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˟˾̊̎˼̄ ˿ ̇˼˷̂˿˾̅˹˷̄ ̆̇̅̍˼̈̈ ̆̅̂̊̎˼̄˿̖ ˾˷˺̅̉̅˹̅́ ˿˾ ̈̉̇̊˽́˿ ̃˷˺̄˿˼˹̅˺̅ ̈̆̂˷˹˷ ˣА5 ̃˼̉̅˻̅̃ ˺̖̅̇̎˼̀ 

̔́̈̉̇̊˾˿˿. ˦̇̅̍˼̈̈ ̇˼˷̂˿˾̅˹̒˹˷̂˿ ̆̇˿ ̉˼̃̆˼̇˷̉̊̇˷̌ ̄˷˺̇˼˹˷ 300, 350 ˿ 400 °˨ ̈̅ ̈̇˼˻̄˿̃˿ ́̅̔̋̋˿̍˿-

˼̄̉˷̃˿ ̔́̈̉̇̊˾˿˿ 9, 13 ˿ 24. В ̆̇̅̍˼̈̈˼ ˺̖̅̇̎˼̀ ̔́̈̉̇̊˾˿˿ ̆̇̅˿̈̌̅˻˿̂̅ ̊̆̂̅̉̄˼̄˿˼ ˹ ̃˷̉̇˿̍˼ ˾˷˺̅̉̅-

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

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

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

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

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

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

̄̒̌ ̂˿̉̒̌ ˾˷˺̅̉̅˹̅́ ˿˾ ̈̆̂˷˹˷ ˣА5, ̅˻̄˷́̅ ̄˿˽˼ ̆̅ ̆̂˷̈̉˿̎̄̅̈̉˿. 

ǪȋȞȗȅвțȅ ȑȋȎва: ̆̅̇̅̏́̅˹˷̖ ̃˼̉˷̂̂̊̇˺˿̖, ̆˼̇˼̇˷˸̅̉́˷ ̈̉̇̊˽́˿, ̃˷˺̄˿˼˹̒˼ ̈̆̂˷˹̒, ˺̖̅̇̎˷̖ ̔́̈-
̉̇̊˾˿̖, ̃˼̌˷̄˿̎˼̈́˿˼ ̈˹̅̀̈̉˹˷. 
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MECHANICAL PROPERTIES OF BILLETS PRODUCED  
BY HOT EXTRUSION OF MAGNESIUM CHIPS 

The process of billets producing from the magnesium alloy chip MA5 by hot extrusion was studied and rea-

lized. The process was realized at heating temperatures of 300, 350 and 400°C with average extrusion coeffi-

cients of 9, 13 and 24. In the process of hot extrusion occurred compaction in the matrix of blanks produced 

by cold pressing of chip particles; destruction of oxide films on the surface and distribution throughout the 

volume of the workpiece dispersed oxide particles during the plastic flow of the material through the die. As 

a result of the processes of recrystallization and deformation hardening, the intensity of which was deter-

mined by the temperatures and the coefficients of extraction, the structure of the material was formed. It is 

found that the degree of plastic deformation and the temperature of the extrusion process have an ambi-

guous effect on the mechanical properties of the workpieces in static tests for tension and compression, a 

certain role is played by the residual porosity. The strength characteristics of the obtained billets are slightly 

higher than the strength of the deformed cast billets from the MA5 alloy, however, lower in plasticity. 
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ВǤǧǦǧǯǪǧ 

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

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

В̈˼ ˸̅̂̓̏˼˼ ˹̄˿̃˷̄˿˼ ˿̄˽˼̄˼̇̅˹ ˿ ˿̈̈̂˼˻̅˹˷-
̉˼̂˼̀ ̆̇˿˹̂˼́˷̉̕ ̉˼̌̄̅̂̅˺˿˿ ̆˼̇˼̇˷˸̅̉́˿ ̃˼-
̉˷̂̂˿̎˼̈́̅̀ ̈̉̇̊˽́˿. ˤ˷˿˸̅̂˼˼ ̆˼̇̈̆˼́̉˿˹-

̄̒̃ ˻̖̂ ̔̉̅˺̅ ̖˹̖̂˼̖̉̈ ̆̅̇̅̏́̅˹˷̖ ̃˼̉˷̂̂̊̇-

˺˿̖ [1–6]. ˯˿̇̅́̅ ˿̈̆̅̂̓˾̖̊̉̈̕ ̉˹˼̇˻̅̋˷˾̄̒˼ 
̃˼̉̅˻̒ ̆˼̇˼̇˷˸̅̉́˿, ̉˷́˿˼, ́˷́ ˿˾̃˼̂̓̎˼̄˿˼ 
̖̈̒̇̓ ̈ ̆̅̈̂˼˻̊̐̕˼̀ ˺̖̅̇̎˼̀ ̔́̈̉̇̊˾˿˼̀ ˿̂˿ 

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

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

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

А́̉̊˷̂̓̄̅ ˹̄˼˻̇˼̄˿˼ ̔́̅̄̅̃˿̎̄̒̌ ̉˼̌̄̅̂̅-

˺˿̀ ̆˼̇˼̇˷˸̅̉́˿ ̈̉̇̊˽́˿ ˹ ́̅̃̆˷́̉̄̊̕ ̋̅̇̃̊ 
[7], ̈̇˼˻˿ ́̅̉̅̇̒̌ ˺̖̅̇̎˷̖ ̔́̈̉̇̊˾˿̖ – ˹˼̈̓̃˷ 
̆˼̇̈̆˼́̉˿˹̄˷̖ ̅˸̂˷̈̉̓ ̆̅̇̅̏́̅˹̅̀ ̃˼̉˷̂̂̊̇-

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

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

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

̇̅̏˿̃˿ ̔́̅̄̅̃˿̎˼̈́˿̃˿ ̆̅́˷˾˷̉˼̖̂̃˿ ˿˾ 
̈̉̇̊˽́˿ ̆̅̂̊̎˷̉̕ ̆̇̅̋˿̂˿ – ́̇̊˺, ̊˺̅̂̅́ ˿ ˸̅-

̂˼˼ ̈̂̅˽̄̒˼ ̋̅̇̃̒, ́̅̉̅̇̒˼ ̃̅˽̄̅ ˿̈̆̅̂̓˾̅-

˹˷̉̓ ˹ ̉˼̌ ̅˸̂˷̖̈̉̌ ̉˼̌̄˿́˿, ˺˻˼ ̉̇˼˸̖̊̉̈̕ ̃˷̉˼-
̇˿˷̂̒ ̃˷̂̅̀ ̆̂̅̉̄̅̈̉˿ ˿ ̈̇˼˻̄˿˼ ̆̅ ˹˼̂˿̎˿̄˼ 
̆̅́˷˾˷̉˼̂˿ ̆̇̅̎̄̅̈̉˿ (400–500 ˣ˦˷). 

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

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

̎˼̈́̅̀ ̆̅̇̅̏́̅˹̅̀ ̃˼̉˷̂̂̊̇˺˿˿ – ˹̒̈̅́˿̃ ́̅-

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

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

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

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

́̅˹̅̀ ̃˼̉˷̂̂̊̇˺˿˿ ̅̆˼̇˷̍˿˿, ́˷́ ̈̆˼́˷̄˿˼ [8]. 

