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ˣ˼̉̅˻ ̊̄˿˹˼̇̈˷̂̓̄̅˺̅ ̃̅˻˼̂˿̇̅˹˷̄˿̖, ̇˷˾̇˷˸̅̉˷̄̄̒̀ ˹ ˨˷̄́̉-˦˼̉˼̇˸̊̇˺̈́̅̃ ̆̅̂˿̉˼̌̄˿̎˼̈́̅̃ 

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

˺̅ ̄˷̆̅̇˷ ˿ ́̇˿̉˼̇˿̖̃˿ ̈˽˿̃˷˼̃̅̈̉˿. ˥̈̄̅˹̄̅˼ ́̅̄̈̉̇̊́̉˿˹̄̅˼ ̅˺̇˷̄˿̎˼̄˿˼ ˻̖̂ ̇˷˸̅̎˼˺̅ ́̅̂˼̈˷ – 

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

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

̆̅̂̄˿̂˿ ̅̆̉˿̃˷̂̓̄̅˼ ̆̇̅˼́̉˿̇̅˹˷̄˿˼ 124 ̇˷˻˿˷̂̓̄̒̌ ˿ ̅̈˼̇˷˻˿˷̂̓̄̒̌ ̇˷˸̅̎˿̌ ́̅̂˼̈ ̈ ̊̈̂̅˹̄̒̃˿ 

́̅̔̋̋˿̍˿˼̄̉˷̃˿ ̇˷̈̌̅˻˷ 0,015–0,15, ́̅̔̋̋˿̍˿˼̄̉˷̃˿ ̉˼̅̇˼̉˿̎˼̈́̅˺̅ ̄˷̆̅̇˷ 0,40–0,70, ˹̉̊̂̅̎̄̒-

̃˿ ̅̉̄̅̏˼̄˿̖̃˿ 0,25–0,40. ˚˼̅̃˼̉̇˿̎˼̈́˿˼ ̆˷̇˷̃˼̉̇̒ ̅˸̅˸̐˼̄̒ ˷̆̆̇̅́̈˿̃˿̇̊̐̕˿̃˿ ˾˷˹˿̈˿̃̅-

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

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

КȋȞȗевțе ȑȋȎва: ̇˷˻˿˷̂̓̄̅˼ ̇˷˸̅̎˼˼ ́̅̂˼̈̅, ̅̈˼̇˷˻˿˷̂̓̄̅˼ ̇˷˸̅̎˼˼ ́̅̂˼̈̅, ̊̈̂̅˹̄̒̀ ́̅̔̋̋˿̍˿˼̄̉ 
̇˷̈̌̅˻˷, ̉˼̅̇˼̉˿̎˼̈́˿̀ ́̅̔̋̋˿̍˿˼̄̉ ̄˷̆̅̇˷, ˺˼̅̃˼̉̇˿̎˼̈́˿˼ ̆˷̇˷̃˼̉̇̒, ̆˼̇˹˿̎̄̅˼ ̆̇̅˼́̉˿̇̅˹˷̄˿˼ 
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OF CENTRIFUGAL COMPRESSOR IMPELLERS 

A universal modeling method, developed at the Peter the Great St. Petersburg Polytechnic University and 

successfully used in design practice, uses a flow rate coefficient, a loading factor and compressibility criteria 

as gas-dynamic design parameters. The main design constraint for the impeller is the hub ratio. The 

algorithm previously used for initial design of impellers is based on generalizing the design experience and 

separate calculated experiments. In some cases, significant correction of the dimensions and shape of the 

impeller is required in subsequent stages of design. To approximate the initial design to the final design, we 

performed optimal design of 124 radial and axial-radial impellers with flow rate coefficients of 0.015 to 0.15, 

loading factors of 0.40 to 0.70, hub ratios of 0.25 to 0.40. Geometric parameters are approximated by 

algebraic formulae and supplemented with recommendations to apply classic formulae of the impeller’s 

inlet dimensions, which together form the proposed method of initial design. 
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ВǤǧǦǧǯǪǧ. ˨̅˹˼̇̏˼̄̈̉˹̅ ˺˷˾̅˻˿̄˷̃˿̎˼̈́̅-

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

́̅̃̆̇˼̈̈̅̇˷, ̎̉̅ ̖˹̖̂˼̖̉̈ ̅̈̄̅˹̄̅̀ ̈̉˷̉̓˼̀ 

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

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

́̅̃̆̇˼̈̈̅̇̄̊̕ ̄˷̊́̊ [1, 2]. К˷˾˷̄̈́˷̖ ̏́̅̂˷ 
̇˷˾˹˿˹˷˼̉ ̃˼̉̅˻̒ ̆̇̅˼́̉˿̇̅˹˷̄˿̖ ̈ ̊̎˼̉̅̃ 

̈̅˸̈̉˹˼̄̄̒̌ ˹˾˺̖̂˻̅˹ [3–5]. ˩˷́˽˼ ̇˷̈̎˼̉̅̃ ˿ 

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

˾˷̄˿̃˷̖̉̈̕ ˾˷̇̊˸˼˽̄̒˼ ̅̇˺˷̄˿˾˷̍˿˿ [6–8]. 

Ӥ̈̂˼˻̅˹˷̄˿̖ ˦̇̅˸̂˼̃̄̅̀ ̂˷˸̅̇˷̉̅̇˿˿ ́̅̃-

̆̇˼̈̈̅̇̅̈̉̇̅˼̄˿̖ ˢ˦И ̆̇˿˹˼̂˿ ́ ̈̅˾˻˷̄˿̕ 

̈˿̈̉˼̃̒ ˹˾˺̖̂˻̅˹ ˿ ́̅̃̆̂˼́̈˷ ́̅̃̆̓̉̕˼̇̄̒̌ 
̆̇̅˺̇˷̃̃ ̅̆̉˿̃˷̂̓̄̅˺̅ ̆̇̅˼́̉˿̇̅˹˷̄˿̖ ˿ ̇˷̈-
̎˼̉˷ ̍˼̄̉̇̅˸˼˽̄̒̌ ́̅̃̆̇˼̈̈̅̇̅˹ – ˣ˼̉̅˻˷ 
̊̄˿˹˼̇̈˷̂̓̄̅˺̅ ̃̅˻˼̂˿̇̅˹˷̄˿̖ [9–13]. 

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

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

˷̄̉̄̅˺̅ ̇˷̈̎˼̉˷ ̄˷ ˸˷˾˼ ̊̆̇̅̐˼̄̄̅̀ ̃˷̉˼̃˷-
̉˿̎˼̈́̅̀ ̃̅˻˼̂˿ К˦˛ [14]. ˧˼˾̊̂̓̉˷̉ ̇˷̈̎˼̉˷ – 

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

̈̉̊̆˼̄˼̀ ́̅̃̆̇˼̈̈̅̇˷: ̊̈̂̅˹̄̒̀ ́̅̔̋̋˿̍˿-

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

̄˷̆̅̇˷, ̊̈̂̅˹̄̒˼ ́̇˿̉˼̇˿˿ ˣ˷̌˷ ˿ ˧˼̀̄̅̂̓˻-

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

́˷˽˻̅̀ ˿˾ ̈̉̊̆˼̄˼̀ ́̅̃̆̇˼̈̈̅̇˷. 

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

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

̆̇̅̉̅̎̄̅̀ ̎˷̈̉˿, ̆̇˿ ́̅̉̅̇̒̌ ̈̉̊̆˼̄̓ ̈̅̅˸-

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

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

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

̆̅ ̃˷̉˼̃˷̉˿̎˼̈́̅̀ ̃̅˻˼̂˿ ˿ ̄˷ ̅̈̄̅˹˷̄˿˿ ́˷-
̎˼̈̉˹˼̄̄̅˺̅ ˷̄˷̂˿˾˷ ˻˿˷˺̇˷̃̃ ̈́̅̇̅̈̉˼̀ ̄˼-
˹̖˾́̅˺̅ ̆̅̉̅́˷ ̄˷ ̂̅̆˷̉́˷̌ ̇˷˸̅̎˿̌ ́̅̂˼̈ [10]. 

˦̇˿ ̈̊̐˼̈̉˹̊̐̕˼̃ ̃˼̉̅˻˼ ̆˼̇˹˿̎̄̅˺̅ ̆̇̅˼́-

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

̄̅ ́̅̇̇˼́̉˿̖̇̊̉̈̕. ˴̉̅ ̅˸̖̈̉̅̉˼̂̓̈̉˹̅ ̄˼ 
˹̂˿̖˼̉ ̄˷ ́̅̄˼̎̄̒̀ ̇˼˾̊̂̓̉˷̉ – ́˷̎˼̈̉˹̅ ˺˷˾̅-

˻˿̄˷̃˿̎˼̈́̅˺̅ ̆̇̅˼́̉˷ – ̄̅ ̆̇̅̍˼̈̈ ˻̅̈̉˿-

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

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

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

ǘǧǭǾ ǲǢбоǴǽ – ̇˷˾̇˷˸̅̉˷̉̓ ̃˼̉̅˻ ̆˼̇˹˿̎-

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

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

̆̇̅̉̅̎̄̅̀ ̎˷̈̉˿. 

˥˸̑˼́̉ ̆˼̇˹˿̎̄̅˺̅ ̆̇̅˼́̉˿̇̅˹˷̄˿̖ – ̆̇̅-

̉̅̎̄˷̖ ̎˷̈̉̓ ̇˷˸̅̎˿̌ ́̅̂˼̈, ̅̈˼̇˷˻˿˷̂̓̄̒̌ 
(˥˧К) ˿ ̇˷˻˿˷̂̓̄̒̌ (˧˧К). В ̃˼̇˿˻˿̅̄˷̂̓-

̄̅̀ ̆̂̅̈́̅̈̉˿ ̆̇̅̉̅̎̄̊̕ ̎˷̈̉̓ ̅̆̇˼˻˼̖̂̉̕ 
̈̂˼˻̊̐̕˿˼ ̇˷˾̃˼̇̒ – ̇˿̈. 1. 

