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РАБОТАЮЩЕГО НА СПИРТЕ 

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

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

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

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

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

̆̅́˷˾˷̉˼̂˼̀ ˻˿˾˼̖̂ ̆̊̉˼̃ ̆̇˿̃˼̄˼̄˿̖ ̈̆˿̇̉̅-̉̅̆̂˿˹̄̒̌ ̔̃̊̂̓̈˿̀, ̎̉̅ ̆̅˾˹̖̅̂˼̉ ̈̄˿˾˿̉̓ ˹ ̅̉̇˷-
˸̅̉˷˹̏˿̌ ˺˷˾˷̌ ̆̇˿ ̇˷˸̅̉˼ ̄˷ ̃˼̉˷̄̅̂̅-̉̅̆̂˿˹̄̅̀ ̔̃̊̂̓̈˿˿ ̈̅˻˼̇˽˷̄˿˼ ̅́̈˿˻̅˹ ˷˾̅̉˷ – ̄˷ 
41,3 %, ̈˷˽˿ – ˹ 6,9 ̇˷˾˷, ˻˿̅́̈˿˻˷ ̊˺̂˼̇̅˻˷ – ̄˷ 6,7 %, ̅́̈˿˻˷ ̊˺̂˼̇̅˻˷ – ̄˷ 45,0 %; ̆̇˿ ̇˷˸̅̉˼ ̄˷ 
̔̉˷̄̅̂̅-̉̅̆̂˿˹̄̅̀ ̔̃̊̂̓̈˿˿: ̅́̈˿˻̅˹ ˷˾̅̉˷ – ̄˷ 50,2 %, ̈˷˽˿ – ˹ 5,2 ̇˷˾˷, ˻˿̅́̈˿˻˷ ̊˺̂˼̇̅˻˷ – ̄˷ 
23,8 %, ̅́̈˿˻˷ ̊˺̂˼̇̅˻˷ – ̄˷ 25,0 %. 
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STUDY ON TOXICITY OF BIODIESEL ENGINE  

RUNNING ON ALCOHOL 

The paper substantiates the need for using biofuels based on alcohol in diesel engines. Such renewable 

environmental energy sources as methyl and ethyl alcohols were investigated. In order to develop, deter-

mine and optimize the composition of alcohol-fuel emulsions for use in diesel, studies were carried out 

for engines running on diesel fuel, methanol and ethanol fuel emulsions. We have found a promising so-

lution to improve the environmental performance of diesel through using alcohol fuel emulsions, allow-

ing to reduce the content of exhaust gases for engines running on methanol fuel emulsion: nitrogen ox-

ides by 41.3 %, soot by 6.9 times, carbon dioxide by 6.7 %, carbon monoxide by 45.0 %; for engines run-

ning on ethanol fuel emulsion: nitrogen oxides by 50.2 %, soot by 5.2 times, carbon dioxide by 23.8 %, 

carbon monoxide by 25.0 %. 
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Энергетика и электротехника

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

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

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

˜˴К ˥˥ˤ. В ̄˷̖̈̉̅̐˼˼ ˹̇˼̖̃ ̔́̅̂̅˺˿̎˼̈́˿˼ 
̉̇˼˸̅˹˷̄˿̖ ́ ˻˿˾˼̖̂̃ ̄˷˿˸̅̂˼˼ ̆̇˿̅̇˿̉˼̉̄̒, 

