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ɾʫʨʥʘʣ ʚʢʣʶʯʝʥ ʚ ʇʝʨʝʯʝʥʴ ʨʦʩʩʠʡʩʢʠʭ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʦʚ, ʚ ʢʦʪʦʨʳʭ ʜʦʣʞʥʳ ʙʳʪʴ ʦʧʫʙʣʠʢʦʚʘʥʳ ʦʩʥʦʚ-
ʥʳʝ ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʡ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ ʜʦʢʪʦʨʘ ʠ ʢʘʥʜʠʜʘʪʘ ʥʘʫʢ, ʘ ʪʘʢʞʝ ʚʭʦʜʠʪ ʚ ʙʘʟʳ ʜʘʥʥʳʭ 
ʈʦʩʩʠʡʩʢʦʛʦ ʠʥʜʝʢʩʘ ʥʘʫʯʥʦʛʦ ʮʠʪʠʨʦʚʘʥʠʷ (ʈʀʅʎ) ʠ ɺʀʅʀʊʀ. ʉʚʝʜʝʥʠʷ ʦ ʞʫʨʥʘʣʝ ʝʞʝʛʦʜʥʦ ʧʫʙʣʠʢʫʶʪʩʷ ʚ ʤʝʞʜʫʥʘ-
ʨʦʜʥʦʡ ʩʧʨʘʚʦʯʥʦʡ ʩʠʩʪʝʤʝ ʧʦ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʠ ʧʨʦʜʦʣʞʘʶʱʠʤʩʷ ʠʟʜʘʥʠʷʤ çUlrichôs Periodicals Directoryè. ʕʣʝʢʪʨʦʥʥʳʝ 
ʚʝʨʩʠʠ ʞʫʨʥʘʣʘ ʨʘʟʤʝʱʘʶʪʩʷ ʥʘ ʩʝʪʝʚʦʤ ʨʝʩʫʨʩʝ ʅʘʫʯʥʦʡ ʕʣʝʢʪʨʦʥʥʦʡ ɹʠʙʣʠʦʪʝʢʠ ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ. 
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ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʛʦʨʥʦʤ ʜʝʣʝ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ. ʅʘʠʙʦʣʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʚʝʜʫʱʠʤ ʙʝʟʚʟʨʚʳʥʫʶ ʚʳʝʤʢʫ ʧʦʣʫʩʢʘʣʴʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʷʚʣʷʶʪʩʷ ʢʘʨʴʝʨʥʳʝ ʢʦʤʙʘʡʥʳ ʠ 

ʬʨʝʟʝʨʥʳʝ ʤʘʰʠʥʳ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʛʣʫʙʠʥʳ ʢʘʨʴʝʨʘ ʨʘʩʪʝʪ ʜʘʣʴʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʛʦʨʥʦʡ ʤʘʩʩʳ, ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʯʝʛʦ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʧʝʨʝʭʦʜ ʥʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʪʨʘʥʩʧʦʨʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥʚʝʡʝ-

ʨʦʚ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʘʷ ʮʠʢʣʠʯʥʦ-ʧʦʪʦʯʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʬʨʝʟʝʨʥʳʭ ʤʘʰʠʥ, ʢʦʣʝʩʥʳʭ ʩʢʨʝʧʝʨʦʚ ʠ ʢʦʥʚʝʡʝʨʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. ʌʨʝʟʝʨʥʘʷ ʤʘʰʠʥʘ ʧʨʦʠʟʚʦ-

ʜʠʪ ʨʘʟʨʳʭʣʝʥʠʝ ʧʦʨʦʜʳ ʩ ʨʘʟʤʝʱʝʥʠʝʤ ʦʪʬʨʝʟʝʨʦʚʘʥʥʦʡ ʛʦʨʥʦʡ ʤʘʩʩʳ ʚ ʦʪʨʳʪʦʡ ʪʨʘʥʰʝʝ, ʠʟ ʢʦʪʦʨʦʡ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʝʝ ʚʳʝʤʢʘ ʢʦʣʝʩʥʳʤ ʩʢʨʝʧʝʨʦʤ, ʩʣʝʜʫʶʱʠʤ ʚʩʣʝʜ ʟʘ ʬʨʝʟʝʨʥʦʡ ʤʘʰʠʥʦʡ. ʉʢʨʝʧʝʨʳ ʩʘʤʦʩʪʦʷ-

ʪʝʣʴʥʦ ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʦʛʨʫʟʦʯʥʦ-ʜʦʩʪʘʚʦʯʥʳʝ ʨʘʙʦʪʳ ʠ ʥʝ ʪʨʝʙʫʶʪ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦ ʧʦ-

ʚʳʰʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʛʦʨʥʳʭ ʨʘʙʦʪ. ɺ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʢʦʣʝʩʥʳʝ ʩʢʨʝʧʝʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʩʙʦʨʦʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʧʝʨʝʤʝʱʘʶʱʝʛʦ ʛʦʨʥʫʶ ʤʘʩʩʫ ʠʟ ʟʘʙʦʷ ʢ ʧʨʠʝʤʥʦʤʫ ʙʫʥʢʝʨʫ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʢʦʥʚʝʡʝ-

ʨʘ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʣʝʩʥʦʛʦ ʩʢʨʝʧʝʨʘ ʩ ʟʘʛʨʫʟʦʯʥʳʤ ʣʦʪʢʦʤ ʠ ʠʥʪʝʥʩʠʬʠʢʘʪʦʨʦʤ ʟʘʛʨʫʟʢʠ ʚ ʚʠʜʝ 

ʧʦʜʛʨʝʙʘʶʱʝʡ ʩʪʝʥʢʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʚʳʝʤʢʠ ʨʳʭʣʦʡ ʤʝʣʢʦʢʫʩʢʦʚʦʡ ʛʦʨʥʦʡ ʤʘʩʩʳ. ʉʢʨʝʧʝʨ 

ʟʘʯʝʨʧʳʚʘʝʪ ʛʦʨʥʫʶ ʤʘʩʩʫ ʚ ʢʦʚʰ ʩ ʧʦʤʦʱʴʶ ʟʘʛʨʫʟʦʯʥʦʛʦ ʣʦʪʢʘ, ʧʦʩʣʝ ʟʘʧʦʣʥʝʥʠʷ ʧʝʨʝʜʥʝʡ ʯʘʩʪʠ ʢʦʚʰʘ ʚ 

ʨʘʙʦʪʫ ʚʢʣʶʯʘʝʪʩʷ ʠʥʪʝʥʩʠʬʠʢʘʪʦʨ ʟʘʛʨʫʟʢʠ, ʢʦʪʦʨʳʡ ʧʝʨʝʤʝʱʘʝʪ ʛʦʨʥʫʶ ʤʘʩʩʫ ʠʟ ʧʝʨʝʜʥʝʡ ʯʘʩʪʠ ʢʦʚʰʘ ʚ 

ʟʘʜʥʶʶ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ ʠʟʜʝʨʞʢʠ ʥʘ 

ʚʳʝʤʢʫ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝ ʛʦʨʥʦʡ ʤʘʩʩʳ, ʯʪʦ ʧʦʚʳʩʠʪ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʭʘʥʠʯʝʩʢʦʝ ʨʳʭʣʝʥʠʝ, ʛʦʨʥʘʷ ʤʘʩʩʘ, ʬʨʝʟʝʨʥʘʷ ʤʘʰʠʥʘ, ʢʦʣʝʩʥʳʡ ʩʢʨʝʧʝʨ, ʠʥʪʝʥʩʠʬʠ-

ʢʘʪʦʨ ʟʘʛʨʫʟʢʠ, ʢʦʥʚʝʡʝʨ. 
 

ɺʚʝʜʝʥʠʝ  

ʊʝʭʥʦʣʦʛʠʠ ʙʝʟʚʟʨʳʚʥʦʡ ʚʳʝʤʢʠ ʧʣʦʪʥʳʭ 

ʠ ʧʦʣʫʩʢʘʣʴʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʥʦʚʳʭ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʛʦʨʥʳʭ ʤʘʰʠʥ 

ʮʠʢʣʠʯʝʩʢʦʛʦ ʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ ʥʘʭʦ-

ʜʷʪ ʚʩʝ ʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ. ʅʘ ʨʘʟʨʘʙʦʪʢʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʚʝʨʜʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝ-

ʤʳʭ ʠ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʜʣʷ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʘʟ-

ʨʫʰʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠʤʝʥʷʶʪʩʷ ʙʫʣʴʜʦ-

ʟʝʨʥʦ-ʨʳʭʣʠʪʝʣʴʥʳʝ ʘʛʨʝʛʘʪʳ, ʦʜʥʦʢʦʚʰʦʚʳʝ 

ʵʢʩʢʘʚʘʪʦʨʳ ʩʦ ʩʧʝʮʠʘʣʴʥʳʤ ʨʘʙʦʯʠʤ ʦʙʦʨʫ-

ʜʦʚʘʥʠʝʤ, ʢʘʨʴʝʨʥʳʝ ʢʦʤʙʘʡʥʳ, ʬʨʝʟʝʨʥʳʝ 

ʤʘʰʠʥʳ ʠ ʜʨʫʛʘʷ ʪʝʭʥʠʢʘ [1ï6]. ʇʝʨʝʭʦʜ 

ʧʨʝʜʧʨʠʷʪʠʡ ʥʘ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʙʫʩʣʦʚʣʝʥ 
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ʢʘʢ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʪʘʢ ʠ ʟʥʘʯʠ-

ʪʝʣʴʥʳʤ ʫʩʠʣʝʥʠʝʤ ʤʝʨ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʠ ʩʦ-

ʮʠʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʛʦʨʥʦʤ ʜʝʣʝ ʠ ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʝ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʫ-

ʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ [7ï8].  

ʈʳʭʣʝʥʠʝ ʛʦʨʥʦʛʦ ʤʘʩʩʠʚʘ ʩ ʧʦʤʦʱʴʶ ʚʟʨʳʚʘ 

ʠʤʝʝʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ, ʘ ʠʤʝʥʥʦ: ʧʝʨʝʤʝʰʠʚʘʥʠʝ 

ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ ʩ ʧʫʩʪʦʡ ʧʦʨʦʜʦʡ, ʚʝʜʫ-

ʱʝʝ ʢ ʩʥʠʞʝʥʠʶ ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʘʝʤʦʛʦ ʩʳʨʴʷ; 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʨʝʤʝʥʥʦʛʦ ʧʨʝʢʨʘʱʝʥʠʷ ʨʘʙʦʪ ʠ 

ʦʪʚʦʜʘ ʪʝʭʥʠʢʠ ʠ ʣʶʜʝʡ ʥʘ ʙʝʟʦʧʘʩʥʦʝ ʨʘʩʩʪʦʷ-

ʥʠʝ ʧʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʚʟʨʳʚʘ; ʥʝʨʘʚʥʦʤʝʨʥʳʡ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʪʙʠʪʦʡ ʚʟʨʳʚʦʤ 

ʛʦʨʥʦʡ ʤʘʩʩʳ ï ʦʪ ʥʝʛʘʙʘʨʠʪʦʚ ʜʦ ʧʳʣʝʚʠʜʥʳʭ 

ʯʘʩʪʠʮ; ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʥʚʝʡʝʨ-

ʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʣʫʯʝʥʥʦʡ 

ʛʦʨʥʦʡ ʤʘʩʩʳ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʢʨʫʧʥʦʛʦ 
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ʜʨʦʙʣʝʥʠʷ; ʚʳʙʨʦʩ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʚʟʨʳʚʯʘ-

ʪʳʭ ʚʝʱʝʩʪʚ ʫʭʫʜʰʘʝʪ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʩʠʪʫʘʮʠʶ 

ʚ ʤʝʩʪʝ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ; ʥʘʨʫʰʝʥʠʝ ʩʧʣʦʰʥʦ-

ʩʪʠ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʯʪʦ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠ-

ʷʝʪ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʙʦʨʪʘ ʢʘʨʴʝʨʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚ 

ʩʣʫʯʘʝ ʨʘʟʨʘʙʦʪʢʠ ʩʣʦʞʥʦʩʪʨʫʢʪʫʨʥʳʭ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʦʝ ʠʩʢʦʧʘʝʤʦʝ, ʥʘʭʦʜʷʱʝʝ ʚ 

ʪʦʥʢʠʭ ʧʣʘʩʪʘʭ, ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʩʝʣʝʢʪʠʚʥʦ ʜʦʙʳ-

ʪʦ ʠ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʚʟʨʳʚʘ ʫʜʘʣʷʝʪʩʷ ʚʤʝʩʪʝ ʩ 

ʧʫʩʪʦʡ ʧʦʨʦʜʦʡ ʚ ʦʪʚʘʣ [9ï10]. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ 

ʅʘʠʙʦʣʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤʠ ʤʘʰʠʥʘʤʠ, 

ʚʝʜʫʱʠʤʠ ʙʝʟʚʟʨʚʳʥʫʶ ʚʳʝʤʢʫ ʧʦʣʫʩʢʘʣʴʥʳʭ 

ʛʦʨʥʳʭ ʧʦʨʦʜ, ʷʚʣʷʶʪʩʷ ʢʘʨʴʝʨʥʳʝ ʢʦʤʙʘʡʥʳ ʠ 

ʬʨʝʟʝʨʥʳʝ ʤʘʰʠʥʳ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ [1, 

11]. ʉ ʧʦʤʦʱʴʶ ʢʘʨʴʝʨʥʳʭ ʢʦʤʙʘʡʥʦʚ ʠ ʬʨʝʟʝʨ-

ʥʳʭ ʤʘʰʠʥ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʫʛʣʷ, ʙʦʢʩʠʪʦʚ, ʬʦʩʬʦʨʠʪʦʚ, ʤʝʨʛʝʣʝʡ, ʛʠʧʩʘ, 

ʠʟʚʝʩʪʥʷʢʦʚ ʠ ʜʨʫʛʠʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. 

ʄʘʩʰʪʘʙʳ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʛʦʨʥʳʭ 

ʧʦʨʦʜ ʧʦʩʪʝʧʝʥʥʦ ʨʘʩʰʠʨʷʶʪʩʷ, ʦʭʚʘʪʳʚʘʷ ʥʦ-

ʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʩʣʦʞʝʥʥʳʝ ʚʩʝ ʙʦʣʝʝ ʧʨʦʯ-

ʥʳʤʠ ʛʦʨʥʳʤʠ ʧʦʨʦʜʘʤʠ.  

ʂʘʨʴʝʨʥʳʝ ʢʦʤʙʘʡʥʳ ʚʝʜʫʪ ʚʳʝʤʢʫ ʧʦʨʦʜʳ 

ʠʟ ʤʘʩʩʠʚʘ ʠ ʧʦʛʨʫʟʢʫ ʧʦʣʫʯʝʥʥʦʡ ʛʦʨʥʦʡ ʤʘʩʩʳ 

ʩ ʧʦʤʦʱʴʶ ʣʝʥʪʦʯʥʳʭ ʢʦʥʚʝʡʝʨʦʚ ʚ ʪʨʘʥʩʧʦʨʪ-

ʥʳʝ ʩʨʝʜʩʪʚʘ. ʅʝʜʦʩʪʘʪʢʘʤʠ ʢʘʨʴʝʨʥʳʭ ʢʦʤʙʘʡ-

ʥʦʚ ʷʚʣʷʶʪʩʷ: ʩʣʦʞʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ; ʛʨʦʤʦʟʜ-

ʢʦʩʪʴ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʪʨʫʜʥʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʭ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʥʘ ʨʘʙʦʯʝʡ ʧʣʦʱʘʜʢʝ; ʧʨʦ-

ʙʣʝʤʳ ʩ ʥʘʤʝʨʟʘʥʠʝʤ ʠ ʥʘʣʠʧʘʥʠʝʤ ʛʦʨʥʦʡ ʤʘʩ-

ʩʳ ʥʘ ʣʝʥʪʳ ʪʨʘʥʩʧʦʨʪʝʨʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʧʦ-

ʛʨʫʟʢʝ ʛʦʨʥʦʡ ʤʘʩʩʳ ʚ ʘʚʪʦʪʨʘʥʩʧʦʨʪ ʚʦʟʥʠʢʘʶʪ 

ʧʨʦʩʪʦʠ ʢʘʨʴʝʨʥʳʭ ʢʦʤʙʘʡʥʦʚ ʧʨʠ ʦʙʤʝʥʝ ʘʚʪʦ-

ʩʘʤʦʩʚʘʣʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ 10ï25% ʦʪ 

ʚʨʝʤʝʥʠ ʬʨʝʟʝʨʦʚʘʥʠʷ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʦʤʙʘʡʥʘ ʠ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ 

ʘʚʪʦʩʘʤʦʩʚʘʣʘ), ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʦʤʙʘʡʥʦʚ [3]. 

ʋ ʬʨʝʟʝʨʥʳʭ ʤʘʰʠʥ ʦʪʩʫʪʩʪʚʫʶʪ ʣʝʥʪʦʯʥʳʝ 

ʢʦʥʚʝʡʝʨʳ, ʧʦʵʪʦʤʫ ʜʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʷʚʣʷ-

ʝʪʩʷ ʙʦʣʝʝ ʣʝʛʢʠʤ, ʢʦʤʧʘʢʪʥʳʤ, ʤʘʥʝʚʨʝʥʥʳʤ ʠ 

ʧʨʦʩʪʳʤ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʦʙʩʣʫʞʠʚʘʥʠʠ. ʉʪʦʠ-

ʤʦʩʪʴ ʬʨʝʟʝʨʥʳʭ ʤʘʰʠʥ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʘʨʴʝʨ-

ʥʳʤʠ ʢʦʤʙʘʡʥʘʤʠ ʨʘʚʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʙʦʣʝʝ ʥʠʟʢʘʷ. ʌʨʝʟʝʨʥʘʷ ʤʘʰʠʥʘ ʨʘʟʨʘʙʘʪʳʚʘʝʪ 

ʤʘʩʩʠʚ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʠ ʦʩʪʘʚʣʷʝʪ ʚʳʥʫʪʫʶ 

ʛʦʨʥʫʶ ʤʘʩʩʫ ʚ ʦʪʨʳʪʦʡ ʪʨʘʥʰʝʝ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʛʦʨ-

ʥʦʡ ʤʘʩʩʳ ʠʟ ʟʘʙʦʷ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʛʣʫʙʠʥʳ ʢʘʨʴʝʨʘ ʨʘʩʪʝʪ ʜʘʣʴʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʠ-

ʨʦʚʢʠ ʛʦʨʥʦʡ ʤʘʩʩʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʪʝʭʥʠ-

ʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ ʩʫʱʝʩʪʚʝʥʥʦ ʫʭʫʜʰʘʶʪʩʷ ʠ ʮʝʣʝ-

ʩʦʦʙʨʘʟʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʧʝʨʝʭʦʜ ʥʘ ʢʦʤʙʠʥʠ-

ʨʦʚʘʥʥʳʡ ʪʨʘʥʩʧʦʨʪ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʥʚʝʡʝ-

ʨʦʚ ʠ ʧʦʜʲʝʤʥʠʢʦʚ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

[12ï15]. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʢʦʤʙʠʥʘ-

ʮʠʶ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʠ ʢʦʥʚʝʡʝʨʥʦʛʦ ʪʨʘʥʩ-

ʧʦʨʪʘ, ʧʨʠ ʵʪʦʤ ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ ʷʚ-

ʣʷʝʪʩʷ ʩʙʦʨʦʯʥʳʤ, ʧʦʩʪʘʚʣʷʶʱʠʤ ʢ ʢʦʥʚʝʡʝʨʫ 

ʛʦʨʥʫʶ ʤʘʩʩʫ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʟʘʙʦʝʚ ʢʘʨʴʝʨʘ, ʘ 

ʢʦʥʚʝʡʝʨ ï ʤʘʛʠʩʪʨʘʣʴʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ.  

ɺ ʩʣʫʯʘʝ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʬʨʝʟʝʨ-

ʥʳʤʠ ʤʘʰʠʥʘʤʠ ʧʦʣʫʯʝʥʥʫʶ ʛʦʨʥʫʶ ʤʘʩʩʫ 

ʦʙʳʯʥʦ ʰʪʘʙʝʣʠʨʫʶʪ ʙʫʣʴʜʦʟʝʨʘʤʠ ʠ ʛʨʫʟʷʪ ʚ 

ʘʚʪʦʩʘʤʦʩʚʘʣʳ ʧʦʩʨʝʜʩʪʚʦʤ ʦʜʥʦʢʦʚʰʦʚʳʭ ʧʦ-

ʛʨʫʟʯʠʢʦʚ ʠʣʠ ʵʢʩʢʘʚʘʪʦʨʦʚ. ʆʜʥʘʢʦ ʧʨʠ ʨʘʩʧʦ-

ʣʦʞʝʥʠʠ ʟʘʙʦʝʚ ʥʝʜʘʣʝʢʦ ʦʪ ʧʨʠʝʤʥʦʛʦ ʙʫʥʢʝʨʘ 

ʢʦʥʚʝʡʝʨʘ (ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʜʦ 1,0ï1,5 ʢʤ) ʧʨʦʠʩ-

ʭʦʜʠʪ ʙʳʩʪʨʘʷ ʦʙʦʨʘʯʠʚʘʝʤʦʩʪʴ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ, 

ʠ ʧʦʛʨʫʟʦʯʥʘʷ ʤʘʰʠʥʘ ʦʙʩʣʫʞʠʚʘʝʪ ʚʩʝʛʦ 2ï3 

ʘʚʪʦʩʘʤʦʩʚʘʣʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʩʝʙʝʩʪʦʠʤʦʩʪʴ 

ʧʦʛʨʫʟʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʨʘʙʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʳʩʦʢʘ. ʅʘ ʥʝʙʦʣʴʰʠʭ ʧʣʝʯʘʭ ʚʦʟʢʠ ʵʢʦʥʦʤʠʯʝ-

ʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʛʦʨʥʦʡ ʤʘʩ-

ʩʳ ʩ ʧʦʤʦʱʴʶ ʢʦʣʝʩʥʳʭ ʩʢʨʝʧʝʨʦʚ. ʎʝʣʴʶ ʨʘʙʦ-

ʪʳ ʷʚʣʷʝʪʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʮʠʢʣʠʯʥʦ-

ʧʦʪʦʯʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʜʦʙʳʯʠ ʪʚʝʨʜʳʭ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʬʨʝʟʝʨʥʳʭ ʤʘʰʠʥ ʠ 

ʢʦʣʝʩʥʳʭ ʩʢʨʝʧʝʨʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʩʧʦʩʦʙ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʡ ʪʚʝʨʜʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʩ ʧʨʠʤʝ-

ʥʝʥʠʝʤ ʬʨʝʟʝʨʥʦʡ ʤʘʰʠʥʳ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦ-

ʚʘʥʥʳʭ ʢʦʣʝʩʥʳʭ ʩʢʨʝʧʝʨʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʌʨʝʟʝʨʥʘʷ ʤʘʰʠʥʘ 1 ʧʨʦ-

ʠʟʚʦʜʠʪ ʨʘʟʨʳʭʣʝʥʠʝ ʧʦʨʦʜʳ 2 ʩ ʨʘʟʤʝʱʝʥʠʝʤ 

ʦʪʬʨʝʟʝʨʦʚʘʥʥʦʡ ʛʦʨʥʦʡ ʤʘʩʩʳ 3 ʚ ʦʪʨʳʪʦʡ 

ʪʨʘʥʰʝʝ 4, ʠʟ ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʝʝ ʚʳʝʤʢʘ 

ʢʦʣʝʩʥʳʤ ʩʢʨʝʧʝʨʦʤ 5, ʩʣʝʜʫʶʱʠʤ ʚʩʣʝʜ ʟʘ 

ʬʨʝʟʝʨʥʦʡ ʤʘʰʠʥʦʡ 1 (ʩʡʪ. 1). ʂʦʣʝʩʥʳʝ ʩʢʨʝʧʝ-

ʨʳ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʦʛʨʫʟʦʯʥʦ-

ʜʦʩʪʘʚʦʯʥʳʝ ʨʘʙʦʪʳ ʛʦʨʥʦʡ ʤʘʩʩʳ ʠ ʥʝ ʪʨʝʙʫʶʪ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦ ʧʦʚʳʰʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ. ɺ ʜʘʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʢʦʣʝʩʥʳʝ ʩʢʨʝʧʝʨʳ ʷʚʣʷʶʪʩʷ ʩʙʦ-

ʨʦʯʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ ʠ ʜʦʩʪʘʚʣʷʶʪ ʛʦʨʥʫʶ ʤʘʩ-

ʩʫ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʜʦ 1,0ï1,5 ʢʤ ʠʟ ʟʘʙʦʝʚ ʢ ʧʨʠ-

ʝʤʥʦʤʫ ʙʫʥʢʝʨʫ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʢʦʥʚʝʡʝʨʘ, ʧʝ-

ʨʝʤʝʱʘʶʱʝʛʦ ʛʦʨʥʫʶ ʤʘʩʩʫ ʥʘ ʜʥʝʚʥʫʶ ʧʦ-

ʚʝʨʭʥʦʩʪʴ ʢʘʨʴʝʨʘ. 



ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʙʝʟʚʟʨʳʚʥʳʭ ʮʠʢʣʠʯʥʦ-ʧʦʪʦʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ é ʏʝʙʘʥ ɸ.ʖ. 
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ʉʡʪ. 1. ʉʙʠʩʙʚʧʫʣʙ ʥʞʪʫʧʩʧʟʝʞʦʡʸ  
ʪ ʡʪʨʧʤʵʠʧʛʙʦʡʞʥ ʭʩʞʠʞʩʦʧʢ ʥʙʱʡʦʴ  

ʡ ʬʪʧʛʞʩʱʞʦʪʫʛʧʛʙʦʦʧʜʧ ʣʧʤʞʪʦʧʜʧ ʪʣʩʞʨʞʩʙ 

ʇʦʩʢʦʣʴʢʫ ʢʦʣʝʩʥʳʡ ʩʢʨʝʧʝʨ ʨʘʙʦʪʘʝʪ ʩ 

ʨʳʭʣʦʡ ʤʝʣʢʦʢʫʩʢʦʚʦʡ ʛʦʨʥʦʡ ʤʘʩʩʦʡ, ʪʦ ʟʘ-

ʛʨʫʟʢʘ ʝʛʦ ʢʦʚʰʘ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʩʠʣʳ ʪʷʛʠ ʷʚʣʷ-

ʝʪʩʷ ʥʝʵʬʬʝʢʪʠʚʥʦʡ, ʪʘʢ ʢʘʢ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ 

ʧʨʦʙʠʚʥʦʡ ʩʠʣʳ ʫ ʩʨʝʟʘʝʤʦʡ ʩʪʨʫʞʢʠ (ʛʦʨʥʦʡ 

ʤʘʩʩʳ) ʥʘʧʦʣʥʝʥʠʝ ʢʦʚʰʘ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 60ï

80% ʦʪ ʝʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʚʤʝʩʪʠʤʦʩʪʠ, ʪ.ʝ. 

ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʧʦʣʥʝʥʠʷ ʢʦʚʰʘ ʨʘʚʝʥ 0,6ï0,8. 

ɺ ʩʚʷʟʠ ʩ ʯʝʤ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʟʘʧʦʣʥʝʥʠʷ ʢʦʚʰʘ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʪʝʥʩʠʬʠʢʘʪʦʨ 

ʟʘʛʨʫʟʢʠ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʫʩʦʚʝʨ-

ʰʝʥʩʪʚʦʚʘʥʥʦʛʦ ʢʦʣʝʩʥʦʛʦ ʩʢʨʝʧʝʨʘ, ʩʧʝʮʠʘʣʴ-

ʥʦ ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʚʳʝʤʢʠ ʨʳʭʣʦʡ ʤʝʣ-

ʢʦʢʫʩʢʦʚʦʡ ʛʦʨʥʦʡ ʤʘʩʩʳ (ʩʡʪ. 2). ʊʘʢ ʢʘʢ ʧʨʠ 

ʯʝʨʧʘʥʠʠ ʠʟ ʪʨʘʥʰʝʠ ʛʦʨʥʦʡ ʤʘʩʩʳ, ʧʦʣʫʯʝʥ-

ʥʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʬʨʝʟʝʨʥʦʡ ʤʘʰʠʥʳ, ʥʝ 

ʚʦʟʥʠʢʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʝʟʘ-

ʥʠʶ, ʘ ʦʩʥʦʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʧʨʦ-

ʜʚʠʞʝʥʠʝʤ ʛʦʨʥʦʡ ʤʘʩʩʳ ʚʥʫʪʨʴ ʢʦʚʰʘ, ʧʦʷʚ-

ʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʝʩʪʠ ʚʳʝʤʢʫ ʩ ʧʦʤʦʱʴʶ 

ʟʘʛʨʫʟʦʯʥʦʛʦ ʣʦʪʢʘ 1. ɺ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʩʢʨʝʧʝʨʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʪʢʘʟʘʪʴʩʷ 

ʦʪ ʦʧʫʩʢʘʥʠʷ ʢʦʚʰʘ 2 ʠ ʚʳʧʦʣʥʠʪʴ ʝʛʦ ʢʘʢ ʦʜʥʦ 

ʮʝʣʦʝ ʩ ʪʷʛʦʚʦʡ ʨʘʤʦʡ 3, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʩʥʠ-

ʟʠʪʩʷ ʤʝʪʘʣʣʦʝʤʢʦʩʪʴ ʩʢʨʝʧʝʨʘ ʠ ʥʝʩʢʦʣʴʢʦ 

ʫʤʝʥʴʰʠʪʩʷ ʝʛʦ ʰʠʨʠʥʘ. 

 

ʉʡʪ. 2. ʌʪʧʛʞʩʱʞʦʪʫʛʧʛʙʦʦʴʢ ʣʧʤʞʪʦʴʢ ʪʣʩʞʨʞʩ  
ʝʤʸ ʛʴʞʥʣʡ ʩʴʮʤʧʢ ʥʞʤʣʧʣʬʪʣʧʛʧʢ  

ʜʧʩʦʧʢ ʥʙʪʪʴ 

ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ ʩʢʨʝʧʝʨ ʟʘʯʝʨʧʳʚʘʝʪ 

ʛʦʨʥʫʶ ʤʘʩʩʫ ʚ ʢʦʚʰ 2 ʩ ʧʦʤʦʱʴʶ ʟʘʛʨʫʟʦʯʥʦʛʦ 

ʣʦʪʢʘ 1. ʇʦʩʣʝ ʟʘʧʦʣʥʝʥʠʷ ʧʝʨʝʜʥʝʡ ʯʘʩʪʠ ʢʦʚʰʘ 

ʚ ʨʘʙʦʪʫ ʚʢʣʶʯʘʝʪʩʷ ʠʥʪʝʥʩʠʬʠʢʘʪʦʨ ʟʘʛʨʫʟʢʠ 4, 

ʢʦʪʦʨʳʡ ʧʝʨʝʤʝʱʘʝʪ ʛʦʨʥʫʶ ʤʘʩʩʫ ʠʟ ʧʝʨʝʜʥʝʡ 

ʯʘʩʪʠ ʢʦʚʰʘ ʚ ʟʘʜʥʶʶ ʧʨʠ ʧʦʤʦʱʠ ʧʨʠʚʦʜʘ 5. 

ʀʥʪʝʥʩʠʬʠʢʘʪʦʨ ʟʘʛʨʫʟʢʠ 4 ʥʘ ʢʘʨʝʪʢʘʭ 6 ʧʝʨʝ-

ʤʝʱʘʝʪʩʷ ʧʦ ʥʠʞʥʠʤ ʚʝʪʚʷʤ ʢʨʠʚʦʣʠʥʝʡʥʳʭ 

ʥʘʧʨʘʚʣʷʶʱʠʭ 7, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʚʥʝʰʥʠʭ 

ʩʪʦʨʦʥʘʭ ʙʦʢʦʚʳʭ ʩʪʝʥʦʢ ʢʦʚʰʘ, ʦʪ ʧʝʨʝʜʥʠʭ ʢ 

ʟʘʜʥʠʤ ʪʫʧʠʢʦʚʳʭ ʫʯʘʩʪʢʘʤ ʥʘʧʨʘʚʣʷʶʱʠʭ 7 

ʯʝʨʝʟ ʧʝʨʝʚʦʜʥʳʝ ʫʧʦʨʳ 8. ʆʩʚʦʙʦʜʠʚʰʘʷʩʷ ʧʝ-

ʨʝʜʥʷʷ ʯʘʩʪʴ ʢʦʚʰʘ 2 ʚʥʦʚʴ ʟʘʧʦʣʥʷʝʪʩʷ ʛʦʨʥʦʡ 

ʤʘʩʩʦʡ. ʅʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʟʘʛʨʫʟʢʠ ʛʠʜ-

ʨʦʮʠʣʠʥʜʨʳ 9 ʧʦʜʥʠʤʘʶʪ ʟʘʛʨʫʟʦʯʥʳʡ ʣʦʪʦʢ 1 ʩ 

ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʥʝʤ ʛʦʨʥʦʡ ʤʘʩʩʦʡ ʜʣʷ ʦʢʦʥʯʘ-

ʪʝʣʴʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʧʝʨʝʜʥʝʡ ʯʘʩʪʠ ʢʦʚʰʘ 2. 

ʉʢʨʝʧʝʨ ʦʩʫʱʝʩʪʚʣʷʝʪ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝ ʛʦʨ-

ʥʦʡ ʤʘʩʩʳ ʢ ʤʝʩʪʫ ʨʘʟʛʨʫʟʢʠ. ʇʨʠʤʝʥʝʥʠʝ ʠʥ-

ʪʝʥʩʠʬʠʢʘʪʦʨʘ ʟʘʛʨʫʟʢʠ ʧʦʟʚʦʣʷʝʪ ʟʘʛʨʫʞʘʪʴ 

ʢʦʚʰ ʨʘʟʨʳʭʣʝʥʥʦʡ ʛʦʨʥʦʡ ʤʘʩʩʦʡ ʩ ʚʳʩʦʢʠʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʥʘʧʦʣʥʝʥʠʷ, ʨʘʚʥʳʤ 1,05ï1,10 

(ʩ çʰʘʧʢʦʡè), ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʧʨʦ-

ʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʦʣʝʩʥʦʛʦ ʩʢʨʝʧʝʨʘ. 

ɼʣʷ ʨʘʟʛʨʫʟʢʠ ʢʦʚʰʘ 2 ʩʢʨʝʧʝʨʘ ʛʠʜʨʦʮʠʣʠʥ-

ʜʨʘʤʠ 9 ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʦʜʲʝʤ 

ʟʘʛʨʫʟʦʯʥʦʛʦ ʣʦʪʢʘ 1 ʚ ʥʘʧʨʘʚʣʷʶʱʠʭ 10. ʈʘʟ-

ʛʨʫʟʢʘ ʢʦʚʰʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʚ-

ʰʫʶʩʷ ʱʝʣʴ ʤʝʞʜʫ ʜʥʠʱʝʤ ʢʦʚʰʘ ʠ ʧʦʜʥʷʪʳʤ ʚ 

ʥʘʧʨʘʚʣʷʶʱʠʭ 10 ʟʘʛʨʫʟʦʯʥʳʤ ʣʦʪʢʦʤ 1. ɻʦʨʥʘʷ 

ʤʘʩʩʘ ʧʨʠʥʫʜʠʪʝʣʴʥʦ ʚʳʪʘʣʢʠʚʘʝʪʩʷ ʠʟ ʢʦʚʰʘ 

ʧʦʩʨʝʜʩʪʚʦʤ ʟʘʜʥʝʡ ʩʪʝʥʢʠ 11, ʢʦʪʦʨʘʷ ʧʝʨʝʤʝ-

ʱʘʝʪʩʷ ʚ ʧʝʨʝʜʥʶʶ ʯʘʩʪʴ ʢʦʚʰʘ. ʆʜʥʦʚʨʝʤʝʥʥʦ 

ʧʨʠ ʧʦʤʦʱʠ ʧʨʠʚʦʜʘ 5 ʚ ʠʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ ʚ 

ʧʝʨʝʜʥʝʡ ʯʘʩʪʠ ʢʦʚʰʘ ʚʦʟʚʨʘʱʘʝʪʩʷ ʠʥʪʝʥʩʠʬʠ-

ʢʘʪʦʨ ʟʘʛʨʫʟʢʠ 4, ʯʘʩʪʠʯʥʦ ʧʦʤʦʛʘʷ ʚʳʛʨʫʟʢʝ ʛʦʨ-

ʥʦʡ ʤʘʩʩʳ, ʧʨʠ ʵʪʦʤ ʢʘʨʝʪʢʠ 6 ʠʥʪʝʥʩʠʬʠʢʘʪʦʨʘ 

4, ʧʝʨʝʤʝʱʘʶʪʩʷ ʧʦ ʚʝʨʭʥʠʤ ʚʝʪʚʷʤ ʢʨʠʚʦʣʠʥʝʡ-

ʥʳʭ ʥʘʧʨʘʚʣʷʶʱʠʭ 7, ʦʪ ʟʘʜʥʠʭ ʪʫʧʠʢʦʚʳʭ 

ʫʯʘʩʪʢʦʚ ʢ ʧʝʨʝʜʥʠʤ ʯʝʨʝʟ ʧʝʨʝʚʦʜʥʳʝ ʫʧʦʨʳ 12. 

ʈʘʟʛʨʫʟʢʘ ʩʢʨʝʧʝʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʧʨʠʝʤʥʳʡ 

ʙʫʥʢʝʨ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʢʦʥʚʝʡʝʨʘ. ʇʨʠʝʤʥʳʡ 

ʙʫʥʢʝʨ ʦʙʦʨʫʜʦʚʘʥ ʩʧʝʮʠʘʣʴʥʦʡ ʵʩʪʘʢʘʜʦʡ ʜʣʷ 

ʧʨʦʝʟʜʘ ʠ ʨʘʟʛʨʫʟʢʠ ʥʘʜ ʥʠʤ ʢʦʣʝʩʥʦʛʦ ʩʢʨʝʧʝʨʘ. 

ɺʳʚʦʜʳ 

ʇʦ ʧʨʠʯʠʥʝ ʫʞʝʩʪʦʯʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʩʦʮʠʘʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʧʨʠ ʜʦʙʳʯʝ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ 

ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʚʩʝ ʙʦʣʴʰʠʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʘ ʚ 

ʩʣʫʯʘʝ ʧʨʠʙʣʠʞʝʥʠʷ ʬʨʦʥʪʘ ʨʘʙʦʪ ʚʧʣʦʪʥʫʶ ʢ 

ʥʘʩʝʣʝʥʥʳʤ ʧʫʥʢʪʘʤ, ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʤ ʪʝʨʨʠ-

ʪʦʨʠʷʤ ʠʣʠ ʦʙʲʝʢʪʘʤ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʚʝʜʝʥʠʝ 

ʚʟʨʳʚʥʦʛʦ ʨʳʭʣʝʥʠʷ ʚʦʦʙʱʝ ʠʩʢʣʶʯʘʝʪʩʷ. ɺ ʪʦ 

ʞʝ ʚʨʝʤʷ ʥʘ ʨʷʜʝ ʜʘʚʥʦ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʡ ʦʩʥʦʚʥʳʝ ʠ ʥʘʠʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʳʝ 

ʟʘʧʘʩʳ (ʧʦ ʧʨʠʯʠʥʝ ʚʳʨʘʙʦʪʢʠ ʜʨʫʛʠʭ ʟʘʧʘʩʦʚ) 

ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʦʢʘʟʳʚʘʶʪʩʷ ʚ ʥʝʧʦʩʨʝʜ-
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ʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʢ ʞʠʣʴʶ ʠ ʜʨʫʛʠʤ ʦʙʲʝʢʪʘʤ. 

ʉ ʨʘʟʚʠʪʠʝʤ ʛʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʩʝ ʙʦʣʴʰʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠ-

ʝʤ ʙʝʟʚʟʨʳʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʫʪʝʤ ʤʝʭʘʥʠʯʝʩʢʦ-

ʛʦ ʨʳʭʣʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʚ ʯʘʩʪʥʦʩʪʠ ʩ ʧʨʠʤʝ-

ʥʝʥʠʝʤ ʬʨʝʟʝʨʥʳʭ ʤʘʰʠʥ.  

ʇʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʮʠʢʣʠʯʥʦ-ʧʦʪʦʯʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚʦʟʤʦʞʥʦ 

ʟʘ ʩʯʝʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʭʝʤ ʧʨʠ 

ʧʝʨʝʤʝʱʝʥʠʠ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ ʠʟ ʟʘʙʦʝʚ ʢ 

ʤʘʛʠʩʪʨʘʣʴʥʦʤʫ ʢʦʥʚʝʡʝʨʫ, ʥʘʭʦʜʷʱʝʤʫʩʷ ʥʘ ʨʘʩ-

ʩʪʦʷʥʠʠ ʜʦ 1,0ï1,5 ʢʤ, ʧʫʪʝʤ ʟʘʤʝʥʳ ʘʚʪʦʩʘʤʦʩʚʘ-

ʣʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʢʦʤʧʣʝʢʪʝ ʩ ʧʦʛʨʫʟʦʯʥʳʤ ʦʙʦ-

ʨʫʜʦʚʘʥʠʝʤ, ʥʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʝ ʢʦʣʝʩʥʳʝ 

ʩʢʨʝʧʝʨʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʚʳʝʤʢʠ ʨʳʭʣʦʡ 

ʤʝʣʢʦʢʫʩʢʦʚʦʡ ʛʦʨʥʦʡ ʤʘʩʩʳ. ʇʨʝʜʣʘʛʘʝʤʦʝ ʩʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʚʝʜʝʥʠʷ 

ʛʦʨʥʳʭ ʨʘʙʦʪ ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ ʠʟʜʝʨʞʢʠ ʥʘ ʚʳ-

ʝʤʢʫ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝ ʛʦʨʥʦʡ ʤʘʩʩʳ, ʯʪʦ ʧʦ-

ʚʳʩʠʪ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ. 
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Abstract. An ever growing application of ripping 

techniques in surface mining is due to economic factors 

and significantly stricter environmental and social 

regulations which restrict drilling and blasting operations. 

Surface miners and milling machines would be the most 

efficient machinery for explosive-free mining. As an 

open pit is mined out and the haul distances increase, it 

becomes reasonable to use a combined conveying system 

comprising different conveyor structures. This article 

describes an enhanced conveying technology involving 

milling machines, wheel scrapers, and conveyors. A 

milling machine rips rock and sends it to an open trench. 

A wheel scraper which follows the milling machine picks 

up the ripped rock from the trench. Wheel scrapers do all 

the loading and conveying and require no auxiliary 

equipment, thus increasing the mining efficiency. In this 

technology wheel scrapers perform a collecting and 

conveying job delivering rock from the pit to a receiver 

bin of the main conveyor. The proposed design of a 

wheel scraper includes a feed chute and a scraper used as 
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a loading aid to help extract small pieces of loose rock. A 

feed chute helps convey rock to the shovel of a wheel 

scraper. Once the front area of the shovel is filled up with 

rock, a scraper activates moving rock to the rear area of 

the shovel. The enhanced mining technology will help 

reduce the extraction and conveying costs and thus 

improve overall mining efficiency. 

Keywords: Ripping, rock mass, milling machine, 

wheel scraper, loading aid, conveyor. 
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ʶʱʠʭ ʧʦʨʦʜ ʧʨʠ ʚʳʝʤʢʝ ʤʝʞʜʫʢʘʤʝʨʥʳʭ ʮʝʣʠʢʦʚ (ʄʂʎ). ɺʘʨʠʘʥʪʳ ʂʉʈ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʧʦ ʦʩʥʦʚʥʦ-

ʤʫ ʧʨʠʟʥʘʢʫ ï ʬʦʨʤʝ ʄʂʎ (ʧʨʷʤʦʫʛʦʣʴʥʳʡ, ʪʨʘʧʝʮʠʝʚʠʜʥʳʡ), ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ï ʫʩʣʦʚʠʶ ʦʪʨʘʙʦʪʢʠ 

ʄʂʎ (ʧʦʜ ʢʦʥʩʦʣʴʶ ʧʦʨʦʜ ʚʠʩʷʯʝʛʦ ʙʦʢʘ, ʧʦʜ ʦʙʨʫʰʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ). ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʠʩʪʝʤʘʪʠʟʘʮʠ-

ʝʡ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʦ ʩʝʤʴ ʪʝʭʥʠʯʝʩʢʠ ʨʘʮʠʦʥʘʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ ʂʉʈ, ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʪʘʢʞʝ ʧʦ ʩʧʦʩʦʙʫ 

ʦʯʠʩʪʥʦʡ ʚʳʝʤʢʠ ʄʂʎ (ʤʝʪʦʜ ʦʪʙʦʡʢʠ, ʚʳʧʫʩʢʘ ʨʫʜʳ, ʦʯʝʨʝʜʥʦʩʪʴ ʚʳʝʤʢʠ) ʠ ʩʧʦʩʦʙʫ (ʧʨʠʥʫʜʠʪʝʣʴʥʦʝ 

ʠʣʠ ʩʘʤʦʦʙʨʫʰʝʥʠʝ ʧʦʨʦʜ ʚʠʩʷʯʝʛʦ ʙʦʢʘ) ʠ ʧʦʨʷʜʢʫ (ʜʦ ʠʣʠ ʧʦʩʣʝ ʦʪʙʦʡʢʠ ʄʂʎ) ʧʦʛʘʰʝʥʠʷ ʚʳʨʘʙʦʪʘʥʥʦ-

ʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʯʠʩʪʥʦʛʦ ʙʣʦʢʘ. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʧʦʪʝʨʴ ʠ ʨʘʟʫʙʦʞʠʚʘʥʠʷ 

ʢʚʘʨʮʘ, ʦʪʣʠʯʘʶʱʘʷʩʷ ʪʝʤ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʳʭ ʘʨʛʫʤʝʥʪʦʚ ʧʨʠʥʷʪʳ ʤʦʱʥʦʩʪʴ ʠ ʫʛʦʣ ʧʘʜʝʥʠʷ ʨʫʜʥʦʛʦ 

ʪʝʣʘ, ʰʠʨʠʥʘ ʢʘʤʝʨ ʠ ʄʂʎ, ʧʦʟʚʦʣʷʶʱʘʷ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʪʝʭʥʦʣʦʛʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʘʥʥʳʭ 

ʬʘʢʪʦʨʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʚʘʨʠʘʥʪʳ ʂʉʈ ʩ ʫʚʝʣʠʯʝʥʥʦʡ ʰʠʨʠʥʦʡ ʢʘʤʝʨ, ʧʦʜʘʪ-

ʣʠʚʳʤʠ ʄʂʎ ʪʨʘʧʝʮʠʝʚʠʜʥʦʡ ʬʦʨʤʳ, ʦʪʨʘʙʘʪʳʚʘʝʤʳʤʠ ʧʦʜ ʧʦʨʦʜʥʦʡ ʢʦʥʩʦʣʴʶ ʠʣʠ ʧʨʠʥʫʜʠʪʝʣʴʥʦ ʦʙ-

ʨʫʰʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ ʚʠʩʷʯʝʛʦ ʙʦʢʘ  ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʥʠʞʝʥʠʝ ʧʦʪʝʨʴ ʜʦ 6ï11%. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʢʚʘʨʮʘ, ʧʦʜʟʝʤʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʥʘʢʣʦʥʥʦʝ ʨʫʜʥʦʝ ʪʝʣʦ, ʧʦʪʝʨʠ ʠ ʨʘʟʫʙʦ-

ʞʠʚʘʥʠʝ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʨʘʟʨʘʙʦʪʢʠ. 
 

ɺʚʝʜʝʥʠʝ  

ʂʳʰʪʳʤʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʷʚʣʷʝʪʩʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʝʜʠʥʩʪʚʝʥʥʳʤ ʚ ʈʦʩʩʠʠ ʵʢʩʧʣʫʘ-

ʪʠʨʫʝʤʳʤ ʤʝʩʪʦʨʦʞʜʝʥʠʝʤ ʚʳʩʦʢʦʮʝʥʥʦʛʦ 

ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ ʢʚʘʨʮʘ ʠ ʩʪʘʙʠʣʴʥʳʤ ʠʩ-

ʪʦʯʥʠʢʦʤ ʩʳʨʴʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʠʥʮʠʧʠ-

ʘʣʴʥʦ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʢʚʘʨʮʝʚʦʝ ʩʪʝʢʣʦ, 

ʩʧʝʮʠʘʣʴʥʘʷ ʢʝʨʘʤʠʢʘ, ʧʨʦʜʫʢʮʠʷ ʜʚʦʡʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ) [1]. ʈʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʟʘʧʘʩʦʚ ʚʳʩʦʢʦʮʝʥʥʦʛʦ ʢʚʘʨʮʘ ʚ ʩʚʷʟʠ ʩ ʠʭ 

ʦʛʨʘʥʠʯʝʥʥʦʩʪʴʶ ʢʨʘʡʥʝ ʚʘʞʥʦ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʦʪʨʘʩʣʝʡ ʨʦʩʩʠʡʩʢʦʡ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʠ. ʅʘʢʣʦʥʥʦʝ ʧʘʜʝʥʠʝ ʨʫʜʥʦʛʦ 

ʪʝʣʘ (25ï40 ʛʨʘʜ), ʩʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ (10ï12 ʤ) 

ʧʨʠ ʩʨʝʜʥʝʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʫʜʳ ʠ ʚʤʝʱʘʶʱʠʭ 

ʧʦʨʦʜ ʧʨʝʜʦʧʨʝʜʝʣʠʣʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʪʨʫʜ-

ʥʦʩʪʠ ʧʨʠ ʝʛʦ ʦʪʨʘʙʦʪʢʝ ʠ ʥʝʚʳʩʦʢʠʝ ʧʦʢʘʟʘ-

ʪʝʣʠ ʠʟʚʣʝʯʝʥʠʷ. ʊʘʢ, ʧʨʠʤʝʥʷʝʤʘʷ ʢʘʤʝʨʥʦ-

ʮʝʣʠʢʦʚʘʷ ʩʠʩʪʝʤʘ ʨʘʟʨʘʙʦʪʢʠ ʩ ʚʟʨʳʚʦʜʦʩʪʘʚ-
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ʢʦʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʪʝʨʷʤʠ ʙʘʣʘʥʩʦʚʳʭ ʟʘ-

ʧʘʩʦʚ ʢʚʘʨʮʘ ʚ ʥʝʠʟʚʣʝʢʘʝʤʳʭ ʤʝʞʜʫʢʘʤʝʨʥʳʭ 

ʮʝʣʠʢʘʭ (ʄʂʎ) ʠ ʥʘ ʧʦʯʚʝ ʢʘʤʝʨʳ ʜʦ 30%. ʉʦ-

ʦʪʚʝʪʩʪʚʝʥʥʦ ʨʝʟʢʦ ʩʦʢʨʘʱʘʝʪʩʷ ʩʳʨʴʝʚʘʷ ʙʘʟʘ 

ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʥʠʢʘʣʴʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤ ʩ ʟʘʢʣʘʜ-

ʢʦʡ ʥʝʧʨʠʝʤʣʝʤʦ, ʧʦʩʢʦʣʴʢʫ ʧʦʧʘʜʘʥʠʝ ʜʘʞʝ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʮʝʤʝʥʪʘ ʚ ʞʠʣʴ-

ʥʫʶ ʤʘʩʩʫ ʜʝʣʘʝʪ ʝʝ ʥʝʧʨʠʛʦʜʥʦʡ ʜʣʷ ʧʦʣʫʯʝ-

ʥʠʷ ʚʳʩʦʢʦʯʠʩʪʳʭ ʢʚʘʨʮʝʚʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ 

(ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʂʳʰʪʳʤʩʢʠʤ 

ɻʆʂʦʤ). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʘ ʟʘʜʘʯʘ 

ʠʟʳʩʢʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʦʜʟʝʤʥʦʡ ʜʦʙʳʯʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʢʘʨʜʠʥʘʣʴʥʦʝ (ʚ 2 ʨʘʟʘ) ʩʥʠ-

ʞʝʥʠʝ ʧʦʪʝʨʴ ʢʚʘʨʮʘ [2]. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʪʝʦʨʠʠ ʠ ʧʨʘʢʪʠʢʠ 

ʦʪʨʘʙʦʪʢʠ ʥʘʢʣʦʥʥʳʭ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

(ʙʦʣʝʝ 20-ʪʠ) ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʜʠʢʘʣʴʥʦʝ 

ʩʥʠʞʝʥʠʝ ʧʦʪʝʨʴ ʢʚʘʨʮʘ ʚ ʥʝʜʨʘʭ ʤʦʞʝʪ ʙʳʪʴ 



ɺʳʙʦʨ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʜʟʝʤʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʢʚʘʨʮʘ ʉʦʢʦʣʦʚ ʀ.ɺ., ɹʘʨʘʥʦʚʩʢʠʡ ʂ.ɺ. 
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ʜʦʩʪʠʛʥʫʪʦ ʧʨʠʤʝʥʝʥʠʝʤ ʂʉʈ, ʩʦʯʝʪʘʶʱʝʡ 

ʩʠʩʪʝʤʫ ʩ ʦʪʢʨʳʪʳʤ ʦʯʠʩʪʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ 

ʧʨʠ ʚʳʝʤʢʝ ʦʩʥʦʚʥʳʭ ʢʘʤʝʨʥʳʭ ʟʘʧʘʩʦʚ ʠ ʩʠ-

ʩʪʝʤʫ ʩ ʦʙʨʫʰʝʥʠʝʤ ʨʫʜʳ ʠ ʚʤʝʱʘʶʱʠʭ ʧʦ-

ʨʦʜ ʧʨʠ ʚʳʝʤʢʝ ʄʂʎ. ɼʣʷ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʠ 

ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʚʘʨʠʘʥʪʦʚ ʂʉʈ ʚʳʧʦʣ-

ʥʝʥʘ ʠʭ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ (ʫʙʚʤ. 1). ʇʦʩʢʦʣʴʢʫ 

ʦʪʨʘʙʦʪʢʘ ʢʘʤʝʨʥʳʭ ʟʘʧʘʩʦʚ ʪʨʠʚʠʘʣʴʥʘ, ʚ ʢʘ-

ʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʧʨʠʟʥʘʢʘ ʧʨʠʥʷʪ ʢʦʥʩʪʨʫʢ-

ʪʠʚʥʳʡ ʬʘʢʪʦʨ ï ʬʦʨʤʘ ʄʂʎ (ʧʨʷʤʦʫʛʦʣʴ-

ʥʳʡ, ʪʨʘʧʝʮʠʝʚʠʜʥʳʡ), ʦʪ ʢʦʪʦʨʦʛʦ ʚ 

ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝ-

ʥʠʷ ʯʠʩʪʦʡ ʨʫʜʳ ʠʟ ʙʣʦʢʘ. ʇʨʠ ʜʝʣʝʥʠʠ ʚʘʨʠ-

ʘʥʪʦʚ ʥʘ ʛʨʫʧʧʳ ʧʨʠʥʷʪʦ ʫʩʣʦʚʠʝ ʦʪʨʘʙʦʪʢʠ 

ʄʂʎ (ʧʦʜ ʢʦʥʩʦʣʴʶ ʧʦʨʦʜ ʚʠʩʷʯʝʛʦ ʙʦʢʘ, ʧʦʜ 

ʦʙʨʫʰʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ), ʦʧʨʝʜʝʣʷʝʤʦʝ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʧʦʨʦʜ ʚʠʩʷʯʝʛʦ ʙʦʢʘ. ɺʘʨʠʘʥ-

ʪʳ ʚʥʫʪʨʠ ʛʨʫʧʧʳ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʩʧʦʩʦʙʫ 

ʦʯʠʩʪʥʦʡ ʚʳʝʤʢʠ ʄʂʎ (ʤʝʪʦʜ ʦʪʙʦʡʢʠ, ʚʳ-

ʧʫʩʢʘ ʨʫʜʳ, ʦʯʝʨʝʜʥʦʩʪʴ ʚʳʝʤʢʠ) ʠ ʩʧʦʩʦʙʫ 

(ʧʨʠʥʫʜʠʪʝʣʴʥʦʝ ʠʣʠ ʩʘʤʦʦʙʨʫʰʝʥʠʝ ʧʦʨʦʜ 

ʚʠʩʷʯʝʛʦ ʙʦʢʘ) ʠ ʧʦʨʷʜʢʫ (ʜʦ ʠʣʠ ʧʦʩʣʝ ʦʪ-

ʙʦʡʢʠ ʄʂʎ) ʧʦʛʘʰʝʥʠʷ ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ ʦʯʠʩʪʥʦʛʦ ʙʣʦʢʘ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʠʩʪʝʤʘʪʠʟʘʮʠʝʡ ʩʢʦʥ-

ʩʪʨʫʠʨʦʚʘʥʦ ʩʝʤʴ ʪʝʭʥʠʯʝʩʢʠ ʨʘʮʠʦʥʘʣʴʥʳʭ 

ʚʘʨʠʘʥʪʦʚ ʂʉʈ, ʪʨʠ ï ʧʨʠʟʥʘʥʳ ʥʝʨʘʮʠʦʥʘʣʴ-

ʥʳʤʠ (ʚ ʫʙʚʤ. 1 ʦʥʠ ʥʝ ʧʨʦʥʫʤʝʨʦʚʘʥʳ). ɺʦ 

ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ ʵʪʘʞ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʘ 

ʧʦʜʵʪʘʞʘ, ʧʦʜʵʪʘʞʠ ï ʥʘ ʦʯʠʩʪʥʳʝ ʙʣʦʢʠ, ʩʦ-

ʩʪʦʷʱʠʝ ʠʟ ʦʯʠʩʪʥʦʡ ʢʘʤʝʨʳ ʠ ʄʂʎ. ɹʣʦʢ ʦʪ-

ʨʘʙʘʪʳʚʘʝʪʩʷ ʚ ʜʚʝ ʩʪʘʜʠʠ: ʥʘ ʧʝʨʚʦʡ ï ʢʘʤʝʨ-

ʥʳʝ ʟʘʧʘʩʳ, ʥʘ ʚʪʦʨʦʡ ï ʄʂʎ. ʊʝʭʥʦʣʦʛʠʷ ʚʳ-

ʝʤʢʠ ʢʘʤʝʨʥʳʭ ʟʘʧʘʩʦʚ ʚʦ ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ ʦʜʠ-

ʥʘʢʦʚʘ ï ʧʦʩʣʦʡʥʘʷ ʦʪʙʦʡʢʘ ʨʫʜʳ ʚʝʝʨʥʳʤʠ 

ʩʢʚʘʞʠʥʥʳʤʠ ʟʘʨʷʜʘʤʠ ʜʠʘʤʝʪʨʦʤ 65 ʤʤ ʠ 

ʧʣʦʱʘʜʥʳʤ ʚʳʧʫʩʢʦʤ ʨʫʜʳ ʯʝʨʝʟ ʧʦʛʨʫʟʦʯʥʳʝ 

ʟʘʝʟʜʳ. ʇʨʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʧʨʠʥʷʪʳ: ʧʦʩʪʦ-

ʷʥʥʘʷ ʰʠʨʠʥʘ ʦʯʠʩʪʥʦʛʦ ʙʣʦʢʘ 28 ʤ, ʨʘʚʥʘʷ 

ʩʫʤʤʝ ʰʠʨʠʥʳ ʢʘʤʝʨʳ ʠ ʄʂʎ; ʜʣʠʥʘ ʢʘʤʝʨʳ 

ʠ ʄʂʎ ʨʘʚʥʘ ʜʣʠʥʝ ʨʫʜʥʦʛʦ ʪʝʣʘ ʧʦ ʧʨʦʩʪʠʨʘ-

ʥʠʶ ï 100 ʤ; ʩʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʨʫʜʥʦʛʦ ʪʝʣʘ 

(mʩʨ) 12 ʤ ʠ ʫʛʦʣ ʧʘʜʝʥʠʷ ʨʫʜʥʦʛʦ ʪʝʣʘ (Ŭʨ.ʪ) 

30Á. ɺʳʨʘʙʦʪʢʠ ʚʳʧʫʩʢʘ ʠ ʜʦʩʪʘʚʢʠ ʨʘʩʧʦʣʘ-

ʛʘʶʪʩʷ ʚ ʣʝʞʘʯʝʤ ʙʦʢʫ ʨʫʜʥʦʛʦ ʪʝʣʘ [3]. ʅʘ 

ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʝ ʩʘʤʦʭʦʜʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ [4]. 

ʆʜʥʦʡ ʠʟ ʠʜʝʡ ʧʦ ʩʥʠʞʝʥʠʶ ʧʦʪʝʨʴ ʙʘʣʘʥ-

ʩʦʚʳʭ ʟʘʧʘʩʦʚ ʢʚʘʨʮʘ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʧʦʜʘʪʣʠʚʳʭ ʄʂʎ ʪʨʘʧʝʮʠʝʚʠʜʥʦʡ ʬʦʨʤʳ ʩ 

ʤʘʣʳʤ ʚʝʨʭʥʠʤ ʦʩʥʦʚʘʥʠʝʤ, ʯʪʦ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʴ ʛʦʨʥʳʤ ʜʘʚ-

ʣʝʥʠʝʤ. ʈʘʟʤʝʨʳ ʠ ʬʦʨʤʘ ʮʝʣʠʢʦʚ, ʧʨʦʣʝʪʳ 

ʢʘʤʝʨ ʨʘʩʩʯʠʪʘʥʳ ʦʪʜʝʣʦʤ ʛʝʦʤʝʭʘʥʠʢʠ ʀɻɼ 

ʋʨʆ ʈɸʅ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʯʠʩʪʥʳʝ ʢʘʤʝʨʳ 

ʰʠʨʠʥʦʡ 26 ʤ ʠ ʄʂʎ ʰʠʨʠʥʦʡ 8 ʤ (ʧʦ ʥʠʟʫ) ʠ 

2 ʤ (ʧʦ ʚʝʨʭʫ) ʙʫʜʫʪ ʫʩʪʦʡʯʠʚʳ ʟʘ ʩʯʝʪ ʧʨʠʜʘ-

ʥʠʷ ʠʤ ʧʦʜʘʪʣʠʚʦʩʪʠ. ʋʚʝʣʠʯʝʥʠʝ ʰʠʨʠʥʳ ʢʘ-

ʤʝʨʳ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʰʠʨʠʥʳ 

ʄʂʎ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʦʙʲʝʤ ʢʘʤʝʨʥʳʭ 

ʟʘʧʘʩʦʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʣʫʯʰʝʥʠʝ ʧʦʢʘʟʘ-

ʪʝʣʝʡ ʠʟʚʣʝʯʝʥʠʷ ʨʫʜʳ ʚ ʮʝʣʦʤ ʧʦ ʙʣʦʢʫ [5]. 

ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʙʘʟʦʡ ʜʣʷ ʚʳʙʦʨʘ ʵʬʬʝʢ-

ʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʢ 

ʦʙʦʩʥʦʚʘʥʠʶ ʦʧʪʠʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ 

ʠ ʝʝ ʧʘʨʘʤʝʪʨʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʫʯʝʪʝ ʚʩʝʭ ʬʘʢ-

ʪʦʨʦʚ ʠ ʩʨʘʚʥʝʥʠʠ ʚʘʨʠʘʥʪʦʚ ʧʦ ʢʨʠʪʝʨʠʶ ʧʨʠ-

ʙʳʣʠ (ʇʨ) ʥʘ ʝʜʠʥʠʮʫ ʧʦʛʘʰʘʝʤʳʭ ʙʘʣʘʥʩʦʚʳʭ 

ʟʘʧʘʩʦʚ [6]. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ 

ʧʘʨʘʤʝʪʨʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʘʨʠʘʥʪʫ ʩʠʩʪʝʤʳ 

ʨʘʟʨʘʙʦʪʢʠ ʩ ʥʘʠʙʦʣʴʰʝʡ ʧʨʠʙʳʣʴʶ, ʩʯʠʪʘʶʪʩʷ 

ʦʧʪʠʤʘʣʴʥʳʤʠ. ʎʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʧʨʠʤʝʥʠʪʝʣʴ-

ʥʦ ʢ ʢʚʘʨʮʝʚʦʤʫ ʛʦʨʥʦ-ʦʙʦʛʘʪʠʪʝʣʴʥʦʤʫ ʧʨʦʠʟ-

ʚʦʜʩʪʚʫ ʠʤʝʝʪ ʚʠʜ 
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ʛʜʝ ɖ=(1ïʇ) ï ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʚʣʝʯʝʥʠʷ ʨʫʜʳ 

ʧʨʠ ʜʦʙʳʯʝ, ʛʜʝ ʇ ï ʧʦʪʝʨʠ, ʜʦʣʠ ʝʜ.; n ï ʢʦ-

ʣʠʯʝʩʪʚʦ ʨʝʘʣʠʟʫʝʤʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ; Zi ï ʮʝʥʘ 

i-ʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ ʢʚʘʨʮʝʚʦʛʦ 

ʩʳʨʴʷ; ʩ ï ʩʦʜʝʨʞʘʥʠʝ ʢʚʘʨʮʘ ʚ ʧʦʛʘʰʘʝʤʳʭ 

ʙʘʣʘʥʩʦʚʳʭ ʟʘʧʘʩʘʭ, %; Ůi ï ʠʟʚʣʝʯʝʥʠʝ ʢʚʘʨʮʘ 

ʚ i-ʡ ʢʦʥʮʝʥʪʨʘʪ ʧʨʠ ʦʙʦʛʘʱʝʥʠʠ, ʜʦʣʠ ʝʜ., 

ʦʧʨʝʜʝʣʷʝʤʘʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʚ ʜʦʙʳʪʦʡ ʨʫʜʝ ʘ=ʩ(1ïʈ); ʈ ï ʨʘʟʫʙʦʞʠʚʘʥʠʝ, 

ʜʦʣʠ ʝʜ.; C ï ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʜʦʙʳʯʠ, ʪʨʘʥʩʧʦʨ-

ʪʘ ʠ ʦʙʦʛʘʱʝʥʠʷ 1 ʪ ʜʦʙʳʪʦʡ ʨʫʜʳ, ʨʫʙ./ʪ. 

ʀʟ (1) ʚʠʜʥʦ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʠ ʠʟʚʣʝʯʝʥʠʷ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʢʘʢ ʥʘ ʠʟʚʣʝʢʘʝʤʫʶ ʮʝʥ-

ʥʦʩʪʴ ʙʘʣʘʥʩʦʚʳʭ ʟʘʧʘʩʦʚ ʢʚʘʨʮʘ, ʪʘʢ ʠ ʥʘ ʩʝ-

ʙʝʩʪʦʠʤʦʩʪʴ ʝʛʦ ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ [7]. 

ʋʯʠʪʳʚʘʷ ʮʝʣʴ ʨʘʙʦʪʳ ï ʩʥʠʞʝʥʠʝ ʧʦʪʝʨʴ ʙʘ-

ʣʘʥʩʦʚʳʭ ʟʘʧʘʩʦʚ ʢʚʘʨʮʘ ʚ ʥʝʜʨʘʭ ʙʦʣʝʝ ʯʝʤ ʚ 

2 ʨʘʟʘ, ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʚʳʙʦʨʘ ʟʘ ʢʨʠʪʝʨʠʡ 

ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʭ 

ʚʘʨʠʘʥʪʦʚ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʤʠʥʠʤʫʤ ʧʦʪʝʨʴ. 

ʇʨʠ ʵʪʦʤ ʚʘʨʠʘʥʪʳ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ ʩ ʤʠ-

ʥʠʤʘʣʴʥʳʤʠ ʧʦʪʝʨʷʤʠ ʩʯʠʪʘʶʪʩʷ ʥʘʠʙʦʣʝʝ 

ʨʘʮʠʦʥʘʣʴʥʳʤʠ ʠ ʦʪʙʠʨʘʶʪʩʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝ-

ʛʦ ʩʨʘʚʥʝʥʠʷ ʧʦ (1). 
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ʋʙʚʤʡʯʙ 1 
ʊʡʪʫʞʥʙʫʡʠʙʯʡʸ ʛʙʩʡʙʦʫʧʛ ʃʊʉ ʦʙʣʤʧʦʦʧʜʧ ʥʞʪʫʧʩʧʟʝʞʦʡʸ ʪʩʞʝʦʞʢ ʥʧʲʦʧʪʫʡ 

ʌʦʨʤʘ 
ʄʂʎ 

ɺʘʨʠʘʥʪ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ 

ʋʩʣʦʚʠʷ ʦʪʨʘʙʦʪʢʠ ʄʂʎ 

ʧʦʜ ʧʦʨʦʜʥʦʡ ʢʦʥʩʦʣʴʶ 

ʧʦʜ ʦʙʨʫʰʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ 

ʧʨʠʥʫʜʠʪʝʣʴʥʦ ʩʘʤʦʦʙʨʫʰʝʥʥʳʤʠ 

ʉʧʦʩʦʙ ʚʳʝʤʢʠ ʄʂʎ 

I ʇʨʷʤʦ-
ʫʛʦʣʴ-
ʥʳʡ 

1. ʂʘʤʝʨʥʘʷ ʩ ʦʙʨʫʰʝ-

ʥʠʝʤ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ 

ʄʂʎ ʠ ʧʣʦʱʘʜʥʳʤ 

ʚʳʧʫʩʢʦʤ ʨʫʜʳ ʧʦʜ 

ʧʦʨʦʜʥʦʡ ʢʦʥʩʦʣʴʶ. 

ʄʘʩʩʦʚʘʷ ʦʪʙʦʡʢʘ 

ʄʂʎ ʥʘ ʦʪʢʨʳʪʫʶ 

ʢʘʤʝʨʫ, ʚʟʨʳʚʦʜʦ-

ʩʪʘʚʢʘ ʠ ʧʣʦʱʘʜʥʦʡ 

ʚʳʧʫʩʢ ʨʫʜʳ ʠʟ ʦʪ-

ʢʨʳʪʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʠ ʧʦʜ ʟʘʪʝʢʘʶʱʠʤʠ 

ʦʙʨʫʰʝʥʥʳʤʠ ʧʦʨʦ-

ʜʘʤʠ.  

ʇʨʠʥʫʜʠʪʝʣʴʥʦʝ ʦʙ-

ʨʫʰʝʥʠʝ ʧʦʨʦʜʥʦʡ 

ʢʦʥʩʦʣʠ ʧʦʩʣʝ ʚʳʧʫʩ-

ʢʘ ʨʫʜʳ ʠʟ ʄʂʎ 

3. ʂʘʤʝʨʥʘʷ ʩ ʦʙʨʫ-

ʰʝʥʠʝʤ ʧʨʷʤʦʫʛʦʣʴ-

ʥʦʛʦ ʄʂʎ ʠ ʢʦʤʙʠʥʠ-

ʨʦʚʘʥʥʳʤ ʚʳʧʫʩʢʦʤ 

ʨʫʜʳ ʧʦʜ ʧʦʨʦʜʥʦʡ 

ʢʦʥʩʦʣʴʶ.  

ʄʘʩʩʦʚʘʷ ʦʪʙʦʡʢʘ 

ʄʂʎ ʥʘ ʦʪʢʨʳʪʫʶ 

ʢʘʤʝʨʫ, ʚʟʨʳʚʦʜʦ-

ʩʪʘʚʢʘ ʠ ʢʦʤʙʠʥʠʨʦ-

ʚʘʥʥʳʡ ʚʳʧʫʩʢ ʨʫʜʳ 

ï ʧʣʦʱʘʜʥʦʡ ʦʩʥʦʚ-

ʥʳʭ ʟʘʧʘʩʦʚ ʘʥʘʣʦ-

ʛʠʯʥʦ ʚʘʨʠʘʥʪʫ 1 ʠ 

ʪʦʨʮʦʚʳʡ ʜʦʚʳʧʫʩʢ. 

ʆʙʨʫʰʝʥʠʝ ʧʦʨʦʜʥʦʡ 

ʢʦʥʩʦʣʠ ʘʥʘʣʦʛʠʯʥʦ 

ʚʘʨʠʘʥʪʫ 1 

ï 
ʂʘʤʝʨʥʘʷ ʩ ʦʙʨʫʰʝʥʠ-
ʝʤ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ 
ʄʂʎ ʠ ʪʦʨʮʦʚʳʤ ʚʳ-
ʧʫʩʢʦʤ ʨʫʜʳ ʧʦʜ ʧʨʠ-
ʥʫʜʠʪʝʣʴʥʦ ʦʙʨʫʰʝʥ-
ʥʳʤʠ ʧʦʨʦʜʘʤʠ  ʦʞ 
ʩʙʯʡʧʦʙʤʵʦʙ  
ʠʟ-ʟʘ ʥʝʚʦʟʤʦʞʥʦʩʪʠ 
ʧʦʣʥʦʛʦ ʚʳʧʫʩʢʘ ʄʂʎ 

6. ʂʘʤʝʨʥʘʷ ʩ ʦʙʨʫ-

ʰʝʥʠʝʤ ʧʨʷʤʦʫʛʦʣʴ-

ʥʦʛʦ ʄʂʎ ʠ ʧʣʦʱʘʜ-

ʥʳʤ ʚʳʧʫʩʢʦʤ ʨʫʜʳ 

ʧʦʜ ʩʘʤʦʦʙʨʫʰʝʥʥʳ-

ʤʠ ʧʦʨʦʜʘʤʠ.  

ʄʘʩʩʦʚʘʷ ʦʪʙʦʡʢʘ 

ʄʂʎ ʥʘ ʦʪʢʨʳʪʫʶ ʢʘ-

ʤʝʨʫ, ʚʟʨʳʚʦʜʦʩʪʘʚʢʘ 

ʠ ʧʣʦʱʘʜʥʦʡ ʚʳʧʫʩʢ 

ʨʫʜʳ ʧʦʜ ʦʙʨʫʰʝʥʥr-

ʤʠ ʧʦʨʦʜʘʤʠ. 

ʇʦʛʘʰʝʥʠʝ ʚʳʨʘʙʦ-

ʪʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʧʫʪʝʤ ʩʘʤʦʦʙʨʫʰʝ-

ʥʠʷ ʚʠʩʷʯʝʛʦ ʙʦʢʘ 

ʧʦʩʣʝ  ʤʘʩʩʦʚʦʡ ʦʪ-

ʙʦʡʢʠ ʄʂʎ  

7. ʂʘʤʝʨʥʘʷ ʩ ʦʙʨʫ-
ʰʝʥʠʝʤ ʧʨʷʤʦʫʛʦʣʴ-
ʥʦʛʦ ʄʂʎ ʠ ʢʦʤʙʠʥʠ-
ʨʦʚʘʥʥʳʤ ʚʳʧʫʩʢʦʤ 
ʨʫʜʳ ʧʦʜ ʩʘʤʦʦʙʨʫ-
ʰʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ. 
ʄʘʩʩʦʚʘʷ ʦʪʙʦʡʢʘ 
ʄʂʎ ʥʘ ʦʪʢʨʳʪʫʶ 
ʢʘʤʝʨʫ, ʚʟʨʳʚʦʜʦ-
ʩʪʘʚʢʘ ʠ ʢʦʤʙʠʥʠʨʦ-
ʚʘʥʥʳʡ ʚʳʧʫʩʢ ʨʫʜʳ ï 
ʧʣʦʱʘʜʥʦʡ ʦʩʥʦʚʥʳʭ 
ʟʘʧʘʩʦʚ ʠ ʪʦʨʮʦʚʳʡ 
ʜʦʚʳʧʫʩʢ ʧʦʜ ʦʙʨʫ-
ʰʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ. 
ʇʦʛʘʰʝʥʠʝ ʚʳʨʘʙʦ-
ʪʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 
ʧʫʪʝʤ ʩʘʤʦʦʙʨʫʰʝʥʠʷ 
ʚʠʩʷʯʝʛʦ ʙʦʢʘ ʧʦʩʣʝ  
ʤʘʩʩʦʚʦʡ ʦʪʙʦʡʢʠ ʄʂʎ 

II ʊʨʘ-
ʧʝʮʠʝ-
ʚʠʜʥʳʡ 

2. ʂʘʤʝʨʥʘʷ ʩ ʦʙʨʫʰʝ-
ʥʠʝʤ ʪʨʘʧʝʮʠʝʚʠʜʥʦ-
ʛʦ ʄʂʎ ʠ ʧʣʦʱʘʜʥʳʤ 
ʚʳʧʫʩʢʦʤ ʨʫʜʳ ʧʦʜ 
ʧʦʨʦʜʥʦʡ ʢʦʥʩʦʣʴʶ. 
ʄʘʩʩʦʚʘʷ ʦʪʙʦʡʢʘ ʄʂʎ 
ʥʘ ʦʪʢʨʳʪʫʶ ʢʘʤʝʨʫ, 
ʚʟʨʳʚʦʜʦʩʪʘʚʢʘ ʠ 
ʧʣʦʱʘʜʥʦʡ ʚʳʧʫʩʢ 
ʨʫʜʳ ʠʟ ʦʪʢʨʳʪʦʛʦ 
ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʧʦʜ 
ʟʘʪʝʢʘʶʱʠʤʠ ʦʙʨʫ-
ʰʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ.  
ʆʙʨʫʰʝʥʠʝ ʧʦʨʦʜʥʦʡ 
ʢʦʥʩʦʣʠ ʘʥʘʣʦʛʠʯʥʦ 
ʚʘʨʠʘʥʪʫ 1 

4. ʂʘʤʝʨʥʘʷ ʩ ʦʙʨʫʰʝ-
ʥʠʝʤ ʪʨʘʧʝʮʠʝʚʠʜʥʦ-
ʛʦ ʄʂʎ ʠ ʢʦʤʙʠʥʠʨʦ-
ʚʘʥʥʳʤ ʚʳʧʫʩʢʦʤ 
ʨʫʜʳ ʧʦʜ ʧʦʨʦʜʥʦʡ 
ʢʦʥʩʦʣʴʶ.  
ʄʘʩʩʦʚʘʷ ʦʪʙʦʡʢʘ 
ʄʂʎ ʥʘ ʦʪʢʨʳʪʫʶ ʢʘ-
ʤʝʨʫ, ʚʟʨʳʚʦʜʦʩʪʘʚʢʘ 
ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ 
ʚʳʧʫʩʢ ʨʫʜʳ ï ʧʣʦ-
ʱʘʜʥʦʡ ʦʩʥʦʚʥʳʭ 
ʟʘʧʘʩʦʚ ʘʥʘʣʦʛʠʯʥʦ 
ʚʘʨʠʘʥʪʫ 1 ʠ ʪʦʨʮʦʚʳʡ 
ʜʦʚʳʧʫʩʢ. 
ʆʙʨʫʰʝʥʠʝ ʧʦʨʦʜʥʦʡ 
ʢʦʥʩʦʣʠ ʘʥʘʣʦʛʠʯʥʦ 
ʚʘʨʠʘʥʪʫ 1 

5. ʂʘʤʝʨʥʘʷ ʩ ʦʙʨʫʰʝ-
ʥʠʝʤ ʪʨʘʧʝʮʠʝʚʠʜʥʦ-
ʛʦ ʄʂʎ ʠ ʪʦʨʮʦʚʳʤ 
ʚʳʧʫʩʢʦʤ ʨʫʜʳ ʧʦʜ 
ʧʨʠʥʫʜʠʪʝʣʴʥʦ ʦʙʨʫ-
ʰʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ.  
ʇʦʛʘʰʝʥʠʝ ʦʪʨʘʙʦʪʘʥ-
ʥʦʡ ʢʘʤʝʨʳ ʧʫʪʝʤ ʧʨʠ-
ʥʫʜʠʪʝʣʴʥʦʛʦ ʦʙʨʫʰʝ-
ʥʠʷ ʚʠʩʷʯʝʛʦ ʙʦʢʘ ʜʦ 
ʦʪʨʘʙʦʪʢʠ ʄʂʎ. 
ʇʦʩʣʦʡʥʘʷ ʦʪʙʦʡʢʘ 
ʄʂʎ ʚ ʟʘʞʘʪʦʡ ʩʨʝʜʝ ʠ 
ʧʦʩʣʦʡʥʳʡ ʪʦʨʮʦʚʳʡ 
ʚʳʧʫʩʢ ʨʫʜʳ  

ï 
ʂʘʤʝʨʥʘʷ ʩ ʦʙʨʫʰʝ-
ʥʠʝʤ ʪʨʘʧʝʮʠʝʚʠʜ-
ʥʦʛʦ ʄʂʎ ʠ ʧʣʦʱʘʜ-
ʥʳʤ ʚʳʧʫʩʢʦʤ ʨʫʜʳ 
ʧʦʜ ʩʘʤʦʦʙʨʫʰʝʥʥʳ-
ʤʠ ʧʦʨʦʜʘʤʠ ʦʞ ʩʙ-
ʯʡʧʦʙʤʵʦʙ  
ʠʟ-ʟʘ ʥʝʚʦʟʤʦʞʥʦʩʪʠ 
ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠ-
ʚʦʩʪʴ ʢʨʦʚʣʠ ʢʘʤʝʨ 

ï 
ʂʘʤʝʨʥʘʷ ʩ ʦʙʨʫʰʝ-
ʥʠʝʤ ʪʨʘʧʝʮʠʝʚʠʜʥʦ-
ʛʦ  ʄʂʎ ʠ ʢʦʤʙʠʥʠʨʦ-
ʚʘʥʥʳʤ ʚʳʧʫʩʢʦʤ 
ʨʫʜʳ ʧʦʜ ʩʘʤʦʦʙʨʫ-
ʰʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ 
ʦʞ ʩʙʯʡʧʦʙʤʵʦʙ  
ʠʟ-ʟʘ ʥʝʚʦʟʤʦʞʥʦʩʪʠ 
ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠ-
ʚʦʩʪʴ ʢʨʦʚʣʠ ʢʘʤʝʨ 
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ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʛʦʨʥʦ-ʛʝʦʣʦʛʠ-

ʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʫʨʦʚʝʥʴ 

ʠʟʚʣʝʯʝʥʠʷ ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʥʘʢʣʦʥʥʳʭ ʟʘʣʝʞʝʡ, 

ʷʚʣʷʶʪʩʷ ʤʦʱʥʦʩʪʴ ʠ ʫʛʦʣ ʧʘʜʝʥʠʷ ʨʫʜʥʦʛʦ 

ʪʝʣʘ, ʧʣʦʪʥʦʩʪʴ ʨʫʜʳ ʠ ʧʦʨʦʜʳ, ʩʦʜʝʨʞʘʥʠʝ 

ʮʝʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʨʫʜʝ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʫ-

ʜʳ ʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʚʠʩʷʯʝʛʦ ʙʦʢʘ. ʀʟ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, 

ʢʨʦʤʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ, ʚʳʜʝʣʝʥʳ ʥʘʠʙʦ-

ʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ï ʢʦʥʩʪʨʫʢʮʠʷ ʠ ʧʘʨʘʤʝʪʨʳ 

ʚʳʧʫʩʢʥʦʛʦ ʜʥʠʱʘ (ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʦʛʨʫ-

ʟʦʯʥʳʤʠ ʟʘʝʟʜʘʤʠ, ʨʘʟʤʝʨʳ ʠ ʫʛʦʣ ʦʪʢʦʩʘ ʚʳ-

ʧʫʩʢʥʦʡ ʪʨʘʥʰʝʠ); ʩʭʝʤʘ ʦʪʙʦʡʢʠ ʄʂʎ (ʧʦ-

ʩʣʦʡʥʘʷ ʠ ʤʘʩʩʦʚʘʷ); ʧʘʨʘʤʝʪʨʳ ɹɺʈ (ʜʠʘʤʝʪʨ 

ʩʢʚʘʞʠʥ, ʃʅʉ, ʢʦʥʩʪʨʫʢʮʠʷ ʟʘʨʷʜʘ); ʩʭʝʤʘ 

ʚʳʧʫʩʢʘ (ʧʣʦʱʘʜʥʦʡ, ʪʦʨʮʦʚʳʡ, ʢʦʤʙʠʥʠʨʦ-

ʚʘʥʥʳʡ) ʦʪʙʠʪʦʡ ʨʫʜʳ [8]. 

ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʧʦʪʝʨʴ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʳ çʊʠʧʦʚʳʤʠ ʤʝ-

ʪʦʜʠʯʝʩʢʠʤʠ ʫʢʘʟʘʥʠʷʤʠ ʧʦ ʥʦʨʤʠʨʦʚʘʥʠʶ ʧʦ-

ʪʝʨʴéè (ʊʄʋ) [9] ʠ ʩʦʟʜʘʥʥʳʤʠ ʥʘ ʠʭ ʦʩʥʦʚʝ 

çʆʪʨʘʩʣʝʚʳʤʠ ʠʥʩʪʨʫʢʮʠʷʤʠ...è [10, 11]. ʅʘ ʦʩ-

ʥʦʚʝ ʵʪʠʭ ʧʨʠʥʮʠʧʦʚ ʠ ʩ ʫʯʝʪʦʤ ʚʳʰʝʧʝʨʝʯʠʩ-

ʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʂʉʈ ʨʘʟʨʘʙʦ-

ʪʘʥʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʧʦʪʝʨʴ ʠ 

ʨʘʟʫʙʦʞʠʚʘʥʠʷ ʢʚʘʨʮʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ 88-ʤʠ ʘʥʘ-

ʣʠʪʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. ʆʩʦʙʝʥʥʦʩʪʴ ʤʝʪʦʜʠ-

ʢʠ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ:  

ï ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʳʭ ʘʨʛʫʤʝʥʪʦʚ ʧʨʠʥʷʪʳ 

ʤʦʱʥʦʩʪʴ ʠ ʫʛʦʣ ʧʘʜʝʥʠʷ ʨʫʜʥʦʛʦ ʪʝʣʘ, ʰʠʨʠʥʘ 

ʢʘʤʝʨ ʠ ʄʂʎ. ʌʦʨʤʫʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʤʝʞ-

ʜʫ ʩʦʙʦʡ ʧʨʠ ʣʶʙʦʤ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭ-

ʥʦʣʦʛʠʠ;  

ï ʫʯʠʪʳʚʘʶʪʩʷ ʚʩʝ ʚʠʜʳ ʧʦʪʝʨʴ ʠ ʨʘʟʫʙʦʞʠ-

ʚʘʥʠʷ, ʤʝʩʪʘ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ (ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦ-ʥʘʨʝʟʥʳʭ ʚʳʨʘʙʦʪʦʢ, ʥʘ ʢʦʥ-

ʪʘʢʪʘʭ ʨʫʜʥʦʛʦ ʪʝʣʘ ʩ ʧʦʨʦʜʦʡ, ʧʨʠ ʦʢʦʥʪʫʨʠʚʘ-

ʥʠʠ ʢʘʤʝʨ ʠ ʮʝʣʠʢʦʚ, ʧʨʠ ʚʳʧʫʩʢʝ ʨʫʜʳ ʧʦʜ ʟʘ-

ʪʝʢʘʶʱʠʤʠ ʠʟ ʩʤʝʞʥʦʛʦ ʙʣʦʢʘ ʦʙʨʫʰʝʥʥʳʤʠ 

ʧʦʨʦʜʘʤʠ, ʧʨʠ ʪʦʨʮʦʚʦʤ ʚʳʧʫʩʢʝ ʨʫʜʳ ʄʂʎ); 

ï ʫʯʠʪʳʚʘʝʪʩʷ ʩʧʝʮʠʬʠʢʘ ʪʝʭʥʦʣʦʛʠʠ ʦʪʨʘ-

ʙʦʪʢʠ ʥʘʢʣʦʥʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʛʨʘʥʫʣʠʨʦ-

ʚʘʥʥʦʛʦ ʢʚʘʨʮʘ; 

ï ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʚʣʠʷʥʠʝ ʛʦʨʥʦ-

ʛʝʦʣʦʛʠʯʝʩʢʠʭ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʵʢʦʥʦʤʠʯʝ-

ʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʠʟʚʣʝʯʝʥʠʷ ʠ ʦʧ-

ʪʠʤʠʟʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʫʯʝʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ; 

ï ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʤʝʩʪʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʚʝʣʠʯʠʥʫ ʧʦʪʝʨʴ ʨʫʜʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʠʥʪʝʨʝʩ 

ʜʣʷ ʧʦʚʪʦʨʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ʈʘʩʯʝʪ ʧʦʢʘʟʘʪʝʣʝʡ ʠʟʚʣʝʯʝʥʠʷ ʧʨʦʠʟʚʦʜʠʣʩʷ 

ʥʘ ʦʩʥʦʚʝ ʚʳʜʝʣʝʥʠʷ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʵʣʝʤʝʥ-

ʪʘʨʥʦʡ ʚʳʝʤʦʯʥʦʡ ʝʜʠʥʠʮʳ [12], ʚ ʢʘʯʝʩʪʚʝ ʢʦ-

ʪʦʨʦʡ ʧʨʠʥʷʪ ʜʦʙʳʯʥʦʡ ʙʣʦʢ. ɺ ʫʙʚʤ. 2 ʧʨʠʚʝʜʝ-

ʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦ ʚʘʨʠʘʥʪʘʤ ʂʉʈ ʧʨʠ 

ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ ʠ ʫʛʣʝ ʧʘʜʝʥʠʷ ʨʫʜʥʦʛʦ ʪʝʣʘ. 