 

       

˧˿̈. 1. ˨̌˼̃˷ ˿ ̇˷˾̃˼̇̒ ̇˷˸̅̎˼˺̅ ́̅̂˼̈˷ ˹ ̃˼̇˿˻˿̅̄˷̂̓̄̅̀ ̆̂̅̈́̅̈̉˿. ˨̂˼˹˷ – ˥˧К, ̈̆̇˷˹˷ – ˧˧К 

Fig. 1. Scheme and dimensions of the impeller in the meridional plane. Left – 3D impeller, right – 2D impeller 
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Машиностроение

ˣ˼̇˿˻˿̅̄˷̂̓̄˷̖ ̋̅̇̃˷ ̅̈̄̅˹̄̅˺̅ ˿ ̆̅-

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

̆̅˹˼̇̌̄̅̈̉˼̀: 

̇˷˻˿˷̂̓̄̒˼ ̆̅˹˼̇̌̄̅̈̉˿, 

́̅̄˿̎˼̈́˿˼ ̆̅˹˼̇̌̄̅̈̉˿ ̈ ̖̆̇̃̅̂˿̄˼̀̄̅̀ 

̅˸̇˷˾̊̐̕˼̀, 

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

̃˿ ̅˸̇˷˾̊̐̕˿̃˿ ˹ ˹˿˻˼ ˻̊˺ ̅́̇̊˽̄̅̈̉˿. ˥˸̅̈-
̄̅˹˷̄˿˼ ̉˷́̅̀ ̋̅̇̃̒ – ˹ ̃̅̄̅˺̇˷̋˿˿ [10]. 

˦̇˿ ̅̆̇˼˻˼̂˼̄˿˿ ̇˷˾̃˼̇̅˹ ˧К ˾˷˻˷̄̄̒̃˿ 

̆˷̇˷̃˼̉̇˷̃˿ ̖˹̖̖̂̉̈̕: ˹̉,D  ̇́  

 
̇˷̈̎

̇˷̈̎ 2 *
2 2 00,

,
784

m

D u
 


 (1) 

  ̇˷̈̎ 2 2 ̇˷̈̎/ ,T uc u   (2) 

́̇˿̉˼̇˿˿ ̆̅˻̅˸˿̖ ̈˽˿̃˷˼̃̅̈̉˿: 

 2

*
01

u

u
M

k RT
k





 

 ˿̂˿  2

*
0

2
,

1

u

u

k RT
k

 



 / .p vk Ǳ Ǳ   (3) 

˫̅̇̃˷ ̂̅̆˷̉̅̎̄̅̀ ̇˼̏˼̉́˿ ̅̆̇˼˻˼̖̂˼̖̉̈ 

́̅̂˿̎˼̈̉˹̅̃ ̂̅̆˷̉̅́, ˿̌ ̅̉̄̅̈˿̉˼̂̓̄̅̀ ̉̅̂-

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

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

̈̉̓̕ ̊˺̂˷ ̂̅̆˷̉̅́ (̄˷ ̈̇˼˻̄˼̀ ̆̅˹˼̇̌̄̅̈̉˿) ̅̉ 
́̅̅̇˻˿̄˷̉̒ ˹ ̃˼̇˿˻˿̅̄˷̂̓̄̅̀ ̆̂̅̈́̅̈̉˿ 

 ɥβ = .mf l  В̒˸̅̇ ˹˿˻˷ ̔̉̅̀ ̋̊̄́̍˿˿ ̆̇˿ 

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

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

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

́˷. ˛̖̂ ̇˷̈̎˼̉˷ ˿̈̆̅̂̓˾̊˼̖̉̈ ̆̇̅˺̇˷̃̃˷ 
3˛ˣ.023, ̊ ́̅̉̅̇̅̀ ̋̊̄́̍˿̖  ɥβ = mf l  ˾˷˻˷-

˼̖̉̈ ́˹˷˻̇˷̉˿̎̄̒̃˿ ˷̂˺˼˸̇˷˿̎˼̈́˿̃˿ ̊̇˷˹̄˼-
̄˿̖̃˿. В˿˻ ̋̊̄́̍˿˿  ɥβ = mf l

 
̅̆̇˼˻˼̖̂˼̉ 

˹̒˸̅̇ ˻˹̊̌ ́̅̔̋̋˿̍˿˼̄̉̅˹ «А» ˿ «В».  

˪ ˧˧К ̆̅˹˼̇̌̄̅̈̉̓ ̂̅̆˷̉̅́ ̄˼̆̇̅̈̉̇˷̄-

̈̉˹˼̄̄˷̖, ̍˿̂˿̄˻̇˿̎˼̈́˷̖. ˫̅̇̃̊ ̂̅̆˷̉̅́ 

̅̆̇˼˻˼̖̂˼̉ ̅˻̄̅ ̊̇˷˹̄˼̄˿˼  ɥβ = .f r  ˛̖̂ 

˥˧К ̈̇˼˻̖̖̄ ̂˿̄˿̖ ˾˷˻˷˼̖̉̈ ˻˹̖̊̃ ̊̇˷˹̄˼̄˿-

̖̃˿  ɥβ = mf l  –
 
̄˷ ̆˼̇˿̋˼̇˿̀̄̅̀ ˿ ˹̉̊̂̅̎-

̄̅̀ ̆̅˹˼̖̇̌̄̅̈̉̌ ̂̅̆˷̉́˿.  

ǐбǼǧǬǴǽ Ǫ мǧǴоǦǪǬǢ ǲǢǳǹǧǴǯоǥо ǪǳǳǭǧǦоǤǢǯǪȁ 

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

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

̉̅̎̄̅̀ ̎˷̈̉˿ ̇˷˸̅̎˿̌ ́̅̂˼̈ ˹ ̆̇˷́̉˿̎˼̈́˿ 

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

˹˷̄˿̖.  

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

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

 ˫̇˷̈̎ = 0,015–0,15, 

 ˩ ̇˷̈̎ = 0,40–0,70, 

 ɜɬD = 0,25–0,40. 

В ̈̅̅̉˹˼̉̈̉˹˿˿ ̈ ́̅̄̍˼̆̍˿˼̀ ̆̇̅˼́̉˿̇̅-

˹˷̄˿̖ ˹ ˻˿˷̆˷˾̅̄˼ ˫̇˷̈̎ = 0,015–0,080 ̆̇̅˼́-

̉˿̖̇̊̉̈̕ ̇˷˻˿˷̂̓̄̒˼ ̇˷˸̅̎˿˼ ́̅̂˼̈˷. В ˻˿˷-
̆˷˾̅̄˼ ˫̇˷̈̎ > 0,08 ̆̇̅˼́̉˿̖̇̊̉̈̕ ̅̈˼̇˷˻˿˷̂̓-

̄̒˼ ̇˷˸̅̎˿˼ ́̅̂˼̈˷. ˨̆̇̅˼́̉˿̇̅˹˷̄̒ ˿ ̇˷̈-
̈̎˿̉˷̄̒ ˧˧К ̈ ̏˼̈̉̓̕ ˾̄˷̎˼̄˿̖̃˿ ˫̇˷̈̎  ˿ 

˥˧К ̈ ̎˼̖̉̒̇̓̃ ˾̄˷̎˼̄˿̖̃˿ ˫̇˷̈̎. ˛̖̂ ˹̈˼̌ 

˧К ̆̇˿̖̄̉̒ 4 ˾̄˷̎˼̄˿̖ T ̇˷̈̎ ˹ ˻˿˷̆˷˾̅̄˼ 
0,40–0,70 ˛̖̂ ˧К ˹ ˻˿˷̆˷˾̅̄˼ ˫̇˷̈̎ < 0,08 ̆̇˿-

̖̄̉ ̖̇˻ ɜɬD = 0,25, 030, 035 ˿ 0,40. ˛̖̂ ˧К ̈ 
˫̇˷̈̎ = 0,08–0,15 ̖̇˻ ɜɬD  = 0,25, 030 ˿ 035.  

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

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

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

̉˷˸̂. 1 (124 ˧˧К ˿ ˥˧К). 

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

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

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

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

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

̉̅˹ – ̅˸̒̎̄̅ 10–25 ˹˷̇˿˷̄̉̅˹. ˛˿˷˺̇˷̃̃̒ 

̈́̅̇̅̈̉˼̀ ̄˼˹̖˾́̅˺̅ ̆̅̉̅́˷ ̇˷̈̈̎˿̉̒˹˷̖̉̈̕ ̈ 

˹̒̆̅̂̄˼̄˿˼̃ ̆̅̈̉̊̂˷̉˷ ˝̊́̅˹̈́̅˺̅ – ˮ˷̆̂̒-

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

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

̆̅˾˹̅̂˿̂ ˹̒˸̇˷̉̓ ˾̄˷̎˼̄˿˼ ́̅̔̋̋˿̍˿˼̄̉˷ 
̊̃˼̄̓̏˼̄˿̖ ̉˼̅̇˼̉˿̎˼̈́̅˺̅ ̄˷̆̅̇˷ ˿˾-˾˷ ˹̖˾-
́̅̈̉˿ ̆̅̉̅́˷ ˩̇˷̈̎ ˩̇˷̈̎̄˹/ .K     ˦̇˿ ̇˷̈̎˼-

̉˷̌ ˻̖̂ ˹̈˼̌ ˧К ̆̇˿̖̄̉̅ ˾̄˷̎˼̄˿˼ K  0,93.  
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˩ ˷ ˸ ̂ ˿ ̍ ˷  1   

ǐбǼǧǬǴǽ ǲǢǳǹǧǴǯоǥо ǢǯǢǭǪǩǢ  

Objects of calculation analysis 

˫̇˷̈̎ 0,015 0,0228 0,0346 0,0526 0,080 0,0936 0,1095 0,128 0,15 

˫0 ̇ ˷̈̎ 0,01532 0,02312 0,0349 0,0529 0,08032 0,0939 0,1098 0,1283 0,1503 

̉ ̇ ˷̈̎ – D˹̉ 

 0,40–0,25 0,40–0,25 0,40–0,25 0,40–0,25 0,40–0,25 0,40–0,25 0,40–0,25 0,40–0,25 0,40–0,25

