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ПОТЕНЦИАЛ ПРИМЕНЕНИЯ СЕТЕЙ С ЕДИНЫМ КОНТУРОМ 
ТЕПЛОНАСОСНЫХ УСТАНОВОК В РОССИЙСКОЙ ФЕДЕРАЦИИ 

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

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

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

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

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

́̅̄̉̊̇̅̃ ̉˼̆̂̅̄˷̈̅̈̄̒̌ ̊̈̉˷̄̅˹̅́ ˻̖̂ ˧̅̈̈˿̀̈́̅̀ ˫˼˻˼̇˷̍˿˿ ˿ ̈̅̈̉˷˹̂˼̄˷ ́˷̇̉˷ ̇˷̀̅̄˿̇̅˹˷̄˿̖ 

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

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

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

ǪȋȞȗȅвțȅ ȑȋȎва: ̉˼̆̂̅˹̅̀ ̄˷̈̅̈, ̔̄˼̇˺̅̆̅̉̇˼˸̂˼̄˿˼, ́̇̊̆̄̒̀ ̈̉̇̅˿̉˼̂̓̄̒̀ ̅˸̑˼́̉, ̉˼̆̂̅˹˷̖ ̈˼̉̓, 

̃˼̉̅˻˿́˷ ̇˷̈̎˼̉˷, ́˷̇̉˷ ̇˷̀̅̄˿̇̅˹˷̄˿̖. 
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POSSIBILITIES OF USING HEAT PUMP SYSTEMS  
WITH A WATER LOOP IN RUSSIAN FEDERATION 

The paper presents a procedure for calculating the annual energy consumption of a large construction object 

whose heating system comprises heat pumps connected in a water loop and offers a zone map of the Russian 

Federation depending on the potential efficiency of using water-loop heat pump systems. We have consi-

dered the traditional system with heating units and cooling fan coil units and the proposed new system with 

water-loop heat pumps. The procedure for calculating the energy consumption of these systems is described. 

Based on this procedure, we have calculated the coefficient of relative energy efficiency of using water-loop 

heat pump systems for Russian Federation and constructed a zone map of Russian Federation depending on 

the potential efficiency of using these systems. We have analyzed the energy efficiency of water-loop heat 

pump systems for large construction objects. The proposed procedure and the zone map are applicable for 

calculations of annual energy consumption of heating systems with heat pumps included in the water loop 

and can be recommended as a tool for choosing the circuit design. 
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ВǤǧǦǧǯǪǧ 

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

̈˼̉˼̀ ̔̄˼̇˺̅- ˿ ̉˼̆̂̅̈̄˷˸˽˼̄˿̖ ́̇̊̆̄̒̌ ̅˸̑-

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

̇˷̈̎˼̉˷ ̉˼̆̂̅˹̒̌ ̈˼̉˼̀ ˿ ̊̈̉˷̄̅˹̅́ ̈ ̍˼̂̓̕ 

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

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

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

̇̊˽˷̐̕˼̀ ̈̇˼˻̒ ̉˼̆̂̅˹̒̌ ̈˿̈̉˼̃ [1–4].  

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

˹˷˼̖̉̈ ̄˷ ́̅̃̆̂˼́̈̄̅̃ ̊̎˼̉˼ ̋˷́̉̅̇̅˹, ̅̆̇˼-
˻˼̖̂̐̕˿̌ ˹̅˾̃̅˽̄̅̈̉˿ ̔́̅̄̅̃˿˿ [4]. ˨̇˼˻˿ 

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

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

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

̅̉́̇̒˹˷̖̉̈̕ ̆̇˿ ̅˸̅̈̄̅˹˷̄̄̅̃ ̆̇˿̃˼̄˼̄˿˿ 

̉˼̆̂̅˹̒̌ ̄˷̈̅̈̅˹ (˩ˤ) [5–9, 13–15]. 

˦̇˿̃˼̄˼̄˿˼ ̉˼̆̂̅̄˷̈̅̈̄̒̌ ̊̈̉˷̄̅˹̅́ ̄˷ 

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

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

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

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

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

̔̄˼̇˺̅̈˸˼̇˼˺˷̐̕˿̌ ̉˼̌̄̅̂̅˺˿̀ [11, 12]. 

˨̊̐˼̈̉˹̊̐̕˷̖ ̆̇˷́̉˿́˷ ̆̇̅˼́̉˿̇̅˹˷̄˿̖ 

˿̄˽˼̄˼̇̄̒̌ ̈˼̉˼̀ ̈ ˿̈̆̅̂̓˾̅˹˷̄˿˼̃ ̉˼̆̂̅̄˷-
̈̅̈̄̒̌ ̊̈̉˷̄̅˹̅́ (˩ˤ˪) ̄˼ ̊̎˿̉̒˹˷˼̉ ̇˼˺˿̅-

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

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

В ̄˷̖̈̉̅̐˼˼ ˹̇˼̖̃ ̅̉̈̊̉̈̉˹̊̉̕ ˿̄̈̉̇̊-

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

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

ǘǧǭǪ ǲǢбоǴǽ: 

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

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

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

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

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

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

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

̈́̅̀ ˫˼˻˼̇˷̍˿˿ ̆̅ ̆̅̉˼̄̍˿˷̂̊ ̆̇˿̃˼̄˼̄˿̖ 

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

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

ǎǧǴоǦǪǬǢ ǲǢǳǹǧǴǢ ǿǯǧǲǥоǱоǴǲǧбǭǧǯǪя  

ǤǯǵǴǲǧǯǯǪх ǪǯǨǧǯǧǲǯǽх ǳǧǴǧǫ ǳ оǦǯоǤǲǧмǧǯǯǽм 

ǵǹǧǴом ǴǧǱǭоǴǽ Ǫ ǿǭǧǬǴǲоǿǯǧǲǥǪǪ 

ДоǱǵǻǧǯǪя Ǫ оǥǲǢǯǪǹǧǯǪя. ˨̊̐˼̈̉˹˼̄̄̒ 

̈̂˼˻̊̐̕˿˼ ˻̅̆̊̐˼̄˿̖ ˿ ̅˺̇˷̄˿̎˼̄˿̖:  

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

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

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

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

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

̂˿̎˼̈́˿̀ ́̅̄̉̊̇. Э̂˼́̉̇˿̎˼̈́˷̖ ̔̄˼̇˺˿̖ 

̇˷̈̌̅˻̊˼̖̉̈ ̄˷ ̆̇˿˹̅˻ ́̅̃̆̇˼̈̈̅̇̅˹ ̌̅̂̅-

˻˿̂̓̄̅˺̅ ̅˸̅̇̊˻̅˹˷̄˿̖. 

