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

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

̄̅̀ ˺˷˾̅˻˿̄˷̃˿́˿. Ӥ̈̂˼˻̅˹˷̄˿˼ ̆̇̅˹˼˻˼̄̅ ˹ ́̅̃̆̂˼́̈˼ Numeca Fine/Turbo. ˧˷̈̈̃̅̉̇˼̄̅ ˹̂˿̖-

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

̄̅̃ ˻˿˷̆˷˾̅̄˼ ̆̇̅˿˾˹̅˻˿̖̉̈ ̆̅ ˿˾̃˼̄˼̄˿̕ ̌˷̇˷́̉˼̇˿̈̉˿́ К˦˛ ˿ ̄˷̆̅̇˷ ̇˷˸̅̎˼˺̅ ́̅̂˼̈˷. В ̇˼-
˾̊̂̓̉˷̉˼ ˿̈̈̂˼˻̅˹˷̄˿̖ ˹̒˻˼̂˼̄̒ ̅̈̄̅˹̄̒˼ ˺˼̅̃˼̉̇˿̎˼̈́˿˼ ̆˷̇˷̃˼̉̇̒ ̅̆̉˿̃˿˾˷̍˿˿, ́̅̉̅̇̒˼ 
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˻̖̂ ̆̇˷́̉˿́˿ ̆̇̅˼́̉˿̇̅˹˷̄˿̖ ˾̄˷̎˼̄˿̖. ˩˷́˽˼ ˻˷̄̒ ̇˼́̅̃˼̄˻˷̍˿˿ ̆̅ ̇˷̍˿̅̄˷̂̓̄̒̃ ˻˿˷̆˷˾̅̄˷̃ 
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Энергетика и электротехника

ВǤǧǦǧǯǪǧ. В ̄˷̖̈̉̅̐˼˼ ˹̇˼̖̃ ˹ ̅˸̂˷̈̉˿ 

̆̇̅˼́̉˿̇̅˹˷̄˿̖ ˿ ̇˷̈̎˼̉˷ ̆̇̅̉̅̎̄̒̌ ̎˷̈̉˼̀ 

̉̊̇˸̅̃˷̏˿̄ ˹̈˼ ˸̅̂̓̏̊̕ ̖̆̅̆̊̂̇̄̅̈̉̓ ˾˷˹̅˼-
˹̒˹˷̉̕ ̎˿̈̂˼̄̄̒˼ ̃˼̉̅˻̒ (CFD) [1–3]. ˨̅-

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

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

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

̄˷̃˿́˿, ̆̅˾˹̖̅̂̉̕ ˷˹̉̅̃˷̉˿˾˿̇̅˹˷̉̓ ̆̇̅̍˼̈̈ 
̆̅˿̈́˷ ̅̆̉˿̃˷̂̓̄̒̌ ̇˼̏˼̄˿̀ [4, 5]. ˨̉̇̊́̉̊-

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

̄̒̌ ́̅̃̆̇˼̈̈̅̇̅˹ ˿̃˼˼̉ ̈̂̅˽̄̒̌ ̌˷̇˷́̉˼̇ [6, 

7], ̆̅̔̉̅̃̊ ̎˿̈̂˼̄̄˷̖ ̅̆̉˿̃˿˾˷̍˿̖ ̉˼̎˼̄˿̖ 

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

̄˼̄˿̕ ̈ ̄˷̉̊̇̄̒̃˿ ̔́̈̆˼̇˿̃˼̄̉˷̃˿. ˴̉̅ ̆̅-

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

̈̉˿ ̆̇̅˼́̉˿̇̅˹˷̄˿̖. 

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

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

̍˼̈̈ ̅̆̉˿̃˿˾˷̍˿˿ ̃̅˽˼̉ ̅́˷˾˷̖̉̓̈ ̔́̅̄̅̃˿-

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

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

̅̆̉˿̃˿˾˷̍˿̅̄̄̒̌ ˾˷˻˷̎ ˷́̉̊˷̂˼̄ ˹̅̆̇̅̈ ̅ ̇˷-
̍˿̅̄˷̂̓̄̅̈̉˿ ˿ ̅˸̅̈̄̅˹˷̄̄̅̈̉˿ ˿̈̆̅̂̓˾̊˼-
̃̒̌ ̇˷̈̎˼̉̄̒̌ ̃̅˻˼̂˼̀, ́̇˿̉˼̇˿˼˹, ̆˷̇˷̃˼̉-
̇̅˹ ˿ ˷̂˺̅̇˿̉̃̅˹ ̅̆̉˿̃˿˾˷̍˿˿ [8]. 

ǘǧǭǾȀ ǲǢбоǴǽ ̖˹̖̂˼̖̉̈ ̅̆̇˼˻˼̂˼̄˿˼ ̅̈-
̄̅˹̄̒̌ ˿ ˹̉̅̇̅̈̉˼̆˼̄̄̒̌ ˺˼̅̃˼̉̇˿̎˼̈́˿̌ ̆˷-
̇˷̃˼̉̇̅˹ ̅̆̉˿̃˿˾˷̍˿˿ ̇˷˸̅̎˼˺̅ ́̅̂˼̈˷ ˭К, ˷ 
̉˷́˽˼ ̅̍˼̄́˷ ̇˷̍˿̅̄˷̂̓̄̒̌ ˻˿˷̆˷˾̅̄̅˹ ˹˷̇̓-

˿̇̅˹˷̄˿̖ ̇˷̈̈̃˷̉̇˿˹˷˼̃̒̌ ̆˷̇˷̃˼̉̇̅˹. 