0,40–0,30 0,40–0,30 0,40–0,30 0,40–0,30 0,40–0,30 0,40–0,30 0,40–0,30 0,40–0,30 0,40–0,30

0,40–0,35 0,40–0,35 0,40–0,35 0,40–0,35 0,40–0,35 0,40–0,35 0,40–0,35 0,40–0,35 0,40–0,35

0,40–0,40 0,40–0,40 0,40–0,40 0,40–0,40 – – – – – 

0,482–0,25 0,482–0,25 0,482–0,25 0,482–0,25 0,482–0,25 0,482–0,25 0,482–0,25 0,482–0,25 0,482–0,25

0,482–0,30 0,482–0,30 0,482–0,30 0,482–0,30 0,482–0,30 0,482–0,30 0,482–0,30 0,482–0,30 0,482–0,30

0,482–0,35 0,482–0,35 0,482–0,35 0,482–0,35 0,482–0,35 0,482–0,35 0,482–0,35 0,482–0,35 0,482–0,35

0,482–0,40 0,482–0,40 0,482–0,40 0,482–0,40 – – – – – 

0,581–0,25 0,581–0,25 0,581–0,25 0,581–0,25 0,581–0,25 0,581–0,25 0,581–0,25 0,581–0,25 0,581–0,25

0,581–0,30 0,581–0,30 0,581–0,30 0,581–0,30 0,581–0,30 0,581–0,30 0,581–0,30 0,581–0,30 0,581–0,30

0,581–0,35 0,581–0,35 0,581–0,35 0,581–0,35 0,581–0,35 0,581–0,35 0,581–0,35 0,581–0,35 0,581–0,35

0,581–0,40 0,581–0,40 0,581–0,40 0,581–0,40 – – – – – 

0,70–0,25 0,70–0,25 0,70–0,25 0,70–0,25 0,70–0,25 0,70–0,25 0,70–0,25 0,70–0,25 0,70–0,25

0,70–0,30 0,70–0,30 0,70–0,30 0,70–0,30 0,70–0,30 0,70–0,30 0,70–0,30 0,70–0,30 0,70–0,30

0,70–0,35 0,70–0,35 0,70–0,35 0,70–0,35 0,70–0,35 0,70–0,35 0,70–0,35 0,70–0,35 0,70–0,35

0,70–0,40 0,70–0,40 0,70–0,40 0,70–0,40 – – – – – 

 

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

˫0 ̇˷̈̎, ́̅̉̅̇̒̀ ̊̎˿̉̒˹˷˼̉ ̆̅̉̅́ ̆̇̅̉˼̎˼́ ˹ ̂˷-
˸˿̇˿̄̉̄̅̃ ̊̆̂̅̉̄˼̄˿˿ ̆̅́̇̒˹˷̐̕˼˺̅ ˻˿̈́˷. 
˛̖̂ ̆̇˿˸̂˿˽˼̄̄̅̀ ̅̍˼̄́˿ ́̅̔̋̋˿̍˿˼̄̉˷ ̆̇̅-

̉˼̎˼́ ˿̈̆̅̂̓˾̊˼̖̉̈ ̔̃̆˿̇˿̎˼̈́˷̖ ̋̅̇̃̊̂˷: 

 ̆̇
0,0

,
0032

˫
   (4) 

  0 ɪɚɫɱ ɪɚɫɱ ɩɪ ɪɚɫɱΦ =Φ Φ 0,00032.1    (5) 

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

̊̈̂̅˹̄̅ ̆̇˿̖̄̉ ̇˷˹̄̒̃ К˦˛ ̈̉̊̆˼̄˿ ̆̅ 

̊̆̇̅̐˼̄̄̅̀ ̃˷̉˼̃˷̉˿̎˼̈́̅̀ ̃̅˻˼̂˿ [13]. 

ǑǲǪмǧǲǽ оǱǴǪмǪǩǪǲоǤǢǯǯǽǷ ǲǢбоǹǪǷ Ǭоǭǧǳ 
ǐǒК ǳ ǖǲǢǳǹ = 0,15 

˧˷˾̃˼̇̒ ˹̈˼̀ ̈˼̇˿˿ ˿˾ 12 ̔̉˿̌ ́̅̂˼̈ ̆̇˼˻-

̈̉˷˹̂˼̄̒ ˹ ̉˷˸̂. 2. 

ˬ˷̇˷́̉˼̇̄̊̕ ̋̅̇̃̊ ̆̇̅̉̅̎̄̅̀ ̎˷̈̉˿ ˥˧К 

015-070-035 ˻˼̃̅̄̈̉̇˿̇̊˼̉ ̇˿̈. 2.  

˥̈̅˸˼̄̄̅̈̉˿ ̆̇̅̉̅̎̄̒̌ ̎˷̈̉˼̀ ˥˧К ̆̅ 

̇˼˾̊̂̓̉˷̉˷̃ ̆̇̅˼́̉˿̇̅˹˷̄˿̖: 

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

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

̈́̅̇̅̈̉˼̀ ˿ ̆̇˿̖̄̉˷ ˻̖̂ ˹̈˼̌ ˥˧К ̆̇˿ ̆˼̇˹˿̎-

̄̅̃ ̆̇̅˼́̉˿̇̅˹˷̄˿˿. ˤ˷ ̆˼̇˿̋˼̇˿̀̄̅̀ ̆̅-

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

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

̄˷ ̈̇˼˻̄˼̀ ̈́̅̇̅̈̉˿ ̆̅̉̅́˷. ˞˷̃˼˻̂˼̄˿˼ ̆̅̉̅-

́˷ ˹˻̅̂̓ ˾˷˻̄˼̀ ̆̅˹˼̇̌̄̅̈̉˿ ̄˼˸̅̂̓̏̅˼. В̅˾-
̄˿́̄̅˹˼̄˿˼ ̄˿˾́̅̔̄˼̇˺˼̉˿̎˼̈́̅̀ ˾̅̄̒ – ̈̂˼-
˻˷ – ̄˼˿˾˸˼˽̄̅ ̊ ˹̒̈̅́̅̄˷̆̅̇̄̅˺̅ ́̅̂˼̈˷ ̈ 
˩ ̇˷̈̎ = 0,70. ˤ̅ ̆̇˿ ˻˿˷˺̇˷̃̃˼ ̈́̅̇̅̈̉˼̀, ́˷́ 

̄˷ ̇˿̈. 2, ̈̂˼˻ ̅˸̇˷˾̊˼̖̉̈ ˹ ̃˼̈̉˼ ̇˷˾˺̇̊˾́˿ ̂̅-

̆˷̉́˿, ̄˷ ̈˷̃̅̃ ˹̒̌̅˻˼ ˿˾ ̂̅̆˷̉̅̎̄̅̀ ̇˼̏˼̉-
́˿. ˴̉̅ ̃˿̄˿̃˿˾˿̇̊˼̉ ̆̅̉˼̇˿ ̈̃˼̏˼̄˿̖ [9]; 
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˩ ˷ ˸ ̂ ˿ ̍ ˷  2  

ǒǢǩмǧǲǽ ǱǲоǴоǹǯоǫ ǹǢǳǴǪ ǐǒК ǳ ǖǲǢǳǹ = 0,15, ǔ ǲǢǳǹ = 0,40–0,70, DǤǴ   = 0,25–0,35  

3D impeller flow part dimensions, ǖǲǢǳǹ = 0,15, ǔ ǲǢǳǹ = 0,40–0,70, DǤǴ  = 0,25–0,35 

ǒК\ǱǲмǴǲ. ɜɬD  
0D  

sR  
hR  

mL  2b  z (̂1s/̂1h)0 0
̂2  

015-040-035 0,35 0,715 0,162 0,24 0,3 0,085 10 29/49 44,5

015-040-030 0,30 0,689 0,162 0,24 0,3 0,085 10 31/51 44,5

015-040-025 0,25 0,666 0,162 0,24 0,3 0,085 10 31/51 45

ǒК\ǱǲмǴǲ, ɜɬD  
0D  

sR  
hR  

mL  2b  z (̂1s/̂1h)0 0
̂2  

015-0482-035 0,35 0,715 0,162 0,24 0,3 0,085 13 28,5/48,5 51

015-0482-030 0,30 0,689 0,162 0,24 0,3 0,085 13 30,5/50,5 50,5

0015-0482-025 0,25 0,666 0,162 0,24 0,3 0,085 13 32/52 50,5

ǒК\ǱǲмǴǲ, ɜɬD  
0D  

sR  
hR  

mL  2b  z (̂1s/̂1h)0 0
̂2  

015-0581-035 0,35 0,715 0,162 0,24 0,3 0,085 15 28,5/48,5 61

015-0581-030 0,30 0,689 0,162 0,24 0,3 0,085 15 30/50 61

015-0581-025 0,25 0,666 0,162 0,24 0,3 0,085 15 32/52 60,5

ǒК\ǱǲмǴǲ, ɜɬD  
0D  

sR  
hR  

mL  2b  z (̂1s/̂1h)0 0
̂2  

015-070-035 0,35 0,715 0,162 0,24 0,3 0,085 18 30/50 75

015-070-030 0,30 0,689 0,162 0,24 0,3 0,085 18 31/51 76

015-070-025 0,25 0,666 0,162 0,24 0,3 0,085 18 32,5/52,5 75,5

 

      
 

