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ʤʳʝ ʤʝʪʦʜʳ. ʇʨʠʤʝʥʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʧʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ. ɽʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʥʘʫʯʥʦʛʦ ʘʥʘʣʠʟʘ, ʢʦʤʧʠʣʠʨʦ-

ʚʘʥʠʷ ʜʘʥʥʳʭ ʠʟ ʨʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʥʝʛʘʪʠʚʥʦʛʦ ʵʬʬʝʢʪʘ 

ʫʚʝʣʠʯʝʥʠʷ ʛʣʫʙʠʥʳ ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʛʦʨʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʣʫʙʦ-

ʢʠʭ ʢʘʨʴʝʨʦʚ. ʄʦʜʝʨʥʠʟʘʮʠʷ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʛʦʨʥʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ ʢʘʨʴʝʨʦʚ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʟʘ ʩʯʝʪ 

ʚʥʝʜʨʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʨʝʜʩʪʚ ʜʦʩʪʘʚʢʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʛʨʫʟʦʚ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʘʜʘʧʪʘʮʠʝʡ ʢ ʩʫʱʝ-

ʩʪʚʫʶʱʝʡ ʚʥʫʪʨʠʢʘʨʴʝʨʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ. 
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Abstract. Problem Statement (Relevance). The paper considers the dependence between stability and efficiency 

of exploitation of deep pits and a relevant selection of mining technology and facilities. When the pit becomes 

deeper, minerals transportation conditions are characterized as more complicated, entailing a longer conveying 

distance, greater rock mass hoisting height and lower performance of production equipment. The paper analyzes 

the existing designs of hoists and inclined conveyors. It contains a logical rationale for applying the classic bra-

chistochrone problem to simplify a description of conveyance movement. The paper shows one of promising 

solutions to improve open pit transport with conveyances, moving along guidance rails. The descending route is 

approximated to the brachistochrone, namely a curve of fastest descent. The authors of the paper present the ana-

lytical dependence to determine main characteristics of the conveyance descending in open pit mining. The data 

are used to design a mathematical model of the descending route, as they prove an optimum profile of the route 

for conveyances. Objective: To show advantages of applying the brachistochrone in conveyance descending to 

deliver auxiliary materials to zones of open pit mining. Methods Applied. The applied integrated approach is 

used to solve the issues. Its application in the research implies functioning of scientific analysis methods, com-

piling data from the published studies, analytical dependence and a system analysis. Practical Relevance. This 

approach may be used to offset a negative effect of an increased depth of mining on economic performance of 

the mining plant, when operating deep pits. Mining and conveyor systems of pits are modernized and revamped 

by introducing promising means of delivery of auxiliary materials adapted to the maximum to the existing infra-

structure in the pit. 
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ɺʚʝʜʝʥʠʝ 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʘʟʚʠʪʠʷ ʤʠ-

ʨʦʚʦʡ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʘ 

ʦʙʦʟʨʠʤʫʶ ʧʝʨʩʧʝʢʪʠʚʫ ʷʚʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʳʡ 

ʪʨʝʥʜ ʥʘ ʦʪʢʨʳʪʳʡ ʩʧʦʩʦʙ ʨʘʟʨʘʙʦʪʢʠ, ʦʙʝʩʧʝ-

ʯʠʚʘʶʱʠʡ ʥʘʠʣʫʯʰʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝ-

ʣʠ. ʋʜʝʣʴʥʳʡ ʚʝʩ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ ʚ ʦʙ-

ʱʝʤ ʦʙʲʝʤʝ ʜʦʙʳʯʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʧʦ 

ʦʮʝʥʢʘʤ ʵʢʩʧʝʨʪʦʚ, ʩʦʩʪʘʚʣʷʝʪ: ʚ ʤʠʨʝ ï 72-73%, 

ʚ ʉʐɸ ï 83%, ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʈʌ) ʠ 

ʩʪʨʘʥʘʭ ʉʅɻ ï ʧʦʨʷʜʢʘ 70%. ʉʦʚʨʝʤʝʥʥʘʷ ʪʝʭ-

ʥʦʣʦʛʠʷ ʜʦʙʳʯʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʠ ʦʩʥʦʚ-

ʥʳʝ ʬʫʥʢʮʠʠ ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʛʨʫʟʦʚ ʨʝʘʣʠʟʫ-

ʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʚʠʜʦʚ 

ʪʨʘʥʩʧʦʨʪʘ [1]. ʅʝʦʙʭʦʜʠʤʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʦʙʱʘʷ 

ʛʣʫʙʠʥʘ ʤʥʦʛʠʭ ʢʨʫʧʥʳʭ ʢʘʨʴʝʨʦʚ ʧʨʝʚʳʰʘʝʪ 

200 ʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʦʝʢʪʥʘʷ ʛʣʫʙʠʥʘ ʨʘʟʨʘ-

ʙʦʪʦʢ ʯʘʩʪʦ ʜʦʩʪʠʛʘʝʪ ʠ 700-1000 ʤ [2]. ʂʘʨʴʝʨʳ 

ʧʝʨʝʢʨʳʚʘʶʪ 90% ʦʙʲʝʤ ʜʦʙʳʯʠ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʩʳʨʴʷ ʦʪʢʨʳʪʳʤ ʩʧʦʩʦʙʦʤ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʛʣʫʙʠʥʘ ʢʘʨʴʝʨʦʚ ʚʳʩʪʫʧʘʝʪ 

ʦʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ, ʫʩʣʦʞʥʷʶʱʠʤ ʫʩʣʦ-

ʚʠʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʜʦʙʳʚʘʝʤʳʭ ʠʩʢʦʧʘʝʤʳʭ 

ʩ ʥʠʞʥʠʭ ʛʦʨʠʟʦʥʪʦʚ, ʯʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʫʚʝʣʠ-

ʯʝʥʠʝ ʜʘʣʴʥʦʩʪʠ ʧʝʨʝʚʦʟʦʢ ʠ ʠʟʤʝʥʝʥʠʝ ʚʳʩʦʪʳ 

ʧʦʜʲʝʤʘ ʛʦʨʥʦʡ ʤʘʩʩʳ, ʨʦʩʪ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʭ 

ʫʢʣʦʥʦʚ ʠ ʦʛʨʘʥʠʯʝʥʠʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ ʚʥʫʪʨʠ ʢʘʨʴʝʨʘ. 

ʊʝʥʜʝʥʮʠʷ ʢ ʩʦʢʨʘʱʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 



ɺʝʣʠʢʘʥʦʚ ɺ.ʉ., ɼʸʨʠʥʘ ʅ.ɺ., ʂʦʯʝʨʞʠʥʩʢʘʷ ʖ.ɺ., ʄʘʤʘʡ ʅ.ɺ., ʃʦʛʫʥʦʚʘ ʊ.ɺ. 

www.vestnik.magtu.ru        ïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïï 7 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʫʨʦʚʥʝ ʢʘʞʜʳʭ 100 ʤ ʩʦʩʪʘʚʣʷ-

ʝʪ: ʚ ʵʢʩʢʘʚʘʪʦʨʥʦ-ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ï 

ʵʢʩʢʘʚʘʪʦʨʦʚ 10-15%, ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ 25-39%; ʚ 

ʵʢʩʢʘʚʘʪʦʨʥʦ-ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ï 

ʵʢʩʢʘʚʘʪʦʨʦʚ 17-19%, ʣʦʢʦʤʦʪʠʚʦʩʦʩʪʘʚʦʚ 8,5-

20%. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʟʤʝʨ ʚʳʩʦʪʳ ʨʘʙʦʯʝʡ 

ʟʦʥʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 250-300 ʤ, ʘ ʰʠʨʠʥʘ ʨʘ-

ʙʦʯʠʭ ʧʣʦʱʘʜʦʢ ʫʤʝʥʴʰʘʝʪʩʷ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ 

ʩʥʠʞʘʝʪʩʷ ʫʨʦʚʝʥʴ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʟʘʧʘʩʘʤʠ, 

ʛʦʪʦʚʳʤʠ ʢ ʚʳʝʤʢʝ, ʜʦ 0,4-1,0 ʤʝʩʷʮʘ, ʘ ʯʪʦ ʢʘ-

ʩʘʝʪʩʷ ʫʛʣʘ ʧʦʛʘʰʝʥʠʷ ʙʦʨʪʦʚ ʢʘʨʴʝʨʘ, ʪʦ ʧʨʦʠʩ-

ʭʦʜʠʪ ʝʛʦ ʫʚʝʣʠʯʝʥʠʝ [3-5].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʰʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʧʨʦ-

ʙʣʝʤʳ ʚʳʩʪʫʧʘʝʪ ʦʩʥʦʚʥʳʤ ʫʩʣʦʚʠʝʤ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʛʣʫʙʦʢʠʭ ʢʘʨʴʝʨʦʚ. ʆʜ-

ʥʘʢʦ, ʢʘʢ ʩʧʨʘʚʝʜʣʠʚʦ ʫʪʚʝʨʞʜʘʶʪ ʩʧʝʮʠʘʣʠʩʪʳ, ʚ 

ʫʩʣʦʚʠʷʭ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ (ʆɻʈ) ʪʨʫʜʦʝʤ-

ʢʦʩʪʴ ʧʨʦʮʝʩʩʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʦʩʪʘʝʪʩʷ ʜʦʩʪʘ-

ʪʦʯʥʦ ʚʳʩʦʢʦʡ, ʢ ʪʦʤʫ ʞʝ ʜʦʣʷ ʪʨʘʥʩʧʦʨʪʘ ʩʦʩʪʘʚ-

ʣʷʝʪ ʧʦʨʷʜʢʘ 60-75% ʚ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʜʦʙʳʯʠ, ʜʣʷ 

ʛʣʫʙʦʢʠʭ ʢʘʨʴʝʨʦʚ ʵʪʘ ʜʦʣʷ ʜʦʩʪʠʛʘʝʪ 80%. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʢʘʨʴʝʨʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚ ʥʘʫʯ-

ʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʦ ʦʪʢʨʳʪʳʤ ʨʘʟʨʘ-

ʙʦʪʢʘʤ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʚʪʦʤʦʙʠʣʴʥʳʡ, ʞʝʣʝʟ-

ʥʦʜʦʨʦʞʥʳʡ ʠ ʢʦʥʚʝʡʝʨʥʳʡ ʪʨʘʥʩʧʦʨʪ, ʘ ʪʘʢʞʝ 

ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʚ 

ʢʘʨʴʝʨʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʪʨʘʥʩʧʦʨʪ-

ʥʳʝ ʩʨʝʜʩʪʚʘ. 

ʆʩʥʦʚʥʳʤʠ ʢʘʨʴʝʨʥʳʤʠ ʛʨʫʟʘʤʠ ʩʯʠʪʘʶʪʩʷ 

ʚʩʢʨʳʰʥʳʝ ʧʦʨʦʜʳ ʠ ʧʦʣʝʟʥʦʝ ʤʠʥʝʨʘʣʴʥʦʝ ʩʳ-

ʨʴʝ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʜʲʝʤ ʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚʳʰʝ. ʂ ʢʘʪʝʛʦʨʠʠ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʛʨʫʟʦʚ ʦʪʥʦʩʷʪʩʷ ʚʟʨʳʚʯʘʪʢʘ, 

ʧʫʪʝʚʳʝ ʤʘʪʝʨʠʘʣʳ (ʙʘʣʣʘʩʪ ʠ ʰʧʘʣʳ), ʜʝʪʘʣʠ 

ʛʦʨʥʳʭ ʤʘʰʠʥ, ʩʤʘʟʦʯʥʳʝ ʩʨʝʜʩʪʚʘ ʠ ʜʨ. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʧʨʦʮʝʩʩ ʜʦʩʪʘʚʢʠ ʜʘʥʥʳʭ ʛʨʫʟʦʚ ʠʟʥʘ-

ʯʘʣʴʥʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʧʫʩʢ ʢ ʤʝʩʪʫ ʦʩʫʱʝʩʪʚʣʝ-

ʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ. 

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʩʠʩʪʝʤʳ ʠ 

ʩʨʝʜʩʪʚʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʢʦʪʦʨʳʝ 

ʩʧʨʘʚʣʷʶʪʩʷ ʩ ʨʝʟʢʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʥʳ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʥʘ ʩʧʫʩʢ ʠ ʧʦʜʲʝʤ, ʥʦ 

ʧʨʠ ʵʪʦʤ ʦʢʘʟʳʚʘʶʪ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʇʨʠʤʝʥʝʥʠʝ ʩʘʤʦʭʦʜʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ ʦʪʣʠʯʘʝʪʩʷ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ, ʘ 

ʠʤʝʥʥʦ ʚʳʩʦʢʦʡ ʤʘʥʝʚʨʝʥʥʦʩʪʴʶ ʠ ʩʢʦʨʦʩʪʴʶ 

ʧʝʨʝʜʚʠʞʝʥʠʷ, ʥʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʠ ʵʪʦʤ ʦʜʠʥ 

ʩʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ï ʟʥʘʯʠʪʝʣʴʥʦʝ ʟʘ-

ʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʆʪʨʘʙʦʪʘʥʥʳʝ 

ʛʘʟʳ, ʚʳʜʝʣʷʝʤʳʝ ʚ ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ 

ʚ ʘʪʤʦʩʬʝʨʫ ʢʘʨʴʝʨʘ, ʩʦʜʝʨʞʘʪ ʚʨʝʜʥʳʝ ʧʨʠʤʝ-

ʩʠ, ʚʢʣʶʯʘʶʱʠʝ ʩʣʝʜʫʶʱʠʝ ʚʨʝʜʥʳʝ ʢʦʤʧʦ-

ʥʝʥʪʳ: ʦʢʠʩʴ ʫʛʣʝʨʦʜʘ, ʦʢʠʩʣʳ ʘʟʦʪʘ. ʅʝʩʤʦʪʨʷ 

ʥʘ ʪʦ, ʯʪʦ ʜʠʟʝʣʴʥʳʡ ʜʚʠʛʘʪʝʣʴ ʚʳʜʝʣʷʝʪ ʙʦʣʴ-

ʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʘʞʠ, ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʚ ʥʝʡ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʠʢʘʢʠʭ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ. ʇʦʤʠ-

ʤʦ ʚʳʩʦʢʦʡ ʧʦʛʣʦʱʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʯʘʩʪʠ-

ʮʳ ʩʘʞʠ ʩʦʜʝʨʞʘʪ ʤʦʣʝʢʫʣʳ ʠ ʯʘʩʪʠʮʳ ʪʦʢʩʠʯ-

ʥʳʭ ʚʝʱʝʩʪʚ, ʚʢʣʶʯʘʷ ʢʘʥʮʝʨʦʛʝʥʳ [6]. ʂ ʨʝ-

ʰʝʥʠʶ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʭʦ-

ʜʠʪʴ ʢʦʤʧʣʝʢʩʥʦ, ʪʘʢ ʢʘʢ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʦ ʧʨʠʭʦʜʠʪʩʷ ʛʦʚʦʨʠʪʴ ʦ ʚʝʥʪʠʣʷʮʠʠ 

ʛʣʫʙʦʢʠʭ ʢʘʨʴʝʨʦʚ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʦʩʚʦʝʥʠʶ ʥʝʜʨ 

ʦʧʨʝʜʝʣʷʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦ-

ʚʳʭ ʧʦʜʭʦʜʦʚ ʠ ʚʠʜʦʚ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʦʨʫʜʦ-

ʚʘʥʠʷ, ʤʠʥʠʤʠʟʠʨʫʶʱʠʭ ʨʠʩʢʠ ʚʨʝʜʥʦʛʦ ʚʦʟ-

ʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʧʨʠ ʝʛʦ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ ʥʘ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ [6]. 

ɺ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʜʦʩʪʘʪʦʯ-

ʥʦ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʨʘʩʩʤʘʪʨʠʚʘʶʱʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʨʫʪʦʥʘʢʣʦʥ-

ʥʳʭ ʢʦʥʚʝʡʝʨʦʚ ʠ ʧʦʜʲʝʤʥʠʢʦʚ ʚ ʪʷʞʝʣʳʭ ʛʦʨ-

ʥʦʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʛʣʫʙʦ-

ʢʦʟʘʣʝʛʘʶʱʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘ-

ʝʤʳʭ ʦʪʢʨʳʪʳʤ ʩʧʦʩʦʙʦʤ [7-25]. 

ɸʥʘʣʠʟ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ ʵʥʝʨ-

ʛʦʵʬʬʝʢʪʠʚʥʳʭ ʢʨʫʪʦʥʘʢʣʦʥʥʳʭ ʢʦʥʚʝʡʝʨʦʚ ʠ 

ʧʦʜʲʝʤʥʠʢʦʚ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʙʦʣʴʰʦʝ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʪʘʙʣ. 1). 

ʄʝʪʦʜʦʣʦʛʠʷ 

ɹʝʟʫʩʣʦʚʥʦ, ʚʦʧʨʦʩ ʦ ʣʠʥʠʠ ʥʘʠʩʢʦʨʝʡʰʝʛʦ 

ʩʧʫʩʢʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ ʠʤʝʝʪ ʜʘʚ-

ʥʝʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ. ʈʘʩʩʤʘʪʨʠʚʘʷ ʠʩʪʦʨʠʦʛʨʘ-

ʬʠʶ ʚʦʧʨʦʩʘ ʦ ʢʨʠʚʦʡ ʥʘʠʩʢʦʨʝʡʰʝʛʦ ʩʧʫʩʢʘ, 

ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʝʛʦ ʜʘʚʥʝʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ. ɻʘ-

ʣʠʣʝʦ ɻʘʣʠʣʝʡ, ʚʧʝʨʚʳʝ ʫʚʠʜʝʚʰʠʡ ʵʪʫ ʢʨʠʚʫʶ, 

çʪʘʢ ʯʘʩʪʦ ʚʳʯʝʨʯʠʚʘʶʱʫʶʩʷ ʧʝʨʝʜ ʛʣʘʟʘʤʠ 

ʢʘʞʜʦʛʦè, ʧʨʝʜʣʦʞʠʣ ʪʝʨʤʠʥ çʮʠʢʣʦʠʜʘè (ʦʪ 

ʛʨʝʯʝʩʢʦʛʦ çʮʠʢʣʦʩè ï ʢʨʫʛʣʳʡ), ʪʦ ʝʩʪʴ ʧʨʦʠʩ-

ʭʦʜʷʱʘʷ ʦʪ ʢʨʫʛʘ (ʨʠʩ. 1) [26]. 

ɿʘʜʘʯʘ ʦ ʙʨʘʭʠʩʪʦʭʨʦʥʝ (ʦʪ ʛʨʝʯ. ɓɟɎɢɘůŰɞɠ ï 

ʢʨʘʪʯʘʡʰʠʡ + ɢɟɧɜɞɠ ï ʚʨʝʤʷ), ʪʦ ʝʩʪʴ ʧʨʷʤʦʡ 

ʥʘʠʩʢʦʨʝʡʰʝʛʦ ʩʧʫʩʢʘ, ʚʧʝʨʚʳʝ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ 

ʀʦʛʘʥʥʦʤ ɹʝʨʥʫʣʣʠ ʚ ʝʛʦ ʩʪʘʪʴʝ, ʦʧʫʙʣʠʢʦʚʘʥ-

ʥʦʡ ʚ ʧʝʨʚʦʤ ʥʘʫʯʥʦʤ ʞʫʨʥʘʣʝ ɻʝʨʤʘʥʠʠ çActa 

Eruditorumè ʚ 1696 ʛʦʜʫ. ʅʦʚʘʷ ʢʨʠʚʘʷ ʧʦʜʚʝʨʛ-

ʣʘʩʴ ʛʣʫʙʦʢʦʤʫ ʘʥʘʣʠʟʫ, ʢʦʪʦʨʳʤ ʟʘʥʠʤʘʣʠʩʴ 

ɼʝʢʘʨʪ, ʙʨʘʪʴʷ ɹʝʨʥʫʣʣʠ, ʃʝʡʙʥʠʮ, ʅʴʶʪʦʥ, 

ʌʝʨʤʘ ʠ ʜʨʫʛʠʝ ʤʳʩʣʠʪʝʣʠ XVII -XVIII ʚʝʢʦʚ 

(ʨʠʩ. 2) [26-30]. 
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ʊʘʙʣʠʮʘ 1. ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʠʩʧʦʣʥʝʥʠʷ ʢʨʫʪʦʥʘʢʣʦʥʥʳʭ ʢʦʥʚʝʡʝʨʦʚ ʠ ʧʦʜʲʝʤʥʠʢʦʚ 
T a b l e 1 .  Design of tilt  conveyors and hoists 

ɸʚʪʦʨʩʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ  
ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʨʘʟʣʠʯʥʳʭ  

ʧʨʝʜʧʨʠʷʪʠʷʭ ʤʠʨʘ 

ʆʙʱʠʡ ʚʠʜ ʥʘʢʣʦʥʥʳʭ ʢʘʨʴʝʨʥʳʭ  
ʧʦʜʲʝʤʥʳʭ ʤʘʰʠʥ ʠ ʫʩʪʘʥʦʚʦʢ 

ʄʥʦʛʦʢʘʥʘʪʥʘʷ ʢʘʨʴʝʨʥʘʷ  
ʧʦʜʲʝʤʥʘʷ ʫʩʪʘʥʦʚʢʘ  
ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʨʠʚʦʜʥʦʡ 
ʩʪʘʥʮʠʝʡ  

 
ʂʨʫʪʦʥʘʢʣʦʥʥʘʷ ʧʦʜʲʝʤʥʘʷ  
ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʦʪʢʨʳʪʦʡ ʛʦʨʥʦʡ  
ʚʳʨʘʙʦʪʢʠ  

 
ʇʦʜʲʝʤʥʘʷ ʫʩʪʘʥʦʚʢʘ  
ʩ ʘʚʪʦʥʦʤʥʳʤ ʧʨʠʚʦʜʦʤ  

 
ɸʚʪʦʤʦʙʠʣʴʥʦ-ʢʣʝʪʴʝʚʦʡ  
ʧʦʜʲʝʤʥʠʢ ɸʅʂ-120 

 
ʂʨʫʪʦʥʘʢʣʦʥʥʳʡ ʢʦʥʚʝʡʝʨ  
ʂʅʂ-270  

 
ʂʨʫʪʦʥʘʢʣʦʥʥʳʡ ʣʝʥʪʦʯʥʦ-
ʢʦʣʝʩʥʳʡ ʢʦʥʚʝʡʝʨ ʜʣʷ ʢʨʫʧʥʦ-
ʢʫʩʢʦʚʳʭ ʛʨʫʟʦʚ 

 
ʂʨʫʪʦʥʘʢʣʦʥʥʳʡ ʢʦʥʚʝʡʝʨ  
ʩ ʧʨʠʞʠʤʥʦʡ ʣʝʥʪʦʡ 

 
ʃʠʥʝʡʥʳʡ ʩʪʘʚ ʢʨʫʪʦʥʘʢʣʦʥʥʦʛʦ  
ʢʦʥʚʝʡʝʨʘ (ʢʦʥʩʪʨʫʢʮʠʠ ʀɻɼ  
ʋʨʆ ʈɸʅ) 
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ʈʠʩ. 1. ʎʠʢʣʦʠʜʘ 

Fig. 1. Cycloid 
 

ɸʚʪʦʨʳ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ ʧʨʝʪʝʥʜʫ-
ʶʪ ʥʘ ʧʨʠʚʝʜʝʥʠʝ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʨʝʰʝʥʠʡ, ʢʦ-
ʪʦʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʳʜʘʶʱʠʤʠʩʷ ʫʯʝʥʳʤʠ. 
ʉʘʤʳʝ ʦʨʠʛʠʥʘʣʴʥʳʝ ʠʟ ʥʠʭ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ 
ʠ ʧʦʜʨʦʙʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠ ʦʧʠʩʘʥʳ ʚ ʥʘʫʯʥʳʭ 
ʠʩʪʦʯʥʠʢʘʭ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ 
ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʙʨʘʭʠʩʪʦʭʨʦʥʳ ʚ 
ʨʝʰʝʥʠʠ ʧʨʠʢʣʘʜʥʦʡ ʟʘʜʘʯʠ, ʢʦʪʦʨʘʷ ʟʘʢʣʶʯʘʝʪ-
ʩʷ ʚ ʩʧʫʩʢʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʛʨʫʟʦʚ ʢ ʤʝʩʪʫ ʚʝ-
ʜʝʥʠʷ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ. 
ʆʯʝʚʠʜʝʥ ʪʘʢʞʝ ʠ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʙʨʘʭʠʩʪʦʭʨʦʥʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʧʨʦ-
ʤʳʰʣʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩ ʮʝʣʴʶ ʩʦʢʨʘʱʝʥʠʷ 
ʚʨʝʤʝʥʠ ʧʦ ʜʦʩʪʘʚʢʝ ʛʨʫʟʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʥʝ-
ʦʙʭʦʜʠʤʘʷ ʬʦʨʤʘ ʥʘʧʨʘʚʣʷʶʱʠʭ ʬʦʢʫʩʠʨʫʝʪʩʷ 
ʥʘ ʫʩʢʦʨʝʥʠʠ ʜʦʩʪʘʚʢʠ, ʪʝʤ ʩʘʤʳʤ ʧʦʚʳʰʝʥʠʠ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦ-
ʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʫʜʘ. ʇʨʠʤʝʨʦʤ ʤʦʛʫʪ ʩʣʫ-
ʞʠʪʴ ʵʣʝʚʘʪʦʨʳ ʜʣʷ ʧʦʜʘʯʠ ʟʝʨʥʘ, ʩʣʫʯʘʠ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʷ ʩʧʘʩʘʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʩʧʘʩʝʥʠʷ 
ʣʶʜʝʡ, ʩʦʟʜʘʥʠʷ ʪʨʘʧʦʚ ʚ ʩʘʤʦʣʝʪʘʭ, ʧʨʠ ʩʪʨʦʠ-
ʪʝʣʴʩʪʚʝ ʩʧʦʨʪʠʚʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʩ ʥʘʠʙʦʣʴʰʠʤ 
ʨʘʟʛʦʥʦʤ, ʘ ʠʤʝʥʥʦ ʛʦʨʥʦʣʳʞʥʳʭ ʠ ʙʦʙʩʣʝʡʥʳʭ 
ʪʨʘʩʩ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʫʩʢʦʨʝʥʠʝʤ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʤʧʫʣʴʩʦʤ ʠʩʩʣʝ-
ʜʦʚʘʥʠʷ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʫʥʠʢʘʣʴʥʦ-
ʛʦ ʩʚʦʡʩʪʚʘ ʙʨʘʭʠʩʪʦʭʨʦʥʳ ʧʦʩʣʫʞʠʣʘ ʧʫʙʣʠʢʘ-
ʮʠʷ ɹ.ʄ. ʅʦʚʦʞʠʣʦʚʘ çʀʩʩʣʝʜʦʚʘʥʠʝ ʪʨʘʝʢʪʦʨʠʠ 
ʩʧʫʩʢʘ ʚ ʘʛʨʝʛʘʪʘʭ ʵʢʩʪʨʝʥʥʦʡ ʵʚʘʢʫʘʮʠʠ ʢʦʩʤʦ-
ʥʘʚʪʦʚ ʥʘ ʩʪʘʨʪʦʚʳʭ ʢʦʤʧʣʝʢʩʘʭè [31]. ʇʨʦʘʥʘʣʠ-
ʟʠʨʦʚʘʚ ʩʚʦʡʩʪʚʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʨʘʭʠʩʪʦʭʨʦ-
ʥʳ, ʘʚʪʦʨ ʧʦʣʫʯʠʣ ʨʘʩʯʝʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠ 
ʧʨʝʜʩʪʘʚʠʣ ʨʝʢʦʤʝʥʜʘʮʠʠ, ʧʦ ʢʦʪʦʨʳʤ ʤʦʞʝʪ 
ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʨʝʜʩʪʚ ʵʢʩʪʨʝʥ-
ʥʦʡ ʵʚʘʢʫʘʮʠʠ ʨʝʣʴʩʦʚʦʛʦ ʪʠʧʘ ʥʘ ʦʩʥʦʚʝ ʙʨʘʭʠ-
ʩʪʦʭʨʦʥʳ. ʆʙʦʩʥʦʚʘʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʛʨʝʛʘʪʦʚ 
ʨʝʣʴʩʦʚʦʛʦ ʪʠʧʘ ʩ ʚʘʛʦʥʝʪʢʦʡ, ʜʚʠʞʫʱʝʡʩʷ ʚ 
ʨʝʣʴʩʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʥʝʦʙ-
ʭʦʜʠʤʫʶ ʞʝʩʪʢʦʩʪʴ ʥʘʧʨʘʚʣʷʶʱʝʡ ʩʠʩʪʝʤʳ ʠ 
ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʪʦʨʤʦʟʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚ 
ʢʦʥʮʝ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ. ɸʚʪʦʨ ʦʪʤʝʯʘʝʪ ʦʪ-

ʩʫʪʩʪʚʠʝ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʨʝʘʣʠʟʘʮʠʠ 
ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʩʭʝʤʳ ʘʛʨʝʛʘʪʦʚ ʥʘ ʙʘʟʝ 
ʨʝʣʴʩʦʚʦʡ ʥʘʧʨʘʚʣʷʶʱʝʡ ʩʠʩʪʝʤʳ. 
ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʥʘ 

ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʣʝʜʫʶʱʝʝ ʪʝʭ-
ʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ. ɺ ʢʘʯʝʩʪʚʝ ʛʨʫʟʦʚʦʛʦ ʩʦʩʫʜʘ 
ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʥʷʪʘ ʚʘʛʦʥʝʪʢʘ ʛʨʫʟʦʚʘʷ ʰʘʭʪʥʘʷ 
ʫʟʢʦʡ ʢʦʣʝʠ ʩ ʛʣʫʭʠʤ ʢʫʟʦʚʦʤ (ɻʆʉʊ ʈ 55727-
2013). ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʦʟʤʦʞʥʘʷ ʪʨʘʩʩʘ 
ʥʘʧʨʘʚʣʷʶʱʝʡ ʩʠʩʪʝʤʳ ʩʧʫʩʢʘ ʩʦʩʫʜʘ ʧʦ ʥʝʨʘ-
ʙʦʯʝʤʫ ʙʦʨʪʫ ʢʘʨʴʝʨʘ, ʚ ʪʘʙʣ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ 
ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ 
ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʫʩʢʘ ʩʦʩʫʜʘ. 
ɺ ʪʘʙʣ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʫʯʝʥʥʳʝ ʨʘʩʯʝʪ-

ʥʳʝ ʟʥʘʯʝʥʠʷ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʨʘʟ-
ʣʠʯʥʳʭ ʛʣʫʙʠʥ ʢʘʨʴʝʨʦʚ.  

 
ʈʠʩ. 3. ʊʨʘʩʩʘ ʥʘʧʨʘʚʣʷʶʱʝʡ ʩʠʩʪʝʤʳ ʩʧʫʩʢʘ ʩʦʩʫʜʘ 

ʥʘ ʥʝʨʘʙʦʯʝʤ ʙʦʨʪʫ ʢʘʨʴʝʨʘ 
Fig. 3. Conveyance descending guide system route  

on a non-mining flank of the pit 

ʊʘʙʣʠʮʘ 2. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 
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ʩʧʫʩʢʘ ʩʦʩʫʜʘ ʥʘ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪʘʭ 

T a b l e 2 .Analytical dependencies for establishing  
the main characteristics of the conveyance  
descent in the open pit mining 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ɿʘʚʠʩʠʤʦʩʪʴ 

ɼʣʠʥʘ ʙʨʘʭʠʩʪʦʭʨʦʥʳ ʚ ʧʨʝʜʝʣʘʭ  
ʦʜʥʦʡ ʘʨʢʠ ʮʠʢʣʦʠʜʳ 
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ʈʠʩ. 2. ɹʨʘʭʠʩʪʦʭʨʦʥʘ 

Fig. 2. Brachistochrone 
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ʊʘʙʣʠʮʘ 3. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʛʣʫʙʠʥ ʢʘʨʴʝʨʦʚ (ʙʨʘʭʠʩʪʦʭʨʦʥʳ  

ʩ ʫʛʣʦʤ ʥʘʢʣʦʥʘ Ŭʥʘʯ = 45Á) 

T a b l e 3 .  Main characteristics for different pit depths (brachistochrone curves with slope angle Ŭstart = 45Á) 

ɻʣʫʙʠʥʘ  

ʢʘʨʴʝʨʘ, ʤ 

ʈʘʜʠʫʩ  

ʢʨʫʛʘ, ʤ 

ɼʣʠʥʘ ʪʨʘʩʩʳ  

ʧʦ ʙʨʘʭʠʩʪʦʭʨʦʥʝ, ʤ 

ʆʨʠʝʥʪʠʨʦʚʦʯʥʘʷ ʜʣʠʥʘ  

ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʪʨʘʩʩʳ, ʤ  

(ʧʦ ʬʦʨʤʫʣʝ ʈʞʝʚʩʢʦʛʦ ɺ.ɺ.) 

ɺʨʝʤʷ ʩʧʫʩʢʘ 

ʧʦ ʙʨʘʭʠʩʪʦʭʨʦʥʝ, ʩ 

200 100 282,84 3250 7,46 

300 150 424,26 4913 8,99 

400 200 565,68 6550 10,39 

 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʠʡ 

ʚʘʨʠʘʥʪ: ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʢʘʨʴʝʨʝ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʜʦʨʘʙʦʪʢʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʨʫʜ  

(f - 14 = 16) ʦʪʢʨʳʪʳʤ ʩʧʦʩʦʙʦʤ ʠ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʧʦʜʟʝʤʥʦʛʦ ʨʫʜʥʠʢʘ ʜʣʷ ʚʳʝʤʢʠ 

ʟʘʢʦʥʪʫʨʥʳʭ ʟʘʧʘʩʦʚ. ɺ ʧʝʨʝʭʦʜʥʳʡ ʧʝʨʠʦʜ ʠʟ-

ʤʝʥʝʥʘ ʩʠʩʪʝʤʘ ʚʩʢʨʳʪʠʷ ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ ʩʲʝʟʜʘ 

ʥʘ ʣʝʚʦʤ ʙʦʨʪʫ ʢʘʨʴʝʨʘ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʪʨʘʥʩʧʦʨʪʥʳʡ ʜʦʩʪʫʧ ʢʦ ʜʥʫ ʢʘʨʴʝʨʘ ʠ ʧʦʜʟʝʤ-

ʥʦʤʫ ʥʘʢʣʦʥʥʦʤʫ ʩʲʝʟʜʫ. ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ ʧʨʠ-

ʚʝʜʝʪ ʢ ʦʪʢʘʟʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʚʪʦʜʦʨʦʛʠ ʧʨʘʚʦ-

ʛʦ ʙʦʨʪʘ ʢʘʨʴʝʨʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʝ ʧʨʝʜʫʩʤʘʪ-

ʨʠʚʘʝʪʩʷ ʜʚʠʞʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʠ ʨʘʟ-

ʤʝʱʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʅʘ ʜʘʥʥʦʤ ʙʦʨʪʫ ʨʘʟʤʝ-

ʩʪʠʪʩʷ ʢʘʨʴʝʨʥʳʡ ʧʦʜʲʝʤʥʠʢ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʩʧʫʩʢ ʢʘʨʴʝʨ-

ʥʳʭ ʛʨʫʟʦʚ ʧʦ ʪʨʘʩʩʝ, ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥ-

ʥʦʡ ʢ ʙʨʘʭʠʩʪʦʭʨʦʥʝ (ʨʠʩ. 4). 

 

ʈʠʩ. 4. ɺʘʨʠʘʥʪ ʨʘʟʤʝʱʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʦʙʦʨʫʜʦʚʘʥʠʷ,  

ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʩʧʫʩʢ ʢʘʨʴʝʨʥʳʭ ʛʨʫʟʦʚ  

ʧʦ ʪʨʘʩʩʝ, ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʥʦʡ  

ʢ ʙʨʘʭʠʩʪʦʭʨʦʥʝ 

Fig. 4. An option of a layout of equipment ensuring  

the conveyance descent along the route  

approximated to the maximum  

to the brachistochrone 

ɻʦʜʦʚʦʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʚʥʝʜʨʝ-

ʥʠʷ ʢʦʤʧʣʝʢʩʘ ʕ, ʨʫʙ., ʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ 

ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

[ ] ( )ʫʕ ʉ1 ɽ ʂ1 ʉ2 ɽ ʂ2 ʂ ,è ø= + Ö - + Ö +
ê ú 

ʛʜʝ ʉ1, ʉ2 ï ʛʦʜʦʚʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ 

ʜʦ ʚʥʝʜʨʝʥʠʷ ʥʦʚʦʡ ʪʝʭʥʠʢʠ ʠ ʧʦʩʣʝ ʚʥʝʜʨʝʥʠʷ, 

ʨʫʙ.; ʂ1, ʂ2 ï ʩʪʦʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʬʦʥ-

ʜʦʚ ʜʝʡʩʪʚʫʶʱʝʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʜʦ ʚʥʝʜʨʝʥʠʷ ʥʦ-

ʚʦʡ ʪʝʭʥʠʢʠ ʠ ʧʦʩʣʝ, ʨʫʙ.; ʂʫ ï ʥʝʘʤʦʨʪʠʟʠʨʫʝʤʘʷ 

ʯʘʩʪʴ ʩʪʦʠʤʦʩʪʠ ʣʠʢʚʠʜʠʨʫʝʤʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥ-

ʥʳʭ ʬʦʥʜʦʚ, ʨʫʙ.; ɽ ï ʥʦʨʤʘʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʡ (ɽ = 0,12).  

ʕʬʬʝʢʪ ʦʪ ʚʥʝʜʨʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʛʦʨʥʦʪʨʘʥʩ-

ʧʦʨʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʩʧʫʩʢ 

ʢʘʨʴʝʨʥʳʭ ʛʨʫʟʦʚ ʧʦ ʪʨʘʩʩʝ, ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠ-

ʙʣʠʞʝʥʥʦʡ ʢ ʙʨʘʭʠʩʪʦʭʨʦʥʝ, ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ 

ʩʦʩʪʘʚʠʪ 16,56 ʤʣʥ ʨʫʙ. ʚ ʛʦʜ. 

ʅʘʧʨʘʚʣʝʥʠʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦ 

ʫʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʤ ʚʦʧʨʦʩʘʤ: ʟʘʤʝʜʣʝʥʠʝ ʠ ʧʦ-

ʩʣʝʜʫʶʱʝʝ ʪʦʨʤʦʞʝʥʠʝ ʛʨʫʟʦʚʦʛʦ ʩʦʩʫʜʘ; ʦʧʨʝ-

ʜʝʣʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʘʩʩʳ, 

ʚʳʧʦʣʥʝʥʥʦʡ ʧʦ ʙʨʘʭʠʩʪʦʭʨʦʥʝ ʜʣʷ ʢʘʨʴʝʨʦʚ 

ʛʣʫʙʠʥʦʡ ʜʦ 200 ʤ; ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘ-

ʪʠʟʘʮʠʠ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʩʧʫʩʢʦʤ, ʩ ʚʦʟʤʦʞʥʦ-

ʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʝʟʣʶʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʧʦʛʨʫʟʢʝ, ʜʦʩʪʘʚʢʝ ʠ ʚʳʛʨʫʟʢʝ ʤʘʪʝʨʠʘʣʦʚ; ʧʨʦ-

ʨʘʙʦʪʢʠ ʚʦʧʨʦʩʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʥʦʨʝʣʴʩʘ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ ʧʦʩʣʝʜʥʠʭ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʠ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ ʫʩʪʘʥʦʚʣʝʥʦ 

ʩʣʝʜʫʶʱʝʝ: 

1. ʅʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʛʦʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʠʦ-

ʨʠʪʝʪʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʜʣʷ ʨʘʟʚʠʪʠʷ ʪʨʘʥʩ-

ʧʦʨʪʘ ʛʣʫʙʦʢʠʭ ʢʘʨʴʝʨʦʚ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʦʜʭʦʜʦʚ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ, ʢʦʪʦʨʳʝ ʤʠʥʠʤʠʟʠʨʫʶʪ ʚʨʝʜʥʦʝ ʚʦʟ-

ʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ. 



ɺʝʣʠʢʘʥʦʚ ɺ.ʉ., ɼʸʨʠʥʘ ʅ.ɺ., ʂʦʯʝʨʞʠʥʩʢʘʷ ʖ.ɺ., ʄʘʤʘʡ ʅ.ɺ., ʃʦʛʫʥʦʚʘ ʊ.ɺ. 
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2. ʇʨʝʜʣʘʛʘʝʤʳʡ ʚ ʨʘʙʦʪʝ ʚʘʨʠʘʥʪ ʨʝʰʝʥʠʷ 
ʧʨʦʙʣʝʤʳ ʜʦʩʪʘʚʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʘʨʴʝʨʥʳʭ 
ʛʨʫʟʦʚ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟ-
ʚʦʜʩʪʚʘ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ 
ʪʨʫʜʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʦʢʨʘʱʝʥʠʝ ʟʘʪʨʘʪ ʥʘ 
ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʛʨʫʟʦʚ ʧʨʠʚʝʜʝʪ ʢ ʵʢʦʥʦʤʠʠ 
ʵʥʝʨʛʦʟʘʪʨʘʪ. 

3. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚʦʧʨʦʩʳ ʨʘʟʨʘʙʦʪʢʠ 
ʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʩʧʝ-
ʮʠʘʣʴʥʳʭ ʚʠʜʦʚ ʪʨʘʥʩʧʦʨʪʘ, ʢʦʪʦʨʳʝ ʙʳ ʩʦʦʪ-
ʚʝʪʩʪʚʦʚʘʣʠ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʢʦʥʢʨʝʪ-
ʥʳʭ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʪʨʝʙʫʶʪ ʜʦ-
ʧʦʣʥʠʪʝʣʴʥʳʭ ʨʝʰʝʥʠʡ. 
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EFFICIENCY OF VENTIL ATION OF DEEP OPEN PITS 
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Abstract. Problem Statement. An increase in efficiency of open pit ventilation and the elimination of stagnant zones are 

of particular relevance with an increase in depth of open pit mining. It is possible to increase efficiency of ventilation by 

intensifying air flows in the pit space and implementing technical solutions aimed at involving natural air flows into local 

flows created by the operation of ventilation units. Objective. The research is aimed at developing a technical solution that 

improves efficiency and simplifies the ventilation of open pits, reduces energy and material costs, and studying efficiency 

of the developed method using a computer simulation. Originality. Compared to the known similar solutions, the ventila-

tion units in the developed method are placed at the bottom of the open pit, creating a directed vertical flow, and along the 

sides of the pit, creating a spiral air flow, whose speed is controlled by changing the air flow rate and pressure by the venti-

lation units. Findings. When implementing the developed method, all conditions are created to maintain the movement of 

air masses throughout the depth of the open pit, their functioning and control, and, consequently, efficient ventilation de-

pending on the place and depth of mining. Practical Relevance. The computer simulation of air flow velocities contributes 

to evaluating efficiency of the open pit ventilation with a various number and power of ventilation units, and to selecting 

the optimal modes for actual conditions of open pit mining. 

Keywords: open pit, ventilation methods, ventilation intensification, ventilation efficiency, optimal ventilation conditions 
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ɺʚʝʜʝʥʠʝ 

ɹʝʟʦʧʘʩʥʦʩʪʠ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʨʘʙʦʯʠʭ ʠ 

ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ ʫʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠ ʦʩʫʱʝʩʪʚ-

ʣʝʥʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʪʢʨʳʪʳʤ ʩʧʦʩʦ-

ʙʦʤ [1, 2]. ʆʩʥʦʚʥʳʤ ʦʙʷʟʘʪʝʣʴʥʳʤ ʥʦʨʤʘʪʠʚʥʳʤ 

ʜʦʢʫʤʝʥʪʦʤ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʚʩʝʤʠ ʦʨʛʘʥʠ-

ʟʘʮʠʷʤʠ ʠ ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʤ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ 

ʵʪʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʶʪʩʷ çʇʨʘʚʠʣʘ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʨʠ ʚʝʜʝʥʠʠ ʛʦʨʥʳʭ ʨʘʙʦʪ ʠ ʧʝʨʝʨʘʙʦʪʢʝ ʪʚʝʨʜʳʭ 

ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭè, ʫʪʚʝʨʞʜʝʥʥʳʝ ʇʨʠʢʘʟʦʤ 

ʈʦʩʪʝʭʥʘʜʟʦʨʘ ʦʪ 08.12.2020 ˉ505, ʚʩʪʫʧʠʚʰʠʤ ʚ 

ʩʠʣʫ 1 ʷʥʚʘʨʷ 2021 ʛ. 
ɺ ʦʪʢʨʳʪʳʭ ʢʘʨʴʝʨʘʭ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʧʳʣʠ ʷʚʣʷʶʪʩʷ ʚʟʨʳʚʥʳʝ ʨʘʙʦʪʳ. ʀʭ ʚʢʣʘʜ ʚ 
ʧʳʣʝʦʙʨʘʟʦʚʘʥʠʝ ʩʦʩʪʘʚʣʷʝʪ å90-96% ʧʨʠ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʠ ʧʳʣʝʚʳʜʝʣʝʥʠʷ 500-4200 ʤʛ/ʤ
3
 [3]. 

ʇʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʳʣʠ ʠ ʚʨʝʜʥʳʭ 

ʛʘʟʦʚ ʤʦʛʫʪ ʙʳʪʴ ʦʧʘʩʥʳʤʠ ʢʘʢ ʜʣʷ ʨʘʙʦʪʥʠʢʦʚ 
ʢʘʨʴʝʨʦʚ, ʪʘʢ ʠ ʜʣʷ ʥʘʜʝʞʥʦʡ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦ-

ʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʫʩʧʝʰʥʦʝ ʨʝʰʝʥʠʝ ʚʦʧʨʦʩʦʚ 
ʙʦʨʴʙʳ ʩ ʧʳʣʴʶ ʠ ʛʘʟʘʤʠ ʚ ʢʘʨʴʝʨʘʭ ʷʚʣʷʝʪʩʷ 

ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʇʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʚʝʪʨʠʚʘʥʠʷ 
ʛʣʫʙʦʢʠʭ ʢʘʨʴʝʨʦʚ ʠ ʣʠʢʚʠʜʘʮʠʷ ʟʘʩʪʦʡʥʳʭ ʟʦʥ 
ʘʢʪʫʘʣʠʟʠʨʫʶʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʛʣʫʙʠʥʳ ʦʪ-
ʢʨʳʪʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ. ʇʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʚʦʟʤʦʞʥʦ ʠʥʪʝʥʩʠʬʠʢʘʮʠʝʡ ʚʦʟ-
ʜʫʰʥʳʭ ʧʦʪʦʢʦʚ ʚ ʢʘʨʴʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʟʘ 
ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝ-
ʰʝʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʚʦʚʣʝʯʝʥʠʝ ʝʩʪʝʩʪʚʝʥ-
ʥʳʭ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ ʚ ʣʦʢʘʣʴʥʳʝ ʠʩʢʫʩʩʪʚʝʥ-
ʥʳʝ ʧʦʪʦʢʠ, ʩʦʟʜʘʚʘʝʤʳʝ ʨʘʙʦʪʦʡ ʚʝʥʪʠʣʷʮʠʦʥ-
ʥʳʭ ʫʩʪʘʥʦʚʦʢ. ɼʣʷ ʤʘʢʩʠʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦʛʦ 
ʦʙʲʝʜʠʥʝʥʠʷ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʡ ʠ ʠʩʢʫʩ-
ʩʪʚʝʥʥʳʭ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠ-
ʪʳʚʘʪʴ ʤʠʢʨʦʢʣʠʤʘʪ ʚ ʘʪʤʦʩʬʝʨʝ ʢʘʨʴʝʨʦʚ, ʘ 
ʠʤʝʥʥʦ ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʟʜʫʭʘ, ʝʛʦ ʚʣʘʞʥʦʩʪʴ, ʚʝʪ-
ʨʦʚʳʝ ʧʦʪʦʢʠ, ʘ ʪʘʢʞʝ ʩʝʟʦʥʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ 
ʫʩʣʦʚʠʷ, ʧʨʝʦʙʣʘʜʘʶʱʠʝ ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ ʨʝʛʠʦʥʝ. 
ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ [4-12], ʧʨʦʚʝʜʝʥʥʦʛʦ 

ʘʚʪʦʨʘʤʠ ʩʪʘʪʴʠ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ 
ʵʬʬʝʢʪʠʚʥʦʡ ʩʭʝʤʦʡ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʢʘʨʴʝʨʘ 
ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʨʫʡ ʚʦʟʜʫʭʘ, ʩʦʟʜʘʚʘ-
ʝʤʳʭ ʤʦʙʠʣʴʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʣʝʛʢʦ ʧʝʨʝ-
ʤʝʱʘʶʱʠʤʠʩʷ ʚ ʢʘʨʴʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʯʪʦ 
ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʦʙʲʝʤ ʚʦʟʜʫʭʘ, ʚʦʚʣʝʢʘʝ-
ʤʦʛʦ ʚ ʪʫʨʙʫʣʝʥʪʥʳʡ ʧʦʪʦʢ, ʟʘ ʩʯʝʪ ʵʬʬʝʢʪʘ 
ʨʝʟʦʥʘʥʩʘ ʚʠʭʨʝʚʳʭ ʧʦʪʦʢʦʚ. 



ʉʝʨʛʝʝʚ ɺ.ɺ., ɻʝʨʘʩʠʤʝʥʢʦ ʊ.ɽ., ɽʚʜʦʢʠʤʦʚ ʉ.ʀ., ɻʝʨʘʩʠʤʝʥʢʦ ʅ.ʇ. 
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ʊʝʭʥʠʯʝʩʢʠʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚʘʞ-

ʥʳʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʠʩʪʦʯʥʠʢʦʚ ʪʝʭʥʠʯʝ-

ʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʥʘʠʙʦʣʝʝ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʤ ʠ 

ʠʩʯʝʨʧʳʚʘʶʱʠʤ ʠʩʪʦʯʥʠʢʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ 

ʧʘʪʝʥʪʥʘʷ ʠʥʬʦʨʤʘʮʠʷ. ɼʦʩʪʫʧ ʢ ʧʘʪʝʥʪʥʳʤ ʜʦ-

ʢʫʤʝʥʪʘʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ 

ʧʘʪʝʥʪʥʳʝ ʚʝʜʦʤʩʪʚʘ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʦʪʢʨʳʪʦʤ 

ʜʦʩʪʫʧʝ. ɸʥʘʣʠʟ ʧʘʪʝʥʪʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘ-

ʮʠʠ ʧʦ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʂʅʈ, ʉʐɸ ʠ 

ɻʝʨʤʘʥʠʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʩʧʦʩʦʙʳ 

ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʛʣʫʙʦʢʠʭ ʢʘʨʴʝʨʦʚ ʠ ʫʩʪʨʦʡʩʪʚʘ 

ʜʣʷ ʠʭ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʠʤʝʶʪ ʮʝʣʴʶ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʨʘʙʦʯʝʛʦ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʠ 

ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ, ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ ʢʦʥ-

ʪʨʦʣʷ ʠ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʚʠʭʨʝʚʦʡ ʚʝʥʪʠʣʷʮʠʦʥʥʦʡ 

ʚʦʨʦʥʢʦʡ [13-17]. ʇʨʠʯʝʤ ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

ʷʚʣʷʝʪʩʷ ʣʠʜʝʨʦʤ ʚ ʨʘʟʨʘʙʦʪʢʝ ʩʧʦʩʦʙʦʚ ʧʨʦʚʝʪ-

ʨʠʚʘʥʠʷ ʛʣʫʙʦʢʠʭ ʢʘʨʴʝʨʦʚ ʠ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʠʭ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʥʘʰʘ 

ʩʪʨʘʥʘ ʟʘʥʠʤʘʝʪ ʚʝʜʫʱʠʝ ʧʦʟʠʮʠʠ ʚ ʪʝʭʥʦʣʦʛʠʷʭ 

ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ 

ʠ ʫʜʝʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʥʠʤʘʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʨʘʙʦʯʠʭ. 

ɺ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʦʤ ʬʝʜʝʨʘʣʴʥʦʤ ʫʥʠʚʝʨʩʠ-

ʪʝʪʝ ʠʤ. ʄ.ʂ. ɸʤʤʦʩʦʚʘ ʨʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʧʨʦ-

ʚʝʪʨʠʚʘʥʠʷ ʢʘʨʴʝʨʘ [13], ʚ ʢʦʪʦʨʦʤ ʧʨʦʚʝʪʨʠʚʘ-

ʥʠʝ ʦʩʫʱʝʩʪʚʣʷʶʪ ʟʘ ʩʯʝʪ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦʩʪʠ ʜʝʡʩʪʚʠʡ (ʨʠʩ. 1): 

ï ʩʦʟʜʘʶʪ ʚʦʩʭʦʜʷʱʠʡ ʚʠʭʨʝʚʦʡ ʩʪʦʣʙ ʧʫ-

ʪʝʤ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʫʩʪʘʥʦʚʦʢ 

ʚʦʢʨʫʛ ʨʘʙʦʯʝʡ ʟʦʥʳ ʢʘʨʴʝʨʘ ʠ ʥʘʧʨʘʚʣʷʶʪ ʚʦʟ-

ʜʫʰʥʳʝ ʧʦʪʦʢʠ ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʩʪʨʫʡ ʢ ʨʘʙʦ-

ʯʝʡ ʟʦʥʝ; 

ï ʬʦʨʤʠʨʫʶʪ ʚʦʩʭʦʜʷʱʠʡ ʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ 

ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʨʘʙʦʯʝʡ ʟʦʥʳ ʚ ʚʠʜʝ ʚʠʭʨʝ-

ʚʦʛʦ ʩʪʦʣʙʘ ʚʨʘʱʝʥʠʷ ʧʫʪʝʤ ʟʘʢʨʫʯʠʚʘʥʠʷ ʝʛʦ ʧʦ 

ʧʝʨʠʤʝʪʨʫ ʧʦʪʦʢʘʤʠ ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʩʪʨʫʡ; 

ï ʥʘʧʨʘʚʣʷʶʪ ʚʝʥʪʠʣʷʮʠʦʥʥʳʝ ʩʪʨʫʠ ʚʥʫʪʨʴ 

ʨʘʙʦʯʝʡ ʟʦʥʳ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʦʢʨʫʞʥʦʩʪʠ ʦʩ-

ʥʦʚʘʥʠʷ ʚʠʭʨʝʚʦʛʦ ʩʪʦʣʙʘ, ʜʠʘʤʝʪʨ ʢʦʪʦʨʦʛʦ ʨʝ-

ʛʫʣʠʨʫʶʪ ʠʟʤʝʥʝʥʠʝʤ ʫʛʣʘ ʥʘʢʣʦʥʘ ʦʩʝʡ ʚʝʥʪʠ-

ʣʷʮʠʦʥʥʳʭ ʫʩʪʘʥʦʚʦʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʦʣʙʘ; 

ï ʢʦʥʪʨʦʣʠʨʫʶʪ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʩʪʦʣʙʘ 

ʠʟʤʝʥʝʥʠʝʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚʝʥʪʠʣʷʮʠʦʥ-

ʥʳʭ ʫʩʪʘʥʦʚʦʢ; 

ï ʠʟʤʝʥʷʶʪ ʧʣʦʪʥʦʩʪ ɹ ʚʦʟʜʫʭʘ ʚ ʚʝʥʪʠʣʷʮʠ-

ʦʥʥʳʭ ʩʪʨʫʷʭ ʥʘʛʨʝʚʘʥʠʝʤ ʟʘ ʩʯʝʪ ʩʞʠʛʘʥʠʷ ʛʦʨʶ-

ʯʝʛʦ ʪʦʧʣʠʚʘ ʚ ʨʝʘʢʪʠʚʥʳʭ ʜʚʠʛʘʪʝʣʷʭ ʣʠʙʦ ʥʘʛʨʝ-

ʚʘʥʠʝʤ ʠ ʫʚʣʘʞʥʝʥʠʝʤ ʩ ʧʦʤʦʱʴʶ ʧʦʜʘʯʠ ʛʦʨʷʯʝ-

ʛʦ ʧʘʨʘ ʠ ʩʦʟʜʘʥʠʷ ʚʦʜʷʥʦʛʦ ʪʫʤʘʥʘ ʧʫʰʢʘʤʠ. 

 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʢʘʨʴʝʨʘ: 1 ï ʢʘʨʴʝʨ;  

2 ï ʨʘʙʦʯʘʷ ʟʦʥʘ; 3 ï ʢʦʥʪʫʨ ʫʩʪʘʥʦʚʢʠ  

ʚʝʥʪʠʣʷʪʦʨʦʚ; 4 ï ʚʝʥʪʠʣʷʮʠʦʥʥʳʝ ʫʩʪʘʥʦʚʢʠ;  

5 ïʧʨʦʜʦʣʴʥʘʷ ʦʩʴ ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʩʪʨʫʡ;  

6 ï ʦʩʥʦʚʘʥʠʝ ʚʠʭʨʝʚʦʛʦ ʩʪʦʣʙʘ; 7 ï ʚʠʭʨʝʚʦʡ  

ʩʪʦʣʙ; 8 ï ʚʦʜʷʥʘʷ ʧʫʰʢʘ; 9 ï ʚʝʥʪʠʣʷʮʠʦʥʥʳʝ  

ʩʪʨʫʠ; 10 ï ʩʧʠʨʘʣʴ ʚʠʭʨʝʚʦʛʦ ʩʪʦʣʙʘ;  

11 ï ʟʦʥʘ ʚʝʪʨʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ; 12 ï ʟʦʥʘ  

ʨʝʮʠʨʢʫʣʷʮʠʠ; 13 ï ʠʥʚʝʨʩʠʦʥʥʘʷ ʧʨʦʙʢʘ;  

14 ï ʩʪʨʫʠ ʧʘʨʘ 

Fig. 1. Open pit ventilation process flow chart: 1 is an  

open pit; 2 is an operating area; 3 is a line  

of installed fans; 4 is ventilation units;  

5 is a longitudinal axis of air flows; 6 is a base  

of the rotating air column; 7 is a rotating air  

column; 8 is a water cannon; 9 is air flows;  

10 is a spiral of the rotating air column;  

11 is a wind activity zone; 12 is a recirculation  

zone; 13 is an inversion seal; 14 is steam jets 

ʀʟʤʝʥʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚʝʥʪʠʣʷʮʠ-

ʦʥʥʳʭ ʫʩʪʘʥʦʚʦʢ ʚʳʧʦʣʥʷʶʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʣʠʙʦ 

ʧʦʧʘʨʥʦ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʩʪʦʨʦʥ ʧʝʨʠʤʝʪʨʘ 

ʨʘʙʦʯʝʡ ʟʦʥʳ. ɼʦ ʥʘʯʘʣʘ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʦʙʝʩʧʳ-

ʣʠʚʘʶʪ ʧʣʦʱʘʜʴ ʦʩʥʦʚʘʥʠʷ ʚʠʭʨʝʚʦʛʦ ʩʪʦʣʙʘ 

ʦʨʦʰʝʥʠʝʤ ʚʦʜʳ ʥʘ ʧʳʣʷʱʠʝʩʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʝʝ ʟʘʤʦʨʘʞʠʚʘʥʠʝʤ. 



