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НАУЧНО-МЕТОДИЧЕСКИЕ АСПЕКТЫ В МЕХАТРОНИКЕ 

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

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

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

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

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

̈̉˼̃̒ ̌˷̇˷́̉˼̇˿˾̊˼̖̉̈ ̆̇˼̅˸̇˷˾̅˹˷̄˿˼̃ ̃˷̈̈̒, ̔̄˼̇˺˿˿ ˿ ˿̄̋̅̇̃˷̍˿˿. ˣ˼̌˷̉̇̅̄˿́˷ ̇˷̈̈̃˷̉̇˿˹˷-
˼̖̉̈ ́˷́ ̄˷̊̎̄̅-̉˼̌̄˿̎˼̈́̅˼ ̄˷̆̇˷˹̂˼̄˿˼, ˸˷˾˿̇̊̐̕˼˼̖̈ ̄˷ ̅̈̄̅˹̄̒̌ ˼̈̉˼̈̉˹˼̄̄̅̄˷̊̎̄̒̌ ˿ ̉˼̌̄˿-

̎˼̈́˿̌ ˻˿̈̍˿̆̂˿̄˷̌. ˪̉˹˼̇˽˻˷˼̖̉̈, ̎̉̅ ̈̂˼˻̊̐̕˿̀ ̔̉˷̆ ̇˷˾˹˿̉˿̖ ̃˼̌˷̉̇̅̄˿́˿ – ˸˿̅̃˼̌˷̉̇̅̄˿́˷, ˹ 

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

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

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

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

ǪȋȞȗȅвțȅ ȑȋȎва: ̃˼̌˷̉̇̅̄̄˷̖ ̈˿̈̉˼̃˷, ̈̉̇̊́̉̊̇̄̅-̃̅̇̋̅̂̅˺˿̎˼̈́˿˼ ̆̇˿˾̄˷́˿, ̋̊̄́̍˿̅̄˷̂̓̄̒˼ 
̈˹̅̀̈̉˹˷, ̈˿̄˼̇˺˼̉˿́˷, ̆̅̈̂˼˻̅˹˷̉˼̂̓̄̅̈̉̓ ̆̇̅˼́̉˿̇̅˹˷̄˿̖, ̆̅˻˺̅̉̅˹́˷ ̈̆˼̍˿˷̂˿̈̉̅˹. 
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SCIENTIFIC AND METHODOLOGICAL ASPECTS IN MECHATRONICS 

The issues of training specialists in the field of mechatronics and robotics are considered. The problems arising 

from teaching this set of disciplines to engineering students are analyzed. We have formulated requirements for 

presenting materials based on a systematic approach to design of technological equipment in mechanical engi-

neering. It is emphasized that creating a project for a highly efficient complex technical product is based on 

system analysis, mathematical modeling and optimization. The technical system as one of the varieties of the 

artificial system is characterized by transformation of mass, energy and information. Mechatronics is consid-

ered as a scientific and technical direction based on the main disciplines of science and technology. It is argued 

that the next stage in development of mechatronics is biomechatronics, where nanotechnologies in the field of 

biology and artificial intelligence will play a leading role. Structural and morphological features and functional 

properties of mechatronic systems have been considered. The role of technical and economic indicators in de-

sign of mechatronic production systems and the sequence of design stages have been highlighted. 

Keywords: mechatronic system, structural and morphological features, functional properties, synergy, design 

sequence, training specialists. 

Citation:  

A.B. Smirnov, V.L. Javner, Scientific and methodological aspects in mechatronics, St. Petersburg polytechnic 

university journal of engineering science and technology, 25(01)(2019) 134–142, DOI: 10.18721/JEST.25113. 



 

 

135 

Машиностроение

ВǤǧǦǧǯǪǧ 

В̅ ̃̄̅˺˿̌ ̉˼̌̄˿̎˼̈́˿̌ ˹̊˾˷̌ ̖̆̅˹̖̖̂̉̈̕ 

̈̆˼̍˿˷̂̓̄̅̈̉˿ ̆̅ ̃˼̌˷̉̇̅̄˿́˼. ˥̄˿ ˹ ̅̈̄̅˹̄̅̃ 

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

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

̈̉̇̅˿̉˼̂̓̄̒̌ ̋˷́̊̂̓̉˼̉˷̌ (˿̄̈̉˿̉̊̉˷̌) ˻̖̂ ̆̅˻-

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

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

˿̄̉˼̂̂˼́̉̅̃ [1–3]. К ̈̅˽˷̂˼̄˿̕, ̈˿̂̓̄̒˼ ˷˸˿-

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

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

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

˿̃˿ ̊́˷˾˷̄̄̒̌ ˻˿̈̍˿̆̂˿̄.  