ǐбǼǧǬǴ Ǫ мǧǴоǦǪǬǢ ǪǳǳǭǧǦоǤǢǯǪȁ  

Ǫ ǲǢǳǹǧǴǯǢȁ моǦǧǭǾ 

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

̄̅˺̅ ˹̅˾˻̊̏̄̅˺̅ ̍˼̄̉̇̅˸˼˽̄̅˺̅ ́̅̃̆̇˼̈̈̅̇˷. 
˥̈̄̅˹̄̒˼ ̆˷̇˷̃˼̉̇̒ ˧К: ̊̈̂̅˹̄̒̀ ́̅̔̋̋˿-

̍˿˼̄̉ ̇˷̈̌̅˻˷ ˫ = 0,064; ́̅̔̋̋˿̍˿˼̄̉ ̉˼̅̇˼-
̉˿̎˼̈́̅˺̅ ̄˷̆̅̇˷ Ѱ̉ = 0,715; ˻˿˷̃˼̉̇ ̇˷˸̅̎˼˺̅ 

́̅̂˼̈˷ D2 = 0,402̃; ̅̉̄̅̈˿̉˼̂̓̄̒̀ ˻˿˷̃˼̉̇ 

˹̉̊̂́˿ D˹̉ = 0,3; ̊˺̅̂ ˹̒̌̅˻˷ ̂̅̆˷̉̅́ βˢ2 = 

75,7 ˺̇˷˻̊̈̅˹, ̈̇˼˻̖̖̄ ̂˿̄˿̖ ̂̅̆˷̉́˿ ˿̃˼˼̉ S-

̅˸̇˷˾̄̊̕ ̋̅̇̃̊ (̆̅ ˻˹̊̃ ̖̈̅̆̇˽˼̄̄̒̃ ̆˷̇˷-
˸̅̂˷̃). 

˧˷̈̎˼̉̄˷̖ ̎˷̈̉̓ ˹̒̆̅̂̄˼̄˷ ̈ ̆̅̃̅̐̓̕ 

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

̆˷́˼̉˼ Numeca Fine/Turbo [9]. А̄˷̂˿˾ ̈̉˼̆˼̄˿ 

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

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

̈˷̍˿˿ ̅̈̉˷̂̓̄̒̌ ̆˷̇˷̃˼̉̇̅˹.  

˥̍˼̄́˷ ̈̉˼̆˼̄˿ ˹̂˿̖̄˿̖ ́˷˽˻̅˺̅ ˿˾ ˿̈-

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

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

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

̄˷̆̅̇˷ ̇˷˸̅̎˼˺̅ ́̅̂˼̈˷. ˨̇˼˻˿ ̇˷̈̈̃˷̉̇˿˹˷˼-
̃̒̌ ̆˷̇˷̃˼̉̇̅˹: ́̅̔̋̋˿̍˿˼̄̉̒ А ˿ Ǣ, ̅̆˿̈̒-

˹˷̐̕˿˼ ̋̅̇̃̊ S-̅˸̇˷˾̄̅̀ ̂̅̆˷̉́˿; ̇˷˻˿̊̈̄̅˼ 
˿ ̈̂̅˽̄̅˼ ̈́̇̊˺̂˼̄˿˼ ̂˿̄˿˿ ̅̈̄̅˹̄̅˺̅ ˿ ̆̅-

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

̂̅̆˷̉́˿ D1, ̊˺̅̂ ̄˷́̂̅̄˷ ́ ̅̈˼˹̅̀ ̂˿̄˿˿ ˿ 

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

̋̅̇̃˷ ˹̌̅˻̄̅̀ ˿ ˹̒̌̅˻̄̅̀ ́̇̅̃̅́ ̂̅̆˷̉̅́ ˹ 

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

̇˷˸̅̎˼˼ ́̅̂˼̈̅ D0; ˹̌̅˻̄̅̀ ̊˺̅̂ ̂̅̆˷̉́˿ ˹ ̆˼-
̇˿̋˼̇˿̀̄̅̃ ̈˼̎˼̄˿˿ βˢ1̆˼̇; ́̅̂˿̎˼̈̉˹̅ ̂̅̆˷-
̉̅́ z. 

˦̅˻˺̅̉̅˹˿̉˼̂̓̄̒̀ ̔̉˷̆ ̇˷̈̎˼̉̄̅̀ ̎˷̈̉˿ 

˾˷́̂̎̕˷̖̂̈ ˹ ˹̒˸̅̇˼ ̅̆̉˿̃˷̂̓̄̅̀ ̇˷̈̎˼̉̄̅̀ 

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

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

Ӥ̆̅̂̓˾̊˼̃̒˼ ̃̅˻˼̂˿ ̉̊̇˸̊̂˼̄̉̄̅̈̉˿ – Shear 

Stress Transport (SST) [11] ˿ Spalart-Allmaras 

(SA) [12]. 

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

̃̅̂˿̄˼̀̄̒̀ ̊̎˷̈̉̅́ ̆˼̇˼˻ ˧К ˻̂˿̄̅̀ 0,2D2, 
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̇˷˻˿˷̂̓̄̅˼ ˧К, ˸˼˾̂̅̆˷̉̅̎̄̒̀ ˻˿̋̋̊˾̅̇ ̈ 

̆̅˹̅̇̅̉̄̒̃ ́̅̂˼̄̅̃ ̄˷ 90 ˺̇˷˻̊̈̅˹ ˿ ̆̅̈̂˼-
˻̊̐̕˿̃ ̖̆̇̃̅̂˿̄˼̀̄̒̃ ̊̎˷̈̉́̅̃. 

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

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

˿ ˻˿˷̋̇˷˺̃̅̀, ̆̅́̇̒˹˷̐̕˿̃ ˻˿̈́̅̃ ˿ ́̅̇-

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

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

̆̅̂˿̉̇̅̆̄̒˼ ˺˿˻̇˷˹̂˿̎˼̈́˿˼. 

ǒǢǳǹǧǴǯоǧ ǪǳǳǭǧǦоǤǢǯǪǧ 

ǴȎрȌа ȑреȄȍеȉ ȋȈȍȈȈ ȋȎȏаȒȊȈ в раȄȈаȋȜȍȎȌ ȑе-

ȗеȍȈȈ. В ̈̂̊̎˷˼ ˹̒̈̅́̅̄˷̆̅̇̄̒̌ ̇˷˸̅̎˿̌ ́̅̂˼̈ ̈ 
˸̅̂̓̏˿̃˿ ˹̒̌̅˻̄̒̃˿ ̊˺̂˷̃˿ ̂̅̆˷̉̅́ βˢ2 ̆̇˿-

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

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

˾˿̉̓ ̇˷̈̎˼̉̄̊̕ ̔̋̋˼́̉˿˹̄̅̈̉̓ ˿ ̄˷̆̅̇. ˦̇˿ 

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

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

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

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

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

̄̒̌ ̆˷̇˷˸̅̂, ̆̇˿ ̔̉̅̃ ̆̅̂̊̎˼̄̄˷̖ ́̇˿˹˷̖ ˿̃˼-
˼̉ ̉̅̎́̊ ̆˼̇˼˺˿˸˷ (̉̅̎́˷ ̖̈̅̆̇˽˼̄˿̖ ̆˷̇˷˸̅̂). 