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

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

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

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

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

̈̇˷˹̄˿̉˼̂̓̄̅ ˹̒̈̅́̅̀ ̆̂̅̉̄̅̈̉˿ [9]. 

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

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

̃˷̉˼̇˿˷̂˷̃˿, ˹ ̆˼̇˹̊̕ ̅̎˼̇˼˻̓ ˹ ̉˼̌ ̅˸̂˷̖̈̉̌, 
˺˻˼ ̈̄˿˽˼̄˿˼ ̃˷̈̈̒ ˿̃˼˼̉ ̆˼̇˹̅̈̉˼̆˼̄̄̅˼ ˾̄˷-
̎˼̄˿˼ [10]. ˥̄˿ ̅˸̂˷˻˷̉̕ ˹̒̈̅́˿̃˿ ̊˻˼̂̓̄̅̀ 

̆̇̅̎̄̅̈̉̓̕, ˽˼̈̉́̅̈̉̓̕ ˿ ˻˼̃̆̋˿̇̊̐̕˿̃˿ 

̈˹̅̀̈̉˹˷̃˿ [11], ̉˼̌̄̅̂̅˺˿̎̄̅̈̉̓̕, ̃̄̅˺˿˼ ̈̆̂˷-
˹̒ ̌̅̇̅̏̅ ̈˹˷̇˿˹˷̖̉̈̕, ̎̉̅ ˹˼̈̓̃˷ ̆˼̇̈̆˼́̉˿˹-
̄̅ ˻̖̂ ̆̇˿̃˼̄˼̄˿̖ ̃˷̉˼̇˿˷̂̅˹ ̄˷ ̅̈̄̅˹˼ ̃˷˺̄˿̖ 

˹ ̈̅˹̇˼̃˼̄̄̅̀ ̉˼̌̄˿́˼. ˦̂̅̉̄̅̈̉̓ ̃˷˺̄˿˼˹̒̌ 
̈̆̂˷˹̅˹ ̈̅̈̉˷˹̖̂˼̉ 65–70 % ̅̉ ̆̂̅̉̄̅̈̉˿ ̈̉˷̄-

˻˷̇̉̄̒̌ ˷̂̃̕˿̄˿˼˹̒̌ ̈̆̂˷˹̅˹, ̆̅̔̉̅̃̊ ˾˷̃˼̄˷ 
˻˼̉˷̂˼̀ ˿ ̊˾̂̅˹ ˿˾ ˷̂̃̕˿̄˿˼˹̒̌ ̈̆̂˷˹̅˹ ̄˷ ̃˷˺-
̄˿˼˹̒˼ ̆̅˾˹̖̅̂˼̉ ̈̄˿˾˿̉̓ ˿̌ ˹˼̈ ̄˷ 25–30 % [12]. 

ǘǧǭǾ ǯǢǳǴояǻǧǫ ǲǢбоǴǽ – ˿̈̈̂˼˻̅˹˷̄˿˼ 
˹̅˾̃̅˽̄̅̈̉˿ ̆̇˿̃˼̄˼̄˿̖ ˺̖̅̇̎˼̀ ̔́̈̉̇̊˾˿˿ 

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

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

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

˿˾ ̈̆̂˷˹˷ ̃˷˺̄˿̖ ˣА5.  

ǎǧǴоǦǪǬǢ ǱǲоǤǧǦǧǯǪя ǪǳǳǭǧǦоǤǢǯǪǫ 

В̒̈̅́̅̆̇̅̎̄̒̀ ̈̆̂˷˹ ˣА5 ̏˿̇̅́̅ ˿̈̆̅̂̓-
˾̊˼̖̉̈ ˻̖̂ ˿˾˺̅̉̅˹̂˼̄˿̖ ̆̅̂̊̋˷˸̇˿́˷̉̅˹ ̆̅ ̈̌˼-
̃˼ ̄˼̇˷˹̄̅̃˼̇̄̅˺̅ ˹̈˼̈̉̅̇̅̄̄˼˺̅ ̈˽˷̉˿̖ (̆̇˼̈-
̈̅˹˷̄˿˼, ́̅˹́˷ ˹ ̋˿˺̊̇̄̒̌ ˸̅̀́˷̌ ̄˷ ˺˿˻̇˷˹̂˿-

̎˼̈́˿̌ ̆̇˼̈̈˷̌, ̏̉˷̃̆̅˹́˷ ˹ ˾˷́̇̒̉̒̌ ̏̉˷̃̃˷̌ 
˿ ̉. ̆.). ˨̆̂˷˹ ˣА5 ̈̆̅̈̅˸˼̄ ̉˼̇̃˿̎˼̈́˿ ̊̆̇̅̎-

̖̖̄̉̓̈. ˜˺̅ ̌˿̃˿̎˼̈́˿̀ ̈̅̈̉˷˹, ̃˷̈̈.%: 
 

ǫȅȃȈȐȓȞșȈȅ ȊȎȌȏȎȍȅȍȒț 

Al  .....................................................  7,8–9,2 

Zn  ....................................................  0,2–0,8 

ˣn0, ................................................  15–0,5 
 

ǯȐȈȌȅȑȈ (ȍȅ ȁȎȋȅȅ) 

Cu ....................................................  0,05 

Ni .....................................................  0,005 

Si ......................................................  0,10 

Fe .....................................................  0,05 

Be .....................................................  0,002 

˦̇̅̎˿˼  ...........................................  0,3 
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Металлургия и материаловедение

˩ ˷ ˸ ̂ ˿ ̍ ˷  1  

ǎǧхǢǯǪǹǧǳǬǪǧ ǳǤоǫǳǴǤǢ ǱǲǧǳǳоǤǢǯǯǽх ǱоǭǵǶǢбǲǪǬǢǴоǤ Ǫǩ ǳǱǭǢǤǢ ǎА56 

T a b l e  1   

Mechanical properties of extruded semi-finished products of the MA5 alloy  

˦̅̂̊̋˷˸̇˿́˷̉̒ Е, ˚˦˷ ʨ0,2, ˣ˦˷ ʨ˹, ˣ˦˷ Δ, % Ψ, % ʩ̈̇, ˣ˦˷ ʨ–1, ˣ˦˷ ˤВ, ˣ˦˷ ʗ̄, ˛˽/̈̃2

˦̇̊̉́˿ 42,1 215 304 8 20 174 126 55 –

˦̅́̅˹́˿,̏̉˷̃̆̅˹́˿ 42,1 215 304 12 – – 89 70 5

 

ˣ˼̌˷̄˿̎˼̈́˿˼ ̈˹̅̀̈̉˹˷ ̇˷˾̂˿̎̄̒̌ ˿˾˻˼-
̂˿̀ ˿˾ ̈̆̂˷˹˷ ˣА5 ̊́˷˾˷̄̒ ˹ ̉˷˸̂. 1 [13]. 

