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МНОГОЦЕЛЕВЫХ СТАНКОВ 

˦̇˼˻̈̉˷˹̂˼̄̒ ̇˼˾̊̂̓̉˷̉̒ ˿̈̈̂˼˻̅˹˷̄˿̖ ̉˼̌̄̅̂̅˺˿̎˼̈́˿̌ ́̅̃̆̂˼́̉̅˹ (˩К) ̄˷ ˸˷˾˼ ́̅̄˿̎˼̈́˿̌ ̆̇̅-

̋˿̂̓̄̒̌ ̈̅˼˻˿̄˼̄˿̀ c ̇˷˹̄̅̅̈̄̒̃ ́̅̄̉̊̇̅̃ (˧К-3) ˹ ̊˾̂˼ «̏̆˿̄˻˼̂̓ – ˿̄̈̉̇̊̃˼̄̉˷̂̓̄˷̖ ̅̆̇˷˹́˷» 

̄˷ ̉̅̎̄̅̈̉̓ ˿ ˽˼̈̉́̅̈̉̓, ˻̖̂ ̎˼˺̅ ̄˷ ̅̈̄̅˹˼ ̇˷˾̇˷˸̅̉˷̄̄̒̌ ̃˷̉˼̃˷̉˿̎˼̈́˿̌ ̃̅˻˼̂˼̀ ̆̇̅̋˿̂̓̄̒̌ 
̆̅˹˼̇̌̄̅̈̉˼̀ ̅̆̇˷˹́˿ ˿ ̅̉˹˼̇̈̉˿̖ ̏̆˿̄˻˼̖̂ ˧К-3 ˹̒̆̅̂̄˼̄̒ ̃˷̏˿̄̄̒˼ ̔́̈̆˼̇˿̃˼̄̉̒ ̆̅ ˹̅̈̆̇̅-

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

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

̏˼̈̉˿ ́̅̅̇˻˿̄˷̉˷̃. В ́˷˽˻̅̃ ̇˷̈̎˼̉̄̅̃ ̈̂̊̎˷˼ ̆̇̅˹˼˻˼̄̅ ̈̇˷˹̄˼̄˿˼ ̉̅̎̄̅̈̉˿ ˹˾˷˿̃̄̅˺̅ ̆̅̂̅˽˼-
̄˿̖ ˻˼̉˷̂˼̀ ˧К-3 ̆̇̅̋˿̂̓̄̅˺̅ ˿ ́̇̊˺̂̅˺̅ ̈̅˼˻˿̄˼̄˿̀ ́˷́ ̆̇˿ ̈˸̅̇́˼ ̈̅˼˻˿̄˼̄˿̖, ̉˷́ ˿ ̆̇˿ ˼˺̅ 

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

̖̆̇˺˷˼̃̒̌ ˻˼̉˷̂˼̀ ́̅̄˿̎˼̈́̅˺̅ ˧К-3 ̆̇̅̋˿̂̓̄̅˺̅ ̈̅˼˻˿̄˼̄˿̖ ̈̅̈̉˷˹̖̂˼̉ ̄˼ ˸̅̂˼˼ 2 ̃́̃ ̄˷ ̉̅̇̍˼ 
̈̅˼˻˿̄˼̄˿̖ ˿ ˻̅ 5 ̃́̃ ̆̇˿ ˹̒̂˼̉˼ ˿̄̈̉̇̊̃˼̄̉˷ ̄˼ ˸̅̂˼˼ 150 ̃̃. 

ǪȋȞȗȅвțȅ ȑȋȎва: ˧К-3-̆̇̅̋˿̂̓̄̅˼ ̈̅˼˻˿̄˼̄˿˼, ̄˷̖̉˺, ̃̄̅˺̅̍˼̂˼˹̒˼ ̈̉˷̄́˿, ̉˼̌̄̅̂̅˺˿̎˼̈́˿̀ 
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INFLUENCE OF CONICAL PROFILE CONNECTIONSONACCURACY  
AND RIGIDITY OF TECHNOLOGICAL SETS OF MULTI-PURPOSE MACHINES 

The article presents the study of technological sets of multi-purpose machines based on conical P-3 profile 

connections for accuracy and rigidity. Based on previously constructed mathematical models of P-3 profile 

surfaces of the shaft and the sleeve hole,we have performed multiple simulations on coupling of conical con-

nection details. We have analyzed the accuracywith which theshaft with the main elements (drills, cutters, bor-

ing tools) was installed in the sleeve hole for six coordinates (3 displacements and 3 rotations). Subsequently, 

the assembled connection was loaded by an external force, allowing to obtainthe value of elastic deformation (a 

change in the position of the shaft in the sleeve hole) also for six coordinates. In each case, we havecompared 

the accuracy of mutual positions of the parts ofP-3 profile and round connections bothin the assembly of the 

connection as well during its operation by an external force. The main conclusions have been also formulated. 
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Машиностроение

ВǤǧǦǧǯǪǧ 

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

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

̉̊̇̅̃. К˷́ ̆̅́˷˾˷̂ ̂˿̉˼̇˷̉̊̇̄̒̀ ˿ ̆˷̉˼̄̉̄̒̀ 

̅˸˾̅̇, ̈˹˼˻˼̄˿̖ ̆̅ ˿̈̈̂˼˻̅˹˷̄˿̕ ˻˷̄̄̅˺̅ ˹˿˻˷ 
̈̅˼˻˿̄˼̄˿̀ ̈ ́̅̄̊̈̄̅̈̉̓̕ 1:10 ̄˷ ̉̅̎̄̅̈̉̓ ˿ 