В ˻˷̄̄̅̀ ̇˷˸̅̉˼ ́̅̔̋̋˿̍˿˼̄̉̒ ̖̈̅̆̇-

˽˼̄̄̒̌ ̆˷̇˷˸̅̂ А ˿ Ǣ ˹˷̇̓˿̇̅˹˷̂˿̈̓ ˹ ˻˿˷̆˷-
˾̅̄˷̌ A = 0,25…0,35 ˿ B = 0,2…0,3, ̇˼́̅̃˼̄˻̊-

˼̃̒̌ ˹ ̂˿̉˼̇˷̉̊̇˼ [13] (̇˿̈. 1, a), ˻̖̂ ̆̅˿̈́˷ 

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

˸̂˿˽˼̄˿˼̃ ̇˷̈̈̃̅̉̇˼̄̒ ́̅̔̋̋˿̍˿˼̄̉̒ A ˿ B 

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

̇˷̈̎˼̉˷ (̇˿̈. 1, b). И˾̃˼̄˼̄˿˼ ́̅̔̋̋˿̍˿˼̄̉̅˹ 

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

̇˼̏˼̄˿˿ ˾˷˻˷̎˿ ̇̊̎̄̅̀ ̅̆̉˿̃˿˾˷̍˿˿ ̇˷̈-
̈̃˷̉̇˿˹˷˼̃̅˺̅ ̇˷˸̅̎˼˺̅ ́̅̂˼̈˷ ˸̒̂˷ ˹̒˸̇˷̄˷ 
́̅̃˸˿̄˷̍˿̖ А = 0,25, Ǣ = 0,18. 

˩˷́˽˼ ˸̒̂˿ ̇˷̈̈̃̅̉̇˼̄̒ ́̅̃˸˿̄˷̍˿˿ ́̅-

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

̃˼̄˻̊˼̃̒̌ ˹ ̂˿̉˼̇˷̉̊̇˼ (̇˿̈. 1, c): A = 

0,05…0,2; 0,35…0,7; B = 0,1…0,2; 0,3…0,6. 

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

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

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

̔̋̋˿̍˿˼̄̉̅˹, ̃˼̄̓̏˼ ̇˼́̅̃˼̄˻̊˼̃̒̌ (А = 

0,1; B = 0,1 ˿ А = 0,2; Ǣ = 0,1), ̄˷̆̇̅̉˿˹, ̅˸˼̈-
̆˼̎˿˹˷˼̖̉̈ ̆̇˿˸̂˿˾˿̉˼̂̓̄̅ ̉˷́̅˼ ˽˼ ˾̄˷̎˼̄˿˼ 
К˦˛, ́˷́ ˿ ˻̖̂ ̈˷̃̒̌ ̊˻˷̎̄̒̌, ̇˷̈̈̃̅̉̇˼̄-

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

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

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

̖˹̖̂˼̖̉̈ ̅˻̄˿̃ ˿˾ ́̂̎̕˼˹̒̌. 

МерȈȄȈȎȍаȋȜȍȎе ȑȊрȓȃȋеȍȈе ȏȎȊрțваȞșеȃȎ Ȉ 

ȎȑȍȎвȍȎȃȎ ȄȈȑȊȎв. ˦˿́˿ ̈́̅̇̅̈̉˼̀ ̄˷ ˹̒̆̊́̂̅̀ 

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

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

̃̊ ̅̉̂˿̎˿̕ ˹̌̅˻̄̅˺̅ ̉̇˼̊˺̅̂̓̄˿́˷ ̈́̅̇̅̈̉˼̀ 

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

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

̆̅ ˹̒̈̅̉˼ ˿ ̈̄˿˽˼̄˿̕ ̔̋̋˼́̉˿˹̄̅̈̉˿ [7]. 

˚˼̅̃˼̉̇˿̎˼̈́̅˼ ˹˷̇̓˿̇̅˹˷̄˿˼ ̂˿̄˿˿ ̆̅-

́̇̒˹˷̐̕˼˺̅ ˻˿̈́˷ ̅̉̇˷˽˼̄̅ ̄˷ ̇˿̈. 2, a. 

В ̉˷˸̂. 1 ̆̇˿˹˼˻˼̄̒ ˾̄˷̎˼̄˿̖ ̇˷˾̃˼̇̄̅˺̅ r ˿ 

̅̉̄̅̈˿̉˼̂̓̄̅˺̅ ̇˷˻˿̊̈˷ r  (̅̉̄˼̈˼̄̄̅˺̅ ́ 

˻˿˷̃˼̉̇̊ ̇˷˸̅̎˼˺̅ ́̅̂˼̈˷ D2). 

И˾ ̇˼˾̊̂̓̉˷̉̅˹ ̇˷̈̎˼̉˷ (̇˿̈. 2, b) ˹˿˻̄̅, 

̎̉̅ ̈́̇̊˺̂˼̄˿˼ ̆̅́̇̒˹˷̐̕˼˺̅ ˻˿̈́˷ ̇˷̈̈̃˷̉-
̇˿˹˷˼̃̅˺̅ ˧К ̅̉̄̅̈˿̉˼̂̓̄̒̃ ̇˷˻˿̊̈̅̃ ˸̅̂˼˼ 
0,07 ˹̄̅̈˿̉ ̊̃˼̇˼̄̄̒̀ ˹́̂˷˻ ˹ ̔̋̋˼́̉˿˹̄̅̈̉̓ 

