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ОЦЕНКА ПОКАЗАТЕЛЕЙ СПИРАЛЬНОГО ДЕТАНДЕРА 

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

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

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

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

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

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

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

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

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

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

̉˿̃̅̀ ̃˷̏˿̄̒, ̇˷˸̅̉˷̐̕˼̀ ˹ ̇˼˽˿̃˼ ̈̆˿̇˷̂̓̄̅˺̅ ˻˼̉˷̄˻˼̇˷.  
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EVALUATION OF PARAMETERS OF A SPIRAL EXPANDER 

Solving the problems of energy saving at gas distribution points, namely, the problems of electricity demand 

for a facility’s own needs, is an urgent task that can be solved using a spiral expander. The energy of the 

transported gas pressure is transformed in the expander into mechanical energy, and the mechanical energy 

obtained in the expander can be converted into the electrical energy in a generator that is connected to the 

expander. We have considered a spiral compressor, which is a reversible machine operating in the mode of a 

spiral expander. The results of experimental studies of the spiral expander are presented. We have given me-

chanical characteristics, such as the power output by the shaft, the compressed gas flow rate for the range of 

the expansion ratio and the rotational speed. To determine these characteristics, an experimental stand was 

designed and manufactured. We have analyzed the presented parameters and compared them with the cha-

racteristics of screw expanders. 
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Энергетика и электротехника

ВǤǧǦǧǯиǧ 

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

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

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

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

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

̏˷̉̓ ˾˷˻˷̎˿ ̈˸˼̇˼˽˼̄˿̖ ̇˼̈̊̇̈̅˹ ˿ ̔̄˼̇˺˿˿ [1]. 

В˼̈̓̃˷ ̆˼̇̈̆˼́̉˿˹̄̅ ˹ ̆̂˷̄˼ ̔́̅̄̅̃˿˿ 

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

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

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

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

К˷́ ̆̅́˷˾̒˹˷˼̉ ˷̄˷̂˿˾ ̆̅̉̇˼˸̄̅̈̉˿ ˹ 

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

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

̉˼̂̓̄̒̌ ̈̉˷̄̍˿̖̌ (˚˧˨), ˺˷˾̅̇˷̈̆̇˼˻˼̂˿̉˼̂̓-

̄̒̌ ̆̊̄́̉˷̌ (˚˧П), ̆̅̉̇˼˸̖̂˼̃˷̖ ˿̃˿ ̃̅̐-

̄̅̈̉̓ ̈̅̈̉˷˹̖̂˼̉ ̅̉ 5 ˻̅ 400 ́В̉.  

А̄˷̂˿˾ ̔́̈̆̂̊˷̉˷̍˿̅̄̄̒̌ ̉̇˼˸̅˹˷̄˿̀, 

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

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

̄˿̖, ˸̂˿˾́˷̖ ́ 3000 ̅˸/̃˿̄, ˹̒̈̅́˷̖ ̈̉˼̆˼̄̓ 

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

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

̄˷ ˸˷˾˼ ˹˿̄̉̅˹̒̌ ˿ ̈̆˿̇˷̂̓̄̒̌ ̃˷̏˿̄. 

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

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

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

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

̉˷́˽˼ ̔́̈̆˼̇˿̃˼̄̉˷̂̓̄̒˼ ˿ ̆̇̅̃̒̏̂˼̄̄̒˼ 

˿̈̆̒̉˷̄˿̖ [2, 3]. П̇˿̃˼̄˼̄˿̕ ˽˼ ̈̆˿̇˷̂̓̄̒̌ 

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

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

̈˹˼˻˼̄˿̖ [4, 5, 9, 12] ̄˼ ̆̅˾˹̖̅̂̉̕ ̅̍˼̄˿̉̓ 

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

̈ ˻̇̊˺˿̃˿ ̉˿̆˷̃˿ ˻˼̉˷̄˻˼̇̅˹. 

ǘǧǭǾ ǲǢботǽ: ˿̈̈̂˼˻̅˹˷̄˿̖ ̈̆˿̇˷̂̓̄̅˺̅ ˻˼-

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

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

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

ǐбǼǧǬт иǳǱǽтǢǯиǫ и иǳǱǽтǢтǧǭǾǯǽǫ ǳтǧǯǦ 

˨̆˿̇˷̂̓̄̒˼ ̃˷̏˿̄̒ ̖˹̖̖̂̉̈̕ ̃˷̏˿̄˷̃˿ 

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

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

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

̇˷̈̏˿̇˿̉˼̂̓̄̅̀ ̃˷̏˿̄̒ – ˻˼̉˷̄˻˼̇˷. 

