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ТВЕРДЫХ БЫТОВЫХ ОТХОДОВ 

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

́˷̇̉̒ ˢ˼̄˿̄˺̇˷˻̈́̅̀ ̅˸̂˷̈̉˿. ˪̈̉˷̄̅˹̂˼̄̅, ̎̉̅ ˻̖̅̂ ̅˸̇˷˸̅̉˷̄̄̒̌ ˿ ̊̉˿̂˿˾˿̇̅˹˷̄̄̒̌ ̅̉̌̅˻̅˹ 

̄˼ ̆̇˼˹̒̏˷˼̉ 5–10 % ̅̉ ̅˸̐˼˺̅ ́̅̂˿̎˼̈̉˹˷ ̃˷̉˼̇˿˷̂̅˹, ̎̉̅ ̈˹˿˻˼̉˼̂̓̈̉˹̊˼̉ ̅ ̄˿˾́̅̀ ̈̉˼̆˼̄˿ ̆˼-
̇˼̇˷˸̅̉́˿ ̉˹˼̇˻̒̌ ˸̒̉̅˹̒̌ ̅̉̌̅˻̅˹ (˩˘˥). ˦̅́˷˾˷̄̅, ̎̉̅ ˿̈̆̅̂̓˾̅˹˷̄˿˼ ˩˘˥ ́˷́ ̉̅̆̂˿˹˷ ˻̖̂ 

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

̄̒̃ ̃˼̉̅˻̅̃ ̉˼̇̃˿̎˼̈́̅̀ ̊̉˿̂˿˾˷̍˿˿ ̖˹̖̂˼̖̉̈ ˺˷˾˿̋˿́˷̍˿̖ ̅̉̌̅˻̅˹. ˙̒̆̅̂̄˼̄̅ ̃̅˻˼̂˿̇̅˹˷̄˿˼ 
˹ ̈̇˼˻˼ Aspen Plus ̊̈̉˷̄̅˹́˿ ˺˷˾˿̋˿́˷̍˿˿. ˨̊̃̃˷̇̄̒̀ К˦˛ ̉˷́̅̀ ̊̈̉˷̄̅˹́˿ ̆̅ ˹̒̇˷˸̅̉́˼ ̉˼̆̂̅-

˹̅̀ ˿ ̔̂˼́̉̇˿̎˼̈́̅̀ ̔̄˼̇˺˿˿ ̈̅̈̉˷˹̖̂˼̉ 70,5 %. 

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

˿ ̔̂˼́̉̇˿̎˼̈́̅̀ ̔̄˼̇˺˿˿, Aspen Plus. 
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˩. 24. № 3. ˨. 38–44. DOI: 10.18721/JEST.240303. 

E.L. Shaburov
1
, A.V. Fedyukhin

2
, V.A. Ippolitov

2
 

1 – Peter the Great St. Petersburg polytechnic university, St. Petersburg, Russia 

2 – National research university «Moscow power engineering institute», Moscow, Russia 

CALCULATION OF OPERATING MODES  

FOR MUNICIPAL SOLID WASTE GASIFICATION UNIT 

In this study we have assessed the ecological map of the Leningrad Oblast' and reviewed the existing 

normative documents. It is shown, that the ratio of processed wastes does not exceed 5–10 % of the total 

material amount, which is a low degree of municipal solid waste (MSW) recycling. We have established that 

using MSW as a fuel for thermal and electrical energy production helps save traditional fuel types, as well as 

reduces greenhouse gas emission. We have found that waste gasification is the most perspective method for 

thermal utilization. Aspens Plus software was used to perform gasification unit parameter modeling. The 
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Энергетика и электротехника

ВǤǧǦǧǯǪǧ 

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

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

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

̆̇˿̃˼̄˼̄˿̖. ˙̈˼˺̅ ˽˼ ˹ ̈̉̇˷̄˼ ́˷˽˻̒̀ ˺̅˻ 

̅˸̇˷˾̊˼̖̉̈ ̅́̅̂̅ 7 ̃̂̇˻ ̉ ̉˹˼̇˻̒̌ ˸̒̉̅˹̒̌ 

̅̉̌̅˻̅˹ (˩˘˥), ̅˻̄˷́̅ ˹̉̅̇˿̎̄̅̀ ̆˼̇˼̇˷˸̅̉-
́˼ ̆̅˻˹˼̇˺˷˼̖̉̈ ̂˿̏̓ ̄˼˸̅̂̓̏˷̖ ̎˷̈̉̓. ˥̈-

