
ʅɸʎɯʆʅɸʃʔʅɸ ɸʂɸɼɽʄɯʗ ʅɸʋʂ ʋʂʈɸɰʅʀ 

ɯʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʽʤ. ɯ. ʄ. ʌʨʘʥʮʝʚʠʯʘ 

03142, ʤ. ʂʠʾʚ, ʚʫʣ. ʆʤʝʣʷʥʘ ʇʨʽʮʘʢʘ, 3 

ʪʝʣ. (044) 390-87-51, ʬʘʢʩ (044) 390-87-51 

 

ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʨʦʙʦʪʘ 

ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ 

 

ʉʀɼʆʈʏʋʂ ʆʃɽɻ ʄʀʂʆʃɸʁʆɺʀʏ 

 

ʋɼʂ 669.14.018.258 

 

ɼʀʉɽʈʊɸʎɯʗ 

ʈʆɿɺʀʊʆʂ ʅɸʋʂʆɺʀʍ ɿɸʉɸɼ ʌʆʈʄʋɺɸʅʅʗ ʉʊʈʋʂʊʋʈʀ 

ʊɸ ɺʃɸʉʊʀɺʆʉʊɽʁ ʇʈʀ ɺʀɻʆʊʆɺʃɽʅʅɯ ʐʊɸʄʇʆɺʀʍ ʉʊɸʃɽʁ 

ɼʃʗ ɻɸʈʗʏʆɻʆ ɼɽʌʆʈʄʋɺɸʅʅʗ ʄɯɼɯ, ʄɯɼʅʆ-ʅɯʂɽʃɽɺʀʍ ʊɸ 

ɸʃʖʄɯʅɯɭɺʀʍ ʉʇʃɸɺɯɺ 

 

ʉʧʝʮʽʘʣʴʥʽʩʪʴ 05.02.01 ï ʄʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦ 

ʇʦʜʘʻʪʴʩʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ 

 

ɼʠʩʝʨʪʘʮʽʷ ʤʽʩʪʠʪʴ ʨʝʟʫʣʴʪʘʪʠ ʚʣʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʜʝʡ, 

ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʪʝʢʩʪʽʚ ʽʥʰʠʭ ʘʚʪʦʨʽʚ ʤʘʶʪʴ ʧʦʩʠʣʘʥʥʷ ʥʘ ʚʽʜʧʦʚʽʜʥʝ ʜʞʝʨʝʣʦ 

         __________________________       ʆ. ʄ. ʉʠʜʦʨʯʫʢ 

 

ʅʘʫʢʦʚʠʡ ʢʦʥʩʫʣʴʪʘʥʪ: ɻʦʛʘʻʚ ʂʘʟʙʝʢ ʆʣʝʢʩʘʥʜʨʦʚʠʯ 

ʯʣ. ʢʦʨ. ʅɸʅ ʋʢʨʘʾʥʠ, ʜ.ʪ.ʥ., ʧʨʦʬ. 

 

 
 

ʂʠʾʚ ï 2025 ʨʽʢ 



2 
 

 

ɸʅʆʊɸʎɯʗ 

 

ʉʠʜʦʨʯʫʢ ʆ.ʄ. ï ʈʦʟʚʠʪʦʢ ʥʘʫʢʦʚʠʭ ʟʘʩʘʜ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʜʣʷ ʛʘʨʷʯʦʛʦ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʽʜʽ, ʤʽʜʥʦ-ʥʢ̔ʝʣʝʚʠʭ ʪʘ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ. ï ʅʘ ʧʨʘʚʘʭ 

ʨʫʢʦʧʠʩʫ.  

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.02.01 ï çʄʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦè. ɯʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ 

ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʽʤ. ɯ.ʄ. ʌʨʘʥʮʝʚʠʯʘ ʅɸʅ ʋʢʨʘʾʥʠ, ʂʠʾʚ, 2025.  

ɼʠʩʝʨʪʘʮʽʷ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʚʠʨʽʰʝʥʥʷ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʧʨʦʙʣʝʤʠ 

ʧʽʜʚʠʱʝʥʥʷ ʩʣʫʞʙʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽʥʩʪʨʫʤʝʥʪʫ ʽʟ ʩʪʘʣʽ ʟ ʨʝʛʫʣʶʚʘʥʥʷʤ 

ʘʫʩʪʝʥʽʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ (ʈɸʇɽ) ʧʨʠ ʝʢʩʪʨʝʤʘʣʴʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʥʦ-ʩʠʣʦʚʠʭ ʨʝʞʠʤʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

ɺ ʦʩʥʦʚʫ ʜʠʩʝʨʪʘʮʽʾ ʧʦʢʣʘʜʝʥʦ ʽʜʝʶ ʩʧʨʦʱʝʥʥʷ ʪʘ ʟʜʝʰʝʚʣʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʾ ʦʪʨʠʤʘʥʥʷ ʣʠʪʠʭ ʩʪʘʣʝʡ ʟ ʨʝʛʫʣʶʚʘʥʥʷʤ ʘʫʩʪʝʥʽʪʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʘʨʦʢ 4ʍ3ʅ5ʄ3ʌ ʪʘ 4ʍ4ʅ5ʄ4ʌ2 ʟʘ 

ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʝʣʝʢʪʨʦʰʣʘʢʦʚʦʛʦ ʢʦʢʽʣʴʥʦʛʦ ʣʠʪʪʷ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʚʠʱʠʭ ʧʦʢʘʟʥʠʢʽʚ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʩʣʫʞʙʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʰʪʘʤʧʦʚʠʤʠ ʜʝʬʦʨʤʦʚʘʥʠʤʠ ʩʪʘʣʷʤʠ ʧʽʜʚʠʱʝʥʦʾ ʪʘ ʚʠʩʦʢʦʾ 

ʪʝʧʣʦʩʪʽʡʢʦʩʪʽ 3ʍ3ʄ3ʌ, 4ʍ5ʄʌ1ʉ ʽ 3ʍ2ɺ8ʌ, ʦʜʝʨʞʘʥʠʭ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ 

ʪʨʘʜʠʮʽʡʥʦʛʦ ʣʠʚʘʨʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ 

ʝʣʝʢʪʨʦʰʣʘʢʦʚʦʛʦ ʢʦʢʽʣʴʥʦʛʦ ʣʠʪʪʷ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʟʣʠʚʢʽʚ ʜʦʟʚʦʣʷʻ 

ʩʢʦʨʦʪʠʪʠ ʝʥʝʨʛʦʻʤʥʫ ʪʝʭʥʦʣʦʛʽʯʥʫ ʦʧʝʨʘʮʽʶ ï ʢʫʚʘʥʥʷ, ʱʦ ʜʘʻ ʟʤʦʛʫ 

ʫʩʧʽʰʥʦ ʝʢʩʧʣʫʘʪʫʚʘʪʠ ʣʠʪʫ ʩʪʘʣʴ 4ʍ3ʅ5ʄ3ʌ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʤʽʜʥʦ-ʥʽʢʝʣʝʚʦʛʦ ʩʧʣʘʚʫ ʤʘʨʢʠ ʄʅɾ 5-1 ʟʘ  ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ 900-950  Üʉ, 

ʪʦʙʪʦ ʚʠʱʝ ʢʨʠʪʠʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʪʦʯʢʠ ɸʩ3 (850 Áʉ) ʪʘ ʩʪʘʣʽ 4ʍ4ʅ5ʄ4ʌ2 

ʟ ʧʽʜʚʠʱʝʥʦʶ ʪʝʧʣʦʩʪʽʡʢʽʩʪʶ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʽʜʽ ʤʘʨʢʠ ʄ1 ʪʘ 

ʘʣʶʤʽʥʽʻʚʦʛʦ ʩʧʣʘʚʫ ʤʘʨʢʠ ɸʂ7ʯ ʟʘ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʠʞʯʝ ʢʨʠʪʠʯʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʪʦʯʢʠ ɸʩ1 (700 Áʉ). 
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ɺ ʨʦʙʦʪʽ ʚʧʝʨʰʝ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʽʥʪʝʨʚʘʣ 

ʥʝʦʙʝʨʥʝʥʦʾ ʚʽʜʧʫʩʢʥʦʾ ʢʨʠʭʢʦʩʪʽ ʣʠʪʦʾ ʩʪʘʣʽ 4ʍ4ʅ5ʄ4ʌ2 ʟʘ ʪʝʤʧʝʨʘʪʫʨ 

ʥʠʞʯʝ ʢʨʠʪʠʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʪʦʯʢʠ ɸʩ1 ï 450-500 Üʉ ʪʘ ʚʩʪʘʥʦʚʣʝʥʦ 

ʧʨʠʯʠʥʫ ʚʠʥʠʢʥʝʥʥʷ ʾʾ ʢʨʠʭʢʦʩʪʽ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʽʥʩʪʨʫʤʝʥʪ ʽʟ ʜʦʩʣʽʜʞʝʥʦʾ 

ʩʪʘʣʽ ʥʝ ʧʝʨʝʛʨʽʚʘʚʩʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨ ʥʝʦʙʝʨʥʝʥʦʾ ʚʽʜʧʫʩʢʥʦʾ ʢʨʠʭʢʦʩʪʽ ʧʨʠ 

ʛʘʨʷʯʦʤʫ ʜʝʬʦʨʤʫʚʘʥʥʽ ʘʣʶʤʽʥʽʻʚʦʛʦ ʩʧʣʘʚʫ ʤʘʨʢʠ ɸʂ7ʯ. ɼʣʷ ʛʘʨʷʯʦʛʦ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʽʜʽ ʤʘʨʢʠ ʄ1 ʚʧʝʨʰʝ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʪʝʭʥʦʣʦʛʽʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ ʜʝʪʘʣʝʡ ʪʠʧʫ ʢʦʣʽʩ ʝʢʩʪʨʫʜʝʨʽʚ ʽʟ 

ʜʝʬʦʨʤʦʚʘʥʦʾ ʩʪʘʣʽ 4ʍ4ʅ5ʄ4ʌ2, ʦʜʝʨʞʘʥʠʭ ʝʣʝʢʪʨʦʰʣʘʢʦʚʠʤ ʢʦʢʽʣʴʥʠʤ 

ʣʠʪʪʷʤ ʟ ʧʨʦʚʝʜʝʥʥʷʤ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʞʠʤʽʚ ʪʝʨʤʽʯʥʦʾ ʪʘ ʜʝʬʦʨʤʘʮʽʡʥʦʾ 

ʦʙʨʦʙʢʠ (ʢʫʚʘʥʥʷ) ʩʪʘʣʽ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʫʩʧʽʰʥʦ ʝʢʩʧʣʫʘʪʫʚʘʪʠ ʽʥʩʪʨʫʤʝʥʪ 

ʥʠʞʯʝ ʢʨʠʪʠʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʪʦʯʢʠ ɸʩ1 ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ < 630 Üʉ. ɺ ʨʦʙʦʪʽ 

ʚʧʝʨʰʝ ʙʫʣʘ ʚʩʪʘʥʦʚʣʝʥʘ ʦʙʝʨʥʝʥʘ ʚʽʜʧʫʩʢʥʘ ʢʨʠʭʢʽʩʪʴ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʽʜʧʫʩʢʫ ʚʠʱʝ 630 Üʉ ʟ ʜʝʬʦʨʤʦʚʘʥʦʾ ʩʪʘʣʽ 4ʍ4ʅ5ʄ4ʌ2. ʎʝ ʙʫʣʦ ʧʦʚôʷʟʘʥʦ 

ʽʟ  ʫʪʚʦʨʝʥʥʷʤ ʢʘʨʙʽʜʥʦʾ ʬʘʟʠ ʪʠʧʫ ʄ7ʉ3, ʧʨʠ ʷʢʽʡ ʟʥʠʞʫʻʪʴʩʷ ʪʚʝʨʜʽʩʪʴ 

(ʥʠʞʯʝ 40 HRC) ʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ ʨʦʟʤʽʮʥʝʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ 

ʛʘʨʷʯʦʤʫ ʜʝʬʦʨʤʫʚʘʥʥʽ ʽʥʩʪʨʫʤʝʥʪ ʥʝ ʧʝʨʝʛʨʽʚʘʚʩʷ ʚʠʱʝ ʧʦʯʘʪʢʦʚʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ (630 Üʉ) ʽʩʥʫʚʘʥʥʷ ʦʙʝʨʥʝʥʦʾ ʚʽʜʧʫʩʢʥʦʾ ʢʨʠʭʢʦʩʪʽ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʪʘʣʴ ʟ ʨʝʛʫʣʴʦʚʘʥʠʤ ʘʫʩʪʝʥʽʪʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʧʽʜ 

ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʝʣʝʢʪʨʦʰʣʘʢʦʚʝ ʢʦʢʽʣʴʥʝ ʣʠʪʪʷ, ʪʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ, 

ʪʝʤʧʝʨʘʪʫʨʘ, ʬʘʟʘ, ʩʪʨʫʢʪʫʨʘ, ʢʘʨʙʽʜʥʘ ʬʘʟʘ, ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

 

ABSTRACT 

 

Sydorchuk O.M. ï Development of scientific principles of structure and 

properties formation in the manufacture of stamped steels for hot deformation of 

copper, copper-nickel and aluminum alloys ï On the rights of the manuscript. 
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The Doctor degree in Technical Science thesis on speciality 05.02.01 ï 

çMaterials scienceè. I.M. Franceviʩh Institute for Problems of Material Science, 

NAS of Ukraine, Kyiv, 2025. 

The dissertation is aimed at solving the scientific and technical problem of 

improving the service properties of tools made of steel with austenitic 

transformation control during operation (RATE) under extreme temperature and 

power conditions of operation. 

The thesis is based on the idea of simplifying and reducing the cost of the 

technology for producing cast steels with controlled austenitic transformation 

during the operation of 4Kh3N5M3F and 4Kh4N5M4F2 grades by using the 

technology of electroslag pitch casting to achieve higher physical, mechanical, and 

service properties compared to 3Kh3M3F stamp deformable steels of increased 

and high heat resistance, 4Kh5ʄF1S and 3Kh2W8F, produced by conventional 

foundry technology. The use of the electroslag pitch casting technology to produce 

ingots allows us to reduce the energy-intensive technological operation of forging, 

which makes it possible to successfully operate 4Kh3N5M3F cast steel for hot 

deformation of MNZh5-1 copper-nickel alloy at operating temperatures of 900-

950  ÁC, i.e., above the critical temperature point Aʩ3 (850 ÁC), and 4Kh4N5M4F2 

steel with increased heat resistance for hot deformation of M1 copper and AK7ch 

aluminum alloy at operating temperatures below the critical temperature 

point Aʩ1 (700 ÁC). 

This work was the first to determine the temperature range of irreversible 

tempering brittleness of 4Kh4N5M4F2 cast steel at temperatures below the critical 

temperature point Aʩ1 ï 450-500 Üʉ and to determine the cause of its brittleness. It 

was found that the tool made of the studied steel did not overheat at temperatures 

of irreversible tempering brittleness during hot deformation of the aluminum alloy 

AK7ch. For hot deformation of copper grade M1, a technology for manufacturing 

large-sized parts such as extruder wheels from deformed 4Kh4N5M4F2 steel 

obtained by electroslag coil casting with optimization of the modes of thermal and 
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deformation treatment (forging) of steel was developed for the first time, which 

made it possible to successfully operate the tool below the critical temperature 

point Ac1 at a temperature < 630 Üʉ. For the first time, we have established the 

reverse tempering brittleness at a tempering temperature above 630 ÁC for 

deformed 4Kh4N5M4F2 steel. This was due to the formation of a carbide phase of 

the M7C3 type, at which the hardness decreases (below 40 HRC) and the 

carburizing process occurs. It was found that during hot deformation, the tool did 

not overheat above the initial temperature (630 Üʉ) of the existence of the reverse 

tempering brittleness. 

Keywords: steel with controlled austenitic transformation during operation, 

electroslag coil casting, heat treatment, temperature, phase, structure, carbide 

phase, physical, mechanical and operational properties 
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ʂ.ʆ. ɻʦʛʘʻʚ, ʆ.ʇ.  ʃʘʩʢʦʥʻʚ, ʆ.ʂ. ʈʘʜʯʝʥʢʦ, ʃ.ʈ. ɼʫʜʝʮʢʘʷ, ʆ.ʄ. ʉʠʜʦʨʯʫʢ // 

ɸʥʦʪʦʚʘʥʠʡ ʟʙʽʨʥʠʢ ʧʨʦʝʢʪʽʚ ʩʧʽʣʴʥʦʛʦ ʢʦʥʢʫʨʩʫ ɼʌʌɼ-ɹʈʌʌɼ. ï ʂ.: 

ɸʢʘʜʝʤʧʝʨʽʦʜʠʢʘ, 2017. ï ʉ. 125-128 (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: 

ʥʘʧʠʩʘʥʥʷ ʪʝʢʩʪʫ ʩʪʘʪʪʽ ʪʘ ʧʽʜʛʦʪʦʚʢʘ ʽʣʶʩʪʨʘʮʽʡ). 

13. ʉʠʜʦʨʯʫʢ ʆ.ʄ. ʇʽʜʚʠʱʝʥʥʷ ʪʝʧʣʦʩʪʽʡʢʦʩʪʽ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʰʪʘʤʧʦʚʦʾ ʩʪʘʣʽ ʟ ʨʝʛʫʣʶʚʘʥʥʷʤ ʘʫʩʪʝʥʽʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ 

/ ʆ.ʄ. ʉʠʜʦʨʯʫʢ, ɼ.ɺ. ʄʠʨʦʥʶʢ, ʆ.ʂ. ʈʘʜʯʝʥʢʦ, ʂ.ʆ. ɻʦʛʘʻʚ, ɭ. ʍʦʥʛʛʫʘʥʛ //  

ʄʝʪʘʣʦʟʥʘʚʩʪʚʦ ʪʘ ʦʙʨʦʙʢʘ ʤʝʪʘʣʽʚ ï 2019. ˉ  2. ï ʉ. 19-25 (ʆʩʦʙʠʩʪʠʡ 

ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʧʽʜʚʠʱʝʥʥʷ ʪʝʧʣʦʩʪʽʡʢʦʩʪʽ ʣʠʪʦʾ ʩʪʘʣʽ, ʥʘʧʠʩʘʥʥʷ ʪʝʢʩʪʫ 

ʩʪʘʪʪʽ ʪʘ ʧʽʜʛʦʪʦʚʢʘ ʽʣʶʩʪʨʘʮʽʡ). 

