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ЦЕНТРОБЕЖНЫХ КОМПРЕССОРОВ 

˦̇˼˻̈̉˷˹̂˼̄˷ ̅˸̅˸̐˼̄̄˷̖ ˿̄̋̅̇̃˷̍˿̖ ̅ ˹̅˾̃̅˽̄̒̌ ˹˿˻˷̌ ̆̇˼˻˹˷̇˿̉˼̂̓̄̅̀ ̅˸̇˷˸̅̉́˿ ˿̈̌̅˻̄̒̌ 
˻˷̄̄̒̌ ˿ ̔̋̋˼́̉˿˹̄̅̈̉˿ ̉˷́̅̀ ̅˸̇˷˸̅̉́˿ ˻̖̂ ̅˸̊̎˼̄˿̖ ̃̅˻˼̂˼̀, ̅̈̄̅˹˷̄̄̒̌ ̄˷ ̄˼̀̇̅̄̄̒̌ ̈˼̖̉̌. В 

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

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

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

˹ ˹̒˸̅̇́˼ ˿ ̄̅̇̃˷̂˿˾˷̍˿̖ ˿̈̌̅˻̄̒̌ ˻˷̄̄̒̌ ̆̅˾˹̅̂˿̂˿ ̆̅˹̒̈˿̉̓ ̉̅̎̄̅̈̉̓ ̃̅˻˼̂˿ ̄˷ 1,5 % ̆̅ ̈̇˷˹-

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

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

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

ǪȋȞȗȅвțȅ ȑȋȎва: ˿̈́̊̈̈̉˹˼̄̄̒˼ ̄˼̀̇̅̄̄̒˼ ̈˼̉˿, ̄˼̀̇̅̄̄̒˼ ̈˼̉˿, ̍˼̄̉̇̅˸˼˽̄̒̀ ́̅̃̆̇˼̈̈̅̇, ́̅̔̋̋˿-

̍˿˼̄̉ ̆̅̉˼̇̓, ́̅̔̋̋˿̍˿˼̄̉ ̉̇˼̄˿̖, К˦˛, ̄˷̆̅̇, ̆̇̅̃˼˽̊̉̅̎̄˷̖ ̈̉̊̆˼̄̓, ˸˼˾̂̅̆˷̉̅̎̄̒̀ ˻˿̋̋̊˾̅̇. 
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PREPARING EXPERIMENTAL DATA FOR NEURAL NETWORK MODELING 
OF CENTRIFUGAL COMPRESSOR PERFORMANCE 

The paper presents generalized information on possible methods for preliminary processing of initial data 

and the efficiency of these methods for training neural network models. Differentcombinations for 

processing the initial sample, as well as different types of activation functions and architecture of neural 

networkscan be selecteddepending on the simulation goals and the specifics of the subject area. The effi-

ciency of preliminary data processing has been established with neural network models of energy characte-

ristics of centrifugal compressors. Eliminating outliers in the experimental data and normalizing the initial 

data allowedto increase the accuracy of the model by 1,5 % compared with the model trained on non-

normalized data. The importance of processing and preparing data is confirmed by findings of foreign stu-

dies using data preprocessing to create neural network models in different subject areas. 
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ВǤǧǦǧǯǪǧ  

˦̇̅˼́̉˿̇̅˹˷̄˿˼ ˿ ̃̅˻˼̂˿̇̅˹˷̄˿˼ ̌˷̇˷́-

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

̃˿̇˷ [1–9], ̉˼̃ ̄˼ ̃˼̄˼˼ ˻̅ ̈˿̌ ̆̅̇ ̈̊̐˼̈̉˹̊-

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

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

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

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

˻̅̎̄̒̌ ˿̈̆̒̉˷̄˿̀ ́̅̃̆̇˼̈̈̅̇̄̅̀ ̉˼̌̄˿́˿; ˹ 

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

˿̄̋̅̇̃˷̍˿˿, ́̅̉̅̇̒̀ ̃̅˽̄̅ ̉˷́˽˼ ˿̈̆̅̂̓-

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

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

̈˷̂̓̄̒̀ ˷̆̆̇̅́̈˿̃˷̉̅̇ ̆̅˾˹̖̅̂̉̕ ̆̅̈̉̇̅˿̉̓ 

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

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

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

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

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

̄˼̀̇̅̄̄˷̖ ̈˼̉̓ ˹̖̒̆̅̂̄˼̉ ˷̆̆̇̅́̈˿̃˷̍˿̕ 

Y = f(X), ˺˻˼ X – ˹̌̅˻̄̅̀ ˹˼́̉̅̇, Y – ˹̒̌̅˻̄̅̀ 

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

̇̅̄̄̅̀ ̈˼̉̓̕. 

˦̇˿̃˼̄˼̄˿˼ ̄˼̀̇̅̄̄̒̌ ̈˼̉˼̀ ˻̖̂ ̃̅˻˼̂˿-

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

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

˺̅ К˦˛ ˿ ́̅̔̋̋˿̍˿˼̄̉˷ ̄˷̆̅̇˷ ̄˼ ̆̇˼˹̒̏˷˼̉ 
4 % ̆̅ ˹̈˼̃̊ ˻˿˷̆˷˾̅̄̊ ̇˷̈̌̅˻̅˹, ˷ ̄˷ ̅̆̉˿-

̃˷̂̓̄̒̌ ̇˼˽˿̃˷̌ ̄˼ ̆̇˼˹̒̏˷˼̉ 1 %. ˦̅̂̊̎˼-
̄̒ ̉˷́˽˼ ̄˼̀̇̅̈˼̉˼˹̒˼ ̃̅˻˼̂˿ ̊̈̂̅˹̄̅˺̅ ́̅-

̔̋̋˿̍˿˼̄̉˷ ̉̇˼̄˿̖ ˿ ́̅̔̋̋˿̍˿˼̄̉˷ ̆̅̉˼̇̓ 
˸˼˾̂̅̆˷̉̅̎̄̅˺̅ ˻˿̋̋̊˾̅̇˷ (˘ˢ˛), ˹ ́̅̉̅̇̒̌ 

̅̏˿˸́˷ ˷̆̆̇̅́̈˿̃˷̍˿˿ ̈̅̈̉˷˹˿̂˷ ̃˼̄˼˼ 3 % 

[11, 12]. 