ǘǧǭǾ ǯǢǺǧǫ ǲǢбоǴǽ – ̅̆̇˼˻˼̂˼̄˿˼ ̄˷̊̎̄̅-

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

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

̈̉̊̆̄̅̀ ˿ ̄˼̈́̅̂̓́̅ ̊̆̇̅̐˼̄̄̅̀ ̋̅̇̃˼ ̆̅-

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

[4, 5], ̎̉̅, ̄˷ ̄˷̏ ˹˾˺̖̂˻, ̄˷˿˸̅̂˼˼ ̔̋̋˼́̉˿˹-

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

ǎǧǴоǦǪǹǧǳǬǪǧ ǢǳǱǧǬǴǽ обǵǹǧǯǪȁ оǳǯоǤǢм  

мǧǷǢǴǲоǯǪǬǪ. ǓǪǳǴǧмǯǽǫ ǱоǦǷоǦ Ǥ мǧǷǢǴǲоǯǪǬǧ 

˛˿̈̍˿̆̂˿̄˷ «˥̈̄̅˹̒ ̃˼̌˷̉̇̅̄˿́˿ ˿ ̇̅˸̅-

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

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

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

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

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

̂˷̈̉˿ ̆̇˿̃˼̄˼̄˿̖ ̃˼̌˷̉̇̅̄̄̒̌ ̈˿̈̉˼̃;  

́̅̄̍˼̆̍˿̖ ̆̅̈̉̇̅˼̄˿̖ ̃˼̌˷̉̇̅̄̄̒̌ ̈˿̈̉˼̃;  

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

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

̃˼̌˷̉̇̅̄̄̒˼ ̃̅˻̊̂˿ ˻˹˿˽˼̄˿̖;  

̈̅˹̇˼̃˼̄̄̒˼ ̃˼̌˷̉̇̅̄̄̒˼ ̈˿̈̉˼̃̒;  

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

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

˸˿̀ ̆̅ ̅̈̄̅˹˷̃ ̃˼̌˷̉̇̅̄˿́˿ [6], ̄˷̆˿̈˷̄̄̅̃ 

˵.В. ˦̅˻̊̇˷˼˹̒̃, ̔̉˿̃ ̇˷˾˻˼̂˷  ̃ ̊˻˼̖̂˼̖̉̈ 

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

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

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

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

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

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

[7, 8]. К ̈̅˽˷̂˼̄˿̕, ̃̅̐̄̒̀ ̂̅˺˿̎˼̈́˿̀ ˿ ̃˷̉˼-
̃˷̉˿̎˼̈́˿̀ ˷̆̆˷̇˷̉ ̉˼̅̇˿˿ ̈˿̈̉˼̃ ̄˼˹̅˾̃̅˽̄̅ ˹ 
̆̅̂̄̅̃ ̅˸̑˼̃˼ ˻˷̉̓ ̄˷̏˿̃ ̈̉̊˻˼̄̉˷̃. В˷˽̄̅ 

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

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

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

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

˛̖̂ ̂̕˸̅˺  ̅ ̈̂̅˽̄̅˺̅ ˿˾˻˼̂˿̖ ̆̇˿̃˼̄˿̃̅ 

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

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

̎˼̄̄̒̃˿ ̈˹̖˾̖̃˿ ̃˼˽˻̊ ̔̂˼̃˼̄̉˷̃˿ [9]. ˨˿̈̉˼-
̃˷ ̋̊̄́̍˿̅̄˿̇̊˼̉, ˹˾˷˿̃̅˻˼̀̈̉˹̖̊ ̈ ˻̇̊˺˿̃˿ 

̅˸̑˼́̉˷̃˿, ̅˸̑˼˻˿̄˼̄̄̒̃˿ ̖̆̅̄̉˿˼̃ «вȍȅȘȍȟȟ 

ȑȐȅȄа». ˩˼̌̄˿̎˼̈́˷̖ ̈˿̈̉˼̃˷ ́˷́ ̅˻̄˷ ˿˾ ̇˷˾̄̅-

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

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

˼̃ ̃˷̈̈̒, ̔̄˼̇˺˿˿ ˿ ˿̄̋̅̇̃˷̍˿˿ (̇˿̈. 1). ˥̈-
̄̅˹̄̒̃ ˻˼̀̈̉˹˿˼̃ ̉˼̌̄˿̎˼̈́̅̀ ̈˿̈̉˼̃̒ ̖˹̖̂˼̉-
̖̈ ̆̇˼̅˸̇˷˾̅˹˷̄˿˼ ̉̅˺̅ ˿̂˿ ˿̄̅˺̅ ̅˸̑˼́̉˷ ˿̂˿ 

