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УЛУЧШЕНИЕ ГИДРАВЛИЧЕСКИХ  

И ПУЛЬСАЦИОННЫХ ХАРАКТЕРИСТИК  

МНОГОСТУПЕНЧАТЫХ ЦЕНТРОБЕЖНЫХ НАСОСОВ 

˥̉̇˷˸̅̉˷̄˷ ̃˼̉̅˻˿́˷ ̇˷̈̎˼̉˷ ̆̇̅˺̄̅˾̄̒̌ ̌˷̇˷́̉˼̇˿̈̉˿́ ̃̄̅˺̅̈̉̊̆˼̄̎˷̉̒̌ ̄˷̈̅̈̅˹ ̄˷ ˸˷˾˼ ̄˷̈̅̈˷ 
Цˤ˨ 240-1525. ˦̇̅˹˼˻˼̄̄˷̖ ˹˼̇˿̋˿́˷̍˿̖ ̆̅́˷˾˷̂˷ ̌̅̇̅̏˼˼ ̈̅˺̂˷̈̅˹˷̄˿˼ ̇˷̈̎˼̉˷ ˿ ̔́̈̆˼̇˿̃˼̄-

̉˷. ˥̈̅˸˼̄̄̅̈̉̓̕ ̄˷̈̅̈̅˹ ̉˿̆˷ Цˤ˨ ̖˹̖̂˼̖̉̈ ̃˷̂˷̖ ˹˼̂˿̎˿̄˷ ˾˷˾̅̇˷ ̃˼˽˻̊ ̇˷˸̅̎˿̃ ́̅̂˼̈̅̃ ˿ 

̂̅̆˷̉́˷̃˿ ̄˷̆̇˷˹̖̂̐̕˼˺̅ ˷̆̆˷̇˷̉˷, ̆̅̔̉̅̃̊ ˻̖̂ ̄˿̌ ̂̊̎̏˿˼ ̇˼˾̊̂̓̉˷̉̒ ̆̇˿ ̇˷̈̎˼̉˷̌ ˹̖˾́̅˺̅ ̉˼-
̎˼̄˿̖ ˿ ̆̇̅˺̄̅˾̄̒̌ ̔̄˼̇˺˼̉˿̎˼̈́˿̌ ̌˷̇˷́̉˼̇˿̈̉˿́ ̄˷̈̅̈˷ ˻˷˼̉ ̄˼̈̉˷̍˿̅̄˷̇̄̒̀ ̆̅˻̌̅˻. ˙̒̆̅̂̄˼-
̄˷ ̅̆̉˿̃˿˾˷̍˿̖ ̄˷̆̇˷˹̖̂̐̕˼˺̅ ˷̆̆˷̇˷̉˷ ̄˷̈̅̈˷ ̂̅̆˷̉̅̎̄̅˺̅ ̉˿̆˷, ˹ ̇˼˾̊̂̓̉˷̉˼ ́̅̉̅̇̅̀ К˦˛ 

̈̉̊̆˼̄˿ ̄˷̈̅̈˷ ˸̒̂ ̆̅˹̒̏˼̄ ̄˷ 3,8 %. ˦̇˿ ̅̆̉˿̃˿˾˷̍˿˿ ˿̈̆̅̂̓˾̅˹˷̄ ̃˼̉̅˻ ˿̈̈̂˼˻̅˹˷̄˿̖ ̆̇̅-

̈̉̇˷̄̈̉˹˷ ̆˷̇˷̃˼̉̇̅˹, ̆̇˼˻̂̅˽˼̄̄̒̀ И.ˣ. ˨̅˸̅̂˼̃ ˿ ˧.˘. ˨̉˷̉̄˿́̅˹̒̃. ˧˷̈̎˼̉̄̒̃ ̆̊̉˼̃ ̅̆̇˼-
˻˼̂˼̄̒ ̆̊̂̓̈˷̍˿˿ ̇˷˻˿˷̂̓̄̅̀ ̈˿̂̒, ˻˼̀̈̉˹̊̐̕˼̀ ̄˷ ̇̅̉̅̇, ˻̖̂ ˿̈̌̅˻̄̅̀ ̈̉̊̆˼̄˿ ˿ ̇˷˾̇˷˸̅̉˷̄-

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

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

КȋȞȗȅвțȅ ȑȋȎва: ̍˼̄̉̇̅˸˼˽̄̒̀ ̄˷̈̅̈, ̆̇̅̉̅̎̄˷̖ ̎˷̈̉̓, ̆̇̅˼́̉˿̇̅˹˷̄˿˼, ̍˿̋̇̅˹̅˼ ̃̅˻˼̂˿̇̅˹˷-
̄˿˼, ̌˷̇˷́̉˼̇˿̈̉˿́˿, ̅̆̉˿̃˿˾˷̍˿̖. 
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INCREASE OF HYDRAULIC EFFICIENCY AND PULSATION 

CHARACTERISTICS OF MULTISTAGE CENTRIFUGAL PUMPS 

A method for calculating the H-Q, η-Q characteristics of a multistage pump is considered in this paper. The results of 

the calculation and experiment agree well. A feature of CNS pumps is a small gap between the impeller and diffuser 

blades. In this case, the non-stationary approach gives the best results. Optimization has been carried out for stator 

blades, increasing the efficiency of the pump by 3,8 %. The method proposed by Sobol and Stanikov for exploring the 

parameter space was used in optimization. Calculation of pulsations of radial force has been performed for the pump 

rotor. The calculation shows that the amplitude of the force decreases with increasing clearance. 
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Машиностроение

ВǤǧǦǧǯǪǧ 

Ц˼̄̉̇̅˸˼˽̄̒˼ ̄˷̈̅̈̒ ̈˼́̍˿̅̄̄̒˼ (Цˤ˨) 

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

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

Цˤ˨ 240-2100 – ˹ ̄˷̖̈̉̅̐˼˼ ˹̇˼̖̃ ˿̃˼˼̉ К˦˛ 

78 %, ̄̅ ̉̇˼˸̊˼̖̉̈ ̆̅˹̒̈˿̉̓ ˼˺̅ ˻̅ 80–81 %. 

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

̄̅̈̉˿ (ns = 72), ˻̖̂ ̄˼˺̅ ̌˷̇˷́̉˼̇̄̒ ˹̒̈̅́˿˼ 
˺˿˻̇˷˹̂˿̎˼̈́˿˼, ̅˸̑˼̃̄̒˼ ˿ ̃˼̌˷̄˿̎˼̈́˿˼ ̆̅-

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

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

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

̎˿̄̊ ˹̄˼̏̄˼˺̅ ˻˿˷̃˼̉̇˷ ̄˷̆̇˷˹̖̂̐̕˼˺̅ ˷̆̆˷-
̇˷̉˷ D4; ̅˸˼̈̆˼̎˿̉̓ ˹̅˾̃̅˽̄̅̈̉̓ ̊̈̉˷̄̅˹́˿ ˹̅ 

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

̆̅̈̂˼˻̊̐̕˼̃ ̄˷̆̅̇˷ ̄˷ 5 % ̆̅ ̈̇˷˹̄˼̄˿̕ ̈ 
̄˷̆̅̇̅̃, ˾˷˻˷̄̄̒̃ ̆̅ ˩˞. ˙̒̆̅̂̄˼̄˿˼ ̆̅-

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

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

(˧К) ˿ ̄˷̆̇˷˹̖̂̐̕˿̃ ˷̆̆˷̇˷̉̅̃ (ˤ˗) ˻̅ 3 % ˿ 

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

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

̈̅̃, ̇˷̈̈̎˿̉˷̄̄̒̃ ̄˷ ̆̅˹̒̏˼̄̄̒̀ ́̅̔̋̋˿-

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

̃˿ ˺˷˸˷̇˿̉˷̃˿ ̄˷̆̇˷˹̖̂̐̕˼˺̅ ˷̆̆˷̇˷̉˷ 

(D4/D2 = 1,2) ̆̇˿ ̈̅̌̇˷̄˼̄˿˿ ̉̇˼˸̅˹˷̄˿̀ ̄˷ 
˹̒̈̅́˿˼ ˺˿˻̇˷˹̂˿̎˼̈́˿˼ ́˷̎˼̈̉˹˷ ̈̉̊̆˼̄˿.  