˽˼̈̉́̅̈̉̓ ˹ ̉˼̌̄̅̂̅˺˿̎˼̈́˿̌ ́̅̃̆̂˼́̉˷̌ ̃̄̅-

˺̅̍˼̂˼˹̒̌ ̈̉˷̄́̅˹ ̅̉̈̊̉̈̉˹̊˼̉ [1–8]. А̄˷̂˿˾ 
̆̇˿̃˼̄˼̄˿̖ ̉̇˷˻˿̍˿̅̄̄̒̌ ́̅̄˿̎˼̈́˿̌ ̈̅˼˻˿-

̄˼̄˿̀ ̈ ́̇̊˺̂̒̃ ̆̇̅̋˿̂˼̃ ̆̅̆˼̇˼̎̄̅˺̅ ̈˼̎˼-
̄˿̖ ̈̅ ̈̆˼̍˿˷̂̓̄̅̀ ́̅̄̊̈̄̅̈̉̓̕ 7:24 ˹ ̉˼̌̄̅̂̅-

˺˿̎˼̈́˿̌ ́̅̃̆̂˼́̉˷̌ ̃̄̅˺̅̍˼̂˼˹̒̌ ̈̉˷̄́̅˹ 
(ˣ˨) ̆̇˿ ˷˹̉̅̃˷̉˿̎˼̈́̅̃ ̋̅̇̃˿̇̅˹˷̄˿˿  

̈̅˼˻˿̄˼̄˿̖ «̏̆˿̄˻˼̂̓ – ˿̄̈̉̇̊̃˼̄̉˷̂̓̄˷̖  

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

̄̅̈̉̓ (̉̅̎̄̅̈̉̓) ̈̉˷̄́̅˹ [11, 12, 14, 15]. В ̎˷̈̉-
̄̅̈̉˿, ̆̇˿ ̃̄̅˺̅̇˷˾̅˹̅̀ ˾˷̃˼̄˼ ˿̄̈̉̇̊̃˼̄̉˷ 
̆̇̅˿̈̌̅˻˿̉ ̈̃˼̄˷ ̉˼̌̄̅̂̅˺˿̎˼̈́˿̌ ˸˷˾ ˹ ̇˼˾̊̂̓-
̉˷̉˼ ̆̇̅˹̅̇̅̉˷ ˿̄̈̉̇̊̃˼̄̉˷ ̔̉̅ ˹̂˿̖˼̉ ̄˷ ̉̅̎-

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

́̅̃̆̂˼́̉ ̈̅̈̉̅˿̉ ˿˾ ˿̄̈̉̇̊̃˼̄̉˷̂̓̄̅̀ ̅̆̇˷˹́˿ 

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

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

̍˿̅̄̄̅ ˿̈̆̅̂̓˾̊˼̃̒̌ ˹ ̉˼̌̄̅̂̅˺˿̎˼̈́˿̌ ́̅̃-

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

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

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

̉̒ ̈̅˹˼̇̏˼̄̈̉˹̅˹˷̄˿̖ ́̅̄̈̉̇̊́̍˿̀ ̉˼̌̄̅̂̅-

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

̅̈̄̒̃ ́̅̄̉̊̇̅̃ ̆̇˿ ˼˺̅ ̔́̈̆̂̊˷̉˷̍˿˿ [11, 12]. 

ǘǧǭǾ ǪǳǳǭǧǦоǤǢǯǪя – ̅˸˼̈̆˼̎˼̄˿˼ ̄˼̆̅˻˹˿˽-

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

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

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

̋˿̂̓̄̅˺̅ ́̅̄˿̎˼̈́̅˺̅ ̈̅˼˻˿̄˼̄˿̖ «̏̆˿̄˻˼̂̓ – 

˿̄̈̉̇̊̃˼̄̉˷̂̓̄˷̖ ̅̆̇˷˹́˷» ˹ ̊̈̂̅˹˿̖̌ ˼˺̅ ̃̄̅-

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

ǎǧǴоǦǽ ǪǳǳǭǧǦоǤǢǯǪя 

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

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

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

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

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

̉˼̃˷̉˿̎˼̈́̅̀ ̈̉˷̉˿̈̉˿́˿ [5–7, 11, 12]. ˦̇˿-

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

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

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

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

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

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

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

̉˼ [6] ˸̒̂̅ ̆̅́˷˾˷̄̅, ̎̉̅ ́̅̄˼̎̄̅˼ ̆̅̂̅˽˼̄˿˼ 
̆̅˹˼̇̌̄̅̈̉˼̀ ˻̇̊˺ ̅̉̄̅̈˿̉˼̂̓̄̅ ˻̇̊˺˷ ̄˼˾̄˷-
̎˿̉˼̂̓̄̅ ˾˷˹˿̈˿̉ ̅̉ ̃˷̈̈̒ ̅̆̇˷˹̅́ (˹̂˿̖̄˿˼ 
̃˷̈̈̒ – ˹ ̆̇˼˻˼̂˷̌ 2 %; ̇˿̈. 1, 2).  

