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РАСКИСЛЕННЫХ АЛЮМИНИЕМ И КРЕМНИЕМ 

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

˻˷ ̂˷̄̉˷̄˷ ˹ ́˷̎˼̈̉˹˼ ̃̅˻˿̋˿́˷̉̅̇˷ ˹̒̈̅́̅̌̇̅̃˿̈̉̒̌ ̈̉˷̂˼̀ ˷̊̈̉˼̄˿̉̄̅˺̅ ˿ ̃˷̇̉˼̄̈˿̉̄̅˺̅ ́̂˷̈-
̈̅˹ (̄˷ ̆̇˿̃˼̇˼ 08ˬ18ˤ12 ˿ 10ˬ9ˣ˫˘) ̈ ̍˼̂̓̕ ˿˾̃˼̂̓̎˼̄˿̖ ̂˿̉̅̀ ̈̉̇̊́̉̊̇̒ ˿ ˿˾̃˼̄˼̄˿̖ ̌˷̇˷́-

̉˼̇˷ ̄˼̃˼̉˷̂̂˿̎˼̈́̅̀ ̋˷˾̒. ˙̒̆̂˷˹́˷ ̅˸̇˷˾̍̅˹ ̆̇̅˹̅˻˿̂˷̈̓ ˹ ̆˼̎˿ ˩˷̃˷̄̄˷. ˣ˼̉̅˻˷̃˿ ̅̆̉˿̎˼-
̈́̅̀ ̃˿́̇̅̈́̅̆˿˿, ̇˼̄̉˺˼̄̅˹̈́̅˺̅ ̃˿́̇̅̈̆˼́̉̇˷̂̓̄̅˺̅ ˷̄˷̂˿˾˷ ˸̒̂˿ ˿̈̈̂˼˻̅˹˷̄̒ ̌˿̃˿̎˼̈́˿̀ 

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

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

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

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

КȋȞȗȅвțȅ ȑȋȎва: ˺˼́̈˷˸̅̇˿˻ ̂˷̄̉˷̄˷, ˹̒̈̅́̅̌̇̅̃˿̈̉˷̖ ̈̉˷̂̓, ˷̊̈̉˼̄˿̉̄˷̖ ̈̉˷̂̓, ̃˷̇̉˼̄̈˿̉̄˷̖ 

̈̉˷̂̓, ̃̅˻˿̋˿̍˿̇̅˹˷̄˿˼. 
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The paper presents the results of a study of the possibility of using lanthanum hexaboride nanoparticles as a 

modifier of high-chromium austenite and martensitic steels for the purpose of obtaining the finer cast 

structure and changing the nature of the nonmetallic phase. The samples were melted in a Tamann furnace. 
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Металлургия и материаловедение

Optical microscopy and X-ray microspectral analysis were used to study the chemical composition, macro- 

and microstructure of the obtained ingots, and to analyze non-metallic inclusions. It was found that the 

introduction of nanoparticles of lanthanum hexaboride leads to obtaining of the finer dendritic structure of 

steels of both classes. The addition of lanthanum hexaboride can be an efficient way of introducing boron 

into high-chromium steels, including nitrogen-containing ones. It was shown, that the introduction of 

boron in the form of lanthanum hexaboride prevents the formation of tertiary boron nitrides located along 

the boundaries of the dendrites. 
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ВǤǧǦǧǯǪǧ 

˙̒̈̅́̅̌̇̅̃˿̈̉̒˼ ̈̉˷̂˿ ̏˿̇̅́̅ ̆̇˿̃˼̖̄-

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

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

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

̈̉̇̊́̍˿̀ [1]. ˣ˷̇̉˼̄̈˿̉̄̒˼ ˿ ˷̊̈̉˼̄˿̉̄̒˼ ˹̒-

̈̅́̅̌̇̅̃˿̈̉̒˼ ̈̉˷̂˿ ˿̈̆̅̂̓˾̖̊̉̈̕ ˻̖̂ ˿˾˺̅-

̉̅˹̂˼̄˿̖ ̇̅̉̅̇̅˹, ́̅̇̆̊̈̄̒̌ ˻˼̉˷̂˼̀ ̆˷̇̅˹̒̌ 
̉̊̇˸˿̄, ̉̇̊˸̅̆̇̅˹̅˻̅˹ ˻̖̂ ̆˷̇˷ ̈̊̆˼̇̈˹˼̇̌-
́̇˿̉˿̎˼̈́˿̌ ̆˷̇˷̃˼̉̇̅˹. ˙̒̈̅́̅̆̇̅̎̄̒˼ ̈̉˷-
̂˿, ̈̅˻˼̇˽˷̐˿˼ ˸̅̂˼˼ 14 ̃˷̈̈.% ̌̇̅̃˷ 
˿ 0,3 ̃˷̈̈.% ˷˾̅̉˷, ̆̇˼˻̄˷˾̄˷̎˼̄̒ ˻̖̂ ˿˾˺̅̉̅˹-

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

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

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

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

̆̇˼˹̇˷̐˼̄˿̀, ˷ ˹ ̃˷̇̉˼̄̈˿̉̄̒̌ – ̈̅ ̈̉̇̊́̉̊̇-

̄̅̀ ̄˷̈̂˼˻̈̉˹˼̄̄̅̈̉̓̕ ̆̇˿ ̖̆̇̃̒̌ ˿ ̅˸̇˷̉̄̒̌ 
̃˷̇̉˼̄̈˿̉̄̒̌ ̆̇˼˹̇˷̐˼̄˿̖̌ [2, 3]. ˦̅̔̉̅̃̊ 
˻̖̂ ̈̉˷̂˼̀ ˷̊̈̉˼̄˿̉̄̅˺̅ ˿ ̃˷̇̉˼̄̈˿̉̄̅˺̅ 

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

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

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

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

ˣ̅˻˿̋˿̍˿̇̅˹˷̄˿˼ ̇˼˻́̅˾˼̃˼̂̓̄̒̃˿ ̃˼-

̉˷̂̂˷̃˿ ˿̈̈̂˼˻̊˼̖̉̈ ˻̅̈̉˷̉̅̎̄̅ ̏˿̇̅́̅ [4–

13] ˿ ̅̉́̇̒˹˷˼̉ ˸̅̂̓̏˿˼ ˹̅˾̃̅˽̄̅̈̉˿ ˹ 

̊̂̊̎̏˼̄˿˿ ̈̉̇̊́̉̊̇̒ ˿ ̈˹̅̀̈̉˹ ̈̉˷̂˿. ˪́˷-

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

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

̉̒ ˹ ̆̅˹̒̏˼̄˿˿ ̋˿˾˿́̅-̃˼̌˷̄˿̎˼̈́˿̌ ˿ 

̔́̈̆̂̊˷̉˷̍˿̅̄̄̒̌ ̈˹̅̀̈̉˹ ̏˿̇̅́̅˺̅ ̈̅̇̉˷-

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

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

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

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

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

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

˸˷˹́˷ 0,05 ̃˷̈̈.% ˸̅̇˷ ̈̄˿˽˷˼̉ ̆̅˹˼̇̌̄̅̈̉-
̄̅˼ ̄˷̖̉˽˼̄˿˼ ̈̉˷̂˿ ̈ 1400 ˻̅ 1200 ̃˛˽/̈̃2, 