ǘǧǭǾ ǲǢбоǴǽ – ̄˷̌̅˽˻˼̄˿˼ ̆̊̉˼̀ ̈̅˹˼̇-

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

̄̅̀ ̎˷̈̉˿ ̆̇˿ ˹̒̆̅̂̄˼̄˿˿ ̄˷̂̅˽˼̄̄̒̌ ́̅̄-

̈̉̇̊́̉˿˹̄̒̌ ̅˺̇˷̄˿̎˼̄˿̀. 

ǒǢǳǹǧǴǯǽǧ ǪǳǳǭǧǦоǤǢǯǪȁ 

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

ˣ̅˻˼̇̄˿˾˿̇̅˹˷̄̄̒̀ ̄˷̈̅̈ Цˤ˨ˤ 315 – 

126…630 [1] (ns
 = 71) ˹ ̇˷˸̅̎˼̀ ˾̅̄˼ ˿̃˼˼̉ К˦˛ 

(78–82) %, ̄˷ ̄̅̃˿̄˷̂̓̄̅̃ ̇˼˽˿̃˼ – 79 %. 

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

̆˷̈̉˼̀ ˧К ˿ ̂̅̆˷̉̅́ ̖̆̇̃̒̌ ˿ ̅˸̇˷̉̄̒̌ ́˷̄˷-
̂̅˹: Z˧К/Zˤ˗/Z˥К = 6/6/6. ˨˹˼˻˼̄˿̀ ̅ ̇˷˻˿˷̂̓-
̄̅̀ ̖̆̇̅̉˽˼̄̄̅̈̉˿ ̄˷̆̇˷˹̖̂̐̕˼˺̅ ˷̆̆˷̇˷̉˷ 
̄˼̉. ˤ˷̈̅̈ Цˤ˨̄ 315 [2] ̈ ns = 70 – ˿̃˼˼̉ ̅̉˹̅˻ 

́˷̄˷̂̓̄̒̀ ̈ ́̅̂̓̍˼˹̅̀ ˾̅̄̅̀ ̆˼̇˼˹̅˻˷ ̆̅̉̅́˷, 
К˦˛ ̈̉̊̆˼̄˿ – ˻̅ 80 %. ˤ˷̈̅̈ Цˤ˨ 200-2100 

[3] ̇˷˾̇˷˸̅̉˷̄ ̄˷ ˸˷˾˼ ̄˷̈̅̈˷ Цˤ˨ 180-1900. 

˛̖̂ ̆̅˹̒̏˼̄˿̖ ̄˷̆̅̇˷ ̈̉̊̆˼̄˿ ̆̇˿̃˼̄˼̄̒ 

˻˹̖̊̌̇̊̈̄̒˼ ˧К. ˤ˷̇̊˽̄̒̀ ˻˿˷̃˼̉̇ ˷̆̆˷̇˷̉˷ 
̅̈̉˷˹̂˼̄, ́˷́ ̊ ˿̈̌̅˻̄̅˺̅ ̄˷̈̅̈˷ Цˤ˨. ˦̇̅˼́-

̉˿̇̅˹˷̄˿˼ ˤ˗ ̅̈̊̐˼̈̉˹̂˼̄̅ ̄˷ ˸˷˾˼ ̄˷̈̅̈˷ 
Цˤ˨ 240-1900 ̈ ˿˾̃˼̄˼̄˿˼̃ ̆̂̅̐˷˻˿ ˹̌̅˻˷ ˹ 

˻˿̋̋̊˾̅̇̄̒˼ ́˷̄˷̂̒, К˦˛ ̅̈̉˷̖̂̈ ̉˷́˿̃ ˽˼, 
́˷́ ̊ ̄˷̈̅̈˷ Цˤ˨ 180-1900 – 76 %. Ц˼̂̓̕ ˿̈-
̈̂˼˻̅˹˷̄˿̖ [4] ˸̒̂˷ ̅̉̇˷˸̅̉́˷ ̆̇̅̉̅̎̄̅̀ ̎˷̈̉˿ 

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

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

̆̇˼̇̒˹˿̈̉̊̕ ̆˼̇˼˹̅˻̄̊̕ ˾̅̄̊, ˻̖̂ ̈̄˿˽˼̄˿̖ 

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

̍˿˼̄̉˷ ˸̒̈̉̇̅̌̅˻̄̅̈̉˿ ns = 70 ̂̊̎̏˿˼ ́˷̎˼̈̉˹˷ 
˷̆̆˷̇˷̉˷ ́˷̄˷̂̓̄̅˺̅ ̉˿̆˷ – ̆̇˿ D4/D2 = 1,4, 

̌̊˻̏˿˼ – ̆̇˿ D4/D2 = 1,22 (̄˷̏ ̈̂̊̎˷̀). ˙ ̇˷-
˸̅̉˼ [5] ̉˷́˽˼ ˿̈̈̂˼˻̊˼̖̉̈ ˹̅̆̇̅̈ ˹̅˾̃̅˽̄̅̈̉˿ 

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

̖̂̐̕˿̌ ˷̆̆˷̇˷̉̅˹ ̆̇̅̃˼˽̊̉̅̎̄̒̌ ̈̉̊̆˼̄˼̀ 

̃̄̅˺̅̈̉̊̆˼̄̎˷̉̒̌ ̄˷̈̅̈̅˹. ˧˷̈̈̃̅̉̇˼̄̒ ˷̆̆˷-
̇˷̉̒ ̈ ̆̇˼̇̒˹˿̈̉̅̀ ˾̅̄̅̀ ̆˼̇˼˹̅˻˷ ̆̅̉̅́˷. 
˙˷̇˿˷̄̉̒ ̈̅̅̉̄̅̏˼̄˿̖ ̎˿̈̂˷ ́˷̄˷̂̅˹ ˤ˗ ˿ 

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

˷̆̆˷̇˷̉˷ (˥ˤ˗) – Zˤ˗/Z˥ˤ˗: 9/9, 9/6, 12/9, 

16/16, 16/9. ˞̄˷̎˼̄˿̖ К˦˛ ̄˼ ̆̇˿˹˼˻˼̄̒. ˪̎˼̉ 
̆̇̅̈̉̇˷̄̈̉˹˼̄̄̅̈̉˿ ̉˼̎˼̄˿̖ ˹ ̇˷˸̅̉˼ [6] ˻˷̂ 

˹̅˾̃̅˽̄̅̈̉̓ ̆̅˹̒̈˿̉̓ ̄˷ 1–3 % К˦˛ ̃̄̅˺̅-

̈̉̊̆˼̄̎˷̉̅˺̅ ̄˷̈̅̈˷ ̈ ns = 70. ˗˸̈̅̂̉̄̅̕˼ ˾̄˷-
̎˼̄˿˼ К˦˛ ̄˼ ̆̇˿˹˼˻˼̄̅. ˦̇˿ ̆̇̅˼́̉˿̇̅˹˷̄˿˿ 

˹˷̇̓˿̇̅˹˷̂˿̈̓ ̆˷̇˷̃˼̉̇̒ b2/D2, K˹̌, R̆˻/D0, β̂1, 

β̂2. ˗̆̇̅˸˿̇̅˹˷̄˷ ˹̅˾̃̅˽̄̅̈̉̓ ̊˹˼̂˿̎˼̄˿̖ ̄˷-
̆̅̇˷ ̈̉̊̆˼̄˿ ˾˷ ̈̎˼̉ ̊̈̉˷̄̅˹́˿ ˹̉̅̇̅˺̅ ̖̇̊̈˷ 
̂̅̆˷̈̉˼̀ ˹ ˧К. ˣ˷́̈˿̃˷̂̓̄̅˼ ̆̅˹̒̏˼̄˿˼ ̄˷-
̆̅̇˷ ̈̅̈̉˷˹˿̂̅ 12 % ̆̇˿ ̆˷˻˼̄˿˿ К˦˛ ̄˷ 0,4 % 

̅̉̄̅̈˿̉˼̂̓̄̅ ˸˷˾̅˹̅̀ ́̅̄̈̉̇̊́̍˿˿ ̈ ̅˻̄̅-

̖̇̊̈̄̒̃ ˧К. ˙ ̇˷˸̅̉˼ [7] ˿̈̈̂˼˻̅˹˷̄ ˹˷̇˿˷̄̉ 
̄˷̈̅̈˷ ̈ ns = 40. ˧˷˾̇˷˸̅̉˷̄̄̒̀ ̈ ˿̈̆̅̂̓˾̅˹˷-
̄˿˼̃ ˨˗˦˧ Цˤ ̄˷̈̅̈ ˾˷ ̈̎˼̉ ̊˹˼̂˿̎˼̄̄̅˺̅ Z˧К 
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˿ ̊̃˼̄̓̏˼̄̄̅˺̅ ̅̉̄̅̏˼̄˿̖ b2/D2 ̄˼ ˿̃˼̂ ˾̅̄ 