В ̃˷̉˼̃˷̉˿̎˼̈́˿̌ ̃̅˻˼̖̂̌ ˹̂˿̖̄˿˼ ̆̇˿ 

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

́˷̂̓̄̅̀ ́̅̃̆̅̄̅˹́˿ ˣ˨ ̊̎̉˼̄̅ ̄˷̆̇˷˹̂˼̄˿˼̃ 

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

˹˼̇̉˿́˷̂̓̄̅̀ ́̅̃̆̅̄̅˹́˼ ̈̉˷̄́˷ ˹˼́̉̅̇ ̈˿̂̒ 

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

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

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

̂̒ ̖̉˽˼̈̉˿ ̆̅ ̇˷˻˿̊̈-˹˼́̉̅̇̊ ˧К-3 ̆̇̅̋˿̂̓-
̄̅̀ ́̇˿˹̅̀, ̉˷́ ́˷́ ˹ ̅̉̂˿̎˿˼ ̅̉ ́̇̊˺̂̅˺̅ ̈˼̎˼-
̄˿̖ ˹ ̆̇̅̋˿̂̓̄̒̌ ̈̅˼˻˿̄˼̄˿̖̌ ̇˷˻˿̊̈-˹˼́̉̅̇ 

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

̋˿̂̓̄̅̀ ́̇˿˹̅̀. 
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˩ ˷ ˸ ̂ ˿ ̍ ˷  1   

ǑǢǲǢмǧǴǲǽ ǒК-3 ǱǲоǶǪǭǾǯоǫ ǱоǳǢǦоǹǯоǫ ǱоǤǧǲхǯоǳǴǪ оǱǲǢǤǬǪ ǱǲǪ ǲǢǩǭǪǹǯоǫ ǴǧхǯоǭоǥǪǹǧǳǬоǫ ǺǧǲохоǤǢǴоǳǴǪ 

T a b l e  1   

Profile connection P-3 parameters 

˯˿̋̇  

̅̆̇˷˹́˿ 

˧˷˾̃˼̇̒ ̅̆̇˷˹́˿, ̃̃ 
К̅̄̊̈̄̅̈̉̓ K

˦̂̅̐˷˻̓  

̆̅˹˼̇̌̄̅̈̉˿, ̃̃2

˦˷̇˷̃˼̉̇ ʨ, 

̃́̃ 

˯˼̇̅̌̅˹˷̉̅̈̉̓ Ra, 

̃́̃ D d L e 

50 50 35,4 50 1,8 7:24 6781,76 0,4 0,32 

51 1,0 0,8 

52 2,0 1,6 

53 5,0 4,0 

60 50 45,0 50 1,8 1:10 7470,60 0,4 0,32 

61 1,0 0,8 

62 2,0 1,6 

63 5,0 4,0 

70 50 47,5 50 1,8 1:20 7660,02 0,4 0,32 

71 1,0 0,8 

72 2,0 1,6 

73 5,0 4,0 

 
Z, ̃́̃ 

100

10

1

0,40  0,80 1,20  1,60 Fs,ˤ

4

3

2
1

 
 

˧˿̈. 1. ˚̇˷̋˿̎˼̈́˷̖ ˾˷˹˿̈˿̃̅̈̉̓ ̈̃˼̐˼̄˿̖ ̅̆̇˷˹́˿ 

(̆̇˿ ́̅̄̊̈̄̅̈̉˿ 7:24) ̅̉ ˹˼̂˿̎˿̄̒ ̈˸̅̇̅̎̄̅̀ ̈˿̂̒ 

Fs (1 – 500, 2 – 700, 3 – 900, 4 – 9000 ˤ) 

Fig. 1. Conic connection assembly (Fs: 1 – 500,  

2 – 700, 3 – 900, 4 – 9000 N) 

 

˦̇̅˻̅̂̓̄˷̖ ̈́̅̇̅̈̉̓ ̈˸̅̇́˿ ̈̅˼˻˿̄˼̄˿̖ 

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

̖̈̉̅̄̄̅̀ ˻̖̂ ˹̈˼˺̅ ́̅̃̆̂˼́̈˷ ̇˷̈̎˼̉̅˹, ˼˼ ˹˼-
̂˿̎˿̄˷ ̈̅̈̉˷˹̖̂˼̉ 33 ̃̃/̈. 

 ˨˸̅̇́˷ ̈̅˼˻˿̄˼̄˿̖ (̔̉˷̆ 1: Fs) ˹̖̒̆̅̂̄˼̉-
̖̈ ̆̅˻ ˻˼̀̈̉˹˿˼̃ ̈˸̅̇̅̎̄̅̀ ̈˿̂̒ Fs ̆̇˿ ˼˼ 
˾̄˷̎˼̄˿̖̌ 500, 700, 900 ˤ. 

˦̇˿ ̇˷̈̎˼̉˷̌ ̄˷ ˽˼̈̉́̅̈̉̓ ̈̅˸̇˷̄̄̅̃̊ ˧К-3 

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

̈́̅̇̅̈̉̓ ̇˷˹̄˷̖ 0 = 1000 ̇˷˻/̈, ̉. ˼. ̊̎˿̉̒˹˷˼̉-

̖̈ ̍˼̄̉̇̅˸˼˽̄˷̖ ̈˿̂˷ (̔̉˷̆ 2: Fs + F̍̉̇˸), ˷ ˾˷̉˼̃ 

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

˹̄˼̏̄˼̀ ̄˷˺̇̊˾́̅̀ F0 (̔̉˷̆ 3: Fs + F̍̉̇˸ + F0). 

