̆̇̅̃̒̏-

̂˼̄̄̅̀ ̎˷̈̉̅̉̒, ˚̍; Ȑn – ̎˿̈̂̅ ̆˷̇ ̆̅̂̈̅̕˹ 

˻˹˿˺˷̉˼̖̂, ̅̆̇˼˻˼̖̖̂̉̈̕ ̆̅ ̆˷̈̆̅̇̉̄̒̃  

˻˷̄̄̒̃.  

˨˿̄̌̇̅̄̄̊̕ ̊˺̂̅˹̊̕ ̈́̅̇̅̈̉̓ ˹ ̄˷̊̎̄̅-

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

ω1. ˧˷˾̄̅̈̉̓ ̃˼˽˻̊ ̄˼̀ ˿ ̉˼́̊̐˿̃ ˾̄˷̎˼̄˿˼̃ 

̊˺̂̅˹̅̀ ̈́̅̇̅̈̉˿ ̇̅̉̅̇˷ ω, ̅̉̄˼̈˼̄̄˷̖ ́ ̈́̅-

̇̅̈̉˿ ω (ω1), ̄˷˾̒˹˷˼̖̉̈ ̈́̅̂̓˽˼̄˿˼̃  

 
    

 
 
0 1

0 1

.s  (2) 

˛̖̂ ˻˹˿˺˷̉˼̂̓̄̅˺̅ ̇˼˽˿̃˷ s = 1–0, ˷ ̃̅̐-

̄̅̈̉̓ ̄˷ ˹˷̂̊ ˻˹˿˺˷̉˼̖̂ ̈̅̈̉˷˹̖̂˼̉  

   ̃˼̌ ̔̃(1 ).N M N s  (3) 
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˧˿̈. 4. ˴̄˼̇˺˼̉˿̎˼̈́˷̖ ˻˿˷˺̇˷̃̃˷ ˷̈˿̄̌̇̅̄̄̅˺̅ ˻˹˿˺˷̉˼̖̂ 

Fig. 4. The energy diagram of the induction motor 

 

ˣ̅̐̄̅̈̉̓ ̔̂˼́̉̇̅̃˷˺̄˿̉̄̅˺̅ ̖̆̅̂: 

  ̔̃ 0.N M  (4) 

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

̇̅̉̅̇: 

  0 .SN M s  (5) 

˧˷˾̄̅̈̉̓ 

  ̔̃ ̃˼̌ ̔̃N N N s  (6) 

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

̄̅˼ ˾̄˷̎˼̄˿˼ К˦˛ ̆̇˿ ̔̉̅̃ ̈̅̈̉˷˹˿̉ 

 


    ̃˼̌ ̔̃

̔̃ ̔̃

(1 )
1 .

N N s
s

N N
 (7) 

ǐǱǲǧǦǧǭǧǯǪǧ моǻǯоǳǴǪ моǭǧǬǵǭȁǲǯо-

ǤȁǩǬоǳǴǯоǥо ǤǢǬǵǵмǯоǥо ǯǢǳоǳǢ 

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

̇̅̈̉˿ ̇̅̉̅̇˷, ̇˷˸̅̎˷̖ ̎˷̈̉̅̉˷ ̇̅̉̅̇˷ ˣВВˤ 

̅̆̇˼˻˼̖̂˼̖̉̈ ̉̇˼˸̊˼̃̒̃˿ ̅̉́˷̎̄̒̃˿ ̆˷̇˷-
̃˼̉̇˷̃˿ ̄˷̈̅̈˷. ˦̇˿ ˻˿˷̃˼̉̇˼ ̇̅̉̅̇˷ 58·10–3 ̃ 

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

̈́̅̇̅̈̉˿ ̇̅̉̅̇˷ ̅̉ 80 ̃/̈ (̎˷̈̉̅̉˷ ˹̇˷̐˼̄˿̖ 

̇̅̉̅̇˷ 26340 ̅˸/̃˿̄) ˻̅ 274 ̃/̈ (̎˷̈̉̅̉˷ ˹̇˷-
̐˼̄˿̖ ̇̅̉̅̇˷ 90000 ̅˸/̃˿̄) [8].  