14. ʉʠʜʦʨʯʫʢ ʆ.ʄ. ʊʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ ʰʪʘʤʧʦʚʦʾ ʩʪʘʣʽ ʧʽʜʚʠʱʝʥʦʾ 

ʩʪʽʡʢʦʩʪʽ / ʆ.ʄ. ʉʠʜʦʨʯʫʢ, ʂ.ʆ. ɻʦʛʘʻʚ, ʆ.ʂ. ʈʘʜʯʝʥʢʦ, ʃ.ɸ. ʄʠʨʦʥʶʢ, 

ɼ.ɺ. ʄʠʨʦʥʶʢ // ʄʝʪʘʣʦʟʥʘʚʩʪʚʦ ʪʘ ʦʙʨʦʙʢʘ ʤʝʪʘʣʽʚ ï 2020. ˉ 2. ï ʉ. 29-37. 
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(ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʨʦʟʨʦʙʢʘ ʨʝʞʠʤʽʚ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʣʠʪʦʾ 

ʩʪʘʣʽ, ʥʘʧʠʩʘʥʥʷ ʪʝʢʩʪʫ ʩʪʘʪʪʽ ʪʘ ʧʽʜʛʦʪʦʚʢʘ ʽʣʶʩʪʨʘʮʽʡ). 

15. ʉʠʜʦʨʯʫʢ ʆ.ʄ. ʐʪʘʤʧʦʚʘ ʢʦʚʘʥʘ ʩʪʘʣʴ 4ʍ4ʅ5ʄ4ʌ2 ʧʽʜʚʠʱʝʥʦʾ 

ʩʪʽʡʢʦʩʪʽ / ʆ.ʄ. ʉʠʜʦʨʯʫʢ, ʃ.ɸ. ʄʠʨʦʥʶʢ, ɼ.ɺ. ʄʠʨʦʥʶʢ, ʂ.ʆ. ɻʦʛʘʻʚ, 

ʆ.ʂ. ʈʘʜʯʝʥʢʦ // ʄʝʪʘʣʦʟʥʘʚʩʪʚʦ ʪʘ ʦʙʨʦʙʢʘ ʤʝʪʘʣʽʚ ï 2020.  ˉ 4. ï ʉ. 3-11. 

(ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʨʦʟʨʦʙʢʘ ʨʝʞʠʤʽʚ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ 

ʜʝʬʦʨʤʦʚʘʥʦʾ ʩʪʘʣʽ, ʥʘʧʠʩʘʥʥʷ ʪʝʢʩʪʫ ʩʪʘʪʪʽ ʪʘ ʧʽʜʛʦʪʦʚʢʘ ʽʣʶʩʪʨʘʮʽʡ). 

16. ʉʠʜʦʨʯʫʢ ʆ.ʄ. ʃʠʪʘ ʩʪʘʣʴ ʟ ʨʝʛʫʣʴʦʚʘʥʠʤ ʘʫʩʪʝʥʽʪʥʠʤ 

ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʦʜʝʨʞʘʥʘ ʝʣʝʢʪʨʦʰʣʘʢʦʚʠʤ ʧʝʨʝʧʣʘʚʦʤ 

/ ʆ.ʄ. ʉʠʜʦʨʯʫʢ, ɸ.ɸ. ʄʘʤʦʥʦʚʘ, ɺ.ɺ. ʃʫʢô̫ ʥʯʫʢ, ʂ.ʆ. ɻʦʛʘʻʚ, 

ʆ.ʂ. ʈʘʜʯʝʥʢʦ, ʃ.ɸ. ʄʠʨʦʥʶʢ, ɺ.ʇ. ʂʦʥʦʚʘʣ, ɻ.ʃ. ʐʚʝʜʦʚʘ, ɼ.ɺ. ʄʠʨʦʥʶʢ 

//  ʋʩʧʽʭʠ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ï 2020. ˉ 1. ï ʉ. 77-85. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ 

ʟʜʦʙʫʚʘʯʘ: ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʩʪʘʣʽ ʚ ʣʠʪʦʤʫ ʩʪʘʥʽ, ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ 

ʜʘʥʠʭ, ʥʘʧʠʩʘʥʥʷ ʪʝʢʩʪʫ ʩʪʘʪʪʽ ʪʘ ʧʽʜʛʦʪʦʚʢʘ ʽʣʶʩʪʨʘʮʽʡ). 

17. ʉʠʜʦʨʯʫʢ ʆ.ʄ. ɺʣʘʩʪʠʚʦʩʪʽ ʰʪʘʤʧʦʚʦʾ ʩʪʘʣʽ 4ʍ4ʅ5ʄ4ʌ2 ʜʣʷ 

ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ ʪʘ ʩʧʣʘʚʽʚ // ɺʽʩʥʠʢ ɺʽʥʥʠʮʴʢʦʛʦ 

ʧʦʣʽʪʝʭʥʽʯʥʦʛʦ ʽʥʩʪʠʪʫʪʫ ï 2021. ˉ 1. ï C. 108-112 (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ 

ʟʜʦʙʫʚʘʯʘ: ʚʠʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʪʘʣʽ ʪʘ ʧʨʦʚʝʜʝʥʥʷ 

ʜʦʩʣʽʜʥʦ-ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʽʥʩʪʨʫʤʝʥʪʫ ʟʽ ʩʪʘʣʽ ʟ ʈɸʇɽ ʜʣʷ 

ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʽʜʽ, ʘʣʶʤʽʥʽʶ ʪʘ ʾʭ ʩʧʣʘʚʽʚ, ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ, 

ʥʘʧʠʩʘʥʥʷ ʪʝʢʩʪʫ ʩʪʘʪʪʽ ʪʘ ʧʽʜʛʦʪʦʚʢʘ ʽʣʶʩʪʨʘʮʽʡ). 

18. ʉʠʜʦʨʯʫʢ ʆ.ʄ. ɺʧʣʠʚ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʥʘ ʰʪʘʤʧʦʚʫ ʩʪʘʣʴ 

4ʍ4ʅ5ʄ4ʌ2 ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʾʾ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ // ɺʽʩʥʠʢ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʍʇɯè, ʩʝʨʽʷ ñʅʦʚʽ ʨʽʰʝʥʥʷ ʚ 

ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭò ï  2021. ˉ1. ï ʉ. 34-38 (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: 

ʚʠʟʥʘʯʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʣʠʪʦʾ ʪʘ ʜʝʬʦʨʤʦʚʘʥʦʾ ʩʪʘʣʽ, 

ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ, ʥʘʧʠʩʘʥʥʷ ʪʝʢʩʪʫ ʩʪʘʪʪʽ ʪʘ ʧʽʜʛʦʪʦʚʢʘ ʽʣʶʩʪʨʘʮʽʡ). 

19. ʉʠʜʦʨʯʫʢ ʆ.ʄ. ʉʪʘʣʴ ʟ ʨʝʛʫʣʶʚʘʥʥʷʤ ʘʫʩʪʝʥʽʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ // ʄʝʪʘʣʦʟʥʘʚʩʪʚʦ ʪʘ ʦʙʨʦʙʢʘ ʤʝʪʘʣʽʚ ï 2021. ̄  2. ï ʉ. 47-53 



10 
 

 

(ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ, ʥʘʧʠʩʘʥʥʷ ʪʝʢʩʪʫ 

ʩʪʘʪʪʽ). 

20. ʉʠʜʦʨʯʫʢ ʆ.ʄ. ʆʜʝʨʞʘʥʥʷ ʪʨʫʙʥʠʭ ʟʘʛʦʪʦʚʦʢ ʟ ʤʽʜʥʦ -ʥʽʢʝʣʝʚʦʛʦ 

ʩʧʣʘʚʫ ʄʅɾ5-1 ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʽʥʩʪʨʫʤʝʥʪʫ ʟ ʰʪʘʤʧʦʚʦʾ ʩʪʘʣʽ 

ʨʝʛʫʣʶʚʘʥʥʷʤ ʘʫʩʪʝʥʽʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ // ʅʦʚʽ ʤʘʪʝʨʽʘʣʠ ʽ 

ʪʝʭʥʦʣʦʛʽʾ ʚ ʤʝʪʘʣʫʨʛʽʾ ʪʘ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ, ɿʘʧʦʨʽʟʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ. ï  2021. ˉ 1. ï ʉ. 23-28 (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: 

ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʥʦ-ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʽʥʩʪʨʫʤʝʥʪʫ ʽʟ ʩʪʘʣʽ ʟ ʈɸʇɽ 

ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʽʜʥʦ-ʥʽʢʝʣʝʚʦʛʦ ʩʧʣʘʚʫ, ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ 

ʜʘʥʠʭ, ʥʘʧʠʩʘʥʥʷ ʪʝʢʩʪʫ ʩʪʘʪʪʽ ʪʘ ʧʽʜʛʦʪʦʚʢʘ ʽʣʶʩʪʨʘʮʽʡ). 

21. ʉʠʜʦʨʯʫʢ ʆ.ʄ. ʃʠʪʘ ʰʪʘʤʧʦʚʘ ʩʪʘʣʴ 4ʍ4ʅ5ʄ4ʌ2 ʜʣʷ ʧʨʝʩ-ʬʦʨʤ 

ʛʘʨʷʯʦʛʦ ʧʨʝʩʫʚʘʥʥʷ ʤʽʜʽ ʄ1 ʪʘ ʘʣʶʤʽʥʽʻʚʦʛʦ ʩʧʣʘʚʫ ɸʂ7ʯ // ʋʩʧʽʭʠ 

ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ï 2021. ˉ 1. ï ʉ. 54-62 (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: 

ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʥʦ-ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʽʥʩʪʨʫʤʝʥʪʫ ʟ ʰʪʘʤʧʦʚʦʾ 

ʩʪʘʣʽ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʽʜʽ ʪʘ ʘʣʶʤʽʥʽʻʚʦʛʦ ʩʧʣʘʚʫ, ʘʥʘʣʽʟ 

ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ, ʥʘʧʠʩʘʥʥʷ ʪʝʢʩʪʫ ʩʪʘʪʪʽ ʪʘ ʧʽʜʛʦʪʦʚʢʘ ʽʣʶʩʪʨʘʮʽʡ). 

22. ʉʠʜʦʨʯʫʢ ʆ.ʄ. ɺʽʜʧʫʩʢʥʘ ʢʨʠʭʢʽʩʪʴ ʰʪʘʤʧʦʚʦʾ ʣʠʪʦʾ ʩʪʘʣʽ 

4ʍ4ʅ5ʄ4ʌ2 / ʆ.ʄ. ʉʠʜʦʨʯʫʢ, ʆ.ɯ. ɹʠʢʦʚ, ɸ.ʇ. ʇʦʟʥʽʡ // ʄʝʪʘʣʦʟʥʘʚʩʪʚʦ ʪʘ 

ʦʙʨʦʙʢʘ ʤʝʪʘʣʽʚ ï 2021. ï ˉ 3. ï ʉ. 57-61 (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: 

ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʥʝʦʙʝʨʥʝʥʦʾ ʚʽʜʧʫʩʢʥʦʾ ʢʨʠʭʢʦʩʪʽ ʩʪʘʣʽ 

ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʠʯʠʥʠ ʾʾ ʚʠʥʠʢʥʝʥʥʷ, ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ, ʥʘʧʠʩʘʥʥʷ 

ʪʝʢʩʪʫ ʩʪʘʪʪʽ ʪʘ ʧʽʜʛʦʪʦʚʢʘ ʽʣʶʩʪʨʘʮʽʡ). 

23. ʉʠʜʦʨʯʫʢ ʆ.ʄ. ʊʝʭʥʦʣʦʛʽʯʥʽ ʦʩʥʦʚʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ ʟ 

ʰʪʘʤʧʦʚʦʾ ʩʪʘʣʽ 4ʍ3ʅ5ʄ3ʌ // ʅʦʚʽ ʤʘʪʝʨʽʘʣʠ ʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʤʝʪʘʣʫʨʛʽʾ ʪʘ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ, ɿʘʧʦʨʽʟʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ï 2021. 

ˉ 2. ï C. 17-20 (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʥʦ-

ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʽʥʩʪʨʫʤʝʥʪʫ ʟ ʣʠʪʦʾ ʰʪʘʤʧʦʚʦʾ ʩʪʘʣʽ ʜʣʷ ʛʘʨʷʯʦʛʦ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʽʜʽ, ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ, ʥʘʧʠʩʘʥʥʷ ʪʝʢʩʪʫ ʩʪʘʪʪʽ ʪʘ 

ʧʽʜʛʦʪʦʚʢʘ ʽʣʶʩʪʨʘʮʽʡ). 
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24. ʉʠʜʦʨʯʫʢ ʆ.ʄ. ʐʪʘʤʧʦʚʘ ʩʪʘʣʴ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʽʜʽ 

// ʅʦʚʽ ʤʘʪʝʨʽʘʣʠ ʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʤʝʪʘʣʫʨʛʽʾ ʪʘ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ, ɿʘʧʦʨʽʟʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ. ï 2022. ˉ 1. ï ʉ. 49-52 (ʆʩʦʙʠʩʪʠʡ 

ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʥʦ-ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ 

ʽʥʩʪʨʫʤʝʥʪʫ ʟ ʜʝʬʦʨʤʦʚʘʥʦʾ ʰʪʘʤʧʦʚʦʾ ʩʪʘʣʽ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʤʽʜʽ, ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ, ʥʘʧʠʩʘʥʥʷ ʪʝʢʩʪʫ ʩʪʘʪʪʽ ʪʘ ʧʽʜʛʦʪʦʚʢʘ 

ʽʣʶʩʪʨʘʮʽʡ). 

25. ʉʠʜʦʨʯʫʢ ʆ.ʄ. ʐʪʘʤʧʦʚʘ ʩʪʘʣʴ 4ʍ4ʅ5ʄ4ʌ2 (ʙʝʟ ʪʝʭʥʦʣʦʛʽʾ 

ʢʫʚʘʥʥʷ) ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʘʣʶʤʽʥʽʻʚʦʛʦ ʩʧʣʘʚʫ // ʅʦʚʽ ʤʘʪʝʨʽʘʣʠ ʽ 

ʪʝʭʥʦʣʦʛʽʾ ʚ ʤʝʪʘʣʫʨʛʽʾ ʪʘ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ, ɿʘʧʦʨʽʟʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ï 2022.  ˉ 2 ï ʉ. 46-49 (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: 

ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʥʦ-ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʽʥʩʪʨʫʤʝʥʪʫ ʟ ʣʠʪʦʾ 

ʰʪʘʤʧʦʚʦʾ ʩʪʘʣʽ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʘʣʶʤʽʥʽʻʚʦʛʦ ʩʧʣʘʚʫ, ʘʥʘʣʽʟ 

ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ, ʥʘʧʠʩʘʥʥʷ ʪʝʢʩʪʫ ʩʪʘʪʪʽ ʪʘ ʧʽʜʛʦʪʦʚʢʘ ʽʣʶʩʪʨʘʮʽʡ). 

ʇʘʪʝʥʪʠ. 

26. ɻʦʛʘʻʚ ʂ.ʆ. ʉʧʦʩʽʙ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʩʪʘʣʽ ʜʣʷ ʛʘʨʷʯʦʛʦ 

ʧʨʝʩʫʚʘʥʥʷ / ʂ.ʆ. ɻʦʛʘʻʚ, ʆ.ʄ. ʉʠʜʦʨʯʫʢ, ʆ.ʂ. ʈʘʜʯʝʥʢʦ, ɺ.ɺ. ʃʫʢô̫ ʥʯʫʢ 

// ʇʘʪʝʥʪ, ˉ 94746, ʋʢʨʘʾʥʘ UA, ʄʇʂ ʉ21D 8/00. ï ʦʧʫʙʣ. 25.11.2014.  

27. ɻʦʛʘʻʚ ʂ.ʆ. ʐʪʘʤʧʦʚʘ ʩʪʘʣʴ / ʂ.ʆ. ɻʦʛʘʻʚ, ʆ.ʂ. ʈʘʜʯʝʥʢʦ, 

ʆ.ʄ. ʉʠʜʦʨʯʫʢ, ɼ.ɺ. ʄʠʨʦʥʶʢ // ʇʘʪʝʥʪ, ˉ 141447, ʋʢʨʘʾʥʘ UA, ʄʇʂ 

ʉ22ʉ 38/00. ï ʦʧʫʙʣ. 10.04.2020.  

ʇʨʘʮʽ, ʷʢʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʘʧʨʦʙʘʮʽʶ ʤʘʪʝʨʽʘʣʽʚ ʜʠʩʝʨʪʘʮʽʾ. 

28. Sydorchuk O.M. The new tool steel for warm die forming of Al and Cu 

alloys / O. Sydorchuk, D. Myroniuk, Hongguang Ye, G. Bagliuk 

// 10th Internacional conference  çAdvanced materials and technologies: From idea 

to marketè, Ninghai, China ï 2018. ï Oct. 24-26, ʈ. ï 52 (ʆʯʥʘ ʫʯʘʩʪʴ). 

29. Sydorchuk O. M. The manufacture of die-casting tool for mold casting 

of copper and copper alloys / O. Sydorchuk, D. Myroniuk, Hongguang Ye, 

G. Bagliuk // 10th Internacional conference çAdvanced materials and technologies: 
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From idea to marketè, Ninghai, China ï 2018. ï Oct. 24-26, ʈ. ï 139 (ʆʯʥʘ 

ʫʯʘʩʪʴ). 

