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

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

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

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

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

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

̄̒̌ ˾˷́̅̄̅˹ ˻˹˿˽˼̄˿̖. 
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ВǤǧǦǧǯǪǧ 

В ̂̕˸̅̀ ̅̉̇˷̈̂˿ ̆̇̅̃̒̏̂˼̄̄̅̈̉˿ ̔́̅̄̅-

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

̉̊̐̕˿̌ – ̄˷̈̊̐̄˷̖ ̆̇̅˸̂˼̃˷. ˞̄˷̎˿̉˼̂̓̄˷̖ 

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

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

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

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

̄̅˺̅ ̈ ̆̅˾˿̍˿̀ ̇˼̈̊̇̈̅̈˸˼̇˼˽˼̄˿̖ ̆̇˿˹̅˻˷ 
˹˼̈̓̃˷ ˷́̉̊˷̂̓̄̅ [1–4]. ˛̖̂ ˻̅̈̉˿˽˼̄˿̖ ̃˷́-

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

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

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

̃˿˾˷̍˿̖ ̆̅̉̇˼˸̖̂˼̃̅̀ ̔̄˼̇˺˿˿ [3]. В̅-

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

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

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

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

˻̊ ̃˷́̈˿̃˷̂̓̄̅̀ ̃˺̄̅˹˼̄̄̅̀ ̃̅̐̄̅̈̉̓̕, 

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

˿ ˼˺̅ ̆˷̇˷̃˼̉̇˷̃˿. К̅̄̈̉̇̊́̍˿˿ ˻˹˿˺˷̉˼̂˼̀, 

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

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

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

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

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

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

̃˼̌˷̉̇̅̄̄̒̃˿ ̈̇˼˻̈̉˹˷̃˿. 

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

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

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

̅̆̉˿̃˿˾˷̍˿˿ ̊̆̇˷˹̂˼̄˿̖ ˻˿̄˷̃˿̎˼̈́˿̃˿ ̈˿̈-
̉˼̃˷̃˿ ˾˷̂̅˽˼̄̒ ˹ ̇˷˸̅̉˷̌ ˢ.˨. ˦̖̅̄̉̇˺˿̄˷, 
А.А. ˫˼̂̓˻˸˷̊̃˷ ˿ ˤ.ˤ. К̇˷̈̅˹̈́̅˺̅ [5, 13]. 

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

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

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

̅̉˼̎˼̈̉˹˼̄̄̒̃˿ ˿ ˾˷̇̊˸˼˽̄̒̃˿ ̊̎˼̄̒̃˿ [3, 

4, 6–8, 10–12]. ˞˷˻˷̎˷ ˹̒˸̅̇˷ ˾˷́̅̄˷ ˻˹˿˽˼-
̄˿̖ ˿ ˼˺̅ ̆˷̇˷̃˼̉̇̅˹ ̆̅ ́̇˿̉˼̇˿̖̃ ̃˿̄˿̃˿-

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

̇̅˸̅̉˷̌ – ̄̅˹˷̖ ˿ ˹˼̈̓̃˷ ˷́̉̊˷̂̓̄˷̖. 

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

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

̃˼˽˻̊ ̃˷́̈˿̃˷̂̓̄̅̀ ̃˺̄̅˹˼̄̄̅̀ ̃̅̐̄̅̈̉̓̕, 

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

˿ ˼˺̅ ̆˷̇˷̃˼̉̇˷̃˿. 

ǎǧǴоǦǪǬǢ ǲǧǺǧǯǪя Ǳǲобǭǧмǽ Ǫ ǲǢǳǹǧǴǯǢя ǹǢǳǴǾ 

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

̄˷˺̇̊˾́˿ [2, 9, 14, 15]. ˣ̅˽̄̅ ̆̇˼˻̆̅̂̅˽˿̉̓, 
̎̉̅ ̆̇˿ ˾˷˻˷̄̄̅̃ ˹̇˼̃˼̄˿ ˻˹˿˽˼̄˿̖ ǲ ˿ ˹˼̂˿-

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

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

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

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

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

ˤ˷ ̇˿̈. 1 ̆̇˼˻̈̉˷˹̂˼̄̒ ˾˷˹˿̈˿̃̅̈̉˿ ̊̈́̅̇˼-
̄˿̖ aʩ (Z, t, ʩ, T, s) ˿ ̈́̅̇̅̈̉˿ vʩ (Z, ʩ, t, T, s) 

