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ʊɽʍʅʆʃʆɻʀʏɽʉʂʀɽ ʆʉʆɹɽʅʅʆʉʊʀ ʀɿɻʆʊʆɺʃɽʅʀʗ 

ʉʃʆɾʅʆʇʈʆʌʀʃʔʅʓʍ ʀɿɼɽʃʀʁ ʄɽʊʆɼʆʄ 

ʉɽʃɽʂʊʀɺʅʆɻʆ ʃɸɿɽʈʅʆɻʆ ʇʃɸɺʃɽʅʀʗ 

ʀɿ ʇʆʈʆʐʂʆɺʆɻʆ ʄɽʊɸʃʃʀʏɽʉʂʆɻʆ ʄɸʊɽʈʀɸʃɸ 316L 
 
ʈʘʩʩʤʦʪʨʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʛʦʪʦʚʣʝʥʠ ̫ʜʝʪʘʣʝʡ (ʦʙʨʘʟʮʦʚ) ʠʥʥʦʚʘʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʩʝʣʝʢ-

ʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʠʟ ʧʦʨʦʰʢʦʚʦʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ 316L, ʩʨʘʚʥʠʪʝʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʝʛʦ ʩʪʨʫʢʪʫʨʳ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʩʦʚʤʝʩʪʥʦʛʦ ʚʣʠʷʥʠʷ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʠ ʦʨʠʝʥʪʘʮʠʠ ʦʙʨʘʟʮʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʠʪʳ ʧʦʩʪʨʦʝʥʠʷ ʥʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʠ ʩʪʨʫʢʪʫʨʫ ʦʙʨʘʟʮʦʚ ʠʟ ʝʛʦ ʩʧʣʘʚʘ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʩʝ-

ʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʠ ʚʝʨʪʠʢʘʣʴʥʳʤ ʨʘʟʤʝʱʝʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʣʠʪʳ ʧʦʩʪʨʦʝʥʠʷ; ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʦʪ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʦʪʞʠʛʘ; ʧʨʠʚʝʜʝʥʘ ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʩʝʣʝʢ-

ʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʠ ʠʟʜʝʣʠʡ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʞʠʤʦʚ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʩʝʣʝʢʪʠʚʥʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʨʝʞʠʤ ʜʣʷ ʩʧʣʘʚʘ 316L ʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʧʨʦʚʝʜʝʥʠʝ ʦʧʝʨʘʮʠʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦ ʨʝʞʠʤʫ ʥʘʛʨʝʚʘ 1230Áʉ 

ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʧʫʩʢʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 510Áʉ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʠʦʙʨʝʪʝʥʠʶ ʦʜʥʦʨʦʜʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʦʤ ʦʙʨʘʟʮʦʚ, ʠʩʯʝʟʘʝʪ ʜʝʥʜʨʠʪʥʦʩʪʴ, ʧʨʠʩʫʱʘʷ ʤʘʪʝʨʠʘʣʫ ʦʙʨʘʟʮʦʚ ʚ ʠʩ-

ʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʦʩʣʝ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʧʣʘʚʣʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘ-

ʥʠʡ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʦʙʝʩʧʝʯʠ-

ʚʘʝʪ ʩʦʟʜʘʥʠʝ ʠʟʜʝʣʠʡ ʠʟ ʧʦʨʦʰʢʦʚʦʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ 316L ʩ ʦʧʪʠʤʘʣʴʥʳʤ ʢʦʤʧʣʝʢ-

ʩʦʤ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʝʨʝʭʦʜ ʢ ʪʝʭʥʦʣʦʛʠʠ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ 

ʧʣʘʚʣʝʥʠʷ ʧʦʟʚʦʣʠʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʠʟʜʝʣʠʷ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʣʦʞʥʦ-

ʧʨʦʬʠʣʴʥʳʝ ʜʝʪʘʣʠ, ʟʘ ʦʜʠʥ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʮʠʢʣ, ʠʩʢʣʶʯʠʚ ʦʧʝʨʘʮʠʠ ʨʘʩʢʨʦʷ ʥʘ ʟʘʛʦʪʦʚʢʠ, 

ʰʪʘʤʧʦʚʢʠ, ʜʦʚʦʜʢʠ, ʦʙʨʝʟʢʠ, ʩʚʘʨʢʠ, ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʧʝʮʠʘʣʴʥʦʡ ʦʩʥʘʩʪʢʠ ʠʣʠ ʰʪʘʤʧʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʨʘʟʮʳ, ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ, ʩʧʣʘʚ, ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʠʡ ʮʠʢʣ. 

ʈʦʟʛʣʷʥʫʪʦ ʨʝʟʫʣʴʪʘʪʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ (ʟʨʘʟʢʽʚ) ʽʥʥʦʚʘʮʽʡʥʠʤ ʤʝʪʦʜʦʤ ʩʝʣʝʢʪʠʚʥʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʧʣʘʚʣʝʥʥʷ ʟ ʧʦʨʦʰʢʦʚʦʛʦ ʤʝʪʘʣʝʚʦʛʦ ʤʘʪʝʨʽʘʣʫ 316L, ʧʦʨʽʚʥʷʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʡʦʛʦ 

ʩʪʨʫʢʪʫʨʠ ʪʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʩʧʽʣʴʥʦʛʦ ʚʧʣʠʚʫ ʪʝʨʤʽʯʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʡ ʦʨʽʻʥ-

ʪʘʮʽʾ ʟʨʘʟʢʽʚ ʚʽʜʥʦʩʥʦ ʧʣʠʪʠ ʧʦʙʫʜʦʚʠ ʥʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʩʪʨʫʢʪʫʨʫ ʟʨʘʟʢʽʚ ʟ ʡʦʛʦ 

ʩʧʣʘʚʫ. ʇʦʜʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʩʪʨʫʢʪʫʨʠ 

ʟʨʘʟʢʽʚ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʧʣʘʚʣʝʥʥʷ ʟ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤ ʽ ʚʝʨ-

ʪʠʢʘʣʴʥʠʤ ʨʦʟʤʽʱʝʥʥʷʤ ʚʽʜʥʦʩʥʦ ʧʣʠʪʠ ʧʦʙʫʜʦʚʠ; ʟʘʣʝʞʥʽʩʪʴ ʛʨʘʥʠʮʽ ʤʽʮʥʦʩʪʽ ʽ ʚʽʜʥʦʩʥʦʛʦ ʧʦʜʦʚ-

ʞʝʥʥʷ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ; ʥʘʚʝʜʝʥʦ ʦʮʽʥʢʫ ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦ-

ʣʦʛʽʾ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʧʣʘʚʣʝʥʥʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʽ ʚʠʨʦʙʽʚ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ 

ʪʝʭʥʽʢʠ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʞʠʤʽʚ ʪʝʨʤʽʯʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʟʨʘʟʢʽʚ ʧʽʩʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʧʣʘʚʣʝʥʥʷ ʜʘʣʠ ʟʤʦʛʫ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʨʝʞʠʤ ʜʣʷ ʩʧʣʘʚʫ 316L ʽ ʧʦʢʘʟʘʣʠ, ʱʦ 

ʧʨʦʚʝʜʝʥʥʷ ʦʧʝʨʘʮʽʾ ʪʝʨʤʽʯʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʚʠʛʦʪʦʚʣʝʥʠʭ ʟʨʘʟʢʽʚ ʟʘ ʨʝʞʠʤʦʤ ʥʘʛʨʽʚʘʥʥʷ 1230ÁC ʟ 

ʧʦʜʘʣʴʰʠʤ ʚʽʜʧʫʩʢʦʤ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 510ÁC ʩʧʨʠʷʻ ʥʘʙʫʪʪʶ ʦʜʥʦʨʽʜʥʦʾ ʩʪʨʫʢʪʫʨʠ ʤʘʪʝʨʽʘʣʦʤ 