˷ ˻˷̂̓̄˼̀̏˼˼ ̊˹˼̂˿̎˼̄˿˼ ̆̇˿̈˷˻́˿ ̄˼ ˹̂˿̖˼̉ 
̄˷ ̔̉̊ ˹˼̂˿̎˿̄̊. ˦̇˿̈˷˻́˷ 0,1 ̃˷̈̈.% La 

̈̄˿˽˷˼̉ ̆̅˹˼̇̌̄̅̈̉̄̅˼ ̄˷̖̉˽˼̄˿˼ ̈ 1600 ˻̅ 

1350 ̃˛˽/̈̃2, ˷ 0,5 ̃˷̈̈.% La – ˻̅  

1150 ̃˛˽/̈̃2. ˦̅̔̉̅̃̊ ̉˷́̅˼ ̈̅˼˻˿̄˼̄˿˼, 

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

̉̅̎̄̅ ̈˿̂̓̄̒̃ ̃̅˻˿̋˿́˷̉̅̇̅̃ ̆˼̇˹̅˺̅ ̇̅˻˷ 

̊˽˼ ̆̇˿ ˹˹˼˻˼̄˿˿ 0,15 ̃˷̈̈.% ˹˼̐˼̈̉˹˷. Ц˼-
̂̓̕ ̄˷̏˼˺̅ ˿̈̈̂˼˻̅˹˷̄˿̖ ˸̒̂̅ ˿˾̊̎˼̄˿˼ 
˹̅˾̃̅˽̄̅̈̉˿ ̆̇˿̃˼̄˼̄˿̖ ˹ ́˷̎˼̈̉˹˼ ̃̅˻˿-

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

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

˷̊̈̉˼̄˿̉̄̅˺̅ ˿ ̃˷̇̉˼̄̈˿̉̄̅˺̅ ́̂˷̈̈̅˹. 
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ǎǧǴоǦǪǬǢ ǪǳǳǭǧǦоǤǢǯǪǫ 

˙ ́˷̎˼̈̉˹˼ ˿̈̌̅˻̄̒̌ ̃˷̉˼̇˿˷̂̅˹ ˸̒̂˷ ˿̈-
̆̅̂̓˾̅˹˷̄˷ ̆̅˻˺̅̉̅˹̂˼̄̄˷̖ Ӣ̈̉˿̉̊̉̅̃ ̃˼-
̉˷̂̂̊̇˺˿˿ ˿ ̃˷̏˿̄̅̈̉̇̅˼̄˿̖ ˗˥ «ˤ˦˥ 

ЦˤИИ˩ˣ˷̏» ̏˿̌̉˷ ˹̒̈̅́̅̌̇̅̃˿̈̉̒̌ ̈̉˷-
̂˼̀ 08ˬ18ˤ12 ˿ 10ˬ9ˣ˫˘, ̌˿̃˿̎˼̈́˿̀ ̈̅̈̉˷˹ 

́̅̉̅̇̅̀ ̆̇˼˻̈̉˷˹̂˼̄ ˹ ̉˷˸̂. 1. 

˛̖̂ ̃̅˻˿̋˿̍˿̇̅˹˷̄˿̖ ˿̈̆̅̂̓˾̅˹˷̂˿ ̉˷˸-

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

̉˷̄˷ (LaB6) ̈ ̇˷˾̃˼̇̅̃ ̎˷̈̉˿̍ ̅́̅̂̅ 100 ̄̃ ˿ 

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

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

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

˻˿˷̃˼̉̇̅̃ 12 ̃̃ ˿ ˹̒̈̅̉̅̀ 6–8 ̃̃. ˥̆̇˼˻˼-
̂˼̄˿˼ ́̅̄̍˼̄̉̇˷̍˿˿ ˺˼́̈˷˸̅̇˿˻˷ ̂˷̄̉˷̄˷ ˹ 

̂˿˺˷̉̊̇˷̌ ̆̇̅˹˼˻˼̄̅ ˿˾ ̇˷̈̎˼̉˷ ̃˷̈̈̒ ̉˼̃̆̂˼-
̉˷ (400 ˺) ˿ ̉̇˼˸̊˼̃̅̀ ́̅̄̍˼̄̉̇˷̍˿˿ ˸̅̇˷ (0,05 

˿ 0,1 ̃˷̈̈.%). ˩˷́˽˼ ̊̎˿̉̒˹˷̂˷̈̓ ̆̂̅̉̄̅̈̉̓ 

̆̅̂̊̎˷˼̃̒̌ ̉˷˸̂˼̉̅́: ˻̖̂ ̆̅̂̄̅˺̅ ̆̅˺̇̊˽˼̄˿̖ 

˹ ̇˷̈̆̂˷˹ ̆̂̅̉̄̅̈̉̓ ̉˷˸̂˼̉̅́ ˻̅̂˽̄˷ ˸̒̉̓ 

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

̄̅, ́̅̄̍˼̄̉̇˷̍˿̖ LaB6 ˿̃˼̐̕˼˺̅ ̆̂̅̉̄̅̈̉̓ 

4,7 ˺/̈̃3 ̄˼ ˻̅̂˽̄˷ ̆̇˼˹̒̏˷̉̓ 13 ̃˷̈̈.% ̅̉ 
̅˸̐˼̀ ̃˷̈̈̒ ̂˿˺˷̉̊̇̒.  