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

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

́̅̔̋̋˼́̉˿˹̄̅˺̅ ̈̂̅˽̄̅˺̅ ̉˼̌̄˿̎˼̈́̅˺̅ ˿˾˻˼̂˿̖ 

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

̎˼̈́˿̀ ˷˹̉̅̃˷̉ ˿ ̉. ˻.) ˿̃˼˼̉ ˹ ̅̈̄̅˹˼ [10]: 

̈˿̈̉˼̃̄̒̀ ˷̄˷̂˿˾; 
̃˷̉˼̃˷̉˿̎˼̈́̅˼ ̃̅˻˼̂˿̇̅˹˷̄˿˼; 
̅̆̉˿̃˿˾˷̍˿̕. 
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˧˿̈. 1. ˦̅̉̅́˿ ˹ ̉˼̌̄̅̂̅˺˿̎˼̈́̅̀ ̈˿̈̉˼̃˼ 
Fig. 1. Flow in the process systeme 

 

˦̅̈̂˼ ̊̈˹̅˼̄˿̖ ̔̉̅˺̅ ̃˷̉˼̇˿˷̂˷ ̃̅˽̄̅ 

̂˼˺́̅ ̆˼̇˼̀̉˿ ́ ̖̆̅̄̉˿̖̃ «ȌȅȕаȒȐȎȍȍаȟ ȑȈȑȒȅ-

Ȍа», «ȑȈȍȅȐȃȅȒȈȗȅȑȊȎȅ ȎȁȚȅȄȈȍȅȍȈȅ» ˿ ˻̇. 

ˤ˷̆̇˿̃˼̇, ́˷́ ̆̇˿˹˼˻˼̄̅ ˹ [11], ̃˼̌˷̉̇̅̄̄̒̃ 

̅˸̑˼́̉˷̃ ̌˷̇˷́̉˼̇̄̅ ˿˼̇˷̇̌˿̎˼̈́̅˼ ̆̅̈̉̇̅˼-
̄˿˼. В̈˼ ̃˼̌˷̉̇̅̄̄̒˼ ̅˸̑˼́̉̒ ̃̅˽̄̅ ̇˷˾˻˼-
̂˿̉̓ ̄˷ ̈̂˼˻̊̐̕˿˼: ̃˼̌˷̉̇̅̄̄̒˼ ̊˾̂̒, ̃˼-
̌˷̉̇̅̄̄̒˼ ̃̅˻̊̂˿, ̃˼̌˷̉̇̅̄̄̒˼ ˷˺̇˼˺˷̉̒, ̃˼-
̌˷̉̇̅̄̄̒˼ ̈˿̈̉˼̃̒. ǬȅȕаȒȐȎȍȍțȉ ȌȎȄȓȋȜ – ̅̈-
̄̅˹̄˷̖ ˼˻˿̄˿̍˷ ̃˼̌˷̉̇̅̄̄̅̀ ̈˿̈̉˼̃̒; ̔̉̅ 

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

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

̃̅˻̊̂̓ ̆̅˻˷̎˿ ˿̄̈̉̇̊̃˼̄̉˷, ̃̅̉̅̇-̏̆˿̄˻˼̂̓). 

