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ВЛИЯНИЕ ДЕФОРМАЦИИ ВОДИЛА НА РАСПРЕДЕЛЕНИЕ НАГРУЗКИ  

ПО ШИРИНЕ ЗУБЧАТЫХ ВЕНЦОВ ПЛАНЕТАРНОГО РЕДУКТОРА 

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

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

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

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

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

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

ǪȋȞȗȅвțȅ ȑȋȎва: ̆̂˷̄˼̉˷̇̄˷̖ ̆˼̇˼˻˷̎˷, ˹̅˻˿̂̅, ˻˼̋̅̇̃˷̍˿̖, ́̅̔̋̋˿̍˿˼̄̉ ̄˼̇˷˹̄̅̃˼̇̄̅̈̉˿, ̇˷̈-

̆̇˼˻˼̂˼̄˿˼ ̄˷˺̇̊˾́˿, ̏˿̇˿̄˷ ˹˼̄̍˷. 

СȑțȋȊа ȏȐȈ ȖȈȒȈȐȎваȍȈȈ:  

А.К. ˦̏˿˾̅˹. В̂˿̖̄˿˼ ˻˼̋̅̇̃˷̍˿˿ ˹̅˻˿̂˷ ̄˷ ̇˷̈̆̇˼˻˼̂˼̄˿˼ ̄˷˺̇̊˾́˿ ̆̅ ̏˿̇˿̄˼ ˾̊˸̎˷̉̒̌ ˹˼̄̍̅˹ 

̆̂˷̄˼̉˷̇̄̅˺̅ ̇˼˻̊́̉̅̇˷ // ˤ˷̊̎̄̅-̉˼̌̄˿̎˼̈́˿˼ ˹˼˻̅̃̅̈̉˿ ˨˦˸˦˪. ˜̈̉˼̈̉˹˼̄̄̒˼ ˿ ˿̄˽˼̄˼̇̄̒˼ 
̄˷̊́˿. 2019. ˩. 25. № 1. ˨. 124–133. DOI: 10.18721/JEST.25112. 

A.K. Pshizov  

Public joint-stock company «ZAREM», Maykop, Russia 

EFFECT OF CARRIER DEFORMATION ON LOAD DISTRIBUTION  

ALONG THE FACE WIDTH OF PLANETARY GEARBOX 

We have studied the deformability of a planetary carrier from the standpoint of its effect on misalignment 

angles of the satellite axis. The formulae for calculating the values of these angles for each satellite engage-

ment are shown separately. Carrier deformation has been calculated based on the numerical method. Ex-

amples of calculation of satellite axis misalignment and its parallel misalignment as a result of carrier defor-

mation have been given. These deviations are included in the formulae for calculation of the face load fac-

tor. We have developed a refined method for calculating the face load factor as a result of carrier defor-

mation. The method takes into account the loads on satellite axis and construction characteristics of the 

planetary carrier. The dependence of the face width factor on the deformability of the planetary carrier has 

been shown in the article. 
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Машиностроение

ВǤǧǦǧǯǪǧ 
В̅̆̇̅̈̊ ̈̄˿˽˼̄˿̖ ̃˷̉˼̇˿˷̂̅˼̃́̅̈̉˿ ̆̇̅-

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

̈̉˿ [1, 2] ˿ ̄˷̌̅˻̖̉ ̄˷˿˸̅̂˼˼ ̏˿̇̅́̅˼ ̆̇˿̃˼-
̄˼̄˿˼ ˹ ̉˷́˿̌ ̅̉̇˷̖̈̂̌ ̃˷̏˿̄̅̈̉̇̅˼̄˿̖, ˹ 

́̅̉̅̇̒̌ ˾˷˻˷̎˷ ̅̆̉˿̃˿˾˷̍˿˿ ̃˷̈̈̅-

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

̆˼̇˹̅̈̉˼̆˼̄̄̅̀. ˟˾ ˹̈˼˺̅ ̃̄̅˺̅̅˸̇˷˾˿̖ ̆̂˷-
̄˼̉˷̇̄̒̌ ̆˼̇˼˻˷̎ ̄˷˿˸̅̂̓̏˼˼ ̇˷̈̆̇̅̈̉̇˷̄˼-
̄˿˼ ̆̅̂̊̎˿̂˿ ̆˼̇˼˻˷̎˿, ̆̇̅˼́̉˿̇̊˼̃̒˼ ̄˷ ˸˷-
˾˼ ̃˼̌˷̄˿˾̃˷ А [3]. В ̉̅̃ ̎˿̈̂˼ ̉˷́˿˼ ̇˼˻̊́̉̅-