2. В ́˷̎˼̈̉˹˼ ̆̇˼˻̂˷˺˷˼̃̅̀ ̈˿̈̉˼̃̒, ̆̇˿-

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

̈˿̈̉˼̃˷ ̈ ˼˻˿̄̒̃ ́̅̄̉̊̇̅̃ ˩ˤ˪. Э̂˼́̉̇˿̎˼-
̈́˷̖ ̔̄˼̇˺˿̖ ̇˷̈̌̅˻̊˼̖̉̈ ̄˷ ̆̇˿˹̅˻ ́̅̃̆̇˼̈-
̈̅̇̄̅˺̅ ̅˸̅̇̊˻̅˹˷̄˿̖ ˩ˤ˪. 

3. ˤ˷ ˻˿˷̆˷˾̅̄ ̉˼̃̆˼̇˷̉̊̇, ˹ ́̅̉̅̇̒̌ ̃̅˽˼̉ 
̇˷˸̅̉˷̉̓ ˩ˤ˪ ˹ ̇˼˽˿̃˼ ̄˼̆̅̈̇˼˻̈̉˹˼̄̄̅˺̅ 

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

̈˹̅̀̈̉˹˷̃˿ ̆̇˿̃˼̖̄˼̃̒̌ ̌̂˷˻̅̄̅˹ (̇˷˸̅̎˿˼ 
̉˼̂˷). ˦̇˿ ˹̒̌̅˻˼ ˾˷ ˹˼̇̌̄̕̕ ˺̇˷̄˿̍̊ ̉˼̃̆˼̇˷-
̉̊̇̒ ́̅̄˻˼̄̈˷̍˿˿ ̌̂˷˻̅̄˷ ˹ ́̅̄˻˼̄̈˷̉̅̇˼ ˩ˤ˪ 

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

4. ˦̇˿ ̆̇˿̖̄̉̅̃ ̈̆̅̈̅˸˼ ̇˼˺̊̂˿̇̅˹˷̄˿̖  

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

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

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

5. ˧˷̈̎˼̉ ˺̅˻̅˹̅˺̅ ̔̄˼̇˺̅̆̅̉̇˼˸̂˼̄˿̖ ̆̇̅-

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

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

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

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

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

(n). Э̉̅̉ ́̅̔̋̋˿̍˿˼̄̉ ̖˹̖̂˼̖̉̈ ̆˼̇˼̃˼̄̄̒̃ 

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

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

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

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

˨; Ġ˼̍ – ̇˷̈̌̅˻ ̇˼̍˿̖̇́̊̂̍˿̅̄̄̅˺  ̅˹̄̊̉̇˼̄̄˼-
˺̅ ˹̅˾˻̊̌˷ ̎˼̇˼˾ ˿̄˻˿˹˿˻̊˷̂̓̄̒̀ ˻̅˹̅˻̎˿́ ˿̂˿ 

˩ˤ, ́˺/̎; twkS – ̉˼̃̆˼̇˷̉̊̇˷ ̉˼̆̂̅̄̅̈˿̉˼̖̂ ̄˷ ˹̒-

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

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

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

́̅̄̉̊̇˼ ̈ ˩ˤ (17,5 ˨); twkN – ̉˼̃̆˼̇˷̉̊̇˷ ̉˼̆̂̅-

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

˹˼̇̌̄˼̃̊ ˾̄˷̎˼̄˿̕ ̉˼̃̆˼̇˷̉̊̇  ̒̉˼̆̂̅̄̅̈˿̉˼̖̂ ˹ 
˺˿˻̇˷˹̂˿̎˼̈́̅̃ ́̅̄̉̊̇˼ ̈ ˩ˤ (22,5 ˨); tw – ̈̇˼˻-

̖̖̄ ̉˼̃̆˼̇˷̉̊̇˷ ̉˼̆̂̅̄̅̈˿̉˼̖̂ ˹ ˼˻˿̄̅̃ ˺˿˻̇˷˹-
̂˿̎˼̈́̅̃ ́̅̄̉̊̇˼ ̈ ˩ˤ, ̆̇˿ ́̅̉̅̇̅̀ ̈˿̈̉˼̃˷ ̄˷-
̌̅˻˿̖̉̈ ˹ ̇˷˹̄̅˹˼̈̄̅̃ ̖̈̅̈̉̅̄˿˿ (́̅˺˻˷ ̆̅̉̇˼˸-

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

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

̉̊̇˷ ̈ ˩ˤ ̄˼ ̉̇˼˸̊˼̖̉̈), ̇˷˹̄˷ 20 ˨.  

˦̇˿ ̇˷̈̎˼̉˼ ̉˼̃̆˼̇˷̉̊̇ ́̅̄˻˼̄̈˷̍˿˿ ˿ ́˿-

̆˼̄˿̖ ˹ ˩ˤ ˾̄˷̎˼̄˿˼ ̆̅̂̄̅˺̅ ̆˼̇˼̆˷˻˷ ̉˼̃̆˼-
̇˷̉̊̇̒ Θ (̉˼̃̆˼̇˷̉̊̇˷ ̈̇˼˻̒ ̄˷ ˹̌̅˻˼ ˹ ̉˼̆-

̂̅̅˸̃˼̄̄˿́ ˩ˤ ̃˿̄̊̈ ̉˼̃̆˼̇˷̉̊̇˷ ́̅̄˻˼̄̈˷-
̍˿˿ ̌̂˷˻̅˷˺˼̄̉˷ ˹ ˩ˤ) ̖̆̅̈̉̅̄̄̅ ˿ ̆̇˿̖̄̉̅ 

̇˷˹̄̒̃ 8 ˨. 

7. ˪˻˼̂̓̄̒˼ ̌˷̇˷́̉˼̇˿̈̉˿́˿ ̍˿́̂˷ ˩ˤ  

̅̆̇˼˻˼̂˼̄̒ ̆̅ ˻˿˷˺̇˷̃̃˼ lg P–i ˻̖̂ ̌̂˷˻̅̄˷, 
˿̈̆̅̂̓˾̊˼̃̅˺̅ ˹ ́˷̎˼̈̉˹˼ ̇˷˸̅̎˼˺̅ ̉˼̂˷ ˹ ˩ˤ; 

˿̌ ˾̄˷̎˼̄˿̖ ̈˹˼˻˼̄̒ ˹ ̉˷˸̂. 1 ˿ 2. 