˙̒̆̂˷˹́̊ ̔́̈̆˼̇˿̃˼̄̉˷̂̓̄̒̌ ̅˸̇˷˾̍̅˹ 

̆̇̅˹̅˻˿̂˿ ˹ ́̅̇̊̄˻̅˹̒̌ ̉˿˺̖̂̌ ̅˸̑ё̃̅̃ 80 ̃̂ 

˹ ̆˼̎˿ ˩˷̃˷̄̄˷. ˦̅̈̂˼ ̇˷̈̆̂˷˹̂˼̄˿̖ ̏˿̌̉̒ 

˿̈̈̂˼˻̊˼̃̅˺̅ ̈̅̈̉˷˹˷ ̃˷̈̈̅̀ ̅́̅̂̅ 400 ˺ c ˻̅-

˸˷˹́˷̃˿ ̇˷̈́˿̈̂˿̉˼̂˼̀ ˿ ˻̅̈̉˿˽˼̄˿̖ ̉˼̃̆˼̇˷-
̉̊̇̒ 1600 ˨ ˹ ̃˼̉˷̂̂ ̄˷ ˷̂̊̄˻̅˹̅̀ ̉̇̊˸́˼ ̆̇˿-

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

̂̊̎˼̄̅ 6 ̈̂˿̉́̅˹ (̆̅ 3 ̄˷ ́˷˽˻̒̀ ̉˿̆ ̈̉˷̂˿) ̈ 
̇˷̈̎˼̉̄̒̃ ̈̅˻˼̇˽˷̄˿˼̃ ˸̅̇˷ 0 ̃˷̈̈.% (̅˸̇˷˾-
̍̒ ˗0 ˿ ˣ0), 0,05 ̃˷̈̈.% (̅˸̇˷˾̍̒ ˗1 ˿ ˣ1) ˿ 

0,1 ̃˷̈̈.% (̅˸̇˷˾̍̒ ˗3 ˿ ˣ3). ˞˷̉˼̃ ̈̂˿̉́˿ 

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

˺̅ ˷˸̇˷˾˿˹̄̅˺̅ ̅̉̇˼˾̄̅˺̅ ̈̉˷̄́˷ Buehler ̈ ˷˸̇˷-
˾˿˹̄̒̃ ˻˿̈́̅̃ Buehler H-R/Al2O ˻̖̂ ˿̈̈̂˼˻̅-

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

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

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

Phoenix 4000. ˬ˿̃˿̎˼̈́˿̀ ̈̅̈̉˷˹ ̈̉˷̂˼̀ ˸̒̂ 

̅̆̇˼˻˼̂˼̄ ̈ ̆̅̃̅̐̓̕ ̅̆̉˿̎˼̈́̅˺̅ ̔̃˿̈̈˿̅̄-

̄̅˺̅ ̈̆˼́̉̇̅̃˼̉̇˷ Spectromax ̋˿̇̃̒ Spectro 

(˷̄˷̂˿˾ ̆̇̅˹̅˻˿̂˿ ˹ ̈̅̅̉˹˼̉̈̉˹˿˿ ̈ ˚˥˨˩ 

18895-97 «˨̉˷̂̓. ˣ˼̉̅˻ ̋̅̉̅̔̂˼́̉̇̅̄̄̅˺̅ 

̈̆˼́̉̇˷̂̓̄̅ ˷̄˷̂˿˾˷»). ˨̅˻˼̇˽˷̄˿˼ ́˿̈̂̅̇̅˻˷ 
˹ ̈̉˷̖̂̌ ˸̒̂̅ ̅̆̇˼˻˼̂˼̄̅ ̄˷ ̆̇˿˸̅̇˼ LECO 

˩˨-436 (˨˯˗) ̃˼̉̅˻̅̃ ˹̅̈̈̉˷̄̅˹˿̉˼̂̓̄̅˺̅ 

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

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

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

̇̅̈́̅̆˼ Axiovert 200 MAT, ̅̈̄˷̐˼̄̄̅̃ ˷̄˷̂˿-

˾˷̉̅̇̅̃ ˿˾̅˸̇˷˽˼̄˿̀ Thixomet [14]. ˦̇̅˹̅˻˿-

̂̅̈̓ ̆̅̈̉̇̅˼̄˿˼ ̆˷̄̅̇˷̃̄̅˺̅ ˿˾̅˸̇˷˽˼̄˿̖ ̄˼-
̅˸̌̅˻˿̃̅̀ ̆̂̅̐˷˻˿ ̆̇˿ ̇˷˾̂˿̎̄̅̃ ̊˹˼̂˿̎˼-
̄˿˿. ˛̖̂ ̅̆̇˼˻˼̂˼̄˿̖ ˹˼̂˿̎˿̄̒ ˾˼̇̄˷ ˷̄˷̂˿˾ 
̆̇̅˿˾˹̅˻˿̖̂̈ ̆̅ ˚˥˨˩ 5639-82. ˤ˼̃˼̉˷̂̂˿̎˼-
̈́˿˼ ˹́̂̎̕˼̄˿̖ ˹ ̅˸̇˷˾̍˷̌ ˷̄˷̂˿˾˿̇̅˹˷̂˿̈̓ ̆̅ 

ASTM E1245. ˘̅̂˼˼ ̆̅˻̇̅˸̄̒̀ ́˷̎˼̈̉˹˼̄̄̒̀ 

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

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

˷̄˷̂˿˾˷ (ˣ˧˨˗) ̈ ˿̈̆̅̂̓˾̅˹˷̄˿˼̃ ̈́˷̄˿̇̊̕-

̐˼˺̅ ̔̂˼́̉̇̅̄̄̅˺̅ ̃˿́̇̅̈́̅̆˷ Mira 3 Tescan 

(̆̇˿̈̉˷˹́˷ Oxford INCA Wave 500). 

ǒǧǩǵǭǾǴǢǴǽ Ǫ ǪǷ обǳǵǨǦǧǯǪǧ 

˙ ̉˷˸̂. 1 ̆̇˼˻̈̉˷˹̂˼̄̒ ̇˼˾̊̂̓̉˷̉̒ ̌˿̃˿̎˼-
̈́̅˺̅ ˷̄˷̂˿˾˷ ˹̒̆̂˷˹̂˼̄̄̒̌ ̈̂˿̉́̅˹ ˷̊̈̉˼-
̄˿̉̄̅̀ ˿ ̃˷̇̉˼̄̈˿̉̄̅̀ ̈̉˷̂˼̀ 

˦̇˿ ̈̇˷˹̄˼̄˿˿ ̌˿̃˿̎˼̈́̅˺̅ ̈̅̈̉˷˹˷ ̅˸-

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

̇̅̀ ̅̄˷ ˹̒̆̂˷˹̖̂̂˷̈̓, ˾˷̃˼̉̄̅ ˾̄˷̎˿̉˼̂̓̄̅˼ 
̊˹˼̂˿̎˼̄˿˼ ̈̅˻˼̇˽˷̄˿̖ ̊˺̂˼̇̅˻˷, ̎̉̅, ̈́̅̇˼˼ 
˹̈˼˺̅, ̈˹̖˾˷̄̅ ̈ ̉˼̃, ̎̉̅ ˷̉̃̅̈̋˼̇˷ ̆˼̎˿ ̄˷-
̈̒̐˼̄˷ ̅́˿̈̓̕ ̊˺̂˼̇̅˻˷ ˨˥. ˦̇˿̈˷˻́˷ ˺˼́̈˷-
˸̅̇˿˻˷ ̂˷̄̉˷̄˷ 0,05 ̃˷̈̈.% ̆̅ ˸̅̇̊ ̅̆̇˼˻˼̂˿-