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

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

[4–6]. К ̉˷́˿̃ ̋˷́̉̅̇˷̃ ̖̖̅̉̄̅̈̉̈: ̆̅˺̇˼̏̄̅-

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

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

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

˻̇̅˸̄̅ ̇˷̈̈̃̅̉̇˼̄̒ ˹ [7]. В̂˿̖̄˿˼ ˻˼̋̅̇̃˷-
̉˿˹̄̅̈̉˿ (̆̅˻˷̉̂˿˹̅̈̉̓) ̅˸̅˻̓˼˹ ̍˼̄̉̇˷̂̓̄̒̌ 
́̅̂˼̈ ˿ ̈˷̉˼̂̂˿̉̅˹, ˷ ̉˷́˽˼ ̄˼̇˷˹̄̅̃˼̇̄̅˺̅ 

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

˹̅˻˷ ̇˷̈̈̃̅̉̇˼̄̅ ˹ [3, 8–11]. ˥ ̆̅̂̅˽˿̉˼̂̓̄̅̃ 

̔̋̋˼́̉˼ ̆̅˻˷̉̂˿˹̅̈̉˿ ˾˹˼̄˷, ̄˷̆̇˿̃˼̇ ˹̅˻˿̂˷, 
˺̅˹̅̇˿̖̉̈ ˹ ̇˷˸̅̉˼ [12]. 

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

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

̉˼̂̓̄̅˼ ˹̄˿̃˷̄˿˼ ˹ ̇˷˸̅̉˷̌ [3, 13, 14]. В [3] 

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

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

˿̈̈̂˼˻̅˹˷̄˿˿ ˺̇̊̆̆̒ ˷˹̉̅̇̅˹ [13]. ˛˷̄̄˷̖ ̃˼-
̉̅˻˿́˷ ̆̅˾˹̖̅̂˼̉ ̆̅̂̊̎˿̉̓ ˾̄˷̎˼̄˿˼ ˻˼̋̅̇̃˷-
̍˿˿ (̆˼̇˼̃˼̐˼̄˿̖) ˹̅˻˿̂˷ ˹ ̍˼̂̅̃ – ˸˼˾ ̆̇˿-

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

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

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

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

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

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

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

̊̈̉˷̄̅˹̂˼̄̄̒̌ ̄˷ ˹̅˻˿̂˼. 
ǘǧǭǾ ǲǢбоǴǽ – ̊̈̉˷̄̅˹˿̉̓ ˹̂˿̖̄˿˼ ˻˼̋̅̇-

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

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

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

̆̅ ˻̂˿̄˼ ́̅̄̉˷́̉̄̒̌ ̂˿̄˿̀. 

ǒǢǳǹǧǴǯоǧ ǪǳǳǭǧǦоǤǢǯǪǧ 

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

̄̅˺̅ ̖̇˻˷ ̇˼˻̊́̉̅̇˷, ˹̈̉̇̅˼̄̄̅˺̅ ˹ ˸˷̇˷˸˷̄ 

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

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

˸̅̂̉˷̃˿ ˣ24 ́ ̅̆̅̇̄̅̀ ̈̉̅̀́˼ ̇˷̃̒ ̂˼˸˼˻́˿. 

ˤ˷ ̍˿̂˿̄˻̇˿̎˼̈́̊̕ ̆̅˹˼̇̌̄̅̈̉̓ Ø320 ̊̈̉˷-
̄̅˹̂˼̄ ̏˷̇˿́̅̆̅˻̏˿̆̄˿́. ˬ˷̇˷́̉˼̇ ˿˾̃˼̄˼-
̄˿̖ ̄˷˺̇̊˾́˿ ̄˷ ̆̅˻̏˿̆̄˿́ ̇˷̈̈̃̅̉̇˼̄ ˹ [15]. 

ˤ˷ ́˷˽˻̊̕ ̅̈̓ ̈˷̉˼̂̂˿̉˷ ˻˼̀̈̉˹̊˼̉ ̈˿̂˷ 

F = 2Ftw ˹ ̄˷̆̇˷˹̂˼̄˿˿, ̊́˷˾˷̄̄̅̃ ̄˷ ̇˿̈. 2. 

˦̇˿̖̄̉̅ ̈̎˿̉˷̉̓, ̎̉̅ ̅́̇̊˽̄̒˼ ̈˿̂̒ Ftw ˹̅ 

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

̂˿̉˷̃˿ ̅˻˿̄˷́̅˹̒ ˿ ̈̅̈̉˷˹̖̂̉̕ Ftw = 98845 ˤ. 

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

̃̅̐̓̕ ̆̇˿́̂˷˻̄̅̀ ̆̇̅˺̇˷̃̃̒ «T-FlexCAD», 

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

̔̂˼̃˼̄̉̄̒̌ ̇˷̈̎˼̉̅˹ «T-Flex А̄˷̂˿˾», ̅˸˼̈̆˼-
̎˿˹˷̐̕˷̖ ˷˹̉̅̃˷̉˿̎˼̈́̅˼ ̆̅̈̉̇̅˼̄˿˼ ̉˼̉̇˷-
̔˻̇˷̂̓̄̒̌ ́̅̄˼̎̄̅-̔̂˼̃˼̄̉̄̒̌ ̈˼̉̅́. 