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

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

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

̈́˿̌ ̇˼̈̊̇̈̅˹, ́̅̉̅̇̒˼ ̃̅˽̄̅ ́˷́ ̔̋̋˼́-

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

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

̉̅̇˿˿ ˧˫ ̄˷́̅̆̂˼̄̅ ̅́̅̂̅ 80–100 ̃̂̇˻ ̉̅̄̄ 

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

̈́˿̌ ̆̇̅˿˾˹̅˻̈̉˹, ̅̉̌̅˻̒ ̅˸̅˺˷̉˿̉˼̂̓-

̄̒̌ ̋˷˸̇˿́ ˿ ˻̇.). ˨̊̐˼̈̉˹̊̐̕˿̀ ̊̇̅-

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

̄˿˾́˿̀, ́ ̆̇˿̃˼̇̊: ̆˼̇˼̇˷˸̅̉́˷ ˩˘˥ ̈̅̈̉˷˹-

̖̂˼̉ 5–10 %, ˿˾̄̅̏˼̄̄̒̌ ̏˿̄ – 5–7 %, ̃˼-
̉˷̂̂̅̂̅̃˷ – 20–30 %, ̈̉̇̅˿̉˼̂̓̄̒̌ ̅̉̌̅-

˻̅˹ – 10–35 %. ˙̈˼ ̄˼̆˼̇˼̇˷˸̅̉˷̄̄̒˼  
̅̉̌̅˻̒ ̅̉̆̇˷˹̖̖̂̉̈̕ ̄˷ ̃̄̅˺̅̎˿̈̂˼̄̄̒˼ 

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

̇̅̄˼̄˿̖ ˩˘˥ ˼˽˼˺̅˻̄̅ ̅̉̎̊˽˻˷˼̖̉̈ ̅́̅̂̅ 

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

˽˿˹˷̄˿̖ ̂̕˻˼̀ ˿ ˹˼˻˼̄˿̖ ̈˼̂̓̈́̅˺̅ ̌̅˾̖̀̈̉-
˹˷ [1–5]. 

ǘǧǭǾ ǦǢǯǯоǫ ǲǢбоǴǽ – ̄˷ ̆̇˿̃˼̇˼ ˢ˼̄˿̄-

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

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

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

˿ ̔̂˼́̉̇˿̎˼̈́̅̀ ̔̄˼̇˺˿˿.  

ǒǢǳǹǧǴǯоǧ ǪǳǳǭǧǦоǤǢǯǪǧ 

ǐǸǧǯǬǢ ǿǬоǭоǥǪǹǧǳǬоǫ ǬǢǲǴǽ ǍǧǯǪǯǥǲǢǦ-

ǳǬоǫ обǭǢǳǴǪ. ˙ ˧̅̈̈˿̀̈́̅̀ ˫˼˻˼̇˷̍˿˿ ̇˷˾-
̇˷˸˷̉̒˹˷̖̉̈̕ ̉˼̇̇˿̉̅̇˿˷̂̓̄̒˼ ̈̌˼̃̒ ̅˸̇˷-

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

̉˹˼̇˻̒̃˿ ́̅̃̃̊̄˷̂̓̄̒̃˿. ˙ ˢ˼̄˿̄˺̇˷˻̈́̅̀ 

̅˸̂˷̈̉˿ ̈ 2016 ˺̅˻˷ ˻˼̀̈̉˹̊˼̉ ̆̇˿́˷˾ № 7 

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

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

̐˼̄˿̕ ̈ ̅̉̌̅˻˷̃˿. ˤ˷ ˻˷̄̄̒̀ ̃̅̃˼̄̉ ˻̖̂ 

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

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

̄̅̃ ̊̇̅˹̄˼. ˨̅˺̂˷̈̄̅ ̆̇˿̂̅˽˼̄˿̖̃ 3 ˿ 10 

́ ˦̇˿́˷˾̊ ̅̉ 17 ̖̄̅˸̖̇ 2016 ˺̅˻˷ ˼˽˼˺̅˻̄̅ 

˹ ˨˷̄́̉-˦˼̉˼̇˸̊̇˺˼ ̅˸̇˷˾̊˼̖̉̈ 1070 ̉̒̈. ̉ 
̅̉̌̅˻̅˹, ˹ ̉̅ ˹̇˼̖̃ ́˷́ ˹ ̅̈̉˷̂̓̄̅̀ ̎˷̈̉˿ ˢ˼-
̄˿̄˺̇˷˻̈́̅̀ ̅˸̂˷̈̉˿ ̔̉˿ ̍˿̋̇̒ ̈̅̈̉˷˹̖̂̉̕ 
495 ̉̒̈. ̉.  

