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СОПРОТИВЛЕНИЯ НАПОРНЫХ ТРУБОПРОВОДОВ 

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

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

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

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

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

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

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

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

КȋȞȗевțе ȑȋȎва: ̄˷̆̅̇̄̒̀ ̉̇̊˸̅̆̇̅˹̅˻, ̆̅̉˼̇˿ ̔̄˼̇˺˿˿, ̆̇̅̆̊̈́̄˷̖ ̈̆̅̈̅˸̄̅̈̉̓, ́̅̔̋̋˿̍˿˼̄̉ 
̈́̅̇̅̈̉˿, ˺˿˻̇˷˹̂˿̎˼̈́̅˼ ̈̅̆̇̅̉˿˹̂˼̄˿˼, ̆̅̇˿̈̉˷̖ ̈̇˼˻˷, ́̅̔̋̋˿̍˿˼̄̉ ̋˿̂̓̉̇˷̍˿˿, ́̅̔̋̋˿̍˿-

˼̄̉ ̆̇̅̄˿̍˷˼̃̅̈̉˿. 
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FILTRATION MODEL OF HYDRODYNAMIC RESISTANCE  

OF PRESSURE PIPELINES 

Pipelines are engineering structures of varying degrees of complexity. Using pipelines made of polymer 

materials, applying protective coatings to the inner surface of the pipes, using modern and highly reliable 

pipeline fittings lead to a decrease in energy losses during movement of fluid, increase the service life of 

pipeline systems and, as a result, reduce the cost of their operation. Hydraulic calculation of pipelines at the 

stage of their design involves obtaining information about the roughness and resistance coefficients, as well 

as experimental studies of hydraulic compatibility of the materials used. The transition from traditional 

assessment of pipeline capacity to the filtration characteristics of the flow is proposed. The results of 

experimental studies on pipelines with different hydraulic resistances are presented. 
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ВǤǧǦǧǯǪǧ. ˧̅̈̉ ˹̄˿̃˷̄˿̖ ́ ˺˿˻̇˷˹̂˿̎˼-
̈́̅̃̊ ̇˷̈̎˼̉̊ ˿ ̔́̈̆˼̇˿̃˼̄̉˷̂̓̄̒̃ ˿̈̈̂˼˻̅-

˹˷̄˿̖̃ ̉̇̊˸̅̆̇̅˹̅˻̅˹ ˹ ̆̅̈̂˼˻̄˿˼ ˻˼̖̈̉˿̂˼-
̉˿̖ ̈˹̖˾˷̄, ˺̂˷˹̄̒̃ ̅˸̇˷˾̅̃, ̈ ̔́̅̄̅̃˿̎˼-
̈́˿̃˿ ˿ ̈̅̍˿˷̂̓̄̒̃˿ ˷̈̆˼́̉˷̃˿ [1–7]. 

Ӥ̆̅̂̓˾̅˹˷̄˿˼ ̄̅˹̒̌ ˹̒̈̅́̅̉˼̌̄̅̂̅˺˿̎-

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

˻̅˹, ̏˿̇̅́̅˼ ̆̇˿̃˼̄˼̄˿˼ ́̅̄̉̇̅̂̓̄̅-

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

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

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

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

̔̄˼̇˺˼̉˿̎˼̈́˿̌ ˾˷̉̇˷̉, ̈ ˻̇̊˺̅̀ ̈̉̅̇̅̄̒ [8].  

˥˻̄˷́̅ ̆̅̉̇˼˸̄̅̈̉˿ ̆̇˷́̉˿́˿, ̇̅̈̉ ̆̇̅-

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

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

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

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

̅˻̄̊ ̈˼̉̓ ̅˸̑˼˻˿̄˼̄̒ ̄˼ ̉̅̂̓́̅ ̉̇̊˸̒ ̇˷˾̄̒̌ 

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

̄̒̌ ̈̂̊̎˷̖̌ ̃̅˽˼̉ ˹̅˾̄˿́̄̊̉̓ «˺˿˻̇˷˹̂˿̎˼-
̈́˿̀ ˻˿̈˸˷̂˷̄̈» [2] – ̄˼̈̅̅̉˹˼̉̈̉˹˿˼ ̈́̅̇̅-

̈̉˼̀ ˻˹˿˽˼̄˿̖ ˽˿˻́̅̈̉˿ ˿ ̄˷̆̅̇̅˹. 

