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О НЕОБХОДИМОСТИ КОРРЕКТИРОВКИ  
МЕТОДА РАСЧЕТА ЭЛЕКТРИЧЕСКИХ НАГРУЗОК  

ДЛЯ ПРЕДПРИЯТИЙ МИНЕРАЛЬНО-СЫРЬЕВОГО КОМПЛЕКСА 

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

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

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

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

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

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

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

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

ǪȋȞȗȅвțȅ ȑȋȎва: ̇˷̈̎˼̉ ̔̂˼́̉̇˿̎˼̈́˿̌ ̄˷˺̇̊˾̅́, ́̅̔̋̋˿̍˿˼̄̉ ˿̈̆̅̂̓˾̅˹˷̄˿̖, ́̅̔̋̋˿̍˿˼̄̉ ̇˷̈-

̎˼̉̄̅̀ ̄˷˺̇̊˾́˿, ̃˼̇̅̆̇˿̖̉˿̖ ̆̅ ̔̄˼̇˺̅̈˸˼̇˼˽˼̄˿̕, ́̅̇̇˼̖̂̍˿̅̄̄˷̖ ̈˹̖˾̓. 
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ADJUSTING THE METHOD FOR CALCULATION  
OF ELECTRICAL LOADS FOR ENTERPRISES  

OF MINERAL RESOURCES INDUSTRY 

Calculation of electrical loads is the primary task in design of each power supply system, and the reliability 

of the values obtained from such calculations directly affects the technical and economic indicators of the 

entire enterprise. This article discusses all stages of development of methods and approaches for determining 

the calculated values of electrical loads from experimental representation in the 1920s to modern methods. 

The approved method for calculation of loads is considered in detail and tested for reliability of the refer-

ence data and the actual values of the utilization coefficient obtained as a result of the studies carried out for 

the object of mining and processing production. We have confirmed the influence of the measures to im-

prove energy efficiency and, as a consequence, the need to adjust the existing method for calculation of 

electrical loads. 

Keywords: calculation of electrical loads, utilization factor, calculated load factor, energy saving measures, 

correlation. 

Citation:  

K.А. Khomiakov, D.А. Ustinov, Adjusting the method for calculation of electrical loads for enterprises 

of mineral resources industry, St. Petersburg polytechnic university journal of engineering science and technology, 

25(01)(2019) 71–78, DOI: 10.18721/JEST.25107. 



 

72 

Научно-технические ведомости CПбПУ. Естественные и инженерные науки. Том 25, №1, 2019

ВǤǧǦǧǯǪǧ 
В̒̈̅́˿˼ ̉˼̃̆̒, ̈ ́̅̉̅̇̒̃˿ ̇˷˾˹˿˹˷˼̖̉̈ 

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

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

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

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

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

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

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

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

˻˿̉ ́ ˸̅̂̓̏˿̃ ̆̅̉˼̖̇̃ ˿ ̊˹˼̂˿̎˼̄˿̕ ́˷̆˿̉˷̂̓-
̄̒̌ ˾˷̉̇˷̉ [2, 3]. ˛̅̈̉̅˹˼̇̄̅̈̉̓ ˽˼ ˾̄˷̎˼̄˿̀ 

˾˷˹˿̈˿̉ ̅̉ ̃˼̉̅˻̅˹, ̆̇˿̃˼̖̄˼̃̒̌ ˻̖̂ ̇˷̈̎˼̉˷ 
̔̂˼́̉̇˿̎˼̈́˿̌ ̄˷˺̇̊˾̅́. ˭˼̂̓ ˻˷̄̄̅̀ ̈̉˷̉̓˿ – 

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

ǎǧǴоǦǽ ǲǢǳǹǧǴǢ ǿǭǧǬǴǲǪǹǧǳǬǪǷ ǯǢǥǲǵǩоǬ 

ˣ˼̉̅˻̒ ̇˷̈̎˼̉˷ ˾̄˷̎˿̃̅ ˿˾̃˼̖̄̂˿̈̓: ̅̉ 
̅̆̒̉̄̒̌ ˿˾̃˼̇˼̄˿̀ 20-̌ ˺̅˻̅˹ XX ˹˼́˷ ˻̅ ̈̅-

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

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

̎˷̀̄̒̌ ̆̇̅̍˼̈̈̅˹.  