̇˷˸̅̎˼˺̅ ́̅̂˼̈˷ (̅́̅̂̅ 1 % ˻̖̂ ̃̅˻˼̂˿ ̉̊̇˸̊-

̂˼̄̉̄̅̈̉˿ SA ˿ 2 % ˻̖̂ ̃̅˻˼̂˿ SST). ˢ̅́˷̂̓-

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

̈˿̉˼̂̓̄̒̌ ̇˷˻˿̊̈̅˹ 0,13–0,30. ˥˻̄˷́̅, ̆̇˿ 

̄˼́̅̉̅̇̒̌ ́̅̄̋˿˺̊̇˷̍˿̖̌ ̂˿̄˿˿ ̆̅́̇̒˹˷̕-

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

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

̃˼̇˷̃˿ 10, 11 ˿ ̆̅̂̄̅̃ ̅̉̈̊̉̈̉˹˿˿ ̈́̇̊˺̂˼̄˿̖ 

12 ̔̋̋˼́̉˿˹̄̅̈̉̓ ́̅̂˼̈˷ ̇˼˾́̅ ̆˷˻˷˼̉ ̄˷ 1,5, 8 

˿ 15,7 % ̈̅̅̉˹˼̉̈̉˹˼̄̄̅. 
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˧˿̈. 1. ˞̄˷̎˼̄˿̖ ̔̋̋˼́̉˿˹̄̅̈̉˿ ̄˷ ̇˷̈̎˼̉̄̅̃ ̇˼˽˿̃˼ ˻̖̂ ˹˷̇˿˷̍˿̀ ́̅̔̋̋˿̍˿˼̄̉̅˹ А ˿ Ǣ:  

a) ˹ ̇˼́̅̃˼̄˻̊˼̃̒̌ ̆̇˼˻˼̂˷̌ ˾̄˷̎˼̄˿̀ А ˿ Ǣ [13]; b) ˹ ̅˸̂˷̈̉˿ ̄˷˿˹̒̈̏˼̀ ̔̋̋˼́̉˿˹̄̅̈̉˿;  

c) ˾˷ ̆̇˼˻˼̂˷̃˿, ̇˼́̅̃˼̄˻̊˼̃̒̃˿ ˹ ̂˿̉˼̇˷̉̊̇˼ [13] 

Fig. 1. Calculated values of the hydraulic efficiency at the design point for variations of coefficients A and B:  

a) in the range, which is recommended in literature [13]; b) in a small area of the best coefficients combination  

from (a); out of the range, which is recommended in literature [13] 
 

 
 

˧˿̈. 2. В˷̇˿˷̄̉̒ ˿̈̆̅̂̄˼̄˿̖ (a) ˿ ˾̄˷̎˼̄˿̖ ̔̋̋˼́̉˿˹̄̅̈̉˿ (b) ̇˷˻˿̊̈̄̒̌ ̈́̇̊˺̂˼̄˿̀  

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

Fig. 2. Variations of the meridional shroud radius (a) and calculated values of the hydraulic efficiency  

at the design point (b) 
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˩ ˷ ˸ ̂ ˿ ̍ ˷  1  

ВǢǲǪǢǯǴǽ ǲǢǦǪǵǳǢ ǳǬǲǵǥǭǧǯǪȁ ǱоǬǲǽǤǢȀǻǧǥо ǦǪǳǬǢ Ǥ мǧǲǪǦǪоǯǢǭǾǯом ǳǧǹǧǯǪǪ 

Variants of the rounding radius of the covering disk in the meridional section 

№ 1 2 3 4 5 6 7 8 9 10 11 12 

r, ̃̃ 182 174 160 143 122 104 87 73 52 30 13 0 

r  0,45 0,43 0,4 0,36 0,3 0,26 0,22 0,18 0,13 0,07 0,03 0 

 

 
 

˧˿̈. 3. В˷̇˿˷̄̉̒ ˿̈̆̅̂̄˼̄˿̖ (a) ˿ ̇˷̈̎˼̉̄̒˼ ˾̄˷̎˼̄˿̖ ̔̋̋˼́̉˿˹̄̅̈̉˿ (b) ̈̂̅˽̄̒̌ ̈́̇̊˺̂˼̄˿̀  

̃˼̇˿˻˿̅̄˷̂̓̄̅̀ ̂˿̄˿˿ ̆̅́̇̒˹˷̐̕˼˺̅ ˻˿̈́˷; ˹˿˾̊˷̂˿˾˷̍˿̖ ̖̆̅̂ ̈́̅̇̅̈̉˼̀ ˻̖̂ ˹˷̇˿˷̄̉˷ №3  

˹ ̃˼̇˿˻˿̅̄˷̂̓̄̅̃ ̈˼̎˼̄˿˿ (c) ˿ ˹ ̃˼˽̂̅̆˷̉̅̎̄̅̃ ́˷̄˷̂˼ ̄˷ ̅̉̄̅̈˿̉˼̂̓̄̅̀ ˹̒̈̅̉˼ 0,95 ̅̉ ˹̉̊̂́˿ (d) 

Fig. 3. Variations of the meridional shroud spline (a) and calculated values of the hydraulic efficiency  

at the design point (b); the meridional plot with the velocity contour for the variant №3 (c) and  

in the radial section at 95 % span from the hub (d) 

 

˨̂̅˽̄̅˼ ̈́̇̊˺̂˼̄˿˼ ̆̅́̇̒˹˷̐̕˼˺̅ ˻˿̈-

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

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

̄˷ ̇˿̈. 3, a. 

˨̂̅˽̄˷̖ ̋̅̇̃˷ ̈́̇̊˺̂˼̄˿̖ ̆̅́̇̒˹˷̐̕˼-
˺̅ ˻˿̈́˷ ̆̅ ̇˼˾̊̂̓̉˷̉˷̃ ̇˷̈̎˼̉˷ (̇˿̈. 3, b) ̄˼ 
̆̅́˷˾˷̂˷ ̅̈̅˸̒̌ ̆̇˼˿̃̊̐˼̈̉˹ ̆˼̇˼˻ ̇˷˻˿-

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

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

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

̎˼̄˿˼ К˦˛ ̊ ́̇˿˹̅̀ №5, ̇˷˾̄˿̍˷ ̈ ̄˷˿̂̊̎-

̏˿̃ ̇˷˻˿̊̈̄̒̃ ˾˷́̇̊˺̂˼̄˿˼̃ – 0,2 % К˦˛. 