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

̄˷̆̅̇˷ (̇˷̈̈˼˿˹˷˼̃̅̀ ̃̅̐̄̅̈̉˿) ̆̇˿ ˻˹˿˽˼-
̄˿˿ ˽˿˻́̅̈̉˿. ˨̂˼˻̊˼̉ ̆̇˿˾̄˷̉̓, ̎̉̅ ˹ ̄˷̈̉̅-

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

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

˿ ̉̇̊˸̅̆̇̅˹̅˻̅˹ ̈̅ ̈̆˼̍˿˷̂̓̄̒̃˿ ̆̅́̇̒̉˿̖-

̃˿ ˹̄̊̉̇˼̄̄˼̀ ̆̅˹˼̇̌̄̅̈̉˿. ˩˷́˽˼ ˾˷̎˷̈̉̊̕ 

̅̉̈̊̉̈̉˹̊̉̕ ˻˷̄̄̒˼ ̅ ̎˿̈̂˼̄̄̒̌ ˾̄˷̎˼̄˿̖̌ 

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

̃˼̈̉̄̒̌ ̆̅̉˼̇̓ ̄˷̆̅̇˷, ̖̆̅˹˿˹̏˿̖̌̈ ̄˷ ̇̒̄-

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

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

˺̄̅˾˷ ˿˾̃˼̄˼̄˿̖ ̆̇̅̆̊̈́̄̅̀ ̈̆̅̈̅˸̄̅̈̉˿ 

̉̇̊˸̒ ˹ ̆̇̅̍˼̈̈˼ ˼˼ ̔́̈̆̂̊˷̉˷̍˿˿. 

ǎǧǴоǦǽ ǪǳǳǭǧǦоǤǢǯǪȁ 

˦̇˿ ̇˷̈̎˼̉˼ ̉̇̊˸̅̆̇̅˹̅˻̅˹ ̇˷˾̂˿̎̄̅˺̅ 

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

̈˿̖̃̅̈̉̃˿ ˻̖̂ ̈̇˼˻̄˼̀ ̈́̅̇̅̈̉˿ v, ̆̅̂̊̎˼̄-

̄̒̃˿ ˿˾ ˿̄̉˼˺̇˷̂˷ ˘˼̇̄̊̂̂˿: 

̆̇˿ ˿̈̉˼̎˼̄˿˿ ˹ ˷̉̃̅̈̋˼̇̊ 

 2 ;1v 2
1 f

g H g H   
 

 (1) 

̆̇˿ ˿̈̉˼̎˼̄˿˿ ̆̅˻ ̊̇̅˹˼̄̓ 

 2 ,1v 2

f

g Z g Z   


 (2) 

˾˻˼̈̓ f – ̆̅̂̄̒̀ ́̅̔̋̋˿̍˿˼̄̉ ̈̅̆̇̅̉˿˹̂˼-
̄˿̖ (̆̅̉˼̇̓ ̄˷̆̅̇˷); φ – ́̅̔̋̋˿̍˿˼̄̉ ̈́̅̇̅-

̈̉˿ (̇˷̈̌̅˻˷); H ˿ Z – ̈̅̅̉˹˼̉̈̉˹˼̄̄̅ ̄˷̆̅̇ 

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

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

 2Q g H    ˿ 2 .Q g Z     (3) 

К̅̔̋̋˿̍˿˼̄̉̒ f ˿ φ ̌˷̇˷́̉˼̇˿˾̊̉̕ ̆̇̅-

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

̄̅̈̉˼̀ ̉̇̊˸̅̆̇̅˹̅˻˷, ̄˷̂˿̎˿̖ ̊̎˷̈̉́̅˹ ̈ 

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

˹̇˼̃˼̄˿ ˼˺̅ ̔́̈̆̂̊˷̉˷̍˿˿ ˿ ˻̇.  