˟̈̈̂˼˻̅˹˷̄˿̖ ˹ ̅˸̂˷̈̉˿ ̔̂˼́̉̇˿̎˼̈́˿̌ 
̄˷˺̇̊˾̅́ ̄˷̎˷̂˿̈̓ ̈ 30-̌ ˺̅˻̅˹ ̆̇̅̏̂̅˺̅ ̈̉̅̂˼-
̉˿̖. ˤ̅ ̄˼˻̅̈̉˷̉̅̎̄̅̈̉̓ ̉˼̅̇˼̉˿̎˼̈́˿̌ ˿ ̔́̈̆˼-
̇˿̃˼̄̉˷̂̓̄̒̌ ˻˷̄̄̒̌ ̄˼ ̆̅˾˹̖̅̂̂˿ ̈ ̆̇˿˼̃̂˼-
̃̅̀ ˻̅̈̉̅˹˼̇̄̅̈̉̓̕ ˿̈̆̅̂̓˾̅˹˷̉̓ ˿̌ ̇˼˾̊̂̓̉˷̉̒. 

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

̉̇˿̎˼̈́˿̌ ̄˷˺̇̊˾̅́ ̆̅ ̆̇˷˹̊ ̈̎˿̉˷̖̉̈̕ 50-˼ 
˺̅˻̒ ˬˬ ˹˼́˷. ˘̒̂˷ ̈̅˾˻˷̄˷ ˿̄̋̅̇̃˷̍˿̅̄̄˷̖ 

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

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

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

̄˷ ̉˼̅̇˿̕ ̈̂̊̎˷̀̄̒̌ ˹˼̂˿̎˿̄. К˷́ ̇˼˾̊̂̓̉˷̉ ˹ 

1968 ˺̅˻̊ ˹̒̏̂˿ «˪́˷˾˷̄˿̖ ̆̅ ̅̆̇˼˻˼̂˼̄˿̕ 

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

̎˼̄̄̒̌ ˻˿˷˺̇˷̃̃ (ˣ˪˛) [1]. В ̈̅̅̉˹˼̉̈̉˹˿˿ ̈ 
ˣ˪˛ ̇˷̈̎˼̉̄̅˼ ˾̄˷̎˼̄˿˼ ́̅̔̋̋˿̍˿˼̄̉˷ ˿̈-
̆̅̂̓˾̅˹˷̄˿̖ ̅̆̇˼˻˼̖̂˼̖̉̈ ˹̒̇˷˽˼̄˿˼̃  
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˺˻˼ ˿ ̈̇k  – ̃˷̉˼̃˷̉˿̎˼̈́̅˼ ̅˽˿˻˷̄˿˼ ́̅̔̋̋˿̍˿-

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

̉̇̅̆̇˿˼̃̄˿́̅˹; k˿ – ̈̇˼˻̄˼́˹˷˻̇̅̉˿̎˼̈́̅˼ ̅̉-
́̂̅̄˼̄˿  ˼́̅̔̋̋˿̍˿˼̄̉  ˷˿̈̆̅̂̓˾̅˹˷̄˿  ̖ k˿, ̆̇˿-

˹˼˻˼̄̄̅˼  ́ ̅˻̄̅̃̊ ̔̂˼́̉̇̅̆̇˿˼̃̄˿́̊; f  ́˿  – ́̅-

̔̋̋˿̍˿˼̄̉ ̋̅̇̃  ̒ ̖̊̆̅̇˻̅̎˼̄̄̅  ̀ ˻˿˷˺̇˷̃̃̒ 

́̅̔̋̋˿̍˿˼̄̉̅  ˹ ˿̈̆̅̂̓˾̅˹˷̄˿̖; n̔ – ̔̋̋˼́̉˿˹-
̄̅˼ ̎˿̈̂  ̅̔̂˼́̉̇̅̆̇˿˼̃̄˿́̅˹. ˥˻̄˷́  ̅̅̉̈̊̉̈̉˹˿˼ 
˿̄̋̅̇̃˷̍˿̅̄̄̅-̈̆̇˷˹̅̎̄̒  ̌ ˻˷̄̄̒̌ ̆  ̅ ˿̈̇k   ˿