˩ ˷ ˸ ̂ ˿ ̍ ˷  1  

ǕǦǧǭǾǯǽǧ хǢǲǢǬǴǧǲǪǳǴǪǬǪ ǸǪǬǭǢ ТǏ  

ǱǲǪ ǴǧмǱǧǲǢǴǵǲǧ ǪǳǱǢǲǧǯǪя R407C 15 Ǔ  

Ǫ ǲǢǩǭǪǹǯǽх ǴǧмǱǧǲǢǴǵǲǢх ǬоǯǦǧǯǳǢǸǪǪ 

T a b l e  1  

Specific characteristics of cyclic process  

of HP evaporating temperature R407C 15 Ǔ and diffe-

rently condensation pocket 

˩˼̃̆˼̇˷̉̊̇˷
́̅̄˻˼̄̈˷̍˿˿ 

(condensation 

pocket), ˨ 

˪˻˼̂̓̄˷̖ ̉˼̆̂̅-

̆̇̅˿˾˹̅˻˿̉˼̂̓̄̅̈̉  ̓

(specific heat out-

put), qk, ́˛˽/́˺ 

˩˼̆̂̅̉˷ ̈˽˷̉˿̖
(heat of com-

pression), l, 

́˛˽/́˺ 

28 208,32 13,94

29 208,12 14,97

30 207,18 15,99

31 206,52 17,01

32 205,60 18,02

33 204,98 19,02

34 204,37 20,02

35 203,10 21,01

 

˩ ˷ ˸ ̂ ˿ ̍ ˷  2  

ǕǦǧǭǾǯǽǧ хǢǲǢǬǴǧǲǪǳǴǪǬǪ ǸǪǬǭǢ ТǏ  

ǱǲǪ ǴǧмǱǧǲǢǴǵǲǧ ǬоǯǦǧǯǳǢǸǪǪ R407C 28 Ǔ  

Ǫ ǲǢǩǭǪǹǯǽх ǴǧмǱǧǲǢǴǵǲǢх ǬǪǱǧǯǪя 

T a b l e  2  

Specific characteristics of cyclic process of HP conden-

sation pocket R407C 28 Ǔ and differently evaporating 

temperature 

˩˼̃̆˼̇˷̉̊̇˷
́˿̆˼̄˿̖  

(evaporating 

temperature), ˨

˪˻˼̂̓̄˷̖ ̌̅̂̅˻̅-

̆̇̅˿˾˹̅˻˿̉˼̂̓̄̅̈̉  ̓

(specific cold con-

sumption), qx, ́ ˛˽/́  ˺

˩˼̆̂̅̉˷ ̈˽˷̉˿̖
(heat of com-

pression), l, 

́˛˽/́˺ 
6 187,80 24,55

7 188,42 23,33

8 189,04 22,12

9 189,66 20,92

10 190,49 19,73

11 190,89 18,56

12 191,31 17,39

13 191,73 16,23

14 192,14 15,08

15 192,76 13,94

16 193,38 12,82
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АǭǥоǲǪǴм ǲǢǳǹǧǴǢ. ǨȑȕȎȄȍțȅ Ȅаȍȍțȅ: ˾̄˷̎˼-
̄˿̖ n ˿ t˹̄; ̅˸̑˼̃̄̅-̆̂˷̄˿̇̅˹̅̎̄̒˼ ̇˼̏˼̄˿̖ 

̅˸̑˼́̉˷ ̇˷̈̎˼̉˷; ̃˼̈̉̅ ˼˺̅ ̈̉̇̅˿̉˼̂̓̈̉˹˷. 
ǯȎȑȋȅȄȎваȒȅȋȜȍȎȑȒȜ ȐаȑȗȅȒа: 

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

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

˾̅̄̉˷̂̓̄̊̕ ( )hor
iQ

 
˿ ˹˼̇̉˿́˷̂̓̄̊̕ ( )ver

iQ
 
̆̅-

˹˼̇̌̄̅̈̉˿ ̅˺̇˷˽˻˼̄˿̖ ˾˷ ̈̎˼̉ ̈̅̂̄˼̎̄̅̀ ̇˷-
˻˿˷̍˿˿; ̉˼̃̆˼̇˷̉̊̇˷ ̄˷̇̊˽̄̅˺̅ ˹̅˾˻̊̌˷ ˹ ̇˷̈-
̎˼̉̄̒̀ ̎˷̈ ti ̄˷̇; ̈̇˼˻̖̖̄ ̃˼̖̈̎̄˷̖ ̉˼̃̆˼̇˷̉̊̇˷ 
˹̅˾˻̊̌˷ ˹ i-̃ ̃˼̖̈̍˼ ti cpe˻ ˷˸̈̅̂̉̄̒̀̕ ̃˷́̈˿-

̃̊̃ ̉˼̃̆˼̇˷̉̊̇̒ ˹̅˾˻̊̌˷ ˹ i-̃ ̃˼̖̈̍˼ ti max; 

̃˷́̈˿̃˷̂̓̄̅˼ Ji max ˿ ̈̇˼˻̄˼̈̊̉̅̎̄̅˼ Ji cp ˾̄˷-
̎˼̄˿̖ ̆̅˹˼̇̌̄̅̈̉̄̅̀ ̆̂̅̉̄̅̈̉˿ ̉˼̆̂̅˹̅˺̅ ̆̅-

̉̅́˷ ̈̊̃̃˷̇̄̅̀ ̆̅̈̉̊̆˷̐̕˼̀ ˹ i-̃ ̃˼̖̈̍˼ 
̈̅̂̄˼̎̄̅̀ ̇˷˻˿˷̍˿˿ (̖̆̇̃̅̀ ˿ ̇˷̈̈˼̖̄̄̅̀) 

˻̖̂ ˺̅̇˿˾̅̄̉˷̂̓̄̅̀ ̆̅˹˼̇̌̄̅̈̉˿; ̃̅˻̊̂̓ 

̈̇˼˻̄˼˺̅ ˹˼́̉̅̇˷ ̈́̅̇̅̈̉˿ ˹ i-̃ ̃˼̖̈̍˼ – i; 

˹̇˼̖̃ ̃˷́̈˿̃̊̃˷ ̈̊̃̃˷̇̄̅̀ (̖̆̇̃̅̀ ˿ ̇˷̈̈˼-
̖̄̄̅̀) ̈̅̂̄˼̎̄̅̀ ̇˷˻˿˷̍˿˿ – zi. 

