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ʉɽʂʎʀʗ 1. ʇʆɺɽʈʍʅʆʉʊʔ ʄɸʊɽʈʀɸʃʆɺ: 

ʉɺʆʁʉʊɺɸ ʀ ʉʆɺʈɽʄɽʅʅʓɽ ʄɽʊʆɼʓ ʆɹʈɸɹʆʊʂʀ 

ʋɼʂ 621.923 

ɽ. ɺ. ʄʘʨʢʦʚʘ*1 
ʊʫʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʫʣʘ 
*nbf62@yandex.ru 

ʌʆʈʄʀʈʆɺɸʅʀɽ ʅɸʇʈʗɾɽʅʅʆɻʆ ʉʆʉʊʆʗʅʀʗ  

ɺ ʇʆɺɽʈʍʅʆʉʊʅʆʄ ʉʃʆɽ ʉʊɸʃɽʁ ʇʆʉʃɽ ʐʃʀʌʆɺɸʅʀʗ 

ʈʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʨʝʞʫʱʠʭ ʟʝʨʝʥ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʩʪʘʣʝʡ. ʆʧʨʝʜʝʣʝʥʘ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʧʣʘʚʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʰʣʠʬʦʚʘʥʠʝ, ʥʘʧʨʷʞʝʥʠʝ, ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ, 

ʘʣʤʘʟʥʦʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʰʣʠʬʦʚʘʥʠʝ.  

E. V. Markova 

THE FORMATION OF THE STRESS STATE IN THE SURFACE  

LAYER OF STEELS AFTER GRINDING 

The influence of the cutting grains on the formation of tensile stresses in 

the surface layer of steels were investigated in the present article. The 

appropriateness of surface treatment of alloys were determined. 

Keywords: grinding, stress, surface layer, electrochemical diamond 

grindin. 

ɺ ʢʘʯʝʩʪʚʝ ʬʠʥʠʰʥʦʛʦ ʤʝʪʦʜʘ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ ʰʣʠʬʦʚʘʥʠʷ. ʆʩʪʨʳʝ ʢʨʦʤʢʠ ʟʝʨʝʥ ʩʨʝʟʘʶʪ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʷ ʩʣʦʡ ʤʝʪʘʣʣʘ. ʂʘʞʜʦʝ ʟʝʨʥʦ, ʫʜʝʨʞʠʚʘʝʤʦʝ 

ʩʚʷʟʫʶʱʠʤ ʤʘʪʝʨʠʘʣʦʤ ʥʘ ʧʝʨʠʬʝʨʠʠ ʰʣʠʬʦʚʘʣʴʥʦʛʦ ʢʨʫʛʘ, ʨʘʙʦʪʘʝʪ ʢʘʢ 

ʟʫʙ ʬʨʝʟʳ, ʩʥʠʤʘʷ ʩʪʨʫʞʢʫ ʧʝʨʝʤʝʥʥʦʛʦ ʩʝʯʝʥʠʷ. ʐʣʠʬʦʚʘʥʠʝ ʚʝʜʝʪʩʷ 

ʧʨʠ ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ, ʧʦʵʪʦʤʫ ʚ ʟʦʥʝ ʨʝʟʘʥʠʷ ʚʦʟʥʠʢʘʝʪ ʚʳʩʦʢʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ (ʜʦ 1000ï1500 Üʉ) [1; 2]. ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥ ʧʦʚʝʨʭʥʦʩʪʥʳʡ 

ʩʣʦʡ ʩʪʘʣʝʡ 30ʍʈɸ ʠ 30ʍʅ2ʄʌɸ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʰʣʠʬʦʚʘʥʠʷ, 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʣʠʨʦʚʘʥʠʷ ʠ ʘʣʤʘʟʥʦʛʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ 

ʰʣʠʬʦʚʘʥʠʷ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʫʙʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ 

ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʇʨʠ ʵʪʦʤ 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʚʝʣʠʯʠʥʘ ʬʠʟʠʯʝʩʢʦʛʦ ʫʰʠʨʝʥʠʷ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʣʠʥʠʡ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʟʦʥʘʣʴʥʳʭ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʦʚʦʜʠʣʦʩʴ 

ʨʝʥʪʛʝʥʦʤʝʪʨʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ. 

                                                           

1 É ʄʘʨʢʦʚʘ ɽ. ɺ., 2016 
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ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʘʩʪʷʛʠʚʘʶʱʠʭ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʰʣʠʬʦʚʘʥʠʷ. 

ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ 

ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʜʝʪʘʣʝʡ ʰʣʠʬʦʚʘʥʠʷ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʪʦʣʴʢʦ ʩ ʫʯʝʪʦʤ 

ʚʦʟʤʦʞʥʳʭ ʥʝʛʘʪʠʚʥʳʭ ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ, ʢʦʪʦʨʳʡ 

ʥʝʦʙʭʦʜʠʤʦ ʫʜʘʣʷʪʴ ʦʧʝʨʘʮʠʝʡ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʣʠʨʦʚʘʥʠʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʧʨʠʤʝʥʝʥʠʝ ʦʧʝʨʘʮʠʠ ʘʣʤʘʟʥʦʛʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʰʣʠʬʦʚʘʥʠʷ, 

ʢʦʪʦʨʦʝ ʥʝ ʜʘʣʦ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʝʥʴʰʠʤʠ ʩʫʙʩʪʨʫʢʪʫʨʥʳʤʠ ʠʩʢʘʞʝʥʠʷʤʠ. 

ʇʨʦʚʝʜʝʥʠʝ ʜʶʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʪʘʣʠ ʧʦʢʘʟʘʣʦ ʧʦʚʳʰʝʥʠʝ 

ʟʥʘʯʝʥʠʡ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʚʩʝʭ ʦʙʨʘʟʮʦʚ 

ʠʩʩʣʝʜʫʝʤʳʭ ʩʪʘʣʝʡ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʦʧʝʨʘʮʠʠ ʰʣʠʬʦʚʘʥʠʷ. ʀʟʤʝʥʝʥʠʝ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʧʦʩʣʝ ʰʣʠʬʦʚʘʥʠʷ ʠʤʝʝʪ ʪʦʪ ʞʝ 

ʪʨʝʥʜ, ʯʪʦ ʠ ʠʟʤʝʥʝʥʠʝ ʪʚʝʨʜʦʩʪʠ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʩ ʧʦʟʠʮʠʡ 

ʥʝʢʦʪʦʨʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʧʣʦʪʥʦʩʪʠ ʜʝʬʝʢʪʦʚ ʠ ʤʠʢʨʦʠʩʢʘʞʝʥʠʡ. 
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ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʧʨʦʬ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ ɺ. ʃ. ʉʪʝʙʣʷʥʢʦ 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʆʉʆɹɽʅʅʆʉʊɽʁ ʇʆʂʈʓʊʀʁ, ʌʆʈʄʀʈʋɽʄʓʍ 

ʇʈʀ ʇʃɸɿʄɽʅʅʆ-ʕʃɽʂʊʈʆʃʀʊʅʆʁ ʆɹʈɸɹʆʊʂɽ ʇʆɺɽʈʍʅʆʉʊʀ 

ʄɽʊɸʃʃʆʀɿɼɽʃʀʁ  

ɺ ʨʘʙʦʪʝ ʠʟʫʯʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʮʠʥʢʦʚʳʭ, ʤʝʜʥʳʭ ʠ ʪʠʪʘʥʦʚʳʭ 

ʧʦʢʨʳʪʠʡ, ʬʦʨʤʠʨʫʝʤʳʭ ʧʨʠ ʧʣʘʟʤʝʥʥʦ-ʵʣʝʢʪʨʦʣʠʪʥʦʡ ʦʙʨʘʙʦʪʢʝ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʭʦʣʦʜʥʦʢʘʪʘʥʦʡ ʣʝʥʪʳ ʠ ʩʚʘʨʦʯʥʦʡ ʧʨʦʚʦʣʦʢʠ. ʆʧʨʝʜʝʣʝʥʦ, 

ʯʪʦ ʧʣʘʟʤʝʥʥʦ-ʵʣʝʢʪʨʦʣʠʪʥʳʝ ʧʦʢʨʳʪʠʷ ʠʤʝʶʪ ʩʣʦʞʥʳʡ ʤʠʢʨʦʨʝʣʴʝʬ ʠ 

ʩʦʩʪʦʷʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʯʠʩʪʦʛʦ ʤʝʪʘʣʣʘ, ʥʦ ʚʤʝʩʪʝ ʩ ʪʝʤ ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʘʣʣʘ ʧʦʢʨʳʪʠʷ ʩ ʤʝʪʘʣʣʦʤ ʦʩʥʦʚʳ, ʘ ʪʘʢʞʝ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʣʦʷ ʚʥʫʪʨʠ ʧʦʢʨʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʧʦʢʨʳʪʠʷ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ ʘʜʛʝʟʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʣʘʟʤʝʥʥʦ-ʵʣʝʢʪʨʦʣʠʪʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʤʝʪʘʣʣʠʯʝʩʢʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʧʦʢʨʳʪʠʝ, ʭʦʣʦʜʥʦʢʘʪʘʥʘʷ ʣʝʥʪʘ, ʩʚʘʨʦʯʥʘʷ ʧʨʦʚʦʣʦʢʘ. 

A. P. Ponomarev, A. E. Gulin 

THE STUDY OF COATINGS FORMED BY  

PLASMA-ELECTROLYTIC TREATMENT OF METALWARE SURFACE 

The research presents features of zinc, copper and titanium coatings 

formed by plasma-electrolytic treatment on surface of cold rolled strip and 

welding wire. It was determined that plasma-electrolytic coatings have a 

complex microrelief and consist mainly of pure metal but at the same time 

compounds of the coating metal with the base metal and a diffusion layer within 

the coated surface are formed. As a result the coatings exhibit high adhesion 

properties. 

Keywords: plasma-electrolytic treatment, metal surface, coating, cold 

rolled strip, welding wire. 

ɺʘʞʥʳʤ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʧʨʠʨʦʜʳ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ 

ʧʣʘʟʤʝʥʥʦ-ʵʣʝʢʪʨʦʣʠʪʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ, ʷʚʣʷʝʪʩʷ 

ʠʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʦʝʥʠʷ ʠ ʩʚʦʡʩʪʚ ʧʦʢʨʳʪʠʡ, ʬʦʨʤʠʨʫʝʤʳʭ ʚ ʭʦʜʝ 

ʪʘʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʃʘʙʦʨʘʪʦʨʠʠ ʩʣʦʠʩʪʳʭ 

ʢʦʤʧʦʟʠʪʦʚ ʠ ʧʦʢʨʳʪʠʡ ʄɻʊʋ ʠʤ. ɻ. ʀ. ʅʦʩʦʚʘ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ʧʨʦʬʝʩʩʦʨʘ ɺ. ʃ. ʉʪʝʙʣʷʥʢʦ.  

                                                           

2É ʇʦʥʦʤʘʨʝʚ ɸ. ʇ., ɻʫʣʠʥ ɸ. ɽ., 2016 
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ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʩʪʨʫʡʥʳʡ ʤʝʪʦʜ (ʧʦʜʘʯʘ ʵʣʝʢʪʨʦʣʠʪʘ 

ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʷ ʚ ʘʥʦʜʝ) ʠ ʤʝʪʦʜ ʧʦʛʨʫʞʝʥʠʷ ʘʥʦʜʘ ʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ 

ʠʟʜʝʣʠʷ ʚ ʚʘʥʥʫ ʩ ʵʣʝʢʪʨʦʣʠʪʦʤ ʧʨʠ ʥʘʥʝʩʝʥʠʠ ʧʦʢʨʳʪʠʡ ʧʣʘʟʤʝʥʥʦ-

ʵʣʝʢʪʨʦʣʠʪʥʳʤ ʩʧʦʩʦʙʦʤ. ɺʳʧʦʣʥʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʮʠʥʢʦʚʳʭ, ʪʠʪʘʥʦʚʳʭ ʠ ʤʝʜʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʭʦʣʦʜʥʦʢʘʪʘʥʦʡ ʣʝʥʪʝ ʠʟ 

ʩʪʘʣʠ ʤʘʨʢʠ 08ʧʩ ʠ ʩʚʘʨʦʯʥʦʡ ʧʨʦʚʦʣʦʢʝ ʜʠʘʤʝʪʨʦʤ 1,2 ʤʤ ʠʟ ʩʪʘʣʠ ʤʘʨʢʠ 

ʉʚ-08ɻ2ʉ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʨʠ ʫʚʝʣʠʯʝʥʠʷʭ 1000 ʠ ʙʦʣʝʝ ʢʨʘʪ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʎʂʇ ʅʀʀ ʅʘʥʦʩʪʘʣʝʡ ʧʨʠ ʌɻɹʆʋ ɺʆ çʄʘʛʥʠʪʦʛʦʨʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻ. ʀ. ʅʦʩʦʚʘè ʥʘ 

ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ JSM 6490 LV. 

ʄʠʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ (ʄʈʉɸ) ʚʳʧʦʣʥʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʧʝʮʠʘʣʴʥʦʡ ʧʨʠʩʪʘʚʢʠ ʢ ʩʢʘʥʠʨʫʶʱʝʤʫ ʤʠʢʨʦʩʢʦʧʫ ï ʩʠʩʪʝʤʳ INCA 

Energy. ʄʠʢʨʦʨʝʣʴʝʬ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʨʳʪʠʡ ʠʟʫʯʝʥ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ 

ʟʦʥʜʦʚʦʤ ʤʠʢʨʦʩʢʦʧʝ çʌʝʤʪʦʉʢʘʥè ʆʬʠʩʘ ʫʩʣʫʛ ʧʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʶ 

ʌɻɹʆʋ ɺʆ çʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ɻ. ʀ. ʅʦʩʦʚʘè. ɸʥʘʣʠʟ ʧʦʢʨʳʪʠʡ ʤʝʪʦʜʦʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ 

ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ (ɼʉʂ-ʘʥʘʣʠʟ) ʚʳʧʦʣʥʝʥ ʚ ʃʘʙʦʨʘʪʦʨʠʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʫʧʘʢʦʚʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢʘʬʝʜʨʳ ʍʠʤʠʠ 

ʌɻɹʆʋ ɺʆ çʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ɻ. ʀ. ʅʦʩʦʚʘè ʥʘ ʧʨʠʙʦʨʝ ʩʠʥʭʨʦʥʥʦʛʦ (ʩʦʚʤʝʱʝʥʥʦʛʦ) 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ 

ʢʘʣʦʨʠʤʝʪʨʠʠ (ʊɻ/ɼʉʂ) STA 449 F3 Jupiter. 

ʇʨʦʚʝʜʝʥʥʳʝ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ɼʉʂ-

ʘʥʘʣʠʟ ʮʠʥʢʦʚʳʭ ʧʦʢʨʳʪʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʣʘʟʤʝʥʥʦ-ʵʣʝʢʪʨʦʣʠʪʥʳʤ 

ʩʧʦʩʦʙʦʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʴʥʦʡ ʣʝʥʪʳ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʢʨʳʪʠʝ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʦʩʪʦʠʪ ʠʟ ʯʠʩʪʦʛʦ ʮʠʥʢʘ (ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʡ ʧʠʢ ʥʘ 

ʢʨʠʚʦʡ ɼʉʂ ʩ ʥʘʯʘʣʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 414,3 ÁC), ʥʦ ʥʘ ʛʨʘʥʠʮʝ ʧʦʢʨʳʪʠʷ 

ʩʦ ʩʪʘʣʴʥʦʡ ʦʩʥʦʚʦʡ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʞʝʣʝʟʦʮʠʥʢʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

[4], ʢʦʪʦʨʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʡ ʧʠʢ ʥʘ ʢʨʠʚʦʡ ɼʉʂ ʩ 

ʥʘʯʘʣʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 522,9 ÁC (ʨʠʩ. 1, 2). ɼʘʥʥʳʡ ʬʘʢʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʩʪʘʜʠʶ ʦʙʲʝʤʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʢʨʳʪʠʷ ʩ ʦʩʥʦʚʦʡ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ 

ʬʦʨʤʠʨʦʚʘʥʠʷ. ʇʠʢʠ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʠʩʧʘʨʝʥʠʶ ʮʠʥʢʘ ʠ ʨʘʟʣʠʯʥʳʤ ʧʨʝʚʨʘʱʝʥʠʷʤ, ʧʨʦʠʩʭʦʜʷʱʠʤ ʚ ʩʪʘʣʠ. 
 