˙ ̆̇˿̂̅˽˼̄˿˿ 12 ̔̉̅˺̅ ˽˼ ̆̇˿́˷˾˷ ̆̅́˷-

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

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

̄˷̂̓̄̒̌ ̅̉̌̅˻̅˹. ˙ ̉˷˸̂. 1 ˿ 2 ̆̇˼˻̈̉˷˹̂˼̄̒ 

̔̉˿ ˹˼̂˿̎˿̄̒. 

˨̅˺̂˷̈̄̅ ˻˷̄̄̒̃ ̉˷˸̂. 1 ˿ 2 ˻̖̅̂ ̅˸̇˷-

˸̅̉˷̄̄̒̌ ˿ ̊̉˿̂˿˾˿̇̅˹˷̄̄̒̌ ̅̉̌̅˻̅˹ ̄˼  
̆̇˼˹̒̏˷˼̉ 5–10 % ̅̉ ̅˸̐˼˺̅ ́̅̂˿̎˼̈̉˹˷  

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

̈̉˼̆˼̄˿ ̆˼̇˼̇˷˸̅̉́˿ ˩˘˥. ˦̅ ̔̉̅̀ ̆̇˿- 

̎˿̄˼ ̆̅˿̈́ ̇˼̏˼̄˿̀ ̆̅ ̔̋̋˼́̉˿˹̄̅̀ ̊̉˿-

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

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

̅˸̂˷̈̉˿. 

Вǽбоǲ ǱǲǪоǲǪǴǧǴǯоǥо ǳǱоǳобǢ ǱǧǲǧǲǢбоǴǬǪ 

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

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

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

˻˷̃˿ ̆̅̄˿̃˷˼̖̉̈ ˹̒̈̅́̅̉˼̃̆˼̇˷̉̊̇̄̅˼ ˹̅˾-
˻˼̀̈̉˹˿˼ ̄˷ ˩˘˥ (˺̅̇˼̄˿˼, ̆˿̇̅̂˿˾, ˺˷˾˿̋˿-

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

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

˻˿̈̈̅̍˿˷̍˿̕, ̆̅̂˿̃̅̇̋˿˾˷̍˿̕, ̆̂˷˹̂˼̄˿˼, 
˿̈̆˷̇˼̄˿˼. 
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˩ ˷ ˸ ̂ ˿ ̍ ˷  1  

ǃǢǭǢǯǳ ǬоǭǪǹǧǳǴǤǧǯǯǽǷ ǷǢǲǢǬǴǧǲǪǳǴǪǬ обǲǢǩоǤǢǯǪȁ, обǲǢбоǴǬǪ, ǵǴǪǭǪǩǢǸǪǪ, обǧǩǤǲǧǨǪǤǢǯǪȁ,  

ǲǢǩмǧǻǧǯǪȁ ǴǤǧǲǦǽǷ ǬоммǵǯǢǭǾǯǽǷ оǴǷоǦоǤ 

T a b l e  1  

Balance of quantitative characteristics of formation, processing, utilization, detoxication and disposing  

of municipal solid wastes 

˙˿˻̒ ̅̉̌̅˻̅˹ 

К̅̂˿̎˼̈̉˹̅ 

̅˸̇˷˾̅˹˷˹-

̏˿̖̌̈  

̅̉̌̅˻̅˹, ̉/˺̅˻

К̅̂˿̎˼̈̉˹̅ 

̅˸̇˷˸̅̉˷̄̄̒̌ 
̅̉̌̅˻̅˹, ̉/˺̅˻

К̅̂˿̎˼̈̉˹̅ 

̊̉˿̂˿˾˿̇̅-

˹˷̄̄̒̌  
̅̉̌̅˻̅˹, ̉/˺̅˻

К̅̂˿̎˼̈̉˹̅ 

̅˸˼˾˹̇˼˽˼̄̄̒̌ 
̅̉̌̅˻̅˹, ̉/˺̅˻ 

К̅̂˿̎˼̈̉˹̅ 

̇˷˾̃˼̐˼̄̄̒̌ 
̅̉̌̅˻̅˹, ̉/˺̅˻

˥̉̌̅˻̒ ˿˾ ˽˿̂˿̐ ̄˼̈̅̇̉˿̇̅-

˹˷̄̄̒˼ (˿̈́̂̎̕˷̖ ́̇̊̆̄̅˺˷-
˸˷̇˿̉̄̒˼) 