ʈɸɿʈɸɹʆʊʂɸ ʇʆʃɽɿʅʓʍ ʀʉʂʆʇɸɽʄʓʍ 
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ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʫʱʝ-
ʩʪʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ [13], 
ʘʚʪʦʨʳ ʩʪʘʪʴʠ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʧʨʠ ʨʝʘʣʠʟʘ-
ʮʠʠ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʠʪʴ 
ʪʝʭʥʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ ʠʟ-ʟʘ ʠʟʚʝʩʪʥʳʭ ʬʠʟʠʯʝʩʢʠʭ 
ʷʚʣʝʥʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʟʘʢʦʥʘʭ ʘʵʨʦʜʠʥʘʤʠʢʠ ʠ 
ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ. ɽʩʣʠ ʩʦʟʜʘʚʘʪʴ ʚʦʩʭʦʜʷʱʠʡ 
ʚʠʭʨʝʚʦʡ ʧʦʪʦʢ ʪʦʣʴʢʦ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʘʨʴʝ-
ʨʘ, ʪʦ ʠʟ-ʟʘ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʧʦʪʦʢʘ ʚʦʟʜʫʭ ʥʘ ʜʥʝ 
ʢʘʨʴʝʨʘ ʜʦʣʞʝʥ ʧʦʧʦʣʥʷʪʴʩʷ ʚʦʟʜʫʭʦʤ ʩ ʙʦʨʪʦʚ ʢʘ-
ʨʴʝʨʘ. ʊʘʢ ʢʘʢ ʚʦʟʜʫʭ ʩʧʫʩʢʘʝʪʩʷ ʚʥʠʟ, ʪʦ ʦʥ ʜʦʣʞʝʥ 
ʟʘʢʨʫʪʠʪʴʩʷ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ ʠʟ-ʟʘ ʩʠʣ ʂʦ-
ʨʠʦʣʠʩʘ. ɼʣʷ ʵʪʦʛʦ ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʟʜʘʥʳ ʫʩʣʦʚʠʷ, 
ʧʦʙʫʞʜʘʶʱʠʝ ʵʪʦ ʜʚʠʞʝʥʠʝ ʚʦʟʜʫʭʘ, ʢʦʪʦʨʳʝ ʦʪ-
ʩʫʪʩʪʚʫʶʪ ʚ ʜʘʥʥʦʤ ʩʧʦʩʦʙʝ. ʇʦʵʪʦʤʫ ʚʦʟʜʫʭ ʙʫʜʝʪ 
ʧʦʩʪʫʧʘʪʴ ʩ ʙʦʨʪʦʚ ʢʘʨʴʝʨʘ, ʥʦ ʥʝ ʧʦ ʚʩʝʡ ʝʛʦ ʛʣʫ-
ʙʠʥʝ, ʘ ʣʠʰʴ ʩ ʥʝʙʦʣʴʰʦʡ ʚʳʩʦʪʳ ʦʪ ʜʥʘ, ʘ ʚʝʨʪʠ-
ʢʘʣʴʥʳʡ ʚʠʭʨʝʚʦʡ ʩʪʦʣʙ ʙʫʜʝʪ ʨʘʩʩʝʠʚʘʪʴʩʷ, ʥʝ ʜʦ-
ʩʪʠʛʥʫʚ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʨʴʝʨʘ, ʠ ʩʪʝʢʘʪʴ ʚʥʠʟ, ʚʦʚʣʝ-
ʢʘʷʩʴ ʚ ʢʨʫʛʦʚʦʨʦʪ. ʊʦ ʝʩʪʴ ʠʤʝʝʪ ʤʝʩʪʦ ʧʝʨʝʤʝʰʠ-
ʚʘʥʠʝ ʚʦʟʜʫʭʘ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʢʘʨʴʝʨʘ, ʥʦ ʥʝ ʧʨʦ-
ʚʝʪʨʠʚʘʥʠʝ ʢʘʨʴʝʨʘ ʧʦ ʚʩʝʡ ʝʛʦ ʛʣʫʙʠʥʝ. 
ɺ ʩʧʦʩʦʙʝ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʢʘʨʴʝʨʘ ʚ [13] ʩʦ-

ʟʜʘʝʪʩʷ ʧʦʧʳʪʢʘ ʚʳʟʚʘʪʴ ʪʘʢʦʝ ʧʨʠʨʦʜʥʦʝ ʷʚʣʝ-
ʥʠʝ, ʢʘʢ ʮʠʢʣʦʥ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ʬʦʨʤʠʨʫʝʪʩʷ 
ʚʦʩʭʦʜʷʱʠʡ ʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦ 
ʚʦʟʤʦʞʥʫʶ ʚʳʩʦʪʫ. ʇʨʠ ʵʪʦʤ ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʦ-
ʜʦʛʨʝʚ ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʩʪʨʫʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʧʦ 
ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʦʢʨʫʞʥʦʩʪʠ ʚʠʭʨʝʚʦʛʦ ʩʪʦʣʙʘ, ʘ 
ʪʘʢʞʝ ʥʘʛʨʝʚʘʶʪ ʧʫʪʸʤ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʩʞʠ-
ʛʘʥʠʷ ʛʦʨʶʯʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚʥʫʪʨʠ ʦʩʥʦʚʘʥʠʷ 
ʚʠʭʨʝʚʦʛʦ ʩʪʦʣʙʘ. ʕʪʠʤʠ ʫʩʠʣʠʷʤʠ ʩʦʟʜʘʶʪʩʷ 
ʫʩʣʦʚʠʷ ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ ʩʦʟʜʘʥʠʷ ʚʠʭʨʝʚʦʛʦ ʩʪʦʣ-
ʙʘ ʩ ʧʦʜʩʦʩʦʤ ʚʦʟʜʫʭʘ ʩ ʙʦʨʪʦʚ ʢʘʨʴʝʨʘ. ʕʪʦʤʫ ʞʝ 
ʩʧʦʩʦʙʩʪʚʫʝʪ ʠ ʝʩʪʝʩʪʚʝʥʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘ-
ʜʠʝʥʪ, ʪʦ ʝʩʪʴ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 1Áʉ ʥʘ 
ʢʘʞʜʳʝ 100 ʤ, ʯʪʦ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʥʘʧʨʠʤʝʨ, 
ʥʘ ʛʣʫʙʠʥʝ 600 ʤ ʩʦʟʜʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʨʦʜ ʥʘ 
6Áʉ ʚʳʰʝ, ʯʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ɼʣʷ ʦʙʣʝʛʯʝʥʠʷ 
ʚʦʟʜʫʭʘ ʠ ʧʦʚʳʰʝʥʠʷ ʚʳʩʦʪʳ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 
ʩʪʦʣʙʘ ʧʨʠʤʝʥʷʶʪ ʝʱʝ ʠ ʚʧʨʳʩʢʠʚʘʥʠʝ ʚʦʜʷʥʦʛʦ 
ʪʫʤʘʥʘ ʚ ʟʦʥʫ ʦʩʥʦʚʘʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʪʦʣʙʘ, 
ʥʦ ʵʪʦ ʵʬʬʝʢʪʠʚʥʦ ʪʦʣʴʢʦ ʜʣʷ ʧʳʣʝʧʦʜʘʚʣʝʥʠʷ, 
ʪʘʢ ʢʘʢ ʠʟ ʚʦʜʷʥʦʛʦ ʪʫʤʘʥʘ ʦʙʨʘʟʫʶʪʩʷ ʣʠʙʦ ʢʘʧ-
ʣʠ ï ʚ ʣʝʪʥʝʝ ʚʨʝʤʷ, ʣʠʙʦ ʩʥʝʞʠʥʢʠ ï ʚ ʟʠʤʥʝʝ 
ʚʨʝʤʷ, ʮʝʥʪʨʦʤ ʦʩʘʞʜʝʥʠʷ ʠʣʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 
ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʯʘʩʪʠʮʳ ʧʳʣʠ. ʆʜʥʘʢʦ ʜʣʷ ʩʦ-
ʟʜʘʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʪʦʣʙʘ ʵʪʦ ʷʚʣʝʥʠʝ ʠʤʝʝʪ 
ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʵʬʬʝʢʪ, ʪʘʢ ʢʘʢ ʚʦʟʜʫʰʥʳʝ 
ʩʪʨʫʠ ʦʭʣʘʞʜʘʶʪʩʷ ʟʘ ʩʯʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʩ-
ʧʘʨʝʥʠʷ ʢʘʧʝʣʴ ʠʣʠ ʩʥʝʞʠʥʦʢ. ɺʩʝʭ ʠʩʧʦʣʴʟʫʝ-
ʤʳʭ ʤʝʨ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʦʩʭʦʜʷʱʝʛʦ 
ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʚʩʶ ʛʣʫʙʠʥʫ ʢʘʨʴʝʨʘ, 
ʥʘʧʨʠʤʝʨ 800 ʤ, ʧʦʵʪʦʤʫ ʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ ʨʘʩ-
ʩʝʝʪʩʷ ʥʘ ʥʝʢʦʪʦʨʦʡ ʛʣʫʙʠʥʝ, ʨʘʟʥʝʩʷ ʩʥʝʛ ʧʦ ʙʦʨ-

ʪʘʤ ʢʘʨʴʝʨʘ ʟʠʤʦʡ ʠʣʠ ʢʘʧʣʠ ʚʦʜʳ ʣʝʪʦʤ, ʙʣʘʛʦ-
ʜʘʨʷ ʮʝʥʪʨʦʙʝʞʥʳʤ ʩʠʣʘʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 
ʜʘʥʥʦʤ ʩʧʦʩʦʙʝ ʠʤʝʝʤ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ ʧʳʣʝ-
ʧʦʜʘʚʣʝʥʠʝ ʩ ʯʘʩʪʠʯʥʦʡ ʥʝʡʪʨʘʣʠʟʘʮʠʝʡ ʚʨʝʜʥʳʭ 
ʛʘʟʦʚ ʩ ʮʠʨʢʫʣʷʮʠʝʡ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʥʘ ʥʠʞʥʠʭ 
ʛʦʨʠʟʦʥʪʘʭ ʢʘʨʴʝʨʘ ï ʩʥʝʞʥʳʡ ʬʦʥʪʘʥ ʚʥʫʪʨʠ 
ʢʘʨʴʝʨʘ, ʥʦ ʥʝ ʝʛʦ ʵʬʬʝʢʪʠʚʥʫʶ ʚʝʥʪʠʣʷʮʠʶ. ɺ 
ʣʝʪʥʝʝ ʚʨʝʤʷ ʙʫʜʝʤ ʠʤʝʪʴ ʚʥʫʪʨʠ ʢʘʨʴʝʨʘ ʜʦʞʜʝ-
ʚʦʡ ʬʦʥʪʘʥ ʩ ʫʚʣʘʞʥʝʥʠʝʤ ʙʦʨʪʦʚ ʢʘʨʴʝʨʘ ʥʘ 
ʫʨʦʚʥʝ ʨʘʩʩʝʠʚʘʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʚʦʟʜʫʰʥʦʛʦ 
ʧʦʪʦʢʘ. ɺʦʟʜʫʰʥʳʝ ʤʘʩʩʳ, ʦʩʚʦʙʦʜʠʚʰʠʩʴ ʦʪ 
ʩʥʝʛʘ ʠʣʠ ʚʦʜʷʥʳʭ ʢʘʧʝʣʴ, ʩʧʫʩʢʘʶʪʩʷ ʚʥʠʟ, ʛʜʝ 
ʩʥʦʚʘ ʚʦʚʣʝʢʘʶʪʩʷ ʚ ʢʨʫʛʦʚʦʨʦʪ. 
ʀʟʚʝʩʪʝʥ ʩʧʦʩʦʙ ʧʨʦʚʝʪʨʠʚʘʥʠʷ [14], ʩʦʛʣʘʩ-

ʥʦ ʢʦʪʦʨʦʤʫ ʧʨʦʚʝʪʨʠʚʘʥʠʝ ʢʘʨʴʝʨʘ ʧʨʦʠʩʭʦʜʠʪ 
ʟʘ ʩʯʝʪ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʟʜʘʥʠʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʦ-

ʪʦʢʘ ʚʦʟʜʫʭʘ ʚʜʦʣʴ ʚʦʩʭʦʜʷʱʝʡ ʢʦʥʠʯʝʩʢʦʡ ʚʠʥ-
ʪʦʚʦʡ ʣʠʥʠʠ (ʨʠʩ. 2), ʥʘ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʦʞʝʥʳ 

ʚʝʥʪʠʣʷʮʠʦʥʥʳʝ ʫʩʪʘʥʦʚʢʠ. ʇʨʦʚʝʪʨʠʚʘʥʠʝ ʢʘ-
ʨʴʝʨʘ ʧʨʠ ʵʪʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ, ʚʦ-ʧʝʨʚʳʭ, ʙʣʘ-

ʛʦʜʘʨʷ ʚʳʥʦʩʫ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʪʨʫʝʡ, ʩʦʟʜʘʚʘ-
ʝʤʦʡ ʫʩʪʘʥʦʚʢʘʤʠ, ʚʦ-ʚʪʦʨʳʭ, ʚʩʣʝʜʩʪʚʠʝ ʧʦʜʩʦ-

ʩʘ ʚʦʟʜʫʭʘ ʚ ʮʝʥʪʨʝ ʢʘʨʴʝʨʘ ʠ ʚʳʙʨʦʩʘ ʥʘ ʧʝʨʠ-
ʬʝʨʠʠ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʠʟ-ʟʘ ʨʘʟʥʦʩʪʠ ʜʘʚʣʝ-

ʥʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʚʨʘʱʘʪʝʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ 
ʚʦʟʜʫʭʘ ʚʦ ʚʩʝʤ ʦʙʲʝʤʝ ʢʘʨʴʝʨʘ. 
ʇʨʠ ʵʪʦʤ, ʢʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩ. 2, ʧʦʪʦʢ ʟʘʢʨʫ-

ʯʠʚʘʝʪʩʷ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ ʩ ʚʳʥʦʩʦʤ 
ʥʘʨʫʞʫ. ʆʜʥʘʢʦ ʟʘʢʨʫʯʝʥʥʳʝ ʚʥʝʰʥʠʝ ʩʣʦʠ ʚʦʟ-
ʜʫʭʘ, ʜʚʠʞʫʱʠʝʩʷ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ ʚ ʩʝ-
ʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ ɿʝʤʣʠ, ʦʙʨʘʟʫʶʪ ʮʠʢʣʦʥ, ʚ 
ʢʦʪʦʨʦʤ ʚʥʝʰʥʠʝ ʩʣʦʠ ʠʟ-ʟʘ ʜʝʡʩʪʚʠʷ ʩʠʣ ʂʦ-
ʨʠʦʣʠʩʘ ʧʝʨʝʤʝʱʘʶʪʩʷ ʚʥʫʪʨʴ ʠ, ʜʦʩʪʠʛʥʫʚ ʜʥʘ, 
ʫʩʪʨʝʤʣʷʶʪʩʷ ʚʝʨʪʠʢʘʣʴʥʦ ʚʚʝʨʭ, ʘ ʥʝ ʥʘʦʙʦʨʦʪ. 
ʊʦ ʝʩʪʴ ʚʩʝ ʜʝʡʩʪʚʠʷ ʚʝʥʪʠʣʷʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ 
ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʦʟʜʘʥʠʝ ʧʨʦʪʠʚʦʪʦʢʘ ʝʩʪʝʩʪʚʝʥ-
ʥʳʤ ʧʨʦʮʝʩʩʘʤ. ʊʘʢʦʝ ʷʚʣʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 
ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ, ʢʦʛʜʘ ʚʦʜʘ ʠʟ ʌʠʥʩʢʦʛʦ ʟʘʣʠ-
ʚʘ ʜʚʠʞʝʪʩʷ ʥʘʚʩʪʨʝʯʫ ʪʝʯʝʥʠʶ ʅʝʚʳ, ʧʦʜʥʠʤʘʷ 
ʚ ʥʝʡ ʫʨʦʚʝʥʴ ʚʦʜʳ ʠ ʟʘʪʘʧʣʠʚʘʷ ʛʦʨʦʜ ʠ ʦʢʨʝʩʪ-
ʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝ-
ʰʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʚʝʪʨʠʚʘʥʠʝ 
ʢʘʨʴʝʨʘ, ʥʦ ʜʘʞʝ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʝʤʝʰʠʚʘ-
ʥʠʝ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʚʥʫʪʨʠ ʢʘʨʴʝʨʘ, ʘ ʟʘʧʠʨʘʝʪ 
ʚʦʟʜʫʭ ʚʥʫʪʨʠ ʥʝʛʦ. 
ɺ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʂʨʘʩʥʦʷʨʩʢʦʡ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʡ ʘʢʘʜʝʤʠʝʡ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʟʦʣʦʪʘ 

ʩʧʦʩʦʙʝ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʛʣʫʙʦʢʠʭ ʢʘʨʴʝʨʦʚ [15] 

ʥʘʛʥʝʪʘʥʠʝ ʠʣʠ ʦʪʩʘʩʳʚʘʥʠʝ ʚʦʟʜʫʭʘ ʦʩʫʱʝʩʪʚ-
ʣʷʶʪ ʯʝʨʝʟ ʧʦʜʟʝʤʥʳʝ ʛʦʨʥʳʝ ʚʳʨʘʙʦʪʢʠ, ʘ ʚʦʟ-

ʜʫʭʦʦʙʤʝʥ ʤʝʞʜʫ ʘʪʤʦʩʬʝʨʦʡ ʢʘʨʴʝʨʘ ʠ ʦʢʨʫ-
ʞʘʶʱʝʡ ʩʨʝʜʦʡ ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʦ ʪʨʫʙʦʧʨʦʚʦ-

ʜʘʤ ʣʝʛʯʝ ʚʦʟʜʫʭʘ, ʢʦʪʦʨʳʝ ʧʝʨʝʤʝʱʘʶʪ ʚ ʚʳʨʘ-
ʙʦʪʘʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʘʨʴʝʨʘ (ʨʠʩ. 3). 
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ʈʠʩ. 2. ʉʭʝʤʘ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʢʘʨʴʝʨʘ:  

1 ï ʚʝʥʪʠʣʷʮʠʦʥʥʳʝ ʫʩʪʘʥʦʚʢʠ;  

2 ï ʚʦʩʭʦʜʷʱʘʷ ʚʠʥʪʦʚʘʷ ʣʠʥʠʷ;  

3 ï ʚʦʟʜʫʰʥʳʝ ʩʪʨʫʠ 

Fig. 2. Open pit ventilation process flow chart:  

1 is ventilation units; 2 is an upstream  

helical line; 3 is air jets 

 

ʈʠʩ. 3. ʉʭʝʤʘ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʢʘʨʴʝʨʘ ʯʝʨʝʟ  

ʧʦʜʟʝʤʥʳʝ ʛʦʨʥʳʝ ʚʳʨʘʙʦʪʢʠ 

Fig. 3. Open pit ventilation process flow chart using  

underground mining workings 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ ʚʝʥʪʠʣʷʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ ʥʘ ʘʪʤʦʩʬʝʨʫ ʢʘʨʴʝʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʟʘ ʩʯʝʪ ʧʝʨʝʤʝʱʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʦ ʨʘʙʦʯʠʤ 

ʧʣʦʱʘʜʢʘʤ ʩ ʧʦʤʦʱʴʶ ʩʘʤʦʭʦʜʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʚʝʪʨʠ-

ʚʘʥʠʷ, ʵʪʦʪ ʩʧʦʩʦʙ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦ-

ʩʪʘʪʦʢ, ʘ ʠʤʝʥʥʦ ʩʣʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ. ʕʪʦ ʩʚʷ-

ʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʡ ʵʪʘʧ ʪʨʝʙʫʝʪ 

ʧʨʦʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʦʨʦʛʦʩʪʦʷʱʠʭ 

ʛʦʨʥʳʭ ʨʘʙʦʪ, ʪʘʢʠʭ ʢʘʢ  ʧʨʦʭʦʜʢʫ ʠ ʧʦʜʜʝʨʞʘ-

ʥʠʝ ʩʪʚʦʣʦʚ ʚʦʢʨʫʛ ʢʘʨʴʝʨʘ ʠ ʰʪʦʣʝʥ ʜʣʷ ʩʚʷʟʠ 

ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʢʘʨʴʝʨʘ ʩʦ ʩʪʚʦʣʘ-

ʤʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ 

ʨʝʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠ ʣʠʢʚʠʜʘ-

ʮʠʠ ʣʦʢʘʣʴʥʳʭ ʦʯʘʛʦʚ ʧʳʣʝʚʳʜʝʣʝʥʠʷ, ʪʘʢʠʭ ʢʘʢ 

ʚʟʨʳʚʥʳʝ ʨʘʙʦʪʳ, ʙʫʨʦʚʳʝ ʨʘʙʦʪʳ, ʫʙʦʨʢʘ ʛʦʨ-

ʥʦʡ ʤʘʩʩʳ, ʜʣʷ ʯʝʛʦ ʚʦʟʜʫʭʦʧʨʠʝʤʥʳʝ ʫʩʪʨʦʡ-

ʩʪʚʘ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʥʘ ʰʘʩʩʠ ʘʚʪʦʤʦʙʠʣʷ. ʇʨʠ 

ʵʪʦʤ ʦʙʱʘʷ ʟʘʧʳʣʝʥʥʦʩʪʴ ʢʘʨʴʝʨʘ ʦʪ ʜʨʫʛʠʭ, ʥʝ 

ʦʭʚʘʯʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʳʣʝʚʳʜʝʣʝʥʠʷ ʜʘʥʥʳʤ 

ʩʧʦʩʦʙʦʤ ʥʝ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ. 

ɽʱʝ ʦʜʥʦʡ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʨʘʟʨʘʙʦʪʢʦʡ ʩʪʘʣ 

ʩʧʦʩʦʙ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʚʝʥʪʠʣʷʮʠʠ ʛʣʫʙʦʢʠʭ ʢʘʨʴ-

ʝʨʦʚ [16], ʚ ʢʦʪʦʨʦʤ ʥʘ ʦʜʥʦʤ ʠʟ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥ-

ʪʦʚ ʨʘʟʤʝʱʘʶʪ ʚʝʥʪʠʣʷʮʠʦʥʥʫʶ ʫʩʪʘʥʦʚʢʫ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʥʘʢʣʦʥʥʦʡ ʥʠʩʭʦʜʷʱʝʡ ʩʪʨʫʠ (ʨʠʩ. 4). 

ɺʥʠʟʫ ʢʘʨʴʝʨʘ ʨʘʟʤʝʱʘʶʪ ʚʝʥʪʠʣʷʮʠʦʥʥʫʶ 

ʫʩʪʘʥʦʚʢʫ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʦʩʭʦʜʷʱʝʡ ʩʪʨʫʠ. ɺ 

ʟʦʥʝ ʜʝʡʩʪʚʠʷ ʩʪʨʫʡ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʧʣʘʚʫʯʠʝ 

ʥʘʜʫʚʥʳʝ ʟʘʛʨʘʞʜʝʥʠʷ, ʫʜʝʨʞʠʚʘʝʤʳʝ ʠ ʫʧʨʘʚ-

ʣʷʝʤʳʝ ʩ ʟʝʤʣʠ ʪʨʦʩʘʤʠ ʧʦʩʨʝʜʩʪʚʦʤ ʧʝʨʝʜʚʠʞ-

ʥʳʭ ʣʝʙʝʜʦʢ. ʆʜʥʦ ʥʘʜʫʚʥʦʝ ʟʘʛʨʘʞʜʝʥʠʝ ʟʘʧʦʣ-

ʥʷʶʪ ʛʝʣʠʝʤ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʛʘʟʘ, ʘ ʚʪʦʨʦʝ ʥʘʜʫʚʥʦʝ 

ʟʘʛʨʘʞʜʝʥʠʝ ʟʘʧʦʣʥʷʶʪ ʛʦʨʷʯʠʤ ʚʦʟʜʫʭʦʤ. ʈʝʛʫ-

ʣʠʨʦʚʘʥʠʝ ʩʢʦʨʦʩʪʠ ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʠʟʤʝʥʝʥʠʝʤ ʫʛʣʘ ʥʘʢʣʦʥʘ ʠ ʚʳʩʦ-

ʪʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʟʘʛʨʘʞʜʝʥʠʡ. 

ʕʪʦʪ ʩʧʦʩʦʙ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʧʨʝʜʳʜʫʱʠʡ, ʪʨʝ-

ʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ 

ʠʟʛʦʪʦʚʣʝʥʠʝ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʠʭ ʥʘʜʫʚʥʳʭ ʟʘ-

ʛʨʘʞʜʝʥʠʡ, ʟʘʧʦʣʥʷʝʤʳʭ ʛʝʣʠʝʤ ʠ ʛʦʨʷʯʠʤ ʚʦʟ-

ʜʫʭʦʤ, ʧʦʜʜʝʨʞʘʥʠʷ ʠʭ ʟʘʜʘʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʘʜ ʢʘʨʴʝʨʦʤ ʣʝʙʝʜʢʘʤʠ. ɽʱʝ ʦʜ-

ʥʠʤ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʟʘʩʪʦʡ-

ʥʳʭ ʟʦʥ, ʩʚʷʟʘʥʥʳʭ ʩ ʛʝʦʤʝʪʨʠʝʡ ʢʘʨʴʝʨʘ. 

ʆʢʨʫʛʣʘʷ, ʘ ʥʝ ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʬʦʨʤʘ ʢʘʨʴʝʨʘ 

ʧʨʠ ʧʦʜʦʙʥʦʤ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦ-

ʢʦʚ ʥʝ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʟʘʷʚʣʝʥʥʦʛʦ ʜʘʥʥʦʛʦ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦ-

ʚʝʪʨʠʚʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦ-

ʚʝʪʨʠʚʘʥʠʷ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʝʩʪʝ-

ʩʪʚʝʥʥʳʭ ʘʪʤʦʩʬʝʨʥʳʭ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ ʥʘʜ 
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ʢʘʨʴʝʨʦʤ. ʅʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ ʙʫʜʝʪ ʧʨʠ ʧʦʧʫʪ-

ʥʦʤ ʚʦʩʭʦʜʷʱʝʡ ʩʪʨʫʝ ʚʝʪʨʝ, ʘ ʧʨʠ ʚʩʪʨʝʯʥʦʤ 

ʠʣʠ ʙʦʢʦʚʦʤ ʚʝʪʨʝ ʩʪʨʫʷ ʙʫʜʝʪ ʟʘʪʦʨʤʘʞʠʚʘʪʴʩʷ 

ʠʣʠ ʩʥʦʩʠʪʴʩʷ ʚ ʩʪʦʨʦʥʫ ʦʪ ʟʘʛʨʘʞʜʝʥʠʷ, ʯʪʦ 

ʧʨʠʚʝʜʝʪ ʢ ʧʦʪʝʨʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʚʝʪʨʠʚʘ-

ʥʠʷ ʧʦ ʜʘʥʥʦʤʫ ʩʧʦʩʦʙʫ. 

 

ʈʠʩ. 4. ʉʭʝʤʘ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʚʝʥʪʠʣʷʮʠʠ ʛʣʫʙʦʢʠʭ  

 ʢʘʨʴʝʨʦʚ: 1, 3 ï ʚʝʥʪʠʣʷʮʠʦʥʥʳʝ ʫʩʪʘʥʦʚʢʠ;  

2 ï ʥʠʩʭʦʜʷʱʘʷ ʚʦʟʜʫʰʥʘʷ ʩʪʨʫʷ;  

4 ï ʚʦʩʭʦʜʷʱʘʷ ʚʦʟʜʫʰʥʘʷ ʩʪʨʫʷ;  

5, 6 ï ʧʣʘʚʫʯʠʝ ʥʘʜʫʚʥʳʝ ʟʘʛʨʘʞʜʝʥʠʷ;  

7 ï ʪʨʦʩʳ; 8 ï ʧʝʨʝʜʚʠʞʥʳʝ ʣʝʙʝʜʢʠ;  

9 ï ʚʦʟʜʫʭʦʚʦʜ; 10 ï ʢʘʣʦʨʠʬʝʨ;  

11 ï ʚʦʩʭʦʜʷʱʠʝ ʢʦʥʚʝʢʪʠʚʥʳʝ ʧʦʪʦʢʠ 

Fig. 4. Deep open pit forced ventilation process  

flow chart: 1, 3 are ventilation units;  

2 is a downstream air jet; 4 is an upstream  

air jet; 5, 6 are floating inflatable barriers;  

7 is ropes; 8 is travelling hoists; 9 is an air duct;  

10 is a heater; 11 is downstream convective flows 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʥʝʜʦʩʪʘʪʢʠ ʪʝʭʥʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ, ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʧʨʦʚʝʪʨʠʚʘʥʠʷ 
ʢʘʨʴʝʨʘ [17], ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʥʘ ʫʩʪʫʧʘʭ 2 

ʚʜʦʣʴ ʙʦʨʪʦʚ ʢʘʨʴʝʨʘ ʠ ʥʘ ʜʥʦ 3 ʢʘʨʴʝʨʘ ʚʜʦʣʴ 
ʝʛʦ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʚʝʥʪʠʣʷʮʠ-

ʦʥʥʳʝ ʫʩʪʘʥʦʚʢʠ 1 (ʨʠʩ. 5). ʂʦʣʠʯʝʩʪʚʦ ʫʩʪʘʥʦ-

ʚʦʢ 1 ʟʘʚʠʩʠʪ ʦʪ ʛʣʫʙʠʥʳ ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʦʙʲʝʤʘ 
ʢʘʨʴʝʨʘ. ɺʜʦʣʴ ʙʦʨʪʦʚ 2 ʢʘʨʴʝʨʘ ʩʦʟʜʘʶʪ ʘʥʪʠ-

ʮʠʢʣʦʥ (ʨʠʩ. 5, ʘ), ʟʘʢʨʫʯʠʚʘʷ ʚʦʟʜʫʰʥʳʝ ʤʘʩʩʳ 
ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ, ʘ ʚ ʮʝʥʪʨʝ ʢʘʨʴʝʨʘ ʩʦʟʜʘʶʪ 

ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʠʩʭʦʜʷʱʠʡ ʚʝʨʪʠʢʘʣʴʥʳʡ ʧʦʪʦʢ, 
ʩʦʟʜʘʚʘʷ ʧʦʚʳʰʝʥʥʦʝ ʜʘʚʣʝʥʠʝ ʥʘ ʜʥʝ 3 ʢʘʨʴʝʨʘ. 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʮʠʢʣʦʥʘ (ʨʠʩ. 5, ʙ) ʚʦʟʜʫʰʥʳʡ 
ʧʦʪʦʢ ʟʘʢʨʫʯʠʚʘʶʪ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ, ʘ ʚ 

ʮʝʥʪʨʝ ʢʘʨʴʝʨʘ ʩʦʟʜʘʶʪ ʥʘʧʨʘʚʣʝʥʥʳʡ ʚʦʩʭʦʜʷ-
ʱʠʡ ʚʝʨʪʠʢʘʣʴʥʳʡ ʧʦʪʦʢ ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ ʧʦʥʠ-

ʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʜʥʝ 3 ʢʘʨʴʝʨʘ. ɼʣʷ ʢʦʨʨʝʢ-
ʪʠʨʦʚʢʠ ʚʝʥʪʠʣʷʮʠʦʥʥʦʡ ʩʠʪʫʘʮʠʠ ʚ ʢʘʨʴʝʨʝ, 

ʠʟʤʝʥʷʶʱʝʡʩʷ ʩ ʠʟʤʝʥʝʥʠʝʤ ʛʝʦʤʝʪʨʠʠ ʢʘʨʴʝʨʘ, 
ʘ ʠʤʝʥʥʦ ʛʣʫʙʠʥʳ, ʜʠʘʤʝʪʨʘ, ʚʩʝ ʚʝʥʪʠʣʷʮʠʦʥ-

ʥʳʝ ʫʩʪʘʥʦʚʢʠ 1 ʜʣʷ ʣʫʯʰʝʡ ʤʦʙʠʣʴʥʦʩʪʠ ʨʘʟ-
ʤʝʱʘʶʪ ʥʘ ʧʨʠʮʝʧʝ 4 ʪʷʛʘʯʘ 5 (ʨʠʩ. 5, ʚ), ʧʦʟʚʦ-

ʣʷʶʱʝʛʦ ʣʝʛʢʦ ʧʝʨʝʤʝʱʘʪʴ ʠʭ ʚ ʥʫʞʥʦʝ ʤʝʩʪʦ.  
ɼʣʷ ʩʦʟʜʘʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦ ʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʧʦʪʦʢʘ ʚʝʥʪʠʣʷʮʠʦʥʥʫʶ ʫʩʪʘʥʦʚʢʫ 1 ʨʘʟʤʝʱʘʶʪ 
ʥʘ ʨʘʤʝ 6, ʢʦʪʦʨʫʶ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʚʝʨʪʠʢʘʣʴʥʦ ʩ 
ʧʦʤʦʱʴʶ ʧʦʜʲʝʤʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 7 (ʨʠʩ. 5, ʛ). 
ɺʦ ʠʟʙʝʞʘʥʠʝ ʨʘʟʨʫʰʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʨʴʝʨʘ 
ʧʦʜ ʩʦʧʣʦ ʚʦʟʜʫʭʦʜʫʚʥʦʡ ʫʩʪʘʥʦʚʢʠ ʫʢʣʘʜʳʚʘʶʪ 
ʧʦʩʪʝʣʴ 8. ɼʣʷ ʩʥʠʞʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ 
ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʩʧʦʩʦʙʘ ʤʘʢʩʠʤʘʣʴʥʦ ʩʦʢʨʘʱʘʶʪ 
ʢʦʤʤʫʥʠʢʘʮʠʠ ʥʘ ʧʨʦʢʣʘʜʳʚʘʥʠʝ ʢʘʙʝʣʝʡ ʠʣʠ 
ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʜʣʷ ʩʥʘʙʞʝʥʠʷ ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ 
ʫʩʪʘʥʦʚʦʢ 1 ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ ʠʣʠ ʪʦʧʣʠʚʦʤ ʟʘ 
ʩʯʝʪ ʩʥʘʙʞʝʥʠʷ ʫʩʪʘʥʦʚʦʢ ʙʣʦʢʦʤ ʧʠʪʘʥʠʷ 9. ɺ 
ʢʘʯʝʩʪʚʝ ʧʠʪʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʝ-
ʨʝʜʚʠʞʥʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 
ʚʝʥʪʠʣʷʪʦʨʦʚ ʠʣʠ ʪʦʧʣʠʚʥʳʡ ʙʘʢ ʜʣʷ ʨʝʘʢʪʠʚ-
ʥʳʭ ʠʣʠ ʪʫʨʙʦʨʝʘʢʪʠʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. ʈʝʛʫʣʠ-
ʨʦʚʘʥʠʝ ʩʢʦʨʦʩʪʠ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʚʦʟʜʫʰʥʦʛʦ 
ʧʦʪʦʢʘ, ʦʤʳʚʘʶʱʝʛʦ ʙʦʨʪʘ ʢʘʨʴʝʨʘ, ʧʨʦʠʟʚʦʜʷʪ 
ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʨʘʩʭʦʜʘ ʠ ʥʘʧʦʨʘ ʚʦʟʜʫʭʘ ʚʝʥ-
ʪʠʣʷʮʠʦʥʥʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ 1.  
ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʪʦʪʠʧʦʤ 

ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʟʘʩʪʦʡʥʳʭ 
ʟʦʥ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
ʧʨʦʚʝʪʨʠʚʘʥʠʷ. ʎʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʜʘʥʥʦʛʦ ʩʧʦ-
ʩʦʙʘ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʚ ʥʝʦʙʭʦʜʠʤʦʤ ʤʝʩʪʝ ʠ ʚ 
ʥʫʞʥʦʝ ʚʨʝʤʷ ʪʘʢʠʭ ʧʨʠʨʦʜʥʳʭ ʷʚʣʝʥʠʡ, ʢʘʢ 
ʮʠʢʣʦʥ ʠʣʠ ʘʥʪʠʮʠʢʣʦʥ ʠ ʫʧʨʘʚʣʝʥʠʝ ʠʤʠ. ʇʨʠ-
ʤʝʥʝʥʠʝ ʮʠʢʣʦʥʘ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠ ʫʜʘʣʝ-
ʥʠʠ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʠ ʧʳʣʠ ʩ ʥʠʞʥʠʭ ʛʦʨʠʟʦʥ-
ʪʦʚ, ʪʘʢ ʢʘʢ ʧʨʠ ʮʠʢʣʦʥʝ ʟʘʢʨʫʯʝʥʥʳʝ ʧʨʦʪʠʚ 
ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ ʚʥʝʰʥʠʝ ʧʦʪʦʢʠ ʚʦʟʜʫʭʘ, ʦʤʳ-
ʚʘʷ ʫʩʪʫʧʳ ʢʘʨʴʝʨʘ, ʦʧʫʩʢʘʶʪʩʷ ʥʘ ʜʥʦ, ʛʜʝ 
ʬʦʨʤʠʨʫʝʪʩʷ ʚʦʩʭʦʜʷʱʠʡ ʚʝʨʪʠʢʘʣʴʥʳʡ ʩʪʦʣʙ 
ʚʦʟʜʫʭʘ. ʇʨʠʤʝʥʝʥʠʝ ʘʥʪʠʮʠʢʣʦʥʘ ʙʦʣʝʝ ʵʬʬʝʢ-
ʪʠʚʥʦ ʧʨʠ ʫʜʘʣʝʥʠʠ ʟʘʛʨʷʟʥʝʥʠʡ ʩ ʚʝʨʭʥʠʭ ʛʦʨʠ-
ʟʦʥʪʦʚ, ʪʘʢ ʢʘʢ ʟʘʢʨʫʯʝʥʥʳʝ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ 
ʚʥʝʰʥʠʝ ʚʦʟʜʫʰʥʳʝ ʧʦʪʦʢʠ, ʦʤʳʚʘʷ ʫʩʪʫʧʳ ʢʘ-
ʨʴʝʨʘ, ʧʦʜʥʠʤʘʶʪʩʷ ʩ ʝʛʦ ʜʥʘ, ʛʜʝ ʬʦʨʤʠʨʫʝʪʩʷ 
ʥʠʩʭʦʜʷʱʠʡ ʚʝʨʪʠʢʘʣʴʥʳʡ ʩʪʦʣʙ ʚʦʟʜʫʭʘ. ʇʨʠ 
ʵʪʦʤ ʩʦʟʜʘʶʪʩʷ ʚʩʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 
ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʧʦ ʚʩʝʡ ʛʣʫʙʠʥʝ ʢʘ-
ʨʴʝʨʘ, ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʠ, 
ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʬʬʝʢʪʠʚʥʦʝ ʧʨʦʚʝʪʨʠʚʘʥʠʝ ʚ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʩʪʘ ʠ ʛʣʫʙʠʥʳ ʧʨʦʚʝʜʝʥʠʷ 
ʛʦʨʥʳʭ ʨʘʙʦʪ. ɹʝʟ ʨʘʩʢʨʫʯʠʚʘʥʠʷ ʤʘʩʩʳ ʚʦʟʜʫʭʘ 
ʚʜʦʣʴ ʙʦʨʪʦʚ ʢʘʨʴʝʨʘ ʠ ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʩʦʟʜʘ-
ʥʠʷ ʫʧʨʘʚʣʷʝʤʦʛʦ ʚʦʩʭʦʜʷʱʝʛʦ (ʧʨʠ ʮʠʢʣʦʥʝ) 
ʠʣʠ ʥʠʩʭʦʜʷʱʝʛʦ (ʧʨʠ ʘʥʪʠʮʠʢʣʦʥʝ) ʚʦʟʜʫʰʥʦʛʦ 
ʧʦʪʦʢʘ ʚ ʮʝʥʪʨʝ ʢʘʨʴʝʨʘ ʵʪʦ ʷʚʣʝʥʠʝ ʥʝʚʦʟʤʦʞ-
ʥʦ. ʇʦʜʪʚʝʨʞʜʘʝʪ ʚʳʰʝʩʢʘʟʘʥʥʦʝ ʵʧʶʨʘ ʩʢʦʨʦ-
ʩʪʝʡ ʤʘʩʩ ʚʦʟʜʫʭʘ ʚʥʫʪʨʠ ʢʘʨʴʝʨʘ (ʨʠʩ. 6). 
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ʈʠʩ. 5. ʉʭʝʤʘ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʢʘʨʴʝʨʘ: ʘ ï ʘʥʪʠʮʠʢʣʦʥ; ʙ ï ʮʠʢʣʦʥ; ʚ ï ʫʟʝʣ I; ʛ ï ʫʟʝʣ II ; 1 ï ʚʝʥʪʠʣʷʮʠʦʥʥʘʷ  

ʫʩʪʘʥʦʚʢʘ; 2 ï ʫʩʪʫʧʳ; 3 ï ʜʥʦ; 4 ï ʧʨʠʮʝʧ; 5 ï ʪʷʛʘʯ; 6 ï ʨʘʤʘ; 7 ï ʧʦʜʲʝʤʥʳʡ ʤʝʭʘʥʠʟʤ; 8 ï ʧʦʩʪʝʣʴ;  

9 ï ʙʣʦʢ ʧʠʪʘʥʠʷ 

Fig. 5. Open pit ventilation process flow chart: ʘ is an anticyclone; ʙ is a cyclone; ʚ is unit I; ʛ is unit II;  

1 is a ventilation unit; 2 is benches; 3 is a bottom; 4 is a trailer; 5 is a traction engine; 6 is a frame;  

7 is lifting mechanism; 8 is a bed; 9 is a power supply unit 
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ʈʠʩ. 6. ʕʧʶʨʘ ʩʢʦʨʦʩʪʝʡ ʤʘʩʩ ʚʦʟʜʫʭʘ ʚʥʫʪʨʠ ʢʘʨʴʝʨʘ: ʘ ï ʧʨʠ ʘʥʪʠʮʠʢʣʦʥʝ; ʙ ï ʧʨʠ ʮʠʢʣʦʥʝ 

Fig. 6. Air mass flow velocity curve inside the open pit: ʘ is for the anticyclone; ʙ is for the cyclone 

ʊʦ ʝʩʪʴ ʨʘʩʢʨʫʯʠʚʘʥʠʝ ʪʦʣʴʢʦ ʚʥʝʰʥʠʭ ʩʣʦʝʚ 

ʚʦʟʜʫʭʘ ʚʜʦʣʴ ʙʦʨʪʦʚ ʢʘʨʴʝʨʘ ʠʣʠ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʪʦʣʙʘ ʚʦʟʜʫʭʘ ʜʣʷ ʧʨʠʚʝʜʝʥʠʷ ʚ 

ʜʚʠʞʝʥʠʝ ʤʘʩʩʳ ʚʦʟʜʫʭʘ ʚʥʫʪʨʠ ʢʘʨʴʝʨʘ ʥʝʜʦ-

ʩʪʘʪʦʯʥʦ ʜʣʷ ʝʛʦ ʚʝʥʪʠʣʷʮʠʠ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʧʨʦʚʝʪʨʠʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʚʠʜʥʦ, ʯʪʦ ʥʘʧʨʘʚʣʝ-

ʥʠʝ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʠʤʝʝʪ ʩʫʱʝ-

ʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. ʂʦʣʠʯʝʩʪʚʦ ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ 

ʫʩʪʘʥʦʚʦʢ (ʧʦ ʦʜʥʦʤʫ ʠʣʠ ʧʦ ʥʝʩʢʦʣʴʢʦ ʚ ʦʜʥʦʡ 

ʪʦʯʢʝ), ʯʘʩʪʦʪʫ ʠʭ ʫʩʪʘʥʦʚʢʠ ʥʘ ʙʦʨʪʘʭ ʠ ʪʠʧ 

ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʫʩʪʘʥʦʚʦʢ ʟʘʨʘʥʝʝ ʧʨʝʜʫʩʤʦʪ-

ʨʝʪʴ ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʥʘ ʵʪʦ ʚʣʠʷʝʪ 

ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ ʜʘʞʝ ʚʥʫʪʨʠ ʦʜʥʦʛʦ ʠ ʪʦʛʦ 

ʞʝ ʢʘʨʴʝʨʘ. ʀʭ ʢʦʣʠʯʝʩʪʚʦ ʠ ʤʦʱʥʦʩʪʴ ʚʘʨʴʠ-

ʨʫʶʪ ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ. ʆʜʥʘʢʦ ʩʦʩʪʘʚʠʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʧʨʦ-

ʛʥʦʟ ʤʦʞʥʦ ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ [18-20]. 
 

ɿʘʢʣʶʯʝʥʠʝ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʧʦʩʦʙʘ ʧʨʦ-

ʠʟʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʥʦʛʦ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ ANSYS. ɼʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦ-

ʜʫʢʪ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞ-

ʜʫ ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʚʦʟʜʫʰʥʳʤʠ ʧʦʪʦʢʘʤʠ ʠ ʣʦ-

ʢʘʣʴʥʳʤʠ ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ ʧʦʪʦʢʘʤʠ, ʩʦʟʜʘʚʘʝ-

ʤʳʤʠ ʨʘʙʦʪʦʡ ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʘ 

ʪʘʢʞʝ ʤʠʢʨʦʢʣʠʤʘʪ ʚ ʘʪʤʦʩʬʝʨʝ ʢʘʨʴʝʨʦʚ, ʘ 

ʠʤʝʥʥʦ ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʟʜʫʭʘ, ʝʛʦ ʚʣʘʞʥʦʩʪʴ, 

ʚʝʪʨʦʚʳʝ ʧʦʪʦʢʠ, ʩʝʟʦʥʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦ-

ʚʠʷ (ʨʠʩ. 7). ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʵʨʦʜʠʥʘʤʠʢʠ 

ʢʘʨʴʝʨʘ ʠ ʧʦʩʪʨʦʝʥʠʷ ʧʦʣʝʡ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ 

ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʟʥʘʯʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʨʦʤʳʰʣʝʥʥʳʭ ʚʝʥʪʠʣʷʮʠʦʥ-

ʥʳʭ ʫʩʪʘʥʦʚʦʢ. 
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ʈʠʩ. 7. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʚ ʢʘʨʴʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

Fig. 7. Distribution of air flow velocities in the open pit 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʨʘʩʯʝʪʳ, ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚ-

ʥʳʤʠ ʷʚʣʷʶʪʩʷ ʫʩʪʘʥʦʚʢʠ, ʪʘʢʠʝ ʢʘʢ ɺɼʅ-21 ʠ 

ɼʅ-21, ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: ʧʨʦ-

ʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 135 ʪʳʩ. ʤ
3
/ʯ, ʧʦʪʨʝʙʣʷʝʤʘʷ 

ʤʦʱʥʦʩʪʴ 400 ʢɺʪ, ʧʦʣʥʦʝ ʜʘʚʣʝʥʠʝ (ʨʘʟʨʝʞʝ-

ʥʠʝ) 7200 ʇʘ, ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ 1000 

ʦʙ/ʤʠʥ, ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠʥʪʝʨʚʘʣ ʦʢʨʫʞʘʶʱʝʛʦ 

ʚʦʟʜʫʭʘ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ -30é+40Áʉ. ʇʨʠʯʝʤ 

ʜʘʥʥʳʝ ʫʩʪʘʥʦʚʢʠ ʨʘʟʤʝʱʘʣʠʩʴ ʥʘ ʜʥʝ ʢʘʨʴʝʨʘ, 

ʩʧʦʩʦʙʩʪʚʫʷ ʩʦʟʜʘʥʠʶ ʮʠʢʣʦʥʘ ʠ ʘʥʪʠʮʠʢʣʦʥʘ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʪʘʥʦʚʦʢ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ 

ʚʜʦʣʴ ʙʦʨʪʦʚ ʢʘʨʴʝʨʘ, ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʧʘʨʘʤʝʪ-

ʨʘʤ ʫʩʪʘʥʦʚʦʢ ʤʝʩʪʥʦʛʦ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʠ ʚʘʨʴʠ-

ʨʦʚʘʣʠʩʴ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ: 

ʥʘʯʘʣʴʥʳʡ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ ʦʪ 125 ʜʦ 3770 ʤ
3
/ʩ, 

ʧʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ ʦʪ 1000 ʜʦ 1200 ʢɺʪ, 

ʜʘʣʴʥʦʙʦʡʥʦʩʪʴ ʩʪʨʫʠ ʜʦ 1300 ʤ, ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ 

ʚ ʢʦʥʮʝ ʘʢʪʠʚʥʦʛʦ ʫʯʘʩʪʢʘ ʩʪʨʫʠ ʜʦ 80000 ʤ
2
/ʩ. 

ʇʨʠʯʝʤ ʜʘʥʥʳʝ ʫʩʪʘʥʦʚʢʠ ʩ ʪʫʨʙʦʨʝʘʢʪʠʚʥʳʤ 

ʜʚʠʛʘʪʝʣʝʤ ʤʦʥʪʠʨʫʶʪʩʷ ʥʘ ʙʘʟʝ ʘʚʪʦʤʦʙʠʣʷ ʠ 

ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʤʝʱʝʥʳ ʥʘ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦ-

ʚʘʥʥʳʡ ʫʯʘʩʪʦʢ.  

ʀʟ ʨʠʩ. 7 ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʧʨʦʚʝʪʨʠʚʘʥʠʷ 

[16] ʧʦʟʚʦʣʠʪ ʜʘʞʝ ʧʨʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʤʝʪʝʦ-

ʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʣʠʢʚʠʜʠʨʦʚʘʪʴ ʦʙʨʘʟʦ-

ʚʘʥʠʝ ʟʘʩʪʦʡʥʳʭ ʟʦʥ, ʩʦʟʜʘʪʴ ʘʪʤʦʩʬʝʨʫ ʚ ʢʘʨʴʝ-

ʨʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʘʚʠʣ ʙʝʟ-

ʦʧʘʩʥʦʩʪʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦ-

ʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʦʪʢʨʳʪʳʤ ʩʧʦʩʦʙʦʤ, ʠʩʢʣʶ-

ʯʠʪ ʚʳʥʫʞʜʝʥʥʳʝ ʧʨʦʩʪʦʠ ʢʘʨʴʝʨʦʚ ʚʩʣʝʜʩʪʚʠʝ 

ʧʨʝʚʳʰʝʥʠʷ ʇɼʂ, ʩʥʠʟʠʪ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʱʝʨʙ 

ʠ ʫʣʫʯʰʠʪ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʢʣʠʤʘʪ ʢʘʢ ʚʥʫʪʨʠ, ʪʘʢ 

ʠ ʚʙʣʠʟʠ ʢʘʨʴʝʨʘ. 
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ʉʆʉʊʆʗʅʀɽ ʇʈʆʎɽʉʉʆɺ ʆɹɽɿɺʆɾʀɺɸʅʀʗ  

ʋɻʆʃʔʅʓʍ ʌʃʆʊɸʎʀʆʅʅʓʍ ʂʆʅʎɽʅʊʈɸʊʆɺ 

ʃʘʚʨʠʥʝʥʢʦ ɸ.ɸ., ɻʦʣʴʙʝʨʛ ɻ.ʖ., ʍʘʤʟʠʥʘ ʊ.ɸ. 

ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʩʚʦʝʥʠʷ ʥʝʜʨ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʅ.ɺ. ʄʝʣʴʥʠʢʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɸʥʥʦʪʘʮʠʷ. ʅʘʩʪʦʷʱʠʡ ʦʙʟʦʨ ʚʳʧʦʣʥʝʥ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʜʦʩʪʦʠʥʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʧʨʠʤʝʥʷʝʤʦʛʦ ʬʠʣʴʪʨʦ-

ʚʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʦʠʩʢʘ ʥʘʧʨʘʚʣʝʥʠʡ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʘ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʫʛʦʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ 

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚ ʥʠʭ ʜʦʣʠ ʪʦʥʢʠʭ ʯʘʩʪʠʮ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʯʠʩʪʦʛʦ ʬʠʣʴʪʨʘʪʘ, ʧʨʠʛʦʜʥʦʛʦ ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʣʠ-

ʥʠʶ ʦʙʦʨʦʪʥʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʬʘʙʨʠʢ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʦʮʝʩʩʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚʝʜʫʱʠʭ ʨʦʩʩʠʡʩʢʠʭ ʠ 

ʟʘʨʫʙʝʞʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʬʘʙʨʠʢʘʭ ʜʣʷ ʦʙʝʟʚʦʞʠʚʘʥʠʷ 

ʫʛʦʣʴʥʳʭ ʬʣʦʪʘʮʠʦʥʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʜʠʩʢʦʚʳʝ ʚʘʢʫʫʤ-

ʬʠʣʴʪʨʳ ʠ ʛʠʧʝʨʙʘʨ-ʬʠʣʴʪʨʳ. ʇʦʩʣʝʜʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʠ ʠʭ ʧʨʠʤʝ-

ʥʝʥʠʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʜʣʷ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʪʨʫʜʥʦʬʠʣʴʪʨʫʝʤʳʭ ʩʫʩʧʝʥʟʠʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʢʘʤʝʨʥʳʝ ʠ 

ʣʝʥʪʦʯʥʳʝ ʬʠʣʴʪʨ-ʧʨʝʩʩʳ ʧʨʠʤʝʥʷʶʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʨʝʜʢʦ. ʆʩʘʜʠʪʝʣʴʥʦ-ʬʠʣʴʪʨʫʶʱʠʝ ʮʝʥʪʨʠʬʫʛʠ ʵʢʩʧʣʫʘʪʠ-

ʨʫʶʪ ʥʘ ʥʝʢʦʪʦʨʳʭ ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʬʘʙʨʠʢʘʭ ʜʣʷ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʩʤʝʩʝʡ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʠ ʤʝʣʢʦʛʦ ʛʨʘʚʠʪʘʮʠʦʥ-

ʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʦʚ. ɼʣʷ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʦʩʘʜʢʘ, ʩʦʜʝʨʞʘʥʠʷ ʪʚʸʨʜʦʡ 

ʬʘʟʳ ʚ ʬʠʣʴʪʨʘʪʝ, ʘ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʬʠʣʴʪʨʦʚʘʥʠʝʤ ï ʪʘʢʞʝ ʫʜʝʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʦ ʪʚʸʨ-

ʜʦʡ ʬʘʟʝ. ʇʦʢʘʟʘʥʳ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʧʨʠʚʝʜʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʨʠʚʝʜʝʥʳ ʤʝʪʦʜʳ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ 

ʧʨʦʮʝʩʩʦʚ ʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʦʙʝʟʚʦʞʠʚʘʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʬʣʦʢʫʣʷʥʪʦʚ ʥʘ ʜʠʩʢʦʚʳʭ ʚʘʢʫʫʤ-

ʬʠʣʴʪʨʘʭ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʨʘʟʜʝʣʝʥʠʷ ʩʫʩʧʝʥʟʠʡ ʠ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʪʚʝʨʜʦʡ ʬʘʟʳ ʚ ʬʠʣʴ-

ʪʨʘʪʝ. ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʠʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʪʝʨʤʠʯʝʩʢʦʡ ʩʫʰʢʠ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʛʠʧʝʨʙʘʨ-ʬʠʣʴʪʨʦʚ, 

ʦʙʦʨʫʜʦʚʘʥʥʳʭ ʩʠʩʪʝʤʦʡ ʧʦʜʘʯʠ ʧʝʨʝʛʨʝʪʦʛʦ ʚʦʜʷʥʦʛʦ ʧʘʨʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʘʞʥʳʤ ʫʩʣʦʚʠʝʤ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʷʚʣʷʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʧʝʥʳ. ʆʜʥʠʤ ʠʟ ʧʝʨ-

ʩʧʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʦʜʘʯʘ ʥʘ ʧʝʥʫ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʨʘʩʪʚʦʨʘ ʬʣʦʢʫʣʷʥʪʘ ʚ ʚʠʜʝ ʩʪʨʫʡ. ʆʪʤʝʯʝʥʦ, 

ʯʪʦ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʚ ʮʝʣʦʤ ʥʝ ʨʝʰʝʥʘ ʧʨʦʙʣʝʤʘ ʧʦʣʫʯʝʥʠʷ ʧʨʠ ʦʙʝʟʚʦʞʠʚʘʥʠʠ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʢʦʥʮʝʥʪʨ-

ʘʪʘ ʯʠʩʪʦʛʦ ʬʠʣʴʪʨʘʪʘ, ʧʨʠʛʦʜʥʦʛʦ ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʣʠʥʠʶ ʦʙʦʨʦʪʥʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʬʘʙʨʠʢ. ʕʪʦ ʦʙʫʩʣʦʚʣʠ-

ʚʘʝʪ ʫʩʣʦʞʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʠ ʩʥʠʞʝʥʠʝ ʚʳʭʦʜʘ ʪʦʚʘʨʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʛʦʣʴʥʳʡ ʬʣʦʪʘʮʠʦʥʥʳʡ ʢʦʥʮʝʥʪʨʘʪ, ʦʙʝʟʚʦʞʠʚʘʥʠʝ, ʜʠʩʢʦʚʳʝ ʚʘʢʫʫʤ-ʬʠʣʴʪʨʳ, ʛʠʧʝʨʙʘʨ-

ʬʠʣʴʪʨʳ, ʬʠʣʴʪʨ-ʧʨʝʩʩʳ, ʦʩʘʜʠʪʝʣʴʥʦ-ʬʠʣʴʪʨʫʶʱʠʝ ʮʝʥʪʨʠʬʫʛʠ, ʬʣʦʢʫʣʷʮʠʷ, ʨʘʟʨʫʰʝʥʠʝ ʧʝʥʳ 
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COAL FROTH CONCENTRA TE DEWATERING PROCESSES 

Lavrinenko A.A., Golberg G.Yu., Khamzina T.A. 

Institute of Comprehensive Exploitation of Mineral Resources, Russian Academy of Sciences, Moscow, Russia 

Abstract. This review is aimed at identifying advantages and disadvantages of applied filtering equipment and seeking 
ways to intensify coal concentrate dewatering, when increasing a share of fine particles to produce clean filtrate suitable for 
a recycling water supply line of plants. The paper describes processes and equipment of leading Russian and foreign manu-
facturers currently applied at beneficiation plants for coal concentrate dewatering. Vacuum and hyperbaric disc filters are 
noted to be mostly used, while the latter are characterized by high specific performance; therefore, it is feasible to use them 
for dewatering rather difficult-to-filter suspended matters. Chamber and belt filter presses are comparatively rare yet. De-
canter centrifuges are operated at some coal preparation plants for dewatering mixtures of coal froth and fine gravity con-
centrates. The paper contains the values of cake moisture and solids content in the filtrate for the processes under consider-
ation, and solid-phase specific output for dewatering by filtration. The authors describe advantages and disadvantages of 
the equipment and methods for intensifying dewatering. It is shown that the use of flocculants on vacuum disc filters pro-
vides for an increase in the rate of separation of suspended matters and a decrease in the solids content in the filtrate. To 
exclude thermal drying from the process cycle, hyperbaric filters may be used with a superheated steam supply system. An 
important condition for increasing efficiency of froth concentrate dewatering is a preliminary froth destruction. One of the 
promising methods is the jet supply of flocculants to the froth. It is noted that the problem of dewatering the froth concen-
trate to produce a clean filtrate suitable for supplying to the recycling water supply line of coal preparation plants has not 
been solved yet. This leads to increased complexity of the process flow chart and a decreased yield of marketable products. 

Keywords: coal froth concentrate, dewatering, vacuum disc filters, hyperbaric filters, filter presses, decanter centrifuges, 
flocculation, froth destruction 
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ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʬʣʦʪʘʮʠʝʡ ʦʙʦʛʘʱʘʶʪ ʪʦʥ-
ʢʠʝ ʢʣʘʩʩʳ ʢʦʢʩʫʶʱʠʭʩʷ ʫʛʣʝʡ ʥʘ 28-ʤʠ ʦʙʦʛʘʪʠ-
ʪʝʣʴʥʳʭ ʬʘʙʨʠʢʘʭ (ʆʌ) ʈʦʩʩʠʠ. ɿʥʘʯʝʥʠʝ ʵʪʦʛʦ 
ʧʨʦʮʝʩʩʘ ʚʦʟʨʘʩʪʘʝʪ ʚ ʩʚʷʟʠ ʩ ʪʝʥʜʝʥʮʠʝʡ ʢ ʫʚʝʣʠ-
ʯʝʥʠʶ ʜʦʣʠ ʪʦʥʢʠʭ ʯʘʩʪʠʮ ʚ ʜʦʙʳʚʘʝʤʳʭ ʫʛʣʷʭ [1]. 
ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʦʙʦʛʘʱʝʥʠʷ ʢʦʢʩʫ-
ʶʱʠʭʩʷ ʫʛʣʝʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʩʫʨʩʦ- ʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ, 
ʫʤʝʥʴʰʝʥʠʷ ʚʳʙʨʦʩʦʚ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʦʢʨʫʞʘ-
ʶʱʫʶ ʩʨʝʜʫ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʙʫʩʣʦʚʣʠʚʘʝʪ 
ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩ-
ʩʦʚ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ 
(ʌʂ), ʧʨʝʞʜʝ ʚʩʝʛʦ ʩʥʠʞʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʦʙʝʟʚʦ-
ʞʝʥʥʦʛʦ ʦʩʘʜʢʘ ʠ ʫʥʦʩʘ ʪʚʸʨʜʦʡ ʬʘʟʳ ʚ ʬʠʣʴʪʨʘʪ, 
ʧʦʚʳʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʨʘʟʜʝʣʝʥʠʷ ʩʫʩʧʝʥʟʠʡ. 
ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʌʂ ʥʘ 

ʫʛʣʝʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʬʘʙʨʠʢʘʭ (ʆʌ) ʟʘʢʣʶʯʘʶʪ-
ʩʷ ʚ ʩʣʝʜʫʶʱʝʤ [1-5]: 
ï ʩʫʩʧʝʥʟʠʷ ʧʨʦʜʫʢʪʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʥʘ 

ʦʙʝʟʚʦʞʠʚʘʥʠʝ ʩ ʬʣʦʪʘʮʠʦʥʥʳʭ ʤʘʰʠʥ, ʭʘʨʘʢ-
ʪʝʨʠʟʫʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 
ʪʚʸʨʜʦʡ ʬʘʟʳ, ʧʦʨʷʜʢʘ 150-300 ʢʛ/ʤ

3
, ʧʦʵʪʦʤʫ 

ʩʛʫʱʝʥʠʝ ʩʫʩʧʝʥʟʠʠ ʥʝ ʪʨʝʙʫʝʪʩʷ; 
ï ʧʦʩʣʝ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʬʠʣʴʪʨʦʚʘʥʠʝʤ ʌʂ ʥʘ 

ʥʝʢʦʪʦʨʳʭ ʆʌ ʥʘʧʨʘʚʣʷʶʪ ʥʘ ʪʝʨʤʠʯʝʩʢʫʶ ʩʫʰ-
ʢʫ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ ʟʘʪʨʘʪʥʦʡ ʠ ʵʢʦʣʦʛʠ-
ʯʝʩʢʠ ʦʧʘʩʥʦʡ ʦʧʝʨʘʮʠʝʡ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝ-
ʤʝ ʦʙʦʛʘʱʝʥʠʷ ʫʛʣʝʡ, ʧʦʵʪʦʤʫ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ 
ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʢʦʥʮʝʥʪʨʘʪʘ ʠ ʫʱʝʨʙʘ ʦʪ ʟʘʛʨʷʟʥʝ-
ʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʳʣʝʚʳʤʠ ʠ ʛʘʟʦʚʳʤʠ 
ʚʳʙʨʦʩʘʤʠ ʩʫʰʠʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʩʫʱʝʩʪʚʝʥʥʦʝ 
ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʩʥʠʞʝʥʠʝ ʚʣʘʞʥʦʩʪʠ ʬʣʦʪʘʮʠʦʥ-
ʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʦʙʝʟʚʦʞʠʚʘʥʠʷ. 
ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʫʛʦʣʴʥʳʭ ʬʣʦʪʘʮʠʦʥ-
ʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ, ʧʨʠʤʝʥʷʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 
ʚʳʷʚʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʵʪʠʭ 
ʧʨʦʮʝʩʩʦʚ. 

ʇʨʦʮʝʩʩʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ  
ʜʣʷ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʌʂ 

ɼʣʷ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʌʂ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘ-
ʨʫʙʝʞʥʳʭ ʆʌ ʩ ʩʝʨʝʜʠʥʳ ʍʍ ʚ. ʜʦ ʥʘʩʪʦʷʱʝʛʦ 
ʚʨʝʤʝʥʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪ ʜʠʩʢʦʚʳʝ ʚʘʢʫʫʤ-
ʬʠʣʴʪʨʳ (ɼɺʌ). ɺ ʯʠʩʣʝ ʚʝʜʫʱʠʭ ʧʨʦʠʟʚʦʜʠʪʝ-
ʣʝʡ ʵʪʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʟʘ ʨʫʙʝʞʦʤ ʷʚʣʷʶʪʩʷ:  
ï "Andritz AG" (ɸʚʩʪʨʠʷ), ʚʳʧʫʩʢʘʝʪ ʜʣʷ 

ʫʛʦʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ɼɺʌ ʧʦʜ ʤʘʨʢʦʡ 
"Stardisc" ʩ ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ ʬʠʣʴʪʨʦʚʘ-
ʥʠʷ ʦʪ 60 ʜʦ 247 ʤ

2
 [6]; 



ʊɽʍʅʆʃʆɻʀʀ ʇɽʈɽʈɸɹʆʊʂʀ ʀ ʋʊʀʃʀɿɸʎʀʀ ʊɽʍʅʆɻɽʅʅʓʍ ʆɹʈɸɿʆɺɸʅʀʁ ʀ ʆʊʍʆɼʆɺ 

ïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïï   ɺʝʩʪʥʠʢ ʄɻʊʋ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘ. 2022. ʊ.20. ˉ4 28 

ï "FLSmidt" (ɼʘʥʠʷ-ʉʐɸ, ʚʢʣʶʯʘʝʪ ʙʳʚ-
ʰʠʝ "Dorr Oliver" ʠ "Eimco"), ʧʣʦʱʘʜʴ ʧʦʚʝʨʭ-
ʥʦʩʪʠ ʬʠʣʴʪʨʦʚʘʥʠʷ ʬʠʣʴʪʨʦʚ ʤʘʨʢʠ "Edisc" ï 
ʜʦ 310 ʤ

2
 [7]; 

ï ʆɸʆ ɹʄɿ çʇʨʦʛʨʝʩʩè (ʋʢʨʘʠʥʘ), ʚʳʧʫʩ-
ʢʘʝʪ ʪʠʧʦʨʘʟʤʝʨʥʳʡ ʨʷʜ ʬʠʣʴʪʨʦʚ ɼʆʆ ʩ ʧʣʦ-
ʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ ʬʠʣʴʪʨʦʚʘʥʠʷ ʦʪ 16 ʜʦ  
250 ʤ

2
 [8]. 

ɺ ʈʦʩʩʠʠ ʜʠʩʢʦʚʳʝ ʚʘʢʫʫʤ-ʬʠʣʴʪʨʳ ʜʣʷ 
ʫʛʦʣʴʥʦʡ ʠ ʛʦʨʥʦʨʫʜʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚʳ-
ʧʫʩʢʘʶʪ ʩʣʝʜʫʶʱʠʝ ʧʨʝʜʧʨʠʷʪʠʷ: 
ï ʋʂ çʈʫʜʛʦʨʤʘʰè (ʛ. ɺʦʨʦʥʝʞ), ʚʳʧʫʩʢʘʝʪ 

ʬʠʣʴʪʨʳ ɼʆʆ ʩ ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ ʬʠʣʴ-
ʪʨʦʚʘʥʠʷ 63, 80 ʠ 100 ʤ

2
 [9]; 

ï ʆʆʆ çɻʠʜʨʦʪʨʝʥʜè (ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ), ʚʳ-
ʧʫʩʢʘʝʪ ʬʠʣʴʪʨʳ ʪʠʧʦʨʘʟʤʝʨʥʳʭ ʨʷʜʦʚ ɼʆʆ ʩ 
ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ ʬʠʣʴʪʨʦʚʘʥʠʷ ʦʪ 16 ʜʦ 
250 ʤ

2
 ʠ ɼʊʆ ʩ ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ ʬʠʣʴʪʨʦ-

ʚʘʥʠʷ 34, 51 ʠ 68 ʤ
2
 [10]. 

ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʧʝʨʝʯʠʩ-
ʣʝʥʥʳʤʠ ʬʠʣʴʪʨʘʤʠ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ 
ʥʝʩʫʱʝʩʪʚʝʥʥʳ. 
ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ɼɺʌ ʦʛʨʘʥʠʯʝʥʘ ʩʣʝ-

ʜʫʶʱʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʩʳʨʴʶ: 
ï ʫʜʝʣʴʥʦʝ ʦʙʲʸʤʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʩʘʜʢʘ 

Ŭ0 ʥʝ ʙʦʣʝʝ (2-3)Ā10
13

 ʤ
-2
, ʵʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ 

ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 
ʜʠʩʢʦʚ ʪʦʣʱʠʥʘ ʦʩʘʜʢʘ h ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ ʥʝ 
ʤʝʥʝʝ 7-8 ʤʤ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
ʩʲʸʤʘ ʦʩʘʜʢʘ ʦʪʜʫʚʢʦʡ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ;  
ï ʩʢʦʨʦʩʪʴ ʨʘʩʩʣʦʝʥʠʷ ʩʫʩʧʝʥʟʠʠ ʥʝ ʙʦʣʝʝ 

18 ʤʤ/ʩ; 
ï ʩʦʜʝʨʞʘʥʠʝ ʯʘʩʪʠʮ ʢʨʫʧʥʦʩʪʴʶ +0,5 ʤʤ ʥʝ 

ʙʦʣʝʝ 5%. 
ɼɺʌ ʵʢʩʧʣʫʘʪʠʨʫʶʪ ʧʨʠ ʟʥʘʯʝʥʠʠ ʚʘʢʫʫʤʘ  

(5-8)Ā10
4
 ʇʘ, ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ 

ʦʪʜʫʚʢʠ ʦʩʘʜʢʘ (0,5-1,5)Ā10
5
 ʇʘ, ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ 

ʜʠʩʢʦʚ 0,003-0,025 ʩ
-1
. ʅʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʆʌ ʟʥʘ-

ʯʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦʪʳ ɼɺʌ 
ʧʨʠ ʦʙʝʟʚʦʞʠʚʘʥʠʠ ʌʂ ʙʝʟ ʬʣʦʢʫʣʷʥʪʘ (ʥʘʧʨʠ-
ʤʝʨ, ɻʆʌ çʊʦʤʫʩʠʥʩʢʘʷè, ʆʌ çɸʥʞʝʨʩʢʘʷè, ɻʆʌ 
çʂʨʘʩʥʦʛʦʨʩʢʘʷè, ɻʆʌ çʊʘʡʙʠʥʩʢʘʷè), ʢʘʢ ʧʨʘʚʠ-
ʣʦ, ʥʘʭʦʜʷʪʩʷ ʚ ʩʣʝʜʫʶʱʠʭ ʧʨʝʜʝʣʘʭ [3, 11, 12]: 
ï ʫʜʝʣʴʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦ ʪʚʸʨʜʦʡ 

ʬʘʟʝ ï 100-320 ʢʛ/ʤ
2
Āʯ; 

ï ʚʣʘʞʥʦʩʪʴ ʦʩʘʜʢʘ ï 25-31%; 
ï ʩʦʜʝʨʞʘʥʠʝ ʪʚʸʨʜʦʡ ʬʘʟʳ ʚ ʬʠʣʴʪʨʘʪʝ 

ʚʝʩʴʤʘ ʚʳʩʦʢʦʝ ï 35-50 ʢʛ/ʤ
3
, ʧʦʵʪʦʤʫ ʵʪʦʪ ʧʦ-

ʪʦʢ ʥʘʧʨʘʚʣʷʶʪ ʥʝ ʚ ʣʠʥʠʶ ʦʙʦʨʦʪʥʦʛʦ ʚʦʜʦ-
ʩʥʘʙʞʝʥʠʷ ʆʌ, ʘ ʥʘ ʬʣʦʪʘʮʠʶ. 
ɼʦʩʪʦʠʥʩʪʚʘ ɼɺʌ: ʥʝʧʨʝʨʳʚʥʳʡ ʨʝʞʠʤ ʨʘ-

ʙʦʪʳ; ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʧʨʦʩʪʦʪʘ ʫʩʪʨʦʡʩʪʚʘ ʠ ʵʢʩ-
ʧʣʫʘʪʘʮʠʠ; ʚʦʟʤʦʞʥʦʩʪʠ ʛʠʙʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 
ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʟʘ ʩʯʸʪ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘ-

ʱʝʥʠʷ ʜʠʩʢʦʚ; ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʜʘʯʠ ʠʩʭʦʜʥʦʡ 
ʩʫʩʧʝʥʟʠʠ ʥʘ ʬʠʣʴʪʨ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʥʘʩʦʩʦʚ. 
ʅʝʜʦʩʪʘʪʢʠ: ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʘʷ ʚʣʘʞʥʦʩʪʴ 
ʦʙʝʟʚʦʞʝʥʥʦʛʦ ʦʩʘʜʢʘ; ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʦʝ 
ʩʦʜʝʨʞʘʥʠʝ ʪʚʸʨʜʦʡ ʬʘʟʳ ʚ ʬʠʣʴʪʨʘʪʝ. 
ɹʦʣʝʝ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʦʙʝʩ-

ʧʝʯʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝʤ ʦʩʦʙʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʠ 
ʜʠʩʢʦʚʳʭ ʬʠʣʴʪʨʦʚ ï ʢʝʨʘʤʠʯʝʩʢʠʭ ʬʠʣʴʪʨʦʚ 
[13, 14]. ʈʘʙʦʯʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʜʠʩʢʦʚ ʠʟʛʦʪʦʚʣʝ-
ʥʘ ʠʟ ʩʧʝʮʠʘʣʴʥʦʡ ʤʝʣʢʦʧʦʨʠʩʪʦʡ ʢʝʨʘʤʠʢʠ. 
ʆʙʝʟʚʦʞʠʚʘʥʠʝ ʩʫʩʧʝʥʟʠʡ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʜʝʡ-
ʩʪʚʠʝʤ ʢʘʧʠʣʣʷʨʥʳʭ ʩʠʣ. ɼʣʷ ʨʝʛʝʥʝʨʘʮʠʠ ʨʘʙʦ-
ʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʬʠʣʴʪʨʦʚ ʧʦʩʣʝ ʩʲʸʤʘ ʦʩʘʜʢʘ ʚ 
ʢʘʞʜʦʤ ʮʠʢʣʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʫʜʘʣʝʥʠʝ ʯʘʩʪʠʮ 
ʪʚʸʨʜʦʡ ʬʘʟʳ ʠʟ ʧʦʨ ʢʝʨʘʤʠʢʠ ʫʣʴʪʨʘʟʚʫʢʦʤ ʠ 
ʧʨʦʤʳʚʢʦʡ ʨʘʩʪʚʦʨʦʤ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ. ʉʦʛʣʘʩ-
ʥʦ [15], ʧʨʠ ʦʙʝʟʚʦʞʠʚʘʥʠʠ ʫʛʦʣʴʥʳʭ ʢʦʥʮʝʥ-
ʪʨʘʪʦʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʪʚʸʨʜʦʡ ʬʘʟʳ 50-65% 
ʚʣʘʞʥʦʩʪʴ ʦʩʘʜʢʘ ʜʦʩʪʠʛʘʝʪ 18-20% ʧʨʠ ʫʜʝʣʴ-
ʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 550-930 ʢʛ/ʤ

2
Āʯ. ɼʦʩʪʦ-

ʠʥʩʪʚʘ ʢʝʨʘʤʠʯʝʩʢʠʭ ʬʠʣʴʪʨʦʚ ʟʘʢʣʶʯʘʶʪʩʷ ʚ 
ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʦʙʝʟʚʦʞʠʚʘʥʠʷ 
ʦʩʘʜʢʘ ʠ ʚ ʤʝʥʴʰʠʭ ʟʘʪʨʘʪʘʭ ʵʥʝʨʛʠʠ ʧʦ ʩʨʘʚʥʝ-
ʥʠʶ ʩ ɼɺʌ. ʅʝʜʦʩʪʘʪʢʠ: ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʷ ʩʧʝʮʠʘʣʴʥʦʡ, ʩʨʘʚʥʠʪʝʣʴʥʦ ʜʦʨʦʛʦʩʪʦ-
ʷʱʝʡ ʢʝʨʘʤʠʢʠ ʠ ʢʠʩʣʦʪʦʫʧʦʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠ-
ʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ; ʩʣʦʞʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ 
ʈʦʩʩʠʠ ʵʪʠ ʬʠʣʴʪʨʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʧʨʠ-
ʤʝʥʷʶʪ ʜʣʷ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʫʛʦʣʴʥʳʭ ʌʂ. ɺ ʪʦ 
ʞʝ ʚʨʝʤʷ ʠʭ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʨʫʜ-
ʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ, ʥʘʧʨʠʤʝʨ ʤʝʜʥʦʛʦ ʢʦʥʮʝʥʪʨ-
ʘʪʘ ʚ ʇɸʆ çɻʄʂ "ʅʦʨʠʣʴʩʢʠʡ ʥʠʢʝʣʴ"è [16]. 
ɺʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʌʂ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝʤ ʛʠʧʝʨʙʘʨ-ʬʠʣʴʪʨʦʚ 
(ɻɹʌ). ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʠʩʢʦʚʳʡ ʬʠʣʴʪʨ, 
ʧʦʤʝʱʸʥʥʳʡ ʚ ʛʝʨʤʝʪʠʯʥʳʡ ʩʦʩʫʜ, ʨʘʙʦʪʘʶʱʠʡ 
ʧʦʜ ʠʟʙʳʪʦʯʥʳʤ ʜʘʚʣʝʥʠʝʤ ʚʦʟʜʫʭʘ (ʨʠʩ. 1). ɺʝ-
ʜʫʱʠʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴ ɻɹʌ ï "Andritz AG", ʧʣʦ-
ʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʬʠʣʴʪʨʦʚʘʥʠʷ ï ʜʦ 120 ʤ

2
. ʊʘʢ-

ʞʝ ɻɹʌ ʚʳʧʫʩʢʘʝʪ "Bokela GmbH" (ɻʝʨʤʘʥʠʷ). 
ʇʝʨʚʦʥʘʯʘʣʴʥʦ ɻɹʌ ʧʦʣʫʯʠʣʠ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʠʝ ʥʘ ʟʘʨʫʙʝʞʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʧʦ ʦʙʦʛʘʱʝ-
ʥʠʶ ʫʛʣʝʡ ʩ 80-ʭ ʛʛ. ʍʍ ʚ. [5, 18]. ʉ ʥʘʯʘʣʘ  
XXI  ʚ. ɻɹʌ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʩʣʝʜʫʶʱʠʭ 
ʆʌ ʈʦʩʩʠʠ:  
ï ʥʘ ʎʆʌ çʂʫʟʙʘʩʩʢʘʷè ʚ 2004 ʛ. ʙʳʣʠ ʫʩʪʘ-

ʥʦʚʣʝʥʳ ɻɹʌ "Andritz" ʩ ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ 
ʬʠʣʴʪʨʦʚʘʥʠʷ 120 ʤ

2
 [19, 20]; 

ï ʥʘ ʆʌ çʄʝʞʜʫʨʝʯʝʥʩʢʘʷè ʩ 2008 ʛ. ʨʘʙʦ-
ʪʘʶʪ ʜʚʘ ɻɹʌ "Andritz" ʩ ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ 
ʬʠʣʴʪʨʦʚʘʥʠʷ 96 ʤ

2
 ʢʘʞʜʳʡ [19]; 

ï ʥʘ ʆʌ çʄʘʪʶʰʠʥʩʢʘʷè ʩ 2013 ʛ. ʨʘʙʦʪʘʶʪ 
ʜʚʘ ɻɹʌ "Andritz" ʩ ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ 
ʬʠʣʴʪʨʦʚʘʥʠʷ 120 ʤ

2
 ʢʘʞʜʳʡ [21]. 