30. ʉʠʜʦʨʯʫʢ ʆ.ʄ. ʐʪʘʤʧʦʚʘ ʩʪʘʣʴ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ ʪʘ ʩʧʣʘʚʽʚ. ʊʝʟ. ʜʦʧʦʚ. ʢʦʥʬʝʨʝʥʮʽʡ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ 

çɯʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ ʚ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʮʴʢʽʡ ʨʦʙʦʪʽ ʤʦʣʦʜʠʭ 

ʚʯʝʥʠʭ ɺʌʊʇʄè, ʩ.  ʉʠʯʘʚʢʘ, ʆʜʝʩʴʢʘ ʦʙʣ., ʋʢʨʘʾʥʘ ï 2021. ï 3-5 ʚʝʨʝʩʥʷ, 

ʉ. 28-32 (ʆʯʥʘ ʫʯʘʩʪʴ). 

31. ʉʠʜʦʨʯʫʢ ʆ.ʄ. ʉʪʨʫʢʪʫʨʘ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʚʘʥʦʾ ʩʪʘʣʽ 

4ʍ4ʅ5ʄ4ʌ2 ʟ ʨʝʛʫʣʴʦʚʘʥʠʤ ʘʫʩʪʝʥʽʪʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ / ʆ.ʄ. ʉʠʜʦʨʯʫʢ, 

ʂ.ʆ. ɻʦʛʘʻʚ, ʆ.ʄ. ʄʠʩʣʠʚʯʝʥʢʦ, A.I. Avetisyan, Hongguang Ye, çʖʚʽʣʝʡʥʘ 

ʢʦʥʬʝʨʝʥʮʽʷ 30 ʨʦʢʽʚ ɯʥʩʪʠʪʫʪʫ ʝʣʝʢʪʨʦʥʥʦʾ ʬʽʟʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠè ʤ. 

ʋʞʛʦʨʦʜ, ʋʢʨʘʾʥʘ ï 2022. ï 21-23 ʚʝʨʝʩʥʷ, ʉ. 224-226 (ɿʘʦʯʥʘ ʫʯʘʩʪʴ). 

32. Sydorchuk O.M. Die steel for hot deformation of copper and copper 

alloys /  O. Sydorchuk, G. Bagliuk, D. Myroniuk, O. Myslyvchenko, Hongguang 

Ye. // 8
th
 International BAPT Conference çPower Transmissions 2022è MATEC 

Web of Conferences, 04003 ï 2022. ï P. 366 (ɿʘʦʯʥʘ ʫʯʘʩʪʴ). 

https://doi.org/10.1051/matecconf/202236604003 

33. ʉʠʜʦʨʯʫʢ ʆ.ʄ. ʆʜʝʨʞʘʥʥʷ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ 4ʍ3ʅ5ʄ3ʌ ʪʘ 

4ʍ4ʅ5ʄ4ʌ2 ʝʣʝʢʪʨʦʰʣʘʢʦʚʠʤ ʧʝʨʝʧʣʘʚʦʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʧʪʠʤʘʣʴʥʠʭ 

ʨʝʞʠʤʽʚ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ / ʆ.ʄ. ʉʠʜʦʨʯʫʢ, ʂ.ʆ. ɻʦʛʘʻʚ, ɺ.ɺ. ʃʫʢôʷʥʯʫʢ 

ɺʩʝʫʢʨʘʾʥʩʴʢʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʅʘʫʢʘ ʽ ʤʝʪʘʣʫʨʛʽʷè 

ɯʥʩʪʠʪʫʪ ʯʦʨʥʦʾ ʤʝʪʘʣʫʨʛʽʾ ʽʤ. ɿ.ɯ. ʅʝʢʨʘʩʦʚʘ ʅɸʅ ʋʢʨʘʾʥʠ, ʤ. ɼʥʽʧʨʦ, 

ʋʢʨʘʾʥʘ ï 2022. ï 22-24 ʣʠʩʪʦʧʘʜʘ, ʉ. 61-63 (ɿʘʦʯʥʘ ʫʯʘʩʪʴ). 

34. ʉʠʜʦʨʯʫʢ ʆ.ʄ. ʏʘʩʪʢʦʚʘ ʧʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʷ ʰʪʘʤʧʦʚʦʾ ʩʪʘʣʽ 

(4ʍ4ʅ5ʄ4ʌ2) ʟ ʨʝʛʫʣʶʚʘʥʥʷʤ ʘʫʩʪʝʥʽʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ 

/ ʆ.ʄ. ʉʠʜʦʨʯʫʢ, ʂ.ʆ. ɻʦʛʘʻʚ, ɺ.ɺ. ʃʫʢôʷʥʯʫʢ, ʆ.ʂ. ʈʘʜʯʝʥʢʦ, A.I. Avetisyan, 

Hongguang Ye // ʄʽʞʥʘʨʦʜʥʠʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʡ ʞʫʨʥʘʣ çWeeScienceè 

4th International Scientific and Practical Internet Conference çIntegration of 
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education, science and business in modern environment: winter debatesè, 

ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ ï 2023. ï 23-24 ʣʶʪʦʛʦ, ʉ. 257-258 (ɿʘʦʯʥʘ ʫʯʘʩʪʴ). 

35. ʉʠʜʦʨʯʫʢ ʆ.ʄ. ʉʪʨʫʢʪʫʨʘ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʰʪʘʤʧʦʚʦʾ ʩʪʘʣʽ ʜʣʷ 

ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ ʪʘ ʩʧʣʘʚʽʚ / ʆ.ʄ. ʉʠʜʦʨʯʫʢ, 

ʗ.ɯ. ɭʚʠʯ, ʆ.ʄ. ʄʠʩʣʠʚʯʝʥʢʦ, ɼ.ɺ. ʄʠʨʦʥʶʢ, ʃ.ɸ. ʄʠʨʦʥʶʢ // ʄʝʪʘʣʝʚʽ 

ʤʘʪʝʨʽʘʣʠ ʾʭ ʚʠʨʦʙʥʠʮʪʚʦ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʫʯʘʩʥʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ: ʤʘʪʝʨʽʘʣʠ ɯʍ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ 

ʚʯʝʥʠʭ ʋʢʨʘʾʥʠ, ʌʊɯʄʉ ʅɸʅ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ ï 2023. ï 18-

19 ʪʨʘʚʥʷ, ʉ. 55-57 (ɿʘʦʯʥʘ ʫʯʘʩʪʴ). 

36. ʉʠʜʦʨʯʫʢ ʆ.ʄ. ʉʪʘʣʴ ʟ ʨʝʛʫʣʶʚʘʥʥʷʤ ʘʫʩʪʝʥʽʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʽʜʥʦʛʦ ʩʧʣʘʚʫ ʤʘʨʢʠ ʄʅɾ 5-1 

// ʄʘʪʝʨʽʘʣʠ XXVI ʤʽʞʥ. ʥʘʫʢ.-ʧʨʘʢʪ. ʢʦʥʬ., çʊʝʭʥʦʣʦʛʽʷ ï 2023è, ʉʭʽʜʥʦʫʢʨ. 

ʥʘʮ. ʫʥ-ʪ ʽʤ. ɺ. ɼʘʣʷ, ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ ï 2023. ï 26 ʪʨʘʚʥʷ, C. 164-165 

(ɿʘʦʯʥʘ ʫʯʘʩʪʴ). 

37. ʉʠʜʦʨʯʫʢ ʆ.ʄ. ɺʽʜʧʫʩʢʥʘ ʢʨʠʭʢʽʩʪʴ ʰʪʘʤʧʦʚʦʾ ʩʪʘʣʽ 4ʍ4ʅ5ʄ4ʌ2 

(ʙʝʟ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ) / ʆ.ʄ. ʉʠʜʦʨʯʫʢ, ʂ.ʆ. ɻʦʛʘʻʚ, 

ʆ.ʂ. ʈʘʜʯʝʥʢʦ, ʄ. ɻʝʡʙʘʪ ʦʛʣʠ ɸʩʢʝʨʦʚ, ʖ.ʄ. ʇʦʜʨʝʟʦʚ, ʗ.ɯ. ɭʚʠʯ // ʄʽʞʥ. 

ʢʦʥʬ., çʄʘʪʝʨʽʘʣʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʚ ʽʥʞʝʥʝʨʽʾ (ʄʊɯ-2023)è, ʃʫʮʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʃʫʮʴʢ, ʋʢʨʘʾʥʘ ï 2023. ï 16-18 

ʪʨʘʚʥʷ, C. 240-241 (ɿʘʦʯʥʘ ʫʯʘʩʪʴ). 

38. ʉʠʜʦʨʯʫʢ ʆ.ʄ. ʆʧʪʠʤʽʟʘʮʽʷ ʨʝʞʠʤʽʚ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʩʪʘʣʽ 

ʟ ʨʝʛʫʣʴʦʚʘʥʠʤ ʘʫʩʪʝʥʽʪʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʣʷ ʛʘʨʷʯʦʛʦ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ ʪʘ ʩʧʣʘʚʽʚ / ʆ.ʄ. ʉʠʜʦʨʯʫʢ, ʂ.ʆ. ɻʦʛʘʻʚ, 

ʆ.ʂ. ʈʘʜʯʝʥʢʦ, ɼ.ɺ. ʄʠʨʦʥʶʢ, A.I. Avetisyan, Hongguang Ye // ʄʘʪʝʨʽʘʣʠ LII  

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʧʽʜʨʦʟʜʽʣʽʚ ɺʽʥʥʠʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ  

ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʅʊʂʇ ɺʅʊʋ-2023è, ʤ. ɺʽʥʥʠʮʷ, ʋʢʨʘʾʥʘ ï 2023. ï  

21-23 ʯʝʨʚʥ,̫ ʉ. 2779-2781 (ɿʘʦʯʥʘ ʫʯʘʩʪʴ). 
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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ 
 

ʈɸʇɽ ï ʩʪʘʣʴ ʟ ʨʝʛʫʣʴʦʚʘʥʠʤ ʘʫʩʪʝʥʽʪʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʧʽʜ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʐʉɻɼ ï ʰʪʘʤʧʦʚʘ ʩʪʘʣʴ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ɽʐʂʃ ï ʝʣʝʢʪʨʦʰʣʘʢʦʚʝ ʢʦʢʽʣʴʥʝ ʣʠʪʪʷ 

ʊʊʃɺ ï ʪʨʘʜʠʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽ ̫ʣʠʚʘʨʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

ɸʇ ï ʘʚʪʦʤʦʙʽʣʴʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪ ɹ

ʇʌ ï ʧʨʦʤʽʞʥʘ ʬʘʟʘ 

ʍʇʌɸ ï ʍ-ʧʨʦʤʝʥʝʚʠʡ ʬʘʟʦʚʠʡ ʘʥʘʣʽʟ 

D ï ʨʦʟʤʽʨ ʦʙʣʘʩʪʝʡ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ 

Da/a ï ʩʧʦʪʚʦʨʝʥʥʷ ˇʨʘʪʢʠ 

ʘ ï ʧʘʨʘʤʝʪʨ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ 

BEI ï ʝʣʝʢʪʨʦʥʥʘ ʚʽʟʫʘʣʽʟʘʮʽʷ ʟʚʦʨʦʪʥʴʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ 

EDX ï ʨʦʟʧʦʜʽʣ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ 

ɸc1 ï ʢʨʠʪʠʯʥʘ ʪʦʯʢʘ ʧʦʣʽʤʦʨʬʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʝʨʣʽʪʫ (ʬʝʨʠʪʦ -

ʮʝʤʝʥʪʠʪʥʦʾ ʩʫʤʽʰʽ) ʤʦʜʠʬʽʢʘʮʽʾ Ŭ-Fe ʚ ʘʫʩʪʝʥʽʪ ʤʦʜʠʬʽʢʘʮʽʾ ɔ-Fe 

ɸr1  ï ʢʨʠʪʠʯʥʘ ʪʦʯʢʘ ʧʦʣʽʤʦʨʬʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʘʫʩʪʝʥʽʪʫ ʤʦʜʠʬʽʢʘʮʽʾ 

ɔ-Fe ʚ ʧʝʨʣʽʪ ʤʦʜʠʬʽʢʘʮʽʾ Ŭ-Fe 

ɸc3 ï ʢʨʠʪʠʯʥʘ ʪʦʯʢʘ ʧʦʣʽʤʦʨʬʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʠ ʟʘʢʽʥʯʝʥʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʬʝʨʠʪʫ ʤʦʜʠʬʽʢʘʮʽʾ Ŭ-Fe ʚ ʘʫʩʪʝʥʽʪ ʤʦʜʠʬʽʢʘʮʽʾ ɔ-Fe  

ɸr3 ï ʢʨʠʪʠʯʥʘ ʪʦʯʢʘ ʧʦʣʽʤʦʨʬʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʠ ʧʦʯʘʪʢʫ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʘʫʩʪʝʥʽʪʫ ʤʦʜʠʬʽʢʘʮʽʾ ɔ-Fe ʚ ʬʝʨʠʪ ʤʦʜʠʬʽʢʘʮʽʾ Ŭ-Fe 

ʇ ï ʧʝʨʣʽʪ  

ɹ ï ʙʝʡʥʽʪ 

ʄʧ ï ʧʦʯʘʪʦʢ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʄʢ ï ʢʥ̔ʝʮʴ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ         

Ŭ Ÿ ɔ (ɸ Ÿ ʄ)  ï  ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʽʜ ʘʫʩʪʝʥʽʪʘ ʜʦ ʤʘʨʪʝʥʩʠʪʥʦʾ ʩʪʨʫʢʪʫʨʠ 

H11 ï ʩʪʘʣʴ, ʘʥʘʣʦʛ ʤʘʨʢʠ 3ʍ3ʄ3ʌ 

ʅ13 ï ʩʪʘʣʴ, ʘʥʘʣʦʛ ʤʘʨʢʠ 4ʍ5ʄʌ1ʉ 
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ʅ21 ï ʩʪʘʣʴ, ʘʥʘʣʦʛ ʤʘʨʢʠ 3ʍ2ɺ8ʌ 

ů0,2 ï ʤʝʞʘ ʧʣʠʥʥʦʩʪʽ ʟ ʜʦʧʫʩʢʦʤ ʥʘ ʟʘʣʠʰʢʦʚʫ ʜʝʬʦʨʤʘʮʽʶ 0,2 % ʧʨʠ 

ʨʦʟʪʷʛʫ, ʄʇʘ 

ůʚ ï ʤʝʞʘ ʤʽʮʥʦʩʪʽ ʧʨʠ ʨʦʟʪʷʛʫ, ʄʇʘ 

ű ï ʚʽʜʥʦʩʥʝ ʧʦʜʦʚʞʝʥʥʷ, % 

ɣ ï ʚʽʜʥʦʩʥʝ ʟʚʫʞʝʥʥʷ, % 

ʂʉ ï ʫʜʘʨʥʘ ʚô̫ ʟʢʽʩʪʴ (ʨʦʙʦʪʘ ʨʫʡʥʫʚʘʥʥʷ) ʥʘ ʟʨʘʟʢʘʭ ʪʠʧ ɯ ʟʘ ɻʆʉʊ 

9454-78 (10ʭ10ʭ55 ʙʝʟ ʥʘʜʨʽʟʫ), ɼʞ/ʩʤ
2
 

HRC ï ʪʚʝʨʜʽʩʪʴ ʧʦ ʈʦʢʚʝʣʫ 

ʅɺ ï ʪʚʝʨʜʽʩʪʴ ʧʦ ɹʨʽʥʝʣʶ 

ɟ ï ʧʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧ̔ʨ, ʆʤĿʤʤ
2
/ʤ 
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ɺʉʊʋʇ 
 

ʈʦʙʦʪʘ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʛʘʨʷʯʦʛʦ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ ʪʘ ʩʧʣʘʚʽʚ. ʊʨʘʜʠʮʽʡʥʠʡ ʥʘʧʨʷʤʦʢ, 

ʣʝʛʫʚʘʥʥʷ ʩʪʘʣʽ ʣʝʛʫʶʯʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʘʢʠʤʠ ʷʢ Co, W ʪʘ ʽʥ., ʱʦ 

ʧʽʜʚʠʱʫʶʪʴ ʢʨʠʪʠʯʥʫ ʪʝʤʧʝʨʘʪʫʨʥʫ ʪʦʯʢʫ ɸʩ1 ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʪʝʧʣʦʩʪʽʡʢʦʩʪʽ ʩʪʘʣʽ, ʘʣʝ ʮʝ ʥʝ ʟʘʜʦʚʽʣʴʥʷʣʦ ʧʦʪʨʝʙʫ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʽʥʩʪʨʫʤʝʥʪʫ ʟʘ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚʠʱʝ ʢʨʠʪʠʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ɸʩ3 ʪʘ 

ʥʠʞʯʝ ɸʩ1. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʥʘʫʢʦʚʠʤ ʥʘʧʨʷʤʢʦʤ ʜʘʥʦʾ ʨʦʙʦʪʠ ʩʪʘʣʘ 

ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʩʪʘʣʝʡ ʟ ʧʦʥʠʞʝʥʦʶ ʢʨʠʪʠʯʥʦʶ ʪʝʤʧʝʨʘʪʫʨʥʦʶ ʪʦʯʢʦʶ ɸʩ1 

(ʩʪʘʣʽ ʟ ʈɸʇɽ ʪʘ ʾʤ ʧʦʜʽʙʥʽ) ʜʣʷ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʩʠʣʦʚʠʭ 

ʨʝʞʠʤʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ (ʤʘʪʨʠʮʽ, ʢʦʣʝʩʘ ʝʢʩʪʨʫʜʝʨʽʚ ʪʘ ʽʥʰʝ), ʟ ʧʽʜʚʠʱʝʥʠʤʠ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʽʥʩʪʨʫʤʝʥʪʫ ʙʝʟ ʣʝʛʫʚʘʥʥʷ ʩʪʘʣʽ 

ʣʝʛʫʶʯʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʟ ʚʠʩʦʢʦʶ ʚʘʨʪʽʩʪʶ.  