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

̄˷ ̆̇˷́̉˿́˼, (Z = 1 – ̖̆̇̃̅̊˺̅̂̓̄̒̀; Z = 2 – 

̉̇˼̊˺̅̂̓̄̒̀ ̄˼̈˿̃̃˼̉̇˿̎̄̒̀; Z = 3 – ́̅̈˿-

̄̊̈̄̒̀; Z = 4 – ̈˿̄̊̈̄̒̀); ʩ – ˹̇˼̖̃ ̇˷˾˺̅̄˷ 
(̉̅̇̃̅˽˼̄˿̖); t – ̉˼́̊̐˼˼ ˹̇˼̖̃; ǲ – ˹̇˼̖̃ 

˻˹˿˽˼̄˿̖ (ǲ = 3 ̈); s – ̆˼̇˼̃˼̐˼̄˿˼ (s = 1 ̃). 

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

˻̅̈̉˿˺˷˼̉ ˻̖̂ ̊̈́̅̇˼̄˿̀ 50 %, ̈́̅̇̅̈̉˼̀ – 

18 %, ˷ ́̅̅̇˻˿̄˷̉ – ˹̈˼˺̅ 4 % ̆̇˿ ̆̇˿̖̄̉̒̌ 
˾̄˷̎˼̄˿̖̌ ˹̇˼̃˼̄˿ ˻˹˿˽˼̄˿̖ ˿ ˹˼̂˿̎˿̄̒ ̆˼-
̇˼̃˼̐˼̄˿̖. ˩˷́̅˼ ̊̃˼̄̓̏˼̄˿˼ ̇˷˾̂˿̎˿̀ ̅˸̊-

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

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

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

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

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

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

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

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

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

̂˼̄˿˼, ̃̅̐̄̅̈̉̓ ˻˹˿˺˷̉˼̖̂ ˿̂˿ ̃̅̉̅̇˷).  
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̅˹  

˼̉̄̒ ˻˿̄˷-
̒̇˷˽˼̄˿˼̃

0 .gm 
(1)

 – ˾˷́̅̄̒ 

́̅̉̅̇̒˼ ˾˷-
̇˿˹˼˻˼̄̄̒˼ 
̓̄̅, ˿, ̈̅-

 ̊̈́̅̇˼̄˿˼ 

̅̈̉˿ ̃˺̄̅-

̇˷˾̂˿̎̄̒̌ 

̄˿̖ ˿ ̆̇˿ 

̉̅ ̆̇˿ ˹̈˼̌ 
̊̈́̅̇˼̄˿̖ 

̄̅̀ ̃̅̐̄̅-

̉ ̆˿́ ˿̃˼˼̉ 
̂˼̄̄̅̃ ˻̖̂ 

̄̉˷ k [2, 9]. 

˿̃˼̉̕ ̃˼̈̉̅ 

˿˹̄̅˺̅ ̉̅̇-

˷̍˿˼̀ ̔̄˼̇-

˹˼̈˷) ̄˼ ˻̅-

˾˷̃˼˻̂˼̄˿̖.
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˧˿̈. 2. ˞˷˹˿̈˿̃̅̈̉̓ ̃˺̄̅˹˼̄̄̅̀ ̃̅̐̄̅̈̉˿ ̅̉ ˹̇˼̃˼̄˿ ̆̇˿ ̇˷˾̂˿̎̄̒̌ ˾̄˷̎˼̄˿̖̌ ́̅̔̋̋˿̍˿˼̄̉˷ k  

˻̖̂ ̇˷˾̄̒̌ ˾˷́̅̄̅˹ ˿˾̃˼̄˼̄˿̖ ̊̈́̅̇˼̄˿̖: а – ̖̆̇̃̅̊˺̅̂̓̄̅˺̅; ȁ – ̉̇˼̊˺̅̂̓̄̅˺̅; в – ́̅̈˿̄̊̈̄̅˺̅;  

ȃ – ̈˿̄̊̈̄̅˺̅ 

Fig. 2. The dependence of the instantaneous power on time for different values of the coefficient k  

for different laws of change in acceleration: a – rectangular; ȁ – triangular; в – cosine; ȃ – sinus 
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˧˿̈. 3. ˨˹̅˻̄̒˼ ˺̇˷̋˿́˿ ˾˷˹˿̈˿̃̅̈̉˿ ̃˺̄̅˹˼̄̄̅̀ 

