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ПОВЫШЕНИЕ ЭФФЕКТИВНОСТИ РОТОРНЫХ КОМПРЕССОРОВ 

В ̈̉˷̉̓˼ ̇˷̈̈̃̅̉̇˼̄̒ ˹̅̆̇̅̈̒ ̍˿̋̇̅˹̅˺̅ ̆̇̅˼́̉˿̇̅˹˷̄˿̖ ̇̅̉̅̇̄̒̌ ˺˷˾̅˹̒̌ ́̅̃̆̇˼̈̈̅̇̅˹. 
В̖̒˹̂˼̄̒ ̅̈˹̅˼̄̄̒˼ ̇̅̈̈˿̀̈́˿̃˿ ˿ ˾˷̇̊˸˼˽̄̒̃˿ ̆̇˼˻̆̇˿̖̉˿̖̃˿ ˹ ̇˷˾̂˿̎̄̒̌ ̅̉̇˷̖̈̂̌ ̆̇̅-
̃̒̏̂˼̄̄̅̈̉˿ (˹ ̉̅̃ ̎˿̈̂˼ ˹ ˷˹˿˷̇˷́˼̉̅̈̉̇̅˼̄˿˿ ˿ ̔̄˼̇˺˼̉˿́˼) ˷˻˻˿̉˿˹̄̒˼ ̉˼̌̄̅̂̅˺˿˿ ˿˾˺̅̉̅˹-
̂˼̄˿̖ ˻˼̉˷̂˼̀ ˿ ̈˸̅̇̅̎̄̒̌ ˼˻˿̄˿̍ ̈ ̆̅̃̅̐̓̕ 3D-̆˼̎˷̉˿ ̃˼̉˷̂̂˿̎˼̈́˿̃˿ ˿ ̄˼̃˼̉˷̂̂˿̎˼̈́˿̃˿ 
̃˷̉˼̇˿˷̂˷̃˿, ̆̇̅˷̄˷̂˿˾˿̇̅˹˷̄̒ ̄˷˿˸̅̂˼˼ ̆˼̇̈̆˼́̉˿˹̄̒˼ ̃˷̉˼̇˿˷̂̒, ˻̅̈̉˿˽˼̄˿̖ ˿ ̉˼̄˻˼̄̍˿˿ 
̇˷˾˹˿̉˿̖. ˦̇̅˷̄˷̂˿˾˿̇̅˹˷̄ ̅̆̒̉ ̆̇˿̃˼̄˼̄˿̖ ˹̅˾˻̊̏̄̒̌ ˿ ˺˷˾̅˹̒̌ ̇̅̉̅̇̄̒̌ ́̅̃̆̇˼̈̈̅̇̅˹, 
˿̈̈̂˼˻̅˹˷̄̒ ̃˼̉˷̂̂˿̎˼̈́˿˼ ˿ ̄˼̃˼̉˷̂̂˿̎˼̈́˿˼ ̃˷̉˼̇˿˷̂̒, ̆̇˿̃˼̖̄˼̃̒˼ ˻̖̂ ˿̌ ˿˾˺̅̉̅˹̂˼̄˿̖. 
В̖̒˹̂˼̄̒ ̅̈̄̅˹̄̒˼ ̋˷́̉̅̇̒, ̅̆̇˼˻˼̖̂̐̕˿˼ ̈̉̅˿̃̅̈̉̄̒˼ ̆̅́˷˾˷̉˼̂˿ ˿ ̔̋̋˼́̉˿˹̄̅̈̉̓ ̇̅̉̅̇-
̄̒̌ ́̅̃̆̇˼̈̈̅̇̅˹. ˥̆̇˼˻˼̂˼̄̒ ̅̆̉˿̃˷̂̓̄̒˼ ̆˷̇˷̃˼̉̇̒ ˺˷˾̅˹̒̌ ́̅̃̆̇˼̈̈̅̇̅˹ ˻̖̂ ̔̋̋˼́̉˿˹-
̄̅˺̅ ̇˼̏˼̄˿̖ ̆̇̅̃̒̏̂˼̄̄̒̌ ˾˷˻˷̎. ˦̇˼˻̂̅˽˼̄̒ ̃˼̉̅˻̒ ̆̇̅˼́̉˿̇̅˹˷̄˿̖ ˿ ̈̆̅̈̅˸̒ ˿˾˺̅̉̅˹-
̂˼̄˿̖, ̅˸˼̈̆˼̎˿˹˷̐̕˿˼ ̈̄˿˽˼̄˿˼ ̃˷̉˼̇˿˷̂̅˼̃́̅̈̉˿ ˿ ̊˹˼̂˿̎˼̄˿˼ ̆̇̅̎̄̅̈̉˿ ˻˼̉˷̂˼̀ ˿ ̊˾̂̅˹ 
́̅̃̆̇˼̈̈̅̇̅˹. 
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EFFICIENCY IMPROVEMENT OF ROTARY COMPRESSORS 

The article discusses the issues of digital design of rotary gas compressors, identifies additive technologies for 
manufacturing parts and assembly units mastered by industrial enterprises abroad and in Russia using 3D 
printing with metal and non-metallic materials in various industries (including aircraft manufacturing and 
power engineering). We have analyzed the most promising materials, achievements and development 
trends, analyzed the experience of using air and gas rotary compressors, investigated metallic and non-
metallic materials used for manufacturing rotary compressors. We have identified the main factors deter-
mining low cost indicators and efficiency of rotary compressors, determined the optimal parameters of gas 
compressors to effectively solve industrial problems, proposed design methods and manufacturing tech-
niques reducing material consumption and increasing the strength of parts and components of compressors. 
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ВǤǧǦǧǯǪǧ 

