
 

102 

Научно-технические ведомости CПбПУ. Естественные и инженерные науки. Том 24, №3, 2018

DOI: 10.18721/JEST.240309 

УДК 621.311.22 

В.Н. Порохов, С.В. Еранкин 

ООО «Экотэп», Санкт-Петербург, Россия  

РАЗРАБОТКА ТЕХНИЧЕСКИХ РЕШЕНИЙ  
ПО МОДЕРНИЗАЦИИ ВЫБОРГСКОЙ ТЭЦ-17 

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

̂˼̈̅̅˸̇˷˾̄̒̃ ̆˼̇˼˹̅˻ ̖̆̇̃̅̉̅̎̄̅̀ ̈˿̈̉˼̃̒ ̉˼̌̄˿̎˼̈́̅˺̅ ˹̅˻̅̈̄˷˸˽˼̄˿̖ ˩ЭЦ ̄˷ ̅˸̅̇̅̉̄̊̕ 

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

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

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

˙̒˸̅̇˺̈́̅̀ ˩ЭЦ-17 ˻˷̄̄̒̃ ˾˷ 2016–2017 ˺˺. ̆̇̅˹˼˻˼̄ ˷̄˷̂˿˾ ̇˷˸̅̉̒ ̈̊̐˼̈̉˹̊̐̕˼̀ ̈˿̈̉˼̃̒ 

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

̎˿̈̂˷ ˹˼̄̉˿̖̂̉̅̇̄̒̌ ˺̇˷˻˿̇˼̄. ˧˷̈̈̃̅̉̇˼̄̒ ̉̇˿ ̉˿̆˷ ̅̇̅̈˿̉˼̂̓̄̅˺̅ ̊̈̉̇̅̀̈̉˹˷ ˺̇˷˻˿̇˼̄ ̄˷ 

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

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

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

̈̄˷˸˽˼̄˿̖. 

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

̅̇̅̈˿̉˼̂̓̄̒˼ ̊̈̉̇̅̀̈̉˹˷, ̅˺̇˷̄˿̎˼̄˿˼ ̃̅̐̄̅̈̉˿, ˹˷̇˿˷̄̉̒ ̇˼́̅̄̈̉̇̊́̍˿˿. 
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DEVELOPMENT OF TECHNICAL SOLUTIONS  
FOR THE TRANSFER OF VYBORGSKAYA CHPP-17  

The costs for the using water from natural sources grow from year to year, which makes it expedient to 

transfer a straight-through system of technical water supply to a circulating system, using cooling towers, to 

reuse water. In addition, the construction of a circulating water system gives significant growth of usable 

power by eliminating the power limits connected to water protection regulations. We have analyzed the 

operation of the existing technical water supply system based on the data provided by Vyborg CHPP-17 for 

2016–2017. Several reconstruction options with application of different numbers of mechanical draft 

cooling towers have been developed. Three types of cooling tower fill have been considered from the 

standpoint of their optimal economic usage. The influence of temperature increase on the operation mode 

of equipment and fuel efficiency has been studied. The most effective option of reconstruction of the 

technical water supply system was determined. 
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Энергетика и электротехника

ВǤǧǦǧǯǪǧ 

Э̄˼̇˺˼̉˿̎˼̈́˷̖ ̅̉̇˷̈̂̓ ˧̅̈̈˿˿ – ́̇̊̆̄˼̀-

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

40 % ˻˼̀̈̉˹̊̐̕˿̌ ̉˼̆̂̅˹̒̌ ̔̂˼́̉̇̅̈̉˷̄̍˿̀ 

(˩Э˨) ˿̃˼̉̕ ̖̆̇̃̅̉̅̎̄̊̕ ̈˿̈̉˼̃̊ ̅̌̂˷˽˻˼̄˿̖ 

[1]. ˙ ̎˷̈̉̄̅̈̉˿, ˹ ˤ˼˹̈́̅̃ ̋˿̂˿˷̂˼ ˦˗˥ 

«˩˚К-1» ̖̆̇̃̅̉̅̎̄̊̕ ̈˿̈̉˼̃̊ ̉˼̌̄˿̎˼̈́̅˺̅ 

˹̅˻̅̈̄˷˸˽˼̄˿̖ (˨˩˙˨) ˿̃˼̉̕ ̆̅̂̅˹˿̄˷ ˩ЭЦ. 

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

̏˷̐̕˿̃ ́̅̔̋̋˿̍˿˼̄̉̅̃ [2, 3]. ˤ˷̎˿̄˷̖ ̈ 
2015 ˺̅˻˷ ̇̅̈̉ ̆̂˷̉̒ ˾˷ ˹̅˻̅̆̅̂̓˾̅˹˷̄˿˼ ̈̅-

˺̂˷̈̄̅ ˦̅̈̉˷̄̅˹̂˼̄˿̕ ˦̇˷˹˿̉˼̂̓̈̉˹˷ ˧˫ 

№ 1509 «˥ ̈̉˷˹́˷̌ ̆̂˷̉̒ ˾˷ ̆̅̂̓˾̅˹˷̄˿˼ ˹̅˻̄̒-

̃˿ ̅˸̑˼́̉˷̃˿» ̈̅̈̉˷˹˿̂̅ 15 % ˹ ˺̅˻, ̎̉̅ ̆̇˿˹˼̂̅ 

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

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

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

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

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

˥˻˿̄ ˿˾ ̅̈̄̅˹̄̒̌ ̈̆̅̈̅˸̅˹ ̇˼̏˼̄˿̖ ̔̉̅˺̅ 

˹̅̆̇̅̈˷ – ̆˼̇˼˹̅˻ ̖̆̇̃̅̉̅̎̄̅̀ ̈˿̈̉˼̃̒ ̉˼̌-

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

̈˿̈̉˼̃̊ ̈ ̆̇˿̃˼̄˼̄˿˼̃ ˺˿˻̇̅̅̌̂˷˻˿̉˼̂˼̀ – 

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

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

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

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

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

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

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

̆̊̈́˷˼̖̉̈ [4]. ˗ ̆̇˿̃˼̄˼̄˿˼ ̄˷ ̔̂˼́̉̇̅̈̉˷̄̍˿̖̌ 
̅˸̅̇̅̉̄̒̌ ˨˩˙˨ ̈ ˺̇˷˻˿̖̇̄̃˿, ́˷́ ̆̅́˷˾˷̂ 