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

В ̎˷̈̉̄̅̈̉˿, ̅̉̄̅̈˿̉˼̂̓̄̅ ˸̂˷˺̅̆̇˿̖̉̄̒̀ ˻˿˷-
̆˷˾̅̄ ̉˼̃̆˼̇˷̉̊̇ ˻˼̋̅̇̃˷̍˿˿ ˾˷˺̅̉̅˹̅́ ̈̆̂˷˹˷ 
ˣА5 ˹ ̂˿̉̅̃ ̖̈̅̈̉̅̄˿˿ ̅˺̇˷̄˿̎˼̄ 300–350 C. 

˦̇˿ ̆̇˼˹̒̏˼̄˿˿ ̉˼̃̆˼̇˷̉̊̇̒ 360–380 C ̆̇̅-

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

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

̈˹̖˾˷̄̅ ̈ ̅̆̂˷˹̂˼̄˿˼̃ ̂˼˺́̅̆̂˷˹́˿̌ ̔˹̉˼́̉˿̎˼-
̈́˿̌ ̈̅̈̉˷˹̖̂̐̕˿̌ ̆̅ ˺̇˷̄˿̍˷̃ ˾ё̇˼̄ [13]. 

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

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

˻˼̋̅̇̃˷̍˿˿ ̉˹ё̇˻̒̌ ˷̂̃̕˿̄˿˼˹̒̌ ̈̆̂˷˹̅˹. 
В˹˿˻̊ ̔̉̅˺̅ ̅̉̃˼̎˷˼̖̉̈ ̈̊̐˼̈̉˹˼̄̄̅˼ ̆̅˹̒̏˼-
̄˿˼ ̉˼̃̆˼̇˷̉̊̇̒ ˹ ̆̂˷̈̉˿̎˼̈́̅̀ ˾̅̄˼; ˹ ˾˷˹˿̈˿-

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

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

˽˼̉ ˻̅̈̉˿˺˷̉̓ 200–250 C. ˩˼̆̂̅˹̅̀ ̔̋̋˼́̉ ˻˼-
̋̅̇̃˷̍˿˿ ̉˼̃ ˹̒̏˼, ̎˼̃ ̄˿˽˼ ̄˷̎˷̂̓̄˷̖ ̉˼̃̆˼-
̇˷̉̊̇˷ ˾˷˺̅̉̅˹́˿ ˿ ˹̒̏˼ ̈̉˼̆˼̄̓ ˻˼̋̅̇̃˷̍˿˿. 

˛̖̂ ̔́̈̆˼̇˿̃˼̄̉˷̂̓̄̅˺̅ ̆̅̂̊̎˼̄˿̖ ˾˷˺̅-

̉̅˹̅́ ˸̒̂˷ ˿̈̆̅̂̓˾̅˹˷̄˷ ̈̉̇̊˽́˷ ̈̆̂˷˹˷ ˣА5 

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

˷˹̉̅̃̅˸˿̂̓̄̒̌ ́̅̂˼̈̄̒̌ ˻˿̈́̅˹. 

˛̖̂ ̖́̅̄̉̇̅̂ ˻˿˷̆˷˾̅̄˷ ̅̈̄̅˹̄̅̀ ̋̇˷́-

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

˹̅˺̅ ˷̄˷̂˿˾˷ ̆̅ ˚˥˨˩ 18318-94 ˺̇˷̄̊̂̅̃˼̉̇˿-

̎˼̈́˿̀ ̈̅̈̉˷˹ ˿̈̌̅˻̄̅̀ ̏˿̌̉̒. ˤ˷̈̒̆̄˷̖ 

̆̂̅̉̄̅̈̉̓ ˿ ̆̂̅̉̄̅̈̉̓ ̆̅̈̂˼ ̖̊̉̇̈́˿ ̅̆̇˼˻˼-
̂˼̄̒ ̈̅̅̉˹˼̉̈̉˹˼̄̄̅ ̆̅ ˚˥˨˩ 19440-94 ˿ 

˚˥˨˩ 25279-93. Э̉˿ ̌˷̇˷́̉˼̇˿̈̉˿́˿ ˿̈̆̅̂̓-

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

˾˷˺̅̉̅˹̅́ ˻̖̂ ̔́̈̉̇̊˾˿˿. 

˞˷˹˿̈˿̃̅̈̉˿ ̆̂̅̉̄̅̈̉˿ ˿̈̌̅˻̄̅̀ ̏˿̌̉̒ 

̅̉ ˻˷˹̂˼̄˿̖ ̆̇˼̈̈̅˹˷̄˿̖ ̅̆̇˼˻˼̖̂̂˿ ́˷́ ̆̇˼̈-
̈̊˼̃̅̈̉̓ ̆̅ ˚˥˨˩ 25280-82.  

˞˷˺̅̉̅˹́˿ ˻̖̂ ̔́̈̉̇̊˾˿˿ ˻˿˷̃˼̉̇̅̃ 28 ̃̃ 

̆̅̂̊̎˼̄̒ ̌̅̂̅˻̄̒̃ ̆̇˼̈̈̅˹˷̄˿˼̃ ̄˷ ̆̇˼̈̈˼ 
˦˨˪50. ˨̇˼˻̖̖̄ ˹̒̈̅̉˷ ˾˷˺̅̉̅˹̅́ ̈̅̈̉˷˹˿̂˷ 36 

̃̃ ̆̇˿ ̈̇˷˹̄˿̉˼̂̓̄̅ ̇˷˹̄̅̃˼̇̄̅̃ ̇˷̈̆̇˼˻˼̂˼-
̄˿˿ ̆̂̅̉̄̅̈̉˿ ̆̅ ˹̒̈̅̉˼. В ̅̈̄˷̈̉́̊ ˻̖̂ ̔́̈-
̉̇̊˾˿˿ ˾˷˺̇̊˽˷̂˿ ̆̅ ˻˹˼ ˾˷˺̅̉̅˹́˿. ˨˹˼̇̌̊ ˿ 

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

̈̃˷˾́˿ ̇˷˾̃˼̐˷̂˿̈̓ ˺̇˷̋˿̉̅˹̒˼ ̏˷̀˸̒ (̇˿̈. 1) 

̉˷́̅˺̅ ˽˼ ˻˿˷̃˼̉̇˷ ˹̒̈̅̉̅̀ ̄˼ ˸̅̂˼˼ 5 ̃̃. ˚̇˷-
̋˿̉ ̊̃˼̄̓̏˷̂ ́̅̂˿̎˼̈̉˹̅ ̅˸̖̂̅, ˾˷̉˼́˷̐̕˼˺̅ ˹ 
̅˸̂˷̈̉̓ ̏˷̀˸̒, ̎̉̅ ̅˸̂˼˺̎˷̂̅ ̆̇̅̍˼̈̈ ̅̉̈̅˼˻˿-

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

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

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

 

 
 

˧˿̈. 1. ˨˸̅̇̄˷̖ ˾˷˺̅̉̅˹́˷ ̈ ̏˷̀˸˷̃˿  

˿˾ ˺̇˷̋˿̉˷ ̈̄˿˾̊ ˿ ̈˹˼̇̌̊ 

Fig. 1. Prefabricated billet with graphite spacers  

of bottom and top 
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˧˿̈. 2. ˨̌˼̃˷ ̔́̈̉̇̊˾˿˿: 1 – ˿̈̌̅˻̄˷̖ ˾˷˺̅̉̅˹́˷; 2 – ̃˷̉̇˿̍˷; 3 – ̆̊˷̄̈̅̄;  

4 – ˾˷˺̅̉̅˹́˷ ̆̅̈̂˼ ̔́̈̉̇̊˾˿˿; 5 – ̋˿̂̓˼̇˷; 6 – ̅̆̅̇̄˷̖ ̏˷̀˸˷ 

Fig. 2. Extrusion scheme: 1 – initial billet; 2 – matrix; 3 – punch;  

4 – billet after extrusion; 5 – die; 6 – thrust spacer 

 

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

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

˸̒̂˿ ˹̒˸̇˷̄̒ ̉̇˿ ̇˼˽˿̃˷ – 300, 350, 400°˨. 