В̄˼̖̖̏̄ ̄˷˺̇̊˾́˷ ˾˷˻˷˹˷̂˷̈̓ ̊̈̂̅˹̄̅ ˿ ˸̒̂˷ 
̆̇˿̖̄̉˷ ̖̆̅̈̉̅̄̄̅̀ ˹ ̆̇̅̈̉̇˷̄̈̉˹˼ (̉˷˸̂. 2). 

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

̆̇˿ ̈˸̅̇́˼ ˧К-3 ̆̇̅̋˿̂̓̄̅˺̅ ̈̅˼˻˿̄˼̄˿̖ 

«̏̆˿̄˻˼̂̓ – ̅̆̇˷˹́˷». 

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

˸̒̂˿ ˹̒̆̅̂̄˼̄̒ ̇˷̈̎˼̉̒ ̈ ̊˺̂̅˹̒̃ ̏˷˺̅̃ 

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

̉˼̂̓̄̅ ̆̅̂̅˽˼̄˿̖ ̆̇̅̋˿̂̓̄̅̀ ́̇˿˹̅̀ ˹˷̂˷. 
˪˺̂̅˹̅̀ ̏˷˺ ̆̇˿̖̄̉ 30, ̉. ˼. ˿̈̈̂˼˻̅˹˷̄̅ 

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

˽˼̈̉˿ G ̅̉̄̅̈˿̉˼̂̓̄̅ ́̅̅̇˻˿̄˷̉̄̒̌ ̅̈˼̀ ˹˷̂˷. 
˟̈̈̂˼˻̅˹˷̄˿̖ ˹̒̆̅̂̄˼̄̒ ́˷́ ˻̖̂ ˿˻˼˷̂̓-

̄̒̌ (ʨ = 0 ̃́̃), ̉˷́ ˿ «̇˼˷̂̓̄̒̌» (ʨ = 0,4 ̃́̃) 

̆̅˹˼̇̌̄̅̈̉˼̀ ̆̇˿̃˼̄˿̉˼̂̓̄̅ ́ ́̇̊˺̂̒̃ ˿ ˧К-3 

̆̇̅̋˿̂̓̄̒̃ ́̇˿˹̒̃. 
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Машиностроение

  

 – Z; 

 – X; 

 – Y 

˪̆̇̊˺˿˼ ̈˽˷̉˿̖, ̃́̃
6

4

2

0

0 0,5 1 1,5 m, ́˺ 
 

 

˧˿̈. 2. ˪̆̇̊˺˿˼ ̅̉˽˷̉˿̖ ̈̅˸̇˷̄̄̅˺̅ ̉̇˷˻˿̍˿̅̄̄̅˺̅ ́̅̄˿̎˼̈́̅˺̅ ̈̅˼˻˿̄˼̄˿̖  

̆̇˿ ˻˼̀̈̉˹˿˿ ˹̄˼̏̄˼̀ ̈˿̂̒ F0 = 1732 ˤ 

Fig. 2. Elastic squeezing connection assembly 
 

˩ ˷ ˸ ̂ ˿ ̍ ˷  2   

ХǢǲǢǬǴǧǲǪǳǴǪǬǢ ǤǧǬǴоǲǢ ǤǯǧǺǯǧǫ ǯǢǥǲǵǩǬǪ  

ǯǢ ǳобǲǢǯǯоǧ ǳоǧǦǪǯǧǯǪǧ 
T a b l e  2   

External load vector 

ˤ̅̃˼̇ 

˹̄˼̏̄˼̀ 

̄˷˺̇̊˾́˿ 

˪̈̂̅˹̄˷̖ 

˹̄˼̖̖̏̄ 

̄˷˺̇̊˾́˷, ˤ 

В̄˼̖̖̏̄ 

̈˿̂˷, ˤ 

В̄˼̏̄˿̀ 

̃̅̃˼̄̉, ˤ̃

12 1732 Fz = 1000 

Fx = 1000 

Fȓ = 1000 

Mz = 10,0

Mx = 100,0 

My = 100,0

13 1299 Fz = 750 

Fx = 750 

Fȓ = 750 

Mz = 7,5

Mx = 75,0 

My = 75,0

14 866 Fz = 500 

Fx = 500 

Fȓ = 500 

Mz = 5,0

Mx = 50,0 

My = 50,0
 

˨̅˸̇˷̄̄̅˼ ̈̅˼˻˿̄˼̄˿˼ ̌˷̇˷́̉˼̇˿˾̊˼̖̉̈: 

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

̆̅ ̏˼̈̉˿ ́̅̅̇˻˿̄˷̉˷̃ (3 ̂˿̄˼̀̄̒̌ ̅̉́̂̅̄˼̄˿̖ 

̍˼̄̉̇˷ ̖̉˽˼̈̉˿ ̅̆̇˷˹́˿ – Z, X, Y, ̃́̃, 3 ̊˺̂̅-

˹̒̌ ̅̉́̂̅̄˼̄˿̖ ̆̅̂̅˽˼̄˿̖ ̅̈˼̀ ̅̆̇˷˹́˿ ̅̉ 
̅̈˼̀ ̅̉˹˼̇̈̉˿̖ ̏̆˿̄˻˼̖̂ – Pz, Px, Py, ̃́̇˷˻); 

