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ʨʦʩʩʳʧʥʦʡ ʜʦʙʳʯʠ ʟʦʣʦʪʘ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʳʩʪʨʦʡ ʦʢʫʧʘʝʤʦʩʪʠ ʩʨʝʜʩʪʚ ʧʦʟʚʦʣʷʶʪ ʨʘʙʦʪʘʪʴ ʚ 

ʜʘʥʥʦʡ ʩʬʝʨʝ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʥʝʙʦʣʴʰʠʭ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʋʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʤʝʣʢʦ-

ʛʦ ʟʦʣʦʪʘ ʚ ʧʝʩʢʘʭ ʚʦʚʣʝʢʘʝʤʳʭ ʚ ʦʪʨʘʙʦʪʢʫ ʨʦʩʩʳʧʝʡ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʨʦʩʪ ʧʦʪʝʨʴ ʤʝʪʘʣʣʘ ʩ ʭʚʦʩʪʘʤʠ ʧʨʦʤʳʚ-

ʢʠ. ʉʥʠʟʠʪʴ ʧʦʪʝʨʠ ʤʝʪʘʣʣʘ ʧʦʟʚʦʣʷʶʪ ʤʥʦʛʦʩʪʘʜʠʡʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʧʝʩʢʦʚ, ʥʦ ʧʨʠʦʙʨʝʪʝʥʠʝ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʷ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʛʘʪʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʘʣʳʤʠ ʢʦʤʧʘʥʠʷʤʠ ʩ ʫʯʝʪʦʤ ʠʭ ʥʝʙʦʣʴʰʦʡ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝ ʚʩʝʛʜʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ. ʋʤʝʥʴʰʠʪʴ ʧʦʪʝʨʠ ʤʝʪʘʣʣʘ ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʯʘ-

ʩʪʦʛʦ ʩʧʦʣʦʩʢʘ ʰʣʶʟʦʚ ʧʨʦʤʳʚʦʯʥʦʛʦ ʧʨʠʙʦʨʘ, ʦʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʨʝʰʝʥʠʷ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʚʩʝʛʦ 

ʦʙ̡ʝʤʘ ʧʝʩʢʦʚ ʧʨʠʚʝʜʝʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʩʪʦʝʚ ʦʙʦʛʘʪʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʎʝʣʴ ʨʘʙʦʪʳ. 

ʆʙʦʩʥʦʚʘʥʠʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʦʩʚʦʝʥʠʷ ʤʘʣʦʤʘʩʰʪʘʙʥʦʛʦ ʨʦʩʩʳʧʥʦʛʦ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʷ ʟʦʣʦʪʘ ʠʤʝʶʱʠʤʩʷ ʦʙʦʛʘʪʠʪʝʣʴʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ ʤʝʪʘʣʣʘ ʟʘ ʩʯʝʪ 

ʩʝʣʝʢʪʠʚʥʦʡ ʚʳʝʤʢʠ ʠ ʨʘʟʜʝʣʴʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʨʘʟʥʦʢʘʯʝʩʪʚʝʥʥʳʭ ʧʝʩʢʦʚ ʧʨʦʜʫʢʪʠʚʥʦʛʦ 

ʧʣʘʩʪʘ. ʈʝʟʫʣʴʪʘʪʳ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʝʩʪʠ ʜʦʙʳʯʫ ʧʝʩʢʦʚ ʩʣʦʞʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʚʳʝʤʦʯʥʦʛʦ ʙʣʦʢʘ ʩ ʧʨʠ-

ʤʝʥʝʥʠʝʤ ʩʢʨʝʧʝʨ-ʜʦʟʝʨʘ, ʧʨʠ ʵʪʦʤ ʚʳʝʤʢʘ ʦʙʦʛʘʱʝʥʥʳʭ ʤʝʪʘʣʣʦʤ ʧʝʩʢʦʚ ʚʝʜʝʪʩʷ ʪʦʣʴʢʦ ʩʢʨʝʧʝʨʥʳʤ ʢʦʚʰʦʤ, 

ʘ ʨʷʜʦʚʳʭ ʧʝʩʢʦʚ ï ʩʢʨʝʧʝʨʥʳʤ ʢʦʚʰʦʤ ʠ ʙʫʣʴʜʦʟʝʨʥʳʤ ʦʪʚʘʣʦʤ. ʈʘʟʥʦʩʦʨʪʥʳʝ ʧʝʩʢʠ ʩʢʣʘʜʠʨʫʶʪʩʷ ʚ ʦʪʜʝʣʴ-

ʥʳʝ ʰʪʘʙʝʣʠ ʨʷʜʦʤ ʩ ʧʨʦʤʳʚʦʯʥʳʤ ʧʨʠʙʦʨʦʤ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʦʤʳʚʢʘ ʨʷʜʦʚʳʭ ʧʝʩʢʦʚ ʩʦ 

ʩʧʦʣʦʩʢʦʤ ʰʣʶʟʦʚ ʦʜʠʥ ʨʘʟ ʚ ʩʫʪʢʠ, ʧʦ ʤʝʨʝ ʥʘʢʦʧʣʝʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʦʤʳʚʢʘ ʦʙʦʛʘʱʝʥʥʳʭ 

ʤʝʪʘʣʣʦʤ ʧʝʩʢʦʚ ʩʦ ʩʧʦʣʦʩʢʦʤ ʰʣʶʟʦʚ ʜʚʘ ʨʘʟʘ ʚ ʩʫʪʢʠ. ɺʳʚʦʜʳ. ʇʨʠʤʝʥʝʥʠʝ ʧʨʝʜʣʘʛʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʩʭʝʤʳ ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʩʢʚʦʟʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʤʝʪʘʣʣʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʤʝʶʱʝʛʦʩʷ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ. 
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INCREASING THE EFFIC IENCY OF SMALL -SCALE DEPOSITS 

DEVELOPMENT BY REDUC ING GOLD LOSSES DURING SAND 

WASHING  

Cheban A.Yu. 

Mining Institute of the Khabarovsk Federal Research Center of the Far Eastern Branch of the Russian Academy of Sciences,  

Khabarovsk, Russia 

Abstract. Problem Statement (Relevance). Relatively low capital investments in organizing placer gold mining and 

the possibility of a relatively quick payback of funds allow a significant number of small mining enterprises to operate 

in this area. An increase in the share of fine gold in the sands involved in placer mining predetermines an increase in 

metal losses with rinsing tailings. Multi-stage sand processing technologies can reduce metal losses but the acquisition 

and operation of special enrichment equipment by small companies, given their low productivity, is not always econom-

ically feasible. It is possible to reduce metal losses by rinsing the sluices of the washing unit more frequently; however, 

using this solution to process the entire volume of sand will lead to a significant increase in the downtime of the en-

richment equipment.  Objectives. The research is aimed at justifying an improved technological scheme for the devel-

opment of a small-scale gold placer using existing enrichment equipment, ensuring a reduction in metal losses due to 

selective extraction and separate sequential processing of different-quality sands of the productive formation. Results. 

The article proposes to extract sands from a complex-structured mining block using a scraper-dozer, with the extraction 

of metal-enriched sands being carried out only with a scraper bucket, and ordinary sands ï with a scraper bucket and a 

bulldozer blade. Mixed-grade sands are stored in separate piles next to the washing unit; mainly, ordinary sands are 

washed with a sluice rinse once a day; as they accumulate, metal-enriched sands are washed periodically with a sluice 

rinse twice a day. Conclusions. The use of the proposed process flow will significantly increase the throughout recov-

ery of metal using existing equipment. 

Key words: productive formation, sand delineation, selective mining, scraper-dozer, washing, fine gold, metal recovery  
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ɺʚʝʜʝʥʠʝ 

ʈʦʩʩʳʧʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʤʥʦʛʠʭ ʦʩʦʙʦ ʮʝʥʥʳʭ 

ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʚʘʞʥʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ (ʟʦʣʦ-

ʪʦ, ʧʣʘʪʠʥʘ, ʘʣʤʘʟʳ, ʦʣʦʚʦ, ʪʠʪʘʥ, ʨʝʜʢʠʝ ʤʝʪʘʣʣʳ ʠ 

ʜʨ.) ʙʣʘʛʦʜʘʨʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʩʪʦʠʤʦʩʪʠ 

ʦʩʚʦʝʥʠʷ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʫʜʥʳʤʠ ʦʙʲʝʢʪʘʤʠ), ʚ 

ʩʚʷʟʠ ʩʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʛʣʫʙʦʢʠʤ ʟʘʣʝʛʘʥʠʝʤ ʧʨʦ-

ʜʫʢʪʠʚʥʳʭ ʧʣʘʩʪʦʚ, ʜʝʟʠʥʪʝʛʨʠʨʦʚʘʥʥʦʤʫ ʩʦʩʪʦʷʥʠʶ 

ʠʟʚʣʝʢʘʝʤʳʭ ʠʟ ʥʝʜʨ ʧʦʨʦʜ ʠ ʧʨʦʩʪʦʪʝ ʧʨʦʮʝʩʩʦʚ 

ʦʙʦʛʘʱʝʥʠʷ ʧʝʩʢʦʚ ʷʚʣʷʶʪʩʷ ʚʝʩʴʤʘ ʚʦʩʪʨʝʙʦʚʘʥʥʳ-

ʤʠ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ [1-4]. ʊʘʢ, 

ʥʘ ʢʨʫʧʥʦʤ ʟʦʣʦʪʦʜʦʙʳʚʘʶʱʝʤ ʧʨʝʜʧʨʠʷʪʠʠ ɸʆ 

çʇʨʠʠʩʢ ʉʦʣʦʚʴʝʚʩʢʠʡè, ʛʜʝ ʚ 2023 ʛʦʜʫ ʠʟ ʨʦʩʩʳʧ-

ʥʳʭ ʠ ʢʦʨʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʙʳʣʦ ʜʦʙʳʪʦ ʙʦʣʝʝ  

5 ʪ ʟʦʣʦʪʘ, ʥʘ ʨʦʩʩʳʧʠ ʧʨʠʰʣʦʩʴ 52% ʜʦʙʳʪʦʛʦ ʤʝ-

ʪʘʣʣʘ ʠ 60% ʧʦʣʫʯʝʥʥʦʡ ʧʨʠʙʳʣʠ [5]. ɺʦʟʤʦʞʥʦʩʪʴ 

ʙʳʩʪʨʦʛʦ ʚʦʚʣʝʯʝʥʠʷ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʶ ʠ ʧʦʣʫʯʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʜʫʢ-

ʪʘ, ʩ ʥʝʙʦʣʴʰʠʤʠ ʩʨʦʢʘʤʠ ʦʢʫʧʘʝʤʦʩʪʠ ʚʣʦʞʝʥʥʳʭ 

ʩʨʝʜʩʪʚ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʠʭ ʦʧʝʨʝʞʘʶʱʝʝ ʦʩʚʦʝʥʠʝ.  

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ [1], ʜʦʣʷ ʨʦʩʩʳʧʝʡ ʚ ʤʠʨʦʚʦʡ 

ʩʪʨʫʢʪʫʨʝ ʟʘʧʘʩʦʚ ʠ ʜʦʙʳʯʠ ʩʦʩʪʘʚʣʷʝʪ: ʜʣʷ ʪʠʪʘʥʘ ï 

33 ʠ 70% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʣʷ ʥʠʦʙʠʷ ï 20 ʠ 68%, ʜʣʷ 

ʟʦʣʦʪʘ ï 10,2 ʠ 19,9%, ʜʣʷ ʪʘʥʪʘʣʘ ï 4 ʠ 15%. ʆʪʥʦʩʠ-

ʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʝ ʢʘʧʠʪʘʣʴʥʳʝ ʚʣʦʞʝʥʠʷ ʚ ʦʨʛʘʥʠʟʘ-

ʮʠʶ ʨʦʩʩʳʧʥʦʡ ʟʦʣʦʪʦʜʦʙʳʯʠ ʧʦʟʚʦʣʷʶʪ ʨʘʙʦʪʘʪʴ ʚ 

ʵʪʦʡ ʩʬʝʨʝ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʦʨʛʘʥʠʟʘʮʠʡ. 

ʊʘʢ, ʧʦ ʜʘʥʥʳʤ ʟʘ 2021 ʛʦʜ, ʚ ʈʦʩʩʠʠ ʠʟ 658 ʟʦʣʦʪʦ-

ʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ 570 ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʯʘ-

ʩʪʠʯʥʦ ʩʚʷʟʘʥʳ ʩ ʨʦʩʩʳʧʷʤʠ, ʧʨʠ ʵʪʦʤ 422 ʠʟ ʥʠʭ 

ʷʚʣʷʶʪʩʷ ʥʝʙʦʣʴʰʠʤʠ ʘʨʪʝʣʷʤʠ ʠ ʢʦʤʧʘʥʠʷʤʠ ʩ ʛʦ-

ʜʦʚʳʤ ʦʙʲʝʤʦʤ ʜʦʙʳʯʠ ʜʦ 100 ʢʛ [6]. ɺ ʩʚʷʟʠ ʩ ʘʢ-

ʪʠʚʥʦʡ ʦʪʨʘʙʦʪʢʦʡ ʨʦʩʩʳʧʝʡ ʢʘʯʝʩʪʚʦ ʤʠʥʝʨʘʣʴʥʦ-

ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ ʥʝʫʢʣʦʥʥʦ ʩʥʠʞʘ-

ʝʪʩʷ [7, 8]. ʅʝʩʤʦʪʨʷ ʥʘ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʦʪʘ 

ʚ ʧʝʩʢʘʭ ʚʦʚʣʝʢʘʝʤʳʭ ʚ ʦʪʨʘʙʦʪʢʫ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, 

ʢʦʣʠʯʝʩʪʚʦ ʜʦʙʳʚʘʝʤʦʛʦ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ ʧʨʦʜʦʣ-

ʞʘʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ. ɽʩʣʠ ʚ 2018 ʛʦʜʫ ʚ ʈʌ ʠʟ ʨʦʩʩʳ-

ʧʝʡ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 75,56 ʪ, ʪʦ ʚ 2021 ʛʦʜʫ ï 82,84 ʪ, 

ʪʦ ʝʩʪʴ ʨʦʩʪ ʩʦʩʪʘʚʠʣ 9,6% [9].  

ʉʦʭʨʘʥʝʥʠʝ ʠ ʫʚʝʣʠʯʝʥʠʝ ʜʦʙʳʯʠ ʤʝʪʘʣʣʘ ʜʦʩʪʠ-

ʛʘʝʪʩʷ ʧʨʝʞʜʝ ʚʩʝʛʦ ʟʘ ʩʯʝʪ ʫʩʢʦʨʝʥʥʦʛʦ ʚʦʟʨʘʩʪʘʥʠʷ 

ʦʙʲʝʤʦʚ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʡ ʤʠʥʝʨʘʣʴʥʦʡ ʤʘʩʩʳ ʩ ʧʨʠ-

ʤʝʥʝʥʠʝʤ ʚʩʝ ʙʦʣʝʝ ʤʦʱʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʠ ʵʪʦʤ 

ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʤʝʣʢʠʭ ʟʦʣʦʪʠʥ (ʤʝʥʝʝ 0,5 ʤʤ) ʚ ʧʝʩ-

ʢʘʭ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʨʦʩʪ ʧʦʪʝʨʴ ʤʝʪʘʣʣʘ ʩ ʭʚʦʩʪʘʤʠ 

ʧʨʦʤʳʚʢʠ [10, 12]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ 



ʏʝʙʘʥ ɸ.ʖ. 

www.vestnik.magtu.ru        ïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïï 7 

ʵʪʘʧʝ ʚʦʧʨʦʩ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ ʤʝʣʢʦʛʦ ʟʦʣʦʪʘ ʧʨʠ ʨʘʟʨʘʙʦʪ-

ʢʝ ʩʣʦʞʥʦʩʪʨʫʢʪʫʨʥʳʭ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤ [13, 14]. 

ʉʦʩʪʦʷʥʠʝ ʚʦʧʨʦʩʘ ʠ ʧʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ 

ʅʘ ʤʥʦʛʠʭ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʟʦʣʦʪʦ ʚ 

ʧʝʩʢʘʭ ʧʨʦʜʫʢʪʠʚʥʳʭ ʧʣʘʩʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʦ ʚʝʩʴʤʘ 

ʥʝʨʘʚʥʦʤʝʨʥʦ ʢʘʢ ʚ ʧʣʘʥʝ, ʪʘʢ ʠ ʧʦ ʚʝʨʪʠʢʘʣʠ ʩ ʩʦ-

ʜʝʨʞʘʥʠʷʤʠ ʦʪ 0,04-0,05 ʜʦ 3-5 ʛ/ʤ
3
, ʚ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ ʚ ʦʪʜʝʣʴʥʳʭ ʥʝʙʦʣʴʰʠʭ ʧʦ ʦʙʲʝʤʫ ʦʩʦʙʦ 

ʙʦʛʘʪʳʭ ʚʢʣʶʯʝʥʠʷʭ ʩʦʜʝʨʞʘʥʠʝ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦ-

ʥʝʥʪʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʜʝʩʷʪʢʦʚ ʛʨʘʤʤʦʚ ʥʘ ʢʫʙʦ-

ʤʝʪʨ. ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʝʩʢʘʤʠ ʨʷʜʦʚʦʛʦ ʢʘʯʝʩʪʚʘ ʩ ʩʦʜʝʨʞʘ-

ʥʠʝʤ ʟʦʣʦʪʘ ʥʝ ʙʦʣʝʝ 0,3-0,5 ʛ/ʤ
3
. ʅʝʩʤʦʪʨʷ ʥʘ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʦʙʲʝʤ, ʦʙʦʛʘʱʝʥʥʳʝ ʧʦʣʝʟʥʳʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʧʝʩʢʠ ʩʦʜʝʨʞʘʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʜʦʣʶ 

ʤʝʪʘʣʣʘ ʩʣʦʞʥʦʩʪʨʫʢʪʫʨʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ [15, 16]. 

ʊʘʢ, ʚ ʨʘʙʦʪʝ [15] ʫʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʥʘ ʩʣʦʞʥʦʩʪʨʫʢ-

ʪʫʨʥʳʭ ʨʦʩʩʳʧʷʭ ʥʘ ʜʦʣʶ ʦʙʦʛʘʱʝʥʥʳʭ ʤʝʪʘʣʣʦʤ 

ʚʢʣʶʯʝʥʠʡ ʧʨʠʭʦʜʠʪʩʷ 25-40% ʧʣʦʱʘʜʠ ʠ 65-80% 

ʟʘʧʘʩʦʚ ʟʦʣʦʪʘ. ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʶ [8], ʥʘ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʠ ɹʦʣʴʰʦʡ ʂʫʨʘʥʘʭ ʚ 20% ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦ-

ʛʘʪʳʭ ʧʝʩʢʦʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʟʦʣʦʪʘ ʙʦʣʝʝ 0,3 ʛ/ʤ
3
 

ʥʘʭʦʜʠʪʩʷ 62% ʤʝʪʘʣʣʘ ʨʦʩʩʳʧʠ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʨʦʩʩʳʧʝʡ ʦʙʳʯʥʦ ʚʝʜʝʪʩʷ ʚʘʣʦʚʘʷ 

ʚʳʝʤʢʘ ʠ ʧʦʜʘʯʘ ʧʝʩʢʦʚ ʩʣʦʞʥʦʩʪʨʫʢʪʫʨʥʳʭ ʧʨʦʜʫʢ-

ʪʠʚʥʳʭ ʧʣʘʩʪʦʚ ʢ ʧʨʦʤʳʚʦʯʥʳʤ ʫʩʪʘʥʦʚʢʘʤ, ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʯʝʛʦ ʤʠʥʝʨʘʣʴʥʦʝ ʩʳʨʴʝ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦ-

ʜʝʨʞʘʥʠʝʤ ʤʝʪʘʣʣʘ ʧʨʦʤʳʚʘʝʪʩʷ ʚ ʦʜʥʦʤ ʨʝʞʠʤʝ, ʙʝʟ 

ʫʯʝʪʘ ʠʟʤʝʥʯʠʚʦʩʪʠ ʝʛʦ ʛʝʦʣʦʛʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʯʪʦ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ 

ʫʨʦʚʥʝ ʠʟʚʣʝʯʝʥʠʷ [12]. ʇʦʚʳʩʠʪʴ ʠʟʚʣʝʯʝʥʠʝ ʤʝʪʘʣ-

ʣʘ ʧʨʠ ʧʨʦʤʳʚʢʝ ʚʦʟʤʦʞʥʦ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʤʥʦʛʦ-

ʩʪʘʜʠʡʥʳʭ ʩʭʝʤ ʧʝʨʝʨʘʙʦʪʢʠ ʧʝʩʢʦʚ, ʚʢʣʶʯʘʶʱʠʭ 

ʦʪʩʘʜʦʯʥʳʝ ʤʘʰʠʥʳ, ʮʝʥʪʨʦʙʝʞʥʳʝ ʢʦʥʮʝʥʪʨʘʪʦʨʳ, 

ʚʠʥʪʦʚʳʝ ʩʝʧʘʨʘʪʦʨʳ ʠ ʜʨʫʛʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ [10, 17].  

ʊʘʢ, ʝʩʣʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʠʜʨʦʵʣʝʚʘʪʦʨʥʳʭ 

ʰʣʶʟʦʚʳʭ ʧʨʠʙʦʨʦʚ (ʇɻʐ) ʧʦʪʝʨʠ ʟʦʣʦʪʘ ʢʨʫʧʥʦ-

ʩʪʴʶ ʤʝʥʝʝ -0,25 ʤʤ ʩʦʩʪʘʚʣʷʶʪ ʜʦ 50-70%, ʘ ʤʝʪʘʣʣʘ 

ʢʨʫʧʥʦʩʪʴʶ -0,50+0,25 ʤʤ ï ʜʦ 30%, ʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʠ ʚ ʩʭʝʤʝ ʦʪʩʘʜʦʯʥʳʭ ʤʘʰʠʥ ʧʦʪʝʨʠ ʤʝʪʘʣʣʘ 

ʜʘʥʥʳʭ ʢʣʘʩʩʦʚ ʢʨʫʧʥʦʩʪʠ ʩʦʩʪʘʚʣʷʶʪ ʚʩʝʛʦ 10 ʠ 5% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [10]. ʆʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʚʠʪʳʭ 

(ʤʥʦʛʦʩʪʘʜʠʡʥʳʭ) ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ʧʨʦʤʳʚʢʠ 

ʚʝʜʝʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʨʘʩʭʦʜʘʤ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʤʥʦ-

ʛʦʩʪʘʜʠʡʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʚʩʝʛʦ ʦʙʲʝʤʘ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʩʳʨʴʷ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟ-

ʥʦʡ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ 

ʥʝʢʦʪʦʨʦʛʦ ʩʣʦʞʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʮʝʥ-

ʪʨʦʙʝʞʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ Knelson, ʪʨʝʙʫʝʪ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʯʠʩʪʦʡ ʚʦʜʳ ʠ ʧʨʠʚʣʝʯʝʥʠʷ 

ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ [17, 18]. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʩʣʦʞʥʳʭ ʠ ʟʘʪʨʘʪʥʳʭ 

ʤʥʦʛʦʩʪʘʜʠʡʥʳʭ ʩʭʝʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʘʠʙʦʣʝʝ 

ʧʦʣʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʤʝʪʘʣʣʘ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʝʞʜʝ 

ʚʩʝʛʦ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʧʝʩʢʦʚ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨ-

ʞʘʥʠʝʤ ʟʦʣʦʪʘ. ɺ ʨʘʙʦʪʘʭ [12, 19] ʜʣʷ ʦʩʚʦʝʥʠʷ 

ʩʣʦʞʥʦʩʪʨʫʢʪʫʨʥʳʭ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦ-

ʣʦʪʘ ʧʨʝʜʣʦʞʝʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ, ʧʨʝʜʧʦʣʘ-

ʛʘʶʱʠʝ ʨʘʟʜʝʣʴʥʫʶ ʚʳʝʤʢʫ ʠ ʧʝʨʝʨʘʙʦʪʢʫ ʧʝʩʢʦʚ ʩ 

ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʪʘʣʣʘ. ʇʨʠ ʵʪʦʤ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʦʧʝʨʝʞʘʶʱʘʷ ʩʝʣʝʢʪʠʚʥʘʷ ʚʳʝʤʢʘ ʙʦʛʘ-

ʪʳʭ ʧʝʩʢʦʚ, ʢʦʪʦʨʘʷ ʚʝʜʝʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʙʫʣʴʜʦ-

ʟʝʨʦʚ ʠʣʠ ʢʦʣʝʩʥʳʭ ʩʢʨʝʧʝʨʦʚ ʥʝʙʦʣʴʰʠʭ ʪʠʧʦʨʘʟʤʝ-

ʨʦʚ. ɹʦʛʘʪʳʝ ʧʝʩʢʠ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ 

ʜʦʣʶ ʩʣʦʞʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʚʳʝʤʦʯʥʦʛʦ ʙʣʦʢʘ, ʪʨʘʥʩ-

ʧʦʨʪʠʨʫʶʪʩʷ ʢ ʢʦʤʧʣʝʢʩʫ ʤʥʦʛʦʩʪʘʜʠʡʥʦʛʦ ʦʙʦʛʘʱʝ-

ʥʠʷ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʤʠʥʝʨʘʣʴʥʦʝ ʩʳʨʴʝ 

ʧʦʚʳʰʝʥʥʦʛʦ ʢʘʯʝʩʪʚʘ ʩ ʥʝʩʢʦʣʴʢʠʭ ʜʦʙʳʯʥʳʭ 

ʫʯʘʩʪʢʦʚ. 

ɺʳʝʤʢʘ ʦʩʥʦʚʥʦʛʦ ʦʙʲʝʤʘ ʧʝʩʢʦʚ ʩ ʨʷʜʦʚʳʤ ʩʦ-

ʜʝʨʞʘʥʠʝʤ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚʝʜʝʪʩʷ ʚʳʩʦʢʦ-

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤʠ ʙʫʣʴʜʦʟʝʨʘʤʠ ʩ ʧʝʨʝʤʝʱʝʥʠʝʤ 

ʤʠʥʝʨʘʣʴʥʦʡ ʤʘʩʩʳ ʥʘ ʦʜʥʦʩʪʘʜʠʡʥʦʝ ʦʙʦʛʘʱʝʥʠʝ ʧʦ 

ʰʣʶʟʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ. ɼʘʥʥʳʝ ʩʭʝʤʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʤʥʦʛʦʩʪʘʜʠʡʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ʪʦʣʴʢʦ 

ʜʣʷ ʙʦʛʘʪʳʭ ʧʝʩʢʦʚ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʳʡ 

ʧʨʠʨʦʩʪ ʠʟʚʣʝʯʝʥʠʷ ʤʝʪʘʣʣʘ ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪʘʭ, ʧʦʩʢʦʣʴʢʫ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʢʦʤʧʣʝʢʩ ʤʥʦʛʦʩʪʘʜʠʡʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ʨʘʙʦʪʘʝʪ ʩ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, ʦʙʝʩʧʝʯʠ-

ʚʘʷ ʧʝʨʝʨʘʙʦʪʢʫ ʙʦʛʘʪʳʭ ʧʝʩʢʦʚ ʩ ʥʝʩʢʦʣʴʢʠʭ ʫʯʘʩʪ-

ʢʦʚ, ʵʪʦ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʵʬʬʝʢʪʠʚ-

ʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʢʨʫʧʥʳʭ ʧʨʝʜʧʨʠ-

ʷʪʠʷʭ ʨʦʩʩʳʧʥʦʡ ʟʦʣʦʪʦʜʦʙʳʯʠ. ʅʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʳʭ 

ʩʭʝʤ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʜʦʙʳʯ-

ʥʳʭ ʨʘʙʦʪʘʭ ʨʘʟʣʠʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʙʦʣʴʰʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʦʨʛʘ-

ʥʠʟʘʮʠʶ ʧʨʦʮʝʩʩʘ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʨʘ-

ʙʦʪ. ʊʘʢʞʝ ʚʥʝʜʨʝʥʠʝ ʤʥʦʛʦʩʪʘʜʠʡʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʢʦʥʩʝʨʚʘʪʠʟʤʦʤ ʙʦʣʴʰʠʥʩʪʚʘ ʥʝʜʨʦ-

ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʦʩʥʦʚʥʳʤʠ ʧʨʠʥʮʠʧʘʤʠ 

ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʜʦʙʳʯʠ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ ʷʚʣʷ-

ʶʪʩʷ ʚʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʝʜʝʥʠʷ ʨʘʙʦʪ, 

ʧʨʦʩʪʦʪʘ, ʜʝʰʝʚʠʟʥʘ, ʥʠʟʢʘʷ ʵʥʝʨʛʦ- ʠ ʚʦʜʦʝʤʢʦʩʪʴ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʥʦʛʠʝ ʥʝʙʦʣʴʰʠʝ 

ʧʨʝʜʧʨʠʷʪʠʷ ʨʦʩʩʳʧʥʦʡ ʟʦʣʦʪʦʜʦʙʳʯʠ ʠʤʝʶʪ ʥʘ ʩʚʦ-

ʝʤ ʙʘʣʘʥʩʝ ʚʩʝʛʦ ʦʜʠʥ-ʜʚʘ ʧʨʦʤʳʚʦʯʥʳʭ ʧʨʠʙʦʨʘ ʠ 

ʥʝʩʢʦʣʴʢʦ ʙʫʣʴʜʦʟʝʨʦʚ. ʇʨʠʦʙʨʝʪʝʥʠʝ, ʥʘʣʘʜʢʘ ʠ ʦʙ-

ʩʣʫʞʠʚʘʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʭʝʤ ʩ 

ʨʘʟʚʠʪʦʡ ʧʝʨʝʨʘʙʦʪʢʦʡ ʧʝʩʢʦʚ ʜʣʷ ʪʘʢʠʭ ʘʨʪʝʣʝʡ ʩ ʠʭ 

ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʬʠʥʘʥʩʦʚʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʙʫʜʝʪ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʘ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʘ. 

ʇʨʦʚʝʜʝʥʥʦʝ ʘʚʪʦʨʦʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʩʥʘʱʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʡ, ʚʝʜʫʱʠʭ ʨʘʟʨʘʙʦʪʢʫ ʨʦʩ-

ʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʇʨʠʘʤʫʨʴʝ, ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʠʟ 51-ʡ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʢʦʤʧʘʥʠʠ 14 ʠʤʝʶʪ ʧʦ ʦʜʥʦʤʫ 

ʧʨʦʤʳʚʦʯʥʦʤʫ ʧʨʠʙʦʨʫ, 8 ï ʧʦ ʜʚʘ, ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦʤʳʚʦʯʥʳʝ ʧʨʠʙʦʨʳ ʪʠʧʘ ʇɻʐ. 

ʕʪʠʤʠ 22-ʤ ̫ʧʨʝʜʧʨʠʷʪʠʷʤʠ, ʠʤʝʶʱʠʤʠ ʧʦ 1-2 ʧʨʦ-

ʤʳʚʦʯʥʳʭ ʧʨʠʙʦʨʘ, ʩʫʤʤʘʨʥʦ ʜʦʙʳʚʘʝʪʩʷ ʦʢʦʣʦ 900 

ʢʛ ʤʝʪʘʣʣʘ, ʧʨʠ ʵʪʦʤ ʜʣʷ ʢʘʞʜʦʡ ʘʨʪʝʣʠ ʦʙʲʝʤ ʧʨʦ-

ʤʳʚʘʝʤʳʭ ʟʘ ʩʝʟʦʥ ʧʝʩʢʦʚ ʚʘʨʴʠʨʫʝʪ ʦʪ 30 ʜʦ 250 

ʪʳʩ. ʤ
3
, ʦʙʲʝʤ ʪʦʨʬʦʚ ʦʪ 100 ʜʦ 700 ʪʳʩ. ʤ

3
, ʢʦʣʠʯʝ-
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ʩʪʚʦ ʜʦʙʳʚʘʝʤʦʛʦ ʟʦʣʦʪʘ ʦʪ 7 ʜʦ 80 ʢʛ (ʚ ʩʨʝʜʥʝʤ 30-

50 ʢʛ), ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʦʤʳʚʦʯ-

ʥʳʭ ʧʨʠʙʦʨʦʚ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 25 ʜʦ 70 ʤ
3
/ʯ. ʉʫʤʤʘʨʥʦ 

ʥʘ 22-ʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʟʘʜʝʡʩʪʚʦʚʘʥʦ 30 ʩʚʝʨʭʪʷʞʝʣʳʭ 

ʙʫʣʴʜʦʟʝʨʦʚ ʩ ʤʦʱʥʦʩʪʴʶ ʜʚʠʛʘʪʝʣʷ ʙʦʣʝʝ 300 ʢɺʪ 

(ʏɽʊʈɸ ʊ35, ʏɽʊʈɸ ʊ25, Komatsu D-355 ʠ ʜʨ.), 41 

ʪʷʞʝʣʳʡ ʙʫʣʴʜʦʟʝʨ ʩ ʤʦʱʥʦʩʪʴʶ ʜʚʠʛʘʪʝʣʷ ʙʦʣʝʝ 150 

ʢɺʪ (ʏɽʊʈɸ ʊ20, Komatsu D-155, Shantui SD-22 ʠ ʜʨ.) 

ʠ 57 ʩʨʝʜʥʠʭ ʙʫʣʴʜʦʟʝʨʦʚ (ʊ-170, ʏɽʊʈɸ ʊ11, Ko-

matsu D-65, Shantui SD-16 ʠ ʜʨ.). ɺ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠ-

ʯʝʩʪʚʝ ʥʘ ʜʘʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʜʥʦ-

ʢʦʚʰʦʚʳʝ ʧʦʛʨʫʟʯʠʢʠ ʠ ʵʢʩʢʘʚʘʪʦʨʳ, ʘ ʪʘʢʞʝ ʥʝʢʦʪʦ-

ʨʦʝ ʜʨʫʛʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ.  

ʋʤʝʥʴʰʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʚʝʜʝʥʠʝ ʚʩʢʨʳʰʥʳʭ ʠ ʜʦ-

ʙʳʯʥʳʭ ʨʘʙʦʪ ʧʨʠ ʦʩʚʦʝʥʠʠ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝ-

ʥʠʡ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʦʛʦ ʪʠʧʘ ʚʳʝʤʦʯʥʦ-

ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ï ʙʫʣʴʜʦʟʝʨʥʦ-

ʩʢʨʝʧʝʨʥʳʭ ʘʛʨʝʛʘʪʦʚ (ʩʢʨʝʧʝʨ-ʜʦʟʝʨʦʚ), ʫ ʢʦʪʦʨʳʭ ʚ 

ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʤʘʰʠʥʳ ʤʝʞʜʫ ʛʫʩʝʥʠʮʘʤʠ ʭʦʜʦʚʦʡ 

ʯʘʩʪʠ ʫʩʪʘʥʦʚʣʝʥ ʩʢʨʝʧʝʨʥʳʡ ʢʦʚʰ, ʘ ʚ ʧʝʨʝʜʥʝʡ ʯʘ-

ʩʪʠ ï ʙʫʣʴʜʦʟʝʨʥʳʡ ʦʪʚʘʣ. ɼʘʥʥʳʡ ʪʠʧ ʤʘʰʠʥ ʚ ʨʘʟ-

ʥʦʝ ʚʨʝʤʷ ʚʳʧʫʩʢʘʣʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ-

ʤʠ: SR-280p ʩ ʚʤʝʩʪʠʤʦʩʪʴʶ ʢʦʚʰʘ 8 ʤ
3
 (ʗʧʦʥʠʷ); 

SR-85 ï ʢʦʚʰ 8,5 ʤ
3
 (ɻʝʨʤʘʥʠʷ); ʊ-18 Tiger ï ʢʦʚʰ  

18 ʤ
3
 (ʐʚʝʡʮʘʨʠʷ); ɼɿ-194 ï ʢʦʚʰ 15 ʤ

3
 (ʈʦʩʩʠʷ) 

[20]. ʂʦʥʩʪʨʫʢʮʠʷ ʩʢʨʝʧʝʨ-ʜʦʟʝʨʦʚ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦ-

ʚʨʝʤʝʥʥʦ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴ ʧʦʨʦʜʫ ʚ ʩʢʨʝʧʝʨʥʦʤ 

ʢʦʚʰʝ ʠ ʧʝʨʝʜ ʙʫʣʴʜʦʟʝʨʥʳʤ ʦʪʚʘʣʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʫʜʝʣʴʥʳʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ ʧʝʨʝʤʝʱʝʥʠʝ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʪʘʢ ʢʘʢ ʦʢʦʣʦ 60% ʧʝʨʝʤʝʱʘʝʤʦʡ 

ʧʦʨʦʜʳ ʥʘʭʦʜʠʪʩʷ ʚ ʩʢʨʝʧʝʨʥʦʤ ʢʦʚʰʝ.  

ʇʨʦʚʝʜʝʥʥʳʝ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ [21] ʩʨʘʚʥʠʪʝʣʴʥʳʝ 

ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʨʘʙʦʪʳ ʩʢʨʝʧʝʨ-

ʜʦʟʝʨʘ ɼɿ-194 ʠ ʙʫʣʴʜʦʟʝʨʘ ʏɽʊʈɸ ʊ35 (ʩʦʧʦʩʪʘʚʠ-

ʤʳʭ ʧʦ ʤʘʩʩʝ, ʤʦʱʥʦʩʪʠ ʠ ʦʙʲʝʤʫ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʳʭ 

ʧʝʩʢʦʚ) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʜʘʣʴʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚ-

ʢʠ ʙʦʣʝʝ 50ï60 ʤ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʢʨʝʧʝʨ-ʜʦʟʝʨʘ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʚ ʧʘʨʢ ʚʳʝʤʦʯʥʦ-

ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʭ ʤʘʰʠʥ ʧʨʠ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʥʘʨʷʜʫ ʩ ʙʫʣʴʜʦʟʝʨʘʤʠ ʚʢʣʶʯʘʪʴ ʠ 

ʩʢʨʝʧʝʨ-ʜʦʟʝʨʳ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʤʝʣʢʠʝ ʟʦ-

ʣʦʪʦʜʦʙʳʚʘʶʱʠʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ ʚ ʨʘʟʨʘʙʘʪʳʚʘʝ-

ʤʳʭ ʤʘʣʦʤʘʩʰʪʘʙʥʳʭ ʨʦʩʩʳʧʷʭ, ʨʘʙʦʪʘʶʪ ʥʘ ʛʨʘʥʠ 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ, ʵʪʦ ʩʚʷʟʘʥʦ ʧʨʝʞʜʝ ʚʩʝʛʦ ʩ ʥʝʚʳʩʦ-

ʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʥʘ ʦʜʥʦʛʦ ʨʘʙʦʪʘʶʱʝʛʦ ʠ 

ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʧʦʪʝʨʷʤʠ ʤʝʪʘʣʣʘ ʧʨʠ ʧʨʦʤʳʚʢʝ [12]. 

ʉʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʧʦʪʝʨʠ ʤʝʪʘʣʣʘ ʙʝʟ ʧʨʠʦʙʨʝʪʝ-

ʥʠʷ ʥʦʚʦʛʦ ʠʣʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠʤʝʶʱʝʛʦʩʷ ʦʙʦʛʘʪʠ-

ʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ 

ʯʘʩʪʦʪʳ ʩʧʦʣʦʩʢʘ ʰʣʶʟʦʚ. ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʤʳʚʢʠ ʧʝʩ-

ʢʦʚ ʚʳʧʘʚʰʠʝ ʠʟ ʧʦʪʦʢʘ ʥʘ ʩʣʦʡ ʨʘʟʨʳʭʣʝʥʥʦʡ ʤʠʥʝ-

ʨʘʣʴʥʦʡ ʧʦʩʪʝʣʠ ʢʨʫʧʥʳʝ ʪʷʞʝʣʳʝ ʟʝʨʥʘ ʟʦʣʦʪʘ ʧʦ-

ʩʪʝʧʝʥʥʦ ʧʨʦʥʠʢʘʶʪ ʥʘ ʜʥʦ ʰʣʶʟʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʩʝʛʨʝʛʘʮʠʦʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʨʘʩʩʣʦʝʥʠʷ, ʘ ʤʝʣʢʠʝ 

ʪʷʞʝʣʳʝ ʟʝʨʥʘ ʧʝʨʝʜʚʠʛʘʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʠʦʜʠ-

ʯʝʩʢʦʛʦ ʚʟʚʝʰʠʚʘʥʠʷ ʚ ʧʦʪʦʢʝ, ʦʩʝʜʘʥʠʷ, ʩʢʦʣʴʞʝʥʠʷ 

ʠ ʦʧʷʪʴ ʚʟʚʝʰʠʚʘʥʠʷ, ʦʥʠ ʫʜʝʨʞʠʚʘʶʪʩʷ ʤʠʥʝʨʘʣʴ-

ʥʦʡ ʧʦʩʪʝʣʴʶ (ʟʘ ʩʯʝʪ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʧʦʨʳ ʤʠʥʝ-

ʨʘʣʴʥʦʡ ʧʦʩʪʝʣʠ, ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʙʦʣʴʰʝ ʨʘʟʤʝʨʘ 

ʤʝʣʢʠʭ ʟʦʣʦʪʠʥ) ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʩʝʛʨʝʛʘʮʠʦʥʥʳʤ 

ʧʨʦʜʚʠʞʝʥʠʝʤ ʥʘ ʜʥʦ ʰʣʶʟʘ. ʋʜʝʨʞʠʚʘʶʱʘʷ ʩʧʦ-

ʩʦʙʥʦʩʪʴ ʤʠʥʝʨʘʣʴʥʦʡ ʧʦʩʪʝʣʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʙʲʝ-

ʤʦʤ ʝʝ ʧʦʨ, ʚ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʦʨʠʩʪʦʩʪʴ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 40%, ʧʦ ʤʝʨʝ ʟʘʧʦʣʥʝʥʠʷ ʧʦʩʪʝʣʠ 

ʪʷʞʝʣʳʤʠ ʟʝʨʥʘʤʠ ʝʝ ʧʦʨʠʩʪʦʩʪʴ ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘ-

ʝʪʩʷ ʜʦ ʧʨʠʤʝʨʥʦ 15%, ʧʦʩʣʝ ʯʝʛʦ ʦʥʘ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʝʨʝʩʪʘʝʪ ʫʜʝʨʞʠʚʘʪʴ ʤʝʣʢʦʝ ʟʦʣʦʪʦ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʠʥʪʝʨʚʘʣʦʚ ʤʝʞʜʫ ʩʧʦʣʦʩʢʘʤʠ ʰʣʶʟʦʚ ʧʦʪʝʨʠ ʤʝʪʘʣ-

ʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʶʪ, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ 

[22] ʧʨʠ ʠʥʪʝʨʚʘʣʘʭ ʩʧʦʣʦʩʢʘ 9, 16,5 ʠ 32 ʯ ʧʦʪʝʨʠ 

ʟʦʣʦʪʘ ʢʣʘʩʩʘ ʢʨʫʧʥʦʩʪʠ -1,2+0,6 ʤʤ ʩʦʩʪʘʚʣʷʶʪ 0,62, 

3,79 ʠ 10,6% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʢʣʘʩʩʘ ʢʨʫʧʥʦʩʪʠ  

-0,6+0,4 ʤʤ ï 3,66, 5,04, 13,4%; -0,4+0,2 ʤʤ ï 21,2, 

25,3, 42,8%; ʘ ʜʣʷ ʢʣʘʩʩʘ ʢʨʫʧʥʦʩʪʠ -0,2 ʤʤ ï 24,4, 

39,2 ʠ 83,4%. ɺ ʨʘʙʦʪʝ [23] ʫʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʟʘ ʧʝʨ-

ʚʳʝ 10-12 ʯ ʨʘʙʦʪʳ ʫʣʘʚʣʠʚʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʰʣʶ-

ʟʘ ʩʥʠʞʘʝʪʩʷ ʥʘ 10-20%, ʘ ʧʦʩʣʝ 22 ʯ ʨʘʙʦʪʳ ï ʥʘ 50-

80%, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʠ ʩʧʦʣʦʩʢʝ ʰʣʶʟʦʚ ʦʜʠʥ ʨʘʟ 

ʚ ʩʫʪʢʠ ʧʦʪʝʨʠ ʟʘ ʩʯʝʪ ʩʥʦʩʘ ʤʝʣʢʠʭ ʟʦʣʦʪʠʥ ʤʦʛʫʪ 

ʜʦʩʪʠʛʘʪʴ 40-50% ʦʪ ʦʙʲʝʤʘ ʩʥʷʪʦʛʦ ʩʦ ʰʣʶʟʘ ʜʨʘʛ-

ʤʝʪʘʣʣʘ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ [24] ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʧʨʦ-

ʤʳʚʢʝ ʧʝʩʢʦʚ ʥʘ ʰʣʶʟʘʭ ʚ ʠʥʪʝʨʚʘʣʝ 5-10 ʯ ʠʟʚʣʝʯʝ-

ʥʠʝ ʧʘʜʘʝʪ ʥʘ 0,1-1,5% ʚ ʯʘʩ, ʘ ʧʦʩʣʝ 10 ʯ ï ʥʘ 0,4-

4,2% ʚ ʯʘʩ, ʯʪʦ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʦʛʨʝʩʩʠʨʫʶ-

ʱʠʡ ʭʘʨʘʢʪʝʨ ʧʦʪʝʨʴ ʤʝʪʘʣʣʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʩʧʦʣʦʩʢʘ ʰʣʶʟʦʚ ʩ ʦʜʥʦʛʦ ʜʦ 

ʜʚʫʭ ʨʘʟ ʚ ʩʫʪʢʠ ʚʦʟʤʦʞʥʦ ʦʞʠʜʘʪʴ ʫʤʝʥʴʰʝʥʠʷ ʧʦ-

ʪʝʨʴ ʧʨʠ ʧʨʦʤʳʚʢʝ ʥʝ ʤʝʥʝʝ ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ. 

ʃʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʠʟʚʣʝʯʝʥʠʶ ʤʝʪʘʣʣʘ ʠʟ 

ʧʝʩʢʦʚ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʭʝʤʳ ʩ ʯʘʩʪʳʤ ʩʧʦʣʦʩʢʦʤ 

ʰʣʶʟʦʚ (2-3 ʨʘʟʘ ʚ ʩʫʪʢʠ ʠ ʙʦʣʝʝ), ʦʜʥʘʢʦ ʚ ʩʚʷʟʠ ʩ 

ʪʝʤ, ʯʪʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʢʘʞʜʦʛʦ ʩʧʦʣʦʩʢʘ ʰʣʶ-

ʟʦʚ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 1,0-1,5 ʯ, ʵʪʦ ʚʝʜʝʪ ʢ ʟʥʘʯʠʪʝʣɹ-

ʥʳʤ ʧʨʦʩʪʦʷʤ ʧʨʦʤʧʨʠʙʦʨʘ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʫʤʝʥʴʰʝʥʠʶ ʦʙʲʝʤʘ ʧʨʦʤʳʚʘʝʤʳʭ ʟʘ ʩʝʟʦʥ ʧʝʩʢʦʚ ʠ 

ʢʦʣʠʯʝʩʪʚʘ ʧʦʣʫʯʘʝʤʦʛʦ ʟʦʣʦʪʘ. ʉʥʠʟʠʪʴ ʟʘʪʨʘʪʳ 

ʚʨʝʤʝʥʠ ʥʘ ʩʧʦʣʦʩʢ ʧʦʟʚʦʣʷʶʪ ʧʦʚʦʨʦʪʥʳʝ ʤʝʭʘʥʠ-

ʯʝʩʢʠʝ ʰʣʶʟʳ [25], ʠʟʚʝʩʪʥʳ ʢʦʥʩʪʨʫʢʮʠʠ ʰʣʶʟʦʚ ʩ 

ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʟʛʨʫʟʢʦʡ ʢʦʥʮʝʥʪʨʘʪʦʚ, ʥʝʜʦʩʪʘʪʢʘʤʠ 

ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʩʣʦʞʥʦʩʪʴ ʠ 

ʩʪʦʠʤʦʩʪʴ, ʢʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʰʣʶʟʦʚ ʩ 

ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʟʛʨʫʟʢʦʡ ʧʦʣʫʯʘʝʪʩʷ ʩʣʠʰʢʦʤ ʙʝʜʥʳʡ 

ʢʦʥʮʝʥʪʨʘʪ, ʯʪʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʫʜʦʨʦʞʘʝʪ 

ʧʨʦʮʝʩʩʳ ʧʨʠ ʝʛʦ ʧʦʩʣʝʜʫʶʱʝʡ ʜʦʚʦʜʢʝ [22]. 

ʈʘʮʠʦʥʘʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʩʧʦʣʦʩʢʘ ʰʣʶʟʦʚ ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ ʟʘʚʠʩʠʪ ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʪ 

ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʣʣʘ ʚ ʧʨʦʤʳʚʘʝʤʳʭ ʧʝʩʢʘʭ, ʧʨʠ ʚʳ-

ʩʦʢʠʭ ʩʦʜʝʨʞʘʥʠʷʭ ʤʠʥʝʨʘʣʴʥʘʷ ʧʦʩʪʝʣʴ ʙʫʜʝʪ ʟʘ-

ʧʦʣʥʷʪʴʩʷ ʙʳʩʪʨʝʝ, ʧʨʠ ʥʠʟʢʠʭ ʩʦʜʝʨʞʘʥʠʷʭ ï ʤʝʜ-

ʣʝʥʥʝʝ. ɺ ʩʣʫʯʘʝ ʧʦʜʘʯʠ ʥʘ ʧʨʦʤʳʚʢʫ ʧʝʩʢʦʚ ʩ ʥʝʢʦʥ-

ʪʨʦʣʠʨʫʝʤʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʟʦʣʦʪʘ ʠ ʥʘʣʠʯʠʝʤ ʚ ʨʷ-

ʜʦʚʳʭ ʧʝʩʢʘʭ ʚʢʣʶʯʝʥʠʡ ʙʦʛʘʪʳʭ ʧʝʩʢʦʚ ʙʫʜʝʪ ʧʨʦ-

ʠʩʭʦʜʠʪʴ ʙʦʣʝʝ ʙʳʩʪʨʦʝ ʟʘʧʦʣʥʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦʡ 
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ʧʦʩʪʝʣʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʥʷʪʳʡ ʨʝʞʠʤ ʩʧʦʣʦʩʢʘ ʥʝ 

ʙʫʜʝʪ ʦʧʪʠʤʘʣʴʥʳʤ ʠ ʧʦʪʝʨʠ ʤʝʪʘʣʣʘ ʠʟ-ʟʘ ʧʝʨʝʧʦʣ-

ʥʝʥʥʦʡ ʤʠʥʝʨʘʣʴʥʦʡ ʧʦʩʪʝʣʠ ʙʫʜʫʪ ʚʳʰʝ ʥʦʨʤʘʪʠʚ-

ʥʳʭ [26]. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʫʩʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʦʩʚʦʝʥʠʷ 

ʤʘʣʦʤʘʩʰʪʘʙʥʦʛʦ ʨʦʩʩʳʧʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʦʣʦʪʘ 

ʠʤʝʶʱʠʤʩʷ ʦʙʦʛʘʪʠʪʝʣʴʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʩ ʦʙʝʩ-

ʧʝʯʝʥʠʝʤ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʩʥʠʞʝʥʠ ̫ʧʦʪʝʨʴ ʤʝʪʘʣʣʘ ʟʘ 

ʩʯʝʪ ʩʝʣʝʢʪʠʚʥʦʡ ʚʳʝʤʢʠ ʠ ʨʘʟʜʝʣʴʥʦʡ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʨʘʟʥʦʢʘʯʝʩʪʚʝʥʥʳʭ ʧʝʩʢʦʚ ʧʨʦ-

ʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʀʥʩʪʠʪʫʪʝ ʛʦʨʥʦʛʦ ʜʝʣʘ ɼɺʆ ʈɸʅ ʦʙʦʩʥʦʚʘʥʘ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʨʘʟʨʘʙʦʪʢʠ ʤʘʣʦ-

ʤʘʩʰʪʘʙʥʦʛʦ ʩʣʦʞʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ, ʚʢʣʶʯʘʶʱʘʷ ʚʩʢʨʳʪʠʝ ʧʨʦʜʫʢ-

ʪʠʚʥʦʛʦ ʧʣʘʩʪʘ, ʫʪʦʯʥʝʥʠʝ ʢʦʥʪʫʨʦʚ ʚʢʣʶʯʝʥʠʡ ʧʝʩ-

ʢʦʚ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʟʦʣʦʪʘ, ʚʳʷʚʣʝʥʥʳʭ 

ʚ ʭʦʜʝ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʨʘʟʚʝʜʢʠ. 

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ ʦʩʚʦʝʥʠʷ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʡ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʩʛʫʱʝʥʠʝ ʨʘʟʚʝ-

ʜʦʯʥʦʡ ʩʝʪʠ ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʦʙʦʛʘʱʝʥʥʳʭ 

ʧʦʣʝʟʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʟʦʥ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ 

ʫʤʝʥʴʰʝʥʠʠ ʠʭ ʧʣʦʱʘʜʠ [15]. ʅʘ ʦʩʥʦʚʘʥʠʠ ʫʪʦʯ-

ʥʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʪʩʷ ʦʢʦʥʪʫʨʠʚʘʥʠʝ ʚʢʣʶʯʝ-

ʥʠʡ ʧʝʩʢʦʚ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʪʘʣʣʘ 1 ʚ 

ʧʣʘʥʝ ʠ ʧʦ ʚʝʨʪʠʢʘʣʠ, ʩʝʣʝʢʪʠʚʥʘʷ ʚʳʝʤʢʘ ʠ ʪʨʘʥʩ-

ʧʦʨʪʠʨʦʚʢʘ ʨʘʟʥʦʩʦʨʪʥʳʭ ʧʝʩʢʦʚ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘ-

ʩʪʘ 2 ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʩʢʨʝʧʝʨ-ʜʦʟʝʨʘ 3 

(ʩʤ. ʨʠʩʫʥʦʢ).  

ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʚ ʧʨʦʜʫʢʪʠʚʥʦʤ ʧʣʘʩʪʝ 2 ʩʣʦʡ ʧʝʩ-

ʢʦʚ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʪʘʣʣʘ 1 ʧʦʢʨʳʪ 

ʧʝʩʢʘʤʠ ʨʷʜʦʚʦʛʦ ʢʘʯʝʩʪʚʘ 4, ʪʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʩʢʨʝ-

ʧʝʨ-ʜʦʟʝʨʦʤ 3 ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʳʝʤʢʘ ʨʷʜʦʚʳʭ ʧʝʩʢʦʚ 

4 ʧʦʩʨʝʜʩʪʚʦʤ ʩʢʨʝʧʝʨʥʦʛʦ ʢʦʚʰʘ 5 ʠ ʙʫʣʴʜʦʟʝʨʥʦʛʦ 

ʦʪʚʘʣʘ 6 ʩ ʠʭ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʦʡ ʚ ʰʪʘʙʝʣʴ 7, ʥʘʭʦʜʷ-

ʱʠʡʩʷ ʨʷʜʦʤ ʩ ʧʨʦʤʳʚʦʯʥʳʤ ʧʨʠʙʦʨʦʤ 8, ʦʪʢʫʜʘ 

ʦʜʥʦʢʦʚʰʦʚʳʤ ʧʦʛʨʫʟʯʠʢʦʤ 9 ʧʝʩʢʠ ʨʷʜʦʚʦʛʦ ʢʘʯʝ-

ʩʪʚʘ 4 ʧʦʜʘʶʪʩʷ ʥʘ ʧʨʦʤʳʚʢʫ, ʧʨʠ ɻʪʦʤ ʩʧʦʣʦʩʢ 

ʰʣʶʟʦʚ ʧʨʦʤʳʚʦʯʥʦʛʦ ʧʨʠʙʦʨʘ 8 ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʜʠʥ 

ʨʘʟ ʚ ʩʫʪʢʠ. 

ʇʦʩʣʝ ʦʙʥʘʞʝʥʠʷ ʧʝʩʢʦʚ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨ-

ʞʘʥʠʝʤ ʤʝʪʘʣʣʘ 1 ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʭ ʩʝʣʝʢʪʠʚʥʘʷ ʚʳ-

ʝʤʢʘ ʩʢʨʝʧʝʨʥʳʤ ʢʦʚʰʦʤ 5. ʇʨʠ ʜʚʠʞʝʥʠʠ ʩʢʨʝʧʝʨ-

ʜʦʟʝʨʘ 3 ʚ ʩʪʦʨʦʥʫ ʧʨʦʤʳʚʦʯʥʦʛʦ ʧʨʠʙʦʨʘ 8 ʩ ʟʘʧʦʣ-

ʥʝʥʥʳʤ ʩʢʨʝʧʝʨʥʳʤ ʢʦʚʰʦʤ 5 ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʝʤ-

ʢʘ ʠ ʧʝʨʝʤʝʱʝʥʠʝ ʨʷʜʦʚʳʭ ʧʝʩʢʦʚ 4 ʙʫʣʴʜʦʟʝʨʥʳʤ 

ʦʪʚʘʣʦʤ 6. ɺ ʩʣʫʯʘʝ ʧʝʨʝʤʝʱʝʥʠʷ ʩʢʨʝʧʝʨ-ʜʦʟʝʨʦʤ 3 

ʨʘʟʥʦʩʦʨʪʥʳʭ ʧʝʩʢʦʚ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʦʜʘʯʘ ʨʷʜʦʚʳʭ ʧʝʩʢʦʚ 4 ʙʫʣʴʜʦʟʝʨʥʳʤ ʦʪʚʘʣʦʤ 6 ʢ 

ʰʪʘʙʝʣʶ 7, ʟʘʪʝʤ ʩʢʨʝʧʝʨ-ʜʦʟʝʨ 3 ʧʝʨʝʤʝʱʘʝʪʩʷ ʢ 

ʩʧʝʮʠʘʣʴʥʦʤʫ ʰʪʘʙʝʣʶ 10, ʛʜʝ ʠʟ ʩʢʨʝʧʝʨʥʦʛʦ ʢʦʚʰʘ 

5 ʚʳʛʨʫʞʘʶʪʩʷ ʧʝʩʢʠ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʤʝʪʘʣʣʘ 1. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚ ʚʳʝʤʦʯʥʦʤ ʙʣʦʢʝ ʧʨʝ-

ʦʙʣʘʜʘʶʪ ʧʝʩʢʠ ʨʷʜʦʚʦʛʦ ʢʘʯʝʩʪʚʘ 4, ʪʦ ʧʨʝʠʤʫʱʝ-

ʩʪʚʝʥʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʭ ʚʳʝʤʢʘ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ 

ʠ ʧʨʦʤʳʚʢʘ, ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʥʘʢʦʧʣʝʥʠʝʤ ʚ ʩʧʝʮʠʘʣʴ-

ʥʦʤ ʰʪʘʙʝʣʝ 10 ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʧʦʚʳʰʝʥʥʦʛʦ 

ʢʘʯʝʩʪʚʘ, ʧʝʨʝʨʘʙʦʪʢʘ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʠʦʜʠ-

ʯʝʩʢʠ (ʧʦ ʤʝʨʝ ʥʘʢʦʧʣʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʦʙʲʝʤʘ) ʩ ʧʦ-

ʜʘʯʝʡ ʦʜʥʦʢʦʚʰʦʚʳʤ ʧʦʛʨʫʟʯʠʢʦʤ 9 ʥʘ ʪʦʪ ʞʝ ʧʨʦ-

ʤʳʚʦʯʥʳʡ ʧʨʠʙʦʨ 8, ʥʦ ʩʦ ʩʧʦʣʦʩʢʦʤ ʰʣʶʟʦʚ ʦʜʠʥ 

ʨʘʟ ʚ ʩʤʝʥʫ (ʜʚʘ ʨʘʟʘ ʚ ʩʫʪʢʠ). ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʤʳʚʢʠ 

ʧʝʩʢʦʚ ʧʦʚʳʰʝʥʥʦʛʦ ʢʘʯʝʩʪʚʘ ʩʢʨʝʧʝʨ-ʜʦʟʝʨʦʤ 3 ʚʝ-

ʜʝʪʩʷ ʚʳʝʤʢʘ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ 

ʢ ʧʨʦʤʳʚʦʯʥʦʤʫ ʧʨʠʙʦʨʫ 8 ʠʟ ʥʘʠʙʦʣʝʝ ʫʜʘʣʝʥʥʳʭ 

ʯʘʩʪʝʡ ʚʳʝʤʦʯʥʦʛʦ ʙʣʦʢʘ. 
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ɸʚʪʦʨʦʤ ʧʨʦʚʝʜʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʧʨʝʜʣʘʛʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʦʩʚʦʝʥʠʷ ʩʣʦʞʥʦʩʪʨʫʢʪʫʨʥʦʡ ʨʦʩʩʳʧʠ ʠ ʪʨʘʜʠʮʠʦʥ-

ʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʧʨʠʤʝʨʝ ʚʳʝʤʦʯʥʦʛʦ ʙʣʦʢʘ ʦʜʥʦʛʦ 

ʠʟ ʤʘʣʦʤʘʩʰʪʘʙʥʳʭ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦ-

ʪʘ ɸʤʫʨʩʢʦʡ ʦʙʣʘʩʪʠ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʵʢʩʧʣʫʘʪʘʮʠ-

ʦʥʥʦʡ ʨʘʟʚʝʜʢʠ, ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʘ ʚ ʠʥ-

ʪʝʨʚʘʣʘʭ ʦʧʨʦʙʦʚʘʥʠʷ ʧʦ ʙʣʦʢʫ ʩʦʩʪʘʚʣʷʝʪ 0,41 ʛ/ʤ
3
, 

ʧʨʠ ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ ʚ ʧʨʦʜʫʢʪʠʚʥʦʤ ʧʣʘʩʪʝ 

ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0,05 ʛ/ʤ
3
 (ʙʦʨʪʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ) ʜʦ 3-4 

ʛ/ʤ
3
. ʉʠʪʦʚʳʡ ʘʥʘʣʠʟ ʟʦʣʦʪʘ ʧʦʢʘʟʘʣ ʩʣʝʜʫʶʱʝʝ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʝ ʤʝʪʘʣʣʘ ʧʦ ʢʣʘʩʩʘʤ ʢʨʫʧʥʦʩʪʠ: +2 ʤʤ ï 

2,9%; -2+1 ʤʤ ï 23,4%; -1+0,5 ʤʤ ï 36,8%; -0,5+0,2 

ʤʤ ï 29,5%; -0,2 ʤʤ ï 7,4%. ʄʦʱʥʦʩʪʴ ʧʨʦʜʫʢʪʠʚʥʦ-

ʛʦ ʧʣʘʩʪʘ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 1,2 ʜʦ 2,4 ʤ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʜʘʥʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʨʘʟʚʝʜʢʠ ʙʳʣʦ ʧʨʦʠʟʚʝʜʝ-

ʥʦ ʨʘʡʦʥʠʨʦʚʘʥʠʝ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ ʚ ʧʣʘʥʝ ʠ ʧʦ 

ʚʝʨʪʠʢʘʣʠ ʩ ʚʳʜʝʣʝʥʠʝʤ ʟʦʥ ʧʝʩʢʦʚ ʩ ʧʦʚʳʰʝʥʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʟʦʣʦʪʘ (ʙʦʣʝʝ 0,4 ʛ/ʤ
3
). ɼʦʣʷ ʧʝʩʢʦʚ ʩ 

ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʪʘʣʣʘ ʩʦʩʪʘʚʠʣʘ 17,5% 

ʧʨʠ ʩʨʝʜʥʝʤ ʩʦʜʝʨʞʘʥʠʠ ʟʦʣʦʪʘ 1,27 ʛ/ʤ
3
, ʧʨʠ ʵʪʦʤ ʚ 

ʥʠʭ ʩʦʜʝʨʞʠʪʩʷ 54,3% ʤʝʪʘʣʣʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 

ʚʳʝʤʦʯʥʦʛʦ ʙʣʦʢʘ. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ ʚ 

ʦʩʪʘʚʰʠʭʩʷ ʧʝʩʢʘʭ ʨʷʜʦʚʦʛʦ ʢʘʯʝʩʪʚʘ ʩʦʩʪʘʚʣʷʝʪ  

0,23 ʛ/ʤ
3
. ʉ ʫʯʝʪʦʤ ʜʘʥʥʳʭ ʧʦ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʚʣʝʯʝ-

ʥʠʷ ʟʦʣʦʪʘ ʦʪ ʝʛʦ ʢʨʫʧʥʦʩʪʠ [10, 19] ʙ ʣr ʦʧʨʝʜʝʣʝʥ 

ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʚʣʝʯʝʥʠʷ ʟʦʣʦʪʘ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤ ʠʥʪʝʨʚʘʣʦʤ ʩʧʦʣʦʩʢʘ ʰʣʶʟʦʚ ʦʜʠʥ 

ʨʘʟ ʚ ʩʫʪʢʠ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʠʣ 
ʩʨ

1
0,821=k . ɺʳʩʦʢʠʝ 

ʧʦʪʝʨʠ ʧʨʠ ʧʨʦʤʳʚʢʝ ʦʙʲʷʩʥʷʶʪʩʷ ʥʘʣʠʯʠʝʤ ʙʦʣʴ-

ʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʝʣʢʦʛʦ ʟʦʣʦʪʘ ʚ ʧʝʩʢʘʭ ʨʦʩʩʳʧʠ. 

ʆʙʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʚʣʝʯʝʥʠʷ ʟʦʣʦʪʘ ʧʨʠ ʨʘʟ-

ʜʝʣʴʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʦʙʦʛʘʱʝʥʥʳʭ ʠ ʨʷʜʦʚʳʭ ʧʝʩʢʦʚ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʠʥʪʝʨʚʘʣʘʤʠ ʩʧʦʣʦʩʢʘ ʰʣʶʟʦʚ ʧʨʦʤʳʚʦʯ-

ʥʦʛʦ ʧʨʠʙʦʨʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʧʦ ʟʘʚʠʩʠʤʦʩʪʠ 
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45,7%Q = , ʦʙ
54,3%Q =  ï ʜʦʣʷ ʤʝʪʘʣʣʘ, ʩʦʜʝʨ-

ʞʘʱʝʛʦʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʨʷʜʦʚʳʭ ʠ ʦʙʦʛʘʱʝʥʥʳʭ 

ʧʝʩʢʘʭ; 
ʩʥ
ʂ  ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʩʥʠʞʝʥʠʝ 

ʧʦʪʝʨʴ ʤʝʪʘʣʣʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʩʧʦʣʦʩʢʦʚ 

ʰʣʶʟʦʚ ʩ ʦʜʥʦʛʦ ʜʦ ʜʚʫʭ ʨʘʟ ʚ ʩʫʪʢʠ. 

ʉ ʫʯʝʪʦʤ ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ ʟʦʣʦʪʘ ʚ ʜʚʘ ʨʘʟʘ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʩʧʦʣʦʩʢʘ ʰʣʶʟʦʚ ʩ ʦʜʥʦʛʦ ʜʦ 

ʜʚʫʭ ʨʘʟ ʚ ʩʫʪʢʠ ʧʨʠ ʧʨʦʤʳʚʢʝ ʦʙʦʛʘʱʝʥʥʳʭ ʧʝʩʢʦʚ 

ʠʟʚʣʝʯʝʥʠʝ ʟʦʣʦʪʘ ʩʦʩʪʘʚʠʪ 87,4%, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʳʰʝ, ʯʝʤ ʧʨʠ ʧʨʦʤʳʚʢʝ ʚʩʝʛʦ ʦʙʲʝʤʘ ʧʝʩʢʦʚ ʧʨʦʜʫʢ-

ʪʠʚʥʦʛʦ ʧʣʘʩʪʘ ʥʘ ʧʨʦʤʳʚʦʯʥʦʤ ʧʨʠʙʦʨʝ ʩʦ ʩʧʦʣʦʩʢʦʤ 

ʰʣʶʟʦʚ ʦʜʠʥ ʨʘʟ ʚ ʩʫʪʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʚʣʝʯʝʥʠʝ 

ʟʦʣʦʪʘ ʫʚʝʣʠʯʠʪʩʷ ʚ 1,065 ʨʘʟʘ ï ʩ 82,1 ʜʦ 87,4%. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʧʨʝʜʣʘʛʘ-

ʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠʚʝʜʝʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʦʙʲʝʤʘ 

ʧʨʦʤʳʚʘʝʤʳʭ ʧʝʩʢʦʚ ʚ ʩʚʷʟʠ ʩ ʟʘʪʨʘʪʘʤʠ ʚʨʝʤʝʥʠ ʥʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʩʧʦʣʦʩʢ ʰʣʶʟʦʚ. ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ 

ʚʨʝʤʷ ʥʘ ʦʜʠʥ ʩʧʦʣʦʩʢ ʩʦʩʪʘʚʣʷʝʪ 1,0-1,5 ʯ ʠʣʠ 5-7% 

ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ ʧʨʦʤʳʚʦʯʥʦʛʦ ʧʨʠʙʦʨʘ ʚ ʩʫʪʢʠ, ʪʦ 

ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʚʪʦʨʦʛʦ ʩʧʦʣʦʩʢʘ ʰʣʶʟʦʚ ʚʨʝʤʷ 

ʧʨʦʤʳʚʢʠ ʧʝʩʢʦʚ ʩʦʢʨʘʪʠʪʩʷ ʥʘ 5-7% ʩ ʘʥʘʣʦʛʠʯʥʳʤ 

ʫʤʝʥʴʰʝʥʠʝʤ ʦʙʲʝʤʘ ʧʨʦʤʳʚʘʝʤʳʭ ʧʝʩʢʦʚ. ʆʪʥʦʩʠ-

ʪʝʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʧʦʪʝʨʴ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ ʥʘ ʩʧʦ-

ʣʦʩʢ ʰʣʶʟʦʚ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʧʨʝʜʣʘʛʘʝʤʦʡ ʪʝʭ-

ʥʦʣʦʛʠʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʨ

ʩʧ ʨ ʩʧ ʨ ʦʙ ʩʧ ʦʙ
,ʊ V t ʧ V t n= +                      (2) 

ʛʜʝ 
ʨ

0,825=V , ʦʙ
0,175V =  ï ʜʦʣʷ ʨʷʜʦʚʳʭ ʠ ʦʙʦʛʘ-

ʱʝʥʥʳʭ ʧʝʩʢʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ 

ʚʳʝʤʦʯʥʦʤ ʙʣʦʢʝ; ʩʧ
6%=t  ï ʜʦʣʷ ʚʨʝʤʝʥʠ, ʟʘʪʨʘʯʠ-

ʚʘʝʤʦʛʦ ʥʘ ʦʜʠʥ ʩʧʦʣʦʩʢ ʰʣʶʟʦʚ ʧʨʦʤʳʚʦʯʥʦʛʦ ʧʨʠ-

ʙʦʨʘ; 
ʨ

1ʧ= , ʦʙ
2ʧ =  ï ʯʠʩʣʦ ʩʧʦʣʦʩʢʦʚ ʰʣʶʟʦʚ ʚ ʩʫʪ-

ʢʠ ʧʨʠ ʧʨʦʤʳʚʢʝ ʨʷʜʦʚʳʭ ʠ ʦʙʦʛʘʱʝʥʥʳʭ ʧʝʩʢʦʚ ʩʦ-

ʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʈʘʩʯʝʪ ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʧʦʪʝʨʴ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ ʥʘ 

ʩʧʦʣʦʩʢ ʰʣʶʟʦʚ ʩʦʩʪʘʚʠʪ 7,05% ʚʤʝʩʪʦ 6% ʧʨʠ ʧʨʦ-

ʤʳʚʢʝ ʚʩʝʛʦ ʦʙʲʝʤʘ ʧʝʩʢʦʚ ʩ ʦʜʥʦʨʘʟʦʚʳʤ ʩʧʦʣʦʩʢʦʤ 

ʰʣʶʟʦʚ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʥʠʞʝʥʠʝ ʦʙʱʝʛʦ ʦʙʲʝʤʘ 

ʧʨʦʤʳʚʘʝʤʳʭ ʧʝʩʢʦʚ ʩʦʩʪʘʚʠʪ ʦʢʦʣʦ 1%. ʉ ʫʯʝʪʦʤ 

ʫʚʝʣʠʯʝʥʠʷ ʠʟʚʣʝʯʝʥʠʷ ʟʦʣʦʪʘ ʠʟ ʧʝʩʢʦʚ ʚ 1,065 ʨʘʟʘ, 

ʜʘʞʝ ʧʨʠ ʩʥʠʞʝʥʠʠ ʦʙʲʝʤʘ ʧʨʦʤʳʚʘʝʤʳʭ ʧʝʩʢʦʚ ʥʘ 

1%, ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʦʛʦ ʟʘ ʧʨʦʤʳʚʦʯʥʳʡ ʩʝʟʦʥ 

ʤʝʪʘʣʣʘ ʙʫʜʝʪ ʚ 1,054 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʪʨʘʜʠʮʠ-

ʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʞʝ ʝʩʣʠ ʫʢʨʫʧ-

ʥʝʥʥʦ ʧʨʠʥʷʪʴ, ʯʪʦ ʟʘʪʨʘʪʳ ʥʘ ʜʦʙʳʯʫ ʠ ʧʝʨʝʨʘʙʦʪʢʫ 

ʧʝʩʢʦʚ ʧʦ ʪʨʘʜʠʮʠʦʥʥʦʡ ʠ ʧʨʝʜʣʘʛʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʨʘʚʥʳ ʤʝʞʜʫ ʩʦʙʦʡ (ʭʦʪʷ ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʧʨʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ ʧʨʝʜʣʘʛʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʙʲʝʤ ʧʨʦʤʳ-

ʚʘʝʤʳʭ ʠ ʜʦʙʳʚʘʝʤʳʭ ʧʝʩʢʦʚ ʩʥʠʟʠʪʩʷ ʥʘ 1%, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ, ʫʤʝʥʴʰʘʪʩʷ ʠ ʟʘʪʨʘʪʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʥʘ ʪʦʧʣʠ-

ʚʦ ʜʣʷ ʚʳʝʤʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʭ ʤʘʰʠʥ ʠ ʧʨʦʤʳ-

ʚʦʯʥʦʛʦ ʧʨʠʙʦʨʘ), ʪʦ ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʪʝʭ ʞʝ ʠʟ-

ʜʝʨʞʢʘʭ ʙʫʜʝʪ ʧʦʣʫʯʝʥʦ ʥʘ 5,4% ʙʦʣʴʰʝ ʤʝʪʘʣʣʘ. ɽʩʣʠ 

ʧʨʠʥʷʪʴ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦ-

ʣʦʛʠʠ ʧʨʝʜʧʨʠʷʪʠʝ ʨʘʙʦʪʘʝʪ ʩ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴʶ 20%, 

ʪʦ ʚʥʝʜʨʝʥʠʝ ʧʨʝʜʣʘʛʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʠʪ ʦʙʝʩ-

ʧʝʯʠʪʴ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʥʘ ʫʨʦʚʥʝ 28,6%, ʪʦ ʝʩʪʴ ʫʚʝʣʠ-

ʯʠʪ ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʚ 1,43 ʨʘʟʘ. 

ɺʳʚʦʜʳ 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʩʢʚʦʟʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʟʦʣʦ-

ʪʘ ʠʟ ʧʝʩʢʦʚ ʨʦʩʩʳʧʝʡ. ʈʘʟʨʘʙʦʪʢʘ ʩʣʦʞʥʦʩʪʨʫʢʪʫʨ-

ʥʦʛʦ ʚʳʝʤʦʯʥʦʛʦ ʙʣʦʢʘ ʚʝʜʝʪʩʷ ʩʢʨʝʧʝʨ-ʜʦʟʝʨʦʤ ʩ 

ʩʝʣʝʢʪʠʚʥʦʡ ʚʳʝʤʢʦʡ ʨʘʟʥʦʩʦʨʪʥʳʭ ʧʝʩʢʦʚ, ʩʢʣʘʜʠ-

ʨʫʝʤʳʭ ʚ ʦʪʜʝʣʴʥʳʝ ʰʪʘʙʝʣʠ ʨʷʜʦʤ ʩ ʧʨʦʤʳʚʦʯʥʳʤ 

ʧʨʠʙʦʨʦʤ, ʧʨʠ ʵʪʦʤ ʚʳʝʤʢʘ ʦʙʦʛʘʱʝʥʥʳʭ ʤʝʪʘʣʣʦʤ 

ʧʝʩʢʦʚ ʚʝʜʝʪʩʷ ʪʦʣʴʢʦ ʩʢʨʝʧʝʨʥʳʤ ʢʦʚʰʦʤ ʩʢʨʝʧʝʨ-

ʜʦʟʝʨʘ, ʘ ʨʷʜʦʚʳʭ ʧʝʩʢʦʚ ï ʩʢʨʝʧʝʨʥʳʤ ʢʦʚʰʦʤ ʠ 

ʙʫʣʴʜʦʟʝʨʥʳʤ ʦʪʚʘʣʦʤ. ʆʙʦʛʘʱʝʥʠʝ ʨʘʟʥʦʩʦʨʪʥʳʭ 



ʏʝʙʘʥ ɸ.ʖ. 
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ʧʝʩʢʦʚ, ʧʦʜʘʚʘʝʤʳʭ ʠʟ ʰʪʘʙʝʣʝʡ ʦʜʥʦʢʦʚʰʦʚʳʤ ʧʦ-

ʛʨʫʟʯʠʢʦʤ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʘ ʦʜ-

ʥʦʤ ʠ ʪʦʤ ʞʝ ʧʨʦʤʳʚʦʯʥʦʤ ʧʨʠʙʦʨʝ.  

ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʝʜʝʪʩʷ ʧʨʦʤʳʚʢʘ ʨʷʜʦʚʳʭ 

ʧʝʩʢʦʚ ʩʦ ʩʧʦʣʦʩʢʦʤ ʰʣʶʟʦʚ ʦʜʠʥ ʨʘʟ ʚ ʩʫʪʢʠ, ʧʦ 

ʤʝʨʝ ʥʘʢʦʧʣʝʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʦ-

ʤʳʚʢʘ ʦʙʦʛʘʱʝʥʥʳʭ ʤʝʪʘʣʣʦʤ ʧʝʩʢʦʚ ʩʦ ʩʧʦʣʦʩʢʦʤ 

ʰʣʶʟʦʚ ʜʚʘ ʨʘʟʘ ʚ ʩʫʪʢʠ. ɹʦʣʝʝ ʯʘʩʪʳʡ ʩʧʦʣʦʩʢ ʰʣʶ-

ʟʦʚ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʦʙʦʛʘʱʝʥʥʳʭ ʤʝʪʘʣʣʦʤ ʧʝʩʢʦʚ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʧʦʪʝʨʴ ʟʦʣʦʪʘ ʩ 

ʭʚʦʩʪʘʤʠ ʧʨʦʤʳʚʢʠ.  

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦ ʦʧʨʝʜʝʣʝ-

ʥʠʶ ʦʙ ʝɦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʚʣʝʯʝʥʠʷ ʤʝʪʘʣʣʘ, ʘ 

ʪʘʢʞʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʝʣʠʯʠʥ rʧʦʪʝʨʴ ʨʘʙʦʯʝʛʦ ʚʨʝ-

ʤʝʥʠ ʥʘ ʩʧʦʣʦʩʢ ʰʣʶʟʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʝʜʣʘ-

ʛʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʦ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʡ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʥʘ ʦʜʥʦʡ ʠʟ ʤʘʣʦʤʘʩʰʪʘʙʥʳʭ 

ʨʦʩʩʳʧʝʡ ʩ ʫʯʝʪʦʤ ʝʝ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦ-

ʩʪʝʡ, ʩʦʜʝʨʞʘʥʠ ̫ʟʦʣʦʪʘ ʚ ʧʝʩʢʘʭ ʠ ʝʛʦ ʩʠʪʦʚʦʛʦ ʘʥʘ-

ʣʠʟʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʝʣʝʢʪʠʚʥʘʷ ʚʳʝʤʢʘ ʨʘʟʥʦʩʦʨʪʥʳʭ 

ʧʝʩʢʦʚ ʩ ʠʭ ʧʦʩʣʝʜʫʶʱʝʡ ʨʘʟʜʝʣʴʥʦʡ ʧʝʨʝʨʘʙʦʪʢʦʡ 

ʥʘ ʦʜʥʦʤ ʧʨʦʤʳʚʦʯʥʦʤ ʧʨʠʙʦʨʝ ʩ ʨʘʟʣʠʯʥʦʡ ʯʘʩʪʦ-

ʪʦʡ ʩʧʦʣʦʩʢʘ ʰʣʶʟʦʚ ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʠʟʚʣʝʯʝʥʠʝ 

ʤʝʪʘʣʣʘ ʙʦʣʝʝ ʯʝʤ ʥʘ 5%, ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʧʦʚʳʰʝʥʠʝ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʨʘʙʦʪʳ ʛʦʨʥʦʜʦʙʳʚʘʶ-

ʱʝʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. 
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1ʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘ, ʄʘʛʥʠʪʦʛʦʨʩʢ, ʈʦʩʩʠʷ 
2ʖʞʥʦ-ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ), ʏʝʣʷʙʠʥʩʢ, ʈʦʩʩʠʷ 
3ʀʥʩʪʠʪʫʪ ʛʦʨʥʦʛʦ ʜʝʣʘ ʋʨʘʣʴʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 

ɸʥʥʦʪʘʮʠʷ. ɺʘʨʠʘʥʪʦʚ ʢʦʤʙʠʥʘʮʠʡ ʦʪʢʨʳʪʦʛʦ ʠ ʧʦʜʟʝʤʥʦʛʦ ʩʧʦʩʦʙʦʚ ʦʪʨʘʙʦʪʢʠ ʦʜʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʧʨʘʢʪʠʢʝ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ. ʕʪʠ ʢʦʤʙʠʥʘʮʠʠ ʟʘʚʠʩʷʪ 

ʦʪ ʤʦʨʬʦʣʦʛʠʠ ʨʫʜʥʳʭ ʪʝʣ ʠ ʠʭ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʟʘʣʝʛʘʥʠʷ, ʢʦʣʠʯʝʩʪʚʘ ʟʘʧʘʩʦʚ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʤʦʱ-

ʥʦʩʪʠ ʦʙʲʝʢʪʘ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ. ɺ ʩʣʫʯʘʝ ʦʪʨʘʙʦʪʢʠ ʟʘʧʘʩʦʚ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ ʚ ʙʦʨʪʘʭ ʢʘʨʴʝʨʘ 

ʧʦʜʟʝʤʥʳʤʠ ʛʦʨʥʳʤʠ ʨʘʙʦʪʘʤʠ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪʩʷ ʛʝʦʤʝʭʘʥʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʩʣʦʞʥʷ-

ʝʪʩʷ ʠ ʦʮʝʥʢʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʜʨʘʙʦʪʘʥʥʳʭ ʦʪʢʦʩʦʚ ʫʩʪʫʧʦʚ. ʆʩʥʦʚʥʦʡ ʩʣʦʞʥʦʩʪʴʶ ʧʨʠ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʮʝʥʢʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʜʨʘʙʦʪʘʥʥʳʭ ʦʪʢʦʩʦʚ ʙʦʨʪʦʚ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʥʝ ʪʦʣʴʢʦ ʦʪ ʦʙʱʝʫʩʪʘʥʦʚʣʝʥʥʳʭ, ʢʣʘʩʩʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʥʦ ʠ 

ʦʪ ʬʦʨʤʳ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʙʘʨʴʝʨʥʦʛʦ ʮʝʣʠʢʘ, ʚʘʨʠʘʥʪʘ ʠʩʧʦʣʴʟʫʝʤʦʡ ʩʠʩʪʝʤʳ ʧʦʜʟʝʤʥʦʡ ʨʘʟʨʘ-

ʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʨʘʟʤʝʨʦʚ ʧʨʠʛʨʫʞʘʶʱʝʛʦ ʥʘʚʘʣʘ ʧʦʨʦʜ. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ 

ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʜʨʘʙʦʪʘʥʥʳʭ ʙʦʨʪʦʚ ʢʘʨʴʝʨʘ ʧʨʠ ʧʦʜʟʝʤʥʦʡ ʦʪʨʘʙʦʪʢʝ ʙʘʨʴʝʨʥʳʭ ʮʝʣʠʢʦʚ. ɼʣʷ ʵʪʦʛʦ 

ʙʳʣʠ ʠʟʫʯʝʥʳ ʜʚʘ ʨʘʟʥʳʭ ʚʘʨʠʘʥʪʘ ʧʦʜʟʝʤʥʦʡ ʦʪʨʘʙʦʪʢʠ ʙʘʨʴʝʨʥʳʭ ʮʝʣʠʢʦʚ ʚ ʙʦʨʪʘʭ ʢʘʨʴʝʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠ ʛʨʘʬʦʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʠ-

ʯʝʩʢʠʝ ʧʦʣʦʞʝʥʠʷ ʧʦ ʦʮʝʥʢʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʜʨʘʙʦʪʘʥʥʳʭ ʙʦʨʪʦʚ ʢʘʨʴʝʨʘ ʧʨʠ ʧʦʜʟʝʤʥʦʡ ʦʪʨʘʙʦʪʢʝ ʙʘʨʴʝʨʥʳʭ 

ʮʝʣʠʢʦʚ. ɸʥʘʣʠʟ ʧʨʦʚʝʜʝʥʥʳʭ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩʢʦʣʴʞʝʥʠʷ 

ʜʣʷ ʧʦʜʨʘʙʘʪʳʚʘʝʤʦʛʦ ʙʦʨʪʘ ʠʤʝʝʪ ʩʣʦʞʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ, ʚ ʢʘʞʜʦʤ ʩʣʫʯʘʝ ʠʥʜʠʚʠʜʫʘʣʴʥʫʶ ʠ ʪʨʝʙʫʶʱʫʶ 

ʫʯʝʪʘ ʩʦʧʨʷʞʝʥʠʷ ʚʦʟʤʦʞʥʦʡ ʧʨʠʟʤʳ ʦʙʨʫʰʝʥʠʷ ʩʘʤʦʛʦ ʙʦʨʪʘ ʠ ʟʦʥ ʩʜʚʠʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʜʘʝʪ ʦʪʨʘʙʦʪʢʘ ʨʫʜ-

ʥʳʭ ʪʝʣ ʧʦʜʟʝʤʥʳʤ ʩʧʦʩʦʙʦʤ. ʇʨʠʤʝʥʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʦʣʦʞʝʥʠʡ ʧʦʟʚʦʣʠʪ ʚʳʧʦʣʥʠʪʴ ʧʨʘʢ-

ʪʠʯʝʩʢʫʶ ʦʮʝʥʢʫ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʢʦʩʦʚ ʙʦʨʪʦʚ ʜʣʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʦʪʨʘʙʘʪr ʚʘʝʤʳʭ ʦʪʢʨʳʪʦ-ʧʦʜʟʝʤʥʳʤ ʩʧʦ-

ʩʦʙʦʤ ʩ ʧʦʜʟʝʤʥʦʡ ʦʪʨʘʙʦʪʢʦʡ ʙʘʨʴʝʨʥʳʭ ʮʝʣʠʢʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʜʨʘʙʦʪʘʥʥʳʝ ʦʪʢʦʩʳ ʙʦʨʪʦʚ, ʙʘʨʴʝʨʥʳʝ ʮʝʣʠʢʠ, ʧʦʚʝʨʭʥʦʩʪʴ ʩʢʦʣʴʞʝʥʠʷ, ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʢʦʩʦʚ ʙʦʨʪʦʚ 
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GEOMECHANICAL ASSESSMENT OF THE STABILIT Y OF QUARRY 

SIDES DURING UNDERGROUND MINING OF BARRI ER PILLARS  

Kalmykov V.N.
1
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1Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia 
2South Ural State  University (National Research University), Chelyabinsk, Russia 
3Institute of Mining of the Ural Branch of the Russian Academy of Sciences, Yekaterinburg, Russia 

Abstract. When developing steeply dipping deposits of valuable ores using the open-pit and underground methods, a 

barrier pillar is formed in the sides and the bottom part at the boundary and is usually extracted last. If its reserves are 

mined by underground mining methods, the geomechanical situation changes significantly, which complicates the as-

sessment of the undermined ledges stability. The main problem in the geotechnical assessment of the stability of un-

dermined slopes is the choice of the most likely sliding surface, which will be determined by the combined effect of 

open-pit and underground mining, the morphology and size of the barrier pillar, the extraction technology, and the state 

of the open-pit and underground mined-out spaces. The purpose of these studies is to develop a method for calculating 

the stability of undermined quarry slopes during the extraction of barrier pillars. Two typical scenarios of underground 

mining of barrier pillars in quarry slopes were studied. As a result of these studies, the main methodological principles 

for assessing the stability of undermined quarry slopes were formulated. The analysis of the conducted geomechanical 

calculations showed that the potential sliding surface for the undermined slope had a complex configuration, which was 

individual in each case and included the intersection of possible sliding surfaces of the ledges, the slope itself, and the 

zones of displacement formed by underground work. The application of the obtained methodological guidelines will 

allow for a practical assessment of the stability of the slopes for deposits developed by the open-pit and underground 

methods. 

Keywords: undermined slopes, barrier pillars, sliding surface, methodology for assessing the stability of the sides slopes 
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ɺʚʝʜʝʥʠʝ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʧʨʘʢʪʠʢʝ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ 

ʨʘʙʦʪ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʧʦ-

ʩʣʝʜʫʶʱʝʡ ʜʦʨʘʙʦʪʢʠ ʟʘʧʘʩʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʜ-

ʟʝʤʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ 

ʨʘʙʦʪ. ʇʨʠʯʝʤ ʢʘʞʜʳʡ ʚʘʨʠʘʥʪ ʦʪʣʠʯʘʝʪʩʷ ʪʠʧʦʤ 

ʧʦʜʨʘʙʦʪʢʠ ʦʪʢʦʩʦʚ ʙʦʨʪʦʚ ʢʘʨʴʝʨʘ ʠ ʟʘʚʠʩʠʪ ʦʪ 

ʤʦʨʬʦʣʦʛʠʠ ʨʫʜʥʳʭ ʪʝʣ, ʦʨʠʝʥʪʘʮʠʠ ʫʛʣʦʚ ʟʘʣʝʛʘʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʨʪʘ ʢʘʨʴʝʨʘ, ʦʙʲʝʤʘ ʟʘʧʘʩʦʚ, ʧʨʦʠʟ-

ʚʦʜʩʪʚʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʧʦʜʟʝʤʥʦʛʦ ʨʫʜʥʠʢʘ ʠ ʜʨʫʛʠʭ 

ʬʘʢʪʦʨʦʚ. ɼʦʨʘʙʦʪʢʘ ʟʘʧʘʩʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʟʘ ʢʦʥʪʫ-

ʨʦʤ ʢʘʨʴʝʨʘ, ʧʦʜʟʝʤʥʳʤ ʩʧʦʩʦʙʦʤ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠ-

ʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚʙʣʠʟʠ ʙʦʨʪʦʚ, ʯʪʦ 

ʦʩʣʦʞʥʷʝʪ ʧʦʩʣʝʜʫʶʱʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʤʝʩʪʦʨʦʞʜʝ-

ʥʠʷ, ʩʥʠʞʘʝʪ ʧʦʣʥʦʪʫ ʦʩʚʦʝʥʠʷ ʥʝʜʨ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ.  

ʉʣʦʞʥʦʩʪʴ ʁʛʝʦʤʝʭʘʥʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦ-

ʩʪʠ ʦʪʢʦʩʦʚ ʙʦʨʪʦʚ ʢʘʨʴʝʨʘ ʧʨʠ ʜʦʨʘʙʦʪʢʝ ʟʘʧʘʩʦʚ 

ʧʦʜʟʝʤʥʳʤ ʩʧʦʩʦʙʦʤ ʷʚʣʷʝʪʩʷ ʧʨʘʚʠʣʴʥʦʝ ʦʧʨʝʜʝʣʝ-

ʥʠʝ ʧʦʣʦʞʝʥʠʷ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʡ ʦʙʱʝʡ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʩʢʦʣʴʞʝʥʠʷ ʦʪ ʦʪʢʨʳʪʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ 

ʨʘʙʦʪ. ʊʦʯʥʦʩʪʴ ʨʘʩʯʝʪʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʨʷʜʫ ʩ ʦʙ-

ʱʝʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʤʝʪʦʜʠʢʘʤʠ ʪʘʢʞʝ 

ʦʙʷʟʘʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʚʣʠʷʥʠʷ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ 

ʨʘʙʦʪ ʠ ʧʦʩʪʨʦʝʥʠʷ ʦʙʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ ʩ 

ʫʯʝʪʦʤ ʬʦʨʤʳ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʙʘʨʴʝʨ-

ʥʦʛʦ ʮʝʣʠʢʘ, ʚʘʨʠʘʥʪʘ ʠʩʧʦʣʴʟʫʝʤʦʡ ʩʠʩʪʝʤʳ ʧʦʜ-

ʟʝʤʥʦʡ ʨʘʟʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʧʨʠ ʥʘʣʠʯʠʠ ʨʘʟʤʝʨʦʚ 

ʧʨʠʛʨʫʞʘʶʱʝʛʦ ʥʘʚʘʣʘ ʧʦʨʦʜ. 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʜʭʦʜ ʢ ʢʦʤʧʣʝʢʩʥʦʡ 

ʦʮʝʥʢʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʜʨʘʙʦʪʘʥʥʳʭ ʙʦʨʪʦʚ ʢʘʨʴʝʨʘ 

ʧʦʜʟʝʤʥʳʤʠ ʛʦʨʥʳʤʠ ʨʘʙʦʪʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʠ ʦʪ-

ʨʘʙʦʪʢʝ ʦʩʥʦʚʥʳʭ ʟʘʧʘʩʦʚ ʠ ʙʘʨʴʝʨʥʳʭ ʮʝʣʠʢʦʚ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʩʣʫʞʠʪ ʢʘʢ ʦʩʥʦʚʘ ʜʣʷ ʨʷʜʘ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʚʠʩʠʤʦʩʪʠ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ-

ʪʝʥʮʠʘʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʙʦʨʪʘ ʦʪ ʬʘʢʪʦʨʦʚ ʪʝʭʥʦ-

ʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʜʟʝʤʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʪʠʧʦʤ ʧʦʜʨʘʙʦʪʢʠ ʦʪʢʦʩʦʚ. 

ʄʝʪʦʜʳ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʮʝʥʢʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʜʨʘʙʦʪʘʥʥʳʭ ʙʦʨʪʦʚ ʦʩʥʦ-

ʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʦʨʠʠ ʧʨʝʜʝʣʴʥʦʛʦ ʨʘʚʥʦʚʝ-

ʩʠʷ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʜʭʦʜʠʪ ʜʣʷ ʚʩʝʭ ʵʪʘʧʦʚ ʦʪʨʘʙʦʪʢʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʢʘʢ ʦʪʢʨʳʪʳʤ, ʪʘʢ ʠ ʦʪʢʨʳʪʦ-

ʧʦʜʟʝʤʥʳʤ ʩʧʦʩʦʙʦʤ [1-5]. ʋʩʪʦʡʯʠʚʦʩʪʴ ʦʪʢʦʩʦʚ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʪʥʦʰʝʥʠʝ ʫʜʝʨʞʠ-
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ʚʘʶʱʠʭ ʩʠʣ ʚ ʤʘʩʩʠʚʝ ʢ ʩʠʣʘʤ ʩʜʚʠʛʘʶʱʠʤ, ʜʝʡʩʪʚʫ-

ʶʱʠʤ ʧʦ ʥʘʠʙʦʣʝʝ ʩʣʘʙʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʜʚʠʞʝʥʠʷ, 

ʧʨʝʚʳʰʘʝʪ ʥʦʨʤʘʪʠʚʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘ-

ʩʘ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʉʙʦʨ, ʦʙʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ ʠʩʭʦʜʥʳʭ 

ʜʘʥʥʳʭ ʦ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʧʦʨʦʜ ʚʳ-

ʧʦʣʥʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ [6]. 

ɺ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [10, 11] 

ʫʩʪʘʥʦʚʣʝʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʬʦʨʤʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʜʝʬʦʨʤʘʮʠʠ. ɼʣʠʥʘ ʪʨʝʱʠʥʳ-ʟʘʢʦʣʘ ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʨʘʟʤʝʨʳ ʜʝʬʦʨʤʘʮʠʠ ʦʪʢʦʩʘ ʧʦ ʝʛʦ ʧʨʦʩʪʠʨʘʥʠʶ. 

ʇʨʠʟʤʘ ʩʘʤʦʡ ʜʝʬʦʨʤʘʮʠʠ ʩʠʤʤʝʪʨʠʯʥʘ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʦʩʝʚʦʛʦ ʩʝʯʝʥʠʷ. ʉʦʦʪʥʦʰʝʥʠʝ ʧʦ-

ʧʝʨʝʯʥʦ-ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ 

ʥʘ ʨʘʟʣʠʯʥʦʡ ʛʣʫʙʠʥʝ ʤʘʩʩʠʚʘ ʠ ʨʘʟʣʠʯʥʦʤ ʨʘʩʩʪʦʷ-

ʥʠʠ ʦʪ ʦʪʢʦʩʘ ʬʦʨʤʠʨʫʝʪ ʦʩʝʚʫʶ ʣʠʥʠʶ ʩʢʦʣʴʞʝʥʠʷ. 

ʇʨʦʚʝʜʝʥʠʝ ʧʦʜʟʝʤʥʳʭ ʨʘʙʦʪ ʚ ʧʨʠʢʘʨʴʝʨʥʦʡ 

ʟʦʥʝ, ʩʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʢʘʟʳʚʘʝʪ 

ʚʣʠʷʥʠʝ ʥʘ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʦʥ ʧʣʘʩʪʠʯʝ-

ʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ, ʥʘ ʢʦʥʬʠʛʫʨʘʮʠʶ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʙʨʫʰʝʥʠʷ ʦʪʢʦʩʦʚ ʠ ʙʦʨʪʘ ʚ ʮʝʣʦʤ [7-9].  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʠ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʩʜʚʠʞʝʥʠʷ, ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʜʘʥ-

ʥʦʡ ʪʝʤʘʪʠʢʝ, ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ ʬʠ-

ʟʠʯʝʩʢʦʛʦ ʠʣʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʢʦ-

ʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ 

ʧʨʦʮʝʩʩʘ ʦʪʨʘʙʦʪʢʠ ʙʘʨʴʝʨʥʳʭ ʮʝʣʠʢʦʚ ʥʘ ʩʦʩʪʦʷʥʠʝ 

ʙʦʨʪʘ ʢʘʨʴʝʨʘ ʩ ʫʯʝʪʦʤ ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʤʘʩʩʠʚʝ ʧʨʠ-

ʨʦʜʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʠʣ, ʩʦʦʪʥʦʰʝʥʠʷ ʫʧʨʫʛʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʨʦʜ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʢʘʨʴ-

ʝʨʘ ʠ ʧʦʜʟʝʤʥʳʭ ʦʯʠʩʪʥʳʭ ʚʳʨʘʙʦʪʦʢ. ʅʘ ʦʩʥʦʚʝ 

ʘʥʘʣʠʟʘ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʧʦʜʨʘʙʦʪʘʥʥʦʛʦ ʙʦʨʪʘ, ʭʘʨʘʢʪʝʨʘ ʜʝʬʦʨʤʘʮʠʡ, ʤʝʭʘ-

ʥʠʟʤʘ ʨʘʟʨʫʰʝʥʠʷ ʦʪʢʦʩʦʚ ʠ ʥʝʩʫʱʠʭ ʵʣʝʤʝʥʪʦʚ ʛʦʨ-

ʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʦʪ ʚʝʜʝʥʠʷ ʦʪʢʨʳʪʳʭ ʠ ʧʦʜʟʝʤʥʳʭ 

ʛʦʨʥʳʭ ʨʘʙʦʪ ʧʫʪʝʤ ʩʦʧʨʷʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʣʘ-

ʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʥʘʭʦʜʠʪʩʷ ʩʦʚʦʢʫʧʥʘʷ ʧʦ-

ʚʝʨʭʥʦʩʪʴ ʩʢʦʣʴʞʝʥʠʷ [7-9]. 

ɺ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʝ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʠ 

ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʠ ʩʜʚʠʞʝʥʠʷ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝ-

ʪʦʜ ʚʘʨʠʘʥʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠʥʪʝʛʨʘʣʴʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʧʦʚʝʨʭ-

ʥʦʩʪʝʡ ʩʜʚʠʞʝʥʠʷ ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʙʘʨʴʝʨʥʳʭ ʮʝʣʠʢʦʚ. 

ʆʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʩ-

ʩʤʦʪʨʝʥʠʠ ʚʦʟʤʦʞʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʩʭʝʤ ʜʝʬʦʨʤʠʨʦʚʘ-

ʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʫʯʠʪʳʚʘʶʪʩʷ ʨʘʟʥʳʝ ʤʝʭʘʥʠʟʤʳ ʨʘʟʨʫ-

ʰʝʥʠʷ ʦʪʢʦʩʦʚ ʙʦʨʪʦʚ ʦʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʚʝʜʝʥʠʷ 

ʦʪʢʨʳʪʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ. 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʜʨʘ-

ʙʦʪʘʥʥʳʭ ʙʦʨʪʦʚ ʢʘʨʴʝʨʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʚʘ ʚʘʨʠ-

ʘʥʪʘ ʚʳʝʤʢʠ ʙʘʨʴʝʨʥʳʭ ʮʝʣʠʢʦʚ ʧʦʜʟʝʤʥʳʤ ʩʧʦʩʦ-

ʙʦʤ ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʦʩʥʦʚʥʳʭ ʟʘʧʘʩʦʚ ʟʘ ʧʨʝʜʝʣʴʥʳʤ 

ʢʦʥʪʫʨʦʤ ʢʘʨʴʝʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤ ʨʘʟʨʘʙʦʪ-

ʢʠ ʩ ʟʘʢʣʘʜʢʦʡ: 

I ʚʘʨʠʘʥʪ ï ʚʳʝʤʢʘ ʙʘʨʴʝʨʥʦʛʦ ʮʝʣʠʢʘ ʧʨʦʠʟʚʦ-

ʜʠʪʩʷ ʩʠʩʪʝʤʦʡ ʨʘʟʨʘʙʦʪʢʠ ʩ ʦʙʨʫʰʝʥʠʝʤ ʨʫʜʳ ʠ 

ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʩ ʦʙʷʟʘʪʝʣʴʥʳʤ ʧʨʠʛʨʫʟʦʤ ʙʦʨʪʘ 

ʢʘʨʴʝʨʘ ʥʘʚʘʣʦʤ ʚʩʢʨʳʰʥʳʭ ʧʦʨʦʜ, ʥʘʟʥʘʯʝʥʠʝ ʢʦʪʦ-

ʨʦʛʦ ʩʦʩʪʦʠʪ ʚ ʧʨʝʜʦʪʚʨʘʱʝʥʠʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʩʚʷʟʝʡ ʧʦʜʟʝʤʥʳʭ ʚʳʨʘʙʦʪʦʢ ʩ ʘʪʤʦʩʬʝʨʦʡ. ɼʘʥʥʳʡ 

ʚʘʨʠʘʥʪ ʨʘʩʩʤʘʨʠʚʘʝʪʩʷ ʢʘʢ ʦʢʘʟʳʚʘʶʱʠʡ ʥʘʠʙʦʣʴ-

ʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʙʦʨʪʘ ʢʘʨʴʝʨʘ. ɺʘʨʠʘʥʪ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʣʷ ʦʪʨʘʙʦʪʢʠ ʨʫʜʥʳʭ ʪʝʣ ʤʘʣʦʡ 

ʤʦʱʥʦʩʪʠ ʧʨʠ ʧʨʦʩʪʠʨʘʥʠʠ ʙʘʨʴʝʨʥʦʛʦ ʮʝʣʠʢʘ ʚʜʦʣʴ 

ʙʦʨʪʘ ʢʘʨʴʝʨʘ (ʨʠʩ. 1). 

II  ʚʘʨʠʘʥʪ ï ʚʳʝʤʢʘ ʙʘʨʴʝʨʥʦʛʦ ʮʝʣʠʢʘ ʧʨʦʠʟʚʦ-

ʜʠʪʩʷ ʢʘʤʝʨʥʦʡ ʩʠʩʪʝʤʦʡ ʨʘʟʨʘʙʦʪʢʠ ʩ ʪʚʝʨʜʝʶʱʝʡ 

ʟʘʢʣʘʜʢʦʡ. ʇʨʠ ʵʪʦʤ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʦʟʜʘʥʠʝ 

ʧʨʠʛʨʫʟʢʠ ʠʟ ʩʢʘʣʴʥʳʭ ʧʦʨʦʜ. ɺʘʨʠʘʥʪ ʨʘʩʩʤʘʪʨʠʚʘ-

ʝʪʩʷ ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʨʫʜʥʳʭ ʪʝʣ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʙʘʨʴʝʨʥʦʛʦ ʮʝʣʠʢʘ 

ʚʜʦʣʴ ʙʦʨʪʘ ʢʘʨʴʝʨʘ (ʨʠʩ. 2). 

ʇʝʨʚʳʡ ʚʘʨʠʘʥʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʰʠʨʦʢʠʤ ʜʠʘʧʘ-

ʟʦʥʦʤ ʚʘʨʠʘʥʪʦʚ ʟʘʣʝʛʘʥʠʷ ʨʫʜʥʳʭ ʪʝʣ ʤʘʣʦʡ ʤʦʱʥʦ-

ʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʨʪʦʚ ʢʘʨʴʝʨʘ: ʥʝʢʦʪʦʨʳʝ ʨʫʜʥʳʝ 

ʪʝʣʘ ʠʤʝʶʪ ʩʦʛʣʘʩʥʦʝ (ʧʘʨʘʣʝʣʴʥʦʝ) ʧʘʜʝʥʠʝ ʩ ʦʪʢʦ-

ʩʦʤ ʙʦʨʪʘ ʢʘʨʴʝʨʘ, ʜʨʫʛʠʝ ʧʝʨʝʩʝʢʘʶʪ ʝʛʦ. ʈʘʩʧʦʣʦ-

ʞʝʥʠʝ ʨʫʜʥʳʭ ʪʝʣ ʧʦ ʚʳʩʦʪʝ ʪʘʢʞʝ ʨʝʟʢʦ ʨʘʟʥʠʪʩʷ ʦʪ 

ʥʠʞʥʝʡ ʯʘʩʪʠ ʙʦʨʪʘ, ʚʚʝʨʭ ʧʦʫʩʪʫʧʥʦ (ʩʤ. ʨʠʩ. 1). 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʦʣʦʞʝʥʠʷ ʧʦ 

ʦʮʝʥʢʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʜʨʘʙʦʪʘʥʥʳʭ ʙʦʨʪʦʚ ʢʘʨʴʝʨʘ, 

ʥʘʨʫʰʝʥʥʳʝ ʧʦʜʟʝʤʥʦʡ ʦʪʨʘʙʦʪʢʦʡ ʙʘʨʴʝʨʥʳʭ ʮʝʣʠ-

ʢʦʚ ʨʘʟʣʠʯʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ. ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠ-

ʷʤ, ʧʦʨʷʜʦʢ ʨʘʩʯʝʪʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʢʦʩʦʚ ʙʦʨʪʘ ʢʘ-

ʨʴʝʨʘ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ (ʧʦ ʚʘʨʠʘʥʪʘʤ): 

ɼʣʷ I ʚʘʨʠʘʥʪʘ: 

1. ɺʳʙʠʨʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʡ ʫʯʘʩʪʦʢ ʙʦʨʪʘ 

ʢʘʨʴʝʨʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʩʣʝ ʦʪʨʘʙʦʪʢʠ 

ʙʘʨʴʝʨʥʦʛʦ ʮʝʣʠʢʘ ʧʦʜʟʝʤʥʳʤ ʩʧʦʩʦʙʦʤ. 

2. ɺʳʧʦʣʥʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʦʣʴ-

ʞʝʥʠʷ ʜʣʷ ʦʧʘʩʥʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʠ ʨʘʩʩʯʠʪʳ-

ʚʘʝʪʩʷ ʧʦ ʥʝʡ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʫʩʪʦʡʯʠʚʦʩʪʠ.  

3. ʈʘʟʤʝʨʳ ʦʪʨʘʙʘʪʳʚʘʝʤʳʭ ʨʫʜʥʳʭ ʪʝʣ ʧʦʜʟʝʤ-

ʥʳʤ ʩʧʦʩʦʙʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʨʪʘ ʢʘʨʴʝʨʘ ʥʝʟʥʘʯʠ-

ʪʝʣʴʥʳ ʠ ʧʦʵʪʦʤʫ ʚʣʠʷʶʪ ʥʘ ʦʙʱʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʠʭ ʚʳʝʤʢʘ ʧʨʠʚʝʜʝʪ ʢ 

ʥʘʨʫʰʝʥʠʶ ʣʦʢʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʙʦʨʪʘ, ʛʜʝ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʟʘʣʝʛʘʝʪ ʨʫʜʥʦʝ ʪʝʣʦ. 

4. ʉʦʦʪʚʝʪʩʪʚʠʝ ʟʘʧʘʩʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʣʦʢʘʣʴʥʦʛʦ 

ʫʯʘʩʪʢʘ ʥʦʨʤʘʪʠʚʥʦʤʫ ʟʥʘʯʝʥʠʶ ʚ ʦʙʣʘʩʪʠ ʦʪʨʘʙʦʪʢʠ 

ʨʫʜʥʦʛʦ ʪʝʣʘ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʝʬʦʨʤʘʮʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ 

ʥʝ ʙʫʜʝʪ, ʘ ʧʦʜʟʝʤʥʳʝ ʛʦʨʥʳʝ ʨʘʙʦʪʳ ʥʝ ʧʦʚʣʠʷʶʪ ʥʘ 

ʦʙʱʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʙʦʨʪʘ. ʆʮʝʥʠʚʘʪʴ ʝʝ ʥʝ ʪʨʝʙʫʝʪʩʷ. 

ʇʨʠʤʝʨʳ ʧʦʩʪʨʦʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʢʦʣʴʞʝʥʠʷ 

ʜʣʷ I ʚʘʨʠʘʥʪʘ ʦʪʨʘʙʦʪʢʠ ʙʘʨʴʝʨʥʳʭ ʮʝʣʠʢʦʚ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 3-5. 
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ʈʠʩ. 1. ʋʩʣʦʚʠʷ ʟʘʣʝʛʘʥʠʷ ʨʫʜʥʳʭ ʪʝʣ I ʚʘʨʠʘʥʪʘ  

Fig. 1. Occurrence conditions of ore bodies (variant I) 

 

ʈʠʩ. 2. ʋʩʣʦʚʠʷ ʟʘʣʝʛʘʥʠʷ ʨʫʜʥʳʭ ʪʝʣ II  ʚʘʨʠʘʥʪʘ  

Fig. 2. Occurrence conditions of ore bodies (variant II) 
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ʈʠʩ. 3. ʇʦʩʪʨʦʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ ʜʣʷ I ʚʘʨʠʘʥʪʘ ʧʨʠ ʩʦʛʣʘʩʥʦʤ ʧʘʜʝʥʠʠ ʨʫʜʥʦʛʦ ʪʝʣʘ  

Fig. 3. Development of the sliding surface for a concordant-dipping ore body (variant I) 

 

ʈʠʩ. 4. ʇʦʩʪʨʦʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ ʜʣʷ I ʚʘʨʠʘʥʪʘ ʧʨʠ ʨʘʩʧʦʣʦʞʝʥʠʠ ʨʫʜʥʦʛʦ ʪʝʣʘ ʚ ʜʥʝ ʢʘʨʴʝʨʘ 

Fig. 4. Development of the sliding surface when the ore body is located at the bottom of the quarry (variant I) 

ɼʣʷ II  ʚʘʨʠʘʥʪʘ: 

1. ɺʳʧʦʣʥʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʦʣʴʞʝ-

ʥʠʷ ʜʣʷ ʧʦʜʨʘʙʘʪʳʚʘʝʤʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʠ ʨʘʩ-

ʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʥʝʡ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

2. ʉʦʦʪʚʝʪʩʪʚʠʝ ʟʘʧʘʩʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʣʦʢʘʣʴʥʦʛʦ 

ʫʯʘʩʪʢʘ ʥʦʨʤʘʪʠʚʥʦʤʫ ʟʥʘʯʝʥʠʶ ʚ ʦʙʣʘʩʪʠ ʦʪʨʘʙʦʪʢʠ 

ʙʘʨʴʝʨʥʦʛʦ ʮʝʣʠʢʘ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʝʬʦʨʤʘʮʠʡ ʚ ʵʪʦʡ 

ʦʙʣʘʩʪʠ ʥʝ ʙʫʜʝʪ, ʘ ʧʦʜʟʝʤʥʳʝ ʛʦʨʥʳʝ ʨʘʙʦʪʳ ʥʝ ʧʦ-

ʚʣʠʷʶʪ ʥʘ ʦʙʱʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʙʦʨʪʘ. ʆʮʝʥʠʚʘʪʴ ʝʝ 

ʥʝ ʪʨʝʙʫʝʪʩʷ (ʨʠʩ. 6). 

3. ɺʳʧʦʣʥʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʦʣʴ-

ʞʝʥʠʷ ʧʦ ʢʦʥʪʘʢʪʫ ʧʦʨʦʜ ʧʨʠʛʨʫʟʘ ʠ ʧʦʜʟʝʤʥʳʭ ʚʳ-

ʨʘʙʦʪʦʢ ʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʥʝʡ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘ-

ʩʘ. ɽʩʣʠ ʧʦʩʪʨʦʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ ʧʦ ʢʦʥ-

ʪʘʢʪʫ ʧʦʨʦʜ ʧʨʠʛʨʫʟʘ ʠ ʧʦʜʟʝʤʥʳʭ ʚʳʨʘʙʦʪʦʢ ʠ ʨʘʩ-

ʯʝʪ ʧʦ ʥʝʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʝʛʦ 

ʟʥʘʯʝʥʠʝ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʨʤʘʪʠʚʥʦʤʫ, ʥʝʦʙʭʦʜʠ-

ʤʦ ʧʝʨʝʩʤʦʪʨʝʪʴ ʧʘʨʘʤʝʪʨʳ ʧʨʠʛʨʫʟʘ. 
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ʈʠʩ. 5. ʇʦʩʪʨʦʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ ʜʣʷ I ʚʘʨʠʘʥʪʘ ʧʨʠ ʨʘʩʧʦʣʦʞʝʥʠʠ ʨʫʜʥʦʛʦ ʪʝʣʘ ʚ ʙʦʨʪʫ ʢʘʨʴʝʨʘ 

Fig. 5. Development of the sliding surface when the ore body is located at the side of the quarry (variant I) 

 

ʈʠʩ. 6. ʇʦʩʪʨʦʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ ʜʣʷ II  ʚʘʨʠʘʥʪʘ  

Fig. 6. Development of the sliding surface (variant II) 
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ɺ ʧʝʨʚʦʤ ʚʘʨʠʘʥʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʣʦʢʘʣʴʥʘʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʙʦʨʪʘ, ʘ ʚʦ ʚʪʦʨʦʤ ï ʦʮʝʥʠ-

ʚʘʝʪʩʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʙʦʨʪʘ ʢʘʨʴʝʨʘ ʚ ʮʝʣʦʤ. ʆʩʥʦʚʥʦʡ 

ʟʘʜʘʯʝʡ ʧʨʠ ʦʮʝʥʢʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʘʢ ʚ ʧʝʨʚʦʤ, ʪʘʢ ʠ 

ʚʦ ʚʪʦʨʦʤ ʚʘʨʠʘʥʪʝ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʣʦʞʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ. 

ɺ ʧʝʨʚʦʤ ʚʘʨʠʘʥʪʝ ʧʦʩʪʨʦʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʢʦʣʴʞʝʥʠʷ ʦʩʥʦʚʘʥʦ ʥʘ ʩʦʚʤʝʱʝʥʠʠ ʟʦʥ ʩʜʚʠʞʝʥʠʷ 

ʦʪ ʧʦʜʨʘʙʦʪʢʠ ʨʫʜʥʳʭ ʪʝʣ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ ʩ ʧʦʚʝʨʭ-

ʥʦʩʪʴʶ ʩʜʚʠʞʝʥʠʷ ʦʪʢʦʩʘ, ʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʦʡ ʟʘʜʘ-

ʝʪʩʷ ʫʛʣʦʤ ʩʜʚʠʛʘ ʢʘʢ ʥʘ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʱʘʜʢʝ, ʪʘʢ 

ʠ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʦʪʢʦʩʘ. ʉʦʧʨʷʞʝʥʠʝ ʜʚʫʭ ʧʦʚʝʨʭʥʦ-

ʩʪʝʡ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʨʦʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʧʦʚʝʨʭ-

ʥʦʩʪʴ ʩʢʦʣʴʞʝʥʠʷ ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʧʦ ʢʦʪʦ-

ʨʦʡ ʫʞʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʫʩʪʦʡ-

ʯʠʚʦʩʪʠ ʢʣʘʩʩʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʘʣʛʝʙʨʘʠʯʝʩʢʦʛʦ ʩʣʦ-

ʞʝʥʠʷ ʩʠʣ ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʧʦʨʦʜ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʜʨʘʙʦʪʢʠ ʤʘʩʩʠʚʘ. 

ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʧʦʚʝʨʭʥʦʩʪʴ ʩʢʦʣʴʞʝʥʠʷ ʩʪʨʦ-

ʠʪʩʷ ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʪʦʜʠʢʝ, ʦʩʥʦʚʦʡ ʢʦʪʦʨʦʡ ʷʚ-

ʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʰʠʨʠʥʳ ʧʨʠʟʤʳ ʦʙʨʫʰʝʥʠʷ, ʚʳ-

ʩʦʪʳ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʦʙʥʘʞʝʥʠʷ ʧʦʨʦʜ ʠ ʫʛʣʦʚ ʩʜʚʠʛʘ. 