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

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

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

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

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

̃̅˻˼̂˼̀.  

ǘǧǭǾ ǯǢǺǧǫ ǲǢбоǴǽ – ̅˸̅˸̐˿̉̓ ̄˷́̅̆̂˼̄-

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

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

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

̄̒̌ ˻̖̂ ̆̅˹̒̏˼̄˿̖ ̉̅̎̄̅̈̉˿ ̇˼˾̊̂̓̉˷̉̅˹ 

̄˼̀̇̅̈˼̉˼˹̅˺̅ ̃̅˻˼̂˿̇̅˹˷̄˿̖. 

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

́̅̉̅̇̊̕ ̅̄˿ ̈̋̅̇̃˿̇̅˹˷̂˿ ̔̃̆˿̇˿̎˼̈́˿. 

1. В̒˸̅̇ ˹̌̅˻̄̒̌ ̆˷̇˷̃˼̉̇̅˹, ˹́̂̎̕˷̕-

̐˿̀: 

˷) ̂̅˺˿́̊ ˿ ˷̄˷̂˿˾ ̆̇˼˻̃˼̉̄̅̀ ̅˸̂˷̈̉˿; 

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

̄˼̀̇̅̄̅˹; 

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

˺) ̆̅̅̎˼̇˼˻̄̅˼ ˿̈́̂̎̕˼̄˿˼ ˹̌̅˻̄̒̌ ̄˼̀-

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

̈˼̉˿. 

2. В̖̒˹̂˼̄˿˼ ́̅̄̋̂˿́̉̄̒̌ ̆̇˿̃˼̇̅˹. 

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

4. ˦̅˹̒̏˼̄˿˼ ́˷̎˼̈̉˹˷ ̅˸̊̎˼̄˿̖ ̄˼̀̇̅̄-

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

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

̈̂˼˻̅˹˷̄˿̖ ̅˸̊̎˷̐̕˿̌ ̆̇˿̃˼̇̅˹). 

5. В̖̒˹̂˼̄˿˼ ˹̒˸̇̅̈̅˹. 

6. ˤ̅̇̃˷̂˿˾˷̍˿̖ ˻˷̄̄̒̌. 
7. ˛̅˸˷˹̂˼̄˿˼ ̏̊̃˷ ˹ ̅˸̊̎˷̐̕˿˼ ̆̇˿̃˼̇̒. 

8. В̒˸̅̇ ̉˿̆̅˹ ̄˼̀̇̅̄̄̒̌ ̈˼̉˼̀ ˿ ˷́̉˿˹˷-
̍˿̅̄̄̒̌ ̋̊̄́̍˿̀. 

9. ˛˼́̅̃̆̅˾˿̍˿̖ ̈˼̉˿ ̆̅ ̎˿̈̂̊ ˹̒̌̅˻̄̒̌ 

̄˼̀̇̅̄̅˹. 

˥̈̉˷̄̅˹˿̖̃̈ ̆̅˻̇̅˸̄˼˼ ̄˷ ́˷˽˻̅̃ ̆̊̄́̉˼. 
˪̈̆˼̌ ̈̅˾˻˷̄˿̖ ̄˼̀̇̅̈˼̉˼˹̅̀ ̃̅˻˼̂˿ ˹̅ 

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

˽˼̂˷˼̃̒̃ ˹̒̌̅˻̄̒̃ ˹˼́̉̅̇̅̃ Y – ̍˼̂̓̕ 

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

̂̊̄̒ ̄˼̈̅̃̄˼̄̄̅ ˹̂˿̖̉̕ ̄˷ ˽˿˹̊̕ ̆̇˿̇̅˻̊, 

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

̅́˼˷̄̅˹. ˤ̅ ̅̎˼˹˿˻̄̅, ̎̉̅ ˻̖̂ ̅̆̇˼˻˼̂˼̄˿̖ 

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

˺̅ ́̅̃̆̇˼̈̈̅̇˷ ̔̉̅̉ ̆˷̇˷̃˼̉̇ ̄˼ ̄̊˽˼̄. ˜̈̂˿ 

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

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

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

̌̅˻̄̅˺̅ ˹˼́̉̅̇˷ Y. ˤ̅ ̄˼ ˹̈˼˺˻˷ ̂˼˺́̅ ̅̆̇˼˻˼-

̂˿̉̓, ́˷́˿˼ ̆˷̇˷̃˼̉̇̒ ̅́˷˽̖̊̉̈ ˾̄˷̎˿̃̒̃˿ 

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

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

˸̅̇́̊ ̂̊̎̏˼ ̈̅˸˿̇˷̉̓ ́˷́ ̃̅˽̄̅ ˸̅̂̓̏˼ ̆˷-

̇˷̃˼̉̇̅˹, ̄˼˾̄˷̎˿̉˼̂̓̄̅̈̉̓ ́̅̉̅̇̒̌ ̄˼̂̓˾̖ 

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

̈́˷˾˷̉̓. 

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

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

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

̃˼̉̇̒ ̃̅˽̄̅ ˹̖̒˹˿̉̓ ̄˼̈́̅̂̓́˿̃˿ ̈̆̅-

̈̅˸˷̃˿: 

ȑ ȏȎȌȎșȜȞ аȍаȋȈȇа ȇȍаȗȅȍȈȉ вȅȑȎвțȕ ȊȎȝȔ-

ȔȈȖȈȅȍȒȎв вȕȎȄȍțȕ ȍȅȉȐȎȍȎв. ˦̅̈́̅̂̓́̊ ̄˼̀-

̇̅̄̄̒˼ ̈˼̉˿ ̔̉̅ ̈˷̃̅̅˸̊̎˷̐̕˿˼̖̈ ̈˿̈̉˼̃̒, 

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

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

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

ȑ ȏȎȌȎșȜȞ вȎȇȌȓșȅȍȈȟ ȇȍаȗȅȍȈȉ вȕȎȄȍțȕ ȏа-

ȐаȌȅȒȐȎв Ȉ аȍаȋȈȇа ȐȅаȊȖȈȈ ȑȅȒȈ ȍа ȝȒȈ вȎȇȌȓ-

șȅȍȈȟ. ˦̅̈̂˼ ̅˸̊̎˼̄˿̖ ̄˼̀̇̅̄̄̅̀ ̈˼̉˿ ˿̈́̊̈-
̈̉˹˼̄̄̅ ̈̅˾˻˷˼̖̉̈ ˹̌̅˻̄̅̀ ˹˼́̉̅̇ X, ˹ ́̅̉̅̇̅̃ 