391064,329 71246,155 7124,616 0,000 383939,714

˥̉̌̅˻̒ ˿˾ ˽˿̂˿̐ ́̇̊̆̄̅˺˷-
˸˷̇˿̉̄̒˼ 

28456,314 5531,356 553,136 0,000 27903,178

ˣ̊̈̅̇ ̅̉ ̅̋˿̈̄̒̌ ˿ ˸̒̉̅˹̒̌ 

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

́̇̊̆̄̅˺˷˸˷̇˿̉̄̒̀) 

26585,151 4810,234 481,023 259,735 25844,393

˨̃˼̉ ˿ ̆̇̅̎˿˼ ̅̉̌̅˻̒ ̅̉ 
̊˸̅̇́˿ ̉˼̇̇˿̉̅̇˿˿ ̆̇˼˻̆̇˿-

̖̉˿̀, ̅̇˺˷̄˿˾˷̍˿̀ 

19781,896 1318,148 9282,316 0,000 10499,580

˦̇̅̎˿˼ ˩˘˥ 29514,512 2114,277 326,250 1,795 29186,467

˙˨Е˚˥ 495402,201 85020,170 17441,091 261,530 477699,580/

1547699,580*

 
˩ ˷ ˸ ̂ ˿ ̍ ˷  2   

ǃǢǭǢǯǳ ǬоǭǪǹǧǳǴǤǧǯǯǽǷ ǷǢǲǢǬǴǧǲǪǳǴǪǬ обǲǢǩоǤǢǯǪȁ, обǲǢбоǴǬǪ, ǵǴǪǭǪǩǢǸǪǪ, обǧǩǤǲǧǨǪǤǢǯǪȁ,  

ǲǢǩмǧǻǧǯǪȁ ǴǤǧǲǦǽǷ ǬоммǵǯǢǭǾǯǽǷ оǴǷоǦоǤ Ǫ ǱоǦобǯǽǷ Ǫм оǴǷоǦоǤ Ǳо ǬǭǢǳǳǢм оǱǢǳǯоǳǴǪ 

T a b l e  2  

Balance of quantitative characteristics of formation, processing, utilization, detoxication  

and disposing of municipal solid wastes and analogues according to hazard class 

˙˿˻̒ ̅̉̌̅˻̅˹ 

К̂˷̈̈ 
̅̆˷̈-
̄̅̈̉˿ 

К̅̂˿̎˼̈̉˹̅ 

̅˸̇˷˾̅˹˷˹-

̏˿̖̌̈ ̅̉̌̅-

˻̅˹, ̉/˺̅˻

К̅̂˿̎˼̈̉˹̅ 

̅˸̇˷˸̅̉˷̄-

̄̒̌ ̅̉̌̅-

˻̅˹, ̉/˺̅˻

К̅̂˿̎˼̈̉˹̅ 

̊̉˿̂˿˾˿̇̅-

˹˷̄̄̒̌ ̅̉-
̌̅˻̅˹, ̉/˺̅˻

К̅̂˿̎˼̈̉˹̅ 

̅˸˼˾˹̇˼˽˼̄-

̄̒̌ ̅̉̌̅˻̅˹, 
̉/˺̅  ˻

К̅̂˿̎˼̈̉˹̅ 

̇˷˾̃˼̐˼̄̄̒̌ 
̅̉̌̅˻̅˹, ̉/˺̅˻

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

IV 445881,663 77786,494 8489,575 259,735 437132,352

V 49520,538 7233,676 8951,516 1,795 40567,228

˙˨Е˚˥  495402,201 85020,170 17441,091 261,530 477699,580/

1547699,580*

* ˧˷˾̃˼̐˼̄̄̒̌ ̉˹˼̇˻̒̌ ́̅̃̃̊̄˷̂̓̄̒̌ ̅̉̌̅˻̅˹ ˢ˼̄˿̄˺̇˷˻̈́̅̀ ̅˸̂˷̈̉˿/˹̈˼˺̅ ̇˷˾̃˼̐˼̄̄̒̌ ̈ ̊̎˼̉̅̃ 