ʋʙʚʤʡʯʙ 2 
ɻʞʤʡʰʡʦʙ ʨʧʫʞʩʵ ʡ ʩʙʠʬʚʧʟʡʛʙʦʡʸ  

ʨʧ ʛʙʩʡʙʦʫʙʥ ʃʊʉ 

ʇʦʢʘʟʘʪʝʣʴ 

ʠʟʚʣʝʯʝʥʠʷ 

ɺʘʨʠʘʥʪ ʂʉʈ 

1 2 3 4 5 6 7 

ʇʦʪʝʨʠ, % 15,72 10,68 14,58 9,88 6,39 30,54 29,40 

ʈʘʟʫʙʦʞʠ-

ʚʘʥʠʝ,% 
9,13 11,97 15,17 18,01 14,24 10,87 17,78 

 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ m (ʜʠʘʧʘʟʦʥ 

ʠʟʤʝʥʝʥʠʷ ʦʪ 4 ʜʦ 20 ʤ) ʧʦʪʝʨʠ ʧʨʠ ʚʩʝʭ ʚʘʨʠʘʥ-

ʪʘʭ ʩʥʠʞʘʶʪʩʷ, ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʩʥʠʞʝʥʠʝ 

ʧʨʦʠʩʭʦʜʠʪ ʜʦ 12 ʤ. ɺʣʠʷʥʠʝ Ŭ (ʦʪ 20 ʜʦ 40Á) ʥʘ 

ʧʦʪʝʨʠ ʜʣʷ ʨʘʟʥʳʭ ʚʘʨʠʘʥʪʦʚ ʨʘʟʣʠʯʥʦ. ʇʨʠ ʦʜ-

ʥʦʚʨʝʤʝʥʥʦʤ ʠʟʤʝʥʝʥʠʠ m ʠ Ŭ ʚ ʫʢʘʟʘʥʥʳʭ ʜʠʘ-

ʧʘʟʦʥʘʭ ʬʦʨʤʠʨʫʝʪʩʷ ʦʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘ-

ʯʝʥʠʡ ʧʦʪʝʨʴ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʢʘʢ ʧʦʪʝʨʠ ʤʝʥʴʰʝ 

ʮʝʣʝʚʦʛʦ ʧʦʢʘʟʘʪʝʣʷ (ʇ=12,6%). ɼʘʥʥʘʷ ʦʙʣʘʩʪʴ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʥʘʜʝʞʥʦʩʪʴ ʚʘʨʠʘʥʪʘ ʂʉʈ ʚ ʦʙʝʩ-

ʧʝʯʝʥʠʠ ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ ʥʠʞʝ ʮʝʣʝʚʦʛʦ ʟʥʘʯʝ-

ʥʠʷ. ʅʘʠʙʦʣʝʝ ʥʘʜʝʞʥʳʤʠ ʷʚʣʷʶʪʩʷ ʚʘʨʠʘʥʪʳ 2, 

4 ʠ 5 (ʩʡʪ. 1, ʙ, 1, ʚ, 1, ʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʠʤʝʶ-

ʱʠʝ ʥʘʠʙʦʣʴʰʫʶ ʦʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ 

ʧʦʪʝʨʴ. ʕʪʠ ʞʝ ʚʘʨʠʘʥʪʳ ʷʚʣʷʶʪʩʷ ʥʘʠʣʫʯʰʠʤʠ 

ʧʦ ʤʠʥʠʤʫʤʫ ʧʦʪʝʨʴ ʧʨʠ ʜʦʙʳʯʝ ʜʣʷ ʩʨʝʜʥʠʭ 

ʟʥʘʯʝʥʠʡ m ʠ Ŭ (ʩʤ. ʫʙʚʤ. 2). 

ʇʦʢʘʟʘʪʝʣʴ ʨʘʟʫʙʦʞʠʚʘʥʠʷ ʨʫʜʳ (ʢʦʪʦʨʳʡ ʚ 

ʢʦʥʪʝʢʩʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʢʘʢ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʳʡ ʢʨʠʪʝʨʠʡ) ʧʨʠ ʜʘʥʥʳʭ ʚʘʨʠʘʥʪʘʭ 

ʂʉʈ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʜʠʘʧʘʟʦʥʘʭ ʩʥʠʞʘʝʪʩʷ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ m, ʧʨʠʯʝʤ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ï 

ʜʦ 12 ʤ. ʇʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʠʟʤʝʥʝʥʠʠ m ʠ Ŭ 

ʬʦʨʤʠʨʫʝʪʩʷ ʦʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ 

ʨʘʟʫʙʦʞʠʚʘʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʢʘʢ ʨʘʟʫʙʦʞʠʚʘ-

ʥʠʝ ʤʝʥʴʰʝ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ 

ʈ=13,5%. ɹʦʣʝʝ ʥʘʜʝʞʥʳʤ ʚʘʨʠʘʥʪʦʤ, ʠʤʝʶʱʠʤ 

ʥʘʠʙʦʣʴʰʫʶ ʦʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ 

ʨʘʟʫʙʦʞʠʚʘʥʠʷ, ʷʚʣʷʝʪʩʷ ʚʘʨʠʘʥʪ 2 (ʩʡʪ. 2, ʙ), 

ʚʘʨʠʘʥʪʳ 4 ʠ 5 ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʧʫʩʪʠʤʦʝ ʨʘʟʫ-

ʙʦʞʠʚʘʥʠʝ ʪʦʣʴʢʦ ʧʨʠ ʙʦʣʴʰʠʭ ʫʛʣʘʭ ʧʘʜʝʥʠʷ 

(ʩʡʪ. 2, ʚ ʠ 2, ʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 
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ʉʡʪ. 1. ʁʠʥʞʦʞʦʡʞ ʨʧʫʞʩʵ ʩʬʝʴ ʧʫ ʥʧʲʦʧʪʫʡ ʡ ʬʜʤʙ ʨʙʝʞʦʡʸ ʩʬʝʦʧʜʧ ʫʞʤʙ  
ʛ ʛʙʩʡʙʦʫʙʮ ʃʊʉ 2 (ʙ), 4 (ʚ) ʡ 5 (ʛ) ʪʧʧʫʛʞʫʪʫʛʞʦʦʧ 

 

ʉʡʪ. 2. ʁʠʥʞʦʞʦʡʞ ʨʧʫʞʩʵ ʩʬʝʴ ʧʫ ʥʧʲʦʧʪʫʡ ʡ ʬʜʤʙ ʨʙʝʞʦʡʸ ʩʬʝʦʧʜʧ ʫʞʤʙ  
ʛ ʛʙʩʡʙʦʫʙʮ ʃʊʉ 2 (ʙ), 4 (ʚ) ʡ 5 (ʛ) ʪʧʧʫʛʞʫʪʫʛʞʦʦʧ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʘʨʠʘʥʪʳ ʂʉʈ 2, 4 ʠ 5 ʩʣʝ-
ʜʫʝʪ ʧʨʠʟʥʘʪʴ ʥʘʠʙʦʣʝʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳ-
ʤʠ, ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʮʝʣʝʚʦʡ ʫʨʦʚʝʥʴ 
ʧʦʪʝʨʴ ʚ ʥʘʠʙʦʣʴʰʝʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ 
ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ʂʦʥʩʪʨʫʢʮʠʷ ʠ 
ʧʘʨʘʤʝʪʨʳ ʚʘʨʠʘʥʪʦʚ 2, 4 ʠ 5 ʧʨʠʚʝʜʝʥʳ ʥʘ 
ʩʡʪ. 3, ʙ, ʚ ʠ ʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʦʪʨʘʙʦʪʢʝ 
ʢʘʤʝʨ ʰʠʨʠʥʦʡ 26 ʤ ʬʦʨʤʠʨʫʶʪʩʷ ʧʦʜʘʪʣʠʚʳʝ 
ʄʂʎ ʪʨʘʧʝʮʠʝʚʠʜʥʦʡ ʬʦʨʤʳ. ɺʳʧʫʩʢ ʦʪʙʠʪʦʡ 
ʨʫʜʳ ʄʂʎ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜ ʢʦʥʩʦʣʴʶ ʧʦ-
ʨʦʜ ʚʠʩʷʯʝʛʦ ʙʦʢʘ (ʚʘʨʠʘʥʪʳ 2 ʠ 4) ʠʣʠ ʧʦʜ 
ʧʨʠʥʫʜʠʪʝʣʴʥʦ ʦʙʨʫʰʝʥʥʳʤʠ ʜʦ ʚʳʝʤʢʠ ʄʂʎ 
ʧʦʨʦʜʘʤʠ (ʚʘʨʠʘʥʪ 5). ɺʳʧʫʩʢ ʨʫʜʳ ï ʧʣʦʱʘʜ-

ʥʦʡ (ʚʘʨʠʘʥʪ 2), ʪʦʨʮʦʚʳʡ (ʚʘʨʠʘʥʪ 5) ʠʣʠ 
ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ (ʚʘʨʠʘʥʪ 4). ɺ ʚʘʨʠʘʥʪʝ 2 
ʚʝʣʠʯʠʥʘ ʧʦʪʝʨʴ ʥʠʞʝ ʮʝʣʝʚʦʛʦ ʫʨʦʚʥʷ ʜʦʩʪʠ-
ʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʚʳʧʫʩʢʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʟʘʧʘʩʦʚ 
ʄʂʎ ʧʦʜ ʧʦʨʦʜʥʦʡ ʢʦʥʩʦʣʴʶ (ʧʨʠ ʵʪʦʤ ʧʦʨʦ-
ʜʘ ʚʦʚʣʝʢʘʝʪʩʷ ʪʦʣʴʢʦ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʟʦʥʳ 
ʚʳʧʫʩʢʘ). ɺʘʨʠʘʥʪ 4 ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʚʘʨʠʘʥʪʘ 2 
ʦʨʛʘʥʠʟʘʮʠʝʡ ʪʦʨʮʦʚʦʛʦ ʜʦʚʳʧʫʩʢʘ ʟʘʧʘʩʦʚ 
ʄʂʎ. ɺʝʣʠʯʠʥʘ ʧʦʪʝʨʴ ʚ ʚʘʨʠʘʥʪʝ 5 ʤʠʥʠ-
ʤʘʣʴʥʘ ʚʚʠʜʫ ʧʨʠʤʝʥʝʥʠʷ ʪʦʨʮʦʚʦʛʦ ʚʳʧʫʩʢʘ 
ʧʨʠ ʬʦʨʤʝ ʩʝʯʝʥʠʷ ʦʪʙʠʪʦʡ ʨʫʜʳ ʄʂʎ ʙʣʠʟ-
ʢʦʡ ʢ ʬʦʨʤʝ ʬʠʛʫʨʳ ʚʳʧʫʩʢʘ (ʪ.ʝ. ʚʧʠʩʳʚʘʝʪʩʷ 
ʚ ʵʣʣʠʧʩʦʠʜ ʚʨʘʱʝʥʠʷ). 
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ʉʡʪ. 3. ɻʙʩʡʙʦʫʴ ʃʊʉ 2 (ʙ), 4 (ʚ) ʡ 5( ʛ): 1 ð ʝʧʪʫʙʛʧʰʦʴʢ ʱʫʩʞʣ;  
2 ð ʨʧʜʩʬʠʧʰʦʴʢ ʠʙʞʠʝ; 3 ð ʫʩʙʦʱʞʢʦʴʢ ʱʫʩʞʣ; 4 ð ʚʬʩʧʛʙʸ ʠʙʮʧʝʣʙ;  

5 ð ʧʩʫ ʡ ʚʬʩʧʛʙʸ ʦʡʱʙ; 6 ð ʭʤʙʦʜʧʛʴʢ ʛʞʦʫʡʤʸʯʡʧʦʦʧ-ʮʧʝʧʛʧʢ ʛʧʪʪʫʙʷʲʡʢ 

ɿʘʢʣʶʯʝʥʠʝ 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʩʜʝ-

ʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʂʘʨʜʠʥʘʣʴʥʦʝ (ʜʦ 2 ʨʘʟ) ʩʥʠʞʝʥʠʝ ʧʦ-

ʪʝʨʴ ʢʚʘʨʮʘ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʫʥʠʢʘʣʴʥʦʛʦ ʂʳ-

ʰʪʳʤʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʜʦ-

ʩʪʠʛʥʫʪʦ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥ-

ʥʦʡ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ, ʚʢʣʶʯʘʶʱʝʡ ʢʘʤʝʨ-

ʥʫʶ ʚʳʝʤʢʫ ʦʩʥʦʚʥʳʭ ʟʘʧʘʩʦʚ ʙʣʦʢʘ ʠ ʦʪʨʘ-

ʙʦʪʢʫ ʤʝʞʜʫʢʘʤʝʨʥʳʭ ʮʝʣʠʢʦʚ ʩ ʦʙʨʫʰʝʥʠʝʤ.  

2. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ, ʦʙʝʩʧʝʯʠʚʘʶ-

ʱʠʤʠ ʩʥʠʞʝʥʠʝ ʧʦʪʝʨʴ ʜʦ 6,4ï10,7%, ʷʚʣʷʶʪ-

ʩʷ ʚʘʨʠʘʥʪʳ ʂʉʈ ʩ ʫʚʝʣʠʯʝʥʥʦʡ ʜʦ 26 ʤ ʰʠ-

ʨʠʥʦʡ ʢʘʤʝʨ, ʧʦʜʘʪʣʠʚʳʤʠ ʄʂʎ ʪʨʘʧʝʮʠʝ-

ʚʠʜʥʦʡ ʬʦʨʤʳ, ʦʪʨʘʙʘʪʳʚʘʝʤʳʤʠ ʧʦʜ ʧʦʨʦʜ-

ʥʦʡ ʢʦʥʩʦʣʴʶ ʠʣʠ ʧʨʠʥʫʜʠʪʝʣʴʥʦ ʦʙʨʫʰʝʥ-

ʥʳʤʠ ʧʦʨʦʜʘʤʠ ʚʠʩʷʯʝʛʦ ʙʦʢʘ. 

3. ʆʢʦʥʯʘʪʝʣʴʥʳʡ ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘ-

ʨʠʘʥʪʘ ʂʉʈ (ʠʟ ʪʨʝʭ ʵʬʬʝʢʪʠʚʥʳʭ) ʧʣʘʥʠʨʫʝʪ-

ʩʷ ʚʳʧʦʣʥʠʪʴ ʧʦ ʢʨʠʪʝʨʠʶ ʤʘʢʩʠʤʫʤʘ ʧʨʠʙʳ-

ʣʠ ʥʘ ʦʩʥʦʚʝ ʵʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʬʘʢʪʦ-

ʨʦʚ ʠ ʟʘʚʠʩʠʤʦʩʪʝʡ. 

ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʧʨʠ ʬʠ-

ʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ 

(ʫʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʧʨʦʝʢʪʘ 

RFMEF160714X0026). 
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Abstract. This article presents results of research 

aimed at justifying an underground mining technique 

used to mine medium width pitching ore bodies and 

ensuring a drastic loss reduction in mining a unique 

deposit of quartz. The analysis of the theory and prac-

tice of pitching ore body mining helped establish that 

the drastic reduction in quartz losses can be achieved 

through application of a Combined Mining System 

(CMS) encompassing an open stoping system used for 

extracting the main chamber deposits and an ore and 

country rock caving system used for extracting inter-

chamber pillars (ICP). Different types of CMS can be 

grouped by the shape of ICP (rectangular or trapezoi-

dal), which is the key characteristic, and by ICP re-

covery conditions (under the hanging wall or under 

loose rock), which is an additional characteristic. 

Based on the grouping, seven efficient versions of 

CMS have been designed that are also distinguished 

by the ICP stoping method (breakage, ore drawing, 

stoping sequence) and by the reclamation method (ar-

tificial or uncontrolled caving of hanging walls) and 

procedure (before or after ICP breakage). A technique 

has been developed to determine the loss and dilution 

of quartz which uses the width and incidence of the 

quartz body and the width of chambers and ICPs as 

basic arguments. This technique helps identify the 

best process parameters depending on the above fac-

tors. It was determined that the most efficient types of 

CMS, i.e. CMSs with wider chambers, trapezoidal 

yield ICPs mined under the hanging wall or artificial-

ly caved rock), ensure a loss reduction of 6 to 11%. 

Keywords: Quartz deposit, underground mining 

technique, pitching ore body, losses and dilution, com-

bined mining system. 
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ʰʘʶʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʫʜʝʣʴʥʦʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʧʨʦʮʝʩʩʘ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʩ 

ʧʦʨʦʜʦʡ. ʇʨʠ ʵʪʦʤ ʦʧʨʝʜʝʣʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʢʘʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʧʫʪʴ, 

ʪʘʢ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʡ. ɺ ʨʘʙʦʪʝ ʨʘʟʨʘʙʦʪʘʥ ʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʥʘʭʦʞʜʝʥʠʷ ʫʜʝʣʴʥʳʭ ʵʥʝʨʛʦʟʘ-

ʪʨʘʪ ʧʨʦʮʝʩʩʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʧʦ ʝʸ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʦʡ ʢʦʥʩʪʘʥʪʝ ï ʵʥʝʨʛʦʸʤʢʦ-

ʩʪʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤ, ʚʳʨʘʞʘʶʱʠʤ ʜʦʣʠ ʩʫʤʤʘʨʥʦʡ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʠʠ, ʟʘʪʨʘʯʠʚʘʝʤʦʡ ʥʘ ʨʘʟʨʫʰʝʥʠʝ ʧʦʨʦʜʳ, 

ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʠʭ ʚʟʘʠʤʥʦʝ ʪʨʝʥʠʝ. ʕʥʝʨʛʦʸʤʢʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʦʨʦʜʳ, ʢʘʢ ʠ ʝʸ ʜʦ-

ʣʷ ʚ ʦʙʱʝʤ ʙʘʣʘʥʩʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʦʣʴʢʦ ʨʘʩʯʸʪʥʳʤ ʧʫʪʸʤ, ʠʩʢʣʶʯʘʶʱʠʤ ʚʣʠʷʥʠʝ ʚʟʘʠʤ-

ʥʦʛʦ ʪʨʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʩ ʧʦʨʦʜʦʡ ʥʘ ʜʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ. ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʘʪʝʨʠʘʣʘ ʛʦʨʥʦʡ 

ʧʦʨʦʜʳ, ʵʥʝʨʛʦʸʤʢʦʩʪʴ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʯʝʨʝʟ ʧʦʢʘʟʘʪʝʣʴ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʢʦʥʪʘʢʪʥʦʡ ʧʨʦʯʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʡ 

ʪʚʸʨʜʦʩʪʴʶ ʧʦ ɹʨʠʥʝʣʣʶ. 

ɼʣʷ ʘʜʝʢʚʘʪʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʣʤʘʟʥʦ-ʘʙʨʘʟʠʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʩ ʧʦʨʦʜʦʡ ʧʨʠ ʨʘʩʯʸʪʝ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘ ʝʸ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʠʥʮʠʧ ʘʢʪʠʚʥʦ ʨʘʙʦʪʘʶʱʠʭ ʘʣʤʘʟʥʳʭ ʟʸʨʝʥ, 

ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʜʣʷ ʬʨʦʥʪʘʣʴʥʦʛʦ ʧʦʨʘʞʝʥʠʷ ʟʘʙʦʷ ʧʨʠ ʜʚʠʞʝʥʠʠ ʠʥʩʪʨʫʤʝʥʪʘ ʝʤʫ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʦʧʨʝʜʝʣʸʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʳʩʪʫʧʘʶʱʠʭ ʥʘʜ ʩʚʷʟʢʦʡ ʘʣʤʘʟʥʳʭ ʟʸʨʝʥ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʝʘʣʠʟʫ-

ʝʪʩʷ ʵʬʬʝʢʪʠʚʥʘʷ ʧʦʨʦʜʦʨʘʟʨʫʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ ʘʣʤʘʟʥʳʭ ʟʸʨʝʥ. 

ʇʦʣʫʯʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʧʫʪʸʤ ʨʘʩʩʯʠʪʳʚʘʪʴ ʫʜʝʣʴʥʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝ-

ʥʠʝ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʝʟʘʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʘʣʤʘʟʥʦ-ʘʙʨʘʟʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʘʣʤʘʟʥʦ-ʢʘʥʘʪʥʦʡ ʤʘʰʠʥʳ. ʈʝʞʠʤ ʨʝʟʘʥʠʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʤʦʱʥʦʩʪʴʶ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝ-

ʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʝʞʠʤʫ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʧʦʜʘʯʠ ʠʥʩʪʨʫʤʝʥʪʘ ʥʘ ʟʘʙʦʡ ʠʤʝʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚ ʫʚʝ-

ʣʠʯʝʥʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʠ ʫʜʝʣʴʥʳʭ ʵʥʝʨʛʦʟʘʪʨʘʪ, ʦʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪʩʷ 

ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ 

ʩʣʫʯʘʝ ʧʫʪʸʤ ʨʘʩʯʸʪʘ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʫʜʝʣʴʥʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʨʝʟʘʥʠʷ. 

ʇʨʦʠʟʚʝʜʸʥʥʳʝ ʨʘʩʯʸʪʳ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʪʚʝʯʘʣʠ ʨʝʞʠʤʫ ʨʘʙʦʪʳ ʩ ʧʦʩʪʦʷʥʥʦʡ ʤʦʱʥʦʩʪʴʶ ʵʥʝʨʛʦʧʦ-

ʪʨʝʙʣʝʥʠʷ ʠ ʚʳʧʦʣʥʷʣʠʩʴ ʧʦ ʜʚʫʤ ʩʭʝʤʘʤ, ʢʦʛʜʘ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʫʜʝʣʴʥʘʷ ʨʘʙʦʪʘ ʨʝʟʘʥʠʷ ʦʧʨʝʜʝʣʷʣʘʩʴ ʘʥʘʣʠ-

ʪʠʯʝʩʢʠʤ ʧʫʪʸʤ ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʝ ʠ ʢʦʛʜʘ ʫʜʝʣʴʥʘʷ ʨʘʙʦʪʘ ʨʝʟʘʥʠʷ ʧʨʠʥʠʤʘʣʘʩʴ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʉʨʘʚʥʝʥʠʝ ʨʘʩʯʸʪʦʚ ʜʘʸʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʩʦʚʧʘʜʝʥʠʝ (ʨʘʩʭʦʞʜʝʥʠʝ ʥʝ ʙʦʣʝʝ 10 %), 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʢʦʤʧʣʝʢʩʥʫʶ ʤʝʪʦʜʠʢʫ ʜʣʷ ʨʘʩʯʸʪʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʘʣʤʘʟʥʦ-

ʢʘʥʘʪʥʳʭ ʤʘʰʠʥ ʧʨʠ ʜʦʙʳʯʝ ʙʣʦʢʦʚ ʢʘʤʥʷ ʨʘʟʣʠʯʥʦʡ ʧʨʦʯʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʘʣʤʘʟʥʦ-ʢʘʥʘʪʥʘʷ ʤʘʰʠʥʘ, ʫʜʝʣʴʥʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, ʵʥʝʨʛʦʝʤ-

ʢʦʩʪʴ, ʨʝʞʠʤ ʨʝʟʘʥʠʷ. 
 

ɺʚʝʜʝʥʠʝ  

ɹʦʣʴʰʠʥʩʪʚʦ ʛʦʨʥʳʭ ʤʘʰʠʥ ʧʨʠ ʜʦʙʳʯʝ 

ʪʚʝʨʜʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʨʝʘʣʠʟʫʝʪ ʧʦ-

ʚʝʨʭʥʦʩʪʥʦʝ, ʧʦʩʣʦʡʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʧʦʨʦʜʳ. 

ʇʨʠ ʵʪʦʤ ʤʝʭʘʥʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʧʝʨʝʜʘʝʪʩʷ ʯʝ-

ʨʝʟ ʧʦʨʦʜʦʨʘʟʨʫʰʘʶʱʠʡ ʠʥʩʪʨʫʤʝʥʪ. ɺ ʧʨʦʮʝʩ-
                                                                                              

Ò  ʇʝʨʰʠʥ ɻ.ɼ., ʋʣʷʢʦʚ ʄ.ʉ., ʇʰʝʥʠʯʥʘʷ ɽ.ɻ., ɻʘʙʙʘʩʦʚ ɹ.ʄ., 2016  

ʩʝ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʟʨʫʰʘʝʪʩʷ ʢʘʢ 

ʧʦʨʦʜʘ, ʪʘʢ ʠ ʠʥʩʪʨʫʤʝʥʪ, ʥʘ ʯʪʦ ʠ ʟʘʪʨʘʯʠʚʘʝʪʩʷ 

ʚʚʦʜʠʤʘʷ ʵʥʝʨʛʠʷ. ʂʨʦʤʝ ʵʪʦʛʦ ʦʙʷʟʘʪʝʣʴʥʦ ʚʦʟ-

ʥʠʢʘʶʪ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʦʪ ʩʦʚʤʝʩʪʥʦʛʦ ʪʨʝʥʠʷ, 

ʢʦʪʦʨʘʷ ʥʘʛʨʝʚʘʝʪ ʠʥʩʪʨʫʤʝʥʪ ʠ ʧʦʨʦʜʫ. ɼʣʷ 

ʫʤʝʥʴʰʝʥʠʷ ʚʣʠʷʥʠʷ ʥʘʛʨʝʚʘ ʠʥʩʪʨʫʤʝʥʪʘ ʥʘ ʝʛʦ 

ʘʙʨʘʟʠʚʥʳʡ ʠʟʥʦʩ, ʠʥʩʪʨʫʤʝʥʪ ʘʢʪʠʚʥʦ ʦʭʣʘ-

ʞʜʘʶʪ ʚʦʟʜʫʭʦʤ ʠʣʠ ʚʦʜʦʡ. ʅʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙ-



ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ é ʇʝʨʰʠʥ ɻ.ɼ., ʋʣʷʢʦʚ ʄ.ʉ., ʇʰʝʥʠʯʥʘʷ ɽ.ɻ., ɻʘʙʙʘʩʦʚ ɹ.ʄ. 

www.vestnik.magtu.ru        ððððððððððððððððððððððððððððððððððððððððððððð 19 

ʨʘʟʥʦ ʦʭʣʘʞʜʘʪʴ ʧʘʨʫ çʧʦʨʦʜʘ-ʠʥʩʪʨʫʤʝʥʪè ʚʦ-

ʜʦʡ, ʪʘʢ ʢʘʢ ʦʥʘ ʧʦʜʘʚʣʷʝʪ ʧʳʣʴ ʠ ʦʜʥʦʚʨʝʤʝʥ-

ʥʦ, ʷʚʣʷʷʩʴ ʢʦʥʪʘʢʪʥʦʡ ʩʤʘʟʢʦʡ, ʩʥʠʞʘʝʪ ʫʜʝʣʴ-

ʥʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʠʢʠ ʨʘʩʯʸʪʘ ʧʨʦʠʟʚʦ-

ʜʠʪʝʣʴʥʦʩʪʠ ʨʝʟʘʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʢʘʤʥʷ ʧʨʠ ʝʛʦ 

ʜʦʙʳʯʝ ʘʣʤʘʟʥʦ-ʢʘʥʘʪʥʳʤʠ ʤʘʰʠʥʘʤʠ ʥʘ ʦʩʥʦʚʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ, ʩʚʷʟʳʚʘʶʱʝʛʦ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʘʤʥʝʨʝʟʥʦʡ ʤʘʰʠʥʳ, ʫʩʪʘ-

ʥʦʚʣʝʥʥʫʶ ʤʦʱʥʦʩʪʴ ʧʨʠʚʦʜʘ ʧʦʨʦʜʦʨʘʟʨʫʰʘ-

ʶʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʫʜʝʣʴʥʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝ-

ʥʠʝ ʧʨʦʮʝʩʩʘ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʥ-

ʩʪʨʫʤʝʥʪʘ ʩ ʧʦʨʦʜʦʡ. 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʛʦʨʥʦʡ ʤʘʰʠʥʳ ʠ ʝʝ 

ʫʜʝʣʴʥʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʥʘ ʧʨʦʮʝʩʩ ʧʦʚʝʨʭ-

ʥʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʧʦʨʦʜʳ ʠ ʠʥʩʪʨʫʤʝʥʪʘ ï 

ʨʝʞʠʤʥʦ ʩʚʷʟʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ. ʇʨʠʤʝʥʠʪʝʣʴʥʦ 

ʢ ʨʝʞʫʱʝʤʫ ʠʥʩʪʨʫʤʝʥʪʫ ʜʘʥʥʘʷ ʚʟʘʠʤʦʩʚʷʟʴ 

ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʫʨʘʚʥʝʥʠʝʤ: 

,
ʫʜ

N
ʇ

b A
=
Ö

 (1) 

ʛʜʝ ʇ ï ʪʝʭʥʠʯʝʩʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʘʣʤʘʟʥʦ-

ʢʘʥʘʪʥʦʡ ʤʘʰʠʥʳ, ʤ
2
/ʩ; N ï ʤʦʱʥʦʩʪʴ, ʧʦʪʨʝʙʣʷ-

ʝʤʘʷ ʛʣʘʚʥʳʤ ʧʨʠʚʦʜʦʤ ʘʣʤʘʟʥʦ-ʢʘʥʘʪʥʦʡ ʤʘʰʠ-

ʥʳ, ɺʪ; b ï ʰʠʨʠʥʘ ʧʨʦʧʠʣʘ (ʜʠʘʤʝʪʨ ʘʣʤʘʟʦʨʝ-

ʞʫʱʝʡ ʚʪʫʣʢʠ ʛʠʙʢʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ), ʤ; ɸʫʜ ï 

ʫʜʝʣʴʥʘʷ ʨʘʙʦʪʘ ʨʝʟʘʥʠʷ, ɼʞ/ʤ
3
. 

ɺʳʨʘʞʝʥʠʝ (1) ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ 

ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʤʝʪʦʜʝ ʨʘʩʯʝʪʘ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʠ ʢʘʤʥʝʨʝʟʥʳʭ ʤʘʰʠʥ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠʚʦʜʘ ʧʦʨʦʜʦʨʘʟ-

ʨʫʰʘʶʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʝʛʦ ʫʜʝʣʴʥʦʛʦ ʵʥʝʨ-

ʛʦʧʦʪʨʝʙʣʝʥʠʷ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ (1), ʚʝʣʠʯʠʥʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʣʠʤʠʪʠʨʫʝʪʩʷ ʪʦʣʴʢʦ ʫʩʪʘ-

ʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʴʶ ʧʨʠʚʦʜʘ, ʢʦʪʦʨʘʷ ʧʨʠʥʠ-

ʤʘʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʦʙʦʩʥʦʚʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʝ-

ʞʠʤʥʦʛʦ ʧʦʣʷ ʢʘʤʥʝʨʝʟʥʦʡ ʤʘʰʠʥʳ. ʇʦʢʘʟʘʪʝʣʴ 

ʫʜʝʣʴʥʦʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ 

ʨʝʞʠʤʥʳʭ (ʩʠʣʦʚʦʛʦ ʠ ʩʢʦʨʦʩʪʥʦʛʦ) ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʦʮʝʩʩʘ ʨʝʟʘʥʠʷ, ʯʪʦ ʚ ʩʫʤʤʝ ʠ ʦʧʨʝʜʝʣʷʝʪ (1) 

ʢʘʢ ʬʫʥʢʮʠʶ ʨʝʞʠʤʘ ʨʝʟʘʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʨʘʟ-

ʣʠʯʥʦʡ ʧʨʦʯʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʫ ʨʘʩ-

ʯʝʪʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʦ ʬʦʨʤʫʣʝ (1) ʩʦʩʪʘʚ-

ʣʷʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʣʠʙʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ, ʣʠ-

ʙʦ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʩʧʦʩʦʙʘʤʠ ʫʜʝʣʴʥʳʭ ʵʥʝʨʛʦ-

ʟʘʪʨʘʪ. ɿʥʘʯʠʪʝʣʴʥʦ ʚʳʛʦʜʥʝʝ ʚʳʧʦʣʥʠʪʴ ʘʥʘʣʠ-

ʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ, ʘ ʟʘʪʝʤ ʠʭ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝ-

ʨʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʥʘ ʯʪʦ ʪʨʝʙʫʝʪʩʷ ʟʘʪʨʘ-

ʪʠʪʴ ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ ʠ ʩʨʝʜʩʪʚ. 

ʉʦʛʣʘʩʥʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʧʦʚʝʨʭ-

ʥʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʧʦʨʦʜʳ ʨʝʟʘʥʠʝʤ ʘʥʘʣʠʪʠ-

ʯʝʩʢʠʡ ʚʠʜ ʫʜʝʣʴʥʦʡ ʨʘʙʦʪʳ ʧʨʠʤʝʤ ʚ ʚʠʜʝ [1] 

,

ʧ ʠ

ʨ ʨ ʪʨ

ʫʜ ʧ ʧ

ʨ

ɸ ʕ
m +m +m

= Ö
m

 (2) 

ʛʜʝ ʕʧ ï ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʧʦʨʦʜʳ, ʇʘ; 

Õʨ
ʧ
, Õʨ

ʠ
 ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʟʨʫʰʝʥʠʷ ʤʘʪʝʨʠʘʣʘ 

ʧʦʨʦʜʳ ʠ ʠʥʩʪʨʫʤʝʥʪʘ; Õʪʨ ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʟʘ-

ʠʤʥʦʛʦ ʪʨʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʧʦʨʦʜʳ. 
ʕʥʝʨʛʦʝʤʢʦʩʪʴ ʕʧ ʧʨʠʥʠʤʘʝʪʩʷ ʢʘʢ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʘʷ ʢʦʥʩʪʘʥʪʘ ʨʘʟʨʫʰʘʝʤʦʛʦ ʤʘʪʝʨʠʘ-
ʣʘ ʛʦʨʥʦʡ ʧʦʨʦʜʳ, ʘ ʢʦʵʬʬʠʮʠʝʥʪʳ Õʨ

ʧ
, Õʨ

ʠ
, Õʪʨ 

ʚʳʨʘʞʘʶʪ ʜʦʣʠ ʩʫʤʤʘʨʥʦʡ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʠʠ, 
ʟʘʪʨʘʯʠʚʘʝʤʳʝ ʥʘ ʨʘʟʨʫʰʝʥʠʝ ʧʦʨʦʜʳ, ʠʥʩʪʨʫ-
ʤʝʥʪʘ ʠ ʠʭ ʚʟʘʠʤʥʦʝ ʪʨʝʥʠʝ. ɺʝʣʠʯʠʥʫ ɸʫʜ ʦʧʨʝ-
ʜʝʣʷʶʪ ʢʦʵʬʬʠʮʠʝʥʪʳ Õʨ

ʧ
 ʠ Õʨ

ʠ
, ʢʦʪʦʨʳʝ ʬʫʥʢ-

ʮʠʦʥʘʣʴʥʦ ʩʚʷʟʘʥʳ ʩ ʨʝʞʠʤʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 
ʨʝʟʘʥʠʷ. ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ɸʫʜ ʧʨʝʜʩʪʘ-
ʚʠʤ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1 ,

ʫʩ

ʪʨ

ʫʜ ʧ ʧ

ʨ

ɸ ʕ
å õm

= Ö +æ ö
æ ömç ÷

 (3) 

ʛʜʝ 
ʫʩ ʧ

ʪʨ ʨ ʪʨm =m +m ï ʫʩʣʦʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝ-

ʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʧʦ 
ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʟʨʫʰʝʥʠʶ ʧʦʨʦʜʳ ʫʜʝʣʴʥʳʝ ʟʘ-
ʪʨʘʪʳ ʵʥʝʨʛʠʠ. 
ʂʦʵʬʬʠʮʠʝʥʪ ʨʘʟʨʫʰʝʥʠʷ ʛʦʨʥʦʡ ʧʦʨʦʜʳ Õʨ

ʧ
 

ʥʘʭʦʜʠʪʩʷ ʪʦʣʴʢʦ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ. ɼʣʷ ʝʜʠ-
ʥʠʯʥʦʛʦ ʢʦʥʪʘʢʪʘ ʘʣʤʘʟʥʦʛʦ ʟʝʨʥʘ ʩ ʧʦʨʦʜʦʡ ʚʝ-
ʣʠʯʠʥʘ ʜʘʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ 
ʚ ʨʘʙʦʪʝ [1] ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

2
,ʧ
ʟʨ hsm = ÖD Ö

p
 (4) 

ʛʜʝ ʩʞsD =t s ï ʦʪʥʦʰʝʥʠʝ ʧʨʝʜʝʣʦʚ ʧʨʦʯʥʦʩʪʠ 

ʥʘ ʩʜʚʠʛ ʠ ʩʞʘʪʠʝ ʠ ʦʧʨʝʜʝʣʷʝʤʦʝ ʘʥʘʣʠʪʠʯʝʩʢʠ 
ʧʦ ʪʝʦʨʠʷʤ ʧʨʦʯʥʦʩʪʠ ʠʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘ 

ʤʠʢʨʦʫʨʦʚʥʝ ʨʘʟʨʫʰʝʥʠʷ; ʟ ʟh h r=  ï ʦʪʥʦʩʠ-

ʪʝʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʟʘʛʣʫʙʣʝʥʠʷ ʟʝʨʝʥ ʚ ʧʦʚʝʨʭ-
ʥʦʩʪʴ ʨʘʟʨʫʰʘʝʤʦʡ ʧʦʨʦʜʳ; r ï ʨʘʜʠʫʩ ʘʣʤʘʟʥʦ-
ʛʦ ʟʝʨʥʘ, ʤ. 

ʌʦʨʤʫʣʘ (4) ʠʤʝʝʪ, ʩʢʦʨʝʝ, ʪʝʦʨʝʪʠʯʝʩʢʠʡ 

ʠʥʪʝʨʝʩ, ʯʝʤ ʧʨʘʢʪʠʯʝʩʢʠʡ, ʪʘʢ ʢʘʢ ʝʝ ʨʘʩʯʝʪ ʧʦ-

ʩʪʨʦʝʥ ʥʘ ʫʧʨʦʱʝʥʥʦʡ ʤʦʜʝʣʠ ʝʜʠʥʠʯʥʦʛʦ ʢʦʥ-

ʪʘʢʪʘ ʯʝʨʝʟ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʟʘʛʣʫʙʣʝʥʠʝ ʟʝʨʥʘ ʚ 

ʧʦʨʦʜʫ, ʢʦʪʦʨʦʝ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʥʝ 

ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʘʥʦ ʧʦ ʧʨʠʯʠʥʝ ʦʪʩʫʪʩʪʚʠʷ ʢʦʥ-



ʈɸɿʈɸɹʆʊʂɸ ʇʆʃɽɿʅʓʍ ʀʉʂʆʇɸɽʄʓʍ 
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ʪʨʦʣʷ ʟʘ ʝʝ ʚʝʣʠʯʠʥʦʡ. ɿʘʛʣʫʙʣʝʥʠʝ ʟʝʨʥʘ ʚ ʧʦʨʦ-

ʜʫ ʟʘʜʘʝʪʩʷ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʢʦʨʦʩʪʷʤ ʧʦʜʘʯʠ ʠ 

ʨʝʟʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ. ɺ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷʭ ʜʘʥʥʘʷ ʟʘʜʘʯʘ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʩ ʫʯʝʪʦʤ 

ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʢʦʥʪʘʢʪʘ ʧʦ ʤʦʜʝʣʠ ʘʢʪʠʚʥʦ ʨʘ-

ʙʦʪʘʶʱʠʭ ʘʣʤʘʟʥʳʭ ʟʝʨʝʥ ʠʥʩʪʨʫʤʝʥʪʘ [2]. 

ɺʝʣʠʯʠʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʟʘʛʣʫʙʣʝʥʠʷ ʘʣʤʘʟ-

ʥʦʛʦ ʟʝʨʥʘ ʚ ʧʦʨʦʜʫ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʠʣʦʚʦʡ ʨʝʞʠʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʩ ʧʦʨʦʜʦʡ, ʚ ʢʠʥʝʤʘ-

ʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʨʝʟʘʥʠʷ. ɺ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ 

ʨʝʟʘʥʠʷ ʩʠʣʦʚʳʤ ʨʝʞʠʤʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʷʚʣʷʝʪʩʷ 

ʢʦʥʪʘʢʪʥʦʝ ʥʦʨʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ůʧ. ʉʦʛʣʘʩʥʦ 

[1] ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʜʠ-

ʥʘʤʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʠʥʩʪʨʫʤʝʥʪʘ ʩ ʧʦʨʦʜʦʡ ʦʧʠ-

ʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ 

2 0 ,ʟʧ ɹ FH r n hs =pÖ Ö Ö Ö (5) 

ʛʜʝ Hɹ ï ʪʚʝʨʜʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʨʥʦʡ ʧʦʨʦʜʳ 

ʧʦ ɹʨʠʥʝʣʣʶ, ʇʘ; 
0

Fn  ï ʢʦʣʠʯʝʩʪʚʦ ʘʣʤʘʟʥʳʭ 

ʟʝʨʝʥ, ʧʨʠʭʦʜʷʱʠʭʩʷ ʥʘ ʝʜʠʥʠʮʫ ʨʘʙʦʯʝʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʨʝʞʫʱʝʛʦ ʵʣʝʤʝʥʪʘ, ʰʪ./ʤ
2
. 

ɼʣʷ ʤʦʜʝʣʠ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʢʦʥʪʘʢʪʘ ʘʢʪʠʚ-

ʥʦ ʨʘʙʦʪʘʶʱʠʭ ʘʣʤʘʟʥʳʭ ʟʝʨʝʥ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʪʝʦʨʠʡ ʨʝʟʘ-

ʥʠʷ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʚʝʨʭ-

ʥʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʧʦʨʦʜʳ ʘʣʤʘʟʥʦ-

ʘʙʨʘʟʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫ-

ʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ʛʜʝ tʩ ï ʰʘʛ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʣʤʘʟʥʳʭ ʟʝʨʝʥ ʚ ʦʜ-

ʥʦʡ ʣʠʥʠʠ ʨʝʟʘʥʠʷ, ʤ. 

ʉ ʫʯʝʪʦʤ ʫʨʘʚʥʝʥʠʷ (5) ʠʤʝʝʤ 
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ʄʦʜʝʣʴ ʘʢʪʠʚʥʦ ʨʘʙʦʪʘʶʱʠʭ ʘʣʤʘʟʥʳʭ ʟʝʨʝʥ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʝʡ ʚʟʘʠʤʦʩʚʷʟʴʶ ʧʘʨʘ-

ʤʝʪʨʦʚ ʩʦʩʪʦʷʥʠʷ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʠʥʩʪʨʫ-

ʤʝʥʪʘ ʠ ʩʠʣʦʚʳʤ ʨʝʞʠʤʦʤ ʝʛʦ ʥʘʛʨʫʞʝʥʠʷ [2]: 
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ʇʦʜʩʪʘʥʦʚʢʘ (8) ʚ (7) ʜʘʝʪ 
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ʀʟ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʨʝʟʘʥʠʷ ʩʣʝʜʫʝʪ, 
ʯʪʦ ʚʝʣʠʯʠʥʘ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʨʘʟ-
ʨʫʰʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʦʨʦʜʳ ʕʧ, ʢʘʢ ʫʜʝʣʴʥʘʷ 
ʵʥʝʨʛʠʷ, ʯʠʩʣʝʥʥʦ ʨʘʚʥʘ ʧʨʝʜʝʣʫ ʧʨʦʯʥʦʩʪʠ ʥʘ 

ʩʜʚʠʛ, ʪ. ʝ. ʧʕ=t. ʆʜʥʘʢʦ ʤʝʪʦʜʠʢʘʤ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʤʘʪʝʨʠʘʣʘ ʧʦʨʦʜʳ 
ʥʘ ʩʜʚʠʛ, ʨʘʩʪʷʞʝʥʠʝ, ʩʞʘʪʠʝ ʧʨʠʩʫʱ ʦʙʱʠʡ ʥʝ-
ʜʦʩʪʘʪʦʢ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʲʝʤʘ ʠʩʧʳʪʫʝʤʦʛʦ 
ʦʙʨʘʟʮʘ ʧʦʨʦʜʳ ʝʛʦ ʧʨʦʯʥʦʩʪʴ ʩʥʠʞʘʝʪʩʷ, ʪ. ʝ. 
ʧʨʦʷʚʣʷʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ çʤʘʩʰʪʘʙʥʳʡ ʬʘʢ-
ʪʦʨè [1]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ 
ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʜʚʠʛ ʝʩʪʴ ʬʠʟʠʢʦ-
ʤʝʭʘʥʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙʲʝʤʥʦʡ ʧʨʦʯʥʦ-
ʩʪʠ ʦʙʨʘʟʮʘ, ʢʦʛʜʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʝʛʦ ʦʙʲʝʤʘ 
ʧʨʦʯʥʦʩʪʴ ʩʥʠʞʘʝʪʩʷ. ʇʦʵʪʦʤʫ ʕʧ ʢʘʢ ʵʥʝʨʛʝʪʠ-
ʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝ-
ʥʠʷ ʧʦʨʦʜʳ ʘʣʤʘʟʥʦ-ʘʙʨʘʟʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 
ʜʦʣʞʥʘ ʦʧʨʝʜʝʣʷʪʴʩʷ ʯʝʨʝʟ ʧʦʢʘʟʘʪʝʣʠ ʧʦʚʝʨʭ-
ʥʦʩʪʥʦʡ ʢʦʥʪʘʢʪʥʦʡ ʧʨʦʯʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ ʯʝʨʝʟ 
ʪʚʝʨʜʦʩʪʴ ʧʦ ɹʨʠʥʝʣʣʶ Hɹ. ʉʣʝʜʫʷ ʤʝʪʦʜʠʢʝ ʨʘʩ-
ʯʝʪʘ [1], ʥʘʭʦʜʠʤ ʚʝʣʠʯʠʥʫ ʕʧ ʢʘʢ ʬʫʥʢʮʠʶ Hɹ. 
ɼʣʷ ʩʣʫʯʘʷ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʢʦʥʪʘʢʪʘ ʘʣʤʘʟ-

ʥʳʭ ʟʸʨʝʥ ʩ ʧʦʨʦʜʦʡ ʠʟ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠ-
ʝʥʪʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʧʦʨʦʜʳ ʢʘʢ 
ʦʪʥʦʰʝʥʠʷ ʩʜʚʠʛʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ 
ʩʠʣ ʢ ʢʦʥʪʘʢʪʥʳʤ ʥʦʨʤʘʣʴʥʳʤ ʩʠʣʘʤ ʠʤʝʝʤ 
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ʛʜʝ Ft ï ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʛʦ ʢ 

ʜʚʠʞʝʥʠʶ ʩʬʝʨʠʯʝʩʢʦʛʦ ʠʥʜʝʥʪʦʨʘ, ʤ
2
; Fs ï 

ʧʣʦʱʘʜʴ ʥʦʨʤʘʣʴʥʦʛʦ ʢʦʥʪʘʢʪʘ ʜʚʠʞʫʱʝʛʦʩʷ 
ʠʥʜʝʥʪʦʨʘ, ʤ

2
; b ï ʰʠʨʠʥʘ ʘʣʤʘʟʦʨʝʞʫʱʝʡ ʯʘʩʪʠ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʤ; 2 ʟa r hº Ö Ö ï ʨʘʜʠʫʩ ʧʷʪʥʘ 

ʢʦʥʪʘʢʪʘ ʟʝʨʥʘ ʰʘʨʦʚʦʡ ʬʦʨʤʳ ʩ ʧʦʨʦʜʦʡ, ʤ. 
ʉʦʚʤʝʩʪʥʦ ʨʝʰʘʷ (10) ʠ (9), ʧʦʣʫʯʠʤ 

.ʧ ɹʕ Hs=D Ö  (11) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʚʝʨʭʥʦʩʪʥʦ-
ʛʦ ʨʘʟʨʫʰʝʥʠʷ ʧʦʨʦʜʳ (9) ʘʣʤʘʟʥʦ-ʘʙʨʘʟʠʚʥʳʤ 
ʠʥʩʪʨʫʤʝʥʪʦʤ ʩ ʫʯʝʪʦʤ ʧʦʣʫʯʝʥʥʦʛʦ ʚʳʨʘʞʝʥʠʷ 
(11) ʙʫʜʝʪ ʠʤʝʪʴ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʚʠʜ 

2 2
.ʧ
ʟʨ hsm = ÖD Ö

p
 (12) 

ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʚʝʨʭ-
ʥʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʨʤʘʣʴʥʦʛʦ 
ʢʦʥʪʘʢʪʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʥʘ ʧʦʨʦʜʫ 
ʧʨʠʤʝʤ ʫʨʘʚʥʝʥʠʝ (5), ʦʧʠʩʳʚʘʶʱʝʝ ʥʘʧʨʷʞʝʥ-



ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ é ʇʝʨʰʠʥ ɻ.ɼ., ʋʣʷʢʦʚ ʄ.ʉ., ʇʰʝʥʠʯʥʘʷ ɽ.ɻ., ɻʘʙʙʘʩʦʚ ɹ.ʄ. 
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ʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 
ʢʦʥʪʘʢʪʘ, ʧʨʠ ʵʪʦʤ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʢʦʥʮʝʥʪʨʘ-
ʮʠʶ ʘʢʪʠʚʥʦ ʨʘʙʦʪʘʶʱʠʭ ʘʣʤʘʟʥʳʭ ʟʝʨʝʥ ʦʧʨʝ-
ʜʝʣʠʤ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʘʙʦʪ [1, 2] ʚ ʚʠʜʝ ʩʣʝʜʫʶ-
ʱʝʡ ʚʟʘʠʤʦʩʚʷʟʠ: 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʧʦʣʫʯʠʤ 
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= Ö Ö ï ʤʦʜʫʣʴ ʢʦʥʪʘʢʪʘ ʠʥʩʪʨʫʤʝʥ-

ʪʘ ʩ ʧʦʨʦʜʦʡ, ʄʇʘ. 
ʇʦʣʫʯʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ (14) ʜʘʝʪ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʧʫʪʝʤ ʧʦʣʫʯʘʪʴ ʟʥʘʯʝʥʠʷ 
ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʧʦ-
ʨʦʜʳ ʘʣʤʘʟʥʦ-ʘʙʨʘʟʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʠ, ʪʝʤ 
ʩʘʤʳʤ, ʩ ʫʯʝʪʦʤ ʟʘʚʠʩʠʤʦʩʪʠ (11), ʨʘʩʩʯʠʪʳʚʘʪʴ 
ʫʜʝʣʴʥʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ (3) ʠ ʧʨʦʠʟʚʦʜʠ-
ʪʝʣʴʥʦʩʪʴ (1) ʧʨʦʮʝʩʩʘ ʨʝʟʘʥʠʷ. ʅʘ ʩʡʪ. 1 ʚ ʛʨʘ-
ʬʠʯʝʩʢʦʤ ʚʠʜʝ ʧʨʠʚʝʜʝʥʘ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʟʘʚʠ-
ʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʫʜʝʣʴʥʳʭ ʵʥʝʨʛʦʟʘʪʨʘʪ ʦʪ 
ʢʦʥʪʘʢʪʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʥʘ ʧʦʨʦʜʫ 
ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʫʩʣʦʚʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥ-

ʪʘ ʪʨʝʥʠʷ. ɺ ʨʘʩʯʝʪʘʭ ʧʨʠʥʠʤʘʣʦʩʴ: 0,177sD = ; 

Hɹ=550 ʄʇʘ [3]; 
42 10r -= Ö  ʤ; 21 10b -= Ö  ʤ.  

 
ʉʡʪ. 1. ʀʙʛʡʪʡʥʧʪʫʵ ʨʧʣʙʠʙʫʞʤʸ ʬʝʞʤʵʦʧʢ ʩʙʚʧʫʴ  
ʩʞʠʙʦʡʸ (ɸ, ʅɽʟ/ʥ3) ʧʫ ʣʧʦʫʙʣʫʦʧʜʧ ʝʙʛʤʞʦʡʸ  

ʡʦʪʫʩʬʥʞʦʫʙ ʦʙ ʨʧʩʧʝʬ (Űʧ) 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʥʘ ʩʡʪ. 1 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠ-

ʤʦʩʪʴ ʫʜʝʣʴʥʳʭ ʵʥʝʨʛʦʟʘʪʨʘʪ, ʧʦʣʫʯʝʥʥʘʷ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ, ʜʣʷ ʛʨʘʥʠʪʘ ʄʘʥʩʫʨʦʚʩʢʦ-

ʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (Hɹ=550 ʄʇʘ, ʧʫʥʢʪʠʨʥʘʷ 

ʣʠʥʠʷ). ɼʘʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚ-

ʥʝʥʠʝʤ ʚʠʜʘ 
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ʛʜʝ ʂ=820 ʄʇʘ
0,5

 ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦ-

ʥʘʣʴʥʦʩʪʠ. 

ʋʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʢʘʯʝʩʪʚʝʥʥʦʝ ʠ ʢʦʣʠʯʝ-

ʩʪʚʝʥʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʦʡ ʢʨʠʚʳʭ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʨʢʦʡ ʨʘʟ-

ʨʘʙʦʪʘʥʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʜʣʷ ʨʘʩ-

ʯʝʪʘ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʨʘʟʨʫ-

ʰʝʥʠʷ, ʪʘʢ ʠ ʫʜʝʣʴʥʳʭ ʵʥʝʨʛʦʟʘʪʨʘʪ ʧʨʦʮʝʩʩʘ 

ʨʝʟʘʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʢʘʤʥʷ ʘʣʤʘʟʥʦ-ʘʙʨʘʟʠʚʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʨʝʟʘʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʢʘʤʥʷ 

ʜʦʙʳʯʥʳʤʠ ʘʣʤʘʟʥʦ-ʢʘʥʘʪʥʳʤʠ ʤʘʰʠʥʘʤʠ 

ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦʝ ʠʟʤʝʥʝʥʠʝ ʜʣʠʥʳ ʢʦʥ-

ʪʘʢʪʘ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʩ ʧʦʨʦʜʦʡ. ʀʟʤʝ-

ʥʝʥʠʝ ʜʣʠʥʳ ʢʦʥʪʘʢʪʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦ-

ʩʪʠ ʧʦʜʘʯʠ ʤʘʰʠʥʳ ʥʘ ʟʘʙʦʡ ʧʨʠʚʦʜʠʪ ʢ ʧʦ-

ʩʪʦʷʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʨʘʩʭʦʜʫʝʤʦʡ ʤʦʱʥʦʩʪʠ 

ʥʘ ʧʨʦʮʝʩʩ ʨʝʟʘʥʠʷ. ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨ-

ʛʝʪʠʯʝʩʢʦʛʦ ʂʇɼ ʢʘʤʥʝʨʝʟʥʦʡ ʤʘʰʠʥʳ ʧʨʦ-

ʮʝʩʩ ʨʝʟʘʥʠʷ ʚʝʜʫʪ ʚ ʨʝʞʠʤʝ ʧʦʩʪʦʷʥʥʦʡ ʤʦʱ-

ʥʦʩʪʠ, ʥʦ ʧʨʠ ʵʪʦʤ ʢʦʥʪʘʢʪʥʦʝ ʥʦʨʤʘʣʴʥʦʝ 

ʜʘʚʣʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘ ʥʘ ʧʦʨʦʜʫ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 

ʥʝʢʦʪʦʨʦʛʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʦ ʤʘʢʩʠ-

ʤʘʣʴʥʦʛʦ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ 

ʩʦʦʪʥʦʰʝʥʠʷʤʠ: 

min 2
;ʧ

ʧ ʫ ʨ

N

k b H V

Ö
s =

pÖmÖ Ö Ö Ö
 

max 2
,ʧ

ʧ ʰʢ ʨ

N

k b D V

Ö
s =

pÖmÖ Ö Ö Ö
 (16) 

ʛʜʝ 
ʧ ʠ

ʨ ʨ ʪʨm=m +m +m ï ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʧʠʣʦʚʢʠ; 

. .ʢ ʧN N=  ï ʧʨʝʜʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʨʝʟʘʥʠʷ; 
. .ʢ ʧN  ï 

ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʛʣʘʚʥʦʛʦ ʧʨʠʚʦʜʘ ʘʣ-

ʤʘʟʥʦ-ʢʘʥʘʪʥʦʡ ʤʘʰʠʥʳ, ɺʪ; Hʫ ï ʚʳʩʦʪʘ ʫʩʪʫʧʘ, 

ʤ; Dʰʢ ï ʜʠʘʤʝʪʨ ʚʝʜʫʱʝʛʦ ʰʢʠʚʘ, ʤ; kʧ ï ʢʦʬɻ-

ʬʠʮʠʝʥʪ ʧʨʝʨʳʚʠʩʪʦʩʪʠ ʨʝʞʫʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ; 

Vp ï ʩʢʦʨʦʩʪʴ ʨʘʩʧʠʣʦʚʢʠ (ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 

ʛʠʙʢʦʛʦ ʨʝʞʫʱʝʛʦ ʦʨʛʘʥʘ), ʤ/ʩ. 

ʈʝʞʠʤ ʨʝʟʘʥʠʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʤʦʱʥʦʩʪʴʶ ʧʦ 
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ʦʪʥʦʰʝʥʠʶ ʢ ʨʝʞʠʤʫ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ 

ʧʦʜʘʯʠ ʠʤʝʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚ ʫʚʝʣʠʯʝʥʠʠ ʧʨʦ-

ʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʠ ʫʜʝʣʴʥʳʭ ʵʥʝʨʛʦ-

ʟʘʪʨʘʪ, ʦʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ-

ʩʷ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʘʣʤʘʟʥʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚ ʢʘʞ-

ʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʧʫʪʝʤ ʨʘʩʯʝʪʘ ʫʜʝʣʴʥʦʡ 

ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʨʝʟʘʥʠʷ [4ï6]. 

ʆʙʱʝʝ ʨʝʰʝʥʠʝ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʧʨʦʠʟʚʦ-

ʜʠʪʝʣʴʥʦʩʪʠ ʘʣʤʘʟʥʦ-ʢʘʥʘʪʥʦʡ ʤʘʰʠʥʳ ʙʫʜʝʤ 

ʠʩʢʘʪʴ ʜʣʷ ʩʣʫʯʘʷ ʧʝʨʝʤʝʥʥʦʡ ʚʦ ʚʨʝʤʝʥʠ ʚʝ-

ʣʠʯʠʥʳ ʢʦʥʪʘʢʪʥʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, 

ʯʪʦ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʫʶ ʬʦʨʤʫ 

ʟʘʧʠʩʠ ʚʳʨʘʞʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ (1) ʩ 

ʫʯʝʪʦʤ (3) ʠ (4): 

( )

0,5

2
0,52

ʫʩ ʧ
ʪʨ

ʫʩ
ʧ ʧ

ʧ ʪʨ

ʇ N
k

b ʕ k

-

m

m

sµ
= Öm Ö Ö

µs Ö Ö Ös +m
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ʛʜʝ 
0,5

2 2

ʢ

k
E

s
m

D
= Ö
p

 ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶ-

ʱʠʡ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʥʪʘʢʪʘ 

ʩʠʩʪʝʤʳ çʧʦʨʦʜʘ-ʠʥʩʪʨʫʤʝʥʪè, ʇʘ
ï0,5

. 

ʆʪʢʫʜʘ ʠʤʝʝʤ 

( )( )
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Ö
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³
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ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʠʤ ʩʧʦʩʦʙʦʤ ʧʦʜ-

ʩʪʘʥʦʚʢʠ 
0,5,ʧx=s  2 ,ʧd x dxs = Ö Ö ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʪʘʙʣʠʯʥʦʤʫ ʠʥʪʝʛʨʘʣʫ ʚʠʜʘ 

( )

( )
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2
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1
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ʪʨ N
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x ʪʨ

ʫʩ

ʪʨ xN
xʕ ʫʩʧ

ʪʨ

k dx
ʇ

b k x

k

b k k x

m

m

m

m m

m Ö
= Ö Ö =

Ö +m

å õm Ö
æ ö= Ö Ö -
æ öÖ Ö +m
ç ÷

ñ

 

ɺʦʟʚʨʘʱʘʷʩʴ ʢ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʧʝʨʝʤʝʥʥʦʡ, 

ʧʦʣʫʯʘʝʤ: 

( )
max

min0,5

1
.

ʫʩ

ʪʨ N ʧ
ʕ ʫʩʧ ʧ

ʧ ʪʨ

ʇ
b k

s

s
m

m
=- Ö Ö

Ös +m
 

ʇʦʜʩʪʘʥʦʚʢʘ ʧʨʝʜʝʣʦʚ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʜʘʝʪ 

ʩʣʝʜʫʶʱʫʶ ʦʢʦʥʯʘʪʝʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ: 

( ) ( )

( )( ) ( )( )

0,5 0,5
max min

0,5 0,5
max min

.
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ʧ ʧ
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ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ, ʚʠʜʠʤ, 

ʯʪʦ ʧʨʠ 0
ʫʩ

ʪʨm ­ ; 
ʫʜ ʧA ʕ­ , 0

ʧ

ʇµ
­

µs
, 0ʇ­ , ʪ. 

ʝ. ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʨʝʟʘ-

ʥʠʷ ʚ ʪʘʢʦʡ ʧʦʩʪʘʥʦʚʢʝ ʥʝ ʠʤʝʝʪ ʬʠʟʠʯʝʩʢʦʛʦ 

ʩʤʳʩʣʘ, ʪʘʢ ʢʘʢ 
ʫʩ

ʪʨm  ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʦʣʶ 

ʵʥʝʨʛʠʠ, ʟʘʪʨʘʯʠʚʘʝʤʦʡ ʥʘ ʨʘʟʨʫʰʝʥʠʝ ʠʥʩʪʨʫ-

ʤʝʥʪʘ ʠ ʝʛʦ ʚʟʘʠʤʥʦʝ ʪʨʝʥʠʝ ʩ ʧʦʨʦʜʦʡ. ʇʨʠ ʤʝ-

ʭʘʥʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʠʥʩʪʨʫʤʝʥʪʦʤ ʥʘ ʧʦʨʦ-

ʜʫ ʥʝʣʴʟʷ ʝʝ ʨʘʟʨʫʰʠʪʴ, ʥʝ ʟʘʪʨʘʪʠʚ ʧʨʠ ʵʪʦʤ 

ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʫʶ ʜʦʣʶ ʵʥʝʨʛʠʠ, ʩʚʷʟʘʥʥʫʶ ʩ 

ʨʘʟʨʫʰʝʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʪʨʝʥʠʝʤ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʧʦʣʫʯʝʥʠʝ 

ʪʦʯʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʣʷ ʨʘʩʯʝʪʘ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʠ ʠ ʫʜʝʣʴʥʳʭ ʵʥʝʨʛʦʟʘʪʨʘʪ ʧʨʦʮʝʩʩʘ ʨʝ-

ʟʘʥʠʷ ʛʠʙʢʠʤ ʘʣʤʘʟʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʨʝʞʠʤʝ 

ʧʦʩʪʦʷʥʥʦʡ ʤʦʱʥʦʩʪʠ. ʈʘʥʝʝ ʚ ʨʘʙʦʪʝ [4] ʘʥʘʣʦ-

ʛʠʯʥʘʷ ʟʘʜʘʯʘ ʙʳʣʘ ʨʝʰʝʥʘ, ʥʦ ʚ ʫʧʨʦʱʝʥʥʦʤ 

ʚʘʨʠʘʥʪʝ, ʢʦʛʜʘ ʫʜʝʣʴʥʳʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ ʦʩ-

ʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʠʥʠʤʘʣʠʩʴ ʚ 

ʬʦʨʤʝ (15), ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ 

ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʠʪʴ ʬʦʨʤʫʣʫ ʜʣʷ ʨʘʩʯʝʪʘ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʠ: 

0.5
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ʂ b k b V

D H

å õÖ
= Ö ³æ ö

æ öÖ mÖ Ö Öç ÷

è øå õå õ
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 (19) 

ʅʘ ʩʡʪ. 2 ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ ʧʨʠʚʝʜʝʥʳ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʘʣ-

ʤʘʟʥʦ-ʢʘʥʘʪʥʦʡ ʤʘʰʠʥʳ ʦʪ ʚʳʩʦʪʳ ʦʪʨʘʙʘʪʳʚʘ-

ʝʤʦʛʦ ʫʩʪʫʧʘ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʬʦʨʤʫʣʘʤ (18) ʠ 

(19), ʪ. ʝ. ʧʦ ʪʦʯʥʦʡ ʠ ʫʧʨʦʱʝʥʥʦʡ ʤʝʪʦʜʠʢʘʤ. ɺ 

ʨʘʩʯʸʪʘʭ ʧʨʠʥʠʤʘʣʦʩʴ: N=25,47 ʢɺʪ, ɛʨʘʩ=0,25, 

kʧ=0,16, b=0,01 ʤ, Dʰʢ=0,8 ʤ, Vʨ=30 ʤ/ʩ. 
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ʉʡʪ. 2. ʀʙʛʡʪʡʥʧʪʫʡ ʨʩʧʡʠʛʧʝʡʫʞʤʵʦʧʪʫʡ  
ʙʤʥʙʠʦʧ-ʣʙʦʙʫʦʧʢ ʥʙʱʡʦʴ ʧʫ ʛʴʪʧʫʴ  

ʧʫʩʙʚʙʫʴʛʙʞʥʧʜʧ ʬʪʫʬʨʙ, ʩʙʪʪʰʡʫʙʦʦʴʞ ʨʧ ʫʧʰʦʧʢ  
ʡ ʬʨʩʧʲʞʦʦʧʢ ʥʞʫʧʝʡʣʙʥ 

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʯʠʩʣʝʥʥʦʝ ʩʨʘʚʥʝʥʠʝ, ʧʨʠ-
ʙʣʠʞʝʥʥʳʡ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʜʘʝʪ ʫʜʦʚʣʝʪʚʦʨʠ-
ʪʝʣʴʥʦʝ ʩʦʚʧʘʜʝʥʠʝ ʩ ʪʦʯʥʳʤ (ʨʘʩʭʦʞʜʝʥʠʝ ʥʝ 
ʙʦʣʝʝ 10%, ʩʤ. ʫʙʚʤʡʯʬ).  

 
ʊʩʙʛʦʞʦʡʞ ʰʡʪʤʞʦʦʴʮ ʠʦʙʰʞʦʡʢ ʨʩʧʡʠʛʧʝʡʫʞʤʵʦʧʪʫʡ 
ʨʡʤʞʦʡʸ ʜʩʙʦʡʫʙ ʅʙʦʪʬʩʧʛʪʣʧʜʧ ʥʞʪʫʧʩʧʟʝʞʦʡʸ  

(N = const) ʝʤʸ ʫʧʰʦʧʜʧ ʡ ʨʩʡʚʤʡʟʞʦʦʧʜʧ ʩʞʱʞʦʡʢ 

Hʫ, ʤ 
ʇN, ʤ2/ʯ 

ʈʘʩʭʦʞʜʝʥʠʝ,  
% ʊʦʯʥʦʝ  

ʟʥʘʯʝʥʠʝ 
ʇʨʠʙʣʠʞʝʥʥʦʝ  
ʟʥʘʯʝʥʠʝ 

2 0,21 0,20 ï4,22 
3 0,61 0,59 ï2,84 

4 1,14 1,12 ï1,68 

5 1,77 1,76 ï0,67 
6 2,50 2,51 0,23 
7 3,32 3,35 1,05 
8 4,21 4,28 1,80 
9 5,17 5,30 2,50 
10 6,19 6,39 3,15 
11 7,27 7,56 3,76 
12 8,42 8,80 4,33 
13 9,61 10,10 4,88 
14 10,85 11,47 5,40 
15 12,15 12,91 5,90 

16 13,48 14,40 6,38 

17 14,86 15,95 6,83 
18 16,29 17,56 7,27 
19 17,75 19,23 7,70 
20 19,25 20,95 8,11 

 

ʊʘʢ ʢʘʢ ʧʨʠʙʣʠʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʦʩ-

ʥʦʚʳʚʘʣʘʩʴ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʜʝʣʴʥʦʡ ʨʘʙʦʪʳ 

ʨʘʟʨʫʰʝʥʠʷ ɸʫʜ, ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘ, ʪʦ ʧʦʤʠʤʦ ʩʨʘʚʥʝʥʠʷ ʨʘʩʯʝʪʦʚ ʧʦ ʬʦʨʤʫ-

ʣʘʤ (18) ʠ (19) ʢʨʠʚʳʝ, ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʩʡʪ. 2, 

ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʧʦʩʪʘʚʠʪʴ ʪʝʦʨʠʶ ʠ ʵʢʩʧʝ-

ʨʠʤʝʥʪ. ʇʨʠ ʵʪʦʤ ʤʠʥʠʤʘʣʴʥʦʝ ʨʘʩʭʦʞʜʝʥʠʝ 

ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ, ʝʩʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨ-

ʮʠʦʥʘʣʴʥʦʩʪʠ ʂ ʙʫʜʝʪ ʦʧʨʝʜʝʣʝʥ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʤ ʧʫʪʝʤ ʣʠʙʦ ʪʝʦʨʝʪʠʯʝʩʢʠʤ:  
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ʛʜʝ ʢʦʥʪʘʢʪʥʦʝ ʥʦʨʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ůʧ 

ʜʦʣʞʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʨʝʜʥʝʡ ʚʝʣʠʯʠʥʝ ʤʝʞ-
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ʧs  ʠ 
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ʧs  (16). 
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Abstract. A performance and specific energy 

calculation procedure has been developed for diamond 

cutting machines used for the mining of natural stone blocks. 

The calculations are based on the natural stone diamond 

cutting theory according to which the stone cutting machine 

performance can be determined by the rated drive power of 

the cutting tool and by the specific energy of the tool-rock 

interaction. The specific energy can be estimated either 

through experiment or analytically. The work offers an 

analytical method of determining the specific energy of the 

rock surface destruction process based on energy 

consumption and ratios which are fractions of the total 

specific energy used for rock destruction, the tool and the 

friction between the rock and the tool. The energy capacity 

of the rock surface destruction process and its percentage 

ratio of the total energy consumption can only be determined 

through calculations which do not allow for friction. The 

energy capacity of the rock is described by the surface 

contact hardness which is Brinell hardness. 
For a more accurate interaction between the diamond 

cutting tool and the rock when calculating the rock 
surface destruction factor, an active diamond grain 
principle was applied. The principle says that for front-
end hole coverage a cutting tool should have a certain 
percentage of single-point diamonds. This helps to 
achieve an efficient rock destruction at the lowest 
percentage of single-point diamonds. 

With the help of the data collected, it was possible to 

analytically estimate the specific energy and thus the 

diamond cutting performance depending on the cutting 

mode. Cutting at a constant specific energy has a number of 

advantages over cutting at a constant advance speed of the 

tool, which includes a higher performance and a lower 

specific energy. At the same time the energy based cutting 

mode leads to an increased specific tool consumption, which 

should be taken into account in each particular case by way 

of estimating and comparing the specific cutting cost.  

The performance calculations performed were done 

for the cutting at a constant specific energy and followed 

two different patterns. In the first instance the specific 

cutting performance was estimated analytically based on 

the proposed procedure. And in the second instance the 

specific cutting performance was calculated based on the 

experimental data. Comparison of the two outcomes 

showed a discrepancy of no more than 10%, which means 

that the procedure developed can be recommended as a 

comprehensive method of estimating the performance of 

diamond cutting machines used to cut stone blocks of 

differing hardness. 

Keywords: Performance, diamond cutting machine, 

specific energy, energy capacity, cutting mode. 
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ɺʃʀʗʅʀɽ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʌɸʂʊʆʈʆɺ  

ʅɸ ʆɹʈɸɿʆɺɸʅʀɽ ɼɽʌɽʂʊʆɺ ʉʊʈʋʂʊʋʈʓ  

ɺ ʂʈʋʇʅʆʊʆʅʅɸɾʅʓʍ ʉʃʀʊʂɸʍ  

ʀɿ ɸʃʖʄʀʅʀɽɺʓʍ ʉʇʃɸɺʆɺ ʉɽʈʀʀ 1ʍʍʍ 

ʌʨʦʣʦʚ ɺ.ʌ.
1
, ɹʝʣʷʝʚ ʉ.ɺ.

2
, ɻʫʙʘʥʦʚ ʀ.ʖ.

2
, ɹʝʟʨʫʢʠʭ ɸ.ʀ.

2
, ʂʦʩʪʠʥ ʀ.ɺ.

2
 

1 ʆʆʆ çʈʋʉɸʃ ʀʊʎè, ʂʨʘʩʥʦʷʨʩʢ, ʈʦʩʩʠʷ,  
2 ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʨʘʩʥʦʷʨʩʢ, ʈʦʩʩʠʷ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʚʠʪʠʝ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʚ ʘʣʶʤʠʥʠʝʚʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ 
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ʷʚʣʷʝʪʩʷ ʥʝʫʢʣʦʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʥʝʯʥʦʡ ʧʨʦʜʫʢʮʠʠ. ɺ ʫʩʣʦʚʠʷʭ ʜʝʡʩʪʚʫʶʱʝʛʦ ʢʨʠʟʠʩʘ ʚ ʤʝ-
ʪʘʣʣʫʨʛʠʠ ʛʣʘʚʥʳʤ ʚʝʢʪʦʨʦʤ ʨʘʟʚʠʪʠʷ ʘʣʶʤʠʥʠʝʚʦʡ ʦʪʨʘʩʣʠ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʩʪʘʣʘ ʪʝʥʜʝʥʮʠʷ ʫʚʝʣʠʯʝʥʠʷ ʚ 
ʦʙʱʝʡ ʩʪʨʫʢʪʫʨʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʪʦʚ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʦʙʨʘʙʦʪʢʠ, ʛʜʝ ʩʘʤʳʤ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʧʨʦʜʫʢʪʦʤ 
ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ ʧʦʪʨʝʙʣʝʥʠʷ ʘʣʶʤʠʥʠʷ ʷʚʣʷʶʪʩʷ ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʦʟʜʘʚʘʪʴ ʠʟʜʝʣʠʷ ʚ 
ʚʠʜʝ ʩʣʠʪʢʦʚ, ʧʨʦʢʘʪʘ, ʧʨʦʬʠʣʝʡ, ʫʧʘʢʦʚʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʥʦʩʪʴʶ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʢʦʥʝʯ-
ʥʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʨʦʝʢʪʦʚ ʣʠʜʝʨʘ ʨʦʩʩʠʡʩʢʦʡ ʘʣʶʤʠʥʠʝʚʦʡ ʦʪʨʘʩʣʠ ʆʂ ʈʋʉɸʃ 
ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʣʦʩʢʠʭ ʩʣʠʪʢʦʚ ʠʟ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ 1ʍʍʍ ʩʝʨʠʠ ʜʣʷ ʬʦʣʴʛʦʧʨʦʢʘʪʥʦʛʦ ʧʨʦʠʟ-
ʚʦʜʩʪʚʘ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʜʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʪʘʙʠʣʴʥʦʛʦ ʧʦʣʫʯʝʥʠʷ 
ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ ʚʥʫʪʨʝʥʥʝʤʫ ʩʪʨʦʝʥʠʶ ʵʪʠʭ ʩʣʠʪʢʦʚ. ɺ ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʭ ʩʣʠʪʢʘʭ ʠʟ ʘʣʶʤʠ-
ʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʩʝʨʠʠ 1ʍʍʍ ʚʦʟʥʠʢʘʶʪ ʚʥʫʪʨʝʥʥʠʝ ʜʝʬʝʢʪʳ ʚ ʚʠʜʝ ʩʪʨʫʢʪʫʨʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʦʪ-
ʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʦʡ ʠʟ ʥʠʭ ʬʦʣʴʛʠ. ʆʩʥʦʚʥʳʤʠ ʚʠʜʘʤʠ ʙʨʘʢʘ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʬʦʣʴʛʠ, 
ʩʚʷʟʘʥʥʳʤʠ ʩʦ ʩʪʨʫʢʪʫʨʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ, ʷʚʣʷʶʪʩʷ çʧʣʘʚʘʶʱʠʝè ʢʨʠʩʪʘʣʣʳ, çʚʝʝʨʥʘʷè ʠ çfir treeè ʩʪʨʫʢ-
ʪʫʨʳ. ɸʚʪʦʨʘʤʠ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʦʙʦʙʱʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘ-
ʣʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʜʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʚʳʙʦʨʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 
ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʣʠʪʴʷ ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʭ ʩʣʠʪʢʦʚ ʠʟ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʩʝʨʠʠ 1ʍʍʍ, ʛʘʨʘʥʪʠʨʫʶʱʠʭ 
ʦʪʩʫʪʩʪʚʠʝ ʜʝʬʝʢʪʦʚ ʚ ʚʠʜʝ çʧʣʘʚʘʶʱʠʭè ʢʨʠʩʪʘʣʣʦʚ, çʚʝʝʨʥʦʡè ʠ çfir treeè ʩʪʨʫʢʪʫʨʳ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ ʩʝʨʠʠ 1ʍʍʍ, ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʝ ʩʣʠʪʢʠ, ʩʪʨʫʢʪʫʨʥʳʝ ʜʝʬʝʢʪʳ, ʚʝ-

ʝʨʥʘʷ ʠ fir-tree ʩʪʨʫʢʪʫʨʘ, ʧʣʘʚʘʶʱʠʝ ʢʨʠʩʪʘʣʣʳ. 
 

ɺʚʝʜʝʥʠʝ  

ɸʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ ʩʝʨʠʡ lXXX ʦʪʥʦʩʷʪʩʷ ʢ 

ʛʨʫʧʧʝ ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʪʝʨʤʠʯʝʩʢʠ ʥʝʫʧʨʦʯʥʷʝ-

ʤʳʭ ʩʧʣʘʚʦʚ. ʆʙʲʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʣʘʚʦʚ ʵʪʦʡ 

ʩʝʨʠʠ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʣʠʩʪʦʧʨʦʢʘʪʥʦʡ ʧʨʦʜʫʢ-

ʮʠʠ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 20% [1ï3]. ʇʦ ʧʣʦʩʢʠʤ ʩʣʠʪ-

ʢʘʤ, ʧʦʩʪʘʚʣʷʝʤʳʤ ʜʣʷ ʧʨʦʢʘʪʢʠ ʠʟ ʩʧʣʘʚʦʚ ʩʝʨʠʠ 

1ʍʍʍ, ʧʦʪʨʝʙʠʪʝʣʠ ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʦʷʚʣʝʥʠʠ ʙʨʘʢʘ ʚ ʚʠʜʝ ʩʪʨʫʢʪʫʨ-

ʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʥʘ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ. ʆʩ-

ʥʦʚʥʳʤʠ ʥʝʫʩʪʨʘʥʷʝʤʳʤʠ ʜʝʬʝʢʪʘʤʠ ʷʚʣʷʶʪʩʷ 

ʩʪʨʫʢʪʫʨʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʚ ʚʠʜʝ çFir-Treeè, 

çʚʝʝʨʥʘʷè ʩʪʨʫʢʪʫʨʘ ʠ çʧʣʘʚʘʶʱʠʝè ʢʨʠʩʪʘʣʣʳ. 
                                                                                              

Ò  ʌʨʦʣʦʚ ɺ.ʌ., ɹʝʣʷʝʚ ʉ.ɺ., ɻʫʙʘʥʦʚ ʀ.ʖ., ɹʝʟʨʫʢʠʭ ɸ.ʀ., ʂʦ-

ʩʪʠʥ ʀ.ɺ., 2016  

ɼʝʬʝʢʪʳ ʩʪʨʫʢʪʫʨʳ ʠ ʧʨʠʯʠʥʳ ʝʝ 

ʦʙʨʘʟʦʚʘʥʠʷ 

ʉʪʨʫʢʪʫʨʘ çFir-Treeè (çʸʣʦʯʥʘʷ ʩʪʨʫʢʪʫʨʘè) ï 

ʵʪʦ ʚʪʦʨʠʯʥʘʷ ʟʦʥʘ ʢʨʦʤʢʠ, ʢʦʪʦʨʘʷ ʥʘʙʣʶʜʘʝʪʩʷ 

ʚ ʚʠʜʝ ʙʦʣʝʝ ʪʝʤʥʦʡ ʟʦʥʳ ʩ ʥʝʨʦʚʥʳʤʠ ʢʨʘʷʤʠ ʚ 

ʧʝʨʠʬʝʨʠʡʥʳʭ ʩʣʦʷʭ ʩʣʠʪʢʘ. ɺʧʝʨʚʳʝ çFir-Treeè 

ʩʪʨʫʢʪʫʨʘ (ʜʘʣʝʝ ʧʦ ʪʝʢʩʪʫ ï FTS) ʚ ʧʣʦʩʢʠʭ 

ʩʣʠʪʢʘʭ ʩʧʣʘʚʦʚ 1XXX (ʜʦ 1% ʤʘʛʥʠʷ) ʙʳʣʘ ʦʙ-

ʥʘʨʫʞʝʥʘ ʚ ʩʝʨʝʜʠʥʝ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʜʦʢʪʦʨʦʤ 

ɸʣʴʪʝʥʧʦʣʝʤ (Dr. Altenpohl) [4]. ɼʘʥʥʳʡ ʜʝʬʝʢʪ 

ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ ʸʣʦʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʩʠʣʫ 

ʩʚʦʝʡ ʬʦʨʤʳ ʥʘ ʚʝʨʪʠʢʘʣʴʥʦʤ ʩʨʝʟʝ (ʩʡʪ. 1). FTS 

ʦʢʘʟʳʚʘʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʠʟʚʦʜ-

ʩʪʚʦ ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʡ. 

1. ɺʦ ʚʨʝʤʷ ʧʨʦʢʘʪʘ ʚʦʟʤʦʞʥʦ ʧʦʷʚʣʝʥʠʝ 



ʃʀʊɽʁʅʆɽ ʇʈʆʀɿɺʆɼʉʊɺʆ 
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ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʦʣʦʩ ʠ ʮʘʨʘʧʠʥ ʥʘ ʬʦʣʴʛʝ (ʧʦ-

ʣʦʩʯʘʪʦʩʪʴ) ʠ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ ʧʣʘʩʪʠʯʥʦʩʪʠ 

ʟʘʛʦʪʦʚʢʠ. 

2. ɺ ʪʠʧʦʛʨʘʬʠʠ ï ʧʨʦʷʚʣʝʥʠʝ ʨʠʩʫʥʢʘ ʜʝ-

ʬʝʢʪʘ ʚʦ ʚʨʝʤʷ ʧʝʯʘʪʠ, ʥʝʢʘʯʝʩʪʚʝʥʥʦʝ ʥʘʥʝʩʝ-

ʥʠʝ ʢʨʘʩʢʠ ʥʘ ʣʠʪʦʛʨʘʬʠʯʝʩʢʠʝ ʧʣʘʩʪʠʥʳ. 

3. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʮʝʩʩʘ ʘʥʦʜʠʨʦʚʘʥʠʷ 

ʧʣʘʩʪʠʥ ʜʣʷ ʦʙʣʠʮʦʚʢʠ ï ʥʝʨʦʚʥʦʝ ʥʘʥʝʩʝʥʠʝ 

ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ. 

 
ʉʡʪ. 1. Fir-Tree ʪʫʩʬʣʫʬʩʙ ʪʤʡʫʣʧʛ 

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʨʝʟʘ (ʧʦʩʣʝ ʩʢʘʣʴʧʠʨʦʚʘ-

ʥʠʷ) ʙʝʟ ʢʘʢʦʡ-ʣʠʙʦ ʦʙʨʘʙʦʪʢʠ ʠʣʠ ʪʨʘʚʣʝʥʠʷ 

FTS ʤʦʞʝʪ ʙʳʪʴ ʦʙʥʘʨʫʞʝʥʘ ʚ ʚʠʜʝ ʜʚʫʭ ʮʚʝ-

ʪʦʚʳʭ ʟʦʥ: ʪʸʤʥʘʷ ʟʦʥʘ ʚʥʫʪʨʠ ʠ ʩʚʝʪʣʘʷ ï ʟʘ 

ʝʸ ʧʨʝʜʝʣʘʤʠ. ʅʦ ʧʨʠ ʪʨʘʚʣʝʥʠʠ ʛʠʜʨʦʢʩʠʜʦʤ 

ʥʘʪʨʠʷ (NaOH) ʠʣʠ ʘʥʦʜʠʨʦʚʘʥʠʠ ʜʝʬʝʢʪ 

ʤʦʞʥʦ ʣʝʛʢʦ ʫʚʠʜʝʪʴ ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʨʘʟ-

ʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

(Al -Fe) ʧʦ-ʨʘʟʥʦʤʫ ʨʝʘʛʠʨʫʶʪ ʥʘ ʱʝʣʦʯʥʦʝ 

ʠʣʠ ʢʠʩʣʦʪʥʦʝ ʪʨʘʚʣʝʥʠʝ. ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʨʘʟ-

ʣʠʯʥʳʭ ʬʘʟ ʩʪʨʫʢʪʫʨʳ ʚ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ 

ʩʣʠʪʢʦʚ ʦʩʥʦʚʘʥʦ ʥʘ ʨʘʟʣʠʯʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ 

ʬʘʟ FeAl6 ʠ FeAl3 ʠ FeAlm ʚ ʩʝʨʥʦʡ ʢʠʩʣʦʪʝ. 

ʇʨʠ ʪʨʘʚʣʝʥʠʠ ʦʙʨʘʟʮʘ ʬʘʟʘ FeAl6 ʥʝ ʨʘʟʨʫʰʘ-

ʝʪʩʷ (ʥʝ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʩʝʨʥʦʡ ʢʠʩʣʦʪʝ), ʦʙʨʘ-

ʟʝʮ ʜʘʝʪ ʪʝʤʥʦ-ʩʝʨʳʡ ʮʚʝʪ. ʌʘʟʳ FeAl3 ʠ FeAlm 

ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ʩʝʨʥʦʡ ʢʠʩʣʦʪʝ, ʨʘʟʨʫʰʘʶʪʩʷ ʠ 

ʜʘʶʪ ʩʚʝʪʣʦ-ʩʝʨʳʡ ʮʚʝʪ. 

ɺʝʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ï ʵʪʦ ʨʘʟʥʦʚʠʜʥʦʩʪʴ 

ʩʪʦʣʙʯʘʪʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ɽʝ ʥʘʟʳʚʘʶʪ ʪʘʢ-

ʞʝ ʧʦʨʠʩʪʦʡ, ʣʫʯʝʚʦʡ, ʫʟʦʨʯʘʪʦʡ. ɺʦʟʥʠʢʘʝʪ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʚ ʚʠʜʝ ʧʣʘʩʪʠʥʯʘ-

ʪʳʭ ʜʚʦʡʥʠʢʦʚ, ʯʝʤʫ ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʝʪ ʚʳʩʦ-

ʢʠʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪ ʚ ʞʠʜʢʦʡ ʚʘʥʥʝ 

ʢʨʠʩʪʘʣʣʠʟʫʶʱʝʛʦʩʷ ʩʣʠʪʢʘ ʠ ʩʧʦʢʦʡʥʦʝ ʩʦ-

ʩʪʦʷʥʠʝ ʨʘʩʧʣʘʚʘ ʚ ʣʫʥʢʝ. ɿʦʥʘ ʚʝʝʨʥʦʡ ʩʪʨʫʢ-

ʪʫʨʳ (ʜʘʣʝʝ ʧʦ ʪʝʢʩʪʫ ɺʉ) ʦʙʨʘʟʫʝʪʩʷ ʚ ʧʝʨʠ-

ʬʝʨʠʡʥʦʡ ʟʦʥʝ ʩʣʠʪʢʘ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʫʟʢʦʡ 

ʥʘʨʫʞʥʦʡ ʟʦʥʳ ʨʘʚʥʦʦʩʥʳʭ ʟʝʨʝʥ. ʇʨʠʤʝʨ ɺʉ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʩʡʪ. 2. 

 
ʉʡʪ. 2. ɻʞʞʩʦʙʸ ʪʫʩʬʣʫʬʩʙ ʪʤʡʫʣʙ 

ɺʉ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ 

ʢʘʯʝʩʪʚʦ ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʡ. ʉʣʠʪʢʠ ʩ ɺʉ ʯʘʩʪʦ 

ʨʘʟʨʫʰʘʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘ-

ʮʠʠ. ʇʦʣʫʬʘʙʨʠʢʘʪʳ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʪʘʢʠʭ 

ʩʣʠʪʢʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʩʪʘʙʠʣʴʥʳʤʠ, ʯʘʩʪʦ 

ʧʦʥʠʞʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʤʝʭʘʥʠʯʝʩʢʠʭ, ʢʦʨʨʦ-

ʟʠʦʥʥʳʭ ʠ ʩʣʫʞʝʙʥʳʭ ʩʚʦʡʩʪʚ. ɺʦ ʚʨʝʤʷ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʬʦʣʴʛʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦ-

ʚʳʰʝʥʥʘʷ ʦʙʨʳʚʠʩʪʦʩʪʴ ʣʝʥʪʳ (ʧʦʣʦʩʳ) ʧʦ ʧʨʠ-

ʯʠʥʝ ʧʦʚʳʰʝʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʛʨʘʥʠʮʘʤ çʚʝ-

ʝʨʥʳʭè ʟʝʨʝʥ. ɺʦ ʚʨʝʤʷ ʧʨʦʢʘʪʘ ʚʦʟʤʦʞʥʦ ʧʦʷʚ-

ʣʝʥʠʝ ʜʝʬʝʢʪʘ ʚ ʚʠʜʝ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʦʣʦʩ ʥʘ 

ʬʦʣʴʛʝ. ɺ ʤʝʩʪʘʭ ʦʙʨʘʟʦʚʘʥʠʷ ʚʝʝʨʥʳʭ ʢʨʠʩʪʘʣ-

ʣʦʚ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ ʧʣʘʩʪʠʯʥʦʩʪʠ ʟʘʛʦʪʦʚʢʠ. 

ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʙʘʥʦʯʥʦʡ ʪʘʨʳ ʯʘʩʪʦ ʧʨʦʷʚʣʷ-

ʝʪʩʷ ʨʠʩʫʥʦʢ ʚʝʝʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠʣʠ ʥʝʢʘʯʝ-

ʩʪʚʝʥʥʦʝ ʥʘʥʝʩʝʥʠʝ ʢʨʘʩʢʠ ʥʘ ʢʦʨʧʫʩ ʙʘʥʢʠ. ɺ 

ʪʠʧʦʛʨʘʬʠʠ ʚʦʟʥʠʢʘʝʪ ʧʨʦʷʚʣʝʥʠʝ ʨʠʩʫʥʢʘ ʚʝʝʨ-

ʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʚʦ ʚʨʝʤʷ ʧʝʯʘʪʠ, ʥʝʢʘʯʝʩʪʚʝʥʥʦʝ 

ʥʘʥʝʩʝʥʠʝ ʢʨʘʩʢʠ ʥʘ ʣʠʪʦʛʨʘʬʠʯʝʩʢʠʝ ʧʣʘʩʪʠʥʳ. 

ʇʣʘʚʘʶʱʠʝ ʢʨʠʩʪʘʣʣʳ ʚ ʩʪʨʫʢʪʫʨʝ ï ʵʪʦ ʦʪ-

ʜʝʣʴʥʳʝ ʢʨʫʧʥʳʝ (ʦʪ 20 ʜʦ 3000 ʤʢʤ) ʟʝʨʥʘ, ʦʪ-

ʣʠʯʘʶʱʠʝʩʷ ʦʪ ʦʩʪʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʚʝʪʣʳʤ 

ʦʪʪʝʥʢʦʤ ʧʦʩʣʝ ʧʨʦʮʝʜʫʨʳ ʪʨʘʚʣʝʥʠʷ (ʩʡʪ. 3). 

 
ʉʡʪ. 3. ʈʤʙʛʙʷʲʡʞ ʣʩʡʪʫʙʤʤʴ  
ʛ ʪʫʩʬʣʫʬʩʞ ʙʤʷʥʡʦʡʞʛʴʮ ʪʨʤʙʛʧʛ 
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ʇʣʘʚʘʶʱʠʝ ʢʨʠʩʪʘʣʣʳ ʚ ʩʪʨʫʢʪʫʨʝ (ʜʘʣʝʝ ʧʦ 
ʪʝʢʩʪʫ ʇʂʉ) ʪʘʢʞʝ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʶʪʩʷ 
ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʢʘʯʝʩʪʚʝ ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʡ. 
ɼʘʥʥʳʡ ʜʝʬʝʢʪ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʩʥʠʞʝʥʠʶ 
ʧʣʘʩʪʠʯʥʦʩʪʠ ʚ ʣʦʢʘʣʴʥʳʭ ʦʙʣʘʩʪʷʭ ʩʣʠʪʢʘ, ʚʳ-
ʟʳʚʘʷ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʧʨʦʢʘʪʝ ʣʝʥʪʳ. ʇʨʠ ʧʨʦʠʟ-
ʚʦʜʩʪʚʝ ʬʦʣʴʛʠ ʠʟ-ʟʘ ʇʂʉ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʠʩ-
ʭʦʜʠʪ ʨʘʩʩʣʦʝʥʠʝ ʠʣʠ ʨʘʟʨʳʚ ʣʝʥʪʳ ʧʦ ʛʨʘʥʠʮʘʤ 
ʢʨʫʧʥʳʭ ʧʣʘʚʘʶʱʠʭ ʢʨʠʩʪʘʣʣʦʚ. ɺ ʪʠʧʦʛʨʘʬʠʠ 
ʇʂʉ ʚʳʟʳʚʘʝʪ ʧʨʦʷʚʣʝʥʠʝ ʨʠʩʫʥʢʘ ʚʦ ʚʨʝʤʷ ʧʝ-
ʯʘʪʠ, ʥʝʢʘʯʝʩʪʚʝʥʥʦʝ ʥʘʥʝʩʝʥʠʝ ʢʨʘʩʢʠ ʥʘ ʣʠʪʦ-
ʛʨʘʬʠʯʝʩʢʠʝ ʧʣʘʩʪʠʥʳ. 
ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʜʝ-

ʬʝʢʪʳ ʠʟʚʝʩʪʥʳ ʜʦʩʪʘʪʦʯʥʦ ʜʘʚʥʦ, ʥʦ ʜʘʥʥʘʷ ʧʨʦ-
ʙʣʝʤʘ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʨʫʧʥʦʪʦʥʥʘʞ-
ʥʳʭ ʩʣʠʪʢʦʚ ʠʟ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʩʝʨʠʠ 
1ʍʍʍ, ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ. 
ɸʚʪʦʨʘʤʠ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʦʙʦʙʱʝʥʠʷ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʙʳʣʦ ʫʩʪʘ-

ʥʦʚʣʝʥʦ ʩʣʝʜʫʶʱʝʝ. 
ɾʝʣʝʟʦ ʠ ʢʨʝʤʥʠʡ ʷʚʣʷʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ ʠ 

ʥʝʠʟʙʝʞʥʳʤʠ ʧʨʠʤʝʩʷʤʠ ʚ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʘʭ 
ʩʝʨʠʠ 1ʍʍʍ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʪʘʢʠʭ ʞʝ-
ʣʝʟʦʩʦʜʝʨʞʘʱʠʭ ʬʘʟ, ʢʘʢ Al3Fe, Fe3SiAl12, Fe2Si2Al9, 
Al5FeSi, Al8Fe2Si, Al5FeSi, Al15(Fe,Mn)3Si2, 
Al6(Fe,Cu,Mn) ʠ ʜʨ. ʕʪʠ ʬʘʟʳ ʤʦʛʫʪ ʢʨʠʩʪʘʣʣʠʟʦ-
ʚʘʪʴʩʷ ʧʝʨʚʠʯʥʦ ʠʣʠ ʧʦ ʵʚʪʝʢʪʠʯʝʩʢʠʤ ʨʝʘʢʮʠʷʤ, 
ʯʪʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʧʨʝʜʝʣʷʝʪ ʠʭ ʨʘʟʤʝʨ ʠ 
ʤʦʨʬʦʣʦʛʠʶ. ʅʘʠʙʦʣʝʝ ʚʨʝʜʥʦʡ ʜʣʷ ʤʝʭʘʥʠʯʝʩʢʠʭ 
ʩʚʦʡʩʪʚ ʷʚʣʷʝʪʩʷ ʧʣʘʩʪʠʥʯʘʪʘʷ (ʠʛʦʣʴʯʘʪʘʷ ʚ ʧʣʦʩ-
ʢʦʩʪʠ ʰʣʠʬʘ) ʬʦʨʤʘ, ʢʦʪʦʨʘʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ 
ʩʚʦʡʩʪʚʝʥʥʘ ʬʘʟʘʤ Al3Fe, Al5FeSi ʠ Al7FeCu2. ʇʝ-
ʨʠʪʝʢʪʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʧʨʦʪʝʢʘʪʴ 
ʩʦʛʣʘʩʥʦ ʨʘʚʥʦʚʝʩʥʳʤ ʜʠʘʛʨʘʤʤʘʤ ʩʦʩʪʦʷʥʠʷ, ʚ 
ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʦʩʥʦʚʥʦʤ 
ʧʦʜʘʚʣʷʶʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝ-
ʥʝʥʠʶ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʚʥʦʚʝʩ-
ʥʳʤ. ɺ ʣʠʪʦʡ ʩʪʨʫʢʪʫʨʝ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʧʣʘ-
ʚʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʧʨʠʤʝʩʴ ʞʝʣʝʟʘ, ʯʘʩʪʦ ʤʦʞʥʦ 
ʥʘʙʣʶʜʘʪʴ ʩʣʦʞʥʳʝ ʢʦʥʛʣʦʤʝʨʘʪʳ ʬʘʟ, ʠʜʝʥʪʠʬʠ-
ʢʘʮʠʷ ʢʦʪʦʨʳʭ ʧʨʷʤʳʤʠ ʤʝʪʦʜʘʤʠ ʙʳʚʘʝʪ ʦʯʝʥʴ 
ʟʘʪʨʫʜʥʠʪʝʣʴʥʦʡ [5]. ʇʦʵʪʦʤʫ ʚ ʣʠʪʦʤ ʘʣʶʤʠʥʠʠ 
ʚʦ ʚʨʝʤʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʢʘʢ 
ʨʘʚʥʦʚʝʩʥʳʝ ʩʪʘʙʠʣʴʥʳʝ ʬʘʟʳ FeAl3, Fe3SiAl12 ʠʣʠ 
Fe2Si2Al9, ʪʘʢ ʠ ʥʝʢʦʪʦʨʳʝ ʤʝʪʘʩʪʘʙʠʣʴʥʳʝ ʥʝʨʘʚ-
ʥʦʚʝʩʥʳʝ ʬʘʟʳ, ʥʘʧʨʠʤʝʨ Al6Fe, AlmFe. 
ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ 

ʦʙʨʘʟʦʚʘʥʠʝ ʜʝʬʝʢʪʘ ʩʪʨʫʢʪʫʨʳ FTS, ʷʚʣʷʝʪʩʷ 

ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ 

ʠ ʢʨʝʤʥʠʷ ʚ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʩʝʨʠʠ 1ʍʍʍ. 

ʇʨʠ 1,5<Fe/Si<3,5 ʩ ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʧʨʦ-

ʠʩʭʦʜʠʪ ʧʦʷʚʣʝʥʠʝ ʜʝʬʝʢʪʘ ʩʪʨʫʢʪʫʨʳ ʚ ʚʠʜʝ 

FTS (ʩʡʪ. 4). 

 
ʉʡʪ. 4. Fir-Tree ʪʫʩʬʣʫʬʩʙ ʪʤʡʫʣʧʛ 

ɼʘʥʥʫʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘ-
ʥʠʷ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʩʣʝʜʫʶʱʠʤ. ʇʨʠ ʩʦʦʪʥʦ-

ʰʝʥʠʠ Fe/Si>3,5 ʚ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʝ Al-Fe-Si 
ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʚʥʦʚʝʩʥʦʡ ʩʪʘʙʠʣʴ-

ʥʦʡ ʬʘʟʳ ʚ ʚʠʜʝ ʵʚʪʝʢʪʠʢʠ (a+Al3Fe). ʇʨʠ ʩʦʦʪ-
ʥʦʰʝʥʠʠ Fe/Si<1,5 ʚ ʤʘʣʦʣʝʛʠʨʦʚʘʥʥʳʭ ʩʧʣʘʚʘʭ 
ʩʠʩʪʝʤʳ Al-Fe-Si ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʝʡʩʷ 
ʷʚʣʷʝʪʩʷ ʨʘʚʥʦʚʝʩʥʘʷ ʩʪʘʙʠʣʴʥʘʷ ʪʨʦʡʥʘʷ ʬʘʟʘ 
Al8Fe2Si. ʇʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ 
ʠ ʢʨʝʤʥʠʷ 1:1õ1,5 ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʟʘʢʘʥʯʠʚʘʝʪʩʷ 
ʥʘ ʧʝʨʠʪʝʢʪʠʯʝʩʢʦʡ ʛʦʨʠʟʦʥʪʘʣʠ (ʩʡʪ. 5) [6ï9]. 

 
 

ʉʡʪ. 5. ʈʩʧʞʣʯʡʸ ʨʧʛʞʩʮʦʧʪʫʡ ʤʡʣʛʡʝʬʪʙ  
ʬ Al-ʬʜʤʙ ʦʙ ʭʙʠʧʛʧʢ ʝʡʙʜʩʙʥʥʞ  

ʪʡʪʫʞʥʴ Al-Fe-Si [6ð9] 

ʉ ʜʘʣʴʥʝʡʰʠʤ ʧʦʚʳʰʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ 
ʢʨʝʤʥʠʷ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʠʥʪʝʨʚʘʣ ʢʨʠʩʪʘʣʣʠʟʘ-
ʮʠʠ, ʟʘʪʝʤ ʚ ʩʪʨʫʢʪʫʨʝ ʧʦʷʚʣʷʝʪʩʷ ʩʚʦʙʦʜʥʳʡ 
ʢʨʝʤʥʠʡ. ɺ ʫʩʣʦʚʠʷʭ ʙʳʩʪʨʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʵʪʦ 
ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʙʣʠʟʠ ʧʝʨʠ-
ʪʝʢʪʠʯʝʩʢʦʡ ʛʦʨʠʟʦʥʪʘʣʠ. ʇʨʦʮʝʩʩ ʢʨʠʩʪʘʣʣʠʟʘ-
ʮʠʠ ʥʘ ʵʪʦʡ ʩʪʘʜʠʠ ʘʥʘʣʦʛʠʯʝʥ ʧʨʦʮʝʩʩʫ ʢʨʠ-
ʩʪʘʣʣʠʟʘʮʠʠ ʘʣʶʤʠʥʠʷ ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ ʩ ʥʝ-
ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʨʝʤʥʠʷ. ɺʩʝ ʵʪʦ ʠʩʢʣʶ-
ʯʘʝʪ ʧʦʷʚʣʝʥʠʷ ʜʝʬʝʢʪʘ ʩʪʨʫʢʪʫʨʳ ʚ ʚʠʜʝ FTS. 
ʇʦʷʚʣʝʥʠʶ ʜʝʬʝʢʪʘ ʩʪʨʫʢʪʫʨʳ ʚ ʚʠʜʝ FTS ʚ 

ʩʣʠʪʢʘʭ ʠʟ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʩʝʨʠʠ 1ʍʍʍ 
ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ ʧʨʠʤʝʩʠ, ʠʤʝʶʱʠʝ 
ʪʘʢʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʠ ʙʦʣʝʝ: Ni ï 50õ70 ppm; Mg 
ï 50õ70 ppm; V ï 250 ppm; Ca ï 5 ppm; Cr ï 50õ70 
ppm (ʛʜʝ 1 ppm=0,0001%); TiB2 ï 0,03%. ɽʩʣʠ 
ʘʣʶʤʠʥʠʝʚʳʡ ʩʧʣʘʚ ʩʦʜʝʨʞʠʪ ʫʢʘʟʘʥʥʳʝ ʥʠʞʝ 
ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʪʦ ʛʨʘʥʠʮʘ ʦʙʨʘʟʦʚʘʥʠʷ 
ʬʘʟ FeAl6+FeAl3 ʧʦʜʥʠʤʘʝʪʩʷ ʚʚʝʨʭ, ʠ ʸʣʦʯʥʘʷ 
ʩʪʨʫʢʪʫʨʘ ʣʝʛʢʦ ʦʙʨʘʟʫʝʪʩʷ ʚ ʧʣʦʩʢʠʭ ʩʣʠʪʢʘʭ ʠʟ 
ʩʧʣʘʚʦʚ 1XXX. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ 
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ʤʝʨʦʧʨʠʷʪʠʷ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʜʘʥʥʳʭ 
ʧʨʠʤʝʩʝʡ, ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʠʩʢ ʦʙʨʘʟʦʚʘ-
ʥʠʷ ʜʝʬʝʢʪʘ ʩʪʨʫʢʪʫʨʳ ʚ ʚʠʜʝ FTS [10, 11]. 
ɼʝʬʝʢʪ ʩʪʨʫʢʪʫʨʳ ʚ ʚʠʜʝ FTS ʚ ʩʣʠʪʢʘʭ ʠʟ 

ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʩʝʨʠʠ 1ʍʍʍ ï ʬʘʟʳ Al3Fe ʠ 
Al6Fe ï ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʤʝʜʣʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʦʭʣʘ-
ʞʜʝʥʠʷ ʚʦʟʣʝ ʢʦʨʢʦʚʦʡ ʟʦʥʳ (ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʠʪʢʘ), 
ʪʘʢ ʢʘʢ Al6Fe ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʠ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝ-
ʥʠʷ ʙʦʣʝʝ 0,5ï1,0Áʉ/ʩ. ʇʦʵʪʦʤʫ ʝʩʣʠ ʩʢʦʨʦʩʪʴ 
ʦʭʣʘʞʜʝʥʠʷ ʚʦʟʣʝ ʢʦʨʢʦʚʦʡ ʟʦʥʳ ʤʝʥʝʝ 0,5Áʉ/ʩʝʢ, 
ʪʦ ʚ ʵʪʦʡ ʟʦʥʝ ʦʙʨʘʟʫʝʪʩʷ Al3Fe, ʧʦʨʦʞʜʘʷ ʜʝʬʝʢʪ ʚ 
ʚʠʜʝ FTS (ʬʘʟʳ Al3Fe ʠ Al6Fe). ɼʨʫʛʦʡ ʪʠʧ ʜʝʬʝʢʪʘ 
ʩʪʨʫʢʪʫʨʳ ʚ ʚʠʜʝ FTS ï ʵʪʦ ʬʘʟʳ Al6Fe ʠ AlmFe, 
ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʯʝʥʴ ʙʦʣʴʰʦʡ 
ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ, ʙʦʣʝʝ 15ï20Áʉ/ʩ, ʚʦʟʣʝ ʧʦ-
ʚʝʨʭʥʦʩʪʠ. ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʩʢʦʨʦʩʪʴʶ ʦʭʣʘ-
ʞʜʝʥʠʷ ʚ ʧʣʦʩʢʦʤ ʩʣʠʪʢʝ ʠ ʬʘʟʦʚʳʤ ʩʦʩʪʘʚʦʤ Al-
Fe, ʬʦʨʤʠʨʫʝʤʳʤ ʥʘ ʢʘʞʜʦʡ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ, 
ʩʭʝʤʘʪʠʯʥʦ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʩʡʪ. 6, ʛʜʝ ʧʦ ʦʩʠ ʦʨʜʠ-
ʥʘʪ ï ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʚ Áʉ/ʩ ʧʦ ʦʩʠ ʘʙʩʮʠʩʩ ï 
ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʠʪʢʘ. 

 
 

ʉʡʪ. 6. ɻʠʙʡʥʧʪʛʸʠʵ ʥʞʟʝʬ ʪʣʧʩʧʪʫʵʷ ʧʮʤʙʟʝʞʦʡʸ  
ʛ ʨʤʧʪʣʧʥ ʪʤʡʫʣʞ ʡ ʭʙʠʧʛʴʥ ʪʧʪʫʙʛʧʥ Al-Fe 

ʂʨʠʚʘʷ ʣʠʥʠʷ ʧʦʢʘʟʳʚʘʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 
ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʩʣʠʪʢʘ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʢ 
ʮʝʥʪʨʫ. ɿʦʥʘ ʦʯʝʥʴ ʙʳʩʪʨʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘ-
ʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʪʘʢʪʘ ʛʦʨʷʯʝʛʦ ʤʝʪʘʣʣʘ ʩ 
ʦʭʣʘʞʜʘʝʤʳʤ ʚʦʜʦʡ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʦʤ, ʧʦʷʚʣʷ-
ʶʪʩʷ ʤʝʣʢʠʝ ʟʸʨʥʘ ʚʦʟʣʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʠʪʢʘ. 
ɺʩʣʝʜʩʪʚʠʝ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʤʝʪʘʣʣʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 
ʢʦʥʪʘʢʪʘ ʩ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʦʤ ʦʙʨʘʟʫʝʪʩʷ ʚʦʟ-
ʜʫʰʥʳʡ ʟʘʟʦʨ ʤʝʞʜʫ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʦʤ ʠ ʟʘ-
ʪʚʝʨʜʝʚʰʠʤ ʤʝʪʘʣʣʦʤ ʧʦʜ ʪʦʯʢʦʡ ʢʦʥʪʘʢʪʘ ʤʝ-
ʪʘʣʣʘ ʩ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʦʤ. ɽʩʣʠ ʢʨʠʚʘʷ ʩʢʦʨʦʩʪʠ 
ʦʭʣʘʞʜʝʥʠʷ ʥʝ ʧʝʨʝʩʝʢʘʝʪ ʛʨʘʥʠʮʫ ʦʙʨʘʟʦʚʘʥʠʷ 
Al 6Fe ʠ Al3Fe, ʪʦ ʜʝʬʝʢʪ FTS (Al6Fe ʠ Al3Fe) ʥʝ 
ʦʙʨʘʟʫʝʪʩʷ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʢʨʠʚʘʷ 
ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʧʝʨʝʩʝʢʘʝʪ ʵʪʫ ʛʨʘʥʠʮʫ, ʪʦ 
ʜʝʬʝʢʪ FTS ʦʙʨʘʟʫʝʪʩʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. ɼʨʫʛʦʡ 
ʜʝʬʝʢʪ ʸʣʦʯʥʦʡ ʩʪʨʫʢʪʫʨʳ (Al 6Fe ʠ AlmFe) ʧʦʷʚ-

ʣʷʝʪʩʷ ʪʦʛʜʘ, ʢʦʛʜʘ ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ (ʧʦʩʣʝ 
ʧʨʷʤʦʛʦ ʢʦʥʪʘʢʪʘ ʩ ʚʦʜʦʡ) ʚʳʰʝ ʩʢʦʨʦʩʪʠ ʛʨʘ-
ʥʠʮʳ ʦʙʨʘʟʦʚʘʥʠʷ Al6Fe ʠ AlmFe (ʥʘʧʨʠʤʝʨ, 
20Áʉ/ʩ). ʅʘ ʦʩʥʦʚʝ ʦʙʦʙʱʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-
ʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʜʝ-
ʬʝʢʪ FTS (Al6Fe ʠ AlmFe) ʥʘʙʣʶʜʘʣʩʷ ʧʨʠ ʩʢʦʨʦ-
ʩʪʠ ʣʠʪʴʷ 80ï85 ʤʤ/ʤʠʥ ʠ ʙʦʣʝʝ. 
ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʷ, ʯʪʦ ʜʝʬʝʢʪ FTS ʩ ʚʳ-

ʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʚʝʨʦʷʪʥʦʩʪʠ ʤʦʞʝʪ ʧʦʷʚʠʪʴʩʷ ʚ 
ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʩʣʠʪʢʘ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʙʠ-
ʨʘʪʴ ʪʘʢʫʶ ʩʢʦʨʦʩʪʴ ʣʠʪʴʷ, ʯʪʦʙʳ ʧʨʦʠʩʭʦʜʠʣʦ 
ʚʳʪʝʩʥʝʥʠʝ ʜʝʬʝʢʪʘ FTS ʚ ʢʦʨʢʦʚʫ  ʁʟʦʥʫ ʩʣʠʪʢʘ, 
ʢʦʪʦʨʘʷ ʧʦʪʦʤ ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ ʫʜʘʣʝʥʘ ʧʫʪʝʤ 
ʩʪʘʥʜʘʨʪʥʦʛʦ ʩʢʘʣʴʧʠʨʦʚʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʚʦʟʣʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʠʪʢʘ 
ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ, ʧʨʝʜʦʪʚʨʘʱʘʶʱʠʤ 
ʦʙʨʘʟʦʚʘʥʠʝ ʜʝʬʝʢʪʘ FTS, ʥʦ ʦʩʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪ-
ʨʳ ʣʠʪʴʷ ʪʘʢʞʝ ʦʢʘʟʳʚʘʶʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʣʠʷʥʠʝ 
ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʜʝʬʝʢʪʘ. 
ʉʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʣʠʪʴʷ ʦʙʳʯʥʦ ʩʧʦ-

ʩʦʙʩʪʚʫʝʪ ʧʝʨʝʤʝʱʝʥʠʶ ʜʝʬʝʢʪʘ FTS ʚʦ ʚʥʫʪ-
ʨʝʥʥʠʝ ʯʘʩʪʠ ʩʣʠʪʢʘ, ʦʜʥʘʢʦ ʧʨʠ ʪʘʢʠʭ ʥʠʟʢʠʭ 
ʪʝʤʧʝʨʘʪʫʨʘʭ (ʥʠʞʝ 690ÁC) ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ 
ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʧʦʣʦʩ, 
ʢʦʪʦʨʳʝ ʦʙʫʩʣʦʚʣʝʥʳ ʢʦʤʧʦʥʝʥʪʘʤʠ ʦʪʣʠʚʢʠ. 
ɺʥʘʯʘʣʝ ʣʠʪʴʷ ʚʝʣʠʢʘ ʚʝʨʦʷʪʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘ-
ʥʠʷ ʜʝʬʝʢʪʘ FTS ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʩʣʠʪʢʘ. ʄʝʪʘʣʣ 
ʠʤʝʝʪ ʥʠʟʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ, ʩʢʦʨʦʩʪʴ ʣʠʪʴʷ ʪʘʢ-
ʞʝ ʥʠʟʢʘʷ, ʠ ʧʝʨʝʞʠʤ ʦʩʥʦʚʘʥʠʷ ʩʣʠʪʢʘ ʩʥʠʞʘʝʪ 
ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ. 
ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʝʪʘʣʣʘ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʥʝ-

ʨʘʚʥʦʤʝʨʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʝʬʝʢʪʘ FTS, ʚ ʦʩʦ-
ʙʝʥʥʦʩʪʠ ʥʘ ʢʦʥʮʘʭ ʩʣʠʪʢʘ, ʛʜʝ ʤʝʪʘʣʣ ʙʦʣʝʝ ʭʦ-
ʣʦʜʥʳʡ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʧʨʠ ʪʨʘʚʣʝ-
ʥʠʠ ʠʣʠ ʘʥʦʜʠʨʦʚʘʥʠʠ ʦʙʨʘʟʮʦʚ ʠʟʦʣʠʨʦʚʘʥʥʳʭ 
ʫʯʘʩʪʢʦʚ, ʠʥʦʛʜʘ ʠʤʝʶʱʠʭ ʚʠʜ ʧʷʪʝʥ. ɼʣʷ ʦʙʝʩ-
ʧʝʯʝʥʠʷ ʦʜʥʦʨʦʜʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʤʝʪʘʣʣʘ ʚ 
ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʝ ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 
ʩʦʩʪʦʷʥʠʝ ʨʘʩʧʨʝʜʝʣʠʪʝʣʝʡ ʤʝʪʘʣʣʘ. 
ʅʠʟʢʠʡ ʨʘʙʦʯʠʡ ʫʨʦʚʝʥʴ ʤʝʪʘʣʣʘ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʩʤʝʱʝʥʠʶ ʜʝʬʝʢʪʘ FTS ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩʣʠʪʢʘ (ʩ 
ʫʤʝʥʴʰʝʥʠʝʤ ʪʦʣʱʠʥʳ ʢʦʨʢʦʚʦʡ ʟʦʥʳ). 
ʆʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʧʦʷʚʣʝʥʠʷ ʜʨʫʛʦʛʦ 

ʜʝʬʝʢʪʘ ʩʪʨʫʢʪʫʨʳ ï ʇʂʉ (ʧʣʘʚʘʶʱʠʭ ʢʨʠʩʪʘʣ-
ʣʦʚ) ï ʷʚʣʷʶʪʩʷ: 
1) ʄʝʪʦʜʳ ʧʦʜʘʯʠ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʚ 

ʢʨʠʩʪʘʣʣʠʟʘʪʦʨ. ʇʨʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʦʜʘʯʝ ʤʝ-

ʪʘʣʣʘ ʠʟ ʨʘʟʜʘʪʦʯʥʦʡ ʢʦʨʦʙʢʠ ʚ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨ 

ʧʨʦʠʩʭʦʜʠʪ ʚʳʥʦʩ ʮʝʥʪʨʦʚ ʟʘʨʦʞʜʝʥʠʷ ʟʝʨʝʥ ʠʟ 

ʪʚʝʨʜʦʞʠʜʢʦʡ ʬʘʟʳ ʥʠʞʥʝʡ ʯʘʩʪʠ ʣʫʥʢʠ ʩʣʠʪʢʘ. 

ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʥʘʧʨʘʚʣʷʪʴ ʧʦʪʦʢʠ ʤʝʪʘʣʣʘ 

ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʜʚʠʞʝʥʠʶ ʩʣʠʪʢʘ ʚ ʣʠʪʝʡʥʦʡ ʤʘʰʠʥʝ ʠʣʠ ʩ ʧʦ-

ʤʦʱʴʶ ʢʦʤʙʦ-ʙʵʛʦʚ ʩ ʙʦʢʦʚʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʠ ʟʘʛʣʫʰʝʥʥʳʤ ʜʥʦʤ (ʩʡʪ. 7). 
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ʉʡʪ. 7. ʋʞʩʥʧʭʧʩʥʧʛʙʦʦʴʞ ʩʙʪʨʩʞʝʞʤʡʫʞʤʡ ʥʞʫʙʤʤʙ 
(Combo-bag): ʙ ð ʦʧʛʴʢ; ʚ ð ʨʧʪʤʞ ʤʡʫʵʸ 

ʅʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʝʪʘʣʣʘ ʚ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʝ 

ʤʦʞʥʦ ʪʘʢʞʝ ʧʦʚʣʠʷʪʴ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʢʦʥʚʝʢ-

ʮʠʝʡ (ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ, ʫʣʴʪʨʘ-

ʟʚʫʢʦʚʘʷ ʢʘʚʠʪʘʮʠʷ, ʤʝʭʘʥʠʯʝʩʢʦʝ ʧʝʨʝʤʝʰʠʚʘ-

ʥʠʝ ʠ ʜʨ.). ʇʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʚʦ ʚʨʝʤʷ ʣʠʪʴʷ ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʧʣʘ-

ʚʘʶʱʠʭ ʢʨʠʩʪʘʣʣʦʚ ʠʟ-ʟʘ ʩʘʤʦʡ ʧʨʠʨʦʜʳ ʧʨʦ-

ʮʝʩʩʘ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʟʘʨʦʞ-

ʜʝʥʠʝ ʜʝʬʝʢʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʥʝʙʦʣʴʰʠʭ ʛʣʫ-

ʙʠʥʘʭ, ʠ ʦʩʦʙʝʥʥʦ ʚ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ, 

ʧʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 

ʜʘʝʪ ʥʘʠʙʦʣʝʝ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ. 

2) ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʮʝʥʪʨʦʚ ʢʨʠ-

ʩʪʘʣʣʠʟʘʮʠʠ. ʕʪʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʚʷʟʘʥʦ ʩ 

ʥʝʵʬʬʝʢʪʠʚʥʳʤʠ ʤʦʜʠʬʠʢʘʪʦʨʘʤʠ ʠ ʤʝʪʦʜʘʤʠ 

ʠʭ ʧʨʠʤʝʥʝʥʠʷ (ʤʝʩʪʘʤʠ ʠʭ ʚʚʦʜʘ ʚ ʣʠʪʥʠʢʦʚʫʶ 

ʩʠʩʪʝʤʫ) ʠʣʠ ʟʘʜʝʨʞʠʚʘʥʠʝʤ ʤʦʜʠʬʠʮʠʨʫʶʱʠʭ 

ʜʦʙʘʚʦʢ (ʮʝʥʪʨʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ) ʩʦʚʨʝʤʝʥʥʳ-

ʤʠ ʬʠʣʴʪʨʘʤʠ ʪʦʥʢʦʡ ʦʯʠʩʪʢʠ ʤʝʪʘʣʣʘ, ʢʘʢ ʤʝ-

ʪʘʣʣʦʬʠʣʴʪʨʘʤʠ ʪʠʧʘ ʄʠʮʫʠ. 

3) ʉʢʦʨʦʩʪʴ ʣʠʪʴʷ. ʉʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʣʠʪʴʷ 
ʫʤʝʥʴʰʘʝʪ ʚʳʥʦʩ ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʚʰʠʭʩʷ ʟʝʨʝʥ 
ʠʟ ʥʠʞʥʝʡ ʯʘʩʪʠ ʞʠʜʢʦʡ ʣʫʥʢʠ ʩʣʠʪʢʘ, ʥʦ ʧʨʠ 
ʵʪʦʤ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 
4) ʉʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʤʝʪʘʣʣʘ ʚ ʢʨʠʩʪʘʣʣʠʟʘ-

ʪʦʨʝ ʠ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ. ɺ ʩʦʚʦ-
ʢʫʧʥʦʩʪʠ ʦʥʠ ʷʚʣʷʶʪʩʷ ʦʛʨʘʥʠʯʠʪʝʣʷʤʠ ʨʦʩʪʘ 
ʟʝʨʥʘ, ʯʪʦ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʦʙʨʘʟʦ-
ʚʘʥʠʠ ʇʂʉ. 
5) ʅʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʣʠʪʴʷ ʤʝʪʘʣʣʘ. ʆʥʘ ʩʧʦ-

ʩʦʙʩʪʚʫʝʪ ʧʦʷʚʣʝʥʠʶ ʧʣʘʚʘʶʱʠʭ ʢʨʠʩʪʘʣʣʦʚ. 
ʄʝʭʘʥʠʟʤ ʠ ʧʨʠʯʠʥʳ ʦʙʨʘʟʦʚʘʥʠʷ ɺʉ ʥʘʫʯ-

ʥʦ ʦʙʦʩʥʦʚʘʥʳ ʚ ʤʦʥʦʛʨʘʬʠʠ ɺ.ʀ. ʅʘʧʘʣʢʦʚʘ 
[10, 11], ʢʦʪʦʨʳʝ ʥʘʰʣʠ ʩʚʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʚ 
ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʭ ʩʣʠʪʢʦʚ ʠʟ 
ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʩʝʨʠʠ 1ʍʍʍ ʥʘ ʧʨʝʜʧʨʠ-
ʷʪʠʷʭ ʆʂ ʈʋʉɸʃ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʩʥʦʚ-
ʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʤʝʪʦʜʘʤʠ ʙʦʨʴ-
ʙʳ ʩ ɺʉ ʤʦʛʫʪ ʙʳʪʴ: 
ʘ) ʟʘʚʳʰʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʣʠʪʴʷ ʚʦ ʚʨʝʤʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʣʠʪʢʦʚ. ɼʣʷ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘ-

ʚʦʚ ʩʝʨʠʠ 1ʍʍʍ ʢʨʠʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘ-

ʟʦʚʘʥʠʷ ɺʉ ʩʦʩʪʘʚʣʷʝʪ >720Áʉ; 

ʙ) ʥʠʟʢʘʷ ʩʢʦʨʦʩʪʴ ʣʠʪʴʷ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʩʢʦʨʦʩʪʠ ʣʠʪʴʷ ʚʦʟʨʘʩʪʘʝʪ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʢʨʠ-

ʩʪʘʣʣʠʟʘʮʠʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʣʫʯʝʥʠʶ ʨʘʚ-

ʥʦʦʩʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʩʣʠʪʢʝ. ʕʪʠʤ ʬʘʢʪʦʨʦʤ ʚ 

ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʪʨʫʢ-

ʪʫʨʫ ʩʣʠʪʢʘ, ʥʦ ʯʨʝʟʤʝʨʥʦʝ ʧʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʣʠʪʴʷ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʜʠʘʤʝʪʨʘʣʴ-

ʥʳʭ ʪʨʝʱʠʥ ʠ ʧʦʷʚʣʝʥʠʶ ʧʦʨʠʩʪʦʩʪʠ ʟʘ ʩʯʝʪ 

ʫʤʝʥʴʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʮʝʥʪʨʘ ʩʣʠʪ-

ʢʘ. ʇʨʘʢʪʠʢʘ ʣʠʪʴʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʩʣʠʪʢʘʭ 

ʩʧʣʘʚʦʚ ʩʝʨʠʠ 1ʍʍʍ ɺʉ ʫʞʝ ʥʝ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ 

ʩʢʦʨʦʩʪʷʭ ʣʠʪʴʷ ʙʦʣʝʝ 20 ʤʤ/ʤʠʥ; 

ʚ) ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʮʝʥʪʨʦʚ ʢʨʠ-

ʩʪʘʣʣʠʟʘʮʠʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʜʥʦʨʦʜʥʦʡ 

ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ. ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʠʬʠ-

ʢʘʪʦʨʦʚ ʚ ʦʩʥʦʚʥʦʤ ʚʳʩʪʫʧʘʝʪ ʪʠʪʘʥ ʠ ʣʠʛʘʪʫʨʳ 

Al-Ti ʠ Al-Ti-B. ɽʩʣʠ ʩʧʣʘʚʳ ʣʝʛʠʨʦʚʘʥʳ ʮʠʥ-

ʢʦʤ, ʪʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʩʯʠʪʘʶʪʩʷ ʣʠ-

ʛʘʪʫʨʳ ʩʠʩʪʝʤʳ Al-Ti-C. ʇʨʠ ʩʦʜʝʨʞʘʥʠʠ ʤʦʜʠ-

ʬʠʮʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ (Ti, Zr) ʚ ʧʨʝʜʝʣʘʭ 0,5ï

1,0 % ʚʝʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚ ʩʣʠʪʢʘʭ ʥʝ ʥʘʙʣʶʜʘ-

ʝʪʩʷ. ʇʨʠ ʵʪʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʮʠʨʢʦʥʠʷ ʦʥʘ ʥʝ 

ʦʙʨʘʟʫʝʪʩʷ ʜʘʞʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʭʨʦʤʘ [10, 11]; 
ʛ) ʧʨʠʤʝʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʦʚ ʩ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʳʤ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ (ʕʄʇ) ʞʠʜʢʦʡ 
ʩʝʨʜʮʝʚʠʥʳ. ʇʦʥʠʞʝʥʠʝ ʠ ʚʳʨʘʚʥʠʚʘʥʠʝ ʪʝʤ-
ʧʝʨʘʪʫʨʳ ʤʝʪʘʣʣʘ ʚ ʞʠʜʢʦʡ ʣʫʥʢʝ ʩʣʠʪʢʘ ʷʚʣʷ-
ʝʪʩʷ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʠʟʤʝʣʴʯʝʥʠʷ ʩʪʨʫʢʪʫ-
ʨʳ ʧʨʠ ʣʠʪʴʝ ʩ ʕʄʇ. ʕʪʦ ʚʳʟʳʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ 
ʯʠʩʣʘ ʮʝʥʪʨʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʪʘʢ ʢʘʢ ʚʦʟʨʘʩ-
ʪʘʝʪ ʚʨʝʤʷ ʥʘʭʦʞʜʝʥʠʷ ʚ ʧʝʨʝʦʭʣʘʞʜʝʥʥʦʤ ʩʦ-
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ʩʪʦʷʥʠʠ (ʥʠʞʝ ʣʠʥʠʠ ʣʠʢʚʠʜʫʩ); 
ʜ) ʨʘʚʥʦʤʝʨʥʘʷ ʧʦʜʘʯʘ ʨʘʩʧʣʘʚʘ ʚ ʢʨʠʩʪʘʣʣʠʟʘ-

ʪʦʨ. ʇʨʠ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘ-
ʤʝʪʨʘʭ ʦʪʣʠʚʢʠ ʩʣʠʪʢʦʚ ʧʦʜʘʯʘ ʨʘʩʧʣʘʚʘ ʚ ʢʨʠ-
ʩʪʘʣʣʠʟʘʪʦʨ ʦʢʘʟʳʚʘʝʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 
ʩʪʨʫʢʪʫʨʫ ʩʣʠʪʢʘ. ʇʦʜʘʯʘ ʨʘʩʧʣʘʚʘ ʯʝʨʝʟ ʨʘʩʧʨʝ-
ʜʝʣʠʪʝʣʴʥʫʶ ʚʦʨʦʥʢʫ ʧʦʜ ʝʛʦ ʫʨʦʚʝʥʴ ʧʨʠʚʦʜʠʪ ʢ 
ʫʚʝʣʠʯʝʥʠʶ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʩʪʥʦʡ 
ʚʝʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʤʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʦʡ 
ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʢ ʮʝʥʪʨʫ ʩʣʠʪʢʘ ʚ ʩʦʦʪ-
ʚʝʪʩʪʚʠʠ ʩ ʧʝʨʝʤʝʱʝʥʠʝʤ ʤʝʩʪʘ ʧʦʜʚʦʜʘ ʛʦʨʷʯʝʛʦ 
ʨʘʩʧʣʘʚʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘ. ɺʝʝʨʥʘʷ 
ʩʪʨʫʢʪʫʨʘ ʥʝ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʧʦʜʘʯʝ ʨʘʩʧʣʘʚʘ ʚ 
ʢʨʠʩʪʘʣʣʠʟʘʪʦʨ ʯʝʨʝʟ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʫʶ ʚʦʨʦʥʢʫ, 
ʧʨʠʧʦʜʥʷʪʫʶ ʥʘʜ ʝʛʦ ʫʨʦʚʥʝʤ. ɺ ʤʝʩʪʘʭ ʚʚʦʜʘ 
ʨʘʩʧʣʘʚʘ ʦʙʨʘʟʫʝʪʩʷ ʤʝʣʢʘʷ ʩʪʦʣʙʯʘʪʘʷ ʩʪʨʫʢʪʫʨʘ, 
ʠʟʚʝʩʪʥʘʷ ʧʦʜ ʥʘʟʚʘʥʠʝʤ çʪʨʝʬè; 
ʝ) ʩʦʜʝʨʞʘʥʠʝ ʥʝʢʦʪʦʨʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢʠʭ 

ʢʘʢ Ti, Cr, Zr, Mg, Cu, Zn ʠ Si. ʀʭ ʥʘʣʠʯʠʝ ʚ 
ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘ-
ʥʠʶ ɺʉ; 
ʞ) ʧʦʚʳʰʝʥʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ 

ʚʦʜʦʡ ʚ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʝ. 

ɺʳʚʦʜʳ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ ʪʝʭ-
ʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʦʚ ʣʠʪʴʷ ʢʨʫʧ-
ʥʦʪʦʥʥʘʞʥʳʭ ʩʣʠʪʢʦʚ ʠʟ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ 
ʩʝʨʠʠ 1ʍʍʍ ʥʘ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ ʙʳʣʠ ʧʦʣʫ-
ʯʝʥʳ ʨʘʮʠʦʥʘʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʩʢʦʨʦʩʪʥʳʝ 
ʨʝʞʠʤʳ ʣʠʪʴʷ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʨʫʧʥʦʪʦʥʥʘʞ-
ʥʳʭ ʩʣʠʪʢʦʚ ʠʟ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʩʝʨʠʠ 
1ʍʍʍ, ʛʘʨʘʥʪʠʨʫʶʱʠʝ ʦʪʩʫʪʩʪʚʠʝ ʜʝʬʝʢʪʦʚ ʚ 
ʚʠʜʝ çʧʣʘʚʘʶʱʠʭè ʢʨʠʩʪʘʣʣʦʚ, çʚʝʝʨʥʦʡè ʠ çfir 
treeè ʩʪʨʫʢʪʫʨʳ: 
ʘ) ʩʦʜʝʨʞʘʥʠʝ Ti ʚ ʤʠʢʩʝʨʝ 0,01 %; 
ʙ) ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʪʘʣʣʘ ʚ ʤʠʢʩʝʨʝ 740 Ñ5Áʉ; 
ʚ) ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʪʘʣʣʘ ʚ ʨʘʟʜʘʪʦʯʥʦʤ ʞʸʣʦ-

ʙʝ 700õ710Áʉ; 
ʚ) ʨʘʩʭʦʜ ʣʠʛʘʪʫʨʳ AlTi5B1 2 ʢʛ/ʪ; 
ʛ) ʩʢʦʨʦʩʪʴ ʣʠʪʴʷ 65 ʤʤ/ʤʠʥ; 

ʜ) ʫʨʦʚʝʥʴ ʚ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʝ 50 ʤʤ; 

ʝ) ʨʘʩʭʦʜ ʚʦʜʳ 210 ʤ
3
/ʯ; 

ʞ) ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ 15ï25Áʉ. 
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Abstract. Today, the progress in aluminium production 

takes place within strong competition in the global market 

that demands a continuous increase in the  efficiency of the 

final product. With the steel industry currently going through 

a crisis, the main vector of development in the aluminium 

industry in recent years is an increasing share of high value 

added products. The most popular product in the global al-

uminium market is aluminium alloys used to produce ingots, 

rolled products, sections and packing materials which entire-

ly meet the requirements of end consumers. Production of 

slabs from 1ʍʍʍ series aluminium alloys meant for the foil 

industry is one of the potential projects realized by the lead-

ing Russian aluminium producer OK RUSAL. At the same 

time the existing production techniques cannot offer stable 

quality of the internal aluminium slab structure. Heavy 

1ʍʍʍ series ingots experience internal defects of an inho-

mogeneous structure which affects the quality of the foil. 

The major defects in foil production related to inhomogene-

ous structure include floating crystals and fan and fir-tree 

structures. Based on the analysis of technical literature and 

experimental data acquired in a real-life production envi-

ronment, the authors offer their recommendations on the 

best process parameters for heavy 1ʍʍʍ series ingot cast-

ing, ensuring the absence of such defects as floating crystals, 

fan and fir-tree structures. 

Keywords: 1XXX series aluminum alloys, heavy in-

gots, structural defects, fan and fir-tree structure, ñfloat-

ingò crystals. 

References 

1. Marketing and sales strategy to 2020 y. URL: 
http://www.rusal.ru/about/strategy/ 

2. Chukin M.V., Tulupov O.N., Kulkov I.V., Moller A.B. The concept 
of international industrial cooperation of the BRICS countries: the 
development of engineering and innovation in the steel industry. 

Vestnik Magnitogorskogo Gosudarstvennogo Tekhnicheskogo 
Universiteta im. G.I. Nosova [Vestnik of Nosov Magnitogorsk 
State Technical University], 2014, no. 1, pp. 69-72. 

3. Chukin M.V., Salganik V.M., Poletskov P.P. et al. Main types 

and application of nanostructured high-strength sheet prod-

ucts. Vestnik Magnitogorskogo Gosudarstvennogo Tekhnich-
eskogo Universiteta im. G.I. Nosova [Vestnik of Nosov Magni-

togorsk State Technical University], 2014, no. 4, pp. 41-44. 

4. Chen X.-G. Growth mechanisms of intermetallic phases in DC 

cast AA1XXX alloys. Essential Readings in Light Metals. Vol-

ume 3. Cast Shop for Aluminium Production. 2013, pp. 460-465. 

5. Grange D. A. Microstructure control in ingots of aluminium 

alloys with an emphasis on grain refinement. Essential Read-
ings in Light Metals. Volume 3. Cast Shop for Aluminium Pro-

duction. 2013, pp. 354-365. 

6. Celil A. Ahravct, Mihriban ʆ. Pekguleryiiz Calculation of 

phase diagrams for the metastable Al-Fe phases forming in 

direct-chill (dc)-cast aluminium alloy ingots. Alcan-UQAC 

Chair in Solidification and Metallurgy of Aluminium Depart-

ment of Applied Sciences, University of Quebec in Chicoutimi. 
Published by Elsevier Science Ltd. Presented at CALPHAD 

XXVI, Palm Coast, Florida, USA, May 1997. Calphad, 1998, 

vol. 22, no. 2, pp. 147-155. 

7. Sigworth Geoffrey K. Fundamentals of Solidification in Alu-

minium Castings. International Journal of Metal casting. 2014, 

vol. 8, iss. 1, pp. 7-20. 
8. Krendelsberger, N, Weitzer, F., Schuster, J.C. On the Reaction 

Scheme and the Liquidus Surface in the Al-Si-Fe System // 

Metall. Mater. Trans. A. 2007, vol. 38A, pp. 1681-1691. 

9. Aluminium: Properties and Physical Metallurgy - ed. John E. Hatch - 

American Society for Metals - http://www.asminternational.org - 1984. 

10. Napalkov V.I., Crock G.V., Makhov S.V., Chornovil Y.M. 

Nepreryvnoe litye aliuminievykh splavov: spravochnik [Con-

tinuous casting of aluminium alloys: Handbook]. Moscow: In-

termet Engineering, 2005, 512 p. 

11. Napalkov V.I. Legirovanie i modifitcirovanie aliuminiia i magni-

ia [Doping and modifying of aluminium and magnesium]. Mos-

cow: MISiS, 2002, 376 p. 

 
ɺʣʠʷʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʜʝʬʝʢʪʦʚ ʩʪʨʫʢʪʫʨʳ ʚ ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʭ ʩʣʠʪʢʘʭ ʠʟ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘ-

ʚʦʚ ʩʝʨʠʠ 1ʍʍʍ / ʌʨʦʣʦʚ ɺ.ʌ., ɹʝʣʷʝʚ ʉ.ɺ., ɻʫʙʘʥʦʚ ʀ.ʖ., ɹʝʟʨʫʢʠʭ ɸ.ʀ., ʂʦʩʪʠʥ ʀ.ɺ. // ɺʝʩʪʥʠʢ ʄʘʛʥʠʪʦʛʦʨʩʢʦʛʦ ʛʦʩʫʜʘʨ-
ʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘ. 2016. ʊ.14. ˉ2. ʉ. 25ï31. doi:10.18503/1995-2732-2016-14-2-25-31 

Frolov V.F., Belyaev S.V., Gubanov I.Yu., Bezrukikh A.I., Costin I.V. Influence of process factors on the formation of 
structural defects in heavy 1XXX series aluminium alloy ingots. Vestnik Magnitogorskogo Gosudarstvennogo Tekhnicheskogo 
Universiteta im. G.I. Nosova [Vestnik of Nosov Magnitogorsk State Technical University]. 2016, vol. 14, no. 2, pp. 25ï31. 
doi:10.18503/1995-2732-2016-14-2-25-31 

 

 
 



ʆɹʈɸɹʆʊʂɸ ʄɽʊɸʃʃʆɺ ɼɸɺʃɽʅʀɽʄ 

ððððððððððððððððððððððððððððððððð   ɺʝʩʪʥʠʢ ʄɻʊʋ ʠʤ. ɻ. ʀ. ʅʦʩʦʚʘ. 2016. ʊ. 14. ˉ2 32 

ʇʇʇɺɺɺʉʉʉɹɹɹɺɺɺʇʇʇʋʋʋʃʃʃɹɹɹ   ʅʅʅɾɾɾʋʋʋɹɹɹʄʄʄʄʄʄʇʇʇɻɻɻ   ɽɽɽɹɹɹɻɻɻʄʄʄɾɾɾʆʆʆʁʁʁɾɾɾʅʅʅ   

ʋɼʂ 621.771               DOI:10.18503/1995-2732-2016-14-2-32-37 

ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ʈɽɿʋʃʔʊɸʊʆɺ  

ʌʀɿʀʏɽʉʂʆɻʆ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʇʈʆʎɽʉʉɸ ʇʈʆʂɸʊʂʀ 

ʇʈʋʊʂʆɺ ʀɿ ʉʊɸʃʀ 30MnB4 ʇʈʀ ʀʉʇʓʊɸʅʀʀ  

ʅɸ ʂʈʋʏɽʅʀɽ ʀ ʉɾɸʊʀɽ 

ʃʘʙʝʨ ʂ.ɹ., ʉʘʚʠʮʢʠʡ ʉ.ɿ., ɼʳʷ ʍ., ʂʘʚʘʣʝʢ ɸ.ʄ. 

ʏʝʥʩʪʦʭʦʚʩʢʠʡ ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, ʏʝʥʩʪʦʭʦʚʘ, ʇʦʣʴʰʘ 

ɸʥʥʦʪʘʮʠʷ. ʌʠʟʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ ʠ ʦʙʨʘʙʦʪʢʝ ʤʝʪʘʣʣʦʚ 

ʜʘʚʣʝʥʠʝʤ ʢʘʢ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʚʦʡʩʪʚ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢ ʠ ʚ ʧʨʠʢʣʘʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʮʝʣʴʶ 

ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʧʨʦʤʳʰʣʝʥʥʳʝ ʫʩʣʦʚʠʷ. ʊʦʯʥʳʝ ʟʥʘʥʠʷ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʠʩʩʣʝʜʫʝʤʳʭ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʶʪ ʪʦʯʥʦʩʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ.  

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʣʘʙʦʨʘʪʦʨʥʦʡ ʙʘʟʳ, ʧʦʟʚʦʣʷʶʱʝʡ ʩ ʙʦʣʴʰʦʡ ʩʪʝʧʝ-

ʥʴʶ ʪʦʯʥʦʩʪʠ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʨʝʘʣʴʥʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʨʦʮʝʩʩʳ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠ-

ʝʤ, ʧʨʠʤʝʥʷʝʤʳʤ ʚ ʧʨʦʮʝʩʩʘʭ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ GLEEBLE ʠ ʩʢʨʫʯʠʚʘʶʱʠʝ ʧʣʘʩʪʦʤʝʪʨʳ. ʕʪʦ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠ 

ʙʦʣʴʰʦʤ ʜʠʘʧʘʟʦʥʝ ʧʘʨʘʤʝʪʨʦʚ ʜʝʬʦʨʤʘʮʠʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ ʚʦʟʤʦʞʥʦ ʧʨʦ-

ʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠ ʨʘʟʥʳʭ ʩʭʝʤʘʭ ʜʝʬʦʨʤʘʮʠʠ (ʩʞʘʪʠʝ, ʨʘʩʪʷʞʝʥʠʝ, ʢʨʫʯʝʥʠʝ, ʢʨʫʯʝʥʠʝ ʩ ʦʜʥʦʚʨʝʤʝʥ-

ʥʳʤ ʨʘʩʪʷʞʝʥʠʝʤ ʠʣʠ ʢʨʫʯʝʥʠʝ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʩʞʘʪʠʝʤ).  

ʇʦʩʣʝ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʧʨʦʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ ʤʝʪʘʣʣʝ ʧʨʦʚʦʜʷʪ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʤʝʭʩʚʦʡʩʪʚʘ. ʅʘ ʵʪʦʤ ʦʩʥʦʚʘʥʠʠ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦ-

ʣʦʛʠʠ ʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʥʦʚʳʝ ʧʨʦʮʝʩʩʳ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʧʨʦʢʘʪʢʠ ʢʨʫʛʣʳʭ ʧʨʫʪʢʦʚ ʠʟ 

ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ ʜʣʷ ʭʦʣʦʜʥʦʡ ʦʩʘʜʢʠ ʤʘʨʢʠ 30MnB4. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 

ʧʘʨʘʤʝʪʨʘʤ ʦʜʥʦʛʦ ʠʟ ʮʝʭʦʚ ʥʝʧʨʝʨʳʚʥʦʡ ʧʨʦʢʘʪʢʠ ʧʨʫʪʢʦʚ. ʌʠʟʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʢʨʫʯʠ-

ʚʘʶʱʝʤ ʧʣʘʩʪʦʤʝʪʨʝ STD 812 ʠ ʦʙʦʨʫʜʦʚʘʥʠʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

GLEEBLE 3800.  

ʇʦʩʣʝ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʦʙʨʘʟʮʘʭ ʧʨʦʚʦʜʠʣʠ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʩʧʳʪʘʥʠʷ ʥʘ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʧʨʝʜʳʜʫʱʠʭ ʵʪʘʧʦʚ ʦʙʨʘʙʦʪʢʠ ʥʘ ʩʚʦʡʩʪʚʘ ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʘʷ ʩʪʘʣʴ, ʬʠʟʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʠʩʧʳʪʘʥʠʷ ʥʘ ʢʨʫʯʝʥʠʝ, ʠʩʧʳʪʘʥʠʷ 

ʥʘ ʩʞʘʪʠʝ, ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 
 

ɺʚʝʜʝʥʠʝ  

ʎʝʣʴʶ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʭʥʦʣʦ-

ʛʠʡ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ ʜʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʧʦʣʫʯʝʥʠʝ ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʡ ʩʦʦʪʚʝʪʩʪʚʶ-

ʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʤʠʥʠʤʘʣʠʟʘʮʠʷ ʵʥʝʨʛʦʝʤʢʦʩʪʠ 

ʧʨʦʮʝʩʩʦʚ, ʥʦ ʠ ʧʦʣʫʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʠʢ-

ʨʦʩʪʨʫʢʪʫʨʳ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ [1]. ʈʘʟʨʘ-

ʙʦʪʢʘ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʭ ʦʧʪʠʤʠʟʘʮʠʷ ʪʨʝʙʫʝʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʟʚʦ-

                                                                                              

Ò  ʃʘʙʝʨ ʂ.ɹ., ʉʘʚʠʮʢʠʡ ʉ.ɿ., ɼʳʷ ʍ., ʂʘʚʘʣʝʢ ɸ.ʄ., 2016  

ʣʷʶʱʝʡ ʦʮʝʥʠʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ, ʩʠʣʦʚʳʝ ʧʘʨʘ-

ʤʝʪʨʳ ʧʨʦʮʝʩʩʦʚ ʜʝʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʠʭ ʚʣʠʷʥʠʝ 

ʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʤʘʪʝʨʠʘʣʘ. ʇʨʦʚʝʜʝʥʠʝ ʪʘʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʠ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ [1]. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʰʠʨʦʢʦ ʨʘʟʚʠ-

ʚʘʶʪʩʷ ʪʘʢʠʝ ʤʝʪʦʜʳ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩʦʧʦʩʪʘʚʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʨʝ-

ʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʧʨʦʤʳʰ-

ʣʝʥʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. ʈʝʟʫʣʴʪʘʪʳ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʘʭ [2ï6]. ʆʧʠʩʘʥʥʳʝ 

ʚʳʰʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʯʘʱʝ ʚʩʝʛʦ ʧʨʦ-



ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ é ʃʘʙʝʨ ʂ.ɹ., ʉʘʚʠʮʢʠʡ ʉ.ɿ., ɼʳʷ ʍ., ʂʘʚʘʣʝʢ ɸ.ʄ. 
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ʚʦʜʷʪ ʥʘ ʧʣʘʩʪʦʤʝʪʨʘʭ, ʣʠʙʦ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

Gleeble [1]. ʆʙʦʨʫʜʦʚʘʥʠʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ 

ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʨʦʢʘʪʢʠ, 

ʜʦʣʞʥʳ ʦʪʚʝʯʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 

ʧʦʣʫʯʠʪʴ ʨʝʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʧʨʦ-

ʮʝʩʩʘ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʪʴ ʪʦʯʥʳʡ 

ʢʦʥʪʨʦʣʴ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ ʩʪʝʧʝʥʴ ʜʝʬʦʨʤʘ-

ʮʠʠ, ʩʢʦʨʦʩʪʴ ʜʝʬʦʨʤʘʮʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʘ [1]. 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʧʨʦʢʘʪʢʠ ʧʨʫʪʢʦʚ ʚ ʫʩʣʦʚʠʷʭ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʪʘ-

ʥʘ ʥʘ ʩʢʨʫʯʠʚʘʶʱʝʤ ʧʣʘʩʪʦʤʝʪʨʝ STD 812 ʠ ʩʠ-

ʩʪʝʤʳ GLEEBLE 3800. 

ʎʝʣʴ ʨʘʙʦʪʳ, ʤʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʠʢʘ 

ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʙʳʣʦ ʧʨʦʚʝʜʝʥʠʝ ʩʨʘʚʥʠʪʝʣʴ-

ʥʦʛʦ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʧʨʦʢʘʪʢʠ ʧʨʫʪʢʦʚ ʥʘ ʩʢʨʫʯʠ-

ʚʘʶʱʝʤ ʧʣʘʩʪʦʤʝʪʨʝ STD 812 ʠ ʦʙʦʨʫʜʦʚʘʥʠʠ 

ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ GLEEBLE 3800. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦ-

ʜʠʣʠʩʴ ʩ ʫʯʝʪʦʤ ʪʝʭʥʦʣʦʛʠʠ ʥʝʧʨʝʨʳʚʥʦʡ ʧʨʦ-

ʢʘʪʢʠ ʧʨʫʪʢʦʚ ʜʠʘʤʝʪʨʦʤ 22 ʤʤ ʠʟ ʩʪʘʣʠ ʜʣʷ ʭʦ-

ʣʦʜʥʦʡ ʦʩʘʜʢʠ ʤʘʨʢʠ 30MnB4. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʬʠʟʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʧʨʦʢʘʪʢʠ ʧʨʫʪʢʦʚ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʩʪʘʥʘ D370. ʀʩʩʣʝʜʦ-

ʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ ʩʢʨʫʯʠʚʘʶʱʝʤ ʧʣʘ-

ʩʪʦʤʝʪʨʝ STD 812 ʜʣʷ ʚʩʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʙʨʘʟʮʳ ʩ ʨʘ-

ʙʦʯʝʡ ʯʘʩʪʴʶ ʜʠʘʤʝʪʨʦʤ d = 6 ʤʤ ʠ ʜʣʠʥʦʡ 

l = 10 ʤʤ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫ-

ʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʝʨʤʦʧʘʨʳ ʪʠʧʘ (PtRh10-Pt).  

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʨʦʚʦʜʠʣʠ ʬʠʟʠʯʝʩʢʦʝ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʧʨʦʢʘʪʢʠ ʚ 3 ʧʦʩʣʝʜʥʠʭ 

ʧʨʦʭʦʜʘʭ (ʩ ʩʫʤʤʘʨʥʦʡ ʠʩʪʠʥʥʦʡ ʩʪʝʧʝʥʴʶ ʜʝ-

ʬʦʨʤʘʮʠʠ 1,26) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

GLEEBLE 3800. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʙʨʘʟ-

ʮʳ ʜʠʘʤʝʪʨʦʤ d = 10 ʤʤ ʠ ʜʣʠʥʦʡ l = 12 ʤʤ. ɼʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʤʝʥʷʣʠ 

ʪʝʨʤʦʧʘʨʳ ʪʠʧʘ K (NiCr-NiAl). ʎʝʣʴʶ ʵʪʦʛʦ ʵʪʘ-

ʧʘ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʨʝʜʳʜʫʱʠʭ ʵʪʘ-

ʧʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʬʦʨʤʠʨʦʚʘ-

ʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʛʦʪʦʚʳʭ ʧʨʫʪʢʦʚ.  

ʅʘ ʩʡʪ. 1 ʜʘʥʘ ʩʭʝʤʘ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʦʙʨʘʟʮʦʚ 

ʚ ʧʨʦʮʝʩʩʝ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʢʘʪʢʠ 

ʧʨʫʪʢʦʚ ʚ ʫʩʣʦʚʠʷʭ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʪʘʥʘ D370. 

ʉʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ ʧʨʠʥʷʪʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʘʨʘ-

ʤʝʪʨʦʚ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 

 
ʙ 

 
ʚ 

ʉʡʪ. 1. ʊʮʞʥʴ ʫʞʩʥʧʧʚʩʙʚʧʫʣʡ ʨʩʡ ʭʡʠʡʰʞʪʣʧʥ  
ʥʧʝʞʤʡʩʧʛʙʦʡʡ ʨʩʧʯʞʪʪʧʛ ʨʩʧʣʙʫʣʡ ʣʩʬʜʤʴʮ  

ʨʩʬʫʣʧʛ ʝʡʙʥʞʫʩʧʥ 20 ʥʥ ʛ ʬʪʤʧʛʡʸʮ ʦʞʨʩʞʩʴʛʦʧʜʧ 
ʪʫʙʦʙ D370: a ð ʪʣʩʬʰʡʛʙʷʲʡʢ ʨʤʙʪʫʧʥʞʫʩ STD 812; 

ʚ ð ʪʡʪʫʞʥʙ GLEEBLE 380 

ʇʦʩʣʝ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʦʙʨʘʟ-
ʮʘʭ ʧʨʦʚʦʜʠʣʠ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘ-
ʥʠʷ ʠ ʠʟʤʝʨʝʥʠʝ ʩʚʦʡʩʪʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʷ 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʪʘʣʠ 30MnB4 ʧʨʝʜʩʪʘʚ-
ʣʝʥ ʚ ʫʙʚʤ. 1. 

ʋʙʚʤʡʯʙ 1 
ʎʡʥʡʰʞʪʣʡʢ ʪʧʪʫʙʛ ʪʫʙʤʡ  

ʝʤʸ ʮʧʤʧʝʦʧʢ ʧʪʙʝʣʡ ʥʙʩʣʡ 30MnB4 

ʉʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ, % 

C Mn Si P S Cr Ni Cu Al Mo 

0,31 1,06 0,23 0,013 0,007 0,22 0,07 0,16 0,025 0,012 

N Pb Almet As Cb V Ti B Zn Sn 

0,0119 0,001 0,025 0,008 0,002 0,005 0,047 0,0030 0,018 0,013 
 

ɺʝʣʠʯʠʥʳ ʠʩʪʠʥʥʦʡ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ, 

ʩʢʦʨʦʩʪʠ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʠʩ-

ʧʳʪʘʥʠʷʭ ʥʘ ʢʨʫʯʝʥʠʝ ʠ ʩʞʘʪʠʝ ʙʳʣʠ ʨʘʩʩʯʠʪʘ-

ʥ  rʧʦ ʬʦʨʤʫʣʘʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʫʙʚʤ. 2. 

ʋʙʚʤʡʯʙ 2 
ʀʙʛʡʪʡʥʧʪʫʡ, ʡʪʨʧʤʵʠʧʛʙʦʦʴʞ ʝʤʸ ʩʙʪʰʞʫʙ ʪʫʞʨʞʦʡ 
ʝʞʭʧʩʥʙʯʡʡ, ʪʣʧʩʧʪʫʡ ʡ ʪʧʨʩʧʫʡʛʤʞʦʡʸ ʝʞʭʧʩʥʙʯʡʡ 

ʨʩʡ ʡʪʨʴʫʙʦʡʸʮ ʦʙ ʣʩʬʰʞʦʡʞ ʡ ʪʟʙʫʡʞ 
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ɺ ʪʘʙʣʠʮʝ: r ï ʨʘʜʠʫʩ ʦʙʨʘʟʮʘ, L ï ʜʣʠʥʘ ʦʙ-

ʨʘʟʮʘ, N ï ʢʦʣʠʯʝʩʪʚʦ ʦʙʦʨʦʪʦʚ ʧʨʠ ʢʨʫʯʝʥʠʠ, 

N
¶

ï ʩʢʦʨʦʩʪʴ ʢʨʫʯʝʥʠʷ (ʩʢʦʨʦʩʪʴ ʜʝʬʦʨʤʘʮʠʠ), 

M ï ʤʦʤʝʥʪ ʧʨʠ ʢʨʫʯʝʥʠʠ, h0 ʠ h1 ï ʥʘʯʘʣʴʥʘʷ ʠ 

ʢʦʥʝʯʥʘʷ ʚʳʩʦʪʘ ʦʙʨʘʟʮʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, F ï 

ʚʝʣʠʯʠʥʘ ʩʠʣʳ, ʨʘʩʯʠʪʘʥʥʘʷ ʚ ʧʨʦʮʝʩʩʝ ʜʝʬʦʨ-

ʤʘʮʠʠ, h ï ʤʛʥʦʚʝʥʥʘʷ ʚʳʩʦʪʘ ʦʙʨʘʟʮʘ ʧʨʠ ʠʩ-

ʧʳʪʘʥʠʠ, d0 ï ʥʘʯʘʣʴʥʳʡ ʜʠʘʤʝʪʨ ʦʙʨʘʟʮʘ. 

ɻʣʘʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʜʝʬʦʨʤʘʮʠʠ 

ʧʨʠ ʬʠʟʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʘ ʛʦʨʷ-

ʯʝʡ ʧʨʦʢʘʪʢʠ ʧʨʫʪʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʫʙʚʤ. 3. 

ʇʦʩʣʝ ʜʝʬʦʨʤʘʮʠʠ ʦʙʨʘʟʮʳ ʦʭʜʘʞʜʘʣʠ ʩʦ ʩʢʦ-

ʨʦʩʪʴʶ 5ÁC/ʩ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 500ÁC, ʘ ʜʘʣʝʝ ï 

1ÁC/ʩ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 200ÁC. 

ʋʙʚʤʡʯʙ 3 
ɼʤʙʛʦʴʞ ʨʙʩʙʥʞʫʩʴ ʨʩʧʯʞʪʪʙ ʝʞʭʧʩʥʙʯʡʡ ʨʩʡ 

ʭʡʠʡʰʞʪʣʧʥ ʥʧʝʞʤʡʩʧʛʙʦʡʡ ʨʩʧʯʞʪʪʙ ʜʧʩʸʰʞʢ 

ʨʩʧʣʙʫʣʡ ʨʩʬʫʣʧʛ ʡʠ ʪʫʙʤʡ 30MnB4 

ʅʦʤʝʨ 

ʧʨʦʭʦʜʘ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʜʝʬʦʨʤʘʮʠʠ 

T, ÁC 

ʀʩʪʠʥʥʘʷ 

ʜʝʬʦʨʤʘʮʠʷ 

e 

ʉʢʦʨʦʩʪʴ 

ʜʝʬʦʨʤʘʮʠʠ 

e, 1/c 

ɺʨʝʤʷ ʤʝʞʜʫ 

ʦʙʞʘʪʠʷʤʠ 

t, c 

1 1086 0,12 0,16 26,47 

2 1057 0,39 0,35 19,89 

3 1037 0,28 0,39 29,98 

4 1023 0,59 0,96 11,33 

5 1010 0,46 1,15 8,91 

6 999 0,50 2,02 6,13 

7 998 0,45 2,45 11,65 

8 1005 0,48 4,71 3,35 

9 1009 0,44 5,57 2,62 

10 1022 0,54 10,39 1,85 

11 1030 0,48 12,07 3,09 

12 1049 0,50 20,53 2,28 

13 1052 0,51 24,74 3,18 

14 1069 0,50 46,34 1,35 

15 1072 0,41 47,13 1,11 

16 1087 0,51 79,93 0,90 

17 1091 0,34 70,63  

 

ʀʟʤʝʥʝʥʠʝ ʫʛʣʘ ʦʙʦʨʦʪʘ ʦʙʨʘʟʮʘ ʚ ʬʫʥʢʮʠʠ 

ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʢʨʫʯʝʥʠʠ ʥʘ ʧʣʘʩʪʦʤʝʪʨʝ STD 

812, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʜʝʬʦʨʤʘʮʠʷʤ, ʦʪʨʘʞʘʶ-

ʱʠʤ ʧʨʦʢʘʪʢʫ ʧʨʫʪʢʦʚ ʥʘ ʩʪʘʥʝ D370, ʧʨʝʜʩʪʘʚ-

ʣʝʥʦ ʥʘ ʩʡʪ. 2.  

ʅʘ ʩʡʪ. 3 ʧʦʢʘʟʘʥʳ ʨʝʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʘʣʠ 

30MnB4 ʚ ʧʨʦʮʝʩʩʝ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʘ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ ʧʨʫʪʢʦʚ ʥʘ ʥʝʧʨʝ-

ʨʳʚʥʦʤ ʩʪʘʥʝ D370 ʥʘ ʩʢʨʫʯʠʚʘʶʱʝʤ ʧʣʘʩʪʦ-

ʤʝʪʨʝ STD 812. 

 
 

ʉʡʪ. 2. ʁʠʥʞʦʞʦʡʞ ʬʜʤʙ ʨʧʛʧʩʧʫʙ ʧʚʩʙʠʯʙ  
ʡʠ ʪʫʙʤʡ 30MnB4 ʨʩʡ ʭʡʠʡʰʞʪʣʧʥ ʥʧʝʞʤʡʩʧʛʙʦʡʡ 
ʨʩʧʣʙʫʣʡ ʨʩʬʫʣʧʛ ʦʙ ʦʞʨʩʞʩʴʛʦʧʥ ʪʫʙʦʞ D370  
ʦʙ ʪʣʩʬʰʡʛʙʷʲʞʥ ʨʤʙʪʫʧʥʞʫʩʞ STD 812 

 
 

ʉʡʪ. 3. ʁʠʥʞʦʞʦʡʞ ʪʧʨʩʧʫʡʛʤʞʦʡʸ ʝʞʭʧʩʥʙʯʡʡ  
ʡ ʫʞʥʨʞʩʙʫʬʩʴ ʪʫʙʤʡ 30MnB4 ʛ ʨʩʧʯʞʪʪʞ ʭʡʠʡʰʞʪʣʧʜʧ 

ʥʧʝʞʤʡʩʧʛʙʦʡʸ ʜʧʩʸʰʞʢ ʨʩʧʣʙʫʣʡ ʨʩʬʫʣʧʛ  
ʦʙ ʦʞʨʩʞʩʴʛʦʧʥ ʪʫʙʦʞ D370 ʦʙ ʪʣʩʬʰʡʛʙʷʲʞʥ 

ʨʤʙʪʫʧʥʞʫʩʞ STD 812 

ʀʟ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʩʡʪ. 3, ʚʠʜʥʦ, 
ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦ-
ʢʘʪʢʠ ʧʨʫʪʢʦʚ ʠʟ ʘʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʤʘʨʢʠ ʩʪʘʣʠ 
ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʝʬʦʨʤʘʮʠʠ ʜʦ 6 ʧʨʦʭʦʜʘ ʨʦʩʣʦ (ʜʦ 
113 ʄʇʘ). ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʨʝʟʫʣʴʪʘʪʦʤ ʩʥʠʞʝʥʠʷ 
ʪʝʤʧʝʨʘʪʫʨʳ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʧʨʦ-
ʜʦʣʞʠʪʝʣʴʥʳʭ ʧʝʨʝʨʳʚʘʭ ʤʝʞʜʫ ʧʨʦʭʦʜʘʤʠ ʥʘ 
ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʧʨʦʮʝʩʩʘ ʜʝʬʦʨʤʘʮʠʠ (ʩʤ. 
ʫʙʚʤ. 2). ʉ 7 ʧʨʦʭʦʜʘ ʟʥʘʯʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʝ-
ʬʦʨʤʘʮʠʠ ʩʪʘʣʠ 30MnB4 ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ 
ʜʦ ʫʨʦʚʥʷ 87 ʄʇʘ (ʚ ʧʦʩʣʝʜʥʝʤ ʧʨʦʭʦʜʝ). ʇʨʠʯʠ-
ʥʦʡ ʪʘʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ 
ʤʦʞʝʪ ʙʳʪʴ ʨʦʩʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ 
ʨʦʩʪʦʤ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʤʝʥʴʰʠʤʠ 
ʧʝʨʝʨʳʚʘʤʠ ʤʝʞʜʫ ʦʙʞʘʪʠʷʤʠ (ʩʤ. ʫʙʚʤ. 2).  
ʅʘ ʩʡʪ. 4 ʧʦʢʘʟʘʥʳ ʟʘʜʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʜʣʠʥʳ 

ʦʙʨʘʟʮʘ ʧʨʠ ʩʞʘʪʠʠ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ GLEEBLE, 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʝʬʦʨʤʘʮʠʷʤ ʚ ʪʨʝʭ ʧʦʩʣʝʜʥʠʭ 
ʧʨʦʭʦʜʘʭ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʪʘʥʘ D370.  
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ʉʡʪ. 4. ʀʙʝʙʦʦʧʞ ʡʠʥʞʦʞʦʡʞ ʧʚʩʙʠʯʙ ʡʠ ʪʫʙʤʡ 30MnB4 
ʨʩʡ ʭʡʠʡʰʞʪʣʧʥ ʥʧʝʞʤʡʩʧʛʙʦʡʡ ʫʩʞʮ ʨʧʪʤʞʝʦʡʮ 

ʨʩʧʮʧʝʧʛ ʦʞʨʩʞʩʴʛʦʧʜʧ ʪʫʙʦʙ D370 ʦʙ ʧʚʧʩʬʝʧʛʙʦʡʡ 
GLEEBLE 3800 

ʈʝʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʝʬʦʨ-

ʤʘʮʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʘʣʠ 30MnB4 ʚ ʧʨʦʮʝʩʩʝ 

ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʨʝʭ ʧʦʩʣʝʜʥʠʭ 

ʧʨʦʭʦʜʦʚ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʪʘʥʘ D370 ʥʘ ʦʙʦʨʫʜʦ-

ʚʘʥʠʠ GLEEBLE 3800 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʩʡʪ. 5.  

 
 

ʉʡʪ. 5. ʁʠʥʞʦʞʦʡʞ ʪʧʨʩʧʫʡʛʤʞʦʡʸ ʝʞʭʧʩʥʙʯʡʡ  
ʡ ʫʞʥʨʞʩʙʫʬʩʴ ʪʫʙʤʡ 30MnB4 ʛ ʨʩʧʯʞʪʪʞ ʭʡʠʡʰʞʪʣʧʜʧ 

ʥʧʝʞʤʡʩʧʛʙʦʡʸ ʫʩʞʮ ʨʧʪʤʞʝʦʡʮ ʨʩʧʮʧʝʙʮ 
ʦʞʨʩʞʩʴʛʦʧʜʧ ʪʫʙʦʙ D370  

ʦʙ ʧʚʧʩʬʝʧʛʙʦʡʡ GLEEBLE 3800 

ɸʥʘʣʠʟʠʨʫʷ ʠʟʤʝʥʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʝ-

ʬʦʨʤʘʮʠʠ ʩʪʘʣʠ 30MnB4 ʚ ʧʨʦʮʝʩʩʝ ʬʠʟʠʯʝʩʢʦ-

ʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʨʝʭ ʧʦʩʣʝʜʥʠʭ ʧʨʦʭʦʜʦʚ 

ʧʨʦʢʘʪʢʠ ʢʨʫʛʣʳʭ ʧʨʫʪʢʦʚ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ 

GLEEBLE 3800 (ʩʤ. ʩʡʪ. 5), ʟʘʤʝʯʝʥʦ ʧʦʩʪʝʧʝʥ-

ʥʦʝ ʩʥʠʞʝʥʠʝ ʝʛʦ ʟʥʘʯʝʥʠʡ. ʊʘʢʘʷ ʞʝ ʟʘʚʠʩʠ-

ʤʦʩʪʴ ʙʳʣʘ ʠ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʥʘ ʩʢʨʫʯʠʚʘ-

ʶʱʝʤ ʧʣʘʩʪʦʤʝʪʨʝ.  

ʉʨʘʚʥʠʚʘʷ ʠʟʤʝʥʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʝʬʦʨ-

ʤʘʮʠʠ ʠʩʩʣʝʜʫʝʤʦʡ ʤʘʨʢʠ ʩʪʘʣʠ ʜʣʷ ʪʨʝʭ ʧʦʩʣʝʜ-

ʥʠʭ ʜʝʬʦʨʤʘʮʠʡ (ʩʢʨʫʯʠʚʘʶʱʠʡ ʧʣʘʩʪʦʤʝʪʨ STD 

812 ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ GLEEBLE 3800), ʤʦʞʥʦ ʟʘʤʝ-

ʪʠʪʴ ʙʦʣʴʰʦʝ ʩʭʦʜʩʪʚʦ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʈʘʟʥʠʮʘ ʚ ʟʥʘʯʝʥʠʷʭ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ 

ʠʩʩʣʝʜʫʝʤʦʡ ʤʘʨʢʠ ʩʪʘʣʠ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʠʩʧʳ-

ʪʘʥʠʷʭ ʥʘ ʢʨʫʯʝʥʠʝ ʠ ʩʞʘʪʠʝ, ʩʦʩʪʘʚʠʣʠ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ: ʜʣʷ 15 ʧʨʦʭʦʜʘ ï 6 %, ʜʣʷ 16ï4% ʠ ʜʣʷ 

17ï6 %. ʊʘʢʘʷ ʨʘʟʥʠʮʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʟʫʣʴʪʘʪʦʤ 

ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʥʦʡ ʩʭʝʤʳ ʜʝʬʦʨʤʘʮʠʠ (ʧʨʠ ʢʨʫ-

ʯʝʥʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʩʦʩʪʦʷʥʠʝ ʪʨʝʭʥʦʩʥʦʛʦ ʥʘʧʨ̫-

ʞʝʥʠʷ, ʘ ʧʨʠ ʩʞʘʪʠʠ ï ʦʜʥʦʦʩʥʦʛʦ). ʂʨʦʤʝ ʪʦʛʦ, 

ʧʨʠ ʩʞʘʪʠʠ ʚʩʝʛʜʘ ʝʩʪʴ ʪʨʝʥʠʝ, ʢʦʪʦʨʦʝ ʪʦʞʝ ʚʣʠʷ-

ʝʪ ʥʘ ʫʨʦʚʝʥʴ ʥʘʧʨʷʞʝʥʠʡ.  

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʧʨʦ-

ʚʝʜʝʥʠʝ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʦʧʨʝʜʝʣʝʥʠʝ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʬʠʟʠʯʝʩʢʦ-

ʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʩʢʨʫʯʠʚʘʶʱʝʤ ʧʣʘʩʪʦʤʝʪ-

ʨʝ STD 812 ʠ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ GLEEBLE 3800. 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʪʘʣʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʩʡʪ. 6. 
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ʉʡʪ. 6. ʅʡʣʩʧʪʫʩʬʣʫʬʩʙ ʪʫʙʤʡ 30MnB4  
ʨʧʪʤʞ ʭʡʠʡʰʞʪʣʧʜʧ ʥʧʝʞʤʡʩʧʛʙʦʡʸ ʨʩʧʯʞʪʪʙ ʜʧʩʸʰʞʢ 
ʨʩʧʣʙʫʣʡ ʨʩʬʫʣʧʛ ʝʡʙʥʞʫʩʧʥ 20 ʥʥ ʛ ʬʪʤʧʛʡʸʮ 

ʦʞʨʩʞʩʴʛʦʧʜʧ ʪʫʙʦʙ D370: a ð ʨʧʪʤʞ ʥʧʝʞʤʡʩʧʛʙʦʡʸ 
ʛʪʞʜʧ ʨʩʧʯʞʪʪʙ ʝʞʭʧʩʥʙʯʡʡ ʦʙ ʪʣʩʬʰʡʛʙʷʲʞʥ 
ʨʤʙʪʫʧʥʞʫʩʞ STD 812, ʚ ð ʨʧʪʤʞ ʭʡʠʡʰʞʪʣʧʜʧ 

ʥʧʝʞʤʡʩʧʛʙʦʡʸ ʝʞʭʧʩʥʙʯʡʡ ʛ 3 ʨʧʪʤʞʝʦʡʮ ʨʩʧʮʧʝʙʮ 
ʦʙ ʧʚʧʩʬʝʧʛʙʦʡʡ GLEEBLE 3800 

ʅʘ ʩʡʪ. 6, ʙ ʚʠʜʥʦ, ʯʪʦ ʧʦʩʣʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ ʧʨʫʪʢʦʚ ʥʘ ʥʝ-
ʧʨʝʨʳʚʥʦʤ ʩʪʘʥʝ ʩʪʨʫʢʪʫʨʘ ʩʦʩʪʦʠʪ ʠʟ ʠʛʦʣʴʯʘ-
ʪʦʛʦ ʬʝʨʨʠʪʘ. ʉʨʝʜʥʷʷ ʪʚʝʨʜʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 231 
HV. ʇʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ, ʨʘʩʯʠʪʘʥʥʳʝ 
ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʦʡ ʪʚʝʨʜʦʩʪʠ [7], ʩʦʩʪʘ-
ʚʠʣʠ: ů0,2 ï ʦʢʦʣʦ 488 ʄʇʘ, ůʚ ï ʦʢʦʣʦ 726 ʄʇʘ.  
ʇʦʩʣʝ 3 ʧʦʩʣʝʜʥʠʭ ʧʨʦʭʦʜʦʚ (ʩʡʪ. 6, ʚ) ʤʠʢʨʦ-

ʩʪʨʫʢʪʫʨʘ ʪʘʢʞʝ ʩʦʩʪʦʷʠʪ ʠʟ ʠʛʦʣʴʯʘʪʦʛʦ ʬʝʨʨʠʪʘ. 
ʉʨʝʜʥʷʷ ʪʚʝʨʜʦʩʪʴ ʩʪʘʣʠ ʪʘʢʞʝ ʩʦʩʪʘʚʠʣʘ 231 HV. 
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ʇʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ, ʨʘʩʯʠʪʘʥʥʳʝ ʥʘ 
ʦʩʥʦʚʘʥʠʠ ʠʟʤʝʨʝʥʠʡ ʪʚʝʨʜʦʩʪʠ [7], ʩʦʩʪʘʚʠʣ: ů0,2 ï 
ʦʢʦʣʦ 487 ʄʇʘ, ůʚ ï ʦʢʦʣʦ 725 ʄʇʘ.  
ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚʳʰʝ ʜʘʥʥʳʭ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʥʘ ʬʦʨʤʠʨʦʚʘ-
ʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʩʪʘʣʠ 30MnB4 
ʚʣʠʷʝʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʜʝʬʦʨʤʘʮʠʷ ʚ ʧʦʩʣʝʜ-
ʥʠʭ ʧʨʦʭʦʜʘʭ. ʀʛʦʣʴʯʘʪʦʝ ʩʪʨʦʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ 
ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʩʩʣʝʜʫʝʤʦʡ ʩʪʘʣʠ ʷʚʣʷʝʪʩʷ ʨʝ-
ʟʫʣʴʪʘʪʦʤ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʦʭʣʘ-
ʞʜʝʥʠʷ ʜʣʷ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ï 5ÁC/ʩ.  
ʂʘʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ [8, 9], ʜʣʷ 

ʩʪʘʣʠ 30MnB4 ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ 5ÁC/ʩ ʷʚʣʷ-
ʝʪʩʷ ʢʨʠʪʠʯʝʩʢʦʡ. ʇʨʠ ʵʪʦʡ ʩʢʦʨʦʩʪʠ ʚ ʩʪʘʣʠ 
ʬʦʨʤʠʨʫʝʪʩʷ ʬʝʨʨʠʪʥʦ-ʙʝʡʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʈʝʟʫʣʴʪʘʪʳ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
ʧʨʦʮʝʩʩʘ ʥʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ ʢʨʫʛʣʳʭ ʧʨʫʪʢʦʚ ʥʘ 
ʩʢʨʫʯʠʚʘʶʱʝʤ ʧʣʘʩʪʦʤʝʪʨʝ STD 812 ʠ ʥʘ ʦʙʦ-
ʨʫʜʦʚʘʥʠʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ 
ʧʨʦʮʝʩʩʦʚ GLEEBLE 3800, ʘ ʪʘʢʞʝ ʠʭ ʘʥʘʣʠʟ 
ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 
ï ʫʨʦʚʝʥʴ ʠ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʠʩʩʣʝʜʫʝʤʦʡ ʤʘʨʢʠ ʩʪʘʣʠ, 
ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʢʨʫʯʝʥʠʝ ʠ ʩʞʘ-
ʪʠʝ, ʷʚʣʷʶʪʩʷ ʧʦʜʦʙʥʳʤʠ; 
ï  ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʤ ʩʣʫʯʘʝ ʥʘ ʬʦʨʤʠʨʦʚʘ-

ʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 
ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ ʚʣʠʷʝʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʜʝ-
ʬʦʨʤʘʮʠʷ ʚ ʧʦʩʣʝʜʥʠʭ ʧʨʦʭʦʜʘʭ ʠ ʫʩʣʦʚʠʷ 
ʦʭʣʘʞʜʝʥʠʷ ʧʦʩʣʝ ʜʝʬʦʨʤʘʮʠʠ; 
ï ʤʘʪʝʨʠʘʣ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʡ ʥʘ ʢʨʫʯʝʥʠʝ, 

ʢʘʢ ʠ ʥʘ ʩʞʘʪʠʝ, ʠʤʝʣ ʩʪʨʫʢʪʫʨʫ ʠʛʦʣʴʯʘʪʦʛʦ 
ʬʝʨʨʠʪʘ ʩ ʦʜʠʥʘʢʦʚʳʤ ʫʨʦʚʥʝʤ ʪʚʝʨʜʦʩʪʠ; 
ï  ʚʝʣʠʯʠʥʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠ-

ʘʣʘ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʡ ʥʘ ʢʨʫʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʦ-
ʚʘʣʘ ʚʝʣʠʯʠʥʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʧʦʣʫʯʝʥ-
ʥʳʭ ʚ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʩʞʘʪʠʝ.  
ʅʘʫʯʥʘʷ ʨʘʙʦʪʘ ʙʳʣʘ ʧʨʦʬʠʥʘʥʩʠʨʦʚʘʥʘ ʠʟ 

ʩʨʝʜʩʪʚ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 
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Abstract. Physical modelling finds a successful 

application in materials science and metal forming for both 

basic research, which looks at the rheological properties of 

materials, and for applied research which is aimed at 

introducing laboratory test results into the industrial 

environment. An accurate knowledge of the characteristics 

of the metals and alloys being examined is an integral part of 

the development of new technologies. New mathematical 

models offer a considerable increase in the accuracy of 

mathematical modeling of the processes under analysis. 

There has recently been an intense enhancement of 

laboratory facilities which now allow researchers to simulate 

real-life production processes with a high degree of 

accuracy. The most popular devices designed for physical 

modelling include the GLEEBLE system simulating 

metallurgical processes, and torsion plastometers. These 

devices enable research to be conducted in a wide range of 

strain parameters. Depending on the process analyzed, it is 

possible to conduct research applying different strain 

patterns ï compression, tension, torsion, torsion with tension 

or torsion with compression.  

Upon physical modelling, a metallographic analysis 

and mechanical properties testing are carried out for the 

deformed material. This creates a basis which makes it 

possible to optimize the technology currently used and 

develop new manufacturing processes. 

This paper analyzes the results of the physical 

modelling of a rolling process of low carbon round steel 

bars used for cold upsetting of 30MnB4 steel. The study 

was conducted based on the process parameters of one of 

the continuous bar rolling mills. Physical modeling was 

done with the help of the STD 812 torsion plastometer 

and the GLEEBLE 3800 simulator. 

Upon physical modelling, a metallographic analysis and 

mechanical properties testing were carried out for the test 

material. Studies were done to identify the effect of the early 

stage processes on the properties of the finished product. 

Keywords: Low carbon steel, physical modelling, 

torsion test, compression test, metallographic test, me-

chanical properties. 
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ʉɽʈɼɽʏʅʀʂɸ ʅɸ ʉʎɽʇʃʗɽʄʆʉʊʔ ʉ ʆɹʆʃʆʏʂʆʁ  

ʇʈʀ ɺʆʃʆʏɽʅʀʀ ʉʊɸʃɽʄɽɼʅʆʁ ʇʈʆɺʆʃʆʂʀ 

ʆʛʘʨʢʦʚ ʅ.ʅ.
1
, ʇʣʘʪʦʚ ʉ.ʀ.