ʟʨʘʟʢʽʚ, ʟʥʠʢʘʻ ʜʝʥʜʨʠʪʥʽʩʪʴ, ʚʣʘʩʪʠʚʘ ʤʘʪʝʨʽʘʣʫ ʟʨʘʟʢʽʚ ʫ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ ʧʽʩʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʧʣʘʚʣʝʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʤʝʭʘʥʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʦʜʝʨʞʘʥʠʭ ʟʨʘʟʢʽʚ ʩʚʽʜʯʘʪʴ, ʱʦ ʪʝʭʥʦ-

ʣʦʛʽʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʧʣʘʚʣʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʩʪʚʦʨʝʥʥʷ ʚʠʨʦʙʽʚ ʟ ʧʦʨʦʰʢʦʚʦʛʦ ʤʝʪʘʣʝʚʦʛʦ 

ʤʘʪʝʨʽʘʣʫ 316L ʟ ʦʧʪʠʤʘʣʴʥʠʤ ʢʦʤʧʣʝʢʩʦʤ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʇʦʢʘʟʘʥʦ, ʱʦ ʧʝʨʝʭʽʜ 

ʜʦ ʪʝʭʥʦʣʦʛʽʾ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʧʣʘʚʣʝʥʥʷ ʜʘʩʪʴ ʟʤʦʛʫ ʚʠʛʦʪʦʚʣʷʪʠ ʚʠʨʦʙʠ ʨʘʢʝʪʥʦ-

ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ, ʟʦʢʨʝʤʘ ʩʢʣʘʜʥʦʧʨʦʬʽʣʴʥʽ ʜʝʪʘʣʽ, ʟʘ ʦʜʠʥ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʮʠʢʣ, ʚʠʢʣʶʯʠʚʰʠ ʦʧʝ-

ʨʘʮʽʾ ʨʦʟʢʨʦʶʚʘʥʥʷ ʥʘ ʟʘʛʦʪʦʚʢʠ, ʰʪʘʤʧʫʚʘʥʥʷ, ʜʦʚʝʜʝʥʥʷ, ʦʙʨʽʟʘʥʥʷ, ʟʚʘʨʶʚʘʥʥʷ, ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʩʧʝʮʽʘʣʴʥʦʛʦ ʦʩʥʘʱʝʥʥʷ ʘʙʦ ʰʪʘʤʧʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʟʨʘʟʢʠ, ʪʝʨʤʽʯʥʝ ʦʙʨʦʙʣʝʥʥʷ, ʩʧʣʘʚ, ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʪʝʭʥʦʣʦʛʽʯʥʠʡ 

ʮʠʢʣ. 
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This article considers the practical data on parts (specimens) manufacturing from  powder metal material 
316L using the innovative method of selective laser melting; the comparative study of the structure and phys-
ical and mechanical properties of 316L material, the combined influence of heat treatment and specimen 
orientation relative to the arrangement plate on the physical and mechanical properties and structure of 
specimens made of 316L alloy. Results are presented of the following: comparative study of the physical and 
mechanical properties and structure of specimens, manufactured using the selective laser melting technolo-
gies with horizontal and vertical placement relative to the arrangement plate; dependence of the ultimate 
strength and unit elongation on the annealing temperature. The possibility and suitability of the selective la-
ser melting technology to manufacture parts and space-rocket hardware are evaluated. Experimental study 
of the specimens heat treatment conditions after selective laser melting enabled the definition of the optimal 
condition for the 316L alloy and have shown that heat treatment of the manufactured specimens under the 
heating at 1230 Áʉ with the subsequent tempering at the temperature of 510 Áʉ gives the homogeneous 
structure to the material of specimens made of alloy 316L, its dendritic structure, inherent in the specimen 
material in its initial condition, disappears after selective laser melting. Results of the mechanical tests of the 
obtained specimens have shown that the technology of selective laser melting provides development of 
products made of powder metal material 316L with optimal complex of physical and mechanical properties. It 
is shown that transition to the selective laser melting technology will enable production of the aerospace 
products, in particular geometrically-complex parts made of powder metal material 316L, in one technologi-
cal cycle, excluding cutting, punching, refinement, cropping, welding, manufacturing of special tools or 
stamps. 

Key words: specimens, heat treatment, alloy, physical and mechanical properties, technological cycle. 

ɺʚʝʜʝʥʠʝ 

ɺ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ɾʈɼ ʧʨʠ-

ʤʝʥʷʶʪʩʷ ʩʣʦʞʥʦʧʨʦʬʠʣʴʥʳʝ ʫʟʣʳ ʠ ʘʛʨʝ-

ʛʘʪʳ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʨʠ ʠʭ ʠʟʛʦʪʦʚʣʝ-

ʥʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʧʨʠ-

ʤʝʥʝʥʠʷ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʆʜʥʠʤ ʠʟ 

ʥʘʧʨʘʚʣʝʥʠʡ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷ-

ʝʪʩʷ ʩʝʣʝʢʪʠʚʥʦʝ ʣʘʟʝʨʥʦʝ ʧʣʘʚʣʝʥʠʝ 

(ʉʃʇ). ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠʣʠ ʞʝ ʫʙʨʘʪʴ ʠʭ ʩʦ-

ʚʩʝʤ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʠʪʴ ʚʣʠʷʥʠʝ ʯʝʣʦʚʝ-

ʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʜʝʪʘʣʝʡ. 

ʈʘʟʚʠʪʠʝ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʢʦʩ-

ʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ 

ʠʟ ʚʘʞʥʝʡʰʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʥʘ ʙʣʠʞʘʡʰʠʝ 

ʜʝʩʷʪʠʣʝʪʠʷ. ʕʪʦ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝ-

ʥʠʝ ʚ ʢʦʩʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʪʘʢ 

ʢʘʢ ʩʪʦʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʜʝʣʠʡ ʨʘʢʝʪ-

ʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ ʚʝʩʴʤʘ ʚʳʩʦʢʘ, ʘ 

ʩʦʢʨʘʱʝʥʠʝ ʩʨʦʢʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʡ, 

ʠʩʢʣʶʯʝʥʠʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʠʟʛʦʪʦʚʣʝ-

ʥʠʷ ʩʧʝʮʠʘʣʴʥʦʡ ʦʩʥʘʩʪʢʠ, ʫʤʝʥʴʰʝʥʠʝ ʢʦ-

ʣʠʯʝʩʪʚʘ ʦʧʝʨʘʮʠʡ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʪ-

ʭʦʜʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ 

ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠʟʜʝʣʠʡ ʈʂʊ. 

ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʷ-

ʤʦʛʦ ʧʦʣʫʯʝʥʠʷ ʠʟʜʝʣʠʡ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʧʦʨʦʰʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʝʭʥʦʣʦʛʠʷ ʩʝʣʝʢʪʠʚʥʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʟʘ ʩʯʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʣʦʞʥʦʧʨʦʬʠʣʴʥʳʭ ʠʟʜʝʣʠʡ 

ʧʦ ʪʨʝʭʤʝʨʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ 3D 

CAD ʠʟ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʧʦʨʦʰʢʦʚ (ʮʠʥʢʘ, ʙʨʦʥʟʳ, ʩʪʘʣʠ, ʪʠʪʘʥʘ ʠ 

ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ, ʘʣʶʤʠʥʠʷ ʠ ʘʣʶʤʠʥʠʝ-

ʚʳʭ ʩʧʣʘʚʦʚ, ʜʨʘʛʦʮʝʥʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʜʨ.) 