˛˿˷̃˼̉̇̒ ̋˿̂̓˼̇ – 6,4, 8,8, 10,5 ̃̃ – ̆̅˾˹̅̂˿-

̂˿ ̅̈̊̐˼̈̉˹̖̂̉̓ ̆̇̅̍˼̈̈ ̈̅ ̈̇˼˻̄˿̃˿ ́̅̔̋̋˿-

̍˿˼̄̉˷̃˿ ˹̖̒̉˽́˿ – ̈̅̅̉˹˼̉̈̉˹˼̄̄̅ 9, 13 ˿ 24. 

˦̇̅̍˼̈̈ ̅̈̊̐˼̈̉˹̖̖̂̂̈ ̄˷ ̆̇˼̈̈˼ ˦˨˪-125. 

ˤ˷ ̇˿̈. 2 ˿˾̅˸̇˷˽˼̄˷ ̈̌˼̃˷ ̆̇̅̍˼̈̈˷ ̔́̈-
̉̇̊˾˿˿.  

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

˻̂˿̄̒ ̆̅̂̊̎˼̄̄̅̀ ˾˷˺̅̉̅˹́˿ ́ ̄˷̎˷̂̓̄̅̀ 

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

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

̈˹̅̀̈̉˹ ̃˷̉˼̇˿˷̂˷ ̔́̈̆˼̇˿̃˼̄̉ ̆̅ ˻˼̋̅̇̃˷-
̍˿˿ ˿̃˼˼̉ ˻˹˷ ̔̉˷̆˷ [14, 16]: 

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

̆̂̅̉̄̅̈̉˿; 

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

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

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

В ̔̉̅̃ ̈̂̊̎˷˼ ́̅̔̋̋˿̍˿˼̄̉ ˹̖̒̉˽́˿ 

̃̅˽̄̅ ̅̆̇˼˻˼̂˿̉̓ ̆̅ ̅̉̄̅̏˼̄˿̕ ̆̂̅̐˷˻˼̀ 

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

˿ ̆̅̈̂˼ ̄˼ё:  

 ̄˷̎

́̅̄
,

S

S
    

˺˻˼ S̄˷̎ – ̄˷̎˷̂̓̄˷̖ ̆̂̅̐˷˻̓ ̆̅̆˼̇˼̎̄̅˺̅ ̈˼-
̎˼̄˿̖ ˾˷˺̅̉̅˹́˿; Ś̅̄ – ́̅̄˼̎̄˷̖ ̆̂̅̐˷˻̓ ̆̅-

̆˼̇˼̎̄̅˺̅ ̈˼̎˼̄˿̖ ˾˷˺̅̉̅˹́˿. 

˥˻̄̅ ˿˾ ̅̈̄̅˹̄̒̌ ̆̇˼˿̃̊̐˼̈̉˹ ̆̇̅̍˼̈̈˷ 

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

̍˼̈̈̅̃ [14–17]. 

В ̆̇̅̍˼̈̈˼ ˺̖̅̇̎˼̀ ̔́̈̉̇̊˾˿˿ ˻̅̈̉˿˺˷̖̉̈̕ 

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

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

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

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

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

̅̆̇˼˻˼̖̂̂˿ ̈ ̆̅̃̅̐̓̕ ̆̇̅˺̇˷̃̃̒ «В˿˻˼̅ 

̉˼̈̉ ̈̉̇̊́̉̊̇˷ 5.2». ˩˹ё̇˻̅̈̉̓ ̆̇̊̉́̅˹ ˿˾̃˼-
̇˼̄˷ ̄˷ ̉˹˼̇˻̅̃˼̇˼ Zwick Roell ZHU. 

˦̇̅̎̄̅̈̉̓ ̆̇̊̉́̅˹ ˿˾ ̈̆̂˷˹˷ ˣА5, ̆̅̂̊̎˼̄-

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

̆̇˿ ˿̈̆̒̉˷̄˿̖̌ ̄˷ ̇˷̖̈̉˽˼̄˿˼ ˿ ̈˽˷̉˿˼. ˟̈̆̒-

̉˷̄˿̖ ̆̇̅˹̅˻˿̂˿ ̄˷ ̊̄˿˹˼̇̈˷̂̓̄̅̀ ̃˷̏˿̄˼ 
Zwick/Roell Z100 c ̃˷́̈˿̃˷̂̓̄̒̃ ̊̈˿̂˿˼̃ 100 

́ˤ ̆̇˿ ̈́̅̇̅̈̉˿ ˻˼̋̅̇̃˿̇̅˹˷̄˿̖ 2 ̃̃/̃˿̄. 

˥˸̇˷˾̍̒ ˻̖̂ ˿̈̆̒̉˷̄˿̀ ̄˷ ̇˷̖̈̉˽˼̄˿˼ ˿̃˼̂˿ 

̍˿̂˿̄˻̇˿̎˼̈́̊̕ ̋̅̇̃̊ ˻̂˿̄̄̅̀ 110 ̃̃. ˛̖̂ 

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

ǒǧǩǵǭǾǴǢǴǽ ǪǳǳǭǧǦоǤǢǯǪǫ Ǫ Ǫх обǳǵǨǦǧǯǪǧ 

˦̅̂̊̎˼̄̄̒˼ ˻˷̄̄̒˼ ˺̇˷̄̊̂̅̃˼̉̇˿̎˼̈́̅˺̅ 

̈̅̈̉˷˹˷ ̈˹˼˻˼̄̒ ˹ ̉˷˸̂˿̍̊ (̉˷˸̂. 2), ̄˷ ˿̌ ̅̈-

̄̅˹˼ ̆̅̈̉̇̅˼̄˷ ˿̄̉˼˺̇˷̂̓̄˷̖ ́̇˿˹˷̖ (̇˿̈. 3) 

̇˷̈̆̇˼˻˼̂˼̄˿̖ ̎˷̈̉˿̍ ̆̅ ̋̇˷́̍˿̖̃. 

К˷́ ̈̂˼˻̊˼̉ ˿˾ ̆̇˿˹˼˻˼̄̄̒̌ ˻˷̄̄̒̌, ˸̅̂˼˼ 
50 % ̎˷̈̉˿̍ ˿̃˼̂˿ ̇˷˾̃˼̇ ˹ ˻˿˷̆˷˾̅̄˼ ̅̉ 630 

˻̅ 1250 ̃́̃. 