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

̅́̅̄ Fok ˿ ̃˷̈̈˿˹̄̒̌ ̅˺̇˷˽˻˷̐̕˿̌ ́̅̄̈̉̇̊́-

̍˿̀ Fm. 

3. ˨̅˺̂˷̈̄̅ ̉˼̌̄̅̂̅˺˿̎˼̈́˿̃ ̇˼̏˼̄˿̖̃ 

̅˸̑˼́̉˷ ̆̇˿̄˿̃˷̉̕ ˾̄˷̎˼̄˿˼ Qtotal ̆̅̂̄̒̌ 

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

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

̈̉˿́̅̀. 

4. В ̈̅̅̉˹˼̉̈̉˹˿˿ ̈ ̉˼̌̄˿̎˼̈́˿̃˿ ̊̈̂̅-

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

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

˼̖̉̈ ̌̂˷˻̅̄) ̆̅ ˻˿˷˺̇˷̃̃˼ lg P–i ˹˹̅˻̖̖̉̈ ˻̖̂ 

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

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

̂̅˻̅̆̇̅˿˾˹̅˻˿̉˼̂̓̄̅̈̉˿ – qx, ̊˻˼̂̓̄̅̀ ̉˼̆-

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

̃˼̌ ̃˼̌˷̄˿̎˼̈́̅˺̅ ́̅̔̋̋˿̍˿˼̄̉˷ ̆̅̂˼˾̄̅˺̅ 

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

̂˼˾̄̅˺̅ ˻˼̀̈̉˹˿̖ ̔̂˼́̉̇̅˻˹˿˺˷̉˼̖̂. 

ǡȋȎȊ ȏȐȅȄваȐȈȒȅȋȜȍȎȃȎ ȐаȑȗȅȒа: 

5. ˦̅ ́̂˿̃˷̉˿̎˼̈́˿̃ ˻˷̄̄̒̃ ˿ ˾˷˻˷̄̄̒̃ 

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

6. ˦̅ ˾̄˷̎˼̄˿̖̃ ˿˾ ̆.5 ̅̆̇˼˻˼̖̂˼̖̉̈ ˾̄˷-

̎˼̄˿˼ m
iQ  ̉˼̆̂̅˹̅˺̅ ̆̅̉̅́˷ ̎˼̇˼˾ ̃˷̈̈˿˹̄̊̕ 

̅˺̇˷˽˻˷̐̊̕̕ ́̅̄̈̉̇̊́̍˿̕. 

7. ˤ˷ ̅̈̄̅˹˼ ̇˼˾̊̂̓̉˷̉˷ ˿˾ ̆.6 ˿ ˾˷˻˷̄̄̒̃ 

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

̄̒˼ ̉˼̆̂̅̆̅̈̉̊̆̂˼̄˿̖ ˾˷ ̇˷̈̎˼̉̄̒̀ ̎˷̈ –  Q̉. 

8. ˦̅ ́̂˿̃˷̉˿̎˼̈́˿̃ ˻˷̄̄̒̃ ˿ ˾˷˻˷̄̄̒̃ 

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

̈̊̃̃˷̇̄̒˼ ̉˼̆̂̅̆̅̉˼̇˿ ˹ ̇˷̈̎˼̉̄̒̀ ̎˷̈ –  Qx. 

9. ˦̅ ̇˼˾̊̂̓̉˷̉˷̃ ̆.7 ˿ ̆.8 ̅̆̇˼˻˼̖̂˼̖̉̈ 

̇˷̈̌̅˻ Q˿˻ ̉˼̆̂̅˹̅̀ ̔̄˼̇˺˿˿, ̅̉˹̅˻˿̃̅̀ ˿̂˿ 

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

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

̉˿̖̂̉̅̇̄̒̀ ˻̅˹̅˻̎˿́ ˿̂˿ ̆̇˿˸̅̇ ̅̉̅̆̂˼̄˿̖) 

˹ ̇˷̈̎˼̉̄̒̀ ̎˷̈. 
ǡȋȎȊ ȐаȑȗȅȒа ȒȐаȄȈȖȈȎȍȍȎȉ ȑȈȑȒȅȌț: 

10. ˜̈̂˿ Q˿˻, ̆̅̂̊̎˼̄̄̅˼ ˹ ̆.9, ˿̃˼˼̉ ̆̅̂̅-

˽˿̉˼̂̓̄̅˼ ˾̄˷̎˼̄˿˼, ̉̅ ̇˷̈̈̎˿̉̒˹˷˼̖̉̈ Q̉ ˺̅˻. 

11. ˜̈̂˿ Q˿˻, ̆̅̂̊̎˼̄̄̅˼ ˹ ̆.9, ˿̃˼˼̉ ̅̉̇˿-

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

12. ˦̅ ̇˷̈̈̎˿̉˷̄̄̒̃ ˾̄˷̎˼̄˿̖̃ N̔ ˺̅˻ ˿ 

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

̔̄˼̇˺˿˿ – Qtradition. 

ǡȋȎȊ ȐаȑȗȅȒа ȏȐȅȄȋаȃаȅȌȎȉ ȑȈȑȒȅȌț: 

13. ˜̈̂˿ Q˿˻, ̆̅̂̊̎˼̄̄̅˼ ˹ ̆.9, ˿̃˼˼̉ ̆̅-

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

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

̂̅̄˷̈̅̈̄̅̀ ̊̈̉˷̄̅˹́˿. 

14. ˜̈̂˿ ˾̄˷̎˼̄˿˼ t˹̒̌ ˸̅̂̓̏˼ twkS, ̉̅ ˹̒-

̎˿̖̈̂˼̖̉̈ ̃˷́̈˿̃˷̂̓̄˷̖ ˻̖̅̂ ̉˼̆̂̅˹̅̀ ̔̄˼̇-

˺˿˿ Q˩ˤ, ́̅̉̅̇̊̕ ̈̃̅˽˼̉ ́̅̃̆˼̄̈˿̇̅˹˷̉̓ ̉˼̆-

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

15. ˤ˷ ̅̈̄̅˹˼ ˹̒̎˿̈̂˼̄̄̒̌ ˹ ̆. 13 ˿ ̆. 14 

˾̄˷̎˼̄˿̀ Q̉ ˺̅˻ ˿ Q˩ˤ ̅̆̇˼˻˼̖̂˼̖̉̈ QCO. 