̂˷ ̈̅˻˼̇˽˷̄˿˼ ˸̅̇˷ – 0,018 ̃˷̈̈.% (̊̈˹̅˼-
̄˿˼ – 36 %), ˷ ̆̇˿̈˷˻́˷ 0,1 ̃˷̈̈.% ˸̅̇˷ ̆̇˿-

˹˼̂˷ ́ ̈̅˻˼̇˽˷̄˿̕ 0,043 ̃˷̈̈.% ˸̅̇˷ (̊̈˹̅˼-
̄˿˼ – 43 %). ˦̇˿̈˷˻́˷ ˺˼́̈˷˸̅̇˿˻˷ ̂˷̄̉˷̄˷ ˹ 
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˷̊̈̉˼̄˿̉̄̊̕ ̈̉˷̂̓ ˿˾ ̇˷̈̎ё̉˷ ̄˷ 0,05 ̃˷̈̈.% 

˸̅̇˷ ̊˹˼̂˿̎˿̂˷ ̈̅˻˼̇˽˷̄˿˼ ˙ ˻̅ 0,015 ̃˷̈̈.% 

(̊̈˹̅˼̄˿˼ – 30 %), ˷ ̆̇˿̈˷˻́˷ 0,1 ̃˷̈̈.% ˸̅̇˷ 

̊˹˼̂˿̎˿˹˷˼̉ ̈̅˻˼̇˽˷̄˿˼ ˸̅̇˷ ˻̅ 0,047 ̃˷̈̈.% 

(̊̈˹̅˼̄˿˼ – 47 %), ̎̉̅ ˺̅˹̅̇˿̉ ̅ ̌̅̇̅̏˼̀ ̊̈˹̅-

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

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

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

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

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

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

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

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

̆˼̇̈̄̅̈̉˿ ̆̅̇̅̏́˷ LaB6. ˥̉̈̊̉̈̉˹˿˼ ̂˷̄̉˷̄˷ ˿ 

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

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

̈̉˷̉́̅˹ ˧˞ˣ ́˷́ ̃̅˻˿̋˿́˷̉̅̇̅˹ ˿ ˻˼̈̊̂̓̋̊̇˷-
̉̅̇̅˹ ̖˹̖̂˼̖̉̈ ̅˸̇˷˾̅˹˷̄˿˼ ̄˼˹̈̆̂̒˹˷̐̕˿̌ 
̆̇̅˻̊́̉̅˹ ˹˾˷˿̃̅˻˼̀̈̉˹˿̖ ̈ ́˿̈̂̅̇̅˻̅̃ ˿ ̈˼-
̇̅̀, ́̅̉̅̇̒˼ ˹ ˾̄˷̎˿̉˼̂̓̄̅̀ ̈̉˼̆˼̄˿ ˾˷˺̖̇˾-
̖̄̉̕ ̈̉˷̂̓. ˨̅˻˼̇˽˷̄˿˼ ̈˼̇̒ ˹ ˿̈̌̅˻̄̅̀ ̏˿̌̉˼ 
̄˼ ̆̇˼˹̒̏˷˼̉ 0,005 ̃˷̈̈.%, ̇˷̈̉˹̅̇ё̄̄̅˺̅ ́˿-

̈̂̅̇̅˻˷ – 0,002 ̃˷̈̈.%. ˤ̅ ˾˷ ̈̎ё̉ ́̅̄̉˷́̉˷ ̈ 
˷̉̃̅̈̋˼̇̅̀ ̆˼̎˿ ̄˼̇˷˹̄̅˹˼̈̄̅˼ ̈̅˻˼̇˽˷̄˿˼ 
́˿̈̂̅̇̅˻˷ ̄˷ ̆̅˹˼̇̌̄̅̈̉˿ ̃˼̉˷̂̂˿̎˼̈́̅̀ ˹˷̄-

̄̒ ̃̅˽˼̉ ˻̅̈̉˿˺˷̉̓ 0,03–0,05 ̃˷̈̈.%. ˨̅˻˼̇-

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

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

̉˼̇˹˷̂˼ 0,0005–0,005 ̃˷̈̈.% (̆̅ ̇˼˾̊̂̓̉˷̉˷̃ 

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

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

.  
˩ ˷ ˸ ̂ ˿ ̍ ˷  1  

ǓоǳǴǢǤ ǺǪǷǴǽ Ǫ ǲǧǩǵǭǾǴǢǴǽ ǷǪмǪǹǧǳǬоǥо ǢǯǢǭǪǩǢ ǤǽǱǭǢǤǭǧǯǯǽǷ ǳǭǪǴǬоǤ 
T a b l e  1  

Ǔhemical composition of the initial steels and the samples 

Ӥ̈̂˼˻̊˼̃̒˼ ̈̉˷̂˿ C, % 
Cr, 

% 

Ni, 

% 

Mn, 

% 
Si, % S, % P, % B, % La, %

Mo,

% 

Nb, 

% 
V, % N, %

Al, 

% 

ǬаȐȒȅȍȑȈȒȍаȟ ȑȒаȋȜ 
˯˿̌̉˷ 0,09 9,3 0 0,41 – 0,005 0,005 – – 0 0 0 0,044 0,03

˦̇˿ ̇˷̈̎˼̉̄̅̃  

̈̅˻˼̇˽˷̄˿˿ ˸̅̇˷ 0 % 

0,169 9,05 0,023 0,308 0,168 0,0065 0,006 0,0009 0 0,87 0,157 0,2 0,044 0,042

˦̇˿ ̇˷̈̎˼̉̄̅̃  

̈̅˻˼̇˽˷̄˿˿ ˸̅̇˷ 
0,05 %, ̂ ˷̄̉˷̄  ˷0,1 % 

0,132 8,67 0,214 0,257 0,269 0,008 0,0083 0,018 0,0016 0,87 0,147 0,204 0,042 0,061

˦̇˿ ̇˷̈̎˼̉̄̅̃  

̈̅˻˼̇˽˷̄˿˿ ˸̅̇˷ 
0,1 % ̂˷̄̉˷̄˷ 0,2 % 

0,147 8,74 0,023 0,267 0,276 0,0086 0,0087 0,043 0,0022 0,92 0,15 0,192  0,045

АȓȑȒȅȍȈȒȍаȟ ȑȒаȋȜ 
˯˿̌̉˷ 0,07 19,5 11,5 1,1 – 0,005 0,005 – – 0,93 0,13 0,22 0,044 0,044