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

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

˦̇˿̃˼̄˼̄˿˼ ̉˼̌̄̅̂̅˺˿˿˿ 3D ̆˼̎˷̉˿ ̆̅˻̇˷-
˾̊̃˼˹˷˼̉ ˿̈̆̅̂̓˾̅˹˷̄˿˼ ̄˼̆̅̈̇˼˻̈̉˹˼̄̄̅ 3D 
̃̅˻˼̂˼̀, ̇˷˾̇˷˸̅̉˷̄̄̒̌ ̃˼̉̅˻˷̃˿ ̍˿̋̇̅˹̅˺̅ 
̆̇̅˼́̉˿̇̅˹˷̄˿̖, ̃˿̖̄̊ ̈̉˷˻˿̕ ̇˷˾̇˷˸̅̉́˿ 
˸̅̂̓̏̅˺̅ ̅˸̑˼̃˷ ́̂˷̈̈˿̎˼̈́̅̀ ́̅̄̈̉̇̊́̉̅̇-
̈́̅̀ ˿ ̉˼̌̄̅̂̅˺˿̎˼̈́̅̀ ˻̅́̊̃˼̄̉˷̍˿˿ ̆̅ ˜˨К˛ 
˿ ˜˨˩˛, ̎̉̅ ̃̅˽˼̉ ̈̅́̇˷̉˿̉̓ ̈̇̅́˿ ˿ ̈̉̅˿̃̅̈̉̓ 
̇˷˾̇˷˸̅̉́˿, ˿˾˺̅̉̅˹̂˼̄˿̖ ˿ ˿̈̆̒̉˷̄˿̖ ˿˾˻˼̂˿̀. 
˥˻̄˷́̅ ̆̇˿ ̔̉̅̃ ˹ ̌̅˻˼ ̍˿̋̇̅˹̅˺̅ ̆̇̅˼́̉˿̇̅-
˹˷̄˿̖ ́˷˽˻̅̀ ˻˼̉˷̂˿ ˿ ˿˾˻˼̂˿̖ ˹ ̍˼̂̅̃ ̄˼̅˸̌̅-
˻˿̃̅ ̄˷ ̈̉˷˻˿˿ ˹̒̆̊̈́˷ ˿̌ 3D ̃̅˻˼̂˼̀ ̆̇̅˹̅-
˻˿̉̓ ̃̄̅˺̅̆˷̇˷̃˼̉̇˿̎˼̈́̊̕ ˹˼̇˿̋˿́˷̍˿̕ ˿ 
̅̆̉˿̃˿˾˷̍˿̕ ́˷́ ̈ ̆̅˾˿̍˿̀ ̃˷̈̈̅˺˷˸˷̇˿̉̄̒̌ 
̌˷̇˷́̉˼̇˿̈̉˿́, ̈̅̅̉˹˼̉̈̉˹˿̖ ̉˼̌̄˿̎˼̈́˿̃ ̆˷̇˷-
̃˼̉̇˷̃, ̆̇̅̎̄̅̈̉˿, ˻̅̂˺̅˹˼̎̄̅̈̉˿, ̈̉̅̀́̅̈̉˿ ́ 
˹̄˼̏̄˿̃ ˹̅˾˻˼̀̈̉˹˿̖̃, ̉˷́ ˿ ̈ ̉̅̎́˿ ˾̇˼̄˿̖ 
˷˻˻˿̉˿˹̄̅̈̉˿ ̉˼̌̄̅̂̅˺˿˿ 3D ̆˼̎˷̉˿. 

ǑоǳǴǢǯоǤǬǢ ǩǢǦǢǹǪ Ǫ мǧǴоǦǽ ǪǳǳǭǧǦоǤǢǯǪȁ  

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

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

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

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

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

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

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

ˤ˷̆̇˿̃˼̇, ˹ 2015 ˺̅˻̊ ́̅̃̆˷̄˿̖ GE Avia-
tion ˹̄˼˻̇˿̂˷ ˹ ˷˹˿˷̍˿̅̄̄̒˼ ˻˹˿˺˷̉˼̂˿ ̉˷́˿˼ 
˻˼̉˷̂˿, ̈̅˾˻˷̄̄̒˼ ̃˼̉̅˻̅̃ 3D ̆˼̎˷̉˿, ́˷́ 
́̅̇̆̊̈ ̉˼̃̆˼̇˷̉̊̇̄̅˺̅ ˻˷̉̎˿́˷ ̄˷ ˹̌̅˻˼ ˹ 
́̅̃̆̇˼̈̈̅̇ ˿ ̉̅̆̂˿˹̄̊̕ ̋̅̇̈̊̄́̊. ˦̇˿ ̅˻˿-
̄˷́̅˹̅̀ ̆̇̅̎̄̅̈̉˿ ̅̇˿˺˿̄˷̂˷ ˿ ̃̅˻˼̂˿, ˹̒-
̆̅̂̄˼̄̄̅̀ ̄˷ 3D ̆̇˿̄̉˼̇˼, ̆̅̈̂˼˻̖̖̄ ̅́˷˾˷-
̂˷̈̓ ̄˷ 25 % ̂˼˺̎˼ [1]. 

В ̉̅̃ ˽˼ ˺̅˻̊ ˹ А˹̈̉̇˷̂˿˿ ̄˷ 3D ̆̇˿̄̉˼̇˼ 
˸̒̂ ̄˷̆˼̎˷̉˷̄ ̆˼̇˹̒̀ ˹ ̃˿̇˼ ˻˼̀̈̉˹̊̐̕˿̀ 
̇˼˷́̉˿˹̄̒̀ ˻˹˿˺˷̉˼̂̓ [2].  

ˤ˼̃̄̅˺˿̃ ̆̅˾˽˼ ̃˿̄˿˷̉̇̄̒̀̕ ̉̊̇˸̅̇˼-
˷́̉˿˹̄̒̀ ˻˹˿˺˷̉˼̂̓ ˸̒̂ ̄˷̆˼̎˷̉˷̄ ́̅̃̆˷̄˿˼̀ 
GE Aviation ˿ ̆̇˼˻̈̉˷˹̖̂˼̉ ̈̅˸̅̀ ̃̅˻˿̋˿̍˿-
̇̅˹˷̄̄̊̕ ˹˼̇̈˿̕ ̈˿̂̅˹̅˺̅ ˷˺̇˼˺˷̉˷, ́̅̉̅̇̒̀ 
˿̈̆̅̂̓˾̊˼̖̉̈ ˹ ̇˷˻˿̅̊̆̇˷˹̖̂˼̃̒̌ ̃̅˻˼̖̂̌ ̈˷-
̃̅̂˼̉̅˹ [3]. 