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

̉˿̆˷: zˤ˗/z˥ˤ˗ = 10/10. ˦̅̂̊̎˼̄ ˹̒˿˺̇̒̏ 3,9 % 

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

˻˷. Ӥ̈̂˼˻̅˹˷̄̒ ˿ ̆̅̂̊̎˼̄̒ ̅̆̉˿̃˷̂̓̄̒˼ ˾̄˷-
̎˼̄˿̖ b2/D2 ˿ β̂2. ˞˷̆˿̂̅˹́˷ ˹̒̌̅˻̄̅̀ ́̇̅̃́˿ 

˧К ˻˷̂˷ +3 % ̆̅ ̄˷̆̅̇̊. ˙̒˿˺̇̒̏ ˾˷ ̈̎˼̉ 
̊̃˼̄̓̏˼̄˿̖ ̏˼̇̅̌̅˹˷̉̅̈̉˿ ̆̇̅̉̅̎̄̅̀ ̎˷̈̉˿ 

̃̅˽˼̉ ̈̅̈̉˷˹˿̉̓ ˻̅ 1 %. ˮ˿̈̂˼̄̄̅ ̅̆̇˼˻˼̂˼̄̅ 

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

K̈ ˻̖̂ ˤ˗. ˥˸̐˿̀ ˹̒˿˺̇̒̏ К˦˛ ̈̅̈̉˷˹˿̂ 5 %. 

˙ ̇˷˸̅̉˼ [8] ˿̈̆̅̂̓˾̅˹˷̄̅ ̈̅̅̉̄̅̏˼̄˿˼ 
Z˧К/Zˤ˗/Z˥К

 = 7/9/9. ˥̉˹̅˻ ́˷̄˷̂̓̄̅˺̅ ̉˿̆˷. 
˙ ̇˷˸̅̉˼ [9] Z˧К/Zˤ˗/Z˥ˤ˗ = 6/9/12. ˦˼̇˼˹̅˻ ̆̅-

̉̅́˷ ˿˾ ˤ˗ ˹ ˥ˤ˗ ̅̈̊̐˼̈̉˹̂˼̄ ̆̅ ̉̅̇̊. ˮ˿̈̂˼̄-

̄̅ ˿̈̈̂˼˻̅˹˷̄̒ ̈̉̊̆˼̄˿ ̈ ̏˿̇̅́˿̃ (b3/b2 = 1,5) 

˿ ̊˾́˿̃ (b3/b2 = 1,1) ̅̉˹̅˻˷̃˿. ˮ˿̈̂̅ ̂̅̆˷̉̅́ 

̄˷̆̇˷˹̖̂̐̕˼˺̅ ˷̆̆˷̇˷̉˷ – Zˤ˗ = 9. ˢ̅̆˷̉́˿ 

ˤ˗ ˿ ˥ˤ˗ – ̉̅̄́˿˼, ̂̅̆˷̉̅̎̄̅˺̅ ̉˿̆˷. К˦˛ 

̇˷̈̈̃̅̉̇˼̄̄̒̌ ˹˷̇˿˷̄̉̅˹ – 75,5 % ˿ 75,9 %, 

̔̉̅ ̄˿˾́˿˼ ˾̄˷̎˼̄˿̖. ˙ ̇˷˸̅̉˼ [10] ̇˷̈̈̃˷̉̇˿-

˹˷̖̉̈̕ ˹̅̆̇̅̈̒ ̈̅˾˻˷̄˿̖ ̄˷̈̅̈˷ Цˤ˨ 240-1422 

̈ ˤ˗, ˿̃˼̐̕˿̃ ̆̇˼̇̒˹˿̈̉̊̕ ˾̅̄̊ ̆˼̇˼˹̅˻˷ 
̆̅̉̅́˷. К˦˛ ̄˷̈̅̈˷ – 79 %. 

˦˼̇˼˻ ̆̇̅˹˼˻˼̄˿˼̃ ̇˷̈̎˼̉̅˹, ̄˼̅˸̌̅˻˿̃̒̌ 
˻̖̂ ̅̍˼̄́˿ ˿̈̌̅˻̄̅˺̅ ˿ ̆̇̅˼́̉˿̇̅˹˷̄˿̖ ̄̅˹̒̌ 
˹˷̇˿˷̄̉̅˹ ̆̇̅̉̅̎̄̅̀ ̎˷̈̉˿ ̄˷̈̅̈˷ Цˤ˨ 240-

2100 ̈ ́̅̔̋̋˿̍˿˼̄̉̅̃ ˸̒̈̉̇̅̌̅˻̄̅̈̉˿ ns = 72, 

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

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

̈˷̌ ̉˿̆˷ Цˤ˨. И̌ ̅̉̂˿̎˿̉˼̂̓̄̅̀ ̅̈̅˸˼̄̄̅-

̈̉̓̕ ̖˹̖̂˼̖̉̈ ̃˷̂̒̀ ̇˷˻˿˷̂̓̄̒̀ ˾˷˾̅̇ ̃˼˽˻̊ 
̇˷˸̅̎˿̃ ́̅̂˼̈̅̃ ˿ ̅̉˹̅˻̅̃ (̃˼̄˼˼ 1 %). ˣ˼̉̅-

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

̈̅˹ ˻˷̄̄̅˺̅ ̉˿̆˷. ˙˼̇˿̋˿́˷̍˿̖ ̃˷̉˼̃˷̉˿̎˼-
̈́̅̀ ̃̅˻˼̂˿ ̆̇̅˹̅˻˿̂˷̈̓ ̄˷ ˸˷˾˼ ̄˷̈̅̈˷ Цˤ˨ 

240-1525, ́̅̉̅̇̒̀ ̆̇˼˻̈̉˷˹̖̂˼̉ ̈̅˸̅̀ 12-

̉˿̈̉̊̆˼̄̎˷̉̒̀ ̍˼̄̉̇̅˸˼˽̄̒̀ ̄˷̈̅̈ ̈ ̈̂˼˻̊̕-

̐˿̃˿ ̆˷̇˷̃˼̉̇˷̃˿ ̄̅̃˿̄˷̂̓̄̅˺̅ ̇˼˽˿̃˷:  
n = 3000 ̅˸/̃˿̄; Q = 240 ̃3/̎; ǭ = 1525 ̃; η = 79 %; 

N = 1,2 ˣ˙̉; ns
 = 72. ˝˿˻́̅̉˼̂̓̄˷̖ ̃̅˻˼̂̓ ̆̇̅-

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

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

̂̅̈̓ ˹ ̆̇̅˺̇˷̃̃˼ ANSYS Meshing. ˧˷̈̎˼̉̄˷̖ 

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

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

̖̇̐̕˿̃˿ ̉̇˼˸̅˹˷̄˿̖̃ k- ̃̅˻˼̂˿ ̉̊̇˸̊̂˼̄̉-
̄̅̈̉˿. ˥˸̐˼˼ ́̅̂˿̎˼̈̉˹̅ ̔̂˼̃˼̄̉̅˹ ̇˷̈̎˼̉̄̅̀ 

̈˼̉́˿ ˹̈˼̀ ̆̇̅̉̅̎̄̅̀ ̎˷̈̉˿ ̈̅̈̉˷˹˿̂̅ 16 ̃̂̄. 

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

̎˷̈̉˿ ̄˷̈̅̈˷ ̅̈̊̐˼̈̉˹̖̖̂̂̈ ˹ ̆̇̅˺̇˷̃̃̄̅̃ 

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

˺̅ ̆̅˻̌̅˻̅˹. ˧˷̈̎˼̉̄̒˼ ˿ ̔́̈̆˼̇˿̃˼̄̉˷̂̓̄̒˼ 
̌˷̇˷́̉˼̇˿̈̉˿́˿ ̆̇˼˻̈̉˷˹̂˼̄̒ ̄˷ ̇˿̈. 1. 

