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ДИАГНОСТИКА И ПРОДЛЕНИЕ СРОКА СЛУЖБЫ ТРАНСМИССИЙ 
КАРЬЕРНЫХ ЭКСКАВАТОРОВ 

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

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

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

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

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

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

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

КȋȞȗевțе ȑȋȎва: ́˷̇̓˼̇̄̒̀ ̔́̈́˷˹˷̉̅̇, ̉˼̌̄˿̎˼̈́̅˼ ̅˸̈̂̊˽˿˹˷̄˿˼, ̇˼̃̅̄̉, ̊˾̂̒ ̉̇˼̄˿̖, ̈̃˷˾́˷, 
˷́̊̈̉˿̎˼̈́˿̀ ̈˿˺̄˷̂, ̉̇˷̄̈̃˿̈̈˿̖. 
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DIAGNOSING AND EXTENDING USEFUL LIFE  
OF TRANSMISSIONS IN MINING EXCAVATORS 

The study considers the issues related to improving the system for diagnosing the technical condition of 

mining excavator transmissions and extending the service life of their working fluids based on assessment of 

magnitude and nature of changes in the acoustic signal D of the ultrasonic range in moving parts of 

transmission elements during its operation. The quantity and quality of the lubricant determines the value of 

the indicator D, and allows to make decisions about timely replacement or disposal of used transmission oil 

when implementing the technology of routine work within the framework of maintenance and repair 

strategy based on the actual conditions. Recommendations are given for improving the assessment of 

technical conditions of components and friction pairs of mechanical transmissions of equipment. The 

results of the experiment on changing the D index in a friction pair as a function of pressure in the contact 

and the angular velocity are presented. A block for cleaning transmission oil in mining excavator systems is 

proposed. A description of its operating principles is given. 
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ВǤǧǦǧǯǪǧ. ˤ˷ ̈˼˺̅˻̖̄̏̄˿̀ ˻˼̄̓ ̇˷˾˹˿̉˿˼ 
˺̅̇̄̅˻̅˸̒˹˷̐̕˼̀ ̅̉̇˷̈̂˿ ̄˼˹̅˾̃̅˽̄̅ ̆̇˼˻-

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

̄̒̌ ̃˷̏˿̄ ̆̅˹̒̏˼̄̄̅̀ ̄˷˻˼˽̄̅̈̉˿ ˺̅̇̄̅-

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

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

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

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

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

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

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

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

̅̎˼̇˼˻̓ ˿̌ ̉̇˷̄̈̃˿̈̈˿̀ [1–4].  

ǘǧǭǾȀ ǲǢбоǴǽ ̖˹̖̂˼̖̉̈ ̇˷˾̇˷˸̅̉́˷ ̈˿̈̉˼-
̃̒ ̅̍˼̄́˿ ̌˷̇˷́̉˼̇˷ ̆̇̅̍˼̈̈˷ ̉̇˼̄˿̖ ̆̅-

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

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

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

́˿ ˿ ̇˼˺˼̄˼̇˷̍˿˿ ̂̊˸̇˿́˷̉̅̇˷.  

ǑǲǪǯǸǪǱǽ оǸǧǯǬǪ ǵǳǭоǤǪǫ ǳмǢǩǬǪ ǱоǦǤǪǨǯǽǷ 

ǳоǧǦǪǯǧǯǪǫ 

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

̈̇˼˻˿ ̆̅˻̏˿̆̄˿́̅˹ ̉̇˷̄̈̃˿̈̈˿̀ – 67 % ˹̈˼̌ 
̅̉́˷˾̅˹ ̈˹̖˾˷̄̅ ̈ ̄˼˻̅̈̉˷̉́̅̃ ˿̂˿ ˾˷˺̖̇˾̄˼̄˿-

˼̃ ̈̃˷˾́˿, 16 % – ̈ ̄˼́˷̎˼̈̉˹˼̄̄̒̃ ̆̇̅˹˼˻˼-
̄˿˼̃ ̇˼˺̂˷̃˼̄̉̄̒̌ ̇˷˸̅̉ ̆̅ ̃̅̄̉˷˽̊ ˿ ́̇˼̆-