 
ʈʠʩ. 1. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʮʠʥʢʦʚʦʛʦ ʧʦʢʨʳʪʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʣʘʟʤʝʥʥʦ-ʵʣʝʢʪʨʦʣʠʪʥʳʤ 

ʩʧʦʩʦʙʦʤ, ³1000 
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ʈʠʩ. 2. ʂʨʠʚʘʷ ɼʉʂ ʜʣʷ ʦʙʨʘʟʮʘ ʩ ʮʠʥʢʦʚʳʤ ʧʦʢʨʳʪʠʝʤ, ʧʦʣʫʯʝʥʥʳʤ ʧʣʘʟʤʝʥʥʦ-

ʵʣʝʢʪʨʦʣʠʪʥʳʤ ʩʧʦʩʦʙʦʤ 

 

ʂʨʠʚʘʷ ɼʉʂ (ʨʠʩ. 2) ʠʤʝʝʪ ʵʢʩʪʨʝʤʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ʄʘʢʩʠʤʫʤ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 690 ÁC. ʅʘʣʠʯʠʝ ʵʪʦʛʦ ʤʘʢʩʠʤʫʤʘ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʦ ʧʦʣʥʦʤ ʨʘʩʧʣʘʚʣʝʥʠʠ ʠʩʧʳʪʫʝʤʦʛʦ 

ʦʙʨʘʟʮʘ, ʚʢʣʶʯʘʷ ʯʠʩʪʳʡ ʮʠʥʢ ʠ ʨʘʟʣʠʯʥʳʝ ʞʝʣʝʟʦʮʠʥʢʦʚʳʝ ʬʘʟʳ, 

ʧʦʩʢʦʣʴʢʫ ʪʝʧʣʦʝʤʢʦʩʪʴ ʞʠʜʢʦʩʪʠ ʙʦʣʴʰʝ, ʯʝʤ ʪʚʝʨʜʦʛʦ ʚʝʱʝʩʪʚʘ. ʇʦʩʣʝ 

ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʫʤʘ ʢʨʠʚʘʷ ʥʘʯʠʥʘʝʪ ʩʥʠʞʘʪʴʩʷ ʚ ʩʪʦʨʦʥʫ ʫʤʝʥʴʰʝʥʠʷ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ. ʉʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʩʚʷʟʘʥʘ ʩ 

ʥʘʯʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʪʚʝʨʜʦʛʦ ʧʦʢʨʳʪʠʷ. ʋ ʧʦʢʨʳʪʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ 

ʧʣʘʟʤʝʥʥʦ-ʵʣʝʢʪʨʦʣʠʪʥʳʤ ʩʧʦʩʦʙʦʤ, ʥʘʙʣʶʜʘʶʪʩʷ ʥʝʚʳʩʦʢʠʝ ʩʢʦʨʦʩʪʴ 

ʩʥʠʞʝʥʠʷ ʠ ʚʝʣʠʯʠʥʘ ʫʤʝʥʴʰʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʧʦʩʣʝ ʧʝʨʝʭʦʜʘ ʚ 

ʞʠʜʢʦʝ ʩʦʩʪʦʷʥʠʝ. ʕʪʦ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʝʛʦ 

ʩʪʨʫʢʪʫʨʘ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠʙʣʠʞʝʥʘ ʢ ʞʠʜʢʦʩʪʠ, ʪʦ ʝʩʪʴ ʦʥʘ ʠʤʝʝʪ 

ʘʤʦʨʬʥʳʡ ʭʘʨʘʢʪʝʨ. 

ɸʥʘʣʦʛʠʯʥʳʝ ʵʬʬʝʢʪʳ ʠʤʝʶʪ ʤʝʩʪʦ ʠ ʧʨʠ ʥʘʥʝʩʝʥʠʠ ʤʝʜʥʦʛʦ 

ʧʦʢʨʳʪʠʷ ʧʣʘʟʤʝʥʥʦ-ʵʣʝʢʪʨʦʣʠʪʥʳʤ ʩʧʦʩʦʙʦʤ ʥʘ ʩʚʘʨʦʯʥʫʶ ʧʨʦʚʦʣʦʢʫ 

(ʨʠʩ. 3). 

 

ʈʠʩ. 3. ʂʨʠʚʘʷ ɼʉʂ ʜʣʷ ʦʙʨʘʟʮʘ ʩ ʤʝʜʥʳʤ ʧʦʢʨʳʪʠʝʤ, ʧʦʣʫʯʝʥʥʳʤ ʧʣʘʟʤʝʥʥʦ-

ʵʣʝʢʪʨʦʣʠʪʥʳʤ ʩʧʦʩʦʙʦʤ 
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ɻʨʘʥʠʮʘ çʧʦʢʨʳʪʠʝ ï ʦʩʥʦʚʘè ʩʦʩʪʦʠʪ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʞʝʣʝʟʦʤʝʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʨʘʟʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʞʝʣʝʟʘ ʠ ʤʝʜʠ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʧʨʠʩʫʪʩʪʚʠʝ ʥʘ ʢʨʠʚʦʡ ɼʉʂ ʜʣʷ ʵʪʦʛʦ ʩʣʦʷ ʨʷʜʘ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʭ ʧʠʢʦʚ ʚ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 900 ʜʦ 1300 ÁC. ʇʨʠʩʫʪʩʪʚʠʝ ʞʝʣʝʟʘ ʠ ʤʝʜʠ ʚ 

ʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʧʦʜʪʚʝʨʞʜʝʥʦ ʄʈʉɸ (ʨʠʩ. 4). 

 

 

ʘ 

 

ʙ 

ʈʠʩ. 4. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ (ʘ) ʠ ʤʠʢʨʦʨʝʥʪʛʝʥʦʚʩʢʠʡ ʩʧʝʢʪʨ (ʙ) ʤʝʜʥʦʛʦ ʧʦʢʨʳʪʠʷ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʧʣʘʟʤʝʥʥʦ-ʵʣʝʢʪʨʦʣʠʪʥʳʤ ʩʧʦʩʦʙʦʤ 

 

ʇʦʚʝʨʭʥʦʩʪʴ ʧʣʘʟʤʝʥʥʦ-ʵʣʝʢʪʨʦʣʠʪʥʦʛʦ ʧʦʢʨʳʪʠʷ ʠʤʝʝʪ ʩʣʦʞʥʳʡ 

ʤʠʢʨʦʨʝʣʴʝʬ (ʨʠʩ. 5) ʩ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʚʧʘʜʠʥʘʤʠ ʠ ʚʳʩʪʫʧʘʤʠ. 

ʄʝʪʦʜʦʤ ʩʢʘʥʠʨʫʶʱʝʡ ʟʦʥʜʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ 

ʧʦʣʫʯʝʥʥʳʝ ʧʣʘʟʤʝʥʥʦ-ʵʣʝʢʪʨʦʣʠʪʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʢʨʳʪʠʷ ʚ ʦʩʥʦʚʥʦʤ 

ʦʪʥʦʩʷʪʩʷ ʢ 9 ʢʣʘʩʩʫ ʰʝʨʦʭʦʚʘʪʦʩʪʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʤʝʜʥʦʛʦ ʧʦʢʨʳʪʠʷ 

ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʧʨʦʬʠʣʷ ʩʦʩʪʘʚʠʣʦ ʦʢʦʣʦ 0,220 ʤʢʤ. 

ʏʘʩʪʴ ʤʝʪʘʣʣʘ ʧʦʢʨʳʪʠʷ ʠʤʧʣʘʥʪʠʨʫʝʪʩʷ ʚ ʦʩʥʦʚʫ. ʀʩʩʣʝʜʦʚʘʥʠʷ, 

ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ʮʠʥʢʦʚʳʭ ʠ ʪʠʪʘʥʦʚʳʭ ʧʣʘʟʤʝʥʥʦ- ʣɻʝʢʪʨʦʣʠʪʥʳʭ 

ʧʦʢʨʳʪʠʷʭ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʛʣʫʙʠʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʤʝʪʘʣʣʘ ʧʦʢʨʳʪʠʷ ʚ 

ʦʩʥʦʚʫ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 20 ʤʢʤ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʧʣʘʟʤʝʥʥʦ-

ʵʣʝʢʪʨʦʣʠʪʥʳʝ ʧʦʢʨʳʪʠʷ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʯʪʦ 

ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʥʘ ʠʟʛʠʙ ʥʘ 180Á [1; 2], 

ʚʳʧʦʣʥʝʥʥʳʭ ʧʦ ɻʆʉʊ 14019ï2003 çʄʘʪʝʨʠʘʣʳ ʤʝʪʘʣʣʠʯʝʩʢʠʝ. ʄʝʪʦʜ 

ʠʩʧʳʪʘʥʠʷ ʥʘ ʠʟʛʠʙè [3]. 
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ʈʠʩ. 5. ʊʨʝʭʤʝʨʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ (ʘ) ʠ ʧʨʦʬʠʣʴ ʧʦʚʝʨʭʥʦʩʪʠ (ʙ) ʤʝʜʥʦʛʦ ʧʦʢʨʳʪʠʷ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʧʣʘʟʤʝʥʥʦ-ʵʣʝʢʪʨʦʣʠʪʥʳʤ ʩʧʦʩʦʙʦʤ 

 

ʇʦʣʫʯʝʥʠʝ ʚʳʩʦʢʦʧʨʦʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʦʢʨʳʪʠʷ ʩ ʦʩʥʦʚʦʡ 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʤʝʜʥʝʥʥʦʡ 

ʩʚʘʨʦʯʥʦʡ ʧʨʦʚʦʣʦʢʠ. ʅʝʜʦʩʪʘʪʦʯʥʦʝ ʩʮʝʧʣʝʥʠʝ ʧʦʢʨʳʪʠʷ ʩ ʦʩʥʦʚʦʡ 

ʧʨʠʚʦʜʠʪ ʢ ʟʘʙʠʚʘʥʠʶ ʤʫʥʜʰʪʫʢʦʚ ʩʚʘʨʦʯʥʳʭ ʘʧʧʘʨʘʪʦʚ ʚ ʧʦʪʦʯʥʳʭ 

ʣʠʥʠʷʭ ʩʚʘʨʢʠ, ʯʪʦ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʩʨʦʢʝ 

ʩʣʫʞʙʳ ʘʧʧʘʨʘʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʦʤʝʜʥʝʥʥʦʡ 

ʧʣʘʟʤʝʥʥʦ-ʵʣʝʢʪʨʦʣʠʪʥʳʤ ʩʧʦʩʦʙʦʤ ʩʚʘʨʦʯʥʦʡ ʧʨʦʚʦʣʦʢʠ ʧʦʢʘʟʘʣʠ 
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ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʦʪʩʣʦʝʥʠʷ ʧʦʢʨʳʪʠʷ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʝʛʦ ʚʳʩʦʢʦʤ 

ʢʘʯʝʩʪʚʝ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʌʦʥʜʘ ʩʦʜʝʡʩʪʚʠʷ ʨʘʟʚʠʪʠʶ 

ʤʘʣʳʭ ʬʦʨʤ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʩʬʝʨʝ (ɼʦʛʦʚʦʨ ˉ 

7547ɻʋ2/2015 ʦʪ 11.09.2015). 
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ʊʀʊɸʅ-ʄɽɼʅʓɽ ʉʇʃɸɺʓ, ʇʆʃʋʏɽʅʅʓɽ ʄɽʊʆɼʆʄ ɼʋɻʆɺʆɻʆ 

ʇɽʈɽʇʃɸɺɸ ɺ ɸʊʄʆʉʌɽʈɽ ɸʈɻʆʅɸ 

ɺ ʨʘʙʦʪʝ ʤʝʪʦʜʦʤ ʜʫʛʦʚʦʛʦ ʧʝʨʝʧʣʘʚʘ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʘ ʠ ʤʝʜʠ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ. ʈʝʟʫʣʴʪʘʪʳ 

ʜʶʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʤʝʜʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʳʡ ʨʦʩʪ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʩʧʣʘʚʦʚ. ɹʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʣʝʛʠʨʦʚʘʥʠʠ ʪʠʪʘʥʘ ʤʝʜʴʶ ʧʨʦʯʥʦʩʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʣʘʚʦʚ ʧʦʚʳʰʘʶʪʩʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʫʛʦʚʦʡ ʧʝʨʝʧʣʘʚ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ, ʪʠʪʘʥ-

ʤʝʜʥʳʝ ʩʧʣʘʚʳ, ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ. 

E. V. Terekhina, E. V. Khaybulin, S. V. Pozdnyakov 

TITANIUM -COPPER ALLOYS OBTAINED BY ARC MELTING IN Ar 

In research by arc melting in Ar was produced titanium-copper alloys of 

various concentrations. Results of microhardness test have shown that increase 

of copper concentration results in gradual growth of microhardness. It was 

established that alloying of titanium by copper improves strength properties of 

titanium.  

Keywords: arc melting in Ar, titanium-copper alloys, microhardness. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʠʪʘʥ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʙʣʘʜʘʷ ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʚʳʩʦʢʘʷ 

ʧʨʦʯʥʦʩʪʴ ʠ ʤʘʣʘʷ ʫʜʝʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ, ʪʠʪʘʥ ʧʦʣʫʯʠʣ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʝ, ʩʫʜʦʩʪʨʦʝʥʠʠ ʠ ʪʨʘʥʩʧʦʨʪʥʦʤ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ. ʊʠʪʘʥ ʩʪʦʝʢ ʚ ʤʦʨʩʢʦʡ ʚʦʜʝ ʠ ʥʘ ʚʦʟʜʫʭʝ, ʘ ʪʘʢʞʝ 

ʦʪʣʠʯʥʦ ʩʦʧʨʦʪʠʚʣʷʝʪʩʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʢʘʚʠʪʘʮʠʠ ʠ ʜʝʡʩʪʚʠʶ HNO3 

ʣʶʙʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʢʠʩʣʦʪ ʠ ʚ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ 

ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʪʠʪʘʥʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 0,13 ʤʤ/ʛʦʜ [1; 2]. ɻʣʘʚʥʳʤʠ 

ʥʝʜʦʩʪʘʪʢʘʤʠ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ʷʚʣʷʶʪʩʷ ʥʠʟʢʘʷ ʧʨʦʯʥʦʩʪʴ, 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʠ ʞʘʨʦʧʨʦʯʥʦʩʪʴ. ʇʦʣʫʯʝʥʠʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʘ ʧʦʟʚʦʣʷʝʪ ʫʩʪʨʘʥʠʪʴ ʜʘʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʠ 

ʨʘʩʰʠʨʠʪʴ ʝʛʦ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ [3]. 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʘ ʠ 

ʤʝʜʠ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ. ʀʩʧʦʣʴʟʫʷ ʜʠʘʛʨʘʤʤʫ ʩʦʩʪʦʷʥʠʷ 

                                                           

3É ʊʝʨʝʭʠʥʘ ɽ. ɺ., ʍʘʡʙʫʣʠʥ ɽ. ɺ., ʇʦʟʜʥʷʢʦʚ ʉ. ɺ., 2016 
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ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʳ TiïCu, ʙʳʣʠ ʚʳʙʨʘʥʳ 10 ʭʠʤʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʨʘʟʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʘʪʦʤʥʳʭ ʤʘʩʩ ʪʠʪʘʥʘ ʠ ʤʝʜʠ. ʄʝʜʥʦ-

ʪʠʪʘʥʦʚʳʝ ʩʧʣʘʚʳ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʜʫʛʦʚʦʛʦ 

ʧʝʨʝʧʣʘʚʘ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ. ɼʣʷ ʧʦʣʫʯʝʥʥʳʭ ʩʧʣʘʚʦʚ ʠʟʫʯʘʣʠ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʧʪʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʠ ʵʣʝʤʝʥʪʥʳʡ 

ʩʦʩʪʘʚ ʤʝʪʦʜʦʤ ʤʠʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ (ʄʈʉɸ), ʘ ʪʘʢʞʝ 

ʦʧʨʝʜʝʣʷʣʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʦ ʤʝʪʦʜʫ ɺʠʢʢʝʨʩʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʄʈʉɸ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʚ ʩʧʣʘʚʘʭ 

ʠʟʤʝʥʷʣʦʩʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 20 (TiïCu-1) ʜʦ 78 (TiïCu-10) ʘʪ. %.  

ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʳ ʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʦʚ ʩ ʤʠʥʠʤʘʣʴʥʳʤ (TiïCu-1) ʠ 

ʤʘʢʩʠʤʘʣʴʥʳʤ (TiïCu-10) ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʜʠ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʜʠ ʚ ʩʧʣʘʚʝ ʩʪʨʫʢʪʫʨʘ ʧʝʨʝʭʦʜʠʪ ʠʟ ʜʝʥʜʨʠʪʥʦʛʦ ʩʪʨʦʝʥʠʷ 

(ʨʠʩ. 1, ʘ) ʚ ʩʪʨʫʢʪʫʨʫ ʧʣʘʩʪʠʥʯʘʪʦʛʦ ʪʠʧʘ (ʨʠʩ. 1, ʙ). 

 

 

ʘ 

 

ʙ 

ʈʠʩ. 1. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʦʚ TiïCu-1 (ʘ) ʠ TiïCu-10 (ʙ) 

 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʚʳʧʦʣʥʝʥ ʜʶʨʦʤʝʪʨʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʩʧʣʘʚʦʚ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ 

ʦʪ ʩʦʩʪʘʚʘ ʩʧʣʘʚʦʚ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ  

TiïCu ʙʳʣ ʚʳʙʨʘʥ ʤʝʪʦʜ ʧʦ ɺʠʢʢʝʨʩʫ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ 50 ʠʟʤʝʨʝʥʠʷʤ ʜʣʷ ʢʘʞʜʦʡ ʩʝʨʠʠ ʦʙʨʘʟʮʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʦʩʪʝʧʝʥʥʦʤ 

ʨʦʩʪʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʩʧʣʘʚʦʚ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʜʠ (ʨʠʩ. 2). 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʙʳʣʘ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʜʣʷ ʦʙʨʘʟʮʦʚ TiïCu-7 

ʠ TiïCu-8 ʠ ʩʦʩʪʘʚʠʣʘ 524 HV. ʆʜʥʘʢʦ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʤʝʜʠ ʙʦʣʝʝ  

68 ʘʪ. % ʫʨʦʚʝʥʴ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʣʩʷ ʜʦ 430ï440 HV.  
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ʈʠʩ. 2. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦ ɺʠʢʢʝʨʩʫ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʙʦʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʝ ʩʧʣʘʚʳ 

ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʘ ʠ ʤʝʜʠ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʜʠ (20ï78 ʘʪ. %). 

ʈʝʟʫʣʴʪʘʪʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʜʠ ʜʦ 68 ʘʪ. % ʧʨʠʚʦʜʠʪ ʢ ʧʦʩʪʝʧʝʥʥʦʤʫ ʨʦʩʪʫ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 524 HV. 
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1957. ʉ. 147. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʊʆʅʂʆʁ ʉʊʈʋʂʊʋʈʓ ʂɸʈɹʆʅʀʊʈʀʈʆɺɸʅʅʆɻʆ 

ʉʃʆʗ ʉʈɽɼʅɽʋɻʃɽʈʆɼʀʉʊʆʁ ʉʊɸʃʀ 

ʄʝʪʦʜʘʤʠ ʩʢʘʥʠʨʫʶʱʝʡ ʠ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʠʟʫʯʝʥʘ ʩʪʨʫʢʪʫʨʘ ʢʘʨʙʦʥʠʪʨʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʠ 

ʛʝʪʝʨʦʬʘʟʥʦʡ ʟʦʥʳ ʚ ʩʨʝʜʥʝʫʛʣʝʨʦʜʠʩʪʦʡ ʣʝʛʠʨʦʚʘʥʥʦʡ ʩʪʘʣʠ 38ʍʄɸ. 

ʇʦʢʘʟʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʥʘʩʳʱʝʥʠʠ 

ʩʪʘʣʠ ʘʟʦʪʦʤ ʠ ʫʛʣʝʨʦʜʦʤ ʬʘʟ.  

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʨʝʜʥʝʫʛʣʝʨʦʜʠʩʪʘʷ ʩʪʘʣʴ, ʢʘʨʙʦʥʠʪʨʘʮʠʷ, 

ʛʝʪʝʨʦʬʘʟʥʘʷ ʟʦʥʘ, ʢʘʨʙʦʥʠʪʨʠʨʦʚʘʥʥʳʡ ʩʣʦʡ. 

A. V. Stepanchukova, E. Yu. Priymak, I. L. Yakovleva, N. A. Tereshhenko 

THIN STRUCTURE OF CARBONITRIDED LAYER  

OF MEDIUM-CARBON STEEL 

Methods of the optical, scanning and translucent electronic microscopy 

have studied structure of a carbonization layer and heterophase zone in the 

medium-carbon alloyed steel 38HMA. It is shown the features of distribution 

formed at steel saturation by nitrogen and carbon of phases. 

Keywords: medium-carbon steel, carbonization, heterophase zone, 

carbonization layer. 

ʂʘʨʙʦʥʠʪʨʘʮʠʷ ï ʦʜʠʥ ʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʠ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʚ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʩʧʦʩʦʙʦʚ ʭʠʤʠʢʦ-ʪʝʨʤʠʯʝʩʢʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʉʫʪʴ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʩʳʱʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʝʡ 

ʘʟʦʪʦʤ ʠ ʫʛʣʝʨʦʜʦʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʛʨʝʚʘ ʚ ʨʘʩʧʣʘʚʝ ʩʦʣʝʡ ʥʘ ʦʩʥʦʚʝ 

ʮʠʘʥʘʪʘ ʠ ʢʘʨʙʦʥʘʪʘ ʢʘʣʠʷ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 540ï560 Üʉ [1]. ɺ ʠʪʦʛʝ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʨʤʠʨʫʝʪʩʷ ʫʧʨʦʯʥʝʥʥʳʡ ʩʣʦʡ, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʛʦ ʠʤʝʝʪ 

ʩʣʦʞʥʦʝ ʩʪʨʦʝʥʠʝ ʠ ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ ʟʦʥ ʩ ʨʘʟʣʠʯʥʳʤ ʬʘʟʦʚʳʤ 

ʩʦʩʪʘʚʦʤ. ʉʦʩʪʘʚ ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʢʘʨʙʦʥʠʪʨʘʮʠʠ ʬʘʟ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʜʠʘʛʨʘʤʤʘʤ ʩʦʩʪʦʷʥʠʷ FeïFe3C ʠ FeïN [1; 2]. ʆʩʥʦʚʥʳʤʠ ʩʪʘʙʠʣʴʥʳʤʠ 

ʬʘʟʘʤʠ ʚ ʩʠʩʪʝʤʝ FeïN ʷʚʣʷʶʪʩʷ ɔô-ʬʘʟʘ Fe4N ʠ e-ʬʘʟʘ ʧʝʨʝʤʝʥʥʦʛʦ 

ʩʦʩʪʘʚʘ ʪʠʧʘ Fe3N, ʦʙʣʘʜʘʶʱʘʷ ʟʘʤʝʪʥʦʡ ʦʙʣʘʩʪʴʶ ʛʦʤʦʛʝʥʥʦʩʪʠ. ɺ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʚ ʫʧʨʦʯʥʝʥʥʦʤ ʩʣʦʝ ʤʦʛʫʪ ʦʪʩʫʪʩʪʚʦʚʘʪʴ ʦʪʜʝʣʴʥʳʝ 

                                                           

4É ʉʪʝʧʘʥʯʫʢʦʚʘ ɸ. ɺ., ʇʨʠʡʤʘʢ ɽ. ʖ., ʗʢʦʚʣʝʚʘ ʀ. ʃ., ʊʝʨʝʱʝʥʢʦ ʅ. ɸ., 2016 
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ʟʦʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʘʟʘʤ ʩ ʫʟʢʦʡ ʦʙʣʘʩʪʴʶ ʛʦʤʦʛʝʥʥʦʩʪʠ ʥʘ 

ʜʠʘʛʨʘʤʤʝ ʩʦʩʪʦʷʥʠʷ.  

ʋʧʨʦʯʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʠ ʧʦʩʣʝ ʢʘʨʙʦʥʠʪʨʘʮʠʠ ʠ ʚ ʢʦʥʝʯʥʦʤ 

ʠʪʦʛʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʠʟʜʝʣʠʷ ʟʘʚʠʩʷʪ ʢʘʢ ʦʪ ʩʪʨʦʝʥʠʷ 

ʢʘʨʙʦʥʠʪʨʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ, ʪʘʢ ʠ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʥʘʩʳʱʘʝʤʦʛʦ 

ʤʘʪʝʨʠʘʣʘ [1]. ʇʦʵʪʦʤʫ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʢʘʨʙʦʥʠʪʨʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ, ʘ ʪʘʢʞʝ ʝʛʦ ʬʘʟʦʚʦʛʦ 

ʩʦʩʪʘʚʘ, ʪʘʢ ʢʘʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʩʚʝʜʝʥʠʷ ʦʙ ʵʪʦʤ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʪʩʫʪʩʪʚʫʶʪ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ 

ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʥʘʩʳʱʘʝʤʦʛʦ ʩʣʦʷ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʨʠ ʢʘʨʙʦʥʠʪʨʘʮʠʠ ʚ 

ʩʨʝʜʥʝʫʛʣʝʨʦʜʠʩʪʦʡ ʣʝʛʠʨʦʚʘʥʥʦʡ ʩʪʘʣʠ ʤʘʨʢʠ 38ʍʄɸ. 

ʀʩʩʣʝʜʦʚʘʥʠʶ ʧʦʜʚʝʨʛʘʣʠʩʴ ʦʙʨʘʟʮʳ ʩʨʝʜʥʝʫʛʣʝʨʦʜʠʩʪʦʡ 

ʣʝʛʠʨʦʚʘʥʥʦʡ ʩʪʘʣʠ ʤʘʨʢʠ 38ʍʄɸ ʨʘʟʤʝʨʦʤ 10Ĭ4Ĭ15 ʤʤ, ʧʦʜʚʝʨʛʥʫʪʳʝ 

ʢʘʨʙʦʥʠʪʨʘʮʠʠ. ʂʘʨʙʦʥʠʪʨʘʮʠʶ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʨʘʩʧʣʘʚʝ ʩʦʣʝʡ ʩʦʩʪʘʚʘ: 

80% K2CO3 ʠ 20% KCNO ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 560 Üʉ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ï 

180 ʤʠʥʫʪ. 

ʄʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʨʦʚʦʜʠʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʚʝʪʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Nikon ECLIPSE MA 100 ʠ 

ʩʢʘʥʠʨʫʶʱʝʛʦ ʤʠʢʨʦʩʢʦʧʘ SEOL JSM-6460LV.  

ʕʣʝʢʪʨʦʥʥʦʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʥʢʠʭ ʬʦʣʴʛ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʤʠʢʨʦʩʢʦʧʝ JEM-200CX ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʤʥʦʧʦʣʴʥʦʛʦ ʠ 

ʤʠʢʨʦʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ.  

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ 

ʄɼ-10 ʚ Co-ʠʟʣʫʯʝʥʠʠ. ʊʦʣʱʠʥʘ ʩʣʦʷ ʤʘʪʝʨʠʘʣʘ, ʦʪʨʘʞʘʶʱʝʛʦ 75 % 

ʠʟʣʫʯʝʥʠʷ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʲʝʤʢʠ, ʩʦʩʪʘʚʣʷʝʪ 16 ʤʢʤ.  

ʇʦ ʜʘʥʥʳʤ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʨʙʦʥʠʪʨʠʨʦʚʘʥʥʳʡ ʩʣʦʡ 

ʥʘʭʦʜʠʪʩʷ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʚʠʜʝ 

ʩʣʘʙʦʪʨʘʚʷʱʝʡʩʷ ʩʚʝʪʣʦʡ ʧʦʣʦʩʳ ʥʘ ʬʦʥʝ 

ʙʦʣʝʝ ʪʝʤʥʦʛʦ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ (ʨʠʩ. 2, ʘ). 

ʀʟʦʙʨʘʞʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʩʣʦʷ, ʧʦʣʫʯʝʥʥʦʝ ʚ 

ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ 

ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2, ʙ. ɺʠʜʥʦ, ʯʪʦ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ 

ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʩʣʦʠʩʪʳʡ ʢʦʤʧʦʟʠʪ. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚ 

ʢʘʨʙʦʥʠʪʨʠʨʦʚʘʥʥʦʤ ʩʣʦʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ 

ʧʦʨʠʩʪʘʷ ʟʦʥʘ, ʙʦʛʘʪʘʷ ʦʢʠʩʣʘʤʠ; 

ʙʦʣʴʰʠʥʩʪʚʦ ʧʦʨ ʦʨʠʝʥʪʠʨʦʚʘʥʦ ʥʦʨʤʘʣʴʥʦ 

ʢ ʧʦʚʝʨʭʥʦʩʪʠ. ʋ ʩʪʘʣʠ 38ʍʄɸ ʥʘʙʣʶʜʘʝʪʩʷ 

ʤʠʥʠʤʘʣʴʥʘʷ ʧʦʨʠʩʪʦʩʪʴ ʩʣʦʷ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʠʩʫʪʩʪʚʠʝʤ ʭʨʦʤʘ ʠ 

 

 
ʘ 

 
ʙ 

ʈʠʩ. 1. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʪʘʣʠ 

38ʍʄɸ ʧʦʩʣʝ ʢʘʨʙʦʥʠʪʨʘʮʠʠ 

ʧʨʠ 560 Üʉ ʚ ʪʝʯʝʥʠʝ 90 ʤʠʥ 
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ʤʦʣʠʙʜʝʥʘ ʚ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʵʪʦʡ ʩʪʘʣʠ, ʢʦʪʦʨʳʝ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʤʝʥʴʰʘʶʪ ʩʢʣʦʥʥʦʩʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʨ, ʪʝʤ ʩʘʤʳʤ ʧʦʚʳʰʘʷ ʢʘʯʝʩʪʚʦ 

ʢʘʨʙʦʥʠʪʨʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ. 