[1, 2]. ʊʝʭʥʦʣʦʛʠʷ ʉʃʇ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴ-

ʢʠʭ ʵʪʘʧʦʚ: ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʘʪʬʦʨʤʳ 

(ʧʣʠʪʳ ʧʦʩʪʨʦʝʥʠʷ) ʧʨʠ ʧʦʤʦʱʠ ʨʝʢʦʪʝʨʘ 

(ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʷ ʩʣʦʷ ʧʦʨʦʰʢʘ) ʥʘʥʦʩʠʪʩʷ ʩʣʦʡ ʧʦʨʦʰ-

ʢʦʚʦʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʟʘʜʘʥʥʦʡ 

ʪʦʣʱʠʥʳ. ʃʘʟʝʨʥʳʡ ʣʫʯ, ʥʘʧʨʘʚʣʷʝʤʳʡ 

ʩʢʘʥʠʨʫʶʱʠʤ ʟʝʨʢʘʣʦʤ, ʨʘʩʧʣʘʚʣʷʝʪ ʯʘʩʪʠ-

ʮʳ ʧʦʨʦʰʢʘ ʥʘ ʫʯʘʩʪʢʘʭ ʧʦʨʦʰʢʦʚʦʛʦ ʩʣʦʷ 

ʩʦʛʣʘʩʥʦ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ 3D CAD. ʈʘʩ-

ʧʣʘʚʣʷʝʤʳʡ ʩʣʦʡ çʧʨʠʚʘʨʠʚʘʝʪʩʷè ʢ ʥʠʞʝ-

ʣʝʞʘʱʝʤʫ ʩʣʦʶ. ɼʘʣʝʝ ʧʣʘʪʬʦʨʤʘ ʦʧʫʩʢʘ-

ʝʪʩʷ ʥʘ ʚrʩʦʪʫ ʩʣʦʷ ʧʨʠ ʧʦʤʦʱʠ ʧʦʨʰʥʷ ï 

ʠ ʮʠʢʣ ʧʦʚʪʦʨʷʝʪʩʷ ʜʦ ʧʦʣʥʦʛʦ ʬʦʨʤʠʨʦʚʘ-

ʥʠʷ ʠʟʜʝʣʠʷ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʧʨʦʮʝʩʩʘ ʠʟʛʦ-

ʪʦʚʣʝʥʠʷ ʥʝʩʧʣʘʚʣʝʥʥʳʡ ʧʦʨʦʰʦʢ ʫʜʘʣʷʶʪ 

ʠʟ ʢʘʤʝʨʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʦʩʝʠʚʘʥʠʷ ʠ 

ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʆʛʨʦʤʥʦʝ ʟʥʘ-

ʯʝʥʠʝ ʜʣʷ ʠʟʜʝʣʠʡ, ʧʦʣʫʯʘʝʤʳʭ ʧʦ ʪʝʭʥʦʣʦ-

ʛʠʠ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʧʣʘʚʣʝʥʠʷ, 

ʠʤʝʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʠʤʝʥʷʝʤʦʛʦ ʧʦ-

ʨʦʰʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ 

[3-5] ʧʦʩʚʷʱʝʥʦ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠ ̫ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʨʦʰʢʦʚʳʭ ʤʘ-

ʪʝʨʠʘʣʦʚ ʥʘ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ ʠʟʜʝʣʠʡ.  

ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʜʝʣʠʡ ʨʘʢʝʪʥʦ-

ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ, ʢ ʢʘʯʝʩʪʚʫ ʢʦʪʦʨʳʭ 
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ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʠ-

ʤʝʥʷʝʤʳʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʧʦʨʦʰʢʦʚʳʡ ʤʘ-

ʪʝʨʠʘʣ ʜʦʣʞʝʥ ʠʤʝʪʴ ʦʜʥʦʨʦʜʥʳʡ ʭʠʤʠʯʝ-

ʩʢʠʡ ʩʦʩʪʘʚ. ʂʘʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦʨʦʰʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʦʮʝʩʩʝ ʩʝʣʝʢ-

ʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʁ ʪ 

ʙʝʩʧʝʨʝʙʦʡʥʫʶ ʝʛʦ ʧʦʜʘʯʫ ʠ ʩʪʘʙʠʣʥɹʦʝ 

ʥʘʥʝʩʝʥʠʝ ʚ ʚʠʜʝ ʪʦʥʢʠʭ ʩʣʦʝʚ. ʂʨʦʤʝ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʨʦʰʢʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʪʝʭʥʦʣʦʛʠʠ 

ʉʃʇ, ʥʘ ʢʘʯʝʩʪʚʦ ʠʟʜʝʣʠʡ ʚʣʠʷʶʪ ʤʦɦ-

ʥʦʩʪʴ ʣʘʟʝʨʘ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʚ ʣʘ-

ʟʝʨʥʦʤ ʧʷʪʥʝ, ʪʦʣʱʠʥʘ ʩʣʦʷ ʧʦʨʦʰʢʦʚʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʪʠʧ ʠ ʢʘʯʝʩʪʚʦ ʟʘʱʠʪʥʦʛʦ ʛʘʟʘ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʦʮʝʥʢʘ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʧʦ ʠʥʥʦʚʘʮʠʦʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʉʃʇ ʩʣʦʞʥʦʧʨʦʬʠʣʴʥʳʭ ʠʟʜʝ-

ʣʠʡ ʨʘʟʨʘʙʦʪʢʠ ɻʇ çʂɹ çʖʞʥʦʝè ʜʣʷ ʨʘ-

ʙʦʪr ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʠ 

ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ, ʩʨʘʚʥʝʥʠʝ ʠʭ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʩʪʨʫʢʪʫʨʳ ʩ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʟʜʝʣʠʡ, ʧʦʣʫʯʘʝʤʳʭ ʧʦ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʠʟʫʯʝʥʠʝ ʚʣʠʷ-

ʥʠʷ ʨʝʞʠʤʦʚ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ 

ʦʨʠʝʥʪʘʮʠʠ ʠʟʜʝʣʠʡ (ʦʙʨʘʟʮʦʚ) ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʧʣʠʪ rʧʦʩʪʨʦʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʠʟʛʦ-

ʪʦʚʣʝʥʠʷ ʥʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʠ ʩʪʨʫʢʪʫʨʫ. 

ʊʝʭʥʦʣʦʛʠʠ, ʤʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʠʢʠ 

ɺʳʙʦʨ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʨʦʰʢʦʚʦʛʦ ʤʘ-

ʪʝʨʠʘʣʘ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʡ ʧʦ ʪʝʭ-

ʥʦʣʦʛʠʠ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʧʣʘʚʣʝʥʠʷ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʮʝ-

ʣʦʛʦ ʨʷʜʘ ʩʚʘʨʥʳʭ ʠ ʥʝʩʚʘʨʥʳʭ ʜʝʪʘʣʝʡ ʠ 

ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʠʭ 

ʠʟʜʝʣʠʡ ʧʨʠʤʝʥʷʝʪʩʷ ʭʨʦʤʦʥʠʢʝʣʴ-

ʪʠʪʘʥʠʩʪʘʷ ʩʪʘʣʴ ʘʫʩʪʝʥʠʪʥʦʛʦ ʢʣʘʩʩʘ 

12ʍ18ʅ10ʊ, ʦʙʣʘʜʘʶʱʘʷ ʚʳʩʦʢʠʤʠ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʤʠ, ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠ ʘʥʪʠʢʦʨʨʦ-

ʟʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʉ ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚ-

ʣʝʥʠʷ ʜʘʥʥʳʭ ʩʙʦʨʦʢ, ʪ. ʝ. ʧʦʣʫʯʝʥʠʷ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʛʦʪʦʚʳʭ ʜʝʪʘʣʝʡ ʧʦ ʪʝʭ-

ʥʦʣʦʛʠʠ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʧʣʘʚʣʝʥʠʷ, 

ʤʠʥʫʷ ʦʧʝʨʘʮʠʠ ʨʘʩʢʨʦʷ ʥʘ ʟʘʛʦʪʦʚʢʠ, ʰʪʘʤ-

ʧʦʚʢʠ, ʜʦʚʦʜʢʠ, ʦʙʨʝʟʢʠ, ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʧʝ-

ʮʠʘʣʴʥʦʡ ʦʩʥʘʩʪʢʠ ʠʣʠ ʰʪʘʤʧʦʚ, ʙʳʣ ʧʨʦʚʝ-

ʜʝʥ ʘʥʘʣʠʟ ʚʩʝʭ ʧʦʨʦʰʢʦʚʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʧʝʯʘʪʠ ʥʘ 

ʫʩʪʘʥʦʚʢʝ SLM 280HL. ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʫʜʦʚʣʝʪʚʦʨʷʪʁ 

ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʧʦʣʫʬʘʙʨʠ-

ʢʘʪʘʤ ʠʟ ʩʪʘʣʠ 12ʍ18ʅ10ʊ ʜʣʷ ʠʟʜʝʣʠʡ, ʠʟ-

ʛʦʪʘʚʣʠʚʘʝʤʳʭ ʧʦ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, 

ʧʦʢʘʟʘʪʝʣʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʉʃʇ ʠʟ ʤʝ-

ʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʨʦʢhʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʤʘʨʢʠ 

316L (ʪʘʙʣ. 1, 2). 