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

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

̍˿˼̄̉̅˹ ˾˷̆˷̈˷ ˹ ̄̊˽̄̅̀ ̇˷̈̎˼̉̎˿́̊ ̉̅̎́˼. 
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˧˿̈. 1. ˣ̅˻˼̂̓ ́̅̄̈̉̇̊́̍˿˿ ̂˼˸˼˻́˿ ̈̅ ˹̈̉̇̅˼̄̄̒̃ ̆̂˷̄˼̉˷̇̄̒̃ ̇˼˻̊́̉̅̇̅̃ 

Fig. 1. Model of winch construction with integrated planetary gearbox 
 

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

̅̉̄̅̈˿̉˼̂̓̄̅ ˻̇̊˺̅̀ ̃˼̉̅˻̅̃ ́̅̄˼̎̄̒̌ ̔̂˼-
̃˼̄̉̅˹ ̄˼̅˸̌̅˻˿̃̅ ˿̃˼̉̓ 3D ̃̅˻˼̂̓ ˿̈̈̂˼˻̊-

˼̃̅˺̅ ̅˸̑˼́̉˷ (̇˿̈. 3, а), ˷ ˾˷̉˼̃ ̆̇̅˿˾˹˼̈̉˿ 

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

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

˻˼̂˿ – ̔̉̅ ̈̅˹̅́̊̆̄̅̈̉̓ ́̅̄˼̎̄̒̌ ̔̂˼̃˼̄̉̅˹, 

˷̆̆̇̅́̈˿̃˿̇̊̐̕˿̌ ˿̈̌̅˻̄̊̕ ̋̅̇̃̊ ˿˾˻˼̂˿̖ 

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

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

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

˥˺̇˷̄˿̎˼̄˿̖ (˾˷́̇˼̆̂˼̄˿̖) ̆˼̇˼̃˼̐˼̄˿̀ 

̄˷̂̅˽˼̄̒ ˷̄˷̂̅˺˿̎̄̒̃ ̅˸̇˷˾̅̃.  

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

̄̒̌ ̔̂˼̃˼̄̉̅˹, ˺˼̄˼̇˿̇̊̐̕˿̌ ̇˷̈̎˼̉̄̊̕ 

̈˼̉́̊, ˹̒˸̇˷̄ 10-̊˾̂̅˹̅̀ ̉˼̉̇˷̔˻̇. ˩˷́̅̀ ́̅-

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

̃̅̀ ̈̂̅˽̄̅̀ ̋̅̇̃̒, ́˷́̅˹̒̃ ̖˹̖̂˼̖̉̈ ˹̅-

˻˿̂̅. 

˥˻̄˿̃ ˿˾ ˹˷˽̄˼̀̏˿̌ ̆˷̇˷̃˼̉̇̅˹ ˺˼̄˼̇˿-

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

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

˻˼̂˿. ˦̇˿̖̄̉̅ ˾̄˷̎˼̄˿˼ ̅̉̄̅̈˿̉˼̂̓̄̅˺̅ ̇˷˾-
̃˼̇˷ ̈˼̉́˿ 0,015, ́̅̉̅̇̅˼ ̈̂˼˻̊˼̉ ̆̅̄˿̃˷̉̓ 
́˷́ ˻̅̂̕ ̈˷̃̅˺̅ ˸̅̂̓̏̅˺̅ ̇˼˸̇˷ ̖̆̇̃̅̊˺̅̂̓-

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

˹˷̄̄˷̖ ̃̅˻˼̂̓ ̈̅̈̉̅˿̉ ˿˾ 232080 ̔̂˼̃˼̄̉̅˹ 

˿ 367561 ̊˾̂˷. 
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˧˿̈. 2. К̅̄̈̉̇̊́̍˿̖ ˹̅˻˿̂˷ 
Fig. 2. Carrier construction 

 

а) ȁ) 

 

˧˿̈. 3. 3D ̃̅˻˼̂̓ ̇˷̈̈̎˿̉̒˹˷˼̃̅˺̅ ˹̅˻˿̂˷ (а) ˿ ˷̆̆̇̅́̈˿̃˿̇̅˹˷̄̄˷̖ ̃˷̉˼̃˷̉˿̎˼̈́˷̖ ̃̅˻˼̂̓ ˹̅˻˿̂˷ (ȁ) 

Fig. 3. 3D model of calculated carrier (а) and approximated mathematical carrier model (ȁ) 
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˧˿̈. 4. ˛˼̋̅̇̃˿̇̅˹˷̄̄̅˼ ̖̈̅̈̉̅̄˿˼ ˹̅˻˿̂˷ 
Fig. 4. Deformed carrier condition 

 