 

  
ʘ ʙ 

ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʘ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ ʩʪʘʣʠ 38ʍʄɸ: ʘ ï ʩʚʝʪʣʦʧʦʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ;  

ʙ ï ʪʝʤʥʦʧʦʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʨʝʬʣʝʢʩʝ (013) Fe3C 

ʕʣʝʢʪʨʦʥʥʦʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ 

ʩʪʨʫʢʪʫʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʛʝʪʝʨʦʬʘʟʥʦʡ ʟʦʥʳ ʩʪʘʣʠ 38ʍʄɸ ʧʦʩʣʝ 

ʢʘʨʙʦʥʠʪʨʘʮʠʠ. ʉʪʨʫʢʪʫʨʘ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʦʪʧʫʱʝʥʥʳʡ ʤʘʨʪʝʥʩʠʪ, ʚ ʢʦʪʦʨʦʤ ʥʘ ʬʦʥʝ çʙʳʚʰʠʭè ʤʘʨʪʝʥʩʠʪʥʳʭ ʨʝʝʢ 

ʚʠʜʥʳ ʚʳʜʝʣʝʥʠʷ ʢʘʨʙʠʜʥʦʡ ʬʘʟʳ (ʨʠʩ. 2).  

 

  
ʘ ʙ 

  
ʚ ʛ 

ʈʠʩ. 3. ʉʪʨʫʢʪʫʨʘ ʛʝʪʝʨʦʬʘʟʥʦʡ ʟʦʥʳ ʩʪʘʣʠ 38ʍʄɸ ʧʦʩʣʝ ʢʘʨʙʦʥʠʪʨʘʮʠʠ:  

ʘ ï ʩʚʝʪʣʦʧʦʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ; ʙ ï ʪʝʤʥʦʧʦʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʨʝʬʣʝʢʩʝ (200) Fe4N; 

ʚ ï ʵʣʝʢʪʨʦʥʦʛʨʘʤʤʘ; ʛ ï ʩʭʝʤʘ ʝʝ ʨʘʩʰʠʬʨʦʚʢʠ: ǒ ï ʨʝʬʣʝʢʩʳ Ŭ-ʞʝʣʝʟʘ; 

 ƺ ï ʨʝʬʣʝʢʩʳ Fe4N 

 

ɻʝʪʝʨʦʬʘʟʥʳʡ ʩʣʦʡ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 

20ï30 ʤʢʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩ. 3). ʆʩʥʦʚʫ ʩʪʨʫʢʪʫʨʳ ʩʦʩʪʘʚʣʷʝʪ Ŭ-ʬʘʟʘ. 

ʅʘ ʩʚʝʪʣʦʧʦʣʴʥʳʭ ʠʟʦʙʨʘʞʝʥʠʷʭ ʚʠʜʥʳ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʪʷʞʝʥʥʳʝ ʦʙʣʘʩʪʠ 
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ʢʨʠʩʪʘʣʣʦʚ Ŭ-ʬʘʟʳ (ʨʠʩ. 3, ʘ), ʚʥʫʪʨʠ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʝ ʚʳʜʝʣʝʥʠʷ. 

ʅʘ ʵʣʝʢʪʨʦʥʦʛʨʘʤʤʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʝʬʣʝʢʩʳ ʬʝʨʨʠʪʘ ʠ ʢʫʙʠʯʝʩʢʦʡ 

ʬʘʟʳ Fe4N; (ʨʠʩ. 3, ʚ, ʛ). ʏʝʨʝʟ ʨʝʬʣʝʢʩʳ ʤʘʪʨʠʯʥʦʡ Ŭ-ʬʘʟʳ ʧʨʦʭʦʜʷʪ ʪʷʞʠ, 

ʠʭ ʥʘʣʠʯʠʝ ʥʘ ʤʠʢʨʦʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʤ ʚʳʜʝʣʝʥʠʠ ʥʠʪʨʠʜʥʦʡ ʬʘʟʳ ʚʜʦʣʴ ʧʣʦʩʢʦʩʪʝʡ {100} 

ʨʝʰʝʪʢʠ ʠʩʭʦʜʥʦʛʦ ʬʝʨʨʠʪʘ [3]. ʅʘ ʪʝʤʥʦʧʦʣʴʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ ʚ ʨʝʬʣʝʢʩʝ 

(200) Fe4N ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʨʠʩʪʘʣʣʠʢʠ ʥʠʪʨʠʜʘ ʚ ʚʠʜʝ ʪʦʥʢʠʭ ʧʣʘʩʪʠʥʦʢ 

ʨʘʟʤʝʨʦʤ 10ï20 ʥʤ (ʨʠʩ. 3, ʙ). 

ʈʝʟʫʣʴʪʘʪʳ ʨʝʥʪʛʝʥʦ-

ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʶʪ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʬʘʟʦʚʦʤ 

ʩʦʩʪʘʚʝ ʢʘʨʙʦʥʠʪʨʠʨʦʚʘʥʥʦʛʦ 

ʩʣʦʷ. ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʨʝʥʪʛʝʥʦʛʨʘʤʤʘ ʩ ʧʦʚʝʨʭʥʦʩ-

ʪʠ ʩʪʘʣʠ 38ʍʄɸ, ʧʦʜʚʝʨʛ-

ʥʫʪʦʡ ʢʘʨʙʦʥʠʪʨʘʮʠʠ ʚ 

ʪʝʯʝʥʠʝ 90 ʤʠʥ. ʈʝʥʪʛʝ-

ʥʦʛʨʘʤʤʘ, ʩʥʷʪʘʷ ʚ ʠʥʪʝʨʚʘʣʝ 

ʫʛʣʦʚ 2ɗ = 15ï70 ʛʨʘʜ, 

ʩʦʜʝʨʞʠʪ ʣʠʥʠʠ (101), (102) ʠ 

(103), ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʢʘʨʙʦ-

ʥʠʪʨʠʜʫ ʞʝʣʝʟʘ ʪʠʧʘ Fe3(NC) 

ʩ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʢʨʠʩʪʘʣ-

ʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ, ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʤʝʥʥʦ ʵʪʦʡ 

ʬʘʟʳ ʩʚʷʟʘʥʦ ʫʧʨʦʯʥʝʥʠʝ 

ʢʘʨʙʦʥʠʪʨʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ.  

ʇʦʤʠʤʦ ʧʝʨʝʯʠʩʣʝʥ-

ʥʳʭ, ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʣʠʥʠʠ (220), 

(103), ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʦʢʠʩʣʫ 

ʞʝʣʝʟʘ ʪʠʧʘ Fe3ʆ4 ʠ Fe2ʆ3, 

ʥʘʣʠʯʠʝ ʢʦʪʦʨʳʭ ʦʙʫʩʣʦʚʣʝʥʦ 

ʧʦʨʠʩʪʦʡ ʟʦʥʦʡ.  

ʈʝʥʪʛʝʥʦʛʨʘʤʤʘ, 

ʧʦʣʫʯʝʥʥʘʷ ʩ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ, ʚ ʜʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʫʛʣʦʚ ʩʦʜʝʨʞʠʪ 

ʝʜʠʥʩʪʚʝʥʥʫʶ ʣʠʥʠʶ (110) Ŭ-ʞʝʣʝʟʘ (ʨʠʩ. 4, ʙ).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʘʨʙʦʥʠʪʨʘʮʠʠ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʨʝʜʥʝʫʛʣʝʨʦʜʠʩʪʦʡ ʣʝʛʠʨʦʚʘʥʥʦʡ ʩʪʘʣʠ 38ʍʄɸ 

ʦʙʨʘʟʫʝʪʩʷ ʩʣʦʠʩʪʳʡ ʢʦʤʧʦʟʠʪ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʢʘʨʙʦʥʠʪʨʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ 

ʪʦʣʱʠʥʦʡ 16 ʤʢʤ ʠ ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʧʦʜ ʥʠʤ ʛʝʪʝʨʦʬʘʟʥʦʡ ʟʦʥʳ. 

ʕʣʝʢʪʨʦʥʥʦʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʙʣʘʛʦʜʘʨʷ 

 
ʘ 

 
ʙ 

ʈʠʩ. 4. ʈʝʥʪʛʝʥʦʛʨʘʤʤʘ ʩʪʘʣʠ 38ʍʄɸ ʧʦʩʣʝ 

ʢʘʨʙʦʥʠʪʨʘʮʠʠ ʧʨʠ 560 Üʉ ʚ ʪʝʯʝʥʠʝ 90 ʤʠʥ:  

ʘ ï ʩ ʧʦʚʝʨʭʥʦʩʪʠ; ʙ ï ʩ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ 
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ʧʦʚʳʰʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʘ ʚ ʛʝʪʝʨʦʬʘʟʥʦʡ ʟʦʥʝ ʚʳʜʝʣʷʶʪʩʷ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʝ ʧʣʘʩʪʠʥʯʘʪʳʝ ʯʘʩʪʠʮʳ ʥʠʪʨʠʜʥʦʡ ʬʘʟʳ Fe4N, ʢʦʪʦʨʳʝ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʜʦʣʴ ʧʣʦʩʢʦʩʪʝʡ {100} ʆʎʂ-ʨʝʰʝʪʢʠ Ŭ-

ʬʘʟ.r ɼʘʥʥʳʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʜʪʚʝʨʜʠʣʠ ʥʘʣʠʯʠʝ ʚ ʩʣʦʝ 

ʢʘʨʙʦʥʠʪʨʠʜʘ ʞʝʣʝʟʘ ʪʠʧʘ Fe3(N,C), ʠ Fe4(N,C), ʩʧʦʩʦʙʩʪʚʫʶʱʝʛʦ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʠ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʢʘʨʙʦʥʠʪʨʠʜʥʦʛʦ 

ʩʣʦʷ. 
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ʦʨʠʛʠʥʘʣʴʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʂʉ. 
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Yu. A. Ezhov, L. M. Zheleznyak 

IMPROVE THE QUALITY OF CONTINUOUS CAST INGOTS  

OF COMPLEXLY-ALLOYED BRASSES AND BRONZES 

In order to eliminate the disadvantages of the known sliding crystallizers 

(SC) and to improve the quality of continuous-cast ingots of complexly-alloyed 

bronzes and brasses with a wide temperature range of crystallization under 

production conditions, there was implemented an original SC. 

Keywords: copper alloys, wide temperature range of crystallization, 

liabilit y to hot brittleness, continuous casting, two-chamber sliding crystallizer. 

ɺ ʢʦʥʩʪʨʫʢʮʠʷʭ ʦʜʥʦʢʘʤʝʨʥʳʭ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʦʚ ʩʢʦʣʴʞʝʥʠʷ (ʜʘʣʝʝ 

ʧʦ ʪʝʢʩʪʫ ï ʂʉ) ʙʣʦʯʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʧʝʨʚʠʯʥʦʝ 

ʧʨʷʤʦʪʦʯʥʦʝ ʠʣʠ ʧʨʦʪʠʚʦʪʦʯʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʛʠʣʴʟʳ (ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʠ 

ʂʉ), ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢʦʥʪʘʢʪʠʨʫʶʱʝʡ ʩ ʨʘʩʧʣʘʚʦʤ ʠ ʩʣʫʞʘʱʝʡ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʪʝʣʝʤ ʩʣʠʪʢʘ [2]. ʅʝʜʦʩʪʘʪʦʢ ʵʪʠʭ ʂʉ ï ʠʭ ʥʠʟʢʘʷ 

ʥʘʜʝʞʥʦʩʪʴ. ɺ ʜʚʫʭʢʘʤʝʨʥʳʭ ʂʉ, ʩʦʜʝʨʞʘʱʠʭ ʜʦʥʥʫʶ ʯʘʩʪʴ, ʛʠʣʴʟʫ, ʘ 

ʪʘʢʞʝ ʢʦʨʧʫʩ ʩ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʢʘʤʝʨʦʡ ʠ ʢʘʤʝʨʦʡ ʧʝʨʚʠʯʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ, ʨʘʟʜʝʣʝʥʥʳʤʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʪʝʥʢʦʡ, ʜʚʠʞʝʥʠʝ ʦʭʣʘʜʠʪʝʣʷ ʚ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʢʘʤʝʨʝ (ʈʂ) ʧʨʦʪʠʚʦʪʦʯʥʦʝ, ʘ ʚ ʢʘʤʝʨʝ ʧʝʨʚʠʯʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ ï ʧʨʷʤʦʪʦʯʥʦʝ. ʕʪʠ ʂʉ ʣʠʙʦ ʩʦʙʨʘʥʳ ʠʟ ʦʪʜʝʣʴʥʳʭ, 

ʜʦʩʪʘʪʦʯʥʦ ʥʝʧʨʦʩʪʳʭ ʫʟʣʦʚ, ʣʠʙʦ ʜʣʷ ʢʦʤʧʦʥʦʚʢʠ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ 

ʵʣʝʤʝʥʪʦʚ ʦʩʥʘʱʝʥʳ ʬʣʘʥʮʘʤʠ, ʧʨʦʢʣʘʜʢʘʤʠ ʠ ʜʨ., ʩʦʝʜʠʥʷʝʤʳʤʠ 

ʢʨʝʧʝʞʥʳʤʠ ʜʝʪʘʣʷʤʠ; ʚʩʝ ʵʪʦ ʫʩʣʦʞʥʷʝʪ ʩʙʦʨʢʫ ʠ ʩʥʠʞʘʝʪ ʥʘʜʝʞʥʦʩʪʴ 

                                                           

5É ɽʞʦʚ ʖ. ɸ., ɾʝʣʝʟʥʷʢ ʃ. ʄ., 2016 
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ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʥʝʢʦʪʦʨʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʜʚʫʭʢʘʤʝʨʥʳʭ ʂʉ 

ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʘʚʪʦʥʦʤʥʘʷ ʧʦʜʘʯʘ ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ ʚ ʥʠʞʥʶʶ 

ʯʘʩʪʴ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘ, ʯʪʦ, ʢʨʦʤʝ ʦʪʤʝʯʝʥʥʳʭ ʚʳʰʝ ʥʝʜʦʩʪʘʪʢʦʚ, 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʥʦʤʫ ʨʘʩʭʦʜʫ ʚʦʜʳ ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʜʝʣʴʥʦʡ ʝʝ ʧʦʜʘʯʠ, 

ʫʩʣʦʞʥʷʝʪ ʩʠʩʪʝʤʫ ʧʠʪʘʥʠʷ ʠ ʟʘʪʨʫʜʥʷʝʪ ʦʙʩʣʫʞʠʚʘʥʠʝ ʂʉ. 

ʆʙʱʠʡ ʥʝʜʦʩʪʘʪʦʢ ʵʪʠʭ ʫʩʪʨʦʡʩʪʚ ï ʟʥʘʯʠʪʝʣʴʥʘʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ 

ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʧʦ ʩʝʯʝʥʠʶ ʠ ʜʣʠʥʝ ʩʣʠʪʢʘ, ʧʦʨʦʞʜʘʶʱʘʷ 

ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʝ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, 

ʦʩʦʙʝʥʥʦ ʩʣʠʪʢʦʚ ʠʟ ʩʧʣʘʚʦʚ, ʩʢʣʦʥʥʳʭ ʢ ʛʦʨʷʯʝʣʦʤʢʦʩʪʠ, ʠ 

ʚʳʥʫʞʜʘʶʱʘʷ ʩʥʠʞʘʪʴ ʩʢʦʨʦʩʪʴ ʨʘʟʣʠʚʢʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʠʩʧʝʨʩʠʦʥʥʦ ʪʚʝʨʜʝʶʱʝʡ ʣʘʪʫʥʠ ʃɸʅʂʄʮ 

75-2-2,5-0,5-0,5: ʧʦʩʣʝ ʦʙʣʘʛʦʨʘʞʠʚʘʥʠʷ sʚ ʜʦʩʪʠʛʘʝʪ 1030 ʄʇʘ ʧʨʠ 

ʩʦʭʨʘʥʝʥʠʠ  ʥʘ ʫʨʦʚʥʝ 8 % [4]. 