˧˿̈. 2. ˦̇̅˺̇˷̃̃˷ 3˛ˣ.023. В˿˻ ̂̅̆˷̉̅̎̄̅̀ ̇˼̏˼̉́˿, ̈̌˼̃˷ ̆̇̅̉̅̎̄̅̀ ̎˷̈̉˿  

˿ ˻˿˷˺̇˷̃̃̒ ̈́̅̇̅̈̉˼̀ ˥˧К 015-070-035 

Fig. 2. The 3DM.023program. A blade cascade view, the flow path scheme and the velocity diagrams  

of 3D impeller 015-070-0 
 

̊ ˹̈˼̌ ˥˧К ˹̌̅˻̄̅̀ ̊˺̅̂ ̊ ˹̉̊̂́˿ ̄˷ 16–

20 ˸̅̂̓̏˼ ̊˺̂˷ ̄˷ ̆˼̇˿̋˼̇˿˿. ˪˺̂̒ ˷̉˷́˿ ̊ 

˹̉̊̂́˿ ̆̅̂̅˽˿̉˼̂̓̄̒˼. ˴̉̅ ̈˻˼̂˷̄̅ ̆̅ ˻˹̊̃ 

̆̇˿̎˿̄˷̃. ˘̅̂̓̏̅̀ ˹̌̅˻̄̅̀ ̊˺̅̂ ̊ ˹̉̊̂́˿ 

̊̃˼̄̓̏˷˼̉ ˻̂˿̄̊ ̆̇̅̋˿̖̂, ̎̉̅ ̊̃˼̄̓̏˷˼̉ ̆̅-

̉˼̇˿ ̉̇˼̄˿̖. ˘̅̂̓̏̅̀ ˹̌̅˻̄̅̀ ̊˺̅̂ ̊ ˹̉̊̂́˿ 

̊̃˼̄̓̏˷˼̉ ̊˺̅̂ ̄˷˹˷̂˷ ˹̌̅˻̄̅̀ ́̇̅̃́˿. ˪˺̅̂ 

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

̉˼̇˿ ̉̇˼̄˿̖) ˿ ̊̃˼̄̓̏˷˼̉ ́̅̔̋̋˿̍˿˼̄̉ ̈̉˼̈-
̄˼̄˿̖. ˩˷́ ́˷́ ̄˷ ˹̉̊̂̅̎̄̅̀ ̆̅˹˼̇̌̄̅̈̉˿ ̉̅́˷ 
˹̌̅˻̄˷̖ ̈́̅̇̅̈̉̓ ̄˷̃̄̅˺̅ ̃˼̄̓̏˼, ̎˼̃ ̄˷ ̆˼-
̇˿̋˼̇˿˿, ̉̅ ̊˻˷̇̄̒˼ ̆̅̉˼̇˿ ̄˷ ̇˷̈̎˼̉̄̅̃ ̇˼-
˽˿̃˼ ̄˼˹˼̂˿́˿, ˿ ̆̅̂̅˽˿̉˼̂̓̄̒˼ ̋˷́̉̅̇̒ 

̆̇˼˹˷̂˿̇̊̉̕; 
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˩ ˷ ˸ ̂ ˿ ̍ ˷  3  

ǒǢǩмǧǲǽ ǱǲоǴоǹǯоǫ ǹǢǳǴǪ Ǧǭȁ ǱǧǲǤǪǹǯоǥо ǱǲоǧǬǴǪǲоǤǢǯǪȁ ǒǒК ǳ ǖǲǢǳǹ = 0,080,  ǔ ǲǢǳǹ = 0,40–0,70, ɜɬD = 0,25–0,35 

The flow path dimensions for the 2D impeller primary design, ǖǲǢǳǹ = 0,080, ǔ ǲǢǳǹ = 0,40–0,70, ˹̉D = 0,25–0,35 

˧К\̆̇̃̉̇ ˹̉D  1D  
0D  1b  2b  z 0

̂1  0
̂2  А В 

0080-040-035 0,35 0,61 0,595 0,1050 0,075 10 27 31,5 0,3 0,5

0080-040-030 0,30 0,583 0,566 0,110 0,075 10 27 31 0,3 0,5

0080-040-025 0,25 0,558 0,542 0,115 0,075 10 28 30,5 0,3 0,5

0080-0482-035 0,35 0,616 0,598 0,106 0,075 14 27 36,5 0,3 0,5

0080-0482-030 0,30 0,587 0,570 0,111 0,075 13 28 36,5 0,3 0,5

0080-0482-025 0,25 0,562 0,545 0,116 0,075 12 28,5 36,5 0,3 0,5

0080-0581-035 0,35 0,621 0,603 0,108 0,075 15 25 49 0,3 0,5

0080-0581-030 0,30 0,592 0,575 0,113 0,075 15 27 48 0,3 0,5

0080-0581-025 0,25 0,567 0,551 0,118 0,075 14 27 48,5 0,3 0,5

0080-070-035 0,35 0,628 0,610 0,110 0,075 18 23,5 71 0,3 0,5

0080-070-030 0,30 0,600 0,583 0,115 0,075 18 23,5 71 0,3 0,5

0080-070-025 0,25 0,575 0,558 0,12 0,075 18 25 69,5 0,3 0,5
 

 

˹ ̇˷˸̅̉˷̌ [15, 16] ˼̈̉̓ ̇˼́̅̃˼̄˻˷̍˿˿ ̆̅ ̆̇˿-

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

̌̅˻̄̅̀ ́̇̅̃́˿. ˛̖̂ ̆˼̇˹˿̎̄̅˺̅ ̆̇̅˼́̉˿̇̅˹˷-
̄˿̖ ˷˹̉̅̇̒ ̆̇˿̖̄̂˿ 2 = 0, ̂2 = f(b2) = const;  

ˬ̅̇̅̏˿˼ ˻˿˷˺̇˷̃̃̒ ̈́̅̇̅̈̉˼̀ ̆̅̂̊̎˼̄̒ 

̆̇˿ ̅˻˿̄˷́̅˹̅̀ ˻̖̂ ˹̈˼̌ 12-̉˿ ̇˷˸̅̎˿̌ ́̅̂˼̈ ̈ 

˫̇˷̈̎ = 0,15 ˹˼̂˿̎˿̄˼ 2b = 0,085. ˨̉̊̆˼̄˿ ̈ 
̅˻˿̄˷́̅˹̒̃ ˹̉̊̂̅̎̄̒̃ ̅̉̄̅̏˼̄˿˼̃ ˿̃˼̉̕ 
̅˻˿̄˷́̅˹̒̀ ̃˼̇˿˻˿̅̄˷̂̓̄̒̀ ́̅̄̉̊̇. ˩˷́˷̖ 

˽˼ ̈˿̉̊˷̍˿̖ ˿ ˻̖̂ ˻̇̊˺˿̌ ̈˼̇˿̀ ˥˧К ˿ ˧˧К. 

˩̅ ˼̈̉̓, ˾̄˷̎˼̄˿̖ 2b  ̆̇˿ ̆˼̇˹˿̎̄̅̃ ̆̇̅˼́̉˿-

̇̅˹˷̄˿˿ ˾˷˹˿̖̈̉ ̉̅̂̓́̅ ̅̉ ˫̇˷̈̎. ˦̇˿ ˸̅̂̓̏˿̌ 

́̅̔̋̋˿̍˿˼̄̉˷̌ ̄˷̆̅̇˷ ̄̊˽̄̅ ̊̃˼̄̓̏˷̉̓ ˹̒-

̈̅̉̊ ̂̅̆˷̉̅́ ˻̖̂ ̊˹˼̂˿̎˼̄˿̖ ́̅̔̋̋˿̍˿˼̄̉˷ 
̇˷̈̌̅˻˷ ˿ ̊̃˼̄̓̏˼̄˿̖ w2/w1 ̃˼˽̂̅̆˷̉̅̎̄̒̌ 

́˷̄˷̂̅˹. ˤ̅ ̇˷̈̎˼̉̒ ̆̅́˷˾˷̂˿, ̎̉̅ ̊̃˼̄̓̏˼-
̄˿˼ 2b  ̅̉ ̆̇˿̖̄̉̒̌ ̆̇˿ ̆˼̇˹˿̎̄̅̃ ̆̇̅˼́̉˿-

̇̅˹˷̄˿˿ ˾̄˷̎˼̄˿̀ ̃˷̂̅ ˹̂˿̖˼̉ ̄˷ w2/w1, ̄̅ ˹ 

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

ǓǲǧǦǯǧǲǢǳǷоǦǯǽǧ ǒǒК ǳ ǖǲǢǳǹ = 0,080 

А˹̉̅̇̒ ̈̎˿̉˷̉̕ ˾̄˷̎˼̄˿˼ ˫̇˷̈̎ = 0,080 

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

̄˼̆̇̅̈̉̇˷̄̈̉˹˼̄̄̒̌ ̇˷˸̅̎˿̌ ́̅̂˼̈. Ӣ̋̅̇-

̃˷̍˿̖ ̅ ̇˼˾̊̂̓̉˷̉˷̌ ̆̇̅˼́̉˿̇̅˹˷̄˿̖ 12-̉˿ ̇˷-
˸̅̎˿̌ ́̅̂˼̈ ̈ ˫̇˷̈̎ = 0,080 – ̇˷˾̃˼̇˷̌ ̆̇̅̉̅̎-

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

̆̇˼˻̈̉˷˹̂˼̄˷ ˹ ̉˷˸̂. 3.  

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

̔̋̋˿̍˿˼̄̉̅˹ ̋̅̇̃̒ ̈̇˼˻̄˼̀ ̂˿̄˿˿. ˥̆̉˿̃˿-

˾˷̍˿̖ ˧˧К ˹̈˼̌ ̆˷̇˷̃˼̉̇̅˹ ˹ ˻˿˷̆˷˾̅̄˼ ˫̇˷̈̎ = 

0,015–0,080 ̆̅́˷˾˷̂˷ ̍˼̂˼̈̅̅˸̇˷˾̄̅̈̉̓ ́̅̄-

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

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

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

̍˿˼̄̉˷̌ ̇˷̈̌̅˻˷ [16].  