f  ́˿  ˻̖̂ ̌˷̇˷́̉˼̇̄̒̌ ́˷̉˼˺̅̇˿  ̀ ̔̂˼́̉̇̅̆̇˿˼̃̄˿-

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

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

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

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

̉˿̎˼̈́˿  ̃˾̄˷̎˼̄˿˼  ̃  ˹1,5–2,5 ̇˷˾˷.  
ˤ˷ ̈̃˼̄̊ ̊́˷˾˷̄˿̖̃ 1968 ˺̅˻˷ ̆̇˿̏̂˿ 

̅˸̄̅˹̂˼̄̄̒˼ ̊́˷˾˷̄˿̖ ̆̅ ̇˷̈̎˼̉̊ ̔̂˼́̉̇˿̎˼-
̈́˿̌ ̄˷˺̇̊˾̅́ ˧˩ˣ 36.18.32.4-92, ˻˼̀̈̉˹̊̕-

̐˿˼ ̈ 01.01.1993 ˺̅˻˷ ̆̅ ̈˼˺̅˻̖̄̏̄˿̀ ˻˼̄̓. 

ˤ̅˹̒˼ ̊́˷˾˷̄˿̖ ˸̒̂˿ ̇˷˾̇˷˸̅̉˷̄̒ Вˤ˟˦˟ 

«˩̖˽̆̇̅̃̔̂˼́̉̇̅̆̇̅˼́̉», ̅˺̇̅̃̄̒̀ ˹́̂˷˻ ˹ 

̔̉̊ ̇˷˸̅̉̊ ˹̄˼̈̂˿ ̉˷́˿˼ ̊̎˼̄̒˼, ́˷́ ˘.˛. ˝̅-

̌̅˹, ˢ.˘. ˚̅˻˺˼̂̓̋. ˞˷ ̅̈̄̅˹̊ ˹ ̄˿̌ ̆̇˿̖̄̉ 
̃̅˻˿̋˿̍˿̇̅˹˷̄̄̒̀ ̈̉˷̉˿̈̉˿̎˼̈́˿̀ ̃˼̉̅˻ 

(ˣ˨ˣ). В ̈̅̅̉˹˼̉̈̉˹˿˿ ̈ ˣ˨ˣ ̇˷̈̎˼̉̄̅˼ 

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

˹̒̇˷˽˼̄˿˼̃ 
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˺˻˼ ǲ0 = 10 ̃˿̄ – ̖̆̅̈̉̅̄̄˷̖ ˹̇˼̃˼̄˿ ̄˷˺̇˼˹˷ 
̆̇̅˹̅˻̄˿́̅˹ ̃˷̂̅˺̅ ˿ ̈̇˼˻̄˼˺̅ ̈˼̎˼̄˿̀; ǲ – 
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̋˷́̉˿̎˼̈́˷̖ ̖̆̅̈̉̅̄̄˷̖ ˹̇˼̃˼̄˿ ̄˷˺̇˼˹˷ ̔̂˼-
̃˼̄̉̅˹ ̈˿̈̉˼̃̒ ̔̂˼́̉̇̅̈̄˷˸˽˼̄˿̖; k˿ – ̈̇˼˻̄˼-
˹˾˹˼̏˼̄̄̅˼ ̈̆̇˷˹̅̎̄̅˼ ˾̄˷̎˼̄˿˼ ́̅̔̋̋˿̍˿˼̄-

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

̔̂˼́̉̇̅̆̇˿˼̃̄˿́̅˹; ˿̈̇k  – ̃˷̉˼̃˷̉˿̎˼̈́̅˼ ̅˽˿-

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

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

˿̈̇k ˿ k˿; ̔̉˿ ˾˷˹˿̈˿̃̅̈̉˿ ̆̅́˷˾˷̄̒ ̄˷ ̇˿̈. 1 [1].  