̅̆̒̉ ˿̌ ̔́̈̆̂̊˷̉˷̍˿˿, ̈ ̉̅̎́˿ ˾̇˼̄˿̖ ̅̌̇˷̄̒ 

̅́̇̊˽˷̐̕˼  ̀̈̇˼˻  ̒– ˹̆̅̂̄  ˼̆̇˿˼̃̂˼̃̅  ˼̇˼̏˼̄˿ .˼ 

˦̅̔̉̅̃̊ ̍˼̂̓̕ ̄˷̏˼̀ ̇˷˸̅̉̒ ˸̒̂̅ ̊̈̉˷-
̄̅˹̂˼̄˿˼ ̄˷˿˸̅̂˼˼ ̔̋̋˼́̉˿˹̄̅˺̅ ̉˼̌̄˿̎˼̈́̅-

˺̅ ̇˼̏˼̄˿̖ ̆̅ ̆˼̇˼˹̅˻̊ ˙̒˸̅̇˺̈́̅̀ ˩ЭЦ-17 

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

ǓǵǻǧǳǴǤǵȀǻǢȁ ǳǪǳǴǧмǢ ǴǧǷǤоǦоǳǯǢбǨǧǯǪȁ 

˙̒˸̅̇˺̈́˷̖ ˩ЭЦ-17 ̇˷̈̆̅̂˷˺˷˼̖̉̈ ˹ ˺̅̇̅-

˻˼ ˨˷̄́̉-˦˼̉˼̇˸̊̇˺˼ ˹ К˷̂˿̄˿̄̈́̅̃ ̇˷̀̅̄˼. 
˨̉˷̄̍˿̖ ˾˷̆̊̐˼̄˷ ˹ ̔́̈̆̂̊˷̉˷̍˿̕ 30 ˻˼́˷˸̖̇ 

1954 ˺̅˻˷. 
ˤ˷ ˩ЭЦ-17 ̄˷̌̅˻̖̖̉̈ ˹ ̔́̈̆̂̊˷̉˷̍˿˿ 3 ̆˷-

̇̅˹̒˼ ̉̊̇˸˿̄̒ ̈ ̉˼̆̂̅̋˿́˷̍˿̅̄̄̒̃˿ ̅̉˸̅-

̇˷̃˿ ̈̂˼˻̊̐̕˿̌ ̉˿̆̅˹: ˩-27,5-90 (̈̉. №2),  

˩-100-130 (̈̉. №3) ˿ ˩-123/130-130 (̈̉. №4). 

˥̈̄̅˹̄̒̃ ̉̅̆̂˿˹̅̃ ̖˹̖̂˼̖̉̈ ̆̇˿̇̅˻̄̒̀ 

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

˺˷̉˼̂̓̄̅˺̅ ̅˸̅̇̊˻̅˹˷̄˿̖ – ̖̆̇̃̅̉̅̎̄˷̖. ˩˼̌-

̄˿̎˼̈́̅˼ ˹̅˻̅̈̄˷˸˽˼̄˿˼ ˙̒˸̅̇˺̈́̅̀ ˩ЭЦ 

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

̈̉˷̄̍˿̀ (˘ˤ-1 ˿ ˘ˤ-2). 

˞˷˸̅̇ ˹̅˻̒ ˹ ˘ˤ-1 ˻̖̂ ̉˼̌̄̅̂̅˺˿̎˼̈́˿̌ 

̄̊˽˻ ˩ЭЦ ˹̖̒̆̅̂̄˼̖̉̈ ̎˼̇˼˾ ˻˹˼ ˹̅˻̅̆̇˿˼̃-

̄̒˼ ̉̇̊˸̒ ˻˿˷̃˼̉̇̅̃ 1200 ̃̃. ˩̇̊˸̒ ̆̇̅̂̅-

˽˼̄̒ ̆̅ ˻̄̊ ̇˼́˿ ˿ ̊̌̅˻̖̉ ̄˷ ˺̂̊˸˿̄̊ 14,25 ̃. 

˙ ̃˷̏˿̄̄̅̃ ˾˷̂˼ ˘ˤ-1 ̇˷˾̃˼̐˼̄̒: ̍˿̖̇́̊̂-

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

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

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

˙ ˘ˤ-2 ˹̅˻˷ ˿˾ ̇. ˤ˼˹̒ ˹ ˷˹˷̄́˷̃˼̇̒ ˹̅-

˻̅̆̇˿˼̃̄˿́˷ ̆̅̈̉̊̆˷˼̉ ̆̅ ˻˹̊̃ ̉̇̊˸˷̃ ˻˿˷-
̃˼̉̇̅̃ 1600 ̃̃, ̊̂̅˽˼̄̄̒̃ ̆̅ ˻̄̊ ̇˼́˿. ˣ˷-
̏˿̄̄̒̀ ˾˷̂ ˘ˤ-2 ̇˷̈̆̅̂̅˽˼̄ ̆̅˻ ̂˼˹̒̃ 

́̇̒̂̅̃ ˺̂˷˹̄̅˺̅ ˿̄˽˼̄˼̇̄̅˺̅ ́̅̇̆̊̈˷ ˢˣ˞. 

˙ ̄˼̃ ̇˷˾̃˼̐˼̄̒ ̍˿̖̇́̊̂̍˿̅̄̄̒˼ ̄˷̈̅̈̒, 

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

̉̇̊˸̅̆̇̅˹̅˻˷̃˿ ˿ ˷̇̃˷̉̊̇̅̀. 

ˤ˷ ˘ˤ-1 ̊̈̉˷̄̅˹̂˼̄̅ 4 ̍˿̇́̄˷̈̅̈˷ ̉˿̆˷ 

32˛-19, ̄˷ ˘ˤ-2 – 5 ̍˿̇́̄˷̈̅̈̅˹ ˷̄˷̂̅˺˿̎-

̄̅˺̅ ̉˿̆˷. Ц˿̖̇́̊̂̍˿̅̄̄˷̖ ˹̅˻˷ ̅̉ ̄˿̌  

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

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

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

˹̅̈̆̅̂̄˼̄˿̖ ̆̅̉˼̇̓ ̉˼̆̂̅̈˼̉˿. 
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˩ ˷ ˸ ̂ ˿ ̍ ˷  1  

ǃǢǩоǤǽǫ ǲǧǨǪм ǲǢбоǴǽ ǔǟǘ 

T a b l e  1  

Basic operating mode of the CHPP 

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

˞̄˷̎˼̄˿̖ ̆̅́˷˾˷̉˼̖̂ ˻̖̂ ̇˷˾̄̒̌  

̔̄˼̇˺̅˸̂̅́̅˹ ˿ ˹ ̍˼̂̅̃ ̆̅ ˩ЭЦ 

˩-27,5-90 

̈̉. №2 

˩-100-130 

̈̉. №3 

˩-123/130-

130 ̈̉. №4 

˙ ̍˼̂̅̃ 

̆̅ ˩ЭЦ 

˨̊̃̃˷̇̄̅˼ ̎˿̈̂̅ ̎˷̈̅˹ ˹ ̇˷˸̅̉˼ ˾˿̃̅̀ (̂˼̉̅̃), ̎ 2409 (3032) 3664 (1202) 1808 (396) – 

˨̇˼˻̄˼˼ ˾˷ 2016-17 ˺˺. ́̅̂˿̎˼̈̉˹̅ ̅˻̄̅˹̇˼̃˼̄̄̅ ̇˷˸̅̉˷̕-

̐˿̌ ̔̄˼̇˺̅˸̂̅́̅˹ ̆̅ ˩ЭЦ, ̏̉. 
– – – 2  

(  ˹˿ ̂̕˼ – 1)