ɺ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚ ʙʦʨʪʫ ʠʤʝʝʪʩʷ ʨʷʜ ʥʝʙʣʘʛʦʧʨʠ-

ʷʪʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʩʣʘʙʣʝʥʠʷ, 

ʧʦʚʝʨʭʥʦʩʪʴ ʩʢʦʣʴʞʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʢʨʠʚʦʣʠʥʝʡʥʦʡ, 

ʧʝʨʝʭʦʜʷʱʝʡ ʚ ʧʣʦʩʢʫʶ, ʠʣʠ ʧʣʦʩʢʦʡ, ʧʝʨʝʭʦʜʷʱʝʡ ʚ 

ʢʨʠʚʦʣʠʥʝʡʥʫʶ. ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʫʯʠʪʳʚʘʝʪʩʷ 

ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʢʦʣʴʞʝʥʠʷ ʧʦ ʢʦʥʪʘʢ-

ʪʫ ʧʦʨʦʜ ʧʨʠʛʨʫʟʘ ʠ ʧʦʜʟʝʤʥʳʭ ʢʘʤʝʨ [12]. 

ɿʘʢʣʶʯʝʥʠʝ 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʨʦʚʝʜʝʥʥʳʭ 

ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪ-

ʢʦʩʦʚ ʙʦʨʪʦʚ ʢʘʨʴʝʨʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʧʦ-

ʚʝʨʭʥʦʩʪʴ ʩʢʦʣʴʞʝʥʠʷ ʜʣʷ ʧʦʜʨʘʙʘʪʳʚʘʝʤʦʛʦ ʙʦʨʪʘ 

ʠʤʝʝʪ ʩʣʦʞʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ, ʚ ʢʘʞʜʦʤ ʩʣʫʯʘʝ ʠʥ-

ʜʠʚʠʜʫʘʣʴʥʫʶ ʠ ʪʨʝʙʫʶʱʫʶ ʫʯʝʪʘ ʩʦʧʨʷʞʝʥʠʷ ʚʦʟ-

ʤʦʞʥʦʡ ʧʨʠʟʤʳ ʦʙʨʫʰʝʥʠʷ ʩʘʤʦʛʦ ʙʦʨʪʘ ʠ ʟʦʥ ʩʜʚʠ-

ʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʜʘʝʪ ʦʪʨʘʙʦʪʢʘ ʨʫʜʥʳʭ ʪʝʣ ʧʦʜʟʝʤ-

ʥʳʤ ʩʧʦʩʦʙʦʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʪʘʢʞʝ ʦ ʪʦʤ, ʯʪʦ 

ʩʪʝʧʝʥʴ ʚʣʠʷʥʠʷ ʧʦʜʟʝʤʥʳʭ ʨʘʙʦʪ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʧʦʜʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʩʩʠʚʘ ʟʘʚʠʩʠʪ ʦʪ ʤʦʱʥʦʩʪʠ ʙʘ-

ʨʴʝʨʥʦʛʦ ʮʝʣʠʢʘ ʠ ʝʛʦ ʦʨʠʝʥʪʘʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʨ-

ʪʘ ʢʘʨʴʝʨʘ, ʧʦʵʪʦʤʫ ʚ ʧʝʨʚʦʤ ʚʘʨʠʘʥʪʝ ʨʘʩʩʤʘʪʨʠʚʘ-

ʝʪʩʷ ʣʦʢʘʣʴʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʙʦʨʪʘ, ʘ ʚʦ 

ʚʪʦʨʦʤ ʦʮʝʥʠʚʘʝʪʩʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʙʦʨʪʘ ʢʘʨʴʝʨʘ ʚ 

ʮʝʣʦʤ. 

ɺ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [9-11] ʫʩʪʘ-

ʥʦʚʣʝʥʘ ʢʦʥʬʠʛʫʨʘʮʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʦʨʤʳ ʧʦ-

ʚʝʭʥʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ. ɼʣʠʥʘ ʪʨʝʱʠʥʳ-ʟʘʢʦʣʘ ʦʛʨʘ-

ʥʠʯʠʚʘʝʪ ʨʘʟʤʝʨʳ ʜʝʬʦʨʤʘʮʠʠ ʦʪʢʦʩʘ ʧʦ ʝʛʦ ʧʨʦʩʪʠ-

ʨʘʥʠʶ. ʇʨʠʟʤʘ ʩʘʤʦʡ ʜʝʬʦʨʤʘʮʠʠ ʩʠʤʤʝʪʨʠʯʥʘ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʦʩʝʚʦʛʦ ʩʝʯʝʥʠʷ. ʉʦʦʪʥʦ-

ʰʝʥʠʝ ʧʦʧʝʨʝʯʥʦ-ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʨʘʟʣʠʯʥʦʡ ʛʣʫʙʠʥʝ ʤʘʩʩʠʚʘ ʠ ʨʘʟʣʠʯ-

ʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʦʪʢʦʩʘ ʬʦʨʤʠʨʫʝʪ ʦʩʝʚʫʶ ʣʠʥʠʶ 

ʩʢʦʣʴʞʝʥʠʷ, ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʜʫʛʦʡ ʦʢʨʫʞʥʦ-

ʩʪʠ, ʬʦʨʤʠʨʫʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʋʛʦʣ 

ʥʘʢʣʦʥʘ ʭʦʨʜʳ ʦʩʝʚʦʡ ʣʠʥʠʠ ʩʢʦʣʴʞʝʥʠʷ ʠ ʛʣʫʙʠʥʘ 

ʪʨʝʱʠʥʳ ʦʪʨʳʚʘ ʦʧʨʝʜʝʣʷʝʪ ʚʳʩʦʪʫ ʧʨʠʟʤʳ ʩʢʦʣʴ-

ʞʝʥʠʷ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʨʘʚʥʦʡ ʚʳʩʦʪʝ ʦʪʢʦʩʘ, ʘ 

ʪʘʢʞʝ ʙʦʣʴʰʝ ʠʣʠ ʤʝʥʴʰʝ ʝʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥ-

ʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ. ɺ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʪʨʝ-

ʙʫʝʪʩʷ ʨʘʩʩʤʦʪʨʝʪʴ ʚʣʠʷʥʠʝ ʩʠʣ ʤʝʭʘʥʠʟʤʘ ʬʦʨʤʠʨʦ-

ʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʜʚʠʞʝʥʠʷ, ʧʨʦʷʚʣʷʶʱʠʭʩʷ ʦʪ 

ʚʝʜʝʥʠʷ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʥʘ ʬʦʨʤʫ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʦʙʨʫʰʝʥʠʷ ʦʪʢʦʩʘ ʙʦʨʪʘ ʚʦ ʚʩʝʭ ʧʣʦʩʢʦʩʪʷʭ ʝʝ 

ʨʘʟʚʠʪʠʷ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʜʝʣʘʥʥʘʷ 

ʨʘʙʦʪʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʚ ʩʚʷʟʠ ʩ ʦʙʦʩʪʨʠʚʰʝʡʩʷ ʥʝʦʙ-

ʭʦʜʠʤʦʩʪʴʶ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʙʦʨʪʦʚ, ʧʦʜʨʘʙʦ-

ʪʘʥʥʳʭ ʧʦʜʟʝʤʥʳʤʠ ʛʦʨʥʳʤʠ ʚʳʨʘʙʦʪʢʘʤʠ, ʚʦʟʥʠʢʣʘ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʝʪʦʜʦʣʦʛʠʠ, ʙʘʟʠ-

ʨʫʶʱʝʡʩʷ ʥʘ ʠʟʫʯʝʥʠʠ ʚʣʠʷʥʠʷ ʤʦʨʬʦʣʦʛʠʠ, ʫʩʣʦʚʠʡ 

ʟʘʣʝʛʘʥʠʷ, ʩʧʦʩʦʙʘ ʦʪʨʘʙʦʪʢʠ ʨʫʜʥʳʭ ʪʝʣ ʥʘ ʬʦʨʤʫ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ ʧʦʜʨʘʙʘʪʳʚʘʝʤʳʭ ʙʦʨʪʦʚ. 
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ʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʧʨʫʪʢʦʚ ʠ ʧʨʦʚʦʣʦʢʠ ʠʟ ʩʪʨʫʞʢʠ ʦʧʳʪʥʦʛʦ ʘʣʶʤʠʥʠʝʚʦʛʦ 

ʩʧʣʘʚʘ 1580 ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʩʢʘʥʜʠʷ 0,12 ʤʘʩ. %. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʧʨʠʤʝʥʝʥʳ ʤʝʪʦʜʳ ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨ-

ʛʠʠ (ʙʨʠʢʝʪʠʨʦʚʘʥʠʝ), ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ ʜʘʚʣʝʥʠʝʤ (ʧʨʝʩʩʦʚʘʥʠʝ ʠ ʚʦʣʦʯʝʥʠʝ) ʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ (ʦʪʞʠʛ). ʉ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʦʙʱʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʪʝʨʤʦʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʳʧʫʯʠʭ ʩʪʨʫʞ-

ʢʦʚʳʭ ʦʪʭʦʜʦʚ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʙʨʠʢʝ-

ʪʠʨʦʚʘʥʥʳʭ ʟʘʛʦʪʦʚʦʢ ʠ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʧʨʫʪʢʦʚ ʜʠʘʤʝʪʨʦʤ 4,9 ʠ 6,8 ʤʤ ʠʟ ʩʪʨʫʞʢʠ ʩʧʣʘʚʘ 1580. ʋʩʪʘʥʦʚ-

ʣʝʥʦ, ʯʪʦ ʧʨʦʯʥʦʩʪʴ ʧʨʫʪʢʦʚ ʧʦʩʣʝ ʛʦʨʷʯʝʡ ʵʢʩʪʨʫʟʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʝʥʠʷʤʠ ʚʨʝʤʝʥʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

370ï380 ʄʇʘ, ʘ ʧʣʘʩʪʠʯʥʦʩʪʴ ʟʥʘʯʝʥʠʷʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ 18ï20%. ʊʘʢʦʡ ʫʨʦʚʝʥʴ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʦʪʧʨʝʩʩʦʚʘʥʥʳʭ ʧʨʫʪʢʦʚ ʦʙʝʩʧʝʯʠʣ ʚʦʟʤʦʞʥʦʩʪʴ ʙʝʟʦʙʨʳʚʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʧʨʦʚʦʣʦʢʠ ʜʠʘʤʝʪʨʦʤ 3 ʤʤ ʙʝʟ 

ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʦʪʞʠʛʦʚ. ʈʘʩʩʯʠʪʘʥʳ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʦʙʦʚʘʥʳ ʤʘʨʰʨʫʪʳ ʚʦʣʦʯʝʥʠʷ ʧʨʦʚʦ-

ʣʦʢʠ ʜʠʘʤʝʪʨʦʤ ʜʦ 1 ʤʤ ʠʟ ʵʪʠʭ ʧʨʫʪʢʦʚ. ʆʧʨʝʜʝʣʝʥʳ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʦʚʦʣʦʢʠ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʦ ʠʟʤʝ-

ʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʠ ʠʟʜʝʣʠʡ ʥʘ ʚʩʝʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʝʨʝʜʝʣʘʭ ʪʝʨʤʦʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪ-

ʢʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʚʦʣʦʢʘ, ʧʦʣʫʯʝʥʥʘʷ ʠʟ ʩʪʨʫʞʢʠ ʩʧʣʘʚʘ 1580, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ, 

ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʩʚʘʨʦʯʥʦʡ ʧʨʦʚʦʣʦʢʝ ʠʟ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ, ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘ-

ʣʘ ʜʣʷ ʥʘʧʣʘʚʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠʟʜʝʣʠʡ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʜʜʠʪʠʚʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʩr ʧʫʯʠʝ ʩʪʨʫʞʢʦʚʳʝ ʦʪʭʦʜʳ, ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ ʩʦ ʩʢʘʥʜʠʝʤ, 

ʧʨʝʩʩʦʚʘʥʠʝ, ʚʦʣʦʯʝʥʠʝ, ʧʨʦʚʦʣʦʢʘ, ʩʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ ʤʝʪʘʣʣʘ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ʠ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʝʚʦʛʦ 
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RESEARCH ON THE TECHNOLOGY FOR P RODUCING WIRE  

FROM ALUMINUM 1580 ALLOY CHIP WASTE FOR  USE IN ADDITIVE 
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Abstract. The development of new technologies for the manufacture of long-length deformed semi-finished products 

from recycled aluminum alloy waste, which exclude melting conversion during their implementation, is an urgent task 

of metallurgical production. The objective of the work was to evaluate the possibility of obtaining and properties of 

deformed semi-finished products from chip waste of aluminum 1580 alloy. The research results on a method for pro-

ducing rods and wire from chips of an experimental aluminum 1580 alloy with a scandium content of 0.12 wt. % are 

presented. The main methods used are powder metallurgy (briquetting), metal forming (extrusion and drawing) and heat 

treatment (annealing). Using the developed general technological scheme for the thermal deformation treatment of bulk 

aluminum alloy chip waste, experimental studies have been conducted on the technology for producing briquetted 

blanks and hot extruded rods with diameters of 4.9 and 6.8 mm from 1580 alloy chips. It was found that the strength of 

the rods after hot extrusion is characterized by values of ultimate tensile strength of 370-380 MPa, and plasticity by 

values of elongation of 18-20 %. Such a level of mechanical properties of pressed rods ensured the possibility of con-

tinuous production of wire with a diameter of 3 mm without intermediate annealing. Drawing routes of a wire with a 

diameter of up to 1 mm from these rods have been calculated and experimentally tested. The mechanical properties of 

the wire were determined, and the change in the structure of semi-finished products and pieces at all technological stag-

es of thermal deformation treatment were studied. Research has shown that the wire obtained from 1580 alloy chips 

meets the requirements for welding wire made of aluminum alloys and can be used as a material for surfacing products 

in the implementation of additive technologies. 

Keywords: additive manufacturing, bulk chip waste, aluminum alloys with scandium, extrusion, drawing, wire, metal 

structure and properties 
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ɺʚʝʜʝʥʠʝ 

ʊʝʭʥʦʣʦʛʠʷ ʧʨʦʚʦʣʦʯʥʦ-ʜʫʛʦʚʦʛʦ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦ-
ʠʟʚʦʜʩʪʚʘ, ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʩʦʦʙʱʝʩʪʚʝ ʠʟʚʝʩʪʥʘ ʢʘʢ 
Wire Arc Additive Manufacturing (WAAM) [1, 2], ʧʨʝʜ-
ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʦʚʳʡ ʤʝʪʦʜ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʠʟʛʦ-
ʪʦʚʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʧʫʪʝʤ ʧʣʘʚʣʝʥʠʷ ʠ ʧʦʩʣʦʡʥʦʛʦ 
ʥʘʥʝʩʝʥʠʷ ʥʘ ʦʙʣʦʞʢʫ ʧʨʠʩʘʜʦʯʥʦʡ ʧʨʦʚʦʣʦʢʠ ʠʟ ʦʧʨʝ-
ʜʝʣʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʜʫʛʦʡ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʧʠ-
ʪʘʥʠʷ. ɺʳʩʦʢʠʝ ʩʢʦʨʦʩʪʠ ʥʘʧʣʘʚʢʠ, ʥʠʟʢʠʝ ʟʘʪʨʘʪʳ ʥʘ 
ʤʘʪʝʨʠʘʣʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʝ-
ʥʠʷ ʥʘʧʣʘʚʢʠ ʩ ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ 
ʧʘʨʘʤʝʪʨʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʚʦʡʩʪʚ ʥʘʧʣʘʚʣʷʝʤʦʛʦ ʤʘ-
ʪʝʨʠʘʣʘ ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʠʟʜʝʣʠʶ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʤʝ-
ʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʠ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʜʝʣʘʶʪ 
ʵʪʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʜʭʦʜʷʱʝʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʜʣʷ ʟʘʤʝʥʳ 
ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʤʘʣʦʡ ʠ 
ʩʨʝʜʥʝʡ ʩʣʦʞʥʦʩʪʠ.  
ɺ ʮʝʣʷʭ ʨʘʩʰʠʨʝʥʠʷ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦ-

ʣʦʛʠʠ WAAM  ʧʨʦʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʶ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʩʘʜʦʯʥʦʡ 
ʧʨʦʚʦʣʦʢʠ ʠʟ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʘ [3], ʥʠʢʝʣʷ 
[4], ʘʣʶʤʠʥʠʷ [5], ʩʪʘʣʠ [6]. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʘʜʜʠ-
ʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʘʜʘʧʪʘʮʠʷ-
ʤʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʤʥʦʛʠʝ ʩʪʘʥʜʘʨʪʥʳʝ ʩʚʘ-
ʨʦʯʥʳʝ ʩʧʣʘʚʳ, ʠʟ ʢʦʪʦʨʳʭ ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 
ʩʣʝʜʫʝʪ ʧʨʠʟʥʘʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʤʘʛʥʠʡʩʦʜʝʨ-
ʞʘʱʠʡ ʘʣʶʤʠʥʠʝʚʳʡ ʩʧʣʘʚ 1580, ʜʣʷ ʧʦʚʳʰʝʥʠʷ 
ʧʨʦʯʥʦʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʣʝʛʠʨʦʚʘʥʥʳʡ ʩʢʘʥʜʠʝʤ ʠ 
ʮʠʨʢʦʥʠʝʤ [7]. ɼʘʥʥʳʡ ʩʧʣʘʚ ʠʤʝʝʪ ʰʠʨʦʢʠʝ ʧʝʨ-
ʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ ʚ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʠ ʦʙʦʨʦʥ-
ʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʩʚʦʡʩʪʚʘʤ, ʘ 
ʪʘʢʞʝ ʦʧʪʠʤʘʣʴʥʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ ʧʨʦʯʥʦʩʪʠ ʠ ʚʝʩʘ 
[8, 9]. ʇʨʠ ʵʪʦʤ, ʢʘʢ ʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʦ-
ʤʳʰʣʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʧʨʦʯʥʦʩʪʴ ʥʘʧʣʘʚʣʝʥʥʦʛʦ 
ʩʣʦʷ ʫʢʘʟʘʥʥʦʛʦ ʩʧʣʘʚʘ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 
ʫʨʦʚʥʶ, ʧʨʝʜʲʷʚʣʷʝʤʦʤʫ ʢ ʜʝʬʦʨʤʠʨʫʝʤʦʤʫ ʩʦʩʪʦʷ-
ʥʠʶ ʪʦʛʦ ʞʝ ʩʧʣʘʚʘ [10]. 

ʊʚʝʨʜʦʪʝʣʴʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʦʪʭʦʜʦʚ ʚ ʥʘʩʪʦʷʱʝʝ 
ʚʨʝʤʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʬʝʨʫ, ʚʳʟʳʚʘʶʱʫʶ ʧʦ-
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ʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ 
ʩʥʠʞʘʪʴ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʮʠʠ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦ 
ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʧʝʨʚʠʯʥʦʛʦ ʘʣʶʤʠʥʠʷ, 
ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʵʪʦʤ ʩʥʠʞʘʶʪʩʷ ʵʥʝʨʛʦʟʘʪʨʘʪʳ, 
ʫʤʝʥʴʰʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦ-
ʩʬʝʨʫ, ʫʧʨʦʱʘʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ [11]. 
ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪ-

ʢʝ ʥʦʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ 
ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʧʨʦʚʦʣʦʢʠ ʠʟ 
ʩʪʨʫʞʢʦʚʳʭ ʦʪʭʦʜʦʚ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ. 
ɸʥʘʣʠʟ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʘʣ 

ʪʘʢʞʝ, ʯʪʦ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʪʝʨʤʦʜʝ-
ʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʳʧʫʯʠʭ ʩʪʨʫʞʢʦʚʳʭ ʦʪʭʦ-
ʜʦʚ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ, ʠʩʢʣʶʯʘʶʱʠʭ ʧʨʠ ʝʝ ʨʝʘ-
ʣʠʟʘʮʠʠ ʧʣʘʚʠʣʴʥʳʡ ʧʝʨʝʜʝʣ, ʜʣʷ ʩʧʣʘʚʘ 1580 ʮʝʣʝ-
ʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʨʘʥʝʝ ʦʙʱʫʶ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʩʭʝʤʫ [11]. 
ʊʘʢʘʷ ʩʭʝʤʘ ʙʳʣʘ ʥʝʦʜʥʦʢʨʘʪʥʦ ʫʩʧʝʰʥʦ ʦʧʨʦʙʦ-

ʚʘʥʘ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʘʥʘʣʦʛʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ 
ʧʦʣʫʯʝʥʠʷ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʠʟ 
ʩʪʨʫʞʢʦʚʳʭ ʦʪʭʦʜʦʚ ʨʘʟʣʠʯʥʳʭ ʩʧʣʘʚʦʚ ʘʣʶʤʠʥʠʷ 
(ɸɼ31, ɸʂ7 ʠ ʜʨ.) [11]. 
ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʘʩʴ ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ-

ʣʫʯʝʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠ ̫ ʩʚʦʡʩʪʚ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ 
ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʠʟ ʩʪʨʫʞʢʦʚʳʭ ʦʪʭʦʜʦʚ ʘʣʶʤʠʥʠʝ-
ʚʦʛʦ ʩʧʣʘʚʘ 1580. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʩʪʨʫʞʢʫ ʩʳʧʫʯʫʶ (ʩ ʜʣʠʥʦʡ ʚʠʪʢʘ ʤʝʥʝʝ 100 ʤʤ) ʠʟ 

ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ 1580, ʦʙʨʘʟʫʶʱʫʶʩʷ ʧʨʠ ʦʙʨʘ-

ʙʦʪʢʝ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʠ ʠʟʜʝʣʠʡ ʥʘ ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ 

ʩʪʘʥʢʘʭ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʧʳʪʥʦʛʦ ʩʧʣʘʚʘ [12] 

ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣ. 1. 

ʇʦʩʢʦʣʴʢʫ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʧʨʠ ʪʦʢʘʨʥʦʡ ʦʙʨʘʙʦʪ-

ʢʝ ʣʠʪʳʭ ʟʘʛʦʪʦʚʦʢ ʩʤʘʟʦʯʥʦ-ʦʭʣʘʞʜʘʶʱʫʶ ʞʠʜʢʦʩʪʴ 

ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʠ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʩʪʨʫʞʢʦʚʳʝ ʦʪʭʦʜʳ 

ʧʦ ʟʘʩʦʨʝʥʥʦʩʪʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʢʘʪʝʛʦʨʠʠ çʯʠʩʪʳʭè. 

ʇʦʵʪʦʤʫ ʧʝʨʝʜ ʢʦʤʧʘʢʪʠʨʦʚʘʥʠʝʤ ʦʥʠ ʥʝ ʧʦʜʚʝʨʛʘ-

ʣʠʩʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʝ ʚ ʚʠʜʝ ʧʨʦʤʳʚʢʠ ʠ 

ʦʯʠʩʪʢʠ ʦʪ ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʠʤʝʩʝʡ. ʅʝ ʧʨʦʚʦʜʠʣʦʩʴ 

ʪʘʢʞʝ ʠ ʨʘʟʜʝʣʝʥʠʝ ʩʪʨʫʞʢʠ ʧʦ ʨʘʟʤʝʨʘʤ.  

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʧʨʫʪʢʦʚ ʠ ʧʨʦʚʦʣʦʢʠ ʠʟ ʩʪʨʫʞʢʦʚʳʭ ʦʪʭʦʜʦʚ ʩʧʣʘʚʘ 

1580 ʧʨʠʤʝʥʷʣʠ ʤʝʪʦʜʳ ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ 

(ʙʨʠʢʝʪʠʨʦʚʘʥʠʝ), ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ ʜʘʚʣʝʥʠʝʤ 

(ʧʨʝʩʩʦʚʘʥʠʝ ʠ ʚʦʣʦʯʝʥʠʝ) ʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ (ʦʪʞʠʛ). 

ʇʦʣʫʬʘʙʨʠʢʘʪʳ ʠ ʠʟʜʝʣʠʷ ʧʦʣʫʯʘʣʠ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʭʝʤʦʡ (ʨʠʩ. 1), ʤʠʥʫʷ ʧʣʘ-

ʚʠʣʴʥʳʡ ʧʝʨʝʜʝʣ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʢʦʥʝʯ-

ʥʳʤ ʧʨʦʜʫʢʪʦʤ ʩʣʫʞʠʣʘ ʧʨʦʚʦʣʦʢʘ ʜʠʘʤʝʪʨʦʤ 1,0 

ʤʤ, ʢʦʪʦʨʫʶ ʦʧʨʦʙʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʣʘʚʦʯʥʦʡ ʧʨʠ 

ʨʝʘʣʠʟʘʮʠʠ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ɹʨʠʢʝʪʠʨʦʚʘʥʠʝ ʩʪʨʫʞʢʠ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʢʦʤʥʘʪ-

ʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʈʘʙʦʯʠʡ ʜʠʘʤʝʪʨ ʢʦʥʪʝʡʥʝʨʘ ʩʦʩʪʘʚ-

ʣʷʣ 42 ʤʤ. ʄʘʩʩʘ ʝʜʠʥʦʚʨʝʤʝʥʥʦ ʟʘʩʳʧʘʝʤʦʡ ʚ ʧʨʝʩʩ-

ʬʦʨʤʫ ʩʪʨʫʞʢʠ ʧʨʠʥʠʤʘʣʘʩʴ ʨʘʚʥʦʡ 40ï50 ʛ, ʯʪʦ ʧʨʠ 

ʧʨʠʢʣʘʜʳʚʘʝʤʦʤ ʜʘʚʣʝʥʠʠ ʙʨʠʢʝʪʠʨʦʚʘʥʠʷ 180 ʄʇʘ 

ʜʘʚʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʙʨʠʢʝʪʳ ʚʳʩʦʪʦʡ 15ï20 

ʤʤ. ʇʣʦʪʥʦʩʪʴ ʠʭ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʣʷʣʘ 1,78ï1,80 ʛ/ʩʤ
3
. 

ʊʘʙʣʠʮʘ 1. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʧʣʘʚʘ, ʠʟ ʢʦʪʦʨʦʛʦ ʧʦʣʫʯʝʥʘ ʩʪʨʫʞʢʘ 

T a b l e 1 .  Chemical composition of the studied alloy from which the chips were obtained 

ʉʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʘ, ʤʘʩ. % 

Mg Mn Si Sc Zr Ti Cr Fe Cu Zn Ni Al  

5,27 0,49 0,13 0,12 0,13 0,02 0,15 0,16 0,011 0,01 0,006 ʆʩʥʦʚʘ 

 

 

ʈʠʩ. 1. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʦʚʦʣʦʢʠ ʢʨʫʛʣʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʠʟ ʩʪʨʫʞʢʠ ʩʧʣʘʚʘ 1580 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʭʝʤʳ ʜʠʩʢʨʝʪʥʦʡ ʵʢʩʪʨʫʟʠʠ 

Fig. 1. Flow chart for manufacturing wire of circular cross section from 1580 alloy chips using traditional discrete  

extrusion 

ʀʩʭʦʜʥʘʷ ʩʪʨʫʞʢʘ ʠʟ ʩʧʣʘʚʘ 1580, ʧʦʣʫʯʝʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʣʠʪʦʡ ʟʘʛʦʪʦʚʢʠ 

ɹʨʠʢʝʪʠʨʦʚʘʥʠʝ ʩʪʨʫʞʢʠ ʚ ʞʝʩʪʢʦʡ ʧʨʝʩʩ-ʬʦʨʤʝ ʥʘ ʚʝʨʪʠʢʘʣʴʥʦʤ ʛʠʜʨʘʚʣʠʯʝʩʢʦʤ ʧʨʝʩʩʝ ʫʩʠʣʠʝʤ  

300 ʢʅ ʧʨʠ ʜʘʚʣʝʥʠʠ ʙʨʠʢʝʪʠʨʦʚʘʥʠʷ ʨ = 180 ʄʇʘ ʠ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ ʧʦʜ ʜʘʚʣʝʥʠʝʤ tʙʨ = 5 ʤʠʥ 

ʅʘʛʨʝʚ ʙʨʠʢʝʪʦʚ ʚʤʝʩʪʝ ʩ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ qɻʢʩ = 460ï480̄ ʉ ʠ ʛʦʨʷʯʘʷ ʵʢʩʪʨʫʟʠʷ  

ʥʘ ʚʝʨʪʠʢʘʣʴʥʦʤ ʛʠʜʨʘʚʣʠʯʝʩʢʦʤ ʧʨʝʩʩʝ ʫʩʠʣʠʝʤ 1 ʄʅ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʚʳʪʷʞʢʠ 

ɚ = 44 (ʧʨʫʪʦʢ ʜʠʘʤʝʪʨʦʤ 6,8) ʠ ɚ = 84 (ʧʨʫʪʦʢ ʜʠʘʤʝʪʨʦʤ 4,9 ʤʤ) 

ʆʜʥʦʢʨʘʪʥʦʝ ʭʦʣʦʜʥʦʝ ʚʦʣʦʯʝʥʠʝ ʧʨʦʚʦʣʦʢʠ ʜʦ ʜʠʘʤʝʪʨʘ 1 ʤʤ ʥʘ ʮʝʧʥʦʤ ʚʦʣʦʯʠʣʴʥʦʤ ʩʪʘʥʝ  

ʧʨʠ ʩʨʝʜʥʝʤ ʝʜʠʥʠʯʥʦʤ ʦʙʞʘʪʠʠ 20ï25% ʩ ʧʨʦʚʝʜʝʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʦʪʞʠʛʦʚ ʧʦ ʨʝʞʠʤʫ  

qʦʪʞ = 400̄ʉ, t = 3 ʯ 
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ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʳʭ ʧʨʫʪʢʦʚ ʧʨʠ-

ʤʝʥʷʣʠ ʩʦʩʪʘʚʥʳʝ ʦʙʨʘʟʮʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʜʚʫʭ ʙʨʠʢʝ-

ʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʥʘ ʙʦʢʦʚʫʶ ʢʦʥʪʘʢʪ-

ʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩʤʘʟʢʠ ʚ ʚʠʜʝ ʩʤʝʩʠ ʛʨʘʬʠʪʘ ʩ ʤʘʩ-

ʣʦʤ ʨʘʩʧʦʣʘʛʘʣʠ ʚʥʫʪʨʠ ʢʦʥʪʝʡʥʝʨʘ ʠʥʩʪʨʫʤʝʥʪʘʣʴ-

ʥʦʡ ʦʩʥʘʩʪʢʠ [11]. ɽʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʨʘʟʤʝʱʘʣʠ 

ʚʥʫʪʨʠ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ 

ʩʪʦʣʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʨʝʩʩʘ ʫʩʠʣʠʝʤ 1 ʄʅ ʩʪʘʮʠʦ-

ʥʘʨʥʦʡ ʧʝʯʠ, ʥʘʛʨʝʚʘʣʠ ʜʦ ʪʨʝʙʫʝʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʠʟʚʦʜʠʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʦʮʝʩʩ 

ʵʢʩʪʨʫʟʠʠ. ɼʠʘʤʝʪʨʳ ʨʘʙʦʯʝʛʦ ʦʪʚʝʨʩʪʠʷ ʤʘʪʨʠʮʳ 

ʙʳʣʠ ʚʳʙʨʘʥʳ ʠʟ ʠʤʝʶʱʝʛʦʩʷ ʧʨʝʩʩʦʚʦʛʦ ʠʥʩʪʨʫ-

ʤʝʥʪʘ ʨʘʚʥʳʤʠ 6,8 ʠ 4,9 ʤʤ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʮʝʥʠʪʴ 

ʚʣʠʷʥʠʝ ʚʳʪʷʞʢʠ ʧʨʠ ʵʢʩʪʨʫʟʠʠ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘ ʧʨʝʩʩʦʚʘʥʠʷ. ʂʦʵʬʬʠʮʠʝʥʪʳ 

ʚʳʪʷʞʢʠ ʧʨʠ ʵʢʩʪʨʫʟʠʠ ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʦʪ 44 ʜʦ 84. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʧʨʦʮʝʩʩ 

ʧʨʝʩʩʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʠʤ, ʦʜʥʘʢʦ ʧʦʣʫʯʝʥʠʝ ʧʨʫʪʢʘ 

ʜʠʘʤʝʪʨʦʤ 4,9 ʤʤ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʯʠʩʣʦ ʦʧʝʨʘʮʠʡ 

ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʚʦʣʦʯʝʥʠʠ. 

ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʧʨʦʮʝʩʩʘ ʵʢʩʪʨʫʟʠʠ ʦʪʧʨʝʩʩʦ-

ʚʘʥʥʳʡ ʧʨʫʪʦʢ ʠʟʚʣʝʢʘʣʠ ʠ ʦʪʜʝʣʷʣʠ ʦʪ ʥʝʛʦ ʧʨʝʩʩ-

ʦʩʪʘʪʦʢ. ʉʘʤ ʧʨʫʪʦʢ ʜʝʣʠʣʠ ʥʘ ʥʝʩʢʦʣʴʢʦ ʯʘʩʪʝʡ, ʦʜ-

ʥʘ ʠʟ ʢʦʪʦʨʳʭ ʩʣʫʞʠʣʘ ʜʣʷ ʚʳʪʘʯʠʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʨʘʩʪʷʞʝʥʠʝ, 

ʘ ʜʨʫʛʘʷ ʰʣʘ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʧʨʦʮʝʩʩʘ ʭʦʣʦʜʥʦʛʦ ʦʜ-

ʥʦʢʨʘʪʥʦʛʦ ʚʦʣʦʯʝʥʠʷ ʥʘ ʮʝʧʥʦʤ ʚʦʣʦʯʠʣʴʥʦʤ ʩʪʘʥʝ. 

ʇʨʠ ʵʪʦʤ ʚʦʣʦʯʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʜʠʘʤʝʪʨʘ ʧʨʝʩ-

ʩʦʚʘʥʥʦʡ ʟʘʛʦʪʦʚʢʠ 4,9 ʤʤ ʜʦ ʜʠʘʤʝʪʨʘ 1,0 ʤʤ, ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʠ ʢʦʥʝʯʥʦʛʦ ʦʪʞʠʛʦʚ. 

ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʤʘʨʰʨʫʪʦʚ ʠ ʧʘʨʘʤʝʪʨʦʚ ʚʦʣʦ-

ʯʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʚʝʩʪʥʳʭ ʬʦʨʤʫʣ [13-16] 

ʚʢʣʶʯʘʣʘ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: 

1. ʂʦʵʬʬʠʮʠʝʥʪ ʚʳʪʷʞʢʠ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨ-

ʤʫʣʝ 

0

1

,
F

F
m=                                    (1) 

ʛʜʝ F0 ʠ F1 ï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʠʟʜʝʣʠʷ 

ʜʦ ʚʦʣʦʯʝʥʠʷ ʠ ʧʦʩʣʝ ʥʝʛʦ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

2. ʉʫʤʤʘʨʥʦʝ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʦʙʞʘʪʠʝ eS  ʦʧʨʝʜʝ-

ʣʷʶʪ ʧʦ ʬʦʨʤʫʣʝ 

2 2

0

2

0

100 %,
d d

d
S

-
e = Ö                       (2) 

ʛʜʝ d0 ï ʜʠʘʤʝʪʨ ʧʨʦʚʦʣʦʢʠ ʧʦʩʣʝ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʦʯʝʨʝʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʪʞʠʛʘ; d ï ʜʠʘʤʝʪʨ ʧʨʦʚʦʣʦʢʠ, 

ʬʨʘʛʤʝʥʪʳ ʢʦʪʦʨʦʡ ʧʦʜʚʝʨʛʘʣʠʩʴ ʠʩʧʳʪʘʥʠʶ ʥʘ ʨʘʩ-

ʪʷʞʝʥʠʝ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʦʯʝʨʝʜʥʦʛʦ ʵʪʘʧʘ ʜʝʬʦʨ-

ʤʠʨʦʚʘʥʠʷ. 

3. ʉʠʣʫ ʚʦʣʦʯʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʬʦʨʤʫʣʝ ɸ.ʇ. 

ɻʘʚʨʠʣʝʥʢʦ: 

( )( )ʚ ʚ 0 1ʩ
1 ctg ,P F F f=s - Ö + Ö a          (3) 

ʛʜʝ 
ʚʩ
s ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʚʨʝʤʝʥʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʷ ʤʝʪʘʣʣʘ ʚ ʧʨʝʜʝʣʘʭ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʟʦʥʳ; f ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʥʘ ʢʦʥʪʘʢʪʝ ʟʘʛʦʪʦʚʢʠ ʩ ʚʦʣʦ-

ʢʦʡ; a ï ʫʛʦʣ ʚʦʣʦʢʠ. 

4. ʅʘʧʨʷʞʝʥʠʝ ʚʦʣʦʯʝʥʠʷ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨ-

ʤʫʣʝ 

ʚ
ʚ

1

.
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ʂ
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=                                  (4) 

5. ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪ ʧʦ 

ʬʦʨʤʫʣʝ 

ʚ

ʚ

,
ʂ

s
g =                                   (5) 

ʛʜʝ sʚ ï ʚʨʝʤʝʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʝʪʘʣʣʘ ʧʦʩʣʝ ʚʦ-

ʣʦʯʝʥʠʷ. 

ʇʦʩʣʝ ʢʘʞʜʦʛʦ ʠʟ ʵʪʘʧʦʚ ʪʝʨʤʦʜʝʬʦʨʤʘʮʠʦʥʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʨʦʚʦʜʠʣʠ ʦʪʙʦʨ ʦʙʨʘʟʮʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʨʘʩʪʷʞʝʥʠʝ, ʧʦ ʨʝʟʫʣʴʪʘ-

ʪʘʤ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʣʠ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʥʦʛʦ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ sʚ, ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ d, ʦʪʨʘʞʘ-

ʶʱʠʭ ʠʟʤʝʥʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʤ ʧʝʨʝʜʝʣʘʤ. 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʫʪʢʦʚ ʠ ʧʨʦʚʦʣʦʢʠ 

ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʤʘʰʠʥʘʭ LFM 400 ʠ 

LFM 10, ʘ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ï ʩ ʧʦʤʦʱʴʶ ʮʠʬʨʦʚʦʛʦ 

ʤʠʢʨʦʪʚʝʨʜʦʤʝʨʘ Dʄ8. 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʫ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʣʦʢʠ ʠʩʩʣʝʜʦʚʘ-

ʣʠ ʚ ʧʨʦʜʦʣʴʥʦʤ ʠ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ ʥʘ ʤʠʢ-

ʨʦʩʢʦʧʝ ʬʠʨʤʳ CARL ZEISS Axio Observer A1m ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʷʭ 200, 1000 ʢʨʘʪ, ʘ ʥʘʧʣʘʚʣʝʥʥʳʡ ʩʣʦʡ ʥʘ 

ʩʚʝʪʦʚʦʤ ʤʠʢʨʦʩʢʦʧʝ Stemi 2000-C. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɼʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ ʠ ʧʦ-

ʣʫʯʝʥʠʷ ʧʨʦʚʦʣʦʢʠ ʜʠʘʤʝʪʨʦʤ 1 ʤʤ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ 

ʨʘʩʯʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʚʦʣʦ-

ʯʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʨʠʚʫʶ ʫʧʨʦʯʥʝʥʠʷ, 

ʧʦʣʫʯʝʥʥʫʶ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʜʘʥʥʳʭ ʧʦ 

ʩʚʦʡʩʪʚʘʤ ʩʧʣʘʚʘ 1580, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʨʘʙʦʪʘʭ [9, 

17], ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʣʫʯʠʣʠ ʬʦʨʤʫʣʫ 

2

ʚ 386 2,45 0,014 .S Ss = + e - e                   (6) 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʦʮʝʩʩʘ ʚʦʣʦʯʝʥʠʷ ʧʨʦʚʦʣʦʢʠ ʠʟ ʩʧʣʘʚʘ 1580 ʜʠʘ-

ʤʝʪʨʦʤ 1,0 ʤʤ ʠʟ ʧʨʫʪʢʘ ʜʠʘʤʝʪʨʦʤ 4,9 ʤʤ, ʚʳʧʦʣ-

ʥʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʨʤʫʣ ʧʦ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ 

ʚʳʰʝ ʤʝʪʦʜʠʢʝ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʩʯʝʪʦʚ ʫʛʦʣ ʚʦʣʦʢʠ ʧʨʠʥʠʤʘʣʠ 

ʨʘʚʥʳʤ 8,̄ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʥʘ ʢʦʥʪʘʢʪʝ ï 0,1. 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʳʪʷʞʢʠ ʙʳʣʦ ʨʘʚʥʦ 

1,31, ʘ ʩʫʤʤʘʨʥʦʝ ʦʙʞʘʪʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʩʦʩʝʜʥʠʤʠ 

ʦʪʞʠʛʘʤʠ ʥʝ ʧʨʝʚʳʰʘʣʦ 63 % (ʩʤ. ʪʘʙʣ. 2). 



ʉʠʜʝʣʴʥʠʢʦʚ ʉ.ɹ., ɿʘʛʠʨʦʚ ʅ.ʅ., ʀʚʘʥʦʚ ɽ.ɺ., ʏʫʢʠʥ ʄ.ɺ., ɹʝʟʨʫʢʠʭ ɸ.ʀ., ʃʦʧʘʪʠʥʘ ɽ.ʉ. 
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ʊʘʙʣʠʮʘ 2. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʩʠʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʚʦʣʦʯʝʥʠʷ ʧʨʦʚʦʣʦʢʠ 

T a b l e 2 . Calculation results of technological and power parameters of the wire drawing process 

ʇʘʨʘʤʝʪʨʳ 
ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʦ ʧʝʨʝʭʦʜʘʤ ʚʦʣʦʯʝʥʠʷ 

1 2 3 4* 5 6 7* 8 9 10* 11 12 

ʂʦʵʬʬʠʮʠʝʥʪ ʚʳʪʷʞʢʠ mi 1,33 1,3 1,27 1,22 1,33 1,32 1,31 1,33 1,32 1,31 1,33 1,28 

ɼʠʘʤʝʪʨ ʜʦ ʚʦʣʦʯʝʥʠʷ Di-1, ʤʤ 4,9 4,2 3,7 3,3 3,0 2,6 2,3 2,0 1,7 1,5 1,3 1,1 

ɼʠʘʤʝʪʨ ʧʦʩʣʝ ʚʦʣʦʯʝʥʠʷ Di, ʤʤ 4,2 3,7 3,3 3,0 2,6 2,3 2,0 1,7 1,5 1,3 1,1 1,0 

ʇʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ Fi, ʤʤ
2 14,2 10,9 8,6 7,0 5,3 4,0 3,1 2,3 1,7 1,3 1,0 0,8 

ʉʫʤʤʘʨʥʦʝ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʦʙʞʘʪʠʝ  

ʜʦ ʦʪʞʠʛʘ ei, % 
25 42 54 63 25 43 57 25 43 57 25 41 

ʉʠʣʘ ʚʦʣʦʯʝʥʠʷ ʈi, ʅ 3295 2523 1867 1273 1377 991 766 596 431 333 259 169 

ʅʘʧʨʷʞʝʥʠʝ ʚʦʣʦʯʝʥʠʷ ʂʚi, ʄʇʘ 232 231 217 181 260 247 250 259 247 250 259 216 

ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ gi 1,88 2,01 2,20 2,68 1,68 1,88 1,92 1,69 1,88 1,92 1,69 2,15 

* ʄʝʩʪʦ ʧʨʦʚʝʜʝʥʠʷ ʦʪʞʠʛʘ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʥʘ ʨʘʟʨʳʚ ʜʣʷ ʧʨʦʚʦʣʦʢʠ 

ʨʘʟʣʠʯʥʳʭ ʜʠʘʤʝʪʨʦʚ ʚ ʥʘʛʘʨʪʦʚʘʥʥʦʤ ʠ ʦʪʦʞʞʝʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3. ʂʘʞʜʘʷ ʥʘʥʝʩʝʥʥʘʷ 

ʪʦʯʢʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʨʝʜʥʝʤʫ ʟʥʘʯʝʥʠʶ ʫʢʘʟʘʥʥʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ ʜʣʷ ʪʨʝʭ ʠʩʧʳʪʘʥʥʳʭ ʦʙʨʘʟʮʦʚ.  

ʊʘʙʣʠʮʘ 3. ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʝʬʦʨʤʠʨʦʚʘʥ-

ʥʳʭ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʠʟ ʩʪʨʫʞʢʠ  

ʩʧʣʘʚʘ 1580 

T a b l e  3. Mechanical properties of deformed semi-

finished products from 1580 alloy chips 

ɺʠʜ 

ʧʦʣʫʬʘʙʨʠʢʘʪʘ 
ʉʦʩʪʦʷʥʠʝ ůʚ, ʄʇʘ ŭ, % 

ʇʨʫʪʦʢ ʜʠʘʤʝʪʨʦʤ 

4,9 ʤʤ 

ɻʦʨʷʯʝʧʨʝʩʩʦʚʘʥ-

ʥʦʝ 
370Ñ5 19Ñ1 

ʇʨʦʚʦʣʦʢʘ ʜʠʘʤʝʪʨʦʤ 

3,0 ʤʤ 
ʅʘʛʘʨʪʦʚʘʥʥʦʝ 412Ñ2 3Ñ1 

ʇʨʦʚʦʣʦʢʘ ʜʠʘʤʝʪʨʦʤ 

3,0 ʤʤ 
ʆʪʦʞʞʝʥʥʦʝ 375Ñ5 17Ñ2 

ʇʨʦʚʦʣʦʢʘ ʜʠʘʤʝʪʨʦʤ 

1,0 ʤʤ 
ʆʪʦʞʞʝʥʥʦʝ 335Ñ2 19Ñ2 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ ʥʘ ʨʘʟʨʳʚ ʧʦʢʘ-

ʟʘʣʠ, ʯʪʦ ʫʨʦʚʝʥʴ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʦʨʷʯʝʧʨʝʩ-

ʩʦʚʘʥʥʳʭ ʧʨʫʪʢʦʚ ʜʠʘʤʝʪʨʦʤ 4,9 ʤʤ ʜʦʩʪʘʪʦʯʥʦ ʚʳ-

ʩʦʢ (ʩʤ. ʪʘʙʣ. 3) ʠ ʦʙʝʩʧʝʯʠʣ ʚʦʟʤʦʞʥʦʩʪʴ ʙʝʟʦʙʨʳʚ-

ʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʧʨʦʚʦʣʦʢʠ ʜʠʘʤʝʪʨʦʤ 3,0 ʤʤ ʙʝʟ ʧʨʦ-

ʚʝʜʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʦʪʞʠʛʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʨʦʚʦʣʦʢʠ ʠʟ 

ʩʪʨʫʞʢʠ ʩʧʣʘʚʘ 1580 (ʨʠʩ. 2) ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʥʘ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ a-ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʩ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩ-

ʧʨʝʜʝʣʝʥʥʳʤʠ ʤʝʣʢʠʤʠ ʯʘʩʪʠʮʘʤʠ ʠʟʙʳʪʦʯʥʳʭ ʬʘʟ. 

ʇʨʠʯʝʤ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʨʦʚʦʣʦʢʠ ʚ ʧʨʦʜʦʣʴʥʦʤ ʠ 

ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʘ. 

ʇʨʠ ʦʮʝʥʢʝ ʫʨʦʚʥʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʨʠʝʥ-

ʪʠʨʦʚʘʣʠʩʴ ʥʘ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʚʦʣʦʢʝ ʧʦ ɻʆʉʊ 

7871-2019 [18], ʚ ʢʦʪʦʨʦʤ ʫʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʚʦʣʦʢʘ 

ʚʩʝʭ ʤʘʨʦʢ ʩʧʣʘʚʦʚ ʜʠʘʤʝʪʨʦʤ ʜʦ 4 ʤʤ ʚ ʥʘʛʘʨʪʦʚʘʥ-

ʥʦʤ ʩʦʩʪʦʷʥʠʠ ʜʦʣʞʥʘ ʠʤʝʪʴ ʚʨʝʤʝʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʝ ʥʝ ʤʝʥʝʝ 100 ʄʇʘ. ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ (ʩʤ. 

ʪʘʙʣ. 3) ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʦʚʦʣʦʢʘ, ʧʦʣʫʯʝʥʥʘʷ ʠʟ 

ʩʪʨʫʞʢʠ ʩʧʣʘʚʘ 1580, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ 

ʩʪʘʥʜʘʨʪʘ ʜʣʷ ʩʚʘʨʦʯʥʦʡ ʧʨʦʚʦʣʦʢʠ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʦʣʫʯʝʥʥʫʶ ʧʨʦʚʦʣʦʢʫ ʠʩʧʦʣʴʟʦ-

ʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʝʛʦ 

ʥʘʧʣʘʚʢʠ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʠ ʭʦʣʦʜʥʦʛʦ ʧʝʨʝʥʦʩʘ 

ʤʝʪʘʣʣʘ ʥʘ ʧʦʜʣʦʞʢʫ ʠʟ ʩʧʣʘʚʘ ɸʄʛ6 ʚ ʚʠʜʝ ʧʣʘʩʪʠ-

ʥʳ (ʨʠʩ. 3). ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʨʠʤʝʥʝʥʠ-

ʝʤ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Fanuc ARC Mate 

100iC ʩʦ ʩʚʘʨʦʯʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ Fronius TPS 3200 

CMT. ʈʝʞʠʤ ʥʘʧʣʘʚʢʠ ʙʳʣ ʩʣʝʜʫʶʱʠʤ: ʪʦʢ ʥʘʧʣʘʚʢʠ 

ï 57 ɸ; ʥʘʧʨʷʞʝʥʠʝ ʜʫʛʠ ï 19,5 ɺ; ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ 

ʧʨʦʚʦʣʦʢʠ ï 800 ʤʤ/ʤʠʥ; ʟʘʱʠʪʥʳʡ ʛʘʟ ï ʘʨʛʦʥ. 

  
ʘ ʙ 

ʈʠʩ. 2. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʦʡ ʠʟ ʩʪʨʫʞʢʠ ʩʧʣʘʚʘ 1580 ʧʨʦʚʦʣʦʢʠ ʜʠʘʤʝʪʨʦʤ 1 ʤʤ, Ĭ1000: 

ʘ ï ʧʨʦʜʦʣʴʥʦʝ ʩʝʯʝʥʠʝ; ʙ ï ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ 

Fig. 2. Microstructure of 1 mm diameter wire obtained from 1580 alloy chips, Ĭ1000: a is sectional view;  

ʙ is cross-sectional view 
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ʈʠʩ. 3. ɺʠʜ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʦʙʨʘʟʮʘ ʠ ʩʪʨʫʢʪʫʨʘ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʩʣʦʷ ʠʟ ʧʨʦʚʦʣʦʢʠ, ʧʦʣʫʯʝʥʥʦʡ ʠʟ ʩʪʨʫʞʢʠ 

ʩʧʣʘʚʘ 1580: ʘ ï ʦʙʨʘʟʝʮ; ʙ ï ʤʘʢʨʦʩʪʨʫʢʪʫʨʘ; ʚ ï ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ, Ĭ200 

Fig. 3. The view of the deposited sample and the structure of the deposited layer from wire obtained from 1580 alloy 

chips: a is sample, ʙ is macrostructure; ʚ is microstructure, Ĭ200 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʥʘʧʣʘʚʢʠ ʙʳʣʘ ʠʟʫʯʝʥʘ ʤʘʢʨʦ- 

ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ. ʀʩʩʣʝʜʦʚʘ-

ʥʠʝ ʤʘʢʨʦʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʘʧʣʘʚ-

ʣʝʥʥʳʝ ʩʣʦʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʠʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʩ ʤʝʪʘʣʣʦʤ ʦʩʥʦʚʳ 

(ʨʠʩ. 3, ʘ). ʅʦ ʧʨʠ ʵʪʦʤ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʥʘʧʣʘʚʣʝʥʥʦ-

ʛʦ ʤʝʪʘʣʣʘ ʚʳʷʚʣʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʨ ʨʘʟʤʝ-

ʨʘʤʠ ʜʦ 0,5 ʤʤ (ʨʠʩ. 3, ʙ). ɽʜʠʥʠʯʥʳʝ ʧʦʨʳ ʚʩʪʨʝʯʘ-

ʶʪʩʷ ʠ ʚ ʜʨʫʛʠʭ ʯʘʩʪʷʭ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ. ʄʠʢ-

ʨʦʩʪʨʫʢʪʫʨʘ ʥʘʧʣʘʚʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʣʠʪʦʝ 

ʩʪʨʦʝʥʠʝ ʩʧʣʘʚʘ (ʨʠʩ. 3, ʚ). ɺʳʷʚʣʷʶʪʩʷ ʟʦʥʳ ʢʘʢ ʩ 

ʢʨʫʧʥʳʤ ʩʪʨʦʝʥʠʝʤ ʜʝʥʜʨʠʪʦʚ, ʪʘʢ ʠ ʩ ʙʦʣʝʝ ʤʝʣʢʠ-

ʤʠ ʨʘʟʤʝʨʘʤʠ ʜʝʥʜʨʠʪʥʦʡ ʷʯʝʡʢʠ, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, 

ʩʚʷʟʘʥʦ ʩ ʫʩʣʦʚʠʷʤʠ ʦʭʣʘʞʜʝʥʠʷ ʩʣʦʝʚ ʤʝʪʘʣʣʘ ʧʨʠ 

ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʥʘʧʣʘʚʢʠ ʤʝʪʘʣʣʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ ʪʘʢʞʝ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʝʭʘʥʠʯʝ-

ʩʢʠʭ ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʘ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʩʣʦʷ ʥʦʩʠʪ ʜʦ-

ʩʪʘʪʦʯʥʦ ʨʘʚʥʦʤʝʨʥʳʡ ʭʘʨʘʢʪʝʨ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʚʦʣʦʢʘ ʠʟ ʩʪʨʫʞʢʠ ʩʧʣʘ-

ʚʘ 1580 ʜʠʘʤʝʪʨʦʤ 1 ʤʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ, 

ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʩʚʘʨʦʯʥʦʡ ʧʨʦʚʦʣʦʢʝ ʠʟ ʘʣʶʤʠʥʠʝ-

ʚʳʭ ʩʧʣʘʚʦʚ ɻʆʉʊ 7871-2019 [18], ʯʪʦ ʜʘʝʪ ʦʩʥʦʚʘ-

ʥʠʝ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʝʝ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʥʘʧʣʘʚʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠʟʜʝʣʠʡ ʧʨʠ 

ʨʝʘʣʠʟʘʮʠʠ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʪʝʨʤʦʜʝ-

ʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʣʠʥʥʦʤʝʨʥʳʭ ʜʝʬʦʨʤʠʨʦ-

ʚʘʥʥʳʭ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʠʟ ʩʪʨʫʞʢʠ ʘʣʶʤʠʥʠʝʚʦʛʦ 

ʩʧʣʘʚʘ 1580, ʵʢʦʥʦʤʥʦ ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʩʢʘʥʜʠʝʤ. ʀʩ-

ʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʧʨʫʪʢʦʚ ʧʨʝʩʩʦ-

ʚʘʥʠʝʤ ʠʟ ʩʙʨʠʢʝʪʠʨʦʚʘʥʥʳʭ ʠʟ ʩʪʨʫʞʢʠ ʟʘʛʦʪʦʚʦʢ 

ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴʩʷ ʩ ʜʠʘʤʝʪʨʦʤ ʟʘʛʦ-

ʪʦʚʢʠ (4,9 ʤʤ) ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʦʣʦʯʝʥʠʷ ʧʨʦʚʦ-

ʣʦʢʠ ʜʠʘʤʝʪʨʦʤ ʦʪ 3 ʜʦ 1 ʤʤ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠ-

ʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʚʦʣʦʢʘ ʠʟ ʩʪʨʫʞʢʠ 

ʩʧʣʘʚʘ 1580 ʜʠʘʤʝʪʨʦʤ 1 ʤʤ ʚ ʦʪʦʞʞʝʥʥʦʤ ʩʦʩʪʦʷ-

ʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ 

ʩʚʘʨʦʯʥʦʡ ʧʨʦʚʦʣʦʢʝ ʠʟ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ, ʠ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ 

ʥʘʧʣʘʚʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠʟʜʝʣʠʡ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ 

ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ [18]. 

ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʷʚʣʷʝʪʩʷ ʧʦʩʣʝʜʥʝʡ ʚ ʥʘʫʯʥʦʡ ʜʝ-

ʷʪʝʣʴʥʦʩʪʠ ʠ ʪʚʦʨʯʝʩʢʦʡ ʙʠʦʛʨʘʬʠʠ ʜʦʮʝʥʪʘ ʢʘ-
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ʪʘ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʉʠʙʠʨʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠ-
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʀɿʄɽʃʔʏɪʅʅʓʍ ʆʊʍʆɼʆɺ ʉʀʃʀʂʆʅʆɺʓʍ 

ʈɽɿʀʅ ɺ ʂɸʏɽʉʊɺɽ ʈɸɿʋʇʈʆʏʅʗʖʑɽʁ ɼʆɹɸɺʂʀ  

ɼʃʗ ɾʀɼʂʆʉʊɽʂʆʃʔʅʓʍ ʉʊɽʈɾʅɽɺʓʍ ʉʄɽʉɽʁ ʊɽʇʃʆɺʆɻʆ 

ʆʊɺɽʈɾɼɽʅʀʗ 

ʃʝʫʰʠʥ ʀ.ʆ., ɺʘʭʠʜʦʚ ʋ.ʐ., ʉʫʙʙʦʪʠʥ ɸ.ʖ., ʊʠʪʦʚ ɸ.ɺ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʈ.ɽ. ɸʣʝʢʩʝʝʚʘ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

ɸʥʥʦʪʘʮʠʷ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥ ʩʧʦʩʦʙ ʨʝʰʝʥʠʷ ʦʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʣʠ-

ʪʝʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ï ʧʨʦʙʣʝʤʳ ʚʳʩʦʢʦʡ ʦʩʪʘʪʦʯʥʦʡ ʧʨʦʯʥʦʩʪʠ ʞʠʜʢʦʩʪʝʢʦʣʴʥʳʭ ʩʤʝʩʝʡ ʪʝʧʣʦʚʦʛʦ ʦʪʚʝʨ-

ʞʜʝʥʠʷ. ʎʝʣʴ ʨʘʙʦʪʳ. ʇʨʘʢʪʠʯʝʩʢʠʤ ʧʫʪʸʤ ʦʧʨʝʜʝʣʠʪʴ ʚ ʩʦʩʪʘʚʝ ʩʤʝʩʠ ʢʦʣʠʯʝʩʪʚʦ ʠʟʤʝʣʴʯʸʥʥʳʭ ʦʪʭʦʜʦʚ 

ʩʠʣʠʢʦʥʦʚʳʭ ʨʝʟʠʥ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʝʸ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʟʫʧʨʦʯʥʝʥʠʷ, ʠ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʨʝʤʝʥʥʦʡ ʨʝʞʠʤ ʪʝʧ-

ʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩʪʝʨʞʥʝʡ ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʛʘʟʦʚʦʡ ʧʦʨʠʩʪʦʩʪʠ ʚ ʦʪʣʠʚʢʘʭ ʠ ʩʦʭʨʘʥʝʥʠʷ 

ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʦʩʥʦʚʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʞʠʜʢʦʩʪʝʢʦʣʴʥʳʭ ʣʠʪʝʡʥʳʭ ʩʪʝʨʞʥʝʡ. ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʫʪʸʤ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʥʘ ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʘʭ ʦʧʨʝʜʝʣʸʥ ʥʘʠʣʫʯʰʠʡ ʨʝʞʠʤ ʪʝʧʣʦʚʦʡ 

ʦʙʨʘʙʦʪʢʠ ʞʠʜʢʦʩʪʝʢʦʣʴʥʳʭ ʩʤʝʩʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʸʤ ʩʦʩʪʘʚʝ ʠʟʤʝʣʴʯʸʥʥʳʝ ʦʪʭʦʜ rʩʠʣʠʢʦʥʦʚʳʭ ʨʝʟʠʥ, 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ ʵʪʘʧʦʚ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘʛʨʝʚ ʩʪʝʨʞʥʝʡ ʚ ʩʫʰʠʣʴʥʦʡ ʧʝʯʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫ-

ʨʝ 200Áʉ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ. ɺʪʦʨʦʡ ʵʪʘʧ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʘʛʨʝʚ ʩʪʝʨʞʥʝʡ ʚ ʩʫʰʠʣʴʥʦʡ ʧʝʯʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

400Áʉ ʚ ʪʝʯʝʥʠʝ 5,5 ʤʠʥ. ʀʩʧʳʪʘʥʠʷ ʪʘʢʞʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʠʣʫʯʰʝʛʦ ʢʦʤʧʣʝʢʩʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥ-

ʥʳʭ ʩʚʦʡʩʪʚ ʞʠʜʢʦʩʪʝʢʦʣʴʥʳʭ ʩʪʝʨʞʥʝʡ ʪʝʧʣʦʚʦʛʦ ʦʪʚʝʨʞʜʝʥʠʷ ʜʣʷ ʩʥʠʞʝʥʠʷ ʦʩʪʘʪʦʯʥʦʡ ʧʨʦʯʥʦʩʪʠ ʚ ʩʤʝʩʴ 

ʥʫʞʥʦ ʜʦʙʘʚʣʷʪʴ ʦʪ 2 ʜʦ 4% (ʧʦ ʤʘʩʩʝ) ʠʟʤʝʣʴʯʸʥʥʳʭ ʦʪʭʦʜʦʚ ʩʠʣʠʢʦʥʦʚʳʭ ʨʝʟʠʥ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. 

ɺʚʝʜʝʥʠʝ ʚ ʩʦʩʪʘʚ ʞʠʜʢʦʩʪʝʢʦʣʴʥʳʭ ʩʤʝʩʝʡ ʪʝʧʣʦʚʦʛʦ ʦʪʚʝʨʞʜʝʥʠʷ ʠʟʤʝʣʴʯʸʥʥʳʭ ʦʪʭʦʜʦʚ ʩʠʣʠʢʦʥʦʚʳʭ ʨʝʟʠʥ 

ʧʦʟʚʦʣʠʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʩʪʝʨʞʥʠ, ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʭʦʨʦʰʝʡ ʛʘʟʦʧʨʦʥʠʮʘʝʤʦʩʪʴʶ, ʥʠʟʢʦʡ 

ʦʩʳʧʘʝʤʦʩʪʴʶ ʠ ʦʩʪʘʪʦʯʥʦʡ ʧʨʦʯʥʦʩʪʴʶ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʪʭʦʜʳ ʧʨʦʠʟʚʦʜʩʪʚ, ʩʪʝʨʞʥʝʚʘʷ ʩʤʝʩʴ, ʣʠʪʝʡʥʳʡ ʩʪʝʨʞʝʥʴ, ʞʠʜʢʦʩʪʝʢʦʣʴʥʘʷ ʩʤʝʩʴ, ʟʘʪʨʫʜ-

ʥʸʥʥʘʷ ʚʳʙʠʚʘʝʤʦʩʪʴ, ʨʘʟʫʧʨʦʯʥʷʶʱʠʝ ʜʦʙʘʚʢʠ 
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USING CRUSHED SILICONE RUBBER WASTE AS A SOFTENING 

ADDITIVE FOR LIQUID GLASS CORE MIXTURES OF HEAT -CURING 

Leushin I.O., Vakhidov U.Sh., Subbotin A.Yu., Titov A.V. 

Nizhny Novgorod State Technical University n. a. R.E. Alekseev, Nizhny Novgorod, Russia 

Abstract. Problem Statement (Relevance). The article describes a solution to one of the urgent problems of foundry pro-

duction ï the problem of high residual strength of liquid glass mixtures of heat-curing. Objectives. The research is aimed 

at practically determining the amount of crushed silicone rubber (CSR) waste in the mixture composition required for its 

effective softening, and the temperature-time mode of heat treatment of the cores to reduce the likelihood of gas porosity in 

castings and maintain the main performance properties of liquid glass moulding cores at a high level. Result. By testing 

standard samples, the best mode of heat treatment of liquid glass mixtures containing CSR waste in their composition was 

determined, consisting of two stages. At the first stage, the cores are heated in a drying furnace at a temperature of 200ÁC 

for 15 minutes. The second stage includes heating the cores in a drying furnace at a temperature of 400ÁC for 5.5 minutes. 

The tests also showed that in order to obtain the best combination of operational properties of liquid glass cores of heat 

curing, it is necessary to add from 2 to 4% (by weight) of CSR waste to the mixture to reduce residual strength. Practical 

Relevance. The introduction of CSR waste into the composition of liquid glass heat-curing mixtures will allow the produc-

tion of cores with high strength, good gas permeability, low crumbling and residual strength. 

Keywords: production waste, core sand mixture, moulding core, liquid glass mixture, difficult breakdown, softening 
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ɺʚʝʜʝʥʠʝ. ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ 

ʇʨʦʯʥʦʩʪʴ ʩʪʝʨʞʥʝʡ ʠ ʬʦʨʤ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ 

ʞʠʜʢʦʩʪʝʢʦʣʴʥʳʭ ʩʤʝʩʝʡ, ʦʪʚʝʨʞʜʘʝʤʳʭ ʪʝʧʣʦʚʦʡ 

ʩʫʰʢʦʡ, ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 5-10 ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʧʨʦʯ-

ʥʦʩʪʴ ʩʪʝʨʞʥʝʡ ʠʟ ʞʠʜʢʦʩʪʝʢʦʣʴʥʳʭ ʩʤʝʩʝʡ, ʦʪʚʝʨʞʜʘ-

ʝʤʳʭ ʧʨʦʜʫʚʢʦʡ ʫʛʣʝʢʠʩʣʳʤ ʛʘʟʦʤ [1]. ʇʦʵʪʦʤʫ ʪʘʢʠʝ 

ʩʤʝʩʠ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʘʩʩʠʚʥʳʭ ʦʪʣʠ-

ʚʦʢ, ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ, ʯʪʦʙʳ ʬʦʨʤʘ ʠ ʩʪʝʨʞʥʠ ʚʳʜʝʨʞʠ-

ʚʘʣʠ ʙʦʣʴʰʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʚ ʧʨʦʮʝʩʩʝ ʟʘʣʠʚ-

ʢʠ ʬʦʨʤʳ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʦʭʣʘʞʜʝʥʠʷ ʦʪʣʠʚʢʠ. ɽʱʸ 

ʦʜʥʘ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ï ʠʟʛʦʪʦʚʣʝʥʠʝ ʩʨʝʜʥʠʭ ʠ 

ʤʝʣʢʠʭ ʦʪʣʠʚʦʢ ʩʦ ʩʪʝʨʞʥʷʤʠ, ʠʤʝʶʱʠʤʠ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦ ʪʦʥʢʠʝ ʩʝʯʝʥʠʷ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʢ ʩʪʝʨʞʥʝʚʦʡ ʩʤʝʩʠ 

ʪʘʢʞʝ ʧʨʝʜʲʷʚʣʷʝʪʩʷ ʪʨʝʙʦʚʘʥʠʝ ʩʦʭʨʘʥʷʪʴ ʚʳʩʦʢʫʶ 

ʧʨʦʯʥʦʩʪʴ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʫʩʠʣʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚʦ 

ʚʨʝʤʷ ʫʩʘʜʢʠ ʦʪʣʠʚʢʠ. 

ʂʨʦʤʝ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ, ʞʠʜʢʦʩʪʝʢʦʣʴʥʳʝ ʩʤʝʩʠ, 

ʦʪʚʝʨʞʜʘʝʤʳʝ ʪʝʧʣʦʚʦʡ ʩʫʰʢʦʡ, ʦʙʣʘʜʘʶʪ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦ ʥʠʟʢʦʡ ʦʩʳʧʘʝʤʦʩʪʴʶ ʠ ʭʦʨʦʰʝʡ ʛʘʟʦʧʨʦʥʠʮʘʝʤʦ-

ʩʪʴʶ. ɻʣʘʚʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʪʘʢʠʭ ʩʤʝʩʝʡ ï ʚʳʩʦʢʘʷ ʦʩʪʘ-

ʪʦʯʥʘʷ ʧʨʦʯʥʦʩʪʴ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʠʭ ʟʘʪʨʫʜʥʸʥʥʘʷ 

ʚʳʙʠʚʘʝʤʦʩʪʴ ʠʟ ʦʪʣʠʚʦʢ. 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʦʩʪʘʪʦʯʥʦʡ ʧʨʦʯʥʦʩʪʠ ʞʠʜʢʦʩʪʝ-

ʢʦʣʴʥʳʭ ʩʤʝʩʝʡ, ʦʪʚʝʨʞʜʘʝʤʳʭ ʪʝʧʣʦʚʦʡ ʩʫʰʢʦʡ, ʪʘʢ 

ʞʝ ʢʘʢ ʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʨʫʛʠʭ ʩʧʦʩʦʙʦʚ ʦʪʚʝʨʞʜʝ-

ʥʠʷ, ʚ ʠʭ ʩʦʩʪʘʚ ʜʦʙʘʚʣʷʶʪ ʨʘʟʣʠʯʥʳʝ ʨʘʟʫʧʨʦʯʥʷʶʱʠʝ 

ʢʦʤʧʦʥʝʥʪʳ [2, 3]. 

ʅʘʧʨʠʤʝʨ, ʠʟʚʝʩʪʥʘ ʩʤʝʩʴ, ʩʦʜʝʨʞʘʱʘʷ 2,75ï3,00 

ʤʘʩ. % ʞʠʜʢʦʩʪʝʢʦʣʴʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ, 0,08ï0,17 ʤʘʩ. % 

ʬʝʥʦʣʬʦʨʤʘʣʴʜʝʛʠʜʥʦʡ ʩʤʦʣʳ ʌʉʄ-1, 0,0003ï0,003 

ʤʘʩ. % ʩʫʣʴʬʘʪʘ ʘʣʶʤʠʥʠʷ (ʩʫʭʦʝ ʚʝʱʝʩʪʚʦ), 0,0027ï

0,027 ʤʘʩ. % ʚʦʜʳ ʪʝʭʥʠʯʝʩʢʦʡ ʠ ʦʛʥʝʫʧʦʨʥʳʡ ʥʘʧʦʣ-

ʥʠʪʝʣʴ ʥʘ ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ [4]. ʇʦʩʣʝ ʧʨʠʤʝʥʝ-

ʥʠʷ ʪʝʧʣʦʚʦʡ ʩʫʰʢʠ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʞʠʚʫʯʝʩʪʴ ʩʤʝʩʠ 

ʠ ʫʣʫʯʰʘʝʪʩʷ ʝʸ ʚʳʙʠʚʘʝʤʦʩʪʴ ʠʟ ʦʪʣʠʚʦʢ. ʅʝʜʦʩʪʘʪʢʦʤ 

ʩʤʝʩʠ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚ ʝʸ ʩʦʩʪʘʚʝ ʬʝʥʦʣʬʦʨʤʘʣʴʜʝ-

ʛʠʜʥʦʡ ʩʤʦʣʳ, ʧʨʠ ʜʝʩʪʨʫʢʮʠʠ ʢʦʪʦʨʦʡ ʚʦ ʚʨʝʤʷ ʟʘʣʠʚ-

ʢʠ ʬʦʨʤʳ ʨʘʩʧʣʘʚʦʤ ʠ ʚ ʧʨʦʮʝʩʩʝ ʦʩʪʳʚʘʥʠʷ ʦʪʣʠʚʢʠ ʚ 

ʘʪʤʦʩʬʝʨʫ ʮʝʭʘ ʚʳʜʝʣʷʝʪʩʷ SO2 ʠ ʜʨʫʛʠʝ ʚʨʝʜʥʳʝ ʜʣʷ 

ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ ʚʝʱʝʩʪʚʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʝʱʸ ʦʜʥʦʛʦ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ 

ʩʤʝʩʴ, ʩʦʜʝʨʞʘʱʫʶ 3-4 ʤʘʩ. % ʦʛʥʝʫʧʦʨʥʦʡ ʛʣʠʥʳ, 6-7 

ʤʘʩ. % ʞʠʜʢʦʛʦ ʩʪʝʢʣʘ, 1-2 ʤʘʩ. % ʬʠʣʴʪʨʦʧʨʝʩʩʦʚʦʛʦ 

ʦʩʘʜʢʘ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʛʦʨʯʠʯʥʦʛʦ ʤʘʩʣʘ ʠ ʦʛʥʝʫʧʦʨʥʳʡ 

ʥʘʧʦʣʥʠʪʝʣʴ ʥʘ ʦʩʥʦʚʝ ʢʨʝʤʥʝʟʸʤʘ [5]. ɼʦʙʘʚʢʘ ʨʘʟʙʘʚ-

ʣʝʥʥʦʛʦ ʚʦʜʦʡ ʬʠʣʴʪʨʦʧʨʝʩʩʦʚʦʛʦ ʦʩʘʜʢʘ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʛʦʨʯʠʯʥʦʛʦ ʤʘʩʣʘ ʫʣʫʯʰʘʝʪ ʚʳʙʠʚʘʝʤʦʩʪʴ ʩʤʝʩʠ ʠʟ ʦʪ-

ʣʠʚʦʢ. ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʛʘʟʦʪʚʦʨʥʦʩʪʴ ʩʤʝʩʠ ʠ ʝʸ ʦʩʳʧʘʝʤʦʩʪʴ, ʯʪʦ ʧʦʚʳʰʘʝʪ 

ʨʠʩʢ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʦʪʣʠʚʢʘʭ ʛʘʟʦʚʳʭ ʜʝʬʝʢʪʦʚ, ʥʝʤʝ-

ʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ ʠ ʟʘʩʦʨʦʚ. 

ʇʨʝʜʣʘʛʘʝʤʦʝ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʜʦʢʘʟʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʠʟʤʝʣʴʯʸʥʥʳʭ ʦʪʭʦʜʦʚ ʩʠʣʠʢʦʥʦʚʳʭ ʨʝʟʠʥ 

(ʆʉʈ) ʜʣʷ ʨʘʟʫʧʨʦʯʥʝʥʠʷ ʞʠʜʢʦʩʪʝʢʦʣʴʥʳʭ ʩʪʝʨʞʥʝʡ, 

ʦʪʚʝʨʞʜʸʥʥʳʭ ʪʝʧʣʦʚʦʡ ʩʫʰʢʦʡ. ʕʪʠ ʦʪʭʦʜʳ ʧʨʝʜ-
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ʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʯʘʩʪʠʮʳ ʩʠʣʠʢʦʥʘ ʬʨʘʢʮʠʠ 0,3-0,5 ʤʤ, 

ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʚʳ-

ʚʝʜʝʥʥʳʭ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠʣʠʢʦʥʦʚʳʭ ʬʦʨʤ, ʠʩʧʦʣʴ-

ʟʦʚʘʚʰʠʭʩʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʜʝʣʠʡ ʠʟ ʧʦʣʠʫʨʝʪʘ-

ʥʦʚ, ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʢʘʤʥʷ ʠ ʜʣʷ ʣʠʪʴʷ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ [6]. 

ʈʘʥʝʝ ʘʚʪʦʨʘʤʠ ʩʪʘʪʴʠ ʫʞʝ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʩʦ-

ʩʪʘʚʳ ʞʠʜʢʦʩʪʝʢʦʣʴʥʳʭ ʩʤʝʩʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʢʘʯʝ-

ʩʪʚʝ ʨʘʟʫʧʨʦʯʥʷʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʦʙʘʚʢʠ ʠʟʤʝʣʴ-

ʯʸʥʥʳʭ ʆʉʈ [7, 8]. ʇʨʦʤʳʰʣʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʜʦʢʘ-

ʟʘʣʠ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ [9]. ʆʜʥʘʢʦ ʵʪʠ ʩʦʩʪʘʚʳ ʨʘʩ-

ʩʯʠʪʘʥʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʦʪʚʝʨʞʜʝʥʠʠ ʩʤʝʩʝʡ 

ʧʨʦʜʫʚʢʦʡ ʫʛʣʝʢʠʩʣʳʤ ʛʘʟʦʤ ʠ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʭ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ 

ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʞʠʜʢʦʩʪʝʢʦʣʴʥʳʭ ʩʪʝʨʞʥʝʡ, ʦʪʚʝʨ-

ʞʜʘʝʤʳʭ ʪʝʧʣʦʚʦʡ ʩʫʰʢʦʡ, ʧʦ ʧʨʠʯʠʥʝ ʨʦʩʪʘ ʦʩʳʧʘ-

ʝʤʦʩʪʠ ʩʤʝʩʠ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʛʦ ʨʘʟʫʧʨʦʯʥʷ-

ʶʱʝʛʦ ʵʬʬʝʢʪʘ. ʆʧʪʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʫʰʢʠ 

ʞʠʜʢʦʩʪʝʢʦʣʴʥʳʭ ʩʤʝʩʝʡ ʩʦʩʪʘʚʣʷʝʪ 200Áʉ [10]. ʊʝʤ-

ʧʝʨʘʪʫʨʘ ʥʘʯʘʣʘ ʜʝʩʪʨʫʢʮʠʠ ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ 

ʨʘʚʥʘ 180Áʉ [11]. ʇʦʵʪʦʤʫ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʧʨʠʯʠʥʘ ʨʦʩʪʘ ʦʩʳʧʘʝʤʦʩʪʠ ʩʤʝʩʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʵʣʘʩʪʠʯʥʳʝ ʧʣʸʥʢʠ ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ, ʦʙʨʘ-

ʟʦʚʘʥʥʳʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʸʨʝʥ ʧʝʩʢʘ, ʚ ʧʨʦʮʝʩʩʝ 

ʥʘʛʨʝʚʘ ʩʤʝʩʠ ʚʦ ʚʨʝʤʷ ʩʫʰʢʠ ʨʘʟʨʫʰʘʶʪʩʷ ʠ ʧʦ-

ʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʩʪʝʨʞʥʷ ʯʘʩʪʠʯʥʦ ʨʘʟʫʧʨʦʯʥʷʝʪʩʷ. 

ʀʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʦʩʪʘ-

ʪʦʯʥʘʷ ʧʨʦʯʥʦʩʪʴ ʞʠʜʢʦʩʪʝʢʦʣʴʥʳʭ ʩʤʝʩʝʡ, ʦʪʚʨʝʞʜʘ-

ʝʤʳʭ ʪʝʧʣʦʚʦʡ ʩʫʰʢʦʡ, ʚʳʰʝ ʦʩʪʘʪʦʯʥʦʡ ʧʨʦʯʥʦʩʪʠ 

ʩʤʝʩʝʡ, ʦʪʚʝʨʞʜʘʝʤʳʭ ʧʨʦʜʫʚʢʦʡ ʫʛʣʝʢʠʩʣʳʤ ʛʘʟʦʤ 

[12, 13]. ʇʦʵʪʦʤʫ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʟʫʧʨʦʯʥʝʥʠʷ 

ʩʤʝʩʠ ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʠʪʴ ʚ ʝʸ ʩʦʩʪʘʚʝ ʢʦʣʠʯʝʩʪʚʦ 

ʨʘʟʫʧʨʦʯʥʷʶʱʝʡ ʜʦʙʘʚʢʠ ï ʠʟʤʝʣʴʯʸʥʥʳʭ ʆʉʈ. ʆʜʥʘ-

ʢʦ ʧʨʠ ʵʪʦʤ ʨʘʩʪʸʪ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʛʘʟʦʚʳʭ 

ʜʝʬʝʢʪʦʚ ʚ ʦʪʣʠʚʢʘʭ ʠ ʦʩʳʧʘʝʤʦʩʪʠ ʩʤʝʩʠ. 

ɸʚʪʦʨʘʤʠ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʝʰʝʥʠʝ 

ʦʙʦʟʥʘʯʝʥʥʳʭ ʧʨʦʙʣʝʤ ʧʫʪʸʤ ʜʦʙʘʚʣʝʥʠʷ ʚ ʩʦʩʪʘʚ 

ʞʠʜʢʦʩʪʝʢʦʣʴʥʳʭ ʩʤʝʩʝʡ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʟ-

ʤʝʣʴʯʸʥʥʳʭ ʆʉʈ ʠ ʧʨʠʤʝʥʝʥʠʷ ʜʚʫʭʵʪʘʧʥʦʛʦ ʧʨʦ-

ʮʝʩʩʘ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩʪʝʨʞʥʝʡ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʩʪʝʨʞʝʥʴ ʧʦʣʥʦʩʪʴʶ ʦʪʚʝʨʞʜʘ-

ʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 200Áʉ. ʇʨʠ ʵʪʦʤ ʯʘʩʪʠʮʳ ʠʟ-

ʤʝʣʴʯʸʥʥʳʭ ʦʪʭʦʜʦʚ ʩʠʣʠʢʦʥʦʚʳʭ ʨʝʟʠʥ ʥʝ ʜʝʩʪʨʫʢ-

ʪʠʨʫʶʪ (ʪʝʤʧʝʨʘʪʫʨʘ ʜʝʩʪʨʫʢʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 350Áʉ), 

ʠʭ ʜʝʩʪʨʫʢʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʨʦʛʨʝʚʝ ʩʪʝʨʞʥʷ ʚ 

ʧʨʦʮʝʩʩʝ ʝʛʦ ʟʘʣʠʚʢʠ ʨʘʩʧʣʘʚʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʘʤʦʨʬʥʦʛʦ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, 

ʨʘʟʨʫʰʘʶʱʝʛʦ ʧʣʸʥʢʠ ʩʚʷʟʫʶʱʝʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʟʸʨʝʥ ʢʚʘʨʮʝʚʦʛʦ ʧʝʩʢʘ. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘʛʨʝʚ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʩʪʝʨʞʥʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 350Áʉ. ʇʨʠ ʜʘʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʯʘʩʪʠʮʳ ʠʟʤʝʣʴʯʸʥʥʳʭ ʦʪʭʦʜʦʚ ʩʠʣʠʢʦ-

ʥʦʚʳʭ ʨʝʟʠʥ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ 

ʩʪʝʨʞʥʷ, ʜʝʩʪʨʫʢʪʠʨʫʶʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʫʛʣʝʢʠʩʣʦʛʦ 

ʛʘʟʘ ʠ ʘʤʦʨʬʥʦʛʦ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʨʠ ʜʘʣʴʥʝʡʰʝʡ ʟʘʣʠʚʢʝ ʬʦʨʤʳ ʨʘʩʧʣʘʚʦʤ ʚʝʨʦʷʪ-

ʥʦʩʪʴ ʧʦʧʘʜʘʥʠʷ ʛʘʟʦʚ ʚ ʦʪʣʠʚʢʫ ʠʟ-ʟʘ ʜʝʩʪʨʫʢʮʠʠ 

ʯʘʩʪʠʮ ʠʟʤʝʣʴʯʸʥʥʳʭ ʆʉʈ ʠʟ ʙʦʣʝʝ ʛʣʫʙʦʢʠʭ ʩʣʦʸʚ 

ʩʪʝʨʞʥʷ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʦʪʣʠʚʢʠ ʫʩʧʝʝʪ ʦʙʨʘʟʦʚʘʪʴʩʷ ʧʨʦʯʥʘʷ ʢʦ-

ʨʦʯʢʘ ʟʘʪʚʝʨʜʝʚʰʝʛʦ ʤʝʪʘʣʣʘ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʝʚʘ ʞʠʜʢʦʩʪʝ-

ʢʦʣʴʥʳʭ ʩʤʝʩʝʡ ʚʳʰʝ 300Áʉ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʧʨʦʯʥʦʩʪʠ ʩʪʝʨʞʥʝʡ [14]. ʇʦʵʪʦʤʫ ʚʪʦʨʦʡ ʵʪʘʧ ʪʝʧ-

ʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʥʝ ʜʦʣʞʝʥ ʙʳʪʴ ʩʣʠʰʢʦʤ ʜʣʠʪʝʣʴ-

ʥʳʤ. ʅʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʧʦʥʠʞʝʥʥʘʷ ʧʨʦʯʥʦʩʪʴ ʧʦ-

ʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʩʪʝʨʞʥʷ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʩʥʠʞʘʣʘ 

ʝʛʦ ʦʙʱʝʡ ʧʨʦʯʥʦʩʪʠ. 

ʄʘʪʝʨʠʘʣʳ, ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ,  
ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ɺ ʧʝʨʚʦʡ ʯʘʩʪʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠ-

ʤʦʚ ʥʘʛʨʝʚʘ ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʦʚ ʥʘ ʠʭ ʦʩʥʦʚʥʳʝ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ. 

ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʤʝʩʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫ-

ʶʱʠʝ ʤʘʪʝʨʠʘʣʳ: ʩʪʝʢʣʦ ʥʘʪʨʠʝʚʦʝ ʞʠʜʢʦʝ ʩ ʤʦʜʫ-

ʣʝʤ 2,6, ʧʣʦʪʥʦʩʪʴʶ 1,47 ʛ/ʩʤ
3
 (ɻʆʉʊ 13078-81); ʧʝ-

ʩʦʢ ʢʚʘʨʮʝʚʳʡ 2ʂ1ʆ202 (ɻʆʉʊ 2138-91); ʛʣʠʥʘ ʬʦʨ-

ʤʦʚʦʯʥʘʷ ʇ3 (ɻʆʉʊ 3226-93); ʠʟʤʝʣʴʯʸʥʥʳʝ ʦʪʭʦʜʳ 

ʩʠʣʠʢʦʥʦʚʳʭ ʨʝʟʠʥ. 

ʉʪʝʨʞʥʝʚʘʷ ʩʤʝʩʴ ʧʨʠʛʦʪʘʚʣʠʚʘʣʘʩʴ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ. ɺ ʩʤʝʩʠʪʝʣʴ ʤʦʜʝʣʠ 02113 ʟʘʛʨʫʞʘʣʠ ʢʚʘʨ-

ʮʝʚʳʡ ʧʝʩʦʢ, ʛʣʠʥʫ, ʠʟʤʝʣʴʯʸʥʥʳʝ ʦʪʭʦʜʳ ʩʠʣʠʢʦʥʦ-

ʚʳʭ ʨʝʟʠʥ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʩ ʧʦʤʦ-

ʱʴʶ ʨʝʞʫʱʝʡ ʤʝʣʴʥʠʮʳ ʤʦʜʝʣʠ Retsch SM100 (ʨʘʟ-

ʤʝʨ ʯʘʩʪʠʮ ʩʦʩʪʘʚʣʷʝʪ 0,5 ʤʤ), ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝ-

ʯʝʥʠʝ 3 ʤʠʥ. ɿʘʪʝʤ ʚʚʦʜʠʣʠ ʚ ʩʤʝʩʴ ʞʠʜʢʦʝ ʩʪʝʢʣʦ ʠ 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ. ʆʙʨʘʟʮʳ ʠʟʛʦʪʘʚʣʠ-

ʚʘʣʠʩʴ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ. 

ʀʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʥʘ ʧʨʦʯʥʦʩʪʴ, ʛʘʟʦʧʨʦʥʠʮʘ-

ʝʤʦʩʪʴ ʠ ʦʩʳʧʘʝʤʦʩʪʴ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ɻʆʉʊ 23409.7-

78, ɻʆʉʊ 23409.6-78 ʠ ɻʆʉʊ 23409.9-78 ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʪʘʪʦʯʥʦʡ ʧʨʦʯʥʦʩʪʠ ʦʙʨʘʟʮʳ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʚʘʣʠ ʚ ʧʝʯʠ ʜʦ 800Áʉ ʚ ʪʝʯʝʥʠʝ 

1 ʯ, ʟʘʪʝʤ ʦʭʣʘʞʜʘʣʠ ʥʘ ʚʦʟʜʫʭʝ ʜʦ 20Áʉ ʠ ʜʘʣʝʝ ʠʩ-

ʧʳʪʳʚʘʣʠ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʨʝʜʝʣʸʥʥʦʡ ɻʆʉʊ 23409.7-

78. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʠʤʠʪʘʮʠʷ ʧʨʦʛʨʝ-

ʚʘ ʩʪʝʨʞʥʝʚʦʡ ʩʤʝʩʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʝʸ ʪʝʧʣʘ 

ʟʘʪʚʝʨʜʝʚʘʶʱʝʛʦ ʤʝʪʘʣʣʘ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʩʪʝʨʞʥʝʚʘʷ ʩʤʝʩʴ, ʩʦʜʝʨʞʘʱʘʷ 2,0% ʠʟʤʝʣʴʯʸʥʥʳʭ 

ʆʉʈ (ʪʘʙʣ. 1, ʩʦʩʪʘʚ ˉ1). 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʦʙʨʘʟʮʳ 

ʧʦʤʝʱʘʣʠʩʴ ʚ ʩʫʰʠʣʴʥʫʶ ʧʝʯʴ ʩ ʚʦʟʜʫʰʥʦʡ ʘʪʤʦ-

ʩʬʝʨʦʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 200Áʉ ʥʘ 15 ʤʠʥ. ɼʣʠʪʝʣʴ-

ʥʦʩʪʴ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʚʩʝʭ ʵʢʩʧʝʨʠ-

ʤʝʥʪʦʚ ʦʩʪʘʚʘʣʘʩʴ ʥʝʠʟʤʝʥʥʦʡ. ɼʘʥʥʳʡ ʪʝʤʧʝʨʘʪʫʨ-

ʥʳʡ ʨʝʞʠʤ ʙʳʣ ʚʳʙʨʘʥ ʚ ʢʘʯʝʩʪʚʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ ʩʤʝʩʠ ʧʦʩʣʝ ʝʸ 

ʦʪʚʝʨʞʜʝʥʠʷ [10]. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʦʙʨʘʟʮʳ 

ʧʦʤʝʱʘʣʠʩʴ ʚ ʜʨʫʛʫʶ ʩʫʰʠʣʴʥʫʶ ʧʝʯʴ ʩ ʙʦʣʝʝ ʚʳʩʦ-

ʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʦʪ 350 

ʜʦ 500Áʉ ʩ ʰʘʛʦʤ 50Áʉ. ɺʨʝʤʷ ʚʳʜʝʨʞʢʠ ʦʙʨʘʟʮʦʚ ʚ 
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ʧʝʯʠ ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʦʪ 1 ʜʦ 10 ʤʠʥ ʩ ʰʘʛʦʤ 1 ʤʠʥ. 

ɼʘʣʝʝ ʦʙʨʘʟʮʳ ʠʟʚʣʝʢʘʣʠʩʴ ʠʟ ʩʫʰʠʣʴʥʦʛʦ ʰʢʘʬʘ ʠ 

ʦʭʣʘʞʜʘʣʠʩʴ ʥʘ ʚʦʟʜʫʭʝ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 20Áʉ. ʇʦʩʣʝ 

ʠʟʚʣʝʯʝʥʠʷ ʦʙʨʘʟʮʦʚ ʠʟ ʧʝʯʠ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʦʥʠ 

ʙʳʣʠ ʧʦʢʨʳʪʳ ʙʝʣʳʤ ʥʘʣʸʪʦʤ ï ʪʦʥʢʠʤ ʩʣʦʝʤ 

ʘʤʦʨʬʥʦʛʦ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʧʦ ʧʨʠʯʠʥʝ ʜʝʩʪʨʫʢʮʠʠ 

ʯʘʩʪʠʮ ʩʠʣʠʢʦʥʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʩʪʝʨʞʥʷ. ʇʨʠ 

ʵʪʦʤ ʯʝʤ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʝʚʘ ʠ ʙʦʣʴʰʝ ʚʨʝʤʷ 

ʚʳʜʝʨʞʢʠ, ʪʝʤ ʧʣʦʪʥʝʝ ʩʣʦʡ ʙʝʣʦʛʦ ʥʘʣʸʪʘ. ɼʣʷ ʝʛʦ 

ʫʜʘʣʝʥʠʷ ʦʙʨʘʟʮʳ ʦʙʜʫʚʘʣʠ ʩʞʘʪʳʤ ʚʦʟʜʫʭʦʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʝʨʚʦʡ ʯʘʩʪʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ 

ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 1. 

ʊʘʙʣʠʮʘ 1. ʉʦʩʪʘʚʳ ʩʪʝʨʞʥʝʚʳʭ ʩʤʝʩʝʡ, ʦʪʚʝʨʞʜʘʝʤʳʭ ʜʚʫʭʵʪʘʧʥʦʡ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʦʡ ʩ ʜʦʙʘʚʢʦʡ  

ʠʟʤʝʣʴʯʸʥʥʳʭ ʆʉʈ 

T a b l e  1 . Compositions of core mixtures cured by two-stage heat treatment with the addition of CSR waste 

ʂʦʤʧʦʥʝʥʪʳ ʩʤʝʩʠ 
ʉʦʩʪʘʚ ʩʤʝʩʝʡ, ʤʘʩ.% 

ɹʘʟʦʚʘʷ ʩʤʝʩʴ ˉ1 ˉ2 ˉ3 ˉ4 ˉ5 ˉ6 ˉ7 

ɾʠʜʢʦʝ ʩʪʝʢʣʦ 6,0 6,0 6,0 6,0 6,0 6,0 6,0 6,0 

ʌʦʨʤʦʚʦʯʥʘʷ ʛʣʠʥʘ 4,0 4,0 4,0 4,0 4,0 4,0 4,0 4,0 

ʀʟʤʝʣʴʯʸʥʥʳʝ ʦʪʭʦʜʳ ʩʠʣʠʢʦʥʦʚʳʭ 

ʨʝʟʠʥ (ʨʘʟʤʝʨ ʯʘʩʪʠʮ 0,5 ʤʤ) 
- 2,0 2,5 3,0 3,5 4,0 4,5 5,0 

ʂʚʘʨʮʝʚʳʡ ʧʝʩʦʢ ʦʩʪ. ʦʩʪ. ʦʩʪ. ʦʩʪ. ʦʩʪ. ʦʩʪ. ʦʩʪ. ʦʩʪ. 
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ʈʠʩ. 1. ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʚʪʦʨʦʛʦ ʵʪʘʧʘ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʦʙʨʘʟʮʦʚ ʥʘ ʩʚʦʡʩʪʚʘ ʩʤʝʩʠ: 

1 ï ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʧʝʯʠ 350Áʉ; 2 ï ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʧʝʯʠ 400Áʉ; 3 ï ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʧʝʯʠ 450Áʉ; 

4 ï ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʧʝʯʠ 500Áʉ 

Fig. 1. Influence of temperature and duration of the second stage of heat treatment of samples on the properties of the 

mixture: 1 is at a temperature in the furnace of 350ÁC; 2 is at a temperature in the furnace of 400ÁC;  

3 is at a temperature in the furnace of 450ÁC; 4 is at a temperature in the furnace of 500ÁC 
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ʉ ʨʦʩʪʦʤ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ ʦʙʨʘʟʮʦʚ ʚ ʧʝʯʠ ʥʘ 

ʚʪʦʨʦʤ ʵʪʘʧʝ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʠʭ ʧʨʦʯʥʦʩʪʴ ʥʘ 

ʨʘʟʨʳʚ ʩʥʠʞʘʝʪʩʷ (ʨʠʩ. 1, ʘ). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʝʯʠ, ʨʘʚʥʦʡ 350Áʉ, ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʚʳʜʝʨʞʢʠ ʦʪ 1 ʜʦ 10 ʤʠʥ ʧʨʦʯʥʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 1,5 ʨʘʟʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʦʣʝʝ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘʛʨʝʚʘ ʧʨʦʯʥʦʩʪʴ ʩʥʠʞʘʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʳʩʪʨʝʝ ʠ ʚ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟ. 

ʊʘʢ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 400Áʉ ʧʨʦʯʥʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ ʚ 

4 ʨʘʟʘ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 450Áʉ ï ʚ 7,9 ʨʘʟʘ, ʧʨʠ ʪʝʤ-

ʧʝʨʘʪʫʨʝ 500Áʉ ï ʚ 12,9 ʨʘʟʘ. ʇʨʠʯʠʥʦʡ ʪʘʢʦʛʦ ʩʫʱʝ-

ʩʪʚʝʥʥʦʛʦ ʧʘʜʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ 

ʨʘʟʫʧʨʦʯʥʷʶʱʘʷ ʜʦʙʘʚʢʘ (ʠʟʤʝʣʴʯʸʥʥʳʝ ʆʉʈ) çʩʨʘ-

ʙʘʪʳʚʘʝʪè ʫʞʝ ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ. 

ʇʨʠ ʵʪʦʤ ʯʝʤ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʧʝʯʠ, ʪʝʤ ʥʘ ʙʦʣʴ-

ʰʫʶ ʛʣʫʙʠʥʫ ʧʨʦʛʨʝʚʘʝʪʩʷ ʦʙʨʘʟʝʮ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 

çʩʨʘʙʘʪʳʚʘʥʠʷè ʜʦʙʘʚʢʠ (350Áʉ) ʠ ʪʝʤ ʙʦʣʴʰʠʡ ʩʣʦʡ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʨʘʟʫʧʨʦʯʥʷʝʪʩʷ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ 

ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʥʘʠʙʦʣʴʰʝʛʦ ʩʥʠʞʝʥʠʷ ʧʨʦʯʥʦ-

ʩʪʠ ʩʤʝʱʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʤʝʥʴʰʠʭ ʟʥʘʯʝʥʠʡ (ʚʣʝʚʦ ʥʘ 

ʨʠʩ.1, ʘ). ʊʘʢ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʧʝʯʠ, ʨʘʚʥʦʡ 450Áʉ, 

ʥʘʠʙʦʣʴʰʝʝ ʧʘʜʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚʦ ʚʨʝ-

ʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʦʪ 5 ʜʦ 8 ʤʠʥ, ʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

500Áʉ ï ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʦʪ 4 ʜʦ 6 ʤʠʥ. 

ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʡ ʧʨʠʯʠʥʦʡ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ 

ʧʨʠ ʜʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʤʝʥʥʦ ʚ ʵʪʠʭ ʚʨʝʤʝʥʥʳʭ 

ʠʥʪʝʨʚʘʣʘʭ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʫʧʨʦʯʥʝʥʠʝ ʩʤʝʩʠ ʟʘ ʩʯʸʪ 

ʜʝʩʪʨʫʢʮʠʠ ʯʘʩʪʠʮ ʠʟʤʝʣʴʯʸʥʥʳʭ ʆʉʈ. ʇʨʠ ʜʘʣʴ-

ʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʚʳʜʝʨʞʢʠ ʦʙʨʘʟ-

ʮʦʚ ʚ ʧʝʯʠ ʩʢʦʨʦʩʪʴ ʧʘʜʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʩʥʠʞʘʝʪʩʷ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʪʝʣʴʥʦʩʪʠ ʚʪʦʨʦʛʦ ʵʪʘʧʘ ʪʝʧ-

ʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩ 1 ʜʦ 10 ʤʠʥ ʦʩʪʘʪʦʯʥʘʷ ʧʨʦʯʥʦʩʪʴ 

ʩʥʠʞʘʝʪʩʷ (ʨʠʩ. 1, ʙ). ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʧʝʯʠ, ʨʘʚʥʦʡ 

350Áʉ, ʵʪʦʪ ʧʨʦʮʝʩʩ, ʚʝʨʦʷʪʥʦ, ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʩʥʦʚ-

ʥʦʤ ʟʘ ʩʯʸʪ ʪʦʛʦ, ʯʪʦ ʝʱʸ ʥʘ ʩʪʘʜʠʠ ʚʪʦʨʦʛʦ ʵʪʘʧʘ 

ʩʫʰʢʠ ʚ ʥʝʢʦʪʦʨʦʡ ʯʘʩʪʠ ʩʚʷʟʫʶʱʝʛʦ ï ʜʝʛʠʜʨʘʪʠʨʦ-

ʚʘʥʥʦʛʦ ʩʠʣʠʢʘʪʘ ʥʘʪʨʠʷ ï ʚ ʧʨʦʮʝʩʩʝ ʫʩʘʜʢʠ ʧʦʷʚ-

ʣʷʶʪʩʷ ʪʨʝʱʠʥʳ, ʦʩʣʘʙʣʷʶʱʠʝ ʩʚʷʟʴ ʤʝʞʜʫ ʧʝʩʯʠʥ-

ʢʘʤʠ ʦʛʥʝʫʧʦʨʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ. ʇʨʠ ʵʪʦʤ ʯʘʩʪʠʮʳ 

ʠʟʤʝʣʴʯʸʥʥʳʭ ʆʉʈ ʜʝʩʪʨʫʢʪʠʨʫʶʪ ʪʦʣʴʢʦ ʚ ʥʝʙʦʣʴ-

ʰʦʤ ʧʦ ʪʦʣʱʠʥʝ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʦʙʨʘʟʮʘ. ʀʭ 

ʚʣʠʷʥʠʝ ʥʘ ʩʥʠʞʝʥʠʝ ʦʩʪʘʪʦʯʥʦʡ ʧʨʦʯʥʦʩʪʠ ʧʨʦʷʚʣʷ-

ʝʪʩʷ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʪʦʣʴʢʦ ʧʦʩʣʝ ʧʦʚʪʦʨʥʦʛʦ ʥʘʛʨʝʚʘ 

ʦʙʨʘʟʮʦʚ ʜʦ 800Áʉ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʧʳʪʘʥʠʡ ʥʘ 

ʦʩʪʘʪʦʯʥʫʶ ʧʨʦʯʥʦʩʪʴ. 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʧʝʯʠ, ʨʘʚʥʦʡ 400Áʉ ʠ ʚʳʰʝ, 

ʩʥʠʞʝʥʠʝ ʦʩʪʘʪʦʯʥʦʡ ʧʨʦʯʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʝʝ, 

ʦʩʦʙʝʥʥʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʥʘʛʨʝʚʘ. ʕʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʜʝʩʪʨʫʢʮʠʷ ʯʘʩʪʠʮ ʨʘʟʫʧʨʦʯʥʷ-

ʶʱʝʡ ʜʦʙʘʚʢʠ ʧʨʦʠʩʭʦʜʠʪ ʫʞʝ ʚʦ ʚʨʝʤʷ ʚʪʦʨʦʛʦ ʵʪʘ-

ʧʘ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ. ʇʨʠ ʵʪʦʤ ʯʝʤ ʜʣʠʪʝʣʴʥʝʡ 

ʥʘʛʨʝʚ, ʪʝʤ ʙʦʣʴʰʝʡ ʪʦʣʱʠʥʳ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ 

ʧʨʦʛʨʝʚʘʝʪʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 350Áʉ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘ-

ʝʪ ʙʦʣʝʝ ʩʠʣʴʥʦʝ ʨʘʟʫʧʨʦʯʥʝʥʠʝ ʟʘ ʩʯʸʪ ʜʝʩʪʨʫʢʮʠʠ 

ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʯʘʩʪʠʮ ʠʟʤʝʣʴʯʸʥʥʳʭ ʆʉʈ. ʊʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʨʘʟʮʳ ʧʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʠʩʧʳʪʘʥʠʡ 

ʥʘ ʦʩʪʘʪʦʯʥʫʶ ʧʨʦʯʥʦʩʪʴ ʫʞʝ ʦʙʣʘʜʘʶʪ ʤʘʣʦʡ ʧʨʦʯ-

ʥʦʩʪʴʶ. ʇʦʩʣʝ ʧʦʚʪʦʨʥʦʛʦ ʥʘʛʨʝʚʘ ʜʦ 800Áʉ ʠ ʦʩʪʳ-

ʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʵʬʬʝʢʪ ʨʘʟʫʧʨʦʯʥʝʥʠʷ ʫʩʠʣʠʚʘʝʪʩʷ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʪʝʣʴʥʦʩʪʠ ʚʳʜʝʨʞʢʠ ʦʙʨʘʟʮʦʚ 

ʚ ʧʝʯʠ ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʛʘʟʦʧʨʦ-

ʥʠʮʘʝʤʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ (ʨʠʩ. 1, ʚ). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘ 350Áʉ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʛʘʟʦʧʨʦ-

ʥʠʮʘʝʤʦʩʪʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʥʝʚʳ-

ʩʦʢʘ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʛʘ-

ʟʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʸʪ ʨʦ-

ʩʪʘ ʢʦʣʠʯʝʩʪʚʘ ʪʨʝʱʠʥ ʚ ʩʚʷʟʫʶʱʝʤ, ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʠʟ-ʟʘ ʧʦʚʳʰʝʥʠʷ ʪʝʨʤʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʨʦʮʝʩ-

ʩʝ ʝʛʦ ʫʩʘʜʢʠ. 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʧʝʯʠ, ʨʘʚʥʦʡ 400Áʉ, ʛʘʟʦʧʨʦ-

ʥʠʮʘʝʤʦʩʪʴ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʪʝʧʣʦʚʦʡ ʦʙʨʘ-

ʙʦʪʢʠ ʨʘʩʪʸʪ ʙʳʩʪʨʝʝ, ʦʩʦʙʝʥʥʦ ʚʦ ʚʨʝʤʝʥʥʦʤ ʜʠʘʧʘ-

ʟʦʥʝ ʦʪ 7 ʜʦ 10 ʤʠʥ (ʛʘʟʦʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ ʦʪ 

207 ʜʦ 219 ʝʜ.).  ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʵʪʦ ʩʚʷʟʘʥʦ ʥʝ ʪʦʣʴ-

ʢʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʤʠʢʨʦʪʨʝʱʠʥ ʚ ʩʚʷʟʫʶʱʝʤ, 

ʦʙʨʘʟʦʚʘʥʥʳʭ ʧʦ ʧʨʠʯʠʥʝ ʝʛʦ ʫʩʘʜʢʠ, ʥʦ ʠ ʩ ʪʝʤ, ʯʪʦ 

ʯʘʩʪʴ ʦʙʨʘʟʮʘ ʧʨʦʛʨʝʚʘʝʪʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 350Áʉ ʠ 

ʚʳʰʝ. ʅʝʢʦʪʦʨʘʷ ʜʦʣʷ ʯʘʩʪʠʮ ʠʟʤʝʣʴʯʸʥʥʳʭ ʆʉʈ, 

ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʩʤʝʩʠ, ʜʝʩʪʨʫʢʪʠʨʫʝʪ, ʧʦʜ ʜʘʚʣʝʥʠʝʤ 

ʚʜrʝʣʷʶʱʠʭʩʷ ʧʨʠ ʵʪʦʤ ʛʘʟʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝ-

ʩʪʚʦ ʪʨʝʱʠʥ ʚ ʩʚʷʟʫʶʱʝʤ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝ, ʠʟʥʘʯʘʣʴʥʦ ʟʘʥʷʪʦʤ ʯʘʩʪʠʮʘʤʠ ʩʠʣʠʢʦʥʘ, ʦʙʨʘ-

ʟʫʶʪʩʷ ʧʦʨʳ, ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʨʦʩʪʫ ʛʘʟʦʧʨʦ-

ʥʠʮʘʝʤʦʩʪʠ ʩʤʝʩʠ. 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʧʝʯʠ, ʨʘʚʥʦʡ 450Áʉ, ʥʘʙʣʶʜʘ-

ʝʪʩʷ ʨʦʩʪ ʛʘʟʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʩ ʪʘʢʦʡ 

ʞʝ ʩʢʦʨʦʩʪʴʶ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʥʘʛʨʝʚʘ ʦʙʨʘʟʮʦʚ ʚ ʧʝʯʠ 

ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 400Áʉ. ʆʜʥʘʢʦ ʨʦʩʪ ʛʘʟʦʧʨʦʥʠʮʘʝʤʦ-

ʩʪʠ ʥʘʯʠʥʘʝʪʩʷ ʨʘʥʴʰʝ ï ʚʦ ʚʨʝʤʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ 

5 ʜʦ 8 ʤʠʥ. ɼʘʣʝʝ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʛʘʟʦʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʤʝʜʣʷʝʪʩʷ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, 

ʯʪʦ ʧʨʠ ʚʳʜʝʨʞʢʝ ʦʙʨʘʟʮʦʚ ʚ ʧʝʯʠ ʙʦʣʝʝ 8 ʤʠʥ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 450Áʉ ʦʥʠ ʧʦʣʥʦʩʪʴʶ ʧʨʦʛʨʝʚʘʶʪʩʷ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ 350Áʉ ʠ ʚʳʰʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ 

ʜʘʣʴʥʝʡʰʝʡ ʚʳʜʝʨʞʢʝ ʦʙʨʘʟʮʦʚ ʚ ʧʝʯʠ ʛʘʟʦʧʨʦʥʠʮʘ-

ʝʤʦʩʪʴ ʤʦʞʝʪ ʨʘʩʪʠ ʣʠʰʴ ʟʘ ʩʯʸʪ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝ-

ʩʪʚʘ ʪʨʝʱʠʥ ʚ ʩʚʷʟʫʶʱʝʤ, ʘ ʵʪʦʪ ʧʨʦʮʝʩʩ ʥʘ ʜʘʥʥʦʤ 

ʵʪʘʧʝ ʧʨʦʪʝʢʘʝʪ ʫʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʜʣʝʥʥʝʝ. 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʧʝʯʠ, ʨʘʚʥʦʡ 500Áʉ, ʢʨʠʚʘʷ 

ʨʦʩʪʘ ʛʘʟʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʝʱʸ ʩʠʣʴʥʝʝ ʩʤʝʱʝʥʘ ʚʣʝ-

ʚʦ, ʧʦʩʢʦʣʴʢʫ ʧʨʦʮʝʩʩ ʧʨʦʛʨʝʚʘ ʩʤʝʩʠ ʧʨʦʠʩʭʦʜʠʪ 

ʙʳʩʪʨʝʝ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʨʘʥʥʝʤʫ ʥʘʯʘʣʫ ʨʦ-

ʩʪʘ ʛʘʟʦʧʨʦʥʠʮʘʝʤʦʩʪʠ. 

ʆʩʳʧʘʝʤʦʩʪʴ ʩʪʝʨʞʥʝʡ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʠʭ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʨʦʯʥʦʩʪʠ. ʉ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʙʨʘʙʦʪʢʠ ʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ ʚ ʧʝʯʠ 

ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʨʦʯʥʦʩʪʴ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʦʙʱʘʷ ʧʨʦʯ-

ʥʦʩʪʴ ʦʙʨʘʟʮʦʚ, ʩʥʠʞʘʝʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ 

ʦʩʳʧʘʝʤʦʩʪʠ (ʨʠʩ. 1, ʛ). 

ɼʣʷ ʩʪʝʨʞʥʝʚʳʭ ʞʠʜʢʦʩʪʝʢʦʣʴʥʳʭ ʩʤʝʩʝʡ, ʩʦ-

ʜʝʨʞʘʱʠʭ ʠʟʤʝʣʴʯʸʥʥʳʝ ʆʉʈ, ʥʘ ʩʥʠʞʝʥʠʝ ʤʘʩʩʳ 

ʦʙʨʘʟʮʦʚ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʧʳʪʘʥʠʡ ʥʘ ʦʩʳʧʘʝʤʦʩʪʴ 

ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʜʚʘ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʘ: ʫʜʘʣʝʥʠʝ 
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ʯʘʩʪʠʮ ʩʠʣʠʢʦʥʘ, ʧʣʦʭʦ ʩʤʘʯʠʚʘʶʱʠʭʩʷ ʞʠʜʢʠʤ 

ʩʪʝʢʣʦʤ, ʠʟ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʩʪʝʨʞʥʷ ʠ ʧʦʪʝʨʷ 

ʯʘʩʪʠʮ ʢʚʘʨʮʝʚʦʛʦ ʧʝʩʢʘ, ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʨʦʯʥʦ ʩʚʷ-

ʟʘʥʥʳʭ ʩ ʜʨʫʛʠʤʠ ʧʝʩʯʠʥʢʘʤʠ ʧʦʩʨʝʜʩʪʚʦʤ ʩʚʷʟʫʶ-

ʱʝʛʦ ʤʘʪʝʨʠʘʣʘ. ɺʪʦʨʦʡ ʵʪʘʧ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ 

ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʟʘʨʘʥʝʝ ʫʜʘʣʠʪʴ ʠʟ ʧʦ-

ʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʩʪʝʨʞʥʷ ʯʘʩʪʠʮʳ ʆʉʈ ʠ ʪʝʤ ʩʘ-

ʤʳʤ ʩʥʠʟʠʪʴ ʚʣʠʷʥʠʝ ʧʝʨʚʦʛʦ ʬʘʢʪʦʨʘ. 

ʅʘ ʨʠʩ. 1, ʛ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʣʠʪʝʣʴ-

ʥʦʩʪʠ ʚʪʦʨʦʛʦ ʵʪʘʧʘ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʪʝʤʧʝ-

ʨʘʪʫʨʝ ʚ ʧʝʯʠ 400 ʠ 450Áʉ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʢʦʪʦʨʦʝ 

ʩʥʠʞʝʥʠʝ ʦʩʳʧʘʝʤʦʩʪʠ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʚʨʝʤʝʥʠ ʚʳ-

ʜʝʨʞʢʠ, ʨʘʚʥʳʭ 6 ʠ 3 ʤʠʥ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠʯʠʥʦʡ 

ʪʘʢʦʛʦ ʵʬʬʝʢʪʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʜʦʤʠʥʠʨʫʶʱʝʝ ʚʦʟ-

ʜʝʡʩʪʚʠʝ ʧʝʨʚʦʛʦ ʠʟ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʬʘʢʪʦʨʦʚ. ʇʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʚʳʜʝʨʞʢʠ ʦʙʨʘʟʮʦʚ ʚ ʧʝʯʠ ʛʣʘʚʥʫʶ ʨʦʣʴ 

ʥʘʯʠʥʘʝʪ ʠʛʨʘʪʴ ʚʪʦʨʦʡ ʬʘʢʪʦʨ, ʠ ʦʩʳʧʘʝʤʦʩʪʴ ʨʘʩ-

ʪʸʪ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʧʝʯʠ, ʨʘʚʥʦʡ 350Áʉ, ʩʥʠʞʝʥʠʷ 

ʦʩʳʧʘʝʤʦʩʪʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ, ʚʝʨʦʷʪʥʦ, ʧʦ ʧʨʠʯʠʥʝ 

ʪʦʛʦ, ʯʪʦ ʦʙʨʘʟʮʳ ʟʘ ʚʩʸ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘ (10 ʤʠʥ) ʥʝ ʫʩʧʝʚʘʶʪ ʧʨʦʛʨʝʪʴʩʷ ʥʘʩʪʦʣʴʢʦ, 

ʯʪʦʙʳ ʵʪʦʪ ʵʬʬʝʢʪ ʙʳʣ ʟʘʤʝʪʝʥ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 

ʧʝʯʠ, ʨʘʚʥʦʡ 500Áʉ, ʠ ʚʳʜʝʨʞʢʘʭ ʚʨʝʤʝʥʠ ʜʦ 3 ʤʠʥ 

ʦʩʳʧʘʝʤʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. ʇʨʠʯʠʥʦʡ 

ʵʪʦʛʦ ʤʦʞʝʪ ʙʳʪʴ ʪʦ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʦʩʳʧʘʝʤʦʩʪʠ ʟʘ 

ʩʯʸʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʫʜʘʣʝʥʠʷ ʯʘʩʪʠʮ ʩʠʣʠʢʦʥʘ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʧʦʣʥʦʩʪʴʶ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʨʦ-

ʩʪʦʤ ʦʩʳʧʘʝʤʦʩʪʠ ʟʘ ʩʯʸʪ ʧʦʪʝʨʠ ʯʘʩʪʠʮ ʧʝʩʢʘ ʠʟ-ʟʘ 

ʩʥʠʞʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʩʚʷʟʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʚʳʜʝʨʞʢʠ ʦʙʨʘʟʮʦʚ ʚ ʧʝʯʠ 

ʠʭ ʦʩʳʧʘʝʤʦʩʪʴ ʨʘʩʪʸʪ. 

ɿʘʜʘʯʘ ʚʪʦʨʦʛʦ ʵʪʘʧʘ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʟʘʢʣʶʯʘ-

ʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʯʘʩʪʠʮʳ ʩʠʣʠʢʦʥʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʩʪʝʨʞʥʷ, ʜʝʩʪʨʫʢʪʠʨʦʚʘʣʠ, ʯʪʦ 

ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʪʝʨʞʥʝʡ ʛʘʨʘʥʪʠʨʦ-

ʚʘʣʦ ʙʳ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʛʘʟʦʚʳʭ ʜʝʬʝʢʪʦʚ 

ʚ ʦʪʣʠʚʢʘʭ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʚ ʩʤʝʩʠ ʠʟʤʝʣʴʯʸʥʥʳʭ ʆʉʈ. 

ʇʨʠ ʵʪʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʨʝʤʝʥʥʦʡ ʨʝʞʠʤ ʦʙʨʘʙʦʪʢʠ 

ʜʦʣʞʝʥ ʙʳʪʴ ʪʘʢʠʤ, ʯʪʦʙʳ ʦʙʱʘʷ ʧʨʦʯʥʦʩʪʴ ʩʪʝʨʞʥʷ 

ʦʩʪʘʚʘʣʘʩʴ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ, ʘ ʦʩʪʘʪʦʯʥʘʷ ʧʨʦʯʥʦʩʪʴ 

ʠ ʦʩʳʧʘʝʤʦʩʪʴ, ʥʘʦʙʦʨʦʪ, ʥʘ ʥʠʟʢʦʤ. 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ 

ʧʨʝʠʤʫʱʝʩʪʚ ʞʠʜʢʦʩʪʝʢʦʣʴʥʳʭ ʩʪʝʨʞʥʝʚʳʭ ʩʤʝʩʝʡ, 

ʦʪʚʝʨʞʜʘʝʤʳʭ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʦʡ, ʷʚʣʷʝʪʩʷ ʠʭ ʚʳ-

ʩʦʢʘʷ ʧʨʦʯʥʦʩʪʴ. ʇʦʵʪʦʤʫ ʧʨʠ ʚʳʙʦʨʝ ʪʝʤʧʝʨʘʪʫʨʥʦ-

ʚʨʝʤʝʥʥʦʛʦ ʨʝʞʠʤʘ ʚʪʦʨʦʛʦ ʵʪʘʧʘ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪ-

ʢʠ ʚ ʢʘʯʝʩʪʚʝ ʛʣʘʚʥʦʛʦ ʢʨʠʪʝʨʠʷ ʦʮʝʥʢʠ ʙʳʣʦ ʚʳʙʨʘ-

ʥʦ ʫʩʣʦʚʠʝ, ʯʪʦʙʳ ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʟʨʳʚ ʙʳʣʘ ʥʝ ʥʠʞʝ 

1,5 ʄʇʘ. ʇʨʠ ʵʪʦʤ ʦʩʳʧʘʝʤʦʩʪʴ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳ-

ʰʘʪʴ 0,2%, ʘ ʦʩʪʘʪʦʯʥʘʷ ʧʨʦʯʥʦʩʪʴ ʙʳʪʴ ʥʠʞʝ 0,5 

ʄʇʘ. ɻʘʟʦʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʦʮʝʥʢʠ 

ʥʝ ʫʯʠʪʳʚʘʣʘʩʴ, ʧʦʩʢʦʣʴʢʫ ʜʘʞʝ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ ʦʙʨʘʟʮʦʚ ʚ ʧʝʯʠ ʝʸ ʟʥʘʯʝʥʠʝ ʙʳʣʦ 

ʚʧʦʣʥʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ (200 ʝʜ.) ʠ ʧʨʠ ʫʚʝʣʠʯʝ-

ʥʠʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʥʘʛʨʝʚʘ ʦʙʨʘʟʮʦʚ ʛʘʟʦʧʨʦʥʠʮʘʝ-

ʤʦʩʪʴ ʪʦʣʴʢʦ ʚʦʟʨʘʩʪʘʣʘ. 