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

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

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

̖̂̃˿ ˻˼̉˷̄˻˼̇̅˹ ˻̇̊˺˿̌ ̉˿̆̅˹. 

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

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

̃̅̐̄̅̈̉̓, ̇˷̈̌̅˻ ̈˽˷̉̅˺̅ ˺˷˾˷. К̇̅̃˼ ̉̅˺̅, ˻̖̂ 

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

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

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

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

̄̒̀ ̈̉˼̄˻ [6, 11], ̆̇˿̄̍˿̆˿˷̂̓̄˷̖ ̈̌˼̃˷ ́̅-

̉̅̇̅˺̅ ̆̅́˷˾˷̄˷ ̄˷ ̇˿̈. 1. ˧˷˸̅̉˷ ˻˼̉˷̄˻˼̇˷ ˿ 

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

̅̈̊̐˼̈̉˹̖̂̂˿̈̓ ̈̂˼˻̊̐̕˿̃ ̅˸̇˷˾̅̃. 

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

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

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

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

˸̇˷̈̒˹˷̖̂̈ ˹ ˷̉̃̅̈̋˼̇̊ [13]. П˼̇˼̆˷˻ ˻˷˹̂˼-

̄˿̀ ̄˷ ̃˼̇̄̅̃ ̊̎˷̈̉́˼ ˿˾̃˼̖̖̇̂̈ ˹̅˻̖̄̒̃ 

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

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

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

̂˷˸̅̇˷̉̅̇̄̒˼ ̃˷̄̅̃˼̉̇̒ ̈ ̍˼̄̅̀ ˻˼̂˼̄˿̖ 

0,1 ́˺̈/̈̃2. ˩˼̃̆˼̇˷̉̊̇˷ ˹̅˾˻̊̌˷ ˿˾̃˼̖̇̂˷̈̓ 

̂˷˸̅̇˷̉̅̇̄̒̃˿ ̉˼̇̃̅̃˼̉̇˷̃˿ ˿ ̌̇̅̃˼̂̓-

́̅̆˼̂˼˹̒̃˿ ̉˼̇̃̅̆˷̇˷̃˿ [10]. 

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

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

˹˼̈˷̃˿ ̎˼̇˼˾ ̊̆̇̊˺̊̕ ̃̊̋̉̊ [7, 8]. ˮ˷̈̉̅̉˷ 

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

̏̉˷̉̄̒̃ ̉˷̌̅̃˼̉̇̅̃ ̄˷ ̆̊̂̓̉˼ ̊̆̇˷˹̂˼̄˿̖ ̈ 

̍˼̄̅̀ ˻˼̂˼̄˿̖ 500 ̅˸/̃˿̄.  

˥˸̑˼́̉̅̃ ˿̈̆̒̉˷̄˿  ̀ ˸̒  ̂ ̇˷˾̇˷˸̅̉˷̄̄̒  ̀ ˿ 

˿˾˺̅̉̅˹̂˼̄̄̒  ̀  ˹ А  ˥ «ˤИИ̉̊̇˸̅́̅̃̆̇˼̈̈̅̇» 

̈̆˿̇˷̂̓̄̒  ̀́̅̃̆̇˼̈̈̅̇, ́̅̉̅̇̒̀, ́˷  ́̅̉̃˼̎˷̂̅̈̓ 

˹̒̏˼, ̖˹̖̂˼̉̈  ̖ ̅˸̇˷̉˿̃̅  ̀ ̃˷̏˿̄̅  ̀  ˿ ̆̅̔̉̅̃̊ 

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

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

̄̒̀; ̇˷˻˿̊  ̈ ̅̈̄̅˹̄̅̀ ̅́̇̊˽̄̅̈̉˿ – 2,414 ̃̃; 