̄̅̃˿̄˷̂̓̄̅̀ Sn, ̃̃2, ̋˷́̉˿̎˼̈́̅̀ Sf, ̃̃2, 

˿ ̅̉̄̅̈˿̉˼̂̓̄̅̀ Sf/Sn, %, ̆̂̅̐˷˻̓̕ ́̅̄̉˷́̉˷; 
̈̇˼˻̄˿̃ ˾˷˾̅̇̅̃ Z̈̇, ̃́̃, ˿ ̈̇˼˻̄˿̃ ̄˷̖̉-

˺̅̃ N̈̇, ̃́̃, (˻̖̂ ˿˻˼˷̂̓̄̒̌ ̆̅˹˼̇̌̄̅̈̉˼̀ 

̈̇˼˻̄˿̀ ˾˷˾̅̇ ̇˷˹˼̄ ̄̊̂̕); 

̈̇˼˻̄˿̃ P̈̇ ˿ ̃˷́̈˿̃˷̂̓̄̒̃ Pmax ́̅̄̉˷́̉-
̄̒̃ ˻˷˹̂˼̄˿˼̃, ˣ˦˷. 

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

̂˼̄˿̖ P̈̇, ̄̅ ̆̇˿ ̔̉̅̃ ˻̖̂ ˧К-3 ̆̇̅̋˿̂̓̄̅˺̅ 

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

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

̈̃˷̉̇˿˹˷˼̖̉̈ (̇˿̈. 5). 

В ̇˼˾̊̂̓̉˷̉˼ ˿̃˿̉˷̍˿̅̄̄̒̌ ̔́̈̆˼̇˿̃˼̄-

̉̅˹ ̅̆̇˼˻˼̂˼̄̒ ˾˷˹˿̈˿̃̅̈̉˿ ̂˿̄˼̀̄̅˺̅ ˿ ̊˺-
̂̅˹̅˺̅ ̆̅̂̅˽˼̄˿̖ ̅̆̇˷˹́˿ ̅̉̄̅̈˿̉˼̂̓̄̅ ̅̉-
˹˼̇̈̉˿̖ ̏̆˿̄˻˼̖̂ (̇˿̈. 3, 4) ̆̇˿ ̇˷˾̄̒̌ ̄˷-
̎˷̂̓̄̒̌ ̊˺̂̅˹̒̌ ̆̅̂̅˽˼̄˿̖̌ ̈˿̂̒ ̖̉˽˼̈̉˿, 

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

ˤ˷ ̇˿̈. 3, 4 ̆̅́˷˾˷̄̅ ̆̅̂˼ ̇˷̈̈˼̖̄˿̖ ̉̅̎-

̄̅̈̉˿ ̊̈̉˷̄̅˹́˿ ̅̆̇˷˹́˿ ˻̖̂ 12 ̈̌˼̃ ̆̇˿̂̅-

˽˼̄˿̖ ̈˿̂̒ ̖̉˽˼̈̉˿ G ̈ ̏˷˺̅̃ ˹ 30º. 

˨̂˼˻̊˼̉ ̅̉̃˼̉˿̉̓, ̎̉̅ ̂˿̄˼̀̄̒˼ ˿ ̊˺̂̅˹̒˼ 
̅̉́̂̅̄˼̄˿̖ ̆̅ ́̅̅̇˻˿̄˷̉˷̃ X ˿ Y ˻̖̂ ˿˻˼˷̂̓-

̄̒̌ ̆̅˹˼̇̌̄̅̈̉˼̀ ̆̅ ˷˸̈̅̂̉̄̒̃̕ ˹˼̂˿̎˿̄˷̃ 

̄˼ ̆̇˼˹̒̏˷̉̕ 0,01 ̃́̃ ˿ 0,2 ̃́̇˷˻ ˻̖̂ ̅˸̅˿̌ 

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

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

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

̄̅̈̉̓ ˹̒̆̅̂̄˼̄˿̖ ̇˷̈̎˼̉̅˹. 

˚̇˷̋˿́˿ ̂˿̄˼̀̄̒̌ Z ˿ ̊˺̂̅˹̒̌ Pz ̆̅̂̅˽˼-
̄˿̀ (̈̃. ̇˿̈. 3, 4) ̌˷̇˷́̉˼̇˿˾̊̉̕ ̉̅̎̄̅̈̉̓ 

̈˸̅̇́˿ ̈̅˼˻˿̄˼̄˿̖ ˹ ̆̇̅˻̅̂̓̄̅̃ ̄˷̆̇˷˹̂˼-
̄˿˿. В ̎˷̈̉̄̅̈̉˿ ˷˸̈̅̂̉̄̅̕˼ ̅̉́̂̅̄˼̄˿˼ ̊˺̂˷ 
Pz ˻̖̂ ˧К-3 ̆̇̅̋˿̂̓̄̅˺̅ ̈̅˼˻˿̄˼̄˿̖ ̄˷̌̅-