16. ˦̅ ̆̅̂̊̎˼̄̄̅̃̊ ˹ ̆.13 ˾̄˷̎˼̄˿̕ t˹̒̌ 

˹̒̎˿̖̈̂˼̖̉̈ t́. 
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17. ˜̈̂˿ Q˿˻, ̆̅̂̊̎˼̄̄̅˼ ˹ ̆.9, ˿̃˼˼̉ ̅̉̇˿-

̍˷̉˼̂̓̄̅˼ ˾̄˷̎˼̄˿˼, ̉̅ ̇˷̈̈̎˿̉̒˹˷˼̖̉̈ ̉̇˼-
˸̊˼̃˷̖ ̌̅̂̅˻̅̆̇̅˿˾˹̅˻˿̉˼̂̓̄̅̈̉̓ ̉˼̆̂̅̄˷-
̈̅̈̄̅̀ ̊̈̉˷̄̅˹́˿, ́̅̉̅̇˷̖ ̈̅̅̉˹˼̉̈̉˹̊˼̉ ˾̄˷-
̎˼̄˿̕ (–Q˩ˤ) ̆̇˿ ˼˼ ̇˷˸̅̉˼ ˹ ̇˼˽˿̃˼ ̅̉˹̅˻˷ 

̉˼̆̂̅˿˾˸̒̉́̅˹; ̄˷ ˼˺̅ ̅̈̄̅˹˼ ̆̅̂̊̎˷̉̕ t˿. 
18. В ̈̅̅̉˹˼̉̈̉˹˿˿ ̈ ̆̅̂̊̎˷˼̃̒̃˿ ˾̄˷̎˼-

̄˿̖̃˿ t́ ˿ t˿ ̇˷̈̈̎˿̉̒˹˷̖̉̈̕ ˾̄˷̎˼̄˿̖ ˿̄˻˿́˷-
̉̅̇̄̅̀ ̃̅̐̄̅̈̉˿ ́̅̃̆̇˼̈̈̅̇˷ ̉˼̆̂̅̄˷̈̅̈̄̅̀ 

̊̈̉˷̄̅˹́˿ ̆̇˿ ˼˺̅ ̇˷˸̅̉˼ ̄˷ ̅˸̅˺̇˼˹ (Ni ́) ˿ ˼˺̅ 

̇˷˸̅̉˼ ˹ ̇˼˽˿̃˼ ̅̉˹̅˻˷ ̉˼̆̂̅˿˾˸̒̉́̅˹ (Ni x). 

19. ˦̅ ̆̅̂̊̎˼̄̄̒̃ ˾̄˷̎˼̄˿̖̃ Q˩ˤ, Ni ́, Ni ȕ 

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

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

̉˷̐̕˼̀ ˹ ̇˷̈̎˼̉̄̒̀ ̎˷̈ ̄˷ ̅˸̅˺̇˼˹ (Gs) ˿̂˿ ̄˷ 
̅̌̂˷˽˻˼̄˿˼ (GN). 

20. ˦̅ ̆̅̂̊̎˼̄̄̒̃ ˹ ̆.19 ˾̄˷̎˼̄˿̖̃ Gs ˿ 

GN ̅̆̇˼˻˼̖̂˼̖̉̈ ˾̄˷̎˼̄˿˼ twk ̉˼̃̆˼̇˷̉̊̇̒ ̉˼̆-

̂̅̄̅̈˿̉˼̖̂ ˹ ˼˻˿̄̅̃ ˺˿˻̇˷˹̂˿̎˼̈́̅̃ ́̅̄̉̊̇˼. 
21. ˜̈̂˿ twk ̃˼̄̓̏˼ tw, ̉̅ (̆̅ ˻̅̆̊̐˼̄˿̕ 4) 

̅̆̇˼˻˼̖̂˼̖̉̈ ˾̄˷̎˼̄˿˼ Q˻̅̆. 

22. ˜̈̂˿ twk ˸̅̂̓̏˼ tw, ̉̅ (̆̅ ˻̅̆̊̐˼̄˿̕ 4) 

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

̈̉˹̅̃ ̌̅̂̅˻˿̂̓̄̅̀ ̃˷̏˿̄̒, – Qchiller; ̄˷ ˼˺̅ 

̅̈̄̅˹˼ ̆̅̂̊̎˷̉̕ N̔ ˺̅˻. 

23. ˦̅ ˾̄˷̎˼̄˿̖̃ Ni ́ ˿ Ni ȕ, ̆̅̂̊̎˼̄̄̒̃ ˹ 

̆. 19, ̅̆̇˼˻˼̖̂̉̕ ǲ˩ˤ ˺̅˻. 

24. ˦̅ ̇˷̈̈̎˿̉˷̄̄̒̃ ˾̄˷̎˼̄˿̖̃ QCO, Q˻̅̆, 

N̔ ˺̅˻ ˿ N˩ˤ ˺̅˻ ̆̅̂̊̎˷̉̕ ̅˸̐˼˼ ˹˹̅˻˿̃̅˼ ́̅̂˿-

̎˼̈̉˹̅ ̔̄˼̇˺˿˿ ˻̖̂ ̅˸̑˼́̉˷ ̇˷̈̎˼̉˷ – Qpromisin. 

СȐавȍȅȍȈȅ ȐȅȇȓȋȜȒаȒȎв ȐаȑȗȅȒа 

25. ˜̈̂˿ ̆̅̂̊̎˼̄̄̅˼ ˾̄˷̎˼̄˿˼ Qpromisin 

̃˼̄̓̏˼ Qtradition, ̆̅̂̊̎˼̄̄̅˺̅ ˹ ̆.12, ̉̅ ̆̇˿̃˼-
̄˼̄˿˼ ̄˷ ̅˸̑˼́̉˼ ̇˷̈̎˼̉˷ ˹̄̊̉̇˼̄̄˿̌ ˿̄˽˼-
̄˼̇̄̒̌ ̈˼̉˼̀ ̈ ˼˻˿̄̒̃ ́̅̄̉̊̇̅̃ ̉˼̆̂̅̄˷̈̅̈-
̄̒̌ ̊̈̉˷̄̅˹̅́ ǸǧǭǧǳообǲǢǩǯо. 