̂˼̄˿̕ ̆̅˻̏˿̆̄˿́̅˹ ˿ ̂˿̏̓ 10,5 % – ̈̅˸-

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

В ̊̈̂̅˹˿̖̌ ̔́̈̆̂̊˷̉˷̍˿˿ ̂˿̏̓ ̉˼̌̄̅̂̅˺˿̖ 

˿ ̉˼̌̄̅̂̅˺˿̎˼̈́˿˼ ̆̇̅̍˼̈̈̒, ̈̅̆̇̅˹̅˽˻˷̐̕˿˼ 
̈˿̈̉˼̃̊ ̉˼̌̄˿̎˼̈́̅˺̅ ̅˸̈̂̊˽˿˹˷̄˿̖ ˿ ̇˼̃̅̄̉˷ 
(˩˥ ˿ ˧) ̈̆̅̈̅˸̈̉˹̊̉̕ ˹̅̈̈̉˷̄̅˹̂˼̄˿̕ ̇˼̈̊̇̈˷ 
̅˸̅̇̊˻̅˹˷̄˿̖ ˿ ̅̆̇˼˻˼̖̂̉̕ ̔̋̋˼́̉˿˹̄̅̈̉̓ 
̆̅˻˻˼̇˽˷̄˿̖ ̃˷̏˿̄̒ ˹ ̇˷˸̅̉̅̈̆̅̈̅˸̄̅̃ ̈̅-

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

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

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

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

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

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

̄̒̌ ̈̅˼˻˿̄˼̄˿̀.  

˴̂˼̃˼̄̉̒ ̆˷̇̒ ̉̇˼̄˿̖ ̆̇˿ ˿̌ ́˿̄˼̃˷̉˿̎˼-
̈́̅̃ ˹˾˷˿̃̅˻˼̀̈̉˹˿˿ ̈̆̅̈̅˸̄̒ ˺˼̄˼̇˿̇̅˹˷̉̓ 
̈˿˺̄˷̂̒ ˹̄˼̏̄˼˺̅ ̉̇˼̄˿̖ [5–8], ˹́̂̎̕˷̐̕˿̀ ˹ 

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

˻˿˷̆˷˾̅̄˼ ̎˷̈̉̅̉, ̈̅˹̅́̊̆̄̅̈̉̓ ́̅̉̅̇̒̌ ́̅̃-

̆̂˼́̈̄̅ ̋˿́̈˿̇̊˼̖̉̈ ̆̅́˷˾˷̉˼̂˼̃ D: ˷˹̉̅́̅̂˼-
˸˷̄˿̖ ˹̒˾˹˷̄̄̒˼ ˿˾̃˼̄˼̄˿̖̃˿ ̊̈̂̅˹˿̀ ̖̈̅̆̇-

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

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

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

˼̃ ̆̅˹˼̇̌̄̅̈̉˼̀ ̉̇˼̄˿̖; ̆̅˹˼̇̌̄̅̈̉̄̒˼ ˹̅̂̄̒. 

˫˿́̈˿̇̊˼̃̒̀ ̆̅́˷˾˷̉˼̂̓ D ̆̇˼˻̈̉˷˹̖̂˼̉ ̈̅˸̅̀ 

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

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

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

˼̖̉̈ ˿̄̉˼˺̇˷̂̓̄̅̀ ̅̍˼̄́̅̀ ̖̈̅̈̉̅̄˿̖ ́̅̄̉̇̅-

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

̊̈̂̅˹˿̖ ˿ ̌˷̇˷́̉˼̇ ̈̃˷˾́˿ [4, 5, 9–12]. 

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

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

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

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

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

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

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

˿, ˻˷˽˼ ˹ ˷˹̉̅̃˷̉˿̎˼̈́̅̃ ̇˼˽˿̃˼ [13–15].  
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˩˷́˿̃ ̅˸̇˷˾̅̃, ̄˷˿˸̅̂˼˼ ̆̅̂̄̅˼ ˿̈̆̅̂̓-

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

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

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

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

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

̈̉˿́˼ ̉˼̌̄˿̎˼̈́̅˺̅ ̖̈̅̈̉̅̄˿̖ ̉̇˷̄̈̃˿̈̈˿̀ 

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

˽˿˹˷̄˿̖ ̆̅ ̋˷́̉˿̎˼̈́̅̃̊ ̖̈̅̈̉̅̄˿̕.  

ǟǬǳǱǧǲǪмǧǯǴǢǭǾǯоǧ оǱǲǧǦǧǭǧǯǪǧ ǷǢǲǢǬǴǧǲǢ  

ǪǩмǧǯǧǯǪȁ ǳǲǧǦǯǧǥо ǩǯǢǹǧǯǪȁ ǵǲоǤǯȁ ǩǤǵǬоǤоǥо 

ǳǪǥǯǢǭǢ D Ǥ ǱоǦǤǪǨǯом ǳоǧǦǪǯǧǯǪǪ.  