ʐʪʘʤʧʦʚʽ ʩʪʘʣʽ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʽʚ ʛʘʨʷʯʦʾ ʦʙô̒ ʤʥʦʾ ʰʪʘʤʧʦʚʢʠ, ʛʘʨʷʯʦʛʦ ʧʨʝʩʫʚʘʥʥʷ 

ʪʘ ʽʥʰʦʛʦ, ʱʦ ʧʨʘʮʶʶʪʴ ʫ ʚʘʞʢʠʭ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʩʠʣʦʚʠʭ ʫʤʦʚʘʭ. 

ʅʝʦʙʭʽʜʥʠʡ ʢʦʤʧʣʝʢʩ ʚʣʘʩʪʠʚʦʩʪʝʡ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʜʣʷ ʛʘʨʷʯʦʛʦ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʜʦʩʷʛʘʻʪʴʩʷ ʣʝʛʫʚʘʥʥʷʤ ʢʘʨʙʽʜʦʫʪʚʦʨʶʶʯʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

(ʭʨʦʤʦʤ, ʚʦʣʴʬʨʘʤʦʤ, ʤʦʣʽʙʜʝʥʦʤ ʪʘ ʚʘʥʘʜʽʻʤ) ʧʨʠ ʢʽʣʴʢʦʩʪʽ ʚʫʛʣʝʮʶ 0,3ï

0,4 %. ɹʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʻ ʢʦʤʧʣʝʢʩʥʝ ʣʝʛʫʚʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʚʽʜʤʽʥʥʦʶ 

ʦʩʦʙʣʠʚʽʩʪʶ ʦʪʨʠʤʘʥʠʭ ʩʪʘʣʝʡ ʻ ʥʝʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʦʢʨʝʤʠʭ ʣʝʛʫʶʯʠʭ 

ʝʣʝʤʝʥʪʽʚ. ɺʝʣʠʢʠʡ ʚʥʝʩʦʢ ʫ ʨʦʟʚʠʪʦʢ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, 

ʟʦʢʨʝʤʘ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʟʨʦʙʠʣʠ 

ʩʧʽʚʨʦʙʽʪʥʠʢʠ ,,ʋʢʨʅɯɯʩʧʝʮʩʪʘʣʽ,, ʉ.ɯ. ʊʽʰʘʻʚ, ʖ.ʄ. ʉʢʨʠʥʯʝʥʢʦ, 

ʖ.ʄ. ʇʦʣʽʪʘʻʚ, ʖ.ʅ. ʂʫʟʴʤʝʥʢʦ, ʷʢʽ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʪʘ ʙʝʟʧʦʩʝʨʝʜʥʽʡ 

ʫʯʘʩʪʽ ʃ.ʆ. ʇʦʟʥʷʢʘ ʩʪʚʦʨʠʣʠ ʥʦʚʽ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʽ ʩʪʘʣʽ ʤʘʨʦʢ 4ʍ4ɺʄʌʉ 

(ɼʀ-22), 5ʍ3ɺ3ʄʌʉ (ɼʀ-23), 5ʍ2ʄʅʌ (ɼʀ-32) ʪʘ ʽʥʰʽ [1-17]. ʅʠʤʠ ʙʫʣʠ 

ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʚʠʤʦʛʠ ʜʦ ʩʢʣʘʜʫ ʪʘ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʯʥʠʭ, 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʩʪʘʣʝʡ.  
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ɿʥʦʩʦʩʪʽʡʢʽʩʪʴ ʪʘ ʪʝʨʤʦʩʪʽʡʢʽʩʪʴ ʟʘ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʻ ʥʘʡʙʽʣʴʰ 

ʚʘʞʣʠʚʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ. 

ɿʥʦʰʫʚʘʥʥʷ, ʨʦʟʛʘʨ (ʧʦʥʠʞʝʥʘ ʪʝʨʤʦʩʪʽʡʢʽʩʪʴ) ʪʘ ʟʥʠʞʝʥʥʷ ʪʝʧʣʦʩʪʽʡʢʦʩʪʽ 

 ̒ʦʩʥʦʚʥʠʤʠ ʧʨʠʯʠʥʘʤʠ ʚʪʨʘʪʠ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʰʪʘʤʧʽʚ ʜʣʷ ʛʘʨʷʯʦʛʦ 

ʜʝʬʦʨʤʫʚʘʥʥʷ. ɿʥʦʰʫʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʦʢʠʩʣʝʥʥʷ ʘʙʦ ʘʙʨʘʟʠʚʥʦʛʦ ʟʥʦʩʫ. ʇʨʠ ʥʝʛʘʪʠʚʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʮʠʭ 

ʬʘʢʪʦʨʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʤʽʮʥʝʥʥʷ ʩʪʘʣʝʡ ʪʘ ʚʠʥʠʢʥʝʥʥʷ ʧʦʯʘʪʢʦʚʠʭ ʪʨʽʱʠʥ. 

ɺʠʥʠʢʥʝʥʥʷ ʨʦʟʛʘʨʥʠʭ ʪʨʽʱʠʥ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʮʠʢʣʽʯʥʦʤʫ ʥʘʛʨʽʚʘʥʥʽ ʪʘ 

ʦʭʦʣʦʜʞʝʥʥʽ ʧʦʚʝʨʭʥʽ ʰʪʘʤʧʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ. ɿʥʠʞʝʥʘ ʪʝʧʣʦʩʪʽʡʢʽʩʪʴ 

ʰʪʘʤʧʦʚʦʾ ʩʪʘʣʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʾʾ ʩʪʽʡʢʦʩʪʽ (ʦʧʦʨʫ ʧʨʦʪʠ ʚʽʜʧʫʩʢʫ). 

ʅʘʡʙʽʣʴʰ ʚʠʩʦʢʫ ʪʝʧʣʦʩʪʽʡʢʽʩʪʴ ʤʘʶʪʴ ʰʪʘʤʧʦʚʽ ʩʪʘʣʽ ʟ ʣʝʛʫʶʯʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ, ʷʢʽ ʜʦʨʦʛʦ ʢʦʰʪʫʶʪʴ ʽʟ ʚʤʽʩʪʦʤ ʢʦʙʘʣʴʪʫ ï 2ʍ6ɺ3ʄ2ʂ8, 

ʍ2ɺ6ʄ6ʂ12ʅ2, ʚ ʷʢʠʭ ʦʩʥʦʚʥʘ ʬʘʟʘ ʟʤʽʮʥʝʥʥʷ ʻ (Fe,Co)2W ʪʘ (Fe,Co)7W6, 

ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʪʝʤʧʝʨʘʪʫʨʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʦ 750 Áʉ. ʊʦʙʪʦ ʟʙʝʨʽʛʘʻʪʴʩʷ 

ʪʚʝʨʜʽʩʪʴ 40  HRC ʧʽʩʣʷ ʥʘʛʨʽʚʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 750 Áʉ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʞʘʨʦʤʽʮʥʠʭ ʩʪʘʣʝʡ ʘʫʩʪʝʥʽʪʥʦʛʦ ʢʣʘʩʫ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʘʪʨʠʮʴ ʧʨʠ 

ʛʘʨʷʯʦʤʫ ʜʝʬʦʨʤʫʚʘʥʥʽ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ ʪʘ ʩʧʣʘʚʽʚ, ʤʘʻ ʨʷʜ ʥʝʜʦʣʽʢʽʚ, ʷʢʽ 

ʦʙʤʝʞʫʶʪʴ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ: ʧʦʥʠʞʝʥʫ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʪʘ ʚʠʩʦʢʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ. ɰʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʞ ʦʙʤʝʞʝʥʝ ʚ ʩʠʣʫ 

ʧʦʛʽʨʰʝʥʦʾ ʦʙʨʦʙʢʠ ʨʽʟʘʥʥʷʤ ʪʘ ʚʠʩʦʢʦʾ ʚʘʨʪʦʩʪʽ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ. ʊʦʤʫ 

ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ ʪʘ ʩʧʣʘʚʽʚ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʰʪʘʤʧʦʚʽ ʩʪʘʣʽ ʬʝʨʠʪʥʦʛʦ ʢʣʘʩʫ: 5ʍʅʄ, 3ʍ3ʄ3ʌ, 

4ʍ5ʄʌ1ʉ, 5ʍ5ʄʅʌʉ, 4ʍ5ɺ2ʌʉ, 4ʍ3ɺʄʌ, 4ʍ4ɺʄʌʉ, 4ʍ2ɺ2ʄʌʉ, 

3ʍ2ɺ8ʌ, 5ʍ3ɺ3ʄʌʉ, 4ʍ2ɺ5ʄʌ, 4ʍ4ɺ4ʄ2ʂ4ʌ, 3ʍ3ɺ9ʌ, 6ʍɺ6ʄ5ʌ2, 

6ʍ4ɺ9ʄ1ʌ, 3ʍ2ɺ9ʂ5ʌ, ʍ2ɺ7ʄ6ʂ12ʅ2, 2ʍ6ɺ3ʄ2ʂ8, 3ʍ10ɺ7ʄ2ʂ10 ʽ ʪ.ʜ. 

ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʚ ʛʘʣʫʟʽ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. ʇʨʦʪʝ ʟʘ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʠʞʯʝ ʢʨʠʪʠʯʥʦʾ ʪʦʯʢʠ ɸʩ1 ʧʨʠ ʛʘʨʷʯʦʤʫ ʜʝʬʦʨʤʫʚʘʥʥʽ 

ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ ʪʘ ʩʧʣʘʚʽʚ, ʧʨʦʷʚʣʷʻʪʴʩʷ ʚʽʜʧʫʩʢʥʘ ʢʨʠʭʢʽʩʪʴ 

(ʥʝ ʦʙʝʨʥʝʥʘ ʪʘ ʦʙʝʨʥʝʥʘ), ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʭʦʜʫ ʟ ʣʘʜʫ ʰʪʘʤʧʦʚʦʛʦ 
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ʽʥʩʪʨʫʤʝʥʪʫ. ʉʪʘʣʽ ʤʘʶʪʴ ʥʠʟʴʢʠʡ ʨʝʩʫʨʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʩʦʙʣʠʚʦ ʧʨʠ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ (ʚʠʱʝ ʢʨʠʪʠʯʥʦʾ ʪʦʯʢʠ ɸʩ3) ʧʨʠ ʛʘʨʷʯʦʤʫ ʜʝʬʦʨʤʫʚʘʥʥʽ ʤʽʜʥʦ -

ʥʽʢʝʣʝʚʠʭ ʩʧʣʘʚʽʚ. ʊʝʤʧʝʨʘʪʫʨʘ ʨʦʟʽʛʨʽʚʫ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʤʘʪʨʠʮʴ ʪʘ 

ʰʪʘʤʧʽʚ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʴ ʚʽʜ ʜʦʩʪʘʪʥʴʦ ʧʦʤʽʨʥʠʭ (400é650 Áʉ) ʜʦ 

ʝʢʩʪʨʝʤʘʣʴʥʦ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 900é950 Áʉ. ʅʘʚʽʪʴ ʥʘʡʙʽʣʴʰ ʪʝʧʣʦʩʪʽʡʢʽ 

ʩʪʘʣʽ (ɻʆʉʊ 5950ï73) ʽʥʪʝʥʩʠʚʥʦ ʨʦʟʤʽʮʥʶʶʪʴʩʷ ʧʨʠ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʚʠʱʝ 650 Áʉ, ʱʦ ʻ ʦʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʰʚʠʜʢʦʛʦ ʚʠʭʦʜʫ ʽʥʩʪʨʫʤʝʥʪʫ ʟ ʣʘʜʫ. 

ʊʘʢʘ ʩʠʪʫʘʮʽʷ ʚʠʤʘʛʘʻ ʧʦʰʫʢʫ ʽʥʰʦʛʦ ʢʣʘʩʫ ʩʪʘʣʝʡ. ʊʘʢʠʤ ʯʠʥʦʤ ʙʫʚ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʥʦʚʠʡ ʢʣʘʩ ʩʪʘʣʝʡ, ʷʢʽ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʬʝʨʠʪʥʦʛʦ ʢʣʘʩʫ, ʘ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 

ʧʝʨʝʭʦʜʷʪʴ ʚ ʘʫʩʪʝʥʽʪʥʫ ʦʙʣʘʩʪʴ. ʊʘʢʽ ʩʪʘʣʽ ʙʫʣʠ ʥʘʟʚʘʥʽ ʩʪʘʣʷʤʠ ʟ  

ʨʝʛʫʣʴʦʚʘʥʠʤ ʘʫʩʪʝʥʽʪʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ (ʈɸʇɽ). 

ɺʚʝʜʝʥʥʷ ʜʦ ʩʢʣʘʜʫ ʮʠʭ ʩʪʘʣʝʡ ʥʽʢʝʣʶ ʚ ʢʽʣʴʢʦʩʪʽ ʚʽʜ 5 ʜʦ 9 ʤʘʩ. % 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʪʦʯʦʢ ɸʩ1 ʪʘ ɸʩ3, ʪʦʜʽ ʷʢ ʫ ʚʠʧʘʜʢʫ ʩʪʘʣʝʡ 

ʟ ʚʠʩʦʢʦʶ ʪʝʧʣʦʩʪʽʡʢʽʩʪʶ ʾʭ ʥʘʤʘʛʘʶʪʴʩʷ ʥʘʚʧʘʢʠ ʧʽʜʥʷʪʠ. ɺʠʙʽʨ ʪʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʘʣʝʡ ʟ ʈɸʇɽ ʜʣʷ ʤʘʪʨʠʮʴ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʽʜʥʠʭ 

ʩʧʣʘʚʽʚ ʨʦʟʛʣʷʜʘʚʩʷ ʆ.ɼ. ʆʟʝʨʩʴʢʠʤ, ɸ.ɸ. ʂʨʫʛʣʷʢʦʚʠʤ, ʅ.ɺ.  ʃʝʙʝʜʻʚʦʶ, 

ʄ.ʄ. ʇʝʨʝʧʴʦʣʢʽʥʦʶ, ɺ.ʗ. ɻʨʘʙʦʚʩʴʢʠʤ, ʉʫʘʥ  ʍʦʘʥ  ʅʛʫʝʥʦʤ ʪʘ ʽʥʰʠʤʠ. 

ɼʦʩʣʽʜʥʠʢʘʤʠ ʙʫʣʦ ʜʦʩʷʛʥʫʪʦ ʽʩʪʦʪʥʝ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʤʘʪʨʠʮʴ ʽʟ 

ʜʝʬʦʨʤʦʚʘʥʠʭ ʩʪʘʣʝʡ ʟ ʈɸʇɽ ʫ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʇʨʦʪʝ, ʨʷʜ ʾʭʥʽʭ 

ʧʨʘʢʪʠʯʥʠʭ ʨʦʙʽʪ ʚʩʪʘʥʦʚʠʚ ʥʝʟʘʜʦʚʽʣʴʥʫ ʤʝʭʘʥʽʯʥʫ ʦʙʨʦʙʢʫ ʨʽʟʘʥʥʷʤ 

ʟʘʛʦʪʦʚʦʢ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʤʘʪʨʠʮʴ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʽʜʧʘʣʫ ʩʪʘʣʽ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʦʜʝʨʞʘʥʥʷ ʟʣʠʚʢʽʚ ʟʘ ʪʨʘʜʠʮʽʡʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʣʠʚʘʨʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ (ʊʊʃɺ), ʣʠʪʘ ʩʪʨʫʢʪʫʨʘ ʩʪʘʣʽ ʤʘʻ ʨʷʜ ʥʝʜʦʣʽʢʽʚ, ʘ ʩʘʤʝ: ʢʘʨʙʽʜʥʫ 

ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ, ʥʘʷʚʥʽʩʪʴ ʩʽʪʢʠ ʜʝʥʜʨʠʪʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʜʽʣʷʥʦʢ ʝʚʪʝʢʪʠʢʠ. 

ʊʘʢʦʞ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʘʣʽ ʟ ʈɸʇɽ ʚʧʣʠʥʫʣʘ ʥʝʜʦʩʪʘʪʥʷ 

ʦʧʪʠʤʽʟʘʮʽʷ ʨʝʞʠʤʽʚ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ (ʛʘʨʪʫʚʘʥʥʷ ʪʘ ʚʽʜʧʫʩʢ) ʣʠʪʦʾ ʪʘ 

ʜʝʬʦʨʤʦʚʘʥʦʾ, ʘ ʪʘʢʦʞ ʚʽʜʩʫʪʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʥʦ-ʧʨʦʤʠʩʣʦʚʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʽʜʽ, ʘʣʶʤʽʥʽʶ ʪʘ ʾʭ ʩʧʣʘʚʽʚ, ʥʠʞʯʝ 
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ʢʨʠʪʠʯʥʦʾ ʪʦʯʢʠ ɸʩ1 ʪʘ ʚʠʱʝ ɸʩ3. ɺ ʮʽʣʦʤʫ ʪʝʭʥʦʣʦʛʽʷ ʟʘʣʠʰʘʣʘʩʴ ʜʦʩʠʪʴ 

ʪʨʫʜʦʤʽʩʪʢʦʶ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʜʦʩʣʽʜʞʝʥʥʶ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʬʘʟʦʚʦ -

ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʪʘʥʫ ʪʘ  ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʤʘʨʦʢ 

4ʍ3ʅ5ʄ3ʌ ʪʘ 4ʍ4ʅ5ʄ4ʌ2, ʦʜʝʨʞʘʥʠʭ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ ʝʣʝʢʪʨʦʰʣʘʢʦʚʦʛʦ 

ʢʦʢʽʣʴʥʦʛʦ ʣʠʪʪʷ (ɽʐʂʃ) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʞʠʤʽʚ ʪʝʨʤʽʯʥʦʾ 

ʦʙʨʦʙʢʠ (ʚʽʜʧʘʣ, ʛʘʨʪʫʚʘʥʥʷ ʪʘ ʚʽʜʧʫʩʢ). ɺʧʝʨʰʝ ʙʫʣʦ ʧʨʦʚʝʜʝʥʝ ʜʦʩʣʽʜʥʦ -

ʧʨʦʤʠʩʣʦʚʝ ʚʠʧʨʦʙʫʚʘʥʥʷ ʤʘʪʨʠʮʴ ʟʽ ʩʪʘʣʽ ʟ ʈɸʇɽ, ʷʢʘ ʥʝ ʧʽʜʜʘʚʘʣʘʩʴ 

ʧʣʘʩʪʠʯʥʽʡ ʜʝʬʦʨʤʘʮʽʾ (ʢʫʚʘʥʥʶ) ʪʘ ʙʫʣʠ ʦʜʝʨʞʘʥʽ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ ɽʐʂʃ. 