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

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

˹˷̐̕˼˺̅ ˻˿̈́˷. ˤ˷ ̇˿̈. 3, c, d ̆̇˿˹˼˻˼̄̅ ̇˷̈-

̆̇˼˻˼̂˼̄˿˼ ̈́̅̇̅̈̉˼̀ ˻̖̂ 3 ˹˷̇˿˷̄̉˷. ˨́̇̊˺-
̂˼̄˿˼ ̆̅́̇̒˹˷̐̕˼˺̅ ˻˿̈́˷ ˹ ˻˷̄̄̅̃ ̈̂̊̎˷˼ 
̈̉˷̂̅ ̆̇˿̎˿̄̅̀ ̇˷˾˹˿̉̅˺̅ ̅̉̇̒˹̄̅˺̅ ̉˼̎˼̄˿̖ 

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

̍˹˼̉˷).  

В̈̂˼˻ ˾˷ ̅̍˼̄́̅̀ ˹̂˿̖̄˿̖ ̂˿̄˿˿ ̆̅́̇̒-

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

̆̅̂̄˼̄˿̖ ̅̈̄̅˹̄̅˺̅ ˻˿̈́˷: ̇˷˻˿̊̈̄̅˺̅ 

(̇˿̈. 4, a) ˿ ̈̂̅˽̄̅˺̅ ̈́̇̊˺̂˼̄˿̖ (̇˿̈. 4, c). 

˨̅̅̉˹˼̉̈̉˹˼̄̄̅, ̄˷ ̇˿̈. 4, b ˿ 4, d ̆̇˿˹˼˻˼̄̒ 

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

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

̈̉˹˿̖. В ̉˷˸̂. 2 ̆̇˿˹˼˻˼̄̒ ˾̄˷̎˼̄˿̖ ̇˷˾̃˼̇-

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

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

̄̅˹̄̅˺̅ ˻˿̈́˷. 
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˩ ˷ ˸ ̂ ˿ ̍ ˷  2  

ВǢǲǪǢǯǴǽ ǲǢǦǪǵǳǢ ǳǬǲǵǥǭǧǯǪȁ оǳǯоǤǯоǥо ǦǪǳǬǢ Ǥ мǧǲǪǦǪоǯǢǭǾǯом ǳǧǹǧǯǪǪ 

Variants of the main disk rounding radius in the meridional section 

№ 1 2 3 4 5 6 7 8 9 10 11 12 

r, ̃̃ 152 134 121 109 95 85 78 67 53 41 29 19 

r  0,38 0,34 0,3 0,27 0,24 0,21 0,19 0,17 0,13 0,1 0,07 0,05 

 

 
 

˧˿̈. 4. В˷̇˿˷̄̉̒ ˿̈̆̅̂̄˼̄˿̖ (a, b) ˿ ˾̄˷̎˼̄˿̖ ̔̋̋˼́̉˿˹̄̅̈̉˿ ˹˷̇˿˷̍˿̀ ̈́̇̊˺̂˼̄˿̀ (c,  

d) ̃˼̇˿˻˿̅̄˷̂̓̄̅̀ ̂˿̄˿˿ ̅̈̄̅˹̄̅˺̅ ˻˿̈́˷ 

Fig. 4. Variations of the meridional hub radius and spline (a, b) and corresponding values  

of the hydraulic efficiency at the design point (c, d) 

 

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

˧К – ̇˷˾̄˿̍˷ ̃˼˽˻̊ ̃˷́̈˿̃˷̂̓̄̒̃ ˿ ̃˿̄˿-

̃˷̂̓̄̒̃ ˾̄˷̎˼̄˿˼̃ К˦˛ ̃˼̄˼˼ 0,2 % ̆̇˿ ˿̈-
̆̅̂̓˾̅˹˷̄˿˿ ̅˸˼˿̌ ̃̅˻˼̂˼̀ ̉̊̇˸̊̂˼̄̉̄̅̈̉˿. 

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

̅̉̄̅̈˿̉˼̂̓̄̒̌ ̇˷˻˿̊̈˷̌ 0,19–0,34. ˦̇˿ ̅̉̄̅-

̈˿̉˼̂̓̄̒̌ ̇˷˻˿̊̈˷̌, ˸̅̂̓̏˿̌ 0,35 ̔̋̋˼́̉˿˹-

̄̅̈̉̓ ˾˷̃˼̉̄̅ ̄˷̎˿̄˷˼̉ ̆˷˻˷̉̓. 

К˷́ ˿ ˹ ̈̂̊̎˷˼ ̈ ̆̅́̇̒˹˷̐̕˿̃ ˻˿̈́̅̃, 

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

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

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



 

48 

Научно-технические ведомости CПбПУ. Естественные и инженерные науки. Том 25, №2, 2019

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

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

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

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

̃˿˾˷̍˿̅̄̄̒̀ ̆˷̇˷̃˼̉̇. 

МерȈȄȈȎȍаȋȜȍаȟ ȔȎрȌа ȏȎȊрțваȞșеȃȎ ȄȈȑȊа 

в ȏреȄеȋаȕ ȌеȆȋȎȏаȒȎȗȍȎȃȎ Ȋаȍаȋа 

В˷̇̓˿̇̅˹˷̄˿˼ ̃˼̇˿˻˿̅̄˷̂̓̄̅̀ ̋̅̇̃̒ ̆̅-

́̇̒˹˷̐̕˼˺̅ ˻˿̈́˷ ̆̇˿˹˼˻˼̄̅ ̄˷ ̇˿̈. 5, a, b.  

˧˼˾̊̂̓̉˷̉̒ ̇˷̈̎˼̉˷ ̆̅́˷˾˷̄̒ ̄˷ ̇˿̈. 5, c, d, 

e ˻̖̂ 15 ˹˷̇˿˷̄̉̅˹ ́̇˿˹̅̂˿̄˼̀̄̅̀ ̋̅̇̃̒ ̆̅-

́̇̒˹˷̐̕˼˺̅ ˻˿̈́˷. 