1
, ʐʝʤʝʪʦʚʘ ɽ.ʉ.

1
, ʅʝʢʠʪ ɺ.ɸ.

1
, ʐʫʚʝʪ ɹ.ʄ.,ɼ.

2
 

1 ʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘ, ʄʘʛʥʠʪʦʛʦʨʩʢ, ʈʦʩʩʠʷ 
2 ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, ʋʥʠʚʝʨʩʠʪʝʪ ɾʘʥʘ ʄʦʥʝ, ʌʨʘʥʮʠʷ 

ɸʥʥʦʪʘʮʠʷ. ʈʘʟʨʘʙʦʪʘʥ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʦʧʠʩʘʥʠʷ ʦʧʦʨʥʦʡ ʢʨʠʚʦʡ ʧʦ ʚʩʝʡ ʪʦʣʱʠʥʝ ʰʝʨʦʭʦʚʘʪʦʛʦ 

ʩʣʦʷ. ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʩʪʝʧʝʥʴ ʫʯʘʩʪʠʷ ʤʠʢʨʦʥʝʨʦʚʥʦʩʪʝʡ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʤʠʢʨʦ-

ʛʝʦʤʝʪʨʠʠ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʦʣʦʯʢʘ ï ʩʝʨʜʝʯʥʠʢ ʥʝʦʜʠʥʘʢʦʚʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʝʣʠʯʠʥʘʭ ʩʙʣʠʞʝʥʠʷ, ʚ 

ʨʘʩʯʝʪʘʭ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʩʨʝʜʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʚʩʝʡ ʚʳʩʦʪʝ ʰʝʨʦʭʦʚʘʪʦ-

ʛʦ ʩʣʦʷ. ʆʙʨʘʙʦʪʢʦʡ ʧʨʦʬʠʣʦʛʨʘʤʤ ʧʦʣʫʯʝʥʳ ʧʘʨʘʤʝʪʨʳ ʤʠʢʨʦʛʝʦʤʝʪʨʠʠ ʩʝʨʜʝʯʥʠʢʘ ʧʦʩʣʝ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʠ 

ʵʣʝʢʪʨʦʣʠʪʦʧʣʘʟʤʝʥʥʦʡ ʦʯʠʩʪʢʠ. ʀʩʩʣʝʜʦʚʘʥʦ ʠʟʤʝʥʝʥʠʝ ʚʳʩʦʪʥʳʭ ʠ ʰʘʛʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʩʝʨ-

ʜʝʯʥʠʢʘ ʠ ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʨʘʩʩʯʠʪʘʪʴ ʠʭ ʟʥʘʯʝʥʠʷ ʧʦ ʧʝʨʝʭʦʜʘʤ ʧʨʠ ʚʦʣʦʯʝʥʠʠ ʩʪʘʣʝ-

ʤʝʜʥʦʡ ʧʨʦʚʦʣʦʢʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʰʘʛʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʰʝʨʦʭʦʚʘʪʦʛʦ ʩʣʦʷ ʩʝʨʜʝʯʥʠʢʘ ʧʦ ʧʝʨʝ-

ʭʦʜʘʤ ʧʨʠ ʚʦʣʦʯʝʥʠʠ ʩʪʘʣʝʤʝʜʥʦʡ ʧʨʦʚʦʣʦʢʠ ʧʨʦʠʩʭʦʜʠʪ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʤʝʥʝʥʠʝʤ ʚʳ-

ʩʦʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʈʘʩʩʤʦʪʨʝʥʳ ʫʩʣʦʚʠʷ ʟʘʧʦʣʥʝʥʠʷ ʤʠʢʨʦʥʝʨʦʚʥʦʩʪʝʡ ʥʘ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʝʤʝʜ-

ʥʦʡ ʧʨʦʚʦʣʦʢʠ. ʋʩʪʘʥʦʚʣʝʥʳ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʚʳʙʦʨ ʩʧʦʩʦʙʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʠʢʨʦʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʨʜʝʯ-

ʥʠʢʘ ʧʝʨʝʜ ʚʦʣʦʯʝʥʠʝʤ ʩ ʮʝʣʴʶ ʧʦʣʥʦʛʦ ʟʘʪʝʢʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ʦʙʦʣʦʯʢʠ ʚ ʝʛʦ ʤʠʢʨʦʚʧʘʜʠʥʳ ʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʥʘʜʝʞʥʦʛʦ ʩʮʝʧʣʝʥʠʷ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʨʦʚʦʣʦʢʠ. 
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ɺ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʚʩʝ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ 
ʫʜʝʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʶ ʠʟʜʝʣʠʡ ʠʟ ʢʦʤʧʦʟʠʪʥʳʭ 
ʤʘʪʝʨʠʘʣʦʚ. ʏʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʷʚʣʷʝʪʩʷ ʙʠʤʝʪʘʣ-
ʣʠʯʝʩʢʘʷ ʧʨʦʚʦʣʦʢʘ, ʘ ʪʘʢʞʝ ʧʨʦʚʦʣʦʢʘ ʩ ʤʥʦʛʦ-
ʩʣʦʡʥʳʤʠ ʧʦʢʨʳʪʠʷʤʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʩʦʯʝ-
ʪʘʪʴ ʚʳʩʦʢʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʝʨʜʝʯʥʠʢʘ 
ʩ ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʢʦʨʨʦʟʠʦʥʥʦʡ 
ʩʪʦʡʢʦʩʪʴʶ, ʞʘʨʦʩʪʦʡʢʦʩʪʴʶ, ʘʜʛʝʟʠʦʥʥʦʡ ʩʧʦ-
ʩʦʙʥʦʩʪʴʶ, ʜʝʢʦʨʘʪʠʚʥʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴʶ ʠ 
ʜʨʫʛʠʤʠ ʩʧʝʮʠʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʘʪʝ-
ʨʠʘʣʘ ʦʙʦʣʦʯʢʠ [10, 14]. ʊʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ 
ʧʦʚʝʨʭʥʦʩʪʠ, ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʠ 
ʧʨʦʯʥʦʩʪʠ ʩʮʝʧʣʝʥʠʷ ʩʧʣʦʰʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ, 
ʘ ʪʘʢʞʝ ʢ ʪʦʯʥʦʩʪʠ ʧʨʦʜʫʢʮʠʠ ʧʦʩʪʦʷʥʥʦ ʫʞʝ-
ʩʪʦʯʘʶʪʩʷ [4, 12ï14]. ɺʳʧʦʣʥʝʥʠʝ ʵʪʠʭ ʪʨʝʙʦʚʘ-
ʥʠʡ ʪʨʝʙʫʝʪ ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʳʭ ʠʥʞʝʥʝʨʥʳʭ ʨʝ-
ʰʝʥʠʡ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʨʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 
ʩʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʫʩʣʦʚʠʷʤʠ ʚʦʣʦʯʝʥʠʷ ʙʠʤʝ-
ʪʘʣʣʠʯʝʩʢʦʡ ʧʨʦʚʦʣʦʢʠ ʠ ʝʝ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʧʦ-
ʢʘʟʘʪʝʣʷʤʠ ʩʮʝʧʣʝʥʠʷ ʦʙʦʣʦʯʢʠ ʠ ʩʝʨʜʝʯʥʠʢʘ 
ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʦʣʦʯʢʠ ʠ ʩʝʨʜʝʯ-
ʥʠʢʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 
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ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʦʙʨʘʟʮʦʚ ʩʪʘʣʝʤʝʜʥʦʡ ʧʨʦʚʦʣʦʢʠ: 
ï ʤʘʪʝʨʠʘʣ ʩʝʨʜʝʯʥʠʢʘ ʠ ʦʙʦʣʦʯʢʠ ï ʩʪʘʣʴ ʉʪ 

3 ʠ ʤʝʜʴ ʄ1;  
ï ʠʩʭʦʜʥʳʡ ʠ ʤʠʥʠʤʘʣʴʥʳʡ ʜʠʘʤʝʪʨ ʩʝʨʜʝʯ-

ʥʠʢʘ ï 6 ʠ 1 ʤʤ; 
ï ʠʩʭʦʜʥʘʷ ʠ ʤʠʥʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʦʙʦʣʦʯ-

ʢʠ ï 0,5 ʠ 0,04 ʤʤ. 
ʆʯʠʩʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʨʜʝʯʥʠʢʘ ʧʨʦʚʝʜʝʥʘ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʠ ʆʆʆ çɿʄʀ-ʇʈʆʌʀʊè ʢʦʤʙʠʥʠʨʦ-
ʚʘʥʥʳʤ ʤʝʪʦʜʦʤ, ʚʢʣʶʯʘʶʱʠʤ ʫʣʴʪʨʘʟʚʫʢʦʚʫʶ ʠ 
ʵʣʝʢʪʨʦʣʠʪʦʧʣʘʟʤʝʥʥʫʶ ʦʙʨʘʙʦʪʢʠ ʧʝʨʝʜ ʦʙʚʦʨʘ-
ʯʠʚʘʥʠʝʤ ʤʝʜʥʦʡ ʣʝʥʪʦʡ ʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʙʞʘ-
ʪʠʝʤ ʚ ʚʦʣʦʢʝ ʜʣʷ ʧʣʦʪʥʦʛʦ ʧʨʠʣʝʛʘʥʠʷ ʦʙʦʣʦʯʢʠ ʩ 
ʩʝʨʜʝʯʥʠʢʦʤ. ʆʙʨʘʟʮʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʨʝʟʘ-
ʣʠʩʴ ʠʟ ʙʫʥʪʦʚ ʧʦʩʣʝ 1,4,7,10 ʠ 18 ʧʝʨʝʭʦʜʦʚ ʩ ʧʦ-
ʩʣʝʜʫʶʱʠʤ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦ-
ʚʝʨʭʥʦʩʪʠ ʩʝʨʜʝʯʥʠʢʘ. ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʠʟʤʝʨʷʣʘʩʴ 
ʥʘ ʧʨʦʜʦʣʴʥʳʭ (ʨʠʩ. 1, ʘ) ʠ ʧʦʧʝʨʝʯʥʳʭ (ʨʠʩ. 1, ʙ) 
ʩʝʯʝʥʠʷʭ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʩ ʧʦʤʦʱʴʶ 
ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ɹʄʀ, ʘ ʪʘʢʞʝ ʥʘ 
ʦʙʨʘʟʮʘʭ ʧʨʠʙʦʨʦʤ çʉʝʣʠʩʝʨʬ-4è ʬʠʨʤʳ çʈʝʥʢ 
ʊʝʡʣʦʨ ɻʦʩʦʥè (ɸʥʛʣʠʷ) ʩʝʨʜʝʯʥʠʢʘ ʩʦ ʩʥʷʪʦʡ 
ʦʙʦʣʦʯʢʦʡ ʩ ʟʘʧʠʩʴʶ ʧʨʦʬʠʣʦʛʨʘʤʤ.  
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ʉʡʪ. 1. ɻʡʝ ʧʚʩʙʠʯʧʛ ʝʤʸ ʡʠʥʞʩʞʦʡʸ ʱʞʩʧʮʧʛʙʫʧʪʫʞʢ 
ʪʞʩʝʞʰʦʡʣʙ ʡ ʧʚʧʤʧʰʣʡ: ʙ ð ʛ ʨʩʧʝʧʤʵʦʧʥ ʪʞʰʞʦʡʡ, 

ʚ ð ʛ ʨʧʨʞʩʞʰʦʧʥ ʪʞʰʞʦʡʡ 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʂ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʠ ʧʨʘʢʪʠʯʝʩʢʠʤ ʟʘʜʘʯʘʤ 

ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʢʨʦʛʝʦʤʝʪʨʠʠ ʰʝʨʦʭʦʚʘʪʳʭ ʧʦ-

ʚʝʨʭʥʦʩʪʝʡ ʦʪʥʦʩʠʪʩʷ ʟʘʜʘʯʘ ʧʦ ʠʟʤʝʥʝʥʠʶ ʧʘ-

ʨʘʤʝʪʨʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦ-

ʩʪʝʡ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʝʨʝʭʦʜʘʤ ʧʨʠ ʚʦʣʦʯʝ-

ʥʠʠ ʠ ʚʣʠʷʥʠʷ ʠʭ ʥʘ ʩʮʝʧʣʷʝʤʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʨʦʚʦʣʦʢʠ [3, 6, 8]. ʕʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦ-

ʩʪʠ ʧʦ ʧʝʨʝʭʦʜʘʤ ʷʚʣʷʝʪʩʷ ʪʨʫʜʦʝʤʢʠʤ ʠʩʩʣʝʜʦ-

ʚʘʥʠʝʤ. ʇʦʵʪʦʤʫ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʵʪʦʡ 

ʟʘʜʘʯʠ ʧʦʟʚʦʣʠʪ ʦʮʝʥʠʪʴ ʠʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʘ 

ʩʮʝʧʣʷʝʤʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʙʦʣʦʯʢʠ ʠ ʩʝʨʜʝʯ-

ʥʠʢʘ ʚ ʧʨʦʮʝʩʩʝ ʚʦʣʦʯʝʥʠʷ ʙʝʟ ʧʨʦʚʝʜʝʥʠʷ ʪʨʫ-

ʜʦʝʤʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ.  

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʚ ʰʝʨʦʭʦʚʘʪʦʤ ʩʣʦʝ 

ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ʦʧʦʨʥʦʡ ʢʨʠʚʦʡ ʤʠʢʨʦʧʨʦʬʠʣʷ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʧʦ ɻʆʉʊ 2789-73 ʠ ʠʛʨʘʝʪ 

ʚʘʞʥʫʶ ʨʦʣʴ ʧʨʠ ʨʘʩʯʝʪʘʭ ʬʘʢʪʠʯʝʩʢʦʡ ʧʣʦʱʘʜʠ 

ʢʦʥʪʘʢʪʘ ʚ ʧʨʦʮʝʩʩʘʭ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ ʜʘʚʣʝʥʠ-

ʝʤ. ʅʘʯʘʣʴʥʳʡ ʫʯʘʩʪʦʢ ʵʪʦʡ ʢʨʠʚʦʡ ʦʙʳʯʥʦ ʫʜʦ-

ʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ [1, 2, 9]: 

/ ɜ.pt b= h (1) 

ɿʜʝʩʴ h  ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʙʣʠʞʝʥʠʝ, ʦʧʨʝ-

ʜʝʣʷʝʤʦʝ ʨʘʩʩʪʦʷʥʠʝʤ ʦʪ ʣʠʥʠʠ ʚʳʩʪʫʧʦʚ ʜʦ ʩʝ-

ʯʝʥʠʷ ʧʨʦʬʠʣʷ, ʦʪʥʝʩʝʥʥʳʤ ʢ Rmax; Rmax ï ʨʘʩ-

ʩʪʦʷʥʠʝ ʤʝʞʜʫ ʣʠʥʠʝʡ ʚʧʘʜʠʥ ʠ ʣʠʥʠʝʡ ʚʳʩʪʫ-

ʧʦʚ ʧʨʦʬʠʣʷ ʧʦʚʝʨʭʥʦʩʪʠ; b, v ï ʧʘʨʘʤʝʪʨʳ ʤʠʢ-

ʨʦʛʝʦʤʝʪʨʠʠ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʨʦʮʝʩʩʫ ʚʦʣʦʯʝʥʠʷ ʙʠʤʝ-

ʪʘʣʣʦʚ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʦʧʦʨʥʦʡ ʢʨʠ-

ʚʦʡ ʤʠʢʨʦʧʨʦʬʠʣʷ ʩʦʭʨʘʥʷʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ 

ʫʨʦʚʝʥʴ ʥʠʟʢʦʛʦ ʚʳʩʪʫʧʘ ʦʙʦʣʦʯʢʠ ʥʝ ʧʨʦʡʜʝʪ 

ʯʝʨʝʟ ʚʝʨʰʠʥʫ ʩʘʤʦʛʦ ʥʠʟʢʦʛʦ ʚʳʩʪʫʧʘ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʩʝʨʜʝʯʥʠʢʘ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʩʝ ʤʠʢʨʦ-

ʚʳʩʪʫʧʳ ʥʘʭʦʜʷʪʩʷ ʚ ʢʦʥʪʘʢʪʝ.  

ʉ ʮʝʣʴʶ ʦʧʠʩʘʥʠʷ ʦʧʦʨʥʦʡ ʢʨʠʚʦʡ ʚʦ ʚʩʝʤ 

ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʙʣʠʞʝʥʠʷ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʧʠʩʳʚʘʪʴ ʦʧʦʨʥʫʶ ʢʨʠʚʫʶ ʫʨʘʚ-

ʥʝʥʠʝʤ (1) ʥʝ ʧʦ ʩʨʝʜʥʝʡ ʣʠʥʠʠ, ʘ ʜʦ ʟʥʘʯʝʥʠʷ hʩ 

ʫʨʘʚʥʝʥʠʝʤ [9] 

( )
ɜ// 1  1pt ʩ= - -h (2) 

ʚ ʦʙʣʘʩʪʠ 1.ʩh <h¢ 

ɿʜʝʩʴ hʩ ʠ ʩ ï ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ ʠ ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʝ ʪʦʯʢʝ ʩʦʧʨʷʞʝʥʠʷ ʢʨʠʚʳʭ, ʧʦʩʪʨʦʝʥʥʳʭ ʧʦ 

ʫʨʘʚʥʝʥʠʷʤ (1) ʠ (2).  

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʣʦʚʠʡ ʥʝʨʘʟʨʳʚʥʦʩʪʠ 

/ / /

p pt t=  ʠ ʧʣʘʚʥʦʩʪʠ ʩʦʧʨʷʞʝʥʠʷ 
/ / /

,p pdt dt

d d
=
h h

 

ʧʨʠ ʟʥʘʯʝʥʠʠ ,ʩh=h ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʚʝʣʠʯʠʥ hʩ ʠ ʩ ʧʨʠʤʫʪ ʚʠʜ:  

( )
( )1/ ɜ 1

;1/ʩ b
-

h =  (3) 

( )
( )

ɜ 1
1/ ɜ 1

1 1/ .b
-

-è ø= -
ê ú

ʩ  (4) 

ʉ ʫʯʝʪʦʤ ʧʦʣʫʯʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʝ (2) ʧʨʝʦʙ-

ʨʘʟʫʝʪʩʷ ʢ ʚʠʜʫ 

( )
( )

( )
ɜ 1

1/ ɜ 1 ɜ//  1 1 / 1 .1pt b
-

-è ø= - - -h
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ʆʪʤʝʪʠʤ, ʯʪʦ ʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ʩʦʧʨʷʞʝʥʠʷ 

ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʯʝʪʘʥʠʝʤ ʧʘʨʘʤʝʪ-

ʨʦʚ ὦ ʠ ʉ ʧʦ ʫʨʘʚʥʝʥʠʶ (3). 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʩʪʝʧʝʥʴ ʫʯʘʩʪʠʷ 

ʤʠʢʨʦʥʝʨʦʚʥʦʩʪʝʡ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʨʝʟʫʣʴʪʠʨʫ-

ʶʱʝʡ ʤʠʢʨʦʛʝʦʤʝʪʨʠʠ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʙʦʣʦʯʢʘ ï ʩʝʨʜʝʯʥʠʢ ʥʝʦʜʠʥʘʢʦʚʘ [5,7,11] ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʚʝʣʠʯʠʥʘʭ ʩʙʣʠʞʝʥʠʷ, ʚ ʨʘʩʯʝʪʘʭ ʮʝ-

ʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʩʨʝʜʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʚʩʝʡ ʚʳʩʦʪʝ ʰʝʨʦʭʦʚʘ-

ʪʦʛʦ ʩʣʦʷ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʠʥʪʝʛʨʠʨʫʝʤ ʫʨʘʚʥʝʥʠʝ 

(1) ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0 ʜʦ hʩ ʠ (5) ʦʪ hʩ ʜʦ 1: 

( )
( )

( ){ }

ɜ

 

0

1 ɜ 1
1/ ɜ 1 ɜ

 

1 1 1/ 1 .

ʩ

pʩʨ

ʩ

t b d

b d

h

-
-

h

= h h+

è ø+ - - -h h
ê ú

ñ

ñ

 (6) 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦʣʫʯʘʝʤ 

( ) ( )
1 1

ɜ 1 ɜ 1
1

1 1/ 1 2 1/ .
ɜ 1

ʨʩ
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 (7) 

ɺʝʣʠʯʠʥʘ 
ʨʩ

t  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ 

ʢʦʣʠʯʝʩʪʚʫ ʤʘʪʝʨʠʘʣʘ ʚ ʰʝʨʦʭʦʚʘʪʦʤ ʩʣʦʝ, ʩʬʦʨ-

ʤʠʨʦʚʘʥʥʦʤ ʪʝʭʥʦʣʦʛʠʝʡ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʝʨʜʝʯʥʠʢʘ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʢ ʚʦʣʦʯʝʥʠʶ. 

ʆʙʨʘʙʦʪʢʘ ʧʨʦʬʠʣʦʛʨʘʤʤ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʝʨ-

ʜʝʯʥʠʢʘ ʧʦʩʣʝ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʠ ʵʣʝʢʪʨʦʣʠʪʦʧʣʘʟ-

ʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʟʚʦʣʠʣʘ ʧʦʩʪʨʦʠʪʴ ʦʧʦʨʥʳʝ 

ʢʨʠʚʳʝ ʰʝʨʦʭʦʚʘʪʦʛʦ ʩʣʦʷ (ʩʡʪ. 2) ʠ ʧʦ ʥʠʤ ʦʧʨʝ-

ʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨʳ ʤʠʢʨʦʛʝʦʤʝʪʨʠʠ b ʠ v. 

 
 

ʉʡʪ. 2. ʇʨʧʩʦʴʞ ʣʩʡʛʴʞ ʱʞʩʧʮʧʛʙʫʧʜʧ ʪʤʧʸ ʪʞʩʝʞʰʦʡʣʙ 

________ ðʨʧʨʞʩʞʰʦʧʞ ʪʞʰʞʦʡʞ;  

_ _ _ _ _ ð ʨʩʧʝʧʤʵʦʧʞ ʪʞʰʞʦʡʞ;  

  Ͻ  Ͻ  ð ʬʪʩʞʝʦʞʦʦʧʞ ʠʦʙʰʞʦʡʞ 

ɺʚʠʜʫ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʨʘʟʣʠʯʠʷ ʚ ʧʘʨʘʤʝʪ-

ʨʘʭ ʤʠʢʨʦʛʝʦʤʝʪʨʠʠ ʚ ʧʦʧʝʨʝʯʥʦʤ ʠ ʧʨʦʜʦʣʴʥʦʤ 

ʩʝʯʝʥʠʷʭ (ʩʤ. ʩʡʪ. 2) ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʫʩʨʝʜʥʝʥʥʳʭ ʟʥʘʯʝʥʠʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʦʧʦʨʥʦʡ 

ʢʨʠʚʦʡ: b=1,9; v=1,9; 0,503.ʨʩ
t =  ɿʜʝʩʴ ὸ̑̒  

ʫʩʨʝʜʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʦʧʦʨʥʦʡ ʢʨʠʚʦʡ ʰʝʨʦʭʦ-

ʚʘʪʦʛʦ ʩʣʦʷ ʩʝʨʜʝʯʥʠʢʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʘʪʝʨʠʘʣʘ ʚ ʰʝʨʦʭʦʚʘʪʦʤ 

ʩʣʦʝ ʩʝʨʜʝʯʥʠʢʘ.  
ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʨʘʟʣʠʯʥʦʛʦ ʯʠʩ-

ʣʘ ʧʝʨʝʭʦʜʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʫʱʝʩʪʚʝʥʥʦʤ ʠʟ-

ʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʩʝʨʜʝʯʥʠʢʘ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʩʫʤʤʘʨʥʦʡ ʚʳʪʷʞʢʠ ʧʨʦʚʦʣʦʢʠ. 

ɻʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘ-

ʤʝʪʨʘ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʩʝʨʜʝʯʥʠʢʘ ʧʦ ʰʢʘʣʝ Rz 

ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʧʝʨʝʭʦʜʘ ʚʦʣʦʯʝʥʠʷ ʩʪʘʣʝʤʝʜʥʦʡ 

ʧʨʦʚʦʣʦʢʠ ʧʨʠʚʝʜʝʥʦ ʥʘ ʩʡʪ. 3. ʇʦ ʤʝʨʝ ʫʚʝʣʠ-

ʯʝʥʠʷ ʧʝʨʝʭʦʜʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʩʝʨʜʝʯʥʠʢʘ ʤʦ-

ʥʦʪʦʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ.  

 
 

ʉʡʪ. 3. ʁʠʥʞʦʞʦʡʞ ʱʞʩʧʮʧʛʙʫʧʪʫʡ ʨʧʛʞʩʮʦʧʪʫʡ 
ʪʞʩʝʞʰʦʡʣʙ ʨʧ ʨʞʩʞʮʧʝʙʥ ʪʫʙʤʞʥʞʝʦʧʢ ʨʩʧʛʧʤʧʣʡ  

ʨʩʡ ʛʧʤʧʰʞʦʡʡ ʪ ʬʤʵʫʩʙʠʛʬʣʧʛʧʢ  
ʡ ʶʤʞʣʫʩʧʤʡʫʧʨʤʙʠʥʞʦʦʧʢ ʧʰʡʪʫʣʧʢ: 

________ ð ʩʙʪʰʞʫʦʴʞ ʠʦʙʰʞʦʡʸ;  

 ð ʪʩʞʝʦʡʞ ʶʣʪʨʞʩʡʥʞʦʫʙʤʵʦʴʞ ʠʦʙʰʞʦʡʸ 

ʆʙʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʟ-

ʚʦʣʠʣʘ ʫʩʪʘʥʦʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʚʳʩʦʪ-

ʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ, ʚʳʪʷʞʢʦʡ ʠ 

ʫʩʨʝʜʥʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʦʧʦʨʥʦʡ ʢʨʠʚʦʡ ʰʝʨʦ-

ʭʦʚʘʪʦʛʦ ʩʣʦʷ, ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

 
   ,

1 2

zʠ
z

c p

R
R

t
=
+ m

 (8) 

ʛʜʝ Rzu ï ʠʩʭʦʜʥʳʡ ʧʘʨʘʤʝʪʨ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʩʝʨʜʝʯʥʠʢʘ ʧʦ ʰʢʘʣʝ Rz; mc ï ʩʫʤʤʘʨ-

ʥʘʷ ʚʳʪʷʞʢʘ ʟʘ n ʧʝʨʝʭʦʜʦʚ; mc=min; n ï ʢʦʣʠʯʝ-

ʩʪʚʦ ʧʝʨʝʭʦʜʦʚ; mi ï ʝʜʠʥʠʯʥʘʷ ʚʳʪʷʞʢʘ ʟʘ i-ʡ 

ʧʝʨʝʭʦʜ; tp ï ʩʨʝʜʥʝʠʥʪʝʛʨʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʬʫʥʢʮʠʠ ʦʧʦʨʥʦʡ ʢʨʠʚʦʡ ʰʝʨʦʭʦʚʘʪʦʛʦ ʩʣʦʷ 

ʩʝʨʜʝʯʥʠʢʘ. 

ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʰʘʛʘ ʤʠʢʨʦʥʝʨʦʚʥʦʩʪʝʡ 

ʠʣʣʶʩʪʨʠʨʦʚʘʥʳ ʩʡʪ. 4. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʛʨʘʬʠʢʦʚ 

ʥʘ ʩʡʪ. 2, 3 ʠ 4 ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʰʘʛʦʚʳʝ 

ʧʘʨʘʤʝʪʨʳ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʝʭʦʜʦʚ 

ʫʤʝʥʴʰʘʶʪʩʷ ʧʦʜʦʙʥʦ ʚʳʩʦʪʥʳʤ ʧʘʨʘʤʝʪʨʘʤ, ʥʦ 

ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʦ. ʆʙʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʰʘʛʦʚʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʝʭʦʜʦʚ ʫʜʦ-

ʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʦʧʠʩʳʚʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴʶ 

0,33
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ʛʜʝ Sʠʩʭ ï ʠʩʭʦʜʥʳʡ ʰʘʛʦʚʳʡ ʧʘʨʘʤʝʪʨ ʰʝʨʦʭʦ-

ʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʨʜʝʯʥʠʢʘ; mc ï ʩʫʤʤʘʨʥʘʷ 

ʚʳʪʷʞʢʘ ʟʘ ὲ ʧʝʨʝʭʦʜʦʚ; ‘ ‘ὲ; n ʧʝʨʝʭʦʜʦʚ; 

mc=min; n ï ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʭʦʜʦʚ; mi ï ʝʜʠʥʠʯʥʘʷ 



ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʩʝʨʜʝʯʥʠʢʘ é ʆʛʘʨʢʦʚ ʅ.ʅ., ʇʣʘʪʦʚ ʉ.ʀ., ʐʝʤʝʪʦʚʘ ɽ.ʉ.  ʠ ʜʨ. 
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ʚʳʪʷʞʢʘ ʟʘ i-ʡ ʧʝʨʝʭʦʜ; tp ï ʩʨʝʜʥʝʠʥʪʝʛʨʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʦʧʦʨʥʦʡ ʢʨʠʚʦʡ ʰʝʨʦʭʦʚʘʪʦ-

ʛʦ ʩʣʦʷ ʩʝʨʜʝʯʥʠʢʘ. 

 
 

ʉʡʪ. 4. ʁʠʥʞʦʞʦʡʞ ʱʙʜʧʛʴʮ ʨʙʩʙʥʞʫʩʧʛ ʨʧʛʞʩʮʦʧʪʫʡ 
ʪʞʩʝʞʰʦʡʣʙ ʨʧ ʨʞʩʞʮʧʝʙʥ ʪʫʙʤʞʥʞʝʦʧʢ ʨʩʧʛʧʤʧʣʡ  

ʨʩʡ ʛʧʤʧʰʞʦʡʡ ʪ ʬʤʵʫʩʙʠʛʬʣʧʛʧʢ  
ʡ ʶʤʞʣʫʩʧʤʡʫʧʨʤʙʠʥʞʦʦʧʢ ʧʰʡʪʫʣʧʢ: 

________ ð ʩʙʪʰʞʫʦʴʞ ʠʦʙʰʞʦʡʸ;  ð ʪʩʞʝʦʡʞ 
ʶʣʪʨʞʩʡʥʞʦʫʙʤʵʦʴʞ ʠʦʙʰʞʦʡʸ 

ɸʥʘʣʦʛʠʯʥʳʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʚʳʩʦʪʥʳʭ 

ʠ ʰʘʛʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʘʢʞʝ 

ʘʥʘʣʦʛʠʯʥʳʤʠ ʦʧʦʨʥʳʤʠ ʢʨʠʚʳʤʠ (ʩʤ. ʩʡʪ. 2), 

ʧʦʩʪʨʦʝʥʥʳʤʠ ʧʦ ʧʨʦʬʠʣʦʛʨʘʤʤʘʤ ʰʝʨʦʭʦʚʘʪʦ-

ʩʪʠ, ʟʘʤʝʨʝʥʥʳʭ ʚ ʧʨʦʜʦʣʴʥʦʤ ʠ ʚ ʧʦʧʝʨʝʯʥʦʤ 

ʩʝʯʝʥʠʷʭ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʨʦʚʦʣʦʢʠ. ʈʘʩʭʦʞ-

ʜʝʥʠʝ ʤʝʞʜʫ ʨʘʩʯʝʪʥʳʤʠ ʠ ʩʨʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷ-

ʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʰʝ-

ʨʦʭʦʚʘʪʦʩʪʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 4% (ʩʤ. ʩʡʪ. 2ð4). 

ɿʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʩʝʨʜʝʯʥʠʢʘ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʠʭ ʚʣʠʷʥʠʝ 

ʥʘ ʫʩʣʦʚʠʝ ʟʘʪʝʢʘʥʠʷ ʙʦʣʝʝ ʤʷʛʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ 

ʤʠʢʨʦʚʧʘʜʠʥʳ ʙʦʣʝʝ ʪʚʝʨʜʦʡ ʢʦʤʧʦʥʝʥʪʳ ʙʠʤʝ-

ʪʘʣʣʠʯʝʩʢʦʡ ʧʨʦʚʦʣʦʢʠ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʩʮʝʧʣʷ-

ʝʤʦʩʪʠ ʦʙʦʣʦʯʢʠ ʠ ʩʝʨʜʝʯʥʠʢʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʫʩʣʦʚʠʝ ʟʘʧʦʣʥʝʥʠʷ ʤʠʢʨʦʚʧʘ-

ʜʠʥr ʥʘ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʝʤʝʜʥʦʡ 

ʧʨʦʚʦʣʦʢʠ. ʄʘʪʝʨʠʘʣ ʦʙʦʣʦʯʢʠ, ʷʚʣʷʷʩʴ ʙʦʣʝʝ 

ʤʷʛʢʦʡ ʢʦʤʧʦʥʝʥʪʦʡ, ʟʘʪʝʢʘʝʪ ʚ ʤʠʢʨʦʚʧʘʜʠʥʳ 

ʙʦʣʝʝ ʪʚʝʨʜʦʡ ʢʦʤʧʦʥʝʥʪʳ ʩʝʨʜʝʯʥʠʢʘ ʚ ʧʨʦʮʝʩ-

ʩʝ ʚʦʣʦʯʝʥʠʷ.  

ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʘʥʘʣʠʟʘ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠ ʟʘʪʝʢʘʥʠʠ ʤʘ-

ʪʝʨʠʘʣʘ ʦʙʦʣʦʯʢʠ ʚ ʤʠʢʨʦʚʧʘʜʠʥʳ ʩʝʨʜʝʯʥʠʢʘ 

ʩʤʦʜʝʣʠʨʫʝʤ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʩʝʨʜʝʯʥʠʢʘ ʤʠʢʨʦ-

ʚʳʩʪʫʧʘʤʠ ʠ ʤʠʢʨʦʚʧʘʜʠʥʘʤʠ ʧʨʷʤʦʫʛʦʣʴʥʦʡ 

ʬʦʨʤʳ (ʩʡʪ. 5). 

 
 

ʉʡʪ. 5. ʊʮʞʥʙ ʱʞʩʧʮʧʛʙʫʧʪʫʡ ʪʞʩʝʞʰʦʡʣʙ 

ʥʡʣʩʧʛʴʪʫʬʨʙʥʡ ʡ ʥʡʣʩʧʛʨʙʝʡʦʙʥʡ  

ʨʩʸʥʧʬʜʧʤʵʦʧʢ ʭʧʩʥʴ 

ɹʝʟʨʘʟʤʝʨʥʦʝ ʜʘʚʣʝʥʠʝ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ 

ʟʘʪʝʢʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ʦʙʦʣʦʯʢʠ ʚ ʤʠʢʨʦʚʧʘʜʠ-

ʥʫ ʩʝʨʜʝʯʥʠʢʘ ʜʦ ʝʝ ʜʥʘ, ʦʧʨʝʜʝʣʠʤ ʧʦ ʨʝʰʝ-

ʥʠʶ ʖ. ɹʦʯʘʨʦʚʘ [15], ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʤʫ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʤʦʜʝʣʠʨʦʚʘʥʥʦʤʫ ʤʠʢʨʦʨʝ-

ʣʴʝʬʫ:  

8
2

    1 ,
3

fRz

S
P

e
å õ

= -æ ö
s ç ÷

 (10) 

ʛʜʝ Rz ʠ S ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʳʩʦʪʳ ʠ ʰʘʛ ʤʠʢ-

ʨʦʥʝʨʦʚʥʦʩʪʝʡ; P1 ï ʜʘʚʣʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʟʘʪʝʢʘʥʠʶ ʤʘʪʝʨʠʘʣʘ ʦʙʦʣʦʯʢʠ ʚ ʤʠʢʨʦʚʧʘʜʠʥʫ, 

ʦʧʨʝʜʝʣʷʝʤʦʝ ʪʨʝʥʠʝʤ ʦ ʝʝ ʩʪʝʥʢʠ; s ï

ʵʬʬʝʢʪʠʚʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʪʝʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ 

ʦʙʦʣʦʯʢʠ; f ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʦʙʦʣʦʯʢʠ ʦ 

ʩʝʨʜʝʯʥʠʢ. 

ɹʝʟʨʘʟʤʝʨʥʦʝ ʤʝʞʩʣʦʡʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʦʯʘʛʝ 

ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʚʦʣʦʯʝʥʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʚʠ-

ʩʠʤʦʩʪʴʶ [16] 

( )( )( )
1

  1   2 1,6 1 ,
2

P
ac q D ac ln

è ø
= - - + + + mé ùs ê ú

 (11) 

ʛʜʝ P ï ʥʦʨʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʧʦ ʜʣʠʥʝ ʦʯʘʛʘ ʜʝ-

ʬʦʨʤʘʮʠʠ; q ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʪʠʚʦʥʘʪʷʞʝʥʠʷ, 

ʨʘʚʥʳʡ sq/P (ʟʜʝʩʴ sq ï ʥʘʧʨʷʞʝʥʠʝ ʧʨʦʪʠʚʦʥʘ-

ʪʷʞʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʩʠʣʳ 

ʧʨʦʪʠʚʦʥʘʪʷʞʝʥʠʷ Q ʢ ʠʩʭʦʜʥʦʡ ʧʣʦʱʘʜʠ ʧʦʧʝ-

ʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʧʨʦʚʦʣʦʢʠ); a=f ctg a; ʩ=1ïq ï 

ʧʘʨʘʤʝʪʨ ʧʨʦʪʠʚʦʥʘʪʷʞʝʥʠʷ. 

ʇʨʠʨʘʚʥʠʚʘʷ ʫʨʘʚʥʝʥʠʷ (10) ʠ (11) ʠ ʨʝʰʘʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʦʪʥʦʰʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʰʝʨʦʭʦ-

ʚʘʪʦʩʪʠ   ,zR

s
 ʧʦʣʫʯʠʤ: 

( )( )( )
1 2 1

  ln 1 1   2 1,6 1 .
8 23

zR
ac q D ac ln

S

ë ûè ø
= + - - + + + mì üé ùm ê úí ý

     (12) 



ʆɹʈɸɹʆʊʂɸ ʄɽʊɸʃʃʆɺ ɼɸɺʃɽʅʀɽʄ 

ððððððððððððððððððððððððððððððððð   ɺʝʩʪʥʠʢ ʄɻʊʋ ʠʤ. ɻ. ʀ. ʅʦʩʦʚʘ. 2016. ʊ. 14. ˉ2 42 

ɿʜʝʩʴ Rz ʠ S ï ʪʝʢʫʱʠʝ ʟʥʘʯʝʥʠʷ ʚʳʩʦʪʥʳʭ ʠ ʰʘʛʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʩʝʨʜʝʯʥʠʢʘ ʧʦ 

ʧʝʨʝʭʦʜʘʤ. 

ʉ ʫʯʝʪʦʤ ʬʦʨʤʫʣ (8) ʠ (9) ʫʨʘʚʥʝʥʠʝ (12) ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢ ʚʠʜʫ 

( )( )( )

0,66

ʩ1 2 ɛ1 2 1
  ln 1 1   2 1,6 1 .

8 23

pzʠ

ʠ ʠ

tR
ac q D ac ln

S S

å õ+ ë ûè ø
= æ ö + - - + + + mì üé ùæ öm ê úí ýç ÷

    (13) 

ʇʦʣʫʯʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʫʯʝʩʪʴ 

ʦʛʨʘʥʠʯʝʥʠʷ, ʥʘʢʣʘʜʳʚʘʝʤʳʝ ʥʘ ʚʳʙʦʨ ʩʧʦʩʦʙʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʘʨʘʤʝʪʨʦʚ ʠʩʭʦʜʥʦʛʦ ʤʠʢʨʦ-

ʨʝʣʴʝʬʘ Rzu ʠ Su ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʨʜʝʯʥʠʢʘ, ʩ ʮʝ-

ʣʴʶ ʧʦʣʥʦʛʦ ʟʘʪʝʢʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ʦʙʦʣʦʯʢʠ ʚ ʝʛʦ 

ʤʠʢʨʦʚʧʘʜʠʥʳ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʛʦ ʩʮʝʧ-

ʣʝʥʠʷ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʙʦʣʦʯʢʠ ʠ ʩʝʨ-

ʜʝʯʥʠʢʘ. 
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Abstract. A theoretical descriptive method to describe 

the reference curve across the entire thickness of a rough 

layer has been elaborated. Considering that the role of mi-

croroughness in the generation of the resulting microgeome-

try of a contact surface between a sheath and a core may 

vary at a different contact, it is recommended to take an av-

erage roughness value for the entire height of a rough layer 

when doing calculations. Processing of the profile graphs 

helped identify the microgeometry of a wire core after ultra-

sonic cleaning and plasma electrolytic stripping. The change 

of the roughness height and spacing parameters of a core 

was studied and relationships were identified which can be 

used to calculate the above parameters step by step in a cop-

per-clad steel wire drawing operation. It was established that 

during a copper-clad steel wire drawing process the change 

of the spacing parameters of the rough layer is less intense 

than the change of the height parameters. Conditions were 

considered for elimination of microroughness at the contact 

surface of a copper-clad wire. Limitations were identified 

with regard to the choice of techniques to create the required 

microrelief on the core surface before drawing. This was 

done to ensure a complete elimination of microroughness 

with the help of sheathing and to ensure a tight adhesion 

between the contact surfaces of a bimetallic wire. 

Keywords: Copper-clad steel wire, roughness, core, 

sheath, contact surface, adhesion between components of 

a wire, generation of a microrelief. 
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ʃɸɿɽʈʅɸʗ ʅɸʇʃɸɺʂɸ ʂɸʂ ʇɽʈʉʇɽʂʊʀɺʅʓʁ ʄɽʊʆɼ 

ʋʇʈʆʏʅɽʅʀʗ ʐʊɸʄʇʆɺʆʁ ʆʉʅɸʉʊʂʀ 

ɹʝʨʪʨʘʥʜ ʌ.
1
, ʄʦʚʯʘʥ ʀ.

1
, ʉʘʤʦʜʫʨʦʚʘ ʄ.ʅ.

2
, ɼʞʠʛʫʥ ʅ.ʉ.

2
 

1 ʅʘʮʠʦʥʘʣʴʥʘʷ ʀʥʞʝʥʝʨʥʘʷ ʐʢʦʣʘ ʚ ʉʝʥʪ-ɽʪʴʝʥʥʝ, ʌʨʘʥʮʠʷ 
2 ʖʞʥʦ-ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʏʝʣʷʙʠʥʩʢ, ʈʦʩʩʠʷ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʫʧʨʦʯʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ, ʘ ʠʤʝʥʥʦ ʰʪʘʤʧʦ-
ʚʦʡ ʦʩʥʘʩʪʢʠ ʠ ʚʘʣʢʦʚ ʧʨʦʢʘʪʥʳʭ ʩʪʘʥʦʚ. ʉʨʝʜʠ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʤʝʥʥʦ ʣʘʟʝʨʥʘʷ ʥʘʧʣʘʚʢʘ ʧʨʠʚʣʝ-
ʢʘʝʪ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʚʚʠʜʫ ʨʷʜʘ ʧʨʝʠʤʫʱʝʩʪʚ, ʧʨʠʩʫʱʠʭ ʵʪʦʡ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʣʘʟʝʨʥʘʷ 
ʥʘʧʣʘʚʢʘ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ (ʜʦ 150 ʩʤ

3
/ʯ ʥʘʥʝʩʝʥʥʦʛʦ ʧʦʢʨʳʪʠʷ), ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʫʥʠʚʝʨ-

ʩʘʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʦʣʱʠʥʳ ʧʦʣʫʯʘʝʤʦʛʦ ʧʦʢʨʳʪʠʷ (0,1-1,0 ʤʤ) ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟ-
ʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʧʨʠʤʝʨ, ʩʣʦʞʥʳʭ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ, ʢʦʙʘʣʴʪʘ, ʥʠʢʝʣʷ ʠ ʪ.ʜ. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦ-
ʣʷʝʪ ʧʦʣʫʯʘʪʴ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʧʦʢʨʳʪʠʷ, ʦʙʣʘʜʘʶʱʠʝ ʨʘʩʰʠʨʝʥʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ, ʥʘʧʨʠʤʝʨ ʠʟʥʦʩʦ-, 
ʪʝʨʤʦ- ʠ ʫʜʘʨʦ-ʩʪʦʡʢʦʩʪʴʶ. ʋʯʠʪʳʚʘʷ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʦʮʝʩʩʘ, ʙʳʣʘ ʚʳʜʚʠʥʫʪʘ ʛʠʧʦʪʝʟʘ ʦ 
ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʧʦʢʨʳʪʠʷ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ ʥʘʧʣʘʚʢʠ ʩ ʚʳʩʦʢʠʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʎʝʣʴ ʨʘʙʦʪʳ 
ʩʦʩʪʦʷʣʘ ʚ ʢʨʘʪʢʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʚ ʠʩ-
ʩʣʝʜʦʚʘʥʠʠ ʧʨʦʮʝʩʩʘ ʣʘʟʝʨʥʦʡ ʥʘʧʣʘʚʢʠ ʧʦʨʦʰʢʘ ʥʘ ʦʩʥʦʚʝ ʢʦʙʘʣʴʪʘ ʩ ʜʦʙʘʚʣʝʥʠʝ ʘʨʤʠʨʫʶʱʝʡ ʬʘʟʳ ʚ ʢʘʯʝʩʪʚʝ 
ʧʨʦʛʨʝʩʩʠʚʥʦʡ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʦʩʥʘʩʪʢʠ. ɺ ʵʢʩʧʝʨʠʤʝʥ-
ʪʘʣʴʥʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʧʨʦʮʝʩʩ ʣʘʟʝʨʥʦʡ ʥʘʧʣʘʚʢʠ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʝʪʘʣʣʦʢʝʨʘʤʠʯʝʩʢʦʛʦ ʧʦʢʨʳʪʠʷ. 
ʇʦʣʫʯʝʥʳ ʧʦʢʨʳʪʠʷ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʤʘʪʨʠʮʳ ʥʘ ʦʩʥʦʚʝ ʩʧʣʘʚʘ ʢʦʙʘʣʴʪʘ ʠ ʘʨʤʠʨʫʶʱʝʡ ʬʘʟʳ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ. ʀʟʫʯʝ-
ʥʳ ʦʩʥʦʚʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʧʦʢʨʳʪʠʡ. ʇʨʠʤʝʥʝʥʠʝ ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʢʦʙʘʣʴʪʘ 
ʜʣʷ ʟʘʱʠʪʳ ʠʥʩʪʨʫʤʝʥʪʦʚ ʛʦʨʷʯʝʡ ʰʪʘʤʧʦʚʢʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ, ʦʜʥʘʢʦ ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚʝʩʴʤʘ 
ʦʛʨʘʥʠʯʝʥʦ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʪʝʤʘʪʠʢʝ ʟʘʱʠʪʳ ʠʥʩʪʨʫʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ, ʥʦ ʥʝʦʙ-
ʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ ʣʘʟʝʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠ 
ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʨʦʰʢʦʚʦʡ ʩʤʝʩʠ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʨʦʰʢʦʚʘʷ ʤʝʪʘʣʣʫʨʛʠʷ, ʰʪʘʤʧʦʚʘʷ ʦʩʥʘʩʪʢʘ, ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ, ʭʠʤʠʢʦ-

ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ, ʣʘʟʝʨʥʘʷ ʥʘʧʣʘʚʢʘ, ʩʪʝʣʣʠʪ, ʢʘʨʙʠʜ ʪʠʪʘʥʘ. 
 

ɺʚʝʜʝʥʠʝ  

ʋʤʝʥʴʰʝʥʠʝ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʚʳʧʫʩʢʘʝʤʦʡ 

ʧʨʦʜʫʢʮʠʠ ï ʩʪʨʘʪʝʛʠʯʝʩʢʘʷ ʮʝʣʴ ʧʨʝʜʧʨʠʷʪʠʡ ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʨʳʥʢʘ. ɸʢʪʫʘʣʴʥʦʡ ʟʘʜʘ-

ʯʝʡ ʜʣʷ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʷʚʣʷ-

ʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʨʝʩʫʨʩʘ ʨʘʙʦʪʳ ʰʪʘʤʧʦʚʦʡ 

ʦʩʥʘʩʪʢʠ. ʈʘʙʦʯʠʝ ʯʘʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ ʥʘʭʦʜʷʪʩʷ ʚ 

ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʛʦ ʠʟʥʦʩʘ, ʚʳʩʦʢʠʭ ʫʜʝʣʴ-

ʥʳʭ ʜʘʚʣʝʥʠʡ, ʜʦʩʪʠʛʘʶʱʠʭ 2000ï2500 ʄʇʘ, ʠ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʝʨʝʧʘʜʦʚ, ʚʳʟʚʘʥʥʳʭ ʧʨʦʮʝʩʩʦʤ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ. 

ʀʟʥʦʩ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʝʥʠʷ - ʦʜʥʘ ʠʟ 

ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʜʝʪʘʣʝʡ ʤʘ-

ʰʠʥ. ʇʨʠ ʪʘʢʦʤ ʚʠʜʝ ʠʟʥʘʰʠʚʘʥʠʷ ʠʟʥʦʩʦʩʪʦʡ-

ʢʦʩʪʴ ʫʚʝʣʠʯʠʚʘʶʪ ʠʣʠ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ, ʠʣʠ 
                                                                                              

Ò  ɹʝʨʪʨʘʥʜ ʌ., ʄʦʚʯʘʥ ʀ., ʉʘʤʦʜʫʨʦʚʘ ʄ.ʅ., ɼʞʠʛʫʥ ʅ.ʉ., 2016  

ʪʦʣʴʢʦ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ 

ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʨʦʯʥʦʩʪʠ ʠ ʪʚʝʨʜʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʧʦʢʘʟʘʪʝʣʠ 

ʧʣʘʩʪʠʯʥʦʩʪʠ ʩʥʠʞʘʶʪʩʷ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʦʙʭʦ-

ʜʠʤʦ ʜʦʩʪʠʯʴ ʧʘʨʘʤʝʪʨʦʚ ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʠ ʠ 

ʧʨʦʯʥʦʩʪʠ ʥʘ ʥʝʙʦʣʴʰʫʶ ʛʣʫʙʠʥʫ ʦʪ ʨʘʙʦʯʝʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʨʠʙʦʣʦʛʠʠ, ʵʪʦʪ ʧʫʪʴ 

ʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʡ, ʪ.ʢ. ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦ-

ʚʳʰʘʪʴ ʪʚʝʨʜʦʩʪʴ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ ʜʝʪʘʣʠ [1]. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝ ʦʩʥʦʚ-

ʥʳʭ ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʣʘ-

ʟʝʨʥʦʡ ʥʘʧʣʘʚʢʠ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʢʘʢ 

ʧʨʦʛʨʝʩʩʠʚʥʦʡ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʠʥʩʪʨʫ-

ʤʝʥʪʘ. ʇʨʠʤʝʥʝʥʠʝ ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ ʥʘ ʦʩ-



ʃʘʟʝʨʥʘʷ ʥʘʧʣʘʚʢʘ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʫʧʨʦʯʥʝʥʠʷ é  ɹʝʨʪʨʘʥʜ ʌ., ʄʦʚʯʘʥ ʀ., ʉʘʤʦʜʫʨʦʚʘ ʄ.ʅ., ɼʞʠʛʫʥ ʅ.ʉ. 
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ʥʦʚʝ ʢʦʙʘʣʴʪʘ ʜʣʷ ʟʘʱʠʪʳ ʠʥʩʪʨʫʤʝʥʪʦʚ ʛʦʨʷʯʝʡ 

ʰʪʘʤʧʦʚʢʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ, ʦʜʥʘʢʦ ʧʨʦ-

ʤʳʰʣʝʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʦ. 

ʄʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʨʝʩʫʨʩʘ ʨʘʙʦʪʳ ʰʪʘʤʧʦʚ 

ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʥʘ 5 ʛʨʫʧʧ: ʢʦʥʩʪʨʫʢ-

ʪʦʨʩʢʠʝ, ʤʝʪʘʣʣʦʚʝʜʯʝʩʢʠʝ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ, 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʠ ʩʤʝʰʘʥʥʳʝ. ʅʘʠʙʦʣʝʝ ʟʥʘ-

ʯʠʤʳʤʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʩʪʦʡʢʦʩʪʠ ʰʪʘʤʧʦʚ ʷʚ-

ʣʷʶʪʩʷ ʤʝʪʦʜʳ ʠʟ ʤʝʪʘʣʣʦʚʝʜʯʝʩʢʦʡ ʛʨʫʧʧʳ, ʪ.ʝ. 

ʚʳʙʦʨ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʙʨʘʙʦʪʢʘ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʰʪʘʤʧʦʚ [2]. 

ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ 

ʩʪʦʡʢʦʩʪʠ ʰʪʘʤʧʦʚ. ʎʝʤʝʥʪʘʮʠʷ (ʥʘʫʛʣʝʨʦʞʠ-

ʚʘʥʠʝ) ï ʜʨʝʚʥʝʡʰʠʡ ʧʨʦʮʝʩʩ ʭʠʤʠʢʦ-

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʉʫʪʴ ʧʨʦʮʝʩʩʘ ʟʘʢʣʶʯʘ-

ʝʪʩʷ ʚ ʜʠʬʬʫʟʠʦʥʥʦʤ ʥʘʩʳʱʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦ-

ʛʦ ʩʣʦʷ ʩʪʘʣʠ ʫʛʣʝʨʦʜʦʤ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʦʧʨʝ-

ʜʝʣʝʥʥʦʡ ʩʨʝʜʝ ï ʢʘʨʙʶʨʠʟʘʪʦʨʝ ʠ ʧʦʩʣʝʜʫʶʱʘʷ 

ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ. ʊʘʢʘʷ ʩʪʘʣʴ ʦʙʣʘʜʘʝʪ 

ʚʳʩʦʢʦʡ ʠʟʥʦʩʦʫʩʪʦʡʯʠʚʦʩʪʴʶ ʠ ʢʦʥʪʘʢʪʥʦʡ 

ʧʨʦʯʥʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʜʦʩʪʠʛʘʝʪ 2000 ʄʇʘ. ɺʩʝ 

ʦʩʥʦʚʥʳʝ ʩʧʦʩʦʙʳ ʮʝʤʝʥʪʘʮʠʠ ʠʤʝʶʪ ʦʜʠʥ 

ʙʦʣʴʰʦʡ ʥʝʜʦʩʪʘʪʦʢ - ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠ 

ʧʨʠʤʝʥʝʥʠʝ ʩʣʦʞʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ [3, 4]. 

ɼʨʫʛʦʡ ʤʝʪʦʜ ʭʠʤʠʢʦ-ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ï 

ʫʧʨʦʯʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʦʩʦʙʦʤ ʙʦʨʠʨʦʚʘʥʠʷ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʪʚʝʨʜʦʩʪʠ (ʜʦ 1800 

HV), ʠʟʥʦʩʦʫʩʪʦʡʯʠʚʦʩʪʠ, ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦ-

ʩʪʠ, ʦʢʘʣʠʥʦʩʪʦʡʢʦʩʪʠ ʠ ʪʝʧʣʦʩʪʦʡʢʦʩʪʠ ʧʨʠ ʪʦʣ-

ʱʠʥʝ ʩʣʦʷ 100ï200 ʤʢʤ. ʆʜʥʘʢʦ ʙʦʨʠʜʳ ʭʨʫʧʢʠ, 

ʩʢʣʦʥʥʳ ʢ ʩʢʦʣʘʤ ʠ ʨʘʩʪʨʝʩʢʠʚʘʥʠʶ. ɺʳʩʦʢʘʷ 

ʭʨʫʧʢʦʩʪʴ ʙʦʨʠʜʥʦʛʦ ʩʣʦʷ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘ-

ʝʪʩʷ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʠʟʜʝ-

ʣʠʡ ʧʨʠ ʢʦʥʪʘʢʪʥʦʤ ʠʟʥʦʩʝ. ʇʨʠ ʵʪʦʤ ʙʦʨʠʨʦʚʘʥʠʝ 

ʧʦʚʳʰʘʝʪ ʠʟʥʦʩʦʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʘ-

ʢʘʣʝʥʥʦʡ ʠ ʥʠʟʢʦʦʪʧʫʱʝʥʥʦʡ ʩʪʘʣʴʶ [3, 4]. ʈʝʟʫʣʴ-

ʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʰʪʘʤʧʦʚʫʶ 

ʦʩʥʘʩʪʢʫ ʤʦʞʥʦ ʠʟʛʦʪʦʚʠʪʴ ʠʟ ʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʦʨʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ [5]. 

ʀʟʚʝʩʪʝʥ ʩʧʦʩʦʙ ʫʧʨʦʯʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʛʦ-

ʨʷʯʝʧʨʝʩʩʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʘʟʦʪʠʨʦʚʘʥʠʝʤ. ʉʪʘʣʴ 

ʧʨʠʦʙʨʝʪʘʝʪ ʚʳʩʦʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʚʝʨʜʦʩʪʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴ ʠʟʥʦʩʫ, ʢʦʨʨʦʟʠ-

ʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ. ʉʚʦʡʩʪʚʘ ʘʟʦʪʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ 

ʟʘʚʠʩʷʪ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʪʘʣʠ, ʦʪ ʨʝʞʠʤʦʚ 

ʘʟʦʪʠʨʦʚʘʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʨʦ-

ʮʝʩʩʘ. ʊʚʝʨʜʦʩʪʴ ʘʟʦʪʠʨʦʚʘʥʥʦʡ ʦʩʥʘʩʪʢʠ ʜʦʩʪʠʛʘ-

ʝʪ 450ï1000 HV ʧʨʠ ʛʣʫʙʠʥʝ ʩʣʦʷ 0,15ï0,55 ʤʤ [6]. 

ʆʜʥʘʢʦ ʧʨʦʮʝʩʩ ʜʣʠʪʝʣʴʥʳʡ, ʪʨʝʙʫʶʱʠʡ ʩʣʦʞʥʦ-

ʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʥ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʥʝʩʢʦʣʴʢʦ 

ʦʧʝʨʘʮʠʡ: ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪ-

ʢʘ, ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ, ʟʘʱʠʪʘ ʫʯʘʩʪʢʦʚ, ʥʝ 

ʧʦʜʣʝʞʘʱʠʭ ʘʟʦʪʠʨʦʚʘʥʠʶ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ 

ʘʟʦʪʠʨʦʚʘʥʠʝ, ʜʦʚʦʜʢʘ ʠʟʜʝʣʠʷ [4]. 

ʆʪʜʝʣʴʥʦ ʚʳʜʝʣʠʤ ʧʨʦʮʝʩʩ ʥʠʪʨʦʮʝʤʝʥʪʘ-

ʮʠʠ. ɼʨʫʛʦʝ ʥʘʟʚʘʥʠʝ ï ʢʘʨʙʦʥʠʪʨʘʮʠʷ, ʧʨʠ ʢʦ-

ʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʜʠʬʬʫʟʠʦʥʥʦʝ ʥʘʩʳʱʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʠ ʫʛʣʝʨʦʜʦʤ, ʠ ʘʟʦʪʦʤ ʚ 

ʛʘʟʦʚʦʡ ʩʨʝʜʝ. ʉʫʱʥʦʩʪʴ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʜʝʪʘʣʠ ʤʘʰʠʥ ʧʦʜʚʝʨʛʘʶʪ ʥʘʛʨʝʚʫ ʚ 

ʨʘʩʧʣʘʚʝ ʩʦʣʝʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 540-600ÁC ʩ 

ʚʳʜʝʨʞʢʘʤʠ 1-6 ʯ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʨʝʙʫʝʤʦʡ 

ʪʦʣʱʠʥʳ ʫʧʨʦʯʥʝʥʥʦʛʦ ʩʣʦʷ. ʆʩʥʦʚʥʦʝ ʥʘʟʥʘʯʝ-

ʥʠʝ ʤʝʪʦʜʘ ï ʧʦʚʳʰʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʠ ʠʟʥʦʩʦ-

ʩʪʦʡʢʦʩʪʠ ʩʪʘʣʴʥʳʭ ʜʝʪʘʣʝʡ. ʊʦʣʱʠʥʘ ʩʣʦʷ ʩʦ-

ʩʪʘʚʣʷʝʪ ʦʙʳʯʥʦ 200ï800 ʤʢʤ. ʅʠʪʨʦʮʝʤʝʥʪʘʮʠʠ 

ʦʙʳʯʥʦ ʧʦʜʚʝʨʛʘʶʪ ʜʝʪʘʣʠ ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘ-

ʮʠʠ, ʩʢʣʦʥʥʳʝ ʢ ʢʦʨʦʙʣʝʥʠʶ [4, 3]. 

ɼʣʷ ʨʝʤʦʥʪʘ ʠ ʫʧʨʦʯʥʝʥʠʷ ʰʪʘʤʧʦʚʦʡ ʦʩʥʘʩʪ-

ʢʠ ʪʘʢʞʝ ʧʨʠʤʝʥʷʶʪ ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʳʡ ʤʝʪʦʜ. ʂ 

ʜʦʩʪʦʠʥʩʪʚʘʤ ʤʝʪʦʜʘ ʦʪʥʦʩʷʪʩʷ: ʚʳʩʦʢʘʷ ʘʜʛʝʟʠʷ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʣʦʢʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʠʟʜʝʣʠʡ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʨʦ-

ʩʪʦʪʘ ʧʨʦʮʝʩʩʘ, ʦʪʩʫʪʩʪʚʠʝ ʞʝʩʪʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʧʦʜʛʦʪʦʚʢʝ ʧʦʚʝʨʭʥʦʩʪʠ [7]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝ-

ʩʢʠʭ ʨʝʘʢʮʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʫʶʪʩʷ ʠʟʥʦʩʦ-

ʩʪʦʡʢʠʡ ʩʣʦʡ ʩ ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʴʶ, ʜʦʩʪʠʛʘʶʱʠʡ 

1400 HV. ʇʦʜ ʵʪʠʤ ʩʣʦʝʤ ʥʘʭʦʜʠʪʩʷ ʧʝʨʝʭʦʜʥʦʡ 

ʩʣʦʡ ʩ ʧʝʨʝʤʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʣʝʛʠʨʫʶʱʠʭ 

ʧʨʠʤʝʩʝʡ, ʢʘʨʙʠʜʦʚ ʠ ʥʠʪʨʠʜʦʚ. ʀʟ-ʟʘ ʥʘʣʠʯʠʷ 

ʧʝʨʝʭʦʜʥʦʛʦ ʩʣʦʷ ʚ ʩʪʨʫʢʪʫʨʝ ʚʦʟʤʦʞʥʦ ʤʥʦʛʦ-

ʩʣʦʡʥʦʝ ʫʧʨʦʯʥʝʥʠʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʘʟʥʦʣʝʛʠʨʦ-

ʚʘʥʥʳʭ ʩʣʦʝʚ [8]. ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʠʩ-

ʢʨʦʚʦʛʦ ʤʝʪʦʜʘ: ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʟʥʦʰʝʥʥʳʭ ʧʦ-

ʚʝʨʭʥʦʩʪʝʡ ʰʪʘʤʧʦʚ ʠ ʜʝʪʘʣʝʡ ʤʘʰʠʥ; ʥʘʥʝʩʝʥʠʝ 

ʠʟʥʦʩʦʩʪʦʡʢʠʭ, ʞʘʨʦʧʨʦʯʥʳʭ ʠ ʞʘʨʦʩʪʦʡʢʠʭ ʧʦ-

ʢʨʳʪʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʝʡ ʤʘʰʠʥ. ʆʩʥʦʚʥʳ-

ʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʵʥʝʨʛʦʧʦ-

ʪʨʝʙʣʝʥʠʷ ʠ ʦʛʨʘʥʠʯʝʥʥʘʷ ʪʦʣʱʠʥʘ ʥʘʥʦʩʠʤʦʛʦ 

ʩʣʦʷ (0,1ï0,3 ʤʤ) [9]. 

ʃʘʟʝʨʥʘʷ ʟʘʢʘʣʢʘ ʥʘʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʠ 

ʧʦʚʳʰʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʧʨʦʢʘʪʥʳʭ ʚʘʣʢʦʚ ʠ 

ʰʪʘʤʧʦʚ. ɼʣʷ ʟʘʢʘʣʢʠ ʧʨʠʤʝʥʷʶʪʩʷ CO2 ʣʘʟʝʨʳ, 

Nd:YAG ʣʘʟʝʨʳ, ʚʦʣʦʢʦʥʥʳʝ ʠ ʜʠʦʜʥʳʝ ʣʘʟʝʨʳ. 

ɺʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʦʙʝʩʧʝ-

ʯʠʚʘʝʪ ʯʨʝʟʚʳʯʘʡʥʦ ʙʳʩʪʨʳʡ ʥʘʛʨʝʚ ʧʦʚʝʨʭʥʦʩʪ-

ʥʦʛʦ ʩʣʦʷ ʩʦ ʩʢʦʨʦʩʪʷʤʠ ʜʦ 10
5
ï10

6
 ʛʨʘʜ/ʩ ʩ ʤʘʣʦʡ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʚʦʟʜʝʡʩʪʚʠʷ. ʆʭʣʘʞʜʝʥʠʝ 
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ʧʨʦʠʩʭʦʜʠʪ ʧʫʪʝʤ ʦʪʚʦʜʘ ʪʝʧʣʘ ʚ ʛʣʫʙʠʥʥʳʝ ʩʣʦʠ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ. ʅʘʛʨʝʚ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ 

ʙʝʟ ʦʧʣʘʚʣʝʥʠʷ ʠʣʠ ʩ ʦʧʣʘʚʣʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʟʜʝʣʠʷ. ʇʨʦʯʥʦʩʪʴ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʩʦʦʪʚʝʪʩʪʚʫ-

ʝʪ ʚʝʨʭʥʝʤʫ ʧʨʝʜʝʣʫ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ, 

ʛʣʫʙʠʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 0,1 ʜʦ 0,2 

ʤʤ ʧʨʠ ʪʚʝʨʜʦʩʪʠ ʩ 35 ʜʦ 68. ɼʘʥʥʳʡ ʤʝʪʦʜ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʪʚʝʨʜʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʩ 

ʩʦʭʨʘʥʝʥʠʝʤ ʚʷʟʢʦʡ ʩʝʨʜʮʝʚʠʥʳ. ʆʩʥʦʚʥʳʝ ʧʨʝ-

ʠʤʫʱʝʩʪʚʘ ʧʨʦʮʝʩʩʘ: ʚʦʟʤʦʞʥʦʩʪʴ ʣʦʢʘʣʴʥʦʡ ʦʙ-

ʨʘʙʦʪʢʠ ʩ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ; ʘʚʪʦʤʘʪʠʟʘ-

ʮʠʷ ʧʨʦʮʝʩʩʘ; ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ; ʦʪʩʫʪ-

ʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʝ; 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ; ʦʪʩʫʪʩʪʚʠʝ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʧʨʠ ʟʘʢʘʣʢʝ [10, 11]. 

ʂ ʩʘʤʳʤ ʧʨʦʛʨʝʩʩʠʚʥʳʤ ʤʝʪʦʜʘʤ ʦʙʨʘʙʦʪʢʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪʥʦʩʠʪʩʷ ʤʝʪʦʜ 

ʣʘʟʝʨʥʦʡ ʥʘʧʣʘʚʢʠ. ʃʘʟʝʨʥʘʷ ʥʘʧʣʘʚʢʘ ʦʩʫʱʝʩʪʚ-

ʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʴ ʜʝ-

ʪʘʣʠ ʩ ʧʦʤʦʱʴʶ ʩʦʧʣʘ ʠ ʛʘʟʘ ʥʦʩʠʪʝʣʷ ʥʘʧʨʘʚʣʷ-

ʝʪʩʷ ʧʦʪʦʢ ʧʦʨʦʰʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʀʟʣʫʯʝʥʠʝ 

ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʣʘʟʝʨʘ, ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʝ ʚ ʧʷʪʥʦ 

ʩ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʤʦʱʥʦʩʪʠ, ʧʣʘʚʠʪ ʧʦʨʦ-

ʰʦʢ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʜʝʪʘ-

ʣʠ. ʃʘʟʝʨʥʘʷ ʛʦʣʦʚʢʘ, ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʦʙʲʝʜʠʥʷ-

ʶʱʘʷ ʦʧʪʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʣʘʟʝʨʘ ʠ ʩʦʧʣʦ 

(ʦʙʳʯʥʦ ʦʪ 4 ʜʦ 6 ʜʣʷ ʨʘʚʥʦʤʝʨʥʦʡ ʧʦʜʘʯʠ ʧʦ-

ʨʦʰʢʘ), ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ ʠ 

ʩʦʟʜʘʝʪ ʥʘ ʥʝʡ ʣʝʥʪʦʯʥʦʝ ʧʦʢʨʳʪʠʝ (ʢʦʨʜʦʥ) ʰʠ-

ʨʠʥʦʡ 0,5ï5 ʤʤ ʠ ʪʦʣʱʠʥʦʡ ʦʪ 100 ʤʢʤ ʜʦ 1 ʤʤ ʟʘ 

ʦʜʠʥ ʧʨʦʭʦʜ [12]. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʩʣʦʷ ʦʧʨʝʜʝʣʷʶʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, 

ʚʳʙʦʨʦʤ ʧʦʨʦʰʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʂʘʯʝʩʪʚʦ ʞʝ 

ʧʦʢʨʳʪʠʷ - ʦʜʥʦʨʦʜʥʦʩʪʴ, ʧʣʦʪʥʦʩʪʴ, ʢʦʥʪʘʢʪ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʜʝʪʘʣʠ ï ʟʘʚʠʩʷʪ ʦʪ ʮʝʣʦʛʦ ʨʷʜʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ-ʪʦ ʧʣʦʪʥʦʩʪʴ 

ʤʦʱʥʦʩʪʠ ʚ ʣʘʟʝʨʥʦʤ ʧʷʪʥʝ, ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ 

ʧʦʨʦʰʢʘ ʚ ʩʪʨʫʝ, ʩʢʦʨʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦ ʧʦ-

ʚʝʨʭʥʦʩʪʠ. ʃʘʟʝʨʥʘʷ ʥʘʧʣʘʚʢʘ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘ-

ʚʘʪʴ ʮʝʣʳʡ ʩʧʝʢʪʨ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʨʳʪʠʡ, 

ʫʩʪʦʡʯʠʚʳʭ ʢ ʠʟʥʦʩʫ, ʢʦʨʨʦʟʠʠ, ʦʢʠʩʣʝʥʠʶ ʧʨʠ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʪ.ʜ. [13, 14]. 

ʕʪʦʪ ʧʨʦʮʝʩʩ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ 

ʨʝʤʦʥʪʘ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʜʝʪʘʣʝʡ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʢʦʤʧʦʥʝʥʪʦʚ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘ-

ʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʠʟʜʝʣʠʡ ʩ ʫʥʠʢʘʣʴʥʳ-

ʤʠ ʩʚʦʡʩʪʚʘʤʠ ʜʣʷ ʦʙʦʨʦʥʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. ʀʥʪʝʛʨʘʮʠʷ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ-

ʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (CAD) ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʨʘʤ-

ʤʠʨʦʚʘʪʴ ʜʚʠʞʝʥʠʝ ʣʘʟʝʨʥʦʡ ʛʦʣʦʚʢʠ, ʯʪʦ ʧʦʟʚʦ-

ʣʷʝʪ ʥʘʥʦʩʠʪʴ ʧʦʢʨʳʪʠʷ ʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʩʣʦʞ-

ʥʳʝ ʢʨʠʚʦʣʠʥʝʡʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ [15]. 

ʇʨʦʮʝʩʩ ʣʘʟʝʨʥʦʡ ʥʘʧʣʘʚʢʠ ʠʤʝʝʪ ʨʷʜ ʧʨʝ-

ʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ. ɺʳʩʦʢʘʷ 

ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʚ ʧʷʪʥʝ ʥʘʛʨʝʚʘ ʜʘʝʪ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʥʘʥʦʩʠʪʴ ʧʦʢʨʳʪʠʷ ʧʨʠ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ 

ʧʝʨʝʤʝʱʝʥʠʷ ʣʘʟʝʨʘ ʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝ-

ʩʪʚʘʭ ʧʦʜʘʚʘʝʤʦʛʦ ʧʦʨʦʰʢʘ [16], ʪ.ʝ. ʧʦʚʳʰʘʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʥʘʧʣʘʚʢʠ. ʆʧʪʠʤʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠ-

ʟʠʨʦʚʘʪʴ ʟʦʥʫ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʦʢʨʳ-

ʪʠʷ ʩ ʧʦʜʣʦʞʢʦʡ ʠ ʟʦʥʫ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ, 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ 

ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʢʨʳʪʠʷ [17, 18]. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ʆʩʥʦʚʥʦʡ ʠʜʝʝʡ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ 

ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʧʣʘʚʢʠ ʢʦʤʧʦʟʠʪʥʦʛʦ 

ʧʦʢʨʳʪʠʷ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʪʚʝʨʜʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʤʘʪʨʠʮʳ, ʫʩʠʣʝʥʥʦʡ ʘʨʤʠʨʫʶʱʝʡ ʢʝʨʘʤʠʯʝʩʢʦʡ 

ʬʘʟʦʡ, ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʚʦ ʚʩʝʤ ʦʙʲʝʤʝ ʧʦʢʨʳʪʠʷ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘ-

ʣʠʩʴ ʢʦʤʤʝʨʯʝʩʢʠʝ ʧʦʨʦʰʢʠ Stellite
È
6 ʠ ʢʘʨʙʠʜ 

ʪʠʪʘʥʘ TiC, ʢʦʪʦʨʳʝ ʚ ʧʨʦʧʦʨʮʠʠ 70/30% ʧʦ 

ʦʙʲʝʤʫ (80/20% ʤʘʩʩ.) ʧʝʨʝʤʝʰʠʚʘʣʠʩʴ ʚ ʤʝʭʘ-

ʥʠʯʝʩʢʦʤ ʫʩʪʨʦʡʩʪʚʝ ʜʦ ʧʦʣʫʯʝʥʠʷ ʦʜʥʦʨʦʜʥʦʡ 

ʧʦʨʦʰʢʦʚʦʡ ʤʘʩʩʳ. 

ʄʝʪʦʜ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʨʦʰʢʘ Stellite
È
6 ï ʛʘ-

ʟʦʚʦʝ ʨʘʩʧʳʣʝʥʠʝ. ʏʘʩʪʠʮʳ ʧʦʨʦʰʢʘ Stellite
È
6 

ʠʤʝʶʪ ʬʦʨʤʫ, ʙʣʠʟʢʫʶ ʢ ʩʬʝʨʠʯʝʩʢʦʡ ʠʣʠ ʵʣ-

ʣʠʧʪʠʯʝʩʢʦʡ (ʩʡʪ. 1). ʈʘʟʤʝʨ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʩʦ-

ʩʪʘʚʣʷʝʪ ʦʪ d10=75 ʤʢʤ ʜʦ d90 = 130 ʤʢʤ, ʩʨʝʜʥʠʡ 

ʜʠʘʤʝʪʨ d50= 110 ʤʢʤ. 

 

ʉʡʪ. 1. ʋʡʨʡʰʦʙʸ ʭʧʩʥʙ ʰʙʪʫʡʯ ʨʧʩʧʱʣʙ StelliteÈ6 

ʂʘʨʙʠʜ ʪʠʪʘʥʘ ʧʦʣʫʯʘʶʪ ʧʫʪʝʤ ʨʝʘʢʪʠʚʥʦʛʦ 

ʩʠʥʪʝʟʘ ʪʠʪʘʥʘ ʠ ʠʟʙʳʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʛʨʘʬʠ-

ʪʘ, ʟʘʪʝʤ ʩʣʝʜʫʝʪ ʜʨʦʙʣʝʥʠʝ ʠ ʠʟʤʝʣʴʯʝʥʠʝ. ʏʘ-

ʩʪʠʮʳ ʠʤʝʶʪ ʫʛʣʦʚʘʪʫʶ ʥʝʨʝʛʫʣʷʨʥʫʶ ʬʦʨʤʫ 

(ʩʡʪ. 2) ʩ ʨʘʟʤʝʨʘʤʠ d10=30 ʤʢʤ, d90 = 97 ʤʢʤ, 
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ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ d50= 70 ʤʢʤ. ʄʘʢʩʠʤʘʣʴʥʳʡ 

ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ ʜʦʩʪʠʛʘʣ 250 ʤʢʤ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʫʩʣʦʚʠʷʭ ʥʘ ʧʨʦʤʳʰʣʝʥʥʦʡ ʤʘʰʠʥʝ ʣʘʟʝʨʥʦʡ 

ʥʘʧʣʘʚʢʠ, ʦʩʥʘʱʝʥʥʦʡ ʉʆ2-ʣʘʟʝʨʦʤ ʩ ʤʘʢʩʠ-

ʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ 5 ʢɺʪ. ʇʦʢʨʳʪʠʷ ʥʘʥʦʩʠ-

ʣʠʩʴ ʥʘ ʧʣʦʩʢʠʝ ʩʪʘʣʴʥʳʝ ʧʦʜʣʦʞʢʠ (ʩʪʘʣʴ 45) 

ʨʘʟʤʝʨʦʤ 5Ĭ50Ĭ15 ʤʤ. 

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʝʩʢʦʣʴʢʦ ʩʝʨʠʡ ʵʢʩʧʝʨʠ-

ʤʝʥʪʦʚ. ʅʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, 

ʯʪʦ ʢʨʫʧʥʳʝ ʯʘʩʪʠʮʳ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ ʚ ʤʝʪʘʣʣʠ-

ʯʝʩʢʦʡ ʤʘʪʨʠʮʝ ʩʪʝʣʣʠʪʘ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘ-

ʥʠʶ ʧʦʢʨʳʪʠʷ ʩ ʩʠʣʴʥʦ ʥʝʦʜʥʦʨʦʜʥʳʤ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʝʤ ʢʝʨʘʤʠʯʝʩʢʦʡ ʬʘʟʳ (ʩʡʪ. 3). 

 

ʉʡʪ. 2. ʋʡʨʡʰʦʙʸ ʭʧʩʥʙ ʰʙʪʫʡʯ ʨʧʩʧʱʣʙ TiC 

 

ʉʡʪ. 3. ʅʡʣʩʧʪʫʩʬʣʫʬʩʙ ʨʧʨʞʩʞʰʦʧʜʧ ʪʞʰʞʦʡʸ  

ʣʧʩʝʧʦʙ StelliteÈ6+TiC. 

ʅʧʲʦʧʪʫʵ ʤʙʠʞʩʙ 4,5 ʣɻʫ,  

ʪʣʧʩʧʪʫʵ ʨʞʩʞʥʞʲʞʦʡʸ ʨʸʫʦʙ 0,45 ʥ/ʥʡʦ 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʩʪʝʧʝ-

ʥʠ ʨʘʩʧʣʘʚʣʝʥʠʷ ʢʘʨʙʠʜʦʚ ʠ ʫʣʫʯʰʝʥʠʷ ʦʜʥʦ-

ʨʦʜʥʦʩʪʠ ʧʦʢʨʳʪʠʷ ʧʦʨʦʰʦʢ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ 

ʙʳʣ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʩʝʷʥ ʠ ʬʨʘʢʮʠʷ ʢʨʫʧʥʝʝ 

150 ʤʢʤ ʫʜʘʣʝʥʘ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʩʧʣʘʚʣʝʥʥʳʭ ʯʘ-

ʩʪʠʮ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ ʚ ʤʘʪʨʠʮʝ ʙʳʣʦ ʨʝʰʝʥʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʤʦʱʥʦʩʪʴ ʣʘʟʝʨʘ, ʘ ʪʘʢ-

ʞʝ ʫʤʝʥʴʰʠʪʴ ʨʘʟʤʝʨ ʣʘʟʝʨʥʦʛʦ ʧʷʪʥʘ ʠ ʪʝʤ ʩʘʤʳʤ 

ʫʚʝʣʠʯʠʪʴ ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ. ʊʠʧʠʯʥʘʷ ʤʠʢʨʦ-

ʩʪʨʫʢʪʫʨʘ ʢʦʨʜʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʠʞʝ (ʩʡʪ. 4). 

 

ʉʡʪ. 4. ʅʡʣʩʧʪʫʩʬʣʫʬʩʙ ʨʧʨʞʩʞʰʦʧʜʧ ʪʞʰʞʦʡʸ  

ʣʧʩʝʧʦʙ StelliteÈ6+TiC. 

ʅʧʲʦʧʪʫʵ ʤʙʠʞʩʙ 5,0 ʣɻʫ, ʪʣʧʩʧʪʫʵ ʨʞʩʞʥʞʲʞʦʡʸ 

ʨʸʫʦʙ 0,4 ʥ/ʥʡʦ, ʥʞʦʵʱʙʸ ʨʤʧʲʙʝʵ ʨʸʫʦʙ 

ɺʠʜʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʥʘʧʣʘʚʘ ʦʩʪʘʝʪʩʷ ʩʠʣʴ-

ʥʦ ʥʝʦʜʥʦʨʦʜʥʦʡ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʢʨʫʧʥʳʭ, ʧʦ-ʧʨʝʞʥʝʤʫ ʥʝ ʧʝʨʝʧʣʘʚ-

ʣʝʥʥʳʭ ʯʘʩʪʠʮ TiC. ʅʘ ʦʜʥʦʨʦʜʥʦʩʪʴ ʥʘʧʣʘʚʘ 

ʚʣʠʷʝʪ ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘ-

ʮʠʠ. ɺ ʩʚʷʟʠ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʦʭʣʘʞʜʝʥʠʷ, 

ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʣʘʟʝʨʥʦʡ ʥʘʧʣʘʚʢʠ, ʧʝʨʝʨʘʩ-

ʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʢʝʨʘʤʠʯʝʩʢʦʡ ʬʘʟʳ ʚ ʨʘʩ-

ʧʣʘʚʝ ʥʝ ʫʩʧʝʚʘʝʪ ʧʨʦʠʟʦʡʪʠ, ʧʨʦʠʩʭʦʜʠʪ ʩʝʛʨʝ-

ʛʘʮʠʷ ʧʨʠʤʝʩʝʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʶʪʩʷ 

ʩʪʨʫʢʪʫʨʳ TiC ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ. 

ɺʠʜʥʦ ʪʘʢʞʝ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʧʨʠ-

ʚʝʣʦ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʟʦʥʳ ʨʘʩʧʣʘ-

ʚʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ. ʍʠʤʠʯʝʩʢʠʡ ʘʥʘ-

ʣʠʟ ʧʦʢʘʟʘʣ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ (26ï

65%) ʚ ʤʘʪʨʠʮʝ ʧʦʢʨʳʪʠʷ, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʠʥʪʝʥ-

ʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʤʘʪʝʨʠʘʣʘ ʧʦʜʣʦʞʢʠ ʠ 

ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʧʦʨʦʰʢʘ ʩʪʝʣʣʠʪʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚʙʣʠʟʠ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ ʠʣʠ ʘʛ-

ʣʦʤʝʨʘʪʦʚ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ ʟʘʤʝʪʥʘ ʟʥʘʯʠʪʝʣʴʥʘʷ 

ʧʦʨʠʩʪʦʩʪʴ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʠʤʠ ʨʘʟʣʠʯʠʷʤʠ 
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ʚ ʪʝʧʣʦʚʳʭ ʩʚʦʡʩʪʚʘʭ TiC ʠ ʢʦʙʘʣʴʪʦʚʦʡ ʤʘʪʨʠ-

ʮʳ. ʂʘʨʙʠʜ ʪʠʪʘʥʘ ʦʙʣʘʜʘʝʪ ʥʠʟʢʦʡ ʪʝʧʣʦʧʨʦ-

ʚʦʜʥʦʩʪʴʶ (ʧʨʠ 1000ʉ̄ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦ-

ʚʦʜʥʦʩʪʠ 7,5 ɺʪ/ʤĿK
-1
), ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ 

ʨʘʩʧʣʘʚʠʪʴ ʯʘʩʪʠʮʳ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ ʪʨʝʙʫʝʪʩʷ 

ʙʦʣʴʰʘʷ ʤʦʱʥʦʩʪʴ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʛʨʘʜʠ-

ʝʥʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ 

ʦʪ ʯʘʩʪʠʮ TiC ʤʦʞʝʪ ʙʳʪʴ ʥʘʤʥʦʛʦ ʚʳʰʝ, ʯʝʤ ʚ 

ʟʦʥʘʭ, ʫʜʘʣʝʥʥʳʭ ʦʪ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ TiC. 

ɼʣʷ ʪʨʝʪʴʝʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʨʦʰʦʢ 

ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ ʙʳʣ ʝʱʝ ʨʘʟ ʧʨʦʩʝʷʥ, ʯʪʦʙʳ 

ʦʩʪʘʚʠʪʴ ʯʘʩʪʠʮʳ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʝ 100 ʤʢʤ. 

ʄʦʱʥʦʩʪʴ ʣʘʟʝʨʘ ʦʩʪʘʣʘʩʴ ʤʘʢʩʠʤʘʣʴʥʦʡ ï 5 

ʢɺʪ, ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ʚʘ-

ʨʴʠʨʦʚʘʣʘʩʴ ʦʪ 0,3 ʜʦ 0,5 ʤ/ʩ, ʘ ʤʘʩʩʦʚʘʷ ʧʦʜʘʯʘ 

ʧʦʨʦʰʢʘ ï ʦʪ 0,03 ʜʦ 0,12 ʛ/ʤʤ
2
. 

ɺ ʜʘʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʙʳʣʦ ʠʟʛʦʪʦʚʣʝʥʦ 9 

ʦʙʨʘʟʮʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘ-

ʤʝʪʨʘʭ ʠ ʜʦʩʪʠʛʥʫʪʘ ʮʝʣʴ ʚ ʧʦʣʫʯʝʥʠʠ ʦʜʥʦʨʦʜ-

ʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʝʨʘʤʠʯʝʩʢʦʡ ʬʘʟʳ ʚ ʤʝʪʘʣ-

ʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝ, ʦʪʩʫʪʩʪʚʠʷ ʪʨʝʱʠʥ ʠ ʧʦʨʠ-

ʩʪʦʩʪʠ ʠ ʭʦʨʦʰʝʛʦ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ 

ʤʝʞʜʫ ʧʦʜʣʦʞʢʦʡ ʠ ʥʘʧʣʘʚʦʤ. 

ʅʘ ʩʡʪ. 5 ʧʦʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʘ ʢʦʨʜʦʥʦʚ, ʧʦ-

ʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ ʥʘʧʣʘʚʢʠ. 

ʆʙʨʘʟʮʳ ʠʤʝʶʪ ʤʦʥʦʣʠʪʥʳʡ ʧʨʦʬʠʣʴ, ʙʝʟ 

ʪʨʝʱʠʥ ʠ ʧʦʨ. ɺ ʢʘʞʜʦʤ ʦʙʨʘʟʮʝ ʧʨʦʩʤʘʪʨʠʚʘ-

ʶʪʩʷ ʪʨʠ ʟʦʥʳ: ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʥʘʧʣʘʚ 

Stellite
È
6+ TiC, ʟʦʥʘ ʧʝʨʝʤʝʰʠʚʘʥʠʷ, ʟʦʥʘ ʪʝʨ-

ʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ. 

ɺʩʝ ʦʙʨʘʟʮʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʜʦʩʪʘʪʦʯʥʦ 

ʦʙʰʠʨʥʫʶ ʟʦʥʫ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ 

ʧʦʜʣʦʞʢʠ ʠ ʧʦʨʦʰʢʘ. ʈʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʟʦ-

ʥʳ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 35ï

70%, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʪʝʧʣʘ ʚ ʧʦʜ-

ʣʦʞʢʝ ʚʦ ʚʨʝʤʷ ʜʝʡʩʪʚʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʅʘ ʩʡʪ. 6 ʧʦʢʘʟʘʥʳ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʧʝʨʝʤʝ-

ʰʠʚʘʥʠʝʤ ʠ ʧʘʨʘʤʝʪʨʘʤʠ ʣʘʟʝʨʥʦʡ ʥʘʧʣʘʚʢʠ. 

ʕʪʦʪ ʵʬʬʝʢʪ ʥʝʞʝʣʘʪʝʣʴʥʳʡ, ʧʦʩʢʦʣʴʢʫ ʚ ʤʘ-

ʪʝʨʠʘʣʝ ʧʦʢʨʳʪʠʷ ʧʦʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʞʝʣʝʟʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦ-

ʢʨʳʪʠʷ, ʧʨʦʚʝʜʝʥʥʦʛʦ ʥʘ ʵʣʝʢʪʨʦʥʥʦʤ ʩʢʘʥʠʨʫ-

ʶʱʝʤ ʤʠʢʨʦʩʢʦʧʝ, ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʳʩʦʢʠʡ ʧʨʦ-

ʮʝʥʪ ʞʝʣʝʟʘ (30ï70%) ʚ ʤʘʪʨʠʮʝ ʧʦʢʨʳʪʠʷ. ʕʪʠ 

ʨʝʟʫʣʴʪʘʪʳ ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʛʣʘʩʠʠ ʩ ʜʘʥʥʳʤʠ ʨʘʩ-

ʯʝʪʘ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʚ ʧʦʢʨʳʪʠʠ 

ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ 

ʧʦʨʦʰʢʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʤʦʱʥʦʩʪʠ ʣʘʟʝʨʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʣʘʟʝʨʥʦʛʦ 

ʧʷʪʥʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʦʣʷ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ (Ti, 

Co, Cr, W ʠ ʜʨ.) ʨʘʩʪʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ 

ʧʦʜʘʯʠ ʧʦʨʦʰʢʘ. 