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

Fig. 3. Summary graphs of instantaneous power  

versus time for the acceleration section 

˧˿̈. 4. ˨˹̅˻̄̒˼ ˺̇˷̋˿́˿ ˾˷˹˿̈˿̃̅̈̉˿ ̃˷́̈˿̃˷̂̓̄̅̀ 

̃˺̄̅˹˼̄̄̅̀ ̃̅̐̄̅̈̉˿ ̅̉ ́̅̔̋̋˿̍˿˼̄̉˷ k 

Fig. 4. Summary plots of maximum  

instantaneous power versus k-factor 
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˧˿̈. 5. ˞˷́̅̄̒ ˿˾̃˼̄˼̄˿̖ ̊̈́̅̇˼̄˿̖ (а) ˿ ̈́̅̇̅̈̉˿ (ȁ), ̅˸˼̈̆˼̎˿˹˷̐̕˿˼ ̃˿̄˿̃˷̂̓̄̅˼ ˾̄˷̎˼̄˿˼ ̆˿́̅˹̅̀ 

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

Fig. 5. The laws of change in acceleration (a) and speed (ȁ), providing the minimum value of the peak power  

of the mechatronic drive, with four typical laws of change in acceleration in the acceleration section 
 

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

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

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

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

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

̈˿̃˷̂̓̄̅̀ ̃˺̄̅˹˼̄̄̅̀ ̃̅̐̄̅̈̉˿ ̅̉ ́̅̔̋̋˿-

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

̊̈́̅̇˼̄˿̖ k (̇˿̈. 4). ˟˾ ˺̇˷̋˿́̅˹ ̈̂˼˻̊˼̉, ̎̉̅ 

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

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

̋˿̍˿˼̄̉˷  
ˤ˷ ̇˿̈. 5 ̆̇˼˻̈̉˷˹̂˼̄̒ ˾˷́̅̄̒ ˿˾̃˼̄˼̄˿̖ 

̊̈́̅̇˼̄˿̖ ˿ ̈́̅̇̅̈̉˿ ̄˷ ̊̎˷̈̉́˼ ̇˷˾˺̅̄˷ (0, 1 ̈), 
̅˸˼̈̆˼̎˿˹˷̐̕˿˼ ̃˿̄˿̃˷̂̓̄̅˼ ˾̄˷̎˼̄˿˼ ̆˿-

́̅˹̅̀ ̃̅̐̄̅̈̉˿ ̃˼̌˷̉̇̅̄̄̅˺̅ ̆̇˿˹̅˻˷ ˻̖̂ 

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

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

̇˼̄˿˼ ̃˿̄˿̃˷̂̓̄̅) ̅̆̇˼˻˼̖̂˼̖̉̈ ̋̅̇̃̊̂̅̀ 
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˺˻˼ k0 – ́̅̔̋̋˿̍˿˼̄̉ ̆̇˼˹̒̏˼̄˿̖ ̃˿̄˿̃˷̂̓̄̅ 

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

˹˿˹̏˼̖̀̈ ̈́̅̇̅̈̉˿; km – ́̅̔̋̋˿̍˿˼̄̉ ̆̇˼˹̒̏˼-
̄˿̖ ̊̈́̅̇˼̄˿̖, ̈̅̅̉˹˼̉̈̉˹̊̐̕˿̀ ̃˿̄˿̃˷̂̓̄̅ 

˹̅˾̃̅˽̄̅̃̊ ˾̄˷̎˼̄˿̕ ̆˿́̅˹̅̀ ̃̅̐̄̅̈̉˿ ˻̖̂ 

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

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

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

̈̉˿ ̄˷ ̊̃˼̄̓̏˼̄˿˼ ̃˷́̈˿̃˷̂̓̄̅̀ ̈́̅̇̅̈̉˿ 

(̆̅ ̈̇˷˹̄˼̄˿̕ ̈ ̃˷́̈˿̃˷̂̓̄̒̃˿ ̖̈́̅̇̅̈̉̃˿ 

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

˹˹˼˻˼̄ ́̅̔̋̋˿̍˿˼̄̉ k1Z: 
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˛̖̂ ̅̍˼̄́˿ ̔̋̋˼́̉˿˹̄̅̈̉˿ ̇˷̈̈̃̅̉̇˼̄-