˪˹˼̂˿̎˼̄˿˼ ̇˷˻˿̊̈˷ ̆̇˿˹˼̂̅ ̈̄˷̎˷̂˷ ́ ̊˹˼-
̂˿̎˼̄˿̕ ̔̋̋˼́̉˿˹̄̅̈̉˿, ˷ ˾˷̉˼̃ – ́ ̊̃˼̄̓̏˼-
̄˿̕ (̇˿̈. 5, c). ˤ˷̆̅̇ ̉˷́˽˼ ̃̅̄̅̉̅̄̄̅ ̊̃˼̄̓-
̏˷˼̖̉̈ (̇˿̈. 5, e) ˿˾-˾˷ ̊̃˼̄̓̏˼̄˿̖ ̆̂̅̐˷˻˿ 

̂̅̆˷̉̅́. ˛̖̂ ˻˷̄̄̅˺̅ ̇˷˸̅̎˼˺̅ ́̅̂˼̈˷ ̃̅˽˼̉ 
˸̒̉̓ ˻̅̈̉˿˺̄̊̉ ˹̒˿˺̇̒̏ ˹ 0,2 % К˦˛ ̆̇˿ ˿̈-
̆̅̂̓˾̅˹˷̄˿˿ ́̇˿˹̅̂˿̄˼̀̄̅̀ ̋̅̇̃̒ ̅˸̇˷˾̊̕-

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

̈̄˿˽˼̄˿˿ ̄˷̆̅̇˷ [7]. ˦̇˿ ̖̆̇̃̅̂˿̄˼̀̄̅̀ ̅˸-

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

́̇˿˹̅̂˿̄˼̀̄̅̀ ̅˸̇˷˾̊̐̕˼̀ [14]. 

 

 
 

˧˿̈. 5. В˷̇̓˿̇̅˹˷̄˿˼ ̃˼̇˿˻˿̅̄˷̂̓̄̅̀ ̋̅̇̃̒ ̆̅́̇̒˹˷̐̕˼˺̅ ˻˿̈́˷ ̇˷˸̅̎˼˺̅ ́̅̂˼̈˷:  

a) ̇˷̈̎˼̉̄˷̖ ̅˸̂˷̈̉̓; b) ˹˷̇˿˷̍˿˿ ̇˷˻˿̊̈̅˹; c) ̈̅̅̉˹˼̉̈̉˹̊̐̕˿˼ ̇˷̈̎˼̉̄̒˼ ˾̄˷̎˼̄˿̖  

̔̋̋˼́̉˿˹̄̅̈̉˿; ˾̄˷̎˼̄˿̖ ́̅̔̋̋˿̍˿˼̄̉˷ ̆̅̂˿̉̇̅̆̄̅˺̅ (d) ˿ ̆̅̂̄̅˺̅ (e) ̄˷̆̅̇˷  
̇˷˸̅̎˼˺̅ ́̅̂˼̈˷ ˻̖̂ 15 ˹˷̇˿˷̄̉̅˹ ́̇˿˹̅̂˿̄˼̀̄̅̀ ̋̅̇̃̒ ̆̅́̇̒˹˷̐̕˼˺̅ ˻˿̈́˷ 

Fig. 5. Variation of the meridional shape of the impeller covering disk: a) Computational domain;  

b) variations of the impeller shroud; c) calculated values of the hydraulic efficiency; the polytropic (d)  

and total (e) head at the design point 
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˧˿̈. 6. В˷̇̓˿̇̅˹˷̄˿˼ ̋̅̇̃̒ ˹̌̅˻̄̅̀ ́̇̅̃́˿ ̂̅̆˷̉̅́ ̇˷˸̅̎˼˺̅ ́̅̂˼̈˷: a) ˹˷̇˿˷̍˿˿ ̄˷́̂̅̄˷ ́̇̅̃́˿ 

́ ̅̈˼˹̅̀ ̂˿̄˿˿; b) ̈́̇̊˺̂˼̄˿̖ ́̇̅̃́˿; c) ˻˿˷̃˼̉̇ ̂̅̆˷̉́˿ D1; d) ̈̂̊̎˷̀̄̒˼ ̆˷̇˷̃˼̉̇̒ ˹̌̅˻̄̅̀ ́̇̅̃́˿;  

e) ˾̄˷̎˼̄˿̖ ̔̋̋˼́̉˿˹̄̅̈̉˿ ˻̖̂ 10 ˹˷̇˿˷̍˿̀ ̈̂̊̎˷̀̄̅̀ ̋̅̇̃̒ ˹̌̅˻̄̅̀ ́̇̅̃́˿ 

Fig. 6. Variation of the shape of the input edge of the impeller blades: a) variations of the meridional leading  

edge angle; b) the meridional radius shape of the leading edge; c) the leading edge diameter D1; d) a combination 

of leading edge parameters and corresponding calculated values of the hydraulic efficiency at the design point (e) 
 

КȎȌȏȋеȊȑ ȏараȌеȒрȎв вȕȎȄȍȎȉ ȊрȎȌȊȈ в ȌерȈ-

ȄȈȎȍаȋȜȍȎȌ ȑеȗеȍȈȈ. ˧˷̈̈̃̅̉̇˼̄̒ ̆˷̇˷̃˼̉̇̒ 

˹̌̅˻̄̅̀ ́̇̅̃́˿ – ˻˿˷̃˼̉̇ D1, ̊˺̂˷ ̄˷́̂̅̄˷ 
́̇̅̃́˿ ́ ̅̈˿ ˹̇˷̐˼̄˿̖ φ ˿ ̇˷˻˿̊̈˷ ̈́̇̊˺̂˼̄˿̖ 

́̇̅̃́˿ R, ̅̆̇˼˻˼̖̂̐̕˿̌ ̆̅̂̅˽˼̄˿˼ ˿ ̋̅̇̃̊ 
˹̌̅˻̄̅̀ ́̇̅̃́˿ ˹ ̃˼̇˿˻˿̅̄˷̂̓̄̅̀ ̆̂̅̈́̅̈̉˿ 

(̇˿̈. 6, a, b, c). ˩˷́˽˼ ̇˷̈̈̎˿̉˷̄̒ ˹˷̇˿˷̄̉̒ ̈̅ 

̈̂̊̎˷̀̄̒̃˿ ́̅̃˸˿̄˷̍˿̖̃˿ ˻˷̄̄̒̌ ̆˷̇˷̃˼̉-
̇̅˹ (̇˿̈. 6, d), ˻̖̂ ́̅̉̅̇̒̌ ̄˷ ̇˿̈. 6, e ̆̇˿˹˼-
˻˼̄̒ ̇˼˾̊̂̓̉˷̉̒ ̇˷̈̎˼̉˷. 