˨̉˷̍˿̅̄˷̇̄̒̀ ̆̅˻̌̅˻ ˻˷̂ ̇˷̈̌̅˽˻˼̄˿˼ 
̇˷̈̎˼̉̄̅˺̅ ̄˷̆̅̇˷ ̈ ̔́̈̆˼̇˿̃˼̄̉̅̃ ̄˷ ̄̅̃˿-

̄˷̂̓̄̅̃ ̇˼˽˿̃˼ – 6 %, ̄˼̈̉˷̍˿̅̄˷̇̄̒̀ – ˹ 

̆̇˼˻˼̂˷̌ ̆̅˺̇˼̏̄̅̈̉˿ ˿˾̃˼̇˼̄˿̀ ̄˷̆̅̇˷ ̄˷-
̈̅̈˷. ˤ˷̈̅̈ Цˤ˨ 240-1525 ˿̃˼˼̉ ̃˷̂̊̕ ˹˼̂˿-

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

̖̂̐̕˿̃ ˷̆̆˷̇˷̉̅̃ (D3/D2
 = 1,013), ˿ ̈̉˷̍˿̅-

̄˷̇̄̒̀ ̆̅˻̌̅˻, ̅̎˼˹˿˻̄̅, ̄˼ ̆̅˾˹̖̅̂˼̉ ́˷̎˼-
̈̉˹˼̄̄̅ ̇˷˾̇˼̏˿̉̓ ̉˼̎˼̄˿˼ ˹ ̅˸̂˷̈̉˿ ̃˼˽˻̊ 
˧К ˿ ˤ˗, ̎̉̅ ̆̇˿˹̅˻˿̉ ́ ˹̒̈̅́̅̀ ̆̅˺̇˼̏̄̅-

̈̉˿ ̆̇˿ ̇˷̈̎˼̉˼ ̆˷̇˷̃˼̉̇̅˹ ̄˷̈̅̈˷. ˦̇˿ ̃˷̂̒̌ 
˾˷˾̅̇˷̌ ̃˼˽˻̊ ˧К ˿ ˤ˗ ̇˼́̅̃˼̄˻̊˼̖̉̈ ˿̈̆̅̂̓-

˾̅˹˷̉̓ ̄˼̈̉˷̍˿̅̄˷̇̄̒̀ ̆̅˻̌̅˻. 

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

̈̉˿ ˹ ˸˷˾̅˹̅̃ ˹˷̇˿˷̄̉˼ ̄˷̈̅̈˷ Цˤ˨ 240-2100 

˸̒̂ ˹̒̆̅̂̄˼̄ ˹ ̆̇̅˺̇˷̃̃̄̅̃ ́̅̃̆̂˼́̈˼ 
ANSYS CFX ̆̅ ̅̉̇˷˸̅̉˷̄̄̅̀ ˹̒̏˼ ̃˼̉̅˻˿́˼. 
˧˷̈̎˼̉ ̉˼̎˼̄˿̖ ˹̖̖̒̆̅̂̄̂̈ ˹ ̄˼̈̉˷̍˿̅̄˷̇̄̅̀ 

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

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

́̅̄̈̉̇̊́̍˿˿ ̄˷̈̅̈˷. Ӥ̌̅˻̄̒̀ ˹˷̇˿˷̄̉ ˿̃˼˼̉ 
16 ̈̉̊̆˼̄˼̀: D2 = 318 ̃̃; D0/D2 = 0,49;  

d˹̉/D2 = 0,3; b2/D2
 = 0,049; β̂2 = 33; z = 7;  

D3/D2 = 1,0063; b3/b2 = 1,29; Zˤ˗/Z˥ˤ˗ = 9/6. 

˧˷̈̎˼̉̄˷̖ ̌˷̇˷́̉˼̇˿̈̉˿́˷ ̄˷̈̅̈˷ ̆̇˼˻̈̉˷˹̂˼̄˷ 
̄˷ ̇˿̈. 2. ˥˸̑˼̃̄̒̀ ˿ ̃˼̌˷̄˿̎˼̈́˿̀ К˦˛ 

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

̆̇̅˺̇˷̃̃̒ «˨˗˦˧ Цˤ», ̇˷˾̇˷˸̅̉˷̄̄̅̀ ̄˷ 
́˷̋˼˻̇˼ ˺˿˻̇̅̃˷̏˿̄̅̈̉̇̅˼̄˿̖ ˨˦˸˦˪ [11]. 
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˧˿̈. 1. Э̄˼̇˺˼̉˿̎˼̈́˷̖ ̌˷̇˷́̉˼̇˿̈̉˿́˷ ̄˷̈̅̈˷ Цˤ˨ 240-1500 

Fig. 1. Performance characteristic of the pump CNS 240-1500. 
 

 
 

1 – ̄˷̆̅̇̄˷̖ ̌˷̇˷́̉˼̇˿̈̉˿́˷ ̈̉̊̆˼̄˿; 2 – К˦˛ ̆̅̂̄̒̀; ( ) – ̇˷˸̅̎˿̀ ˿̄̉˼̇˹˷̂  

˧˿c. 2. ˧˷̈̎˼̉̄̒˼ ̌˷̇˷́̉˼̇˿̈̉˿́˿ ˿̈̌̅˻̄̅˺̅ ˹˷̇˿˷̄̉˷ ̄˷̈̅̈˷ Цˤ˨ 240-2100 

Fig. 3. The numerical characteristics initial variant of the pump CNS 240-2100 
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a) 

б) 

 
 

˧˿̈. 3. ˦̖̅̂ ̈́̅̇̅̈̉˼̀ ˹ ̇˷˸̅̎˼̃ ́̅̂˼̈˼ ˿ ˻˿̋̋̊˾̅̇˼ 
(а – ˧К ˿ ˤ˗; ȁ – ˥ˤ˗). Q̄̅̃

 = 240 ̃3/̎; n = 3000 ̅˸/̃˿̄ 

Fig. 3. The field of velocity in the impeller and diffuser 

(a – the impeller; ȁ – return diffuser). Q̄̅̃
 = 240 m3/h; n = 3000 rpm 

 

˦˷̇˷̃˼̉̇̒ ̄˷̈̅̈˷ ̄˷ ̄̅̃˿̄˷̂̓̄̅̃ ̇˼˽˿̃˼ 
̇˷˸̅̉̒: Q = 240 ̃3/̎; n = 3000 ̅˸/̃˿̄; 

ǭ1
 = 130,7 ̃; ǭ = 16×ǭ1

 = 2091 ̃ (ǭ̉˾ = 2100 ̃); 

η̃˼̌ = 94,4 %; η̅˸ = 96,6 %; η˺˿˻̇ = 85,5 %; η = 77,9 %. 

˗̄˷̂˿˾˿̖̇̊ ̇˷̈̎˼̉̄̒˼ ̆˷̇˷̃˼̉̇̒ ̄˷ ̄̅̃˿-

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

˹̒˹̅˻, ̎̉̅ ̈̊̐˼̈̉˹̊̐̕˷̖ ̆̇̅̉̅̎̄˷̖ ̎˷̈̉̓ ̄˼ 
̅˸˼̈̆˼̎˿˹˷˼̉ η = 80 % – К˦˛, ̉̇˼˸̊˼̃̒̀ ̆̅ ˩˞. 

ˤ˷ ̇˿̈. 3 ̆̇˼˻̈̉˷˹̂˼̄̒ ̅̈̇˼˻̄˼̄̄̒˼ ̆̅ 

˹̇˼̃˼̄˿ ̖̆̅̂ ̈́̅̇̅̈̉˼̀ ˹ ̔̂˼̃˼̄̉˷̌ ̆̇̅̉̅̎-

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

̄̅̃ ̇˼˽˿̃˼. 



 

 

131 

Машиностроение

 
 

˧˿̈. 4. ˦˼̇˼˹̅˻̄̒˼ ˿ ̅˸̇˷̉̄̒˼ ́˷̄˷̂̒ ˣК˥ 

Fig. 4. Radial diffusers with return channels 

 

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

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

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

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

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

̄̅̃ ̄˷̆̇˷˹̂˼̄˿˿). ˙ ̈˹̖˾˿ ̈ ̔̉˿̃ ˸̒̂˿ ̆̇̅-

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

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

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

̍˿˿ ̔̉̅̀ ̈˿̂̒ ̄˷ ̅̈˿ Х ˿ Y. Э̉̅ ̈̉˷̂̅ ˹̅˾-
̃̅˽̄̒̃ ˸̂˷˺̅˻˷̖̇ ̉̅̃̊, ̎̉̅ ̇˷̈̎˼̉ ̉˼̎˼̄˿̖ 

˹̖˾́̅̀ ˽˿˻́̅̈̉˿ ˹ ̆̇̅̉̅̎̄̅̀ ̎˷̈̉˿ ̆̇̅˹̅-

˻˿̖̂̈ ˹ ̄˼̈̉˷̍˿̅̄˷̇̄̅̀ ̆̅̈̉˷̄̅˹́˼.  