ʉʣʦʞʥʦʣʝʛʠʨʦʚʘʥʥʳʝ ʙʨʦʥʟʳ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʦʙʣʘʜʘʶʪ ʮʝʣʳʤ ʨʷʜʦʤ 

ʚʘʞʥʝʡʰʠʭ ʜʦʩʪʦʠʥʩʪʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʘʣʶʤʠʥʠʝʚʳʝ ʙʨʦʥʟʳ ʤʦʨʦʟʦʩʪʦʡʢʠ, 

ʥʝʤʘʛʥʠʪʥʳ ʠ ʥʝ ʜʘʶʪ ʠʩʢʨʳ ʧʨʠ ʫʜʘʨʘʭ, ʦʥʠ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ 

ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ ʚ ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʤʦʨʩʢʦʡ ʚʦʜʝ, 

ʫʛʣʝʢʠʩʣʳʭ ʨʘʩʪʚʦʨʘʭ, ʚ ʨʘʩʪʚʦʨʘʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ [1]. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʠʭ ʣʝʛʠʨʦʚʘʥʠʝ ʞʝʣʝʟʦʤ ʠ ʤʘʨʛʘʥʮʝʤ ʧʦʚʳʰʘʝʪ 

ʤʝʭʩʚʦʡʩʪʚʘ, ʠʟʤʝʣʴʯʘʝʪ ʟʝʨʥʦ, ʟʘʜʝʨʞʠʚʘʝʪ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʶ. ʀʭ 

ʧʨʦʯʥʦʩʪʴ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʥʘʠʙʦʣʝʝ ʧʨʦʯʥʳʤʠ ʤʘʨʢʘʤʠ 

ʣʘʪʫʥʝʡ, ʥʦ ʚʩʝ ʞʝ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘ: ʪʘʢ,  ˏ ɹʨʦʥʟʳ ɹʨɸɾʅʄʮ 9-4-4-1 ʚ 

ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʜʦʩʪʠʛʘʝʪ 830 ʄʇʘ ʧʨʠ ʚʧʦʣʥʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ 

ʧʣʘʩʪʠʯʥʦʩʪʠ (ŭ = 9ï12 %). 

ʂʦʥʩʪʨʫʢʮʠʷ ʜʚʫʭʢʘʤʝʨʥʦʛʦ ʂʉ ʜʣʷ ʣʠʪʴʷ ʩʣʠʪʢʦʚ ʠʟ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʧʣʘʚʦʚ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʘʷ ʤʥʦʛʠʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʚʩʝ ʞʝ 

ʩʦʜʝʨʞʠʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ, ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʢʦʪʦʨʳʭ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ: 

ʦʙʣʝʛʯʠʪʴ ʩʙʦʨʢʫ ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘ ʧʫʪʝʤ ʫʧʨʦʱʝʥʠʷ 

ʩʠʩʪʝʤʳ ʝʛʦ ʧʠʪʘʥʠʷ ʦʭʣʘʜʠʪʝʣʝʤ, ʫʚʝʣʠʯʠʪʴ ʩʢʦʨʦʩʪʴ ʨʘʟʣʠʚʢʠ ʩʧʣʘʚʦʚ, 

ʩʢʣʦʥʥʳʭ ʢ ʛʦʨʷʯʝʣʦʤʢʦʩʪʠ, ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʩʣʠʪʢʦʚ ʠ ʦʙʝʩʧʝʯʠʪʴ 

ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʂʉ. ʕʪʠ ʟʘʜʘʯʠ ʨʝʰʠʣʠ ʚ ʩʣʝʜʫʶʱʝʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘ (ʩʤ. ʨʠʩ.) [3]. 

ʈʘʙʦʪʘ ʂʉ: ʜʦ ʥʘʯʘʣʘ ʨʘʟʣʠʚʢʠ ʤʝʪʘʣʣʘ ʚʝʥʪʠʣʴ ʥʘ ʧʦʜʚʦʜʷʱʝʤ 

ʪʨʫʙʦʧʨʦʚʦʜʝ ʧʘʪʨʫʙʢʘ 14 ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʚ ʧʦʣʦʞʝʥʠʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ 

ʪʨʝʙʫʝʤʳʡ ʨʘʩʭʦʜ ʦʭʣʘʜʠʪʝʣʷ ʜʣʷ ʚʪʦʨʠʯʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʧʨʠ 

ʧʦʣʫʯʝʥʠʠ ʩʣʠʪʢʦʚ ʜʠʘʤʝʪʨʦʤ 200 ʤʤ ʠʟ ʙʨʦʥʟʳ ɹʨʂʄʎ3-1 ʨʘʩʭʦʜ ʚʦʜʳ 

ʧʨʠʥʠʤʘʶʪ ʨʘʚʥʳʤ 3 ̍Ⱦ̘. ɺʦʜʘ, ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʢʦʪʦʨʦʡ ʧʦʢʘʟʘʥʦ 
ʥʘ ʨʠʩʫʥʢʝ ʩʪʨʝʣʢʘʤʠ, ʧʦʩʪʫʧʘʝʪ ʚ ʧʨʠʝʤʥʫʶ ʢʘʤʝʨʫ 13 ʢʦʨʧʫʩʘ 1 ʦʪ 

ʧʘʪʨʫʙʢʘ 14, ʜʚʠʞʝʪʩʷ ʧʨʦʪʠʚʦʪʦʯʥʳʤ ʩʧʦʩʦʙʦʤ (ʚ ʥʘʧʨʘʚʣʝʥʠʠ, 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʶ ʚʳʪʷʛʠʚʘʥʠʷ ʩʣʠʪʢʘ ʠʟ ʂʉ) ʚʥʫʪʨʠ 

ʧʨʠʝʤʥʦʡ ʢʘʤʝʨʳ 13, ʜʘʣʝʝ ï ʧʨʷʤʦʪʦʯʥʦ ʯʝʨʝʟ ʈʂ 2, ʟʘʪʝʤ ï 

ʧʨʦʪʠʚʦʪʦʯʥʦ ʯʝʨʝʟ ʚʝʨʭʥʶʶ ʢʘʤʝʨʫ 3, ʦʭʣʘʞʜʘʷ ʧʨʠ ʵʪʦʤ ʛʠʣʴʟʫ 8, 
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ʚʳʭʦʜʠʪ ʠʟ ʥʠʞʥʝʡ ʢʘʤʝʨʳ 4 ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʷ 10 ʠ ʦʩʫʱʝʩʪʚʣʷʝʪ ʚʪʦʨʠʯʥʦʝ 

ʦʭʣʘʞʜʝʥʠʝ, ʨʘʩʩʨʝʜʦʪʦʯʝʥʥʦʝ ʧʦ ʧʝʨʠʤʝʪʨʫ ʠ ʜʣʠʥʝ ʩʣʠʪʢʘ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʵʪʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʂʉ ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ. 

ʆʙʣʝʛʯʝʥʠʝ ʩʙʦʨʢʠ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʟʘ ʩʯʝʪ ʥʝʨʘʟʲʝʤʥʦʩʪʠ ʢʦʨʧʫʩʘ, ʣʝʛʢʦʩʪʠ ʤʦʥʪʘʞʘ ʛʠʣʴʟʳ ʚ ʂʉ ʠ ʝʝ 

ʠʟʚʣʝʯʝʥʠʷ ʠ ʪʝʤ ʩʘʤʳʤ ʦʙʣʝʛʯʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʂʉ. 

ʋʧʨʦʱʝʥʠʝ ʩʠʩʪʝʤʳ ʧʠʪʘʥʠʷ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘ ʦʭʣʘʜʠʪʝʣʝʤ 

ʜʦʩʪʠʛʥʫʪʦ ʪʝʤ, ʯʪʦ ʢʦʤʧʦʥʦʚʢʘ ʢʘʥʘʣʦʚ, ʢʘʤʝʨ ʠ ʟʦʥ ʚ ʦʜʥʦʤ 

ʥʝʨʘʟʲʝʤʥʦʤ ʢʦʨʧʫʩʝ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʜʚʦʜ ʚʦʜʳ ʯʝʨʝʟ 

ʝʜʠʥʩʪʚʝʥʥʳʡ ʧʘʪʨʫʙʦʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʢʦʨʧʫʩʝ ʂʉ. 

ʇʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʨʘʟʣʠʚʢʠ ʩʧʣʘʚʦʚ, ʩʢʣʦʥʥʳʭ ʢ ʛʦʨʷʯʝʣʦʤʢʦʩʪʠ, 

ʦʙʝʩʧʝʯʠʣʠ ʨʘʟʜʝʣʝʥʠʝʤ ʟʦʥʳ ʧʝʨʚʠʯʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʥʘ ʜʚʝ ʢʘʤʝʨʳ: ʩ 

ʧʨʦʪʠʚʦʪʦʯʥʳʤ ʜʚʠʞʝʥʠʝʤ ʦʭʣʘʜʠʪʝʣʷ ʚ ʚʝʨʭʥʝʡ 3 ʠ ʧʨʷʤʦʪʦʯʥʳʤ ï ʚ 

ʥʠʞʥʝʡ 4, ʢʦʪʦʨʘʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʣʫʞʠʪ ʢʘʤʝʨʦʡ ʚʪʦʨʠʯʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ, 

ʦʩʫʱʝʩʪʚʣʷʝʤʦʛʦ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʷ ʚ ʥʠʞʥʝʤ ʬʣʘʥʮʝ ʛʠʣʴʟʳ 8.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʚ ʧʝʨʚʠʯʥʦʡ ʟʦʥʝ ʦʭʣʘʜʠʪʝʣʷ ʜʣʷ 

ʚʪʦʨʠʯʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʩʣʠʪʢʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʥʘʟʥʘʯʝʥʥʳʤʠ ʫʛʣʘʤʠ, ʰʘʛʦʤ 

ʠ ʜʠʘʤʝʪʨʦʤ ʦʪʚʝʨʩʪʠʡ ʚ ʥʠʞʥʝʤ ʬʣʘʥʮʝ ʛʠʣʴʟʳ ʦʙʝʩʧʝʯʠʚʘʝʪ: 

ʨʘʩʩʨʝʜʦʪʦʯʝʥʥʫʶ ʤʥʦʛʦʨʷʜʥʫʶ ʧʦʜʘʯʫ ʦʭʣʘʜʠʪʝʣʷ ʥʘ ʩʣʠʪʦʢ, ʧʨʦʜʦʣʴʥʦ-

ʧʦʣʦʩʦʚʦʝ ʦʭʣʘʞʜʝʥʠʝ ʧʦ ʧʝʨʠʤʝʪʨʫ ʩʣʠʪʢʘ ʠ ʫʜʣʠʥʝʥʠʝ ʟʦʥʳ ʚʪʦʨʠʯʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ. 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʦʩʦʙʝʥʥʦ çʤʷʛʢʦʝè ʧʨʦʜʦʣʴʥʦ-

ʧʦʣʦʩʦʚʦʝ, ʨʘʩʩʨʝʜʦʪʦʯʝʥʥʦʝ ʧʦ ʜʣʠʥʝ ʠ ʧʝʨʠʤʝʪʨʫ ʩʣʠʪʢʘ ʦʭʣʘʞʜʝʥʠʝ, 

ʧʦʟʚʦʣʠʣʠ ʧʦʚʳʩʠʪʴ ʩʢʦʨʦʩʪʴ ʨʘʟʣʠʚʢʠ ʩʧʣʘʚʦʚ, ʩʢʣʦʥʥʳʭ ʢ 

ʛʦʨʷʯʝʣʦʤʢʦʩʪʠ, ʧʦʣʦʞʠʪʝʣʴʥʦ ʧʦʚʣʠʷʣʠ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʣʠʪʴʷ 

ʟʘ ʩʯʝʪ ʣʠʢʚʠʜʘʮʠʠ ʧʨʦʨʳʚʦʚ ʞʠʜʢʦʛʦ ʤʝʪʘʣʣʘ, ʘ ʪʘʢʞʝ ʧʨʠʚʝʣʠ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʠʪʢʘ. 

ʆʨʠʛʠʥʘʣʴʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʚ ʠʩʪʦʯʥʠʢʝ [3] ʧʦʟʚʦʣʠʣʠ 

ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘ ʠ ʩʥʠʟʠʪʴ ʨʘʩʭʦʜ 

ʦʭʣʘʜʠʪʝʣʷ; ʪʘʢʞʝ ʫʣʫʯʰʝʥ ʪʝʧʣʦʦʪʚʦʜ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʛʠʣʴʟʳ ʚ ʘʚʘʨʠʡʥʦʤ 

ʨʝʞʠʤʝ ʨʘʙʦʪʳ. 

ɼʘʣʝʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʧʳʪʥʦʡ ʧʨʦʚʝʨʢʠ ʠ ʨʘʩʯʝʪ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʨʝʞʠʤʘ ʠʩʧʘʨʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʜʝʡʩʪʚʫʶʱʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʣʷ ʂʉ ʩ ʜʠʘʤʝʪʨʦʤ ʛʠʣʴʟʳ 200 ʤʤ, ʚʳʩʦʪʦʡ 

275 ʤʤ ʠ ʦʪʥʦʰʝʥʠʝʤ ʚʳʩʦʪʳ ʚʝʨʭʥʝʡ ʢʘʤʝʨʳ ʢ ʚʳʩʦʪʝ ʛʠʣʴʟʳ, ʨʘʚʥʦʤ 

0,8ï0,84, ʧʨʠ ʣʠʪʴʝ ʣʘʪʫʥʠ. 

ɼʣʷ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘ ʚʳʩʦʪʦʡ 275 ʤʤ ʧʨʠ ʩʢʦʨʦʩʪʠ ʣʠʪʴʷ ʣʘʪʫʥʠ, 

ʨʘʚʥʦʡ 4 ʤ/ʯ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʢʦʨʢʠ ʟʘʪʚʝʨʜʝʚʰʝʛʦ ʚ 

ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʝ ʤʝʪʘʣʣʘ ʩʦʩʪʘʚʣʷʝʪ 35 ʤʤ. ʈʘʩʯʝʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʘʣʣʘ, ʟʘʪʚʝʨʜʝʚʰʝʛʦ ʚ ʂʉ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, ʩʦʩʪʘʚʣʷʝʪ   

m = 3,039 ʢʛ/ʤʠʥ. ʇʨʦʩʪʳʤ ʨʘʩʯʝʪʦʤ ʧʦʣʫʯʠʣʠ, ʯʪʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʂʉ ʚ 

ʠʩʧʘʨʠʪʝʣʴʥʦʤ ʨʝʞʠʤʝ ʨʘʚʥʦ 7,3 ʤʠʥ. 
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ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʦʚʝʨʢʦʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʧʨʠ ʧʦʣʥʦʤ ʧʨʝʢʨʘʱʝʥʠʠ ʧʦʜʘʯʠ ʚʦʜʳ ʝʝ ʦʙʲʝʤ, ʦʩʪʘʚʰʠʡʩʷ ʚ ʢʘʤʝʨʘʭ, 

ʨʘʚʥʳʡ 4,4 ˑ ,̍ ʦʙʝʩʧʝʯʠʣ ʚ ʘʚʘʨʠʡʥʦʤ ʠʩʧʘʨʠʪʝʣʴʥʦʤ ʨʝʞʠʤʝ 

ʪʝʧʣʦʦʪʚʦʜ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʛʠʣʴʟʳ ʜʦ ʧʦʣʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʦʭʣʘʜʠʪʝʣʷ ʚ 

ʪʝʯʝʥʠʝ 6,5 ʤʠʥ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ (7,3 ʠ 6,5 ʤʠʥ) 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʕʪʦʛʦ ʚʨʝʤʝʥʠ ʚʧʦʣʥʝ 

ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʨʠʥʷʪʠʷ ʤʝʨ ʧʦ ʧʨʝʜʫʧʨʝʞʜʝʥʠʶ ʦʧʘʩʥʦʡ ʩʠʪʫʘʮʠʠ, ʪ.ʝ. 