ʃʘʚʨʠʥʝʥʢʦ ɸ.ɸ., ɻʦʣʴʙʝʨʛ ɻ.ʖ., ʍʘʤʟʠʥʘ ʊ.ɸ. 
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ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʌʂ ʥʘ 
ɻɹʌ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʦʜʘʯʫ ʠʩʭʦʜʥʦʡ ʩʫʩʧʝʥ-
ʟʠʠ ʥʘ ʬʠʣʴʪʨ ʦʙʷʟʘʪʝʣʴʥʦ ʥʘʩʦʩʦʤ ʧʦʜ ʜʘʚʣʝʥʠ-
ʝʤ, ʨʘʟʜʝʣʴʥʫʶ ʧʦʜʘʯʫ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʚ ʢʦʨʧʫʩ 
ʬʠʣʴʪʨʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ (3-5)Ā10

5
 ʇʘ ʠ ʚ ʩʠʩʪʝʤʫ 

ʦʪʜʫʚʢʠ ʦʩʘʜʢʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ (7-8)Ā10
5
 ʇʘ. 

 

ʈʠʩ. 1. ʉʭʝʤʘ ɻɹʌ ʬʠʨʤʳ "Andritz AG" [17]:  
1 ï ʩʦʩʫʜ ʧʦʜ ʜʘʚʣʝʥʠʪʝʤ; 2 ï ʦʪʚʝʨʩʪʠʝ;  
3 ï ʜʠʩʢ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʩʝʢʪʦʨʦʚ;  
4 ï ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʘʷ ʛʦʣʦʚʢʘ; 5 ï ʧʨʠʚʦʜ  
ʷʯʝʡʢʦʚʦʛʦ ʚʘʣʘ; 6 ï ʚʘʥʥʘ; 7 ï ʤʝʰʘʣʢʘ  
ʩ ʥʘʢʣʦʥʥʦʡ ʦʩʴʶ ʚʨʘʱʝʥʠʷ; 8 ï ʫʩʪʨʦʡʩʪʚʦ  
ʜʣʷ ʚʳʛʨʫʟʢʠ ʦʩʘʜʢʘ  

Fig. 1. A hyperbaric disc filter by Andritz AG [17]: 1 is  
a pressure vessel; 2 is a manhole; 3 is a filter disc;  
4 is a control head; 5 is a filter drive; 6 is a filter  
trough; 7 is a paddle agitator; 8 is a discharger 

ʉʦʛʣʘʩʥʦ [3, 19, 21], ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘ-
ʪʝʣʠ ʨʘʙʦʪʳ ɻɹʌ ʥʘ ʎʆʌ çʂʫʟʙʘʩʩʢʘʷè, ʆʌ 
çʄʝʞʜʫʨʝʯʝʥʩʢʘʷè ʠ ʆʌ çʄʘʪʶʰʠʥʩʢʘʷè ʧʨʠ 
ʦʙʝʟʚʦʞʠʚʘʥʠʠ ʩʫʩʧʝʥʟʠʡ ʫʛʦʣʴʥʳʭ ʯʘʩʪʠʮ ʩ 
ʚʝʨʭʥʠʤ ʧʨʝʜʝʣʦʤ ʢʨʫʧʥʦʩʪʠ 150 (200) ʤʢʤ ʩʣʝ-
ʜʫʶʱʠʝ: ʫʜʝʣʴʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦ ʪʚʸʨʜʦʡ 
ʬʘʟʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 420, 750 ʠ 500 ʢʛ/ʤ

2
Āʯ, ʘ 

ʚʣʘʞʥʦʩʪʴ ʦʙʝʟʚʦʞʝʥʥʦʛʦ ʦʩʘʜʢʘ ʜʣʷ ʚʩʝʭ ʪʨʸʭ 
ʆʌ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʘʷ ï 19-22%. ʅʘ ʥʝʢʦʪʦʨʳʭ 
ʟʘʨʫʙʝʞʥʳʭ ʆʌ ʚʣʘʞʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪ 16-18% [18]. 
ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ɼɺʌ ɻɹʌ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦ-

ʣʝʝ ʚʳʩʦʢʫʶ ʫʜʝʣʴʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦ 
ʪʚʸʨʜʦʡ ʬʘʟʝ ʠ ʙʦʣʝʝ ʥʠʟʢʫʶ ʚʣʘʞʥʦʩʪʴ ʦʩʘʜʢʘ, 
ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʙʝʟʚʦʞʠʚʘ-
ʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʪʨʫʜʥʦʬʠʣʴʪʨʫʝʤʳʭ ʦʩʘʜʢʦʚ 
(ʫʜʝʣʴʥʦʝ ʦʙʲʸʤʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ï ʜʦ 10

14
 ʤ

-2
). 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ ɻɹʌ ʭʘʨʘʢʪʝʨʥʳ ʙʦʣʝʝ ʚʳʩʦ-
ʢʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɼɺʌ ʢʘʧʠʪʘʣʴʥʳʝ ʠ ʵʢʩʧʣʫ-
ʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ.  
ʇʦʜ ʠʟʙʳʪʦʯʥʳʤ ʜʘʚʣʝʥʠʝʤ ʚʦʟʜʫʭʘ ʨʘʙʦʪʘʶʪ 

ʪʘʢʞʝ ʬʠʣʴʪʨ-ʧʨʝʩʩʳ ʧʣʠʪʦʯʥʦ-ʨʘʤʥʳʝ ʠ ʢʘʤʝʨ-
ʥʳʝ (ʂʌʇ), ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 
ʛʣʫʙʦʢʦʛʦ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʢʦʥʮʝʥ-
ʪʨʘʪʘ ʟʘ ʩʯʸʪ ʧʨʦʩʫʰʢʠ ʦʩʘʜʢʘ ʚʦʟʜʫʭʦʤ ʧʦʜ ʜʘʚ-
ʣʝʥʠʝʤ ʜʦ 1,6Ŀ10

6
 ʇʘ ʠʣʠ ʦʪʞʠʤʦʤ ʧʨʠ ʧʦʤʦʱʠ 

ʜʠʘʬʨʘʛʤ. ʈʷʜ ʟʘʨʫʙʝʞʥʳʭ ʬʠʨʤ ʚʳʧʫʩʢʘʝʪ ʂʌʇ 

ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʧʨʦʜʫʢʪʦʚ ʦʙʦʛʘʱʝʥʠʷ ʫʛʣʝʡ, ʚ 
ʪʦʤ ʯʠʩʣʝ ʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʦʩʫʰʢʠ ʦʩʘʜʢʘ. 
ʅʘʧʨʠʤʝʨ, ʬʠʨʤʘ Jingjin Equipment Co., Ltd. (ʂʠ-
ʪʘʡ) ʚʳʧʫʩʢʘʝʪ ʢʨʫʧʥʦʤʝʪʨʘʞʥʳʝ ʢʘʤʝʨʥʳʝ 
ʬʠʣʴʪʨ-ʧʨʝʩʩʳ ʜʣʷ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ 
ʦʙʦʛʘʱʝʥʠʷ ʫʛʣʝʡ ʩ ʨʘʟʤʝʨʘʤʠ ʧʣʠʪ ʜʦ 2Ĭ2 ʤ ʠ 
ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ ʬʠʣʴʪʨʦʚʘʥʠʷ (S) ʜʦ 
1200 ʤ

2
 [22]. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʥ-

ʩʪʨʫʢʮʠʠ ʚʳʧʫʩʢʘʝʤʳʭ ʵʪʦʡ ʬʠʨʤʦʡ ʂʌʇ ʷʚʣʷʝʪ-
ʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʧʨʠ ʚʳʛʨʫʟʢʝ 
ʦʩʘʜʢʘ ʥʝ ʦʜʥʦʡ, ʘ ʥʝʩʢʦʣʴʢʠʭ (5-7) ʬʠʣʴʪʨʫʶʱʠʭ 
ʧʣʠʪ, ʯʪʦ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʦʧʝʨʘʮʠʠ. 
ʊʘʢʞʝ ʢʨʫʧʥʦʤʝʪʨʘʞʥʳʝ ʂʌʇ ʜʣʷ ʦʙʝʟʚʦ-

ʞʠʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʦʙʦʛʘʱʝʥʠʷ ʚʳʧʫʩʢʘʶʪ 
ʬʠʨʤʳ: "Andritz AG" ʩ S ʜʦ 2000 ʤ

2
 [23]; 

"FLSmidt" c S ʜʦ 2040 ʤ
2
 [24]; "Metso Outotec" ʩ 

S ʜʦ 850 ʤ
2
 [25] ʠ ʨʷʜ ʜʨʫʛʠʭ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʩʫʩ-
ʧʝʥʟʠʡ ʥʘ ʂʌʇ ʚʢʣʶʯʘʝʪ: ʢʦʤʧʨʝʩʩʦʨ, ʩʦʩʫʜ ʧʦʜ 
ʜʘʚʣʝʥʠʝʤ ʜʣʷ ʧʦʜʘʯʠ ʠʩʭʦʜʥʦʡ ʩʫʩʧʝʥʟʠʠ ʥʘ 
ʬʠʣʴʪʨ, ʩʙʦʨʥʠʢ ʬʠʣʴʪʨʘʪʘ, ʢʦʥʚʝʡʝʨ ʜʣʷ ʦʙʝʟʚʦ-
ʞʝʥʥʦʛʦ ʦʩʘʜʢʘ. ɺʣʘʞʥʦʩʪʴ ʧʦʩʣʝʜʥʝʛʦ ʠ ʩʦʜʝʨ-
ʞʘʥʠʝ ʪʚʸʨʜʦʡ ʬʘʟʳ ʚ ʬʠʣʴʪʨʘʪʝ ʥʘ ʂʌʇ ʠ ɻɹʌ 
ʩʦʧʦʩʪʘʚʠʤʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʂʌʇ, ʚ ʦʪʣʠʯʠʝ ʦʪ 
ɼɺʌ ʠ ɻɹʌ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʨʝ-
ʞʠʤʦʤ ʨʘʙʦʪʳ, ʠ ʵʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʚʝʩʴʤʘ ʥʠʟ-
ʢʫʶ ʫʜʝʣʴʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʂʌʇ ʧʦ ʪʚʸʨ-
ʜʦʡ ʬʘʟʝ (ʥʝ ʩʚʳʰʝ 50 ʢʛ/ʤ

2
Ŀʯ), ʪʦ ʝʩʪʴ ʧʨʠʤʝʨʥʦ ʚ 

10-20 ʨʘʟ ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɻɹʌ. ʊʘʢʞʝ ʜʣʷ 
ʂʌʇ ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʚʳʰʝ 
ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɼɺʌ ʠ ɻɹʌ. ʇʦʵʪʦʤʫ ʧʨʠʤʝʥʝʥʠʝ 
ʂʌʇ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʪʦʣʴʢʦ 
ʜʣʷ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʪʨʫʜʥʦʬʠʣʴʪʨʫʝʤʳʭ ʪʦʥʢʦ-
ʜʠʩʧʝʨʩʥʳʭ ʌʂ, ʝʩʣʠ ʥʘʛʨʫʟʢʘ ʧʦ ʪʚʸʨʜʦʡ ʬʘʟʝ 
ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʝʣʠʢʘ (ʥʝ ʩʚʳʰʝ 30-40 ʪ/ʯ) ʠ 
ʪʨʝʙʫʝʪʩʷ ʛʣʫʙʦʢʦʝ ʦʙʝʟʚʦʞʠʚʘʥʠʝ ʦʩʘʜʢʘ. 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʆʌ ʈʦʩʩʠʠ ʂʌʇ ʧʨʠ-

ʤʝʥʷʶʪ ʪʦʣʴʢʦ ʜʣʷ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʥʝʦʙʦʛʘʱʸʥ-
ʥʳʭ ʰʣʘʤʦʚ ʠ ʦʪʭʦʜʦʚ ʬʣʦʪʘʮʠʠ [26-28]. ɿʘ ʨʫ-
ʙʝʞʦʤ ʂʌʇ ʩʨʘʚʥʠʪʝʣʴʥʦ ʨʝʜʢʦ ʧʨʠʤʝʥʷʶʪ ʜʣʷ 
ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʫʛʦʣʴʥʳʭ ʩʫʩ-
ʧʝʥʟʠʡ. ʉʦʛʣʘʩʥʦ [29], ʚ ʉʐɸ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ 
"Eastern US Coal Plant" ʩ 1998 ʛ. ʢʦʥʮʝʥʪʨʘʪ ʢʦ-
ʣʦʥʥʳʭ ʬʣʦʪʘʮʠʦʥʥʳʭ ʤʘʰʠʥ ʢʨʫʧʥʦʩʪʴʶ -44 
ʤʢʤ ʦʙʝʟʚʦʞʠʚʘʶʪ ʥʘ ʧʣʠʪʦʯʥʦ-ʨʘʤʥʳʭ ʬʠʣʴʪʨ-
ʧʨʝʩʩʘʭ ʧʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ 
ʧʝʥʳ, ʧʨʠ ʵʪʦʤ ʚʣʘʞʥʦʩʪʴ ʦʙʝʟʚʦʞʝʥʥʦʛʦ ʦʩʘʜʢʘ 
ʩʦʩʪʘʚʣʷʝʪ 22%. ʊʘʢʞʝ ʫʢʘʟʘʥʦ, ʯʪʦ ʚ ʂʠʪʘʝ ʧʨʦ-
ʚʦʜʷʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʘʚʪʦʤʘʪʠʯʝ-
ʩʢʠʭ ʬʠʣʴʪʨ-ʧʨʝʩʩʦʚ, ʧʨʠ ʵʪʦʤ ʚʣʘʞʥʦʩʪʴ ʦʙʝʟ-
ʚʦʞʝʥʥʦʛʦ ʦʩʘʜʢʘ ʩʦʩʪʘʚʣʷʝʪ 16-18%, ʘ ʧʨʦʠʟʚʦ-
ʜʠʪʝʣʴʥʦʩʪʴ ʧʦ ʪʚʸʨʜʦʡ ʬʘʟʝ 35-40 ʪ/ʯ. 
ʇʨʦʮʝʩʩ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʥʘ ʣʝʥʪʦʯʥʳʭ 

ʬʠʣʴʪʨ-ʧʨʝʩʩʘʭ (ʃʌʇ) ʷʚʣʷʝʪʩʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦ-
ʩʦʙʥʳʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʙʝʟʚʦʞʠʚʘʥʠʶ ʥʘ 
ɼɺʌ ʧʨʠ ʨʘʟʜʝʣʝʥʠʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʪʦʥʢʦʜʠʩ-
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ʧʝʨʩʥʳʭ ʩʫʩʧʝʥʟʠʡ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʚ ʢʘ-
ʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʧʦʩʦʙʘ ʙʣʘʛʦʜʘʨʷ ʥʝʧʨʝ-
ʨʳʚʥʦʤʫ ʨʝʞʠʤʫ ʨʘʙʦʪʳ, ʧʨʦʩʪʦʪʝ ʪʝʭʥʦʣʦʛʠʯʝ-
ʩʢʦʡ ʩʭʝʤʳ, ʥʝʚʳʩʦʢʠʤ ʢʘʧʠʪʘʣʴʥʳʤ ʠ ʵʢʩʧʣʫʘ-
ʪʘʮʠʦʥʥʳʤ ʟʘʪʨʘʪʘʤ. ʅʘ ʆʌ çʅʝʨʶʥʛʨʠʥʩʢʘʷè ʩ 
1999 ʛ. ʦʩʫʱʝʩʪʚʣʷʶʪ ʦʙʝʟʚʦʞʠʚʘʥʠʝ ʢʦʥʮʝʥʪʨʘ-
ʪʦʚ ʬʣʦʪʘʮʠʠ ʫʛʣʝʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʃʌʇ [30, 31]. 
ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʦʩʣʝ-
ʜʦʚʘʪʝʣʴʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʩʫʩʧʝʥʟʠʠ ʢʦʥʮʝʥʪʨ-
ʘʪʘ ʩ ʨʘʩʪʚʦʨʘʤʠ ʘʥʠʦʥʦʘʢʪʠʚʥʦʛʦ ʠ ʢʘʪʠʦʥʦʘʢ-
ʪʠʚʥʦʛʦ ʬʣʦʢʫʣʷʥʪʦʚ ʚ ʩʪʘʪʠʯʝʩʢʠʭ ʩʤʝʩʠʪʝʣʷʭ ʠ 
ʦʙʝʟʚʦʞʠʚʘʥʠʝ ʥʘ ʃʌʇ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘ-
ʪʝʣʠ ʧʨʦʮʝʩʩʘ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠ-
ʞʝʥʠʷ ʣʝʥʪ, ʨʘʚʥʦʡ 0,35 ʤ/ʩ: 
ï ʩʦʜʝʨʞʘʥʠʝ ʪʚʸʨʜʦʡ ʬʘʟʳ ʚ ʠʩʭʦʜʥʦʡ ʩʫʩ-

ʧʝʥʟʠʠ ï 200-230 ʢʛ/ʤ
3
; 

ï ʨʘʩʭʦʜ ʘʥʠʦʥʦʘʢʪʠʚʥʦʛʦ ʬʣʦʢʫʣʷʥʪʘ ï 
101-152 ʛ/ʪ, ʢʘʪʠʦʥʦʘʢʪʠʚʥʦʛʦ ï 76-113 ʛ/ʪ; 
ï ʚʣʘʞʥʦʩʪʴ ʦʙʝʟʚʦʞʝʥʥʦʛʦ ʦʩʘʜʢʘ ï 30-33%; 
ï ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʬʠʣʴʪʨʘ ʧʦ ʪʚʸʨʜʦʡ 

ʬʘʟʝ ï 13-16 ʪ/ʯ; 
ï ʩʦʜʝʨʞʘʥʠʝ ʪʚʸʨʜʦʡ ʬʘʟʳ ʚ ʬʠʣʴʪʨʘʪʝ ï ʜʦ 

25 ʢʛ/ʤ
3
. 

ʇʨʠ ʵʪʦʤ ʥʘ ʜʘʥʥʦʡ ʆʌ ʩʫʤʤʘʨʥʳʝ ʫʜʝʣʴʥʳʝ 
ʟʘʪʨʘʪʳ ʥʘ ʦʙʝʟʚʦʞʠʚʘʥʠʝ ʌʂ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʃʌʇ 
ʧʨʠʤʝʨʥʦ ʚ 1,2 ʨʘʟʘ ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɼɺʌ. 
ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ ʃʌʇ ʭʘʨʘʢʪʝʨʥʳ: ʙʦʣʝʝ ʚʳ-

ʩʦʢʘʷ ʚʣʘʞʥʦʩʪʴ ʦʩʘʜʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʂʌʇ ʠ 
ɻɹʌ; ʚʳʩʦʢʠʡ ʨʘʩʭʦʜ ʬʣʦʢʫʣʷʥʪʦʚ; ʥʠʟʢʘʷ ʵʬʬʝʢ-
ʪʠʚʥʦʩʪʴ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʤʘʣʦʩʞʠʤʘʝʤʳʭ ʦʩʘʜʢʦʚ; 
ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʪʝʢʘʥʠʷ ʩʫʩʧʝʥʟʠʠ ʧʦ ʣʝʥʪʝ ʚ ʪʝʭ 
ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʦʩʘʜʦʢ ʢ ʢʦʥʮʫ ʟʦʥʳ ʜʨʝʥʠʨʦʚʘʥʠʷ 
ʥʝ ʩʬʦʨʤʠʨʦʚʘʣʩʷ. ʇʦʵʪʦʤʫ ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ ʜʦ 
ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʧʦʣʫʯʠʣʘ ʰʠʨʦʢʦʛʦ ʨʘʩ-
ʧʨʦʩʪʨʘʥʝʥʠʷ ʜʣʷ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʌʂ. 
ʆʙʝʟʚʦʞʠʚʘʥʠʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʮʝʥʪʨʠʬʫʛ 

ʷʚʣʷʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʬʠʣʴʪʨʘʮʠʦʥʥʳʤ ʤʝʪʦ-
ʜʘʤ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ ʦ ʧʨʠʤʝʥʝʥʠʠ 
ʦʩʘʜʠʪʝʣʴʥʦ-ʬʠʣʴʪʨʫʶʱʠʭ ʮʝʥʪʨʠʬʫʛ (ʆʌʎ) ʜʣʷ 
ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʌʂ ʩʦʚʤʝʩʪʥʦ ʩ ʤʝʣʢʠʤ ʢʦʥʮʝʥ-
ʪʨʘʪʦʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ʢʨʫʧʥʦʩʪʴʶ 
ʦʪ 0,2 ʜʦ 1,0 (2,0) ʤʤ [11]. ɺ ʯʠʩʣʝ ʚʝʜʫʱʠʭ ʧʨʦ-
ʠʟʚʦʜʠʪʝʣʝʡ ʆʌʎ ï "Andritz AG" [32], "FLSmidt" 
[33]. ʋʩʪʨʦʡʩʪʚʦ ʆʌʎ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2. 
ʉʦʛʣʘʩʥʦ [35], ʆʌʎ ʵʢʩʧʣʫʘʪʠʨʫʶʪ ʥʘ ʨʷʜʝ 

ʆʌ ʈʦʩʩʠʠ. ʇʨʠ ʵʪʦʤ ʥʘ ʎʆʌ çʇʝʯʦʨʩʢʘʷè, ʆʌ 
çʉʝʚʝʨʥʘʷè, ʆʌ çɸʥʪʦʥʦʚʩʢʘʷè ʚ ʧʠʪʘʥʠʝ ʮʝʥ-
ʪʨʠʬʫʛ ʪʘʢʞʝ ʜʦʙʘʚʣʷʶʪ ʌʂ.  
ɿʥʘʯʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦ-

ʪʳ ʆʌʎ ʜʣʷ ʵʪʠʭ ʆʌ ʥʘʭʦʜʷʪʩʷ ʚ ʩʣʝʜʫʶʱʠʭ 
ʧʨʝʜʝʣʘʭ [11]: 
ï ʚʣʘʞʥʦʩʪʴ ʦʙʝʟʚʦʞʝʥʥʦʛʦ ʦʩʘʜʢʘ ï 9-15%; 
ï ʫʥʦʩ ʪʚʸʨʜʦʡ ʬʘʟʳ ʚ ʬʫʛʘʪ ï ʦʪ 15 ʜʦ 40%; 
ï ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦ ʪʚʸʨʜʦʡ ʬʘʟʝ ï ʜʦ 

90 ʪ/ʯ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʬʠʣʴʪʨʦʚ, ʆʌʎ ʥʝ ʪʨʝʙʫʶʪ 
ʵʥʝʨʛʦʸʤʢʦʛʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 
ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʫʶ ʚʣʘʞʥʦʩʪʴ 
ʦʙʝʟʚʦʞʝʥʥʦʛʦ ʦʩʘʜʢʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ 
ʪʝʨʤʠʯʝʩʢʫʶ ʩʫʰʢʫ. ɻʣʘʚʥʳʡ ʥʝʜʦʩʪʘʪʦʢ: ʚʝʩʴ-
ʤʘ ʟʥʘʯʠʪʝʣʴʥʳʡ ʫʥʦʩ ʪʚʸʨʜʦʡ ʬʘʟʳ ʚ ʬʫʛʘʪ ï ʜʦ 
40%. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʥʠʞʘʝʪ ʚʳʭʦʜ ʪʦʚʘʨ-
ʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʠ ʩʦʟʜʘʸʪ ʧʨʦʙʣʝʤʳ ʩ ʜʘʣʴ-
ʥʝʡʰʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʛʘʪʘ. 

 
ʈʠʩ. 2. ʉʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʦʩʘʜʠʪʝʣʴʥʦ-ʬʠʣʴʪʨʫʶʱʝʡ  

ʮʝʥʪʨʠʬʫʛʠ [34]: 1 ï ʧʠʪʘʶʱʘʷ ʪʨʫʙʘ;  
2 ï ʫʧʦʨʥʳʝ ʧʦʜʰʠʧʥʠʢʠ; 3 ï ʚʝʜʦʤʳʡ ʰʢʠʚ;  
4 ï ʛʣʘʚʥʳʝ ʧʦʜʰʠʧʥʠʢʠ; 5 ï ʘʤʦʨʪʠʟʘʪʦʨʳ;  
6 ï ʧʠʪʘʶʱʘʷ ʢʘʤʝʨʘ; 7 ï ʩʠʩʪʝʤʘ ʙʨʳʟʛʘʣ ʜʣʷ  
ʧʨʦʤʳʚʢʠ ʬʠʣʴʪʨʫʶʱʝʡ ʩʝʢʮʠʠ; 8 ï ʰʥʝʢ;  
9 ï ʬʠʣʴʪʨʫʶʱʘʷ ʩʝʢʮʠʷ; 10 ï ʧʣʘʥʝʪʘʨʥʳʡ  
ʨʝʜʫʢʪʦʨ; 11 ï ʜʘʪʯʠʢ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ 

Fig. 2. A decanter screen bowl centrifuge [34]:  
1 is a feeding pipe; 2 are thrust bearings;  
3 is a driven pulley; 4 are main bearings;  
5 are shock absorbers; 6 is a feeding chamber;  
7 is a sprinkler system for washing the screen  
section; 8 is a conveyor; 9 is a screen section;  
10 is a planetary gearbox; 11 is a torque sensor 

ʄʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ  
ʧʨʦʮʝʩʩʦʚ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʌʂ 

ʇʨʠʤʝʥʝʥʠʝ ʬʣʦʢʫʣʷʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝ-
ʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʩʢʦʨʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ ʩʫʩʧʝʥ-
ʟʠʡ ʌʂ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘ ɼɺʌ: ʫʜʝʣʴʥʘʷ ʧʨʦʠʟ-
ʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦ ʪʚʸʨʜʦʡ ʬʘʟʝ ʚʦʟʨʘʩʪʘʝʪ ʚ  
1,5-3 ʨʘʟʘ, ʩʦʜʝʨʞʘʥʠʝ ʪʚʸʨʜʦʡ ʬʘʟʳ ʚ ʬʠʣʴʪʨʘʪʝ 
ʩʥʠʞʘʝʪʩʷ ʚ 2-3 ʨʘʟʘ. ʌʣʦʢʫʣʷʥʪʳ ʧʨʠʤʝʥʷʶʪ ʥʘ 
ʥʝʢʦʪʦʨʳʭ ʆʌ ʈʦʩʩʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ: ʎʆʌ çʉʠ-
ʙʠʨʴè, ʎʆʌ çɸʙʘʰʝʚʩʢʘʷè, ɻʆʌ çʂʫʟʥʝʮʢʘʷè. 
ʈʘʩʭʦʜ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʩʪʘʚʣʷʝʪ 5-30 ʛ/ʪ (ʚ ʦʪʜʝʣʴ-
ʥʳʭ ʩʣʫʯʘʷʭ ʜʦ 100 ʛ/ʪ), ʫʜʝʣʴʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-
ʥʦʩʪʴ ʧʦ ʪʚʸʨʜʦʡ ʬʘʟʝ ï ʚ ʩʨʝʜʥʝʤ 300 ʢʛ/ʤ

2
Āʯ, 

ʚʣʘʞʥʦʩʪʴ ʦʩʘʜʢʘ ï ʜʦ 30%.  
ʀʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʟʘʚʠ-

ʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʡ ʚʣʘʞʥʦʩʪʠ W ʠ ʫʜʝʣʴʥʦʛʦ ʩʦ-
ʧʨʦʪʠʚʣʝʥʠʷ ʦʩʘʜʢʘ Ŭ0 ʦʪ ʨʘʩʭʦʜʘ ʬʣʦʢʫʣʷʥʪʘ 
ʥʦʩʠʪ ʵʢʩʪʨʝʤʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ [36, 37]. ʊʘʢʦʡ 
ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ Ŭ0 ʦʙʫʩʣʦʚʣʝʥ, ʚʝʨʦ-
ʷʪʥʦ, ʥʘʩʳʱʝʥʠʝʤ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʩʣʦʷ ʥʘ ʧʦ-
ʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ ʪʚʸʨʜʦʡ ʬʘʟʳ ʤʘʢʨʦʤʦʣʝʢʫʣʘ-



ʃʘʚʨʠʥʝʥʢʦ ɸ.ɸ., ɻʦʣʴʙʝʨʛ ɻ.ʖ., ʍʘʤʟʠʥʘ ʊ.ɸ. 
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ʤʠ ʬʣʦʢʫʣʷʥʪʘ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʝʤ ʚʷʟʢʦʩʪʠ 
ʬʠʣʴʪʨʘʪʘ ʟʘ ʩʯʸʪ ʧʦʷʚʣʝʥʠʷ ʚ ʥʸʤ ʠʟʙʳʪʢʘ ʬʣʦ-
ʢʫʣʷʥʪʘ. ɿʥʘʯʝʥʠʝ W ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʭʦʜʘ 
ʬʣʦʢʫʣʷʥʪʘ ʩʥʘʯʘʣʘ ʩʥʠʞʘʝʪʩʷ ʟʘ ʩʯʸʪ ʫʚʝʣʠʯʝ-
ʥʠʷ ʜʠʘʤʝʪʨʘ ʧʦʨ, ʥʦ ʜʘʣʴʥʝʡʰʠʡ ʨʦʩʪ ʚʣʘʞʥʦ-
ʩʪʠ ʦʙʫʩʣʦʚʣʝʥ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ ʚʦʜʳ, ʠʤʤʦ-
ʙʠʣʠʟʦʚʘʥʥʦʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ. 
ʇʦʵʪʦʤʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 
ʨʘʩʭʦʜʘ ʬʣʦʢʫʣʷʥʪʘ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ 
ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʧʦʣʥʝʥʠʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʵʢʩʧʝ-
ʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʙʝʟʚʦʞʠʚʘʥʠʶ 
ʌʂ ʬʠʣʴʪʨʦʚʘʥʠʝʤ ʧʦʜ ʚʘʢʫʫʤʦʤ ʜʣʷ ʚʳʙʦʨʘ 
ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʤʘʨʢʠ ʬʣʦʢʫʣʷʥʪʘ ʠ ʝʛʦ 
ʨʘʩʭʦʜʘ q. ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘ-
ʯʝʥʠʝ q ʥʘʭʦʜʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʤʝʞʜʫ ʚʝʣʠʯʠʥʘ-
ʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʤʠʥʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ 
Ŭ0 ʠ ʤʠʥʠʤʘʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʦʩʘʜʢʘ W.  
ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʫʢʘʟʘʥʥʳʭ ʆʌ ʧʨʠ-

ʤʝʥʝʥʠʝ ʬʣʦʢʫʣʷʥʪʦʚ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ 
ʯʠʩʪʦʛʦ ʬʠʣʴʪʨʘʪʘ, ʧʨʠʛʦʜʥʦʛʦ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʷ ʚ ʣʠʥʠʠ ʦʙʦʨʦʪʥʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʧʦʵʪʦʤʫ 
ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʫʛʦʣʴʥʳʭ ʯʘʩʪʠʮ ʬʠʣʴʪʨʘʪ 
ʥʘʧʨʘʚʣʷʶʪ ʥʘ ʬʣʦʪʘʮʠʶ ʠʣʠ ʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʶ 
ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʬʣʦʪʘʮʠʝʡ ʩʣʠʚʘ. ʇʨʠʤʝʥʝʥʠʝ 
ʬʣʦʢʫʣʷʥʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʌʂ ʥʘ 
ɻɹʌ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚ ʩʚʷʟʠ ʩ ʤʝʭʘʥʠʯʝʩʢʦʡ ʜʝ-
ʩʪʨʫʢʮʠʝʡ ʬʣʦʢʫʣ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʘʩʦʩʘ ʧʦʜʘʯʠ 
ʩʫʩʧʝʥʟʠʠ ʠ ʤʝʰʘʣʦʢ ʚ ʚʘʥʥʝ ʬʠʣʴʪʨʘ. 
ʇʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʌʂ 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʬʣʦʢʫʣʷʥʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʪʨʦ-
ʣʠʨʦʚʘʪʴ ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ ʩʫʩʧʝʥʟʠʠ ʪʘʢʠʤ ʦʙʨʘ-
ʟʦʤ, ʯʪʦʙʳ ʩʚʝʩʪʠ ʢ ʤʠʥʠʤʫʤʫ ʜʝʩʪʨʫʢʮʠʶ ʬʣʦʢʫʣ. 
ʉʦʛʣʘʩʥʦ [38], ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʦʧʫʩʪʠʤʘʷ ʩʢʦ-

ʨʦʩʪʴ ʪʝʯʝʥʠʷ ʩʫʩʧʝʥʟʠʠ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʘʤ ʜʠʘ-
ʤʝʪʨʦʤ 0,2-0,6 ʤ ʧʨʠ ʨʘʩʭʦʜʝ ʬʣʦʢʫʣʷʥʪʘ 50 ʛ/ʪ 
ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 1,8 ʤ/ʩ, ʘ ʜʣʷ ʨʘʩʭʦʜʦʚ 100 ʠ 
200 ʛ/ʪ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 2,6 ʠ 3,9 ʤ/ʩ. ʈʘʮʠʦʥʘʣʴ-
ʥʳʡ ʨʝʞʠʤ ʪʝʯʝʥʠʷ ʩʫʩʧʝʥʟʠʡ ʌʂ, ʦʙʝʩʧʝʯʠʚʘʶ-
ʱʠʡ ʩʦʭʨʘʥʥʦʩʪʴ ʬʣʦʢʫʣ, ʩʦʛʣʘʩʥʦ [38], ʮʝʣʝʩʦʦʙ-
ʨʘʟʥʦ ʦʧʨʝʜʝʣʷʪʴ ʨʘʩʯʸʪʥʳʤ ʧʫʪʸʤ ʩ ʫʯʝʪʦʤ ʨʘʩ-
ʭʦʜʘ ʬʣʦʢʫʣʷʥʪʘ. 
ʇʨʦʩʫʰʢʘ ʦʩʘʜʢʘ ʧʝʨʝʛʨʝʪʳʤ ʚʦʜʷʥʳʤ ʧʘ-

ʨʦʤ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʵʪʦʪ ʩʧʦʩʦʙ 
ʧʨʠʤʝʥʷʶʪ ʧʨʠ ʦʙʝʟʚʦʞʠʚʘʥʠʠ ʌʂ ʥʘ ɻɹʌ. ʈʘʥʝʝ 
ʧʦʧʳʪʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʜʣʷ ʠʥʪʝʥ-
ʩʠʬʠʢʘʮʠʠ ʜʨʫʛʠʭ ʧʨʦʮʝʩʩʦʚ ʦʙʝʟʚʦʞʠʚʘʥʠʷ  ʧʦ-
ʢʘʟʘʣʠ ʥʠʟʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʇʦ ʜʘʥʥʳʤ ʬʠʨʤʳ 
"Bokela GmbH" [39] ɻɹʌ, ʦʙʦʨʫʜʦʚʘʥʥʳʝ ʩʠʩʪʝ-
ʤʦʡ ʧʦʜʘʯʠ ʧʝʨʝʛʨʝʪʦʛʦ ʧʘʨʘ, ʧʨʠ ʦʙʝʟʚʦʞʠʚʘʥʠʠ 
ʌʂ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʣʫʯʝʥʠʝ ʦʩʘʜʢʘ ʩ ʚʣʘʞʥʦ-
ʩʪʴʶ 8-11%, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʪʝʨ-
ʤʠʯʝʩʢʦʡ ʩʫʰʢʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʠʤʝʥʝʥʠʝ ʧʘʨʘ 
ʪʨʝʙʫʝʪ ʚʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ, ʩʦ-
ʧʦʩʪʘʚʠʤʳʭ ʩ ʟʘʪʨʘʪʘʤʠ ʥʘ ʪʝʨʤʠʯʝʩʢʫʶ ʩʫʰʢʫ. 
ʇʦʵʪʦʤʫ ʦʧʠʩʘʥʥʳʡ ʩʧʦʩʦʙ ʥʝ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨ-
ʩʘʣʴʥʳʤ, ʜʣʷ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʢʦʥʢʨʝʪ-

ʥʦʡ ʆʌ ʪʨʝʙʫʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ ʪʝʭʥʠʢʦ-ʵʢʦʥʦ-
ʤʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʩ ʫʯʸʪʦʤ ʟʘʪʨʘʪ ʥʘ ʦʙʝʟ-
ʚʦʞʠʚʘʥʠʝ ʠ ʪʝʨʤʠʯʝʩʢʫʶ ʩʫʰʢʫ ʌʂ. 
ʈʘʥʝʝ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʨʦʩʫʰʢʝ 

ʦʩʘʜʢʦʚ ʌʂ ʛʦʨʷʯʠʤʠ ʜʳʤʦʚʳʤʠ ʛʘʟʘʤʠ ʥʘ ʧʘ-
ʪʨʦʥʥʳʭ ʬʠʣʴʪʨʘʭ ʧʦʜ ʜʘʚʣʝʥʠʝʤ, ʦʜʥʘʢʦ ʚ ʩʚʷʟʠ ʩ 
ʧʦʚʳʰʝʥʥʦʡ ʦʧʘʩʥʦʩʪʴʶ ʧʦʞʘʨʘ ʠ ʚʟʨʳʚʘ ʩʧʦʩʦʙ 
ʥʝ ʧʦʣʫʯʠʣ ʨʘʟʚʠʪʠʷ.  
ʇʨʠʤʝʥʝʥʠʝ ʇɸɺ ʦʩʫʱʝʩʪʚʣʷʶʪ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʧʨʠ ʦʙʝʟʚʦʞʠʚʘʥʠʠ ʌʂ ʬʠʣʴʪʨʦʚʘʥʠʝʤ ʧʦʜ ʚʘʢʫ-
ʫʤʦʤ [40, 41] ʩ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʦʙʝʟ-
ʚʦʞʝʥʥʦʛʦ ʦʩʘʜʢʘ ʥʘ ʚʝʣʠʯʠʥʫ ʜʦ 4% (ʘʙʩ.). ɺ ʪʦ 
ʞʝ ʚʨʝʤʷ ʝʩʪʴ ʦʩʥʦʚʘʥʠʷ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ 
ʵʪʠʭ ʨʝʘʛʝʥʪʦʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʪʘʙʠʣʠʟʘʮʠʠ 
ʩʫʩʧʝʥʟʠʠ ʫʛʦʣʴʥʳʭ ʯʘʩʪʠʮ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ 
ʫʚʝʣʠʯʝʥʠʶ ʟʥʘʯʝʥʠʷ Ŭ0 ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʥʠʞʝ-
ʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʬʠʣʴʪʨʦʚ. 
ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʫʩʣʦʚʠʡ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʌʂ ʷʚʣʷʝʪʩʷ ʨʘʟʨʫʰʝʥʠʝ ʬʣʦʪʘ-
ʮʠʦʥʥʦʡ ʧʝʥʳ. ʍʘʨʘʢʪʝʨʥʦʝ ʚʨʝʤʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ 
ʧʨʠ ʝʛʦ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʤ ʧʨʦʪʝʢʘʥʠʠ ï ʥʝʩʢʦʣʴ-
ʢʦ ʤʠʥʫʪ [42], ʥʦ ʚ ʫʩʣʦʚʠʷʭ ʜʝʡʩʪʚʫʶʱʠʭ ʧʨʝʜ-
ʧʨʠʷʪʠʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʝʥʘ ʥʝ ʫʩʧʝʚʘʝʪ ʨʘʟʨʫʰʠʪʴ-
ʩʷ ʢ ʤʦʤʝʥʪʫ ʧʦʩʪʫʧʣʝʥʠʷ ʥʘ ʦʧʝʨʘʮʠʶ ʦʙʝʟʚʦʞʠ-
ʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʥʘ ʧʨʘʢʪʠʢʝ ʨʝʘʣʠʟʫʶʪ ʩʣʝʜʫʶʱʠʝ 
ʩʧʦʩʦʙʳ ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʧʝʥʦʛʘʰʝʥʠʷ [43]: 
ï ʄʝʭʘʥʠʯʝʩʢʠʝ, ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ ʚʦʟʜʝʡ-

ʩʪʚʠʠ ʚʥʝʰʥʠʭ ʩʠʣ. ʅʘ ʧʨʘʢʪʠʢʝ ʨʝʘʣʠʟʫʶʪʩʷ ʚ 
ʮʝʥʪʨʦʙʝʞʥʳʭ ʘʧʧʘʨʘʪʘʭ, ʚ ʢʦʪʦʨʳʭ ʞʠʜʢʦʩʪʥʘʷ 
ʧʣʸʥʢʘ ʨʘʟʨʫʰʘʝʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣ ʠʥʝʨʮʠʠ. 
ɺ ʚʘʢʫʫʤʥʳʭ ʘʧʧʘʨʘʪʘʭ ʨʘʟʨʫʰʝʥʠʝ ʧʣʸʥʢʠ ʞʠʜ-
ʢʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʸʪ ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʥʦʩʪʠ 
ʜʘʚʣʝʥʠʡ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʛʘʰʝʥʠʷ ʧʝʥʳ ʧʨʠ ʤʝ-
ʭʘʥʠʯʝʩʢʦʤ ʩʧʦʩʦʙʝ ʩʦʩʪʘʚʣʷʝʪ 30-40%, ʧʨʠ ʚʘʢʫ-
ʫʤʥʦʤ ï 60%, ʧʨʠ ʚʘʢʫʫʤʥʦ-ʤʝʭʘʥʠʯʝʩʢʦʤ ï ʜʦ 
80% [43]. ʊʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʪʨʫʡʥʳʡ ʩʧʦʩʦʙ 
[44], ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʦʙʨʘʙʦʪʢʝ ʧʝʥʳ ʩʪʨʫʷʤʠ 
ʚʦʜʳ, ʧʦʜʘʚʘʝʤʳʤʠ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʯʝʨʝʟ ʨʘʩʧʳ-
ʣʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ. ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʧʝʨ-
ʩʧʝʢʪʠʚʥʦʩʪʴ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟ-
ʤʦʞʥʦʩʪʠ ʩʦʚʤʝʱʝʥʠʷ ʦʧʝʨʘʮʠʠ ʨʘʟʨʫʰʝʥʠʷ ʧʝ-
ʥʳ ʩ ʬʣʦʢʫʣʷʮʠʦʥʥʳʤ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʝʤ, ʝʩʣʠ 
ʚʤʝʩʪʦ ʯʠʩʪʦʡ ʚʦʜʳ ʧʦʜʘʸʪʩʷ ʨʘʩʪʚʦʨ ʬʣʦʢʫʣʷʥʪʘ. 
ï ʍʠʤʠʯʝʩʢʠʝ [45, 46], ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ 

ʦʙʨʘʙʦʪʢʝ ʧʝʥʳ ʨʝʘʛʝʥʪʘʤʠ, ʫʩʢʦʨʷʶʱʠʤʠ ʝʸ 
ʨʘʟʨʫʰʝʥʠʝ. 
ï ʂʦʤʙʠʥʘʮʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ. 
ʀʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʠ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʧʦʣʥʦʩʪʴʶ 
ʥʝ ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʬʣʦʪʘʮʠʦʥʥʦʛʦ 
ʢʦʥʮʝʥʪʨʘʪʘ. 
ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 

ʧʦʢʘʟʘʪʝʣʷʤ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʌʂ ʥʘ ʬʠʣʴʪʨʦʚʘʣʴ-
ʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. 



ʊɽʍʅʆʃʆɻʀʀ ʇɽʈɽʈɸɹʆʊʂʀ ʀ ʋʊʀʃʀɿɸʎʀʀ ʊɽʍʅʆɻɽʅʅʓʍ ʆɹʈɸɿʆɺɸʅʀʁ ʀ ʆʊʍʆɼʆɺ 

ïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïï   ɺʝʩʪʥʠʢ ʄɻʊʋ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘ. 2022. ʊ.20. ˉ4 32 

ʊʘʙʣʠʮʘ. ɿʥʘʯʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦʪʳ ʬʠʣʴʪʨʦʚʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ ʦʙʝʟʚʦʞʠʚʘʥʠʠ  

ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ 

T a b l e.  Performance of the filtering equipment for coal froth concentrate dewatering 

ʅʘʠʤʝʥʦʚʘʥʠʝ  

ʦʙʦʨʫʜʦʚʘʥʠʷ 

ɿʥʘʯʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʋʜʝʣʴʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ  

ʧʦ ʪʚʸʨʜʦʡ ʬʘʟʝ, ʢʛ/ʤ
2
Ŀʯ 

ɺʣʘʞʥʦʩʪʴ  

ʦʙʝʟʚʦʞʝʥʥʦʛʦ  

ʦʩʘʜʢʘ, % 

ʉʦʜʝʨʞʘʥʠʝ ʪʚʸʨʜʦʡ  

ʬʘʟʳ ʚ ʬʠʣʴʪʨʘʪʝ,  

ʢʛ/ʤ
3
 

ɼʠʩʢʦʚʳʝ ʚʘʢʫʫʤ-ʬʠʣʴʪʨʳ: 

ï ʙʝʟ ʬʣʦʢʫʣʷʥʪʘ 

ï ʩ ʬʣʦʢʫʣʷʥʪʦʤ 

ɻʠʧʝʨʙʘʨ-ʬʠʣʴʪʨʳ 

ʂʘʤʝʨʥʳʝ ʬʠʣʴʪʨ-ʧʨʝʩʩʳ 

ʃʝʥʪʦʯʥʳʝ ʬʠʣʴʪʨ-ʧʨʝʩʩʳ 

 

100-320 

200-400 

400-800 

ʜʦ 50 

ʜʦ 6
*
 

 

25-31 

25-30 

16-22 

16-22 

30-33 

 

35-50 

ʜʦ 20 

ʜʦ 10 

ʜʦ 10 

ʜʦ 25 

* ʋʜʝʣʴʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘ ʰʠʨʠʥʫ ʣʝʥʪʳ, ʢʛ/ʤĿʯ. 
 

ɿʘʢʣʶʯʝʥʠʝ 

1. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʦʧʝʨʘʮʠʠ ʦʙʝʟʚʦ-
ʞʠʚʘʥʠʷ ʫʛʦʣʴʥʳʭ ʬʣʦʪʘʮʠʦʥʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ 
ʧʨʠʤʝʥʷʶʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ: 
ï ʜʠʩʢʦʚʳʝ ʚʘʢʫʫʤ-ʬʠʣʴʪʨʳ, ʦʙʝʩʧʝʯʠʚʘ-

ʶʱʠʝ ʫʜʝʣʴʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦ ʪʚʸʨ-
ʜʦʡ ʬʘʟʝ ʜʦ 320 ʢʛ/ʤ

2
Ŀʯ, ʚʣʘʞʥʦʩʪʴ ʦʙʝʟʚʦʞʝʥ-

ʥʦʛʦ ʦʩʘʜʢʘ 25-31%; 
ï ʛʠʧʝʨʙʘʨ-ʬʠʣʴʪʨʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩ ʜʠʩʢʦʚʳʤʠ ʚʘʢʫʫʤ-ʬʠʣʴʪʨʘʤʠ ʫʜʝʣʴ-
ʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦ ʪʚʸʨʜʦʡ ʬʘʟʝ ʚʳʰʝ 
ʚ 2,5-4 ʨʘʟʘ, ʚʣʘʞʥʦʩʪʴ ʦʙʝʟʚʦʞʝʥʥʦʛʦ ʦʩʘʜʢʘ 
ʤʝʥʴʰʝ ʥʘ 6-10% (ʘʙʩ.), ʩʦʜʝʨʞʘʥʠʝ ʪʚʸʨʜʦʡ 
ʬʘʟʳ ʚ ʬʠʣʴʪʨʘʪʝ ʤʝʥʴʰʝ ʚ 3,5-10 ʨʘʟ. ʌʠʣʴʪʨʳ 
ʮʝʣʝʩʦʦʙʨʘʟʥʳ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʦʙʝʟʚʦʞʠ-
ʚʘʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʪʨʫʜʥʦʬʠʣʴʪʨʫʝʤʳʭ ʩʫʩ-
ʧʝʥʟʠʡ, ʵʬʬʝʢʪʠʚʥʦʝ ʦʙʝʟʚʦʞʠʚʘʥʠʝ ʢʦʪʦʨʳʭ 
ʥʘ ʜʠʩʢʦʚʳʭ ʚʘʢʫʫʤ-ʬʠʣʴʪʨʘʭ ʥʝʚʦʟʤʦʞʥʦ; 
ï ʢʘʤʝʨʥʳʝ ʬʠʣʴʪʨ-ʧʨʝʩʩʳ, ʭʘʨʘʢʪʝʨʠʟʫʶ-

ʱʠʝʩʷ ʚʝʩʴʤʘ ʥʠʟʢʦʡ ʫʜʝʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦ-
ʩʪʴʶ (ʜʦ 50 ʢʛ/ʤ

2
Ŀʯ), ʘ ʪʘʢʞʝ ʣʝʥʪʦʯʥʳʝ ʬʠʣʴʪʨ-

ʧʨʝʩʩʳ, ʪʨʝʙʫʶʱʠʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʬʣʦ-
ʢʫʣʷʥʪʦʚ, ʧʨʠʤʝʥʷʶʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʨʝʜʢʦ;  
ï ʦʩʘʜʠʪʝʣʴʥʦ-ʬʠʣʴʪʨʫʶʱʠʝ ʮʝʥʪʨʠʬʫʛʠ ï 

ʜʣʷ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʩʤʝʩʝʡ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʠ 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʌʀɿʀʂʆ-ʍʀʄʀʏɽʉʂʀʍ ɿɸʂʆʅʆʄɽʈʅʆʉʊɽʁ  

ʇʈʆʎɽʉʉɸ ʌʃʆʊɸʎʀʀ ɻʈɸʌʀʊʆɺʆʁ ʉʇɽʃʀ 

ʌʘʜʝʝʚʘ ʅ.ɺ., ʆʨʝʭʦʚʘ ʅ.ʅ., ʂʦʣʦʜʝʞʥʘʷ ɽ.ɺ., ʅʠʛʤʘʪʦʚʘ ʅ.ʅ. 

ʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘ, ʄʘʛʥʠʪʦʛʦʨʩʢ, ʈʦʩʩʠʷ 

ɸʥʥʦʪʘʮʠʷ. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ (ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ). ɻʨʘʬʠʪ ï ʥʝʧʦʣʷʨʥʳʡ, ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʡ ʤʠʥʝʨʘʣ, ʠʛ-
ʨʘʶʱʠʡ ʚʘʞʥʫʶ ʨʦʣʴ ʚʦ ʤʥʦʛʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʚ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɸʣʴʪʝʨʥʘʪʠʚ-
ʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʯʝʰʫʡʯʘʪʦʛʦ ʛʨʘʬʠʪʘ ʷʚʣʷʝʪʩʷ ʞʝʣʝʟʦʛʨʘʬʠʪʦʚʘʷ ʩʧʝʣʴ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʢʠʰ-
ʛʨʘʬʠʪ). ɼʣʷ ʨʘʟʜʝʣʝʥʠʷ ʛʨʘʬʠʪʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ ʩ ʮʝʣʴʶ ʚʳʜʝʣʝʥʠʷ ʯʝʰʫʡʯʘʪʦʛʦ ʛʨʘʬʠʪʘ ʧʨʠʤʝʥʷʶʪ ʬʣʦʪʘ-
ʮʠʶ. ʆʩʥʦʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ï ʵʪʦ ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 
ʩʚʦʡʩʪʚ ʯʝʰʫʝʢ ʛʨʘʬʠʪʘ ʚ ʧʨʦʮʝʩʩʝ ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʨʝʞʠʤʦʚ ʬʣʦʪʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʦʣʝʝ ʵʬ-
ʬʝʢʪʠʚʥʳʭ ʨʝʘʛʝʥʪʦʚ. ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɾʝʣʝʟʦʛʨʘʬʠʪʦʚʘʷ ʩʧʝʣʴ ʜʦʤʝʥʥʦʛʦ ʮʝʭʘ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʤʙʠ-
ʥʘʪʘ. ʎʝʣʴ ʨʘʙʦʪʳ. ʀʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦʚʳʰʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ʛʨʘʬʠʪʦʚʦʡ ʩʧʝ-
ʣʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʬʣʦʪʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ 
ʮʝʥʪʨʦʙʝʞʥʦ-ʫʜʘʨʥʦʡ ʤʝʣʴʥʠʮʳ ʠ ʨʝʘʛʝʥʪʦʚ ʢʦʤʧʣʝʢʩʥʦʛʦ ʜʝʡʩʪʚʠʷ ʥʘ ʦʩʥʦʚʝ ʜʝʡʩʪʚʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʜʠʤʝʪʠʣ-
ʵʪʠʥʠʣʢʘʨʙʠʥʦʣʘ. ʅʦʚʠʟʥʘ. ʀʟʫʯʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʬʣʦʪʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʤʝʭʘʥʦʘʢʪʠ-
ʚʘʮʠʠ ʠ ʥʦʚʳʭ, ʨʘʥʝʝ ʥʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʬʣʦʪʘʮʠʠ ʛʨʘʬʠʪʘ ʨʝʘʛʝʥʪʦʚ, ʥʘʠʙʦʣʝʝ ʪʨʫʜʥʦʛʦ ʜʣʷ ʦʙʦʛʘʱʝʥʠʷ ʚʠʜʘ 
ʩʧʝʣʠ ï ʜʦʤʝʥʥʦʛʦ ʢʠʰ-ʛʨʘʬʠʪʘ. ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʩʧʦʩʦʙʘ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʜʝʟʠʥʪʝʛʨʘʮʠʠ ʩʧʝʣʠ, ʩʦʜʝʨʞʘʥʠʷ 
ʪʚʝʨʜʦʛʦ ʚ ʧʫʣʴʧʝ, ʚʠʜʘ ʨʝʘʛʝʥʪʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʜʝʡʩʪʚʠʷ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʬʣʦʪʘʮʠʠ. ʈʝʟʫʣʴʪʘʪ. ʉʫʭʦʡ ʧʦʤʦʣ ʩ ʤʝʭʘ-
ʥʦʘʢʪʠʚʘʮʠʝʡ ʚ ʮʝʥʪʨʦʙʝʞʥʦ-ʫʜʘʨʥʦʡ ʤʝʣʴʥʠʮʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʝʣʝʢʪʠʚʥʫʶ ʜʝʟʠʥʪʝʛʨʘʮʠʶ ʠ ʫʚʝʣʠʯʝʥʠʝ ʨʝʘʢʮʠ-
ʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʛʨʘʬʠʪʦʚʳʭ ʯʘʩʪʠʮ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʫʛʣʝʨʦʜʘ ʚ ʦʙʲʝʜʠʥʝʥʥʦʤ 
ʢʦʥʮʝʥʪʨʘʪʝ ʥʘ 19,77% ʠ ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʤʘʛʥʠʪʥʦʡ ʬʨʘʢʮʠʠ ʥʘ 22,15%. ʌʣʦʪʘʮʠʦʥʥʳʝ ʨʝʘʛʝʥʪʳ ɼʂ-80 ʠ 
ʄʀʂʉ ʧʨʦʷʚʣʷʶʪ ʨʘʟʣʠʯʥʫʶ ʬʣʦʪʘʮʠʦʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʨʫʧʥʦʤʫ ʠ ʤʝʣʢʦʤʫ ʧʨʦʜʫʢʪʘʤ ʚʦʟʜʫʰ-
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STUDY ON THE PHYSICAL AND CHEMICAL REGUL ARITIES  

OF THE KISH GRAPHITE FLOTATION P ROCESS 

Fadeeva N.V., Orekhova N.N., Kolodezhnaya E.V., Nigmatova N.N. 

Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia 

Abstract. Problem Statement (Relevance). Graphite is a non-polar, non-metallic mineral that plays an important role 

in many technological processes in various industries. An alternative source of flake graphite is kish graphite from met-

allurgical production. Flotation is used to separate graphite-containing raw materials in order to isolate flake graphite. A 

main area of improving the flotation process is aimed at intensifying surface properties of graphite flakes in the separa-

tion process and adjusting flotation modes using more efficient reagents. A subject of the study is kish graphite from a 

blast furnace shop of an iron and steel works. Objective of the research is to study the possibilities of increasing the 

flotation concentration of kish graphite by determining physical and chemical regularities of the flotation using a cen-

trifugal impact mill for grinding and complex reagents based on dimethyl ethynyl carbinol, an active substance. Orig i-

nality  lies in the study of the regularities of the flotation using preliminary mechanical activation and new reagents, 

previously not used for the flotation of graphite, the most difficult type of flake graphite for the concentration, namely 

blast furnace kish graphite. The authors have studied the influence of the method and duration of kish graphite disinte-

gration, the content of solid particles in the slurry and the type of the complex reagent on the flotation parameters. Re-

sult. Dry grinding and mechanical activation in a centrifugal impact mill provides a selective disintegration and increas-

es the reactivity of graphite particles. This leads to an increase in the mass fraction of carbon in the combined concen-

trate by 19.77% and a decrease in the content of the magnetic fraction by 22.15%. Flotation reagents DK-80 and MIKS 

show different flotation activity in respect of coarse and fine products of an air classification. During the flotation of 

coarse products, the reagents show a greater selectivity to graphite, while during the flotation of fine products, the selec-

tivity to graphite is lower, but the concentrate is cleaner in terms of the mass fraction of magnetic particles and the car-

bon extraction is higher. The results obtained will be used to develop the kish graphite flotation technology in column 

flotation machines, which are characterized by increased flotation selectivity due to secondary concentration processes 

in the froth layer. 

Keywords: iron kish, kish graphite, flotation, complex reagents, dimethyl ethynyl carbinol, foaming, centrifugal impact 

grinding, dynamic classification 
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ɺʚʝʜʝʥʠʝ 

ɻʨʘʬʠʪ ï ʥʝʧʦʣʷʨʥʳʡ, ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʡ ʤʠ-

ʥʝʨʘʣ, ʠʛʨʘʶʱʠʡ ʚʘʞʥʫʶ ʨʦʣʴ ʚʦ ʤʥʦʛʠʭ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʚ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʠ. ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʛʨʘʬʠʪʘ 

ʷʚʣʷʶʪʩʷ ʧʨʠʨʦʜʥʳʝ ʨʫʜʳ ʘʤʦʨʬʥʦʛʦ ʠ ʯʝʰʫʡʯʘ-

ʪʦʛʦ ʛʨʘʬʠʪʘ. ʅʘʠʙʦʣʝʝ ʮʝʥʥʳʤ ʠ ʚʦʩʪʨʝʙʦʚʘʥ-

ʥʳʤ ʩʳʨʴʝʤ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ 

ʦʙʣʘʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʪʘʢʠʭ ʢʘʢ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʣʠʪʠʡ-ʠʦʥʥʳʭ ʘʢ-

ʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ ʠ ʛʨʘʬʝʥʘ, ʷʚʣʷʝʪʩʷ ʛʨʘ-

ʬʠʪ ʯʝʰʫʡʯʘʪʦʛʦ ʩʪʨʦʝʥʠʷ. ɺ ʈʦʩʩʠʠ ʯʝʰʫʡʯʘ-

ʪʳʡ ʛʨʘʬʠʪ ʦʪʥʦʩʠʪʩʷ ʢ ʜʝʬʠʮʠʪʥʦʤʫ ʩʳʨʴʶ [1]. 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʯʝʰʫʡʯʘʪʦʛʦ ʛʨʘ-

ʬʠʪʘ ʷʚʣʷʝʪʩʷ ʞʝʣʝʟʦʛʨʘʬʠʪʦʚʘʷ ʩʧʝʣʴ ʤʝʪʘʣʣʫʨ-

ʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺʭʦʜʷʱʠʡ ʚ ʩʦʩʪʘʚ ʩʧʝ-

ʣʠ ʯʝʰʫʡʯʘʪʳʡ ʛʨʘʬʠʪ (ʢʠʰ-ʛʨʘʬʠʪ) ʦʙʨʘʟʫʝʪʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʫʤʝʥʴʰʝʥʠʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʛʨʘʬʠʪʘ ʚ 

ʯʫʛʫʥʝ ʧʨʠ ʝʛʦ ʦʭʣʘʞʜʝʥʠʠ ʥʘ ʧʫʪʠ ʪʨʘʥʩʧʦʨʪʠ-

ʨʦʚʢʠ ʜʦ ʩʪʘʣʝʣʠʪʝʡʥʳʭ ʮʝʭʦʚ. ɻʝʦʛʨʘʬʠʯʝʩʢʠ 

ʵʪʦʪ ʠʩʪʦʯʥʠʢ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʨʘʩʧʦʣʦʞʝʥʠ-

ʝʤ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ ʯʝʨʥʦʡ ʤʝʪʘʣʣʫʨ-

ʛʠʠ [2]. ʗʚʣʷʷʩʴ ʧʦʙʦʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʤʝʪʘʣʣʫʨ-

ʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʨʝʩʫʨʩ ʠʤʝʝʪ ʥʠʟʢʫʶ 

ʩʪʦʠʤʦʩʪʴ, ʥʦ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʠʟ ʥʝʛʦ ʛʨʘʬʠʪʘ 

ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ, ʥʝʩʤʦʪʨʷ 

ʥʘ ʘʢʪʠʚʠʟʘʮʠʶ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʧʦ ʜʘʥʥʦʤʫ 

ʥʘʧʨʘʚʣʝʥʠʶ [3]. 

ɸʥʘʣʠʟ ʠʤʝʶʱʠʭʩʷ ʧʫʙʣʠʢʘʮʠʡ ʠ ʵʢʩʧʝʨʪʥʳʡ 

ʦʧʨʦʩ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʮʝʧʦʯʢʝ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʛʫʪ ʙʳʪʴ ʚʳ-
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ʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʫʯʘʩʪʢʠ ʦʙʨʘʟʦʚʘʥʠʷ ʞʝʣʝʟʦ-

ʛʨʘʬʠʪʦʚʦʡ ʧʳʣʠ: ʜʦʤʝʥʥʳʡ, ʢʠʩʣʦʨʦʜʥʦ-ʢʦʥ-

ʚʝʨʪʝʨʥʳʡ, ʩʪʘʣʝʧʣʘʚʠʣʴʥʳʡ ʮʝʭʘ. ʈʘʟʥʳʝ ʪʝʤʧʝ-

ʨʘʪʫʨʳ, ʜʦʩʪʠʛʘʝʤʳʝ ʯʫʛʫʥʦʤ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʫʯʘʩʪʢʘʭ, ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʚʝʜʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦ-

ʛʦ ʧʨʦʮʝʩʩʘ ʙʫʜʫʪ ʦʙʫʩʣʘʚʣʠʚʘʪʴ ʦʪʣʠʯʠʷ ʚ ʦʙʲʝ-

ʤʝ ʠ ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʫʶʱʝʡʩʷ ʧʳʣʠ. ɸʥʘʣʠʟ ʠʤʝ-

ʶʱʠʭʩʷ ʧʫʙʣʠʢʘʮʠʡ ʠ ʩʦʙʩʪʚʝʥʥʳʝ ʨʘʙʦʪʳ [4] 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʞʝʣʝʟʦʛʨʘʬʠʪʦʚʘʷ ʩʧʝʣʴ ʜʦʤʝʥ-

ʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʧʦʣʪʦʨʘ-ʜʚʘ ʨʘʟʘ ʙʝʜʥʝʝ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ ʫʛʣʝʨʦʜʘ/ʛʨʘʬʠʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 

ʩʧʝʣʴʶ ʩʪʘʣʝʧʣʘʚʠʣʴʥʦʛʦ ʧʝʨʝʜʝʣʘ. ʕʪʠʤ ʬʘʢʪʦʤ, 

ʘ ʪʘʢʞʝ ʪʨʫʜʥʦʩʪʴʶ ʧʝʨʝʨʘʙʦʪʢʠ ʩʧʝʣʠ ʜʦʤʝʥʥʦʛʦ 

ʮʝʭʘ ʦʙʫʩʣʦʚʣʝʥ ʚʳʙʦʨ ʞʝʣʝʟʦʛʨʘʬʠʪʦʚʦʡ ʩʧʝʣʠ 

ʩʪʘʣʝʧʣʘʚʠʣʴʥʳʭ ʮʝʭʦʚ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʠʤʝʶʱʠʭʩʷ ʧʫʙʣʠʢʘʮʠʡ. 
ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʠ-

ʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʢʠʰ-ʛʨʘʬʠʪʘ, ʫʩʣʦʚʠʷ 
ʦʙʨʘʟʦʚʘʥʠʷ ʪʝʭʥʦʛʝʥʥʦʛʦ ʩʳʨʴʷ ʦʙʫʩʣʘʚʣʠʚʘʶʪ 
ʫ ʥʝʛʦ ʥʘʣʠʯʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦ-
ʩʪʘʚʘ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʦʪʨʘʞʘʶʱʠʭʩʷ 
ʥʘ ʝʛʦ ʧʦʚʝʜʝʥʠʠ ʚ ʩʭʝʤʘʭ ʧʝʨʝʜʝʣʘ ʩ ʠʩʧʦʣʴʟʦ-
ʚʘʥʠʝʤ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩ-
ʩʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʛʨʘʬʠʪʦʚʳʭ ʨʫʜ. 
ʀ ʚ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [4], ʠ ʚ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷʭ ʢʠʪʘʡʩʢʠʭ ʫʯʝʥʳʭ [2] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʧʝʣʝ-
ʚʳʡ ʛʨʘʬʠʪ, ʚʳʜʝʣʷʶʱʠʡʩʷ ʚ ʧʨʝʜʝʣʘʭ ʜʦʤʝʥʥʦ-
ʛʦ ʮʝʭʘ, ʷʚʣʷʝʪʩʷ ʤʘʛʥʠʪʥʳʤ ʠʟ-ʟʘ ʘʩʩʦʮʠʘʮʠʠ 
ʯʝʰʫʝʢ ʩ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʤʠ ʤʠʢʨʦʨʘʟʤʝʨʥʳʤʠ 
ʯʘʩʪʠʮʘʤʠ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ. ʕʪʦʪ ʬʘʢʪ ʥʝ 
ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʮʝʣʝʡ ʧʝʨʚʠʯʥʦʛʦ 

ʨʘʟʜʝʣʝʥʠʷ ʩʧʝʣʠ ʤʘʛʥʠʪʥʫʶ ʩʝʧʘʨʘʮʠʶ, ʢʘʢ, 
ʥʘʧʨʠʤʝʨ, ʧʨʝʜʣʦʞʝʥʦ ʚ ʨʘʙʦʪʝ [5]. ɼʣʷ ʦʯʠʩʪʢʠ 
ʧʦʚʝʨʭʥʦʩʪʠ ʯʝʰʫʝʢ ʦʪ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝ-
ʥʠʡ ʚ ʨʘʙʦʪʘʭ [2, 5] ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙ-
ʨʘʙʦʪʢʫ ʫʣʴʪʨʘʟʚʫʢʦʤ, ʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʨʘʬʠʪʦ-
ʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ï 
ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʢʠʩʣʦʪʦʡ. ʆʜʥʘʢʦ ʨʝʘʣʠʟʘʮʠʷ 
ʪʘʢʠʭ ʵʥʝʨʛʦ- ʠ ʤʘʪʝʨʠʘʣʦʟʘʪʨʘʪʥʳʭ ʧʨʦʮʝʩʩʦʚ 
ʙʫʜʝʪ ʵʢʦʥʦʤʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʘ ʧʨʠʤʝʥʠʪʝʣʴ-
ʥʦ ʢ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʝʣʝʢʪʠʚʥʦ ʠ ʥʘʠʙʦʣʝʝ ʧʦʣ-
ʥʦ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʤ ʚ ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʧʨʦ-
ʜʫʢʪʝ ʛʨʘʬʠʪʦʚʳʤ ʯʝʰʫʡʢʘʤ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦ-
ʩʪʨʘʥʝʥʥʳʤ ʧʦʜʭʦʜʦʤ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʛʨʘʬʠʪʩʦ-
ʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ ʧʨʠʨʦʜʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ 
ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʩ ʮʝʣʴʶ ʚʳʜʝʣʝʥʠʷ ʯʝʰʫʡʯʘʪʦʛʦ 
ʛʨʘʬʠʪʘ ʷʚʣʷʝʪʩʷ ʧʝʥʥʘʷ ʬʣʦʪʘʮʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ 
ʷʚʥʦʤ ʨʘʟʣʠʯʠʠ ʚ ʩʤʘʯʠʚʘʝʤʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʝʡ 
ʥʝʧʦʣʷʨʥʦʛʦ ʛʨʘʬʠʪʘ ʠ ʧʦʣʷʨʥʳʭ ʧʨʠʤʝʩʝʡ. 