В̈˼ ̔̉˿ ˾˷˹˿̈˿̃̅̈̉˿ ˻̖̂ ́̅̔̋̋˿̍˿˼̄̉̅˹ f 

˿ φ ̈̂̅˽̄̒, ̇˷˾̄̅̇̅˻̄̒ ˿ ˾˷̎˷̈̉̊̕ ̄˼ ˿̈̈̂˼-
˻̅˹˷̄̒. ˨̅̅̉˹˼̉̈̉˹˼̄̄̅ ˿̌ ̄˼˹̅˾̃̅˽̄̅ ̆̇˼˻-

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

В ̇˷˸̅̉˼ [9] ̄˷ ̆̇˿̃˼̇˼ ̉̇̊˸̅̆̇̅˹̅˻̅˹, 

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

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

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

̉˿˹̂˼̄˿̀ ́ ̇˷̈̎˼̉̄̅̃̊ ̋˿̂̓̉̇˷̍˿̅̄̄̅̃̊ ̆̅-

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

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

˹̃˼̈̉̅ ́̅̔̋̋˿̍˿˼̄̉̅˹ ̈́̅̇̅̈̉˿ ˿ ̈̅̆̇̅̉˿˹-

̂˼̄˿̖ ˹˹˼˻˼̄̒ ̇˷˾̃˼̇̄̒˼ ́̅̔̋̋˿̍˿˼̄̉̒ 

̋˿̂̓̉̇˷̍˿˿ ˿ ̆̇̅̄˿̍˷˼̃̅̈̉˿. 

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

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

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

̎˷̖̌ ˼˻˿̄̈̉˹˼̄̄̅ ˻̅̆̊̈̉˿̃̒̀). ˨̅˺̂˷̈̄̅ 

́˹˷˻̇˷̉˿̎̄̅̃̊ ˾˷́̅̄̊ ̉̊̇˸̊̂˼̄̉̄̅̀ ̋˿̂̓̉̇˷-
̍˿˿ ˾˷̃˼̄˷ ˹ (1) ˿ (2) ̈̇˼˻̄˼̀ ̈́̅̇̅̈̉˿ ̄˷ 
̈́̅̇̅̈̉̓ ̋˿̂̓̉̇˷̍˿˿ ̆̇̅˿˾˹̅˻˿̖̉̈ ˹ ̈̅̅̉˹˼̉-
̈̉˹˿˿ ̈ ̇˷˹˼̄̈̉˹̅̃ [10–13] 

 v ,k J  (4) 

˺˻˼ k – ́̅̔̋̋˿̍˿˼̄̉ ̋˿̂̓̉̇˷̍˿˿; J – ˺˿˻̇˷˹-

̂˿̎˼̈́˿̀ ̊́̂̅̄. 

˦̇˿ ̈˹̅˸̅˻̄̅̃ ˿̈̉˼̎˼̄˿˿ ˹ ˷̉̃̅̈̋˼̇̊  

 
2v

,
/ 2fh H g

J
l l

   (5) 

˺˻˼ hf  – ̆̅̂̄˷̖ ̆̅̉˼̖̇ ̄˷̆̅̇˷; l – ˻̂˿̄˷ 
̊̎˷̈̉́˷ ̉̇̊˸̅̆̇̅˹̅˻˷ (˻̂˿̄˷ ̆̊̉˿ ̋˿̂̓̉̇˷-
̍˿˿). 