˩˷́ ́˷́ ́̅̂˼̈˷ ̄˷̈̅̈˷ ̇˷˸̅̉˷̉̕ ˹ ˺˷˾̅˹̅̀ 

̈̇˼˻˼ (̅̈̅˸˼̄̄̅ ̆̇˿ ̆̊̈́˼ ̄˷̈̅̈˷), ̄˼̅˸̌̅˻˿-

̃̅ ̊˹˼̂˿̎˿̉̓ ˼˺̅ ̃̅̐̄̅̈̉̓ ̄˷ 10–15 % ˻̖̂ 

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

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

̇̅̉̅˹. В ̇˼˾̊̂̓̉˷̉˼ ̇˷̈̎˼̉̄˷̖ ̃˼̌˷̄˿̎˼̈́˷̖ 

̃̅̐̄̅̈̉̓ ̃̅̂˼̖́̊̂̇̄̅-˹̖˾́̅̈̉̄̅˺̅ ˹˷́̊̊̃-

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

      ̈˽ ˺ ̉̇ ̆ ˿̄ ˹ ̅1,1 В̉,N N N N N N  (8) 

˺˻˼ ̈̅̈̉˷˹̖̂̐̕˿˼ ̃̅̐̄̅̈̉˿, ˾˷̉̇˷̎˿˹˷̖̉̈̕ ̄˷ 
̈˽˷̉˿˼ ˺˷˾˷ ˹ ̆̇̅̉̅̎̄̅̀ ̎˷̈̉˿ ̄˷̈̅̈˷ (N̈˽), ̄˷ 
˺˷˾̅˻˿̄˷̃˿̎˼̈́̅˼ ̉̇˼̄˿˼ (N˺ ̉̇), ̄˷ ̆̇˼̅˻̅̂˼-
̄˿˼ ̉̇˼̄˿̖ ˹ ̆̅˻̏˿̆̄˿́̅˹̅̃ ̊˾̂˼ (N̆), ̄˷ ̆̇˼-
̅˻̅̂˼̄˿˼ ̈˿̂ ˿̄˼̇̍˿˿ (N˿̄) ˿ ˻̖̂ ̆˿̉˷̄˿̖ 

˹̈̆̅̃̅˺˷̉˼̂̓̄̅˺̅ ̅˸̅̇̊˻̅˹˷̄˿̖ (N˹ ̅). 

ˣ̅̐̄̅̈̉̓ N̈˽ ̅̆̇˼˻˼̖̂˼̖̉̈ ˾˷˹˿̈˿̃̅̈̉̓̕  

 
 

   
 

̄
̈˽ ˿˾ ̄ ˹̈

˹̈
2,3 lg ,

p
N L G s p

p
 (9) 

˺˻˼ G – ̃˷̈̈̅˹̒̀ ̇˷̈̌̅˻ ˺˷˾˷, ́˺/̈; L˿˾ – ˿˾̅-

̉˼̇̃˿̎˼̈́˷̖ ̇˷˸̅̉˷, ˛˽/́˺; s̄ – ˸̒̈̉̇̅̉˷ ˻˼̀-

̈̉˹˿̖ ̄˷̈̅̈˷, ̃3/̈; p˹̈ – ̃˿̄˿̃˷̂̓̄̅˼ ̇˷˸̅̎˼˼ 
˻˷˹̂˼̄˿˼ ˹̈˷̈̒˹˷̄˿̖, ˦˷; R – ˺˷˾̅˹˷̖ ̆̅̈̉̅-

̖̄̄˷̖, ˛˽/(́˺·K); ǲ – ̉˼̃̆˼̇˷̉̊̇˷ ˺˷˾˷, K; p̄ – 

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

N̈˽ ̊˹˼̂˿̎˿˹˷˼̖̉̈ (̇˿̈. 5) ̆̅ ̅̉̄̅̏˼̄˿̕ ́ 

̃̅̐̄̅̈̉˿ ˩ˣˤ, ˻˷˹̂˼̄˿˼ ̄˷˺̄˼̉˷̄˿̖ ́̅̉̅̇̅˺̅ 

̈̅̅̉˹˼̉̈̉˹̊˼̉ 1 ˦˷. ˩˷́ ́˷́ ˣВВˤ ̇˷˸̅̉˷˼̉ ˹ 

̅̈̄̅˹̄̅̃ ˹ ˻˿˷̆˷˾̅̄˼ ˻˷˹̂˼̄˿̀ ̅̉ 1 ˻̅ 105 ˦˷, 
̄˼̅˸̌̅˻˿̃̅ ̊̎˿̉̒˹˷̉̓ ̊˹˼̂˿̎˼̄˿˼ ̃̅̐̄̅̈̉˿ 

N̈˽ ˿ N˺ ̉ ̇ ˾˷ ̈̎˼̉ ̊˹˼̂˿̎˼̄˿̖ ́̅̄̍˼̄̉̇˷̍˿˿ ˺˷˾˷ 
(̈̆̂̅̏̄˷̖ ̈̇˼˻˷) ˿ ˹̂˿̖̄˿̖ ̉̇˼̄˿̖ ˺˷˾˷ ̅ ̆̅-

˹˼̇̌̄̅̈̉˿ ́˷̄˷̂̅˹ ̆̇̅̉̅̎̄̅̀ ̎˷̈̉˿ ̄˷̈̅̈˷. 
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˧˿̈. 5. ˞˷˹˿̈˿̃̅̈̉̓ ˿˾̅̉˼̇̃˿̎˼̈́̅̀ ̇˷˸̅̉̒ ̅̉ ˻˷˹̂˼̄˿̖ ˹̈˷̈̒˹˷̄˿̖  