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

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

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

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

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

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

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

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

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

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

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

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

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

ˤ˷˿˸̅̂˼˼ ˿̈̈̂˼˻̅˹˷̄̄̒̃˿ ˿ ̆˼̇̈̆˼́̉˿˹-

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

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

(˨ˤ3˥ˤ) ˿ ̔̉˷̄̅̂ (˨2ˤ5˥ˤ). ˨̇˼˻˿ ̆̅̂̅˽˿-

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

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

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

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

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

˿ ˨˥ ˹ ̆̇̅˻̊́̉˷̌ ˼˺̅ ̈˺̅̇˷̄˿̖. ˴̉˷̄̅̂ ̏˿̇̅-

́̅ ˿̈̆̅̂̓˾̊˼̖̉̈ ˹ ̆˿̐˼˹̅̀ ̆̇̅̃̒̏̂˼̄̄̅̈̉˿, 

̆˷̇̋̃̕˼̇˿˿, ̃˼˻˿̍˿̄˼, ̌˿̃˿̎˼̈́̅̀ ̆̇̅-

̃̒̏̂˼̄̄̅̈̉˿, ́̅˽˼˹˼̄̄̅̀ ̆̇̅̃̒̏̂˼̄̄̅̈̉˿, 

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

̄˼̎̄̅ ˽˼, ˹ ̉̅̆̂˿˹̄̅̀ ̆̇̅̃̒̏̂˼̄̄̅̈̉˿. ˣ˼-
̉˷̄̅̂ ̄˷̏ё̂ ˸̅̂̓̏̅˼ ̆̇˿̃˼̄˼̄˿˼ ˹ ̌˿̃˿̎˼-

̈́̅̀ ̆̇̅̃̒̏̂˼̄̄̅̈̉˿, ˿ ̄˼̃˷̂̒˼ ˼˺̅ ̅˸̑ё̃̒ 

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

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

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

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

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

̉̅̆̂˿˹˷. ˤ̅ ˸̅̂˼˼ ˹˷˽̄˷̖ ̆̇˿̎˿̄˷ ˹ ̆̇˿̃˼̄˼-
̄˿˿ ̃˼̉˷̄̅̂˷ ˿ ̔̉˷̄̅̂˷ – ̔̉̅ ̈̄˿˽˼̄˿˼ ˹̒-

˸̇̅̈̅˹ ̉̅́̈˿̎̄̒̌ ́̅̃̆̅̄˼̄̉̅˹ ˥˚ (̇˿̈. 1) [3]. 

˦̇˿ ˿̈̆̅̂̓˾̅˹˷̄˿˿ ̈̆˿̇̉̅˹ ́˷́ ̉̅̆̂˿˹˷ 

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

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

̆̇̅˿̈̌̅˻˿̉ ˹̈̂˼˻̈̉˹˿˼ ̉̅˺̅, ̎̉̅ ̆̇˿ ˺̅̇˼̄˿˿ 

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

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

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

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

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

˼˻˿̄˼̄˿̀ ̈˼̇̒. ˨̆˿̇̉ ̈̅ ̈˹̅˼̀ ˸̅̂˼˼ ̆̇̅̈̉̅̀ 

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

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

̇̅˹ ˸̅̂˼˼ «̎˿̈̉̅˺̅ ̈˺̅̇˷̄˿̖» ̉̅̆̂˿˹˷ [4]. 

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

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

̂̅̉˷ ˿̈̆˷̇˼̄˿̖ ̆̇˿ ̄˿˾́̅̀ ̉˼̃̆˼̇˷̉̊̇˼ ́˿̆˼-
̄˿̖ (1104 ́˛˽/́˺ ̆̇̅̉˿˹ 250 ́˛˽/́˺ ̊ ̏̉˷̉̄̅-

˺̅ ˻˿˾˼̂̓̄̅˺̅ ̉̅̆̂˿˹˷). ˴̉̅ ̆̇˿˹̅˻˿̉ ́ ̅̌̂˷-
˽˻˼̄˿̕ ˹̅˾˻̊̏̄̅˺̅ ˾˷̖̇˻˷ ˹̈̂˼˻̈̉˹˿˼ ˿̈̆˷̇˼-
̄˿̖ ̈̆˿̇̉˷ ̆̇˿ ̄˿˾́˿̌ ̍˼̉˷̄̅˹̒̌ ̎˿̈̂˷̌ ˿ ˹̒-