ǎǢǭоǲǢǳǷоǦǯǽǧ ǒǒК ǳ ǖǲǢǳǹ = 0,015 

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

̃˼̄̓̏˼ ˹̌̅˻̄˷̖ ̈́̅̇̅̈̉̓, ̆̅̔̉̅̃̊ ̊ ˧˧К 

0015-040-025 ̉˼̎˼̄˿˼ ˹ ̃˼˽̂̅̆˷̉̅̎̄̅̃ ́˷̄˷̂˼ 
́̅̄̋̊˾̅̇̄̅˼. К˷́ ̆̅́˷˾˷̂˿ ˿̈̈̂˼˻̅˹˷̄˿̖ ̆̅-

̂̅˽˿̉˼̂̓̄̒̀ ̊˺̅̂ ˷̉˷́˿ ̄˷ ̇˷̈̎˼̉̄̅̃ ̇˼˽˿̃˼ 
̊ ̃˷̂̅̇˷̈̌̅˻̄̒̌ ́̅̂˼̈ ̆̇˼˻̆̅̎̉˿̉˼̂̓̄˼˼, ̎˼̃ 

̃˷̂˼̄̓́˿̀ ˹̌̅˻̄̅̀ ̊˺̅̂ ̂̅̆˷̉̅́. ˘̅̂̓̏˷̖ 

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

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

̇˷˾˺̇̊˾́˼ ̄˷ ˹̒̌̅˻˼ ˺˷̇˷̄̉˿̇̊̉̕ ̅̉̈̊̉̈̉˹˿˼ 
̈̂˼˻˷ ˾˷ ̂̅̆˷̉́̅̀.  
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˩ ˷ ˸ ̂ ˿ ̍ ˷  4   

ǒǢǩмǧǲǽ ǱǲоǴоǹǯоǫ ǹǢǳǴǪ Ǧǭȁ ǱǧǲǤǪǹǯоǥо ǱǲоǧǬǴǪǲоǤǢǯǪȁ ǒǒК ǳ ǖǲǢǳǹ = 0,015,  ǔ ǲǢǳǹ = 0,40–0,70, DǤǴ  = 0,25–0,40 

The flow path dimensions for the 2D impeller primary design, ǖǲǢǳǹ = 0,015, ǔ ǲǢǳǹ = 0,40–0,70, DǤǴ = 0,25–0,35 

˧К\̆̇̃̉̇, ˹̉D  1D  
0D  1b  2b  z 0

̂1  0
̂2  А В 

0015-040-040 0,40 0,501 0,487 0,0425 0,0275 6 22,5 16 0,5 0,30

0015-040-035 0,35 0,460 0,447 ,0466 ,0275 6 22,5 16 0,5 0,30

0015-040-030 0,30 0,422 0,410 0,0512 0,025 6 22,5 16 0,5 0,30

0015-040-025 0,25 0,387 0,375 0,0563 0,0275 5 25 16 0,5 0,30

0015-0482-040 0,40 0,502 0,488 0,0431 0,0275 8 22,5 18,5 0,2 0,5

0015-0482-035 0,35 0,462 0,448 0,0472 0,0275 8 22,5 18,5 0,2 0,5

0015-0482-030 0,30 0,425 0,412 0,0523 0,0275 8 22,5 18 0,2 0,5

0015-0482-025 0,25 0,389 0,377 0,0571 0,0275 8 22,5 18 0,2 0,5

0015-0581-040 0,40 0,506 0,491 0,0448 0,0275 11 23 26 0,2 0,5

0015-0581-035 0,35 0,466 0,452 0,0489 0,0275 11 23 26 0,2 0,5

0015-0581-030 0,30 0,428 0,416 0,0537 0,0275 11 25 26 0,2 0,5

0015-0581-025 0,25 0,394 0,382 0,0590 0,0275 11 25 26 0,2 0,5

0015-070-040 0,40 0,509 0,494 0,0461 0,0275 14 22,5 51 0,2 0,5

0015-070-035 0,35 0,469 0,456 0,0503 0,0275 14 22,5 50 0,2 0,5

0015-070-030 0,30 0,432 0,419 0,0552 0,0275 14 22,5 49 0,2 0,5

0015-070-025 0,25 0,398 0,386 0,0605 0,0275 13 25 51 0,2 0,5
 

ǎǧǴоǦ ǱǧǲǤǪǹǯоǥо ǱǲоǧǬǴǪǲоǤǢǯǪȁ ǲǢбоǹǪǷ Ǭоǭǧǳ 
ǱǲомǽǺǭǧǯǯǽǷ ǸǧǯǴǲобǧǨǯǽǷ ǬомǱǲǧǳǳоǲоǤ 

˧˷˾̃˼̇  ̒˿̈̈̂˼˻̅˹˷̄̄̒  ̌124 ̇˷˸̅̎˿  ̌́̅̂˼  ̈˷̆-

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

˧˷˾̃˼̇̒, ̅̆̇˼˻˼̖̂̐̕˿˼ ̆̇̅̉̅̎̄̊̕ ̎˷̈̉̓ 

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

̃˼̄̉˷̇˿̖̌ ́ ̇˿̈. 1. 

ǑǧǲǤǪǹǯоǧ ǱǲоǧǬǴǪǲоǤǢǯǪǧ ǐǒК 

˦̇˿ ̇˷̈̎˼̉˼ ˻˿˷̃˼̉̇˷ ˹̌̅˻˷ ˹ ˥˧К ˿̈̆̅̂̓-

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

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

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

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

0̇˷̈̎ 0̇˷̈̎ 0/     = 0,95:  

 

2
3

0̇˷̈̎2
0 1min ˹̉

1

,1,3w
s

Ǵ
D D

 
    

 (6) 

˺˻˼ ˫0 ̇˷̈̎ ̅̆̇˼˻˼̖̂˼̖̉̈ ̆̅ ̋̅̇̃̊̂˼ (5). 

В̌̅˻̖̐˿̀ ˹ ̋̅̇̃̊̂̊ (6) ́̅̔̋̋˿̍˿˼̄̉ 
̈̉˼̈̄˼̄˿̖ ̄˷ ̆˼̇˿̋˼̇˿̀̄̅̀ ˥˦˩:  

 1

0̆̇˸ ̂1

1 0,5 .
sin

ȋ
s

z

D


  


 (7) 

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

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

̊̇˷˹̄˼̄˿̕ (6) ̈ ̆̇˿˸̂˿˽˼̄̄̒̃ ˾̄˷̎˼̄˿˼̃ 

1s = 0,80: 

 
2 2/3

0 1min ˹̉ 0 ̇˷̈̎1 .,5˫wD D   (8)  

˛̖̂ ˹̒̆̅̂̄˼̄˿̖ ̆˼̇˹˿̎̄̅˺̅ ̆̇̅˼́̉˿̇̅˹˷-
̄˿̖ ̄̊˽̄̅ ˷̆̆̇̅́̈˿̃˿̇̅˹˷̉̓ ̇˷̈̈̎˿̉˷̄̄̒˼ ˹ 

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

̈˿̃̅̈̉˿ 2,b  ,mL  ,sR ,hR  0 0
̂1 ̂1 ̇˷̈̎( ) (˫ )h s f    

˷̂˺˼˸̇˷˿̎˼̈́˿̃˿ ̊̇˷˹̄˼̄˿̖̃˿.  

˧˷˾̃˼̇̒, ̅̆̇˼˻˼̖̂̐̕˿˼ ̆̅̂̅˽˼̄˿˼ ˹̌̅˻-

̄̅̀ ́̇̅̃́˿ ̆̇˿̖̄̉̒ ̅˻˿̄˷́̅˹̒̃˿ ˻̖̂ ˹̈˼̌ 

˥˧К, ̅̆̉˿̃˿˾˿̇̅˹˷̄̄̒̌ ˹ ˻˿˷̆˷˾̅̄˼ 
˫̇˷̈̎ = 0,08–0,15. ˥˻˿̄˷́̅˹̒ ̉˷́˽˼ ́̅̔̋̋˿-

̍˿˼̄̉̒ ̋̅̇̃̒ ̂̅̆˷̉̅́.  
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˧˿̈. 3. ˛˿̈́̇˼̉̄̒˼ ˾̄˷̎˼̄˿̖ ̂2 = f(˫̇˷̈̎, ˩ ̇˷̈̎), ̂1s = f(˫̇˷̈̎, ˹̉ )D  (̈̆̂̅̏̄̒˼ ̂˿̄˿˿)  

˿ ˷̆̆̇̅́̈˿̃˿̇̊̐̕˿˼ ˾˷˹˿̈˿̃̅̈̉˿ (̆̊̄́̉˿̇̄̒˼ ̂˿̄˿˿). ˥˧К 

Fig. 3. Discrete values ̂2 = f(˫̇˷̈̎, ˩ ̇˷̈̎), ̂1s = f(˫̇˷̈̎, ˹̉ )D  (solid lines), and approximating dependencies  

(dotted lines). 3D impeller 

 

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

̅̉ ˫̇˷̈̎. ˴̃̆˿̇˿̎˼̈́˿˼ ˾˷˹˿̈˿̃̅̈̉˿ ˷̆̆̇̅́-

̈˿̃˿̇̅˹˷̄̒ ̋̅̇̃̊̂˷̃˿ (˥˧К): 

 
2 1 ̇˷̈̎ 2,b X X    (9) 

 
̇˷̈̎
2

3 4 ̇˷̈̎ 5,mL X X X      (10) 

 6 ̇˷̈̎ 7,sR X X    (11) 

 2
8 ̇˷̈̎ 9 ̇˷̈̎ 10,hR X X X      (12) 

 0 0

ɥ1h ɥ1sβ β 13
11 ̇˷̈̎ 12 14( ) .