ʧʨʝʢʨʘʱʝʥʠʷ ʨʘʟʣʠʚʢʠ ʚʦ ʠʟʙʝʞʘʥʠʝ ʥʝʦʙʨʘʪʠʤʦʡ ʪʝʨʤʠʯʝʩʢʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʛʠʣʴʟʳ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʨʠʛʠʥʘʣʴʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘ 

ʩʢʦʣʴʞʝʥʠʷ ʩ ʧʨʠʥʷʪʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʚʳʩʦʪʳ ʚʝʨʭʥʝʡ ʢʘʤʝʨʳ ʧʝʨʚʠʯʥʦʡ 

ʟʦʥʳ ʠ ʚʳʩʦʪʳ ʛʠʣʴʟʳ ʚ ʧʨʝʜʝʣʘʭ 0,7ï0,9 ʧʦʟʚʦʣʷʝʪ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ 

ʨʘʙʦʪʳ ʧʦʣʫʯʠʪʴ ʩʫʤʤʘʨʥʳʡ ʪʝʧʣʦʩʲʝʤ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʛʠʣʴʟʳ, ʙʣʠʟʢʠʡ ʢ 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ, ʠ ʪʝʤ ʨʝʰʠʪʴ ʧʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ, ʦʙʝʩʧʝʯʠʚ 

ʜʦʩʪʠʞʝʥʠʝ ʮʝʣʠ ï ʧʦʣʫʯʝʥʠʝ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʩʣʠʪʢʦʚ ʠʟ ʩʧʣʘʚʦʚ ʩ 

ʰʠʨʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʠʥʪʝʨʚʘʣʦʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʩʢʣʦʥʥʳʭ ʢ 

ʛʦʨʷʯʝʣʦʤʢʦʩʪʠ. 
 

 
ʂʉ ʩʢʦʣʴʞʝʥʠʷ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʣʠʪʴʷ ʩʣʦʞʥʦʣʝʛʠʨʦʚʘʥʥʳʭ ʣʘʪʫʥʝʡ ʠ ʙʨʦʥʟ: 

1 ï ʥʝʨʘʟʲʝʤʥʳʡ ʢʦʨʧʫʩ, 2 ï ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʘʷ ʢʘʤʝʨʘ, 3 ï ʚʝʨʭʥʷʷ ʢʘʤʝʨʘ, 4 ï ʥʠʞʥʷʷ 

ʢʘʤʝʨʘ, 5 ï ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʢʦʣʴʮʝʚʘʷ ʧʝʨʝʛʦʨʦʜʢʘ, 6 ï ʚʝʨʭʥʠʡ ʬʣʘʥʝʮ, 7 ï ʜʦʥʥʘʷ 

ʯʘʩʪʴ, 8 ï ʛʠʣʴʟʘ, 9 ï ʥʠʞʥʠʡ ʬʣʘʥʝʮ, 10 ï ʦʪʚʝʨʩʪʠʷ, 11 ï ʚʝʨʪʠʢʘʣʴʥʳʝ ʢʘʥʘʣʳ,  

12 ï ʵʣʘʩʪʠʯʥʳʝ ʫʧʣʦʪʥʝʥʠʷ, 13 ï ʧʨʠʝʤʥʘʷ ʢʘʤʝʨʘ, 14 ï ʧʘʪʨʫʙʦʢ 
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ɿɸɺʀʉʀʄʆʉʊʔ ʂɸʏɽʉʊɺɸ ʀɿɼɽʃʀʁ ʊʀʇɸ ʐɸʁɹ  

ʇʈʀ ʃʀʉʊʆɺʆʁ ɺʓʈʋɹʂɽ ʆʊ ʍɸʈɸʂʊɽʈʀʉʊʀʂ 

ɼɽʌʆʈʄʀʈʋɽʄʆɻʆ ʄɸʊɽʈʀɸʃɸ ʀ ɺʀɼɸ ʊɽʈʄʆʆɹʈɸɹʆʊʂʀ 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʦʧʝʨʘʮʠʷ ʚʳʨʫʙʢʠ, ʷʚʣʷʶʱʘʷʩʷ 

ʬʦʨʤʦʦʙʨʘʟʫʶʱʝʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʰʘʡʙ ʠʟ ʣʠʩʪʦʚʦʡ ʟʘʛʦʪʦʚʢʠ ʨʘʟʣʠʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ɺʳʷʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʦʪ ʩʦʩʪʦʷʥʠʷ 

ʧʦʩʪʘʚʢʠ ʥʘ ʧʨʠʤʝʨʝ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ɸʄʮ. ʉʦʟʜʘʥ ʩʧʠʩʦʢ ʬʘʢʪʦʨʦʚ, 

ʥʝ ʫʯʠʪʳʚʘʝʤʳʭ ʨʘʥʝʝ ʧʨʠ ʣʠʩʪʦʚʦʡ ʰʪʘʤʧʦʚʢʝ.   

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʠʩʪʦʚʘʷ ʰʪʘʤʧʦʚʢʘ, ʟʘʫʩʝʥʝʮ, ʧʨʦʛʠʙ ʟʘʛʦʪʦʚʢʠ, 

ʩʦʩʪʦʷʥʠʝ ʧʦʩʪʘʚʢʠ.  

Yu. V. Suslova  

THE INFLUENCE OF MATERIAL PROPERTIES AND HEAT 

TREATMENT MODE ON THE QUALITY OF DIE CUT WASHERS 

Analysis of cutting operation, which is forming for washers of sheet 

blanks of different materials is performed. The dependence of the material 

properties of the state of supply on the example of an aluminum alloy 

aluminumïmanganese is revealed. A list of factors that are not accounted for 

earlier in the sheet forming is created. 

Keywords: sheet stamping, burr, flexure of sheet, delivery status. 

ʃʠʩʪʦʚʦʡ ʰʪʘʤʧʦʚʢʦʡ ʧʦʣʫʯʘʶʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʟʜʝʣʠʡ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʰʘʡʙʳ, 

ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʝ ʠʟ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ: ʩʪʘʣʠ, ʩʧʣʘʚʦʚ ʣʝʛʢʠʭ ʠ 

ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ. ʌʦʨʤʦʦʙʨʘʟʫʶʱʝʡ ʦʧʝʨʘʮʠʝʡ ʜʣʷ ʠʭ ʧʦʣʫʯʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʚʳʨʫʙʢʘ. ɺ ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʠʩʪʦʚʘʷ 

ʟʘʛʦʪʦʚʢʘ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʢʨʦʝʥʥʘʷ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʦʧʝʨʘʮʠʠ 

ʣʠʩʪʦʚʦʡ ʰʪʘʤʧʦʚʢʠ. ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʧʨʦʙʣʝʤ ʧʨʠ ʚʳʨʫʙʢʝ ʷʚʣʷʶʪʩʷ 

ʧʦʣʫʯʝʥʠʝ ʟʘʫʩʝʥʮʘ ʠ ʧʨʦʛʠʙ ʟʘʛʦʪʦʚʢʠ.  

ɺ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʦʤ ʚ ʩʨʝʜʝ ʪʝʭʥʦʣʦʛʦʚ ʰʪʘʤʧʦʚʦʯʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ 

ʩʧʨʘʚʦʯʥʠʢʝ ɺ. ʇ. ʈʦʤʘʥʦʚʩʢʦʛʦ [1, ʩ. 24] ʧʦ ʭʦʣʦʜʥʦʡ ʰʪʘʤʧʦʚʢʝ 

ʧʨʠʚʝʜʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʚʳʙʦʨʫ ʟʘʟʦʨʦʚ ʤʝʞʜʫ 

ʩʪʝʥʢʦʡ ʰʪʘʤʧʘ ʠ ʧʫʘʥʩʦʥʦʤ ʧʨʠ ʚʳʨʫʙʢʝ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

                                                           

6 É ʉʫʩʣʦʚʘ ʖ. ɺ., 2016 
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ʅʘʧʨʠʤʝʨ, ʧʨʠ ʚʳʨʫʙʢʝ ʘʣʶʤʠʥʠʝʚʦʛʦ ʣʠʩʪʘ ʪʦʣʱʠʥʦʡ ʜʦ 3 ʤʤ ʩʣʝʜʫʝʪ 

ʥʘʟʥʘʯʠʪʴ ʦʜʥʦʩʪʦʨʦʥʥʠʡ ʟʘʟʦʨ 2ï4%, ʘ ʧʨʠ ʪʦʣʱʠʥʝ ʣʠʩʪʘ 3ï10 ʤʤ ʥʘʜʦ 

ʦʙʝʩʧʝʯʠʪʴ ʟʘʟʦʨ 4ï6 % ʦʪ ʪʦʣʱʠʥʳ. ʇʨʠ ʵʪʦʤ ʥʝ ʫʢʘʟʘʥʦ, ʯʪʦ ʩʣʝʜʫʝʪ 

ʩʜʝʣʘʪʴ ʩ ʟʘʟʦʨʘʤʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʦʩʪʦʷʥʠʷ ʧʦʩʪʘʚʢʠ ʣʠʩʪʘ (ʤʷʛʢʦʝ ʠʣʠ 

ʪʚʝʨʜʦʝ), ʘ ʢʨʦʤʝ ʪʦʛʦ, ʚʠʜʠʤʦ ʚʩʝ ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ ʩʣʝʜʫʝʪ 

ʧʦʜʚʝʨʛʘʪʴ ʰʪʘʤʧʦʚʢʝ ʧʦ ʨʝʮʝʧʪʫ ʜʣʷ ʘʣʶʤʠʥʠʷ. ʆʜʥʘʢʦ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʨʝʟʢʦ ʠʟʤʝʥʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʦʩʪʦʷʥʠʷ ʧʦʩʪʘʚʢʠ, ʠ ʵʪʠʭ ʩʦʩʪʦʷʥʠʡ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʜʘʞʝ ʜʣʷ ʦʜʥʦʛʦ ʩʧʣʘʚʘ. ʅʘʧʨʠʤʝʨ, ɻʆʉʊ 21631 çʃʠʩʪʳ ʠʟ 

ʘʣʶʤʠʥʠʷ ʠ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ. ʊʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷè ʨʝʛʣʘʤʝʥʪʠʨʫʝʪ 

ʩʣʝʜʫʶʱʠʝ ʩʦʩʪʦʷʥʠʷ ʧʦʩʪʘʚʢʠ: 

ʘ) ʧʦ ʩʧʦʩʦʙʫ ʠʟʛʦʪʦʚʣʝʥʠʷ: 

ʥʝʧʣʘʢʠʨʦʚʘʥʥʳʝ ï ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʦʟʥʘʯʝʥʠʷ; 

ʧʣʘʢʠʨʦʚʘʥʥʳʝ ï ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʣʘʢʠʨʦʚʢʦʡ ï ɹ; 

ʩ ʥʦʨʤʘʣʴʥʦʡ ʧʣʘʢʠʨʦʚʢʦʡ ï ɸ, ʩ ʫʪʦʣʱʝʥʥʦʡ ʧʣʘʢʠʨʦʚʢʦʡ ï ʋ; 

ʙ) ʧʦ ʩʦʩʪʦʷʥʠʶ ʤʘʪʝʨʠʘʣʘ: 

ʙʝʟ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ï ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʦʟʥʘʯʝʥʠʷ; 

ʦʪʦʞʞʝʥʥʳʝ ï ʄ; 

ʧʦʣʫʥʘʛʘʨʪʦʚʘʥʥʳʝ ï ʅ2, 

ʥʘʛʘʨʪʦʚʘʥʥʳʝ ï ʅ; 

ʟʘʢʘʣʝʥʥʳʝ ʠ ʝʩʪʝʩʪʚʝʥʥʦ ʩʦʩʪʘʨʝʥʥʳʝ ï ʊ; 

ʟʘʢʘʣʝʥʥʳʝ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʩʪʘʨʝʥʥʳʝ ï ʊ1; 

ʥʘʛʘʨʪʦʚʘʥʥʳʝ ʧʦʩʣʝ ʟʘʢʘʣʢʠ ʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʪʘʨʝʥʠʷ ï ʊʅ. 

ʆʪʩʶʜʘ ʚʠʜʥʦ, ʯʪʦ ʩʚʦʡʩʪʚʘ ʟʘʛʦʪʦʚʢʠ ʠʟ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʩʧʣʘʚʘ 

ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʩʦʚʝʨʰʝʥʥʦ ʨʘʟʣʠʯʥʳʤʠ.  

ʅʘʧʨʠʤʝʨ, ʚʦʟʤʦʞʥʳʡ ʜʠʘʧʘʟʦʥ ʚʨʝʤʝʥʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʣʷ 

ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ɸʄʮ ʩʦʩʪʘʚʣʷʝʪ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʦʷʥʠʷ 

ʧʦʩʪʘʚʢʠ, 90ï185 ʄʇʘ ʧʨʠ ʜʠʘʧʘʟʦʥʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʜʦ 

ʨʘʟʨʫʰʝʥʠʷ 1ï22 %. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʤʦʛʫʪ ʨʘʟʣʠʯʘʪʴʩʷ ʧʨʠʤʝʨʥʦ ʚ ʜʚʘ ʨʘʟʘ, ʘ 

ʧʣʘʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚ 22 ʨʘʟʘ!  

ɺʤʝʩʪʝ ʩ ʪʝʤ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʙʦʢʦʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʳʨʫʙʘʝʤʦʡ ʜʝʪʘʣʠ ʥʘʜʦ ʦʙʝʩʧʝʯʠʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ. ɽʩʣʠ ʤʘʪʝʨʠʘʣ ʩʣʠʰʢʦʤ ʧʣʘʩʪʠʯʥʳʡ, ʘ ʟʘʟʦʨʳ ʚ ʰʪʘʤʧʦʚʦʤ 

ʠʥʩʪʨʫʤʝʥʪʝ ʩʣʠʰʢʦʤ ʙʦʣʴʰʠʝ, ʪʦ ʙʫʜʫʪ ʩʦʟʜʘʥʳ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʟʘʫʩʝʥʮʘ, ʢʦʪʦʨʳʡ ʧʨʠʜʝʪʩʷ ʫʩʪʨʘʥʷʪʴ ʪʝʤʠ ʠʣʠ ʠʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʯʪʦ 

ʫʜʦʨʦʞʘʝʪ ʪʝʭʥʦʣʦʛʠʶ. ɽʩʣʠ ʩʠʪʫʘʮʠʶ ʨʘʟʚʝʨʥʫʪʴ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʪʦ ʢʨʦʤʢʘ ʟʘʛʦʪʦʚʢʠ ʦʢʘʞʝʪʩʷ ʧʦʢʨʳʪʘ ʪʨʝʱʠʥʘʤʠ ʠʟ-ʟʘ 

ʨʘʥʥʝʛʦ ʠʩʯʝʨʧʘʥʠʷ ʨʝʩʫʨʩʘ ʧʣʘʩʪʠʯʥʦʩʪʠ, ʠ ʧʨʠʜʝʪʩʷ ʧʨʠʥʠʤʘʪʴ ʤʝʨʳ ʧʦ 

ʝʝ ʨʘʟʛʣʘʞʠʚʘʥʠʶ ʩ ʚʦʟʤʦʞʥʦʡ ʧʦʪʝʨʝʡ ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʯʥʦʩʪʠ 

ʠʟʛʦʪʦʚʣʝʥʠʷ. ʈʘʥʝʝ ʩʦʩʪʦʷʥʠʝ ʧʦʩʪʘʚʢʠ ʤʝʪʘʣʣʘ ʧʨʝʜʣʘʛʘʣʦʩʴ ʫʯʠʪʳʚʘʪʴ 

ʧʨʠ ʣʠʩʪʦʚʦʡ ʰʪʘʤʧʦʚʢʝ ʚ ʨʘʙʦʪʘʭ [2; 3].  