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

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

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

˼̉ ˹ ̈̇˼˻̄˼̃ 7500–8000 ́˛˽/́˺, ˹̂˷˽̄̅̈̉̓ – 

̅́̅̂̅ 30–40 %, ˾̅̂̓̄̅̈̉̓ – 25–30 % [6]. Ӥ-
̆̅̂̓˾̅˹˷̄˿˼ ˩˘˥ ́˷́ ̉̅̆̂˿˹˷ ˻̖̂ ˹̒̇˷˸̅̉́˿ 

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

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

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

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

̅̉̌̅˻̅˹. ˚˷˾˿̋˿́˷̍˿̖ ̅̇˺˷̄˿̎˼̈́̅˺̅ ̖̈̒̇̓ – 

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

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

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

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

̂˿˸̅ ̄˼˷˹̉̅̉˼̇̃˿̎˼̈́̅˺̅ ̆̇̅̍˼̈̈̅˹.  

Ӥ̈̂˼˻̊˼̃˷̖ ̆̇̅˸̂˼̃˷̉˿́˷ ˷́̉̊˷̂̓̄˷ ˻̖̂ 

˹̈˼̌ ́̇̊̆̄̒̌ ˿ ̈̇˼˻̄˿̌ ̄˷̈˼̂˼̄̄̒̌ ̆̊̄́̉̅˹. 
˙ ̔̉̅̃ ̅̉̄̅̏˼̄˿˿ ̈̉̇˷̄̒ Е˹̇̅̆̒ ˿̃˼̉̕ ˸̅̂˼˼ 
˸̅˺˷̉̒̀ ̅̆̒̉, ̎˼̃ ˧̅̈̈˿̀̈́˷̖ ˫˼˻˼̇˷̍˿̖; ́ 

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

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

˹˼˻˼̖̉̈ ̈ 2010 ˺̅˻˷. ˦̇˿̃˼̖̄˼̃̅˼ ˾˷́̅̄̅˻˷̉˼̂̓-
̈̉˹̅ ˹ ˻˷̄̄̅̀ ̈̋˼̇˼ ˻˼̀̈̉˹̊˼̉ ̄˷ ̇˼˺˿̅̄˷̂̓̄̅̃ ˿ 

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

́̅̉̅̇̒̀ ̅̉̄̅̈˿̖̉̈ ́̅ ˹̈˼̃ ̆̇̅˿˾˹̅˻̈̉˹˼̄̄̒̃ 

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

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

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

̇˷̐˼̄˿˼ ̈ ̅̉̌̅˻˷̃˿ ˹ ̈˼˸˼̈̉̅˿̃̅̈̉̓ ˿ ̆̇. ˥˸̇˷-
̐˼̄̅ ˹̄˿̃˷̄˿˼ ̄˷ ̆̅˹̉̅̇̄̅˼ ˿̈̆̅̂̓˾̅˹˷̄˿˼ ̅̉-
̌̅˻̅˹, ̆̅˻˺̅̉̅˹́̊ ́ ˿̈̆̅̂̓˾̅˹˷̄˿̕ ˹̉̅̇˿̎̄̒̌ 
̃˷̉˼̇˿˷̂̅˹, ̆˼̇˼̇˷˸̅̉́̊ ˹̉̅̇˿̎̄̒̌ ̃˷̉˼̇˿˷̂̅˹, 
̆̅̂̊̎˼̄˿˼ ̔̄˼̇˺˿˿ ˿˾ ̅̉̌̅˻̅˹ [7]. ˙ ̉̅ ˽˼ ˹̇˼̖̃ 

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

̄̅̈̉˿. ˙ ˦̅̇̉̊˺˷̂˿˿ ̊̈̆˼̏̄̅ ̔́̈̆̂̊˷̉˿̖̇̊̉̈̕ 

̊̈̉˷̄̅˹́˿ ̆̇̅˿˾˹̅˻˿̉˼̂̓̄̅̈̉̓̕ ˻̅ 100 ́˺/̎ ̆̇˿ 

̆̅˻˻˼̇˽˷̄˿˿ ̉˼̃̆˼̇˷̉̊̇̒ 750–850 °˨ ˹ ̆̈˼˹˻̅-

̅˽˿˽˼̄̄̅̃ ̈̂̅˼ [8–10]. ˪́̇̊̆̄˼̄̄̅ ̉˷́˷̖ ̈˿̈-
̉˼̃˷ ̈̅̈̉̅˿̉ ˿˾ ̊˾̂˷ ̆̅˻˺̅̉̅˹́˿ ̖̈̒̇̓, ̇˼˷́̉̅̇˷, 
˸̂̅́˷ ̅̌̂˷˽˻˼̄˿̖ ˿ ̅̎˿̈̉́˿ ˺˷˾˷. 