ʇʨʦʯʥʦʩʪʠ ʥʘ ʨʘʟʨʳʚ, ʨʘʚʥʦʡ 1,5 ʄʇʘ, ʠ ʜʚʫʤ 

ʜʨʫʛʠʤ ʧʝʨʝʯʠʩʣʝʥʥʳʤ ʢʨʠʪʝʨʠʷʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʩʣʝʜʫʶʱʠʝ ʨʝʞʠʤʳ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ: 

1. ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʧʝʯʠ ï 350Áʉ, ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʥʘʛʨʝʚʘ ʦʙʨʘʟʮʦʚ ï 10 ʤʠʥ. 

2. ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʧʝʯʠ ï 400Áʉ, ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʥʘʛʨʝʚʘ ʦʙʨʘʟʮʦʚ ï 5,5 ʤʠʥ. 

3. ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʧʝʯʠ ï 450Áʉ, ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʥʘʛʨʝʚʘ ʦʙʨʘʟʮʦʚ ï 4,5 ʤʠʥ. 

4. ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʧʝʯʠ ï 500Áʉ, ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʥʘʛʨʝʚʘ ʦʙʨʘʟʮʦʚ ï 3,5 ʤʠʥ. 

ʆʩʪʘʪʦʯʥʘʷ ʧʨʦʯʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʧʨʠ ʚʩʝʭ ʧʝʨʝ-

ʯʠʩʣʝʥʥʳʭ ʨʝʞʠʤʘʭ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʠʙʣʠʟʠ-

ʪʝʣʴʥʦ ʦʜʠʥʘʢʦʚʘ ʠ ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ 0,5 ʄʇʘ. 

ʇʨʠ ʵʪʦʤ ʥʘʠʤʝʥʴʰʝʡ ʦʩʳʧʘʝʤʦʩʪʴʶ ʦʙʣʘʜʘʶʪ ʦʙ-

ʨʘʟʮʳ, ʦʙʨʘʙʦʪʘʥʥʳʝ ʧʦ ʚʪʦʨʦʤʫ ʨʝʞʠʤʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʙʳʣ ʚʳʙʨʘʥ ʩʣʝʜʫʶʱʠʡ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʨʝʤʝʥʥʦʡ 

ʨʝʞʠʤ ʚʪʦʨʦʛʦ ʵʪʘʧʘ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʦʙʨʘʟʮʦʚ: 

ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʧʝʯʠ ï 400Áʉ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʚʳʜʝʨʞʢʠ 

ʦʙʨʘʟʮʦʚ ï 5,5 ʤʠʥ. 

ɺʦ ʚʪʦʨʦʡ ʯʘʩʪʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʢʦʣʠ-

ʯʝʩʪʚ ʠʟʤʝʣʴʯʸʥʥʳʭ ʆʉʈ ʚ ʩʦʩʪʘʚʝ ʞʠʜʢʦʩʪʝʢʦʣʴʥʦʡ 

ʩʤʝʩʠ ʥʘ ʦʩʥʦʚʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʩʪʘʥ-

ʜʘʨʪʥʳʭ ʦʙʨʘʟʮʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʦ ʦʧʠʩʘʥʥʦʡ ʚʳ-

ʰʝ ʤʝʪʦʜʠʢʝ ʠ ʦʪʚʝʨʞʜʸʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭʵʪʘʧ-

ʥʦʛʦ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ. ʇʝʨʚʳʡ ʵʪʘʧ ï 

ʥʘʛʨʝʚ ʦʙʨʘʟʮʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʧʝʯʠ 200Áʉ ʚ ʪʝ-

ʯʝʥʠʝ 15 ʤʠʥ, ʚʪʦʨʦʡ ʵʪʘʧ ï ʥʘʛʨʝʚ ʦʙʨʘʟʮʦʚ ʧʨʠ ʪʝʤ-

ʧʝʨʘʪʫʨʝ ʚ ʧʝʯʠ 400Áʉ ʚ ʪʝʯʝʥʠʝ 5,5 ʤʠʥ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʩʝʤʴ ʩʦʩʪʘʚʦʚ ʩʤʝʩʝʡ, ʚ ʢʦʪʦʨʳʭ ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʪʦʣʴ-

ʢʦ ʩʦʜʝʨʞʘʥʠʝ ʠʟʤʝʣʴʯʸʥʥʳʭ ʆʉʈ, ʠ ʙʘʟʦʚʘʷ ʩʤʝʩʴ 

ʙʝʟ ʜʦʙʘʚʢʠ ʠʟʤʝʣʴʯʸʥʥʳʭ ʆʉʈ (ʩʤ. ʪʘʙʣ. 1). ɼʣʷ 

ʦʪʚʝʨʞʜʝʥʠʷ ʙʘʟʦʚʦʡ ʩʤʝʩʠ ʧʨʠʤʝʥʷʣʩʷ ʪʦʣʴʢʦ ʧʝʨ-

ʚʳʡ ʵʪʘʧ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ. ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ 

ʜʦʙʘʚʣʝʥʠʷ ʚ ʩʦʩʪʘʚ ʙʘʟʦʚʦʡ ʩʤʝʩʠ ʨʘʟʣʠʯʥʳʭ ʢʦʣʠ-

ʯʝʩʪʚ ʨʘʟʫʧʨʦʯʥʷʶʱʝʡ ʜʦʙʘʚʢʠ ï ʠʟʤʝʣʴʯʸʥʥʳʭ ʆʉʈ 

ï ʥʘ ʧʦʷʚʣʝʥʠʝ ʛʘʟʦʚʦʡ ʧʦʨʠʩʪʦʩʪʠ ʙʳʣʘ ʠʟʛʦʪʦʚʣʝʥʘ 

ʧʨʦʙʥʘʷ ʧʘʨʪʠʷ ʦʪʣʠʚʦʢ ʠʟ ʩʧʣʘʚʘ ɸʂ7ʯ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʪʘʙʣ. 2) ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʩ ʨʦʩʪʦʤ ʩʦʜʝʨʞʘʥʠʷ ʠʟʤʝʣʴʯʸʥʥʳʭ ʆʉʈ ʚ ʩʦʩʪʘʚʝ 

ʩʤʝʩʝʡ ʠʭ ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʟʨʳʚ ʩʥʠʞʘʝʪʩʷ ʚ 1,5ï1,7 

ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʟʦʚʦʡ ʩʤʝʩʴʶ, ʦʜʥʘʢʦ ʫʨʦʚʝʥʴ 

ʧʨʦʯʥʦʩʪʠ ʦʩʪʘʸʪʩʷ ʚʳʩʦʢʠʤ (ʚ ʩʨʝʜʥʝʤ 1,5 ʄʇʘ). 

ʇʨʠ ʵʪʦʤ ʦʩʪʘʪʦʯʥʘʷ ʧʨʦʯʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʧʨʠ ʜʦʙʘʚ-

ʣʝʥʠʠ ʚ ʙʘʟʦʚʫʶ ʩʤʝʩʴ 2% ʠʟʤʝʣʴʯʸʥʥʳʭ ʆʉʈ ʩʥʠ-

ʞʘʝʪʩʷ ʚ 5,4 ʨʘʟʘ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ 

ʨʘʟʫʧʨʦʯʥʷʶʱʝʡ ʜʦʙʘʚʢʠ ʜʦ 5% ʦʩʪʘʪʦʯʥʘʷ ʧʨʦʯ-

ʥʦʩʪʴ ʩʥʠʞʘʝʪʩʷ ʝʱʸ ʚ 2,3 ʨʘʟʘ. 

ʉ ʧʦʚʳʰʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʠʟʤʝʣʴʯʸʥʥʳʭ ʆʉʈ ʚ 

ʩʤʝʩʠ ʝʸ ʛʘʟʦʧʨʦʥʠʮʘʝʤʦʩʪʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠ-

ʚʘʝʪʩʷ. ɺʝʨʦʷʪʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʨʘʩʪʸʪ ʧʦʨʠ-

ʩʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʦʙʨʘʟʮʘ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʚʪʦʨʦʛʦ ʵʪʘʧʘ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ. 
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ʊʘʙʣʠʮʘ 2. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʝʨʞʥʝʚʳʭ ʩʤʝʩʝʡ ʩ ʜʦʙʘʚʢʦʡ ʠʟʤʝʣʴʯʸʥʥʳʭ ʆʉʈ ʧʦʩʣʝ ʠʭ ʦʪʚʝʨʞʜʝʥʠʷ  

ʜʚʫʭʵʪʘʧʥʦʡ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʦʡ 

T a b l e  2 . Characteristics of core mixtures with the addition of CSR waste after their curing by two-stage heat  

treatment 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʤʝʩʝʡ 

ʀʩʩʣʝʜʫʝʤʘʷ ʩʤʝʩʴ 

ɹʘʟʦʚʘʷ 

ʩʤʝʩʴ 
ˉ1 ˉ2 ˉ3 ˉ4 ˉ5 ˉ6 ˉ7 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʟʨʳʚ  

ʚ ʦʪʚʝʨʞʜʸʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʄʇʘ 
2,4 1,57 1,56 1,54 1,52 1,50 1,47 1,43 

ɻʘʟʦʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʝʜ. 203 204 204 205 205 205 206 206 

ʆʩʳʧʘʝʤʦʩʪʴ, % 0,10 0,14 0,14 0,15 0,15 0,16 0,18 0,20 

ʆʩʪʘʪʦʯʥʘʷ ʧʨʦʯʥʦʩʪʴ ʧʦʩʣʝ ʧʨʦʢʘʣʢʠ 

ʦʙʨʘʟʮʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 800Áʉ, ʄʇʘ 
2,8 0,52 0,48 0,44 0,39 0,34 0,29 0,23 

ɻʘʟʦʚʘʷ ʧʦʨʠʩʪʦʩʪʴ ʚ ʦʪʣʠʚʢʝ ʥʝʪ ʥʝʪ ʥʝʪ ʥʝʪ ʥʝʪ ʥʝʪ ʝʩʪʴ ʝʩʪʴ 

 

ʆʩʳʧʘʝʤʦʩʪʴ ʩʤʝʩʠ, ʩʦʜʝʨʞʘʱʝʡ 2% ʠʟʤʝʣʴʯʸʥ-

ʥʳʭ ʆʉʈ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ 1,4 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʘ-

ʟʦʚʦʡ ʩʤʝʩʴʶ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʦʚʳʰʝʥʠʠ ʩʦʜʝʨʞʘ-

ʥʠʷ ʠʟʤʝʣʴʯʸʥʥʳʭ ʆʉʈ ʚ ʩʤʝʩʠ ʦʩʳʧʘʝʤʦʩʪʴ ʧʨʦ-

ʜʦʣʞʘʝʪ ʨʘʩʪʠ, ʥʦ ʩ ʤʝʥʴʰʝʡ ʩʢʦʨʦʩʪʴʶ. 

ʂʘʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʠ (ʰʝʨʦʭʦʚʘʪʦʩʪʴ) ʧʦʣʦʩʪʝʡ 

ʚ ʦʪʣʠʚʢʘʭ, ʦʬʦʨʤʣʷʝʤʳʭ ʩʪʝʨʞʥʷʤʠ, ʟʘʤʝʪʥʦ ʩʥʠʞʘ-

ʝʪʩʷ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʆʉʈ ʚ ʩʤʝʩʠ ʚ ʢʦʣʠʯʝʩʪʚʝ 4,5% 

ʠ ʚʳʰʝ. ʇʨʠ ʵʪʦʤ ʚ ʦʪʣʠʚʢʘʭ ʪʘʢʞʝ ʧʦʷʚʣʷʝʪʩʷ ʧʦʨʠ-

ʩʪʦʩʪʴ (ʩʤ. ʪʘʙʣ. 2, ʩʦʩʪʘʚʳ ˉ6 ʠ 7). 

ɺʳʚʦʜʳ 

ʇʨʦʚʝʜʸʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʙʦʪʳ ʧʦʢʘʟʘ-

ʣʠ, ʯʪʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʩʦʩʪʘʚ ʞʠʜʢʦʩʪʝʢʦʣʴʥʦʡ 

ʩʪʝʨʞʥʝʚʦʡ ʩʤʝʩʠ ʦʪ 2 ʜʦ 4% ʠʟʤʝʣʴʯʸʥʥʳʭ ʆʉʈ ʠ 

ʧʨʠʤʝʥʝʥʠʠ ʜʚʫʭʵʪʘʧʥʦʛʦ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʚʦʡ ʦʙʨʘ-

ʙʦʪʢʠ ʫʜʘʸʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʦʩʪʘʪʦʯʥʫʶ ʧʨʦʯ-

ʥʦʩʪʴ, ʩʦʭʨʘʥʠʚ ʧʨʠ ʵʪʦʤ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʜʨʫʛʠʝ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʤʝʩʠ. 

ʂʘʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʨʞʥʝʡ, ʘ ʩʦʦʪʚʝʪʩʪʚʝʥ-

ʥʦ, ʠ ʢʘʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʣʠʚʦʢ ʤʦʞʥʦ ʧʦʚʳʩʠʪʴ 

ʧʫʪʸʤ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʪʝʨʞʥʝʚʳʭ ʢʨʘʩʦʢ, 

ʧʦʩʢʦʣʴʢʫ ʆʉʈ ʠʥʝʨʪʥʳ ʢʦ ʤʥʦʛʠʤ ʤʘʪʝʨʠʘʣʘʤ, ʠʩ-

ʧʦʣʴʟʫʝʤʳʤ ʜʣʷ ʠʭ ʧʨʠʛʦʪʦʚʣʝʥʠʷ. 

ɼʝʩʪʨʫʢʮʠʷ ʯʘʩʪʠʮ ʠʟʤʝʣʴʯʸʥʥʳʭ ʆʉʈ ʚ ʧʦʚʝʨʭ-

ʥʦʩʪʥʦʤ ʩʣʦʝ ʩʪʝʨʞʥʷ ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʪʝʧʣʦʚʦʡ ʦʙ-

ʨʘʙʦʪʢʠ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʝʛʦ ʧʦʨʠʩʪʦʩʪʠ, ʯʪʦ, 

ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʝʪ ʫʣʫʯʰʠʪʴ ʧʦʜʘʪʣʠʚʦʩʪʴ 

ʩʪʝʨʞʥʷ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʦ ʪʦʡ ʞʝ ʧʨʠʯʠʥʝ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʣʠʚʦʢ ʤʦʞʝʪ ʦʙʨʘʟʦʚʘʪʴʩʷ ʜʝʬʝʢʪ ï 

ʤʝʭʘʥʠʯʝʩʢʠʡ ʧʨʠʛʘʨ. ʇʨʦʚʝʨʢʘ ʚʳʩʢʘʟʘʥʥʳʭ ʧʨʝʜ-

ʧʦʣʦʞʝʥʠʡ, ʦʩʦʙʝʥʥʦ ʚ ʦʪʥʦʰʝʥʠʠ ʣʠʪʴʷ ʚʳʩʦʢʦʪʝʤ-

ʧʝʨʘʪʫʨʥʳʭ ʩʧʣʘʚʦʚ, ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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ʊʶʤʝʥʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʶʤʝʥʴ, ʈʦʩʩʠʷ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʥʘʣʠʟ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʵʣʝʢʪʨʦʜʦʚ ʵʣʝʢʪʨʦʣʠʟʸʨʘ ʚ ʢʦʥʪʝʢʩʪʝ ʫʧʨʘʚʣʝʥʠʷ 

ʢʘʯʝʩʪʚʦʤ ʧʨʦʮʝʩʩʦʚ ʚʦʜʦʦʯʠʩʪʢʠ. ʆʮʝʥʝʥʳ ʪʨʠ ʦʩʥʦʚʥʳʭ ʤʘʪʝʨʠʘʣʘ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʵʣʝʢʪʨʦ-

ʜʦʚ: ʪʠʪʘʥ, ʩʪʘʣʴ ʠ ʘʣʶʤʠʥʠʡ. ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʧʨʦʚʝʜʸʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʠʭ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ, 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʵʣʝʢʪʨʦʣʠʟʘ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʜʣʠʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ. ɸʢʮʝʥʪ ʩʜʝʣʘʥ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦ-

ʚʘʥʠʷ ʠ ʢʘʯʝʩʪʚʦ ʦʯʠʩʪʢʠ ʚʦʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʣʶʤʠʥʠʡ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʘʠʣʫʯ-

ʰʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʠ ʤʠʥʠʤʘʣʴʥʦʝ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʤʘʪʝʨʠʘ-

ʣʦʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʵʣʝʢʪʨʦʣʠʟʸʨʝ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʪʠʪʘʥ ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʳʤ ʚ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʫʩʣʦ-

ʚʠʷʭ, ʪʨʝʙʫʶʱʠʭ ʚʳʩʦʢʦʡ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ. ʉʪʘʣʴ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʩʣʘʙʦʘʛʨʝʩʩʠʚʥʳʭ ʫʩʣʦʚʠʷʭ ʠ 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʭʦʨʦʰʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʵʣʝʢʪʨʦʜʦʚ ʵʣʝʢʪʨʦʣʠʟʸʨʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʧʨʦʮʝʩʩʘ ʚʦʜʦ-

ʦʯʠʩʪʢʠ ʠ ʧʦʚʳʰʝʥʠʶ ʥʘʜʸʞʥʦʩʪʠ ʨʘʙʦʪʳ ʩʪʘʥʮʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ, ʙʫʜʫʪ 

ʧʦʣʝʟʥʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʠ ʨʘʟʨʘʙʦʪʢʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʚ ʩʠʩʪʝ-

ʤʘʭ ʚʦʜʦʦʯʠʩʪʢʠ. 
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INFLUENCE OF ELECTROD E MATERIALS ON THE Q UALITY  

OF THE WATER TREATMENT PROCESS 

Kopyova M.A., Ostapenko M.S., Tveryakov A.M. 

Industrial University of Tyumen, Tyumen, Russia 

Abstract. This article presents an analysis of electrode materials used in electrolysers in the context of quality manage-

ment for water treatment processes. Three primary materials such as titanium, steel, and aluminum commonly utilized 

for electrode manufacturing are evaluated. The study includes a comparative assessment of their corrosion resistance, 

operational stability during electrolysis, and long-term performance under continuous electric current exposure. The 

focus is placed on examining how these factors influence equipment reliability and water purification quality. The anal-

ysis revealed that aluminum provides the best operational stability and the lowest standard deviation, making it the most 

suitable material for electrolyser electrodes. At the same time, titanium may be effective under specific conditions that 

require high corrosion resistance, while steel can be used in mildly aggressive environments and offers favorable eco-

nomic characteristics. The findings suggest that selecting the appropriate electrode material significantly enhances the 

quality of water treatment processes and the reliability of treatment plants. The results presented in this study will be 

valuable for further advancement of technologies and the development of more efficient water purification solutions. 

Keywords: quality management, water treatment plant, electrolyser, electrode materials, titanium, steel, aluminum, cor-

rosion resistance, electrolysis, experimental research, mathematical modeling, process stability, material selection, wa-

ter purification nanotechnology, statistical analysis, standard deviation 
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ɺʚʝʜʝʥʠʝ 

ʋʧʨʘʚʣʝʥʠʝ ʢʘʯʝʩʪʚʦʤ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʪʘʥʮʠʡ ʚʦʜʦʦʯʠʩʪʢʠ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ 

ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʜʦʣʛʦʚʝʯʥʦʩʪʠ 

ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺʘʞʥʝʡʰʠʤ ʘʩʧʝʢʪʦʤ 

ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʦ-

ʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʥʘʧʨʷʤʫʶ 

ʚʣʠʷʶʪ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʠ ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ 

ʦʯʠʩʪʢʠ ʚʦʜʳ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ 

ʵʣʝʢʪʨʦʜ ʵʣʝʢʪʨʦʣʠʟʸʨʘ ï ʢʦʤʧʦʥʝʥʪ, ʫʯʘʩʪʚʫʶʱʠʡ ʚ 

ʧʨʦʮʝʩʩʝ ʵʣʝʢʪʨʦʣʠʟʘ ʚʦʜʳ.  

ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʵʣʝʢʪʨʦʣʠʟʘ ʚ ʚʦʜʦʦʯʠʩʪʥʳʭ 

ʩʪʘʥʮʠʷʭ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ 

ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʢʦʨʨʦʟʠʠ ʠ ʜʦʣ-

ʛʦʚʝʯʥʦʩʪʴʶ ʚ ʫʩʣʦʚʠʷʭ ʧʦʩʪʦʷʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʵʣʝʢ-

ʪʨʦʜʦʚ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʯʠʩʪʢʠ, 

ʪʘʢ ʢʘʢ ʦʪ ʠʭ ʩʦʩʪʦʷʥʠʷ ʟʘʚʠʩʠʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʦʮʝʩ-

ʩʦʚ, ʪʘʢʠʭ ʢʘʢ ʦʩʘʞʜʝʥʠʝ ʤʝʪʘʣʣʦʚ, ʫʜʘʣʝʥʠʝ ʟʘʛʨʷʟ-

ʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʠ ʜʨʫʛʠʝ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʧʨʦ-

ʠʩʭʦʜʷʱʠʝ ʚ ʭʦʜʝ ʵʣʝʢʪʨʦʣʠʟʘ. ɺʘʞʥʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ 

ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʣʝʢʪʨʦʜʦʚ ʤʘʪʝʨʠʘ-

ʣʳ ʧʦʜʚʝʨʛʘʶʪʩʷ ʨʘʟʨʫʰʝʥʠʶ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠ-

ʞʝʥʠʶ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʭʫʜʰʝ-

ʥʠʶ ʢʘʯʝʩʪʚʘ ʦʯʠʩʪʢʠ ʚʦʜʳ. ʕʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʨʠ-

ʤʝʥʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ, ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ ʚ ʪʝʯʝʥʠʝ 

ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʥʝ ʪʦʣʴʢʦ ʭʠʤʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠ-

ʘʣʦʚ, ʥʦ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʦʙʱʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʠ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ. ʊʝʭʥʦ-

ʣʦʛʠʷ ʚʳʙʦʨʘ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʵʣʝʢʪʨʦʜʦʚ ʵʣʝʢʪʨʦʣʠ-

ʟʸʨʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ ʚʘʞʥʳʭ ʬʘʢʪʦʨʦʚ, 

ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʢʣʶʯʝʚʳʤʠ ʷʚʣʷʶʪʩʷ ʩʢʦʨʦʩʪʴ ʢʦʨʨʦ-

ʟʠʠ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʵʣʝʢʪʨʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʧʨʦ-

ʮʝʩʩʝ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʯʸʪʦʤ ʠʭ ʩʪʦʠʤʦʩʪʠ ʠ ʩʨʦʢʘ ʩʣʫʞʙʳ. 

ɺʘʞʥʦ, ʯʪʦʙʳ ʤʘʪʝʨʠʘʣ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʵʣʝʢʪʨʦ-

ʜʦʚ, ʥʝ ʪʦʣʴʢʦ ʦʙʝʩʧʝʯʠʚʘʣ ʵʬʬʝʢʪʠʚʥʳʡ ʧʨʦʮʝʩʩ 

ʦʯʠʩʪʢʠ ʚʦʜʳ, ʥʦ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʣ ʟʘʪʨʘʪʳ ʥʘ ʝʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʟʘʤʝʥʫ, ʘ ʪʘʢʞʝ ʛʘʨʘʥʪʠʨʦʚʘʣ ʚʳʩʦ-

ʢʫʶ ʵʢʦʣʦʛʠʯʥʦʩʪʴ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʩʨʘʚ-

ʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʘʢ ʪʠʪʘʥ, 

ʩʪʘʣʴ ʠ ʘʣʶʤʠʥʠʡ, ʜʣʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʵʣʝʢʪʨʦʜʦʚ ʚ ʧʨʦʮʝʩʩʘʭ ʚʦʜʦʦʯʠʩʪʢʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʦʮʝʥʢʫ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ, ʩʪʘ-

ʙʠʣʴʥʦʩʪʠ ʨʘʙʦʪʳ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʚ 

ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʝ ʵʣʝʢʪʨʦʣʠʟʘ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʷʝʪʩʷ ʚʦʧʨʦʩʘʤ ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʜʦʚ 

ʠ ʠʭ ʜʦʣʛʦʚʝʯʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʵʪʠ ʬʘʢʪʦʨʳ ʥʘʧʨʷʤʫʶ 

ʚʣʠʷʶʪ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʯʠʩʪʢʠ ʠ ʢʘʯʝʩʪʚʦ 

ʚʦʜʳ, ʧʦʣʫʯʘʝʤʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʮʝʣʠ ʨʘʙʦʪʳ ʙʳʣ ʧʨʦʚʝʜʸʥ ʢʦʤ-

ʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-
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ʥʳʭ ʜʘʥʥʳʭ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ 

ʦʩʥʦʚʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʜʦʚ ʚ ʧʨʦʮʝʩʩʝ ʵʣʝʢʪʨʦʣʠʟʘ, ʪʘʢ 

ʠ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʚ ʭʦʜʝ 

ʢʦʪʦʨʳʭ ʙʳʣʠ ʠʟʫʯʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʣʠʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʠʭ ʧʦʚʝʜʝʥʠʝ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʚʦʟʜʝʡ-

ʩʪʚʠʠ ʚ ʫʩʣʦʚʠʷʭ ʵʣʝʢʪʨʦʣʠʟʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʫʜʫʪ ʜʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʚʳʙʦʨʫ ʤʘʪʝʨʠʘʣʦʚ ʵʣʝʢʪʨʦʜʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʪʨʝʙʫʝʤʳʡ ʫʨʦʚʝʥʴ ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʙʦʪʳ ʩʪʘʥʮʠʡ ʠ 

ʢʘʯʝʩʪʚʦ ʦʯʠʩʪʢʠ ʚʦʜʳ.  

ɺʘʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ 

ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʦʩʤʳʩʣʝʥʠʠ ʚʳʙʦʨʘ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʵʣʝʢʪʨʦʜʦʚ, ʥʦ ʠ ʚ ʧʨʘʢʪʠʯʝʩʢʦʤ ʧʨʠʤʝʥʝʥʠʠ ʧʦʣʫ-

ʯʝʥʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ ʚʦʜʦʦʯʠʩʪ-

ʥʳʭ ʩʪʘʥʮʠʡ, ʫʣʫʯʰʝʥʠʷ ʠʭ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʦʯʠʩʪʢʠ 

ʚʦʜʳ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʝʟʦʧʘʩʥʦʤʫ ʠ ʵʢʦʣʦʛʠʯʥʦʤʫ 

ʚʦʜʦʩʥʘʙʞʝʥʠʶ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʤʘʪʝʨʠʘʣ ʵʣʝʢ-

ʪʨʦʜʦʚ ʵʣʝʢʪʨʦʣʠʟʸʨʘ ʩʪʘʥʮʠʠ ʦʯʠʩʪʢʠ ʚʦʜʳ. ʀʩʭʦʜʷ 

ʠ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʜʦʚ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʪʠʪʘʥ, ʩʪʘʣʴ ʠ ʘʣʶʤʠʥʠʡ. ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʦʙʣʘʜʘʝʪ ʫʥʠʢʘʣʴʥʳʤʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʯʠʩʪʢʠ ʚʦʜʳ.  

ʊʠʪʘʥ ʙʳʣ ʚʳʙʨʘʥ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʤʘʪʝʨʠʘ-

ʣʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʦʙʣʘʜʘʝʪ ʚʳʩʦ-

ʢʦʡ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ ʚ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ, 

ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʠʜʝʘʣʴʥʳʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʠʩʪʝ-

ʤʘʭ ʚʦʜʦʦʯʠʩʪʢʠ, ʛʜʝ ʚʦʜʘ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʨʘʟʣʠʯ-

ʥʳʝ ʢʠʩʣʦʪʳ, ʩʦʣʠ ʠ ʜʨʫʛʠʝ ʭʠʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ. 

ʊʠʪʘʥʦʚʳʝ ʵʣʝʢʪʨʦʜʳ ʠʤʝʶʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʩʨʦʢ 

ʩʣʫʞʙʳ ʠ ʩʪʘʙʠʣʴʥʫʶ ʨʘʙʦʪʫ ʜʘʞʝ ʧʨʠ ʚʳʩʦʢʠʭ ʟʥʘ-

ʯʝʥʠʷʭ ʥʘʧʨʷʞʝʥʠʷ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʢʨʘʡʥʝ ʵʬʬʝʢʪʠʚ-

ʥʳʤʠ ʚ ʧʨʦʮʝʩʩʝ ʵʣʝʢʪʨʦʣʠʟʘ. ʆʜʥʘʢʦ ʠʭ ʚʳʩʦʢʘʷ 

ʩʪʦʠʤʦʩʪʴ ʠ ʩʣʦʞʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʛʨʘʥʠʯʠʚʘʶʪ 

ʠʭ ʤʘʩʩʦʚʦʝ ʧʨʠʤʝʥʝʥʠʝ. 

ʅʝʨʞʘʚʝʶʱʘʷ ʩʪʘʣʴ ʙʳʣʘ ʚʳʙʨʘʥʘ ʠʟ-ʟʘ ʜʦʩʪʫʧ-

ʥʦʩʪʠ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʍʦʪʷ ʩʪʘʣʴ ʧʦʜʚʝʨʞʝʥʘ 

ʢʦʨʨʦʟʠʠ, ʦʥʘ ʚʩʝ ʞʝ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʥʝʢʦʪʦʨʳʭ ʩʠ-

ʩʪʝʤʘʭ ʚʦʜʦʦʯʠʩʪʢʠ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʧʨʦʯʥʦʩʪʠ ʠ 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʚ ʤʝʥʝʝ ʘʛʨʝʩʩʠʚʥʳʭ ʫʩʣʦʚʠʷʭ. ʉʪʘʣʴ-

ʥʳʝ ʵʣʝʢʪʨʦʜʳ ʤʦʛʫʪ ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʪʴ ʚ ʩʨʝʜʘʭ ʩ 

ʫʤʝʨʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʟʘʛʨʷʟʥʠʪʝʣʝʡ, ʦʜʥʘʢʦ ʠʭ 

ʩʨʦʢ ʩʣʫʞʙʳ ʦʛʨʘʥʠʯʝʥ ʠʟ-ʟʘ ʧʦʚʳʰʝʥʥʦʡ ʩʢʣʦʥʥʦ-

ʩʪʠ ʢ ʢʦʨʨʦʟʠʠ (ʚ 2-3 ʨʘʟʘ ʤʝʥʴʰʝ ʪʠʪʘʥʦʚʳʭ), ʯʪʦ 

ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʯʠʩʪʢʠ. 

ɸʣʶʤʠʥʠʡ ʙʳʣ ʚʳʙʨʘʥ ʠʟ-ʟʘ ʥʝʚʳʩʦʢʦʡ ʩʪʦʠʤʦ-

ʩʪʠ ʠ ʭʦʨʦʰʝʡ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʘʣʶʤʠʥʠʡ ʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥ ʢʦʨʨʦʟʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʠʪʘʥʦʤ, ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʥʝʢʦʪʦʨʳʭ ʚʦʜʦʦʯʠʩʪ-

ʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʤʦʞʝʪ ʙʳʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʧʨʘʚʜʘʥʦ. 

ɸʣʶʤʠʥʠʝʚʳʝ ʵʣʝʢʪʨʦʜʳ ʪʘʢʞʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʜʨʫʛʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʠʭ 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʣʠʟʘ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʵʣʝʢʪʨʦʜʦʚ ʚ ʜʘʥʥʦʤ ʠʩ-

ʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʝʦʨʠʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ.  

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʥʘʧʨʘʚʣʝʥ ʥʘ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʩʠʩʪʝʤʝ 

ʵʣʝʢʪʨʦʣʠʟʘ, ʩ ʫʯʝʪʦʤ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʵʣʝʢʪʨʦʜʦʚ 

(ʪʠʪʘʥ, ʩʪʘʣʴ, ʘʣʶʤʠʥʠʡ). ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʦʩʥʦʚʘʥʦ 

ʥʘ ʠʟʚʝʩʪʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʘʢʦʥʘʭ, ʦʧʠʩʳʚʘʶʱʠʭ 

ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʠ ʬʠʟʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ, ʩʚʷʟʘʥ-

ʥʳʝ ʩ ʵʣʝʢʪʨʦʣʠʟʦʤ ʚʦʜʳ. ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʨʘʟ-

ʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʯʠʩʪʢʠ 

ʚʦʜʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʘ ʪʘʢ-

ʞʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʚʳʯʠʩʣʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʟʘʢʦ-

ʥʘʭ ʌʘʨʘʜʝʷ ʠ ʜʨʫʛʠʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʘʭ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. ɼʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʤʦʞʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʳ, ʪʘʢʠʝ ʢʘʢ ʩʨʝʜ-

ʥʝʝ ʟʥʘʯʝʥʠʝ, ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʠ ʜʠʩʧʝʨʩʠʷ, 

ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʚʘʨʠʘʮʠʠ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʜʣʷ ʢʘʞʜʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʦ ʠʤʝʪʴ ʥʝʩʢʦʣʴʢʦ ʧʦʚʪʦʨ-

ʥʳʭ ʠʟʤʝʨʝʥʠʡ (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʷʪʴ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʤʘʪʝʨʠʘʣʘ). 

ɽʩʣʠ ʤʳ ʧʨʦʚʝʜʝʤ ʧʷʪʴ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ ʪʠʪʘ-

ʥʘ, ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʤʘʩʩʝ ʤʝʜʠ, 

ʚʳʜʝʣʷʶʱʝʡʩʷ ʥʘ ʢʘʪʦʜʝ: 

ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʤʘʩʩʳ ʤʝʜʠ ʜʣʷ ʪʠʪʘʥʘ 
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ʉʪʘʣʴ: 

ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʤʘʩʩʳ ʤʝʜʠ 23,57 ʛ; 

ï ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ 0,021 ʛ. 

ɸʣʶʤʠʥʠʡ: 

ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʤʘʩʩʳ ʤʝʜʠ 23,61 ʛ; 

ï ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ 0,014 ʛ. 

ɸʥʘʣʠʟ ʩʪʘʙʠʣʴʥʦʩʪʠ. ʊʠʪʘʥ ʠ ʩʪʘʣʴ ʠʤʝʶʪ ʦʜʠ-

ʥʘʢʦʚʦʝ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ (0,021 ʛ), ʯʪʦ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠ 

ʤʠʥʠʤʘʣʴʥʦʡ ʚʘʨʠʘʪʠʚʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʵʣʝʢʪʨʦʣʠʟʘ. 

ɸʣʶʤʠʥʠʡ ʠʤʝʝʪ ʤʝʥʴʰʝʝ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝ-

ʥʠʝ (0,014 ʛ), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʝʱʸ ʙʦʣʝʝ ʥʠʟʢʫʶ ʚʘ-

ʨʠʘʪʠʚʥʦʩʪʴ ʠ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩ ʪʠʪʘʥʦʚʳʤʠ ʠ ʩʪʘʣʴʥʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʣʶʤʠʥʠʡ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ 

ʥʘʠʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʧʨʦʮʝʩʩʝ ʵʣʝʢʪʨʦʣʠ-

ʟʘ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʩʪʘʙʠʣʴʥʦʩʪʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʝʛʦ ʢʦʨʨʦʟʠʦʥʥʘʷ 

ʩʪʦʡʢʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʠʪʘʥʦʤ [6]. 



ʂʦʧʴʸʚʘ ʄ.ɸ., ʆʩʪʘʧʝʥʢʦ ʄ.ʉ., ʊʚʝʨʷʢʦʚ ɸ.ʄ. 
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ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ 

ʵʣʝʢʪʨʦʣʠʟʘ. ʇʨʦʮʝʩʩ ʵʣʝʢʪʨʦʣʠʟʘ ʚʦʜʳ ʩ ʟʘʛʨʷʟʥʷ-

ʶʱʠʤʠ ʚʝʱʝʩʪʚʘʤʠ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚ-

ʥʝʥʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʟʘʢʦʥʝ ʌʘʨʘʜʝʷ, ʢʦʪʦʨʳʡ ʩʚʷ-

ʟʳʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʚʳʜʝʣʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʩ ʢʦʣʠʯʝ-

ʩʪʚʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ: 

,=
MIt

m
nF

                                   (1) 

ʛʜʝ m ï ʤʘʩʩʘ ʚʝʱʝʩʪʚʘ, ʚʳʜʝʣʷʶʱʝʛʦʩʷ ʥʘ ʵʣʝʢʪʨʦʜʝ, 

ʛ; M ï ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʚʝʱʝʩʪʚʘ, ʛ/ʤʦʣʴ; I ï ʩʠʣʘ 

ʪʦʢʘ, ɸ; t ï ʚʨʝʤʷ ʵʣʝʢʪʨʦʣʠʟʘ, ʩ; n ï ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢ-

ʪʨʦʥʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʝʘʢʮʠʠ (ʜʣʷ ʢʘʞʜʦʛʦ ʚʝʝɦ-

ʩʪʚʘ); F ï ʧʦʩʪʦʷʥʥʘʷ ʌʘʨʘʜʝʷ (96,485 ʂʣ/ʤʦʣʴ). 

ɼʣʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʟʘʛʨʷʟʥʠʪʝʣʝʡ (ʥʘʧʨʠʤʝʨ, ʪʷ-

ʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ) ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʩ ʫʯʝʪʦʤ ʠʭ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʢʘʟʘʪʴ ʠʭ ʫʜʘʣʝʥʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʨʝʤʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʩʠʣʳ ʪʦʢʘ. 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ ʤʦʞʝʪ 

ʚʢʣʶʯʘʪʴ ʩʣʝʜʫʶʱʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʘʩʧʝʢʪʳ: 

ï ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʨʘʩʯʝʪʘ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʦʚ; 

ï ʤʦʜʝʣʠ, ʫʯʠʪʳʚʘʶʱʠʝ ʜʠʬʬʫʟʠʶ ʟʘʛʨʷʟʥʷʶ-

ʱʠʭ ʚʝʱʝʩʪʚ ʠ ʠʭ ʨʝʘʢʮʠʶ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦ-

ʜʦʚ; 

ï ʫʨʘʚʥʝʥʠʷ, ʫʯʠʪʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠ pH ʨʘʩʪʚʦʨʘ ʥʘ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ. 

ɺ ʨʘʤʢʘʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʘʢʞʝ 

ʫʯʠʪʳʚʘʝʪʩʷ ʪʠʧ ʵʣʝʢʪʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʝʛʦ ʧʨʦ-

ʚʦʜʠʤʦʩʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʧʨʦʮʝʩʩʘ. 

 
ʈʝʟʫʣʴʪʘʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʀʩʭʦʜʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ: 

ʄʘʪʝʨʠʘʣ 
ʉʨʝʜʥʷʷ ʤʘʩʩʘ  

ʤʝʜʠ, ʛ 

ʉʪʘʥʜʘʨʪʥʦʝ  

ʦʪʢʣʦʥʝʥʠʝ, ʛ 

ʊʠʪʘʥ 23,71 0,021 

ʉʪʘʣʴ 23,57 0,021 

ɸʣʶʤʠʥʠʡ 23,61 0,014 
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ɺʩʝ ʪʨʠ ʤʘʪʝʨʠʘʣʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʩʪʘ-

ʙʠʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʩʘʞʜʝʥʠʷ ʤʝʜʠ, ʧʨʠ ʵʪʦʤ ʪʠʪʘʥ 

ʠ ʩʪʘʣʴ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʣʠ ʧʦ ʚʝʣʠʯʠʥʝ ʢʦʵʬʬʠʮʠ-

ʝʥʪʘ ʚʘʨʠʘʮʠʠ (ʦʢʦʣʦ 0,089%). 

ɸʣʶʤʠʥʠʡ ʧʦʢʘʟʘʣ ʥʘʠʤʝʥʴʰʠʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʚʘʨʠʘʮʠʠ (0,0593%) ʠ ʩʘʤʳʡ ʫʟʢʠʡ ʜʦʚʝʨʠʪʝʣʴʥʳʡ 

ʠʥʪʝʨʚʘʣ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʳʩʦʯʘʡʰʫʶ ʩʪʘʙʠʣʴ-

ʥʦʩʪʴ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʥʘʜʸʞʥʦʩʪʠ, 

ʘʣʶʤʠʥʠʝʚʳʝ ʵʣʝʢʪʨʦʜʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʠʥʠʤʘʣʴʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʤʘʩʩʳ ʦʩʘʞʜʸʥʥʦʡ ʤʝʜʠ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʚ ʩʠʩʪʝʤʘʭ, ʛʜʝ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞ-

ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ [1]. 

ʈʘʩʯʝʪ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʵʣʝʢʪʨʦʜʦʚ. 

ʂʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ 

ʩʢʦʨʦʩʪʴʶ ʢʦʨʨʦʟʠʠ, ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪ, ʢʘʢ ʙʳʩʪʨʦ 

ʤʘʪʝʨʠʘʣ ʨʘʟʨʫʰʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʸʥʥʳʭ ʫʩʣʦʚʠʷʭ 

(ʥʘʧʨʠʤʝʨ, ʚ ʨʘʩʪʚʦʨʝ ʵʣʝʢʪʨʦʣʠʪʘ) [2, 7]. 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʢʦʨʨʦʟʠʦʥ-

ʥʫʶ ʩʪʦʡʢʦʩʪʴ, ʚʢʣʶʯʘʶʪ: 

ï ʪʦʢ ʢʦʨʨʦʟʠʠ Icorr ð ʪʦʢ, ʢʦʪʦʨʳʡ ʧʨʦʪʝʢʘʝʪ ʯʝ-

ʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʦʮʝʩʩʝ ʢʦʨʨʦʟʠʠ [5]; 

ï ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʢʦʨʨʦʟʠʠ jcorr ð ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ, 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʛʦ ʩ ʧʨʦʮʝʩʩʦʤ ʢʦʨʨʦʟʠʠ; 

ï ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ Vcorr ð ʩʢʦʨʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ 

ʤʘʪʝʨʠʘʣʘ (ʥʘʧʨʠʤʝʨ, ʚ ʤʢʤ ʚ ʛʦʜ). 

ɼʣʷ ʨʘʩʯʸʪʘ ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ ʘʣʶʤʠʥʠʷ ʠ ʪʠʪʘ-

ʥʘ ʠʩʧʦʣʴʟʫʶʪ ʬʦʨʤʫʣʫ 

.
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Ö Ö
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                            (4) 

ʉʪʘʣʴ: 

ʊʦʢ ʢʦʨʨʦʟʠʠ Icorr = 1,0 ʤɸ. 

ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʩʪʘʣʠ M å 55,85 ʛ/ʤʦʣʴ. 

ʂʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʥʦʚ ʜʣʷ ʨʝʘʢʮʠʠ ʢʦʨʨʦʟʠʠ n = 2. 
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ʇʦʩʪʦʷʥʥʘʷ ʌʘʨʘʜʝʷ F = 96,485 ʂʣ/ʤʦʣʴ. 
ʇʣʦʪʥʦʩʪʴ ʩʪʘʣʠ ɟ = 7,85 ʛ/ʩʤ. 
ʉʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʜʣʷ ʩʪʘʣʠ 0,0055 ʤʤ/ʛʦʜ. 

ɸʣʶʤʠʥʠʡ: 
ʊʦʢ ʢʦʨʨʦʟʠʠ Icorr = 0,5 ʤɸ.  
ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ M = 26,98 ʛ/ʤʦʣʴ. 
ʂʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʥʦʚ ʜʣʷ ʨʝʘʢʮʠʠ ʢʦʨʨʦʟʠʠ n = 3. 
ʇʦʩʪʦʷʥʥʘʷ ʌʘʨʘʜʝʷ F = 96,485 ʂʣ/ʤʦʣʴ. 
ʇʣʦʪʥʦʩʪʴ ʘʣʶʤʠʥʠʷ ɟ = 2,70 ʛ/ʩʤį. 
ʉʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʜʣʷ ʘʣʶʤʠʥʠʷ 0,0173 ʤʤ/ʛʦʜ. 

ʊʠʪʘʥ: 
ʊʦʢ ʢʦʨʨʦʟʠʠ Icorr = 0,1 ʤɸ. 
ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ M = 47,87 ʛ/ʤʦʣʴ. 
ʂʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʥʦʚ ʜʣʷ ʨʝʘʢʮʠʠ ʢʦʨʨʦʟʠʠ n = 2. 
ʇʦʩʪʦʷʥʥʘʷ ʌʘʨʘʜʝʷ F = 96,485 ʂʣ/ʤʦʣʴ. 
ʇʣʦʪʥʦʩʪʴ ʪʠʪʘʥʘ ɟ = 4,506 ʛ/ʩʤį. 
ʉʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʜʣʷ ʪʠʪʘʥʘ 0,0055 ʤʤ/ʛʦʜ. 
ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʪʦʢʠ ʢʦʨʨʦʟʠʠ 

ʜʣʷ ʘʣʶʤʠʥʠʷ ʠ ʪʠʪʘʥʘ ʩʦʩʪʘʚʣʷʶʪ 0,5 ʠ 0,1 ʤɸ ʩʦʦʪ-
ʚʝʪʩʪʚʝʥʥʦ ʠ ʯʪʦ ʤʘʪʝʨʠʘʣʳ ʧʦʜʚʝʨʛʘʶʪʩʷ ʢʦʨʨʦʟʠʠ ʚ 
ʫʩʣʦʚʠʷʭ, ʘʥʘʣʦʛʠʯʥʳʭ ʪʝʤ, ʢʦʪʦʨʳʝ ʤʳ ʠʩʧʦʣʴʟʦʚʘ-
ʣʠ ʜʣʷ ʩʪʘʣʠ [12]. 
ɸʣʶʤʠʥʠʡ ʠʤʝʝʪ ʤʝʥʴʰʫʶ ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʠʪʘʥʦʤ. 
ʊʠʪʘʥ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʤ ʤʘʪʝʨʠ-

ʘʣʦʤ, ʥʦ ʚ ʜʘʥʥʦʤ ʨʘʩʯʸʪʝ ʝʛʦ ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ (ʚ 
ʥʘʰʠʭ ʫʩʣʦʚʠʷʭ) ʚʩʸ-ʪʘʢʠ ʥʝʤʥʦʛʦ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʘʣʶ-
ʤʠʥʠʷ. ʇʨʠʯʠʥʘ ʵʪʦʛʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʫʩʣʦʚʠʷʤʠ, 
ʚ ʯʘʩʪʥʦʩʪʠ ʩ ʪʠʧʦʤ ʵʣʝʢʪʨʦʣʠʪʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʧʦ-
ʨʘʟʥʦʤʫ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʤʘʪʝʨʠʘʣʳ [5]. 
ʈʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ. ʅʘ ʦʩʥʦʚʝ 

ʧʨʦʚʝʜʝʥʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʨʘʩʯʝ-
ʪʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 
ɺʣʠʷʥʠʝ ʤʘʪʝʨʠʘʣʘ ʵʣʝʢʪʨʦʜʘ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ ʦʯʠʩʪʢʠ: 
ï ʊʠʪʘʥʦʚʳʝ ʵʣʝʢʪʨʦʜʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʥʘʠʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʫʜʘʣʝʥʠʠ ʪʷʞʝʣʳʭ ʤʝ-
ʪʘʣʣʦʚ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ 
ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚ ʪʝʯʝʥʠʝ 
ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʆʜʥʘʢʦ ʠʭ ʚʳʩʦ-
ʢʘʷ ʩʪʦʠʤʦʩʪʴ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʘʩʩʦ-
ʚʳʭ ʫʩʪʘʥʦʚʢʘʭ. 
ï ʉʪʘʣʴʥʳʝ ʵʣʝʢʪʨʦʜʳ, ʥʝʩʤʦʪʨʷ ʥʘ ʙʦʣʝʝ ʥʠʟʢʫʶ 

ʩʪʦʠʤʦʩʪʴ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʭʫʜʰʠʝ 
ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʜʦʣʛʦʚʝʯʥʦʩʪʠ, ʩ ʙʦʣʝʝ ʙʳʩʪʨʳʤ ʨʘʟ-
ʚʠʪʠʝʤ ʢʦʨʨʦʟʠʠ, ʯʪʦ ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʯʠʩʪ-
ʢʠ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. 
ï ɸʣʶʤʠʥʠʝʚʳʝ ʵʣʝʢʪʨʦʜʳ ʧʦʢʘʟʘʣʠ ʭʦʨʦʰʝʝ ʩʦ-

ʯʝʪʘʥʠʝ ʜʦʩʪʫʧʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʥʦ ʦʥʠ ʧʦʪʨʝ-
ʙʦʚʘʣʠ ʙʦʣʝʝ ʩʪʨʦʛʦʛʦ ʢʦʥʪʨʦʣʷ ʟʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳ-
ʤʠ ʫʩʣʦʚʠʷʤʠ, ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʢʦʨʨʦʟʠʶ. 
ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ. ʄʳ ʩʦʩʨʝʜʦʪʦʯʠʤ 

ʚʥʠʤʘʥʠʝ ʥʘ ʠʟʤʝʨʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʣʠʟʘ 
ʚʦʜʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ (ʪʠʪʘʥ, ʩʪʘʣʴ, ʘʣʶ-
ʤʠʥʠʡ) ʠ ʦʮʝʥʢʝ ʠʭ ʩʚʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʢʦʨʨʦʟʠʦʥʥʘʷ 
ʩʪʦʡʢʦʩʪʴ, ʧʨʦʚʦʜʠʤʦʩʪʴ ʠ ʤʘʩʩʘ ʚʳʜʝʣʷʶʱʝʛʦʩʷ 
ʚʝʱʝʩʪʚʘ. 
ʆʙʦʨʫʜʦʚʘʥʠʝ ʠ ʤʘʪʝʨʠʘʣʳ: 
ï ʵʣʝʢʪʨʦʣʠʟʸʨ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʩʠʣʳ ʪʦʢʘ ʠ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ; 

ï ʵʣʝʢʪʨʦʜʳ: ʪʠʪʘʥʦʚʳʝ, ʩʪʘʣʴʥʳʝ ʠ ʘʣʶʤʠʥʠʝ-
ʚʳʝ; 
ï ʵʣʝʢʪʨʦʣʠʪ: ʨʘʩʪʚʦʨ ʤʝʜʠ (CuSO ), ʢʦʥʮʝʥʪʨʘ-

ʮʠʷ 1 ʤʦʣʴ/ʣ; 
ï ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ ʩ ʨʝʛʫʣʠʨʫʝʤʦʡ ʩʠʣʦʡ ʪʦʢʘ 

(10 ɸ); 
ï ʚʨʝʤʷ ʵʣʝʢʪʨʦʣʠʟʘ 2 ʯ (7200 ʩ); 
ï ʢʦʥʮʝʥʪʨʘʪʦʨ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ: ʤʝʜʴ 

(Cu), ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʟʘʛʨʷʟʥʠʪʝʣʷ; 
ï ʚʝʩʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʤʘʩʩʳ ʤʝʜʠ, ʚʳʜʝʣʷʶʱʝʡʩʷ 

ʥʘ ʵʣʝʢʪʨʦʜʝ; 
ï ʘʤʧʝʨʤʝʪʨ ʠ ʚʦʣʴʪʤʝʪʨ ʜʣʷ ʢʦʥʪʨʦʣʷ ʪʦʢʘ ʠ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʵʣʝʢʪʨʦʣʠʟʘ. 
ʇʦʜʛʦʪʦʚʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ: ʜʣʷ ʥʘʯʘʣʘ ʧʨʠʛʦʪʦʚʠʤ 

ʨʘʩʪʚʦʨ ʤʝʜʠ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 1 ʤʦʣʴ/ʣ. ɼʣʷ ʵʪʦʛʦ 
ʨʘʩʪʚʦʨʷʝʤ 63,55 ʛ ʤʝʜʥʦʛʦ ʢʫʧʦʨʦʩʘ (CuSO ) ʚ 1 ʣ 
ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ. ʕʪʦ ʦʙʝʩʧʝʯʠʪ ʥʘʤ ʥʝʦʙʭʦ-
ʜʠʤʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʤʝʜʠ ʚ ʨʘʩʪʚʦʨʝ ʜʣʷ ʧʨʦʚʝʜʝ-
ʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. 
ʋʩʪʘʥʦʚʢʘ ʵʣʝʢʪʨʦʜʦʚ: ʫʩʪʘʥʘʚʣʠʚʘʝʤ ʪʨʠ ʧʘʨʳ 

ʵʣʝʢʪʨʦʜʦʚ ʚ ʵʣʝʢʪʨʦʣʠʟʸʨ: ʪʠʪʘʥʦʚʳʡ, ʩʪʘʣʴʥʦʡ ʠ 
ʘʣʶʤʠʥʠʝʚʳʡ ʵʣʝʢʪʨʦʜʳ. ɺʩʝ ʵʣʝʢʪʨʦʜʳ ʠʤʝʶʪ ʦʜʠ-
ʥʘʢʦʚʫʶ ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ (0,01 ʤĮ) ʠ 
ʜʣʠʥʫ (0,2 ʤ). 
ʋʩʪʘʥʦʚʢʘ ʫʩʣʦʚʠʡ: ʫʩʪʘʥʘʚʣʠʚʘʝʤ ʩʣʝʜʫʶʱʠʝ 

ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ: 
ï ʩʠʣʘ ʪʦʢʘ 10 ɸ; 
ï ʚʨʝʤʷ ʵʣʝʢʪʨʦʣʠʟʘ 7200 ʩ (2 ʯ); 
ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ 1 ʤʦʣʴ/ʣ CuSO . 
ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʠ ʧʨʦʚʝʜʝʥʠʝ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘ: ʟʘʧʫʩʢʘʝʤ ʵʣʝʢʪʨʦʣʠʟ ʩ ʩʠʣʦʡ ʪʦʢʘ 10 ɸ ʠ 
ʬʠʢʩʠʨʫʝʤ ʚʨʝʤʷ (7200 ʩ). 
ɺ ʧʨʦʮʝʩʩʝ ʵʣʝʢʪʨʦʣʠʟʘ ʤʝʜʴ ʙʫʜʝʪ ʚʳʜʝʣʷʪʴʩʷ ʥʘ 

ʢʘʪʦʜʘʭ ʢʘʞʜʦʛʦ ʠʟ ʵʣʝʢʪʨʦʜʦʚ. ʄʳ ʙʫʜʝʤ ʠʟʤʝʨʷʪʴ 
ʤʘʩʩʫ ʤʝʜʠ, ʚʳʜʝʣʷʶʱʝʡʩʷ ʥʘ ʵʣʝʢʪʨʦʜʝ, ʩ ʠʩʧʦʣʴʟʦ-
ʚʘʥʠʝʤ ʪʦʯʥʳʭ ʚʝʩʦʚ. 
ɼʣʷ ʨʘʩʯʝʪʘ ʤʘʩʩʳ ʤʝʜʠ, ʚʳʜʝʣʷʶʱʝʡʩʷ ʥʘ ʢʘʪʦ-

ʜʝ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʦʨʤʫʣʘ ʌʘʨʘʜʝʷ: 

,=
MIt

m
nF

                                    (5) 

ʛʜʝ M ï ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʤʝʜʠ (63,55 ʛ/ʤʦʣʴ); I ï 
ʩʠʣʘ ʪʦʢʘ (10 ɸ); t ï ʚʨʝʤʷ ʵʣʝʢʪʨʦʣʠʟʘ (7200 ʩ); n ï 
ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʥʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʝʘʢʮʠʠ (ʜʣʷ 
ʤʝʜʠ n = 2); F ï ʧʦʩʪʦʷʥʥʘʷ ʌʘʨʘʜʝʷ (96 485 
ʂʣ/ʤʦʣʴ). 
ʇʦʜʩʪʘʚʣʷʝʤ ʜʘʥʥʳʝ: 

63,55 10 7200
23,71 ʛ.

2 96485
m

Ö Ö
= =

Ö  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʩʩʘ ʤʝʜʠ, ʚʳʜʝʣʷʶʱʘʷʩʷ ʥʘ ʢʘ-
ʪʦʜʘʭ ʢʘʞʜʦʛʦ ʠʟ ʵʣʝʢʪʨʦʜʦʚ, ʩʦʩʪʘʚʠʪ 23,71 ʛ ʜʣʷ 
ʚʩʝʭ ʪʠʧʦʚ ʵʣʝʢʪʨʦʜʦʚ (ʪʠʪʘʥ, ʩʪʘʣʴ, ʘʣʶʤʠʥʠʡ). 
ɺʦ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʫʜʝʤ ʠʟʤʝʨʷʪʴ ʵʣʝʢʪʨʠ-

ʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦʤʦʱʴʶ ʘʤʧʝʨ-
ʤʝʪʨʘ ʠ ʚʦʣʴʪʤʝʪʨʘ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ 
ʵʣʝʢʪʨʦʜʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

,=
ɟL

R
A

                                     (6) 



ʂʦʧʴʸʚʘ ʄ.ɸ., ʆʩʪʘʧʝʥʢʦ ʄ.ʉ., ʊʚʝʨʷʢʦʚ ɸ.ʄ. 
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ʛʜʝ ɟ ï ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ; L ï ʜʣʠʥʘ 

ʤʘʪʝʨʠʘʣʘ (0,2 ʤ); A ï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

(0,01 ʤĮ). 

ɼʣʷ ʪʠʪʘʥʘ 

0,000057 0,2
0,00114  ʆʤ.

0,01
T

R
Ö
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ɼʣʷ ʩʪʘʣʠ 

0,00089 0,2
0,0178 ʆʤ.

0,01
S

R
Ö

= =

 

ɼʣʷ ʘʣʶʤʠʥʠʷ 

0,000026 0,2
0,00052  ʆʤ.

0,01
Al

R
Ö

= =

 

ɺʦ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʪʘʢʞʝ ʙʫʜʝʤ ʬʠʢʩʠʨʦʚʘʪʴ 

ʥʘʧʨʷʞʝʥʠʝ ʠ ʪʦʢ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʵʣʝʢʪʨʦʜʘ ʩ ʧʦ-

ʤʦʱʴʶ ʘʤʧʝʨʤʝʪʨʘ ʠ ʚʦʣʴʪʤʝʪʨʘ. ʕʪʠ ʜʘʥʥʳʝ ʧʦʟʚʦ-

ʣʷʪ ʦʮʝʥʠʪʴ, ʢʘʢ ʠʟʤʝʥʷʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ ʠ ʪʦʢ ʚ ʧʨʦ-

ʮʝʩʩʝ ʵʣʝʢʪʨʦʣʠʟʘ ʜʣʷ ʢʘʞʜʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʢʘʞʜʳʡ ʵʣʝʢ-

ʪʨʦʜ ʙʫʜʝʪ ʦʩʤʦʪʨʝʥ ʥʘ ʥʘʣʠʯʠʝ ʢʦʨʨʦʟʠʦʥʥʳʭ ʧʦ-

ʚʨʝʞʜʝʥʠʡ. ʄʳ ʦʮʝʥʠʤ ʩʪʝʧʝʥʴ ʢʦʨʨʦʟʠʠ ʜʣʷ ʢʘʞʜʦ-

ʛʦ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʧʦʤʦʞʝʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʘʥʘʣʠʟʝ 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʵʣʝʢʪʨʦʜʦʚ. 

ʄʘʩʩʘ ʤʝʜʠ, ʚʳʜʝʣʷʶʱʘʷʩʷ ʥʘ ʢʘʪʦʜʝ, ʢʘʢ ʤʳ 

ʫʞʝ ʨʘʩʩʯʠʪʘʣʠ, ʩʦʩʪʘʚʠʪ 23,71 ʛ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ 

ʤʘʪʝʨʠʘʣʘ. 

ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ: 

ï ʪʠʪʘʥ: 0,00114 ʆʤ; 

ï ʩʪʘʣʴ: 0,0178 ʆʤ; 

ï ʘʣʶʤʠʥʠʡ: 0,00052 ʆʤ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʩʪʘʪʠʩʪʠʯʝ-

ʩʢʠʭ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʯʪʦʙʳ ʧʨʦʚʝʩʪʠ ʚʩʝ-

ʩʪʦʨʦʥʥʶʶ ʦʮʝʥʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʨʘʟʣʠʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ (ʪʠʪʘʥ, ʩʪʘʣʴ ʠ ʘʣʶʤʠʥʠʡ) ʚ ʧʨʦʮʝʩʩʝ 

ʵʣʝʢʪʨʦʣʠʟʘ. ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʘʥʘʣʠʟʘ 

ʜʘʥʥʳʭ ʩ ʢʦʥʢʨʝʪʥʳʤʠ ʮʠʬʨʘʤʠ: 

ï ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʣʠʟʘ. ʄʘʩʩʘ 

ʚʳʜʝʣʷʶʱʝʛʦʩʷ ʚʝʱʝʩʪʚʘ: ʤʳ ʫʞʝ ʨʘʩʩʯʠʪʘʣʠ ʤʘʩʩʫ 

ʤʝʜʠ, ʚʳʜʝʣʷʶʱʫʶʩʷ ʥʘ ʢʘʪʦʜʘʭ ʢʘʞʜʦʛʦ ʠʟ ʵʣʝʢʪʨʦ-

ʜʦʚ. ʊʝʧʝʨʴ ʧʨʦʚʝʜʝʤ ʘʥʘʣʠʟ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʯʪʦʙʳ 

ʦʮʝʥʠʪʴ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʣʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʵʣʝʢ-

ʪʨʦʜʦʚ. ʄʘʩʩʘ ʤʝʜʠ m ʜʣʷ ʚʩʝʭ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʘ ʨʘʩ-

ʩʯʠʪʘʥʘ ʧʦ ʬʦʨʤʫʣʝ ʌʘʨʘʜʝʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʩʩʘ 

ʤʝʜʠ, ʚʳʜʝʣʷʶʱʘʷʩʷ ʥʘ ʢʘʪʦʜʘʭ, ʦʜʠʥʘʢʦʚʘ ʜʣʷ ʚʩʝʭ 

ʵʣʝʢʪʨʦʜʦʚ ʠ ʩʦʩʪʘʚʣʷʝʪ 23,71 ʛ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ, 

ʯʪʦ ʧʨʦʮʝʩʩ ʵʣʝʢʪʨʦʣʠʟʘ ʟʘʚʠʩʠʪ ʦʪ ʩʠʣʳ ʪʦʢʘ, ʚʨʝ-

ʤʝʥʠ ʠ ʯʠʩʣʘ ʵʣʝʢʪʨʦʥʦʚ, ʘ ʥʝ ʦʪ ʤʘʪʝʨʠʘʣʘ ʵʣʝʢʪʨʦ-

ʜʘ. ʅʦ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʣʠʟʘ ʥʘʤ 

ʪʘʢʞʝ ʥʫʞʥʦ ʫʯʝʩʪʴ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ ʧʨʦ-

ʚʦʜʠʤʦʩʪʴ ʠ ʢʦʨʨʦʟʠʷ. 

ï ɸʥʘʣʠʟ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʂʘʢ ʤʳ 

ʨʘʩʩʯʠʪʘʣʠ ʨʘʥʝʝ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʣʷ ʢʘʞʜʦʛʦ ʤʘʪʝ-

ʨʠʘʣʘ ʦʪʣʠʯʘʝʪʩʷ: 

ï ʪʠʪʘʥ: 0,00114 ʆʤ; 

ï ʩʪʘʣʴ: 0,0178 ʆʤ; 

ï ʘʣʶʤʠʥʠʡ: 0,00052 ʆʤ. 

ʕʪʠ ʜʘʥʥʳʝ ʦ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʤʦʞʥʦ ʧʨʦʘʥʘʣʠʟʠ-

ʨʦʚʘʪʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʣʠʟʘ. 

ʄʝʥʴʰʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʟʥʘʯʘʝʪ ʙʦʣʴʰʫʶ ʧʨʦʚʦʜʠ-

ʤʦʩʪʴ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʝʥʴʰʫʶ ʧʦʪʝʨʶ ʵʥʝʨʛʠʠ ʚ 

ʚʠʜʝ ʪʝʧʣʘ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ-

ʤʫ ʧʨʦʮʝʩʩʫ ʵʣʝʢʪʨʦʣʠʟʘ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʤʳ ʤʦʞʝʤ ʨʘʩʩʯʠʪʘʪʴ ʧʦʪʝʨʠ ʤʦʱ-

ʥʦʩʪʠ, ʠʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ 

2
,=P I R                                    (7) 

ʛʜʝ P ï ʤʦʱʥʦʩʪʴ, ʪʝʨʷʝʤʘʷ ʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʠ, ɺʪ; I ï 

ʩʠʣʘ ʪʦʢʘ (10 ɸ); R ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ, ʆʤ. 

ʊʝʧʝʨʴ ʨʘʩʩʯʠʪʘʝʤ ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ ʜʣʷ ʢʘʞʜʦʛʦ 

ʤʘʪʝʨʠʘʣʘ: 

ï ʊʠʪʘʥ: 

2
10 0,00114 0,114  ɺʪ.= Ö =

T
P  

ï ʉʪʘʣʴ: 

2
10 0,0178 1,78  ɺʪ.= Ö =

S
P  

ï ɸʣʶʤʠʥʠʡ: 

2
10 0,00052 0,052  ɺʪ.= Ö =

Al
P  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩʣʝʜʫʶʱʠʝ: 

ï ʪʠʪʘʥ: 0,114 ɺʪ; 

ï ʩʪʘʣʴ: 1,78 ɺʪ; 

ï ʘʣʶʤʠʥʠʡ: 0,052 ɺʪ. 

ʀʟ ʵʪʠʭ ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ ʪʠʪʘʥ ʠ ʘʣʶʤʠʥʠʡ 

ʠʤʝʶʪ ʤʝʥʴʰʠʝ ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ, ʯʝʤ ʩʪʘʣʴ, ʯʪʦ 

ʜʝʣʘʝʪ ʠʭ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʣʝʢ-

ʪʨʦʣʠʟʘ. ʆʜʥʘʢʦ, ʝʩʣʠ ʧʨʠʥʷʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʢʦʨʨʦʟʠ-

ʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ, ʪʠʪʘʥ ʙʫʜʝʪ ʥʘʠʣʫʯʰʠʤ ʚʳʙʦʨʦʤ 

ʜʣʷ ʜʣʠʪʝʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʸʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ ʠʩʩʣʝ-

ʜʦʚʘʥʦ ʧʦʚʝʜʝʥʠʝ ʪʨʸʭ ʤʘʪʝʨʠʘʣʦʚ ï ʪʠʪʘʥʘ, ʩʪʘʣʠ ʠ 

ʘʣʶʤʠʥʠʷ ï ʚ ʧʨʦʮʝʩʩʝ ʵʣʝʢʪʨʦʣʠʟʘ, ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ 

ʠʭ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ, ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʝʟʫʣʴʪʘ-

ʪʦʚ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ. 

ʊʠʪʘʥ ʦʢʘʟʘʣʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʩʪʦʡʢʠʭ ʤʘʪʝ-

ʨʠʘʣʦʚ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʦʨʨʦʟʠʠ, ʦʜʥʘʢʦ ʝʛʦ ʩʢʦʨʦʩʪʴ 

ʢʦʨʨʦʟʠʠ ʙʳʣʘ ʥʝʤʥʦʛʦ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʣʶʤʠ-

ʥʠʝʤ. ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʘ ʟʘʬʠʢʩʠʨʦʚʘʥʘ 

ʚʳʩʦʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʪʠʪʘʥʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘ-

ʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʤʠ ʦʪʢʣʦʥʝʥʠʷʤʠ ʚ ʠʟʤʝ-

ʥʝʥʠʠ ʤʘʩʩʳ ʤʝʜʠ, ʦʩʘʞʜʘʶʱʝʡʩʷ ʥʘ ʢʘʪʦʜʘʭ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ, ʭʦʪʷ ʪʠʪʘʥ ʠ ʦʙʣʘʜʘʝʪ ʭʦʨʦʰʝʡ ʩʪʦʡʢʦʩʪʴʶ, ʝʛʦ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʜʦʣʛʦʩʨʦʯʥʳʭ ʧʨʦʮʝʩʩʘʭ ʵʣʝʢʪʨʦʣʠʟʘ 

ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʉʪʘʣʴ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʢʘʟʘʣʘ ʝʱʸ ʙʦʣʝʝ ʚʳʩʦ-

ʢʫʶ ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ, ʯʪʦ ʜʝʣʘʝʪ ʝʸ ʤʝʥʝʝ ʧʨʝʜʧʦ-

ʯʪʠʪʝʣʴʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʵʣʝʢʪʨʦ-
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ʣʠʟʥʳʭ ʫʩʪʘʥʦʚʢʘʭ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʜʣʠʪʝʣʴʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʩʪʘʣʴ 

ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʥʝʧʣʦʭʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʧʨʦ-

ʮʝʩʩʝ ʵʣʝʢʪʨʦʣʠʟʘ, ʦʜʥʘʢʦ ʝʸ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʠʟʥʦʩʫ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʝʸ ʧʨʘʢʪʠʯʝʩʢʫʶ ʧʨʠʤʝʥʠʤʦʩʪʴ. 

ɸʣʶʤʠʥʠʡ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴ-

ʪʘʪʳ ʧʦ ʩʪʘʙʠʣʴʥʦʩʪʠ: ʝʛʦ ʦʪʢʣʦʥʝʥʠʷ ʚ ʠʟʤʝʥʝʥʠʠ 

ʤʘʩʩʳ ʤʝʜʠ ʙʳʣʠ ʤʠʥʠʤʘʣʴʥʳʤʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʵʣʝʢ-

ʪʨʦʣʠʟʘ. ʍʦʪʷ ʘʣʶʤʠʥʠʡ ʚ ʥʝʢʦʪʦʨʳʭ ʩʨʝʜʘʭ ʤʦʞʝʪ 

ʧʨʦʷʚʣʷʪʴ ʙʦʣʴʰʫʶ ʩʢʣʦʥʥʦʩʪʴ ʢ ʢʦʨʨʦʟʠʠ, ʚ ʨʘʤʢʘʭ 

ʧʨʦʚʝʜʸʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʝʛʦ ʨʝʟʫʣʴʪʘʪʳ ʦʢʘʟʘʣʠʩʴ 

ʣʫʯʰʠʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ. ʕʪʦ ʜʝʣʘʝʪ 

ʘʣʶʤʠʥʠʡ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʢʘʪʦʜʦʚ 

ʚ ʵʣʝʢʪʨʦʣʠʟʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʛʜʝ ʚʘʞʥʘ ʚʳʩʦʢʘʷ ʩʪʘ-

ʙʠʣʴʥʦʩʪʴ ʠ ʤʠʥʠʤʘʣʴʥʘʷ ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʢʦʪʦʨʳʝ ʨʘʟʣʠʯʠʷ ʚ 

ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ, ʘʣʶʤʠʥʠʡ ʷʚʣʷʝʪʩʷ ʦʧʪʠ-

ʤʘʣʴʥʳʤ ʚʳʙʦʨʦʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʵʣʝʢʪʨʦʣʠʟ-

ʥʳʭ ʫʩʪʘʥʦʚʢʘʭ, ʛʜʝ ʚʘʞʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʤʠʥʠʤʘʣʴ-

ʥʘʷ ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʠʪʘʥ ʠ 

ʩʪʘʣʴ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ, ʛʜʝ ʚʘʞʥʘ ʚʳʩʦʢʘʷ ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ, 

ʘʣʶʤʠʥʠʡ ʦʩʪʘʸʪʩʷ ʣʫʯʰʠʤ ʚʳʙʦʨʦʤ ʜʣʷ ʙʦʣʴʰʠʥ-

ʩʪʚʘ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʜʦʣʛʦ-

ʚʝʯʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʸʥʥʳʝ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘ-

ʙʦʪʳ, ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʚʘʞʥʦʩʪʠ ʚʳʙʦʨʘ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʵʣʝʢʪʨʦʣʠʟʸʨʘ ʚ 

ʢʦʥʪʝʢʩʪʝ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʧʨʦʮʝʩʩʦʚ ʚʦʜʦ-

ʦʯʠʩʪʢʠ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʵʣʝʢ-

ʪʨʦʜʦʚ ʥʘʧʨʷʤʫʶ ʚʣʠʷʶʪ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʦʯʠʩʪʢʠ, ʘ 

ʟʥʘʯʠʪ, ʥʘ ʦʙʱʝʝ ʢʘʯʝʩʪʚʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʪʘʥ-

ʮʠʠ ʚʦʜʦʦʯʠʩʪʢʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʠʪʘʥ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʩʚʦʶ ʚʳʩʦʢʫʶ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ, 

ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʘʣʶʤʠʥʠʝʤ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʫʤʝʥʴʰʝ-

ʥʠʶ ʩʨʦʢʘ ʩʣʫʞʙʳ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦ ʚʘʞʥʦ ʫʯʠʪʳ-

ʚʘʪʴ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʜʦʦʯʠʩʪ-

ʥʳʭ ʩʪʘʥʮʠʡ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʪʠ-

ʪʘʥʘ ʚ ʧʨʦʮʝʩʩʝ ʵʣʝʢʪʨʦʣʠʟʘ ʦʩʪʘʸʪʩʷ ʥʘ ʚʳʩʦʢʦʤ 

ʫʨʦʚʥʝ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦʡ ʚʘʨʠʘʪʠʚ-

ʥʦʩʪʴʶ ʚ ʝʛʦ ʧʦʢʘʟʘʪʝʣʷʭ. 

ʉʪʘʣʴ ʧʦʢʘʟʘʣʘ ʥʘʠʙʦʣʴʰʫʶ ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ 

ʩʨʝʜʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳ-

ʚʘʝʪʩʷ ʥʘ ʝʸ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʙʦʪʳ ʚ 

ʜʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ ʦʯʠʩʪʢʠ. ʕʪʦ ʪʘʢʞʝ ʧʦʜʯʝʨʢʠʚʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʙʦʣʝʝ ʪʱʘʪʝʣʴʥʦʛʦ ʚʳʙʦʨʘ ʤʘʪʝʨʠʘʣʘ 

ʜʣʷ ʵʣʝʢʪʨʦʜʦʚ, ʦʨʠʝʥʪʠʨʫʷʩʴ ʥʘ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʨʦʢʘʤ ʩʣʫʞʙʳ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɸʣʶʤʠʥʠʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ 

ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʩ ʤʠʥʠʤʘʣʴʥʦʡ 

ʚʘʨʠʘʪʠʚʥʦʩʪʴʶ ʠ ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʪʦʯʥʦʩʪʠ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʝʛʦ ʩʢʣʦʥʥʦʩʪʴ ʢ ʢʦʨʨʦʟʠʠ ʚ ʥʝʢʦʪʦʨʳʭ 

ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ, ʘʣʶʤʠʥʠʡ ʦʩʪʘʸʪʩʷ ʥʘʠʙʦʣʝʝ ʩʪʘ-

ʙʠʣʴʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʦʧʪʠʤʘʣʴʥʳʤ ʚʳ-

ʙʦʨʦʤ ʜʣʷ ʤʥʦʛʠʭ ʧʨʠʤʝʥʝʥʠʡ, ʛʜʝ ʚʘʞʥʘ ʚʳʩʦʢʘʷ ʪʦʯ-

ʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʢʘʯʝʩʪʚʦʤ ʨʘʟʨʘʙʦʪʢʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʪʘʥʮʠʡ ʚʦʜʦ-

ʦʯʠʩʪʢʠ ʢʨʘʡʥʝ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʢʦʨʨʦʟʠ-

ʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ, ʥʦ ʠ ʠʭ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ. ɸʣʶʤʠʥʠʡ, ʙʣʘʛʦ-

ʜʘʨʷ ʩʚʦʝʡ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʢʘʪʦʜʦʚ ʚ ʵʣʝʢ-

ʪʨʦʣʠʟʸʨʝ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ 

ʦʯʠʩʪʢʠ ʠ ʧʦʚʳʰʝʥʠʶ ʥʘʜʸʞʥʦʩʪʠ ʨʘʙʦʪʳ ʩʪʘʥʮʠʠ. ɺ 

ʪʦ ʞʝ ʚʨʝʤʷ ʚʳʙʦʨ ʪʠʪʘʥʘ ʠʣʠ ʩʪʘʣʠ ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʨʘʚʜʘʥ ʚ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʣʫʯʘʷʭ, ʛʜʝ ʧʨʠʦʨʠʪʝʪʦʤ 

ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ ʣʠʙʦ ʩʪʦʠ-

ʤʦʩʪʴ ʩʪʘʥʮʠʠ. 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʦʮʝʩʩʦʚ 

ʚʦʜʦʦʯʠʩʪʢʠ ʚ ʙʫʜʫʱʝʤ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʜʦʣʞʠʪʴ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʦʜʙʦʨʫ ʤʘʪʝʨʠʘʣʦʚ ʵʣʝʢʪʨʦʜʦʚ, ʘ 

ʪʘʢʞʝ ʚʥʝʜʨʝʥʠʶ ʪʝʭʥʦʣʦʛʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦ-

ʚʳʰʝʥʠʝ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʢʦʨʨʦʟʠʠ ʠ ʫʚʝʣʠʯʝʥʠʶ 

ʩʨʦʢʘ ʩʣʫʞʙʳ. 
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ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʚʦʧʨʦʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʘʢʠʭ ʧʦʣʦʩ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʠ ʧʦʜʣʝʞʠʪ ʨʘʩʩʤʦʪʨʝʥʠʶ ʩ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʯʝʛʦ ʜʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʦ-

ʮʝʩʩʘ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʭʦʣʦʜʥʦʡ ʧʨʦʢʘʪʢʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʣʦʩ, ʧʦʣʫʯʝʥʥʳʭ ʩʚʘʨʢʦʡ ʚʟʨʳʚʦʤ ʠ ʩʦʩʪʦʷʱʠʭ 

ʠʟ ʩʣʦʷ ʘʣʶʤʠʥʠʷ ʤʘʨʢʠ ɼ16 ʠ ʩʣʦʷ ʪʠʪʘʥʘ ʤʘʨʢʠ ɺʊ-1-0. ɻʣʘʚʥʦʡ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʣʦʩʳ ʠʟ ʫʢʘʟʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʪʦʣʱʠʥʦʡ 0,3 ʤʤ ʧʫʪʝʤ ʚʥʝʜʨʝʥʠʷ ʚ ʧʨʦʮʝʩʩ ʧʨʦʢʘʪʢʠ ʢʠ-

ʥʝʤʘʪʠʯʝʩʢʦʡ ʥʝʩʠʤʤʝʪʨʠʠ, ʚʳʨʘʞʝʥʥʦʡ ʚ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʠ ʦʢʨʫʞʥʳʭ ʩʢʦʨʦʩʪʝʡ ʚʨʘʱʝʥʠʷ ʨʘʙʦʯʠʭ ʚʘʣʢʦʚ. ɺ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʫʯʝʥʠʠ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʦʮʝʩʩ ʜʝʬʦʨʤʠʨʦʚʘ-

ʥʠʷ ʪʘʢʠʭ ʧʦʣʦʩ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʠʣʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠ ʧʨʦʢʘʪʢʝ ʢʦʤʧʦʟʠʪʘ 

ʘʣʶʤʠʥʠʡïʪʠʪʘʥ, ʧʦʣʫʯʝʥʥʦʛʦ ʩʚʘʨʢʦʡ ʚʟʨʳʚʦʤ. ɺ ʯʘʩʪʥʦʩʪʠ, ʢ ʜʘʥʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʦʪʥʦʩʷʪʩʷ: ʧʦʩʣʦʡʥʘ ̫

ʜʝʬʦʨʤʘʮʠ,̫ ʢʨʠʚʠʟʥʘ ʧʦʣʦʩ, ʫʩʣʦʚʠ ̫ʟʘʭʚʘʪʘ ʧʨʠ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʧʨʦʢʘʪʢʝ ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʧʨʠʚʦʜʦʤ ʚʘʣ-

ʢʦʚ ʠ ʩ ʦʜʥʠʤ ʧʨʠʚʦʜʥʳʤ ʚʘʣʢʦʤ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʜʘʥʥʦʛʦ ʚʦʧʨʦʩʘ, ʘ ʪʘʢʞʝ ʨʝʰʝʥʠʝ ʦʧʪʠʤʠʟʘʮʠʦʥ-

ʥʦʡ ʟʘʜʘʯʠ ʧʦʟʚʦʣʠʪ ʚ ʙʫʜʫʱʝʤ ʩʬʦʨʤʠʨʦʚʘʪʴ ʩʥʘʯʘʣʘ ʦʧʳʪʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʧʦʣʫʯʝʥʠʷ ʧʦʜʦʙʥʳʭ ʧʦʣʦʩ, ʘ ʟʘ-

ʪʝʤ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʝʸ ʜʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʩʠʤʤʝʪʨʠʯʥʘʷ ʧʨʦʢʘʪʢʘ, ʭʦʣʦʜʥʘʷ ʧʨʦʢʘʪʢʘ, ʪʦʥʢʠʝ ʧʦʣʦʩʳ, ʢʨʠʚʠʟʥʘ, ʪʨʫʜʥʦʜʝʬʦʨʤʠʨʫ-

ʝʤʳʝ ʩʧʣʘʚʳ, ʙʠʤʝʪʘʣʣʠʯʝʩʢʘʷ ʧʦʣʦʩʘ ʘʣʶʤʠʥʠʡ-ʪʠʪʘʥ, ʢʘʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʚʘʨʢʘ ʚʟʨʳʚʦʤ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ɺʠʢʪʦʨʘ ʍʨʠʩʪʝʥʢʦ çʐʘʛ ʚ ʙʫʜʫʱʝʝè (ʜʦʛʦʚʦʨ ʧʦʞʝʨʪʚʦʚʘʥʠʷ 
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EXPERIMENTAL  RESEARCH OF THE PROCESS OF COLD 

ASYMMETRIC  ROLLING  OF THIN  STRIPS OF DIFFICULT -TO-FORM 

ALLOYS  

Gorbunova V.S., Vydrin A.V. 

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

Abstract. Currently, thin bimetallic strips consisting of difficult -to-form alloys are in demand products in modern high-

tech industries. That is why the issue of the production of such strips is relevant and should be considered from a tech-

nological point of view. Based on this, this article is devoted to an experimental study of the process of asymmetric cold 

rolling of bimetallic strips obtained by explosion welding and consisting of an aluminum layer of D16 grade and a tita-

nium layer of VT-1-0 grade. The central objective of the study is to obtain a bimetallic strip made of mentioned materi-

als with a thickness of 0.3 mm by introducing kinematic asymmetry into the rolling process, expressed in a mismatch of 

the circumferential rotational speeds of the working rolls. In turn, the scientific novelty of the work lies in the study of 

the factors influencing the deformation of such strips. The results of the study revealed deformation features during roll-

ing of the aluminum-titanium composite obtained by explosion welding. In particular, these features include: layer-by-

layer deformations, strip curvature, and capture conditions during asymmetric rolling with individual roller drive and 

with one drive roller. Further consideration of this issue, as well as solving the optimization problem, will make it pos-

sible in the future to first form an experimental technology for producing such strips, and then improve it to production. 

Keywords: asymmetric rolling, cold rolling, thin strips, curvature, difficult -to-form alloys, bimetallic strip aluminum-

titanium, surface quality, explosion welding 
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ɺʚʝʜʝʥʠʝ 

ʅʝʩʠʤʤʝʪʨʠʯʥʘʷ ʧʨʦʢʘʪʢʘ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚ-
ʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʨʘʟʚʠʪʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʦʥʢʦʣʠ-
ʩʪʦʚʦʛʦ ʧʨʦʢʘʪʘ [1, 2]. ɺ ʯʘʩʪʥʦʩʪʠ, ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʢ 
ʪʦʥʢʦʣʠʩʪʦʚʦʤʫ ʧʨʦʢʘʪʫ ʠʟ ʪʨʫʜʥʦʜʝʬʦʨʤʠʨʫʝʤʳʭ 
ʩʧʣʘʚʦʚ [3-5], ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʭʦʜʠʪʴ ʚ ʪʦʤ ʯʠʩʣʝ ʚ 
ʩʪʨʫʢʪʫʨʫ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʣʦʩ.  
ʇʦʣʦʩʦʚʘʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʘʷ ʟʘʛʦʪʦʚʢʘ, ʩʦʩʪʦʷʱʘʷ 

ʠʟ ʨʘʟʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʤʝʝʪ ʥʝʩʠʤʤʝʪʨʠʯʥʫʶ 
ʩʪʨʫʢʪʫʨʫ ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘ-
ʤʠ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʛʦʪʦʚʦʡ ʧʦ-
ʣʦʩʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʠʟ ʧʦʜʦʙʥʳʭ ʟʘʛʦʪʦʚʦʢ ʩ ʧʦʤʦ-
ʱʴʶ ʩʠʤʤʝʪʨʠʯʥʦʡ ʧʨʦʢʘʪʢʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʘʣʠ-
ʯʠʶ ʜʝʬʝʢʪʦʚ ʛʦʪʦʚʦʡ ʧʦʣʦʩʳ ʠʟ-ʟʘ ʨʘʟʣʠʯʥʦʡ ʧʦ-
ʩʣʦʡʥʦʡ ʜʝʬʦʨʤʘʮʠʠ [6, 7]. ɺʘʨʠʘʪʠʚʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ 
ʚʠʜʦʚ ʥʝʩʠʤʤʝʪʨʠʠ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʧʨʦʢʘʪʢʝ, ʧʦʟʚʦ-
ʣʷʝʪ ʨʝʰʠʪʴ ʵʪʫ ʧʨʦʙʣʝʤʫ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʢʠʥʝʤʘʪʠ-
ʯʝʩʢʘʷ ʥʝʩʠʤʤʝʪʨʠʷ, ʚʳʟʚʘʥʥʘʷ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝʤ 
ʦʢʨʫʞʥʳʭ ʩʢʦʨʦʩʪʝʡ ʧʨʦʢʘʪʥʳʭ ʚʘʣʢʦʚ, ʩʦʟʜʘʝʪ ʩʤʝ-
ʱʝʥʠʝ ʥʝʡʪʨʘʣʴʥʳʭ ʫʛʣʦʚ ʥʘ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦ-
ʩʪʷʭ ʧʦʣʦʩʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʥʝʨʘʚʥʦʤʝʨ-
ʥʦʩʪʴ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʧʨʦʢʘʪʢʝ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 
ʧʦʣʦʩ. ʂʨʦʤʝ ʵʪʦʛʦ, ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝ ʦʢʨʫʞʥʳʭ ʩʢʦ-
ʨʦʩʪʝʡ ʚʘʣʢʦʚ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʫʩʠʣʠʷ ʧʨʦʢʘʪʢʠ 

[8]. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʥʠʞʝʥʠʝ ʫʩʠʣʠʷ ʧʨʦʢʘʪʢʠ ʩʧʦ-
ʩʦʙʩʪʚʫʝʪ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʨʝʞʠʤʘ ʜʝʬʦʨʤʘʮʠʡ ʠ 
ʧʦʟʚʦʣʷʝʪ ʧʨʦʢʘʪʳʚʘʪʴ ʙʦʣʝʝ ʪʦʥʢʠʝ ʧʦʣʦʩʳ, ʩʦʩʪʦʷ-
ʱʠʝ ʠʟ ʨʘʟʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [9, 10]. 
ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘ-

ʥʠʝ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʧʦʣʦʩ ʠʟ ʪʨʫʜʥʦʜʝʬʦʨʤʠʨʫʝ-
ʤʳʭ ʩʧʣʘʚʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʣʦʩ, ʠʤʝ-
ʶʱʠʭ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʘʣʶʤʠʥʠʡ ɼ16 ʠ ʪʠʪʘʥ 
ɺʊ-1-0 ʧʫʪʝʤ ʭʦʣʦʜʥʦʡ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʧʨʦʢʘʪʢʠ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʮʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʦʣʦʩʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʘʣʶʤʠʥʠ-

ʝʚʦʛʦ ʠ ʪʠʪʘʥʦʚʦʛʦ ʩʣʦʝʚ, ʧʦʣʫʯʝʥʥʳʝ ʩʚʘʨʢʦʡ ʚʟʨʳ-

ʚʦʤ (ʨʠʩ. 1) [11, 12]. ʆʙʨʘʟʮʳ ʠʤʝʣʠ ʨʘʟʣʠʯʥʦʝ ʩʦʦʪ-

ʥʦʰʝʥʠʝ ʪʦʣʱʠʥ ʩʣʦʝʚ. ʀʩʭʦʜʥʳʝ ʨʘʟʤʝʨʳ ʠʩʩʣʝʜʫ-

ʝʤʳʭ ʦʙʨʘʟʮʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1. 

ɺ ʨʷʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠʤʝʥʷʣʠʩʴ ʩʤʘʟʦʯʥʳʝ 

ʤʘʪʝʨʠʘʣʳ: ʘʵʨʦʟʦʣʴʥʘʷ ʤʦʣʠʙʜʝʥʦʚʘʷ ʩʤʘʟʢʘ ʠ 

ʩʫʣʴʬʠʜ ʤʦʣʠʙʜʝʥʘ ʚ ʚʠʜʝ ʧʦʨʦʰʢʘ [13]. ɺʘʨʠʘʥʪʳ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʧʨʦʢʘʪʢʠ 

ʘʣʶʤʦʪʠʪʘʥʦʚʳʭ ʦʙʨʘʟʮʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 2.  
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ʈʠʩ. 1. ʆʙʱʠʡ ʚʠʜ ʘʣʶʤʦʪʠʪʘʥʦʚʦʛʦ ʦʙʨʘʟʮʘ (ʘ) ʠ ʚʠʜ ʣʠʥʠʠ ʩʧʣʘʚʣʝʥʠʷ (ʙ) 

Fig. 1. General view of the aluminum-titanium sample (a) and view of the fusion line (ʙ) 

ʊʘʙʣʠʮʘ 1. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʘʣʶʤʦʪʠʪʘʥʦʚʳʭ ʦʙʨʘʟʮʦʚ 

T a b l e 1 .  Geometric parameters of aluminum-titanium samples 

ʅʦʤʝʨ  

ʦʙʨʘʟʮʘ 

ʄʘʪʝʨʠʘʣʳ ʈʘʟʤʝʨ ʦʙʨʘʟʮʘ 
ʂʦʣʠʯʝʩʪʚʦ 

ʊʠʪʘʥʦʚʳʡ ʩʣʦʡ ɸʣʶʤʠʥʠʝʚʳʡ ʩʣʦʡ Tiʦ
h , ʤʤ 

Alʦ
h , ʤʤ b, ʤʤ l, ʤʤ 

1 ɺʊ-1-0 ɼ16 8,0 2,0 40,0 60,0 1 

2 5,0 5,0 40,0 60,0 3 

3 2,0 8,0 40,0 60,0 3 

 
ʊʘʙʣʠʮʘ 2. ʋʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

T a b l e 2 .  Experimental conditions 

ʅʦʤʝʨ  

ʦʙʨʘʟʮʘ Tiʦ
h , ʤʤ 

Alʦ
h , ʤʤ ʊʠʧ ʩʤʘʟʢʠ ʂʠʥʝʤʘʪʠʢʘ ʚʘʣʢʦʚ ʂʨʠʚʠʟʥʘ, ʤʤ ʇʨʠʤʝʯʘʥʠʝ 

1 8,0 2,0 ɹʝʟ ʩʤʘʟʢʠ ʆʜʠʥ ʧʨʠʚʦʜʥʦʡ ʚʘʣʦʢ 26  

2 5,0 5,0 ɹʝʟ ʩʤʘʟʢʠ ʆʜʠʥ ʧʨʠʚʦʜʥʦʡ ʚʘʣʦʢ 25  

3 5,0 5,0 ɹʝʟ ʩʤʘʟʢʠ ʈʘʩʩʦʛʣʘʩʦʚʘʥʠʝ  

ʩʢʦʨʦʩʪʝʡ ʚʘʣʢʦʚ 1,3 

31 ɼʦ ʪʦʣʱʠʥʳ 1,5 ʤʤ 

ɸʵʨʦʟʦʣʴʥʘʷ  

ʤʦʣʠʙʜʝʥʦʚʘʷ ʩʤʘʟʢʘ 

ʆʜʠʥ ʧʨʠʚʦʜʥʦʡ ʚʘʣʦʢ 30 ʇʨʦʢʘʪʘʥ ʜʦ ʪʦʣʱʠʥʳ 

1,0 ʤʤ 

4 5,0 5,0 ɹʝʟ ʩʤʘʟʢʠ ʈʘʩʩʦʛʣʘʩʦʚʘʥʠʝ  

ʩʢʦʨʦʩʪʝʡ ʚʘʣʢʦʚ 1,3 

27 ɼʦ ʪʦʣʱʠʥʳ 1,5 ʤʤ 

ɼʠʩʫʣʴʬʠʜ ʤʦʣʠʙʜʝʥʘ ʆʜʠʥ ʧʨʠʚʦʜʥʦʡ ʚʘʣʦʢ 16 ʇʨʦʢʘʪʘʥ ʜʦ ʪʦʣʱʠʥʳ 

0,3 ʤʤ 

5 2,0 8,0 ɹʝʟ ʩʤʘʟʢʠ ʆʜʠʥ ʧʨʠʚʦʜʥʦʡ ʚʘʣʦʢ   

6 2,0 8,0 ɸʵʨʦʟʦʣʴʥʘʷ  

ʤʦʣʠʙʜʝʥʦʚʘʷ ʩʤʘʟʢʘ 

ʆʜʠʥ ʧʨʠʚʦʜʥʦʡ ʚʘʣʦʢ   

 
ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦ-

ʢʘʪʥʦʛʦ ʩʪʘʥʘ ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʧʨʠʚʦʜʦʤ ʚʘʣʢʦʚ 

ʄɻʊʋ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘ ʠ ʧʨʦʢʘʪʥʦʛʦ ʩʪʘʥʘ ɼʫʦ-200 

ʖʋʨɻʋ. ʇʨʠ ʧʨʦʢʘʪʢʝ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʪʠʪʘʥʦʚʳʡ ʩʣʦʡ 

ʢʦʥʪʘʢʪʠʨʦʚʘʣ ʩ ʚʝʜʦʤʳʤ (ʙʦʣʝʝ ʤʝʜʣʝʥʥʳʤ) ʠʣʠ 

ʥʝʧʨʠʚʦʜʥʳʤ ʚʘʣʢʦʤ, ʠʤʝʶʱʠʤ ʤʝʥʴʰʫʶ ʦʢʨʫʞʥʫʶ 

ʩʢʦʨʦʩʪʴ. ɺʩʝ ʦʙʨʘʟʮʳ ʧʦʩʣʝ ʩʫʤʤʘʨʥʦʡ ʜʝʬʦʨʤʘʮʠʠ 

50% ʧʦʜʚʝʨʛʘʣʠʩʴ ʨʘʟʫʧʨʦʯʥʷʶʱʝʤʫ ʦʪʞʠʛʫ ʚ ʪʝʯʝ-

ʥʠʝ 15 ʤʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 400ï450Áʉ [14]. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ ʦʮʝʥʠʚʘʣʠʩʴ ʢʨʠʚʠʟʥʘ ʧʦʣʦʩʳ ʥʘ ʚʳʭʦʜʝ ʠʟ ʦʯʘʛʘ 

ʜʝʬʦʨʤʘʮʠʠ ʠ ʩʪʝʧʝʥʴ ʜʝʬʦʨʤʘʮʠʠ ʢʘʞʜʦʛʦ ʩʣʦʷ ʙʠ-

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʣʦʩʳ.  

ʂʨʠʚʠʟʥʘ ʧʦʣʦʩʳ ʥʘ ʚʳʭʦʜʝ ʠʟ ʦʯʘʛʘ ʜʝʬʦʨʤʘ-

ʮʠʠ. ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʢʘʪʢʠ ʠʩʩʣʝʜʫʝʤʳʝ ʧʦʣʦʩʳ ʧʨʦ-

ʢʘʪʳʚʘʣʠʩʴ ʜʦ ʪʦʣʱʠʥʳ 1,5 ʤʤ. ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ 

ʢʨʠʚʠʟʥʳ ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʠʥʠʤʘʣʦʩʴ ʤʘʢ-

ʩʠʤʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʠʟʦʛʥʫʪʦʛʦ ʦʙʨʘʟʮʘ ʦʪ ʛʦʨʠ-

ʟʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘ ʢʦʪʦʨʫʶ ʦʙʨʘʟʝʮ ʦʧʠʨʘʣ-

ʩʷ ʩʚʦʠʤʠ ʢʦʥʮʘʤʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜ-

ʩʪʘʚʣʝʥ rʚ ʪʘʙʣ. 2.  

ɸʥʘʣʠʟʠʨʫʷ ʜʘʥʥʳʝ ʦ ʢʨʠʚʠʟʥʝ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ 

ʪʘʙʣ. 2, ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʧʨʦʢʘʪʢʝ ʦʙʨʘʟʮʦʚ 

ʥʘ ʩʪʘʥʝ ʩ ʦʜʥʠʤ ʧʨʠʚʦʜʥʳʤ ʚʘʣʢʦʤ ʢʨʠʚʠʟʥʘ ʦʙʨʘʟ-

ʮʦʚ ʥʘ ʚʳʭʦʜʝ ʠʟ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ ʤʝʥʴʰʝ, ʯʝʤ ʫ 

ʦʙʨʘʟʮʦʚ, ʧʨʦʢʘʪʘʥʥʳʭ ʥʘ ʩʪʘʥʝ ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ 

ʧʨʠʚʦʜʦʤ ʚʘʣʢʦʚ. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʠʣʫʯ-

ʰʠʡ ʵʬʬʝʢʪ ʧʦ ʩʥʠʞʝʥʠʶ ʢʨʠʚʠʟʥʳ ʟʘʤʝʪʝʥ ʧʨʠ ʧʨʦ-

ʢʘʪʢʝ ʧʦʣʦʩ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʪʦʣʱʠʥʦʡ ʪʠʪʘʥʦʚʦʛʦ 

ʩʣʦʷ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʦʣʱʠʥʦʡ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʣʦʷ ʚ 

ʢʣʝʪʠ ʩ ʦʜʥʠʤ ʧʨʠʚʦʜʥʳʤ ʚʘʣʢʦʤ.  

ʆʪʥʦʰʝʥʠʝ ʪʦʣʱʠʥ ʩʣʦʝʚ ʚ ʠʩʭʦʜʥʦʤ ʦʙʨʘʟʮʝ 

ʠ ʩʪʝʧʝʥʴ ʜʝʬʦʨʤʘʮʠʠ ʢʘʞʜʦʛʦ ʩʣʦʷ. ɺ ʩʝʨʠʠ ʵʢʩ-

ʧʝʨʠʤʝʥʪʦʚ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʜʦʧʫʩʪʠʤʘʷ ʩʫʤʤʘʨʥʘʷ 
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ʩʪʝʧʝʥʴ ʜʝʬʦʨʤʘʮʠʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʡ ʟʘʛʦʪʦʚʢʠ ʟʘ-

ʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʠʩʭʦʜʥʳʭ ʪʦʣʱʠʥ ʘʣʶʤʠʥʠʝ-

ʚʦʛʦ ʠ ʪʠʪʘʥʦʚʦʛʦ ʩʣʦʝʚ. ɹʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʧʨʠ 

ʦʜʠʥʘʢʦʚʦʡ ʪʦʣʱʠʥʝ ʩʣʦʝʚ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʡ ʟʘʛʦʪʦʚ-

ʢʠ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʛʦʪʦʚʫʶ ʘʣʶʤʦʪʠʪʘʥʦʚʫʶ ʧʦʣʦ-

ʩʫ ʪʦʣʱʠʥʦʡ 0,3 ʤʤ ʙʝʟ ʨʘʟʨʳʚʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʠ 

ʥʝʢʦʪʦʨʳʭ ʦʪʣʠʯʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʪʦʣʱʠʥ ʩʣʦʝʚ 

ʥʘʙʣʶʜʘʣʩʷ ʨʘʟʨʳʚ ʪʠʪʘʥʦʚʦʛʦ ʩʣʦʷ ʧʨʠ ʧʨʦʢʘʪʢʝ ʜʦ 

ʪʦʣʱʠʥʳ 1,5 ʤʤ (ʨʠʩ. 2). ʆʜʥʘʢʦ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ 

ʠʩʭʦʜʥʳʭ ʪʦʣʱʠʥʘʭ ʪʠʪʘʥʦʚʦʛʦ ʠ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʣʦ-

ʝʚ, ʢʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʩʠ-

ʤʘʣʴʥʘʷ ʢʨʠʚʠʟʥʘ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

 

ʈʠʩ. 2. ʆʙʨʘʟʝʮ ʩ ʨʘʟʨʳʚʘʤʠ ʪʠʪʘʥʦʚʦʛʦ ʩʣʦʷ 

Fig. 2. A sample with fractures of the titanium layer 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ʪʦʣ-

ʱʠʥ ʪʠʪʘʥʦʚʦʛʦ ʠ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʣʦʝʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ ʪʠʪʘʥʦʚʦʛʦ ʩʣʦʷ ʟʘʤʝʪʥʘ 

ʧʨʠ ʠʩʭʦʜʥʦʤ ʦʪʥʦʰʝʥʠʠ ʪʦʣʱʠʥʳ ʪʠʪʘʥʦʚʦʛʦ ʩʣʦʷ ʢ 

ʪʦʣʱʠʥʝ ʘʣʶʤʠʥʠʝʚʦʛʦ 1/1 ʠ ʚʳʰʝ. ɺ ʪʝʭ ʩʣʫʯʘʷʭ, 

ʢʦʛʜʘ ʪʦʣʱʠʥʘ ʪʠʪʘʥʦʚʦʛʦ ʩʣʦʷ ʤʝʥʴʰʝ, ʯʝʤ ʘʣʶʤʠ-

ʥʠʝʚʦʛʦ, ʧʨʦʠʩʭʦʜʠʪ ʜʝʬʦʨʤʘʮʠʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʣʦʷ. ʇʨʠ ʠʩʭʦʜʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 

ʪʦʣʱʠʥ ʩʣʦʝʚ ı ʪʠʪʘʥʦʚʳʡ ʩʣʦʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʜʝ-

ʬʦʨʤʠʨʫʝʪʩʷ (ʨʠʩ. 3).  

ɿʘʢʣʶʯʝʥʠʝ ʠ ʚʳʚʦʜʳ 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠʤʝʥʝ-

ʥʠʝ ʧʨʦʮʝʩʩʘ ʧʨʦʢʘʪʢʠ ʩ ʦʜʥʠʤ ʧʨʠʚʦʜʥʳʤ ʚʘʣʢʦʤ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ ʢʨʠʚʠʟʥʳ ʙʠʤʝʪʘʣʣʠʯʝ-

ʩʢʠʭ ʧʦʣʦʩ ʧʨʠ ʧʨʦʢʘʪʢʝ. ʇʨʠ ʵʪʦʤ ʯʝʤ ʤʝʥʴʰʝ ʪʦʣ-

ʱʠʥʘ ʙʦʣʝʝ ʪʚʝʨʜʦʛʦ ï ʪʠʪʘʥʦʚʦʛʦ ʩʣʦʷ, ʪʝʤ ʤʝʥʴʰʝ 

ʢʨʠʚʠʟʥʘ ʧʦʣʦʩʳ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʫʤʝʥʴʰʝʥʠʝ 

ʪʦʣʱʠʥʳ ʪʠʪʘʥʦʚʦʛʦ ʩʣʦʷ ʟʘʪʨʫʜʥʷʝʪ ʝʛʦ ʜʝʬʦʨʤʘ-

ʮʠʁ ʧʨʠ ʧʨʦʢʘʪʢʝ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ 

ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʪʝʧʝʥʷʭ ʜʝʬʦʨʤʘʮʠʠ ʤʦʞʝʪ ʧʨʦ-

ʠʩʭʦʜʠʪʴ ʥʘʨʫʰʝʥʠʝ ʮʝʣʦʩʪʥʦʩʪʠ ʪʠʪʘʥʦʚʦʛʦ ʩʣʦʷ, 

ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʢʦʥʝʯʥʫʶ ʪʦʣʱʠʥʫ ʙʠʤʝʪʘʣʣʠʯʝ-

ʩʢʦʡ ʧʦʣʦʩʳ. ʅʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʩ ʪʦʯ-

ʢʠ ʟʨʝʥʠʷ ʧʦʣʫʯʝʥʠʷ ʤʠʥʠʤʘʣʴʥʳʭ ʪʦʣʱʠʥ ʧʦʣʦʩ 

ʠʤʝʶʪ ʤʝʩʪʦ ʧʨʠ ʧʨʦʢʘʪʢʝ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʡ ʟʘʛʦʪʦʚ-

ʢʠ ʩ ʦʜʠʥʘʢʦʚʦʡ ʪʦʣʱʠʥʦʡ ʘʣʶʤʠʥʠʝʚʦʛʦ ʠ ʪʠʪʘʥʦ-

ʚʦʛʦ ʩʣʦʝʚ. 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʫʩʣʦʚʠʡ ʧʨʦʢʘʪ-

ʢʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʣʦʩ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʘʪʴ ʦʧʪʠ-

ʤʠʟʘʮʠʦʥʥʫʶ ʟʘʜʘʯʫ, ʚ ʢʦʪʦʨʦʡ ʚ ʢʘʯʝʩʪʚʝ ʫʧʨʘʚʣʷ-

ʶʱʝʛʦ ʧʘʨʘʤʝʪʨʘ ʷʚʣʷʝʪʩʷ ʠʩʭʦʜʥʦʝ ʦʪʥʦʰʝʥʠʝ ʪʦʣ-

ʱʠʥ ʪʠʪʘʥʦʚʦʛʦ ʠ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʣʦʝʚ, ʚ ʢʘʯʝʩʪʚʝ 

ʦʛʨʘʥʠʯʝʥʠʷ ï ʮʝʣʦʩʪʥʦʩʪʴ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʣʦʩʳ, 

ʘ ʚ ʢʘʯʝʩʪʚʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ï ʢʨʠʚʠʟʥʘ ʧʦʣʦʩʳ.   
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Fig. 3. Effect of the initial thickness ratio of the aluminum-titanium sample layers on the degree of deformation  

of the layers 
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ʇʈʀʄɽʅɽʅʀɽ ʉʆɺʄɽʑɽʅʅʆɻʆ ʉʇʆʉʆɹɸ çɸʉʀʄʄɽʊʈʀʏʅɸʗ 

ʇʈʆʂɸʊʂɸ - ɺʆʃʆʏɽʅʀɽ ɺ ʄʆʅʆʃʀʊʅʆʁ ɺʆʃʆʂɽè  

ʇʈʀ ʇʈʆʀɿɺʆɼʉʊɺɽ ʇʈʆɺʆʃʆʂʀ ʉ ʄɽʃʂʆɿɽʈʅʀʉʊʆʁ 

ʉʊʈʋʂʊʋʈʆʁ 

ʍʘʨʠʪʦʥʦʚ ɺ.ɸ., ʇʝʩʠʥ ɸ.ʄ., ʋʩʘʥʦʚ ʄ.ʖ., ʃʦʢʦʪʫʥʠʥʘ ʅ.ʄ., ʄʝʣʠʭʦʚ ɽ.ɼ. 

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

ɸʥʥʦʪʘʮʠʷ. ʆʨʛʘʥʠʟʘʮʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʚʦʣʦʢʠ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʩ ʤʝʣʢʦʟʝʨ-

ʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ ʷʚʣʷʝʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʤʝʪʠʟʥʦʛʦ ʧʝʨʝʜʝʣʘ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʤʝʪʘʣ-

ʣʫʨʛʠʠ. ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥ ʥʦʚʳʡ ʩʧʦʩʦʙ, ʧʦʟʚʦʣʷʶʱʠʡ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʜʝʡʩʪʚʫʶʱʝʡ  ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʧʦ-

ʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʚʦʣʦʢʠ. ɹʳʣʦ ʚʳʧʦʣʥʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ 

Deform-3d ʪʨʝʭ ʚʘʨʠʘʥʪʦʚ ʧʦʣʫʯʝʥʠʷ ʧʨʦʚʦʣʦʢʠ ʠʟ ʩʪʘʣʠ ʤʘʨʢʠ 80ʈ: ʚʦʣʦʯʝʥʠʝ ʚ ʤʦʥʦʣʠʪʥʦʡ ʚʦʣʦʢʝ; ʩʦʚʤʝ-

ʱʝʥʥʳʡ ʧʨʦʮʝʩʩ çʭʦʣʦʜʥʘʷ ʧʨʦʢʘʪʢʘ - ʚʦʣʦʯʝʥʠʝ ʚ ʤʦʥʦʣʠʪʥʦʡ ʚʦʣʦʢʝè ʠ ʥʦʚʳʡ ʧʨʦʮʝʩʩ ï çʭʦʣʦʜʥʘʷ ʘʩʠʤʤʝʪ-

ʨʠʯʥʘʷ ʧʨʦʢʘʪʢʘ - ʚʦʣʦʯʝʥʠʝ ʚ ʤʦʥʦʣʠʪʥʦʡ ʚʦʣʦʢʝè. ʆʮʝʥʠʚʘʣʦʩʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʢʦʧʣʝʥʥʦʡ ʩʪʝʧʝʥʠ ʜʝʬʦʨ-

ʤʘʮʠʠ ʚ ʧʨʦʚʦʣʦʢʝ, ʧʦʣʫʯʝʥʥʦʡ ʜʘʥʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʥʘʠʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ ʥʘʢʦʧʣʝʥʥʦʡ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ ʠʤʝʝʪ ʧʨʦʚʦʣʦʢʘ, ʧʨʦʪʷʥʫʪʘʷ ʚ ʤʦʥʦʣʠʪʥʦʡ ʚʦʣʦ-

ʢʝ. ʇʨʠ ʩʦʚʤʝʱʝʥʥʦʤ ʧʨʦʮʝʩʩʝ ʧʣʶʱʝʥʠʷ (ʧʨʦʢʘʪʢʠ ʢʨʫʛʣʦʡ ʟʘʛʦʪʦʚʢʠ ʚ ʚʘʣʢʘʭ ʩ ʛʣʘʜʢʦʡ ʙʦʯʢʦʡ) ï ʚʦʣʦʯʝʥʠʝ 

ʚ ʤʦʥʦʣʠʪʥʦʡ ʚʦʣʦʢʝ ï ʫʨʦʚʝʥʴ ʥʘʢʦʧʣʝʥʥʦʡ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʪʝʪ ʙʣʘʛʦʜʘʨʷ ʧʨʦʢʘʪʢʝ. 

ʇʨʠʤʝʥʝʥʠʝ ʘʩʠʤʤʝʪʨʠʯʥʦʡ ʧʨʦʢʘʪʢʠ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʩʢʦʨʦʩʪʝʡ ʚʨʘʱʝʥʠʷ ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ ʚʘʣʢʦʚ, ʨʘʚ-

ʥr ʤ 2 ʠʣʠ 5, ʝʱʝ ʙʦʣʴʰʝ ʧʦʚʳʰʘʝʪ ʚʝʣʠʯʠʥʫ ʥʘʢʦʧʣʝʥʥʦʡ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʧʦʩʦʙ çʭʦʣʦʜ-

ʥʘʷ ʘʩʠʤʤʝʪʨʠʯʥʘʷ ʧʨʦʢʘʪʢʘ ï ʚʦʣʦʯʝʥʠʝ ʚ ʤʦʥʦʣʠʪʥʦʡ ʚʦʣʦʢʝè ʧʦʟʚʦʣʷʝʪ ʙʝʟ ʟʘʤʝʥʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʜʨʫʛʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʦʚʳʩʠʪʴ ʩʪʝʧʝʥʴ ʥʘʢʦʧʣʝʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ ʧʨʦʚʦʣʦʢʝ ʠ ʪʝʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʪʴ ʧʦʣʫʯʝʥʠʝ 

ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ. ʇʦʢʘʟʘʥʳ ʪʘʢʞʝ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʨʝʞʠʤʘʤʠ ʜʝʬʦʨʤʘʮʠʠ ʢʘʢ ʚ 

ʧʨʦʢʘʪʥʦʡ ʢʣʝʪʠ, ʪʘʢ ʠ ʚ ʤʦʥʦʣʠʪʥʦʡ ʚʦʣʦʢʝ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʘ ʚʦʣʦʯʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʚʦʣʦʢʘ, ʚʦʣʦʯʝʥʠʝ, ʧʨʦʢʘʪʢʘ, ʘʩʠʤʤʝʪʨʠʯʥʘʷ ʧʨʦʢʘʪʢʘ, ʩʦʚʤʝʱʝʥʠʝ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, 

ʥʘʢʦʧʣʝʥʥʘʷ ʩʪʝʧʝʥʴ ʜʝʬʦʨʤʘʮʠʠ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 24-19-20026, 

https://rscf.ru/project/24-19-20026/ 

Ò
 
 ʍʘʨʠʪʦʥʦʚ ɺ.ɸ., ʇʝʩʠʥ ɸ.ʄ., ʋʩʘʥʦʚ ʄ.ʖ., ʃʦʢʦʪʫʥʠʥʘ ʅ.ʄ., ʄʝʣʠʭʦʚ ɽ.ɼ., 2025 

ɼʣʷ ʮʠʪʠʨʦʚʘʥʠʷ 

ʇʨʠʤʝʥʝʥʠʝ ʩʦʚʤʝʱʝʥʥʦʛʦ ʩʧʦʩʦʙʘ çʘʩʠʤʤʝʪʨʠʯʥʘʷ ʧʨʦʢʘʪʢʘ - ʚʦʣʦʯʝʥʠʝ ʚ ʤʦʥʦʣʠʪʥʦʡ ʚʦʣʦʢʝè ʧʨʠ ʧʨʦ-
ʠʟʚʦʜʩʪʚʝ ʧʨʦʚʦʣʦʢʠ ʩ ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ / ʍʘʨʠʪʦʥʦʚ ɺ.ɸ., ʇʝʩʠʥ ɸ.ʄ., ʋʩʘʥʦʚ ʄ.ʖ., ʃʦʢʦʪʫʥʠʥʘ 
ʅ.ʄ., ʄʝʣʠʭʦʚ ɽ.ɼ. // ɺʝʩʪʥʠʢ ʄʘʛʥʠʪʦʛʦʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘ. 
2025. ʊ. 23. ˉ4. ʉ. 54-60. https://doi.org/10.18503/1995-2732-2025-23-4-54-60 

 

 

 

 

 

 

 

 

ʂʦʥʪʝʥʪ ʜʦʩʪʫʧʝʥ ʧʦʜ ʣʠʮʝʥʟʠʝʡ Creative Commons Attribution 4.0 License. 
The content is available under Creative Commons Attribution 4.0 License. 

https://rscf.ru/project/24-19-20026/
https://doi.org/10.18503/1995-2732-2025-23-4-


ʍʘʨʠʪʦʥʦʚ ɺ.ɸ., ʇʝʩʠʥ ɸ.ʄ., ʋʩʘʥʦʚ ʄ.ʖ., ʃʦʢʦʪʫʥʠʥʘ ʅ.ʄ., ʄʝʣʠʭʦʚ ɽ.ɼ. 

www.vestnik.magtu.ru        ïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïï 55 

 

APPLICATION OF THE C OMBINED METHOD ñASYMMETRIC 

ROLLING - DRAWING  IN A MONOLITHIC DIE ò IN THE PRODUCTION 

OF WIRE WITH FINE -GRAINED STRUCTURE  

Kharitonov V.A., Pesin A.M., Usanov M.Yu., Lokotunina N.M., Melikhov E.D. 

Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia 

Abstract. The organization of a competitive production of wires for various applications with a fine-grained structure is 

currently a crucial task for the hardware manufacturing sector of domestic metallurgy. This paper describes a novel 

method that enables increasing the efficiency of wire production without changing the existing technological scheme. 

Numerical simulations were performed in the Deform-3D software package for three variants of wire manufacturing 

from 80R steel: drawing in a monolithic die; the combined process of ñcold rolling ï drawing in a monolithic dieò; and 

a new process such as ñcold asymmetric rolling ï drawing in a monolithic dieò. The distribution of accumulated strain 

in the wire obtained by these methods is evaluated. A comparative analysis of the results shows that the lowest accumu-

lated strain values are obtained in wire drawn only in a monolithic die. In the combined process of flattening (rolling of 

a round blank with smooth rolls) followed by drawing in a monolithic die, the accumulated strain level increases signif-

icantly due to rolling. The application of asymmetric rolling with a ratio of the rotation speeds of the upper and lower 

rolls equal to 2 or 5 further increases the level of accumulated strain. It is demonstrated that the process of ñcold asym-

metric rolling ï drawing in a monolithic dieò allows for increasing the accumulated strain in the wire and thus produc-

ing a fine-grained structure without replacement of the existing equipment or infrastructure. Additionally, wide oppor-

tunities for controlling deformation modes in both the roll mill  stand and monolithic die are revealed, which opens up 

promising ways for further improvement of the drawing process. 