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

̈̉˷̉̅̎̄̅ ̈̇˷˹̄˿̉̓ ˿̌ ̆˿́̅˹̒˼ ̃̅̐̄̅̈̉˿ 

̈ ̆˿́̅˹̅̀ ̃̅̐̄̅̈̉̓̕ ̉̇˼̊˺̅̂̓̄̅˺̅ ˾˷́̅̄˷, 
́̅̉̅̇˷̖ ̃˿̄˿̃˷̂̓̄˷: 
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˪˹˼̂˿̎˼̄˿˼ ̃˷́̈˿̃˷̂̓̄̅˺̅ ̊̈́̅̇˼̄˿̖ ̆̇˿ 

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

̉̅̃ K1Z, ́̅̉̅̇̒̀ ̇˷̈̈̎˿̉̒˹˷˼̖̉̈ ̆̅ ̋̅̇̃̊̂˼ 
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˪˹˼̂˿̎˼̄˿˼ ̃˷́̈˿̃˷̂̓̄̅̀ ̈́̅̇̅̈̉˿ ̆̇˿ 

̔̉̅̃ ̅̍˼̄˿˹˷˼̖̉̈ ́̅̔̋̋˿̍˿˼̄̉̅̃ K2Z, ̅̆̇˼-
˻˼̖̂˼̃̒̃ ̋̅̇̃̊̂̅̀ 
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˧˼˾̊̂̓̉˷̉̒ ̈̇˷˹̄˿̉˼̂̓̄̅˺̅ ˷̄˷̂˿˾˷ ̔̋-

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

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

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

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

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

́˷˾˷̉˼̂˿. ˩˷́, ̄˷̆̇˿̃˼̇, ̈˿̄̊̈̄̒˼ ˾˷́̅̄̒ 

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

̃˿̄˿̃˷̂̓̄̅̀ ̆˿́̅˹̅̀ ̃̅̐̄̅̈̉˿ ̉̇˼̊˺̅̂̓-

̄̒̃ ˿ ́̅̈˿̄̊̈̄̒̃ ˾˷́̅̄˷̃ [14, 15]. ˥˻̄˷́̅ 

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

̈̄˿˽˼̄˿̕ ̈̇̅́˷ ˼˼ ̈̂̊˽˸̒. 

 

ǒǧǩǵǭǾǴǢǴǽ ǳǲǢǤǯǪǴǧǭǾǯоǥо ǢǯǢǭǪǩǢ ǿǶǶǧǬǴǪǤǯоǳǴǪ  

Ǧǭя ǲǢǩǭǪǹǯǽх ǩǢǬоǯоǤ ǪǩмǧǯǧǯǪя ǵǳǬоǲǧǯǪя ǱǲǪ ǱоǳǴояǯǯоǫ ǯǢǥǲǵǩǬǧ  
(m = 20 000 Ǭǥ, m0 = 7 000 Ǭǥ,  = 3 ǳ, s = 1 м) 

The results of a comparative analysis of the effectiveness  

for different laws of change in acceleration under constant load 

(m = 20,000 kg, m0 = 7,000 kg, T = 3 s, s = 1 m) 

˩˿̆ ˾˷́̅̄˷ ˻˹˿˽˼̄˿̖ Nmin, ́В̉ Nmax, ́В̉ Z(k), % k k1Z, % KZ, % K1Z, % K2Z, % 

˦̖̇̃̅̊˺̅̂̓̄̒̀ 36,0 53,7 49,2 1,9 41 30,0 0,59 1,06 

˩̇˼̊˺̅̂̓̄̒̀ 27,7 34,8 25,6 2,4 26 0 1,00 1,00 

К̅̈˿̄̊̈ 28,3 36,7 29,7 2,2 29 2.2 0,77 1,02 

˨˿̄̊̈ 32,4 48,6 50,0 2,3 43 17,0 1,02 1,02 
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Машиностроение
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˧˿̈. 6. ˨˹̅˻̄̒˼ ˺̇˷̋˿́˿ ˾˷˹˿̈˿̃̅̈̉˿ ̆˿́̅˹̅̀ ̃̅̐̄̅̈̉˿ ˿ ̔̄˼̇˺˼̉˿̎˼̈́˿̌ ˾˷̉̇˷̉ ̅˻̄̅˺̅ ̍˿́̂˷  