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

̄̒˼). ˜̈̂˿ ̈˼̉̓ ̄˼ ̇˼˷˺˿̇̊˼̉ ˿̂˿ ̈̂˷˸̅ ̇˼˷˺˿-

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

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

̄̅ ˸̊˻˼̉ ˿̈́̂̎̕˿̉̓ ˿˾ ˹̒˸̅̇́˿; 

ȑ ȏȎȌȎșȜȞ ȈȑȊȋȞȗȅȍȈȟ вȕȎȄȍțȕ ȍȅȉȐȎȍȎв Ȉ 

ȍаȁȋȞȄȅȍȈȟ ȇа ȎȘȈȁȊȎȉ ȎȁȎȁșȅȍȈȟ ȑȅȒȈ. ˜̈̂˿ 

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

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

̐˼̄˿̖, ̉̅ ̆˷̇˷̃˼̉̇, ́̅̉̅̇̒̀ ̈̅̅̉˹˼̉̈̉˹̊˼̉ 
̔̉̅̃̊ ̄˼̀̇̅̄̊, ̖˹̖̂˼̖̉̈ ˾̄˷̎˿̃̒̃. ˜̈̂˿ ˿̄˷-
̎˼ – ̆˷̇˷̃˼̉̇ ̄˼ ̖˹̖̂˼̖̉̈ ˾̄˷̎˿̃̒̃, ˿ ˹̆̅-

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

̎˷̐̕˼̀ ˹̒˸̅̇́˿. 

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

̆̇˷˹˿̂̅, ̊̂̊̎̏˷˼̖̉̈ ˹̈̂˼˻̈̉˹˿˼ ̈̄˿˽˼̄˿̖ ˼˼ 
̇˷˾̃˼̇̄̅̈̉˿ ˿ ̈̂̅˽̄̅̈̉˿. ˤ̅ ˹˷˽̄̅ ̆̅̃̄˿̉̓, 

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

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

̃˼̏˷̉̓ ˹̖̒˹˿̉̓ ˾˷́̅̄̅̃˼̇̄̅̈̉˿ ˹ ́̅̄́̇˼̉̄̅̀ 

˾˷˻˷̎˼. К̇̅̃˼ ̉̅˺̅, ̔̉̅ ̃̅˽˼̉ ̆̅˹̂˼̎̓ ˾˷ ̈̅-

˸̅̀ ˹̅˾̄˿́̄̅˹˼̄˿˼ ȊȎȍȔȋȈȊȒȍțȕ (ȏȐȎȒȈвȎȐȅ-

ȗȈвțȕ) ȏȐȈȌȅȐȎв.  

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

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

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

̇˷̈̎˼̉˼ ̌˷̇˷́̉˼̇˿̈̉˿́ ́̅̃̆̇˼̈̈̅̇˷, ̉̅ ̃̅˽˼̉ 
̈̂̅˽˿̖̉̓̈ ̈˿̉̊˷̍˿̖, ́̅˺˻˷ ̄˼̀̇̅̄̄˷̖ ̈˼̉̓ ˸̊˻˼̉ 
˹̒̎˿̖̈̂̉̓ ̅˸̑˼̃̄̒̀ ̇˷̈̌̅˻ 2 2

˹̉( )ȍ ȍ ȍV u r r     

̆̅ ˻˹̊̃ ̆˷̇˷̃˼̉̇˷̃: ́̅̔̋̋˿̍˿˼̄̉̊ ̇˷̈̌̅˻˷ φ̄ 
˿ ̅́̇̊˽̄̅̀ ̈́̅̇̅̈̉˿ ̄˷ ̄˷̇̊˽̄̅̃ ̇˷˻˿̊̈˼ 
̂̅̆˷̉́˿ ū. ˦̅̈̂˼ ̅˸̊̎˼̄˿̖ ̄˷ ̆˷̇˼ ˻˷̄̄̒̌, 

̄˷̆̇˿̃˼̇ 44 = 16 ˿ 44 = 24, ̄˼̀̇̅̄̄˷̖ ̈˼̉̓ 
̊̈̇˼˻̄˿̉ ˹˹˼˻˼̄̄̒˼ ˾̄˷̎˼̄˿̖ ˿ ̊̈˹̅˿̉, ̎̉̅ 

˼̈̂˿ ̆̅˻˷˼̖̉̈ ̆̇˿̃˼̇ 44, ̉̅ ̅̉˹˼̉ – 44 = 20. 

˦̅˺̇˼̏̄̅̈̉̓ ̅˸̊̎˼̄˿̖ ̆̇˿ ̔̉̅̃ ̈̅̈̉˷˹˿̉ 
20 16

100 % 25 %
16

.L


     ˟ ˿˾-˾˷ ̅̏˿˸̅̎̄̅ 

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

̃˼̉̅˻̒ ̅˸̊̎˼̄˿̖ ̄˼ ̆̇˿̃˼̖̄̂˿.  

ˤ˷̂˿̎˿˼ ́̅̄̋̂˿́̉̄̒̌ ̆̇˿̃˼̇̅˹ ˹ ̅˸̊-

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

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

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

˾̄˷̎˼̄˿̖ ̆˷̇˷̃˼̉̇̅˹ «˹̂˷˽̄̅̈̉̓», «̅̈˷˻́˿». 
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˥̉̇˿̍˷̉˼̂̓̄̒˼ ˾̄˷̎˼̄˿̖ ̆˷̇˷̃˼̉̇˷ «̉˼̃̆˼̇˷-
̉̊̇˷» ̄˼ ˹̈˼˺˻˷ ˸̊˻̊̉ ̈̅̅̉˹˼̉̈̉˹̅˹˷̉̓ ̖̈̅̈̉̅-

̄˿̕ «˺̅̂̅̂˼˻» ̄˷ ˻̅̇̅˺˷̌. ˦̅˿̈́, ˹̒˸̅̇ ˿ ˻̅-

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

˿ ̊̃˼̄̓̏˿̉̓ ˹˼̖̇̅̉̄̅̈̉̓ ˹̅˾̄˿́̄̅˹˼̄˿̖ 

́̅̄̋̂˿́̉̄̒̌ ̆̇˿̃˼̇̅˹. 