˩ ˷ ˸ ̂ ˿ ̍ ˷  1   

ǉǯǢǹǧǯǪȁ ǱǧǲǧмǧǻǧǯǪǫ Ǥ ǬоǯǴǲоǭǾǯǽǷ ǴоǹǬǢǷ  

T a b l e  1  

Value of displacements in control points 

ˤ̅̃˼̇ К˩ νi, ° Δyi, ̃̃ Δzi, ̃̃ Vi, ̃̃ Ui, ̃̃ 

1 90 –0,0260 0,0002 0,026 –0,00015 

2 180 0,00015 –0,02660 0,0266 0,00015 

3 270 0,0260 0,0001 0,026 0,0001 

4 360 0,0013 0,0260 0,026 –0,0013 

5 90 –0,01130 –0,00013 0,0113 0,00013 

6 180 0,0002 –0,0108 0,0108 0,0002 

7 270 0,010 –0,00014 0,01 –0,00014 

8 360 0,0006 0,010 0,01 –0,0006 

 

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

̄˷˺̇̊˾́˿ ̄˷ ̅̈˿ ̈˷̉˼̂̂˿̉̅˹. 

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

́̅̉̅̇̒̌ ̆̇˿˹˼˻˼̄̒ ˹ ̉˷˸̂. 1, ̅̆̇˼˻˼̂˼̄̒ ˻˼-
̋̅̇̃˷̍˿̅̄̄̒˼ ̆˼̇˼̃˼̐˼̄˿̖ ˹ ́̅̄̉̇̅̂̓̄̒̌ 

̉̅̎́˷̌ (К˩), ̇˷̈̆̅̂̅˽˼̄̄̒̌ ̄˷ ̉̅̇̍˷̌ ̅̈˼̀ 

̈˷̉˼̂̂˿̉̅˹. В ̃˼̈̉˷̌ ̇˷̈̆̅̂̅˽˼̄˿̖ К˩ (̈̃. 

̇˿̈. 2) ˹ ̃̅˻˼̂˿ ̊̈̉˷̄̅˹̂˼̄̒ ˹˿̇̉̊˷̂̓̄̒˼ 
˻˷̉̎˿́˿, ̆̅˾˹̖̅̂̐̕˿˼ ̈̎˿̉̒˹˷̉̓ ˿̄̋̅̇̃˷-
̍˿̕ ˹ ̄̊˽̄̅̀ ̉̅̎́˼ К˩. ˥̄˿ ̇˷̈̆̅̂̅˽˼̄̒ ̄˷ 
̉̅̇̍˷̌ ̅̈˼̀ ̈̅ ̈̉̅̇̅̄̒ ̐˼́˿ 2 ˿ ˿̃˼̉̕ ̄̅̃˼-
̇˷ ̅̉ 1 ˻̅ 4 ˹ ̈̅̅̉˹˼̉̈̉˹˿˿ ̈ ̄̊̃˼̇˷̍˿˼̀ ̅̈˼̀ 

(i = 1, 2, 3, 4), ̆̅́˷˾˷̄̄̅̀ ̄˷ ̇˿̈. 2. К˩, ̇˷̈-
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̆̅̂̅˽˼̄̄̒˼ ̄˷ ̉̅̇̍˷̌ ̅̈˼̀ ̈̅ ̈̉̅̇̅̄̒ ̐˼́˿ 

1, ˿̃˼̉̕ ̄̅̃˼̇˷ ̅̉ 5 ˻̅ 8. ˛˼̋̅̇̃˷̍˿̅̄̄̒˼ 
̆˼̇˼̃˼̐˼̄˿̖ ̇˷̈̈̎˿̉̒˹˷̖̉̈̕ ˹ ̈˿̈̉˼̃˼ ́̅̅̇-

˻˿̄˷̉ XhYhZh, ́̅̉̅̇˷̖ ̈˹̖˾˷̄˷ ̈ ˹̅˻˿̂̅̃. 

˧˷̈̎˼̉ ̈ ̆̅̃̅̐̓̕ ˣК˴ ˹ ̈̇˼˻˼ «T-Flex А̄˷-
̂˿˾» ̆̅˾˹̖̅̂˼̉ ̃̅˻˼̂˿̇̅˹˷̉̓ ˾˷˻˷̎̊ ̃˷́̈˿̃˷̂̓-
̄̅ ˸̂˿˾́̅ ́ ̇˼˷̂̓̄̒̃ ̊̈̂̅˹˿̖̃ ̇˷˸̅̉̒ ˿˾˻˼̂˿̖. 

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

̎˷̈̉̄̅̈̉˿ ̅˺̇˷̄˿̎˼̄˿˼ (˾˷́̇˼̆̂˼̄˿˼) ̃̅˻˼̂˿ 

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

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

̈˿̇̅˹˷̄̅ ̆̅ ̅̉˹˼̇̈̉˿̖̃ ˣ24 ̐˼́˿ 1 (̈̃. ̇˿̈. 2). 