˦̇˿ ̅̍˼̄́˼ ̈̃˷˾̒˹˷̐̕˼̀ ̈̆̅̈̅˸̄̅̈̉˿ 

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

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

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

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

̉̇˼̄˿̖ ˹ ́˿̄˼̃˷̉˿̎˼̈́̅̀ ̆˷̇˼. ˴́̈̆˼̇˿̃˼̄̉̒ 

̆̇̅˹̅˻˿̂˿̈̓ ̄˷ ̃˷̏˿̄˼ ̉̇˼̄˿̖ ̉˿̆˷ ˪ˣ˩ ˹ 

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

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

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

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

̂̊̎˼̄˿̖ ̅˸̐˼̀ ́˷̇̉˿̄̒ ̅ ˾˷́̅̄̅̃˼̖̇̄̅̈̉̌ 

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

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

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

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

̆̇˿˸̅̇̅̃ А˧˦ 11 (˥˥˥ «ˣ˜˩КА˩˥ˣ»).  

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

˸˷˾̅˹̅˺̅ ̃˷̈̂˷ И-20. И˾ ̆̅̂̊̎˼̄̄̒̌ ̇˼˾̊̂̓̉˷̉̅˹ 
˹˿˻̄̅, ̎̉̅ ˿̃˼˼̖̉̈ ̊̈̉̅̀̎˿˹˷̖ ̉˼̄˻˼̄̍˿̖ ˹̅˾-
̇˷̈̉˷̄˿̖ ˹˼̂˿̎˿̄̒ ̆̅́˷˾˷̉˼̖̂ D ̆̇˿ ̇̅̈̉˼ ̊˺̂̅-

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

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

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

˿̂˿ ̈̊̌̅̃. ˝˿˻́̅̈̉̄̅˼ ̉̇˼̄˿˼ ̌˷̇˷́̉˼̇˿˾̊˼̖̉̈ 

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

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

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

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

 

 
˧˿̈. 1. И˾̃˼̄˼̄˿˼ ˹˼̂˿̎˿̄̒ ́̅̃̆̂˼́̈̄̅˺̅ ̆̅́˷˾˷̉˼̖̂ D ̈˿˺̄˷̂˷ ˹̄˼̏̄˼˺̅ ̉̇˼̄˿̖  

˻̖̂ ˸˷˾̅˹̅˺̅ ̃˷̈̂˷ И-20 ̅̉ ̊˺̂̅˹̅̀ ̈́̅̇̅̈̉˿ ˿ ˻˷˹̂˼̄˿̖ ˹ ̆˷̇˼ ̉̇˼̄˿̖ 

Fig. 1. The change in the value of the complex index D of the external friction signal for the base oil I-20  

from the angular velocity and pressure in the friction pair 
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А̄˷̂̅˺˿̎̄̒˼ ̔́̈̆˼̇˿̃˼̄̉̒ ̆̇̅˹̅˻˿̂˿̈̓ 

˻̖̂ ̃˷̈˼̂ И-20 ̈ ̆̇˿̈˷˻́˷̃˿, 75w, 85W ˿ 90. 

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

̉˼̖̂ D ˸̒̂˷ ˷̄˷̂̅˺˿̎̄̅̀, ˷ ̅̉̂˿̎˿˼ ˿̃˼̂̅ 

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

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

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

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

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

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

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

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

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

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

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

˾˷̉˼̂̓ D.  