˗̃̆̂˿̉̊˻˷ ́̅̂˼˸˷̄˿̀ ̈˿̂̒ ̈̅̈̉˷˹˿̂˷ 1000 

ˤ, ̎̉̅ ̃̅˽̄̅ ̅˸̖̑̈̄˿̉̓ ˸̂˿˾́˿̃ ̇˷̈̆̅̂̅-

˽˼̄˿˼̃ ̂̅̆˷̈̉̄̒̌ ̈˿̈̉˼̃ ˧К ˿ ˤ˗  

(D3/D2
 = 1,0063, ˾˷˾̅̇ – 0,63 %). ˦̇˿ ̇˷̈̎˼̉˼ 

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

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

̄˷̆̅̇˷ ǭ ˿ К˦˛ η. 

˨̄˷̎˷̂˷ ˸̒̂˷ ̈̆̇̅˼́̉˿̇̅˹˷̄˷ ̈̉̊̆˼̄̓ ̈ ̅̉-
˹̅˻̅̃ ́˷̄˷̂̓̄̅˺̅ ̉˿̆˷ (˹˷̇˿˷̄̉ 1). ˦̇̅˼́̉˿̇̅-

˹˷̄˿˼ ̂̅̆˷̈̉̄̅̀ ̈˿̈̉˼̃̒ ˧К ˹̖̒̆̅̂̄̂̅̈̓ ̈ 
˿̈̆̅̂̓˾̅˹˷̄˿˼̃ ̆̇̅˺̇˷̃̃̄̅˺̅ ́̅̃̆̂˼́̈˷ 
˨˗˦˧ ˢ˨ [11]. ˛˿˷̃˼̉̇ ˧К ˸̒̂ ̆̇˿̖̄̉ ̇˷˹̄̒̃ 

D2 = 316 ̃̃. ˦̅ ̆˼̇˹̒̃ ̇˼˾̊̂̓̉˷̉˷̃ ̇˷̈̎˼̉˷ 

̅˸̉˼́˷̄˿̖ ́̅̇̇˼́̉˿̇̅˹˷̖̂̈ ˻˿˷̃˼̉̇ D0 ˺̅̇̂̅-

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

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

̂˷̈̓ ̆̅ ̆̇˿̖̄̉̒̃ ̃˼̉̅˻˿́˷̃ ̈ ̆̅̈̂˼˻̊̐̕˼̀ ˼˼ 
́̅̇̇˼́̉˿̇̅˹́̅̀, ̎̉̅ ̆̅˾˹̖̅̂̂̅ ˿˾̃˼̖̄̉̓ ̇˷-
̈̎˼̉̄̒̀ ̄˷̆̅̇ ˧К ˿ ˾̄˷̎˼̄˿̖ ̃˿̄˿̃˷̂̓̄̒̌ 
̅̉̄̅̈˿̉˼̂̓̄̒̌ ̈́̅̇̅̈̉˼̀ ˹ ̃˼˽̂̅̆˷̈̉̄̒̌ ́˷̄˷-
̂˷̌. ˥̉˹̅˻ – ́˷̄˷̂̓̄̅˺̅ ̉˿̆˷ ̈ ̈̅̅̉̄̅̏˼̄˿̖̃˿ 

D3/D2 = 1,019, D4/D2 = 1,209 (̅̆̇˼˻˼̂˼̄̅ ˹̄̊̉-
̇˼̄̄˿̃ ˻˿˷̃˼̉̇̅̃ ́̅̇̆̊̈˷). ˥̉̄̅̈˿̉˼̂̓̄˷̖ 

̏˿̇˿̄˷ ˤ˗ – b3/b2 = 1,29. К̅̂˿̎˼̈̉˹̅ ̂̅̆˷-
̉̅́ – Z0 = 9. ˙˼̂˿̎˿̄˷ ̆̇̅̌̅˻̄̅˺̅ ̈˼̎˼̄˿̖ ˷̆-

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

̇˷̈̎˼̉̄̅˺̅ ˾̄˷̎˼̄˿̖ ̈́̅̇̅̈̉˿ ˹ ˺̅̇̂̅˹˿̄˼ ̅̉-
˹̅˻˷. ˥˸̇˷̉̄̒˼ ́˷̄˷̂̒ (˥К) ˿̃˼̉̕ ̆̇˷́̉˿̎˼-
̈́˿ ̖̆̅̈̉̅̄̄̅˼ ̈˼̎˼̄˿˼. ˙̒̌̅˻̄̅̀ ̊˺̅̂ ̂̅̆˷-
̉̅́ ̅˸̇˷̉̄̒̌ ́˷̄˷̂̅˹ ̃˼̄̓̏˼ 90, ̎̉̅ ̆̇˿˹̅-

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

̎˼̈́˿̀ К˦˛ ˧К ̈̂˼˻̊̐̕˼̀ ̈̉̊̆˼̄˿. ˞̅̄˷ ̆̅-

˹̅̇̅̉˷ ˿ ̅˸̇˷̉̄̒˼ ́˷̄˷̂̒ ̆̅̂̊̎˼̄̄̅˺̅ ̅̉˹̅˻˷ 
̆̇˿˹˼˻˼̄̒ ̄˷ ̇˿̈. 4. ˛̖̂ ̅́̅̄̎˷̉˼̂̓̄̅˺̅ ̊̉̅̎-

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

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

̆̇̅˺̇˷̃̃̄̅˺̅ ́̅̃̆̂˼́̈˷ ANSYS CFX 16.2. ˥̈-
̄̅˹̄̒˼ ̆˷̇˷̃˼̉̇̒ ˿ ̇˼˾̊̂̓̉˷̉̒ ̇˷̈̎˼̉̅˹ ̆̇˼˻-

̈̉˷˹̂˼̄̒ ˹ ̉˷˸̂. 1. 
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˩ ˷ ˸ ̂ ˿ ̍ ˷  1  

ВǢǲǪǢǯǴǽ ǳǴǵǱǧǯǧǫ ǯǢǳоǳǢ ǘǏǓ 240-2100 

T a b l e  1  

Variants of pump stages MSP 240-2100 

˙˷̇˿˷̄̉ ˩˿̆ ̅̉˹̅˻˷ D3/D2 D4/D2 ǭ η˚ η Fx, Fy 

Ӥ̌̅˻̄̒̀ К˷̄˷̂̓̄̅-̂̅̆˷̉̅̎̄̒̀ 1,0063 1,2 2091 0,855 0,78 1000 

1 К˷̄˷̂̓̄̒̀ 1,019 1,21 2046 0,865 0,78 – 

2 К˷̄˷̂̓̄̅-̂̅̆˷̉̅̎̄̒̀ 1,03 1,24 2110 0,877 0,8 400 

3 ˢ̅̆˷̉̅̎̄̒̀ 1,03 1,24 2192 0,897 0,817 300 

 

а)  ȁ)

 
 

˧˿̈. 5. ˢ̅̆˷̈̉̄˷̖ ̈˿̈̉˼̃˷ ̇˷˾̇˷˸̅̉˷̄̄̅˺̅ ˹˷̇˿˷̄̉˷ 2 ˧К (а)  ˿ ̅˸̇˷̉̄̅˺̅ ̄˷̆̇˷˹̖̂̐̕˼˺̅ ˷̆̆˷̇˷̉˷ (ȁ) 

Fig. 5. The hydraulic components of created variant 2: a – impeller, ȁ – return diffusers  

 

˦̅̈́̅̂̓́̊ ̆̇̅̉̅̎̄˷̖ ̎˷̈̉̓ ˹ ˹˷̇˿˷̄̉˼ 1 ̄˼ 
̅˸˼̈̆˼̎˿̂˷ ̉̇˼˸̊˼̃̒̀ ̆̅˹̒̏˼̄̄̒̀, ˸̅̂˼˼ 
80 %, К˦˛, ̉̅ ˸̒̂ ̈̆̇̅˼́̉˿̇̅˹˷̄ ˹˷̇˿˷̄̉ 2 