˻̖̂ ̎˼̉̒̇˼̌ ˾˷́̅̄̅˹ ˿˾̃˼̄˼̄˿̖ ̊̈́̅̇˼̄˿̖ (T = 1 ̈, s = 1 ̃, m = 7000 ́˺, m0 = 20000 ́˺) 

Fig. 6. Summary plots of peak power and energy costs of one cycle for the four laws of change of acceleration  

(T = 1 s, s = 1 m, m = 7000 kg, m0 = 20000 kg) 

 

Э̄˼̇˺˼̉˿̎˼̈́˿˼ ˾˷̉̇˷̉̒ ̄˷ ̅˻˿̄ ̍˿́̂ 

(̖̆̇̃̅̀ ̌̅˻ ˹˼˻̅̃̅˺̅ ˾˹˼̄˷) ̅̆̇˼˻˼̖̖̂̉̈̕ 

̋̅̇̃̊̂̅̀ 
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˺˻˼ t0 – ̃̅̃˼̄̉ ̄˷̎˷̂˷ ˷́̉˿˹̄̅˺̅ ̉̅̇̃̅˽˼̄˿̖ 

̆̇˿ ̅̉̈̊̉̈̉˹˿˿ ̇˼́̊̆˼̇˷̍˿˿.  

ˤ˷ ̇˿̈. 6 ̆̇˼˻̈̉˷˹̂˼̄̒ ̈˹̅˻̄̒˼ ˺̇˷̋˿́˿ 

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

˾˷́̅̄̅˹ ˿˾̃˼̄˼̄˿̖ ̊̈́̅̇˼̄˿̖.  

ǉǢǬǭȀǹǧǯǪǧ Ǫ ǤǽǤоǦǽ  

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

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

1. ˛̖̂ ̉˿̆̅˹̒̌ ˾˷́̅̄̅˹ ˿˾̃˼̄˼̄˿̖ ̊̈́̅̇˼-
̄˿̖ ̔̄˼̇˺˼̉˿̎˼̈́˿˼ ˾˷̉̇˷̉̒, ́˷́ ˿ ̃˺̄̅˹˼̄̄˷̖ 

̃̅̐̄̅̈̉̓, ̃̅˺̊̉ ˿̃˼̉̓ ̔́̈̉̇˼̃̊̃ (̃˿̄˿̃̊̃) 

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

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

̇˼̄˿̖.  

2. Э́̈̉̇˼̃̊̃ ̃̅˽˼̉ ̄˷̌̅˻˿̖̉̓̈ ́˷́ ˹̄̊̉̇˿ 

˿̄̉˼̇˹˷̂˷ [1, ∞], ̉˷́ ˿ ̄˷ ˼˺̅ ˺̇˷̄˿̍˷̌.  

3. ˩̇˼̊˺̅̂̓̄̒˼ ˿ ́̅̈˿̄̊̈̄̒˼ ˾˷́̅̄̒ ˿˾-
̃˼̄˼̄˿̖ ̊̈́̅̇˼̄˿̖ ̆̇˼˻̆̅̎̉˿̉˼̂̓̄̒ ̈ ̆̅˾˿-

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

˿ ̊̃˼̄̓̏˼̄˿̖ ̆˿́̅˹̅̀ ̆̅̉̇˼˸̖̂˼̃̅̀ ̃̅̐-

̄̅̈̉˿.  

4. ˤ˷ ̆̇˷́̉˿́˼ ˹̅˾̃̅˽̄̒ ̈̂̊̎˷˿, ́̅˺˻˷ 

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

̃̊̃ (˿̂˿ ̆̅̎̉˿ ̃˿̄˿̃̊̃) ̆̅̉̇˼˸̖̂˼̃̅̀ ̔̄˼̇-

˺˿˿ ̆̇˿ ̃˿̄˿̃˷̂̓̄̅ ˹̅˾̃̅˽̄̅̃ ̆˿́̅˹̅̃ 

˾̄˷̎˼̄˿˿ ̆̅̉̇˼˸̖̂˼̃̅̀ ̃̅̐̄̅̈̉˿. 

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

̖̂̉̕ ̃̅˻˼̂˿̇̅˹˷̉̓ ̆̇̅̍˼̈̈̒ ̇˷˸̅̉̒ ̃˷̏˿̄̒ 

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

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

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

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

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

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

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