ʊʝʦʨʠʷ ʚʦʧʨʦʩʘ 

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʘʥʘʣʠʟ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʜʘʥ-

ʥʳʭ, ʧʨʝʜʣʘʛʘʝʤʳʝ ʜʣʷ ʬʣʦʪʘʮʠʠ ʢʠʰ-ʛʨʘʬʠʪʘ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʨʝʘʛʝʥʪʥʳʝ ʨʝʞʠʤʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʨʝʞʠʤʘʤ ʧʝʨʝʨʘʙʦʪʢʠ ʣʝʛʢʦʦʙʦʛʘʪʠʤʳʭ ʧʨʠʨʦʜ-

ʥʳʭ ʨʫʜ, ʙʦʛʘʪʳʭ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʫʛʣʝʨʦʜʘ ʠ ʩ ʯʘ-

ʩʪʠʮʘʤʠ ʛʨʘʬʠʪʘ ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʘʟʤʝʨʦʚ. ʀʩʧʦʣʴ-

ʟʫʝʪʩʷ ʠʟʤʝʣʴʯʝʥʠʝ ʧʨʦʜʫʢʪʘ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʢʨʫʧʥʦʩʪʠ ʠ ʬʣʦʪʘʮʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʧʦʣʷʨ-

ʥʦʛʦ ʩʦʙʠʨʘʪʝʣʷ, ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʷ ʠ ʚ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ ʤʦʜʠʬʠʢʘʪʦʨʘ ʧʦʚʝʨʭʥʦʩʪʠ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʘ 1. ʋʩʣʦʚʠʷ ʬʣʦʪʘʮʠʠ ʢʠ-hʛʨʘʬʠʪʘ 
T a b l e  1 . Kish graphite flotation conditions 

ʉʳʨʴʝ 

ʄʘʩʩʦʚʘʷ 

ʜʦʣʷ  

ʫʛʣʝʨʦʜʘ, % 

ʂʨʫʧʥʦʩʪʴ 

ʉʦʜʝʨʞʘʥʠʝ 

ʪʚʝʨʜʦʛʦ  

ʚ ʧʫʣʴʧʝ 

ʈʝʘʛʝʥʪʳ 
ʈʘʩʭʦʜ, 

ʛ/ʪ 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ 

ʫʛʣʝʨʦʜʘ  

ʚ ʢʦʥʮʝʥʪʨʘʪʝ, % ʅʘʟʥʘʯʝʥʠʝ* ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʂʠ-hʛʨʘʬʠʪ  

ʩʪʘʣʝʧʣʘʚʠʣʴʥʦʛʦ 

ʧʝʨʝʜʝʣʘ 

40 -80 ʤʝʰ [2] 180 ʛ/ʣ ʢ ʂʝʨʦʩʠʥ 20000 75,0 

ʧ 2-ʦʢʪʘʥʦʣ 2000 

ʂʠ-hʛʨʘʬʠʪ  

ʩʪʘʣʝʧʣʘʚʠʣʴʥʦʛʦ  

ʧʝʨʝʜʝʣʘ 

45,1 -50+100 

ʤʝʰ [5] 

ʅʝʪ ʜʘʥʥʳʭ ʢ ʄʘʟʫʪ ʅʝʪ  

ʜʘʥʥʳʭ 

59,6 

ʧ ʄʝʪʠʣʠʟʦʙʫʪʠʣ-

ʢʘʨʙʠʥʦʣ 

ʅʝʪ  

ʜʘʥʥʳʭ 

ʆʪʭʦʜʳ ʢʠ h 

Pakistan Steels,  

Karachi 

65 ʅʝʪ  

ʜʘʥʥʳʭ [6] 

15% ʢ ʂʝʨʦʩʠʥ 50 80,53 

ʧ ʉʦʩʥʦʚʦʝ ʤʘʩʣʦ 5 

ʜ ʉʠʣʠʢʘʪ ʥʘʪʨʠʷ  20 

ʜ ʂʨʘʭʤʘʣ 1500 

ʂʠ-hʛʨʘʬʠʪ  

ʦʪʜʝʣʝʥʠʷ  

ʜʝʩʫʣʴʬʫʨʘʮʠʠ 

55, 

32,4 ʠ 29,5 

-355+180 

ʤʝʰ [7] 

200 ʛ/ʣ ʢ ɼʠʟʝʣʴʥʦʝ ʤʘʩʣʦ ʇʦ  

ʧʨʦʮʝʩʩʫ 

78,0 

80 

ʧ ʊ-frother ʇʦ  

ʧʨʦʮʝʩʩʫ 

*ʢ ï ʢʦʣʣʝʢʪʦʨ, ʧ ï ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʴ, ʜ ï ʤʦʜʠʬʠʢʘʪʦʨ ʜʝʧʨʝʩʩʦʨ. 
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ʇʦʢʘʟʘʪʝʣʠ ʬʣʦʪʘʮʠʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʩʳʨʴʷ 
ʦʢʘʟʳʚʘʶʪʩʷ ʥʠʞʝ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʦʛʘʱʝʥʠʷ ʧʨʠ-
ʨʦʜʥʦʛʦ ʛʨʘʬʠʪʘ ʠ ʟʘʚʠʩʷʪ ʦʪ ʪʠʧʘ ʠʩʧʦʣʴʟʫʝʤʳʭ 
ʨʝʘʛʝʥʪʦʚ ʠ ʠʭ ʩʦʯʝʪʘʥʠʡ ʩ ʩʦʙʠʨʘʪʝʣʝʤ. ʊʘʢ, ʚ 
[5] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʘʛʝʥʪ ʤʝʪʠʣʠʟʦʙʫʪʠʣʢʘʨʙʠ-
ʥʦʣ (MIBC) ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʝʣʝʢʪʠʚʥʳʤ ʧʝʥʦ-
ʦʙʨʘʟʦʚʘʪʝʣʝʤ, ʯʝʤ ʪʨʘʜʠʮʠʦʥʥʦʝ ʩʦʩʥʦʚʦʝ ʤʘʩ-
ʣʦ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʛʦ ʜʝʡʩʪʚʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 
ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢʝʨʦʩʠʥʘ. ʆʜʥʘʢʦ ʢʘʯʝʩʪʚʦ ʧʦ-
ʣʫʯʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʦʢʘʟʳʚʘʣʦʩʴ ʥʠʞʝ, ʯʝʤ 
ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʦʣʴʢʦ MIBC ʟʘ ʩʯʝʪ ʤʝʭʘ-
ʥʠʯʝʩʢʦʛʦ ʚʳʥʦʩʘ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʩ ʧʝʥ-
ʥʳʤ ʧʨʦʜʫʢʪʦʤ. ɺ ʨʘʙʦʪʝ [7] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ 
ʢʠ-hʛʨʘʬʠʪ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʬʣʦʪʘʮʠʦʥʥʦʡ 
ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʤʦʞʝʪ ʬʣʦʪʠʨʦʚʘʪʴʩʷ ʠ ʙʝʟ ʨʝʘ-
ʛʝʥʪʦʚ ʩ ʧʦʣʫʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʪʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 
ʫʛʣʝʨʦʜʘ ʦʢʦʣʦ 45%. ɺ ʵʪʦʡ ʞʝ ʨʘʙʦʪʝ ʬʣʦʪʘʮʠʠ 
ʧʦʜʚʝʨʛʘʣʠ ʫʟʢʠʝ ʢʣʘʩʩʳ ʢʨʫʧʥʦʩʪʠ ʩ ʨʘʟʣʠʯʥʳ-
ʤʠ ʨʘʩʭʦʜʘʤʠ ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʝʡ ʠ ʜʠʟʝʣʴʥʦʛʦ 
ʪʦʧʣʠʚʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʨʫʧʥʳʝ ʬʨʘʢʮʠʠ ʬʣʦʪʠ-
ʨʫʶʪʩʷ ʩ ʧʦʣʫʯʝʥʠʝʤ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʧʦʢʘʟʘʪʝ-
ʣʝʡ, ʯʝʤ ʤʝʣʢʠʝ, ʘ ʫʚʝʣʠʯʝʥʠʝ ʨʘʩʭʦʜʦʚ ʨʝʘʛʝʥ-
ʪʦʚ ʧʨʠʚʦʜʠʪ ʢ ʟʘʛʨʷʟʥʝʥʠʶ ʢʦʥʮʝʥʪʨʘʪʦʚ ʟʘ 
ʩʯʝʪ ʫʥʦʩʘ ʧʨʠʤʝʩʝʡ ʚ ʧʝʥʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦ-
ʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʬʣʦʪʘʮʠʠ ʛʨʘʬʠʪʘ ʠʟ 
ʞʝʣʝʟʦʛʨʘʬʠʪʦʚʦʡ ʩʧʝʣʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ 
ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 
ʆʩʥʦʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʢʦʨʨʝʢʪʠʨʦʚʢʦʡ ʨʝʞʠ-
ʤʦʚ ʬʣʦʪʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʦʣʝʝ ʵʬʬʝʢ-
ʪʠʚʥʳʭ ʨʝʘʛʝʥʪʦʚ ʜʣʷ ʬʣʦʪʘʮʠʠ ʢʠʰ-ʛʨʘʬʠʪʘ 
ʪʘʢʞʝ ʘʢʪʫʘʣʴʥʦ, ʢʘʢ ʠ ʜʣʷ ʧʨʠʨʦʜʥʦʛʦ. ɿʥʘʯʠ-
ʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʚʦʧʨʦ-
ʩʘʤ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠ-
ʧʦʚ ʛʨʘʬʠʪʦʚʳʭ ʨʫʜ ʠ ʧʦʠʩʢʫ ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʘ-
ʛʝʥʪʦʚ ʜʣʷ ʬʣʦʪʘʮʠʠ ʛʨʘʬʠʪʘ, ʚʳʧʦʣʥʝʥʦ ʥʘ ʢʘ-
ʬʝʜʨʝ ʦʙʦʛʘʱʝʥʠʷ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʄɻʊʋ 
ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɺ.ɹ. ʏʠʞʝʚ-
ʩʢʦʛʦ. ʀʟʫʯʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 
ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʨʦʜʥʦʛʦ ʯʝʰʫʡʯʘʪʦʛʦ ʛʨʘʬʠʪʘ 
ʚʳʷʚʠʣʦ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘ-
ʱʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʢʠʩʣʦʪʥʦʛʦ ʠʣʠ 
ʦʩʥʦʚʥʦʛʦ ʭʘʨʘʢʪʝʨʘ: ʢʘʨʙʦʥʠʣʴʥʳʝ, ʬʝʥʦʣʴʥʳʝ, 

ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʠ ʣʘʢʪʦʥʥʳʝ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ 
ʬʣʦʪʠʨʫʝʤʦʩʪʠ ʪʘʢʦʛʦ ʦʢʠʩʣʝʥʥʦʛʦ ʛʨʘʬʠʪʘ 
ʧʨʝʜʣʦʞʝʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ 
ʩʦʜʦʡ. ʋʩʪʘʥʦʚʣʝʥ ʨʘʟʣʠʯʥʳʡ ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦ-
ʜʝʡʩʪʚʠʷ ʛʨʘʬʠʪʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ 
ʠ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠ-
ʥʝʥʠʷʤʠ, ʚʭʦʜʷʱʠʤʠ ʚ ʩʦʩʪʘʚ ʬʣʦʪʘʮʠʦʥʥʳʭ 
ʨʝʘʛʝʥʪʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʘʞʥʝʡʰʠʤʠ ʧʘʨʘʤʝʪ-
ʨʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʘʜʩʦʨʙʮʠʶ ʫʛʣʝʚʦʜʦʨʦ-
ʜʦʚ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʨʦʜ-
ʥʦʛʦ ʯʝʰʫʡʯʘʪʦʛʦ ʛʨʘʬʠʪʘ, ʷʚʣʷʶʪʩʷ ʯʠʩʣʦ ʘʪʦ-
ʤʦʚ ʫʛʣʝʨʦʜʘ ʚ ʨʘʜʠʢʘʣʘʭ, ʠʭ ʩʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ 
(ʥʘʣʠʯʠʝ ʜʚʦʡʥʦʡ ʠ ʪʨʦʡʥʦʡ ʩʚʷʟʝʡ), ʚʘʣʝʥʪʥʦʝ 
ʩʦʩʪʦʷʥʠʝ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, ʥʘʣʠʯʠʝ ʠ ʩʚʦʡʩʪʚʘ 
ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ [8]. ʅʘ ʦʩʥʦʚʘʥʠʠ ʫʩʪʘ-
ʥʦʚʣʝʥʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʙʳʣʠ ʨʝʢʦʤʝʥʜʦʚʘ-
ʥʳ ʬʣʦʪʘʮʠʦʥʥʳʝ ʨʝʘʛʝʥʪʳ ʠʟ ʧʨʦʜʫʢʪʦʚ ʥʝʬʪʝ-
ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʥʝʬʪʝʭʠʤʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ. 
ʅʘʧʨʠʤʝʨ, ʨʝʘʛʝʥʪ ɺʂʇ (ʚʳʩʦʢʦʢʠʧʷʱʠʡ ʧʨʦ-
ʜʫʢʪ, ʷʚʣʷʶʱʠʡʩʷ ʢʫʙʦʚʳʤ ʦʩʪʘʪʢʦʤ ʨʝʢʪʠʬʠ-
ʢʘʮʠʠ ʧʨʦʜʫʢʪʦʚ ʩʠʥʪʝʟʘ 2-ʵʪʠʣʛʝʢʩʘʥʦʣʘ ʠʟ 
ʤʘʩʣʷʥʦʛʦ ʘʣʴʜʝʛʠʜʘ), ʦʙʣʘʜʘʶʱʠʡ ʩʦʙʠʨʘʪʝʣʴ-
ʥʳʤʠ ʠ ʧʝʥʦʦʙʨʘʟʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʝ ʢʦʪʦʨʦʛʦ ʧʨʠ ʬʣʦʪʘʮʠʠ ʛʨʘʬʠʪʦʚʳʭ ʨʫʜ 
ʊʘʡʛʠʥʩʢʦʛʦ ʠ ɹʦʪʦʛʦʣʴʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 
ʧʦʟʚʦʣʠʣʦ ʧʦʚʳʩʠʪʴ ʠʟʚʣʝʯʝʥʠʝ ʫʛʣʝʨʦʜʘ ʚ ʢʦʥ-
ʮʝʥʪʨʘʪʘʭ ʥʘ 2,5 ʠ 0,71% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
ʀʩʭʦʜʷ ʠʟ ʧʘʨʘʤʝʪʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʘʜ-

ʩʦʨʙʮʠʶ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʬʠ-
ʪʘ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʨʝʘʛʝʥʪʳ ʢʦʤʧʣʝʢʩ-
ʥʦʛʦ ʜʝʡʩʪʚʠʷ ɼʂ-80 ʠ ʄʀʂʉ, ʠʤʝʶʱʠʝ ʚ ʩʚʦ-
ʝʤ ʩʦʩʪʘʚʝ ʘʮʝʪʠʣʝʥʦʚʫʶ ʩʚʷʟʴ. ʈʝʘʛʝʥʪʳ ʠʤʝ-
ʶʪ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ 
ʨʠʩ. 1. ɼʘʥʥʳʝ ʨʝʘʛʝʥʪʳ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ 
ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʝ ʨʝʘʛʝʥʪʳ-ʩʦʙʠʨʘʪʝʣʠ ʩʦ ʩʚʦʡ-
ʩʪʚʘʤʠ ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʝʡ ʧʨʠ ʬʣʦʪʘʮʠʠ ʪʦʥ-
ʢʦʠʟʤʝʣʴʯʝʥʥʳʭ ʨʫʜ ʮʚʝʪʥʳʭ ʠ ʙʣʘʛʦʨʦʜʥʳʭ 
ʤʝʪʘʣʣʦʚ ʠ ʧʨʠ ʬʣʦʪʘʮʠʠ ʫʛʣʷ [9]. ʇʨʠʤʝʥʝʥʠʝ 
ʜʠʤʝʪʠʣʵʪʠʥʠʣʢʘʨʙʠʥʦʣʘ ʧʦʟʚʦʣʠʣʦ ʧʨʦʚʦʜʠʪʴ 
ʬʣʦʪʘʮʠʶ ʫʛʦʣʴʥʦʡ ʤʝʣʦʯʠ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ 
ʧʣʦʪʥʦʩʪʠ ʩ ʧʦʣʫʯʝʥʠʝʤ ʧʦʢʘʟʘʪʝʣʝʡ, ʥʝ ʫʩʪʫ-
ʧʘʶʱʠʭ ʧʦʢʘʟʘʪʝʣʷʤ ʙʘʟʦʚʦʛʦ ʨʝʞʠʤʘ ʫʛʣʝʦʙʦ-
ʛʘʪʠʪʝʣʴʥʦʡ ʬʘʙʨʠʢʠ. 

           
ʜʝʡʩʪʚʫʶʱʝʝ ʚʝʱʝʩʪʚʦ ʨʝʘʛʝʥʪʘ ɼʂ-80 

ʜʠʤʝʪʠʣʵʪʠʥʠʣʢʘʨʙʠʥʦʣ 

ʅʉ¹ʉ-ʉ(ʉʅ3)2(ʆʅ) 

ʜʝʡʩʪʚʫʶʱʝʝ ʚʝʱʝʩʪʚʦ ʨʝʘʛʝʥʪʘ ʄʀʂʉ 

ʜʠʤʝʪʠʣ(ʠʟʦʧʨʦʧʝʥʠʣʵʪʠʥʠʣ)ʢʘʨʙʠʥʦʣ 

(ʉʅ3)2ʉ (ʆʅ)-ʉ¹ʉ-(ʉʅ3)=ʉʅ2 

ʘ ʙ 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʳʝ ʩʭʝʤʳ ʤʦʣʝʢʫʣ ʚʝʱʝʩʪʚ ʨʝʘʛʝʥʪʦʚ ɼʂ-80 (ʘ) ʠ ʄʀʂʉ (ʙ) 

Fig. 1. Structural diagrams of molecules of substances in reagents DK-80 (ʘ) and MIKS (ʙ) 



ʌʘʜʝʝʚʘ ʅ.ɺ., ʆʨʝʭʦʚʘ ʅ.ʅ., ʂʦʣʦʜʝʞʥʘʷ ɽ.ɺ., ʅʠʛʤʘʪʦʚʘ ʅ.ʅ. 
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ɺʘʞʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʦʛʘʱʝ-
ʥʠʷ ʛʨʘʬʠʪʘ ʬʣʦʪʘʮʠʝʡ ʙʫʜʫʪ ʦʢʘʟʳʚʘʪʴ ʧʦʜʛʦ-
ʪʦʚʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʝ ʨʘʩ-
ʢʨʳʪʠʝ ʩʨʦʩʪʢʦʚ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʝ ʩʦʩʪʦʷ-
ʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ. ʉ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 
ʠʟʤʝʣʴʯʝʥʠʷ ʩʚʷʟʘʥʦ ʫʤʝʥʴʰʝʥʠʝ ʜʠʘʤʝʪʨʘ ʢʨʠ-
ʩʪʘʣʣʠʪʦʚ ʠ ʫʚʝʣʠʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝ-
ʩʪʚʘ ʢʨʘʝʚʳʭ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, ʩ ʢʦʪʦʨʳʤʠ ʩʚʷ-
ʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʩʤʘʯʠʚʘʝʤʦʩʪʠ ʤʝʣʢʠʭ ʯʘʩʪʠʮ 
ʛʨʘʬʠʪʘ [10]. ɸ ʚ ʨʘʙʦʪʝ [11] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 
ʤʝʪʦʜ ʠʟʤʝʣʴʯʝʥʠʷ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʰʝʨʦʭʦʚʘ-
ʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ ʛʨʘʬʠʪʘ ʠ ʪʝʤ ʩʘʤʳʤ 
ʥʘ ʘʜʩʦʨʙʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢʝʨʦʩʠʥʘ ʠ ʠʟ-
ʤʝʥʝʥʠʝ ʩʤʘʯʠʚʘʝʤʦʩʪʠ ʯʘʩʪʠʮ. ɺ ʨʘʙʦʪʘʭ ʧʦ 
ʠʟʤʝʣʴʯʝʥʠʶ ʛʨʘʬʠʪʦʚ ʪʘʢʞʝ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ 
ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʤʦʣʘ 
ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʦʜʠʥʘʢʦʚʦʡ 
ʜʠʩʧʝʨʩʥʦʩʪʠ, ʥʦ ʨʘʟʥʳʭ ʩʚʦʡʩʪʚ ʠ ʥʘʠʙʦʣʴʰʠʝ 
ʪʨʫʜʥʦʩʪʠ ʚʳʟʳʚʘʝʪ ʘʛʨʝʛʘʮʠʷ ʯʘʩʪʠʮ ʛʨʘʬʠʪʘ 
ʧʨʠ ʨʘʟʤʦʣʝ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʙʫʜʝʪ ʟʘʪʨʫʜ-
ʥʷʪʴ ʩʝʣʝʢʪʠʚʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʤʠʥʝʨʘʣʦʚ [12]. 
ʅʘʣʠʯʠʝ ʤʝʣʢʦʨʘʟʤʝʨʥʳʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʧʨʠ-

ʤʝʩʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʠʰ-ʛʨʘʬʠʪʘ ʠ ʩʫʱʝʩʪʚʝʥ-
ʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ 
(ʪʚʝʨʜʦʩʪʠ ʠ ʭʨʫʧʢʦʩʪʠ) ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷ-
ʶʱʠʭ ʛʨʘʬʠʪʦʚʦʡ ʩʧʝʣʠ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʥʝʦʙʭʦ-
ʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʟʤʝʣʴʯʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫ-
ʜʦʚʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʩʝʣʝʢʪʠʚʥʦʝ ʨʘʩʢʨʳ-
ʪʠʝ ʟʝʨʝʥ. ɺ ʨʘʙʦʪʝ [13] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʘʧʧʘʨʘʪʘʭ 
ʮʝʥʪʨʦʙʝʞʥʦ-ʫʜʘʨʥʦʛʦ ʜʨʦʙʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʝ 
ʨʘʩʢʨʳʪʠʝ ʟʝʨʝʥ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʩʚʦʙʦʜʥʦʛʦ 
ʫʜʘʨʘ ʯʘʩʪʠʮ ʦ ʬʫʪʝʨʦʚʦʯʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʜʨʫʛ 
ʦʙ ʜʨʫʛʘ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʚʦʟʤʦʞ-
ʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦ-
ʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ ʚ ʪʘʢʠʭ ʤʝʣʴʥʠʮʘʭ, ʯʪʦ ʦʙʫ-
ʩʣʦʚʣʝʥʦ ʠʭ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʵʥʝʨʛʦʥʘʧʨʷʞʝʥʥʦ-
ʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʰʘʨʦʚʳʤʠ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ 

ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦʚʳʰʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ 
ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ʜʦʤʝʥʥʦʡ ʛʨʘʬʠʪʦʚʦʡ 
ʩʧʝʣʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʟʫʯʝʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 
ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʬʣʦʪʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʣʷ 
ʠʟʤʝʣʴʯʝʥʠʷ ʮʝʥʪʨʦʙʝʞʥʦ-ʫʜʘʨʥʦʡ ʤʝʣʴʥʠʮʳ ʠ 
ʨʝʘʛʝʥʪʦʚ ʢʦʤʧʣʝʢʩʥʦʛʦ ʜʝʡʩʪʚʠʷ ʥʘ ʦʩʥʦʚʝ ʜʝʡ-
ʩʪʚʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʜʠʤʝʪʠʣʵʪʠʥʠʣʢʘʨʙʠʥʦʣʘ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʬʣʦʪʘʮʠʦʥʥʦ-
ʛʦ ʦʙʦʛʘʱʝʥʠʷ ʞʝʣʝʟʦʛʨʘʬʠʪʦʚʦʡ ʩʧʝʣʠ ʤʝʪʘʣ-
ʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʧʨʦ-
ʙʝ, ʦʪʦʙʨʘʥʥʦʡ ʚ ʜʦʤʝʥʥʦʤ ʮʝʭʝ. ʇʨʦʙʘ ʧʨʝʜ-
ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʠʩʧʝʨʩʥʳʡ ʤʘʪʝʨʠʘʣ ʯʝʨʥʦʛʦ 
ʮʚʝʪʘ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʨʫʧʥʦʩʪʴʶ ʯʘʩʪʠʮ 4 ʤʤ ʠ 
ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʟʘʩʪʳʚʰʠʭ ʙʨʳʟʛ 
ʤʝʪʘʣʣʘ. ʅʝʚʦʦʨʫʞʝʥʥʳʤ ʛʣʘʟʦʤ ʚ ʧʨʦʙʝ ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʢʨʫʧʥʦʯʝʰʫʡʯʘʪʦʝ ʩʦʩʪʦʷʥʠʝ ʛʨʘʬʠʪʘ. 
ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʙʳ ʚʳʧʦʣʥʝʥ ʨʝʥʪ-
ʛʝʥʦʛʨʘʬʠʯʝʩʢʠʤ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʬʘʟʦʚʳʤ ʘʥʘ-
ʣʠʟʦʤ (ʈʂʌɸ) ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ SHIMADZU 
XRD-6000, Cu-ʘʥʦʜ, ʛʨʘʬʠʪʦʚʳʡ ʤʦʥʦʭʨʦʤʘʪʦʨ. 
ʉʦʜʝʨʞʘʥʠʷ ʬʘʟ ʨʘʩʩʯʠʪʘʥʳ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʨʦ-
ʜʫʢʪʝ SIROQUANT V4. ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʫʛʣʝʨʦʜʘ 
ʦʧʨʝʜʝʣʷʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʘʣʠʟʘʪʦʨʘ ʩʝʨʳ 
ʠ ʫʛʣʝʨʦʜʘ CS-144DR ʧʫʪʝʤ ʩʞʠʛʘʥʠʷ ʧʨʦʙʳ ʚ 
ʘʪʤʦʩʬʝʨʝ ʢʠʩʣʦʨʦʜʘ ʜʦ ʉʆ2. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʨʫʯʥʦʛʦ ʤʘʛʥʠʪʘ (ʅ= 42,8 ʢɸ/ʤ) ʦʧʨʝʜʝʣʷʣʠ ʩʦ-
ʜʝʨʞʘʥʠʝ ʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ. 
ʇʦʜʛʦʪʦʚʢʘ ʧʨʦʙʳ ʢ ʬʣʦʪʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷ-

ʣʘʩʴ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʤʝʣʴʥʠʮʝ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ 
ʜʝʡʩʪʚʠʷ ʩʦ ʩʪʘʣʴʥʳʤʠ ʰʘʨʘʤʠ ʠ ʮʝʥʪʨʦʙʝʞʥʦ-

ʫʜʘʨʥʦʡ ʤʝʣʴʥʠʮʝʡ, ʚʭʦʜʷʱʝʡ ʚ ʩʦʩʪʘʚ ʠʟʤʝʣʴʯʠ-
ʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʂʀ-0,36 ʜʣʷ ʪʦʥʢʦʛʦ ʠ ʩʚʝʨʭ-

ʪʦʥʢʦʛʦ ʩʫʭʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʦ ʢʨʝʧʦ-
ʩʪʠ, ʪʚʝʨʜʦʩʪʠ ʠ ʘʙʨʘʟʠʚʥʦʩʪʠ ʨʫʜʥʳʭ ʠ ʥʝʨʫʜ-

ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʚʤʝʱʝʥʥʦʛʦ ʩ ʚʦʟʜʫʰʥʦʡ ʜʠ-
ʥʘʤʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ (ɿɸʆ çʋʨʘʣʆʤʝʛʘè, 

ʛ. ʄʘʛʥʠʪʦʛʦʨʩʢ, https://uralomega.ru). ʀʟʤʝʣʴʯʝ-
ʥʠʝ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʤʝʣʴʥʠʮʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ 

ʚʨʝʤʝʥʠ ʠʟʤʝʣʴʯʝʥʠʷ 5, 10, 20 ʤʠʥ, ʩʦʦʪʥʦʰʝʥʠʠ 
ʊ:ɾ:ʐ, ʨʘʚʥʦʤ 1:0,5:6. ʀʟʤʝʣʴʯʠʪʝʣʴʥʳʡ ʢʦʤ-

ʧʣʝʢʩ ʙʳʣ ʥʘʩʪʨʦʝʥ ʥʘ ʧʦʣʫʯʝʥʠʝ ʧʨʦʜʫʢʪʘ ʢʨʫʧ-
ʥʦʩʪʴʶ -0,074 ʤʤ. ʌʣʦʪʘʮʠʷ ʚʳʧʦʣʥʷʣʘʩʴ ʥʘ ʬʣʦ-

ʪʦʤʘʰʠʥʝ ʌʄʃ ʩ ʦʙʲʸʤʦʤ ʢʘʤʝʨʳ 1 ʜʤ
3
. ʇʣʦʪ-

ʥʦʩʪʴ ʧʫʣʴʧʳ ʩʦʩʪʘʚʣʷʣʘ 5, 7,5, 10 ʠ 20%. ʌʣʦʪʘ-

ʮʠʷ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʦʪʢʨʳʪʦʤ ʮʠʢʣʝ ʩ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦʡ ʧʦʜʘʯʝʡ ʠ ʘʛʠʪʘʮʠʝʡ ʩ ʨʝʘʛʝʥʪʘʤʠ. ʇʨʠ 
ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʰʘʨʦʚʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʢʝʨʦʩʠʥ 

ʧʦʜʘʚʘʣʩʷ ʚ ʤʝʣʴʥʠʮʫ, ʧʨʠ ʩʫʭʦʤ ʠʟʤʝʣʴʯʝʥʠʠ 
ʚʩʝ ʨʘʛʝʥʪʳ ʧʦʜʘʚʘʣʠʩʴ ʚ ʢʘʤʝʨʫ ʬʣʦʪʦʤʘʰʠʥʳ. 

ɺʨʝʤʷ ʘʛʠʪʘʮʠʠ ʩʦʩʪʘʚʣʷʣʦ 2 ʤʠʥ. 
ʀʩʧʦʣʴʟʫʝʤʳʝ ʨʝʘʛʝʥʪʳ: ʩʦʙʠʨʘʪʝʣʴ ï ʦʩʚʝ-

ʪʠʪʝʣʴʥʳʡ ʢʝʨʦʩʠʥ ʠ ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʴ ï ɺʂʇ, 
ʪʨʘʜʠʮʠʦʥʥʳʝ ʨʝʘʛʝʥʪʳ ʧʨʠ ʦʙʦʛʘʱʝʥʠʠ ʛʨʘ-
ʬʠʪʦʚʦʡ ʨʫʜʳ ʊʘʡʛʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ; ʠʩ-
ʩʣʝʜʫʝʤʳʝ ʨʝʘʛʝʥʪʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʜʝʡʩʪʚʠʷ, 
ʧʨʦʷʚʣʷʶʱʠʝ ʠ ʩʦʙʠʨʘʪʝʣʴʥʫʶ, ʠ ʧʝʥʦʦʙʨʘʟʫ-
ʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ï ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʩʦʝʜʠʥʝ-
ʥʠʝ ɼʂ-80 (ʜʝʡʩʪʚʫʶʱʝʝ ʚʝʱʝʩʪʚʦ ʜʠʤʝʪʠʣ-
ʵʪʠʥʠʣʢʘʨʙʠʥʦʣ) ʠ ʨʝʘʛʝʥʪ ʄʠʢʩɼʂ (ʩʤʝʩʴ ʨʝʘ-
ʛʝʥʪʦʚ ɼʄʀʇʕʂ+ɼʂ-100 ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ 1:1) 
(ʜʝʡʩʪʚʫʶʱʝʝ ʚʝʱʝʩʪʚʦ ʜʠʤʝʪʠʣ (ʠʟʦʧʨʦʧʝʥʠʣ-
ʵʪʠʥʠʣ)ʢʘʨʙʠʥʦʣ), ʦʙʘ ʨʝʘʛʝʥʪʘ ʧʨʦʠʟʚʦʜʩʪʚʘ 
ʆʆʆ çɹʠʦʍʠʤʇʨʦʤè (ʛ. ʄʦʩʢʚʘ) [14] ʧʦʣʫʯʘʶʪ 
ʧʨʷʤʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʘʮʝʪʠʣʝʥʘ ʩ ʘʮʝʪʦʥʦʤ 
ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʜʝʛʠʜʨʘʪʘʮʠʝʡ ʧʨʦʜʫʢʪʘ ʨʝʘʢ-
ʮʠʠ ʥʘ ʩʪʘʜʠʠ ʝʛʦ ʦʯʠʩʪʢʠ ʨʝʢʪʠʬʠʢʘʮʠʝʡ. ʆʩ-
ʥʦʚʥʦʝ ʚʝʱʝʩʪʚʦ ʠʤʝʝʪ ʩʦʧʨʷʞʝʥʥʫʶ ʩʠʩʪʝʤʫ 
-́ʵʣʝʢʪʨʦʥʦʚ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʩʦʯʝʪʘʥʠʷ ʘʮʝʪʠ-
ʣʝʥʦʚʦʡ ʠ ʵʪʠʣʝʥʦʚʦʡ ʩʚʷʟʝʡ. 

https://uralomega.ru/
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ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʇʦʣʫʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ 
ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʦʙʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʝʠʫʱʝʩʪʚʝʥʥʦ 
ʤʘʛʥʝʪʠʪʦʤ ʠ ʛʝʤʘʪʠʪʦʤ (ʦʢʦʣʦ 50 ʠ 25% ʩʦʦʪʚʝʪ-
ʩʪʚʝʥʥʦ), ʛʨʘʬʠʪʘ ʚ ʧʨʦʙʝ ʩʦʜʝʨʞʠʪʩʷ 16%, ʦʩʪʘʚ-
ʰʘʷʩʷ ʯʘʩʪʴ ʧʨʦʙʳ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʢʚʘʨʮ. ʄʘʩʩʦʚʘʷ 
ʜʦʣʷ ʫʛʣʝʨʦʜʘ ʩʦʩʪʘʚʠʣʘ 5,11%. ʆʩʥʦʚʥʳʝ ʬʦʨʤʳ 
ʚʳʜʝʣʝʥʠʡ ʛʨʘʬʠʪʘ ʚ ʧʨʦʙʝ ï ʧʣʦʩʢʠʝ ʙʣʝʩʪʷʱʠʝ 
ʯʝʰʫʡʢʠ ʦʢʨʫʛʣʦʡ ʠʣʠ ʙʣʠʟʢʦʡ ʢ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ 
ʬʦʨʤʳ, ʠʤʝʶʱʠʝ ʥʘ ʩʚʦʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʥʘʯʠ-
ʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪ ʤʝʣʴʯʘʡʰʠʭ ʜʦ ʜʦʩʪʘʪʦʯʥʦ 
ʢʨʫʧʥʳʭ ʩʬʝʨʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ (ʨʠʩ. 2). ʉʬʝʨʠ-
ʯʝʩʢʫʶ ʬʦʨʤʫ ʠʤʝʶʪ ʯʘʩʪʠʮʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʞʝʣʝ-
ʟʘ ʠ ʢʠʩʣʦʨʦʜʘ, ʨʘʟʤʝʨ ʚʳʜʝʣʝʥʠʡ ï ʦʪ ʤʠʢʨʦʩʢʦ-
ʧʠʯʝʩʢʠʭ ʜʦ ʢʨʫʧʥʳʭ. ɿʘʛʨʷʟʥʝʥʠʝ ʯʝʰʫʝʢ ʛʨʘʬʠ-
ʪʘ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʤʠ ʧʨʠʤʝʩʷʤʠ ʧʦʜʪʚʝʨʞʜʘʝʪ-
ʩʷ ʜʘʥʥʳʤʠ ʤʘʛʥʠʪʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦ ʢʣʘʩʩʘʤ ʢʨʫʧ-
ʥʦʩʪʠ (ʨʠʩ. 3). 

 

ʈʠʩ. 2. ɺʠʜ ʧʨʦʙʳ ʧʦʜ ʤʠʢʨʦʩʢʦʧʦʤ (ʚ 1-ʤ ʜʝʣʝʥʠʠ ï  

100 ʤʢʤ), ʚʳʧʦʣʥʝʥʦ ʥʘ ʫʩʪʘʥʦʚʢʝ ʤʠʥʝʨʘʣ ʉ7 

SIAMS Photolab ʚ ʦʪʨʘʞʝʥʥʦʤ ʩʚʝʪʝ 
Fig. 2. Microscope view of the sample (1 division  

is 100 ɛm) in Mineral C7 of SIAMS Photolab  
in reflected light 

 
ʈʠʩ. 3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ ʧʦ ʢʣʘʩʩʘʤ  

ʢʨʫʧʥʦʩʪʠ 
Fig. 3. Distribution of magnetic particles by size classes 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 
ʠʟʤʝʣʴʯʝʥʠʷ ʚ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ (ʨʠʩ. 4, ʘ) ʧʦ-
ʢʘʟʘʣʦ, ʯʪʦ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʪʚʝʨʜʦʛʦ ʚʦ ʬʣʦʪʘ-
ʮʠʠ 20 % ʠ ʧʦʚʳʰʝʥʠʠ ʪʦʥʠʥʳ ʧʦʤʦʣʘ ʩ 63,5 ʜʦ 
81% ʢʣʘʩʩʘ ï 0,074 ʤʤ ʚʳʭʦʜ ʢʦʥʮʝʥʪʨʘʪʘ ʥʘʭʦ-
ʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 15,9-17,3%, ʩʫʱʝʩʪʚʝʥʥʦʛʦ 
ʚʣʠʷʥʠʷ ʥʘ ʤʘʩʩʦʚʫʶ ʜʦʣʶ ʫʛʣʝʨʦʜʘ ʥʝʪ. ʀʟʚʣʝ-
ʯʝʥʠʝ ʫʛʣʝʨʦʜʘ ʚ ʢʦʥʮʝʥʪʨʘʪ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 
10,5%. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʩʦ-
ʜʝʨʞʘʥʠʷ ʚ ʧʝʥʥʦʤ ʧʨʦʜʫʢʪʝ ʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ. 
ɹʦʣʴʰʝ ʚʩʝʛʦ ʤʘʛʥʠʪʥʦʡ ʬʨʘʢʮʠʠ ʠʟʚʣʝʢʘʝʪʩʷ ʚ 
ʧʝʥʥʳʡ ʧʨʦʜʫʢʪ ʧʨʠ ʢʨʫʧʥʦʩʪʠ ʠʟʤʝʣʴʯʝʥʠʷ 
70,88% ʢʣʘʩʩʘ ï 0,074 ʤʤ. 
ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʦʣʝʝ ʨʘʟʙʘʚʣʝʥʥʳʭ 

ʧʫʣʴʧ, ʩʦʜʝʨʞʘʱʠʭ 70,88% ʢʣʘʩʩʘ -0,074 ʤʤ, 
ʧʦʢʘʟʘʪʝʣʠ ʬʣʦʪʘʮʠʠ ʧʦ ʫʛʣʝʨʦʜʫ ʩʪʘʥʦʚʷʪʩʷ 
ʚʳʰʝ ï ʜʦ 50% ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʪʚʝʨʜʦʛʦ 5% 
(ʨʠʩ. 4, ʙ). ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʩʦ-
ʜʝʨʞʘʥʠʝ ʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ. ʅʘʠʣʫʯʰʠʝ ʧʦʢʘ-
ʟʘʪʝʣʠ ʬʣʦʪʘʮʠʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ 
ʪʚʝʨʜʦʛʦ 7,5%: ʚʳʭʦʜ ʢʦʥʮʝʥʪʨʘʪʘ ʩʦʩʪʘʚʠʣ 
20,7%, ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʫʛʣʝʨʦʜʘ ï 47%, ʤʘʛʥʠʪʥʦʡ 
ʬʨʘʢʮʠʠ ï 42,8% ʧʨʠ ʠʟʚʣʝʯʝʥʠʠ ʫʛʣʝʨʦʜʘ ʚ 
ʢʦʥʮʝʥʪʨʘʪ ï 97%. 

 

ʘ 

 

ʙ 
ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʢʘʟʘʪʝʣʝʡ ʬʣʦʪʘʮʠʠ ʛʨʘʬʠʪʦʚʦʡ  

ʩʧʝʣʠ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠʟʤʝʣʴʯʝʥʠʷ  
ʚ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ (ʘ) ʠ ʩʦʜʝʨʞʘʥʠʷ  
ʪʚʝʨʜʦʛʦ ʚʦ ʬʣʦʪʘʮʠʠ (ʙ) 

Fig. 4. Dependence of the kish graphite flotation  
performance on the duration of grinding in a ball  
mill (a) and the solids content in the flotation (ʙ) 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʫʭʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʛʨʘʬʠʪʦʚʦʡ 
ʩʧʝʣʠ ʚ ʮʝʥʪʨʦʙʝʞʥʦ-ʫʜʘʨʥʦʡ ʤʝʣʴʥʠʮʝ ʠʟʤʝʣʴ-
ʯʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʂʀ-0,36 ʩ ʧʦʩʣʝʜʫʶʱʝʡ 
ʜʠʥʘʤʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʧʦ ʢʣʘʩʩʫ -0,074 
ʤʤ ʧʦʣʫʯʝʥʳ ʢʨʫʧʥʳʡ ʠ ʤʝʣʢʠʡ ʧʨʦʜʫʢʪʳ, ʚʳʭʦʜ 
ʢʦʪʦʨʳʭ ʦʪ ʠʩʭʦʜʥʦʡ ʧʨʦʙʳ ʩʦʩʪʘʚʠʣ ʩʦʦʪʚʝʪ-
ʩʪʚʝʥʥʦ 27 ʠ 73%, ʧʨʠ ʦʙʦʛʘʱʝʥʠʠ ʛʨʘʬʠʪʦʤ 
ʤʝʣʢʦʛʦ ʧʨʦʜʫʢʪʘ. ʇʦʩʣʝʜʫʶʱʘʷ ʬʣʦʪʘʮʠʷ ʧʦʣʫ-
ʯʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʢʘ-
ʯʝʩʪʚʝʥʥʳʝ ʛʨʘʬʠʪʦʚʳʝ ʢʦʥʮʝʥʪʨʘʪʳ, ʦʩʦʙʝʥʥʦ 
ʠʟ ʤʝʣʢʦʛʦ ʧʨʦʜʫʢʪʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ (ʪʘʙʣ. 2). 
ʇʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʛʨʘʬʠʪʦʚʦʡ ʧʳʣʠ, 

ʠʟʤʝʣʴʯʝʥʥʦʡ ʚ ʂʀ-0,36, ʧʦ ʧʨʦʜʫʢʪʘʤ ʜʠʥʘʤʠ-
ʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʧʦ 
ʢʨʫʧʥʦʩʪʠ, ʥʦ ʠ ʧʦ ʧʣʦʪʥʦʩʪʠ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘ-
ʝʪ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʫʛʣʝʨʦʜʘ ʚ ʤʝʣʢʦʤ ʧʨʦʜʫʢʪʝ 
ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʨʫʧʥʳʤ. ʋʤʝʥʴʰʝʥʠʝ ʜʦʣʠ 
ʤʘʛʥʠʪʥʦʡ ʬʨʘʢʮʠʠ ʚ ʧʝʥʥʦʤ ʧʨʦʜʫʢʪʝ ʩʚʷʟʘʥʦ ʩ 
ʦʯʠʱʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʯʝʰʫʝʢ ʛʨʘʬʠʪʘ ʦʪ ʩʬʝ-
ʨʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ ʠ ʦʙʫʩʣʦʚʣʝʥʦ 
ʙʦʣʝʝ ʩʝʣʝʢʪʠʚʥʦʡ ʜʝʟʠʥʪʝʛʨʘʮʠʝʡ ʫʩʢʦʨʝʥʥʳʭ 
ʯʘʩʪʠʮ, ʨʘʟʨʫʰʘʶʱʠʭʩʷ ʩʚʦʙʦʜʥʳʤ ʫʜʘʨʦʤ. 
ʋʚʝʣʠʯʝʥʠʝ ʞʝ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʛʨʘʬʠʪʘ ʤʦʞʝʪ 
ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʧʦʣʫʯʝʥʠʝʤ ʛʨʘʬʠʪʦʚʳʭ ʯʘʩʪʠʮ 
ʙʦʣʝʝ ʫʟʢʦʛʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʇʨʠ 
ʵʪʦʤ ʩʦʦʪʥʦʰʝʥʠʝ ʧʣʦʱʘʜʝʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʯʝ-
ʰʫʝʢ, ʧʦ ʢʦʪʦʨʳʤ ʛʨʘʬʠʪ ʛʠʜʨʦʬʦʙʥʳʡ, ʠ ʧʣʦ-

ʱʘʜʝʡ ʛʨʘʥʝʡ, ʧʦ ʢʦʪʦʨʳʤ ʦʥ ʛʠʜʨʦʬʠʣʴʥʳʡ, 
ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʯʘʩʪʠʮ ʙʫʜʝʪ ʦʜʠʥʘʢʦʚʳʤ. ʉʦ-
ʦʪʚʝʪʩʪʚʝʥʥʦ, ʵʪʦ ʙʫʜʝʪ ʦʙʫʩʣʘʚʣʠʚʘʪʴ ʦʜʠʥʘʢʦ-
ʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʝʘʛʝʥʪʦʚ ʩ ʤʠʥʝʨʘʣʦʤ ʠ 
ʦʜʠʥʘʢʦʚʫʶ ʬʣʦʪʠʨʫʝʤʦʩʪʴ ʚʩʝʭ ʯʘʩʪʠʮ ʛʨʘʬʠ-
ʪʘ. ɺʦʟʨʘʩʪʘʥʠʝ ʬʣʦʪʘʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʛʨʘ-
ʬʠʪʘ ʠʟ ʞʝʣʝʟʦʛʨʘʬʠʪʦʚʦʡ ʩʧʝʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 
ʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʝʛʦ ʚ ʤʝʣʴʥʠʮʝ ʮʝʥʪʨʦ-
ʙʝʞʥʦ-ʫʜʘʨʥʦʛʦ ʪʠʧʘ ʚʳʰʝ ʚ ʤʝʣʢʦʤ ʧʨʦʜʫʢʪʝ. 
ɹʦʣʝʝ ʘʢʪʠʚʥʘʷ ʬʣʦʪʘʮʠʷ ʛʨʘʬʠʪʘ ʧʦʩʣʝ ʠʟʤʝʣʴ-
ʯʝʥʠʷ ʝʛʦ ʚ ʮʝʥʪʨʦʙʝʞʥʦ-ʫʜʘʨʥʦʡ ʤʝʣʴʥʠʮʝ 
ʥʘʙʣʶʜʘʣʘʩʴ ʠ ʚʠʟʫʘʣʴʥʦ ʠ ʧʨʦʷʚʣʷʣʘʩʴ ʚ ʦʙʨʘ-
ʟʦʚʘʥʠʠ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʡ ʧʝʥʳ ʫʞʝ ʚ ʧʨʦʮʝʩʩʝ 
ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʧʫʣʴʧʳ ʜʦ ʧʦʜʘʯʠ ʢʝʨʦʩʠʥʘ. ɺ 
ʩʚʷʟʠ ʩ ʵʪʠʤ ʨʝʘʛʝʥʪʥʳʡ ʨʝʞʠʤ ʬʣʦʪʘʮʠʠ ʙʳʣ 
ʠʟʤʝʥʝʥ ʠ ʠʩʢʣʶʯʘʣ ʧʦʜʘʯʫ ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʷ 
ɺʂʇ. ʊʦ ʝʩʪʴ ʩʫʭʦʝ ʠʟʤʝʣʴʯʝʥʠʝ ʚ ʮʝʥʪʨʦʙʝʞ-
ʥʦʡ ʤʝʣʴʥʠʮʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡʩʷ ʙʦʣʝʝ ʚʳʩʦ-
ʢʦʡ ʵʥʝʨʛʦʥʘʧʨʷʞʝʥʥʦʩʪʴʶ [15], ʦʙʫʩʣʘʚʣʠʚʘʝʪ 
ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 
ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ ʛʨʘʬʠʪʘ ʠ ʧʦʚʳʰʝʥʠʝ ʠʭ 
ʬʣʦʪʘʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ.  
ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʨʝʘʛʝʥʪʦʚ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʜʝʡʩʪʚʠʷ ʥʘ ʬʣʦʪʘʮʠʶ ʧʨʦʜʫʢʪʦʚ 
ʮʝʥʪʨʦʙʝʞʥʦ-ʫʜʘʨʥʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʜʠʥʘʤʠ-
ʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʞʝʣʝʟʦʛʨʘʬʠʪʦʚʦʡ ʧʳʣʠ 
ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3. 

ʊʘʙʣʠʮʘ 2. ɺʣʠʷʥʠʝ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʬʣʦʪʘʮʠʠ ʛʨʘʬʠʪʦʚʦʡ ʩʧʝʣʠ 
T a b l e  2 . Influence of mechanical activation on the kish graphite flotation performance 

ʉʧʦʩʦʙ ʧʦʤʦʣʘ 
ɺʳʭʦʜ 

ʢʦʥʮʝʥʪʨʘʪʘ, % 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ, % 
ʀʟʚʣʝʯʝʥʠʝ 

ʫʛʣʝʨʦʜʘ, % ʫʛʣʝʨʦʜʘ  

ʚ ʠʟʤʝʣʴʯʝʥʥʦʡ ʧʨʦʙʝ 

ʫʛʣʝʨʦʜʘ  

ʚ ʢʦʥʮʝʥʪʨʘʪʝ 

ʤʘʛʥʠʪʥʦʡ  

ʬʨʘʢʮʠʠ 

ʄʝʪʘʣʣʠʯʝʩʢʠʤʠ ʰʘʨʘʤʠ 

(b
-0,074 ʤʤ

 = 81,16%) 
17,27 5,11 28,7 27,1 97,02 

ʂʨʫʧʥʳʡ ʧʨʦʜʫʢʪ ʂʀ-0,36 

(b
-0,04 ʤʤ

 = 89,35%) 
* 7,84 4,09 46,2 5,27 88,61 

ʄʝʣʢʠʡ ʧʨʦʜʫʢʪ ʂʀ-0,36 

(b
-0,04 ʤʤ

 = 91,3%) 
* 12,43 7,19 51,4 4,71 88,89 

* ʇʦʢʘʟʘʪʝʣʠ ʬʣʦʪʘʮʠʠ ʢʨʫʧʥʦʛʦ ʠ ʤʝʣʢʦʛʦ ʧʨʦʜʫʢʪʘ ʨʘʩʩʯʠʪʘʥʳ ʦʪ ʦʧʝʨʘʮʠʠ ʬʣʦʪʘʮʠʠ. 

ʊʘʙʣʠʮʘ 3. ɺʣʠʷʥʠʝ ʨʝʘʛʝʥʪʦʚ ʩ ʘʮʝʪʠʣʝʥʦʚʦʡ ʩʚʷʟʴʶ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʬʣʦʪʘʮʠʠ ʧʨʦʜʫʢʪʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ  
ʛʨʘʬʠʪʦʚʦʡ ʩʧʝʣʠ, ʠʟʤʝʣʴʯʝʥʥʦʡ ʚ ʮʝʥʪʨʦʙʝʞʥʦʡ ʤʝʣʴʥʠʮʝ 

T a b l e  3 . Influence of reagents with an acetylene bond on the flotation performance of the products  
of the classification of kish graphite crushed in a centrifugal mill 

ʈʝʘʛʝʥʪ 

ʂʨʫʧʥʳʡ ʧʨʦʜʫʢʪ ʂʀ-0,36 ʄʝʣʢʠʡ ʧʨʦʜʫʢʪ ʂʀ-0,36 

ɺʳʭʦʜ, % 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ, % 
ʀʟʚʣʝʯʝʥʠʝ 

ʫʛʣʝʨʦʜʘ, % 
ɺʳʭʦʜ, % 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ, % 
ʀʟʚʣʝʯʝʥʠʝ 

ʫʛʣʝʨʦʜʘ, % ʫʛʣʝʨʦʜʘ 
ʤʘʛʥʠʪʥʦʡ  

ʬʨʘʢʮʠʠ 
ʫʛʣʝʨʦʜʘ 

ʤʘʛʥʠʪʥʦʡ 

ʬʨʘʢʮʠʠ 

ʂʝʨʦʩʠʥ 7,84 46,2 5,27 88,61 12,43 51,4 4,71 88,89 

ɼʂ-80 3,77 63,8 12,79 58,88 14,05 43,4 6,03 84,79 

ʄʀʂʉ 3,33 71,6 7,49 58,29 16,27 40,7 8,43 92,08 

 



ʊɽʍʅʆʃʆɻʀʀ ʇɽʈɽʈɸɹʆʊʂʀ ʀ ʋʊʀʃʀɿɸʎʀʀ ʊɽʍʅʆɻɽʅʅʓʍ ʆɹʈɸɿʆɺɸʅʀʁ ʀ ʆʊʍʆɼʆɺ 

ïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïï   ɺʝʩʪʥʠʢ ʄɻʊʋ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘ. 2022. ʊ.20. ˉ4 44 

ɼʝʡʩʪʚʠʝ ʨʝʘʛʝʥʪʦʚ ʚʦ ʬʣʦʪʘʮʠʦʥʥʦʤ ʧʨʦʮʝʩ-
ʩʝ ʦʙʫʩʣʦʚʣʝʥʦ ʤʥʦʛʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʦʜʥʠʤ ʠʟ 
ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʧʝʥʦʦʙʨʘʟʦʚʘʥʠʷ. ʇʨʠ 
ʬʣʦʪʘʮʠʠ ʧʨʦʜʫʢʪʦʚ ʜʠʥʘʤʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘ-
ʮʠʠ ʠʟʤʝʣʴʯʝʥʥʦʡ ʚ ʂʀ-0,36 ʛʨʘʬʠʪʦʚʦʡ ʩʧʝʣʠ ʚ 
ʧʨʠʩʫʪʩʪʚʠʠ ʨʝʘʛʝʥʪʦʚ ɼʂ-80 ʠ ʄʀʂʉ ʥʘʙʣʶʜʘ-
ʣʦʩʴ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʤʠʥʝʨʘʣʠʟʦ-
ʚʘʥʥʦʡ ʧʝʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʣʦʪʘʮʠʝʡ ʢʝʨʦʩʠ-
ʥʦʤ. ʋʚʝʣʠʯʝʥʠʝ ʧʝʥʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʢʦʥʪʘʢʪʝ 
ʘʥʘʣʦʛʠʯʥʳʭ ʨʝʘʛʝʥʪʦʚ ʩ ʪʚʝʨʜʦʡ ʬʘʟʦʡ ʦʪʤʝʯʘ-
ʝʪʩʷ ʠ ʚ ʨʘʙʦʪʝ [11]. ʀʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʜʚʫʭʬʘʟ-
ʥʳʭ ʧʝʥ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʨʝʘʛʝʥʪʳ ɼʂ-80 ʠ ʄʀʂʉ, 
ʠʤʝʶʱʠʝ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʜʠʤʝʪʠʣʵʪʠʥʠʣʢʘʨʙʠ-
ʥʦʣ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʛʠʜ-
ʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ, ʧʝʥʦʦʙʨʘʟʫʶʱʠʤʠ ʩʚʦʡ-
ʩʪʚʘʤʠ ʚ ʩʚʦʠʭ ʨʘʩʪʚʦʨʘʭ ʥʝ ʦʙʣʘʜʘʶʪ. ʆʜʥʘʢʦ ʚ 
ʠʭ ʧʨʠʩʫʪʩʪʚʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʝʥʦʦʙʨʘʟʦʚʘʥʠʝ 
ʨʘʩʪʚʦʨʦʚ ɺʂʇ (ʨʠʩ. 5). ʇʦ ʤʥʝʥʠʶ ʧʨʦʠʟʚʦʜʠ-
ʪʝʣʝʡ ʨʝʘʛʝʥʪʦʚ [11], ʫʚʝʣʠʯʝʥʠʝ ʧʝʥʦʦʙʨʘʟʦʚʘ-
ʥʠʷ ʦʙʫʩʣʦʚʣʝʥʦ ʫʜʣʠʥʝʥʠʝʤ ʛʠʜʨʦʬʦʙʥʦʡ ʯʘʩʪʠ 
ʤʦʣʝʢʫʣ ʟʘ ʩʯʝʪ ʠʭ ʩʮʝʧʣʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʵʣʘ-
ʩʪʠʯʥʦʩʪʠ ʚʦʟʜʫʰʥʳʭ ʧʫʟʳʨʴʢʦʚ. 
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Fig. 5. Influence of the concentration of reagents DK-80 
(ʘ) and MIKS (ʙ) on the foaming ability  
of solutions of high-boiling products (HBP) 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ 

ʜʚʫʭʬʘʟʥʳʭ ʧʝʥ ʠ ʚʣʠʷʥʠʷ ʨʝʘʛʝʥʪʦʚ ʩ ʘʮʝʪʠʣʝʥʦ-

ʚʦʡ ʩʚʷʟʴʶ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʬʣʦʪʘʮʠʠ ʧʨʦʜʫʢʪʦʚ ʤʝ-

ʭʘʥʦʘʢʪʠʚʠʨʫʶʱʝʛʦ ʮʝʥʪʨʦʙʝʞʥʦ-ʫʜʘʨʥʦʛʦ ʠʟ-

ʤʝʣʴʯʝʥʠʷ ʛʨʘʬʠʪʦʚʦʡ ʩʧʝʣʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʦʞʝ-

ʥʳ ʚ ʦʩʥʦʚʫ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ ʦʙʦʛʘʱʝʥʠʷ 

ʛʨʘʬʠʪʦʚʦʡ ʩʧʝʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʣʦʥʥʳʭ 

ʬʣʦʪʦʤʘʰʠʥ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʚʳʩʦʢʦʡ ʩʝʣʝʢ-

ʪʠʚʥʦʩʪʴʶ ʟʘ ʩʯʝʪ ʧʨʦʮʝʩʩʦʚ ʚʪʦʨʠʯʥʦʛʦ ʦʙʦʛʘ-

ʱʝʥʠʷ ʚ ʧʝʥʥʦʤ ʩʣʦʝ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʏʝʰʫʡʢʠ ʛʨʘʬʠʪʘ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʞʝʣʝ-

ʟʦʛʨʘʬʠʪʦʚʦʡ ʩʧʝʣʠ ʜʦʤʝʥʥʦʛʦ ʮʝʭʘ, ʭʘʨʘʢʪʝʨʠ-

ʟʫʶʪʩʷ ʟʘʛʨʷʟʥʝʥʠʝʤ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʤʝʞʩʣʦʝ-

ʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʬʝʨʠʯʝʩʢʠʤʠ ʯʘʩʪʠʮʘʤʠ ʦʢ-

ʩʠʜʦʚ ʞʝʣʝʟʘ. ʕʪʦ ʧʨʠʜʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʤ ʯʘ-

ʩʪʠʮʘʤ ʧʨʦʙʳ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʧʨʝʜʦʧʨʝ-

ʜʝʣʷʝʪ ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʫʜʘʣʝʥʠʷ 

ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ ʧʨʠʤʝʩʝʡ. ʉʝʣʝʢʪʠʚʥʦʝ ʚʳ-

ʜʝʣʝʥʠʝ ʛʨʘʬʠʪʘ ʠʟ ʛʨʘʬʠʪʠʟʠʨʦʚʘʥʥʦʡ ʜʦʤʝʥ-

ʥʦʡ ʧʳʣʠ ʚʦʟʤʦʞʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʣʦʪʘʮʠʠ. 

ʋʚʝʣʠʯʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʤʦʢʨʦʛʦ 

ʧʦʤʦʣʘ ʩʪʘʣʴʥʳʤʠ ʰʘʨʘʤʠ ʚ ʙʘʨʘʙʘʥʥʦʡ ʤʝʣʴ-

ʥʠʮʝ ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ 

ʨʝʟʫʣʴʪʘʪʳ ʬʣʦʪʘʮʠʠ ʞʝʣʝʟʦʛʨʘʬʠʪʦʚʦʡ ʩʧʝʣʠ. 

ʇʨʠ ʵʪʦʤ ʧʦʢʘʟʘʪʝʣʠ ʬʣʦʪʘʮʠʠ ʚʳʰʝ ʧʨʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʙʘʚʣʝʥʥʳʭ ʧʫʣʴʧ. 

ʉʫʭʦʡ ʧʦʤʦʣ ʩ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʝʡ ʚ ʮʝʥʪʨʦ-

ʙʝʞʥʦ-ʫʜʘʨʥʦʡ ʤʝʣʴʥʠʮʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʝʣʝʢ-

ʪʠʚʥʫʶ ʜʝʟʠʥʪʝʛʨʘʮʠʶ ʯʘʩʪʠʮ ʩʧʝʣʠ ʠ ʫʚʝʣʠʯʝ-

ʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʛʨʘʬʠʪʦʚʳʭ ʯʘ-

ʩʪʠʮ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ 

ʦʙʲʝʜʠʥʝʥʥʳʭ ʛʨʘʬʠʪʦʚʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʬʣʦʪʘ-

ʮʠʠ ʢʨʫʧʥʦʛʦ ʠ ʤʝʣʢʦʛʦ ʧʨʦʜʫʢʪʦʚ ʧʦ ʤʘʩʩʦʚʦʡ 

ʜʦʣʝ ʫʛʣʝʨʦʜʘ ʥʘ 19,77% ʠ ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨ-

ʞʘʥʠʷ ʤʘʛʥʠʪʥʦʡ ʬʨʘʢʮʠʠ ʥʘ 22,15% ʧʨʠ ʫʚʝʣʠ-

ʯʝʥʠʠ ʧʦʪʝʨʴ ʫʛʣʝʨʦʜʘ ʩ ʭʚʦʩʪʘʤʠ ʥʘ 8,31%. 