Keywords: wire, drawing, rolling, asymmetric rolling, combined processes, modeling, accumulated strain. 
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ɺʚʝʜʝʥʠʝ 

ɺʦʣʦʯʝʥʠʝ ʚ ʤʦʥʦʣʠʪʥʳʭ ʚʦʣʦʢʘʭ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 
ʤʥʦʛʠʭ ʚʝʢʦʚ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʦʧʝʨʘʮʠʝʡ ʪʝʭʥʦʣʦ-
ʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʦʚʦʣʦʢʠ ʨʘʟʣʠʯʥʦ-
ʛʦ ʥʘʟʥʘʯʝʥʠʷ ʢʘʢ ʠʟ ʯʝʨʥʳʭ, ʪʘʢ ʠ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ 
ʠʭ ʩʧʣʘʚʦʚ. ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚʦʣʦʯʝʥʠʷ ʚ ʤʦʥʦ-
ʣʠʪʥʳʭ ʚʦʣʦʢʘʭ ʢʘʢ ʩʧʦʩʦʙʘ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ ʜʘʚ-
ʣʝʥʠʝʤ ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʦʩʪʦʪʦʡ ʧʨʠʤʝʥʷʝʤʦʛʦ ʠʥʩʪʨʫ-
ʤʝʥʪʘ ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ, ʠʟʛʦʪʦʚʣʝʥʠʶ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, 
ʭʦʨʦʰʝʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠʟʫʯʝʥʥʦʩʪʴʶ ʠ ʥʘʣʠʯʠʝʤ 
ʚʩʝʡ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ (ʦʙʦʨʫʜʦʚʘʥʠʝ, 
ʠʥʩʪʨʫʤʝʥʪ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʤʘʟʢʠ ʠ ʪ.ʧ.). ʆʜʥʘʢʦ 
ʧʨʠ ʵʪʦʤ ʩʭʝʤʘ ʚʚʦʜʘ ʵʥʝʨʛʠʠ ʚ ʦʯʘʛ ʜʝʬʦʨʤʘʮʠʠ (ʯʝ-
ʨʝʟ ʧʝʨʝʜʥʠʡ ʢʦʥʝʮ), ʨʝʘʢʪʠʚʥʦʝ ʪʨʝʥʠʝ, ʥʝʙʣʘʛʦʧʨʠ-
ʷʪʥʘʷ ʩʭʝʤʘ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʝʪʘʣʣʘ ʧʨʠ ʜʝ-
ʬʦʨʤʘʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʶʪ ʢʘʯʝʩʪʚʦ ʧʨʦʚʦʣʦʢʠ ʠ 
ʧʦʚʳʰʘʶʪ ʟʘʪʨʘʪʳ ʥʘ ʝʝ ʠʟʛʦʪʦʚʣʝʥʠʝ. ʕʪʦʤʫ ʞʝ ʩʧʦ-
ʩʦʙʩʪʚʫʝʪ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʜʝʬʦʨʤʘʮʠʠ ʧʦ ʩʝʯʝʥʠʶ 
ʧʨʦʚʦʣʦʢʠ, ʧʨʠʩʫʱʘʷ ʵʪʦʤʫ ʩʧʦʩʦʙʫ. ʉʭʝʤʘ ʜʝʬʦʨʤʘ-
ʮʠʠ ʧʨʠ ʚʦʣʦʯʝʥʠʠ ï ʩʭʝʤʘ ʠʩʪʝʯʝʥʠʷ, ʵʬʬʝʢʪʠʚʥʘʷ 
ʧʨʠ ʬʦʨʤʦʠʟʤʝʥʝʥʠʠ, ʟʘʪʨʫʜʥʷʝʪ ʧʦʣʫʯʝʥʠʝ ʤʝʣʢʦ-
ʜʠʩʧʝʨʩʥʦʡ ʨʘʚʥʦʚʝʩʥʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ. 

ɺʚʝʜʝʥʠʝ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʦʚʦʣʦʢʠ ʚ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʥʦʡ ʦʧʝʨʘʮʠʠ ʥʦʚʦʛʦ ʩʧʦʩʦʙʘ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣ-

ʣʦʚ ʜʘʚʣʝʥʠʝʤ, ʥʘʧʨʠʤʝʨ, ʧʨʦʪʷʞʢʠ ʚ ʨʦʣʠʢʦʚʳʭ ʚʦ-

ʣʦʢʘʭ, ʭʦʣʦʜʥʦʡ (ʪʝʧʣʦʡ) ʩʦʨʪʦʚʦʡ ʧʨʦʢʘʪʢʠ ʚ ʜʚʫʭ- 

ʠ ʤʥʦʛʦʚʘʣʢʦʚʳʭ ʢʘʣʠʙʨʘʭ, ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʠ ʨʝ-

ʘʣʠʟʘʮʠʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ, ʯʪʦ ʦʯʝʥʴ 

ʩʣʦʞʥʦ, ʜʦʨʦʛʦ ʠ ʥʘ ʩʝʛʦʜʥʷ ʧʨʦʩʪʦ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ. 
ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʚʦʣʦʯʝʥʠʝ ʥʫʞʥʦ ʩʦʭʨʘʥʠʪʴ ʚ ʢʘ-

ʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ ʦʧʝʨʘʮʠʠ, ʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟ-
ʚʦʜʩʪʚʘ ʧʨʦʚʦʣʦʢʠ ʧʦʚʳʩʠʪʴ ʨʘʟʨʘʙʦʪʢʦʡ ʥʦʚʳʭ ʢʦʤ-
ʙʠʥʘʮʠʡ ʩʦʚʤʝʱʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣ-
ʣʦʚ ʜʘʚʣʝʥʠʝʤ. ʇʨʠ ʵʪʦʤ, ʥʘʨʷʜʫ ʩ ʫʩʪʨʘʥʝʥʠʝʤ ʥʝ-
ʜʦʩʪʘʪʢʦʚ ʚʦʣʦʯʝʥʠʷ ʚ ʤʦʥʦʣʠʪʥʦʡ ʚʦʣʦʢʝ, ʥʫʞʥʦ 
ʧʦʩʪʘʚʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʟʘʜʘʯʫ ʧʦʣʫʯʝʥʠʷ ʫʣʴ-
ʪʨʘʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʩʪʨʫʢʪʫʨ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ 
ʟʘʜʘʯ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʩʦʚʤʝʱʝʥʠʝ ʚʦʣʦʯʝʥʠʷ 
ʩ ʤʝʪʦʜʘʤʠ ʠʥʪʝʥʩʠʚʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. 
ʅʘʧʨʠʤʝʨ, ʩʦʚʤʝʱʝʥʥʳʡ ʩʧʦʩʦʙ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ 
ʧʨʝʩʩʦʚʘʥʠʝ-ʚʦʣʦʯʝʥʠʝ, ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ ʩʫʱʝ-
ʩʪʚʝʥʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʥʝʝ ʠʟ-
ʚʝʩʪʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʧʦʣʫʯʝʥʠʷ ʤʝʪʘʣʣʘ ʩ ʫʣʴʪʨʘʤʝʣ-
ʢʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʜʝʬʦʨʤʠʨʦ-
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ʚʘʥʠʷ ʟʘ ʩʯʝʪ ʩʦʚʤʝʱʝʥʠʷ ʜʚʫʭ ʩʧʦʩʦʙʦʚ ï ʠʥʪʝʥʩʠʚ-
ʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ ʨʘʚʥʦʢʘʥʘʣʴʥʦʡ ʩʪʫ-
ʧʝʥʯʘʪʦʡ ʤʘʪʨʠʮʝ ʠ ʧʨʦʮʝʩʩʘ ʚʦʣʦʯʝʥʠʷ ï ʧʦʟʚʦʣʷʝʪ 
ʧʦʣʫʯʘʪʴ ʧʨʦʚʦʣʦʢʫ ʪʨʝʙʫʝʤʳʭ ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤʳ 
ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ, ʦʙʣʘʜʘʶʱʫʶ ʫʣʴʪʨʘʤʝʣʢʦʟʝʨ-
ʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ. ɺ  ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠʟʚʝʩʪʥʳ 
ʨʘʙʦʪʳ ʂʘʨʘʛʘʥʜʠʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʠʥʜʫʩʪʨʠ-
ʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠ ʜʨʫʛʠʭ ʫʥʠʚʝʨʩʠʪʝʪʦʚ [1, 2]. 
ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʫʯʝʥʳʤʠ ɼʦʥʝʮʢʦʛʦ ʬʠʟʠʢʦ-

ʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʩʦʚʤʝʱʝʥʥʳʡ ʩʧʦʩʦʙ ʧʨʦ-
ʢʘʪʢʠ ʩʦ ʩʜʚʠʛʦʤ ʠ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʚʦʣʦʯʝʥʠʷ ʧʦʟʚʦ-
ʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʨʦʚʦʣʦʢʫ ʤʘʣʳʭ ʩʝʯʝʥʠʡ ʙʝʟ ʧʨʦʤʝ-
ʞʫʪʦʯʥʦʛʦ ʦʪʞʠʛʘ, ʙʣʘʛʦʜʘʨʷ ʙʦʣʴʰʦʤʫ ʟʘʧʘʩʫ ʧʣʘ-
ʩʪʠʯʥʦʩʪʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʩʧʝ-
ʮʠʬʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʤʝʣʢʠʤ, ʦʜʥʦʨʦʜʥʳʤ, ʠʟʦ-
ʪʨʦʧʥʳʤ, ʨʘʚʥʦʦʩʥʳʤ ʟʝʨʥʦʤ ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 
ʙʦʣʴʰʝʫʛʣʦʚʳʤʠ ʛʨʘʥʠʮʘʤʠ ʠ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ 
ʜʠʩʣʦʢʘʮʠʡ ʚ ʪʝʣʝ ʟʝʨʥʘ [3, 4]. 
ɺ ʄʘʛʥʠʪʦʛʦʨʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʪʝʭʥʠʯʝʩʢʦʤ 

ʫʥʠʚʝʨʩʠʪʝʪʝ ʝʱʝ ʚ 50-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʧʦʜ 
ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʦʬʝʩʩʦʨʘ ʄ.ʀ. ɹʦʷʨʰʠʥʦʚʘ ʙʳʣʠ 
ʥʘʯʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʤʥʦʛʦʚʘʣʢʦʚʳʭ 
ʢʘʣʠʙʨʦʚ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʦʨʪʦʚʦʛʦ ʧʨʦʢʘʪʘ ʠ ʧʨʦ-
ʚʦʣʦʢʠ. ɺ 80-ʝ ʛʦʜʳ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʥʘ ɹʝʣʦʨʝʮʢʦʤ 
ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʢʦʤʙʠʥʘʪʝ ʙʳʣ ʩʤʦʥʪʠʨʦʚʘʥ ʠ ʧʫ-
ʱʝʥ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʧʷʪʠʢʣʝʪʴʝʚʦʡ ʧʨʦʢʘʪʥʳʡ ʩʪʘʥ. 
ʈʘʟʚʠʪʠʝ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʢʘʟʘʣʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
ʥʦʚʦʛʦ ʧʨʦʮʝʩʩʘ çʧʨʦʢʘʪʢʘ - ʚʦʣʦʯʝʥʠʝè ʠ ʧʫʪʠ ʝʛʦ 
ʨʝʘʣʠʟʘʮʠʠ [5]. 
ʂʘʢ ʧʦʢʘʟʘʣʠ ʧʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʚʦʣʦʯʝʥʠʝ ʢʨʫʛʣʦʡ ʧʨʦʚʦʣʦʢʠ ʚ ʦʚʘʣʴʥʦʡ ʤʦʥʦʣʠʪ-
ʥʦʡ ʚʦʣʦʢʝ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʥʘʢʦʧʣʝʥʥʦʡ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ ʧʦ ʩʝʯʝʥʠʶ ʧʨʦʚʦ-
ʣʦʢʠ. ʇʨʠʤʝʥʝʥʠʝ ʚ ʤʘʨʰʨʫʪʝ ʚʦʣʦʯʝʥʠʷ ʢʨʫʛʣʳʭ ʠ 
ʦʚʘʣʴʥʳʭ ʤʦʥʦʣʠʪʥʳʭ ʚʦʣʦʢ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 
ʫʧʨʘʚʣʷʪʴ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʢʦʧʣʝʥʥʦʡ 
ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ ʧʨʦʚʦʣʦʢʠ, ʧʦʚʳʰʘʷ ʪʝʤ ʩʘʤʳʤ 
ʝʝ ʢʘʯʝʩʪʚʦ [6]. 
ɿʘ ʨʫʙʝʞʦʤ ʪʘʢʞʝ ʧʨʦʚʦʜʠʣʠʩʴ ʨʘʙʦʪʳ ʧʦ ʠʩʩʣʝ-

ʜʦʚʘʥʠ  ʁʚʣʠʷʥʠʷ ʜʠʘʤʝʪʨʘ ʚʘʣʢʦʚ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 
ʜʝʬʦʨʤʘʮʠʠ, ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ, ʢʦʥʪʘʢʪʥʦʝ ʜʘʚʣʝʥʠʝ 
ʠ ʟʥʘʯʝʥʠʝ ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ ʟʘʛʦʪʦʚʢʠ ʧʨʠ ʧʣʦʩʢʦʡ 
ʧʨʦʢʘʪʢʝ ʧʨʦʚʦʣʦʢʠ ʩ ʮʝʣʴʶ ʫʧʨʘʚʣʝʥʠʷ ʩʚʦʡʩʪʚʘʤʠ. 
ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʜʝʬʦʨʤʘʮʠʠ ʚ ʧʣʶ-
ʱʝʥʦʡ ʧʨʦʚʦʣʦʢʝ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʠʘʤʝʪʨʘ 
ʚʘʣʢʦʚ. ɼʘʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷʭ ʜʝʬʦʨʤʘ-
ʮʠʠ, ʠʟʤʝʥʝʥʠʠ ʬʦʨʤʳ ʠ ʟʥʘʯʝʥʠʷʭ ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ 
ʦʙʫʩʣʦʚʣʝʥʳ ʠʟʤʝʥʝʥʠʝʤ ʜʣʠʥʳ ʢʦʥʪʘʢʪʥʦʛʦ ʫʯʘʩʪʢʘ, 
ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʷʱʠʤ ʦʪ ʜʠʘʤʝʪʨʘ ʚʘʣʢʦʚ ʧʨʠ ʧʣʦʩ-
ʢʦʡ ʧʨʦʢʘʪʢʝ ʧʨʦʚʦʣʦʢʠ [7]. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 
ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʦʚʦʣʦʢʠ, ʧʦʣʫʯʝʥʥʦʡ ʚʦʣʦ-
ʯʝʥʠʝʤ ʚ ʤʦʥʦʣʠʪʥʳʭ ʚʦʣʦʢʘʭ ʠ ʩʦʨʪʦʚʦʡ ʧʨʦʢʘʪʢʦʡ, 
ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ [8, 9]. ɹʳʣʦ ʚʳʷʚʣʝʥʦ ʙʦʣʴʰʦʝ 
ʨʘʟʣʠʯʠʝ ʚ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ. ʆʜʥʘʢʦ ʚ ʜʘʥʥʳʭ 
ʨʘʙʦʪʘʭ ʨʘʩʩʤʘʪʨʠʚʘʪʁʩʷ ʦʪʜʝʣʴʥʦ ʩʧʦʩʦʙʳ ʪʦʣʴʢʦ 
ʚʦʣʦʯʝʥʠʷ ʠʣʠ ʪʦʣʴʢʦ ʧʨʦʢʘʪʢʠ ʢʨʫʛʣʦʡ ʟʘʛʦʪʦʚʢʠ.   
ɸʩʠʤʤʝʪʨʠʯʥʘʷ ʧʨʦʢʘʪʢʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠ ʣʠʩʪʦʚʦʡ ʭʦʣʦʜʥʦʡ ʠ 
ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʝ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʠʭ ʩʧʣʘʚʦʚ. 

ʇʨʠ ʵʪʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʛʨʘʜʠʝʥʪʥʳʭ 
ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 
ʧʦʚʳʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʠ ʧʣʘʩʪʠʯʥʦʩʪʠ [10ï12]. ʊʘʢʠʤ 
ʦʙʨʘʟʦʤ, ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʝʩ 
ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ 
ʧʨʦʠʟʚʦʜʩʪʚʝ ʜʨʛʫʠʭ ʠʟʜʝʣʠʡ, ʚʢʣʶʯʘʷ ʧʨʦʚʦʣʦʢʫ. 
ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʷ ʥʘʢʦʧʣʝʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ ʚʳʩʦʢʦʫʛʣʝʨʦʜʠ-
ʩʪʦʡ ʧʨʦʚʦʣʦʢʝ, ʧʦʣʫʯʝʥʥʦʡ ʚʦʣʦʯʝʥʠʝʤ ʚ ʤʦʥʦʣʠʪ-
ʥʳʭ ʚʦʣʦʢʘʭ ʠ ʩʦʚʤʝʱʝʥʥʳʤʠ ʩʧʦʩʦʙʘʤʠ çʧʨʦʢʘʪʢʘ- 
ʚʦʣʦʯʝʥʠʝè ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ çʘʩʠʤʤʝʪʨʠʯʥʘʷ ʧʨʦ-

ʢʘʪʢʘ - ʚʦʣʦʯʝʥʠʝè ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ 

ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ Deform-3d. ɿʘʜʘʯʘ ʧʨʠʥʠʤʘ-

ʣʘʩʴ ʧʣʘʩʪʠʯʝʩʢʘʷ, ʠʟʦʪʝʨʤʠʯʝʩʢʘʷ. ʊʝʤʧʝʨʘʪʫʨʘ ʟʘ-

ʛʦʪʦʚʢʠ 20Áʉ. ɼʠʘʤʝʪʨ ʠʩʭʦʜʥʦʡ ʟʘʛʦʪʦʚʢʠ 16,00 ʤʤ, 

ʜʣʠʥʘ 150 ʤʤ, ʩʪʘʣʴ ʤʘʨʢʠ 80ʈ. ʇʨʠ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘ-

ʯʠ ʟʘʛʦʪʦʚʢʘ ʨʘʟʙʠʚʘʣʘʩʴ ʥʘ 68569 ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥ-

ʪʦʚ. ʊʠʧ ʩʝʪʢʠ ï ʘʙʩʦʣʶʪʥʘʷ, ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʥʦʰʝ-

ʥʠʷ ʨʘʚʝʥ 1. ʈʘʟʤʝʨ ʷʯʝʝʢ ʧʨʠ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʦ-

ʩʪʘʚʠʣ 1 ʤʤ. ɺ ʥʘʯʘʣʝ ʟʘʛʦʪʦʚʢʘ ʦʙʞʠʤʘʝʪʩʷ ʥʘ ʧʣʦʩ-

ʢʠʡ ʦʚʘʣ ʚ ʧʨʦʢʘʪʥʦʡ ʢʘʩʩʝʪʝ, ʟʘʪʝʤ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ 

ʤʦʥʦʣʠʪʥʫʶ ʚʦʣʦʢʫ. ʅʘ ʚʳʭʦʜʝ ʧʨʦʚʦʣʦʢʠ ʠʟ ʚʦʣʦʢʠ 

ʢ ʝʝ ʧʝʨʝʜʥʝʤʫ ʢʦʥʮʫ ʧʨʠʣʦʞʝʥʦ ʪʷʥʫʱʝʝ ʫʩʠʣʠʝ ʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʚʦʣʦʯʝʥʠʷ (ʨʠʩ. 1).  

 

ʈʠʩ. 1. ʄʦʜʝʣʴ ʧʨʦʮʝʩʩʘ çʧʨʦʢʘʪʢʘ - ʚʦʣʦʯʝʥʠʝè 

Fig. 1. Model of the rolling-drawing process 

ɺʘʣʢʠ ʧʨʦʢʘʪʥʦʡ ʢʘʩʩʝʪʳ ʧʨʠʥʠʤʘʣʠʩʴ ʜʠʘʤʝʪ-

ʨʦʤ 200 ʤʤ, ʦʙʞʘʪʠʝ ʩʦʩʪʘʚʣʷʣʦ 1 ʤʤ ʥʘ ʩʪʦʨʦʥʫ (ʪʦ 

ʝʩʪʴ ʧʦʣʫʯʘʣʩʷ ʧʣʦʩʢʠʡ ʦʚʘʣ ʚʳʩʦʪʦʡ 14,0 ʤʤ). ʇʨʠ 

ʵʪʦʤ ʥʠʞʥʠʡ ʚʘʣʦʢ ʚʩʝʛʜʘ ʦʩʪʘʚʘʣʩʷ ʩʢʦʨʦʩʪʥʳʤ ʠ 

ʚʨʘʱʘʣʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 10 ʨʘʜ/ʩ. ʉʢʦʨʦʩʪʴ ʚʝʨʭʥʝʛʦ 

ʚʘʣʢʘ ʤʝʥʷʣʘʩʴ ʠ ʝʛʦ ʩʢʦʨʦʩʪʴ ʚ ʨʘʟʥʳʭ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʭ ʩʦʩʪʘʚʣʷʣʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 10, 5 ʠ 2 ʨʘʜ/ʩ. 

ʄʦʥʦʣʠʪʥʘʷ ʚʦʣʦʢʘ ʠʤʝʝʪ ʜʠʘʤʝʪʨ 13,76 ʤʤ, ʨʘ-

ʙʦʯʠʡ ʫʛʦʣ ï 2Ŭ = 12Ü. 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʧʨʠ ʧʨʦʢʘʪʢʝ ʠ ʚʦʣʦʯʝʥʠʠ 

ʟʘʜʘʚʘʣʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʂʫʣʦʥʘ. ɼʣʷ ʧʨʦ-

ʢʘʪʢʠ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʩʦʩʪʘʚʣʷʣʦ 0,3 

[10], ʘ ʜʣʷ ʚʦʣʦʯʝʥʠʷ ʚ ʤʦʥʦʣʠʪʥʦʡ ʚʦʣʦʢʝ ʦʥ ʧʨʠʥʠ-

ʤʘʣʩʷ ʨʘʚʥʳʤ 0,08. 
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ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦ-

ʢʘʪʢʠ ʠ ʚʦʣʦʯʝʥʠʷ ʙʳʣ ʩʤʦʜʝʣʠʨʦʚʘʥ ʧʨʦʮʝʩʩ ʚʦʣʦ-

ʯʝʥʠʷ ʚ ʤʦʥʦʣʠʪʥʦʡ ʚʦʣʦʢʝ ʦʜʥʦʡ ʧʨʦʪʷʞʢʠ ʩ ʜʠʘ-

ʤʝʪʨʘ 16,00 ʤʤ ʥʘ ʜʠʘʤʝʪʨ 13,76 ʤʤ ʩʦ ʩʢʦʨʦʩʪʴʶ 

1000 ʤʤ/ʩ. ʀʟʤʝʨʝʥʥʦʝ ʫʩʠʣʠʝ ʚʦʣʦʯʝʥʠʷ ʧʨʠ ʵʪʦʤ 

ʩʦʩʪʘʚʠʣʦ 84,22 ʢʅ. 

ɿʘʪʝʤ ʚʳʧʦʣʥʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ ʚʘʣʢʘʤʠ, ʚʨʘ-

ʱʘʶʱʠʤʠʩʷ ʩ ʦʜʠʥʘʢʦʚʦʡ ʩʢʦʨʦʩʪʴʶ 10 ʨʘʜ/ʩ. ʇʨʠ 

ʵʪʦʤ ʧʝʨʝʜʥʠʡ ʢʦʥʝʮ ʧʨʦʚʦʣʦʢʠ ʥʘ ʚʳʭʦʜʝ ʠʟ ʨʦʣʠ-

ʢʦʚ ʧʦʜʭʦʜʠʪ ʢ ʤʦʥʦʣʠʪʥʦʡ ʚʦʣʦʢʝ ʠ ʬʘʢʪʠʯʝʩʢʠ 

ʥʘʯʠʥʘʝʪʩʷ ʧʨʦʮʝʩʩ ʧʨʝʩʩʦʚʘʥʠʷ. ʆʜʥʘʢʦ ʫʩʠʣʠʷ ʦʪ 

ʧʨʦʢʘʪʢʠ ʥʝ ʭʚʘʪʘʝʪ, ʯʪʦʙʳ ʧʦʣʥʦʩʪʴʶ çʧʨʦʜʘʚʠʪʴè 

ʟʘʛʦʪʦʚʢʫ ʯʝʨʝʟ ʤʦʥʦʣʠʪʥʫʶ ʚʦʣʦʢʫ, ʠ ʚʘʣʢʠ ʥʘʯʠ-

ʥʘʶʪ ʙʫʢʩʦʚʘʪʴ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʚʦʣʦʢʠ. ɼʘʥʥʦʝ 

ʫʩʠʣʠʝ ʤʦʞʥʦ ʠʟʤʝʨʠʪʴ, ʦʥʦ ʩʦʩʪʘʚʠʣʦ 31 ʢʅ. ɼʣʷ 

ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʟʘʛʦʪʦʚʢʠ ʥʘ ʝʝ 

ʧʝʨʝʜʥʠʡ ʠ ʟʘʜʥʠʡ ʪʦʨʝʮ ʙʳʣʠ ʥʘʥʝʩʝʥʳ ʪʦʯʢʠ ʠ ʩ 

ʧʦʤʦʱʴʶ ʠʥʩʪʨʫʤʝʥʪʘ çPoint Traʩkingè ʙʳʣʠ ʧʦʣʫ-

ʯʝʥʳ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʥʝʛʦ ʠ ʟʘʜʥʝʛʦ ʢʦʥʮʦʚ ʟʘʛʦʪʦʚʢʠ 

ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʢʘʪʢʠ ʠ ʦʥʠ ʩʦʩʪʘʚʠʣʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

1012,2 ʠ 972,1 ʤʤ/ʩ. ɿʥʘʷ ʠʩʭʦʜʥʳʡ ʜʠʘʤʝʪʨ ʟʘʛʦʪʦʚ-

ʢʠ, ʠʟ ʫʩʣʦʚʠʷ ʧʦʩʪʦʷʥʩʪʚʘ ʩʝʢʫʥʜʥʳʭ ʦʙʲʝʤʦʚ  

(F0V0 = FnVn) ʦʧʨʝʜʝʣʷʝʤ ʧʣʦʱʘʜʴ ʧʦʣʫʯʝʥʥʦʛʦ ʧʣʦʩ-

ʢʦʛʦ ʦʚʘʣʘ 193,1 ʤʤ
2
. ɺʳʯʠʩʣʷʝʤ ʩʢʦʨʦʩʪʴ ʛʦʪʦʚʦʡ 

ʧʨʦʚʦʣʦʢʠ ʥʘ ʚʳʭʦʜʝ ʠʟ ʤʦʥʦʣʠʪʥʦʡ ʚʦʣʦʢʠ, ʢʦʪʦʨʘʷ 

ʩʦʩʪʘʚʠʣʘ 1313,7 ʤʤ/ʩ.  

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ 

ʜʣʷ ʜʨʫʛʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʩʚʝʜʝʥʳ ʚ ʪʘʙ-

ʣʠʮʫ. 

ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʦ ʩʢʦʨʦʩʪʷʭ ʧʨʦ-

ʚʦʣʦʢʠ ʧʦʩʣʝ ʧʨʦʢʘʪʢʠ ʠ ʧʨʦʚʦʣʦʢʠ ʥʘ ʚʳʭʦʜʝ ʠʟ ʤʦ-

ʥʦʣʠʪʥʦʡ ʚʦʣʦʢʠ, ʚʦʟʤʦʞʥʦ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʠʭ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ: 

ï ʩʢʦʨʦʩʪʠ ʧʨʦʚʦʣʦʢʠ ʧʦʩʣʝ ʧʨʦʢʘʪʢʠ ʠ ʥʘ ʚʳʭʦ-

ʜʝ ʠʟ ʚʦʣʦʢʠ ʩʦʚʧʘʜʘʶʪ ʩ ʫʯʝʪʦʤ ʚʳʪʷʞʢʠ ʚ ʤʦʥʦ-

ʣʠʪʥʦʡ ʚʦʣʦʢʝ; 

ï ʩʢʦʨʦʩʪʴ ʧʨʦʚʦʣʦʢʠ ʥʘ ʚʳʭʦʜʝ ʠʟ ʤʦʥʦʣʠʪʥʦʡ 

ʚʦʣʦʢʠ ʩ ʫʯʝʪʦʤ ʚʳʪʷʞʢʠ ʤʝʥʴʰʝ ʩʢʦʨʦʩʪʠ ʧʦʩʣʝ 

ʧʨʦʢʘʪʢʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʨʝʘʣʠʟʫʝʪʩʷ ʨʝʞʠʤ ʚʦʣʦʯʝ-

ʥʠʷ ʩ ʧʦʜʧʦʨʦʤ; 

ï ʩʢʦʨʦʩʪʴ ʧʨʦʚʦʣʦʢʠ ʥʘ ʚʳʭʦʜʝ ʠʟ ʤʦʥʦʣʠʪʥʦʡ 

ʚʦʣʦʢʠ ʩ ʫʯʝʪʦʤ ʚʳʪʷʞʢʠ ʙʦʣʴʰʝ ʩʢʦʨʦʩʪʠ ʧʦʩʣʝ 

ʧʨʦʢʘʪʢʠ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʝʘʣʠʟʫʝʪʩʷ ʨʝʞʠʤ ʚʦʣʦ-

ʯʝʥʠʷ ʩ ʥʘʪʷʞʝʥʠʝʤ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʣʫʯʘʡ, ʢʦʛʜʘ 

ʩʢʦʨʦʩʪʠ ʧʨʦʚʦʣʦʢʠ ʧʦʩʣʝ ʧʨʦʢʘʪʢʠ ʠ ʥʘ ʚʳʭʦʜʝ ʠʟ 

ʚʦʣʦʢʠ ʩʦʚʧʘʜʘʶʪ ʩ ʫʯʝʪʦʤ ʚʳʪʷʞʢʠ ʚ ʤʦʥʦʣʠʪʥʦʡ 

ʚʦʣʦʢʝ. ɼʣʷ ʜʘʥʥʦʛʦ ʚʘʨʠʘʥʪʘ ʙʳʣʦ ʦʮʝʥʝʥʦ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʝ ʥʘʢʦʧʣʝʥʥʦʡ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ [6]. ʄʝʪʦ-

ʜʠʢʘ ʦʮʝʥʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʥʘ ʠʩʭʦʜʥʫʶ 

ʟʘʛʦʪʦʚʢʫ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʥʘʥʦʩʠʪʩʷ 360 ʪʦʯʝʢ, 

ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʤ 

ʦʢʨʫʞʥʦʩʪʷʤ. ɿʘʪʝʤ ʩʪʨʦʷʪʩʷ ʛʨʘʬʠʢʠ ʩ ʨʘʟʚʝʨʪʢʘʤʠ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. ʆʪʩʯʝʪ ʪʦʯʝʢ ʥʘʯʠʥʘʝʪʩʷ ʩ ʣʝʚʦʡ 

ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʝʩʣʠ ʩʤʦʪʨʝʪʴ, ʯʪʦ ʧʨʦʚʦʣʦʢʘ 

ʜʚʠʞʝʪʩʷ ʥʘ ʥʘʩ. ʊʦʯʢʘ 90 ʥʘʭʦʜʠʪʩʷ ʩʚʝʨʭʫ ʟʘʛʦʪʦʚ-

ʢʠ ʧʦʜ ʚʝʨʭʥʠʤ ʚʘʣʢʦʤ, ʪʦʯʢʘ 180 ï ʥʘ ʧʨʘʚʦʡ ʙʦʢʦ-

ʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʪʦʯʢʘ 270 ï ʩʥʠʟʫ ʟʘʛʦʪʦʚʢʠ, ʥʘʜ 

ʥʠʞʥʠʤ ʚʘʣʢʦʤ (ʨʠʩ. 2).  

ʀʟ ʜʘʥʥʳʭ ʥʘ ʨʠʩ. 2 ʚʠʜʥʦ, ʯʪʦ ʥʘʢʦʧʣʝʥʥʘʷ ʩʪʝ-

ʧʝʥʴ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʚʦʣʦʯʝʥʠʠ ʪʦʣʴʢʦ ʚ ʤʦʥʦʣʠʪ-

ʥʦʡ ʚʦʣʦʢʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʦʪ 0,31 ʥʘ ʦʩʠ ʧʨʦʚʦʣʦʢʠ 

ʜʦ 0,37 ʥʘ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʠʤʝʥʝʥʠʝ ʧʨʦʢʘʪʥʦʡ 

ʢʣʝʪʠ ʩ ʨʘʚʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʚʨʘʱʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʥʘʢʦʧʣʝʥʥʦʡ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ ʚ ʮʝʥ-

ʪʨʝ ʜʦ 0,38 ʠ ʜʦ ʚʝʣʠʯʠʥʳ 0,70 ʥʘ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ ʚ 

ʪʝʭ ʟʦʥʘʭ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʠʣʠʩʴ ʧʨʠ ʧʨʦʢʘʪʢʝ ʧʦʜ ʚʘʣ-

ʢʘʤʠ. ʇʨʠʤʝʥʝʥʠʝ ʘʩʠʤʤʝʪʨʠʠ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʨʘʩ-

ʧʨʝʜʝʣʝʥʠʶ ʟʥʘʯʝʥʠʡ ʥʘʢʦʧʣʝʥʥʦʡ ʩʪʝʧʝʥʠ ʜʝʬʦʨ-

ʤʘʮʠʠ. ʉʦ ʩʪʦʨʦʥʳ ʚʝʨʭʥʝʛʦ çʤʝʜʣʝʥʥʦʛʦè ʚʘʣʢʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʝʝ ʩʥʠʞʝʥʠʝ ʜʦ ʟʥʘʯʝʥʠʷ 0,65, ʚ ʪʦ ʚʨʝ-

ʤʷ ʢʘʢ ʩʦ ʩʪʦʨʦʥʳ ʙʦʣʝʝ çʩʢʦʨʦʩʪʥʦʛʦè ʚʘʣʢʘ ʟʥʘʯʝ-

ʥʠʝ ʥʘʢʦʧʣʝʥʥʦʡ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʜʦ 0,85 ʠ ʜʦ 0,89 ʜʣʷ ʩʦʦʪʥʦʰʝʥʠʷ ʩʢʦʨʦʩʪʝʡ 2 ʠ 5 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɿʘʢʣʶʯʝʥʠʝ 

1. ɺ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ Deform-3d ʚʧʝʨʚʳʝ 

ʚʳʧʦʣʥʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʦʚʤʝʱʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ 

çʘʩʠʤʤʝʪʨʠʯʥʘʷ ʧʨʦʢʘʪʢʘ ï ʚʦʣʦʯʝʥʠʝ ʚ ʤʦʥʦʣʠʪʥʳʭ 

ʚʦʣʦʢʘʭè. 

2. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʪʝʧʝʥʴ 

ʥʘʢʦʧʣʝʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ ʧʨʦʚʦʣʦʢʝ, ʧʦʣʫʯʝʥʥʦʡ 

ʩʧʦʩʦʙʦʤ çʧʨʦʢʘʪʢʘ ï ʚʦʣʦʯʝʥʠʝè, ʚ 1,9 ʨʘʟʘ ʚʳʰʝ, 

ʯʝʤ ʫ ʚʦʣʦʯʝʥʦʡ ʧʨʦʚʦʣʦʢʠ. ʇʨʠʤʝʥʝʥʠʝ ʘʩʠʤʤʝʪ-

ʨʠʯʥʦʡ ʧʨʦʢʘʪʢʠ ʧʦʚʳʰʘʝʪ ʵʪʦ ʟʥʘʯʝʥʠʝ ʜʦ 2,2 ʠ 2,4 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʚʘʣʢʦʚ. 

3. ʇʨʦʮʝʩʩ çʧʨʦʢʘʪʢʘ ï ʚʦʣʦʯʝʥʠʝè ʷʚʣʷʝʪʩʷ çʯʫʚ-

ʩʪʚʠʪʝʣʴʥʳʤè ʢ ʠʟʤʝʥʝʥʠʶ ʩʦʦʪʥʦʰʝʥʠʷ ʘʩʠʤʤʝʪʨʠʠ 

ʧʨʠ ʧʨʦʢʘʪʢʝ ʠ ʨʝʞʠʤʦʚ ʚʦʣʦʯʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʫʧʨʘʚʣʷʪʴ ʟʥʘʯʝʥʠʝʤ ʥʘʢʦʧʣʝʥʥʦʡ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ 

ʚ ʧʨʦʚʦʣʦʢʝ, ʪʝʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʚʘʷ ʧʦʣʫʯʝʥʠʝ ʥʝʦʙʭʦ-

ʜʠʤʭr ʝʝ ʩʚʦʡʩʪʚ. 

ʊʘʙʣʠʮʘ. ʇʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʧʨʦʢʘʪʢʠ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʩʢʦʨʦʩʪʝʡ ʚʘʣʢʦʚ 

T a b l e . Rolling process parameters for different roll-speed ratios 

ʉʢʦʨʦʩʪʴ ʚʝʨʭʥʝʛʦ  

ʚʘʣʢʘ, ʨʘʜ/ʩ 

ʉʢʦʨʦʩʪʴ ʥʠʞʥʝʛʦ  

ʚʘʣʢʘ, ʨʘʜ/ʩ 

ʉʢʦʨʦʩʪʴ ʧʝʨʝʜʥʝʛʦ ʢʦʥʮʘ  

ʧʨʦʚʦʣʦʢʠ ʧʦʩʣʝ ʧʨʦʢʘʪʢʠ, ʤʤ/ʩ 

ʈʘʩʩʯʠʪʘʥʥʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʥʝʛʦ ʢʦʥʮʘ  

ʧʨʦʚʦʣʦʢʠ ʧʦʩʣʝ ʤʦʥʦʣʠʪʥʦʡ ʚʦʣʦʢʠ, ʤʤ/ʩ 

10 10 1012,2 1313,7 

5 10 522,1 678,6 

2 10 200,4 270,8 
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ʈʠʩ. 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʢʦʧʣʝʥʥʦʡ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ ʧʦ ʩʝʯʝʥʠʶ ʟʘʛʦʪʦʚʢʠ ʧʦʩʣʝ ʧʨʦʢʘʪʢʠ - ʚʦʣʦʯʝʥʠʷ  

ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʩʢʦʨʦʩʪʝʡ ʚʘʣʢʦʚ: ʘ ï ʚʦʣʦʯʝʥʠʝ ʚ ʤʦʥʦʣʠʪʥʦʡ ʚʦʣʦʢʝ ʩ 16,00 ʥʘ 13,76 ʤʤ;  

ʙ ï Vʥʠʞ/Vʚʝʨʭ = 1; ʚ ï Vʥʠʞ/Vʚʝʨʭ = 2; ʛ ï Vʥʠʞ/Vʚʝʨʭ = 5 

Fig. 2. Distribution of accumulated strain over the cross-section of the workpiece after rolling-drawing with different 

roll-speed ratios: a is drawing in a monolithic die from 16.00 to 13.76 mm; ʙ is Vlow/Vtop = 1; ʚ is Vlow/Vtop = 2;  

ʛ is Vlow/Vtop = 5 
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ʆʇʈɽɼɽʃɽʅʀɽ ʆʇʊʀʄɸʃʔʅʓʍ ʈɽɾʀʄʆɺ ɻʆʈʗʏɽʁ ʇʈʆʂɸʊʂʀ 

ʇʃʀʊ ʀɿ ɸʃʖʄʀʅʀɽɺʆɻʆ ʉʇʃɸɺɸ ɸʂ4-1ʏ 

ɻʣʠʥʩʢʠʭ ʇ.ʀ.
1,2
, ɿʘʤʘʨʘʝʚʘ ʖ.ɺ.

1,3
, ʗʢʦʚʣʝʚ ʉ.ʀ.

1
, ɿʘʚʘʣʠʡ ɽ.ɸ.

1,2
 

1 ɸʆ çʂʘʤʝʥʩʢ-ʋʨʘʣʴʩʢʠʡ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʟʘʚʦʜè, ʂʘʤʝʥʩʢ-ʋʨʘʣʴʩʢʠʡ, ʈʦʩʩʠʷ 
2 ʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʧʝʨʚʦʛʦ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ɹ. ʅ. ɽʣʴʮʠʥʘ, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 
3 ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʤʝʪʘʣʣʦʚ ʠʤ. ʄ.ʅ. ʄʠʭʝʝʚʘ ʋʨʆ ʈɸʅ, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 

ɸʥʥʦʪʘʮʠʷ. ʂʘʪʘʥʳʝ ʚʳʩʦʢʠʝ ʧʣʠʪʳ ʠʟ ʩʧʣʘʚʘ ɸʂ4-1ʯ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ 

ʘʚʠʘʮʠʦʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʆʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠ-

ʥʝʥʠʷ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʚ ʚʳʩʦʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʣʠʪʳ. ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʧʦʣʫʯʝʥʠʝ ʩʪʘʙʠʣʴ-

ʥʦʛʦ ʫʨʦʚʥʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʝ ʟʥʘʯʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʠ ʫʤʝʥʴʰʝʥʠʝ ʥʝ-

ʦʜʥʦʨʦʜʥʦʩʪʠ ʩʪʨʫʪʫʨʳ ʚ ʚʳʩʦʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʣʠʪ ʪʦʣʱʠʥʦʡ 40-80 ʤʤ ʠʟ ʩʧʣʘʚʘ ɸʂ4-1ʯ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʨ-

ʨʝʢʪʠʨʦʚʢʠ ʨʝʞʠʤʦʚ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ ʚ ʫʩʣʦʚʠʷʭ ɸʆ çʂʘʤʝʥʩʢ-ʋʨʘʣʴʩʢʠʡ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʟʘʚʦʜè. ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʣʠʪ ʪʦʣʱʠʥʦʡ 40-80 ʤʤ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʦ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦ-

ʣʦʛʠʠ, ʚʳʷʚʣʝʥʦ, ʯʪʦ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ ʠʤʝ-

ʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʟʘʧʘʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʨʝʙʦʚʘʥʠʡ ʩʪʘʥʜʘʨʪʘ. ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʚ 

ʧʦʧʝʨʝʯʥʦʤ ʠ ʧʨʦʜʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ ʜʣʷ ʜʘʥʥʳʭ ʧʣʠʪ ʪʘʢʞʝ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʟʘʧʘʩ. ɺ ʚʳʩʦʪʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʧʨʝʚʳʰʘʝʪ ʪʨʝʙʦʚʘʥʠʝ ʩʪʘʥʜʘʨʪʘ ʪʦʣʴʢʦ ʥʘ 20%. ʇʦ-

ʩʨʝʜʩʪʚʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʢʨʦʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʘ ʩ ʧʦʥʠʞʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʚ ʮʝʥ-

ʪʨʝ ʝʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʦʙʥʘʨʫʞʝʥʘ ʩʚʝʪʣʘʷ ʦʙʣʘʩʪʴ. ʇʦʩʨʝʜʩʪʚʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʜʘʥʥʦʛʦ 

ʦʙʨʘʟʮʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʚʝʪʣʘʷ ʦʙʣʘʩʪʴ ʠʤʝʝʪ ʙʦʣʝʝ ʢʨʫʧʥʳʡ ʨʘʟʤʝʨ ʟʝʨʥʘ, ʯʝʤ ʧʝʨʠʬʝʨʠʷ (ʨʘʟʥʠʮʘ 20%). 

ʆʧʪʠʤʠʟʘʮʠʷ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ, ʘ ʠʤʝʥʥʦ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʩʭʝʤʳ ʦʙʞʘʪʠʡ ʠ ʚʝʣʠʯʠʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʦʙʞʘʪʠʷ ʚ 

ʢʘʞʜʦʤ ʧʨʦʭʦʜʝ, ʧʨʠʚʝʣʘ ʢ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʣʠʪ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʫʜʣʠʥʝʥʠʷ ʚ ʚʳʩʦʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʘ ʪʘʢʞʝ ʢ ʫʤʝʥʴʰʝʥʠʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʧʣʘʚ ɸʂ4-1ʯ, ʧʨʦʢʘʪʢʘ ʧʣʠʪ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ, ʩʪʨʫʢʪʫʨʘ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ ʜʣʷ ʀʌʄ ʋʨʆ ʈɸʅ. 

Ò
 
 ɻʣʠʥʩʢʠʭ ʇ.ʀ., ɿʘʤʘʨʘʝʚʘ ʖ.ɺ., ʗʢʦʚʣʝʚ ʉ.ʀ., ɿʘʚʘʣʠʡ ɽ.ɸ., 2025 

ɼʣʷ ʮʠʪʠʨʦʚʘʥʠʷ 

ʆʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ ʧʣʠʪ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ɸʂ4-1ʯ / ɻʣʠʥʩʢʠʭ 
ʇ.ʀ., ɿʘʤʘʨʘʝʚʘ ʖ.ɺ., ʗʢʦʚʣʝʚ ʉ.ʀ., ɿʘʚʘʣʠʡ ɽ.ɸ. // ɺʝʩʪʥʠʢ ʄʘʛʥʠʪʦʛʦʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 
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Abstract. Rolled high-strength plates made from AK4-1ch alloy are a common semi-finished product for aviation pur-

poses. However, one of the challenges of their production is the low relative elongation level and structural heterogenei-

ty in the height direction of the plates. The aim of this study is to achieve a stable level of mechanical properties while 

increasing the relative elongation and reducing structural heterogeneity in plates with a thickness between 40 and 80 

millimeters made from the AK4-1ch alloy, by adjusting the hot rolling conditions at JSC Kamensk-Uralsky Metallurgi-

cal Works. After examining the mechanical properties of plates with a thickness between 40 and 80 millimeters pro-

duced using traditional methods, it was found that the average strength values, regardless of sampling direction, signifi-

cantly exceed the standard requirements. The average values of transverse and longitudinal elongation for these plates 

also show a significant margin. In terms of height, the average elongation value is only 20% above the standard re-

quirement.  By examining the macrostructure of a sample with reduced elongation, a light area was found in the center 

of its cross-section. Examining the microstructure, it was determined that the light area had a larger grain size compared 

to the periphery, with a difference of 20%. Optimization of hot rolling process, such as adjusting the compression 

scheme and relative compression in each pass, has led to an improvement in mechanical properties, including relative 

elongation in height, as well as a reduction in structural heterogeneity.  

The research was conducted within the framework of the state assignment of the Ministry of Education and Science 

of the Russian Federation for the Institute of Metal Physics of the Ural Branch of the Russian Academy of Sciences. 
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ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʢʘ-
ʯʝʩʪʚʝʥʥʳʭ ʠʟʜʝʣʠʡ ʠʟ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʘʢʪʫ-
ʘʣʴʥʘ ʦʧʪʠʤʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʠʟʛʦ-
ʪʦʚʣʝʥʠʷ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ [1], ʧʨʠ ʵʪʦʤ ʜʦʩʪʘʪʦʯʥʦ 
ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʨʘʙʦʪ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚ-
ʥʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʘʢʪʫʘʣʠʟʘʮʠʶ ʧʨʦʠʟʚʦʜ-
ʩʪʚʘ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʠʟ ʞʘʨʦʧʨʦʯʥʦʛʦ ʩʧʣʘʚʘ ɸʂ4-1 
ʠ ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʡ (ɸʂ4-1ʯ, ɸʂ4-2ʯ ʠ ʜʨ.) [2ï5], ʦʪ-
ʥʦʩʷʱʠʭʩʷ ʢ ʩʠʩʪʝʤʝ ɸlïʉuïMgïFeïNi, ʧʦ ʭʠʤʠʯʝ-
ʩʢʦʤʫ ʠ ʬʘʟʦʚʦʤʫ ʩʦʩʪʘʚʘʤ ʙʣʠʟʢʠʤ ʢ ʜʫʨʘʣʶʤʠʥʘʤ, 
ʥʦ ʚʤʝʩʪʦ ʤʘʨʛʘʥʮʘ ʚ ʢʘʯʝʩʪʚʝ ʣʝʛʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ 
ʩʦʜʝʨʞʘʪ ʞʝʣʝʟʦ ʠ ʥʠʢʝʣʴ. 
ʆʩʦʙʝʥʥʦʩʪʴ ɸʂ4-1ʯ ï ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʜʣʠ-

ʪʝʣʴʥʦʝ ʚʨʝʤʷ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʵʢʩ-
ʧʣʫʘʪʘʮʠʦʥʥʳʭ ʥʘʛʨʫʟʢʘʭ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʡ ʦʩʪʘʪʦʯ-
ʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠ ʨʘʟʨʫʰʝʥʠʷ [6, 7]. ɼʘʥʥʳʡ ʩʧʣʘʚ 
ʦʙʣʘʜʘʝʪ ʦʧʪʠʤʘʣʴʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʤʝʭʘʥʠʯʝʩʢʠʭ, 
ʢʦʨʨʦʟʠʦʥʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʘ ʪʘʢʞʝ 
ʨʝʩʫʨʩʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʢʘʢ ʦʩʥʦʚ-
ʥʦʡ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ ʚ ʚʠʜʝ ʣʠʩʪʦʚ, ʧʣʠʪ, 
ʧʦʢʦʚʦʢ ʠ ʰʪʘʤʧʦʚʦʢ, ʘ ʪʘʢʞʝ ʧʨʝʩʩʦʚʘʥʥʳʭ ʧʨʦʬʠ-

ʣʝʡ ʚ ʘʚʠʘʩʪʨʦʝʥʠʠ ʠ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦ-
ʩʪʠ (ʛʦʣʦʚʢʠ ʮʠʣʠʥʜʨʦʚ, ʧʦʨʰʥʠ ʠ ʪ.ʜ.) [8ï11].  
ʇʨʦʠʟʚʦʜʩʪʚʦ ʧʣʠʪ ʠʟ ʩʧʣʘʚʘ ɸʂ4-1ʯ ʨʝʛʣʘʤʝʥ-

ʪʠʨʦʚʘʥʦ ʩʪʘʥʜʘʨʪʦʤ ʆʉʊ 1 90117-83 [12]. ɼʘʥʥʳʡ 
ʩʪʘʥʜʘʨʪ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʣʠʪ ʪʦʣʱʠ-
ʥʦʡ ʦʪ 11 ʜʦ 100 ʤʤ.  
ʆʜʥʦʡ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʣʠʪ ʠʟ 

ʩʧʣʘʚʘ ɸʂ4-1ʯ ʪʦʣʱʠʥʦʡ 40-80 ʤʤ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦ-
ʩʪʘʚʢʠ ʊ1 ʚ ʫʩʣʦʚʠʷʭ ɸʆ çʂʘʤʝʥʩʢ-ʋʨʘʣʴʩʢʠʡ ʤʝʪʘʣ-
ʣʫʨʛʠʯʝʩʢʠʡ ʟʘʚʦʜè (ɸʆ çʂʋʄɿè) ʷʚʣʷʝʪʩʷ ʥʠʟʢʠʡ 
ʫʨʦʚʝʥʴ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʚ ʚʳʩʦʪʥʦʤ 
ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʧʦ ʪʦʣʱʠʥʝ 
ʧʣʠʪʳ. ɸʥʘʣʦʛʠʯʥʘʷ ʪʝʤʘ, ʘ ʠʤʝʥʥʦ ʫʭʫʜʰʝʥʠʝ ʢʘʯʝ-
ʩʪʚʘ ʧʨʦʨʘʙʦʪʢʠ ʤʘʩʩʠʚʥʳʭ ʢʘʪʘʥʳʭ ʧʣʠʪ ʠʟ ʩʧʣʘʚʘ 
ɸʂ4-1 ʧʦ ʠʭ ʪʦʣʱʠʥʝ, ʧʦʜʥʷʪʘ ʘʚʪʦʨʘʤʠ ʨʘʙʦʪ [13, 14].  
ɺ ʨʘʙʦʪʝ [15] ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʘʷ ʧʨʠʯʠʥʘ ʚʳʰʝ-

ʫʢʘʟʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ï ʩʪʨʫʢʪʫʨʘ ʠʩʭʦʜʥʦʡ ʟʘʛʦʪʦʚʢʠ, 
ʦʙʣʘʜʘʶʱʘʷ ʠʟʤʝʥʝʥʝʥʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝ-
ʥʠʷ ʯʘʩʪʠʮ ʦʩʥʦʚʥʦʡ ʠʟʙʳʪʦʯʥʦʡ ʬʘʟʳ Al9FeNi ʚ 
ʨʘʟʣʠʯʥʳʭ ʟʦʥʘʭ ʧʦ ʝʝ ʪʦʣʱʠʥʝ. ɺ ʮʝʥʪʨʝ ʧʦ ʪʦʣʱʠʥʝ 
ʟʘʛʦʪʦʚʢʠ ʩʫʱʝʩʪʚʫʝʪ ʣʦʢʘʣʴʥʘʷ ʦʙʣʘʩʪʴ ʟʦʥʘʣʴʥʦʡ 
ʣʠʢʚʘʮʠʠ ʩ ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʣʝʛʠʨʫʶʱʠʭ 
ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʛʨʫʙʳʤʠ ʵʚʪʝʢʪʠʯʝʩʢʠʤʠ ʢʦʣʦʥʠʷʤʠ 
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ʬʘʟʳ Al9FeNi, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʫʩʣʦʚʠʷʤʠ ʦʭʣʘʞʜʝ-
ʥʠʷ ʧʨʠ ʝʝ ʣʠʪʴʝ. ʕʪʘ ʩʪʨʫʢʪʫʨʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ 
ʥʘʩʣʝʜʫʝʪʩʷ ʢʘʪʘʥʦʡ ʧʣʠʪʦʡ ʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ 
ʥʘ ʝʝ ʤʘʢʨʦʩʪʨʫʢʪʫʨʝ ʚ ʮʝʥʪʨʝ ʧʦ ʪʦʣʱʠʥʝ ʙʦʣʝʝ 
ʩʚʝʪʣʦʡ ʦʙʣʘʩʪʠ ʩ ʫʢʨʫʧʥʝʥʥʳʤ ʟʝʨʥʦʤ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ 
ʩʦʙʦʡ ʧʦʥʠʞʝʥʥʳʡ ʫʨʦʚʝʥʴ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ 
ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʝ ʧʣʠʪʳ.   
ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʧʦʣʫʯʝʥʠʝ ʩʪʘʙʠʣʴʥʦʛʦ 

ʫʨʦʚʥʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʝ 

ʟʥʘʯʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʚ ʚʳʩʦʪʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʫʤʝʥʴʰʝʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʪʨʫʢʪʫ-

ʨʳ ʧʦ ʪʦʣʱʠʥʝ ʚʳʩʦʢʠʭ ʧʣʠʪ ʠʟ ʩʧʣʘʚʘ ɸʢ4-1ʯ ʧʦ-

ʩʨʝʜʩʪʚʦʤ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʨʝʞʠʤʦʚ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ 

ʚ ʫʩʣʦʚʠʷʭ ɸʆ çʂʋʄɿè. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʠʟʚʝʜʝʥʘ ʚʳʙʦʨ-
ʢʘ ʠʟ 633 ʧʣʠʪ ʠʟ ʩʧʣʘʚʘ ɸʂ4-1ʯ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʚ 
ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ɸʆ çʂʋʄɿè ʧʦ ʪʝʭʥʦʣʦ-
ʛʠʯʝʩʢʦʡ ʩʭʝʤʝ, ʚʢʣʶʯʘʶʱʝʡ ʚ ʩʝʙʷ ʣʠʪʴʝ ʩʣʠʪʢʘ, ʝʛʦ 
ʛʦʤʦʛʝʥʠʟʘʮʠʶ ʠ ʨʝʟʢʫ ʥʘ ʟʘʛʦʪʦʚʢʠ, ʠʭ ʬʨʝʟʝʨʦʚʘʥʠʝ, 
ʥʘʛʨʝʚ ʠ ʛʦʨʷʯʫʶ ʧʨʦʢʘʪʢʫ, ʪʝʨʤʦʦʙʨʘʙʦʪʢʫ ʧʣʠʪ ʥʘ 
ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ, ʧʨʘʚʢʫ ʨʘʩʪʷʞʝʥʠʝʤ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʝ 
ʩʪʘʨʝʥʠʝ. ʀʟ 633 ʧʣʠʪ 251 ï ʪʦʣʱʠʥʦʡ ʜʦ 12-40 ʤʤ 
ʚʢʣʶʯʠʪʝʣʴʥʦ, 372 ʧʣʠʪʳ ï ʪʦʣʱʠʥʦʡ 40-80 ʤʤ. 
ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʧʣʘʚʘ ɸʂ4-1ʯ, ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʠʡ ʆʉʊ 1 90048-90 [16], ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣ. 1.   
ɺʳʙʦʨ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʜʝʣʘʥ ʥʘ ʦʩʥʦʚʝ ʨʘʙʦ-

ʪʳ [17], ʛʜʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʤʝʭʘʥʠʯʝ-
ʩʢʠʭ ʩʚʦʡʩʪʚ ʧʣʠʪ ʠʟ ɸʂ4-1 ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʦʙʝʩʧʝʯʠ-
ʚʘʪʴ ʩʦʜʝʨʞʘʥʠʝ ʢʨʝʤʥʠʷ ʥʝ ʥʠʞʝ 0,15%, ʘ ʩʦʜʝʨʞʘʥʠʝ 
ʞʝʣʝʟʘ ʠ ʥʠʢʝʣʷ ʧʦʜʜʝʨʞʠʚʘʪʴ ʙʣʠʟʢʠʤ ʢ 1,0% ʜʣʷ ʢʘʞ-
ʜʦʛʦ. ʇʨʠ ʵʪʦʤ ʜʦʧʫʩʢʘʝʪʩʷ ʧʨʝʚʳʰʝʥʠʝ ʥʘ 0,05ï0,20% 
ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʥʘʜ ʩʦʜʝʨʞʘʥʠʝʤ ʥʠʢʝʣʷ. 
ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʘ ʠʤʝʥʥʦ ʚʨʝʤʝʥʥʦʝ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʝ (ůʚ), ʫʩʣʦʚʥʳʡ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ (ů0,2) ʠ 
ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ (ŭ) ʚ ʜʦʣʝʚʦʤ (L), ʧʦʧʝʨʝʯ-
ʥʦʤ (LT) ʠ ʜʣʷ ʧʣʠʪ ʪʦʣʱʠʥʦʡ ʩʚʳʰʝ 40 ʤʤ ʚʳʩʦʪ-
ʥʦʤ (ST) ʥʘʧʨʘʚʣʝʥʠʠ, ʦʧʨʝʜʝʣʝʥʳ ʧʦʩʨʝʜʩʪʚʦʤ ʠʩ-
ʧʳʪʘʥʠʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʦʙʨʘʟʮʦʚ ʜʠʘʤʝʪʨʦʤ 5,0 ʤʤ ʠ 
ʨʘʩʯʝʪʥʦʡ ʜʣʠʥʦʡ l0 = 5d0. ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʠʩʧr-
ʪʘʥʠʷ ʧʦ ʩʪʘʥʜʘʨʪʫ ɻʆʉʊ 1497-73 [18] ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʫʥʠʚʝʨʩʘʣʴʥʫʶ ʠʩʧʳʪʘʪʝʣʴʥʫʶ ʤʘʰʠʥʫ INSTRON 
5585ʅ, ʦʩʥʘʱʝʥʥʫʶ ʥʘʚʝʩʥʳʤ ʠ ʚʠʜʝʦʵʢʩʪʝʥʟʦʤʝʪ-
ʨʘʤʠ, ʛʠʜʨʘʚʣʠʯʝʩʢʠʤʠ ʟʘʭʚʘʪʘʤʠ, ʫʩʪʨʦʡʩʪʚʘʤʠ ʜʣʷ 
ʮʝʥʪʨʦʚʘʥʠʷ ʟʘʭʚʘʪʦʚ ʠ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ, 
ʧʦʟʚʦʣʷʶʱʠʤ ʧʨʦʚʦʜʠʪʴ ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʠʟ 
ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ. 
ɸʥʘʣʠʟ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʧʣʘʚʘ ʧʨʦʚʦʜʠʣʩʷ 

ʥʘ ʦʧʪʠʢʦ-ʵʤʠʩʩʠʦʥʥʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ çSpectroLabè 
ʬʠʨʤʳ çSpectroè. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, 

ʫʩʣʦʚʥʦʛʦ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠ-

ʥʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʣʱʠʥʳ ʧʣʠʪʳ ʠ ʥʘʧʨʘʚʣʝ-

ʥʠʷ ʚʳʨʝʟʢʠ ʦʙʨʘʟʮʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 2.   

ʀʟ ʪʘʙʣ. 2 ʚʠʜʥʦ, ʯʪʦ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʚʳʰʝʫʢʘ-

ʟʘʥʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʜʣʷ ʧʣʠʪ ʪʦʣʱʠʥʦʡ 12-

40 ʤʤ ʚʢʣʶʯʠʪʝʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ 

[12], ʠʤʝʷ ʧʨʠ ʵʪʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʟʘʧʘʩ (ʜʣʷ 

ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʧʨʝʚʳʰʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʩʪʘʥ-

ʜʘʨʪʘ ʩʦʩʪʘʚʣʷʝʪ 5,5ï24%, ʜʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠ-

ʥʝʥʠʷ ï 61ï83%). ɼʣʷ ʧʣʠʪ ʪʦʣʱʠʥʦʡ 40ï80 ʤʤ ʥʝʟʘ-

ʚʠʩʠʤʦ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʚʳʨʝʟʢʠ ʦʙʨʘʟʮʦʚ ʩʨʝʜʥʠʝ 

ʟʥʘʯʝʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʪʘʢʞʝ ʠʤʝʶʪ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʡ ʟʘʧʘʩ (2,5ï28%). ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ L ʠ LT ʜʣʷ ʜʘʥ-

ʥʳʭ ʧʣʠʪ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʟʘʧʘʩ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʪʨʝʙʦʚʘʥʠʡ ʩʪʘʥʜʘʨʪʘ (48ï66%), ʧʨʠ ʵʪʦʤ ʚ ʥʘʧʨʘʚ-

ʣʝʥʠʠ ST ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝ-

ʥʠʷ ʷʚʣʷʝʪʩʷ ʥʠʟʢʠʤ ʠ ʧʨʝʚʳʰʘʝʪ ʪʨʝʙʦʚʘʥʠʷ ʩʪʘʥ-

ʜʘʨʪʘ ʥʘ 20%.  

ɼʘʣʴʥʝʡʰʘʷ ʨʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʧʦʚʳʰʝʥʠʝ 

ʫʨʦʚʥʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʚ ʚʳʩʦʪʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʧʣʠʪ ʪʦʣʱʠʥʦʡ 40-80 ʤʤ. ɺ ʢʘʯʝʩʪʚʝ 

ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥʘ ʧʣʠʪʘ ʠʟ ʩʧʣʘʚʘ ɸʂ4-

1ʯ ʨʘʟʤʝʨʦʤ 70Ĭ1200Ĭ3000 ʤʤ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʩʪʘʚʢʠ 

ʊ1 ʩ ʥʠʟʢʠʤ ʟʥʘʯʝʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʯʠʥ ʥʠʟʢʦʛʦ ʟʥʘʯʝʥʠʷ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʚ ʚʳʩʦʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʠ-

ʥʷʪʦ ʨʝʰʝʥʠʝ ʦʩʫʱʝʩʪʚʠʪʴ ʘʥʘʣʠʟ ʤʘʢʨʦʩʪʨʫʢʪʫʨʳ 

ʠʩʩʣʝʜʫʝʤʦʡ ʧʣʠʪʳ.  

ʊʘʙʣʠʮʘ 1. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʧʣʘʚʘ ɸʂ4-1ʯ, ʤʘʩ. % 

T a b l e  1. Chemical composition of AK4-1ch alloy, wt.% 

Si Fe Cu Mg Zn Ti Ni 
ɼʨʫʛʠʝ  

ʵʣʝʤʝʥʪʳ 

ʇʨʦʯʠʝ ʵʣʝʤʝʥʪʳ 
ɸʣʶʤʠʥʠʡ 

ʢʘʞʜʳʡ ʩʫʤʤʘ 

0,15ï0,25 0,9ï1,2 1,9ï2,7 1,3ï1,8 max 0,10 0,04ï0,10 0,9ï1,2 - max 0,05 max 0,15 ʦʩʥʦʚʘ 

ʊʘʙʣʠʮʘ 2. ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ůʚ, ů0,2 ʠ ŭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʣʱʠʥʳ ʧʣʠʪʳ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʳʨʝʟʢʠ ʦʙʨʘʟʮʦʚ 

T a b l e  2. Average values of ůʚ, ů0,2 and ŭ depending on the thickness of the plate and testing direction 

ʊʦʣʱʠʥʘ 

ʧʣʠʪʳ, ʤʤ 

ʅʘʧʨʘʚʣʝʥʠʝ 

ʚʳʨʝʟʢʠ ʦʙʨʘʟ-

ʮʦʚ 

ůʚ, ʄʇʘ 
ʊʨʝʙʦʚʘʥʠʝ  

ʆʉʊ 1 90117, ʄʇʘ 
ů0,2, ʄʇʘ 

ʊʨʝʙʦʚʘʥʠʝ 

ʆʉʊ 1 90117, ʄʇʘ 
ŭ, % 

ʊʨʝʙʦʚʘʥʠʝ  

ʆʉʊ 1 90117, % 

ɼʦ 40 ʤʤ 

ʚʢʣ. 

L 433 410 392 315 11 6 

LT 434 390 380 325 9,7 6 

ʉʚʳʰʝ 

40 ʤʤ 

L 420 410 394 315 10 6 

LT 425 390 386 325 8,9 6 

ST 401 375 380 295 4,8 4 
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ʊʝʤʧʣʝʪ ʜʣʷ ʠʟʫʯʝʥʠʷ ʤʘʢʨʦʩʪʨʫʢʪʫʨʳ, ʦʪʦʙʨʘʥ-
ʥʳʡ ʦʪ ʚʳʰʝʫʢʘʟʘʥʥʦʡ ʧʣʠʪʳ, ʠʤʝʝʪ ʨʘʟʤʝʨʳ 
70Ĭ50Ĭ250 ʤʤ. ʉʭʝʤʘ ʦʪʙʦʨʘ ʪʝʤʧʣʝʪʘ ʜʣʷ ʠʩʩʣʝʜʦ-
ʚʘʥʠʷ ʤʘʢʨʦʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.  
ʅʘ ʤʘʢʨʦʩʪʨʫʢʪʫʨʝ ʪʝʤʧʣʝʪʘ ʚ ʮʝʥʪʨʝ ʧʦʧʝʨʝʯʥʦ-

ʛʦ ʩʝʯʝʥʠʷ ʦʙʥʘʨʫʞʝʥʘ ʩʚʝʪʣʘʷ ʦʙʣʘʩʪʴ (ʨʠʩ. 2).  

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʦʩʫʱʝʩʪʚʣʝʥ ʘʥʘʣʠʟ ʤʠʢʨʦ-
ʩʪʨʫʢʪʫʨʳ ʠʩʩʣʝʜʫʝʤʦʡ ʧʣʠʪʳ (ʩʭʝʤʘ ʦʪʙʦʨʘ ʪʝʤʧʣʝ-
ʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʠʩ. 1, ʨʘʟʤʝʨʳ ʦʙʨʘʟʮʘ 70Ĭ50Ĭ50 
ʤʤ). ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʪʝʤʧʣʝʪʘ ʦʩʫ-
ʱʝʩʪʚʣʝʥʦ ʥʘ ʫʨʦʚʥʝ ı (ʨʠʩ. 3, ʘ) ʠ İ (ʨʠʩ. 3, ʙ) ʝʛʦ 
ʪʦʣʱʠʥʳ. 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʦʪʙʦʨʘ ʦʙʨʘʟʮʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʢʨʦʩʪʨʫʢʪʫʨʳ 

Fig. 1. Sample preparation scheme for macrostructure study 

 

ʈʠʩ. 2. ʄʘʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʝʤʧʣʝʪʘ, ʦʪʦʙʨʘʥʥʦʛʦ ʦʪ ʧʣʠʪʳ, ʧʨʦʠʟʚʝʜʝʥʥʦʡ  

ʧʦ ʢʣʘʩʩʠʯʝʩʢʠʤ ʨʝʞʠʤʘʤ 

Fig. 2. Macrostructure of the cross-section of the templet under study, taken from a plate produced according  

to classical modes 

 

ʈʠʩ. 3. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʪʝʤʧʣʝʪʘ ʥʘ ʫʨʦʚʥʝ ı (ʘ) ʠ İ (ʙ) ʝʛʦ ʪʦʣʱʠʥʳ 

Fig. 3. Microstructure of the templet at the level of ı (a) and İ (ʙ) of its thickness 

ʘ ʙ 
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ʅʘ ʫʨʦʚʥʝ ı ʪʦʣʱʠʥʳ ʧʣʠʪʳ ʨʘʟʤʝʨ ʟʝʨʥʘ ʩʦʩʪʘ-

ʚʠʣ 58 ʤʢʤ, ʥʘ ʫʨʦʚʥʝ İ ï 70 ʤʢʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 

ʚʳʷʚʣʝʥʥʦʡ ʥʘ ʤʘʢʨʦʩʪʨʫʢʪʫʨʝ ʦʙʣʘʩʪʠ ʩʚʝʪʣʦʡ ʧʦ-

ʣʦʩʳ ʪʝʤʧʣʝʪ ʠʤʝʝʪ ʙʦʣʝʝ ʢʨʫʧʥʦʝ ʟʝʨʥʦ (ʨʘʟʥʠʮʘ ʩ 

ʟʝʨʥʦʤ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʟʦʥʳ ʩʦʩʪʘʚʣʷʝʪ 20%). 

ɺ ʨʘʙʦʪʝ [15] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʘʥʘʣʦ-

ʛʠʯʥʦʡ ʩʚʝʪʣʦʡ ʧʦʣʦʩʳ ʥʘ ʢʘʪʘʥʳʭ ʧʣʠʪʘʭ ʠʟ ʩʧʣʘʚʘ 

ɸʂ4-1 ʩʚʷʟʘʥʦ ʩ ʮʝʥʪʨʘʣʴʥʳʤ ʦʙʲʝʤʦʤ ʧʣʦʩʢʦʛʦ 

ʩʣʠʪʢʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʭʘʨʘʢʪʝʨʥʘ ʟʦʥʘʣʴʥʘʷ ʣʠʢʚʘʮʠʷ 

ʩ ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʣʝʛʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥ-

ʪʦʚ. ʇʦʥʠʞʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʣʝʛʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥ-

ʪʦʚ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʦʙʲʝʤʘʭ ʧʨʦʢʘʪʘ ʠ ʙʦʣʝʝ ʥʝʦʜʥʦ-

ʨʦʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʢʣʶʯʝʥʠʡ ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʚʝ-

ʣʠʯʝʥʠʶ ʨʘʟʤʝʨʘ ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʛʦ ʟʝʨʥʘ. ɹʦʣʝʝ 

ʢʨʫʧʥʦʝ ʟʝʨʥʦ ʩ ʙʦʣʴʰʝʡ ʧʣʦʱʘʜʴʶ ʥʘ ʰʣʠʬʝ ʫʯʘʩʪ-

ʢʦʚ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ, ʩʚʦʙʦʜʥʳʭ ʦʪ ʠʟʙʳʪʦʯʥʳʭ 

ʬʘʟ, ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʨʘʩʪʨʘʚʣʝʥ-

ʥʳʭ ʤʝʞʟʝʨʝʥʥʳʭ ʠ ʤʝʞʬʘʟʦʚʳʭ ʛʨʘʥʠʮ ʠ ʢ ʙʦʣʝʝ 

ʩʠʣʴʥʦʤʫ ʦʪʨʘʞʝʥʠʶ ʩʚʝʪʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʫʯʘʩʪʢʠ 

ʩ ʧʦʜʦʙʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʚʳʛʣʷʜʷʪ ʙʦʣʝʝ ʩʚʝʪʣʳʤʠ.  

ʇʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦʮʝʥʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚ-

ʥʳʭ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ (Cu, Mg) ʧʦ ʪʦʣʱʠʥʝ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʜʣʷ ɸʆ çʂʋʄɿè 

ʧʣʦʩʢʦʛʦ ʩʣʠʪʢʘ ʨʘʟʤʝʨʘʤʠ 400Ĭ1320 ʤʤ (ʠʩʭʦʜʥʘʷ 

ʟʘʛʦʪʦʚʢʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʡ ʧʣʠʪʳ) ʧʦʩʨʝʜ-

ʩʪʚʦʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʜʣʷ ʯʝʛʦ ʦʪ ʩʣʠʪʢʘ ʦʪʦ-

ʙʨʘʥʳ ʪʝʤʧʣʝʪʳ ʩ ʣʠʪʥʠʢʦʚʦʡ ʠ ʜʦʥʥʦʡ ʯʘʩʪʝʡ ʧʦʩʣʝ 

ʦʙʨʝʟʢʠ. ɸʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʨʦʚʦʜʠʣ-

ʩʷ ʧʦ ʪʦʣʱʠʥʝ ʪʝʤʧʣʝʪʦʚ ʩ ʰʘʛʦʤ 15ï20 ʤʤ ʧʦ ʩʭʝʤʝ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ. 4.  

ʅʘ ʨʠʩ. 5 ʧʨʝʜʩʪʘʚʣʝʥʦ ʫʩʨʝʜʥʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʝ ʤʝʜʠ ʠ ʤʘʛʥʠʷ ʧʦ ʪʦʣʱʠʥʝ ʪʝʤʧʣʝʪʦʚ, ʦʪʦʙʨʘʥ-

ʥʳʭ ʦʪ ʣʠʪʥʠʢʦʚʦʡ (ʨʠʩ. 5, ʘ, ʙ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʠ 

ʜʦʥʥʦʡ (ʨʠʩ. 5, ʚ, ʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʯʘʩʪʝʡ ʩʣʠʪʢʘ.  

ʅʘ ʨʠʩ. 5 ʚʳʷʚʣʝʥʘ ʷʨʢʦ ʚʳʨʘʞʝʥʥʘʷ ʟʦʥʘʣʴʥʘʷ 

ʣʠʢʚʘʮʠʷ ʦʙʨʘʪʥʦʛʦ ʪʠʧʘ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʩʥʠʞʝʥʠʠ 

ʜʦʣʠ ʩʦʜʝʨʞʘʥʠʷ ʦʩʥʦʚʥʳʭ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʮʝʥʪʨʘʣʴʥʳʭ ʩʣʦʷʭ ʠʩʩʣʝʜʫʝʤʳʭ ʪʝʤʧʣʝʪʦʚ, ʯʪʦ ʠ ʷʚ-

ʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʝʪʣʦʡ ʧʦʣʦʩʳ ʠ 

ʫʢʨʫʧʥʝʥʠʷ ʟʝʨʥʘ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʣʠʪ, ʠʟʛʦʪʘʚʣʠ-

ʚʘʝʤʳʭ ʠʟ ʜʘʥʥʳʭ ʩʣʠʪʢʦʚ. ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʳʭ ʣʝʛʠʨʫʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʆʉʊ 1-90048-90 [16], ʢʨʦʤʝ 

ʪʦʛʦ, ʜʘʥʥʳʡ ʩʣʠʪʦʢ ʥʝ ʠʤʝʣ ʪʠʧʦʚʳʭ ʜʝʬʝʢʪʦʚ [19].  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʚ ʨʘʙʦʪʝ ʮʝʣʠ ʚ 

ʫʩʣʦʚʠʷʭ ɸʆ çʂʋʄɿè ʦʩʫʱʝʩʪʚʣʝʥʘ ʢʦʨʨʝʢʪʠʨʦʚʢʘ 

ʨʝʞʠʤʦʚ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ ʧʣʠʪ.  

ʈʘʙʦʪʳ ʧʨʦʚʝʜʝʥʳ ʥʘ ʯʝʪʳʨʝʭʚʘʣʢʦʚʦʤ ʨʝʚʝʨ-

ʩʠʚʥʦʤ ʩʪʘʥʝ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ çʂʚʘʨʪʦ 2840 Unitedè 

ɸʆ çʂʋʄɿè. ɼʠʘʤʝʪʨ ʨʘʙʦʯʠʭ ʚʘʣʢʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʥʘ ʩʪʘʥʝ, 920-950 ʤʤ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʨʘʟʚʠʚʘʝʤʦʝ ʜʘʚ-

ʣʝʥʠʝ ʤʝʪʘʣʣʘ ʥʘ ʚʘʣʢʠ ï 3200 ʪ.  

ʈʘʩʯʝʪ ʩʭʝʤ ʦʙʞʘʪʠʡ ʚʳʧʦʣʥʝʥ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙʳ ʩʥʠʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʭʦʜʦʚ ʧʨʠ m Ò 0,55, ʛʜʝ 

m ï ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ, m = lʜ/hʩʨ 

(lʜ ï ʜʣʠʥʘ ʜʫʛʠ ʟʘʭʚʘʪʘ, hʩʨ ï ʩʨʝʜʥʷʷ ʪʦʣʱʠʥʘ ʟʘʛʦ-

ʪʦʚʢʠ), ʪʘʢ ʢʘʢ ʧʨʦʢʘʪ ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʩʥʠʞʘʝʪ ʤʝ-

ʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʮʝʥʪʨʘʣʴʥʳʭ ʩʣʦʝʚ ʜʝʬʦʨʤʠʨʫ-

ʝʤʦʛʦ ʨʘʩʢʘʪʘ, ʨʘʟʨʳʭʣʷʷ ʩʪʨʫʢʪʫʨʫ ʟʘ ʩʯʝʪ ʨʘʩʪʷʛʠ-

ʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʟʥʘʯʝʥʠʷʭ  

m > 0,55 ʫʧʣʦʪʥʝʥʠʝ ʮʝʥʪʨʘʣʴʥʳʭ ʩʣʦʝʚ ʠʜʝʪ ʧʦ ʩʭʝ-

ʤʝ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʡ ʥʝ 

ʪʦʣʴʢʦ ʩʞʘʪʠʝʤ, ʥʦ ʠ ʨʘʩʪʷʞʝʥʠʝʤ ʚ ʧʨʦʜʦʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʢʦʵʬ-

ʬʠʮʠʝʥʪʘ m ʧʨʠʥʷʪʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʘʙʦʪʳ [20].  

 

ʈʠʩ. 4. ʉʭʝʤʘ ʦʪʙʦʨʘ ʧʨʦʙ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʣʠʢʚʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ  

ʥʘ ʧʣʦʩʢʦʩʪʠ ʪʝʤʧʣʝʪʘ 

Fig. 4. Sampling scheme for the determination of the chemical elements liquation by spectral analysis on the templet 

plane 
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ʈʠʩ. 5. ʋʩʨʝʜʥʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʝʜʠ ʠ ʤʘʛʥʠʷ ʧʦ ʪʦʣʱʠʥʝ ʪʝʤʧʣʝʪʦʚ, ʦʪʦʙʨʘʥʥʳʭ ʦʪ ʣʠʪʥʠʢʦʚʦʡ  

(ʘ, ʙ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʠ ʜʦʥʥʦʡ (ʚ, ʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʯʘʩʪʝʡ ʩʣʠʪʢʘ 

Fig. 5. The average distribution of copper and magnesium over the thickness of the templets selected from the gate  

(ʘ, ʙ, respectively) and bottom (ʚ, ʛ, respectively) parts of the ingot 

ɺʚʝʜʝʤ ʢʦʵʬʬʠʮʠʝʥʪ ʂ ï ʙʝʟʨʘʟʤʝʨʥʳʡ ʢʦʵʬʬʠ-

ʮʠʝʥʪ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ ʧʨʦʨʘʙʦʪʢʠ 

ʤʝʪʘʣʣʘ, ʨʘʩʩʯʠʪʳʚʘʝʤʳʡ ʧʦ ʬʦʨʤʫʣʝ 
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ʛʜʝ ×ȹh ï ʩʫʤʤʘʨʥʦʝ ʘʙʩʦʣʶʪʥʦʝ ʦʙʞʘʪʠʝ, ʤʤ.  

ɺ ʪʘʙʣ. 3 ʧʨʠʚʝʜʝʥ ʨʘʩʯʝʪ ʩʝʨʠʡʥʦʡ ʩʭʝʤʳ ʦʙʞʘ-

ʪʠʡ ʧʣʠʪʳ ʩʝʯʝʥʠʝʤ 70Ĭ1200 ʤʤ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʂ = (35 + 35 + 30 + 25 + 20 + 18)/(10 + 0 +  

+ 15 + 20 + 30 + 35 + 35) = 1,12. ɺ ʜʘʥʥʦʡ ʩʭʝʤʝ ʜʝ-

ʬʦʨʤʘʮʠʷ ʧʨʠ m Ó 0,55 ʧʨʝʦʙʣʘʜʘʝʪ ʥʘʜ ʜʝʬʦʨʤʘʮʠʝʡ 

ʧʨʠ m Ò 0,55, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʨʘ-

ʙʦʪʢʝ ʩʪʨʫʢʪʫʨʳ ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʳ ʧʣʠʪʳ.  

 

ʊʘʙʣʠʮʘ 3. ʈʘʩʯʝʪ ʩʝʨʠʡʥʦʡ ʩʭʝʤʳ ʦʙʞʘʪʠʡ ʧʣʠʪʳ ʩʧʣʘʚʘ ɸʂ4-1ʯ ʩʝʯʝʥʠʷ 70Ĭ1200 ʤʤ 

T a b l e  3. Calculation of the serial compression scheme for the AK4-1ch alloy plate with a cross section  

of 70Ĭ1200 mm 

ɸʙʩʦʣʶʪʥʦʝ ʦʙʞʘʪʠʝ, ʤʤ ʉʨʝʜʥʷʷ ʪʦʣʱʠʥʘ ʧʦʣʦʩʳ, ʤʤ ɼʣʠʥʘ ʜʫʛʠ ʟʘʭʚʘʪʘ, ʤʤ 
ʂʦʵʬʠʮʠʝʥʪ ʬʦʨʤʳ  

ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ 

10 375 68,92 0,184 

0 370 0 0,000 

15 362,5 84,40 0,233 

20 345 97,46 0,283 

30 320 119,37 0,373 

35 287,5 128,93 0,448 

35 252,5 128,93 0,511 

35 217,5 128,93 0,593 

35 182,5 128,93 0,707 

30 150 119,37 0,796 

25 122,5 108,97 0,890 

20 100 97,46 0,975 

18 81 92,46 1,142 
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ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʦʣʝʝ ʧʦʣʥʦʡ ʧʨʦʨʘʙʦʪʢʠ ʩʪʨʫʢ-

ʪʫʨʳ ʧʦ ʚʳʩʦʪʝ ʧʣʠʪʳ ʚ ʢʘʯʝʩʪʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʦ-

ʠʟʚʝʜʝʥʘ ʛʦʨʷʯʘʷ ʧʨʦʢʘʪʢʘ ʧʨʠ ʂ > 1,5. 

ʈʘʩʯʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʩʭʝʤʳ ʦʙʞʘʪʠʡ ʧʨʠʚʝ-

ʜʝʥ ʚ ʪʘʙʣ. 4.  

ʊʘʙʣʠʮʘ 4. ʈʘʩʯʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʩʭʝʤʳ ʦʙʞʘʪʠʡ 

ʧʣʠʪʳ ʩʧʣʘʚʘ ɸʂ4-1ʯ ʩʝʯʝʥʠʷ 70Ĭ1200 ʤʤ 

T a b l e  4. Calculation of the optimized compression 

scheme for an AK4-1ch alloy plate with  

a cross section of 70Ĭ1200 mm 

ɸʙʩʦʣʶʪʥʦʝ 

ʦʙʞʘʪʠʝ, ʤʤ 

ʉʨʝʜʥʷʷ ʪʦʣʱʠʥʘ 

ʧʦʣʦʩʳ, ʤʤ 

ɼʣʠʥʘ ʜʫʛʠ 

ʟʘʭʚʘʪʘ, ʤʤ 

ʂʦʵʬʠʮʠʝʥʪ 

ʬʦʨʤʳ ʦʯʘʛʘ 

ʜʝʬʦʨʤʘʮʠʠ 

10 375 68,92 0,18 

0 370 0,00 0,00 

40 350 137,84 0,39 

45 307,5 146,20 0,48 

48 261 151,00 0,58 

48 213 151,00 0,71 

45 166,5 146,20 0,88 

40 124 137,84 1,11 

32 88 123,29 1,40 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʂ = (48 + 48 + 45 + 40 + 32)/(10 + 

+ 0 + 40 + 45) = 2,24, ʪʦ ʝʩʪʴ ʫʚʝʣʠʯʝʥ ʚ 2 ʨʘʟʘ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʩʝʨʠʡʥʦʡ ʩʭʝʤʳ ʦʙʞʘʪʠʡ.      

ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ ʩʭʝʤʘ ʦʙʞʘʪʠʡ ʧʦʟʚʦʣʷʝʪ ʚʝ-

ʩʪʠ ʧʨʦʢʘʪ, ʥʝ ʧʨʝʚʳʰʘʷ ʵʥʝʨʛʦʩʠʣʦʚʳʝ ʧʘʨʘʤʝʪʨʳ 

ʩʪʘʥʘ. ʇʦʩʣʝʜʫʶʱʘʷ ʦʙʨʘʙʦʪʢʘ ʧʣʠʪ ʧʨʦʚʦʜʠʪʩʷ ʧʦ 

ʩʝʨʠʡʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʫʩʣʦʚʥʦ-

ʛʦ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ L, LT ʠ ST ʧʦʩʣʝ ʦʧʪʠʤʠʟʘʮʠʠ ʩʭʝʤʳ 

ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ ʧʨʦʠʟʚʝʜʝʥʘ ʚʳʙʦʨʢʘ ʠʟ 160 ʧʣʠʪ 

ʪʦʣʱʠʥʦʡ 40-80 ʤʤ. ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʚʳʰʝʫʢʘʟʘʥ-

ʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʣʱʠ-

ʥʳ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʳʨʝʟʢʠ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʦʧʪʠʤʠʟʘ-

ʮʠʠ ʩʭʝʤʳ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 5.   

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʠʩ-

ʩʣʝʜʫʝʤʦʡ ʚʳʙʦʨʢʠ ʧʣʠʪ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ST ʩʦʩʪʘʚʠʣʦ 

6,3% ʧʨʠ ʪʨʝʙʦʚʘʥʠʠ ʆʉʊ1 90117-83 4%. ʉʨʘʚʥʝʥʠʝ 

ʚʝʣʠʯʠʥ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ 

ʚ ʚʳʩʦʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʜʦ ʠ ʧʦʩʣʝ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʟ-

ʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʝʛʦ ʧʦʚʳʰʝʥʠʝ ʚ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʥʘ 

31%.  

ʉʨʘʚʥʝʥʠʝ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʜʦ ʠ ʧʦʩʣʝ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʦʪʤʝʪʠʪʴ 

ʧʦʚʳʰʝʥʠʝ ʠʭ ʦʙʱʝʛʦ ʫʨʦʚʥʷ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʩʢʘʞʝʪʩʷ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʠʟʜʝʣʠʡ.     

ʊʘʢʞʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʘʢʨʦʩʪʨʫʢʪʫʨʳ 

ʦʙʨʘʟʮʘ, ʦʪʦʙʨʘʥʥʦʛʦ ʦʪ ʧʣʠʪʳ, ʧʨʦʠʟʚʝʜʝʥʥʦʡ ʧʦ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʤ ʨʝʞʠʤʘʤ ʦʙʨʘʙʦʪʢʠ (ʨʠʩ. 6). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʰʠʨʠʥʘ ʩʚʝʪʣʦʡ ʧʦʣʦʩʳ ʫʤʝʥʴʰʠ-

ʣʘʩʴ ʥʘ 70% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʰʠʨʠʥʦʡ ʧʦʣʦʩʳ ʦʙʨʘʟ-

ʮʘ, ʦʪʦʙʨʘʥʥʦʛʦ ʦʪ ʧʣʠʪʳ, ʧʨʦʠʟʚʝʜʝʥʥʦʡ ʧʦ ʢʣʘʩʩʠ-

ʯʝʩʢʦʤʫ ʨʝʞʠʤʫ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʦʚ ʥʘ 

ʫʨʦʚʥʝ ı (ʨʠʩ. 7, ʘ) ʠ İ (ʨʠʩ. 7, ʙ) ʪʦʣʱʠʥʳ ʧʣʠʪʳ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʨʘʟʤʝʨ ʟʝʨʥʘ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʨʘʚʝʥ 37 

ʤʢʤ (ʥʘ 36% ʤʝʥʴʰʝ, ʯʝʤ ʜʦ ʦʧʪʠʤʠʟʘʮʠʠ), ʚʦ ʚʪʦʨʦʤ 

ï 39 ʤʢʤ (ʥʘ 44% ʤʝʥʴʰʝ, ʯʝʤ ʜʦ ʦʧʪʠʤʠʟʘʮʠʠ), ʪʦ 

ʝʩʪʴ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʚʝʜʝʥʘ ʢ ʤʠʥʠʤʫʤʫ.   

ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʦʣʝʝ ʤʝʣʢʦʝ ʟʝʨʥʦ ʚ ʜʘʥ-

ʥʦʤ ʩʣʫʯʘʝ ʧʨʠʚʝʣʦ ʢ ʧʦʚʳʰʝʥʠʶ ʦʙʱʝʛʦ ʫʨʦʚʥʷ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ʊʘʙʣʠʮʘ 5. ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ůʚ, ů0,2 ʠ ŭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʣʱʠʥʳ ʧʣʠʪʳ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʳʨʝʟʢʠ ʦʙʨʘʟʮʘ 

T a b l e  5. The average values of ůʚ, ů0,2 and ŭ, depending on the thickness of the plate and testing direction 

ʊʦʣʱʠʥʘ, ʤʤ 
ʅʘʧʨʘʚʣʝʥʠʝ  

ʚʳʨʝʟʢʠ ʦʙʨʘʟʮʦʚ 
ůʚ, ʄʇʘ 

ʊʨʝʙʦʚʘʥʠʝ  

ʆʉʊ1 90117, ʄʇʘ 
ů0.2, ʄʇʘ 

ʊʨʝʙʦʚʘʥʠʝ  

ʆʉʊ1 90117, ʄʇʘ 
ŭ, % 

ʊʨʝʙʦʚʘʥʠʝ  

ʆʉʊ1 90117, % 

ʉʚʳʰʝ 40 ʤʤ 

L 433 410 396 315 9,7 6 

LT 437 390 390 325 8,6 6 

ST 416 375 388 295 6,3 4 

 

ʈʠʩ. 6.  ʄʘʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ, ʦʪʦʙʨʘʥʥʦʛʦ ʦʪ ʧʣʠʪʳ, ʧʨʦʠʟʚʝʜʝʥʥʦʡ ʧʦ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʤ ʨʝʞʠʤʘʤ   

Fig. 6. The macrostructure of the cross-section of the sample under study, taken from a plate produced according to 

optimized modes 
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ʈʠʩ. 7. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʘ ʥʘ ʫʨʦʚʥʝ ı (ʘ) ʠ İ (ʙ) ʝʛʦ ʪʦʣʱʠʥʳ 

Fig. 7. Microstructure of the sample at the level of ı (a) and İ (b) of its thickness 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʨʝʤʝʥʥʦʛʦ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʷ, ʫʩʣʦʚʥʦʛʦ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʫʜʣʠʥʝʥʠʷ ʧʣʠʪ ʪʦʣʱʠʥʦʡ ʜʦ 40 ʤʤ ʚʢʣʶʯʠʪʝʣʴʥʦ ʠ 

ʩʚʳʰʝ 40 ʤʤ ʚ ʜʦʣʝʚʦʤ, ʧʦʧʝʨʝʯʥʦʤ ʠ ʚʳʩʦʪʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʷʭ (ʧʦʩʣʝʜʥʝʝ ʪʦʣʴʢʦ ʜʣʷ ʧʣʠʪ ʪʦʣʱʠʥʦʡ 

ʩʚʳʰʝ 40 ʤʤ) ʚʳʷʚʣʝʥʦ, ʯʪʦ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʚʳʰʝ-

ʫʢʘʟʘʥʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʜʣʷ ʧʣʠʪ ʪʦʣʱʠʥʦʡ 

ʤʝʥʝʝ 40 ʤʤ ʚʢʣʶʯʠʪʝʣʴʥʦ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ L ʠ LT 

ʧʨʝʚʳʰʘʶʪ ʪʨʝʙʦʚʘʥʠʷ ʩʪʘʥʜʘʨʪʘ ʜʣʷ ʧʨʦʯʥʦʩʪʥʳʭ 

ʩʚʦʡʩʪʚ ʥʘ 5,5ï24%, ʜʣʷ ʧʣʘʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ï 61ï

83%. ɼʣʷ ʧʣʠʪ ʪʦʣʱʠʥʦʡ ʩʚʳʰʝ 40 ʤʤ ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚʳʨʝʟʢʠ ʦʙʨʘʟʮʦʚ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ 

ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʪʘʢʞʝ ʠʤʝʶʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʟʘʧʘʩ 2,5ï28%. ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʫʜʣʠʥʝʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ L ʠ LT ʜʣʷ ʜʘʥʥʳʭ ʧʣʠʪ 

ʠʤʝʶʪ ʟʘʧʘʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʨʝʙʦʚʘʥʠʡ ʩʪʘʥʜʘʨʪʘ 48ï

66%. ʆʜʥʘʢʦ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ST ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʧʨʝʚʳʰʘʝʪ ʪʨʝʙʦʚʘʥʠʷ 

ʩʪʘʥʜʘʨʪʘ ʪʦʣʴʢʦ ʥʘ 20%. 

ʇʦʩʨʝʜʩʪʚʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʢʨʦʩʪʨʫʢʪʫʨʳ ʦʙ-

ʨʘʟʮʘ ʩ ʧʦʥʠʞʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʫʜʣʠʥʝʥʠʷ ʚ ʮʝʥʪʨʝ ʝʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʦʙʥʘʨʫ-

ʞʝʥʘ ʩʚʝʪʣʘʷ ʦʙʣʘʩʪʴ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘʷ ʥʘʧʨʘʚʣʝ-

ʥʠʶ ʧʨʦʢʘʪʢʠ. ʇʦʩʨʝʜʩʪʚʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦ-

ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʚʝʪʣʘʷ ʦʙʣʘʩʪʴ 

ʠʤʝʝʪ ʨʘʟʤʝʨ ʟʝʨʥʘ ʥʘ 20% ʙʦʣʴʰʝ, ʯʝʤ ʧʝʨʠʬʝʨʠʷ. ʉ 

ʮʝʣʴʶ ʧʦʚʳʩʠʪʴ ʟʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ 

ʠ ʫʤʝʥʴʰʠʪʴ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʚ ʚʳʩʦʪʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʧʣʠʪ ʪʦʣʱʠʥʦʡ ʩʚʳʰʝ 40 ʤʤ ʦʩʫʱʝʩʪʚ-

ʣʝʥʘ ʦʧʪʠʤʠʟʘʮʠʷ ʨʝʞʠʤʦʚ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ ʜʘʥʥʳʭ 

ʧʣʠʪ. ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʨʝʞʠʤʳ, ʘ ʠʤʝʥʥʦ ʛʦʨʷʯʘʷ 

ʧʨʦʢʘʪʢʘ ʧʦ ʩʭʝʤʘʤ ʦʙʞʘʪʠʡ, ʨʘʩʩʯʠʪʘʥʥʳʤ ʧʨʠ  

ʂ > 1,5, ʧʨʠʚʝʣʠ ʢ ʧʦʚʳʰʝʥʠʶ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʤʝʭʘ-

ʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʣʠʪ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʧʦʚʳʰʝʥʦ ʥʘ 31%, ʘ ʪʘʢʞʝ 

ʢ ʫʤʝʥʴʰʝʥʠʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ. 

ʇʦ ʠʪʦʛʘʤ ʚʥʝʜʨʝʥʠʷ ʚ ʩʭʝʤʫ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʩ-

ʩʣʝʜʫʝʤʳʭ ʧʣʠʪ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʦʧʪʠʤʠʟʘʮʠʡ ʧʨʦʚʝ-

ʜʝʥ ʘʥʘʣʠʟ ʟʥʘʯʝʥʠʷ ʚʳʭʦʜʘ ʛʦʜʥʦʛʦ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ ʩʭʝʤʘ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ ʧʦʟ-

ʚʦʣʠʣʘ ʫʚʝʣʠʯʠʪʴ ʚʳʭʦʜ ʛʦʜʥʦʛʦ ʥʘ 4% ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʚʳʭʦʜʦʤ ʛʦʜʥʦʛʦ, ʧʦʣʫʯʘʝʤʦʛʦ ʧʦ ʢʣʘʩʩʠʯʝʩʢʠʤ 

ʨʝʞʠʤʘʤ ʦʙʨʘʙʦʪʢʠ. 
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ɺʃʀʗʅʀɽ ʉʂʆʈʆʉʊʅʆʁ ɸʉʀʄʄɽʊʈʀʀ ʅɸ ʊɽʍʅʆʃʆɻʀʏɽʉʂʋʖ 

ʇʃɸʉʊʀʏʅʆʉʊʔ ʇʈʀ ʇʈʆʂɸʊʂɽ ʉʇʃɸɺɸ ʉʀʉʊɽʄʓ 

ɸʃʖʄʀʅʀʁ-ʄɸɻʅʀʁ-ʉʂɸʅɼʀʁ 

ʅʠʢʠʪʠʥʘ ʄ.ɸ., ʇʫʩʪʦʚʦʡʪʦʚ ɼ.ʆ., ɹʠʨʶʢʦʚʘ ʆ.ɼ., ʇʝʩʠʥ ʀ.ɸ., ɹʘʨʳʰʥʠʢʦʚʘ ɸ.ʄ., ʅʦʩʦʚ ʃ.ɺ. 

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

ɸʥʥʦʪʘʮʠʷ. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ (ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ). ɸʣʶʤʠʥʠʝʚʳʝ ʪʝʨʤʠʯʝʩʢʠ ʥʝʫʧʨʦʯʥʷʝʤʳʝ ʩʧʣʘʚʳ ʩʠʩʪʝʤʳ 
ʘʣʶʤʠʥʠʡ-ʤʘʛʥʠʡ-ʩʢʘʥʜʠʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʭʦʨʦʰʝʡ ʩʚʘʨʠʚʘʝʤʦʩʪʴʶ, ʚʳʩʦʢʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʩʨʘʚʥʠ-
ʪʝʣʴʥʦ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʫʧʨʦʯʥʷʶʱʝʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ (ʥʘʧʨʠʤʝʨ, ʪʘʢʠʭ ʢʘʢ ʟʘʢʘʣʢʘ ʠ ʩʪʘʨʝ-
ʥʠʝ). ʆʜʥʘʢʦ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʜʘʥʥʳʭ ʩʧʣʘʚʦʚ ʷʚʣʷʝʪʩʷ ʩʜʝʨʞʠʚʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ 
ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʩʧʦʩʦʙʳ ʦʙʨʘʙʦʪʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʫʚʝʣʠʯʠʪʴ ʚʳ-
ʭʦʜ ʛʦʜʥʦʛʦ ʧʨʦʜʫʢʪʘ ʩ ʜʦʨʦʛʦʩʪʦʷʱʝʡ ʣʠʛʘʪʫʨʦʡ Al-2%Sc. ʅʦ ʠʟ-ʟʘ ʥʠʟʢʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʘʣʶʤʠʥʠʝ-
ʚʳʭ ʩʧʣʘʚʦʚ ʩʝʨʠʠ 5ʍʍʍ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ ʢʨʦʤʦʢ ʣʠʩʪʦʚ ʠʣʠ ʧʦʣʦʩ ʧʨʠ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʝ, ʯʪʦ ʪʨʝʙʫʝʪ ʫʚʝ-

ʣʠʯʠʚʘʪʴ ʜʨʦʙʥʦʩʪʴ ʜʝʬʦʨʤʘʮʠʠ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʢʦʥʝʯʥʦʡ ʩʪʦʠʤʦʩʪʠ ʛʦʨʷʯʝʢʘʪʘʥʦʛʦ ʧʦʜʢʘʪʘ. ʉʦ-
ʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʩʝʨʠʠ 5ʍʍʍ ʧʨʠ ʧʨʦʢʘʪʢʝ 
ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ. ʎʝʣʴ ʨʘʙʦʪʳ. ʆʧʨʝʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʘʩʠʤʤʝʪʨʠʯʥʦʡ ʧʨʦʢʘʪʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʦʪʥʦʰʝʥʠʝ 
ʩʢʦʨʦʩʪʝʡ ʚʘʣʢʦʚ, ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʩʝʨʠʠ 5ʍʍʍ ʩʦ ʩʢʘʥʜʠʝʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʫʚʝʣʠʯʝʥʠʝ ʪʝʭʥʦʣʦ-
ʛʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʥʠʞʝʥʠʠ ʫʩʠʣʠʷ ʧʨʠ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʝ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʫʨʦʚʥʷ 
ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʩʣʝ ʭʦʣʦʜʥʦʡ ʧʨʦʢʘʪʢʠ. ʀʩʧʦʣʴʟʫʝʤʳʝ ʤʝʪʦʜʳ. ɻʦʨʷʯʘʷ ʠ ʭʦʣʦʜʥʘʷ ʧʨʦʢʘʪʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ 
ʫʥʠʢʘʣʴʥʦʤ ʧʨʦʤʳʰʣʝʥʥʦ-ʣʘʙʦʨʘʪʦʨʥʦʤ ʩʪʘʥʝ ɼʋʆ 400 ʣʘʙʦʨʘʪʦʨʠʠ çʄʝʭʘʥʠʢʘ ʛʨʘʜʠʝʥʪʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ 
ʠʤ. ɸ.ʇ. ɾʠʣʷʝʚʘè ʌɻɹʆʋ ɺʆ çʄɻʊʋ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘè. ʋʩʠʣʠʝ, ʚʦʟʥʠʢʘʶʱʝʝ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʢʘʪʢʠ, ʨʝʛʠʩʪʨʠʨʦʚʘʣʦʩʴ 

ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʩʪʘʥʘ ɼʋʆ 400. ʂʘʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʜʢʘʪʘ ʦʮʝʥʠʚʘʣʦʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ ʈ 
57510-2017. ʊʚʝʨʜʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʝʜʝʣʷʣʘʩʴ ʤʝʪʦʜʦʤ ɹʨʠʥʝʣʣʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 9012-59. ʄʝʭʘʥʠʯʝʩʢʠʝ 
ʩʚʦʡʩʪʚʘ ʦʮʝʥʠʚʘʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʥʜʘʨʪʦʤ ASTM E8. ʈʝʟʫʣʴʪʘʪ. ʇʨʠ ʦʪʥʦʰʝʥʠʠ ʩʢʦʨʦʩʪʝʡ ʨʘʙʦʯʠʭ ʚʘʣʢʦʚ 
V1/V2 ʚ ʜʠʘʧʘʟʦʥʝ 1,1ï1,3 ʧʨʠ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʝ ʜʝʬʝʢʪʳ ʦʪʩʫʪʩʪʚʦʚʘʣʠ. ʇʨʠ ʵʪʦʤ ʫʩʠʣʠʝ ʧʨʦʢʘʪʢʠ ʩʥʠʞʘʣʦʩʴ ʩ 1400 ʜʦ 
1280 ʢʅ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ ʫʚʝʣʠʯʠʣʘʩʴ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʩʥʠʞʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ 
ʢʨʦʤʦʢ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʦʙʞʘʪʠʷ ʧʨʠ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʝ. ɿʥʘʯʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʩʣʝ ʭʦʣʦʜʥʦʡ 
ʧʨʦʢʘʪʢʠ (ůʚ, ů0,2, ŭ) ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ: 421-464 ʄʇʘ ʜʣʷ ʚʨʝʤʝʥʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ůʚ, 373-416 ʄʇʘ ʜʣʷ ʫʩʣʦʚ-

ʥʦʛʦ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ů0,2 ʠ 2-7 % ʜʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ŭ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ɸʩʠʤʤʝʪʨʠʯʥʘʷ ʧʨʦ-
ʢʘʪʢʘ ʚʣʠʷʝʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʩʝʨʠʠ 5ʍʍʍ ʩ ʜʦʨʦʛʦʩʪʦʷʱʝʡ ʣʠʛʘʪʫ-
ʨʦʡ Al-2%Sc. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʤʦʞʥʦ ʩʥʠʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʭʦʜʦʚ ʧʨʠ ʯʠʩʪʦʚʦʡ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʝ (ʜʦ ʦʜʥʦʛʦ).  ɹʣʘʛʦ-
ʜʘʨʷ ʵʪʦʤʫ ʠʩʢʣʶʯʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʟʘʭʦʣʘʞʠʚʘʥʠʝ ʢʨʦʤʦʢ ʠ ʠʭ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ, ʘ ʪʘʢʞʝ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪ-
ʩʷ ʥʘ ʩʪʦʠʤʦʩʪʠ ʛʦʨʷʯʝʢʘʪʘʥʦʛʦ ʧʦʜʢʘʪʘ ʠ ʩʨʦʢʘʭ ʝʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ. 
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʅʌ (ʩʦʛʣʘʰʝʥʠʝ ˉ 23-79-30015, https://rscf.ru/project/23-79-30015/) 

Ò
 
 ʅʠʢʠʪʠʥʘ ʄ.ɸ., ʇʫʩʪʦʚʦʡʪʦʚ ɼ.ʆ., ɹʠʨʶʢʦʚʘ ʆ.ɼ., ʇʝʩʠʥ ʀ.ɸ., ɹʘʨʳʰʥʠʢʦʚʘ ɸ.ʄ., ʅʦʩʦʚ ʃ.ɺ., 2025 

ɼʣʷ ʮʠʪʠʨʦʚʘʥʠʷ 

ɺʣʠʷʥʠʝ ʩʢʦʨʦʩʪʥʦʡ ʘʩʠʤʤʝʪʨʠʠ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʧʣʘʩʪʠʯʥʦʩʪʴ ʧʨʠ ʧʨʦʢʘʪʢʝ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ ʘʣʶʤʠʥʠʡ-

ʤʘʛʥʠʡ-ʩʢʘʥʜʠʡ / ʅʠʢʠʪʠʥʘ ʄ.ɸ., ʇʫʩʪʦʚʦʡʪʦʚ ɼ.ʆ., ɹʠʨʶʢʦʚʘ ʆ.ɼ., ʇʝʩʠʥ ʀ.ɸ., ɹʘʨʳʰʥʠʢʦʚʘ ɸ.ʄ., ʅʦʩʦʚ ʃ.ɺ. // 
ɺʝʩʪʥʠʢ ʄʘʛʥʠʪʦʛʦʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘ. 2025. ʊ. 23. ˉ4. ʉ. 71-79. 
https://doi.org/10.18503/1995-2732-2025-23-4-71-79 

 
 

 

ʂʦʥʪʝʥʪ ʜʦʩʪʫʧʝʥ ʧʦʜ ʣʠʮʝʥʟʠʝʡ Creative Commons Attribution 4.0 License. 
The content is available under Creative Commons Attribution 4.0 License. 

https://doi.org/10.18503/1995-2732-2025-23-4-


ʆɹʈɸɹʆʊʂɸ ʄɽʊɸʃʃʆɺ ɼɸɺʃɽʅʀɽʄ 

ïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïï   ɺʝʩʪʥʠʢ ʄɻʊʋ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘ. 2025. ʊ.23. ˉ4 72 

 

THE EFFECT OF THE SPEED ASYMMETRY ON TECHNOLOGICAL 

PLASTICITY OF  THE ALUMINUM -MAGNESIUM -SCANDIUM SYSTEM 

ALLOY  DURING ROLLING  

Nikitina M.A.,  Pustovoytov D.O., Biryukova O.D., Pesin I .A., Baryshnikova A.M., Nosov L.V.   

Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia 

Abstract. Problem Statement (Relevance). Aluminum nonheat-treatable alloys of the aluminum-magnesium-scandium 

system are characterized by good weldability, high mechanical properties, relatively low density, and the absence of 

strengthening heat treatment (such as quenching and aging). However, the high cost of these alloys hinders their use in 

various industries. Therefore, it is necessary to develop processing methods that can increase the yield of the finished 

product with the expensive Al-2%Sc masteralloy. However, due to the low technological plasticity of 5XXX series 

aluminum alloys, edge cracking of sheets or strips occurs during hot rolling, which requires increasing the fractional 

deformation. This, in turn, affects the final cost of the semi-finished hot-rolled product. Accordingly, studying changes 

in the technological plasticity of 5XXX series aluminum alloys during rolling is relevant. Objectives. The work is 

aimed at determining the parameters of the asymmetric rolling process, in particular the rolls speed ratio, during pro-

cessing the 5XXX series aluminum alloy with scandium, ensuring an increase in the technological plasticity of the ma-

terial while reducing the force during hot rolling maintaining the level of mechanical properties after cold rolling. 

Methods Applied. Hot and cold rolling were carried out on a unique industrial and laboratory mill DUO 400 of the 

Zhilyaev Laboratory of Mechanics of Gradient Nanomaterials of the NMSTU. The forces arising during rolling were 

recorded by the software of the DUO 400 mill. The quality of the obtained semi-finished rolled products was assessed 

in accordance with GOST R 57510-2017. Surface hardness was determined by the Brinell method in accordance with 

GOST 9012-59. Mechanical properties were assessed in accordance with the ASTM E8 standard. Results. At the rolls 

speed ratio V1/V2 in the range of 1.1-1.3, no defects were observed during hot rolling. The rolling force decreased from 

1400 kN to 1280 kN. The technological plasticity increased, as evidenced by the decreased probability of edge cracking 

with an increase in the percent reduction during hot rolling. The values of mechanical properties after cold rolling (ův, 

ů0.2, ŭ) varied within the range of 421-464 MPa for ultimate strength ův, 373-416 MPa for yield strength ů0.2, and 2-7% 

for relative elongation ŭ. Practical Relevance. Asymmetric rolling affects the change in the technological plasticity of 

5XXX series aluminum alloy with the expensive Al-2%Sc masteralloy. As a result, the number of passes during finish 

hot rolling can be reduced (to one). This eliminates additional edge cooling and cracking, and also has a positive effect 

on the cost of semi-finished hot-rolled products and their production time. 

Keywords: aluminum alloy 1580, asymmetric rolling, hot rolling, scandium, semi-finished hot-rolled products, scandi-

um-containing alloy, flat rolled products, rolling force, technological plasticity 
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ɺʚʝʜʝʥʠʝ 

ɸʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ ʩʠʩʪʝʤʳ AlïMg ʭʘʨʘʢʪʝʨʠ-
ʟʫʶʪʩʷ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʧʨʦʯʥʦʩʪʠ, ʢʦʨʨʦʟʠʦʥʥʦʡ 
ʩʪʦʡʢʦʩʪʠ ʠ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʚʦʩ-
ʪʨʝʙʦʚʘʥʥʳʤʠ ʚ ʪʨʘʥʩʧʦʨʪʥʦʡ, ʘʚʠʘʮʠʦʥʥʦʡ ʠ ʩʪʨʦʠ-
ʪʝʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʩʧʣʘʚ ɸʄʛ6, 
ʩʦʜʝʨʞʘʱʠʡ 6% ʤʘʛʥʠʷ, ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 
ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʛʝʨʤʝʪʠʯʥʳʭ ʩʚʘʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, 
ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʥʘʛʨʫʟʦʢ ʠ ʘʛʨʝʩ-
ʩʠʚʥʦʡ ʩʨʝʜʳ. ʆʜʥʘʢʦ ʝʛʦ ʩʚʦʡʩʪʚʘ ʚ ʦʪʦʞʞʸʥʥʦʤ 
ʩʦʩʪʦʷʥʠʠ ʯʘʩʪʦ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʵʢʩ-
ʧʣʫʘʪʘʮʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʩʧʣʘʚʘ ʚ ʥʘʛʘʨʪʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʨʦʢʘʪ ʅ 
(ʥʘʛʘʨʪʦʚʘʥʥʳʡ) ʠ ʅɺʇ (ʥʘʛʘʨʪʦʚʘʥʥʳʡ ʚʳʩʦʢʦʡ 
ʧʨʦʯʥʦʩʪʠ) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʢʦʤʧʣʝʢ-
ʩʦʤ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ, ʥʦ ʠʤʝʝʪ ʦʧʨʝʜʝʣʸʥʥʳʝ 
ʥʝʜʦʩʪʘʪʢʠ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʩʫʱʝʩʪʚʝʥʥʳʭ ʥʝʜʦʩʪʘʪ-
ʢʦʚ ʥʘʛʘʨʪʦʚʘʥʥʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʷʚʣʷʝʪʩʷ ʠʭ 
ʩʢʣʦʥʥʦʩʪʴ ʢ ʨʘʟʫʧʨʦʯʥʝʥʠʶ ʚ ʧʨʦʮʝʩʩʝ ʜʣʠʪʝʣʴʥʦʛʦ 
ʭʨʘʥʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʦʮʝʩ-
ʩʘʤʠ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʤʠʛʨʘʮʠʠ ʜʝʬʝʢʪʦʚ ʢʨʠ-
ʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʩʥʠʞʝ-
ʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ. 
ɼʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʠ ʨʘʩ-

ʰʠʨʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʘʣʶʤʠʥʠʝʚʳʭ 
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ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Al-Mg ʫʯʸʥʳʝ ʆʂ çʈʫʩʘʣè ʩʦʚʤʝʩʪ-
ʥʦ ʩ ʉʠʙʠʨʩʢʠʤ ʬʝʜʝʨʘʣʴʥʳʤ ʫʥʠʚʝʨʩʠʪʝʪʦʤ ʨʘʟʨʘ-
ʙʦʪʘʣʠ ʥʦʚʳʡ ʵʢʦʥʦʤʥʦ-ʣʝʛʠʨʦʚʘʥʥʳʡ ʩʢʘʥʜʠʝʤ 
ʘʣʶʤʠʥʠʝʚʳʡ ʩʧʣʘʚ ʤʘʨʢʠ 1580. ʉʢʘʥʜʠʡ ʷʚʣʷʝʪʩʷ 
ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʤ ʣʝʛʠʨʫʶʱʠʤ ʵʣʝʤʝʥʪʦʤ ʜʣʷ 
ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ 
ʧʦʚʳʰʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʘʢʠʭ ʢʘʢ 
ʧʨʦʯʥʦʩʪʴ, ʧʣʘʩʪʠʯʥʦʩʪʴ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʩʪʘʣʦʩʪ-
ʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ. ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʣʝʛʠʨʦʚʘʥʠʝ 
ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʩʢʘʥʜʠʝʤ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ 
ʧʦʚʳʩʠʪʴ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʥʦ ʠ ʫʣʫʯʰʠʪʴ 
ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ, ʘ ʪʘʢʞʝ ʩʥʠʟʠʪʴ ʩʢʣʦʥʥʦʩʪʴ 
ʢ ʨʘʟʫʧʨʦʯʥʝʥʠʶ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʢʘʥ-
ʜʠʡ ʵʬʬʝʢʪʠʚʥʦ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʘʣʶʤʠʥʠʠ, ʦʙʨʘʟʫʷ 
ʪʚʸʨʜʳʝ ʨʘʩʪʚʦʨʳ, ʢʦʪʦʨʳʝ ʫʧʨʦʯʥʷʶʪ ʤʘʪʝʨʠʘʣ ʟʘ 
ʩʯʸʪ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʪʚʝʨʜʝʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘ-
ʚʘʪʴ ʩʧʣʘʚʳ ʩ ʚʳʩʦʢʠʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢ-
ʪʝʨʠʩʪʠʢʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʫʩʧʝʰʥʦ ʢʦʥʢʫʨʠʨʦʚʘʪʴ 
ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ (ʥʘʧʨʠʤʝʨ, ʩʧʣʘʚʳ 
ɸʄʛ5 ʠ ɸʄʛ6) [1-7]. ʀʜʝʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʢʘʥʜʠʷ ʜʣʷ 
ʫʧʨʦʯʥʝʥʠʷ ʵʪʠʭ ʩʧʣʘʚʦʚ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʟʘʧʘ-
ʪʝʥʪʦʚʘʥʘ ʚ ʉʐɸ ʚ 1971 ʛʦʜʫ [8]. ɺ ʉʦʚʝʪʩʢʦʤ ʉʦʶʟʝ 
ʧʝʨʚʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʘʣʶʤʠʥʠʷ, 
ʤʘʛʥʠʷ ʠ ʩʢʘʥʜʠʷ ʙʳʣʠ ʩʦʟʜʘʥʳ ʚ 1970-ʭ ʛʦʜʘʭ ʧʦʜ 
ʨʫʢʦʚʦʜʩʪʚʦʤ ʄ. ɽ. ɼʨʠʮʘ ʚ ʀʥʩʪʠʪʫʪʝ ʤʝʪʘʣʣʫʨʛʠʠ 
ʠ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɺ. ʀ. ɽʣʘʛʠʥʘ ʚ ʎʝʥʪʨʘʣʴʥʦʤ 
ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʢʦʥʩʪʨʫʢʮʠʦʥ-
ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ çʇʨʦʤʝʪʝʡè [9, 10]. 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʤʠʨʝ ʧʨʦʜʦʣʞʘʶʪʩʷ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Al-Mg ʩ ʜʦ-
ʙʘʚʣʝʥʠʝʤ ʣʠʛʘʪʫʨʳ Al-2%Sc. ʆʜʥʘʢʦ ʦʩʥʦʚʥʳʤ ʧʨʝ-
ʧʷʪʩʪʚʠʝʤ ʜʣʷ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʩʧʣʘʚʦʚ, ʩʦʜʝʨ-
ʞʘʱʠʭ ʩʢʘʥʜʠʡ, ʷʚʣʷʝʪʩʷ ʠʭ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ (ʢʦ-
ʪʦʨʘʷ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 50 ʜʦʣʣʘʨʦʚ ʟʘ ʢʠʣʦʛʨʘʤʤ). 
ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʵʢʦ-
ʥʦʤʠʯʝʩʢʫʶ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ 
ʩʧʣʘʚʦʚ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʛʦʨʷʯʝʢʘʪʘʥʦʛʦ 
ʧʨʦʢʘʪʘ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʝʦʙʭʦʜʠʤʦ ʩʦʢʨʘʪʠʪʴ ʧʨʦ-
ʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠʟʜʝʨʞʢʠ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ 
ʦʙʨʘʙʦʪʢʠ ʩʧʣʘʚʦʚ ʩʝʨʠʠ 5ʍʍʍ, ʚʢʣʶʯʘʶʱʠʝ ʤʥʦʛʦ-
ʯʠʩʣʝʥʥʳʝ ʧʨʦʭʦʜʳ ʧʨʠ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʝ, ʧʨʦʚʝʜʝ-
ʥʠʝ ʦʪʞʠʛʦʚ ʜʣʷ ʩʥʷʪʠʷ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʘ 
ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʜʞʝʨʦʚ [11], 
ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʶʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʟʘʪʨʘ-
ʪʳ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝ-
ʩʪʚʘ ʧʨʦʭʦʜʦʚ ʧʨʠ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʝ ʥʝʠʟʙʝʞʥʦ ʩʥʠ-
ʞʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʢʨʦʤʦʢ, ʯʪʦ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʧʦʩʦʙ-
ʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʝʱʠʥ ʥʘ ʢʨʘʷʭ ʧʦʜʢʘʪʘ. ʂʦʤ-
ʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʧʨʦʠʟʚʦʜ-
ʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ (ʚʳʧʣʘʚʢʠ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʚʣʝʥʠ-
ʝʤ) ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ ʛʦʨʷʯʝʢʘʪʘʥʦʛʦ ʧʦʜ-
ʢʘʪʘ ʠʟ ʩʧʣʘʚʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʩʢʘʥʜʠʡ, ʯʪʦ, ʚ ʩʚʦʶ 
ʦʯʝʨʝʜʴ, ʨʘʩʰʠʨʠʪ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪ-
ʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ ʜʘʚʣʝʥʠʝʤ 

ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʧʦʩʦʙ ʘʩʠʤʤʝʪ-

ʨʠʯʥʦʡ ʧʨʦʢʘʪʢʠ ʢʘʢ ʤʝʪʦʜ ʫʣʫʯʰʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ. 