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

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

̐̓̕ ˻̅̆̅̂̄˿̉˼̂̓̄̅ ̊̈̉˷̄̅˹̂˼̄̄̒̌ ˿̈̉̅̎̄˿-

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

́̅̉̅̇̒˼ ̈̆̅̈̅˸̈̉˹̊̉̕ ̈̄˿˽˼̄˿̕ ̉˼̃̆˼̇˷̉̊̇̒ 

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

̇˼̄˿̖. ˜̐ё ̅˻˿̄ ̔̋̋˼́̉˿˹̄̒̀ ̈̆̅̈̅˸ ˹̅̈̆̂˷-
̃˼̄˼̄˿̖ ̃˼̉˷̄̅̂˷ ˹ ́˷̃˼̇˼ ̈˺̅̇˷̄˿̖ ˻˿˾˼̖̂ –
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˧˿̈. 1. ˥̉̄̅̈˿̉˼̂̓̄̅˼ ̈̅˻˼̇˽˷̄˿˼ ˹̇˼˻̄̒̌ ˹˼̐˼̈̉˹ ˹ ˥˚ ˻˿˾˼̂̓̄̒̌  

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

(˾˷ 100 % ̆̇˿̖̄̉̅ ̈̅˻˼̇˽˷̄˿˼ ̈˷˽˿ ˻̖̂ ˻˿˾˼̂̓̄̅˺̅ ̉̅̆̂˿˹˷) 

Fig. 1. The relative content of harmful substances in the EG  

of diesel engines running on diesel fuel and alcohols, %  

(for 100 % diesel fuel on soot is accepted) 

 

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

̉̅̆̂˿˹˷ ˹ ́˷̃˼̇̊ ̈˺̅̇˷̄˿̖. ˨ ̍˼̂̓̕ ̊̂̊̎̏˼̄˿̖ 

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

̄̅ ̈ ̆̅˻˷̎˼̀ ̈̆˿̇̉˷ (̅̈̄̅˹̄̅˼ ˸˿̅̉̅̆̂˿˹̅) 

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

˾˼̂̓̄̅˺̅ ̉̅̆̂˿˹˷ [5]. 

˩̇˼˸̊˼̃̒˼ ̋˿˾˿́̅-̌˿̃˿̎˼̈́˿˼ ̈˹̅̀̈̉˹˷ 

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

̈̆̅̈̅˸̄̒̌ ̅˸˼̈̆˼̎˿̉̓ ̔́̈̆̂̊˷̉˷̍˿̅̄̄̒˼, 
̔́̅̄̅̃˿̎˼̈́˿˼ ˿ ̔́̅̂̅˺˿̎˼̈́˿˼ ̆̅́˷˾˷̉˼̂˿. 

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

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

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

˾̄˷́˷̃ ̖̖̅̉̄̅̈̉̈: ̄˿˾̏˷̖ ̉˼̆̂̅̉˷ ̈˺̅̇˷̄˿̖, 

˹̖˾́̅̈̉̓, ̆̂̅̉̄̅̈̉̓, ̋˿̂̓̉̇̊˼̃̅̈̉̓, ̉˼̃̆˼̇˷-
̉̊̇˷ ˾˷̈̉̒˹˷̄˿̖, ́̅́̈̊˼̃̅̈̉̓, ̍˼̉˷̄̅˹̅˼ ̎˿̈-
̂̅ ˿ ˻̇. (̉˷˸̂. 1) [6].  

˛˷̄̄̒˼ ̉˷˸̂. 1 ̄˷˺̖̂˻̄̅ ˻˼̃̅̄̈̉̇˿̇̊̉̕ 
̈̌̅˽˼̈̉̓ ̆˷̇˷̃˼̉̇̅˹ ˸˿̅̉̅̆̂˿˹˷ ̈ ˻˿˾˼̂̓̄̒̃ 

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

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

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

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

̔̉̅̃̊ ˸̒̂̅ ̆̇˿̖̄̉̅ ̇˼̏˼̄˿˼ ̅ ̆̇˿̃˼̄˼̄˿˿ 

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

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

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

̏̉˷̉̄̅̃̊ ˻˿˾˼̂̓̄̅̃̊ ̉̅̆̂˿˹̊ [7]. 