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

˹̒̌̅˻̅̃. ˪ ̃˼̌˷̉̇̅̄̄̒̌ ̅˸̑˼́̉̅˹ ̄˷ ˹̌̅˻˼ – 

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

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

̄˼ ̉̅̂̓́̅ ̈˿̂̒ ˿ ̃̅̃˼̄̉̒, ̆˼̇˼̃˼̐˼̄˿̖, ̄̅ ˿ 

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

̉. ˻.). ˛̖̂ ̆̅̄˿̃˷̄˿̖ ̔̉˿̌ ̉˼̇̃˿̄̅˹ ̃̅˽̄̅ 

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

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

̄̒̀ ̃̅˻̊̂̓. В̈̉˷˼̉ ˹̅̆̇̅̈: ̖˹̖̂˼̖̉̈ ̂˿ ́̅̃-

̆̓̉̕˼̇ ̃˼̌˷̉̇̅̄̄̅̀ ̈˿̈̉˼̃̅̀? ˥̎˼˹˿˻̄̅, ̎̉̅ 

́̅̃̆̓̉̕˼̇ ̄˼̂̓˾̖ ̈̎˿̉˷̉̓ ̃˼̌˷̉̇̅̄̄̅̀ ̈˿-

̈̉˼̃̅̀, ̉˷́ ́˷́ ˹ ̄˼̃ ̆̅̂˼˾̄̒̃ ˹̒̌̅˻̄̒̃ 

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

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

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

ǬȅȕаȒȐȎȍȍțȉ аȏȏаȐаȒ – ̔̉̅ ̃˼̌˷̉̇̅̄̄̒̀ ̅˸̑-

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

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

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

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

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

̂̅˹́˿). ǬȅȕаȒȐȎȍȍțȉ ȏȐȈȁȎȐ – ̔̉̅ ̃˼̌˷̉̇̅̄̄̒̀ 

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

˦̅ ̆̅˹̅˻̊ ̉˼̇̃˿̄˷ «̈˿̄˼̇˺˼̉˿́˷», ́̅̉̅̇̅˼ 
̆̇˿̏̂̅ ˿˾ ̃˼˻˿̍˿̄̒, ̃̅˽̄̅ ̈̎˿̉˷̉̓ ̈̂˼˻̊̕-

̐˼˼. СȈȍȅȐȃȅȒȈȊа (̅̉ ˺̇˼̎˼̈́̅˺̅ «synergos» – 

«˹̃˼̈̉˼ ˻˼̀̈̉˹̊̐̕˿̀») – ̈̅˹̃˼̈̉̄̅˼ ˿ ̅˻̄̅-

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

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

̋˼́̉ ̆̇˿ ̂˼̎˼̄˿˿ ̉̅̂̓́̅ ̆̇˿ ̅˻̄̅˹̇˼̃˼̄̄̅̃ 

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

̉̒. ˟̄̒̃˿ ̈̂̅˹˷̃˿, ̈̅˼˻˿̄˼̄˿˼ ˹ ˼˻˿̄̊̕ ̈˿-

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

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

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

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

̃˼̐˼̄˿˼ ˹ ˼˻˿̄̊̕ ̈˿̈̉˼̃̊ ˷˹̉̅̃˷̏˿̄̒, 

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

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

˺̇̊˾̅˹? А˹̉̅́̇˷̄ ˿̃˼˼̉ ̄̅˹̅˼ ́˷̎˼̈̉˹̅ – ̃̅-

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

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

В «˥̈̄̅˹˷̌ ̃˼̌˷̉̇̅̄˿́˿ ˿ ̇̅˸̅̉̅̉˼̌̄˿́˿» 

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

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

˻˿̈̍˿̆̂˿̄˷̌ (̇˿̈. 2). ˥̎˼˹˿˻̄̅, ̎̉̅ ˹ XXI ˹˼-
́˼ ̈̂˼˻̊̐̕˿̃ ̔̉˷̆̅̃ ̇˷˾˹˿̉˿̖ ̃˼̌˷̉̇̅̄˿́˿ 

̈̉˷̄˼̉ ˸˿̅̃˼̌˷̉̇̅̄˿́˷, ˹ ́̅̉̅̇̅̀ ̅˺̇̅̃̄̊̕ 

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

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

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

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

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

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

̖̂˼  ̉˿˻˼̄̉˿̋˿̍˿̇̅˹˷̉ ,̓ ˹̒˻˼̂˿̉  ̓˻˷̄̄̒  ̀̅˸̑˼́̉, 
̈˿̈̉˼̃̊ ̈̇˼˻˿ ˻̇̊˺˿̌ ̅˸̑˼́̉̅˹, ˿̃˼̐̕˿̌ ̃̄̅˽˼-
̈̉˹̅ ́˷̎˼̈̉˹. СвȎȉȑȒвȎ – ̔̉̅ ́˷̎˼̈̉˹̅, ̆̇˿̈̊̐˼˼ 
˻˷̄̄̅̃̊ ̅˸̑˼́̉̊, ̈˿̈̉˼̃˼. ˨˹̅̀̈̉˹˷ ̈˿̈̉˼̃̒ 