В 2017 ˺̅˻̊ ́̅̃̆˷̄˿̖ GE Aviation ̈̅˾˻˷̂˷ 
̆˼̇˹̒̀ ˹ ˿̈̉̅̇˿˿ ́̅̃̃˼̇̎˼̈́˿̀ ˷˹˿˷̍˿̅̄-
̄̒̀ ˻˹˿˺˷̉˼̂̓, ́̅̉̅̇̒̀ ˸̅̂˼˼ ̎˼̃ ̄˷ ̉̇˼̉̓ ̈̅-
̈̉̅˿̉ ˿˾ ́̅̃̆̅̄˼̄̉̅˹, ̄˷̆˼̎˷̉˷̄̄̒̌ ̄˷ 
3D ̆̇˿̄̉˼̇˼. ˟̄˽˼̄˼̇˷̃ ̊˻˷̂̅̈̓ ̈̄˿˾˿̉̓ ́̅-
̂˿̎˼̈̉˹̅ ̅̉˻˼̂̓̄̒̌ ˻˼̉˷̂˼̀ ̈ 855 ˻̅ 12 ̏̉̊́. 
˛˷̄̄̒̀ ˻˹˿˺˷̉˼̂̓ ˸̒̂ ̇˷˾̇˷˸̅̉˷̄ ̈̆˼̍˿˷̂̓̄̅ 
˻̖̂ ̆˷̈̈˷˽˿̇̈́̅˺̅ ̅˻̄̅̃̅̉̅̇̄̅˺̅ ̈˷̃̅̂˼̉˷ 
˸˿˾̄˼̈-́̂˷̈̈˷. ˟̈̆̅̂̓˾̅˹˷̄˿˼ ̉˷́̅˺̅ ˻˹˿˺˷̉˼-
̖̂ ̊̃˼̄̓̏˷˼̉ ˹˼̈ ̈˷̃̅̂˼̉˷ ̄˷ 5 %, ̎̉̅, ˹ ̈˹̅̕ 
̅̎˼̇˼˻̓, ̊̃˼̄̓̏˷˼̉ ̇˷̈̌̅˻ ̉̅̆̂˿˹˷ ̆̇˿ ̈̅̌̇˷-
̄˼̄˿˿ ̉̅̀ ˽˼ ̈́̅̇̅̈̉˿ [4]. 
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˧˿̈. 1. ˦̇˿̃˼̇ ˹̒̆̅̂̄˼̄˿̖ ̄˷ 3D ̆̇˿̄̉˼̇˼  
̇˷˸̅̎˼˺̅ ́̅̂˼̈˷ ̍˼̄̉̇̅˸˼˽̄̅˺̅ ́̅̃̆̇˼̈̈̅̇˷ 

Fig. 1. A sample run on a 3D printer  
impeller centrifugal compressor 

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

̉̅̈̉̇̅˼̄˿̖ ˿˾̊̎˷̖̉̈̕ ˹̅̆̇̅̈̒ ˷˻˻˿̉˿˹̄̒̌ 
̉˼̌̄̅̂̅˺˿̀ ˿˾˺̅̉̅˹̂˼̄˿̖ ̅̉˹˼̉̈̉˹˼̄̄̒̌ ̉˼̌-
̄̅̂̅˺˿̎˼̈́˿ ̈̂̅˽̄̒̌ ˻˼̉˷̂˼̀ (̇˷˸̅̎˿˼ ́̅̂˼̈˷ 
̉̊̇˸̅̄˷̈̅̈̄̒̌ ˷˺̇˼˺˷̉̅˹, ́˷̃˼̇̒ ̈˺̅̇˷̄˿̖ [5], 
˻˼̉˷̂˿ ˺˷˾̅̉̊̇˸˿̄̄̅˺̅ ˻˹˿˺˷̉˼̖̂ [6, 7]); ˹ ́˷-
̎˼̈̉˹˼ ̃˷̉˼̇˿˷̂̅˹ ˿̈̆̅̂̓˾̖̊̉̈̕ ́˷́ ̄˼̇˽˷˹˼-
̐̕˷̖ ˿ ˽˷̇̅̈̉̅̀́˷̖ ̈̉˷̂̓, ̉˷́ ˿ ̉˿̉˷̄. 

˩˷́˿̃ ̅˸̇˷˾̅̃, ̃̅˽̄̅ ̅̉̃˼̉˿̉̓ ̊̈̆˼̏̄̅˼ 
˿̈̆̅̂̓˾̅˹˷̄˿˼ 3D ̆˼̎˷̉˿ ̅̉˻˼̂̓̄̒̌ ˻˼̉˷̂˼̀ ˿ 
̊˾̂̅˹ ˹ ˷˹˿˷̍˿˿ ˿ ̉̊̇˸̅̈̉̇̅˼̄˿˿. ˦̅˻̅˸̄̊̕ 
̉˼̌̄̅̂̅˺˿̕ ̍˼̂˼̈̅̅˸̇˷˾̄̅ ˹̄˼˻̖̇̉̓ ˹ ̉˷́̅̀ 
̅˸̏˿̇̄̅̀ ̅̉̇˷̈̂˿, ́˷́ ́̅̃̆̇˼̈̈̅̇̅̈̉̇̅˼̄˿˼. 

А˥ «К̅̃̆̇˼̈̈̅̇», ̂˿˻˼̇ ̅̉˼̎˼̈̉˹˼̄̄̅˺̅ 
́̅̃̆̇˼̈̈̅̇̅̈̉̇̅˼̄˿̖, ̆̇̅˼́̉˿̇̊˼̉ ˿ ̆̇̅˿˾˹̅-
˻˿̉ ˸̅̂̓̏̊̕ ̄̅̃˼̄́̂˷̉̊̇̊ ˸̂̅̎̄̅˺̅ ́̅̃̆̇˼̈-
̈̅̇̄̅˺̅ ˿ ˺˷˾̅˹̅˺̅ ̅˸̅̇̊˻̅˹˷̄˿̖, ̆̅̇̏̄˼˹̒˼ ˿ 
˹˿̄̉̅˹̒˼ ́̅̃̆̇˼̈̈̅̇̒, ̊̈̉˷̄̅˹́˿ ̆̅˻˺̅̉̅˹́˿ 
̉̅̆̂˿˹̄̅˺̅, ̆̊̈́̅˹̅˺̅ ˿ ˿̃̆̊̂̓̈̄̅˺̅ ˺˷˾˷. 
˥˸̅̇̊˻̅˹˷̄˿˼ ̊̈̉˷̄̅˹̂˼̄̅ ˿ ̄˷˻˼˽̄̅ ̇˷˸̅̉˷˼̉ 
̄˷ ˹̈˼̌ ̄˷˻˹̅˻̄̒̌ ́̅̇˷˸̖̂̌ ˿ ̆̅˻˹̅˻̄̒̌ ̂̅˻-
́˷̌ Вˣ˫, ˷ ̉˷́˽˼ ́̅̃̆̇˼̈̈̅̇̄̒̌ ̈̉˷̄̍˿̖̌ ̃˷-
˺˿̈̉̇˷̂̓̄̒̌ ˺˷˾̅̆̇̅˹̅˻̅˹ «˪̌̉˷ – ˩̅̇˽̅́», 
˨ˣ˚ «˘̅˹˷̄˼̄́̅˹̅ – ˪̌̉˷», ˨˼˹˼̇̅-˜˹̇̅-
̆˼̀̈́̅˺̅ ˺˷˾̅̆̇̅˹̅˻˷, ˵˽̄̅˺̅ ̆̅̉̅́˷. 