X
X X X       (13) 

˛̇̊˺˿˼ ˺˼̅̃˼̉̇˿̎˼̈́˿˼ ̆˷̇˷̃˼̉̇̒ ˾˷˹˿̖̈̉ 
̄˼ ̉̅̂̓́̅ ̅̉ ˫̇˷̈̎, ̄̅ ̉˷́˽˼ ̅̉ ˩ ̇˷̈̎ ˿ ɜɬ .D  

˦̖̅̄̉̄̅, ̎̉̅ ̂2, ˹ ̆˼̇˹̊̕ ̅̎˼̇˼˻̓, ˾˷˹˿̈˿̉ ̅̉ 
˩ ̇˷̈̎. В̉̅̇̅̀ ˹˷˽̄̒̀ ̋˷́̉̅̇ – ̔̉̅ ˫̇˷̈̎. ɜɬD  

˹̂˿̖˼̉ ̃˷̂̅. ˞˷˹˿̈˿̃̅̈̉̓̕ ̂2 ̅̉ ˹̉̊̂̅̎̄̅˺̅ 

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

̎˷̖̌, ́̅˺˻˷ ̆̇˿ ˾˷˻˷̄̄̒̌ ˩ ̇˷̈̎, ˫̇˷̈̎ ̆̇˿ ̇˷˾-
̄̒̌ ˹̉̊̂́˷̌ ̇˷˾̄̅˼ ̎˿̈̂̅ ̂̅̆˷̉̅́.  

Ӑ̆̇̅́̈˿̃˿̇̊̐̕˿˼ ̋̅̇̃̊̂̒ ˻̖̂ ɥ2β =  

 ɪɚɫɱ Тɪɚɫɱ= Φ , ψf  – ˥˧К:  

 2
̂2 ̉̇˷̈̎ ̉̇˷̈̎ ,a b ȑ       (14) 

˺˻˼ 2
15 ̇˷̈̎ 16 ̇˷̈̎ 17;а X X X     2

18 ̇˷̈̎b X    

19 ̇˷̈̎ 20;X X   2
21 ̇˷̈̎ 22 ̇˷̈̎ 23.ȑ X X X      

ˤ˷ ̇˿̈. 3 ̆̅́˷˾˷̄̒ ˻˿̈́̇˼̉̄̒˼ ˾̄˷̎˼̄˿̖ 

 ɥ2 ɪɚɫɱ Тɪɚɫɱβ = f Φ , ψ
 
˿ ˷̆̆̇̅́̈˿̃˿̇̊̐̕˿˼ ˾˷-

˹˿̈˿̃̅̈̉˿  ɥ2 ɪɚɫɱ Тɪɚɫɱβ = Φ , ψ .f  

ˤ˷ ˹˼̂˿̎˿̄̊ ˹̌̅˻̄̅˺̅ ̊˺̂˷ ˹̂˿̖˼̉ ˫̇˷̈̎ ˿ 

ɜɬ .D  ˛̖̂ ̆˼̇˹˿̎̄̅˺̅ ̆̇̅˼́̉˿̇̅˹˷̄˿̖ ˥˧К 

̇˼́̅̃˼̄˻̊˼̖̉̈: 

 2
̂1 ̇˷̈̎ ̇˷̈̎ ,˫ ˫s a b ȑ       (15) 

˺˻˼ 2
24 ˹̉ 25 ˹̉ 26;а X D X D X      2

27 ˹̉b X D    

28 ˹̉ 29;X D X    
2

30 ˹̉ 31 ˹̉ 32.ȑ X D X D X      

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

˩ ̇˷̈̎. ˦̇˿ ̆̇̅̎˿̌ ̇˷˹̄̒̌ ̊̈̂̅˹˿̖̌ ̆̂̅̐˷˻̓ 

̂̅̆˷̉́˿ ̉˼̃ ̃˼̄̓̏˼, ̎˼̃ ˸̅̂̓̏˼ 1D  – ̉̅ ˼̈̉̓, 

̂̅̆˷̉̅́ ˻̅̂˽̄̅ ˸̒̉̓ ˸̅̂̓̏˼. ˛˿˷̃˼̉̇ ˹̌̅˻˷ 
˸̅̂̓̏˼ ̆̇˿ ˸̅̂̓̏˿̌ ˫̇˷̈̎ ˿ ɜɬ .D  В ˻˿˷̆˷˾̅̄˼ 
̇˷̍˿̅̄˷̂̓̄̅˺̅ ˿̈̆̅̂̓˾̅˹˷̄˿̖ ̅̈˼̇˷˻˿˷̂̓̄̒̌ 

́̅̂˼̈ ˫̇˷̈̎ = 0,080–0,15 ̔̉̅̉ ̆˷̇˷̃˼̉̇ ̄˷ ̎˿̈-
̂̅ ̂̅̆˷̉̅́ ˹̂˿̖˼̉ ̄˼˾̄˷̎˿̉˼̂̓̄̅. ˦̇˼̄˼˸̇˼-
˽˿̃̅ ˿ ˹̂˿̖̄˿˼ ˹̉̊̂̅̎̄̅˺̅ ̅̉̄̅̏˼̄˿̖.  

 
̉̇˷̈̎
2

33 34 ̉̇˷̈̎ 35.z X X X      (16) 
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ǑǧǲǤǪǹǯоǧ ǱǲоǧǬǴǪǲоǤǢǯǪǧ ǒǒК 

˦̇˿ ̇˷̈̎˼̉˼ ˻˿˷̃˼̉̇˷ ˹̌̅˻˷ ˹ ˧˧К ˿̈-

̆̅̂̓˾̊˼̖̉̈ ̆̇˿̄̍˿̆ ̃˿̄˿̃˿˾˷̍˿˿ ̅̉̄̅-

̈˿̉˼̂̓̄̅̀ ̈́̅̇̅̈̉˿ ̄˷ 1.D  ˛̖̂ ̆˼̇˹˿̎̄̅˺̅ 

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

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

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

̄˿̖. ˦̇˿ ˹̒̆̅̂̄˼̄̄̅̃ ̆̇̅˼́̉˿̇̅˹˷̄˿˿ 

̆̇˿̖̄̉̅ KF = 0,90, KD = 1,03, 1 ̇˷̈̎ = 0,95. 

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

˻˿̖̉̈ ́ ˹˿˻̊: 

 

2
3

0̇˷̈̎2
0 ˹̉

1

˫
5 ,1,D D
 

    
 

(17) 

˺˻˼ ˹ ̈̅̅̉˹˼̉̈̉˹˿˿ ̈ ̋̅̇̃̊̂̅̀ (5)  

 1

1̆̇˸ ̂1

1 0,5
sin

.ȋz

D


  


  (18) 

˛˿˷̃˼̉̇ ̄˷̎˷̂˷ ̂̅̆˷̉̅́: 

 1 01,0 .3D D  
 (19) 

В̒̈̅̉˷ ̂̅̆˷̉̅́ ̄˷ ˹̌̅˻˼ ̆̇˿ KF = 0,9: 

 
2 2
0 ˹̉

1

1

.0,278
D D

b
D


  (20) 

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

 10, .7sR b  (21) 

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

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

  1 ˹̉ 1 ̂0,5 0,5 tg ,hR D D b       = 12°. (22) 

В ˹̒̆̅̂̄˼̄̄̒̌ ̆̇̅˼́̉˷̌ ˧˧К, ́˷́ ˿ ˹ ̆̇̅-

˼́̉˷̌ ˥˧К, ̅̉̄̅̈˿̉˼̂̓̄˷̖ ˹̒̈̅̉˷ ̂̅̆˷̉̅́ ̅˻̄̅-

˾̄˷̎̄̅ ̈˹̖˾˷̄˷ ̈ ˹˼̂˿̎˿̄̅̀ ˫̇˷̈̎. Ӑ̆̇̅́̈˿̃˿-

̇̊̐̕˷̖ ˾˷˹˿̈˿̃̅̈̉̓ ̆̅ ̋̅̇̃̊̂˼ (23) ˻̖̂ ˧˧К.  

 2 36 ̇˷̈̎ 37ln( ) .b X X    (23) 

К˷́ ˿ ˹ ̈̂̊̎˷˼ ˥˧К, ˻̇̊˺˿˼ ˺˼̅̃˼̉̇˿̎˼-
̈́˿˼ ̆˷̇˷̃˼̉̇̒ ˾˷˹˿̖̈̉ ̄˼ ̉̅̂̓́̅ ̅̉ ˫̇˷̈̎, ̄̅ 

̉˷́˽˼ ̅̉ ˩ ̇˷̈̎ ˿ ɜɬ .D  ˤ˷ ̇˿̈. 4 ̆̅́˷˾˷̄̒ ˻˿̈-
́̇˼̉̄̒˼ ˾̄˷̎˼̄˿̖ ˾˷˹˿̈˿̃̅̈̉̓ z = f(T ̇˷̈̎, 

˫̇˷̈̎) ̆̅ ̋̅̇̃̊̂˼ (24) ˻̖̂ ˧˧К. 

 ̉̇˷̈̎ ,z a b    (24) 

˺˻˼ 2
38 ̇˷̈̎ 39 ̇˷̈̎ 40;a X X X      41b X   

2
̇˷̈̎ 42 ̇˷̈̎ 43.X X     

 

   
 

˧˿̈. 4. ˛˿̈́̇˼̉̄̒˼ ˾̄˷̎˼̄˿̖ z = f(T ̇˷̈̎, ˫̇˷̈̎), 
0
̂1s  (̈̆̂̅̏̄̒˼ ̂˿̄˿˿)  

˿ ˷̆̆̇̅́̈˿̃˿̇̊̐̕˿˼ ˾˷˹˿̈˿̃̅̈̉˿ (̆̊̄́̉˿̇̄̒˼ ̂˿̄˿˿). ˧˧К 

Fig. 4. Discrete values z = f(T ̇˷̈̎, ˫̇˷̈̎), 
0
̂1s  (solid lines),  

and approximating dependencies (dotted lines). 2D impeller 
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ˮ˿̈̂̅ ̂̅̆˷̉̅́ ̄˼ ̃̅˽˼̉ ˸̒̉̓ ˻̇̅˸̄̒̃. ˛̖̂ 

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

ˤ˷ ˹˼̂˿̎˿̄̊ ˹̌̅˻̄̅˺̅ ̊˺̂˷ ˹̂˿̖˼̉ ˫̇˷̈̎ ˿ 

ɜɬ .D  ˩ ̇˷̈̎ ̉˷́˽˼ ˹̂˿̖˼̉ ̎˼̇˼˾ ́̅̔̋̋˿̍˿˼̄̉ 
̈̉˼̈̄˼̄˿̖. ˤ˷ ̇˿̈. 4 ̆̅́˷˾˷̄̒ ˻˿̈́̇˼̉̄̒˼ 
˾̄˷̎˼̄˿̖ ˿ ˷̆̆̇̅́̈˿̃˿̇̊̐̕˷̖ ˾˷˹˿̈˿̃̅̈̉̓ 

 ɪɚɫɱ ɜɬβ = Φ ,̂1 f D  ̆̅ ̋̅̇̃̊̂˼ (25) ˻̖̂ ˧˧К. 