˴̋̋˼́̉˿˹̄̅̈̉̓ ̇˷˸̅̎˼˺̅ ́̅̂˼̈˷ ˹ ˸̅̂̓̏̅̀ 

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

˿ ̋̅̇̃̒ ˹̌̅˻̄̅̀ ́̇̅̃́˿.  

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

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

́̇̅̃́˿ ˹ 10,5 ˺̇˷˻̊̈̅˹.  

˧˷̈̎˼̉ ˹˷̇˿˷̍˿̀ ̈́̇̊˺̂˼̄˿̀ ́̇̅̃́˿ ̆̅-

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

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

̆̇˿̇̅̈̉ К˦˛ (˹ ̆̇˼˻˼̂˷̌ 0,2 % ̆̅ ̇˼˾̊̂̓̉˷-

̉˷̃ ̇˷̈̎˼̉˷). ˢ̅́˷̂̓̄̒̀ ̃˷́̈˿̃̊̃ ̔̋̋˼́-

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

̉˼̂̓̄̒̌ ̇˷˻˿̊̈̅˹ 0,22–0,72 ˻̖̂ ˻˷̄̄̅˺̅ ́̅-

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

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

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

В̂˿̖̄˿˼ ˿˾̃˼̄˼̄˿̖ ˻˿˷̃˼̉̇˷ ˹̌̅˻̄̅̀ 

́̇̅̃́˿ ̂̅̆˷̉̅́ ̅̉̄̅̈˿̉˼̂̓̄̅ ̄˼˹˼̂˿́̅ (̅́̅-

̂̅ 0,3 %, ̈̅˺̂˷̈̄̅ ̇˷̈̎˼̉̊ ̄˷ ̃̅˻˼̂˿ ̉̊̇˸̊-

̂˼̄̉̄̅̈̉˿ SA). ˤ˷˸̅̂̓̏˼˼ ˾̄˷̎˼̄˿˼ К˦˛ ̆̅ 

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

̈ D1/D0 = 1,034. ˨̄˿˽˼̄˿˼ К˦˛ ̆̇˿ ˿˾̃˼̄˼-

̄˿˿ ˻˿˷̃˼̉̇˷ D1 ̅̉̄̅̈˿̉˼̂̓̄̅ ̅̆̉˿̃˷̂̓̄̅˺̅ 

̆̅ ˸̅̂̓̏˼̀ ̎˷̈̉˿ ̈˹̖˾˷̄̅ ̈ ̊̌̊˻̏˼̄˿˼̃ 

̊̈̂̅˹˿̀ ̅˸̉˼́˷̄˿̖. 

ǢȕȎȄȍаȟ Ȉ вțȕȎȄȍаȟ ȊрȎȌȊȈ в раȄȈаȋȜȍȎȌ ȑе-

ȗеȍȈȈ. ˧˷̈̈̃̅̉̇˼̄̒ ̅̈̄̅˹̄̒˼ ˹˷̇˿˷̄̉̒ ˿̈-
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̆̅̂̄˼̄˿̖ ˹̌̅˻̄̅̀ ˿ ˹̒̌̅˻̄̅̀ ́̇̅̃́˿ ̂̅̆˷-
̉̅́ ̇˷˸̅̎˿̌ ́̅̂˼̈. ˦̅ ̇˼˾̊̂̓̉˷̉˷̃ ̇˷̈̎˼̉˷ 
˹̌̅˻̄̒˼ ́̇̅̃́˿, ˹̒̆̅̂̄˼̄̄̒˼ ̈ ̈˿̃̃˼̉̇˿̎-

̄̒̃ ̈́̇̊˺̂˼̄˿˼̃, ̆̅́˷˾̒˹˷̉̕ ̄˷˿̂̊̎̏˼˼ ̇˼-
˾̊̂̓̉˷̉̒. В̈˼˺̅ ˸̒̂̅ ̇˷̈̈̃̅̉̇˼̄̅ 10 ˹˷̇˿˷̍˿̀ 

˿̈̆̅̂̄˼̄˿̖ ˹̌̅˻̄̅̀ ́̇̅̃́˿. А̄˷̂̅˺˿̎̄̅ 

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

̈́̇̊˺̂˼̄̄̒˼, ̈́̇̊˺̂˼̄̄̒˼ ̆̅ ̅˻̄̅̀ ̆̅˹˼̇̌-

̄̅̈̉˿, ̉̊̆̒˼ ́̇̅̃́˿, ˹̈˼˺̅ 12 ˹˷̇˿˷̍˿̀. 

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

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

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

̌̅˻̄̅̀ ́̇̅̃́˿, ̄˼̍˼̂˼̈̅̅˸̇˷˾̄˷. 

ǐǸǧǯǬǢ Ǫ Ǥǽбоǲ оǱǴǪмǪǩǢǸǪоǯǯǽǷ ǱǢǲǢмǧǴǲоǤ 

К˷́ ̅̆̉˿̃˿˾˷̍˿̅̄̄̒̀ ̆˷̇˷̃˼̉̇ ˹ ̆̅̈̉˷-

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

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

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

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

̎˷̈̉̅̉. 
˛˿˷̃˼̉̇ ˹̌̅˻˷ ˹ ̇˷˸̅̎˼˼ ́̅̂˼̈̅ D0 ̆̇˿ ˹˷-

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

̃˿̄˿̃˷̂̓̄̒̀ ˹́̂˷˻ ˹ ̔̋̋˼́̉˿˹̄̅̈̉̓ ̇˷˸̅̎˼-
˺̅ ́̅̂˼̈˷ (̆̇˿̃˼̇̄̅ ~0,2 %). 