К̅̇̇˼̖̂̍˿̅̄̄̒̀ ˷̄˷̂˿˾ ̈̅˹̅́̊̆̄̅̈̉˿ ̆˷̇-

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

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

˿̃˼˼̉ ̃˼̈̉̅ ̆̇˿ ̇˷˾˸˿˼̄˿˿ ̈̅˹̅́̊̆̄̅̈̉˿ ̄˷ ˻˹˷ 
˻˿˷̆˷˾̅̄˷ (k˿ < 0,5 ˿  k˿  0,5) ̆̇˿ ̎˿̈̂˼ ̉̅̎˼́ ˹ 
́˷˽˻̅̃ ˻˿˷̆˷˾̅̄˼  N̉ > 50, ̎̉̅ ̈˹˿˻˼̉˼̂̓̈̉˹̊˼̉ ̅ 

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

[11, 12]. ˨ ˿̈̆̅̂̓˾̅˹˷̄˿˼̃ ̃˼̉̅˻˷ ̄˷˿̃˼̄̓̏˿̌ 
́˹˷˻̇˷̉̅˹ ̆̅̂̊̎˼̄̒ ̊̇˷˹̄˼̄˿̖ ̂˿̄˿̀ ̇˼˺̇˼̈̈˿˿ 

˻̖̂ ̆˼̇˹̅˺̅ ˿ ˹̉̅̇̅˺̅ ˻˿˷̆˷˾̅̄̅˹ k˿: 

 ˿ ̈̇ ˿ ˿   0,58 0,05  ̆̇˿   0,5;k k k    (4) 

 ˿ ̈̇ ˿ ˿   0,7 0,12  ̆̇˿  0,5.k k k    (5) 

˞̄˷̎˼̄˿̖ ˿ ̈̇,k  ̆̅̂̊̎˼̄̄̒˼ ̆̅ ̊̇˷˹̄˼̄˿̖̃ 

(4) ˿ (5), ̖˹̖̖̂̉̈̕ ̊̈̇˼˻̄˼̄̄̒̃˿ ̎˷̈̉̄̒̃˿ 

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

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

˾̄˷̎˼̄˿˿ k˿ [4, 9]. 

˨̅˺̂˷̈̄̅ ˣ˨ˣ ̆̇˿ ̅̆̇˼˻˼̂˼̄˿˿ ̃˷́̈˿-

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

̅˻̄̅̀ ̉̇˷̄̈̋̅̇̃˷̉̅̇̄̅̀ ̆̅˻̈̉˷̄̍˿̀ (˩˦) 

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

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

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

̄̅˹, ́̅̉̅̇̒˼ ̃̅˺̊̉ ˸̒̉̓ ̆̇˼˹̒̏˼̄̒ ̈ ˹˼̖̇̅̉-
̄̅̈̉̓̕ ̄˼ ˸̅̂˼˼ 0,05: 

   ˿ ˿˿ ̈̇ ˺  0,6   ̆̇˿   0,5;k k k   (6) 

   ˿ ˿˿ ̈̇ ˺  0,8   ̆̇˿  0,5.k k k   (7)
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˧˿̈. 1. К̅̇̇˼̖̂̍˿̅̄̄̒̀ ˷̄˷̂˿˾ ̈̅˹̅́̊̆̄̅̈̉˿ ̆˷̇̄̒̌ ˾̄˷̎˼̄˿̀ k˿ ˿ ˿ ̈̇k   

Fig. 1. Correlation analysis of the set of paired values of kȈ and ˿ ̈̇k  (av) 
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˫̅̇̃̊̂˷ ˻̖̂ ̇˷̈̎˼̉˷ ˷́̉˿˹̄̅̀ ̃̅̐̄̅̈̉˿: 

 ̇ ̇ ˿ ̄̅̃, ǰ k k P  (8) 

˺˻˼ kp – ́̅̔̋̋˿̍˿˼̄̉ ̇˷̈̎˼̉̄̅̀ ˷́̉˿˹̄̅̀ 

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

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

̔̂˼́̉̇̅̆̇˿˼̃̄˿́̅˹: 

 ̇ ̈ ˿./k k k  (9) 

˩˷́˿̃ ̅˸̇˷˾̅̃, ˣ˨ˣ ̆̅˾˹̅̂˿̂ ̈̄˿˾˿̉̓ 

̆̅˺̇˼̏̄̅̈̉̓ ̅̆̇˼˻˼̂˼̄˿̖ ̔̂˼́̉̇˿̎˼̈́˿̌ 

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

̃˷̍˿̅̄̄̅̀ ˸˷˾̒ ˾̄˷̎˼̄˿̀ ݇и [10]. 