ʌʣʦʪʘʮʠʦʥʥʳʝ ʨʝʘʛʝʥʪʳ ɼʂ-80 ʠ ʄʀʂʉ ʩ 

ʜʝʡʩʪʚʫʶʱʠʤ ʚʝʱʝʩʪʚʦʤ ʜʠʤʝʪʠʣʵʪʠʥʠʣʢʘʨʙʠʥʦ-

ʣʦʤ, ʠʤʝʶʱʠʤ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʘʮʝʪʠʣʝʥʦʚʫʶ 

ʩʚʷʟʴ, ʧʨʦʷʚʣʷʶʪ ʨʘʟʣʠʯʥʫʶ ʬʣʦʪʘʮʠʦʥʥʫʶ ʘʢ-

ʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʛʨʘʬʠʪʫ, ʧʝʨʝʨʘʩʧʨʝʜʝ-

ʣʝʥʥʦʤʫ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘ-

ʮʠʠ ʚ ʢʨʫʧʥʳʡ ʠ ʤʝʣʢʠʡ ʧʨʦʜʫʢʪʳ. ʇʨʠ ʬʣʦʪʘʮʠʠ 

ʢʨʫʧʥʦʛʦ ʧʨʦʜʫʢʪʘ ʨʝʘʛʝʥʪʳ ʧʨʦʷʚʣʷʶʪ ʙʦʣʴʰʫʶ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʢ ʛʨʘʬʠʪʫ, ʥʦ ʠ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʟʘ-

ʛʨʷʟʥʝʥʠʝ ʤʘʛʥʠʪʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʠ ʥʠʟʢʦʝ ʠʟʚʣʝ-

ʯʝʥʠʝ ʫʛʣʝʨʦʜʘ. ʇʨʠ ʬʣʦʪʘʮʠʠ ʤʝʣʢʦʛʦ ʧʨʦʜʫʢʪʘ 

ʬʣʦʪʦʘʢʪʠʚʥʦʩʪʴ ʨʝʘʛʝʥʪʦʚ ʢ ʛʨʘʬʠʪʫ ʥʠʞʝ, ʥʦ ʧʦ 

ʤʘʩʩʦʚʦʡ ʜʦʣʝ ʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ ʢʦʥʮʝʥʪʨʘʪʳ 

ʯʠʱʝ ʠ ʠʟʚʣʝʯʝʥʠʝ ʫʛʣʝʨʦʜʘ ʚʳʰʝ. 
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ʈʘʩʪʚʦʨʳ ʨʝʘʛʝʥʪʦʚ ʩ ʜʠʤʝʪʠʣʵʪʠʥʠʣʢʘʨʙʠ-

ʥʦʣʦʤ ʥʝ ʦʙʣʘʜʘʶʪ ʧʝʥʦʦʙʨʘʟʫʶʱʠʤʠ ʩʚʦʡ-

ʩʪʚʘʤʠ, ʥʦ ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʚʝʣʠʯʝʥʠʶ ʧʝʥʦʦʙʨʘ-

ʟʦʚʘʥʠʷ ʚ ʜʚʫʭʬʘʟʥʦʡ ʩʠʩʪʝʤʝ ʩ ɺʂʇ ʠ ʧʨʠ ʢʦʥ-

ʪʘʢʪʝ ʩ ʪʚʝʨʜʦʡ ʬʘʟʦʡ. ɼʘʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʨʝʘ-

ʛʝʥʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʪʝʭʥʦʣʦʛʠʠ ʬʣʦʪʘʮʠʠ ʛʨʘʬʠʪʦʚʦʡ ʩʧʝʣʠ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʣʦʥʥʳʭ ʬʣʦʪʦʤʘʰʠʥ, ʭʘʨʘʢʪʝ-

ʨʠʟʫʶʱʠʭʩʷ ʧʦʚʳʰʝʥʠʝʤ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʬʣʦʪʘ-

ʮʠʠ ʟʘ ʩʯʝʪ ʧʨʦʮʝʩʩʦʚ ʚʪʦʨʠʯʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ʚ 

ʧʝʥʥʦʤ ʩʣʦʝ. 
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ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʚ ʚʠʜʝ ʧʨʫʪʢʦʚ, ʧʨʦʬʠʣʝʡ, ʧʨʦʚʦʣʦʢʠ ʠ ʪ.ʧ. ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦ-
ʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʚʘʞʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʝʩʩ-ʠʟʜʝʣʠʡ ʤʘʣʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ, ʪʘʢ ʢʘʢ ʪʝʭʥʦʣʦ-
ʛʠʠ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʪʨʫʜʦ- ʠ ʵʥʝʨʛʦʝʤʢʦʩʪʴʶ. ɺ 
ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʩʥʠʞʝʥʠʷ ʵʪʠʭ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ 
ʤʝʪʦʜʘ ʙʝʩʩʣʠʪʢʦʚʦʡ ʧʨʦʢʘʪʢʠ-ʧʨʝʩʩʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʟʘ ʦʜʠʥ ʮʠʢʣ ʠ ʚ ʦʜʥʦʤ ʫʟʣʝ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʘʪʴ ʠʟ 
ʨʘʩʧʣʘʚʘ ʤʝʪʘʣʣʘ ʪʘʢʠʝ ʧʨʝʩʩ-ʠʟʜʝʣʠʷ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ 
ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʦʣʫʯʝʥʠʶ ʧʨʫʪʢʦʚ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ 6082 ʚʳʧʦʣʥʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-
ʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʜʣʷ ʚʥʝʜʨʝ-
ʥʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʊʘʢ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʧʨʠʥʮʠʧʘ ʤʠʥʠʤʫʤʘ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʙʘʣʘʥʩʘ ʤʦʱʥʦ-
ʩʪʝʡ ʦʧʨʝʜʝʣʝʥʳ ʨʝʘʣʠʟʫʝʤʦʩʪʴ ʠ ʦʩʥʦʚʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʙʝʩʩʣʠʪʢʦʚʦʡ ʧʨʦʢʘʪʢʠ-
ʧʨʝʩʩʦʚʘʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʫʪʢʦʚ ʤʘʣʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʠʟ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʧʣʘʚʘ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠ-
ʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʦʚʝʜʝʥʳ ʥʘ ʫʩʪʘʥʦʚʢʝ ʩʦʚʤʝʱʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʉʃʀʇʇ-2,5, ʧʦʢʘʟʘʣʠ, ʯʪʦ 
ʫʨʦʚʝʥʴ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʫʪʢʦʚ ʠʟ ʩʧʣʘʚʘ 6082, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʙʝʩʩʣʠʪʢʦʚʦʡ ʧʨʦʢʘʪʢʠ-ʧʨʝʩʩʦʚʘʥʠʷ, 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʠ ʩʦʧʦʩʪʘʚʠʤ ʩ ʫʨʦʚʥʝʤ ʩʚʦʡʩʪʚ ʧʨʫʪʢʦʚ ʠʟ ʵʪʦʛʦ ʩʧʣʘʚʘ, 
ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʤʝʪʦʜʦʤ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ ʪʘʢʞʝ, ʯʪʦ ʜʣʷ ʩʣʫʯʘʷ 
ʧʨʦʢʘʪʢʠ-ʧʨʝʩʩʦʚʘʥʠʷ ʥʘ ʫʩʪʘʥʦʚʢʝ ʩ ʨʘʟʤʝʨʘʤʠ ʢʘʣʠʙʨʘ 19Ĭ42 ʤʤ ʤʘʢʩʠʤʘʣʴʥʦʝ ʫʩʠʣʠʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 400  
ʥʘ ʚʘʣʢʘʭ ʠ ʤʘʪʨʠʮʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 1 ʄʅ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʮʠʢʣʠʯʝʩʢʦʤ ʧʨʝʩʩʦʚʘʥʠʠ ʧʦ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦ-
ʛʠʠ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʝʩʩ ʫʩʠʣʠʝʤ 20 ʄʅ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʝʢʦʤʝʥʜʫʶʪʩʷ ʪʘʢʞʝ ʜʣʷ ʨʘʟʨʘ-
ʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʣʠʙʨʦʚʘʥʥʳʭ ʧʨʫʪʢʦʚ ʠʟ ʩʧʣʘʚʘ 6082, ʧʦʣʫʯʘʝʤʳʭ ʚʦʣʦʯʝʥʠʝʤ ʠʟ ʧʦʣʫʯʝʥʥʳʭ 
ʙʝʩʩʣʠʪʢʦʚʦʡ ʧʨʦʢʘʪʢʠ-ʧʨʝʩʩʦʚʘʥʠʷ ʛʦʨʷʯʝʧʨʝʩʩʦʚʘʥʥʳʭ ʧʨʫʪʢʦʚ. 
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DEVELOPING AND STUDY ING THE PROCESS OF DIRECT  
EXTROLLING OF RODS F ROM ALUMINUM ALLOY 6 082 

Sidelnikov S.B., Bersenev A.S., Gorbunov Yu.A, Zagirov N.N., Lopatina E.S.,  
Voroshilov D.S., Durnopyanov A.V. 

Siberian Federal University, Krasnoyarsk, Russia 

Abstract. Improvement of technologies for the production of long deformed semi-finished products from aluminum alloys 
in rods, sections, wire, and other types of the products is a currently relevant objective of metallurgical production. This is 
especially important for manufacturing extruded products of a small cross-section, since their production technologies are 
currently characterized by relatively high labor and energy intensity. This paper describes how the problem of reducing 
these technical and economic indicators is solved by using the direct extrolling method contributed to manufacturing such 
extruded products from the melt in a single cycle and in one processing unit of continuously operated equipment. To ac-
complish this objective regarding the production of rods from aluminum alloy 6082, the authors carried out theoretical and 
experimental studies, whose results contributed to recommending the developed technology for implementation in produc-
tion. Thus, using the variational principle of minimum total power and power balance, the authors determined feasibility 
and main technological parameters of the direct extrolling process for producing rods of a small cross-section from the 
alloy under study. The experimental studies carried out on the CCRE-2.5 combined processing unit (combined casting, 
rolling and extrusion) showed that mechanical properties of rods from alloy 6082 produced by the direct extrolling method 
met the requirements of international standards and were comparable to the properties of rods from this alloy manufactured 
under production conditions by hot extrusion. It has also been found that in case of rolling and extrusion on a unit with a 
caliber of 19Ĭ42 mm maximum force at 400 on the rolls and the die does not exceed 1 MN, while in case of cyclic ex-
trusion according to the conventional technology an extruder with a force of 20 MN is used. The results of the studies per-
formed are also recommended for developing the technology for the production of calibrated rods from alloy 6082 manu-
factured by drawing of hot extruded rods manufactured by direct extrolling. 

Keywords: aluminum alloys, direct extrolling, extrusion, rods, power parameters, annealing, mechanical properties 
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ɺʚʝʜʝʥʠʝ 

ɼʝʬʦʨʤʠʨʦʚʘʥʥʳʝ ʧʦʣʫʬʘʙʨʠʢʘʪʳ ʠʟ ʩʧʣʘ-
ʚʦʚ ʩʠʩʪʝʤʳ Al-Mg-Si ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝ-
ʥʝʥʠʝ ʚ ʪʘʢʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʢʘʢ 
ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʘʚʠʘ- ʠ ʩʫʜʦʩʪʨʦʝʥʠʝ, ʵʣʝʢʪʨʦ-
ʪʝʭʥʠʢʘ, ʘ ʪʘʢʞʝ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ [1]. ʕʪʦ 
ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʪʘʢʠʝ ʩʧʣʘʚʳ ʭʘʨʘʢʪʝʨʠʟʫ-
ʶʪʩʷ ʚʳʩʦʢʦʡ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ, ʥʝʦʙ-
ʭʦʜʠʤʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴʶ ʧʨʠ 
ʦʙʨʘʙʦʪʢʝ ʜʘʚʣʝʥʠʝʤ, ʜʣʷ ʯʝʛʦ ʚ ʧʨʦʤʳʰʣʝʥʥʦ-
ʩʪʠ ʧʨʠʤʝʥʷʝʪʩʷ ʛʦʨʷʯʝʝ ʧʨʝʩʩʦʚʘʥʠʝ [2, 3]. 
ɺ ʠʭ ʤʥʦʛʦʦʙʨʘʟʠʠ ʚʳʜʝʣʷʶʪʩʷ ʧʨʝʩʩʦʚʘʥ-

ʥʳʝ ʠ ʢʘʣʠʙʨʦʚʘʥʥʳʝ ʧʨʫʪʢʠ [4, 5] ʜʠʘʤʝʪʨʦʤ ʦʪ 
8 ʜʦ 16 ʤʤ ʠʟ ʩʧʣʘʚʘ 6082 (ʘʥʘʣʦʛ ʩʧʣʘʚʘ ɸɼ35), 
ʢʦʪʦʨʳʝ ʧʦʩʪʘʚʣʷʶʪʩʷ ʧʦ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʩʪʘʥ-
ʜʘʨʪʘʤ (EN ʠ ASTM) ʥʘ ʵʢʩʧʦʨʪ ʚ ʩʪʨʘʥʳ ɹʣʠʞ-
ʥʝʛʦ ʠ ɼʘʣʴʥʝʛʦ ɿʘʨʫʙʝʞʴʷ. ɼʣʷ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʣʘʚ 6082, ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʦ-
ʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣ. 1 [6]. 

ɼʝʬʦʨʤʠʨʦʚʘʥʥʳʝ ʧʦʣʫʬʘʙʨʠʢʘʪʳ ʠʟ ʩʧʣʘʚʘ 
6082 ʫʧʨʦʯʥʷʶʪʩʷ ʧʫʪʝʤ ʧʨʦʚʝʜʝʥʠʷ ʟʘʢʘʣʢʠ ʥʘ 
ʩʪʦʣʝ ʧʨʝʩʩʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 515-525Áʉ ʠ ʦʭʣʘ-
ʞʜʝʥʠʷ ʚ ʚʦʜʝ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 
ʠʣʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʩʪʘʨʝʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 
160-170Áʉ ʠ ʚʳʜʝʨʞʢʝ 10-12 ʯʘʩʦʚ. ʄʝʭʘʥʠʯʝ-
ʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʣʷ ʧʨʝʩʩʦʚʘʥʥʳʭ ʠ ʢʘʣʠʙʨʦʚʘʥ-
ʥʳʭ ʧʨʫʪʢʦʚ ʜʠʘʤʝʪʨʦʤ ʜʦ 16 ʤʤ ʠʟ ʩʧʣʘʚʘ 6082 
ʜʣʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʧʦ-
ʩʪʘʚʢʠ [7] ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 2. 
ʇʨʝʩʩʦʚʘʥʥʳʝ ʠ ʢʘʣʠʙʨʦʚʘʥʥʳʝ ʧʨʫʪʢʠ ʠʟ 

ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Al-Mg-Si ʰʠʨʦʢʦ 
ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ ʧʨʦʤʳʰʣʝʥʥʦ-
ʩʪʠ, ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʪʦʨʳʭ ʧʨʠʤʝʥʷʶʪ ʪʨʘʜʠ-
ʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʦʢʘʪʢʠ, ʧʨʝʩʩʦʚʘʥʠʷ ʠ ʭʦʣʦʜ-
ʥʦʛʦ ʚʦʣʦʯʝʥʠʷ. ʆʜʥʘʢʦ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʩʚʷʟʘʥʦ ʩ 
ʚʳʩʦʢʦʡ ʪʨʫʜʦ- ʠ ʵʥʝʨʛʦʝʤʢʦʩʪʴʶ, ʪʘʢ ʢʘʢ ʦʥʠ ʭʘ-
ʨʘʢʪʝʨʠʟʫʶʪʩʷ ʣʠʙʦ ʮʠʢʣʠʯʥʦʩʪʴʶ (ʧʨʝʩʩʦʚʘʥʠʝ), 
ʣʠʙʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʦʙʞʘʪʠʷʤʠ ʠ ʙʦʣʴʰʠʤ 
ʢʦʣʠʯʝʩʪʚʦʤ ʧʝʨʝʭʦʜʦʚ (ʧʨʦʢʘʪʢʘ ʠ ʚʦʣʦʯʝʥʠʝ). 



ʉʠʜʝʣʴʥʠʢʦʚ ʉ.ɹ., ɹʝʨʩʝʥʝʚ ɸ.ʉ., ɻʦʨʙʫʥʦʚ ʖ.ɸ., ɿʘʛʠʨʦʚ ʅ.ʅ., ʃʦʧʘʪʠʥʘ ɽ.ʉ., ɺʦʨʦʰʠʣʦʚ ɼ.ʉ., ɼʫʨʥʦʧʴʷʥʦʚ ɸ.ɺ. 
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ʊʘʙʣʠʮʘ 1. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʧʣʘʚʘ 6082 ʧʦ EN 573-3 
T a b l e 1 . Chemical composition of alloy 6082 as per EN 573-3 

ʉʦʜʝʨʞʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ, % 

Al  Si Mg Fe Cu Mn Cr Zn Ti ʇʨʠʤʝʩʠ 

ʆʩʥʦʚʘ 0,7-1,3 0,6-1,2 0,5 0,10 0,4-1,0 0,25 0,20 0,10 
ʅʝ ʙʦʣʝʝ 0,05, ʚ ʩʫʤʤʝ  

ʥʝ ʙʦʣʝʝ 0,15 
 

ʊʘʙʣʠʮʘ 2. ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʫʪʢʦʚ ʠʟ ʩʧʣʘʚʘ 6082 
T a b l e 2 . Mechanical properties of rods from alloy 6082 

ʉʧʣʘʚ, ʚʠʜ  
ʧʨʦʜʫʢʮʠʠ 

ʉʪʘʥʜʘʨʪ 
ʉʦʩʪʦʷʥʠʝ 
ʧʦʩʪʘʚʢʠ 

ɺʨʝʤʝʥʥʦʝ  
ʩʦʧʨʦʪʠʚʣʝʥʠʝ, 

Mʇa 

ʇʨʝʜʝʣ  
ʪʝʢʫʯʝʩʪʠ,  
ʄʇʘ 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ  
ʫʜʣʠʥʝʥʠʝ, % 

ʊʚʝʨʜʦʩʪʴ,  
HB 

6082  
(ʧʨʝʩʩʦʚʘʥʥʳʡ) 

EN 755-2 

ʊ4 
ʝʩʪʝʩʪʚʝʥʥʦ 
ʩʦʩʪʘʨʝʥʥʳʝ 

205 110 14 70 

ʊ6 
ʠʩʢʫʩʩʪʚʝʥʥʦ 
ʩʦʩʪʘʨʝʥʥʳʝ 

295 250 8 95 

6082  
(ʢʘʣʠʙʨʦʚʘʥʥʳʡ) 

EN 754-2 

ʊ4 
ʝʩʪʝʩʪʚʝʥʥʦ 
ʩʦʩʪʘʨʝʥʥʳʝ 

205 110 14 70 

ʊ6 
ʠʩʢʫʩʩʪʚʝʥʥʦ 
ʩʦʩʪʘʨʝʥʥʳʝ 

310 255 10 95 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʣʠʥʥʦ-

ʤʝʨʥʳʭ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʤʘʣʦ-
ʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʠʟ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ 

ʚʩʝ ʯʘʱʝ ʧʨʠʤʝʥʷʶʪ ʩʦʚʤʝʱʝʥʥʳʝ ʠ ʢʦʤʙʠʥʠʨʦ-
ʚʘʥʥʳʝ ʧʨʦʮʝʩʩʳ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʘ (ʨʠʩ. 1, ʘ), 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ 
ʙʦʣʴʰʠʝ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ 

ʨʝʞʠʤʝ ʦʙʨʘʙʦʪʢʠ [8]. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʤʝʪʦʜʦʚ 
ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʙʝʩʩʣʠʪʢʦʚʦʡ ʧʨʦʢʘʪʢʠ-ʧʨʝʩʩʦ-

ʚʘʥʠʷ (ɹʇʇ), ʧʨʠ ʢʦʪʦʨʦʤ ʦʧʝʨʘʮʠʠ ʥʝʧʨʝʨʳʚʥʦ-
ʛʦ ʣʠʪʴʷ ʩʦʚʤʝʱʝʥʳ ʩ ʦʙʞʘʪʠʝʤ ʟʘʢʨʠʩʪʘʣʣʠʟʦ-

ʚʘʥʥʦʡ ʚ ʚʘʣʢʘʭ ʟʘʛʦʪʦʚʢʠ ʠ ʚʳʜʘʚʣʠʚʘʥʠʝʤ ʝʝ 
ʯʝʨʝʟ ʢʘʣʠʙʨʫʶʱʝʝ ʦʪʚʝʨʩʪʠʝ ʤʘʪʨʠʮʳ. 
ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪ-

ʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʦʚʤʝʱʝʥʥʦʡ ʦʙʨʘʙʦʪ-
ʢʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʦʙʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ 
ʙʝʩʩʣʠʪʢʦʚʦʡ ʧʨʦʢʘʪʢʠ-ʧʨʝʩʩʦʚʘʥʠʷ (ɹʇʇ) ʜʣʷ 
ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʧʨʫʪ-
ʢʦʚ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ 6082. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩ-
ʧʦʣʴʟʦʚʘʣʠ ʩʧʣʘʚ 6082 (ʩʤ. ʪʘʙʣ. 1). 
ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʤʝʥʠʣʠ ʤʝ-

ʪʦʜ ʙʝʩʩʣʠʪʢʦʚʦʡ ʧʨʦʢʘʪʢʠ-ʧʨʝʩʩʦʚʘʥʠʷ [8], ʢʦ-
ʪʦʨʳʡ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʫʩʪʘʥʦʚʢʝ ʩʦʚʤʝʱʝʥʥʦ-
ʛʦ ʣʠʪʴʷ ʠ ʧʨʦʢʘʪʢʠ-ʧʨʝʩʩʦʚʘʥʠʷ ʉʃʠʇʇ-2,5 
(ʨʠʩ. 1, ʙ).  

ʇʨʠ ʵʪʦʤ ʧʨʦʮʝʩʩ ɹʇʇ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʥʝʧʨʝ-
ʨʳʚʥʦʤ ʨʝʞʠʤʝ, ʘ ʧʦʣʫʯʝʥʥʳʡ ʧʦʣʫʬʘʙʨʠʢʘʪ 
ʩʤʘʪʳʚʘʝʪʩʷ ʥʘ ʧʨʠʝʤʥʦʝ ʫʩʪʨʦʡʩʪʚʦ (ʤʦʪʘʣʢʫ). 
ʇʨʠʤʝʥʝʥʠʝ ʦʧʝʨʘʮʠʠ ʩʦʨʪʦʚʦʡ ʧʨʦʢʘʪʢʠ ʚ ʵʪʦʡ 
ʩʭʝʤʝ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʦʙʨʘ-
ʙʦʪʢʠ ʠ ʥʝʦʙʭʦʜʠʤʳʝ ʩʠʣʳ ʘʢʪʠʚʥʦʛʦ ʪʨʝʥʠʷ ʜʣʷ 
ʚʳʜʘʚʣʠʚʘʥʠʷ ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ. ʇʨʝʩʩʦʚʘʥʠʝ 
ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʟʘʜʘʥʥʳʝ ʩ ʧʦʤʦʱʴʶ 
ʤʘʪʨʠʮʳ ʢʦʥʬʠʛʫʨʘʮʠʶ ʠ ʨʘʟʤʝʨʳ ʠʟʜʝʣʠʡ ʧʨʠ 
ʚʳʩʦʢʠʭ ʩʪʝʧʝʥʷʭ ʜʝʬʦʨʤʘʮʠʠ, ʯʪʦ ʜʘʝʪ ʚʦʟ-
ʤʦʞʥʦʩʪʴ ʧʨʦʠʟʚʦʜʠʪʴ ʠʭ ʚ ʦʜʥʦʡ ʧʨʦʢʘʪʥʦʡ 
ʢʣʝʪʠ ʟʘ ʦʜʠʥ ʮʠʢʣ ʦʙʨʘʙʦʪʢʠ. ʉʦʚʤʝʱʝʥʠʝ ʵʪʠʭ 
ʦʧʝʨʘʮʠʡ ʩ ʥʝʧʨʝʨʳʚʥʳʤ ʣʠʪʴʝʤ ʥʘ ʫʩʪʘʥʦʚʢʘʭ 
ʉʃʠʇʇ (ʩʤ. ʨʠʩ. 1) ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦ-
ʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʝʨʝʜʝʣʦʚ 
ʠ ʩʥʠʟʠʪʴ ʪʨʫʜʦ- ʠ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝ-
ʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʤʘ-
ʣʦʧʣʘʩʪʠʯʥʳʭ ʠ ʥʝʪʝʭʥʦʣʦʛʠʯʥʳʭ ʩʧʣʘʚʦʚ, ʢʦ-
ʪʦʨʳʝ ʪʨʫʜʥʦ ʧʦʜʜʘʶʪʩʷ ʜʝʬʦʨʤʘʮʠʠ ʩ ʧʦʤʦ-
ʱʴʶ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ, ʧʦʵʪʦʤʫ 
ʥʘ ʧʨʘʢʪʠʢʝ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ 
ʠʟ ʥʠʭ ʧʨʠʭʦʜʠʪʴʩʷ ʧʨʠʤʝʥʷʪʴ ʜʠʩʢʨʝʪʥʳʝ ʤʝ-
ʪʦʜʳ ʧʨʝʩʩʦʚʘʥʠʷ ʩ ʧʦʣʫʯʝʥʠʝʤ ʠʟʜʝʣʠʡ ʦʛʨʘ-
ʥʠʯʝʥʥʦʡ ʜʣʠʥʳ ʥʘ ʧʨʝʩʩʘʭ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ. 
ɼʣʷ ʘʥʘʣʠʟʘ ʠʟʫʯʘʝʤʦʛʦ ʧʨʦʮʝʩʩʘ ʠʩʧʦʣʴʟʦ-

ʚʘʣʠ ʜʘʥʥʳʝ ʧʦ ʙʝʟʨʘʟʤʝʨʥʳʤ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ 
ʧʘʨʘʤʝʪʨʘʤ (ʪʘʙʣ. 3) ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʫʩʪʘʥʦʚʦʢ 
ʩʦʚʤʝʱʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ [8], ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢ-
ʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 4. 
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ʈʠʩ. 1. ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ ʩʦʚʤʝʱʝʥʥʦʡ ʧʨʦʢʘʪʢʠ-ʧʨʝʩʩʦʚʘʥʠʷ (ʘ) ʠ ʫʩʪʘʥʦʚʢʘ ʩʦʚʤʝʱʝʥʥʦʛʦ ʣʠʪʴʷ  
ʠ ʧʨʦʢʘʪʢʠ-ʧʨʝʩʩʦʚʘʥʠʷ ʉʃʠʇʇ-2,5 (ʙ) 

Fig. 1. Process flow chart of combined rolling and extrusion (ʘ) and combined casting,  
rolling and extrusion unit CCRE-2.5 (ʙ) 

ʊʘʙʣʠʮʘ 3. ɼʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʧʨʦʮʝʩʩʘ ʩʦʚʤʝʱʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ 
T a b l e 3 .  Data for calculating the combined treatment process 

ɺʝʣʠʯʠʥʘ 
ʅʘʠʤʝʥʦʚʘʥʠʝ ʫʩʪʘʥʦʚʢʠ ɹʝʟʨʘʟʤʝʨʥʳʡ 

ʧʘʨʘʤʝʪʨ ʉʇʇ-200 ʉʃʠʇʇ-2,5 ʉʃʠʇʇ-4 

ʅʘʯʘʣʴʥʳʡ ʜʠʘʤʝʪʨ ʚʘʣʢʦʚ D0, ʤʤ 200 400 400 ï 

ɼʠʘʤʝʪʨ ʚʘʣʢʘ ʩ ʚʳʩʪʫʧʦʤ D1, ʤʤ 214 462 428 ï 

ɼʠʘʤʝʪʨ ʚʘʣʢʘ ʩ ʢʘʥʘʚʢʦʡ D2, ʤʤ 164 394 428 ï 

ʄʠʥʠʤʘʣʴʥʘʷ ʚʳʩʦʪʘ ʢʘʣʠʙʨʘ h, ʤʤ 7 10 19 ï 

ʉʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʚʘʣʢʦʚ D0, ʤʤ 189 428 428 0D h
A

h

-
=

 

ʐʠʨʠʥʘ ʢʘʣʠʙʨʘ b, ʤʤ 15 22 42 
b

b
h
=

 

ʅʘʯʘʣʴʥʘʷ ʚʳʩʦʪʘ ʟʘʛʦʪʦʚʢʠ h0, ʤʤ 14 20 42 0
0

h
h

h
=

 

ʅʘʯʘʣʴʥʘʷ ʰʠʨʠʥʘ ʟʘʛʦʪʦʚʢʠ b0, ʤʤ 14 20 40 0
0

b
b

h
=

 

ɺʳʩʦʪʘ ʟʝʨʢʘʣʘ ʤʘʪʨʠʮʳ hʤ, ʤʤ 20 25 31 ʤ
ʤ

h
h

h
=

 

ɼʠʘʤʝʪʨ ʧʨʝʩʩ-ʠʟʜʝʣʠʷ d, ʤʤ 7-9 9-12 9-15 
1

d
h

h
=

 

ʊʘʙʣʠʮʘ 4. ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʪʘʥʦʚʦʢ ʩʦʚʤʝʱʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ 
T a b l e 4 .  Technical performance of combined treatment units 

ʇʘʨʘʤʝʪʨʳ ʉʇʇ-200 ʉʃʠʇʇ-2,5 ʉʃʠʇʇ-4 

ʅʘʯʘʣʴʥʳʡ ʜʠʘʤʝʪʨ ʚʘʣʢʘ, ʤʤ 200 480 480 

ɼʣʠʥʘ ʙʦʯʢʠ ʚʘʣʢʘ, ʤʤ 240 250 400 

ɼʠʘʤʝʪʨ ʰʝʡʢʠ ʚʘʣʘ, ʤʤ 100 150 300 

ʂʦʣʠʯʝʩʪʚʦ ʦʙʦʨʦʪʦʚ ʚʘʣʢʘ, ʦʙ/ʤʠʥ 4, 8, 14 1-15 1-30 

ʇʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ ʨʝʜʫʢʪʦʨʘ , ʝʜ. 40 40 100 

ʄʦʱʥʦʩʪʴ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʢɺʪ 20 45 100 

ʄʦʤʝʥʪ ʥʘ ʚʳʭʦʜʥʦʤ ʚʘʣʫ, ʢʅĿʤ 10 20 40 

ʈʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ ʛʠʜʨʦʩʪʘʥʮʠʠ, ʢʛʩ/ʩʤ
2
 200-500 200 ï 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʫʩʠʣʠʝ ʧʨʠʞʠʤʘ, ʢʅ 300 300 1000 
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ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʮʝʩʩʘ ʩʦʚʤʝʱʝʥʥʦʡ 

ʧʨʦʢʘʪʢʠ-ʧʨʝʩʩʦʚʘʥʠʷ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʨʝʘʣʠʟʘ-

ʮʠʠ ʧʨʦʮʝʩʩʘ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʫʩʣʦʚʠʝ ʙʘʣʘʥ-

ʩʘ ʤʦʱʥʦʩʪʝʡ, ʪʦ ʝʩʪʴ ʩʫʤʤʘʨʥʘʷ ʤʦʱʥʦʩʪʴ ʘʢ-

ʪʠʚʥʳʭ ʩʠʣ ʪʨʝʥʠʷ Nʘ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʘ (ʠʣʠ 

ʙʦʣʴʰʝ) ʤʦʱʥʦʩʪʠ ʨʝʘʢʪʠʚʥʳʭ ʩʠʣ Nʨ, ʨʘʩʭʦʜʫʝ-

ʤʳʭ ʥʘ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʜʝʬʦʨʤʘʮʠʠ ʠ ʧʨʝʦʜʦʣʝ-

ʥʠʝ ʪʨʝʥʠʷ ʚ ʦʯʘʛʝ ʜʝʬʦʨʤʘʮʠʠ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʪʦ ʝʩʪʴ Nʘ ī Nʨ = 0. ɽʩʣʠ ʵʪʦ ʫʩʣʦʚʠʝ 

ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʚʦʟʤʦʞʝʥ ʩʣʫʯʘʡ ʧʨʦʩʢʘʣʴʟʳʚʘ-

ʥʠʷ ʚʘʣʢʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʘʛʦʪʦʚʢʠ, ʠ ʧʨʦʮʝʩʩ ʚʳ-

ʜʘʚʣʠʚʘʥʠʷ ʤʝʪʘʣʣʘ ʩʪʘʥʦʚʠʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ. ɺ 

ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʦʮʝʥʢʠ ʨʝʘʣʠʟʫʝʤʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʧʨʠʥʷʪ ʫʩʣʦʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʤʦʱʥʦʩʪʠ 

KN, ʨʘʩʩʯʠʪʳʚʘʝʤʳʡ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʤʦʱʥʦʩʪʠ Nʘ 

ʢ ʤʦʱʥʦʩʪʠ Nʨ, ʧʨʠʯʝʤ ʝʩʣʠ ʝʛʦ ʟʥʘʯʝʥʠʝ ʙʦʣʴʰʝ 

1, ʪʦ ʚʳʜʘʚʣʠʚʘʥʠʝ ʤʝʪʘʣʣʘ ʯʝʨʝʟ ʤʘʪʨʠʮʫ ʩʪʘʥʦ-

ʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʝʛʦ ʫʚʝʣʠʯʠʚʘʝʪ-

ʩʷ ʩ ʨʦʩʪʦʤ ʵʪʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ [9].  

ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʨʘʩʯʝʪʘ ʧʦ ʵʪʦʡ 

ʤʝʪʦʜʠʢʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʫʪʢʦʚ ʠʟ ʘʣʶʤʠʥʠʝ-

ʚʦʛʦ ʩʧʣʘʚʘ 6082 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʣʠʯʥʳʭ 

ʫʩʣʦʚʠʡ ʢʦʥʪʘʢʪʥʦʛʦ ʪʨʝʥʠʷ ʤʝʪʘʣʣʘ ʩ ʚʘʣʢʘʤʠ ʠ 

ʤʘʪʨʠʮʝʡ (ʤɣ  ï ʧʦʢʘʟʘʪʝʣʴ ʪʨʝʥʠʷ ʥʘ ʟʝʨʢʘʣʝ 

ʤʘʪʨʠʮʳ, ʧɣ  ï ʧʦʢʘʟʘʪʝʣʴ ʪʨʝʥʠʷ ʥʘ ʧʦʷʩʢʝ ʤʘʪ-

ʨʠʮʳ, ʚɣ  ʠ ʩʪɣ  ï ʧʦʢʘʟʘʪʝʣʠ ʪʨʝʥʠʷ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʣʢʘ ʠ ʩʪʝʥʢʘʭ ʚʘʣʢʘ ʩ 

ʨʫʯʴʝʤ) ʩʧʦʩʦʙʦʤ ʩʦʚʤʝʱʝʥʥʦʡ ʧʨʦʢʘʪʢʠ-

ʧʨʝʩʩʦʚʘʥʠʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʩʪʘʥʦʚʢʘʭ. 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ, ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʨʠʩ. 2, ʧʦ-

ʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʠʘʤʝʪʨ ʚʘʣʢʦʚ (ʨʠʩ. 2, ʘ, ʙ) ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʨʝʘʣʠʟʫʝʤʦʩʪʠ 

ʧʨʦʮʝʩʩʘ, ʦʜʥʘʢʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʢʘ-

ʣʠʙʨʘ ʧʨʠ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʜʠʘʤʝʪʨʝ ʚʘʣʢʦʚ  

(ʨʠʩ. 2, ʙ, ʚ) ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʤʦʱʥʦʩʪʠ KN 

ʩʥʠʞʘʝʪʩʷ, ʯʪʦ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʠ ʫʩʪʘʥʦʚʦʢ ʩʦʚʤʝʱʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ. 

   

ʘ ʙ ʚ 

ʈʠʩ. 2. ʀʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ ʤʦʱʥʦʩʪʠ KN ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʪʨʝʥʠʷ:  

ʘ ï ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʉʇʇ-200; ʙ ï ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʉʃʠʇʇ-2,5; ʚ ï ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʉʃʠʇʇ-4 

Fig. 2. Changes in excess power coefficient KN depending on friction conditions: ʘ is for combined rolling  

and extrusion unit CRE-200; ʙ is for combined casting, rolling and extrusion unit CCRE-2.5;  

ʚ is for combined casting, rolling and extrusion unit CCRE-4 
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ʉ ʮʝʣʴʶ ʘʥʘʣʠʟʘ ʬʦʨʤʦʠʟʤʝʥʝʥʠʷ ʤʝʪʘʣʣʘ ʠ 

ʵʥʝʨʛʦʩʠʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʩʦʚʤʝʱʝʥ-

ʥʦʡ ʦʙʨʘʙʦʪʢʠ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʢʘʪʢʠ-ʧʨʝʩʩʦʚʘʥʠʷ ʚ ʟʘʢʨʳʪʳʭ 

ʷʱʠʯʥʳʭ ʢʘʣʠʙʨʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ, ʚʢʣʶʯʘʶʱʝʡ ʫʨʘʚʥʝʥʠʝ ʙʘʣʘʥʩʘ 

ʤʦʱʥʦʩʪʝʡ ʠ ʚʘʨʠʘʮʠʦʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʨʠʥʮʠʧʘ 

ʤʠʥʠʤʫʤʘ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ:  

( )ʚʥ ʩʨ ʩʢ ʚʘʣŭ 0,N N N N+ - - = 

ʛʜʝ Nʚʥ ï ʤʦʱʥʦʩʪʴ ʚʥʫʪʨʝʥʥʠʭ ʩʠʣ; Nʩʨ ï ʤʦɦ-

ʥʦʩʪʴ ʩʠʣ ʩʨʝʟʘ; Ncʢ ï ʤʦʱʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʡ 

ʪʨʝʥʠʷ ʥʘ ʩʢʦʨʦʩʪʷʭ ʩʢʦʣʴʞʝʥʠʷ; Nʚʘʣ ï ʧʦʜʚʦ-

ʜʠʤʘʷ ʚʘʣʢʘʤʠ ʤʦʱʥʦʩʪʴ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦʣʥʦʡ 

ʤʦʱʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʣʝʜʫʶʱʠʝ ʬʦʨʤʫʣʳ: 

ʚʥ 0,58ů ;s

V

N HdV=ñ  

ʩʨ

ʩʨ 0,58ů ;s

F

N V V dF+ -= -ñ  

ʢ

ʩʢ ʪʨ ʩʢŰ ɜ ;

F

N dF=-ñ  

ʢ

*
ʚʘʣ ʪʨ ʚŰ ɜ ,

F

N dF=ñ  

ʛʜʝ H ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʢʦʨʦʩʪʝʡ ʜʝʬʦʨʤʘʮʠʠ 

ʩʜʚʠʛʘ; ůs  ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʝʪʘʣʣʘ ʜʝʬʦʨʤʘʮʠʠ; 

V+, V- ï ʧʨʦʝʢʮʠʠ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ ʥʘ 

ʢʘʩʘʪʝʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʨʳʚʘ 

ʩʢʦʨʦʩʪʝʡ ʩʨjF  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩ ʚʥʫʪʨʝʥʥʝʡ ʠ 

ʚʥʝʰʥʝʡ ʩʪʦʨʦʥʳ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ; n ï ʯʠʩʣʦ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟʨʳʚʘ ʩʢʦʨʦʩʪʝʡ; ʪʨŰ  ï ʥʘʧʨʷʞʝ-

ʥʠʝ ʪʨʝʥʠʷ; *
ʪʨŰ  ï ʧʨʦʝʢʮʠʷ ʧʦʣʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʪʨʝʥʠʷ ʥʘ ʢʘʩʘʪʝʣʴʥʫʶ ʢ ʦʢʨʫʞʥʦʩʪʠ ʚʘʣʢʘ ʚ ʣʶ-

ʙʦʡ ʪʦʯʢʝ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʈʝʰʝʥʠʝ ʚʘʨʠʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ ʧʦʟʚʦʣʠʣʦ 

ʧʦʣʫʯʠʪʴ ʯʠʩʣʝʥʥʳʡ ʤʘʩʩʠʚ ʜʘʥʥʳʭ ʧʦ ʚʝʣʠʯʠʥʝ 

ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʤʘʪʨʠʮʫ Pʤʘʪʨ ʠ ʚʘʣʢʠ Pʚʘʣ, 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦ-

ʮʝʩʩʘ ʧʨʦʢʘʪʢʠ-ʧʨʝʩʩʦʚʘʥʠʷ ʠ ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩ-

ʯʝʪʘ ʠʩʢʦʤʳʭ ʚʝʣʠʯʠʥ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦ-

ʚʘʥʳ ʧʨʠ ʨʘʩʯʝʪʘʭ ʵʥʝʨʛʦʩʠʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ: 

ï ʜʣʷ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʤʘʪʨʠʮʫ, 
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ï ʜʣʷ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʚʘʣʢʠ, 
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ʛʜʝ L1 ï ʜʣʠʥʘ ʟʦʥʳ ʟʘʭʚʘʪʘ ʧʨʠ ʧʨʦʢʘʪʢʝ; L2 ï 

ʜʣʠʥʘ ʟʦʥʳ ʨʘʩʧʨʝʩʩʦʚʢʠ; ɛ ï ʚr ʪʷʞʢʘ ʧʨʠ ʚʳ-

ʜʘʚʣʠʚʘʥʠʠ. 

ʉ ʧʦʤʦʱʴʶ ʧʦʣʫʯʝʥʥʳʭ ʬʦʨʤʫʣ ʧʨʦʚʝʣʠ 

ʨʘʩʯʝʪʳ ʵʥʝʨʛʦʩʠʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʧʦʣʫʯʝ-

ʥʠʷ ʧʨʫʪʢʦʚ ʨʘʟʣʠʯʥʦʛʦ ʜʠʘʤʝʪʨʘ ʥʘ ʣʘʙʦʨʘʪʦʨ-

ʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʉʇʇ-200 ʠ ʉʃʠʇʇ-2,5, ʘ ʪʘʢʞʝ 

ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʡ ʫʩʪʘʥʦʚʢʝ ʉʃʠʇʇ-4 ʀʨ-

ʢʫʪʩʢʦʛʦ ʘʣʶʤʠʥʠʝʚʦʛʦ ʟʘʚʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠ-

ʝʤ ʠʟʚʝʩʪʥʳʭ ʠʟ ʩʧʨʘʚʦʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʨʝʦʣʦ-

ʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʣʘʚʘ 6082. 

ʈʘʩʯʝʪ ʧʨʦʚʦʜʠʣʩʷ ʜʣʷ ʜʚʫʭ ʫʨʦʚʥʝʡ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʟʘʛʦʪʦʚʢʠ ï Tʟʘʛ = 400Áʉ ʠ Tʟʘʛ = 540Áʉ, ʜʚʫʭ 

ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ ï 

ɝ = 0,30 c
-1 
ʠ ɝ = 1,02 c

-1 
, ʘ ʪʘʢʞʝ ʜʣʷ ʪʨʝʭ ʚʳʪʷ-

ʞʝʢ ï m = 4,4, m = 7,3, m = 14,3, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ 

ʩʪʝʧʝʥʴ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʚʳʜʘʚʣʠʚʘʥʠʠ ʧʨʝʩʩ-

ʠʟʜʝʣʠʷ. ɿʥʘʯʝʥʠʷ ʵʥʝʨʛʦʩʠʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 5. 
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ʊʘʙʣʠʮʘ 5. ʕʥʝʨʛʦʩʠʣʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʧʣʘʚʘ 6082 

T a b l e 5 . Power parameters during treatment of alloy 6082 

ʇʘʨʘʤʝʪʨʳ 
Tʟʘʛ = 400 Tʟʘʛ = 540 

m = 4,4 m = 7,3 m = 14,3 m = 4,4 m = 7,3 m = 14,3 

ʋʩʪʘʥʦʚʢʘ ʉʇʇ-200 

ɝ = 0,30 c
-1
 

ʈʚʘʣ, ʢʅ 140 148 157 76 81 85 

ʈʤʘʪʨ, ʢʅ 83 111 150 45 60 81 

ɝ = 1,02 c
-1
 

ʈʚʘʣ, ʢʅ 172 181 191 90 95 100 

ʈʤʘʪʨ, ʢʅ 102 135 182 53 71 95 

ʋʩʪʘʥʦʚʢʘ ʉʃʠʇʇ-2,5 

ɝ = 0,30 c
-1
 

ʈʚʘʣ, ʢʅ 290 306 323 158 166 175 

ʈʤʘʪʨ, ʢʅ 117 156 210 64 85 114 

ɝ = 1,02 c
-1
 

ʈʚʘʣ, ʢʅ 354 374 394 185 195 205 

ʈʤʘʪʨ, ʢʅ 143 191 257 75 100 134 

ʋʩʪʘʥʦʚʢʘ ʉʃʠʇʇ-4 

ɝ = 0,30 c
-1
 

ʈʚʘʣ, ʢʅ 725 766 806 394 416 438 

ʈʤʘʪʨ, ʢʅ 366 488 657 199 265 356 

ɝ = 1,02 c
-1
 

ʈʚʘʣ, ʢʅ 885 934 983 462 487 513 

ʈʤʘʪʨ, ʢʅ 446 596 801 233 311 418 

 

ʀʟ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʢʘʣʠʙʨʘ 

ʨʘʟʤʝʨʘʤʠ ʚ ʤʠʥʠʤʘʣʴʥʦʤ ʩʝʯʝʥʠʠ 7Ĭ15 ʤʤ ʜʘ-

ʞʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 400  ʫʩʠʣʠʝ ʥʘ ʚʘʣʢʘʭ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 200 ʢʅ (20 ʪ), ʘ ʫʩʠʣʠʝ ʥʘ ʤʘʪʨʠʮʝ ï 

182 ʢʅ. ʇʨʠ ʵʪʦʤ ʩ ʨʦʩʪʦʤ ʚʳʪʷʞʢʠ ʠ ʪʦ ʠ ʜʨʫ-

ʛʦʝ ʫʩʠʣʠʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʜʦ 540  ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʫʩʠʣʠʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚ 2 ʨʘʟʘ. ʈʦʩʪ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ 

(ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʘʣʢʦʚ) ʧʨʠʚʦʜʠʪ ʢ ʩʢʦ-

ʨʦʩʪʥʦʤʫ ʫʧʨʦʯʥʝʥʠʶ ʤʝʪʘʣʣʘ ʠ ʨʦʩʪʫ ʵʥʝʨʛʦ-

ʩʠʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ. 

ɼʣʷ ʢʘʣʠʙʨʘ ʨʘʟʤʝʨʘʤʠ ʚ ʥʘʠʤʝʥʴʰʝʤ ʩʝʯʝ-

ʥʠʠ 10Ĭ22 ʤʤ ʤʘʢʩʠʤʘʣʴʥʳʝ ʫʩʠʣʠʷ ʠ ʥʘ ʚʘʣʢʘʭ ʠ 

ʥʘ ʤʘʪʨʠʮʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʟʤʝʨʦʚ ʢʘʣʠʙʨʘ 

ʨʘʩʪʫʪ ʠ ʜʦʩʪʠʛʘʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 394 ʠ 257 ʢʅ 

ʧʨʠ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ ɝ = 1,02 c
-1 
, ʪʝʤʧʝʨʘʪʫ-

ʨʝ ʟʘʛʦʪʦʚʢʠ Tʟʘʛ = 400  ʤ, ʚʳʪʷʞʢʝ m = 14,3. ɼʣʷ 

ʢʘʣʠʙʨʘ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʨʘʟʤʝʨʘʤʠ 19Ĭ42 ʤʤ 

ʜʣʷ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʉʃʠʇʇ-4 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʫʩʠʣʠʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 400  ʥʘ 

ʚʘʣʢʘʭ ʠ ʤʘʪʨʠʮʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 1000 ʢʅ (100 ʪ). 

ʆʙʨʘʙʦʪʢʫ ʠʩʩʣʝʜʫʝʤʳʭ ʩʧʣʘʚʦʚ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʧʨʦʚʦʜʠʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 540 , ʯʪʦ ʧʨʠʚʝʜʝʪ 

ʢ ʩʥʠʞʝʥʠʶ ʫʩʠʣʠʡ ʜʦ 500 ʢʅ. ʆʩʪʘʣʴʥʳʝ ʪʝʥ-

ʜʝʥʮʠʠ ʠʟʤʝʥʝʥʠʷ ʵʥʝʨʛʦʩʠʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʦʩʪʘʶʪʩʷ ʪʘʢʠʤʠ ʞʝ, ʢʘʢ ʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʥʘ 

ʫʩʪʘʥʦʚʢʝ ʉʇʇ-200. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʣʫʯʝʥʥʳʭ 

ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʧʫʪʝʤ ʬʦʨʤʫʣ, ʨʘʩʩʯʠʪʘʥʳ ʵʥʝʨ-

ʛʦʩʠʣʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʩʦʚʤʝʱʝʥʥʦʡ 

ʧʨʦʢʘʪʢʠ-ʧʨʝʩʩʦʚʘʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪ-

ʨʦʚ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ ʠ ʫʩʣʦʚʠʡ ʦʙʨʘʙʦʪʢʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʪʝʭ-

ʥʦʣʦʛʠʶ ʩʦʚʤʝʱʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʧʦʣʫʯʝ-

ʥʠʷ ʧʨʫʪʢʦʚ ʠʟ ʩʧʣʘʚʘ 6082. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʩʠʣʦʚʦʡ ʟʘʛʨʫʟʢʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʝ ʧʨʝʚʳʰʘʝʪ 1 ʄʅ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʫʪʢʦʚ ʪʘʢʦʛʦ ʞʝ ʜʠʘ-

ʤʝʪʨʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠʩʧʦʣʴʟʫ-

ʶʪ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʧʨʝʩʩ ʫʩʠ-

ʣʠʝʤ 20 ʄʅ. 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʘʥʥʳʝ ʧʦʟʚʦ-

ʣʠʣʠ ʩʧʣʘʥʠʨʦʚʘʪʴ ʠ ʦʩʫʱʝʩʪʚʠʪʴ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʦʣʫʯʝʥʠʶ ʧʨʫʪʢʦʚ ʠʟ 

ʩʧʣʘʚʘ 6082 ʠ ʧʦʜʛʦʪʦʚʠʪʴ ʜʘʥʥʳʝ ʜʣʷ ʟʘʧʫʩʢʘ 

ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʡ ʫʩʪʘʥʦʚʢʝ 

ʉʃʠʇʇ-2,5 (ʨʠʩ. 3). ɺ ʮʝʣʦʤ ʧʨʦʚʝʜʝʥʥʳʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥ-

ʥʳʭ ʩʚʦʡʩʪʚ ʢʘʣʠʙʨʦʚʘʥʥʳʭ ʧʨʫʪʢʦʚ ʥʝʦʙʭʦʜʠ-

ʤʦ ʫʪʦʯʥʝʥʠʝ ʨʝʞʠʤʦʚ ʥʘʛʨʝʚʘ ʨʘʩʧʣʘʚʘ ʠ ʢʦʨ-

ʨʝʢʪʠʨʦʚʢʘ ʪʝʤʧʝʨʘʪʫʨʳ ʝʛʦ ʦʙʨʘʙʦʪʢʠ ʚ ʚʘʣʢʘʭ, 

ʘ ʪʘʢʞʝ ʨʝʞʠʤʦʚ ʟʘʢʘʣʢʠ ʠ ʩʪʘʨʝʥʠʷ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʫʪʢʦʚ ʜʠʘʤʝʪʨʦʤ 8 ʤʤ ʠʩ-

ʧʦʣʴʟʦʚʘʣʠ ʣʠʥʠʶ ʩʦʚʤʝʱʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ, 

ʚʢʣʶʯʘʶʱʫʶ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʘʛʨʝʛʘʪʦʚ 

ʧʝʯʴ-ʤʠʢʩʝʨ, ʜʝʬʦʨʤʠʨʫʶʱʠʡ ʫʟʝʣ ʫʩʪʘʥʦʚʢʠ 

ʉʃʀʇʇ-2,5 (ʩʤ. ʨʠʩ. 3), ʘ ʪʘʢʞʝ ʣʠʥʠʶ ʦʭʣʘ-

ʞʜʝʥʠʷ, ʢʘʣʠʙʨʦʚʦʯʥʫʶ ʤʘʰʠʥʫ ʠ ʤʦʪʘʣʢʫ. 
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ʈʠʩ. 3. ʆʙʱʠʡ ʚʠʜ ʫʩʪʘʥʦʚʢʠ ʉʃʠʇʇ-2,5: 1 ï ʧʝʯʴ-ʤʠʢʩʝʨ; 2 ï ʣʠʪʥʠʢʦʚʘʷ ʩʠʩʪʝʤʘ; 3 ï ʚʘʣʦʢ ʩ ʨʫʯʴʝʤ;  

4 ï ʚʘʣʦʢ ʩ ʚʳʩʪʫʧʦʤ; 5 ï ʤʘʪʨʠʮʘ; 6 ï ʤʘʪʨʠʮʝʜʝʨʞʘʪʝʣʴ; 7 ï ʢʨʦʥʰʪʝʡʥ; 8, 11, 12 ï ʰʘʨʥʠʨʳ;  

9 ï ʥʘʢʣʦʥʥʳʡ ʛʠʜʨʦʮʠʣʠʥʜʨ; 10 ï ʚʝʨʪʠʢʘʣʴʥʳʡ ʛʠʜʨʦʮʠʣʠʥʜʨ; 13 ï ʧʨʝʩʩ-ʠʟʜʝʣʠʝ 

Fig. 3. General view of combined casting, rolling and extrusion unit CCRE-2.5: 1 is a holding furnace;  

2 is a feed system; 3 is a roll with the pass; 4 is a ridged roll; 5 is a die; 6 is a die holder; 7 is a support;  

8, 11, 12 are joints; 9 is a tilting hydraulic cylinder; 10 is a vertical hydraulic cylinder; 13 is an extruded product 

ʅʝʧʦʜʚʠʞʥʘʷ ʤʘʪʨʠʮʘ ʥʘʭʦʜʠʣʘʩʴ ʚ ʧʦʩʪʦ-

ʷʥʥʦʤ ʢʦʥʪʘʢʪʝ ʩ ʧʦʜʚʠʞʥʳʤʠ ʚʘʣʢʘʤʠ, ʦʙʨʘ-

ʟʫʶʱʠʤʠ ʟʘʢʨʳʪʳʡ ʷʱʠʯʥʳʡ ʢʘʣʠʙʨ ʧʨʷʤʦ-

ʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ. ʇʦʵʪʦʤʫ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʘ ɹʇʇ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʦ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʨʘʮʠʦʥʘʣʴʥʳʡ 

ʟʘʟʦʨ ʥʘ ʢʦʥʪʘʢʪʝ ʨʘʙʦʯʠʭ ʚʘʣʢʦʚ ʠ ʤʘʪʨʠʮʳ. ʉ 

ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʟʘʟʦʨʝ ʠʥ-

ʪʝʥʩʠʚʥʦ ʚʦʟʨʘʩʪʘʝʪ ʩʠʣʘ ʪʨʝʥʠʷ ʠ ʫʚʝʣʠʯʠʚʘ-

ʝʪʩʷ ʘʙʨʘʟʠʚʥʳʡ ʠʟʥʦʩ ʨʘʙʦʯʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʘ 

ʩ ʜʨʫʛʦʡ ï ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʟʘʟʦʨʘ ʚʦʟʤʦʞʥʦ ʧʦ-

ʷʚʣʝʥʠʝ ʟʘʫʩʝʥʮʘ ʩ ʧʦʚʳʰʝʥʥʦʡ ʪʦʣʱʠʥʦʡ ʠʟ 

ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʤʝʪʘʣʣʘ, ʯʪʦ ʥʘʨʫʰʘʝʪ ʩʪʘ-

ʙʠʣʴʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʦʙʨʘʙʦʪʢʠ, ʫʭʫʜʰʘʝʪ ʢʘʯʝʩʪʚʦ ʧʨʝʩʩ-ʠʟʜʝʣʠʷ ʠ 

ʩʥʠʞʘʝʪ ʚʳʭʦʜ ʛʦʜʥʦʛʦ. ʇʦʵʪʦʤʫ ʧʨʠʞʠʤʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ ʤʘʪʨʠʮʳ ʢ ʚʘʣʢʘʤ ʜʦʣʞʥʦ ʦʙʝʩʧʝ-

ʯʠʚʘʪʴ ʚ ʨʘʙʦʯʝʤ ʧʦʣʦʞʝʥʠʠ ʨʝʛʣʘʤʝʥʪʠʨʫʝ-

ʤʫʶ ʪʦʣʱʠʥʫ ʟʘʫʩʝʥʮʘ ʠʟ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʤʝ-

ʪʘʣʣʘ ʥʘ ʚʘʣʢʘʭ, ʪʦ ʝʩʪʴ ʫʩʠʣʠʝ ʧʨʠʞʠʤʘ ʜʦʣʞ-

ʥʦ ʫʜʝʨʞʠʚʘʪʴ ʤʘʪʨʠʮʫ ʚ ʟʘʜʘʥʥʦʤ ʧʦʣʦʞʝʥʠʠ 

ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʨʘʚʥʦʤʝʨʥʦʝ ʥʘʛʨʫʞʝʥʠʝ ʥʘ ʨʘ-

ʙʦʯʠʝ ʚʘʣʢʠ. ʇʦʵʪʦʤʫ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʢʦʥ-

ʩʪʨʫʢʮʠʷ ʧʨʠʞʠʤʥʦʛʦ ʫʟʣʘ [10], ʢʦʪʦʨʘʷ ʧʨʝʜ-

ʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʷ 

ʚʝʨʭʥʝʛʦ ʚʘʣʢʘ ʚ ʤʦʤʝʥʪ ʨʘʩʧʨʝʩʩʦʚʢʠ ʤʝʪʘʣʣʘ 

ʚ ʢʘʣʠʙʨʝ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʜʘʥʥʦʡ ʚʝʣʠʯʠʥʳ 

ʟʘʟʦʨʘ ʤʝʞʜʫ ʚʘʣʢʘʤʠ ʠ ʤʘʪʨʠʮʝʡ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠ-

ʣʠ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ, ʚʳʷʚʣʷʷ ʥʘ ʢʘʞʜʦʤ ʥʝʜʦ-

ʩʪʘʪʢʠ ʢʦʥʩʪʨʫʢʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʥʩʪʨʫʤʝʥʪʘ 

ʠ ʚʘʨʴʠʨʫʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ 

ʩʦʚʤʝʱʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ. 

ʅʘ ʫʩʪʘʥʦʚʢʝ ʉʃʠʇʇ-2,5 ʧʦʣʫʯʠʣʠ ʧʨʫʪʢʠ 

ʜʠʘʤʝʪʨʦʤ 8 ʤʤ ʠʟ ʩʧʣʘʚʘ 6082 ʧʦ ʪʝʭʥʦʣʦʛʠʠ 

ʩʦʚʤʝʱʝʥʥʦʛʦ ʣʠʪʴʷ ʠ ʧʨʦʢʘʪʢʠ-ʧʨʝʩʩʦʚʘʥʠʷ 

ʜʣʠʥʦʡ ʜʦ 30 ʤ. ɼʣʷ ʦʮʝʥʢʠ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʦ-

ʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʧʦʣʫʬʘʙʨʠʢʘʪʘ ʝʛʦ ʩʨʘʚ-

ʥʠʚʘʣʠ ʩ ʧʨʫʪʢʦʤ, ʧʦʣʫʯʝʥʥʳʤ ʤʝʪʦʜʦʤ ʧʨʷʤʦʛʦ 

ʧʨʝʩʩʦʚʘʥʠʷ ʥʘ ʧʨʝʩʩʝ ʫʩʠʣʠʝʤ 20 ʄʅ ʠʟ ʣʠʪʦʡ 

ʛʦʤʦʛʝʥʠʟʠʨʦʚʘʥʥʦʡ ʟʘʛʦʪʦʚʢʠ ʜʠʘʤʝʪʨʦʤ 162 

ʤʤ ʠʟ ʩʧʣʘʚʘ 6082 ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʨʝʞʠʤʫ: ʪʝʤ-

ʧʝʨʘʪʫʨʘ ʟʘʛʦʪʦʚʢʠ ʊʟʘʛ = 490-510̄ ʉ, ʪʝʤʧʝʨʘʪʫ-

ʨʘ ʢʦʥʪʝʡʥʝʨʘ ʊʢʦʥ = 440-460̄ ʉ, ʩʢʦʨʦʩʪʴ ʧʨʝʩ-

ʩʦʚʘʥʠʷ 0,8 ʤʤ/ʩ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʧʨʫʪʢʦʚ ʚ ʠʩʭʦʜʥʦʤ ʠ ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʦʤ ʩʦʩʪʦ-

ʷʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 6. ʊʝʨʤʦʦʙʨʘʙʦʪʢʫ 

ʧʨʫʪʢʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʝʩʩʦʚʘʥʠʝʤ ʚ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʠ ʧʨʫʪʢʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʥʘ 

ʫʩʪʘʥʦʚʢʝ ʉʃʠʇʇ, ʧʨʦʚʦʜʠʣʠ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʫʩʣʦʚʠʷʭ ʧʦ ʩʣʝʜʫʶʱʠʤ ʨʝʞʠʤʘʤ: ʪʝʤʧʝʨʘʪʫʨʘ 

ʟʘʢʘʣʢʠ ʊʟ = 530-540̄ ʉ, ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʘʨʝʥʠʷ  

ʊʩʪ = 160-170̄ ʉ, ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ tʚ = 7 ʠ 10 ʯ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʨʦʚʝʥʴ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʝʩʩʦʚʘʥʥʳʭ ʧʨʫʪ-

ʢʦʚ ʧʦʩʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ, ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʧʦ 

ʨʘʟʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ 

ʩʪʘʥʜʘʨʪʘ EN 755-2 ʩʧʣʘʚʘ 6082 ʩʦʩʪʦʷʥʠʝ ʊ6 [10]. 

ʇʨʠ ʵʪʦʤ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʛʦʨʷʯʝʧʨʝʩʩʦ-

ʚʘʥʥʳʭ ʧʨʫʪʢʦʚ, ʧʦʣʫʯʝʥʥʳʭ ɹʇʇ, ʚʳʰʝ, ʯʝʤ 

ʧʨʫʪʢʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʛʦʨʷʯʠʤ ʧʨʝʩʩʦʚʘʥʠʝʤ. 
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ʊʘʙʣʠʮʘ 6. ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʫʪʢʦʚ, ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʧʦ ʨʘʟʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʠʟ ʩʧʣʘʚʘ 6082 

T a b l e 6 . Mechanical properties of rods manufactured by different technologies from alloy 6082 

ʊʝʭʥʦʣʦʛʠʷ 
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ʊʨʝʙʦʚʘʥʠʷ ʧʦ EN 755-2 ʩʧʣʘʚʘ 6082 ʩʦʩʪʦʷʥʠʝ ʊ6  

ʧʨʝʩʩʦʚʘʥʥʦʛʦ ʧʨʫʪʢʘ ʜʠʘʤʝʪʨʦʤ < 20 ʤʤ 
² 295 ² 250 ² 8 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʧʦʢʘʟʘʣʠ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝ-
ʥʠʷ ʛʦʨʷʯʝʧʨʝʩʩʦʚʘʥʥʳʭ ʧʨʫʪʢʦʚ ʤʝʪʦʜʦʤ ɹʇʇ ʩ 
ʪʨʝʙʫʝʤʳʤ ʫʨʦʚʥʝʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɼʘʣɹ-
ʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʫʜʫʪ ʩʚʷʟʘʥʳ ʩ ʧʦʣʫʯʝʥʠ-
ʝʤ ʢʘʣʠʙʨʦʚʘʥʥʳʭ ʧʨʫʪʢʦʚ ʧʦ ʩʭʝʤʝ ɹʇʇ ï ʚʦʣʦ-
ʯʝʥʠʝ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʩʪʘʥʜʘʨʪʦʤ 
ʫʨʦʚʥʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʩʨʘʚʥʝʥʠʝ ʠʭ ʩ 
ʧʨʫʪʢʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʦ ʧʨʠʤʝʥʷʝʤʦʡ ʚ ʧʨʦʠʟ-
ʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. 
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ɼɽʌʆʈʄʀʈʆɺɸʅʀʗ ʇʃʆʉʂʆʁ ɿɸɻʆʊʆɺʂʀ 

ʉʦʣʦʤʦʥʦʚ ʂ.ʅ.
1
, ʊʠʱʫʢ ʃ.ʀ.

1
, ɹʘʭʘʝʚ ʂ.ɺ.

2
 

1
 ʌʠʣʠʘʣ ʈʦʩʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ, ɺʦʨʦʥʝʞ, ʈʦʩʩʠʷ 

2
 ʃʠʧʝʮʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʃʠʧʝʮʢ, ʈʦʩʩʠʷ 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʘ ʟʘʜʘʯʘ ʧʦ ʩʦʟʜʘʥʠʶ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʩʧʦʩʦʙʥʦʛʦ ʤʦʜʝʣʠ-
ʨʦʚʘʪʴ ʢʘʨʪʠʥʫ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ ʚ ʧʨʦʮʝʩʩʘʭ ʛʦʨʷʯʝʡ ʜʝʬʦʨʤʘʮʠʠ ʧʣʦʩʢʠʭ ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʭ ʟʘʛʦʪʦʚʦʢ. ɼʘʥʘ 
ʦʮʝʥʢʘ ʪʨʘʜʠʮʠʦʥʥʳʤ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤ ʩʭʝʤʘʤ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ ï ʥʦʨʤʘʣʴʥʦʡ ʠ ʨʘʜʠʘʣʴʥʦʡ. ʈʝʟʫʣʴʪʘʪʳ ʚʠʨʪʫʘʣʴ-
ʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ DEFORM, ʢʦʪʦʨʳʡ ʭʦʨʦʰʦ ʟʘʨʝʢʦ-
ʤʝʥʜʦʚʘʣ ʩʝʙʷ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʬʦʨʤʦʠʟʤʝʥʝʥʠʷ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʣʶʙʳʭ ʧʘʨʘʤʝʪʨʘʭ ʧʨʦʮʝʩʩʘ 
ʦʩʘʜʢʠ ʨʝʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ çʧʨʦʤʝʞʫʪʦʯʥʘʷè ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʟʦʥ ʪʝʯʝ-
ʥʠʷ ʧʦ ʥʦʨʤʘʣʠ ʢ ʢʦʥʪʫʨʫ ʠ ʟʦʥ ʨʘʜʠʘʣʴʥʦʛʦ ʪʝʯʝʥʠʷ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʣʛʦʨʠʪʤʘ ʨʘʩʯʝʪʘ ʧʘʨʘ-
ʤʝʪʨʦʚ ʦʩʘʜʢʠ ʧʣʦʩʢʦʡ ʟʘʛʦʪʦʚʢʠ ʜʦʧʫʩʪʠʤʦʡ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʦʨʤʘʣʴʥʫʶ ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʩʭʝʤʫ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ 
ʚ ʫʩʣʦʚʠʷʭ ʪʨʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʦʧʨʦʚʦʞʜʘʶʪ ʧʨʦʮʝʩʩʳ ʛʦʨʷʯʝʡ ʦʙʲʝʤʥʦʡ ʰʪʘʤʧʦʚʢʠ ʠ ʢʦʚʢʠ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ 
ʧʨʠ ʥʘʣʠʯʠʠ ʩʤʘʟʢʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʜʦʧʫʱʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ EQUI, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 
ʤʦʜʝʣʠʨʦʚʘʪʴ ʢʘʨʪʠʥʫ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ ʧʦ ʧʣʦʩʢʦʩʪʠ ʢʦʥʪʘʢʪʘ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʟʘʛʦʪʦʚʢʠ. ɼʣʷ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝ-
ʣʠʨʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʵʧʶʨʳ ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʣʠʥʠʡ ʨʘʟʜʝʣʘ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ 
ʧʨʝʜʣʦʞʝʥʘ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʂʆʄʇɸʉ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʟʘʜʘʯʘ ʚ ʥʘʧʨʷʞʝʥʠʷʭ 
ʤʦʞʝʪ ʙʳʪʴ ʩʚʝʜʝʥʘ ʢ ʟʘʜʘʯʝ ʚ ʧʝʨʝʤʝʱʝʥʠʷʭ. ʕʪʦ ʚʦʟʤʦʞʥʦ ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʧʨʦʝʢʮʠʷ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʤʦʜʝʣʠ, 
ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʥʘʣʦʛ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʵʧʶʨʳ ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʧʣʦʩʢʦʩʪʴ ʢʦʥʪʘʢʪʘ ʠʥ-
ʩʪʨʫʤʝʥʪʘ ʠ ʟʘʛʦʪʦʚʢʠ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʠʟʦʙʨʘʞʝʥʠʝ ʣʠʥʠʠ ʨʘʟʜʝʣʘ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ ʥʘ ʢʦʥʪʘʢʪʥʦʡ ʧʣʦʩʢʦʩʪʠ. 
ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʂʆʄʇɸʉ ʠ EQUI, ʧʦʢʘʟʳʚʘʝʪ ʭʦʨʦʰʝʝ ʩʦʚʧʘʜʝʥʠʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʣʦʩʢʘʷ ʟʘʛʦʪʦʚʢʘ, ʜʝʬʦʨʤʘʮʠʷ, ʦʩʘʜʢʘ, ʢʘʨʪʠʥʘ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʵʧʶʨʘ 
ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ, ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ 
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ANALYSIS OF THE META L FLOW DIAGRAM IN FL AT  

BAR FORMING PROCESSES  
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Abstract. The paper describes the development of a specific software suite applied to simulate a metal flow chart in 

hot forming processes of shaped flat bars. It contains an assessment of conventional kinematic metal flow diagrams: 

normal and radial ones. A virtual experiment conducted in DEFORM, showing good results in plastic forming, 

demonstrated that at any parameters of an upsetting process a real diagram was an ñintermediateò metal flow kine-

matic diagram, consisting of zones of the flow along the normal to the circuit and zones of a radial flow. To devel-

op an algorithm of calculating the flat bar upsetting parameters, it is assumed to consider as acceptable a normal 

kinematic diagram of a metal flow in friction conditions accompanying hot die forging and pressing of aluminum 

alloys with lubrication. Following this assumption, EQUI software suite was developed to simulate a metal flow 

chart along the contact plane of the tool and the bar. To carry out a computer simulation of a 3D contact stress 

drawing and, as a consequence, boundary lines of the metal flow, it is suggested to use KOMPAS automated design 

system, where a stress problem may be converted to a displacement problem. It is possible due to a projection of a 

solid model representing a similar 3D contact stress drawing on a plane of the contact between the tool and the bar, 

giving an image of the boundary line of the metal flow on the contact plane. The comparison of the results in 

KOMPAS and EQUI shows a good agreement. 