˴̉̅ ̅˾̄˷̎˷˼̉, ̎̉̅ ˾̄˷̎˼̄˿̖ ̆˼̇˼̃˼̐˼̄˿̀ ˹ К˩, 

̇˷̈̆̅̂̅˽˼̄̄̒̌ ̈̅ ̈̉̅̇̅̄̒ ̐˼́˿ 1, ˸̊˻̊̉ ̅̉̂˿̎-

̄̒̃˿ ̅̉ ̖̄̊̂. ˞̄˷̎˼̄˿̖ ̆˼̇˼̃˼̐˼̄˿̀ Δ ˹˻̅̂̓ 
̅̈˼̀ OYh ˿ OZh ˹ ̈˼̌ К˩ ̆̇˿˹˼˻˼̄̒ ˹ ̉˷˸̂. 1. 

˟˾ ˻˷̄̄̒̌ ̉˷˸̂. 1 ̈̂˼˻̊˼̉, ̎̉̅ ˹ ̇˼˾̊̂̓̉˷̉˼ 
˻˼̋̅̇̃˷̍˿˿ ˹̅˻˿̂˷ ̆̅˻ ˻˼̀̈̉˹˿˼̃ ̈˿̂ ˹ ˾˷̍˼̆-

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

̆̇̅˿̈̌̅˻˿̉ ̈̃˼̐˼̄˿˼ ̐˼́˿ 2 ̅̉̄̅̈˿̉˼̂̓̄̅ ̐˼-
́˿ 1, ́̅˺˻˷ ̆̅̈̂˼˻̖̖̄ ˽˼̈̉́̅ ˾˷́̇˼̆̂˼̄˷. 

˦̇˿ ̇˷̈̎˼̉˼ ̄˷ ̆̇̅̎̄̅̈̉̓ ˾˷̍˼̆̂˼̄˿̀ a–g 

˿ b– g ˿̈̆̅̂̓˾̊˼̖̉̈ ̃˼̈̉̄˷̖ ̈˿̈̉˼̃˷ ́̅̅̇˻˿-

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

̉˷. В ̔̉̅̀ ̈˿̈̉˼̃˼ ́̅̅̇˻˿̄˷̉ ̄˼̅˸̌̅˻˿̃̅ 

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

̅̈˼̀ ʙhz), ˷ ̉˷́˽˼ ˹̒̎˿̈̂˿̉̓ ̊˺̅̂ ̅̉́̂̅̄˼̄˿̖ 

̅̈˿ ̈˷̉˼̂̂˿̉˷ ̅̉ ̆˷̇˷̂̂˼̂̓̄̅̈̉˿ ̅̉̄̅̈˿̉˼̂̓̄̅ 

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

̄˼̄˿˼ ̅̉ ̆˷̇˷̂̂˼̂̓̄̅̈̉˿ ʙhy). ˛̖̂ ̅̆̇˼˻˼̂˼̄˿̖ 

̔̉˿̌ ̊˺̂̅˹ ˸̒̂˿ ˹̒̎˿̈̂˼̄̒ ̆˼̇˼̃˼̐˼̄˿̖ К˩ 

˹ ̅́̇̊˽̄̅̃ ˿ ̇˷˻˿˷̂̓̄̅̃ ̄˷̆̇˷˹̂˼̄˿̖̌: 

 sin cos ;i yi i zi iV       (1) 

 cos sin ,i yi i zi iU       (2) 

˺˻˼ Δyi, Δzi – ˻˼̋̅̇̃˷̍˿̅̄̄̒˼ ̆˼̇˼̃˼̐˼̄˿̖ 

К˩ ˹ ̄˷̆̇˷˹̂˼̄˿˿ ̅̈˼̀ OYh ˿ OZh; νi – ̊˺̅̂, 

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

̈̅̅̉˹˼̉̈̉˹̊̐̕˿̌ К˩ ̅̉̄̅̈˿̉˼̂̓̄̅ ̅̈˿ OYh. 

˛̖̂ ̅˸̑˼́̉˿˹̄̅̀ ̅̍˼̄́˿ ˹̂˿̖̄˿̖ ̆˼̇˼̃˼-
̐˼̄˿̖ К˩ ˹ ̇˼˾̊̂̓̉˷̉˼ ˻˼̋̅̇̃˷̍˿˿ ˹̅˻˿̂˷ ̄˷ 

̄˷˺̇̊˾̅̎̄̊̕ ̈̆̅̈̅˸̄̅̈̉̓ ̆̂˷̄˼̉˷̇̄̅˺̅ ̇˼˻̊́-

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

̂˿̉̅˹ ˿ ̈̉˼̆˼̄̓ ˿˾̃˼̄˼̄˿̖ KHʘ. 