˦̇˼˻̆̇˿̖̉˿˼ ˹̒̆̊̈́˷˼̉ ̏˿̇̅́˿̀ ˷̈̈̅̇-
̉˿̃˼̄̉ ̈˼̇˿̀̄̅̀ ̆̇̅˻̊́̍˿˿: 

́̅̃̆̇˼̈̈̅̇̒ (̇̅̉̅̇̄̒˼, ̆̅̇̏̄˼˹̒˼, ̃˼̃-
˸̇˷̄̄̒˼) ˿ ́̅̃̆̇˼̈̈̅̇̄̒˼ ̈̉˷̄̍˿˿ ̈ ́̅̄˼̎-
̄̒̃ ˻˷˹̂˼̄˿˼̃ ̅̉ 0,2 ˻̅ 42,0 ˣ˦˷ ˻̖̂ ̈˽˷̉˿̖ 
̇˷˾̂˿̎̄̒̌ ˺˷˾̅˹ (˹̅˾˻̊̌, ˷˾̅̉, ́˿̈̂̅̇̅˻, ˹̅˻̅-
̇̅˻, C˥2, ˷̇˺̅̄, ̆̇˿̇̅˻̄̒̀ ˺˷˾ ˿ ̉. ˻.); 

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

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

̃˷̏˿̄ ̅˸̑˼̃̄̅˺̅ ˹̒̉˼̈̄˼̄˿̖ ̈ ˹̇˷̐˷̐̕˿-
̃˿̖̈ ̇˷˸̅̎˿̃˿ ̅̇˺˷̄˷̃˿, ˹ ̎˷̈̉̄̅̈̉˿ ̇̅̉̅̇-
̄̒̌ ̄˷˺̄˼̉˷̉˼̂˼̀, – ̆̅̂̊̎˼̄˿˼ ̈˽˷̉̅˺̅ ˺˷˾˷ 
̄˿˾́̅˺̅ ˻˷˹̂˼̄˿̖ ˿ ̆˼̇˼́˷̎́˷ ̇˷˾̂˿̎̄̒̌ ˺˷˾̅˹ 
˹ ̆˿̐˼˹̅̀, ̃˼̉˷̂̂̊̇˺˿̎˼̈́̅̀, ˷̉̅̃̄̅̀ ˿ ̌˿-
̃˿̎˼̈́̅̀ ̆̇̅̃̒̏̂˼̖̄̄̅̈̉̌, ̄˷ ̆̄˼˹̃˷̉˿̎˼-
̈́̅̃ ̉̇˷̄̈̆̅̇̉˼, ̆̇˿ ̄˷˺̄˼̉˷̄˿˿ ˹̅˾˻̊̌˷ ˹ 
̆˼̎˿ ˿ ˻̖̂ ̃̄̅˺˿̌ ˻̇̊˺˿̌ ̍˼̂˼̀ [8]. 

ǎоǦǧǭǾ ǪǳǳǭǧǦоǤǢǯǪȁ 

˨̋˼̇˷ ̆̇˿̃˼̄˼̄˿̖ ̄˷˺̄˼̉˷̉˼̂˼̀ – ̉˷̃,  
˺˻˼ ̉̇˼˸̊˼̖̉̈ ̄˿˾́̅˼ ˹̒̌̅˻̄̅˼ ˻˷˹̂˼̄˿˼ ˿ 
˸̅̂̓̏˷̖ ̆̇̅˿˾˹̅˻˿̉˼̂̓̄̅̈̉̓. ˤ˷˿˸̅̂˼˼ ̇˷̈-
̆̇̅̈̉̇˷̄˼̄̄̒̀ ˿˾ ̈̊̐˼̈̉˹̊̐̕˿̌ ̉˿̆ ̄˷˺̄˼-
̉˷̉˼̖̂ ̄˿˾́̅˺̅ ˻˷˹̂˼̄˿̖ – ̄˷˺̄˼̉˷̉˼̂̓ ̉˿̆˷ 
˧̊̉̈ (Roots). 

В ̎˷̈̉̄̅̈̉˿, ̇̅̉̅̇̄̒̀ ̄˷˺̄˼̉˷̉˼̂̓ ˧̊̉̈ 
(Roots) ˿̈̆̅̂̓˾̊˼̖̉̈ ˻̖̂ ̆̅˻˷̎˿ ˸˼˾̃˷̖̈̂̄̅˺̅ 
˹̅˾˻̊̌˷ ˹ ˷̉̅̃̄̅̀, ̔̂˼́̉̇̅̄̄̅̀ ˿ ̆˿̐˼˹̅̀ 
̆̇̅̃̒̏̂˼̄̄̅̈̉˿. 

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

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

˛̖̂ ̇̅̉̅̇̄̒̌ ̄˷˺̄˼̉˷̉˼̂˼̀ ̄˼̅˸̌̅˻˿̃̅ 
˿̃˼̉̓ ˾˷˾̅̇̒ ̃˼˽˻̊ ˾̊˸̖̓̃˿ ̇̅̉̅̇̅˹ ̆̇˿ ̇˷-
˸̅̉˼ ̆̅ ˹̅˾̃̅˽̄̅̈̉˿ ̃˿̄˿̃˷̂̓̄̒̃˿, ̎̉̅˸̒ 
̊̉˼̎́˷ ˹̅˾˻̊̌˷ ̎˼̇˼˾ ̄˿̌ ˸̒̂˷ ̄˷˿̃˼̄̓̏˼̀. 
˛̖̂ ̆̅̂̊̎˼̄˿̖ ̄˷˿̃˼̄̓̏˼˺̅ ̔́̈̆̂̊˷̉˷̍˿̅̄-
̄̅˺̅ ˾˷˾̅̇˷ ̃˼˽˻̊ ̇˷̈̉̅̎́̅̀ ́̅̇̆̊̈˷ ˿ ̇̅̉̅-
̇˷̃˿ ̆̇˿̃˼̖̄̉̕ ˾˷̂˿˹́̊ ˹˼̇̏˿̄ ˾̊˸̓˼˹ ̖̃˺-
́˿̃ ̂˼˺́̅˿̈̉˿̇˷̐̕˿̖̃̈ ̃˼̉˷̂̂̅̃ [9]. В ̉̅ ˽˼ 
˹̇˼̖̃ ˻̅̂˽̄̅ ˸̒̉̓ ̅˸˼̈̆˼̎˼̄̅ ̅̉̈̊̉̈̉˹˿˼ ̈̅-
̆̇˿́̅̈̄̅˹˼̄˿̖ ˾̊˸̓˼˹ ̇̅̉̅̇̅˹ ˻̇̊˺ ̈ ˻̇̊˺̅̃. 
˫˷́̉̅̇˷̃˿, ́̅̉̅̇̒˼ ̆̇˿ ̇˷˸̅̉˼ ̄˷˺̄˼̉˷̉˼̖̂ 
˹̂˿̖̉̕ ̄˷ ˹˼̂˿̎˿̄̊ ˾˷˾̅̇̅˹ ̃˼˽˻̊ ̇̅̉̅̇˷̃˿, 
̖˹̖̖̂̉̈̕: 