ǘǧǭǾ ǦǢǯǯоǫ ǲǢбоǴǽ – ̆̇˿̃˼̄˼̄˿˼ ̔́̅̂̅-

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

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

̄̅̃˿˿ ̄˼̖̋̉̄̅˺̅ ̃̅̉̅̇̄̅˺̅ ̉̅̆̂˿˹˷. 



 

 

95 

Энергетика и электротехника

˩ ˷ ˸ ̂ ˿ ̍ ˷  1  

ǖǪǩǪǬо-ǷǪмǪǹǧǳǬǪǧ ǷǢǲǢǬǴǧǲǪǳǴǪǬǪ бǪоǴоǱǭǪǤǢ Ǫ ǦǪǩǧǭǾǯоǥо ǴоǱǭǪǤǢ 

T a b l e  1  

Physical and chemical characteristics of biofuels and diesel fuel 

˩̅̆̂˿˹̅  

ˬ˷̇˷́̉˼̇˿̈̉˿́˿ ̉̅̆̂˿˹˷ 

˦̂̅̉̄̅̈̉̓ ̆̇˿ 20 ˨, 

́˺/̃3 

К˿̄˼̃˷̉˿̎˼̈́˷̖ ˹̖˾́̅̈̉̓ 

̆̇˿ 20 ˨, ̃̃2/̈ 
ˤ˿˾̏˷̖ ̉˼̆̂̅̉˷ 

 ̈˺̅̇˷̄˿̖, ˣ˛˽/̃3 

˭˼̉˷̄̅˹̅˼ 
̎˿̈̂̅ 

ˣ˼̉˷̄̅̂ 795 0,55 20,0 3 

˴̉˷̄̅̂ 790 1,20 27,4 8 

˧˷̆̈̅˹̅˼ ̃˷̈̂̅ 877 80 36,7 44 

ˣ˴˧ˣ 860–900 12 37,2 51 

˛˿˾˼̂̓̄̅˼ ̉̅̆̂˿˹̅ 863 3,0–6,0 42,5 45 

 

ǎǧǴоǦǪǬǢ ǪǳǳǭǧǦоǤǢǯǪǫ 

˛̖̂ ̆̇̅˹˼˻˼̄˿̖ ˿̈̈̂˼˻̅˹˷̄˿̀ ̈̅˾˻˷̄˷ 

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

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

̉̇˷́̉̅̇̅˹ В̖̉̈́̅̀ ˺̅̈̊˻˷̇̈̉˹˼̄̄̅̀ ̈˼̂̓̈́̅-

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

˸˷˾˷ ˹́̂̎̕˷˼̉ ̔̂˼́̉̇̅̉̅̇̃̅˾̄̅̀ ̈̉˼̄˻ SAK-

N670 ̈ ˸˷̂˷̄̈˿̇̄̒̃ ̃˷̖̉̄˿́̅˹̒̃ ̃˼̌˷̄˿˾-
̃̅̃, ̊̈̉˷̄˷˹̂˿˹˷˼̃̒˼ ̄˷ ̄˼˺̅ ˻˿˾˼̂˿, ˿˾̃˼-
̇˿̉˼̂̓̄̊̕ ˷̆̆˷̇˷̉̊̇̊. ˦̇˿˺̅̉̅˹̂˼̄˿˼ ̔̃̊̂̓-

̈˿̀ ̅̈̊̐˼̈̉˹̖̂̂̅̈̓ ˺̅̃̅˺˼̄˿˾˷̉̅̇̅̃ MPW-

302 ̆̇˿ ̎˷̈̉̅̉˼ ˹̇˷̐˼̄˿̖ ˹˷̂˷ 2000 ̃˿̄–1. ˥̉-
˸̅̇ ̆̇̅˸ ˥˚ ̆̇̅˿˾˹̅˻˿̖̂̈ ˺˷˾̅˾˷˸̅̇̄˿́˷̃˿ 

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

(А˨˚А-˩), ̊̈̉˷̄̅˹̂˼̄̄̒̃˿ ˹ ˹̒̆̊̈́̄̅̃ ̉̇̊-

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

˺˷˾̅˹ ˿˾̃˼̖̇̂˷̈̓ ̈ ̆̅̃̅̐̓̕ ˻̒̃̅̃˼̇˷ 
«BOSCH-EFAW-68A» [8, 9]. 