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

̌˷̇˷́̉˼̇˿̈̉˿́˷̃˿ ̅˸̑˼́̉˷, ̈˿̈̉˼̃̒. ǯаȐаȌȅȒ-

Ȑț – ̔̉̅ ˹˼̂˿̎˿̄̒, ̌˷̇˷́̉˼̇˿˾̊̐̕˿˼ ̆̇˿˾̄˷́˿ ˿ 

̈˹̅̀̈̉˹˷ ̅˸̑˼́̉˷, ̈˿̈̉˼̃̒. ǵаȐаȊȒȅȐȈȑȒȈȊȈ – 

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

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

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

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

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

̍˿̉̅˹. ˞˻˼̈̓ ˹˷˽̄̅ ̅̉̃˼̉˿̉̓, ̎̉̅ ˻̖̂ ̉˷́̅̀ 

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

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

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

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

ǑǲǪǩǯǢǬǪ Ǫ ǶǵǯǬǸǪоǯǢǭǾǯǽǧ ǳǤоǫǳǴǤǢ  

мǧǷǢǴǲоǯǯǽǷ ǳǪǳǴǧм 

А̄˷̂˿˾ ̆̇˿˾̄˷́̅˹ ̃˼̌˷̉̇̅̄̄̅̀ ̈˿̈̉˼̃̒ 

̂̊̎̏˼ ˹̈˼˺̅ ̄˷̎˿̄˷̉̓ ̈̅ ȑȒȐȓȊȒȓȐȍȎ-ȌȎȐȔȎ-

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

̈̉˼̃̒, ̆̅̈̉̇̅˼̄̄̅̀ ̆̅ ˻̇̊˺˿̃ ̆̇˿̄̍˿̆˷̃ 

[12]. ˛̖̂ ̔̉˿̌ ̈˿̈̉˼̃ ̌˷̇˷́̉˼̇̄̅ ̈̂˼˻̊̐̕˼˼: 
1. ˚̂˷˹̄̒̀ ̆̇˿˾̄˷́ – ˿̄̉˼˺̇˷̍˿̖ (̈̉̇̊́-

̉̊̇̄̅-̋̊̄́̍˿̅̄˷̂̓̄˷̖ ˿ ̈̉̇̊́̉̊̇̄̅-́̅̃̆̅-

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

̃˼̌˷̄˿̎˼̈́̅̀, ̃˿́̇̅̆̇̅̍˼̈̈̅̇̄̅̀ ˿ ˿̄̋̅̇-

̃˷̍˿̅̄̄̅-˿˾̃˼̇˿̉˼̂̓̄̅̀ ̆̇˿ ̆̇̅˺̇˷̃̃̄̅̃ 

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

2. К˷́ ̆̇˷˹˿̂̅, ˿̃˼˼̉ ̃˼̈̉̅ ˸̅̂̓̏̅˼ ́̅-

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

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

̇˷˾̄̒̌ ̆˷̇˷̃˼̉̇˷̌ ̖̈̅̈̉̅̄˿̖ ̈˿̈̉˼̃̒. 

3. ˟˼̇˷̇̌˿̎˼̈́˷̖ ̈̉̇̊́̉̊̇˷ ̈˿̈̉˼̃̒ 

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

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

̉̇̅̄̄̅̀ ̈˹̖˾˿ (˹ ̉̅̃ ̎˿̈̂˼ ̎˼̇˼˾ ˿̄̉˼̇̄˼̉). 

4. ˣ̅˻̊̂̓̄̅̈̉̓ ˹̈˼̌ ̔̂˼̃˼̄̉̅˹ ̈˿̈̉˼̃̒ ˿ 

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

5. ˪́̅̇̅̎˼̄̄̒˼ ˿ ̊̆̇̅̐˼̄̄̒˼ ́˿̄˼̃˷̉˿-

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

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

6. ˟̈̆̅̂̓˾̅˹˷̄˿˼ ˹̒̈̅́̅̉̅̎̄̒̌ ̃˼̌˷̄˿-

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

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

8. ˟̈̆̅̂̓˾̅˹˷̄˿˼ ̄̅˹̒̌ ̃˷̉˼̇˿˷̂̅˹ ̈ ̆̅-

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

9. ˮ˷̈̉̅ ̎˿̈̂̅ ̈̉˼̆˼̄˼̀ ̆̅˻˹˿˽̄̅̈̉˿ ˹ ̈˿-

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

10. ˟̈̆̅̂̓˾̅˹˷̄˿˼ ̔̂˼́̉̇̅̄̄̒̌ ̃˿̄˿˷̉̇̕-

̄̒̌ ́̅̃̆̅̄˼̄̉̅˹ ̈̅ ̈˹˼̇̌̆̂̅̉̄̒̃ ̃̅̄̉˷˽̅̃. 