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

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

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

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

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

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

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

˟˾˹˼̈̉̄̒ ̇˷˾̂˿̎̄̒˼ ̈̆̅̈̅˸̒ ˿˾˺̅̉̅˹̂˼-
̄˿̖ ̇˷˸̅̎˿̌ ́̅̂˼̈ ̄˷˺̄˼̉˷̉˼̂˼̀ ̉˿̆˷ «˧̊̉̈», 
̄̅ ˹̈˼ ̅̄˿ ˻̅̈̉˷̉̅̎̄̅ ̈̂̅˽̄̒ ˿ ̉̇̊˻̅˼̃́˿, ˷ 
̆̅̂̊̎˷˼̃̒˼ ̉˷́˿̃˿ ̈̆̅̈̅˸˷̃˿ ̇˷˸̅̎˿˼ ́̅̂˼̈˷ 
˿̃˼̉̕ ˸̅̂̓̏̊̕ ̃˼̉˷̂̂̅˼̃́̅̈̉̓ ˿ ̃˷̈̈̊ [13]. 

˥˻̄˿̃ ˿˾ ̈̅˹̇˼̃˼̄̄̒̌ ̈̆̅̈̅˸̅˹ ̋̅̇̃̅-
̅˸̇˷˾̅˹˷̄˿̖ ̅˸̑˼̃̄̒̌ ́̅̄̈̉̇̊́̍˿̀, ̆̅˾˹̅-
̖̂̐̕˿̃ ̈̄˿˾˿̉̓ ˾˷̉̇˷̉̒ ̄˷ ̃˷̉˼̇˿˷̂̒, 
̊̃˼̄̓̏˿̉̓ ̈̉̅˿̃̅̈̉̓ ̈ ̈̅̌̇˷̄˼̄˿˼̃ ̃˼̌˷̄˿-
̎˼̈́˿̌ ̈˹̅̀̈̉˹, ̖˹̖̂˼̖̉̈ ˿̈̆̅̂̓˾̅˹˷̄˿˼ ˹ 
́̅̄̈̉̇̊́̍˿˿ ̔̂˼̃˼̄̉̅˹, ˹̒̆̅̂̄˼̄̄̒̌ ̃˼̉̅-
˻̅̃ 3D ̆˼̎˷̉˿.  

ǎǧǴоǦǪǬǢ ǪǳǳǭǧǦоǤǢǯǪȁ 

В 2018 ˺̅˻̊ А˥ «К̅̃̆̇˼̈̈̅̇» ̇˷˾̇˷˸̅̉˷̂̅ 
˿ ˿˾˺̅̉̅˹˿̂̅ ̇̅̉˷̍˿̅̄̄̒̀ ́̅̃̆̇˼̈̈̅̇ 
˧К105/60 ̈ ˾̊˸̎˷̉̒̃˿ ̇̅̉̅̇˷̃˿, ˹̒̆̅̂̄˼̄-
̄̒̃˿ ̄˷ 3D ̆̇˿̄̉˼̇˼. ˤ˷ ˻˷̄̄̅˼ ˿˾̅˸̇˼̉˼̄˿˼ 
˸̒̂ ̆̅̂̊̎˼̄ ̆˷̉˼̄̉**. 

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

˧˼˸̇˷ ˿ ̄˷̇̊˽̄̒˼ ̈̉˼̄́˿ ˾̊˸̎˷̉̒̌ ̇̅̉̅̇̅˹ 
˹̒̆̅̂̄˼̄̒ ̉̅̂̐˿̄̅̀ ̄˼ ̃˼̄˼˼ 0,5 ̃̃. 

                                                      

* ˦˷̉. ̄˷ ˿˾̅˸̇˼̉˼̄˿˼ ˧˫ № 2 307 262 ˣ˦К F04C 
18/08, ˛˹̊̌̇̅̉̅̇̄̒̀ ́̅̃̆̇˼̈̈̅̇ / К̅̄˻̇̅˹ А.˵., 
К˿̈̉˼̄˼˹ ˚.В., ˢ˼̇̄˼̇ ˜.˟. ˤ̅̃˼̇ ˾˷̖˹́˿ 
2006113726/06. ˛˷̉˷ ̆̅˻˷̎˿ ˾˷̖˹́˿: 21.04.2006. 
˥̆̊˸̂˿́̅˹˷̄̅: 27.09.2007. ˘̂̕. № 27. 

** ˦˷̉. ̄˷ ˿˾̅˸̇˼̉˼̄˿˼ ˧˫ № 2 660 701 ˣ˦К 
F04C 18/12, ˧̅̉̅̇̄̒̀ ̄˷˺̄˼̉˷̉˼̂̓ / К̊˾̄˼̍̅˹ ˢ.˚.,     
К̊˾̄˼̍̅˹ ˵.ˢ., ˘̊̇˷́̅˹ А.В. ˤ̅̃˼̇ ˾˷̖˹́˿ 
2017135119. ˛˷̉˷ ̆̅˻˷̎˿ ˾˷̖˹́˿: 04.10.2017. ˥̆̊˸-
̂˿́̅˹˷̄̅: 09.07.2018. ˘̂̕. № 19. 
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˧˿̈. 2. ˨̌˼̃˷ ̇̅̉̅̇̄̅˺̅ ̄˷˺̄˼̉˷̉˼̖̂ ́̅̃̆̇˼̈̈̅̇˷ ˧К105/60 
Fig. 2. Rotary blower 