˨̇˼˻̄˿̀ ˾˷ 2016-17 ˺˺. ̇˷̈̌̅˻ ̈˹˼˽˼˺̅ ̆˷̇˷ ˹ ̉̊̇˸˿̄̊ ˾˿̃̅̀ 

(̂˼̉̅̃), ̉/̎ 

135 (126) 403 (290) 453 (304) – 

˨̇˼˻̖̖̄ ˾˷ 2016-17 ˺˺. ̊˻˼̂̓̄˷̖ ̉˼̆̂̅˹˷̖ ̄˷˺̇̊˾́˷ ˾˿̃̅̀ 

(̂˼̉̅̃), ˚́˷̂/̎ 

48 (37) 154 (44) 166 (19) – 

˨̇˼˻̖̖̄ ˾˷ 2016-17 ˺˺. ́̅̄˻˼̄̈˷̍˿̅̄̄˷̖ ̃̅̐̄̅̈̉̓ ̉̊̇˸˿̄̒ 

˾˿̃̅̀ (̂˼̉̅̃), ˣ˙̉ 
6,0 (8,5) 6,9 (46,8) 8,6 (65,5) – 

˨̇˼˻̖̖̄ ˾˷ 2016-17 ˺˺. ˹̒̇˷˸̅̉́˷ ̔̂˼́̉̇̅̔̄˼̇˺˿˿, ̉̒̈. ́˙̉̎ – – – 159 035 

˧˷̈̎˼̉̄˷̖ ˺̅˻̅˹˷̖ ˹̒̇˷˸̅̉́˷ ̔̂˼́̉̇̅̔̄˼̇˺˿˿, ̉̒̈. ́˙̉̎ – – – 163 469* 

˨̇˼˻̖̖̄ ˾˷ 2016-17 ˺˺. ̃̅̐̄̅̈̉̓ ˩ЭЦ ̆̅ ̉˼̆̂̅̋˿́˷̍˿̅̄̄̅̃̊
̍˿́̂̊ ˹ ̂˼̉̄˿̀ ̆˼̇˿̅˻̒, ˣ˙̉ 

– – – 26,7 

ˤ̅̃˿̄˷̂̓̄̒̀ ̇˷̈̌̅˻ ˹̅˻̒, ̃3/̎:**     

̄˷ ́̅̄˻˼̄̈˷̉̅̇̒ (̎˼̇˼˾ ̅̈̄̅˹̄̒˼ ̆̊̎́˿) 5000 13600 13600 – 

˹̈˼˺̅ ̄˷ ˹̈̆̅̃̅˺˷̉˼̂̓̄̅˼ ̅˸̅̇̊˻̅˹˷̄˿˼ 200 760 760 – 

˹̈˼˺̅  5200 14360 14360 33920 

˫˷́̉˿̎˼̈́˿̀ ̈̇˼˻̄˿̀ ˾˷ 2016-17 ˺˺. ̈̊̃̃˷̇̄̒̀ ̇˷̈̌̅˻ ˹̅˻̒ 

˾˷ ˺̅˻, ̉̒̈. ̃3 

– – – 99364 

˨̊̃̃˷̇̄̒̀ ̇˷̈̎˼̉̄̒̀ ̈̇˼˻̄˿̀ ˾˷ 2016-17 ˺˺. ˺̅˻̅˹̅̀ 

̇˷̈̌̅˻ ̉̅̆̂˿˹˷, ̉ ̊.̉. 
– – – 60005 

˥˺̇˷̄˿̎˼̄˿˼ ̃̅̐̄̅̈̉˿ ˹ ̂˼̉̄˿̀ ̆˼̇˿̅˻, ˣ˙̉:**     

̃˷̀ 14,5 12 65 – 

˿̄̓̕ 14,5 24 65 – 

˿̂̓̕ 27,5 47 123 – 

˷˹˺̊̈̉ 8,5 100 123 – 

̈˼̖̄̉˸̇̓ 14,5 14 65 – 

  

* ˧˷̈̈̎˿̉˷̄̄̅˼ ˾̄˷̎˼̄˿˼ ̅̉̂˿̎˷˼̖̉̈ ̅̉ ̆̇˷́̉˿̎˼̈́̅˺̅ ̄˷ 2,7 %. 

** ˦̅ ˻˷̄̄̒̃ ˩ЭЦ. 
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˧˿̈. 1. ˘˷̂˷̄̈̅˹˷̖ ̈̌˼̃˷ ̖̆̇̃̅̉̅̎̄̅̀ ̈˿̈̉˼̃̒ ̉˼̌̄˿̎˼̈́̅˺̅ ˹̅˻̅̈̄˷˸˽˼̄˿̖ 

Fig. 1. The balance scheme of a straight-through system of technical water supply 
 

ˤ˷̆̅̇̄̒̀ ́̅̂̂˼́̉̅̇ ˘ˤ-1 ˻˿˷̃˼̉̇̅̃ 1000 

̃̃ ̆˼̇˼̌̅˻˿̉ ˹ ́̅̂̂˼́̉̅̇ 1400 ̃̃, ̆̅ ́̅̉̅̇̅-

̃̊ ˹̅˻˷ ̆̅̈̉̊̆˷˼̉ ̄˷ ́̅̄˻˼̄̈˷̉̅̇ ̉̊̇˸˿̄̒ ̈̉. 
№2 ˿ ˹̈̆̅̃̅˺˷̉˼̂̓̄̅˼ ̅˸̅̇̊˻̅˹˷̄˿˼. ˗ ̄˷ 
́̅̄˻˼̄̈˷̉̅̇̒ ̉̊̇˸˿̄ ̈̉. №3 ˿ №4 ̇˼̎̄˷̖ ˹̅˻˷ 

̇˷̈̆̇˼˻˼̖̂˼̖̉̈ ̎˼̇˼˾ ̄˷̆̅̇̄̒̀ ́̅̂̂˼́̉̅̇ 

˘ˤ-2 ˻˿˷̃˼̉̇̅̃ 1600 ̃̃. ˩̇̊˸̅̆̇̅˹̅˻̒ ̍˿̇́-

˹̅˻̒ ̆̇̅̌̅˻̖̉ ̆̅ ̉˼̇̇˿̉̅̇˿˿ ˢˣ˞ ˿ ˿̃˼̉̕ 
̅̉˹̅˻̒ ˻̖̂ ̄̊˽˻ ˢˣ˞. 

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

̉̇̊˸̅̆̇̅˹̅˻˷̃ ˻˿˷̃˼̉̇̅̃ 1200 ̃̃ ˿ ́˷̄˷̂̊ 

8002000 ̃̃. 

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

̄̒̌ ˸̒̂˷ ̆̇̅˷̄˷̂˿˾˿̇̅˹˷̄˷ ̇˷˸̅̉˷ ˙̒˸̅̇˺-
̈́̅̀ ˩ЭЦ ˿ ˹̒̆̅̂̄˼̄ ̉˼̆̂̅˹̅̀ ̇˷̈̎˼̉ ˼˼ ˸˷-
˾̅˹̅˺̅ ̇˼˽˿̃˷ ̇˷˸̅̉̒ ˾˷ 2016–2017 ˺˺., ̉. ˼. 
̇˷̈̎˼̉ ̄˷ ̅̈̄̅˹˼ ̅̈̇˼˻̄˼̄̄̒̌ ̋˷́̉˿̎˼̈́˿̌ 

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

˹˷̄˿̖ ̈̉˷̄̍˿˿ ˾˷ ˾˿̃̄˿̀ (̖̅́̉˸̇̓ – ˷̆̇˼̂̓) ˿ 

̂˼̉̄˿̀ (̃˷̀ – ̈˼̖̄̉˸̇̓) ̆˼̇˿̅˻̒ ̇˷˸̅̉̒. ˦̅-

̂̊̎˼̄̄̒˼ ̇˼˾̊̂̓̉˷̉̒ ̈˹˼˻˼̄̒ ˹ ̉˷˸̂.1. 