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

̐˿̀ ̈̅̈̉˷˹, %: ̈̆˿̇̉ – 25, ̃̅̐̕˼-˻˿̈̆˼̇-

˺˿̇̊̐̕˷̖ ̆̇˿̈˷˻́˷ ̈̊́̍˿̄˿̃˿˻ ˨-5А – 0,5, 

˹̅˻˷ – 7, ˻˿˾˼̂̓̄̅˼ ̉̅̆̂˿˹̅ – 67,5 [10]. 

ǒǧǩǵǭǾǴǢǴǽ Ǫ обǳǵǨǦǧǯǪǧ 

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

̉̅̆̂˿˹̄̅̀ ̔̃̊̂̓̈˿˿ (ˣ˩˴) ˿ ̔̉˷̄̅̂̅-

̉̅̆̂˿˹̄̅̀ ̔̃̊̂̓̈˿˿ (˴˩˴) ˹ ˾˷˹˿̈˿̃̅̈̉˿ ̅̉ 

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

̉̅̆̂˿˹˷ (Θ˹̆̇). 

А̄˷̂˿˾ ́̇˿˹̒̌ ̉̅́̈˿̎̄̅̈̉˿ ˥˚ ˻˿˾˼̖̂, ̇˷-
˸̅̉˷̐̕˼˺̅ ̆̅ ˻˿˾˼̂̓̄̅̃̊ ̆̇̅̍˼̈̈̊, ̆̅́˷˾̒˹˷˼̉, 
̎̉̅ ̈ ̊˹˼̂˿̎˼̄˿˼̃ ̊̈̉˷̄̅˹̅̎̄̅˺̅ ̊˺̂˷ ̅̆˼̇˼˽˼-
̄˿̖ ˹̆̇̒̈́˿˹˷̄˿̖ ̉̅̆̂˿˹˷ Θ˹̆̇ ̆̇̅˿̈̌̅˻˿̉ ̇̅̈̉ 
̅́̈˿˻̅˹ ˷˾̅̉˷ NOx ˿ ̈̊̃̃˷̇̄̒̌ ̊˺̂˼˹̅˻̅̇̅˻̅˹ 

CHx. ˨̅˻˼̇˽˷̄˿˼ ̅́̈˿˻˷ ̊˺̂˼̇̅˻˷ ˨˥ ˿ ˻˿̅́̈˿-

˻˷ ˨˥2 ̈ ̊˹˼̂˿̎˼̄˿˼̃ Θ˹̆̇ ̈̄˿˽˷˼̖̉̈ [11]. 

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

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

̈̉˿ ̅̉ ˿˾̃˼̄˼̄˿̖ Θ˹̆̇, ̈̂˼˻̊˼̉ ̅̉̃˼̉˿̉̓, ̎̉̅ 

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

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

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

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

̆̇̅̍˼̈̈˷. А̄˷̂˿˾ ̆̅́˷˾˷̂, ̎̉̅ ̅̉̂˿̎˷̐̕˿̖̀̈ 

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

˿̃˼̉̕ ̉̅̂̓́̅ ̉̅́̈˿̎̄̒˼ ́̅̃̆̅̄˼̄̉̒, ̆̅̂̊-

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

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

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

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

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

˹̅̈̆̂˷̃˼̄˼̄˿̖ ˿ ̇̅̈̉̊ ̆̇̅˻̊́̉̅˹ ̄˼̆̅̂̄̅˺̅ 

̈˺̅̇˷̄˿̖ ̉̅̆̂˿˹˷ – CHx, ˨˥ ˿ ̈˷˽˿. ˦̇˿̃˼-
̄˼̄˿˼ ˽˼ ̈̆˿̇̉̅-̉̅̆̂˿˹̄̒̌ ̔̃̊̂̓̈˿̀ ̈̄˿˽˷-
˼̉ ̈̅˻˼̇˽˷̄˿˼ ˹ ˥˚ ̅́̈˿˻̅˹ ˷˾̅̉˷, ̅́̈˿˻˷ ˿ 