ǐбоǳǯоǤǢǯǪǧ ǬоǲǲǧǬǴǪǲоǤǬǪ  

ǵǴǤǧǲǨǦǧǯǯоǥо мǧǴоǦǢ 

˦̅̈̂˼ ˹̈̉̊̆̂˼̄˿̖ ˹ ̈˿̂̊ ̋˼˻˼̇˷̂̓̄̅˺̅ ˾˷-
́̅̄˷ № 261-˫˞ «˥˸ ̔̄˼̇˺̅̈˸˼̇˼˽˼̄˿˿ ˿ ̅ ̆̅-

˹̒̏˼̄˿˿ ̔̄˼̇˺˼̉˿̎˼̈́̅̀ ̔̋̋˼́̉˿˹̄̅̈̉˿…» 

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

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

̄̅-̈̒̇̓˼˹̅˺̅ ́̅̃̆̂˼́̈˷, ́˷́ ̅˻̄˿̌ ˿˾ ̈˷̃̒̌ 
̔̄˼̇˺̅˼̃́˿̌ ̅˸̑˼́̉̅˹ [5, 7]. ˥̈̄̅˹̄˷̖ ̍˼̂̓ 
̆̇̅˹˼˻˼̄˿̖ ̃˼̇̅̆̇˿̖̉˿̀ ̆̅ ̔̄˼̇˺̅̈˸˼̇˼˽˼-
̄˿̕ – ̈̄˿˾˿̉̓ ̆̅̉̇˼˸̂˼̄˿˼ ̔̂˼́̉̇̅̔̄˼̇˺˿˿. 

ˮ˷̈̉̄̒̃ ̈̂̊̎˷˼̃ ̉˷́˿̌ ̃˼̇̅̆̇˿̖̉˿̀ ̖˹̖̂˼̖̉̈ 

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

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

̈˹̅˼̃ ̈̅̈̉˷˹˼ ̆̇˼̅˸̇˷˾̅˹˷̉˼̂˿ ̎˷̈̉̅̉̒ (˦ˮ), 

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

̅˸̅̇̊˻̅˹˷̄˿̖ [6]. ˣ˼˽˻̊ ̉˼̃ ̈̊̐˼̈̉˹̊̐̕˿˼ 
̃˼̉̅˻̒ ̅̆̇˼˻˼̂˼̄˿̖ ̇˷̈̎˼̉̄̒̌ ̄˷˺̇̊˾̅́ ˿ 

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

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

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

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

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

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

̅̈̊̐˼̈̉˹̖̖̂ ́̅̇̇˼́̉˿̇̅˹́˿ ́̅̔̋̋˿̍˿˼̄̉̅˹, 

˿̈̆̅̂̓˾̊˼̃̒̌ ˹ ̇˷̈̎˼̉˷̌ [8, 13, 16]. В ̎˷̈̉̄̅-

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

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

̔̂˼́̉̇̅̆̇˿˹̅˻̅̃ ́̅̄˹˼̀˼̇˷ 2ˢ-120 ̅̉ ̈́̅̇̅-

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

́̅̄˹˼̀˼̇˷ ̇̊˻̄̅̀ ̃˷̈̈̅̀.  

ǟǬǳǱǧǲǪмǧǯǴǢǭǾǯǽǧ ǪǳǳǭǧǦоǤǢǯǪȁ 

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

̌̇̅̄̄̒˼ ̔̂˼́̉̇̅˻˹˿˺˷̉˼̂˿ 660 В, 250 ́В̉ 
(2 ̏̉.); ̉̇˼̌̋˷˾̄̒˼ ̆̇˼̅˸̇˷˾̅˹˷̉˼̂˿ ̎˷̈̉̅-

̉̒ 660 В, 250 ́В̉ (2 ̏̉.); ˹˼̄̉˿̖̂̉̅̇̒  

̆̇˿̄̊˻˿̉˼̂̓̄̅˺̅ ̅̌̂˷˽˻˼̄˿̖ ̆̇˿˹̅˻̄̒̌ 

̔̂˼́̉̇̅˻˹˿˺˷̉˼̂˼̀ 660 В (2 ̏̉.); ̊̈̉˷̄̅˹́˷ 

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

̈̉̅̉̒ (1 ̏̉.). 