ɸʩʠʤʤʝʪʨʠʯʥʳʤʠ ʥʘʟʳʚʘʶʪʩʷ ʪʘʢʠʝ ʩʣʫʯʘʠ ʧʨʦʢʘʪʢʠ, 

ʢʦʛʜʘ ʥʝʢʦʪʦʨʳʝ ʫʩʣʦʚʠʷ ʧʨʦʮʝʩʩʘ ʠʣʠ ʠʭ ʢʦʤʙʠʥʘʮʠʠ 

ʥʝʩʠʤʤʝʪʨʠʯʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʧʨʦʢʘʪʘ. ʉʫʱʝʩʪʚʫ-

ʝʪ ʥʝʩʢʦʣʴʢʦ ʢʣʘʩʩʠʬʠʢʘʮʠʡ ʧʨʦʮʝʩʩʦʚ ʘʩʠʤʤʝʪʨʠʯ-

ʥʦʡ ʧʨʦʢʘʪʢʠ, ʥʦ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʘʷ ʚʢʣʶʯʘʝʪ 

ʚ ʩʝʙʷ ʰʝʩʪʴ ʬʘʢʪʦʨʦʚ ʘʩʠʤʤʝʪʨʠʠ: ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ, 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʡ, ʧʦʚʝʨʭʥʦʩʪʥʳʡ, ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʡ, ʢʦʥʪʘʢʪʥʳʡ, ʪʝʤʧʝʨʘʪʫʨʥʳʡ. ɺ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʘʩʠʤʤʝʪʨʠʯʥʦʡ ʧʨʦʢʘʪʢʠ, 

ʚ ʢʦʪʦʨʦʤ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʘʩʠʤʤʝʪʨʠʷ ʧʨʦʮʝʩʩʘ ʩʦ-

ʟʜʘʚʘʣʘʩʴ ʟʘ ʩʯʝʪ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʦʢʨʫʞʥʳʭ ʩʢʦʨʦ-

ʩʪʝʡ ʚʘʣʢʦʚ. ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʚʦʟʤʦʞʥʦ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ ʦʙʨʘʙʦʪʢʠ 

ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Al-Mg ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʣʠʛʘʪʫʨʳ Al-2%Sc. ɽʛʦ ʧʨʠʤʝʥʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʝʭ-

ʥʠʯʝʩʢʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ, ʟʘʢʣʶʯʘʶʱʝʝʩʷ ʚ ʚʦʟʤʦʞʥʦ-

ʩʪʠ ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʭʦʜʦʚ ʚ ʯʠʩʪʦʚʦʡ 

ʛʨʫʧʧʝ ʢʣʝʪʝʡ ʧʨʠ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʝ. ɹʦʣʝʝ ʪʦʛʦ ʧʨʠ 

ʘʩʠʤʤʝʪʨʠʯʥʦʡ ʧʨʦʢʘʪʢʝ ʠʟʤʝʣʴʯʘʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʤʘ-

ʪʝʨʠʘʣʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ ʩ 

ʧʦʚʳʰʝʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʠʭ ʩʚʦʡʩʪʚ [12].  

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ 

ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥ-

ʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʤʝʭʘʥʠʟʤʳ ʜʝʬʦʨʤʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ 

ʩʞʘʪʠʝ ʠ ʩʜʚʠʛ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʘʥʘʣʠʟ ʪʝʤʧʝʨʘʪʫʨ-

ʥʦ-ʩʢʦʨʦʩʪʥʳʭ ʨʝʞʠʤʦʚ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ 

ʦʩʥʦʚʘʤʠ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ ʜʘʚʣʝʥʠʝʤ, ʢʠʥʝʤʘʪʠʯʝ-

ʩʢʠʡ ʘʥʘʣʠʟ ʥʘʧʨʘʚʣʝʥ ʥʘ ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʧʝʨʝʤʝʱʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʟʘʛʦʪʦʚʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʝʬʦʨʤʠʨʫʶʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. ɸʩʠʤʤʝʪʨʠʯʥʳʝ ʫʩʣʦ-

ʚʠʷ ʧʨʠ ʧʨʦʢʘʪʢʝ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʥʘ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʟʦʥ ʦʪʩʪʘ-

ʚʘʥʠʷ ʠ ʦʧʝʨʝʞʝʥʠʷ. ʕʪʠ ʟʦʥʳ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ 

ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʧʨʦʮʝʩʩʘ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʥʘʧʨʷ-

ʤʫʶ ʚʣʠʷʶʪ ʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʘʪʝʨʠ-

ʘʣʘ ʠ ʝʛʦ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ [13-15]. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʚʳʙʨʘʥ 

ʘʣʶʤʠʥʠʝʚʳʡ ʩʧʣʘʚ ʤʘʨʢʠ 1580 ʩʠʩʪʝʤʳ Al-Mg ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʣʠʛʘʪʫʨʳ Al-2%Sc. ʉʣʠʪʦʢ ʩʧʣʘʚʘ ʙʳʣ 

ʧʦʣʫʯʝʥ ʤʝʪʦʜʦʤ ʣʠʪʴʷ ʚ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨ ʩʢʦʣʴʞʝʥʠʷ 

ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ.  

ʇʨʦʢʘʪʢʘ ʟʘʛʦʪʦʚʢʠ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʧʨʦʤʳʰʣʝʥ-

ʥʦ-ʣʘʙʦʨʘʪʦʨʥʦʤ ʩʪʘʥʝ ɼʋʆ 400 ʚ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ çʄʝʭʘʥʠʢʘ ʛʨʘʜʠ-

ʝʥʪʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʠʤ. ɸ.ʇ. ɾʠʣʷʝʚʘè ʌɻɹʆʋ 

ɺʆ çʄɻʊʋ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘè. ɼʘʥʥʳʡ ʩʪʘʥ ʦʙʣʘʜʘʝʪ 

ʩʪʘʪʫʩʦʤ ʫʥʠʢʘʣʴʥʦʡ ʥʘʫʯʥʦʡ ʫʩʪʘʥʦʚʢʠ ʩ ʚʦʟʤʦʞʥʦ-

ʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʨʘʙʦʯʠʭ ʚʘʣʢʦʚ 

V1/V2 ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʙʣʘʛʦʜʘʨʷ ʠʥʜʠʚʠʜʫʘʣʴ-

ʥʦʤʫ ʧʨʠʚʦʜʫ ʨʘʙʦʯʠʭ ʚʘʣʢʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠ-



ʆɹʈɸɹʆʊʂɸ ʄɽʊɸʃʃʆɺ ɼɸɺʃɽʅʀɽʄ 

ïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïï   ɺʝʩʪʥʠʢ ʄɻʊʋ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘ. 2025. ʊ.23. ˉ4 74 

ʟʦʚʳʚʘʪʴ ʧʨʦʮʝʩʩʳ ʩʠʤʤʝʪʨʠʯʥʦʡ ʠ ʘʩʠʤʤʝʪʨʠʯʥʦʡ 

ʧʨʦʢʘʪʢʠ ʧʨʠ V1/V2 = 10/1. ɼʠʘʤʝʪʨʳ ʨʘʙʦʯʠʭ ʚʘʣʢʦʚ 

ʨʘʚʥʳ ʠ ʩʦʩʪʘʚʣʷʶʪ 340 ʤʤ. 

ʇʝʨʝʜ ʧʨʦʢʘʪʢʦʡ ʩʣʠʪʦʢ ʙʳʣ ʧʦʜʚʝʨʛʥʫʪ ʛʦʤʦʛʝ-

ʥʠʟʘʮʠʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʡ ʦʜʥʦʨʦʜʥʦʩʪʠ. 

ʇʦʩʣʝ ʦʙʪʦʯʢʠ ʨʘʟʤʝʨʳ ʟʘʛʦʪʦʚʢʠ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ 

ʧʨʦʢʘʪʢʠ: ʪʦʣʱʠʥʘ ï 100 ʤʤ, ʰʠʨʠʥʘ ï 210 ʤʤ, ʜʣʠʥʘ 

ï 210 ʤʤ. ʅʘʛʨʝʚ ʟʘʛʦʪʦʚʢʠ ʧʝʨʝʜ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʦʡ 

ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚ ʵʣʝʢʪʨʦʧʝʯʠ ʇʃ20 ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 

440ÁC, ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ ʩʦʩʪʘʚʠʣʦ 3 ʯ. 

ʇʨʦʢʘʪʢʘ ʠʩʭʦʜʥʦʛʦ ʦʙʪʦʯʝʥʥʦʛʦ ʩʣʠʪʢʘ ʦʩʫ-

ʱʝʩʪʚʣʷʣʘʩʴ ʚ ʛʦʨʷʯʝʤ ʩʠʤʤʝʪʨʠʯʥʦʤ ʨʝʞʠʤʝ ʩ ʪʦʣ-

ʱʠʥʳ 100 ʜʦ 16,1 ʤʤ. ʇʦʣʫʯʝʥʥʘʷ ʧʦʩʣʝ ʛʦʨʷʯʝʡ ʧʨʦ-

ʢʘʪʢʠ ʟʘʛʦʪʦʚʢʘ ʙʳʣʘ ʧʦʨʝʟʘʥʘ ʥʘ ʰʝʩʪʴ ʯʘʩʪʝʡ, ʢʘʢ 

ʫʢʘʟʘʥʦ ʚ ʪʘʙʣ. 1. ʆʙʨʘʟʝʮ ˉ1 ʙʳʣ ʧʨʦʢʘʪʘʥ ʚ ʩʠʤʤʝʪ-

ʨʠʯʥʦʤ ʨʝʞʠʤʝ ʜʦ ʢʦʥʝʯʥʦʡ ʪʦʣʱʠʥʳ 6,5 ʤʤ ʟʘ ʪʨʠ 

ʧʨʦʭʦʜʘ. ʇʝʨʝʜ ʘʩʠʤʤʝʪʨʠʯʥʦʡ ʧʨʦʢʘʪʢʦʡ ʦʙʨʘʟʮʳ 

ˉ2ï5 ʙʳʣʠ ʜʦʚʝʜʝʥʳ ʜʦ ʪʦʣʱʠʥʳ 14 ʤʤ ʜʣʷ ʧʦʣʫʯʝ-

ʥʠʷ ʮʝʣʝʚʦʡ ʢʦʥʝʯʥʦʡ ʪʦʣʱʠʥʳ 6,5 ʤʤ ʠʟ-ʟʘ ʦʩʦʙʝʥʥʦ-

ʩʪʝʡ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʭʚʘʪʘ 

ʟʘʛʦʪʦʚʢʠ ʚʘʣʢʘʤʠ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʟʘʟʦʨʝ). ʂʦʵʬ-

ʬʠʮʠʝʥʪ ʘʩʠʤʤʝʪʨʠʠ ʚʘʨʴʠʨʦʚʘʣʩʷ ʦʪ 1,1 ʜʦ 1,5. ʉʢʦ-

ʨʦʩʪʴ ʥʠʞʥʝʛʦ ʚʘʣʢʘ ʦʩʪʘʚʘʣʘʩʴ ʧʦʩʪʦʷʥʥʦʡ ʠ ʩʦʩʪʘʚʠ-

ʣʘ 10 ʦʙ/ʤʠʥ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʢʦʨʦʩʪʴ ʚʝʨʭʥʝʛʦ ʚʘʣʢʘ 

ʩʥʠʞʘʣʘʩʴ ʦʪ 9,1 ʜʦ 6,6 ʦʙ/ʤʠʥ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʵʬ-

ʬʠʮʠʝʥʪʦʚ ʘʩʠʤʤʝʪʨʠʠ ʚ ʫʢʘʟʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ. 

ʊʘʙʣʠʮʘ 1. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ 

T a b l e  1 . Initial data for hot rolling 

ʅʦʤʝʨ 

ʦʙʨʘʟ-

ʮʘ 

ʅʘʯʘʣʴʥʘʷ 

ʪʦʣʱʠʥʘ  

ʟʘʛʦʪʦʚʢʠ, ʤʤ 

ʉʢʦʨʦʩʪʴ 

ʚʝʨʭʥʝʛʦ 

ʚʘʣʢʘ, 

ʦʙ/ʤʠʥ 

ʉʢʦʨʦʩʪʴ 

ʥʠʞʥʝʛʦ 

ʚʘʣʢʘ, 

ʦʙ/ʤʠʥ 

ʂʦʵʬʬʠʮʠ-

ʝʥʪ  

ʘʩʠʤʤʝʪʨʠʠ 

(V1/V2) 

1 16,1 10,0 10,0 1 

2 14,0 10,0 9,1 1,1 

3 14,0 10,0 8,3 1,2 

4 14,0 10,0 7,7 1,3 

5 14,0 10,0 7,1 1,4 

6 14,0 10,0 6,6 1,5 

 

ʋʩʠʣʠʝ, ʚʦʟʥʠʢʘʶʱʝʝ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʢʘʪʢʠ, ʨʝʛʠ-

ʩʪʨʠʨʦʚʘʣʦʩʴ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʧʨʦʤʳʰ-

ʣʝʥʥʦ-ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʘʥʘ ɼʋʆ 400. 

ʂʘʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʛʦʨʷʯʝʢʘʪʘʥʦʛʦ 

ʧʦʜʢʘʪʘ ʦʮʝʥʠʚʘʣʦʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ ʈ 57510-

2017 [16]. ʆʩʥʦʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʦʮʝʥʢʠ ʷʚʣʷʣʦʩʴ ʦʪ-

ʩʫʪʩʪʚʠʝ ʜʝʬʝʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʪʨʝʱʠʥʳ, ʨʘʟʨʳʚʳ ʠ 

ʜʨʫʛʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ. 

ʊʚʝʨʜʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʨʷʯʝʢʘʪʘʥʦʛʦ ʧʦʜʢʘʪʘ 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʤʝʪʦʜʦʤ ɹʨʠʥʝʣʣʷ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʤ 

ʪʚʝʨʜʦʤʝʨʝ EMCO TEST M4C/R G3 ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ɻʆʉʊ 9012-59 [17].  

ɼʣʷ ʦʮʝʥʢʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ 

ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ 

ʥʘ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʝ Shimadzu Servopulser U-

type ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʥʜʘʨʪʦʤ ASTM E8. ʆʧʨʝʜʝ-

ʣʷʣʠʩʴ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʚʨʝʤʝʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʝ, ʫʩʣʦʚʥʳʡ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʫʜʣʠʥʝʥʠʝ (ůʚ, ů0,2, ŭ). ʆʙʨʘʟʮʳ ʦʪʙʠʨʘʣʠʩʴ ʧʦʩʣʝ ʭʦ-

ʣʦʜʥʦʡ ʧʨʦʢʘʪʢʠ ʚ ʥʘʛʘʨʪʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʜʝʬʦʨ-

ʤʘʮʠʠ ʥʘ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʪʘʙʣ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʟʥʘʯʝʥʠʷʤ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʦʙʞʘʪʠʡ ʠ ʫʩʠʣʠʡ ʧʨʦʢʘʪʢʠ ʧʨʠ ʦʪ-

ʥʦʰʝʥʠʠ ʩʢʦʨʦʩʪʝʡ ʚʘʣʢʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1 ʜʦ 1,5. 

ʉʫʤʤʘʨʥʦʝ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʦʙʞʘʪʠʝ ʧʨʠ ʛʦʨʷʯʝʡ 

ʧʨʦʢʘʪʢʝ ʦʙʨʘʟʮʘ ˉ1 ʟʘ ʪʨʠ ʧʨʦʭʦʜʘ ʩʦʩʪʘʚʠʣʦ 59,7%. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʘʩʠʤʤʝʪʨʠʠ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1,1 ʜʦ 1,5 ʥʘʙʣʶʜʘʝʪʩʷ 

ʟʘʢʦʥʦʤʝʨʥʦʝ ʩʥʠʞʝʥʠʝ ʫʩʠʣʠʷ ʧʨʦʢʘʪʢʠ: ʦʪ 140 ʪ 

ʧʨʠ V /V  = 1,1 ʜʦ 116 ʪ ʧʨʠ V /V  = 1,5. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 

ʨʦʩʪʦʤ ʜʦʣʠ ʩʜʚʠʛʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʦʯʘʛʝ ʜʝʬʦʨ-

ʤʘʮʠʠ ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʥʦʨʤʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. ʆʜʥʘʢʦ ʩʥʠʞʝʥʠʝ ʫʩʠʣʠʷ ʥʝ 

ʷʚʣʷʝʪʩʷ ʧʨʷʤʳʤ ʠʥʜʠʢʘʪʦʨʦʤ ʧʦʚʳʰʝʥʠʷ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ, ʧʦʵʪʦʤʫ ʦʩʥʦʚʥʳʤ ʢʨʠʪʝʨʠ-

ʝʤ ʦʮʝʥʢʠ ʩʣʫʞʠʪ ʦʪʩʫʪʩʪʚʠʝ ʜʝʬʝʢʪʦʚ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʛʝʦʤʝʪʨʠʠ ʧʨʦʢʘʪʳʚʘʝʤʦʛʦ ʠʟʜʝʣʠʷ. 

ʇʨʠ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʘʩʠʤʤʝʪʨʠʠ 1,1ï1,3 ʬʦʨʤʠʨʦ-

ʚʘʥʠʝ ʧʦʜʢʘʪʘ ʧʨʦʠʩʭʦʜʠʪ ʩʪʘʙʠʣʴʥʦ: ʢʨʦʤʦʯʥʳʝ ʜʝ-

ʬʝʢʪʳ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠʩʢʘʞʝʥʠʷ ʥʝ ʥʘʙʣʶʜʘʶʪʩʷ. ɺ 

ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʫʩʪʦʡʯʠʚʳʡ ʟʘʭʚʘʪ 

ʤʝʪʘʣʣʘ ʚʘʣʢʘʤʠ ʠ ʩʪʘʙʠʣʴʥʳʡ ʦʯʘʛ ʜʝʬʦʨʤʘʮʠʠ. 

ʊʘʙʣʠʮʘ 2. ʈʝʟʫʣʴʪʘʪʳ ʧʦ ʚʳʭʦʜʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʧʦʩʣʝ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ 

T a b l e 2 .  Results of output parameters after hot rolling 

ʅʦʤʝʨ 

ʦʙʨʘʟʮʘ 

ʆʪʥʦʰʝʥʠʝ ʩʢʦʨʦʩʪʝʡ 

ʚʘʣʢʦʚ V1/V2 

ʂʦʵʬʬʠʮʠʝʥʪ  

ʘʩʠʤʤʝʪʨʠʠ 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ  

ʦʙʞʘʪʠʝ,% 
ʋʩʠʣʠʝ ʧʨʦʢʘʪʢʠ, ʢʅ ɼʝʬʝʢʪʳ 

1 10,0/10,0 1 

20,3 1600 - 

27,8 1870 - 

30,1 1920 - 

2 10,0/9,1 1,1 53,6 1400 - 

3 10,0/8,3 1,2 53,8 1340 - 

4 10,0/7,7 1,3 53,9 1280 - 

5 10,0/7,1 1,4 57,2 1260 ʉʝʨʧʦʚʠʜʥʦʩʪʴ 

6 10,0/6,6 1,5 60,0 1160 ʈʘʩʪʨʝʩʢʠʚʘʥʠʝ ʢʨʦʤʢʠ 
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ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʘʩʠʤʤʝʪʨʠʠ ʜʦ 1,4 ʥʘʯʠʥʘʝʪ ʧʨʦʷʚʣʷʪʴʩʷ ʩʝʨʧʦʚʠʜ-

ʥʦʩʪʴ ʧʨʦʢʘʪʳʚʘʝʤʦʡ ʧʦʣʦʩʳ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʨʦʩʪʦʤ 

ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦ ʪʦʣʱʠʥʝ. ʕʪʦʪ 

ʜʝʬʝʢʪ ʦʩʦʙʝʥʥʦ ʢʨʠʪʠʯʝʥ ʧʨʠ ʨʘʙʦʪʝ ʩ ʦʙʨʘʟʮʘʤʠ 

ʥʝʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ. 

ʇʨʠ ʢʦʵʬʬʠʮʠʝʥʪʝ ʘʩʠʤʤʝʪʨʠʠ 1,5 ʟʘʬʠʢʩʠʨʦʚʘ-

ʥʦ ʧʦʷʚʣʝʥʠʝ ʚʳʨʘʞʝʥʥʦʛʦ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʢʨʦʤʢʠ, 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʥʠʞʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʧʣʘʩʪʠʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʚʳʩʦʢʦʡ ʚʝʣʠʯʠʥʝ ʨʘʩ-

ʩʦʛʣʘʩʦʚʘʥʠʷ ʦʢʨʫʞʥʳʭ ʩʢʦʨʦʩʪʝʡ ʚʘʣʢʦʚ. ʊʘʢʦʡ ʨʝ-

ʞʠʤ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʥʝʧʨʠʝʤʣʝʤʳʤ. 

ʇʦʧʳʪʢʘ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʢʘʪʢʠ ʧʨʠ ʝʱʸ ʙʦʣʴʰʝʤ 

ʢʦʵʬʬʠʮʠʝʥʪʝ ʘʩʠʤʤʝʪʨʠʠ (1,6) ʧʦʢʘʟʘʣʘ ʧʦʣʥʦʝ ʦʪ-

ʩʫʪʩʪʚʠʝ ʟʘʭʚʘʪʘ ʟʘʛʦʪʦʚʢʠ ʧʨʠ ʦʙʞʘʪʠʠ 53,6%, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʢʨʠʪʠʯʝʩʢʦʝ ʥʘʨʫʰʝʥʠʝ ʫʩʣʦʚʠʡ ʧʨʦ-

ʮʝʩʩʘ. 

ʕʪʠ ʥʘʙʣʶʜʝʥʠʷ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʝ-

ʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʧʦʩʣʝ ʭʦʣʦʜʥʦʡ ʧʨʦʢʘʪʢʠ: ʚ 

ʜʠʘʧʘʟʦʥʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 1,4ï1,5 ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʫʜʣʠʥʝʥʠʝ ʩʥʠʞʘʝʪʩʷ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʭʫʜʰʝʥʠʝ 

ʧʣʘʩʪʠʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʪʚʸʨʜʦʩʪʠ ʛʦʨʷʯʝʢʘʪʘʥʦʛʦ 

ʧʦʜʢʘʪʘ ʜʦ ʠ ʧʦʩʣʝ ʦʪʞʠʛʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʘʢ-

ʩʠʤʘʣʴʥʘʷ ʪʚʸʨʜʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʦʙʨʘʟʮʘ, ʧʨʦʢʘ-

ʪʘʥʥʦʛʦ ʚ ʩʠʤʤʝʪʨʠʯʥʦʤ ʨʝʞʠʤʝ V /V  = 1,0: ʟʥʘʯʝʥʠʝ 

ʩʦʩʪʘʚʣʷʝʪ 126 HB ʜʦ ʦʪʞʠʛʘ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʢ ʘʩʠʤ-

ʤʝʪʨʠʯʥʦʡ ʧʨʦʢʘʪʢʝ ʪʚʸʨʜʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʜʣʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘʩʠʤʤʝʪʨʠʠ 1,1ï1,2 ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘ-

ʧʘʟʦʥʝ 105ï108 HB. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʵʬʬʠ-

ʮʠʝʥʪʘ ʘʩʠʤʤʝʪʨʠʠ ʜʦ 1,3ï1,5 ʧʨʠʚʦʜʠʪ ʢ ʥʝʙʦʣʴʰʦ-

ʤʫ ʨʦʩʪʫ ʪʚʸʨʜʦʩʪʠ (ʜʦ 109ï115 HB), ʦʜʥʘʢʦ ʵʪʦʪ 

ʨʦʩʪ ʦʩʪʘʸʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʦʛʨʝʰ-

ʥʦʩʪʠ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʚʳʨʘʞʝʥʥʦʡ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʪʚʸʨʜʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʩʢʦ-

ʨʦʩʪʝʡ ʚʘʣʢʦʚ. 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʦʪʞʠʛʘ ʪʚʸʨʜʦʩʪʴ ʚʩʝʭ ʦʙʨʘʟ-

ʮʦʚ ʚʳʨʘʚʥʠʚʘʝʪʩʷ ʠ ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ 104ï110 

HB. ʍʘʨʘʢʪʝʨʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʠʤʝʥʥʦ ʩʠʤʤʝʪʨʠʯʥʦ ʧʨʦʢʘʪʘʥʥʳʡ ʦʙʨʘʟʝʮ ʜʝʤʦʥ-

ʩʪʨʠʨʫʝʪ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʪʚʸʨʜʦʩʪʠ 

ï ʩʦ 126 ʜʦ 110 HB, ʯʪʦ ʧʨʠʚʦʜʠʪ ʝʛʦ ʧʘʨʘʤʝʪʨʳ ʢ 

ʫʨʦʚʥʶ ʘʩʠʤʤʝʪʨʠʯʥʦ ʧʨʦʢʘʪʘʥʥʳʭ ʦʙʨʘʟʮʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʨʘʟʣʠʯʠʷ 

ʚ ʠʩʭʦʜʥʦʡ ʪʚʸʨʜʦʩʪʠ ʧʦʩʣʝ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʥʠʚʝʣʠʨʫʶʪʩʷ ʦʪʞʠʛʦʤ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, 

ʯʪʦ ʭʦʣʦʜʥʘʷ ʧʨʦʢʘʪʢʘ ʧʦʜʢʘʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʩʠʤ-

ʤʝʪʨʠʯʥʦʤ ʠ ʘʩʠʤʤʝʪʨʠʯʥʦʤ ʨʝʞʠʤʘʭ, ʤʦʞʝʪ ʚʳʧʦʣ-

ʥʷʪʴʩʷ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʩʠʤʤʝʪʨʠʯʥʦʡ 

ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʢʣʶʯʠʪʴ 

ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʦʪʞʠʛ ʧʝʨʝʜ ʭʦʣʦʜʥʦʡ ʧʨʦʢʘʪʢʦʡ ʙʝʟ 

ʨʠʩʢʘ ʫʭʫʜʰʝʥʠʷ ʫʩʣʦʚʠʡ ʟʘʭʚʘʪʘ ʠʣʠ ʫʚʝʣʠʯʝʥʠʷ 

ʫʩʠʣʠʷ ʜʝʬʦʨʤʘʮʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʧʦʩʣʝ ʭʦʣʦʜʥʦʡ ʧʨʦʢʘʪʢʠ, ʧʨʦʚʝʜʝʥʥʦʡ ʧʦ ʩʪʘʥʜʘʨʪ-

ʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2. 
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Fig. 1. The effect of the asymmetry coefficient on the hardness of rolled products 
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Fig. 2. The influence of the asymmetry coefficient on the changes of mechanical properties after cold rolling 

ɸʥʘʣʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʧʨʠʤʝʥʝʥʠʝ ʘʩʠʤʤʝʪʨʠʯʥʦʡ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ ʩ ʢʦʵʬ-

ʬʠʮʠʝʥʪʦʤ ʘʩʠʤʤʝʪʨʠʠ 1,1ï1,3 ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʠʙʦʣʝʝ 

ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʩʦʯʝʪʘʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʩʣʝ 

ʧʦʩʣʝʜʫʶʱʝʡ ʭʦʣʦʜʥʦʡ ʧʨʦʢʘʪʢʠ. ɺ ʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ŭ 

ʜʦ 6ï7%, ʯʪʦ ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʦʩʣʝ 

ʩʠʤʤʝʪʨʠʯʥʦʡ ʧʨʦʢʘʪʢʠ (ŭ å 3%). ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ 

ʫʚʝʣʠʯʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʘʩʠʤʤʝʪʨʠʠ ʜʦ 1,4ï1,5 ʦʪ-

ʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʩʥʠʞʘʝʪʩʷ ʜʦ 2ï3%, ʯʪʦ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʭʫʜʰʝʥʠʠ ʧʣʘʩʪʠʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. 

ɺʨʝʤʝʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ůʚ ʠ ʫʩʣʦʚʥʳʡ ʧʨʝʜʝʣ 

ʪʝʢʫʯʝʩʪʠ ů, ʚʦ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʨʝʞʠʤʘʭ ʨʘʟʣʠ-

ʯʘʶʪʩʷ ʥʝʩʫʱʝʩʪʚʝʥʥʦ ʠ ʦʩʪʘʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥʘʭ 421ï

464 ʠ 373ï416 ʄʇʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʪʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʛʦʨʷʯʝʡ 

ʧʨʦʢʘʪʢʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʧʣʘʩʪʠʯʥʦ-

ʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʪʦʛʜʘ ʢʘʢ ʫʨʦʚʝʥʴ ʧʨʦʯʥʦʩʪʠ ʠʟʤʝʥʷ-

ʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʧʦʛʨʝʰʥʦʩʪʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ-

ʤʝʥʝʥʠʝ ʘʩʠʤʤʝʪʨʠʯʥʦʡ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ ʧʨʠ ʧʦ-

ʚʳʰʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʘʩʠʤʤʝʪʨʠʠ ʜʦ ʟʥʘʯʝʥʠʡ 1,1ï

1,3 ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʢʘʪʘ ʩ ʙʦʣʝʝ ʙʣʘ-

ʛʦʧʨʠʷʪʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʤʤʝʪʨʠʯʥʦʡ ʧʨʦ-

ʢʘʪʢʦʡ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʘʟʮʦʚ, ʧʨʦʰʝʜʰʠʭ ʨʘʟʣʠʯʥʳʝ ʨʝ-

ʞʠʤʳ ʦʙʨʘʙʦʪʢʠ, ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʦʚʝʜʝʥʠʝ 

ʦʪʞʠʛʘ ʧʦʩʣʝ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪ-

ʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʧʨʦʯʥʦʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʕʪʦ ʧʦʟ-

ʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʢʣʶʯʝʥʠʷ ʦʧʝ-

ʨʘʮʠʠ ʦʪʞʠʛʘ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʦʙʨʘʙʦʪʢʠ ʙʝʟ ʫʭʫʜ-

ʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ, ʢʘʢ ʩʣʝʜ-

ʩʪʚʠʝ, ʩʦʢʨʘʱʝʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʮʠʢʣʘ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʚʝʜʸʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʟʤʝ-

ʥʝʥʠʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ 

ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʤʦʝ ʚʣʠʷʥʠʝ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ 

ʧʣʘʩʪʠʯʥʦʩʪʴ ʠ ʤʝʭʘʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʘʣʶʤʠʥʠʝ-

ʚʦʛʦ ʩʧʣʘʚʘ 1580. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʩʠʤʤʝʪʨʠʯʥʘʷ 

ʛʦʨʷʯʘʷ ʧʨʦʢʘʪʢʘ ʚ ʜʠʘʧʘʟʦʥʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘʩʠʤ-

ʤʝʪʨʠʠ 1,1ï1,3 ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʪʦʡʯʠʚʳʡ ʧʨʦʮʝʩʩ 

ʜʝʬʦʨʤʘʮʠʠ ʙʝʟ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʨʦʤʦʯʥʳʭ ʜʝʬʝʢʪʦʚ 

ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠʩʢʘʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʫʩʠʣʠʷ ʧʨʦʢʘʪʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʤʤʝʪ-

ʨʠʯʥʳʤ ʨʝʞʠʤʦʤ. 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʘʩʠʤʤʝʪʨʠʠ ʜʦ 1,4 

ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʚʠʪʠʝ ʩʝʨʧʦʚʠʜʥʦʩʪʠ, ʘ ʧʨʠ 1,5 ï ʚr -

ʨʘʞʝʥʥʦʝ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ ʢʨʦʤʢʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦ ʩʥʠʞʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ ʜʝʣʘʝʪ 

ʪʘʢʠʝ ʨʝʞʠʤʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʥʝʧʨʠʝʤʣʝʤʳʤʠ.  

ɸʥʘʣʠʟ ʪʚʸʨʜʦʩʪʠ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʢʘ-

ʟʘʣ, ʯʪʦ ʨʘʟʣʠʯʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʦʩʣʝ ʛʦʨʷʯʝʡ ʧʨʦ-

ʢʘʪʢʠ, ʥʠʚʝʣʠʨʫʶʪʩʷ ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʞʠʛʦʤ, ʘ ʧʨʦʯ-

ʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ůʚ ʠ ů, ʚʦ ʚʩʝʭ ʨʝʞʠʤʘʭ 

ʦʩʪʘʶʪʩʷ ʥʘ ʩʦʧʦʩʪʘʚʠʤʦʤ ʫʨʦʚʥʝ. ʉʫʱʝʩʪʚʝʥʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʧʦʢʘʟʘʪʝʣʷʭ ʧʣʘʩʪʠʯʥʦʩʪʠ: 

ʧʨʠ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʘʩʠʤʤʝʪʨʠʠ 1,1ï1,3 ʦʪʥʦʩʠʪʝʣʴ-

ʥʦʝ ʫʜʣʠʥʝʥʠʝ ʜʦʩʪʠʛʘʝʪ 6ï7% ʧʦʩʣʝ ʭʦʣʦʜʥʦʡ ʜʝ-

ʬʦʨʤʘʮʠʠ, ʯʪʦ ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʷ ʧʦʩʣʝ ʩʠʤʤʝʪ-

ʨʠʯʥʦʡ ʧʨʦʢʘʪʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʩʠʤʤʝʪʨʠʯʥʘʷ ʛʦʨʷʯʘʷ ʧʨʦʢʘʪʢʘ 

ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʘʩʠʤʤʝʪʨʠʠ 1,1ï1,3 ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʫʚʝʣʠʯʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʩʧʣʘʚʘ. 
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ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʢʣʶʯʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʦʪʞʠʛʘ ʧʝʨʝʜ ʭʦʣʦʜʥʦʡ 

ʧʨʦʢʘʪʢʦʡ, ʘ ʪʘʢʞʝ ʦʙʦʩʥʦʚʳʚʘʶʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ 

ʫʤʝʥʴʰʝʥʠʷ ʯʠʩʣʘ ʧʨʦʭʦʜʦʚ ʥʘ ʩʪʘʜʠʠ ʛʦʨʷʯʝʡ ʯʠ-

ʩʪʦʚʦʡ ʧʨʦʢʘʪʢʠ. 
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RESEARCH ON THE RELA TIONSHIP BETWEEN TOO L MATERIAL 

PROPERTIES AND THE CUTTING PROCESS: A CASE STUDY  

OF TURNING 12H18N10T STEEL 

Artamonov E.V., Shtin A.S., Tveryakov A.M., Vasilega D.S. 

Industrial University of Tyumen, Tyumen, Russia 

Abstract. Problem Statement (Relevance). Modern gas turbine engines impose high requirements to the materials 
used in their constructions. Parts of such engines as turbine blades, discs, combustion chambers and nozzle assembly 
work in extreme conditions: at high temperatures, significant mechanical loads and aggressive media. Objectives. The 
aim of the work is to study the properties of tool hard alloys of WC8 (92%WC+8%Co), TiC5ʉ10 
(85%WC+5%TiC+10%Co) and TiC14ʉ8 (78%WC+14%TiC+8%Co) grades and their influence on the cutting process 
characteristics of cryogenic structural 12H18N10ʊ (0,12%ʉ+18%Cr+10%Ni+10%Ti+61,88%Fe) steel. Methods Ap-

plied. When solving the above mentioned problems, theoretical and experimental methods of study of metal cutting, 
cutting tools and laws of physics of electrodynamics field were used. Originality . The interrelation of physical and me-
chanical characteristics of materials with mechanical characteristics of cutting process is established. Result. The con-
ducted research has shown that the intensity of tool wear, roughness value and coldworking of the processed surface are 
correlated. Practical significance. The results of research in this area are of key importance for aviation and power en-
gineering, where the reduction of production cost of parts while maintaining their reliability remains one of the most 
important tasks. 

Keywords: cutting of materials, turning process, physical and technical characteristics of materials, hard alloys, me-
chanical characteristics of the cutting process 
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ɺʚʝʜʝʥʠʝ 

ʉʦʚʨʝʤʝʥʥʳʝ ʛʘʟʦʪʫʨʙʠʥʥʳʝ ʜʚʠʛʘʪʝʣʠ (ɻʊɼ) 
ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʤʘʪʝʨʠʘʣʘʤ, ʠʩ-
ʧʦʣʴʟʫʝʤʳʤ ʚ ʠʭ ʢʦʥʩʪʨʫʢʮʠʷʭ. ɼʝʪʘʣʠ ʪʘʢʠʭ ʜʚʠʛʘʪʝ-
ʣʝʡ, ʢʘʢ ʣʦʧʘʪʢʠ ʪʫʨʙʠʥ, ʜʠʩʢʠ, ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʠ 
ʩʦʧʣʦʚʳʝ ʘʧʧʘʨʘʪʳ, ʨʘʙʦʪʘʶʪ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦ-
ʚʠʷʭ: ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʟʥʘʯʠʪʝʣʴʥʳʭ ʤʝʭʘ-
ʥʠʯʝʩʢʠʭ ʥʘʛʨʫʟʢʘʭ ʠ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ. ɼʣʷ ʦʙʝʩʧʝ-
ʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ 
ʧʨʠʤʝʥʷʶʪʩʷ ʪʨʫʜʥʦʦʙʨʘʙʘʪʳʚʘʝʤʳʝ ʤʘʪʝʨʠʘʣʳ, ʪʘ-
ʢʠʝ ʢʘʢ ʞʘʨʦʧʨʦʯʥʳʝ ʥʠʢʝʣʝʚʳʝ ʠ ʢʦʙʘʣʴʪʦʚʳʝ ʩʧʣʘ-
ʚʳ, ʪʠʪʘʥʦʚʳʝ ʢʦʤʧʦʟʠʪʳ ʠ ʢʝʨʘʤʠʯʝʩʢʠʝ ʧʦʢʨʳʪʠʷ. 
ʆʜʥʘʢʦ ʫʥʠʢʘʣʴʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ 

ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩʦʟʜʘʶʪ ʩʝʨʴʝʟʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 
ʩʣʦʞʥʦʩʪʠ ʧʨʠ ʠʭ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ. ɺʳʩʦʢʘʷ 
ʪʚʝʨʜʦʩʪʴ, ʥʠʟʢʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʩʢʣʦʥʥʦʩʪʴ ʢ 
ʥʘʢʣʝʧʫ ʠ ʘʙʨʘʟʠʚʥʦʤʫ ʠʟʥʦʩʫ ʠʥʩʪʨʫʤʝʥʪʘ ʪʨʝʙʫʶʪ 
ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʨʝʟʘʥʠʷ, 
ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʩʧʦʩʦʙʦʚ ʦʙʨʘʙʦʪʢʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ 
ʨʝʞʠʤʦʚ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ 
ʧʨʦʙʣʝʤʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʪʨʫʜʥʦʦʙʨʘʙʘ-
ʪʳʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ɻʊɼ, ʘ ʪʘʢʞʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʚʳʰʝ-
ʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʢʘʯʝʩʪʚʘ ʜʝʪʘʣʝʡ. 
ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʨʝʞʫʱʝʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʠʟʫʯʝʥʘ ʩ ʨʘʟʣʠʯʥʳʭ ʧʦʟʠʮʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ 
ʧʨʦʯʥʦʩʪʠ ʠ ʩʪʦʡʢʦʩʪʠ. ʆʜʥʘʢʦ ʚʣʠʷʥʠʝ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ 
ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠʟʫʯʝʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ. ɿʥʘʯʠ-
ʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʥʘʫʢʠ ʦ ʨʝʟʘʥʠʠ ʤʝʪʘʣʣʦʚ ʠ 
ʨʝʞʫʱʝʤ ʠʥʩʪʨʫʤʝʥʪʝ ʚʥʝʩʣʠ ʫʯʝʥʳʝ: ɹʦʙʨʦʚ ɺ.ɼ. [1], 
ɺʘʩʠʥ ʉ.ɸ. [2], ɺʝʨʝʱʘʢʘ ɸ.ʉ [3], ɻʨʘʥʦʚʩʢʠʡ ɻ.ʀ. [4], 
ɻʨʠʛʦʨʴʝʚ C.ʅ. [5], ɼʨʝʚʘʣʴ ɸ.ɽ. [6], ɿʦʨʝʚ ʅ.ʅ. [7], ʂʘ-
ʙʘʣʜʠʥ ʖ.ɻ. [8], ʂʨʝʡʤʝʨ, ɻ.ʉ.[9], ʃʦʣʘʜʟʝ ʊ.ʅ. [10], ʄʘ-
ʢʘʨʦʚ ɸ.ɼ.[11], ʇʦʣʝʪʠʢʘ ʄ.ʌ. [12], ʉʠʣʠʥ ʉ.ʉ.[13], M. 
Carceanu, I. [14], Ferri, C. [15], K¿mmel, J. [16], Munish 
Kumar Gupta [17], Murthy, K.S. [18], Neugebauer R. [19], 
Nurulamin A. [20], Patwari A. [21], Tillmann W. [22]. 
ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʠʤʝʶʪ 

ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʘʚʠʘʮʠʦʥʥʦʛʦ ʠ ʵʥʝʨʛʝʪʠʯʝ-
ʩʢʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʛʜʝ ʩʥʠʞʝʥʠʝ ʩʝʙʝʩʪʦʠʤʦʩʪʠ 
ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʠʭ ʥʘʜʝʞʥʦʩʪʠ 
ʦʩʪʘʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ. 
ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʠʥ-

ʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ ʤʘʨʦʢ ɺʂ8, ʊ5ʂ10 
ʠ ʊ14ʂ8 ʠ ʠʭ ʚʣʠʷʥʠ ̫ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʩʘ 
ʨʝʟʘʥʠʷ ʢʨʠʦʛʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʩʪʘʣʠ 
12ʍ18ʅ10ʊ. 
ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ 

ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 
1. ʇʨʦʚʝʩʪʠ ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ ʧʦ ʠʩʩʣʝʜʫʝ-

ʤʦʡ ʪʝʤʘʪʠʢʝ. 
2. ʆʧʨʝʜʝʣʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʩʘ ʨʝʟʘ-

ʥʠʷ, ʨʝʘʛʠʨʫʶʱʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚ ʠʥʩʪʨʫʤʝʥ-
ʪʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 
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3. ʇʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʩʚʦʡʩʪʚ 
ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦ-
ʮʝʩʩʘ ʨʝʟʘʥʠʷ ʥʘ ʧʨʠʤʝʨʝ ʪʦʢʘʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʪʘʣʠ 
12ʍ18ʅ10ʊ. 
ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʝʟʮʳ, ʦʩʥʘʱʝʥʥʳʝ ʨʘʟʣʠʯʥʳʤʠ ʤʘʨ-

ʢʘʤʠ ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ, ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʦʧʪʠʤʘʣʴʥʳʝ 
ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʭ ʠʟʥʦʩʘ 
ʤʠʥʠʤʘʣʴʥʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʫʪʝʤ ʚʳʙʦʨʘ ʩʦʦʪʚʝʪ-
ʩʪʚʫʶʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʤʦʞʥʦ ʚ ʠʟ-
ʚʝʩʪʥʳʭ ʧʨʝʜʝʣʘʭ ʨʝʛʫʣʠʨʦʚʘʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʘʰʠ-
ʚʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʪʦʯʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ.  
ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʫʯʥʳʡ ʠ ʧʨʘʢʪʠʯʝ-

ʩʢʠʡ ʠʥʪʝʨʝʩ ʚʳʷʩʥʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 
ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʜʝʪʘʣʝʡ ʟʘ ʩʯʝʪ ʚʳʙʦʨʘ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʭʦʜʝ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, 

ʯʪʦ ʚʦ ʚʩʝʡ ʚʟʘʠʤʦʩʚʷʟʠ ʷʚʣʝʥʠʡ ʧʨʠ ʨʝʟʘʥʠʠ ʤʘʪʝʨʠ-

ʘʣʦʚ ʦʧʝʨʜʝʣʷʶʱʠʤ ʷʚʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʬʘʢʪʦʨ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʧʨʦʚʝʩʪʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ.  

ʅʘ ʨʘʥʝʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʫʩʪʘʥʦʚʢʝ ʙʳʣʠ ʧʨʦʚʝʜʝ-

ʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʪʚʝʨʜʳʭ 

ʩʧʣʘʚʦʚ ʥʘ ʧʨʠʤʝʨʝ ɺʂ8 ʥʘ ʧʣʘʩʪʠʥʢʘʭ ʚ ʩʦʩʪʦʷʥʠʠ 

ʧʦʩʪʘʚʢʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʙʦʣʝʝ 

ʫʜʦʙʥʦʛʦ ʠ ʥʘʛʣʷʜʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʠʥʪʝʨʚʘʣʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʤʝʥʥʳʭ 

ʨʝʞʫʱʠʭ ʪʚʝʨʜʦʩʧʣʘʚʥʳʭ ʧʣʘʩʪʠʥ ʩʪʨʦʠʪʩʷ ʛʨʘʬʠʯʝ-

ʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʠʭʨʝ-

ʚʳʭ ʪʦʢʦʚ, ʥʘʚʦʜʠʤʳʭ ʚ ʪʚʝʨʜʳʭ ʩʧʣʘʚʘʭ ʦʪ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʥʘʛʨʝʚʘ. ʇʦ ʧʦʩʪʨʦʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʷʚʣʷ-

ʝʪʩʷ ʫʯʘʩʪʦʢ ʠʩʩʣʝʜʫʝʤʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩ ʢʨʠʪʠʯʝ-

ʩʢʠʤ ʠʟʤʝʥʝʥʠʝʤ ʩʚʦʠʭ ʟʥʘʯʝʥʠʡ, ʟʘʪʝʤ ʛʨʘʬʠʯʝʩʢʠʤ 

ʩʧʦʩʦʙʦʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʳʯʝʨʯʠʚʘʥʠʝ ʧʝʨʧʝʥʜʠʢʫ-

ʣʷʨʥʦʡ ʣʠʥʠʠ ʦʩʠ ʦʨʜʠʥʘʪ ʥʘ 5% ʥʠʞʝ ʦʪ ʤʘʢʩʠʤʘʣʴ-

ʥʦʛʦ ʟʥʘʯʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʂʦʦʨʜʠ-

ʥʘʪʳ ʪʦʯʝʢ ʧʝʨʝʩʝʯʝʥʠʷ ʧʦʩʪʨʦʝʥʠʷ ʧʨʷʤʳʭ ʣʠʥʠʡ ʠ 

ʦʩʥʦʚʥʦʡ ʢʨʠʚʦʡ ʛʨʘʬʠʢʘ ʧʨʠʥʠʤʘʶʪ ʟʘ ʛʨʘʥʠʮʳ, 

ʟʘʪʝʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʡ ʜʘʥʥʳʤ ʛʨʘʥʠʮʘʤ. ʇʦʣʫʯʝʥʥʳʡ ʪʝʤʧʝʨʘ-

ʪʫʨʥʳʡ ʠʥʪʝʨʚʘʣ ȹ Ūʤʨ, Áʉ, ʩ ʛʨʘʥʠʮʘʤʠ, ʚʳʷʚʣʝʥʥʳ-

ʤʠ ʛʨʘʬʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ, ʧʨʠʥʠʤʘʶʪ ʟʘ ʠʥʪʝʨʚʘʣ 

ʧʦʚʳʰʝʥʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝ-

ʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʦʩʥʘʱʝʥʥʦʛʦ ʪʚʸʨʜʳʤ ʩʧʣʘʚʦʤ. 

ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʪʝʤʧʝʨʘ-

ʪʫʨʥʳʝ ʠʥʪʝʨʚʘʣʳ ʧʦʚʳʰʝʥʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʦʩʥʘʱʝʥʥʦʛʦ 

ʪʚʝʨʜʳʤ ʩʧʣʘʚʦʤ, ʥʘ ʧʨʠʤʝʨʝ ʩʧʣʘʚʘ ɺʂ8. ʄʝʪʦʜ 

ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʧʦʩʪʨʦʝʥʠʠ ʛʨʘʬʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʩʤʝʥʥʳʭ ʨʝʞʫʱʠʭ ʧʣʘʩʪʠʥ ʠʟ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ 

ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʭʘʨʘʢ-

ʪʝʨʥʦʤ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ ʨʝʟʘʥʠʝʤ ʜʦ 1000Áʉ, 

ʛʜʝ ʚʳʷʚʣʷʝʪʩʷ ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ ʩ ʥʘʠʙʦʣʴʰʠʤ 

ʠʟʤʝʥʝʥʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʠʭʨʝʚʳʭ ʪʦʢʦʚ, ʥʘʚʦ-

ʜʠʤʳʭ ʚ ʩʤʝʥʥʳʭ ʨʝʞʫʱʠʭ ʧʣʘʩʪʠʥʘʭ, ʚʳʷʚʣʷʝʪʩʷ 

ʚʝʣʠʯʠʥʘ ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ, ʟʘʪʝʤ ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠʥʪʝʨʚʘʣ ʤʘʢʩʠʤʘʣʴʥʦʡ ʨʘ-

ʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ. 

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʩʪʨʦʠʪʩʷ ʛʨʘʬʠʯʝʩʢʘʷ ʟʘ-

ʚʠʩʠʤʦʩʪʴ ʕɼʉ ʢʘʪʫʰʢʠ ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫ-

ʨʘ, ʠʟʤʝʥʷʝʤʦʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʝʤʧʝʨʘʪʫʨ, ʭʘʨʘʢʪʝʨ-

ʥʳʭ ʜʣʷ ʧʨʦʮʝʩʩʘ ʨʝʟʘʥʠʷ (ʨʠʩ 1.) 

 

ʈʠʩ. 1. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʕɼʉ ʢʘʪʫʰʢʠ ʘʚʪʦʢʦʣʝ-

ʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ ʩ ʧʦʤʝʱʝʥʥʦʡ ʚʦ ʚʥʫʪʨʴ 

ʩʤʝʥʥʦʡ ʨʝʞʫʱʝʡ ʧʣʘʩʪʠʥʦʡ ʠʟ ʩʧʣʘʚʘ ɺʂ8 

(460ï730ÁC) ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

Fig. 1. Graph of dependence of the EMF of the coil  

of the auto-oscillating circuit with a replaceable 

cutting plate made of WC8 (92%WC+8%Co) 

(460ï730ÁC) placed inside on the temperature 

ɼʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ ʦʜʥʦʤ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝ ʛʨʫʧʧʳ ʦʜʥʦʢʘʨʙʠʜʥʳʭ ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ. 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʠʥʩʪʨʫʤʝʥʪʘʣʴ-

ʥʳʭ ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ ʥʝʦʙʭʦʜʠʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʉ ʵʪʦʡ ʮʝʣʴʶ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠ ʪʦʯʝ-

ʥʠʠ ʟʘʛʦʪʦʚʢʠ ʠʟ ʩʪʘʣʠ 12ʍ18ʅ10ʊ ʜʠʘʤʝʪʨʦʤ 120ï

130 ʤʤ ʠ ʜʣʠʥʦʶ 600 ʤʤ ʨʝʟʮʘʤʠ ʩʦ ʩʤʝʥʥʳʤʠ ʤʥʦ-

ʛʦʛʨʘʥʥʳʤʠ ʧʣʘʩʪʠʥʘʤʠ ʠʟ ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ ɺʂ8, 

ʊ5ʂ10 ʠ ʊ14ʂ8 ʥʘ ʩʪʘʥʢʝ 1ʂ62. ɺ ʪʘʙʣ. 1 ʠ 2 ʧʨʠʚʝ-

ʜʝʥʳ ʨʝʞʠʤʳ ʨʝʟʘʥʠʷ ʠ ʛʝʦʤʝʪʨʠʷ ʨʝʞʫʱʝʡ ʯʘʩʪʠ 

ʠʥʩʪʨʫʤʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ. 

ʊʘʙʣʠʮʘ 1. ʈʝʞʠʤʳ ʨʝʟʘʥʠʷ 

T a b l e 1. Cutting modes 

12ʍ18ʅ10ʊ (0,12%ʉ + 18%Cr + 10%Ni + 10%Ti + 61,88%Fe) 

ɻʣʫʙʠʥʘ  ʇʦʜʘʯʘ  
ʉʢʦʨʦʩʪʴ  

ʨʝʟʘʥʠʷ 

ʊʝʤʧʝʨʘʪʫʨʘ  

ʨʝʟʘʥʠʷ 

t = 0,5 ʤʤ s = 0,2 ʤʤ/ʦʙ v = 25ï305 ʤ/ʤʠʥ 100ï1000Áʉ 

ʊʘʙʣʠʮʘ 2. ɻʝʦʤʝʪʨʠʷ ʨʝʞʫʱʝʡ ʯʘʩʪʠ ʠʥʩʪʨʫʤʝʥʪʦʚ 

T a b l e 2. Geometry of the cutting part of the tools 

ɻʣʘʚʥʳʡ 

ʫʛʦʣ  

ʚ ʧʣʘʥʝ 

ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʡ 

ʫʛʦʣ ʚ ʧʣʘʥʝ 

ʇʝʨʝʜʥʠʡ 

ʫʛʦʣ 

ɿʘʜʥʠʡ 

ʫʛʦʣ 

ʈʘʜʠʫʩ 

ʧʨʠ ʚʝʨ-

ʰʠʥʝ 

ű = 45Á ű1 = 10Á ɔ= 10Á Ŭ=Ŭ1=10Á R=1,0 ʤʤ 
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ʋʩʠʣʠʷ ʨʝʟʘʥʠʷ ʠʟʤʝʨʷʣʠʩʴ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʤ 
ʵʣʝʢʪʨʦʠʥʜʫʢʪʠʚʥʳʤ ʜʠʥʘʤʦʤʝʪʨʦʤ. ʉʠʣʳ ʨʝʟʘʥʠʷ 
ʥʘ ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʦ ʤʝʪʦʜʫ ʅ. ʅ. 
ɿʦʨʝʚʘ [7], ʦʩʥʦʚʘʥʥʦʤʫ ʥʘ ʩʨʘʚʥʝʥʠʠ ʩʠʣ ʧʨʠ ʨʘʟ-
ʣʠʯʥʳʭ ʚʝʣʠʯʠʥʘʭ ʠʟʥʦʩʘ ʧʦ ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. 
ʀʟʤʝʨʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʨʠʨʝʟʮʦʚʦʡ ʩʪʦʨʦʥʳ 
ʩʪʨʫʞʢʠ ȼʟ ʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʝʝ ʦʩʥʦʚʥʦʛʦ ʩʝʯʝʥʠʷ 
ȼ'ʟ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʥʘ ʤʠʢʨʦʪʚʝʨʜʦʤʝʨʝ ʇʄʊ-3 ʩ 
ʥʘʛʨʫʟʢʦʡ ʥʘ ʘʣʤʘʟʥʫʶ ʧʠʨʘʤʠʜʫ 100 ʛ. ʉʨʝʜʥʷʷ ʪʝʤ-
ʧʝʨʘʪʫʨʘ ʢʦʥʪʘʢʪʘ ʠʟʤʝʨʷʣʘʩʴ ʤʝʪʦʜʦʤ ʝʩʪʝʩʪʚʝʥʥʦʡ 
ʪʝʨʤʦʧʘʨʳ. ʍʘʨʘʢʪʝʨ ʢʨʠʚʳʭ ɛ' = f (ɡ), ʚʳʨʘʞʘʶʱʠʭ 
ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʥʘ ʟʘʜʥʝʡ ʧʦʚʝʨʭ-
ʥʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ, ʠ ʠʭ ʚʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝ-
ʥʠʝ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ ʚ ʦʩʥʦʚʥʦʤ ʩʚʷ-
ʟʘʥr ʩ ʚʣʠʷʥʠʝʤ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʥʦ-
ʛʦ ʬʘʢʪʦʨʘ, ʩʥʠʞʘʶʱʝʛʦ ʧʨʦʯʥʦʩʪʴ ʢʦʥʪʘʢʪʥʦʛʦ ʩʣʦʷ 
ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʘʢ ʩʢʦʨʦʩʪʥʦʛʦ ʬʘʢʪʦ-
ʨʘ, ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʫʧʨʦʯʥʝʥʠʶ ʢʦʥʪʘʢʪʥʦʛʦ ʩʣʦʷ, ʢʘʢ 
ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʘʢʪʦʨʘ, ʠʟʤʝʥʷʶʱʝʛʦ ʟʘʢʦʥʦʤʝʨʥʦ-
ʩʪʠ ʥʘʨʦʩʪʦʦʙʨʘʟʦʚʘʥʠʷ, ʩʭʚʘʪʳʚʘʥʠʷ ʠ ʦʙʨʘʟʦʚʘʥʠʷ 
ʦʢʠʩʥʳʭ ʧʣʝʥʦʢ. ʂʨʠʚʘʷ ɛ' = f (ɡ) ʧʦʩʪʨʦʝʥʘ ʧʦ ʠʩʩʣʝ-
ʜʦʚʘʥʠʷʤ ɸ.ɼ. ʄʘʢʘʨʦʚʘ [11] (ʨʠʩ. 2), ʢʦʪʦʨʳʝ ʧʦʢʘ-
ʟʘʣʠ, ʯʪʦ ʜʣʷ ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ 
ʢʨʠʚʳʝ ɛ' = f (ɡ) ʥʦʩʷʪ ʵʢʩʪʨʝʤʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʥʦ 
ʨʘʙʦʪʘ ʪʨʝʥʠʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʥʘ ʟʘʜʥʝʡ ʧʦ-
ʚʝʨʭʥʦʩʪʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʧʨʝʜʝʣʷʶʪ ʩʪʦʡʢʦʩʪʴ 
ʠʥʩʪʨʫʤʝʥʪʘ ʊ, ʥʘʢʣʝʧ ȼd ʠ ʚʳʩʦʪʫ ʤʠʢʨʦʥʝʨʦʚʥʦ-
ʩʪʝʡ Rz ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 
ʤʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʜʣʷ ʜʘʥʥʳʭ ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ ʟʘ-
ʚʠʩʠʤʦʩʪʠ ɛ' = f (ɡ), ȼd = f (ɡ), ɘm = f (ɡ) ʠ Rz = f (ɡ) 
ʪʘʢʞʝ ʙʫʜʫʪ ʠʤʝʪʴ ʵʢʩʪʨʝʤʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. 
ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʪʘʢʞʝ, ʯʪʦ ʩʢʦʨʦʩʪʠ ʨʝʟʘ-

ʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʦʯʢʘʤ ʤʠʥʠʤʫʤʘ ɛ' = f (ɡ), ʷʚ-
ʣʷʶʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤʠ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʦʩʘ ʠʥ-
ʩʪʨʫʤʝʥʪʘ, ʥʘʢʣʝʧʫ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦ-
ʚʝʨʭʥʦʩʪʠ. ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ ʧʦ-
ʣʫʯʠʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ 
ʨʝʟʘʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʟʥʘʯʝʥʠʷ ɛ'min (ʪʘʙʣ. 3). 
ʍʘʨʘʢʪʝʨʥʦ, ʯʪʦ ʩʝʤʝʡʩʪʚʘ ʢʨʠʚʳʭ ɛ' = f (ɡ),  

ȼd = f (ɡ), ɘm = f (ɡ) ʠ Rz = f (ɡ) ʜʣʷ ʨʘʟʥʳʭ ʪʚʝʨʜʳʭ 
ʩʧʣʘʚʦʚ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʧʦʩʣʝʜʦʚʘ-
ʪʝʣʴʥʦʩʪʠ. ʊʚʝʨʜʳʡ ʩʧʣʘʚ ɺʂ8 ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʚʝʣʠ-
ʯʠʥʫ ɛ', ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ 
(ʤʝʥʴʰʫʶ ʜʣʠʥʫ ʧʫʪʠ ʨʝʟʘʥʠʷ ɘm ʜʦ ʚʳʙʨʘʥʥʦʛʦ ʢʨʠ-
ʪʝʨʠʷ) ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʭʫʜʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ 
ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ȼd ʠ Rz). ʅʘʠʤʝʥʴʰʠʝ 
ʟʥʘʯʝʥʠʷ ɛ', I, ȼd ʠ Rz ʧʦʣʫʯʘʶʪʩʷ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ 
ʨʝʟʮʦʚ, ʦʩʥʘʱʝʥʥʳʭ ʪʚʝʨʜʳʤ ʩʧʣʘʚʦʤ ʊ14ʂ8. ʊʘʢʠʤ 
ʦʙʨʘʟʦʤ, ʧʫʪʝʤ ʚʳʙʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʠʥʩʪʨʫ-
ʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʤʦʞʥʦ ʚ ʥʝʢʦʪʦʨʳʭ ʧʨʝʜʝʣʘʭ 
ʨʝʛʫʣʠʨʦʚʘʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ ʠʥʩʪʨʫ-
ʤʝʥʪʘ, ʪʦʯʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʥʘʢʣʝʧ ʠ ʚʝʣʠʯʠ-
ʥʫ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦ-
ʧʫʪʥʦ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ ʠ 
ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʫʩʘʜʢʫ ʩʪʨʫʞʢʠ ɝ, 
ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʦʩʥʦʚʥʦʛʦ ʩʝʯʝʥʠʷ ʩʪʨʫʞʢʠ ȼ'ʟ ʠ ʝʝ 
ʧʨʠʨʝʟʮʦʚʦʡ ʩʪʦʨʦʥʳ ȼʟ, ʘ ʪʘʢʞʝ ʩʨʝʜʥʠʡ ʢʦʵʬʬʠʮʠ-
ʝʥʪ ʪʨʝʥʠʷ ʥʘ ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ ɛ 
(ʩʤ. ʨʠʩ. 2). ʂʨʠʚʘʷ ɛ = f (ɡ) ʧʦʩʪʨʦʝʥʘ ʧʦ ʠʩʩʣʝʜʦʚʘ-
ʥʠʷʤ ɸ.ɼ. ʄʘʢʘʨʦʚʘ [11]. 

 

ʈʠʩ. 2. ɺʣʠʷʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ  
ʥʘ ʢʦʥʪʘʢʪʥʳʝ ʷʚʣʝʥʠʷ ʥʘ ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 
ʨʝʟʮʘ: ǒ ï ɺʂ8; ƶï ʊ5ʂ10; ƴï ʊ14ʂ8 

Fig. 2. The effect of tool material on contact phenomena 
on the back surface of the cutter: ǒ is WC8 
(92%WC+8%Co); ƶis TiC5ʉ10 
(85%WC+5%TiC+10%Co); ƴ is TiC14ʉ8 
(78%WC+14%TiC+8%Co) 

ʊʘʙʣʠʮʘ 3. ʉʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ ʠ ʟʥʘʯʝʥʠʝ  
ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ 

T a b l e 3. Cutting speeds and friction coefficient value 

ʊʚʝʨʜʳʡ ʩʧʣʘʚ ɺʂ8 ʊ5ʂ10 ʊ14ʂ8 

ɡ, ʤ/ʤʠʥ 80 136 150 

ɛ'min 1,04 0,83 0,58 

ʕʪʠ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʠ ɝ = f (ɡ) 
ʠ ȼ'ʟ = f (ɡ) ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʡ ʭʘʨʘʢʪʝʨ. ʏʝʤ ʚʳʰʝ 
ʩʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ, ʪʝʤ ʤʝʥʴʰʝ ʫʩʘʜʢʘ ʩʪʨʫʞʢʠ ʠ 
ʤʝʥʴʰʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʝʝ ʦʩʥʦʚʥʦʛʦ ʩʝʯʝʥʠʷ. ɺ ʠʩ-
ʩʣʝʜʦʚʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʩʢʦʨʦʩʪʝʡ ʥʘʠʤʝʥʴʰʘʷ ʫʩʘʜʢʘ 
ʠ ʥʘʠʤʝʥʴʰʘʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ȼ'ʟ, ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ 
ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʘ T14K8, ʘ ʥʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ɝ ʠ 
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ȼ'ʟ ð ʜʣʷ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʘ BK 8. ʊʘʢʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ 
ʤʝʞʜʫ ʚʝʣʠʯʠʥʘʤʠ ɝ ʠ ȼ'ʟ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʚʝʨʜʳʭ 
ʩʧʣʘʚʦʚ ʥʝ ʷʚʣʷʝʪʩʷ ʥʝʦʞʠʜʘʥʥʳʤ, ʪʘʢ ʢʘʢ ʫʩʘʜʢʘ 
ʩʪʨʫʞʢʠ ʠ ʝʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʷʚʣʷʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ 
ʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ ʟʦʥʝ 
ʩʪʨʫʞʢʦʦʙʨʘʟʦʚʘʥʠʷ. 
ʉʪʝʧʝʥʴ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʠʨʝʟ-

ʮʦʚʦʡ ʩʪʦʨʦʥʳ ʩʪʨʫʞʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʩʣʦʚʠʷʤʠ ʪʨʝ-
ʥʠʷ ʥʘ ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʵʪʦʤʫ ʤʠʢʨʦʪʚʝʨ-
ʜʦʩʪʴ ȼʟ ʧʨʠʨʝʟʮʦʚʦʡ ʩʪʦʨʦʥʳ ʜʦʣʞʥʘ ʥʘʭʦʜʠʪʴʩʷ ʚ 
ʪʝʩʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ (ʢʦʨʨʝʣʷʮʠʠ) ʩʦ ʩʨʝʜʥʠʤ ʢʦʵʬ-
ʬʠʮʠʝʥʪʦʤ ʪʨʝʥʠʷ ʥʘ ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ.  
ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ (ʨʠʩ. 3), ʯʪʦ ʩʝʤʝʡʩʪʚʘ 

ʢʨʠʚʳʭ ɛ = f (ɡ) ʠ ȼʟ = f (ɡ) ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʚʝʨʜʳʭ 
ʩʧʣʘʚʦʚ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʦʜʠʥʘʢʦʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-
ʥʦʩʪʠ, ʘ ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ɛ ʠ ȼʟ ʥʘʙʣʶʜʘʶʪʩʷ 
ʧʨʠ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʩʢʦʨʦʩʪʷʭ ʨʝʟʘʥʠʷ, ʢʦʪʦʨʳʝ ʜʣʷ 
ʨʘʟʥʳʭ ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ ʨʘʟʣʠʯʥʳ. 

 

ʈʠʩ. 3. ɺʣʠʷʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ  
ʥʘ ʢʦʥʪʘʢʪʥʳʝ ʷʚʣʝʥʠʷ ʥʘ ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦ-
ʩʪʠ ʨʝʟʮʘ: ǒ ï ɺʂ8; ƶï ʊ5ʂ10; ƴ ï ʊ14ʂ8 

Fig. 3. The effect of tool material on contact phenomena 
on the front surface of the cutter: ǒ is WC8 
(92%WC+8%Co); ƶ is TiC5ʉ10 
(85%WC+5%TiC+10%Co); ƴ is TiC14ʉ8 
(78%WC+14%TiC+8%Co) 

ɿʘʢʣʶʯʝʥʠʝ 

1. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ, ʚʝʣʠʯʠʥʘ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʠ ʥʘʢʣʝʧ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʘʭʦʜʷʪʩʷ ʚ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ. ʇʫʪʝʤ ʚʳ-

ʙʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʘʨʢʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʤʦʞʥʦ ʚ ʥʝʢʦʪʦʨʳʭ ʧʨʝʜʝʣʘʭ ʨʝʛʫʣʠʨʦʚʘʪʴ 

ʥʝ ʪʦʣʴʢʦ ʩʪʦʡʢʦʩʪʴ ʠʥʩʪʨʫʤʝʥʪʘ, ʥʦ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʠ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ. 

2. ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ 

ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʡ ʢʦʵʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʧʦ ʟʘʜʥʝʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ, ʠʤʝʝʪ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʡ ʠʟʥʦʩ, ʯʪʦ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʙʦʣʴʰʝʡ ʚʝʣʠʯʠʥʦʡ ʥʘʢʣʝʧʘ ʠ 

ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʁʦʙ-

ʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

3. ʊʚʝʨʜʦʩʪʴ ʦʩʥʦʚʥʦʛʦ ʩʝʯʝʥʠʷ ʩʪʨʫʞʢʠ ʢʦʨʨʝ-

ʣʠʨʫʝʪ ʩ ʢʦʵʬʠʮʠʝʥʪʦʤ ʫʩʘʜʢʠ ʩʪʨʫʞʢʠ. ʊʚʝʨʜʦʩʪʴ 
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ʝʥʪʦʤ ʪʨʝʥʠʷ ʧʦ ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʀʟ ʛʨʘʬʠʢʘ 

ʩʣʝʜʫʝʪ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʠ ɝ = f (ɡ) ʠ ʬʫʥʢʮʠʷ ɛ = f (ɡ) 

ʤʦʛʫʪ ʠʤʝʪʴ ʵʢʩʪʨʝʤʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. 

4. ʇʦʣʫʯʝʥʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ ʜʣʷ 

ʧʨʝʜʩʪʘʚʠʪʝʣʷ ʦʜʥʦʢʘʨʙʠʜʥʳʭ ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʧʫʪʠ ʨʝʟʘʥʠʷ. ʕʪʦ ʤʦʞʝʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʪʦʤ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʤʝʪʦʜʠ-

ʢʘ ʤʦʞʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʠ ʥʘ ʜʨʫʛʠʝ ʛʨʫʧʧʳ ʠʥ-

ʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ.   
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ʇʈʀ ʇʆʉʃɽɼʆɺɸʊɽʃʔʅʆʁ ʆɹʈɸɹʆʊʂɽ ʇʆʉʈɽɼʉʊɺʆʄ ʇʆɼɹʆʈɸ 

ʇɸʈɸʄɽʊʈʆɺ ʈɽɾʀʄʆɺ ʈɽɿɸʅʀʗ ʀ ʊɽʈʄʀʏɽʉʂʆʁ ʆɹʈɸɹʆʊʂʀ 

ʂʦʣʦʜʷʞʥʳʡ ɼ.ʖ., ʏʝʨʢʘʰʠʥ ʉ.ʆ., ɺʦʨʦʥʝʥʢʦ ɺ.ʇ. 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʉʊɸʅʂʀʅè, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʚʣʠʷʥʠʷ ʥʘʢʣʝʧʘ ʥʘ ʪʨʝʙʫʝʤʳʡ ʧʘʨʘʤʝʪʨ ʪʦʯʥʦʩʪʠ ʬʦʨʤʳ (ʧʣʦʩ-

ʢʦʩʪʥʦʩʪʠ) ʪʦʥʢʠʭ ʜʣʠʥʥʳʭ ʜʝʪʘʣʝʡ ʠʟ ʩʪʘʣʠ 08ʍ15ʅ5ɼ2ʊ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ. 

ʇʣʦʩʢʦʩʪʥʦʩʪʴ ï ʵʪʦ ʧʘʨʘʤʝʪʨ ʪʦʯʥʦʩʪʠ ʬʦʨʤʳ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʪʝʧʝʥʴʶ ʦʪʢʣʦʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ 

ʠʜʝʘʣʴʥʦ ʧʣʦʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʜʝʘʣʴʥʦʛʦ ʪʝʣʘ (ʧʦʜ ʠʜʝʘʣʴʥʳʤ ʪʝʣʦʤ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʪʝʣʦ, ʢʦʪʦ-

ʨʦʝ ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʩʪʝʧʝʥʴ ʪʦʯʥʦʩʪʠ ʬʦʨʤʳ, ʧʦʜʪʚʝʨʞʜʝʥʥʫʶ ʩʧʝʮʠʘʣʴʥʳʤʠ ʤʝʪʦʜʠʢʘʤʠ). ʅʘ ʥʝʝ ʚʣʠʷʝʪ 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʤʝʪʘʣʣʘ ʩʦʭʨʘʥʷʪʴ ʧʦʣʫʯʝʥʥʫʶ ʵʥʝʨʛʠʶ ʚ ʚʠʜʝ ʥʘʧʨʷʞʝʥʠʡ. ʈʝʞʠʤʳ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʥʝʧʨʘʚʠʣʴʥʦʤ ʠʭ ʧʦʜʙʦʨʝ ʩʦʟʜʘʶʪ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʠʟʜʝʣʠʷ ʙʦʣʴʰʫʶ 

ʪʚʝʨʜʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʚʝʨʜʦʩʪʴʶ, ʧʦʣʫʯʝʥʥʦʡ ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ɼʘʥʥʦʝ ʷʚʣʝʥʠʝ ʥʘʟʳʚʘʝʪʩʷ 

ʥʘʢʣʝʧʦʤ (ʠʣʠ ʧʝʨʝʥʘʢʣʝʧʦʤ). ʊʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʪʦʞʝ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʦʣʫʯʝʥʠʠ ʪʨʝʙʫʝʤʳʭ ʚʝʣʠ-

ʯʠʥ ʪʦʯʥʦʩʪʠ. ʇʨʠ ʨʘʮʠʦʥʘʣʴʥʦ ʧʦʜʦʙʨʘʥʥʦʤ ʨʝʞʠʤʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʫʤʝʥʴʰʘʝʪʩʷ ʚʝʣʠʯʠʥʘ ʥʘʢʣʝʧʘ 

ʧʨʠ ʪʝʭ ʞʝ ʨʝʞʠʤʘʭ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʩʥʠʞʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʥʘʢʣʝʧʘ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥ r

ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʦʙʨʘʟʮʘʭ ʠʟ ʩʪʘʣʠ 08ʍ15ʅ5ɼ2ʊ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʨʝʞʠʤʳ ʨʝʟʘ-

ʥʠʷ ʥʘ ʦʧʝʨʘʮʠʷʭ ʪʦʨʮʝʚʦʛʦ ʬʨʝʟʝʨʦʚʘʥʠ ̫ʠ ʧʣʦʩʢʦʛʦ ʤʘʷʪʥʠʢʦʚʦʛʦ ʰʣʠʬʦʚʘʥʠ ̫ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ ʜʝʪʘʣʝʡ, ʘ 

ʪʘʢʞʝ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʧʣʦʩʢʦʩʪʥʦʩʪʴ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ. ʉʜʝʣʘʥʳ ʚʳʚʦ-

ʜ  rʧʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʥʘʢʣʝʧ, ʧʣʦʩʢʦʩʪʥʦʩʪʴ, ʢʦʨʨʦʟʠʦʥʥʦ-ʩʪʦʡʢʘʷ ʩʪʘʣʴ 
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OBTAINING THE REQUIR ED SHAPE ACCURACY PARAMETER  

FOR THIN LONG PARTS MADE OF 08H15N5D2T STEEL DURING 

SEQUENTIAL PROCESSING BY SELECTING THE P ARAMETERS  

OF CUTTING MODES AND  HEAT TREATMENT  

Kolodyazhny D.Yu., Cherkashin S.O., Voronenko V.P. 

Moscow State University of Technology STANKIN, Moscow, Russia 

Abstract. The article discusses the effect of riveting on the required shape accuracy (flatness) of thin long parts made of 

08H15N5D2T steel during sequential machining. Flatness is a parameter of shape accuracy, which is characterized by 

the degree of deviation of the surface from a perfectly flat state relative to an ideal body (an ideal body means a body 

that has a certain degree of shape accuracy, confirmed by special techniques). It is affected by mechanical processing 

and the ability of the metal to store the received energy in the form of stresses. The machining modes, if selected incor-

rectly, introduce greater hardness into the product layers compared to the hardness obtained after heat treatment. This 

phenomenon is called riveting (or over-riveting). Heat treatment also plays an important role in obtaining the required 

accuracy values. With a rationally selected heat treatment mode, the amount of riveting decreases with the same ma-

chining modes, as well as the likelihood of over-riveting. The article conducts experiments on 08H15N5D2T steel sam-

ples and presents the cutting modes used in production for end milling and flat pendulum grinding of manufactured 

parts, as well as their effect on flatness under various pre-heat treatment modes. Conclusions are drawn based on the 

results obtained. 

Keywords: sequential processing, riveting, flatness, corrosion-resistant steel 
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ɺʚʝʜʝʥʠʝ 

ʇʦʣʫʯʝʥʠʝ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʦʯʥʦʩʪʠ ʬʦʨʤʳ 

ʜʝʪʘʣʝʡ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʧʦʜʙʦʨʘ ʨʝʞʠ-

ʤʦʚ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʨʝʟʘʥʠʷ, ʘ ʪʘʢʞʝ ʦʧʨʝ-

ʜʝʣʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʦʧʝʨʘʮʠʡ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ.  

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʩʦʩʪʘʚ ʦʙʨʘʙʘʪʳʚʘʝ-

ʤʦʡ ʢʦʨʨʦʟʠʦʥʥʦ-ʩʪʦʡʢʦʡ ʤʘʨʪʝʥʩʠʪʥʦ-ʩʪʘʨʝʶʱʝʡ 

ʩʪʘʣʠ 08ʍ15ʅ5ɼ2ʊ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʜʝʪʘʣʝʡ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʧʦʣʫʯʝʥʠʝ ʪʨʝʙʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʦʯʥʦ-

ʩʪʠ. ʆʥ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʦʩʪʘʪʦʯʥʳʝ ʜʝʬʦʨʤʘ-

ʮʠʠ ʧʫʪʝʤ ʥʘʢʦʧʣʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ çʦʩʚʦʙʦʞʜʝ-

ʥʠʷè ʵʥʝʨʛʠʠ, ʯʪʦ ʦʩʣʦʞʥʷʝʪ ʥʘʜʝʞʥʫʶ ʵʢʩʧʣʫʘʪʘ-

ʮʠʶ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟʜʝʣʠʡ. ʇʨʠ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝ-

ʩʪʚʝ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ 

ʩʪʘʥʦʚʠʪʩʷ ʪʨʫʜʦʝʤʢʦʡ ʚʚʠʜʫ ʩʥʠʞʝʥʠʷ ʨʝʞʠʤʦʚ ʨʝ-

ʟʘʥʠʷ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʩʧʝʮʠ-

ʘʣʴʥʳʭ ʚʠʜʦʚ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʘ [1ï3].  

ʇʦʵʪʘʧʥʘʷ ʦʙʨʘʙʦʪʢʘ ʦʪʣʠʯʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʟʘʛʦ-

ʪʦʚʢʘ ʧʨʦʭʦʜʠʪ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘ-

ʙʦʪʢʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʦʪʦʚʦʡ ʜʝʪʘʣʠ. ʊʘʢʞʝ ʜʣʷ ʵʪʦʛʦ 

ʧʨʦʮʝʩʩʘ ʭʘʨʘʢʪʝʨʥʦ ʚʥʝʩʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʚ ʟʘʛʦʪʦʚ-

ʢʫ ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʵʪʘʧʘ ʦʙʨʘʙʦʪʢʠ, ʯʪʦ ʚ ʩʦʚʦʢʫʧʥʦ-

ʩʪʠ ʩ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʦʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʚʝ-

ʣʠʯʝʥʠʶ ʪʚʝʨʜʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʠʟʜʝʣʠʷ, ʢ 

ʧʝʨʝʥʘʢʣʝʧʫ ʠ çʨʘʩʢʨʳʪʠʶè ʦʩʪʘʪʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ, 

ʯʪʦ ʥʝ ʦʙʝʩʧʝʯʠʪ ʪʨʝʙʫʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʝʪʘʣʝʡ.  

ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʠʟʜʝ-

ʣʠʷ, ʩʦʩʪʦʷʱʝʤ ʠʟ ʦʧʝʨʘʮʠʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, 

ʪʦʨʮʝʚʦʛʦ ʬʨʝʟʝʨʦʚʘʥʠʷ ʠ ʧʣʦʩʢʦʛʦ ʤʘʷʪʥʠʢʦʚʦʛʦ 

ʰʣʠʬʦʚʘʥʠʷ, ʠʤʝʝʪʩʷ ʧʨʦʙʣʝʤʘ ʧʦʣʫʯʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʪʦʯʥʦʩʪʠ ʬʦʨʤʳ, ʪʦ ʝʩʪʴ ʚʝʣʠʯʠʥʳ ʧʣʦʩ-

ʢʦʩʪʥʦʩʪʠ ʜʣʷ ʜʝʪʘʣʝʡ ʠʟ ʩʪʘʣʠ 08ʍ15ʅ5ɼ2ʊ. ʇʨʦʠʩ-

ʭʦʜʠʪ ʧʨʝʚʳʰʝʥʠʝ ʜʦʧʫʩʪʠʤʦʡ ʚʝʣʠʯʠʥʳ ʜʘʥʥʦʛʦ ʧʘ-

ʨʘʤʝʪʨʘ ʜʣʷ ʪʦʨʮʝʚʦʛʦ ʬʨʝʟʝʨʦʚʘʥʠʷ ʙʦʣʝʝ ʯʝʤ 0,1 ʤʤ, 

ʘ ʜʣʷ ʧʣʦʩʢʦʛʦ ʰʣʠʬʦʚʘʥʠʷ ʙʦʣʝʝ 0,03 ʤʤ. ʇʨʦʮʝʥʪ 

ʙʨʘʢʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ: ʥʘ ʪʦʨʮʝʚʦʤ ʬʨʝʟʝʨʦʚʘʥʠʠ ï 

5%, ʘ ʥʘ ʧʣʦʩʢʦʤ ʤʘʷʪʥʠʢʦʚʦʤ ʰʣʠʬʦʚʘʥʠʠ ï 12%. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʷʣʘ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʟʘ-

ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʪʦʯʥʦʩʪʠ ʬʦʨʤʳ, ʘ ʠʤʝʥʥʦ ʧʣʦʩ-

ʢʦʩʪʥʦʩʪʠ [4], ʧʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʦʙʨʘʥʥʳʭ 

ʨʝʞʠʤʘʭ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʨʝʞʠʤʘʭ ʨʝʟʘʥʠʷ 

ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ (ʩʥʘ-

ʯʘʣʘ ʪʦʨʮʝʚʦʝ ʬʨʝʟʝʨʦʚʘʥʠʝ, ʧʦʪʦʤ ʧʣʦʩʢʦʝ ʤʘʷʪʥʠ-

ʢʦʚʦʝ ʰʣʠʬʦʚʘʥʠʝ), ʘ ʪʘʢʞʝ ʩʥʠʞʝʥʠʠ ʚʳʭʦʜʘ ʜʦ-

ʧʫʩʢʥʦʛʦ ʟʥʘʯʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʪʦʯʥʦʩʪʠ 

ʬʦʨʤʳ [5, 6], ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʙʨʘʢʘ ʥʘ 



ʂʦʣʦʜʷʞʥʳʡ ɼ.ʖ., ʏʝʨʢʘʰʠʥ ʉ.ʆ., ɺʦʨʦʥʝʥʢʦ ɺ.ʇ. 
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ʧʨʦʠʟʚʦʜʩʪʚʝ, ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʚʦʟʤʦʞʥʦʛʦ ʚʣʠʷʥʠʷ 

ʥʘʢʣʝʧʘ ʥʘ ʪʦʯʥʦʩʪʴ ʬʦʨʤʳ ʜʝʪʘʣʝʡ.  

ʆʩʥʦʚʥʤr ʢʨʠʪʝʨʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʣ ʧʘ-

ʨʘʤʝʪʨ ʪʦʯʥʦʩʪʠ ʬʦʨʤʳ (ʧʣʦʩʢʦʩʪʥʦʩʪʴ), ʩʭʝʤʘ ʠʟʤʝ-

ʨʝʥʠʷ ʧʣʦʩʢʦʩʪʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

ɹʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʦʙʨʘʟʮʳ ʠʟ ʩʪʘʣʠ ʤʘʨʢʠ 

08ʍ15ʅ5ɼ2ʊ ʧʦ ʊʋ 14-1-2907-2019 [7], ʢʦʪʦʨʘʷ ʷʚʣʷ-

ʝʪʩʷ ʪʨʫʜʥʦʦʙʨʘʙʘʪʳʚʘʝʤʦʡ, ʪʘʢ ʢʘʢ ʠʤʝʝʪ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ: ʭʨʦʤʘ (~15%), 

ʥʠʢʝʣʷ (~5%), ʤʝʜʠ (~2%), ʪʠʪʘʥʘ (~0,2%). 

ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʩʪʘʪʦʯʥʳʭ 

ʜʝʬʦʨʤʘʮʠʡ, ʚʳʟʚʘʥʥʳʭ ʨʘʟʥʦʩʪʴʶ ʪʚʝʨʜʦʩʪʠ ʧʦ-

ʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ, ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʟʥʘʯʝʥʠʝ ʥʘʢʣʝʧʘ 

[8]. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʧʨʠʙʦʨʝ 

ñWilsonInstrumentsRockwell 574ò ʧʨʠ ʫʩʠʣʠʠ 150 ʢʛʩ, 

ʢʘʞʜʳʡ ʦʙʨʘʟʝʮ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʧʦ ʩʭʝʤʝ, ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʦʡ ʥʘ ʨʠʩ. 2, ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʡ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʦʙʨʘʙʦʪʦʢ.  
ʕʢʩʧʝʨʠʤʝʥʪ ʩʦʩʪʦʷʣ ʠʟ ʯʝʪʳʨʝʭ ʵʪʘʧʦʚ: 
1. ʆʧʨʝʜʝʣʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʧʦʜ-

ʙʦʨʘ ʨʝʞʠʤʦʚ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. 
2. ʆʧʨʝʜʝʣʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʠ ʧʣʦʩʢʦʩʪʥʦʩʪʠ ʦʙ-

ʨʘʟʮʦʚ ʧʦʩʣʝ ʬʨʝʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ. 
3. ʆʧʨʝʜʝʣʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʠ ʧʣʦʩʢʦʩʪʥʦʩʪʠ ʦʙ-

ʨʘʟʮʦʚ ʧʦʩʣʝ ʰʣʠʬʦʚʘʥʠʷ. 
4. ʈʘʩʯʝʪ ʥʘʢʣʝʧʘ ʜʣʷ ʨʘʟʥʳʭ ʵʪʘʧʦʚ ʤʝʭʘʥʠʯʝ-

ʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. 
ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʧʦʜʦʙʨʘʥʳ 

ʨʝʞʠʤʳ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ (ʪʘʙʣ. 1), ʘ ʪʘʢʞʝ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʞʠʤʳ ʨʝʟʘʥʠʷ ʠ ʨʝʞʫʱʠʡ ʠʥ-
ʩʪʨʫʤʝʥʪ (ʪʘʙʣ. 2). 

                    
ʘ                                                                                      ʙ 

ʈʠʩ. 1. ʉʭʝʤʘ ʠʟʤʝʨʝʥʠʷ ʧʣʦʩʢʦʩʪʥʦʩʪʠ: ʘ ï ʚʠʜ ʩʧʝʨʝʜʠ; ʙ ï ʚʠʜ ʩʚʝʨʭʫ; 1 ï ʧʦʚʝʨʦʯʥʘʷ ʧʣʠʪʘ (1-1-1000Ĭ630 

ɻʆʉʊ 10905-86); 2 ï ʧʦʜʢʣʘʜʢʠ (ʥʘʙʦʨ ʢʦʥʮʝʚʳʭ ʤʝʨ ʂʄɼ ˉ1 ʢʣ.1 (1-ʥ1) ʏʀɿ); 3 ï ʠʟʤʝʨʠʪʝʣʴʥʳʡ 

ʧʨʠʙʦʨ (ʇʨʠʩʧʦʩʦʙʣʝʥʠʝ çɺʝʛʘ-ʇʂ-500è ʜʣʷ ʬʨʝʟʝʨʦʚʘʥʠʷ ʠ ʀʥʜʠʢʘʪʦʨ Vogel ʜʣʷ ʧʨʦʚʝʨʢʠ ʧʣʦʩʢʦʩʪʝʡ 

ʠ ʧʘʨʘʣʣʝʣʝʡ ʜʣʷ ʰʣʠʬʦʚʘʥʠʷ) 

Fig. 1. Flatness measurement scheme: a is front view; ʙ is top view; 1 is calibration plate (1-1-1000Ĭ630  

GOST 10905-86); 2 is backing strip (set of end measures KMD No. 1 cl.1 (1-h1) CHIZ);  

3 is measuring instrument (Vega-PK-500 device for milling and Vogel indicator for checking planes  

and parallels for grinding) 

 

ʈʠʩ. 2. ʉʭʝʤʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʜʦ ʠ ʧʦʩʣʝ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʦʙʨʘʙʦʪʢʠ ʦʙʨʘʟʮʦʚ 

Fig. 2. Diagram for measuring hardness before and after at different stages of sample processing 

ʊʘʙʣʠʮʘ 1. ʇʦʜʦʙʨʘʥʥʳʝ ʨʝʞʠʤʳ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʦʙʨʘʟʮʦʚ ʠʟ ʩʪʘʣʠ 08ʍ15ʅ5ɼ2ʊ 

T a b l e  1 . Selected heat treatment modes for 08H15N5D2T steel samples 

ʈʝʞʠʤ ʜʣʷ ʟʘʢʘʣʢʠ (ʪʝʤʧʝʨʘʪʫʨʘ; ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ; 

ʩʨʝʜʘ ʦʭʣʘʞʜʝʥʠʷ) 

ʈʝʞʠʤʳ ʜʣʷ ʩʪʘʨʝʥʠʷ (ʪʝʤʧʝʨʘʪʫʨʘ; ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ;  

ʩʨʝʜʘ ʦʭʣʘʞʜʝʥʠʷ) 

1000 ʉÑ10 ʉ; 30 ʤʠʥʫʪ; ʚʦʜʘ 

200 ʉÑ10 ʉ; 150 ʤʠʥʫʪ; ʚʦʟʜʫʭ 

400 ʉÑ10 ʉ; 150 ʤʠʥʫʪ; ʚʦʟʜʫʭ 

600 ʉÑ10 ʉ; 150 ʤʠʥʫʪ; ʚʦʟʜʫʭ 



ʊɽʍʅʆʃʆɻʀʀ ʆɹʈɸɹʆʊʂʀ ʄɸʊɽʈʀɸʃʆɺ 
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ʊʘʙʣʠʮʘ 2. ʀʩʧʦʣʴʟʫʝʤʳʝ ʨʝʞʠʤʳ ʨʝʟʘʥʠʷ, ʨʝʞʫʱʠʡ ʠʥʩʪʨʫʤʝʥʪ ʠ ʉʆɾ 

T a b l e  2 . Cutting modes, cutting tools and coolant used 

ʇʘʨʘʤʝʪʨʳ ʨʝʞʠʤʘ ʨʝʟʘʥʠʷ 

ʈʝʞʠʤʳ ʨʝʟʘʥʠʷ 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʕʢʩʧʝʨʠʤʝʥʪ 

ʊʦʨʮʝʚʦʝ ʬʨʝʟʝʨʦʚʘʥʠʝ 

ʊʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ɿʘʢʘʣʢʘ: 1000 ʉÑ10 ʉ; 30 ʤʠʥ; ʚʦʜʘ 

ʉʪʘʨʝʥʠʝ: 500 ʉÑ10 ʉ; 150 ʤʠʥ; ʚʦʟʜʫʭ 
ʉʦʛʣʘʩʥʦ ʪʘʙʣ. 1 

ʆʙʱʠʡ ʧʨʠʧʫʩʢ, ʤʤ 1,5 1,5 

ʄʠʥʫʪʥʘʷ ʧʦʜʘʯʘ, ʤʤ/ʤʠʥ 420 420 

ʇʨʠʧʫʩʢ ʥʘ ʦʜʥʫ ʩʪʦʨʦʥʫ, ʤʤ 0,75 0,75 

ʂʦʣʠʯʝʩʪʚʦ ʧʨʦʭʦʜʦʚ ʥʘ ʩʪʦʨʦʥʫ 1 1 

ʉʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ, ʤ/ʤʠʥ 250 220 

ʀʩʧʦʣʴʟʫʝʤʘʷ ʉʆɾ - NSK konentrat (ʚʦʜʥʘʷ) 

ʀʩʧʦʣʴʟʫʝʤʳʡ ʢʦʨʧʫʩ ʜʣʷ ʩʤʝʥʥʳʭ ʧʣʘʩʪʠʥ 2214-0275 50A05R-S90AD16E-C 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʧʣʘʩʪʠʥʳ TP40AM PNEA-110408 ADMX160616PR-R PRAMET M9315 

 ʇʣʦʩʢʦʝ ʰʣʠʬʦʚʘʥʠʝ 

ʆʙʱʠʡ ʧʨʠʧʫʩʢ, ʤʤ 0,50 0,50 

ʇʨʠʧʫʩʢ ʥʘ ʦʜʥʫ ʩʪʦʨʦʥʫ, ʤʤ 0,25 0,25 

ʉʲʝʤ ʟʘ ʦʜʠʥ ʭʦʜ, ʤʤ 0,0625 0,004 

ʇʨʦʜʦʣʴʥʘʷ ʧʦʜʘʯʘ, ʤ/ʤʠʥ 25 8,5 

ʉʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʢʨʫʛʘ, ʤ/ʩ 14 5 

ʀʩʧʦʣʴʟʫʝʤʘʷ ʉʆɾ NSK konentrat (ʚʦʜʥʘʷ) NSK konentrat (ʚʦʜʥʘʷ) 

ʀʩʧʦʣʴʟʫʝʤʳʡ ʰʣʠʬʦʚʘʣʴʥʳʡ ʢʨʫʛ 
405Ĭ75Ĭ127Ĭ200Ĭ50  

WA463111VBA5A 

1ɸ1 250Ĭ20Ĭ76Ĭ10  

CBN30 B151 100NV 35 

 

ʈʝʞʠʤ ʟʘʢʘʣʢʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ [10] ʥʝ ʤʝʥʷʣʩʷ, ʘ ʤʝʥʷʣʩʷ ʨʝʞʠʤ ʩʪʘʨʝ-

ʥʠʷ. ɼʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʩʪʝ-

ʧʝʥʠ ʥʘʢʣʝʧʘ ʥʘ ʧʘʨʘʤʝʪʨ ʪʦʯʥʦʩʪʠ ʠʥʪʝʨʚʘʣʳ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʙʳʣʠ ʚʟʷʪʳ ʙʦʣʴʰʝ. ɿʘʢʘʣʢʘ ʠ ʩʪʘʨʝʥʠʝ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʵʣʝʢʪʨʦʧʝʯʠ ʇʂʄ 3.6.2/11,5-ʕʂ. 

ʋʤʝʥʴʰʝʥʠʝ ʜʠʘʤʝʪʨʘ ʢʦʨʧʫʩʘ ʜʣʷ ʩʤʝʥʥʳʭ ʧʣʘ-

ʩʪʠʥ ʠ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ 

ʩʥʠʞʝʥʠʝʤ ʚʦʟʤʦʞʥʳʭ ʚʦʟʥʠʢʘʶʱʠʭ ʚʠʙʨʘʮʠʡ. 

ʇʨʠʤʝʥʝʥʠʝ ʉʆɾ ʚ ʧʨʦʮʝʩʩʝ ʬʨʝʟʝʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷ-

ʝʪ ʩʥʠʟʠʪʴ ʪʝʧʣʦʚʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʜʝʪʘʣʴ ʠ ʨʝʞʫ-

ʱʠʡ ʠʥʩʪʨʫʤʝʥʪ [9].  

ʇʨʠ ʦʧʝʨʘʮʠʠ ʰʣʠʬʦʚʘʥʠʷ ʙʳʣ ʫʤʝʥʴʰʝʥ ʩʲʝʤ 

ʟʘ ʦʜʠʥ ʨʘʙʦʯʠʡ ʭʦʜ ʩʪʦʣʘ ʩʪʘʥʢʘ ʠ ʧʨʦʜʦʣʴʥʘʷ ʧʦʜʘ-

ʯʘ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʚʥʦʩʠʤʳʭ ʪʝʧʣʦʚʳʭ ʠ ʩʠʣʦʚʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʦʙʨʘʟʮʳ.  

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʆʙʨʘʟʮʳ ʧʦʜʚʝʨʛʣʠʩʴ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ 

ʩʥʘʯʘʣʘ ʪʦʨʮʝʚʳʤ ʬʨʝʟʝʨʦʚʘʥʠʝʤ, ʟʘʪʝʤ ʧʣʦʩʢʠʤ ʤʘ-

ʷʪʥʠʢʦʚʳʤ ʰʣʠʬʦʚʘʥʠʝʤ ʩ ʠʟʤʝʨʝʥʠʝʤ ʪʚʝʨʜʦʩʪʠ ʠ 

ʧʣʦʩʢʦʩʪʥʦʩʪʠ ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʵʪʘʧʘ ʦʙʨʘʙʦʪʢʠ. ɺʝʣʠ-

ʯʠʥʘ ʧʣʦʩʢʦʩʪʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣ. 3. 

ʈʘʩʩʯʠʪʘʚ ʚʝʣʠʯʠʥʫ ʩʪʝʧʝʥʠ ʥʘʢʣʝʧʘ ʧʦ ʬʦʨʤʫʣʝ 

(1) [8], ʧʦʣʫʯʠʤ ʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣ. 4.  

0

0

,
HRC - HRC

N =
HRC

                          (1)  

ʛʜʝ N ï ʩʪʝʧʝʥʴ ʥʘʢʣʝʧʘ; HRC ï ʚʝʣʠʯʠʥʘ ʪʚʝʨʜʦʩʪʠ 

ʧʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ; HRC0 ï ʚʝʣʠʯʠʥʘ 

ʪʚʝʨʜʦʩʪʠ ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʠ ʙʝʟ ʤʝʭʘʥʦ-

ʦʙʨʘʙʦʪʢʠ. 

ʊʘʙʣʠʮʘ 3. ɺʝʣʠʯʠʥʘ ʧʣʦʩʢʦʩʪʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʠʟ ʩʪʘʣʠ 08ʍ15ʅ5ɼ2ʊ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ  

ʦʙʨʘʙʦʪʢʝ  

T a b l e  3 . The value of the flatness of samples made of 08H15N5D2T steel during sequential machining 

ʈʝʞʠʤʳ ʨʝʟʘʥʠʷ 

ɺʝʣʠʯʠʥʘ ʧʣʦʩʢʦʩʪʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʇʦʣʫʯʘʝʤʘʷ  

ʧʣʦʩʢʦʩʪʥʦʩʪʴ  

ʧʨʠ ʜʝʡʩʪʚʫʶʱʝʤ 

ʧʨʦʮʝʩʩʝ  

ʠʟʛʦʪʦʚʣʝʥʠʷ, ʤʤ 

ʊʨʝʙʫʝʤʘʷ 

ʧʣʦʩʢʦʩʪʥʦʩʪʴ, 

ʤʤ 

ʧʨʠ ʩʪʘʥʜʘʨʪʥʦʡ 

ʟʘʢʘʣʢʝ ʠ ʩʪʘʨʝʥʠʠ: 

200 ʉÑ10 ʉ;  

150 ʤʠʥ; ʚʦʟʜʫʭ 

ʧʨʠ ʩʪʘʥʜʘʨʪʥʦʡ  

ʟʘʢʘʣʢʝ ʠ ʩʪʘʨʝʥʠʠ: 

400 ʉÑ10 ʉ;  

150 ʤʠʥ; ʚʦʟʜʫʭ 

ʧʨʠ ʩʪʘʥʜʘʨʪʥʦʡ  

ʟʘʢʘʣʢʝ ʠ ʩʪʘʨʝʥʠʠ: 

600 ʉÑ10 ʉ;  

150 ʤʠʥ; ʚʦʟʜʫʭ 

ʊʦʨʮʝʚʦʝ ʬʨʝʟʝʨʦʚʘ-

ʥʠʝ (ʧʦʩʣʝ ʪʝʨʤʠʯʝ-

ʩʢʦʡ ʦʙʨʘʙʦʪʢʠ) 

0,05 0,09 0,06 0,1 0,1 

ʇʣʦʩʢʦʝ ʰʣʠʬʦʚʘʥʠʝ 

(ʦʢʦʥʯʘʪʝʣʴʥʦ, ʧʦʩʣʝ 

ʬʨʝʟʝʨʦʚʘʥʠʷ) 

0,017 0,022 0,027 0,028 0,03 

 

  



ʂʦʣʦʜʷʞʥʳʡ ɼ.ʖ., ʏʝʨʢʘʰʠʥ ʉ.ʆ., ɺʦʨʦʥʝʥʢʦ ɺ.ʇ. 
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ʊʘʙʣʠʮʘ 4. ɺʝʣʠʯʠʥʘ ʥʘʢʣʝʧʘ ʧʨʠ ʨʘʟʥʳʭ ʨʝʞʠʤʘʭ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʝ (ʩʥʘʯʘʣʘ ʪʦʨʮʝʚʳʤ ʬʨʝʟʝʨʦʚʘʥʠʝʤ, ʧʦʪʦʤ ʧʣʦʩʢʠʤ ʰʣʠʬʦʚʘʥʠʝʤ) 

T a b l e 4 .  The amount of riveting under different modes of heat treatment and sequential machining (first by end 

 milling, then by flat grinding) 

ɺʝʣʠʯʠʥʘ ʥʘʢʣʝʧʘ (ʩʪʝʧʝʥʴ ʥʘʢʣʝʧʘ) 

ʧʨʠ ʪʝʢʫʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ 

ʧʨʠ ʩʪʘʥʜʘʨʪʥʦʡ ʟʘʢʘʣʢʝ  

(ʩʤ. ʪʘʙʣ. 3) ʠ ʩʪʘʨʝʥʠʠ: 

200 ʉÑ10 ʉ; 150 ʤʠʥ; ʚʦʟʜʫʭ 

ʧʨʠ ʩʪʘʥʜʘʨʪʥʦʡ ʟʘʢʘʣʢʝ  

(ʩʤ. ʪʘʙʣ. 3) ʠ ʩʪʘʨʝʥʠʠ: 

400 ʉÑ10 ʉ; 150 ʤʠʥ; ʚʦʟʜʫʭ 

ʧʨʠ ʩʪʘʥʜʘʨʪʥʦʡ ʟʘʢʘʣʢʝ  

(ʩʤ. ʪʘʙʣ. 3) ʠ ʩʪʘʨʝʥʠʠ: 

600 ʉÑ10 ʉ; 150 ʤʠʥ; ʚʦʟʜʫʭ 

ʊʦʨʮʝʚʦʝ ʬʨʝʟʝʨʦʚʘʥʠʝ (ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ) 

ʇʦʚʝʨʭʥʦʩʪʴ 

ɸ 

ʇʦʚʝʨʭʥʦʩʪʴ 

ɹ 

ʇʦʚʝʨʭʥʦʩʪʴ 

ɸ 

ʇʦʚʝʨʭʥʦʩʪʴ 

ɹ 

ʇʦʚʝʨʭʥʦʩʪʴ 

ɸ 

ʇʦʚʝʨʭʥʦʩʪʴ 

ɹ 

ʇʦʚʝʨʭʥʦʩʪʴ 

ɸ 

ʇʦʚʝʨʭʥʦʩʪʴ 

ɹ 

0,160 0,050 0,050 0,090 0,007 0,011 0,029 0,040 

ʇʣʦʩʢʦʝ ʰʣʠʬʦʚʘʥʠʝ (ʦʢʦʥʯʘʪʝʣʴʥʦ, ʧʦʩʣʝ ʬʨʝʟʝʨʦʚʘʥʠʷ) 

ʇʦʚʝʨʭʥʦʩʪʴ  

ɸ 

ʇʦʚʝʨʭʥʦʩʪʴ  

ɹ 

ʇʦʚʝʨʭʥʦʩʪʴ 

ɸ 

ʇʦʚʝʨʭʥʦʩʪʴ 

ɹ 

ʇʦʚʝʨʭʥʦʩʪʴ 

ɸ 

ʇʦʚʝʨʭʥʦʩʪʴ  

ɹ 

ʇʦʚʝʨʭʥʦʩʪʴ 

ɸ 

ʇʦʚʝʨʭʥʦʩʪʴ 

ɹ 

0,220 0,070 0,040 0,052 0,054 0,052 0,003 0,026 

 

ʉʦʛʣʘʩʥʦ ʠʩʪʦʯʥʠʢʫ [11], ɹʝʟʲʷʟʳʯʥʳʡ ɺ.ʌ. ʦʧʠ-

ʩʳʚʘʣ, ʯʪʦ ʨʝʞʠʤʳ ʨʝʟʘʥʠʷ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʢʘ-

ʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʠ ʪʦʯʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ, 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʝʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ: 

( )

ʦʩʪ ʜ p T ʜ p 1 1

p ʩʪ ʧʣ 1 1

ʩʠʩʪ 1 1

å õ
æ ö
æ ö
æ ö
æ ö
ç ÷

z c

p

p

ů ,R ,h ,ɓ ,T ,ů ,E ,Ű ,ɓ ,Ŭ ,

t, s, v = f Ŭ ,ɛ, ɚ,ɚ ,ɚ , ɗ , Ŭ,ɔ,ű,ű , r,ɟ ,

ŭ, j ,ɺ ,ʅ ,ʅ,L

,    (2) 

ʛʜʝ t ï ʛʣʫʙʠʥʘ ʨʝʟʘʥʠʷ; s ï ʧʦʜʘʯʘ; v ï ʩʢʦʨʦʩʪʴ ʨʝʟʘ-

ʥʠʷ; ůʦʩʪ. ï ʦʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ; hʩ ï ʛʣʫʙʠʥʘ 

ʥʘʢʣʝʧʘ; Rz ï ʚʳʩʦʪʘ ʥʝʨʦʚʥʦʩʪʝʡ; ůʪ, Eʪ, Űʨ  ï ʧʨʝʜʝʣ 

ʪʝʢʫʯʝʩʪʠ, ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʨʘ-

ʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʣʘʩʪʠʯʝʩʢʦʤʫ ʩʜʚʠʛʫ ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ; ‍ʜ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʣʠ-

ʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ; ‘, a 

ï ʢʦʵʬʬʠʮʠʝʥʪ r ʇʫʘʩʩʦʥʘ ʠ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦ-

ʩʪʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ; ɚ ʠ ɚʨ ï ʢʦʵʬʬʠʮʠ-

ʝʥʪʳ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʠ ʠʥʩʪʨʫ-

ʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚ; —ʧʣ ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝ-

ʥʠʷ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ; Ŭ ʠ ɔ ï ʟʘʜʥʠʡ ʠ ʧʝ-

ʨʝʜʥʠʡ ʫʛʣʳ ʨʝʟʮʘ; ű ʠ ű1 ï ʛʣʘʚʥʳʡ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴ-

ʥʳʡ ʫʛʣʳ ʚ ʧʣʘʥʝ; r ï ʨʘʜʠʫʩ ʧʨʠ ʚʝʨʰʠʥʝ ʨʝʟʮʘ ʚ 

ʧʣʘʥʝ; ɟ1 ï ʨʘʜʠʫʩ ʩʢʨʫʛʣʝʥʠʷ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ; B1 ʠ 

H1 ï ʰʠʨʠʥʘ ʠ ʚʳʩʦʪʘ ʨʝʟʮʘ; Lʨ ï ʜʣʠʥʘ ʚʳʩʪʫʧʘʶʱʝʡ 

ʯʘʩʪʠ ʨʝʟʮʘ ʠʟ ʩʫʧʧʦʨʪʘ; H ï ʨʘʟʤʝʨ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ 

ʜʝʪʘʣʠ; Tʨ ï ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʜʦʧʫʩʢ ʥʘ ʨʘʟʤʝʨ ʦʙʨʘ-

ʙʘʪʳʚʘʝʤʦʡ ʜʝʪʘʣʠ; ɚʩʪ  ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜ-

ʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʜʝʨʞʘʚʢʠ ʨʝʟʮʘ; Ŭ1 ʠ Ŭʨ ï ʢʦʵʬʬʠʮʠ-

ʝʥʪʳ ʪʝʧʣʦʦʪʜʘʯʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʤʘ-

ʪʝʨʠʘʣʘ ʜʝʨʞʘʚʢʠ ʨʝʟʮʘ; ŭ ï ʚʝʣʠʯʠʥʘ ʠʟʥʦʩʘ ʨʝʟʮʘ ʧʦ 

ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ; jʩʠʩʪ. ï ʞʝʩʪʢʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʡ ʩʠʩʪʝʤʳ ʉʇʀɼ (ʩʪʘʥʦʢ-ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ-

ʠʥʩʪʨʫʤʝʥʪ-ʜʝʪʘʣʴ); f ï ʬʫʥʢʮʠʷ. 

ʉʪʝʧʝʥʴ ʥʘʢʣʝʧʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ 

ʬʦʨʤʫʣʝ:  

0,8

ʚ ʚʵ

, 
1, 25(ů / ů )

ʩ
h

N =                         (3) 

ʛʜʝ „ʚ ɻï ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ ʩʪʘʣʠ, 

ʧʨʠʥʷʪʦʡ ʟʘ ʵʪʘʣʦʥ. 

ʇʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ ʪʦʯʥʦʩʪʠ ʟʘʚʠʩʷʪ ʦʪ 

ʨʝʞʠʤʦʚ ʨʝʟʘʥʠʷ, ʤʦʞʥʦ ʪʘʢʞʝ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʧʘʨʘʤʝʪʨ ʪʦʯʥʦʩʪʠ ʠʟʜʝʣʠʷ ʠʤʝʝʪ ʬʫʥʢʮʠʶ ʦʪ ʧʘʨʘ-

ʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʉʇʀɼ. ʇʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʧʘʨʘʤʝʪʨ 

ʪʦʯʥʦʩʪʠ ʠʤʝʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʯʝʨʝʟ ʬʫʥʢʮʠʶ ʦʪ ʧʘʨʘ-

ʤʝʪʨʦʚ ʉʇʀɼ, ʢʦʪʦʨʳʝ ʦʙʦʟʥʘʯʝʥʳ ʚ ʬʦʨʤʫʣʝ (2): 

( )ȹ= u t, s, v ,                                (4) 

ʛʜʝ ȹ ï ʧʦʣʫʯʘʝʤʳʡ ʧʘʨʘʤʝʪʨ ʪʦʯʥʦʩʪʠ; u ï ʬʫʥʢʮʠʷ. 

ʇʦʜʨʦʙʥʦ ʨʘʩʢʨʳʚ ʬʦʨʤʫʣʫ (4) ʩ ʫʯʝʪʦʤ ʧʘʨʘ-

ʤʝʪʨʦʚ, ʫʢʘʟʘʥʥʳʭ ʚ (2), ʧʦʣʫʯʠʤ 

ʦʩʪ ʜ T ʜ p 1

1 ʩʪ ʧʣ 1

1 ʩʠʩʪ 1 1

å õå õ
æ öæ ö
æ öD = æ ö
æ öæ ö
æ öæ ö
ç ÷ç ÷

z c p

p p

p

ů ,R ,h ,ɓ ,T ,ů ,E ,Ű ,ɓ ,

u f Ŭ ,Ŭ ,ɛ, ɚ,ɚ ,ɚ ,ɗ , Ŭ,ɔ,ű,ű ,

r, ɟ ,ŭ, j ,ɺ ,ʅ ,ʅ,L

.      (5) 

ʇʦʣʫʯʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʧʨʘʚʝʜʣʠʚʘ ʜʣʷ ʪʦʯʝ-

ʥʠʷ, ʠ ʉʫʭʦʡ ɼ.ʉ. ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ [13] ʬʦʨʤʘʣʠʟʦʚʘʣ 

ʝʝ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʧʦʜʦʙʠʷ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʉʝ-

ʤʝʥʦʚ ɸ.ʅ. ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ [14] ʨʘʩʢʨʳʚʘʣ ʜʘʥʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʠ ʦʙʦʩʥʦʚʘʣ, ʯʪʦ ʪʦʯʥʦʩʪʴ ʬʦʨʤʳ ʜʝʪʘ-

ʣʠ, ʢʦʪʦʨʘʷ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʥʘ ʧʣʦʩʢʦʰʣʠʬʦʚʘʣʴʥʦʤ 

ʩʪʘʥʢʝ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʛʨʝʰʥʦʩʪʴʶ, ʚʢʣʶʯʘʶʱʝʡ ʚ 

ʩʝʙʷ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ ʉʇʀɼ, ʠ ʚʳʨʘʞʘʝʪʩʷ ʩʣʝ-

ʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 



ʊɽʍʅʆʃʆɻʀʀ ʆɹʈɸɹʆʊʂʀ ʄɸʊɽʈʀɸʃʆɺ 
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ʬ ʩ ʧ ʠ ʜ
D = D + D + D + D,                   (6) 

ʛʜʝ ȹʩ ï ʧʦʛʨʝʰʥʦʩʪʠ, ʚʥʦʩʠʤʳʝ ʩʪʘʥʢʦʤ; ȹʧ ï ʧʦ-

ʛʨʝʰʥʦʩʪʠ, ʚʥʦʩʠʤʳʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝʤ; ȹʠ ï ʧʦ-

ʛʨʝʰʥʦʩʪʠ, ʚʥʦʩʠʤʳʝ ʠʥʩʪʨʫʤʝʥʪʦʤ; ȹʜ ï ʧʦʛʨʝʰʥʦ-

ʩʪʠ, ʚʳʟʚʘʥʥʳʳʝ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʠʩʪʝʤʳ ʉʇʀɼ ʥʘ 

ʜʝʪʘʣʴ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʣʫʯʘʝʤʦʡ ʪʦʯʥʦʩʪʠ ʬʦʨʤʳ ʠʟʜʝ-

ʣʠʡ ʦʪ ʥʘʢʣʝʧʘ ʥʝʧʨʷʤʘʷ ʠ ʦʥʘ çʣʝʞʠʪè ʯʝʨʝʟ ʜʚʦʡ-

ʥʫʶ ʬʫʥʢʮʠʶ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʜʨʦʙʥʦʛʦ ʠ ʢʦʨʨʝʢʪ-

ʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʠ ʘʥʘʣʠʟ ʠʭ ʨʝʟʫʣʴʪʘʪʦʚ.  

ɺʳʚʦʜʳ 

1. ɿʘʜʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʪʦʯʥʦʩʪʠ ʬʦʨʤʳ ʦʙʨʘʟʮʦʚ 
(ʧʣʦʩʢʦʩʪʥʦʩʪʠ) ʙʳʣʦ ʦʙʝʩʧʝʯʝʥʦ ʥʘ ʚʩʝʭ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʭ ʨʝʞʠʤʘʭ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʢʦʪʦ-

ʨʦʡ ʧʨʝʜʰʝʩʪʚʦʚʘʣʠ ʦʧʝʨʘʮʠʠ ʟʘʢʘʣʢʠ ʠ ʩʪʘʨʝʥʠʷ, ʪʦ 

ʝʩʪʴ ʜʘʥʥʳʝ ʨʝʞʠʤʳ ʥʝ ʧʨʠʚʦʜʷʪ ʢ ʥʝʜʦʧʫʩʪʠʤʦʤʫ 

ʦʪʢʣʦʥʝʥʠʶ ʪʦʯʥʦʩʪʠ ʬʦʨʤʳ. ɼʘʥʥʳʝ ʨʝʞʠʤʳ ʨʝʟʘ-

ʥʠʷ ʨʝʢʦʤʝʥʜʫʶʪʩʷ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʙʨʘʢʘ. 

2. ɺʝʣʠʯʠʥʘ ʥʘʢʣʝʧʘ ʫʤʝʥʴʰʘʣʘʩʴ ʥʘ ʦʙʨʘʟʮʘʭ ʩ 
ʨʝʞʠʤʦʤ ʩʪʘʨʝʥʠʷ 200 ʠ 600 ʉ ʠ ʚʦʟʨʘʩʪʘʣʘ ʧʨʠ ʪʝʤ-

ʧʝʨʘʪʫʨʝ ʩʪʘʨʝʥʠʷ 400 ʉ. ʕʪʦ ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, 

ʯʪʦ ʥʘʢʣʝʧ ʚʣʠʷʝʪ ʥʘ ʪʦʯʥʦʩʪʴ ʙʦʣʴʰʝ ʫ ʦʙʨʘʟʮʘ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʩʪʘʨʝʥʠʷ 400 ʉ ʠ ʧʨʠ ʵʪʦʤ ʤʠʥʠʤʘʣʴʥʦ 

ʚʣʠʷʝʪ ʥʘ ʦʙʨʘʟʝʮ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʩʪʘʨʝʥʠʷ 600 ʉ. 

ʀʟ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʙʘʟʠʨʫʶʱʠʭʩʷ ʥʘ ʨʘʙʦʪʘʭ 

ɹʝʟʲʷʟʳʯʥʦʛʦ ɺ.ʌ., ʘ ʪʘʢʞʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʘʙʦʪ ʉʝ-

ʤʝʥʦʚʘ ɸ.ʅ. ʠ ʉʫʭʦʛʦ ɼ.ʉ., ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ 

ʥʘʢʣʝʧ ʠʤʝʝʪ ʥʝʧʨʷʤʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʣʫʯʘʝʤʫʶ ʪʦʯ-

ʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ, ʪʦ ʝʩʪʴ ʯʝʨʝʟ ʜʚʦʡʥʫʶ ʬʫʥʢʮʠʶ. 

ɼʣʷ  ʧʦʜʨʦʙʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʪʨʝʙʫʝʪ-

ʩʷ ʧʨʦʚʝʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ. 
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ʆʎɽʅʂɸ ʋɼɸʈʅʆʁ ɺʗɿʂʆʉʊʀ, ʍʃɸɼʆʉʊʆʁʂʆʉʊʀ ʀ ʉʊʈʋʂʊʋʈʓ 

ʋɻʃɽʈʆɼʀʉʊʆʁ ʉʊɸʃʀ 20, ɸʈʄʀʈʆɺɸʅʅʆʁ ʉʊɸʃʔʖ 12ʍ18ʅ10ʊ 

ʄɽʊʆɼʆʄ ʃɸɿɽʈʅʆʁ ʅɸʇʃɸɺʂʀ 

ʂʦʣʯʠʥ ʇ.ɺ.
1
, ʂʦʩʪʳʣʝʚ ʂ.ɸ.

1
, ʏʝʨʥʠʛʠʥ ʄ.ɸ.