̆̇˿ ˹˼̂˿̎˿̄˷̌ ˻˷˹̂˼̄˿̖ ̄˷˺̄˼̉˷̄˿̖ 105 (1) ˿ 104 (2) ˦˷ 

Fig. 5. The dependence of the isothermal operation of the suction pressure  

at values of the discharge pressure 105 (1) and 104 (2) Pa 

 

В ˾˷˹˿̈˿̃̅̈̉˿ ̅̉ ̉˿̆˷ ̆̅˻̏˿̆̄˿́̅˹̅˺̅ 

̊˾̂˷ ̃̅̐̄̅̈̉̓, ˾˷̉̇˷̎˿˹˷˼̃˷̖ ̄˷ ̆̇˼̅˻̅̂˼̄˿˼ 
̉̇˼̄˿̖ ˹ ̄˼̃ [16], ̈̅̈̉˷˹̖̂˼̉ ̅̉ 50 ˻̅ 150 В̉. 
ˣ̅̐̄̅̈̉̓, ˾˷̉̇˷̎˿˹˷˼̃˷̖ ̄˷ ̆̇˼̅˻̅̂˼̄˿˼ 
̉̇˼̄˿̖ ˹ ̆̅˻̏˿̆̄˿́̅˹̅̃ ̊˾̂˼, ˹̒̇˷˽˷˼̖̉̈ 

˾˷˹˿̈˿̃̅̈̉̓̕ 

 



7

̆
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,
9550

M n
N  (10) 

˺˻˼ Ǭ – ̃̅̃˼̄̉ ̉̇˼̄˿̖ ˹ ̆̅˻̏˿̆̄˿́˼, ̅̆̇˼-
˻˼̖̂˼̃̒̀ ̆̇˿ ˹̒̈̅́̅̀ ̎˷̈̉̅̉˼ ˹̇˷̐˼̄˿̖ ̆̅ 

̈̂˼˻̊̐̕˼̀ ̋̅̇̃̊̂˼: 

   
2

7 3
3

o ̈̇ ̆10 .M n f D  (11) 

˞˻˼̈̓ ν – ́˿̄˼̃˷̉˿̎˼̈́˷̖ ˹̖˾́̅̈̉̓ ̈̃˷˾̅̎̄̅˺̅ 

̃˷̉˼̇˿˷̂˷ ̆̅˻̏˿̆̄˿́˷, ̃̃2/̈; fo – ́̅̔̋̋˿-

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

̊̈̂̅˹˿̀ ̈̃˷˾́˿; D̈̇ ̆ – ̈̇˼˻̄˿̀ ˻˿˷̃˼̉̇ ̆̅˻-

̏˿̆̄˿́˷, ̃. 

ˣ̅̐̄̅̈̉̓, ˾˷̉̇˷̎˿˹˷˼̃˷̖ ̄˷ ̆̇˼̅˻̅̂˼̄˿˼ 
̈˿̂ ˿̄˼̇̍˿˿, ̅̆̇˼˻˼̖̂˼̖̉̈ ˾˷˹˿̈˿̃̅̈̉̓̕ 
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1800
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N

t
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˺˻˼ I – ̃̅̃˼̄̉ ˿̄˼̇̍˿˿ ̇̅̉̅̇˷ ̅̉̄̅̈˿̉˼̂̓̄̅ 

̅̈˿ ˹̇˷̐˼̄˿̖, ́˺·̃2; n – ̎˷̈̉̅̉˷ ˹̇˷̐˼̄˿̖ ̇̅-

̉̅̇˷, ̅˸/̃˿̄; t – ˹̇˼̖̃ ̇˷˾˺̅̄˷ ̇̅̉̅̇˷ ˻̅ ̇˷-
˸̅̎˿̌ ̎˿̈̂˼ ̅˸̅̇̅̉̅˹, ̈; η̃˼̌ – ̃˼̌˷̄˿̎˼̈́˿̀ 

К˦˛. 

˧˼˺̊̂˿̇̅˹˷̄˿˼ ̎˷̈̉̅̉̒ ˹̇˷̐˼̄˿̖ ˹ ˷̈˿̄-

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

̖̖̂̉̓̈ ̆̊̉˼̃ ˹˷̇̓˿̇̅˹˷̄˿̖ ˸̅̂̓̏˼˺̅ ̎˿̈̂˷ 
̆˷̇˷̃˼̉̇̅˹ (̇˿̈. 6). 