̏˷˺ – 15,167 ̃̃; ̔́̈̍˼̄̉̇˿̈˿̉˼̉ – ȅ0 = 3,583 ̃̃.* 

                                                      
* ПǢǲǢǯиǯ Ǡ.А. ˧˷˾̇˷˸̅̉́˷ ˹̅˾˻̊̏̄̅˺̅ ̈̆˿̇˷̂̓-

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

̄̅̈̉̓̕ ̅̉ 0,06 ˻̅ 0,12 ̃3/̃˿̄ ˿ ́̅̄˼̎̄̒̃ ˻˷˹̂˼̄˿˼̃ 

˻̅ 7 ́˺̈/̈̃2: ˥̉̎˼̉ ̅ ˤИ˧ / ˞А˥ «ˤИИ̉̊̇˸̅́̅̃̆̇˼̈-

̈̅̇». №3783-99; ˿̄˹. №2506. К˷˾˷̄̓, 1999. 46 ̈. 
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˧˿̈. 1. П̇˿̄̍˿̆˿˷̂̓̄˷̖ ̈̌˼̃˷ ̈̉˼̄˻˷ ˻̖̂ ˿̈̆̒̉˷̄˿̀ ̈̆˿̇˷̂̓̄̅˺̅ ˻˼̉˷̄˻˼̇˷ 

Fig. 1. Schematic diagram of the stand for testing the spiral expander 
 

˥̈̄̅˹̄̒̃˿ ̇˷˸̅̎˿̃˿ ̔̂˼̃˼̄̉˷̃˿ ́̅̃-

̆̇˼̈̈̅̇˷ ̖˹̖̖̂̉̈̕ ̆̅˻˹˿˽̄˷̖ 2 ˿ ̄˼̆̅˻˹˿˽-

̄˷̖ 1 ̈̆˿̇˷̂˿ (̇˿̈. 2). ˤ˼̆̅˻˹˿˽̄˷̖ ̈̆˿̇˷̂̓ 

˾˷́̇˼̆̂˼̄˷ ̄˷ ́̇̒̏́˼ 8 ́̅̇̆̊̈˷ 5; ̆̅˻˹˿˽-

̄˷̖ ̈̆˿̇˷̂̓ ˿̃˼˼̉ ̅̆̅̇̄̒̀ ̔̂˼̃˼̄̉ (̃̊̋̉˷ 

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

̖̈̉̅̐˿̀ ˿˾ ̏˷̇˿́̅˹ 7 ˻˿˷̃˼̉̇̅̃ 12 ̃̃ ˹ ́̅-

̂˿̎˼̈̉˹˼ 18 ̏̉̊́ ˿ ̈˼̆˷̇˷̉̅̇̅˹. ˴̉̅̉ ˽˼ ̔̂˼-

̃˼̄̉ ̅˸˼̈̆˼̎˿˹˷˼̉ ̋˿́̈˷̍˿̕ ̆̅˻˹˿˽̄̅̀ 

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

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

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

̄̒˼ ̆̅˻̏˿̆̄˿́˿ 4 ˿ 6. 

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

˿˾ ˷̂̃̕˿̄˿˼˹̅˺̅ ̈̆̂˷˹˷. 

Д̖̂ ̊̃˼̄̓̏˼̄˿̖ ˹̄̊̉̇˼̄̄˿̌ ̆˼̇˼̉˼̎˼́ 

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

̅˸˼˿̌ ̊̈̉˷̄̅˹̂˼̄̒ ̋̉̅̇̅̆̂˷̈̉̅˹̒˼ ̊̆̂̅̉̄˼-

̄˿̖ 9, ˹̈̉˷˹̂˼̄̄̒˼ ˹ ̆˷˾̒ ̄˷ ˿̌ ̉̅̇̍˷̌.  

˪̆̂̅̉̄˼̄˿̖ ˿̃˼̉̕ ̖̆̇̃̅̊˺̅̂̓̄̅˼ ̈˼̎˼̄˿˼ 

1,9  1,9 ̃̃ ˿ ˻̂˿̄̊, ̇˷˹̄̊̕ ˻̂˿̄˼ ̆̇̅̋˿̖̂ 

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

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

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

В ̌̅̂̅˻̄̅̃ ̖̈̅̈̉̅̄˿˿ ́̅̃̆̇˼̈̈̅̇˷ ˾˷̃˼̇˼̄-

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

̈̅̈̉˷˹̖̂̂ ̅́̅̂̅ 100 ̃́̃. 