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

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

̆̅̂̅̈˼ ̎˷̈̉̅̉ ̅̉ ̆̇̅̍˼̈̈˷ ̉̇˼̄˿̖ ˹ ́̅̄̉̇̅̂˿-

̇̊˼̃̒̌ ̇˼̈̊̇̈̅̅̆̇˼˻˼̖̂̐̕˿̌ ̆̅˻˹˿˽̄̒̌ ̈̅-

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

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

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

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

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

̈̉˼̃˷̃˿ ̈̃˷˾́˿ ˿ ˿̌ ̇˼˺˼̄˼̇˷̍˿˿. К˷́ ̆̇˿-

̃˼̇, ̇˷̈̈̃̅̉̇˿̃  

ǑǲǪмǧǯǧǯǪǧ ǵǭǾǴǲǢǩǤǵǬǢ ǱǲǪ ǲǧǥǧǯǧǲǢǸǪǪ мǢǳǧǭ 

Ǥ ǱǧǲǪоǦ ǱǲоǤǧǦǧǯǪȁ ǲǧǥǭǢмǧǯǴǯǽǷ ǲǢбоǴ ǴǧǷǯǪǬǪ 

˪̎˿̉̒˹˷̖ ˺˷˸˷̇˿̉̒ ˿ ̃˼̈̉˷ ̇˷̈̆̅̂̅˽˼̄˿̖ 

̖̉˽˼̂̅̀ ˺̅̇̄̅̀ ̉˼̌̄˿́˿ ̅̉́̇̒̉̒̌ ̇˷˾̇˷˸̅-

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

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

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

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

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

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

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

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

˼̉ ˻̅̂˺̅˹˼̎̄̅̈̉̓ ̅̈̄̅˹̄̒̌ ̈˿̂̅˹̒̌ ̈˿̈̉˼̃, 

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

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

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

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

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

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

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

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

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

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

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

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

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

̇˿̈́˷̃˿. ˦̅̔̉̅̃̊ ̄˷˿˸̅̂˼˼ ̔́̅̄̅̃˿̎˼̈́˿ 

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

̍˿̖ ̅̉̇˷˸̅̉˷̄̄̒̌ ̃˷̈˼̂ [13, 16, 17].  

˦̇˿ ̇˼˺˼̄˼̇˷̍˿˿ ̅̉̇˷˸̅̉˷̄̄̒̌ ̃˷̈˼̂ ˹ 

̈̅̅̉˹˼̉̈̉˹˿˿ ̈ ˚˥˨˩ ˧ 56828.42-2018, ̄˼̅˸-

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

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

ˤ˷˿˸̅̂˼˼ ̔̄˼̇˺̅̔̋̋˼́̉˿˹̄̒̃ ̈̆̅̈̅˸̅̃ 

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

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

̊̂̓̉̇˷˾˹̊́̅˹̅̀ ̎˷̈̉̅̉̒ ̈˹̒̏˼ 20 ́˚̍, ̎̉̅ 

̈̆̅̈̅˸̈̉˹̊˼̉ ̅˸̇˷˾̅˹˷̄˿̕ ˹̒̈̅́̅̈́̅̇̅̈̉̄̒̌ 

̖́̊̃̊̂̉˿˹̄̒̌ ̈̉̇̊̀ ˿ ˿̄̉˼̄̈˿̋˿́˷̍˿˿ ̆̇̅-

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

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

˷́̊̈̉˿̎˼̈́˿̌ ̆̅̉̅́̅˹, ̈̆̅̈̅˸̈̉˹̊̐̕˿̌ 

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

̄̒̌ ̆̇̅˻̊́̉̅˹ ̅́˿̈̂˼̄˿̖. 

˦̇̅˹˼˻˼̄̄̒˼ ˷˹̉̅̇˷̃˿ ̂˷˸̅̇˷̉̅̇̄̒˼ ˿̈-

̆̒̉˷̄˿̖ ̆̅˻̉˹˼̇˻˿̂˿ ̉̅̉ ̋˷́̉, ̎̉̅ ̅̈̄̅˹̄̒̃ 

̆˷̇˷̃˼̉̇̅̃, ̅̆̇˼˻˼̖̂̐̕˿̃ ̔̋̋˼́̉˿˹̄̅̈̉̓ 

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

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

̄̒̃ ̆˷̇˷̃˼̉̇̅̃ ̊̈̉̇̅̀̈̉˹˷ – ̆̅̉̅́ ̊̂̓̉̇˷-

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

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

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

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

˽˿˻́̅̈̉˿ ̄˷ ̇˷˾̇̒˹.  