ʅʘ ʩʡʪ. 7 ʧʦʢʘʟʘʥʳ ʧʦʧʝʨʝʯʥʳʝ ʩʝʯʝʥʠʷ ʦʙ-

ʨʘʟʮʦʚ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʦʪʣʠʯʥʘʷ ʤʝ-

ʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʧʦʢʨʳʪʠʝʤ ʠ ʧʦʜ-

ʣʦʞʢʦʡ, ʘ ʩʘʤ ʠʥʪʝʨʬʝʡʩ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʝʛʫ-

ʣʷʨʥʦʩʪʴʶ. ʅʘʙʣʶʜʘʝʪʩʷ ʯʝʪʢʘʷ ʛʨʘʥʠʮʘ ʤʝʞʜʫ 

ʧʦʜʣʦʞʢʦʡ ʠ ʧʦʢʨʳʪʠʝʤ, ʵʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʨʦ-

ʩʪʦʤ ʟʝʨʥʘ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʤʘ-

ʪʝʨʠʘʣʘ [19]. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʦʩʥʦ-

ʚʘʥʠʷ ʧʦʢʨʳʪʠʷ ʩʢʦʨʦʩʪʴ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʨʘʩʧʣʘ-

ʚʘ ʨʘʩʪʝʪ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʛʨʘʜʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʨʝʟʢʦ ʩʦʢʨʘʱʘʝʪʩʷ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦ-

ʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ. 

 

   

ʉʡʪ. 5. ʈʧʨʞʩʞʰʦʴʞ ʪʞʰʞʦʡʸ ʧʚʩʙʠʯʧʛ StelliteÈ6 + TiC, ʨʧʤʬʰʞʦʦʴʞ  
ʦʙ ʶʤʞʣʫʩʧʦʦʧʥ ʪʣʙʦʡʩʬʷʲʞʥ ʥʡʣʩʧʪʣʧʨʞ 
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ʉʡʪ. 6. ʇʫʦʧʱʞʦʡʸ ʥʞʟʝʬ ʨʞʩʞʥʞʱʡʛʙʦʡʞʥ ʡ ʨʙʩʙʥʞʫʩʙʥʡ ʤʙʠʞʩʦʧʢ ʦʙʨʤʙʛʣʡ 

   
ʉʡʪ. 7. ʁʦʫʞʩʭʞʢʪ ʥʞʟʝʬ ʨʧʝʤʧʟʣʧʢ ʡ ʨʧʣʩʴʫʡʞʥ ʣʧʩʝʧʦʧʛ StelliteÈ 6 + TiC. 

ʈʧʣʩʴʫʡʸ ʦʙʨʤʙʛʤʞʦʴ ʨʩʡ ʨʧʪʫʧʸʦʦʧʢ ʥʧʲʦʧʪʫʡ ʤʙʠʞʩʙ 5 ʣɻʫ, ʨʧʪʫʧʸʦʦʧʢ ʥʙʪʪʧʛʧʢ ʨʧʝʙʰʞ ʨʧʩʧʱʣʙ  
ʡ ʩʙʠʤʡʰʦʴʮ ʪʣʧʩʧʪʫʸʮ ʨʞʩʞʥʞʲʞʦʡʸ ʨʸʫʦʙ: 3, 4 ʡ 5 ʥ/ʪ 

ɺ ʩʪʨʫʢʪʫʨʝ ʯʘʩʪʠʮ TiC ʤʦʞʥʦ ʨʘʟʣʠʯʠʪʴ ʜʚʝ 

ʬʘʟʳ (ʩʡʪ. 8): ʧʝʨʚʠʯʥʳʝ ʯʘʩʪʠʯʥʦ-ʨʘʩʧʣʘʚʣʝʥʥʳʝ 

ʢʨʫʧʥʳʝ ʯʘʩʪʠʮʳ ʠ ʚʪʦʨʠʯʥʳʡ ʢʘʨʙʠʜ ʪʠʪʘʥʘ 

(TiCsec). 

 

ʉʡʪ. 8. ʋʡʨʡʰʦʙʸ ʥʡʣʩʧʪʫʩʬʣʫʬʩʙ ʧʚʩʙʠʯʧʛ 

ɸʥʘʣʠʟ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʩʢʘʥʠʨʫʶʱʝʤ ʤʠʢʨʦ-

ʩʢʦʧʝ ʧʦʜʪʚʝʨʜʠʣ ʛʠʧʦʪʝʟʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʪʦ-

ʨʠʯʥʳʭ ʢʘʨʙʠʜʦʚ (ʩʡʪ. 9). ʂʦʥʮʝʥʪʨʘʮʠʷ ʪʠʪʘʥʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʧʝʨʚʠʯʥʦʛʦ ʢʘʨʙʠʜʘ 

ʪʠʪʘʥʘ (ʥʝʨʘʩʧʣʘʚʣʝʥʥʳʭ ʯʘʩʪʠʮ) ʠ ʚ ʟʦʥʝ ʵʚʪʝʢ-

ʪʠʯʝʩʢʠʭ ʢʦʣʦʥʠʡ. 

 

ʉʡʪ. 9. ʉʙʪʨʩʞʝʞʤʞʦʡʞ Ti ʛ ʪʫʩʬʣʫʬʩʞ ʧʚʩʙʠʯʧʛ 

ʅʘ ʩʡʪ. 10, ʙ ʧʦʢʘʟʘʥʘ ʙʦʣʴʰʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʚʦʣʴʬʨʘʤʘ ʠ ʤʦʣʠʙʜʝʥʘ ʚʦʢʨʫʛ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ. 

ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʵʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʩʣʦʞʥʳʭ 
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ʢʘʨʙʠʜʦʚ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʩʧʣʘʚʝ ʨʝʛʫʣʷʨʥʦ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʭʨʦʤʘ. ʉʡʪ. 10, ʚ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʦʚʳʰʝʥʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʭʨʦ-

ʤʘ ʧʦ ʧʝʨʠʬʝʨʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʨʙʠʜʦʚ. 

 
ʙ 

 
ʚ 

ʉʡʪ. 10. ʉʙʪʨʩʞʝʞʤʞʦʡʞ ʶʤʞʥʞʦʫʧʛ  
ʛ ʪʫʩʬʣʫʬʩʞ ʧʚʩʙʠʯʧʛ:  

ʙ ð Ti, Mo, W; ʚ ð Co, Ti, Cr, Fe 

ʊʚʝʨʜʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʙʳʣʘ ʠʟʤʝ-

ʨʝʥʘ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʨʳʪʠʷ ʢ ʧʦʜʣʦʞʢʝ. ʈʝ-

ʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʘʟʙʨʦʩ ʧʦ 

ʪʚʝʨʜʦʩʪʠ, ʦʪ 800 ʜʦ 600 HV. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʪʚʝʨʜʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʩʪʨʫʢʪʫʨʳ ʧʦʢʨʳʪʠʷ, 

ʯʝʤ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʝ ʧʦʢʨʳʪʠʝ, ʪʝʤ ʤʝʥʴʰʝ 

ʨʘʩʭʦʞʜʝʥʠʝ ʟʥʘʯʝʥʠʡ ʪʚʝʨʜʦʩʪʠ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʧʝʨʝʩʳʱʝʥʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩ-

ʪʚʦʨʘ TiC ʠ Ŭ-ʞʝʣʝʟʘ ʩ ʩʠʣʴʥʳʤ ʠʩʢʘʞʝʥʠʝʤ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘ-

ʝʪ ʪʚʝʨʜʦʩʪʴ. ʕʪʦ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʦʙʨʘʟʮʘʭ ʚʳʩʦ-

ʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʞʝʣʝʟʘ, ʦʢʦʣʦ 70%. ʀʭ ʪʚʝʨ-

ʜʦʩʪʴ ʧʦʨʷʜʢʘ 800HV0.2, ʵʪʦ ʟʥʘʯʝʥʠʝ ʥʘʤʥʦʛʦ 

ʚʳʰʝ, ʯʝʤ ʪʚʝʨʜʦʩʪʴ ʦʩʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʰʠʚʘ-

ʥʠʷ ʦʢʘʟʳʚʘʶʪ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʤʝʭʘʥʠʯʝ-

ʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʨʠʮʳ Stellite
È
6. ʊʘʢʠʤ ʦʙʨʘ-

ʟʦʤ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʩʣʦʡ ʤʝʞʜʫ ʧʦʜʣʦʞʢʦʡ ʠ ʧʦ-

ʢʨʳʪʠʝʤ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʛʨʘʥʠʯʠʪʴ ʩʦʜʝʨʞʘʥʠʝ 

ʞʝʣʝʟʘ, ʜʘʞʝ ʚ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ. 

ɺʳʚʦʜʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʢʨʘʪʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʦʩʥʦʚʥʳʝ ʤʝʪʘʣʣʦʚʝʜʯʝʩʢʠʝ ʤʝʪʦʜʳ [2] ʧʦʚʳʰʝ-

ʥʠʷ ʨʝʩʫʨʩʘ ʨʘʙʦʪʳ ʰʪʘʤʧʦʚʦʡ ʦʩʥʘʩʪʢʠ ʠ ʧʨʦ-

ʚʝʜʝʥʦ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ 

ʣʘʟʝʨʥʦʡ ʥʘʧʣʘʚʢʠ ʧʦʢʨʳʪʠʷ ʠʟ ʧʦʨʦʰʢʘ 

Stellite
È
6 ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʘʨʤʠʨʫʶʱʝʡ ʬʘʟʳ ʢʘʨ-

ʙʠʜʘ ʪʠʪʘʥʘ TiC. 

ʇʨʦʮʝʩʩ ʣʘʟʝʨʥʦʡ ʥʘʧʣʘʚʢʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʦʭʣʘʞʜʝʥʠʷ. 

ʕʪʦ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʤʠʢʨʦ-

ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʧʦʢʨʳʪʠʷ. 

ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ ʤʦʜʠʬʠʢʘʮʠʷ ʧʦʨʦʰʢʦʚʦʡ 

ʩʤʝʩʠ ʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʣʘʟʝʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʧʦʣʫ-

ʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʦʢʨʳʪʠʷ. ʆʪʤʝʪʠʤ ʭʦʨʦʰʫʶ 

ʘʜʛʝʟʠʶ ʤʝʞʜʫ ʧʦʢʨʳʪʠʝʤ ʠ ʧʦʜʣʦʞʢʦʡ, ʦʜʥʘʢʦ, 

ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʞʝʣʝʟʘ ʚ ʧʦʢʨʳʪʠʠ, ʚʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʧʦʢʨʳʪʠʷ ʠ ʧʦʜʣʦʞʢʠ. 

ɺʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ ʤʳ ʤʦʞʝʤ ʥʘʙʣʶʜʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʧʦ ʨʘʟʤʝʨʫ ʘʛʣʦʤʝʨʘʮʠʠ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ ʚ ʩʪʨʫʢʪʫ-

ʨʝ ʧʦʢʨʳʪʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʠʤʝʝʶʪ ʨʘʟʣʠʯ-

ʥʫʶ ʪʚʝʨʜʦʩʪʴ, ʪ.ʢ. ʦʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ ʚ ʧʦʢʨʳʪʠʠ, ʧʦ-

ʵʪʦʤʫ ʦʙʨʘʟʮʳ, ʠʤʝʶʱʠʝ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʧʝʨʝ-

ʤʝʰʠʚʘʥʠʷ ʩ ʤʘʪʝʨʠʘʣʦʤ ʧʦʜʣʦʞʢʠ, ʧʦʢʘʟʘʣʠ ʙʦ-

ʣʝʝ ʚʳʩʦʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʰʘʛʦʤ ʥʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ 

ʵʪʦʡ ʨʘʙʦʪʳ ʙʫʜʝʪ ʦʧʪʠʤʠʟʘʮʠʷ ʧʦʨʦʰʢʦʚʦʡ 

ʩʤʝʩʠ. ʅʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ TiC ʩ ʙʦʣʝʝ ʫʟʢʠʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ, ʘ ʪʘʢʞʝ 

ʧʨʦʚʝʩʪʠ ʦʧʪʠʤʠʟʘʮʠʶ ʧʘʨʘʤʝʪʨʦʚ ʥʘʧʣʘʚʢʠ ʩ 

ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʩʪʝʧʝʥʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʩ 

ʧʦʜʣʦʞʢʦʡ ʠ ʧʦʣʫʯʝʥʠʷ ʧʦʢʨʳʪʠʷ ʩ ʚʪʦʨʠʯʥʳʤʠ 

ʢʘʨʙʠʜʘʤʠ ʪʠʪʘʥʘ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳ-

ʤʠ ʚ ʤʘʪʨʠʮʝ ʧʦʢʨʳʪʠʷ. 



ʃʘʟʝʨʥʘʷ ʥʘʧʣʘʚʢʘ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʫʧʨʦʯʥʝʥʠʷ é  ɹʝʨʪʨʘʥʜ ʌ., ʄʦʚʯʘʥ ʀ., ʉʘʤʦʜʫʨʦʚʘ ʄ.ʅ., ɼʞʠʛʫʥ ʅ.ʉ. 

www.vestnik.magtu.ru        ððððððððððððððððððððððððððððððððððððððððððððð 51 

ʊʨʡʪʧʣ ʤʡʫʞʩʙʫʬʩʴ 

1. ʆʙʨʘʙʦʪʢʘ ʤʝʪʘʣʣʦʚ ʜʘʚʣʝʥʠʝʤ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ / ʇʦ-
ʣʫʭʠʥ ʇ.ʀ., ʊʶʨʠʥ ɺ.ɸ., ɼʘʚʠʜʢʦʚ ʇ.ʀ., ɺʠʪʘʥʦʚ ɼ.ʅ. ʄ.: 
ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1983. 279 ʩ. 

2. ʀʚʘʥʦʚ ɺ.ʀ., ɹʫʨʫʤʢʫʣʦʚ ʌ.ʍ. ʋʧʨʦʯʥʝʥʠʝ ʠ ʫʚʝʣʠʯʝʥʠʝ 
ʨʝʩʫʨʩʘ ʦʙʲʝʢʪʦʚ ʵʣʝʢʪʨʦʠʩʢʨʦʚʳʤ ʤʝʪʦʜʦʤ: ʢʣʘʩʩʠʬʠ-
ʢʘʮʠʷ, ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ // ʕʣʝʢʪʨʦʥʥʘʷ ʦʙʨʘʙʦʪʢʘ 
ʤʘʪʝʨʠʘʣʦʚ. 2010. 5̄. ʉ. 27ï36. 

3. ɹʣʘʥʪʝʨ ʄ.ɽ.ʊʝʦʨʠʷ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʄ.: ʄʝʪʘʣ-
ʣʫʨʛʠʷ, 1984. 328 ʩ. 

4. ʃʘʭʪʠʥ ʖ.ʄ. ʄʝʪʘʣʣʦʚʝʜʝʥʠʝ ʠ ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ 
ʤʝʪʘʣʣʦʚ. ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1983. 359 ʩ. 

5. ʋʧʨʦʯʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʰʪʘʤʧʦʚʦʡ ʦʩʥʘʩʪʢʠ ʠʟ ʜʦʵʚʪʝʢ-
ʪʦʠʜʥʳʭ ʩʪʘʣʝʡ / ʃʳʛʜʝʥʦʚ ɹ.ɼ., ʃʳʛʜʝʥʦʚ ɹ.ɼ., ɹʫʪʫʭʘ-
ʥʦʚ ɺ.ɸ., ʄʵʡ ʐʫʥʯʠ, ʎʳʨʝʪʦʨʦʚ ɹ.ʐ. // ʉʦʚʨʝʤʝʥʥʳʝ 
ʥʘʫʢʦʝʤʢʠʝ ʪʝʭʥʦʣʦʛʠʠ. 2014. ˉ4. ʉ. 76ï79. 

6. ɽʚʜʦʢʠʤʦʚ ɺ.ɼ., ʂʣʠʤʝʥʢʦ ʃ.ʇ., ɽʚʜʦʢʠʤʦʚʘ ɸ.ʅ. ʊʝʭʥʦʣʦ-
ʛʠʷ ʫʧʨʦʯʥʝʥʠʷ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ: ʫʯʝʙ. 
ʧʦʩʦʙʠʝ-ʩʧʨʘʚʦʯʥʠʢ. ʆʜʝʩʩʘ: ʅɻɻʋ ʠʤ. ʇʝʪʨʘ ʄʦʛʠʣʳ, 
2005. 352 ʩ. 

7. ʂʫʜʨʷʰʦʚ ɸ.ɽ., ʃʝʚʘʰʦʚ ɽ.ɸ. ʆ ʧʨʠʤʝʥʝʥʠʠ ʪʝʭʥʦʣʦʛʠʠ ʵʣʝʢʪʨʦ-
ʠʩʢʨʦʚʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ ʠ ʉɺʉ-ɻ ʣʝʢʪʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʦ-
ʚʳʰʝʥʠʷ ʩʪʦʡʢʦʩʪʠ ʰʪʘʤʧʦʚʦʡ ʦʩʥʘʩʪʢʠ // ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʪʝʭ-
ʥʦʣʦʛʠʯʝʩʢʠʡ ʬʦʨʫʤ çʀʥʥʦʚʘʮʠʠ. ʊʝʭʥʦʣʦʛʠʠ. ʇʨʦʠʟʚʦʜʩʪʚʦè. 
ʈʳʙʠʥʩʢ, 2015, ʊ. 2. 

8. ʆʣʴʭʦʚʘʮʢʠʡ ɸ.ʂ. ʕʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ 
ʤʝʪʦʜʳ ʨʘʟʤʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʜʝʪʘʣʝʡ ʤʘ-
ʰʠʥ. ʏʝʣʷʙʠʥʩʢ: ɺʅʀʀʊʋɺʀɼ-ʏɻɸʋ, 1996. 40 ʩ. 

9. ʌʝʜʫʣʦʚ ɸ. ʇ., ʄʠʨʦʥʦʚ ɺ. ʄ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʨʝʤʦʥʪʘ 
ʠ ʫʧʨʦʯʥʝʥʠʷ ʰʪʘʤʧʦʚʦʡ ʦʩʥʘʩʪʢʠ // ʄʦʣʦʜʦʡ ʫʯʝʥʳʡ. 

2015. ʊ. 12. 1̄. ʉ. 86ï88. 
10. ʉʤʠʨʥʦʚ ʄ.ɸ., ʉʯʘʩʪʣʠʚʮʝʚ ɺ.ʄ., ɾʫʨʘʚʣʝʚ ʃ.ɻ. ʆʩʥʦʚʳ 
ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʪʘʣʠ. ɽʢʘʪʝʨʠʥʙʫʨʛ: ʋʨʆ ʈɸʅ, 
1999. 494 ʩ. 

11. ʃʘʟʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʚʳʰʝʥʠʷ ʩʪʦʡʢʦʩʪʠ ʧʨʦʢʘʪʥʳʭ 
ʚʘʣʢʦʚ / ɻʘʚʨʠʣʦʚ ɻ.ʅ., ʂʦʩʪʨʦʤʠʥ ʉ.ɺ., ʂʘʣʠʥʠʥ ɸ.ɹ., 
ʇʝʡʛʘʥʦʚʠʯ ɺ.ʅ., ɽʨʤʘʢʦʚ ɼ.ʖ. // ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ 
ʥʘʫʢʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ. 2013. 4̄. 

12. Ready John F. Industrial Applications of Lasers. San Diego: 
Academic Press, 1997. Vol. 2. 599 p. 

13. Ion J.C. Laser processing of engineering materials: Principles, 
procedure and industrial application. Burlington: Elsevier But-
terworthïHeinemann, 2005. 576 p. 

14. Thivillon L., Pervushin D., Bertrand Ph., Smurov I. Industrial 
technology of laser assisted direct metal deposition // Interna-
tional Thermal Spraying Conference (ITSC-2008), Maastricht, 
June 2-4, 2008. 

15. Toyserkani E., Khajepour A., Corbin S. Laser cladding. Boca 
Raton: CRS Pres, 2005. 280 p. 

16. Frolov V.ɸ., Peshkov V.V., Kolomensky A.B., Kazakov V.A. 
Welding: Inroduction. Moscow: Intermet Engineering, 2008. 
382 p. 

17. Grigoriants A.G., Shiganov I.N., Misyurov A.I. Technological 
processes of laser processing. M.: BMSTU, 2006. 664 p. 

18. Thivillon L., Bertrand Ph., Laget B., Smurov I. Potential of direct 
metal deposition technology for manufacturing thick functionally 
graded coatings and parts for reactors components. Journal of 
Nuclear Materials, 2, 2009, vol. 385, pp. 236ï241. 

19. Ion John C. Laser processing of engineering materials: princi-
ples, procedure and industrial application. 2005, ELSEVIER, 
pp. 300ï301. 

20. www.stellite.com. 
 

ʄʘʪʝʨʠʘʣ ʧʦʩʪʫʧʠʣ ʚ ʨʝʜʘʢʮʠʶ 25.04.16. 
 

 INFORMATION ABOUT THE PAPER IN ENGLISH 

DOI: 10.18503/1995-2732-2016-14-2-44-52 

LASER CLADDING AS A PERSPECTIVE SURFACE HARDENING  
TECHNIQUE FOR DIE TOOLING 

Philippe Bertrand ï Ph.D., Professor, National Engineering School of Saint Etienne. Director of Education and 

Innovations, Director of Studies in Additive Technologies and Surface Engineering, France. E-mail: 

philippe.bertrand@enise.fr. 

Igor Movchan ï Ph.D. (Physics and Mathematics), responsible for research projects at the National Engineering 

School of Saint Etienne, France. E-mail: igor.movtchan@enise.fr. 

Samodurova Marina Nikolaevna ï Ph.D. (Eng.), Assistant Professor, South Urals State University, Chelyabinsk, 

Russia. E-mail: mar-samodur@ya.ru. 

Dzhigun Nikolay Sergeevich ï Postgraduate Student, South Urals State University, Chelyabinsk, Russia. E-mail: 

tusove@gmail.com. 
 

Abstract. The present study looks at the main surface 
hardening techniques used for die tooling and mill rolls. 
Among various physical techniques, laser-assisted coating 
deposition (or laser cladding) is worth special attention due 
to its multiple advantages. Laser cladding offers a high 
efficiency (up to 150cm3/h of the deposit) and versatility in 
terms of coating thickness (0.1ï1.0 mm) and applicable 
materials (Fe-based, Co-based, Ni-based alloys etc.). 
Moreover, laser cladding offers the possibility to produce 
multi-material coatings with enhanced properties such as 
wear-, heat- and shock-resistance. Considering the afore-

mentioned advantages, a hypothesis was suggested regard-
ing the possibility of obtaining coatings with advanced, 
physical properties through laser cladding. The purpose of 
the study is to provide an overview of the key techniques 
behind enhancing the surface mechanical properties and to 
study the process of laser cladding with cobalt- based 
powder containing a reinforcing phase as a perspective 
technique for enhanced die tool performance. The experi-
mental section of the study is concerned with the laser 
cladding process used for the production of metal-ceramic 
composite coatings. Coatings were obtained which consist 
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of a matrix built with a cobalt alloy and a titanium carbide 
reinforcing phase. Key physical properties of such coatings 
were studied. Although the application of heat-resistant 
cobalt-based alloys for die tool protection is of high rele-
vance, its industrial application is rather limited. It is obvi-
ous that such die tool protection techniques will be in high 
demand in the future. However, a large-scale experiment is 
necessary to optimize the laser cladding process and to 
identify the proper composition of the powder mixture. 

Keywords: Powder metallurgy, die tooling, thermal 
treatment, chemical thermal treatment, laser cladding, 
stellite, titanium carbide. 
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ʉʊʈʋʂʊʋʈʆʆɹʈɸɿʆɺɸʅʀɽ ʀ ʌʀɿʀʂʆ-ʄɽʍɸʅʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ 

ʕʃɽʂʊʈʆʍʀʄʀʏɽʉʂʀʍ ɼʀʌʌʋɿʀʆʅʅʓʍ ʇʆʂʈʓʊʀʁ  

ʅɸ ʆʉʅʆɺɽ ʍʈʆʄɸ, ʀʉʇʆʃʔɿʋɽʄʓʍ ɼʃʗ ɺʆʉʉʊɸʅʆɺʃɽʅʀʗ 

ɺɸʃʂʆɺ ʀɿ ʉɽʈʆɻʆ ʏʋɻʋʅɸ ʇʃɸɿʄɽʅʅʆʁ ʆɹʈɸɹʆʊʂʆʁ 

ɻʘʜʘʣʦʚ ɺ.ʅ.
1
, ʑʝʨʝʥʢʦʚʘ ʀ.ʉ.

2
, ɺʦʨʥʘʯʝʚʘ ʀ.ɺ.

1
, ɾʫʨʘʚʣʝʚ ɻ.ʄ.

3
, ɸʙʘʢʫʤʦʚ ɸ.ɺ.

1
 

1 ʖʛʦ-ɿʘʧʘʜʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʫʨʩʢ, ʈʦʩʩʠʷ 
2 ʃʠʧʝʮʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʃʠʧʝʮʢ, ʈʦʩʩʠʷ 
3 ʊʫʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʫʣʘ, ʈʦʩʩʠʷ 

ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʣʠʪʝʨʘʪʫʨʥʳʝ ʩʚʝʜʝʥʠʷ ʧʦ ʚʣʠʷʥʠʶ ʧʦʚʳʰʝʥʥʳʭ ʩʢʦʨʦʩʪʝʡ ʥʘʛʨʝʚʘ ʠ ʦʭʣʘ-

ʞʜʝʥʠʷ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʩʝʨʳʭ ʯʫʛʫʥʦʚ ʩ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʤʠ ʧʦʢʨʳʪʠʷʤʠ ʦʛʨʘʥʠʯʝʥʳ ʠ ʥʝʦʜ-

ʥʦʟʥʘʯʥʳ ʚ ʠʭ ʠʥʪʝʨʧʨʝʪʘʮʠʠ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʧʨʦʩ ʦʙ ʫʩʪʘʥʦʚʣʝʥʠʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ, 

ʠʟʫʯʝʥʠʷ ʬʘʢʪʦʨʦʚ ʩʦʩʪʘʚʘ ʠ ʚʣʠʷʥʠʷ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʠʟʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ, ʩʣʫʞʘʱʝʛʦ ʦʙʲʝʢʪʦʤ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ, ʷʚʣʷʝʪʩʷ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʢʘʢ ʚ ʥʘʫʯʥʦʤ, ʪʘʢ ʠ ʧʨʘʢʪʠʯʝʩʢʦʤ ʧʣʘʥʝ. 

ʆʙʲʝʢʪʘʤʠ ʩʣʫʞʠʣʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʧʦʢʨʳʪʠʷ (ʂʕʇ) ʥʘ ʦʩʥʦʚʝ ʭʨʦʤʘ ʠ ʟʦʥʘ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ (ʇʀʉ) ʩ ʦʩʥʦʚʦʡ ï ʧʦʜʣʦʞʢʦʡ. ʂʕʇ ʥʘʥʦʩʠʣʠʩʴ ʚ ʩʘʤʦʣʝʛʠʨʫʶʱʝʤʩʷ ʵʣʝʢʪʨʦʣʠʪʝ ʩʫʣʴʬʘʪʥʦʛʦ ʪʠʧʘ 

(CrO3 ï 250 ʛ/ʣ, SrSO4 ï 6 ʛ/ʣ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 60Áʉ, ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 50 ɸ/ɼʤ
2
 ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʪʚʝʨʜʦʛʦ ʠʟʥʦʩʦʩʪʦʡʢʦʛʦ ʦʩʘʜʢʘ ʭʨʦʤʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʵʣʝʢʪʨʦʣʠʟʘ 60ï180 ʤʠʥ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ 

ʂʕʇ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʳ, ʦʪ 15 ʜʦ 130 ʤʢʤ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʣʘʟʤʝʥʥʦ-ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʢʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʝʨʳʡ ʯʫʛʫʥ ʤʘʨʢʠ 

ʉʏ-20 ʠ ʜʚʫʭʩʣʦʡʥʳʡ ʚʘʣʢʦʚʳʡ ʯʫʛʫʥ ʩ ʨʘʙʦʯʠʤ ʩʣʦʝʤ ʠʟ ʃʇʍʜ-70. ʅʘ ʦʪʣʠʚʢʫ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 60Áʉ ʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 50 ɸ/ɼʤ
2 
ʥʘʥʦʩʠʣʩʷ ʭʨʦʤ ʪʦʣʱʠʥʦʡ 100 ʠ 300 ʤʢʤ, ʢʦʪʦʨʳʡ ʧʦʜʚʝʨʛʘʣ-

ʩʷ ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʨʝʞʠʤʫ: ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ 7ï8 ʄɸ/ʤ
2
, ʨʘʩʭʦʜ ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʝʛʦ ʘʨ-

ʛʦʥʘ 5ï6 ʣ/ʤʠʥ, ʫʜʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʧʣʘʟʤʦʪʨʦʥʘ 240ï250 ʄɺʪ/ʤ
2
, ʜʠʘʤʝʪʨ ʩʦʧʣʘ ʧʣʘʟʤʦʪʨʦʥʘ 8 ʤʤ, ʣʠʥʝʡʥʘʷ 

ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʚʠʞʝʥʠʷ ʧʣʘʟʤʦʪʨʦʥʘ ʩʦʩʪʘʚʣʷʣʘ 70 ʤ/ʩ. ʋʧʨʦʯʥʝʥʥʳʝ ʩʣʦʠ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʙʝʟ ʧʨʠʥʫʜʠʪʝʣʴʥʦ-

ʛʦ ʦʭʣʘʞʜʝʥʠʷ, ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʪʝʧʣʦʦʪʚʦʜʘ ʚ ʤʝʪʘʣʣʝ. ɼʘʥʥʳʡ ʨʝʞʠʤ ʙʳʣ ʚʳʙʨʘʥ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʩʧʣʘʚʣʝ-

ʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʯʫʛʫʥʘ. 

ʇʦʚʳʰʝʥʠʝ ʬʠʟʠʢʦʤʝʭʘʥʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ ʭʨʦʤʘ ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʝʪ ʝʛʦ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

(ʊʆ). ʊʆ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʦʡ, ʚ ʫʩʣʦʚʠʷʭ ʧʦ-

ʚʳʰʝʥʥʳʭ ʩʢʦʨʦʩʪʝʡ ʥʘʛʨʝʚʘ ʠ ʦʭʣʘʞʜʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʧʦʚʳʰʘʝʪʩʷ ʘʜʛʝʟʠʦʥʥʘʷ ʧʨʦʯʥʦʩʪʴ ʧʦʢʨʳʪʠʡ ʠ ʧʦʚʝʨʭ-

ʥʦʩʪʥʳʡ ʠʟʤʝʥʝʥʥʳʡ ʩʣʦʡ (ʇʀʉ) ʧʨʠʦʙʨʝʪʘʝʪ ʚʳʩʦʢʫʶ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʚʩʣʝʜʩʪʚʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʪʚʝʨʜʳʭ ʤʝʣ-

ʢʦʜʠʩʧʝʨʩʥʳʭ ʢʘʨʙʠʜʦʚ ʭʨʦʤʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʬʬʫʟʠʦʥʥʦʝ ʧʦʢʨʳʪʠʝ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʧʣʘʟʤʝʥʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʜʚʫʭʩʣʦʡʥʳʝ ʚʘʣʢʠ, 

ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ. 
 

ɺʚʝʜʝʥʠʝ  

ʃʠʪʝʨʘʪʫʨʥʳʝ ʩʚʝʜʝʥʠʷ ʧʦ ʚʣʠʷʥʠʶ ʧʦʚʳ-

ʰʝʥʥʳʭ ʩʢʦʨʦʩʪʝʡ ʥʘʛʨʝʚʘ ʠ ʦʭʣʘʞʜʝʥʠʷ ʥʘ ʵʢʩ-

ʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʩʝʨʳʭ ʯʫʛʫʥʦʚ ʩ ʵʣʝʢ-

ʪʨʦʣʠʪʠʯʝʩʢʠʤʠ ʧʦʢʨʳʪʠʷʤʠ ʦʛʨʘʥʠʯʝʥʳ ʠ 

ʥʝʦʜʥʦʟʥʘʯʥʳ ʚ ʠʭ ʠʥʪʝʨʧʨʝʪʘʮʠʠ, ʧʦʵʪʦʤʫ 

ʦʧʨʝʜʝʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦ-

ʚʘʥʠʷ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʩʦʩʪʘʚʘ ʠ ʜʝʡ-

ʩʪʚʠʷ ʠʭ ʥʘ ʠʟʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʘʢʪʫ-

ʘʣʴʥʦ ʢʘʢ ʚ ʥʘʫʯʥʦʤ, ʪʘʢ ʠ ʧʨʘʢʪʠʯʝʩʢʦʤ ʧʣʘʥʝ. 

                                                                                              

Ò  ɻʘʜʘʣʦʚ ɺ.ʅ., ʑʝʨʝʥʢʦʚʘ ʀ.ʉ., ɺʦʨʥʘʯʝʚʘ ʀ.ɺ., ɾʫʨʘʚʣʝʚ ɻ.ʄ., 

ɸʙʘʢʫʤʦʚ ɸ.ɺ., 2016  

ʆʙʲʝʢʪʘʤʠ ʩʣʫʞʠʣʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʵʣʝʢ-

ʪʨʦʭʠʤʠʯʝʩʢʠʝ ʧʦʢʨʳʪʠʷ (ʂʕʇ) ʥʘ ʦʩʥʦʚʝ ʭʨʦʤʘ 

ʠ ʟʦʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʇʀʉ) ʩ ʦʩʥʦʚʦʡ ï ʧʦʜ-

ʣʦʞʢʦʡ. ʂʕʇ ʥʘʥʦʩʠʣʠʩʴ ʚ ʩʘʤʦʣʝʛʠʨʫʶʱʝʤʩʷ 

ʵʣʝʢʪʨʦʣʠʪʝ ʪʠʧʘ (CrO3 ï 250 ʛ/ʣ, SrSO4 ï 6 ʛ/ʣ) 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 60Áʉ, ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 50 ɸ/ɼʤ
2
 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʚʝʨʜʦʛʦ ʠʟʥʦ-

ʩʦʩʪʦʡʢʦʛʦ ʦʩʘʜʢʘ ʭʨʦʤʘ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʂʕʇ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʪʦʣʱʠʥʘʤʠ 15ï130 ʤʢʤ, ʟʘʚʠʩʷʱʠ-

ʤʠ ʦʪ ʚʨʝʤʝʥʠ ʵʣʝʢʪʨʦʣʠʟʘ 60ï180 ʤʠʥ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʣʘʟʤʝʥʥʦ-ʜʠʬʬʫʟʠʦʥʥʳʭ 

ʧʦʢʨʳʪʠʡ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʩʝʨʳʡ ʯʫʛʫʥ ʤʘʨʢʠ ʉʏ-20 ʠ ʜʚʫʭʩʣʦʡʥʳʡ ʚʘʣʢʦ-

ʚʳʡ ʯʫʛʫʥ ʩ ʨʘʙʦʯʠʤ ʩʣʦʝʤ ʠʟ ʃʇʍʜ-70. ʅʘ ʦʪ-
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ʣʠʚʢʫ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʧʨʠ ʪʝʤʧʝ-

ʨʘʪʫʨʝ 60Áʉ ʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 50 ɸ/ɼʤ
2 
ʥʘʥʦʩʠʣʠ 

ʭʨʦʤ ʪʦʣʱʠʥʦʡ 100 ʠ 300 ʤʢʤ, ʢʦʪʦʨʳʡ ʧʦʜʚʝʨ-

ʛʘʣʠ ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʨʝ-

ʞʠʤʘʭ: ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ 7ï8 ʄɸ/ʤ
2
, ʨʘʩʭʦʜ ʘʨʛʦ-

ʥʘ, ʦʙʨʘʟʫʶʱʝʛʦ ʧʣʘʟʤʫ 5ï6 ʣ/ʤʠʥ, ʧʨʠ ʫʜʝʣʴ-

ʥʦʡ ʤʦʱʥʦʩʪʠ ʧʣʘʟʤʦʪʨʦʥʘ 240ï250 ʄɺʪ/ʤ
2
, 

ʜʠʘʤʝʪʨʝ ʩʦʧʣʘ 8 ʤʤ, ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝ-

ʜʚʠʞʝʥʠʷ ʧʣʘʟʤʦʪʨʦʥʘ 70 ʤ/ʩ. ʋʧʨʦʯʥʝʥʥʳʝ 

ʩʣʦʠ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʪʝʧʣʦʦʪʚʦʜʘ 

ʚ ʤʝʪʘʣʣʝ ʙʝʟ ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ. ʊʘ-

ʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʘʩʧʣʘʚʣʝʥʠʝ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʯʫʛʫʥʘ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʥʳʭ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ ʠ ʧʣʘʟʤʝʥʥʳʭ ʧʦ-

ʢʨʳʪʠʡ ʧʨʦʠʟʚʦʜʠʣʠ ʥʘ ʦʧʪʠʯʝʩʢʦʤ ʤʠʢʨʦʩʢʦʧʝ 

ʄʀʄ-8, ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʘʥʘʣʠʟʘʪʦʨʝ ʩʪʨʫʢʪʫʨʳ 

EPIQUANT ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 100ï1000 ʨʘʟ ʠ ʥʘ 

ʧʨʦʩʚʝʯʠʚʘʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ ʕʄ-

200 ʧʨʠ ʫʩʢʦʨʷʶʱʝʤ ʥʘʧʨʷʞʝʥʠʠ 150 ʢɺ ʠ ʨʘ-

ʙʦʯʝʤ ʫʚʝʣʠʯʝʥʠʠ ʦʪ 2000 ʜʦ 26000. ʌʘʟʦʚʳʡ ʠ 

ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʨʦʰʢʦʚ ʠ ʧʣʘʟʤʝʥʥʦ-

ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʠʟʫʯʘʣʠ ʥʘ ʜʠʬʨʘʢʪʦ-

ʤʝʪʨʝ çɼʈʆʅ-4è ʠ ʨʘʩʪʨʦʚʦʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢ-

ʨʦʩʢʦʧʝ LEO EVO-50XVP. ʀʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ 

ʠ ʠʟʤʝʨʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦʢʨʳʪʠʡ ʠ ʢʦʥ-

ʪʘʢʪʠʨʫʶʱʠʭ ʩ ʥʠʤʠ ʟʦʥ ʤʘʪʝʨʠʘʣʘ ʦʩʥʦʚʳ ʧʨʦ-

ʠʟʚʦʜʠʣʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦʧʝʨʝʯʥʳʭ ʰʣʠʬʘʭ.  

ʀʟʤʝʨʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦʢʨʳʪʠʡ ʧʨʦʚʦ-

ʜʠʣʠ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ ʥʘ ʤʠʢʨʦʪʚʝʨʜʦ-

ʤʝʨʝ çʇʄʊ-3è ʩ ʥʘʛʨʫʟʢʦʡ 0,98ʅ (100 ʛ) ʥʘ ʧʦ-

ʧʝʨʝʯʥʳʭ ʰʣʠʬʘʭ ʩ ʠʥʪʝʨʚʘʣʦʤ 100 ʤʢʤ ʤʝʞʜʫ 

ʦʪʧʝʯʘʪʢʘʤʠ. 
ʀʩʧʳʪʘʥʠʷ ʥʘ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʦʩʫʱʝʩʪʚʣʷ-

ʣʠ ʥʘ ʫʩʪʘʥʦʚʢʘʭ çʐʣʠʬ ï 2è ʠ çʉʄʎ ï 2è. ʅʘ 
ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʡ ʫʩʪʘʥʦʚʢʝ çʐʣʠʬ ï 2è 
ʦʧʨʝʜʝʣʷʣʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʢʨʳʪʠʡ ʢ ʘʙʨʘʟʠʚ-
ʥʦʤʫ ʠʟʥʦʩʫ. ʂʦʥʪʨʪʝʣʦʤ ʷʚʣʷʣʩʷ ʢʨʫʛ ʠʟ ʵʣʝʢ-
ʪʨʦʢʦʨʫʥʜʘ 14 ɸ ʥʘ ʚʫʣʢʘʥʠʪʦʚʦʡ ʦʩʥʦʚʝ. ʀʩ-
ʪʠʨʘʥʠʝ ʦʙʨʘʟʮʘ ʧʨʦʠʩʭʦʜʠʣʦ ʧʦ ʙʦʢʦʚʦʡ ʧʦ-
ʚʝʨʭʥʦʩʪʠ ʢʨʫʛʘ. ʆʙʨʘʟʮʳ ʠʩʧʳʪʳʚʘʣʠ ʧʦʜ 
ʥʘʛʨʫʟʢʦʡ 7 ʅ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʤʝʱʝʥʠʷ ʦʙ-
ʨʘʟʮʘ 5,5 ʤ/ʩ ʧʨʠ ʪʨʝʥʠʠ ʙʝʟ ʩʤʘʟʢʠ.  
ʅʘ ʤʘʰʠʥʝ ʪʨʝʥʠʷ çʉʄʎ ï 2è ʧʨʦʚʦʜʠʣʠ ʠʩ-

ʧʳʪʘʥʠʷ ʥʘ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʧʨʠ ʪʨʝʥʠʠ ʢʘʯʝʥʠʠ 
ʙʝʟ ʩʤʘʟʢʠ ʩ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʝʤ 10% ʧʦ ʩʭʝʤʝ 
çʜʠʩʢ ʧʦ ʜʠʩʢʫè. ʆʙʨʘʟʮʳ ʧʦʜʚʝʨʛʘʣʠ ʥʘʛʨʫʟʢʝ 
1 ʅ/ʤʤ ʩ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ 300 ʦʙ/ʤʠʥ ʚ ʪʝʯʝ-
ʥʠʝ 35 ʤʠʥ. ɿʘʢʘʣʝʥʥʳʡ ʮʠʣʠʥʜʨ ʜʠʘʤʝʪʨʦʤ 
50 ʤʤ ʠʟ ʩʨʝʜʥʝʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ 40ʍ ʩ ʪʚʝʨ-
ʜʦʩʪʴʶ 52ï54 HRCɻ  ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʘʢ ʢʦʥʪʨʪʝʣʦ. 
ʆʧʨʝʜʝʣʝʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ 

ʚʝʣʠʯʠʥʝ ʧʦʪʝʨʠ ʤʘʩʩʳ ʟʘ ʧʨʦʡʜʝʥʥʦʝ ʨʘʩʩʪʦʷ-
ʥʠʝ. ʀʟʤʝʨʝʥʠʝ ʤʘʩʩʳ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘ ʘʥʘʣʠ-
ʪʠʯʝʩʢʠʭ ʚʝʩʘʭ ɸɼɺ-200ʄ ʩ ʪʦʯʥʦʩʪʴʶ 0,1 ʤʛ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʧʦ ʚʣʠʷʥʠʶ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ 

ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʝ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʜʠʬʬʫʟʠʦʥʥʳʭ ʭʨʦʤʦʚʳʭ ʧʦʢʨʳʪʠʡ. 

ʂʦʤʧʣʝʢʩʥʳʝ ʭʨʦʤʦʚʳʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ 

ʧʦʢʨʳʪʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʶʪ ʜʣʠʪʝʣʴ-

ʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʝ-

ʤʳʭ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʳʭ ʥʘʛʨʫʟʦʢ, ʥʦ ʠʭ 

ʧʨʠʤʝʥʝʥʠʝ ʦʛʨʘʥʠʯʝʥʦ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʚʳʰʝ 

400Áʉ, ʧʦʩʢʦʣʴʢʫ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ ʪʚʝʨʜʦʩʪʴ 

ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ ʭʨʦʤʘ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ 

ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʚʷʱʝʥʳ ʧʦʠʩʢʫ 

ʨʝʰʝʥʠʡ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʜʝʪʘʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝ-

ʨʘʪʫʨʘʭ ʠ ʥʘʛʨʫʟʢʘʭ. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʦʙʨʘʙʦʪʢʘ 

ʭʨʦʤʦʚʳʭ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʭ ʦʩʘʜʢʦʚ ï ʵʪʦ 

ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʭʨʦʤʠʨʦʚʘʥʠʷ. 

ɺ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʜʣʷ ʜʠʬʬʫʟʠʦʥʥʦ-

ʛʦ ʭʨʦʤʠʨʦʚʘʥʠʷ ʧʨʠʤʝʥʷʶʪ ʜʣʠʪʝʣʴʥʳʡ ʚʳ-

ʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʦʪʞʠʛ, ʥʦ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝ ʦʛʨʘʥʠʯʝʥʦ ʠʟ-ʟʘ ʚʦʟʤʦʞʥʳʭ ʢʦʨʦʙʣʝʥʠʷ ʠ 

ʧʦʚʦʜʢʠ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʠʟʜʝʣʠʡ, ʘ ʪʘʢʞʝ 

ʤʘʣʝʥʴʢʦʡ ʪʦʣʱʠʥʳ ʧʦʣʫʯʘʝʤʦʛʦ ʜʠʬʬʫʟʠʦʥ-

ʥʦʛʦ ʩʣʦʷ. ʇʨʠʤʝʥʝʥʠʝ ʦʙʨʘʙʦʪʢʠ ʧʣʘʟʤʦʡ 

ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ ʦʩʘʜʢʘ ʭʨʦʤʘ ʧʦʟʚʦʣʷʝʪ 

ʩʦʟʜʘʚʘʪʴ ʧʦʢʨʳʪʠʷ, ʠʤʝʶʱʠʝ ʚʳʩʦʢʫʶ ʢʦʥ-

ʮʝʥʪʨʘʮʠʶ ʭʨʦʤʘ ʠ ʙʦʣʴʰʠʝ ʪʦʣʱʠʥʳ ʧʨʠ ʦʪ-

ʩʫʪʩʪʚʠʠ ʢʦʨʦʙʣʝʥʠʷ.  

ʀʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʫʧʨʦʯʝʥʠʷ ʩʝʨʦʛʦ ʯʫ-

ʛʫʥʘ ʦʙʨʘʙʦʪʢʦʡ ʧʣʘʟʤʦʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʥʝ-

ʩʝʥʥʦʛʦ ʭʨʦʤʦʚʦʛʦ ʦʩʘʜʢʘ ʠ ʠʟʫʯʝʥʠʝ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʪʦʣʱʠʥʳ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ ʭʨʦʤʦʚʦʛʦ 

ʦʩʘʜʢʘ ʥʘ ʩʚʦʡʩʪʚʘ ʬʦʨʤʠʨʫʝʤʳʭ ʧʦʢʨʳʪʠʡ 

ʧʨʦʠʟʚʦʜʠʣʠ ʥʘ ʦʙʨʘʟʮʘʭ ʠʟ ʤʘʪʝʨʠʘʣʘ ʩʝʨʳʡ 

ʯʫʛʫʥ ʤʘʨʢʠ ʉʏ-20 ʥʘ ʬʝʨʨʠʪʥʦ-ʧʝʨʣʠʪʥʦʡ ʦʩ-

ʥʦʚʝ ʩ ʧʣʘʩʪʠʥʯʘʪʦʡ ʬʦʨʤʦʡ ʛʨʘʬʠʪʘ. ʉʚʝʜʝʥʠʷ 

ʦ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʵʪʦʡ ʤʘʨʢʠ ʩʝʨʦʛʦ ʯʫʛʫʥʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʫʙʚʤ. 1. 

ʋʙʚʤʡʯʙ 1 
ʊʛʞʝʞʦʡʸ ʧ ʮʡʥʡʰʞʪʣʧʥ ʪʧʪʫʙʛʞ ʰʬʜʬʦʙ ʥʙʩʣʡ ʊʐ-20 

ɺʠʜ  
ʤʘʪʝʨʠʘʣʘ 

ʉʚʝʜʝʥʠʷ ʦ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ, 
% 

ůʚ, ʄʇʘ,  
ʥʝ ʤʝʥʝʝ 

ʉ Si Mn 
P S 

ʥʝ ʙʦʣʝʝ 

ʏʫʛʫʥ ʉʏ-20 3,4 1,9 0,8 0,2 0,15 200 
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ʉʪʨʫʢʪʫʨʫ ʧʦʢʨʳʪʠʡ ʠ ʟʦʥ ʤʘʪʝʨʠʘʣʘ ʦʩʥʦ-

ʚʳ, ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʩ ʥʠʤʠ, ʠʩʩʣʝʜʦʚʘʣʠ ʥʘ 

ʧʦʧʝʨʝʯʥʳʭ ʰʣʠʬʘʭ. ʌʦʪʦʛʨʘʬʠʷ ʩʪʨʫʢʪʫʨʳ 

ʠʩʭʦʜʥʦʛʦ ʦʙʨʘʟʮʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʩʡʪ. 1. 

 

ʉʡʪ. 1. ʊʫʩʬʣʫʬʩʙ ʰʬʜʬʦʙ ʡʪʮʧʝʦʧʜʧ ʧʚʩʙʠʯʙ  
(ʫʩʙʛʤʞʦʡʞ ʛ 3% ʩʙʪʫʛʧʩʞ HNO3) 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʧʣʘʟʤʝʥʥʦʡ ʩʪʨʫʠ 
ʥʘ ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʯʫʛʫʥʘ ʧʨʠʛʦʪʦʚ-
ʣʝʥʥʳʡ ʫʯʘʩʪʦʢ ʧʦʜʚʝʨʛʘʣʠ ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʝ 
ʩ ʦʧʣʘʚʣʝʥʠʝʤ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʘʩʪʨʝʩʢʠʚʘ-
ʥʠʷ ʧʨʠʤʝʥʷʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʧʦʜʦʛʨʝʚ ʜʦ 
350Áʉ. ʇʨʦʚʝʜʝʥʥʳʝ ʧʦʩʣʝ ʵʪʦʛʦ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝ-
ʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʪʷʞʝʥʥʦʩʪʴ 
ʟʦʥʳ, ʢʦʪʦʨʘʷ ʧʦʜʚʝʨʛʘʣʘʩʴ ʚʦʟʜʝʡʩʪʚʠʶ ʪʝʤʧʝʨʘ-
ʪʫʨʳ, ʜʦʩʪʠʛʘʝʪ ʦʢʦʣʦ 1000 ʤʢʤ. ʊʦʣʱʠʥʘ ʟʦʥʳ, 
ʢʦʪʦʨʘʷ ʧʦʜʚʝʨʛʣʘʩʴ ʨʘʩʧʣʘʚʣʝʥʠʶ, ʩʦʩʪʘʚʣʷʝʪ 800 
ʤʢʤ, ʧʦʜ ʥʝʡ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʟʦʥʘ ʟʘʢʘʣʢʠ ʠʟ ʪʚʝʨ-
ʜʦʡ ʬʘʟʳ ʪʦʣʱʠʥʦʡ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 200 ʤʢʤ. ʇʝ-
ʨʝʧʣʘʚʣʝʥʥʘʷ ʟʦʥʘ ï ʵʪʦ ʩʤʝʩʴ ʤʘʨʪʝʥʩʠʪʘ, ʣʝʜʝʙʫ-
ʨʠʪʘ ʠ ʦʩʪʘʪʦʯʥʦʛʦ ʘʫʩʪʝʥʠʪʘ. ɺ ʟʦʥʝ ʦʧʣʘʚʣʝʥʠʷ 
ʧʦʣʥʦʩʪʴʶ ʨʘʩʪʚʦʨʝʥʳ ʚʢʣʶʯʝʥʠʷ ʛʨʘʬʠʪʘ. ɺ ʟʦʥʝ 

ʦʧʣʘʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʘ ʩʦʩʪʦʠʪ ʠʟ ʜʝʥʜʨʠʪʦʚ, ʢʦʪʦ-

ʨʳʝ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʪʝʧʣʦʦʪʚʦʜʘ, 

ʟʦʥʘ ʟʘʢʘʣʢʠ ʠʟ ʪʚʝʨʜʦʡ ʬʘʟʳ ï ʵʪʦ ʢʨʫʧʥʳʝ ʟʝʨʥʘ 

ʠʤʝʶʱʠʝ ʤʘʨʪʝʥʩʠʪʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʤʠʢʨʦʩʪʨʫʢ-

ʪʫʨʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʚ ʦʙʨʘʙʦʪʘʥʥʦʤ ʯʫ-

ʛʫʥʝ ʦʩʦʙʳʭ ʠʟʤʝʥʝʥʠʡ ʥʝ ʧʨʝʪʝʨʧʝʣʘ. ʄʠʢʨʦ-

ʪʚʝʨʜʦʩʪʴ ʠʩʭʦʜʥʦʛʦ ʦʙʨʘʟʮʘ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʧʨʝʜʝ-

ʣʘʭ 1,6ï2,0 ɻʇʘ, ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥ-

ʥʦʛʦ ʧʣʘʟʤʦʡ ʯʫʛʫʥʘ ʚʦʟʨʦʩʣʘ ʠ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚ-

ʣʷʣʘ 3,5ï4,0 ɻʇʘ (ʩʡʪ. 2). 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʩʣʦʷ ʩʝʨʦʛʦ ʯʫʛʫʥʘ ʧʨʠ ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʝ 

ʫʣʫʯʰʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʩʦʟʜʘʥʠʷ ʭʨʦʤʦʚʳʭ 

ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ. ʅʘ ʠʩʭʦʜʥʳʝ ʦʙʨʘʟ-

ʮʳ ʥʘʥʦʩʠʣʠ ʩʣʦʡ ʪʚʝʨʜʦʛʦ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ 

ʭʨʦʤʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʦʣʱʠʥʘʤʠ: 100 ʠ 300 ʤʢʤ, 

ʘ ʟʘʪʝʤ ʦʙʨʘʟʮʳ ʧʦʜʚʝʨʛʘʣʠʩʴ ʤʦʜʠʬʠʮʠʨʦʚʘ-

ʥʠʶ ʩʪʨʫʝʡ ʧʣʘʟʤʳ ʩ ʦʧʣʘʚʣʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦ ʨʝʞʠʤʫ ʧʨʠʚʝʜʝʥʥʦʤʫ ʨʘʥʝʝ ʧʨʠ ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʦʤ ʧʦʜʦʛʨʝʚʝ. ʊʘʢ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʦʟʜʝʡ-

ʩʪʚʠʝ ʪʦʣʱʠʥʳ ʦʩʘʜʢʘ ʭʨʦʤʘ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʠ ʩʪʨʫʢʪʫʨʫ ʩʝʨʦʛʦ ʯʫʛʫʥʘ ʧʨʠ ʦʙʨʘ-

ʙʦʪʢʝ ʧʣʘʟʤʦʡ, ʘ ʪʘʢʞʝ ʛʣʫʙʠʥʫ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʩʣʦʷ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʣʫʯʝʥʳ 

ʧʦʢʨʳʪʠʷ ʪʦʣʱʠʥʦʡ 3,5ï4,5 ʤʤ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ 

ʪʦʣʱʠʥʳ ʧʦʢʨʳʪʠʷ ʚʦʟʨʘʩʪʘʝʪ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ 

ʠ ʪʦʣʱʠʥʘ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʣʦʷ. ɼʣʷ ʦʙʨʘʟʮʦʚ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʭʨʦʤʦʤ, ʧʨʠ ʪʦʣʱʠʥʝ ʩʣʦʷ 

ʦʩʘʜʢʘ 100 ʤʢʤ, ʥʘʠʙʦʣʴʰʘʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʙr -

ʣʘ 4,0ï5,0 ɻʇʘ, ʪʦʣʱʠʥʘ ʩʣʦʷ ʧʦʢʨʳʪʠʷ ï 3,5 ʤʤ; ʘ 

ʚ ʚʳʙʦʨʢʝ ʩ ʪʦʣʱʠʥʦʡ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ 

ʭʨʦʤʦʚʦʛʦ ʦʩʘʜʢʘ 300 ʤʢʤ ʪʦʣʱʠʥʘ ï 4,5 ʤʤ, 

ʥʘʠʙʦʣʴʰʘʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ï5,5ï6,5 ɻʇʘ.  
 

 
ʉʡʪ. 2. ʉʙʠʤʡʰʡʞ ʥʡʣʩʧʫʛʞʩʝʧʪʫʡ ʰʬʜʬʦʙ ʨʧ ʜʤʬʚʡʦʞ ʪʤʧʸ, ʥʧʝʡʭʡʯʡʩʧʛʙʦʦʧʜʧ ʨʤʙʠʥʧʢ 
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ʀʟʫʯʝʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨ (ʩʡʪ. 3) ʧʦʢʘʟʘʣʦ, 

ʯʪʦ ʧʨʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʠ ʧʣʘʟʤʝʥʥʦʡ ʩʪʨʫʝʡ 

ʩʣʦʷ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ ʭʨʦʤʘ ʪʦʣʱʠʥʦʡ 100 

ʤʢʤ ʚ ʧʦʢʨʳʪʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʝʪʢʦ ʚʳʨʘʞʝʥ-

ʥʘʷ ʩʪʨʫʢʪʫʨʘ. ʜʝʥʜʨʠʪʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʚ ʩʪʦ-

ʨʦʥʫ ʪʝʧʣʦʦʪʚʦʜʘ, ʥʘʭʦʜʷʪʩʷ ʚ ʟʦʥʝ ʦʧʣʘʚʣʝ-

ʥʠʷ, ʤʝʞʦʩʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʷʚʣʷʝʪʩʷ ʣʝʛʠʨʦ-

ʚʘʥʥʳʤ ʣʝʜʝʙʫʨʠʪʦʤ. ʇʝʨʝʭʦʜʥʘʷ ʟʦʥʘ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʨʪʝʥʩʠʪʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʇʦ-

ʢʨʳʪʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʦʙʨʘʙʦʪʢʦʡ 300 ʤʢʤ ʩʣʦʷ 

ʭʨʦʤʘ, ʷʚʣʷʝʪʩʷ ʜʠʩʧʝʨʩʥʳʤ ʩ ʙʦʣʴʰʝʡ ʩʪʝʧʝ-

ʥʠ, ʜʝʥʜʨʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚʳʨʘʞʝʥʘ ʤʝʥʝʝ. 

ɼʝʥʜʨʠʪʳ ʟʘʥʠʤʘʶʪ ʙʦʣʴʰʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʘ 

ʜʦʣʷ ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʣʝʜʝʙʫʨʠʪʘ (ʤʝʞʦʩʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ) ʫʤʝʥʴʰʘʝʪʩʷ. ɿʦʥʘ ʟʘʢʘʣʢʠ ʠʟ 

ʪʚʝʨʜʦʛʦ ʩʦʩʪʦʷʥʠʷ ʷʚʣʷʝʪʩʷ ʤʝʣʢʦʜʠʩʧʝʨʩ-

ʥʳʤ ʤʘʨʪʝʥʩʠʪʦʤ, ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʦʩʥʦʚʘ ʚ ʦʙ-

ʨʘʙʦʪʘʥʥʦʤ ʯʫʛʫʥʝ ʦʩʪʘʣʘʩʴ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʠʟʤʝʥʥʦʡ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʦʣʱʠʥʘ ʟʦʥʳ, ʥʝ ʧʦʜʚʝʨʛ-

ʰʝʡʩʷ ʨʘʩʧʣʘʚʣʝʥʠʶ, ʥʦ ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʡ ʠʟʤʝ-

ʥʠʣʘʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʧʣʘʟʤʳ, ʚ ʧʨʠʩʫʪ-

ʩʪʚʠʠ ʭʨʦʤʘ ï 3,5ï4,5 ʤʤ, ʵʪʦ ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʪʦʣ-

ʱʠʥʦʡ ʥʘʧʣʘʚʢʠ ʤʝʪʘʣʣʦʚ. ʇʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘ-

ʥʠʝ ʜʠʬʬʫʥʜʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʘʟʜʝʣʘ çʭʨʦʤ ï ʯʫʛʫʥè ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʚʣʠʷʝʪ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʠ ʠʪʦʛ ʧʨʦʮʝʩʩʘ ʜʠʬʬʫʟʠʠ. 

ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʦʣʱʠʥʳ ʥʘʥʦʩʠʤʦʛʦ ʧʦʢʨʳʪʠʷ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʠ ʪʦʣʱʠʥʘ ʜʠʬʬʫ-

ʟʠʦʥʥʦʛʦ ʩʣʦʷ. ɺ ʚʳʙʦʨʢʝ ʠʟ 10 ʭʨʦʤʠʨʦʚʘʥʥʳʭ 

ʦʙʨʘʟʮʦʚ ʧʨʠ ʪʦʣʱʠʥʝ ʦʩʘʜʢʘ 100 ʤʢʤ 

ʥʘʠʙʦʣʴʰʘʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ï 4,5ï5,0 ɻʇʘ, 

ʪʦʣʱʠʥʘ ʧʦʢʨʳʪʠʷ ï 3,5 ʤʤ; ʘ ʚ ʚʳʙʦʨʢʝ ʠʟ 10 

ʦʙʨʘʟʮʦʚ ʩ ʪʦʣʱʠʥʦʡ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ ʭʨʦ-

ʤʦʚʦʛʦ ʦʩʘʜʢʘ 300 ʤʢʤ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʩʦʩʪʘʚ-

ʣʷʝʪ 6,0ï7,0 ɻʇʘ, ʪʦʣʱʠʥʘ ï 4,5 ʤʤ (ʩʡʪ. 4). 

 

ʉʡʪ. 3. ʊʫʩʬʣʫʬʩʙ ʰʬʜʬʦʙ, ʧʚʩʙʚʧʫʙʦʦʧʜʧ ʨʤʙʠʥʧʢ,  
ʧʫ ʨʧʛʞʩʮʦʧʪʫʡ ʝʧ ʡʪʮʧʝʦʧʢ ʪʫʩʬʣʫʬʩʴ  
(ʫʩʙʛʤʞʦʡʸ ʛ 3 % ʩʙʪʫʛʧʩʞ HNO3), ĭ100 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨ (ʩʡʪ. 5) ʚʳʷʚʠ-
ʣʦ, ʯʪʦ ʧʨʠ ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʝ ʵʣʝʢʪʨʦʣʠʪʠ-
ʯʝʩʢʦʛʦ ʭʨʦʤʘ ʪʦʣʱʠʥʦʡ 100 ʤʢʤ ʧʦʢʨʳʪʠʝ ʦʙ-
ʣʘʜʘʝʪ ʯʸʪʢʦ ʚʳʨʘʞʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ.  
ɼʝʥʜʨʠʪʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʚ ʩʪʦʨʦʥʫ ʪʝʧʣʦʦʪʚʦ-

ʜʘ, ʥʘʭʦʜʷʪʩʷ ʚ ʟʦʥʝ ʦʧʣʘʚʣʝʥʠʷ, ʤʝʞʦʩʥʦʝ ʧʨʦ-
ʩʪʨʘʥʩʪʚʦ ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʦʡ ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʣʝ-
ʜʝʙʫʨʠʪʘ (ʩʤ. ʩʡʪ. 5). ʇʝʨʝʭʦʜʥʘʷ ʟʦʥʘ ʧʨʝʜʩʪʘʚʣʷ-
ʝʪ ʩʦʙʦʡ ʤʘʨʪʝʥʩʠʪʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʇʦʢʨʳʪʠʝ, ʧʦ-
ʣʫʯʝʥʥʦʡ ʦʙʨʘʙʦʪʢʦʡ 300 ʤʢʤ ʩʣʦʷ ʭʨʦʤʘ, ʷʚʣʷʝʪ-
ʩʷ ʙʦʣʝʝ ʜʠʩʧʝʨʩʥʳʤ, ʩʪʨʫʢʪʫʨʘ ʜʝʥʜʨʠʪʦʚ ʚʳʨʘ-
ʞʝʥʘ ʤʝʥʝʝ ʯʝʪʢʦ (ʩʡʪ. 6), ʢʦʣʠʯʝʩʪʚʦ ʤʝʞʦʩʥʦʛʦ 
ʧʨʦʩʪʨʘʥʩʪʚʘ (ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʣʝʜʝʙʫʨʠʪʘ) ʩʦʢʨʘ-
ʱʘʝʪʩʷ, ʘ ʜʝʥʜʨʠʪʳ ʟʘʥʠʤʘʶʪ ʥʘʠʙʦʣʴʰʫʶ ʧʣʦ-
ʱʘʜʴ. ɿʦʥʘ ʟʘʢʘʣʢʠ ʠʟ ʪʚʸʨʜʦʛʦ ʩʦʩʪʦʷʥʠʷ ʷʚʣʷʝʪʩʷ  
ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʤ ʣʝʜʝʙʫʨʠʪʦʤ. 

 
ʉʡʪ. 4. ʀʙʛʡʪʡʥʧʪʫʡ ʫʛʞʩʝʧʪʫʡ ʧʫ ʜʤʬʚʡʦʴ ʮʩʧʥʡʩʧʛʙʦʦʧʜʧ ʪʤʧʸ ʰʬʜʬʦʙ 
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ʉʡʪ. 5. ʅʡʣʩʧʪʫʩʬʣʫʬʩʙ ʝʡʭʭʬʠʡʧʦʦʧʜʧ ʨʧʣʩʴʫʡʸ  
ʰʬʜʬʦʙ ʮʩʧʥʧʥ (ʶʤʞʣʫʩʧʤʡʫʡʰʞʪʣʡʢ ʧʪʙʝʧʣ ʮʩʧʥʙ 

ʫʧʤʲʡʦʧʢ 100 ʥʣʥ), ĭ200 

 
ʉʡʪ. 6. ʅʡʣʩʧʪʫʩʬʣʫʬʩʙ ʝʡʭʭʬʠʡʧʦʦʧʜʧ ʨʧʣʩʴʫʡʸ  
ʰʬʜʬʦʙ ʮʩʧʥʧʥ (ʶʤʞʣʫʩʧʤʡʫʡʰʞʪʣʡʢ ʧʪʙʝʧʣ ʮʩʧʥʙ 

ʫʧʤʲʡʦʧʢ 300 ʥʣʥ), ĭ200 

ʆʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʬʘʟ, ʩʦ-

ʩʪʘʚʣʷʶʱʠʭ ʩʪʨʫʢʪʫʨʳ ʚ ʜʠʬʬʫʟʠʦʥʥʳʭ ʭʨʦ-

ʤʦʚʳʭ ʧʦʢʨʳʪʠʷʭ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪʜʝʣʴʥʳʭ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʥʘ ʤʠʢʨʦʩʢʦʧʝ 

LEO EVOï50XVP (ʨʘʩʪʨʦʚʳʡ, ʵʣʝʢʪʨʦʥʥʳʡ) ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʤʠʢʨʦʘʥʘʣʠʟʘ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦ-

ʩʪʘʚʘ. ʅʘʠʤʝʥʴʰʠʡ ʨʘʟʤʝʨ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ 

ʫʯʘʩʪʢʘ ʩʦʩʪʘʚʣʷʣ 1 ʤʢʤ. ʉʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝ-

ʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʦ ʚʩʝʡ ʪʦʣʱʠʥʝ 

ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʭʨʦʤʘ ʩ ʰʘʛʦʤ, ʨʘʚ-

ʥʳʤ 500 ʤʢʤ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʫʙʚʤ. 2. 

ʋʙʚʤʡʯʙ 2 
ʉʙʪʨʩʞʝʞʤʞʦʡʞ ʮʡʥʡʰʞʪʣʡʮ ʶʤʞʥʞʦʫʧʛ  

ʨʧ ʫʧʤʲʡʦʞ ʝʡʭʭʬʠʡʧʦʦʧʜʧ ʨʧʣʩʴʫʡʸ ʮʩʧʥʙ, % 

ɿʦʥʘ ʜʠʬʬʫʟʠʦʥʥʦʛʦ 

ʧʦʢʨʳʪʠʷ 
ʍʨʦʤ ɾʝʣʝʟʦ ʂʨʝʤʥʠʡ 

ʄʝʞʦʩʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 

(ʟʦʥʘ ʦʧʣʘʚʣʝʥʠʷ) 
17,9ï25,3 66,9ï71,6 0,9ï1,1 

ʆʩʠ ʜʝʥʜʨʠʪʦʚ (ʟʦʥʘ 

ʦʧʣʘʚʣʝʥʠʷ) 
19,3ï7,0 77,4ï86,4 1,1ï1,9 

ɿʦʥʘ ʟʘʢʘʣʢʠ ʠʟ ʪʚʝʨʜʦʡ 

ʬʘʟʳ 
10ï0,7 86,5ï94,5 1,2ï2,2 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʠʣʠ, ʯʪʦ ʫʩʨʝʜʥʝʥʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʨʦʤʘ (ʩʡʪ. 7) ʚ ʤʝʞʦʩʥʦʤ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ ʩʦʩʪʘʚʣʷʝʪ 17,9ï25,3%, ʚ ʦʩʷʭ ʜʝʥʜʨʠ-

ʪʦʚ 7,0ï19,3%, ʥʘʣʠʯʠʝ ʭʨʦʤʘ ʤʦʥʦʪʦʥʥʦ ʧʦ 

ʪʦʣʱʠʥʝ ʧʦʢʨʳʪʠʷ, ʨʝʟʢʦʝ ʫʤʝʥʴʰʝʥʠʝ ʥʘʣʠʯʠʷ 

ʭʨʦʤʘ ʚ ʜʚʫʭ ʬʘʟʘʭ ʧʨʦʠʩʭʦʜʠʪ ʚʙʣʠʟʠ ʧʝʨʝʭʦʜ-

ʥʦʡ ʟʦʥʳ. ɼʘʣʝʝ ʢʘʢʦʛʦ-ʣʠʙʦ ʥʘʣʠʯʠʷ ʭʨʦʤʘ ʥʝ 

ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ. 

ʉʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʧʦ ʪʦʣʱʠʥʝ ʧʦʢʨʳʪʠʷ ʚ 

ʤʝʞʦʩʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ï 67ï75%, ʚ ʦʩʷʭ ʜʝʥʜ-

ʨʠʪʦʚ ï 80ï85% (ʩʡʪ. 8); ʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʨʝʤʥʠʷ 

ʚ ʤʝʞʦʩʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ï 0,5%, ʚ ʦʩʷʭ ʜʝʥʜʨʠ-

ʪʦʚ ï 1,5ï2,0% (ʩʡʪ. 9). 

 

ʉʡʪ. 7. ʉʙʪʨʩʞʝʞʤʞʦʡʞ ʣʧʦʯʞʦʫʩʙʯʡʡ ʮʩʧʥʙ  
ʨʧ ʫʧʤʲʡʦʞ ʨʧʣʩʴʫʡʸ 
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ʉʡʪ. 8. ʉʙʪʨʩʞʝʞʤʞʦʡʞ ʣʧʦʯʞʦʫʩʙʯʡʡ ʟʞʤʞʠʙ  

ʨʧ ʫʧʤʲʡʦʞ ʨʧʣʩʴʫʡʸ 

 

ʉʡʪ. 9. ʉʙʪʨʩʞʝʞʤʞʦʡʞ ʣʧʦʯʞʦʫʩʙʯʡʡ ʣʩʞʥʦʡʸ  
ʨʧ ʫʧʤʲʡʦʞ ʨʧʣʩʴʫʡʸ 

 

ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʩʦʩʪʘʚ-
ʣʷʶʱʝʛʦ ʩʪʨʫʢʪʫʨʫ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʬʘʟʦʚʳʡ ʨʝʥʪ-
ʛʝʥʦʚʩʢʠʡ ʘʥʘʣʠʟ. ʀʟʫʯʝʥʠʝ ʭʨʦʤʠʨʦʚʘʥʥʳʭ ʦʙ-
ʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʨʠʙʦʨʝ çɼʨʦʥï4è. ʉʲʝʤʢʫ 
ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʤʦʥʦʭʨʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʄʦCuŬ-

ʠʟʣʫʯʝʥʠʠ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ l = 0,7093 ¡ ʧʨʠ ʫʩʢʦ-
ʨʷʶʱʝʤ ʥʘʧʨʷʞʝʥʠʠ 45ï50 ʢɺ. 
ɺʳʷʚʣʝʥʦ (ʩʡʪ. 10), ʯʪʦ ʜʠʬʬʫʟʠʦʥʥʘʷ ʟʦʥʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʘʨʙʠʜʥʫʶ ʩʪʨʫʢʪʫʨʫ: (Cr, Fe)7ʉ3 ʠ 
(Cr, Fe)23ʉ6. ʉʨʘʚʥʝʥʠʝ ʢʨʠʚʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʵʣʝʤʝʥʪʦʚ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ 
ʘʥʘʣʠʟʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʩʦʩʪʘʚ ʣʝʛʠʨʦʚʘʥʥʦʛʦ 
ʣʝʜʝʙʫʨʠʪʘ (ʤʝʞʦʩʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ) ʚʭʦʜʠʪ ʚʳ-
ʩʦʢʦʭʨʦʤʠʩʪʳʡ ʢʘʨʙʠʜ (Cr, Fe)23ʉ6, ʘ ʦʩʠ ʜʝʥʜ-
ʨʠʪʦʚ ï ʢʘʨʙʠʜ ʛʝʪʝʨʦʛʝʥʥʳʡ (Cr, Fe)7ʉ3. ʇʦ ʤʠ-
ʤʦ ʵʪʦʛʦ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʩʪʨʫʢʪʫʨʝ ʟʦʥʳ 
ʜʠʬʬʫʟʠʠ ʭʨʦʤʠʨʦʚʘʥʥʳʭ ʧʦʢʨʳʪʠʡ ʢʨʦʤʝ ʢʘʨ-
ʙʠʜʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʤʝʝʪʩʷ Fe3C ʠ Ŭ-Fe (ʤʘʨ-
ʪʝʥʩʠʪ) ʠ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ɸʦʩʪ. 
ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʤʠʢʨʦʪʚʸʨʜʦʩʪʴ, 

ʪʦʣʱʠʥʘ ʧʦʢʨʳʪʠʡ, ʭʠʤʠʯʝʩʢʠʡ ʠ ʬʘʟʦʚʳʡ ʩʦ-
ʩʪʘʚʳ) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʣʘʟʤʝʥʥʳʝ ʜʠʬʬʫʟʠʦʥ-
ʥʳʝ ʧʦʢʨʳʪʠʷ ʠʟ ʭʨʦʤʘ ʭʦʨʦʰʦ ʧʨʝʧʷʪʩʪʚʫʶʪ 
ʘʙʨʘʟʠʚʥʦʤʫ ʠʟʥʦʩʫ, ʪʘʢʞʝ ʠ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ 
ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦʚʳʰʝʥʥʫʶ ʪʦʣʱʠʥʫ ʠ ʤʠʢʨʦ-
ʪʚʸʨʜʦʩʪʴ ʧʦʢʨʳʪʠʷ ʠʤʝʝʪ ʜʠʬʬʫʟʠʦʥʥʘʷ ʟʦʥʘ, 
ʧʦʣʫʯʘʝʤʘʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʧʣʘʟʤʦʡ ʩʣʦʷ ʵʣʝʢ-
ʪʨʦʣʠʪʠʯʝʩʢʦʛʦ ʭʨʦʤʘ ʪʦʣʱʠʥʦʡ 300 ʤʢʤ. ʌʘʟʦ-
ʚʳʡ ʠ ʭʠʤʠʯʝʩʢʠʡ  ʩʦʩʪʘʚʳ, ʘ ʪʘʢʞʝ ʤʠʢʨʦʪʚʝʨ-
ʜʦʩʪʴ ʯʫʛʫʥʘ ʩ ʧʣʘʟʤʝʥʥʳʤ ʜʠʬʬʫʟʠʦʥʥʳʤ ʭʨʦ-
ʤʦʚʳʤ ʧʦʢʨʳʪʠʝʤ ʦʪʚʝʯʘʶʪ ʧʨʘʚʠʣʘʤ ʵʢʩʧʣʫʘ-
ʪʘʮʠʠ ʚʘʣʢʦʚ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ ʣʠʩʪʦʚʦʡ ʩʪʘʣʠ.

 

ʉʡʪ. 10. ʉʞʦʫʜʞʦʧʛʪʣʙʸ ʪʨʞʣʫʩʧʜʩʙʥʥʙ ʮʩʧʥʡʩʧʛʙʦʦʴʮ ʧʚʩʙʠʯʧʛ 
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ʇʦʵʪʦʤʫ ʦʪʨʘʙʦʪʘʥ ʤʝʪʦʜ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʜʚʫʭʩʣʦʡʥʳʭ ʚʘʣʢʦʚ ʠʟ ʤʘʪʝʨʠʘʣʘ ʩʝʨʳʡ ʯʫʛʫʥ ʩ 

ʦʪʙʝʣʸʥʥʳʤ ʨʘʙʦʯʠʤ ʩʣʦʝʤ, ʧʨʠʤʝʥʷʶʱʠʝʩʷ ʧʨʠ 

ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʝ ʣʠʩʪʦʚʦʡ ʩʪʘʣʠ, ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ 

ʚʦʟʜʝʡʩʪʚʠʶ ʪʝʨʤʠʯʝʩʢʦʡ ʫʩʪʘʣʦʩʪʠ ʧʨʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʠ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ ʠ ʧʨʠ 

ʮʠʢʣʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʷʭ. ʆʪʙʝʣʸʥʥʳʡ ʨʘʙʦʯʠʡ 

ʩʣʦʡ, ʠʤʝʶʱʠʡ ʛʣʫʙʠʥʫ 15ï30 ʤʤ, ʧʝʨʠʦʜʠʯʝʩʢʠ 

ʧʝʨʝʰʣʠʬʦʚʳʚʘʶʪ ʧʦ ʤʝʨʝ ʚʳʨʘʙʦʪʢʠ, ʘ ʧʨʠ ʜʦ-

ʩʪʠʞʝʥʠʠ ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʳ ʚʘʣʦʢ ʩʥʠʤʘʶʪ ʩ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ.  

ɹʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʦʙʨʘʟʮʳ, ʚʳʨʝʟʘʥʥʳʝ ʠʟ 

ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʯʫʛʫʥʥʦʛʦ ʚʘʣʢʘ ʤʘʨʢʠ ʃʇʍʜ-70 

ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʪʙʝ-

ʣʸʥʥʦʛʦ ʩʣʦʷ. 

ʀʟ ʪʘʢʦʛʦ ʚʘʣʢʘ ʧʦʣʫʯʘʣʠ ʦʙʨʘʟʝʮ ʩ ʩʦʭʨʘʥʝʥ-

ʥʳʤ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʩʣʦʝʤ ʥʘ ʛʣʫʙʠʥʫ 50 ʤʤ. ʆʩʘ-

ʜʦʢ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ ʭʨʦʤʘ ʪʦʣʱʠʥʦʡ 300 ʤʢʤ 

ʥʘʥʦʩʠʣʩʷ ʥʘ ʙʦʢʦʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʪʘʢʦʛʦ ʦʙʨʘʟʮʘ 

ʩ ʜʘʣʴʥʝʡʰʠʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝʤ ʥʠʟʢʦʪʝʤʧʝʨʘ-

ʪʫʨʥʦʡ ʧʣʘʟʤʦʡ ʧʦ ʚʳʰʝ ʧʨʠʚʝʜʸʥʥʦʤʫ ʨʝʞʠʤʫ. 

ʉʚʝʜʝʥʠʷ ʦ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ 

ʩʣʦʷ ʧʦʢʘʟʘʥʳ ʚ ʫʙʚʤ. 3. 

ʋʙʚʤʡʯʙ 3 
ʊʛʞʝʞʦʡʸ ʧ ʮʡʥʡʰʞʪʣʧʥ ʪʧʪʫʙʛʞ ʛʙʤʣʙ  

ʡʠ ʰʬʜʬʦʙ ʥʙʩʣʡ ʄʈʎʝ-70 

ʉʚʝʜʝʥʠʷ ʦ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʯʫʛʫʥʥʦʛʦ ʚʘʣʢʘ, % 

ɿʦʥʘ ʉ Si Mn P S Cr Mo 

ʆʪʙʝʣʸʥʥʳʡ ʩʣʦʡ (ʦʩʪʘʪʢʠ, h = 

100 ʤʢʤ) 
2,52 0,42 0,62 0,5 0,09 0,78 0,3 

ʇʝʨʝʭʦʜʥʳʡ ʩʣʦʡ  

(h = 500 ʤʢʤ) 
3,32 1,02 0,6 0,28 0,12 0,1 0,3 

ʆʩʥʦʚʘ 3,2 1,5 0,7 0,16 0,12 0,15 0,3 
 

ʉʡʪ. 11 ʧʦʢʘʟʳʚʘʝʪ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʤʠʢʨʦ-

ʪʚʸʨʜʦʩʪʠ ʯʫʛʫʥʘ ʃʇʍʜ-70 ʙʝʟ ʦʙʨʘʙʦʪʢʠ ʧʣʘʟ-

ʤʦʡ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪ-

ʢʦʡ. ʀʟʤʝʨʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ 

ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʩʝʯʝʥʠʶ ʜʦ ʩʪʨʫʢʪʫʨʳ ʩʝʨʦʛʦ 

ʯʫʛʫʥʘ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʪʚʝʨʜʦʤʝʨʘ ʇʄʊï3 ʩ 

ʥʘʛʨʫʟʢʦʡ 0,98 ʅ. 

ʇʦʩʣʦʡʥʳʡ ʘʥʘʣʠʟ ʚʳʷʚʠʣ, ʯʪʦ ʧʦʣʫʯʝʥʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʦʙʣʘʜʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʧʨʠ ʙʦʣʝʝ ʛʣʫʙʦʢʦʤ ʧʨʦ-

ʧʣʘʚʣʝʥʠʠ ʧʨʠ ʥʝʢʦʪʦʨʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʧʦʚʝʨʭ-

ʥʦʩʪʠ. ʊʚʸʨʜʦʩʪʴ ʩʪʨʫʢʪʫʨʳ, ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʩʝ-

ʨʦʤ ʯʫʛʫʥʝ, ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʧʝʨʝʭʦʜʥʦʛʦ 

ʩʣʦʷ. ʈʘʟʥʠʮʘ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ 

ʚʦʟʥʠʢʣʘ ʠʟ-ʟʘ ʥʝʦʜʥʦʨʦʜʥʳʭ ʫʩʣʦʚʠʡ ʦʭʣʘʞʜʝ-

ʥʠʷ. ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʦʩʣʝ ʤʦʜʠʬʠʢʘʮʠʠ ʚʦʟ-

ʨʦʩʣʘ ʩ 1,5 ʜʦ 2,0 ɻʇʘ. ʇʨʠ ʵʪʦʤ ʫʨʦʚʝʥʴ ʪʚʸʨʜʦ-

ʩʪʠ, ʧʦʣʫʯʝʥʥʳʡ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʧʣʘʟʤʦʡ, ʧʨʠ-

ʤʝʨʥʦ ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʪʚʸʨʜʦʩʪʴʶ ʦʪʙʝʣʸʥʥʦʛʦ 

ʩʣʦʷ ʚʘʣʢʘ ʤʘʨʢʠ ʃʇʍʜ-70 5,1ï5,2 ɻʇʘ. 

ʉʪʨʫʢʪʫʨʘ ʥʝʦʙʨʘʙʦʪʘʥʥʦʛʦ ʦʙʨʘʟʮʘ - ʵʪʦ  

ʧʝʨʝʭʦʜʥʳʡ ʩʣʦʡ, ʦʩʪʘʚʰʠʡʩʷ ʧʦʩʣʝ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ ʚʘʣʢʘ, ʠ ʩʝʨʜʮʝʚʠʥʘ ʚʘʣʢʘ ï ʩʝʨʳʡ ʯʫʛʫʥ ʥʘ 

ʧʝʨʣʠʪʥʦʡ ʦʩʥʦʚʝ (ʩʡʪ. 12). 

ʆʙʨʘʙʦʪʘʥʥʳʡ ʧʣʘʟʤʦʡ ʯʫʛʫʥ (ʩʡʪ. 13) ʚ ʟʦʥʝ 

ʦʧʣʘʚʣʝʥʠʷ ʠʤʝʝʪ ʜʝʥʜʨʠʪʥʫʶ ʩʪʨʫʢʪʫʨʫ. 

ʅʘʧʨʘʚʣʝʥʠʝ ʜʝʥʜʨʠʪʦʚ ʚ ʩʪʦʨʦʥʫ ʪʝʧʣʦʦʪʚʦʜʘ. 

ɿʦʥʘ ʦʧʣʘʚʣʝʥʠʷ ʠʤʝʝʪ ʛʣʫʙʠʥʫ 4500ï5000 ʤʢʤ. 

ʇʨʠ ʦʪʜʘʣʝʥʠʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʥʜʨʠʪʳ 

ʫʤʝʥʴʰʘʶʪʩʷ. ɿʦʥʘ ʟʘʢʘʣʢʠ ʠʟ ʪʚʸʨʜʦʡ ʬʘʟʳ 

5500ï6500 ʤʢʤ ʠʤʝʝʪ ʩʪʨʫʢʪʫʨʫ ʣʝʛʠʨʦʚʘʥʥʦʛʦ 

ʣʝʜʝʙʫʨʠʪʘ, ʧʝʨʣʠʪʘ, ʤʘʨʪʝʥʩʠʪʘ ʠ ʦʩʪʘʪʦʯʥʦʛʦ 

ʘʫʩʪʝʥʠʪʘ. ɼʘʣʝʝ ʥʘʭʦʜʠʪʩʷ ʦʩʥʦʚʘ ï ʩʝʨʳʡ ʯʫ-

ʛʫʥ ʥʘ ʧʝʨʣʠʪʥʦʡ ʦʩʥʦʚʝ. 
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ʧʣʘʟʤʦʡ

ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 
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ʉʡʪ. 11. ʀʙʛʡʪʡʥʧʪʫʵ ʥʡʣʩʧʫʛʹʩʝʧʪʫʡ ʡʪʮʧʝʦʧʜʧ ʧʚʩʙʠʯʙ ʰʬʜʬʦʙ ʡ ʰʬʜʬʦʙ, ʧʚʩʙʚʧʫʙʦʦʧʜʧ ʨʤʙʠʥʧʢ ʧʫ ʜʤʬʚʡʦʴ 
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ʉʡʪ. 12. ʊʫʩʬʣʫʬʩʙ ʡʪʮʧʝʦʧʜʧ ʰʬʜʬʦʙ (ʮ100) 

 

ʉʡʪ. 13. ʊʫʩʬʣʫʬʩʙ ʨʤʙʠʥʞʦʦʧ-ʧʚʩʙʚʧʫʙʦʦʧʜʧ  
ʰʬʜʬʦʙ (ʮ500) 

ɼʚʫʭʩʣʦʡʥʳʝ ʚʘʣʢʠ ʠʟ ʩʝʨʦʛʦ ʯʫʛʫʥʘ ʩ ʦʪʙʝ-

ʣʝʥʥʳʤ ʨʘʙʦʯʠʤ ʩʣʦʝʤ, ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʜʣʷ ʛʦ-

ʨʷʯʝʡ ʧʨʦʢʘʪʢʠ ʣʠʩʪʦʚʦʡ ʩʪʘʣʠ, ʧʦʜʚʝʨʛʘʶʪ ʚʦʟ-

ʜʝʡʩʪʚʠʶ ʪʝʨʤʠʯʝʩʢʦʡ ʫʩʪʘʣʦʩʪʠ ʧʨʠ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʠ ʚ ʦʙʣʘʩʪʠ ʮʠʢʣʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʚʳ-

ʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʆʪʙʝʣʝʥʥʳʡ ʨʘʙʦʯʠʡ ʩʣʦʡ ʧʝ-

ʨʠʦʜʠʯʝʩʢʠ ʧʝʨʝʰʣʠʬʦʚʳʚʘʶʪ ʧʦ ʤʝʨʝ ʚʳʨʘʙʦʪ-

ʢʠ, ʠ ʢʦʛʜʘ ʧʝʨʝʰʣʠʬʦʚʢʘ ʟʘʪʨʦʥʝʪ ʧʝʨʝʭʦʜʥʫʶ 

ʟʦʥʫ, ʚʘʣʦʢ ʩʥʠʤʘʶʪ ʩ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʦʵʪʦʤʫ 

ʠʩʩʣʝʜʦʚʘʣʠ ʦʙʨʘʟʮʳ, ʚʳʨʝʟʘʥʥʳʝ ʠʟ ʦʪʨʘʙʦʪʘʥ-

ʥʦʛʦ ʜʚʫʭʩʣʦʡʥʦʛʦ ʯʫʛʫʥʥʦʛʦ ʚʘʣʢʘ ʤʘʨʢʠ ʃʇʍʜ-

70 ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʦʪʙʝʣʝʥʥʦʛʦ ʩʣʦʷ. ʆʙʨʘʟʝʮ ʚʳ-

ʨʝʟʘʣʠ ʠʟ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʚʘʣʢʘ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʧʦ-

ʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ. ʆʩʘʜʦʢ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ 

ʭʨʦʤʘ ʪʦʣʱʠʥʦʡ 300 ʤʢʤ ʥʘʥʦʩʠʣʠ ʥʘ ʙʦʢʦʚʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʦʙʨʘʟʮʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʦʙʨʘʙʦʪʢʦʡ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʣʘʟʤʦʡ ʧʦ ʨʝ-

ʞʠʤʫ, ʧʨʠʚʝʜʝʥʥʦʤʫ ʚʳʰʝ.  