˩ ˷ ˸ ̂ ˿ ̍ ˷  2  

ǅǲǢǯǵǭомǧǴǲǪǹǧǳǬǪǫ ǳоǳǴǢǤ ǳǴǲǵǨǬǪ ǳǱǭǢǤǢ ǎА5  

T a b l e  2  

Granulometric composition of MA5 alloy chips 

˫̇˷́̍˿̖, ̃́̃
ˣ˷̈̈̅˹˷̖ ˻̖̅̂, 

% 

˟̄̉˼˺̇˷̂̓̄̒̀* 

̈̅̈̉˷˹, % 

–400 0,4 0,4 

–400–500 1,4 1,8 

500–630 22,9 24,7 

630–800 18,4 43,0 

800–1000 21,6 64,6 

1000–1250 17,9 82,6 

1250–1600 8,1 90,7 

1600 9,3 100,0 

* «˟̄̉˼˺̇˷̂̓̄̒̀» – ˹́̂̎̕˷̐̕˿̀ ˻˷̄̄̊̕ ̋̇˷́̍˿̕ ˿ 

˸̅̂˼˼ ̃˼̂́˿˼. 

 

 
 

˧˿̈. 3. ˟̄̉˼˺̇˷̂̓̄˷̖ ́̇˿˹˷̖ ̇˷̈̆̇˼˻˼̂˼̄˿̖ ̋̇˷́̍˿̀ ̆̅ ̇˷˾̃˼̇˷̃ 

Fig. 3. Integral distribution curve of fractions by size 
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˧˼˾̊̂̓̉˷̉̒ ˿˾̃˼̇˼̄˿̀ (˹ ˺/̈̃3) ̄˷̈̒̆̄̅̀ 

̆̂̅̉̄̅̈̉˿ ˿ ̆̂̅̉̄̅̈̉˿ ̆̅̈̂˼ ̖̊̉̇̈́˿ ̏˿̌̉̒ 

˿˾ ˿̈̌̅˻̄̅̀:  
 

ǭаȑțȏȍаȟ ȏȋȎȒȍȎȑȒȜ (10 ȈȇȌȅȐȅȍȈȉ) 

min .......................................................  0,46 

max .......................................................  0,51 

med .......................................................  0,49 

ǯȋȎȒȍȎȑȒȜ ȏȎȑȋȅ ȓȒȐȟȑȊȈ (10 ȈȇȌȅȐȅȍȈȉ) 

min .......................................................  0,54 

max .......................................................  0,56 

med .......................................................  0,55 
 

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

̇̅̏˷̖ ̖̊̆̂̅̉̄˼̃̅̈̉̓ ̆̅̇̅̏́̅˹ ̅˸̂˼˺̎˷˼̉ ̆̇̅-

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

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

˼̉ ̆̅̂̊̎˼̄˿˼ ˸̅̂˼˼ ̆̇̅̎̄̒̌, ̄˼̅̈̒̆˷̐̕˿̖̌̈ 

̅˸̇˷˾̍̅˹ ̆̇˿ ̃˼̄̓̏˼̀ ̆̂̅̉̄̅̈̉˿. 

В ̉˷˸̂. 3 ̆̇˿˹˼˻˼̄̒ ̇˼˾̊̂̓̉˷̉̒ ̆̇˼̈̈̅˹˷-
̄˿̖ ̅˸̇˷˾̍̅˹ ˿˾ ̈̉̇̊˽́˿ ̆̇˿ ́̅̃̄˷̉̄̅̀ ̉˼̃-

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

̃̅̈̉˿ ̆̂̅̉̄̅̈̉˿ ̅̉ ˻˷˹̂˼̄˿̖ ̆̇˼̈̈̅˹˷̄˿̖ 

(́̇˿˹˷̖ ̊̆̂̅̉̄˼̄˿̖, ̇˿̈. 4, а), ˷ ̉˷́˽˼ ̆̅̇˿̈-
̉̅̈̉˿ ̅̉ ˻˷˹̂˼̄˿̖ ̆̇˼̈̈̅˹˷̄˿̖ (̇˿̈. 4, ȁ). 

˦̇̅̎̄̒˼ ̄˼̅̈̒̆˷̐̕˿˼̖̈ ̆̇˼̈̈̅˹́˿ ˸̒̂˿ 

̆̅̂̊̎˼̄̒ ̊˽˼ ̆̇˿ ̈̇˷˹̄˿̉˼̂̓̄̅ ̃˷̂̅̃ ˻˷˹̂˼-
̄˿˿ – 300 ˣ˦˷ (̆̇˿ ̆̅̇˿̈̉̅̈̉˿ 20 % ˿ ̃˼-
̄˼˼); ̔̉̅˺̅ ˹̆̅̂̄˼ ˻̅̈̉˷̉̅̎̄̅ ˻̖̂ ̆̅̂̊̎˼̄˿̖ 

˾˷˺̅̉̅˹̅́ ̆̅˻ ̔́̈̉̇̊˾˿̕. 

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

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

̌̅̂̅˻̄̒̃ ̆̇˼̈̈̅˹˷̄˿˼̃ ̄˷ ̆̇˼̈̈˼ ˦˨˪50 ˾˷-
˺̅̉̅˹́˿ ˻̖̂ ̔́̈̉̇̊˾˿˿ ˻˿˷̃˼̉̇̅̃ 28 ̃̃, ˿̌ 

̌˷̇˷́̉˼̇˿̈̉˿́˿ ̆̇˿˹˼˻˼̄̒ ˹ ̉˷˸̂. 4. 

 
˩ ˷ ˸ ̂ ˿ ̍ ˷  3  

ДǢǯǯǽǧ ǱǲǧǳǳǵǧмоǳǴǪ мǢǥǯǪǧǤоǫ ǳǴǲǵǨǬǪ ǎА5 ǎǢǳǳǢ ǱоǲоǺǬǢ – 5 ǥ; ǦǪǢмǧǴǲ обǲǢǩǸоǤ – 17 мм 

T a b l e  3  

Compressibility data of magnesium MA5 alloy chips Powder weight – 5 g; sample diameter – 17 mm 

№ ̅˸̇˷˾̍˷ ˪̈˿̂˿˼, ̉ ˛˷˹̂˼̄˿˼, ˣ˦˷ В̒̈̅̉˷, ̃̃ ˥˸̑˼̃, ̈̃3 ˦̂̅̉̄̅̈̉̓, ˺/̈̃3 

1 5,6 241,9 15,80 3,58 1,40 

2 16,20 3,68 1,36 

3 15,90 3,61 1,39 

˨̇˼˻̄˼˼   – – 1,38 

4 7,2 311,0 15,00 3,40 1,47 

5 14,90 3,38 1,48 

6 14,80 3,36 1,49 

˨̇˼˻̄˼˼   – – 1,48 

7 8,8 380,1 14,30 3,24 1,54 

8 14,30 3,24 1,54 

9 14,60 3,31 1,51 

˨̇˼˻̄˼˼   – – 1,53 

10 10,4 449,3 13,90 3,15 1,59 

11 14,00 3,18 1,57 

12 14,00 3,18 1,57 

˨̇˼˻̄˼˼   – – 1,58 
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˧˿̈. 4. ˞˷˹˿̈˿̃̅̈̉˿ ̆̂̅̉̄̅̈̉˿ (а) ˿ ̆̅̇˿̈̉̅̈̉˿ (ȁ) ̅˸̇˷˾̍̅˹ ̅̉ ˻˷˹̂˼̄˿̖ ̆̇˼̈̈̅˹˷̄˿̖ 

Fig. 4. The dependences of sample density (а) and porosity (ȁ) vs pressing pressure 

 

 

ˤ˷ ̇˿̈. 5 ̆̅́˷˾˷̄ ̅˸̇˷˾˼̍ ̆̇̊̉́˷ ̈ ̆̇˼̈̈-
̅̈̉˷̉́̅̃ ̆̅̈̂˼ ̔́̈̉̇̊˾˿˿. 