ˤ˷ ̅̈̄̅˹˷̄˿˿ ̇˼˾̊̂̓̉˷̉̅˹ ̆̇̅˹˼˻˼̄̄̒̌ 

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

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

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

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

̆˷̇̅˹̅˺̅ ̆̅̉̅́˷ ̆˼̇˼̃˼̐˷̉̕ ˹ ̆̇̅̃˼˽̊̉̅̎-

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

̆̇˿˼̃̄̅̀ ˼̃́̅̈̉˿ ̅̉́̊˻˷ ̆̇˿ ˻̅̈̉˷̉̅̎̄̅̃ 

̄˷́̅̆̂˼̄˿˿ ̆̇˿̄̊˻˿̉˼̂̓̄̅ ̊˸˿̇˷̖̉̈̕. ˛̖̂ 

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

̔̄˼̇˺̅˼̃́̅̈̉˿ ̆̇˼˻̂̅˽˼̄̅ ̅̈̊̐˼̈̉˹̖̂˼̖̉̈ 

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

̆̇̅̃˼˽̊̉̅̎̄̅̀ ˼̃́̅̈̉˿ ˻̅ ̉˼̃̆˼̇˷̉̊̇̒ ̆̅-

̖̇˻́˷ 80 ˨. ˞˷̃˼̄˷ ̉̇˷˻˿̍˿̅̄̄̒̌ ́̅̄̉˷́̉-
̄̒̌ ̈̆̅̈̅˸̅˹ ̄˷˺̇˼˹˷ ̄˷ ˸˼̈́̅̄̉˷́̉̄̒̀ ̈ ˿̈-

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

̄˿̖ ̉˼̃̆˼̇˷̉̊̇̒ ̆̇˿ ˸̅̂̓̏˼̀ ̇˷˹̄̅̃˼̇̄̅-

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

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

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

̎˼̇˼˾ ̊̂̓̉̇˷˾˹̊́̅˹̅̀ ˸̂̅́ ́ ̋˿̂̓̉̇̊ ̉̅̄́̅̀ 

(1…10 ̃́̃) ̅̎˿̈̉́˿ ˿ ˻˷̂˼˼ ̅̎˿̐˼̄̄̅˼ ˿ 

˹̅̈̈̉˷̄̅˹̂˼̄̄̅˼ ̃˷̈̂̅ ̆̅̈̉̊̆˷˼̉ ˹ ̈̂˿˹̄̊̕ 

˼̃́̅̈̉̓. 

˥˸̐˿̀ ˹˿˻ ˸̂̅́˷ ̆̇˼˻̈̉˷˹̂˼̄ ̄˷ ̇˿̈. 2. 

˘̂̅́ ˿̃˼˼̉ ̃̅̐̄̅̈̉̓ 0,3 ́В̉, ̇˷˸̅̎˷̖ ̎˷-
̈̉̅̉˷ ˺˼̄˼̇˷̉̅̇˷ 35 ́˚̍, ̉˼̃̆˼̇˷̉̊̇˷ ̇˼˷̂˿˾˷-
̍˿˿ ̆̇̅̍˼̈̈˷ – 60 ˨, ˹̇˼̖̃ ̆̅̉̇˼˸̄̅˼ ˻̖̂ 

̇˼˺˼̄˼̇˷̍˿˿ ̂˿̉̇˷ 1…3 ̃˿̄̊̉̒. ˦̇˼˻̂̅˽˼̄-

̄̒̀ ˸̂̅́ ̇˼˺˼̄˼̇˷̍˿˿ ̃˷̈˼̂ ̈̃˷˾̅̎̄̅-

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

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

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

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

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

 

 
 

˧˿̈. 2. А˹̉̅̄̅̃̄̒̀ ˸̂̅́ ̇˼˺˼̄˼̇˷̍˿˿  

̅̉̇˷˸̅̉˷̄̄̒̌ ̃˷̈˼̂ 

Fig. 2. Autonomous unit for the regeneration 

of waste oils 

ǉǢǬǭȀǹǧǯǪǧ 

 ˴́̈̆˼̇˿̃˼̄̉˷̂̓̄̒̃˿ ˿̈̈̂˼˻̅˹˷̄˿̖̃˿ 

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

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

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

̈˿˺̄˷̂˷. 

 ˦̇˼˻̂̅˽˼̄˷ ́̅̄̈̉̇̊́̍˿̖ ˸̂̅́˷ ̇˼˺˼̄˼-
̇˷̍˿˿ ̃˷̈̂˷ ˿ ̇˷˸̅̎˿̌ ˽˿˻́̅̈̉˼̀ ̈ ˿̈̆̅̂̓˾̅-

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

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

̊̈̉˷̄̅˹̅́. 

 ˨̅˹̅́̊̆̄̅̈̉̓ ̆̇˿̃˼̄˼̄˿̖ ˷́̊̈̉˿̎˼̈́̅̀ 

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

́˷̇̓˼̇̄̒̌ ̔́̈́˷˹˷̉̅̇̅˹. 
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