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʨʘʙʦʯʝʛʦ ʩʣʦʷ ʚʘʣʢʘ ʟʥʘ-

ʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʞʘʨʦʩʪʦʡʢʦʩʪʴ ʠ ʞʘʨʦʧʨʦʯ-

ʥʦʩʪʴ. ʉ ʧʦʤʦʱʴʶ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʭ ʠ ʤʠʢʨʦ-

ʟʦʥʜʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʣʝʛʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʭʨʦʤʘ ʚ 

ʠʟʙʳʪʦʯʥʳʭ ʬʘʟʘʭ ʠ ʚ ʦʩʥʦʚʝ ʧʦ ʪʦʣʱʠʥʝ ʜʠʬ-

ʬʫʟʠʦʥʥʦʛʦ ʟʦʥʳ (ʫʙʚʤ. 4). 

ʋʙʚʤʡʯʙ 4 
ʉʙʪʨʩʞʝʞʤʞʦʡʞ ʮʩʧʥʙ ʨʧ ʭʙʠʙʥ, ʦʙʮʧʝʸʲʡʥʪʸ  
ʛ ʨʤʙʠʥʞʦʦʧʥ ʨʧʣʩʴʫʡʡ ʡ ʜʤʬʚʡʦʞ, % 

ɻʣʫʙʠ-

ʥʘ, ʤʤ 

ʆʩʠ  

ʜʝʥʜʨʠʪʦʚ 

ʄʝʞʦʩʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʃʝʛʠʨʦʚʘʥʥʳʡ 

ʣʝʜʝʙʫʨʠʪ 
ʄʘʨʪʝʥʩʠʪ 

0 8,5 40,6 ï ï 

0,45 8,3 39,9 ï ï 

0,9 8,3 37,1 ï ï 

1,35 8 34,4 ï ï 

1,8 7,2 32,8 ï ï 

2,25 6,6 31,2 ï ï 

2,7 6,6 30,8 ï ï 

3,15 5,8 28,7 ï ï 

3,6 4,9 15,5 ï ï 

4,05 4,7 14,8 ï ï 

4,5 ï 5,9 1,9 ï 

4,7 ï 1,8 1,8 ï 

4,9 ï ï 1,6 ï 

5 ï ï 1,5 ï 

5,2 ï ï ï 0,6 

5,4 ï ï ï 0,6 

5,6 ï ï ï 0,6 

5,8 ï ï ï 0,5 
 

ʄʠʢʨʦʟʦʥʜʦʚʦʝ ʠʩʩʣʝʜʦʚʘʥʝ ʧʦʟʚʦʣʠʣʦ ʫʩʪʘ-

ʥʦʚʠʪʴ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʨʦʤʘ ʤʦʥʦʪʦʥʥʦ ʚʘ-

ʨʴʠʨʫʝʪʩʷ ʧʦ ʪʦʣʱʠʥʝ ʧʦʢʨʳʪʠʷ, ʨʝʟʢʦʝ ʧʘʜʝʥʠʝ 

ʚʦʟʥʠʢʘʝʪ ʚ ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʝ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʵʪʠʭ ʟʦʥ 

ʧʨʠʤʝʥʷʣʠ ʤʝʪʦʜ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘ-

ʣʠʟʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʭʨʦʤʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ çɼʈʆʅï4è. 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʙ-

ʨʘʟʫʶʱʠʡʩʷ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʢʘʨʙʠʜ 

ʨʘʩʧʦʟʥʘʝʪʩʷ ʢʘʢ Cr7C3. ɸ ʚ ʛʣʫʙʦʢʠʭ ʩʣʦʷʭ 
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ʯʘʩʪʴ ʭʨʦʤʘ ʟʘʤʝʱʘʝʪʩʷ ʞʝʣʝʟʦʤ ʩ ʚʦʟʥʠʢʥʦ-

ʚʝʥʠʝʤ ʩʣʦʞʥʦʛʦ ʢʘʨʙʠʜʘ (Cr, Fe)7C3. ʊʘʢʞʝ 

ʚʳʷʚʣʝʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʦʩʪʘʪʦʯʥʦʛʦ ʘʫʩʪʝʥʠʪʘ. 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʢ ʯʫʛʫʥʥʦʡ ʦʩʥʦʚʝ ʚ ʩʪʨʫʢʪʫʨʝ 

ʧʦʢʨʳʪʠʷ ʚʦʟʥʠʢʘʣʠ ʜʨʫʛʠʝ ʬʘʟʳ, ʚ ʢʦʪʦʨʳʭ 

ʙʳʣʦ ʤʝʥʴʰʝʝ ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʭʨʦʤʘ 

ʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ï ʫʛʣʝʨʦʜʘ ʠ ʢʨʝʤʥʠʷ. ʊʚʝʨ-

ʜʳʡ ʨʘʩʪʚʦʨ ʚʢʣʶʯʘʣ 4,0ï8,0% ʭʨʦʤʘ, ʘ ʢʘʨ-

ʙʠʜʥʳʝ ʬʘʟʳ ï 15,0ï40,0% ʭʨʦʤʘ. ʅʘ ʛʣʫʙʠʥʝ 

ʙʦʣʝʝ 5 ʤʤ ʠʤʝʶʪʩʷ ʥʝʨʘʩʪʚʦʨʠʚʰʠʝʩʷ ʢʘʨ-

ʙʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ. ʇʨʠ ʫʜʘʣʝʥʠʠ ʦʪ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʢʨʠʩʪʘʣʣʳ ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʣʝʜʝʙʫʨʠʪʘ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ. ʉʦʜʝʨʞʘʥʠʝ ʭʨʦʤʘ ʚ ʵʪʦʡ ʬʘʟʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʜʝʨʞʘʥʠʶ ʭʨʦʤʘ ʚ ʣʝʛʠʨʦ-

ʚʘʥʥʦʤ ʮʝʤʝʥʪʠʪʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʵʢʩʧʣʫʘʪʘʮʠʷ ʚʘʣʢʦʚ ʩ ʧʨʝʜʣʘʛʘʝʤʳʤ ʪʠʧʦʤ ʧʦ-

ʢʨʳʪʠʡ ʠʟ-ʟʘ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʦʩʪʘ-

ʪʦʯʥʦʛʦ ʘʫʩʪʝʥʠʪʘ ʙʫʜʝʪ ʢʘʯʝʩʪʚʝʥʥʦ ʧʨʝʧʷʪ-

ʩʪʚʦʚʘʪʴ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʶ. 

ʉʦʦʪʥʦʰʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʚʳʩʦʢʦʭʨʦʤʠʩʪʳʭ ʚʘʣʢʦʚ 

ʚʳʷʚʠʣʦ, ʯʪʦ ʧʦ ʪʚʝʨʜʦʩʪʠ ʠ ʩʦʜʝʨʞʘʥʠʶ ʭʨʦʤʘ 

ʧʦʣʫʯʝʥʥʦʝ ʧʣʘʟʤʝʥʥʦʝ ʧʦʢʨʳʪʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʠ ʩʚʦʡʩʪʚʘʤ ʭʨʦʤʠʩʪʳʭ 

ʚʘʣʢʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ, ʚʥʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʥʴʰʝʡ ʪʦʣʱʠʥʳ, ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝ ʵʪʠʭ ʧʦʢʨʳʪʠʡ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʵʬ-

ʬʝʢʪʠʚʥʳʤ. ʇʨʠʩʫʪʩʪʚʠʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʨʦ-

ʮʝʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʘʫʩʪʝʥʠʪʘ 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʶ. ɸ ʟʥʘʯʠʪ, 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʟʥʦʰʝʥʥʳʭ ʚʘʣ-

ʢʦʚ ʧʫʪʝʤ ʥʘʥʝʩʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʵʣʝʢʪʨʦʣʠ-

ʪʠʯʝʩʢʦʛʦ ʭʨʦʤʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ 

ʧʣʘʟʤʦʡ ʚʤʝʩʪʦ ʟʘʤʝʥʳ ʭʨʦʤʠʩʪʦʛʦ ʚʘʣʢʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ (ʪʦʣʱʠʥʘ ʧʦʢʨʳʪʠʡ, 

ʤʠʢʨʦʪʚʸʨʜʦʩʪʴ, ʬʘʟʦʚʳʡ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘ-

ʚʳ) ʜʘʶʪ ʦʩʥʦʚʘʥʠʝ ʩʯʠʪʘʪʴ, ʯʪʦ ʜʠʬʬʫʟʠʦʥʥʳʝ 

ʧʣʘʟʤʝʥʥʳʝ ʭʨʦʤʦʚʳʝ ʧʦʢʨʳʪʠʷ ʭʦʨʦʰʦ ʧʨʦʪʠ-

ʚʦʩʪʦʷʪ ʘʙʨʘʟʠʚʥʦʤʫ ʠʟʥʦʩʫ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ 

ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʃʫʯʰʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ, 

ʪʦʣʱʠʥʘ ʧʦʢʨʳʪʠʷ) ʠʤʝʝʪ ʜʠʬʬʫʟʠʦʥʥʘʷ ʟʦʥʘ, 

ʧʦʣʫʯʘʝʤʘʷ ʧʨʠ ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʝ ʩʣʦʷ 

ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ ʭʨʦʤʘ ʪʦʣʱʠʥʦʡ 300 ʤʢʤ. 

ʌʘʟʦʚʳʡ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚʳ, ʘ ʪʘʢʞʝ ʤʠʢʨʦ-

ʪʚʸʨʜʦʩʪʴ ʯʫʛʫʥʘ ʩ ʧʣʘʟʤʝʥʥʳʤ ʜʠʬʬʫʟʠʦʥʥʳʤ 

ʭʨʦʤʦʚʳʤ ʧʦʢʨʳʪʠʝʤ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʥʝʦʙʭʦʜʠ-

ʤʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʘʣʢʦʚ ʛʦʨʷʯʝʡ 

ʧʨʦʢʘʪʢʠ ʣʠʩʪʦʚʦʡ ʩʪʘʣʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʚʦʩ-

ʩʪʘʥʦʚʣʝʥʠʷ ʚʘʣʢʦʚ ʠʟ ʩʝʨʦʛʦ ʯʫʛʫʥʘ, ʠʩʧʦʣʴʟʫ-

ʝʤʳʭ ʧʨʠ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʝ ʩʪʘʣʝʡ. 

ɺʳʚʦʜʳ 

1. ʊʦʣʱʠʥʘ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ ʦʩʘʜʢʘ ʭʨʦʤʘ 

ʧʝʨʝʜ ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʜʝʪʘʣʠ, ʦʙʝʩʧʝʯʠ-

ʚʘʶʱʘʷ ʥʘʠʣʫʯʰʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ, ʩʦʩʪʘʚʣʷʝʪ 300 ʤʢʤ, ʧʨʠʯʝʤ ʚʦʟʥʠʢʘʝʪ 

ʜʠʬʬʫʟʠʦʥʥʳʡ ʩʣʦʡ ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 4,5 ʤʤ. 

2. ʆʙʨʘʙʦʪʢʘ ʯʫʛʫʥʘ ʩ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʤ 

ʭʨʦʤʦʚʳʤ ʧʦʢʨʳʪʠʝʤ ʧʣʘʟʤʦʡ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳ-

ʩʠʪɹ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʚ 3ï4 ʨʘʟʘ, ʧʦʣʫʯʠʪʴ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʢʘʨʙʠʜʥʳʝ ʬʘʟʳ (Cr, Fe)7ʉ3 ʠ (Cr, 

Fe)23ʉ6, ʘʥʘʣʦʛʠʯʥʳʝ ʬʘʟʦʚʦʤʫ ʩʦʩʪʘʚʫ ʧʨʠ 

ʜʠʬʬʫʟʠʦʥʥʦʤ ʭʨʦʤʠʨʦʚʘʥʠʠ. ʇʨʦʮʝʥʪʥʦʝ ʩʦ-

ʜʝʨʞʘʥʠʝ ʭʨʦʤʘ ʧʨʠ ʵʪʦʤ ʦʢʦʣʦ 20ï25%.  

3. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʩ ʠʟʚʝʩʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚʳʩʦʢʦʭʨʦʤʠʩʪʳʭ ʚʘʣ-

ʢʦʚ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦ ʪʚʝʨʜʦʩʪʠ ʠ ʧʨʦʮʝʥʪʥʦʤʫ 

ʩʦʜʝʨʞʘʥʠʶ ʭʨʦʤʘ ʧʦʣʫʯʝʥʥʦʝ ʧʣʘʟʤʝʥʥʦʝ ʧʦ-

ʢʨʳʪʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʠ 

ʩʚʦʡʩʪʚʘʤ ʭʨʦʤʠʩʪʳʭ ʚʘʣʢʦʚ. ʇʦʵʪʦʤʫ, ʥʝʩʤʦʪʨʷ 

ʥʘ ʤʝʥʴʰʫʶ ʪʦʣʱʠʥʫ, ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʨʠʤʝʥʝ-

ʥʠʝ ʪʘʢʠʭ ʧʦʢʨʳʪʠʡ ʙʫʜʝʪ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚ-

ʥʳʤ. ɸ ʟʥʘʯʠʪ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʙʦʣʝʝ ʚʳʛʦʜʥʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʟʥʦʰʝʥʥʳʭ ʚʘʣ-

ʢʦʚ ʧʫʪʝʤ ʥʘʥʝʩʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʵʣʝʢʪʨʦʣʠ-

ʪʠʯʝʩʢʦʛʦ ʭʨʦʤʘ ʩ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʦʡ 

ʧʣʘʟʤʝʦʡ ʚʤʝʩʪʦ ʥʦʚʦʛʦ ʭʨʦʤʠʩʪʦʛʦ ʚʘʣʢʘ.  

ʇʨʠ ʥʘʧʠʩʘʥʠʠ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ ʙʳʣʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʳ ʣʠʪʝʨʘʪʫʨʥʳʝ ʠʩʪʦʯʥʠʢʠ [1ï5]. 

ʊʨʡʪʧʣ ʤʡʫʞʩʙʫʬʩʴ 

1. ɸʥʪʨʦʧʦʚ ʃ.ʀ., ʃʝʙʝʜʠʥʩʢʠʡ ʖ.ʅ. ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʵʣʝʢ-

ʪʨʦʭʠʤʠʯʝʩʢʠʝ ʧʦʢʨʳʪʠʷ ʠ ʤʘʪʝʨʠʘʣʳ. ʂ.: ʊʝʭʥʠʢʘ, 1986. 

200 ʩ. 

2. ʄʝʪʘʣʣʦʛʨʘʬʠʷ ʤʝʪʘʣʣʦʚ, ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʢʨʳ-

ʪʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʵʣʝʢʪʨʦʠʩʢʨʦʚʳʤʠ ʩʧʦʩʦʙʘʤʠ / ɺ.ʅ. ɻʘʜʘ-

ʣʦʚ, ɺ.ɻ. ʉʘʣʴʥʠʢʦʚ, ɽ.ɺ. ɸʛʝʝʚ, ɼ.ʅ. ʈʦʤʘʥʝʥʢʦ. ʂʫʨʩʢ: ʀʥ-

ʬʨʘ-ʄ, 2011. 468 ʩ. 

3. ɹʫʨʢʘʪ ɻ.ʂ., ɼʦʣʤʘʪʦʚ ɺ.ʖ. ʋʣʴʪʨʘʜʠʩʧʝʨʩʥʳʝ ʘʣʤʘʟʳ ʚ 

ʛʘʣʴʚʘʥʦʪʝʭʥʠʢʝ // ʌʠʟʠʢʘ ʪʚʸʨʜʦʛʦ ʪʝʣʘ. 2004. ʊ. 46. ɺr ʧ. 4. 

ʉ. 685ï692. 

4. ʉʪʘʚʨʝʚ ɼ.ʉ., ʅʠʢʦʚ ʅ.ʗ. ʋʧʨʦʯʥʝʥʠʝ ʩʝʨʳʭ ʯʫʛʫʥʦʚ ʧʨʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʦʪʙʝʣʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʣʘʟʤʦʡ // 

ʄʝʪʘʣʣʦʚʝʜʝʥʠʝ ʠ ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʤʝʪʘʣʣʦʚ. 

1985. ˉ4. ʉ. 15ï18. 

5. ʂʦʩʪʠʢʦʚ ɺ.ʅ., ʐʝʩʪʝʨʠʥ ʖ.ɸ. ʇʣʘʟʤʝʥʥʳʝ ʧʦʢʨʳʪʠʷ. ʄ.: 

ʄʝʪʘʣʣʫʨʛʠʷ, 1978. 180 ʩ. 

6. ʃʘʱʝʥʢʦ ɻ.ʀ. ʇʣʘʟʤʝʥʥʦʝ ʫʧʨʦʯʥʝʥʠʝ ʠ ʥʘʧʳʣʝʥʠʝ. ʂʠʝʚ: 

ʕʢʦʪʝʭʥʦʣʦʛʠʷ, 2003. 64 ʩ. 
 

ʄʘʪʝʨʠʘʣ ʧʦʩʪʫʧʠʣ ʚ ʨʝʜʘʢʮʠʶ 15.12.15.
 

http://www.bookin.org.ru/?page=find&string=%CC%E5%F2%E0%EB%EB%EE%E3%F0%E0%F4%E8%FF%20%EC%E5%F2%E0%EB%EB%EE%E2%2C%20%EF%EE%F0%EE%F8%EA%EE%E2%FB%F5%20%EC%E0%F2%E5%F0%E8%E0%EB%EE%E2%20%E8%20%EF%EE%EA%F0%FB%F2%E8%E9%2C%20%EF%EE%EB%F3%F7%E5%ED%ED%FB%F5%20%FD%EB%E5%EA%F2%F0%EE%E8%F1%EA%F0%EE%E2%FB%EC%E8%20%F1%EF%EE%F1%EE%E1%E0%EC%E8.%20%C3%F0%E8%F4%20%CC%CE%20%D0%D4&check=on
http://www.bookin.org.ru/?page=find&string=%CC%E5%F2%E0%EB%EB%EE%E3%F0%E0%F4%E8%FF%20%EC%E5%F2%E0%EB%EB%EE%E2%2C%20%EF%EE%F0%EE%F8%EA%EE%E2%FB%F5%20%EC%E0%F2%E5%F0%E8%E0%EB%EE%E2%20%E8%20%EF%EE%EA%F0%FB%F2%E8%E9%2C%20%EF%EE%EB%F3%F7%E5%ED%ED%FB%F5%20%FD%EB%E5%EA%F2%F0%EE%E8%F1%EA%F0%EE%E2%FB%EC%E8%20%F1%EF%EE%F1%EE%E1%E0%EC%E8.%20%C3%F0%E8%F4%20%CC%CE%20%D0%D4&check=on


ʊɽʍʅʆʃʆɻʀʀ ʆɹʈɸɹʆʊʂʀ ʄɸʊɽʈʀɸʃʆɺ 

ððððððððððððððððððððððððððððððððð   ɺʝʩʪʥʠʢ ʄɻʊʋ ʠʤ. ɻ. ʀ. ʅʦʩʦʚʘ. 2016. ʊ. 14. ˉ2 62 

 INFORMATION ABOUT THE PAPER IN ENGLISH 

DOI:10.18503/1995-2732-2016-14-2-53-62 

THE STRUCTURE AND PHYSICAL AND MECHANICAL PROPERTIES 
OF CHROMIUM DIFFUSION COATINGS USED FOR RECOVERY 
OF GREY CAST IRON ROLLS THROUGH PLASMA TREATMENT 

Gadalov Vladimir Nikolaevich ï D.Sc. (Eng.), Professor, South-West State University, Kursk, Russia. E-mail: 
Gadalov-vn@yandex.ru. 

Cherenkova Irina Sergeevna ï Ph.D. (Eng.), Assistant Professor, Lipetsk State Technical University, Lipetsk, 
Russia. E-mail: mailbox@stu.lipetsk.ru. 

Vornacheva Irina Valerievna ï Postgraduate Student, South-West State University, Kursk, Russia. E-mail: 
vornairina2008@yandex.ru. 

Zhuravlev Gennady Modestovich ï D.Sc. (Eng.), Professor, Tula State University, Tula, Russia. E-mail:  
info@tsu.tula.ru. 

Abakumov Andrey Vladimirovich  ï Postgraduate Student, South-West State University, Kursk, Russia. E-mail: 
747-067@mail.ru. 

 

Abstract. The available literature describing the 
effects of high heating and cooling rates on the properties 
of gray cast iron with electroplates seems to be rather 
limited and ambiguous. Therefore, the problem of 
identifying structural regularitites and studying the 
composition factors and their effect on the properties of 
the material under examination is of high relevance in 
both academic and practical terms. 

This research focused on composite chromium-based 
electrochemical coatings and the interaction area between a 
coating and a substrate (i.e. the surface modified layer). 
Composite coatings were applied in a self-alloying 
sulphate electrolyte (CrO3 ï 250 g/l, SrSO4 ï 6 g/l) at 
60ÁC and the current density of 50 A/dm2 to ensure the 
formation of a hard wear-resistant chromium deposit. 
Coatings with thicknesses of 15 to 130 Õm were produced, 
determined by the electrolysis time (60 to 180 min).  

Gray cast iron of grade SCh-20 and a double-layer roll 
foundry iron with a working layer made of LPKhd-70 were 
used as substrates for plasma electrolytic diffusion 
coatings. The casting was plated with chromium at 60ÁC 
and the current density of 50 A/dm2 to obtain 100 and 300 
Õm thick coatings. After that the chromium deposit was 
plasma-treated under the following process parameters: the 
current density of 7 to 8 MA/m2, the flow rate of plasma-
forming argon of 5 to 6 l/min, the specific power of the 
plasma torch of 240 to 250 MW/m2, the diameter of the 
nozzle of 8 mm, the linear speed of the plasma torch of 70 
m/s. The hardened layers were formed with no forced 
cooling applied but merely due to heat dissipation in the 
metal. The above process parameters were designed to 
cause the surface layer of the casting to melt.  

The physical and mechanical properties of chromium 
coatings can be enhanced through the application of heat 
treatment (HT). Various HT techniques are applicable at 
high heating and cooling rates, with plasma treatment 
being one of them. HT helps improve the adhesion 
strength of coatings and achieve an excellent wear 
resistance of the surface modified layer due to hard finely 
dispersed chromium carbides. 

Keywords: Diffusion coatings, wear resistance, plas-

ma treatment, double-layer rolls, solid solution. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʆʎɽʉʉɸ  

ɼʀʅɸʄʀʏɽʉʂʆɻʆ ʅɸʂʃɽʇɸ ɹʆʁʂɸʄʀ 

ɹʝʣʝʚʩʢʠʡ ʃ.ʉ., ɹʝʣʝʚʩʢʘʷ ʀ.ɺ., ɽʬʠʤʦʚʘ ʖ.ʖ. 

ʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʘʛʥʠʪʦʛʦʨʩʢ, ʈʦʩʩʠʷ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝ-

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʙʦʡʢʦʤ ʧʝʨʬʦʨʘʪʦʨʘ.  

ɼʣʷ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʠʥʪʝʥʩʠʚʥʦʡ ʧʣʘʩʪʠ-

ʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ (ʀʇɼ), ʚ ʪʦʤ ʯʠʩʣʝ ʫʜʘʨʥʦʝ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʧʣʘʩʪʠʯʝʩʢʦʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ (ʇʇɼ). ʇʇɼ 

ʤʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʯʝʢʘʥʢʦʡ, ʢʦʪʦʨʘʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʧʝʨʝ-

ʤʝʱʝʥʠʠ ʠʥʩʪʨʫʤʝʥʪʘ (ʙʦʡʢʘ). ʀʟʚʝʩʪʥʳ ʨʘʟʣʠʯʥʳʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʠ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʫʧʨʦʯʥʝʥʠʷ ʜʠʥʘʤʠʯʝ-

ʩʢʠʤ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʥʘʢʣʝʧʦʤ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʧʣʘʩʪʠʥʯʘʪʳʭ ʠ ʢʨʫʛʣʳʭ ʜʝʪʘʣʝʡ. ʆʥʠ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳ 

ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʛʨʦʤʦʟʜʢʠ. ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʢʣʝʧʘ ʨʫʯʥʦʡ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʝʨʬʦʨʘʪʦʨ. ʅʦʤʠʥʘʣʴʥʦʝ ʯʠʩʣʦ ʫʜʘʨʦʚ ï 4000 ʫʜ./ʤʠʥ, ʵʥʝʨʛʠʷ ʫʜʘʨʘ ï 3,5 ɼʞ, ʥʦʤʠʥʘʣʴʥʘʷ 

ʩʢʦʨʦʩʪʴ ʨʘʙʦʯʝʛʦ ʰʧʠʥʜʝʣʷ ï 700 ʦʙ/ʤʠʥ. ʆʙʨʘʙʦʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʟʫʙʠʣʦʤ ʧʠʢʦʦʙʨʘʟ-

ʥʳʤ ʠʟ ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʦʡ ʣʝʛʠʨʦʚʘʥʥʦʡ ʩʪʘʣʠ ʠ ʙʫʨʦʤ ʜʠʘʤʝʪʨʦʤ 10 ʤʤ ʩ ʪʚʝʨʜʦʩʧʣʘʚʥʳʤ ʥʘʢʦʥʝʯʥʠʢʦʤ. 

ʇʝʨʬʦʨʘʪʦʨ ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʚ ʨʝʞʠʤʘʭ: ʫʜʘʨ ʠʣʠ ʫʜʘʨ ʩ ʢʨʫʯʝʥʠʝʤ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʟʫʙʠʣʦʤ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʦʙʘ ʨʝʞʠʤʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʬʦʨʘʪʦʨʘ, ʜʘʞʝ ʩ ʥʝʙʦʣʴʰʦʡ ʵʥʝʨʛʠʝʡ ʫʜʘʨʘ 3,5 ɼʞ, 

ʧʦʟʚʦʣʷʝʪ ʚʝʩʴʤʘ ʵʬʬʝʢʪʠʚʥʦ ʫʧʨʦʯʥʷʪʴ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʫʧʨʦʯʥʝʥʠʝ ʩʪʘʣʠ 20 ʜʦʩʪʠʛʘʣʦ 

83%, ʛʣʫʙʠʥʘ ʫʧʨʦʯʥʝʥʥʦʛʦ ʩʣʦʷ ï ʜʦ 350 ʤʢʤ. ɺ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʦʣʦʢʥʠʩʪʦʡ 

ʩʪʨʫʢʪʫʨʳ ʩ ʪʦʣʱʠʥʦʡ ʚʦʣʦʢʦʥ ʦʪ 0,13 ʜʦ 0,23 ʤʢʤ ʠ ʨʘʟʚʠʚʘʶʪʩʷ ʧʨʦʮʝʩʩʳ ʬʨʘʛʤʝʥʪʘʮʠʠ. ʇʦʚʝʨʭʥʦʩʪʥʳʡ 

ʩʣʦʡ ʩ ʪʘʢʠʤʠ ʨʘʟʤʝʨʘʤʠ ʬʨʘʛʤʝʥʪʦʚ ʧʦʜʦʙʝʥ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʤʫ, ʧʦʣʫʯʘʝʤʦʤʫ ʚ ʧʨʦʮʝʩʩʘʭ ʀʇɼ. ʇʨʠ 

ʨʝʞʠʤʝ ʦʙʨʘʙʦʪʢʠ çʫʜʘʨ ʩ ʢʨʫʯʝʥʠʝʤè ʨʘʟʤʝʨ ʬʨʘʛʤʝʥʪʦʚ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ ʫʜʘʨʝ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. ʅʘʠʙʦʣʴʰʝʝ ʫʧʨʦʯʥʝʥʠʝ ʢʘʢ ʧʦ ʫʨʦʚʥʶ ʪʚʝʨʜʦʩʪʠ, ʧʦ ʛʣʫʙʠʥʝ ʫʧʨʦʯ-

ʥʝʥʥʦʛʦ ʩʣʦʷ, ʪʘʢ ʠ ʠʟʤʝʣʴʯʝʥʠʶ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʜʦʩʪʠʛʘʝʪʩʷ ʜʝʬʦʨʤʘʮʠʝʡ ʫʜʘʨʦʤ ʙʦʡʢʘ ʩ ʥʘʢʦʥʝʯʥʠʢʦʤ ʠʟ 

ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʘ. ɼʝʬʦʨʤʘʮʠʷ ʙʦʡʢʘʤʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʫʧʨʦʯʥʝʥʠʷ ʛʘʣʪʝʣʝʡ, ʰʧʦʥʦʯʥʳʭ ʧʘʟʦʚ, 

ʩʚʘʨʥʳʭ ʰʚʦʚ, ʥʘʢʣʝʧʘ ʩ ʨʠʬʣʝʥʠʝʤ ʠ ʜʨʫʛʠʭ ʦʧʝʨʘʮʠʡ. ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʚʘʨʠʘʥʪ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʢʣʝʧʘ ʠʤʝʝʪ 

ʩʚʦʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʥʠʰʫ ʠ ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʪʨʝʙʫʝʪ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʥʘʤʠʯʝʩʢʠʡ ʥʘʢʣʝʧ, ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʝʨʬʦʨʘʪʦʨ, ʙʦʝʢ, ʫʜʘʨ, ʜʝʬʦʨʤʘʮʠʦʥʥʦʝ ʫʧʨʦʯʥʝ-

ʥʠʝ, ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ. 
 

ɺʚʝʜʝʥʠʝ  

ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʧʦʚʳʰʝʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ 

ʧʨʦʯʥʦʩʪʠ ʩʪʘʣʴʥʳʭ ʠʟʜʝʣʠʡ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ 

ʫʣʴʪʨʘʤʝʣʢʦʛʦ ʟʝʨʥʘ ʠʣʠ ʩʦʟʜʘʥʠʝ ʥʘʥʦʢʨʠʩʪʘʣʣʠ-

ʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʨʘʟ-

ʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ [1]. ʇʦʣʫʯʝʥʠʝ ʪʘʢʦʡ ʩʪʨʫʢ-

ʪʫʨʳ, ʦʩʦʙʝʥʥʦ ʚ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʠʟʜʝʣʠʷʭ, ʩʚʷ-

ʟʘʥʦ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ. ɻʦʨʘʟʜʦ 

ʧʨʦʱʝ ʦʩʫʱʝʩʪʚʠʪʴ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ʧʦ-

ʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʠʟʜʝʣʠʷ. ɼʣʷ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦ-

ʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʟ-

ʣʠʯʥʳʝ ʤʝʪʦʜʳ ʠʥʪʝʥʩʠʚʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨ-

ʤʘʮʠʠ (ʀʇɼ), ʚ ʪʦʤ ʯʠʩʣʝ ʫʜʘʨʥʦʝ ʧʦʚʝʨʭʥʦʩʪʥʦʝ 

ʧʣʘʩʪʠʯʝʩʢʦʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ [2ï6]. 

ʉʦʛʣʘʩʥʦ ɻʆʉʊ 18296-72 ʨʘʟʣʠʯʘʶʪ ʩʪʘʪʠʯʝ-
                                                                                              

Ò  ɹʝʣʝʚʩʢʠʡ ʃ.ʉ., ɹʝʣʝʚʩʢʘʷ ʀ.ɺ., ɽʬʠʤʦʚʘ ʖ.ʖ., 2016  

ʩʢʦʝ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʧʣʘʩʪʠʯʝʩʢʦʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ 

(ʇʇɼ) ʠ ʫʜʘʨʥʦʝ. ʇʨʠ ʫʜʘʨʥʦʤ ʇʇɼ ʠʥʩʪʨʫʤʝʥʪ, 

ʨʘʙʦʯʠʝ ʪʝʣʘ ʠʣʠ ʩʨʝʜʘ ʦʢʘʟʳʚʘʶʪ ʫʜʘʨʥʦʝ ʜʝʡ-

ʩʪʚʠʝ ʥʘ ʦʙʨʘʙʘʪʳʚʘʝʤʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ɺ ʨʷʜʝ 

ʩʣʫʯʘʝʚ ʚʤʝʩʪʦ ʪʝʨʤʠʥʘ ʇʇɼ ʠʩʧʦʣʴʟʫʶʪ ʪʝʨʤʠʥ 

çʧʦʚʝʨʭʥʦʩʪʥʳʡ ʥʘʢʣʸʧè (ʇʅ). ʇʅ ï ʵʪʦ ʇʇɼ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ ʙʝʟ ʝʛʦ ʧʦʣʥʦʡ 

ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʆʜʥʠʤ ʠʟ ʚʠʜʦʚ ʇʇɼ ʷʚʣʷʝʪʩʷ 

ʦʙʨʘʙʦʪʢʘ ʧʨʦʚʦʣʦʯʥʦʡ ʱʸʪʢʦʡ. ʇʇɼ ʧʨʦʠʩʭʦʜʠʪ 

ʫʜʘʨʘʤʠ ʢʦʥʮʦʚ ʚʦʨʩʘ ʚʨʘʱʘʶʱʝʡʩʷ ʧʨʦʚʦʣʦʯʥʦʡ 

ʱʸʪʢʠ (ɺʇʑ) [7,8]. ʇʇɼ ʤʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ 

ʯʝʢʘʥʢʦʡ, ʢʦʪʦʨʫʶ ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʨʠ ʚʦʟʚʨʘʪʥʦ-

ʧʦʩʪʫʧʘʪʝʣʴʥʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʧʝʨʝʤʝʱʝʥʠʠ ʠʥ-

ʩʪʨʫʤʝʥʪʘ ʠ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʨʠ 

ʫʧʨʦʯʥʷʶʱʝʡ ʯʝʢʘʥʢʝ ʧʨʦʠʩʭʦʜʠʪ ʫʧʨʦʯʥʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʥʘʢʣʸʧʦʤ. 

ʋʜʘʨʥʳʝ ʤʝʪʦʜʳ ʇʇɼ ʠʤʝʶʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦ-

ʩʪʠ, ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʦʥʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳ, ʯʝʤ 



ʊɽʍʅʆʃʆɻʀʀ ʆɹʈɸɹʆʊʂʀ ʄɸʊɽʈʀɸʃʆɺ 

ððððððððððððððððððððððððððððððððð   ɺʝʩʪʥʠʢ ʄɻʊʋ ʠʤ. ɻ. ʀ. ʅʦʩʦʚʘ. 2016. ʊ. 14. ˉ2 64 

ʩʪʘʪʠʯʝʩʢʠʝ, ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʙʦʣʴʰʫʶ ʛʣʫ-

ʙʠʥʫ ʫʧʨʦʯʥʝʥʥʦʛʦ ʩʣʦʷ. 

ɺ ʎʅʀʀʊʄɸʐʝ [6] ʨʘʟʨʘʙʦʪʘʥʳ ʨʘʟʣʠʯʥʳʝ 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʠ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʫʧʨʦʯʥʝʥʠʷ 

ʜʠʥʘʤʠʯʝʩʢʠʤ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʥʘʢʣʝʧʦʤ ʢʨʫʧ-

ʥʦʛʘʙʘʨʠʪʥʳʭ ʧʣʘʩʪʠʥʯʘʪʳʭ ʠ ʢʨʫʛʣʳʭ ʜʝʪʘʣʝʡ. 

ɼʣʷ ʫʧʨʦʯʥʝʥʠʷ ʩʚʘʨʥʳʭ ʰʚʦʚ ʠ ʜʨʫʛʠʭ ʠʟʜʝʣʠʡ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʤʥʦʛʦʙʦʡʢʦʚʳʭ ʯʝ-

ʢʘʥʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʧʥʝʚʤʘʪʠʯʝ-

ʩʢʦʛʦ ʤʦʣʦʪʢʘ ʠ ʤʥʦʛʦʙʦʡʢʦʚʦʛʦ ʥʘʢʦʥʝʯʥʠʢʘ ʚ 

ʚʠʜʝ ʧʫʯʢʘ ʧʨʦʚʦʣʦʢ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʜʘʨʥʳʝ ʧʨʠʩʧʦʩʦʙ-

ʣʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳ ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ ʠ 

ʛʨʦʤʦʟʜʢʠ. ʆʪʙʦʡʥʳʝ ʧʥʝʚʤʘʪʠʯʝʩʢʠʝ ʤʦʣʦʪʢʠ 

ʩʣʠʰʢʦʤ ʪʷʞʝʣʳ ʠ ʜʣʷ ʠʭ ʨʘʙʦʪʳ ʥʝʦʙʭʦʜʠʤ 

ʢʦʤʧʨʝʩʩʦʨ ʠʣʠ ʤʘʛʠʩʪʨʘʣʴ ʩ ʚʦʟʜʫʭʦʤ ʧʦʜ ʜʘʚ-

ʣʝʥʠʝʤ. ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʢʣʝʧʘ ʨʫʯʥʦʡ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʝʨʬʦʨʘʪʦʨ. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦ-

ʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʙʦʡʢʦʤ ʧʝʨʬʦʨʘʪʦʨʘ. 

ʄʘʪʝʨʠʘʣʳ, ʦʙʦʨʫʜʦʚʘʥʠʝ, ʤʝʪʦʜʠʢʘ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʦʙʨʘʟʮʘʭ 

ʠʩʧʦʣʴʟʦʚʘʥ ʨʫʯʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʝʨʬʦʨʘʪʦʨ 

ʇʈʕ-7. ʅʦʤʠʥʘʣʴʥʦʝ ʯʠʩʣʦ ʫʜʘʨʦʚ ï 4000 ʫʜ./ʤʠʥ, 

ʵʥʝʨʛʠʷ ʫʜʘʨʘ ï 3,5 ɼʞ, ʥʦʤʠʥʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʨʘ-

ʙʦʯʝʛʦ ʰʧʠʥʜʝʣʷ ï 700 ʦʙ/ʤʠʥ. ʆʙʨʘʙʦʪʢʘ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʟʫʙʠʣʦʤ ʧʠʢʦʦʙʨʘʟ-

ʥʳʤ ʠʟ ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʦʡ ʣʝʛʠʨʦʚʘʥʥʦʡ ʩʪʘʣʠ ʠ 

ʙʫʨʦʤ ʜʠʘʤʝʪʨʦʤ 10 ʤʤ ʩ ʪʚʝʨʜʦʩʧʣʘʚʥʳʤ ʥʘʢʦ-

ʥʝʯʥʠʢʦʤ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʤʳ ʙʫʜʝʤ, ʜʣʷ ʢʨʘʪʢʦ-

ʩʪʠ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʨʤʠʥʳ çʟʫʙʠʣʦè ʠ çʪʚʝʨʜʳʡ 

ʩʧʣʘʚè. ɺ ʢʘʯʝʩʪʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʜʣʷ ʦʙʨʘʟʮʦʚ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʤʦʜʝʣʴʥʳʭ ʦʧʳʪʦʚ 

ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʩʣʦʷ ʙʳʣʘ ʚʟʷʪʘ ʩʪʘʣʴ ʤʘʨʢʠ 20. 

ɸʥʘʣʠʟ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ
*
 ʚʳʧʦʣʥʷʣʩʷ ʩ ʧʦ-

ʤʦʱʴʶ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Meiji 

Techno ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʠʩʪʝʤʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ Thixomet Pro. ʈʘʩʪʨʦʚʳʡ 

ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʡ (ʈʕʄ) ʘʥʘʣʠʟ 

ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʩʢʦʧʘ JSM-

6490LV ʧʨʠ ʫʩʢʦʨʷʶʱʝʤ ʥʘʧʨʷʞʝʥʠʠ 20 ʢɺ ʚ 

ʨʝʞʠʤʝ ʚʪʦʨʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. ʊʚʝʨʜʦʩʪʴ ʠʟʤʝ-

ʨʷʣʘʩʴ ʤʝʪʦʜʦʤ ʚʜʘʚʣʠʚʘʥʠʷ ʘʣʤʘʟʥʦʡ ʧʠʨʘʤʠ-

ʜʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 9475-60 ʥʘ ʪʚʝʨʜʦʤʝ-

ʨʝ Buehler Micromet. 

                                                                                              

* ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ ʎʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴ-

ʟʦʚʘʥʠʷ ʅʀʀ çʅʘʥʦʩʪʘʣʝʡè ʌɻɹʆʋ çʄɻʊʋ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘè. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʇʝʨʬʦʨʘʪʦʨ ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʚ ʨʝʞʠʤʘʭ: 

ʫʜʘʨ ʠʣʠ ʫʜʘʨ ʩ ʢʨʫʯʝʥʠʝʤ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʟʫʙʠ-

ʣʦʤ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʙʘ ʨʝʞʠʤʘ. 

ʀʟʤʝʨʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʚʳʧʦʣʥʷʣʦʩʴ 

ʧʦʩʣʦʡʥʦ, ʩ ʰʘʛʦʤ 50 ʤʢʤ, ʩʭʝʤʘ ʟʘʤʝʨʦʚ ʧʦʢʘ-

ʟʘʥʘ ʣʠʥʠʷʤʠ ʥʘ ʩʡʪ. 1. 

 
ʙ 

 
ʚ 

ʉʡʪ. 1. ʊʮʞʥʙ ʠʙʥʞʩʙ ʥʡʣʩʧʫʛʞʩʝʧʪʫʡ ʦʙ ʧʚʩʙʠʯʙʮ, 

ʧʚʩʙʚʧʫʙʦʦʴʮ ʠʬʚʡʤʧʥ (ʙ) ʡ ʫʛʞʩʝʴʥ ʪʨʤʙʛʧʥ (ʚ) 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʦʙ-

ʨʘʟʮʦʚ ʧʦʜʚʝʨʞʝʥʥʳʭ ʜʝʬʦʨʤʘʮʠʠ ʫʜʘʨ ʠ ʫʜʘʨ ʩ 

ʢʨʫʯʝʥʠʝʤ ʟʫʙʠʣʦʤ, ʘ ʪʘʢʞʝ ʫʜʘʨ ʪʚʝʨʜʳʤ ʩʧʣʘ-

ʚʦʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʩʡʪ. 2. 

ʇʨʠ ʚʩʝʭ ʨʝʞʠʤʘʭ ʦʙʨʘʙʦʪʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʙʨʘʟʮʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʫʧʨʦʯʥʝʥʠʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʦʩʥʦʚʥʦʤʫ ʤʝʪʘʣʣʫ ʦʪ 42 ʜʦ 83 %. ʇʨʦʪʷʞʝʥʥʦʩʪʴ 

ʫʧʨʦʯʥʝʥʥʦʛʦ ʩʣʦʷ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 200 ʜʦ 350 ʤʢʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʤʝʪʦʜʘʤʠ ʦʧ-

ʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚʦ ʚʩʝʭ 

ʩʣʫʯʘʷʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʫʝʪʩʷ ʜʝʬʦʨʤʠʨʦ-

ʚʘʥʥʳʡ ʩʣʦʡ (ʩʡʪ. 3). 
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ʉʡʪ. 3. ʅʡʣʩʧʪʫʩʬʣʫʬʩʙ ʨʧʛʞʩʮʦʧʪʫʦʧʜʧ ʪʤʧʸ ʧʚʩʙʠʯʙ ʪʫʙʤʡ ʥʙʩʣʡ 20, ʝʞʭʧʩʥʙʯʡʧʦʦʧʢ:   
ʙ ð ʬʝʙʩʧʥ ʠʬʚʡʤʧʥ; ʚ ð ʬʝʙʩ ʪ ʣʩʬʰʞʦʡʞʥ ʠʬʚʡʤʧʥ; ʛ ð ʬʝʙʩʧʥ ʫʛʞʩʝʴʥ ʪʨʤʙʛʧʥ, ĭ 500 

ʈʕʄ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʚ 
ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʧʨʦʠʩʭʦ-
ʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʦʣʦʢʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ, ʩʦ-
ʩʪʦʷʱʝʡ ʠʟ ʚʳʪʷʥʫʪʳʭ ʟʝʨʝʥ ʬʝʨʨʠʪʘ, ʢʦʪʦʨʳʝ 
ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʠ ʦʙʨʘʟʮʘ 
(ʩʡʪ. 4). ʊʦʣʱʠʥʘ ʚʦʣʦʢʥʘ ʤʝʥʷʝʪʩʷ ʦʪ 0,13 ʜʦ 
0,23 ʤʢʤ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʴʰʦʡ ʩʪʝʧʝ-
ʥʠ ʜʝʬʦʨʤʘʮʠʠ. ʇʦʤʠʤʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʣʦʢʥʠ-
ʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʨʘʟʚʠʚʘʶʪʩʷ ʧʨʦʮʝʩʩʳ ʬʨʘʛʤʝʥ- 

ʪʘʮʠʠ ʚ ʥʝʡ. ʈʘʟʤʝʨ ʬʨʘʛʤʝʥʪʦʚ ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ 

ʫʜʘʨʦʤ ʟʫʙʠʣʦʤ ʩʦʩʪʘʚʣʷʣ ʦʪ 0,3 ʜʦ 1 ʤʢʤ 

(ʩʡʪ. 4, ʙ ʠ 5, ʙ), ʫʜʘʨ ʩ ʢʨʫʯʝʥʠʝʤ ʟʫʙʠʣʦʤ ï 

0,34ï0,8 ʤʢʤ (ʩʡʪ. 4, ʚ ʠ 5, ʚ) ʠ ʫʜʘʨ ʪʚʝʨʜʳʤ 

ʩʧʣʘʚʦʤ ï 0,2ï0,7 ʤʢʤ (ʩʡʪ. 4, ʛ ʠ 5, ʛ). 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʠʩʭʦʜʠʪ ʚʳʪʷʛʠʚʘʥʠʝ ʧʝʨ-

ʣʠʪʥʳʭ ʫʯʘʩʪʢʦʚ ʠ ʜʝʬʦʨʤʘʮʠʷ ʠ ʜʨʦʙʣʝʥʠʝ ʮʝ-

ʤʝʥʪʠʪʥʳʭ ʧʣʘʩʪʠʥ ʚ ʥʠʭ (ʩʡʪ. 6). 



ʊɽʍʅʆʃʆɻʀʀ ʆɹʈɸɹʆʊʂʀ ʄɸʊɽʈʀɸʃʆɺ 
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ʉʡʪ. 4. ɻʧʤʧʣʦʡʪʫʙʸ ʪʫʩʬʣʫʬʩʙ ʨʧʛʞʩʮʦʧʪʫʦʧʜʧ ʪʤʧʸ ʧʚʩʙʠʯʙ ʪʫʙʤʡ ʥʙʩʣʡ 20, ʝʞʭʧʩʥʙʯʡʧʦʦʧʢ:  
ʙ ð ʬʝʙʩʧʥ ʠʬʚʡʤʧʥ; ʚ ð ʬʝʙʩ ʪ ʣʩʬʰʞʦʡʞʥ ʠʬʚʡʤʧʥ; ʛ ð ʬʝʙʩʧʥ ʫʛʞʩʝʴʥ ʪʨʤʙʛʧʥ 

        
                ʙ              ʚ 
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ʉʡʪ. 5. ʇʚʩʙʠʧʛʙʦʡʞ ʭʩʙʜʥʞʦʫʧʛ ʛ ʛʧʤʧʣʦʡʪʫʧʢ ʪʫʩʬʣʫʬʩʞ ʪʫʙʤʡ ʥʙʩʣʡ 20, ʝʞʭʧʩʥʙʯʡʧʦʦʧʢ:  
ʙ ð ʬʝʙʩʧʥ ʠʬʚʡʤʧʥ; ʚ ð ʬʝʙʩ ʪ ʣʩʬʰʞʦʡʞʥ ʠʬʚʡʤʧʥ; ʛ ð ʬʝʙʩʧʥ ʫʛʞʩʝʴʥ ʪʨʤʙʛʧʥ 
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ʉʡʪ. 6. ɽʞʭʧʩʥʙʯʡʸ ʨʞʩʤʡʫʦʴʮ ʬʰʙʪʫʣʧʛ 

ɺʳʚʦʜʳ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʠ ʧʝʨʬʦʨʘʪʦʨʘ, ʜʘʞʝ ʩ ʥʝʙʦʣʴʰʦʡ ʵʥʝʨʛʠʝʡ 
ʫʜʘʨʘ 3,5 ɼʞ, ʧʦʟʚʦʣʷʝʪ ʚʝʩʴʤʘ ʵʬʬʝʢʪʠʚʥʦ 
ʫʧʨʦʯʥʷʪʴ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ. ʄʘʢʩʠʤʘʣʴʥʦʝ 
ʫʧʨʦʯʥʝʥʠʝ ʩʪʘʣʠ 20 ʜʦʩʪʠʛʘʣʦ 83%, ʛʣʫʙʠʥʘ 
ʫʧʨʦʯʥʝʥʥʦʛʦ ʩʣʦʷ ï ʜʦ 350 ʤʢʤ. 
ɺ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦ-

ʚʘʥʠʝ ʚʦʣʦʢʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʪʦʣʱʠʥʦʡ ʚʦʣʦ-
ʢʦʥ ʦʪ 0,13 ʜʦ 0,23 ʤʢʤ ʠ ʨʘʟʚʠʚʘʶʪʩʷ ʧʨʦʮʝʩʩʳ 
ʬʨʘʛʤʝʥʪʘʮʠʠ. 
ʇʨʠ ʨʝʞʠʤʝ ʦʙʨʘʙʦʪʢʠ ʫʜʘʨ ʩ ʢʨʫʯʝʥʠʝʤ 

ʨʘʟʤʝʨ ʬʨʘʛʤʝʥʪʦʚ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ ʫʜʘʨʝ, ʯʪʦ 
ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʡ ʧʣʘʩʪʠʯʝ-
ʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. 
ʅʘʠʙʦʣʴʰʝʝ ʫʧʨʦʯʥʝʥʠʝ ʢʘʢ ʧʦ ʫʨʦʚʥʶ 

ʪʚʝʨʜʦʩʪʠ, ʧʦ ʛʣʫʙʠʥʝ ʫʧʨʦʯʥʝʥʥʦʛʦ ʩʣʦʷ, ʪʘʢ ʠ 
ʠʟʤʝʣʴʯʝʥʠʶ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʜʦʩʪʠʛʘʝʪʩʷ ʜʝ-
ʬʦʨʤʘʮʠʝʡ ʫʜʘʨʦʤ ʙʦʡʢʘ ʩ ʥʘʢʦʥʝʯʥʠʢʦʤ ʠʟ 
ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʘ. 
ʋʧʨʦʯʥʝʥʠʝ ʙʦʡʢʘʤʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦ-

ʚʘʥʦ ʜʣʷ ʫʧʨʦʯʥʝʥʠʷ ʛʘʣʪʝʣʝʡ, ʰʧʦʥʦʯʥʳʭ ʧʘ-
ʟʦʚ, ʩʚʘʨʥʳʭ ʰʚʦʚ, ʥʘʢʣʝʧʘ ʩ ʨʠʬʣʝʥʠʝʤ ʠ ʜʨʫ-
ʛʠʭ ʦʧʝʨʘʮʠʡ. 
ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʨʘʩ-

ʩʤʦʪʨʝʥʥʳʡ ʚʘʨʠʘʥʪ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʢʣʝʧʘ 
ʠʤʝʝʪ ʩʚʦʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʥʠʰʫ ʠ ʝʛʦ ʧʨʘʢ-

ʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʪʨʝʙʫʝʪ ʥʘʫʯʥʦ-
ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ. 

ʊʨʡʪʧʣ ʤʡʫʞʩʙʫʬʩʴ 

1. ʃʷʢʠʰʝʚ ʅ.ʇ., ɸʣʳʤʦʚ ʄ.ʀ. ʅʘʥʦʤʘʪʝʨʠʘʣʳ ʢʦʥʩʪʨʫʢʮʠ-
ʦʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ // ʈʦʩʩʠʡʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ. 2006. ʊ. 1ï2. 
ʉ. 71ï81. 

2. ʄʘʢʘʨʦʚ ɸ.ɺ., ʂʦʨʰʫʥʦʚ ʃ.ɻ. ʇʨʦʯʥʦʩʪʴ ʠ ʠʟʥʦʩʦʩʪʦʡ-
ʢʦʩʪʴ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʝʥʠʷ 
ʩʪʘʣʝʡ ʩ ʤʘʨʪʝʥʩʠʪʥʦʡ ʦʩʥʦʚʦʡ // ʀʟʚ. ʚʫʟʦʚ. ʌʠʟʠʢʘ. 
2004. ˉ 8. ʉ. 65ï80. 

3. ʏʫʢʠʥ ʄ.ɺ., ʂʦʨʯʫʥʦʚ ɸ.ɻ., ɻʦʣʫʙʯʠʢ ʕ.ʄ., ʇʦʣʷʢʦʚʘ ʄ.ɸ., 
ɻʫʣʠʥ ɸ.ɽ. // ɺʝʩʪʥʠʢ ʄʘʛʥʠʪʦʛʦʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭ-
ʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘ. 2012. ˉ 4. ʉ. 61ï65. 

4. ʋʜʘʨʥʦ-ʬʨʠʢʮʠʦʥʥʘʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʛʠʙʢʠʤ 
ʠʥʩʪʨʫʤʝʥʪʦʤ / ɹʝʣʝʚʩʢʠʡ ʃ.ʉ., ɹʝʣʝʚʩʢʘʷ ʀ.ɺ., ɽʬʠʤʦʚʘ 
ʖ.ʖ., ʂʦʧʮʝʚʘ ʅ.ɺ. // ɺʝʩʪʥʠʢ ʄʘʛʥʠʪʦʛʦʨʩʢʦʛʦ ʛʦʩʫʜʘʨ-
ʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘ. 
2014. ˉ 4. ʉ. 53ï57. 

5. ɹʝʣʝʚʩʢʠʡ ʃ.ʉ., ɹʝʣʝʚʩʢʘʷ ʀ.ɺ., ɽʬʠʤʦʚʘ ʖ.ʖ. ʌʨʠʢʮʠ-
ʦʥʥʘʷ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʫʶʱʘʷ ʦʙʨʘʙʦʪʢʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 
ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʥʘʥʝʩʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʨʳʪʠʡ ʛʠʙ-
ʢʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ // ʇʦʨʦʰʢʦʚʘʷ ʄʝʪʘʣʣʫʨʛʠʷ ʠ ʌʫʥʢʮʠʦ-
ʥʘʣʴʥʳʝ ʇʦʢʨʳʪʠʷ. 2014. ˉ 1. ʉ. 70ï76. 

6. ʂʫʜʨʷʚʮʝʚ ʀ.ɺ., ʅʘʫʤʯʝʥʢʦʚ ʅ.ɽ., ʉʘʚʠʥʘ ʅ.ʄ. ʋʩʪʘʣʦʩʪʴ 
ʢʨʫʧʥʳʭ ʜʝʪʘʣʝʡ ʤʘʰʠʥ. ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1981. 240 ʩ. 

7. ʂʫʨʛʫʟʦʚ ʖ.ʀ., ʇʘʧʰʝʚ ɼ.ɼ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 
ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʫʧʨʦʯʥʝʥʠʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ 
ʱʝʪʢʘʤʠ // ɺʝʩʪʥʠʢ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. 1986. ˉ4. ʉ. 54ï58. 

8. ʇʝʨʝʧʠʯʢʘ ɽ.ɺ. ʆʯʠʩʪʥʦ-ʫʧʨʦʯʥʷʶʱʘʷ ʦʙʨʘʙʦʪʢʘ ʠʟʜʝʣʠʡ 
ʱʝʪʢʘʤʠ. ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1989. 

 

ʄʘʪʝʨʠʘʣ ʧʦʩʪʫʧʠʣ ʚ ʨʝʜʘʢʮʠʶ 06.07.15. 
 

 INFORMATION ABOUT THE PAPER IN ENGLISH 

DOI:10.18503/1995-2732-2016-14-2-63-68 

STUDY OF THE PROCESS OF SURFACE COLD WORKING WITH PUNCHING BLOCKS 

Belevskiy Leonid Sergeevich ï D.Sc. (Eng.), Professor, Nosov Magnitogorsk State Technical University, Magni-
togorsk, Russia. E-mail: l.belevskiy@mail.ru. 

Belevskaya Irina Valeryevna ï Master Student, Nosov Magnitogorsk State Technical University, Magnitogorsk, 
Russia. E-mail: belirena@yandex.ru. 

Efimova Yuliya Yuryevna ï Ph.D. (Eng.), Assosiate Professor, Nosov Magnitogorsk State Technical University, 
Magnitogorsk, Russia. E-mail: jefimova78@mail.ru. 

mailto:l.belevskiy@mail.ru
mailto:belirena@yandex.ru
mailto:jefimova78@mail.ru


ʊɽʍʅʆʃʆɻʀʀ ʆɹʈɸɹʆʊʂʀ ʄɸʊɽʈʀɸʃʆɺ 

ððððððððððððððððððððððððððððððððð   ɺʝʩʪʥʠʢ ʄɻʊʋ ʠʤ. ɻ. ʀ. ʅʦʩʦʚʘ. 2016. ʊ. 14. ˉ2 68 

 

Abstract. This work is an experimental study into a sur-

face plastic deformation technique using a punching block. 

Various severe plastic deformation techniques can be 

used for surface nanostructuring, including an impact 

surface plastic deformation (SPD) technique. Coining is 

one of the SPD techniques, which involves a tool per-

forming a reciprocating relative motion. There are vari-

ous devices used for surface cold working of large plates 

and round parts. They are usually complex in design and 

rather bulky. The use of an electric hand puncher seems 

to be a good option in the case of surface cold working. 

The rated number of impacts is 4,000 spm, the impact 

energy is 3.5 J, the rated speed of the spindle is 700 rpm. 

A spike pointed chisel made of high carbon alloy steel 

and a 10 mm drill bit with a hard tip were used for sur-

face working of the templates. The puncher can be oper-

ated in two modes: impact or impact with torsion. Both 

modes were used when working with the chisel. The test 

showed that the use of a puncher even with the low im-

pact energy of 3.5 J can be quite effective in strengthen-

ing the surface layer. Maximum hardening of steel 20 

reached 83%, and the depth of the hardened layer was 

350 Õm. A fiber structure is created in the surface layer 

with a fiber thickness of 0.13 to 0.23 Õm, accompanied 

with fragmentation processes. A surface layer with the 

above fragment sizes is similar to a nanostructured layer 

which is created through severe plastic deformation. In 

the impact-with-torsion mode the resulting fragment size 

is smaller than in the case of pure impact action, which 

indicates a more severe plastic deformation in the first 

instance. The most severe hardening in terms of actual 

hardness, the depth of the hardened layer and microstruc-

tural refinement are achieved through deformation with a 

hard tipped punching block. The deformation techniques 

involving punching blocks can be applied for the 

strengthening of astragal moldings, keyslots, welds, as 

well as for cold working with corrugation and other oper-

ations. The surface cold working technique considered 

offers a specific technology, and its practical application 

would require some R&D continuation. 

Keywords: Surface cold working, electric puncher, 

punching block, impact, cold-work strengthening, 

nanostructuring. 
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Abstract. Through methods of modern materials science it is shown that plasma hardening of cast iron rolls of a 
rolling mill causes the formation of layers the structure of which is characterized by the regular change of mechanical 
characteristics, phase composition and defect substructure of the material and realized at different structure-scale levels: 
macro (the sample as a whole), meso (the state of the grain-subgrain ensemble), micro (the state of the carbide and dis-
location subsystems), nano (the state of the solid solution). It is established that Ŭ, ɔ-phases, graphite and cementite are 
formed in cast iron rolls as a result of plasma hardening. The formation of nanocrystalline Ŭ-phase grain structure (with 
crystallite size of 35-40 nm) stabilized with 3-5 nm cementite particles is found in the surface layer. It is established that 
utilization of hardened cast iron rolls predictably changes the defect substructure and the phase composition of cast iron. 
The sources of far-ranging stress fields were identified which are created in a cast iron roll as a result of plasma treat-
ment and further operation. It is shown that the largest stress fields are created in the surface layer in the structure of 
nanocrystalline ferrite grains. Application of the plasma surface hardening technique led to an increased wear resistance 
in cast iron rolls. The evolution of the structure-phase states and the defect substructure in the surface layer of cast iron 
rolls was analyzed in the case of large diameter rebars production. 

Keywords: Structure, phase composition, cast iron rolls, plasma hardening 
 

1. Introduction  
 
 

The development of technologies of hardening, as 
well as providing a desired combination between 
strength and plasticity of the materials requires the 
understanding of the nature of the applied processes. 
The clarification of the physical mechanisms of the 
formation and the evolution of structure and phase 
states is one of the most important problems of modern 
solid state physics, as it is in the basis of the develop-
ment and the establishment of effective ways of the 
service characteristics improvement [1, 2]. 

An important problem determining to a great ex-
tent the performance of the mills is to increase the 
wear resistance of the cast-iron rolls. As one of its so-
lutions is plasma hardening of the working surface of 
the rolls grooves. The process of hardening consists in 
high-temperature heating of surface area by plasma 
flow (anode spot) and its intensive cooling with a rate 
providing quenching structures. At the same time the 
roll toughness can increase by ~60% [3, 4]. 

The solution of practical tasks is impossible 
without understanding of the nature of the process 
of formation and the evolution of structure-phase 
states in steels and alloys in the conditions of exter-
nal energy and deformation influences.      
                                                                                              

Ò  Gromov V.E., Ivanov Yu.F., Konovalov S.V., Feng Ye, Kosinov D.A., 

2016 

The aim of this research work is to establish at 
different scaled levels the nature and regularities of 
the structure-phase states, the defect substructure, 
fracture surface of cast-iron rolls formation in the 
condition of plasma hardening and the analysis of 
their evolution in thermo-mechanically rolling of 
hardened reinforcement in different conditions. 

2. Material and the methods of research 

Cast rolls of about 500 mm in diameter made 
from cast iron brand SSHHNF were used as the re-
search material. The composition is C=3.75%, 
Si=1.52%, Mn=0.57%, S=0.02%, P=0.15%, 
Cr=0.35%, Ni=1.51%, V=0.13% (weight percents). 

The plasma treatment was carried out by plas-
matron of a direct and (or) an indirect action. Plas-
ma jet was produced by blowing into the electric arc 
stirred between the electrodes, the orifice, and the 
gas-dynamic compression in a channel-cooled noz-
zle passage. At the same time the plasma can either 
burn directly between the cathode and the anode-
product (direct action) or burn between the elec-
trode-cathode and the electrode-anode (indirect ac-
tion).The processing of the grooves is produced by 
the excreted from the plasmatron torch. 

Af ter the surface patch is heated using the plas-

ma arc it is rapidly cooled on the mass of the roll to 

obtain the hardening structures. The treatment 
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scheme was set by the formation of circular tracks 

during the rotation of the roll. The velocity of dis-

placement and the arc power are adjusted to obtain a 

heating temperature above the pointɸc1 and below 

the melting temperature of the surface [3, 4]. 

The main parameters of plasma hardening are: 

radiation power P, diameter of active spot; velocity 

of displacement of the details, power density q. The 

parameters of plasma treatment were calculated: 

plasma arc power, active area of the arc spot, the 

heat flux density, the time of active spot hardening, 

hardening temperature, zone hardening depth. 

The process of plasma hardening of roll grooves 

is shown in Fig.1. It was realized with the technical 

characteristics: arc power ï 40 kW, arc current ï 

250 A, arc voltage ï 180 V, efficiency ï 180 m min
-

1
, pressure of plasma producing gas ï 0.6 MPa, con-

sumption of plasma producing gas ï 5 m
3
 hour

-1
, 

nozzle diameter ï 1.2 cm. 
 

 

Fig. 1. The process of roll grooves plasma hardening 

 

The results of industrial tests are presented in 

Table 1. 

Table 1 
Hardening and industrial tests of rolls 

ˉ
ˉ 
ʧ/ʧ 

Diame-
ter of 
rolls, 
mm 

Regime of treat-
ment 

Rolled 
metal, t 

Specific wear, 
mm (100 t)-1 

Increase of 
the regula-

tory re-
sistance,  

% 

noz-
zle, 
cm 

I, ɸ 
V, 

cms-
1 

not 
hard-
ened 

hard-
ened 

1 530 1.2 130 2.0 673 0.075 0.07 +18 

2 505 1.2 150 1.7 986 0.175 0.089 +73 

3 505 1.2 150 1.5 1026 0.175 0.08 +80 

 

The groove can be hardened after a single pass, 

which allows to exclude the zones of tempering with 

reduced mechanical properties and determined the 

maximum hardening in the areas of the most intense 

wear (in the extreme points of the vertical diameter 

of the groove). 

The investigation of the structure was carried 

out on an optical microscope Axiovert 40MAT and 

an electron microscope EM-125. To identify the 

phases the diffraction analysis was applied with the 

use of a dark-field technique and the subsequent 

indexing of micro electron-diffraction pattern. The 

scalar density of dislocations was measured by the 

linear-intercept method adjusted for the invisibility 

of dislocations in the micrographs [5-7]. 

3. Results and discussions 

The tests of plasma-hardened rolls at hot rolling of 

a large diameter reinforcement (32-40 mm) showed a 

significant increase in wear resistance (Table 1). Such 

an increase in service properties of the rolls is due to 

the formation of structural-phase states at plasma pro-

cessing at different scale levels [8-10]. 

In the initial state and after the operation on the 

mill the working surface layer of the roll body contains 

perlite, cementite, and globular graphite. The for-

mation of the hardened layer consisting of a melting 

zone with a hardness of 1000-1100 HV and fine aus-

tenite structure and cementite and the heat-affected 

zones with the hardness of 400-990 HV and with the 

structure of martensite, residual austenite and graphite. 

The depth of the hardened layer varies from 0.3 to 

2.5 mm. The microhardness distribution along the cross 

section of the roll treated according to regime: I=150 A, 

V=0.9 cm s
-1
, without melting is shown at Fig. 2.   

The modified surface, as compared with the cast 

one, is characterized by a reduced oxidation charac-

teristic and high wear resistance, which are stored in 

the temperature range of the rolling service. 
The main element of the macrostructure of the sur-

face layer is graphite of a globular form, which is non-
uniformly located in the thickness of a roll. There are 
almost no globules in the surface layer of a thickness 
about 50 Õm, which indicates that they are dissolved in 
plasma processing of the material. In greater depths, 
the globules are found, their linear density increases 
with the removal from the processing surface. Glob-
ules of graphite have a certain structure, which explic-
itly manifests itself only in the surface layer of ~ 150-
200 Õm thickness. In this layer the formation of circu-
lar-shaped areas of micron size around the globules of 
graphite is frequently observed. This occurs as a result 
of melting of the matrix around the globules of graph-
ite and the subsequent rapid melting of the material. 
The thickness of the surface layer with a low volume 
fraction of globules of graphite after the operation in-
creases and reaches about 1-2 mm. 
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At the mesolevel the roll operation subjected to 
plasma treatment, is accompanied by the destruction 
of the surface layer forming fragments and chipping 
of the material in the contact zone of adjacent frag-
ments. The layer, which is formed during the crystal-
lization of the melt, has a strongly pronounced co-
lumnar structure. The operation of a plasma hardened 
roll on the rolling of a heat-strengthened reinforce-
ment led to the transformation of the columnar struc-
ture with the formation of equiaxed crystallites, hav-
ing a size of 5-8 Õm. The cupsof cleavage, having a 
size of ~ 0.8-1 Õm are observed on the fracture. 

At the microscale level electron diffraction mi-

croscopy revealed the formation of the structure 

consisting of an a-phase, g-phase, graphite and iron 

carbide (cementite) in the layer. These phases are 

distributed in the volume of the researched material 

in a natural manner; their relative content essentially 

depends on the depth of the analyzed layer. 

Structurally free ferrite is presented in two mor-

phological states ï micron-sized grains with chaotic 

dislocation substructure with a scalar density of ~ 

3.2Ŀ10
10

cm
-2
 and nano-scale grains (Fig. 3). 

 

Fig. 2. Microhardness distribution along the cross section of the roll 

 

Fig. 3. Electron-microscope images of the structure of plasma-hardened cast iron (nanodimensional ferrite grain):  
(a) light field; (b, d) dark fields obtained in [110]ŭ-Fe and [101]Fe3C reflexes;  

(c, e) electron microdiffraction patterns (the arrow indicates the dark field reflex) 

  

100 nm 

d 
ʘ 

100 nm 

e 

50 nm 

b c 
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Austenite has two morphologic types: scalar 

austenite grains with dislocation density of 

3.6Ŀ10
10

cm
-2 

in terms of chaos and nets, and also the 

interlayer and the islands of various shapes and sizes 

which are presented in the structure of martensite or 

vice versa, are separated by a separately arranged 

crystals of martensite (all depends on the ratio of the 

volume fraction of austenite and martensite) with 

scalar density <r>=5Ŀ10
10

cm
-2
. Graphite is present-

ed in the form of grains (globules) whose dimen-

sions vary from units to tens of micrometers. 

Cementite is presented in the form of individual 

grains (globules) of different shapes and sizes, as 
well as secondary and tertiary cementite. Granular 
cementite type usually has a dislocation substructure 
in the form of randomly distributed dislocations. 
The scalar dislocation density is relatively small 

<r> ~1Ö10
10

cm
-2 (Table 2). 

The solution of cementite and graphite grains 
leads to the formation of another type of structure, 
consisting of submicronic cementite particles, aus-
tenite threads, and ferrite crystals or grains (in some 
cases, pearlite grains) of submicron dimensions. 
Characteristic electron-microscope images of such 
structure are shown in Fig. 4. 

Table 2 
Morphological composition of plasma treated cast-iron, revealed by the methods of diffraction electron microscopy 

Distance  from  
the surface, Õm 

Morphological composition 

0.5 layers of residual austenite, the grains of the structure free ferrite, packet and plate martensite, "autotempered" cementite (secondary) 

50 
grains and layers of residual austenite, the grains of structure free ferrite, packet and plate martensite, secondary ce-
mentite, grains of graphite 

160 
Grains and layers of residual austenite, the grains of the structure free ferrite, packet and plate martensite, globules of 
primary cementite, cementite (secondary), grains of graphite 

210 
grains, islands and layers of residual austenite, the grain of the structure free ferrite, packet and plate martensite, grains 
(globules) of primary cementite, çautotemperedè cementite  (secondary), grains of graphite  

260 
Layers of residual austenite, the grain of the structure free ferrite, packet and plate martensite, pearlite, globules of 
primary cementite, secondary cementite, grains of graphite 

1100 the grains of the free structure ferrite, grains of pearlite, grains (globules) of primary cementite, grains of graphite 

Notes: layers 0.5, 50, 160 Õm are formed from their melt, the layer at a depth of  210 Õm ï boundary area of melt and the zone of thermal influence, the layer 
at a depth of  260 Õm ï zone of thermal influence, the layer at a depth of ~1100 Õm is outside of the zone of thermal influence 

 

 

Fig. 4. Electron-microscope images of the structure of quenched cast iron: (a, d) light field; (b, e) dark fields obtained  
in [031]Fe3C and [122]Fe3C reflexes; (c, f) electron microdiffraction patterns corresponding to the light-field images (a, d).  

A thin arrow indicates the dark field reflex; broad arrows indicate cementite globules 
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The structureïphase state of the layer at a depth 

of around 1100 ɛm ï i.e., a layer beyond the thermal 

influence zone ï consists of plate and globular pearl-

ite grains (plate pearlite predominates), pseudopearl-

ite grains, graphite grains, cementite globules, and 

grains of structure-free ferrite, containing a small 

quantity of cementite nanoparticles. The layer at a 

depth of around 260 ɛm (the thermal influence zone) 

has a more diverse structure, with the following 

phases: residual austenite, plate and packet marten-

site, plate and globular pearlite, and cementite and 

graphite globules. In most cases, pearlite is at the 

stage of thermal disintegration. The layer at a depth 

of 210 ɛm (the boundary of the melt and the thermal-

influence zone) is formed as a result of rapid re-

quenching. The basic structural components are aus-

tenite and martensite. Insoluble cementite and graph-

ite globules are present. No pearlite grains are seen. 

The brevity of heat treatment prevents equalizing 

diffusion of the carbon, and consequently a highly 

non-uniform structure is formed, containing grains of 

structure-free austenite; austenite grains containing 

cementite at the boundaries and within the body; aus-

tenite grains containing martensite crystals (from a 

few percent to tens of percent, by volume); and grains 

in which martensitic transformation is practically 

complete and the structure consists mainly of packet 

martensite, which is typical of low- and moderate-

carbon steel. The layer at a depth of around 160 ɛm 

(the layer formed from the melt) is characterized by 

partial solution of the cementite and graphite globules 

and the formation of a complex structure, containing, 

within a small volume, submicronic cementite parti-

cles, austenite residues, martensite crystals, or submi-

cronic ferrite grains. Structurally, this layer is very 

nonuniform; in this respect, it is similar to the layer at 

a depth of 210 ɛm. A structure of similar phase and 

morphological composition is also formed in the lay-

er at a depth of around 50 ɛm. The basic difference is 

that, in the 160 ɛm layer, the primary-cementite 

globules are practically completely dissolved. 
A distinctive structure is formed in the surface 

layer. The main components are Ŭ-phase and ce-
mentite. The Ŭ-phase grains form a nanocrystalline 
structure (Fig. 3), characterized by annular electron 
microdiffraction patterns; this indicates that the 
crystallites are small (Fig. 3, c). 
Along the boundaries of the Ŭ-phase particles 

there are cementite particles. Martensite crystals 

(mainly of packet morphology) form the second 

structural component of the surface layer. Along the 

boundaries of the martensite crystals, there is a ce-

mentite layer formed as a result of self-tempering of 

the quenched structure, as well as small Ŭ-phase 

grains (0.5ï1 ɛm) and residual-austenite deposits. 

The chaotic scalar dislocation density is around 

3.2Ŀ10
10

 cm
-2
. No cementite or graphite globules are 

seen. Judging from the morphological and phase 

composition of the surface layer, we may assume 

significant carburization of the material, as a result of 

the vaporization of carbon atoms from the surface. 

At the nanoscale level on the surface of the 

plasma treatment the formation of nano-scale struc-

tures (crystallite sizes of 35-40 nm) on the base of 

a-phase can be observed. The cementite particles 

were found out whose sizesare ~ 3-5 nm at the crys-

tal boundaries of a-phase (Fig. 3). 
Plasma treatment of rolls leads to the formation 

of long-range stress fields, the sources of which are 

intraphase and interphase boundaries (Fig. 5, 6). 
The electron microscopic image of lamellar 

pearlite colonies is shown at Fig. 5. A series of bend 

extinction contours are formed at the cementite-

ferrite boundary.   

An electron-microscope image of nanocrystal-

line ferrite grains formed in the surface layer on 

plasma treatment is shown in Fig. 6, a. It is evident 

that this structure contains many bend extinction 

contours of different morphology. However, they all 

begin and end at the grain boundaries. In most cas-

es, the contour thickness is a minimum at the ferrite 

grain boundaries and smoothly increases on moving 

away from these boundaries. 

The contour thickness X is plotted in Fig. 6, b on 

moving from one nanostructural grain to another. 

This motion is accompanied by undulatory variation 

in contour thickness, which is a minimum at the 

grain boundaries. Hence, the curvature and torsion 

of the ferrite lattice and the amplitude of the long-

range stress fields in the ferrite grains will be great-

est at the boundary of two grains and least within 

the grains. The long-range stress fields formed in 

the surface layer of the cast-iron roller when nano-

crystalline grains are formed may be estimated [11-

13]. With maximum contour width h = 33 nm at the 

center of the ferrite grain, the lattice curvature and 

torsion and the magnitude of the long-range stress 

field will be ɢ = 52 Ŀ10
2 
rad cm

-1
 and ů = 957 MPa, 

respectively. At the boundary of the nanocrystalline 

grains, h = 5 nm, ɢ = 34Ŀ10
3 
rad cm

-1
, and ů = 2450 

MPa. Obviously, very large stress may lead to mi-

crocrack formation at the roll surface.  

The analysis of the curvature-torsion of the crys-

tal lattice (ɢ) and the long-range stress fields ů is 

shown in Table 3. 
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Fig. 5. Electron microscopic image of lamellar pearlite colonies (a) and the dependence of thickness  
of the bending extinction contour from the distance to the interface between cementite and ferrite plates (b).  

On (a) the arrow marks the extinction bending contour, indicating the curve-torsion of ferrite plate lattice 

 

Fig. 6. Electron-microscope image of nanocrystalline ferrite grains formed in the surface layer  
of plasma-hardened cast iron (a) and dependence of the thickness of the bend extinction contour  

on the distance to the boundary of the nanocrystalline ferrite grains (b). The arrow in the microphotograph indicates  
the bend extinction contour, indicating bend and curvature of the ferrite lattice 

Table 3 
Curvature-torsion and long-range stress fields 

Structural elements 
h, nm c, 102 rad cm-1 s, MPa 

h(min) h(max) c(min) c(max) s(min) s(max) 

Grains of structure free ferrite 
250 
50 

715 
230 

2,4 
3,5 

6,8Ö 
7,5 

210 
245 

350 
360 

Lamellar perlite 
24 
31 

56 
108 

30,4 
15,5 

71 
55 

730 
525 

1120 
982 

Nanosized ferrite grains 
5 
10 

33 
20 

52 
85 

340 
170 

957 
1225 

2450 
1730 

Notes: Numerator ï after plasma hardening, denominator ï after the service. ɢ ï curvature-torsion of crystal lattice, s ï long-range stress fields.  
 

The service of a plasma hardened roll leads to a 
redistribution of long-range stress fields, however, 
the maximum stress level is stored in the structure 
of the surface layers, namely, in the structure of 

nano-sized grains of ferrite ï s = 1730 MPa, but 
their magnitude becomes slightly lower as compared 

to plasma hardened rolls (s = 2450 MPa). 

4. Conclusion 

At different scaled levels (macro-, meso-, micro- 
and nano-) we defined the nature of the formation and 
changes in structure phase states, dislocation substruc-
ture of cast iron rolls at modern strengthening treat-
ments that provide a significant increase of service 

characteristics at the subsequent operation. 
Plasma strengthening treatment of rolls leads to the 

formation of the melting zone and the heat affected 
zone (macrolevel). The layer formed as a result of high-
speed crystallization of melt has a columnar structure 
(mesolevel). The formed Ŭ-phase, ɔ-phase, graphite and 
cementite are distributed in the volume of the re-
searched material in a regular manner, their relative 
content and morphology strongly depend on the depth 
of the layer (microlevel). In the surface layer the for-
mation of a nanocrystalline grain structure is revealed, 

which is based on a-phase (the size of crystals is 35-40 
nm), stabilized by cementite particles of ~ 3-5 nm size 
(nanolevel). The maximum range of long-range stress 
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fields (ů=2450 MPa) is formed in the surface layer of 
nanoscale ferrite grains, the minimum (ů = 350 MPa) 
in a structure free ferrite grains. 

The service of plasma strengthened rolls is accom-
panied by multiple regular changes of the defect sub-
structure and phase composition. There is a significant 
(~in order) grinding of carbon inclusions, their dissolu-
tion, leading to the formation of an eutectoid structure. 
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ʥʷʭ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘ-

ʙʦʪʢʠ ʚ ʯʫʛʫʥʥʳʭ ʚʘʣʢʘʭ ʬʦʨʤʠʨʫʶʪʩʷ Ŭ-ʬʘʟʘ, ɔ-ʬʘʟʘ, 

ʛʨʘʬʠʪ ʠ ʢʘʨʙʠʜ ʞʝʣʝʟʘ. ɺ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʦʙʥʘ-

ʨʫʞʝʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʟʝʨʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʥʘ ʦʩʥʦʚʝ ʘ-ʬʘʟʳ (ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʠʪʦʚ 35-

40 ʥʤ), ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʯʘʩʪʠʮʘʤʠ ʮʝʤʝʥʪʠʪʘ ʨʘʟ-

ʤʝʨʦʤ ~3-5 ʥʤ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʢʩʧʣʫʘʪʘʮʠʷ ʫʧʨʦʯ-

ʥʝʥʥʳʭ ʚʘʣʢʦʚ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʘʢʦʥʦʤʝʨʥʳʤ ʠʟʤʝ-

ʥʝʥʠʝʤ ʜʝʬʝʢʪʥʦʡ ʩʫʙʩʪʨʫʢʪʫʨʳ ʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ 

ʯʫʛʫʥʘ. ʆʧʨʝʜʝʣʝʥʳ ʠʩʪʦʯʥʠʢʠ ʜʘʣʴʥʦʜʝʡʩʪʚʫʶʱʠʭ 

ʧʦʣʝʡ ʥʘʧʨʷʞʝʥʠʡ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʚ ʚʘʣʢʝ ʚ ʨʝʟʫʣʴ-

ʪʘʪʝ ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʷ ʥʘʧʨʷʞʝʥʠʡ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʚʝʣʠʯʠʥʳ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʚ 

ʩʪʨʫʢʪʫʨʝ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʟʝʨʝʥ ʬʝʨʨʠʪʘ. ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʣʘʟʤʝʥʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʥʦʡ ʟʘʢʘʣʢʠ ʧʦʚʳʩʠʣʘʩʴ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʯʫ-

ʛʫʥʥʳʭ ʚʘʣʢʦʚ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʵʚʦʣʶʮʠʷ ʩʪʨʫʢ-

ʪʫʨʥʦ-ʬʘʟʦʚʳʭ ʩʦʩʪʦʷʥʠʡ ʠ ʜʝʬʝʢʪʥʦʡ ʩʫʙʩʪʨʫʢʪʫʨʳ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʯʫʛʫʥʥʳʭ ʚʘʣʢʦʚ ʧʨʠ ʧʨʦʢʘʪʢʝ 

ʘʨʤʘʪʫʨʳ ʙʦʣʴʰʦʛʦ ʜʠʘʤʝʪʨʘ. 
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Abstract. Plasma treatment, owing to high concentrated rapid heating, ensures microstructure dispersion and creates 

the possibility of the formation of meta-stable phase-structural austenite modifications in carbonized surface layers of 

metal parts. The objective of the work is to investigate opportunities for strengthening and improving wear resistance of 

structural carbonized steel by modifying the amount and meta-stability of austenite, by means of plasma treatment.   

Metallographic and X-ray research was used, as well as measurements of hardness and micro-hardness toughness. 

Wear resistance was tested at dry friction of metal sliding against metal.  

Following plasma treatment with micro-fusion (ʊå1500Áʉ), there happens to be an increase in wear resistance of 

18ʍɻʊ steel, when fine-crystalline martensite dispersed with carbonized particles is observed at a small amount of 

residual austenite (20-25%).  

An effect of self-strengthening at the process of testing was reached due to the realization of Deformation Induced 

Martensity ɔret.ŸŬ' Transformation at wear (DIMTW). 

Keywords: Carbonization, plasma, micro-fusion, treatment, residual austenite, meta-stability, transformation, mar-

tensite, wear resistance. 
 

1. Introduction    

The problem of increasing wear resistance and 
service lives of carbonized machine parts remains a 
vital one. The applied methods of heat treatment are 
restricted to quenching, usually from 780-800 Üʉ tem-
peratures, ensuring obtaining of the structure of mar-
tensite and cementite at minimal amount of residual 
austenite (ɸret.) [1]. Presence of ɸret. in the structure is 
considered harmful in the majority of works [1, 2]. 
Only some works [3-5] indicate its positive influence 
upon wear resilience of carbonized steels.  

Plasma treatment is characterized by high-
concentrated heating at a high rate [8], it giving an op-
portunity of influencing upon the degree of solving of 
excess carbides, present in carbonized layers. As a re-
sult of their solution and dispersing of the micro-
structure opportunities of modifying the amount of ɸret. 
and the degree of its meta-stability emerge [5-7], thus 
making it possible to control the properties of carbon-
ized steels However, the problem of application of 
plasma treatment for strengthening of carbonized lay-
ers has not been thoroughly investigated yet  

The objective of the work is to investigate the op-
portunities of additional strengthening and improving 
wear resistance of carbonized steel by regulating the 
amount of austenite, by means of plasma treatment. 
                                                                                              

Ò  Cheylyakh Y.A., Cheiliakh O.P., Mak-Mak N.E., Kazumichi Sh., 2016  

2. New approaches of phase-structural 

modification of saturated layer.  

Materials and methods of investigation 

For specified properties of saturated layers, irre-
spective of a method of TChT the final heat treat-
ment, forming most appropriate phase-structural 
state seems to be of a paramount importance. The 
bulk of contemporary approaches to formation of 
phase-structural state of the surface layer presume 
obtaining a structure in a form of a mixture of high-
carbon or high-nitrogen quenching martensite and 
particles of hard phases - carbides, nitrides, carbon 
borides et al. Retained austenite (ɸret) is considered 
to be undesired in many cases, as it undermines 
hardness, fatigue durability and wear resistance un-
der conditions of sliding friction. That is why 
quenching, normally, from tʟ = ɸʩ1 + 30é50ÁC 
temperatures is specified as a standard mode of final 
heat treatment, or quenching with sub-cooling from 
the temperatures of carburizing (nitro-carburizing) 
up to these temperatures in oil and then a low-
temperature tempering (180é220Áʉ).  

Still, in some investigation, (including those per-
formed at SHEI ñPSTUò) indicate a positive influence 
of a presence of certain amounts and a degree of meta-
stability of ɸret for improvement in mechanical and 
functional properties of saturated layers. Its improve-
ment is possible only at optimum relationship between 



Effect of rising wear-resistance by plasma é Cheylyakh Y.A., Cheiliakh O.P., Mak-Mak N.E., Kazumichi Sh. 

www.vestnik.magtu.ru        ððððððððððððððððððððððððððððððððððððððððððððð 77 

quenching martensite, carbides and ɸret and also at 
some degree of metastability of the latter, it depending 
upon the specified properties, operation conditions 
(testing conditions) of parts. So, retaining of ɸret to-
gether with martensite and particles of hard phases can 
be described as a new approach to developing of 
promising TChT technologies. 

Such treatment should be aimed at optimization 

of the phase content of the saturated layers and the 

degree of metastability of ɸret DIMT of which en-

sures the effect of self-strengthening in the process 

of testing and operation, it becoming an additional 

factor of increasing mechanical and operational 

properties. To do it  is necessary to utilize all possi-

ble mechanisms and instruments of stabilization, or, 

otherwise, destabilization of austenite. 

To the factors of stabilization of austenite, pro-

moting growth of its amount and the degree of its 

stability at loading to ɔretŸŬǋ DIMT the following 

ones belong: 

- thermal stabilization, due to relaxation of mi-

cro-stresses and blocking of dislocations by intersti-

tial atoms; 

- mechanical stabilization, due to increase of 

density of dislocations in austenite, under the action 

of plastic deformation, like at TMT or surface plas-

tic deformation (SPD); 

- chemical stabilization, owing to an increase of 

the content of austenite-forming and other elements 

(carbon, nitrogen, chromium, manganese, nickel, 

silicon etc.), decreasing Ms point;  

- high-energy stabilization, caused by application 

to the material high concentrations of thermal energy, 

like at laser, plasma or electron-beam action; 

- kinetic one, due to the peculiarities of the ki-

netics an the mechanism of phase transformations in 

saturated layers, like at bainite or isothermal mar-

tensite transformations; 

- structural stabilization, due to smaller grain 

size of austenite. 

Factors of austenite destabilization in saturated 

layers, promoting reduction of its content and acti-

vation of ɔretŸŬǋ DIMT are the following: 

- chemical destabilization, connected with an 

decrease of concentration of austenite-forming (C, 

N, Ni, Mn, Cu, Co) and other alloying elements (Cr, 

Si) in austenite, it causing ah increase of Ms point 

and promotes reduction of its amount in the struc-

ture and activates ɔretŸŬǋ DIMT;  

- mechanical destabilization, due to an increase 

of the level of internal stresses, like at plastic de-

formation; 

- structural destabilization, caused by an in-

crease in austenite grain and reduction of disloca-

tions density; 

- action of the magnetic field, stimulating mar-

tensite transformation, owing to a raise of Ms point. 

Carburizing steel 18CrMnTi was performed in a 

box furnace in production conditions machine  

"MAGMA" carburizer solid at temperatures 920 ï 

950 ÜC for 12 -14 hours, cooled in a box. Plasma 

hardening was performed using plasmatron "PPU 

004" indirect action, designed at SHEI "PSTU", us-

ing argon as the plasma gas. Treatment regimens are 

shown in table). 

Table 1 
Operation parameters of plasma treatment  

of 18CrMnTi steel 

 ̄

Mode 

number 

Cur-

rent I, 

ɸ 

Gas con-

sumption 

Q, m3/s 

T, ÁC 

Rate of 

motion 

V, m/h 

Degree of plas-

ma action 

1 

300 

12 
800-

900 
62,5 

heating without 

melting 

2 12 
1200-

1400 
50 

heating without 

melting 

3 12 1500 33,3 micro-melting 

4 12 1600 25 medium melting 

5 12 > 1700 8,13 macro-melting 

3. Results of research and their discussion 

Application of rapid ways of high ï energy sur-

face heating, like, for example, with high frequency 

currents (HFC), plasma jets, laser or electron beams 

opens additional opportunities of strengthening of 

carburized layers. If plasma action is used for 

strengthening, then, heating to different tempera-

tures should be considered, it depending upon the 

value of heat input and is regulated by the parame-

ters of plasma treatment.  

Plasma heating of steel 18CrMnTi was carried 

out without melting at different temperatures within 

the range from 800 to 1300ÁC and the melting of the 

surface layer of varying degrees: micro-melting (t = 

=1400é1500ÁC), the average melting (t = 

=1500é1600ÁC) and the macro-melting (t > 

>1600ÁC) which regulated by the speed of vertical 

movement of the plasma jet relative to a horizontal 

surface of the samples with speeds ranging from 81 

to 625 mm/min. After plasma exposure natural cool-

ing of the strengthened areas, due to heat conductiv-

ity occurred.  
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After plasma quenching from relatively low tem-

peratures (800é900ÁC) in the carburized layer a sig-

nificantly greater amount of Aret in carburized layer 

(Fig. 1, a) was observed apart of martensite and car-

bides. It is located in bright microdomains between 

martensite needles. According to the depth of the hard-

ened layer the amount of Aret, decreased and marten-

site is characterized by high dispersion and hardness.  