˛̖̂ ̊̈̆˼̏̄̅˺̅ ̃̅˻˼̂˿̇̅˹˷̄˿̖ ̈ ̆̅̃̅̐̓̕ 

̄˼̀̇̅̄̄̒̌ ̈˼̉˼̀ ˹˷˽̄̅ ̅˸˼̈̆˼̎˿̉̓ ȍȅȎȁȕȎȄȈ-

ȌȎȅ ȊȎȋȈȗȅȑȒвȎ ȎȁȓȗаȞșȈȕ ȏȐȈȌȅȐȎв. ˥̉̎˷̈̉˿ 

́̅̄̍˼̆̍˿̖ «̎˼̃ ˸̅̂̓̏˼, ̉˼̃ ̂̊̎̏˼» ˹˼̇̄˷, ̄̅ 

˹˷˽̄̅ ̆̅̃̄˿̉̓, ̎̉̅ ́̅̂˿̎˼̈̉˹̅ ̆̇˿̃˼̇̅˹ 

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

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

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

̈˼̉˿. В [13] ̆̇˿˹˼˻˼̄˷ ̋̅̇̃̊̂˷, ̈ ̆̅̃̅̐̓̕ 

́̅̉̅̇̅̀ ̃̅˽̄̅ ̅̆̇˼˻˼̂˿̉̓ ̅˸̑˼̃ ̅˸̊̎˷̐̕˼̀ 

˹̒˸̅̇́˿: 

 Q = 7Nx+15, 

˺˻˼ Nx – ́̅̂˿̎˼̈̉˹̅ ˹̌̅˻̄̒̌ ̆˷̇˷̃˼̉̇̅˹ ̄˼̀-

̇̅̈˼̉˼˹̅̀ ̃̅˻˼̂˿; Q – ́̅̂˿̎˼̈̉˹̅ ̆̇˿̃˼̇̅˹ 

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

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

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

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

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

˹̒˸̅̇́̅̀. 

К˷́ ́ ̅˻̄̅̃̊ ˿˾ ̈̆̅̈̅˸̅˹ ̃̅˽̄̅ ̆̇˿˸˼˺-
̄̊̉̓ ́ ȌȍȎȃȎȊȐаȒȍȎȉ ȏȅȐȅȊȐȅȑȒȍȎȉ ȏȐȎвȅȐȊȅ 

(multifold cross-validation). ˩˷́˽˼ ̈ ̆̇̅˸̂˼̃̅̀ 

̃˷̂̅̀ ˹̒˸̅̇́˿ ̃̅˽̄̅ ̈̆̇˷˹˿̖̉̓̈ ̆̊̉˼̃ 

ȊȐаȒȍȎȃȎ ȏȎвȒȎȐȅȍȈȟ ȈȑȕȎȄȍȎȉ вțȁȎȐȊȈ, ̆̅˻˷-
˹˷˼̃̅̀ ̄˷ ˹̌̅˻ ̄˼̀̇̅̄̄̅̀ ̈˼̉˿, [14, 15] ˿ ˿˾-
̃˼̖̖̄ ȏȎȐȟȄȎȊ ȑȋȅȄȎваȍȈȟ ȎȁȓȗаȞșȈȕ ȏȐȈȌȅȐȎв. 

˥˸̊̎˷̐̕˿˼ ̆̇˿̃˼̇̒ ̆̅˻˷̖̉̈̕ ˹ ̄˼̀̇̅̄̄̊̕ 

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

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

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

̂̅́˷̂̓̄̒˼ ̔́̈̉̇˼̃̊̃̒. 

ǨȑȊȋȞȗȅȍȈȅ вțȁȐȎȑȎв в вțȁȎȐȊȅ ̆̅̃̅˽˼̉ 
̊˹˼̂˿̎˿̉̓ ̉̅̎̄̅̈̉̓ ̄˼̀̇̅̈˼̉˼˹̅̀ ̃̅˻˼̂˿ ˼̐˼ 
˻̅ ˼˼ ̈̅˾˻˷̄˿̖. ˞˷ ˹̒˸̇̅̈̒ ˹ ˿̈̌̅˻̄̅̀ ˹̒˸̅̇-

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

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

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

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

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

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

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

˹˷˼̃̅̀ ̆̇˼˻̃˼̉̄̅̀ ̅˸̂˷̈̉˿. 

˦̇˿̈̊̉̈̉˹˿˼ ˹̒˸̇̅̈̅˹ ̅̉̇˿̍˷̉˼̂̓̄̅ 

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

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

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

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

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

̈̉˼̀̏˿̌ ̈̂̊̎˷̖̌ ˹̒˸̇̅̈̒ ̃̅˽̄̅ ̅˸̄˷̇̊˽˿̉̓ 

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

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

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

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

̆̅̂̓˾̅˹˷̄˿̕ ̆̇̅̈̉˼̀̏˿̌ ̄˼̀̇̅̄̄̒̌ ̈˼̉˼̀ ̈ 

̃˿̄˿̃˷̂̓̄̒̃ ́̅̂˿̎˼̈̉˹̅̃ ̄˼̀̇̅̄̅˹ ˹ ̈́̇̒-

̉̅̃ ̈̂̅˼. ˤ˷̆̇˿̃˼̇, ̆˼̇̈˼̆̉̇̅̄ ̆̂̅̌̅ ̅˸̊̎˷-

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

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

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

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

̎˿̉˼̂̓̄̅ ̊̃˼̄̓̏˷̖̉̓̈, ̄˼ ̈̅̅̉˹˼̉̈̉˹̊̉̕ ̅˸-

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

˥˻̄˷́̅ ˹ ̈̂̊̎˷˼ ˸̅̂̓̏̅˺̅ ̅˸̑˼̃˷ ˹̒˸̅̇-

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

˸̇̅̈̅˹ [16]. 