26 

 

ʄʦʞʥʦ ʩʦʟʜʘʪʴ ʩʧʠʩʦʢ ʥʝ ʫʯʠʪʳʚʘʝʤʳʭ ʨʘʥʝʝ ʧʨʠ ʣʠʩʪʦʚʦʡ 

ʰʪʘʤʧʦʚʢʝ ʬʘʢʪʦʨʦʚ, ʩʦʟʜʘʶʱʠʭ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ: 

ï ʨʘʟʣʠʯʠʷ ʚ ʜʝʬʦʨʤʘʮʠʦʥʥʦʤ ʫʧʨʦʯʥʝʥʠʠ; 

ï ʨʘʟʣʠʯʠʷ ʚ ʬʘʟʦʚʦʤ ʩʦʩʪʦʷʥʠʠ ʤʘʪʝʨʠʘʣʘ; 

ï ʨʘʟʣʠʯʠʷ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘ ʩʯʝʪ ʧʣʘʢʠʨʦʚʢʠ; 

ï ʨʘʟʣʠʯʠʷ ʚ ʪʝʢʩʪʫʨʥʦʤ ʩʦʩʪʦʷʥʠʠ; 

ï ʨʘʟʣʠʯʠʷ ʚ ʩʢʦʨʦʩʪʥʦʤ ʨʝʞʠʤʝ ʧʨʦʮʝʩʩʘ. 

ʆʪʤʝʯʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʯʘʩʪʠʯʥʦ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʨʘʙʦʪʘʭ [4, 5]. 

ɺ ʦʜʥʦʡ ʠʟ ʧʦʩʣʝʜʥʠʭ ʨʘʙʦʪ [6] ʦʧʠʩʘʥ ʮʠʢʣ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʚʳʨʫʙʢʠ ʩ ʦʮʝʥʢʦʡ ʩʪʨʝʣʳ ʧʨʦʛʠʙʘ ʜʠʩʢʦʚʳʭ 

ʟʘʛʦʪʦʚʦʢ, ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʤʝʩʪʘ ʨʝʟʘ. ɺ ʪʦʤ ʯʠʩʣʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ: ʩʪʘʣʴ 20, ʤʝʜʴ ʄ1, ʣʘʪʫʥʴ ʃ68, ʘʣʶʤʠʥʠʝʚʳʡ 

ʩʧʣʘʚ ɸʄʮ ï ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʦʢʘʞʫʪʩʷ ʨʘʟʥʳʤʠ. ʆʜʥʦʡ 

ʠʟ ʧʨʦʙʣʝʤ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʩʣʘʙʦ ʠʩʩʣʝʜʦʚʘʥʥʳʤʠ, ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ 

ʚʣʠʷʥʠʷ ʪʝʢʩʪʫʨʦʚʘʥʠʷ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʢʘʯʝʩʪʚʦ ʨʝʟʘ ʧʨʠ 

ʚʳʨʫʙʢʝ. ʉʢʦʨʝʝ ʚʩʝʛʦ, ʧʨʠ ʚʥʠʤʘʪʝʣʴʥʦʤ ʧʦʜʭʦʜʝ ʦʢʘʞʝʪʩʷ, ʯʪʦ ʢʘʯʝʩʪʚʦ 

ʨʝʟʘ ʧʦ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʝ ʜʣʷ ʚʳʩʦʢʦʪʝʢʩʪʫʨʦʚʘʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʦʢʘʞʝʪʩʷ ʨʘʟʣʠʯʥʳʤ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʘʥʠʟʦʪʨʦʧʠʠ 

ʣʠʩʪʦʚʦʛʦ ʧʨʦʢʘʪʘ. 
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ʉʆʇʆʉʊɸɺʃɽʅʀɽ ʉʊʈʆɽʅʀʗ ʉʊʈʋʂʊʋʈ ʀ ʀɿʃʆʄʆɺ  

ʊɺɽʈɼʓʍ ʉʇʃɸɺʆɺ  

ʇʨʦʙʣʝʤʫ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ ʜʣʷ ʥʘʧʣʘʚʦʢ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ ʥʝʚʦʟʤʦʞʥʦ ʨʝʰʠʪʴ ʙʝʟ 

ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʪʚʝʨʜʦʩʧʣʘʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʈʝʰʝʥʠʝ 

ʪʘʢʦʡ ʟʘʜʘʯʠ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʫʩʣʦʚʠʠ ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ 

ʛʣʫʙʠʥʳ ʧʦʥʠʤʘʥʠʷ ʧʨʠʨʦʜʳ ʧʨʦʯʥʦʩʪʠ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʠ 

ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʠ ʨʘʟʨʫʰʝʥʠʶ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ, 

ʤʝʭʘʥʠʟʤʦʚ ʨʘʟʨʫʰʝʥʠʷ ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʥʠʭ ʨʘʟʥʦʨʦʜʥʳʭ ʩʪʨʫʢʪʫʨ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʢʦʤʧʴʶʪʝʨʠʟʠʨʦ-

ʚʘʥʥʳʝ ʧʨʦʮʝʜʫʨʳ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ, ʨʘʟʨʫʰʝʥʠʝ, ʢʨʠʪʝʨʠʠ 
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T. Sh. Akhmedova, S. G. Vasilev, M. N. Martynenko 

COMPARISON OF THE STRUCTURE AND FRACTURES  

OF HARD ALLOYS 

The problem of import substitution of hard alloys for pad weld work tool 

of agricultural machinery is impossible to solve without creation new domestic 

hard-alloy material. The solution of such task is possible only in condition of 

achievement of necessary depth of understanding of the nature of durability, 

wear resistance and the resilience to destruction of the existing solid alloys, 

mechanisms of destruction of the diverse structures observed in them. 

Keywords: different-scale structures, computer operation picture 

processing, handling procedure images, failure, criterion inhomogeneity of the 

structure, optimal structure configuration, principles structure formation, hard 

alloys, wear resistance. 

ʉʦʟʜʘʥʠʝ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʚ ʥʠʭ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʪʨʫʢʪʫʨ (ʧʦʜ ʟʘʜʘʥʥʳʝ ʩʚʦʡʩʪʚʘ: ʪʚʝʨʜʦʩʪʴ, 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ). 

ʋʩʧʝʰʥʦʝ ʨʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʝ ʜʦʩʪʠʞʝʥʠʷ 

ʛʣʫʙʦʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʜʝʬʦʨʤʘʮʠʠ ʠ ʨʘʟʨʫʰʝʥʠʷ ʨʘʟʥʦʨʦʜʥʳʭ 

ʩʪʨʫʢʪʫʨ. ɼʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʛʝʦʤʝʪʨʠʠ ʩʪʨʦʝʥʠʷ ʩʪʨʫʢʪʫʨ ʠ ʠʟʣʦʤʦʚ 

                                                           

7É ɸʭʤʝʜʦʚʘ ʊ. ʐ., ɺʘʩʠʣʴʝʚ ʉ. ɻ., ʄʘʨʪʳʥʝʥʢʦ ʄ. ʅ., 2016 
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ʥʝʦʙʭʦʜʠʤʳ ʢʦʤʧʴʶʪʝʨʠʟʠʨʦʚʘʥʥʳʝ, ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʝ ʧʨʦʮʝʜʫʨʳ 

ʠʟʤʝʨʝʥʠʷ ʩʪʨʫʢʪʫʨ ʠ ʠʟʣʦʤʦʚ, ʥʘʢʦʧʣʝʥʠʝ ʩ ʠʭ ʧʦʤʦʱʴʶ 

ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʥʘʙʣʶʜʝʥʠʡ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʩ ʵʪʦʡ ʮʝʣʴʶ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ 

ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ, ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ ʧʦʢʨʳʪʠʡ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ. ʀʟʦʙʨʘʞʝʥʠʷ ʩʪʨʫʢʪʫʨ ʠ 

ʠʟʣʦʤʦʚ (ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʡ ʥʘ ʠʟʛʠʙ ʩ ʩʢʦʨʦʩʪʴʶ ʥʘʛʨʫʞʝʥʠʷ 10 ʤʤ/ʤʠʥ) 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʧʦʤʦʱʠ ʦʧʪʠʯʝʩʢʦʡ (Axio Observer D1m Carl Zeiss) ʠ 

ʩʢʘʥʠʨʫʶʱʝʡ (VEGA 3 SBH ʧʨʦʠʟʚʦʜʩʪʚʘ TESCAN) ʤʠʢʨʦʩʢʦʧʠʠ. ɼʣʷ 

ʪʨʘʚʣʝʥʠʷ ʰʣʠʬʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʨʘʩʪʚʦʨ ʮʘʨʩʢʦʡ ʚʦʜʢʠ ʚ ʧʨʦʧʦʨʮʠʠ 1 ʢ 5 

HNO3 ʠ HCl ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʉʪʨʫʢʪʫʨʳ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʢʨʳʪʠʡ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʰʠʨʦʢʠʤ 

ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʛʝʦʤʝʪʨʠʠ ʩʪʨʦʝʥʠʷ (ʢʘʢ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢ ʠ ʠʭ 

ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʚ ʮʝʣʦʤ). ɺ ʯʘʩʪʥʦʩʪʠ, ʦʪʣʠʯʘʣʠʩʴ ʩʚʦʠʤ ʩʪʨʦʝʥʠʝʤ (ʠ 

ʪʚʝʨʜʦʩʪʴʶ) ʢʘʨʙʠʜʳ, ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʩʪʨʫʢʪʫʨʝ ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ: ʜʣʠʥʘ 

ʠʛʣʦʦʙʨʘʟʥʳʭ ʢʘʨʙʠʜʦʚ ʜʦʩʪʠʛʘʣʘ 250ï300 ʤʢʤ, ʧʦʧʝʨʝʯʥʠʢ ʨʘʚʥʦʦʩʥʳʭ 

ʢʘʨʙʠʜʦʚ (ʚ ʚʠʜʝ ʤʥʦʛʦʛʨʘʥʥʠʢʦʚ) ï 50 ʤʢʤ, ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʨʠ ʵʪʦʤ 

ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 1300 ʜʦ 1500 HV. ɺ ʠʟʣʦʤʘʭ ʦʙʨʘʟʮʦʚ 

ʥʘʙʣʶʜʘʣʠʩʴ ʬʘʩʝʪʢʠ ʩʢʦʣʘ, ʨʘʟʤʝʨʳ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʬʦʨʤʳ ʬʘʩʝʪʦʢ 

ʙʳʣʠ ʠʜʝʥʪʠʯʥʳ ʢʘʨʙʠʜʘʤ, ʢʦʪʦʨʳʝ ʥʘʙʣʶʜʘʣʠʩʴ ʥʘ ʬʦʪʦʛʨʘʬʠʷʭ 

ʩʪʨʫʢʪʫʨʳ. ɺ ʮʝʣʦʤ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʠʟʣʦʤʦʚ ʠ ʬʦʪʦʛʨʘʬʠʡ 

ʩʪʨʫʢʪʫʨʳ ʚʳʷʚʠʣʦ ʦʙʱʥʦʩʪʴ ʠʭ ʩʪʨʦʝʥʠʷ. 

ʉʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴ ʨʘʟʨʫʰʝʥʠʶ ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʦʩʥʦʚʝ ʩʦʧʦʩʪʘʚʣʝʥʠʷ 

ʚʝʣʠʯʠʥʳ ʧʣʘʩʪʠʯʝʩʢʦʡ ʥʝʚʷʟʢʠ (ʧʦ ʠʟʤʝʨʝʥʠʷʤ ʪʦʧʦʛʨʘʬʠʠ ʜʚʫʭ 

ʦʪʚʝʪʥʳʭ ʧʦʣʦʚʠʥʦʢ ʠʟʣʦʤʘ). ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʨʘʥʞʠʨʦʚʘʪʴ ʠʩʩʣʝʜʫʝʤʳʝ 

ʧʦʢʨʳʪʠʷ ʧʦ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʠ ʨʘʟʨʫʰʝʥʠʶ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʩʪʨʫʢʪʫʨ ʠ ʠʟʣʦʤʦʚ ʪʚʝʨʜʳʭ 

ʩʧʣʘʚʦʚ, ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʫʨʦʚʥʝʤ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʠʭ ʨʘʟʨʫʰʝʥʠʷ, ʦʩʥʦʚʘ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʴʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʨʘʟʨʫʰʝʥʠʷ 

ʥʝʦʜʥʦʨʦʜʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʪʚʝʨʜʳʭ ʩʧʣʘʚʘʭ, ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ 

ʢʨʠʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʪʨʫʢʪʫʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʚʝʨʦʷʪʥʦʩʪʴ 

ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʥʘʧʣʘʚʦʢ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʕʪʦ ʧʦʟʚʦʣʠʪ 

ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʢʨʠʪʝʨʠʠ ʜʦʧʫʩʪʠʤʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʪʨʫʢʪʫʨ, 

ʛʘʨʘʥʪʠʨʫʶʱʠʝ ʟʘʜʘʥʥʳʡ ʫʨʦʚʝʥʴ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʥʘʧʣʘʚʦʢ 

ʨʘʟʨʫʰʝʥʠʶ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʉʦʛʣʘʰʝʥʠʷ ˉ 14.578.21.0129 ʦ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ ʩʫʙʩʠʜʠʠ ʜʣʷ ʬʠʥʘʥʩʦʚʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʚʦʟʤʝʱʝʥʠʷ) 

ʟʘʪʨʘʪ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʳʧʦʣʥʝʥʠʝʤ ʇʅʀʕʈ ʧʦ ʪʝʤʝ: çʈʘʟʨʘʙʦʪʢʘ 

ʠʤʧʦʨʪʦʟʘʤʝʱʘʶʱʠʭ ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʠʟʥʦʩʥʳʤʠ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʣʷ ʫʧʨʦʯʥʝʥʠʷ 

ʙʳʩʪʨʦʠʟʥʘʰʠʚʘʝʤʳʭ ʜʝʪʘʣʝʡ ʩʝʣʴʭʦʟʤʘʰʠʥ, ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭʩʷ ʚ 

ʘʙʨʘʟʠʚʥʦʡ ʩʨʝʜʝè. ʋʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʇʅʀʕʈ 

RFMEFI57815X0129.  
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ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʚʦʣʦʢʠ ʠʟ ʧʣʘʪʠʥʳ ʤʘʨʢʠ ʇʣ 2 ʨʘʟʥʳʭ 

ʜʠʘʤʝʪʨʦʚ: 1,2 ʤʤ, 60 ʠ 40 ʤʢʤ. ʇʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʤʠʢʨʦʩʧʝʢʪʨʘʣʴʥʦʛʦ 
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ʨʷʜʘ ʜʝʬʝʢʪʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʣʘʪʠʥʘ, ʧʨʦʚʦʣʦʢʘ, ʪʦʥʢʦʝ ʚʦʣʦʯʝʥʠʝ, ʪʦʥʯʘʡʰʝʝ 

ʚʦʣʦʯʝʥʠʝ, ʜʝʬʝʢʪʦʦʙʨʘʟʦʚʘʥʠʝ. 