Keywords: flat bar, forming, upsetting, metal flow chart, 3D contact stress drawing, friction coefficient, software suite 
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ɺʚʝʜʝʥʠʝ 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʘʨʪʠʥʳ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ 

ʧʦ ʧʦʣʦʪʥʫ ʧʣʦʩʢʦʡ ʟʘʛʦʪʦʚʢʠ ʚ ʫʩʣʦʚʠʷʭ ʛʦʨʷ-

ʯʝʡ ʜʝʬʦʨʤʘʮʠʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʘʭ ʢʦʚʢʠ ʠ ʦʙʲʝʤʥʦʡ ʰʪʘʤ-

ʧʦʚʢʠ, ʢʦʛʜʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʦʦʙ-

ʨʘʟʦʚʘʥʠʝ ʧʦʢʦʚʢʠ ʦʢʘʟʳʚʘʝʪ ʪʨʝʥʠʝ, ʥʘʠʙʦʣʝʝ 

ʧʨʠʛʦʜʥʦʡ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʜʝʬʦʨʤʘʮʠʦʥʥʫʶ 

ʩʭʝʤʫ ʦʩʘʜʢʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʢʘʨʪʠʥʳ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ ʧʨʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ 

ʧʣʦʩʢʦʡ ʟʘʛʦʪʦʚʢʠ ʚ ʫʩʣʦʚʠʷʭ ʧʣʦʩʢʦʡ ʜʝʬʦʨʤʘ-

ʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʧʦʩʪʨʦʝʥʠʝ 

ʩʭʝʤʳ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ, ʢʦʪʦʨʘʷ ʥʘʠʙʦʣʝʝ ʪʦʯʥʦ 

ʦʧʠʩʳʚʘʣʘ ʙʳ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ ʧʦ 

ʧʦʣʦʪʥʫ ʟʘʛʦʪʦʚʢʠ. 

ʆʮʝʥʢʘ ʧʨʠʛʦʜʥʦʩʪʠ ʧʨʝʜʝʣʴʥʳʭ  

ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʩʭʝʤ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ 

ɺ çʢʣʘʩʩʠʯʝʩʢʦʡè ʣʠʪʝʨʘʪʫʨʝ [1] ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʜʚʝ ʧʨʝʜʝʣʴʥʳʝ ʩʭʝʤʳ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ ʧʦ 

ʧʦʣʦʪʥʫ ʦʙʨʘʟʮʘ ʧʨʠ ʦʩʘʜʢʝ ʧʣʦʩʢʦʡ ʧʨʷʤʦ-

ʫʛʦʣʥʦʡ ʟʘʛʦʪʦʚʢʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʝ ʧʦʪʦʢʦʚ ʤʝʪʘʣʣʘ ʥʘ ʢʦʥʪʘʢʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʢʦʪʦʨʳʝ ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ çʥʦʨʤʘʣʴʥʘʷ ʠ ʨʘ-

ʜʠʘʣʴʥʘʷ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʩʭʝʤʳ ʪʝʯʝʥʠʷ ʤʝ-

ʪʘʣʣʘè (ʨʠʩ. 1). ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʨʤʘʣʴʥʦʡ 

ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʩʭʝʤʦʡ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ ʣʠʥʠʠ 

ʪʦʢʘ ʥʘʧʨʘʚʣʝʥʳ ʧʦ ʥʦʨʤʘʣʠ ʢ ʢʦʥʪʫʨʫ ʟʘʛʦʪʦʚ-

ʢʠ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʧʣʘʩʪʠʥʘ ʚ 

ʭʦʜʝ ʦʩʘʜʢʠ ʜʦʣʞʥʘ ʧʨʝʚʨʘʱʘʪʴʩʷ ʚ ʤʥʦʛʦ-

ʫʛʦʣʴʥʠʢ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʜʠʘʣʴʥʦʡ ʢʠʥʝʤʘ-

ʪʠʯʝʩʢʦʡ ʩʭʝʤʦʡ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ ʧʦʯʪʠ ʚʩʝ ʣʠ-

ʥʠʠ ʪʦʢʘ ʥʘʧʨʘʚʣʝʥʳ ʚʜʦʣʴ ʨʘʜʠʫʩʦʚ ʥʝʢʦʪʦʨʦʡ 

ʦʢʨʫʞʥʦʩʪʠ, ʧʦʜ ʦʩʪʨʳʤ ʫʛʣʦʤ ʢ ʢʦʥʪʫʨʫ ʟʘʛʦ-

ʪʦʚʢʠ, ʠ ʚ ʧʨʦʮʝʩʩʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʷʤʦ-

ʫʛʦʣʴʥʘʷ ʧʣʘʩʪʠʥʘ, ʫʚʝʣʠʯʠʚʘʷʩʴ ʚ ʨʘʟʤʝʨʘʭ, ʥʝ 

ʜʦʣʞʥʘ ʤʝʥʷʪʴ ʩʚʦʝʡ ʬʦʨʤʳ. ʉʩʳʣʘʷʩʴ ʥʘ ʨʘʙʦ-

ʪʳ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʠ ʨʷʜʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ 

ʟʘʨʫʙʝʞʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʤʦʞʥʦ ʫʪʚʝʨ-

ʞʜʘʪʴ, ʯʪʦ ʚʠʜ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʩʭʝʤʳ ʪʝʯʝʥʠʷ 

ʤʝʪʘʣʣʘ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʥʦ ʥʝ ʪʦʣʴʢʦ, ʟʘʚʠʩʠʪ 

ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ (ʧʦʢʘʟʘʪʝʣʷ) ʪʨʝʥʠʷ. ʇʨʠ ʵʪʦʤ 

ʥʦʨʤʘʣʴʥʘʷ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʪʝʯʝʥʠʷ ʤʝ-
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ʪʘʣʣʘ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʪʨʝʥʠʝ ʤʘʢ-

ʩʠʤʘʣʴʥʦʝ, ʘ ʨʘʜʠʘʣʴʥʘʷ ï ʢʦʛʜʘ ʪʨʝʥʠʝ ʧʦʣʥʦ-

ʩʪʴʶ ʦʪʩʫʪʩʪʚʫʝʪ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʥʘ ʧʨʘʢʪʠʢʝ 

ʦʙʘ ʚʘʨʠʘʥʪʘ ʥʝʨʝʘʣʠʟʫʝʤʳ. 

 
ʘ 

 

ʙ 

ʈʠʩ. 1. ʇʨʝʜʝʣʴʥʳʝ ʩʭʝʤʳ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ:  
ʘ ï ʥʦʨʤʘʣʴʥʘʷ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ;  
ʙ ï ʨʘʜʠʘʣʴʥʘʷ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ 

Fig. 1. Limit metal flow diagrams: ʘ is a normal  

kinematic diagram; ʙ is a radial kinematic diagram 

ɺ ʨʝʘʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ ʦʩʘʜʢʠ ʧʨʷʤʦʫʛʦʣʴʥʠʢ 

ʜʝʬʦʨʤʠʨʫʝʪʩʷ ʥʝ ʚ ʤʥʦʛʦʫʛʦʣʴʥʠʢ, ʘ ʚ ʵʣʣʠʧʩ, ʘ 

ʟʘʪʝʤ ʚ ʦʢʨʫʞʥʦʩʪʴ, ʠ ʥʘʙʣʶʜʘʶʪʩʷ ʪʘʢ ʥʘʟʳʚʘ-

ʝʤʳʝ çʫʰʢʠè ï ʟʘʦʩʪʨʝʥʥʳʝ ʚʳʩʪʫʧʳ ʚ ʫʛʣʦʚʳʭ 

ʟʦʥʘʭ ʟʘʛʦʪʦʚʢʠ. ʋʢʘʟʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝ-

ʥʳ ʚ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ [2]. ɸʥʘʣʦʛʠʯʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʪʦʥʢʠʭ ʩʪʘʣʴʥʳʭ ʠ ʩʚʠʥʮʦʚʳʭ ʦʙʨʘʟʮʘʭ [3], ʦʪ-

ʥʦʰʝʥʠʝ ʪʦʣʱʠʥʳ ʢʦʪʦʨʳʭ ʢ ʣʠʥʝʡʥʦʤʫ ʨʘʟʤʝ-

ʨʫ ʚ ʧʣʘʥʝ ʙʳʣʦ ʨʘʚʥʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 0,1. ʆʧʠ-

ʩʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʧʨʦʚʦʜʠʚʰʠʝʩʷ ʥʘ ʧʨʦ-

ʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ ʨʘʟʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʠʤʝʝʪ ʤʝʩʪʦ ʥʝʢʦʪʦʨʘʷ çʧʨʦʤʝʞʫʪʦʯʥʘʷè ʢʠʥʝ-

ʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ, ʯʪʦ ʩʦʛʣʘʩʫ-

ʝʪʩʷ ʩ ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ, ʚʳʩʢʘʟʘʥʥʳʤ ʚ [1], ʛʜʝ 

ʦʧʠʩʘʥʳ ʧʨʝʜʝʣʴʥʳʝ ʩʣʫʯʘʠ. 
ʇʦʧʳʪʢʠ ʫʩʪʨʘʥʠʪʴ ʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʴ ʥʦʨ-

ʤʘʣʴʥʦʡ ʠ ʨʘʜʠʘʣʴʥʦʡ ʩʭʝʤ ʠ ʧʨʠʙʣʠʟʠʪʴ ʠʭ ʢ ʨʝ-
ʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʧʦʢʦʚʦʢ 
ʧʨʝʜʧʨʠʥʠʤʘʣʠ ʠ ʜʨʫʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ [4]. ʀʤʠ 
ʚʳʩʢʘʟʳʚʘʣʦʩʴ ʤʥʝʥʠʝ, ʯʪʦ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ 
ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠʤʝʝʪ ʤʝʩʪʦ ʥʦʨʤʘʣʴʥʘʷ ʢʠʥʝʤʘ-

ʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ, ʘ ʟʘʪʝʤ ʧʦ ʭʦʜʫ 
ʦʩʘʜʢʠ ʥʘ ʧʦʩʣʝʜʫʶʱʠʭ ʵʪʘʧʘʭ ï çʧʩʝʚʜʦʥʦʨʤʘʣʴ-
ʥʘʷè, ʢʦʪʦʨʘʷ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʵʣʝʤʝʥʪʳ ʥʦʨʤʘʣʴʥʦʡ 
ʠ ʨʘʜʠʘʣʴʥʦʡ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʩʭʝʤ ʪʝʯʝʥʠʷ ʤʝʪʘʣ-
ʣʘ: ʣʠʥʠʠ ʨʘʟʜʝʣʘ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ ʨʘʩʧʦʣʦʞʝʥʳ 
ʪʘʢ ʞʝ, ʢʘʢ ʚ ʥʦʨʤʘʣʴʥʦʡ, ʥʦ ʣʠʥʠʠ ʪʦʢʘ ʥʘʧʨʘʚʣʝ-
ʥʳ ʚʜʦʣʴ ʨʘʜʠʫʩʦʚ ʜʫʛ ʥʝʢʦʪʦʨʳʭ ʦʢʨʫʞʥʦʩʪʝʡ, 
ʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʨʘʥʠʯʥʳʤʠ 
ʫʩʣʦʚʠʷʤʠ. ʊʦʛʜʘ ʚʩʝ-ʪʘʢʠ ʩʭʝʤʫ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ 
ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʦʨʤʘʣʴʥʦʡ, ʥʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʥʝ ʢ 
ʜʝʡʩʪʚʠʪʝʣʴʥʦʤʫ, ʘ ʢ ʫʩʣʦʚʥʦʤʫ ʢʦʥʪʫʨʫ.  
ʉʫʱʝʩʪʚʝʥʥʳʤ ʦʪʣʠʯʠʝʤ ʦʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʚ ʵʪʦʡ ʩʪʘʪʴʝ ʨʘʟʨʘʙʦʪʦʢ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʘʚʪʦʨʳ 
ʫʢʘʟʘʥʥʦʡ ʠʜʝʠ ʠʩʩʣʝʜʦʚʘʣʠ ʚʣʠʷʥʠʝ ʥʝ ʪʨʝʥʠʷ, ʘ 
ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ ʧʦʢʦʚ-
ʢʠ. ʂʘʟʘʣʦʩʴ ʙʳ, ʧʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʥʦʨʤʘʣʴʥʘʷ 
ʩʭʝʤʘ ʥʝ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ, ʪʘʢ ʢʘʢ ʥʝʧʦʥʷʪ-
ʥʦ, ʯʪʦ ʩʯʠʪʘʪʴ ʥʘʯʘʣʴʥʳʤ ʤʦʤʝʥʪʦʤ ʜʝʬʦʨʤʠʨʦ-
ʚʘʥʠʷ ʠ ʢʦʛʜʘ ʦʥ ʟʘʢʘʥʯʠʚʘʝʪʩʷ. ʆʜʥʘʢʦ ʦʢʘʟʘʣʦʩʴ, 
ʯʪʦ ʠʤʝʥʥʦ ʥʦʨʤʘʣʴʥʘʷ ʩʭʝʤʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 
ʧʫʩʪʴ ʠ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ, ʥʦ ʙʳʩʪʨʦ ʦʮʝʥʠʪʴ (ʩʜʝ-
ʣʘʪʴ ʵʢʩʧʨʝʩʩ-ʘʥʘʣʠʟ) ʢʘʨʪʠʥʫ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ, 
ʯʪʦ ʙʳʚʘʝʪ ʥʝʤʘʣʦʚʘʞʥʦ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 
ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʤʦʞʥʦ ʧʦ-
ʞʝʨʪʚʦʚʘʪʴ ʪʦʯʥʦʩʪʴʶ ʨʘʩʯʝʪʦʚ ʨʘʜʠ ʩʢʦʨʦʩʪʠ 
ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ 
ʥʦʨʤʘʣʴʥʘʷ ʩʭʝʤʘ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ ʩʨʘʚʥʠʪʝʣʴʥʦ 
ʣʝʛʢʦ ʧʦʜʜʘʝʪʩʷ ʬʦʨʤʘʣʠʟʘʮʠʠ ʠ ʜʘʝʪ ʚʦʟʤʦʞ-
ʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʥʝʩʣʦʞʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ 
ʢʘʨʪʠʥʳ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ ʠ ʨʝʘʣʠʟʦʚʘʪʴ ʝʛʦ ʚ ʚʠʜʝ 
ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʤʦʜʝʣʠ-
ʨʦʚʘʪʴ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ ʟʘʛʦʪʦʚʢʠ. 

ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ  

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʝʘʣʴʥʦʡ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ 
ʩʭʝʤʳ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ, ʢʘʢ ʦʙʳʯʥʦ ʚ ʧʦʜʦʙʥʳʭ 
ʩʣʫʯʘʷʭ, ʞʝʣʘʪʝʣʴʥʦ ʧʨʦʚʝʩʪʠ ʥʘʪʫʨʥʳʝ ʵʢʩʧʝ-
ʨʠʤʝʥʪʳ. ʋʧʦʤʷʥʫʪʳʝ ʚʳʰʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʝ 
ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʠʪʴ ʧʦʣʝ ʩʢʦʨʦʩʪʝʡ ʠʣʠ ʧʝʨʝ-
ʤʝʱʝʥʠʡ, ʘ ʟʥʘʯʠʪ, ʠ ʢʘʨʪʠʥʫ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ 
ʧʦ ʚʩʝʡ ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʘ ʟʘʛʦʪʦʚʢʠ. ɿʘʜʘʯʘ 
ʚʠʟʫʘʣʠʟʘʮʠʠ ʢʘʨʪʠʥʳ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ ʩ ʧʦ-
ʤʦʱʴʶ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚ-
ʣʷʝʪʩʷ ʚʝʩʴʤʘ ʩʣʦʞʥʦʡ. ɽʩʣʠ ʚʟʷʪʴ ʚʦ ʚʥʠʤʘʥʠʝ 
ʥʝʠʟʙʝʞʥʳʝ ʚʨʝʤʝʥʥʳʝ ʠ ʬʠʥʘʥʩʦʚʳʝ ʟʘʪʨʘʪʳ 
ʥʘ ʧʦʜʛʦʪʦʚʢʫ ʠ ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʪʦ 
ʟʘʜʘʯʘ ʠ ʚʦʚʩʝ ʩʪʘʥʦʚʠʪʩʷ ʤʘʣʦʧʨʠʚʣʝʢʘʪʝʣʴ-
ʥʦʡ. ʅʘʠʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʳʡ ʚʳʭʦʜ ʠʟ ʜʘʥʥʦʡ 
ʩʠʪʫʘʮʠʠ ï ʟʘʤʝʥʘ ʥʘʪʫʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 
ʚʠʨʪʫʘʣʴʥʳʤ, ʯʪʦ ʚ ʩʝʛʦʜʥʷʰʥʠʭ ʫʩʣʦʚʠʷʭ ʚʳ-
ʩʦʢʦʨʘʟʚʠʪʦʡ ʙʘʟʳ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʠʢʠ ʠ 
ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚʝʩʴʤʘ ʧʨʦʜʫʢʪʠʚ-
ʥʦ. ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʫʞʝ ʜʘʚʥʦ 
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ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʤ 
ʩʧʦʩʦʙʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʦʙʲʝʜʠʥʷʶʱʠʤ ʯʠʩ-
ʣʝʥʥʳʝ ʠ ʛʨʘʬʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʦʩʪʨʦʝʥʠʡ. 
ʇʨʝʞʜʝ ʯʝʤ ʧʝʨʝʡʪʠ ʢ ʦʧʠʩʘʥʠʶ ʨʘʟʨʘʙʦ-

ʪʘʥʥʦʛʦ ʘʚʪʦʨʘʤʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, 
ʠʤʝʝʪ ʩʤʳʩʣ ʜʘʪʴ ʥʝʙʦʣʴʰʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ 
ʩʧʦʩʦʙʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺʩʝ ʩʧʦʩʦʙʳ ʢʦʤʧʴʶ-
ʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝ-
ʣʠʪʴ ʥʘ ʜʚʝ ʢʘʪʝʛʦʨʠʠ: ʩʧʦʩʦʙʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
ʧʨʦʮʝʩʩʦʚ ʠ ʩʧʦʩʦʙʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ. 
ʂ ʩʧʦʩʦʙʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʤʦʞʥʦ 
ʦʪʥʝʩʪʠ ʉɸʄ/ʉɸɽ ʠ ʜʨʫʛʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ 
ʩʠʩʪʝʤʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʚ 
ʢʦʥʢʨʝʪʥʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʳʝ ʥʘʟʳ-
ʚʘʶʪ ʧʨʠʢʣʘʜʥʳʤʠ. ɺ ʦʙʣʘʩʪʠ ʦʙʨʘʙʦʪʢʠ ʤʝ-
ʪʘʣʣʦʚ ʜʘʚʣʝʥʠʝʤ ʢ ʥʠʤ ʦʪʥʦʩʷʪʩʷ DEFORM, 
FORGE, ANSYS, SPLEN ʠ ʜʨ. ʂ ʩʧʦʩʦʙʘʤ ʤʦ-
ʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʦʪʥʦʩʷʪʩʷ CAD-ʩʠʩʪʝʤʳ, 
ʧʦʟʚʦʣʷʶʱʠʝ ʤʦʜʝʣʠʨʦʚʘʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 
ʦʙʲʝʢʪʳ (ʦʪ ʧʨʠʤʠʪʠʚʦʚ ʜʦ ʩʣʦʞʥʳʭ ʢʨʠʚʦʣʠ-
ʥʝʡʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ). ʂʨʦʤʝ ʵʪʦʛʦ, ʪʘʢʠʝ ʩʠ-
ʩʪʝʤʳ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʩʣʦʞ-
ʥʳʝ ʤʘʰʠʥʳ ʠ ʤʝʭʘʥʠʟʤʳ ʠ ʛʦʪʦʚʠʪʴ ʜʣʷ ʥʠʭ 
ʢʦʥʩʪʨʫʢʪʦʨʩʢʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ. ʇʨʠʤʝʨʘʤʠ 
ʫʢʘʟʘʥʥʳʭ CAD-ʩʠʩʪʝʤ ʷʚʣʷʶʪʩʷ COMPAS, 
AutoCAD, SolidWorks, Unigraphics.  
ʉʦʯʝʪʘʥʠʝʤ ʩʧʦʩʦʙʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʢʘʟʘʥ-

ʥʳʭ ʜʚʫʭ ʢʘʪʝʛʦʨʠʡ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʡ 
ʘʚʪʦʨʘʤʠ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ EQUI (ʨʠʩ. 2), 
ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʩʨʝʜʝ ʚʠʟʫʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦ-
ʚʘʥʠʷ DELPHI, ʙʘʟʠʨʫʶʱʠʡʩʷ ʥʘ ʥʦʨʤʘʣʴʥʦʡ ʢʠ-
ʥʝʤʘʪʠʯʝʩʢʦʡ ʩʭʝʤʝ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ. 
ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ EQUI [5-7], ʧʨʝʜʥʘ-

ʟʥʘʯʝʥʥʳʡ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʘʨʪʠʥʳ ʪʝʯʝʥʠʷ 
ʤʝʪʘʣʣʘ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʵʧʶʨʳ ʢʦʥʪʘʢʪʥʳʭ 
ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʨʦʮʝʩʩʘʭ ʦʩʘʜʢʠ, ʢʦʪʦʨʘʷ ʩʦʧʫʪ-
ʩʪʚʫʝʪ ʪʝʯʝʥʠʶ ʤʝʪʘʣʣʘ ʧʦ ʟʝʨʢʘʣʫ ʛʨʘʚʶʨʳ 
ʰʪʘʤʧʘ ʧʨʠ ʦʙʲʝʤʥʦʡ ʰʪʘʤʧʦʚʢʝ ʧʦʢʦʚʦʢ ʠʟ 
ʧʣʦʩʢʠʭ ʟʘʛʦʪʦʚʦʢ, ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʦʩʥʦʚʥʳʭ 

ʧʨʦʛʨʘʤʤʥʳʭ ʙʣʦʢʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʝʰʝʥʠʝ 
ʩʪʘʪʠʯʝʩʢʦʡ, ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʠ ʜʠʥʘʤʠʯʝʩʢʦʡ 
ʟʘʜʘʯ. ʈʝʰʝʥʠʝ ʩʪʘʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʭʦʨʦʰʦ ʩʦ-
ʛʣʘʩʫʝʪʩʷ ʩ ʧʨʠʥʮʠʧʦʤ ʢʨʘʪʯʘʡʰʝʡ ʥʦʨʤʘʣʠ, ʚ 
ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤ ʤʝʪʘʣʣ ʧʦ ʧʣʦʩʢʦʩʪʠ 
ʢʦʥʪʘʢʪʘ ʪʝʯʝʪ ʚʜʦʣʴ ʣʠʥʠʡ ʪʦʢʘ, ʥʘʧʨʘʚʣʝʥʥʳʭ 
ʦʨʪʦʛʦʥʘʣʴʥʦ ʢʦʥʪʫʨʫ ʧʦʢʦʚʢʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 
ʣʠʥʠʷ ʨʘʟʜʝʣʘ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ ʷʚʣʷʝʪʩʷ ʛʝʦʤʝʪ-
ʨʠʯʝʩʢʠʤ ʤʝʩʪʦʤ ʪʦʯʝʢ, ʨʘʚʥʦʫʜʘʣʝʥʥʳʭ ʦʪ ʢʦʥ-
ʪʫʨʘ ʟʘʛʦʪʦʚʢʠ, ʠʣʠ ʵʢʚʠʜʠʩʪʘʥʪʦʡ. ʈʝʰʝʥʠʝ ʢʠ-
ʥʝʤʘʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʨʠʥʮʠʧʝ 
ʥʘʠʤʝʥʴʰʝʛʦ ʧʝʨʠʤʝʪʨʘ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʤʫ 
ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʥʷʪʘ ʧʩʝʚʜʦʥʦʨʤʘʣʴʥʘʷ ʩʭʝʤʘ 
ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʪʝʤ, ʯʪʦ 
ʣʠʥʠʠ ʪʦʢʘ ʥʘʧʨʘʚʣʝʥʳ ʦʨʪʦʛʦʥʘʣʴʥʦ ʢ ʥʝʢʦʪʦ-
ʨʦʡ ʫʩʣʦʚʥʦʡ ʢʨʠʚʦʡ, ʷʚʣʷʶʱʝʡʩʷ ʣʠʥʠʝʡ ʫʨʦʚ-
ʥʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. ʊʦ-
ʛʜʘ ʤʝʪʘʣʣ ʪʝʯʝʪ ʚʜʦʣʴ ʨʘʜʠʫʩʦʚ ʥʝʢʦʪʦʨʦʡ 
ʦʢʨʫʞʥʦʩʪʠ, ʥʘʟʳʚʘʝʤʦʡ ʫʩʣʦʚʥʳʤ ʢʦʥʪʫʨʦʤ. 
ɼʠʥʘʤʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ ʧʦʩʪʨʦʝʥʠʶ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʵʧʶʨʳ ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝ-

ʥʠʡ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʯʝʪʘʥʠʝ ʢʦ-

ʥʠʯʝʩʢʠʭ ʠ ʛʨʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʇʨʠʯʝʤ ʚ 

ʧʨʦʝʢʮʠʠ ʥʘ ʧʣʦʩʢʦʩʪʴ ʢʦʥʪʘʢʪʘ ʨʝʙʨʘ ʵʪʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʣʠʥʠʷʤʠ ʨʘʟʜʝʣʘ ʪʝʯʝʥʠʷ 

ʤʝʪʘʣʣʘ, ʘ ʣʠʥʠʠ ʩʢʘʪʘ ï ʣʠʥʠʷʤʠ ʪʦʢʘ. 

ɺ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ EQUI, ʢʦʪʦʨʳʡ 

ʦʪʥʦʩʠʪʩʷ ʢ ʩʧʦʩʦʙʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʠ ʦʙʲʝʢʪʦʚ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʠʭ ʚʝʨʩʠʡ, 

ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚ ʪʦʤ ʯʠʩʣʝ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦ-

ʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʵʧʶʨʳ ʢʦʥʪʘʢʪʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʧʣʦʩʢʦʡ ʢʘʨʪʠʥʳ ʪʝʯʝʥʠʷ 

ʤʝʪʘʣʣʘ. ʊʦ ʝʩʪʴ ʨʝʰʝʥʘ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʘʷ ʚ 

ʧʣʘʥʝ ʬʦʨʤʘʣʠʟʘʮʠʠ ʟʘʜʘʯʘ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦʡ ʵʧʶʨʳ ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ 

ʟʘ ʩʯʝʪ çʚʩʧʫʭʘʥʠʷè ʢʘʨʪʠʥʳ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʧʣʦʩʢʦʩʪʠ ʢʦʥʪʘʢʪʘ, ʜʦ ʦʙʲ-

ʝʤʥʦʡ ʬʠʛʫʨʳ (ʩʤ. ʨʠʩ. 2). 
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Fig. 2. Drawing of the part and simulation results in EQUI software suite 
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ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʵʧʶʨʳ ʢʦʥʪʘʢʪʥʳʭ  

ʜʘʚʣʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʂʆʄʇɸʉʘ 

ɺ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʦʨ-

ʤʘʣʴʥʦʡ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʩʭʝʤʳ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ, 

ʘ ʚʤʝʩʪʝ ʩ ʥʝʡ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʵʧʶʨʳ ʢʦʥ-

ʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚʦʟʤʦʞʥʦ ʦʜʥʠʤ ʠʟ ʩʧʦʩʦ-

ʙʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ. ʉʘʤʳʡ ʧʨʦʩʪʦʡ ʠʟ 

ʥʠʭ, ʥʦ ʜʦʩʪʘʪʦʯʥʦ ʥʘʛʣʷʜʥʳʡ,  ï ʦʪʝʯʝʩʪʚʝʥʥʳʡ 

ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʂʆʄʇɸʉ. ʅʘʜʦ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʢʘʞʫʱʘʷʩʷ ʧʨʦʩʪʦʪʘ ʵʪʦʛʦ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʘ-

ʢʝʪʘ ʦʙʲʷʩʥʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ: ʚʦ-ʧʝʨʚʳʭ, ʦʜʠʥ ʠʟ 

ʧʨʠʝʤʦʚ ʧʦʣʫʯʝʥʠʷ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʤʦʜʝʣʝʡ ʚ 

ʂʆʄʇɸʉʝ ʷʚʣʷʝʪʩʷ çʚʳʜʘʚʣʠʚʘʥʠʝè, ʢʦʪʦʨʦʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʩʪʨʦʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʜʠ-

ʥʘʢʦʚʦʛʦ ʩʢʘʪʘ (ʘ ʠʤʝʥʥʦ ʝʝ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ  

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʵʧʶʨʘ ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝ-

ʥʠʡ) ʥʘ ʟʘʜʘʥʥʦʤ ʢʦʥʪʫʨʝ; ʚʦ-ʚʪʦʨʳʭ, ʧʨʦʩʪʦʪʘ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʨʝʘʣʠʟʘʮʠʠ ʨʘʩʩʤʘʪ-

ʨʠʚʘʝʤʳʭ ʧʦʩʪʨʦʝʥʠʡ ʚ ʂʆʄʇɸʉʝ ʜʦʩʪʠʛʥʫʪʘ ʟʘ 

ʩʯʝʪ ʚʳʩʦʢʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʯʪʦ 

ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ EQUI.  

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʵʧʶ-

ʨʳ ʢʦʥʪʘʢʪʥʳʭ ʜʘʚʣʝʥʠʡ ʠ ʣʠʥʠʠ ʨʘʟʜʝʣʘ ʪʝʯʝ-

ʥʠʷ ʤʝʪʘʣʣʘ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʂʆʄʇɸʉ 

ʜʦʩʪʘʪʦʯʥʦ ʫʜʦʙʝʥ ʪʝʤ, ʯʪʦ, ʚʦ-ʧʝʨʚʳʭ, ʦʥ ʧʨʦʩʪ 

ʚ ʦʩʚʦʝʥʠʠ; ʚʦ-ʚʪʦʨʳʭ, ʚʳʜʘʚʣʠʚʘʥʠʝ ʪʚʝʨʜʦ-

ʪʝʣʴʥʦʡ ʤʦʜʝʣʠ ʥʘ ʧʣʦʩʢʦʤ ʢʦʥʪʫʨʝ ʧʨʦʠʩʭʦʜʠʪ 

ʪʘʢ, ʯʪʦ ʚʩʝ ʦʙʨʘʟʫʶʱʠʝ ʧʦʣʫʯʘʝʤʦʡ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʥʘʢʣʦʥʝʥʳ ʧʦʜ ʦʜʥʠʤ ʫʛʣʦʤ ʢ ʧʣʦʩʢʦʩʪʠ 

ʢʦʥʪʫʨʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʚʝʨʜʦʪʝʣʴʥʘʷ ʤʦʜʝʣʴ ï 

ʵʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʦʜʠʥʘʢʦʚʦʛʦ ʩʢʘʪʘ, ʘʥʘʣʦʛʠʯʥʘʷ 

ʧʦ ʬʦʨʤʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʵʧʶʨʝ ʢʦʥʪʘʢʪʥʳʭ 

ʜʘʚʣʝʥʠʡ. ʅʘ ʧʣʦʩʢʦʤ ʯʝʨʪʝʞʝ ʧʨʦʝʢʮʠʷ ʵʪʦʡ 

ʤʦʜʝʣʠ ʥʘ ʧʣʦʩʢʦʩʪʴ ʢʦʥʪʘʢʪʘ ʦʪʦʙʨʘʞʘʝʪ ʣʠ-

ʥʠʶ ʨʘʟʜʝʣʘ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ. 

ʉ ʤʠʥʠʤʘʣʴʥʳʤʠ ʚʨʝʤʝʥʥʳʤʠ ʠ ʪʨʫʜʦʟʘʪʨʘ-

ʪʘʤʠ ʚ ʂʆʄʇɸʉʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʨʝʰʝʥʠʝ  

ʟʘʜʘʯʠ ʧʦʩʪʨʦʝʥʠʷ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʤʦʜʝʣʠ ʜʣʷ 

ʜʚʫʭ- ʠ ʪʨʝʭʩʚʷʟʥʦʛʦ ʢʦʥʪʫʨʘ, ʯʝʤʫ ʩʦʦʪʚʝʪʩʪʚʫ-

ʝʪ ʚʠʟʫʘʣʠʟʘʮʠʷ  ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʵʧʶʨʳ ʢʦʥ-

ʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʦʩʘʜʢʝ ʢʨʫʛʣʦʡ ʧʣʘ-

ʩʪʠʥʳ ʩ ʢʨʫʛʣʳʤ ʚʳʨʝʟʦʤ ʠ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʧʣʘ-

ʩʪʠʥʳ ʩ ʜʚʫʤʷ ʢʨʫʛʣʳʤʠ ʚʳʨʝʟʘʤʠ (ʨʠʩ. 3). 

ʅʘʛʣʷʜʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʵʧʶʨʳ ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʦʧʝ-

ʨʘʪʠʚʥʦ ʚʳʙʠʨʘʪʴ ʧʦʪʨʝʙʥʳʝ ʫʩʠʣʠʷ ʧʨʝʩʩʘ ʜʣʷ 

ʩʣʦʞʥʦʢʦʥʪʫʨʥʳʭ ʧʦʢʦʚʦʢ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʘʩʪʠʥʳ ʩ ʚʳʨʝʟʦʤ ʪʨʝʙʫʝʪʩʷ 

ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ ʫʩʠʣʠʡ, ʯʝʤ ʜʣʷ ʩʧʣʦʰʥʦʡ ʧʣʘ-

ʩʪʠʥʳ. ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ 

ʂʆʄʇɸʉʝ ʠ EQUI ʜʘʝʪ ʭʦʨʦʰʝʝ ʩʦʚʧʘʜʝʥʠʝ. 

ʆʜʥʘʢʦ ʜʘʞʝ ʜʣʷ ʩʘʤʳʭ ʧʨʦʩʪʳʭ ʦʜʥʦʩʚʷʟ-

ʥʳʭ ʢʦʥʪʫʨʦʚ ʥʝ ʚʩʝʛʜʘ ʫʜʘʝʪʩʷ ʚ ʂʆʄʇɸʉʝ 

ʧʦʩʪʨʦʠʪʴ ʪʚʝʨʜʦʪʝʣʴʥʫʶ ʤʦʜʝʣʴ ʧʦʣʥʦʩʪʴʶ, 

ʪʘʢ ʢʘʢ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʝʚʦʟʤʦʞʥʦ çʚʳ-

ʪʷʥʫʪʴè (ʚʳʜʘʚʠʪʴ) ʜʦ ʩʘʤʦʛʦ ʚʝʨʭʘ ʪʘʢʫʶ ʧʦ-

ʚʝʨʭʥʦʩʪʴ. ɺʦʟʤʦʞʥʦʩʪʠ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ SolidWorks ʛʦʨʘʟʜʦ 

ʰʠʨʝ, ʥʦ ʠ ʵʪʘ ʢʦʤʧʴʶʪʝʨʥʘʷ ʩʠʩʪʝʤʘ ʥʝ ʚʩʝʛʜʘ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʨʝʰʝʥʠʝ. ɹʦʣʝʝ ʩʦʚʝʨʰʝʥ-

ʥʳʝ ʠ ʩʣʦʞʥʳʝ CAD-ʩʠʩʪʝʤʳ ʜʘʶʪ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʵʪʦʤ ʧʣʘʥʝ. 

 

ʈʠʩ. 3. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʂʆʄʇɸʉʝ 
Fig. 3. Simulation results in KOMPAS 
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ɺʠʨʪʫʘʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ  

ʧʦ ʦʩʘʜʢʝ ʧʣʘʩʪʠʥ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʚʠʨʪʫʘʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 
ʧʨʠʤʝʥʷʣʩʷ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ DEFORM, 
ʧʦʟʚʦʣʷʶʱʠʡ ʤʦʜʝʣʠʨʦʚʘʪʴ ʚʩʝ ʦʩʥʦʚʥʳʝ ʧʨʦʮʝʩ-
ʩʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʦʙʨʘʙʦʪʢʝ ʤʝʪʘʣʣʦʚ ʜʘʚʣʝʥʠʝʤ 

(ʢʦʚʢʘ, ʰʪʘʤʧʦʚʢʘ, ʧʨʦʢʘʪʢʘ, ʧʨʝʩʩʦʚʘʥʠʝ ʠ ʜʨ.).  
ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʨʝʥʠʷ ʥʘ ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʩʭʝʤʫ ʪʝʯʝʥʠʷ ʤʝʪʘʣ-
ʣʘ ʧʨʦʚʝʜʝʥʳ ʚʠʨʪʫʘʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ 
ʦʩʘʜʢʝ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʚ ʧʣʘʥʝ ʧʣʘʩʪʠʥʳ ʩ ʨʘʟ-
ʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʩʪʦʨʦʥ ʠ ʪʦʣʱʠ-
ʥʳ ʠʟ ʩʧʣʘʚʘ Aluminium 3003 (ʘʥʘʣʦʛ ʩʧʣʘʚʘ 
ɸʄʮ). ʀʩʧʦʣʴʟʦʚʘʣʘʩʴ ʟʘʛʦʪʦʚʢʘ ʩ ʨʘʟʤʝʨʘʤʠ ʚ 
ʧʣʘʥʝ 100Ĭ50 ʤʤ, ʪʦʣʱʠʥʦʡ 5 ʤʤ, ʧʨʠ ʪʝʤʧʝʨʘ-
ʪʫʨʝ ʨʘʟʦʛʨʝʚʘ ʟʘʛʦʪʦʚʢʠ 380Áʉ ʠ ʰʪʘʤʧʘ 420Áʉ, ʩ 
ʫʯʸʪʦʤ ʪʝʧʣʦʦʙʤʝʥʘ ʩʦ ʩʨʝʜʦʡ. ʕʢʩʧʝʨʠʤʝʥʪ ʧʦ 
ʦʩʘʜʢʝ ʧʨʦʚʦʜʠʣʩʷ ʚ ʫʩʣʦʚʠʷʭ, ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠ-
ʙʣʠʞʝʥʥʳʭ ʢ ʨʝʘʣʴʥʳʤ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʳ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʧʝʨʝ-

ʤʝʱʝʥʠʷ ʯʘʩʪʠʮ ʤʝʪʘʣʣʘ ʚ ʧʣʦʩʢʦʩʪʠ ʢʦʥʪʘʢʪʘ 

ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʠ ʠʥʩʪʨʫʤʝʥʪʘ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ 

ʩʭʝʤʫ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ (ʨʠʩ. 4). ɼʣʷ ʢʦʨʨʝʢʪʥʦʩʪʠ 

ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʪʨʝʥʠʷ ʧʦʣʷ 

ʩʢʦʨʦʩʪʝʡ ʧʝʨʝʤʝʱʝʥʠʷ ʯʘʩʪʠʮ ʧʦʢʘʟʘʥʳ ʧʨʠ 

ʦʜʠʥʘʢʦʚʦʡ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ, ʘ ʠʤʝʥʥʦ 40%. 

ʈʝʟʫʣʴʪʘʪʳ ʚʠʨʪʫʘʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʟ-

ʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʠ ʢʦʵʬʬʠʮʠʝʥʪʝ 

ʪʨʝʥʠʷ, ʙʣʠʟʢʦʤ ʢ ʤʠʥʠʤʘʣʴʥʦʤʫ, ʢʠʥʝʤʘʪʠʯʝ-

ʩʢʫʶ ʩʭʝʤʫ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʨʘʜʠ-

ʘʣʴʥʦʡ; ʧʨʠ ʢʦʵʬʬʠʮʠʝʥʪʝ ʪʨʝʥʠʷ, ʙʣʠʟʢʦʤ ʢ 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ, ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʪʝʯʝʥʠʷ 

ʤʝʪʘʣʣʘ ʙʣʠʟʢʘ ʢ ʥʦʨʤʘʣʴʥʦʡ (ʩʨʘʚʥʠʪʝ ʩ ʨʠʩ. 1); 

ʧʨʠ ʪʨʝʥʠʠ, ʙʣʠʟʢʦʤ ʢ ʧʨʦʤʳʰʣʝʥʥʳʤ ʫʩʣʦʚʠʷʤ, 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʢʦʪʦʨʘʷ çʧʨʦʤʝʞʫʪʦʯʥʘʷè ʢʠʥʝ-

ʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ. 

              

ʘ                                                                                             ʙ 

              

ʚ                                                                                             ʛ 

ʈʠʩ. 4. ʂʘʨʪʠʥʘ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ, ʧʦʣʫʯʝʥʥʘʷ ʚ DEFORM, ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʨʝʥʠʷ:  
ʘ ï k = 0,09; ʙ ï k = 0,4; ʚ ï k = 0,8; ʛ ï k = 0,99 

Fig. 4. Metal flow chart simulated in DEFORM for friction coefficients:  
ʘ is k = 0,09; ʙ is k = 0,4; ʚ is k = 0,8; ʛ is k = 0,99 
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ʊʘʢʞʝ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʘʢ ʢʠʥʝ-
ʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ ʟʘʚʠʩʠʪ ʦʪ 
ʨʷʜʘ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʚʠʩʠ-
ʤʦʩʪʠ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʩʭʝʤʳ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ 
ʦʪ ʚʠʜʘ ʤʝʪʘʣʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʦʩʘʜʢʘ ʦʙʨʘʟʮʦʚ ʠʟ 
ʩʧʣʘʚʦʚ ɸʄʮ, ʉʪ 35 ʠ ʠʜʝʘʣʴʥʦ ʧʣʘʩʪʠʯʥʦʛʦ ʤʘ-
ʪʝʨʠʘʣʘ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʜʣʷ ʨʘʟʥʳʭ ʩʧʣʘʚʦʚ ʢʠ-
ʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ ʚʳʛʣʷʜʠʪ 
ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʜʠʥʘʢʦʚʦ.  
ɺ ʭʦʜʝ ʚʠʨʪʫʘʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʚʳʧʦʣ-

ʥʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 
DEFORM, ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʣ-
ʱʠʥʳ ʟʘʛʦʪʦʚʢʠ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʪʝʯʝʥʠʷ 
ʤʝʪʘʣʣʘ ʩʪʨʝʤʠʪʩʷ ʢ ʨʘʜʠʘʣʴʥʦʡ ʥʝʟʘʚʠʩʠʤʦ ʦʪ 
ʧʦʢʘʟʘʪʝʣʷ ʪʨʝʥʠʷ. ɼʣʷ ʪʦʣʩʪʳʭ ʟʘʛʦʪʦʚʦʢ ʩʢʦ-
ʨʦʩʪʴ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ ʧʦ 
ʩʨʘʚʥʝʥʠʶ ʩ ʪʦʥʢʠʤʠ ʟʘʛʦʪʦʚʢʘʤʠ. ɼʣʷ ʪʦʥʢʠʭ 
ʟʘʛʦʪʦʚʦʢ ʧʦʢʘʟʘʪʝʣʴ ʪʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʜʘʚʣʷ-
ʶʱʠʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʚʳʙʦʨʝ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ 
ʩʭʝʤʳ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ. 
ʊʝʤʧʝʨʘʪʫʨʥʦ-ʩʢʦʨʦʩʪʥʳʝ ʨʝʞʠʤʳ ʜʝʬʦʨʤʘ-

ʮʠʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʠʭ ʩʪʨʫʢʪʫʨʳ ʠ ʨʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʢʘ-
ʟʳʚʘʶʪ, ʯʪʦ ʪʘʢʠʝ ʩʧʣʘʚʳ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ 
ʩʨʝʜʥʝ- ʠ ʤʝʣʢʦʟʝʨʥʠʩʪʳʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 
ʙʦʣʴʰʠʥʩʪʚʫ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʩʧʣʘʚʦʚ, ʧʨʠʤʝ-
ʥʷʝʤʳʭ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʢʦʚʢʠ ʠ ʰʪʘʤʧʦʚ-
ʢʠ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 
ʪʘʢʠʭ ʤʝʪʘʣʣʦʚ ʦʪʣʠʯʘʶʪʩʷ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝ-
ʨʝ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʚʚʠʜʫ ʨʘʚʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ 
ʤʝʞʟʝʨʝʥʥʦʛʦ ʩʢʦʣʴʞʝʥʠʷ. ɼʣʷ ʪʘʢʠʭ ʤʝʪʘʣʣʦʚ 
ʩʢʦʣʴʞʝʥʠʝ ʤʝʞʜʫ ʟʝʨʥʘʤʠ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʙʣʠʟʠ-
ʪʝʣʴʥʦ 5% ʦʪ ʚʩʝʡ ʜʝʬʦʨʤʘʮʠʠ. ɺ ʦʩʥʦʚʥʦʤ ʜʝ-
ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ 
ʬʦʨʤʳ ʟʝʨʝʥ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʘʢʠʝ ʤʝʪʘʣʣʳ ʤʦʞ-
ʥʦ ʩʯʠʪʘʪʴ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʧʣʘʩʪʠʯʝʩʢʠʤʠ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ  

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘ-
ʥʠʷ (ʚʠʨʪʫʘʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ) ʤʦʞʥʦ ʧʨʝʜʧʦ-
ʣʦʞʠʪʴ, ʯʪʦ ʧʨʠ ʣʶʙʳʭ ʧʘʨʘʤʝʪʨʘʭ ʧʨʦʮʝʩʩʘ 
ʦʩʘʜʢʠ ʨʝʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ çʧʨʦʤʝʞʫʪʦʯʥʘʷè ʢʠ-
ʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ (ʨʠʩ. 5), ʢʦ-
ʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʟʦʥ ʪʝʯʝʥʠʷ ʧʦ ʥʦʨʤʘʣʠ ʢ ʢʦʥʪʫ-
ʨʫ ʠ ʟʦʥ ʨʘʜʠʘʣʴʥʦʛʦ ʪʝʯʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʤʦʞʥʦ 
ʧʨʝʜʧʦʣʘʛʘʪʴ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴ-
ʪʘʪʦʚ ʚʠʨʪʫʘʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʯʪʦ ʯʝʤ ʤʝʥʴ-
ʰʝ ʢʦʵʬʬʠʮʠʝʥʪ (ʧʦʢʘʟʘʪʝʣʴ) ʪʨʝʥʠʷ, ʪʝʤ ʢʦʨʦʯʝ 
ʣʠʥʠʠ ʨʘʟʜʝʣʘ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ, ʤʝʥʴʰʝ ʠʭ çʨʘʟ-
ʚʝʪʚʣʝʥʥʦʩʪʴè, ʠ ʪʝʤ ʜʣʠʥʥʝʝ ʣʠʥʠʠ ʪʦʢʘ, ʘ ʩʣʝ-
ʜʦʚʘʪʝʣʴʥʦ, ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʪʝʯʝʥʠʷ ʤʝ-
ʪʘʣʣʘ ʙʣʠʞʝ ʢ ʨʘʜʠʘʣʴʥʦʡ. ʏʝʤ ʙʦʣʴʰʝ ʢʦʵʬʬʠ-
ʮʠʝʥʪ (ʧʦʢʘʟʘʪʝʣʴ) ʪʨʝʥʠʷ, ʪʝʤ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ 
ʩʭʝʤʘ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ ʙʣʠʞʝ ʢ ʥʦʨʤʘʣʴʥʦʡ. 

 

ʘ 

 

ʙ 

ʈʠʩ. 5. çʇʩʝʚʜʦʥʦʨʤʘʣʴʥʘʷè ʩʭʝʤʘ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ: 

ʘ ï ʧʨʠ ʪʨʝʥʠʠ, ʙʣʠʟʢʦʤ ʢ ʤʘʢʩʠʤʘʣʴʥʦʤʫ;  

ʙ ï ʧʨʠ ʪʨʝʥʠʠ, ʙʣʠʟʢʦʤ ʢ ʤʠʥʠʤʘʣʴʥʦʤʫ 

Fig. 5. Pseudonormal metal flow diagram:  

ʘ is when friction is close to a maximum value;  

ʙ is when friction is close to a minimum value 

ʊʦʛʜʘ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʚʘ-

ʨʠʘʮʠʠ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʩʭʝʤʳ 

ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ ʩʣʫʞʘʪ ʥʝʢʦʪʦʨʦʡ ʤʘʩʰʪʘʙʥʦʡ 

ʤʦʜʝʣʴʶ ʟʘʢʦʥʘ ʥʘʠʤʝʥʴʰʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʨʘʜʠʘʣʴʥʘʷ ʠ ʥʦʨʤʘʣʴʥʘʷ ʩʭʝʤʳ 

ʷʚʣʷʶʪʩʷ ʝʝ ʧʨʝʜʝʣʴʥʳʤʠ ʩʣʫʯʘʷʤʠ. 

ʇʦʩʢʦʣʴʢʫ ʦʩʪʘʝʪʩʷ ʨʷʜ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥ-

ʥʳʭ ʦʙʣʘʩʪʝʡ, ʪʨʝʙʫʶʱʠʭ ʚʥʠʤʘʪʝʣʴʥʦʛʦ ʨʘʩ-

ʩʤʦʪʨʝʥʠʷ ʚ ʧʣʘʥʝ ʚʣʠʷʥʠʷ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʚʳʰʝ-

ʦʧʠʩʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ ʨʘʟʨʘ-

ʙʦʪʢʠ, ʢʘʩʘʶʱʠʝʩʷ ʤʘʢʨʦʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʚ ʧʨʦʮʝʩʩʘʭ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠ ʩʤʝʞ-

ʥʳʭ ʧʨʦʙʣʝʤ ʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʩʬʝʨʝ [8-18]. 

ɿʘʢʣʶʯʝʥʠʝ 

1. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʮʝʥʢʠ ʧʨʝʜʝʣʴʥʳʭ ʢʠʥʝʤʘ-

ʪʠʯʝʩʢʠʭ ʩʭʝʤ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ ʤʦʞʥʦ ʫʪʚʝʨ-

ʞʜʘʪʴ, ʯʪʦ ʜʣʷ ʦʧʠʩʘʥʠʷ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ ʚ ʨʝ-

ʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʠʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥʥʦʡ ʷʚʣʷ-

ʝʪʩʷ çʧʨʦʤʝʞʫʪʦʯʥʘʷè ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ 

ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ, ʦʩʥʦʚʦʡ ʜʣʷ ʢʦʪʦʨʦʡ ʩʣʫʞʠʪ 

çʧʩʝʚʜʦʥʦʨʤʘʣʴʥʘʷè ʩʭʝʤʘ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʨʘʜʠʘʣʴʥʘʷ ʠ ʥʦʨʤʘʣʴʥʘʷ ʩʭʝʤʳ ʤʦʛʫʪ 

ʩʯʠʪʘʪʴʩʷ ʝʝ ʧʨʝʜʝʣʴʥʳʤʠ ʩʣʫʯʘʷʤʠ. 
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2. ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʠʨʪʫʘʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 
ʧʦʣʫʯʝʥʦ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʧʩʝʚʜʦʥʦʨʤʘʣʴʥʦʡ ʩʭʝʤʳ ʪʝʯʝʥʠʷ 
ʤʝʪʘʣʣʘ ʜʣʷ ʦʧʠʩʘʥʠʷ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ ʧʦ ʧʣʦʩ-

ʢʦʩʪʠ ʟʘʛʦʪʦʚʢʠ ʚ ʧʨʦʮʝʩʩʘʭ ʦʩʘʜʢʠ. 
3. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʨʘ-

ʙʦʪʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʧʦʟʚʦʣʷʶ-

ʱʝʛʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʢʘʨʪʠʥʫ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ ʚ 
ʧʨʦʮʝʩʩʘʭ ʦʩʘʜʢʠ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʄɽʍɸʅʀʏɽʉʂʀʍ ʀ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ  
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, ʉʘʤʦʜʫʨʦʚʘ ʄ.ʅ.

2
 

1 SARDOU SA, ʉʝʥ-ʉʫʧʧʣʝ, ʌʨʘʥʮʠʷ 
2 
ʖʞʥʦ-ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʅʀʋ), ʏʝʣʷʙʠʥʩʢ, ʈʦʩʩʠʷ 

ɸʥʥʦʪʘʮʠʷ. ʀʜʝʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝʡ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ 

ʥʘʥʝʩʝʥʠʷ ʭʨʫʧʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʘʪʝʨʠʘʣ ʩ ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ 

ʜʚʫʤʷ ʩʦʩʪʘʚʥʳʤʠ ʯʘʩʪʷʤʠ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʪʘʣʣ, ʘ ʜʨʫʛʘʷ ï ʜʨʫʛʦʡ ʤʝʪʘʣʣ ʠʣʠ ʤʘʪʝʨʠ-

ʘʣ. ʊʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʪʠʧʘ: ʪʚʝʨʜʦʪʝʣʴʥʦʝ, ʞʠʜ-

ʢʦʝ ʠ ʧʘʨʦʚʦʝ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʭʦʣʦʜʥʦʝ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʝ ʥʘʧʳʣʝʥʠʝ (ʍɻʅ) ʩʪʘʣʦ ʦʜʥʠʤ ʠʟ ʤʦʱʥʳʭ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ. ʉʤʝʰʠʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʦʨʦʰʢʦʚ ʠ ʨʘʩʧʳ-

ʣʝʥʠʝ ʠʭ ʥʘ ʧʦʜʣʦʞʢʝ ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʤ ʤʝʪʦʜʦʤ. ʀʟ-ʟʘ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʩʘʞʜʝʥʠʷ ʚʦ ʚʨʝʤʷ 

ʍɻʅ ʥʝʪ ʩʫʱʝʩʪʚʝʥʥʳʭ ʨʝʘʢʮʠʡ ʧʨʠ ʨʘʩʧʳʣʝʥʠʠ ʩʤʝʩʝʡ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʉʫʱʝ-

ʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ ʙʦʣʝʝ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʠ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ ʧʦʣʫ-

ʯʝʥʥʦʛʦ ʧʦʢʨʳʪʠʷ. ʕʪʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʦʤʦʛʘʶʪ ʫʤʝʥʴʰʠʪʴ ʫʩʘʜʢʫ ʧʨʠ ʣʶʙʦʡ ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ. 

ɺ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʜʚʫʭ ʤʝʪʘʣʣʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ ʧʦʩʣʝ ʦʩʘʞʜʝʥʠʷ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʩʨʝʜʝ. ɺ ʩʣʫʯʘʝ ʢʦʤʙʠʥʘ-

ʮʠʠ ʤʝʪʘʣʣʘ ʩ ʪʚʝʨʜʳʤʠ ʯʘʩʪʠʮʘʤʠ ʤʝʪʘʣʣ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʤʘʪʨʠʮʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʚʥʝʜʨʷʪʴ ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ ʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʪʴ ʚʳʩʦʢʦʧʣʦʪʥʳʝ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʦʢʨʳʪʠʷ. ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʧʦʢʨʳʪʠʷ ʤʦʛʫʪ ʦʩʘʞʜʘʪʴ-

ʩʷ ʍɻʅ ʪʨʝʤʷ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ: ʦʩʘʞʜʝʥʠʝ ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʝʡ, ʦʩʘʞʜʝʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʦʨʦʰʢʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʘʛʣʦʤʝʨʘʮʠʝʡ ʠʣʠ ʤʝʭʘʥʠʯʝʩʢʠʤ ʠʟʤʝʣʴʯʝʥʠʝʤ, ʠ ʥʘʥʝʩʝʥʠʝ ʧʦʨʦʰʢʦʚ ʩ ʦʙʦʣʦʯʢʦʡ ʠʣʠ ʧʦʢʨʳʪʠ-

ʝʤ. ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʬʦʢʫʩʠʨʦʚʘʥʦ ʥʘ ʧʦʣʫʯʝʥʠʠ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ ʤʝʪʦʜʦʤ 

ʍɻʅ. ʄʝʜʥʳʝ ʧʦʢʨʳʪʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʦʥʪʝʡʥʝʨʘʭ ʜʣʷ ʭʨʘʥʝʥʠʷ ʦʧʘʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʟ-ʟʘ ʠʭ ʭʦʨʦʰʝʡ ʢʦʨ-

ʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ. ʎʝʣʷʤʠ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʦʩʴ ʦʧʨʝʜʝʣʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʥʝʩʝʥʠʷ ʤʝʜʥʦ-

ʢʝʨʘʤʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ ʥʘ ʩʪʘʣʴʥʫʶ ʧʦʜʣʦʞʢʫ ʠ ʦʧʪʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʝʨʘʤʠʢʠ ʚ ʩʤʝʩʠ, ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʧʦʢʨʳʪʠʡ, ʪʘʢʠʝ ʢʘʢ ʪʚʝʨʜʦʩʪʴ, ʩʦʜʝʨʞʘʥʠʝ ʢʝʨʘʤʠʢʠ, ʘ ʪʘʢʞʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʢʨʳʪʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʭʦʣʦʜʥʦʝ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʝ ʥʘʧʳʣʝʥʠʝ, ʤʝʜʴ, ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʦʢʨʳʪʠʷ, 

ʩʪʘʣʴ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡ-
ʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʛʨʘʥʪ ˉ FENU-2020-0020). 
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STUDY OF MECHANICAL AND TECHNOLOGICAL PR OPERTIES  

OF COPPER-SILICON CARBIDE COAT INGS 
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Abstract. The idea of metal matrix composites has been implemented to facilitate the application of brittle materials. 
Composite materials are materials with at least two constituent parts, one of which is metal and the other one is a differ-
ent metal or another material. Composite manufacturing techniques can be divided into three types: solid state, liquid 
state, and vapor deposition. In recent years, gas dynamic cold spraying technology (CS) has become one of the powerful 
manufacturing processes for composite coatings. Blending various powders and spraying them onto a substrate is a 
widely used method. Because of the low deposition temperature during CS, there are no significant reactions when 
spraying mixtures of composite powders. There are other advantages, such as lower oxygen content and higher density 
of the resulting coating. These advantages help to reduce shrinkage in any subsequent heat treatment. In case of two 
metals forming a composite, post deposition heat treatment can result in the formation of intermetallic compounds in a 
controlled environment. In case of a combination of metal with hard particles, metal acts as a matrix allowing the intro-
duction of the hard particles and resulting in high-density and functional coatings. Composite coatings can be deposited 
by CS in three different ways: deposition of powder mixtures, deposition of composite powders produced by agglomer-
ation or mechanical milling, and deposition of coated powders. This study focuses on the production of copper-based 
composite coatings by cold spraying. Copper coatings are used in storage containers for hazardous materials because of 
their good corrosion resistance. The objectives of this research were to determine the possibility of applying copper-
ceramic coatings on a steel substrate and the optimal amount of ceramics in the mixture, to study the properties of the 
obtained coatings, such as hardness, ceramic content, and a microstructure of the coatings. 

Keywords: gas dynamic cold spraying, copper, silicon carbide, functional coatings, steel 
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ɺʚʝʜʝʥʠʝ 

ʍʦʣʦʜʥʦʝ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʝ ʥʘʧʳʣʝʥʠʝ (ʍɻʅ) 
ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʠʤʝʝʪ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘ-
ʥʝʥʠʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʘʰʠʥʦ-
ʩʪʨʦʝʥʠʝʤ, ʘʚʠʘʩʪʨʦʝʥʠʝʤ, ʘʪʦʤʥʦʡ ʧʨʦʤʳʰʣʝʥ-
ʥʦʩʪʴʶ ʠ ʪ.ʜ. 
ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʣʫ-

ʯʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ 
ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʠʟ ʤʝ-
ʜʠ ʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʘ ʪʘʢʞʝ ʜʦʩʪʠʞʝʥʠʝ ʦʧ-
ʪʠʤʘʣʴʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʢʨʳʪʠʷ. 
ʉ 2000-ʭ ʛʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʦʙʣʘ-

ʩʪʠ ʚʝʜʫʪʩʷ ʤʥʦʛʠʤʠ ʥʘʫʯʥʳʤʠ ʛʨʫʧʧʘʤʠ ʤʠʨʦ-
ʚʦʛʦ ʩʦʦʙʱʝʩʪʚʘ [1-11]. ɹʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦ-
ʚʘʥʠʡ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʧʨʠʤʝʥʝ-
ʥʠʝ ʤʝʜʥʳʭ ʧʦʢʨʳʪʠʡ ʜʣʷ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ 
[11-17] ʠ ʷʜʝʨʥʦʛʦ [10, 18-21] ʧʨʦʠʟʚʦʜʩʪʚ. ɼʣʷ 
ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʘʚʪʦʨʳ ʩʪʘʪʝʡ 
ʦʧʠʨʘʶʪʩʷ ʥʘ ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʥʘʥʝʩʝʥʠʷ 

ʧʦʢʨʳʪʠʡ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ [13]. 

ʍʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ ʪʝʭʥʦʣʦʛʠʠ 

ʥʘʥʝʩʝʥʠʷ ʤʝʜʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʧʦʜʦʛʨʝʚʘʶʪʩʷ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝ-

ʨʘʪʫʨʳ [15]. ʇʦʢʨʳʪʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʥʠʟʢʠʝ ʦʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʠ ʥʠʟʢʫʶ 

ʪʚʝʨʜʦʩʪʴ, ʪʦʛʜʘ ʢʘʢ ʠʭ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʜʦ-

ʩʪʠʛʘʝʪ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ï ʙʦʣʝʝ 90%.  

ɹʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤ ʜʣʷ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʚ̫ʣʷʝʪʩʷ ʦʙʣʘʩʪʴ ʷʜʝʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺ ʯʘʩʪ-

ʥʦʩʪʠ, ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ, ʧʦ ʢʦʪʦʨʦʡ ʙʳʣʠ ʧʨʦʚʝʜʝ-

ʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʪʦʣʩʪʳʭ ʧʦ-

ʢʨʳʪʠʡ ʠʟ ʤʝʜʠ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʨʘʩʩʤʦʪ-

ʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʘʥʪʠ-

ʢʦʨʨʦʟʠʦʥʥʳʭ ʙʘʨʴʝʨʦʚ ʜʣʷ ʩʪʘʣʴʥʳʭ ʢʦʥʪʝʡʥʝ-

ʨʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʭʨʘʥʠʣʠʱʘʭ ʜʣʷ ʷʜʝʨʥʳʭ ʦʪ-

ʭʦʜʦʚ. ʉʧʦʩʦʙ ʍɻʅ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ 

ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ ʠ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʦʢʠʩʣʝʥʠʷ. 
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ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʦʥ-

ʩʪʨʫʢʮʠʠ ʢʦʥʪʝʡʥʝʨʘ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥ-

ʥʦʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ ʷʚʣʷʶʪʩʷ ʢʦʨʨʦʟʠʦʥʥʘʷ 

ʩʪʦʡʢʦʩʪʴ, ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ, ʩʧʦʩʦʙʥʦʩʪʴ 

ʠ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʦʢʨʫʞʘʶʱʠʤʠ ʫʧʣʦʪʥʠʪʝʣʴ-

ʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʙʝʥʪʦʥʠʪʦʚʘʷ 

ʛʣʠʥʘ [18-20]. ʎʝʣʴʶ ʪʘʢʦʡ çʤʝʜʥʦʡ ʦʙʦʣʦʯʢʠè 

ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʘʷ ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʵʪʠ ʧʦ-

ʢʨʳʪʠʷ ʪʦʥʴʰʝ (ʪʦʣʱʠʥʦʡ 4 ʤʤ) ʠ ʩʦʩʪʦʷʪ ʠʟ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʤʝʜʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʘ ʥʝ ʪʦʣ-

ʩʪʦʩʪʝʥʥʦʡ ʤʝʜʥʦʡ ʦʙʦʣʦʯʢʠ [18-19, 21]. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [10] ʧʦʢʘʟʘ-

ʣʠ, ʯʪʦ ʠʟʛʦʪʦʚʣʝʥʠʝ ʤʝʜʥʳʭ ʧʦʢʨʳʪʠʡ ʪʦʣʱʠ-

ʥʦʡ 4 ʤʤ ʥʘ ʧʦʜʣʦʞʢʝ ʠʟ ʩʪʘʣʠ ʷʚʣʷʝʪʩʷ ʥʝʧʨʦ-

ʩʪʦʡ ʟʘʜʘʯʝʡ, ʪʘʢ ʢʘʢ ʫ ʥʠʭ ʥʝʚʳʩʦʢʘʷ ʘʜʛʝʟʠʦʥ-

ʥʘʷ ʩʪʦʡʢʦʩʪʴ [22], ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ ʦʪʩʣʦ-

ʝʥʠʷ ʥʘʥʝʩʝʥʥʦʛʦ ʧʦʢʨʳʪʠʷ [23]. ʉʫʱʝʩʪʚʫʶʪ ʠ 

ʜʨʫʛʠʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ [10], 

ʢʦʪʦʨʳʝ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʥʘʥʝʩʝʥʠʠ ʠʩʭʦʜʥʦʛʦ 

ʩʣʦʷ ʤʝʜʠ ʥʘ ʩʪʘʣʴʥʫʶ ʧʦʜʣʦʞʢʫ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʛʝʣʠʷ ʚ ʢʘʯʝʩʪʚʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʛʘʟʘ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʥʘʨʘʱʠʚʘʥʠʝʤ ʧʦʢʨʳʪʠʷ ʜʦ ʪʨʝ-

ʙʫʝʤʦʡ ʪʦʣʱʠʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʟʦʪʘ [18-19, 

24-26]. ʕʪʦʪ ʜʚʫʭʵʪʘʧʥʳʡ ʧʦʜʭʦʜ ʧʨʠʚʝʣ ʢ ʧʦʣʫ-

ʯʝʥʠʶ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʪʦʣʩʪʳʭ ʤʝʜʥʳʭ 

ʧʦʢʨʳʪʠʡ, ʪʘʢ ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʣʠʷ ʚʤʝʩʪʦ 

ʘʟʦʪʘ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʢʦʨʦʩʪʴ ʠ, ʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʩʢʦʨʦʩʪʴ ʫʜʘʨʘ ʯʘʩʪʠʮ ʩʧʦʩʦʙʩʪʚʫʝʪ ʪʝʤ 

ʩʘʤʳʤ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʢʘʢ ʯʘ-

ʩʪʠʮ, ʪʘʢ ʠ ʧʦʜʣʦʞʝʢ. ʕʪʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ 

ʫʚʝʣʠʯʠʚʘʝʪ ʘʜʛʝʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʧʦʢʨʳʪʠʷ. 

ʕʪʦʪ ʤʝʪʦʜ ʢʦʥʩʦʣʠʜʘʮʠʠ ʧʦʢʨʳʪʠʡ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʤʝʪʦʜʫ, ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʄʘʝʚʳʤ ʈ.ɻ. ʠ 

ʜʨ. [27, 28], ʛʜʝ ʛʝʣʠʡ ʚʧʝʨʚʳʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʜʛʝʟʠʠ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʤʝʜʠ ʠ 

ʩʪʘʣʴʥʳʤʠ ʧʦʜʣʦʞʢʘʤʠ. 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʜʚʫʭʵʪʘʧʥʳʡ ʧʦʜʭʦʜ ʦʙʝʩ-

ʧʝʯʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʍɻʅ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦ-

ʢʨʳʪʠʡ ʩ ʚʳʩʦʢʦʡ ʘʜʛʝʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ, ʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʣʠʷ ʥʝ ʷʚʣʷʝʪʩʷ ʠʜʝʘʣʴʥʳʤ, 

ʧʦʩʢʦʣʴʢʫ ʦʥ ʟʥʘʯʠʪʝʣʴʥʦ ʜʦʨʦʞʝ ʘʟʦʪʘ ʠ ʤʦʞʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʠ ʥʝʚʦʟʦʙ-

ʥʦʚʣʷʝʤʳʡ ʨʝʩʫʨʩ [10]. 

ʏʘʩʪʦ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʩʨʘʚʥʠʚʘʶʪ ʍɻʅ ʩ ʜʨʫ-

ʛʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ, ʥʘʧʨʠ-

ʤʝʨ ʩ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤ ʛʘʟʦʧʣʘʤʝʥʥʳʤ ʨʘʩʧʳ-

ʣʝʥʠʝʤ [30]. ʅʦ ʵʪʦʪ ʤʝʪʦʜ ʩʯʠʪʘʝʪʩʷ ʥʝʧʨʠʤʝ-

ʥʠʤʳʤ ʜʣʷ ʩʦʟʜʘʥʠʷ çʪʦʣʩʪʳʭè ʧʦʢʨʳʪʠʡ. 

ɺ ʩʪʘʪʴʝ [31] ʘʚʪʦʨʳ ʩʨʘʚʥʠʚʘʶʪ ʠ ʧʦʢʘʟr-

ʚʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʦ ʍɻʅ (ʜʣʷ ʤʝʜʠ ʠ ʝʸ ʩʧʣʘʚʦʚ) 

ʧʝʨʝʜ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤ ʛʘʟʦʧʣʘʤʝʥʥʳʤ, ʵʣʝʢ-

ʪʨʦʜʫʛʦʚʳʤ ʠ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʥʘʧʳʣʝʥʠʷ. 