ˤ˼̀̇̅̄̄˷̖ ̈˼̉̓ ̈̆̅̈̅˸̄˷ ̅˸̇˷˸˷̉̒˹˷̉̓ 

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

̇˷˸̅̉˷̉̓ ́˷̎˼̈̉˹˼̄̄̒˼ ˻˷̄̄̒˼ (̄˷̆̇˿̃˼̇, ̈˷-
̃̅̎̊˹̈̉˹˿˼ – «̆̂̅̌̅», «̄̅̇̃˷̂̓̄̅», «̌̅̇̅-

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

˹̅̃ ˹˿˻˼ (̈̅̅̉˹˼̉̈̉˹˼̄̄̅: «̆̂̅̌̅» – 1, «̄̅̇-

̃˷̂̓̄̅» – 2, «̌̅̇̅̏̅» – 3). ˟̄̋̅̇̃˷̍˿̕, 
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̆̇˿˺̅̉̅˹̂˼̄̄̊̕ ˻̖̂ ̄˼̀̇̅̈˼̉˼˹̅̀ ̅˸̇˷˸̅̉́˿, 

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

˿̌ ˿̄̉˼̇˹˷̂̅̃ (̄˷̆̇˿̃˼̇, [0, 1]). ˤ̅̇̃˷̂˿˾̊-

̉̕ ˹̌̅˻̄̒˼ ˿ ˹̒̌̅˻̄̒˼ ̈˿˺̄˷̂̒. В˷˽̄̅ ̆̇˿ 

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

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

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

̅̆˿̈˷̄ ˹ ̇˷˸̅̉˷̌ [13, 22–24]. 

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

̆̅˿̈́˼ ̈̆̅̈̅˸̅˹ ̆̅˹̒̏˼̄˿̖ ̉̅̎̄̅̈̉˿ ̃̅˻˼̂˿ 

̃̅˽˼̉ ˸̒̉̓ ˷́̉̊˷̂̓̄̒̃ ȄȎȁавȋȅȍȈȅ ȘȓȌа в Ȏȁȓ-

ȗаȞșȈȅ ȏȐȈȌȅȐț. Э̉̅ ̆̅˾˹̅̂˿̉ ̊̂̊̎̏˿̉̓ 

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

̆̊̈̉˿̃̒̌ ̆̇˼˻˼̂˷̌. ˤ̅ ̔̉̅̉ ̈̆̅̈̅˸ ̂̊̎̏˼ 
̆̇˿̃˼̖̄̉̓ ̆̇˿ ˸̅̂̓̏̅̃ ̅˸̑˼̃˼ ̅˸̊̎˷̐̕˿̌ 

̃̄̅˽˼̈̉˹ (˸̅̂˼˼ 300 ̔̂˼̃˼̄̉̅˹), ̎̉̅˸̒ ̄˼̀-

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

̄̒̌ ̆̇˿̃˼̇˷̌. 

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

̌̅˻˿̃̅ ̇˼̏˿̉̓ ̈ ̆̅̃̅̐̓̕ ̄˼̀̇̅̈˼̉˼˹̅˺̅ ̃̅-

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

̈˼̉˿. ˩˷́, ˻̖̂ ˷̆̆̇̅́̈˿̃˷̍˿˿ ̋̊̄́̍˿̀ ̌̅̇̅-

̏̅ ̆̅˻̌̅˻̖̉ ̄˼̀̇̅̄̄̒˼ ̈˼̉˿ ̆˼̇̈˼̆̉̇̅̄̄̅˺̅ 

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

˿˾̅˸̇˷˽˼̄˿̀ ̎˷̐˼ ˿̈̆̅̂̓˾̊̉̕ ̈˹ё̇̉̅̎̄̒˼ 
̄˼̀̇̅̄̄̒˼ ̈˼̉˿ [17–19]. 

˛̖̂ ̆̅˹̒̏˼̄˿̖ ̉̅̎̄̅̈̉˿ ̄˼̀̇̅̈˼̉˼˹̅̀ 

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

̄̅ ̉˷́˽˼ ˿̈̈̂˼˻̅˹˷̉̓ ˹̅̆̇̅̈ вțȁȎȐа аȊȒȈваȖȈ-

Ȏȍȍțȕ ȔȓȍȊȖȈȉ ȍȅȉȐȎȍȎв. ˞˷̎˷̈̉̊̕ ̇˼́̅̃˼̄˻̊-

̉̕ ˸̇˷̉̓ ̄˼̈˿̃̃˼̉̇˿̎̄̒˼, ˻˿̋̋˼̇˼̄̍˿̇̊˼-
̃̒˼ ̋̊̄́̍˿˿ (̄˷̆̇˿̃˼̇, ̉˷́˿˼, ́˷́ ̂̅˺˿̎˼-
̈́˷̖ ̈˿˺̃̅˿˻˷, ˺˿̆˼̇˸̅̂˿̎˼̈́˿̀ ̉˷̄˺˼̄̈). ˤ̅ 

˹ ̄˼́̅̉̅̇̒̌ ̈̂̊̎˷̖̌ ̃̅˽˼̉ ̅́˾˷˷̖̉̓̈, ̎̉̅ ˹ 

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

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

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

˹˷̄˿̖ [20, 21]. 

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

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

˿̈̆̅̂̓˾̅˹˷̉̓ ȄȅȊȎȌȏȎȇȈȖȈȞ ȑȅȒȈ ȏȎ ȗȈȑȋȓ вț-

ȕȎȄȍțȕ ȍȅȉȐȎȍȎв. ˩̅ ˼̈̉̓ ˹̃˼̈̉̅ ̄˼̀̇̅̄̄̅̀ ̈˼-
̉˿ ̈ 5 ˹̌̅˻˷̃˿ ˿ 3 ˹̒̌̅˻˷̃˿ ̈̅˾˻˷̉̓ 3 ̄˼̀̇̅̈˼-
̉˿ ̈ 5 ˹̌̅˻˷̃˿ ˿ 1 ˹̒̌̅˻̅̃. ˩˷́̅̀ ̆̇˿˼̃ ̆̅-

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

̇̅˹˷̄˿̖ ˹̒̌̅˻̄̒̌ ̆˷̇˷̃˼̉̇̅˹. К˷˽˻̒̀ ̄˼̀-

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

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

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

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

̃˿˾˷̍˿˿ ̅̏˿˸́˿ ˿̃˼̄̄̅ ˻̖̂ ̄˼˼.  