4

5

6

7

9

8

1

2

3

 
 

˧˿̈. 2. К̅̄̈̉̇̊́̍˿̖ ̈̆˿̇˷̂̓̄̅˺̅ ́̅̃̆̇˼̈̈̅̇˷  

(˻˼̉˷̄˻˼̇˷): 

1 – ̈̆˿̇˷̂̓ ̄˼̆̅˻˹˿˽̄˷̖; 2 – ̈̆˿̇˷̂̓ ̆̅˻˹˿˽̄˷̖;  

3 – ˹˷̂ ̔́̈̍˼̄̉̇˿́̅˹̒̀; 4 – ̆̅˻̏˿̆̄˿́ ̅̆̅̇̄̒̀;  

5 – ́̅̇̆̊̈ ́̅̃̆̇˼̈̈̅̇˷; 6 – ̆̅˻̏˿̆̄˿́ ˿˺̅̂̓̎˷̉̒̀;  

7 – ̏˷̇˿́; 8 – ́̇̒̏́˷; 9 – ̋̉̅̇̅̆̂˷̈̉̅˹̒˼ ̊̆̂̅̉̄˼̄˿̖ 

Fig. 2. The design of the scroll compressor (expander): 

1 – fixed spiral; 2 – movable spiral; 3 – eccentric shaft;  

4 – journal bearing; 5 – compressor casing; 6 – needle  

bearing; 7 – ball; 8 – cover; 9 – fluoroplastic seals 

ǟǬǳǱǧǲимǧǯтǢǭǾǯоǧ иǳǳǭǧǦоǤǢǯиǧ 

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

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

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

̉˷̂̓̄̒̌ ˿̈̈̂˼˻̅˹˷̄˿̀. 
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˧˿̈. 3. ˣ˼̌˷̄˿̎˼̈́˿˼ ̌˷̇˷́̉˼̇˿̈̉˿́˿ ̈̆˿̇˷̂̓̄̅˺̅ ˻˼̉˷̄˻˼̇˷  

̆̇˿ ̎˷̈̉̅̉˷̌ ˹̇˷̐˼̄˿̖ 1000 (1), 1500 (2), 2000 (3), 2500 (4) ˿ 3000 (5) ̅˸/̃˿̄ 

Fig. 3. Mechanical characteristics of a spiral expander at frequencies  

of rotation 1000 (1), 1500 (2), 2000 (3), 2500 (4) and 3000 (5) turns/min 
 

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

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

̇˼̄˿̖ (̇˿̈. 3) ̈̌̅˽˿, ˷ ˿̃˼̄̄̅ ̅̉̂˿̎˷̖̉̈̕ ̅̉ 

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

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

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

̇˼̄˿̖ ̇˷˹̄̅̀ 5,5. ˣ˷̈̈̅˹˷̖ ̆̇̅˿˾˹̅˻˿̉˼̂̓̄̅̈̉̓ 

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

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

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

̄̅̀ 5,5 ˻˷˹̂˼̄˿˼ ˺˷˾˷ ˹ ̇˷˸̅̎˼̀ ̆̅̂̅̈̉˿ ˹ ̃̅̃˼̄̉ 

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

̄˷ ̈̉̅̇̅̄˼ ˹̒̆̊̈́˷. П̇˿ ̊˹˼̂˿̎˼̄˿˿ ˻˷˹̂˼̄˿̖ 

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

̇˷̈̏˿̇˼̄˿̖ ˸̅̂˼˼ 5,5) ˻˷˹̂˼̄˿˼ ˹ ̇˷˸̅̎˼̀ ̆̅-

̂̅̈̉˿ ˹ ̃̅̃˼̄̉ ̈̅̅˸̐˼̄˿̖ ̈ ̆̅̂̅̈̉̓̕ ˹̒̆̊̈́˷ 

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

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

˺̅ ˺˷˾˷ ˸˼˾ ̈̅˹˼̇̏˼̄˿̖ ̆̅̂˼˾̄̅̀ ̇˷˸̅̉̒.  
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˧˿̈. 4. ˞˷˹˿̈˿̃̅̈̉˿ ̆˼̇˼̆˷˻˷ ̉˼̃̆˼̇˷̉̊̇ ̅̉ ̎˷̈̉̅̉̒ ˹̇˷̐˼̄˿̖ ̆̇˿˹̅˻̄̅˺̅ ˹˷̂˷  

̆̇˿ ̈̉˼̆˼̖̄̌ ̇˷̈̏˿̇˼̄˿̖ 3,8 (1), 4,7 (2), 5,5 (3), 6,54 (4) 