ǒǧǩǵǭǾǴǢǴǽ Ǫ обǳǵǨǦǧǯǪȁ 

ǎоǦǧǭǪǲоǤǢǯǪǧ ǱǲоǸǧǳǳǢ ǥǢǩǪǶǪǬǢǸǪǪ ǔǃǐ. 

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

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

̇̅˹˷̄˿˼ ˹ ̈̇˼˻˼ Aspen Plus. ˛˷̄̄̒̀ ̆̇̅˺̇˷̃̃-

̄̒̀ ̆̇̅˻̊́̉ – ̅˻˿̄ ˿˾ ̅̈̄̅˹̄̒̌ ˿̄̈̉̇̊̃˼̄̉̅˹, 

̆̇˿̃˼̖̄˼̃̒̌ ˻̖̂ ̇˼̏˼̄˿̖ ̆̅˻̅˸̄̒̌ ˾˷˻˷̎ ˹ 
̇̅̈̈˿̀̈́̅̀ ˿ ̃˿̇̅˹̅̀ ̄˷̊́˼ [11–13]. 

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

˹ ̈̇˼˻˼ Aspen Plus ̈̌˼̃˷ ˺˷˾˿̋˿́˷̍˿˿ ˩˘˥. 

˥̄˷ ˹́̂̎̕˷˼̉ ˹ ̈˼˸̖ ̄˼̆̅̈̇˼˻̈̉˹˼̄̄̅ ˸̂̅́ 

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

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

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

ˤ˷ ̅̈̄̅˹˷̄˿˿ ̄̅̇̃˷̉˿˹̅˹ ˻̖̂ ̊̎˼˸̄̒̌ ˾˷˹˼-
˻˼̄˿̀1 ̅˸̑˼̃ ̆̇̅˿˾˹̅˻˿̃̒̌ ˹ ˨˦˸˦˪ ˩˘˥ ̈̅-

̈̉˷˹̖̂˼̉ 270 ̃3/̃˼̈. ˦̅ ̆̇˼˻˹˷̇˿̉˼̂̓̄̒̃ ̇˷̈̎˼-
̉˷̃ ̉˷́̅˺̅ ́̅̂˿̎˼̈̉˹˷ ̅̉̌̅˻̅˹ ˻̅̈̉˷̉̅̎̄̅ ˻̖̂ 

˹̒̇˷˸̅̉́˿ 12–15 ́˙̉ ̔̂˼́̉̇˿̎˼̈́̅̀ ̔̄˼̇˺˿˿. 

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

˽˼ ˺˼̄˼̇˿̇̊̐̕˿̌ ̊̈̉˷̄̅˹̅́ (˚˩˪, ˚˦˪) ̆̇˼˻-

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

̄̅̀ ̃̅̐̄̅̈̉̓̕ ̄˼ ̃˼̄˼˼ 60 ́˙̉ [14]. ˦̅̔̉̅̃̊ ˹ 

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

̋˿́˷̍˿˿ ˩˘˥ ˻̖̂ ̊̈̉˷̄̅˹́˿ ̈ ˺˼̄˼̇˿̇̊˼̃̅̀ 

̔̂˼́̉̇˿̎˼̈́̅̀ ̃̅̐̄̅̈̉̓̕ 100 ́˙̉ (˾˷ ˹̒̎˼̉̅̃ 

̃̅̐̄̅̈̉˿ ̆̇˿˹̅˻̅˹ ̄˷˺̄˼̉˷̉˼̂̓̄̅˺̅ ̅˸̅̇̊˻̅˹˷-
̄˿̖ ˚˩˪). ˦̇˼˻̆̅̂˷˺˷˼̖̉̈, ̎̉̅ ̆̇˿ ̇˼˷̂˿˾˷̍˿˿ 

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

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

́˹˷̇̉˷̂˷. ˣ̅̇̋̅̂̅˺˿̎˼̈́˿̀ ˿ ̔̂˼̃˼̄̉̄̒̀ ̈̅-

̈̉˷˹ ˿̈̌̅˻̄̅˺̅ ̉̅̆̂˿˹˷ ̆̇˿̖̄̉ ̈̅˺̂˷̈̄̅ [15]. 