ǒǢǳǹǧǴǯоǧ ǪǳǳǭǧǦоǤǢǯǪǧ 

˧˷̈̈̃̅̉̇˿̃ ̅̆̒̉ ̆̇˿̃˼̄˼̄˿̖ ̃̄̅˺̅̈̂̅̀-

̄̅˺̅ ̆˼̇̈˼̆̉̇̅̄˷ ̄˷ ̆̇˿̃˼̇˷̌ ̆̅̈̉̇̅˼̄˿̖ ˻̖̂ 

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

˼˺̅ ˸˼˾̂̅̆˷̉̅̎̄̅̃ ˻˿̋̋̊˾̅̇˼ (˘ˢ˛) ˿ ̔̄˼̇˺˼-
̉˿̎˼̈́˿̌ ̌˷̇˷́̉˼̇˿̈̉˿́ ̆̇̅̃˼˽̊̉̅̎̄̅̀ ̈̉̊-

̆˼̄˿. 

ˤ˼̀̇̅̈˼̉˼˹̒˼ ̃̅˻˼̂˿ ̊̈̂̅˹̄̅˺̅ ́̅̔̋̋˿-

̍˿˼̄̉˷ ̉̇˼̄˿̖ λ̊̈̂ ˿ ́̅̔̋̋˿̍˿˼̄̉˷ ̆̅̉˼̇̓ ʜ ˹ 

˘ˢ˛ ̈̅˾˻˷̄̒ ̄˷ ̅̈̄̅˹˼ ˹̒˸̅̇́˿ ˿˾ 308 ˹˼́̉̅-

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

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

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

˪ ˹̈˼̌ ̈̋̅̇̃˿̇̅˹˷̄̄̒̌ ˾˷˹˿̈˿̃̅̈̉˼̀ 

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

̉˷ – ˻̖̂ ̆˷̇˷̃˼̉̇˷ b2/D2. ˩˷́˿̃ ̅˸̇˷˾̅̃, 

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

̄̅˺̅ ́̅̔̋̋˿̍˿˼̄̉˷ ̉̇˼̄˿̖ ̄˷˿˸̅̂̓̏˼˼ 

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

˘ˢ˛ – b2/D2.  
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ǓǲǧǦǯǪǧ ǩǯǢǹǧǯǪя ǤǧǳоǤ Ǥ моǦǧǭях ǱоǴǧǲǾ Ǥ ǃǍД 

Average values of weights in loss-efficiency model of the vaneless diffuser 

˥˸̅˸̐˼̄̄̒˼ ˹˿˻̒  

˷̄˷̂˿˾˿̇̊˼̃̒̌ ̃̅˻˼̂˼̀ 

˘ˢ˛ 

˨̇˼˻̄˼˼ ˾̄˷̎˼̄˿˼ ˹˼̈̅˹ ̆̅ ˹̈˼̃ ̎˼̉̒̇˼̃ ̄˼̀̇̅̄˷̃ ˻̖̂ ̆˷̇˷̃˼̉̇˷
Rec2 – ̎˿̈̂̅ 

˧˼̀̄̅̂̓˻̈˷ Mc2 – ̎˿̈̂̅ ˣ˷̌˷ b2/D2 – ̅̉̄̅̈˿̉˼̂̓̄˷̖ 

̏˿̇˿̄˷ ˘ˢ˛ 

ʗ2 – ̊˺̅̂ ̆̅̉̅́˷ 
̄˷ ˹̌̅˻˼

2
2 2

2

, , c

b
f M

D

    
 

 
_ 4,62 4,99 3,66

2
2 2 2

2

, , ,Rec c

b
f M

D

    
 

2,57 2,08 3,39 2,22

2
2 2

2

, , c

b
f M

D

    
 

 
_ 2,99 5,39 2,13

2
2 2 2

2

, , ,Rec c

b
f M

D

    
 

2,27 1,97 4,17 1,44

 

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

̇̒˼ ˸̒̂˷ ̆̇˿̅˸̇˼̉˼̄˷ ̊ ́̅̃̆˷̄˿˿ «Dress-

er&Clark», ˷ ̉˷́˽˼ ̄˷ ̇˼˾̊̂̓̉˷̉˷̌ ̔́̈̆˼̇˿̃˼̄-

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

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

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

˸̅̇́˷ ̈̅̈̉˷˹˿̂˷ 567 ˹˼́̉̅̇̅  ˹ ̆  ̅ 32 ̆˷̇˷̃˼̉̇˷. 
˥˸̅˸̐˼̄̄̒˼ ˾˷˹˿̈˿̃̅̈̉˿ ̆̅̂˿̉̇̅̆̄̅˺  ̅К˦  ̨˿ 

́̅̔̋̋˿̍˿˼̄̉˷ ̄˷̆̅̇˷ ˿̃˼̂˿ ˹˿  ˻ʝ = f(˫, Mu, G) ˿ 

ψ = f(˫, Mu, G), ˺˻˼  ˫– ̊̈̂̅˹̄̒  ̀́̅̔̋̋˿̍˿˼̄̉ 
̇˷̈̌̅˻˷, Mu – ̊̈̂̅˹̄̅˼ ̎˿̈̂  ̅ˣ˷̌˷, G – ̈̅˹̅́̊̆-

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

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

̆̅̂˿̉̇̅̆̄̅˺  ̅К˦  ̨˿ ́̅̔̋̋˿̍˿˼̄̉  ˷̄˷̆̅̇˷ ̉˷́-

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

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

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

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

̃˼̄̓̏˼ ˹̂˿̖˼̉ ̄˷ К˦˛ ̆˷̇˷̃˼̉̇ b4/D2, ˷ ̄˷ ́̅-

̔̋̋˿̍˿˼̄̉ ̄˷̆̅̇˷ ̃˼̄̓̏˼ ˹̈˼˺̅ ˹̂˿̖˼̉ ̆˷̇˷-
̃˼̉̇ D1/D2.. ˤ˼̖̈̃̅̉̇ ̄˷ ̄˼́̅̉̅̇̒˼ ̇˷˾̂˿̎˿̖, 

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

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

̍˼̄̉̇̅˸˼˽̄̅˺̅ ́̅̃̆̇˼̈̈̅̇˷ ˿ ̆̅̉˼̇̓ ˹ ˘ˢ˛ ˹̈˼ 
˹̒˸̇˷̄̄̒˼ ˻̖̂ ̃̅˻˼̂˿̇̅˹˷̄˿̖ ̆˷̇˷̃˼̉̇̒ ̃̅˽-

̄̅ ̆̇˿˾̄˷̉̓ ˾̄˷̎˿̃̒̃˿.  