ˤ˷ ̇˿̈. 2 ̆̇˼˻̈̉˷˹̂˼̄̒ ˾˷˹˿̈˿̃̅̈̉˿ ˿˾̃˼-
̄˼̄˿̖ ˷́̉˿˹̄̅̀ ˿ ̇˼˷́̉˿˹̄̅̀ ̃̅̐̄̅̈̉˼̀, ̆̅-

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

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

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

̇̅̈̉˿. 

˘̒̂˿ ̆̅̂̊̎˼̄̒ ̉˷́˽˼ ˺̇˷̋˿́˿ ˿˾̃˼̄˼̄˿̖ 

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

̊̈̉˷̄̅˹́˿ ̈ ̄˼̇˼˺̊̂˿̇̊˼̃̒̃ (̇˿̈. 3) ˿ ̇˼˺̊̂˿-

̇̊˼̃̒̃ ̔̂˼́̉̇̅̆̇˿˹̅˻̅̃ (̇˿̈. 4). ˦̅ ̇˼˾̊̂̓-

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

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

̂˿̇̊˼̃̅̀ ̈́̅̇̅̈̉˿ ́̅̄˹˼̀˼̇̄̅̀ ̂˼̄̉̒, ̉˷́ ˿ 

˸˼˾ ̇˼˺̊̂˿̇̅˹˷̄˿̖. 

˛˷̄̄̒˼, ̆̅̂̊̎˼̄̄̒˼ ˹ ̇˼˾̊̂̓̉˷̉˼ ̆̇̅˹˼˻˼-
̄˿̖ ˿̈̆̒̉˷̄˿̀ ́̅̄˹˼̀˼̇˷, ̈˹˼˻˼̄̒ ˹ ̉˷˸̂. 1. 

˟̈̆̒̉˷̄˿̖ ̆̇̅˹̅˻˿̂˿̈̓ ˹ ˻˹̊̌ ̇˼˽˿̃˷̌: ̈ ̆̅-

̖̈̉̅̄̄̅̀ ̈́̅̇̅̈̉̓̕ 3,15 ̃/̈ ˿ ˹ ̇˼˽˿̃˼ ˷˹̉̅-

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

˼̇̄̅̀ ̂˼̄̉̒ 
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˧˿̈. 2. ˞˷˹˿̈˿̃̅̈̉̓ ˿˾̃˼̄˼̄˿̖ ˷́̉˿˹̄̅̀ ˿ ̇˼˷́̉˿˹̄̅̀ ̃̅̐̄̅̈̉˿, ̆̅̉̇˼˸̖̂˼̃̅̀ ̆̇˿˹̅˻̅̃ ́̅̄˹˼̀˼̇˷,  
̅̉ ̈́̅̇̅̈̉˿ ́̅̄˹˼̀˼̇̄̅̀ ̂˼̄̉̒ ˸˼˾ ̇˼˺̊̂˿̇̅˹˷̄˿̖ ̈́̅̇̅̈̉˿ ˿ ̈ ˷˹̉̅̃˷̉˿̎˼̈́˿̃ ̇˼˺̊̂˿̇̅˹˷̄˿˼̃ 

Fig. 2. The dependence of the change in true and reactive power consumed by the conveyor drive on the speed  

of the conveyor belt without speed control and with automatic control 
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˧˿̈. 3. ˦̅̉̇˼˸̂˼̄˿˼ ˷́̉˿˹̄̅̀ ̃̅̐̄̅̈̉˿ ˸˼˾ ̇˼˺̊̂˿̇̅˹˷̄˿̖ ̈́̅̇̅̈̉˿ ́̅̄˹˼̀˼̇̄̅̀ ̂˼̄̉̒ 

Fig. 3. Active power consumption without speed control of the conveyor belt 
 

 Р,  

Р, 

t 

 
 

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

Fig. 4. True power consumption with speed control of the conveyor belt 
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˩ ˷ ˸ ̂ ˿ ̍ ˷  1  