˦̇˿ ̇˷̈̎˼̉̄̅̃  

̈̅˻˼̇˽˷̄˿˿ ˸̅̇˷ 0 % 

0,058 17,27 12,02 1,16 0,423 0,0068 0,0079 0,0011 0,0026 0,089 0,03 0,02 0,26 0,063

˦̇˿ ̇˷̈̎˼̉̄̅̃  

̈̅˻˼̇˽˷̄˿˿ ˸̅̇˷ 
0,05 % ̂˷̄̉˷̄˷ 0,1 % 

0,076 16,76 11,76 1,13 0,433 0,0072 0,0083 0,015 0,0025 0,084 0,031 0,018 0,28 0,086

˦̇˿ ̇˷̈̎˼̉̄̅̃  

̈̅˻˼̇˽˷̄˿˿ ˸̅̇˷ 
0,1 % ̂˷̄̉˷̄˷ 0,2 % 

0,083 16,76 11,82 1,01 0,55 0,008 0,0079 0,047 0,0025 0,368 0,03 0,019 0,24 0,1
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˧˿̈. 1. ˙˿˻ ̄˼̃˼̉˷̂̂˿̎˼̈́˿̌ ˹́̂̎̕˼̄˿̀ ˹ ˷̊̈̉˼̄˿̉̄̅̀ ̈̉˷̂˿  

̈ ̇˷̈̎˼̉̄̒̃ ̈̅˻˼̇˽˷̄˿˼̃ ˸̅̇˷ 0,05 (а) ˿ 0,1 (ȁ) ̃˷̈̈.% 

Fig. 1. The image of nonmetallic inclusions in austenitic steel  

with a calculated boron content of 0,05 (а)  and 0,1 (ȁ) % 
 

˩ ˷ ˸ ̂ ˿ ̍ ˷  2  

ǒǧǩǵǭǾǴǢǴǽ ǬоǭǪǹǧǳǴǤǧǯǯоǥо ǪǳǳǭǧǦоǤǢǯǪȁ ǯǧмǧǴǢǭǭǪǹǧǳǬǪǷ ǤǬǭȀǹǧǯǪǫ Ǥ обǲǢǩǸǢǷ 

T a b l e  2  

Results of quantitative studies of nonmetallic inclusions in samples. 
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 ̃
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˥
̉̄
̅̈
˿̉
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̉̅
̎̄
̅̈
̉̓

, 
%

 

˗0  0,083//9 113,1//5 0,31//6 2,74//3 7,34//8 3596//6 2,80//3 3,33//3

˗1  0,107//5 192,4//5 0,461//4 2,48//3 5,82//5 2268//4 2,55//3 3,08//3

˗3  0,207//7 175,1//4 0,56//4 3,18//3 11,8//5 1917//5 3,28//3 3,72//3

ˣ0  0,071//34 53,4//12 0,17//16 3,14//6 12,3//17 8334//12 3,29//6 3,97//6

ˣ1  0,030//15 75,0//10 0,140//10 1,99//7 4,56//16 9937//13 2,05//7 2,47//7

ˣ3  0,092//9 142,7//8 0,35//8 2,52//4 6,75//8 3252//7 2,67//3 3,24//4

 

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

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

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

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

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

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

˼̃ ̖̆̅̂̇˿˾̅˹˷̄̄̅˺̅ ̈˹˼̉˷ ˿ ̉˼̃̄̅˺̅ ̖̆̅̂ ̆̅˾-
˹̅̂˿̂̅ ̄˷˻ё˽̄̅ ˿˻˼̄̉˿̋˿̍˿̇̅˹˷̉̓ ̅̉˻˼̂̓̄̒˼ 
˹́̂̎̕˼̄˿̖. ˤ˷ ̇˿̈. 1 ̆̇˼˻̈̉˷˹̂˼̄̒ ̇˼˾̊̂̓̉˷̉̒ 

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

˷ ˹ ̉˷˸̂. 2 – ̇˼˾̊̂̓̉˷̉̒ ́̅̂˿̎˼̈̉˹˼̄̄̒̌  

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

˹ ̅˸̇˷˾̍˷̌.  
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˧˿̈. 2. ˧˼˾̊̂̓̉˷̉ ˣ˧˨˗ ́̅̃̆̂˼́̈̄̒̌ ˹́̂̎̕˼̄˿̀ BN-(Cr,Mn,Al)mOn ˹ ̅˸̇˷˾̍˼ ˷̊̈̉˼̄˿̉̄̅̀ ̈̉˷̂˿  

̈ ̇˷̈̎˼̉̄̒̃ ̈̅˻˼̇˽˷̄˿˼̃ ˸̅̇˷ 0,1 ̃˷̈̈.% 

Fig. 2. The result of a micro-X-ray spectral analysis of BN- (Cr, Mn, Al) mOn complex inclusions in a sample  

of austenitic steel with a calculated boron content of 0,1 % 

 
˩ ˷ ˸ ̂ ˿ ̍ ˷  3  

ХǪмǪǹǧǳǬǪǫ ǳоǳǴǢǤ ǤǬǭȀǹǧǯǪǫ BN-(Cr,Mn,Al)mOn Ǥ обǲǢǩǸǧ ǢǵǳǴǧǯǪǴǯоǫ ǳǴǢǭǪ  

ǳ ǲǢǳǹǧǴǯǽм ǳоǦǧǲǨǢǯǪǧм боǲǢ 0,1 % 

T a b l e  3  

The chemical composition of BN- (Cr, Mn, Al) mOn complex inclusions in a sample of austenitic steel  

with a calculated boron content of 0,1 % 

ˤ̅̃˼̇ ̖̆̅̂ 
˨̅˻˼̇˽˷̄˿˼ ̔̂˼̃˼̄̉̅˹, % 

O Al Si S Cr Mn Fe Ni Mo B N Ti 

009 – – – – 20,91 – 66,74 12,36 – – – – 

010 48,12 8,20 7,13 1,60 3,55 28,09 3,31 – – – – – 

011 9,73 – 1,37 19,64 8,54 41,04 17,52 2,17 – – – – 

012 – – – – 35,93 1,56 53,08 7,49 1,94 – – – 

013 44,97 18,01 0,45 0,37 12,84 22,48 – – – – – 0,89

016 13,78 – 1,44 14,41 7,77 36,21 14,07 1,67 – – – – 

017 19,44 1,33 0,77 0,61 5,65 5,58 4,99 0,46 10,65 35,05 26,11 – 

035 – – 0,10 – 5,47 – 15,9 2,39 – 42,20 33,94 – 

 

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

̇˷˾̍˷ – ˣ3 ˿ ˗3. ˛˷̄̄̒̀ ˷̄˷̂˿˾ ̆̅˻̉˹˼̇˻˿̂ 

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

̅˸̇˷˾̍˼ ˣ3, ˷ ̉˷́˽˼ ˹̖̒˹˿̂ ̄˷̂˿̎˿˼ ̄˿̉̇˿˻̅˹ 

˹˷̄˷˻˿̖ ˿ ˺̇̊̆̆̒ ́˷̇˸˿˻̅˹. ˙ ̅˸̇˷˾̍˼ ˗3 ˸̒̂̅ 

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

̈̊̂̓̋˿˻̅˹. 