ʆʩʥʦʚʥʳʤ ʚʦʧʨʦʩʦʤ ʜʣʷ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘ-

ʪʝʣʝʡ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʝʪʩʷ ʘʜʛʝʟʠʦʥʥʘʷ 

ʩʪʦʡʢʦʩʪʴ ʧʦʢʨʳʪʠʷ [10, 32, 33]. ʉʪʘʪʴʷ ʌʫʢʘʥʫ-

ʤʳ ʠ ʜʨ. [32] ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʚʣʠʷʥʠʷ 

ʢʦʤʙʠʥʘʮʠʠ ʯʘʩʪʠʮ ʠ ʧʦʜʣʦʞʝʢ, ʘ ʪʘʢʞʝ ʧʦʜʘʶ-

ʱʝʛʦ ʜʘʚʣʝʥʠ ̫ ʥʘ ʘʜʛʝʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ. ʅʘ 

ʨʠʩ. 1 ʧʦʢʘʟʘʥʘ ʘʜʛʝʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ ʤʝʜʠ ʥʘ 

ʩʪʘʣʴʥʳʭ, ʥʝʨʞʘʚʝʶʱʠʭ, ʘʣʶʤʠʥʠʝʚʳʭ ʠ ʤʝʜ-

ʥʳʭ ʧʦʜʣʦʞʢʘʭ. 

 

ʈʠʩ. 1. ɸʜʛʝʟʠʷ ʤʝʜʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʩʪʘʣʴʥʳʭ, ʥʝʨʞʘʚʝʶʱʠʭ, ʘʣʶʤʠʥʠʝʚʳʭ ʠ ʤʝʜʥʳʭ ʧʦʜʣʦʞʢʘʭ  

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʝʣʠʷ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʛʘʟʘ [32] 

Fig. 1. Adhesion of copper coatings on steel, stainless steel, aluminum and copper substrates using helium  

as working gas [32] 
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ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤ ʠʩʩʣʝʜʦʚʘʥʠʝʤ 
ʌʝʨʥʘʥʜʝʩ ʠ ʜʨ. [10] ʩʦʦʙʱʘʶʪ, ʯʪʦ ʪʦʣʩʪʳʝ 

ʤʝʜʥʳʝ ʧʦʢʨʳʪʠʷ ʩ ʚʳʩʦʢʦʡ ʘʜʛʝʟʠʦʥʥʦʡ ʩʪʦʡ-
ʢʦʩʪʴʶ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʟʦʪʘ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʛʘʟʘ. 
ɼʨʫʛʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ [33] 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʭʦʨʦʰʘʷ ʘʜʛʝʟʠʷ ʤʝʞʜʫ ʧʦʜʣʦʞʢʦʡ 

ʠ ʧʦʢʨʳʪʠʝʤ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʪʦʣʴʢʦ ʧʨʠ 
ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮ ʙʦʣʝʝ 500 ʤ/ʩ ʜʣʷ ʧʦʜʣʦʞʝʢ ʠʟ 

ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʠ 800 ʤ/ʩ ʜʣʷ ʧʦʜʣʦʞʝʢ ʠʟ 
ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ 316L (ʘʥʘʣʦʛ 03ʍ16ʅ15ʄ3). 

ɼʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʪʠʭ ʚʦ-
ʧʨʦʩʦʚ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʘʚʪʦʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘ ʚ 

ʩʚʦʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 
ʠ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʌʫʢʫʤʦʪʦ ʠ ʜʨ. [34] ʠʩʧʦʣʴʟʦʚʘʣʠ ʯʠʩʣʝʥʥʦʝ 
ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʣʷ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʥʦʚʦʛʦ ʩʧʝ-

ʮʠʘʣʴʥʦʛʦ ʩʦʧʣʘ ʠ ʦʙʲʷʩʥʝʥʠʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʵʬ-
ʬʝʢʪʠʚʥʦʩʪʠ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ, ʜʦʩʪʠʛʘʝʤʦʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʥʦʚʴ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩʦʧʣʘ. ʀʩ-
ʩʣʝʜʦʚʘʥʠʝ ʥʘʥʝʩʝʥʠʷ ʤʝʣʢʠʭ ʯʘʩʪʠʮ ʤʝʜʠ ʥʘ ʦʩ-

ʥʦʚʝ ʯʠʩʣʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʛʘʟʘ, ʪʝʢʫʱʝʛʦ ʥʘ ʧʣʦʩ-
ʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʧʫʪʝʤ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ. ʊʘʢ ʞʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʧʘʨʘʤʝʪʨʳ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ ʠ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ 
ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʯʘʩʪʠʮʘʤʠ ʤʝʜʠ ʚ ʧʦʢʨʳʪʠʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʣʠʷʥʠʷ ʫʜʘʨʥʦʡ ʩʠʣʳ 
ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʯʘʩʪʠʮ. 

ɼʣʷ ʣʫʯʰʝʛʦ ʧʦʥʠʤʘʥʠʷ ʨʦʣʠ ʘʜʛʝʟʠʠ ʚ ʤʝ-
ʭʘʥʠʟʤʝ ʨʘʟʨʫʰʝʥʠʷ ʠ ʧʨʦʯʥʦʩʪʠ ʦʙʨʘʟʮʦʚ, ʧʦ-

ʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʤʧʫʣʴʩʥʦʡ ʛʠʜʨʦ-
ʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ABAQUS/Explicit [10] ʜʣʷ ʤʦʜʝ-
ʣʠʨʦʚʘʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʮʝʧʣʝʥʠʷ ʧʦʢʨʳ-

ʪʠʷ ʠ ʧʦʜʣʦʞʢʦʡ. ʈʝʟʫʣʴʪʘʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʜ-
ʪʚʝʨʞʜʘʝʪ ʚʣʠʷʥʠʝ ʪʦʯʝʢ ʢʨʝʧʣʝʥʠʷ ʢʘʢ ʦʩʥʦʚ-

ʥʦʛʦ ʬʘʢʪʦʨʘ, ʚʣʠʷʶʱʝʛʦ ʥʘ ʧʨʦʯʥʦʩʪʴ ʘʜʛʝʟʠʠ. 
ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʦʩʪʘʪʦʯ-

ʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʘʜʛʝ-
ʟʠʦʥʥʫʶ ʧʨʦʯʥʦʩʪʴ ʧʦʢʨʳʪʠʡ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ 

ʪʘʢʞʝ ʫʙʝʜʠʪʝʣʴʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ 

ʝʜʠʥʩʪʚʝʥʥʳʡ ʪʠʧ ʩʚʷʟʠ ʤʝʞʜʫ ʧʦʢʨʳʪʠʝʤ ʠ 
ʧʦʜʣʦʞʢʦʡ ï ʤʝʭʘʥʠʯʝʩʢʠʡ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ 

ʦʙʣʘʩʪʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦ-

ʮʝʩʩʘ ʍɻʅ ʜʣʷ ʩʠʩʪʝʤ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʜʦʩʪʘʪʦʯʥʦ ʘʢʪʫʘʣʴʥʦ ʠ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ [29, 35]. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʠʤʝʶʱʠʝʩʷ ʥʘʫʯʥʳʝ ʠʩ-

ʪʦʯʥʠʢʠ ʠ ʚʳʧʦʣʥʠʚ ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʧʦʠʩʢ, 

ʘʚʪʦʨʘʤʠ ʩʪʘʪʴʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʟʘʜʘʯʠ ʠ ʚʳ-

ʧʦʣʥʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʥʘʥʝʩʝʥʠʶ ʪʦʣʩʪʳʭ ʧʦʢʨʳʪʠʡ 

ʠʟ ʤʝʜʠ ʤʝʪʦʜʦʤ ʍɻʅ. 

ʄʘʪʝʨʠʘʣʳ, ʧʦʜʛʦʪʦʚʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ  

ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʳ ʜʣʷ ʠʩ-

ʩʣʝʜʫʝʤʦʡ ʩʤʝʩʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʜʥʳʡ ʧʦʨʦʰʦʢ 

ʢʦʤʧʘʥʠʠ Sandvik. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʨʦʰʢʘ 

ʧʦʢʘʟʘʥ ʚ ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʘ 1. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʝʜʥʦʛʦ ʧʦʨʦʰʢʘ, % 

T a b l e  1 . Chemical composition of copper powder, % 

Cu Fe Ni Mn P Sn Al  O 

>99,95 ï ï ï ï ï ï <0,3 

 

ɺ ʢʘʯʝʩʪʚʝ ʘʨʤʠʨʫʶʱʝʡ ʬʘʟʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʜʚʘ ʧʦʨʦʰʢʘ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ï F400 (17 ʤʢʤ) ʠ 

F1200 (3 ʤʢʤ). 

ɺ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʢʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʥʝʨʞʘ-

ʚʝʶʱʘʷ ʩʪʘʣʴ. 

ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ ʠʤʝʝʪ 

ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʢʨʳʪʠʡ ʩ ʭʦ-

ʨʦʰʝʡ ʘʜʛʝʟʠʝʡ, ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʩʣʝʜʫʝ-

ʤʳʝ ʦʙʨʘʟʮʳ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʧʝʩʢʦʩʪʨʫʡʥʦʡ 

ʦʙʨʘʙʦʪʢʝ. 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ 3d-ʤʦʜʝʣʠ (ʠʟʦʙʨʘʞʝ-

ʥʠʝ ʩ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳ ALICONA Infinite-

FocusG5) ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦʜʣʦʞʝʢ, ʧʦʣʫʯʝʥʥʳʝ 

ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʘʙʨʘʟʠʚʦʤ ʨʘʟʥʦʡ ʬʨʘʢʮʠʠ. 

                      
ʘ                                                                                   

ʈʠʩ. 2. 3d-ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʜʣʦʞʢʠ, ʦʙʨʘʙʦʪʘʥʥʦʡ ʤʝʣʢʠʤ ʘʙʨʘʟʠʚʦʤ (ʘ) ʠ 3d-ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʜʣʦʞʢʠ,  

ʦʙʨʘʙʦʪʘʥʥʦʡ ʢʨʫʧʥʳʤ ʘʙʨʘʟʠʚʦʤ (ʙ) 

Fig. 2. 3d surface of the substrate treated with fine abrasive (ʘ) and 3d surface of the substrate treated  

with coarse abrasive (ʙ) 

ʙ 
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ɺ ʪʘʙʣ. 2 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦ-
ʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ. 

ʊʘʙʣʠʮʘ 2. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ  

 ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦʜʣʦʞʝʢ 

T a b l e 2 .  Results of measuring roughness 

of the substrate surfaces 

ʅʦʤʝʨ ʦʙʨʘʟʮʘ Ra, ʥʤ Rz, ʥʤ 

1 6,4585 40,2872 

2 13,0836 67,1559 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʩʝʨʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 
ʧʘʨʘʤʝʪʨʘʤʠ (ʪʝʤʧʝʨʘʪʫʨʘ, ʩʢʦʨʦʩʪʴ ʠ ʢʦʣʠʯʝ-

ʩʪʚʦ ʩʣʦʝʚ ʧʦʢʨʳʪʠʷ) ʠ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ 

ʦʙʨʘʟʮʳ, ʦʙʨʘʙʦʪʘʥʥʳʝ ʤʝʣʢʠʤ ʘʙʨʘʟʠʚʦʤ, ʠʤʝ-
ʶʪ ʥʠʟʢʫʶ ʘʜʛʝʟʠʶ ʩ ʧʦʜʣʦʞʢʦʡ, ʘ ʢʨʫʧʥʳʤ ï 

ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʘʜʛʝʟʠʶ (ʨʠʩ. 3). 
ɹʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʩʤʝʩʴ ʤʝʜʠ ʩ ʢʘʨʙʠʜʦʤ 

ʢʨʝʤʥʠʷ F1200 ʠʤʝʝʪ ʥʠʟʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
ʥʘʧʳʣʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʘʨʙʠʜʦʤ ʢʨʝʤʥʠʷ 

F400 ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪ-
ʨʘʭ ʧʨʦʮʝʩʩʘ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʵʬʬʝʢʪʦʤ 

ʘʛʣʦʤʝʨʠʨʦʚʘʥʠʷ ʤʝʣʢʦʛʦ ʧʦʨʦʰʢʘ (3 ʤʢʤ) ʚ ʭʦ-
ʜʝ ʩʤʝʰʠʚʘʥʠʷ. 

ɹʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʦʢʨʳʪʠʝ ʤʝʜʠ ʙʝʟ ʜʦ-

ʙʘʚʣʝʥʠʷ ʢʝʨʘʤʠʢʠ ʠʤʝʝʪ ʧʣʦʭʫʶ ʘʜʛʝʟʠʦʥʥʫʶ 

ʩʪʦʡʢʦʩʪʴ (ʨʠʩ. 4). 

ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʧʦʢʨʳʪʠʡ ʠ ʠʭ ʠʟʦʪʨʦʧʥʦʩʪʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʠʩʧʳʪʘʥʠʷ ʥʘ ʩʞʘʪʠʝ. ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʪʨʝʥʠʷ 

ʠ ʢʦʥʝʯʥʳʭ ʵʬʬʝʢʪʦʚ ʚʦ ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʡ ʚʩʝ 

ʦʙʨʘʟʮʳ ʧʦʢʨʳʚʘʣʠʩʴ ʪʝʬʣʦʥʦʚʦʡ ʧʣʝʥʢʦʡ. 

ɼʣʷ ʠʩʧʳʪʘʥʠʡ ʥʘ ʩʞʘʪʠʝ ʙʳʣʠ ʚʟʷʪʳ ʩʣʝʜʫ-

ʶʱʠʝ ʦʙʨʘʟʮʳ: 

ï Cu+SiC F400 70/30, ʥʘʧʳʣʝʥʥʳʡ ʧʨʠ ʪʝʤ-

ʧʝʨʘʪʫʨʝ 500Áʉ; 

ï Cu+SiC F400 80/20, ʥʘʧʳʣʝʥʥʳʡ ʧʨʠ ʪʝʤ-

ʧʝʨʘʪʫʨʝ 500Áʉ; 

ï Cu+SiC F400 90/10, ʥʘʧʳʣʝʥʥʳʡ ʧʨʠ ʪʝʤ-

ʧʝʨʘʪʫʨʝ 500Áʉ. 
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ʈʠʩ. 3. ʇʦʢʨʳʪʠʝ ʩ ʧʣʦʭʦʡ ʘʜʛʝʟʠʝʡ ʢ ʧʦʜʣʦʞʢʝ (ʘ) ʠ ʧʦʢʨʳʪʠʝ ʥʘ ʧʦʜʣʦʞʢʘʭ, ʦʙʨʘʙʦʪʘʥʥʳʭ  

ʢʨʫʧʥʳʤ ʘʙʨʘʟʠʚʦʤ (ʙ) 

Fig. 3. Coating with poor adhesion to the substrate (ʘ) and coating on substrates treated with coarse abrasive (ʙ) 

 

ʈʠʩ. 4. ʇʦʢʨʳʪʠʝ ʤʝʜʠ ʙʝʟ ʢʝʨʘʤʠʢʠ 

Fig. 4. Coating copper without ceramic 
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ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʅʘ ʨʠʩ. 5 ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʨʘʟʝʮ Cu+SiC F400 

70/30 ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʩʞʘʪʠʝ ʠ ʛʨʘʬʠʢ ʧʝʨʝ-

ʤʝʱʝʥʠʡ ʜʣʷ ʜʘʥʥʦʛʦ ʦʙʨʘʟʮʘ. 

ʅʘ ʨʠʩ. 6, ʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʫ-

ʰʝʥʠʷ ʦʙʨʘʟʮʦʚ Cu+SiC F400 80/20 ʠ Cu+SiC F400 

90/10 (ʧʦʧʝʨʝʯʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ) ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʷ 

ʥʘ ʩʞʘʪʠʝ, ʥʘ ʨʠʩ. 6, ʙ ʠʭ ʛʨʘʬʠʢʠ ʧʝʨʝʤʝʱʝʥʠʡ. 

ʅʘ ʨʠʩ. 7, ʘ ʤʦʞʥʦ ʚʠʜʝʪʴ ʨʘʟʨʫʰʝʥʥʳʝ ʦʙ-

ʨʘʟʮʳ Cu+SiC F400 80/20 ʠ Cu+SiC F400 90/10 

(ʚʝʨʪʠʢʘʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ) ʠ ʛʨʘʬʠʢʠ ʧʝʨʝʤʝ-

ʱʝʥʠʷ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʩʞʘʪʠʝ ʥʘ ʨʠʩ. 7, ʙ. 

ɺ ʭʦʜʝ ʪʝʩʪʦʚ ʚʩʝ ʦʙʨʘʟʮʳ, ʢʨʦʤʝ ʦʙʨʘʟʮʦʚ ʩ 

30% ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʙʳʣʠ ʨʘʟʨʫʰʝʥʳ. ɼʣʷ ʧʦ-

ʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ ʧʝʨʝʤʝʱʝʥʠʷ ʙʳʣʠ ʚʚʝʜʝʥʳ 

ʢʦʨʨʝʢʪʠʨʫʶʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʚʠʜʫ ʪʦʛʦ, ʯʪʦ 

ʧʨʠʙʦʨ ʟʘʧʠʩʳʚʘʝʪ ʜʘʥʥʳʝ ʦ ʧʝʨʝʤʝʱʝʥʠʠ ʧʫʘʥ-

ʩʦʥʘ ʧʨʝʩʩʘ, ʘ ʥʝ ʦʙʨʘʟʮʘ (ʨʠʩ. 8). 

Uspecimen Utot Umachine.= -            (1) 

                     
ʈʠʩ. 5. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʷ ʥʘ ʩʞʘʪʠʝ ʦʙʨʘʟʮʘ Cu+SiC F400 70/30 

Fig. 5. Compression test results of specimen Cu+SiC F400 70/30 
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ʈʠʩ. 6. ʈʝʟʫʣʴʪʘʪʳ ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʦʚ Cu+SiC F400 80/20 (1) ʠ Cu+SiC F400 90/10 (2) (ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ  

ʥʘʧʨʘʚʣʝʥʠʝ) (ʘ); ʛʨʘʬʠʢʠ ʧʝʨʝʤʝʱʝʥʠʡ ʦʙʨʘʟʮʦʚ Cu+SiC F400 80/20 ʠ Cu+SiC F400 90/10, ʧʦʨʝʟʘʥʥʳʭ  

ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʙ) 

Fig. 6. Fracture tests of specimens Cu+SiC F400 80/20 (1) and Cu+SiC F400 90/10 (2) (a horizontal direction) (a);  

displacement diagrams of specimens Cu+SiC F400 80/20 and Cu+SiC F400 90/10 cut horizontally (ʙ) 

 

 

ʘ                                                                                             

ʈʠʩ. 7. ʈʝʟʫʣʴʪʘʪʳ ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʦʚ Cu+SiC F400 80/20 (1) ʠ Cu+SiC F400 90/10 (2), ʧʦʨʝʟʘʥʥʳʭ  

ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʘ); ʛʨʘʬʠʢʠ ʧʝʨʝʤʝʱʝʥʠʡ ʦʙʨʘʟʮʦʚ Cu+SiC F400 80/20 ʠ Cu+SiC F400 90/10,  

ʧʦʨʝʟʘʥʥʳʭ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʙ) 

Fig. 7. Fracture tests of specimens Cu+SiC F400 80/20 (1) and Cu+SiC F400 90/10 (2) cut vertically (ʘ);  

displacement diagrams of specimens Cu+SiC F400 80/20 and Cu+SiC F400 90/10 cut vertically (ʙ) 
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ʈʠʩ. 8. ʉʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʝ ʛʨʘʬʠʢʠ ʧʝʨʝʤʝʱʝʥʠʷ 

Fig. 8. Adjusted displacement diagrams 

ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʩʧʳʪʘʥʥʳʭ ʦʙʨʘʟ-

ʮʦʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʠ: 
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ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʦʙʨʘʟʮʘ ʚ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 
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ʅʘ ʨʠʩ. 9 ʠ 10 ʧʦʢʘʟʘʥʳ ʛʨʘʬʠʢʠ ʥʘʧʨʷʞʝʥʠʷ-

ʜʝʬʦʨʤʘʮʠʠ ʜʣʷ ʪʨʝʭ ʦʙʨʘʟʮʦʚ Cu+SiC F400 

90/10, ʧʦʨʝʟʘʥʥʳʭ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʠ 

ʦʙʨʘʟʮʦʚ Cu+SiC F400 90/10, ʧʦʨʝʟʘʥʥʳʭ ʚ ʛʦʨʠ-

ʟʦʥʪʘʣʴʥʦʤ (ʧʦʧʝʨʝʯʥʦʤ) ʥʘʧʨʘʚʣʝʥʠʠ, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ. 

ɻʨʘʬʠʢ ʊ1 ʥʘ ʨʠʩ. 9 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʦʙʨʘʟʮʝ 

ʠʤʝʝʪʩʷ ʜʝʬʝʢʪ ʠ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʫʩʨʝʜʥʝʥʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʛʨʘʬʠʢʘ ʥʘʧʨʷʞʝʥʠʷ-ʜʝʬʦʨʤʘʮʠʠ ʵʪʦʪ 

ʛʨʘʬʠʢ ʫʯʠʪʳʚʘʪʴʩʷ ʥʝ ʙʫʜʝʪ.  

ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʛʨʘʬʠʢʦʚ ʙʳʣʠ ʧʦʩʪʨʦʝ-

ʥʳ ʩʨʝʜʥʠʝ ʛʨʘʬʠʢʠ ʥʘʧʨʷʞʝʥʠʷ-ʜʝʬʦʨʤʘʮʠʠ 

ʜʣʷ ʜʘʥʥʳʭ ʦʙʨʘʟʮʦʚ (ʨʠʩ. 11), ʢʦʪʦʨʳʝ ʧʦʢʘʟʳ-

ʚʘʶʪ, ʯʪʦ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʢʨʳʪʠʷ ʠʟʦ-

ʪʨʦʧʥʳ ʚʦ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. 

ʊʘ ʞʝ ʩʘʤʘʷ ʧʨʦʮʝʜʫʨʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʜʣʷ 

ʦʙʨʘʟʮʦʚ Cu+SiC F400 80/20.  

ʅʘ ʨʠʩ. 12 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʫʩʨʝʜʥʝʥ-

ʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʦʙʨʘʟʮʦʚ, ʨʘʟʨʝʟʘʥʥʳʭ ʚ ʧʦʧʝʨʝʯʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ. 

ʅʘ ʨʠʩ. 13 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʠʝ ʛʨʘʬʠʢʠ ʜʣʷ 

ʦʙʨʘʟʮʦʚ Cu+SiC F400 80/20. 

ɼʣʷ ʦʙʨʘʟʮʦʚ Cu+SiC F400 70/30, ʨʘʟʨʝʟʘʥ-

ʥʳʭ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʪʘʢʞʝ ʙʳʣʠ 

ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ ʥʘʧʨʷʞʝʥʠʷ-ʜʝʬʦʨʤʘʮʠʠ 

(ʨʠʩ. 14). 

ʇʦʩʪʨʦʝʥʠʝ ʩʨʝʜʥʝʛʦ ʛʨʘʬʠʢʘ ʜʣʷ ʜʘʥʥʳʭ ʦʙ-

ʨʘʟʮʦʚ ʥʝ ʪʨʝʙʫʝʪʩʷ ʚ ʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʩʠʥʠʡ ʠ ʟʝ-

ʣʝʥʳʡ ʛʨʘʬʠʢʠ ʧʦʢʘʟʳʚʘʶʪ ʥʝʚʝʨʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʪʨʝʥʠʷ ʚ ʭʦʜʝ ʪʝʩʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʩʣʝ ʧʦʩʪʨʦʝʥʠʷ ʚʩʝʭ ʛʨʘʬʠʢʦʚ ʦʥʠ ʙʳʣʠ ʩʚʝʜʝ-

ʥʳ ʚ ʦʙʱʫʶ ʜʠʘʛʨʘʤʤʫ, ʠʟ ʢʦʪʦʨʦʡ ʚʠʜʥʦ, ʯʪʦ 

ʣʫʯʰʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘʝʪ 

ʧʦʢʨʳʪʠʝ ʩ 30% ʢʝʨʘʤʠʢʠ (ʨʠʩ. 15). 

ɼʘʣʝʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʣʥʦʡ ʢʘʨʪʠʥʳ ʦ ʤʝʭʘ-

ʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʧʦʢʨʳʪʠʡ ʛʨʘʬʠʯʝʩʢʠʤ ʩʧʦ-

ʩʦʙʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʢʘʞʜʦʛʦ 

ʪʠʧʘ ʧʦʢʨʳʪʠʡ. 

ʅʘ ʨʠʩ. 16 ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝ-

ʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʜʣʷ ʦʙʨʘʟʮʦʚ Cu+SiC F400 70/30. 

ʊʘ ʞʝ ʩʘʤʘʷ ʧʨʦʮʝʜʫʨʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʜʣʷ 

ʦʩʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ. ɺ ʠʪʦʛʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝ-

ʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʧʨʝʜʝʣʘ ʧʣʘʩʪʠʯʥʦʩʪʠ: 

ï Cu+SiC F400 70/30 ï 0,2% ů0 = 275 ʄʇʘ; 

ï Cu+SiC F400 80/20 ï 245 ʄʇʘ < 0,2% ů0 < 

< 250 ʄʇʘ; 

ï Cu+SiC F400 90/10 ï 195 ʄʇʘ < 0,2% ů0 < 

< 215 ʄʇʘ. 

ɼʘʥʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʧʨʝʚʦʩʭʦʜʩʪʚʦ ʧʦʢʨʳʪʠʡ ʩ 30% ʢʝʨʘʤʠʢʠ. 
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ʈʠʩ. 9. ɻʨʘʬʠʢʠ ʥʘʧʨʷʞʝʥʠʷ-ʜʝʬʦʨʤʘʮʠʠ ʦʙʨʘʟʮʦʚ Cu+SiC F400 90/10, ʧʦʨʝʟʘʥʥʳʭ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

Fig. 9. Stress-strain diagrams of specimens Cu+SiC F400 90/10 cut vertically 

 

ʈʠʩ. 10. ɻʨʘʬʠʢʠ ʥʘʧʨʷʞʝʥʠʷ-ʜʝʬʦʨʤʘʮʠʠ ʦʙʨʘʟʮʦʚ Cu+SiC F400 90/10, ʧʦʨʝʟʘʥʥʳʭ  

ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

Fig. 10. Stress-strain diagrams of specimens Cu+SiC F400 90/10 cut horizontally 
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ʈʠʩ. 11. ʉʨʝʜʥʠʡ ʛʨʘʬʠʢ ʥʘʧʨʷʞʝʥʠʷ-ʜʝʬʦʨʤʘʮʠʠ ʦʙʨʘʟʮʦʚ Cu+SiC F400 90/10, ʧʦʨʝʟʘʥʥʳʭ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ  

ʥʘʧʨʘʚʣʝʥʠʠ (ʘ) ʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʙ) 

Fig. 11. Average stress-strain diagram of specimens Cu+SiC F400 90/10 cut vertically (ʘ) and cut horizontally (ʙ) 
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ʈʠʩ. 12. ɻʨʘʬʠʢʠ ʥʘʧʨʷʞʝʥʠʷ-ʜʝʬʦʨʤʘʮʠʠ ʦʙʨʘʟʮʦʚ Cu+SiC F400 80/20, ʨʘʟʨʝʟʘʥʥʳʭ ʚ ʧʦʧʝʨʝʯʥʦʤ  

ʥʘʧʨʘʚʣʝʥʠʠ (ʘ) ʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʙ) 

Fig. 12. Stress-strain diagrams of specimens Cu+SiC F400 80/20 cut in a transverse direction (ʘ) and cut vertically (ʙ) 
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ʈʠʩ. 13. ʉʨʝʜʥʠʡ ʛʨʘʬʠʢ ʥʘʧʨʷʞʝʥʠʷ-ʜʝʬʦʨʤʘʮʠʠ ʦʙʨʘʟʮʦʚ Cu+SiC F400 80/20, ʨʘʟʨʝʟʘʥʥʳʭ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ  

ʥʘʧʨʘʚʣʝʥʠʠ (ʘ) ʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʙ) 

Fig. 13. Average stress-strain diagram of specimens Cu+SiC F400 80/20 cut horizontally (ʘ) and cut vertically (ʙ) 

 

ʈʠʩ. 14. ɻʨʘʬʠʢʠ ʥʘʧʨʷʞʝʥʠʷ-ʜʝʬʦʨʤʘʮʠʠ ʦʙʨʘʟʮʦʚ Cu+SiC F400 70/30, ʨʘʟʨʝʟʘʥʥʳʭ  

ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

Fig. 14. Stress-strain diagrams of specimens Cu+SiC F400 70/30 cut horizontally 
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ʈʠʩ. 15. ɻʨʘʬʠʢʠ ʥʘʧʨʷʞʝʥʠʷ-ʜʝʬʦʨʤʘʮʠʠ ʦʙʨʘʟʮʦʚ Cu+SiC F400 70/30 (ʢʨʘʩʥʳʡ), Cu+SiC F400 80/20 (ʟʝʣʝʥʳʡ),  

Cu+SiC F400 90/10 (ʩʠʥʠʡ) 

Fig. 15. Stress-strain diagrams of specimens Cu+SiC F400 70/30 (red), Cu+SiC F400 80/20 (green),  

Cu+SiC F400 90/10 (blue) 

 
 

ʈʠʩ. 16. ʇʨʠʤʝʨ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʜʣʷ ʦʙʨʘʟʮʦʚ Cu+SiC F400 70/30 

Fig. 16. Yield strength determination for specimens Cu+SiC F400 70/30 for reference 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʢʨʳʪʠʡ 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʢʨʳʪʠʡ ʠʩ-

ʧʦʣʴʟʦʚʘʣʠ ʩʢʘʥʠʨʫʶʱʠʡ ʵʣʝʢʪʨʦʥʥʳʡ ʤʠʢʨʦ-

ʩʢʦʧ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʯʘʩʪʠʮʳ 

ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʚ ʧʦ-

ʢʨʳʪʠʠ (ʨʠʩ. 17). 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʜʘʥʥʳʝ ʬʦʪʦ ʧʦʟʚʦʣʠʣʠ ʨʘʩ-

ʩʯʠʪʘʪʴ ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ 

ʚ ʦʙʲʝʤʝ ʧʦʢʨʳʪʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʵʪʠʭ ʨʘʩʯʝʪʦʚ 

ʩʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʦʣʫʯʝʥʥʳʝ ʬʦʪʦ ʧʦʟʚʦʣʷʶʪ 

ʦʙʲʷʩʥʠʪʴ ʧʨʠʯʠʥʫ ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʦʚ ʧʨʠ 

ʠʩʧʳʪʘʥʠʠ ʥʘ ʩʞʘʪʠʝ. ʅʘ ʨʠʩ. 18 ʚ ʦʙʨʘʟʮʝ 

Cu+SiC F400 90/10 ʚʠʜʥʦ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʝ ʢʦ-

ʣʠʯʝʩʪʚʦ ʧʦʨ. 

ɺ ʦʙʨʘʟʮʝ Cu+SiC F400 80/20 ʧʦʨʠʩʪʦʩʪʝʡ ʥʝ 

ʦʙʥʘʨʫʞʝʥʦ, ʥʦ ʥʘ ʬʦʪʦ ʯʝʪʢʦ ʚʠʜʥʘ ʛʨʘʥʠʮʘ 

ʤʝʞʜʫ ʜʚʫʤʷ ʩʣʦʷʤʠ ʧʦʨʦʰʢʘ (ʨʠʩ. 19), ʯʪʦ ʪʘʢ-

ʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʯʠʥʦʡ ʧʣʦʭʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫ-

ʨʳ ʠ ʜʘʣʴʥʝʡʰʠʭ ʨʘʟʨʫʰʝʥʠʡ ʚ ʭʦʜʝ ʠʩʧʳʪʘʥʠʡ. 
ʅʘ ʨʠʩ. 17 ʪʘʢʞʝ ʚʠʜʥʦ, ʯʪʦ ʧʦʢʨʳʪʠʝ ʩ 30% 

ʢʝʨʘʤʠʢʠ ʦʙʣʘʜʘʝʪ ʨʘʚʥʦʤʝʨʥʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫ-
ʨʦʡ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʢʘʢʠʭ-ʣʠʙʦ ʜʝʬʝʢʪʦʚ. ʕʪʦ ʤʦ-
ʞʝʪ ʛʦʚʦʨʠʪʴ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʦʙʨʘʟʮʝ ʩʜʝʣʘʥ ʦʧʪʠ-
ʤʘʣʴʥʳʡ ʚʳʙʦʨ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ 
ʢʦʣʠʯʝʩʪʚʘ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʚ ʧʦʢʨʳʪʠʠ. 
ʌʦʪʦ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʢʘʥʠʨʫʶ-

ʱʝʛʦ ʤʠʢʨʦʩʢʦʧʘ, ʜʘʣʠ ʥʘʛʣʷʜʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 
ʦʙ ʘʜʛʝʟʠʠ ʤʝʞʜʫ ʧʦʢʨʳʪʠʝʤ ʠ ʧʦʜʣʦʞʢʦʡ. ʅʘ 
ʨʠʩ. 20, ʘ ʚʠʜʝʥ ʜʝʬʝʢʪ ʠ ʦʪʩʫʪʩʪʚʠʝ ʘʜʛʝʟʠʠ ʤʝʞ-
ʜʫ ʧʦʜʣʦʞʢʦʡ ʠ ʧʦʢʨʳʪʠʝʤ Cu+SiC F400 80/20, 
ʥʘʧʳʣʝʥʥʳʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 400Áʉ, ʥʘ ʨʠʩ. 20, ʙ 
ʥʘʙʣʶʜʘʝʪʩʷ ʭʦʨʦʰʘʷ ʘʜʛʝʟʠʷ ʫ ʧʦʢʨʳʪʠʷ 
Cu+SiC F400 80/20, ʥʘʧʳʣʝʥʥʳʤ ʧʨʠ ʪʝʤʧʝʨʘ-
ʪʫʨʝ 500Áʉ. 
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ʈʠʩ. 17. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʢʨʳʪʠʷ Cu+SiC F400 70/30 

Fig. 17. Microstructure of Cu+SiC F400 70/30 coating 

ʊʘʙʣʠʮʘ 3. ʇʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʚ ʧʦʢʨʳʪʠʠ 

T a b l e  3 . Silicon carbide percentage in the coating 

ʉʤʝʩʴ T, ÁC 
ʉʦʜʝʨʞʘʥʠʝ ʢʘʨʙʠʜʘ  

ʧʦ ʤʘʩʩʝ, % 

ʉʦʜʝʨʞʘʥʠʝ ʢʘʨʙʠʜʘ  

ʧʦ ʦʙʲʝʤʫ, % 

ʉʦʜʝʨʞʘʥʠʝ ʢʘʨʙʠʜʘ  

ʚ ʧʦʢʨʳʪʠʠ ʧʦ ʦʙʲʝʤʫ, % 

Cu+SiC(F400) 400 20 41,5 4,2 

Cu+SiC(F400) 500 30 55 7,6 

Cu+SiC(F400) 500 20 41,5 4,3 

Cu+SiC(F400) 500 10 24 2,9 

Cu+SiC(F1200) 500 30 55 4,4 

Cu+SiC(F1200) 500 10 24 3,5 

 

 

ʈʠʩ. 18. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʢʨʳʪʠʷ Cu+SiC F400 90/10 

Fig. 18. Microstructure of Cu+SiC F400 90/10 coating 
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ʈʠʩ. 19. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʢʨʳʪʠʷ  

Cu+SiC F400 80/20 

Fig. 19. Microstructure of Cu+SiC F400 80/20 coating 
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ʈʠʩ. 20. ɸʜʛʝʟʠʷ ʤʝʞʜʫ ʧʦʜʣʦʞʢʦʡ ʠ ʧʦʢʨʳʪʠʝʤ 

Fig. 20. Adhesion between the substrate and the coating 

ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʦʢʨʳʪʠʡ 

ɼʣʷ ʢʘʞʜʦʛʦ ʧʦʢʨʳʪʠʷ ʠ ʧʦʜʣʦʞʢʠ ʙʳʣ ʚʳ-

ʧʦʣʥʝʥ ʨʷʜ ʠʟʤʝʨʝʥʠʡ (ʥʝ ʤʝʥʝʝ 20 ʪʦʯʝʢ) ʤʠʢ-

ʨʦʪʚʝʨʜʦʩʪʠ ʧʦ ɺʠʢʝʨʩʫ. ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʤʠʢ-

ʨʦʪʚʝʨʜʦʩʪʠ ʢʘʞʜʦʛʦ ʧʦʢʨʳʪʠʷ ʙʳʣʠ ʩʚʝʜʝʥʳ ʚ 

ʪʘʙʣ. 4. 

ʊʘʙʣʠʮʘ 4. ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʦʢʨʳʪʠʡ ʠ ʧʦʜʣʦʞʢʠ 

T a b l e 4 .  Microhardness of coatings and the substrate 

ʆʙʨʘʟʝʮ 
ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ, HV 

70Cu30SiC_F400_400C 109 

70Cu30SiC_F400_500C 97 

70Cu30SiC_F1200_500C 107 

80Cu20SiC_F400_400C 108 

80Cu20SiC_F400_500C 97 

90Cu10SiC_F400_400C 94 

90Cu10SiC_F400_500C 88 

90Cu10SiC_F1200_400C 107 

90Cu10SiC_F1200_500C 98 

ʉʪʘʣʴʥʘʷ ʧʦʜʣʦʞʢʘ 123 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʮʝʩʩʘ ʦʢʘʟʳʚʘʝʪ 

ʚʣʠʷʥʠʝ ʥʘ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʧʦʢʨʳ-

ʪʠʡ. ɺ ʩʨʝʜʥʝʤ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 

400 ʜʦ 500Áʉ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ  

12 ʝʜʠʥʠʮ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʩʣʝʜʫ-

ʶʱʝʝ: 

1. ʇʦʜʛʦʪʦʚʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʝʸ ʰʝʨʦʭʦʚʘ-

ʪʦʩʪʴ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʧʦʢʨʳʪʠʷ ʩ ʭʦʨʦʰʝʡ ʘʜʛʝʟʠʝʡ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘ-

ʟʳʚʘʶʪ, ʯʪʦ ʧʦʜʣʦʞʢʘ, ʦʙʨʘʙʦʪʘʥʥʘʷ ʤʝʣʢʠʤ 

ʘʙʨʘʟʠʚʦʤ (Ra = 6,4585, Rz = 40,2872), ʠʤʝʝʪ 

ʧʣʦʭʫʶ ʘʜʛʝʟʠʶ ʩ ʧʦʢʨʳʪʠʝʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʦʜʣʦʞʢʦʡ, ʦʙʨʘʙʦʪʘʥʥʦʡ ʢʨʫʧʥʳʤ ʘʙʨʘʟʠʚʦʤ 

(Ra = 13,0836, Rz = 67,1559). 

2. ʅʘʧʳʣʝʥʠʝ ʯʠʩʪʦʡ ʤʝʜʠ ʙʝʟ ʢʘʨʙʠʜʘ ʢʨʝʤ-

ʥʠʷ ʤʝʪʦʜʦʤ ʍɻʅ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʚ 

ʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʘʜʛʝʟʠʠ ʢ ʧʦʜʣʦʞʢʝ. ʕʪʦ ʝʱʸ 

ʨʘʟ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʩʪʴ ʨʝʰʝʥʠʷ ʦ 

ʜʦʙʘʚʣʝʥʠʠ ʯʘʩʪʠʮ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʚ ʩʤʝʩʴ. 

3. ʇʨʠʤʝʥʝʥʠʝ ʧʦʨʦʰʢʘ ʤʝʣʢʦʡ ʬʨʘʢʮʠʠ ʧʨʠ-

ʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘʧʳʣʝʥʠʷ 

ʚʚʠʜʫ ʘʛʣʦʤʝʨʠʨʦʚʘʥʠʷ ʤʝʣʢʠʭ ʯʘʩʪʠʮ ʚ ʩʤʝʩʠ ʠ 

ʧʦʩʣʝʜʫʶʱʝʝ ʟʘʩʦʨʝʥʠʝ ʩʪʚʦʣʘ ʫʩʪʘʥʦʚʢʠ. 

4. ʂʘʢ ʧʦʢʘʟʘʣʠ ʠʩʧʳʪʘʥʠʷ ʥʘ ʩʞʘʪʠʝ, ʚʩʝ 

ʧʦʢʨʳʪʠʷ ʦʙʣʘʜʘʶʪ ʠʟʦʪʨʦʧʥʦʩʪʴʶ ʤʝʭʘʥʠʯʝ-

ʩʢʠʭ ʩʚʦʡʩʪʚ ʚʦ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʂʨʦʤʝ ʪʦʛʦ, 

ʥʘʠʣʫʯʰʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘ-

ʜʘʝʪ ʧʦʢʨʳʪʠʝ ʩ 30% ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ. 

5. ʌʦʪʦ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶ-

ʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ, ʪʘʢʞʝ ʛʦʚʦʨʷʪ ʦ 

ʪʦʤ, ʯʪʦ ʧʦʢʨʳʪʠʝ ʩ 30% ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʦʙʣʘ-

ʜʘʶʪ ʣʫʯʰʝʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʦʢʨʳʪʠʷʤʠ ʩ 10 ʠ 20% ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ. 

6. ʀʟʤʝʨʝʥʠʷ ʥʘ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʙʦʯʝʛʦ ʛʘʟʘ ʩ 

400 ʜʦ 500Áʉ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʚ ʩʨʝʜʥʝʤ ʫʤʝʥʴ-

ʰʘʝʪʩʷ ʥʘ 12 ʝʜʠʥʠʮ ʧʦ ɺʠʢʝʨʩʫ, ʥʦ ʚʩʝ ʞʝ ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʜʦʧʫʩʪʠʤʳʤ ʟʥʘʯʝʥʠʷʤ. 

7. ʆʜʥʘʢʦ ʨʘʩʯʝʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʧʦʤʦʱʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʯʪʦ ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʪʦʢʘ ʛʘʟʘ ʜʦ 500Áʉ 

ʨʘʩʪʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘʧʳʣʝʥʠʷ ʧʦʨʦʰʢʘ. 

ɺ ʮʝʣʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʍɻʅ, ʘ ʪʘʢʞʝ 

ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʚ 

ʩʤʝʩʠ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦ-

ʢʨʳʪʠʷ ʩ ʥʫʞʥʳʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 



ʉʝʨʝʙʨʷʢʦʚ ʀ.ʉ., ʃʘʪʬʫʣʠʥʘ ʖ.ʉ., ʅʘʧʨʠʤʝʨʦʚʘ ɽ.ɼ., ʄʷʩʦʝʜʦʚ ɺ.ɸ., ʉʘʤʦʜʫʨʦʚʘ ʄ.ʅ. 

www.vestnik.magtu.ru        ïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïï 79 

ʉʧʠʩʦʢ ʠʩʪʦʯʥʠʢʦʚ 

1. Wang Q., Birbilis N. and Zhang M.X., On the for-

mation of a diffusion bond from cold-spray coatings, 

Metall. Mater. Trans. A: Phys. Metall. Mater. Sci., 

2012, 43, 1395-1399. 

2. Lee M.S., Choi H.J., Choi J.W. and Kim H.J., Appli-

cation of cold spray coating technique to an under-

ground disposal copper canister and its corrosion 

properties, Nucl. Eng. Technol., 2011, 43, 557-566. 

3. King P.C., Bae G., Zahiri S.H., Jahedi M. and Lee C., 

An experimental and finite element study of cold 

spray copper impact onto two aluminum substrates,  

J. Thermal Spray Technology, 2010, 19, 620-634. 

4. Fukumoto M., Terada H., Mashiko M., Sato K., 

Yamada M. and Yamaguchi E., Deposition of copper 

fine particle by cold spray process, Mater. Trans., 

2009, 50, 1482-1488. 

5. Karthikeyan J. and Kay A., Cold spray processing of 

copper and copper alloys, Adv. Mater. Process., 2005, 

163, 49. 

6. Champagne V.K., Jr, Helfritch D., Leyman P., Gren-

dahl S. and Klotz B., Interface material mixing 

formed by the deposition of copper on aluminum by 

means of the cold spray process, J. Thermal Spray 

Technology, 2005, 14, 330-334. 

7. Li  W.-Y., Zhang G., Zhang C., Elkedim O., Liao H. 

and Coddet C., Improvement of microstructure and 

property of cold sprayed Cu-4at.% Cr-2at.% Nb alloy 

by heat treatment, Scr. Mater., 2006, 55, 327-330. 

8. Koivuluoto H., Coleman A., Murray K., Kearns M. 

and Vuoristo P., High pressure cold sprayed (HPCS) 

and low pressure cold sprayed (LPCS) coatings pre-

pared from OFHC Cu Feedstock: overview from 

powder characteristics to coating properties, J. Ther-

mal Spray Technology, 2012, 21, 1065-1075. 

9. Koivuluoto H., Lagerbom J. and Vuoristo P., Micro-

structural studies of cold sprayed copper, nickel, and 

nickel-30% copper coatings, J. Thermal Spray Tech-

nology, 2007, 16, 488-497. 

10. Fernandez R., MacDonald D., NasticË A., Jodoin B., 

Tieu A. and Vijay M. Enhancement and Prediction of 

Adhesion Strength of Copper Cold Spray Coatings on 

Steel Substrates for Nuclear Fuel Repository, J. 

Thermal Spray Technology (2016) 25: 1577-1587. 

11. Klinkov S.V., Kosarev* V.F., Ryashin N.S. and 

Shikalov V.S. Experimental study of cold gas spray-

ing through a mask. Part 1, Thermophysics and Aer-

omechanics, 2016, vol. 23, no. 5. 

12. Rastjagaev E., Wilde J., Wielage B., Grund T. and 

Kummel S., Development and testing of cold gas 

sprayed circuit boards for power electronics applica-

tions, Proc. 7th Int. Conf. on Integrated power elec-

tronics systems, Nuremberg, Germany, March 2012, 

IEEE Power Electronics Society, 154-159. 

13. Marx S., Paul A., Kohler A. and Huttl G., Cold spray-

ing: innovative layers  for new applications, J. Ther-

mal Spray Technology, 2006, 15, 177-183. 

14. Grund W.T., Rupprecht C., Kuemmel S. and 

Wielage B. New method for producing power elec-

tronic circuit boards by cold-gas spraying and investi-

gation of adhesion mechanisms, Surface & Coatings 

Technology, 2010, vol. 205, no. 4, pp. 1115-1118. 

15. Nepochatov Yu., Deis G., Bogaev A. and Shkodkin 

A. Developing the technology for manufacturing 

metalplated substrates for power electronics units, 

Sovremennaya Electronika,. 2010, no. 9, pp. 12-15. 

16. Ernst K.-R., Braeutigam J., Gaertner F. and Klassen 

T. Effect of substrate temperature on cold-gas-sprayed 

coatings on ceramic substrates, J. Thermal Spray 

Technology, 2013, vol. 22, no. 2-3, pp. 422-432. 

17. Donner K.-R., Gaertner F. and Klassen T. Metalliza-

tion of thin Al2O3 layers in power electronics using 

cold gas spraying, J. Thermal Spray Technology, 

2011, vol. 20, no. 1-2, pp. 299-306. 

18. Boyle C.H. and Meguid S.A. Mechanical Perfor-

mance of Integrally Bonded Copper Coatings for the 

Long Term Disposal of Used Nuclear Fuel, Nucl. 

Eng. Des., 2015, 293, pp. 403-412. 

19. Keech P.G., Vo P., Ramamurthy S., Chen J., Jacklin 

R. and Shoesmith D.W. Design and Development of 

Copper Coatings for Long Term Storage of Used Nu-

clear Fuel, Corros. Eng. Sci. Technol., 2014, 49(6), 

pp. 425-430. 

20. Nuclear Waste Management Organization, Prelimi-

nary Assessment for Siting a Deep Geological Re-

pository for Canadaôs Used Nuclear Fuel: The corpo-

ration of the town of Blind River, Ontario, Toronto, 

ON, 2014. 

21. Irissou E., Vo D.P.P., Keech P. and Legoux J.G. Cold 

Sprayed Corrosion Protection Coating for Nuclear 

Waste Repository Canister, in North American Cold 

Spray Conference, 2012. 

22. Fukumoto M., Wada H., Tanabe K., Yamada M., 

Yamaguchi E., Niwa A., Sugimoto M. and Izawa M. 

Effect of Substrate Temperature on Deposition Be-

havior of Copper Particles on Substrate Surfaces in 

the Cold Spray Process, J. Thermal Spray Technolo-

gy, 2007, 16(5-6), pp. 643-650. 

23. Huang R., Ma W. and Fukanuma H. Development of 

Ultra-Strong Adhesive Strength Coatings Using Cold 

Spray, Surf. Coatings Technol., 2014, 258, pp. 832-841. 

24. Jakupi P., Keech P.G., Barker I., Ramamurthy S., 

Jacklin R.L., Shoesmith D.W. and Moser D.E. Char-

acterization of Commercially Cold Sprayed Copper 

Coatings and Determination of the Effects of Impact-

ing Copper Powder Velocities, J. Nucl. Mater., 2015, 

466, pp. 1-11. 

25. Partovi-Nia R., Ramamurthy S., Zagidulin D., Chen J., 

Jacklin R., Keech P. and Shoesmith D.W. Corrosion of 

Cold Spray Deposited Copper Coating on Steel Sub-

strates, Corrosion, 2015, 71(10), pp. 1237-1247. 

26. Standish T., Chen J., Jacklin R., Jakupi P., Rama-

murthy S., Zagidulin D., Keech P. and Shoesmith D. 

Corrosion of Copper-Coated Steel High Level Nucle-



ʊɽʍʅʆʃʆɻʀʀ ʆɹʈɸɹʆʊʂʀ ʄɸʊɽʈʀɸʃʆɺ 

ïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïï   ɺʝʩʪʥʠʢ ʄɻʊʋ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘ. 2022. ʊ.20. ˉ4 80 

ar Waste Containers Under Permanent Disposal Con-

ditions, Electrochim, Acta, 2016. 

27. Maev E.R.G., Leshchynsky V., Strumban E. and 

Dzhurinskiy D. Influence of Grit Blasting on the In-

terface Roughness and Adhesion Strength of Cold 

Sprayed Copper Coatings, in Thermal Spray 2015: 

Proceedings from the International Thermal Spray 

Conference and Exposition, 2015, pp. 493-497. 

28. Maev R.G., Leshchynsky V., Strumban E., Dzhu-

rinskiy D., Kocimski J. and Maeva E. Structure and 

Mechanical Properties of Thick Copper Coating Made 

by Cold Spray, J. Thermal Spray Technology, 2016, 

25(1), pp. 113-122. 

29. Choi H.-J., Lee M. and Lee J.Y. Application of a cold 

SprayTechnique to the Fabrication of a Copper Canis-

ter for the Geological Disposal of CANDU Spent 

Fuels, Nucl. Eng. Des., 2010, 240(10), pp. 2714-2720. 

30. DOE/RW-0576, 2005. Science and Technology Pro-

gram Plan. DOE, USA. 

31. Borchers C., Gartner F., Stoltenhoff T., Assadi H., Kreye 

H., Gartner F., Stoltenhoff T., Assadi H. and Kreye H. 

Microstructural and Macroscopic Properties of Cold 

Sprayed Copper Coatings, J. Appl. Phys., 2003. 

32. Fukanuma H., Ohno N., Toda/JPN A study of adhe-

sive strength of cold spray coatings, Thermal Spray 

2004: Advances in Technology and Applications 

(ASM International), 2004. 

33. Renzhong Huang, Wenhua Ma, Hirotaka Fukanuma, 

Development of ultra-strong adhesive strength coat-

ings using cold spray, Surface & Coatings Technolo-

gy, 2014. 

34. Masahiro Fukumoto, Hiroki Teradal, Masahiro Ma-

shiko, Kazunori Sato, Motohiro Yamada and Eiji 

Yamaguchi, Deposition of Copper Fine Particle by 

Cold Spray Process, Materials Transactions, vol. 50, 

no. 6, 2009. 

35. XIE Jing, Nelias Daniel, Walter-Le Berre H®l¯ne, 

Ichikawa Yuji, Ogawa Kazuhiro, Numerical simula-

tion of the cold spray deposition process for alumini-

um and copper, Proceedings of the ASME 2012 11th 

Biennial Conference on Engineering Systems Design 

and Analysis ESDA2012 July 2-4, 2012. 

References 

1. Wang Q., Birbilis N., Zhang M.X. On the formation 

of a diffusion bond from cold-spray coatings. Metall. 

Mater. Trans. A: Phys. Metall. Mater. Sci., 2012, 43, 

1395-1399. 

2. Lee M.S., Choi H.J., Choi J.W., Kim H.J. Application 

of cold spray coating technique to an underground 

disposal copper canister and its corrosion properties. 

Nucl. Eng. Technol., 2011, 43, 557-566. 

3. King P.C., Bae G., Zahiri S.H., Jahedi M., Lee C. An 

experimental and finite element study of cold spray 

copper impact onto two aluminum substrates.  

J. Thermal Spray Technology, 2010, 19, 620-634. 

4. Fukumoto M., Terada H., Mashiko M., Sato K., 

Yamada M., Yamaguchi E. Deposition of copper fine 

particle by cold spray process. Mater. Trans., 2009, 

50, 1482-1488. 

5. Karthikeyan J., Kay A. Cold spray processing of cop-

per and copper alloys. Adv. Mater. Process., 2005, 

163, 49. 

6. Champagne V.K., Helfritch D. Jr, Leyman P., Gren-

dahl S., Klotz B. Interface material mixing formed by 

the deposition of copper on aluminum by means of 

the cold spray process. J. Thermal Spray Technology, 

2005, 14, 330-334. 

7. Li W.-Y., Zhang G., Zhang C., Elkedim O., Liao H., 

Coddet C. Improvement of microstructure and proper-

ty of cold sprayed Cu-4at.% Cr-2at.% Nb alloy by 

heat treatment. Scr. Mater., 2006, 55, 327-330. 

8. Koivuluoto H., Coleman A., Murray K., Kearns M., 

Vuoristo P. High pressure cold sprayed (HPCS) and 

low pressure cold sprayed (LPCS) coatings prepared 

from OFHC Cu Feedstock: overview from powder 

characteristics to coating properties. J. Thermal Spray 

Technology, 2012, 21, 1065-1075. 

9. Koivuluoto H., Lagerbom J., Vuoristo P. Microstruc-

tural studies of cold sprayed copper, nickel, and nick-

el-30% copper coatings. J. Thermal Spray Technolo-

gy, 2007, 16, 488-497. 

10. Fernandez R., MacDonald D., NasticË A., Jodoin B., 

Tieu A., Vijay M. Enhancement and prediction of ad-

hesion strength of copper cold spray coatings on steel 

substrates for nuclear fuel repository. J. Thermal 

Spray Technology, 2016, 25, 1577-1587. 

11. Klinkov S.V., Kosarev V.F., Ryashin N.S., Shikalov 

V.S. Experimental study of cold gas spraying through 

a mask. Part 1, Thermophysics and Aeromechanics, 

2016, 23, 5. 

12. Rastjagaev E., Wilde J., Wielage B., Grund T., Kum-

mel S. Development and testing of cold gas sprayed 

circuit boards for power electronics applications, 

Proc. 7th Int. Conf. on Integrated power electronics 

systems, Nuremberg, Germany, March 2012, IEEE 

Power Electronics Society, 154-159. 

13. Marx S., Paul A., Kohler A., Huttl G. Cold spraying: 

innovative layers for new applications. J. Thermal 

Spray Technology, 2006, 15, 177-183. 

14. Grund W.T., Rupprecht C., Kuemmel S., Wielage B. 

New method for producing power electronic circuit 

boards by cold-gas spraying and investigation of ad-

hesion mechanisms. Surface & Coatings Technology, 

2010, 205 (4), 1115-1118. 

15. Nepochatov Yu., Deis G., Bogaev A., Shkodkin A. 

Developing the technology for manufacturing 

metalplated substrates for power electronics units. 

Sovremennaya elektronika [Modern Electronics], 

2010, no. 9, pp. 12-15. (In Russ.) 

16. Ernst K.-R., Braeutigam J., Gaertner F., Klassen T. 

Effect of substrate temperature on cold-gas-sprayed 

coatings on ceramic substrates. J. Thermal Spray 

Technology, 2013, 22 (2-3), 422-432. 



ʉʝʨʝʙʨʷʢʦʚ ʀ.ʉ., ʃʘʪʬʫʣʠʥʘ ʖ.ʉ., ʅʘʧʨʠʤʝʨʦʚʘ ɽ.ɼ., ʄʷʩʦʝʜʦʚ ɺ.ɸ., ʉʘʤʦʜʫʨʦʚʘ ʄ.ʅ. 

www.vestnik.magtu.ru        ïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïï 81 

17. Donner K.-R., Gaertner F., Klassen T. Metallization 

of thin Al2O3 layers in power electronics using cold 

gas spraying. J. Thermal Spray Technology, 2011, 20 

(1-2), 299-306. 

18. Boyle C.H., Meguid S.A. Mechanical performance of 

integrally bonded copper coatings for the long term 

disposal of used nuclear fuel. Nucl. Eng. Des., 2015, 

293, 403-412. 

19. Keech P.G., Vo P., Ramamurthy S., Chen J., Jacklin R., 

Shoesmith D.W. Design and development of copper 

coatings for long term storage of used nuclear fuel. Cor-

ros. Eng. Sci. Technol., 2014, 49(6), 425-430. 

20. Nuclear Waste Management Organization. Prelimi-

nary assessment for siting a deep geological reposito-

ry for Canadaôs used nuclear fuel: The corporation of 

the town of Blind River, Ontario, Toronto, ON, 2014. 

21. Irissou E., Vo D.P.P., Keech P., Legoux J.G. Cold 

sprayed corrosion protection coating for nuclear waste 

repository canister. North American Cold Spray Con-

ference, 2012. 

22. Fukumoto M., Wada H., Tanabe K., Yamada M., 

Yamaguchi E., Niwa A., Sugimoto M., Izawa M. Ef-

fect of substrate temperature on deposition behavior 

of copper particles on substrate surfaces in the cold 

spray process. J. Thermal Spray Technology, 2007, 

16(5-6), 643-650. 

23. Huang R., Ma W., Fukanuma H. Development of ul-

tra-strong adhesive strength coatings using cold spray. 

Surf. Coatings Technology, 2014, 258, 832-841. 

24. Jakupi P., Keech P.G., Barker I., Ramamurthy S., 

Jacklin R.L., Shoesmith D.W., Moser D.E. Character-

ization of commercially cold sprayed copper coatings 

and determination of the effects of impacting copper 

powder velocities. J. Nucl. Mater., 2015, 466, 1-11. 

25. Partovi-Nia R., Ramamurthy S., Zagidulin D., Chen J., 

Jacklin R., Keech P., Shoesmith D.W. Corrosion of 

cold spray deposited copper coating on steel sub-

strates. Corrosion, 2015, 71(10), 1237-1247. 

26. Standish T., Chen J., Jacklin R., Jakupi P., Rama-

murthy S., Zagidulin D., Keech P., Shoesmith D. Cor-

rosion of copper-coated steel high level nuclear waste 

containers under permanent disposal conditions. Elec-

trochim, Acta, 2016. 

27. Maev R.Gr., Leshchynsky V., Strumban E., Dzhu-

rinskiy D., Maeva E. Influence of grit blasting on the 

interface roughness and adhesion strength of cold 

sprayed copper coatings. Thermal Spray 2015: Pro-

ceedings from the International Thermal Spray Con-

ference and Exposition, 2015, pp. 493-497. 

28. Maev R.Gr., Leshchynsky V., Strumban E., Dzhu-

rinskiy D., Kocimski J., Maeva E. Structure and me-

chanical properties of thick copper coating made by 

cold spray. J. Thermal Spray Technology, 2016, 

25(1), 113-122. 

29. Choi H.-J., Lee M., Lee J.Y. Application of a cold 

spray technique to the fabrication of a copper canister 

for the geological disposal of CANDU spent fuels. 

Nucl. Eng. Des., 2010, 240(10), 2714-2720. 

30. DOE/RW-0576, 2005. Science and Technology Pro-

gram Plan. DOE, USA. 

31. Borchers C., Gartner F., Stoltenhoff T., Assadi H., 

Kreye H., Gartner F., Stoltenhoff T., Assadi H., Kreye 

H. Microstructural and macroscopic properties of cold 

sprayed copper coatings. J. Appl. Phys., 2003. 

32. Fukanuma H., Ohno N. A study of adhesive strength of 

cold spray coatings. Thermal Spray 2004: Advances in 

Technology and Applications (ASM International), 

2004. 

33. Renzhong Huang, Wenhua Ma, Hirotaka Fukanuma. 

Development of ultra-strong adhesive strength coatings 

using cold spray. Surface & Coatings Technology, 

2014. 

34. Masahiro Fukumoto, Hiroki Terada, Masahiro Mashi-

ko, Kazunori Sato, Motohiro Yamada, Eiji Yamagu-

chi. Deposition of copper fine particle by cold spray 

process. Materials Transactions, 2009, 50 (6). 

35. Jing Xie, Nelias Daniel, Walter-Le Berre H®l¯ne, 

Ichikawa Yuji, Ogawa Kazuhiro. Numerical simula-

tion of the cold spray deposition process for alumini-

um and copper. Proceedings of the ASME 2012 11th 

Biennial Conference on Engineering Systems Design 

and Analysis ESDA2012, July 2-4, 2012. 
 

ʇʦʩʪʫʧʠʣʘ 24.10.2022; ʧʨʠʥʷʪʘ ʢ ʧʫʙʣʠʢʘʮʠʠ 28.10.2022; ʦʧʫʙʣʠʢʦʚʘʥʘ 22.12.2022 

Submitted 24/10/2022; revised 28/10/2022; published 22/12/2022 

ʉʝʨʝʙʨʷʢʦʚ ʀʚʘʥ ʉʝʨʛʝʝʚʠʯ ï ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʠʥʞʝʥʝʨ, 

SARDOU SA, ʉʝʥ-ʉʫʧʧʣʝ, ʌʨʘʥʮʠʷ. 

ɽmail: ivan-serebr@yandex.ru. 

ʃʘʪʬʫʣʠʥʘ ʖʣʠʷ ʉʝʨʛʝʝʚʥʘ ï ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, 

ʖʞʥʦ-ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʅʀʋ), ʏʝʣʷʙʠʥʩʢ, ʈʦʩʩʠʷ. 

Email: latfulina174@gmail.com. ORCID 0000-0002-2128-3965 

ʅʘʧʨʠʤʝʨʦʚʘ ɽʣʝʥʘ ɼʤʠʪʨʠʝʚʥʘ ï ʩʪʫʜʝʥʪʢʘ, 

ʖʞʥʦ-ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʅʀʋ), ʏʝʣʷʙʠʥʩʢ, ʈʦʩʩʠʷ. 

Email: naprimerovaed@susu.ru. 

ʄʷʩʦʝʜʦʚ ɺʷʯʝʩʣʘʚ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ï ʩʪʫʜʝʥʪ,  

ʖʞʥʦ-ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʅʀʋ), ʏʝʣʷʙʠʥʩʢ, ʈʦʩʩʠʷ. 

Email: vmyasoedov74@mail.ru. 

mailto:naprimerovaed@susu.ru


ʊɽʍʅʆʃʆɻʀʀ ʆɹʈɸɹʆʊʂʀ ʄɸʊɽʈʀɸʃʆɺ 

ïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïï   ɺʝʩʪʥʠʢ ʄɻʊʋ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘ. 2022. ʊ.20. ˉ4 82 

ʉʘʤʦʜʫʨʦʚʘ ʄʘʨʠʥʘ ʅʠʢʦʣʘʝʚʥʘ ï ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

ʖʞʥʦ-ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʅʀʋ), ʏʝʣʷʙʠʥʩʢ, ʈʦʩʩʠʷ. 

Email: samodurovamn@susu.ru. ORCID 0000-0002-1505-1068 
 

Ivan S. Serebriakov ï PhD (Eng.), Engineer, 

SARDOU SA, Saint-Soupplets, France.  

Email: ivan-serebr@yandex.ru. 

Yuliya S. Latfulina ï Research Associate, 

South Ural State University (National Research University), Chelyabinsk, Russia. 

Email: latfulina174@gmail.com. ORCID 0000-0002-2128-3965 

Elena D. Naprimerova ï student, 

South Ural State University (National Research University), Chelyabinsk, Russia.  

Email: naprimerovaed@susu.ru. 

Vyacheslav A. Myasoedov ï student, 

South Ural State University (National Research University), Chelyabinsk, Russia. 

Email: vmyasoedov74@mail.ru. 

Marina N. Samodurova ï DrSc (Eng.), professor, 

South Ural State University (National Research University), Chelyabinsk, Russia. 

Email: samodurovamn@susu.ru. ORCID 0000-0002-1505-1068 

 

mailto:naprimerovaed@susu.ru


ʂʘʟʘʥʮʝʚʘ ʊ.ɺ., ʂʘʟʘʥʮʝʚʘ ʅ.ʂ., ʇʦʣʷʢʦʚʘ ʄ.ɸ., ʇʠʜʞʘʢʦʚʘ ɽ.ʅ., ɸʣʝʢʩʘʥʜʨʦʚ ɺ.ɸ. 

www.vestnik.magtu.ru        ïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïï 83 

°±~¬£~¯±§¦~µ§¾, °¤¯±§³§©~µ§¾ § ²®¯~¡ª¤¬§¤ ©~¶¤°±¡­« 

STANDARDIZATION, CERTIFICATION AND QUALITY MANAGEMENT 

 

ISSN 1995-2732 (Print), 2412-9003 (Online) 

ʋɼʂ 006.057.2:621.774 

DOI: 10.18503/1995-2732-2022-20-4-83-94  

ʇʈʀʄɽʅɽʅʀɽ ɸʃʌɸɺʀʊʅʆɻʆ ʇʆɼʍʆɼɸ ɼʃʗ ʆʇʈɽɼɽʃɽʅʀʗ 

ʂʆʃʀʏɽʉʊɺɸ ʀʅʌʆʈʄɸʎʀʀ, ʉʆɼɽʈɾɸʑɽʁʉʗ ɺ ʉʊɸʅɼɸʈʊɸʍ 

ʂʘʟʘʥʮʝʚʘ ʊ.ɺ.
1
, ʂʘʟʘʥʮʝʚʘ ʅ.ʂ.

1
, ʇʦʣʷʢʦʚʘ ʄ.ɸ.

2
, ʇʠʜʞʘʢʦʚʘ ɽ.ʅ.

1
, ɸʣʝʢʩʘʥʜʨʦʚ ɺ.ɸ.