˦̇˿ ˿̈̉˼̎˼̄˿˿ ̆̅˻ ̊̇̅˹˼̄̓ 

 .
fh ZJ

l l
   (6) 

˩̅˺˻˷ ˿˾ (1) ˿ (2) ̈ ̊̎˼̉̅̃ (4)–(6) ̈̂˼˻̊˼̉ 
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1f
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k g l g l

Z
l


      

 
(8”) 

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

̅̉˹˼̉̈̉˹˼̄̄̅. 

˦̅̈́̅̂̓́̊ ˹ ̇˼˷̂̓̄̒̌ ̉̇̊˸˷̌ 2 ,v / 2g H  

̉̅ ˹̒̇˷˽˼̄˿̖ (8') ˿ (8”) ̉̅˽˻˼̈̉˹˼̄̄̒.  

К˷́ ˹˿˻̄̅ ˿˾ ̇˷˹˼̄̈̉˹˷ (8”), ́̅̔̋̋˿̍˿˼̄̉ 
̋˿̂̓̉̇˷̍˿˿ ̉̇̊˸̅̆̇̅˹̅˻˷ ˹ ̅˸̂˷̈̉˿ ́˹˷˻̇˷-
̉˿̎̄̅˺̅ ̈̅̆̇̅̉˿˹̂˼̄˿̖ ̉̊̇˸̊̂˼̄̉̄̅˺̅ ̇˼˽˿̃˷ 
˾˷˹˿̈˿̉ ̅̉ ˻̂˿̄̒ ̉̇̊˸̒ ˿ ̆̇̅̆̅̇̍˿̅̄˷̂˼̄ l  

(̆̅̃˿̃̅ ˾˷˹˿̈˿̃̅̈̉˿ ̅̉ l, ˹̌̅˻̖̐˼̀ ˹ f ˹ ̈˹̖˾˿ 

̈ ̆̅̉˼̖̇̃˿ ̄˷̆̅̇˷ ̆̅ ˻̂˿̄˼). ˤ˷ ̇˿̈. 1 ̆̇˼˻-

̈̉˷˹̂˼̄ ˺̇˷̋˿́  = f(k) ˹ ̈̅̅̉˹˼̉̈̉˹˿˿ ̈ ̇˷˹˼̄-

̈̉˹̅̃ (8”). ˧˿̈. 2 ˿̂̂̈̉̇̕˿̇̊˼̉ ̂˿̄˼̀̄̊̕ 

̈˹̖˾̓ ̃˼˽˻̊ ́̅̔̋̋˿̍˿˼̄̉̅̃ ̈́̅̇̅̈̉˿ ˿ ˸˼˾-
̇˷˾̃˼̇̄̒̃ ́̅̃̆̂˼́̈̅̃ ./ 2k g l  ˞˷˹˿̈˿-

̃̅̈̉̓ ́̅̔̋̋˿̍˿˼̄̉˷ ̈̅̆̇̅̉˿˹̂˼̄˿̖ f ̅̉ 
2/k g l  (̇˿̈. 3) ̆̅́˷˾̒˹˷˼̉, ̎̉̅ ̆̇˿ ˸̅̂̓̏˿̌ 

̈̅̆̇̅̉˿˹̂˼̄˿̖̌ (f > 50) ̊́˷˾˷̄̄̒̀ ́̅̃̆̂˼́̈ 
̈̂˷˸̅ ˾˷˹˿̈˿̉ ̅̉ ˹˼̂˿̎˿̄̒ f, ̆̇˿ ̃˷̂̒̌ – ˼˺̅ 

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

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

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

̋˿˾˿̎˼̈́˿̀ ̈̃̒̈̂: k ˿̃˼˼̉ ̇˷˾̃˼̇̄̅̈̉̓ ̈́̅-

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

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

̈˿̉ ̅̉ ̉˼̌ ˽˼ ̋˷́̉̅̇̅˹, ̎̉̅ f ˿ φ, ̖˹̖̖̂̈̓ 

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

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

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

̉̇˷̍˿˿ – ́̅̔̋̋˿̍˿˼̄̉ ̆̇̅̄˿̍˷˼̃̅̈̉˿ [12], 

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

̉̇˷̍˿̅̄̄̅̀ ̆̇̅˹̅˻˿̃̅̈̉˿ ̉̇̊˸̅̆̇̅˹̅˻˷ 

 ̆ g
,kk   (9) 

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

̈̉˿ ˽˿˻́̅̈̉˿. 