В ̉˷˸̂. 5 ̆̇˿˹˼˻˼̄̒ ̆˷̇˷̃˼̉̇̒ ̆̇̅̍˼̈̈˷ 
̔́̈̉̇̊˾˿˿ ˿ ̌˷̇˷́̉˼̇˿̈̉˿́˿ ˾˷˺̅̉̅˹̅́. ˦̅-

˹˼̇̌̄̅̈̉̄̒̌ ˻˼̋˼́̉̅˹ ̊ ̆̅̂̊̎˼̄̄̒̌ ̆̇̊̉́̅˹ 

̄˼ ̄˷˸̂̕˻˷̂̅̈̓. 

В ̉˷˸̂. 5 ̆̇˿˹˼˻˼̄̒ ̉˷́˽˼ ˾̄˷̎˼̄˿̖ ̉˹˼̇˻̅-

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

̆̅̇˿̈̉̅̈̉̓. К˷́ ̈̂˼˻̊˼̉ ˿˾ ̔̉˿̌ ˻˷̄̄̒̌, ˾̄˷-
̎˼̄˿̖ ̉˹˼̇˻̅̈̉˿ ̈̅̈̉˷˹̖̂̂˿ ̅̉ 75 ˻̅ 100 HBW, 

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

̅̉ 0,5 ˻̅ 1,7 %. 

В ̉˷˸̂. 6 ̆̇˼˻̈̉˷˹̂˼̄̒ ̇˼˾̊̂̓̉˷̉̒ ̃˼̌˷̄˿-

̎˼̈́˿̌ ˿̈̆̒̉˷̄˿̀ ̈̆̂˷˹˷ ˣА5, ̆̅̂̊̎˼̄̄̅˺̅ 

˺̖̅̇̎˼̀ ̔́̈̉̇̊˾˿˼̀ ˿˾ ̈̉̇̊˽́˿, ̆̇˿ ̇˷̖̈̉˽˼-
̄˿˿ ˿ ̈˽˷̉˿˿. 
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˩ ˷ ˸ ̂ ˿ ̍ ˷  4  

ǓǤоǫǳǴǤǢ ǩǢǥоǴоǤоǬ Ǫǩ мǢǥǯǪǧǤоǫ ǳǴǲǵǨǬǪ ǎА5 Ǧǭя ǱǲоǸǧǳǳǢ ǿǬǳǴǲǵǩǪǪ 

T a b l e  4  

Properties of blanks of magnesium MA5 alloy chips for the extrusion process 

№ ˾˷˺̅̉̅˹́˿ В̒̈̅̉˷ h, ̃̃ ˥˸̑˼̃ V, ̈̃3 ˣ˷̈̈˷ ˾˷˺̅̉̅˹́˿ m, ˺ ˦̂̅̉̄̅̈̉̓, ˺/̈̃3 ˦̅̇˿̈̉̅̈̉̓ ǯ, %

1 35.9 17.61 24.6 1.4 22 

2 36.5 17.91 24.9 1.39 23 

3 36 17.66 24.9 1.41 22 

4 36.4 17.86 24.9 1.39 23 

5 36.35 17.83 25 1.4 22 

6 36.5 17.91 24.9 1.39 23 

7 36.3 17.81 25 1.4 22 

8 36 17.66 24.9 1.41 22 

9 36.6 17.96 25 1.39 23 

10 36.5 17.91 24.9 1.39 23 

11 36.7 18.01 24.9 1.38 23 

12 36.6 17.96 24.9 1.39 23 

13 36.6 17.96 25 1.39 23 

14 36.4 17.86 24.9 1.39 23 

15 35.9 17.61 25 1.42 21 

16 36.4 17.86 24.9 1.39 23 

17 36.3 17.81 24.9 1.4 22 

18 37.6 18.45 25.6 1.39 23 

19 35.5 17.42 24.7 1.42 21 

20 36.2 17.76 24.9 1.4 22 

 

 
 

˧˿̈. 5. ˥˸̇˷˾˼̍ ̆̇̊̉́˷ ˿˾ ̃˷˺̄˿˼˹̅̀ ̈̉̇̊˽́˿ ˣА-5, ̆̅̂̊̎˼̄̄̒̀ ̃˼̉̅˻̅̃ ˺̖̅̇̎˼̀ ̔́̈̉̇̊˾˿˿ 

Fig. 5. The sample of the rod of magnesium MA5 alloy shavings, produced by the method of hot extrusion 
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˩ ˷ ˸ ̂ ˿ ̍ ˷  5  

ǑǢǲǢмǧǴǲǽ ǱǲǵǴǬоǤ, Ǳоǭǵǹǧǯǯǽх мǧǴоǦом ǿǬǳǴǲǵǩǪǪ 

T a b l e  5  

Rods parameters produced by extrusion 

˥˸-

̇˷˾˼  ̍

˩˼̃̆˼-
̇˷̉̊̇ ,˷ 

°˨ 

˛˿˷̃˼̉  ̇

̋˿̂̓˼̇ ,̒ 

̃  ̃

˛˿˷̃˼̉  ̇ 

˾˷˺̅̉̅˹́ ,˿ 

̃  ̃

ˣ˷̈̈ ,˷ 

˺ 
˥˸̑˼̃, 

̈̃³ 

˛̂˿̄˷, 
̃̃ 

˦̂̅̉-
̄̅̈̉̓, 
˺/̈̃³

˦̅̇˿̈-
̉̅̈̉̓, 

% 

˩˹˼̇-

˻̅̈̉̓, 
ˤВW

˪̈˿̂˿ ,˼  

̉̈ 

˛˷˹-
̂˼̄˿˼, 
ˣ˦˷ 

˨́̅̇̅̈̉̓ 
̔́̈̉̇̊˾˿ ,˿ 

̃̃/̈˼́ 

1 400 10,5 10,1 40,9 24,0 300 1,70 1,5 85 17,5 252 1,13 

2 350 10,1 40,9 23,7 296 1,73 1,7 90 20,0 289 1,52 

3 300 10,2 39,2 24,3 296 1,61 1,7 86 26,3 379 0,97 

4 400 8,8 8,6 44,1 24,5 425 1,80 0,5 76 17,0 245 2,02 

5 350 8,7 42,1 23,8 398 1,77 0,8 74 21,3 307 1,99 

6 300 8,6 40,3 22,6 390 1,78 0,5 79 26,3 379 1,24 

7 400 6,4 6,3 37,7 22,0 700 1,71 0,6 83 28,0 404 3,50 

8 350 6,2 36,2 20,6 688 1,76 0,8 98 35,0 505 3,44 

9 300 6,3 34,7 20,5 650 1,70 1,0 97 38,0 548 3,25 

 