 2
̂1 ̇˷̈̎ ̇˷̈̎˫ ,˫a b ȑ       (25) 

˺˻˼ 2
44 ˹̉ 45 ˹̉ 46;а X D X D X     2

47 ˹̉ 48 ˹̉b X D X D      

49;X 50 ˹̉ 51.ȑ X D X    

В̒̌̅˻̄̅̀ ̊˺̅̂ ̂̅̆˷̉̅́ ̂2, ˹ ̆˼̇˹̊̕ ̅̎˼-
̇˼˻̓, ˾˷˹˿̈˿̉ ̅̉ ˩ ̇˷̈̎. В̉̅̇̅̀ ˹˷˽̄̒̀ ̋˷́-

̉̅̇ – ̔̉̅ ˫̇˷̈̎. В̂˿̖˼̉ ̉˷́˽˼ ˹̒˸̅̇ ˾̄˷̎˼̄˿̀ 

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

˫̇˷̈̎. ɜɬD  ˹̂˿̖˼̉ ̃˷̂̅. Ӑ̆̇̅́̈˿̃˿̇̊̐̕˿˼ 
˾˷˹˿̈˿̃̅̈̉˿ ̂2 = f(˫̇˷̈̎, ˩ ̇˷̈̎) ̆̅ ̋̅̇̃̊̂˼ 
(26) ˻̖̂ ˧˧К. 

 ɥ2β 2
̉̇˷̈̎ ̉̇˷̈̎ ,a b ȑ       (26) 

˺˻˼ 2
52 ̇˷̈̎ 53 ̇˷̈̎ 54;а X X X     2

55 ̇˷̈̎b X    

56 ̇˷̈̎ 57;X X    2
58 ̇˷̈̎ 59 ̇˷̈̎ 60.ȑ X X X       

˛̖̂ ̆̅̈̉̇̅˼̄˿̖ ̂̅̆˷̉̅́ ̆̇˿̄˿̃˷̖̉̈̕ ́̅-

̔̋̋˿̍˿˼̄̉̒ ̋̅̇̃̒ ̈̇˼˻̄˼̀ ̂˿̄˿˿, ́̅̉̅̇̒˼ 
̇˷˾̂˿̎̄̒ ˻̖̂ ˧˧К ̈ ̇˷˾̂˿̎̄̒̃˿ ˫̇˷̈̎ ˿ ˩ ̇˷̈̎. 

˥˸̐˿˼ ˾˷́̅̄̅̃˼̇̄̅̈̉˿ ˿˾̃˼̄˼̄˿̖ ́̅̔̋-

̋˿̍˿˼̄̉̅˹:  

̆̇˿ ˸̅̂̓̏˿̌ ́̅̔̋̋˿̍˿˼̄̉˷̌ ̄˷̆̅̇˷ ̄̊˽-

̄̅ ̊̃˼̄̓̏˷̉̓ ̄˷˺̇̊˾́̊ ˹ ̄˷̎˷̂˼ ̂̅̆˷̉̅́, ̎˼̃̊ 

̈̅̅̉˹˼̉̈̉˹̊̉̕ ̃˼̄̓̏˿˼ ˾̄˷̎˼̄˿̖ А;  

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

̎˼̃̊ ̈̅̅̉˹˼̉̈̉˹̊̉̕ ˸̅̂̓̏˿˼ ˾̄˷̎˼̄˿̖ А.  

˦̇˿ ̆̇̅˼́̉˿̇̅˹˷̄˿˿ ˧˧К ˹̂˿̖̄˿˼ ˹̉̊̂́˿ 

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

̄˼ ̖̆̇̅˹˿̂̅̈̓. ˘̒̂̅ ̉̅̂̓́̅ ˾˷́̅̄̅̃˼̇̄̅˼ 

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

ǑǲоǤǧǲǬǢ ǲǧǬомǧǯǦǢǸǪǫ ǱǧǲǤǪǹǯоǥо ǱǲоǧǬǴǪǲоǤǢǯǪȁ 

К̇˿̉˼̇˿˿ ̔̋̋˼́̉˿˹̄̅̈̉˿ ̆˼̇˹˿̎̄̅˺̅ ̆̇̅-

˼́̉˷ ̆̅ ̆̇˼˻̂̅˽˼̄̄̅̃̊ ̃˼̉̅˻̊: 

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

̆̇˿̖̉̄̒̀ ̌˷̇˷́̉˼̇ – ˸˼˾̊˻˷̇̄̅˼ ̅˸̉˼́˷̄˿˼ 
̂̅̆˷̉̅́ ˥˧К ̄˷ ̆˼̇˿̋˼̇˿˿, 

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

̇˼̉˿̎˼̈́̅˺̅ ̄˷̆̅̇˷ ́ ̉˼̅̇˼̉˿̎˼̈́̅̃̊ ̄˷̆̅̇̊ 

̆̇˿ ̄˼˹̖˾́̅̃ ̅˸̉˼́˷̄˿˿ ˩ ̇˷̈̎ / ˩ ˿˻  0,93. 

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

˹˿̖ ̈ ̄˼́̅̉̅̇̒̃ ̆̇˿˸̂˿˽˼̄˿˼̃ ˹̖̖̒̆̅̂̄̉̈̕ 

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

̆˷̇˷̃˼̉̇̅˹ ̆̇̅˼́̉˿̇̅˹˷̄˿̖. ˤ˿˽˼ ̆̇˿˹˼˻˼̄̒ 

̆̇˿̃˼̇̒ ˹˼̇˿̋˿́˷̍˿̅̄̄̒̌ ̇˷̈̎˼̉̅˹. 

ǒǒК 0074-052-037. ˛˿˷˺̇˷̃̃̒ ̈́̅̇̅̈̉˼̀ 

̄˷ ̂̅̆˷̉́˷̌ ˧˧К ̆̅ ̆̇˼˻˹˷̇˿̉˼̂̓̄̅̃̊ ̆̇̅˼́-

̉̊ ̆̅́˷˾˷̄̒ ̄˷ ̇˿̈. 5. 
 

    
 

˧˿̈. 5. ˦̇̅˺̇˷̃̃˷ 3˛ˣ.023. ˛˿˷˺̇˷̃̃̒ ̈́̅̇̅̈̉˼̀ ̄˷ ̂̅̆˷̉́˷̌ ˥˧К 0132-061-031(̈̂˼˹˷)  

˿ ˧˧К 0074-052-037 (̈̆̇˷˹˷) ̆̅ ̆̇˼˻˹˷̇˿̉˼̂̓̄̅̃̊ ̆̇̅˼́̉̊ 

Fig. 5. The 3DM.023program. The velocity diagrams of 3D impeller blades 0132-061-031 (left) 

 and 2D impeller 0074-052-037 (right) by the preliminary project 
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Машиностроение

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

̆̇˷́̉˿̎˼̈́˿ ˸˼˾̊˻˷̇̄̅˼. ˥̉̄̅̏˼̄˿˼ ˩ ̇˷̈̎ / 

˩ ˿˻ = 0,52/0,55 = 0,927 – ̊˻̅˹̂˼̉˹̅̇˿̉˼̂̓̄̅˼ 
̈̅˹̆˷˻˼̄˿˼ ̈ ̉̇˼˸̊˼̃̒̃ ˾̄˷̎˼̄˿˼̃ 0,93.  

ǒǒК 00175-067-0275. ˥˸̉˼́˷̄˿˼ ˹̌̅˻̄̅̀ 

́̇̅̃́˿ ˸˼˾̊˻˷̇̄̅˼. ˥̉̄̅̏˼̄˿˼ ˩ ̇˷̈̎ / ˩ ˿˻ = 

0,67/0,733 = 0,914, ̉. ˼. ́̅̔̋̋˿̍˿˼̄̉ ̉˼̅̇˼̉˿-

̎˼̈́̅˺̅ ̄˷̆̅̇˷ ̆̅ ̆̇˼˻˹˷̇˿̉˼̂̓̄̅̃̊ ̆̇̅˼́̉̊ 

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

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

̊̃˼̄̓̏˼̄̅ ̄˷ 1 ̏̉., ˹̌̅˻̄̅̀ ̊˺̅̂ ̂̅̆˷̉̅́ 

̊˹˼̂˿̎˼̄ ̄˷ 1 ˺̇˷˻̊̈. ˦̅ ˻˷̄̄̒̃ [16] ̆̅̂̅˽˿-

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

̉˿̃˷̂˼̄ ˻̖̂ ̃˷̂̅̇˷̈̌̅˻̄̒̌ ̇˷˸̅̎˿̌ ́̅̂˼̈. 
˦̇˿ ̊̃˼̄̓̏˼̄˿˿ ̎˿̈̂˷ ̂̅̆˷̉̅́ ̄˷ 1 ̏̉. ̅̉-
̄̅̏˼̄˿˼ ˩ ̇˷̈̎ / ˩ ˿˻ = 0,67/0,727 = 0,922 – 

˾˷̆˷̈ ̆̅ ̄˷̆̅̇̊ ˹ 1% ̄˼ ̆̅˹̇˼˻˿̉ ˺˷˾̅˻˿̄˷̃˿-

̎˼̈́̅̃̊ ̆̇̅˼́̉̊. 