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

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

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

̋˿̂̓̉̇̊˼̉ ̆̅̉̅́ ˽˿˻́̅̈̉˿. ˨̅˺̂˷̈̄̅ (9) ́̅̔̋-

̋˿̍˿˼̄̉ ̆̇̅̄˿̍˷˼̃̅̈̉˿ k̆ ̉˷́˽˼ ̆̇̅̆̅̇̍˿̅-

̄˷̂˼̄ l  ˿ ˾˷˹˿̈˿̃̅̈̉̓  = f(k̆) ˿̃˼˼̉ ̉̅̉ ˽˼ 
̌˷̇˷́̉˼̇, ̎̉̅ ˿ ˾˷˹˿̈˿̃̅̈̉̓  = f(k) ̄˷ ̇˿̈. 1. 
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˧˿̈. 1. ˚̇˷̋˿́ ˾˷˹˿̈˿̃̅̈̉˿  = f(k) 

Fig. 1. Dependency schedule  = f(k) 
 

 

˧˿̈. 2. ˚̇˷̋˿́ ˾˷˹˿̈˿̃̅̈̉˿  / 2f k g l   

Fig. 2. Dependency schedule  / 2f k g l   

 

˧˿̈. 3. В̂˿̖̄˿˼ ˺˿˻̇˷˹̂˿̎˼̈́˿̌ ̈̅̆̇̅̉˿˹̂˼̄˿̀ ̄˷ ˹˼̂˿̎˿̄̊ 2/k g l  

Fig. 3. The influence of hydraulic resistance on the value 2/k g l  
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˧˿̈. 4. ˨̌˼̃˷ ̊̎˷̈̉́˷ ̈˿̈̉˼̃̒ ˹̅˻̅̈̄˷˸˽˼̄˿̖  

Fig. 4. Schema of water supply system section 

 

˛̖̂ ˿̂̂̈̉̇̕˷̍˿˿ ̆̇˼˻̂̅˽˼̄̄̅˺̅ ̆̅˻̌̅˻˷ 

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

̄̒̌ ̔́̈̆˼̇˿̃˼̄̉˷̂̓̄̅. ˦˼̇˹̒̀ ̈̂̊̎˷̀ – ́̅-

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

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

˹˷̄̄̒˼ ̈˼̉́˿ ̇˷˾̄̅̀ ̆̅˹˼̇̌̄̅̈̉̄̅̀ ̆̅̇˿̈̉̅-

̈̉˿ [9]. В̉̅̇̅̀ ̈̂̊̎˷̀ – ̉̇̊˸̅̆̇̅˹̅˻ ̈ ˿̈́̊̈-
̈̉˹˼̄̄̒̃ ˾˷̈̅̇˼̄˿˼̃ [14]. ˨̂̊̎˷̀ 3 – ̊̎˷̈̉̅́ 

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

̄˷˸̅̇̅̃ ̃˼̈̉̄̒̌ ̈̅̆̇̅̉˿˹̂˼̄˿̀ (̇˼˻̊́̉̅̇ 

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

́̇˷̄) – ̇˿̈. 4. В̈˼ ˿̈̈̂˼˻̅˹˷̄̄̒˼ ̉̇̊˸̅̆̇̅-

˹̅˻̒ ̅˻˿̄˷́̅˹̅̀ ˻̂˿̄̒ ˿ ˻˿˷̃˼̉̇˷. 