2
 

1 ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ɺ. ɻʘʧʦʥʦʚʘ-ɻʨʝʭʦʚʘ  

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 
2 ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʈ.ɽ. ɸʣʝʢʩʝʝʚʘ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

ɸʥʥʦʪʘʮʠʷ. ʉʦʚʨʝʤʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʥʦʚʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝ-

ʨʠʘʣʳ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʜʚʫʭ ʠ ʙʦʣʝʝ ʨʘʟʣʠʯʥʳʭ ʩʧʣʘʚʦʚ. ʕʪʦ ʦʪʢʨʳʚʘʝʪ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʧʦ ʠʟʛʦʪʦʚʣʝʥʠʶ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʢʦʥʩʪʨʫʢʮʠʡ, ʙʦʣʝʝ ʩʪʦʡʢʠʭ ʢ ʵʢʩʪʨʝʤʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ, ʪʘʢʠʤ ʢʘʢ ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʂʨʘʡʥʝʛʦ ʩʝʚʝʨʘ ʠ ɸʨʢʪʠʢʠ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʭʣʘʜʦʩʪʦʡ-

ʢʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʩʪʘʣʠ 20, ʢʦʪʦʨʳʡ ʘʨʤʠʨʦʚʘʥ ʩʪʘʣʴʶ 12ʍ18ʅ10ʊ ʩ ʮʝʣʴʶ ʦʙʨʘʟʦʚʘʥʠʷ ʫʯʘʩʪ-

ʢʦʚ ʚʷʟʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʧʨʠ ʭʨʫʧʢʦʤ ʨʘʟʨʫʰʝʥʠʠ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ɼʣʷ ʜʦ-

ʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʠ ʟʘʜʘʯ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ, ʛʜʝ ʚʪʦʨʦʡ ʤʘʪʝʨʠʘʣ ʥʘʥʦ-

ʩʠʣʩʷ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ ʥʘʧʣʘʚʢʠ ʧʨʦʚʦʣʦʢʠ ʠ ʨʘʩʧʦʣʦʞʝʥ ʚ ʚʠʜʝ ʧʦʣʦʩ ʧʦ ʪʨʝʤ ʩʪʦʨʦʥʘʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙ-

ʨʘʟʮʦʚ. ɺ ʨʘʙʦʪʝ ʧʨʠʤʝʥʷʣʠʩʴ ʤʝʪʦʜʳ ʠʩʧʳʪʘʥʠʷ ʥʘ ʫʜʘʨʥʳʡ ʠʟʛʠʙ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʛʦ ʠ ʬʨʘʢʪʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʘʨʤʠʨʦʚʘʥʠʝ ʩʪʘʣʠ ʩ ʆʎʂ-ʨʝʰʝʪʢʦʡ ʩʧʣʘʚʦʤ ʩ  ɻʎʂ-ʨʝʰʝʪʢʦʡ ʘʜʜʠʪʠʚ-

ʥʳʤ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ ʥʘʧʣʘʚʢʠ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʚ ʠʟʣʦʤʝ ʦʙʨʘʟʮʦʚ ʚʷʟʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʥʘ ʫʨʦʚʥʝ 9% 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʦʙʨʘʟʮʘ ʧʨʠ ʚʳʙʨʘʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʘʨʤʠʨʦʚʘʥʠʷ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ ʚ 2,2 

ʨʘʟʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʠʩʧʳʪʘʥʠʷ ï50ÁC. ʆʜʥʘʢʦ ʚʚʠʜʫ ʨʘʟʥʠʮʳ ʚ ʩʚʦʡʩʪʚʘʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʜʝʡ-

ʩʪʚʫʶʪ ʥʘʧʨʷʞʝʥʠʷ, ʩʥʠʞʘʶʱʠʝ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ ʧʨʠ ʥʦʨʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺ ʩʚʷʟʠ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʧʦ-

ʪʨʝʙʥʦʩʪʴ ʚ ʚʳʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʧʦ ʩʥʠʞʝʥʠʶ ʜʘʥʥʦʛʦ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʟʘ ʩʯʝʪ ʧʦʜʙʦʨʘ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ 

ʩʭʝʤʳ ʘʨʤʠʨʦʚʘʥʠʷ, ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ,  ʤʝʪʦʜʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʩʦʯʝʪʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ. 
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Abstract. Modern development of additive technologies allows for creation new composite materials with higher char-

acteristics, consisting of two or more different alloys. This opens up opportunities for manufacturing equipment and 

structures that are more resistant to extreme operating conditions, such as low temperatures of the Far North and the 

Arctic. This article assesses the cold resistance of a material consisting of steel 20, which is reinforced with steel 

12Cr18Ni10Ti in order to form areas of viscous fracture during brittle fracture of the base material at low temperatures. 

To achieve the stated objectives, bimetallic samples were manufactured, where the second material was applied by laser 

wire cladding and located in the form of stripes on three sides of the samples surface. The authors used the methods of 

impact bending testing, microstructural and fractographic analysis. The results show that reinforcement of BCC steel 

with FCC alloy by additive laser cladding method allows for preserving viscous component in fracture of samples at the 

level of 9% of cross-section of sample, at the selected reinforcement density, which increases impact toughness by 2.2 

times at test temperature of ï50ÁC. However, due to difference in properties of materials, there are stresses during de-

struction, which reduce impact toughness at normal temperature. In this regards, there is a need to develop methods for 

reduction of this negative influence by means of selection of more effective reinforcement scheme, heat treatment, 

methods of computer modeling and combination of materials. 

Keywords: cold resistance, multi-metallic materials, additive technologies, laser cladding, reinforcement. 
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ɺʚʝʜʝʥʠʝ 

ɸʨʢʪʠʢʘ ʠ ʉʝʚʝʨʥʳʡ ʃʝʜʦʚʠʪʳʡ ʦʢʝʘʥ ʧʨʝʜʩʪʘʚ-

ʣʷʶʪ ʩʦʙʦʡ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʚʘʞʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʜʣʷ 

ʈʦʩʩʠʠ. ʈʝʛʠʦʥ ʦʙʣʘʜʘʝʪ ʦʛʨʦʤʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʙʣʘ-

ʛʦʜʘʨʷ ʩʚʦʠʤ ʧʨʠʨʦʜʥʳʤ ʨʝʩʫʨʩʘʤ ʠ ʚʦʟʤʦʞʥʦʩʪʷʤ ʚ 

ʢʘʯʝʩʪʚʝ ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʢʦʨʠʜʦʨʘ ʤʝʞʜʫ ɽʚʨʦʧʦʡ ʠ 

ɸʟʠʝʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʛʦʩʫʜʘʨʩʪʚʦ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʵʪʠʭ ʪʝʨʨʠʪʦʨʠʡ, ʯʪʦ ʦʪʨʘʞʝʥʦ ʚ 

ʜʦʢʫʤʝʥʪʘʭ, ʪʘʢʠʭ ʢʘʢ çʉʪʨʘʪʝʛʠʷ ʨʘʟʚʠʪʠʷ ɸʨʢʪʠʯʝ-

ʩʢʦʡ ʟʦʥʳ ʈʦʩʩʠʠ ʜʦ 2035 ʛʦʜʘè. ʆʜʥʘʢʦ ʦʩʚʦʝʥʠʝ 

ʘʨʢʪʠʯʝʩʢʠʭ ʨʝʛʠʦʥʦʚ ʩʦʧʨʷʞʝʥʦ ʩ ʨʷʜʦʤ ʪʝʭʥʠʯʝ-

ʩʢʠʭ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʚʳʟʦʚʦʚ. ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ 

ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʵʢʩʪʨʝʤʘʣʴʥʦ ʥʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ï60ÁC ʠ 

ʥʠʞʝ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ ʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʪʨʝʙʫʝʪʩʷ ʦʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʢ ʚʳʙʦʨʫ ʭʣʘʜʦʩʪʦʡʢʠʭ ʤʘʪʝʨʠʘʣʦʚ [1]. 

ʇʦʜ ʭʣʘʜʦʩʪʦʡʢʦʩʪʴʶ ʧʦʥʠʤʘʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʤʝʪʘʣʣʦʚ ʩʦʭʨʘʥʷʪʴ ʩʚʦʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʪʘ-

ʢʠʝ ʢʘʢ ʚʷʟʢʦʩʪʴ ʠ ʧʣʘʩʪʠʯʥʦʩʪʴ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 

0 ʜʦ ï269ÁC [1]. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ 

ʩʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʤʝʭʘʥʠʟʤ ʨʘʟʨʫʰʝʥʠʷ ʤʝʪʘʣ-

ʣʦʚ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ. ʅʘʧʨʠʤʝʨ, ʨʘʙʦʪʳ ɸ.ʌ. ʀʦʬ-

ʬʝ, ʧʦʩʚʷʱʝʥʥʳʝ ʚʣʠʷʥʠʶ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ 

ʩʚʦʡʩʪʚʘ ʤʝʪʘʣʣʦʚ, ʚʳʷʚʠʣʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʧʦʚʝ-

ʜʝʥʠʠ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʨʝʜʣʦʞʠʣʠ ʦʙʲʷʩʥʝʥʠʝ ʤʝʭʘ-

ʥʠʟʤʘ ʚʷʟʢʦ-ʭʨʫʧʢʦʛʦ ʧʝʨʝʭʦʜʘ (ʨʠʩ. 1). ɼʘʥʥʳʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʨʘʟʚʠʪʳ ʚ ʜʘʣʴʥʝʡʰʠʭ ʨʘʙʦʪʘʭ ʅ.ʅ. 

ɼʘʚʠʜʝʥʢʦʚʘ ʠ ʗ.ɹ. ʌʨʠʜʤʘʥʘ [2]. 

 

ʈʠʩ. 1. ʄʦʜʝʣʴ  ɸ.ʌ. ʀʦʬʬʝ ʭʨʫʧʢʦʛʦ (I) ʠ ʚʷʟʢʦʛʦ (II) 

ʨʘʟʨʫʰʝʥʠʡ ʩʪʘʣʠ 

Fig. 1. A.F. Ioffe's model of brittle (I) and ductile (II) 

fractures of steel 
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ʉʦʛʣʘʩʥʦ ʤʦʜʝʣʠ ɸ.ʌ. ʀʦʬʬʝ, ʩʥʠʞʝʥʠʝ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʦʢʘʟʳʚʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʪʨʳʚʫ, ʦʜʥʘʢʦ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥ̫-

ʝʪ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʥʝ ʤʝʭʘʥʠʟʤʘ 

ʨʘʟʨʫʰʝʥʠʷ ʤʘʪʝʨʠʘʣʘ. ʂʨʠʪʠʯʝʩʢʘʷ ʪʦʯʢʘ ʧʝʨʝʩʝʯʝ-

ʥʠʷ ʢʨʠʚʳʭ ůʪ ʠ ůʦʪʨ ʦʧʨʝʜʝʣʷʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʚʷʟʢʦ-

ʭʨʫʧʢʦʛʦ ʧʝʨʝʭʦʜʘ ʊʢʨ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ ʊʢʨ 

ʨʘʟʨʫʰʝʥʠʷ ʩʪʘʥʦʚʷʪʩʷ ʭʨʫʧʢʠʤʠ [6]. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [3ï8] ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʨʘʟʣʠʯʠʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʤʝʪʘʣʣʦʚ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʠʭ ʧʦʚʝʜʝʥʠʝ ʧʨʠ ʩʥʠʞʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʄʝʪʘʣʣʳ ʩ ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʢʨʠ-

ʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ (ɻʎʂ) ʩʦʭʨʘʥʷʶʪ ʚʷʟʢʠʡ ʤʝ-

ʭʘʥʠʟʤ ʨʘʟʨʫʰʝʥʠʷ ʜʘʞʝ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, 

ʭʦʪʷ ʠʭ ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ ʧʣʘʚʥʦ ʩʥʠʞʘʝʪʩʷ. ɺ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʤʝʪʘʣʣʳ ʩ ʦʙʲʝʤʥʦ-ʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʢʨʠ-

ʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ (ʆʎʂ) ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʝʝ 

ʩʣʦʞʥʦʝ ʧʦʚʝʜʝʥʠʝ: ʧʦʩʣʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫ-

ʨʳ ʚ ʠʟʣʦʤʘʭ ʤʦʛʫʪ ʧʦʷʚʣʷʪʴʩʷ ʟʦʥʳ ʭʨʫʧʢʦʛʦ ʨʘʟ-

ʨʫʰʝʥʠʷ, ʘ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʩʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʤʘʪʝʨʠʘʣ ʧʦʣʥʦʩʪʴʶ ʦʭʨʫʧʯʠʚʘʝʪʩʷ [9]. ʆʭʨʫʧʯʠʚʘ-

ʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʝʨʴʝʟʥʫʶ ʦʧʘʩʥʦʩʪʴ, ʪʘʢ ʢʘʢ ʪʨʝ-

ʱʠʥʳ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʙʳʩʪʨʦ, ʥʝ ʜʘʚʘʷ ʚʦʟʤʦʞʥʦ-

ʩʪʠ ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʳʷʚʠʪʴ ʧʨʦʙʣʝʤʫ ʠ ʧʨʠʥʷʪʴ ʤʝʨʳ 

ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʘʟʨʫʰʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʠ, ʩʦ-

ʦʪʚʝʪʩʪʚʝʥʥʦ, ʘʚʘʨʠʠ. 

ɼʣʷ ʦʮʝʥʢʠ ʭʣʘʜʦʩʪʦʡʢʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴ-

ʟʫʶʪʩʷ ʜʚʝ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʷʟʢʦ-ʭʨʫʧʢʦʛʦ ʧʝʨʝʭʦʜʘ ʊ50 ʠ ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠ ʢʦ-

ʪʦʨʦʡ ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ KCV ʜʦʩʪʠʛʘʝʪ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʟʥʘʯʝʥʠʷ 20 ɼʞ/ʩʤĮ. ʊʝʤʧʝʨʘʪʫʨʘ ʊ50 ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʜʦʣʷ ʚʷʟʢʦʡ ʠ ʭʨʫʧʢʦʡ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʠʟʣʦʤʝ ʨʘʚʥʘ 50 %. ʏʝʤ ʥʠʞʝ ʟʥʘʯʝ-

ʥʠʝ ʊ50, ʪʝʤ ʚʳʰʝ ʭʣʘʜʦʩʪʦʡʢʦʩʪʴ ʤʘʪʝʨʠʘʣʘ. ɸʥʘʣʦ-

ʛʠʯʥʦ ʯʝʤ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʜʦʩʪʠʛʘʝʪ-

ʩʷ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ KCV, ʪʝʤ ʙʦʣʝʝ ʭʣʘʜʦʩʪʦʡ-

ʢʠʤ ʩʯʠʪʘʝʪʩʷ ʤʝʪʘʣʣ [10]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʤʝ-

ʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ ʭʣʘʜʦʩʪʦʡʢʦʩʪʠ ʤʝʪʘʣʣʦʚ. ʅʘʠʙʦ-

ʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʦʜʭʦʜʳ: ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʤʝʪʘʣʣʦʚ ʩ ɻʎʂ-ʨʝʰʝʪʢʦʡ, ʣʝʛʠʨʦʚʘʥʠʝ ʠ ʤʠʢ-

ʨʦʣʝʛʠʨʦʚʘʥʠʝ, ʨʘʬʠʥʠʨʦʚʘʥʠʝ ʠ ʨʘʩʢʠʩʣʝʥʠʝ, ʧʨʠ-

ʤʝʥʝʥʠʝ ʪʝʨʤʠʯʝʩʢʦʡ ʠʣʠ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘ-

ʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʦʧʪʠʤʠʟʘʮʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝ-

ʥʠʡ [11, 12]. ʕʪʠ ʤʝʪʦʜʳ ʥʘʧʨʘʚʣʝʥʳ ʣʠʙʦ ʥʘ ʧʦʣʥʦʝ 

ʠʩʢʣʶʯʝʥʠʝ ʭʨʫʧʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʧʨʠ ʟʘʜʘʥʥʦʡ ʪʝʤ-

ʧʝʨʘʪʫʨʝ, ʣʠʙʦ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʚʷʟʢʦʡ ʩʦʩʪʘʚʣʷ-

ʶʱʝʡ ʚ ʠʟʣʦʤʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʚʠʥʫʪʴ ʪʝʤʧʝʨʘʪʫʨʫ 

ʧʦʣʥʦʛʦ ʧʝʨʝʭʦʜʘ ʤʝʪʘʣʣʘ ʠʟ ʚʷʟʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ 

ʭʨʫʧʢʦʝ ʟʘ ʧʨʝʜʝʣʳ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʡ. 

ʉ ʨʘʟʚʠʪʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʧʦʷʚʠʣʠʩʴ ʥʦʚʳʝ ʩʧʦʩʦʙʳ ʩʦʟʜʘʥʠʷ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʤʫʣʴʪʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠ-

ʮʠʡ. ʂ ʪʘʢʠʤ ʪʝʭʥʦʣʦʛʠʷʤ ʦʪʥʦʩʷʪʩʷ ʩʝʣʝʢʪʠʚʥʦʝ 

ʣʘʟʝʨʥʦʝ ʩʧʣʘʚʣʝʥʠʝ, ʵʣʝʢʪʨʦʜʫʛʦʚʘʷ ʥʘʧʣʘʚʢʘ ʧʦ-

ʨʦʰʢʦʚ ʠ ʧʨʦʚʦʣʦʢʠ [13]. ɹʣʘʛʦʜʘʨʷ ʵʪʠʤ ʤʝʪʦʜʘʤ 

ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʧʨʦʠʟʚʦʜʠʪʴ ʠʟʜʝʣʠʷ, ʛʜʝ ʦʩʥʦʚʥʦʡ 

ʤʝʪʘʣʣ ʘʨʤʠʨʫʝʪʩʷ ʚʪʦʨʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʯʪʦ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ [14, 15]. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʮʝʥʢʘ 

ʭʣʘʜʦʩʪʦʡʢʦʩʪʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʮʠʡ, ʩʦʜʝʨ-

ʞʘʱʠʭ ʦʩʥʦʚʥʦʡ ʤʝʪʘʣʣ ʩ ʆʎʂ-ʨʝʰʝʪʢʦʡ ʠ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʦʝ ʘʨʤʠʨʦʚʘʥʠʝ ʤʝʪʘʣʣʦʤ ʩ ɻʎʂ-ʨʝʰʝʪʢʦʡ. 

ʇʨʝʠʤʫʱʝʩʪʚʦ ʪʘʢʦʡ ʢʦʤʧʦʟʠʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʥʠʢʦʛʜʘ ʧʦʣʥʦ-

ʩʪʴʶ ʥʝ ʧʝʨʝʭʦʜʠʪ ʠʟ ʚʷʟʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʭʨʫʧʢʦʝ, 

ʧʦʩʢʦʣʴʢʫ ʚʩʝʛʜʘ ʩʦʜʝʨʞʠʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʦʮʝʥʪ 

ʤʝʪʘʣʣʘ ʩ ɻʎʂ-ʨʝʰʝʪʢʦʡ, ʩʦʭʨʘʥʷʶʱʝʛʦ ʩʚʦʶ ʚʷʟ-

ʢʦʩʪʴ ʥʘ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ. ʇʨʦʮʝʥʪʥʦʝ ʩʦ-

ʜʝʨʞʘʥʠʝ ʢʘʞʜʦʛʦ ʠʟ ʤʝʪʘʣʣʦʚ ʚ ʩʝʯʝʥʠʠ ʤʦʞʥʦ ʨʝ-

ʛʫʣʠʨʦʚʘʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʨʝʙʫʝʤʳʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʠʟʛʦʪʦʚʣʝ-

ʥʠʷ ʦʙʨʘʟʮʦʚ ʙʳʣʘ ʚʳʙʨʘʥʘ ʫʛʣʝʨʦʜʠʩʪʘʷ ʩʪʘʣʴ 20 ʩ 

ʆʎʂ-ʨʝʰʝʪʢʦʡ. ɼʣʷ ʘʨʤʠʨʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʠʩʧʦʣʴ-

ʟʦʚʘʥʘ ʘʫʩʪʝʥʠʪʥʘʷ ʥʝʨʞʘʚʝʶʱʘʷ ʩʪʘʣʴ 12ʍ18ʅ10ʊ ʩ 

ɻʎʂ-ʨʝʰʝʪʢʦʡ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʵʪʠʭ ʩʪʘʣʝʡ ʧʨʝʜ-

ʩʪʘʚʣʝʥ ʚ ʪʘʙʣ. 1. 

ʉʪʘʣʴ 20 ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ 

ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʠ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢ-

ʮʠʡ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʭʦʨʦʰʝʡ ʩʚʘʨʠʚʘʝʤʦʩʪʠ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʩʦʟʜʘʥʠʠ ʙʠʤʝʪʘʣ-

ʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ. ʉʪʘʣʴ 12ʍ18ʅ10ʊ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʚʳʩʦʢʦʣʝʛʠʨʦʚʘʥʥʳʡ ʘʫʩʪʝʥʠʪʥʳʡ ʩʧʣʘʚ, ʢʦʪʦ-

ʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦ-

ʩʪʴʶ ʠ ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ ʢʨʠʦʛʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɽʝ ʜʦʧʫʩʪʠʤʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ ʩʦʩʪʘʚʣʷʝʪ ʦʪ ï196 ʜʦ +600 ÁC [16]. 

ʊʘʙʣʠʮʘ 1. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʪʘʣʝʡ 

T a b l e  1 . Chemical composition of steels 
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ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʤʝʭʘ-

ʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʧʳʪʘʥʠʷ 

ʥʘ ʫʜʘʨʥʳʡ ʠʟʛʠʙ ʩʦʛʣʘʩʥʦ ɻʆʉʊ 9454-78. ʀʩʧʳʪʘ-

ʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʥʘ ʦʙʨʘʟʮʘʭ ʩ ʧʦʧʝʨʝʯʥʳʤ ʩʝʯʝʥʠʝʤ 

10Ĭ10 ʤʤ ʠ V-ʦʙʨʘʟʥʳʤ ʥʘʜʨʝʟʦʤ ʥʘ ʤʘʷʪʥʠʢʦʚʦʤ 

ʢʦʧʨʝ ʈʅ-300 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ +20 ʠ ï50ÁC. ʅʠʞʥʝʝ 

ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʙʳʣʦ ʚʳʙʨʘʥʦ ʜʣʷ ʦʙʝʩʧʝʯʝ-

ʥʠʷ ʧʦʣʥʦʛʦ ʭʨʫʧʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʩʪʘʣʠ 20. 

ɼʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ 

ʜʚʘ ʪʠʧʘ ʦʙʨʘʟʮʦʚ: ʤʦʥʦʤʝʪʘʣʣʠʯʝʩʢʠʡ (ʠʟ ʩʪʘʣʠ 20) 

ʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʡ (ʦʩʥʦʚʘ ʠʟ ʩʪʘʣʠ 20 ʩ ʧʨʦʜʦʣʴʥʳʤ 

ʘʨʤʠʨʦʚʘʥʠʝʤ ʩʪʘʣʴʶ 12ʍ18ʅ10ʊ). ʂʦʥʩʪʨʫʢʮʠʷ ʟʘ-

ʛʦʪʦʚʢʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩ. 2. 
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ʈʠʩ. 2. ʕʩʢʠʟ ʟʘʛʦʪʦʚʢʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ 

Fig. 2. Sketch of a bimetallic sample blank 

ʇʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ 

ʚʢʣʶʯʘʣ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: 

ï ʄʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʟʘʛʦʪʦʚʢʠ ʠʟ ʩʪʘʣʠ 20 

ʩ ʚʳʨʝʟʘʥʠʝʤ ʪʨʝʫʛʦʣʴʥʳʭ ʢʘʥʘʚʦʢ (ʨʠʩ. 3, ʘ). 

ï ʇʦʩʣʦʡʥʦʝ ʟʘʧʦʣʥʝʥʠʝ ʢʘʥʘʚʦʢ ʩʪʘʣʴʶ 

12ʍ18ʅ10ʊ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ ʥʘʧʣʘʚʢʠ ʧʨʦʚʦʣʦʢʠ 

ʜʠʘʤʝʪʨʦʤ 0,5 ʤʤ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ HTF 

COMBOMAX 300/3000. ʈʝʞʠʤʳ ʥʘʧʣʘʚʢʠ: ʤʦʱʥʦʩʪʴ 

ʠʤʧʫʣʴʩʘ 270 ɺʪ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ 4,5 ʤʩ, ʨʘʟ-

ʤʝʨ ʧʷʪʥʘ 0,96 ʤʤ, ʩʢʦʨʦʩʪʴ 1 ʤʤ/ʩ, ʰʘʛ ʠʤʧʫʣʴʩʘ 

0,167 ʤʤ, ʟʘʱʠʪʥʘʷ ʘʪʤʦʩʬʝʨʘ ï ʘʨʛʦʥ. 

ï ʏʠʩʪʦʚʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʛʦʪʦʚʳʭ ʦʙ-

ʨʘʟʮʦʚ (ʨʠʩ. 3, ʙ). 

 
ʘ 

 
ʙ 

ʈʠʩ. 3. ʀʟʛʦʪʦʚʣʝʥʠʝ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ:  

ʘ ï ʟʘʛʦʪʦʚʢʘ; ʙ ï ʛʦʪʦʚʳʡ ʦʙʨʘʟʝʮ ʧʦʩʣʝ 

ʥʘʧʣʘʚʢʠ 

Fig. 3. Manufacturing of a bimetallic sample: a is blank; 

ʙ is finished sample after cladding 

ɼʦʣʷ ʩʪʘʣʠ 12ʍ18ʅ10ʊ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ 

ʦʙʨʘʟʮʘ ʩʦʩʪʘʚʣʷʝʪ 9,05%. ɺ ʤʘʩʩʦʚʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 

ʧʨʠ ʩʨʝʜʥʝʡ ʤʘʩʩʝ ʦʙʨʘʟʮʘ 42,8 ʛ ʤʘʩʩʘ ʘʨʤʠʨʫʶʱʝʛʦ 

ʤʘʪʝʨʠʘʣʘ ʨʘʚʥʘ 4,7 ʛ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 10,9% ʦʪ 

ʦʙʱʝʡ ʤʘʩʩʳ ʦʙʨʘʟʮʘ.  

ɸʥʘʣʠʟ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ ʚʳʧʦʣʥʝʥ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʤʦ-

ʜʝʣʠ ɸʣʴʪʘʤʠ ʄɽʊ 1ʉ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʉʪʨʫʢʪʫʨʘ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦ-

ʛʦ ʦʙʨʘʟʮʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4. ʊʨʘʚʣʝʥʠʝ ʚʳʧʦʣ-

ʥʝʥʦ ʧʦ ʩʪʘʣʠ 20. ʅʘ ʠʟʦʙʨʘʞʝʥʠʠ ʚʠʜʥʦ, ʯʪʦ ʤʘʪʝʨʠ-

ʘʣ ʠʤʝʝʪ ʬʝʨʨʠʪʥʦ-ʧʝʨʣʠʪʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʧʨʠ ʵʪʦʤ 

ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʟʝʨʝʥ ʬʝʨʨʠʪʘ ʩʦʩʪʘʚʣʷʝʪ 16 ʤʢʤ. ɺ 

ʤʝʩʪʘʭ ʩʧʣʘʚʣʝʥʠʷ ʩʪʘʣʠ 20 ʩʦ ʩʪʘʣʴʶ 12ʍ18ʅ10ʊ 

ʥʘʙʣʶʜʘʶʪʩʷ ʣʦʢʘʣʴʥʳʝ ʫʯʘʩʪʢʠ ʥʘʩʣʦʝʥʠʷ ʜʚʫʭ ʤʘ-

ʪʝʨʠʘʣʦʚ. ʇʨʠ ʵʪʦʤ ʪʨʝʱʠʥʳ ʠʣʠ ʦʪʩʣʦʝʥʠʷ ʩʧʣʘʚʦʚ 

ʥʝ ʚʳʷʚʣʝʥʳ. ʀʤʝʶʱʠʝʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʭʘ-

ʨʘʢʪʝʨʥʳ ʜʣʷ ʠʟʜʝʣʠʡ, ʧʦʣʫʯʘʝʤʳʭ ʘʜʜʠʪʠʚʥʳʤ ʤʝ-

ʪʦʜʦʤ ʣʘʟʝʨʥʦʛʦ ʩʧʣʘʚʣʝʥʠʷ ʠ ʥʘʧʣʘʚʢʠ [17, 18]. 

 
ʘ 

 
ʙ 

ʈʠʩ. 4. ʉʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʘ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ:  

ʘ ï ʩʪʨʫʢʪʫʨʘ ʩʪʘʣʠ 20, ʫʚʝʣʠʯʝʥʠʝ Ĭ200;  

ʙ ï ʩʪʨʫʢʪʫʨʘ ʚ ʟʦʥʝ ʩʧʣʘʚʣʝʥʠʷ ʩʪʘʣʠ 20  

ʠ 12ʍ18ʅ10ʊ, ʫʚʝʣʠʯʝʥʠʝ Ĭ200 

Fig. 4. Sample structure in cross section: a isstructure  

of steel 20, magnification Ĭ200; ʙ is structure  

in the fusion zone of steel 20 and 12Cr18Ni10Ti, 

magnification Ĭ200 

ɿʥʘʯʝʥʠʷ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʦʙʨʘʟʮʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 2. 
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ʊʘʙʣʠʮʘ 2. ɿʥʘʯʝʥʠʷ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʦʙʨʘʟʮʦʚ 

T a b l e  2 . Impact toughness values of samples 

ʆʙʨʘʟʝʮ 
KCV(+20Áʉ),  

ɼʞ/ ʩʤ2 

KCV(ï50Áʉ),  

ɼʞ/ ʩʤ2 

ʉʪʘʣʴ 20 198,19 4,75 

ʉʪʘʣʴ 20 + 

12ʍ18ʅ10ʊ 
130,31 10,56 

 
ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʦʢʘʟʳʚʘʶʪ ʩʣʝʜʫʶʱʝʝ: 

ï ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ +20Áʉ ʩʪʘʣʴ 20 ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʚʷʟʢʠʡ ʤʝʭʘʥʠʟʤ ʨʘʟʨʫʰʝʥʠʷ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʤʘʪʦʚʳʤ 

ʚʦʣʦʢʥʠʩʪʳʤ ʠʟʣʦʤʦʤ ʠ ʚʳʨʘʞʝʥʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ 

ʜʝʬʦʨʤʘʮʠʝʡ ʦʙʨʘʟʮʘ (ʨʠʩ. 5, ʘ). ɺʝʣʠʯʠʥʘ KCV ʩʦ-

ʩʪʘʚʣʷʝʪ 198,19 ɼʞ/ʩʤĮ. 

ï ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ï50Áʉ ʩʪʘʣʴ 20 ʨʘʟʨʫʰʘʝʪʩʷ ʧʦ 

ʭʨʫʧʢʦʡ ʩʭʝʤʝ (ʨʠʩ. 5, ʙ). ʆʙʣʘʩʪʴ ʨʘʟʨʫʰʝʥʠʷ ʠʤʝʝʪ 

100%-ʡ ʭʨʫʧʢʠʡ ʠʟʣʦʤ, ʦʪʣʠʯʘʶʱʠʡʩʷ ʙʣʝʩʢʦʤ, ʨʫ-

ʯʴʠʩʪʳʤ ʫʟʦʨʦʤ ʠ ʬʘʩʝʪʢʘʤʠ ʩʢʦʣʘ. ʆʙʨʘʟʝʮ ʧʨʘʢʪʠ-

ʯʝʩʢʠ ʥʝ ʜʝʬʦʨʤʠʨʫʝʪʩʷ. ɺʝʣʠʯʠʥʘ KCV ʩʦʩʪʘʚʣʷʝʪ 

4,75 ɼʞ/ʩʤĮ. 
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ʈʠʩ. 5. ʀʟʣʦʤʳ ʩʪʘʣʠ 20: ʘ ï ʠʟʣʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

+20Áʉ;  ʙ ï ʠʟʣʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ï50Áʉ 

Fig. 5. Fractures of steel 20: a isfracture at temperature 

+20Áʉ; ʙ  is fracture at temperature ï50Áʉ 

ʇʨʠ ʠʩʧʳʪʘʥʠʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ 

ʥʘʙʣʶʜʘʶʪʩʷ ʨʘʟʣʠʯʠʷ ʚʦ ʚʥʝʰʥʝʤ ʚʠʜʝ ʠʟʣʦʤʦʚ ʠ 

ʚʝʣʠʯʠʥʝ KCV ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʟʮʘʤʠ ʠʟ ʩʪʘʣʠ 

20. ɹʠʤʝʪʘʣʣʠʯʝʩʢʠʡ ʦʙʨʘʟʝʮ ʠʤʝʝʪ ʤʝʥʴʰʫʶ ʩʪʝ-

ʧʝʥʴ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. ʇʦʚʝʨʭʥʦʩʪʴ ʠʟʣʦʤʘ 

ʥʘ ʨʠʩ. 6, ʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʝ ʦʙʣʘʩʪʠ: ʚʷʟʢʦʛʦ 

ʨʘʟʨʫʰʝʥʠ ̫ ʧʦ ʢʦʥʪʫʨʫ ʦʙʨʘʟʮʘ, ʚʢʣʶʯʘʶʱʘ ̫ ʢʘʢ 

ʦʩʥʦʚʥʦʡ, ʪʘʢ ʠ ʘʨʤʠʨʫʶʱʠʡ ʤʘʪʝʨʠʘʣʳ; ʭʨʫʧʢʦʛʦ 

ʨʘʟʨʫʰʝʥʠ ̫ʚ ʩʝʨʜʮʝʚʠʥʝ ʦʙʨʘʟʮʘ, ʩʦʩʪʦʷʱʘ ̫ʪʦʣʴʢʦ 

ʠʟ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʅʘ ʨʠʩ. 6, ʚ ʚʠʜʥʦ, ʯʪʦ ʭʨʫʧʢʘʷ ʟʦʥʘ ʤʦʞʝʪ ʧʨʝʜ-

ʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʥʝ ʝʜʠʥʳʡ ʫʯʘʩʪʦʢ, ʘ ʨʷʜ ʦʙʣʘʩʪʝʡ, 

ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʥʘʙʣʶʜʘʶʪʩʷ ʚʷʟʢʠʝ ʨʘʟʨʫʰʝʥʠʷ. 

ɼʦʣʷ ʭʨʫʧʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʙ-

ʨʘʟʮʘʭ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 26%. ʆʙʨʘʟʝʮ ʠʤʝʝʪ ʚʩʝ 

ʭʘʨʘʢʪʝʨʥʳʝ ʟʦʥʳ ʜʣʷ ʚʷʟʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ, ʚʢʣʶʯʘʷ 

ʟʘʨʦʞʜʝʥʠʝ ʪʨʝʱʠʥʳ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʨʝʱʠʥʳ, 

ʫʪʷʞʢʠ ʠ ʜʦʣʦʤʘ. ɿʥʘʯʝʥʠʝ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ KCV 

(+20Áʉ) ʩʦʩʪʘʚʣʷʝʪ 130,3 ɼʞ/ʩʤĮ. 

ʊʚʝʨʜʦʩʪʴ ʩʪʘʣʠ 20 ʚ ʩʝʨʜʮʝʚʠʥʝ ʙʠʤʝʪʘʣʣʠʯʝ-

ʩʢʠʭ ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʣʷʝʪ 108 ʅɺ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʦʪʩʫʪʩʪʚʠʝ ʫʚʝʣʠʯʝʥʠʷ ʝʸ ʪʚʝʨʜʦʩʪʠ ʚʩʣʝʜʩʪʚʠʝ ʤʥʦ-

ʛʦʢʨʘʪʥʳʭ ʪʝʨʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʚ ʧʨʦʮʝʩʩʝ 

ʥʘʧʣʘʚʢʠ. ʆʭʨʫʧʯʠʚʘʥʠʝ ʥʝʣʴʟʷ ʩʚʷʟʘʪʴ ʩ ʪʝʤʧʝʨʘ-

ʪʫʨʥʳʤ ʬʘʢʪʦʨʦʤ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ +20Áʉ ʘʥʘʣʦʛʠʯʥʳʝ 

ʦʙʨʘʟʮʳ ʙʝʟ ʥʘʧʣʘʚʢʠ ʨʘʟʨʫʰʘʶʪʩʷ ʧʦ ʚʷʟʢʦʡ ʩʭʝʤʝ. 

ʇʦʚʝʜʝʥʠʝ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʤʦʞʥʦ ʦʙʲ-

ʷʩʥʠʪʴ ʩʦʯʝʪʘʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʬʘʢʪʦʨʦʚ: ʚʥʫʪʨʝʥʥʠ-

ʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ, ʚʳʟʚʘʥʥʳʤʠ ʥʘʧʣʘʚʢʦʡ, ʨʘʟʥʦ-

ʩʪʴʶ ʚ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʜʚʫʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʩʢʦʨʦʩʪʴʶ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ [19ï21]. 

ʇʨʠ ʠʩʧʳʪʘʥʠʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʚ ʟʦʥʝ 

ʥʘʜʨʝʟʘ ʨʘʟʨʫʰʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʚʷʟʢʦʡ ʩʭʝʤʝ. ʇʦ 

ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʨʘʟʨʫʰʝʥʠʷ ʚ ʩʪʦʨʦʥʫ ʩʝʨʜʮʝʚʠʥʳ 

ʚʢʣʶʯʘʶʪʩʷ ʟʦʥʳ ʩ ʥʘʧʣʘʚʢʦʡ ʠʟ ʩʪʘʣʠ 12ʍ18ʅ10ʊ, 

ʢʦʪʦʨʳʝ ʧʨʝʧʷʪʩʪʚʫʶʪ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʩʪʘʣʠ 20, ʫʜʝʨʞʠʚʘʶʪ ʦʙʣʘʩʪʠ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʫ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʥʝ ʜʘʶʪ ʠʤ ʧʝʨʝʤʝʩʪʠʪʴʩʷ ʢ ʮʝʥʪʨʫ. 

ʕʪʦ ʩʦʟʜʘʝʪ ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚ ʮʝʥʪʨʘʣʴʥʦʡ 

ʦʙʣʘʩʪʠ ʦʙʨʘʟʮʘ, ʛʜʝ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʤʝʥʴʰʝ, ʯʝʤ 

ʠʟʤʝʥʝʥʠʝ ʦʙʲʝʤʘ ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫ-

ʝʪ ʫʩʣʦʚʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʦʙʣʘʩʪʝʡ ʭʨʫʧʢʦʛʦ ʨʘʟʨʫʰʝ-

ʥʠʷ. ʇʦ ʤʝʨʝ ʧʨʦʭʦʞʜʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʤʘʪʝʨʠʘʣʝ ʫʤʝʥʴʰʘʶʪʩʷ, ʠ ʨʘʟʨʫʰʝʥʠʝ 

ʟʘʚʝʨʰʘʝʪʩʷ ʧʦ ʚʷʟʢʦʡ ʩʭʝʤʝ. 

ʇʨʠ ʠʩʧʳʪʘʥʠʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ï50Áʉ ʦʩʥʦʚʥʦʡ ʤʘʪʝʨʠʘʣ ʨʘʟʨʫʰʘʝʪʩʷ ʧʦ 

ʭʨʫʧʢʦʡ ʩʭʝʤʝ ʘʥʘʣʦʛʠʯʥʦ ʦʙʨʘʟʮʘʤ ʠʟ ʩʪʘʣʠ 20 ʙʝʟ 

ʘʨʤʠʨʦʚʘʥʠʷ. ʋʯʘʩʪʢʠ ʠʟʣʦʤʘ, ʟʘʧʦʣʥʝʥʥʳʝ ʘʨʤʠʨʫ-

ʶʱʠʤ ʩʧʣʘʚʦʤ, ʠʤʝʶʪ ʤʘʪʦʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʧʨʠ-

ʟʥʘʢʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. ɸʨʤʠʨʫʶʱʠʝ ʧʦʣʦ-

ʩʳ ʥʘ ʪʳʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʠʤʝʶʪ ʟʦʥʫ ʜʦʣʦ-

ʤʘ (ʨʠʩ. 6, ʙ, ʛ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʦʥʳ ʭʨʫʧʢʦʛʦ ʠ ʚʷʟ-

ʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʨʘʟʜʝʣʝʥʳ ʤʝʞʜʫ ʩʪʘʣʴʶ 20 ʠ ʩʪʘʣʴʶ 

12ʍ18ʅ10ʊ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʨʝʜʥʷʷ ʚʝʣʠʯʠʥʘ ʫʜʘʨ-

ʥʦʡ ʚʷʟʢʦʩʪʠ KCV (ï50Áʉ) ʩʦʩʪʘʚʣʷʝʪ 10,56 ɼʞ/ʩʤĮ. 
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ʈʠʩ. 6. ʀʟʣʦʤʳ ʩʪʘʣʠ 20 ʩ ʥʘʧʣʘʚʢʦʡ ʩʪʘʣʠ 12ʍ18ʅ10ʊ: ʘ ï ʠʟʣʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ +20Áʉ;   

ʙ ï ʠʟʣʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ï50Áʉ; ʚ ï ʠʟʣʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ +20Áʉ ʩ ʫʢʘʟʘʥʠʝʤ ʦʙʣʘʩʪʝʡ ʭʨʫʧʢʦʛʦ  

ʠ ʚʷʟʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ; ʛ ï ʠʟʣʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ï50Áʉ ʩ ʫʢʘʟʘʥʠʝʤ ʦʙʣʘʩʪʝʡ ʭʨʫʧʢʦʛʦ  

ʠ ʚʷʟʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ 

Fig. 6. Fractures of steel 20 with 12Cr18Ni10Ti steel cladding: a is fracture at a temperature of +20ÁC; ʙ is fracture  

at a temperature of ï50ÁC; ʚ is fracture at a temperature of +20ÁC with an indication of the areas of brittle  

and ductile fracture; ʛ is fracture at a temperature of ï50ÁC with an indication of the areas of brittle and ductile 

fracture 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘ-

ʥʦʚʣʝʥʦ, ʯʪʦ ʘʨʤʠʨʦʚʘʥʠʝ ʩʪʘʣʠ 20 ʥʘʧʣʘʚʢʦʡ ʠʟ ʩʪʘ-

ʣʠ 12ʍ18ʅ10ʊ, ʟʘʥʠʤʘʶʱʝʡ 9% ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

ʦʙʨʘʟʮʘ, ʫʚʝʣʠʯʠʚʘʝʪ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ ʙʠʤʝʪʘʣʣʠʯʝ-

ʩʢʠʭ ʦʙʨʘʟʮʦʚ ʚ 2,2 ʨʘʟʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ï50 ÁC ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʟʮʘʤʠ ʠʟ ʩʪʘʣʠ 20 ʙʝʟ ʥʘʧʣʘʚʢʠ. 

ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʟʥʘʯʝʥʠʷ ʫʜʘʨ-

ʥʦʡ ʚʷʟʢʦʩʪʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʥʘ 34% ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ +20 ÁC ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʟʮʘʤʠ ʠʟ 

ʩʪʘʣʠ 20. ɼʘʥʥʦʝ ʩʥʠʞʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʧʦʷʚʣʝʥʠʝʤ 

ʭʨʫʧʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʠʟʣʦʤʝ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʚʥʫʪʨʝʥʥʠʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ ʚ ʦʩʥʦʚʥʦʤ ʤʘʪʝʨʠʘʣʝ, 

ʚʦʟʥʠʢʘʶʱʠʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʧʣʘʚʢʠ ʘʨʤʠʨʫʶʱʝʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʠʝʤ ʚ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡ-

ʩʪʚʘʭ ʩʪʘʣʝʡ 20 ʠ 12ʍ18ʅ10ʊ. 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʚʳʰʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʠ-

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʪʨʝʙʫʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʫʩʪʨʘʥʝʥʠʶ ʚʥʫʪʨʝʥ-

ʥʠʭ ʥʘʧʨʷʞʝʥʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʚʦʟʤʦʞʥʳʭ ʨʝʰʝʥʠʡ 

ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ: 

ï ʢʦʤʧʣʝʢʩʥʘʷ ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʜʣʷ ʩʥʷʪʠʷ 

ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ; 

ï ʦʧʪʠʤʠʟʘʮʠʷ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ ʧʣʦʪʥʦʩʪʠ ʘʨʤʠ-

ʨʫʶʱʝʡ ʩʝʪʢʠ ʠʟ ʩʧʣʘʚʦʚ ʩ ɻʎʂ-ʨʝʰʝʪʢʦʡ; 

ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ (ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ï 

ʄʂʕ) ʠ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʜʣʷ ʦʙʝʩʧʝʯʝ-

ʥʠʷ ʙʦʣʴʰʝʡ ʩʪʦʡʢʦʩʪʠ ʢ ʭʨʫʧʢʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʠʢʣʘʜʳʚʘʝʤʳʭ ʥʘʛʨʫʟʦʢ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨ-

ʞʜʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʢʦʤʧʦʟʠʪʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ, ʨʘʙʦʪʘʶʱʠʭ ʚ 

ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʦʜʥʘʢʦ ʪʨʝʙʫʶʪ ʜʘʣʴ-

ʥʝʡʰʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠʭ 

ʠʟʛʦʪʦʚʣʝʥʠʷ. 
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2008. 106 ʩ. 

21. ʂ ʚʦʧʨʦʩʫ ʧʦʩʪʨʦʝʥʠʷ ʧʨʝʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʯ-
ʥʦʩʪʠ ʪʦʨʬʷʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʩʠʩʪʝʤ / ɹ.ʌ. ɿʶʟʠʥ, 
ɺ.ɸ. ʄʠʨʦʥʦʚ, ɸ.ɹ. ɿʶʟʠʥ, ʉ.ɸ. ʖʜʠʥ // ɺʝʩʪʥʠʢ 
ʊʚɻʊʋ. 2014. ˉ 2. ɺʳʧ. 26. C. 55ï64. 
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ʈɸʉʏɽʊ ɸɼɼʀʊʀɺʅʓʍ ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʓʍ ʉɺʆʁʉʊɺ   

ɼʀʉʇɽʈʉʅʆ-ʅɸʇʆʃʅɽʅʅʓʍ ʄɸɻʅʀʊʆʄʗɻʂʀʍ 

ʂʆʄʇʆɿʀʎʀʆʅʅʓʍ ʄɸʊɽʈʀɸʃʆɺ ɼʃʗ ʇɽʈʉʇɽʂʊʀɺʅʓʍ 

ʕʃɽʂʊʈʆɼɺʀɻɸʊɽʃɽʁ 

ɻʫʣʠʥ ɸ.ɽ.
1
, ʃʠʥʴʢʦʚ ʉ.ɸ.

 1
, ʐʝʤʝʪʦʚ ɸ.ʅ.

1
, ʂʫʚʰʠʥʦʚ ɼ.ɸ.

2
, ɽʬʠʤʦʚ ʉ.ɺ.

3
 

1ʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘ, ʄʘʛʥʠʪʦʛʦʨʩʢ, ʈʦʩʩʠʷ 
2ɸʆ çʅʇʆ Ăɸʥʜʨʦʠʜʥʘʷ ʪʝʭʥʠʢʘòè, ʄʘʛʥʠʪʦʛʦʨʩʢ, ʈʦʩʩʠʷ 
3ʄʦʩʢʦʚʩʢʠʡ ʘʚʠʘʮʠʦʥʥʳʡ ʠʥʩʪʠʪʫʪ (ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ), ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɸʥʥʦʪʘʮʠʷ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʤʘʛʥʠʪʦʧʨʦʚʦʜʳ ʜʣʷ ʥʦʚʳʭ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘ-

ʪʝʣʝʡ ʧʨʦʤʳʰʣʝʥʥʳʭ ʨʦʙʦʪʦʚ ʠ ʤʝʪʘʣʣʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʢʦʤʧʣʝʢʩʦʚ. ʎʝʣʴ ʨʘʙʦʪʳ ð ʚʳʙʦʨ ʠ ʨʘʩʯʝʪ ʦʧʪʠ-

ʤʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʛʥʠʪʦʤʷʛʢʠʭ ʢʦʤʧʦʟʠʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʠ ʩʥʠʞʝʥʠʝ ʧʦʪʝʨʴ ʤʦʱʥʦʩʪʠ ʚ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʥʘ ʰʠʨʦʢʦʤ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ 

ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʜʜʠʪʠʚʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʩʚʦʡʩʪʚ ʠ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʫʜʝʣʴʥʦʛʦ ʦʙʲʝʤʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʧʦʣʥʠʪʝʣʷ ʠ ʤʘʪʨʠʮʳ-

ʩʚʷʟʫʶʱʝʛʦ ʚ ʢʦʤʧʦʟʠʪʝ ʥʘ ʤʘʛʥʠʪʥʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʤʘʪʝʨʠʘʣʘ. ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʦʜʝʣʝʡ 

ʛʝʪʝʨʦʛʝʥʥʦʡ ʩʨʝʜʳ ʧʦ ɼʞ.ʂ. ʄʘʢʩʚʝʣʣʫ, ʂ.ɺ. ɺʘʛʥʝʨʫ, ʆ. ɺʠʥʥʝʨʫ ʠ ɺ.ʀ. ʆʜʝʣʝʚʩʢʦʤʫ. ɺʳʧʦʣʥʝʥ ʨʘʩʯʝʪʥʳʡ 

ʵʢʩʧʝʨʠʤʝʥʪ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʛʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʣʠʥʝʡʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʢ 

ʨʘʩʯʝʪʥʳʤ ʢʨʠʚʳʤ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʘʛʥʠʪʥʳʭ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ ʜʠʩʧʝʨʩʥʦ-ʥʘʧʦʣʥʝʥʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ ʦʪ ʫʜʝʣʴʥʦʛʦ ʦʙʲʝʤʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʥʘʧʦʣʥʠʪʝʣʷ, ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʝʪ ʫʧʨʦʩʪʠʪʴ ʟʘʜʘʯʫ ʚʳʙʦʨʘ 

ʥʘʠʣʫʯʰʝʛʦ ʨʝʰʝʥʠʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʮʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʦʡ ʘʧʨʦʙʘʮʠʠ ʫʢʘʟʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʠʟʠʯʝʩʢʠʭ ʠ 

ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʜʠʩʧʝʨʩʥʦ-ʥʘʧʦʣʥʝʥʥʳʭ ʤʘʛʥʠʪʦʤʷʛʢʠʭ ʢʦʤʧʦʟʠʪʦʚ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʨʦʘʥʘʣʠ-

ʟʠʨʦʚʘʥʳ ʚʦʟʤʦʞʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʚʭr ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʵʣʝʢʪʨʠ-

ʯʝʩʢʠʭ ʤʘʰʠʥ ʠ ʧʨʠʙʦʨʦʚ. ɼʦʩʪʠʛʥʫʪʳʝ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʘʭ ʧʦʢʘʟʘʪʝʣʠ ʚʳʷʚʠʣʠ ʥʝʜʦʩʪʘʪʦʯʥʳʡ 

ʫʨʦʚʝʥʴ ʠʭ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʧʦʵʪʦʤʫ ʚʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʵʪʦʡ ʪʝʤʳ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʮʠʬʨʦʚʦʡ ʩʠʥʪʝʟ ʧʨʦʛʥʦʟʥʳʭ ʤʦʜʝʣʝʡ ʥʦʚʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʛʥʠʪʦʤʷʛʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʯʝʪʦʤ ʠʭ ʩʪʨʫʢ-

ʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʦʟʚʦʣʷʶʱʝʡ ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘ-

ʥʠʝ ʠ ʩʨʦʢʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʪʠʧʦʨʘʟʤʝʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ, ʩʜʝʨʞʠʚʘʶʱʠʝ ʨʘʟʚʠʪʠʝ ʘʚʪʦ-

ʥʦʤʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʠ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ. 
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ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ, ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ.  
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Abstract. The subject of the study is cores for new energy-efficient electric motors used in industrial robots and metal-
processing complexes. The aim of this work is to select and calculate an optimal structure of advanced soft magnetic 
composites that ensure manufacturability and reduction of power losses in the motor's magnetic system over a wide 
frequency range of supply voltage. The theoretical foundations of modeling additive electromagnetic properties and the 
assessment of the influence of the specific volume content and characteristics of the filler and binder matrix in the com-
posite on the magnetic permeability of the material were considered. A comparative analysis of heterogeneous medium 
models was carried out according to J.C. Maxwell, K.W. Wagner, O. Wiener, and V.I. Odelevsky. A computational 
experiment was performed. The results indicated the possibility of applying linear approximation to the calculated 
curves of the dependences of the magnetic permeability of dispersed-filled composite materials on the specific volume 
content of the filler. This approach may simplify the task of choosing the best solution to achieve the required magnetic 
properties of the compositions in the future. The results of experimental studies of the physical and magnetic properties 
of dispersed-filled soft magnetic composites under laboratory conditions were presented as an experimental approbation 
of this technique. The potential advantages and disadvantages of using new materials in the manufacture of electrical 
machines and devices were analyzed. The performance indicators achieved on experimental samples revealed an insuf-
ficient level of their magnetic permeability. Therefore, an important direction for developing this topic is the digital 
synthesis of predictive models for new soft magnetic composite materials. This model must take into account the struc-
tural state and the development of production technologies that reduce design costs and production time of the electrical 
machines of required standard sizes. These improvements can help overcome the constraints hindering the development 
of autonomous transport and robotic complexes.  

Keywords: electrical machine, magnetic core, soft magnetic composite, electrical steel, materials science, material pro-
cessing technologies, mathematical model 
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ɺʚʝʜʝʥʠʝ 

ʂʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʤʳʰʣʝʥ-
ʥʳʭ, ʪʨʘʥʩʧʦʨʪʥʳʭ ʠ ʙʳʪʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʷʚʣʷʶʪʩʷ 
ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ, ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʶʪ ʤʘʩʩʦʛʘʙʘʨʠʪ-
ʥʳʝ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 
ʣʶʙʦʛʦ ʤʝʭʘʥʠʟʤʘ. ʆʪʝʯʝʩʪʚʝʥʥʳʡ ʠ ʤʠʨʦʚʦʡ ʦʧʳʪ 
ʵʣʝʢʪʨʦʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʝʟʝʨʚʳ 
ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ, ʟʘʣʦʞʝʥʥʳʝ ʚ ʦʧʪʠʤʠʟʘʮʠʠ ʦʙʤʦ-
ʪʦʢ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ, ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʯʝʨʧʘʥʳ. 
ʇʨʠ ʵʪʦʤ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʟʤʦʞ-
ʥʦʩʪʠ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʘʛʥʠʪʥʦʡ 
ʩʠʩʪʝʤʳ. ʆʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳʤ ʵʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʩʪʘ-
ʥʦʚʠʪʩʷ ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʭ, ʛʜʝ 
ʥʘʛʨʝʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʣʠʩʪʦʚʳʭ ʰʠʭʪʦʚʘʥʥʳʭ ʤʘʛʥʠ-
ʪʦʧʨʦʚʦʜʦʚ ʜʦʩʪʠʛʘʝʪ ʧʨʝʜʝʣʴʥʦ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʠ 
ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʨʝʙʫʝʤʦʛʦ ʂʇɼ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ 

ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ [1, 2]. ʂʨʦʤʝ ʪʦʛʦ, ʩʪʦʠ-
ʤʦʩʪʴ ʩʧʝʮʠʘʣʴʥʳʭ ʜʠʥʘʤʥʳʭ ʩʪʘʣʝʡ ʠ ʪʨʫʜʦʝʤʢʦʩʪʴ 
ʠʟʛʦʪʦʚʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ ʢʣʘʩʩʠʯʝʩʢʦʡ 
ʢʦʥʩʪʨʫʢʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʶʪ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ 
ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘ-
ʙʦʪʘʪʴ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʝ ʤʘʛʥʠʪʦʤʷʛ-
ʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʦʪʚʝʯʘʶʱʠʝ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘ-
ʥʠʷʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʪʝʭʥʦʣʦʛʠʯʥʦ-
ʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʪʠʧʦʨʘʟʤʝʨʦʚ 
ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ.  
ʆʜʥʠʤ ʠʟ ʨʝʰʝʥʠʡ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʛʝʪʝʨʦʛʝʥʥʳʭ ʤʘʛʥʠʪʦʤʷʛʢʠʭ ʤʘʪʝʨʠ-
ʘʣʦʚ, ʩʦʯʝʪʘʶʱʠʭ ʚ ʩʝʙʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʩʣʦʠʩʪʳʝ ʠ 
ʜʠʩʧʝʨʩʥʦ-ʥʘʧʦʣʥʝʥʥʳʝ ʢʦʤʧʦʟʠʪʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ 
ʙʳ ʛʠʙʢʦ ʚʘʨʴʠʨʦʚʘʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪ-
ʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʵʣʝʢʪʨʦʜʚʠʛʘ-
ʪʝʣʷʭ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʦʨʘʟʤʝʨʘ ʠ ʥʘʟʥʘʯʝʥʠʷ.  



ʊɽʍʅʆʃʆɻʀʀ ʆɹʈɸɹʆʊʂʀ ʄɸʊɽʈʀɸʃʆɺ 
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ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʧʨʝʜʧʦʩʳʣʢʠ 

ʇʝʨʚʘʷ ʤʦʜʝʣʴ ʛʝʪʝʨʦʛʝʥʥʦʡ ʩʨʝʜʳ ʩ ʥʝʨʝʛʫʣʷʨ-

ʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ɼʞ. ʂ. ʄʘʢʩʚʝʣʣʦʤ 

[3, 4] ʜʣʷ ʨʘʩʯʝʪʘ ʩʨʝʜʥʝʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘ-

ʝʤʦʩʪʠ ʢʦʤʧʦʟʠʮʠʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʩʬʝʨʠʯʝʩʢʠʭ ʯʘ-

ʩʪʠʮ ʩ ʫʜʝʣʴʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ k1 ʚʦ ʚʥʝʰʥʝʡ ʤʘʪ-

ʨʠʯʥʦʡ ʩʨʝʜʝ ʩ ʫʜʝʣʴʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ k2. ɼʘʣʝʝ, 

ʩʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ ʜʚʦʡʩʪʚʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʦʩʥʦʚʘʥ 

ʥʘ ʩʠʤʤʝʪʨʠʠ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ, ʨʝʰʝʥʠʝ ʵʣʝʢ-

ʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʤʦʞʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚ ʘʥʘ-

ʣʦʛʠʯʥʦʝ ʜʣʷ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʧʫʪʝʤ ʟʘʤʝʥʳ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʨʦʚʦʜʷ-

ʱʠʭ ʩʨʝʜʘʭ ʜʣʷ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʚ ʤʘʛʥʝʪʠʢʘʭ, ʦʧʠ-

ʩʳʚʘʝʤʳʭ ʫʨʘʚʥʝʥʠʝʤ ʃʘʧʣʘʩʘ: 
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ʛʜʝ 
1
n  ï ʫʜʝʣʴʥʦʝ ʦʙʲʝʤʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʘʧʦʣʥʠʪʝʣʷ 

ʚ ʤʘʪʨʠʮʝ ʩ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ 
1
m ; 

2
n  ï ʪʦ 

ʞʝ ʜʣʷ ʤʘʪʨʠʯʥʦʡ ʩʨʝʜʳ ʩ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦ-

ʩʪʴʶ 
2
m  (ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ 

1
n+ 

2
n  = 1). 

ɼʘʣʝʝ ʨʝʟʫʣʴʪʘʪʳ ʄʘʢʩʚʝʣʣʘ ʫʪʦʯʥʷʣʠʩʴ ʨʘʟʣʠʯ-

ʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʩ ʫʯʝʪʦʤ ʠʩʭʦʜʥʳʭ ʧʨʝʜʧʦʩʳ-

ʣʦʢ ʠ ʩʪʝʧʝʥʠ ʘʙʩʪʨʘʢʮʠʠ ʦʧʠʩʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫ-

ʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʨʝʜʳ. ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ 

ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʝ ʠʟ ʥʠʭ: 

ï ʫʨʘʚʥʝʥʠʝ ʂ.ɺ. ɺʘʛʥʝʨʘ [5], ʫʯʠʪʳʚʘʶʱʝʝ ʧʨʦ-

ʮʝʩʩʳ ʧʦʣʷʨʠʟʘʮʠʠ ʥʝʦʜʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ 

ʢʘʢ ʩʫʩʧʝʥʟʠʠ ʠʣʠ ʢʦʣʣʦʠʜʳ, ʧʦʣʠʤʝʨʳ ʩ ʨʘʟʜʝʣʸʥ-

ʥʳʤʠ ʬʘʟʘʤʠ, ʘ ʪʘʢʞʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʠʣʠ ʞʠʜʢʦ-

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʳ: 

2 1 1 1 2

ʩʤ 2

2 1 1 1 2

2 2 ( )
 
2 ( )

m m n m m
m m

m m n m m

+ + -
=

+ - -
;                   (2) 

ï ʟʘʢʦʥ ʩʤʝʰʝʥʠʷ ʆ. ɺʠʥʝʨʘ [6], ʦʧʠʩʳʚʘʶʱʠʡ 

ʩʤʝʩʴ ʩ ʠʟʦʪʨʦʧʥʳʤ ʠʣʠ ʘʥʠʟʦʪʨʦʧʥʳʤ ʧʦʨʷʜʢʦʤ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʛʜʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʥʝʥʪʦʚ, ʘ ʪʘʢʞʝ 

ʩʪʨʫʢʪʫʨʘ ʩʤʝʩʠ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ ʜʣʷ ʚʦʣʥʦʚʦ-

ʛʦ ʧʨʦʮʝʩʩʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʣʠʥʘ ʚʦʣʥʳ ʚʝʣʠʢʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʩʦʩʪʘʚʥʳʭ ʯʘ-

ʩʪʝʡ ʩʪʨʫʢʪʫʨʳ, ʠ ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʚʦʡʩʪʚʘ ʫʩʣʦʚʥʦʛʦ ʦʜʥʦʨʦʜʥʦʛʦ 

ʪʝʣʘ, ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʩʤʝʩʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦ ʚʥʝʰʥʝʝ ʧʦʣʝ ʦʩʪʘʥʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ: 

1 2

1

1 2

ʩʤ 2
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1

1 2

1 2
2

1
2

m m
n
m m

m m
m m

n
m m

-
+

+
=

-
-

+

;                          (3) 

ï ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʝ ʧʨʘʚʠʣʦ ʩʤʝʰʝʥʠʷ ʂ. ʃʠʭʪʝ-

ʥʝʢʢʝʨʘ [8] ʜʣʷ ʭʘʦʪʠʯʝʩʢʠʭ ʙʠʥʘʨʥʳʭ ʩʤʝʩʝʡ ʩ ʚʟʘʠ-

ʤʦʧʨʦʥʠʢʘʶʱʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ: 

[ ]1 1 1 2

ʩʤ 1

1 1

1 2

(1 )
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u

u
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m
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m m
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è ø-
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,                       (4) 

ʛʜʝ u ï ʤʝʨʘ ʚʝʨʦʷʪʥʦʩʪʠ ʚʠʜʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʢʦʛʜʘ 

ʣʠʥʠʷ ʨʘʟʜʝʣʘ ʢʦʤʧʦʥʝʥʪʦʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʩʠʣʦ-

ʚʳʤ ʣʠʥʠʷʤ ʧʦʣʷ; (1 ï u) ï ʥʘʦʙʦʨʦʪ, ʯʘʩʪʦʪʘ ʙʣʠʟʦ-

ʩʪʠ ʢ ʩʣʫʯʘʶ, ʢʦʛʜʘ ʣʠʥʠʷ ʨʘʟʜʝʣʘ ʢʦʤʧʦʥʝʥʪʦʚ ʧʘ-

ʨʘʣʣʝʣʴʥʘ ʩʠʣʦʚʳʤ ʣʠʥʠʷʤ ʧʦʣʷ; 

ï ʬʦʨʤʫʣʘ ɺ.ʀ. ʆʜʝʣʝʚʩʢʦʛʦ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʚʥʫʪʨʠ ʩʤʝʩʠ ʜʚʫʭ ʩʬʝʨʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʦʧʦ-

ʩʪʘʚʠʤʳʭ ʨʘʜʠʫʩʦʚ: 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʳʤʠ ʚʘʨʴʠʨʫʝʤʳʤʠ ʧʘʨʘ-

ʤʝʪʨʘʤʠ ʧʨʠ ʩʠʥʪʝʟʝ ʜʠʩʧʝʨʩʥʦ-ʥʘʧʦʣʥʝʥʥʳʭ ʢʦʤʧʦ-

ʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʶʪʩʷ ʫʜʝʣʴʥʦʝ ʦʙʲʝʤʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʥʘʧʦʣʥʠʪʝʣʷ 
1
n  ʚ ʤʘʪʨʠʮʝ ʩ ʤʘʛʥʠʪʥʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ 
1
m  ʠ ʫʜʝʣʴʥʦʝ ʦʙʲʝʤʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʤʘʪʨʠʯʥʦʡ ʩʨʝʜʳ 
2
n  ï ʩ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ 

2
m. ʇʨʠʯʝʤ 

1
n  ʠ 

2
n , ʢʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʚʟʘʠʤʦʩʚʷ-

ʟʘʥʳ ʯʝʨʝʟ ʫʨʘʚʥʝʥʠʝ 
1
n+ 

2
n  = 1. 

ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 

ʧʨʠʝʤʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʫʧʨʘʚʣʝʥʠʝ ʤʘʛʥʠʪʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʙʫʜʝʪ ʫʧʨʘʚʣʝʥʠʝ ʢʦ-

ʣʠʯʝʩʪʚʦʤ ʥʘʧʦʣʥʠʪʝʣʷ ʚ ʤʘʪʨʠʮʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ 

ɺ ʭʦʜʝ ʨʘʩʯʝʪʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʨʦʚʦʜʠʤʦʛʦ ʥʘ 

ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʚʣʠʷʥʠʝ 

ʫʜʝʣʴʥʦʛʦ ʦʙʲʝʤʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʥʘʧʦʣʥʠʪʝʣʝʡ ʧʨʠ 

ʠʭ ʨʘʟʥʳʭ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚʘʭ (ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘ-

ʝʤʦʩʪʠ) ʥʘ ʤʘʛʥʠʪʥʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʤʝʩʠ ð ʜʠʩ-

ʧʝʨʩʥʦ-ʥʘʧʦʣʥʝʥʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1. 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ, ʜʣʷ ʣʶʙʳʭ 

ʤʘʛʥʠʪʦʤʷʛʢʠʭ ʤʘʪʝʨʠʘʣʦʚ (ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʧʦʣ-

ʥʠʪʝʣʝʡ ʩ ʨʘʟʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ), ʤʘʛʥʠʪʥʳʝ ʧʨʦ-

ʥʠʮʘʝʤʦʩʪʠ ʪʘʢʠʭ ʢʦʤʧʦʟʠʪʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʦ 

ʟʘʚʠʩʷʪ ʦʪ ʫʜʝʣʴʥʦʛʦ ʦʙʲʝʤʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʥʘʧʦʣʥʠ-

ʪʝʣʷ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ ʟʥʘʯʝʥʠʝ 
1
m, ʪʝʤ ʚʳʰʝ 

ʨʘʩʧʦʣʦʞʝʥʘ ʧʨʷʤʘʷ ʚʣʠʷʥʠʷ ʦʙʲʝʤʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʥʘʧʦʣʥʠʪʝʣʷ ʥʘ ʛʨʘʬʠʢʝ ʠ ʪʝʤ ʙʦʣʴʰʝ ʫʛʦʣ ʥʘʢʣʦʥʘ 

ʵʪʦʡ ʧʨʷʤʦʡ ʢ ʦʩʠ ʫʜʝʣʴʥʦʛʦ ʦʙʲʝʤʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ. 

ɼʣ̫ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʢʨʠʚʳʝ ʚʣʠʷ-

ʥʠʷ ʫʜʝʣʴʥʦʛʦ ʦʙʲʝʤʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʥʘʧʦʣʥʠʪʝʣʷ ʥʘ 

ʤʘʛʥʠʪʥʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʜʠʩʧʝʨʩʥʦ-ʥʘʧʦʣʥʝʥʥʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʣʠʟʢʠ ʢ ʣʠʥʝʡʥʳʤ, ʚ 

ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ çOriginPro
È
è ʧʨʦʠʟʚʦʜʠʣʘʩʴ 



ɻʫʣʠʥ ɸ.ɽ., ʃʠʥʴʢʦʚ ʉ.ɸ., ʐʝʤʝʪʦʚ ɸ.ʅ., ʂʫʚʰʠʥʦʚ ɼ.ɸ., ɽʬʠʤʦʚ ʉ.ɺ. 

www.vestnik.magtu.ru        ïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïï 105 

ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʩʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ ʦʪʢʣʦʥʝ-

ʥʠʡ. ɼʣʷ ʨʘʩʯʝʪʘ ʙʳʣ ʚʳʙʨʘʥ ʚʘʨʠʘʥʪ ʩ ʤʘʛʥʠʪʥʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ 
1
m  = 50000. ʈʝʟʫʣʴʪʘʪʳ ʩʪʘʪʠʩʪʠʯʝ-

ʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʷʪʴ ʣʠʥʝʡʥʳʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʢ 

ʨʘʩʯʝʪʥʳʤ ʢʨʠʚʳʤ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʘʛʥʠʪʥʳʭ ʧʨʦʥʠ-

ʮʘʝʤʦʩʪʝʡ ʜʠʩʧʝʨʩʥʦ-ʥʘʧʦʣʥʝʥʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʦʪ ʫʜʝʣʴʥʦʛʦ ʦʙʲʝʤʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʥʘʧʦʣʥʠʪʝʣʷ, ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʝʪ ʫʧʨʦʩʪʠʪʴ ʟʘ-

ʜʘʯʫ ʚʳʙʦʨʘ ʥʘʠʣʫʯʰʝʛʦ ʨʝʰʝʥʠʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʪʨʝʙʫʝʤʳʭ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʮʠʡ. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ 

ʚʣʠʷʥʠʝ ʫʜʝʣʴʥʦʛʦ ʦʙʲʝʤʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʥʘʧʦʣʥʠ-

ʪʝʣʝʡ ʧʨʠ ʠʭ ʨʘʟʥʳʭ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚʘʭ (ʤʘʛʥʠʪ-

ʥʳʤʠ ʧʨʦʥʠʮʘʝʤʦʩʪʷʤʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘʧʦʣʥʠʪʝʣʷ) ʥʘ 

ʤʘʛʥʠʪʥʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʜʠʩʧʝʨʩʥʦ-ʥʘʧʦʣʥʝʥʥʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2.  

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ, ʤʘʛʥʠʪʥʳʝ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʘʢʪʠ-

ʯʝʩʢʠ ʣʠʥʝʡʥʦ ʟʘʚʠʩʷʪ ʦʪ ʤʘʛʥʠʪʥʳʭ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ 

ʥʘʧʦʣʥʠʪʝʣʝʡ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʫʜʝʣʴʥʦʛʦ ʩʦ-

ʜʝʨʞʘʥʠʷ ʥʘʧʦʣʥʠʪʝʣʝʡ ʚ ʤʘʪʨʠʮʝ. ʇʨʠ ʵʪʦʤ ʥʘʣʠʯʠʝ 

ʜʠʘʤʘʛʥʠʪʥʦʡ ʤʘʪʨʠʮʳ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʤʘʛ-

ʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʚʩʝʡ ʢʦʤʧʦʟʠʮʠʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, 

ʧʨʠ 
1
n  = 0,34 ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʨʝʜʳ ʧʨʠ-

ʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ 546 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʛʥʠʪʥʦʡ ʧʨʦ-

ʥʠʮʘʝʤʦʩʪʴʶ ʥʘʧʦʣʥʠʪʝʣʷ (50000), ʯʪʦ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʝʪ ʦʙ ʫʤʝʥʴʰʝʥʠʠ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ 91 

ʨʘʟ, ʘ ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ 
1
n  = 0,52, ʫʤʝʥʴʰʝʥʠʝ ʩʦ-

ʩʪʘʚʣʷʝʪ 3,57 ʨʘʟʘ (ʩʥʠʞʝʥʠʝ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦ-

ʩʪʠ ʩ 50000 ʜʦ 14002). ʆʯʝʚʠʜʥʦ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ 

ʟʥʘʯʝʥʠʝ 
1
n , ʪʝʤ ʚʳʰʝ ʨʘʩʧʦʣʦʞʝʥʘ ʧʨʷʤʘʷ ʚʣʠʷʥʠʷ 

ʦʙʲʝʤʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʥʘʧʦʣʥʠʪʝʣʷ ʥʘ ʛʨʘʬʠʢʝ ʠ ʪʝʤ 

ʙʦʣʴʰʝ ʫʛʦʣ ʥʘʢʣʦʥʘ ʵʪʦʡ ʧʨʷʤʦʡ ʢ ʦʩʠ ʤʘʛʥʠʪʥʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʥʘʧʦʣʥʠʪʝʣʷ. 
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1
n  ʧʨʠ ʝʛʦ ʨʘʟʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʨʦʥʠʮʘʝʤʦʩʪʷʭ 

1
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ʩʤ
m   

Fig. 1. Influence of the specific volume content of the filler 
1
n  at its different magnetic permeability 

1
m   

on the magnetic permeability of dispersed-filled composite materials 
ʩʤ
m  

ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʢʨʠʚʦʡ ʚʣʠʷʥʠʷ ʫʜʝʣʴʥʦʛʦ ʦʙʲʝʤʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʥʘʧʦʣʥʠʪʝʣʷ  

ʥʘ ʤʘʛʥʠʪʥʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʜʠʩʧʝʨʩʥʦ-ʥʘʧʦʣʥʝʥʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʣʫʯʘʷ 

1
m  = 50000 

T a b l e  1 . Results of the approximation of the influence curve of the fillerôs specific volume content on the magnetic 

permeability of dispersed-filled composite materials for the case of  
1
m

 
= 50000 

ʋʨʘʚʥʝʥʠʝ y = a + bĿx 

ʂʦʵʬʬʠʮʠʝʥʪ ʫʨʘʚʥʝʥʠʷ ʘ -2451,84628 Ñ 8,89922 

ʂʦʵʬʬʠʮʠʝʥʪ ʫʨʘʚʥʝʥʠʷ b 7403,43022 Ñ 20,52997 

ʉʫʤʤʘ ʢʚʘʜʨʘʪʦʚ ʦʪʢʣʦʥʝʥʠʡ 408,41 

ʂʨʠʪʝʨʠʡ ʇʠʨʩʦʥʘ 0,99993 

ʂʨʠʪʝʨʠʡ R2 0,99987 
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ʄʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʥʘʧʦʣʥʠʪʝʣʷ

 ʋʜʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʘʧʦʣʥʠʪʝʣʷ 0,34

 ʋʜʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʘʧʦʣʥʠʪʝʣʷ 0,52
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ʜʠʩʧʝʨʩʥʦ-ʥʘʧʦʣʥʝʥʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 
1
n  = 0,34 ʠ 

1
n  = 0,52 

Fig. 2. Calculated influence curves of the filler's magnetic permeability on the magnetic permeability of dispersed-

filled composite materials for 
1
n  = 0,34 ʠ 

1
n  = 0,52 

ɺʘʞʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʚʳʚʦʜʦʤ ʧʨʝʜʩʪʘʚʣʝʥ-

ʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʘʛʥʠʪʦʤʷʛʢʠʭ ʢʦʤʧʦʟʠ-

ʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʣʝʜʫʝʪ ʩʪʨʝʤʠʪʴʩʷ ʢ ʫʚʝʣʠʯʝ-

ʥʠʶ ʫʜʝʣʴʥʦʛʦ ʦʙʲʝʤʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʥʘʧʦʣʥʠʪʝʣʷ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʤʘʪʝ-

ʨʠʘʣʦʚ ʩ ʚʳʩʦʢʦʡ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ. 

ʊʨʝʪʠʡ ʵʢʩʧʝʨʠʤʝʥʪ ʙʳʣ ʥʘʧʨʘʚʣʝʥ ʥʘ ʠʩʩʣʝʜʦ-

ʚʘʥʠʝ ʚʣʠʷʥʠʷ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩʘʤʦʡ ʤʘʪ-

ʨʠʮʳ ʥʘ ʤʘʛʥʠʪʥʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʜʠʩʧʝʨʩʥʦ-

ʥʘʧʦʣʥʝʥʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɽʩʣʠ 

ʧʨʝʜʳʜʫʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʜʣʷ ʩʣʫʯʘʷ, 

ʢʦʛʜʘ ʥʘʧʦʣʥʠʪʝʣʴ ʚʚʦʜʠʪʩʷ ʚ ʤʘʪʨʠʮʫ ʠʟ ʜʠʘʤʘʛʥʝ-

ʪʠʢʦʚ ʠ ʧʘʨʘʤʘʛʥʝʪʠʢʦʚ ʩ ʥʠʟʢʦʡ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠ-

ʮʘʝʤʦʩʪʴʶ (
2
m  å 1), ʪʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪ-

ʨʠʮʳ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʜʦʩʪʘʪʦʯʥʳʤʠ ʤʝʭʘ-

ʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʠ ʧʦʚʳ-

ʰʝʥʥʦʡ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ, ʤʦʞʝʪ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ ʩʚʦʡʩʪʚʘ ʜʠʩʧʝʨʩʥʦ-ʥʘʧʦʣʥʝʥʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ, ʦʪʢʨʳʚʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʟʝʨʚʳ ʧʦ-

ʚʳʰʝʥʠʷ ʠʭ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ. 

ɼʣʷ ʦʮʝʥʢʠ ʵʪʦʛʦ ʵʬʬʝʢʪʘ ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʨʠʮʳ, ʤʘʛʥʠʪʥʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʢʦʪʦʨʦʡ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 

100 ʜʦ 1000 (ʨʠʩ. 3). ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦ-

ʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʫʜʝʣʴʥʦʛʦ ʦʙʲʝʤʥʦʛʦ 

ʩʦʜʝʨʞʘʥʠ ̫ ʥʘʧʦʣʥʠʪʝʣʷ ʤʘʛʥʠʪʥʳʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʢʦʤʧʦʟʠʪʦʚ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʤʘʛʥʠʪʥʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʘʪʨʠʮʳ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ 

ʟʥʘʯʝʥʠʝ 
2
m, ʪʝʤ ʚʳʰʝ ʨʘʩʧʦʣʦʞʝʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʚʣʠʷʥʠʷ ʦʙʲʝʤʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʥʘʧʦʣʥʠʪʝʣʷ ʥʘ ʛʨʘ-

ʬʠʢʝ ʠ ʪʝʤ ʙʦʣʴʰʝ ʫʛʦʣ ʥʘʢʣʦʥʘ ʵʪʦʡ ʧʨʷʤʦʡ ʢ ʦʩʠ 

ʫʜʝʣʴʥʦʛʦ ʦʙʲʝʤʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ. 

ʆʮʝʥʢʘ ʘʜʝʢʚʘʪʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʨʘʩʯʝʪʘ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʜʠʩ-

ʧʝʨʩʥʦ-ʥʘʧʦʣʥʝʥʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʫʪʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʫʜʝʣʴʥʦʛʦ ʦʙʲʝʤʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʥʘʧʦʣʥʠ-

ʪʝʣʷ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʳʭ ʜʘʥʥʳʭ ʩ ʨʘʩʯʝʪʥʳʤʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʜʠʩʧʝʨʩʥʦ-ʥʘʧʦʣʥʝʥʥʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʦʙʨʘʟʮʘʤ ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʚ ʪʘʙʣ. 2, ʘ ʟʥʘʯʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʜʠʩʧʝʨʩʥʦ-ʥʘʧʦʣʥʝʥʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘ-

ʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ (
ʩʤʵʢʩʧ
m ), 

ʠ ʟʥʘʯʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ (
ʩʤ
m ), ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙ-

ʨʘʟʮʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3. 

ɺ ʪʘʙʣ. 3 ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʨʘʩʯʸʪʥʳʭ 

ʜʘʥʥʳʭ ʦʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʤʘʛʥʠʪʥʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʘʙʩʦ-

ʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʟʥʠʮ 
ʩʤ
m  ʠ 

ʩʤʵʢʩʧ
m , ʧʨʠʚʝʜʝʥʥʦʝ ʢ 

ʟʥʘʯʝʥʠʶ
ʩʤʵʢʩʧ
m , ʠʟʤʝʨʷʝʤʦʝ ʚ ʧʨʦʮʝʥʪʘʭ. 
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ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʘʪʨʠʮʳ [ ]2
100;1000mÍ  ʥʘ ʤʘʛʥʠʪʥʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʜʠʩʧʝʨʩʥʦ-ʥʘʧʦʣʥʝʥʥʳʭ  

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʥʘʧʦʣʥʠʪʝʣʷ 5000, 25000 ʠ 50000 
Fig. 3. Calculated surfaces of the influence of the fillerôs specific volume content and the magnetic permeability of the 

matrix [ ]2
100;1000mÍ  on the magnetic permeability of dispersed-filled composite materials with a magnetic 

permeability of the filler of 5000, 25000, and 50000 

ʊʘʙʣʠʮʘ 2. ɿʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʦʙʲʝʤʥʳʭ ʩʦʜʝʨʞʘʥʠʡ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ 
1
n, ʤʘʪʨʠʮʳ 

2
n  

ʠ ʦʩʪʘʪʦʯʥʦʡ ʧʦʨʠʩʪʦʩʪʠ ʇ ʜʣʷ ʦʙʨʘʟʮʦʚ ʜʠʩʧʝʨʩʥʦ-ʥʘʧʦʣʥʝʥʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

T a b l e  2 . Values of the relative volume contents of the ferromagnetic filler (
1
n ), matrix (

2
n ), and the residual  

porosity ʇ for samples of dispersed-filled composite materials 

ʅʦʤʝʨ 

ʦʙʨʘʟʮʘ 

ʌʨʘʢʮʠʷ, 

ʤʢʤ 

m1 

ʤʘʩʩ% 

h, 

ʤʤ 

mʵʢʩʧ, 

ʛ 

ɟɻʢʩʧ, 

ʛ/ʩʤ3 

ɟʨʘʩʯ, 

ʛ/ʩʤ3 

mʨʘʩʯ, 

ʛ 
ʇ 1

n  
2
n  

1 160 10 11,8 17,5 3,93 5,51 24,55 0,287 0,343 0,657 

2 160 5 9,4 13,3 3,75 6,48 23,01 0,422 0,361 0,639 

3 160 3 6,0 8,2 3,62 6,97 15,80 0,481 0,379 0,621 

4 71 10 11,7 17,1 3,87 5,51 24,34 0,298 0,333 0,667 

5 71 5 6,2 8,9 3,80 6,69 15,65 0,431 0,383 0,617 

6 71 3 5,9 8,0 3,59 7,09 15,80 0,494 0,388 0,612 

 

ʊʘʙʣʠʮʘ 3. ɿʥʘʯʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʜʠʩʧʝʨʩʥʦ-ʥʘʧʦʣʥʝʥʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ,  

ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʠ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ 

T a b l e  3 . Values of the magnetic permeability of dispersed-filled composite materials obtained experimentally  

and calculated for the studied samples 

ʅʦʤʝʨ 

ʦʙʨʘʟʮʘ 

ʌʨʘʢʮʠʷ, 

ʤʢʤ 

m1 

ʤʘʩʩ% 
ʩʤ
m  

ʩʤʵʢʩʧ
m  ʆʪʥʦʩʠʪʝʣʴʥʦʝ  

ʦʪʢʣʦʥʝʥʠʝ, % 

1 160 10 119,46 117 2,10 

2 160 5 319,03 310 2,91 

3 160 3 447,94 480 6,68 

4 71 10 64,35 63 2,14 

5 71 5 378,95 367 3,26 

6 71 3 418,27 453 7,67 
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ɿʘʢʣʶʯʝʥʠʝ 

ɸʥʘʣʠʟ ʜʦʚʠʥʝʨʦʚʩʢʠʭ ʨʘʩʯʝʪʥʳʭ ʤʝʪʦʜʠʢ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʪʦʚ ʧʦʢʘʟʘʣ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʠʭ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʦ-

ʣʫʯʝʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ. ʇʦʵʪʦʤʫ ʧʝʨ-

ʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ 

ʚʳʷʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʥʳʤʠ ʧʘʨʘ-

ʤʝʪʨʘʤʠ ʜʠʩʧʝʨʩʥʦ-ʥʘʧʦʣʥʝʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʠ ʧʦʢʘ-

ʟʘʪʝʣʷʤʠ ʠʭ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ. 

ɼʦʩʪʠʛʥʫʪʳʝ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʘʭ ʧʦ-

ʢʘʟʘʪʝʣʠ ʚʳʷʚʠʣʠ ʥʝʜʦʩʪʘʪʦʯʥʳʡ ʫʨʦʚʝʥʴ ʠʭ ʤʘʛʥʠʪ-

ʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥʘʭ, ʧʦʵʪʦʤʫ ʚʘʞʥʳʤ ʥʘʧʨʘʚʣʝ-

ʥʠʝʤ ʨʘʟʚʠʪʠʷ ʵʪʦʡ ʪʝʤʳ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ 

ʧʨʦʛʥʦʟʥʳʭ ʤʦʜʝʣʝʡ ʤʘʛʥʠʪʦʧʨʦʚʦʜʦʚ ʩ ʫʯʝʪʦʤ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ.   

ʅʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʪ, ʧʦʤʠʤʦ 

ʚʩʝʛʦ ʧʨʦʯʝʛʦ, ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ 

ʩʨʦʢʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʪʠʧʦʨʘʟʤʝʨʦʚ ʵʣʝʢ-

ʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ ʠ ʢʦʤʧʦʥʝʥʪʦʚ, ʩʜʝʨʞʠʚʘʶʱʠʝ 

ʨʘʟʚʠʪʠʝ ʘʚʪʦʥʦʤʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʠ ʨʦʙʦʪʦʪʝʭʥʠ-

ʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ. 
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STUDYING THE EFFECT OF ELECTRON BEAM AND  ION PLASMA 

TREATMENT ON THE STR ENGTH CHARACTERISTIC S OF AA7075 

ALLOY  
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Abstract. Problem Statement (Relevance). Aluminum alloys of the 7075 grade have a high strength-to-weight ratio, 

however, traditional methods of production of these alloys are associated with the risk of defects (micropores, cracks) 

and heterogeneity of the material properties, which complicate its implementation in the existing technological cycles of 

metallurgical production. Objectives. The research is aimed at determining the influence of ion-plasma action modes on 

the mechanical properties (microhardness) on the surface of AA7075 alloy samples. The main objective of the work is 

to study the influence of optimal parameters of electron-beam and ion-plasma action on the strength characteristics of 

7075 aluminum alloy. Methods Applied.  Modern research infrastructure facilities are presented as equipment, using 

the similar electron source in an argon environment. Fatigue life, uniaxial tension, special purity units were used for 

mechanical tests. Using a Vickers microhardness tester (State standard GOST 9450-76), the microhardness distribution 

was studied to find the optimal nitriding modes for 9 test samples of AA7075 alloy. Originality.  It lies in obtaining new 

results on the evolution of mechanical properties of materials manufactured by wire-arc additive technologies under 

energy impact on their surface. Result. The microhardness values and strength properties were determined, on the basis 

of which conclusions were made on the optimal nitriding modes, the effect of electron-beam and combined treatment on 

the strength and fatigue life of AA7075 alloy. Practical Relevance. The research results can be used to select the opti-

mal temperature and time modes for the composition nitriding, as well as to develop new materials with improved per-

formance characteristics. 
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ɺʚʝʜʝʥʠʝ 

ɸʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ ʤʘʨʢʠ 7075 ʦʙʣʘʜʘʶʪ ʚʳ-

ʩʦʢʠʤ ʦʪʥʦʰʝʥʠʝʤ ʧʨʦʯʥʦʩʪʠ ʢ ʤʘʩʩʝ ʠ ʠʩʧʦʣʴʟʫʶʪ-

ʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩʘʤʦʣʸʪʦʚ 

(ʣʦʥʞʝʨʦʥʳ, ʧʘʥʝʣʠ ʬʶʟʝʣʷʞʘ ʠ ʢʨʳʣʘ) [1], ʘ ʪʘʢʞʝ 

ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʜʝʪʘʣʝʡ ʚ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʧʨʦʤʳʰ-

ʣʝʥʥʦʩʪʠ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʩʦʯʝʪʘʥʠʝ ʤʘʣʦʡ ʧʣʦʪʥʦʩʪʠ ʩ 

ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ [2]. ʆʩʥʦʚʥʳʝ ʣʝʛʠʨʫʶʱʠʝ ʵʣʝ-

ʤʝʥʪʳ (ʮʠʥʢ, ʤʘʛʥʠʡ, ʤʝʜʴ) ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʝʚʦʩ-

ʭʦʜʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʦʜʥʘʢʦ ʪʨʘʜʠʮʠʦʥ-

ʥʳʝ ʤʝʪʦʜʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʪʠʭ ʩʧʣʘʚʦʚ, ʪʘʢʠʝ ʢʘʢ 

ʣʠʪʴʝ ʠʣʠ ʩʚʘʨʢʘ, ʩʦʧʨʷʞʝʥʳ ʩ ʨʠʩʢʦʤ ʜʝʬʝʢʪʦʚ 

(ʤʠʢʨʦʧʦʨʳ, ʪʨʝʱʠʥʳ). ʉʦʚʨʝʤʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʩʣʦʞʥʳʤ ʛʝʦʤʝʪʨʠʷʤ, ʣʦʢʘʣʠʟʦʚʘʥʥʦʤʫ ʧʨʦʠʟʚʦʜ-

ʩʪʚʫ ʠ ʫʣʫʯʰʝʥʥʳʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘʤ ʩʪʠʤʫʣʠʨʫʶʪ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʘʜʜʠʪʠʚ-

ʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (Aʇ) [3] ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʤʝʪʦ-

ʜʦʚ ʢʦʤʧʣʝʢʩʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʘʢʠʭ 

ʢʘʢ ʵʣʝʢʪʨʦʥʥʦ-ʧʫʯʢʦʚʘʷ ʦʙʨʘʙʦʪʢʘ (ʕʇʆ) [4] ʠ ʘʟʦ-

ʪʠʨʦʚʘʥʠʝ [5]. 

ʇʨʦʚʦʣʦʯʥʦ-ʜʫʛʦʚʦʝ ʘʜʜʠʪʠʚʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ 

(WAAM) ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ 

ʠ ʟʘʜʘʥʥʳʝ ʨʘʟʤʝʨʳ ʠʟʜʝʣʠʡ, ʧʦʟʚʦʣʷʷ ʨʝʰʠʪʴ ʪʘʢʠʝ 

ʧʨʦʙʣʝʤʳ, ʢʘʢ ʧʦʨʠʩʪʦʩʪʴ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʝʱʠʥ ʧʨʠ 

ʟʘʪʚʝʨʜʝʚʘʥʠʠ, ʧʫʪʝʤ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ [6-8].  ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʜʘʶʱʠʝʩʷ ʤʝʭʘʥʠʯʝ-

ʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʦʙʲʸʤʝ, ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪ-

ʢʘ (T6/T651) ʥʝ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʫʨʦʚʥʷ ʪʚʸʨʜʦʩʪʠ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ AA7075 ʚ ʫʩʣʦʚʠʷʭ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʪʨʝʥʠʷ ʠ ʘʙʨʘʟʠʚʥʦʛʦ ʠʟʥʦʩʘ [9, 10]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʢʪʠʚʥʦ ʠʟʫʯʘʶʪ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʥʠʪʨʠʜʠʨʦʚʘʥʠʷ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʢʘʢ 

ʩʧʦʩʦʙʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʠ ʤʦʜʠʬʠʢʘʮʠʠ 

[11]. ɺ ʧʨʦʮʝʩʩʝ ʘʟʦʪʠʨʦʚʘʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘ-

ʟʫʶʪʩʷ ʩʦʝʜʠʥʝʥʠʷ AlïN (ʥʠʪʨʠʜ ʘʣʶʤʠʥʠʷ), ʢʦʪʦ-

ʨʳʝ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʪʚʸʨʜʦʩʪʴʶ ʠ ʩʪʦʡʢʦʩʪʴʶ ʢ 

ʠʟʥʦʩʫ [12]. ɺ ʩʧʣʘʚʝ AA7075 ʧʣʘʟʤʝʥʥʦʝ ʘʟʦʪʠʨʦʚʘ-

ʥʠʝ ʬʦʨʤʠʨʫʝʪ ʪʦʥʢʠʡ (ʧʦʨʷʜʢʘ 5ï10 ʤʢʤ) çʙʝʣʳʡ 

ʩʣʦʡè ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʪʚʝʨʜʦʩʪʠ ʩ ~76 

ʜʦ ~118 Vickers ʠ ʪʦʣʱʠʥʦʡ ʥʠʪʨʠʜʥʦʛʦ ʩʣʦʷ ʦʢʦʣʦ 6 

ʤʢʤ [13]. ɸʥʘʣʦʛʠʯʥʦ ʚ ʨʘʙʦʪʝ [14] ʩʦʦʙʱʠʣʠ, ʯʪʦ 

ʧʣʘʟʤʝʥʥʦʝ ʘʟʦʪʠʨʦʚʘʥʠʝ ʫʣʫʯʰʘʝʪ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ 

ʠ ʫʩʪʘʣʦʩʪʥʫʶ ʚʳʥʦʩʣʠʚʦʩʪʴ ʩʧʣʘʚʘ AA7075, ʘ ʪʘʢʞʝ 
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ʟʘʤʝʪʥʦ ʩʥʠʞʘʝʪ ʩʢʦʨʦʩʪʴ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʢʦʨʨʦ-

ʟʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʦʙʨʘʙʦʪʘʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ 

[15].   

ɸʟʦʪʠʨʦʚʘʥʠʝ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʪʘʢʞʝ ʤʦ-

ʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʨʷʜʫ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ. ʕʪʠ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʚʷ-

ʟʘʥʳ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʫʭʫʜʰʠʪʴ ʦʙʱʠʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʩʧʣʘʚʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʟʦʪʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʦʙʨʘ-

ʟʦʚʘʪʴʩʷ ʪʦʣʩʪʘʷ ʦʢʩʠʜʥʘʷ ʧʣʝʥʢʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ 

ʧʦʚʣʠʷʪʴ ʥʘ ʩʚʦʡʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʣʘʚʘ ʠ ʧʨʠʚʝʩʪʠ 

ʢ ʧʦʚʳʰʝʥʠʶ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦʪʝʥ-

ʮʠʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ [16]. ʄʝʭʘʥʠʯʝ-

ʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʟʦʪʠʨʦʚʘʥʥʳʭ ʘʣʶʤʠʥʠʝʚʳʭ 

ʩʧʣʘʚʦʚ ʤʦʛʫʪ ʫʭʫʜʰʘʪʴʩʷ ʠʟ-ʟʘ ʧʦʨʠʩʪʦʩʪʠ ʠ ʜʝʬʝʢ-

ʪʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ ʘʟʦʪʠʨʦʚʘʥʠʷ [17]. ʍʦ-

ʪʷ ʘʟʦʪʠʨʦʚʘʥʠʝ ʦʙʳʯʥʦ ʧʦʚʳʰʘʝʪ ʢʦʨʨʦʟʠʦʥʥʫʶ 

ʩʪʦʡʢʦʩʪʴ, ʦʥʦ ʪʘʢʞʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʣʦʢʘʣʴʥʳʤ 

ʧʨʦʙʣʝʤʘʤ ʢʦʨʨʦʟʠʠ, ʦʩʦʙʝʥʥʦ ʚ ʩʦʣʝʚʳʭ ʩʨʝʜʘʭ, ʛʜʝ 

ʘʟʦʪʠʨʦʚʘʥʥʳʡ ʩʣʦʡ ʤʦʞʝʪ ʥʝ ʦʙʝʩʧʝʯʠʚʘʪʴ ʨʘʚʥʦ-

ʤʝʨʥʦʡ ʟʘʱʠʪʳ [18]. 

ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʜʝʬʝʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʙʨʘʟʦ-

ʚʘʥʠʝʤ ʧʦʨ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ, ʥʝʦʙʭʦʜʠʤʘ ʧʦʩʪʦʙʨʘʙʦʪʢʘ. ʆʜʥʠʤ 

ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʩʥʷʪʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʥʘʧʨʷʞʝʥʠʡ ʷʚʣʷʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʷ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝ-

ʨʠʘʣʘ ʧʦʩʨʝʜʩʪʚʦʤ ʵʣʝʢʪʨʦʥʥʦ-ʧʫʯʢʦʚʦʛʦ ʚʦʟʜʝʡ-

ʩʪʚʠʷ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʧʣʦʪʥʦʩʪʴ ʠ ʦʜʥʦ-

ʨʦʜʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʸʚ [19]. ʅʝʩʤʦʪʨʷ ʥʘ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ, ʦʙʘ ʤʝʪʦʜʘ ʪʨʝʙʫʶʪ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝ-

ʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ, ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʦʪʝʨʶ 

ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ (Mg, Zn) ʠ ʩʦʭʨʘʥʠʪʴ ʧʨʦʯ-

ʥʦʩʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʧʣʘʚʘ AA7075, ʯʪʦ ʷʚʣʷʝʪʩʷ ʘʢʪʫ-

ʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʩʦʚʨʝʤʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʠʥʞʝʥʝ-

ʨʠʠ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥ 

ʘʣʶʤʠʥʠʝʚʳʡ ʩʧʣʘʚ ʤʘʨʢʠ 7075. ʆʙʨʘʟʮʳ ʠʟ AA7075 

ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 3D-ʧʨʠʥʪʝʨʘ 

Anycubic Chiron, ʨʘʙʦʪʘʶʱʝʛʦ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʧʦʩʣʦʡʥʦʛʦ ʥʘʧʣʘʚʣʝʥʠʷ (FDM). 

ɺ ʪʘʙʣ. 1 ʧʨʝʜʩʪʘʚʣʝʥ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʥʘʧʣʘʚʦʯ-

ʥʦʡ ʘʣʶʤʠʥʠʝʚʦʡ ʧʨʦʚʦʣʦʢʠ ʠ ʧʦʣʫʯʝʥʥʦʛʦ ʥʘʧʣʘʚ-

ʣʝʥʥʦʛʦ ʩʣʦʷ ɸɸ7075. 

ʆʙʨʘʟʮʳ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʠʤʝʣʠ ʬʦʨʤʫ ʧʨʦʧʦʨʮʠʦ-

ʥʘʣʴʥʳʭ ʣʦʧʘʪʦʢ ʠ ʩʣʝʜʫʶʱʠʝ ʨʘʟʤʝʨʳ: ʪʦʣʱʠʥʘ 3 

ʤʤ; ʰʠʨʠʥʘ 14 ʤʤ; ʨʘʙʦʯʘʷ ʜʣʠʥʘ 25 ʤʤ. ʆʙʨʘʟʮʳ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʣʦʩʪʥʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠʤʝʣʠ 

ʬʦʨʤʫ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ ʨʘʟʤʝʨʘʤʠ 12Ĭ4Ĭ130 ʤʤ ʩ 

ʜʚʫʤʷ ʢʦʥʮʝʥʪʨʘʪʦʨʘʤʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʚʠʜʝ ʧʦʣʫʢʨʫ-

ʛʘ ʨʘʜʠʫʩʦʤ 20 ʤʤ. ɼʣʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʫʩʪʘ-

ʣʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʘʟʮʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʦ 

ɻʆʉʊ 25.502-79, ʠʭ ʧʦʜʚʝʨʛʘʣʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʰʣʠ-

ʬʦʚʢʝ ʥʘʞʜʘʯʥʦʡ ʙʫʤʘʛʦʡ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʜʠʩʧʝʨʩ-

ʥʦʩʪʠ ʘʙʨʘʟʠʚʥʳʭ ʯʘʩʪʠʮ, ʧʦʩʢʦʣʴʢʫ ʢʘʯʝʩʪʚʦ ʧʦʜʛʦ-

ʪʦʚʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʡ ʚʣʠʷʝʪ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷ ʫʩʪʘʣʦʩʪʠ.  

ʊʘʙʣʠʮʘ 1. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʘʣʶʤʠʥʠʝʚʦʡ  

ʧʨʦʚʦʣʦʢʠ ʠ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʩʣʦʷ, ʚʝʩ. % 

T a b l e  1 . Chemical composition of aluminum wire and 

deposited layer, wt.% 

ʄʘʪʝʨʠʘʣ 

ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ 

Al  Si Fe Mn Cu Mg Cr Zn Ti 

ʇʨʦʚʦʣʦʢʘ 

ɸɸ7075 

ʆʩʪʘʣʴ-

ʥʦʝ 
0,4 0,1 0,3 1,6 2,51 0,18 6,02 0,02 

ʅʘʧʣʘʚʣʝʥ

ʥʳʡ ʩʣʦʡ 

ʆʩʪʘʣʴ-

ʥʦʝ 
0,1 0,1 0,6 0,8 2,8 0,2 4,1 0,1 

 

ʕʣʝʢʪʨʦʥʥʦ-ʧʫʯʢʦʚʘʷ ʦʙʨʘʙʦʪʢʘ (ʕʇʆ) ʦʙʨʘʟʮʦʚ 

ʩʧʣʘʚʘ ɸɸ7075 ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʥʘ ʫʩʪʘʥʦʚʢʝ 

çʉʆʃʆè ʀʉʕ ʉʆ ʈɸʅ, ʚʭʦʜʷʱʝʡ ʚ ʧʝʨʝʯʝʥʴ ʦʙʲʝʢ-

ʪʦʚ ʩʦʚʨʝʤʝʥʥʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʠʤʝʥ-

ʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʣʝʢʪʨʦʥʦʚ ʚ ʩʨʝʜʝ ʘʨʛʦʥʘ ʦʩʦʙʦʡ 

ʯʠʩʪʦʪʳ (99,999%) ʧʨʠ ʜʘʚʣʝʥʠʠ 31 ʤʇʘ. 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʦʜʦʤ ʘʟʦʪʠ-

ʨʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʜʫʛʦʚʦʤ ʨʘʟʨʷʜʝ ʧʨʠ ʧʦ-

ʤʦʱʠ ʧʣʘʟʤʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩ ʥʘʢʘʣʝʥʥʳʤ ʢʘʪʦʜʦʤ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 600Áʉ ʚ ʪʝʯʝʥʠʝ 1, 3, 5 ʯ (ʨʠʩ. 1) ʚ 

ʛʘʟʦʚʦʡ ʩʤʝʩʠ 50% ʘʨʛʦʥʘ ʠ 50% ʘʟʦʪʘ.  

ɿʘʤʝʨʳ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ 

ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʪʚʝʨʜʦʤʝʨʘ 

HVS-1000 ʧʦ ʄʠʢʨʦ-ɺʠʢʢʝʨʩʫ ɻʆʉʊ 9450-76 ʧʫʪʸʤ 

ʚʜʘʚʣʠʚʘʥʠʷ ʘʣʤʘʟʥʦʡ ʧʠʨʘʤʠʜʢʠ. ʀʩʧʳʪʘʪʝʣʴʥʘʷ 

ʥʘʛʨʫʟʢʘ ï 20 ʛ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʥʘʛʨʫʟʢʠ ï 10 ʩ. 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ 

ʤʘʨʢʠ 7075, ʧʦʚʝʨʭʥʦʩʪʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʵʣʝʢ-

ʪʨʦʥʥʳʤ ʧʫʯʢʦʤ, ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʫʪʝʤ ʦʜʥʦʦʩʥʦʛʦ 

ʨʘʩʪʷʞʝʥʠʷ ʦʙʨʘʟʮʦʚ ʥʘ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʝ 

çSUBRAMAX PMBC-50è ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ 0,5 

ʤʤ/ʤʠʥ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʫʩʪʘʣʦʩʪʥʫʶ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʚʳ-

ʧʦʣʥʷʣʠʩʴ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ, 

ʨʘʙʦʪʘʶʱʝʤ ʧʦ ʩʭʝʤʝ ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʢʦʥʩʦʣʴʥʦʛʦ 

ʠʟʛʠʙʘ. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʨʝʛʠʩʪʨʠʨʦʚʘʣʦʩʴ ʢʦ-

ʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ, ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʨʘʟʨʫʰʝʥʠʶ ʤʘ-

ʪʝʨʠʘʣʘ. ɺʩʝ ʠʩʧʳʪʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʧʨʠ ʢʦʤʥʘʪ-

ʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (~293 ʂ), ʘ ʯʘʩʪʦʪʘ ʥʘʛʨʫʞʝʥʠʡ ʦʙ-

ʨʘʟʮʦʚ ʠʟʛʠʙʦʤ ʩʦʩʪʘʚʣʷʣʘ 2,3 ɻʮ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʧʦʨʦʛʘ ʚ 10  ʮʠʢʣʦʚ ʜʦ ʧʦʷʚʣʝʥʠʷ 

ʪʨʝʱʠʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʙʠʨʘʣʠʩʴ ʧʠʢʦʚʳʝ ʟʥʘ-

ʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʠ ʘʤʧʣʠʪʫʜʳ ʮʠʢʣʠʯʝʩʢʠʭ ʚʦʟʜʝʡ-

ʩʪʚʠʡ. 
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ʈʠʩ. 1. ʌʦʪʦʛʨʘʬʠʷ ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʵʣʝʢʪʨʦʥʥʦ-ʧʫʯʢʦʚʦʛʦ ʠ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 600Áʉ ʠ ʚʨʝʤʝʥʠ ʘʟʦʪʠʨʦʚʘʥʠʷ 1, 3 ʠ 5 ʯ: 

ʘ, ʙ, ʚ ï ʦʙʨʘʟʮʳ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʥʘ ʫʩʪʘʣʦʩʪʴ (1-ʷ ʧʘʨʪʠʷ); ʛ, ʜ, ʝ ï ʦʙʨʘʟʮʳ ʜʣʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ 

(2-ʷ ʧʘʨʪʠʷ) 

Fig. 1. An image of the samples after electron beam treatment and ion plasma exposure at a temperature of 600ÁC  

and a nitriding time of 1, 3 and 5 hours: ʘ, ʙ, ʚ are fatigue test samples (1st batch); ʛ, ʜ, ʝ  are samples  

for mechanical tests (2nd batch) 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɼʣʷ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʘʟʦʪʠʨʦʚʘʥʠʷ 9 

ʪʝʩʪʦʚʳʭ ʦʙʨʘʟʮʦʚ ʩʧʣʘʚʘ ɸɸ7075 ʙʝʟ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ 

ʥʘʧʨʷʞʝʥʠʡ ʩ ʨʘʟʤʝʨʘʤʠ 15Ĭ15Ĭ5 ʤʤ
3
 ʙʳʣʠ ʧʦʜʚʝʨʛʥʫ-

ʪʳ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʝ (ʘʟʦʪʠʨʦʚʘʥʠ)ʁ. ʆʙʨʘ-

ʙʦʪʢʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʤʝʪʦʜʦʤ ʠʦʥʥʦ-ʧʫʯʢʦʚʦʛʦ ʘʟʦʪʠ-

ʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʫʥʠʢʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʙʝʩʩʝʪʦʯ-

ʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠʦʥʥʦʛʦ ʧʫʯ-

ʢʘ. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ 

ʥʝʡ ʠʥʠʮʠʠʨʫʝʪʩʷ ʨʘʟʨʷʜ ʩ ʚʥʝʰʥʝʡ ʠʥʞʝʢʮʠʝʡ ʵʣʝʢ-

ʪʨʦʥʦʚ, ʧʣʘʟʤʘ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʠʦʥʦʚ ʜʣʷ 

ʧʫʯʢʘ, ʠʥʞʝʢʪʠʨʫʝʤʦʛʦ ʚ ʨʘʙʦʯʫʶ ʚʘʢʫʫʤʥʫʶ ʢʘʤʝʨʫ, 

ʟʘʧʦʣʥʝʥʥʫʶ ʧʣʘʟʤʦʡ ʛʝʥʝʨʘʪʦʨʘ çʇʀʅʂè, ʛʜʝ ʨʘʩʧʦ-

ʣʘʛʘʶʪʩʷ ʦʙʨʘʙʘʪʳʚʘʝʤʳʝ ʦʙʨʘʟʮʳ. ʊʘʢʦʡ ʧʨʠʥʮʠʧ ʨʘ-

ʙʦʪʳ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʤʧʝʥʩʘʮʠʶ ʟʘʨʷʜʘ ʠʦʥʦʚ ʥʘ ʦʙʨʘ-

ʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʟʚʦʣʷʝʪ 

ʦʙʣʫʯʘʪʴ ʦʙʨʘʟʮʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʣʠʙʦ ʩ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʢʨʳʪʠʝʤ, ʥʘʭʦʜʷʱʠʝʩʷ ʧʦʜ çʧʣʘʚʘ-

ʶʱʠʤè ʧʦʪʝʥʮʠʘʣʦʤ ʙʝʟ ʨʠʩʢʘ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʠʭ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʤʠʢʨʦʜʫʛ.  

ɺ ʪʘʙʣ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ (ʧʨʠ ʥʘʛʨʫʟʢʝ ʥʘ ʠʥʜʝʥʪʦʨ 20 ʛ) ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʩʧʣʘʚʘ ɸɸ7075 ʙʝʟ ʢʦʥʮʝʥʪʨʘ-

ʪʦʨʦʚ ʥʘʧʨʷʞʝʥʠʡ ʩ ʨʘʟʤʝʨʘʤʠ 15Ĭ15Ĭ5 ʤʤ
3
, ʧʦʜ-

ʚʝʨʛʥʫʪʳʭ ʘʟʦʪʠʨʦʚʘʥʠʶ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʘʭ: 

ʪʝʤʧʝʨʘʪʫʨʘ 450, 520, 600Áʉ; ʚʨʝʤʝʥʠ ʘʟʦʪʠʨʦʚʘʥʠʷ ï 

1, 3, 5 ʯ.  

ʊʘʙʣʠʮʘ 2. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ  

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʩʧʣʘʚʘ ɸɸ7075 

T a b l e  2 . Results of measuring microhardness on the 

surface of samples of AA7075 alloy 

ʈʝʞʠʤ ʘʟʦʪʠʨʦʚʘʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʘ, ʦʉ, 

ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ, ʯ 

ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ, 

ɻʇʘ 

450_1 0,59 

450_3 0,69 

450_5 0,59 

520_1 0,60 

520_3 0,58 

520_5 0,57 

600_1 0,62 

600_3 1,0 

600_5 0,53 

ʀʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ 0,96 

 

ʘ ʙ ʚ 

ʛ ʜ ʝ 
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ʀʟʤʝʥʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ 

7075 ʧʦʩʣʝ ʘʟʦʪʠʨʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʦ ʩʣʦʞʥʳʤ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʝʤ ʧʨʦʮʝʩʩʦʚ ʫʧʨʦʯʥʝʥʠʷ ʟʘ ʩʯʸʪ ʦʙʨʘʟʦʚʘ-

ʥʠʷ ʥʠʪʨʠʜʦʚ ʠ ʨʘʟʫʧʨʦʯʥʝʥʠʷ ʠʟ-ʟʘ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟ-

ʤʝʥʝʥʠʡ ʚ ʩʧʣʘʚʝ. ʇʨʠ ʘʟʦʪʠʨʦʚʘʥʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʬʦʨʤʠʨʫʶʪʩʷ ʥʠʪʨʠʜʳ ʘʣʶʤʠʥʠʷ (AlN) ʠ, ʚʦʟʤʦʞʥʦ, 

ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʩʧʣʘʚʘ (Zn, Mg, Cu). ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ 

ʧʦʚʳʰʘʶʪ ʪʚʸʨʜʦʩʪʴ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝ-

ʞʠʤʘʭ (600ÁC, 3 ʯ), ʛʜʝ ʜʦʩʪʠʛʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘ-

ʯʝʥʠʝ 1,0 ɻʇʘ. 450ÁC ʷʚʣʷʝʪʩʷ ʫʤʝʨʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫ-

ʨʦʡ ʧʨʦʚʝʜʝʥʠʷ ʘʟʦʪʠʨʦʚʘʥʠʷ, ʟʘʤʝʜʣʷʶʱʝʡ ʜʠʬʬʫ-

ʟʠʶ ʘʟʦʪʘ. ʉʥʠʞʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʚ ʦʙʨʘʟʮʘʭ, ʦʙ-

ʨʘʙʦʪʘʥʥʳʭ ʚ ʪʝʯʝʥʠʝ 5 ʯ, ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʦ ʥʘʯʘ-

ʣʦʤ ʨʦʩʪʘ ʟʸʨʝʥ ʠʣʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʩʣʦʷ. ʇʨʠ ʪʝʤ-

ʧʝʨʘʪʫʨʝ ʘʟʦʪʠʨʦʚʘʥʠʷ 520ÁC ʚʦʟʥʠʢʘʝʪ ʧʦʩʪʝʧʝʥʥʦʝ 

ʩʥʠʞʝʥʠʝ ʪʚʸʨʜʦʩʪʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʦʪ 0,60 ʜʦ 

0,57 ɻʇʘ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʦʟʤʦʞʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʬʘʟ 

ʠʣʠ ʧʝʨʝʩʪʘʨʠʚʘʥʠʝ ʩʧʣʘʚʘ, ʯʪʦ ʩʥʠʞʘʝʪ ʝʛʦ ʙʘʟʦʚʫʶ 

ʪʚʸʨʜʦʩʪʴ. ʊʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʙʦʪʢʠ 600ÁC ʷʚʣʷʣʘʩʴ 

ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʡ, ʩʫʜʷ ʧʦ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʦʙ-

ʨʘʟʮʦʚ, ʧʦʜʚʝʨʞʝʥʥʳʭ ʘʟʦʪʠʨʦʚʘʥʠʶ ʚ ʪʝʯʝʥʠʝ 3 ʯ (1,0 

ɻʇʘ), ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʠʥʪʝʥʩʠʚʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʥʠʪʨʠʜʦʚ. ʆʜʥʘʢʦ ʧʨʠ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ ʘʟʦʪʠʨʦʚʘ-

ʥʠʷ ʜʦ 5 ʯ ʥʘʙʣʶʜʘʣʦʩʴ ʨʝʟʢʦʝ ʧʘʜʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦ-

ʩʪʠ ʜʦ 0,53 ɻʇʘ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʜʝʛʨʘʜʘʮʠʝʡ ʩʪʨʫʢʪʫʨʳ: 

ʨʦʩʪʦʤ ʟʸʨʝʥ ʠʣʠ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝʤ ʥʠʪʨʠʜʥʦʛʦ ʩʣʦʷ 

ʠʣʠ ʧʝʨʝʩʪʘʨʠʚʘʥʠʝʤ ʩʧʣʘʚʘ. 

ɺ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʙʝʟ ʦʙʨʘʙʦʪʢʠ) ʧʨʝʜʝʣ 

ʧʨʦʯʥʦʩʪʠ ʩʦʩʪʘʚʠʣ ʚʩʝʛʦ ~100,9 ʄʇʘ (ʨʠʩ. 2), ʘ 

ʫʩʪʘʣʦʩʪʥʘʷ ʚʳʥʦʩʣʠʚʦʩʪʴ ï ~234 748 ʮʠʢʣʦʚ. ʇʨʠ-

ʯʠʥʘʤʠ ʩʪʘʣʠ ʚʳʩʦʢʘʷ ʧʦʨʠʩʪʦʩʪʴ ʠ ʥʘʣʠʯʠʝ ʚʥʫʪ-

ʨʝʥʥʠʭ ʜʝʬʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʩʣʫʞʘʪ ʢʦʥʮʝʥʪʨʘʪʦʨʘʤʠ 

ʥʘʧʨʷʞʝʥʠʡ, ʫʩʢʦʨʷʶʱʠʤʠ ʟʘʨʦʞʜʝʥʠʝ ʪʨʝʱʠʥ. ʇʦ-

ʩʣʝ ʕʇʆ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʚʳʨʦʩ ʥʘ 97,5% (ʜʦ 199,3 

ʄʇʘ), ʘ ʫʩʪʘʣʦʩʪʥʘʷ ʚʳʥʦʩʣʠʚʦʩʪʴ ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 

11% (~260 890 ʮʠʢʣʦʚ). ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʣʦʢʘʣʴʥʳʤ ʧʝ-

ʨʝʧʣʘʚʣʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ, ʫʩʪʨʘʥʝʥʠʝʤ 

ʤʠʢʨʦʧʦʨ ʠ ʨʝʣʘʢʩʘʮʠʝʡ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ.  

ʂʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʦʙʨʘʙʦʪʢʘ (ʂʆ), ʚʢʣʶʯʘʶʱʘʷ ʚ 

ʩʝʙʷ ʕʇʆ ʠ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚ ʪʝʯʝʥʠʝ 1 

ʯ, ʧʨʠʚʝʣʘ ʢ ʫʭʫʜʰʝʥʠʶ ʩʚʦʡʩʪʚ: ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ 

ʫʧʘʣ ʜʦ 69 ʄʇʘ (-65% ʦʪ ʕʇʆ), ʘ ʫʩʪʘʣʦʩʪʥʘʷ ʚʳʥʦʩ-

ʣʠʚʦʩʪʴ ï ʜʦ ~141 668 ʮʠʢʣʦʚ (-45%). ʂʦʨʦʪʢʦʝ ʚʨʝʤʷ 

ʦʙʨʘʙʦʪʢʠ ʚʳʟʚʘʣʦ ʧʝʨʝʛʨʝʚ ʤʘʪʝʨʠʘʣʘ, ʥʝʩʪʘʙʠʣʴʥʦʝ 

ʦʢʠʩʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩ. 3) ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʤʠʢʨʦ-

ʪʨʝʱʠʥ (ʨʠʩ. 3, ʘ). ʕʪʠ ʜʝʬʝʢʪʳ ʧʨʝʚʨʘʪʠʣʠ ʧʦʚʝʨʭ-

ʥʦʩʪʴ ʚ ʭʨʫʧʢʫʶ ʟʦʥʫ, ʫʩʢʦʨʷʶʱʫʶ ʨʘʟʨʫʰʝʥʠʝ. 