After plasma quenching from higher tempera-

tures ~ 1200é1300ÁC microstructure of the carbu-

rized layer in steel 18CrMnTi was characterized by 

greater dispersion of the carbide phase and sites Aret, 

which were evenly distributed over the depth of the 

layer (Fig. 1, b). This is due to the start of dissolution 

of cementite particles in the austenite, but some of 

them are retained in the structure. 

 
                       Surface 

 

                       Surface 

 

  

 
                        by core 

                             ʙ) 

 
                        by core 

                            b) 
a) 800é900Áʊ; b) 1200é1400Áʊ 

Fig. 1. Microstructure of carburized steel 18CrMnTi after plasma hardening at different temperatures 



Effect of rising wear-resistance by plasma é Cheylyakh Y.A., Cheiliakh O.P., Mak-Mak N.E., Kazumichi Sh. 

www.vestnik.magtu.ru        ððððððððððððððððððððððððððððððððððððððððððððð 79 

Gradually, the structure becomes a sorbite-like 

mixture. As a result of this treatment, the hardness 

of the hardened surface layer increased slightly from 

HRA 72 during quenching from 800é900ÁC to 

HRA 74 (Fig. 2). 

After plasma treatment with micro-melting at 

temperatures of ~ 1500ÁC, the structure of the hard-

ened layer varies considerably in the surface zone 

(Fig. 3, a). A lot of cementite particles and martensite 

needles and a small amount of Aret are observed. As 

the distance from the surface to the core increases 

the amount of Aret and cementite gradually decreas-

es while quenching martensite hardening increases. 

Further hardening depth structure passes into the 

mixture of troostomartensite and cementite. 

As a result, the plasma treatment at about 1500ÁC 

leads to increase of the hardness up to HRA 80. It can 

be explained by disperse structure and the increase of 

degree of solid solution saturation with carbon. 

With increasing temperatures of plasma heating 

(~1600ÁC and > 1700ÁC), a significant macro-

melting becomes obvious. The microstructure of the 

remelted surface layer consists of rather large nee-

dles of martensite and cementite particles on the 

background of Aret (Fig. 3, b). This area is quite ex-

tended, gradually transformed into fine-crystalline 

mixture of (M + cementite + Aret). 

Coarsely grained rough-crystal structure corre-

sponds to the zone of remelting; fine-grained struc-

ture corresponds to plasma heating zone (without 

melting), followed by a narrow transition zone from 

the plasma hardened metal to unhardened metal.  

With increasing temperature plasma heating 

hardness of reinforced carburized layer varies 

along the curve with a maximum (HRA 80), which 

corresponds to heating of ~ 1500ÁC, then at tem-

peratures up to about 1700ÁC hardness is reduced 

to  HRA 60 that can be attributed to an increase in 

the content of Aret. 

Thus, the plasma treatment of carburized steel 

18CrMnTi, depending on the heat input and a heat-

ing temperature can significantly change the micro-

structure of the saturated layer, which achieves a 

superior dispersibility, with different amount of in-

creased content Aret.  

It was found that different quantity of Aret and its 

dispersion structure determining the degree of sta-

bility and its ability to deformation ɔretŸŬǋ DIMT in 

wear (DIMTW), which significantly affects the per-

formance characteristics [5]. 

 

Fig. 2. Effect of plasma treatment temperature on hardness  carburized steel 18CrMnTi 
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        a)     b)         c) 

ʙ) 1500Áʊ; b) 1600Áʊ, c) >1700Áʊ 

Fig. 3. Microstructure of carburized steel 18CrMnTi after plasma hardening at temperatures 

Experimental test results for dry sliding wear by 

scheme ñmetal-metalò are shown in Fig. 4. Depend-

ing on the temperature of the plasma heating 

changed the relative wear resistance according to the 

curve with a maximum Ů = 3.7 (similar hardness 

change), which corresponds to micro-melting at 

1500ÁC. This is explained by obtaining the most 

dispersed mixture of quenching martensite, cement-

ite with a high content of metastable Aret.  

Developing ɔretŸŬǋ DMTW itself was accom-

panied with additional hardening of a thin surface 

layer in the process of wear, as formed by the test 

deformation martensite has a higher dispersion 

and hardness than that of quenching martensite. 

An additional and very significant contribution to 

the improvement of wear resistance is given by 

ɔretŸŬǋ DMTW that provides the effect of strain 

hardening of the surface layer itself. Note that 

DMTW accompanied with micro-stressing relaxa-

tion is an effective mechanism for redistribution 

and absorption of input mechanical energy of fric-

tion and wear. 

The lowest values of Ů = 1.6 correspond to the 
plasma remelting at temperatures >1700ÁC, which is 
associated with the formation of coarse crystalline 
structure.  
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Fig. 4. Effect of plasma treatment temperature on the relative wear resistance of carburized steel 18CrMnTi 

Thus as the result of plasma strengthening of the 
carburized steel surface layer of 18CrMnTi grade by 
means of controlled heat input values of the plasma 
jet, provides differential phase-structural states with 
different content and the degree of retained austenite 
metastability along with the presence of hard phases - 
quenching martensite and carbides. 

Deformation ɔretŸŬǋ martensite transformation 
under wear makes an additional contribution into 
strengthening and improving of wear resistance of 
carburized steel 18CrMnTi if optimum microstruc-
ture (after plasma quenching with heating tempera-
tures at ~ 1200é1400ÁC and ~1500ÁC) is obtained. 

4. Conclusions: 

1. As the result of plasma strengthening of the 
surface carburized steel layer of 18CrMnTi grade by 
means of controlled heat input values of the plasma 
jet, provided there were differential phase-structural 
states with different amounts of content and the de-
gree of residual austenite meta-stability along with 
the presence of solid phases - quenching martensite 
and carbides. 

2. Significant changes in microstructure occurred 
under the influence of the microstructure of plasma 
heat treatment modes, determining formation of the 
mechanical properties of carburized steel 18CrMnTi. 
Depending on the temperature of the plasma exposure 
to the relative hardness and durability of the hardened 
surface layer varies along a curve with a peak corre-
sponding to heating of about 1500ÁC. 

3. Additional contribution into strengthening 
and improving of wear resistance of carburized steel 
18CrMnTi if optimum microstructure (plasma after 

quenching with heating temperatures at about å 
1200-1400ÁC and 1500ÁC) introduces strain ɔresŸŬȭ 
martensite transformation at wear. 
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ɸʥʥʦʪʘʮʠʷ. ɿʘ ʩʯʝʪ ʩʢʦʨʦʩʪʥʦʛʦ ʥʘʛʨʝʚʘ ʧʣʘʟ-
ʤʝʥʥʦʝ ʫʧʨʦʯʥʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʠʩʧʝʨʩʥʫʶ ʤʠʢʨʦ-
ʩʪʨʫʢʪʫʨʫ ʠ ʩʦʟʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘ-
ʩʪʘʙʠʣʴʥʦʛʦ ʬʘʟʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʫʩʪʝʥʠʪʘ ʚ ʥʘʫʛʣʝʨʦ-
ʞʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʩʪʘʣʴʥʳʭ ʜʝʪʘʣʝʡ. ʎʝ-
ʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟ-
ʤʦʞʥʦʩʪʝʡ ʫʧʨʦʯʥʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦ-
ʩʪʠ ʥʘʫʛʣʝʨʦʞʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʩʪʘʣʝʡ ʧʫʪʝʤ 
ʠʟʤʝʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʠ ʤʝʪʘʩʪʘʙʠʣʴʥʦʩʪʠ ʘʫʩʪʝʥʠʪʘ 
ʧʦʩʨʝʜʩʪʚʦʤ ʪʝʭʥʦʣʦʛʠʠ ʧʣʘʟʤʝʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ. 
ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʝ ʠ ʨʝʥʪʛʝ-

ʥʦʚʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʠʟʚʝʜʝʥʳ ʟʘʤʝʨʳ ʪʚʝʨ-
ʜʦʩʪʠ, ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʠ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ. ʀʩʧʳʪʘ-
ʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʪʨʝʥʠʝʤ ʤʝ-
ʪʘʣʣʘ ʦ ʤʝʪʘʣʣ çʥʘ ʩʫʭʫʶè. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʣʘʟʤʝʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʩ ʤʠʢʨʦʧ-
ʣʘʚʢʦʡ (ʊå1500 Üʉ) ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʠʟ-
ʥʦʩʦʩʪʦʡʢʦʩʪʠ ʩʪʘʣʠ ʤʘʨʢʠ 18ʍɻʊ, ʢʦʛʜʘ ʧʨʠ ʥʝ-
ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʦʩʪʘʪʦʯʥʦʛʦ ʘʫʩʪʝʥʠʪʘ (20-25%) 
ʥʘʙʣʶʜʘʝʪʩʷ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʤʘʨʪʝʥʩʠʪ, ʜʠʩ-
ʧʝʨʛʠʨʦʚʘʥʥʳʡ ʩ ʯʘʩʪʠʮʘʤʠ ʢʘʨʙʠʜʘ. 
ɺ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ ʵʬʬʝʢʪ ʩʘʤʦʫʧʨʦʯʥʝʥʠʷ 

ʙʳʣ ʧʦʣʫʯʝʥ ʙʣʘʛʦʜʘʨʷ ʦʩʫʱʝʩʪʚʣʝʥʠʶ ʥʘʚʝʜʝʥ-ʥʦʛʦ 

ʜʝʬʦʨʤʘʮʠʝʡ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ɔret.ŸŬ'-ʧʨʝʚʨʘʱʝʥʠʷ 

ʧʨʠ ʠʟʥʦʩʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʫʛʣʝʨʦʞʠʚʘʥʠʝ, ʧʣʘʟʤʘ, 

ʤʠʢʨʦʩʧʣʘʚʣʝʥʠʝ, ʦʙʨʘʙʦʪʢʘ, ʦʩʪʘʪʦʯʥʳʡ ʘʫʩʪʝʥʠʪ, 

ʤʝʪʘʩʪʘʙʠʣʴʥʦʩʪʴ, ʧʨʝʚʨʘʱʝʥʠʝ, ʤʘʨʪʝʥʩʠʪ, ʠʟʥʦ-

ʩʦʩʪʦʡʢʦʩʪʴ. 
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ʂʠʞʥʝʨ ʄ.
1
, ʉʳʯʢʦʚ ɸ.ɹ.

2
, ʐʝʢʰʝʝʚ ʄ.ɸ.

2
, ʄʘʣʘʰʢʠʥ ʉ.ʆ.

2
, ʂʘʤʘʣʦʚʘ ɻ.ʗ.

2
 

1 HOD-ASSAF Metals Ltd. ï Kiriyat Gat Rolling Mill, Ashkelon, Israel 
2 ʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘ, ʄʘʛʥʠʪʦʛʦʨʩʢ, ʈʦʩʩʠʷ 

ɸʥʥʦʪʘʮʠʷ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʤʝʪʘʣʣʘ ʚ ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʝʪ ʢʦʤʧʣʝʢʩ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʦʧʨʦʜʫʢʮʠʠ, ʩʧʦʩʦʙʥʦʩʪʴ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ ʢ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʨʘʙʦʪʢʝ. ɺ ʪʝʭʥʠʯʝʩʢʦʡ 

ʣʠʪʝʨʘʪʫʨʝ ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ ʠʩʭʦʜʥʦʡ ʥʝʧʨʝʨʳʚʥʦ-ʣʠʪʦʡ ʟʘʛʦʪʦʚʢʠ, ʘ ʪʘʢʞʝ 

ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʦʡ 

ʢʘʪʘʥʢʠ. ʆʜʥʘʢʦ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʠʤʝʶʪʩʷ ʧʨʦʪʠʚʦʨʝʯʠʷ ʚ ʚʳʙʦʨʝ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʧʦ 

ʬʦʨʤʠʨʦʚʘʥʠʶ, ʚ ʯʘʩʪʥʦʩʪʠ, ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʡ ʧʝʨʣʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʫʨʦʚʥʶ ʦʙʝʟʫʛʣʝʨʦʞʠʚʘʥʠʷ ʠ ʜʨʫʛʠʭ ʢʘ-

ʯʝʩʪʚʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʪʘʣʠ ʠ ʧʨʦʢʘʪʘ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʤʝʪʘʣʣʦʢʦʨʜ.  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʩʪʨʫʢʪʫʨʫ 

ʢʘʪʘʥʢʠ ʧʦʜ ʤʝʪʘʣʣʦʢʦʨʜ ʠ ʨʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʦʡ ʩʢʚʦʟʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʘʣʠ, ʝʝ ʚʥʝʧʝʯʥʦʡ 

ʦʙʨʘʙʦʪʢʠ, ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʟʣʠʚʢʠ, ʧʨʦʢʘʪʢʠ ʢʘʪʘʥʢʠ ʠ ʝʝ ʧʦʪʦʯʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʣʠʥʠʠ ʜʚʫʩʪʘ-

ʜʠʡʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ Stelmor, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʧʦʣʫʯʝʥʠʝ ʪʨʝʙʫʝʤʦʛʦ ʢʦʤʧʣʝʢʩʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ 

ʤʝʪʘʣʣʦʢʦʨʜʘ ʠ ʚʳʩʦʢʫʶ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʚʦʣʦʯʝʥʠʷ ʪʦʥʢʦʡ ʧʨʦʚʦʣʦʢʠ ʠ ʝʝ ʩʚʠʚʢʠ.  

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʪʘʣʠ ʦʧʨʝʜʝʣʷʣʩʷ ʥʘ ʪʠʧʦʚʳʭ ʩʧʝʢʪʨʦʤʝʪʨʘʭ. ʄʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦ-

ʚʦʜʠʣʠʩʴ ʤʝʪʦʜʘʤʠ ʦʧʪʠʯʝʩʢʦʡ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʨʘʩʪʨʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʄʠʢʨʦʣʠʢʚʘʮʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, 

ʘ ʪʘʢʞʝ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ ʦʧʨʝʜʝʣʷʣʠʩʴ ʥʘ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʤ ʠ ʚʦʣʥʦʚʦʤ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʩʧʝʢʪʨʦʤʝʪʨʘʭ ʚ ʩʦʩʪʘʚʝ ʨʘʩʪʨʦʚʦʛʦ (ʩʢʘʥʠʨʫʶʱʝʛʦ) ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʤʝʪʦʜʦʤ ʤʠʢʨʦ-

ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ (ʄʈʉɸ). ʀʟʤʝʨʝʥʠʝ ʤʠʢʨʦʪʚʸʨʜʦʩʪʠ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʨʦʠʟʚʦʜʠʣʠ 

ʥʘ ʤʠʢʨʦʪʚʝʨʜʦʤʝʨʘʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʥʘʛʨʫʟʢʘʭ. ʂʘʪʘʥʢʘ ʠʩʧʳʪʳʚʘʣʘʩʴ ʥʘ ʨʘʟʨʳʚʥʳʭ ʤʘʰʠʥʘʭ ʥʘ ʨʘʩʪʷʞʝʥʠʝ. 

ʊʝʨʤʦʢʠʥʝʪʠʯʝʩʢʘʷ ʜʠʘʛʨʘʤʤʘ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʜʠʣʘʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ.  

ʅʦʚʠʟʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʘʫʩʪʝʥʠʪʠʟʘʮʠʠ ʚʳʩʦʢʦ-

ʫʛʣʝʨʦʜʠʩʪʦʡ ʢʘʪʘʥʢʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘ ʚʦʟʜʫʰʥʦʡ ʩʪʘʜʠʠ ʵʬʬʝʢʪʠʚʥʦʡ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ, ʟʥʘʯʝʥʠʷ ʢʦ-

ʪʦʨʦʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʘʥʘʣʠʟʝ ʧʦʩʪʨʦʝʥʥʦʡ ʥʘʤʠ ʪʝʨʤʦʢʠʥʝʪʠʯʝʩʢʦʡ ʜʠʘʛʨʘʤʤʳ ʨʘʩʧʘʜʘ ʘʫʩʪʝʥʠʪʘ ʧʨʠ 

ʥʝʧʨʝʨʳʚʥʦʤ ʦʭʣʘʞʜʝʥʠʠ.  

ʋʩʪʘʥʦʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ: ʩʪʘʣʴ ʤʠʢʨʦʣʝʛʠʨʫʶʪ ʙʦʨʦʤ ʚ ʦʪʥʦʰʝʥʠʠ 

ʙʦʨʘ ʢ ʘʟʦʪʫ ʥʝ ʙʦʣʝʝ 0,4 ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʚʨʝʜʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩʚʦʙʦʜʥʳʭ ʙʦʨʘ ʠ ʘʟʦʪʘ, ʟʘʢʣʶʯʘʶʱʝʛʦʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʙʦʨ ʧʦʚʳʰʘʝʪ ʟʘʢʘʣʠʚʘʝʤʦʩʪʴ ʩʪʘʣʠ, ʘ ʘʟʦʪ ʫʧʨʦʯʥʷʝʪ ʬʝʨʨʠʪ ʠ ʦʩʪʘʨʠʚʘʝʪ ʤʝʪʘʣʣ. ʀʩʩʣʝʜʦʚʘʥʳ ʟʘʢʦʥʦ-

ʤʝʨʥʦʩʪʠ ʟʘʛʨʷʟʥʝʥʠʷ ʩʪʘʣʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʚʢʣʶʯʝʥʠʷʤʠ (ʅɺ), ʧʨʝʜʣʦʞʝʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʧʦ ʠʭ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʶ. ʊʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ (ʊʆ) ʩʪʘʣʠ ʪʠʧʘ 70ï85 ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʘʫʩʪʝʥʠʪʠʟʘʮʠʠ ʧʨʠ 950ï

980Áʉ ʠ ʦʭʣʘʞʜʝʥʠʠ ʤʝʪʘʣʣʘ ʩʦ ʩʢʦʨʦʩʪʴʶ 25ï30Áʉ/ʩ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʩʦʨʙʠʪʦʦʙʨʘʟʥʦʛʦ ʧʝʨʣʠʪʘ ʚ 

ʢʦʣʠʯʝʩʪʚʝ ʥʝ ʤʝʥʝʝ 70% ʩʝʯʝʥʠʷ ʢʘʪʘʥʢʠ.  

ɺ ʠʪʦʛʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʪʨʝʙʫʝʤʳʡ ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ (ʅɼ) ʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʢʦʤʧʣʝʢʩ ʥʘʠʣʫʯ-

ʰʠʭ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʢʘʪʘʥʢʠ ʩ ʚʳʩʦʢʦʡ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴʶ ʝʝ ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʧʨʦʚʦʣʦʢʫ ʠ ʤʝʪʘʣʣʦʢʦʨʜ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʝ ʚʢʣʶʯʝʥʠʷ, ʤʠʢʨʦʣʝʛʠʨʦʚʘʥʠʝ, ʙʦʨ, ʢʘʪʘʥ-

ʢʘ, ʣʠʥʠʷ Stelmor, ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ, ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ, ʩʪʨʫʢʪʫʨʘ, ʩʚʦʡʩʪʚʘ. 

                                                                                              

 
*  ɺ ʨʘʙʦʪʝ ʧʨʠʥʠʤʘʣʠ ʫʯʘʩʪʠʝ: ɾʠʛʘʨʝʚ ʄ.ɸ. ï ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʥʘʯ. ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʪʜʝʣʘ ʆʆʆ çʊʫʣʘʯʝʨʤʝʪ-ʩʪʘʣʴ, ʛ. ʊʫʣʘ; ʉʪʦ-

ʣʷʨʦʚ ɸ.ʖ. ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʛʣ. ʪʝʭʥʦʣʦʛ ʆʆʆ çʉʧʝʮʠʘʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠè, ʛ. ʄʘʛʥʠʪʦʛʦʨʩʢ.  

Ò ʂʠʞʥʝʨ ʄ, ʉʳʯʢʦʚ ɸ.ɹ., ʐʝʢʰʝʝʚ ʄ.ɸ., ʄʘʣʘʰʢʠʥ ʉ.ʆ., ʂʘʤʘʣʦʚʘ ɻ.ʗ., 2016 



ʄɸʊɽʈʀɸʃʆɺɽɼɽʅʀɽ ʀ ʊɽʈʄʀʏɽʉʂɸʗ ʆɹʈɸɹʆʊʂɸ ʄɽʊɸʃʃʆɺ 

ððððððððððððððððððððððððððððððððð   ɺʝʩʪʥʠʢ ʄɻʊʋ ʠʤ. ɻ. ʀ. ʅʦʩʦʚʘ. 2016. ʊ. 14. ˉ2 84 

ɺʚʝʜʝʥʠʝ  

ʉʚʦʡʩʪʚʘ ʤʝʪʘʣʣʦʧʨʦʜʫʢʮʠʠ ʦʧʨʝʜʝʣʷʶʱʠʤ 
ʦʙʨʘʟʦʤ ʟʘʚʠʩʷʪ ʦʪ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 
ʩʧʣʘʚʘ [1ï5]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʫʘʣʝʥ ʚʦ-
ʧʨʦʩ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʢʘʪʘʥʢʦʡ ʤʝʪʠʟ-
ʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʤʝʪʘʣʣʦʢʦʨʜʘ 
ʚʳʩʦʢʦʡ, ʩʫʧʝʨʚʳʩʦʢʦʡ ʠ ʫʣʴʪʨʘʚʳʩʦʢʦʡ ʧʨʦʯ-
ʥʦʩʪʠ [6ï12]. ʇʨʠ ʵʪʦʤ ʧʝʨʚʦʩʪʝʧʝʥʥʳʤ ʷʚʣʷʝʪ-
ʩʷ ʢʦʤʧʣʝʢʩ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʪʘʥʢʠ, 
ʥʘʩʣʝʜʩʪʚʝʥʥʦ ʬʦʨʤʠʨʫʝʤʳʡ ʫʨʦʚʥʝʤ ʢʘʯʝʩʪʚʘ 
ʥʝʧʨʝʨʳʚʥʦ-ʣʠʪʦʡ ʟʘʛʦʪʦʚʢʠ (ʅʃɿ), ʘ ʪʘʢʞʝ ʪʝʭ-
ʥʦʣʦʛʠʝʡ ʧʨʦʢʘʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʪʝʨʤʠʯʝ-
ʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʫʢʘʟʘʥʥʳʤ, ʠʩ-
ʩʣʝʜʦʚʘʥʠʝ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʢʚʦʟ-
ʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʢʦʥʝʯʥʳʝ ʩʚʦʡʩʪʚʘ ʢʘʪʘʥʢʠ 
ʦʧʨʝʜʝʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʝ ʧʝʨʝʨʘʙʦʪʢʠ ʚ 
ʪʦʥʢʫʶ ʧʨʦʚʦʣʦʢʫ ʜʠʘʤʝʪʨʦʤ 0,40ï0,15 ʤʤ ʠ 
ʢʦʨʜʦʚʳʝ ʢʦʥʩʪʨʫʢʮʠʠ.  
ʅʠʞʝ ʧʨʠʚʦʜʷʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʦʦʙ-

ʨʘʟʦʚʘʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ 
ʩʚʦʡʩʪʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ 
ʢʘʯʝʩʪʚʘ ʩʪʘʣʠ ʠ ʨʝʞʠʤʦʚ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪ-
ʢʠ ʢʘʪʘʥʢʠ ʥʘ ʤʠʥʠ-ʟʘʚʦʜʝ [13] ʚ ʩʦʩʪʘʚʝ ʜʫʛʦ-
ʚʦʡ ʩʪʘʣʝʧʣʘʚʠʣʴʥʦʡ ʧʝʯʠ (ɼʉʇ), ʫʩʪʘʥʦʚʢʠ 
ʧʝʯʴ-ʢʦʚʰ (ʋʂʇ), ʚʘʢʫʫʤʘʪʦʨʘ ʪʠʧʘ VD/VOD 
ʠʣʠ RH, ʤʘʰʠʥʳ ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʟʣʠʚʢʠ ʟʘʛʦʪʦ-
ʚʦʢ (ʄʅʃɿ), ʤʝʣʢʦʩʦʨʪʥʦ-ʧʨʦʚʦʣʦʯʥʦʛʦ ʠʣʠ 
ʧʨʦʚʦʣʦʯʥʦʛʦ ʩʪʘʥʘ, ʣʠʥʠʠ ʜʚʫʩʪʘʜʠʡʥʦʛʦ ʦʭʣʘ-
ʞʜʝʥʠʷ Stelmor. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʢʘʪʘʥʢʘ ʜʠʘ-

ʤʝʪʨʦʤ 5,5 ʤʤ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʝʪʘʣʣʦʢʦʨʜʘ ʠʟ 

ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ ʤʘʨʦʢ 70ï85. ʊʨʝʙʦʚʘ-

ʥʠʷ ʢ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʩʪʘʣʠ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤ 

ʩʚʦʡʩʪʚʘʤ ʢʘʪʘʥʢʠ ʧʨʠʚʝʜʝʥʳ ʚ ʫʙʚʤ. 1.  
ʂʘʪʘʥʢʫ ʧʨʦʢʘʪʳʚʘʣʠ ʥʘ ʧʨʦʚʦʣʦʯʥʦʤ ʙʣʦʢʝ 

ʠʟ ʅʃɿ ʩʝʯʝʥʠʝʤ 125Ĭ125 ʤʤ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʊʆ 
ʥʘ ʣʠʥʠʠ Stelmor ʩʪʘʥʘ 320/150.  

ʇʦʪʦʯʥʫʶ ʪʝʨʤʦʦʙʨʘʙʦʪʢʫ ʢʘʪʘʥʢʠ ʧʨʦʚʦʜʠ-

ʣʠ ʩʥʘʯʘʣʘ ʥʘ ʧʨʦʝʢʪʥʦʡ ʧʨʦʚʦʣʦʯʥʦʡ ʣʠʥʠʠ 

ʩʪʘʥʘ ʩ çʢʦʨʦʪʢʦʡè ʣʠʥʠʝʡ Stelmor, ʘ ʟʘʪʝʤ ʥʘ 

ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʡ ʣʠʥʠʠ ʩ çʜʣʠʥʥʳʤè Stelmor 

[13. ʉ. 87, 4]. ʅʘ ʧʨʦʝʢʪʥʦʡ ʣʠʥʠʠ ʩʢʦʨʦʩʪʴ ʚʦʟ-

ʜʫʰʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʢʘʪʘʥʢʠ ʙʳʣʘ 1,7ï10Áʉ/ʩ, 

ʥʘ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʡ ʣʠʥʠʠ ï 25ï30Áʉ/ʩ. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʪʘʣʠ ʦʧʨʝʜʝʣʷʣʩʷ ʥʘ ʪʠ-

ʧʦʚʳʭ ʩʧʝʢʪʨʦʤʝʪʨʘʭ. 

ʄʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠ-

ʣʠʩʴ ʤʝʪʦʜʘʤʠ ʦʧʪʠʯʝʩʢʦʡ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʨʘʩʪ-

ʨʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʄʠʢʨʦʣʠʢʚʘʮʠʷ ʭʠʤʠʯʝ-

ʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʥʝ-

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ ʦʧʨʝʜʝʣʷʣʠʩʴ ʥʘ 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʤ ʠ ʚʦʣʥʦʚʦʤ ʨʝʥʪʛʝʥʦʚʩʢʠʭ 

ʩʧʝʢʪʨʦʤʝʪʨʘʭ ʚ ʩʦʩʪʘʚʝ ʨʘʩʪʨʦʚʦʛʦ (ʩʢʘʥʠʨʫʶ-

ʱʝʛʦ) ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʤʝʪʦʜʦʤ ʤʠʢʨʦ-

ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ (ʄʈʉɸ). ʀʟʤʝ-

ʨʝʥʠʝ ʤʠʢʨʦʪʚʸʨʜʦʩʪʠ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶ-

ʱʠʭ ʧʨʦʠʟʚʦʜʠʣʠ ʥʘ ʤʠʢʨʦʪʚʝʨʜʦʤʝʨʘʭ ʧʨʠ ʨʘʟ-

ʣʠʯʥʳʭ ʥʘʛʨʫʟʢʘʭ. 

ʂʘʪʘʥʢʘ ʠʩʧʳʪʳʚʘʣʘʩʴ ʥʘ ʨʘʟʨʳʚʥʳʭ ʤʘʰʠ-

ʥʘʭ ʥʘ ʨʘʩʪʷʞʝʥʠʝ.  

ɼʠʣʘʪʦʤʝʪʨʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʜʠʘʤʝʪʨʦʤ 3,0 ʠ 

4,0 ʤʤ ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʠʟ ʢʘʪʘʥʢʠ ʜʠʘʤʝʪʨʦʤ 5,5 ʤʤ. 

ʊʝʤʧʝʨʘʪʫʨʫ ʧʨʠ ʥʘʛʨʝʚʝ ʠ ʦʭʣʘʞʜʝʥʠʠ ʦʙʨʘʟʮʦʚ 

ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʭʨʦʤʝʣʴ-ʘʣʶʤʝʣʝʚʳʤʠ ʪʝʨʤʦʧʘ-

ʨʘʤʠ, ʧʨʠʚʘʨʝʥʥʳʤʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ, ʩ 

ʜʠʘʤʝʪʨʦʤ ʵʣʝʢʪʨʦʜʦʚ 0,3 ʤʤ. ɸʫʩʪʝʥʠʟʘʮʠʶ ʧʨʦ-

ʚʦʜʠʣʠ ʧʨʠ 950Áʉ ʚ ʪʝʯʝʥʠʝ 2ï3 ʤʠʥ ʩ ʧʦʩʣʝʜʫʶ-

ʱʝʡ ʚʳʜʝʨʞʢʦʡ 5 ʤʠʥ. ʇʦʩʣʝʜʫʶʱʝʝ ʦʭʣʘʞʜʝʥʠʝ 

ʜʠʣʘʪʦʤʝʪʨʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʦ 

ʧʨʦʛʨʘʤʤʝ ʚ ʧʝʯʘʭ ʩ ʨʘʟʣʠʯʥʦʡ ʪʝʧʣʦʚʦʡ ʠʥʝʨ-

ʮʠʝʡ, ʥʘ ʩʧʦʢʦʡʥʦʤ ʚʦʟʜʫʭʝ, ʧʦʜ ʚʝʥʪʠʣʷʪʦʨʦʤ, 

ʚ ʤʘʩʣʝ ʠ ʚʦʜʝ. ʊʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʠ ʢʦʥʮʘ 

ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʨʝʛʠʩʪʨʠ-

ʨʫʝʤʳʤ ʜʠʣʘʪʦʛʨʘʤʤʘʤ, ʩʨʝʜʥʶʶ ʩʢʦʨʦʩʪʴ 

ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʦʚ ï ʧʦ ʪʝʨʤʦʛʨʘʤʤʘʤ. 

ʋʙʚʤʡʯʙ 1 
ʎʡʥʡʰʞʪʣʡʢ ʪʧʪʫʙʛ ʡ ʥʞʮʙʦʡʰʞʪʣʡʞ ʪʛʧʢʪʫʛʙ ʛʴʪʧʣʧʬʜʤʞʩʧʝʡʪʫʧʢ ʣʙʫʙʦʣʡ 

ʄʘʨʢʘ 

ʩʪʘʣʠ 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, % ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

C Mn 
Si P S Cr Ni Cu N Al ůʚ, ʄʇʘ Ɋ, % ŭ10, % 

ʥʝ ʙʦʣʝʝ ʥʝ ʙʦʣʝʝ ʥʝ ʤʝʥʝʝ 

70 0,71ï0,74 0,40ï0,60 0,15 0,010 0,005 0,08 0,10 0,13 0,007 0,004 1160 33 10 

75 0,75ï0,80 0,40ï0,60 0,15 0,010 0,005 0,08 0,10 0,13 0,007 0,004 1210 30 10 

80 0,81ï0,85 0,40ï0,60 0,15 0,010 0,005 0,08 0,10 0,13 0,007 0,004 1260 28 9 

85 0,86ï0,90 0,40ï0,60 0,15 0,010 0,005 0,08 0,10 0,13 0,007 0,004 1310 27 9 

ʇʨʠʤʝʯʘʥʠʷ: 1. ʅʦʨʤʠʨʫʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʘʟʦʪʘ. 

2. ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʙʦʨʘ ï ʥʝ ʙʦʣʝʝ 0,0025%, ʦʪʥʦʰʝʥʠʝ ʙʦʨʘ ʢ ʘʟʦʪʫ ï ʥʝ ʙʦʣʝʝ 0,40. 
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ʊʝʦʨʠʷ, ʪʝʭʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ, 

ʨʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʆʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʝʥʥʳʤ ʧʦʢʘ-

ʟʘʪʝʣʷʤ ʩʪʘʣʠ, ʅʃɿ ʠ ʢʘʪʘʥʢʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʤʝʪʘʣʣʦʢʦʨʜʘ ʩʣʝʜʫʶʱʠʝ: ʦʙʝʩʧʝʯʝʥʠʝ ʟʘʜʘʥʥʦ-

ʛʦ ʫʨʦʚʥʷ ʠ ʦʜʥʦʨʦʜʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ (C, Mn, Si) ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ 

(Cr, Ni ʠ Cu); ʤʠʥʠʤʘʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚʨʝʜ-

ʥʳʭ ʧʨʠʤʝʩʝʡ P, S, As, Zn, Pb, Sn ʠ ʪ.ʧ.; ʚʳʩʦʢʦʡ 

ʯʠʩʪʦʪʳ ʩʪʘʣʠ ʧʦ ʅɺ, ʦʩʦʙʝʥʥʦ ʥʝʜʝʬʦʨʤʠʨʫʝ-

ʤʳʤ ʘʣʶʤʠʥʘʪʘʤ; ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦ-

ʩʪʠ, ʤʠʥʠʤʘʣʴʥʦʡ ʣʠʢʚʘʮʠʠ, ʧʦʨʠʩʪʦʩʪʠ; ʦʜʥʦ-

ʨʦʜʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʢʘʪʘʥʢʠ ʧʦ ʜʣʠʥʝ ʙʫʥʪʘ, ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝ-

ʩʪʚʘ ʩʦʨʙʠʪʦʦʙʨʘʟʥʦʛʦ ʧʝʨʣʠʪʘ ʩ ʥʠʟʢʠʤ ʢʦʣʠ-

ʯʝʩʪʚʦʤ ʠʣʠ ʠʩʢʣʶʯʝʥʠʝʤ ʩʪʨʫʢʪʫʨʥʦ-

ʩʚʦʙʦʜʥʦʛʦ ʬʝʨʨʠʪʘ (ʉʉʌ) ʠʣʠ ʮʝʤʝʥʪʠʪʘ 

(ʉʉʎ), ʦʪʩʫʪʩʪʚʠʝ ʟʘʢʘʣʦʯʥʳʭ ʩʪʨʫʢʪʫʨ.  

ʅʠʞʝ ʨʘʩʩʤʦʪʨʝʥʦ ʦʙʝʩʧʝʯʝʥʠʝ ʵʪʠʭ ʪʨʝʙʦ-

ʚʘʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʤʠʥʠ-ʟʘʚʦʜʘ. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʪʘʣʠ 

ɺʥʝʧʝʯʥʘʷ ʦʙʨʘʙʦʪʢʘ ʩʪʘʣʠ, ʧʨʦʚʦʜʠʤʘʷ ʥʘ 

ʋʂʇ ʠ VD/VOD ʠ/ʠʣʠ RH, ʛʘʨʘʥʪʠʨʫʝʪ ʪʦʯʥʦʝ 

ʧʦʧʘʜʘʥʠʝ ʚ ʟʘʜʘʥʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʪʘʣʝʡ 

70ï85 ʩ ʥʠʟʢʠʤ ʚʥʫʪʨʠʧʣʘʚʦʯʥʳʤ ʨʘʟʙʝʛʦʤ ʤʘʩ-

ʩʦʚʳʭ ʜʦʣʝʡ ʵʣʝʤʝʥʪʦʚ ʥʘ ʫʨʦʚʥʝ Dʉ = 0ï0,01%; 

DMn = 0ï0,03%; DSi = 0ï0,03%, ʤʝʞʧʣʘʚʦʯʥʳʡ 

ʨʘʟʙʨʦʩ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʦʩʪʘʚʣʷʝʪ Dʉ = 0ï

0,04%; DMn = 0ï0,05%; DSi = 0ï0,05%. ʉʦʜʝʨ-

ʞʘʥʠʝ ʬʦʩʬʦʨʘ, ʩʝʨʳ, ʘʟʦʪʘ ʠ ʚʦʜʦʨʦʜʘ ʦʙʝʩʧʝ-

ʯʠʚʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʝ ʙʦʣʝʝ 

0,010, 0,005, 0,007% (ʚ ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ) ʠ 

2,0 ppm. ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʪʘʣʠ ʥʘ ʙʘʟʝ ʩʝʣʝʢ-

ʪʠʚʥʦ ʦʪʦʙʨʘʥʥʦʛʦ ʤʝʪʘʣʣʦʣʦʤʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʜʦ 30% ʦʪ ʤʘʩʩʳ ʤʝʪʘʣʣʦʰʠʭʪʳ ʧʝʨʝʜʝʣʴʥʦʛʦ 

ʯʫʛʫʥʘ ʠʣʠ ʜʨʫʛʦʛʦ ʩʳʨʴʷ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ 

(ʉʠʥʪʠʢʦʤʘ, ʉʫʧʝʨʢʦʤʘ, ʛʦʨʷʯʝʙʨʠʢʝʪʠʨʦʚʘʥʥʦ-

ʛʦ ʞʝʣʝʟʘ ï ɻɹɾ) ʦʩʪʘʪʦʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣ-

ʣʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ʜʦʩʪʠʛʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦ-

ʢʠʭ ʟʥʘʯʝʥʠʡ. ʇʨʠʤʝʥʝʥʠʝ ʯʠʩʪʦʛʦ ʩʳʨʴʷ (ʤʝ-

ʪʘʣʣʠʟʦʚʘʥʥʳʭ ʦʢʘʪʳʰʝʡ) ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘ-

ʪʘʥʢʠ ʧʦʜ ʤʝʪʘʣʣʦʢʦʨʜ ʜʦʨʦʛʦ. ɼʦʢʘʟʘʥʦ [14ï

17], ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ Cr ¢ 0,15%; Ni ¢ 0,15%; 

Cu ¢ 0,25% ʥʝ ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʥʘ ʩʚʦʡʩʪʚʘ ʢʘʪʘʥʢʠ, ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʝʝ 

ʚʦʣʦʯʝʥʠʷ ʠ ʩʚʠʚʢʠ ʢʦʨʜʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʚ ʩʪʘʣʠ ʤʘʩ-

ʩʦʚʳʝ ʜʦʣʠ ʭʨʦʤʘ, ʥʠʢʝʣʷ ʠ ʤʝʜʠ ʥʘ ʫʨʦʚʥʝ 

¢ 0,05; ¢ 0,10 ʠ ¢ 0,13% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ɺʚʝʜʝʥʠʝ ʚ ʨʝʰʝʪʢʫ a-Fe ʙʦʣʴʰʠʭ ʧʦ ʨʘʟʤʝʨʫ, 

ʯʝʤ ʘʪʦʤʳ ʞʝʣʝʟʘ, ʘʪʦʤʦʚ Cu ʚʳʟʳʚʘʝʪ ʫʚʝʣʠʯʝ-

ʥʠʝ ʝʝ ʧʝʨʠʦʜʘ ʠ ʫʨʦʚʥʷ ʤʠʢʨʦʥʘʧʨʷʞʝʥʠʡ, ʢʦʪʦ-

ʨʳʝ ʢʦʤʧʝʥʩʠʨʫʶʪʩʷ ʟʘ ʩʯʝʪ ʤʝʥʴʰʠʭ ʧʦ ʨʘʟʤʝʨʫ 

ʘʪʦʤʦʚ ʙʦʨʘ, ʟʘʥʠʤʘʶʱʠʭ ʚ ʨʝʰʝʪʢʝ a-Fe ʧʦʟʠʮʠʠ 

ʟʘʤʝʱʝʥʠʷ. ʕʪʦ ʦʙʲʷʩʥʷʝʪ ʚʳʩʦʢʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ 

Cu ʚ a-Fe ʙʦʨʩʦʜʝʨʞʘʱʠʭ ʩʪʘʣʝʡ, ʠʭ ʧʦʥʠʞʝʥʥʫʶ 

ʧʨʦʯʥʦʩʪʴ ʠ ʚʳʩʦʢʫʶ ʧʣʘʩʪʠʯʥʦʩʪʴ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʝʡʩʪʚʠʝ ʘʟʦʪʘ, ʦʩʦʙʝʥʥʦ ʥʝʩʚʷ-

ʟʘʥʥʦʛʦ, ʫʭʫʜʰʘʝʪ ʧʣʘʩʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠ-

ʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʤʝʪʘʣʣʘ ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʚʠʪʠʷ 

ʧʨʦʮʝʩʩʦʚ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʪʘʨʝʥʠʷ ʠ ʪʚʝʨʜʦ-

ʨʘʩʪʚʦʨʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪ-

ʢʠ ʬʝʨʨʠʪʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʤʠʢʨʦʜʦʙʘʚʢʠ ʙʦʨʘ, 

ʩʚʷʟʳʚʘʷ ʘʟʦʪ ʚ ʥʠʪʨʠʜʳ ï BN, ʫʤʝʥʴʰʘʶʪ ʚʝʨʦ-

ʷʪʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʦʚ ʩʪʘʨʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʩʥʠʞʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʢʘʣʢʠ ʤʝʪʘʣʣʘ. ʂʨʦʤʝ 

ʪʦʛʦ, ʥʠʪʨʠʜ ʙʦʨʘ, ʚʳʚʦʜʷ ʘʟʦʪ ʠʟ ʧʦʟʠʮʠʡ ʚʥʝʜ-

ʨʝʥʠʷ, ʩʥʠʞʘʝʪ ʩʪʝʧʝʥʴ ʫʧʨʦʯʥʝʥʠʷ ʤʝʪʘʣʣʘ. ɹʦʨ 

ʪʘʢʞʝ ʠʟʤʝʣʴʯʘʝʪ ʩʪʦʣʙʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ ʧʨʠ ʢʨʠ-

ʩʪʘʣʣʠʟʘʮʠʠ, ʦʙʫʩʣʦʚʣʠʚʘʷ ʵʪʠʤ ʤʝʥʴʰʫʶ ʦʩʝ-

ʚʫʶ ʣʠʢʚʘʮʠʶ ʠ ʧʦʚʳʰʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʧʣʘ-

ʩʪʠʯʥʦʩʪʴ ʠ ʜʝʬʦʨʤʠʨʫʝʤʦʩʪʴ ʢʘʪʘʥʢʠ ʠ ʧʨʦʚʦ-

ʣʦʢʠ ʙʝʟ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ (ʧʘʪʝʥʪʠʨʦʚʘ-

ʥʠʷ) ʜʦ ʩʫʤʤʘʨʥʦʡ ʜʝʬʦʨʤʘʮʠʠ 95ï97% (ʢʘʪʘʥʢʘ 

ʜʠʘʤʝʪʨʦʤ 5,5 ʤʤ ï ʚʦʣʦʯʝʥʠʝ ʚ ʧʨʦʚʦʣʦʢʫ ʜʠʘ-

ʤʝʪʨʦʤ 1,2ï1,0 ʤʤ ʙʝʟ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʪʝʨʤʠʯʝ-

ʩʢʦʡ ʦʙʨʘʙʦʪʢʠ). ɹʦʨ, ʫʚʝʣʠʯʠʚʘʷ ʚʨʝʤʷ ʠʥʢʫʙʘ-

ʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʦʙʨʘʟʦʚʘʥʠʷ ʬʝʨʨʠʪʘ ʠ ʫʤʝʥʴ-

ʰʘʷ ʩʢʦʨʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʮʝʥʪʨʦʚ ʝʛʦ ʟʘʨʦʞ-

ʜʝʥʠʷ, ʩʥʠʞʘʝʪ ʚ ʩʪʘʣʠ ʢʦʣʠʯʝʩʪʚʦ ʉʉʌ. ʇʦ ʨʝ-

ʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʦʩʥʦʚʘʥʥʦ ʧʨʠʥʷʪʦ 

ʢʦʣʠʯʝʩʪʚʦ ʩʚʦʙʦʜʥʦʛʦ ʘʟʦʪʘ ʚ ʢʦʨʜʦʚʦʡ ʩʪʘʣʠ ʥʝ 

ʙʦʣʝʝ 0,007%, ʙʦʨʘ ʥʝ ʙʦʣʝʝ 0,0025% ʠ ʦʪʥʦʰʝ-

ʥʠʝ B/NÒ 0,4 [9, 17ï24]. 

ɺʘʢʫʫʤʠʨʦʚʘʥʠʝ ʩʪʘʣʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʝʝ ʛʣʫʙʦ-

ʢʫʶ ʜʝʛʘʟʘʮʠʶ (ʜʦ ʚʘʢʫʫʤʠʨʦʚʘʥʠʷ ʩʦʜʝʨʞʘʥʠʝ ʚ 

ʩʪʘʣʠ ʚʦʜʦʨʦʜʘ 2ï6, ʧʦʩʣʝ ï 0,3ï1,5 ppm, ʘ ʘʟʦʪʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 0,010ï0,012 ʠ 0,005ï0,007%), ʦʙʫ-

ʩʣʦʚʣʠʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʣʘʩʪʠʯ-

ʥʦʩʪʠ ʢʘʪʘʥʢʠ. ʊʘʢ, ʧʨʠ ʧʝʨʚʠʯʥʳʭ ʠʩʧʳʪʘʥʠʷʭ 

ʢʘʪʘʥʢʘ ʠʟ ʥʝʚʘʢʫʫʤʠʨʦʚʘʥʥʦʡ ʩʪʘʣʠ ʤʘʨʢʠ 70 

ʠʤʝʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʫʞʝʥʠʝ Y=30ï35%, ʘ ʠʟ 

ʚʘʢʫʫʤʠʨʦʚʘʥʥʦʡ ʩʪʘʣʠ ï 38ï45%. 

ʂʦʣʠʯʝʩʪʚʦ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ ʚ ʩʪʘʣʠ ʦʙʝʩ-

ʧʝʯʠʚʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝ ʩʣʝʜʦʚ. ʕʪʦ ʠʩʢʣʶʯʘʝʪ ʷʚ-

ʣʝʥʠʷ ʢʨʘʩʥʦ- ʠ ʭʣʘʜʦʣʦʤʢʦʩʪʠ, ʧʦʚʳʰʘʝʪ ʧʣʘ-

ʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʪʘʥʢʠ ʠ ʝʝ ʩʧʦʩʦʙ-

ʥʦʩʪʴ ʢ ʠʥʪʝʥʩʠʚʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ ʭʦʣʦʜʥʦʤ 

ʩʦʩʪʦʷʥʠʠ. 
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ʅʝʤʝʪʘʣʣʠʯʝʩʢʠʝ ʚʢʣʶʯʝʥʠʷ 

ʕʥʜʦʛʝʥʥʳʝ ʠ ʵʢʟʦʛʝʥʥʳʝ ʅɺ ʦʙʨʘʟʫʶʪʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʣʝʛʠʨʦʚʘʥʠʝʤ, 

ʜʝʩʫʣʴʬʫʨʘʮʠʝʡ, ʜʝʬʦʩʬʦʨʘʮʠʝʡ, ʨʘʩʢʠʩʣʝʥʠʝʤ 

ʩʪʘʣʠ ʠʣʠ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʧʨʦʜʫʢʪʘʤʠ ʠʟʥʦʩʘ 

ʬʫʪʝʨʦʚʦʯʥʳʭ ʦʛʥʝʫʧʦʨʦʚ. 

ʅɺ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪ-

ʨʠʮʝʡ ʠ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ 

ʩʚʦʡʩʪʚʘ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʥʘ ʛʨʘʥʠʮʝ ʥʝʜʝʬʦʨ-

ʤʠʨʫʶʱʠʭʩʷ ʅɺ ʬʦʨʤʠʨʫʶʪʩʷ ʤʠʢʨʦʧʦʣʦʩʪʠ, 

ʧʦ ʢʦʪʦʨʳʤ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ 

ʨʘʟʨʫʰʝʥʠʝ ʢʘʪʘʥʢʠ ʠ ʧʨʦʚʦʣʦʢʠ. ʆʮʝʥʠʪʴ ʜʝ-

ʬʦʨʤʠʨʫʝʤʦʩʪʴ ʅɺ ʤʦʞʥʦ ʠʥʜʝʢʩʦʤ ʜʝʬʦʨʤʠ-

ʨʫʝʤʦʩʪʠ n, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝʤ 

ʩʪʝʧʝʥʝʡ ʜʝʬʦʨʤʘʮʠʠ ʅɺ ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪ-

ʨʠʮʳ. ʏʝʤ ʥʠʞʝ ʟʥʘʯʝʥʠʷ ʵʪʦʛʦ ʠʥʜʝʢʩʘ, ʪʝʤ ʤʝ-

ʥʝʝ ʧʣʘʩʪʠʯʥʳ ʅɺ ʠ ʪʝʤ ʚʝʨʦʷʪʥʝʝ ʨʘʟʨʫʰʝʥʠʝ 

ʤʝʪʘʣʣʘ ʚ ʧʨʦʮʝʩʩʝ ʜʝʬʦʨʤʘʮʠʠ. ʅʘʦʙʦʨʦʪ, ʯʝʤ 

ʚʳʰʝ ʫʨʦʚʝʥʴ ʵʪʦʛʦ ʠʥʜʝʢʩʘ, ʪʝʤ ʧʣʘʩʪʠʯʥʝʝ 

ʅɺ, ʠ ʧʨʠ ʟʥʘʯʝʥʠʠ, ʨʘʚʥʦʤ 1, ʜʝʬʦʨʤʠʨʫʝʤʦʩʪʴ 

ʅɺ ʠ ʤʝʪʘʣʣʘ ʦʜʠʥʘʢʦʚʘʷ. ʆʧʘʩʥʳʝ ʅɺ ʚ ʵʪʦʤ 

ʩʤʳʩʣʝ (n = 0) ï ʘʣʶʤʠʥʘʪʳ ʠ ʘʣʶʤʦʢʘʣʴʮʠʥʠ-

ʪʳ, ʥʘʠʙʦʣʝʝ ʧʣʘʩʪʠʯʥʳ ʩʫʣʴʬʠʜʳ ʤʘʨʛʘʥʮʘ (n = 

1). ʉʫʣʴʬʠʜʳ ʤʘʨʛʘʥʮʘ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʜʝ-

ʬʦʨʤʠʨʫʶʪʩʷ ʠ ʜʨʦʙʷʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʛʦʨʷʯʝʡ 

ʧʨʦʢʘʪʢʠ ʢʘʪʘʥʢʠ, ʦʙʨʘʟʫʷ ʤʝʣʢʠʝ ʩʪʨʦʯʢʠ ʧʣʘ-

ʩʪʠʯʥʳʭ ʅɺ, ʭʦʨʦʰʦ ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʚ ʜʘʣʴ-

ʥʝʡʰʝʤ ʧʨʠ ʭʦʣʦʜʥʦʤ ʚʦʣʦʯʝʥʠʠ [25]. ʆʩʦʙʝʥʥʦ 

ʚʨʝʜʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ ʘʣʶʤʠʥʘʪʳ [26ï28]. 

ʕʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʠʬʠʮʠʨʦʚʘ-

ʥʠʷ ʩʪʘʣʠ ʢʘʣʴʮʠʝʤ ʧʨʠ ʧʦʤʦʱʠ ʚʚʦʜʘ ʥʘ ʋʂʇ ʚ 

ʥʝʩʢʦʣʴʢʦ ʧʨʠʝʤʦʚ ʢʘʣʴʮʠʡʩʦʜʝʨʞʘʱʝʡ ʧʦʨʦʰ-

ʢʦʚʦʡ ʧʨʦʚʦʣʦʢʠ (SiCa, FeCa). ʇʨʠ ʵʪʦʤ ʚʦʟʤʦ-

ʞʝʥ ʧʝʨʝʚʦʜ ʥʝʜʝʬʦʨʤʠʨʫʝʤʳʭ ʘʣʶʤʠʥʘʪʦʚ ʩʦ-

ʩʪʘʚʘ MgOÖAl 2O3, ʉʘOÖAl 2O3 ʧʨʠ ʦʪʥʦʰʝʥʠʠ 

ʉʘ/ʘʦ = 0,60ï1,20 (ʘʦ ï ʘʢʪʠʚʥʳʡ ʢʠʩʣʦʨʦʜ) ʚ ʧʣʘ-

ʩʪʠʯʥʦʝ ʩʦʝʜʠʥʝʥʠʝ 12ʉʘOÖ7Al 2O3 ʩ ʧʦʥʠʞʝʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ, ʢʦʪʦʨʦʝ ʣʝʛʢʦ ʧʝʨʝʚʦ-

ʜʠʪʩʷ ʚ ʰʣʘʢ. ʇʨʠ ʜʨʫʛʦʤ ʦʪʥʦʰʝʥʠʠ ʉʘ/ʘʦ ʦʙ-

ʨʘʟʫʶʪʩʷ ʪʚʝʨʜʳʝ ʪʫʛʦʧʣʘʚʢʠʝ ʘʣʶʤʠʥʘʪʳ, ʢʦ-

ʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ ʥʘʩʪʳʣʠ ʚ ʩʪʘʢʘʥʘʭ-ʜʦʟʘʪʦʨʘʭ 

ʠ ʥʝʜʝʬʦʨʤʠʨʫʝʤʳʝ ʅɺ ʚ ʩʪʘʣʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʦʣʥʦʩʪʴʶ ʤʘʛʥʝʟʠʘʣʴʥʳʭ ʩʪʘʣʝʨʘʟʣʠʚʦʯʥʳʭ 

ʢʦʚʰʝʡ (ʉʂ), ʦʙʨʘʙʦʪʢʘ ʩʪʘʣʠ ʙʝʣʳʤʠ ʰʣʘʢʘʤʠ, 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʤʝʪʘʣʣʘʤʠ (ʈɿʄ) ʪʘʢʞʝ ʩʧʦ-

ʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʩʪʘʣʠ ʅɺ. 

ʇʨʠʤʝʥʝʥʠʝ ʧʦʣʥʦʩʪʴʶ ʤʘʛʥʝʟʠʘʣʴʥʦʛʦ ʉʂ 

ʅɺ ʚ ʅʃɿ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʚʘʣʠʩʴ ʥʘ ʢʦ-

ʚʘʥʥʳʭ ʧʨʦʙʘʭ ʦʪ 6-ʪʠ ʪʝʤʧʣʝʪʦʚ, ʦʪʦʙʨʘʥʥʳʭ ʦʪ 

ʢʘʞʜʦʛʦ ʨʫʯʴʷ ʄʅʃɿ, ʧʦ ʤʝʪʦʜʠʢʝ ɻʆʉʊ 1778 

(ʤʝʪʦʜ ʃ1). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦ ʚʩʝʭ ʦʙ-

ʨʘʟʮʘʭ ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʅɺ (97ï98,7% 

ʦʢʩʠʜʦʚ ʠ 91,5ï99,2% ʩʫʣʴʬʠʜʦʚ) ʠʤʝʝʪ ʨʘʟʤʝʨʳ 

0ï5,6 ʤʢʤ (1-ʷ ʛʨʫʧʧʘ ʅɺ ʧʦ ʤʝʪʦʜʫ ʃ1, ɻʆʉʊ 

1778). ʅʘʙʣʶʜʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʤʘʢʩʠʤʘʣʴʥʳʝ 

ʨʘʟʤʝʨʳ ʅɺ ï ʦʢʩʠʜʳ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʜʦ 11,5 

ʤʢʤ; ʩʫʣʴʬʠʜʳ ʜʦ 16,8 ʤʢʤ. ʈʘʩʯʝʪʥʳʝ ʠʥʜʝʢʩʳ 

(ʦʢʩʠʜʳ ʜʦ 6,5Ö10
ï3
, ʩʫʣʴʬʠʜʳ ʜʦ 4,2Ö10

ï3
, ʦʙʱʠʡ 

8,6Ö10
ï3
) ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʣʠʪʦʡ ʩʪʘʣʠ ʅɺ ʪʘʢʞʝ 

ʜʦʢʘʟʳʚʘʶʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʩʪʴ ʧʦʨʘʞʝʥʥʦʩʪʠ 

ʤʝʪʘʣʣʘ ʦʧʳʪʥʦʡ ʧʣʘʚʢʠ ʅɺ ʦʢʩʠʜʥʦʛʦ ʠ ʩʫʣʴ-

ʬʠʜʥʦʛʦ ʪʠʧʦʚ. 

ɼʠʘʛʨʘʤʤʘ Pirelli (ʩʡʪ. 1) ʧʦʢʘʟʳʚʘʝʪ ʫʜʦʚʣʝ-

ʪʚʦʨʠʪʝʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʅɺ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʜʝʬʦʨʤʘʮʠʦʥʥʫʶ ʧʣʘʩʪʠʯ-

ʥʦʩʪʴ ʧʨʠ ʚʦʣʦʯʝʥʠʠ ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʦʡ ʢʘ-

ʪʘʥʢʠ ʚ ʧʨʦʚʦʣʦʢʫ ʜʠʘʤʝʪʨʦʤ ʜʦ 0,15 ʤʤ ʙʝʟ ʩʫ-

ʱʝʩʪʚʝʥʥʦʡ ʦʙʨʳʚʥʦʩʪʠ. ʊʘʢ, ʟʘʧʨʝʪʥʘʷ ʟʦʥʘ ʉ 

(hʅɺ¢ 10 ʤʢʤ; ʧʣʦʪʥʦʩʪʴ ʅɺ ¢ 20ï40 ʩʤ
ï2
) ʚ 

ʦʧʳʪʥʦʡ ʧʣʘʚʢʝ ʚʢʣʶʯʘʝʪ ʚʩʝʛʦ 1 ʅɺ ʧʨʦʪʷʞʝʥ-

ʥʦʩʪʴʶ 1 ʤʢʤ ï 1% ʩ ʧʣʦʪʥʦʩʪʴʶ ~18 ʩʤ
ï2

. 

ʆʩʪʘʣʴʥʳʝ ʅɺ ʥʘʭʦʜʷʪʩʷ ʚ ʦʧʪʠʤʘʣʴʥʦʡ ʟʦʥʝ ɺ 

ʠ ʠʤʝʶʪ ʧʣʦʪʥʦʩʪʴ 1395ï2441/1808 ʩʤ
ï2
, ʥʦ 

ʚʝʩʴʤʘ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ ï ʥʝ ʙʦʣʝʝ 6 ʤʢʤ. ʌʠʨʤʘ 

Pirelli ʧʨʠʟʥʘʣʘ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʅʚ ʥʝ ʷʚʣʷʝʪʩʷ 

ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʠ ʟʘʤʝʥʠʣʘ 

ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʥʘ ʧʨʦʩʪʦʝ ʧʨʦʮʝʥʪʥʦʝ ʩʦʦʪʥʦ-

ʰʝʥʠʝ. ʊʘʢ, ʜʣʷ ʤʝʪʘʣʣʦʢʦʨʜʘ ʜʦʧʫʩʢʘʝʪʩʷ ʚ 

ʟʦʥʝ ʉ (Al 2O3 ² 50%) ʥʝ ʙʦʣʝʝ 4% ʅɺ ʤʘʢʩʠ-

ʤʘʣʴʥʳʤ ʨʘʟʤʝʨʦʤ 10 ʤʢʤ, ʚ ʟʦʥʝ ɺ (Al 2O3 = 25ï

50%) ï ʥʝ ʙʦʣʝʝ 20% ʠ ʚ ʟʦʥʝ ɸ (Al 2O3 = 0ï25%) 

ï ʦʩʪʘʣʴʥʳʝ ʅɺ; ʚ ʟʦʥʝ ɸ ʠ ɺ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʅɺ 

ʜʦʧʫʩʢʘʝʪʩʷ ʜʦ 30 ʤʢʤ. ʅʘ ʩʡʪ. 1 ʢʦʣʠʯʝʩʪʚʦ ʅɺ 

ʧʦ ʥʦʚʦʡ ʤʝʪʦʜʠʢʝ ʩʦʩʪʘʚʣʷʝʪ ʚ ʟʦʥʝ ʉ ï 1%, ʚ 

ʟʦʥʝ ɺ ~ 5% ʠ ʚ ʟʦʥʝ ɸ ï 94%. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʚʳʩʦʢʫʶ ʯʠʩʪʦʪʫ ʧʦ ʅɺ ʢʘʪʘʥʢʠ ʠʟ ʩʪʘʣʠ, ʦʙʨʘ-

ʙʘʪʳʚʘʝʤʦʡ ʚ ʩʪʘʣʝʨʘʟʣʠʚʦʯʥʦʤ ʢʦʚʰʝ (ʉʂ) ʥʘ 

ʋʂʇ, ʧʦʣʥʦʩʪʴʶ ʟʘʬʫʪʝʨʦʚʘʥʥʦʛʦ ʦʩʥʦʚʥʦʡ 

ʤʘʛʥʝʟʠʘʣʴʥʦʡ ʤʘʩʩʦʡ, ʦʙʝʩʧʝʯʠʚʰʝʡ ʥʘʣʠʯʠʝ ʚ 

ʤʝʪʘʣʣʝ ʤʝʣʢʠʭ ʠ ʧʣʘʩʪʠʯʥʳʭ ʅɺ. ʊʘʢʦʡ ʤʝʪʘʣʣ 

ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʧʨʠ ʧʝʨʝʨʘʙʦʪ-

ʢʝ ʚ ʪʦʥʢʫʶ ʧʨʦʚʦʣʦʢʫ ʠ ʤʝʪʘʣʣʦʢʦʨʜ. 
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ʉʡʪ. 1. ɽʡʙʜʩʙʥʥʙ ʭ. Pirelli ʝʤʸ ʣʙʫʙʦʣʡ ʡʠ ʪʫʙʤʡ ʥʙʩʣʡ 80 

ʆʙʨʘʙʦʪʢʘ ʩʪʘʣʠ ʙʝʣʳʤʠ ʰʣʘʢʘʤʠ ʧʨʠ ʩʣʠʚʝ 

ʤʝʪʘʣʣʘ ʠʟ ɼʉʇ ʚ ʉʂ 

ʉ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʩʪʘʣʠ ʅɺ, 

ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʠʭ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʙʳʣʘ 

ʦʧʨʦʙʦʚʘʥʘ ʙʦʣʝʝ ʨʘʥʥʷʷ ʦʙʨʘʙʦʪʢʘ ʩʪʘʣʠ ʦʩ-

ʥʦʚʥʳʤʠ ʰʣʘʢʘʤʠ ï ʥʘ ʵʪʘʧʝ ʩʣʠʚʘ ʤʝʪʘʣʣʘ ʠʟ 

ɼʉʇ ʚ ʉʂ. ʇʨʠʯʝʤ ʦʙʨʘʙʦʪʢʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ 

ʙʝʣʳʤʠ ʰʣʘʢʘʤʠ ʩ ʋʂʇ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʧʨʦ-

ʠʟʚʦʜʩʪʚʝ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ ʩ ʧʦʚʳʰʝʥ-

ʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʣʶʤʠʥʠʷ.  

ʄʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʳ-

ʚʘʝʪ ʩʣʝʜʫʶʱʝʝ. ɿʘʛʨʷʟʥʝʥʥʦʩʪʴ ʩʪʘʣʠ ʅɺ ʚ ʅʃɿ 

ʦʮʝʥʠʚʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʢʦʚʘʥʥʳʭ ʪʝʤʧʣʝʪʦʚ 

ʧʦ ɻʆʉʊ 1778 (ʤʝʪʦʜ ʃ1). ʇʦ ʠʥʜʝʢʩʘʤ ʅɺ: ʦʢ-

ʩʠʜʳ ï ʜʦ 9,9Ö10
ï3
, ʩʫʣʴʬʠʜʳ ï ʜʦ 8,0Ö10

ï3
 ʠ ʩʫʤ-

ʤʘʨʥʳʡ ï ʜʦ 12,5Ö10
ï3

, ʦʧʳʪʥʘʷ ʧʣʘʚʢʘ ʠʤʝʝʪ 

ʥʠʟʢʫʶ ʟʘʛʨʷʟʥʝʥʥʦʩʪʴ ʅɺ.  

ɼʠʘʛʨʘʤʤʳ Pirelli ʢʘʪʘʥʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʪʝʤ, ʯʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʦʯʝʥʴ ʤʥʦʛʦ ʅɺ ʚ ʟʘʧʨʝʪ-

ʥʦʡ ʟʦʥʝ ʉ ï ʜʦ 31%. ʇʨʠ ʵʪʦʤ ʨʘʟʤʝʨʳ ʅɺ ʥʝ-

ʙʦʣʴʰʠʝ: ʥʝ ʙʦʣʝʝ 7 ʤʢʤ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨ-

ʞʘʥʠʝ Al 2O3 (ʜʦ ~68%) ʚ ʅɺ ï ʵʪʦ ʥʝʛʘʪʠʚʥʳʡ 

ʨʝʟʫʣʴʪʘʪ, ʢʦʪʦʨʳʡ ʦʙʫʩʣʦʚʣʝʥ ʥʘʣʠʯʠʝʤ ʚ ʙʝ-

ʣʳʭ ʰʣʘʢʘʭ ʘʣʶʤʠʥʠʷ. ʇʝʨʝʭʦʜ ʥʘ ʙʝʣʳʝ ʰʣʘʢʠ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ ʚʥʝʧʝʯʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ, ʦʙʝʩʧʝʯʘʪ ʧʦʣʦʞʠ-

ʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ï ʦʩʚʦʙʦʞʜʝʥʠʝ ʦʪ ʅɺ ʟʦʥʳ ʩ 

ʜʠʘʛʨʘʤʤʳ Pirelli.  

ʆʙʨʘʙʦʪʢʘ ʩʪʘʣʠ Cʘ + ʈɿʄ ʣʠʛʘʪʫʨʦʡ 

ɺ ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ [29, 30] ʧʨʠʚʦ-

ʜʷʪʩʷ ʜʘʥʥʳʝ ʦ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʈɿʄ) ʢʘʢ ʤʦʜʠʬʠ-

ʢʘʪʦʨʦʚ ʞʠʜʢʦʡ ʩʪʘʣʠ, ʙʣʘʛʦʪʚʦʨʥʦ ʚʣʠʷʶʱʠʭ 

ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʩʣʠʪʢʘ ʠ ʟʘʛʨʷʟʥʝʥʥʦʩʪʴ ʩʪʘʣʠ ʅɺ. ɺ ʨʷʜʝ ʩʣʫ-

ʯʘʝʚ ʜʝʡʩʪʚʠʝ ʈɿʄ ʧʨʠʟʥʘʝʪʩʷ ʙʦʣʝʝ ʵʬʬʝʢ-

ʪʠʚʥʳʤ, ʯʝʤ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʢʘʢ ʢʘʣʴʮʠʡ ʠ 

ʙʦʨ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʈɿʄ ʩʠʣʴʥʝʝ ʙʦʨʘ ʚʣʠʷʶʪ 

ʥʘ ʩʥʠʞʝʥʠʝ ʜʣʠʥʳ ʟʦʥʳ ʩʪʦʣʙʯʘʪʳʭ ʢʨʠʩʪʘʣ-

ʣʦʚ (ɿʉʂ), ʥʦ ʙʦʨ [6] ʙʦʣʴʰʝ ʈɿʄ ʚʣʠʷʝʪ ʥʘ 

ʚʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ ʜʝʥʜʨʠʪʦʚ. ʋʪʚʝʨʞʜʘʝʪʩʷ 

ʪʘʢʞʝ, ʯʪʦ ʈɿʄ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʠʣʴʥʳʤ ʤʦʜʠ-

ʬʠʢʘʪʦʨʦʤ ʅɺ, ʯʝʤ ʢʘʣʴʮʠʡ. ɹʳʣʠ ʦʧʨʦʙʦʚʘʥʳ 

ʚ ʦʧʳʪʥʦʤ ʧʦʨʷʜʢʝ ʣʠʛʘʪʫʨʘ Ca + ʈɿʄ (ʧʨʠ-

ʤʝʨʥʳʡ ʩʦʩʪʘʚ: 10ï12% ʉʘ; 15% Mg; 40ï45% 

Si; 10ï12% ʈɿʄ, ʠʟ ʥʠʭ ʜʦ 50% ï ʉʝ, 25% ï La 

ʠ 25% Nd ʠʣʠ Pr).  

ʆʧʳʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʪʘʣʠ ʤʘʨʢʠ 85 (ʩʡʪ. 2). 
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ʉʡʪ. 2. ʊʫʩʬʣʫʬʩʦʙʸ ʨʧʤʧʪʰʙʫʧʪʫʵ ʦʙ ʨʩʧʝʧʤʵʦʴʮ ʧʚʩʙʠʯʙʮ ʣʙʫʙʦʣʡ ʡʠ ʪʫʙʤʡ 85, ĭ500 

ʃʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʯʠʩʪʦʪʝ ʢʘʪʘʥʢʠ ʦʪ 
ʅɺ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʤʝʪʘʣʣʝ ʥʝʩʢʦʣʴʢʠʭ ʧʣʘʚʦʢ, ʚ 
ʢʦʪʦʨʳʭ ʧʦ ʜʠʘʛʨʘʤʤʘʤʠ Pirelli ʦʪʤʝʯʘʝʪʩʷ ʩʣʝ-
ʜʫʶʱʝʝ:  

ï ʧʦ ʪʦʣʱʠʥʝ ʅɺ: ¢ 9 ʤʢʤ; 
ï ʧʦ ʧʣʦʪʥʦʩʪʠ ʅɺ: 622 ï 1684 ʩʤ

ï2
;  

ï ʧʦ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʅɺ ʚ ʟʦʥʝ ʉ: 3 ï 53% 
ʪʦʣʱʠʥʦʡ 4 ï 11 ʤʢʤ. 
ʄʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʩʪʘʣʠ ʣʠʛʘʪʫʨʦʡ, ʩʦʜʝʨ-

ʞʘʱʝʡ Ca ʠ ʈɿʄ, ʧʨʠ ʧʝʨʚʠʯʥʦʤ ʦʧʨʦʙʦʚʘʥʠʠ 
ʥʝ ʜʘʣʦ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʵʬʬʝʢʪʘ. ɺ ʮʝʣʦʤ, ʤʝ-
ʪʘʣʣ ʙʝʟ ʣʠʛʘʪʫʨʳ ʟʥʘʯʠʪʝʣʴʥʦ ʯʠʱʝ ʧʦ ʅɺ, ʥʦ 
ʥʝʦʙʭʦʜʠʤʦ ʧʦʚʪʦʨʠʪʴ ʦʧʳʪʳ ʧʦ ʤʦʜʠʬʠʮʠʨʦ-
ʚʘʥʠʶ ʩʪʘʣʠ Ca + ʈɿʄ ʣʠʛʘʪʫʨʦʡ ʩ ʮʝʣʴʶ ʧʦʠʩ-
ʢʘ ʥʘʠʣʫʯʰʝʛʦ ʨʝʟʫʣʴʪʘʪʘ. 
ʆʮʝʥʢʘ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ ʟʘʛʨʷʟʥʝʥ-

ʥʦʩʪʠ ʩʪʘʣʠ ʅɺ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥ-
ʪʘ ʬʠʟʠʯʝʩʢʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ɺ ʨʘʙʦʪʝ [25] ʜʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ 
ʜʣʷ ʦʮʝʥʢʠ ʅɺ ʚ ʩʪʘʣʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʬʠʟʠʯʝ-
ʩʢʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ kʬʥ (kʬʥ = Sʥʚ/S, ʛʜʝ Sʥʚ ï 
ʩʫʤʤʘʨʥʘʷ ʧʣʦʱʘʜʴ, ʟʘʥʠʤʘʝʤʘʷ ʥʝʜʝʬʦʨʤʠʨʫʝ-
ʤʳʤʠ ʅɺ, S ï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʛʦ-
ʪʦʚʦʡ ʧʨʦʚʦʣʦʢʠ) ʠ ʵʬʬʝʢʪʠʚʥʦ, ʠ ʫʥʠʚʝʨʩʘʣʴʥʦ. 
ʇʦʵʪʦʤʫ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʧʨʝʜ-
ʩʪʘʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ kʬʥ ʦʪ ʧʨʝʜʝʣʴʥʳʭ ʨʘʟʤʝʨʦʚ 
ʝʜʠʥʠʯʥʳʭ ʅɺ ʠ ʨʝʰʠʪʴ ʦʙʨʘʪʥʫʶ ʟʘʜʘʯʫ, ʘ 
ʠʤʝʥʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫ-
ʩʪʠʤʳʭ ʅɺ ʚ ʬʫʥʢʮʠʠ ʦʪ ʨʘʟʤʝʨʘ ʅɺ ʠ kʬʥ. ʕʪʠ 
ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʫʙʚʤ. 2, 3. ʀʩʧʦʣʴ-
ʟʫʷ ʵʪʠ ʜʘʥʥʳʝ, ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʧʨʠʝʤʣʝʤʦʩʪʴ 
ʢʘʪʘʥʢʠ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʧʦ ʫʨʦʚʥʶ 
ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʩʪʘʣʠ ʅɺ. 
ʈʘʩʯʝʪʥʳʤ ʩʧʦʩʦʙʦʤ ʫʩʪʘʥʦʚʣʝʥʳ ʟʥʘʯʝʥʠʷ kʬʥ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʝʜʠʥʠʯʥʦʛʦ ʥʝʜʝʬʦʨʤʠ-
ʨʫʝʤʦʛʦ ʅɺ (hʥʚ/ʥʜ), ʜʠʘʤʝʪʨʘ (0,40ï0,15 ʤʤ) ʛʦʪʦ-
ʚʦʡ ʧʨʦʚʦʣʦʢʠ ʢʦʨʜʦʚʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ɺ ʨʘʙʦʪʝ 

[31] ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʦ ʜʦʧʫʩʪʠʤʦʝ ʟʥʘʯʝʥʠʝ kʬʥ ʚ 
ʢʘʪʘʥʢʝ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʤʝʪʘʣʣʦʢʦʨʜʘ, ʨʘʚʥʦʝ ʥʝ 
ʙʦʣʝʝ 5%. ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʢʨʠʪʝʨʠʷ (ʩʤ. ʫʙʚʤ. 2) 
ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ 5% ʙʘʨʴʝʨ ʧʨʦʭʦʜʷʪ ʝʜʠ-
ʥʠʯʥʳʝ ʅɺ ʪʦʣʱʠʥʦʡ ʥʝ ʙʦʣʝʝ 35 ʤʢʤ ʜʣʷ ʜʠʘ-
ʤʝʪʨʘ ʧʨʦʚʦʣʦʢʠ 0,15 ʤʤ, 45 ʤʢʤ ï 0,20 ʤʤ ʠ ʪ.ʧ. 
ʆʜʥʘʢʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʨʝʘʣʴʥʦʤ ʤʝʪʘʣʣʝ ʠʤʝʝʪʩʷ 

ʤʥʦʞʝʩʪʚʦ ʤʝʣʢʠʭ ʠ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʅɺ. ɺ ʫʙʚʤ. 3 
ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʦʧʫʩʪʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʅɺ ʚ ʢʘʪʘʥ-
ʢʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʜʠʘʤʝʪʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ kʬʥ ʠ 
ʜʠʘʤʝʪʨʘ ʛʦʪʦʚʦʡ ʧʨʦʚʦʣʦʢʠ. ʊʘʢ, ʜʣʷ ʜʠʘʤʝʪʨʘ 
ʛʦʪʦʚʦʡ ʧʨʦʚʦʣʦʢʠ 0,15 ʤʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ kʬʥ ʥʝ 
ʙʦʣʝʝ 5% ʜʦʧʫʩʪʠʤʦ ʥʘʣʠʯʠʝ ʜʦ 50 ʅɺ ʧʨʦʪʷʞʝʥ-
ʥʦʩʪʴʶ (ʫʩʣʦʚʥʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʅɺ) 5 
ʤʢʤ, ʧʨʠʤʝʨʥʦ 13 ʅɺ ʜʠʘʤʝʪʨʦʤ 10 ʤʢʤ, 5 ʅɺ 
ʜʠʘʤʝʪʨʦʤ 15 ʤʢʤ, 1 ʅɺ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 30 ʤʢʤ. 
ʅɺ ʨʘʟʤʝʨʦʤ ʙʦʣʝʝ 35 ʤʢʤ ʥʝʜʦʧʫʩʪʠʤʳ. ɼʣʷ ʪʦʯ-
ʥʦʛʦ ʨʘʩʯʝʪʘ ʧʨʝʜʝʣʴʥʳʭ ʢʨʠʪʝʨʠʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 
ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʧʣʦʱʘʜʴ ʚʩʝʭ ʥʝʜʝʬʦʨʤʠ-
ʨʫʝʤʳʭ ʅɺ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʢʘʪʘʥʢʠ ʠ ʨʘʩ-
ʩʯʠʪʘʪʴ ʨʝʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ kʬʥ. ʀʜʝʘʣʴʥʘʷ ʦʮʝʥʢʘ 
ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʩʪʘʣʠ ʅɺ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʦʩʪʦʠʪ ʚ 
ʩʦʯʝʪʘʥʠʠ ʚʳʰʝʦʧʠʩʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʝʤ kʬʥ ʠ ʥʦʚʦʡ ʤʝʪʦʜʠʢʠ ʬʠʨʤʳ Pirelli, ʦʛʨʘʥʠ-
ʯʠʚʘʶʱʝʡ ʅɺ ʧʦ ʩʦʜʝʨʞʘʥʠʶ Al 2O3. 

ʋʙʚʤʡʯʙ 2 
ʀʦʙʰʞʦʡʸ kʭʦ (%) ʧʫ ʫʧʤʲʡʦʴ ʆɻ ð hʆɻ  
ʡ ʝʡʙʥʞʫʩʙ ʜʧʫʧʛʧʢ ʨʩʧʛʧʤʧʣʡ (d) 

ɼʠʘʤʝʪʨ 
ʧʨʦ-
ʚʦʣʦʢʠ, 
ʤʤ 

hʅɺ, ʤʢʤ 

5 10 15 20 25 30 35 40 45 50 

1 2 3 4 5 6 7 8 9 10 11 
0,15 0,1 0,40 1,00 1,80 2,80 4,00 5,40 7,10 9,00 11,10 
0,20 0,06 0,22 0,56 1,01 1,57 2,25 3,03 3,99 5,06 6,24 
0,25 0,04 0,14 0,35 0,64 0,99 1,42 1,92 2,53 3,20 3,95 
0,30 0,03 0,10 0,25 0,45 0,70 1,00 1,35 1,78 2,25 2,78 
0,35 0,02 0,07 0,18 0,33 0,51 0,73 0,99 1,31 1,65 2,04 

 

ʆʧʨʝʜʝʣʝʥ ʢʦʤʧʣʝʢʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʝʨʦ-
ʧʨʠʷʪʠʡ ʜʣʷ ʩʥʠʞʝʥʠʷ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʤʝʪʘʣʣʘ 
ʅɺ, ʢʦʪʦʨʳʝ ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʷʪʴ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ: 
ʧʨʠʤʝʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʘʣʴʮʠʡ-
ʩʦʜʝʨʞʘʱʝʡ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʠ ʜʣʷ ʤʦʜʠ-
ʬʠʮʠʨʦʚʘʥʠʷ ʅɺ, ʦʪʜʘʚʘʝʤʦʡ ʥʘ ʋʂʇ ʚ ʥʝ-
ʩʢʦʣʴʢʦ ʧʨʠʝʤʦʚ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤʠ ʧʦʨʮʠ-
ʷʤʠ; ʚʘʢʫʫʤʠʨʦʚʘʥʠʷ ʩʪʘʣʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʩ-
ʥʦʚʥʳʭ ʬʫʪʝʨʦʚʦʢ ʉʂ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʢʦʚʰʝʡ 
(ʇʂ); ʚʳʙʦʨ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʪʝʧʣʦʠʟʦʣʠ-
ʨʫʶʱʠʭ ʠ ʨʘʬʠʥʠʨʫʶʱʠʭ ʟʘʩʳʧʦʢ ʚ ʇʂ, ʥʝ ʩʦ-
ʜʝʨʞʘʱʠʭ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ ʠ ʤʘʨʛʘʥʮʘ; ʧʨʦʜʫʚʢʘ 
ʩʪʘʣʠ ʚ ʇʂ ʘʨʛʦʥʦʤ ʯʝʨʝʟ ʩʧʝʮʠʘʣʴʥʳʝ ʧʨʦ-
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ʜʫʚʦʯʥʳʝ ʙʣʦʢʠ; ʟʘʱʠʪʘ ʦʪ ʚʪʦʨʠʯʥʦʛʦ ʦʢʠʩʣʝ-
ʥʠʷ ʩʪʨʫʠ ʩʪʘʣʠ, ʠʩʪʝʢʘʶʱʝʡ ʠʟ ʉʂ ʚ ʇʂ ʠ ʠʟ 
ʇʂ ʚ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨ (ʂ). 

ʋʙʚʤʡʯʙ 3 
ʀʙʛʡʪʡʥʧʪʫʵ ʝʧʨʬʪʣʙʞʥʧʜʧ ʣʧʤʡʰʞʪʫʛʙ [ʆɻ]  
ʧʫ ʫʧʤʲʡʦʴ ʆɻ ʡ ʝʡʙʥʞʫʩʙ ʜʧʫʧʛʧʢ ʨʩʧʛʧʤʧʣʡ  

ʨʩʡ kʭʦ Ò 5% 

ɼʠʘʤʝʪʨ 
ʧʨʦʚʦʣʦ-
ʢʠ, ʤʤ 

hʅɺ, ʤʢʤ 

5 10 15 20 25 30 35 40 45 50 
1,00 3 4 5 6 7 8 9 10 11 12 
0,15 50 13 5 3 2 1 ï ï ï ï 
0,20 83 23 9 5 3 2 2 1 1 ï 
0,25 125 36 14 8 5 4 3 2 2 1 
0,30 167 50 20 11 7 5 4 3 2 2 
0,35 250 71 28 15 10 7 5 4 3 3 

 

ʋʤʝʥʴʰʝʥʠʝ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʅɺ ʢʘʪʘʥʢʠ ʠʟ 
ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ ʤʘʨʦʢ 70ï85 ʜʣʷ ʤʝ-
ʪʘʣʣʦʢʦʨʜʘ ʦʙʳʯʥʦʡ, ʚʳʩʦʢʦʡ, ʩʫʧʝʨʚʳʩʦʢʦʡ ʠ 
ʫʣʴʪʨʘʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ ʩʦʚʤʝʩʪʥʦ ʩ ʜʨʫʛʠʤʠ 
ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʘʯʝʩʪʚʘ ʦʙʝʩʧʝʯʠʣʦ ʚʳʩʦʢʫʶ 
ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʥʘ ʤʝʪʠʟʥʦʤ ʧʝʨʝʜʝʣʝ (ʦʙʨʳʚ-
ʥʦʩʪʴ ʧʨʠ ʤʠʢʨʦʚʦʣʦʯʝʥʠʠ ï ʥʝ ʙʦʣʝʝ 1,5ï2,0 ʪ

ï1
, 

ʧʨʠ ʩʚʠʚʢʝ ʧʨʷʜʝʡ ʠ ʢʦʨʜʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ï ʥʝ 
ʙʦʣʝʝ 2,0ï2,5 ʪ

ï1
). 

ʄʘʢʨʦ- ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʢʘʪʘʥʢʠ 
ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʤʘʢʨʦ-

ʩʪʨʫʢʪʫʨʳ, ʤʠʥʠʤʠʟʘʮʠʠ ʣʠʢʚʘʮʠʦʥʥʳʭ ʷʚʣʝʥʠʡ 
ʚ ʅʃɿ ʠ ʢʘʪʘʥʢʝ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳ ʤʝʪʦʜʳ 
ʨʘʟʣʠʚʢʠ ʩʪʘʣʠ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 
ʨʘʟʚʠʪʠʷ ʟʦʥʳ ʨʘʚʥʦʦʩʥʳʭ ʢʨʠʩʪʘʣʣʦʚ (ɿʈʂ) ʧʨʠ 
ʩʦʢʨʘʱʝʥʠʠ ʟʦʥʳ ʩʪʦʣʙʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ (ɿʉʂ).  
ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʶʪ ʩʣʝ-

ʜʫʶʱʝʝ: 
1. ʀʟ-ʟʘ ʜʝʥʜʨʠʪʥʦʡ ʣʠʢʚʘʮʠʠ ʦʙʨʘʟʫʶʪʩʷ 

ʣʠʢʚʘʮʠʦʥʥʳʝ ʧʦʣʦʩʢʠ, ʩʪʨʫʢʪʫʨʥʘʷ ʧʦʣʦʩʯʘ-
ʪʦʩʪʴ, ʦʩʪʘʪʢʠ ʢʦʪʦʨʳʭ ʚʳʷʚʣʷʶʪʩʷ ʚ ʢʘʪʘʥʢʝ ʠ 
ʧʨʦʚʦʣʦʢʝ. ʆʩʥʦʚʥʳʤʠ ʣʠʢʚʠʨʫʶʱʠʤʠ ʵʣʝʤʝʥ-
ʪʘʤʠ ʷʚʣʷʶʪʩʷ C, P, Mn, Cr, Si. ʕʣʝʢʪʨʦʤʘʛʥʠʪ-
ʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ (ʕʄʇ) ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʝʘʣʠ-
ʟʘʮʠʠ ʟʘʪʨʘʚʦʯʥʦ-ʠʥʦʢʫʣʠʨʫʶʱʝʛʦ ʵʬʬʝʢʪʘ ʧʨʠ 
ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʪʘʣʠ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 
ʦʪʨʳʚʝ ʯʘʩʪʠʮ ʦʪ ʜʝʥʜʨʠʪʦʚ ʠ ʧʝʨʝʤʝʱʝʥʠʠ ʠʭ ʚ 
ʩʝʨʜʮʝʚʠʥʫ ʅʃɿ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ 
ʮʝʥʪʨʦʚ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ 
ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ɿʈʂ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ 
ʕʄʇ ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʝʥʘ ï ʚ ʩʨʝʜʥʝʤ ʚ 1,7 ʨʘʟʘ, 
ʧʨʠ ʵʪʦʤ ʮʝʥʪʨʘʣʴʥʘʷ ʣʠʢʚʘʮʠʷ ʠ ʧʦʨʠʩʪʦʩʪʴ 
ʨʘʩʩʨʝʜʦʪʘʯʠʚʘʶʪʩʷ. 
2. ʃʠʢʚʘʮʠʷ ʥʘ ʤʠʢʨʦʫʨʦʚʥʝ ʦʙʫʩʣʦʚʣʠʚʘʝʪ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʯʘʩʪʷʭ ʚʳʩʦʢʦ-
ʫʛʣʝʨʦʜʠʩʪʦʡ ʢʘʪʘʥʢʠ ʤʘʨʪʝʥʩʠʪʥʳʭ ʫʯʘʩʪʢʦʚ, 
ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 5 ʜʦ 200 
ʤʢʤ. ɺʳʙʦʨ ʥʘʠʣʫʯʰʠʭ ʨʝʞʠʤʦʚ ʢʨʠʩʪʘʣʣʠʟʘ-
ʮʠʠ ʩʣʠʪʢʘ, ʧʨʠʤʝʥʝʥʠʝ ʕʄʇ, ʦʙʝʩʧʝʯʝʥʠʝ ʩʪʝ-
ʧʝʥʠ ʧʝʨʝʛʨʝʚʘ ʥʘʜ ʪʝʤʧʝʨʘʪʫʨʦʡ ʣʠʢʚʠʜʫʩ ʥʘ 
ʤʠʥʠʤʘʣʴʥʦ-ʚʦʟʤʦʞʥʦʤ ʫʨʦʚʥʝ (ʥʝ ʙʦʣʝʝ 20ï
30Áʉ) ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʧʦʷʚʣʝʥʠʝ ʟʘʢʘʣʦʯ-
ʥʳʭ ʩʪʨʫʢʪʫʨ. ʕʪʦʤʫ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʟʘ-
ʤʝʜʣʝʥʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʨʘʟʣʠʪʦʛʦ ʩʣʠʪʢʘ ʧʦʜ 
ʢʦʣʧʘʢʘʤʠ, ʚ ʦʙʦʛʨʝʚʘʝʤʳʭ ʠʣʠ ʥʝʦʙʦʛʨʝʚʘʝʤʳʭ 

ʢʦʣʦʜʮʘʭ, ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ (~1200Áʉ) ʜʣʠ-
ʪʝʣʴʥʳʡ (ʥʝ ʤʝʥʝʝ 6 ʯ) ʛʦʤʦʛʝʥʠʟʠʨʫʶʱʠʡ ʦʪ-
ʞʠʛ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʨʝʞʠʤʳ ʢʨʠʩʪʘʣʣʠ-
ʟʘʮʠʠ ʅʃɿ ʩʝʯʝʥʠʝʤ 125Ĭ125 ʤʤ: ʩʢʦʨʦʩʪʴ ʨʘʟ-
ʣʠʚʢʠ 2,5ï3 ʤ/ʤʠʥ; ʧʝʨʝʛʨʝʚ ʥʘʜ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʣʠʢʚʠʜʫʩ ~20ï30Áʉ. 
ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʝʨʤʦʢʠʥʝʪʠʯʝʩʢʦʡ ʜʠʘʛʨʘʤʤʦʚ 
(ʊʂɼ), ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʩʡʪ. 3 [13]. 