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

̇˷˾̄̅̈̉̓ ̅́̇̊˽̄̒̌ ̆˼̇˼̃˼̐˼̄˿̀, ̅̉̄˼̈˼̄̄̊̕ 

́ ̇˷̖̈̈̉̅̄˿̕ L ̃˼˽˻̊ К˩, ̇˷̈̆̅̂̅˽˼̄̄̒̃˿ 

̄˷ ̆̇̅̉˿˹̅̆̅̂̅˽̄̒̌ ̉̅̇̍˷̌ ̅̈˼̀ ̈˷̉˼̂̂˿̉̅˹ 

(L = 217 ̃̃): 

 ( )[ ]/ .hzi i n iV V L    (3) 

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

̖̂˼̉ ̈̅˸̅̀ ̇˷˾̄̅̈̉̓ ̇˷˻˿˷̂̓̄̒̌ ̆˼̇˼̃˼̐˼-
̄˿̀, ̅̉̄˼̈˼̄̄̊̕ ́ ̇˷̖̈̈̉̅̄˿̕ L ̃˼˽˻̊ К˩: 

 ( )[ ]/ .hyi n i iU U L    (4) 

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

̅̈˼̀ ˿ ̅̉́̂̅̄˼̄˿̖ ̅̉ ̆˷̇˷̂̂˼̂̓̄̅̈̉˿ ̆̇˼˻-

̈̉˷˹̂˼̄˷ ̄˷ ̇˿̈. 5. 

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

̄̅̈̉˿ ̇˷̈̈̃˷̉̇˿˹˷̖̉̈̕ ́˷́ ˹˼́̉̅̇̒, ̅̆̇˼˻˼-
̖̂˼̃̒˼ ̆̅ ̆̇˷˹˿̂̊ ̆̇˷˹̅˺̅ ˹˿̄̉˷. ˜̈̂˿ ʙhzi > 0, 

̉̅ ̆̇˿ ʙhyi = 0 ̊˻˼̂̓̄˷̖ ̄˷˺̇̊˾́˷ ́̅̄̍˼̄̉̇˿̇̊-
˼̖̉̈ ̊ ̂˼˹̅˺̅ ̉̅̇̍̅˹̅˺̅ ̈˼̎˼̄˿̖ ˾̊˸̎˷̉̅˺̅ 

˹˼̄̍˷. ˜̈̂˿ ʙhyi > 0, ̉̅ ̆̇˿ ʙhzi = 0 ̊˻˼̂̓̄˷̖ 

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

̈˼̎˼̄˿̖ ˾̊˸̎˷̉̅˺̅ ˹˼̄̍˷ ˹ ˾˷̍˼̆̂˼̄˿˿ a–g ˿ ̊ 
̆̇˷˹̅˺̅ ̉̅̇̍̅˹̅˺̅ ̈˼̎˼̄˿̖ ˹ ˾˷̍˼̆̂˼̄˿˿ b–g. 

˨̅˹̃˼̈̉̄̅˼ ˹̂˿̖̄˿˼ ̊˺̂̅˹ ʙhzi ˿ ʙhyi ̄˷ ́̅̄-

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

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

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

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

̄̅̈̉̓ ̇˷̈̆̇˼˻˼̂˼̄˿̖ ̄˷˺̇̊˾́˿ ̆̅ ̏˿̇˿̄˼ ˾̊˸̎˷-
̉̒̌ ˹˼̄̍̅˹, ̇˷̈̈̎˿̉̒˹˷˼̖̉̈ ̆̅ ̋̅̇̃̊̂˷̃ (5) ˿ 

(6) ˻̖̂ ˾˷̍˼̆̂˼̄˿̀ a–g Ȉ b–g ̈̅̅̉˹˼̉̈̉˹˼̄̄̅: 

 cos sin ;tai hzi tw hyi tw
        (5) 

 cos si ,ntbi hzi tw hyi tw
        (6) 

˺˻˼ ʗtw – ̊˺̅̂ ˾˷̍˼̆̂˼̄˿̖. ˞˻˼̈̓ ˿ ˻˷̂˼˼ ̇˷˾̄̅-

̈̉̓̕ ̊˺̂̅˹ ˾˷̍˼̆̂˼̄˿̖ ˹ ˾̊˸̎˷̉̒̌ ̆˷̇˷̌ a–g ˿ 

b–g ̆̇˼̄˼˸̇˼˺˷˼̃ ˿ ˹ ̇˷̈̎˼̉˼ ̊̎˿̉̒˹˷˼̃ ̈̇˼˻-

̄˼˼ ˾̄˷̎˼̄˿˼ ( ) ( )( ) / 2,tw tw a tw b     ˺˻˼ ( )tw a  

˿ ( )tw b  – ̊˺̂̒ ˾˷̍˼̆̂˼̄˿̖ ˻̖̂ ˾̊˸̎˷̉̒̌ ̆˷̇ 

a–g ˿ b–g. 