ɋɪɟɞɧɢɟ ˾̄˷̎˼̄˿̖ ɜɟɫɨɜ ɞɥɹ ɧɟɣɪɨɧɧɵɯ ɫɟ-
ɬɟɣ, ɦɨɞɟɥɢɪɭɸɳɢɯ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɯаɪаɤɬɟ-
ɪɢɫɬɢɤɢ ɫɬɭɩɟɧɢ ɤɨɦɩɪɟɫɫɨɪа: 

 

Ǥȋȟ ȏȎȋȈȒȐȎȏȍȎȃȎ ǪǯǤ Ǥȋȟ ȊȎȝȔȔȈȖȈȅȍȒа ȍаȏȎȐа
b4 ............................ 0,38 D1   .......................... 0,36

z˥ˤА .......................... 0,42 D˪˦   ........................ 0,42

δ˥ˤА ......................... 0,43 R4   .......................... 0,42

sm ............................ 0,43 b1   ........................... 0,43

D0 ............................ 0,43 l˥ˤА   ........................ 0,44

Mu ............................ 0,43 D4   .......................... 0,44

δ˧К ........................... 0,44 RS1   ......................... 0,44

b1 ............................. 0,45 D5   .......................... 0,45

b6 ............................. 0,45 R3   .......................... 0,45

βˢ2  ........................... 0,45 DВ˩   ........................ 0,46

D00  .......................... 0,46 b2   ........................... 0,46

βˢ1  ........................... 0,46 b3   ........................... 0,46

R4  ............................ 0,46 δ˥ˤА   ....................... 0,47

l˥ˤА  ......................... 0,47 Mu   ......................... 0,48

D˪˦  ......................... 0,47 D6   .......................... 0,48

z˧К  ........................... 0,48 βˢ2   ......................... 0,49

RS2  .......................... 0,48 βˢ1   ......................... 0,49

DВ˩  .......................... 0,49 D2   .......................... 0,49

b2  ............................ 0,50 b6   ........................... 0,49

βˢ5 ........................... 0,50 z˥ˤА   ....................... 0,50

b3 ............................ 0,51 RS2   ......................... 0,51

RS1 .......................... 0,51 D0   .......................... 0,51

D4 ........................... 0,51 l˧К   .......................... 0,51

l˧К ........................... 0,52 B4   .......................... 0,51

D3 ........................... 0,52 δ˧К   ......................... 0,52

R3 ............................ 0,54 βˢ5   ......................... 0,52

Φ ............................ 0,55 D00   ......................... 0,53

b5 ............................ 0,55 b5   ........................... 0,55

D1 ........................... 0,55 D3   .......................... 0,55

D5 ........................... 0,56 z˧К   ......................... 0,56

D6 ........................... 0,56 Φ   ........................... 0,64

ψ ............................. 0,78 ʝ   ............................ 0,64
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˧˿̈. 1. ˞˷˹˿̈˿̃̅̈̉˿ К˦˛ ̅̉ ̊̈̂̅˹̄̅˺̅ ́̅̔̋̋˿̍˿˼̄̉˷ ̇˷̈̌̅˻˷ ˫ ˻̖̂ ˻˷̄̄̒̌,  

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

Fig. 1. Performances of politropic efficiency of the compressor stage ˫ for deviations data,  

corrected data and data simulated with neural network 
 

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

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

̌˷̇˷́̉˼̇˿̈̉˿́ ˿ ̆̇˿̖̄̉̒˼ ̆̇˿ ̆̅̈̉̇̅˼̄˿˿ 

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

̆̅˻̇̅˸̄̅ ̅̆˿̈˷̄̒ ˹ ̇˷˸̅̉˷̌ [10–12]. 

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

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

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

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

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

̖̄̉̒ ̈̂˼˻̊̐̕˿˼ ̅˸̅˾̄˷̎˼̄˿̖: К˦˛ ˿̈̌̅˻̄̒̀ – 

̔̉̅ ˾̄˷̎˼̄˿̖, ́̅̉̅̇̒˼ ˸̒̂˿ ̆̇˼˻̈̉˷˹̂˼̄̒ ˹ ˿̈-
̌̅˻̄̅̀ ˹̒˸̅̇́˼; К˦˛ ˿̈̆̇˷˹̂˼̄̄̒̀ – ̔̉̅ ̉˼ 
˾̄˷̎˼̄˿̖, ́̅̉̅̇̒˼ ˹̅̏̂˿ ˹ ̅˸̊̎˷̐̊̕̕ ˹̒˸̅̇́̊ 
˻̖̂ ̄˼̀̇̅̄̄̅̀ ̈˼̉˿; К˦˛ ˤ˨ – ˾̄˷̎˼̄˿̖, ́̅̉̅-

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

˹̈˼̌ ˾̄˷̎˼̄˿̀, ́̇̅̃˼ ˫ = 0,0786. 

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

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

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

̄̅̈̉˿ ˾̄˷̎˼̄˿̖ ˸о̂̓̏˼˺̅ ̖̆̅̇˻́˷ (̄˷̆̇˿̃˼̇, 

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

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

̈˹̅˻̖̖̉̈ ́ ̅˻̄̅̃̊ ̖̆̅̇˻́̊. Э̉̅ ̆̅˾˹̖̅̂˼̉ 
̊̂̊̎̏˿̉̓ ̅˸̊̎˼̄˿˼ ̈˼̉˿. 

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

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

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

̇̅˹˷̄̄̒̌ ˻˷̄̄̒̌. 

ˤ˼́̅̉̅̇̒˼ ˾̄˷̎˼̄˿̖ ̆˷̇˷̃˼̉̇̅˹ (̎˿̈̂̅ 

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

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

̇˷̉̄̅˺̅ ̄˷̆̇˷˹̖̂̐̕˼˺̅ ˷̆̆˷̇˷̉˷) ̆̅ ̃̅˻̊̂̕ 

̄˷̌̅˻˿̂˿̈̓ ˹ ˻˿˷̆˷˾̅̄˼ ̅̉ 0 ˻̅ 100. ˥̈̉˷̂̓̄̒˼ 
̆˷̇˷̃˼̉̇̒ ̃˼̖̄̂˿ ̈˹̅˿ ˾̄˷̎˼̄˿̖ ˹ ˻˿˷̆˷˾̅̄˼ 
̅̉ 0 ˻̅ 1. ˦̅̈̂˼ ̄̅̇̃˿̇̅˹˷̄˿̖ ˻˷̄̄̒̌ ̄˷ ˹̈˼ 
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˹̌̅˻̒ ˿ ˹̒̌̅˻̒ ̄˼̀̇̅̄̄̅̀ ̈˼̉˿ ̆̅˻˷̖̉̈̕ 

˾̄˷̎˼̄˿̖ ̅̉ ̖̄̊̂ ˻̅ ˼˻˿̄˿̍̒. 