˻˿̅́̈˿˻˷ ̊˺̂˼̇̅˻˷ ˿ ̈˷˽˿ [12, 13]. 
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˧˿̈. 2. ˞˷˹˿̈˿̃̅̈̉̓ ̔́̅̂̅˺˿̎˼̈́˿̌ ̆̅́˷˾˷̉˼̂˼̀ ̇˷˸̅̉̒ ˻˿˾˼̖̂ 4ˮ 11,0/12,5  

̅̉ ˿˾̃˼̄˼̄˿̖ Θ˹̆̇: а – n=2200 ̃˿̄–1; ȁ – n=1700 ̃˿̄–1; 

 – ˻˿˾˼̂̓̄̅˼ ̉̅̆̂˿˹̅;  – ˣ˩˴ 

Fig. 2. The dependence of the environmental performance of diesel engine 4F 11.0/12.5  

from changesΘinj: a – n=2200 min–1; ȁ – n=1700 min–1; 

- Diesel fuel;  – MFE 
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˧˿̈. 3. ˞˷˹˿̈˿̃̅̈̉̓ ̔́̅̂̅˺˿̎˼̈́˿̌ ̆̅́˷˾˷̉˼̂˼̀ ̇˷˸̅̉̒ ˻˿˾˼̖̂ 4ˮ 11,0/12,5  

̅̉ ˿˾̃˼̄˼̄˿̖ Θ˹̆̇: а – n=2200 ̃˿̄–1; ȁ – n=1700 ̃˿̄–1; 

 – ˻˿˾˼̂̓̄̅˼ ̉̅̆̂˿˹̅;  – ˴˩˴ 

Fig. 3. The dependence of the environmental performance of diesel engine 4F 11.0/12.5  

from changesΘinj: a – n=2200 min–1; ȁ – n=1700 min–1; 

 – Diesel fuel;  – EFE 
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˧˿̈. 4. ˞˷˹˿̈˿̃̅̈̉̓ ̔́̅̂̅˺˿̎˼̈́˿̌ ̆̅́˷˾˷̉˼̂˼̀  

̇˷˸̅̉̒ ˻˿˾˼̖̂ 4ˮ 11,0/12,5 ̅̉ ˿˾̃˼̄˼̄˿̖  

̄˷˺̇̊˾́˿ ̆̇˿ n = 2200 ̃˿̄–1: 

 – ˻˿˾˼̂̓̄̅˼ ̉̅̆̂˿˹̅;  – ˣ˩˴ 

Fig. 4. The dependence of the environmental  

performance of the diesel 4F 11.0/12.5  

from the load changes at n = 2200 min–1: 

- Diesel fuel;  – MFE

 

˧˿̈. 5. ˞˷˹˿̈˿̃̅̈̉̓ ̔́̅̂̅˺˿̎˼̈́˿̌ ̆̅́˷˾˷̉˼̂˼̀ 

 ̇˷˸̅̉̒ ˻˿˾˼̖̂ 4ˮ 11,0/12,5 ̅̉ ˿˾̃˼̄˼̄˿̖  

̄˷˺̇̊˾́˿ ̆̇˿ n = 2200 ̃˿̄–1: 

 – ˻˿˾˼̂̓̄̅˼ ̉̅̆̂˿˹̅;  – ˴˩˴ 

Fig. 5. The dependence of the environmental  

performance of the diesel 4F 11.0/12.5  

from the load changes at n = 2200 min–1: 