 

130 

Научно-технические ведомости CПбПУ. Естественные и инженерные науки. Том 25, №1, 2019

 
 

˧˿̈. 5. К ̅̆̇˼˻˼̂˼̄˿̕ ̆˼̇˼́̅̈˷ ˿ ̅̉́̂̅̄˼̄˿̖ ̅̉ ̆˷̇˷̂̂˼̂̓̄̅̈̉˿ 

Fig. 5. For axis misalignment and parallel misalignment determination 

 

˦̅̂̅˽˿̉˼̂̓̄̒˼ ˹˼̂˿̎˿̄̒ ̊˺̂̅˹ Δʙtai' ˿ Δʙtbi' 

̈̅̅̉˹˼̉̈̉˹̊̉̕ ́̅̄̍˼̄̉̇˷̍˿˿ ̊˻˼̂̓̄̅̀ ̄˷˺̇̊˾-
́˿ ̊ ̂˼˹̅˺̅ ̉̅̇̍̅˹̅˺̅ ̈˼̎˼̄˿̖ (x = bw/2). К˷́ 

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

i = 1 ˿ i = 3 ̆̇˿ ˻˼̋̅̇̃˷̍˿˿ ˹̅˻˿̂˷ ̊˻˼̂̓̄˷̖ 

̄˷˺̇̊˾́˷ ˹ ˾˷̍˼̆̂˼̄˿̖̌ a–g ˿ b–g ́̅̄̍˼̄̉̇˿̇̊-
˼̖̉̈ ́ ̅˻̄̅̃̊ ˿ ̉̅̃̊ ˽˼ ̉̅̇̍̅˹̅̃̊ ̈˼̎˼̄˿̕. 

В ˾˷̍˼̆̂˼̄˿̖̌ ̈˷̉˼̂̂˿̉˷ ̈ ̄̅̃˼̇˷̃˿ i = 2 ˿ i = 4 

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

˾˷̍˼̆̂˼̄˿̖̌ a–g ˿ b–g ́̅̄̍˼̄̉̇˿̇̊˼̖̉̈ ́ ̆̇̅-

̉˿˹̅̆̅̂̅˽̄̒̃ ̉̅̇̍̅˹̒̃ ̈˼̎˼̄˿̖̃. 

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

̏˿̇˿̄˼ ˾̊˸̎˷̉̒̌ ˹˼̄̍̅˹ ˹ ˾˷̍˼̆̂˼̄˿̖̌ a–g ˿ 

b–g ̃̅˽̄̅ ̅̍˼̄˿˹˷̉̓ ̆̅ ̊˺̂̊ ̆˼̇˼́̅̈˷ ̅̈˼̀ 

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

 
20,4 s ),co / (w ky tw t A HVK b f c F K K K Z      (7) 

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

̉˷́̉̄̒̌ ̂˿̄˿̀ ˹ ̄˷̎˷̂̓̄̒̀ ̆˼̇˿̅˻ ̇˷˸̅̉̒ 

̆˼̇˼˻˷̎˿ .ky wf b    

˫̅̇̃̊̂˷ (7) ̆̇˿̃˼̄˿̉˼̂̓̄̅ ́ ˾˷̍˼̆̂˼̄˿-

̖̃ a–g Ȉ b–g ̆̇˿̄˿̃˷˼̉ ̈̂˼˻̊̐̕˿̀ ˹˿˻: 

 ;a a taiK k     (8) 

 .b b tbiK k     (9) 

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

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

 2 20,4 cos / ( );a w tw t A HV ak b c F K K K Z    (10) 

 2 20,4 cos / ( ).b w tw t A HV bk b c F K K K Z    (11) 

В ̉˷˸̂. 2 ̆̅́˷˾˷̄̒ ˾̄˷̎˼̄˿̖ ̎˷̈̉̄̒̌ ́̅-

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

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

̈˿̃̅̈̉˼̀ (1)–(11) ˿ ˻˷̄̄̒̌ ̉˷˸̂. 1. В ̇˷̈̎˼-
̉˷̌ ̆̇˿̖̄̉̅ ̇˷˹̄̅̃˼̇̄̅˼ ̇˷̈̆̇˼˻˼̂˼̄˿˼ 
̄˷˺̇̊˾́˿ ̃˼˽˻̊ ̈˷̉˼̂̂˿̉˷̃˿. 
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˩ ˷ ˸ ̂ ˿ ̍ ˷  2  

ЧǢǳǴǯǽǧ ǵǥǭǽ ǱǧǲǧǬоǳǢ обǲǢǩǵȀǻǪǷ ǩǵбǾǧǤ  
Ǥ ǱǭоǳǬоǳǴǪ ǩǢǸǧǱǭǧǯǪȁ Ǫ ǹǢǳǴǯǽǧ ǬоǿǶǶǪǸǪǧǯǴǽ, 

ǵǹǪǴǽǤǢȀǻǪǧ ǤǭǪȁǯǪǧ ǱǧǲǧǬоǳǢ ǯǢ ǯǧǲǢǤǯомǧǲǯоǳǴǾ 
ǲǢǳǱǲǧǦǧǭǧǯǪȁ ǯǢǥǲǵǩǬǪ Ǳо ǺǪǲǪǯǧ ǩǵбǹǢǴоǥо ǤǧǯǸǢ 