 
˧̅̉̅̇̄̒̀ ̄˷˺̄˼̉˷̉˼̂̓ (̇˿̈. 2) ̈̅˻˼̇˽˿̉ 

́̅̇̆̊̈ 1 ̈ ˹̌̅˻̄̒̃ ̆˷̉̇̊˸́̅̃ 2 ˿ ˹̒̌̅˻̄̒̃ 
̆˷̉̇̊˸́̅̃ 3. В ́̅̇̆̊̈˼ 1 ̇˷˾̃˼̐˼̄̒ ˹˼˻̊̐˿̀ 
̇̅̉̅̇ ̈ ̉̇˼̖̃ ˾̊˸̖̓̃˿ 4 ˿ ˹˼˻̅̃̒̀ ̇̅̉̅̇ ̈ 
̉̇˼̖̃ ˾̊˸̖̓̃˿ 5. ˤ˷ ̇̅̉̅̇˷̌ 4 ˿ 5 ̊̈̉˷̄̅˹̂˼̄̒ 
̈˿̄̌̇̅̄˿˾˿̇̊̐̕˿˼ ˾̊˸̎˷̉̒˼ ̏˼̈̉˼̇̄˿ 6, ˷ 
̈˷̃˿ ̇̅̉̅̇̒ 4 ˿ 5 ̊̈̉˷̄̅˹̂˼̄̒ ˹ ̆̅˻̏˿̆̄˿́˷̌ 
7. ˨˿̄̌̇̅̄˿˾˿̇̊̐̕˿˼ ˾̊˸̎˷̉̒˼ ̏˼̈̉˼̇̄˿ 6 ˿ 
̆̅˻̏˿̆̄˿́˿ 7 ˿˾̅̂˿̇̅˹˷̄̒ ̅̉ ̆̅̂̅̈̉˿ ̈˽˷-
̉˿̖ ˺˷˾˷ ˿ ̈̃˷˾̒˹˷̖̉̈̕ ̃˷̈̂̅̃. ˧̅̉̅̇̒ 4 ˿ 5 
˿̃˼̉̕ ˺˷̇˷̄̉˿̇̅˹˷̄̄̒̀ ˾˷˾̅̇, ̄˼ ̈̅̆̇˿́˷̈˷-
̖̉̈̕ ̄˿ ˻̇̊˺ ̈ ˻̇̊˺̅̃, ̄˿ ̈ ́̅̇̆̊̈̅̃, ̎̉̅ 
̅˸˼̈̆˼̎˿˹˷˼̉ ̅̉̈̊̉̈̉˹˿˼ ̄˼̅˸̌̅˻˿̃̅̈̉˿ ˹ 
̈̃˷˾́˼ ˹̄˼̏̄˿̌ ̆̅˹˼̇̌̄̅̈̉˼̀ ˾̊˸̓˼˹ ̇̅̉̅̇̅˹. 

˧̅̉̅̇̒ 4, 5 ˹̒̆̅̂̄˼̄̒ ̈ ˹̄̊̉̇˼̄̄˿̃˿ ̆̅-
̖̂̅̈̉̃˿ 8, ̅˸̇˷˾̅˹˷̄̄̒̃˿ ̆̅ ˹̈˼̀ ˻̂˿̄˼ ̇̅-
̉̅̇̅˹ ˹˾˷˿̃̅̆˼̇˼̈˼́˷̐̕˿̃˿̖̈ ̆̇̅˻̅̂̓̄̒̃˿ 
9 ˿ ̆̅̆˼̇˼̎̄̒̃˿ 10 ̇˼˸̇˷̃˿ ˿ ̄˷̇̊˽̄̒̃˿ 
̈̉˼̄́˷̃˿ 11. ˧̅̉̅̇̒ 4, 5 ˿˾˺̅̉̅˹̂˼̄̒ ̃˼̉̅˻̅̃ 
̉̇˼̌̃˼̇̄̅̀ ̆˼̎˷̉˿ ̄˷ 3D ̆̇˿̄̉˼̇˼. 

В̄̊̉̇˼̄̄˿˼ ̆̅̂̅̈̉˿ 8 (̇˿̈. 3), ̅˸̇˷˾̅˹˷̄-
̄̒˼ ̆̇̅˻̅̂̓̄̒̃˿ ̇˼˸̇˷̃˿ 9 (̇˿̈. 4), ˿̃˼̉̕ 

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

В ˻̇̊˺̅̃ ˹˷̇˿˷̄̉˼ ˿̈̆̅̂̄˼̄˿̖ ˹̄̊̉̇˼̄̄˿˼ 
̆̅̂̅̈̉˿ 8 (̇˿̈. 5), ̅˸̇˷˾̅˹˷̄̄̒˼ ̆̇̅˻̅̂̓̄̒-
̃˿ ̇˼˸̇˷̃˿ 9, ˿̃˼̉̕ ̋̅̇̃̊ ̏˼̈̉˿˺̇˷̄̄̅̀ 
̆̇˿˾̃̒ (˿̄˷̎˼ ˺̅˹̖̅̇, ̋̅̇̃̊ ̈̅̉). 

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

˧˼˸̇˷ 9, 10 ˿ ˹̄˼̏̄˿˼ ̈̉˼̄́˿ 11 ̇̅̉̅̇̅˹ 
˹̒̆̅̂̄˼̄̒ ̉̅̂̐˿̄̅̀ ̄˼ ̃˼̄˼˼ 0,5 ̃̃. 

˦̅̆˼̇˼̎̄̒˼ ̇˼˸̇˷ ˹̒̆̅̂̄˼̄̒ ̆˼̇̆˼̄˻˿-
̖́̊̂̇̄̅ ́ ̅̈˿ ̇̅̉̅̇˷ ˿̂˿ ̆̅˻ ̊˺̂̅̃ ́ ̄˼̀ ˿ ̈ 
̏˷˺̅̃ ̄˼ ̃˼̄˼˼ ̖̆̉˿ ̉̅̂̐˿̄ ̇˼˸˼̇. ˤ˷̆̇˿-
̃˼̇, ̄˷ ̇˿̈. 5 ̆̅́˷˾˷̄̒ ˹̄̊̉̇˼̄̄˿˼ ̆̅̆˼̇˼̎-
̄̒˼ ̇˼˸̇˷ 10 ̇̅̉̅̇˷, ̇˷̈̆̅̂̅˽˼̄̄̒˼ ̈ ̏˷˺̅̃, 
̇˷˹̄̒̃ ˻˼̖̈̉˿ ̉̅̂̐˿̄˷̃ ̇˼˸̇˷. 
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˧˿̈. 3. В̄̊̉̇˼̄̄˿˼ ̆̅̂̅̈̉˿ ̇̅̉̅̇˷ ˹ ̋̅̇̃˼ ̈˼́̉̅̇˷ ̍˿̂˿̄˻̇˷ 
Fig. 3. Internal cavities of a rotor in the form of a sector a cylinder 
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˧˿̈. 4. ˦̇̅˻̅̂̓̄̒˼ ̇˼˸̇˷ 
Fig. 4. Longitudinal ribs 
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˧˿̈. 5. В̄̊̉̇˼̄̄˿˼ ̆̅̂̅̈̉˿ ̇̅̉̅̇˷ ˹ ̋̅̇̃˼ ̈̅̉ 
Fig. 5. Internal cavities of a rotor in the form of honeycombs 
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˧˿̈. 6. ˧̅̉̅̇̒, ˹̒̆̅̂̄˼̄̄̒˼ ̄˷ 3D ̆̇˿̄̉˼̇˼ (̈̂˼˹˷ ̄˷̆̇˷˹̅: ̆̅̂˿˷̃˿˻, ̃˼̉˷̂̂, А˘˨-̆̂˷̈̉˿́) 
Fig. 6. Rotors made on a 3D printer (from left to right: polyamide, metal, ABS- plastic) 