В̅˾̃̅˽̄̅̈̉˿ ˽˼ ̅̆̉˿̃˿˾˷̍˿˿ ̆̅ ́̅̂˿̎˼-
̈̉˹̊ ̂̅̆˷̉̅́ ˻̅̈̉˷̉̅̎̄̅ ̅˺̇˷̄˿̎˼̄̒ (̄˼ ˸̅̂˼˼ 
10 % ̅̉ ̄̅̃˿̄˷̂̓̄̅˺̅ ˾̄˷̎˼̄˿̖) ˹ ̈˹̖˾˿ ̈ 

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

˻˼̄̒ ˹ ̉˷˸̂. 3. В̒˻˼̂˼̄̒ ̅̈̄̅˹̄̒˼, ̄˷˿˸̅̂˼˼ 
˾̄˷̎˿̃̒˼, ˿ ˹̉̅̇̅̈̉˼̆˼̄̄̒˼ ̆˷̇˷̃˼̉̇̒ ̅̆-

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

̃˼̄˻̊˼̖̉̈ ˿˾̄˷̎˷̂̓̄̅ ˾˷˻˷˹˷̉̓ ˾̄˷̎˼̄˿̖ ˿˾ 
̈̉˷̄˻˷̇̉̄̅˺̅ ˻˿˷̆˷˾̅̄˷ [6, 7, 13 ˿ ˻̇.]. ˦̇˿ 

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

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

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

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

́̇˼̉̄̒̌ ̆̇˿̃˼̇˷̌ ˿ ̅̉̇˷˽˼̄ ˹ ̈̉˷̖̉̓̌ [15–17]. 

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

̄̅̈̉̓ ̇˷˸̅̉̒ ˧К, ̉˷́ ˿ ̆̅ ˹̂˿̖̄˿̕ ̄˷ ̄˷̆̅̇. 

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

́̅̂˼̈˷ ̇˷˹˼̄ 92,7 %.  
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ǐǸǧǯǬǢ ǤǭǪȁǯǪȁ ǥǧомǧǴǲǪǹǧǳǬǪǷ ǱǢǲǢмǧǴǲоǤ ǲǢбоǹǧǥо ǬоǭǧǳǢ ǯǢ ǧǥо ǿǶǶǧǬǴǪǤǯоǳǴǾ 

Evaluation of the influence of the geometrical parameters of the impeller on its efficiency 

˦˷̇˷̃˼̉̇ ̅̆̉˿̃˿˾˷̍˿˿ ˧К К˦˛min, % ˨̉˼̆˼̄̓ ˹̂˿̖̄˿̖
˨̇˼˻̖̖̄ ̂˿̄˿̖ ̂̅̆˷̉́˿ ˹ ̇˷˻˿˷̂̓̄̅̃ ̈˼̎˼̄˿˿ 86,3 В̒̈̅́̅˼ 
ˢ˿̄˿̖ ̆̅́̇̒˹˷̐̕˼˺̅ ˻˿̈́, ̇˷˻˿̊̈ 77,7 ˨̇˼˻̄˼˼ 
ˢ˿̄˿̖ ̆̅́̇̒˹˷̐̕˼˺̅ ˻˿̈́, ̆̅̂˿̄̅̃ 87,9 ˨̇˼˻̄˼˼ 
ˢ˿̄˿̖ ̅̈̄̅˹̄̅˺̅ ˻˿̈́˷, ̇˷˻˿̊̈ 93,1 ˥̎˼̄̓ ̄˿˾́̅˼ 
ˢ˿̄˿̖ ̅̈̄̅˹̄̅˺̅ ˻˿̈́˷, ̆̅̂˿̄̅̃ 93,5 ˥̎˼̄̓ ̄˿˾́̅˼ 
К̅̃̆̂˼́̈ ̆˷̇˷̃˼̉̇̅˹ – ̅˸̇˷˾̊̐̕˷̖, ˻˿˷̃˼̉̇, ̄˷́̂̅̄ ́ ̅̈˼˹̅̀ ̂˿̄˿ ˹̌̅˻̄̅̀ 

́̇̅̃́˿ 

85,4 В̒̈̅́̅˼ 

В̌̅˻̄˷̖ ́̇̅̃́˷ ˹ ̇˷˻˿˷̂̓̄̅̀ ̆̂̅̈́̅̈̉˿ 85,6 ˤ˿˾́̅˼* 

В̒̌̅˻̄˷̖ ́̇̅̃́˷ ˹ ̇˷˻˿˷̂̓̄̅̀ ̆̂̅̈́̅̈̉˿ 93,4 ˤ˿˾́̅˼ 
˥˸̇˷˾̊̐̕˷̖ ̆̅́̇̒˹˷̐̕˼˺̅ ˻˿̈́˷ ˹ ̆̇˼˻˼̂˷̌ ̃˼˽̂̅̆˷̉̅̎̄̅˺̅ ́˷̄˷̂˷. 93,3 ˤ˿˾́̅˼ 
В̌̅˻̄̅̀ ̊˺̅̂ ̂̅̆˷̉́˿ ˹ ̆˼̇˿̋˼̇˿̀̄̅̃ ̈˼̎˼̄˿˿ 93,8 ˤ˿˾́̅˼ 
В̉̊̂̅̎̄̒̀ ˻˿˷̃˼̉̇ 93,6 - 

˛˿˷̃˼̉̇ ˹̌̅˻˷ ˹ ̇˷˸̅̎˼˼ ́̅̂˼̈̅ 93,6 ˤ˿˾́̅˼ 
*-˼̈̂˿ ̄˼ ̇˷̈̈̃˷̉̇˿˹˷̖̉̈̕ ̅˸̇˼˾˷̄̄̒˼ ̆̅ ˻˿˷̃˼̉̇̊ ́̇̅̃́˿.  
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К˦˛min ˹ ̉˷˸̂˿̍˼ ̆̅́˷˾̒˹˷˼̉, ̎̉̅ ̈̊̐˼̈̉˹̊-
̉̕ ˿ ̉˼̅̇˼̉˿̎˼̈́˿ ̃̅˺̊̉ ̅́˷˾˷̖̉̓̈ ˿̈̆̅̂̓˾̅˹˷̄-

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

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

̉˷́˿˼ ˹˷̇˿˷̄̉̒ ̄˼ ̊̎˿̉̒˹˷̂˿̈̓. 

ǉǢǬǭȀǹǧǯǪǧ 

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

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

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

(̅̆˿̈̒˹˷˼̖̉̈ ́̅̔̋̋˿̍˿˼̄̉˷̃˿ А ˿ Ǣ), ̋̅̇̃˷ 

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

̄̅̀ ̆̂̅̈́̅̈̉˿, ̋̅̇̃˷ ̈́̇̊˺̂˼̄˿̖ ̂˿̄˿˿ ̆̅-

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

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

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