ʇʨʠ ʨʦʟʨʦʙʮʽ ʨʝʞʠʤʽʚ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʧʦʜʘʣʴʰʝ ʪʝʨʤʽʯʥʝ ʟʤʽʮʥʝʥʥʷ ʩʪʘʣʽ 

(ʛʘʨʪʫʚʘʥʥʷ ʪʘ ʚʽʜʧʫʩʢ) ʩʬʦʨʤʫʚʘʣʦ ʥʝʦʙʭʽʜʥʠʡ ʬʘʟʦʚʦ-ʩʪʨʫʢʪʫʨʥʠʡ ʩʪʘʥ, 

ʷʢʠʡ ʟʘʙʝʟʧʝʯʠʚ ʥʝʦʙʭʽʜʥʠʡ ʨʽʚʝʥʴ ʪʝʧʣʦʩʪʽʡʢʦʩʪʽ ʪʘ ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʚ ʽʥʪʝʨʚʘʣʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʪʝʤʧʝʨʘʪʫʨ. ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʚʝʣʠʢʠʭ ʜʝʪʘʣʝʡ, ʪʠʧʫ ʢʦʣʽʩ ʝʢʩʪʨʫʜʝʨʽʚ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʽʜʽ, 

ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʪʝʭʥʦʣʦʛʽʷ ʪʝʨʤʽʯʥʦʾ ʪʘ ʜʝʬʦʨʤʘʮʽʡʥʦʾ ʦʙʨʦʙʢʠ (ʢʫʚʘʥʥʷ) 

ʩʪʘʣʽ 4ʍ4ʅ5ʄ4ʌ2, ʷʢʘ ʜʦʟʚʦʣʠʣʘ ʟʘʙʝʟʧʝʯʠʪʠ ʧʽʜʚʠʱʝʥʽ ʤʝʭʘʥʽʯʥʽ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ.  

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʛʨʝʩʠʚʥʠʭ ʤʝʪʦʜʽʚ ʪʦʯʥʦʛʦ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʽʡʢʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʫ. ɼʣʷ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ 

ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʘʢʪʫʘʣʴʥʠʤʠ ʟʘʜʘʯʘʤʠ ʧʦʣʷʛʘʻ ʫ ʧʽʜʚʠʱʝʥʥʽ 

ʪʝʧʣʦʩʪʽʡʢʦʩʪʽ, ʨʦʟʰʠʨʝʥʥʷ ʨʦʙʦʯʦʛʦ ʽʥʪʝʨʚʘʣʫ ʪʝʤʧʝʨʘʪʫʨ, ʧʽʜʚʠʱʝʥʥʷ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʨʝʩʫʨʩʫ ʰʪʘʤʧʦʚʦʾ ʩʪʘʣʽ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ, ʘ 

ʪʘʢʦʞ ʟʥʠʞʝʥʥʷ ʾʭ ʩʦʙʽʚʘʨʪʦʩʪʽ. ʉʘʤʝ ʝʢʦʥʦʤʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʽʚ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʘʛʦʪʦʚʦʢ ʧʨʝʩʫʚʘʥʥʷʤ ʜʦʟʚʦʣʠʪʴ ʟʘʩʪʦʩʫʚʘʪʠ ʨʦʟʨʦʙʣʝʥʽ 

ʩʪʘʣʽ ʟ ʈɸʇɽ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ ʪʘ ʩʧʣʘʚʽʚ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʤʝʞʘʭ 900é 950 Áʉ. ʇʨʘʚʠʣʴʥʠʡ ʚʠʙʽʨ ʭʽʤʽʯʥʦʛʦ 

ʩʢʣʘʜʫ ʩʪʘʣʽ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʤʦʞʣʠʚʠʡ ʣʠʰʝ ʟʘ ʨʘʭʫʥʦʢ 

ʚʧʣʠʚʫ ʣʝʛʫʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʥʘ  ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽ ʥʘ ʩʫʪʥʽʩʪʴ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʩʪʘʣʽ ʧʨʠ ʥʘʛʨʽʚʽ ʚʠʱʝ ʢʨʠʪʠʯʥʦʾ 
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ʪʦʯʢʠ ɸʩ3 ʧʨʠ ʛʘʨʪʫʚʘʥʥʽ ʪʘ ʥʠʞʯʝ ï ɸʩ1 ʧʨʠ ʚʽʜʧʫʩʢʫ. ɯʩʥʫʻ ŬŸɔ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʛʦ ʫʪʚʦʨʶʻʪʴʩʷ ʘʫʩʪʝʥʽʪʥʘ ʩʪʨʫʢʪʫʨʘ ʩʪʘʣʽ ʽ 

ʟʘʜʘʯʘ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʽ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ, ʱʦʙ 

ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʽʩʥʫʚʘʥʥʷ ʘʫʩʪʝʥʽʪʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʨʠ ʨʦʙʦʯʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʽʥʩʪʨʫʤʝʥʪʫ. 

ɺʩʪʘʥʦʚʣʝʥʥʷ ʧʝʚʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʬʘʟʦʚʦ-ʩʪʨʫʢʪʫʨʥʠʤ ʩʪʘʥʦʤ 

ʪʝʨʤʽʯʥʦ-ʟʤʽʮʥʝʥʦʾ ʩʪʘʣʽ ʟ ʈɸʇɽ ʪʘ ʾʾ ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʨʠ 

ʨʦʟʰʠʨʝʥʥʽ ʽʥʪʝʨʚʘʣʫ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʙʫʜʝ ʤʘʪʠ ʛʘʨʘʥʪʽʶ ʩʪʘʙʽʣʴʥʦʾ 

ʨʦʙʦʪʠ ʧʨʠ ʛʘʨʷʯʦʤʫ ʧʣʘʩʪʠʯʥʦʤʫ ʜʝʬʦʨʤʫʚʘʥʥʽ ʤʽʜʥʠʭ ʪʘ ʘʣʶʤʽʥʽʻʚʠʭ 

ʩʧʣʘʚʽʚ.  

ɿʚô̫ ʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ʈʦʙʦʪʘ 

ʙʫʣʘ ʚʠʢʦʥʘʥʘ ʫ ʚʽʜʜʽʣʽ ñɼʠʩʧʝʨʛʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ 

ʧʨʦʢʘʪʫʚʘʥʥʷʤò ʚ ɯʥʩʪʠʪʫʪʽ ʧʨʦʙʣʝʤ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʽʤ. ɯ.ʄ. ʌʨʘʥʮʝʚʠʯʘ 

ʅɸʅ ʋʢʨʘʾʥʠ (ʤ. ʂʠʾʚ) ʪʘ ʚ ʎʝʥʪʨʽ ʜʦʩʣʽʜʞʝʥʴ ʽ ʪʝʭʥʦʣʦʛʽʡ ʅʽʥʙʦ ɯʇʄ 

(ʧʦʚʽʪʦʚʝ ʤʽʩʪʦ ʅʽʥʭʘʡ, ʧʨʦʚʽʥʮʽʷ ʏʞʝʮʟʷʥ, ʂʅʈ). ʈʦʙʦʪʘ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ 

ʚʠʢʦʥʘʥʥʽ ʥʘʩʪʫʧʥʠʭ ʪʝʤ: 1) ʮʽʣʴʦʚʘ ʢʦʤʧʣʝʢʩʥʘ ʧʨʦʛʨʘʤʘ ʅɸʅ ʋʢʨʘʾʥʠ 

çʇʨʦʙʣʝʤʠ ʨʝʩʫʨʩʫ ʽ ʙʝʟʧʝʢʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʡ, ʩʧʦʨʫʜ ʽ ʤʘʰʠʥè ʟ 

2013 ʧʦ 2015 ʨʦʢʽʚ ʈʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʣʠʪʦʾ ʰʪʘʤʧʦʚʦʾ ʩʪʘʣʽ 

ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʟ ʨʝʛʫʣʶʚʘʥʥʷʤ ʘʫʩʪʝʥʽʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ˉ ʈ.7.19ò; 2) ʛʨʘʥʪʦʚʘ ʧʽʜʪʨʠʤʢʘ ɼʝʨʞʘʚʥʦʛʦ ʬʦʥʜʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʟʘ ʢʦʥʢʫʨʩʥʠʤ ʧʨʦʝʢʪʦʤ ˉ ʌ73/24 ʟ 2016 ʧʦ 2017 ʨʦʢʽʚ 

ʈʦʟʨʦʙʢʘ ʥʘʫʢʦʚʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʩʥʦʚ ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʦʨʤʦʪʚʦʨʥʦʛʦ 

ʰʪʘʤʧʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʥʘ ʦʩʥʦʚʽ ʩʪʚʦʨʝʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʩʪʘʣʝʡ ʽ ʣʠʚʘʨʥʦ-ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʾʭ ʦʙʨʦʙʢʠò; 

3) ʚʽʜʦʤʯʦʛʦ ʟʘʤʦʚʣʝʥʥʷ ʅɸʅ ʋʢʨʘʾʥʠ ˉ ɯɯɯ-14-17 ñʆʩʥʦʚʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ 

ʬʘʟʦʚʦ-ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʪʘʥʫ ʰʪʘʤʧʦʚʦʾ ʩʪʘʣʽ ʟ ʨʝʛʫʣʶʚʘʥʥʷʤ ʘʫʩʪʝʥʽʪʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʰʪʘʤʧʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫò ʟ 2017 ʧʦ 

2019  ʨʦʢʽʚ; 4) ʚʽʜʦʤʯʦʛʦ ʟʘʤʦʚʣʝʥʥʷ ˉ ɯɯɯ-12-21 ñʐʪʘʤʧʦʚʽ ʩʪʘʣʽ ʜʣʷ 
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ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ ʪʘ ʩʧʣʘʚʽʚ ʟ  ʧʽʜʚʠʱʝʥʠʤʠ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠò ʟ 2021 ʧʦ 2023 ʨʦʢʽʚ. 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʧʨʦʚʝʜʝʥʥʽ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨ, ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʪʘʣʝʡ ʟ ʈɸʇɽ ʧʨʠ ʦʧʪʠʤʘʣʴʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʛʘʨʷʯʦʛʦ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʽʜʽ, ʤʽʜʥʦ-ʥʽʢʝʣʝʚʠʭ ʪʘ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ, ʱʦ ʙʫʜʝ ʤʝʥʰ 

ʝʥʝʨʛʦʻʤʥʠʤ ʪʘ ʪʨʫʜʦʤʽʩʪʢʠʤ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʩʥʫʶʯʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ ʙʫʣʠ ʧʦʩʪʘʚʣʝʥʽ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ. 

1. ɼʦʩʣʽʜʠʪʠ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʢʦʤʧʣʝʢʩʥʦʣʝʛʦʚʘʥʠʭ ʩʪʘʣʝʡ 

4ʍ3ʅ5ʄ3ʌ ʪʘ 4ʍ4ʅ5ʄ4ʌ2 ʧʽʜ ʯʘʩ ʣʠʪʪʷ ʪʘ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ. 

2. ɺʩʪʘʥʦʚʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʍ-ʧʨʦʤʝʥʝʚʦʛʦ 

ʘʥʘʣʽʟʫ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ, ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʘʫʩʪʝʥʽʪʫ ʫ ʩʪʘʣʽ ʚʽʜ ʢʽʤʥʘʪʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʢʨʠʪʠʯʥʦʾ ʪʦʯʢʠ ɸʩ3. 

3. ʈʦʟʨʦʙʠʪʠ ʨʝʞʠʤ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʩʪʘʣʽ ʟ ʨʝʛʫʣʴʦʚʘʥʠʤ 

ʘʫʩʪʝʥʽʪʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʷʢʠʡ ʜʦʟʚʦʣʠʪʴ ʦʜʝʨʞʘʪʠ 

ʩʪʨʫʢʪʫʨʫ, ʱʦ ʧʦʣʝʛʰʠʪʴ ʯʦʨʥʦʚʫ ʤʝʭʘʥʽʯʥʫ ʦʙʨʦʙʢʫ ʟʘʛʦʪʦʚʦʢ ʧʨʠ 

ʚʠʛʦʪʦʚʣʝʥʥʽ ʽʥʩʪʨʫʤʝʥʪʫ. 

4. ʈʦʟʨʦʙʠʪʠ ʨʝʞʠʤʠ ʦʩʪʘʪʦʯʥʦʾ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʪʝʧʣʦʩʪʽʡʢʦʩʪʽ ʜʦʩʣʽʜʞʝʥʠʭ ʩʪʘʣʝʡ.  

5. ʇʨʦʚʝʩʪʠ ʮʠʢʣ ʚʠʧʨʦʙʫʚʘʥʴ ʨʦʟʨʦʙʣʝʥʠʭ ʩʪʘʣʝʡ ʫ ʚʘʞʢʠʭ ʫʤʦʚʘʭ 

ʪʝʤʧʝʨʘʪʫʨʥʦ-ʩʠʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘ ʩʘʤʝ ʧʨʠ ʨʦʙʦʪʽ ʤʘʪʨʠʮʴ ʜʣʷ 

ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨ 900-950 ̄ ʉ ʤʽʜʥʦ-ʥʽʢʝʣʝʚʠʭ ʩʧʣʘʚʽʚ ʪʘ 

ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʽʜʽ ʟʘ ʪʝʤʧʝʨʘʪʫʨ ʥʠʞʯʝ 650 ʉ̄. 

6. ɼʦʩʣʽʜʠʪʠ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʝʬʦʨʤʦʚʘʥʦʾ 

ʩʪʘʣʽ 4ʍ4ʅ5ʄ4ʌ2 ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʠʭ ʜʝʪʘʣʝʡ ʪʘ ʧʨʦʚʝʩʪʠ 

ʾʾ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʨʠ ʛʘʨʷʯʦʤʫ ʜʝʬʦʨʤʫʚʘʥʥʽ ʤʽʜʽ. 
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7. ɺʩʪʘʥʦʚʠʪʠ ʧʨʠʯʠʥʠ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʽʥʪʝʨʚʘʣ ʚʠʥʠʢʥʝʥʥʷ 

ʦʙʝʨʥʝʥʦʾ ʪʘ ʥʝʦʙʝʨʥʝʥʦʾ ʚʽʜʧʫʩʢʥʦʾ ʢʨʠʭʢʦʩʪʽ ʩʪʘʣʝʡ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʾʭ 

ʚʽʜʩʫʪʥʽʩʪʴ ʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ.  

8. ʆʮʽʥʠʪʠ ʧʝʨʩʧʝʢʪʠʚʠ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʣʠʪʦʾ ʰʪʘʤʧʦʚʦʾ 

ʩʪʘʣʽ 4ʍ4ʅ5ʄ4ʌ2 ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʽʜʽ ʪʘ ʘʣʶʤʽʥʽʻʚʦʛʦ ʩʧʣʘʚʫ 

ʫ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʠʞʯʝ ʢʨʠʪʠʯʥʦʾ ʪʦʯʢʠ ɸʩ1. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʚʧʣʠʚ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ, ʩʪʨʫʢʪʫʨʠ ʪʘ ʨʝʞʠʤʽʚ 

ʪʝʨʤʦ-ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʥʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ.  

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨ, ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʝʞʠʤʽʚ ʪʝʨʤʽʯʥʦʾ ʪʘ 

ʜʝʬʦʨʤʘʮʽʡʥʦʾ (ʢʫʚʘʥʥʷ) ʦʙʨʦʙʦʢ, ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʽʜʽ, ʤʽʜʥʦ-ʥ̔ ʢʝʣʝʚʠʭ ʪʘ 

ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʆʙˇʨʫʥʪʦʚʘʥʦ ʚʠʙʽʨ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ.  