 

ʉʡʪ. 3. ʋʃɽ ʛʴʪʧʣʧʬʜʤʞʩʧʝʡʪʫʧʢ ʪʫʙʤʡ 80 
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ʅʝʩʤʦʪʨʷ ʥʘ ʚʨʝʜʥʦʩʪʴ ʟʘʢʘʣʦʯʥʳʭ ʩʪʨʫʢʪʫʨ, 

ʤʥʦʛʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʤʝʪʘʣʣʦʢʦʨʜʘ ʜʦʧʫʩʢʘʶʪ 

ʠʭ ʥʘʣʠʯʠʝ. ʅʘʧʨʠʤʝʨ, ʬʠʨʤʘ Bekaert ʨʘʟʨʝʰʘʝʪ 

ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʩʝʯʝʥʠʷ ʢʘʪʘʥʢʠ ʥʘʣʠ-

ʯʠʝ ʫʯʘʩʪʢʦʚ ʤʘʨʪʝʥʩʠʪʘ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʜʦ 20 

ʤʢʤ [32].  

ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʘʪʘʥʢʠ ʥʝʦʙʭʦʜʠʤʦ ʦʜʥʦ-

ʚʨʝʤʝʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʢʘʯʝʩʪʚʘ. ɿʘʯʘʩʪʫʶ ʫʣʫʯʰʝʥʠʝ ʦʜʥʠʭ ʠʟ ʥʠʭ ʤʦ-

ʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʭʫʜʰʝʥʠʶ ʜʨʫʛʠʭ. ɿʜʝʩʴ ʥʝʦʙ-

ʭʦʜʠʤ ʧʦʠʩʢ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʠʦʨʠʪʝʪʘ, ʟʥʘʯʠʤʦ-

ʩʪʠ ʢʘʢʦʛʦ-ʣʠʙʦ ʧʦʢʘʟʘʪʝʣʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʜʨʫʛʠʤ. ʇʦʵʪʦʤʫ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘ-

ʥʳ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʢʘʪʘʥʢʠ (ʤʠʢʨʦʩʪʨʫʢʪʫ-

ʨʘ, ʩʪʝʧʝʥʴ ʦʙʝʟʫʛʣʝʨʦʞʠʚʘʥʠʷ, ʦʢʘʣʠʥʦʦʙʨʘʟʦ-

ʚʘʥʠʝ, ʜʝʬʝʢʪʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ) ʠ ʠʭ ʢʦʤ-

ʧʣʝʢʩʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʚʦʡʩʪʚʘ ʢʘʪʘʥʢʠ ʠ ʧʨʦʚʦ-

ʣʦʢʠ [13, 26, 31ï37]. 

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʩʡʪ. 4) ʦʧʨʝʜʝʣʝʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʣʠʪʘ ʧʝʨʚʦʛʦ ʙʘʣʣʘ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʠʪʢʦʦʙʨʘʟʦʚʘʥʠʷ. ʕʪʘ ʟʘʚʠʩʠʤʦʩʪʴ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʝʩʪʴ ʜʚʝ ʦʙʣʘʩʪʠ, ʚ ʢʦʪʦʨʳʭ ʤʝʞ-

ʧʣʘʩʪʠʥʯʘʪʦʝ ʨʘʩʩʪʦʷʥʠʝ ȹ ʚ ʧʝʨʣʠʪʝ ʫʤʝʥʴʰʘʝʪ-

ʩʷ: ʧʝʨʚʘʷ ï ʵʪʦ ʦʙʣʘʩʪʴ 950ï1000Áʉ, ʚʪʦʨʘʷ ï ʤʝ-

ʥʝʝ 700Áʉ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʦʙʨʘʟʫʝʪʩʷ ʧʨʘʢʪʠʯʝ-

ʩʢʠ 100% ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʧʝʨʣʠʪʘ 1 ʙʘʣʣʘ (ȹ< 

0,2 ʤʢʤ). ʆʜʥʘʢʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʝʪʘʣʣʘ ʥʠʞʝ 

700Áʉ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʢʘʪʘʥʢʠ ʬʦʨʤʠʨʫ-

ʝʪʩʷ ʥʝʜʦʧʫʩʪʠʤʘʷ ʧʦʩʪʟʘʢʘʣʦʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ï 

ʩʦʨʙʠʪ ʦʪʧʫʩʢʘ, ʫʭʫʜʰʘʶʱʘʷ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ 

ʧʝʨʝʨʘʙʦʪʢʠ ʪʘʢʦʡ ʢʘʪʘʥʢʠ ʚ ʧʨʦʚʦʣʦʢʫ. ʇʨʠ ʚʳ-

ʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (950ï1000Áʉ) ʠʤʝʝʪʩʷ ʫʞʝ 

ʜʨʫʛʦʡ ʥʝʜʦʩʪʘʪʦʢ ï ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʨʝʜʥʝʝ ʢʦʣʠ-

ʯʝʩʪʚʦ ʚʪʦʨʠʯʥʦʡ ʦʢʘʣʠʥʳ ʜʦ 6ï8 ʧʨʦʪʠʚ 2ï4 ʢʛ/ʪ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʠʪʢʦʦʙʨʘʟʦʚʘʥʠʷ 800ï850Áʉ, 

ʧʨʠ ʢʦʪʦʨʦʡ ʢʦʣʠʯʝʩʪʚʦ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʧʝʨ-

ʣʠʪʘ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 20ï30%. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ 

ʬʦʨʤʠʨʫʝʤʘʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 950ï1000Áʉ ʦʢʘ-

ʣʠʥʘ ʩʦʩʪʦʠʪ, ʚ ʦʩʥʦʚʥʦʤ, ʠʟ ʚʶʩʪʠʪʘ ʠ ʟʘʪʝʤ 

ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʦʝ ʦʭʣʘʞʜʝʥʠʝ ʚʠʪʢʦʚ ʢʘʪʘʥʢʠ 

ʚʝʥʪʠʣʷʪʦʨʥʳʤ ʚʦʟʜʫʭʦʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʪʝʤʧʝ-

ʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 570ï400Áʉ, ʥʝ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʝʚʨʘʱʝʥʠʷ ʚʶʩʪʠʪʘ ʚ ʤʘʛʥʝʪʠʪ, ʙʣʘʛʦʜʘʨʷ ʯʝ-

ʤʫ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʣʝʛʢʦʝ ʫʜʘʣʝʥʠʝ ʪʘʢʦʡ ʦʢʘʣʠ-

ʥʳ ʧʝʨʝʜ ʚʦʣʦʯʝʥʠʝʤ ʢʘʢ ʭʠʤʠʯʝʩʢʠʤ, ʪʘʢ ʠ ʤʝ-

ʭʘʥʠʯʝʩʢʠʤ ʩʧʦʩʦʙʘʤʠ. ʋʚʝʣʠʯʝʥʠʝʤ ʞʝ ʨʘʩʭʦʜʘ 

ʤʝʪʘʣʣʘ ʚ ʦʢʘʣʠʥʫ ʧʨʠ ʵʪʦʤ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ, 

ʪʘʢ ʢʘʢ ʫʚʝʣʠʯʝʥʠʝ ʜʠʩʧʝʨʩʥʦʩʪʠ ʧʝʨʣʠʪʘ ʧʨʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʥʠʞʝʥʠʠ ʛʣʫʙʠʥʳ ʦʙʝʟʫʛʣʝʨʦ-

ʞʠʚʘʥʠʷ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʫʣʫʯʰʝʥʠʝ ʧʝʨʝʨʘʙʦʪʢʠ 

ʢʘʪʘʥʢʠ ʠ ʧʨʦʚʦʣʦʢʠ ʧʨʠ ʚʦʣʦʯʝʥʠʠ ʠ ʩʚʠʚʢʝ 

ʧʨʷʜʝʡ ʠ ʤʝʪʘʣʣʦʢʦʨʜʘ. 

 

ʉʡʪ. 4. ʀʙʛʡʪʡʥʧʪʫʵ ʥʞʟʨʤʙʪʫʡʦʰʙʫʧʜʧ ʩʙʪʪʫʧʸʦʡʸ D 
ʧʫ ʫʞʥʨʞʩʙʫʬʩʴ ʛʡʫʣʧʧʚʩʙʠʧʛʙʦʡʸ tʛ/ʬ 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʜʠʩʧʝʨʩʥʦʩʪʴʶ ʧʝʨʣʠʪʘ ʥʘ 

ʜʝʬʦʨʤʠʨʫʝʤʦʩʪʴ ʢʘʪʘʥʢʠ ʠ ʧʨʦʚʦʣʦʢʠ ʦʢʘʟʳʚʘ-

ʝʪ ʚʣʠʷʥʠʝ ʠ ʨʘʟʤʝʨ ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ ʟʝʨʥʘ. ɼʣʷ 

ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʦʡ ʢʘʪʘʥʢʠ ʵʪʦʪ ʨʘʟʤʝʨ ʦʧʪʠ-

ʤʘʣʝʥ ʚ ʜʠʘʧʘʟʦʥʝ ˉ 7ï11.  

ʆʙʝʟʫʛʣʝʨʦʞʠʚʘʥʠʝ ʠ ʢʘʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʢʘʪʘʥʢʠ 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʘʢʪʠʯʝʩʢʠʭ ʩʣʫʯʘʝʚ 

ʦʙʝʟʫʛʣʝʨʦʞʝʥʥʳʡ ʩʣʦʡ (ʆɹʉ) ʩʯʠʪʘʝʪʩʷ ʥʝʫʜʦ-

ʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ ʬʘʢʪʦʨʦʤ. ʆʜʥʘʢʦ ʚ ʣʠʪʝʨʘʪʫ-

ʨʝ [31] ʦʪʤʝʯʘʝʪʩʷ ʠ ʧʦʣʦʞʠ-ʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ 

ʦʙʝʟʫʛʣʝʨʦʞʠʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʥʢʠ ʥʘ ʝʝ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʄʷʛʢʘʷ ʦʙʝʟʫʛʣʝʨʦ-

ʞʝʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʥʫʶ 

ʧʣʘʩʪʠʯʥʦʩʪʴ ʤʝʪʘʣʣʘ ʧʨʠ ʧʝʨʝʛʠʙʘʭ ʠ ʩʢʨʫʯʠ-

ʚʘʥʠʷʭ ʠʟ-ʟʘ ʤʘʣʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʢʦʥʮʝʥ-

ʪʨʘʪʦʨʘʤ ʥʘʧʨʷʞʝʥʠʡ ʠ ʚʳʩʦʢʦʡ ʩʦʧʨʦʪʠʚʣʷʝ-

ʤʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʪʨʝʱʠʥ. ʌʦʨʤʠʨʦʚʘʥʠʝ 

ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʦʙʝʟʫʛʣʝʨʦʞʝʥʥʦʤ ʩʣʦʝ ʦʩʪʘ-

ʪʦʯʥʳʭ ʩʞʠʤʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠʚʦʜʠʪ ʢ ʧʦ-

ʚʳʰʝʥʠʶ ʫʩʪʘʣʦʩʪʥʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦ-

ʩʪʠ ʧʨʠ ʨʘʙʦʪʝ ʚ ʢʘʥʘʪʘʭ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʶ 

ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʠ ʫʣʫʯʰʝʥʠʶ ʦʮʠʥʢʦ-

ʚʘʥʠʷ ʧʨʦʚʦʣʦʢʠ ʟʘ ʩʯʝʪ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʨʦʷʚ-

ʣʝʥʠʷ ʵʬʬʝʢʪʘ ʈʝʙʠʥʜʝʨʘ (ʧʨʦʮʝʩʩ ʛʦʨʷʯʝʛʦ 

ʮʠʥʢʦʚʘʥʠʷ ʠʟ ʨʘʩʧʣʘʚʘ). ɺ ʆɹʉ ʤʝʥʴʰʝ ʚʝʨʦʷʪ-

ʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʤʘʨʪʝʥʩʠʪʘ ʠʩʪʠʨʘʥʠʷ ʠ ʚʳ-

ʟʳʚʘʝʤʳʭ ʠʤ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʪʨʝʱʠʥ ʠ ʥʘʜʨʳ-

ʚʦʚ. ʉ ʫʯʝʪʦʤ ʠʟʣʦʞʝʥʥʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝ-

ʯʠʪʴ ʨʘʚʥʦʤʝʨʥʫʶ ʛʣʫʙʠʥʫ ʦʙʝʟʫʛʣʝʨʦʞʠʚʘʥʠʷ 

ʢʘʪʘʥʢʠ ʧʦ ʝʸ ʧʝʨʠʤʝʪʨʫ. ʉʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝ-

ʜʦʚʘʥʠʝ [13, 22, 23, 37] ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʝʟʫʛʣʝ-

ʨʦʞʝʥʥʦʛʦ ʩʣʦʷ ʚ ʫʛʣʝʨʦʜʠʩʪʦʡ ʢʘʪʘʥʢʝ ʨʘʟʥʳʭ 

ʟʘʚʦʜʦʚ-ʠʟʛʦʪʦʚʠʪʝʣʝʡ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ 

ʤʠʥʠ-ʟʘʚʦʜʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʘʚ-

ʥʦʤʝʨʥʦʛʦ ʦʙʝʟʫʛʣʝʨʦʞʝʥʥʦʛʦ ʩʣʦʷ ʧʦ ʧʝʨʠʤʝʪ-

ʨʫ ʢʘʪʘʥʢʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʜʦʩʪʦʠʥʩʪʚ. 

ʉʢʚʦʟʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʫʛʣʝʨʦ-



ɺʣʠʷʥʠʝ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ é ʂʠʞʥʝʨ ʄ., ʉʳʯʢʦʚ ɸ.ɹ., ʐʝʢʰʝʝʚ ʄ.ɸ., ʄʘʣʘʰʢʠʥ ʉ.ʆ.ʠ ʜʨ. 
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ʜʠʩʪʦʡ ʢʘʪʘʥʢʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʠʟ-ʢʘʷ ʜʝʬʝʢʪ-

ʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʥʢʠ: ʛʣʫʙʠʥʘ ʜʝʬʝʢʪʦʚ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 0,15 ʤʤ, ʘ ʚ 95% ʩʣʫʯʘʝʚ ʦʥʘ ʥʝ ʙʦ-

ʣʝʝ 0,10 ʤʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ ʩʪʘʣʠ, ʅʃɿ ʠ ʢʘʪʘʥʢʠ ʜʣʷ ʤʝʪʘʣʣʦʢʦʨ-

ʜʘ ʦʙʳʯʥʦʡ, ʚʳʩʦʢʦʡ ʠ ʩʚʝʨʭʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ. 

ʂʘʪʘʥʢʘ ʠʤʝʝʪ ʭʦʨʦʰʫʶ ʜʝʬʦʨʤʠʨʫʝʤʦʩʪʴ, ʪʝʭ-

ʥʦʣʦʛʠʯʥʘ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʚ ʧʨʦʚʦʣʦʢʫ, ʧʨʷʜʠ ʠ 

ʢʦʨʜʦʚʳʝ ʢʦʥʩʪʨʫʢʮʠʠ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʤʝʪʘʣʣʫʨʛʠʯʝ-

ʩʢʠʭ ʬʘʢʪʦʨʦʚ (ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʪʘʣʠ, ʤʘʢʨʦ-

ʩʪʨʦʝʥʠʝ ʅʃɿ, ʣʠʢʚʘʮʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚ 

ʤʘʢʨʦ- ʠ ʤʠʢʨʦʦʙʲʝʤʘʭ ʣʠʪʦʛʦ ʤʝʪʘʣʣʘ ʠ ʪ.ʧ.) ʠ 

ʨʝʞʠʤʦʚ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʦʢʘʪʘ ʚ ʙʫʥ-

ʪʘʭ ʥʘ ʣʠʥʠʠ ʜʚʫʩʪʘʜʠʡʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʪʠʧʘ 

Stelmor (ʪʝʤʧʝʨʘʪʫʨʳ ʘʫʩʪʝʥʠʪʠʟʘʮʠʠ ʤʝʪʘʣʣʘ, 

ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʧʨʦʢʘʪʘ ʥʘ ʦʙʝʠʭ ʩʪʘʜʠʷʭ) 

ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʤʝ-

ʪʘʣʣʦʠʟʜʝʣʠʡ.  

ʋʩʪʘʥʦʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥ-

ʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʦ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʝʥ-

ʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʘʪʘʥʢʠ ʧʦʜ ʤʝʪʘʣʣʦʢʦʨʜ. ʉʪʘʣʴ 

ʤʠʢʨʦʣʝʛʠʨʦʚʘʥʘ ʙʦʨʦʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪ-

ʥʦʰʝʥʠʷ ʚ ʩʪʘʣʠ ʙʦʨʘ ʠ ʘʟʦʪʘ (B/N) ʥʘ ʫʨʦʚʥʝ ʥʝ 

ʙʦʣʝʝ 0,4. ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʚʟʘʠʤʥʦʝ ʩʚʷʟʳʚʘʥʠʝ 

ʙʦʨʘ ʠ ʘʟʦʪʘ ʚ ʥʠʪʨʠʜ ʧʦʟʚʦʣʷʝʪ ʚʟʘʠʤʥʦ ʥʝʡʪʨʘ-

ʣʠʟʦʚʘʪʴ ʚʨʝʜʥʦʝ ʜʝʡʩʪʚʠʝ ʠ ʙʦʨʘ, ʠ ʘʟʦʪʘ, ʟʘ-

ʢʣʶʯʘʶʱʝʝʩʷ ʚ ʪʦʤ, ʯʪʦ ʙʦʨ ʚ ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦ-

ʷʥʠʠ ʧʦʚʳʰʘʝʪ ʟʘʢʘʣʠʚʘʝʤʦʩʪʴ ʩʪʘʣʠ ʠ ʫʧʨʦʯʥʷ-

ʝʪ ʝʝ, ʘ ʥʝʩʚʷʟʘʥʥʳʡ ʘʟʦʪ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʫʧʨʦʯ-

ʥʝʥʠʝ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝ-

ʰʝʪʢʠ ʬʝʨʨʠʪʘ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʩʪʘʨʠʚʘʥʠʶ ʩʪʘ-

ʣʠ. ʇʨʠ ʵʪʦʤ ʪʘʢʞʝ ʬʦʨʤʠʨʫʝʪʩʷ ʠ ʤʠʥʠʤʘʣʴʥʦʝ 

ʤʝʞʧʣʘʩʪʠʥʯʘʪʦʝ ʨʘʩʩʪʦʷʥʠʝ ʚ ʧʝʨʣʠʪʝ (ʥʝ ʙʦʣʝʝ 

0,2 ʤʢʤ) ʩ ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʧʝʨʣʠʪ-

ʥʳʭ ʢʦʣʦʥʠʡ ʚ ʤʝʪʘʣʣʝ ʜʣʷ ʚʦʣʦʯʝʥʠʷ (ʚʜʦʣʴ 

ʥʘʧʨʘʚʣʝʥʠʷ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ). 

ʊʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʦʡ 

ʩʪʘʣʠ ʪʠʧʘ 70ï85: ʪʝʤʧʝʨʘʪʫʨʘ ʘʫʩʪʝʥʠʟʘʮʠʠ 

950ï980Áʉ, ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ 25ï30Áʉ/ʩ ʚ 

ʧʦʪʦʢʝ ʣʠʥʠʠ ʜʚʫʩʪʘʜʠʡʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʩ ʬʦʨ-

ʤʠʨʦʚʘʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʛʦ ʩʦʨ-

ʙʠʪʦʦʙʨʘʟʥʦʛʦ ʧʝʨʣʠʪʘ ʚ ʢʦʣʠʯʝʩʪʚʝ ʥʝ ʤʝʥʝʝ 

70% ʧʦ ʩʝʯʝʥʠʶ ʙʫʥʪʦʚʦʛʦ ʧʨʦʢʘʪʘ. 

ɺ ʠʪʦʛʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʪʨʝʙʫʝʤʳʡ ʅɼ ʠ ʧʦ-

ʪʨʝʙʠʪʝʣʷʤʠ ʢʦʤʧʣʝʢʩ ʥʘʠʣʫʯʰʠʭ ʩʪʨʫʢʪʫʨʳ ʠ 

ʩʚʦʡʩʪʚ ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʦʡ ʢʘʪʘʥʢʝ, ʯʪʦ ʦʙʫ-

ʩʣʦʚʣʠʚʘʝʪ ʚʳʩʦʢʫʶ ʪʝʭʥʦ-ʣʦʛʠʯʥʦʩʪʴ ʧʨʠ ʝʝ 

ʧʝʨʝʨʘʙʦʪʢʝ ʚ ʤʝʪʘʣʣʦʢʦʨʜ. 
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Abstract. It is primarily the microstructure that de-

termines the mechanical properties and performance of 

steel products, as well as their processability. The 

technical literature describes the effects of the metal-

lurgical quality of primary steel sections and of pro-

cess and heat treatment parameters on the structure and 

properties of high carbon wire rod. However, some-

times it is not easy to identify the best processes to get 

a finely dispersed pearlitic structure, the required de-

carbonization and other properties in cast and rolled 

steel to be used for steel cord production. The purpose 

of this work is to study the effects of metallurgical 

factors and heat treatment on the structure of wire rod 

designed for steel cord production, and to develop an 

efficient end-to-end process technology comprising 

steel making, refining, continuous casting, rod produc-

tion and heat treatment processes using a Stelmor line 

which ensures a required scope of steel cord properties 

and a highly efficient thin wire drawing and stranding 

process. Among the techniques applied, standard spec-
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trometers were used to determine the chemical compo-

sition of steel. The metallographic study was per-

formed through scanning optic and electron microsco-

py. The chemical segregation and the chemical compo-

sition of nonmetallic inclusions were analyzed through 

energy-dispersive and wavelength dispersive X-ray 

spectroscopy on an electron probe micro analyzer 

(EPMA). Microhardness was measured at different 

loads using a microhardness tester. The wire rod was 

tested on tensile-testing machines. Dilatometric tech-

niques were applied to build a CCT diagram. The orig-

inality of the study includes development of proven 

solutions for austenization temperature for high carbon 

wire rod to ensure an efficient cooling rate at the air-

cooling stage. The efficient cooling rates were identi-

fied when analyzing the CCT diagram. The following 

proven patterns have been established. The steel is 

microalloyed with boron at the boron to nitrogen ratio 

of < 0.4 to prevent the negative impact of free boron 

and nitrogen when boron causes increased hardenabil-

ity and nitrogen leads to ferrite strengthening and steel 

aging. Steel contamination with nonmetallic inclusions 

was studied and effective solutions were offered on 

how to modify them. The heat treatment process of 70-

85 steel involves austenization at 950-980
ʦ
ʉ and cool-

ing at the rate of 25-30
ʦ
ʉ/s with sorbitic pearlite 

formed covering at least 70% of the rod section.  This 

results in the best combination of wire rod structure 

and properties with high processability meeting both 

regulatory and consumersô requirements. 

Keywords: Metallurgical factors, nonmetallic inclu-

sions, microalloying, boron, wire rod, Stelmor line, heat 

treatment, cooling rate, structure, properties. 
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ʇʆʊɽʅʎʀʆɼʀʅɸʄʀʏɽʉʂʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ  

ʉʇʃɸɺɸ Al+6%Li ʉ ʀʊʊʈʀɽʄ  

ɺ ʉʈɽɼɽ ʕʃɽʂʊʈʆʃʀʊɸ NaCl 

ʅʘʟʘʨʦʚ ʐ.ɸ.
1
, ɻʘʥʠʝʚ ʀ.ʅ.

1
, ʅʦʨʦʚʘ ʄ.ʊ.

1
, ɻʘʥʠʝʚʘ ʅ.ʀ.

1
, ʂʘʣʣʠʘʨʠ ʀ.

2
 

1 ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʠʤ. ɺ. ʀ. ʅʠʢʠʪʠʥʘ ɸʅ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ, ɼʫʰʘʥʙʝ 
2 Universit¨ degli Studi di Padova, Padova, Italy 

ɸʥʥʦʪʘʮʠʷ. ʇʦʪʝʥʮʠʦʩʪʘʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʚ ʧʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʢʦʤ ʨʝʞʠʤʝ ʧʨʠ ʩʢʦʨʦʩʪʠ ʨʘʟʚʝʨʪʢʠ ʧʦ-

ʪʝʥʮʠʘʣʘ 2 ʤɺĿʉ
ï1

 ʠʩʩʣʝʜʦʚʘʥʦ ʢʦʨʨʦʟʠʦʥʥʦïɻ ʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʩʧʣʘʚʘ Al+6%Li, ʣʝʛʠʨʦʚʘʥʥʦʛʦ 

ʠʪʪʨʠʝʤ, ʚ ʩʨʝʜʝ ʵʣʝʢʪʨʦʣʠʪʘ NaCl. ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʩʚʦʙʦʜʥʦʡ ʢʦʨʨʦʟʠʠ ʦʪ ʚʨʝʤʝʥʠ ʠʩʭʦʜ-

ʥʦʛʦ ʩʧʣʘʚʘ Al+6%Li  ʠ ʩʧʣʘʚʦʚ ʩ ʠʪʪʨʠʝʤ ʧʦʢʘʟʳʚʘʝʪ ʩʤʝʰʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʧʦʪʝʥʮʠʘʣ ʩʚʦʙʦʜʥʦʡ ʢʦʨʨʦʟʠʠ ʫ ʩʧʣʘʚʘ ʩ ʠʪʪʨʠʝʤ (0,05 ʤʘʩ.%) ʠʤʝʝʪ ʙʦʣʝʝ ʦʪʨʠʮʘʪʝʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʩʧʣʘʚʦʤ. ɼʘʣʴʥʝʡʰʠʡ ʨʦʩʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʪʪʨʠʷ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ 

ʧʦʪʝʥʮʠʘʣʘ ʩʚʦʙʦʜʥʦʡ ʢʦʨʨʦʟʠʠ ʚ ʦʙʣʘʩʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ. ɼʦʙʘʚʢʠ ʠʪʪʨʠʷ ʢ ʩʧʣʘʚʫ Al+6%Li  ʚ ʩʨʝ-

ʜʘʭ ʵʣʝʢʪʨʦʣʠʪʘ 0,03, 0,3 ʠ 3,0%-ʥʦʛʦ NaCl ʩʜʚʠʛʘʝʪ ʧʦʪʝʥʮʠʘʣʳ ʢʦʨʨʦʟʠʠ ʠ ʧʠʪʪʠʥʛʦʦʙʨʘʟʦʚʘʥʠʷ ʩʧʣʘʚʦʚ ʚ 

ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʦʙʣʘʩʪʴ ʟʥʘʯʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʧʦʪʝʥʮʠʘʣ ʨʝʘʧʘʩʩʠʚʘʮʠʠ ʪʘʢʞʝ ʩʤʝʱʘʝʪʩʷ ʚ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʦʙ-

ʣʘʩʪʴ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʣʫʯʰʝʥʠʠ ʧʘʩʩʠʚʠʨʫʝʤʦʩʪʠ ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʠʪʪʠʥʛʦʚʳʭ ʢʦʨʨʦʟʠʦʥʥʳʭ ʦʯʘʛʦʚ ʚ 

ʥʝʡʪʨʘʣʴʥʳʭ ʩʨʝʜʘʭ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʠʜ-ʠʦʥʦʚ ʚ ʵʣʝʢʪʨʦʣʠʪʝ NaCl ʥʘʙʣʶʜʘʝʪʩʷ ʩʤʝʰʝʥʠʝ ʚ ʦʪʨʠʮʘʪʝʣʴʥʫʶ 

ʦʙʣʘʩʪʴ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʧʠʪʪʠʥʛʦʦʙʨʘʟʦʚʘʥʠʷ ʩʧʣʘʚʘ Al+6%Li  ʩ ʜʦʙʘʚʢʘʤʠ ʠʪʪʨʠʷ. ʈʦʩʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʭʣʦʨʠʜ-ʠʦʥʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʦʩʪʫ ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ ʩʧʣʘʚʦʚ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʭ ʩʦʩʪʘʚʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʦʙʘʚʢʠ 

ʠʪʪʨʠʷ ʫʤʝʥʴʰʘʶʪ ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʩʧʣʘʚʘ Al+6%Li  ʧʦʯʪʠ ʚ 2 ʨʘʟʘ ʚ ʩʨʝʜʝ ʵʣʝʢʪʨʦʣʠʪʘ NaCl. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʧʣʘʚ Al+6%Li; ʠʪʪʨʠʡ; ʧʦʪʝʥʮʠʦʩʪʘʪʠʯʝʩʢʠʡ ʤʝʪʦʜ; ʵʣʝʢʪʨʦʣʠʪ NaCl; ʧʦʪʝʥʮʠʘʣ ʢʦʨʨʦ-

ʟʠʠ; ʧʦʪʝʥʮʠʘʣ ʧʠʪʪʠʥʛʦʦʙʨʘʟʦʚʥʠʷ; ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ. 
 

ɺʚʝʜʝʥʠʝ  

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʘʣʶʤʠʥʠʡ ʟʘʥʠʤʘʝʪ ʚʪʦʨʦʝ 

ʤʝʩʪʦ ʧʦʩʣʝ ʩʪʘʣʠ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʨʘʟʣʠʯ-

ʥʳʭ ʦʙʣʘʩʪʷʭ ʪʝʭʥʠʢʠ. ʆʩʦʙʝʥʥʦ ʮʝʥʥʳ ʘʣʶ-

ʤʠʥʠʡ ʠ ʝʛʦ ʩʧʣʘʚʳ ʪʝʤ, ʯʪʦ ʧʨʠ ʨʘʚʥʦʡ ʧʨʦʯ-

ʥʦʩʪʠ ʦʥʠ ʧʦʯʪʠ ʚ ʪʨʠ ʨʘʟʘ ʣʝʛʯʝ ʩʪʘʣʠ ʠ ʦʙʣʘ-

ʜʘʶʪ ʚʳʩʦʢʦʡ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ. 

ɼʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʚʦʟʤʦʞʥʦʡ ʢʦʨʨʦʟʠʠ ʫʢʘ-

ʟʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʝʦʙʭʦʜʠʤʦ ʚʳʷʩʥʠʪʴ ʧʨʠ-

ʯʠʥʫ ʠ ʠʟʫʯʠʪʴ ʩʚʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʜʝʣʘʶʪ ʠʭ 

ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʤʠ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. 

ɸʣʶʤʠʥʠʡ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʷʚʣʷʝʪʩʷ çʣʝʪʘ-

ʶʱʠʤè ʤʝʪʘʣʣʦʤ. ɽʛʦ ʙʦʣʴʰʘʷ ʘʥʪʠʢʦʨʨʦʟʠ-

ʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ ï ʵʪʦ ʩʣʝʜʩʪʚʠʝ ʧʦʷʚʣʝʥʠʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʪʦʥʯʘʡʰʝʡ ʠ ʦʯʝʥʴ ʧʣʦʪ-

ʥʦʡ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ, ʢʦʪʦʨʘʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫ-

ʝʪ ʩ ʦʢʨʫʞʘʶʱʝʡ ʘʪʤʦʩʬʝʨʦʡ ʠ ʟʘʱʠʱʘʝʪ ʤʝ-

ʪʘʣʣ ʦʪ ʜʘʣʴʥʝʡʰʝʛʦ ʦʢʠʩʣʝʥʠʷ. ʆʜʥʘʢʦ ʨʘʟ-

ʣʠʯʥʳʝ ʧʨʠʤʝʩʠ, ʥʘʧʨʠʤʝʨ ʞʝʣʝʟʦ, ʢʨʝʤʥʠʡ, 

ʦʙʳʯʥʦ ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʯʠʩʪʦʤ ʘʣʶʤʠʥʠʠ, 

                                                                                              

Ò  ʅʘʟʘʨʦʚ ʐ.ɸ., ɻʘʥʠʝʚ ʀ.ʅ., ʅʦʨʦʚʘ ʄ.ʊ., ɻʘʥʠʝʚʘ ʅ.ʀ., 

ʂʘʣʣʠʘʨʠ ʀ., 2016  

ʥʝ ʪʦʣʴʢʦ ʧʨʝʧʷʪʩʪʚʫʶʪ ʦʙʨʘʟʦʚʘʥʠʶ ʦʢʩʠʜ-

ʥʦʡ ʧʣʝʥʢʠ, ʥʦ ʠ ʚʳʧʘʜʘʶʪ ʚ ʚʠʜʝ ʠʥʪʝʨʤʝʪʘʣ-

ʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʣʝʢʪʨʦ-

ʭʠʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ 

ʨʝʰʝʪʢʫ ʦʢʘʟʳʚʘʶʪ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʦʨʨʦ-

ʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʩʧʣʘʚʘ [1ï5]. 

ʇʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ ʢ ʣʝʛʠʨʦʚʘʥʠʶ ʘʣʶ-

ʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʣʠʪʠʝʤ, ʩʘʤʳʤ ʣʝʛʢʠʤ ʠʟ 

ʤʝʪʘʣʣʦʚ ʩ ʧʣʦʪʥʦʩʪʴʶ ~0,54 ʛ/ʩʤ
3
, ʦʙʫʩʣʦʚʣʝʥ 

ʪʝʤ, ʯʪʦ ʢʘʞʜʳʡ ʧʨʦʮʝʥʪ ʣʠʪʠʷ ʩʥʠʞʘʝʪ ʧʣʦʪ-

ʥʦʩʪʴ ʘʣʶʤʠʥʠʷ ʥʘ 3%, ʧʦʚʳʰʘʝʪ ʤʦʜʫʣʴ 

ʫʧʨʫʛʦʩʪʠ ʥʘ 6% ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚ ʩʧʣʘʚʘʭ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʫʧʨʦʯʥʝʥʠʷ ʧʦʩʣʝ ʟʘʢʘʣ-

ʢʠ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʩʪʘʨʝʥʠʷ [1]. 

ʂʦʨʨʦʟʠʷ ʘʣʶʤʠʥʠʝʚʦ-ʣʠʪʠʝʚʳʭ ʩʧʣʘʚʦʚ 

ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʘʚʪʦʨʘʤʠ [2]. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʣʝʛʠʨʦʚʘʥʠʝ ʘʣʶʤʠʥʠʷ ʜʦ 8% ʣʠʪʠʝʤ 

ʧʦʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʩʧʣʘʚʦʚ ʦʪ 

1,87Ŀ10
ï3

 ʜʦ 22,1Ŀ10
ï3

 ʛ/ʤ
2
Ŀʯ ʩʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ 

ʩʧʣʘʚʘ ʩ 1 ʠ 8 ʤʘʩ.% ʣʠʪʠʷ. 

ɺ ʩʠʩʪʝʤʝ ʣʠʪʠʡ-ʠʪʪʨʠʡ ʠʤʝʝʪ ʤʝʩʪʦ 

ʥʝʩʤʝʰʠʚʘʝʤʦʩʪʴ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ, ʢʦʪʦ-

ʨʘʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚ ʛʣʫʙʴ 

https://www.google.com.tj/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjNu7a497LLAhXnZpoKHTiNCvsQFggaMAA&url=http%3A%2F%2Fwww.unipd.it%2F&usg=AFQjCNHhHg0bFkIoZraf6rSBm58XtMLaHg&sig2=hR17IIfiIcA0Ca3IGlDFNw&bvm=bv.116274245,d.bGs
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ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʳ ʘʣʶʤʠʥʠʡ-ʣʠʪʠʡ-ʠʪʪʨʠʡ ʜʦ 

~5 ʘʪ.%Al. ʉ ʘʣʶʤʠʥʠʝʚʳʤ ʪʚʝʨʜʳʤ ʨʘʩʪʚʦ-

ʨʦʤ ʚ ʨʘʚʥʦʚʝʩʠʠ ʥʘʭʦʜʷʪʩʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ 

Al 3Y ʠ AlLi . ʉʦʝʜʠʥʝʥʠʝ Al 2Y ʦʙʨʘʟʫʝʪ ʜʚʫʭ-

ʬʘʟʥʳʝ ʨʘʚʥʦʚʝʩʠʷ ʩ ʣʠʪʠʝʤ ʠ ʠʥʪʝʨʤʝʪʘʣʣʠ-

ʜʘʤʠ ʩʠʩʪʝʤʳ ʘʣʶʤʠʥʠʡïʣʠʪʠʡ. ɼʚʫʭʬʘʟʥʦʝ 

ʨʘʚʥʦʚʝʩʠʝ ʠʤʝʝʪ ʤʝʩʪʦ ʤʝʞʜʫ AlLi -Al 3Y. 

ʊʨʦʡʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʠʩʪʝʤʝ ʘʣʶʤʠʥʠʡ-

ʣʠʪʠʡ-ʠʪʪʨʠʡ ʥʝ ʦʙʥʘʨʫʞʝʥʦ [6, 7]. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʧʣʘʚʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ: 

ʘʣʶʤʠʥʠʡ ʤʘʨʢʠ ɸ995 (ɻʆʉʊ 55375-2012), ʣʠ-

ʪʠʡ ʃʕ1 (ɻʆʉʊ 8774-75), ʠʪʪʨʠʡ ʀʪʄ (ɻʆʉʊ 

23862.5-72). ʉʦʜʝʨʞʘʥʠʝ ʠʪʪʨʠʷ ʚ ʩʧʣʘʚʘʭ ʩʦ-

ʩʪʘʚʣʷʣʦ, ʤʘʩ.%: 0,01; 0,05; 0,1; 0,5. 

ʂʦʨʨʦʟʠʦʥʥʦïɻ ʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʧʦʪʝʥʮʠʦʩʪʘʪʠʯʝʩʢʠʤ ʤʝʪʦ-

ʜʦʤ ʚ ʧʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʥʘ ʧʦ-

ʪʝʥʮʠʦʩʪʘʪʝ ʇʀ-50-1.1 ʩ ʧʨʦʛʨʘʤʤʘʪʦʨʦʤ ʇʈ-8 

ʚ ʩʨʝʜʝ ʵʣʝʢʪʨʦʣʠʪʘ NaCl ʩʦ ʩʢʦʨʦʩʪʴʶ ʨʘʟ-

ʚʝʨʪʢʠ ʧʦʪʝʥʮʠʘʣʘ 2 ʤɺĿʉ
ï1

 ʧʦ ʤʝʪʦʜʠʢʘʤ, 

ʦʧʠʩʘʥʥʳʤ ʚ ʨʘʙʦʪʘʭ [8ï10]. ɺ ʢʘʯʝʩʪʚʝ ʵʣʝʢ-

ʪʨʦʜʘ ʩʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʭʣʦʨʩʝʨʝʙʨʷ-

ʥʳʡ, ʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ï ʧʣʘʪʠʥʦʚʳʡ. ɺʩʝ 

ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʧʨʠʚʝʜʝʥʳ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦ ʵʪʦʛʦ ʵʣʝʢʪʨʦʜʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʫʙʚʤ. 1ð4. 

ʋʙʚʤʡʯʙ 1 
ʁʠʥʞʦʞʦʡʞ ʨʧʫʞʦʯʡʙʤʙ ʪʛʧʚʧʝʦʧʢ ʣʧʩʩʧʠʡʡ ʪʨʤʙʛʙ 

Al+6%Li, ʤʞʜʡʩʧʛʙʦʦʧʜʧ ʡʫʫʩʡʞʥ ʧʫ ʛʩʞʥʞʦʡ,  

ʛ ʪʩʞʝʞ ʶʤʞʣʫʩʧʤʡʫʙ 3% NaCl 

ɺʨʝʤʷ 
ʚʳʜʝʨʞ-
ʢʠ, ʤʠʥ 

ʉʦʜʝʨʞʘʥʠʝ ʠʪʪʨʠʷ, ʤʘʩ. % 

ï 0,01 0,05 0,10 0,5 

0 1,470 1,520 1,460 1,425 1,360 
1/8 1,450 1,470 1,420 1,400 1,300 
1/4 1,400 1,455 1,380 1,380 1,270 
1/2 1,370 1,420 1,350 1,360 1,240 
1 1,360 1,400 1,300 1,350 1,200 
2 1,320 1,380 1,280 1,334 1,178 
3 1,280 1,350 1,266 1,280 1,160 
4 1,220 1,330 1,258 1,224 1,130 
5 1,195 1,315 1,249 1,200 1,110 
10 1,174 1,305 1,220 1,190 1,100 
15 1,120 1,290 1,210 1,172 0,980 
20 1,090 1,284 1,200 1,168 0,974 
30 1,050 1,280 1,196 1,150 0,960 
40 1,030 1,277 1,180 1,146 0,955 
50 1,022 1,275 1,174 1,130 0,950 
60 1,020 1,275 1,174 1,130 0,950 

ʋʙʚʤʡʯʙ 2 
ɻʩʞʥʞʦʦʙʸ ʠʙʛʡʪʡʥʧʪʫʵ ʨʧʫʞʦʯʡʙʤʙ ʪʛʧʚʧʝʦʧʢ 
ʣʧʩʩʧʠʡʡ ʪʨʤʙʛʙ ɹl+6% Li ʧʫ ʪʧʝʞʩʟʙʦʡʸ ʡʫʫʩʡʸ  

ʛ ʪʩʞʝʞ 0,3%-ʦʧʜʧ NaCl 

ɺʨʝʤʷ 
ʚʳʜʝʨʞ-
ʢʠ, ʤʠʥ 

ʉʦʜʝʨʞʘʥʠʝ ʠʪʪʨʠʷ, ʤʘʩ. % 

ï 0,01 0,05 0,10 0,5 

0 1,342 1,35 1,334 1,300 1,280 

1/8 1,240 1,28 1,310 1,267 1,243 

1/4 1,200 1,264 1,280 1,240 1,200 

1/2 1,145 1,22 1,220 1,217 1,180 

1 1,220 1,19 1,190 1,200 1,140 

2 1,054 1,174 1,125 1,175 1,117 

3 1,047 1,165 1,100 1,133 1,000 

4 1,035 1,12 1,083 1,100 0,977 

5 1,025 1,09 1,071 1,060 0,965 

10 0,994 1,077 1,050 1,040 0,954 

15 0,970 1,062 1,037 1,028 0,946 

20 0,964 1,033 1,018 1,000 0,940 

30 0,955 1,02 1,004 0,987 0,935 

40 0,945 0,999 0,980 0,957 0,927 

50 0,940 0,982 0,960 0,940 0,920 

60 0,930 0,98 0,950 0,933 0,913 
 

ʋʙʚʤʡʯʙ 3 
ɻʩʞʥʞʦʦʙʸ ʠʙʛʡʪʡʥʧʪʫʵ ʨʧʫʞʦʯʡʙʤʙ ʪʛʧʚʧʝʦʧʢ 
ʣʧʩʩʧʠʡʡ ʪʨʤʙʛʙ Al+6%Li, ʤʞʜʡʩʧʛʙʦʦʧʜʧ ʡʫʫʩʡʞʥ,  

ʛ ʪʩʞʝʞ 0,03%-ʦʧʜʧ NaCl 

ɺʨʝʤʷ 
ʚʳʜʝʨʞ-
ʢʠ, ʤʠʥ 

ʉʦʜʝʨʞʘʥʠʝ ʠʪʪʨʠʷ, ʤʘʩ. % 

ï 0,01 0,05 0,10 0,5 

0 1,155 1,360 1,330 1,300 1,278 

1/8 1,120 1,320 1,315 1,275 1,200 

1/4 1,105 1,300 1,290 1,220 1,180 

1/2 1,090 1,270 1,277 1,190 1,120 

1 1,075 1,230 1,230 1,155 1,100 

2 1,050 1,180 1,200 1,130 1,080 

3 1,030 1,150 1,170 1,100 1,050 

4 1,015 1,120 1,140 1,086 1,020 

5 0,995 1,100 1,120 1,050 1,000 

10 0,944 0,990 1,000 1,010 0,970 

15 0,925 0,980 0,975 0,970 0,927 

20 0,875 0,968 0,950 0,920 0,875 

30 0,890 0,954 0,930 0,880 0,850 

40 0,850 0,945 0,920 0,862 0,833 

50 0,830 0,940 0,910 0,850 0,820 

60 0,830 0,940 0,910 0,850 0,820 
 

ɺʨʝʤʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʪʝʥʮʠʘʣʘ 

ʩʚʦʙʦʜʥʦʡ ʢʦʨʨʦʟʠʠ ʠʩʭʦʜʥʦʛʦ ʩʧʣʘʚʘ ɸ1+6%Li 

ʠ ʩʧʣʘʚʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʠʪʪʨʠʷ (ʩʤ. 

ʫʙʚʤ. 1ð3) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʧʝʨʚʳʝ ʤʠʥʫʪʳ 
ʧʦʛʨʫʞʝʥʠʷ ʩʧʣʘʚʘ ʚ ʨʘʩʪʚʦʨ ʵʣʝʢʪʨʦʣʠʪʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʩʤʝʱʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʚ 

ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ. ʇʨʠ 
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ʵʪʦʤ ʝʩʣʠ ʫ ʥʝʣʝʛʠʨʦʚʘʥʥʦʛʦ ʩʧʣʘʚʘ 

ʩʪʘʙʠʣʠʟʘʮʠʷ ʧʦʪʝʥʮʠʘʣʘ ʩʚʦʙʦʜʥʦʡ ʢʦʨʨʦʟʠʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ 40 ʤʠʥ, ʪʦ ʫ 

ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʧʣʘʚʦʚ ï ʚ ʪʝʯʝʥʠʝ 20ï30 ʤʠʥ, 

ʯʪʦ ʩʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʠʭ 

ʧʘʩʩʠʚʘʮʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʜʦʙʘʚʦʢ ʠʪʪʨʠʷ. ʊʘʢ, 

ʧʦʩʣʝ 1 ʯ ʚʳʜʝʨʞʢʠ ʚ 3%-ʥʦʤ ʨʩʪʚʦʨʝ NaCl 

ʧʦʪʝʥʮʠʘʣ ʩʚʦʙʦʜʥʦʡ ʢʦʨʨʦʟʠʠ ʥʝʣʝʛʠʨʦʚʘʥʥʦʛʦ 

ʩʧʣʘʚʘ ʨʘʚʥʷʝʪʩʷ ï1,020 ɺ, ʘ ʫ ʩʧʣʘʚʘ, 

ʩʦʜʝʨʞʘʱʝʛʦ 0,50% Y, ʦʥ ʩʦʩʪʘʚʣʷʝʪ ï 0,950 ɺ. 

ʇʦʜʦʙʥʘʷ ʪʝʥʜʝʥʮʠʷ ʠʤʝʝʪ ʤʝʩʪʦ ʚʦ ʚʩʝʭ ʪʨʝʭ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʨʝʜʘʭ. 

ʆʜʥʘʢʦ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʡ ʧʦʪʝʥʮʠʘʣʘ 

ʩʚʦʙʦʜʥʦʡ ʢʦʨʨʦʟʠʠ ʩʧʣʘʚʘ Al+6%Li  ʦʪ 

ʩʦʜʝʨʞʘʥʠʷ ʠʪʪʨʠʷ ʠʤʝʝʪ ʠʥʥʦʡ ʭʘʨʘʢʪʝʨ. ʇʨʠ 

ʩʦʜʝʨʞʘʥʠʠ ʚ ʩʧʣʘʚʝ ʜʦ 0,05 ʤʘʩ.% ʠʪʪʨʠʷ 

ʧʦʪʝʥʮʠʘʣ ʩʚʦʙʦʜʥʦʡ ʢʦʨʨʦʟʠʠ ʠʤʝʝʪ ʙʦʣʝʝ 

ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʠʩʭʦʜʥʳʤ ʩʧʣʘʚʦʤ. ɼʘʣʴʥʝʡʰʠʡ ʨʦʩʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʪʪʨʠʷ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ 

ʧʦʪʝʥʮʠʘʣ ʩ ʩʚʦʙʦʜʥʦʡ ʢʦʨʨʦʟʠʠ ʚ ʦʙʣʘʩʪʴ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ.  

ʉ ʮʝʣʴʶ ʚʳʷʩʥʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʧʨʦʮʝʩʩʘ ʢʦʨ-

ʨʦʟʠʠ ʠ ʦʮʝʥʢʠ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʩʧʣʘʚʦʚ 

ʚ ʨʘʩʪʚʦʨʝ NaCl ʧʨʦʚʝʜʝʥʳ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʧʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ 

ʧʨʠ ʩʢʦʨʦʩʪʠ ʨʘʟʚʝʨʪʠ ʧʦʪʝʥʮʠʘʣʘ 2 ʤɺ 
. 
ʩ
ï1

. ʈʝ-

ʟʫʣʴʪʘʪʳ ʦʙʦʙʱʝʥʳ ʚ ʫʙʚʤ. 4. 

ʋʙʚʤʡʯʙ 4 
ʃʧʩʩʧʠʡʧʦʦʧ-ʁ ʤʞʣʫʩʧʮʡʥʡʰʞʪʣʡʞ ʮʙʩʙʣʫʞʩʡʪʫʡʣʡ 
ʪʨʤʙʛʙ ɹl+6% Li, ʤʞʜʡʩʧʛʙʦʦʧʜʧ ʡʫʫʩʡʞʥ,  

ʛ ʪʩʞʝʞ ʶʤʞʣʫʩʧʤʡʫʙ NaCl 

NaCl, 
ʤʘʩ. 
% 

ʉʦʜʝʨʞʘ-
ʥʠʝ  
ʠʪʪʨʠʷ, 
ʤʘʩ.% 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ 
ʩʚʦʡʩʪʚʘ, ɺ 

ʉʢʦʨʦʩʪʴ  
ʢʦʨʨʦʟʠʠ 

ïɽʩʚ.ʢʦʨ ïɽʢʦʨ ïɽʧ.ʦ ïɽʨ.ʧ 
iʢʦʨ., 
ɸ/ʤ2 

K . 10ï3, 
ʛ/ʤ2.ʯ 

0,03% 

ï 0,830 0,970 0,650 0,680 0,055 18,43 

0,01 0,940 1,380 0,620 0,660 0,056 18,76 

0,05 0,910 1,350 0,610 0,640 0,038 12,73 

0,10 0,850 1,320 0,600 0,620 0,040 13,40 

0,50 0,820 1,220 0,580 0,620 0,035 11,73 

0,3% 

ï 0,930 1,000 0,680 0,700 0,060 20,01 

0,01 1,110 1,430 0,630 0,680 0,062 20,77 

0,05 0,950 1,360 0,620 0,660 0,047 15,75 

0,10 0,930 1,342 0,620 0,650 0,042 14,07 

0,50 0,910 1,250 0,600 0,640 0,038 12,73 

3% 

ï 1,020 1,080 0,680 0,720 0,080 26,8 

0,01 1,257 1,465 0,650 0,700 0,072 24,12 

0,05 1,174 1,384 0,640 0,680 0,064 21,44 

0,10 1,130 1,370 0,620 0,660 0,052 17,42 

0,50 0,950 1,350 0,620 0,650 0,044 14,74 

ɼʘʥʥʳʝ ʫʙʚʤ. 4 ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʦʙʘʚʢʠ 

ʠʪʪʨʠʷ ʢ ʩʧʣʘʚʫ ɸl+6% Li  ʚ ʪʨʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʩʨʝʜʘʭ ʵʣʝʢʪʨʦʣʠʪʘ NaCl ʩʜʚʠʛʘʶʪ ʧʦʪʝʥʮʠʘʣʳ 

ʢʦʨʨʦʟʠʠ (ïɽ ʩʚ.ʢʦʨʨ) ʠ ʧʠʪʪʠʥʛʦʦʙʨʘʟʦʚʘʥʠʷ (ïɽʧ.ʦ) 

ʚ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʦʙʣʘʩʪʴ ʟʥʘʯʝʥʠʡ. ʇʦʪʝʥʮʠʘʣ 

ʨʝʧʘʩʩʠʚʘʮʠʠ (ïɽʨ.ʧ) ʪʘʢʞʝ ʩʤʝʱʘʝʪʩʷ ʚ 

ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʦʙʣʘʩʪʴ, ʯʪʦ ʩʚʠʜʠʪʝʣʴʩʪʚʫʝʪ ʦʙ 

ʫʣʫʯʰʝʥʠʠ ʧʘʩʩʠʚʠʨʫʝʤʦʩʪʠ ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʧʠʪʪʠʥʛʦʚʳʭ ʢʦʨʨʦʟʠʦʥʥʳʭ ʦʯʘʛʦʚ ʚ 

ʥʝʡʪʨʘʣʴʥʳʭ ʩʨʝʜʘʭ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ ʭʣʦʨʠʜ-ʠʦʥʦʚ ʧʦʪʝʥʮʠʘʣ ʢʦʨʨʦʟʠʠ ʩʤʝʱʘʝʪ-

ʩʷ ʚ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʦʙʣʘʩʪʴ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫ-

ʝʪ ʦ ʩʥʠʞʝʥʠʠ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʩʧʣʘʚʦʚ 

ʩ ʨʦʩʪʦʤ ʘʛʨʝʩʩʠʚʥʦʩʪʠ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʨʝʜʳ (ʩʤ. 

ʫʙʚʤ. 4). ɺʩʝ ʵʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʤ ʠʟʤʝʥʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʢʦʨʨʦʟʠʠ ʠ ʩʢʦ-

ʨʦʩʪʠ ʢʦʨʨʦʟʠʠ. ɼʦʙʘʚʢʠ ʠʪʪʨʠʷ ʜʦ 0,50 ʤʘʩ.% ʚ 

0,03; 0,3; 3%-ʥʳʭ ʨʘʩʪʚʦʨʘʭ NaCl ʧʦʚʳʰʘʝʪ 

ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʘʣʶʤʠʥʠʝʚʦ-ʣʠʪʠʝʚʳʭ 

ʩʧʣʘʚʦʚ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʦʣʝʝ 

ʫʩʪʦʡʯʠʚʦʡ ʠ ʙʝʟʜʝʬʝʢʪʥʦʡ ʟʘʱʠʪʥʦʡ ʧʣʝʥʢʠ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ, ʦʪʣʠʯʘʶʱʝʡʩʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʭʣʦʨʠʜ-ʠʦʥʘʤ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʆʢʩʠʜʥʘʷ ʧʣʝʥʢʘ, ʬʦʨʤʠʨʫʶʱʘʷʩʷ ʥʘ ʘʣʶ-

ʤʠʥʠʠ, ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʪʦʥʢʦʡ ʠ ʧʨʦʯʥʦʩʦʝʜʠ-

ʥʸʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʸʥʢʦʡ, ʧʦʵʪʦʤʫ ʩ ʬʠ-

ʟʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʥʘ ʩʪʘʥʦʚʠʪʩʷ ʧʨʝʚʦʩ-

ʭʦʜʥʳʤ ʟʘʱʠʪʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ 

ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ. ɼʘʣʴʥʝʡʰʠʡ ʨʦʩʪ ʧʣʸʥʢʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʸʤ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠʦʥʦʚ ʠ 

ʵʣʝʢʪʨʦʥʦʚ ʯʝʨʝʟ ʝʝ ʜʝʬʝʢʪʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʘʣʶʤʠʥʠʡ ʷʚʣʷʝʪʩʷ ʵʣʝ-

ʤʝʥʪʦʤ, ʣʝʛʢʦ ʧʦʜʚʝʨʛʘʶʱʠʤʩʷ ʢʦʨʨʦʟʠʠ, ʙʣʘ-

ʛʦʜʘʨʷ ʦʙʨʘʟʦʚʘʥʠʶ ʪʦʥʢʦʡ ʫʩʪʦʡʯʠʚʦʡ ʟʘ-

ʱʠʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʝʥʢʠ ʥʝ ʚʦʟʥʠʢʘʝʪ 

ʥʠʢʘʢʠʭ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʦʨʨʦʟʠʠ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʂʦʨʨʦʟʠʦʥ-

ʥʘʷ ʩʪʦʡʢʦʩʪʴ ʘʣʶʤʠʥʠʷ ʚ ʪʝʭ ʠʣʠ ʠʥʳʭ ʦʢʨʫ-

ʞʘʶʱʠʭ ʩʨʝʜʘʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʝʧʝʥʴʶ ʫʩʪʦʡ-

ʯʠʚʦʩʪʠ ʠʣʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪ-

ʥʦʡ ʧʣʸʥʢʠ [9ï10]. 

ɻʦʨ ʅ. ʧʦʢʘʟʘʣ ʟʘʚʠʩʠʤʦʩʪʴ ʭʠʤʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʘʣʶʤʠʥʠʷ ʦʪ ʈʅ ʨʘʩʪʚʦʨʘ [13]. ʀʤ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʈʅ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ 4ï8 

ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʦʢʩʠʜʥʘʷ ʧʣʸʥʢʘ ʘʣʶʤʠʥʠʷ 

ʫʩʪʦʡʯʠʚʘ ʠ ʟʘʱʠʱʘʝʪ ʦʩʥʦʚʥʦʡ ʤʝʪʘʣʣ ʦʪ 

ʢʦʨʨʦʟʠʠ, ʪ.ʝ. ʘʣʶʤʠʥʠʡ ʥʘʭʦʜʠʪʩʷ ʚ ʧʘʩʩʠʚʠ-

ʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩ-
ʩʣʝʜʦʚʘʥʠʡ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʠʦʥʘʤʠ, ʢʦʪʦ-
ʨʳʝ ʧʝʨʝʚʦʜʷʪ ʧʘʩʩʠʚʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚ ʣʦ-
ʢʘʣʴʥʦʝ ʥʝʩʪʘʙʠʣʴʥʦʝ, ʷʚʣʷʶʪʩʷ ʠʦʥʳ ʭʣʦʨʘ ʠ 
ʭʣʦʨ-ʩʦʜʝʨʞʘʱʠʝ ʘʥʠʦʥʳ, ʪ.ʝ. ʦʜʥʠʤ ʠʟ ʫʩʣʦʚʠʡ 
ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʠʪʪʠʥʛʦʚʦʡ ʢʦʨʨʦʟʠʠ ʷʚʣʷʝʪʩʷ 
ʩʦʜʝʨʞʘʥʠʝ ʘʥʠʦʥʦʚ. 
ʀʤʝʶʪʩʷ ʜʘʥʥʳʝ, ʯʪʦ ʤʝʞʜʫ ʠʥʢʫʙʘʮʠʦʥʥʳʤ 

ʧʝʨʠʦʜʦʤ ʧʠʪʠʥʛʦʚʦʡ ʢʦʨʨʦʟʠʠ (ʇʂ), ʟʥʘʯʝʥʠʝʤ 
ʧʦʪʝʥʮʠʘʣʘ ʧʠʪʪʠʥʛʛʦʦʙʨʟʦʚʘʥʠʷ (ɽʧ.ʦ.) ʠ ʪʦʣ-
ʱʠʥʦʡ ʦʢʩʠʜʥʦʡ ʧʣʸʥʢʠ ʠʤʝʝʪʩʷ ʚʟʘʠʤʦʩʚʷʟʴ, 
ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʠʜ ʠʦʥʦʚ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ 
ʥʘ ʠʥʢʫʙʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʇʂ [14ï17]. 
ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʥʘʰʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʩʣʝ-

ʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦ-
ʨʠʜ-ʠʦʥʦʚ ʚ ʵʣʝʢʪʨʦʣʠʪʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝ 
ʚ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʦʙʣʘʩʪʴ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ 
ʧʠʪʪʠʥʛʦʙʨʘʟʦʦʚʘʥʠʷ ʩʧʣʘʚʘ Al+6%Li  ʩ ʜʦʙʘʚ-
ʢʘʤʠ ʠʪʪʨʠʷ (ʩʤ. ʫʙʚʤ. 4). ɼʦʙʘʚʢʘ ʧʦʩʣʝʜʥʝʛʦ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʧʦʪʝʥʮʠʘʣ ʧʠʪʪʠʥʛʦʦʙ-
ʨʦʟʦʚʘʥʠʷ ʠʩʭʦʜʥʦʛʦ ʩʧʣʘʚʘ Al+6%Li, ʩʤʝʱʘʷ 
ʝʛʦ ʟʥʘʯʝʥʠʝ ʚ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʦʙʣʘʩʪʴ. ɼʘʥʥʘʷ 
ʪʝʥʜʝʥʮʠʷ ʠʤʝʝʪ ʤʝʩʪʦ ʚʦ ʚʩʝʭ ʪʨʸʭ ʠʩʩʣʝʜʦʚʘʥ-
ʥʳʭ ʩʨʝʜʘʭ ʵʣʝʢʪʨʦʣʠʪʘ NaCl. ʇʦʪʝʥʮʠʘʣ ʨʝʧʘʩ-
ʩʠʚʘʮʠʠ ʪʘʢʞʝ ʦʙʣʘʛʦʨʘʞʠʚʘʝʪʩʷ ʧʨʠ ʣʝʛʠʨʦʚʘ-
ʥʠʠ ʠʩʭʦʜʥʦʛʦ ʩʧʣʘʚʘ ʠʪʪʨʠʝʤ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʚʣʠʷʥʠʝ ʜʦ-

ʙʘʚʦʢ ʠʪʪʨʠʷ ʥʘ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʠʩ-
ʭʦʜʥʦʛʦ ʩʧʣʘʚʘ Al+6%Li  ʦʙʲʷʩʥʷʝʪʩʷ ʝʛʦ ʧʦ-
ʣʦʞʠʪʝʣʴʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʧʦʪʝʥʮʠʘʣʳ 
ʧʠʪʪʠʥʛʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʝʧʘʩʩʠʚʘʮʠʠ ʩʧʣʘʚʦʚ. 
ʉʧʣʘʚʳ ʩ ʠʪʪʨʠʝʤ ʦʙʨʘʟʫʶʪ ʪʨʦʡʥʫʶ ʵʚʪʝʢʪʠ-
ʢʫ Al +AlLi + Al 3Y ʠ ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʝʝ ʤʝʣʴʢʦʡ 
ʩʪʨʫʢʪʫʨʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʚʦʡʥʳʤ ʩʧʣʘʚʦʤ 
ʜʦʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ Al+6% Li, ʯʪʦ ʷʚʣʷ-
ʝʪʩʷ ʦʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʤ, ʦʙʲʷʩʥʷʶʱʠʤ ʧʦʚʳ-
ʰʝʥʥʫʶ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʪʨʦʡʥʳʭ 
ʩʧʣʘʚʦʚ ʩ ʠʪʪʨʠʝʤ (ʩʤ. ʩʡʪʬʦʧʣ). 
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ʅʡʣʩʧʪʫʩʬʣʫʬʩʴ (ĭ200) ʪʨʤʙʛʙ Al+6%Li (ʙ) ʪʧʝʞʩʟʙʲʞʜʧ, ʥʙʪ.%, ʡʫʫʩʡʸ: ʚ ð 0,01, ʛ ð 0,05, ʜ ð 0,1, ʝ ð 0,5 
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Abstract. The corrosion and electrochemical behav-

ior of the Al + 6% Li alloy doped with yttrium was stud-

ied in a NaCl solution with the help of a potentiodynamic 

mode of the potentiometric method at a potential scan 

rate of 2mV Å C-1. The relationship between the free cor-

rosion potential and the time of the original Al + 6% Li 

alloy and yttrium alloys shows a potential shift towards 

more positive values. At the same time the free corrosion 

potential of an alloy containing 0.05 wt.% yttrium has a 

more negative value than the original alloy. Further in-

crease in the yttrium concentration will result in the free 

corrosion potential shift towards positive values. Yttrium, 

when added to the Al + 6% Li alloy in the NaCl solution 

at concentrations of 0.03, 0.3 and 3.0%, causes a shift in 

the corrosion and pitting potential of alloys into the posi-

tive range. The same happens with the repassivation po-

tential, which indicates that the pitting centres created 

have a better passivation in neutral media. 

With increasing concentration of chloride-ions in the 

NaCl electrolyte the pitting potential of the Al + 6% Li 

alloy doped with yttrium shifts into the negative range. 

An increasing concentration of chloride-ions causes a 

higher corrosion rate in alloys independent of their com-

position. It was demonstrated that the addition of yttrium 

resulted in an almost twofold lower corrosion rate of the 

Al + 6% Li alloy in the NaCl solution. 
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1
, ʈʝʜʥʠʢʦʚ ʉ.ʅ.

1
, ɺʣʘʩʦʚ ɸ.ɽ.

1
, ʊʝʟʝ ʇ.

2
 

1 ʖʞʥʦ-ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʏʝʣʷʙʠʥʩʢ, ʈʦʩʩʠʷ 
2 SMS Siemag, ʍʠʣʴʭʝʥʙʘʭ ï ɼʘʣʴʙʨʫʭ, ɻʝʨʤʘʥʠʷ 

ɸʥʥʦʪʘʮʠʷ. ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ ʧʦʜʘʯʠ ʵʣʝʢʪʨʦʣʠʪʘ ʚ ʛʘʣʴʚʘʥʠʯʝ-

ʩʢʫʶ ʚʘʥʥʫ ʥʘ ʢʘʯʝʩʪʚʦ ʥʘʥʦʩʠʤʦʛʦ ʧʦʢʨʳʪʠʷ. 

ɺ ʛʦʨʦʜʝ ʏʝʣʷʙʠʥʩʢʝ ʨʘʩʧʦʣʦʞʝʥʦ ʩʦʚʤʝʩʪʥʦʝ ʨʦʩʩʠʡʩʢʦ-ʥʝʤʝʮʢʦʝ ʧʨʝʜʧʨʠʷʪʠʝ çSMS Cheltecè, ʢʦʪʦʨʦʝ 

ʟʘʥʠʤʘʝʪʩʷ ʥʘʥʝʩʝʥʠʝʤ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʤʝʜʥʳʝ ʧʣʠʪʳ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʦʚ ʤʘʰʠʥ ʥʝʧʨʝʨʳʚʥʦʛʦ ʣʠʪʴʷ 

ʟʘʛʦʪʦʚʦʢ. ʆʜʥʠʤ ʠʟ ʚʠʜʦʚ ʪʘʢʠʭ ʧʦʢʨʳʪʠʡ ʷʚʣʷʝʪʩʷ ʥʠʢʝʣʴ-ʢʦʙʘʣʴʪʦʚʦʝ. ʅʦ ʜʣʷ ʵʪʦʛʦ ʧʦʢʨʳʪʠʷ ʭʘʨʘʢʪʝʨʝʥ 

ʜʝʬʝʢʪ ʨʘʟʥʦʪʚʝʨʜʦʩʪʠ ʧʦ ʚʩʝʡ ʧʣʦʱʘʜʠ ʧʣʠʪʳ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʠʷ ʵʪʦʛʦ ʜʝʬʝʢʪʘ ʙʳʣʘ ʟʘʤʝʨʝʥʘ ʢʘʨʪʘ ʪʚʝʨʜʦʩʪʝʡ ʛʦʪʦʚʦʛʦ ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ.  

ʀʟʫʯʝʥʠʝ ʩʧʝʮʠʘʣʴʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦʟʚʦʣʠʣʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʚʝʨʦʷʪʥʦʡ ʧʨʠʯʠʥʦʡ ʪʘʢʦʛʦ ʜʝʬʝʢʪʘ ʷʚʣʷʝʪʩʷ 

ʩʣʘʙʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʵʣʝʢʪʨʦʣʠʪʘ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʩ ʧʣʠʪʦʡ. ʏʪʦʙʳ ʧʨʦʚʝʨʠʪʴ ʵʪʫ ʛʠʧʦʪʝʟʫ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʤʘ-

ʪʝʤʘʪʠʯʝʩʢʠ ʨʘʩʯʝʪ ʜʠʥʘʤʠʢʠ ʜʚʠʞʝʥʠʷ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʦʩʨʝʜʩʪʚʘʤ ʧʨʦ-

ʛʨʘʤʤʳ çSolid Worksè. ʈʝʟʫʣʴʪʘʪʦʤ ʵʪʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʪʘʣʘ ʢʘʨʪʘ ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʣʠʪʘ ʚ ʢʦʥ-

ʪʘʢʪʥʦʡ ʟʦʥʝ. ʉʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʢʘʨʪʦʡ ʪʚʝʨʜʦʩʪʝʡ ʧʣʠʪʳ ʧʦʜʪʚʝʨʜʠʣʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ. 

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʜʘʥʥʦʛʦ ʜʝʬʝʢʪʘ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʠʟʤʝʥʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦʜʘʶʱʝʛʦ ʥʘʩʦʩʘ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʠʤʝʶʱʝʡʩʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʠʟʤʝʥʝʥʠʶ ʩʢʦʨʦ-

ʩʪʠ ʧʦʜʘʯʠ ʵʣʝʢʪʨʦʣʠʪʘ ʚ ʚʘʥʥʫ. ʇʨʠ ʵʪʦʤ ʦʩʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʦʩʪʘʣʠʩʴ ʥʝʠʟʤʝʥʥʳʤʠ. ʇʦʚʳʰʝʥʠʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʘʩʦʩʘ ʧʦʣʦʞʠʪʝʣʴʥʦ ʧʦʚʣʠʷʣʦ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʥʦʚʣʝʥʠʷ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʚ ʢʦʥ-

ʪʘʢʪʥʦʡ ʟʦʥʝ. ʇʦʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʜʘʣʦ ʦʙʨʘʪʥʳʡ ʵʬʬʝʢʪ.  

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ ʚʣʠʷʥʠʝ ʩʢʦ-

ʨʦʩʪʠ ʧʦʜʘʯʠ ʞʠʜʢʦʩʪʠ ʥʘ ʧʨʦʮʝʩʩ ʥʘʥʝʩʝʥʠʷ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʥʠʢʝʣʴ-ʢʦʙʘʣʴʪʦʚʦʛʦ ʧʦʢʨʳʪʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʄʅʃɿ, ʢʨʠʩʪʘʣʣʠʟʘʪʦʨ, ʜʝʬʝʢʪ ʨʘʟʥʦʪʚʝʨʜʦʩʪʠ, ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʵʣʝʢʪʨʦʣʠʪʘ. 
 

ɺʚʝʜʝʥʠʝ  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʝʝ 70% ʚʩʝʡ ʚʳʧʣʘʚ-

ʣʷʝʤʦʡ ʩʪʘʠ ʚ ʤʠʨʝ ʨʘʟʣʠʚʘʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠ-

ʝʤ ʤʘʰʠʥ ʥʝʧʨʝʨʳʚʥʦʛʦ ʣʠʪʴʷ ʟʘʛʦʪʦʚʦʢ 

(ʄʅʃɿ). ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʚʳʩʦʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦ-

ʩʪʴʶ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ.  

ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʠ ʪʷʞʝʣʦ ʥʘʛʨʫʞʝʥʥʳʤ 

ʵʣʝʤʝʥʪʦʤ ʪʘʢʦʡ ʤʘʰʠʥʳ ʷʚʣʷʝʪʩʷ ʢʨʠʩʪʘʣʣʠʟʘ-

ʪʦʨ. ɽʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʟʘʢʣʶʯʘʝʪ-

ʩʷ ʚ ʧʨʠʝʤʝ ʞʠʜʢʦʛʦ ʤʝʪʘʣʣʘ, ʢʦʪʦʨʳʡ ʧʦʧʘʜʘʝʪ 

ʚ ʥʝʛʦ ʠʟ ʧʨʦʤʢʦʚʰʘ, ʠ ʧʝʨʝʚʦʜʝ ʧʝʨʠʬʝʨʠʡʥʦʡ 

ʯʘʩʪʠ ʨʘʩʧʣʘʚʣʝʥʥʦʡ ʩʪʘʣʠ ʚ ʪʚʝʨʜʦʝ ʩʦʩʪʦʷʥʠʝ, 

ʙʣʘʛʦʜʘʨʷ ʠʥʪʝʥʩʠʚʥʦʤʫ ʦʪʚʦʜʫ ʪʝʧʣʘ ʦʭʣʘʞʜʘ-

ʶʱʝʡ ʞʠʜʢʦʩʪʴʶ. ʈʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʢʨʠʩʪʘʣ-

ʣʠʟʘʪʦʨʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ, 

                                                                                              

Ò  ʐʝʨʢʫʥʦʚ ɺ.ɻ., ʈʝʜʥʠʢʦʚ ʉ.ʅ., ɺʣʘʩʦʚ ɸ.ɽ., ʊʝʟʝ ʇ., 2016  

ʚʣʠʷʶʱʠʭ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʮʝʩ-

ʩʘ ʦʪʣʠʚʢʠ ʩʪʘʣʠ ʠ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʦʡ ʟʘʛʦ-

ʪʦʚʢʠ [1].  

ʀʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʢ ʤʘʪʝʨʠʘ-

ʣʫ ʩʪʝʥʦʢ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʦʧʨʝ-

ʜʝʣʝʥʥʳʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ. ʅʝ-

ʦʙʭʦʜʠʤʳʝ ʩʚʦʡʩʪʚʘ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʧʣʠʪ ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ. ʅʦ, ʢ ʩʦʞʘʣʝʥʠʶ, 

ʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʥʝ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʳʭ ʧʨʦʯ-

ʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ. ɺ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʜʣʷ ʫʚʝ-

ʣʠʯʝʥʠʷ ʩʪʦʡʢʦʩʪʠ ʧʣʠʪ ʥʘ ʠʭ ʨʘʙʦʯʫʶ ʧʦʚʝʨʭ-

ʥʦʩʪʴ ʥʘʥʦʩʷʪ ʩʧʝʮʠʘʣʴʥʳʝ ʟʘʱʠʪʥʳʝ ʧʦʢʨʳʪʠʷ. 

ɻʘʣʴʚʘʥʠʯʝʩʢʦʝ (ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ) ʥʘʥʝ-

ʩʝʥʠʝ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʩʪʘ-

ʨʝʡʰʠʤ ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʠʟʜʝʣʠʡ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʦʟʚʦʣʷʝʪ ʥʘʥʦʩʠʪʴ 

ʧʦʢʨʳʪʠʷ ʠʟ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ 

(ʧʦʯʪʠ ʚʩʝ ʤʝʪʘʣʣʳ), ʘ ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ 

http://uas.su/glossary/eng/T/tundish.php
http://uas.su/glossary/eng/S/steel.php
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ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴʶ. ɹʣʘʛʦʜʘʨʷ ʵʪʠʤ ʦʩʦʙʝʥʥʦ-

ʩʪʷʤ ʛʘʣʴʚʘʥʠʯʝʩʢʠʝ ʧʦʢʨʳʪʠʷ ʥʘʰʣʠ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [2]. ʅʦ ʥʝʩʤʦʪʨʷ 

ʥʘ ʠʟʫʯʝʥʥʦʩʪʴ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ, ʛʘʣʴʚʘʥʠʯʝʩʢʠʤ 

ʧʦʢʨʳʪʠʷʤ ʭʘʨʘʢʪʝʨʥʳ ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʠʜʳ ʜʝ-

ʬʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ 

ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʜʚʠʞʝʥʠʷ 

ʵʣʝʢʪʨʦʣʠʪʘ 

ɺ ʏʝʣʷʙʠʥʩʢʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʟʘʚʦʜʘ çʉʪʘʥ-

ʢʦʤʘʰè ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʩʦʚʤʝʩʪʥʦʝ ʨʦʩʩʠʡʩʢʦ-

ʥʝʤʝʮʢʦʝ ʧʨʝʜʧʨʠʷʪʠʝ çSMS Cheltecè, ʢʦʪʦʨʦʝ 

ʟʘʥʠʤʘʝʪʩʷ ʨʝʤʦʥʪʦʤ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʟʘʱʠʪ-

ʥʳʭ ʧʦʢʨʳʪʠʡ ʧʣʠʪ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʦʚ. ʆʜʥʠʤ ʠʟ 

ʚʠʜʦʚ ʥʘʥʦʩʠʤʳʭ ʧʦʢʨʳʪʠʡ ʷʚʣʷʝʪʩʷ ʥʠʢʝʣʴ-

ʢʦʙʘʣʴʪʦʚʦʝ. ʆʥʦ ʦʙʣʘʜʘʝʪ ʥʝʦʙʭʦʜʠʤʳʤʠ ʤʝʭʘ-

ʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʦ ʝʤʫ ʭʘʨʘʢʪʝʨʝʥ ʜʝ-

ʬʝʢʪ ʨʘʟʥʦʪʚʝʨʜʦʩʪʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʧʣʦʩʢʦ-

ʩʪʷʭ (ʩʡʪ. 1). 

 

ʉʡʪ. 1. ʃʙʩʫʙ ʫʛʞʩʝʧʪʫʞʢ Ni-Co ʨʧʣʩʴʫʡʸ 

ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ [3ï5] ʧʨʠʯʠʥʘʤʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʘʢʦʛʦ ʜʝʬʝʢʪʘ ʤʦʛʫʪ ʙʳʪʴ: 

¶ ʥʝʢʘʯʝʩʪʚʝʥʥʘʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʧʦʜʛʦʪʦʚ-

ʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʠʪʳ ʧʝʨʝʜ ʥʘʥʝʩʝʥʠʝʤ; 

¶ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʚ ʚʦʜʝ, ʠʩ-

ʧʦʣʴʟʫʝʤʦʡ ʚ ʪʝʭʧʨʦʮʝʩʩʝ; 

¶ ʩʣʘʙʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ (ʙʘʨʙʘʪʠʨʦʚʘ-
ʥʠʝ) ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ, ʚʦʟʥʠʢʥʦʚʝʥʠʝ 
ʩʣʦʝʚ ʟʘʩʪʦʡʥʦʛʦ, ʩʣʘʙʦ ʦʙʥʦʚʣʷʝʤʦʛʦ 
ʵʣʝʢʪʨʦʣʠʪʘ ʚ ʟʦʥʝ ʝʛʦ ʢʦʥʪʘʢʪʘ ʩ ʧʦ-
ʚʝʨʭʥʦʩʪʴʶ ʧʣʠʪʳ. 

ʀʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʡ, ʯʪʦ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ 

çSMS Cheltecè ʚʝʜʝʪʩʷ ʢʘʯʝʩʪʚʝʥʥʘʷ ʧʦʜʛʦʪʦʚʢʘ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʣʠʪ ʧʝʨʝʜ ʧʦʢʨʳʪʠʝʤ, ʘ ʩʦʩʪʘʚ 

ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʥʝʧʨʝʨʳʚʥʦ ʦʪʩʣʝʞʠʚʘʝʪʩʷ ʠ 

ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ-

ʥʳʭ ʩʧʝʢʪʨʦʤʝʪʨʦʚ, ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʚʠʜʥʳʤ, ʯʪʦ 

ʚʝʨʦʷʪʥʦʡ ʧʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʘʟʥʦʪʚʝʨ-

ʜʦʩʪʠ ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ ʷʚʣʷʝʪʩʷ ʩʣʘʙʦʝ ʧʝʨʝʤʝ-

ʰʠʚʘʥʠʝ ʠ ʦʙʥʦʚʣʝʥʠʝ ʵʣʝʢʪʨʦʣʠʪʘ ʚ ʢʦʥʪʘʢʪʥʦʡ 

ʟʦʥʝ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʚʘʥʥʳ, ʠʩ-

ʧʦʣʴʟʫʝʤʦʡ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ çSMS Cheltecè, ʧʝ-

ʨʝʤʝʰʠʚʘʥʠʝ ʵʣʝʢʪʨʦʣʠʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ-

ʩʨʝʜʩʪʚʦʤ ʮʠʨʢʫʣʷʮʠʠ ʩʘʤʦʡ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ 

ʚʜʦʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʠʪʳ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʵʪʦʡ ʪʝʦʨʠʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʜʠʥʘʤʠʢʠ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦ-

ʣʠʪʘ ʚ ʚʘʥʥʝ. ʉʭʝʤʘʪʠʯʥʳʡ ʯʝʨʪʝʞ ʛʘʣʴʚʘʥʠʯʝ-

ʩʢʦʡ ʚʘʥʥʳ ʠʟʦʙʨʘʞʝʥ ʥʘ ʩʡʪ. 2 [6]. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʵʪʦʡ ʪʝʦʨʠʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʜʠʥʘʤʠʢʠ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦ-

ʣʠʪʘ ʚ ʚʘʥʥʝ ʚ ʨʘʙʦʯʝʤ ʧʦʣʝ ʧʨʦʛʨʘʤʤʳ 

çSolidWorksè ʧʦ ʩʨʝʜʩʪʚʘʤ ʨʘʩʯʝʪʥʦʛʦ ʧʘʢʝʪʘ 

çCosmosFloWorksè (ʩʡʪ. 3). 
ʃʠʥʠʠ ʦʧʨʝʜʝʣʷʶʪ ʪʨʘʝʢʪʦʨʠʠ ʧʦʪʦʢʦʚ, ʘ 

ʠʭ ʮʚʝʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʢʦʨʦʩʪʴ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ 

ʧʨʦʩʪʨʘʥʩʪʚʘ. ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʪʝʯʝʥʠʷ ʵʣʝʢʪʨʦ-

ʣʠʪʘ ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʠʪʴ ʜʚʫʤʝʨʥʦʝ ʧʦʣʝ ʩʢʦ-

ʨʦʩʪʝʡ ʧʦʪʦʢʦʚ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʚ ʢʦʥʪʘʢʪ-

ʥʦʡ ʟʦʥʝ (ʩʡʪ. 4). 

ʉʨʘʚʥʠʤ ʧʦʣʫʯʝʥʥʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ ʧʦʣʝ ʩʢʦʨʦʩʪʝʡ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʩ ʢʘʨʪʦʡ 

ʪʚʝʨʜʦʩʪʝʡ ʥʘʥʝʩʝʥʥʦʛʦ ʧʦʢʨʳʪʠʷ (ʩʡʪ. 5). 
 

 

ʉʡʪ. 2. ʊʮʞʥʙʫʡʰʦʴʢ ʰʞʩʫʞʟ ʜʙʤʵʛʙʦʡʰʞʪʣʧʢ ʛʙʦʦʴ ʨʧ ʫʞʮʦʧʤʧʜʡʡ çʛ ʣʧʩʧʚʞè: 1 ð ʙʦʧʝʦʙʸ ʱʫʙʦʜʙ;  
2 ð ʙʦʧʝ; 3 ð ʫʩʬʚʙ ʨʞʩʞʤʡʛʙ; 4 ð ʨʧʣʩʴʛʙʞʥʙʸ ʥʞʝʦʙʸ ʨʤʡʫʙ (ʱʡʩʧʣʙʸ ʪʫʞʦʣʙ ʛʙʦʦʴ);  

5 ð ʪʨʩʞʢ ʶʤʞʣʫʩʧʤʡʫʙ; 6 ð ʚʧʣʧʛʙʸ ʪʫʞʦʣʙ ʛʙʦʦʴ (ʦʞ ʨʧʣʩʴʛʙʞʫʪʸ); 7 ð ʧʪʦʧʛʙʦʡʞ ʜʙʤʵʛʙʦʡʰʞʪʣʧʢ ʛʙʦʦʴ 

 
 

 1 2 3 4 5 6 7 8 9 10    

a             ᾽ 240 HV 

b             240ï260 HV 

c             260ï280 HV 

d             280ï300 HV 

e             300ï320 HV 

f             320ï340 HV 

g             ι 340 HV 

h              

i              
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ʉʡʪ. 4. ʈʧʤʞ ʪʣʧʩʧʪʫʞʢ ʶʤʞʣʫʩʧʤʡʫʙ 

  
ʉʡʪ. 5. ʊʩʙʛʦʞʦʡʞ ʣʙʩʫʴ ʫʛʞʩʝʧʪʫʞʢ ʡ ʨʧʤʸ ʪʣʧʩʧʪʫʞʢ 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʢʘʨʪʳ ʪʚʝʨʜʦʩʪʝʡ ʠ 

ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ 

ʟʦʥʳ ʧʦʥʠʞʝʥʥʦʡ ʪʚʝʨʜʦʩʪʠ ʧʦʢʨʳʪʠʷ ʩʦʚʧʘʜʘ-

ʶʪ ʩ ʟʘʩʪʦʡʥʳʤʠ, ʩʣʘʙʦ ʦʙʥʦʚʣʷʝʤʳʤʠ ʦʙʣʘʩʪʷ-

ʤʠ ʵʣʝʢʪʨʦʣʠʪʘ. ɺ ʟʦʥʘʭ, ʛʜʝ ʩʦʛʣʘʩʥʦ ʤʘʪʝʤʘʪʠ-

ʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʤʝʶʪ ʤʝʩʪʦ ʤʘʢʩʠʤʘʣʴʥʳʝ ʩʢʦ-

ʨʦʩʪʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʦʚ, ʥʘ ʨʝʘʣʴʥʦʤ 

ʧʦʢʨʳʪʠʠ ʥʘʙʣʶʜʘʶʪʩʷ ʦʙʣʘʩʪʠ ʩ ʭʦʨʦʰʠʤ, ʩʪʘ-

ʙʠʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʪʚʝʨʜʦʩʪʠ.  

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʦʜʥʦʨʦʜ-

ʥʦʩʪʴ ʥʘʥʦʩʠʤʦʛʦ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʧʦʢʨʳʪʠʷ 

ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʙʥʦʚʣʝ-

ʥʠʷ ʵʣʝʢʪʨʦʣʠʪʘ ʚ ʢʦʥʪʘʢʪʥʦʡ ʟʦʥʝ. ʉʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʜʝʬʝʢʪʘ ʨʘʟʥʦʪʚʝʨʜʦ-

ʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ 

ʠʟʤʝʥʝʥʠʶ ʜʠʥʘʤʠʢʠ ʜʚʠʞʝʥʠʷ ʨʘʙʦʯʝʡ ʞʠʜ-

ʢʦʩʪʠ ʧʦ ʚʩʝʡ ʧʣʦʱʘʜʠ ʝʝ ʢʦʥʪʘʢʪʘ ʩ ʧʣʠʪʦʡ. 

ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʚ ʚʘʥʥʫ ʟʘ 

ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʘʩʦʩʘ. 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʮʠʨʢʫʣʷʮʠʠ 

ʵʣʝʢʪʨʦʣʠʪʘ ʫʯʠʪʳʚʘʶʪʩʷ: ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʥʘʩʦʩʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ, ʛʝʦʤʝʪ-

ʨʠʷ ʚʘʥʥʳ ʠ ʢʘʥʘʣʦʚ ʪʝʯʝʥʠʷ ʵʣʝʢʪʨʦʣʠʪʘ ʠ ʚʩʝ 

ʦʩʪʘʣʴʥʳʝ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʜʠʥʘʤʠʢʫ ʪʝʯʝʥʠʷ ʞʠʜʢʦ-

ʩʪʠ ʚ ʨʘʩʯʝʪʥʦʡ ʟʦʥʝ. 

ɺ ʩʣʫʯʘʝ ʚʘʥʥʳ ʢʦʤʧʘʥʠʠ çSMS Cheltecè, ʧʦ-

ʜʘʯʘ ʵʣʝʢʪʨʦʣʠʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʩʧʝʮʠʘʣʴ-

ʥʳʝ ʩʧʨʝʠ (ʩʡʪ. 2, ʧʦʟ. 5), ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʢʦʪʦʨʳʭ 

ɡʧʦʜʘʯʠ=0,002ʤ
3
/ʩ. ʋʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ 

ʞʠʜʢʦʩʪʠ ʜʦʣʞʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʪʨʘʝʢʪʦʨʠʠ ʧʦʪʦʢʦʚ 

ʚ ʢʦʥʪʘʢʪʥʦʡ ʟʦʥʝ, ʩʛʣʘʜʠʚ ʠʣʠ ʚʦʚʩʝ ʫʩʪʨʘʥʠʚ ʦʙ-

ʣʘʩʪʠ ʩʣʘʙʦ ʦʙʥʦʚʣʷʝʤʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ.  
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ʇʨʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʣʠʷʥʠʷ 

ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʵʣʝʢʪʨʦʣʠʪʘ ʥʘ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʟʘʩʪʦʡʥʳʭ ʟʦʥ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ 0,0033, 0,0025, 0,002 ʤ
3
/ʩ (ʨʘʙʦʯʠʡ 

ʨʝʞʠʤ), 0,00167 ʠ 0,00143 ʤ
3
/ʩ. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʩ ʪʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʙʳʣʘ ʠʩʧʦʣʴ-

ʟʦʚʘʥʘ ʫʞʝ ʛʦʪʦʚʘʷ ʤʦʜʝʣʴ ʪʨʝʭʤʝʨʥʦʛʦ ʪʝʯʝ-

ʥʠʷ ʞʠʜʢʦʩʪʠ, ʝʜʠʥʩʪʚʝʥʥʦʡ ʠʟʤʝʥʷʝʤʦʡ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʦʡ ʷʚʣʷʣʘʩʴ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ. ʈʝ-

ʟʫʣʴʪʘʪʦʤ ʜʘʥʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʩʪʘʣʠ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʧʦʪʦʢʦʚ ʵʣʝʢʪʨʦ-

ʣʠʪʘ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʩ ʧʣʠʪʦʡ, ʧʦʣʫʯʝʥʥʳʝ 

ʧʨʠ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʩʡʪ. 6. 
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ʉʡʪ. 6. ʉʞʠʬʤʵʫʙʫʴ ʥʙʫʞʥʙʫʡʰʞʪʣʧʜʧ ʶʣʪʨʞʩʡʥʞʦʫʙ ʪʧ ʪʣʧʩʧʪʫʸʥʡ ʨʧʝʙʰʡ ʶʤʞʣʫʩʧʤʡʫʙ: ʙ ð ɢʨʧʝʙʰʡ = 0,0033 ʥ3/ʪ;  
ʚ ð ɢʨʧʝʙʰʡ = 0,0025 ʥ3/ʪ; ʛ ð ɢʨʧʝʙʰʡ = 0,002 ʥ3/ʪ (ʩʙʚʧʰʡʢ ʩʞʟʡʥ); ʜ ð ɢʨʧʝʙʰʡ = 0,00167 ʥ3/ʪ ʥʡʦʬʫ; ʝ ð ɢʨʧʝʙʰʡ = 0,00143 ʥ3/ʪ














