˩˷́ ́˷́ ˹ ́˷̎˼̈̉˹˼ ̔̂˼́̉̇̅̆̇˿˹̅˻˷ ˣВВˤ 

˿̈̆̅̂̓˾̊˼̖̉̈ ˷̈˿̄̌̇̅̄̄̒̀ ˹̒̈̅́̅̎˷̈̉̅̉̄̒̀ 

̔̂˼́̉̇̅˻˹˿˺˷̉˼̂̓ ̈ ́̅̇̅̉́̅˾˷̃́̄̊̉̒̃ ̇̅̉̅-

̇̅̃, ˼˺̅ ̆̅˻́̂̎̕˼̄˿˼ ́ ̄˷̈̅̈̊ ̅̈̊̐˼̈̉˹̖̂˼̉-
̖̈ ̎˼̇˼˾ ̃̊̋̉̊. ˦̇˿ ̔̉̅̃ ̇˼˺̊̂˿̇̅˹˷̄˿˼ ̆˷̇˷-
̃˼̉̇̅˹ ˻˹˿˺˷̉˼̖̂ ˹̖̒̆̅̂̄˼̖̉̈ ̆̇˼̅˸̇˷˾̅˹˷̉˼-
̂˼̃ ̎˷̈̉̅̉̒ (̇˿̈. 7). ˦̇˿ ̔́̈̆˼̇˿̃˼̄̉˷̂̓̄̅̃ 

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

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

̎˼̈́̅̀ ̃̅̐̄̅̈̉˿. 
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˧˿̈. 6. ˨̆̅̈̅˸̒ ̇˼˺̊̂˿̇̅˹˷̄˿̖ ̈́̅̇̅̈̉˿ ˷̈˿̄̌̇̅̄̄̅˺̅ ˻˹˿˺˷̉˼̖̂ 

Fig. 6. Methods of asynchronous motor speed control 
 

 

n

 

˧˿̈. 7. ˨̌˼̃˷ ̆̅˻́̂̎̕˼̄˿̖ ̔̂˼́̉̇̅˻˹˿˺˷̉˼̖̂ ́ ˣВВˤ 

Fig. 7. Wiring diagram of motor to MVVN  

 

ǉǢǬǭȀǹǧǯǪǧ 
В ̆̇̅˹˼˻˼̄̄̅̃ ˿̈̈̂˼˻̅˹˷̄˿˿ ̅̆̇˼˻˼̂˼̄̒ 

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

̃̅̐̄̅̈̉˿ ̄˷̈̅̈˷ ˿ ̈̅̈̉˷˹̖̂̐̕˿˼ ̈̊̃̃˷̇̄̅̀ 

̃̅̐̄̅̈̉˿. 

˪̈̉˷̄̅˹̂˼̄̅, ̎̉̅ ̎˷̈̉̓ ̇˷̈̌̅˻̊˼̃̅̀ ̃̅̐-

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

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

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

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

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

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

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

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

˹ ̃̅̂˼̖́̊̂̇̄̅-˹̖˾́̅̈̉̄̅̃ ˿ ˹̖˾́̅̈̉̄̅̃ ̇˼-

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

˩˷́ ́˷́ ˣВВˤ ̖˹̖̂˼̖̉̈ ̄̅˹̒̃ ̉˿̆̅̃ ˹˷-
́̊̊̃̄̒̌ ̄˷̈̅̈̅˹, ̄˼̅˸̌̅˻˿̃̅ ̆̇̅˹˼̈̉˿ ̔́̈-
̆˼̇˿̃˼̄̉˷̂̓̄̅˼ ˿̈̈̂˼˻̅˹˷̄˿˼ ̔̄˼̇˺˼̉˿̎˼̈́˿̌ 

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

˥̈̄̅˹̄̅˼ ̄˷̆̇˷˹̂˼̄˿˼ ˿̈̈̂˼˻̅˹˷̄˿̀ ̆̅ 

̈̄˿˽˼̄˿̕ ̔̄˼̇˺˼̉˿̎˼̈́˿̌ ˾˷̉̇˷̉ ̆̇˿˹̅˻˷ 
ˣВВˤ – ̅̆̇˼˻˼̂˼̄˿˼ ̉̅˺̅, ́˷́ ˿˾̃˼̖̄˼̖̉̈ 

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

̉˼̎˼̄˿̖ ˺˷˾˷, ̆̇˿ ̆˼̇˼̇˷̈̆̇˼˻˼̂˼̄˿˿ ̄˷˺̇̊˾́˿ 

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

̇̅̈̉˼̀ ˹̇˷̐˼̄˿̖ ̇̅̉̅̇̅˹ ̄˷̈̅̈˷. 
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