˩ ˷ ˸ ̂ ˿ ̍ ˷  6  

ǎǧхǢǯǪǹǧǳǬǪǧ ǳǤоǫǳǴǤǢ ǱǲǵǴǬоǤ ǳǱǭǢǤǢ ǎА-5, ǪǩǥоǴоǤǭǧǯǯǽх мǧǴоǦом ǥоǲяǹǧǫ ǿǬǳǴǲǵǩǪǪ 

T a b l e  6  

Mechanical properties of MA5 alloy rods produced by hot-extrusion 

№  

̅˸̇˷˾̍˷ 

˩˼̃̆˼-
̇˷̉̊̇˷, 

°˨ 

˧˷̖̈̉˽˼̄˿˼ ˨˽˷̉˿˼ 

d̈̇ ̆̇̊̉́˷ 
К̅̔̋.  

˹̖̒̉˽́˿ λ 
<λ>

˦̇˼˻˼̂ ̆̇̅̎-

̄̅̈̉˿, ˣ˦˷ 
d̈̇ ̆̇̊̉́˷

К̅̔̋.  

˹̖̒̉˽́˿, λ 
<λ> 

˦̇˼˻˼̂ ̆̇̅̎-

̄̅̈̉˿, ˣ˦˷ 

1 400 9,2 10,6 11,0 341 10,2 8,7 8,7 417 

2 350 9,0 11,1 332 10,1 8,8 404 

3 300 8,9 11,3 313 10,2 8,7 384 

4 400 8,5 12,5 12,5 316 8,5 12,5 12,9 418 

5 350 8,5 12,3 304 8,3 13,1 433 

6 300 8,4 12,8 260 8,3 13,1 465 

7 400 6,0 25,3 24,6 301 6,1 24,2 23,7 478 

8 350 6,1 24,2 282 6,3 22,7 494 

9 300 6,1 24,4 278 6,1 24,2 516 
 
 

 
 

˧˿̈. 6. ˥˸̇˷˾˼̍ ˻̅ ˿ ̆̅̈̂˼ ˿̈̆̒̉˷̄˿̖ ̄˷ ̈˽˷̉˿˼ 
Fig. 6. The sample before and after compression test 

 ˦̇˿ ˿̈̆̒̉˷̄˿˿ ̄˷ ̈˽˷̉˿˼ ̇˷˾̇̊̏˼̄˿˼ ̅˸-

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

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

(̇˿̈. 6). ˦̅ ˻˷̄̄̒̃ ̉˷˸̂. 6 ̆̅̈̉̇̅˼̄̒ ˾˷˹˿̈˿-

̃̅̈̉˿ ˻˷˹̂˼̄˿̖ ̇˷˾̇̊̏˼̄˿̖ ̅̉ ́̅̔̋̋˿̍˿˼̄̉˷ 
˹̖̒̉˽́˿ ̆̇˿ ̖̆̅̈̉̅̄̄̒̌ ̉˼̃̆˼̇˷̉̊̇˷̌ ̆̇̅̍˼̈-
̈˷ ̔́̈̉̇̊˾˿˿ (̇˿̈. 7, а), ˷ ̉˷́˽˼ ˻˷˹̂˼̄˿̖ ̇˷˾̇̊-
̏˼̄˿̖ ̅̉ ̉˼̃̆˼̇˷̉̊̇̒ ̆̇˿ ̖̆̅̈̉̅̄̄̒̌ ̈̇˼˻̄˿̌ 
˾̄˷̎˼̄˿̖̌ ́̅̔̋̋˿̍˿˼̄̉˷ ˹̖̒̉˽́˿ (̇˿̈. 7, ȁ).  
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˧˿̈. 7. ˞˷˹˿̈˿̃̅̈̉̓ ̆̇˼˻˼̂˷ ̆̇̅̎̄̅̈̉˿ ̃˷˺̄˿˼˹̒̌ ̆̇̊̉́̅˹ ̅̉ ̉˼̃̆˼̇˷̉̊̇̒ ̔́̈̉̇̊˾˿˿  

̆̇˿   = const (а) ˿ ̅̉ ́̅̔̋̋˿̍˿˼̄̉˷ ˹̖̒̉˽́˿ ̆̇˿ ǲ = const (ȁ) 

Fig. 7. The dependence of the tensile strength of magnesium rods vs the extrusion temperature  

at  = const (а) and the drawing ratio at T = const (ȁ) 

ˤ˷ ̇˿̈. 8 ̆̇˿˹˼˻˼̄˷ ̅˸̐˷̖ ˾˷˹˿̈˿̃̅̈̉̓ 

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

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

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

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

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

(̈̉˼̆˼̄˿ ̆̂˷̈̉˿̎˼̈́̅̀ ˻˼̋̅̇̃˷̍˿˿). ˮ˼̃ 

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

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

ˤ˷ ̇˿̈. 8 ̆̇˿˹˼˻˼̄̒ ̋̅̉̅˺̇˷̋˿˿ ̅˸̇˷˾̍̅˹ 

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

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

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

̉˼̇˿̈̉˿́˿ ̅̈̉˷̉̅̎̄̅̀ ̆̅̇˿̈̉̅̈̉˿ ̅˸̇˷˾̍̅˹. 
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˧˿̈. 8. ˞˷˹˿̈˿̃̅̈̉̓ ̆̇˼˻˼̂˷ ̆̇̅̎̄̅̈̉˿ ̃˷˺̄˿˼˹̒̌ ̆̇̊̉́̅˹ ̅̉ ̉˼̃̆˼̇˷̉̊̇̒  

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

Fig. 8. The dependence of the tensile strength of magnesium rods vs temperature  

and  extrusion ratio at compression testing 

 
 

 

 

 

 

 

 

 

 № 1. ǲ = 400 C, d = 9,2 ̃̃  № 2. ǲ = 350 C, d = 9,1 ̃̃  № 3. ǲ = 300 C, d = 9̃̃ 

 

 

 

 

 

 

 

 

 
 

 № 4. ǲ = 400 C, d = 8,6 ̃̃ № 5. ǲ = 350 C, d = 8,6̃̃ № 6. ǲ = 300 ˨, d = 8,5̃̃ 

 

 

 

 

 

 

 

 

 
 

 № 7. ǲ = 400 C. d = 6,1 ̃̃ № 8. ǲ = 350 C, d = 6,1̃̃ № 9. ǲ = 300 C, d = 6,1̃̃ 

 

˧˿̈. 9. В˿˻ ̅˸̇˷˾̍̅˹ ˾˷˺̅̉̅˹̅́ ̆̅̈̂˼ ̇˷˾̇̊̏˼̄˿̖ ̆̇˿ ̇˷̖̈̉˽˼̄˿˿ 

Fig. 9. Type of sample blanks after tensile failure 
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˧˿̈. 10. ˞˷˹˿̈˿̃̅̈̉̓ ̆̇˼˻˼̂˷ ̆̇̅̎̄̅̈̉˿ ̃˷˺̄˿˼˹̒̌ ̆̇̊̉́̅˹ ̅̉ ̉˼̃̆˼̇˷̉̊̇̒ ̔́̈̉̇̊˾˿˿  