3
 

1 ʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʧʝʨʚʦʛʦ ʧʨʝʟʠʜʝʥʪʘ ɹ.ʅ. ɽʣʴʮʠʥʘ, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 
2 ʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘ, ʄʘʛʥʠʪʦʛʦʨʩʢ, ʈʦʩʩʠʷ 
3
 ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʨʦʣʴ ʩʪʘʥʜʘʨʪʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʉʪʘʥʜʘʨʪʳ ʧʨʝʜʰʝʩʪʚʫʶʪ ʠʥʥʦʚʘʮʠʷʤ ʠ ʩʪʘʥʦʚʷʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʠʥʥʦʚʘʮʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʬʦʥʜ 

ʥʘʮʠʦʥʘʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʩʚʳʰʝ 30000. ʆʜʥʘʢʦ ʢʘʢ ʤʦʞʥʦ ʙʦʣʝʝ ʦʧʨʝʜʝʣʝʥʥʦ ʦʮʝʥʠʪʴ ʦʙʲʝʤ ʜʘʥʥʦʡ ʠʥʬʦʨʤʘ-

ʮʠʠ? ɸʚʪʦʨʘʤʠ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʨʘʟʤʝʨʘ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʩʪʘʥʜʘʨʪʘʭ, ʥʘ ʧʨʠʤʝʨʝ ʩʪʘʥ-

ʜʘʨʪʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʛʨʫʧʧʳ 77.120 ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʱʝʨʦʩʩʠʡʩʢʠʤ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʤ 

ʩʪʘʥʜʘʨʪʦʚ. ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʘ ʠʥʬʦʨʤʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʯʝʨʝʟ ʚʚʝʜʝʥʥʫʶ ʚʝʣʠʯʠʥʫ çʦʮʝʥʝʥʥʳʡ ʦʙʲʝʤ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʪʘʥʜʘʨʪʝè ʥʘ ʦʩʥʦʚʝ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʡ ʚʳʙʦʨʢʠ ʩʪʘʥʜʘʨʪʦʚ ʠʟ ʛʨʫʧʧʳ 77.120. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʘ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʘʷ ʚʳʙʦʨʢʘ, ʚ ʢʦʪʦʨʦʡ ʛʝʥʝʨʘʣʴʥʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʦʜʥʦʨʦʜʥʳʝ ʯʘʩʪʠ 

(ʩʪʨʘʪʳ) ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʧʨʠʟʥʘʢʫ, ʘ ʟʘʪʝʤ ʠʟ ʥʠʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʠʣʠ ʧʨʦʩʪʦʡ ʩʣʫʯʘʡʥʳʡ ʦʪ-

ʙʦʨ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʟʥʘʢʘ ʨʘʩʩʣʦʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʧʨʠʥʷʪʳ ʜʝʚʷʪʴ ʧʦʜʛʨʫʧʧ ʛʨʫʧʧʳ 77.120: 

77.120.01, 77.120.10, 77.120.20. 77.120.30, 77.120.40, 77.120.50, 77.120.60, 77.120.70, 77.120.99, ʘ ʪʘʢʞʝ ʧʦ ʰʝʩʪʴ 

ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʧʨʠʥʷʪʠʷ ʜʝʡʩʪʚʫʶʱʠʭ ʩʪʘʥʜʘʨʪʦʚ: 1970-1979; 1980-1989, 1990-1999, 2000-2009, 2010-

2019, 2020-2022. ʆʙʲʝʤ ʚʳʙʦʨʢʠ ʩʦʩʪʘʚʠʣ 155 ʩʪʘʥʜʘʨʪʦʚ, ʠʣʠ 20% ʦʪ ʚʩʝʡ ʙʘʟʳ ʩʪʘʥʜʘʨʪʦʚ ʛʨʫʧʧʳ 77.120. ɺ 

ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ 1970-1979 ʠ 1980-1989 ʛʛ. ʦʮʝʥʝʥʥʳʡ ʦʙʲʝʤ ʠʥ-

ʬʦʨʤʘʮʠʠ ʥʘ 6-8% ʤʝʥʴʰʝ, ʯʝʤ ʢʦʣʠʯʝʩʪʚʦ ʜʝʡʩʪʚʫʶʱʠʭ ʩʪʘʥʜʘʨʪʦʚ, ʧʨʠʥʷʪʳʭ ʚ ʫʢʘʟʘʥʥʳʝ ʚʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘ-

ʣʳ. ɼʣʷ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ 2010-2019 ʛʛ. ʢʘʨʪʠʥʘ ʦʙʨʘʪʥʘʷ: ʦʮʝʥʝʥʥʳʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ ʚ ʜʘʥʥʳʡ ʧʝʨʠʦʜ 

~ ʥʘ 12% ʙʦʣʴʰʝ, ʯʝʤ ʢʦʣʠʯʝʩʪʚʦ ʩʪʘʥʜʘʨʪʦʚ. ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʦʪʜʝʣʴʥʳʤ ʧʦʜʛʨʫʧʧʘʤ ʠ ʚʨʝʤʝʥʥʳʤ ʠʥ-

ʪʝʨʚʘʣʘʤ, ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʪʘʥʜʘʨʪʳ, ʧʨʠʥʷʪʳʝ ʧʦʩʣʝ 2010 ʛ., ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʙʦʣʴʰʠʡ ʦʮʝʥʝʥʥʳʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʷ, ʨʘʟʤʝʨ ʠʥʬʦʨʤʘʮʠʠ, ʩʪʘʥʜʘʨʪ, ʩʠʤʚʦʣ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦʱʥʦʩʪʴ, ʢʣʘʩʩʠʬʠ-

ʢʘʮʠʦʥʥʘʷ ʛʨʫʧʧʘ, ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʝ ʧʦʜʛʨʫʧʧʳ, ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ 
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Abstract. In the current conditions of digital transformation, a role of standards increases significantly. Standards precede 

innovations and become the basis for their introduction. A current pool of national standards includes over 30,000 docu-

ments. However, how is it possible to estimate the amount of this information more definitely? The authors propose a 

method for estimating the amount of information contained in the standards using the example of standards related to non-

ferrous metallurgy group 77.120 in accordance with the All-Russian Classifier of Standards. The amount of information 

was determined using the introduced value of ñthe estimated amount of information in the standardò based on a representa-

tive sample of standards from group 77.120. The study used a stratified sample, where the parent population was divided 

into homogeneous parts (strata) according to a certain attribute, and then systematic or simple random sampling was per-

formed. An indicator of the stratification of the database under study was taken as nine subgroups of group 77.120: 

77.120.01, 77.120.10, 77.120.20. 77.120.30, 77.120.40, 77.120.50, 77.120.60, 77.120.70, 77.120.99, as well as six time 

intervals for the adoption of the existing standards: 1970-1979; 1980-1989, 1990-1999, 2000-2009, 2010-2019, 2020-

2022. The sample size was 155 standards or 20% of the entire base of standards of group 77.120. The study revealed that 

for the 1970-1979 and 1980-1989 time intervals the estimated amount of information was 6-8% less than the number of 

current standards adopted within the specified time intervals. The reverse is true for 2010-2019: the estimated amount of 

information in this period is by approximately 12% higher than the number of standards. The data obtained for individual 

subgroups and time intervals allow us to conclude that, as a rule, the standards adopted after 2010 have a much larger esti-

mated amount of information. 

Keywords: information, amount of information, standard, symbol, information cardinality, classification group, classifi-

cation subgroups, time interval 
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ɺʚʝʜʝʥʠʝ 

ɿʥʘʤʝʥʠʪʫʶ ʬʨʘʟʫ, ʧʨʠʥʘʜʣʝʞʘʱʫʶ ʅ. ʈʦʪ-
ʰʠʣʴʜʫ: çʂʪʦ ʚʣʘʜʝʝʪ ʠʥʬʦʨʤʘʮʠʝʡ, ʪʦʪ ʚʣʘʜʝʝʪ 
ʤʠʨʦʤè, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʞʥʦ ʥʝʤʥʦʛʦ 
ʫʪʦʯʥʠʪʴ: çʂʪʦ ʚʣʘʜʝʝʪ ʢʘʯʝʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘ-
ʮʠʝʡ, ʪʦʪ ʚʣʘʜʝʝʪ ʤʠʨʦʤè. ʂʘʯʝʩʪʚʝʥʥʘʷ ʠʥʬʦʨ-
ʤʘʮʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʜʦʩʪʦʚʝʨʥʦʩʪʴ, ʦʙʲʝʢʪʠʚ-
ʥʦʩʪʴ ʠ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ ʨʘʟʤʝʨʘ ʠʥʬʦʨʤʘʮʠʠ. 
ʉʘʤ ʪʝʨʤʠʥ çʠʥʬʦʨʤʘʮʠʷè ï ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʜʠʩ-
ʢʫʩʩʠʦʥʥʳʭ ʚ ʥʘʫʢʝ, ʠʟʚʝʩʪʥʦ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝ-
ʩʪʚʦ ʨʘʟʥʳʭ ʚʘʨʠʘʥʪʦʚ ʝʛʦ ʪʨʘʢʪʦʚʢʠ ʠ ʫʪʦʯʥʝ-
ʥʠʝ ʜʘʥʥʦʛʦ ʪʝʨʤʠʥʘ ʧʨʦʜʦʣʞʘʝʪʩʷ [1-4].  
ʅʝ ʤʝʥʝʝ ʠʟʚʝʩʪʥʦʝ  ʚʳʩʢʘʟʳʚʘʥʠʝ ʅʦʨʙʝʨ-

ʪʘ ɺʠʥʝʨʘ, ʦʜʥʦʛʦ ʠʟ ʦʩʥʦʚʘʪʝʣʝʡ ʢʠʙʝʨʥʝʪʠʢʠ 
ʠ ʪʝʦʨʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʟʚʫʯʠʪ 
ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: çʀʥʬʦʨʤʘʮʠʷ ï ʵʪʦ ʥʝ 
ʤʘʪʝʨʠʷ ʠ ʥʝ ʵʥʝʨʛʠʷ, ʠʥʬʦʨʤʘʮʠʷ ï ʵʪʦ ʠʥ-
ʬʦʨʤʘʮʠʷè [5].  

ʊʘʢʞʝ ʤʦʞʥʦ ʜʦʙʘʚʠʪʴ: ʝʩʪʴ ʠʥʬʦʨʤʘʮʠʷ ʠ 
ʠʥʬʦʨʤʘʮʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʥʬʦʨʤʘʮʠʷ, ʩʦʜʝʨ-
ʞʘʱʘʷʩʷ ʚ ʩʪʘʥʜʘʨʪʘʭ, ï ʵʪʦ ʵʣʠʪʥʳʝ ʜʘʥʥʳʝ, 
ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʘʮʠʦʥʘʣʴʥʦʝ ʜʦʩʪʦʷʥʠʝ 
ʩʪʨʘʥʳ, ʩʚʝʜʝʥʠʷ, ʦʙʦʙʱʘʶʱʠʝ ʦʧʳʪ ʠ ʜʦʩʪʠʞʝ-
ʥʠʷ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ, ʟʘ ʢʦʪʦʨʳʝ ʟʘʧʣʘʯʝʥʘ ʚʳ-
ʩʦʢʘʷ ʮʝʥʘ ʠ ʧʦʨʦʡ ʩʘʤʘʷ ʜʦʨʦʛʘʷ ï ʯʝʣʦʚʝʯʝʩʢʘʷ 
ʞʠʟʥʴ. ʀ ʪʘʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʥʝʦʙʭʦʜʠʤʦ ʩʦ-
ʭʨʘʥʷʪʴ, ʦʙʦʛʘʱʘʪʴ ʥʦʚʳʤʠ ʩʚʝʜʝʥʠʷʤʠ ʠ ʧʝʨʝ-
ʜʘʚʘʪʴ ʧʦ ʥʘʩʣʝʜʩʪʚʫ. 
ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩ-

ʬʦʨʤʘʮʠʠ ʨʦʣʴ ʩʪʘʥʜʘʨʪʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠ-
ʚʘʝʪʩʷ, ʧʨʠ ʵʪʦʤ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʥʦʚʦʡ ʬʫʥʢ-
ʮʠʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ. ʉʪʘʥʜʘʨʪʳ ʧʨʝʜʰʝʩʪʚʫʶʪ 
ʠʥʥʦʚʘʮʠʷʤ ʠ ʩʪʘʥʦʚʷʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʚʥʝʜʨʝʥʠʷ 
ʠʥʥʦʚʘʮʠʡ [6-12]. ɺ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ʚʘʞʥʦ ʠʤʝʪʴ 
ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʨʘʟʤʝʨʝ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʜʝʨʞʘ-
ʱʝʡʩʷ ʚ ʩʪʘʥʜʘʨʪʘʭ, ʜʣʷ ʚʳʙʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 
ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʠʢʠ [13-17].  
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ʂʘʢ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʨʘʟʤʝʨ ʠʥʬʦʨʤʘʮʠʠ, 
ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʩʪʘʥʜʘʨʪʘʭ. ʄʳ ʧʦʧʨʦʙʦʚʘʣʠ ʦʪ-
ʚʝʪʠʪʴ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ, ʠʩʧʦʣʴʟʫʷ ʷʟʳʢ ʝʜʠʥʠʮ 
ʠʟʤʝʨʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ 
ʝʜʠʥʩʪʚʘ ʠʟʤʝʨʝʥʠʡ. ʊʝʨʤʠʥ çʢʦʣʠʯʝʩʪʚʦ ʠʥ-
ʬʦʨʤʘʮʠʠè ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 8.417-2002 
çɻʉʀ. ɽʜʠʥʠʮʳ ʚʝʣʠʯʠʥè ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 
ʝʜʠʥʠʮʘ ʠʥʬʦʨʤʘʮʠʠ ʚ ʜʚʦʠʯʥʦʡ ʩʠʩʪʝʤʝ ʠʩʯʠʩ-
ʣʝʥʠʷ (ʜʚʦʠʯʥʘʷ ʝʜʠʥʠʮʘ ʠʥʬʦʨʤʘʮʠʠ) ʧʨʠʤʝʥʠ-
ʪʝʣʴʥʦ ʢ ʫʩʪʨʦʡʩʪʚʘʤ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʧʝ-
ʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. ɻʣʘʚʥʦʡ ʧʨʠʯʠʥʦʡ ʚʚʝʜʝʥʠʷ 
ʝʜʠʥʠʮ çʙʠʪè ʠ çʙʘʡʪè ʷʚʠʣʘʩʴ ʧʦʪʨʝʙʥʦʩʪʴ 
ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʲʸʤʘ ʟʘʧʦʤʠʥʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ, 
ʢʦʣʠʯʝʩʪʚʘ ʧʘʤʷʪʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ 
ʧʨʦʛʨʘʤʤʦʡ. ɼʘʥʥʳʡ ʪʝʨʤʠʥ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 
ʢʘʢ ʬʦʨʤʘʣʴʥʳʡ, ʢʦʪʦʨʳʡ ʦʪʨʘʞʘʝʪ ʬʦʨʤʫ, ʥʦ ʥʝ 
ʩʦʜʝʨʞʘʥʠʝ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʢʦʣʠʯʝʩʪʚʦ ʨʘʥʦ 
ʠʣʠ ʧʦʟʜʥʦ ʧʝʨʝʭʦʜʠʪ ʚ ʢʘʯʝʩʪʚʦ, ʢʦʪʦʨʦʝ ʫʞʝ 
ʦʪʨʘʞʘʝʪ ʮʝʥʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ [14, 15]. 
ɺ ʧʨʦʮʝʩʩʝ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʧʨʠ-

ʥʷʪʘ ʧʦʧʳʪʢʘ ʦʮʝʥʠʪʴ ʠʥʬʦʨʤʘʮʠʶ, ʩʦʜʝʨʞʘ-
ʱʫʶʩʷ ʚ ʩʪʘʥʜʘʨʪʘʭ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʛʨʫʧʧʝ 
77.120 ʎʚʝʪʥʳʝ ʤʝʪʘʣʣʳ, ʨʘʟʜʝʣʘ 77 ï ʄʝʪʘʣ-
ʣʫʨʛʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʱʝʨʦʩʩʠʡʩʢʠʤ ʢʣʘʩ-
ʩʠʬʠʢʘʪʦʨʦʤ ʩʪʘʥʜʘʨʪʦʚ (ʆʂʉ (ʆʂ001-2021 
(ʀʉʆ ʄʂʉ)).  

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʧʨʦʮʝʩʩʝ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʠʥʬʦʨ-
ʤʘʮʠʠ ʚʳʜʝʣʷʶʪ ʜʚʘ ʧʦʜʭʦʜʘ ï ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʠ 
ʘʣʬʘʚʠʪʥʳʡ [13]. 
ɺʝʨʦʷʪʥʦʩʪʥʳʡ (ʵʥʪʨʦʧʠʡʥʳʡ) ʧʦʜʭʦʜ ï ʵʪʦ 

ʧʦʜʭʦʜ, ʢʦʪʦʨʳʡ ʫʯʠʪʳʚʘʝʪ ʮʝʥʥʦʩʪʴ ʠʥʬʦʨʤʘ-
ʮʠʠ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʩʦʦʙʱʝʥʠʠ ʜʣʷ ʝʛʦ ʧʦʣʫʯʘ-
ʪʝʣʷ. ʂ. ʐʝʥʥʦʥ ʦʧʨʝʜʝʣʠʣ ʧʦʥʷʪʠʝ çʠʥʬʦʨʤʘ-
ʮʠʷè ʢʘʢ ʩʥʷʪʫʶ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ. ʆʙʱʘʷ ʤʝʨʘ 
ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ ʥʘʟʳʚʘʝʪʩʷ ʵʥʪʨʦʧʠʝʡ. ɺ 
ʵʪʦʤ ʧʦʜʭʦʜʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ ï ʵʪʦ ʤʝʨʘ 
ʫʤʝʥʴʰʝʥʠʷ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʟʥʘʥʠʡ ʧʨʠ ʧʦ-
ʣʫʯʝʥʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʦʦʙʱʝʥʠʡ. ʏʪʦʙʳ 
ʧʦʣʴʟʦʚʘʪʴʩʷ ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʧʦʜʭʦʜʦʤ, ʥʝʦʙʭʦ-
ʜʠʤʦ ʚʥʠʢʘʪʴ ʚ ʩʦʜʝʨʞʘʥʠʝ ʩʦʦʙʱʝʥʠʷ [18-21]. 
ɸʣʬʘʚʠʪʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʟʥʘʢʦʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʪʝʢʩʪʝ, ʠ 
ʧʦʵʪʦʤʫ ʷʚʣʷʝʪʩʷ ʦʙʲʝʢʪʠʚʥʳʤ, ʪʘʢ ʢʘʢ ʦʥ ʥʝ 
ʟʘʚʠʩʠʪ ʦʪ ʩʫʙʲʝʢʪʘ, ʚʦʩʧʨʠʥʠʤʘʶʱʝʛʦ ʪʝʢʩʪ. 
ʕʪʦʪ ʧʦʜʭʦʜ ʥʝ ʩʚʷʟʳʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘ-
ʮʠʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʩʦʦʙʱʝʥʠʷ. ɺ ʧʨʦʮʝʩʩʝ ʜʘʥ-
ʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʠʤʝʥʥʦ 
ʜʘʥʥʳʡ ʧʦʜʭʦʜ. 
ʇʨʠ ʘʣʬʘʚʠʪʥʦʤ ʧʦʜʭʦʜʝ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ 

ʢʘʞʜʳʡ ʩʠʤʚʦʣ ʪʝʢʩʪʘ ʠʤʝʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ 
ʝʤʢʦʩʪʴ, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ ʤʦʱʥʦʩʪʠ ʘʣʬʘʚʠʪʘ 
[10]: 

log2 ,i N=                               (1) 

ʛʜʝ i ï ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʝʤʢʦʩʪʴ; N ï ʤʦʱʥʦʩʪʴ 
ʘʣʬʘʚʠʪʘ. 

ʄʥʦʞʝʩʪʚʦ ʩʠʤʚʦʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʟʘ-
ʧʠʩʠ ʪʝʢʩʪʘ, ʥʘʟʳʚʘʝʪʩʷ ʘʣʬʘʚʠʪʦʤ, ʘ ʧʦʣʥʦʝ 
ʢʦʣʠʯʝʩʪʚʦ ʩʠʤʚʦʣʦʚ ʚ ʘʣʬʘʚʠʪʝ ʥʘʟʳʚʘʶʪ ʤʦʱ-
ʥʦʩʪʴʶ ʘʣʬʘʚʠʪʘ. ʅʘʧʨʠʤʝʨ, ʤʦʱʥʦʩʪʴ ʘʣʬʘʚʠ-
ʪʘ, ʥʘʙʨʘʥʥʦʛʦ ʩ ʢʣʘʚʠʘʪʫʨʳ, ʨʘʚʥʘ 256 (ʩʪʨʦʯ-
ʥʳʝ ʠ ʧʨʦʧʠʩʥʳʝ, ʣʘʪʠʥʩʢʠʝ ʠ ʨʫʩʩʢʠʝ ʙʫʢʚʳ, 
ʮʠʬʨʳ, ʟʥʘʢʠ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʩʢʦʙʢʠ, 
ʟʥʘʢʠ ʧʨʝʧʠʥʘʥʠʷ ʠ ʪ.ʜ.). 
ɽʩʣʠ ʚʝʩʴ ʪʝʢʩʪ ʩʦʩʪʦʠʪ ʠʟ ʂ ʩʠʤʚʦʣʦʚ, ʪʦ 

ʧʨʠ ʘʣʬʘʚʠʪʥʦʤ ʧʦʜʭʦʜʝ ʨʘʟʤʝʨ ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ 
ʥʝʤ ʠʥʬʦʨʤʘʮʠʠ I, ʚʳʨʘʞʘʝʤʦʡ ʚ ʂʙʘʡʪ, ʨʘʩʩʯʠ-
ʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

.I ʂ i= Ö                                (2) 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʘ ʠʥʬʦʨʤʘʮʠʠ ʚ 
ʩʪʘʥʜʘʨʪʝ ʘʚʪʦʨʘʤʠ ʙʳʣʦ ʚʚʝʜʝʥʦ ʩʣʝʜʫʶʱʝʝ 
ʧʦʥʷʪʠʝ: ʆʮʝʥʝʥʥʳʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʪʘʥ-
ʜʘʨʪʝ ï ʵʪʦ ʧʨʦʠʟʚʝʜʝʥʠʝ ʩʫʤʤʘʨʥʦʛʦ ʢʦʣʠʯʝ-
ʩʪʚʘ ʩʠʤʚʦʣʦʚ ʂ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʩʪʘʥʜʘʨʪʝ, 
ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʚʝʩ ʩʠʤʚʦʣʘ ʚ ʚʳʙʨʘʥʥʦʡ 
ʢʦʜʠʨʦʚʢʝ UNI CODE (UTF-8). 
ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʦʙʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʩʪʘʥʜʘʨʪʝ ʙʳʣʠ ʩʜʝʣʘʥʳ ʩʣʝʜʫʶʱʠʝ ʜʦʧʫʱʝʥʠʷ: 

¶ ʦʙʱʠʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʪʘʥʜʘʨʪʝ 
ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʦʬʠʮʠʘʣʴʥʦʡ ʠ ʩʦʜʝʨʞʘʪʝʣʴʥʦʡ 
ʯʘʩʪʝʡ: ʦʬʠʮʠʘʣʴʥʘʷ ʯʘʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʚʢʣʶʯʘ-
ʝʪ ʥʘʟʚʘʥʠʝ ʩʪʘʥʜʘʨʪʘ, ʢʦʜʳ, ʜʘʪʫ ʚʚʝʜʝʥʠʷ, ʨʘʟ-
ʨʘʙʦʪʯʠʢʦʚ ʠ ʜʨʫʛʠʝ ʩʚʝʜʝʥʠʷ ʜʦ ʚʚʝʜʝʥʠʷ; ʩʦ-
ʜʝʨʞʘʪʝʣʴʥʘʷ ʯʘʩʪʴ ï ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʩʚʝʜʝ-
ʥʠʷ, ʥʘʯʠʥʘʷ ʩ ʚʚʝʜʝʥʠʷ ʠ ʜʘʣʝʝ;  

¶ ʚʩʝ ʩʠʤʚʦʣʳ ʘʣʬʘʚʠʪʘ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʪʝʢ-
ʩʪʝ ʩ ʦʜʠʥʘʢʦʚʦʡ ʯʘʩʪʦʪʦʡ;  

¶ ʨʠʩʫʥʢʠ, ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʚ ʪʝʢʩʪʝ ʩʪʘʥʜʘʨ-
ʪʦʚ, ʥʝ ʫʯʠʪʳʚʘʣʠʩʴ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ ʤʘʡ 2022 ʛ. ʚ ʜʘʥʥʦʡ ʛʨʫʧʧʝ 
ʥʘʩʯʠʪʳʚʘʝʪʩʷ 777 ʜʝʡʩʪʚʫʶʱʠʭ ʩʪʘʥʜʘʨʪʦʚ. 
ʉʦʩʪʘʚ ʙʘʟʳ ʩʪʘʥʜʘʨʪʦʚ ʛʨʫʧʧʳ 77.120 ʧʦ ʧʦʜ-
ʛʨʫʧʧʘʤ ʠ ʚʨʝʤʝʥʥʳʤ ʠʥʪʝʨʚʘʣʘʤ ʠʭ ʧʨʠʥʷʪʠʷ 
ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣ. 1 [22-25]. 
ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʮʝʥʝʥʥʦʛʦ ʦʙʲʝʤʘ ʠʥʬʦʨ-

ʤʘʮʠʠ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʩʪʘʥʜʘʨʪʘʭ ʛʨʫʧʧʳ 
77.120, ʥʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʪʴ ʝʝ ʦʙʲʝʤ ʚ ʨʝʧʨʝ-
ʟʝʥʪʘʪʠʚʥʦʡ ʚʳʙʦʨʢʝ ʩʪʘʥʜʘʨʪʦʚ. 
ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʪʨʘʪʠʬʠʮʠʨʦ-

ʚʘʥʥʘʷ ʚʳʙʦʨʢʘ ï ʚʳʙʦʨʢʘ, ʧʨʠ ʢʦʪʦʨʦʡ, ʧʝʨʝʜ ʪʝʤ 
ʢʘʢ ʥʘʯʘʪʴ ʦʪʙʦʨ, ʛʝʥʝʨʘʣʴʥʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʨʘʟ-
ʙʠʚʘʝʪʩʷ ʥʘ ʦʜʥʦʨʦʜʥʳʝ ʯʘʩʪʠ (ʩʪʨʘʪʳ) ʧʦ ʦʧʨʝ-
ʜʝʣʝʥʥʦʤʫ ʧʨʠʟʥʘʢʫ, ʘ ʟʘʪʝʤ ʠʟ ʥʠʭ ʧʨʦʠʟʚʦʜʠʪʩʷ 
ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʠʣʠ ʧʨʦʩʪʦʡ ʩʣʫʯʘʡʥʳʡ ʦʪʙʦʨ. 



ʉʊɸʅɼɸʈʊʀɿɸʎʀʗ, ʉɽʈʊʀʌʀʂɸʎʀʗ ʀ ʋʇʈɸɺʃɽʅʀɽ ʂɸʏɽʉʊɺʆʄ 
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ʊʘʙʣʠʮʘ 1. ʉʦʩʪʘʚ ʩʪʘʥʜʘʨʪʦʚ ʛʨʫʧʧʳ 77.120 ʎʚʝʪʥʳʝ ʤʝʪʘʣʣʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʆʂʉ (ʆʂ001-2021 (ʀʉʆ ʄʂʉ) 

T a b l e 1 .  Standards of group 77.120 Non-Ferrous Metals according to the All-Russian Classifier of Standards  

(OK001-2021 (ISO ICS) 
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ʇʦʜʛʨʫʧʧʳ  

ʛʨʫʧʧʳ 77.120 

ʂʦʣʠʯʝʩʪʚʦ ʩʪʘʥʜʘʨʪʦʚ, ʧʨʠʥʷʪʳʭ  

ʚ ʫʢʘʟʘʥʥʳʡ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ, ʰʪ. 

ʆʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ 

ʩʪʘʥʜʘʨʪʦʚ, 

ʰʪ. 1970-1979 1980-1989 1990-1999 2000-2009 2010-2019 2020-2022 

77.120.01 

ʎʚʝʪʥʳʝ ʤʝʪʘʣʣʳ 

ʚ ʮʝʣʦʤ 

5 3 1 1 2 ï 12 

77.120.10 ɸʣʶʤʠʥʠʡ  

ʠ ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ 
17 4 34 ï 9 ï 64 

77.120.20 ʄʘʛʥʠʡ  

ʠ ʤʘʛʥʠʝʚʳʝ ʩʧʣʘʚʳ 
26 ï 14 ï ï ï 40 

77.120.30 ʄʝʜʴ  

ʠ ʤʝʜʥʳʝ ʩʧʣʘʚʳ 
65 12 16 3 16 ï 111 

77.120.40 ʅʠʢʝʣʴ,  

ʭʨʦʤ ʠ ʠʭ ʩʧʣʘʚʳ 
ï 6 29 1 36 ï 72 

77.120.50 ʊʠʪʘʥ  

ʠ ʪʠʪʘʥʦʚʳʝ ʩʧʣʘʚʳ 
1 1 44 ï 1 1 48 

77.120.60 ʉʚʠʥʝʮ,  

ʮʠʥʢ, ʦʣʦʚʦ ʠ ʠʭ ʩʧʣʘʚʳ 
53 26 25 6 3 ï 113 

77.120.70 ʂʘʜʤʠʡ,  

ʢʦʙʘʣʴʪ ʠ ʠʭ ʩʧʣʘʚʳ 
19 1 2 ï 1 1 24 

77.120.99 ʎʚʝʪʥʳʝ  

ʤʝʪʘʣʣʳ ʠ ʠʭ ʩʧʣʘʚʳ  

ʧʨʦʯʠʝ 

104 126 18 11 32 2 293 

ɺʩʝʛʦ ʩʪʘʥʜʘʨʪʦʚ ʧʦ ʢʘʞʜʦʤʫ  

ʚʨʝʤʝʥʥʦʤʫ ʠʥʪʝʨʚʘʣʫ, ʰʪ. 
289 179 183 22 100 4 777 

 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʟʥʘʢʘ ʨʘʩʩʣʦʝʥʠʷ ʨʘʩʩʤʘʪʨʠ-
ʚʘʝʤʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʧʨʠ-

ʟʥʘʢʠ ʨʘʩʩʣʦʝʥʠʷ: 

¶ ʧʦ ʜʝʚʷʪʠ ʧʦʜʛʨʫʧʧʘʤ: 77.120.01, 
77.120.10, 77.120.20. 77.120.30, 77.120.40, 
77.120.50, 77.120.60, 77.120.70, 77.120.99; 

¶ ʧʦ ʰʝʩʪʠ ʚʨʝʤʝʥʥʳʤ ʠʥʪʝʨʚʘʣʘʤ ʧʨʠʥʷ-
ʪʠʷ ʜʝʡʩʪʚʫʶʱʠʭ ʩʪʘʥʜʘʨʪʦʚ: 1970-1979, 1980-
1989, 1990-1999, 2000-2009, 2010-2019, 2020-

2022. 
ʆʙʲʝʤ ʚʳʙʦʨʢʠ ʩʦʩʪʘʚʠʣ 155 ʩʪʘʥʜʘʨʪʦʚ ʠʣʠ 

20% ʦʪ ʚʩʝʡ ʙʘʟʳ ʜʘʥʥʳʭ ʛʨʫʧʧʳ 77.120. ɼʘʣʝʝ 
ʧʦ 20% ʩʪʘʥʜʘʨʪʦʚ ʦʪʙʠʨʘʣʦʩʴ ʦʪ ʢʦʣʠʯʝʩʪʚʘ 

ʩʪʘʥʜʘʨʪʦʚ ʚ ʢʘʞʜʦʡ ʠʟ ʜʝʚʷʪʠ ʧʦʜʛʨʫʧʧ, ʧʨʠʚʝ-
ʜʝʥʥʳʭ ʚ ʪʘʙʣ. 1. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʘ ʩʬʦʨʤʠ-

ʨʦʚʘʥʘ ʚʳʙʦʨʦʯʥʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʦʡ 

ʙʘʟʳ ʜʘʥʥʳʭ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣ. 2. 
ʋʢʘʟʘʥʥʦʝ ʚ ʪʘʙʣ. 2 ʯʠʩʣʦ ʩʪʘʥʜʘʨʪʦʚ ʦʪʙʠ-

ʨʘʣʦʩʴ ʠʟ ʩʦʩʪʘʚʘ ʧʦʜʛʨʫʧʧ ʧʦ ʪʘʙʣʠʮʝ ʩʣʫʯʘʡ-
ʥʳʭ ʯʠʩʝʣ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʛʦ ʦʪʙʦʨʘ ʢʘʞʜʳʡ 

ʩʪʘʥʜʘʨʪ, ʚʭʦʜʷʱʠʡ ʚ ʢʦʥʢʨʝʪʥʫʶ ʩʪʨʘʪʫ ʚ ʛʝʥʝ-
ʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ, ʧʦʣʫʯʘʣ  ʨʘʚʥʳʝ ʰʘʥʩʳ ʩ 

ʜʨʫʛʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ ʧʦʧʘʩʪʴ ʚ ʚʳʙʦʨʦʯʥʫʶ ʩʦ-
ʚʦʢʫʧʥʦʩʪʴ. ɼʘʥʥʳʝ ʦʙ  ʦʙʱʝʤ ʢʦʣʠʯʝʩʪʚʝ ʩʪʨʘ-

ʥʠʮ ʠ ʦʮʝʥʝʥʥʦʤ ʦʙʲʝʤʝ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʦʪ-
ʜʝʣʴʥʳʤ ʩʪʨʘʪʘʤ ʚʳʙʦʨʢʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3. 

ɺ ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʚʳʙʦʨʢʝ ʩʨʝʜʥʝʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʩʪʨʘʥʠʮ ʚ ʩʪʘʥʜʘʨʪʝ ʩʦʩʪʘʚʠʣʦ ~ 8 ʩ. ʅʘ 
ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʦʣʠʯʝʩʪʚʝ 
ʩʪʨʘʥʠʮ ʚ ʩʪʘʥʜʘʨʪʘʭ ʚʩʝʭ ʧʦʜʛʨʫʧʧ ʛʨʫʧʧʳ 

77.120. 
ʅʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʦʪʦʙʨʘʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ 

ʩʦʜʝʨʞʘʪ 4 ʩʪʨʘʥʠʮʳ ï ʵʪʦ 28 ʩʪʘʥʜʘʨʪʦʚ, ʠʣʠ 

18% ʚʳʙʦʨʢʠ, 20 ʩʪʘʥʜʘʨʪʦʚ ʩʦʜʝʨʞʘʪ ʧʦ 8 ʩʪʨʘ-
ʥʠʮ ʪʝʢʩʪʘ ʠ ʪʦʣʴʢʦ ʧʦ ʦʜʥʦʤʫ ʩʪʘʥʜʘʨʪʫ ʩʦʜʝʨ-

ʞʘʪ 32, 24, 23 ʠ 21 ʩʪʨʘʥʠʮʫ. 
ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʩʝʭ 

ʩʪʘʥʜʘʨʪʦʚ ʚʳʙʦʨʢʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʮʝ-
ʥʝʥʥʦʛʦ ʦʙʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ ʵʪʠʭ ʩʪʘʥʜʘʨʪʦʚ 

ʧʦ ʚʨʝʤʝʥʥʳʤ ʠʥʪʝʨʚʘʣʘʤ ʧʨʠʥʷʪʠʷ ʩʪʘʥʜʘʨ-
ʪʦʚ. ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʧʨʦʮʝʥʪʘʭ, ʧʨʠ 

ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʣʠʯʠʝ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʦʤ 
ʩʪʘʥʜʘʨʪʦʚ ʠ ʦʮʝʥʝʥʥʳʤ ʦʙʲʝʤʘʤ ʠʥʬʦʨʤʘ-

ʮʠʠ. ʅʘ ʜʠʘʛʨʘʤʤʝ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩ. 2, ʦʪ-
ʯʝʪʣʠʚʦ ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʣʠʯʠʝ ʤʝʞʜʫ ʢʦʣʠʯʝ-

ʩʪʚʦʤ ʩʪʘʥʜʘʨʪʦʚ ʠ ʦʮʝʥʝʥʥʳʤ ʦʙʲʝʤʦʤ ʠʥ-
ʬʦʨʤʘʮʠʠ ʚ ʵʪʠʭ ʩʪʘʥʜʘʨʪʘʭ ʜʣʷ ʨʘʟʥʳʭ ʚʨʝ-

ʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ. 
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T a b l e 2 .  Structure of a sampled population of the base of standards of group 77.120 
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 ʇʦʜʛʨʫʧʧʳ 

ʂʦʣʠʯʝʩʪʚʦ ʩʪʘʥʜʘʨʪʦʚ, ʧʨʠʥʷʪʳʭ  

ʚ ʫʢʘʟʘʥʥʳʡ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ, ʰʪ. 
ʂʦʣʠʯʝʩʪʚʦ 

ʩʪʘʥʜʘʨʪʦʚ, 

ʰʪ. 1970-1979 1980-1989 1990-1999 2000-2009 2010-2019 2020-2022 

77.120.01 1 1 ï ï 1 ï 3 

77.120.10 3 1 7 ï 1 ï 12 

77.120.20 5 ï 3 ï ï ï 8 

77.120.30 13 2 3 1 3 ï 22 

77.120.40 ï 1 6 ï 7 ï 14 

77.120.50 ï ï 9 ï ï ï 9 

77.120.60 11 5 5 1 1 ï 23 

77.120.70 4 ï 1 ï ï ï 5 

77.120.99 21 25 4 2 6 1 59 

ɺʩʝʛʦ ʩʪʘʥʜʘʨʪʦʚ ʧʦ ʢʘʞʜʦʤʫ 

ʚʨʝʤʝʥʥʦʤʫ ʠʥʪʝʨʚʘʣʫ, ʰʪ. 
58 35 38 4 19 1 155 

 
 

 

 

ʈʠʩ. 1. ʀʥʬʦʨʤʘʮʠʷ ʦ ʢʦʣʠʯʝʩʪʚʝ ʩʪʨʘʥʠʮ ʚ ʩʪʘʥʜʘʨʪʘʭ ʚʳʙʦʨʢʠ 

Fig. 1. Number of pages in the standards included in the sample   
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ʧʦ ʦʪʜʝʣʴʥʳʤ ʩʪʨʘʪʘʤ  

T a b l e 3 .  Number of standards, total number of pages and estimated amount of information by individual strata 
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ʇʦʜʛʨʫʧʧʳ 

ʂʦʣʠʯʝʩʪʚʦ ʩʪʘʥʜʘʨʪʦʚ ʚ ʚʳʙʦʨʢʝ, ʰʪ./ 

ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʪʨʘʥʠʮ ʚ ʩʪʘʥʜʘʨʪʘʭ, ʩʪʨʘʥʠʮ/ 

ʦʙʱʠʡ ʦʮʝʥʝʥʥʳʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ, ʂʙʘʡʪ/ 

ʦʮʝʥʝʥʥʳʡ ʩʦʜʝʨʞʘʪʝʣʴʥʳʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ, ʂʙʘʡʪ 

1970-1979 1980-1989 1990-1999 2000-2009 2010-2019 2020-2022 ʉʫʤʤʘ 

77.120.01 

1/ 

8/ 

34,1/ 

31,1 

1/ 

15/ 

57,44/ 

52,09 

ï ï 

1/ 

17/ 

74,26/ 

65,19 

ï 

3/ 

40/ 

165,8/ 

148,38 

77.120.10 

3/ 

16/ 

70,19/ 

65,68 

1/52,09 

11/ 

14,54/ 

11,97 

7/ 

54/ 

156,58/ 

130,50 

ï 

1/ 

13/ 

31,9/ 

24,14 

ï 

12/ 

94/ 

273,21/ 

232,55 

77.120.20 

5/ 

19/ 

72,75/ 

64,63 

ï 

3/ 

20/ 

58,27/ 

47,69 

ï ï ï 

8/ 

39/ 

131,02/ 

112,32 

77.120.30 

13/ 

89/ 

325,22/ 

299,63 

2/ 

8/ 

29,38/ 

26,29 

3/ 

31/ 

88,49/ 

776,53 

1/ 

9/ 

31,59/ 

26,88 

3/ 

54/ 

213.28/ 

195,35 

ï 

22/ 

191/ 

687,96/ 

624,68 

77.120.40 ï 

1/ 

6/ 

25,09/ 

23,18 

6/ 

64/ 

179,35/ 

164,03 

ï 

7/ 

96/ 

317,62/ 

243,25 

ï 

14/ 

166/ 

522,06/ 

430,46 

77.120.50 ï ï 

9/ 

72/ 

211,95/ 

182,74 

ï ï ï 

9/ 

72/ 

211,95/ 

182,74 

77.120.60 

11/ 

71/ 

228,16/ 

197,79 

5/ 

41/ 

106,28/ 

98,84 

5/ 

60/ 

122,87/ 

103,38 

1/ 

15/ 

55,7/ 

49,64 

1/ 

8/ 

20,52/ 

15,2 

ï 

23/ 

195/ 

533,53/ 

464,85 

77.120.70 

4/ 

18/ 

69,78/ 

62,32 

ï 

1/ 

6/ 

16,27/ 

13,15 

ï ï ï 

5/ 

24/ 

86,05/ 

75,47 

77.120.99 

21/ 

113/ 

345,68/ 

297,25 

25/ 

162/ 

436,5/ 

382,24 

4/ 

30/ 

79,46/ 

70,52 

2/ 

16/ 

27,69/ 

18,35 

6/ 

99/ 

297,49/ 

259,67 

1/ 

16/ 

47,52/ 

40,52 

59/ 

436/ 

1234,34/ 

1068,55 

ɺʩʝʛʦ ʩʪʘʥʜʘʨʪʦʚ  

ʧʦ ʢʘʞʜʦʤʫ ʚʨʝʤʝʥʥʦʤʫ  

ʠʥʪʝʨʚʘʣʫ, ʰʪ. 

58/ 

334/ 

1145,88/ 

1018,4 

35/ 

243/ 

669,23/ 

594,61 

38/ 

337/ 

913,24/ 

788,54 

4/ 

40/ 

114,98/ 

94,87 

19/ 

287/ 

955,07/ 

802,8 

1/ 

16/ 

47,52/ 

40,52 

155/ 

1257/ 

3845,92/ 

3339,72 
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 ʧʦ ʚʨʝʤʝʥʥʳʤ ʠʥʪʝʨʚʘʣʘʤ ʠʭ ʧʨʠʥʷʪʠʷ, ʚʳʨʘʞʝʥʥʦʝ ʚ ʧʨʦʮʝʥʪʘʭ 

Fig. 2. Distribution of all the standards of the sample and the estimated total amount of information  

of such standards by the time intervals of their adoption expressed as a percentage 

ʊʘʢ, ʜʣʷ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ 1970-1979 ʠ 
1980-1989 ʛʛ. ʦʮʝʥʝʥʥʳʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ ʥʘ 

6-8% ʤʝʥʴʰʝ, ʯʝʤ ʢʦʣʠʯʝʩʪʚʦ ʜʝʡʩʪʚʫʶʱʠʭ 
ʩʪʘʥʜʘʨʪʦʚ, ʧʨʠʥʷʪʳʭ ʚ ʫʢʘʟʘʥʥʳʝ ʚʨʝʤʝʥʥʳʝ 

ʠʥʪʝʨʚʘʣʳ. ɼʣʷ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ 2010-
2019 ʛʛ. ʢʘʨʪʠʥʘ ʦʙʨʘʪʥʘʷ: ʦʮʝʥʝʥʥʳʡ ʦʙʲʝʤ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʜʘʥʥʳʡ ʧʝʨʠʦʜ ~ ʥʘ 12% ʙʦʣʴʰʝ, 
ʯʝʤ ʢʦʣʠʯʝʩʪʚʦ ʩʪʘʥʜʘʨʪʦʚ. 

ɹʦʣʝʝ ʜʝʪʘʣʴʥʘʷ ʢʘʨʪʠʥʘ ʩʨʘʚʥʝʥʠʷ ʦʮʝʥʝʥ-
ʥʦʛʦ ʦʙʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ ʠ ʢʦʣʠʯʝʩʪʚʘ ʩʪʘʥʜʘʨ-

ʪʦʚ ʚʳʙʦʨʢʠ ʛʨʫʧʧʳ 77.120 ʧʦ ʚʨʝʤʝʥʥʳʤ ʠʥ-
ʪʝʨʚʘʣʘʤ ʧʨʠʥʷʪʠʷ ʵʪʠʭ ʩʪʘʥʜʘʨʪʦʚ ʧʨʠʚʝʜʝʥʳ 

ʥʘ ʨʠʩ. 3. 
ɼʠʘʛʨʘʤʤʘ, ʧʨʠʚʝʜʝʥʥʘʷ ʥʘ ʨʠʩ. 3, ʦʪʯʝʪʣʠ-

ʚʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʣʝʜʫʶʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ: 
ï ʜʣʷ ʩʪʘʥʜʘʨʪʦʚ, ʧʨʠʥʷʪʳʭ ʚʦ ʚʨʝʤʝʥʥʳʝ 

ʠʥʪʝʨʚʘʣʳ 1970-1979 ʠ 1980-1989 ʛʛ., ʦʮʝʥʝʥʥʳʡ 
ʦʙʲʝʤ ʦʙʱʝʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʩʦʜʝʨʞʘʪʝʣʴʥʦʡ ʯʘ-

ʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ʥʘ 6-7% ʤʝʥʴʰʝ ʢʦʣʠʯʝʩʪʚʘ 
ʩʪʘʥʜʘʨʪʦʚ, ʧʨʠʥʷʪʳʭ ʚ ʵʪʦʪ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ; 

ï ʜʣʷ ʩʪʘʥʜʘʨʪʦʚ, ʧʨʠʥʷʪʳʭ ʚ 19900-1999 ʠ 

2000-2009 ʛʛ., ʩʦʦʪʥʦʰʝʥʠʝ ʵʪʠʭ ʚʝʣʠʯʠʥ ʚʳ-
ʨʘʚʥʠʚʘʝʪʩʷ; 

ï ʜʣʷ ʩʪʘʥʜʘʨʪʦʚ, ʧʨʠʥʷʪʳʭ ʧʦʩʣʝ 2010 ʛ., 
ʦʮʝʥʝʥʥʳʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ ʢʘʢ ʦʙʱʝʡ, ʪʘʢ ʠ 

ʩʦʜʝʨʞʘʪʝʣʴʥʦʡ ʯʘʩʪʠ ʩʪʘʥʜʘʨʪʦʚ ʟʥʘʯʠʪʝʣʴʥʦ 
ʧʨʝʚʳʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʜʦʢʫʤʝʥʪʦʚ, ʧʨʠʥʷʪʳʭ ʚ 

ʵʪʦʪ ʧʝʨʠʦʜ. 

ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʢʘʨ-
ʪʠʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʜʝʡʩʪʚʫʶʱʠʭ 

ʩʪʘʥʜʘʨʪʦʚ ʠ ʦʮʝʥʝʥʥʦʛʦ ʦʙʲʝʤʘ ʦʙʱʝʡ ʠ ʩʦʜʝʨ-
ʞʘʪʝʣʴʥʦʡ ʯʘʩʪʝʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʪʘʥʜʘʨʪʘʭ ʧʦ 

ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʤ ʧʦʜʛʨʫʧʧʘʤ ʛʨʫʧʧʳ 77.120. 
ʅʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʠʘʛʨʘʤʤʘʭ ʦʪʯʝʪʣʠʚʦ 

ʟʘʤʝʪʥʦ, ʯʪʦ ʦʙʱʘʷ  ʪʝʥʜʝʥʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʢʦʣʠʯʝʩʪʚʘ ʩʪʘʥʜʘʨʪʦʚ ʠ ʦʮʝʥʝʥʥʦʛʦ ʦʙʲʝʤʘ 

ʠʥʬʦʨʤʘʮʠʠ ʵʪʠʭ ʩʪʘʥʜʘʨʪʦʚ ʩʦʭʨʘʥʷʝʪʩʷ. 
ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʪʘʥʜʘʨʪʦʚ ʠ ʤʘʢʩʠ-

ʤʘʣʴʥʳʡ ʦʮʝʥʝʥʥʳʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ ʩʦʦʪ-
ʚʝʪʩʪʚʫʝʪ ʧʦʜʛʨʫʧʧʝ 77.120.99, ʜʘʣʝʝ ʩʣʝʜʫʶʪ 

ʧʦʜʛʨʫʧʧʳ 77.120.30 ʠ 77.120.60. ʆʜʥʘʢʦ ʧʦʜ-
ʛʨʫʧʧʳ 77.120.01, 77.120.30 ʠ 77.120.40 ʭʘʨʘʢ-

ʪʝʨʠʟʫʶʪʩʷ ʪʝʤ, ʯʪʦ ʦʮʝʥʝʥʥʳʡ ʦʙʲʝʤ ʠʥʬʦʨ-
ʤʘʮʠʠ ʢʘʢ ʦʙʱʝʡ, ʪʘʢ ʠ ʩʦʜʝʨʞʘʪʝʣʴʥʦʡ ʯʘʩʪʝʡ 

ʧʨʝʚʳʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʩʪʘʥʜʘʨʪʦʚ ʚ ʵʪʠʭ ʧʦʜ-

ʛʨʫʧʧʘʭ ʚ ʧʨʦʮʝʥʪʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ. ʇʦʜʛʨʫʧʧʘ 
77.120.01 ʎʚʝʪʥʳʝ ʤʝʪʘʣʣʳ ʚ ʮʝʣʦʤ ʠʣʣʶʩʪʨʠ-

ʨʫʝʪ ʥʘʠʙʦʣʴʰʝʝ ʦʪʣʠʯʠʝ ʚ ʜʘʥʥʦʤ ʧʦʢʘʟʘʪʝʣʝ, 
ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʩʪʘʥʜʘʨʪʦʚ 

ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʙʳʣʘ ʧʨʠʥʷʪʘ ʜʦ 2000 ʛ. ɼʣʷ 
ʧʦʜʛʨʫʧʧʳ 77.120.40 ʅʠʢʝʣʴ, ʭʨʦʤ ʠ ʠʭ ʩʧʣʘʚʳ 

ʢʦʣʠʯʝʩʪʚʦ ʩʪʘʥʜʘʨʪʦʚ, ʧʨʠʥʷʪʳʭ ʜʦ ʠ ʧʦʩʣʝ 
2000 ʛ., ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʦʝ, ʦʜʥʘʢʦ ʦʮʝʥʝʥ-

ʥʳʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ ʩʪʘʥʜʘʨʪʦʚ ʜʘʥʥʦʡ 
ʛʨʫʧʧʳ ʧʨʝʚʳʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʜʦʢʫʤʝʥʪʦʚ 

ʧʨʠʤʝʨʥʦ ʥʘ 5%. 
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Fig. 3. Comparison between the distribution of the number of the current standards and the estimated amount  
of general and content-related parts of information by the time intervals expressed as a percentage 
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Fig. 4. Comparison between the distribution of the number of the current standards and the estimated amount  

of general and content-related parts of information in the standards
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ɿʘʢʣʶʯʝʥʠʝ 

1. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩ-

ʬʦʨʤʘʮʠʠ ʩʪʘʥʜʘʨʪʳ ʢʘʢ ʠʩʪʦʯʥʠʢ ʜʦʩʪʦʚʝʨʥʦʡ, 
ʦʙʲʝʢʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠʦʙʨʝʪʘʶʪ ʦʩʦʙʦʝ 

ʟʥʘʯʝʥʠʝ ʠ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʵʪʠʭ 
ʩʚʝʜʝʥʠʡ ʢ ʨʘʟʣʠʯʥʳʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʩʠʩʪʝ-

ʤʘʤ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʨʘʟ-

ʤʝʨʝ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʩʪʘʥʜʘʨʪʘʭ. 
2. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʘ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʜʝʡʩʪʚʫʶʱʠʭ ʩʪʘʥʜʘʨʪʘʭ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 
ʩʪʘʥʜʘʨʪʳ ʛʨʫʧʧʳ 77.120 ʎʚʝʪʥʳʝ ʤʝʪʘʣʣʳ ʚ ʩʦ-

ʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʱʝʨʦʩʩʠʡʩʢʠʤ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʤ 
ʩʪʘʥʜʘʨʪʦʚ ʆʂʉ (ʆʂ001-2021(ʀʉʉ ʄʂʉ)). 

3. ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 
ʘʣʬʘʚʠʪʥʳʡ ʧʦʜʭʦʜ ʢ ʦʮʝʥʢʝ ʨʘʟʤʝʨʘ ʠʥʬʦʨʤʘ-

ʮʠʠ ʠ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʘʷ ʚʳʙʦʨʢʘ ʧʦ ʢʣʘʩʩʠʬʠ-
ʢʘʮʠʦʥʥʳʤ ʧʦʜʛʨʫʧʧʘʤ ʩʪʘʥʜʘʨʪʦʚ ʛʨʫʧʧʳ 

77.120. 
4. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʘ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʩʪʘʥʜʘʨʪʝ ʙʳʣʦ ʚʚʝʜʝʥʦ ʩʣʝʜʫʶʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ: 
ʦʮʝʥʝʥʥʳʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʪʘʥʜʘʨʪʝ ï 

ʵʪʦ ʧʨʦʠʟʚʝʜʝʥʠʝ ʩʫʤʤʘʨʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʠʤʚʦ-
ʣʦʚ ʂ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʩʪʘʥʜʘʨʪʝ, ʥʘ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʳʡ ʚʝʩ ʩʠʤʚʦʣʘ ʚ ʚʳʙʨʘʥʥʦʡ ʢʦʜʠʨʦʚʢʝ UNI 

CODE (UTF-8). 
5. ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ  ʫʩʪʘʥʦʚ-

ʣʝʥʦ ʜʣʷ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ 1970-1979 ʠ 
1980-1989 ʛʛ. ʦʮʝʥʝʥʥʳʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ ʥʘ 

6-8% ʤʝʥʴʰʝ, ʯʝʤ ʢʦʣʠʯʝʩʪʚʦ ʜʝʡʩʪʚʫʶʱʠʭ 
ʩʪʘʥʜʘʨʪʦʚ, ʧʨʠʥʷʪʳʭ ʚ ʫʢʘʟʘʥʥʳʝ ʚʨʝʤʝʥʥʳʝ ʠʥ-

ʪʝʨʚʘʣʳ. ɼʣʷ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ 2010-2019 ʛʛ. 
ʢʘʨʪʠʥʘ ʦʙʨʘʪʥʘʷ: ʦʮʝʥʝʥʥʳʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘ-

ʮʠʠ ʚ ʜʘʥʥʳʡ ʧʝʨʠʦʜ ~ ʥʘ 12% ʙʦʣʴʰʝ, ʯʝʤ ʢʦ-
ʣʠʯʝʩʪʚʦ ʩʪʘʥʜʘʨʪʦʚ. 

ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʦʪʜʝʣʴʥʳʤ ʧʦʜʛʨʫʧ-
ʧʘʤ ʠ ʚʨʝʤʝʥʥʳʤ ʠʥʪʝʨʚʘʣʘʤ, ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʩʪʘʥʜʘʨʪʳ, ʧʨʠʥʷʪʳʝ ʧʦʩʣʝ 2010 ʛ., 
ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʡ ʦʮʝ-

ʥʝʥʥʳʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ. 
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ʈɸɿʈɸɹʆʊʂɸ ʅʆɺʆɻʆ ʇʆʂɸɿɸʊɽʃʗ ʆʎɽʅʂʀ ʂɸʏɽʉʊɺɸ 

ʄɽʊɸʃʃʆʇʈʆʂɸʊɸ ɼʃʗ ʕʄɸʃʀʈʆɺɸʅʀʗ ʀ ʄɽʊʆɼʀʂʀ 

ɽɻʆ ʆʇʈɽɼɽʃɽʅʀʗ 

ɻʦʣʫʙʯʠʢ ʕ.ʄ., ʏʠʢʠʰʝʚ ɼ.ʅ. 

ʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘ, ʄʘʛʥʠʪʦʛʦʨʩʢ, ʈʦʩʩʠʷ 

ɸʥʥʦʪʘʮʠʷ. ʉʦʚʨʝʤʝʥʥʳʡ ʨʳʥʦʢ ʤʘʪʝʨʠʘʣʦʚ ʜʠʢʪʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʜʜʝʨʞʘʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʙʘʣʘʥʩʘ ʠʥʪʝ-

ʨʝʩʦʚ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʠ ʧʦʪʨʝʙʠʪʝʣʝʡ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʧʨʠ ʦʩʚʦʝʥʠʠ  ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʜʝʣʠʡ, 

ʦʙʣʘʜʘʶʱʠʭ ʧʦʚʳʰʝʥʥʳʤ ʫʨʦʚʥʝʤ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʩʚʦʡʩʪʚ. ʆʜʥʠʤ ʠʟ ʚʳʩʦʢʦʨʝʥʪʘʙʝʣʴʥʳʭ ʚʠʜʦʚ ʭʦʣʦʜʥʦʢʘ-

ʪʘʥʦʡ ʤʝʪʘʣʣʦʧʨʦʜʫʢʮʠʠ ʷʚʣʷʝʪʩʷ ʧʨʦʢʘʪ, ʧʨʦʠʟʚʦʜʠʤʳʡ ʜʣʷ ʵʤʘʣʠʨʦʚʘʥʠʷ ʠʟ ʩʪʘʣʠ ʤʘʨʢʠ 08ʖʈ. ʊʨʝʙʦʚʘʥʠʷ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʢ ʪʘʢʦʡ ʧʨʦʜʫʢʮʠʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʠʩʢʣʶʯʝʥʠʝ ʧʦʷʚʣʝʥʠʷ ʜʝʬʝʢʪʘ çʨʳʙʴʷ ʯʝʰʫʷè ʚ ʛʦʪʦʚʦʤ 

ʵʤʘʣʠʨʦʚʘʥʥʦʤ ʠʟʜʝʣʠʠ. ɺ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ʜʣʷ ʦʮʝʥʢʠ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʷʚʣʝʥʠʷ ʜʘʥʥʦʛʦ ʜʝʬʝʢʪʘ ʧʨʠʤʝ-

ʥʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʴ ʚʦʜʦʨʦʜʥʦʛʦ ʦʭʨʫʧʯʠʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʱʠʡ ʧʦʢʘʟʘʪʝʣʴ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʤʝʪʘʣʣʦʧʨʦʢʘʪʘ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʢʣʦʥʥʦʩʪʴ 

ʧʨʦʢʘʪʘ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʜʝʬʝʢʪʘ çʨʳʙʴʷ ʯʝʰʫʷè, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʤʝʪʦʜʠʢʠ ʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʠʟ-ʟʘ ʚʣʠʷʥʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ. ʋʯʝʥʳʤʠ ʌɻɹʆʋ ɺʆ çʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭ-

ʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘè (ʌɻɹʆʋ ɺʆ çʄɻʊʋ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘè) ʩʦʚʤʝʩʪʥʦ ʩʦ ʩʧʝʮʠʘʣʠʩʪʘʤʠ 

ʇɸʆ çʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʢʦʤʙʠʥʘʪè (ʇɸʆ çʄʄʂè) ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝ-

ʩʪʚʘ ʤʝʪʘʣʣʦʧʨʦʢʘʪʘ ʜʣʷ ʵʤʘʣʠʨʦʚʘʥʠʷ ï ʦʙʲʝʤʥʘʷ ʜʦʣʷ ʩʪʨʫʢʪʫʨʥʦ-ʩʚʦʙʦʜʥʦʛʦ ʮʝʤʝʥʪʠʪʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʦʮʝʥʠʪʴ ʩʢʣʦʥʥʦʩʪʴ ʧʨʦʢʘʪʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ çʨʳʙʴʝʡ ʯʝʰʫʠè, ʘ ʪʘʢʞʝ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʝʛʦ ʦʧʨʝʜʝʣʝ-

ʥʠʷ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʟʥʘʯʥʦ ʩʫʜʠʪʴ ʦ ʩʢʣʦʥʥʦʩʪʠ ʤʝʪʘʣʣʦʧʨʦʢʘʪʘ ʢ ʥʘʚʦʜʦʨʘʞʠʚʘʥʠʶ 

ʠ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʢʦʨʨʝʣʠʨʫʝʪ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʧʦʢʘʟʘʪʝʣʷ ʚʦʜʦʨʦʜʥʦʛʦ ʦʭʨʫʧʯʠʚʘʥʠʷ. ʆʧʨʝʜʝʣʝʥʳ ʛʨʘʥʠʮʳ ʟʥʘ-

ʯʝʥʠʡ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ, ʠʩʢʣʶʯʘʶʱʠʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʝʬʝʢʪʘ ʚ ʵʤʘʣʠʨʦʚʘʥʥʦʤ ʠʟʜʝʣʠʠ. ʅʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦ-

ʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʢʦʨʝʥʥʳʝ ʧʨʠʯʠʥʳ ʧʦʷʚʣʝʥʠʷ ʜʝʬʝʢʪʘ çʨʳʙʴʷ ʯʝʰʫʷè ʠ ʦʧʨʝʜʝʣʝʥʳ ʧʫʪʠ ʝʛʦ 

ʤʠʥʠʤʠʟʘʮʠʠ ʚ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʢʘʪʘ ʜʣʷ ʵʤʘʣʠʨʦʚʘʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ ʧʨʝʜʣʦʞʝʥʳ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʦ ʦʭʣʘʞʜʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʥʘ ʦʪʚʦ-

ʜʷʱʝʤ ʨʦʣʴʛʘʥʛʝ ʩʪʘʥʘ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʥʦʚʘʷ ʩʢʚʦʟʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʝʪʘʣʣʦʧʨʦ-

ʢʘʪʘ ʠʟ ʩʪʘʣʠ ʤʘʨʢʠ 08ʖʈ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʭʦʜ ʛʦʜʥʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘ ʫʨʦʚʥʝ 99,8%. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʭʦʣʦʜʥʦʢʘʪʘʥʳʡ ʤʝʪʘʣʣʦʧʨʦʢʘʪ, ʵʤʘʣʠʨʦʚʘʥʠʝ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ, ʩʚʦʡʩʪʚʘ, ʥʘʚʦʜʦʨʘʞʠ-

ʚʘʥʠʝ, ʢʘʯʝʩʪʚʦ 

Ò
 
 ɻʦʣʫʙʯʠʢ ʕ.ʄ., ʏʠʢʠʰʝʚ ɼ.ʅ., 2022 

ɼʣʷ ʮʠʪʠʨʦʚʘʥʠʷ 

ɻʦʣʫʙʯʠʢ ʕ.ʄ., ʏʠʢʠʰʝʚ ɼ.ʅ. ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʤʝʪʘʣʣʦʧʨʦʢʘʪʘ ʜʣʷ ʵʤʘʣʠʨʦ-

ʚʘʥʠʷ ʠ ʤʝʪʦʜʠʢʠ ʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ. // ɺʝʩʪʥʠʢ ʄʘʛʥʠʪʦʛʦʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 
ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘ. 2022. ʊ. 20. ˉ4. ʉ. 95-101. https://doi.org/10.18503/1995-2732-2022-20-4-95-101 
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DEVELOPMENT OF A NEW  INDICATOR FOR ASSESSING  

THE QUALITY OF ROLLE D STEEL PRODUCTS FOR ENAMELING  

AND METHODS FOR ITS DETERMINATION  

Golubchik E.M., Chikishev D.N. 

Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia 

Abstract. The current materials market dictates the need for maintaining an acceptable balance of interests between pro-

ducers and consumers. This is especially true when mastering the production processes of products with an increased 

level of consumer properties. One of the highly profitable types of cold-rolled steel products is rolled products for 

enameling from 08YuR steel grade (as per the Russian Standard). Consumer requirements for such products provide for 

the exclusion of a ñfish scaleò defect in the finished enameled product. In Russian practice, to assess the probability of 

this defect, the hydrogen embrittlement (HE) index is used as stated in the regulatory documents. At the same time, the 

existing quality assessment indicator for rolled steel products does not fully characterize the tendency of rolled products 

to develop the ñfish scaleò defect, which is attributed to the peculiarities of the methods for its determination, including 

the influence of the human factor. Scientists of Nosov Magnitogorsk State Technical University (NMSTU) and special-

ists of PJSC Magnitogorsk Iron and Steel Works (PJSC MMK) proposed a new indicator of the quality of rolled steel 

products for enameling, namely the volume fraction of structurally free cementite, to assess the tendency of rolled prod-

ucts to cause ñfish scalesò, and developed the methods for its determination. The developed indicator contributes to 

forming a clear opinion on the tendency of rolled steel products to hydrogen trapping and fully correlates with the hy-

drogen embrittlement values. The authors determined the threshold range of such values, excluding the defect in the 

enameled product. The developed methodology served as a basis for identifying root causes for the ñfish scaleò defect 

and ways to minimize it, when manufacturing rolled products for enameling. In particular, when organizing the hot roll-

ing process, new technological solutions were proposed for cooling the steel surface on the discharge roller table of a 

hot rolling mill. The developed new end-to-end technology for rolled steel products from 08YuR steel grade (as per the 

Russian Standard) ensures the yield of 99.8%. 

Keywords: cold rolled steel products, enameling, microstructure, properties, hydrogen trapping, quality 
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ɺʚʝʜʝʥʠʝ 

ɺ ʫʩʣʦʚʠʷʭ ʥʝʩʪʘʙʠʣʴʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠ-

ʪʫʘʮʠʠ ʚ ʤʠʨʝ, ʩ ʫʯʝʪʦʤ ʥʘʤʝʪʠʚʰʝʛʦʩʷ ʧʝʨʝʠʟ-

ʙʳʪʢʘ ʪʦʚʘʨʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʩʫʱʝʩʪʚʝʥʥʳʤ ʜʚʠ-

ʞʠʪʝʣʝʤ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʢʦʥʢʫʨʝʥʪʥʳʭ 

ʧʨʝʠʤʫʱʝʩʪʚ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʧʦʩʣʝʜʥʠʭ ʦʧʝʨʘʪʠʚʥʦ ʠ ʘʜʝʢʚʘʪʥʦ 

ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʥʘʩʪʨʦʝʥʠʷ ʨʳʥʢʘ. ʇʨʠʯʝʤ ʚ ʧʦ-

ʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʠ ʧʦʩʪʦʷʥʥʦ ʠʟʤʝʥʷʶʱʝʡʩʷ 

ʢʦʥʲʶʥʢʪʫʨʝ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʨʳʥʢʘ ʥʘʠʙʦʣʝʝ 

ʧʨʠʝʤʣʝʤʦʡ ʜʣʷ ʨʘʟʚʠʪʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚ ʯʘʩʪ-

ʥʦʩʪʠ ʚ ʤʝʪʘʣʣʫʨʛʠʠ, ʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʨʝʢʦʥ-

ʩʪʨʫʢʮʠʡ ʣʠʙʦ ʤʦʜʝʨʥʠʟʘʮʠʡ ʧʨʝʜʧʨʠʷʪʠʡ ʩʪʘ-

ʥʦʚʠʪʩʷ ʢʦʥʮʝʧʮʠʷ ʦʩʚʦʝʥʠʷ çʛʣʦʙʘʣʴʥʦʛʦ ʨʳʥ-

ʢʘè ʩʙʳʪʘ ʩʦʙʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʚʳʩʪʫʧʘʶʪ ʜʚʘ ʘʩʧʝʢʪʘ ʩʦ-

ʚʨʝʤʝʥʥʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺʦ-ʧʝʨʚʳʭ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʝʩ-

ʧʝʯʠʚʘʪʴ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʩʪʘʙʠʣʴʥʦ ʚʳʩʦʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʩʦʨʪʘʤʝʥʪʘ, ʠʤʝʶʱʝʛʦ ʚ 

ʪʦʤ ʯʠʩʣʝ ʵʢʩʢʣʶʟʠʚʥʳʡ ʭʘʨʘʢʪʝʨ, ʘ ʪʘʢʞʝ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʥʘ 

ʚʩʝʭ ʩʪʘʜʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ ʤʝʪʘʣʣʦ-

ʧʨʦʜʫʢʮʠʠ. ɺʦ-ʚʪʦʨʳʭ, ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʜʧʨʠʷ-

ʪʠʷ ʜʦʩʪʘʪʦʯʥʦ ʦʧʝʨʘʪʠʚʥʦ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ 

ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʙʝʟ ʩʥʠʞʝʥʠʷ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ ʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʨʠ 

ʵʪʦʤ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ ʧʨʠʭʦʜʠʪʩʷ ʫʯʠʪʳʚʘʪʴ 

ʪʨʝʙʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʟʘʯʘʩʪʫʶ ʥʝ ʚʩʝʛʜʘ ʧʝʨʝʩʝ-

ʢʘʶʪʩʷ ʫ ʨʘʟʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʥʘ ʦʜʠʥ ʠ ʪʦʪ ʞʝ 

ʚʠʜ ʧʨʦʜʫʢʮʠʠ. ʆʜʥʠʤ ʠʟ ʜʦʩʪʘʪʦʯʥʦ ʚʦʩʪʨʝʙʦ-

ʚʘʥʥʳʭ ʚʠʜʦʚ ʷʚʣʷʝʪʩʷ ʤʝʪʘʣʣʦʧʨʦʢʘʪ ʜʣʷ ʵʤʘ-

ʣʠʨʦʚʘʥʠʷ. ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʵʤʘʣʠʨʦʚʘʥʥʳʭ ʠʟʜʝʣʠʡ ʚ ʥʘʰʝʡ 

ʩʪʨʘʥʝ ʧʦʣʫʯʠʣʘ ʤʘʨʢʘ ʩʪʘʣʠ 08ʖʈ, ʢʦʪʦʨʘʷ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʩʫʜʳ, 


















