11. ˤ˷̂˿̎˿˼ ˹̒̈̅́̅˿̄̋̅̇̃˷̍˿̅̄̄̅˺̅ ˿̄-

̉˼̇̋˼̀̈˷ «̎˼̂̅˹˼́–̃˷̏˿̄˷». 

12. ˟̈̆̅̂̓˾̅˹˷̄˿˼ ˸˿̅̄˿̎˼̈́˿̌ ̆̇˿̄̍˿-

̆̅˹ ̆̅̈̉̇̅˼̄˿̖ ̈˿̈̉˼̃̒. 

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

̅˸̐˿˼ ̈˹̅̀̈̉˹˷. ǴȓȍȊȖȈȎȍаȋȜȍțȅ ȑвȎȉȑȒва 

̈̂˼˻̊̐̕˿˼: 
̆̅˹̒̏˼̄˿˼ ˻̅̂˿ ̋̊̄́̍˿̀ ̈˿̈̉˼̃̒, ̅̉̄̅-

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

̊˹˼̂˿̎˼̄˿˼ ˹˷̇˿˷̉˿˹̄̅̈̉˿ ̋̊̄́̍˿̀, ˹̒-

̖̆̅̂̄˼̃̒̌ ̈˿̈̉˼̃̅̀ ˾˷ ̈̎˼̉ ̆̇̅˺̇˷̃̃̄̅˺̅ 

̅˸˼̈̆˼̎˼̄˿̖; 

˷˹̉̅̃˷̉˿˾˷̍˿̖ ̆˼̇˼̄˷̂˷˻́˿ ̈˿̈̉˼̃̒; 

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

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

̆̅˹̒̏˼̄˿˼ ˿̄̉˼̂̂˼́̉̊˷̂̓̄̅̈̉˿ ̆̇̅˺̇˷̃-

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

˿̄̉˼̂̂˼́̉˷. 
К ̈˹̅̀̈̉˹˷̃ ȍаȄȅȆȍȎȑȒȈ Ȉ ȊаȗȅȑȒва ̃˼-

̌˷̉̇̅̄̄̒̌ ̈˿̈̉˼̃ ̃̅˽̄̅ ̅̉̄˼̈̉˿ ̈̂˼˻̊̐̕˿˼: 
1. В̒̈̅́̅˼ ́˷̎˼̈̉˹̅ ˿̈̆̅̂̄˼̄˿̖ ̈̂̅˽̄̒̌ 

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

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

̊̆̇˷˹̂˼̄˿̖. 
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˧˿̈. 3. ˦̅̈̂˼˻̅˹˷̉˼̂̓̄̅̈̉̓ ̆̇̅˼́̉˿̇̅˹˷̄˿̖ ̃˼̌˷̉̇̅̄̄̅˺̅ ̉˼̌̄̅̂̅˺˿̎˼̈́̅˺̅ ̅˸̅̇̊˻̅˹˷̄˿̖ 

Fig. 3. The sequence of the design of mechatronic process equipment 

 

2. В̒̈̅́˷̖ ̆̅̃˼̌̅˾˷̐˿̐˼̄̄̅̈̉̓ ˾˷ ̈̎˼̉ 
̃̅˻̊̂̓̄̅̈̉˿ ̆̅˻̈˿̈̉˼̃. 

3. К̅̃̆˷́̉̄̅̈̉̓ ̃˼̌˷̉̇̅̄̄̒̌ ̃̅˻̊̂˼̀ 

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

́˿̄˼̃˷̉˿̎˼̈́˿̌ ̍˼̆˼̀. 

4. ˦̅˹̒̏˼̄˿˼ ̊˻˼̂̓̄̅̀ ̃̅̐̄̅̈̉˿ ˿ ̊̂̊̎-

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

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

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

˹˷̄˿̖ ̔̄˼̇˺˿˿ ˿ ˿̄̋̅̇̃˷̍˿˿. 