T a b l e  2  

Special case of misalignment angles of teeth generatrix 

in plane of action and special case of coefficients  

which take into consideration influence of misalignment 

on unevenness of load distribution on the face width 

№  Δʙtai', ̇˷˻ Δʙtbi', ̇˷˻ ΔKa ΔKb 

1 6,97E-05 6,88E-05 0,0516477 0,0522192

2 6,85E-05 6,83E-05 0,0507585 0,0518397

3 6,89E-05 6,96E-05 0,0510549 0,0528264

4 7,04E-05 6,82E-05 0,0521664 0,0517638

 

˟̈̌̅˻̄̒˼ ˺˼̅̃˼̉̇˿̎˼̈́˿˼ ˻˷̄̄̒˼ ˻̖̂ 

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

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

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

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

1. ˛̖̂ ̊̆̇̅̐˼̄˿̖ ̇˷̈̎˼̉̅˹ ˹ ̄˷̖̈̉̅̐˼̀ ̇˷˸̅-

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

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

̄̅̈̉̓ Ø320 ̃̃. 

В ̊̉̅̎̄˼̄̄̒̌ ̇˷̈̎˼̉˷̌ ̄˼̅˸̌̅˻˿̃̅ ̊̎˿̉̒-

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

̆̇˿́̂˷˻̒˹˷̉̓ ˿̌ ́ ̃̅˻˼̂˿. ˞˷˹˿̈˿̃̅̈̉˿ (1)–

(11) ˷́̉̊˷̂̓̄̒ ˻̖̂ ́̅̇̇˼́̉̄̅˺̅ ̆̅̂̊̎˼̄˿̖ ̇˼-
˾̊̂̓̉˷̉̅˹ ̆˼̇˼̃˼̐˼̄˿̀ К˩ ˿ ̄˼ ˾˷˹˿̖̈̉ ̅̉ 
̎˿̈̂˷ ̈˷̉˼̂̂˿̉̅˹. ˥̉̃˼̉˿̃, ̎̉̅ ˹ ̈̂̊̎˷˼, ́̅˺˻˷ 
˹̅˻˿̂̅ ˻̅̂˽̄̅ ˹̇˷̐˷̖̉̓̈ ̆̇˿ ̇˷˸̅̉˼ ̇˼˻̊́̉̅-

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

̈̉˿ ̆̇˿ ̆̇̅˹˼˻˼̄˿˿ ̇˷̈̎˼̉̅˹. 

ǉǢǬǭȀǹǧǯǪǧ 

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

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

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

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

̇˷̈̆̇˼˻˼̂˼̄˿̖ ̄˷˺̇̊˾́˿ ̆̅ ˻̂˿̄˼ ́̅̄̉˷́̉̄̒̌ 
̂˿̄˿̀ ̊˹˼̂˿̎˿̖̉̈ ̇˷˹̄̅̃˼̇̄̅ ̄˷ 5 % ˹ ́˷˽˻̅̃ 

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

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

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

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

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

̉˼̂̂˿̉˷ ̅̉˻˼̂̓̄̅. ˣ˼̉̅˻˿́˷ ̇˷̈̎˼̉˷ ̆̇˼˻-

̈̉˷˹̂˼̄˷. 

˦̇˼˻̂̅˽˼̄̄̒̀ ̃˼̉̅˻ ̅̍˼̄́˿ ̉˷́˽˼ ̔̋-

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

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

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

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

̂˼˸˼˻́˿, ˹ ̈̅˹̅́̊̆̄̅̈̉˿ ̈ ˷̄˷̂˿˾̅̃, ̆̇̅˹˼-
˻˼̄̄̒̃ ˹ ̇˷˸̅̉˼ [15], ̆̅˾˹̅̂˿̂ ̇˷˾̃˼̈̉˿̉̓ 
˹̉̅̇̊̕ ̅̆̅̇̊ ˸˷̇˷˸˷̄˷ ˹̄̊̉̇˿ ̇˼˻̊́̉̅̇˷ ˿ ̈̅-

́̇˷̉˿̉̓ ̅̈˼˹̅̀ ̇˷˾̃˼̇ ́̅̄̈̉̇̊́̍˿˿.  

ǃǭǢǥоǦǢǲǯоǳǴǾ 

А˹̉̅̇ ˹̈˼̃˼̇̄̅ ˸̂˷˺̅˻˷̇˼̄ ˻̅́̉̅̇̊ ̉˼̌̄˿̎˼̈́˿̌ 
̄˷̊́, ̆̇̅̋˼̈̈̅̇̊ А.ˢ. ˫˿̂˿̆˼̄́̅˹̊ ˾˷ ̍˼̄̄̒˼ ̈̅˹˼-
̉̒ ˿ ̈̅˹̃˼̈̉̄̊̕ ̇˷˸̅̉̊. 
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