ʊʘʙʣʠʮʘ 1 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ 

ʄʘʨʢʘ 

ʤʘʪʝʨʠʘʣʘ 

ʇʨʝʜʝʣ 

ʧʨʦʯʥʦʩʪʠ 

σв, ʢʛʩ/ʤʤ
2 

ʇʨʝʜʝʣ 

ʪʝʢʫʯʝʩʪʠ σ0,2, 

ʢʛʩ/ʤʤ2 

ʄʦʜʫʣʴ 

ʫʧʨʫʛʦʩʪʠ Е, 

ʢʛʩ/ʤʤ2 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ 

ʫʜʣʠʥʝʥʠʝ δ, 

% 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ 

ʩʫʞʝʥʠʝ ψ, 

% 

ʉʪʘʣʴ 

12ʍ18ʅ10ʊ  55,0 22,0 18800 40,0 55,0 

ʉʪʘʣʴ 316L*  66,6Ñ4,9 56,0Ñ3,9 17335Ñ3161 35,0Ñ4 59,0Ñ3 

ʉʪʘʣʴ 

316L**  

64,5Ñ2,8 52,9Ñ2,5 18762Ñ2039 31,0Ñ6 49,0Ñ11 

*   ʇʨʠ ʧʝʯʘʪʠ ʧʦʨʦʰʢʦʤ ʩ ʪʦʣʱʠʥʦʡ ʩʣʦʷ 30 ʤʢʤ. 
** ʇʨʠ ʧʝʯʘʪʠ ʧʦʨʦʰʢʦʤ ʩ ʪʦʣʱʠʥʦʡ ʩʣʦʷ 50 ʤʢʤ. 

ʊʘʙʣʠʮʘ 2 

ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ 

ʄʘʨʢʘ ʤʘʪʝʨʠʘʣʘ ʇʣʦʪʥʦʩʪʴ ρ, ʛ/ʩʤ3 ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ λ, ɺʪ/(ʤĿʂ) 

ʉʪʘʣʴ 12ʍ18ʅ10ʊ 7,9 15 

ʉʪʘʣʴ 316L 7,95 15 

ʉʪʘʣʴ 1.4410 7,8 15 
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ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʠʟʜʝʣʠʡ ʠʟ ʩʪʘʣʠ 316L, ʠʟʛʦʪʦʚʣʝʥ-

ʥʳʭ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ 

ʧʣʘʚʣʝʥʠʷ ʥʘ ʫʩʪʘʥʦʚʢʝ SLM 280HL, ʙʳʣʠ ʚr -

ʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʥʘ ʧʨʦʯʥʦʩʪʴ ʠʟʜʝʣʠʡ ʈʂʊ: 

- ʰʪʘʪʥʦʛʦ ʠʟʜʝʣʠʷ ʠʟ ʩʪʘʣʠ 

12ʍ18ʅ10ʊ; 

- ʠʟʜʝʣʠʷ ʰʪʘʪʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠʟ 

ʩʪʘʣʠ 316L; 

- ʠʟʜʝʣʠʷ ʩ ʠʟʤʝʥʝʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ 

ʠʟ ʩʪʘʣʠ 12ʍ18ʅ10ʊ; 

- ʠʟʜʝʣʠʷ ʩ ʠʟʤʝʥʝʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ 

ʠʟ ʩʪʘʣʠ 316L. 

ʀʟʜʝʣʠʝ ʩ ʠʟʤʝʥʝʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ï 

ʵʪʦ ʠʟʜʝʣʠʝ ʩ ʫʚʝʣʠʯʝʥʥʦʡ ʪʦʣʱʠʥʦʡ ʚ ʤʝ-

ʩʪʘʭ, ʚ ʢʦʪʦʨʳʭ ʚʦʟʥʠʢʘʶʪ ʤʘʢʩʠʤʘʣʴʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ ʚʦ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʠ 

ʫʤʝʥʴʰʝʥʥʦʡ ʪʦʣʱʠʥʦʡ ʚ ʥʘʠʤʝʥʝʝ ʥʘʛʨʫ-

ʞʝʥʥʳʭ ʤʝʩʪʘʭ. 

ʇʨʠ ʪʨʘʜʠʮʠʦʥʥʦʤ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠʟʜʝ-

ʣʠʡ, ʥʘʧʨʠʤʝʨ, ʠʟ ʣʠʩʪʘ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ 

ʜʝʪʘʣʠ ʪʦʣʴʢʦ ʧʦʩʪʦʷʥʥʦʡ ʪʦʣʱʠʥʳ, ʧʨʠ 

ʵʪʦʤ ʚ ʥʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʳʭ ʤʝʩʪʘʭ ʢʦʥ-

ʩʪʨʫʢʮʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʶʪʩʷ ʫʪʦʥʝʥʠʷ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʝʡ ʰʪʘʤʧʦʚʢʠ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʠ ʉʃʇ ʠʟʜʝ-

ʣʠʷ ʤʦʞʥʦ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʩ ʧʝʨʝʤʝʥʥʦʡ 

ʪʦʣʱʠʥʦʡ. 

ʈʘʩʯʝʪʳ ʧʨʦʚʝʜʝʥʳ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʥʝʣʠʥʝʡʥʦʡ ʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦ-

ʩʪʘʥʦʚʢʝ ʥʘ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʨʘʙʦ-

ʯʠʭ ʜʘʚʣʝʥʠʡ ʠ ʪʝʤʧʝʨʘʪʫʨ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʘʩʯʝʪʦʚ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʠʩ-

ʩʣʝʜʫʝʤʦʝ ʠʟʜʝʣʠʝ ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʳʤ 

ʟʘʧʘʩʦʤ ʧʨʦʯʥʦʩʪʠ (ʜʦʧʫʩʪʠʤʳʡ ʟʘʧʘʩ ʧʦ 

ʥʦʨʤʘʤ ʧʨʦʯʥʦʩʪʠ ηв > 1,5). ʈʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʝʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3. 

ʊʘʙʣʠʮʘ 3 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʠʟʜʝʣʠʡ ʈʂʊ 

ɸʥʘʣʠʟʠʨʫʝʤʳʡ ʧʘʨʘʤʝʪʨ 
ʀʟʜʝʣʠʝ ʩ ʠʟʤʝʥʝʥʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʝʡ 
ʐʪʘʪʥʦʝ ʠʟʜʝʣʠʝ 

ʄʘʪʝʨʠʘʣ ʠʟʜʝʣʠʷ 
ʉʪʘʣʴ 

12ʍ18ʅ10ʊ 
ʉʪʘʣʴ 316L 

ʉʪʘʣʴ 

12ʍ18ʅ10ʊ 
ʉʪʘʣʴ 316L 

ʄʘʩʩʘ, ʢʛ 0,095 0,096 0,109 0,110 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʵʢʚʠʚʘʣʝʥʪʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ (ʚ ʨʘʡʦʥʝ ʩʚʘʨʢʠ), ʄʇʘ 290 281 328 310 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ  

ʧʣʘʩʪʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ, % 1,9 1,7 3,5 3,1 

ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ 
1,78 

1,96 

(1,66)* 1,57 1,78 (1,51)* 

ʉʫʤʤʘʨʥʳʝ ʜʝʬʦʨʤʘʮʠʠ, ʤʤ 0,23 0,19 0,41 0,34 

* ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟʜʝʣʠʷ, ʘʜʘʧʪʠʨʦʚʘʥʥʦʛʦ ʧʦʜ ʉʃʇ-ʪʝʭʥʦʣʦʛʠʶ, ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʤʝʭʘ-

ʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ ʥʘ 15%. ʆʜʥʘʢʦ ʜʘʞʝ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʪ ʥʦʨʤʘʤ ʧʨʦʯʥʦʩʪʠ. 