 

ˤ˷˺̄˼̉˷̉˼̂̓ ̇˷˸̅̉˷˼̉ ̈̂˼˻̊̐̕˿̃ ̅˸̇˷˾̅̃. 
ˤ˷˺̄˼̉˷̉˼̂̓ (̈̃. ̇˿̈. 2) ̆̇˿˹̅˻˿̖̉̈ ˹ ˻˼̀̈̉˹˿˼ 
˹̇˷̐˼̄˿˼̃ ́̅̄̍˷ ˹˷̂˷ ˹˼˻̊̐˼˺̅ ̇̅̉̅̇˷ 4, 
̄˷̆̇˿̃˼̇ ̅̉ ̔̂˼́̉̇̅˻˹˿˺˷̉˼̖̂ (̄˼ ̆̅́˷˾˷̄). В˼-
˻̊̐˿̀ ̇̅̉̅̇ ̈ ˾̊˸̖̓̃˿ 4 ˹̇˷̐˷˼̖̉̈ ˿ ̎˼̇˼˾ ̈˿̄-
̌̇̅̄˿˾˿̇̊̐̕˿˼ ̏˼̈̉˼̇̄˿ 6, ̄˷̈˷˽˼̄̄̒˼ ̄˷ ̇̅-
̉̅̇̒ 4 ˿ 5, ̆˼̇˼˻˷˼̉ ˹̇˷̐˼̄˿˼ ˹˼˻̅̃̅̃̊ ̇̅̉̅̇̊ 
5. ˧̅̉̅̇̒ 4 ˿ 5 ̈˿̄̌̇̅̄̄̅ ˹̇˷̐˷̖̉̈̕. ˧̅̉̅̇̒ 4 
˿ 5 ̈̄˷˸˽˼̄̒ ˿˻˼̄̉˿̎̄̒̃˿ ˾̊˸̖̓̃˿, ˿̃˼̐̕˿-
̃˿ ̈̆˼̍˿˷̂̓̄̒̀ ̆̇̅̋˿̂̓, ˺˷̇˷̄̉˿̇̊̐̕˿̀ ̃˿-
̄˿̃˷̂̓̄̒̀ ˾˷˾̅̇ ̃˼˽˻̊ ̇̅̉̅̇˷̃˿ ˿ ́̅̇̆̊̈̅̃ 1. 
ˮ˷̈̉̅̉˷ ˹̇˷̐˼̄˿̖ ̇̅̉̅̇̅˹ ̃̅˽˼̉ ̈̅̈̉˷˹̖̂̉̓ ̅̉ 
500 ˻̅ 6000 ̅˸/̃˿̄. ˚˷˾ ̆̅̈̉̊̆˷˼̉ ̄˷ ˹̌̅˻ ˹ ́̅̇-
̆̊̈ ̄˷˺̄˼̉˷̉˼̖̂ ̎˼̇˼˾ ̆˷̉̇̊˸̅́ 2. ˦̇˿ ˹̇˷̐˼̄˿˿ 
̇̅̉̅̇̒ 4 ˿ 5 ˾˷̌˹˷̉̒˹˷̉̕ ˹̌̅˻̖̐˿̀ ̆̅̉̅́ ˺˷˾˷ 
˿˾ ˹̈˷̈̒˹˷̐̕˼˺̅ ̆˷̉̇̊˸́˷ 2, ̆̅̈̉˼̆˼̄̄̅ ˿˾̅̂˿-
̇̊̉̕ ˼˺̅ ˹ ̖̆̅̂̅̈̉̌ ̃˼˽˻̊ ˾̊˸̖̓̃˿, ̈˽˿̃˷̉̕, 
̆˼̇˼̃˼̐˷̉̕ ˿ ˹̒̉˷̂́˿˹˷̉̕ ́ ̄˷˺̄˼̉˷̉˼̂̓̄̅̃̊ 
̆˷̉̇̊˸́̊ 3. ˛˼̀̈̉˹̊̐̕˿˼ ̄˷ ̇̅̉̅̇ ̈ ˾̊˸̖̓̃˿ 
̆̇˿ ̇˷˸̅̉˼ ̄˷˺̄˼̉˷̉˼̖̂ ˿˾˺˿˸˷̐̕˿˼ ̈˿̂̒ ˹̅̈-
̆̇˿̄˿̃˷̖̉̈̕ ̆̇̅˻̅̂̓̄̒̃˿ ̇˼˸̇˷̃˿, ̈́̇̊̎˿-
˹˷̐̕˿˼ ̈˿̂̒ ˹̅̈̆̇˿̄˿̃˷̖̉̈̕ ̆̅̆˼̇˼̎̄̒̃˿ 
̇˼˸̇˷̃˿, ̈˿̂̒ ̅̉ ˹̄˼̏̄˼˺̅ ˻˷˹̂˼̄˿̖ ˺˷˾˷ ˹̅̈-

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

˞˷ ̈̎˼̉ ̆̇̅˿˾˹̅˻̈̉˹˷ ˾̊˸̎˷̉̒̌ ̇̅̉̅̇̅˹ ̃˼-
̉̅˻̅̃ ̉̇˼̌̃˼̇̄̅̀ ̆˼̎˷̉˿ ̄˷ 3D ̆̇˿̄̉˼̇˷̌ ˻̅-
̈̉˿˺˷˼̖̉̈ ̊̆̇̅̐˼̄˿˼ ̉˼̌̄̅̂̅˺˿˿ ˿˾˺̅̉̅˹̂˼̄˿̖. 