A. E. Pervukhin 

THE STRUCTURAL DEFECTS IN THE PLATINUM WIRE 

MANUFACTURING PROCESS 

The processes of the defects formation were carried in the technology of 

the wire production from the Pl 2 platinum alloy. There were the different 

diameters: 1.2 mm, 60 mm and 40 mm. In this article the data of wire surface 

micro spectral analysis were shown, the reasons of the formation defects were 

formulated. 

Keywords: platinum, wire, fine drawing, finest drawing, defects 

formation. 

ɺ ʧʨʘʢʪʠʢʝ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ ʜʘʚʣʝʥʠʝʤ ʚʚʝʜʝʥʘ ʪʝʨʤʠʥʦʣʦʛʠʷ, 

ʧʦʜʨʘʟʜʝʣʷʶʱʘʷ ʧʨʦʚʦʣʦʢʫ ʥʘ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʝ 

ʜʠʘʤʝʪʨʘ: ʪʦʣʩʪʫʶ 1,4ï6 ʤʤ; ʩʨʝʜʥʶʶ 0,4ï1,39 ʤʤ, ʪʦʥʢʫʶ 0,10ï0,39 ʤʤ, 

ʪʦʥʯʘʡʰʫʶ 0,03ï0,09 ʤʤ ʠ ʥʘʠʪʦʥʯʘʡʰʫʶ ï ʤʝʥʝʝ 0,03 ʤʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʵʪʦʤʫ ʨʘʟʣʠʯʘʶʪ ʪʦʣʩʪʦʝ, ʩʨʝʜʥʝʝ, ʪʦʥʢʦʝ, ʪʦʥʯʘʡʰʝʝ ʠ ʥʘʠʪʦʥʯʘʡʰʝʝ 

ʚʦʣʦʯʝʥʠʝ.  

ɺ ʫʩʣʦʚʠʷʭ ɸʆ çɽʢʘʪʝʨʠʥʙʫʨʛʩʢʠʡ ʟʘʚʦʜ ʆʎʄè ʧʨʦʚʝʜʝʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʜʝʬʝʢʪʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʨʦʚʦʣʦʢʠ ʠʟ ʧʣʘʪʠʥʳ ʤʘʨʢʠ ʇʣ 2 ʨʘʟʥʳʭ ʜʠʘʤʝʪʨʦʚ: 1,2 ʤʤ, 60 ʠ 40 ʤʢʤ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʦʚʦʣʦʢʘ ʤʦʞʝʪ ʙʳʪʴ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʘ ʢʘʢ ʩʨʝʜʥʷʷ, 

ʪʦʥʢʘʷ ʠ ʪʦʥʯʘʡʰʘʷ. ʇʨʦʚʦʣʦʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 
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21007 çʇʨʦʚʦʣʦʢʘ ʠʟ ʧʣʘʪʠʥʳ ʜʣʷ ʪʝʨʤʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷè.  

ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʪʨʝʙʦʚʘʥʠʡ ɻʆʉʊ ʧʦ ʧʨʝʜʝʣʴʥʳʤ 

ʦʪʢʣʦʥʝʥʠʷʤ ʧʨʝʜʲʷʚʣʷʝʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʪʦʥʯʘʡʰʝʡ ʧʨʦʚʦʣʦʢʠ. ʊʘʢ, 

ʜʣʷ ʧʨʦʚʦʣʦʢʠ ʜʠʘʤʝʪʨʦʤ 40 ʤʢʤ ʜʦʧʫʩʢʘʝʤʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ 

ʩʦʩʪʘʚʣʷʝʪ +3 ʤʢʤ, ʘ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʤʠʥʫʩ 2 ʤʢʤ, ʠʪʦʛʦ 

ʜʠʘʧʘʟʦʥ ʧʨʝʜʝʣʴʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 5 ʤʢʤ. ʇʦʚʝʨʭʥʦʩʪʴ 

ʧʨʦʚʦʣʦʢʠ ʥʝ ʜʦʣʞʥʘ ʠʤʝʪʴ ʧʣʝʥ, ʪʨʝʱʠʥ, ʨʘʢʦʚʠʥ, ʨʘʩʩʣʦʝʥʠʡ. ʇʨʠ ʵʪʦʤ 

ʜʦʧʫʩʢʘʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ, ʥʝ ʚʳʚʦʜʷʱʠʝ 

ʧʨʦʚʦʣʦʢʫ ʧʨʠ ʢʦʥʪʨʦʣʴʥʦʡ ʟʘʯʠʩʪʢʝ ʟʘ ʧʨʝʜʝʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʧʦ 

ʜʠʘʤʝʪʨʫ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʚʠʜʘ 

ʜʝʬʝʢʪʦʚ.  

ʀʟ-ʟʘ ʤʘʣʦʛʦ ʨʘʟʤʝʨʘ ʦʙʲʝʢʪʘ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʢʦʥʪʨʦʣʷ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʢʣʶʯʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠʰʣʦʩʴ ʚʳʧʦʣʥʷʪʴ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʤʠʢʨʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ.  

ʅʠʞʝ ʧʨʠʚʦʜʷʪʩʷ ʥʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ ʪʘʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥ ʦʜʠʥ ʠʟ ʚʦʟʤʦʞʥʳʭ ʜʝʬʝʢʪʦʚ: ʥʘʣʠʯʠʝ ʮʘʨʘʧʠʥ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʣʠʙʦ ʠʟʥʦʩʦʤ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʦʢʠ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʟʘ ʩʯʝʪ ʥʘʣʠʧʘʥʠʷ, ʣʠʙʦ ʟʘʩʪʨʝʚʘʥʠʝʤ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʥʘ ʚʭʦʜʝ 

ʚ ʦʯʘʛ ʜʝʬʦʨʤʘʮʠʠ. 

 

 
 
ʈʠʩ. 1. ʇʦʣʦʩʯʘʪʳʡ ʨʝʣʴʝʬ ʧʦʚʝʨʭʥʦʩʪʠ ʫ ʧʨʦʚʦʣʦʢʠ ʜʠʘʤʝʪʨʦʤ 60 ʤʢʤ 

 

ʆʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʜʝʬʝʢʪʦʚ ï ʵʪʦ ʥʘʣʠʯʠʝ ʧʣʝʥ 

ʨʘʟʣʠʯʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ ʨʘʟʤʝʨʦʚ. ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʘ ʧʣʝʥʘ ʨʘʟʤʝʨʦʤ 

ʦʢʦʣʦ 3 ʤʢʤ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʦʚʦʣʦʢʠ ʜʠʘʤʝʪʨʦʤ 40 ʤʢʤ. 

ʇʣʝʥʘ ʚʦʟʥʠʢʘʝʪ ʚ ʩʣʫʯʘʝ ʦʪʩʣʦʝʥʠʷ ʨʘʥʝʝ ʚʥʝʜʨʝʥʥʦʡ ʚ ʧʦʚʝʨʭʥʦʩʪʴ 

ʧʨʦʚʦʣʦʢʠ ʯʘʩʪʠʮʳ, ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʪʦʛʦ ʞʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʯʪʦ ʠ 

ʦʩʥʦʚʥʦʡ ʤʝʪʘʣʣ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʪʘʢʦʛʦ ʚʠʜʘ ʜʝʬʝʢʪʘ ʩʣʝʜʫʝʪ ʩʪʨʝʤʠʪʴʩʷ 

ʢ ʦʯʠʩʪʢʝ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʛʦʪʦʚʢʠ ʧʦ ʚʩʝʤʫ ʤʘʨʰʨʫʪʫ ʚʦʣʦʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʢ 
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ʙʦʣʴʰʝʤʫ ʚʥʠʤʘʥʠʶ ʢ ʩʠʩʪʝʤʘʤ ʬʠʣʴʪʨʘʮʠʠ ʠ ʨʝʛʝʥʝʨʘʮʠʠ ʩʤʘʟʢʠ. 

ʇʦʩʣʝʜʥʝʝ ʢʘʩʘʝʪʩʷ ʚʦʣʦʯʠʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʨʘʙʦʪʘʶʱʝʡ ʥʘ ʞʠʜʢʦʡ ʩʤʘʟʢʝ. 

ʂʨʦʤʝ ʪʦʛʦ, ʦʪʩʣʦʝʥʠʷ ʤʝʪʘʣʣʘ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʟʘʫʩʝʥʮʝʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʩʦʨʪʦʚʦʡ ʧʨʦʢʘʪʢʝ ʧʨʠ ʧʝʨʝʧʦʣʥʝʥʠʠ ʢʘʣʠʙʨʦʚ, ʘ ʪʘʢʞʝ 

ʚʩʣʝʜʩʪʚʠʝ ʥʘʣʠʧʘʥʠʷ ʵʪʠʭ ʯʘʩʪʠʮ ʥʘ ʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʠʥʩʪʨʫʤʝʥʪ, ʯʪʦ 

ʦʪʤʝʯʘʣʦʩʴ ʚ ʨʘʙʦʪʘʭ [1; 2]. 

 

 

 
ʈʠʩ. 2. ʇʣʝʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʚʦʣʦʢʠ ʜʠʘʤʝʪʨʦʤ 40 ʤʢʤ ï ʟʘʪʝʤʥʝʥʥʳʡ ʫʯʘʩʪʦʢ, 

ʧʨʦʚʦʣʦʢʘ ʚ ʩʣʦʝ ʩʤʘʟʢʠ  

 

ʉʘʤʠ ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ, ʚʥʝʜʨʝʥʥʳʝ ʚ ʦʩʥʦʚʥʦʡ ʤʘʪʝʨʠʘʣ, ʧʨʠ 

ʚʦʣʦʯʝʥʠʠ ʤʦʛʫʪ ʧʨʦʚʦʮʠʨʦʚʘʪʴ ʧʦʷʚʣʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʝʬʝʢʪʦʚ ʚ 

ʚʠʜʝ ʧʦʨ. ʇʦʨʳ ʧʦʷʚʣʷʶʪʩʷ ʠ ʨʘʟʚʠʚʘʶʪʩʷ ʚʦʢʨʫʛ ʯʘʩʪʠʮʳ, ʦʥʠ 

ʫʜʣʠʥʷʶʪʩʷ ʧʦ ʤʘʨʰʨʫʪʫ ʚʦʣʦʯʝʥʠʷ, ʯʪʦ ʦʧʠʩʘʥʦ ʚ ʠʩʪʦʯʥʠʢʘʭ [3; 4].  

ʅʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʦʜʥʦʛʦ ʠʟ 

ʭʘʨʘʢʪʝʨʥʳʭ ʚʢʣʶʯʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʚʦʣʦʢʠ. ʂʘʢ ʚʠʜʥʦ ʠʟ 

ʩʧʝʢʪʨʦʛʨʘʤʤʳ, ʚʢʣʶʯʝʥʠʝ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʝʱʝʩʪʚ ʥʘ ʦʩʥʦʚʝ ʤʘʛʥʠʷ, ʘʣʶʤʠʥʠʷ ʠ ʢʨʝʤʥʠʷ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʩʪʘʚʫ ʧʝʯʥʦʡ ʬʫʪʝʨʦʚʢʠ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʪʘʢʦʛʦ ʜʝʬʝʢʪʘ 

ʥʝʦʙʭʦʜʠʤʦ ʫʞʝʩʪʦʯʠʪʴ ʢʦʥʪʨʦʣʴ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ 

ʧʝʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʅʘʣʠʯʠʝ ʫʢʘʟʘʥʥʳʭ ʜʝʬʝʢʪʦʚ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʥʦʡ ʦʙʨʳʚʥʦʩʪʠ. 

ʆʙʨʳʚʥʦʩʪʴ ʠʥʪʝʥʩʠʬʠʮʠʨʫʝʪʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʦʙʨʘʙʦʪʢʠ ʧʨʦʚʦʣʦʢʠ 

ʙʦʣʴʰʝʛʦ ʜʠʘʤʝʪʨʘ ʢ ʦʙʨʘʙʦʪʢʝ ʧʨʦʚʦʣʦʢʠ ʤʝʥʴʰʝʛʦ ʜʠʘʤʝʪʨʘ. ʇʦʵʪʦʤʫ 

ʥʘʠʙʦʣʴʰʠʝ ʪʨʫʜʥʦʩʪʠ ʚʦʟʥʠʢʘʶʪ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʪʦʥʢʦʡ ʠ ʪʦʥʯʘʡʰʝʡ 

ʧʨʦʚʦʣʦʢʠ.  

ʗʚʣʝʥʠʝ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʚʠʜʳ ʜʝʬʝʢʪʦʚ ʥʝ 

ʫʤʝʥʴʰʘʶʪʩʷ ʚʤʝʩʪʝ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʧʨʦʚʦʣʦʢʠ, ʘ ʩʦʭʨʘʥʷʶʪ 

ʩʚʦʡ ʨʘʟʤʝʨ. ʕʪʦ ʦʪʥʦʩʠʪʩʷ, ʥʘʧʨʠʤʝʨ, ʢ ʢʝʨʘʤʠʯʝʩʢʠʤ ʚʢʣʶʯʝʥʠʷʤ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʧʨʦʚʦʣʦʢʠ ʥʘʯʠʥʘʝʪ ʧʨʝʚʘʣʠʨʦʚʘʪʴ 
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ʧʦʩʪʦʨʦʥʥʠʡ ʤʘʪʝʨʠʘʣ, ʥʝ ʩʧʦʩʦʙʥʳʡ ʧʝʨʝʜʘʚʘʪʴ ʥʘʧʨʷʞʝʥʠʷ ʨʘʩʪʷʞʝʥʠʷ 

ʦʪ ʧʨʠʚʦʜʘ ʚʦʣʦʯʠʣʴʥʦʡ ʤʘʰʠʥʳ. ʋʩʠʣʠʝ ʚʦʣʦʯʝʥʠʷ ʧʨʠʭʦʜʠʪʩʷ ʜʝʣʠʪʴ ʥʘ 

ʤʝʥʴʰʫʶ ʧʣʦʱʘʜʴ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʤʦʞʝʪ ʧʨʝʚʳʩʠʪʴ 

ʧʨʦʯʥʦʩʪʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʤʘʪʝʨʠʘʣʘ, ʠ ʧʨʦʚʦʣʦʢʘ ʧʦʨʚʝʪʩʷ.  

 

 

 
ʈʠʩ. 3. ɼʘʥʥʳʝ ʤʠʢʨʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʭʘʨʘʢʪʝʨʥʦʛʦ ʚʢʣʶʯʝʥʠʷ 

 

 

 
ʈʠʩ. 4. ɺʤʷʪʠʥʘ ʦʪ ʦʪʩʣʦʠʚʰʝʡʩʷ ʧʣʝʥʳ 

 

ʂʘʢ ʧʣʝʥʳ, ʪʘʢ ʠ ʚʢʣʶʯʝʥʠʷ ʤʦʛʫʪ ʚʳʧʘʜʘʪʴ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʘʜʠʠ 

ʦʙʨʘʙʦʪʢʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʳʰʝʦʧʠʩʘʥʥʦʤʫ ʵʬʬʝʢʪʫ (ʨʠʩ. 4). 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʨʝʞʠʤʝ ʭʦʣʦʜʥʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʨʘʟʛʣʘʞʠʚʘʥʠʝ ʪʘʢʠʭ ʜʝʬʝʢʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦ [5], ʦʩʦʙʝʥʥʦ 

ʝʩʣʠ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʤʝʪʘʣʣ ʩ ʚʳʩʦʢʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʜʝʬʦʨʤʘʮʠʦʥʥʦʤʫ 

ʫʧʨʦʯʥʝʥʠʶ.  