ʈʘʩʯʝʪʳ ʥʘ ʧʨʦʯʥʦʩʪʴ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʩʪʘʣʴ 316L ʧʦʜʭʦʜʠʪ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟ-

ʜʝʣʠʡ ʈʂʊ. 

ʀʩʭʦʜʷ ʠʟ ʚʩʝʛʦ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʡ ʈʂʊ ʙʳʣ ʚʳʙʨʘʥ ʤʝ-

ʪʘʣʣʠʯʝʩʢʠʡ ʧʦʨʦʰʢʦʚʳʡ ʤʘʪʝʨʠʘʣ ʠʟ 

ʩʧʣʘʚʘ ʤʘʨʢʠ 316L. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʝʪʦʜʠʢʘ ʧʦʣʫ-

ʯʝʥʠʷ ʦʙʨʘʟʮʦʚ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʠ ʠʟʜʝʣʠʡ 

ʈʂʊ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨ-

ʥʦʛʦ ʧʣʘʚʣʝʥʠʷ 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩ-

ʧʦʣʴʟʦʚʘʣʠ ʦʙʨʘʟʮʳ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʤʝʪʦ-

ʜʦʤ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʠʟ 

ʧʦʨʦʰʢʦʚʦʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʤʘʨʢʠ 316L. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʝʪʘʣʣʠ-

ʯʝʩʢʦʛʦ ʧʦʨʦʰʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ 316L (ʚʝʩ. 

%: ʉ - 0,01; Si -0,63; Mn - 1,14; P - 0,026; 

S - 0,014; Cr - 17,34; Ni - 10,74; Mo - 2,28; 

N - 0,1; Fe - ʦʩʥʦʚʘ). 

ʇʦʨʦʰʦʢ ʧʦʣʫʯʝʥ ʤʝʪʦʜʦʤ ʘʪʦʤʠʟʘʮʠʠ 

(ʨʘʩʧʳʣʝʥʠʝ ʧʦʪʦʢʦʤ ʘʨʛʦʥʘ ʚ ʩʨʝʜʝ ʘʨʛʦ-

ʥʘ), ʝʛʦ ʯʘʩʪʠʮʳ ʠʤʝʶʪ ʩʬʝʨʠʯʝʩʢʫʶ ʬʦʨ-

ʤʫ (ʨʠʩ. 1) ʠ ʜʠʘʤʝʪʨ 10-45 ʤʢʤ. 
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ʙ      ʭ200 

ʈʠʩ. 1. ʌʦʨʤʘ ʯʘʩʪʠʮ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʨʦʰʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ 316L 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʦʙʨʘʟʮʦʚ ʧʦ ʪʝʭʥʦʣʦʛʠʠ 

ʉʃʇ ʠʩʧʦʣʴʟʦʚʘʣʠ ʫʩʪʘʥʦʚʢʫ SLM 280HL 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʘʥʠʠ SLM Solutions 

GmbH (ɻʝʨʤʘʥʠʷ), ʚʥʝʰʥʠʡ ʚʠʜ ʢʦʪʦʨʦʡ 

ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 2. ʋʩʪʘʥʦʚʢʘ ʦʩʥʘʱʝʥʘ 

ʜʚʫʤʷ ʠʪʪʝʨʙʠʝʚʳʤʠ ʚʦʣʦʢʦʥʥʳʤʠ ʣʘʟʝʨʘ-

ʤʠ ʤʦʱʥʦʩʪʴʶ 400 ʠ 1000 ɺʪ. ɺʥʝʰʥʠʡ 

ʢʦʥʪʫʨ ʜʝʪʘʣʠ ʠ ʪʦʥʢʠʝ ʩʪʝʥʢʠ çʧʨʦʨʘʙʘ-

ʪʳʚʘʝʪè ʧʝʨʚʳʡ ʣʘʟʝʨ ʤʦʱʥʦʩʪʴʶ 400 ɺʪ, ʘ 

ʦʩʥʦʚʥʦʝ ʪʝʣʦ ʜʝʪʘʣʠ ï ʚʪʦʨʦʡ ʣʘʟʝʨ ʤʦɦ-

ʥʦʩʪʴʶ 1000 ɺʪ. ʋʩʪʘʥʦʚʢʘ ʠʤʝʝʪ ʢʘʤʝʨʫ 

ʧʦʩʪʨʦʝʥʠʷ ʩ ʨʘʙʦʯʠʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʟʦʥʳ 

ʧʦʩʪʨʦʝʥʠʷ 280Ĭ280Ĭ350 ʤʤ. 

 

 

ʈʠʩ. 2. ʆʙʱʠʡ ʚʠʜ ʫʩʪʘʥʦʚʢʠ SLM 280HL 
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ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʧʨʦʮʝʩʩʘ ʚ ʩʠʩʪʝʤʝ ʩʦ-

ʟʜʘʝʪʩʷ ʚʘʢʫʫʤ ï ʫʜʘʣʷʪʁʩʷ ʚʦʟʜʫʭ ʠ ʚʣʘʛʘ, 

ʧʦʩʣʝ ʯʝʛʦ ʢʘʤʝʨʘ ʟʘʧʦʣʥʷʝʪʩʷ 600 ʣ ʘʨʛʦʥʘ 

ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ. ɺʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʧʦʜ-

ʜʝʨʞʠʚʘʝʪʩʷ ʘʪʤʦʩʬʝʨʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʢʠʩʣʦʨʦʜʘ Ò0,1%, ʧʦʪʨʝʙʣʝʥʠʝ ʘʨʛʦʥʘ 

ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 5 ʜʦ 30 ʣ/ʯ. ʉʭʝʤʘ 

ʧʨʦʮʝʩʩʘ ʉʃʇ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3. 

 

 

 

ʈʠʩ. 3. ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʧʣʘʚʣʝʥʠʷ 

ʥʘ ʫʩʪʘʥʦʚʢʝ SLM 280HL 

ʉʫʪʴ ʞʝ ʧʨʦʮʝʩʩʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝ-

ʜʫʁʱʝʤ: 

- CAD-ʤʦʜʝʣʴ ʠʟʜʝʣʠʷ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ 

ʩʣʦʠ ʦʪ 30 ʜʦ 100 ʤʢʤ; 

- ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʦʚʦʜʠʪʩʷ ʧʦʜʘʯʘ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʨʦʰʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ 

ʢʘʤʝʨʫ ʧʦʩʪʨʦʝʥʠʷ ʩ ʜʘʣʴʥʝʡʰʠʤ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʝʤ ʪʦʥʢʦʛʦ ʩʣʦʷ ʤʘʪʝʨʠʘʣʘ ʨʝʢʦʪʝ-

ʨʦʤ ʥʘ ʧʣʠʪʝ ʧʦʩʪʨʦʝʥʠʷ; 

- ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʣʘʟʝʨʥʳʡ ʣʫʯ, ʩʬʦʢʫ-

ʩʠʨʦʚʘʥʥʳʡ ʥʘ ʩʣʦʝ ʧʦʨʦʢhʘ, ʚʳʙʦʨʦʯʥʦ 

ʨʘʩʧʣʘʚʣʷʝʪ ʝʛʦ ʯʘʩʪʠʮʳ, ʢʦʪʦʨʳʝ ʧʨʠ ʧʦ-

ʩʣʝʜʫʶɦ ʝʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʬʦʨʤʠʨʫʶʪ 

ʪʚʝʨʜʫʶ ʤʘʩʩʫ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʝʦʤʝʪʨʠʝʡ 

ʪʝʢʫʱʝʛʦ ʩʝʯʝʥʠʷ ʠʟʜʝʣʠʷ; 

- ʥʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʚʳʧʦʣʥʷʶʪʩʷ ʦʧʫʩʢʘ-
ʥʠʝ ʧʣʠʪʳ ʧʦʩʪʨʦʝʥʠʷ ʥʘ ʦʜʠʥ ʩʣʦʡ ʠ ʥʦʚʳʡ 
ʮʠʢʣ ʧʦʜʘʯʠ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʨʘʩʧʣʘʚʣʝʥʠʷ 
ʧʦʨʦʰʢʦʚʦʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ. 
ʇʨʦʮʝʩʩ ʧʨʦʠʩʭʦʜʠʪ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʙʫ-
ʜʫʪ ʠʟʛʦʪʦʚʣʝʥʳ ʚʩʝ ʩʣʦʠ ʠʟʜʝʣʠʷ; 