ǑǢǲǢмǧǴǲǽ ǲǢбоǴǽ ǬоǯǤǧǫǧǲǢ 

T a b l e  1  

Pipeline operation parameters 

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

˸˼˾ ˦ˮ ̈ ˦ˮ 

˨̇˼˻̄˼˼ ˾̄˷̎˼̄˿˼ ̆̅̉̇˼˸̖̂˼̃̅̀ ˷́̉˿˹̄̅̀ ̃̅̐̄̅̈̉˿ ǰ̈̇, ́В̉ 174.85 138,99 

˨̇˼˻̄˼˼ ˾̄˷̎˼̄˿˼ ̆̅̉̇˼˸̖̂˼̃̅̀ ̇˼˷́̉˿˹̄̅̀ ̃̅̐̄̅̈̉˿ Qcp, ́ВА̇ 88.01 73,48 

˪˻˼̂̓̄̅˼ ˾̄˷̎˼̄˿˼ ̆̅̉̇˼˸̖̂˼̃̅̀ ˷́̉˿˹̄̅̀ ̔̄˼̇˺˿˿ ̄˷ ̉̅̄̄̊ ̇̊˻̒, ́В̉̎˷̈/̉ 0,441 0,206 

˪˻˼̂̓̄̅˼ ˾̄˷̎˼̄˿˼ ̆̅̉̇˼˸̖̂˼̃̅̀ ̇˼˷́̉˿˹̄̅̀ ̔̄˼̇˺˿˿ ̄˷ ̉̅̄̄̊ ̇̊˻̒, ́ВА̇̎˷̈/̉ 0,222 0,109 

 

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

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

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

˹ ˣ788-1069/Вˤ˟˦˟ «˩̖˽̆̇̅̃̔̂˼́̉̇̅̆̇̅-

˼́̉», ̋˷́̉˿̎˼̈́˿̃ ˾̄˷̎˼̄˿̖̃, ̆̅̂̊̎˼̄̄̒̃ 

̆̇˿ ̆̇̅˹˼˻˼̄˿˿ ˿̈̈̂˼˻̅˹˷̄˿̀: 

̈̇˼˻̖̖̄ ˹˼̂˿̎˿̄˷ – k˿ = 0,75; 

̋˷́̉˿̎˼̈́˷̖ ˹˼̂˿̎˿̄˷ ˸˼˾ ˦ˮ – k˿ = 0,7; 

̋˷́̉˿̎˼̈́˷̖ ˹˼̂˿̎˿̄˷ ̈ ˦ˮ – k˿ = 0,5. 

А̄˷̂˿˾˿̖̇̊ ̔̉˿ ˾̄˷̎˼̄˿̖ ˾̄˷̎˼̄˿̖, ̃̅˽̄̅ 

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

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

̄˷ 5 %, ˷ ̆̇˿ ˿̈̆̅̂̓˾̅˹˷̄˿˿ ˦ˮ – ̄˿˽˼ ̄˷ 
25 %. ˦̅̂̊̎˼̄̄̒˼ ˻˷̄̄̒˼ ˻̅́˷˾̒˹˷̉̕ ̄˼̅˸-

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

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

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

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

̆̇̅̍˼̄̉̄̅̃ ̈̅̅̉̄̅̏˼̄˿˿ ̅̄ ̃̅˽˼̉ ˻̅̈̉˿˺˷̉̓ 

̖̆̅̇˻́˷ 70 % ˹ ̈̇˷˹̄˼̄˿˿ ̈ ̇˼˽˿̃̅̃ ̇˷˸̅̉̒ 

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

̂̅˺˿̎˼̈́̅˺̅ ˷˺̇˼˺˷̉˷ [14, 15]. 

ВǽǤоǦǽ  

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

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

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

̅́˷˾̒˹˷̉̕ ˹̂˿̖̄˿˼ ̄˷ ̉˼̌̄˿́̅-̔́̅̄̅̃˿-

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

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

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

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

˹ ̅̉˻˼̂̓̄̅̈̉˿ ̆̇̅˹̅˻˿̃̒̌ ̃˼̇̅̆̇˿̖̉˿̀ ̆̅ 

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

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

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

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

̉̅˻̊ ́̅̇̇˼́̉˿̇̅˹˷̉̓ ˿̈̆̅̂̓˾̊˼̃̒˼ ́̅̔̋̋˿-

̍˿˼̄̉̒.  
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