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

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

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

˞̊˸̎˷̉̒˼ ̇̅̉̅̇̒ ̄˷˺̄˼̉˷̉˼̖̂ ̃̅˺̊̉ ˸̒̉̓ 
̈̅˾˻˷̄̒ ˿˾ ̆̂˷̈̉˿́˷, ̃˼̉˷̂̂˷ ˿̂˿ ˿̄̅˺̅ ̃˷̉˼-
̇˿˷̂˷, ̆̇˿˺̅˻̄̅˺̅ ˻̖̂ ̉̇˼̌̃˼̇̄̅̀ ̆˼̎˷̉˿ (̈̃. 
̇˿̈. 6). ˥̈̄̅˹̄̒̃ ˽˼ ̃˷̉˼̇˿˷̂̅̃ ˻̖̂ ˿˾˺̅̉̅˹-
̂˼̄˿̖ ̇̅̉̅̇̅˹ ˹˿̄̉̅˹̒̌ ́̅̃̆̇˼̈̈̅̇̅˹ ̈̂̊˽˷̉ 
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˧˿̈. 7. ˫̅̉̅ ̇˷˾̇˼˾˷ ̇̅̉̅̇˷, ˹̒̆̅̂̄˼̄̄̒̀ ̄˷ 3D ̆̇˿̄̉˼̇˼ 
Fig. 7. Photo of the rotor section made on a 3D printer 

 

̇˷˾̂˿̎̄̒˼ ̃˷̇́˿ ̈̉˷̂˿. ˦̇˿̃˼̖̖̄̉̈̕, ́̇̅̃˼ 
̉̅˺̅, ̎̊˺̊̄ ˿ ̆̂˷̈̉̃˷̈̈̒, ˷ ̉˷́˽˼ ̈̆˼̍˿˷̂̓̄̒˼ 
̃˷̇́˿ ˺̇˷̋˿̉̅˹ ˻̖̂ ̇̅̉̅̇̅˹, ̇˷˸̅̉˷̐̕˿̌ ˹ 
̅˸̂˷̈̉˿ ˹̒̈̅́˿̌ ̉˼̃̆˼̇˷̉̊̇. ˦̇˿ ̔̉̅̃, ˻˷˽˼ 
˼̈̂˿ ˿̈̆̅̂̓˾̊˼̃̒̀ ̃˷̉˼̇˿˷̂ ̆˼̎˷̉˿ ˿̃˼˼̉ 
̄˿˾́˿˼ ̃˼̌˷̄˿̎˼̈́˿˼ ̈˹̅̀̈̉˹˷ (́˷́, ̄˷̆̇˿-
̃˼̇, ̊ ̆̂˷̈̉˿́˷), ̆̅ ̇˷̈̎˼̉̊ ̆̅˻˸˿̇˷̉̕ ̄˼̅˸-
̌̅˻˿̃̒̀ ̇˷˾̃˼̇, ́̅̂˿̎˼̈̉˹̅ ˿ ́̅̄̋˿˺̊̇˷̍˿̕ 
˹̄̊̉̇˼̄̄˿̌ ̇˼˸˼̇. ˟˾ ˹̈˼̌ ̆̅̂˿̃˼̇̅˹ ̄˷˿˸̅-
̂˼˼ ̆̅˻̌̅˻˿̉ ̆̅ ̋˿˾˿̎˼̈́˿̃ ̈˹̅̀̈̉˹˷̃ ̆̅̂˿-
˷̃˿˻ ˦-66, ́̅̉̅̇̒̀ ˿̃˼˼̉ ̄˷˿˸̅̂˼˼ ˹̒̈̅́̊̕ 
̉˼̃̆˼̇˷̉̊̇̊ ̆̂˷˹̂˼̄˿̖ [14], ̎̉̅ ̆̅˾˹̖̅̂˼̉ ˿̈-
̆̅̂̓˾̅˹˷̉̓ ˼˺̅ ˻̖̂ ˿˾˺̅̉̅˹̂˼̄˿̖ ˻˼̉˷̂˼̀, 
̊̈̉̅̀̎˿˹̒̌ ́ ˹̒̈̅́˿̃ ̉˼̃̆˼̇˷̉̊̇˷̃. ˧˷˾̇˷˸̅-
̉˷̄˷ ̉˷́˽˼ ́̅̄̈̉̇̊́̍˿̖ ̇̅̉̅̇˷ ̈ ̆̂˷̈̉˿́̅˹̒̃ 
̆̅́̇̒̉˿˼̃ [15].  

ǐǳǯоǤǯǽǧ ǲǧǩǵǭǾǴǢǴǽ 

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

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

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

ǉǢǬǭȀǹǧǯǪǧ 

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

˦̅̃˿̃̅ ̔̉̅˺̅, ̃˷̈̈˷ ̇̅̉̅̇̅˹ ̃̅˽˼̉ ˸̒̉̓ 
̈̄˿˽˼̄˷ ˹ 4–6 ̇˷˾, ̎̉̅ ̊̃˼̄̓̏˿̉ ̃˷̈̈̊ ˹̈˼˺̅ 
́̅̃̆̇˼̈̈̅̇˷ ̄˷ 5–15 %. 

˩˷́˿̃ ̅˸̇˷˾̅̃, ̆̇˼˻̂̅˽˼̄̄̅˼ ̔̋̋˼́̉˿˹-
̄̅˼ ˿̈̆̅̂̓˾̅˹˷̄˿˼ 3D ̆˼̎˷̉˿ ˻̖̂ ˿˾˺̅̉̅˹̂˼-
̄˿̖ ˻˼̉˷̂˼̀ ̃̅˽˼̉ ̆̇˿̃˼̖̖̄̉̓̈ ̄˼ ̉̅̂̓́̅ ˹ 
̇̅̉̅̇̄̒̌ ̄˷˺̄˼̉˷̉˼̖̂̌ ̄˿˾́̅˺̅ ˻˷˹̂˼̄˿̖, ̄̅ ˿ 
̆̇˿ ˿˾˺̅̉̅˹̂˼̄˿˿ ˻̇̊˺˿̌, ˸̅̂˼˼ ̈̂̅˽̄̒̌ ̔̂˼-
̃˼̄̉̅˹ ́̅̃̆̇˼̈̈̅̇̄̅˺̅ ̅˸̅̇̊˻̅˹˷̄˿̖, ̎̉̅ 
̆̅˾˹̅̂˿̉ ̊̃˼̄̓̏˿̉̓ ̔́̈̆̂̊˷̉˷̍˿̅̄̄̒˼ ˾˷̉̇˷-
̉̒ ˿ ̈̄˿˾˿̉̓ ̈̉̅˿̃̅̈̉̓ ́̅̃̆̇˼̈̈̅̇̅˹.  
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