Fig. 4. Dependences of the temperature drop on the speed of the drive shaft  

of the degrees of expansion 3,8 (1), 4,7 (2), 5,5 (3), 6,54 (4) 
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˧˿̈. 5. ˞˷˹˿̈˿̃̅̈̉˿ ˷˻˿˷˸˷̉̄̅˺̅ КПД ̅̉ ̈̉˼̆˼̄˿ ̇˷̈̏˿̇˼̄˿̖ ˻̖̂ ̈̆˿̇˷̂̓̄̅˺̅ ˻˼̉˷̄˻˼̇˷  

А˥ «ˤИИ̉̊̇˸̅́̅̃̆̇˼̈̈̅̇» (1), ˹˿̄̉̅˹̅˺̅ ˻˼̉˷̄˻˼̇˷ ˣВ˩˪ ˿̃˼̄˿ ˤ.˴. ˘˷̊̃˷̄˷ (2)   

˿ ˹˿̄̉̅˹̅˺̅ ˻˼̉˷̄˻˼̇˷ ˨К˘К (3) 

Fig. 5. Dependence of adiabatic efficiency for screw and spiral expander JSC «NIIturbokompressor» (1),  

screw expander Bauman MVTU (2) and screw expander CKBK (3) 
 

˨̄˿˽˼̄˿˼ ̇˷̈̈̃˷̉̇˿˹˷˼̃̒̌ ˹˼̂˿̎˿̄ ˹ ̅˸-

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

̄̅ ̄˷ ̎˷̈̉̅̉˷̌ ˹̇˷̐˼̄˿̖ 2500–3000 ̅˸/̃˿̄, 

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

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

̈̂˼˻̊˼̉ ˿˾ ̇˿̈. 4. ˴̉̅ ̄˼˿˾˸˼˽̄̅ ̆̇˿˹̅˻˿̉ ́ 

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

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

˿ ̈̄˿˽˼̄˿̕ ̆̇̅˿˾˹̅˻˿̉˼̂̓̄̅̈̉˿ ˿ ̃̅̐̄̅̈̉˿, 

̇˷˾˹˿˹˷˼̃̅̀ ˻˼̉˷̄˻˼̇̅̃ [14].  

ǐбǳǵǨǦǧǯиǧ ǲǧǩǵǭǾтǢтоǤ 

П̅̂̊̎˼̄̄̒˼ ̇˼˾̊̂̓̉˷̉̒ ̔́̈̆˼̇˿̃˼̄̉˷̂̓-

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

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

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

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

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

˸˷̉̄̒̌ КПД ̈̂˼˻̊̐̕˿̌ ̇˷̈̏˿̇˿̉˼̂̓̄̒̌ 

̃˷̏˿̄: 
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1) ˹˿̄̉̅˹̅˺̅ ˻˼̉˷̄˻˼̇˷, ̅̆˿̈˷̄̄̅˺̅ ˹ 3, 
̄˷ ́̅̉̅̇̅̃ ̆̇̅˹̅˻˿̂˿̈̓ ˿̈̈̂˼˻̅˹˷̄˿̖ ˹ 

ˣВ˩˪ ˿̃. ˤ.˴. ˘˷̊̃˷̄˷ (˼˺̅ ̆˷̇˷̃˼̉̇̒: ̄˷-

̇̊˽̄̒̀ ˻˿˷̃˼̉̇ ̇̅̉̅̇̅˹ d1 = 0,1 ̃; ̅̆˿̈˷̄-

̄̒̀ ̅˸̑˼̃ ̇˷˸̅̎˼̀ ̆̅̂̅̈̉˿ ̄˷ ̈̉̅̇̅̄˼ ˹̒̌̅˻˷ 

V̉ = 0,1 ̃3/̈ ̆̇˿ ̎˷̈̉̅̉˼ ˹̇˷̐˼̄˿̖ ˹˼˻̊̐˼˺̅ 

̇̅̉̅̇˷ n1 ˻̅ 200 1/c); 

2) ̔́̈̆˼̇˿̃˼̄̉˷̂̓̄̅˺̅ ˹˿̄̉̅˹̅˺̅ ˻˼̉˷̄˻˼-

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

˻˿̃̒̌ ˹ А˥ «ˤИИ̉̊̇˸̅́̅̃̆̇˼̈̈̅̇» (˨К˘К) 