- ʥʘ ʟʘʚʝʨʰʘʶʱʝʤ ʵʪʘʧʝ ʛʦʪʦʚʦʝ ʠʟʜʝ-

ʣʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʠʟ ʨʘʩʧʣʘʚʣʝʥʥʳʭ ʩʣʦʝʚ, 

ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʨʦʰʢʦʚʦʤ 

ʩʣʦʝ ʚ ʘʪʤʦʩʬʝʨʝ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ. ʕʪʦ ʥʝʦʙ-

ʭʦʜʠʤʦ ʜʣʷ ʨʝʣʘʢʩʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʠʟʜʝʣʠʷ 

ʧʦʩʣʝ ʟʘʚʝʨh ʝʥʠʷ ʝʛʦ ʧʦʩʪʨʦʝʥʠʷ. 
ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦ-
ʨʦʰʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʧʨʝʜʝʣʷʣʩʷ ʩʧʝʢ-
ʪʨʘʣʴʥʳʤ ʤʝʪʦʜʦʤ ʩ ʧʦʤʦʱʴʶ ʨʘʩʪʨʦʚʦʛʦ 
ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ZEISS EVO 50, ʘ 
ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ï ʥʘ ʩʧʝʢʪʨʦʤʝʪ-
ʨʝ ɼʌʉ-500. 
ʄʠʢʨʦʩʪʨʫʢʪʫʨʫ ʧʦʨʦʰʢʘ, ʛʨʘʥʫʣʦ-

ʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʬʦʨʤʫ ʯʘʩʪʠʮ ʦʧʨʝ-
ʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʨʘʩʪʨʦʚʦʛʦ ʵʣʝʢʪʨʦʥʥʦ-
ʛʦ ʤʠʢʨʦʩʢʦʧʘ ZEISS EVO 50. 
ʇʨʦʚʝʨʢʫ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʨʦʰʢʦʚʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʥʘ ʧʨʝʜʤʝʪ ʦʪʩʫʪʩʪʚʠʷ ʧʦʩʪʦ-
ʨʦʥʥʠʭ ʧʨʠʤʝʩʝʡ ʧʨʦʚʦʜʷʪ ʚ ʧʨʦʩʝʠʚʘʶ-
ʱʝʤ ʰʢʘʬʫ ʧʝʨʝʜ ʟʘʛʨʫʟʢʦʡ ʚ ʫʩʪʘʥʦʚʢʫ. 
ʆʧʨʝʜʝʣʷʣʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʙ-

ʨʘʟʮʦʚ ʥʘ ʨʘʟʨʳʚʥʦʡ ʤʘʰʠʥʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 
ʪʝʤʧʝʨʘʪʫʨʝ. ɼʣʷ ʠʩʧʳʪʘʥʠʡ ʙʳʣʠ ʠʟʛʦʪʦʚ-
ʣʝʥʳ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ 
ʦʙʨʘʟʮʳ ʪʠʧʘ III ˉ7 l0=5d0 ɻʆʉʊ 1497-84. 
ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʣʦʪʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦ-

ʜʠʣʠ ʤʝʪʦʜʦʤ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʚʝʰʠʚʘ-
ʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʦʚ. 
ʄʠʢʨʦʩʪʨʫʢʪʫʨʫ ʦʙʨʘʟʮʦʚ ʠʟʫʯʘʣʠ ʩ ʧʦ-

ʤʦʱʴʶ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ 
ʤʦʜʝʣʠ NEOPHOT-21 ʥʘ ʰʣʠʬʘʭ, ʧʨʦʪʨʘʚ-
ʣʝʥʥʳʭ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠ ʚ 10%-ʥʦʤ ʨʘʩ-
ʪʚʦʨʝ ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʳ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 
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ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʦʨʠʝʥʪʘʮʠʠ ʦʙ-

ʨʘʟʮʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʠʪʳ ʧʦʩʪʨʦʝʥʠʷ 

(ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ) ʥʘ ʤʝʭʘ-

ʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ (ʪʘʙʣ. 4) ʠ ʩʪʨʫʢʪʫʨʫ ʤʘ-

ʪʝʨʠʘʣʘ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʯʝʪʳʨʝ ʦʙʨʘʟʮʘ 

(ʧʦ ʜʚʘ ʢʘʞʜʦʛʦ ʚʠʜʘ) (ʨʠʩ. 4, а, б). 

 
ʘ 

 
 

ʙ 
 

ʈʠʩ. 4. ɺʥʝʰʥʠʡ ʚʠʜ ʦʙʨʘʟʮʦʚ ʩ ʚʝʨʪʠʢʘʣʴʥʳʤ (ʘ)  

ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ (ʙ) ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ  

ʧʣʠʪʳ ʧʦʩʪʨʦʝʥʠʷ 

ʊʘʙʣʠʮʘ 4 

ʈʝʟʫʣʴʪʘʪʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ 

 ̄

ʦʙʨʘʟʮʘ 

ʈʘʩʧʦʣʦʞʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʣʠʪʳ 

ʧʦʩʪʨʦʝʥʠʷ 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʇʨʝʜʝʣ 

ʧʨʦʯʥʦʩʪʠ σв, 

ʢʛʩ/ʤʤ2 

ʇʨʝʜʝʣ 

ʪʝʢʫʯʝʩʪʠ σ0,2, 

ʢʛʩ/ʤʤ2 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ 

ʫʜʣʠʥʝʥʠʝ δ, 

% 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ 

ʩʫʞʝʥʠʝ ψ, 

% 

1 
ɺʝʨʪʠʢʘʣʴʥʦʝ 

59,0 50,0 54,0 64,5 

2 61,0 50,5 50,0 67,5 

3 
ɻʦʨʠʟʦʥʪʘʣʴʥʦʝ 

72,0 58,5 41,2 59,5 

4 72,5 59,0 40,0 56,0 
 

ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʦʨʠʝʥʪʘ-

ʮʠʷ ʦʙʨʘʟʮʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʠʪʳ ʧʦʩʪʨʦʝ-

ʥʠʷ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ: ʧʨʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ 

ʨʘʩʧʦʣʦʞʝʥʠʠ ʦʙʨʘʟʮʳ ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦ-

ʢʠʝ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʥʦ ʧʨʦʠʩʭʦʜʠʪ 

ʩʥʠʞʝʥʠʝ ʧʣʘʩʪʠʯʥʦʩʪʠ. 

ɺ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟ-

ʮʦʚ ʚ ʩʝʯʝʥʠʠ, ʧʘʨʘʣʣʝʣʴʥʦʤ ʧʣʠʪʝ ʧʦʩʪʨʦʝ-

ʥʠʷ ʠ ʧʦʜ ʫʛʣʦʤ 90Á ʢ ʥʝʡ, ʥʘʙʣʶʜʘʝʪʩʷ ̫ʨʢʦ 

ʚʳʨʘʞʝʥʥʦʝ ʨʘʟʣʠʯʠʝ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʦʥʘ 

ʩʬʦʨʤʠʨʦʚʘʥʘ ʠʟ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʨʦʜʦʣʛʦʚʘ-

ʪʦʡ ʵʣʣʠʧʩʦʚʠʜʥʦʡ ʬʦʨʤʳ, ʧʝʨʝʢʨʳʚʘʶʱʠʭ 

ʜʨʫʛ ʜʨʫʛʘ (ʨʠʩ. 5, а, в), ʚʦ ʚʪʦʨʦʤ ï ʠʤʝʝʪ 

ʥʘʧʨʘʚʣʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʩʪʨʦʝʥʠʷ, ʧʦ ʚʠʜʫ 

ʧʦʭʦʞʘ ʥʘ ʯʝʰʫʶ (ʨʠʩ. 5, б, г). 