̆̇̅̃˼˽̊̉̅̎̄̅̀ ̈̉̊̆˼̄˿ ̈ ̅̉˹̅˻̅̃ ́˷̄˷̂̓̄̅-

̂̅̆˷̉̅̎̄̅˺̅ ̉˿̆˷. ˙ ́̅̄̈̉̇̊́̍˿̕ ̈̉̊̆˼̄˿ 

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

̇˷˻˿˷̂̓̄̒̀ ˾˷˾̅̇ D3/D2 (̈̃. ̉˷˸̂. 1) ̃˼˽˻̊ ̇˷-
˸̅̎˿̃ ́̅̂˼̈̅̃ ˿ ̄˷̆̇˷˹̖̂̐̕˿̃ ˷̆̆˷̇˷̉̅̃; 

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

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

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

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

̂˼̄˿̖ ˾˷ ˧К. ˥̈̄̅˹̄̒˼ ̆˷̇˷̃˼̉̇̒ ˹˷̇˿˷̄̉˷ 2 

̇˷˸̅̎˼˺̅ ́̅̂˼̈˷: D2 = 310 ̃̃; D0/D2 = 0,49; 

d˹̉/D2 = 0,3; b2/D2
 = 0,0677; β̂2 = 20; ̎˿̈̂̅ ̂̅-

̆˷̈̉˼̀ ̆˼̇˹̅˺̅ ˿ 2-˺̅ ̖̇̊̈̅˹ – z1/z2 = 7/14. ˤ˷ 
̇˿̈. 5, а ̆̇˼˻̈̉˷˹̂˼̄˷ ̂̅̆˷̈̉̄˷̖ ̈˿̈̉˼̃˷ ̇˷-
˸̅̎˼˺̅ ́̅̂˼̈˷ ̆̇̅̃˼˽̊̉̅̎̄̅̀ ̈̉̊̆˼̄˿ ̄˷̈̅̈˷. 
˧˷˾̇˷˸̅̉́˷ ̄˷̆̇˷˹̖̂̐̕˼˺̅ ˷̆̆˷̇˷̉˷ ̅̈̊̐˼̈̉-
˹̖̂̂˷̈̓ ̄˷ ̅̈̄̅˹˼ ˿̈̌̅˻̄̅˺̅ ˤ˗, ̆̇˼˻̊̈̃˷̉-
̇˿˹˷̂˷̈̓ ˹̅˾̃̅˽̄̅̈̉̓ ˼˺̅ ˿˾˺̅̉̅˹̂˼̄˿̖  

̈ ˿̈̆̅̂̓˾̅˹˷̄˿˼̃ ˿̃˼̐̕˿̖̌̈ ̏̉˷̃̆̅˹. ˙ ̄˷-
̆̇˷˹̖̂̐̕˼̃ ˷̆̆˷̇˷̉˼ ̊˹˼̂˿̎˼̄˷ ̏˿̇˿̄˷  
(b3/b2 = 1,29) ̈ ̍˼̂̓̕ ̈̄˿˽˼̄˿̖ ̅˸̐˼˺̅ ̊̇̅˹̖̄ 

̈́̅̇̅̈̉˼̀ ˹ ̄˼̃. ˥˸̇˷̉̄̒̀ ̄˷̆̇˷˹̖̂̐̕˿̀ 



 

 

133 

Машиностроение

˷̆̆˷̇˷̉ (̇˿̈. 5, ȁ) ˿̃˼̂ ̊˹˼̂˿̎˼̄̄̅˼ ̎˿̈̂̅ ̂̅-

̆˷̉̅́, ̊˺̂̒ ́̅̉̅̇̒̌ ˸̒̂˿ ̅̉́̅̇̇˼́̉˿̇̅˹˷̄̒ ̈ 

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

̈̉̇˷̄̈̉˹˷ ̆˷̇˷̃˼̉̇̅˹ (И˦˦) [12], ́̅̉̅̇̒̀ ˹ 

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

[13–18]. 

˦˷̇˷̃˼̉̇̒ ̄˷̈̅̈˷ ̄˷ ̄̅̃˿̄˷̂̓̄̅̃ ̇˼˽˿-

̃˼ ̇˷˸̅̉̒ (̈̃. ̉˷˸̂. 1): ǭ1
 = 131,88 ̃;  

ǭ = 16×ǭ̈̉̊̆
 = 2110 ̃ (H̉˾

 = 2100 ̃);  

η̃˼̌ = 94,37 %; η̅˸ = 96,56 %; η˺˿˻̇ = 87,69 %;  

η = 79,91 % (η̉˾ = 80 %). ˗̄˷̂˿˾˿̖̇̊ ̇˷̈̎˼̉̄̒˼ 
̆˷̇˷̃˼̉̇̒ ̄˷ ̄̅̃˿̄˷̂̓̄̅̃ ̇˼˽˿̃˼ ̇˷˸̅̉̒ 

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

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

̄˷̆̅̇ ̈ ˾˷̆˷̈̅̃ (ǭ = 2110 ̃, H̉˾
 = 2100 ̃) 

˿ ̉̇˼˸̊˼̃̒̀ К˦˛ – 80 %. ˧˷˾̇˷˸̅̉˷̄̄̒̀ ˹˷-
̇˿˷̄̉ 2 ̆̇̅̃˼˽̊̉̅̎̄̅̀ ̈̉̊̆˼̄˿ ̄˷̈̅̈˷ ̈ ̂̅-

̆˷̉̅̎̄̒̃ ̅̉˹̅˻̅̃ ˻˷̂ ̆̇˼˹̒̏˼̄˿˼ К˦˛ ̅̉-
̄̅̈˿̉˼̂̓̄̅ ˿̈̌̅˻̄̅˺̅ ˹˷̇˿˷̄̉˷ ̄˷ 2,2 %.  

˙ ˹˷̇˿˷̄̉˼ 2 ̂̅̆˷̈̉̄̅̀ ̈˿̈̉˼̃̒ ̊˻˷̂̅̈̓ 

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

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

̇̅̉̅̇. ˛̖̂ ˿̈̌̅˻̄̅˺̅ ˹˷̇˿˷̄̉˷ ̆̇̅̉̅̎- 

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

˺˷˼̉ 1100 ˤ, ˻̖̂ ̇˷˾̇˷˸̅̉˷̄̄̅˺̅ ˹˷̇˿˷̄̉˷ – 

400 ˤ. 

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

̄˼̀̏˼˺̅ ̆̅˹̒̏˼̄˿̖ К˦˛ ̈̉̊̆˼̄˿ ˸̒̂ ̈̆̇̅-

˼́̉˿̇̅˹˷̄ ˹˷̇˿˷̄̉ 3 ̆̇̅̉̅̎̄̅̀ ̎˷̈̉˿ ̈ ̂̅̆˷-
̉̅̎̄̒̃ ̅̉˹̅˻̅̃ (˿ ̖̆̇̃̅̀, ˿ ̅˸̇˷̉̄̒̀ ˷̆̆˷-
̇˷̉̒ – ̂̅̆˷̉̅̎̄̅˺̅ ̉˿̆˷). ˙ ˻˷̄̄̅̃ ˹˷̇˿˷̄̉˼ 
̆̇˼˻̊̈̃̅̉̇˼̄ ̊˹˼̂˿̎˼̄̄̒̀ ̇˷˻˿˷̂̓̄̒̀ ˾˷˾̅̇ 

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

̆˷̇˷̉̅̃ ́˷́ ̈ ̍˼̂̓̕ ˹̒̆̅̂̄˼̄˿̖ ̄˷̂̅˽˼̄̄̒̌ 

̅˺̇˷̄˿̎˼̄˿̀, ̉˷́ ˿ ˻̖̂ ̊̂̊̎̏˼̄˿̖ ˙˯ˬ ̄˷̈̅-

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

˥̈̄̅˹̄̒˼ ˺˼̅̃˼̉̇˿̎˼̈́˿˼ ̆˷̇˷̃˼̉̇̒ ̇˷˾-
̇˷˸̅̉˷̄̄̅˺̅ ̇˷˸̅̎˼˺̅ ́̅̂˼̈˷: D2 = 310 ̃̃; 

D0/D2 = 0,503; d˹̉/D2 = 0,3; b2/D2
 = 0,0677;  

β̂2 = 24; z = 9; D3/D2 = 1,039; b3/b2 = 1,095; 

Zˤ˗/Z˥ˤ˗ = 13/12. ˤ˷ ̇˿̈. 6, а – ̂̅̆˷̈̉̄˷̖ ̈˿̈-
̉˼̃˷ ̇˷˾̇˷˸̅̉˷̄̄̅˺̅ ˹˷̇˿˷̄̉˷ ̇˷˸̅̎˼˺̅ ́̅̂˼̈˷ 
̆̇̅̃˼˽̊̉̅̎̄̅̀ ̈̉̊̆˼̄˿ ̄˷̈̅̈˷. 