2 (˼˺̅ ̆˷̇˷̃˼̉̇̒: ̄˷̇̊˽̄̒̀ ˻˿˷̃˼̉̇ ̇̅̉̅̇̅˹ 

d1 = 0,16 ̃; ̅̆˿̈˷̄̄̒̀ ̅˸̑˼̃ ̇˷˸̅̎˼̀ ̆̅̂̅̈̉˿ 

̄˷ ̈̉̅̇̅̄˼ ˹̒̌̅˻˷ V̉ = 0,23 ̃3/̈ ̆̇˿ ̎˷̈̉̅̉˼ 

˹̇˷̐˼̄˿̖ ˹˼˻̊̐˼˺̅ ̇̅̉̅̇˷ n1 ˻̅ 133 c–1). 

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

̏˿̄˷ ̖˹̖̂˼̖̉̈ ̅˻̄̅̀ ˿˾ ̆˼̇˹̒̌ ́̅̄̈̉̇̊́̍˿̀; 

̅̄˷ ̆̇̅˼́̉˿̇̅˹˷̂˷̈̓ ́˷́ ́̅̃̆̇˼̈̈̅̇ ̈ ̊̎˼̉̅̃ 

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

̈̅́˷̖ ̉˼̃̆˼̇˷̉̊̇˷ ˺˷˾˷. П̅̔̉̅̃̊ ̈̆˿̇˷̂˿, ˷ ̉˷́-

˽˼ ́̅̄̈̉̇̊́̍˿̖ ́̅̃̆̇˼̈̈̅̇˷ ̇˷̈̈̎˿̉̒˹˷̂˿̈̓ ̈ 

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

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

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

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

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

̔̋̋˼́̉˿˹̄̅̈̉˿ ̆̇̅̍˼̈̈˷ ̇˷̈̏˿̇˼̄˿̖. 

ǉǢǬǭȀǹǧǯиǧ 

П̇̅˹˼˻˼̄̒ ̔́̈̆˼̇˿̃˼̄̉˷̂̓̄̒˼ ˿̈̈̂˼˻̅-

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

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

̄˿̖ ̅̉ 3,8 ˻̅ 6,5 ˿ ̎˷̈̉̅̉˼ ˹̇˷̐˼̄˿̖ ̅̉ 1000 ˻̅ 

3000 ̅˸/̃˿̄. П̅̂̊̎˼̄̒ ̃˼̌˷̄˿̎˼̈́˿˼ ̌˷̇˷́-

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

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

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

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

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

̈̉˷˻˿˿ ̆̇̅˼́̉˿̇̅˹˷̄˿̖.  

В̒̆̅̂̄˼̄̅ ̈̇˷˹̄˼̄˿˼ ˷˻˿˷˸˷̉̄̅˺̅ КПД 

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

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

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

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

̎̉̅ ˹ ́̅̄̈̉̇̊́̍˿˿ ́̅̇̆̊̈˷ ˿ ̈̆˿̇˷̂˼̀ ̆̇˼˻̊-

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

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

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

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

̍˼̈̈˷ ̇˷̈̏˿̇˼̄˿̖.  

˥̉˼̎˼̈̉˹˼̄̄̒̀ ̅̆̒̉ ̇˷˾̇˷˸̅̉́˿, ̅̈˹̅˼-

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

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

̆̅˹̒̏˼̄˿˼ ̔̋̋˼́̉˿˹̄̅̈̉˿ ̆̇˿ ̆̇˿̃˼̄˼̄˿˿ 

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

˪̎˿̉̒˹˷̖ ̆̇̅̈̉̅̉̊ ́̅̄̈̉̇̊́̍˿˿, ̄˿˾́̊̕  

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

̄˿̖ ̈˼̇˿̀̄̒̌ ˺˼̄˼̇˷̉̅̇̅˹ (̄˷ 1500 ˿̂˿ 

3000 ̅˸/̃˿̄), ̈̆˿̇˷̂̓̄̒̀ ˻˼̉˷̄˻˼̇ ̃̅˽˼̉ 

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

̈́̅̇̅̈̉̄̒̃ ̉̊̇˸̅˻˼̉˷̄˻˼̇̄̒̃ ̔̂˼́̉̇̅˺˼̄˼-

̇˷̉̅̇˷̃ ˻̅ 10 ́В̉. 
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