˻˿̖̉̈ ˹ ̆̇˼˻˼̂˷̌ ±0,1 ̃́̇˷˻ (̈̃. ̇˿̈. 4), ̎̉̅ 

̈˹˿˻˼̉˼̂̓̈̉˹̊˼̉ ̅ ˹̒̈̅́̅̀ ̉̅̎̄̅̈̉˿ ̈˸̅̇́˿ 

̈̅˼˻˿̄˼̄˿̖ ̅̉̄̅̈˿̉˼̂̓̄̅ ̅̈˿ Z, ˹ ̅̉̂˿̎˿˼ ̅̉ 
̈̅˼˻˿̄˼̄˿̖ ̈ ́̇̊˺̂̒̃ ̆̇̅̋˿̂˼̃ (̈̃. ̇˿̈. 3), 

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

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

̎˷̀̄̒̃ ̅˸̇˷˾̅̃ ̅̈˼˹̅̀ ̆̅˹̅̇̅̉ Pz, ́̅̉̅̇̒̀, ˹ 

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

˾̄˷̎˼̄˿̀ (̈̃. ̇˿̈. 3). 
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Z X Y 

Pz Px Py 

 
˧˿̈. 3. ˢ˿̄˼̀̄̒˼, ̃́̃, ˿ ̊˺̂̅˹̒˼, ̃́̇˷˻, ̅̉́̂̅̄˼̄˿̖ ̆̅̂̅˽˼̄˿̖ ̅̈˿ ̅̆̇˷˹́˿  

˹ ̅̉˹˼̇̈̉˿˿ ̏̆˿̄˻˼̖̂ ˻̖̂ ́̇̊˺̂̅˺̅ ̆̇̅̋˿̖̂ ̆̇˿ ʨ = 0 ̃́̃, Fs = 900 H 

Fig. 3. Linear and angular position deviations of the axis of amendment round profile  

(ʨ = 0 mkm, Fs = 900 N) 

 

 

 

 

 

 

 

     

     

    

       
 

 

 

 

 

 
 

˧˿̈. 4. ˢ˿̄˼̀̄̒˼, ̃́̃, ˿ ̊˺̂̅˹̒˼, ̃́̇˷˻, ̅̉́̂̅̄˼̄˿̖ ̆̅̂̅˽˼̄˿̖ ̅̈˿ ̅̆̇˷˹́˿  

˹ ̅̉˹˼̇̈̉˿˿ ̏̆˿̄˻˼̖̂ ˻̖̂ ˧К-3 ̆̇̅̋˿̖̂ ̆̇˿ ʨ = 0 ̃́̃, Fs = 900 H 

Fig. 4. Linear and angular position deviations of the axis of amendment PK-3 profile  

(ʨ = 0 mkm, Fs = 900 N) 

Pz 
Px Py 
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        ˀК-3 п̬о̴̛л̽ 

Z Sf/Sn Ncp 

Pcp Pmax 

 
 

˧˿̈. 5. К̅̄̉˷́̉̄̒˼ ̆˷̇˷̃˼̉̇̒ ˧К-3 ̆̇̅̋˿̂̓̄̅˺̅ ̖̈̅̆̇˽˼̄˿̖ (ʨ = 0 ̃́̃, Fs = 900 H) 

Fig. 5. Contact connection parameters P-3 profile (ʨ = 0 mkm, Fs = 900 N) 
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˧˿̈. 6. ˣ˷̉˼̃˷̉˿̎˼̈́˿˼ ̅˽˿˻˷̄˿̖ ̊̆̇̊˺˿̌ ̅̉˽˷̉˿̀ ˧К-3 ̆̇̅̋˿̂̓̄̅˺̅ ̖̈̅̆̇˽˼̄˿̖  

̆̇˿ Fs = 700 H ˿ F0 = 1732 ˤ: а – ̈̃˼̐˼̄˿˼ (1), ̃́̃, ˿ ̆̅˹̅̇̅̉ (2), ̃́̇˷˻, ̆̅ ̅̈˿ Z;  

ȁ – ̈̃˼̐˼̄˿̖ ̆̅ ̖̅̈̃ X (1), Y (2), ̃́̃; в – ̆̅˹̅̇̅̉̒ ̅̉̄̅̈˿̉. ̅̈˼̀ X (1), Y (2), ̃́̇˷˻ 

Fig. 6. Mathematical expectation of elastic squeezing P-3 profile 

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

̆̇˿ ̄˷˺̇̊˽˼̄˿˿ ̈̅˸̇˷̄̄̅˺̅ ̈̅˼˻˿̄˼̄˿̖ 

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

̈̉˷̄́̅˹ ̆̇˿ ̇˷̈̎˼̉˷̌ ̄˷ ˽˼̈̉́̅̈̉̓ ˧К-3 ̆̇̅-

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

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

̇˷́̉˼̇˿˾̊˼̖̉̈ ̅̉̄̅̏˼̄˿˼̃ ̆̇˿̇˷̐˼̄˿̖ 

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

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

ˤ˷ ̇˿̈. 6–8 ̆̇˼˻̈̉˷˹̂˼̄̒ ˺̇˷̋˿̎˼̈́˿˼ ˾˷˹˿-

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

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

̈̅˸̇˷̄̄̅˺̅ ̈̅˼˻˿̄˼̄˿̖ ˩К ˹̄˼̏̄˼̀ ̄˷˺̇̊˾-
́̅̀ ̆̇˿ ̇˷˾̄̒̌ ˾̄˷̎˼̄˿̖̌ ́̅̄̊̈̄̅̈̉˿. В ̇˷-
̈̎˼̉˷̌ ̆̇˿̖̄̉˷ ̖̆̅̈̉̅̄̄˷̖ ̈˸̅̇̅̎̄˷̖ ̈˿̂˷, 
̇˷˹̄˷̖ 700 ˤ, ̆̇˿ «˿˻˼˷̂̓̄̅» ˺̂˷˻́˿̌ ́̅̄̉˷́-