 

ʈʠʩ. 2. ʂʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ ʜʦ ʫʩʪʘʣʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʠ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ 7075,  

ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʘʜʜʠʪʠʚʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʦʤ, ʦʙʣʫʯʝʥʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦ-ʧʫʯʢʦʚʦʡ ʦʙʨʘʙʦʪʢʦʡ,  

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 1, 3, 5 ʯ 

Fig. 2. Number of cycles to fatigue failure and ultimate strength of 7075 aluminum alloy produced by additive  

manufacturing, irradiated by electron beam treatment, combined processing for 1, 3, 5 hours 
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ʈʠʩ. 3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩʧʣʘʚʘ ɸɸ7075 ʧʦʩʣʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ  

ʥʘ ʧʨʦʪʷʞʝʥʠʠ 5 ʯ, ʛʜʝ ʢʨʘʩʥʳʤʠ ʩʪʨʝʣʢʘʤʠ ʫʢʘʟʘʥʳ ʤʠʢʨʦʪʨʝʱʠʥʳ: ʘ ï ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʟʦʥʳ ʠʟʣʦʤʘ; ʙ ï Al; ʚ ï Mg; ʛ ï Cu; ʜ ï O; ʝ ï Zn; ʞ ï Mn; ʟ ï Fe  

Fig. 3. Distribution of chemical elements of the AA7075 alloy after combined processing for 5 hours, where red arrows 

indicate microcracks: a is an electron microscopic image of the fracture zone, ʙ is Al, ʚ is Mg, ʛ is Cu, ʜ is O,  

ʝ is Zn, ʞ is Mn, ʟ is Fe 
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ʋʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪ-

ʢʠ ʜʦ 3 ʯ (ʕʇʆ + ʂʆ 3 ʯ) ʯʘʩʪʠʯʥʦ ʢʦʤʧʝʥʩʠʨʦʚʘʣʦ 

ʥʝʛʘʪʠʚʥʳʝ ʵʬʬʝʢʪʳ: ʧʨʦʯʥʦʩʪʴ ʚʳʨʦʩʣʘ ʜʦ 82 ʄʇʘ 

(+19%), ʘ ʫʩʪʘʣʦʩʪʥʘʷ ʚʳʥʦʩʣʠʚʦʩʪʴ ð ʜʦ ~201 717 

ʮʠʢʣʦʚ (+42%). ɹʦʣʝʝ ʜʣʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʦʟʚʦ-

ʣʠʣʦ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʩʪʨʫʢʪʫʨʫ, ʩʥʠʟʠʪʴ ʢʦʥʮʝʥʪʨʘ-

ʮʠʶ ʜʝʬʝʢʪʦʚ ʠ ʩʬʦʨʤʠʨʦʚʘʪʴ ʫʧʨʦʯʥʸʥʥʳʡ ʩʣʦʡ. 

ʆʜʥʘʢʦ ʩʚʦʡʩʪʚʘ ʦʩʪʘʚʘʣʠʩʴ ʥʠʞʝ, ʯʝʤ ʧʦʩʣʝ ʕʇʆ, 

ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʛʣʫʙʠʥʳ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦʩʣʝ 5-ʯʘʩʦʚʦʡ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʡ 

ʦʙʨʘʙʦʪʢʠ (ʕʇʆ + ʂʆ 5 ʯ) ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʜʦʩʪʠʛ 

133 ʄʇʘ (+62% ʦʪ ʂʆ 1 ʯ), ʘ ʫʩʪʘʣʦʩʪʥʘʷ ʚʳʥʦʩʣʠ-

ʚʦʩʪʴ ~384 941 ʮʠʢʣʦʚ (+172%), ʧʨʝʚʳʩʠʚ ʜʘʞʝ ʧʦʢʘ-

ʟʘʪʝʣʠ ʧʦʩʣʝ ʕʇʆ. ʊʝʤ ʩʘʤʳʤ ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʦʙ-

ʨʘʙʦʪʢʘ, ʚʢʣʶʯʘʶʱʘʷ ʕʇʆ (ʫʩʪʨʘʥʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ 

ʜʝʬʝʢʪʦʚ) ʠ ʘʟʦʪʠʨʦʚʘʥʠʝ (ʦʧʪʠʤʠʟʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪ-

ʥʳʭ ʩʚʦʡʩʪʚ), ʧʦʟʚʦʣʠʣʘ ʧʨʝʦʜʦʣʝʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʘʜ-

ʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʠ ʧʨʦʯʥʦʩʪʴ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʧʣʦʪ-

ʥʦʩʪʴʶ ʤʘʪʝʨʠʘʣʘ: ʵʣʝʢʪʨʦʥʥʦ-ʧʫʯʢʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʠ 

ʜʣʠʪʝʣʴʥʘʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʫʤʝʥʴʰʘʶʪ 

ʧʦʨʠʩʪʦʩʪʴ, ʧʦʚʳʰʘʷ ʦʙʘ ʧʘʨʘʤʝʪʨʘ. ʄʘʣʘʷ ʧʨʦʜʦʣʞʠ-

ʪʝʣʴʥʦʩʪʴ ʵʣʝʢʪʨʦʥʥʦ-ʧʫʯʢʦʚʦʡ ʠ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʫʭʫʜʰʘʝʪ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʠʟ-ʟʘ ʪʝʨʤʠʯʝ-

ʩʢʠʭ ʜʝʬʝʢʪʦʚ. ʋʩʪʘʣʦʩʪʥʘʷ ʚʳʥʦʩʣʠʚʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ: ʚʥʫʪʨʝʥʥʠʝ ʥʘʧʨʷʞʝʥʠʷ (ʧʦ-

ʩʣʝ ʂʆ 5 ʯ) ʠ ʦʪʩʫʪʩʪʚʠʝ ʜʝʬʝʢʪʦʚ ʫʚʝʣʠʯʠʚʘʶʪ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʝ ʟʘʨʦʞʜʝʥʠʶ ʪʨʝʱʠʥ. ʍʨʫʧʢʠʝ ʦʢʩʠʜʳ (ʧʦʩʣʝ 

ʂʆ 1 ʯ) ʫʩʢʦʨʷʶʪ ʨʘʟʨʫʰʝʥʠʝ.  

ʆʧʪʠʤʘʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʦʙʨʘʙʦʪʢʠ ʷʚʣʷʶʪʩʷ 

ʕʇʆ + ʂʆ 5 ʯ, ʛʜʝ ʩʦʯʝʪʘʝʪʩʷ ʫʩʪʨʘʥʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ 

ʜʝʬʝʢʪʦʚ ʧʦʩʣʝ ʕʇʆ ʠ ʫʣʫʯʰʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʩʚʦʡʩʪʚ ʧʦʩʣʝ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʧʦʩʪʦʙʨʘʙʦʪʢʘ ʘʜʜʠʪʠʚʥʦ 

ʧʦʣʫʯʝʥʥʦʛʦ ʩʧʣʘʚʘ 7075 ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʢʦʤ-

ʧʝʥʩʠʨʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʥʝʜʦʩʪʘʪʢʠ ʠʟʛʦʪʦʚʣʝ-

ʥʠʷ ʩʧʣʘʚʦʚ, ʥʦ ʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ 

ʩʪʨʫʢʪʫʨʫ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʤʝ-

ʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 
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ɹʨʷʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɹʨʷʥʩʢ, ʈʦʩʩʠʷ 

ɸʥʥʦʪʘʮʠʷ. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ (ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ). ɺʳʩʦʢʦʜʠʩʧʝʨʩʥʘʷ ʤʠʢʨʦ- ʠ ʥʘʥʦʮʝʣʣʶʣʦʟʘ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʨʝʤʝʥʥʳʡ ʵʢʦʣʦʛʠʯʥʳʡ ʤʘʪʝʨʠʘʣ, ʦʙʣʘʜʘʶʱʠʡ ʨʷʜʦʤ ʮʝʥʥʳʭ ʩʚʦʡʩʪʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʚʳʩʦ-

ʢʠʡ ʠʥʪʝʨʝʩ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʉʨʝʜʠ ʥʠʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʦʣʠʤʝʨʥʳʝ ʢʦʤ-

ʧʦʟʠʪʳ, ʩʠʩʪʝʤ rʦʯʠʩʪʢʠ ʚʦʜʳ, ʪʢʘʥʝʚʫʶ ʠʥʞʝʥʝʨʠ ʁʠ ʜʨ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʧʨʦ-

ʙʣʝʤʦʡ ʝʸ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʩʣʦʞʥʦʩʪʴʶ ʩʦʚʨʝʤʝʥ-

ʥʳʭ ʩʧʦʩʦʙʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ. ʎʝʣʴ ʨʘʙʦʪʳ. ʈʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʦʡ 

ʮʝʣʣʶʣʦʟʳ, ʜʦʩʪʫʧʥʦʛʦ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʫʪʸʤ ʫʩʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʦʜʭʦʜʦʚ ʢ ʭʠʤʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʮʝʣʣʶʣʦʟʦʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ. ʀʩʧʦʣʴʟʫʝʤʳʝ ʤʝʪʦʜʳ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ 

(DLS), ʀʂ-ʌʫʨʴʝ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʜʨʫʛʠʝ ʦʙʱʝʣʘʙʦʨʘʪʦʨʥʳʝ ʩʧʦʩʦʙʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʅʦʚʠʟʥʘ. ʅʦʚʠʟʥʘ ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʦʙʫʩʣʦʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴʶ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʮʝʣʣʶʣʦʟʳ ʚ ʬʦʨʤʝ ʨʘʩʪʚʦʨʸʥʥʦʛʦ ʚʝʱʝʩʪʚʘ, 

ʚʝʜʫʱʝʡ ʢ ʯʘʩʪʠʯʥʦʤʫ ʫʩʪʨʘʥʝʥʠʶ ʢʠʥʝʪʠʯʝʩʢʠʭ ʟʘʪʨʫʜʥʝʥʠʡ, ʚʳʟʚʘʥʥʳʭ ʛʝʪʝʨʦʬʘʟʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʧʨʦʪʝʢʘ-

ʥʠʷ ʨʝʘʢʮʠʠ ʛʠʜʨʦʣʠʟʘ ʚ ʫʩʣʦʚʠʷʭ ʦʙʨʘʙʦʪʢʠ ʪʚʸʨʜʦʛʦ ʩʳʨʴʷ, ʚʩʣʝʜʩʪʚʠʝ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʨʝʘʢʮʠʠ ʥʘ ʛʨʘʥʠʮʝ 

ʨʘʟʜʝʣʘ ʬʘʟ ʩʠʩʪʝʤʳ ʞʠʜʢʦʩʪʴïʞʠʜʢʦʩʪʴ. ʈʝʟʫʣʴʪʘʪ. ʈʘʟʨʘʙʦʪʘʥ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʜʠʩ-

ʧʝʨʩʥʦʡ ʤʠʢʨʦ- ʠ ʥʘʥʦʮʝʣʣʶʣʦʟʳ ʧʫʪʸʤ ʝʸ ʨʘʩʪʚʦʨʝʥʠʷ ʠ ʦʩʘʞʜʝʥʠʷ ʠʟ ʤʝʜʥʦ-ʘʤʤʠʘʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʢʠʩʣʦʡ 

ʩʨʝʜʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʣʦʞʝʥ ʤʝʭʘʥʠʟʤ ʧʨʦʪʝʢʘʶʱʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʦʩʥʦʚʘʥ-

ʥʳʡ ʥʘ ʯʘʩʪʠʯʥʦʤ ʛʠʜʨʦʣʠʟʝ ʠ ʩʫʣʴʬʠʨʦʚʘʥʠʠ ʦʩʘʞʜʸʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʚ ʪʦʥʢʠʭ ʧʣʸʥʢʘʭ. ʋʩʪʘʥʦʚʣʝʥʘ ʨʝʬʝ-

ʨʝʥʪʥʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʩʧʦʩʦʙʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʦʪ ʧʦʩʪʝʧʝʥʥʦʛʦ ʧʦʜʢʠʩʣʝʥʠʷ, ʚʝʨʠʬʠʮʠʨʫ-

ʝʤʘʷ ʠʥʪʝʥʩʠʚʥʳʤ ʩʫʣʴʬʠʨʦʚʘʥʠʝʤ ʮʝʣʣʶʣʦʟʳ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʝʸ Ŭ-

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʛʠʜʨʦʟʦʣʴ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʦʡ ʮʝʣʣʶʣʦʟʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦ-

ʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʜʝʩʪʨʫʢʮʠʠ 2,97 ʧʨʠ ʩʪʝʧʝʥʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 481,2Ñ13,7, ʧʨʠ ʵʪʦʤ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʩʦʩʪʘʚʣʷ-

ʝʪ ʦʪ 70 ʜʦ 800 ʥʤ ʩʦ ʩʨʝʜʥʝʯʠʩʣʦʚʳʤ ʜʠʘʤʝʪʨʦʤ 156 ʥʤ. ʆʪʤʝʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʥʘʠʤʝʥʴʰʝʡ 

ʨʘʟʤʝʨʥʦʡ ʬʨʘʢʮʠʠ ʩʦ ʩʨʝʜʥʠʤ ʜʠʘʤʝʪʨʦʤ 105 ʥʤ ʚ ʫʩʣʦʚʠʷʭ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʥʠʟʢʦʩʢʦʨʦʩʪʥʦʛʦ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ɺʳʨʘʞʘʝʪʩʷ ʚ ʨʝʘʣʠʟʘʮʠʠ ʥʦʚʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʦʣʫʯʝʥʠʶ ʚʳʩʦ-

ʢʦʜʠʩʧʝʨʩʥʦʡ ʮʝʣʣʶʣʦʟʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʤʝʭʘʥʠʟʤʝ ʦʧ-

ʪʠʤʠʟʘʮʠʠ ʫʩʣʦʚʠʡ ʧʨʠʤʝʥʝʥʠʷ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʚ 

ʦʙʣʘʩʪʴ ʰʠʨʦʢʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʝʣʣʶʣʦʟʘ, ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʘʷ ʮʝʣʣʶʣʦʟʘ, ʤʝʜʥʦ-ʘʤʤʠʘʯʥʳʡ ʨʘʩʪʚʦʨ, ʦʩʘʞʜʝʥʠʝ, ʩʪʝʧʝʥʴ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ 
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OBTAINING  HIGHLY DISPERSED MIC RO- AND NANOCELLULOSE 

FROM COPPER-AMMONIA SOLUTION  BY PRECIPITATION  

Lukuttsova N.P., Karpikov E.G., Romanov N.K. 

Bryansk State University of Engineering and Technology, Bryansk, Russia 

Abstract. Problem Statement (Relevance). Highly dispersed micro- and nanocellulose is a modern eco-friendly mate-

rial with a number of valuable properties that determine high interest for various fields of industrial production. Among 

them we can distinguish polymer composites, water purification systems, tissue engineering, and others. It should be 

noted that the main problem of its large-scale implementation is the high cost due to the complexity of modern manu-

facturing methods. Objectives. The research is aimed at developing of an effective method for obtaining highly dis-

persed cellulose, available for implementation in modern laboratory and industrial conditions, by improving approaches 

to chemical processing of cellulose-containing raw materials. Methods applied. The authors used the methods of dy-

namic light scattering spectroscopy (DLS), IR-Fourier spectroscopy, and other general laboratory research methods. 

Originality.  The originality of the presented approach is due to the possibility of homogenization of cellulose in the 

form of a dissolved substance, leading to the partial elimination of kinetic difficulties caused by the heterophase nature 

of the hydrolysis reaction under the conditions of processing solid raw materials, due to the reaction at the interface of 

the phases of the liquid ï liquid system. Result. An effective method for obtaining highly dispersed micro- and nanocel-

lulose by dissolving and precipitating it from a copper-ammonia solution in an acidic environment has been developed. 

As a result of the conducted research, a mechanism of ongoing interactions based on partial hydrolysis and sulfonation 

of the precipitated product in thin films is proposed. The reference functionality of the method of direct precipitation 

from gradual acidification has been established, verified by intensive sulfonation of cellulose with sulfuric acid with a 

reduced content of its Ŭ-crystalline modification. It was revealed that the hydrosol of highly dispersed cellulose is char-

acterized by a high coefficient of destruction of 2.97 with a degree of polymerization of 481.2Ñ13.7, while the particle 

size ranges from 70 to 800 nm with an average numerical diameter of 156 nm. It is noted that it is possible to isolate the 

smallest size fraction with an average diameter of 105 nm under the conditions of using the low-speed centrifugation 

method. Practical Relevance. It is expressed in the implementation of a new approach to the production of highly dis-

persed cellulose, which contributes to the formation of additional ideas about the mechanism for optimizing the condi-

tions of use and processing of raw materials for the introduction of the presented product into large-scale industrial pro-

duction. 

Keywords: cellulose, highly dispersed cellulose, copper-ammonia solution, precipitation, degree of polymerization 
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ɺʚʝʜʝʥʠʝ 

ɺ ʨʘʤʢʘʭ ʈʘʩʧʦʨʷʞʝʥʠʷ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ˉ312-
ʨ ʦʪ 11 ʬʝʚʨʘʣʷ 2021 ʛʦʜʘ çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʉʪʨʘʪʝ-
ʛʠʠ ʨʘʟʚʠʪʠʷ ʣʝʩʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘ-
ʮʠʠ ʜʦ 2030 ʛʦʜʘè [1] ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʙʣʝʤʳ, ʩʜʝʨʞʠ-
ʚʘʶʱʝʡ ʨʘʟʚʠʪʠʝ ʣʝʩʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʦʪʤʝʯʝʥʘ ʥʝʜʦ-
ʩʪʘʪʦʯʥʘʷ ʤʦʜʝʨʥʠʟʘʮʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʨʳʥʢʘ ʧʝ-
ʨʝʨʘʙʦʪʢʠ ʧʨʦʜʫʢʮʠʠ ʣʝʩʥʳʭ ʨʝʩʫʨʩʦʚ, ʯʪʦ ʥʝ ʧʦʟʚʦ-
ʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʥʦʚʳʝ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʝ ʧʨʦʠʟ-
ʚʦʜʩʪʚʘ ʮʝʣʣʶʣʦʟʦʩʦʜʝʨʞʘʱʝʡ ʧʨʦʜʫʢʮʠʠ, ʚ ʪʦʤ 
ʯʠʩʣʝ ʠʟʜʝʣʠʡ ʥʘ ʝʸ ʦʩʥʦʚʝ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʚʪʦʨʠʯʥʦ-
ʛʦ ʩʳʨʴʷ [2].  ɺʤʝʩʪʝ ʩ ʪʝʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʙʣʶ-
ʜʘʝʪʩʷ ʨʦʩʪ ʦʙʲʸʤʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʪʨʝʙʣʝʥʠʷ 
ʮʝʣʣʶʣʦʟʳ ʢʘʢ ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʦʛʦ ʠ ʰʠʨʦʢʦ ʨʘʩ-
ʧʨʦʩʪʨʘʥʸʥʥʦʛʦ ʙʠʦʧʦʣʠʤʝʨʘ, ʢʦʪʦʨʳʝ ʦʮʝʥʠʚʘʶʪʩʷ 
ʚ 180 ʤʣʥ ʪ ʚ ʛʦʜ [3], ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ 
ʥʘʢʦʧʣʝʥʠʶ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʣʠʢʚʠʜʘʮʠʠ ʝʸ ʦʪʭʦ-

ʜʦʚ. ʅʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʫʪʠʣʠʟʘʮʠʠ, ʘ 
ʪʘʢʞʝ ʨʘʟʚʠʪʠʷ ʦʪʤʝʯʝʥʥʳʭ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ 
ʧʨʦʠʟʚʦʜʩʪʚ ʷʚʣʷʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝ ʧʦʜʭʦʜʦʚ ʢ ʨʘʮʠʦ-
ʥʘʣʴʥʦʤʫ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʶ, ʚ ʯʘʩʪʥʦʩʪʠ ʨʘʟʨʘ-
ʙʦʪʢʠ ʤʝʪʦʜʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʩʳʨʴʷ ʧʫʪʝʤ ʧʦʣʫʯʝʥʠʷ 
ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʦʡ (ɺɼʎ) ʤʠʢʨʦʮʝʣʣʶʣʦʟʳ (ʄʂʎ) ʠ 
ʥʘʥʦʮʝʣʣʶʣʦʟʳ (ʅʎ) ʠʟ ʩʳʨʴʷ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ [4-
8]. ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʤʝʯʘʝʪʩʷ ʢʣʶ-
ʯʝʚʘʷ ʨʦʣʴ ʥʘʥʦʮʝʣʣʶʣʦʟʳ ʢʘʢ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʚʳ-
ʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʛʦ ʙʠʦʥʘʥʦʤʘʪʝʨʠʘʣʘ, ʦʙʣʘʜʘʶʱʝʛʦ 
ʰʠʨʦʢʠʤʠ ʧʝʨʩʧʝʢʪʠʚʘʤʠ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ 
ʦʪʨʘʩʣʷʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʥʘʫʢʦʸʤ-
ʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [9]. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʤʘʣʦʡ ʧʣʦʪʥʦʩʪʠ 
(å 1,50 ʛ/ʩʤ

3
) ʠ ʚʳʩʦʢʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ 

[10], ʥʘʥʦʮʝʣʣʶʣʦʟʘ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʵʬ-
ʬʝʢʪʠʚʥʦʛʦ ʘʨʤʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʩʦʩʪʘʚʝ ʙʠʦ-
ʨʘʟʣʘʛʘʝʤʳʭ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ 



ʃʫʢʫʪʮʦʚʘ ʅ.ʇ., ʂʘʨʧʠʢʦʚ ɽ.ɻ., ʈʦʤʘʥʦʚ ʅ.ʂ. 
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ʢʨʘʭʤʘʣʘ [11] ʠ ʧʦʣʠʣʘʢʪʠʜʘ (PLA) [12], ʦʙʝʩʧʝʯʠʚʘ-
ʶʱʝʛʦ ʧʦʚʳʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʠ ʪʝʨʤʠʯʝʩʢʦʡ ʫʩʪʦʡ-
ʯʠʚʦʩʪʠ ʤʦʜʠʬʠʮʠʨʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʝʨʩʧʝʢʪʠʚʳ 
ʧʨʠʤʝʥʝʥʠʷ ʅʎ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʚʦʜʦʦʯʠʩʪʥʳʭ 
ʬʠʣʴʪʨʘʭ ʦʙʫʩʣʦʚʣʝʥʳ ʝʝ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʵʬʬʝʢʪʠʚ-
ʥʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ ʠʦʥʘʤʠ ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ, 
ʪʘʢʠʭ ʢʘʢ Fe

3+
, Cu

2+
, Ag

+
 [13], Cd

2+
, Co

2+
, Zn

2+
, Ni

2+
 [14], 

ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴʶ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟ-
ʣʠʯʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʚ ʮʝʣʷʭ ʧʦʚʳ-
ʰʝʥʠʷ ʩʦʨʙʮʠʦʥʥʦʡ ʸʤʢʦʩʪʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ pH [15-
17]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ [18] ʠ ʥʘʥʦ-
ʬʠʙʨʠʣʣʠʨʦʚʘʥʥʦʡ [19] ʮʝʣʣʶʣʦʟʳ ʚ ʢʘʯʝʩʪʚʝ ʤʠʢʨʦ-
ʜʦʙʘʚʢʠ ʢ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʫʩʢʦʨʷʝʪ ʝʛʦ ʛʠʜʨʘʪʘʮʠʶ ʠ 
ʩʥʠʞʘʝʪ ʫʩʘʜʢʫ ʙʝʪʦʥʘ ʚ ʢʦʥʩʪʨʫʢʮʠʠ, ʯʪʦ ʦʙʫʩʣʘʚʣʠ-
ʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʚʝʜʝʥʠʷ ɺɼʎ ʚ ʩʦʩʪʘʚ ʩʪʨʦʠʪʝʣʴ-
ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʪʩʫʪʩʪʚʠʝ ʪʦʢʩʠʯʥʦʩʪʠ, ʭʠʤʠʯʝʩʢʘʷ 
ʠʥʝʨʪʥʦʩʪʴ, ʚʳʩʦʢʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ ʦʪʢʨʳʚʘʶʪ ʧʝʨ-
ʩʧʝʢʪʠʚʳ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʛʠʜʨʦ- ʠ ʘʵʨʦʛʝʣʝʡ ʥʘʥʦ-
ʮʝʣʣʶʣʦʟʳ ʠ ʝʸ ʧʨʦʠʟʚʦʜʥʳʭ ʚ ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʳʭ 
ʩʪʨʫʢʪʫʨ ʚ ʪʢʘʥʝʚʦʡ ʠʥʞʝʥʝʨʠʠ [20, 21]. 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʠʷ 

ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʦʡ ʮʝʣʣʶʣʦʟʳ ʷʚʣʷʝʪʩʷ ʛʠʜʨʦʣʠʟ 
ʪʚʸʨʜʦʛʦ ʤʘʢʨʦʮʝʣʣʶʣʦʟʥʦʛʦ ʩʳʨʴʷ ʚ ʩʝʨʥʦʡ ʢʠʩʣʦʪʝ 
(H2SO4) [22]. ɺ ʢʘʯʝʩʪʚʝ ʵʪʘʧʘ ʝʛʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 
ʦʙʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʬʘʢʪʦʨʘ, ʧʦʚʳʰʘʶʱʝʛʦ ʵʬʬʝʢ-
ʪʠʚʥʦʩʪʴ ʨʘʩʱʝʧʣʝʥʠʷ ʚʦʣʦʢʦʥ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʛʠʜʨʦ-
ʟʦʣʝʡ ʄʂʎ ʠ ʅʎ, ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʬʝʨʤʝʥʪʘʪʠʚʥʘʷ 
ʦʙʨʘʙʦʪʢʘ [23-25], ʩʧʦʩʦʙʩʪʚʫʶʱʘʷ ʧʨʠ ʙʦʣʝʝ ʤʷʛʢʠʭ 
ʫʩʣʦʚʠʷʭ ʛʠʜʨʦʣʠʟʘ ʧʦʣʫʯʝʥʠʶ ʧʨʦʜʫʢʪʘ, ʭʘʨʘʢʪʝʨʠ-
ʟʫʶʱʝʛʦʩʷ ʙʦʣʴʰʝʡ ʜʠʩʧʝʨʩʥʦʩʪʴʶ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴʶ 
ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦ-
ʩʪʨʘʥʸʥʥʳʤʠ ʨʘʜʠʢʘʣʴʥʳʤʠ ʦʢʠʩʣʠʪʝʣʷʤʠ, ʧʨʠʤʝ-
ʥʷʶʱʠʤʠʩʷ ʧʨʠ ʜʝʩʪʨʫʢʮʠʠ ʤʘʢʨʦʤʦʣʝʢʫʣ ʮʝʣʣʶʣʦ-
ʟʳ, ʷʚʣʷʶʪʩʷ (2,2,6,6-ʪʝʪʨʘʤʝʪʠʣʧʠʧʝʨʠʜʠʥ-1-
ʠʣ)ʦʢʩʠʣ (TEMPO) [26, 27], ʘ ʪʘʢʞʝ ʨʝʘʛʝʥʪ ʌʝʥʪʦʥʘ, 
ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʨʦʪʝʢʘʥʠʝ ʧʨʦʮʝʩʩʘ ʜʝʩʪʨʫʢʮʠʠ 
ʮʝʣʣʶʣʦʟʳ ʧʦʩʨʝʜʩʪʚʦʤ ʦʢʠʩʣʝʥʠʷ ʩʳʨʴʷ ʧʝʨʦʢʩʠ-
ʜʦʤ ʚʦʜʦʨʦʜʘ (H2O2) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʦʥʦʚ ʞʝʣʝʟʘ (II) 
(Fe

2+
) [28], ʠ ʧʦʜʦʙʥʳʝ ʝʤʫ ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤ,r ʚ 

ʪʦʤ ʯʠʩʣʝ ʥʘ ʦʩʥʦʚʝ ʠʦʥʦʚ ʤʝʜʠ (II) (Cu
2+

) [29].   
ʆʪʜʝʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʨʦʣʴ ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʩ 
ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʚʘʞʥʦʛʦ ʵʪʘʧʘ ʧʦʜʛʦʪʦʚʢʠ 
ʜʠʩʧʝʨʛʠʨʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ [23], ʥʦ ʠ ʚʧʦʣʥʝ ʩʘʤʦ-
ʩʪʦʷʪʝʣʴʥʦʛʦ ʤʝʪʦʜʘ ʧʦʣʫʯʝʥʠʷ ʤʠʢʨʦʬʠʙʨʠʣʣʠʨʦ-
ʚʘʥʥʦʡ ʮʝʣʣʶʣʦʟʳ ʩ ʭʘʨʘʢʪʝʨʥʦʡ ʪʦʣʱʠʥʦʡ ʚʦʣʦʢʦʥ 
ʦʪ 50 ʜʦ 1000 ʥʤ [30, 31]. ʇʨʠ ʵʪʦʤ ʚ ʚʠʜʝ ʧʘʨʘʤʝʪʨʘ 
ʬʠʟʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʚʳʩʦʢʦ-
ʠʥʪʝʥʩʠʚʥʘʷ ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ ʦʙʨʘʙʦʪʢʘ, ʧʨʠʤʝʥʝʥʠʝ 
ʢʦʪʦʨʦʡ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʛʠʜʨʦʬʠʣʴʥʳʝ 
[32] ʠ ʦʧʪʠʯʝʩʢʠʝ [33] ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʦʛʦ ʧʨʦʜʫʢ-
ʪʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʧʨʠ-
ʟʥʘʥʳ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʅʎ, ʩʦ-
ʯʝʪʘʶʱʠʝ ʚ ʩʝʙʝ ʢʘʢ ʬʠʟʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʪʘʢ ʠ 
ʭʠʤʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʩʪʝ-
ʧʝʥʴ ʧʦʣʠʤʝʨʠʟʘʮʠʠ (ʉʇ) ʦʙʨʘʙʦʪʘʥʥʦʡ ʪʘʢʠʤ ʦʙʨʘ-
ʟʦʤ ʮʝʣʣʶʣʦʟʳ [34]. ʂʨʦʤʝ ʪʦʛʦ, ʚʳʜʝʣʷʝʪʩʷ ʙʠʦʪʝʭ-
ʥʦʣʦʛʠʯʝʩʢʠʡ ʤʝʪʦʜ ʠʟʛʦʪʦʚʣʝʥʠʷ ɺɼʎ [35, 36], ʚ 
ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʢʦʪʦʨʦʛʦ ʦʙʨʘʟʫʝʪʩʷ ʥʘʥʦʮʝʣ-

ʣʶʣʦʟʘ, ʦʙʣʘʜʘʶʱʘʷ ʚʳʩʦʢʦʡ ʉʇ (ʦʪ 2000 ʜʦ 8000), ʘ 
ʪʘʢʞʝ ʧʦʚʳʰʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴʶ ʠ ʛʠʛʨʦʩʢʦ-
ʧʠʯʥʦʩʪʴʶ [37]. 
ʅʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʤʝʪʦ-

ʜʦʚ ʧʦʣʫʯʝʥʠʷ ʤʠʢʨʦ- ʠ ʥʘʥʦʮʝʣʣʶʣʦʟʳ ʩ ʰʠʨʦʢʠʤ 
ʩʧʝʢʪʨʦʤ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʩʳʨʴʷ, ʠʤʝʶʱʠ-
ʝʩʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 
ʪʨʝʙʫʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʠʪʝʣʴʥʳʭ ʪʨʫʜʦʸʤʢʠʭ ʦʧʝ-
ʨʘʮʠʡ, ʧʨʠʤʝʥʝʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 
ʠʣʠ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʭʠʤʠʯʝʩʢʠʭ 
ʨʝʘʛʝʥʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ 
ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʅʎ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚr -
ʩʪʫʧʘʶʪ ʚʳʩʦʢʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʟʘʪʨʘʪʳ [38], ʯʪʦ 
ʣʦʢʘʣʠʟʫʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʫʥʠʢʘʣʴʥʳʭ 
ʩʚʦʡʩʪʚ ʤʠʢʨʦ- ʠ ʥʘʥʦʮʝʣʣʶʣʦʟʳ ʦʙʣʘʩʪʴʶ ʥʘʫʯʥʦ-
ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʟʘʜʘʯ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ɺɼʎ ʦʩʥʦʚʘʥ ʥʘ 
ʨʘʩʪʚʦʨʝʥʠʠ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʚ ʤʝʜʥʦ-ʘʤʤʠʘʯʥʦʤ 
ʨʘʩʪʚʦʨʝ ([Cu(NH3)4](OH)2), ʧʦʩʣʝʜʫʶʱʝʤ ʧʦʜʢʠʩʣʝ-
ʥʠʠ ʠ ʛʠʜʨʦʣʠʟʝ ʤʠʢʨʦ- ʠ ʥʘʥʦʯʘʩʪʠʮ ʩ ʜʘʣʴʥʝʡʰʝʡ 
ʛʣʫʙʦʢʦʡ ʦʯʠʩʪʢʦʡ ʧʦʩʨʝʜʩʪʚʦʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ 
ʠ ʧʨʦʤʳʚʢʠ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʟʦʣʷ.  
ʄʝʜʥʦ-ʘʤʤʠʘʯʥʳʡ ʨʘʩʪʚʦʨ (ʄɸʈ) ʧʨʠʛʦʪʦʚʣʝʥ 

ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʩʪʚʦʨʝʥʠʷ ʠʟʙʳʪʢʘ ʩʚʝʞʝʧʦʣʫʯʝʥʥʦʛʦ 
ʛʠʜʨʦʢʩʠʜʘ ʤʝʜʠ (II) (Cu(OH)2) ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ 
ʘʤʤʠʘʢʘ (NH3aq), ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ 25%, ʦʪʩʪʘʠʚʘʥʠ-
ʝʤ ʠ ʦʪʜʝʣʝʥʠʝʤ ʥʝʨʘʩʪʚʦʨʸʥʥʦʛʦ ʦʩʘʜʢʘ. ʉʦʜʝʨʞʘ-
ʥʠʝ ʤʝʜʠ ʚ ʨʘʩʪʚʦʨʝ ʫʩʪʘʥʘʚʣʠʚʘʣʦʩʴ ʤʝʪʦʜʦʤ ʡʦʜʦ-
ʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ, ʘ ʘʤʤʠʘʢʘ ï ʘʮʠʜʦʤʝʪʨʠʯʝ-
ʩʢʠʤ ʪʠʪʨʦʚʘʥʠʝʤ, ʧʨʠ ʵʪʦʤ ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝ-
ʥʠʡ ʩʦʩʪʘʚʠʣʘ ʥʝ ʙʦʣʝʝ 1,0%. ʀʟʛʦʪʦʚʣʝʥʥʳʡ ʨʘʩʪʚʦʨ 
ʷʚʣʷʝʪʩʷ ʥʘʩʳʱʝʥʥʳʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 
ʠʦʥʦʚ ʤʝʜʠ (Cu

2+
), ʯʪʦ, ʩʦʛʣʘʩʥʦ ʨʘʥʝʝ ʧʨʦʚʝʜʸʥʥʳʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʙʣʘʛʦʧʨʠʷʪʥʦ ʚʣʠʷʝʪ ʥʘ ʨʘʩʪʚʦʨʠ-
ʤʦʩʪʴ ʮʝʣʣʶʣʦʟʳ. 
ɺ ʮʝʣʷʭ ʠʟʫʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ɺɼʎ 

ʥʘ ʦʩʥʦʚʝ ʮʝʣʣʶʣʦʟʳ ʩ ʨʘʟʣʠʯʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʩʦ-
ʩʪʘʚʦʤ ʠ ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚ ʨʘʙʦʪʝ ʚ ʢʘʯʝ-
ʩʪʚʝ ʤʦʜʝʣʴʥʳʭ ʮʝʣʣʶʣʦʟʦʩʦʜʝʨʞʘʱʠʭ ʧʨʝʧʘʨʘʪʦʚ 
ʜʣʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 
ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʩʳʨʴʷ: çɹʫʤʘʛʘ ʬʠʣʴʪʨʦʚʘʣʴʥʘʷ ʌè 
(ɹʌ) ʜʣʷ ʦʙʱʝʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʠ ʬʠʣʴʪʨʦʚ çɹʝʣʘʷ 
ʣʝʥʪʘè ɻʆʉʊ 12026 (ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘ-
ʮʠʷ), ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʪʦʥʢʦʚʦʣʦʢʥʠʩʪʦʡ ʩʪʨʫʢʪʫ-
ʨʦʡ ʠ ʤʠʥʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʨʠʤʝʩʝʡ ʣʠʛʥʠʥʘ 
ʠ ʛʝʤʠʮʝʣʣʶʣʦʟ [39], ʚʘʪʘ ʤʝʜʠʮʠʥʩʢʘʷ ʛʠʛʨʦʩʢʦʧʠ-
ʯʝʩʢʘʷ ʭʣʦʧʢʦʚʘʷ (ɺʄɻʍ) ɻʆʉʊ 5556 (ʛ. ʉʧʘʩ-
ʂʣʝʧʠʢʠ, ʂʣʝʧʠʢʦʚʩʢʠʡ ʨʘʡʦʥ, ʈʷʟʘʥʩʢʘʷ ʦʙʣʘʩʪʴ, 
ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ), ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ, ʩʦʛʣʘʩʥʦ 
ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʠ ʥʦʨʤʘʪʠʚʥʳʤ ʜʦʢʫʤʝʥʪʘʤ, 
ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʫʶ Ŭ-ʮʝʣʣʶʣʦʟʫ ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ 
[40], ʘ ʪʘʢʞʝ ʬʘʙʨʠʯʥʘʷ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʮʝʣ-
ʣʶʣʦʟʘ (ʄʂʎ) çɸʥʢʠʨ-ɹè (ʛ. ɹʠʡʩʢ, ɸʣʪʘʡʩʢʠʡ ʢʨʘʡ, 
ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ), ʦʙʣʘʜʘʶʱʘʷ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 
ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʬʘʨʤʘʢʦʧʝʡʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ, 
ʥʠʟʢʦʡ ʩʪʝʧʝʥʴʶ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠ ʧʦʚʳʰʝʥʥʦʡ ʢʨʠ-
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ʩʪʘʣʣʠʯʥʦʩʪʴʶ ʚʩʣʝʜʩʪʚʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʭʠʤʠʯʝ-
ʩʢʦʡ ʦʙʨʘʙʦʪʢʠ [41].  

ʅʘʚʝʩʢʘ ʤʘʩʩʦʡ 0,5Ñ0,0002 ʛ ʨʘʩʪʚʦʨʷʣʘʩʴ ʚ  

50 ʩʤ
3
 ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʄɸʈ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘ-

ʥʠʠ ʚ ʪʝʯʝʥʠʝ 1 ʯ, ʧʦʩʣʝ ʯʝʛʦ ʬʠʣʴʪʨʦʚʘʣʘʩʴ ʯʝʨʝʟ 

ʤʝʜʥʫʶ ʩʝʪʢʫ ʩ ʜʠʘʤʝʪʨʦʤ ʧʦʨ 50 ʤʢʤ ʜʣʷ ʫʜʘʣʝʥʠʷ 

ʥʝʨʘʩʪʚʦʨʸʥʥʳʭ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚ.  

ɺʳʩʦʢʦʜʠʩʧʝʨʩʥʫʶ ʮʝʣʣʶʣʦʟʫ ʧʦʣʫʯʘʣʠ ʤʝʪʦʜʘʤʠ 

ʧʦʜʢʠʩʣʝʥʠʷ ʠ ʦʩʘʞʜʝʥʠʷ ʚ ʩʣʝʜʫʶʱʝʤ ʧʦʨʷʜʢʝ. ʇʦ 

ʦʢʦʥʯʘʥʠʠ ʨʘʩʪʚʦʨʝʥʠʷ  ʄɸʈ ʦʙʲʝʤʦʤ 40,0 ʩʤ
3
 ʨʘʟʙʘʚ-

ʣʷʣʩʷ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʦʙʲʸʤʦʤ 160 ʩʤ
3
 ʜʦ ʜʦ-

ʩʪʠʞʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʮʝʣʣʶʣʦʟʳ 2 ʛ/ʜʤ
3
, ʟʘʪʝʤ ʤʝʜ-

ʣʝʥʥʦ ʧʦʜʢʠʩʣʷʣʩʷ 100,0 ʩʤ
3
 20%-ʛʦ ʨʘʩʪʚʦʨʘ ʩʝʨʥʦʡ 

ʢʠʩʣʦʪʳ (H2SO4), ʚʟʷʪʦʛʦ ʚ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤ ʠʟʙʳʪʢʝ 

ʧʦʨʷʜʢʘ 25%, ʧʦʩʣʝ ʯʝʛʦ ʧʝʨʝʤʝʰʠʚʘʣʩʷ ʚ ʪʝʯʝʥʠʝ 15 

ʤʠʥ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʥʝʡʪʨʘʣʠʟʦʚʘʣʩʷ ʨʘʩ-

ʪʚʦʨʦʤ ʘʤʤʠʘʢʘ ʜʣʷ ʧʨʝʢʨʘʱʝʥʠʷ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʣʠʟʘ. 

ʀʟʛʦʪʦʚʣʝʥʥʳʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʦʜʫʢʪ ʦʭʘʨʘʢʪʝʨʠʟʦ-

ʚʘʥ ʢʘʢ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʘʷ ʮʝʣʣʶʣʦʟʘ, ʧʦʣʫʯʝʥʥʘʷ ʧʦʜ-

ʢʠʩʣʝʥʠʝʤ (ʧʦʜʢʠʩʣʝʥʥʘʷ ɺɼʎ). ʉʦʛʣʘʩʥʦ ʜʨʫʛʦʤʫ ʩʧʦ-

ʩʦʙʫ, ʢ 20%-ʤʫ ʨʘʩʪʚʦʨʫ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʪʦʛʦ ʞʝ ʦʙʲʸ-

ʤʘ ʜʦʙʘʚʣʷʣʦʩʴ 40,0 ʩʤ
3
 ʄɸʈ ʮʝʣʣʶʣʦʟʳ ʧʨʠ ʧʝʨʝʤʝ-

ʰʠʚʘʥʠʠ. ɺʩʝ ʧʦʩʣʝʜʫʶʱʠʝ ʦʧʝʨʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ 

ʘʥʘʣʦʛʠʯʥʦ ʚʳʰʝʦʧʠʩʘʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʆʙʨʘ-

ʟʦʚʘʚʰʠʡʩʷ ʧʨʦʜʫʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʳʩʦʢʦʜʠʩ-

ʧʝʨʩʥʫʶ ʮʝʣʣʶʣʦʟʫ, ʧʦʣʫʯʝʥʥʫʶ ʦʩʘʞʜʝʥʠʝʤ (ʦʩʘ-

ʞʜʸʥʥʘʷ ɺɼʎ). 

ʆʯʠʩʪʢʘ ʛʠʜʨʦʟʦʣʷ ʮʝʣʣʶʣʦʟʳ ʧʨʦʚʦʜʠʣʘʩʴ ʧʫ-

ʪʸʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʧʨʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ 4000 

ʦʙ/ʤʠʥ ʩ ʧʝʨʝʛʨʫʟʢʦʡ 1780g ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ ʩ ʧʦʩʣʝ-

ʜʫʶʠɦʤ ʦʪʜʝʣʝʥʠʝʤ ʩʫʧʝʨʥʘʪʘʥʪʘ ʠ ʤʥʦʛʦʢʨʘʪʥʳʤ 

ʧʨʦʤʳʚʘʥʠʝʤ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʜʦ ʜʦʩʪʠʞʝ-

ʥʠʷ pH, ʙʣʠʟʢʦʛʦ ʢ ʥʝʡʪʨʘʣʴʥʦʤʫ. 

ʈʘʟʤʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʯʘʩʪʠʮ ʢʦʣʣʦʠʜʥʦʛʦ ʨʘʩʪʚʦʨʘ 
ʮʝʣʣʶʣʦʟʳ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʧʨʠ ʧʦʤʦʱʠ ʘʥʘʣʠʟʘʪʦʨʘ 
Zetasizer Ultra (Malvern Panalytical Ltd, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) 
ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 632,8 ʥʤ. ɺ ʨʘʙʦʪʝ ʧʨʦʠʟʚʝʜʸʥ ʦʙʱʠʡ 
ʘʥʘʣʠʟ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ ʥʘʠʤʝʥʴʰʝʡ ʨʘʟʤʝʨ-
ʥʦʡ ʬʨʘʢʮʠʠ ʩʫʧʝʨʥʘʪʘʥʪʘ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʮʝʥʪʨʠʬʫ-
ʛʠʨʦʚʘʥʠʝʤ ʟʦʣʷ ʧʨʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ 1000 ʦʙ/ʤʠʥ ʠ 
ʧʝʨʝʛʨʫʟʢʝ ʦʙʨʘʟʮʘ 110g ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ. 
ʀʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʪʱʘʪʝʣʴʥʦ ʚʳʩʫʰʝʥ-

ʥʳʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 60ÜC ʠ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʭ ʧʨʠ 
ʧʦʤʦʱʠ ʠʟʤʝʣʴʯʠʪʝʣʷ IKA UTTD basic IVD Solution 
(çIKA-Werke GmbH & Co. KGè, ɻʝʨʤʘʥʠʷ) ʦʙʨʘʟʮʦʚ 
ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʦʩʨʝʜʩʪʚʦʤ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʤʝʪʨʘ 
çʌʉʄ-1201è (ʆʆʆ çʀʥʬʨʘʩʧʝʢè, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 
ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ) ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʠʟʣʫʯʝʥʠʷ 
450ï4200  ʩʤ

-1 
ʩ ʨʘʟʨʝʰʝʥʠʝʤ 1 ʩʤ

-1
. 

ʉʪʝʧʝʥʴ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠʩʭʦʜʥʦʛʦ ʮʝʣʣʶʣʦʟʦʩʦ-
ʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ ʠ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ɺɼʎ ʦʧʨʝ-
ʜʝʣʷʣʘʩʴ ʤʝʪʦʜʦʤ ʡʦʜʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ, ʧʨʠ 
ʵʪʦʤ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʫʩʪʦʡʯʠʚʘʷ ʩʭʦʜʠʤʦʩʪʴ ʨʝʟʫʣʴ-
ʪʘʪʦʚ ʘʥʘʣʠʟʘ ʠ ʜʦʧʫʩʪʠʤʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʦʪʥʦʩʠ-
ʪʝʣʴʥʦ ʚʠʩʢʦʟʠʤʝʪʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ [42], ʥʦʨʤʠʨʫʝ-
ʤʦʛʦ ɻʆʉʊ 9105. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ 
ʩʧʝʢʪʨʘʭ ɺɼʎ ʧʦʜʢʠʩʣʝʥʥʦʡ ʠ ʦʩʘʞʜʸʥʥʦʡ ɺɼʎ ʦʙ-
ʥʘʨʫʞʝʥʳ ʠʥʪʝʥʩʠʚʥʳʝ ʧʠʢʠ ʚ ʦʙʣʘʩʪʠ 800-1190 ʠ 
870-1180 ʩʤ

-1
 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʚʘ-

ʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ CïOïC-ʩʚʷʟʝʡ [43]. ʇʠʢʠ 3327 ʠ 
3274 ʩʤ

-1
 ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ OïH-ʩʚʷʟʝʡ [44], 

ʫʰʠʨʝʥʥʳʝ ʧʠʢʠ 2790 ʠ 2877 ʩʤ
-1
 ʦʪʥʝʩʝʥʳ ʢ CïH-

ʩʚʷʟʷʤ [45], ʘ ʧʠʢʠ ʚ ʦʙʣʘʩʪʠ 1746 ʠ 1748 ʩʤ
-1
 ï ʢ ʢʦ-

ʣʝʙʘʥʠʷʤ C=O-ʩʚʷʟʝʡ [46] (ʨʠʩ 1).  

 

ʈʠʩ. 1. ʀʂ-ʩʧʝʢʪʨ ɺɼʎ, ʧʦʣʫʯʝʥʥʦʡ ʤʝʪʦʜʘʤʠ ʧʦʜʢʠʩʣʝʥʠʷ ʠ ʦʩʘʞʜʝʥʠʷ 

Fig. 1. IR spectra of HDC obtained by acidification and precipitation 
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ʊʘʢʞʝ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʀʂ-ʩʧʝʢʪʨʘʭ ʟʘʬʠʢʩʠʨʦʚʘ-
ʥʳ ʥʠʟʢʦʠʥʪʝʥʩʠʚʥʳʝ ʧʠʢʠ 1033 ʠ 1027 ʩʤ

-1
, ʭʘʨʘʢ-

ʪʝʨʥʳʝ ʜʣʷ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʫʣʴʬʘʪʥʳʭ ʛʨʫʧʧ 
(ïSO3) [47]. ʇʨʠ ʵʪʦʤ ʧʠʢʠ, ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʧʦ ʠʥ-
ʪʝʛʨʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʣʷ IŬ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 
ʤʦʜʠʬʠʢʘʮʠʠ ʮʝʣʣʶʣʦʟʳ 717 ʠ 706 ʩʤ

-1
 ʠ Iɓ-

ʤʦʜʠʬʠʢʘʮʠʠ 769 ʠ 739 ʩʤ
-1
 [48-50], ʨʘʩʩʯʠʪʘʥʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʣʝʜʫʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʴʶ: 

750

750 710

,
0,16

=
+ Ö

Ŭ

S
ɤ

S S
                          (1) 

ʛʜʝ ɤŬ ï ʤʘʩʩʦʚʘʷ ʜʦʣʷ Ŭ-ʮʝʣʣʶʣʦʟʳ; S750 ï ʧʣʦʱʘʜʴ 
ʧʠʢʘ 750 ʩʤ

-1
; S710 ï ʧʣʦʱʘʜʴ ʧʠʢʘ 710 ʩʤ

-1
. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦʝ 
ʩʦʜʝʨʞʘʥʠʝ IŬ-ʮʝʣʣʶʣʦʟʳ ʚ ʦʙʨʘʟʮʝ ʧʦʜʢʠʩʣʝʥʥʦʡ 
ɺɼʎ ʩʦʩʪʘʚʣʷʝʪ 0,83 ʠ 0,57 ï ʚ ɺɼʎ, ʧʦʣʫʯʝʥʥʦʡ 
ʦʩʘʞʜʝʥʠʝʤ. ʇʨʠ ʵʪʦʤ ʦʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ 
ʧʠʢʦʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʩʫʣʴʬʘʪʥʳʭ ʛʨʫʧʧ, ʠʤʝʝʪ 
ʟʥʘʯʝʥʠʝ 1 : 4,38. ʇʨʠ ʦʩʘʞʜʝʥʠʠ ʚʳʷʚʣʝʥʦ ʥʠʟʢʦʝ 
ʩʦʜʝʨʞʘʥʠʝ Ŭ-ʮʝʣʣʶʣʦʟʳ, ʦʙʣʘʜʘʶʱʝʡ ʙʦʣʴʰʝʡ ʩʪʝ-
ʧʝʥʴʶ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴʶ [51], ʯʪʦ 
ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʝʝ ʛʣʫʙʦʢʦʡ ʜʝʛʨʘʜʘʮʠʠ ʩʳʨʴʷ ʚ 
ʭʦʜʝ ʦʩʘʞʜʝʥʠʷ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʦʜʢʠʩʣʝʥʠʷ. ʅʝʦʙʭʦ-
ʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʠʢ ʧʦʛʣʦʱʝʥʠʷ SO3-ʛʨʫʧʧ ʚ ʀʂ-
ʩʧʝʢʪʨʝ ʦʩʘʞʜʸʥʥʦʡ ɺɼʎ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʠʥʪʝʥ-
ʩʠʚʥʦʛʦ ʩʫʣʴʬʠʨʦʚʘʥʠʷ ʮʝʣʣʶʣʦʟʳ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝ-
ʨʝʜʴ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʬʘʢʪ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʝʸ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʠʩʣʦʪʦʡ. 
ɼʣʷ ʦʧʠʩʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʭʠʤʠʯʝ-

ʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʮʝʣʣʶʣʦʟʳ ʤʝʪʦʜʦʤ ʦʩʘʞʜʝʥʠʷ ʚʚʝ-
ʜʸʥ ʪʝʨʤʠʥ çʢʦʵʬʬʠʮʠʝʥʪ ʜʝʩʪʨʫʢʮʠʠè (KD), ʚʳʨʘ-
ʞʝʥʥʳʡ ʦʪʥʦʰʝʥʠʝʤ ʉʇ ʮʝʣʣʶʣʦʟʳ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ 
ʢ ʉʇ ʦʙʨʘʙʦʪʘʥʥʦʡ ʮʝʣʣʶʣʦʟʳ: 
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ʛʜʝ P0 ï ʉʇ ʮʝʣʣʶʣʦʟʳ ʚ ʩʳʨʴʝ; P1 ï ʉʇ ʮʝʣʣʶʣʦʟʳ ʚ 
ʧʨʦʜʫʢʪʝ ʧʝʨʝʨʘʙʦʪʢʠ; ɤ ï ʧʨʘʢʪʠʯʝʩʢʠʡ ʚʳʭʦʜ ʧʨʦ-
ʮʝʩʩʘ ʧʝʨʝʨʘʙʦʪʢʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʡ ʩʪʝʧʝʥʠ ʧʦʣʠ-
ʤʝʨʠʟʘʮʠʠ ʚ ʠʩʭʦʜʥʦʤ ʩʳʨʴʝ ʠ ʦʙʨʘʟʮʘʭ ɺɼʎ, ʘ ʪʘʢ-
ʞʝ ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʭʠʤʠʯʝʩʢʦʡ 
ʦʙʨʘʙʦʪʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1. 
ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʉʇ ʮʝʣʣʶʣʦʟʳ, ʦʩʘʞʜʸʥʥʦʡ ʠʟ ʤʝʜʥʦ-ʘʤʤʠʘʯʥʦʛʦ 
ʨʘʩʪʚʦʨʘ, ʟʘʚʠʩʠʪ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʪ ʉʇ ʨʘʩ-

ʪʚʦʨʷʝʤʦʛʦ ʚ ʄɸʈ ʮʝʣʣʶʣʦʟʦʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ; 
ʧʨʠ ʵʪʦʤ ʚʣʠʷʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ 
ʩʳʨʴʝʚʦʡ ʮʝʣʣʶʣʦʟʳ ʥʘ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʦʡ ɺɼʎ 
ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʬʘʢʪʦʤ ʧʦʪʝʨʠ ʢʨʠ-
ʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʮʝʣʣʶʣʦʟʳ ʧʨʠ ʝʸ ʨʘʩʪʚʦʨʝ-
ʥʠʠ ʚ ʄɸʈ ʠ ʧʨʠʦʙʨʝʪʝʥʠʷ ʘʤʦʨʬʥʦʡ ʬʦʨʤʳ ʚ ʩʦʩʪʘ-
ʚʝ ʧʦʣʠʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ [52]. ɹʣʘ-
ʛʦʜʘʨʷ ʠʩʩʣʝʜʦʚʘʥʠʶ ʮʝʣʣʶʣʦʟʦʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ 
ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ɺɼʎ 
ʦʩʘʞʜʝʥʠʝʤ ʨʘʩʪʚʦʨʸʥʥʦʡ ʚ ʄɸʈ ʮʝʣʣʶʣʦʟʳ ʨʘʟʣʠʯ-
ʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʩʪʝʧʝʥʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʧʨʠ ʵʪʦʤ 
ʧʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʦʩʘʞʜʝʥʠʷ ɺɼʎ ʠʟ ʤʝʜʥʦ-
ʘʤʤʠʘʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ʧʦʢʘʟʳʚʘʝʪ 
ʥʘʠʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʠʜʨʦʣʠʟʘ ʜʣʷ ʥʘʠʙʦʣʝʝ 
ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʡ ʮʝʣʣʶʣʦʟʳ, ʯʪʦ ʩʚʷʟʘʥʦ ʩʦ ʩʪʝ-
ʨʠʯʝʩʢʦʡ ʜʦʩʪʫʧʥʦʩʪʴʶ ʘʤʦʨʬʥʳʭ ʦʙʣʘʩʪʝʡ ʚ ʮʝʣʣʶ-
ʣʦʟʝ ʩ ʚʳʩʦʢʦʡ ʉʇ [53]; ʚʳʨʘʞʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʩʦ-
ʜʝʨʞʘʥʠʷ ʧʨʠʤʝʩʝʡ ʥʘ ʧʨʦʮʝʩʩ ʛʠʜʨʦʣʠʟʘ ʥʝ ʦʙʥʘʨʫ-
ʞʝʥʦ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ 
[54]. ʅʘʠʙʦʣʴʰʠʡ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 
ʧʝʨʝʨʘʙʦʪʢʝ ɹʌ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡʩʷ ʥʘʠʙʦʣʴʰʝʡ 
ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʄɸʈ ʙʣʘʛʦʜʘʨʷ ʪʦʥʢʦʚʦʣʦʢʥʠʩʪʦʡ 
ʩʪʨʫʢʪʫʨʝ ʠ ʥʘʠʤʝʥʴʰʝʤʫ ʢʦʣʠʯʝʩʪʚʫ ʧʨʠʤʝʩʝʡ, ʧʨʝ-
ʧʷʪʩʪʚʫʶʱʠʭ ʨʘʩʪʚʦʨʝʥʠʶ [55, 56]. ʉʦʧʦʩʪʘʚʣʝʥʠʝ 
ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʝʩʪʨʫʢʮʠʠ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʘʠʙʦʣʴ-
ʰʫʶ ʭʠʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ ʦʩʘʞʜʝʥʠʷ 
ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʦʜʦʤ ʧʦʜʢʠʩʣʝʥʠʷ. 
ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʨʘʟʝʮ ʛʠʜʨʦʟʦʣʷ ɺɼʎ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʮʝʣʣʶʣʦʟʳ 1%, ʧʦʣʫʯʝʥʥʳʡ ʤʝʪʦʜʦʤ 
ʦʩʘʞʜʝʥʠʷ. 

 

ʈʠʩ. 2. ʆʙʨʘʟʝʮ ʛʠʜʨʦʟʦʣʷ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʦʡ  

ʮʝʣʣʶʣʦʟʳ 

Fig. 2. Hydrogel sample of high-dispersity cellulose 

ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʮʝʣʣʶʣʦʟʳ,  

ʘ ʪʘʢʞʝ ʝʸ ʩʨʝʜʥʝʡ ʩʪʝʧʝʥʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚ ʠʩʭʦʜʥʦʤ ʩʳʨʴʝ ʠ ʦʙʨʘʟʮʘʭ ɺɼʎ 

T a b l e  1 . Determination results of cellulose processing efficiency indicators and average DP of raw materials and 

HDC samples 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʩʳʨʴʷ ʉʇ ʩʳʨʴʷ, P0 ʉʇ ɺɼʎ, P1 
ʇʨʘʢʪʠʯʝʩʢʠʡ ʚʳʭʦʜ  

ʧʨʦʮʝʩʩʘ ʧʝʨʝʨʘʙʦʪʢʠ ɤ, % 

ʂʦʵʬʬʠʮʠʝʥʪ ʜʝʩʪʨʫʢʮʠʠ 

ʩ ʫʯʸʪʦʤ ʚʳʭʦʜʘ 

ɺʄɻʍ 
ʇʦʜʢʠʩʣʝʥʠʝ 

1983,9Ñ38,2 
849,5Ñ45,3 77 1,80 

ʆʩʘʞʜʝʥʠʝ 481,2Ñ13,7 72 2,97 

ɹʌ 771,3Ñ24,1 391,0Ñ12,2 89 1,76 

ʄʂʎ 417,4Ñ11,6 361,0Ñ13,5 72 0,83 
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ɸʚʪʦʨʘʤʠ ʧʨʝʜʣʦʞʝʥ ʤʝʭʘʥʠʟʤ ʦʩʘʞʜʝʥʠʷ ʮʝʣ-

ʣʶʣʦʟʳ ʠʟ ʤʝʜʥʦ-ʘʤʤʠʘʯʥʦʛʦ ʨʘʩʪʚʦʨʘ (ʨʠʩ. 3), 

ʧʨʝʜʧʦʣʘʛʘʶʱʠʡ ʬʦʨʤʠʨʦʚʘʥʠʝ ʝʸ ʤʠʢʨʦʯʘʩʪʠʮ ʚ 

ʭʦʜʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʘʣʳʭ ʦʙʲʸʤʦʚ ʚʷʟʢʦʛʦ ʄɸʈ ʩ 

ʧʦʜʚʠʞʥʳʤ ʨʘʩʪʚʦʨʦʤ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ ʠʥʪʝʥ-

ʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʯʘʩʪʠʯʥʳʤ 

ʛʠʜʨʦʣʠʟʦʤ ʠ ʩʫʣʴʬʠʨʦʚʘʥʠʝʤ ɺɼʎ ʚ ʪʦʥʢʠʭ ʧʣʸʥ-

ʢʘʭ. ɺʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʧʝʨʝʨʘʙʦʪʢʠ ʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʝʥʠʷ 

ʚʨʝʤʝʥʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʳʨʴʷ ʩ ʢʠʩʣʦʪʦʡ ʧʨʠ ʚʳʩʦ-

ʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʩʧʦʩʦʙʘ ʦʙʫʩʣʦʚ-

ʣʝʥʘ ʛʦʤʦʛʝʥʠʟʘʮʠʝʡ ʮʝʣʣʶʣʦʟʳ ʚ ʬʦʨʤʝ ʨʘʩʪʚʦʨʸʥ-

ʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʚʝʜʫʱʝʡ ʢ ʯʘʩʪʠʯʥʦʤʫ ʫʩʪʨʘʥʝʥʠʶ 

ʢʠʥʝʪʠʯʝʩʢʠʭ ʟʘʪʨʫʜʥʝʥʠʡ, ʚʳʟʚʘʥʥʳʭ ʛʝʪʝʨʦʬʘʟʥʳʤ 

ʭʘʨʘʢʪʝʨʦʤ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʛʠʜʨʦʣʠʟʘ ʚ ʫʩʣʦʚʠʷʭ 

ʦʙʨʘʙʦʪʢʠ ʪʚʸʨʜʦʛʦ ʩʳʨʴʷ, ʚʩʣʝʜʩʪʚʠʝ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʨʝʘʢʮʠʠ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ ʩʠʩʪʝʤʳ ʞʠʜʢʦʩʪʴ ï 

ʞʠʜʢʦʩʪʴ. 

ʄʝʪʦʜʦʤ DLS-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʨʦʠʟʚʝʜʥy ʘʥʘʣʠʟ 

ʨʘʟʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʠʩʧʝʨʩʥʦʡ ʩʠʩʪʝʤʳ 

ʛʠʜʨʦʟʦʣʷ ɺɼʎ, ʧʦʣʫʯʝʥʥʦʛʦ ʦʩʘʞʜʝʥʠʝʤ ʠʟ ʄɸʈ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʥʘʨʫʞʝʥʳ ʯʘʩʪʠʮʳ ʩ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤ (ʵʢʚʠʚʘʣʝʥʪʥʳʤ) ʜʠʘʤʝʪʨʦʤ ʦʪ 

107 ʜʦ 767 ʥʤ, ʥʘʠʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʳʭ 

ʦʪʤʝʯʘʝʪʩʷ ʚʦ ʬʨʘʢʮʠʷʭ 140-150 ʠ 450-550 ʥʤ ʧʨʠ 

ʩʨʝʜʥʝʤʘʩʩʦʚʦʤ ʜʠʘʤʝʪʨʝ 332 ʥʤ ʠ ʩʨʝʜʥʝʯʠʩʣʦʚʦʤ 

156 ʥʤ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʚ ʦʙʨʘʟʮʘʭ, ʧʦʜʚʝʨʛʥʫʪʳʭ 

ʥʠʟʢʦʩʢʦʨʦʩʪʥʦʤʫ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʶ, ʚʳʷʚʣʝʥʦ 

ʩʤʝʱʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʨʘʟʤʝʨʦʚ ʚ ʦʙʣʘʩʪʴ ʦʪ 69 ʜʦ 643 

ʥʤ, ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ, ʙʦʣʝʝ 

300 ʥʤ, ʧʨʠ ʩʨʝʜʥʝʤʘʩʩʦʚʦʤ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʤ 

ʜʠʘʤʝʪʨʝ 192 ʥʤ ʠ ʩʨʝʜʥʝʯʠʩʣʦʚʦʤ 105 ʥʤ. ʆʙʲʸʤʥʘʷ 

ʜʦʣʷ ʥʘʥʦʯʘʩʪʠʮ ʩ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʜʠʘʤʝʪʨʦʤ, ʥʝ 

ʧʨʝʚʳʱʘʶʱʠʤ 100 ʥʤ, ʩʦʩʪʘʚʠʣʘ 21%, ʘ ʯʘʩʪʠʯʥʘʷ 

ʜʦʣʷ ï 54%. ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʟʦʣʝʡ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 4. 

 

ʈʠʩ. 3. ʉʭʝʤʘ ʦʩʘʞʜʝʥʠʷ ɺɼʎ ʠʟ ʤʝʜʥʦ-ʘʤʤʠʘʯʥʦʛʦ ʨʘʩʪʚʦʨʘ 

Fig. 3. Scheme of HDC precipitation from copper-ammonia solution 

 

ʈʠʩ. 4. ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ɺɼʎ, ʧʦʣʫʯʝʥʥʦʡ ʤʝʪʦʜʦʤ ʦʩʘʞʜʝʥʠʷ 

Fig. 4. Granulometric analysis of HDC obtained by precipitation 
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ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ, ʥʤ

 ʅʘʠʤʝʥʴʰʘʷ ʬʨʘʢʮʠʷ ʯʘʩʪʠʮ, 

ʧʦʣʫʯʝʥʥʘʷ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ

 ʆʙʱʘʷ ʬʨʘʢʮʠʷ ʢʦʣʣʦʠʜʥʦʛʦ ʨʘʩʪʚʦʨʘ

ʈʘʟʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʯʘʩʪʠʮ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʦʡ ʮʝʣʣʶʣʦʟʳ
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ɺɼʎ, 

ʧʦʣʫʯʝʥʥʘʷ ʧʨʝʜʣʦʞʝʥʥʳʤ ʤʝʪʦʜʦʤ, ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʤʝʩʴ ʥʘʥʦ- ʠ ʤʠʢʨʦʮʝʣʣʶʣʦʟʳ; 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʨʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʦʚ 

ʨʘʟʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ, ʘ ʚ ʯʘʩʪʥʦʩʪʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝ, ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʚʳʜʝʣʝʥʠʷ ʥʘʥʦʨʘʟʤʝʨʥʦʡ ʬʨʘʢʮʠʠ 

ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʦʡ ʮʝʣʣʶʣʦʟʳ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ 

ʧʝʨʝʨʘʙʦʪʢʠ ʮʝʣʣʶʣʦʟʦʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ. ʇʦʢʘʟʘ-

ʥʦ, ʯʪʦ ʦʩʘʞʜʝʥʠʝ ʮʝʣʣʶʣʦʟʳ ʧʨʠ ʧʦʜʢʠʩʣʝʥʠʠ ʤʝʜ-

ʥʦ-ʘʤʤʠʘʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʷʚʣʷʝʪʩʷ ʨʘʮʠʦʥʘʣʴʥʳʤ ʤʝ-

ʪʦʜʦʤ ʧʦʣʫʯʝʥʠʷ ʛʠʜʨʦʟʦʣʝʡ ɺɼʎ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʤʠʢʨʦ- ʠ ʥʘʥʦʨʘʟʤʝʨʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʩʦ ʩʨʝʜʥʠʤ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʜʠʘʤʝʪʨʦʤ 156 ʥʤ ʠ ʦʙʱʠʤ ʚʳ-

ʭʦʜʦʤ ʜʦ 89%.  

ʆʪʤʝʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʥʘʠʤʝʥʴʰʝʡ 

ʨʘʟʤʝʨʥʦʡ ʬʨʘʢʮʠʠ ʩʦ ʩʨʝʜʥʠʤ ʜʠʘʤʝʪʨʦʤ 105 ʥʤ ʚ 

ʫʩʣʦʚʠʷʭ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʥʠʟʢʦʩʢʦʨʦʩʪʥʦʛʦ ʮʝʥ-

ʪʨʠʬʫʛʠʨʦʚʘʥʠʷ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʛʠʜʨʦʣʠʟ ʮʝʣʣʶʣʦʟʳ 

ʥʘʠʙʦʣʝʝ ʬʫʥʢʮʠʦʥʘʣʝʥ ʧʨʠ ʦʩʘʞʜʝʥʠʠ ɺɼʎ ʠʟ ʄɸʈ 

ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪ ʜʝ-

ʩʪʨʫʢʮʠʠ ʜʦʩʪʠʛʘʝʪ 2,97 ʩ ʫʯʸʪʦʤ ʚʳʭʦʜʘ. ɺʘʨʠʘʪʠʚ-

ʥʦʩʪʴ ʫʩʣʦʚʠʡ ʦʩʘʞʜʝʥʠʷ ʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦ-

ʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʚ 

ʭʦʜʝ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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ɺɸʃʆʈʀɿɸʎʀʗ ɿʅɸʅʀʁ ʉ ʇʈʀʄɽʅɽʅʀɽʄ ʀʅʉʊʈʋʄɽʅʊʆɺ 

ʉʊɸʅɼɸʈʊʀɿɸʎʀʀ: ʉʆɺʈɽʄɽʅʅʆɽ ʉʆʉʊʆʗʅʀɽ 

ɸʨʦʥʦʚ ʀ.ɿ.
1
, ʈʳʙʘʢʦʚʘ ɸ.ʄ.

1
, ʀʚʘʥʦʚ ɸ.ɺ.

2
 

1ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʦʪʥʦʰʝʥʠʡ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
2ʈʦʩʩʠʡʩʢʠʡ ʠʥʩʪʠʪʫʪ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʥʦʤʠʢʝ ʥʘʫʯʥʳʝ ʟʥʘʥʠʷ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ, ʩʚʷʟʥʫʶ ʩ ʨʘʟʚʠʪʠʝʤ ʠʥʥʦʚʘʮʠʡ. 

ʉʧʦʩʦʙʥʦʩʪʴ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ ʟʥʘʥʠʷ ʚ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʨʘʥʘʤ ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʝʭ-

ʥʠʯʝʩʢʠʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ.  ʇʦʵʪʦʤʫ ʨʘʩʰʠʨʝʥʠʝ ʢʘʥʘʣʦʚ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʟʥʘʥʠʡ ʧʨʝʜʩʪʘʚʣʷ-

ʝʪʩʷ ʚʘʞʥʳʤ ʨʝʟʝʨʚʦʤ ʚʘʣʦʨʠʟʘʮʠʠ ʟʥʘʥʠʡ ʯʝʨʝʟ ʪʨʘʥʩʬʝʨ ʠʥʥʦʚʘʮʠʡ. ɼʦʢʫʤʝʥʪʳ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, ʢʦʪʦʨʳʝ 

ʥʝ ʧʨʝʜʧʦʣʘʛʘʶʪ ʢʦʥʩʝʥʩʫʩ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʠʪʝʪʘʭ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, ʷʚʣʷʶʪʩʷ ʪʘʢʠʤ ʢʘʥʘʣʦʤ ʪʨʘʥʩʬʦʨʤʘ-

ʮʠʠ ʟʥʘʥʠʡ ʠ ʤʦʛʫʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʩʦʜʝʡʩʪʚʦʚʘʪʴ ʧʦʚʳʰʝʥʠʶ ʮʝʥʥʦʩʪʠ ʟʥʘʥʠʡ ʧʫʪʝʤ ʪʨʘʥʩʬʝʨʘ ʠʥʥʦʚʘ-

ʮʠʡ.  ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʢʨʠʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʪʘʥʜʘʨʪʠ-

ʟʘʮʠʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʮʝʥʥʦʩʪʠ ʥʘʫʯʥʳʭ ʟʥʘʥʠʡ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʢʨʠʪʠʯʝʩʢʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʦʜʭʦʜʳ ʢ ʧʨʠʤʝʥʝʥʠʶ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʜʣʷ ʚʘʣʦʨʠʟʘʮʠʠ ʟʥʘʥʠʡ ʠ ʪʨʘʥʩʬʝʨʘ 

ʠʥʥʦʚʘʮʠʡ ʚ ɽʚʨʦʧʝʡʩʢʦʤ ʉʦʶʟʝ (ɽʉ), ɻʝʨʤʘʥʠʠ, ʀʪʘʣʠʠ, ʅʠʜʝʨʣʘʥʜʘʭ ʠ ʜʨ., ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʥʦʨʤʘʪʠʚʥʳʭ 

ʜʦʢʫʤʝʥʪʘʭ ʵʪʠʭ ʩʪʨʘʥ ʠ ɽʉ, ʨʘʩʩʤʦʪʨʝʥʳ ʜʦʢʫʤʝʥʪʳ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʨʘʤʢʘʭ ʧʨʠʥʷʪʳʭ 

ʧʦʜʭʦʜʦʚ, ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʙʦʙʱʝʥʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʘʢʪʫʘʣʴʥʳʝ ʙʘʟʦʚʳʝ ʜʦʢʫʤʝʥʪʳ ɽʉ, ʩʦ-

ʜʝʨʞʘʱʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʠʚʣʝʯʝʥʠʶ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʩʢʦʛʦ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʩʦʦʙʱʝ-

ʩʪʚʘ ʢ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʦʧʳʪ ʨʘʟʨʘʙʦʪʢʠ ʜʦʢʫʤʝʥʪʦʚ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʚʠʜʘ CWA 

(ʩʦʛʣʘʰʝʥʠʷ ʩʝʤʠʥʘʨʘ) ʜʣʷ ʮʝʣʝʡ ʪʨʘʥʩʬʝʨʘ ʠʥʥʦʚʘʮʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʝʜʩʪʘʚʣʝʥ ʦʧʳʪ ʫʯʘʩʪʠʷ ʫʥʠʚʝʨʩʠʪʝʪ-

ʩʢʦʛʦ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʚ ʩʦʟʜʘʥʠʠ ʜʦʢʫʤʝʥʪʦʚ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʚʥʝ ʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʠʪʝʪʦʚ 

ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʚ ɻʝʨʤʘʥʠʠ (DIN SPEC), ʀʪʘʣʠʠ (UNI/PdR) ʠ ʅʠʜʝʨʣʘʥʜʘʭ (NTA) ʜʣʷ ʚʘʣʦʨʠʟʘʮʠʠ ʟʥʘʥʠʡ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʂʠʪʘʡ ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʦʢʫʤʝʥʪʦʚ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, ʥʝ 

ʩʚʷʟʘʥʥʳʭ ʩ ʢʦʥʩʝʥʩʫʩʦʤ, ʜʣʷ ʪʨʘʥʩʬʝʨʘ ʠʥʥʦʚʘʮʠʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʛʣʘʰʝʥʠʷ ʩʝʤʠʥʘʨʦʚ IWA, ʦʨʛʘʥʠʟʫʝ-

ʤʳʭ ʚ ʨʘʤʢʘʭ ʀʉʆ, ʧʨʝʩʣʝʜʫʶʪ ʠʥʳʝ ʮʝʣʠ, ʥʝ ʩʚʷʟʘʥʥʳʝ ʩ ʪʨʘʥʩʬʝʨʦʤ ʠʥʥʦʚʘʮʠʡ, ʧʦʩʢʦʣʴʢʫ ʚʘʣʦʨʠʟʘʮʠʷ ʟʥʘ-

ʥʠʡ ʥʦʩʠʪ ʚ ʦʩʥʦʚʥʦʤ ʩʪʨʘʥʦʚʦʡ ʭʘʨʘʢʪʝʨ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʈʦʩʩʠʠ ʪʘʢʞʝ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʦ-

ʢʫʤʝʥʪʦʚ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʜʣʷ ʮʝʣʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʥʦʚʘʮʠʡ, ʥʝ ʧʨʝʜʧʦʣʘʛʘʶʱʠʭ ʢʦʥʩʝʥʩʫʩ, ï ʧʨʝʜʚʘ-

ʨʠʪʝʣʴʥʳʝ ʥʘʮʠʦʥʘʣʴʥʳʝ ʩʪʘʥʜʘʨʪʳ, ʪʝʭʥʠʯʝʩʢʠʝ ʦʪʯʝʪʳ (ʩʧʝʮʠʬʠʢʘʮʠʠ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʈʦʩʩʠʠ ʪʘʢʞʝ ʠʤʝʝʪ-

ʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʦʢʫʤʝʥʪʦʚ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, ʥʝ ʧʨʝʜʧʦʣʘʛʘʶʱʠʭ ʢʦʥʩʝʥʩʫʩ, ʜʣʷ ʮʝʣʝʡ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʷ ʠʥʥʦʚʘʮʠʡ,ï ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʥʘʮʠʦʥʘʣʴʥʳʝ ʩʪʘʥʜʘʨʪʳ, ʪʝʭʥʠʯʝʩʢʠʝ ʦʪʯʝʪʳ (ʩʧʝʮʠʬʠʢʘʮʠʠ). 
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Abstract. In the modern economy, scientific knowledge plays important role for development of innovations. The abil-
ity to transform knowledge into economic results provides countries with significant technical and technological ad-
vantages. Therefore, the expansion of knowledge transformation channels seems to be an important reserve for 
knowledge valorization through innovation transfer. Standardization documents that do not imply consensus in tech-
nical committees are such a channel for knowledge transformation and can significantly contribute to increasing the 
value of knowledge through innovation transfer. The article presents a critical analysis of the current state of the appli-
cation of standardization tools to increase the value of scientific knowledge. To carry out this study, the approaches to 
the use of standardization tools for knowledge valorization and innovation transfer in the European Union (EU), Ger-
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for knowledge valorization is presented. Currently, China is also considering the possibility of using non-consensus 
standardization documents for innovation transfer. It has been established that the IWA workshop agreements organized 
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of a country-specific nature. It has been shown that there is also an opportunity to use non-consensus standardization 
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ɺʚʝʜʝʥʠʝ 

ʇʨʝʟʠʜʝʥʪ ʈʦʩʩʠʠ ɺ. ɺ. ʇʫʪʠʥ ʚ ʩʚʦʝʤ ʚʠʜʝʦʦʙʨʘ-
ʱʝʥʠʠ ʢ ʫʯʘʩʪʥʠʢʘʤ ʧʨʦʩʚʝʪʠʪʝʣʴʩʢʦʛʦ ʤʘʨʘʬʦʥʘ ʦʪʤʝ-
ʪʠʣ

1
, ʯʪʦ ʟʥʘʥʠʷ ʜʦʣʞʥʳ ʚʥʦʚʴ ʩʪʘʪʴ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡ-

ʰʠʭ ʮʝʥʥʦʩʪʝʡ ʦʙʱʝʩʪʚʘ.  ɿʥʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ 
ʢʣʶʯʝʚʦʡ ʥʝʠʩʩʷʢʘʝʤʳʡ ʨʝʩʫʨʩ ʜʣʷ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥ-
ʥʦʡ ʵʢʦʥʦʤʠʢʠ [1-7]. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʵʢʦʥʦʤʠʢʘ, ʙʘʟʠ-
ʨʫʶʱʘʷʩʷ ʥʘ ʟʥʘʥʠʷʭ, ʧʨʠʟʥʘʝʪ ʚʳʩʦʢʫʶ ʮʝʥʥʦʩʪʴ ʨʝ-
ʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʅʀʆʂʈ, ʢʘʢ ʦʩʥʦ-
ʚʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ.  
ʉʘʤ ʧʨʦʮʝʩʩ ʧʦʚʳʰʝʥʠʷ ʮʝʥʥʦʩʪʠ ʟʥʘʥʠʡ ʥʘʟʳʚʘ-

ʶʪ ʚʘʣʦʨʠʟʘʮʠʝʡ, ʵʪʦʪ ʪʝʨʤʠʥ ʚʧʝʨʚʳʝ ʙʳʣ ʚʚʝʜʝʥ ʂ. 
ʄʘʨʢʩʦʤ ʚ ʨʘʤʢʘʭ ʢʦʥʮʝʧʮʠʠ ʧʨʠʙʘʚʦʯʥʦʡ ʩʪʦʠʤʦʩʪʠ 
ʚ ʧʝʨʚʦʤ ʪʦʤʝ çʂʘʧʠʪʘʣʘè [4]. ɺ ʵʢʦʥʦʤʠʢʝ ʟʥʘʥʠʡ ʵʪʦ 
ʧʦʥʷʪʠʝ ʧʨʠʤʝʥʷʶʪ ʚ ʢʦʥʪʝʢʩʪʝ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ 
ʟʥʘʥʠʡ [8]. ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʢʘʥʘʣʦʚ ʚʘʣʦʨʠʟʘʮʠʠ 
ʟʥʘʥʠʡ ʷʚʣʷʝʪʩʷ ʪʨʘʥʩʬʝʨ ʠʥʥʦʚʘʮʠʡ [9]. 
ʂʦʩʚʝʥʥʦ ʦ ʩʪʝʧʝʥʠ ʚʘʣʦʨʠʟʘʮʠʠ ʟʥʘʥʠʡ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʶʪ ʠʥʜʠʢʘʪʦʨʳ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦ-
ʩʪʠ, ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʦʪʦʨʳʭ ʝʞʝʛʦʜʥʦ ʧʫʙʣʠʢʫʝʪʩʷ ʚ 

                                                                                              

1https://tass.ru/obschestvo/11444089 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ ʩʙʦʨʥʠʢʝ çʀʥʜʠʢʘʪʦʨʳ ʠʥʥʦʚʘʮʠʦʥ-
ʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠè, ʚʳʧʫʩʢʘʝʤʦʤ ʩ 2007 ʛʦʜʘ ʀʥʩʪʠ-
ʪʫʪʦʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʵʢʦʥʦʤʠʢʠ 
ʟʥʘʥʠʡ ʅʀʋ ɺʐʕ ʚ ʧʘʨʪʥʝʨʩʪʚʝ ʩ ʄʠʥʵʢʦʥʦʤʨʘʟʚʠ-
ʪʠʷ ʈʦʩʩʠʠ ʠ ʈʦʩʩʪʘʪʦʤ

2
. ɺ ʩʙʦʨʥʠʢʝ ʟʘ 2024 ʛʦʜ ʦʪ-

ʤʝʯʘʝʪʩʷ, ʯʪʦ çʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ 
ʟʘʪʨʘʪ ʈʦʩʩʠʷ ʚʭʦʜʠʪ ʚ ʪʦʧ-10 ʝʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥ, 
ʘ ʚʦʟʛʣʘʚʣʷʶʪ ʝʛʦ ʐʚʝʮʠʷ (3,5%) ʠ ɻʝʨʤʘʥʠʷ (3,4%). 
ɸʥʘʣʦʛʠʯʥʳʡ ʨʦʩʩʠʡʩʢʦʤʫ ʫʨʦʚʝʥʴ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 
ʌʠʥʣʷʥʜʠʷ (2,5%), ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʫ ʌʨʘʥʮʠʠ 
(2,4%) ʠ ɸʚʩʪʨʠʠ (2,3%)è

3
.  

ʆʜʥʘʢʦ ʠʩʩʣʝʜʦʚʘʪʝʣʠ, ʘʥʘʣʠʟʠʨʫʶʱʠʝ ʵʬʬʝʢʪʠʚ-
ʥʦʩʪʴ ʚʘʣʦʨʠʟʘʮʠʠ ʟʥʘʥʠʡ, ʦʪʤʝʯʘʶʪ, ʯʪʦ çéʨʦʩʩʠʡʩʢʘʷ 
ʥʘʫʢʘ ʧʦʢʘ ʥʝ ʜʦʩʪʠʛʣʘ ʫʨʦʚʥʷ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ, ʩʨʘʚ-
ʥʠʤʦʛʦ ʩ ʧʝʨʝʜʦʚʳʤʠ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʧʨʘʢʪʠʢʘʤʠ, ʯʪʦ 
ʩʥʠʞʘʝʪ ʝʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʘʢ ʜʨʘʡʚʝʨʘ ʫʩʪʦʡʯʠʚʦʛʦ 
ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʩʪʨʘʥʳè [10]. 
ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʧʦʩʦʙʥʦʩʪʴ ʪʨʘʥʩʬʦʨ-

ʤʠʨʦʚʘʪʴ ʟʥʘʥʠʷ ʚ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʦʙʝʩʧʝ-
ʯʠʚʘʝʪ ʩʪʨʘʥʘʤ ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʪʝʭʥʦʣʦ-

                                                                                              

2https://www.novostiitkanala.ru/news/detail.php?ID=182736 
3Ibid 
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ʛʠʯʝʩʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ. ʇʦʵʪʦʤʫ ʨʘʩʰʠʨʝʥʠʝ ʢʘʥʘ-
ʣʦʚ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʟʥʘʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 
ʨʝʟʝʨʚʦʤ ʚʘʣʦʨʠʟʘʮʠʠ ʟʥʘʥʠʡ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʛʦ 
ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʩʦʚʨʝʤʝʥʥʘʷ ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ [11], 
ʦʜʥʘʢʦ ʜʣʷ ʵʪʦʛʦ ʩʣʝʜʫʝʪ ʚ ʜʦʣʞʥʦʡ ʤʝʨʝ ʧʦʧʫʣʷʨʠ-
ʟʠʨʦʚʘʪʴ ʧʨʠʤʝʥʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʦʚʨʝʤʝʥʥʦʡ 
ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ [12]. ʆ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ ʫʩʠʣʠʡ ʚ 
ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʥʘʧʨʠʤʝʨ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʧʦ-
ʩʣʝʜʥʠʡ ʩʙʦʨʥʠʢ çʀʥʜʠʢʘʪʦʨʳ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʝʷ-
ʪʝʣʴʥʦʩʪʠè, ʚ ʢʦʪʦʨʦʤ ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ, ʢ ʩʦʞʘʣʝʥʠʶ, 
ʥʝ ʫʧʦʤʷʥʫʪʘ. 
ʊʝʤ ʥʝ ʤʝʥʝʝ ʟʘʨʫʙʝʞʥʳʡ ʦʧʳʪ ʧʦʜʪʚʝʨʞʜʘʝʪ, 

ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʰʠ-
ʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʚʘʣʦʨʠʟʘʮʠʠ ʟʥʘʥʠʡ ʠ ʪʨʘʥʩ-
ʬʝʨʘ ʠʥʥʦʚʘʮʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʮʝʣʴ 
ʩʪʘʪʴʠ ï ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʥʦʚʝr ʚʦʟʤʦʞʥʦʩʪʷʤʠ 
ʚʘʣʦʨʠʟʘʮʠʠ ʟʥʘʥʠʡ ʠ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʠʭ ʢʦʤʤʝʨ-
ʮʠʘʣʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʪʘʥʜʘʨ-
ʪʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʥʘʠʣʫʯʰʝʡ ʧʨʘʢʪʠʢʠ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʦʩʪʠʞʝʥʠʝ ʮʝʣʠ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ ʩʚʷʟʘʥʦ ʩ 
ʘʥʘʣʠʟʦʤ ʢʣʶʯʝʚʳʭ ʢʝʡʩʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʚʳʷʚʠʪʴ 
ʥʘʠʣʫʯʰʫʶ ʧʨʘʢʪʠʢʫ ʚʘʣʦʨʠʟʘʮʠʠ ʟʥʘʥʠʡ ʠ ʪʨʘʥʩʬʝ-
ʨʘ ʠʥʥʦʚʘʮʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʪʘʥʜʘʨ-
ʪʠʟʘʮʠʠ.  
ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 

ʢʨʠʪʠʯʝʩʢʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʦʜʭʦʜʳ ʢ ʧʨʠʤʝʥʝ-
ʥʠʶ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʜʣʷ ʚʘʣʦʨʠʟʘʮʠʠ 
ʟʥʘʥʠʡ ʠ ʪʨʘʥʩʬʝʨʘ ʠʥʥʦʚʘʮʠʡ ʚ ɽʚʨʦʧʝʡʩʢʦʤ ʉʦʶʟʝ 
(ɽʉ), ɻʝʨʤʘʥʠʠ, ʀʪʘʣʠʠ, ʅʠʜʝʨʣʘʥʜʘʭ ʠ ʜʨ., ʫʩʪʘʥʦʚ-
ʣʝʥʥʳʝ ʚ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʘʭ ʵʪʠʭ ʩʪʨʘʥ ʠ ɽʉ, 
ʨʘʩʩʤʦʪʨʝʥʳ ʜʦʢʫʤʝʥʪʳ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, ʨʘʟʨʘʙʦ-
ʪʘʥʥʳʝ ʚ ʨʘʤʢʘʭ ʧʨʠʥʷʪʳʭ ʧʦʜʭʦʜʦʚ, ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʙʦʙʱʝʥʠʷ. 

ɹʘʟʦʚʳʝ ʜʦʢʫʤʝʥʪʳ ɽʉ 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʨʘʩʩʤʦʪʨʠʤ ʧʦʣʦʞʝʥʠʷ ʈʝʢʦʤʝʥ-
ʜʘʮʠʡ ʉʦʚʝʪʘ (ɽʉ) 2022/2415 ʦʪ 2 ʜʝʢʘʙʨʷ 2022 ʛʦʜʘ 
çʆ ʨʫʢʦʚʦʜʷʱʠʭ ʧʨʠʥʮʠʧʘʭ ʚʘʣʦʨʠʟʘʮʠʠ ʟʥʘʥʠʡè

4
. ɺ 

ʵʪʦʤ ʜʦʢʫʤʝʥʪʝ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʚʘʞʥʦʩʪʴ ʚʘʣʦʨʠʟʘ-
ʮʠʠ ʟʥʘʥʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʦʮʠʘʣʴʥʦʡ ʠ ʵʢʦʥʦʤʠʯʝ-
ʩʢʦʡ ʮʝʥʥʦʩʪʠ ʧʫʪʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʘʥʥʳʭ, ʥʦʫ-
ʭʘʫ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʫʩʪʦʡʯʠʚʳʝ ʧʨʦ-
ʜʫʢʪʳ, ʫʩʣʫʛʠ, ʨʝʰʝʥʠʷ ʠ ʧʦʣʠʪʠʢʫ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ 
ʟʥʘʥʠʷʭ, ʧʨʠʥʦʩʷʱʫʶ ʧʦʣʴʟʫ ʦʙʱʝʩʪʚʫ. ʇʨʠ ʵʪʦʤ 
ʫʞʝ ʚ ʧʨʝʘʤʙʫʣʝ ʜʦʢʫʤʝʥʪʘ ʦʧʨʝʜʝʣʝʥʘ ʩʚʷʟʴ ʠʥʥʦʚʘ-
ʮʠʡ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 
ʫʧʨʘʚʣʝʥʠʷ ʵʪʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʥʘ ʦʩʥʦʚʝ ʧʦʣʦʞʝ-
ʥʠʡ çʅʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʩʪʨʘʪʝʛʠʠ ʜʣʷ ɽʚʨʦʧʳè 
2020 ʠ 2021 ʛʦʜʦʚ. ɺ ʜʦʢʫʤʝʥʪʝ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ 
ʧʨʠʦʨʠʪʝʪʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ çéʧʦʚʳʰʝʥʠʝ ʦʩʚʝ-
ʜʦʤʣʝʥʥʦʩʪʠ ʫʯʝʥʳʭ ʠ ʥʦʚʘʪʦʨʦʚ ʦ ʚʦʟʤʦʞʥʦʩʪʷʭ 
ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʠ ʚʦʚʣʝʯʝʥʠʝ ʝʚʨʦʧʝʡʩʢʦʛʦ ʠʩʩʣʝʜʦ-
ʚʘʪʝʣʴʩʢʦʛʦ ʩʦʦʙʱʝʩʪʚʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʅʀʆʂʈ, ʚ ʜʝ̫-
ʪʝʣʴʥʦʩʪʴ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭéè. ɺ 
ʵʪʦʤ ʞʝ ʜʦʢʫʤʝʥʪʝ ɽʚʨʦʧʝʡʩʢʦʡ ʂʦʤʠʩʩʠʠ ʧʦʨʫʯʘʝʪ-
                                                                                              

4EU Policy on Knowledge Valorisation (Council Recommenda-

tion (EU) 2022/2415). 

ʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʂʦʜʝʢʩ ʧʨʘʢʪʠʢʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 
ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, ʯʪʦʙʳ ʫʢʨʝʧʠʪʴ ʩʚʷʟʴ ʤʝʞʜʫ 
ʩʪʘʥʜʘʨʪʠʟʘʮʠʝʡ ʠ ʅʀʆʂʈ. 
ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʩʣʝʜʫʶʱʠʡ ʥʶʘʥʩ: 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʚʦʚʣʝʯʝʥʠʷ ʥʘʫʯ-
ʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʪʘʢʞʝ ʚ ʧʨʦʮʝʩʩ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʚ 
ʪʦʤ ʯʠʩʣʝ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ (ʢʫʨʩʠʚ ï 
ʘʚʪʦʨʦʚ ʩʪʘʪʴʠ).  
ʅʘ ʢʦʛʦ ʨʘʩʩʯʠʪʘʥʳ ʵʪʠ ʈʝʢʦʤʝʥʜʘʮʠʠ? ʇʨʝʞʜʝ 

ʚʩʝʛʦ, ʵʪʦ, ʢʦʥʝʯʥʦ, ʘʢʘʜʝʤʠʯʝʩʢʠʝ ʢʨʫʛʠ, ʝʚʨʦʧʝʡ-
ʩʢʠʝ ʫʥʠʚʝʨʩʠʪʝʪʳ ʠ ʜʨʫʛʠʝ ʚʳʩʰʠʝ ʟʘʚʝʜʝʥʠʷ, ʛʦʩʫ-
ʜʘʨʩʪʚʝʥʥʳʝ ʠ ʯʘʩʪʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʦʨʛʘʥʠʟʘ-
ʮʠʠ, ʥʘʫʯʥʳʝ ʠ ʩʝʪʝʚʳʝ ʩʦʦʙʱʝʩʪʚʘ, ʧʨʦʤʳʰʣʝʥʥʳʝ 
ʧʨʝʜʧʨʠʷʪʠʷ, ʚʢʣʶʯʘʷ ʤʘʣʳʝ ʠ ʩʨʝʜʥʠʝ ʧʨʝʜʧʨʠʷʪʠʷ, 
ʩʪʘʨʪʘʧʳ, ʩʧʠʥ-ʦʬʬʳ

5
, ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʠ, ʠʩʩʣʝʜʦʚʘ-

ʪʝʣʠ, ʫʯʝʥʳʝ, ʧʨʝʧʦʜʘʚʘʪʝʣʠ ʠ ʩʪʫʜʝʥʪʳ, ʘ ʪʘʢʞʝ 
ʥʘʮʠʦʥʘʣʴʥʳʝ ʦʨʛʘʥʳ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ. 
ɺ ʨʝʟʦʣʶʪʠʚʥʦʡ ʯʘʩʪʠ ʜʦʢʫʤʝʥʪʘ ʦʪʤʝʯʘʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʝʩʧʝʯʠʪʴ, ʯʪʦʙʳ ʬʠʥʘʥʩʠʨʫʝʤʘʷ 
ʛʦʩʫʜʘʨʩʪʚʦʤ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʠ ʠʥʥʦʚʘʮʠ-
ʦʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʫʯʠʪʳʚʘʣʘ ʤʘʢʩʠʤʘʣʴʥʦ ʰʠʨʦʢʦʝ 
ʦʙʱʝʩʪʚʝʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠ ʧʦʚʳʰʝʥʠʝ ʮʝʥʥʦʩʪʠ 
ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʘʢʪʠʚʦʚ, ʩʦʟʜʘʥʥʳʭ ʚ ʭʦʜʝ ʥʘʫʯʥʦ-
ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʠ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʉ 
ʵʪʦʡ ʮʝʣʴʶ ʧʨʝʜʣʘʛʘʝʪʩʷ ʫʢʨʝʧʣʷʪʴ ʧʨʘʢʪʠʢʫ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʥʘʫʯʥʳʭ ʟʥʘʥʠʡ 
ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʨʝʘʣʠʟʘʮʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠ-
ʪʠʢʠ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʝʨʝʩʤʦʪʨʘ ʩʪʘʥʜʘʨʪʦʚ ʢʘʢ 
ʥʦʩʠʪʝʣʝʡ ʥʦʚʳʭ ʟʥʘʥʠʡ. 
ɺʪʦʨʦʡ ʜʦʢʫʤʝʥʪ, ʂʦʜʝʢʩ ʧʨʘʢʪʠʢʠ ʧʦ ʩʪʘʥʜʘʨʪʠ-

ʟʘʮʠʠ ʚ ɽʚʨʦʧʝʡʩʢʦʤ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʧʨʦʩʪʨʘʥ-
ʩʪʚʝ

6
, ʢʦʥʢʨʝʪʠʟʠʨʫʝʪ ʨʦʣʴ ʠ ʤʝʩʪʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʚ 

ʧʨʦʜʚʠʞʝʥʠʠ ʠʥʥʦʚʘʮʠʡ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʚʘʣʦʨʠ-
ʟʘʮʠʠ ʟʥʘʥʠʡ. ʆʩʦʟʥʘʥʠʝ ʧʨʝʠʤʫʱʝʩʪʚ ʩʪʘʥʜʘʨʪʠʟʘ-
ʮʠʠ, ʛʦʚʦʨʠʪʩʷ ʚ ʜʦʢʫʤʝʥʪʝ, ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʧʨʝʜʧʦ-
ʩʳʣʢʦʡ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʚʦʚʣʝʯʝʥʠʷ ʩʫʙʲʝʢʪʦʚ ʠʩʩʣʝ-
ʜʦʚʘʥʠʡ ʚ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ. ʏʝʤ 
ʨʘʥʴʰʝ ʫʯʘʩʪʥʠʢʠ R&I

7
 ʚʢʣʶʯʘʪʩʷ ʚ ʧʨʦʮʝʩʩ ʨʘʟʨʘ-

ʙʦʪʢʠ ʜʦʢʫʤʝʥʪʦʚ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, ʠʥʪʝʛʨʠʨʦʚʘʥ-
ʥʳʡ ʚ ʦʙʱʠʡ ʧʨʦʮʝʩʩ R&I, ʪʝʤ ʨʘʥʴʰʝ ʦʥʠ ʩʤʦʛʫʪ 
ʚʳʚʝʩʪʠ ʩʚʦʠ ʠʥʥʦʚʘʮʠʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʪʘʥʜʘʨʪʘʭ, 
ʥʘ ʢʦʥʢʫʨʝʥʪʥʳʝ ʤʠʨʦʚʳʝ ʨʳʥʢʠ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʩʫ-
ʱʝʩʪʚʝʥʥʦʡ ʚʘʣʦʨʠʟʘʮʠʠ ʟʥʘʥʠʡ.  
ɺ ʜʦʢʫʤʝʥʪʝ ʦʪʤʝʯʘʝʪʩʷ ʚʘʞʥʘʷ ʨʦʣʴ ʚʳʩʰʠʭ 

ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ (ʚʫʟ), ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠ ʯʘʩʪʥʳʭ 
ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʢʦʤʧʘʥʠʡ ʜʣʷ ʧʨʦʜʚʠʞʝʥʠʷ ʠʥʥʦ-
ʚʘʮʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ. 
ɺ ʯʘʩʪʥʦʩʪʠ, ʚʫʟʘʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʧʦʣʠʪʠ-
ʢʫ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʜʦʢʫʤʝʥʪ 
ʠʣʠ ʢʘʢ ʯʘʩʪʴ ʧʦʣʠʪʠʢʠ ʦʮʝʥʢʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 
ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʠʣʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʩʚʦʶ 
ʦʯʝʨʝʜʴ, ʧʦʣʠʪʠʢʘ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʠ 
                                                                                              

5ɺ ʢʦʥʪʝʢʩʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʜʦʢʫʤʝʥʪʘ ʩʧʠʥ-ʦʬʬʳ ï ʵʪʦ 

ʩʧʝʮʠʘʣʴʥʦ ʚʳʜʝʣʝʥʥʳʝ ʤʘʪʝʨʠʥʩʢʦʡ ʢʦʤʧʘʥʠʝʡ, ʟʘʥʷʪʦʡ 

ʦʩʥʦʚʥʳʤ ʙʠʟʥʝʩʦʤ, ʩʪʨʫʢʪʫʨʳ ʥʝʧʨʦʬʠʣʴʥʦʛʦ ʙʠʟʥʝʩʘ ʜʣʷ 

ʟʘʚʦʝʚʘʥʠʷ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʥʘʧʨʠʤʝʨ, ʚ ʩʬʝ-

ʨʝ ʅʀʆʂʈ. 
6 Code of Practice on Standardisation in the ERA (Commission 

Recommendation (EU) 2023/498). 
7R&I ï Research and Innovations, ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʠʥʥʦʚʘʮʠʠ. 
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ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ ʚ ʦʪʥʦʰʝʥʠʠ 
ʩʪʘʥʜʘʨʪʦʚ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʜʦʣʞʥʘ ʧʦʦʱʨʷʪʴ ʠʩ-
ʩʣʝʜʦʚʘʪʝʣʝʡ ʢ ʘʢʪʠʚʥʦʤʫ ʫʯʘʩʪʠʶ ʚ ʪʝʭʥʠʯʝʩʢʠʭ 
ʢʦʤʠʪʝʪʘʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʨʛʘʥʦʚ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘ-
ʮʠʠ ʩ ʮʝʣʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʦʧʳʪʘ ʚ ʩʪʘʥʜʘʨʪʠʟʘ-
ʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʫʯʘʩʪʠʝ ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʩʪʘʥʜʘʨ-
ʪʠʟʘʮʠʠ ʜʦʣʞʥʦ ʥʘʜʣʝʞʘʱʠʤ ʦʙʨʘʟʦʤ ʫʯʠʪʳʚʘʪʴʩʷ ʚ 
ʥʘʫʯʥʦʡ ʦʮʝʥʢʝ ʫʯʝʥʦʛʦ/ʠʩʩʣʝʜʦʚʘʪʝʣʷ.  
ɺ ʧʨʦʮʝʩʩʝ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ ʅʀʆʂʈ ʜʦʣʞʥʘ 

ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʦʪʯʝʪʥʦʩʪʴ ʠ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʤʦʥʠʪʦ-
ʨʠʥʛ, ʦʪʨʘʞʘʶʱʠʝ ʚ ʪʦʤ ʯʠʩʣʝ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦ ʩʪʘʥ-
ʜʘʨʪʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʜʦʢʫʤʝʥʪʳ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 
ʜʦʣʞʥʳ ʥʘʡʪʠ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʧʦʩʪʘ-
ʥʦʚʢʝ ʟʘʜʘʯ ʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ ʅʀʆʂʈ. 
ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ ʩʦʚʨʝʤʝʥʥʳʡ ʦʧʳʪ ʨʘʟʨʘ-

ʙʦʪʢʠ ʜʦʢʫʤʝʥʪʦʚ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, ʥʘʠʙʦʣʝʝ ʘʢ-
ʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʚʘʣʦʨʠʟʘʮʠʠ ʟʥʘʥʠʡ ʧʫʪʝʤ 
ʪʨʘʥʩʬʝʨʘ ʠʥʥʦʚʘʮʠʡ. ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʤʳ ʢʦʩʥʝʤʩʷ 
ʜʦʢʫʤʝʥʪʦʚ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʚʥʝ ʪʨʘʜʠʮʠʦʥʥʦʡ ʜʝʷ-
ʪʝʣʴʥʦʩʪʠ ʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʠʪʝʪʦʚ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, 
ʥʦ ʩ ʠʭ ʫʯʘʩʪʠʝʤ ʠ ʧʦʜ ʠʭ ʢʦʥʪʨʦʣʝʤ ʠ ʨʫʢʦʚʦʜʩʪʚʦʤ. 

ɽʚʨʦʧʝʡʩʢʘʷ ʧʨʘʢʪʠʢʘ ʨʘʟʨʘʙʦʪʢʠ ʉWA  
(ʩʦʛʣʘʰʝʥʠʝ ʩʝʤʠʥʘʨʘ ʨʘʙʦʯʝʡ ʛʨʫʧʧʳ) 

ɽʚʨʦʧʝʡʩʢʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʨʘʟ-
ʨʘʙʘʪʳʚʘʶʪ ʥʝ ʪʦʣʴʢʦ ʢʦʥʩʝʥʩʫʩʥʳʝ ʩʪʘʥʜʘʨʪʳ (EN), 
ʜʦʢʫʤʝʥʪʳ ʥʝʧʦʣʥʦʛʦ ʢʦʥʩʝʥʩʫʩʘ ʚʠʜʘ ʪʝʭʥʠʯʝʩʢʠʝ 
ʩʧʝʮʠʬʠʢʘʮʠʠ (ENTS), ʪʝʭʥʠʯʝʩʢʠʝ ʦʪʯʝʪʳ (ENTR), 
ʥʦ ʠ ʝʱʝ ʦʜʠʥ ʚʠʜ ʜʦʢʫʤʝʥʪʦʚ ï CWA. 

CWA ð ʵʪʦ ʜʦʢʫʤʝʥʪ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʠ ʩʦʛʣʘʩʦ-
ʚʘʥʥʳʡ ʫʯʘʩʪʥʠʢʘʤʠ ʚʨʝʤʝʥʥʦʡ ʨʘʙʦʯʝʡ ʛʨʫʧʧʳ, ʥʘʟʳ-
ʚʘʝʤʦʡ ʩʝʤʠʥʘʨʦʤ CEN ʠ/ʠʣʠ CENELEC (ʩʦʛʣʘʰʝʥʠʝ 
ʩʝʤʠʥʘʨʘ). ʋʯʘʩʪʠʝ ʚ ʩʝʤʠʥʘʨʝ ʷʚʣʷʝʪʩʷ ʦʪʢʨʳʪʳʤ ʜʣʷ 
ʚʩʝʭ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ, ʚʢʣʶʯʘʷ ʥʝʝʚʨʦʧʝʡʩʢʠʝ 
ʩʪʨʘʥʳ, ʘ ʝʛʦ ʥʘʜʣʝʞʘʱʝʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʦʙʝʩʧʝʯʠ-
ʚʘʝʪʩʷ ʯʣʝʥʦʤ CEN ʠ/ʠʣʠ CENELEC, ʫʧʨʘʚʣʷʶʱʠʤ ʝʛʦ 
ʩʝʢʨʝʪʘʨʠʘʪʦʤ. ʅʘʯʠʥʘʷ ʩ 2000 ʛʦʜʘ, ʝʚʨʦʧʝʡʩʢʘʷ ʦʨʛʘ-
ʥʠʟʘʮʠʷ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʣʘ ʙʦʣʝʝ 400 
ʪʘʢʠʭ ʜʦʢʫʤʝʥʪʦʚ, ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʟʘʪʝʤ ʩʪʘʣʘ ʦʩʥʦʚʦʡ 
ʝʚʨʦʧʝʡʩʢʠʭ ʩʪʘʥʜʘʨʪʦʚ.  
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʜʭʦʜ ʢ CWA ʠʟʤʝʥʠʣʩʷ ʚ 

ʩʪʦʨʦʥʫ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʮʝʣʷʭ ʫʩʢʦʨʝʥʠʷ ʪʨʘʥʩʬʝʨʘ 
ʠʥʥʦʚʘʮʠʡ, ʯʪʦ ʩʚʷʟʘʥʦ ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʥʦʚʦʡ ʩʪʨʘʪʝʛʠ-
ʝʡ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, ʦʧʨʝʜʝʣʝʥʥʦʡ ɽʚʨʦʧʝʡʩʢʦʡ ʢʦ-
ʤʠʩʩʠʝʡ.

8
 ʆʥ ʩʬʦʨʤʫʣʠʨʦʚʘʥ ʚ ʈʫʢʦʚʦʜʩʪʚʝ CEN ï 

CENELEC 29 çʉʦʛʣʘʰʝʥʠʷ ʦ ʩʝʤʠʥʘʨʘʭ CEN ʠ/ʠʣʠ 
CENELEC ï ʙʳʩʪʨʳʡ ʧʫʪʴ ʢ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠè (ʚr -
ʧʫʩʢ 3, ʤʘʨʪ 2024 ʛ.)

9
. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʜʦʢʫʤʝʥʪʝ ʩʢʘ-

ʟʘʥʦ: çʅʘ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʳʥʢʘʭ ʯʘʩʪʦ ʚʦʟʥʠʢʘʝʪ 
ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʙʳʩʪʨʦʡ ʨʘʟʨʘʙʦʪʢʝ ʩʧʨʘʚʦʯʥʦʛʦ ʜʦʢʫ-
ʤʝʥʪʘ ʚ ʢʘʯʝʩʪʚʝ ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʠ ʜʣʷ ʨʳʥʦʯʥʦʛʦ 

                                                                                              

8 COM(2022) 31. Communication from the ʉommission to the 

European Parliament, the Council, the European economic and 

social committee and the Committee of the Regions çAn EU 

Strategy on Standardisation Setting global standards in support 

of a resilient, green and digital EU single marketè, 

https://ec.europa.eu/docsroom/documents/48598 
9CEN- CENELEC GUIDE 29, https://www.cencenelec.eu/ 

media/Guides/CEN-CLC/cenclcguide29.pdf  

ʚʥʝʜʨʝʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ ʠ ʩʦʜʝʡʩʪʚʠʷ 
ʜʘʣʴʥʝʡʰʠʤ ʠʥʥʦʚʘʮʠʷʤ ʥʘ ʨʳʥʢʝ. ʆʜʥʘʢʦ, ʝʩʣʠ ʠʥ-
ʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠé ʝʱʸ ʥʝ ʜʦʩʪʠʛʣʠ ʜʦʩʪʘ-
ʪʦʯʥʦʡ ʩʪʝʧʝʥʠ ʩʪʘʙʠʣʴʥʦʩʪʠ (ʫʨʦʚʥʷ ʪʝʭʥʦʣʦʛʠʯʝ-
ʩʢʦʡ ʛʦʪʦʚʥʦʩʪʠ ï TRL), ʝʚʨʦʧʝʡʩʢʠʡ ʩʪʘʥʜʘʨʪ ʤʦʞʝʪ 
ʙʳʪʴ ʥʝ ʣʫʯʰʠʤ ʩʧʦʩʦʙʦʤ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʵʪʦʡ ʧʦ-
ʪʨʝʙʥʦʩʪʠ ʠʟ-ʟʘ ʭʘʨʘʢʪʝʨʘ ʧʨʦʮʝʩʩʘ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠè.  
ʆʩʥʦʚʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ CWA ʷʚʣʷʶʪʩʷ 

ʙʳʩʪʨʳʡ ʩʨʦʢ ʨʘʟʨʘʙʦʪʢʠ, ʦʪʩʫʪʩʪʚʠʝ ʧʨʦʪʠʚʦʨʝʯʠʡ ʩ 
ʝʚʨʦʧʝʡʩʢʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ, ʠʟʣʦʞʝʥʠʝ ʜʦʢʫʤʝʥʪʘ ʧʦ 
ʬʦʨʤʝ ʠ ʧʨʘʚʠʣʘʤ CEN ï CENELEC  ʠ ʫʧʦʤʠʥʘʥʠʝ 
ʯʣʝʥʦʚ ʩʝʤʠʥʘʨʘ ʚ ʧʨʝʜʠʩʣʦʚʠʠ ʢ ʜʦʢʫʤʝʥʪʫ; ʤʘʢʩʠ-
ʤʘʣʴʥʳʡ ʩʨʦʢ ʜʝʡʩʪʚʠʷ ʜʦʢʫʤʝʥʪʘ ʜʦʣʞʝʥ ʩʦʩʪʘʚʣʷʪʴ 
ʥʝ ʙʦʣʝʝ 6 ʣʝʪ.  
CWA ʥʝ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʪʨʝʙʦʚʘ-

ʥʠʡ ʨʝʛʣʘʤʝʥʪʦʚ ɽʉ. ʇʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʪʝʭʥʠ-
ʯʝʩʢʦʛʦ ʢʦʤʠʪʝʪʘ ʚ ʪʦʡ ʞʝ ʦʙʣʘʩʪʠ ʥʝ ʧʨʝʧʷʪʩʪʚʫʝʪ 
ʧʨʦʚʝʜʝʥʠʶ ʩʝʤʠʥʘʨʘ; ʪʝʭʥʠʯʝʩʢʠʝ ʢʦʤʠʪʝʪʳ ʤʦʛʫʪ 
ʧʨʠʥʠʤʘʪʴ ʫʯʘʩʪʠʝ ʚ ʩʝʤʠʥʘʨʝ ʠ ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘ-
ʮʠʶ ʦ ʝʛʦ ʨʘʙʦʪʝ. ʇʦʩʣʝ ʧʫʙʣʠʢʘʮʠʠ, ʝʩʣʠ ʪʝʤʘ ʦʢʘ-
ʞʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʜʣʷ ʨʳʥʢʘ, CWA ʤʦʞʝʪ ʩʪʘʪʴ ʠʩ-
ʪʦʯʥʠʢʦʤ ʙʫʜʫʱʝʡ ʪʝʤʳ ʚ ʨʘʙʦʯʝʡ ʧʨʦʛʨʘʤʤʝ ʪʝʭʥʠ-
ʯʝʩʢʦʛʦ ʢʦʤʠʪʝʪʘ. CEN ʠ CENELEC ʷʚʣʷʶʪʩʷ ʠʩʢʣʶ-
ʯʠʪʝʣʴʥʳʤʠ ʚʣʘʜʝʣʴʮʘʤʠ ʧʨʘʚ ʥʘ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ 
CWA. 
ʇʨʦʮʝʜʫʨʳ ʨʘʟʨʘʙʦʪʢʠ CWA, ʩʦʛʣʘʩʥʦ ʈʫʢʦʚʦʜ-

ʩʪʚʫ CEN - CENELEC 29, ʚʢʣʶʯʘʶʪ: 
ï ʩʪʘʜʠʶ ʠʥʠʮʠʠʨʦʚʘʥʠʷ, ʥʘ ʢʦʪʦʨʦʡ ʧʨʝʜʣʦʞʝ-

ʥʠʝ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʣʠʮ
10

 ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʫʢʦ-
ʚʦʜʩʪʚʦʤ CEN ï CENELEC ʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʢʦʤʠʪʝ-
ʪʘʤʠ,

11
 ʬʦʨʤʠʨʫʝʪʩʷ ʢʦʥʮʝʧʮʠʷ (ʦʧʠʩʘʥʠʝ) ʜʦʢʫʤʝʥ-

ʪʘ, ʬʦʨʤʠʨʫʝʪʩʷ ʨʘʙʦʯʘʷ ʛʨʫʧʧʘ (ʩʝʤʠʥʘʨ), ʦʧʨʝʜʝʣʷ-
ʝʪʩʷ ʧʣʘʥ ʨʘʙʦʪ; ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʵʪʦʡ ʩʪʘʜʠʠ ʥʝ 
ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ 90 ʜʥʝʡ; 
ï ʦʧʝʨʘʮʠʦʥʥʫʶ ʩʪʘʜʠʶ, ʚʢʣʶʯʘʶʱʫʶ ʦʪʢʨʳʪʠʝ 

ʩʝʤʠʥʘʨʘ, ʜʦʨʘʙʦʪʢʫ ʧʣʘʥʘ ʨʘʙʦʪ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʦʪ-
ʚʝʪʩʪʚʝʥʥʦʩʪʠ ʩʝʢʨʝʪʘʨʠʘʪʘ ʩʝʤʠʥʘʨʘ, ʩʦʙʩʪʚʝʥʥʦ 
ʨʘʟʨʘʙʦʪʢʫ ʜʦʢʫʤʝʥʪʘ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʝʛʦ ʥʘ ʧʫʙ-
ʣʠʯʥʦʝ ʦʙʩʫʞʜʝʥʠʝ, ʜʦʨʘʙʦʪʢʫ ʧʨʦʝʢʪʘ ʠ ʧʫʙʣʠʢʘʮʠʶ 
ʜʦʢʫʤʝʥʪʘ; ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʵʪʘ ʩʪʘʜʠʷ ʟʘʥʠʤʘʝʪ ʦʪ 40 
ʜʦ 60 ʜʥʝʡ.  
ɺ 2017 ʛʦʜʫ CEN ʠ CENELEC ʜʦʛʦʚʦʨʠʣʠʩʴ ʦ 

ʪʦʤ, ʯʪʦ CWA, ʦʪʨʘʞʘʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʅʀʆʂʈ, 
ʙʫʜʫʪ ʨʘʟʤʝʱʝʥʳ ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ ʥʘ ʚʝʙ-ʩʘʡʪʘʭ 
CEN ʠ CENELEC

12
. ʉʝʛʦʜʥʷ ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ 

ʥʘʭʦʜʷʪʩʷ 125 ʪʘʢʠʭ ʜʦʢʫʤʝʥʪʦʚ, ʜʣʷ ʠʭ ʧʦʣʫʯʝʥʠʷ ʥʝ 
ʪʨʝʙʫʝʪʩʷ ʜʘʞʝ ʨʝʛʠʩʪʨʘʮʠʠ. ʌʠʥʘʥʩʠʨʦʚʘʥʠʝ ʨʘʟʨʘ-
ʙʦʪʢʠ ʵʪʠʭ CWA ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʙʶʜ-
ʞʝʪʥʳʭ ʩʨʝʜʩʪʚ (ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤ ɽʉ Horizon ʠ 
Horizon Europe

13
). 

                                                                                              

10ʇʨʝʜʩʪʘʚʠʪʝʣʝʡ ʙʠʟʥʝʩ-ʩʦʦʙʱʝʩʪʚʘ, ʥʘʫʯʥʳʭ ʠʣʠ ʘʢʘʜʝ-

ʤʠʯʝʩʢʠʭ ʢʨʫʛʦʚ, ʠʣʠ ʥʘʮʠʦʥʘʣʴʥʳʭ ʦʨʛʘʥʦʚ ï ʯʣʝʥʦʚ 

CEN-CENELEC, ʠʣʠ ʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʠʪʝʪʦʚ. 
11 ɼʣʷ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʦʚ çʧʨʦʪʠʚʦʨʝʯʠʪ ʣʠ ʧʨʝʜʣʦʞʝʥʠʝ 

ʜʝʡʩʪʚʫʶʱʠʤ ʩʪʘʥʜʘʨʪʘʤè ʠ ç ʝʩʪʴ ʣʠ ʘʨʛʫʤʝʥʪʳ ʧʨʦʪʠʚ 

ʨʘʟʨʘʙʦʪʢʠ CWAè.   
12ʈʝʰʝʥʠʝ CEN/CA 29/2017 ʠ ʈʝʰʝʥʠʝ CENELEC/CA 

146/14. 
13ʂʣʶʯʝʚʳʝ ʧʨʦʛʨʘʤʤʳ ɽʉ ʧʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʶ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ ʠ ʠʥʥʦʚʘʮʠʡ. 



ɸʨʦʥʦʚ ʀ.ɿ., ʈʳʙʘʢʦʚʘ ɸ.ʄ., ʀʚʘʥʦʚ ɸ.ɺ. 
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ʂʘʢ ʧʦʢʘʟʘʣ ʧʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʬʦʥʜʘ ʜʦʢʫʤʝʥ-
ʪʦʚ CEN ʠ CENELEC, 82% ʚʩʝʭ CWA ʥʘʯʠʥʘʷ ʩ 2020 
ʛʦʜʘ, ʨʘʟʨʘʙʦʪʘʥʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʅʀʆʂʈ. ɽʞʝʛʦʜʥʦ 
ʢʦʣʠʯʝʩʪʚʦ ʪʘʢʠʭ ʜʦʢʫʤʝʥʪʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ (ʨʠʩ. 1). 
ʇʨʦʚʝʜʝʥʥʳʡ ʚʳʙʦʨʦʯʥʳʡ ʘʥʘʣʠʟ CWA ʟʘ 2024 ʠ 

2025 ʛʦʜʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʠʭ ʨʘʟʨʘ-
ʙʦʪʢʝ ʧʨʠʥʠʤʘʶʪ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ 
ʦʨʛʘʥʠʟʘʮʠʡ (ʩʤ. ʪʘʙʣʠʮʫ). 