˦̇̅̆̊̈́̄˷̖ ̈̆̅̈̅˸̄̅̈̉̓ ̉̇̊˸̅̆̇̅˹̅˻˷ ˹ 

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

̈˹̅˿̃˿ ̌˷̇˷́̉˼̇̄̒̃˿ ̆˷̇˷̃˼̉̇˷̃˿. ˛̖̂ 

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

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

̈̉˿̀ [9]; ˻̖̂ ˾˷̈̅̇˼̄̄̅˺̅ ̉̇̊˸̅̆̇̅˹̅˻˷ – ̉˿̆ 

˿ ̈̉˼̆˼̄̓ ˼˺̅ ˾˷̈̅̇˼̄˿̖ (̄˼́̅̉̅̇̒̀ ˷̄˷̂̅˺ 
̅˸̑˼̃̄̅̀ ̆̅̇˿̈̉̅̈̉˿) [14]; ˻̖̂ ̈̂̊̎˷̖ 3 –

̆˼̇˼̆˷˻ ˻˷˹̂˼̄˿̖ p ̄˷ ˹̌̅˻˼ ́ ̆̅̉̇˼˸˿̉˼̂̕, 

̋˿́̈˿̇̊˼̃̒̀ ̇˼˻̊́̉̅̇̅̃ ˻˷˹̂˼̄˿̖.  

˛̖̂ ˹˷̇˿˷̄̉˷ 3 ̄˷ ̃̅˻˼̂˿ ̈˿̈̉˼̃̒ ˹̄̊̉-
̇˼̄̄˼˺̅ ˹̅˻̅̈̄˷˸˽˼̄˿̖ ̆̇̅˹̅˻˿̂˿̈̓ ̔́̈̆˼-
̇˿̃˼̄̉˷̂̓̄̒˼ ˿̈̈̂˼˻̅˹˷̄˿̖ ̆̅ ̃˼̉̅˻˿́˼, 

˷̄˷̂̅˺˿̎̄̅̀ [9] ˿ [14]. ˦̅ ˻˷̄̄̒̃ ̅̆̒̉̅˹ 

̅̆̇˼˻˼̖̂̂˿̈̓ ́̅̔̋̋˿̍˿˼̄̉̒ ̈́̅̇̅̈̉˿  ˿ ̈̅-

̆̇̅̉˿˹̂˼̄˿̖ f ̅̉˻˼̂̓̄̒̌ ̆̅̉̇˼˸˿̉˼̂˼̀ ˹ ̈̅-

̅̉˹˼̉̈̉˹˿˿ ̈ ˾˷˹˿̈˿̖̃̅̈̉̃˿ [15] 

 
2

, 1 1,
2 f

Q

р
   

  
  (12) 

˷ ̉˷́˽˼ ̊̈̉˷̄˷˹̂˿˹˷̂˿̈̓ ́̅̔̋̋˿̍˿˼̄̉̒ ̋˿̂̓-
̉̇˷̍˿˿ ˿ ̆̇̅̄˿̍˷˼̃̅̈̉˿ ̆̅ ̋̅̇̃̊̂˷̃ (8”) ˿ (9). 

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

˼̄̉˷ ̈́̅̇̅̈̉˿ ̅̉ ́̅̔̋̋˿̍˿˼̄̉˷ ̆̇̅̄˿̍˷˼̃̅̈̉˿ 

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

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

̎˼̈́˿̃ ̇˷̈̎˼̉̅̃ ̇˿̈. 3, ̆̇˿˹˼˻˼̄̒ ̄˷ ̇˿̈. 6. 

ˤ˷ ̇˿̈. 7 ̉̅̉ ˽˼ ˺̇˷̋˿́ ̆̇˼˻̈̉˷˹̂˼̄ ˹ ̂̅˺˷-
̇˿̋̃˿̎˼̈́̅̃ ̃˷̈̏̉˷˸˼ ̆̅ ̅̈˿ ̅̇˻˿̄˷̉ ˻̖̂ 

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

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

̋˿̍˿˼̄̉̅˹ ̈̅̆̇̅̉˿˹̂˼̄˿̖. 