30. ˜̈̂˿ ̆̅̂̊̎˼̄̄̅˼ ˾̄˷̎˼̄˿˼ Qpromisin 

˸̅̂̓̏˼ Qtradition, ̆̅̂̊̎˼̄̄̅˺̅ ˹ ̆.12, ̉̅ ̆̇˿̃˼-
̄˼̄˿˼ ˹̄̊̉̇˼̄̄˿̌ ˿̄˽˼̄˼̇̄̒̌ ̈˼̉˼̀ ̈ ˼˻˿-

̄̒̃ ́̅̄̉̊̇̅̃ ̉˼̆̂̅̄˷̈̅̈̄̒̌ ̊̈̉˷̄̅˹̅́ ̄˷ 
̅˸̑˼́̉˼ ̇˷̈̎˼̉˷ ǯǧǸǧǭǧǳообǲǢǩǯо. 

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

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

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

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

̃˿ ̉˼̃̆˼̇˷̉̊̇̄̒̃˿ ˻̅˹̅˻̎˿́˷̃˿ (̇˿̈. 1).  

ǓоǳǴǢǤǭǧǯǪǧ ǬǢǲǴǽ ǲǢǫоǯǪǲоǤǢǯǪя  

ǒоǳǳǪǫǳǬоǫ ǖǧǦǧǲǢǸǪǪ 

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

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

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

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

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

̆̊̉˼̃ ˷̄˷̂˿˾˷ ˻˷̄̄̒̌ «ˤ˷̊̎̄̅-̆̇˿́̂˷˻̄̅˺̅ 

̈̆̇˷˹̅̎̄˿́˷ ̆̅ ́̂˿̃˷̉̊ ˨˨˨˧», ̆̇˿̎˼̃ ̄˷˿-

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

˾˷˻˷̎˿ ̆̇˼˻̈̉˷˹˿̂˿ ˼˺̅ ̎˷̈̉˿ 1, 2 ˿ 4. ˛̖̂ ̔̉̅˺̅ 

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

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

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

̂̅̄˷̈̅̈̄̒̌ ̊̈̉˷̄̅˹̅́ ̆̅ ̈̇˷˹̄˼̄˿̕ ̈ ̉̇˷˻˿-

̍˿̅̄̄̒̃˿ ̈̌˼̃̄̒̃˿ ̇˼̏˼̄˿̖̃˿: 

 1 ,
promisin

tradition

Q
N

Q
   (1)  

˺˻˼ Qpromisin – ̅̆̇˼˻˼̖̂˼̖̉̈ ̆̅ ̆.24 ˷̂˺̅̇˿̉-
̃˷ ̇˷̈̎˼̉˷, ˷ Qtradition – ̆̅ ̆.12 ̆̇˿ ̊̈̂̅˹˿˿ 

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

˹ ̆̅̃˼̐˼̄˿˼ ̆̅̈̇˼˻̈̉˹̅̃ ˿̄˻˿˹˿˻̊˷̂̓- 

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

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

Fm = 1 ̃2, ˷ F0 = 0,85Fm. ˞̄˷̎˼̄˿̖ Qtotal ̄˼  
̊̎˿̉̒˹˷̂˿̈̓ ˹ ̈̅̅̉˹˼̉̈̉˹˿˿ ̈ ̆.3 ˷̂˺̅̇˿̉̃˷ 

̇˷̈̎˼̉˷.  

˞̄˷̎˼̄˿̖ N ̆̅̂̊̎˿̂˿̈̓ ˹ ̆̇˼˻˼̂˷̌ ̅̉ 1,15 

˻̅ 46,21 %. ˥̄˿ ˸̒̂˿ ̄˷̄˼̈˼̄̒ ̄˷ ́˷̇̉̊ ˧̅̈-
̈˿˿ (̇˿̈. 2). 
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˧˿̈. 1. ˘̂̅́-̈̌˼̃˷ ̇˷̈̎˼̉˷ ̔̄˼̇˺̅̆̅̉̇˼˸̂˼̄˿̖ ̈˼̖̉̃˿ 

Fig. 1. Network power calculation flowchart 

 

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

̄̒̌ ˻˿˷̆˷˾̅̄˷: ˻̅ 10 %; ̅̉ 10 ˻̅ 15 %; ̅̉ 15 ˻̅ 

20 %; ˸̅̂˼˼ 20 %. ˤ˷ ́˷̇̉˼ ˼˻˿̄̒̃ ̍˹˼̉̅̃ ˹̒-

˻˼̂˼̄̒ ̇˷̀̅̄̒, ˿̃˼̐̕˿˼ ̅˻˿̄˷́̅˹̒˼ ˾̄˷̎˼-
̄˿̖ N (̇˿̈. 3). ˦̇˿ ̆̅̃̅̐˿ ̔̉̅̀ ́˷̇̉̒ ˿̄˹˼-
̈̉̅̇, ˾˷́˷˾̎˿́ ˿̂˿ ̆̇̅˼́̉˷̄̉ ̃̅˺̊̉ ̈˻˼̂˷̉̓ 