– Diesel fuel;  – EFE
 

˩ ˷ ˸ ̂ ˿ ̍ ˷  2  

ǒǧǩǵǭǾǴǢǴǽ ǪǳǳǭǧǦоǤǢǯǪǫ ǱоǬǢǩǢǴǧǭǧǫ ǴоǬǳǪǹǯоǳǴǪ Ǫ ǦǽмǯоǳǴǪ ǐǅ ǦǪǩǧǭȁ 4Ч 11,0/12,5  

ǱǲǪ оǱǴǪмǢǭǾǯǽǷ ǩǯǢǹǧǯǪȁǷ ΘǤǱǲ Ǫ ǯомǪǯǢǭǾǯом ǲǧǨǪмǧ (n = 2200 мǪǯ–1, Pе = 0,64 ǎǑǢ) 

T a b l e  2  

The results of studies of the toxicity and opacity of the EG of diesel 4F 11.0/12.5  

at optimal values of Θinj and nominal mode (n = 2200 min–1, Pе = 0.64 MPa) 

˩̅̆̂˿˹̅ 

˦̅́˷˾˷̉˼̂˿
˥́̈˿˻̒ ˷˾̅̉˷ NOx, 

ppm 

˨˷˽˷ ˨, ˼˻˿̄˿̍̒ 

̆̅ ̏́˷̂˼ Bosch
CO2, % CO, % 

˛˿˾˼̂̓̄̅˼ 1320 6,2 10,5 0,20

ˣ˼̉˷̄̅̂̅-̉̅̆̂˿˹̄˷̖ 

̔̃̊̂̓̈˿̖ 

775 (̈̄˿˽˼̄˿˼ 
̄˷ 41,3 %) 

0,9 (̈̄˿˽˼̄˿˼ 
˹ 6,9 ̇˷˾˷)

9,8 (̈̄˿˽˼̄˿˼  
̄˷ 6,7 %)

0,11 (̈̄˿˽˼̄˿˼ 
̄˷ 45,0 %)

˴̉˷̄̅̂̅-̉̅̆̂˿˹̄˷̖ 

̔̃̊̂̓̈˿̖ 

657 (̈̄˿˽˼̄˿˼ 
̄˷ 50,2 %) 

1,2 (̈̄˿˽˼̄˿˼ 
˹ 5,2 ̇˷˾˷)

8,0 (̈̄˿˽˼̄˿˼  
̄˷ 23,8 %) 

0,15 (̈̄˿˽˼̄˿˼ 
̄˷ 25,0 %)

 

ˤ˷ ̇˿̈. 4 ˿ 5 ̆̇˼˻̈̉˷˹̂˼̄̒ ˾˷˹˿̈˿̃̅̈̉˿ 

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

4ˮ 11,0/12,5 ̅̉ ̄˷˺̇̊˾́˿ ̆̇˿ ̄̅̃˿̄˷̂̓̄̅̃ 

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

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

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

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

˻˼̇˽˷̄˿̖ ̅́̈˿˻̅˹ ˷˾̅̉˷ NOx, ̈˷˽˿ ˨, ˻˿̅́̈˿˻˷ 
̊˺̂˼̇̅˻˷ CO2 ˿ ̅́̈˿˻˷ ̊˺̂˼̇̅˻˷ ˨˥ ̆̇˿ ̃˷́̈˿-

̃˷̂̓̄̒̌ ˾̄˷̎˼̄˿̖̌ ǰȅ, ̆̇˿ ̔̉̅̃ ̅̉̃˼̎˼̄ ̇̅̈̉ 
̈̊̃̃˷̇̄̒̌ ̊˺̂˼˹̅˻̅̇̅˻̅˹ ˨ˤx [14]. 

NOx, ppm NOx, ppm
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˧˼˾̊̂̓̉˷̉̒ ˿̈̈̂˼˻̅˹˷̄˿̀ ̆̅́˷˾˷̉˼̂˼̀ ̉̅́-

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

˾˼̖̂ ̆̇˼˻̈̉˷˹̂˼̄̒ ˹ ̉˷˸̂. 2 [15]. 