ʋʯʘʩʪʦʢ ʢʦʥʪʘʢʪʘ 

ʦʙʨʘʟʮʘ ʩ ʧʣʠʪʦʡ 

ʧʦʩʪʨʦʝʥʠʷ ï  

ʤʝʩʪʦ ʥʘʯʘʣʘ  

ʧʦʩʪʨʦʝʥʠʷ 
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  ʘ      ʭ100          ʙ         ʭ100 

 

     

  ʚ         ʭ500          ʛ           ʭ500 

ʈʠʩ. 5. ɺʠʜ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ 316L, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʉʃʇ, 

ʚ ʩʝʯʝʥʠʠ, ʧʘʨʘʣʣʝʣʥɹʦʤ ʧʣʠʪʝ ʧʦʩʪʨʦʝʥʠʷ (ʘ, ʚ) ʠ ʧʦʜ ʫʛʣʦʤ 90Á ʢ ʥʝʡ (ʙ, ʛ) 

ɺ ʮʝʣʦʤ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʦʚ ʠʟ 

ʩʧʣʘʚʘ 316L, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʪʝʭʥʦʣʦʛʠʠ 

ʉʃʇ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʤʠʢʨʦʩʚʘʨʥʳʭ ʰʚʦʚ ï ʩʣʝʜʦʚ ʩʧʣʘʚʣʝʥʠʷ 

ʧʦʨʦʰʢʦʚʦʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʣʘʟʝʨʥʳʤ ʣʫʯʦʤ ʠ ʵʣʣʠʧʩʦʦʙʨʘʟʥʳʭ ʩʦ-

ʩʪʘʚʣʷʶʱʠʭ, ʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʪʠʧʘ ʯʝʰʫʠ, 

ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʯʝʪʢʠʝ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ, 

ʪ. ʝ. ʦʥʠ ʷʚʣʷʶʪʩʷ ʛʨʘʥʠʮʘʤʠ ʦʙʣʘʩʪʠ ʢʨʠ-

ʩʪʘʣʣʠʟʘʮʠʠ ʢʘʞʜʦʡ ʦʪʜʝʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶ-

ʱʝʡ. ɺ ʥʠʭ ʭʦʨʦʰʦ ʧʨʦʩʤʘʪʨʠʚʘʝʪʩʷ ʜʝʥʜ-

ʨʠʪʥʦʝ ʩʪʨʦʝʥʠʝ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʚʤʝʩʪʥʦʛʦ ʚʣʠʷʥʠʷ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʨʘʟʤʝʱʝʥʠʷ ʦʙ-

ʨʘʟʮʦʚ ʥʘ ʧʣʠʪʝ ʧʦʩʪʨʦʝʥʠʷ ʥʘ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ 

ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ 316L ʦʙʨʘʟʮʳ ʙʳʣʠ 

ʧʦʜʚʝʨʛʥʫʪʳ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦ 

ʨʝʞʠʤʘʤ, ʧʨʠʚʝʜʝʥʥʳʤ ʚ ʪʘʙʣ. 5. 
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ʊʘʙʣʠʮʘ 5 

ʈʝʞʠʤʳ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠʟʜʝʣʠʡ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʦ ʪʝʭʥʦʣʦʛʠʠ  
ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʧʣʘʚʣʝʥʠʷ, ʩ ʦʭʣʘʞʜʝʥʠʝʤ ʥʘ ʚʦʟʜʫʭʝ 

ʈʝʞʠʤ ʆʧʝʨʘʮʠʷ ʊʝʤʧʝʨʘʪʫʨʘ, Áʉ ɺʨʝʤʷ ʚʳʜʝʨʞʢʠ, ʤʠʥ 
I ʅʘʛʨʝʚ 490Ñ10 80 

II  
ʅʘʛʨʝʚ 940Ñ10 25 
ʆʪʧʫʩʢ 510Ñ10 80 

III  
ʅʘʛʨʝʚ 1230Ñ10 25 

ʆʪʧʫʩʢ 510Ñ10 80 
 

ʈʝʟʫʣʴʪʘʪʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ 
ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ 316L ʢʘʢ ʩ ʛʦʨʠʟʦʥ-
ʪʘʣʴʥʳʤ, ʪʘʢ ʠ ʩ ʚʝʨʪʠʢʘʣʴʥʳʤ ʨʘʟʤʝʱʝ-
ʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʠʪʳ ʧʦʩʪʨʦʝʥʠʷ, 
ʧʨʦʰʝʜʰʠʭ ʦʪʞʠʛ ʧʦʩʣʝ ʉʃʇ ʧʨʠ ʪʝʤʧʝʨʘ-

ʪʫʨʘʭ 490, 940 ʠ 1230Áʉ, ʧʨʠʚʝʜʝʥʳ ʚ 
ʪʘʙʣ. 6, ʥʘ ʨʠʩ. 6 ʧʦʩʪʨʦʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 
ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 
ʫʜʣʠʥʝʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ. 

ʊʘʙʣʠʮʘ 6 

ʈʝʟʫʣʴʪʘʪʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ 316L 

ˉ 
ʦʙʨʘʟʮʘ 

ʈʘʟʤʝʱʝʥʠʝ 
ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʧʣʠʪʳ 

ʧʦʩʪʨʦʝʥʠʷ 

ʊʝʤʧʝʨʘʪʫʨʘ 
ʦʪʞʠʛʘ t, Áʉ 

ʇʨʝʜʝʣ 
ʧʨʦʯʥʦʩʪʠ  
σв, ʢʛʩ/ʤʤ2 

ʇʨʝʜʝʣ 
ʪʝʢʫʯʝʩʪʠ 
σ0,2, ʢʛʩ/ʤʤ2 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ 
ʫʜʣʠʥʝʥʠʝ 
δ, % 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ 
ʩʫʞʝʥʠʝ 
ψ, % 

ʊʚʝʨʜʦʩʪʴ, 
ʝʜ. ʅB 

1 

ɺʝʨʪʠʢʘʣʴʥʦʝ 

- 60,5 45,5 45,2 75,5 207 

2 490 62,5 45,0 44,0 57,5 207 

3 940 56,5 36,0 56,0 60,0 164 

4 1230 56,5 35,5 56,0 63,0 170 

5 

ɻʦʨʠʟʦʥʪʘʣʴʥʦʝ 

- 71,0 58,0 35,0 57,0 207 

6 490 72,5 55,0 32,0 46,5 219 

7 940 66,5 40,0 38,0 53,5 177 

8 1230 65,0 39,0 42,0 56,0 170 
 

 

ʈʠʩ. 6. ɿʘʚʠʩʠʤʦʩʪʠ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 
ʫʜʣʠʥʝʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ ʜʣʷ ʩʧʣʘʚʘ 316L: 
1 ʠ 4 ï ʧʨʦʯʥʦʩʪʴ ʠ ʧʣʘʩʪʠʯʥʦʩʪʴ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) 
ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ; 
2 ʠ 3 ï ʧʨʦʯʥʦʩʪʴ ʠ ʧʣʘʩʪʠʯʥʦʩʪʴ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) 
ʜʣ̫ ʚʝʨʪʠʢʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ 
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ʘ           ʙ 

  
ʚ       ʛ 

  
ʜ       ʝ 

ʈʠʩ. 7. ɺʠʜ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʦʚ ʉʃʇ-ʩʧʣʘʚʘ 316L ʧʦʩʣʝ ʦʪʞʠʛʘ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʩʝʯʝʥʠʠ, ʧʘʨʘʣʣʝʣʴʥʦʤ ʧʣʠʪʝ ʧʦʩʪʨʦʝʥʠʷ (ʘ, ʚ, ʜ) 

ʠ ʧʦʜ ʫʛʣʦʤ 90Á ʢ ʥʝʡ (ʙ, ʛ, ʝ), ʭ100: 

ʘ, ʙ ï 490Áʉ; 

ʚ, ʛ ï 940Áʉ; 