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

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

ˤ˷ ̇˿̈. 1 ̆̇˼˻̈̉˷˹̂˼̄˷ ˸˷̂˷̄̈̅˹˷  ̖̈̌˼̃˷ ̖̆̇-

̃̅̉̅̎̄̅  ̀˨˩˙˨. ˥˸̅˾̄˷̎˼̄̄̒  ˼̇˷̈̌̅˻  ̒̆̇˿̖̄̉̒ 

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

ВǢǲǪǢǯǴǽ ǲǧǬоǯǳǴǲǵǬǸǪǪ  

ǳǪǳǴǧмǽ ǴǧǷǤоǦоǳǯǢбǨǧǯǪȁ 

 ˨ ̍˼̂̓  ̕ ̊̃˼̄̓̏˼̄˿  ̖ ˹̅˻̅̆̅̉̇˼˸̂˼̄˿  ̖ ˿  ˾

.̇ ʕ ˼˹  ̒̇˷̈̈̃̅̉̇˼̄  ̒̉̇  ˿˹˷̇˿˷̄̉  ˷̇˼́̅̄̈̉̇̊́̍˿  ˿

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

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

˙˷̇˿˷̄  ̉№1: ̈̉̇̅˿̉˼̂̓̈̉˹  ̅̅˸̅̇̅̉̄̅  ̀̈˿̈̉˼̃  ̒

̉˼̌˹̅˻̅̈̄˷˸˽˼̄˿̖, ́̅̉̅̇˷  ̖̈̃̅˽˼  ̉̅˸˼̈̆˼̎˿̉  ̓̇˷-
˸̅̉  ̊ ̅˻̄̅˺  ̅ ˿  ˾ ̉̊̇˸̅˷˺̇˼˺˷̉̅  ˹ (˩-123/130-130 ̈ .̉ 

№4 ˿ ̂  ˿˩ -100-130 ̈ .̉ №3). 

˙˷̇˿˷̄  ̉№2: ̆˼̇˼˹̅  ˻˹̈˼  ̀˩ЭЦ ̄  ˷̅˸̅̇̅̉̄̊  ̕

˨˩˙ .˨ 

˙˷̇˿˷̄̉ №3: ̆˼̇˼˹̅˻ ˹̈̆̅̃̅˺˷̉˼̂̓̄̅˺̅ 

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

˙˷̇˿˷̄̉ №3 ̇˷̈̈̃˷̉̇˿˹˷˼̖̉̈ ˹ ́˷̎˼̈̉˹˼ 
˻̅̆̅̂̄˿̉˼̂̓̄̅˺̅. ˦̅̈̂˼ ̆̇̅̌̅˽˻˼̄˿̖ ̎˼̇˼˾ 
̃˷̈̂̅̅̌̂˷˻˿̉˼̂˿ ˹̅˾̃̅˽˼̄ ̊̄̅̈ ̎˷̈̉˿ ̃˷̈̂˷ ̈ 
̅̌̂˷˽˻˷̐̕˼̀ ˹̅˻̅̀ [5]. ˧˼˷̂˿˾˷̍˿̖ ˻˷̄̄̅˺̅ 

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

̈̅˻˼̇˽˷̐˼̀ ̄˼̋̉˼̆̇̅˻̊́̉̒, ˹ ̇. ˤ˼˹̊. 
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˩ ˷ ˸ ̂ ˿ ̍ ˷  2  

ВǢǲǪǢǯǴǽ ǲǧǬоǯǳǴǲǵǬǸǪǪ 

T a b l e  2  

Options of reconstruction 
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̅̂

-˹
̅ 
̃˷
˺˿
̈̉
̇˷
̂̓
̄̒
̌ 

˹̅
˻̅
˹̅
˻̅
˹,

 ̏
̉.

 

˛
˿˷
̃˼
̉

 ̇̃
˷˺
˿̈
̉̇
˷̂
̓̄
̒

 ̌

˹̅
˻̅
˹̅
˻̅
˹,

 ̃
̃ 

К
̅̂

-˹
̅ 
̅̉
˹̅
˻̖
̐
˿̌

  

˹̅
˻̅
˹̅
˻̅
˹,

 ̏
̉.

 

˛
˿˷
̃
˼̉
̇ 
̅̉
˹̅
˻̖
̐
˿̌

 ˹
̅-

˻̅
˹̅
˻̅
˹,

 ̃
̃ 

˧˷
˾̃
˼̇
̒

 ˷
˹˷
̄́
˷̃
˼̇
̒

, 
̃ 

№1 16,1 2 6 1152 3100 9300 18600 3 SJT-42CLC 864 2 1200 2 1200 12124,5

№2 16,1 4 12 2304 3100 9300 37200 6 SJT-42CLC 864 2 1800 2 1800 18124,5

№3 12,6 1 2 128 806 1613 1613 3 TP 200-410/4 384 1 510 1 510 – 

 

ˬ˷̇˷́̉˼̇˿̈̉˿́˿ ̈̅̅̇̊˽˼̄˿̀ ́˷˽˻̅˺̅ ˹˷-
̇˿˷̄̉˷ ̆̇˿˹˼˻˼̄̒ ˹ ̉˷˸̂. 2. 

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

˹˷̉̈̕ :̖ 

˹˼̇̉˿́˷̂̓̄̒  ˼ ̆̅̂̊̆̅˺̇̊˽̄̒  ˼ ̅˻̄̅̈̉̊̆˼̄̎˷-
̉̒  ˼̄˷̈̅̈  ̒́̅̃̆˷̄˿  ˿Sulzer ̉˿̆  ˷SJT-42CLC (6333 

̃3/ ,̎ 27 .̃˹ ̅ .˻̈ ̉) ˻̂  ̖˹˷̇˿˷̄̉̅  ˹̇˼́̅̄̈̉̇̊́̍˿  ˿№1 

 ˿№2; 

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

̄˷̈̅̈  ̒́̅̃̆˷̄˿  ˿Grundfos ̉˿̆  ˷TP 200-410/4 (771 

̃3/ ,̎ 28 ̃ .˹ ̅ .˻̈ ̉) ˻ ̂  ̖˹ ˷̇˿˷̄̉  ˷№3; 

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

˨˙˚-192-3 (˥˥  ˥ «ЭК˥˩Э˦», ˨˷̄́̉-˦˼̉˼̇˸̊̇ ;˺ 

̇˷˾̃˼  ̇̈˼́̍˿  ˿– 12×16 ,̃ ̃̅̐̄̅̈̉  ̓̔̂˼́̉̇̅˻˹˿˺˷-
̉˼̂  ̖– 90 ́˙̉) ˻̂  ̖˹˷̇˿˷̄̉̅  ˹̇˼́̅̄̈̉̇̊́̍˿  ˿№1  ˿

№2; 

˹˼̄̉˿̖̂̉̅̇̄˷  ̖˻˹̊̌̈˼́̍˿̅̄̄˷  ̖˺̇˷˻˿̇̄  ̖˨˙˚-

64-2 (˥˥  ˥ «ЭК˥˩Э˦» ˨˷̄́̉-˦˼̉˼̇˸̊̇ ,˺ ̇˷˾̃˼  ̇

̈˼́̍˿  ˿ – 8×8 ,̃ ̃̅̐̄̅̈̉  ̓ ̔̂˼́̉̇̅˻˹˿˺˷̉˼̂  ̖ – 

37 ́ ˙̉) ˻ ̂  ̖˹ ˷̇˿˷̄̉  ˷№3. 