̉˿̇̊̐̕˿̌ ̆̅˹˼̖̇̌̄̅̈̉̌. 
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˧˿̈. 7. ˣ˷̉˼̃˷̉˿̎˼̈́˿˼ ̅˽˿˻˷̄˿̖ ̊̆̇̊˺˿̌ ̅̉˽˷̉˿̀ ˧К-3 ̆̇̅̋˿̂̓̄̅˺̅ ̖̈̅̆̇˽˼̄˿̖ (Fs = 700 H ˿  

F0 = 1299 H): а – ̈̃˼̐˼̄˿˼ (1), ̃́̃, ˿ ̆̅˹̅̇̅̉ (2), ̃́̇˷˻, ̆̅ ̅̈˿ Z; ȁ – ̈̃˼̐˼̄˿̖ ̆̅ ̖̅̈̃ X (1), Y (2), ̃́̃; 

в – ̆̅˹̅̇̅̉̒ ̅̉̄̅̈˿̉˼̂̓̄̅ ̅̈˼̀ X (1), Y (2), ̃́̇˷˻ 

Fig. 7. Mathematical expectation of elastic squeezing P-3 profile 
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˧˿̈. 8. ˣ˷̉˼̃˷̉˿̎˼̈́˿˼ ̅˽˿˻˷̄˿̖ ̊̆̇̊˺˿̌ ̅̉˽˷̉˿̀ ˧К-3 ̆̇̅̋˿̂̓̄̅˺̅ ̖̈̅̆̇˽˼̄˿̖ Fs = 700 H ˿ F0 = 866 H: 

а – ̈̃˼̐˼̄˿˼ (1), ̃́̃, ˿ ̆̅˹̅̇̅̉ (2), ̃́̇˷˻, ̆̅ ̅̈˿ Z; ȁ – ̈̃˼̐˼̄˿̖ ̆̅ ̖̅̈̃ X (1), Y (2), ̃́̃; в – ̆̅˹̅̇̅-

̉̒ ̅̉̄̅̈˿̉˼̂̓̄̅ ̅̈˼̀ X (1), Y (2), ̃́̇˷˻ 

Fig. 8. Mathematical expectation of elastic squeezing P-3 profile 
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˧˿̈. 9. ˚̇˷̋˿̎˼̈́˿˼ ˾˷˹˿̈˿̃̅̈̉˿ ̈̃˼̐˼̄˿̖ (а), ̅̉̄̅̈˿̉˼̂̓̄̅̀ ́̅̄̉˷́̉̄̅̀ ̆̂̅̐˷˻˿ (ȁ)  

˿ ̈̇˼˻̄˼˺̅ ́̅̄̉˷́̉̄̅˺̅ ˻˷˹̂˼̄˿̖ (в) ̅̉ ́̅̄̊̈̄̅̈̉˿ (̆̇˿ Fs = 900 H) 

Fig. 9. Graphic dependence mathematical expectation displacement (а) of areas (ȁ) and contact pressures (в) 

 

˦̅ ̇˼˾̊̂̓̉˷̉˷̃ ̇˷̈̎˼̉̅˹ ˹̒̌̅˻˿̉, ̎̉̅ 

̆̇˼˻̆̅̎̉˿̉˼̂̓̄˼˼ ˹̒̆̅̂̄˿̉̓ ̈̅˼˻˿̄˼̄˿˼ ̈ 
́̅̄̊̈̄̅̈̉̓̕ 1:10, ̎˼̃ ̈ ́̅̄̊̈̄̅̈̉̓̕ 7:24, ̉˷́ 

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

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

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

́̊̕ ́̅̄̉˷́̉̄̊̕ ˽˼̈̉́̅̈̉̓ ̆̇˿ ˻˼̀̈̉˹˿˿ ̆̇˼-
˻˼̂̓̄̒̌ ̄˷˺̇̊˾̅́ [13]. ˟̈̆̅̂̓˾̅˹˷̄˿˼ ́̅̄̊̈-
̄̅̈̉˿ 1:20 ˹ ̇˷˾̑˼̃̄̅̃ ̈̅˼˻˿̄˼̄˿˿ «̏̆˿̄-

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

̎˼̈́̊̕ ̇˷˾˸̅̇́̊ ̆̇˿ ̈̃˼̄˼ ˿̄̈̉̇̊̃˼̄̉˷ ˹ 

̃̄̅˺̅̍˼̂˼˹̅̃ ̈̉˷̄́˼ [12].  

ˤ˷ ̇˿̈. 9 ̆̅́˷˾˷̄̒ ˾˷˹˿̈˿̃̅̈̉˿ ˿˾̃˼̄˼-
̄˿̀ ˹˼̂˿̎˿̄ ̆˷̇˷̃˼̉̇̅˹ ́̅̄̉˷́̉̄̅˺̅ ˹˾˷˿̃̅-

˻˼̀̈̉˹˿̖ ̅̉ ́̅̄̊̈̄̅̈̉˿ ˻̖̂ ˧К-3 ̆̇̅̋˿̂̓̄̅-

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

1:10 ˹ 2,25 ̇˷˾˷ ˸̅̂̓̏˼, ̎˼̃ ̆̇˿ ́̅̄̊̈̄̅̈̉˿ 

7:24, ˿ ̈̅̈̉˷˹̖̂˼̉ ̆̇˿̃˼̇̄̅ 1,375 ˣ˦˷ ˻̖̂ 

̈˸̅̇̅̎̄̅̀ ̈˿̂̒ 900 ˤ. 