ǐбǳǵǨǦǧǯǪǧ ǲǧǩǵǭǾǴǢǴоǤ 

˦̇˿ ̆˼̇˹˿̎̄̅̃ ̆̇̅˼́̉˿̇̅˹˷̄˿˿ ˧˧К ̍˼-

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

̃˼̉̇˷ ˹̌̅˻˷ ˹ ˧˧К ̆̇˿̄̍˿̆ ̃˿̄˿̃˿˾˷̍˿˿ 

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

̂̅̆˷̉̅́ 1.D  

˦̇˿ ̆˼̇˹˿̎̄̅̃ ̆̇̅˼́̉˿̇̅˹˷̄˿ ̇˷̈̎˼̉˼ 
˥˧К ̍˼̂˼̈̅̅˸̇˷˾̄̅ ˿̈̆̅̂̓˾̅˹˷̉̓ ̆̇˿̄̍˿̆ 

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

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

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

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

˥˧К ˻̅̂˽̄˷ ˿̃˼̉̓ ˸̂˷˺̅̆̇˿̖̉̄̒̀ ̌˷̇˷́̉˼̇. 

ǉǢǬǭȀǹǧǯǪǧ 

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

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

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

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

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

̂̅˹ ˿ ̎˿̈̂˷ ̂̅̆˷̉̅́. ˚̂˷˹̄˷̖ ˾˷˻˷̎˷ ̅́̅̄̎˷-
̉˼̂̓̄̅˺̅ ̅̆̉˿̃˷̂̓̄̅˺̅ ̆̇̅˼́̉˿̇̅˹˷̄˿̖ – 

̊̂̊̎̏˼̄˿˼ ̋̅̇̃̒ ̂̅̆˷̉̅́ ̇˷˻˿˷̂̓̄̒̌ ́̅̂˼̈ 

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

̆̇̅̈̉̇˷̄̈̉˹˼̄̄̅̀ ̋̅̇̃̒ ̂̅̆˷̉̅́ ̅̈˼̇˷˻˿-

˷̂̓̄̒̌ ́̅̂˼̈. ˞˷˻˷̎˷ ˻˷̂̓̄˼̀̏˼̀ ̇˷˸̅̉̒ – 

˹̒˸̅̇ ˹̒̈̅̉̒ ̂̅̆˷̉̅́ ˧К ˹ ̆̇˷́̉˿̎˼̈́˿ ˾̄˷-
̎˿̃̅̃ ˻˿˷̆˷˾̅̄˼ ̊̈̂̅˹̄̒̌ ̎˿̈˼̂ ˣ˷̌˷ ˿ ̆̅-

́˷˾˷̉˼̂˼̀ ˿˾̅̔̄̉̇̅̆̒. 

Ӥ̈̂˼˻̅˹˷̄˿˼ ˹̒̆̅̂̄˼̄̅ ˾˷ ̈̎˼̉ ˺̇˷̄̉˷ ˧̅̈-
̈˿̀̈́̅˺̅ ̄˷̊̎̄̅˺̅ ̋̅̄˻˷ (̆̇̅˼́̉ № 18-79-10165). 

ǑǲǪǭоǨǧǯǪǧ 

˪ ̈ ̂ ̅ ˹ ̄̒ ˼  ̅ ˸ ̅ ˾ ̄ ˷ ̎ ˼ ̄ ˿ ̖ :   

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

̇˷; Cp – ̉˼̆̂̅˼̃́̅̈̉̓ ̆̇˿ ̖̆̅̈̉̅̄̄̅̃ ˻˷˹̂˼-
̄˿˿; CV – ̉˼̆̂̅˼̃́̅̈̉̓ ̆̇˿ ̖̆̅̈̉̅̄̄̅̃ ̅˸̑˼̃˼; 
cu – ̅́̇̊˽̄˷̖ ̈̅̈̉˷˹̖̂̐̕˷̖ ̈́̅̇̅̈̉˿; D – ˻˿˷-
̃˼̉̇; ˹̉D  – ˹̉̊̂̅̎̄̅˼ ̅̉̄̅̏˼̄˿˼; k – ́̅̔̋̋˿-

̍˿˼̄̉ ˿˾̅̔̄̉̇̅̆̒; KD – ̅̉̄̅̏˼̄˿˼ ˻˿˷̃˼̉̇̅˹ 
̄˷ ˹̌̅˻˼ ˹ ̇˷˸̅̎˼˼ ́̅̂˼̈̅; KF – ̅̉̄̅̏˼̄˿˼ ̆̂̅-

̐˷˻˼̀ ̄˷ ˹̌̅˻˼ ˹ ̇˷˸̅̎˼˼ ́̅̂˼̈̅; mL  – ̅̈˼˹˷̖ 

˻̂˿̄˷ ˥˧К; ,rs rhL L – ̆̅̂̅˽˼̄˿˼ ˹̌̅˻̄̅̀ 

́̇̅̃́˿ ̂̅̆˷̉̅́ ˥˧К; m  – ̃˷̈̈̅˹̒̀ ̇˷̈̌̅˻; 

Mu – ̊̈̂̅˹̄̅˼ ̎˿̈̂̅ ˣ˷̌˷, ̆̅̈̎˿̉˷̄̄̅˼ ̆̅ 

̅́̇̊˽̄̅̀ ̈́̅̇̅̈̉˿ u2; r – ̇˷˻˿̊̈; R – ˺˷˾̅˹˷̖ 

̖̆̅̈̉̅̄̄˷̖; SR – ̅̉̄̅̈˿̉˼̂̓̄̒̀ ̇˷˻˿̊̈ ˾˷́̇̊˺-

̂˼̄˿̖ ̆̅́̇̒˹˷̐̕˼˺̅ ˻˿̈́˷; hR  – ̅̉̄̅̈˿̉˼̂̓-
̄̒̀ ̇˷˻˿̊̈ ˾˷́̇̊˺̂˼̄˿̖ ̅̈̄̅˹̄̅˺̅ ˻˿̈́˷; T –

 ̉˼̃̆˼̇˷̉̊̇˷; u – ̅́̇̊˽̄˷̖ ̈́̅̇̅̈̉̓; w – ̅̉̄̅-

̈˿̉˼̂̓̄˷̖ ̈́̅̇̅̈̉̓; X(i) – ̔̃̆˿̇˿̎˼̈́˿̀ ́̅̔̋-

̋˿̍˿˼̄̉; z – ̎˿̈̂̅ ̂̅̆˷̉̅́; ̂ – ̊˺̅̂ ̂̅̆˷̉́˿; 

̆̇ – ́̅̔̋̋˿̍˿˼̄̉ ̆̇̅̉˼̎˼́ ˹ ̂˷˸˿̇˿̄̉̄̅̃ 

̊̆̂̅̉̄˼̄˿˿; ̇́  – ̅̉̄̅̈˿̉˼̂̓̄˷̖ ̉̅̂̐˿̄˷ ̂̅-

̆˷̉̅́;  – ̊˺̅̂ ̄˷˹˷̂˷ ̂̅̆˷̉́˿ (̊˺̅̂ ̃˼˽˻̊ ̅˸-

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

̈̉̓̕);  – ̅̉̄̅̏˼̄˿˼ ̆̂̅̉̄̅̈̉˼̀;  –

 ̈́̅̇̅̈̉̄̅̀ ́̅̔̋̋˿̍˿˼̄̉; 1 – ̊˺̅̂ ̄˷́̂̅̄˷ 
˹̌̅˻̄̅̀ ́̇̅̃́˿; 2 – ̊˺̅̂ ̄˷́̂̅̄˷ ̆̅́̇̒˹˷̕-

̐˼˺̅ ˻˿̈́˷ ˥˧К; ˫ – ̊̈̂̅˹̄̒̀ ́̅̔̋̋˿̍˿˼̄̉ 
̇˷̈̌̅˻˷; ˩ – ́̅̔̋̋˿̍˿˼̄̉ ̉˼̅̇˼̉˿̎˼̈́̅˺̅ 

̄˷̆̅̇˷;  – ̆̂̅̉̄̅̈̉̓;  – ́̅̔̋̋˿̍˿˼̄̉ ̈̉˼̈-
̄˼̄˿̖ ̆̅̉̅́˷ ̂̅̆˷̉́˷̃˿. 
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˦̅ ˻ ̈ ̉ ̇ ̅ ̎ ̄̒ ˼  ˿ ̄ ˻ ˼ ́ ̈ ̒ :  0, 1, 2 –

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

̇˷̈̎ – ̖̅̉̄̅̈̐˿̖̀̈ ́ ̇˷̈̎˼̉̄̅̃̊ ̇˼˽˿̃̊ (̆̅ 

̇˷̈̌̅˻̊); bl – blade; h – hub; s – shroud. 

ˤ˷˻̈̉̇̅̎̄̒˼  ˿̄˻˼́̈̒ :  – – ̄˷˻̈̉̇̅̎-

̄˷̖ ̎˼̇̉˷ ̅˾̄˷̎˷˼̉, ̎̉̅ ̈́̅̇̅̈̉̓ ̅̉̄˼̈˼̄˷ ́ 

̌˷̇˷́̉˼̇̄̅̀ ̈́̅̇̅̈̉˿ ˹̇˷̐˼̄˿̖, ̂˿̄˼̀̄̒̀ 

̇˷˾̃˼̇ ̅̉̄˼̈˼̄ ́ ̌˷̇˷́̉˼̇̄̅̃̊ ̂˿̄˼̀̄̅̃̊ 

̇˷˾̃˼̇̊ (̄˷̇̊˽̄̅̃̊ ˻˿˷̃˼̉̇̊ ̇˷˸̅̎˼˺̅ ́̅̂˼-
̈˷); * – ˾˷̉̅̇̃̅˽˼̄̄̒˼ ̆˷̇˷̃˼̉̇̒. 

˨̅ ́ ̇ ˷̐ ˼ ̄ ˿ ̖ :  ˥˧К – ̆̇̅̈̉̇˷̄̈̉˹˼̄-

̄̅˼ ̅̈˼̇˷˻˿˷̂̓̄̅˼ ̇˷˸̅̎˼˼ ́̅̂˼̈̅; ˧˧К –

 ̇˷˻˿˷̂̓̄̅˼ ̇˷˸̅̎˼˼ ́̅̂˼̈̅. 
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