                                                      
1 15. ˦̅̈̉˷̄̅˹̂˼̄˿˼ ̆̇˷˹˿̉˼̂̓̈̉˹˷ ˣ̅̈́˹̒ 

№ 9-˦˦ ̅̉ 15.01.2008 ˺. ˥˸ ̊̉˹˼̇˽˻˼̄˿˿ ̄̅̇̃ ̄˷-
́̅̆̂˼̄˿̖ ̉˹˼̇˻̒̌ ˸̒̉̅˹̒̌ ̅̉̌̅˻̅˹ ˿ ́̇̊̆̄̅˺˷˸˷-
̇˿̉̄̅˺̅ ̃̊̈̅̇˷. 
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˪̈̉˷̄̅˹́˷ ˺˷˾˿̋˿́˷̍˿˿ ˩˘˥ ˹ ̈̇˼˻˼ Aspen Plus 

MSW gasification unit in Aspen Plus environment 
 

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

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

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

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

TURBWORK ˿ COMPWORK. ˦̇˿̎˼̃ ̆̅̂˼˾̄˷̖ 

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

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

̂˼˾̄˷̖ ̃̅̐̄̅̈̉̓ ̊̈̉˷̄̅˹́˿ ̈̅̈̉˷˹˿̂˷ 102 ́˙̉. 
˛̖̂ ̈˼̉˼˹̅˺̅ ̆̅˻̅˺̇˼˹˷̉˼̖̂ (HEATER) ̌˷-

̇˷́̉˼̇˼̄ ̄˷˺̇˼˹ ̈˼̉˼˹̅̀ ˹̅˻̒ ˹ ́̅̂˿̎˼̈̉˹˼ 2,5 

̉/̎ ˹ ̆˿́̅˹̅̃ ̇˼˽˿̃˼ ̅̉ 70 ˻̅ 130 °˨. ˩˼̃̆˼̇˷-
̉̊̇˷ ˹̒˸̇˷̈̒˹˷˼̃̒̌ ˹ ˷̉̃̅̈̋˼̇̊ ˻̒̃̅˹̒̌ ˺˷-
˾̅˹ ̆̇˿ ̔̉̅̃ ̈̅̈̉˷˹̖̂˼̉ 159 °˨. ˩̅˺˻˷ ̇˷̈̎˼̉̄˷̖ 

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

̇˷˹̖̄˼̖̉̈ 203 ́˙̉ ̆̇˿ ̇˷̈̎˼̉̄̅̀ ̆̅˹˼̇̌̄̅̈̉˿ 

0,7 ̃2 ˿ ̈̇˼˻̄˼̃ ̉˼̃̆˼̇˷̉̊̇̄̅̃ ̄˷˺̇˼˹˼ 337 °˨. 

˥̈̄̅˹̄̒˼ ̇˷̈̎˼̉̄̒˼ ̔̄˼̇˺˼̉˿̎˼̈́˿˼ ̆̅́˷˾˷̉˼-
̂˿ ̊̈̉˷̄̅˹́˿ ˺˷˾˿̋˿́˷̍˿˿ ˩˘˥ ̈̂˼˻̊̐̕˿˼: 

 

Э̂˼́̉̇˿̎˼̈́˷̖ ̃̅̐̄̅̈̉̓ ˚˩˪  ..........  102 ́˙̉
ˮ˿̈̂̅ ̎˷̈̅˹ ˿̈̆̅̂̓˾̅˹˷̄˿̖ ̄̅̃˿-

̄˷̂̓̄̅̀ ̃̅̐̄̅̈̉˿ ˹ ˺̅˻̊  ..................  7500 ̎ 

˚̅˻̅˹˷̖ ˹̒̇˷˸̅̉́˷ ̔̂˼́̉̇̅̔̄˼̇˺˿˿ ..  765 000 ́ ˙ ·̉̎/˺̅˻
˩˼̆̂̅˹˷̖ ̃̅̐̄̅̈̉̓ ̈˼̉˼˹̅˺̅ ̆̅˻̅- 

˺̇˼˹˷̉˼̖̂  .............................................  203 ́˙̉ 
˧˷̈̌̅˻ ˩˘˥ (̆̇˿ ̉˼̆̂̅̉˼ ̈˺̅̇˷̄˿̖ 