 
а)  ȁ)

 
 

˧˿̈. 6. ˢ̅̆˷̈̉̄˷̖ ̈˿̈̉˼̃˷ ̇˷˸̅̎˼˺̅ ́̅̂˼̈˷ (а) ˿ ̂̅̆˷̉́˿ ˤ˗ ˿ ˥ˤ˗ (ȁ) ̅̉˹̅˻˷ ̆̇̅̃˼˽̊̉̅̎̄̅̀ ̈̉̊̆˼̄˿  

(˹˷̇˿˷̄̉ 3) 

Fig. 6. Hydraulic components include of the impeller (а) and return diffusers (ȁ) of stage of the pump (variant 3) 
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˩ ˷ ˸ ̂ ˿ ̍ ˷  2  

ǎǢǴǲǪǸǢ ǪǳǳǭǧǦоǤǢǯǪȁ ǱǲоǳǴǲǢǯǳǴǤǢ ǱǢǲǢмǧǴǲоǤ (ǤǢǲǪǢǯǴ 3) 

T a b l e  2  

Matrix for the study of parameter space (variant 3) 

˙˷̇˿˷̄̉ ˤ˗ ˪˺̅̂ ˹̌̅˻˷ ˹ ˻˿̋̋̊˾̅̇ ˪˺̅̂ ˹̒̌̅˻˷ ˿˾ ˻˿̋̋̊˾̅̇˷ ˪˺̅̂ ˹̌̅˻˷ ˹ ˥ˤ˗ ˦̅̉˼̇˿ ˤ˗, ̃ 

1 9 15 30 11,5881 

2 9 15 20 9,26748 

3 9,5 12,5 25 11,8798 

4 8,5 17,5 15 9,56364 

5 9,75 13,75 12,5 6,98052 

6 8,75 18,75 22,5 13,8272 

7 9,25 16,25 17,5 9,95071 

8 8,25 11,25 27,5 19,6035 

9 9,875 10,625 16,25 13,1725 

10 8,875 15,625 26,25 12,0447 

11 9,375 18,125 11,25 10,9637 

12 8,375 13,125 21,25 13,176 

13 9,625 16,875 23,75 13,8799 

14 8,625 11,875 13,75 12,7626 

15 9,125 14,375 28,75 12,2484 

16 8,125 19,375 18,75 12,0811 

17 9,9375 14,6875 21,875 10,341 

18 8,9375 19,6875 11,875 11,3165 

19 9,4375 17,1875 26,875 14,6711 

20 8,4375 12,1875 16,875 13,8209 

21 9,6875 18,4375 19,375 14,1679 

 

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

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

̄̅˹́˿ ˹ ˿̃˼̐̕˿˼̖̈ ́̅̇̆̊̈̄̒˼ ˻˼̉˷̂˿. ˙ ̈˿̈-

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

ANSYS DesignModeler ˸̒̂˷ ̆̅̈̉̇̅˼̄˷ ̆˷̇˷-

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

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

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

̆̇˷˹̖̂̐̕˼˺̅ ˷̆̆˷̇˷̉˷ (̇˿̈. 6, ȁ). ˪˺̂̒ ̂̅̆˷-

̉̅́ ̄˷̆̇˷˹̖̂̐̕˼˺̅ ˷̆̆˷̇˷̉˷ (ˤ˗) ˿ ̂̅̆˷̉̅́ 

̅˸̇˷̉̄̅˺̅ ̄˷̆̇˷˹̖̂̐̕˼˺̅ ˷̆̆˷̇˷̉˷ 

(˥ˤ˗) ˸̒̂˿ ˹̒˸̇˷̄̒ ̆̊̉˼̃ ˷̄˷̂˿˾˷ ˾̄˷̎˼-

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

̈̂˼˻̅˹˷̄˿̖ ̆̇̅̈̉̇˷̄̈̉˹˷ ̆˷̇˷̃˼̉̇̅˹ [12] 

(̉˷˸̂. 2). ˨̅˺̂˷̈̅˹˷̄˿˼ ̊˺̂̅˹ ̂̅̆˷̉̅́ ˤ˗ ˿ 

˹̌̅˻̄̒̌ ̊˺̂̅˹ ̂̅̆˷̉̅́ ˥ˤ˗ ̆̅˾˹̅̂˿̂̅ ˾˷-

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

˻˼. ˢ̊̎̏˿̀ ˹˷̇˿˷̄̉ ̆̇˿˹˼˻˼̄ ˹ ̉˷˸̂. 2 – ̔̉̅ 

˹˷̇˿˷̄̉ 5.  
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˧˿̈. 7. ˧˷̈̎˼̉̄˷̖ ̅˸̂˷̈̉̓ ̈ ̆˼̇˼˹̅˻̄̒̃ ̊̈̉̇̅̀̈̉˹̅̃ 

Fig. 7. Domain with transfer pipelines 

 

˦˷̇˷̃˼̉̇̒ ̄˷̈̅̈˷ ̄˷ ̄̅̃˿̄˷̂̓̄̅̃ ̇˼˽˿-

̃˼ (̈̃. ̉˷˸̂. 1): ǭ1
 = 137 ̃; ǭ = 16×ǭ̈̉̊̆

 = 2192 ̃ 

(H̉˾
 = 2100 ̃); η̃˼̌ = 94,37 %; η̅˸ = 96,56 %; 

η˺˿˻̇ = 89,67 %; η = 81,71 % (η̉˾ = 80 %). ˗̄˷̂˿-

˾˿̖̇̊ ̇˷̈̎˼̉̄̒˼ ̆˷̇˷̃˼̉̇̒ ̄˷ ̄̅̃˿̄˷̂̓̄̅̃ 

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

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

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

̆̂˷˹̄̅̈̉˿ ̉˼̎˼̄˿̖. ˧˷˾̇˷˸̅̉˷̄̄̒̀ ˹˷̇˿˷̄̉ 
ˤ˗ (˹˷̇˿˷̄̉ 3) ˹ ̈̇˷˹̄˼̄˿˿ ̈ ˿̈̌̅˻̄̒̃ ˿̃˼˼̉ 
˸̅̂˼˼ ̄˿˾́˿˼ ̈́̅̇̅̈̉˿ ˹ ̅˸̂˷̈̉˿ ̆˼̇˼˹̅˻˷ ̆̅-

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

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

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

̍˼̂̅̃. ˙ ˹˷̇˿˷̄̉˼ ̈ ̅̉˹̅˻̅̃ ̂̅̆˷̉̅̎̄̅˺̅ ̉˿̆˷ 

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

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

̈˷̍˿˿ ̈˿̂̒ ˻̅̈̉˿˺˷˼̉ 1100 ˤ, ˻̖̂ ̇˷˾̇˷˸̅̉˷̄-

̄̅˺̅ ̂̅̆˷̉̅̎̄̅˺̅ ˹˷̇˿˷̄̉˷ 3 – ˻̅ 300 ˤ. 

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

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

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

̊̎̉˼̄̒ ˹ ̆̇˼˻̒˻̊̐˿̌ ̇˷̈̎˼̉˷̌. 