ʜ, ʝ ï 1230Áʉ 
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ɺʠʜʥʦ, ʯʪʦ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʦʙʨʘʟʮʦʚ, 
ʨʘʟʤʝʱʝʥʥʳʭ ʢʘʢ ʚʝʨʪʠʢʘʣʴʥʦ, ʪʘʢ ʠ ʛʦʨʠ-
ʟʦʥʪʘʣʴʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʠʪʳ ʧʦʩʪʨʦʝʥʠʷ, 
ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 25-490Áʉ ʥʝʟʥʘʯʠ-
ʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, 490-940Áʉ ï ʩʪʘʜʠʷ 
ʫʤʝʥʴʰʝʥʠʷ, 940-1230Áʉ ï ʧʨʝʜʝʣ ʧʨʦʯʥʦ-
ʩʪʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟ-
ʮʦʚ ʥʝʩʢʦʣʴʢʦ ʩʥʠʟʠʣʩʷ, ʘ ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʦ ï 
ʦʩʪʘʣʩʷ ʙʝʟ ʠʟʤʝʥʝʥʠʷ. ɿʥʘʯʝʥʠʝ ʦʪʥʦʩʠ-
ʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʪʘʢʞʝ ʠʤʝʝʪ ʪʨʝʭʩʪʘ-
ʜʠʡʥʳʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ: ʚ ʜʠʘʧʘʟʦʥʝ 
ʪʝʤʧʝʨʘʪʫʨ 25-490Áʉ ʝʛʦ ʟʥʘʯʝʥʠʝ ʫʤʝʥʴʰʘ-
ʝʪʩʷ ʜʣʷ ʦʙʨʘʟʮʦʚ ʦʙʦʠʭ ʚʠʜʦʚ, ʟʘʪʝʤ ʚ ʜʠʘ-
ʧʘʟʦʥʝ 490-940Áʉ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʚ ʜʠʘʧʘ-
ʟʦʥʝ 940-1230Áʉ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ 
ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʨʘʟʤʝʱʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʥʝ-
ʩʢʦʣʴʢʦ ʧʦʚʳʩʠʣʦʩʴ, ʘ ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʦ ʨʘʟ-
ʤʝʱʝʥʥʳʭ ï ʦʩʪʘʣʦʩʴ ʙʝʟ ʠʟʤʝʥʝʥʠʷ. 
ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʠ ʚʠʜ 

ʜʠʘʛʨʘʤʤʳ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʙ-

ʨʘʟʮʳ, ʨʘʟʤʝʱʝʥʥʳʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦ, ʙʦʣʝʝ 

ʧʨʦʯʥʳʝ, ʥʦ ʤʝʥʝʝ ʧʣʘʩʪʠʯʥʳʝ, ʯʝʤ ʦʙʨʘʟ-

ʮʳ, ʨʘʟʤʝʱʝʥʥʳʝ ʚʝʨʪʠʢʘʣʴʥʦ. 

ɺ ʮʝʣʦʤ ʞʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ ʧʨʠ ʟʥʘʯʠ-

ʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪʞʠʛʘ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʚʳʰʝʥʠʶ ʧʣʘʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠ-

ʘʣʘ 316L, ʧʦʣʫʯʝʥʥʦʛʦ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʩʝ-

ʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʧʣʘʚʣʝʥʠʷ. ʈʝʟʫʣʴʪʘ-

ʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ ʨʝʞʠʤʦʚ ʪʝʨʤʦ-

ʦʙʨʘʙʦʪʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣ. 5, ʥʘ 

ʩʪʨʫʢʪʫʨʫ ʦʙʨʘʟʮʦʚ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 7. 

ʇʦʩʣʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʠ 

(ʨʝʞʠʤ I) ʧʨʠ ʤʠʢʨʦʠʩʩʣʝʜʦʚʘʥʠʠ ʟʘʤʝʪ-

ʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʩʪʨʫʢʪʫʨʝ ʦʙʨʘʟʮʦʚ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʥʝ ʚʳʷʚ-

ʣʝʥʦ. ʉʪʨʫʢʪʫʨʘ ʚ ʦʙʦʠʭ ʩʝʯʝʥʠʷʭ ʧʦ-

ʧʨʝʞʥʝʤʫ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧ-

ʥʦʩʪʴ çʤʠʢʨʦʩʚʘʨʥʳʭ ʰʚʦʚè (ʨʠʩ. 7, а, б). 

ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʧʦ ʨʝʞʠʤʫ II ʚʠʜ ʬʦʨʤʠ-

ʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʩʝʯʝ-

ʥʠʷ, ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʣʠʪʝ ʧʦʩʪʨʦʝʥʠʷ ʠ ʧʦʜ 

ʫʛʣʦʤ 90Á ʢ ʥʝʡ, ʩʦʭʨʘʥʠʣʩʷ, ʥʦ ʜʝʥʜʨʠʪ-

ʥʦʩʪʴ ʠʩʯʝʟʣʘ (ʨʠʩ. 7, в, г). ʇʦʩʣʝ ʪʝʨʤʠʯʝ-

ʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦ ʨʝʞʠʤʫ III ʩʪʨʫʢʪʫʨʘ ʚ 

ʦʙʦʠʭ ʩʝʯʝʥʠʷʭ ʩʪʘʣʘ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘ-

ʢʦʚʦʡ (ʨʠʩ. 7, д, е). 

ɺr ʚʦʜʳ 

1. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʷ ʩʝʣʝʢʪʠʚʥʦ-

ʛʦ ʣʘʟʝʨʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦ-

ʯʪʠʪʝʣʴʥʦʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʣʫʯʝʥʠʷ ʠʟʜʝ-

ʣʠʡ ʠʟ ʩʧʣʘʚʘ 316L ʩ ʚʳʩʦʢʠʤʠ ʧʨʦʯʥʦʩʪ-

ʥʳʤʠ ʠ ʧʣʘʩʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʊʝʭʥʦʣʦʛʠʷ ʉʃʇ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʩʦ-

ʟʜʘʥʠʝ ʠʟʜʝʣʠʡ ʈʂʊ ʨʘʟʨʘʙʦʪʢʠ ɻʇ çʂɹ 

çʖʞʥʦʝè ʠʟ ʩʧʣʘʚʘ 316L ʩ ʦʧʪʠʤʘʣʴʥʳʤ 

ʢʦʤʧʣʝʢʩʦʤ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

2. ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘ-

ʙʦʪʢʠ ʧʦ ʨʝʞʠʤʫ - ʥʘʛʨʝʚ 1230Áʉ ʩ ʧʦʩʣʝ-

ʜʫʶʱʠʤ ʦʪʧʫʩʢʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 510Áʉ 

ʤʘʪʝʨʠʘʣ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ 316L ʧʨʠʦʙʨʝ-

ʪʘʝʪ ʦʜʥʦʨʦʜʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʠʩʯʝʟʘʝʪ ʜʝʥʜ-

ʨʠʪʥʦʩʪʴ, ʧʨʠʩʫʱʘʷ ʤʘʪʝʨʠʘʣʫ ʦʙʨʘʟʮʦʚ ʚ 

ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʦʩʣʝ ʩʝʣʝʢʪʠʚʥʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʧʣʘʚʣʝʥʠʷ. 

3. ʊʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʚ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ ʦʪʞʠʛʘ 490-1230Áʉ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʚʳʰʝʥʠʶ ʧʣʘʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠ-

ʘʣʘ 316L, ʧʦʣʫʯʝʥʥʦʛʦ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʩʝ-

ʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʧʣʘʚʣʝʥʠʷ.  

4. ʇʦʢʘʟʘʥʦ ʯʪʦ ʧʝʨʝʭʦʜ ʢ ʪʝʭʥʦʣʦʛʠʠ ʩʝ-

ʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʧʦʟʚʦʣʠʪ 

ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʠʟʜʝʣʠʷ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ 

ʪʝʭʥʠʢʠ ʟʘ ʦʜʠʥ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʮʠʢʣ, ʠʩ-

ʢʣʶʯʠʚ ʦʧʝʨʘʮʠʠ ʨʘʩʢʨʦʷ ʥʘ ʟʘʛʦʪʦʚʢʠ, 

ʰʪʘʤʧʦʚʢʠ, ʜʦʚʦʜʢʠ, ʦʙʨʝʟʢʠ, ʩʚʘʨʢʠ, ʠʟʛʦ-

ʪʦʚʣʝʥʠʷ ʩʧʝʮʠʘʣʴʥʦʡ ʦʩʥʘʩʪʢʠ ʠʣʠ ʰʪʘʤ-

ʧʦʚ. 
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