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

˿̄˽˼̄˼̇̄̒̌ ̈˼̉˼̀ ̈ ˼˻˿̄̒̃ ́̅̄̉̊̇̅̃ ̉˼̆̂̅-

̄˷̈̅̈̄̒̌ ̊̈̉˷̄̅˹̅́ ˹ ́̅̄́̇˼̉̄̅̃ ˺˼̅˺̇˷̋˿-

̎˼̈́̅̃ ̆̊̄́̉˼. ˤ˷̆̇˿̃˼̇, ̆̇˿ ̇˷˾̃˼̐˼̄˿˿ 

̅˸̑˼́̉˷ ˹ ̇˷̀̅̄˼ ̈̅ ˾̄˷̎˼̄˿˼̃ N ̃˼̄˼˼ 0,1 

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

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

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

˻̅ 10 %. В ̔̉̅̃ ̈̂̊̎˷˼ ̆̇˿ ̄˷̂˿̎˿˿ ̄˷ ̅˸̑˼́̉˼ 
˻̅̆̅̂̄˿̉˼̂̓̄̒̌ ˹̄̊̉̇˼̄̄˿̌ ̉˼̆̂̅̆̅̈̉̊̆̂˼-

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

АǱǲобǢǸǪя ǱǲǪмǧǯǪмоǳǴǪ ǳоǳǴǢǤǭǧǯǯоǫ ǬǢǲǴǽ 

ǲǢǫоǯǪǲоǤǢǯǪя ǒоǳǳǪǫǳǬоǫ ǖǧǦǧǲǢǸǪǪ 

˨ ̍˼̂̓̕ ˿̂̂̈̉̇̕˷̍˿˿ ̆̇˼˻̂̅˽˼̄̄̒̌ ̆̅˻-

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

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

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

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

˨˷̄́̉-˦˼̉˼̇˸̊̇˺˷ ̆̂̅̐˷˻̓̕ 80 000 ̃2, ̄˷ ́̅-

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

́̅̄̉̊̇̅̃ ̉˼̆̂̅̄˷̈̅̈̄̒̌ ̊̈̉˷̄̅˹̅́ ̃˷̂̅̀ ˿ 

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

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

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

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

̉˿˹̄̅̈̉˿ N ̅̉ ̆̇˿̃˼̄˼̄˿̖ ̈̌˼̃̄̅˺̅ ̇˼̏˼̄˿̖ 

̈ ˼˻˿̄̒̃ ́̅̄̉̊̇̅̃ ̉˼̆̂̅̄˷̈̅̈̄̒̌ ̊̈̉˷̄̅˹̅́ 

(̈̃. ̇˿̈. 3) ̅˽˿˻˷˼̃˷̖ ̔́̅̄̅̃˿̖ ̈̅̈̉˷˹˿̉ ˻̅ 

20 % ̉̅̂̓́̅ ˾˷ ̈̎˼̉ ˼˺̅ ̂̅́˷̂˿˾˷̍˿˿ [10]. ˛̖̂ 

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

˾̊˼̖̉̈ ̄˷̂˿̎˿˼̃: 

̃˷̈̈˿˹̄̒̌ ̄˷̇̊˽̄̒̌ ̅˺̇˷˽˻˷̐̕˿̌ ́̅̄̈̉-
̇̊́̍˿̀; 

̅̈̉˼́̂˼̄˿̖, ̆̇̅̆̊̈́˷̐̕˼˺̅ ̈̅̂̄˼̎̄̊̕ 

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

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

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

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

̂˼̄˿˼) ̉˼̆̂̅̄̅̈˿̉˼̖̂, ̍˿̇́̊̂˿̇̊̐̕˼˺̅ ˹ 

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

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

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

˼˻˿̄̒̃ ́̅̄̉̊̇̅̃ ̉˼̆̂̅̄˷̈̅̈̄̒̌ ̊̈̉˷̄̅˹̅́, 

̈̅̈̉˷˹˿̂˿ 8200 ́В̉∙̎ ˾˷ ˺̅˻. 

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

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

̖̂˼̃̅̀ ˹̒˸̇˷̄̄̅̀ ˾̅̄̅̀ ̅˸̑˼́̉˷ ̅̉ ˺̅̇̅˻̈́˿̌ 
̉˼̆̂̅˹̒̌ ̈˼̉˼̀ ˹ ̉˼̎˼̄˿˼ ˺̅˻˷, ̈̅̈̉˷˹˿̂˷ 8358 

́В̉∙̎ ˾˷ ˺̅˻. К̅̂˿̎˼̈̉˹̅ ̆̅̂̄̅˺̅ ˺̅˻̅˹̅˺̅ ̔̄˼̇-

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

̉̒, – 248 007 ́В̉∙̎ ˾˷ ˺̅˻, ̎̉̅ ̄˷ 113 356 ́В̉∙̎ 

̃˼̄̓̏˼, ̎˼̃ ̆̇˿ ̆̇˿̃˼̄˼̄˿˿ ̉̇˷˻˿̍˿̅̄̄̅˺̅ 

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

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

̈˿̉˼̂̓̄̅̀ ̔̋̋˼́̉˿˹̄̅̈̉˿ N (̋.1) ̈̅̈̉˷˹˿̂̅ 

31 %. ˧˼˾̊̂̓̉˷̉ ̇˷̈̎˼̉˷ ˹ ̈̅̅̉˹˼̉̈̉˹˿˿ ̈ ̆̇˼˻̂˷-
˺˷˼̃̅̀ ̃˼̉̅˻˿́̅̀ ̆̇˼˻̈̉˷˹̂˼̄ ̄˷ ̇˿̈. 4.  

 

 
 
 

˧˿̈. 4. ˩˼̅̇˼̉˿̎˼̈́˿˼ ˾̄˷̎˼̄˿̖ ˺̅˻̅˹̅˺̅ ̔̄˼̇˺̅̆̅̉̇˼˸̂˼̄˿̖ ˻̖̂ ̇˷̈̈̃˷̉̇˿˹˷˼̃̅̀ ˾̅̄̒ ̅˸̑˼́̉˷:  

 – ̆̇˿ ̉̇˷˻˿̍˿̅̄̄̅̃ ̇˼̏˼̄˿˿;  – ̈ ˼˻˿̄̒̃ ́̅̄̉̊̇̅̃ ̉˼̆̂̅̄˷̈̅̈̄̒̌ ̊̈̉˷̄̅˹̅́ 

Fig. 4. Theoretical values of the annual energy consumption for the considered area of the object: 

 – traditional solution;  – network with a single circuit of head pump installations 
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˥̍˼̄́˷ ˻̅̈̉̅˹˼̇̄̅̈̉˿ ̆̅́˷˾˷̂˷, ̎̉̅ ́̅̂˿-

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

̄̅̀ ̅˸̑˼́̉˷, ̆̅̂̊̎˼̄̄̒˼ ̇˷̈̎˼̉̄̒̃ ̆̊̉˼̃ ˹ 

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

̔́̈̆˼̇˿̃˼̄̉˷̂̓̄̅, ́˷̎˼̈̉˹˼̄̄̅ ̈̅˹̆˷̂˿ (̆̅-

˺̇˼̏̄̅̈̉̓ ̅́̅̂̅ 2 %). ˧˷̈̎˼̉̄˷̖ ̔́̅̄̅̃˿̖ ̄˷ 

11 % ˹̒̏˼ ̅˽˿˻˷˼̃̅̀ ˹ ̈̅̅̉˹˼̉̈̉˹˿˿ ̈ ́˷̇̉̅̀ 

̇˷̀̅̄˿̇̅˹˷̄˿̖ ˧̅̈̈˿̀̈́̅̀ ˫˼˻˼̇˷̍˿˿. 