ǉǢǬǭȀǹǧǯǪǧ 

ˤ˷ ̅̈̄̅˹˷̄˿˿ ̆̅̂̊̎˼̄̄̒̌ ̇˼˾̊̂̓̉˷̉̅˹ 

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

̏˼̄˿̖ ̈̆˿̇̉̅-̉̅̆̂˿˹̄̒̌ ̔̃̊̂̓̈˿̀: ̈̆˿̇̉ (̃˼-
̉˷̄̅̂ ˿̂˿ ̔̉˷̄̅̂) – 25 %, ̃̅̐̕˼-
˻˿̈̆˼̇˺˿̇̊̐̕˷̖ ̆̇˿̈˷˻́˷ ̈̊́̍˿̄˿̃˿˻ ˨-5А – 

0,5 %, ˹̅˻˷ – 7 %, ˻˿˾˼̂̓̄̅˼ ̉̅̆̂˿˹̅ – 67,5 %. 

˦̇˿ ̇˷˸̅̉˼ ˻˿˾˼̖̂ 4ˮ 11,0/12 ̄˷ ̈̆˿̇̉̅-

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

̊˺̂˷ ̅̆˼̇˼˽˼̄˿̖ ˹̆̇̒̈́˿˹˷̄˿̖ ̉̅̆̂˿˹˷ – 23. 
˴̉̅ ˽˼ ˾̄˷̎˼̄˿˼ ̇˼́̅̃˼̄˻̅˹˷̄̅ ˿ ˻̖̂ ˻˿˾˼̂̓-

̄̅˺̅ ̆̇̅̍˼̈̈˷. 

˛˷̄̅ ̆˼̇̈̆˼́̉˿˹̄̅˼ ̇˼̏˼̄˿˼ ̊̂̊̎̏˼̄˿̖ 

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

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

̖̂̐̕˼˼ ̈̄˿˾˿̉̓ ̈̅˻˼̇˽˷̄˿˼ ˹ ˥˚: ̆̇˿ ̇˷˸̅̉˼ 
̄˷ ̃˼̉˷̄̅̂̅-̉̅̆̂˿˹̄̅̀ ̔̃̊̂̓̈˿˿ – ̅́̈˿˻̅˹ 

˷˾̅̉˷ ̄˷ 41,3 %, ̈˷˽˿ ˹ 6,9 ̇˷˾˷, ˻˿̅́̈˿˻˷ ̊˺̂˼-
̇̅˻˷ ̄˷ 6,7 %, ̅́̈˿˻˷ ̊˺̂˼̇̅˻˷ ̄˷ 45,0 %; ̆̇˿ 

̇˷˸̅̉˼ ̄˷ ̔̉˷̄̅̂̅-̉̅̆̂˿˹̄̅̀ ̔̃̊̂̓̈˿˿ – ̅́-

̈˿˻̅˹ ˷˾̅̉˷ ̄˷ 50,2 %, ̈˷˽˿ ˹ 5,2 ̇˷˾˷, ˻˿̅́̈˿-

˻˷ ̊˺̂˼̇̅˻˷ ̄˷ 23,8 %, ̅́̈˿˻˷ ̊˺̂˼̇̅˻˷ ̄˷ 
25,0 %. 

А˹̉̅̇̒ ˹̒̇˷˽˷̉̕ ˸̂˷˺̅˻˷̇̄̅̈̉̓ ˾˷ ̆̅̃̅̐̓ ˹ 

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

́̅˹̅˻˿̉˼̂̕ ˨˷̄́̉-˦˼̉˼̇˸̊̇˺̈́̅˺̅ ̆̅̂˿̉˼̌̄˿̎˼-
̈́̅˺̅ ̊̄˿˹˼̇̈˿̉˼̉˷ ˦˼̉̇˷ В˼̂˿́̅˺̅ ǠǲǪȀ Ǔǧǲǥǧǧ-
ǤǪǹǵ ВǢǳǪǭǾǧǤǵ. 
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