̆̇˿   = const (а) ˿ ̅̉ ́̅̔̋̋˿̍˿˼̄̉˷ ˹̖̒̉˽́˿ ̆̇˿ ǲ = const (ȁ) 

Fig. 10. The dependence of the tensile strength of magnesium rods vs the extrusion temperature  

at  = const (а) and the drawing ratio at T = const (ȁ) 

 

˦̅ ˻˷̄̄̒̃ ̉˷˸̂. 6, ̆̇˿̖̄˹ ̅˻˿̄ ˿˾ ̆˷̇˷-

̃˼̉̇̅˹ ̆̇̅̍˼̈̈˷ ̔́̈̉̇̊˾˿˿ ̖̆̅̈̉̅̄̄̒̃, ̆̅-

̈̉̇̅˿̂˿ ˺̇˷̋˿́˿ ˾˷˹˿̈˿̃̅̈̉˼̀ ̆̇˼˻˼̂˷ 

̆̇̅̎̄̅̈̉˿ ̅̉ ̉˼̃̆˼̇˷̉̊̇̒ ̔́̈̉̇̊˾˿˿ 

(̇˿̈. 10, а) ˿ ̈̇˼˻̄˼˺̅ ́̅̔̋̋˿̍˿˼̄̉˷ ˹̖̒̉˽-

́˿ (̇˿̈. 10, ȁ). 
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˧˿̈. 11. ˞˷˹˿̈˿̃̅̈̉̓ ̆̇˼˻˼̂˷ ̆̇̅̎̄̅̈̉˿ ̃˷˺̄˿˼˹̒̌ ̆̇̊̉́̅˹ ̅̉ ̉˼̃̆˼̇˷̉̊̇̒  

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

Fig. 11. Dependence of the tensile strength of magnesium rods vs temperature  

and drawing ratio during tensile testing 

 
ˤ˷ ̇˿̈. 11 ̆̇˿˹˼˻˼̄˷ ̅˸̐˷̖ ˾˷˹˿̈˿̃̅̈̉̓ 

̆̇˼˻˼̂˷ ̆̇̅̎̄̅̈̉˿ ̅̉ ̉˼̃̆˼̇˷̉̊̇̒ ̆̇̅̍˼̈̈˷ 

̔́̈̉̇̊˾˿˿ ˿ ́̅̔̋̋˿̍˿˼̄̉˷ ˹̖̒̉˽́˿. 

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

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

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

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

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

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

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

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

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

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

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

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

˹̅˻̖̐˿̃˿ ́ ̌̇̊̆́̅̃̊ ̇˷˾̇̊̏˼̄˿̕. 

ǉǢǬǭȀǹǧǯǪǧ 

В ̇˷˸̅̉˼ ̅̈̊̐˼̈̉˹̂˼̄ ̆̇̅̍˼̈̈ ̆̅̂̊̎˼̄˿̖ 

˾˷˺̅̉̅˹̅́ ˿˾ ̈̉̇̊˽́˿ ̃˷˺̄˿˼˹̅˺̅ ̈̆̂˷˹˷ ˣА5 

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

˹̅́ ̅̈̊̐˼̈̉˹̖̂̂̅̈̓ ̆̇˿ ̉˼̃̆˼̇˷̉̊̇˷̌ ̄˷˺̇˼˹˷ 
300, 350 ˿ 400 °˨. Э̉˿ ̇˼˽˿̃̒ ˸̒̂˿ ˹̒˸̇˷̄̒ ̄˷ 
̅̈̄̅˹˼ ̅̆̒̉˷ ̆̂˷̈̉˿̎˼̈́̅˺̅ ˻˼̋̅̇̃˿̇̅˹˷̄˿̖ 

̂˿̉̒̌ ˾˷˺̅̉̅˹̅́ ˿˾ ̈̆̂˷˹˷ ˣА5. ˨̉˼̆˼̄̓ ̆̂˷-
̈̉˿̎˼̈́̅̀ ˻˼̋̅̇̃˷̍˿˿ ̇˼˺̊̂˿̇̅˹˷̂˷̈̓ ̅˸˽˷̉˿-

˼̃ ˾˷˺̅̉̅˹̅́ ˹ ̋˿̂̓˼̇˷̌. ˛˿˷̃˼̉̇̒ ̋˿̂̓˼̇ – 

6,4, 8,8 ˿ 10,5 – ̆̅˾˹̅̂˿̂˿ ̅̈̊̐˼̈̉˹˿̉̓ ̆̇̅-

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

̍˿˼̄̉˷̃˿ ̔́̈̉̇̊˾˿˿ – 9, 13 ˿ 24.  

В ̆̇̅̍˼̈̈˼ ˺̖̅̇̎˼̀ ̔́̈̉̇̊˾˿˿ ̆̇̅˿̈̌̅˻˿̂̅ 

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

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

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

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

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

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

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

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

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

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

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

˽˼̄˿˿ ̄˿˽˼ ̆̇̅̎̄̅̈̉˿ ̆̇˿ ̈˽˷̉˿˿. ˦̇̅̎̄̅-

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

̄˼̈́̅̂̓́̅ ˹̒̏˼ ̆̇̅̎̄̅̈̉˿ ˻˼̋̅̇̃˿̇̅˹˷̄̄̒̌ 

̂˿̉̒̌ ˾˷˺̅̉̅˹̅́ ˿˾ ̈̆̂˷˹˷ ˣА5, ̅˻̄˷́̅ ˾̄˷̎˿-

̉˼̂̓̄̅ ̄˿˽˼ ̆̅ ̆̂˷̈̉˿̎̄̅̈̉˿ (̇˷˾̇̊̏˷̖̉̈̕ 

̌̇̊̆́̅). 

˦̅˹̒̏˼̄˿˼ ̆̂˷̈̉˿̎̄̅̈̉˿ ̃˷̉˼̇˿˷̂˷ ̃̅-

˽˼̉ ˸̒̉̓ ̅̈̊̐˼̈̉˹̂˼̄̅ ̆̇˿ ˻̅̆̅̂̄˿̉˼̂̓̄̅̀ 

̆̂˷̈̉˿̎˼̈́̅̀ ˻˼̋̅̇̃˷̍˿˿ – ˺̖̅̇̎˼̀ ̊̆̂̅̉-
̖̄̐̕˼̀ ̆̇̅́˷̉́̅̀ ˾˷˺̅̉̅˹̅́. Э̉˷ ̅̆˼̇˷̍˿̖ 

̃̅˽˼̉ ˸̒̉̓ ̈̅˹̃˼̐˼̄˷ ̈ ̆̇̅̍˼̈̈̅̃ ̆̅̂̊̎˼̄˿̖ 

˾˷˻˷̄̄̅˺̅ ̆̇̅̋˿̖̂ ̆̇̅́˷̉˷. 
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