CWA 50751 çʄʝʪʦʜʦʣʦʛʠʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜ-
ʩʪʚʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭè ʨʘʟʨʘʙʦ-
ʪʘʥ ʩʝʤʠʥʘʨʦʤ ʠʟ 15 ʦʨʛʘʥʠʟʘʮʠʡ, ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ 
ʩʝʤʠʥʘʨʘ ʩʦʩʪʘʚʣʷʣʠ ʧʨʝʜʩʪʘʚʠʪʝʣʠ 9 ʫʥʠʚʝʨʩʠʪʝʪʦʚ 
ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʮʝʥʪʨʦʚ. ɸʥʘʣʦʛʠʯʥʦ ʨʘʟʨʘʙʦʪʢʫ 
CWA 18211 çʕʪʘʣʦʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ 

ʨʝʰʝʥʠʡ ʀʀ ʚ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 
ð ʦʧʳʪ s-X-AIPIè ʚʝʣʠ ʧʨʝʜʩʪʘʚʠʪʝʣʠ 9-ʪʠ ʦʨʛʘʥʠʟʘ-
ʮʠʡ, ʚʢʣʶʯʘʷ 4 ʠʥʩʪʠʪʫʪʘ. ɹʦʣʝʝ ʪʨʝʪʠ ʫʯʘʩʪʥʠʢʦʚ 
ʤʥʦʛʦʯʠʩʣʝʥʥʦʛʦ ʩʝʤʠʥʘʨʘ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʜʣʷ ʨʘʟʨʘ-
ʙʦʪʢʠ CWA 18237 çɼʘʣʴʥʦʚʠʜʥʳʝ ʜʝʡʩʪʚʠʷ, ʦʩʥʦ-
ʚʘʥʥʳʝ ʥʘ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʧʨʠʥʮʠʧʘʭ, ʜʣʷ ʟʜʦʨʦ-
ʚʴʷ, ʙʣʘʛʦʧʦʣʫʯʠʷ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʛʦʨʦʜʘʭè, ʪʘʢʞʝ 
ʩʦʩʪʘʚʠʣʠ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʫʥʠʚʝʨʩʠʪʝʪʦʚ. ɼʘʞʝ ʚ ʨʘʟ-
ʨʘʙʦʪʢʝ CWA 18150 çɹʝʩʧʠʣʦʪʥʳʝ ʘʚʠʘʮʠʦʥʥʳʝ ʩʠ-
ʩʪʝʤʳ ï ʇʨʦʪʠʚʦʜʝʡʩʪʚʠʝ ʙʝʩʧʠʣʦʪʥʳʤ ʣʝʪʘʪʝʣʴʥʳʤ 
ʘʧʧʘʨʘʪʘʤ ï ʊʝʩʪʠʨʦʚʘʥʠʝè, ʢʨʦʤʝ ʦʨʛʘʥʦʚ ʚʣʘʩʪʠ ʠ 
ʢʦʤʧʘʥʠʡ-ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʫʯʘʩʪʚʦʚʘʣʠ 3 ʚʳʩʰʠʭ 
ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷ. 

 

ʈʠʩ. 1. ʂʦʣʠʯʝʩʪʚʦ ʉWA, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʅʀʆʂʈ 

Fig. 1. Number of CWA developed on R&D results 

ʊʘʙʣʠʮʘ. ʋʯʘʩʪʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʚ ʨʘʟʨʘʙʦʪʢʝ CWA (ʬʨʘʛʤʝʥʪ) 

T a b l e . Participation of the research community in the development of CWA (excerpt) 
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CWA 18211 2025 
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ɻʝʨʤʘʥʠʷ: ʨʘʟʨʘʙʦʪʢʘ DIN SPEC  
ʚ ʮʝʣʷʭ ʪʨʘʥʩʬʝʨʘ ʠʥʥʦʚʘʮʠʡ 

ʅʘ ʩʘʡʪʝ DIN
14

 çʥʘʮʠʦʥʘʣʴʥʦʛʦ ʦʨʛʘʥʘ ʧʦ ʩʪʘʥ-

ʜʘʨʪʠʟʘʮʠʠè ɻʝʨʤʘʥʠʠ ʝʩʪʴ ʩʧʝʮʠʘʣʴʥʳʡ ʨʘʟʜʝʣ 

(ʩʪʨʘʥʠʮʘ), ʧʦʩʚʷʱʝʥʥʳʡ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʠ ʠʥʥʦʚʘʮʠ-

ʷʤ
15
, ʛʜʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʨʠ ʘʩʧʝʢʪʘ: ʢʘʢ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʩʪʘʥʜʘʨʪʠʟʘʮʠʶ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʢʘʢ ʦʮʝʥʠʪʴ ʚʢʣʘʜ ʩʪʘʥʜʘʨʪʦʚ ʚ ʜʝʷʪʝʣʴʥʦʩʪʴ ʢʦʤʧʘ-

ʥʠʠ ʠ ʢʘʢ ʫʩʢʦʨʠʪʴ ʚʳʭʦʜ ʠʥʥʦʚʘʮʠʠ ʥʘ ʨʳʥʦʢ ʩ ʧʦ-

ʤʦʱʴʶ ʨʘʟʨʘʙʦʪʢʠ DIN SPEC. 

DIN SPEC ðçʩʘʤʳʡ ʙʳʩʪʨʳʡ ʩʧʦʩʦʙ ʧʨʝʚʨʘʪʠʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʚ ʨʳʥʦʯʥʳʡ ʧʨʦʜʫʢʪè, ʜʦʢʫʤʝʥʪ ʥʝʧʦʣʥʦ-

ʛʦ ʢʦʥʩʝʥʩʫʩʘ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʧʦ ʩʧʝʮʠʘʣʴʥʳʤ ʧʨʘ-

ʚʠʣʘʤ (ʧʨʦʮʝʜʫʨʘ DINPAS) ʚ ʥʝʙʦʣʴʰʠʭ ʨʘʙʦʯʠʭ ʛʨʫʧ-

ʧʘʭ ʠʣʠ çʤʘʩʪʝʨʩʢʠʭè ʚʩʝʛʦ ʟʘ ʥʝʩʢʦʣʴʢʦ ʤʝʩʷʮʝʚ.  

ʀʥʠʮʠʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʥʘʜ DIN SPEC ʠ/ʠʣʠ ʫʯʘʩʪ-

ʚʦʚʘʪʴ ʚ ʨʘʟʨʘʙʦʪʢʝ DIN SPEC ʤʦʛʫʪ ʢʦʤʧʘʥʠʠ, ʦʨʛʘ-

ʥʠʟʘʮʠʠ, ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʠʥʩʪʠʪʫʪʳ ʠ 

ʯʘʩʪʥʳʝ ʣʠʮʘ. ʈʘʙʦʪʘ DIN, ʢʘʢ ʠ CEN-CENELEC (ʩʤ. 

ʚʳʰʝ), ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ DIN 

SPEC ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʪ ʢʘʢʠʤ-ʣʠʙʦ ʩʫʱʝʩʪʚʫʶ-

ʱʠʤ/ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʤ ʩʪʘʥʜʘʨʪʘʤ. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ 

CWA, ʨʘʙʦʪʘ ʥʘʜ ʜʦʢʫʤʝʥʪʦʤ ʥʘʯʠʥʘʝʪʩʷ ʩ ʫʩʪʘʥʦ-

ʚʦʯʥʦʛʦ ʩʦʚʝʱʘʥʠʷ, ʘ ʩʦʜʝʨʞʘʥʠʝ ʜʦʢʫʤʝʥʪʘ ʨʘʟʨʘʙʘ-

ʪʳʚʘʝʪʩʷ ʚ ʭʦʜʝ ʩʝʤʠʥʘʨʦʚ. ɿʘʪʝʤ DIN Media ʦʙʝʩʧʝ-

ʯʠʚʘʝʪ ʧʫʙʣʠʢʘʮʠʶ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ DIN SPEC ʰʠ-

ʨʦʢʦʤʫ ʢʨʫʛʫ ʢʣʠʝʥʪʦʚ
16

. 

ʈʘʟʨʘʙʦʪʢʘ DIN SPEC ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʜʝʨʞʘʥʘ 

ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʬʠʥʘʥ-

ʩʠʨʦʚʘʥʠʷ. DIN ʧʨʝʜʣʘʛʘʝʪ DIN-Connect ï ʧʨʦʛʨʘʤʤʫ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʩʪʘʨʪʘʧʦʚ ʠ ʤʘʣʳʭ/ʩʨʝʜʥʠʭ ʧʨʝʜ-

ʧʨʠʷʪʠʡ, ʧʨʠʟʚʘʥʥʫʶ ʚʥʦʩʠʪʴ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʠʜʝʠ ʚ 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʶ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʝʢʪʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ 

ʥʘ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʠʣʠ ʮʠʬʨʦʚʠʟʘʮʠʶ, ʤʦʛʫʪ 

                                                                                              

14ʅʝʤʝʮʢʠʡ ʠʥʩʪʠʪʫʪ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ. 
15https://www.din.de/de/forschung-und-innovation 
16https://www.din.de/en/innovation-and-research/din-spec-en 

ʧʦʣʫʯʠʪʴ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʚ ʨʘʤʢʘʭ ʩʧʝʮʠʘʣʴʥʳʭ 

ʧʨʦʛʨʘʤʤ ʌʝʜʝʨʘʣʴʥʦʛʦ ʤʠʥʠʩʪʝʨʩʪʚʘ ʵʢʦʥʦʤʠʢʠ ʠ 

ʟʘʱʠʪʳ ʢʣʠʤʘʪʘ ɻʝʨʤʘʥʠʠ (BMWK). ɿʥʘʯʠʪʝʣʴʥʘʷ 

ʯʘʩʪʴ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʙʝʟ-

ʚʦʟʚʨʘʪʥʳʭ ʛʨʘʥʪʦʚ.  

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʜʦʢʫʤʝʥʪʳ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʙʝʩʧʣʘʪʥʦ (ʧʦʩʣʝ ʨʝʛʠʩʪʨʘʮʠʠ ʥʘ ʩʘʡʪʝ 

DIN).  

ɼʘʣʝʝ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʬʦʥʜʘ ʩʪʘʥʜʘʨʪʦʚ DIN 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʥʘʤʠʢʘ ʨʘʟʨʘʙʦʪʢʠ DIN SPEC, ʥʘʯʠʥʘʷ 

ʩ 2017 ʛʦʜʘ, ʢʦʛʜʘ ʙʳʣʘ ʩʦʟʜʘʥʘ ʧʨʦʮʝʜʫʨʘ ʨʘʟʨʘʙʦʪʢʠ 

ʜʦʢʫʤʝʥʪʘ ʚ ʮʝʣʷʭ ʪʨʘʥʩʬʝʨʘ ʠʥʥʦʚʘʮʠʡ (ʨʠʩ. 2). ʆʯʝ-

ʚʠʜʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʵʪʠʭ ʜʦʢʫʤʝʥʪʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʦʪ ʛʦʜʘ ʢ ʛʦʜʫ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ çʧʘʥʜʝʤʠʡʥʳʭè 2020ï

2021 ʛʦʜʦʚ), ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2017 ʛʦʜʦʤ ï ʧʦʯʪʠ ʚ 8 ʨʘʟ. 

ʂʘʢ ʠ ʚ ʉWA, ʚ ʧʨʝʜʠʩʣʦʚʠʠ ʢ DIN SPEC ʧʨʠʚʦ-

ʜʠʪʩʷ ʧʝʨʝʯʝʥʴ ʫʯʘʩʪʥʠʢʦʚ ʨʘʟʨʘʙʦʪʢʠ. ʊʘʢ, ʚ ʨʘʟʨʘ-

ʙʦʪʢʝ DIN SPEC 92001-1 çʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ 

ï ʇʨʦʮʝʩʩʳ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠ ʊʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝ-

ʩʪʚʫ ï ʏʘʩʪʴ 1: ʄʝʪʘʤʦʜʝʣʴ ʢʘʯʝʩʪʚʘè ʧʨʠʥʠʤʘʣʠ 

ʫʯʘʩʪʠʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ 18-ʪʠ ʦʨʛʘʥʠʟʘʮʠʡ, ʚ ʪʦʤ ʯʠʩ-

ʣʝ 7 ʫʥʠʚʝʨʩʠʪʝʪʦʚ, ʚʢʣʶʯʘʷ ʋʥʠʚʝʨʩʠʪʝʪ ʆʪʪʦ-ʬʦʥ-

ɻʝʨʠʢʝ-ʄʘʛʜʝʙʫʨʛ, ʋʥʠʚʝʨʩʠʪʝʪ ʆʩʥʘʙʨʶʢʘ, ʋʥʠʚʝʨ-

ʩʠʪʝʪ ʊʶʙʠʥʛʝʥʘ, ʈʝʡʥʩʢʦ-ɺʝʩʪʬʘʣʴʩʢʠʡ ʪʝʭʥʠʯʝ-

ʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ɸʭʝʥʘ. 

ʅʘ ʩʘʡʪʝ DIN ʨʘʟʤʝʱʝʥʳ ʦʪʟʳʚʳ ʫʯʘʩʪʥʠʢʦʚ ʨʘʟ-

ʨʘʙʦʪʢʠ DIN SPEC, ʚ ʯʘʩʪʥʦʩʪʠ ʜ-ʨ ɻʝʨʭʘʨʜ ɻʫʜʝʨ-

ʛʘʥ, ʨʫʢʦʚʦʜʠʪʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʠʥʩʪʠʪʫʪ ʨʘʮʠʦʥʘʣʠʟʘʮʠʠ FIR ʧʨʠ ʈʝʡʥʩʢʦ-

ɺʝʩʪʬʘʣʴʩʢʦʤ ʪʝʭʥʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ɸʭʝʥʘ ʦʪ-

ʤʝʯʘʝʪ: çɹʣʘʛʦʜʘʨʷ ʧʝʨʝʭʦʜʫ ʥʘ DIN SPEC ʠʥʥʦʚʘʮʠ-

ʦʥʥʳʝ ʨʝʰʝʥʠʷ ʩʪʘʥʦʚʷʪʩʷ ʜʦʩʪʫʧʥʳʤʠ ʠ ʧʨʠʤʝʥʠ-

ʤʳʤʠ ʜʣʷ ʚʩʝʭ ʞʝʣʘʶʱʠʭ. ʇʦʵʪʦʤʫ ʤʳ ʠʩʧʦʣʴʟʫʝʤ 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʶ ʠʤʝʥʥʦ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʅʀʆʂʈè. 

 

 

ʈʠʩ. 2. ɼʠʥʘʤʠʢʘ ʨʘʟʨʘʙʦʪʢʠ DIN SPEC 

Fig. 2. Dynamics of DIN SPEC development 
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ʀʪʘʣʠʷ: ʨʘʟʨʘʙʦʪʢʘ UNI/Pdr  
ʚ ʮʝʣʷʭ ʪʨʘʥʩʬʝʨʘ ʠʥʥʦʚʘʮʠʡ 

ʂ ʜʦʢʫʤʝʥʪʘʤ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ UNI (ʥʘʮʠʦʥʘʣʴ-

ʥʳʡ ʦʨʛʘʥ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʀʪʘʣʠʠ) ʦʪʥʦʩʠʪ çʩʧʨʘ-

ʚʦʯʥʳʝ ʧʨʘʢʪʠʢʠè (UNI/PdR) ï ʜʦʢʫʤʝʥʪʳ ʥʝʧʦʣʥʦʛʦ 

ʢʦʥʩʝʥʩʫʩʘ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʨʘʤʢʘʭ ʦʛʨʘʥʠʯʝʥʥʦʡ ʨʘ-

ʙʦʯʝʡ ʛʨʫʧʧʳ ʧʦʜ ʦʧʝʨʘʪʠʚʥʳʤ ʨʫʢʦʚʦʜʩʪʚʦʤ UNI. 

UNI/PdR, ʢʘʢ ʫʢʘʟʘʥʦ ʚ ʩʪʘʪʴʝ 35 ʋʩʪʘʚʘ UNI, ʧʨʝʜ-

ʩʪʘʚʣʷʶʪ ʩʦʙʦʡ çʧʨʝʜʥʦʨʤʘʪʠʚʥʳʝè ʜʦʢʫʤʝʥʪʳ, ʢʦʪʦ-

ʨʳʝ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʠʨʫʶʪ ʥʘ ʢʦʥʢʨʝʪʥʳʝ ʧʦʪʨʝʙʥʦʩʪʠ 

ʨʳʥʢʘ, ʢʦʥʩʦʣʠʜʠʨʫʷ çʩʦʚʨʝʤʝʥʥʳʡ ʫʨʦʚʝʥʴ ʪʝʭʥʠʢʠè. 

UNI/PdR ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʪʝʤʳ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʠʥʥʦ-

ʚʘʮʠʦʥʥʳʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʚʷʟʘʥʥʳʝ ʩ ʥʦʚʳʤʠ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʤʠ ʨʝʰʝʥʠʷʤʠ ʜʣʷ ʧʨʦʜʫʢʮʠʠ, ʫʩʣʫʛ, ʦʨʛʘʥʠʟʘ-

ʮʠʡ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ, ʩʦʮʠʘʣʴʥʳʤʠ ʠʥʥʦʚʘʮʠʷʤʠ, 

ʘʧʨʦʙʠʨʦʚʘʥʥʳʤʠ ʥʘ ʤʝʩʪʥʦʤ ʠ ʨʘʡʦʥʥʦʤ ʫʨʦʚʥʷʭ; 

UNI/PdR çʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʝʨʝʜʘʯʠ ʟʥʘʥʠʡ, ʧʦʣʫ-

ʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʢʣʘʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʣʠ 

ʥʘʮʠʦʥʘʣʴʥʳʭ/ʝʚʨʦʧʝʡʩʢʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʧʨʦʝʢ-

ʪʦʚè
17
. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʠ ʜʦʢʫʤʝʥʪʳ ʚ ʀʪʘʣʠʠ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʪʘʢʞʝ ʚ ʮʝʣʷʭ ʨʝʘʣʠʟʘʮʠʠ ʥʘʮʠʦʥʘʣʴ-

ʥʦʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ. ʅʘʧʨʠʤʝʨ, ɿʘʢʦʥ ʀʪʘʣʠʠ 4/2013, 

ʢʦʪʦʨʳʡ ʚʚʦʜʠʪ ʧʦʣʦʞʝʥʠʷ ʜʣʷ ʧʨʦʬʝʩʩʠʡ, ʥʝ ʦʨʛʘʥʠ-

ʟʦʚʘʥʥʳʭ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʦʨʜʝʥʘ ʠʣʠ ʢʦʣʣʝʛʠʠ, 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʫʩʪʘʥʦʚʣʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʪʘʢʠʤ 

ʧʨʦʬʝʩʩʠʷʤ ʚ çʩʧʨʘʚʦʯʥʳʭ ʧʨʘʢʪʠʢʘʭè; ɿʘʢʦʥ 

103/2024 ʦʙ ʫʧʨʦʱʝʥʠʠ ʢʦʥʪʨʦʣʷ ʟʘ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

UNI/PdR ʜʣʷ ʦʮʝʥʢʠ ʨʠʩʢʘ. 

ʈʘʟʨʘʙʦʪʢʘ UNI/PdR ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʦʙ-

ʩʫʞʜʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʵʢʩʧʝʨʪʘʤʠ 

çʂʨʫʛʣʦʛʦ ʩʪʦʣʘè (ʩʧʝʮʠʘʣʴʥʦ ʩʦʟʜʘʥʥʦʛʦ ʪʝʭʥʠʯʝ-

ʩʢʦʛʦ ʢʦʤʠʪʝʪʘ), ʦʪʦʙʨʘʥʥʳʤʠ ʧʦ ʩʦʛʣʘʩʦʚʘʥʠʶ ʩ 

                                                                                              

17UNI. ʈʝʛʣʘʤʝʥʪ ʨʘʟʨʘʙʦʪʢʠ ʩʧʨʘʚʦʯʥʳʭ ʧʨʘʢʪʠʢ (2022 ʛ.), 
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Regolamento_PdR_A.pdf 

ʠʥʠʮʠʘʪʦʨʦʤ ʨʘʟʨʘʙʦʪʢʠ. UNI/PdR ʦʩʪʘʶʪʩʷ ʚ ʩʠʣʝ ʚ 

ʪʝʯʝʥʠʝ ʩʨʦʢʘ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʛʦ 5 ʣʝʪ, ʚ ʪʝʯʝʥʠʝ 

ʢʦʪʦʨʦʛʦ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʳ ʚ ʩʪʘʥʜʘʨʪ 

UNI, ʪʝʭʥʠʯʝʩʢʫʶ ʩʧʝʮʠʬʠʢʘʮʠʶ UNI/TS ʠʣʠ ʪʝʭʥʠ-

ʯʝʩʢʠʡ ʦʪʯʝʪ UNI/TR ʣʠʙʦ ʦʪʦʟʚʘʥʳ. 

ʉʦʛʣʘʩʥʦ ʈʝʛʣʘʤʝʥʪʫ ʨʘʟʨʘʙʦʪʢʠ ʩʧʨʘʚʦʯʥʳʭ 

ʧʨʘʢʪʠʢ, UNI/PdR ʬʠʥʘʥʩʠʨʫʶʪʩʷ çʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʟʘʪʨʘʪ ʠ ʚʳʛʦʜ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʨʫʯʝʥʠʷ, ʧʨʝʜʦʩʪʘʚ-

ʣʝʥʥʦʛʦ UNI ʧʨʝʜʣʘʛʘʶʱʝʡ ʩʪʦʨʦʥʦʡ, ʢʦʥʩʦʨʮʠʫʤʦʤ 

ʠʣʠ ʛʨʫʧʧʦʡ ʦʨʛʘʥʠʟʘʮʠʡ, ʩ ʮʝʣʴʶ ʧʦʢʨʳʪʠʷ ʨʘʩʭʦ-

ʜʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ UNI ʨʘʩʧʨʦʩʪʨʘʥʷʪʴ ʠʭ ʙʝʩʧʣʘʪ-

ʥʦè. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʩʘʡʪʝ UNI ʧʦʩʣʝ ʨʝʛʠʩʪʨʘ-

ʮʠʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʙʝʩʧʣʘʪʥʦ 179 UNI/PdR (ʨʠʩ. 3), 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʩ 2017 ʧʦ 2025 ʛʦʜʳ. 

ɸʥʘʣʠʟ ʩʚʝʜʝʥʠʡ ʦʙ ʫʯʘʩʪʥʠʢʘʭ ʨʘʟʨʘʙʦʪʢʠ 

UNI/PdR, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʪʨʘʥʩʬʝʨʘ ʠʥʥʦʚʘ-

ʮʠʡ, ʧʦʢʘʟʘʣ ʟʥʘʯʠʤʦʝ ʫʯʘʩʪʠʝ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʠʩ-

ʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʩʦʦʙʱʝʩʪʚʘ. ʊʘʢ, UNI/PdR 158:2024 

çʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʩʦʢʨʘʱʝʥʠʶ ʚʳʙʨʦʩʦʚ ʤʠʢʨʦʧʣʘ-

ʩʪʠʢʘ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʨʦʜʫʢʪʦʚ 

ʧʠʪʘʥʠʷè ʨʘʟʨʘʙʦʪʘʥʳ çʂʨʫʛʣʳʤ ʩʪʦʣʦʤè ʠʟ 14 

ʫʯʘʩʪʥʠʢʦʚ, ʯʝʪʚʝʨʦ ʠʟ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʷʣʠ ʫʥʠ-

ʚʝʨʩʠʪʝʪʳ ʀʪʘʣʠʠ; ʚ ʨʘʟʨʘʙʦʪʢʝ UNI/PdR 148:2023 

çɸʛʨʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ï ʠʥʪʝʛʨʘʮʠʷ ʩʝʣʴʩʢʦ-

ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤè ʧʨʠʥʠʤʘʣʠ ʫʯʘʩʪʠʝ 12 ʩʧʝʮʠʘʣʠʩʪʦʚ, ʯʝʪʚʝʨʦ 

ʠʟ ʥʠʭ ï ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʫʥʠʚʝʨʩʠʪʝʪʦʚ. 

ʅʠʜʝʨʣʘʥʜʳ: ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʛʣʘʰʝʥʠʝ 

ɺ 2021 ʛʦʜʫ NEN (ʥʘʮʠʦʥʘʣʴʥʳʡ ʦʨʛʘʥ ʧʦ ʩʪʘʥ-

ʜʘʨʪʠʟʘʮʠʠ ʅʠʜʝʨʣʘʥʜʦʚ) ʧʨʠʥʷʣ ʨʝʰʝʥʠʝ ʦ ʚʥʝʩʝ-

ʥʠʠ ʚ ʩʦʩʪʘʚ ʜʦʢʫʤʝʥʪʦʚ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʝʱʝ ʦʜ-

ʥʦʛʦ ʜʦʢʫʤʝʥʪʘ ï NTA, ʠʣʠ çʥʠʜʝʨʣʘʥʜʩʢʦʛʦ ʪʝʭʥʠ-

 

ʈʠʩ. 3. ɼʠʥʘʤʠʢʘ ʨʘʟʨʘʙʦʪʢʠ UNI/PdR 

Fig. 3. Dynamics of UNI/PdR development 
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ʯʝʩʢʦʛʦ ʩʦʛʣʘʰʝʥʠʷè, ʚʩʢʦʨʝ ʙʳʣʘ ʫʪʚʝʨʞʜʝʥʘ ʧʨʦ-

ʮʝʜʫʨʘ ʝʛʦ ʨʘʟʨʘʙʦʪʢʠ.
18

 ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʜʦʢʫʤʝʥʪʫ, 

NTA ʧʨʝʜʩʪʘʚʣʷʝʪ çʧʫʙʣʠʯʥʦʝ ʩʦʛʣʘʰʝʥʠʝ ʤʝʞʜʫ 

ʜʚʫʤʷ ʠʣʠ ʙʦʣʝʝ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ ʩʪʦʨʦʥʘʤʠè, ʥʝ 

ʪʨʝʙʫʝʪ ʧʫʙʣʠʯʥʦʛʦ ʦʙʩʫʞʜʝʥʠʷ ʠ ʜʦʩʪʠʞʝʥʠʷ ʢʦʥ-

ʩʝʥʩʫʩʘ ʜʣʷ ʧʨʠʥʷʪʠʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʨʦʪʢʠʝ 

ʩʨʦʢʠ ʨʘʟʨʘʙʦʪʢʠ. NTA ʩʣʝʜʫʝʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʚ ʩʝʢ-

ʪʦʨʘʭ, ʛʜʝ çʧʨʦʠʩʭʦʜʠʪ ʩʪʨʝʤʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝè.
19

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʦʬʠʮʠʘʣʴʥʦʤ ʩʘʡʪʝ NEN ʨʘʟ-

ʤʝʱʝʥʦ 21 ʙʝʩʧʣʘʪʥʦʝ NTA, 6 ʠʟ ʥʠʭ ʨʘʟʨʘʙʦʪʘʥʳ ʚ 

2025 ʛʦʜʫ.  

ʍʘʨʘʢʪʝʨʥʦ, ʯʪʦ ʚ ʅʠʜʝʨʣʘʥʜʘʭ NTA ʨʘʩʩʤʘʪʨʠ-

ʚʘʝʪʩʷ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʚʳʨʘʙʦʪʢʠ ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʪʨʝ-

ʙʦʚʘʥʠʡ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠʥʥʦʚʘʮʠ-

ʦʥʥʳʭ ʦʪʨʘʩʣʝʡ. ʊʘʢ, 9 ʠʶʣʷ 2025 ʛʦʜʘ ʠʩʧʦʣʥʷʶʱʘʷ 

ʦʙʷʟʘʥʥʦʩʪʠ ʄʠʥʠʩʪʨʘ ʧʦ ʚʦʧʨʦʩʘʤ ʢʣʠʤʘʪʘ ʠ ʟʝʣʝ-

ʥʦʛʦ ʨʦʩʪʘ ʉʦʬʠ ʍʝʨʤʘʥʩ ʧʨʝʜʩʪʘʚʠʣʘ ʇʘʣʘʪʝ ʧʨʝʜ-

ʩʪʘʚʠʪʝʣʝʡ ʧʘʨʣʘʤʝʥʪʘ ʩʪʨʘʥʳ ʜʦʢʣʘʜ çʇʫʪʴ ʢ ʠʥʪʝ-

ʨʦʧʝʨʘʙʝʣʴʥʦʩʪʠ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʛʠʙʢʦʩʪʠ: ʨʘʟʨʘ-

ʙʦʪʢʘ ʩʪʘʥʜʘʨʪʦʚ ʜʣʷ ʫʩʪʨʦʡʩʪʚ ʩ ʚʳʩʦʢʦʡ ʥʘʛʨʫʟʢʦʡ 

ʥʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʝʪʠè. ɺ ʥʝʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟ-

ʨʘʙʦʪʢʘ NTA ʜʣʷ ʟʘʨʷʜʥʳʭ ʩʪʘʥʮʠʡ, ʪʝʧʣʦʚʳʭ ʥʘʩʦ-

ʩʦʚ, ʩʦʣʥʝʯʥʳʭ ʠʥʚʝʨʪʦʨʦʚ ʠ ʜʦʤʘʰʥʠʭ ʘʢʢʫʤʫʣʷʪʦ-

ʨʦʚ, ʧʨʠ ʵʪʦʤ NTA ʜʣʷ ʟʘʨʷʜʥʳʭ ʩʪʘʥʮʠʡ ʫʞʝ ʨʘʟʨʘ-

ʙʦʪʘʥ, NTA ʜʣʷ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ.
20

 

ɼʦʢʫʤʝʥʪʳ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʚʠʜʘ ʩʦʛʣʘʰʝʥʠʡ 

ʩʝʤʠʥʘʨʦʚ (ʨʘʙʦʯʠʭ ʛʨʫʧʧ) ʜʣʷ ʮʝʣʝʡ ʢʦʤʤʝʨʮʠʘʣʠ-

ʟʘʮʠʠ ʟʥʘʥʠʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʷʶʪʩʷ ʠ ʚ 

ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ, ʥʘʧʨʠʤʝʨ ʐʚʝʮʠʠ ʠ ʜʨ.  

ʉʝʛʦʜʥʷ ʜʘʞʝ ʚ ʞʝʩʪʢʦ ʨʝʛʫʣʠʨʫʝʤʦʡ ʩʠʩʪʝʤʝ 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʂʅʈ ʧʨʦʠʩʭʦʜʷʪ ʠʟʤʝʥʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʪʴ ʪʨʘʥʩʬʝʨ ʠʥʥʦʚʘʮʠʡ ʩ ʧʨʠʤʝʥʝ-

ʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ. ɺ ʘʧʨʝʣʝ ʵʪʦʛʦ 

ʛʦʜʘ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʨʳʥʢʘ ʂʅʈ (SAMR) ʦʧʫʙʣʠʢʦʚʘʣʦ ʫʚʝʜʦʤʣʝʥʠʝ ˉ 7 

ʦ ʧʝʨʝʩʤʦʪʨʝʥʥʳʭ çʇʨʘʚʠʣʘʭ ʫʧʨʘʚʣʝʥʠʷ ʥʘʮʠʦʥʘʣʴ-

ʥʳʤʠ ʨʫʢʦʚʦʜʷʱʠʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʧʦ 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʠè. ɼʦʢʫʤʝʥʪ ʨʘʟʨʘʙʦʪʘʥ çʚ ʮʝʣʷʭ ʨʝ-

ʛʫʣʠʨʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʥʘʮʠʦʥʘʣʴʥʳ-

ʤʠ ʨʫʢʦʚʦʜʷʱʠʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʧʦ 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, ʩʦʜʝʡʩʪʚʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʠʥʥʦ-

ʚʘʮʠʷʤ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʜʦʩʪʠ-

ʞʝʥʠʡ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʧʳʪʘ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠè
21

. 

ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʜʦʢʫʤʝʥʪʫ, çʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩ 

ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʝʨʩʧʝʢʪʠʚʘʤʠ ʧʨʠʤʝʥʝʥʠʷ, ʥʘʭʦʜʷ-

ʱʠʝʩʷ ʚ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ, ʤʦʛʫʪ ʙʳʪʴ ʩʬʦʨʤʫʣʠʨʦ-

ʚʘʥʳ ʢʘʢ ʨʫʢʦʚʦʜʷʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʜʦʢʫʤʝʥʪʳè (ʘʥʘ-

ʣʦʛʠʯʥʳʝ ʪʝʭʥʠʯʝʩʢʠʤ ʩʧʝʮʠʬʠʢʘʮʠʷʤ). ʊʘʢʦʡ ʜʦʢʫ-

                                                                                              

18Procedure NTA, 

https://www.nen.nl/media/PDF/Procedure_NTA_0823.pdf 
19 https://www.nen.nl/verschillende-typen-afspraken 
20 https://www.nen.nl/nieuws/nen-biedt-routekaart-voor-

slimme-apparaten-en-energieflexibiliteit-aan-tweede-kamer/ 
21https://baike.baidu.com/item/%E5%9B%BD%E5%AE%B6%
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F%BC%E6%80%A7%E6%8A%80%E6%9C%AF%E6%96%8
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5%AE%9A/124513 

ʤʝʥʪ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʙʫʜʝʪ ʠʤʝʪʴ ʢʦʜ çGB/Zè,
22

 

ʨʘʟʨʘʙʘʪʳʚʘʪʴʩʷ ʚ ʪʝʯʝʥʠʝ 6 ʤʝʩʷʮʝʚ ʠ ʧʨʠʥʠʤʘʪʴʩʷ 

ʧʨʦʩʪʳʤ ʙʦʣʴʰʠʥʩʪʚʦʤ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʠʪʝʪʘʭ ʧʦ 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ. 

ɸ ʯʪʦ ʞʝ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʧʦ ʩʪʘʥ-

ʜʘʨʪʠʟʘʮʠʠ (ʀʉʆ)? ɺ ʩʦʩʪʘʚ ʜʦʢʫʤʝʥʪʦʚ ʀʉʆ ʚʭʦʜʷʪ 

ʩʦʛʣʘʰʝʥʠʷ ʩʝʤʠʥʘʨʘ, IWA
23
, ʩʨʦʢ ʠʭ ʨʘʟʨʘʙʦʪʢʠ ʥʝ 

ʙʦʣʝʝ ʦʜʥʦʛʦ ʛʦʜʘ, ʦʜʥʘʢʦ ʮʝʣʠ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʰʠʨʦ-

ʢʠʝ, ʯʝʤ, ʥʘʧʨʠʤʝʨ, ʫ CWA. ʕʪʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʙʳʩʪʨʘʷ ʨʘʟʨʘʙʦʪʢʘ ʜʦʢʫʤʝʥʪʦʚ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʚ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʩʬʝʨʘʭ, ʪʘʤ, ʛʜʝ ʩʪʘʥʜʘʨʪʳ ʀʉʆ ʧʦ 

ʨʷʜʫ ʧʨʠʯʠʥ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʥʷʪʳ, ʧʦʩʢʦʣʴʢʫ ʢʦʥ-

ʩʝʥʩʫʩ ʦʙʝʩʧʝʯʠʪʴ ʥʝ ʫʜʘʩʪʩʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʜʝʡʩʪʚʫʶʪ 15 ʩʦʛʣʘʰʝʥʠʡ ʩʝʤʠʥʘʨʘ, ʚ 2024 ʛʦʜʫ ʙʳʣʠ 

ʧʨʠʥʷʪʳ ʜʚʘ ʪʘʢʠʭ ʜʦʢʫʤʝʥʪʘ ï IWA 45:2024 IWA 

çʋʩʪʦʡʯʠʚʳʝ ʮʝʧʦʯʢʠ ʧʦʩʪʘʚʦʢ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ 

ʤʠʥʝʨʘʣʦʚè ʠ IWA 48:2024 çʈʘʤʢʠ ʜʣʷ ʚʥʝʜʨʝʥʠʷ 

ʧʨʠʥʮʠʧʦʚ ʵʢʦʣʦʛʠʠ, ʩʦʮʠʘʣʴʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʠ 

ʫʧʨʘʚʣʝʥʠʷ (ESG)è (ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʙʝʩʧʣʘʪʥʦ ʚ 

ʬʦʨʤʘʪʝ HTML); ʚ ʪʝʢʫʱʝʤ ʛʦʜʫ ʦʧʫʙʣʠʢʦʚʘʥʳ IWA 

44:2025 çɻʣʦʙʘʣʴʥʳʡ ʤʝʜʠʘ-ʠʜʝʥʪʠʬʠʢʘʪʦʨ (GMI) 

ʜʣʷ ʢʘʥʘʣʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʙʨʝʥʜʦʚè ʠ IWA 

49:2025 çɼʨʫʞʝʣʶʙʥʳʝ ʢ ʜʝʪʷʤ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʝ 

ʠ ʤʝʞʚʝʜʦʤʩʪʚʝʥʥʳʝ ʩʣʫʞʙʳ ʨʝʘʛʠʨʦʚʘʥʠʷ ʜʣʷ ʜʝ-

ʪʝʡ, ʩʪʘʚʰʠʭ ʞʝʨʪʚʘʤʠ ʥʘʩʠʣʠʷ ï ʪʨʝʙʦʚʘʥʠʷ ʠ ʨʝʢʦ-

ʤʝʥʜʘʮʠʠè. ɺʦʦʙʱʝ ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʮʝʣʠ 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʘʣʦʨʠʟʘʮʠʝʡ ʟʥʘʥʠʡ ʠ 

ʪʨʘʥʩʬʝʨʦʤ ʠʥʥʦʚʘʮʠʡ, ʥʦʩʷʪ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʪʨʘ-

ʥʦʚʦʡ ʭʘʨʘʢʪʝʨ.  

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʫʞʝ ʥʘʨʘʙʦ-

ʪʘʥ ʟʥʘʯʠʪʝʣʴʥʳʡ ʟʘʨʫʙʝʞʥʳʡ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʡ 

ʦʧʳʪ ʨʘʟʨʘʙʦʪʢʠ ʜʦʢʫʤʝʥʪʦʚ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʶ ʟʥʘʥʠʡ ï ʩʧʝʢʪʨ 

ʵʪʠʭ ʜʦʢʫʤʝʥʪʦʚ ʨʘʩʰʠʨʷʝʪʩʷ, ʘ ʤʝʪʦʜʦʣʦʛʠʷ ʠʭ ʨʘʟ-

ʨʘʙʦʪʢʠ ʠ ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʝʨʰʝʥʩʪʚʫʝʪʩʷ. 

ɺ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʪʘʢʞʝ ʚʥʝʜʨʝʥʳ ʩʭʦʞʠʝ 

ʠʥʩʪʨʫʤʝʥʪʳ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʨʘʟʨʘʙʦʪʢʘ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʥʘʮʠʦʥʘʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ, ʪʝʭʥʠʯʝ-

ʩʢʠʭ ʩʧʝʮʠʬʠʢʘʮʠʡ (ʦʪʯʝʪʦʚ), ʦʜʥʘʢʦ ʧʦʪʝʥʮʠʘʣ 

ʧʨʠʤʝʥʝʥʠʷ ʵʪʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʝʱʝ ʥʝ 

ʨʘʩʢʨʳʪ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ: 

1. ʆʧʳʪ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʜʦʢʫ-

ʤʝʥʪʦʚ, ʢʘʢ CWA, DIN SPEC, UNIPdr ʠ ʜʨ., ʪʨʝʙʫʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʠ ʩʦʜʝʨʞʠʪ 

ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʘʟʚʠʪʠʷ ʥʘʮʠʦʥʘʣʴʥʦʡ ʩʠ-

ʩʪʝʤʳ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ. 

2. ʇʨʠʤʝʥʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʧʨʦʜʚʠʞʝʥʠʷ 

ʠʥʥʦʚʘʮʠʡ ʥʘ ʨʳʥʢʝ ʠ ʩʣʫʞʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʩʪʠ-

ʤʫʣʦʤ ʜʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ. 

3. ʈʘʟʨʘʙʦʪʢʘ ʜʦʢʫʤʝʥʪʦʚ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʥʘ 
ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʧʦʣʥʝʥʠʷ ʅʀʆʂʈ ʠ ʅʀʈ ʵʬ-
                                                                                              

22 ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʙʷʟʘʪʝʣʴʥʳʭ ʥʘʮʠʦʥʘʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʩ 

ʢʦʜʦʤ çGBè ʠ çʨʝʢʦʤʝʥʜʫʝʤʳʭè ʥʘʮʠʦʥʘʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ 

ʩ ʢʦʜʦʤ çGB/ʊè. 
23 International Workshop Agreement, IWA. 

https://baike.baidu.com/item/GB%2FZ/6192553?fromModule=lemma_inlink
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ʬʝʢʪʠʚʥʦ ʩʦʜʝʡʩʪʚʫʝʪ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʶ ʥʘʠʣʫʯʰʠʭ 

ʧʨʘʢʪʠʢ, ʯʪʦ ʩʪʘʚʠʪ ʟʘʜʘʯʠ ʧʦ ʨʘʟʚʠʪʠʶ ʠ ʧʦʧʫʣʷʨʠ-

ʟʘʮʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʚ ʯʘʩʪʠ ʠʥʥʦ-

ʚʘʮʠʦʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

4. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʥʦʛʠʝ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʦʨ-

ʛʘʥʠʟʘʮʠʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʧʦʜ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʤ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʈɸʅ (ʠʥʩʪʠʪʫʪʳ ʈɸʅ), ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʠʥʩʪʠʪʫʪʳ, ʚʫʟʳ, ʪʦ ʝʩʪʴ ʥʦʩʠʪʝʣʠ 

ʥʦʚʳʭ ʟʥʘʥʠʡ, ʫʯʘʩʪʚʫʶʪ ʚ ʨʘʙʦʪʘʭ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘ-

ʮʠʠ. ʅʘʧʨʠʤʝʨ, ʧʦ ʥʘʰʠʤ ʦʮʝʥʢʘʤ ʦʢʦʣʦ 14% ʠʥʩʪʠ-

ʪʫʪʦʚ ʈɸʅ, 14% ʚʫʟʦʚ, 27% ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ 

ʩʪʨʫʢʪʫʨ ʷʚʣʷʶʪʩʷ ʯʣʝʥʘʤʠ ʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʠʪʝʪʦʚ 

ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ.  

ʕʪʦ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʝʩʫʨʩ, ʧʦʟʚʦʣʷʶʱʠʡ ʩʦʜʝʡ-

ʩʪʚʦʚʘʪʴ ʪʨʘʥʩʬʝʨʫ ʠʥʥʦʚʘʮʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝ-

ʤʝʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʣʘʛʘʶʪʩʷ ʫʥʠʚʝʨʩʠʪʝʪʩʢʦʤʫ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦ-

ʤʫ ʩʦʦʙʱʝʩʪʚʫ ʩʪʨʘʥʳ. ɼʝʣʦ ʟʘ ʤʘʣʳʤ ï ʦʩʚʦʠʪʴ ʜʝʡ-

ʩʪʚʫʶʱʠʝ ʠʥʩʪʨʫʤʝʥʪʳ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʥʘ ʧʨʘʢʪʠʢʝ 

ʜʣʷ ʚʘʣʦʨʠʟʘʮʠʠ ʥʘʫʯʥʳʭ ʟʥʘʥʠʡ.  
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ʇʈɸʂʊʀʏɽʉʂʆɽ ʇʈʀʄɽʅɽʅʀɽ ʄɽʊʆɼʆɺ ʆʇɽʈɽɾɸʖʑɽʁ 

ʉʊɸʅɼɸʈʊʀɿɸʎʀʀ ɼʃʗ ʉʅʀɾɽʅʀʗ ʋʈʆɺʅʗ ɼɽʌɽʂʊʅʆʉʊʀ  

ɺ ʕʂʉʇʃʋɸʊɸʎʀʀ ʅɸ ʇʈʀʄɽʈɽ ʐɸʈʆɺʓʍ ʐɸʈʅʀʈʆɺ 

ʉʪʦʣʷʨʦʚ ʌ.ɸ.
1
, ɻʫʥ ʀ.ɻ.

2
, ʇʦʣʷʢʦʚʘ ʄ.ɸ.

1
  

1ʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘ, ʄʘʛʥʠʪʦʛʦʨʩʢ, ʈʦʩʩʠʷ  
2ɸʆ ʅʇʆ çɹʝʣʄʘʛè, ʄʘʛʥʠʪʦʛʦʨʩʢ, ʈʦʩʩʠʷ 

ɸʥʥʦʪʘʮʠʷ. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ (ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ). ʆʙʝʩʧʝʯʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ ʘʚʪʦʤʦ-

ʙʠʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʠ ʩʝʨʴʝʟʥʳʤ ʢʦʥʢʫʨʝʥʪʥʳʤ ʧʨʝ-

ʠʤʫʱʝʩʪʚʦʤ ʧʨʠ ʧʦʩʪʘʚʢʘʭ ʥʘ OEM-ʧʨʝʜʧʨʠʷʪʠʝ. ʐʘʨʦʚʳʝ ʰʘʨʥʠʨʳ ʧʦʜʚʝʩʢʠ ʠ ʨʫʣʝʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʶʪ-

ʩʷ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʫʟʣʦʚ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʢʦʤʬʦʨʪʘ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ. ɼʦʣʛʦʚʝʯʥʦʩʪʴ ʰʘʨʦʚʳʭ ʰʘʨʥʠʨʦʚ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦ-

ʨʦʚ, ʦʩʥʦʚʥʳʤ ʠʟ ʢʦʪʦʨʳʭ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʚ ʩʣʦʞʥʳʭ ʜʦʨʦʞʥʦ-

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʉ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʟʘʜʘʥʠʝ ʪʘ-

ʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʰʘʨʥʠʨʦʚ, ʚʳʧʦʣʥʝʥʠʝ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʠʣʦ ʙʳ ʦʙʝʩʧʝʯʠʪʴ ʟʘʜʘʥʥʳʡ ʫʨʦʚʝʥʴ 

ʢʘʯʝʩʪʚʘ ʰʘʨʦʚʳʭ ʰʘʨʥʠʨʦʚ ʚ ʛʘʨʘʥʪʠʡʥʳʡ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦʤʦʙʠʣʷ. ʎʝʣʴ ʨʘʙʦʪʳ. ʆʙʝʩʧʝʯʝʥʠʝ ʟʘ-

ʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ ʰʘʨʦʚʳʭ ʰʘʨʥʠʨʦʚ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʤʝʪʦʜʠʢʠ ʠʩʧʳʪʘʥʠʷ ʫʧʣʦʪʥʠʪʝʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʥʘ ʛʝʨʤʝʪʠʯʥʦʩʪʴ. ʀʩʧʦʣʴʟʫʝʤʳʝ ʤʝʪʦʜʳ. ɸʥʘʣʠʟ, ʤʝʪʦʜ DFMEA, ʤʝʪʦʜ ç5 ʧʦʯʝʤʫè, ʤʝʪʦʜ ʦʧʝʨʝ-

ʞʘʶʱʝʡ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ. ʅʦʚʠʟʥʘ. ʇʨʝʜʣʦʞʝʥʘ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʠʩʧʳʪʘʥʠʡ ʫʧʣʦʪʥʠʪʝʣʴʥʦʡ ʩʠ-

ʩʪʝʤʳ ʰʘʨʦʚʳʭ ʰʘʨʥʠʨʦʚ ʥʘ ʛʝʨʤʝʪʠʯʥʦʩʪʴ. ʈʝʟʫʣʴʪʘʪ. ʅʘ ʦʩʥʦʚʝ ʫʞʝʩʪʦʯʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʠ ʨʝʞʠʤʦʚ ʠʩʧʳ-

ʪʘʥʠʷ ʥʘ ʛʝʨʤʝʪʠʯʥʦʩʪʴ ʙʳʣʘ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʫʧʣʦʪʥʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʰʘʨʥʠʨʦʚ ʩʪʦʝʢ ʩʪʘʙʠʣʠ-

ʟʘʪʦʨʘ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʠʣʠ ʦʙʝʩʧʝʯʠʪʴ ʟʘʜʘʥʥʳʡ ʫʨʦʚʝʥʴ ʢʘʯʝʩʪʚʘ 

ʚ ʛʘʨʘʥʪʠʡʥʳʡ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ ʰʘʨʥʠʨʦʚ ʩʪʦʝʢ ʩʪʘʙʠʣʠʟʘʪʦʨʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʧʝʨʝʞʘʶʱʘʷ ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ, ʰʘʨʦʚʦʡ ʰʘʨʥʠʨ, ʛʝʨʤʝʪʠʯʥʦʩʪʴ, ʤʝʪʦʜʠʢʘ ʠʩʧʳʪʘʥʠʷ, ʛʘʨʘʥ-

ʪʠʡʥʳʡ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ 

Ò
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PRACTICAL APPLICATIO N OF ADVANCED STANDA RDIZATION 

METHODS TO REDUCE TH E DEFECT LEVEL IN OP ERATION USING 

THE EXAMPLE OF BALL JOINT  

Stolyarov F.A.
1
, Gun I.G.

2
, Polyakova M.A.

1 

1 Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia 
2 JSC BelMag, Magnitogorsk, Russia 

Abstract. Problem Statement (Relevance): Ensuring the specified quality level of domestically produced automotive 

components is a necessity and a serious competitive advantage when supplying to an OEM enterprise. Suspension and 

steering ball joints are among the most critical components in terms of ensuring the safety and comfort of vehicle opera-

tion. The durability of ball joints in operation depends on many factors, the main one of which at the moment is ensur-

ing tightness in the difficult road and climatic conditions of the Russian Federation. From this point of view, a relevant 

task is to set such requirements for the tightness of joints, the fulfillment of which would ensure the specified quality 

level of ball joints during the quality warrant period of vehicle. Objectives. The research is aimed at ensuring a speci-

fied level of quality of ball joints based on the modernization of the sealing system testing method for tightness. Meth-

ods applied. The authors used such methods as analysis, DFMEA method, Five whys, forward standardization method. 

Originality.  A modernized method for testing the sealing system of ball joints for tightness is proposed. Result. Based 

on the toughening of requirements and testing modes for tightness, the design of the sealing system of the stabilizer 

linkôs joints was modernized. Practical Relevance. The obtained results made it possible to ensure the specified level 

of quality during the quality warrant period of operation of the stabilizer links. 

Keywords: advanced standardization, ball joint, tightness, test method, warranty period of operation 
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ɺʚʝʜʝʥʠʝ 

ʆʙʝʩʧʝʯʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ ʘʚʪʦʤʦ-

ʙʠʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʠʛʨʘʝʪ ʥʝʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ ʚ ʢʦʥʢʫʨʝʥʪʥʦʡ ʙʦʨʴʙʝ ʟʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʘʚʣʷʪʴ ʧʨʦʜʫʢʮʠʶ ʥʘ OEM(original 

equipment manufacturer)-ʟʘʚʦʜ ʠ ʟʘ ʜʦʣʶ ʨʳʥʢʘ ʧʨʠ 

ʧʨʦʜʘʞʘʭ ʚ ʩʝʪʴ ʟʘʧʯʘʩʪʝʡ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʩʚʷʟʠ 

ʩʦ ʩʣʦʞʠʚʰʝʡʩʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʝʡ ʧʦʩʣʝʜʥʠʭ 

ʣʝʪ (ʩʘʥʢʮʠʦʥʥʘʷ ʧʦʣʠʪʠʢʘ, ʚʦʣʘʪʠʣʴʥʦʩʪʴ ʢʫʨʩʘ ʨʫʙ-

ʣʷ, ʧʦʣʠʪʠʢʘ ʟʘʱʠʪʳ ʚʥʫʪʨʝʥʥʝʛʦ ʨʳʥʢʘ) ʜʣʷ ʦʪʝʯʝ-

ʩʪʚʝʥʥʳʭ, ʘ ʪʘʢʞʝ ʟʘʨʫʙʝʞʥʳʭ OEM-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ 

ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʘ ʟʘʜʘʯʘ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʣʦʢʘ-

ʣʠʟʘʮʠʠ ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʘʚʪʦʤʦʙʠʣʷ ʢʦʤʧʦʥʝʥʪʦʚ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʫʨʦʚʝʥʴ ʩʧʨʦʩʘ ʥʘ ʘʚ-

ʪʦʤʦʙʠʣʴʥʫʶ ʧʨʦʜʫʢʮʠʶ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ, ʟʘʜʘʥʥʳʤ ʟʘʨʫ-

ʙʝʞʥʳʤʠ ʚʝʜʫʱʠʤʠ ʧʦʩʪʘʚʱʠʢʘʤʠ ʠ ʘʚʪʦʧʨʦʠʟʚʦʜʠ-

ʪʝʣʷʤʠ.  

ʐʘʨʦʚʳʝ ʰʘʨʥʠʨʳ ʧʦʜʚʝʩʢʠ ʠ ʨʫʣʝʚʦʛʦ ʫʧʨʘʚʣʝ-

ʥʠʷ ʘʚʪʦʤʦʙʠʣʝʡ ʷʚʣʷʶʪʩʷ ʦʪʚʝʪʩʪʚʝʥʥʳʤʠ ʫʟʣʘʤʠ 

[1], ʧʦʩʢʦʣʴʢʫ ʧʦʪʝʨʷ ʠʭ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʚʣʝʯʝʪ 

ʧʦʷʚʣʝʥʠʝ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʩʦʧʨʷʞʝʥʥʳʭ ʩ ʫʛʨʦ-

ʟʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʪʨʝʙʠʪʝʣʷ. ʇʦʤʠʤʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʥʝʤʘʣʦʚʘʞʥʳʤ ʦʩʪʘʝʪʩʷ 

ʫʨʦʚʝʥʴ ʢʦʤʬʦʨʪʘ ʚʦʜʠʪʝʣʷ, ʵʢʩʧʣʫʘʪʠʨʫʶʱʝʛʦ 

ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ. ʉ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʰʘʨʦʚʳʝ 

ʰʘʨʥʠʨʳ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʦʜʚʠʞʥʳʝ ʵʣʝʤʝʥʪʳ ʧʦʜʚʝʩ-

ʢʠ, ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʘʧʧʘʨʘʪʘ ʠ ʨʫʣʝʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʘʚʪʦʤʦʙʠʣʷ ʚ ʩʣʫʯʘʝ ʥʝʢʦʪʦʨʳʭ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʤʦ-

ʛʫʪ ʠʟʜʘʚʘʪʴ ʧʦʩʪʦʨʦʥʥʠʝ ʰʫʤʳ. 

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ 

ʢʘʯʝʩʪʚʘ ʘʚʪʦʢʦʤʧʦʥʝʥʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʰʘʨʦʚʳʭ 

ʰʘʨʥʠʨʦʚ, ʷʚʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʧʨʠʥʮʠʧʘ ʢʦʤʧʣʝʢʩ-

ʥʦʡ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, ʢʦʛʜʘ ʨʝʛʣʘʤʝʥʪʠʨʫʶʪʩʷ ʚʩʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢʘʢ ʢ ʠʟʜʝʣʠʶ ʚ ʩʙʦʨʝ ʠ ʝʛʦ ʢʦʤʧʣʝʢʪʫʶ-

ʱʠʤ, ʪʘʢ ʠ ʢ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʦʜʫʢʪʘ ʠ ʬʘʢ-

ʪʦʨʘʤ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʝʛʦ.  

ɺ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʢ ʰʘʨʦʚʳʤ ʰʘʨʥʠʨʘʤ 

ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʩʦ ʩʪʦʨʦʥʳ 

ʊʈ ʊʉ 018/2011 çʆ ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʦʣʝʩʥʳʭ ʪʨʘʥʩ-

ʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚè, ʘ ʪʘʢʞʝ ʥʝʦʙʷʟʘʪʝʣʴʥʳʝ (ʧʨʠʤʝʥʷ-

ʝʤʳʝ ʧʦ ʩʦʛʣʘʩʦʚʘʥʠʶ ʩʪʦʨʦʥ) ʪʨʝʙʦʚʘʥʠʷ ɻʆʉʊ ʈ 

52433-2005 çʐʘʨʥʠʨʳ ʰʘʨʦʚʳʝ. ʊʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦ-

ʚʘʥʠʷ ʠ ʤʝʪʦʜʳ ʠʩʧʳʪʘʥʠʡè. ʆʜʥʘʢʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʪʨʝʙʦʚʘʥʠʷ ʫʢʘʟʘʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʩʚʦʜʷʪʩʷ ʢ 

ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʰʘʨʥʠʨʦʚ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ, 

ʚ ʯʘʩʪʥʦʩʪʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʫʩʠʣʠʶ ʚʳʨʳʚʘ, ʚʳʜʘʚʣʠ-

ʚʘʥʠʷ, ʪʚʝʨʜʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʰʘʨʦʚʳʭ 

ʧʘʣʴʮʝʚ ʠ ʪ.ʜ. ʈʝʰʝʥʠʶ ʜʘʥʥʳʭ ʚʦʧʨʦʩʦʚ ʧʦʩʚʷʱʝʥʦ 

ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʘʚʪʦ-

ʨʦʚ [2-6]. ʆʜʥʘʢʦ ʜʘʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʢʘʯʝʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ.  



ʉʪʦʣʷʨʦʚ ʌ.ɸ., ɻʫʥ ʀ.ɻ., ʇʦʣʷʢʦʚʘ ʄ.ɸ. 
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ɺ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ ʣʠʪʝʨʘʪʫʨʝ [7-9] 

ʦʧʠʩʳʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʠʢʠ ʠʩʧʳʪʘʥʠʡ ʰʘʨʦ-

ʚʳʭ ʰʘʨʥʠʨʦʚ ʥʘ ʠʟʥʦʩ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʧʨʝʜʝʣʠʪʴ 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ. ɼʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʟʘʢʣʶʯʘʶʪʩʷ ʚ 

ʩʣʦʞʥʦʤ ʜʚʠʞʝʥʠʠ ʰʘʨʦʚʦʛʦ ʧʘʣʴʮʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʦʨʧʫʩʘ, ʧʦʜʨʘʟʫʤʝʚʘʶʱʝʛʦ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʢʘʯʘʥʠʝ 

ʠ ʚʨʘʱʝʥʠʝ ʩ ʧʨʠʣʦʞʝʥʠʝʤ ʢ ʰʘʨʦʚʦʤʫ ʧʘʣʴʮʫ ʨʘʟ-

ʣʠʯʥʳʭ ʧʦ ʟʥʘʢʫ ʠ ʥʘʧʨʘʚʣʝʥʠʶ ʥʘʛʨʫʟʦʢ. ʉʪʦʠʪ ʦʪ-

ʤʝʪʠʪʴ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʝ ʤʝʪʦʜʠʢʠ ʥʝ ʧʦʟʚʦʣʷʶʪ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʨʝʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʤʥʦ-

ʛʠʝ ʬʘʢʪʦʨʳ, ʦʢʘʟʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ ʥʘ ʜʦʣʛʦʚʝʯʥʦʩʪʴ 

ʰʘʨʦʚʦʛʦ ʰʘʨʥʠʨʘ, ʘ ʠʤʝʥʥʦ ʧʦʥʠʞʝʥʥʳʝ ʠ ʧʦʚʳ-

ʰʝʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʣʘʛʘ, ʜʦʨʦʞʥʳʝ ʨʝʘʛʝʥʪʳ, 

ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ ʠ ʪ.ʜ. ɺ ʥʝʢʦʪʦʨʳʭ ʦʪʢʨʳʪʳʭ ʠʩʪʦʯ-

ʥʠʢʘʭ ʦʧʠʩʳʚʘʶʪʩʷ ʩʧʦʩʦʙʳ ʦʙʝʩʧʝʯʝʥʠʷ ʛʝʨʤʝʪʠʯ-

ʥʦʩʪʠ ʰʘʨʥʠʨʦʚ [10, 11], ʦʜʥʘʢʦ ʚ ʜʘʥʥʳʭ ʨʘʙʦʪʘʭ 

ʫʜʝʣʷʝʪʩʷ ʚʥʠʤʘʥʠʝ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʝʨʘʟʲʝʤʥʦʛʦ 

ʰʘʨʥʠʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʧʦʩʣʝ ʦʧʝ-

ʨʘʮʠʠ ʟʘʧʨʝʩʩʦʚʢʠ ʠʣʠ ʟʘʢʘʪʢʠ.  

ʇʦʵʪʦʤʫ ʩʦ ʩʪʦʨʦʥʳ OEM-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʢ ʢʦʤ-

ʧʣʝʢʪʫʶʱʠʤ ʧʨʝʜʲʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʦʤ-

ʧʣʝʢʩ ʪʨʝʙʦʚʘʥʠʡ [12, 13], ʚʳʧʦʣʥʝʥʠʝ ʢʦʪʦʨʳʭ ʧʦʟʚʦ-

ʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʆʜʥʘʢʦ 

ʙʦʣʴʰʠʥʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ OEM-ʩʧʝʮʠʬʠʢʘʮʠʡ ʨʘʟʨʘ-

ʙʦʪʘʥʳ ʝʚʨʦʧʝʡʩʢʠʤʠ ʢʦʤʧʘʥʠʷʤʠ ʜʣʷ ʘʚʪʦʤʦʙʠʣʝʡ, 

ʵʢʩʧʣʫʘʪʘʮʠʷ ʢʦʪʦʨʳʭ ʧʣʘʥʠʨʫʝʪʩʷ ʚ ʤʷʛʢʦʤ ʝʚʨʦʧʝʡ-

ʩʢʦʤ ʢʣʠʤʘʪʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʘ ʟʘʜʘʯʘ ʤʦʜʝʨ-

ʥʠʟʘʮʠʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʘʚʪʦʢʦʤʧʦʥʝʥʪʘʤ ʜʣʷ ʦʙʝʩʧʝʯʝ-

ʥʠʷ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʦʩ-

ʥʦʚʝ ʧʨʠʥʮʠʧʦʚ ʦʧʝʨʝʞʘʶʱʝʡ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʜʝʬʝʢʪʦʚ ʰʘʨʦʚʳʭ ʰʘʨʥʠʨʦʚ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʚʷʟʘʥʘ ʩ ʧʦʷʚʣʝʥʠʝʤ ʧʦʩʪʦʨʦʥʥʠʭ ʰʫ-

ʤʦʚ, ʘ ʠʤʝʥʥʦ ʩʢʨʠʧʦʚ ʠ ʩʪʫʢʦʚ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʘʥʘʣʠʟʦʤ ʜʠʘʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʜʝʬʝʢʪʘʤ ʟʘ-

ʨʝʢʣʘʤʠʨʦʚʘʥʥʳʭ ʩʪʦʝʢ ʩʪʘʙʠʣʠʟʘʪʦʨʘ (ʨʠʩ. 1). ʉʘʤʠ 

ʩʪʫʢʠ ʚʳʟʚʘʥʳ ʧʦʷʚʣʝʥʠʝʤ ʧʦʚʳʰʝʥʥʦʛʦ ʩʚʦʙʦʜʥʦʛʦ 

ʧʝʨʝʤʝʱʝʥʠʷ ʧʘʣʴʮʘ ʚ ʰʘʨʥʠʨʝ (ʣʶʬʪʘ).  

 

ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʠʧʦʚ ʜʝʬʝʢʪʦʚ ʰʘʨʥʠʨʦʚ 

ʩʪʦʡʢʠ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʘʚʪʦʤʦʙʠʣʷ LADA  Vesta 

Fig. 1. Distribution of defect types of the stabilizer links 

joints of the LADA Vesta car 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʘʩʩʤʦʪʨʠʤ ʰʘʨʦʚʦʡ ʰʘʨʥʠʨ ʩʪʦʡʢʠ ʩʪʘʙʠʣʠʟʘʪʦʨʘ 

ʧʦʧʝʨʝʯʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʘʚʪʦʤʦʙʠʣʷ LADA  Vesta. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʥʦʛʦʣʝʪʥʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʳʷʚʣʝʥʦ, 

ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʨʝʢʣʘʤʘʮʠʡ ʧʨʠʭʦʜʠʪʩʷ ʠʤʝʥ-

ʥʦ ʥʘ ʰʘʨʥʠʨʳ ʩʪʦʝʢ ʠʟ-ʟʘ ʙʣʠʟʢʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʥʠʞʥʝʛʦ ʰʘʨʥʠʨʘ ʢ ʜʦʨʦʞʥʦʤʫ ʧʦʣʦʪʥʫ. ɺ ʪʘʢʦʤ 

ʩʣʫʯʘʝ ʥʘ ʥʠʞʥʠʡ ʰʘʨʥʠʨ ʧʦʧʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʳʣʠ, ʚʦʜʳ, ʜʦʨʦʞʥʳʭ ʨʝʘʛʝʥʪʦʚ ʠ ʧʨʦʯʝ-

ʛʦ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʜʝʛʨʘʜʘʮʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʰʘʨʥʠʨʘ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʭʘʨʘʢʪʝʨʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ 

ʧʦʪʝʨʠ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʜʝʛʨʘʜʘʮʠʷ ʩʤʘʟʢʠ ʠ 

ʥʘʣʠʯʠʝ ʨʞʘʚʯʠʥʳ ʥʘ ʩʬʝʨʝ ʰʘʨʥʠʨʘ (ʨʠʩ. 2). 

 

ʈʠʩ. 2. ɺʥʝʰʥʠʡ ʚʠʜ ʟʘʨʝʢʣʘʤʠʨʦʚʘʥʥʦʛʦ ʰʘʨʥʠʨʘ 

ʩʪʦʡʢʠ ʩʪʘʙʠʣʠʟʘʪʦʨʘ 

Fig. 2. External view of the warrantly claimed stabilizer 

link joint 

ʀʩʧʦʣʴʟʫʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʧʦʠʩʢʘ ʢʦʨʥʝʚʳʭ 

ʧʨʠʯʠʥ, ʥʘʧʨʠʤʝʨ 8D, ç5 ʧʦʯʝʤʫè, ʜʠʘʛʨʘʤʤʫ ʀʩʠʢʘ-

ʚʳ ʠʣʠ FMEA, ʚʳʷʚʣʝʥʦ, ʯʪʦ ʢʦʨʥʝʚʦʡ ʧʨʠʯʠʥʦʡ ʚʳ-

ʭʦʜʘ ʰʘʨʥʠʨʘ ʠʟ ʩʪʨʦʷ ʷʚʣʷʝʪʩʷ ʥʘʨʫʰʝʥʠʝ ʛʝʨʤʝ-

ʪʠʯʥʦʩʪʠ ʫʧʣʦʪʥʠʪʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʦʝ ʩʦ-

ʩʪʦʠʪ ʠʟ ʯʝʭʣʘ ʟʘʱʠʪʥʦʛʦ ʠ ʧʨʫʞʠʥʥʦʛʦ ʠ ʫʧʣʦʪʥʠ-

ʪʝʣʴʥʦʛʦ ʢʦʣʝʮ (ʨʠʩ. 3).  

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʦʪʝʨʷ ʛʝʨʤʝʪʠʯʥʦʩʪʠ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʙʣʘʩʪʠ ʩʦʧʨʷʞʝʥʠʷ ʟʘʱʠʪʥʦʛʦ ʯʝʭʣʘ ʩ 

ʦʪʚʝʪʥʳʤʠ ʜʝʪʘʣʷʤʠ, ʘ ʠʤʝʥʥʦ ʩ ʧʘʣʴʮʝʤ ʠ ʢʦʨʧʫʩʦʤ 

(ʠʣʠ ʚʢʣʘʜʳʰʝʤ).  

ɻʝʨʤʝʪʠʯʥʦʩʪʴ ʰʘʨʦʚʦʛʦ ʰʘʨʥʠʨʘ ʷʚʣʷʝʪʩʷ ʢʦʤ-

ʧʣʝʢʩʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʢʘʯʝʩʪʚʘ ʰʘʨʦʚʦʛʦ ʰʘʨʥʠʨʘ, 

ʟʘʚʠʩʷʱʠʤ ʦʪ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ. ɼʘʥʥʳʤʠ ʬʘʢʪʦ-

ʨʘʤʠ ʷʚʣʷʶʪʩʷ: ʤʘʪʝʨʠʘʣ ʯʝʭʣʘ (ʪʠʧ ʨʝʟʠʥʦʚʦʡ ʩʤʝ-

ʩʠ); ʩʧʦʩʦʙ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʠ; ʛʝʦʤʝʪʨʠʷ ʯʝʭʣʘ 

(ʜʣʠʥʘ ʦʙʨʘʟʫʶʱʝʡ, ʛʝʦʤʝʪʨʠʷ ʛʦʬʨʳ, ʬʦʨʤʘ ʛʦʨʣʦ-

ʚʠʥ, ʬʦʨʤʘ ʟʘʧʣʝʯʠʢʘ ʠ ʪ.ʜ.). ʊʘʢʞʝ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ 

ʧʨʠʤʝʥʷʝʤʫʶ ʚ ʰʘʨʥʠʨʝ ʤʘʨʢʫ ʩʤʘʟʢʠ ʠ ʛʝʦʤʝʪʨʠʶ ʠ 

ʩʚʦʡʩʪʚʘ ʦʪʚʝʪʥʳʭ ʜʝʪʘʣʝʡ, ʘ ʠʤʝʥʥʦ ʧʨʫʞʠʥʥʦʛʦ ʠ 

ʫʧʣʦʪʥʠʪʝʣʴʥʦʛʦ ʢʦʣʝʮ. ɻʝʦʤʝʪʨʠʷ ʧʦʩʘʜʦʯʥʦʛʦ ʤʝ-

ʩʪʘ ʠ ʤʠʢʨʦʨʝʣʴʝʬ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʢʦʨʧʫʩʝ ʠ ʧʘʣʴʮʝ 

ʪʦʞʝ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʛʝʨʤʝʪʠʯ-

ʥʦʩʪʴ ʰʘʨʦʚʦʛʦ ʰʘʨʥʠʨʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʥʘ ʚʝʣʠʯʠʥʫ 

ʠʟʥʦʩʘ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. 
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ʈʠʩ. 3. ɺʳʷʚʣʝʥʠʝ ʢʦʨʥʝʚʳʭ ʧʨʠʯʠʥ ʥʝʛʝʨʤʝʪʠʯʥʦʩʪʠ ʧʦʩʨʝʜʩʪʚʦʤ DFMEA-ʘʥʘʣʠʟʘ 

Fig. 3. Identifying root causes of leaks using DFMEA Analysis 

ʆʮʝʥʢʘ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʫʧʣʦʪʥʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʰʘʨʦʚʳʭ ʰʘʨʥʠʨʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ ʨʘʙʦʪʳ ʥʘʜ 

ʧʨʦʝʢʪʦʤ [12-14] ʩʚʦʜʠʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʢ ʥʝʩʢʦʣʴʢʠʤ 

ʢʦʨʦʪʢʠʤ ʪʝʩʪʘʤ (ʜʣʠʪʝʣʴʥʦʩʪʴ ʤʝʥʝʝ 8 ʯ) ʠ ʥʝʩʢʦʣʴ-

ʢʠʤ ʜʣʠʥʥʳʤ ʪʝʩʪʘʤ (ʜʣʠʪʝʣʴʥʦʩʪʴ 8 ʯ ʠ ʙʦʣʝʝ). ʂʦ-

ʨʦʪʢʠʝ ʪʝʩʪʳ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʠʪʴ ʦʰʠʙʢʠ ʧʨʦʝʢʪʠʨʦ-

ʚʘʥʠʷ ʟʘ ʥʝʙʦʣʴʰʦʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʠ ʙʝʟ ʟʥʘ-

ʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪ, ʦʜʥʘʢʦ ʧʦʣʥʦʝ ʩʦ-

ʦʪʚʝʪʩʪʚʠʝ ʧʨʦʜʫʢʮʠʠ ʢʨʠʪʝʨʠʷʤ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ 

ʨʝʟʫʣʴʪʘʪʘ ʜʘʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʥʝ ʜʘʝʪ ʛʘʨʘʥʪʠʡ  

ʙʝʟʦʪʢʘʟʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʰʘʨʥʠʨʦʚ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʚ 

ʩʣʦʞʥʳʭ ʜʦʨʦʞʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʈʦʩʩʠʡ-

ʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ɼʣʠʪʝʣʴʥʳʝ ʪʝʩʪʳ ʩ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝ-

ʥʠʷ ʧʦʟʚʦʣʷʶʪ ʩ ʙʦʣʴʰʝʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʛʦʚʦʨʠʪʴ ʦ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʧʨʦʜʫʢʪʘ ʟʘʜʘʥʥʦʤʫ ʫʨʦʚʥʶ ʢʘʯʝʩʪʚʘ ʚ 

ʩʣʫʯʘʝ ʠʭ ʫʩʧʝʰʥʦʛʦ ʧʨʦʭʦʞʜʝʥʠʷ. ʆʜʥʘʢʦ, ʢʘʢ ʙʳʣʦ 

ʦʪʤʝʯʝʥʦ ʨʘʥʝʝ, ʙʦʣʴʰʠʥʩʪʚʦ OEM-ʩʧʝʮʠʬʠʢʘʮʠʡ ʠ, 

ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʪʨʝʙʦʚʘʥʠʡ ʢ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʙʳʣʠ ʨʘʟ-

ʨʘʙʦʪʘʥʳ ʝʚʨʦʧʝʡʩʢʠʤʠ ʠʣʠ ʘʤʝʨʠʢʘʥʩʢʠʤʠ ʢʦʤʧʘ-

ʥʠʷʤʠ ʜʣʷ ʝʚʨʦʧʝʡʩʢʠʭ ʠ ʘʤʝʨʠʢʘʥʩʢʠʭ ʜʦʨʦʞʥʦ-

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ʇʦʵʪʦʤʫ ʠʥʦʛʜʘ ʧʨʠ ʧʦʣʥʦʤ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʧʨʦʜʫʢʮʠʠ ʟʘʜʘʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʚʦʟ-

ʥʠʢʘʶʪ ʩʝʨʴʝʟʥʳʝ ʧʨʦʙʣʝʤʳ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʜʦ-

ʨʦʞʥʦʡ ʩʝʪʠ ʠ ʢʣʠʤʘʪʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʣʠʪʝʣʴʥʦʝ ʠʩ-

ʧʳʪʘʥʠʝ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʛʝʨʤʝʪʠʯʥʦʩʪʠ, ʘ 

ʠʤʝʥʥʦ çSBFTè (Sealing below function test). ʄʝʪʦʜʠ-

ʢʘ ʧʨʦʚʝʜʝʥʠʷ çSBFTè ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʦʣʥʦʝ ʧʦʛʨʫ-

ʞʝʥʠʝ ʰʘʨʥʠʨʦʚ ʚ ʞʠʜʢʦʩʪʴ ʠ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʢʘʯʘ-

ʥʠʷ ʠ ʚʨʘʱʝʥʠʷ ʧʘʣʴʮʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʧʫʩʘ ʧʦ ʩʧʝ-

ʮʠʘʣʴʥʳʤ ʨʝʞʠʤʘʤ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʘ 1. ʉʪʘʥʜʘʨʪʥʳʝ ʨʝʞʠʤʳ çSBFTè 

T a b l e 1 .  Standard modes of SBFT 

ʇʘʨʘʤʝʪʨ 
ʇʦʛʨʫʞʝʥʠʝ  
ʚ ʚʦʜʫ 

ʇʦʛʨʫʞʝʥʠʝ  
ʚ ʨʘʩʪʚʦʨ ʚʦʜʳ ʠ 
ʵʪʠʣʝʥʛʣʠʢʦʣʷ 

ʊʝʤʧʝʨʘʪʫʨʘ ʞʠʜʢʦʡ 
ʩʨʝʜʳ, Áʉ 

+23 -15 

ʋʛʦʣ ʢʘʯʘʥʠʷ ʧʘʣʴʮʘ, ʛʨʘʜ ʀʥʜʠʚʠʜʫʘʣʴʥʦ ʀʥʜʠʚʠʜʫʘʣʴʥʦ 

ʏʘʩʪʦʪʘ ʢʘʯʘʥʠʷ, ɻʮ 0,1 0,1 

ʂʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ  
ʢʘʯʘʥʠʷ 

10 000 2 500 

ʋʛʦʣ ʚʨʘʱʝʥʠʷ ʧʘʣʴʮʘ, 
ʛʨʘʜ 

ʀʥʜʠʚʠʜʫʘʣʴʥʦ ʀʥʜʠʚʠʜʫʘʣʴʥʦ 

ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ, ɻʮ 0,4 0,4 

ʂʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ  
ʚʨʘʱʝʥʠʷ 

40 000 10 000 

ʉʘʤʦ ʠʩʧʳʪʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥ-
ʥʦʤ ʠʩʧʳʪʘʪʝʣʴʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʜʣʷ ʦʮʝʥʢʠ ʛʝʨʤʝ-
ʪʠʯʥʦʩʪʠ ʰʘʨʦʚʳʭ ʰʘʨʥʠʨʦʚ ʘʚʪʦʤʦʙʠʣʝʡ (ʨʠʩ. 4). 
ɼʣʷ çSBFTè ʠʤʝʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʢʨʠʪʝʨʠʠ ʧʦ-

ʣʦʞʠʪʝʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ:  
ï ʦʪʩʫʪʩʪʚʠʝ ʢʦʨʨʦʟʠʠ ʧʘʣʴʮʘ ʰʘʨʦʚʦʛʦ ʚ ʦʙʣʘʩʪʠ 

ʢʦʥʪʘʢʪʘ ʩ ʟʘʱʠʪʥʳʤ ʯʝʭʣʦʤ; 
ï ʦʪʩʫʪʩʪʚʠʝ ʩʚʦʙʦʜʥʦʡ ʚʦʜʳ ʚʦ ʚʥʫʪʨʝʥʥʝʤ ʦʙʲ-

ʝʤʝ ʰʘʨʥʠʨʘ; 
ï ʦʪʩʫʪʩʪʚʠʝ ʪʨʝʱʠʥ ʠ ʨʘʩʩʣʦʝʥʠʡ ʥʘ ʟʘʱʠʪʥʦʤ 

ʯʝʭʣʝ; 
ï ʠʟʥʦʩ ʟʘʱʠʪʥʦʛʦ ʯʝʭʣʘ ʚ ʨʘʟʣʠʯʥʳʭ ʟʦʥʘʭ ʥʝ 

ʙʦʣʝʝ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ; 
ï ʦʪʩʫʪʩʪʚʠʝ ʚʳʩʪʫʧʘʥʠʷ ʩʤʘʟʢʠ ʠʟ-ʧʦʜ ʯʝʭʣʘ; 
ï ʧʨʠʨʦʩʪ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʳ ʚ ʩʤʘʟʢʝ ʥʝ ʙʦʣʝʝ 

0,6% (ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʤʝʪʦʜʫ ʂʘʨʣʘ-ʌʠʰʝʨʘ). 
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ʈʠʩ. 4. ʀʩʧʳʪʘʪʝʣʴʥʳʡ ʩʪʝʥʜ ʜʣʷ ʧʨʦʚʝʨʢʠ ʛʝʨʤʝʪʠʯ-

ʥʦʩʪʠ ʰʘʨʦʚʳʭ ʰʘʨʥʠʨʦʚ 

Fig. 4. Test bench for checking the tightness of ball joints 

ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʚ ʧʨʦʮʝʩʩʝ ʨʘ-

ʙʦʪ ʧʦ ʧʨʦʝʢʪʫ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʫʧʣʦʪʥʠʪʝʣʴʥʦʡ ʩʠ-

ʩʪʝʤʳ ʰʘʨʥʠʨʦʚ ʩʪʦʝʢ ʩʪʘʙʠʣʠʟʘʪʦʨʘ. ɹʳʣʠ ʧʦʣʫʯʝ-

ʥʳ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʦʜʥʘʢʦ ʫʨʦʚʝʥʴ 

ʜʝʬʝʢʪʥʦʩʪʠ ʚ ʧʦʩʪʘʚʢʘʭ ʩʦʩʪʘʚʣʷʣ 131 ʜʝʬʝʢʪ ʥʘ 

ʪʳʩʷʯʫ ʘʚʪʦʤʦʙʠʣʝʡ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭʣʝʪʥʝʡ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ, ʯʪʦ ʥʝ ʫʢʣʘʜʳʚʘʣʦʩʴ ʚ ʮʝʣʠ ʧʦ ʢʘʯʝʩʪʚʫ. 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʤʦʜʝʨ-

ʥʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʫʧʣʦʪʥʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʥʘ 

ʦʩʥʦʚʝ ʫʞʝʩʪʦʯʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʠ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʤʝʪʦʜʠʢʠ ʠʩʧʳʪʘʥʠʡ.  

ɼʦʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢ ʧʨʦʚʦʜʠʣʘʩʴ ʩʦʚʤʝʩʪʥʦ ʩʦ 

ʩʧʝʮʠʘʣʠʩʪʘʤʠ ɸʆ çɸʚʪʦɺɸɿè ʩ ʫʯʝʪʦʤ ʫʩʣʦʚʠʡ ʢʠ-

ʥʝʤʘʪʠʢʠ ʰʘʨʥʠʨʘ ʠ ʬʘʢʪʦʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ 

ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ʄʦʜʝʨʥʠʟʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʞʠʤʳ ʠʩʧʳʪʘ-

ʥʠʡ (ʪʘʙʣ. 2): 

ï ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʥʠʞʝʥʘ ʜʦ -20Áʉ. 

ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʩʥʠʞʘʶʪʩʷ ʫʧʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʨʝʟʠʥʳ ʯʝʭʣʘ, ʯʪʦ ʥʝʛʘʪʠʚʥʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʧʣʦʪʥʦʩʪʠ 

ʧʨʠʣʝʛʘʥʠʷ ʛʦʨʣʦʚʠʥ ʯʝʭʣʘ ʚ ʩʦʧʨʷʞʝʥʠʠ ʩ ʦʪʚʝʪʥʳ-

ʤʠ ʜʝʪʘʣʷʤʠ ʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʫʧʨʫʛʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʛʦʬʨʳ ʯʝʭʣʘ; 

ï ʫʚʝʣʠʯʝʥʘ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʧʘʣʴʮʘ ʧʨʠ ʦʙʝʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʤʦʜʫʣʴ 

ʫʧʨʫʛʦʩʪʠ ʨʝʟʠʥʳ ʠ ʩʦʢʨʘʱʘʝʪʩʷ ʚʨʝʤʷ ʥʘ ʛʠʩʪʝʨʝʟʠʩ 

ʨʝʟʠʥʳ ʯʝʭʣʘ ʠ ʚʦʟʚʨʘʪ ʝʛʦ ʬʦʨʤʳ ʢ ʥʘʯʘʣʴʥʦʤʫ ʧʦ-

ʣʦʞʝʥʠʶ [15]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʚʳʰʘʝʪʩʷ ʨʠʩʢ ʚʦʟ-

ʥʠʢʥʦʚʝʥʠʷ ʱʝʣʠ ʤʝʞʜʫ ʛʦʨʣʦʚʠʥʦʡ ʯʝʭʣʘ ʠ ʧʘʣʴ-

ʮʝʤ. ʊʘʢʞʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʜʚʠʞʝʥʠʷ ʠ ʯʠʩ-

ʣʘ ʮʠʢʣʦʚ ʧʦʚʳʰʘʝʪʩʷ ʨʠʩʢ ʠʟʥʦʩʘ ʛʦʨʣʦʚʠʥʳ ʯʝʭʣʘ. 

ʊʘʢʞʝ ʧʦʜʦʙʨʘʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʪʠʣʝʥʛʣʠʢʦʣʷ ʚ 

ʨʘʩʪʚʦʨʝ ʩ ʚʦʜʦʡ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ɺʳʙʨʘʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʪʠʣʝʥʛʣʠʢʦʣʷ 

44%, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʝʛʦ ʤʘʢʩʠʤʘʣʴʥʫʶ ʪʝʢʫʯʝʩʪʴ 

ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘ-

ʥʠʡ.  

ʅʘ ʨʠʩ. 5 ʧʨʝʜʩʪʘʚʣʝʥ ʚʥʝʰʥʠʡ ʚʠʜ ʦʙʨʘʟʮʦʚ 

ʰʘʨʥʠʨʦʚ ʩʪʦʝʢ ʩʪʘʙʠʣʠʟʘʪʦʨʘ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʠʩ-

ʧʳʪʘʪʝʣʴʥʫʶ ʦʩʥʘʩʪʢʫ.  

ʊʘʙʣʠʮʘ 2. ʄʦʜʝʨʥʠʟʠʨʦʚʘʥʥʘʷ ʤʝʪʦʜʠʢʘ çSBFTè 

T a b l e 2 .  Modernized modes of SBFT 

ʇʘʨʘʤʝʪʨ 
ʇʦʛʨʫʞʝʥʠʝ  

ʚ ʚʦʜʫ 

ʇʦʛʨʫʞʝʥʠʝ  

ʚ ʨʘʩʪʚʦʨ ʚʦʜʳ ʠ 

ʵʪʠʣʝʥʛʣʠʢʦʣʷ 

ʊʝʤʧʝʨʘʪʫʨʘ ʞʠʜʢʦʡ 

ʩʨʝʜʳ, Áʉ 
+23 -20 

ʋʛʦʣ ʢʘʯʘʥʠʷ ʧʘʣʴʮʘ, ʛʨʘʜ ʀʥʜʠʚʠʜʫʘʣʴʥʦ ʀʥʜʠʚʠʜʫʘʣʴʥʦ 

ʏʘʩʪʦʪʘ ʢʘʯʘʥʠʷ, ɻʮ 0,1 0,1 

ʂʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ ʢʘ-

ʯʘʥʠʷ 
200 000* 50 000* 

ʋʛʦʣ ʚʨʘʱʝʥʠʷ ʧʘʣʴʮʘ, 

ʛʨʘʜ 
ʀʥʜʠʚʠʜʫʘʣʴʥʦ ʀʥʜʠʚʠʜʫʘʣʴʥʦ 

ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ, ɻʮ 2 2 

ʂʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ ʚʨʘ-

ʱʝʥʠʷ 
200 000 50 000 

 

 

ʈʠʩ. 5. ʌʦʪʦ ʦʙʨʘʟʮʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʦʩʥʘʩʪʢʫ 

Fig. 5. Photos of samples installed in the tooling 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʫʧʣʦʪʥʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʰʘʨʥʠʨʦʚ ʩʪʦʝʢ ʩʪʘʙʠʣʠʟʘ-

ʪʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 3.  

ʊʘʙʣʠʮʘ 3. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʩʠʩʪʝ-

ʤʳ ʫʧʣʦʪʥʝʥʠʷ ʰʘʨʦʚʳʭ ʰʘʨʥʠʨʦʚ  

ʥʘ ʛʝʨʤʝʪʠʯʥʦʩʪʴ 

T a b l e 3 .  Ball joint sealing test results 

ʊʠʧ ʠʩʧʳʪʳʚʘʝʤʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ 

ʊʠʧ ʤʝʪʦʜʠʢʠ ʠʩʧʳʪʘʥʠʷ 

ʉʪʘʥʜʘʨʪʥʘʷ 

ʤʝʪʦʜʠʢʘ 

(-15 / +23ÁC) 

ʄʦʜʝʨʥʠʟʠʨʦʚʘʥʥʘʷ 

ʤʝʪʦʜʠʢʘ 

(-20 / +23ÁC) 

ʉʪʘʨʘʷ ʢʦʥʩʪʨʫʢʮʠʷ 

ʇʨʠʨʦʩʪ ʩʦʜʝʨ-

ʞʘʥʠʷ ʚʦʜʳ  

ʚ ʩʤʘʟʢʝ  

0,09ï0,31% 

ʇʨʠʨʦʩʪ ʩʦʜʝʨʞʘʥʠʷ 

ʚʦʜʳ ʚ ʩʤʘʟʢʝ  

1,414ï5,772% 

ʄʦʜʝʨʥʠʟʠʨʦʚʘʥʥʘʷ 

ʢʦʥʩʪʨʫʢʮʠʷ 

ʇʨʠʨʦʩʪ ʩʦʜʝʨ-

ʞʘʥʠʷ ʚʦʜʳ  

ʚ ʩʤʘʟʢʝ  

0,03ï0,17% 

ʇʨʠʨʦʩʪ ʩʦʜʝʨʞʘʥʠʷ 

ʚʦʜʳ ʚ ʩʤʘʟʢʝ  

0,05ï0,16% 

 

ʅʘ ʨʠʩ. 6 ʧʨʝʜʩʪʘʚʣʝʥ ʚʥʝʰʥʠʡ ʚʠʜ ʦʙʨʘʟʮʦʚ ʧʦ-

ʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʷ. 
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ʈʠʩ. 6. ʌʦʪʦʛʨʘʬʠʠ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʷ: ʘ ï ʩʪʘʨʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ;  

ʙ ï ʩʪʘʨʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʝ; ʚ ï ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ  

ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ; ʛ ï ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʝ 

Fig. 6. Photos of samples after testing: a is old design using standard method, ʙ is old design using modernized method, 

ʚ is modernized design using standard method, ʛ is modernized design using modernized method 

ʀʟ ʪʘʙʣʠʮ ʠ ʨʠʩʫʥʢʦʚ ʚʠʜʥʦ, ʯʪʦ ʩʪʘʨʘʷ ʢʦʥ-

ʩʪʨʫʢʮʠʷ ʥʝ ʧʨʦʰʣʘ ʠʩʧʳʪʘʥʠʝ ʧʦ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥ-

ʥʦʡ ʤʝʪʦʜʠʢʝ ʧʦ ʩʣʝʜʫʶʱʠʤ ʢʨʠʪʝʨʠʷʤ: ʩʦʜʝʨʞʘʥʠʝ 

ʚʦʜʳ ʚ ʩʤʘʟʢʝ ʙʦʣʝʝ 0,6 %, ʘ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʩʚʦ-

ʙʦʜʥʘʷ ʚʦʜʘ (ʢʘʧʣʠ) ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʜ ʯʝʭʣʦʤ ʠ ʥʘ 

ʧʨʦʪʦʯʢʝ ʧʘʣʴʮʘ.  

ɼʣʷ ʦʮʝʥʢʠ ʢʦʨʨʝʢʪʥʦʩʪʠ ʢʦʣʠʯʝʩʪʚʘ ʠʩʧʳʪʘʥ-

ʥʳʭ ʦʙʨʘʟʮʦʚ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʤʠʥʠʤʘʣʴʥʦʝ 

ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʧʳʪʦʚ. ʄʠʥʠʤʘʣʴʥʦʝ ʯʠʩʣʦ 

ʦʧʳʪʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [16] 

2

min
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,
ůt

n
a k

å õ
²æ öæ öÖç ÷

                                (1) 

ʛʜʝ a  ï ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ; ů ï ʩʨʝʜʥʝʢʚʘʜʨʘ-

ʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ; 
T

k  ï ʪʨʝʙʫʝʤʘʷ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝ-

ʥʠʡ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ; t ï ʢʨʠʪʝʨʠʡ ʉʪʴʶ-

ʜʝʥʪʘ, ʚʳʙʠʨʘʝʤʳʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʧʨʦʚʝʜʝʥ-

ʥʳʭ ʦʧʳʪʦʚ ʠʣʠ ʯʠʩʣʘ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʠ ʟʘʜʘʥʥʦʡ 

ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ. 

ɼʣʷ ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴ-

ʪʘʪʦʚ ʟʥʘʯʝʥʠʡ ʤʠʥʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʦʧʳʪʦʚ ʩʦʩʪʘʚʣʷ-

ʝʪ 2, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʭʥʠʯʝʩʢʠʤ ʩʧʝʮʠʬʠʢʘʮʠʷʤ 

ʟʘʢʘʟʯʠʢʦʚ OEM-ʫʨʦʚʥʷ ʠ ʢʦʣʠʯʝʩʪʚʫ ʧʨʦʚʝʜʝʥʥʳʭ 

ʦʧʳʪʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʪʝʩʪʘ: 6. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʙʳʣʘ ʫʪʚʝʨʞʜʝʥʘ ʠʟ-

ʤʝʥʝʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʫʧʣʦʪʥʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʰʘʨʥʠʨʘ ʩʪʦʡʢʠ ʠ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʟʘʧʫʩʢ ʩʝʨʠʡʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʤʝʥʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

3-ʣʝʪʥʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʳʷʚʣʝʥʦ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ 

ʜʝʬʝʢʪʥʦʩʪʠ ʥʘ 130,6 ʝʜʠʥʠʮ ʜʦ 0,4 ʜʝʬʝʢʪʦʚ ʚ ʪʨʝʭ-

ʣʝʪʥʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʪʳʩʷʯʫ ʘʚʪʦʤʦʙʠʣʝʡ, ʯʪʦ ʩʦ-

ʦʪʚʝʪʩʪʚʫʝʪ ʮʝʣʷʤ ʧʦ ʢʘʯʝʩʪʚʫ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʧʨʠʥʮʠʧʦʚ ʢʦʤ-

ʧʣʝʢʩʥʦʡ ʠ ʦʧʝʨʝʞʘʶʱʝʡ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʥʘ ʧʨʘʢʪʠ-

ʢʝ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ ʢʘʯʝʩʪʚʘ ʧʨʦʠʟʚʦʜʠ-

ʤʦʡ ʧʨʦʜʫʢʮʠʠ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʯʪʦ ʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ 

ʥʘ ʧʨʠʤʝʨʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʫʧʣʦʪʥʠʪʝʣʴ-

ʥʦʡ ʩʠʩʪʝʤʳ ʰʘʨʦʚʳʭ ʰʘʨʥʠʨʦʚ ʩʪʦʝʢ ʩʪʘʙʠʣʠʟʘʪʦʨʘ. 

ʉʘʤʘ ʤʦʜʝʨʥʠʟʘʮʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʦʩ-

ʥʦʚʝ ʫʞʝʩʪʦʯʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʠ ʨʝʞʠʤʦʚ ʧʨʦʚʝʜʝʥʠʷ 

ʠʩʧʳʪʘʥʠʡ ʥʘ ʛʝʨʤʝʪʠʯʥʦʩʪʴ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ ʧʦ-

ʣʫʯʝʥʘ ʧʨʦʜʫʢʮʠʷ, ʫʨʦʚʝʥʴ ʜʝʬʝʢʪʥʦʩʪʠ ʚ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ ʢʦʪʦʨʦʡ ʫʢʣʘʜʳʚʘʝʪʩʷ ʚ ʮʝʣʠ ʧʦ ʢʘʯʝʩʪʚʫ ʚ ʛʘ-

ʨʘʥʪʠʡʥʳʡ ʧʝʨʠʦʜ. ʉʘʤ ʧʦʜʭʦʜ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦ-

ʚʘʥ ʜʣʷ ʚʩʝʭ ʰʘʨʦʚʳʭ ʰʘʨʥʠʨʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʠʥʳʭ 

ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ.  
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ʄɽʊʆɼʆʃʆɻʀʗ ʆɹɽʉʇɽʏɽʅʀʗ ʂɸʏɽʉʊɺɸ ʀɿɼɽʃʀʁ 

ɺ ʌʆʈʄɽ ʂʆʃʇɸʏʂɸ, ɹʃʀɿʂʀʍ ʂ ʈɸɺʅʆʈɸɿʄɽʈʅʓʄ, 

ʇʈʀ ɸɺʊʆʄɸʊʀɿɸʎʀʀ ʇʈʆʎɽʉʉʆɺ ɿɸɻʈʋɿʂʀ 

ʇʘʥʪʶʭʠʥʘ ɽ.ɺ.
1
, ɹʦʛʦʜʷʞ ɸ.ɽ.

1
, ɺʘʩʠʥ ʉ.ɸ.

1
, ɹʘʭʥʦ ɸ.ʃ.

2
 

1ʊʫʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʫʣʘ, ʈʦʩʩʠʷ 
2ʇɸʆ çʀʤʧʝʨʘʪʦʨʩʢʠʡ ʊʫʣʴʩʢʠʡ ʦʨʫʞʝʡʥʳʡ ʟʘʚʦʜè, ʊʫʣʘ, ʈʦʩʩʠʷ 

ɸʥʥʦʪʘʮʠʷ. ʈʘʟʚʠʪʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʪʨʝʙʫʝʪ 

ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʫʧʨʘʚʣʝʥʠʶ ʢʘʯʝʩʪʚʦʤ ʠʟʜʝʣʠʡ ʤʘʩʩʦʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʠʭ ʞʠʟʥʝʥʥʦʛʦ 

ʮʠʢʣʘ. ɺʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʚʳʧʫʩʢʘʝʤʳʭ ʠʟʜʝʣʠʡ ʜʦʣʞʥʳ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʨʘʙʦʪʢʝ ʠ ʚʥʝʜʨʝʥʠʶ ʚ 

ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ ʮʠʬʨʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʮʝʣʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʝʨ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʝ 

ʪʦʣʴʢʦ ʧʦʜʜʝʨʞʘʥʠʝ ʪʨʝʙʫʝʤʦʛʦ ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ ʠʟʜʝʣʠʷ, ʥʦ ʠ ʝʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ, ʚʢʣʶʯʘʷ ʤʝʨʳ ʧʦ ʧʨʝʜʫʧʨʝ-

ʞʜʝʥʠʶ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʙʨʘʢʘ ʠ ʝʛʦ ʫʩʪʨʘʥʝʥʠʶ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʵʪʘʧʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʟʘʛʨʫʟʢʘ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʣʠʥʠʡ ʨʘʟʣʠʯʥʳʭ ʟʘʛʦʪʦ-

ʚʦʢ ʚ ʪʨʝʙʫʝʤʦʤ ʧʦʣʦʞʝʥʠʠ ʠ ʩ ʟʘʜʘʥʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ. ɼʣʷ ʰʪʫʯʥʳʭ ʟʘʛʦʪʦʚʦʢ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ ʤʝ-

ʭʘʥʠʯʝʩʢʠʝ ʜʠʩʢʦʚʳʝ ʙʫʥʢʝʨʥʳʝ ʟʘʛʨʫʟʦʯʥʦ-ʦʨʠʝʥʪʠʨʫʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʪʦʜʦʣʦʛʠʷ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʦʙʝʩʧʝʯʠʪʴ ʢʘʯʝʩʪʚʦ ʠʟʜʝʣʠʡ ʚ ʬʦʨʤʝ ʢʦʣʧʘʯʢʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠ-

ʩʪʝʤ ʠ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʟʘʛʨʫʟʢʠ ʨʘʟʣʠʯʥʳʭ ʠʟʜʝʣʠʡ ʚ ʬʦʨʤʝ ʢʦʣʧʘʯʢʘ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚ ʪʨʝʙʫʝʤʦʤ ʧʦʣʦʞʝʥʠʠ; ʧʦʢʘʟʘ-

ʥʳ ʵʪʘʧʳ ʨʘʟʨʘʙʦʪʢʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʦʨʛʘʥʳ ʟʘʭʚʘʪʘ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʠʟʜʝʣʠʡ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʜʠʩʢʦʚʳʭ ʙʫʥʢʝʨʥʳʭ ʟʘʛʨʫʟʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʠʟʣʦʞʝʥʘ ʤʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝ-

ʩʢʠʭ ʜʠʩʢʦʚʳʭ ʙʫʥʢʝʨʥʳʭ ʟʘʛʨʫʟʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʠʟʜʝʣʠʡ ʚ ʬʦʨʤʝ ʢʦʣʧʘʯʢʘ. 

ʂʣʁʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʯʝʩʪʚʦ ʠʟʜʝʣʠʡ ʤʘʩʩʦʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚ, ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʟʘʛʨʫʟʢʘ, ʦʨʠʝʥʪʠʨʦʚʘʥʠʝ ʟʘʛʦʪʦ-

ʚʦʢ, ʙʫʥʢʝʨʥʦʝ ʟʘʛʨʫʟʦʯʥʦ-ʦʨʠʝʥʪʠʨʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ 
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METHODOLOGY FOR ENSU RING THE QUALITY OF CAP-SHAPED 

PRODUCTS CLOSE TO EQUIDIMENSIONAL DURING   

THE AUTOMATION OF FE EDING PROCESSES 

Pantyukhina E.V.
 1
, Bogodyazh A.E.

 1
, Vasin S.A.

1
, Bakhno A.L.

 2
 

1 Tula State University, Tula, Russia 
2 PJSC Imperial Tula Arms Plant, Tula, Russia 

Abstract. The development of modern industrial production using digital technologies requires the creation of new ap-

proaches to quality management of mass produced items at all stages of their life cycle. High requirements for the quali-

ty of manufactured products should contribute to the development and implementation of a whole range of measures in 

a single digital management system of the production process that ensure not only maintaining the required level of 

product quality, but also its forecasting, including measures to prevent the causes of defects and their elimination. One 

of the important stages of production processes is the automatic feeding of various blanks into the automated equipment 

of technological lines in the required position and the specified capacity. Mechanical disk hopper feeding-orienting de-

vices are widely used for piece blanks. The paper presents the methodology that allows to ensure the quality of cap-

shaped products, which is a set of modern systems and methods for monitoring new technological processes of their 

production, the structure of systems for automatic feeding of various cap-shaped products into technological equipment 

in the required position. The stages of development of design limitations for gripping and orienting elements of prod-

ucts of mechanical disk hopper feeders are shown; the methodology of research and design of mechanical disk hopper 

loading devices for cap-shaped products is described. 

Keywords: quality of mass produced items, automatic feeding, blanks orientation, hopper feeding-orienting device 
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ɺʚʝʜʝʥʠʝ 

ʂʦʤʧʣʝʢʩʥʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 
ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʜʦʣʞʥʘ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ 
ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʴʶʪʝʨ-
ʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʩʠʩʪʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, 
ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ, ʫʩʪʨʦʡʩʪʚ ʜʣʷ 
ʩʙʦʨʘ ʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʕʪʦ ʧʨʠʚʝʜʝʪ ʢ ʧʦʚʳʰʝʥʠʶ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 
ʦʙʦʨʫʜʦʚʘʥʠʷ, ʫʚʝʣʠʯʝʥʠʶ ʝʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ 
ʥʘʜʝʞʥʦʩʪʠ, ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩ-
ʩʦʚ ʩ ʫʯʝʪʦʤ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʘʯʝʩʪʚʘ ʚʳ-
ʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ. ɺʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦ-
ʛʠʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ 
ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʦʣʞʥʦ ʦʧʠʨʘʪʴʩʷ ʥʘ ʧʝʨʩʧʝʢʪʠʚ-
ʥʳʝ ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʠʟʜʝ-
ʣʠʡ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ [1ï4].  
ɺ ʫʩʣʦʚʠʷʭ ʜʠʥʘʤʠʯʥʦ ʨʘʩʰʠʨʷʶʱʝʡʩʷ ʥʦʤʝʥʢʣʘ-

ʪʫʨʳ ʚʳʧʫʩʢʘʝʤʳʭ ʠʟʜʝʣʠʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚʥʝʜʨʝ-
ʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʩʚʦʝʥʠʝ ʠ 
ʚʳʧʫʩʢ ʢʦʪʦʨʳʭ ʜʦʣʞʥʳ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʚ ʢʨʦʪʯʘʡ-
ʰʠʝ ʩʨʦʢʠ, ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʤʥʦʞʝʩʪʚʦ ʟʘʜʘʯ ʜʣʷ 
ʵʬʬʝʢʪʠʚʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ 
[5]. ʂ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʠʟ ʥʠʭ ʦʪʥʦʩʷʪʩʷ ʢʦʤʧʣʝʢʩʥʦʝ 
ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʝʜʠʥʦʡ ʮʠʬʨʦ-
ʚʦʡ ʩʠʩʪʝʤʳ ʤʝʥʝʜʞʤʝʥʪʘ ʢʘʯʝʩʪʚʘ, ʘ ʪʘʢʞʝ ʩʦʚʝʨ-
ʰʝʥʩʪʚʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʟʘʛʨʫʟʢʠ ʠʟʜʝʣʠʡ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʘʚʘʪʴ ʢ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʦʪʦʨ-
ʥʳʤ ʣʠʥʠʷʤ, ʚ ʟʘʜʘʥʥʦʤ ʧʦʣʦʞʝʥʠʠ ʠ ʩ ʪʨʝʙʫʝʤʳʤʠ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʠ ʥʘʜʝʞʥʦʩʪʴʶ [6].  
ʈʝʰʝʥʠʝ ʜʘʥʥʳʭ ʟʘʜʘʯ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ 

ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ ʚʳʙʦʨ ʪʝʭʥʦʣʦʛʠʯʝ-
ʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʘʨʘʤʝʪʨʦʚ ʢʘʯʝʩʪʚʘ 
ʠʟʜʝʣʠʡ, ʧʦʩʪʨʦʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʨʦ-
ʮʝʩʩʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠ-
ʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 
ʢʘʯʝʩʪʚʘ ʠʟʜʝʣʠʡ, ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 
ʠʩʩʣʝʜʦʚʘʥʠʡ. 
ɸʥʘʣʠʟ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, 

ʤʘʩʩʦʚʦ ʚʳʧʫʩʢʘʶʱʠʭ ʠʟʜʝʣʠʷ, ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ 
ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʠʣʠ ʬʦʨʤʘʣʴʥʳʤ 
ʚʥʝʜʨʝʥʠʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʢʘ-
ʯʝʩʪʚʦʤ [7ï9]. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʪʩʫʪʩʪʚʠʶ ʩʪʘʙʠʣʴʥʦ-
ʛʦ ʢʘʯʝʩʪʚʘ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʡ ʠ, ʢʘʢ 
ʩʣʝʜʩʪʚʠʝ, ʚʳʩʦʢʦʡ ʜʦʣʝ ʙʨʘʢʘ ʚ ʚʳʧʫʩʢʘʝʤʳʭ ʧʘʨʪʠ-
ʷʭ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ. ɼʘʥʥʘʷ ʩʠʪʫʘʮʠʷ ʷʚʣʷʝʪʩʷ ʥʝ-
ʜʦʧʫʩʪʠʤʦʡ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʠ ʪʨʝ-
ʙʫʝʪ ʢʦʨʝʥʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ ʩʦʟʜʘʥʠʝʤ 
ʩʦʚʨʝʤʝʥʥʦʡ ʩʠʩʪʝʤʳ ʤʝʥʝʜʞʤʝʥʪʘ ʢʘʯʝʩʪʚʘ. ʊʘʢʘʷ 
ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʮʠʬʨʦʚʳʝ 
ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʨʝʜʩʪʚʘ ʮʠʬʨʦʚʠʟʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ 
ʩʦʙʠʨʘʪʴ, ʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴ ʠ ʦʙʨʘʙʘʪʳʚʘʪʴ ʙʦʣʴʰʠʝ 
ʤʘʩʩʠʚʳ ʜʘʥʥʳʭ. 
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ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʣʦ-
ʛʠʠ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠʟʜʝʣʠʡ ʤʘʩʩʦʚʳʭ ʧʨʦʠʟ-
ʚʦʜʩʪʚ ʚ ʬʦʨʤʝ ʢʦʣʧʘʯʢʘ ʠ ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤ ʠʭ ʘʚ-
ʪʦʤʘʪʠʯʝʩʢʦʡ ʟʘʛʨʫʟʢʠ ʥʘ ʙʘʟʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʜʠʩʢʦ-
ʚʳʭ ʙʫʥʢʝʨʥʳʭ ʟʘʛʨʫʟʦʯʥʦ-ʦʨʠʝʥʪʠʨʫʶʱʠʭ 
ʫʩʪʨʦʡʩʪʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʙʝʩʧʝʯʠʪʴ ʩʪʘʙʠʣʴʥʫʶ ʠ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʫʶ ʟʘʛʨʫʟʢʫ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 
ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʚʳʪʷʞʢʠ ʟʘʛʦʪʦʚʦʢ,  
ʩʙʦʨʢʠ, ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʠʟʜʝʣʠʡ ʠ ʜʨʫʛʠʭ ʦʧʝʨʘʮʠʡ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʈʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʳʭ 
ʟʘʜʘʯ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʙʱʠʭ ʧʨʠʥʮʠʧʦʚ 
ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʠ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʠ. 

ʆʙʱʘʷ ʢʦʥʮʝʧʮʠʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠʟʜʝʣʠʡ 

ʤʘʩʩʦʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚ ʚ ʬʦʨʤʝ ʢʦʣʧʘʯʢʘ 

ʧʨʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʟʘʛʨʫʟʢʝ 

ʆʩʥʦʚʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʢʦʤʧʣʝʢʩʥʦʡ ʤʝʪʦ-
ʜʦʣʦʛʠʠ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠʟʜʝʣʠʡ ʤʘʩʩʦʚʳʭ 
ʧʨʦʠʟʚʦʜʩʪʚ ʷʚʣʷʶʪʩʷ ʮʝʣʠ, ʟʘʜʘʯʠ, ʟʘʢʦʥʳ ʠ ʧʨʠʥ-
ʮʠʧʳ, ʤʝʪʦʜʳ ʠ ʬʫʥʢʮʠʠ, ʪʝʭʥʦʣʦʛʠʷ ʠ ʧʨʘʢʪʠʢʘ 
ʫʧʨʘʚʣʝʥʠʷ.  
ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʦʙʝʩ-

ʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʧʨʠ ʪʨʘ-
ʜʠʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʜʝʣʠʡ, ʪʘʢ ʠ 
ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʥʦʚʳʭ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʩʪʨʝʤʠʪʴʩʷ ʢ 
ʪʦʤʫ, ʯʪʦʙʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ 
ʠʟʜʝʣʠʷ ʥʝ ʙʳʣ ʤʘʪʝʨʠʘʣʦʝʤʢʠʤ, ʵʥʝʨʛʦʝʤʢʠʤ ʠ 
ʦʙʝʩʧʝʯʠʚʘʣ ʟʘʜʘʥʥʳʝ ʩʚʦʡʩʪʚʘ ʠʟʜʝʣʠʡ. ʅʘʧʨʠʤʝʨ, 
ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʩʪʘʣʴʥʳʭ ʠʟʜʝʣʠʡ ʚ ʬʦʨʤʝ ʢʦʣʧʘʯ-
ʢʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦ-
ʮʝʩʩ ʩ ʢʣʶʯʝʚʦʡ ʦʧʝʨʘʮʠʝʡ ʧʦʣʫʛʦʨʷʯʝʛʦ ʚʳʜʘʚʣʠʚʘ-
ʥʠʷ ʠʟ ʧʨʫʪʢʘ (ʨʠʩ. 1).  

 
ʘ 

        
ʙ 

ʈʠʩ. 1. ʕʪʘʧʳ ʜʚʫʭʩʪʦʨʦʥʥʝʛʦ ʧʦʣʫʛʦʨʷʯʝʛʦ  

ʚʳʜʘʚʣʠʚʘʥʠʷ (ʘ) ʠ ʛʦʪʦʚʦʝ ʠʟʜʝʣʠʝ ʚ ʬʦʨʤʝ 

ʢʦʣʧʘʯʢʘ (ʙ) 

Fig. 1. Double-sided semi-hot extrusion stages (a)  

and cap-shaped finished product (ʙ) 

ʀʟʛʦʪʦʚʣʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʠʟʜʝʣʠʷ ʦʩʫ-
ʱʝʩʪʚʣʷʝʪʩʷ ʠʟ ʩʪʘʣʴʥʦʛʦ ʧʨʫʪʢʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 
[10]. ʉʪʘʣʴʥʦʡ ʧʨʫʪʦʢ ʥʘʨʝʟʘʝʪʩʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʟʘʛʦ-
ʪʦʚʢʠ 1, ʢʦʪʦʨʳʝ ʩʥʘʯʘʣʘ ʧʦʜʚʝʨʛʘʶʪʩʷ ʭʠʤʠʯʝʩʢʦʡ ʠ 
ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ, ʘ ʟʘʪʝʤ ʥʘ ʧʨʝʩʩʝ ʩ ʧʦʤʦʱʴʶ 

ʚʝʨʭʥʝʛʦ ʧʫʘʥʩʦʥʘ 2 ʠ ʥʠʞʥʝʛʦ ʧʫʘʥʩʦʥʘ 3 ʦʩʫʱʝʩʪʚ-
ʣʷʝʪʩʷ ʧʦʣʫʛʦʨʷʯʝʝ ʚʳʜʘʚʣʠʚʘʥʠʝ ʩ ʨʘʟʜʘʯʝʡ, ʨʝʟʫʣʴ-
ʪʘʪʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʛʦʪʦʚʦʝ ʠʟʜʝʣʠʝ ʚ ʬʦʨʤʝ 
ʢʦʣʧʘʯʢʘ 4. ɻʦʪʦʚʦʝ ʠʟʜʝʣʠʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʦʣʞʥʦ 
ʧʦʜʘʚʘʪʴʩʷ ʚ ʪʨʝʙʫʝʤʦʤ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤ ʧʦʣʦʞʝʥʠʠ 
ʥʘ ʨʘʙʦʯʠʝ ʧʦʟʠʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 
(ʥʘʧʨʠʤʝʨ, ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʚʳʪʷʞʢʠ, ʩʙʦʨʢʠ, ʫʧʘ-
ʢʦʚʢʠ) ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝ-
ʩʢʦʡ ʟʘʛʨʫʟʢʠ (ʨʠʩ. 2). 

 

ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʟʘʛʨʫʟʢʠ 

ʰʪʫʯʥʳʭ ʠʟʜʝʣʠʡ 

Fig. 2. Structure of the automatic feeding system 

ʉʠʩʪʝʤʘ ʟʘʛʨʫʟʢʠ ʩʦʩʪʦʠʪ ʠʟ ʙʫʥʢʝʨʥʦʛʦ ʟʘʛʨʫ-
ʟʦʯʥʦ-ʦʨʠʝʥʪʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ 1 ʜʣʷ ʦʨʠʝʥʪʠʨʦ-
ʚʘʥʠʷ ʠʟʜʝʣʠʡ, ʚʢʣʶʯʘʶʱʝʛʦ  ʟʘʭʚʘʪʳʚʘʶʱʠʡ (1.1), 
ʦʨʠʝʥʪʠʨʫʶʱʠʡ (1.2), ʙʫʥʢʝʨʥʳʡ (1.3) ʠ ʫʧʨʘʚʣʷʶ-
ʱʠʡ (1.4) ʤʝʭʘʥʠʟʤʳ, ʦʨʛʘʥʳ ʜʣʷ ʟʘʭʚʘʪʘ (1.5), ʧʨʠ-
ʚʦʜ (1.6) ʠ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ (1.7), ʪʨʘʥʩʧʦʨʪʥʦʛʦ 
ʫʩʪʨʦʡʩʪʚʘ 2 ʜʣʷ ʧʦʜʘʯʠ ʠʟʜʝʣʠʡ ʚ ʩʠʩʪʝʤʫ, ʥʘʢʦʧʠ-
ʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 3 ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʧʘʩʘ ʠʟʜʝ-
ʣʠʡ ʠʟ-ʟʘ ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ ʙʫʥʢʝʨʥʦ-
ʛʦ ʟʘʛʨʫʟʦʯʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʚʳʜʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ 4 
ʜʣʷ ʩʠʥʭʨʦʥʥʦʡ ʧʦʜʘʯʠ ʠʟʜʝʣʠʡ ʢ ʨʘʙʦʯʠʤ ʦʨʛʘʥʘʤ 
ʦʙʦʨʫʜʦʚʘʥʠʷ, ʜʘʪʯʠʢʦʚ ʢʦʥʪʨʦʣʷ ʫʨʦʚʥʷ ʟʘʩʳʧʢʠ 
ʟʘʛʦʪʦʚʦʢ ʚ ʙʫʥʢʝʨʝ ʙʫʥʢʝʨʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʦʙʝʩʧʝ-
ʯʠʚʘʶʱʝʛʦ ʥʝʦʙʭʦʜʠʤʳʡ ʟʘʧʘʩ ʟʘʛʦʪʦʚʦʢ (S1) ʠ ʧʝ-
ʨʝʧʦʣʥʝʥʠʷ (ʠʣʠ ʦʧʦʨʦʞʥʝʥʠʷ) ʥʘʢʦʧʠʪʝʣʴʥʦʛʦ 
ʫʩʪʨʦʡʩʪʚʘ ʠʟʜʝʣʠʷʤʠ (S2), ʘ ʪʘʢʞʝ ʧʨʠʚʦʜʘ (ʄ). 
ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʝ ʙʫʥʢʝʨʥʦʝ ʟʘʛʨʫʟʦʯʥʦ-

ʦʨʠʝʥʪʠʨʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʩ ʢʨʠʚʦʣʠʥʝʡʥʳʤ ʢʦʧʠʨʦʤ 
ʜʣʷ ʠʟʜʝʣʠʡ ʚ ʬʦʨʤʝ ʢʦʣʧʘʯʢʘ ʠ ʝʛʦ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪ-
ʨʳ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 3 [11]. ʇʨʠʥʮʠʧ ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦ-
ʚʘʥʠʷ ʦʩʥʦʚʘʥ ʥʘ ʩʤʝʱʝʥʠʠ ʮʝʥʪʨʘ ʤʘʩʩ. ʀʟʜʝʣʠʷ ʫʜʝʨ-
ʞʠʚʘʶʪʩʷ ʚ ʦʨʛʘʥʝ ʟʘʭʚʘʪʘ, ʝʩʣʠ ʠʭ ʮʝʥʪʨ ʤʘʩʩ ʨʘʩʧʦʣʘ-
ʛʘʝʪʩʷ ʥʠʞʝ ʢʨʘʡʥʝʡ ʚʝʨʭʥʝʡ ʪʦʯʢʠ ʟʘʭʚʘʪʳʚʘʶʱʝʛʦ 
ʦʨʛʘʥʘ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʦʥʠ ʚʳʧʘʜʘʶʪ ʠʟ ʦʨʛʘʥʦʚ 
ʟʘʭʚʘʪʘ ʚ ʧʨʦʮʝʩʩʝ ʧʘʩʩʠʚʥʦʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ, ʢʦʪʦ-
ʨʳʡ ʚ ʨʘʟʣʠʯʥʳʭ ʙʫʥʢʝʨʥʳʭ ʟʘʛʨʫʟʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ 
ʨʝʘʣʠʟʫʝʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ [12].  