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

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

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

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

˹˷˽̄  ̅˻ ̂  ̖˹ ˷̇˿˷̄̉̅  ˹№1 ˿  №2. 

˛̂  ̖ ˹˷̇˿˷̄̉  ˷ №3, ̄  ˼ ̉̇˼˸̊̐̕˼˺  ̅ ˸̅̂̓̏̅  ̀

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

˺̅̇˿˾̅̄̉˷̂̓̄̒  ˼̄ ˷̈̅̈ .̒ 

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

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

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

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

˷̄˷̂̅˺˿̎̄̅  ̀̅ ̌̂˷˽˻˷̐̕˼  ̀̈ ̆̅̈̅˸̄̅̈̉  ˿[6]. 

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

˾˷̈̉̇̅̀́  ˿́  ̇ ˷̈̈̃̅̉̇˼̄˿  ̄̕  ˼̆ ̇˿̄˿̃˷̉̈̕ .̖ 

ВǢǲǪǢǯǴǽ ǲǢǩмǧǻǧǯǪȁ ǥǪǦǲооǷǭǢǦǪǴǧǭǧǫ  

ǯǢ ǥǧǯǱǭǢǯǧ  

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

̇˿̉̅̇˿˿ ˩ЭЦ ̅́̅̂̅ ̃˷̈̂̅̌̅˾̖̀̈̉˹˷ ̆̅ ̉̇˼̃ 

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

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

̃˿ ̆̇˿̄˿̃˷̖̉̈̕ ˹ ̈̅̅̉˹˼̉̈̉˹˿˿ ̈ ˨˦ 

18.13330.2011 «˚˼̄˼̇˷̂̓̄̒˼ ̆̂˷̄̒ ̆̇̅̃̒̏-

̂˼̄̄̒̌ ̆̇˼˻̆̇˿̖̉˿̀». 
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ВаȐȈаȍȒ №1 – ˺̇˷˻˿̇̄˿ ̊̈̉˷̄˷˹̂˿˹˷̖̉̈̕ 

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

˩ЭЦ. 

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

˺̇˷˻˿̇˼̄, ̇˷̈̈̎˿̉˷̄̄˷̖ ̄˷ ̅̌̂˷˽˻˼̄˿˼ ̇˷̈̌̅˻˷ 
̅˸̅̇̅̉̄̅̀ ˹̅˻̒, – 18600 ̃3/̎. ˛˷̄̄̅˺̅ ̇˷̈̌̅-

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

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

123/130-130 ˿ ˹̈̆̅̃̅˺˷̉˼̂̓̄̅˺̅ ̅˸̅̇̊˻̅˹˷-
̄˿̖. ˚˷˸˷̇˿̉ ̅˻̄̅̀ ˺̇˷˻˿̇̄˿ – 16,0×36,0 ̃. 

˧˷̖̈̈̉̅̄˿˼ ˹ ̖̇˻̊ ̃˼˽˻̊ ˺̇˷˻˿̖̇̄̃˿ – 3,0 ̃. 

ˤ˼˻̅̈̉˷̉́˿ ˹˷̇˿˷̄̉˷: 
̎˷̈̉̓ ̅˸̅̇̊˻̅˹˷̄˿̖ ˩ЭЦ ̅̈̉˷̄˼̖̉̈ ̄˷ 

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

˽˼̄˿̖; 

̉̇˼˸̊˼̖̉̈ ˻˼̃̅̄̉˷˽ ˾˻˷̄˿̖ ̈́̂˷˻˷ ˢˣ˞. 

ВаȐȈаȍȒ №2 – ˺̇˷˻˿̇̄˿ ̊̈̉˷̄˷˹̂˿˹˷̖̉̈̕ 

˷̄˷̂̅˺˿̎̄̅ ˹˷̇˿˷̄̉̊ №1 ̃˼˽˻̊ ̃˷̈̂̅̌̅˾̖̀̈̉-
˹̅̃ ˿ ˾˻˷̄˿˼̃ ̔̂˼́̉̇̅̂˿˾̄̅̀ ̈ ˻̅˸˷˹̂˼̄˿˼̃ 

̅˻̄̅˺̅ ̆˷̇˷̂̂˼̂̓̄̅˺̅ ̖̇˻˷ ˺̇˷˻˿̇˼̄. 

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

˺̇˷˻˿̇˼̄, ̇˷̈̈̎˿̉˷̄̄˷̖ ̄˷ ̅̌̂˷˽˻˼̄˿˼ ̇˷̈̌̅˻˷ 
̅˸̅̇̅̉̄̅̀ ˹̅˻̒, – 37200 ̃3/̎. ˛˷̄̄̒̀ ̇˷̈̌̅˻ 

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

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

˚˷˸˷̇˿̉ ̅˻̄̅̀ ˺̇˷˻˿̇̄˿ – 16,0×36,0 ̃. ˧˷̈-
̖̈̉̅̄˿˼ ˹ ̖̇˻̊ ̃˼˽˻̊ ˺̇˷˻˿̖̇̄̃˿ – 3,0 ̃. ˧˷̈-
̖̈̉̅̄˿˼ ̃˼˽˻̊ ̖̇˻˷̃˿ ˺̇˷˻˿̇˼̄ – 21,0 ̃. 

ˤ˼˻̅̈̉˷̉̅́ ˹˷̇˿˷̄̉˷: ̉̇˼˸̊˼̖̉̈ ˻˼̃̅̄̉˷˽ 

˾˻˷̄˿̖ ̈́̂˷˻˷ ˢˣ˞. 

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

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

˦̇˼˻̆̅̂˷˺˷˼̃̅˼ ̇˷̈̆̅̂̅˽˼̄˿˼ ̎˼̉̒̇˼̌ 

˹˼̄̉˿̖̂̉̅̇̄̒̌ ˺̇˷˻˿̇˼̄ ̆̅́˷˾˷̄̅ ̄˷ ̇˿̈. 2. 

ВаȐȈаȍȒ №3 – ˺̇˷˻˿̖̇̄ ̊̈̉˷̄˷˹̂˿˹˷̖̉̈̕ 

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

̇˿˿ ˩ЭЦ ˹˸̂˿˾˿ ˾˻˷̄˿̖ ̃˷̏˾˷̂˷ 2-  ̀ ̅̎˼̇˼˻˿ ̈ 
̃˿̄˿̃˷̂̓̄̒̃ ˿̈̆̅̂̓˾̅˹˷̄˿˼̃ ̈˹̅˸̅˻̄̅̀ ̉˼̇̇˿-

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

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

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

˻˷ ̅˸̅̇̅̉̄̅̀ ˹̅˻̒, – 1613 ̃3/̎. ˛˷̄̄̅˺̅ ̇˷̈-

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

̅˸̅̇̊˻̅˹˷̄˿̖ ˹̈˼̌ ̉̊̇˸̅˷˺̇˼˺˷̉̅˹. ˚˷˸˷̇˿̉ 
˺̇˷˻˿̇̄˿ – 16,0×8,0 ̃. 