ˤ˷ ̇˿̈. 2 ̆̇˼˻̈̉˷˹̂˼̄̒ ̇˼˾̊̂̓̉˷̉̒ ˣ˧˨˗ 

˹́̂̎̕˼̄˿̀ ˹ ̅˸̇˷˾̍˼ ˗3. ˥˸̄˷̇̊˽˼̄̒ ̅́̈˿-

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

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

̆̂˼́̈̄̒˼ ˹́̂̎̕˼̄˿̖ BN – (Cr,Mn,Al)mOn, 

́̅̃̆̂˼́̈̄̒˼ ̅́̈˿˻̒ ˗l, Si, Mn, Cr c LaS 

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

̄˿˼ ̇˷̈̆̅̂̅˽˼̄˿˼ ́̅̃̆̂˼́̈̄̒̌ ˹́̂̎̕˼̄˿̀ 

BN-(Cr,Mn,Al)mOn (̈̃. ̇˿̈. 2) ˹ ̖̅̈̌ ˻˼̄˻-

̇˿̉̅˹, ˷ ̄˼ ̄˷ ̃˼˽˻˼̄˻̇˿̉̄̒̌ ˺̇˷̄˿̍˷̌. ˬ˿-

̃˿̎˼̈́˿̀ ̈̅̈̉˷˹ ˹́̂̎̕˼̄˿̀ ̆̇˿˹˼˻˼̄ ˹ 

̉˷˸̂. 3. 
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˧˿̈. 3. ˗̄˷̂˿˾ ˣ˧˨˗ ̄˼̃˼̉˷̂̂˿̎˼̈́˿̌ ˹́̂̎̕˼̄˿̀ ˹ ̅˸̇˷˾̍˼ ̃˷̇̉˼̄̈˿̉̄̅̀ ̈̉˷̂˿  

̈ ̇˷̈̎˼̉̄̒̃ ̈̅˻˼̇˽˷̄˿˼̃ ˸̅̇˷ 0,1 % 

Fig. 3. The result of a micro-X-ray spectral analysis of nonmetallic inclusions  

in a sample of martensitic steel with a calculated boron content of 0,1 % 

 

˩ ˷ ˸ ̂ ˿ ̍ ˷  4  

ХǪмǪǹǧǳǬǪǫ ǳоǳǴǢǤ ǯǧмǧǴǢǭǭǪǹǧǳǬǪǷ ǤǬǭȀǹǧǯǪǫ Ǥ обǲǢǩǸǧ мǢǲǴǧǯǳǪǴǯоǫ ǳǴǢǭǪ  

ǳ ǲǢǳǹǧǴǯǽм ǳоǦǧǲǨǢǯǪǧм боǲǢ 0,1 % 

T a b l e  4  

The chemical composition of nonmetallic inclusions in a sample of martensitic steel  

with a calculated boron content of 0,1 % 

ˤ̅̃˼̇ ̖̆̅̂ 
˨̅˻˼̇˽˷̄˿˼, % 

B O Al V Cr Fe Nb Mo Ti 

010 – – – 0,78 33,02 62,55  3,64 – 

011 – 42,78 39,38 – 2,16 13,41 2,27 – – 

012 33,49 – – 0,54 5,67 41,81 18,49 – – 

013 31,79 – – – 1,11 3,97 60,75 – 2,38 

 
˗̄˷̂̅˺˿̎̄̒˼ ˹́̂̎̕˼̄˿̖ ˹̈̉̇˼̎˷̖̉̈̕ ˿ ˹ 

̈̂˿̉́˼ ˣ3 (̅́̈˿˻̒ ˷̂̃̕˿̄˿̖, ̌̇̅̃˷, ́̇˼̃-

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

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

̍˷̃ ˿ ̉̇̅̀̄̒̃ ̈̉̒́˷̃ (̇˿̈. 3). ˬ˿̃˿̎˼̈́˿̀ 

̈̅̈̉˷˹ ˹́̂̎̕˼̄˿̀ ̅˸̇˷˾̍˷ ˣ3 ̆̇˿˹˼˻˼̄ ˹ 

̉˷˸̂. 4. 

˙̅˾̃̅˽̄̅̈̉̓ ̃̅˻˿̋˿̍˿̇̅˹˷̄˿̖ ˾˷˹˿̈˿̉ 
̅̉ ̈̅̈̉˷˹˷ ̈̉˷̂˿. ˙˹˼˻˼̄˿˼ LaB6 ̈̊̐˼̈̉˹˼̄̄̅ 

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

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

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

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

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

˹́̂̎̕˼̄˿̀ ˹ ̅˸̇˷˾̍˷̌ ˷̊̈̉˼̄˿̉̄̅̀ ̈̉˷̂˿ ̊˹˼-
̂˿̎˿̂˷̈̓ ̈̅̅̉˹˼̉̈̉˹˼̄̄̅ ̄˷ 0,1 ˿ 0,15 %, ̎̉̅ 

̆̇˿̃˼̇̄̅ ̈̅̅̉˹˼̉̈̉˹̊˼̉ ̊˹˼̂˿̎˼̄˿̕ ˹˼̈̅˹̅̀ 

˻̅̂˿ ̄˷ 0,05–0,1 ̃˷̈̈.% ˸̅̇˷ ˹ ̉̅̃ ̈̂̊̎˷˼, ́̅-

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

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

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

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

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

̔̂˼̃˼̄̉̅˹ ˹ 2–3 ̇˷˾˷ ˹̒̏˼, ̎˼̃ ˹ ̃˷̇̉˼̄̈˿̉-
̄̅̀. ˤ˿̉̇˿˻̒ ˸̅̇˷ ̆̇˿̈̊̉̈̉˹̊̉̕ ˿̈́̂̎̕˿-