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

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

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

˹̂˿̖̄˿̖ ̄˷ ̆̅̂̄̒̀ К˦˛ ̄˷̈̅̈˷. И˾ ̄˼ ̊̎̉˼̄-

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

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

̇˷̈̎˼̉˷ ̆̅̉˼̇̓ ˹̅ ˹̈˼̌ ̔̂˼̃˼̄̉˷̌ ̆̇̅̉̅̎̄̅̀ 

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

̂˼̈ ˹ ̈̉̊̆˼̖̄̌ (8 + 8 = 16), ˸̒̂˷ ̆̅̈̉̇̅˼̄˷ ̆̇̅-

˺̄̅˾̄˷̖ ̔̄˼̇˺˼̉˿̎˼̈́˷̖ ̌˷̇˷́̉˼̇˿̈̉˿́˷ ̄˷̈̅̈˷, 
́̅̉̅̇˷̖ ̆̇˷́̉˿̎˼̈́˿ ̈̅˹̆˷̂˷ ̈ ̇˷̈̎˼̉̄̅̀ ̌˷-
̇˷́̉˼̇˿̈̉˿́̅̀ ̆̇̅̃˼˽̊̉̅̎̄̅̀ ̈̉̊̆˼̄˿ (̇˷̈-
̈̃˷̉̇˿˹˷̖̂̈ ̂̊̎̏˿̀ ˹˷̇˿˷̄̉ 3). ˦˷̇˷̃˼̉̇̒ 

̄˷̈̅̈˷ ̄˷ ̄̅̃˿̄˷̂̓̄̅̃ ̇˼˽˿̃˼ ̇˷˸̅̉̒ ̈̅̈̉˷-
˹˿̂˿: ǭ = 2100,7 ̃ (ǭ̉˾

 = 2100 ̃); η̃˼̌ = 93,86 %; 

η̅˸ = 96,56 %; η˺˿˻̇ = 90,05 %; η = 81,64 %  

(η̉˾ = 80 %). ˗̄˷̂˿˾˿̖̇̊ ̇˷̈̎˼̉̄̒˼ ̆˷̇˷̃˼̉̇̒ 

̄˷ ̄̅̃˿̄˷̂̓̄̅̃ ̇˼˽˿̃˼ ̇˷˸̅̉̒ ̄˷̈̅̈˷, ̃̅˽̄̅ 

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

̎˷̈̉̓ ̅˸˼̈̆˼̎˿˹˷˼̉ ̉̇˼˸̊˼̃̒̀ ̄˷̆̅̇ H̉˾
 = 2100 ̃ 

˿ ̉̇˼˸̊˼̃̒̀ К˦˛ – ̄˼ ̃˼̄̓̏˼ 80 %. 

ǉǢǬǭȀǹǧǯǪǧ 

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

̎˷̉̒̌ ̄˷̈̅̈̅˹ ̄˷ ˸˷˾˼ ̄˷̈̅̈˷ Цˤ˨ 240-1525. 
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˦̇̅˹˼˻˼̄̄˷̖ ˹˼̇˿̋˿́˷̍˿̖ ̆̅́˷˾˷̂˷ ̌̅̇̅̏˼˼ 
̈̅˺̂˷̈̅˹˷̄˿˼ ̇˷̈̎˼̉˷ ˿ ̔́̈̆˼̇˿̃˼̄̉˷. ˛̖̂ 

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

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

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

̈̉̊̆˼̄̎˷̉̒̌ ̄˷̈̅̈̅˹. 

2. ˮ˿̈̂˼̄̄̅˼ ˿̈̈̂˼˻̅˹˷̄˿˼ ˿̈̌̅˻̄̅̀ ̆̇̅-

̉̅̎̄̅̀ ̎˷̈̉˿ ̄˷̈̅̈˷ Цˤ˨ 240-2100 ̆̅́˷˾˷̂̅, 

̎̉̅ ̃˷́̈˿̃˷̂̓̄̒̀ К˦˛ ̆̇˿ ̄̅̃˿̄˷̂̓̄̅̃ 

̇˷̈̌̅˻˼ ̈̅̈̉˷˹̖̂˼̉ 78 %. 

3. ˨̊̐˼̈̉˹̊̐̕˿˼ ́̅̄̈̉̇̊́̍˿˿ ̄˷̈̅̈̅˹ 

̉˿̆˷ Цˤ˨ ˿̃˼̉̕ ˹ ̅̈̄̅˹̄̅̃ ˾̄˷̎˿̉˼̂̓̄̒̀ 

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

˾̊˼̃̒̀ ̅̉̄̅̏˼̄˿˼̃ ˻˿˷̃˼̉̇̅˹ D4/D2 ˹̆̂̅̉̓ 

˻̅ 1,4. ˩˷́˿˼ ̇˷˻˿˷̂̓̄̒˼ ̇˷˾̃˼̇̒ ̆̅˾˹̖̅̂̉̕ 
̅˸˼̈̆˼̎˿̉̓ ˸̂˷˺̅̆̇˿̖̉̄̅˼ ̉˼̎˼̄˿˼ ˿ ̌̅̇̅̏˿˼ 
˺˿˻̇˷˹̂˿̎˼̈́˿˼ ́˷̎˼̈̉˹˷ ̅̉˹̅˻˷. ˦̇˿ «˾˷˽˷-
̉̒̌» ̇˷˻˿˷̂̓̄̒̌ ˺˷˸˷̇˿̉˷̌ ˿ ̃˷̂̒̌ ̊˺̂˷̌ ̊̈̉˷-
̄̅˹́˿ ̂̅̆˷̉̅́ ̖̆̇̅̉˽˼̄̄̅̈̉̓ ˻˿̋̋̊˾̅̇̄̅̀ 

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

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

4. ˮ˿̈̂˼̄̄̒˼ ˿̈̈̂˼˻̅˹˷̄˿̖ ̉̇˼̌ ˹˷̇˿˷̄̉̅˹ 

̆̇̅̉̅̎̄̅̀ ̎˷̈̉˿ – 1) ̈ ̊˹˼̂˿̎˼̄̄̒̃ ˾˷˾̅̇̅̃ 

̃˼˽˻̊ ˧К ˿ ˤ˗, 2) ̇˷˸̅̎˿̃ ́̅̂˼̈̅̃ ̈ ̊̃˼̄̓-
̏˼̄̄̒̃ ˻˿˷̃˼̉̇̅̃, 3) ̅̉˹̅˻˷̃˿ ̈ ̊̃˼̄̓̏˼̄-

̄̒̃˿ ̇˷˻˿˷̂̓̄̒̃˿ ˺˷˸˷̇˿̉˷̃˿ – ̆̅́˷˾˷̂˿:  

˷) ̈̉̊̆˼̄̓ ̈ ̅̉˹̅˻̅̃ ́˷̄˷̂̓̄̅˺̅ ̉˿̆˷ (˹˷-
̇˿˷̄̉ 1) ˿̃˼˼̉ ̌̊˻̏˿˼ ˺˿˻̇˷˹̂˿̎˼̈́˿˼ ́˷̎˼̈̉-
˹˷ (78 %); 

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

́˷̄˷̂̓̄̅-̂̅̆˷̉̅̎̄̅˺̅ ̉˿̆˷ (˹˷̇˿˷̄̉ 2) ̈̇˼˻-

̄˿˼ ́˷̎˼̈̉˹˷ (80 %); 

˹) ̈̉̊̆˼̄̓ ̈ ̅̉˹̅˻̅̃ ̂̅̆˷̉̅̎̄̅˺̅ ̉˿̆˷ (˹˷-
̇˿˷̄̉ 3) ˻˼̃̅̄̈̉̇˿̇̊˼̉ ̂̊̎̏˿˼ ˺˿˻̇˷˹̂˿̎˼-
̈́˿˼ ́˷̎˼̈̉˹˷ (81,7 %). 

5. ˗̃̆̂˿̉̊˻˷ ̆̊̂̓̈˷̍˿̀ ̇˷˻˿˷̂̓̄̅̀ ̈˿̂̒ 

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

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

˾˷˾̅̇̅̃ ̃˼˽˻̊ ˧К ˿ ˤ˗. ˩˷́ ˻̖̂ ˿̈̌̅˻̄̅˺̅ ˹˷-
̇˿˷̄̉˷ ̆̇̅̉̅̎̄̅̀ ̎˷̈̉˿ ˷̃̆̂˿̉̊˻˷ ˻̅̈̉˿˺˷˼̉ 
1000 ˤ, ˻̖̂ ̇˷˾̇˷˸̅̉˷̄̄̒̌ ˹˷̇˿˷̄̉̅˹ ̈ ̊˹˼̂˿-

̎˼̄̄̒̃ ̇˷˻˿˷̂̓̄̒̃ ˾˷˾̅̇̅̃ 300–400 ˤ.  
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