ˤ˼˻̅̈̉˷̉̅́: ̅̈̄̅˹̄̅˼ ̅˸̅̇̊˻̅˹˷̄˿˼ ˩ЭЦ 

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

˩˷́̅˼ ̇˷̈̆̅̂̅˽˼̄˿˼ ˺̇˷˻˿̇̄˿ ̆̅˾˹̖̅̂˼̉ 
̃˿̄˿̃˿˾˿̇̅˹˷̉̓ ˻˼̃̅̄̉˷˽̄̒˼ ˿ ̈̉̇̅˿̉˼̂̓̄̒˼ 
̇˷˸̅̉̒ ̆̅ ̈̊̐˼̈̉˹̊̐̕˿̃ ̈̅̅̇̊˽˼̄˿̖̃ ˩ЭЦ. 

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

ǒǧǩǵǭǾǴǢǴǽ ǲǢǳǹǧǴоǤ 

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

˹˷̇˿˷̄̉̅˹ ̇˼́̅̄̈̉̇̊́̍˿˿ ˨˩˙˨ ̈ ̆̇˿̃˼̄˼̄˿-

˼̃ ̇˷˾̂˿̎̄̒̌ ̉˿̆̅˹ ̅̇̅̈˿̉˼̂̓̄̒̌ ̊̈̉̇̅̀̈̉˹. 

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

̆̅˹˼̇̌̄̅̈̉˿ ́̅̄̉˷́̉˷ ˹̅˻̒ ˿ ˹̅˾˻̊̌˷: 
1) ́˷̆˼̂̓̄̅-̆̂˼̄̅̎̄̒̀ ̅̇̅̈˿̉˼̂̓ NC 20-25; 

2) ́̅̃˸˿̄˿̇̅˹˷̄̄̒̀ ̅̇̅̈˿̉˼̂̓ (˥˛˚-

60/40+˥˛˚-60/25(2)+˙˨˨-55); 

3) ́˷̆˼̂̓̄̅-̆̂˼̄̅̎̄̒̀ ̅̇̅̈˿̉˼̂̓ ̉˿̆˷ 
˘Э˙-200 [7–10]. 

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

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

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

̇˼˽˿̃˼ ̈ ̃˷̂̒̃ ̅˸̑˼̃̅̃ ̇˼˺̊̂˿̇̊˼̃̒̌ ̅̉˸̅̇̅˹ 
[11]. ˙ ̎˷̈̉̄̅̈̉˿, ̄˷ ˙̒˸̅̇˺̈́̅̀ ˩ЭЦ ̆̇˿ ̈̊̐˼-
̈̉˹̊̐̕˼̀ ̖̆̇̃̅̉̅̎̄̅̀ ̈˿̈̉˼̃˼ ̉˼̌̄̅˹̅˻̅̈̄˷˸-

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

̄˷́̂˷˻̒˹˷˼̉ ˾˷̆̇˼̉ ̈˸̇̅̈˷ ˹̅˻̒ ˹ ̇˼́̊ ˤ˼˹̊, 
̉˼̃̆˼̇˷̉̊̇˷ ́̅̉̅̇̅̀ ̆̇˼˹̒̏˷˼̉ 20 ˨ ̂˼̉̅̃ ˿ 

5 ˨ ˾˿̃̅̀, ˷ ̃˷́̈˿̃˷̂̓̄̒̀ ̆˼̇˼̆˷˻ ̉˼̃̆˼̇˷̉̊-
̇̒ ˹ ̃˼̈̉˼ ˹̅˻̅˹̒̆̊̈́˷ ̈̅̈̉˷˹̖̂˼̉ ˸̅̂˼˼ 5 ˨.  

˧˷̈̎˼̉ ̅˸˼̈̆˼̎˼̄̄̅̈̉˿ ̔̂˼́̉̇˿̎˼̈́̅̀ 

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

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

̄̅̈̉̓ ˹̒̇˷˸̅̉́˿ ̔̂˼́̉̇˿̎˼̈́̅̀ ̃̅̐̄̅̈̉˿ ̄˷ 
̉̊̇˸˿̄˷̌ ̆̅ ̉˼̆̂̅̋˿́˷̍˿̅̄̄̅̃̊ ̍˿́̂̊.  
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˧˿̈. 2. ˧˷˾̃˼̐˼̄˿˼ ˹˼̄̉˿̖̂̉̅̇̄̒̌ ˺̇˷˻˿̇˼̄ ̄˷ ˺˼̄̆̂˷̄˼, ˹˷̇˿˷̄̉ №2 

Fig. 2. Placement of fan cooling towers on the general plan, option №2 

 

˧˷̈̎˼̉̒ ̆̇̅˹˼˻˼̄̒ ̄˷ ̆̇˿̃˼̇˼ [12] ˿ ̈ 
̊̎˼̉̅̃ «ˣ˼̉̅˻˿̎˼̈́˿̌ ̊́˷˾˷̄˿̀ ̆̅ ̅̆̇˼˻˼̂˼-
̄˿̕ ˿ ̈̅˺̂˷̈̅˹˷̄˿̕ ̅˺̇˷̄˿̎˼̄˿̀ ̊̈̉˷̄̅˹-

̂˼̄̄̅̀ ̔̂˼́̉̇˿̎˼̈́̅̀ ̃̅̐̄̅̈̉˿ ̉˼̆̂̅˹̒̌ ˿ 

˷̉̅̃̄̒̌ ̔̂˼́̉̇̅̈̉˷̄̍˿̀» ˨˥ Ц˛˪ ЕЭ˨ ˿ ˹̒-

̆̅̂̄˼̄̒ ˻̖̂ ˻˹̊̌ ˹˷̇˿˷̄̉̅˹: 

1) ̄˷ ̅˸̅̇̅̉̄̅̀ ̈˿̈̉˼̃˼ ˹́̂̎̕˼̄˷ ̅˻̄˷ 

̉̊̇˸˿̄˷ ̉˿̆˷ ˩-100/130 ̈̉. №3 ˿̂˿ ˩-123/130-

130 ̈̉. №4 (̆̇˼˻̆̅̎̉˿̉˼̂̓̄˼̀ ̇˷˸̅̉˷ ̉̊̇˸˿̄̒ 

̈̉. №4 ̈ ̄˷˿̃˼̄̓̏˿̃ ̈̇̅́̅̃ ̔́̈̆̂̊˷̉˷̍˿˿); 

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

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

2) ˹́̂̎̕˼̄̒ ˹̈˼ ̉̇˿ ̊̈̉˷̄̅˹̂˼̄̄̒˼ 

̄˷ ˩ЭЦ ̉̊̇˸˿̄̒ ̉˿̆˷ ˩ ˿ ̎˼̉̒̇˼ ˹˼̄̉˿-

̖̂̉̅̇̄̒˼ ˺̇˷˻˿̇̄˿; ̇˷̈̌̅˻ ̅̌̂˷˽˻˷̐̕˼̀ 

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

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

̈˷̃˿. 