ɿʣʠʚʢʠ ʟ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʪʘʣʝʡ 4ʍ3ʅ5ʄ3ʌ ʪʘ 4ʍ4ʅ5ʄ4ʌ2 ʦʜʝʨʞʫʚʘʣʠ ʟʘ 

ʪʝʭʥʦʣʦʛʽʻʶ ʝʣʝʢʪʨʦʰʣʘʢʦʚʦʛʦ ʢʦʢʽʣʴʥʦʛʦ ʣʠʪʪʷ: ʇɸʊ çʈʽʚʥʝʥʩʴʢʠʡ ʥʘʫʢʦʚʦ -

ʜʦʩʣʽʜʥʠʡ ʽʥʩʪʠʪʫʪ ʪʝʭʥʦʣʦʛʽʾ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷè, ʤ. ʈʽʚʥʝ,  ʋʢʨʘʾʥʘ; ʟʘʚʦʜ 

çʉʧʝʮʣʠʪʴʸè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ; ʢʦʨʧʦʨʘʮʽʷ çTiangong International Co., Ltd.è, 

ʤ.  ɼʘʥôʷʥ, ʧʨʦʚʽʥʮʽʷ ʎʟʷʥʩʫ, ʂʅʈ. ʇʽʜ ʯʘʩ ʚʠʧʣʘʚʢʠ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ 

ʝʣʝʢʪʨʦʰʣʘʢʦʚʦʛʦ ʢʦʢʽʣʴʥʦʛʦ ʣʠʪʪʷ, ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʦʩʣʽʜʥʦʾ ʩʪʘʣʽ 

ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʣʽʛʘʪʫʨʠ ʩʠʩʪʝʤʠ FeïNiïMoïVïMn 

ʪʘ ʙʨʫʭʪ ʟ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ 4ʍ5ʄʌ1ʉ ʪʘ 3ʍ3ʄ3ʌ. ʃʽʛʘʪʫʨʫ ʩʠʩʪʝʤʠ FeïNiïMoï

VïMn ʚʠʧʣʘʚʣʷʣʠ ʚ ʽʥʜʫʢʮʽʡʥʽʡ ʧʝʯʽ ʽ ʨʦʟʣʠʚʘʣʠ ʫ ʢʦʢʽʣʴ ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʙʫʣʠ 

ʦʪʨʠʤʘʥʽ ʟʣʠʚʢʠ (ʣʽʛʘʪʫʨʠ) ʤʘʩʦʶ 25 ʢʛ. ʃʽʛʘʪʫʨʫ ʚʠʛʦʪʦʚʣʷʣʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʧʣʘʚʫ ʚ ʧʝʯʽ ʧʝʨʝʜ ʚʠʧʫʩʢʦʤ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 1550 Áʉ, ʪʨʠʚʘʣʽʩʪʴ 

ʨʘʬʽʥʫʚʘʥʥʷ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ 20 ʭʚ. ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʩʪʘʣʽ ʤʘʨʢʠ 4ʍ3ʅ5ʄ3ʌ 

(ʤʘʩ. %): 0,40é0,44 ʉ; 2,80é3,00 Cr; 4,70é5,50 Ni, 2,44é2,60 Mo; 1,34é1,36 V; 

0,34é0,35 Si; 0,40é0,50 Mn; 0,020é0,025 P; 0,003é0,005 S. ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʩʪʘʣʽ 
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ʤʘʨʢʠ 4ʍ4ʅ5ʄ4ʌ2 (ʤʘʩ. %): 0,40é0,42 ʉ; 3,80é3,90 Cr; 5,00é5,10 Ni, 

3,70é3,80  Mo; 1,70é1,80 V; 0,072é0,075 Si; 0,23é0,24 Mn; 0,004é0,005 S; 

0,003é0,004 P.  

ɼʦʩʣʽʜʞʝʥʥʷ ʩʪʘʣʝʡ ʧʨʦʚʦʜʠʣʠ ʚ ɯʥʩʪʠʪʫʪʽ ʧʨʦʙʣʝʤ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ 

ʽʤ. ɯ.ʄ. ʌʨʘʥʮʝʚʠʯʘ ʅɸʅʋ, ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ; ɯʥʩʪʠʪʫʪʽ ʤʝʪʘʣʦʬʽʟʠʢʠ 

ʽʤ. ɻ.ɺ. ʂʫʨʜʶʤʦʚʘ ʅɸʅʋ, ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ; ʎʝʥʪʨ ʜʦʩʣʽʜʞʝʥʴ ʽ ʪʝʭʥʦʣʦʛʽʡ 

ʅʽʥʙʦ ɯʇʄ, ʧʦʚʽʪʦʚʝ ʤʽʩʪʦ ʅʽʥʭʘʡ, ʧʨʦʚʽʥʮʽʷ ʏʞʝʮʟʷʥ, ʂʅʈ. ɼʦʩʣʽʜʥʦ-ʧʨʦʤʠʩʣʦʚʽ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʩʪʘʣʝʡ ʧʨʦʚʦʜʠʣʠʩʴ: ʧʽʜʧʨʠʻʤʩʪʚʦ çʉʧʝʮʣʠʪʴʸè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ; 

ɺɸʊ  çɸʨʪʝʤʽʚʩʴʢʠʡ ʟʘʚʦʜ ʧʦ ʦʙʨʦʙʮʽ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚè, ɼʦʥʝʮʴʢʘ ʦʙʣ., 

ʤ. ɹʘʭʤʫʪ, ʋʢʨʘʾʥʘ; ʢʦʤʧʘʥʽʷ çFutec Co., Ltd.è, ʤ. ʅʽʥʭʘʡ, ʧʨʦʚʽʥʮʽʷ ʏʞʝʮʟʷʥ, ʂʅʈ; 

ʢʦʨʧʦʨʘʮʽʷ çNew material technology Co., Ltd.è, ʤ. ʂʫʥʴʰʘʥʴ, ʧʨʦʚʽʥʮʽʷ ʎʟʷʥʩʫ, 

ʂʅʈ.  

ʄʝʪʦʜ ʚʽʜʙʦʨʫ ʧʨʦʙ ʜʣʷ ʩʪʘʣʽ ʧʨʦʚʦʜʠʣʠ ʟʘ ɻʆʉʊ 7565-81. ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ 

ʩʪʘʣʽ ʚʠʟʥʘʯʘʣʠ ʟʘ ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ. ɺʤʽʩʪ ʚʫʛʣʝʮʶ ʫ ʩʪʘʣʽ 

ʚʠʟʥʘʯʘʣʠ ʟʘ  ʜʦʧʦʤʦʛʦʶ ʝʢʩʧʨʝʩ-ʘʥʘʣʽʟʘʪʦʨʽʚ ɸʅ 7560ʄ ʪʘ ɸʅ 7529ʄ 

ʟ ʢʫʣʦʥʦʤʝʪʨʠʯʥʠʤʠ ʢʦʤʽʨʢʘʤʠ ʪʠʪʨʫʚʘʥʥʷ ʉʆ2 ʫ ʧʦʪʦʮʽ ʢʠʩʥʶ. ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ 

ʩʪʘʣʽ ʚʠʟʥʘʯʘʣʠ ʟʘ ɻʆʉʊ 22536.13-77 ʥʘ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʩʧʝʢʪʨʦʤʝʪʨʽ 

SPECTROMAX LMX07  (ʅʽʤʝʯʯʠʥʘ). ɺʠʛʦʪʦʚʣʝʥʥʷ ʰʣʽʬʽʚ ʧʨʦʚʦʜʠʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʠʣʘʜʽʚ ʪʠʧʫ Dincer. ɼʣʷ ʧʦʣʽʨʫʚʘʥʥʷ ʰʣʽʬʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʘʙʨʘʟʠʚʥʽ ʤʘʪʝʨʽʘʣʠ ʨʽʟʥʦʾ ʟʝʨʥʠʩʪʦʩʪʽ ʟʛʽʜʥʦ ʟʘ ɻʆʉʊ 25593-83. 

ɼʦʩʣʽʜʞʫʚʘʣʠ ʤʽʢʨʦʰʣʽʬʠ ʩʪʘʣʝʡ ʧʽʩʣʷ ʪʨʘʚʣʝʥʥʷ ʪʨʘʚʥʠʢʦʤ ʥʘʩʪʫʧʥʦʛʦ 

ʩʢʣʘʜʫ: 4,0 ʘʙʦ 10 % ʨʦʟʯʠʥ ʘʟʦʪʥʦʾ ʢʠʩʣʦʪʠ ʚ ʝʪʠʣʦʚʦʤʫ ʩʧʠʨʪʽ ʟ ʜʦʙʘʚʢʦʶ ʪʘ 

ʙʝʟ ʜʦʙʘʚʢʠ ʧʽʢʨʠʥʦʚʦʾ ʢʠʩʣʦʪʠ. ɺʝʣʠʯʠʥʫ ʟʝʨʥʘ ʚʠʟʥʘʯʘʣʠ ʟʘ ʣʽʥʽʡʥʠʤ 

ʤʝʪʘʣʦʛʨʘʬʽʯʥʠʤ ʘʥʘʣʽʟʦʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʚʽʪʣʦʚʦʛʦ ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʛʦ 

ʤʽʢʨʦʩʢʦʧʫ ʄɯʄ-10 ʪʘ ʤʽʢʨʦʩʢʦʧʫ ʬʽʨʤʠ ñAchua technology Co., Ltd.ò ʟʛʽʜʥʦ 

ʟ ʚʠʤʦʛʘʤʠ ɻʆʉʊ  5640ï68. ʉʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ ʬʦʪʦʛʨʘʬʫʚʘʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ 

ʩʪʘʣʽ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʫ 100 (100Ĭ), 200 (200Ĭ) 400 (400Ĭ) ʪʘ 600 (600Ĭ) 

ʨʘʟʽʚ ʫ ʩʚʽʪʣʦʤʫ ʧʦʣʽ ʧʨʠ ʧʨʷʤʦʤʫ ʦʩʚʽʪʣʝʥʥʽ. ɺʠʟʥʘʯʝʥʥʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪ ̔

ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦʪʚʝʨʜʦʤʽʨʫ ʇʄʊ-3 ʟʘ ɻʆʉʊ  9450-76, ʘ ʪʘʢʦʞ 

ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʚʠʟʥʘʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʠʬʨʦʚʦʾ ʥʘʧʽʚʘʚʪʦʤʘʪʠʯʥʦʾ ʩʠʩʪʝʤʠ 

ʚʠʧʨʦʙʫʚʘʥʴ ʪʠʧʫ EM-4500L ʥʘ ʦʩʥʦʚʽ ʤʽʢʨʦʪʚʝʨʜʦʤʽʨʘ MH-5L. ʉʧʦʩʪʝʨʝʞʝʥʥʷ 

ʪʘ ʬʦʪʦʛʨʘʬʫʚʘʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʩʪʘʣʽ ʟ ʚʽʜʙʠʪʢʘʤʠ ʘʣʤʘʟʥʦʾ ʧʽʨʘʤʽʜʠ 
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ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʫ 500 (500Ĭ) ʨʘʟʽʚ. ɺʩʽ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ 

ʟʘ ʦʜʥʘʢʦʚʠʭ ʫʤʦʚ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʠ. ʅʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʘʣʤʘʟʥʫ ʧʽʨʘʤʽʜʢʫ 

ʩʪʘʥʦʚʠʣʦ 10, 50 ʪʘ 200 ʛʨʘʤʽʚ. ʏʘʩ ʚʠʪʨʠʤʢʠ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ï 5 ʩʝʢʫʥʜ (ʇʄʊ-

3) ʪʘ 11 ʩʝʢʫʥʜ (EM-4500L). ɼʦʩʣʽʜʞʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʪʘ ʚʠʟʥʘʯʝʥʥʷ 

ʤʽʢʨʦʭʽʤʽʯʥʦʾ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʨʦʟʧʦʜʽʣʝʥʥʷ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʧʦ ʪʽʣʫ ʟʝʨʥʘ ʪʘ 

ʤʽʞʟʝʨʝʥʥʠʭ ʛʨʘʥʠʮʷʭ, ʚʠʟʥʘʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʦʢʘʣʴʥʦʛʦ ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʦʛʦ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʥʘ ʧʨʠʩʪʘʚʮʽ ʜʦ ʩʢʘʥʫʶʯʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʫ 

Jeol Superprob  733  (ʗʧʦʥʽʷ). ʊʘʢʦʞ ʧʦʚʝʨʭʥʶ ʟʨʘʟʢʽʚ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʢʘʥʫʶʯʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʥʘ ʧʨʠʣʘʜʽ VEGA3 (TESCAN, 

  ʉʣʦʚʝʥʽʷ) ʫ ʨʝʞʠʤʘʭ BSE ï backscatted electrons (ʟʚʦʨʦʪʥʴʦʚʽʜʙʠʪʽ ʝʣʝʢʪʨʦʥʠ) ʪʘ 

SE ï secondary electrons (ʚʪʦʨʠʥʥʽ ʝʣʝʢʪʨʦʥʠ). ʃʦʢʘʣʴʥʠʡ ʭʽʤʽʯʥʠʡ ʘʥʘʣʽʟ ʙʫʚ 

ʧʨʦʚʝʜʝʥʠʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʪʘ 

ʜʝʪʝʢʪʦʨʦʤ XFlash 610 M (Bruker). ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʨʦʟʨʘʭʫʥʢʫ ʬʘʟʦʚʠʭ 

ʜʽʘʛʨʘʤ CALPHAD (calculation of phase diagrams) ʙʫʜʫʚʘʣʠ ʧʨʦʛʥʦʟʥʫ ʜʽʘʛʨʘʤʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʬʘʟʦʚʠʭ ʨʽʚʥʦʚʘʛ ʚ ʩʠʩʪʝʤʽ, 

ʷʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʧʘʢʝʪʽʚ, ʟʦʢʨʝʤʘ ʜʣʷ ʩʪʘʣʝʡ. ʊʝʨʤʦʜʠʥʘʤʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʞʥʦʾ ʬʘʟʠ ʦʧʠʩʫʚʘʣʠ ʤʘʪʝʤʘʪʠʯʥʦʶ ʤʦʜʝʣʣʶ, ʱʦ ʤʽʩʪʠʣʘ 

ʨʝʛʫʣʴʦʚʘʥʽ ʧʘʨʘʤʝʪʨʠ. ʇʘʨʘʤʝʪʨʠ ʦʮʽʥʶʚʘʣʠ ʰʣʷʭʦʤ ʦʧʪʠʤʽʟʘʮʽʾ ʚʽʜʧʦʚʽʜʥʦʾ 

ʤʦʜʝʣʽ, ʟʘʣʫʯʘʶʯʠ ʩʧʽʚʽʩʥʫʶʯʽ ʬʘʟʠ. ɼʣʷ ʍ-ʧʨʦʤʝʥʝʚʠʭ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʠʬʨʘʢʪʦʤʝʪʨ ɼʈʆʅ-3. ɼʠʬʨʘʢʪʦʛʨʘʤʠ ʟʥʽʤʘʣʠ 

ʚ ʉʦKa-ʚʠʧʨʦʤʽʥʶʚʘʥʥʽ ʚ ʜʽʘʧʘʟʦʥʽ ʢʫʪʽʚ 30-130Á, ʟ ʦʙʝʨʪʘʥʥʷʤ ʟʨʘʟʢʘ ʥʘʚʢʦʣʦ ʦʩʽ. 

ʂʨʦʢ ʩʢʘʥʫʚʘʥʥʷ 0,05Á, ʝʢʩʧʦʟʠʮʽʷ 2 ʩ. ʆʙʨʦʙʣʷʣʠ ʜʠʬʨʘʢʪʦʛʨʘʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʨʦʛʨʘʤʠ PowderCell. ʇʨʠ ʮʴʦʤʫ ʚʨʘʭʦʚʫʚʘʣʠ ʪʘʢʦʞ ʨʦʟʨʘʭʦʚʘʥʽ ʦʙʣʘʩʪʽ 

ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʪʘ ʜʠʩʪʦʨʩʽʾ. ɺʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʡ ʍ-ʧʨʦʤʝʥʝʚʠʡ 

ʬʘʟʦʚʠʡ ʘʥʘʣʽʟ ʩʪʘʣʽ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʚʽʜ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 

850 Üʉ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʩʪʘʥʦʚʢʠ ɼʈʆʅ-ʋʄ1 ʫ ʤʦʥʦʭʨʦʤʘʪʠʯʥʦʤʫ CuKŬ-

ʚʠʧʨʦʤʽʥʶʚʘʥʥʽ. ɺ ʷʢʦʩʪʽ ʤʦʥʦʭʨʦʤʘʪʦʨʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʦʥʦʢʨʠʩʪʘʣ ʛʨʘʬʽʪʫ 

ʷʢʠʡ ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʥʘ ʜʠʬʨʘʛʦʚʘʥʦʤʫ ʧʫʯʢʫ. ʇʨʠ ʧʦʚʥʦʧʨʦʬʽʣʴʥʦʤʫ ʘʥʘʣʽʟʽ 

ʜʠʬʨʘʢʮʽʡʥʠʭ ʢʘʨʪʠʥ, ʧʨʦʚʦʜʠʣʠ  ʚʨʘʭʫʚʘʥʥʷ  ʪʝʢʩʪʫʨʠ  ʫ  ʟʨʘʟʢʘʭ  ʟ  

ʚʠʢʦʨʠʩʪʘʥʥʷʤ  ʤʦʜʝʣʽ March-Dollase. ʇʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʰʣʽʬʽʚ ʜʣʷ ʍ-ʧʨʦʤʝʥʝʚʦʛʦ 

ʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʣʠʰʝ ʦʧʝʨʘʮʽʶ ʰʣʽʬʫʚʘʥʥʷ. ɺʠʟʥʘʯʝʥʥʷ 
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ʢʨʠʪʠʯʥʠʭ ʪʦʯʦʢ ɸʩ1 ʪʘ ɸʩ3 ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʩʪʘʣʽ ʧʨʦʚʦʜʠʣʠ ʟʘ ʤʝʪʦʜʦʤ 

ʜʠʣʘʪʦʤʝʪʨʠʯʥʦʛʦ ʘʥʘʣʽʟʫ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʚʠʩʦʢʦʯʫʪʣʠʚʦʤʫ ʢʘʪʢʦʚʦʤʫ 

ʦʧʪʠʯʥʦʤʫ ʜʠʣʘʪʦʤʝʪʨʽ. ʋ ʜʘʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʦʚʽʪʨʽ 

ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 950 Áʉ. ʐʚʠʜʢʽʩʪʴ ʥʘʛʨʽʚʫ 

ʩʪʘʥʦʚʠʣʘ 10 Áʉ/ʭʚ, ʘ ʰʚʠʜʢʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ ʚʽʜ 950 Áʉ ʜʦ 600 Áʉ ʩʪʘʥʦʚʠʣʘ 

20 Áʉ/ʭʚ ʪʘ ʚʽʜ 600 Áʉ ʜʦ 20 Áʉ ï 5-10Áʉ/ʭʚ. ʇʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ 

(ɟ, ʆʤĿʤʤ
2
/ʤ) ʩʪʘʣʽ ʚʠʤʽʨʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʚʦʢʘʥʘʣʴʥʦʛʦ ʮʠʬʨʦʚʦʛʦ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʯʦʪʠʨʴʦʭʟʦʥʜʦʚʦʛʦ ʪʝʩʪʝʨʘ ST2263. ɺʠʩʦʪʘ ʟʨʘʟʢʘ 

ʩʪʘʥʦʚʠʣʘ 2,5-5,0 ʤʤ. ɺʽʜʩʪʘʥʴ ʤʽʞ ʝʣʝʢʪʨʦʜʘʤʠ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʩʪʘʥʦʚʠʣʘ 

ʧʨʠʙʣʠʟʥʦ 5 ʤʤ. ʊʚʝʨʜʽʩʪʴ (HRC) ʩʪʘʣʽ 4ʍ3ʅ5ʄ3ʌ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʪʝʨʤʽʯʥʦʾ 

ʦʙʨʦʙʢʠ ʚʠʟʥʘʯʘʣʠ ʟʘ ʤʝʪʦʜʦʤ ʈʦʢʚʝʣʣʘ ʥʘ ʧʨʠʣʘʜʽ ʊʂ-2 (ɻʆʉʊ 9013-73), ʜʣʷ ʩʪʘʣʽ 

4ʍ4ʅ5ʄ4ʌ2 ʥʘ ʧʨʠʣʘʜʽ HR-150A. ʅʘʚʘʥʪʘʞʝʥʥʷ ʩʪʘʥʦʚʠʣʦ 150 ʢʛʩ (1471,5 ʅ). 

ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʽʥʜʝʥʪʦʨ ʟ ʢʦʥʫʩʦʤ ʪʠʧʫ ʅʂ ʟʘ ɻʆʉʊ 9377-81, ʢʫʪ ʧʨʠ ʚʝʨʰʠʥʽ ï 

120 Áʉ, ʨʘʜʽʫʩ ʩʬʝʨʠʯʥʦʾ ʯʘʩʪʠʥʠ 0,2 ʤʤ. ʊʝʧʣʦʩʪʽʡʢʽʩʪʴ (HRC) ʩʪʘʣʝʡ ʤʘʨʦʢ 

4ʍ3ʅ5ʄ3ʌ ʪʘ 4ʍ4ʅ5ʄ4ʌ2 ʚʠʟʥʘʯʘʣʠ ʟʛʽʜʥʦ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʤʽʨʶʚʘʥʥʷ 

ʪʚʝʨʜʦʩʪʽ ʧʽʩʣʷ ʥʘʛʨʽʚʫ (ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧʨʦʪʷʟʽ 4 ʛʦʜʠʥʠ ʽʟʦʪʝʨʤʽʯʥʦʾ 

ʚʠʪʨʠʤʢʠ) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʚʝʨʜʦʩʪʽ ʧʨʠ 40 HRC ʟʘ  ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʋʜʘʨʥʫ ʚôʷʟʢʽʩʪʴ (KC, ɼʞ/ʩʤ
2
) ʩʪʘʣʝʡ 4ʍ3ʅ5ʄ3ʌ ʪʘ 4ʍ4ʅ5ʄ4ʌ2 ʚʠʟʥʘʯʘʣʠ ʥʘ 

ʚʠʧʨʦʙʫʚʘʣʴʥʽʡ ʤʘʰʠʥʽ ʜʣʷ ʤʘʪʝʨʽʘʣʽʚ NI300 (ʟʨʘʟʢʠ ʨʦʟʤʽʨʘʤʠ 

10ʭ10ʭ55 ʙʝʟ ʥʘʜʨʽʟʫ). ɻʨʘʥʠʮʶ ʤʽʮʥʦʩʪʽ (ůʚ, Mʇa), ʧʣʠʥʥʦʩʪʽ (ů0,2, Mʇa), 

ʚʽʜʥʦʩʥʝ ʧʦʜʦʚʞʝʥʥʷ (ű) ʪʘ ʚʽʜʥʦʩʥʝ ʟʚʫʞʝʥʥʷ (ɣ) ʩʪʘʣʝʡ 4ʍ3ʅ5ʄ3ʌ ʪʘ 

4ʍ4ʅ5ʄ4ʌ2 ʚʠʟʥʘʯʘʣʠ ʟʘ ʩʪʘʥʜʘʨʪʥʦʶ ʤʝʪʦʜʠʢʦʶ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʨʦʟʪʷʛ 

ʟʘ ɻʆʉʊ 1497-84 ʥʘ ʫʥʽʚʝʨʩʘʣʴʥʽʡ ʤʘʰʠʥʽ GNT50. ɿʨʘʟʢʠ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ 

ʨʦʟʪʷʛ ʟʘ  ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʙʫʣʠ ʚʠʛʦʪʦʚʣʝʥʽ ʟʘ ɻʆʉʊ1497-84 (ISʆ 6892-84). 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʦʜʥʦʚʽʩʥʝ ʩʪʠʩʥʝʥʥʷ ʧʨʠ ʥʘʛʨʽʚʽ ʟʨʘʟʢʽʚ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʫʥʽʚʝʨʩʘʣʴʥʽʡ ʫʩʪʘʥʦʚʮʽ ñCERAMTESTò (UTM-100). ʉʧʝʮʽʘʣʴʥʽ ʧʨʦʛʨʘʤʠ 

ʨʦʟʨʘʭʫʥʢʫ ʢʨʠʚʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʩʪʠʩʥʝʥʥʽ ʜʦʟʚʦʣʷʶʪʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʞʦʨʩʪʢʦʩʪʽ ʫʩʪʘʥʦʚʢʠ ʨʦʟʨʘʭʫʚʘʪʠ ʦʩʥʦʚʥʽ ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʫ, 

ʚʠʟʥʘʯʘʪʠ ʛʨʘʥʠʮʶ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ, ʛʨʘʥʠʮʶ ʧʣʠʥʥʦʩʪʽ, ʛʨʘʥʠʮʶ ʤʽʮʥʦʩʪʽ ʪʘ 

ʜʝʬʦʨʤʘʮʽʶ ʜʦ ʨʫʡʥʫʚʘʥʥʷ. ʇʨʠ ʢʽʣʴʢʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ ʪʨʴʦʭ ʽ ʙʽʣʴʰʝ ʟʥʘʯʝʥʴ 

ʧʨʦʚʦʜʠʣʘʩʴ ʩʪʘʪʠʩʪʠʯʥʘ ʦʙʨʦʙʢʘ ʫ ʪʘʢʦʤʫ ʧʦʨʷʜʢʫ: ʚʠʟʥʘʯʘʣʠ ʘʙʩʦʣʶʪʥʫ 

ʩʪʘʪʠʩʪʠʯʥʫ ʧʦʭʠʙʢʫ; ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 
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ʚʠʤʽʨʶʚʘʥʴ, ʦʪʨʠʤʘʥʠʭ ʚ ʦʜʥʠʭ ʽ ʪʠʭ ʞʝ ʫʤʦʚʘʭ; ʨʦʟʨʘʭʦʚʫʚʘʣʠ 

ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʚʠʤʽʨʷʥʦʾ ʚʝʣʠʯʠʥʠ ʪʘ ʾʾ ʜʦʚʽʨʯʽʡ ʽʥʪʝʨʚʘʣ ʟʘ 

ɻʆʉʊ 11.004ï74.  

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

1. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ ʨʘʭʫʥʦʢ ʚʚʝʜʝʥʥʷ ʜʦ ʩʢʣʘʜʫ ʩʪʘʣʽ 3ʍ3ʄ3ʌ 

ʜʦʙʘʚʦʢ ʥʽʢʝʣʶ (4ʍ3ʅ5ʄ3ʌ) ʚʜʘʣʦʩʴ ʟʥʠʟʠʪʠ ʢʨʠʪʠʯʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ɸʩ3. 

ʈʘʟʦʤ ʟ ʧʦʧʝʨʝʜʥʽʤ ʥʘʛʨʽʚʦʤ ʰʪʘʤʧʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 400-

450 Áʉ, ʮʝ ʜʦʟʚʦʣʠʣʦ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽʥʩʪʨʫʤʝʥʪʫ ʧʨʠ ʛʘʨʷʯʦʤʫ 

ʜʝʬʦʨʤʫʚʘʥʥʽ ʤʽʜʥʦ-ʥʽʢʝʣʝʚʠʭ ʩʧʣʘʚʽʚ ʜʦʩʷʛʪʠ ʨʦʟʽʛʨʽʚʫ ʨʦʙʦʯʦʾ ʯʘʩʪʠʥʠ 

ʤʘʪʨʠʮʽ ʚʠʱʝ ʢʨʠʪʠʯʥʦʾ ʪʦʯʢʠ ɸʩ3; ʽ ʟʘʙʝʟʧʝʯʠʪʠ ʘʫʩʪʝʥʽʪʥʫ ʩʪʨʫʢʪʫʨʫ ʽ 

ʚʽʜʥʝʩʪʠ ʾʾ ʜʦ ʩʪʘʣʝʡ ʟ ʨʝʛʫʣʴʦʚʘʥʠʤ ʘʫʩʪʝʥʽʪʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʧʽʜ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. 

2. ɺʧʝʨʰʝ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʢʨʠʪʠʯʥʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʪʦʯʢʠ 

ʩʪʘʣʽ ʤʘʨʢʠ 4ʍ3ʅ5ʄ3ʌ (ɸʩ1 = 700Ñ10 Áʉ, ɸr1 = 230Ñ20 Áʉ, ɸʩ3 = 840Ñ10 Áʉ ʪʘ 

ɸr3 = 380Ñ20 Áʉ) ʪʘ ʨʦʟʨʦʙʠʪʠ ʨʝʞʠʤ ʥʝʧʦʚʥʦʛʦ ʚʽʜʧʘʣʫ ʤʽʞ ʢʨʠʪʠʯʥʠʤʠ 

ʪʦʯʢʘʤʠ ɸʩ1 ʪʘ ɸʩ3 (ʪʝʤʧʝʨʘʪʫʨʘ 750Ñ20 Áʉ), ʧʨʠ ʷʢʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ 

ʯʘʩʪʢʦʚʦʾ ʧʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʫʪʚʦʨʶʻʪʴʩʷ ʢʫʣʝʧʦʜʽʙʥʘ 

ʢʘʨʙʽʜʥʘ ʩʢʣʘʜʦʚʘ ʫ ʩʪʨʫʢʪʫʨʽ ʤʝʪʘʣʫ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʫʜʘʨʥʦʾ 

ʚôʷʟʢʦʩʪʽ. ʊʘʢʘ ʩʪʨʫʢʪʫʨʘ ʧʦʣʝʛʰʠʣʘ ʤʝʭʘʥʽʯʥʫ ʦʙʨʦʙʢʫ ʟʘʛʦʪʦʚʦʢ ʧʨʠ 

ʚʠʛʦʪʦʚʣʝʥʥʽ ʽʥʩʪʨʫʤʝʥʪʫ.  

3. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʠʣʘʪʦʤʝʪʨʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʚʧʝʨʰʝ ʧʦʢʘʟʘʥʦ ʨʦʣʴ 

ʜʦʙʘʚʦʢ ʥʽʢʝʣʶ ʫ ʧʽʜʚʠʱʝʥʥʽ ʨʦʟʛʘʨʦʩʪʽʡʢʦʩʪʽ ʰʪʘʤʧʦʚʦʾ ʩʪʘʣʽ ʟʘ ʨʘʭʫʥʦʢ 

ʟʤʝʥʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ 

ʟʘʣʠʰʢʦʚʦʛʦ ʤʘʨʪʝʥʩʠʪʫ ʜʦ ʘʫʩʪʝʥʽʪʫ ʧʽʜ ʯʘʩ ʥʘʛʨʽʚʘʥʥʷ ʟʘʛʘʨʪʦʚʘʥʦʾ ʩʪʘʣʽ. 

4. ɺʧʝʨʰʝ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʜʽʘʛʨʘʤʫ ʬʘʟʦʚʦʛʦ ʩʪʘʥʫ ʜʣʷ ʩʪʘʣʽ ʤʘʨʢʠ 

4ʍ4ʅ5ʄ4ʌ2 ʫ ʩʝʨʝʜʦʚʠʱʽ ,,CALPHAD,, ʟʘ ʫʤʦʚʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ 

ʨʽʚʥʦʚʘʛʠ, ʷʢʘ ʜʦʟʚʦʣʠʣʘ ʚʩʪʘʥʦʚʠʪʠ ʤʝʞʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ-ʨʽʚʥʦʚʘʞʥʦʛʦ 

ʽʩʥʫʚʘʥʥʷ ʘʫʩʪʝʥʽʪʫ ʪʘ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʥʘʷʚʥʽʩʪʴ ʨʽʟʥʠʭ ʬʘʟ ʫ ʩʪʘʣʽ, 

ʾʭ ʢʽʣʴʢʽʩʪʴ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʽʥʪʝʨʚʘʣ ʽʩʥʫʚʘʥʥʷ.  
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5. ɺʧʝʨʰʝ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʍ-ʧʨʦʤʝʥʝʚʦʛʦ 

ʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ, ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʥʝʣʽʥʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ 

ʘʫʩʪʝʥʽʪʫ (ʚʽʜ 2,7 ʜʦ 90 %) ʚ ʩʪʘʣʽ ʤʘʨʢʠ 4ʍ3ʅ5ʄ3ʌ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 

ʚʽʜ ʢʽʤʥʘʪʥʦʾ ʜʦ 800 Áʉ.  

6. ɺʧʝʨʰʝ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 450 ʜʦ 800 Áʉ 

ʟʘʣʝʞʥʽʩʪʴ ʢʽʣʴʢʦʩʪʽ ʘʫʩʪʝʥʽʪʫ, ʷʢʘ ʻ ʪʝʨʤʽʯʥʦ ʽʥʜʫʢʦʚʘʥʦʶ ʚʝʣʠʯʠʥʦʶ, 

ʦʧʠʩʫʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʶ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘʢʦʥʫ ɸʨʨʝʥʽʫʩʘ (R
2
 = 0,98397), ʪʦʜʽ 

ʷʢ ʟʘʣʠʰʢʦʚʘ ʢʽʣʴʢʽʩʪʴ ʘʫʩʪʝʥʽʪʫ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʮʽʡ 

ʟʘʣʝʞʥʦʩʪʽ. 

7. ɺʧʝʨʰʝ ʧʦʢʘʟʘʥʦ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʪʝʧʣʦʩʪʽʡʢʦʩʪʽ ʩʪʘʣʽ 4ʍ4ʅ5ʄ4ʌ2 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʨʪʫʚʘʥʥʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʦʯʘʪʢʫ ʧʝʨʚʠʥʥʦʾ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ (1110 Áʉ), ʧʨʠ ʷʢʽʡ ʚ ʘʫʩʪʝʥʽʪʽ 

ʨʦʟʯʠʥʷʻʪʴʩʷ ʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʢʘʨʙʽʜʥʦʾ ʬʘʟʠ ʪʠʧʫ ʄ23ʉ6 ʽ ʧʨʠ ʥʘʩʪʫʧʥʦʤʫ 

ʚʽʜʧʫʩʢʫ, ʮʷ ʢʘʨʙʽʜʥʘ ʬʘʟʘ ʤʝʥʰʝ ʚʠʜʽʣʷʻʪʴʩʷ ʪʘ ʢʦʘʛʫʣʶʻ. 

8. ɺʧʝʨʰʝ ʚʩʪʘʥʦʚʣʝʥʦ ʧʨʠʯʠʥʫ ʚʠʥʠʢʥʝʥʥʷ ʦʙʝʨʥʝʥʦʾ ʚʽʜʧʫʩʢʥʦʾ 

ʢʨʠʭʢʦʩʪʽ ʜʝʬʦʨʤʦʚʘʥʦʾ ʩʪʘʣʽ 4ʍ4ʅ5ʄ4ʌ2, ʱʦ ʧʦʚôʷʟʘʥʘ ʽʟ ʫʪʚʦʨʝʥʥʷʤ ʥʘ 

ʤʝʞʘʭ ʟʝʨʝʥ ʢʘʨʙʽʜʥʦʾ ʬʘʟʠ ʪʠʧʫ ʄ7ʉ3, ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʷʢʦʾ ʟʥʠʞʫʻʪʴʩʷ 

ʪʚʝʨʜʽʩʪʴ ʥʠʞʯʝ 40 HRC ʧʨʠ ʚʽʜʧʫʩʢʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʱʝ 630 Üʉ ʽ  ʟʘ ʪʘʢʠʤ 

ʤʝʭʘʥʽʟʤʦʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʾʾ ʨʦʟʤʽʮʥʝʥʥʷ. 