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

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

˻˼̇˽˷̄˿̀ ̈˼̇̒ (0,005 ̃˷̈̈.%) ˿ ̂˷̄̉˷̄˷ 
(<0,0026 ̃˷̈̈.%) ̆̅́˷˾̒˹˷˼̉, ̎̉̅ ̆̇˿ ̃˿̄˿-

̃˷̂̓̄̅̃ ̈̉˼̌˿̅̃˼̉̇˿̎˼̈́̅̃ ̈̅̅̉̄̅̏˼̄˿˿ 

4,34 ̂˷̄̉˷̄˷ ˿ ̈˼̇̒ ˹ ̈̊̂̓̋˿˻˷̌ ̂˷̄̉˷̄˷ ˹˼̈̓ 

̂˷̄̉˷̄ ˻̅̂˽˼̄ ˸̒̉̓ ̈˹̖˾˷̄ ˹ ̈̊̂̓̋˿˻̒ ̂˷̄̉˷-
̄˷ ̉˿̆˷ LaS, ̃˷̈̈̅˹˷̖ ˻̖̅̂ ́̅̉̅̇̒̌ ̄˼ ̆̇˼-
˹̒̏˷˼̉ 0,003 %. ˘̅̂̓̏˷̖ ̎˷̈̉̓ ̈˼̇̒ ˿˾˸̒̉̅̎-

̄˷ ̆̅ ̅̉̄̅̏˼̄˿̕ ́ ̂˷̄̉˷̄̊ ˿ ̅˸̇˷˾̊˼̉ ̈̊̂̓-

̋˿˻̒ ̃˷̇˺˷̄̍˷. ˦̇˿ ̆̂̅̉̄̅̈̉˿ ̈̊̂̓̋˿˻̅˹ 

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

̆̂̅̉̄̅̈̉˿ ̈̊̂̓̋˿˻̅˹ ̃˷̇˺˷̄̍˷ ̄˼ ˸̅̂˼˼ 4,5 

̅˸̑ё̃̄˷̖ ˻̖̅̂ ̈̊̂̓̋˿˻̅˹ ̂˷̄̉˷̄˷ ˹ ̇˷˾̒ 

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

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

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

̈̉̇˷̄̈̉˹˷̌. 

˪̈̉˷̄̅˹̂˼̄̅, ̎̉̅ ˹ ˷̊̈̉˼̄˿̉̄̅̀ ̈̉˷̂˿ ̈̅-

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

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

̄̒̀ ˸̅̇ ̈˹̖˾̒˹˷˼̖̉̈ ˹ ̄˿̉̇˿˻̒ ˸̅̇˷, ̉̅ ̄˼-
˹̖˾́˷ ̄˼ ̆̇˼˹̒̏˷˼̉ 10 %. 

˗̄˷̂˿˾ ̃˷́̇̅̈̉̇̊́̉̊̇̒ ̆̅́˷˾˷̂, ̎̉̅ ˹ 

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

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

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

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

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

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

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

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

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

˸̅̇˿˻˷ ̂˷̄̉˷̄˷ ̈̉̇̊́̉̊̇˷ ̆̅̌̅˽˷ ̄˷ «́̅̄̊̈ 

̅̈˷˽˻˼̄˿̖». Э̉˿ ˿˾̃˼̄˼̄˿̖, ˹̅˾̃̅˽̄̅, ̈˹̖-

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

̇˿̉̒ ́̇˿̈̉˷̂̂˿˾̖̊̉̈̕ ̄˷ ̄˿̌, ̅˸̇˷˾̖̊ ˹̅ 

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

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

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

˻˼̄˻̇˿̉̅˹. 

˛̅˸˷˹́˿ ˺˼́̈˷˸̅̇˿˻˷ ˹ ̃˷̇̉˼̄̈˿̉̄̊̕ 

˿ ˷̊̈̉˼̄˿̉̄̊̕ ̈̉˷̂˿ ̄˼ ̆̅˹̂˿̖̂˿ ̈́̅̂̓́̅-

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

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

˹˷̄̄̒̌ ˻˼̄˻̇˿̉̅˹ «́̅̄̊̈˷ ̅̈˷˽˻˼̄˿̖»,  

̄˼̈́̅̂̓́̅ ˿˾̃˼̂̓̎˷̉̕ ˾˼̇̄̅ ˹ ̔̉˿̌ ˾̅̄˷̌ 

(̇˿̈. 4). 

И˾̃˼̇˼̄˿˼ ̃˼˽̅̈̄̒̌ ̇˷̖̈̈̉̅̄˿̀ ̂˿̉̅˺̅ 

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

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

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

̄̒˼ ˹ ̉˷˸̂. 5.  

˥̎˼˹˿˻̄̅, ̎̉̅ ˸̅̇ ̈ ́̅̄̍˼̄̉̇˷̍˿˼̀ 0,015–

0,047 ̃˷̈̈.%, ˸̊˻̊̎˿ ̃̅˻˿̋˿́˷̉̅̇̅̃ 1 ̇̅˻˷, 
˿˾̃˼̂̓̎˷˼̉ ̈̉̇̊́̉̊̇̊ ˻˼̄˻̇˿̉̅˹ ˾˷ ̈̎˼̉ ̆̅̄˿-

˽˼̄˿̖ ̆̅˹˼̇̌̄̅̈̉̄̅˺̅ ̄˷̖̉˽˼̄˿̖ [15]. ˤ˷̏˿ 

̇˷̄̄˿˼ ̇˷˸̅̉̒ [16] ̆̅́˷˾˷̂˿, ̎̉̅ ˹˹˼˻˼̄˿˼ 
˧˞ˣ ˹ ˽˿˻́˿̀ ̃˼̉˷̂̂ ̆̇˿˹̅˻˿̉ ́ ̅˸̇˷˾̅˹˷-
̄˿̕ ̄˼ ̉̅̂̓́̅ ̈̉̅̂˸̎˷̉̒̌, ̄̅ ˿ ̇˷˾̄̅̅̇˿˼̄-