ВǽǤоǦǽ 

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

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

́̅̄̉̊̇̅˹ ̉˼̆̂̅̄˷̈̅̈̄̒̌ ̊̈̉˷̄̅˹̅́ ̈˻˼̂˷̄̒ 

̈̂˼˻̊̐̕˿˼ ˹̒˹̅˻̒: 

1. ˦̇˿˹˼˻˼̄̄˷̖ ̃˼̉̅˻˿́˷ ̆̅˾˹̖̅̂˼̉ ̇˷̈-
̈̎˿̉̒˹˷̉̓ ˾̄˷̎˼̄˿̖ ̊˻˼̂̓̄̅˺̅ ̆̅́˷˾˷̉˼̖̂ ̅̉-
̄̅̈˿̉˼̂̓̄̅̀ ̔̋̋˼́̉˿˹̄̅̈̉˿ ̆̇˿̃˼̄˼̄˿̖ ̈˼-
̉˼̀ ̈ ˼˻˿̄̒̃ ́̅̄̉̊̇̅̃ ̉˼̆̂̅̄˷̈̅̈̄̒̌ ̊̈̉˷-
̄̅˹̅́ ˻̖̂ ˧̅̈̈˿̀̈́̅̀ ˫˼˻˼̇˷̍˿˿.  

2. К˷̇̉˷ ̇˷̀̅̄˿̇̅˹˷̄˿̖ ˧̅̈̈˿̀̈́̅̀ ˫˼˻˼-
̇˷̍˿˿ ̆̅ ˾̄˷̎˼̄˿̕ ̊˻˼̂̓̄̅˺̅ ̆̅́˷˾˷̉˼̖̂ ̅̉̄̅-

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

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

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

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

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

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

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

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

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

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

̅˸̐˼˺̅ ̆̅̈̉˷˹̂˼̄̄̅˺̅ ́̅̂˿̎˼̈̉˹˷ ̔̄˼̇˺˿˿ (̉˼-
̆̂̅̉̒ ˿ ̔̂˼́̉̇̅̔̄˼̇˺˿˿) ̆̅ ̆̇˼˻̂̅˽˼̄̄̅̀ ̃˼-
̉̅˻˿́˼. ˦̅̂̊̎˼̄̄̅˼ ́̅̂˿̎˼̈̉˹̅ ̆̅̂̄̅˺̅ ˺̅˻̅-

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

̇˷˽˼̄̄̅˼ ˹ ˼˻˿̄˿̍˷̌ ̉˼̆̂̅̉̒ – 248 007 ́В̉∙̎ ˾˷ 

˺̅˻, ̎̉̅ ̄˷ 113 356 ́В̉∙̎ ̃˼̄̓̏˼, ̎˼̃ ̆̇˿ ̆̇˿-

̃˼̄˼̄˿˿ ̉̇˷˻˿̍˿̅̄̄̅˺̅ ̇˼̏˼̄˿̖.  

4. ˤ˷̉̊̇̄̒˼ ̔́̈̆˼̇˿̃˼̄̉˷̂̓̄̒˼ ˿˾̃˼̇˼̄˿̖ 

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

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

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

̂˷ 8200 ́В̉∙̎, ˷ ˺̅˻̅˹̅˼ ́̅̂˿̎˼̈̉˹̅ ̆̅̉̇˼˸̂˼̄-

̄̅̀ ̉˼̆̂̅̉̒, ̇˷̈̈̎˿̉˷̄̄̅˼ ̆̅ ̆̇˼˻̂̅˽˼̄̄̅̀ 

̃˼̉̅˻˿́˼ ̈̅̈̉˷˹˿̂˷ 8358 ́В̉∙̎. ˩˷́˿̃ ̅˸̇˷˾̅̃, 

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

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

5. ˟̈̌̅˻̖ ˿˾ ́˷̇̉̒ ̇˷̀̅̄˿̇̅˹˷̄˿̖ ˧̅̈-
̈˿̀̈́̅̀ ˫˼˻˼̇˷̍˿˿ ̆̅ ˾̄˷̎˼̄˿̕ ̊˻˼̂̓̄̅˺̅ 

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

̈̉˿ ̆̇˿̃˼̄˼̄˿̖ ̈˼̉˼̀ ̈ ˼˻˿̄̒̃ ́̅̄̉̊̇̅̃ ̉˼̆-

̂̅̄˷̈̅̈̄̒̌ ̊̈̉˷̄̅˹̅́ ˸̒̂̅ ̊̈̉˷̄̅˹̂˼̄̅, ̎̉̅ 

˻̖̂ ̅˸̂˷̈̉˿, ́ ́̅̉̅̇̅̀ ̅̉̄̅̈˿̖̉̈ ˺̅̇̅˻ 

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

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

̈̌˼̃̅̀, ˹́̂̎̕˷̐̕˼̀ ̈˿̈̉˼̃̊ ̅̉̅̆̂˼̄˿̖, ́̅̄-

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

̄̊, ̈̅̈̉˷˹˿̉ ́˷́ ̃˿̄˿̃̊̃ 20 %. А ̇˷̈̎˼̉̒, 

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

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

˺̅ ̆̅́˷˾˷̉˼̖̂ ̅̉̄̅̈˿̉˼̂̓̄̅̀ ̔̋̋˼́̉˿˹̄̅̈̉˿ 

N (̋.1) ˻̖̂ ̇˷̈̈̃̅̉̇˼̄̄̅˺̅ ̅˸̑˼́̉˷, ̇˷˹̄̅˼ 
31 %. ˩̅ ˼̈̉̓ ̇˷̈̎˼̉̄˷̖ ̔́̅̄̅̃˿̖ ̅́˷˾˷̂˷̈̓ ̄˷ 
11 % ˹̒̏˼ ̅˽˿˻˷˼̃̅̀ ˹ ̈̅̅̉˹˼̉̈̉˹˿˿ ̈ ́˷̇̉̅̀ 

̇˷̀̅̄˿̇̅˹˷̄˿̖ ˧̅̈̈˿̀̈́̅̀ ˫˼˻˼̇˷̍˿˿. 

˩˷́˿̃ ̅˸̇˷˾̅̃, ̆̅˻̉˹˼̇˽˻˼̄˷ ̆̇˿̃˼̄˿-

̃̅̈̉̓ ˻˷̄̄̅̀ ̃˼̉̅˻˿́˿ ˿ ̈̅̈̉˷˹̂˼̄̄̅̀ ́˷̇̉̒ 

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

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

̅˻̄̅˹̇˼̃˼̄̄̅ ˿̈̆̅̂̓˾̊̐̕˿̌ ̉˼̆̂̅̉̊ ˿ ̔̂˼́-

̉̇̅̔̄˼̇˺˿̕. 
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