˦̅ ̇˼˾̊̂̓̉˷̉˷̃ ̇˷̈̎˼̉˷ ̅˸˼̈̆˼̎˼̄̄̅̈̉˿ 

̔̂˼́̉̇˿̎˼̈́̅̀ ̃̅̐̄̅̈̉˿ ̉̊̇˸˿̄ ̈̉̇̅˿̖̉̈ 

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

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

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

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

̇˷˾̂˿̎̄̒̃˿ ̉˿̆˷̃˿ ̅̇̅̈˿̉˼̂̓̄̒̌ ̊̈̉̇̅̀̈̉˹ 

(̇˿̈. 3). 
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˧˿̈. 3. ˚̇˷̋˿́˿ ˾˷˹˿̈˿̃̅̈̉˿ ̇˷̈̆̅̂˷˺˷˼̃̅̀ ̃̅̐̄̅̈̉˿ ̉̊̇˸˿̄̒ ̉˿̆˷ ˩-123/130-130 ̈̉. №4  

̅̉ ̉˼̃̆˼̇˷̉̊̇̒ ̄˷̇̊˽̄̅˺̅ ˹̅˾˻̊̌˷ ˻̖̂ ˻˹̊̌ ˹˷̇˿˷̄̉̅˹ ̇˼́̅̄̈̉̇̊́̍˿˿: а – ˹˷̇˿˷̄̉ №1; ȁ – ˹˷̇˿˷̄̉ №2 

Fig. 3. Graphs of the dependence of the available capacity of the turbine type T-123/130-130 st. №4  

on the outside temperature: а – option N1; ȁ – option N2 
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˩ ˷ ˸ ̂ ˿ ̍ ˷  3  

ǐǥǲǢǯǪǹǧǯǪȁ моǻǯоǳǴǪ 

T a b l e  3  

Power limits 

ˣ˼̖̈̍ 
˩˼̃̆˼̇˷̉̊̇˷ 
˹̅˾˻̊̌˷, ˨ 

˧˷̈̎˼̉̄̅˼ ̅˺̇˷̄˿̎˼̄˿˼ ̃̅̐̄̅̈̉˿ ̉̊̇˸˿̄̒ ̈̉. №4, ΔN̅˺̇, ˣ˙̉

˙˷̇˿˷̄̉ 1 ̈ NC 

20-25(3) 

˙˷̇˿˷̄̉ 1 ̈ ˥˛˚-60/40+ 

˥˛˚-60/25(2)+˙˨˨-55

˙˷̇˿˷̄̉ 1 

̈ ˘Э˙–200 

˙˷̇˿˷̄̉ 2 ̈ ˥˛˚-60/40+ 

˥˛˚-60/25(2)+˙˨˨-55

V 10,9 0 0 0,4 0 

VI 15,7 0,1 1,0 6,5 4,7 

VII 18,3 1,7 5,2 11,4 10,9 

VIII 16,7 0,5 2,5 8,3 6,9 

IX 11,4 0 0 0,8 0 
 

˦̅̂̊̎˼̄̄˷̖ ˾˷˹˿̈˿̃̅̈̉̓ ̈̊̃̃˷̇̄̅̀ ̇˷̈̆̅-

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

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

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

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

˼̃ ˻˷̄̄̅̀ ̆̇̅˸̂˼̃̒ ̖˹̖̂˼̖̉̈ ˹̒˸̅̇ ̂̊̎̏˼˺̅ 

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

˿ ˹̅ ˹̈˼̃ ̅˸̑˼̃˼ ̅̇̅̈˿̉˼̂̓̄̅˺̅ ̊̈̉̇̅̀̈̉˹˷ [13].  

˦̅ ̆̅̂̊̎˼̄̄̒̃ ˺̇˷̋˿́˷̃ (̈̃. ̇˿̈. 3) ˻̖̂ 

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

̃̅̐̄̅̈̉̓ ̉̊̇˸˿̄̒ ̉˿̆˷ ˩-123/130-130 ̈̉. №4 

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

˪̈̉˷̄̅˹̂˼̄̄˷̖ ̃̅̐̄̅̈̉̓ ̉̊̇˸˿̄̒ N̊̈̉  

˩-123/130-130 ̈̅̈̉˷˹̖̂˼̉ 123 ˣ˙̉. ˥̉̂˿̎˿˼ 
̇˷̈̆̅̂˷˺˷˼̃̅̀ ̃̅̐̄̅̈̉˿ ̉̊̇˸˿̄̒ ̅̉ 
̊̈̉˷̄̅˹̂˼̄̄̅̀ ̈˹̖˾˷̄̅ ̈ ̅˺̇˷̄˿̎˼̄˿̖̃˿ ̆̅ 

̃̅̐̄̅̈̉˿. ˧˷̈̎˼̉̄̒˼ ̅˺̇˷̄˿̎˼̄˿̖ ̃̅̐̄̅̈̉˿ 

̅̆̇˼˻˼̖̖̂̉̈̕ ̆̅ ̋̅̇̃̊̂˼ 

 ̅˺̇ ̊̈̉ ̇˷̈̆  ,N N N    

˺˻˼ N̊̈̉ – ̊̈̉˷̄̅˹̂˼̄̄˷̖ ̃̅̐̄̅̈̉̓ ̉̊̇˸˿̄̒; 

Ṅ˷̈̆ – ̇˷̈̆̅̂˷˺˷˼̃˷̖ ̃̅̐̄̅̈̉̓ ̉̊̇˸˿̄̒. 

˦̅̂̊̎˼̄̄̒˼ ̇˼˾̊̂̓̉˷̉̒ ̈˹˼˻˼̄̒ ˹ ̉˷˸̂. 3. 

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

̎˼̄˿̖ ̃̅̐̄̅̈̉˿, ˹ ̎˷̈̉̄̅̈̉˿ ̄˷ ̉̊̇˸˿̄˼ ̉˿̆˷ 
˩-123/130-130 ̈̉. №4, ̆̅ ̈̇˷˹̄˼̄˿̕ ̈ ̈̊̐˼̈̉-

˹̊̐̕˿̃˿ ̅˺̇˷̄˿̎˼̄˿̖̃˿ ˩ЭЦ ˸̊˻˼̉ ̆̅̂̊̎˷̉̓ 

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

˺̅ ̅̉˸̅̇˷ ̃̅̐̄̅̈̉˿ (К˥ˣ).  

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

«Э́̅̉̔̆» ̄˷ ̅̈̄̅˹˷̄˿˿ ̈̆̇˷˹̅̎̄˿́˷ ˸˷˾̅˹̒̌ 

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

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

̄˿˾˷̍˿˿ ˨˩˙˨ ̅̈̊̐˼̈̉˹̂˼̄̒ ̆̇˿ ̆̅̃̅̐˿ 

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

̈̉˿; ̅̆̇˼˻˼̖̂̂˿̈̓: ̎˿̈̉˷̖ ̉˼́̊̐˷̖ ̈̉̅˿̃̅̈̉̓ 

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

̆˷˼̃̅̈̉˿ (DPP), ˿̄˻˼́̈ ̇˼̄̉˷˸˼̂̓̄̅̈̉˿ ˻˿̈-
́̅̄̉˿̇̅˹˷̄̄̒̌ ˿̄˹˼̈̉˿̍˿̀ (PI). 

˛̖̂ ̄˷˺̖̂˻̄̅̈̉˿ ̇˼˾̊̂̓̉˷̉̒ ̉˼̌̄˿́̅-

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

˹ ̉˷˸̂. 4 ˿ ̇˿̈. 4. 