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

˻̖̖̉̈ ̈̊̂̓̋˿˻̒ ˿ ̅́̈˿̈̊̂̓̋˿˻̒ ˧˞ˣ. Э̉̅ 

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

˹ ̈̂˿̉́˼: ̈˼̇̅̀ ̅˸̅˺˷̐ё̄ «́̅̄̊̈ ̅̈˷˽˻˼̄˿̖» ˿ 

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

̉̇˼̄̄̅̀ ̈˼˺̇˼˺˷̍˿̀. ˦̇˿ ̔̉̅̃ ̈́̅̆̂˼̄˿̖ ̅́-

̈˿̈̊̂̓̋˿˻̅˹ ˧˞ˣ ̃̅˺̊̉ ˸̒̉̓ ˾˷̌˹˷̎˼̄̒ ̇˷̈-
̉̊̐˿̃˿ ˻˼̄˻̇˿̉˷̃˿ ˿ ̅˸̇˷˾̅˹̒˹˷̉̓ ˺̇̊˸̒˼ 
̃˷́̇̅˻˼̋˼́̉̒ ̄˷ ̆˼̇˿̋˼̇˿˿ ̈̂˿̉́̅˹. ˪̈̂̅-

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

˿̄̒˼: ̃˷̂̒̀ ̅˸̑ё̃ ̈̂˿̉́˷, ́̇˷̉́˷̖ (10 ̃˿̄̊̉) 

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

̄˷̎˷̂˷ ˾˷̉˹˼̇˻˼˹˷̄˿̖, ̅̎˼̄̓ ˸̒̈̉̇̅˼ ˾˷̉˹˼̇˻˼-
˹˷̄˿˼. 
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а) ȁ) 

в) ȃ) 

 
 

˧˿̈. 4. ˨̉̇̊́̉̊̇˷ ̅˸̇˷˾̍̅˹ ˷̊̈̉˼̄˿̉̄̅̀ ̈̉˷̂˿ ̈ ̇˷̈̎˼̉̄̒̃ ̈̅˻˼̇˽˷̄˿˼̃ ˸̅̇˷ 0 (а), 0,1 (ȁ) %  

˿ ̅˸̇˷˾̍̅˹ ̃˷̇̉˼̄̈˿̉̄̅̀ ̈̉˷̂˿ ̈ ̇˷̈̎˼̉̄̒̃ ̈̅˻˼̇˽˷̄˿˼̃ ˸̅̇˷ 0 (в) ˿ 0,1 (ȃ) %  

Fig. 4. The structure of samples of austenitic steel with a calculated boron content of 0 (a), 0,1 (ȁ) %  

and martensitic steel samples with a calculated boron content of 0 (в) and 0,1 (ȃ) %  
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T a b l e  5  

Interaxial distances in samples  

˥˸̇˷˾˼̍ 
˨̅˻˼̇˽˷̄˿˼ 

˸̅̇˷ 
ˣ˼˽̅̈̄̒˼ ̇˷̖̈̈̉̅̄˿̖* 

L1 L2 L3

˗0 0 200/350 100/175 40/85

˗1 0,015 200 100 50/80

˗3 0,047 120/150 60 –

ˣ0 0 200/300 – –

ˣ1 0,018 115/200 – –

ˣ3 0,043 100/160 – –

* L1 L2 L3 – ̇˷̖̈̈̉̅̄˿̖ ̃˼˽˻̊ ̖̅̈̃˿ ̈̅̅̉˹˼̉̈̉˹˼̄̄̅ 

1, 2, 3 ̖̆̅̇˻́̅˹, ̃́̃ 

ˣ̅˽̄̅ ̆̇˼˻̆̅̂̅˽˿̉̓, ̎̉̅ ˷̉̅̃̒ ̇˷̈̉˹̅-

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

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

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

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

˥˸̒̎̄̅ ˹̅́̇̊˺ ̎˷̈̉˿̍ (́˷̆̂˿, ̆̊˾̒̇˿) ˷̂̕-

̃˿̄˿̖, ˧˞ˣ ˿̂˿ ́˷̂̓̍˿̖ ̅˸̇˷˾̖̊̉̈̕ ˾̅̄̒, 

̆˼̇˼̈̒̐˼̄̄̒˼ ̇˼˷˺˼̄̉̅̃, ˿ ̄˷̇̊̏˼̄˿̖ 

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

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

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

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

̎̉̅ ̉˷́˿˼ ̊̈̂̅˹˿̖ ̇˼˾́̅ ̈̄˿˽˷̉̕ ̄˼ ̉̅̂̓́̅ 

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

˽˿˻́̅˺̅ ̃˼̉˷̂̂˷, ̄̅ ˿ ̃̅˻˿̋˿̍˿̇̅˹˷̄˿̖ 2-˺̅ 

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

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

̍˼̄̉̇̅˹ ́̇˿̈̉˷̂̂˿˾˷̍˿˿. 

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

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

̄̅̀ ̋˷˾̒ ˻̅̈̉˷̉̅̎̄̅ ̄˷̇̊̏˼̄˿̀ ̈̆̂̅̏̄̅̈̉˿ 

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

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

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

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

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

̅̉̇˷˽˷˼̖̉̈ ̄˷ ˿̌ ̇˷̈̆̇˼˻˼̂˼̄˿˿. 

ВǽǤоǦǽ 

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

̈̉̅̀ ̈̉˷̂˿ ̃˷̇̉˼̄̈˿̉̄̅˺̅ ˿ ˷̊̈̉˼̄˿̉̄̅˺̅ 

́̂˷̈̈̅˹. 

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

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

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

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

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

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

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

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

̌̇̅̃˿̈̉̒̌ ̈̉˷̂˼̀. 

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

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

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

˹˷̄˿̖ ́̅̃̆̂˼́̈̄̒̌ ̅́̈˿̈̊̂̓̋˿˻̅˹. ˦̇̅̍˼̈̈ 

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

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

ǃǭǢǥоǦǢǲǯоǳǴǪ 

К̅̂̂˼́̉˿˹ ˷˹̉̅̇̅˹ ˹̒̇˷˽˷˼̉ ˸̂˷˺̅˻˷̇̄̅̈̉̓ ˾˷ 
̆̅̃̅̐̓ ˹ ̆̇̅˹˼˻˼̄˿˿ ˿̈̈̂˼˻̅˹˷̄˿̀ ˿ ̅˸̇˷˸̅̉́˼ 
̇˼˾̊̂̓̉˷̉̅˹ ̈̂˼˻̊̐̕˿̃ ̈̅̉̇̊˻̄˿́˷̃: И˹˷̄̅˹̊ И.˗., 

ˣ˷̂̓˺˿̄̅˹̊ ˗.ˤ., ˯̊̇̒˺˿̄̊ ˛.И., К̅̃̅̂̅˹̅̀ ˥.˗. 

(ˤ˦˥ «ЦˤИИ˩ˣ˗˯»), К˷˾˷́̅˹̅̀ Е.И., ˮ˿˺˿̄-

̍˼˹̊ ˢ.˨., К̊̇̅̎́˿̄̅̀ ˥.˙ (˫˚˗˥˪ ˙˥ «˨˦˸˦˪»). 
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