5. В̅˾̃̅˽̄̅̈̉̓ ˸̒̈̉̇̅˺̅ ́̅̃̆̂˼́̉̅˹˷̄˿̖ 

̋̊̄́̍˿̅̄˷̂̓̄̒̃˿ ̃̅˻̖̊̂̃˿ ̃˼̌˷̉̇̅̄̄̒̌ ̈˿-

̈̉˼̃, ˻̅̆̊̈́˷̐̕˿̌ ̆̇̅̈̉̊̕ ̇˼́̅̄̋˿˺̊̇˷̍˿̕ ˹ 

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

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

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

7. ˥ ̉̄̅̈˿̉˼̂̓̄  ̅̄˿˾́˷  ̖ ̈̉̅˿̃̅̈̉  ̓  ˹ ̈˿̂  ̊ ˹̒-

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

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

ǑоǳǭǧǦоǤǢǴǧǭǾǯоǳǴǾ ǱǲоǧǬǴǪǲоǤǢǯǪȁ 

 Ǫ ǿǶǶǧǬǴǪǤǯоǳǴǾ мǧǷǢǴǲоǯǯǽǷ ǳǪǳǴǧм 

В ́̊̇̈˼ ̂˼́̍˿̀ ̆̅ ̃˼̌˷̉̇̅̄˿́˼ ˿ ̇̅˸̅̉̅-

̉˼̌̄˿́˼ ̄˼̅˸̌̅˻˿̃̅ ̆̅˻̎˼̇́̄̊̉̓, ̎̉̅ ˻̖̂ ̇˷˾-
̇˷˸̅̉́˿ ̃˼̌˷̉̇̅̄̄̒̌ ̈˿̈̉˼̃ ̈ ̊́˷˾˷̄̄̒̃˿ ́˷-
̎˼̈̉˹˷̃˿ ˹˷˽̄̅ ̆̇˷˹˿̂̓̄̅ ˹̒˸̇˷̉̓ ̆̅̈̂˼˻̅˹˷-
̉˼̂̓̄̅̈̉̓ ˻˼̀̈̉˹˿̀ (̇˿̈. 3). ˛̖̂ ̆̇̅˿˾˹̅˻-

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

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

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

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

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

˿˾̃˼̇˿̉˼̂̓̄̅-˿̄̋̅̇̃˷̍˿̅̄̄̅̀ (˟˟˨), ̆̇˿-

˹̅˻̅˹ (˨˦), ̊̆̇˷˹̂˼̄˿̖ (˨˪) ˿ ́ ̆̇̅˺̇˷̃̃̄̅-

̃̊ ̅˸˼̈̆˼̎˼̄˿̕ (˦˥). ˦̖̉̒̀ ̔̉˷̆ ̈˹̖˾˷̄ ̈ 
̇˷˾̇˷˸̅̉́̅̀ ̆˼̇˼̎˿̈̂˼̄̄̒̌ ˹̒̏˼ ̈˿̈̉˼̃ ˿ 

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

˩̇˼˸̅˹˷̄˿̖  

́ ˟˟˨ 

˩̇˼˸̅˹˷̄˿̖ 

́ ˨˪ 

˩̇˼˸̅˹˷̄˿̖  

́ ̈˿̈̉˼̃˼  
̆̇˿˹̅˻̅˹ (˨˦) 

˧˷˾̇˷˸̅̉́˷ 
˟˟˨ 

˧˷˾̇˷˸̅̉́˷ 
˨˪ 

˧˷˾̇˷˸̅̉́˷ 
˦˥ 

˧˷˾̇˷˸̅̉́˷ 
˨˦ 

˧˷˾̇˷˸̅̉́˷ 
̈̆˼̍. ̃̅˻. 

К̅̄̈̉̇̊́̉˿˹̄̅˼ ̅̋̅̇̃̂˼̄˿˼ ˿˾˻˼̂˿̖ 

˞˷˻˷̎˿ ˿ ̍˼̂˿ ̆̇̅˼́̉˿̇̅˹˷̄˿̖ I ̔̉˷̆ 

˧˷˾̇˷˸̅̉́˷  
̉˼̌̄̅̂̅˺˿̎˼̈́̅˺̅ ̆̇̅̍˼̈̈˷ II ̔̉˷̆ 

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

А̄˷̂˿˾ ́̇˿̉˿̎˼̈́˿̌ ̉̅̎˼́ 
III ̔̉˷̆ 

IV ̔̉˷̆ 

V ̔̉˷̆ 

VI ̔̉˷̆ 
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˧˿̈. 4. ˥˸̂˷̈̉̓ ̔̋̋˼́̉˿˹̄̅˺̅ ̆̇˿̃˼̄˼̄˿̖ ̃˼̌˷̉̇̅̄̄̒̌ ̈˿̈̉˼̃ 