̄˷ ̈̊̌̊̕ ̃˷̈̈̊ 15,58 ˣ˛˽/́˺)  ..........  100 ́˺/̎ 

Э̂˼́̉̇˿̎˼̈́˿̀ К˦˛ ̊̈̉˷̄̅˹́˿  .......  23,6 %

˩˼̆̂̅˹̅̀ К˦˛ ̊̈̉˷̄̅˹́˿  .................  46,9 %

˨̊̃̃˷̇̄̒̀ К˦˛ ̊̈̉˷̄̅˹́˿  .............  70,5 %

˩˷́˿̃ ̅˸̇˷˾̅̃, ̈̊̃̃˷̇̄̒̀ К˦˛ ̆̅ ˹̒̇˷-
˸̅̉́˼ ̉˼̆̂̅˹̅̀ ˿ ̔̂˼́̉̇˿̎˼̈́̅̀ ̔̄˼̇˺˿˿ ̈̅-

̈̉˷˹̖̂˼̉ 70,5 %. Э̉˷ ˹˼̂˿̎˿̄˷ ̈̅̆̅̈̉˷˹˿̃˷ ̈ 
̆̅́˷˾˷̉˼̖̂̃˿ ̔̄˼̇˺˼̉˿̎˼̈́˿̌ ̊̈̉˷̄̅˹̅́, ̇˷-
˸̅̉˷̐̕˿̌ ̄˷ ˷̂̓̉˼̇̄˷̉˿˹̄̅̃ ̃˼̈̉̄̅̃ ̉˹˼̇-

˻̅̃ ̉̅̆̂˿˹˼ (˻̇˼˹˼̈˿̄˷, ̉̅̇̋ ˿ ̆̇.). ˥˻̄˷́̅ 

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

̃̅˽̄̅ ̈̎˿̉˷̉̓ ˿̈̆̅̂̓˾̅˹˷̄˿˼ ̉̅̆̂˿˹˷ ̈ ̄̊̂˼-
˹̅̀ ˿̂˿ «̅̉̇˿̍˷̉˼̂̓̄̅̀» ̈̉̅˿̃̅̈̉̓̕, ˷ ̉˷́˽˼ 
̊̂̊̎̏˼̄˿˼ ̔́̅̂̅˺˿̎˼̈́̅̀ ̈˿̉̊˷̍˿˿ ˹ ˺̅̇̅˻˼.  

ǉǢǬǭȀǹǧǯǪǧ 

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

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

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

̉̇˿̎˼̈́̅̀ ̔̄˼̇˺˿˿. ˙ ̇˼˾̊̂̓̉˷̉˼ ̃̅˽̄̅ ̈̋̅̇-

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

̈̊̐˼̈̉˹̊̐̕˿  ̀̊̇̅˹˼̄̓ ̆˼̇˼̇˷˸̅̉́  ˿̅̉̌̅˻̅  ˹˹ 
˧̅̈̈˿  ˿̅̎˼̄  ̓̄˿˾́˿̀: ̆˼̇˼̇˷˸̅̉́  ˷˩˘  ˥̈̅̈̉˷˹̖̂˼̉ 
5–10 %, ˿˾̄̅̏˼̄̄̒  ̌̏˿  ̄– 5–7 %, ̃˼̉˷̂̂̅̂̅̃  ˷– 

20–30 %, ̈̉̇̅˿̉˼̂̓̄̒̌ ̅̉̌̅˻̅  ˹– 10–35 %; 

̅˸̑˼̃ ̆̇̅˿˾˹̅˻˿̃̒̌ ˩˘˥ ˹ ˨˦˸˦˪ – 

270 ̃3/̃˼̈. ˦̅ ̆̇˼˻˹˷̇˿̉˼̂̓̄̒̃ ̇˷̈̎˼̉˷̃ ̉˷́̅-

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

12–15 ́˙̉ ̔̂˼́̉̇˿̎˼̈́̅̀ ̔̄˼̇˺˿˿;  

̇˷̈̎˼̉̄̒̀ К˦˛ ̆̅ ˹̒̇˷˸̅̉́˼ ̉˼̆̂̅˹̅̀ ˿ 

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

́˷̍˿˿ ˩˘˥ ˹ ̍˿́̂˼ ̈ ˚˩˪ ˿ ́̅̉̂̅̃-

̊̉˿̂˿˾˷̉̅̇̅̃ ̈̅̈̉˷˹̖̂˼̉ 70,5 %. 
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