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

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

˸̅̂˼˼ ˹̒̈̅́˷̖ ̉˼̃̆˼̇˷̉̊̇˷ ̆̅̈̉̊̆˷̐̕˼̀ ̄˷ 
́̅̄˻˼̄̈˷̍˿̕ ̆˷̇˷ ˹̅˻̒ ̄˷́̂˷˻̒˹˷˼̉ ˸̅̂˼˼ 
˽˼̈̉́˿˼ ̅˺̇˷̄˿̎˼̄˿̖ ̃̅̐̄̅̈̉˿ ̉̊̇˸̅˷˺̇˼˺˷̉˷ 
[14, 15]. Э̉̅ ˿ ̆̅˻̉˹˼̇˽˻˷̉̕ ̇˼˾̊̂̓̉˷̉̒ ̇˷̈̎˼-
̉̅˹. ˘̂˷˺̅˻˷̖̇ ˻˷̄̄̅̀ ˾˷́̅̄̅̃˼̇̄̅̈̉˿ ˹˷̇˿-

˷̄̉ ̈ ̅̇̅̈˿̉˼̂̓̄̒̃ ̊̈̉̇̅̀̈̉˹̅̃ NC 20-25(3), 

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

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

˻˿̈́̅̄̉˿̇̅˹˷̄̄̒̀ ̈̇̅́ (˹ ̈̅̈̉˷˹˼ ˹˷̇˿˷̄̉˷ 
№1) – 9,0 ̂˼̉, ̃˼̄̓̏˼, ̎˼̃ ˹˷̇˿˷̄̉̒ ̈ ˻˼̏˼-
˹̒̃˿, ̄̅ ̈ ̄˷˿̃˼̄̓̏˼̀ ̅̌̂˷˽˻˷̐̕˼̀ ̈̆̅-

̈̅˸̄̅̈̉̓̕ ̅̇̅̈˿̉˼̂̓̄̒̃˿ ̊̈̉̇̅̀̈̉˹˷̃˿. 
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˘˙ 99364  – – 60005 – – – – 

№1 ̈ NC 23357 76007 6661 74582 14577 229,3 9,0 0,12 

№1 ̈ ˥˛˚ 23357 76007 6661 76338 16333 206,5 9,8 0,03 

№1 ̈ ˘Э˙ 23357 76007 6661 78289 18283 204,3 13,2 –0,28 

№2 ̈ ˥˛˚ 564 98800 12872 64796 4791 406,4 7,6 0,30 

№3 92632 6732 1572 60005 0 39,0 14,6 –0,28 

 

˙̈̂˼˻̈̉˹˿˼ ̆˼̇˼̌̅˻˷ ̄˷ ̅˸̅̇̅̉̄̊̕ ˨˩˙˨ 

̖̆̅˹̖̖̂̉̈̕ ˻̅̆̅̂̄˿̉˼̂̓̄̒˼ ˾˷̉̇˷̉̒ ̄˷ ̔̂˼́-

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

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

˺̇˷˻˿̇˼̄. ˥˻̄˷́̅ ˾˷̃˼̄˷ ̖̆̇̃̅̉̅̎̄̅̀ ˨˩˙˨ 

̄˷ ̅˸̅̇̅̉̄̊̕ ˻˷˼̉ ̅̐̊̉˿̃̒̀ ̆̇˿̇̅̈̉ ̇˷̈̆̅-

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

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

̉̅̂̓́̅ ̄˷ ̆̅˻̆˿̉́̊ ̅˸̅̇̅̉̄̅̀ ˨˩˙˨. 

К˷́ ̈ ̉̅̎́˿ ˾̇˼̄˿̖ ̅́̊̆˷˼̃̅̈̉˿ ˹̂̅˽˼̄̄̒̌ 
̈̇˼˻̈̉˹, ̉˷́ ˿ ̆̅ ̉˼̌̄̅̂̅˺˿̎˼̈́˿̃ ̈̅̅˸̇˷˽˼-
̄˿̖̃ ̄˷˿˸̅̂˼˼ ̔̋̋˼́̉˿˹̄̒̃ ˹˷̇˿˷̄̉̅̃ ̇˼-
́̅̄̈̉̇̊́̍˿˿ ̖˹̖̂˼̖̉̈ ˹˷̇˿˷̄̉ №2 ̈ ̎˼̖̉̒̇̓̃ 

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

̃˿ ˿ ̆̇˿̃˼̄˼̄˿˼̃ ̅̇̅̈˿̉˼̂̓̄̅˺̅ ̊̈̉̇̅̀̈̉˹˷ 
̉˿̆˷ ˥˛˚-60/40 + ˥˛˚-60/25(2) + ˙˨˨-55. 

ǉǢǬǭȀǹǧǯǪǧ 

˥̆̇˼˻˼̂˼̄ ̄˷˿˸̅̂˼˼ ̔̋̋˼́̉˿˹̄̒̀ ˹˷̇˿-

˷̄̉ ̇˼́̅̄̈̉̇̊́̍˿˿ ˨˩˙˨ – ˹˷̇˿˷̄̉ №2. ˤ˷ 
̇˼˷̂˿˾˷̍˿̕ ˻˷̄̄̅˺̅ ̆̇̅˼́̉˷ ̆̅̉̇˼˸̊˼̖̉̈ 

406,4 ̃̂̄ ̇̊˸ (˸˼˾ ̊̎˼̉˷ ˤ˛˨, ̍˼̄˷ 2018 ˺.). 

˛˿̈́̅̄̉˿̇̅˹˷̄̄̒̀ ̈̇̅́ ̅́̊̆˷˼̃̅̈̉˿ ̃˿̄˿-

̃˷̂˼̄ ˿ ̈̅̈̉˷˹̖̂˼̉ 7,6 ̂˼̉.  
˨̅̈̉˷˹ ̈̅̅̇̊˽˼̄˿̀ ˹ ˹˷̇˿˷̄̉˼ ̇˼́̅̄̈̉-

̇̊́̍˿˿: 

̎˼̉̒̇˼ ̉̇˼̌̈˼́̍˿̅̄̄̒˼ ˹˼̄̉˿̖̂̉̅̇̄̒˼ 
˺̇˷˻˿̇̄˿ ̉˿̆˷ ˨˙˚-192-3 (˥˥˥ «Э́̅̉̔̆» 

˨˷̄́̉-˦˼̉˼̇˸̊̇˺, ̇˷˾̃˼̇ ̈˼́̍˿˿ – 12×16 ̃, 

̃̅̐̄̅̈̉̓ ̔̂˼́̉̇̅˻˹˿˺˷̉˼̖̂ – 90 ́˙̉); 

˽˼̂˼˾̅˸˼̉̅̄̄̒̀ ˹̅˻̅̈˸̅̇̄̒̀ ˸˷̈̈˼̀̄ 

˺̇˷˻˿̇̄˿ ̅˸̑˼̃̅̃ 864 ̃3; 

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

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

18124,5 ̃; 

̄˷̈̅̈̄˷̖ ̈̉˷̄̍˿̖ ̈ ̏˼̈̉̓̕ ˹˼̇̉˿́˷̂̓̄̒̃˿ 

̆̅̂̊̆̅˺̇̊˽̄̒̃˿ ̅˻̄̅̈̉̊̆˼̄̎˷̉̒̃˿ ̄˷̈̅̈˷̃˿ 

́̅̃̆˷̄˿˿ Sulzer ̉˿̆˷ SJT-42CLC (6333 ̃3/̎, 

27 ̃.˹̅˻.̈̉); 

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

˻̅˹̅˻˷ ˻˿˷̃˼̉̇̅̃ 1800 ̃̃; 

˻˹˷ ̅̉˹̅˻̖̐˿̌ ˹̅˻̅˹̅˻˷ ́ ˺̇˷˻˿̖̇̄̃ ˻˿˷-
̃˼̉̇̅̃ 1800 ̃̃. 
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