˩˷́˿̃ ̅˸̇˷˾̅̃, ̆̇˿ ˿˾˹˼̈̉̄̒̌ ̇˷̈̌̅˻˷̌ 
˽˿˻́̅̈̉˿ Q, ˿̃˼̖ ˾˷˹˿̈˿̃̅̈̉˿, ̆̅˻̅˸̄̒˼ ̇˿̈. 5 

(˿̂˿ ˷̄˷̂̅˺˿̎̄̒˼ ˻̖̂ ́̅̔̋̋˿̍˿˼̄̉˷ ̋˿̂̓̉̇˷-
̍˿˿ ˿ ̈̅̆̇̅̉˿˹̂˼̄˿̖ – ̇˿̈. 6) ˻̖̂ ́̅̄́̇˼̉̄̅˺̅ 

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

̆̊̈́̄̅̀ ̈̆̅̈̅˸̄̅̈̉˿ ̉̇̊˸̒ ˿ ˻˼̂˷̉̓ ̆̇̅˺̄̅˾̒ ˹ 

̅̉̄̅̏˼̄˿˿ ˼˺̅ ̋˿̂̓̉̇˷̍˿̅̄̄̅̀ ̆̇̅˹̅˻˿̃̅̈̉˿. 
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˧˿̈. 5. ˚̇˷̋˿́˿ ˾˷˹˿̈˿̃̅̈̉˿  = f(f̆) ˻̖̂ ̉̇̊˸̅̆̇̅˹̅˻̅˹ ̈ ̇˷˾̄̒̃ ̉˿̆̅̃ ˺˿˻̇˷˹̂˿̎˼̈́̅˺̅ ̈̅̆̇̅̉˿˹̂˼̄˿̖ 

Fig. 5. Dependency schedule  = f(f̆) for pipelines with different types of hydraulic resistance 
 

 

˧˿̈. 6. ˞˷˹˿̈˿̃̅̈̉̓  / 2f f k g l    ˻̖̂ ̉̇̊˸̅̆̇̅˹̅˻̅˹ ̈ ̇˷˾̄̒̃ ̉˿̆̅̃ ˺˿˻̇˷˹̂˿̎˼̈́̅˺̅ ̈̅̆̇̅̉˿˹̂˼̄˿̖ 

Fig. 6. Dependency schedule  / 2f f k g l    for pipelines with different types of hydraulic resistance 
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˧˿̈. 7. ˚̇˷̋˿́ ˾˷˹˿̈˿̃̅̈̉˿  log / 2f f k g l    ˻̖̂ ̉̇̊˸̅̆̇̅˹̅˻̅˹ ̈ ̇˷˾̄̒̃ ̉˿̆̅̃ ˺˿˻̇˷˹̂˿-

̎˼̈́̅˺̅ ̈̅̆̇̅̉˿˹̂˼̄˿̖ 

Fig. 7. Dependency schedule  log / 2f f k g l    for pipelines with different types of hydraulic re-

sistance 

ǉǢǬǭȀǹǧǯǪǧ 
˦̇̅̆̊̈́̄˷̖ ̈̆̅̈̅˸̄̅̈̉̓ ̉̇̊˸̅̆̇̅˹̅˻̅˹ ˿ 

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

̉̇˷˻˿̍˿̅̄̄̅ ̅̆̇˼˻˼̖̖̂̉̈̕ ̈ ̆̅̃̅̐̓̕ ́̅-

̔̋̋˿̍˿˼̄̉̅˹ ̈́̅̇̅̈̉˿ ˿ ̈̅̆̇̅̉˿˹̂˼̄˿̖. ˞˷-

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

˹˷̂˼̄̉̄̒̃ ̆̅ ̆̅̉˼̖̇̃ ̄˷̆̅̇˷ ̋˿̂̓̉̇˷̍˿̅̄-

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

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

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

̈̉˿́˿.  
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