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

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

̅̆̉˿̃˷̂̓̄̊̕ ́̅̄̊̈̄̅̈̉̓ ́˷́ 1:10. ˧˷̈̎˼̉̒ 

̈̅˼˻˿̄˼̄˿̀ ̈ ́̅̄̊̈̄̅̈̉̓̕ 1:20 ˻˷̉̕ ̄˼̊̈̉̅̀-

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

7:24 ̆̇˿˹̅˻̖̉ ́ ̇˷̈́̇̒̉˿̕ ̈̉̒́˷ ˹ ̈̅˼˻˿̄˼-
̄˿˿, ̆̇˼˻˼̂̓̄̒̃ ̊̆̇̊˺˿̃ ̅̉˽˷̉˿̖̃ ˿ ˹˿˸̇˷-
̍˿˿ ̆̅˻ ̄˷˺̇̊˾́̅̀. 

ВǽǤоǦǽ 

˪̈̉˷̄̅˹̂˼̄̅, ̎̉̅ ̄˷̎˷̂̓̄̅˼ ̆̅̂̅˽˼̄˿˼ ˩К 

(˿̄̈̉̇̊̃˼̄̉˷̂̓̄˷̖ ̅̆̇˷˹́˷) ̅̉̄̅̈˿̉˼̂̓̄̅ 

̏̆˿̄˻˼̖̂ ˣ˨ ̅́˷˾̒˹˷˼̉ ̄˼˾̄˷̎˿̉˼̂̓̄̅˼ ˹̂˿̖-

̄˿˼ ̄˷ ̉̅̎̄̅̈̉̓ ˼˼ ̊̈̉˷̄̅˹́˿ ̆̅ ́̅̅̇˻˿̄˷̉̄̒̃ 

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

̈̃˼̐˼̄˿̖ ˿ ̆̅˹̅̇̅̉˷ ̅̆̇˷˹́˿ ̅̉̄̅̈˿̉˼̂̓̄̅ 

̅̈˿ Z. ˩̅̎̄̅̈̉̓ ̊˺̂̅˹̅˺̅ ̆̅̂̅˽˼̄˿̖ ˹ ˧К-3 

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

̅̄̄̅̃ ̈̅˼˻˿̄˼̄˿˿ ̈ ́̅̄̊̈̄̅̈̉̓̕ 7:24. 

˪̈̉˷̄̅˹̂˼̄̅, ̎̉̅ ̄˷̎˷̂̓̄̅˼ ̆̅̂̅˽˼̄˿˼ ˩К 

(˿̄̈̉̇̊̃˼̄̉˷̂̓̄˷̖ ̅̆̇˷˹́˷) ̅̉̄̅̈˿̉˼̂̓̄̅ 

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

̄̒̌ ̆̅˹˼̇̌̄̅̈̉˼̀ ̈ ̇˷˹̄̅̅̈̄̒̃ ́̅̄̉̊̇̅̃, 

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

̄̒̌ ́̅̄̉˷́̉̄̒̌ ˻˷˹̂˼̄˿̀ ̂˼˽˷̉ ˹ ˿̄̉˼̇˹˷̂˼ 
̅̉ 5,55 ˻̅ 5,63 ˣ˦˷, ˹ ̉̅ ˹̇˼̖̃ ́˷́ ̅̉̄̅̈˿-

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

̈̉˷˹̖̂˼̉ 26,1–26,6 %. 

˧˷̈̎˼̉˷̃˿ ̊̈̉˷̄̅˹̂˼̄̅, ̎̉̅ ˿̈̆̅̂̓˾̅˹˷̄˿˼ 
˧К-3 ̆̇̅̋˿̂̓̄̅˺̅ ̈̅˼˻˿̄˼̄˿̖ ˹ ˩К ̊˾̂˷ 
«̏̆˿̄˻˼̂̓ – ̅̆̇˷˹́˷» ̈ ́̅̄̊̈̄̅̈̉̓̕ 1:10 

̆̇˼˻̆̅̎̉˿̉˼̂̓̄˼˼, ̎˼̃ ̈ ́̅̄̊̈̄̅̈̉̓̕ 7:24, ̉˷́ 

́˷́ ̅˸̂˷˻˷˼̉ ˸̅̂̓̏˼̀ ́̅̄̉˷́̉̄̅̀ ˽˼̈̉́̅̈̉̓̕ 

(̄˼ ̃˼̄˼˼ 550 ˤ/̃́̃) ˿ ˿̃˼˼̉ ̃˼̄̓̏˿˼ ˹˼̂˿-

̎˿̄̒ ̊̆̇̊˺˿̌ ̅̉˽˷̉˿̀ (˻̅ 5 ̃́̃ ̄˷ ˹̒̂˼̉˼ ˿̄-

̈̉̇̊̃˼̄̉˷ ̄˼ ˸̅̂˼˼ 150 ̃̃). 
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