Fig. 4. Scope of effective application of mechatronic systems 

 

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

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

В «˥̈̄̅˹˷̌ ̃˼̌˷̉̇̅̄˿́˿» ˽˼̂˷̉˼̂̓̄̅ ̅̈˹˼-
̉˿̉̓ ̔́̅̄̅̃˿̎˼̈́˿˼ ˷̈̆˼́̉̒ ˿̈̆̅̂̓˾̅˹˷̄˿̖ 

̃˼̌˷̉̇̅̄̄̒̌ ̅˸̑˼́̉̅˹. ˛̖̂ ̂̕˸̒̌ ̅̉̇˷̈̂˼̀ ̌̅-

˾̖̀̈̉˹˷ ˹̈̉˷˼̉ ˹̅̆̇̅̈ ̅˸ ȝȊȎȍȎȌȈȗȅȑȊȎȉ ȖȅȋȅȑȎ-

ȎȁȐаȇȍȎȑȒȈ ̇˷˾̇˷˸̅̉́˿ ˿ ˿̈̆̅̂̓˾̅˹˷̄˿̖ ̃˼-
̌˷̉̇̅̄̄̒̌ ̈˿̈̉˼̃. ˛̖̂ ̇˷˾̇˷˸̅̉́˿ ̄̅˹̒̌ ̉˼̌-
̄˿̎˼̈́˿̌ ̈˿̈̉˼̃, ˹ ̉̅̃ ̎˿̈̂˼ ̃˼̌˷̉̇̅̄̄̒̌, 
̄˼̅˸̌̅˻˿̃̅ ˿̃˼̉̓ ̆̅̉̇˼˸̄̅̈̉̓ ˹ ̄˿̌, ̉. ˼. 
˻̅̂˽̄˷ ˸̒̉̓ ̔́̅̄̅̃˿̎˼̈́˷̖ ̍˼̂˼̈̅̅˸̇˷˾̄̅̈̉̓ 
˿̌ ̈̅˾˻˷̄˿̖ ˿ ̆̇̅˿˾˹̅˻̈̉˹˷ [14, 15]. ˥̄˷ ˹ 

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

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

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

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

˼́̉˷ ̅̉ ˼˺̅ ̉˼̌̄˿̎˼̈́˿̌ ˹̅˾̃̅˽̄̅̈̉˼̀ (̇˿̈. 4). 

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

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

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

˹̒̈̅́˿̌ ̋̊̄́̍˿̅̄˷̂̓̄̒̌ ˿ ̉˼̌̄˿̎˼̈́˿̌ ̉̇˼-
˸̅˹˷̄˿̖̌ ́ ̄˿̃. ˢ̅˺˿̎˼̈́˿̀ ˹̒˹̅˻: ̈̅˹̇˼̃˼̄-

̄̅̃ ̔̉˷̆˼ ̔́̅̄̅̃˿̎˼̈́˿ ˹̒˺̅˻̄̅ ˿̈̆̅̂̓˾̅-

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

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

ǉǢǬǭȀǹǧǯǪǧ 

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

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

˻˿̃̅ ̎˼̉́̅ ̈̉̇̊́̉̊̇˿̇̅˹˷̉̓ ̅̈̄̅˹̄̒˼ ̖̆̅̄̉˿̖ 

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

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

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

̄̒˼ ̉˼̌̄˿̎˼̈́˿˼ ̇˼̏˼̄˿̖. В˷˽̄̒̃ ̋˷́̉̅̇̅̃ 

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

̈̉˼̃ ̈̂̊˽˿̉ ̅̍˼̄́˷ ̔́̅̄̅̃˿̎˼̈́̅̀ ̍˼̂˼̈̅̅˸-

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

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

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

ɉɪɟɞɟɥ ɜɨɡɦɨɠɧɨɫɬɟɣ 

ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ  

ɢɧɬɟɥɥɟɤɬɚ 

Мɟɯɚɬɪɨɧɧɵɟ 
ɫɢɫɬɟɦɵ 

Ɍɪɚɞɢɰɢɨɧɧɵɟ  
ɚɜɬɨɦɚɬɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ 

Эɮɮɟɤɬɢɜɧɚя ɨɛɥɚɫɬɶ 

ɦɟɯɚɬɪɨɧɢɤɢ 

ɋɬɨɢɦɨɫɬɶ  
ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ 

ɨɛɴɟɤɬɚ 
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