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

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

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

̆̇˼˻̈̉˷˹̖̂̂˿ ̈̅˸̅̀ ˻˹̊̌̈̂̅̀̄̊̕ ̄˼̀̇̅̄̄̊̕ 

̈˼̉̓, ̇˼˷̂˿˾̊̐̊̕̕ ˾˷˹˿̈˿̃̅̈̉̓ ˹˿˻˷ f(˫, Mu, G), 

˺˻˼ ˫ – ̊̈̂̅˹̄̒̀ ́̅̔̋̋˿̍˿˼̄̉˷ ̇˷̈̌̅˻˷, Mu – 

̎˿̈̂̅ ˣ˷̌˷, G – ̈̅˹̅́̊̆̄̅̈̉̓ ̆˷̇˷̃˼̉̇̅˹, ̅̆˿-

̈̒˹˷̐̕˿̌ ˺˼̅̃˼̉̇˿̕ ̆̇̅̉̅̎̄̅̀ ̎˷̈̉˿.  

˨̇˼˻̖̖̄ ̅̏˿˸́˷ ȍȅȍȎȐȌȈȐȎваȍȍȎȉ ̅˸̊̎˷̕-

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

̉̇̅̆̄̅˺̅ К˦˛ ʝ = f(˫, Mu, G) ̈̅̈̉˷˹˿̂˷ 3,6 %. 

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

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

̄˷ ̅̆̉˿̃˷̂̓̄̒̌ ̇˼˽˿̃˷̌ ̈̅̈̉˷˹̖̂˼̉ 2,15 %. 

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

ʝ = f(˫, Mu, G) ̈̅̈̉˷˹˿̂˷ 2,8 %. ˜̈̂˿ ̄˼ ̊̎˿̉̒-

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

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

К˦˛ ̅̉ ̔́̈̆˼̇˿̃˼̄̉˷̂̓̄̒̌ ̈̅̈̉˷˹̖̂˼̉ 1,2 %. 

В ́˷̎˼̈̉˹˼ ˿̂̂̈̉̇̕˷̍˿˿ ˹̂˿̖̄˿̖ ̄̅̇̃˿-

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

˸˼˽̄̅˺̅ ́̅̃̆̇˼̈̈̅̇˷. 
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˧˿̈. 2. ˞˷˹˿̈˿̃̅̈̉̓ К˦˛ ̅̉ ̊̈̂̅˹̄̅˺̅ ́̅̔̋̋˿̍˿˼̄̉˷ ̇˷̈̌̅˻˷:  

а – ˻̖̂ ̈̉̊̆˼̄˿ 2004, D2 = 0,352 ̃; ȁ – ˻̖̂ ̈̉̊̆˼̄˿ 3022, D2 = 0,419 ̃ 

Fig. 2. Performances of politropic efficiency of the compressor stage for experimental data,  

simulated with neural network data and simulated after normalization data 
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˦̅˺̇˼̏̄̅̈̉˿ ̔̉˿̌ ̃̅˻˼̂˼̀ ˿̃˼̉̕ ̄˷˿-

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

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

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

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

̈̅́̅̀ ̉̅̎̄̅̈̉̓̕. ˣ̅˽̄̅ ̅̉̃˼̉˿̉̓, ̎̉̅ ̆̇˿ 

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

ǐбǳǵǨǦǧǯǪǧ ǲǧǩǵǭǾǴǢǴоǤ 

˦̇˿˹˼˻˼̄̄̒˼ ̇˼˾̊̂̓̉˷̉̒ ̃̅˻˼̂˿̇̅˹˷̄˿̖ 

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

́̅̃̆̇˼̈̈̅̇̅˹ ˿ ̆̅̉˼̇̓ ˹ ˘ˢ˛ ̄˷˺̖̂˻̄̅ ̆̅́˷-
˾̒˹˷̉̕ ̆̇˼˿̃̊̐˼̈̉˹˷ ̆̇˼˻˹˷̇˿̉˼̂̓̄̅̀ ̅˸̇˷-
˸̅̉́˿ ̅˸̊̎˷̐̕˿̌ ˻˷̄̄̒̌. Э̉̅ ̈̅˺̂˷̈̊˼̖̉̈ ̈ 

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

̃˿ ́̅̂̂˼˺˷̃˿ [22–24]. ˦̇˼˻̅˸̇˷˸̅̉́˷ ˹̒˸̅̇-

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

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

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

ǉǢǬǭȀǹǧǯǪǧ 

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

̄̒̌ ˻˷̄̄̒̌ ˻̖̂ ̅˸̊̎˼̄˿̖ ̄˼̀̇̅̄̄̒̌ ̈˼̉˼̀ 

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

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

́̅̃̆̇˼̈̈̅̇̅˹ ˿ ̈̋̅̇̃̊̂˿̇̅˹˷̄̒ ̇˼́̅̃˼̄˻˷-

̍˿˿ ̆̅ ̆̅˹̒̏˼̄˿̕ ̉̅̎̄̅̈̉˿ ̄˼̀̇̅̈˼̉˼˹̅˺̅ 

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

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

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

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

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

̄̅̀ ̈̉̊̆˼̄˿ ̍˼̄̉̇̅˸˼˽̄̅˺̅ ́̅̃̆̇˼̈̈̅̇˷ ˿ ˼ё 

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

̇̅˹˷̄˿̖ ˿ ̈̊̐˼̈̉˹˼̄̄̅˼ ̊̃˼̄̓̏˼̄˿˼ ̆̅-

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

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

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

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

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

̇̅˹˷̄˿̖ ̆̅̂˿̉̇̅̆̄̅˺̅ К˦˛ ̄˷ 1,5 % ̆̅ 

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

̃˿̇̅˹˷̄̄̒̌ ˻˷̄̄̒̌.  
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