9. ɺʧʝʨʰʝ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʧʨʠʯʠʥʫ ʚʠʥʠʢʥʝʥʥʷ ʥʝʦʙʝʨʥʝʥʦʾ 

ʚʽʜʧʫʩʢʥʦʾ ʢʨʠʭʢʦʩʪʽ ʣʠʪʦʾ ʩʪʘʣʽ 4ʍ4ʅ5ʄ4ʌ2, ʱʦ ʧʦʣʷʛʘʣʘ ʫ ʬʦʨʤʫʚʘʥʥʽ 

ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʟʘʤʽʱʝʥʥʷ (ʭʽʤʽʯʥʘ ʬʦʨʤʫʣʘ ʬʘʟʠ Fe0,93Ni0,056) ʪʘ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʣʝʛʫʶʯʠʡ ʝʣʝʤʝʥʪ Ni ʧʨʠʟʚʦʜʠʚ ʜʦ ʟʘʪʨʠʤʢʠ ʧʨʦʮʝʩʽʚ 

ʢʦʘʛʫʣʷʮʽʾ ʢʘʨʙʽʜʥʦʾ ʬʘʟʠ ʪʠʧʫ ʄ6ʉ ʥʘ ʤʝʞʘʭ ʟʝʨʝʥ, ʱʦ ʟʥʠʞʫʚʘʣʦ 

ʫʜʘʨʥʫ ʚôʷʟʢʽʩʪʴ, ʧʽʜʚʠʱʠʣʦ ʧʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʪʘ ʢʨʠʭʢʽʩʪʴ ʩʪʘʣʽ ʚ 

ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 450-500 Áʉ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɿʘʚʜʷʢʠ ʥʘʫʢʦʚʠʤ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʟ ʈɸʇɽ ʤʘʨʦʢ 
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4ʍ3ʅ5ʄ3ʌ ʪʘ 4ʍ4ʅ5ʄ4ʌ2, ʷʢʽ ʙʫʣʠ ʦʜʝʨʞʘʥʽ ʝʣʝʢʪʨʦʰʣʘʢʦʚʠʤ ʢʦʢʽʣʴʥʠʤ 

ʣʠʪʪʷʤ, ʙʫʣʦ: 

1) ʜʦʩʷʛʥʫʪʦ ʩʢʦʨʦʯʝʥʥʷ ʝʥʝʨʛʦʻʤʥʠʭ ʨʝʞʠʤʽʚ ʪʝʨʤʽʯʥʦʾ ʪʘ 

ʜʝʬʦʨʤʘʮʽʡʥʦʾ ʦʙʨʦʙʦʢ, ʷʢʽ ʧʨʦʚʦʜʠʣʠ ʜʣʷ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʧʽʜʚʠʱʝʥʦʾ 

ʪʝʧʣʦʩʪʽʡʢʦʩʪʽ ʪʘ ʚôʷʟʢʦʩʪʽ ʪʨʘʜʠʮʽʡʥʦʛʦ ʩʧʦʩʦʙʫ ʚʠʨʦʙʥʠʮʪʚʘ, ʘ ʩʘʤʝ 

ʚʽʜʤʦʚʠʪʠʩʷ ʚʽʜ ʧʨʦʚʝʜʝʥʥʷ ʜʠʬʫʟʽʡʥʦʛʦ ʚʽʜʧʘʣʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 1100Ñ20 Áʉ, 

ʢʫʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 1170Ñ20 Áʉ ʪʘ ʨʦʟʨʦʙʠʪʠ ʨʝʞʠʤ ʚʽʜʧʘʣʫ, 

ʷʢʠʡ ʜʦʟʚʦʣʷ ̒ʷʢʽʩʥʦ ʧʽʜʛʦʪʫʚʘʪʠ ʩʪʘʣʴ ʜʦ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ; 

2) ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ ʨʘʭʫʥʦʢ ʚʚʝʜʝʥʥʷ ʜʦ 5 % ʥʽʢʝʣʶ ʫ ʭʽʤʽʯʥʠʡ 

ʩʢʣʘʜ ʣʠʪʦʾ ʩʪʘʣʽ ʤʘʨʢʠ 4ʍ3ʄ3ʌ (ʙʝʟ ʜʦʜʘʚʘʥʥʷ ʤʘʥˇʘʥʫ ʪʘ ʤʽʢʨʦʣʝʛʫʚʘʥʥʷ 

ʘʟʦʪʦʤ), ʚʜʘʣʦʩʴ ʟʥʠʟʠʪʠ ʢʨʠʪʠʯʥʫ ʪʝʤʧʝʨʘʪʫʨʥʫ ʪʦʯʢʫ ɸʩ3 ʽ 

ʟʘʙʝʟʧʝʯʠʪʠ ʽʩʥʫʚʘʥʥʷ ʘʫʩʪʝʥʽʪʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚ ʽʥʪʝʨʚʘʣʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨ 900-950 Áʉ ʧʨʠ ʛʘʨʷʯʦʤʫ ʜʝʬʦʨʤʫʚʘʥʥʽ ʤʽʜʥʦ-ʥʽʢʝʣʝʚʦʛʦ ʩʧʣʘʚʫ 

ʤʘʨʢʠ ʄʅɾ5-1, ʱʦ ʜʦʟʚʦʣʠʣʦ ʧʽʜʚʠʱʠʪʠ ʩʪʽʡʢʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʫ ʫ ʪʨʠ ʨʘʟʠ, 

ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʘʪʨʠʮʷʤʠ ʟ ʜʝʬʦʨʤʦʚʘʥʦʾ ʩʪʘʣʽ ʤʘʨʢʠ 3ʍ3ʄ3ʌ, ʷʢʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ; 

3) ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʧʦʧʝʨʝʜʥʴʦʤʫ ʥʘʛʨʽʚʘʥʥʽ  ʩʪʘʣ ̔4ʍ3ʅ5ʄ3ʌ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨ 400-450 Áʉ ʫ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʠ ʛʘʨʷʯʦʤʫ ʜʝʬʦʨʤʫʚʘʥʥʽ 

ʤʽʜʥʦ-ʥʽʢʝʣʝʚʦʛʦ ʩʧʣʘʚʫ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʽʛʨʽʚ ʨʦʙʦʯʦʾ ʯʘʩʪʠʥʠ ʤʘʪʨʠʮʽ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʱʝ ʢʨʠʪʠʯʥʦʾ ʪʦʯʢʠ ɸʩ3; 

4) ʨʦʟʨʦʙʣʝʥʦ ʩʪʘʣʴ ʤʘʨʢʠ 4ʍ4ʅ5ʄ4ʌ2 ʽ ʨʝʞʠʤʠ ʾʾ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ, 

ʱʦ ʜʦʟʚʦʣʠʣʠ ʧʽʜʚʠʱʠʪʠ ʪʝʧʣʦʩʪʽʡʢʽʩʪʴ ʧʨʠ ʦʜʝʨʞʘʥʥʽ ʚʠʨʦʙʽʚ ʛʘʨʷʯʠʤ 

ʜʝʬʦʨʤʫʚʘʥʥʷʤ (ʚʦʣʦʯʽʥʥʷ) ʤʽʜʽ ʟʘ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ < 650 Üʉ, ʟʘʚʜʷʢʠ 

ʯʦʤʫ ʟʤʝʥʰʠʣʘʩ ɹʚʝʣʠʯʠʥʘ ʨʦʟʛʘʨʥʠʭ ʪʨʽʱʠʥ ʽ ʩʪʘʣʦ ʤʦʞʣʠʚʠʤ ʟʙʽʣʴʰʝʥʥʷ 

ʚʝʣʠʯʠʥʠ ʨʦʙʦʯʦʛʦ ʧʨʦʬʽʣʶ ʤʘʪʨʠʮʽ ʪʘ ʧʨʦʜʦʚʞʝʥʥʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʤʽʜʽ ʧʽʩʣʷ ʧʦʚʥʦʛʦ ʮʠʢʣʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʤʝʥʰʦʛʦ ʧʨʦʬʽʣʶ; 

5) ʨʦʟʨʦʙʣʝʥʦ ʨʝʞʠʤʠ ʪʝʨʤʦ-ʜʝʬʦʨʤʘʮʽʡʥʦʾ ʦʙʨʦʙʢʠ ʩʪʘʣʽ ʤʘʨʢʠ 

4ʍ4ʅ5ʄ4ʌ2, ʱʦ ʜʘʣʦ ʟʤʦʛʫ, ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʦʙʝʨʥʝʥʦʾ ʚʽʜʧʫʩʢʥʦʾ ʢʨʠʭʢʦʩʪʽ, 
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ʫʩʧʽʰʥʦ ʝʢʩʧʣʫʘʪʫʚʘʪʠ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʽ ʜʝʪʘʣʽ, ʫ ʚʠʛʣʷʜʽ ʢʦʣʝʩ ʝʢʩʪʨʫʜʝʨʽʚ, 

ʟʘ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ  ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʽʜʽ ʤʘʨʢʠ ʄ1 (<  630 Üʉ); 

6) ʨʦʟʨʦʙʣʝʥʦ ʨʝʞʠʤʠ ʦʩʪʘʪʦʯʥʦʾ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ (ʛʘʨʪʫʚʘʥʥʷ ʪʘ 

ʚʽʜʧʫʩʢ) ʣʠʪʦʾ ʩʪʘʣʽ ʤʘʨʢʠ 4ʍ4ʅ5ʄ4ʌ2, ʱʦ ʜʘʣʦ ʟʤʦʛʫ, ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ 

ʥʝʦʙʝʨʥʝʥʦʾ ʚʽʜʧʫʩʢʥʦʾ ʢʨʠʭʢʦʩʪʽ, ʫʩʧʽʰʥʦ ʝʢʩʧʣʫʘʪʫʚʘʪʠ ʤʘʪʨʠʮʽ ʜʣʷ 

ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʘʣʶʤʽʥʽʻʚʦʛʦ ʩʧʣʘʚʫ ʤʘʨʢʠ ɸʂ7ʯ ʟʘ 

ʨʦʙʦʯʦʾ ʪʝʤʧʝʨʘʪʫʨʠ < 450 Üʉ; 

7) ʨʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʶ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʘʪʨʠʮʴ, ʽʟ ʩʪʘʣʽ ʟ 

ʨʝʛʫʣʴʦʚʘʥʠʤ ʘʫʩʪʝʥʽʪʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʟ ʧʽʜʚʠʱʝʥʠʤ 

ʨʝʩʫʨʩʦʤ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ï ʚʠʱʝ 

ʢʨʠʪʠʯʥʦʾ ʪʦʯʢʠ ɸʩ3 (850 Áʉ) ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʽʜʥʦ-ʥʽʢʝʣʝʚʦʛʦ 

ʩʧʣʘʚʫ ʪʘ ʥʠʞʯʝ ʢʨʠʪʠʯʥʦʾ ʪʦʯʢʠ ɸʩ1 (700 Áʉ) ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʽʜʽ ʪʘ 

ʘʣʶʤʽʥʽʻʚʦʛʦ ʩʧʣʘʚʫ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʋ ʜʠʩʝʨʪʘʮʽʾ ʫʟʘʛʘʣʴʥʝʥʦ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʟʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʫʯʘʩʪʽ ʘʚʪʦʨʘ. ɸʚʪʦʨʦʤ 

ʩʘʤʦʩʪʽʡʥʦ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʦʧʪʠʤʽʟʘʮʽʶ ʨʝʞʠʤʽʚ ʪʝʨʤʽʯʥʦʾ ʪʘ ʜʝʬʦʨʤʘʮʽʡʥʦʾ 

ʦʙʨʦʙʢʠ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʟ ʧʨʦʚʝʜʝʥʥʷʤ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ ʬʽʟʠʢʦ -

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɸʚʪʦʨ ʧʨʠʡʤʘʚ ʫʯʘʩʪʴ ʫ ʜʦʩʣʽʜʥʦ-ʧʨʦʤʠʩʣʦʚʠʭ 

ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʽʥʩʪʨʫʤʝʥʪʫ ʟ ʜʦʩʣʽʜʥʠʭ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʜʣʷ ʛʘʨʷʯʦʛʦ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʽʜʥʦ-ʥʽʢʝʣʝʚʦʛʦ ʩʧʣʘʚʫ ʤʘʨʢʠ ʄʅɾ5-1, ʤʽʜʽ ʤʘʨʢʠ ʄ1 ʪʘ 

ʘʣʶʤʽʥʽʻʚʦʛʦ ʩʧʣʘʚʫ ɸʂ7ʯ ʥʘ ʫʢʨʘʾʥʩʴʢʠʭ ʪʘ ʢʠʪʘʡʩʴʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ. ʄʘʪʝʨʽʘʣʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

ʜʦʧʦʚʽʜʘʣʠʩʴ ʪʘ ʦʙʛʦʚʦʨʶʚʘʣʠʩʴ ʥʘ ʥʘʩʪʫʧʥʠʭ ʤʽʞʥʘʨʦʜʥʠʭ ʪʘ 

ʚʩʝʫʢʨʘʾʥʩʴʢʠʭ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ:  10
th
  Internacional conference  

çAdvanced materials and technologies: from idea to marketè, Ninghai, China, 

2018;  çɯʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ ʚ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʮʴʢʽʡ ʨʦʙʦʪʽ 

ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ ɺʌʊʇʄè, ʩ.  ʉʠʯʘʚʢʘ, ʆʜʝʩʴʢʘ ʦʙʣ., ʋʢʨʘʾʥʘ, 2021;  

çʖʚʽʣʝʡʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 30 ʨʦʢʽʚ ɯʥʩʪʠʪʫʪʫ ʝʣʝʢʪʨʦʥʥʦʾ ʬʽʟʠʢʠ 

ʅɸʅ ʋʢʨʘʾʥʠè ʤ.   ʋʞʛʦʨʦʜ, ʋʢʨʘʾʥʘ, 2022; 8
th
 International BAPT Conference 
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çPower Transmissions 2022è MATEC Web  of Conferences, 04003;  

ʚʩʝʫʢʨʘʾʥʩʴʢʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʅʘʫʢʘ  ʽ ʤʝʪʘʣʫʨʛʽʷè 

ɯʥʩʪʠʪʫʪ ʯʦʨʥʦʾ ʤʝʪʘʣʫʨʛʽʾ ʽʤ. ɿ.ɯ. ʅʝʢʨʘʩʦʚʘ ʅɸʅ ʋʢʨʘʾʥʠ, ʤ.   ɼʥʽʧʨʦ, 

ʋʢʨʘʾʥʘ, 2022;  ʤʽʞʥʘʨʦʜʥʠʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʡ ʞʫʨʥʘʣ çWeeScienceè 

4th International Scientific and Practical Internet Conference çIntegration of 

education, science and business in modern environment: winter debatesè, 

ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ, 2023; ʤʝʪʘʣʝʚʽ  ʤʘʪʝʨʽʘʣʠ ʾʭ ʚʠʨʦʙʥʠʮʪʚʦ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʫʯʘʩʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ:   ʤʘʪʝʨʽʘʣʠ ɯʍ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ 

ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ ʋʢʨʘʾʥʠ, ʌʊɯʄʉ  ʅɸʅ  ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ, 

ʋʢʨʘʾʥʘ, 2023; ʤʘʪʝʨʽʘʣʠ XXVI ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ 

çʊʝʭʥʦʣʦʛʽʷ ï 2023è, ʉʭʽʜʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʽʤ. ɺ. ɼʘʣʷ, ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ, 2023; ʤʽʞʥʘʨʦʜʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʄʘʪʝʨʽʘʣʠ ʪʘ 

ʪʝʭʥʦʣʦʛʽʾ ʚ ʽʥʞʝʥʝʨʽʾ (ʄʊɯ-2023)è, ʃʫʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ, ʤ.  ʃʫʮʴʢ, ʋʢʨʘʾʥʘ, 2023; ʤʘʪʝʨʽʘʣʠ LII  ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ 

ʢʦʥʬʝʨʝʥʮʽʾ ʧʽʜʨʦʟʜʽʣʽʚ ɺʽʥʥʠʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

çʅʊʂʇ ɺʅʊʋ-2023è, ʤ.  ɺʽʥʥʠʮʷ, ʋʢʨʘʾʥʘ, 2023. 

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʤʘʪʝʨʽʘʣʘʤʠ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʦ 38 ʥʘʫʢʦʚʠʭ 

ʧʨʘʮʴ, ʟ ʷʢʠʭ 6 ʩʪʘʪʝʡ ʫ ʧʨʦʚʽʜʥʠʭ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ, ʱʦ ʚʽʜʥʝʩʝʥʦ 

ʜʦ ʢʚʘʨʪʠʣʽʚ Q2 ʪʘ Q3 ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʣʘʩʠʬʽʢʘʮʽʾ SCImago Journal and 

Country Rank, 19 ʧʫʙʣʽʢʘʮʽʡ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʧʝʨʝʣʽʢʫ ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ 

ʋʢʨʘʾʥʠ, 2 ʧʘʪʝʥʪʠ ʪʘ 11 ʧʫʙʣʽʢʘʮʽʡ ʟʘ ʤʘʪʝʨʽʘʣʘʤʠ ʜʦʧʦʚʽʜʝʡ, ʷʢʽ 

ʨʦʟʛʣʷʜʘʣʠʩʴ ʥʘ ʢʦʥʬʝʨʝʥʮʽʷʭ.  

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙôʻʤ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʘʥʦʪʘʮʽʾ, ʚʩʪʫʧʫ, 6 ʨʦʟʜʽʣʽʚ, ʟʘʛʘʣʴʥʠʭ ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ 

ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʽʟ 307 ʥʘʡʤʝʥʫʚʘʥʴ ʽ ʜʦʜʘʪʢʽʚ. ʆʙʩʷʛ ʤʘʪʝʨʽʘʣʫ ʩʢʣʘʜʘʻ 

338 ʩʪʦʨʽʥʦʢ, ʨʦʙʦʪʘ ʤʽʩʪʠʪʴ 115 ʨʠʩʫʥʢʽʚ, 32 ʪʘʙʣʠʮ ̔ʪʘ 4 ʜʦʜʘʪʢʠ. 
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ʈʆɿɼɯʃ 1. ʐʊɸʄʇʆɺɯ ʉʊɸʃɯ ɼʃʗ ɻɸʈʗʏʆɻʆ ɼɽʌʆʈʄʋɺɸʅʅʗ 

ʂʆʃʔʆʈʆɺʀʍ ʄɽʊɸʃɯɺ ʊɸ ʉʇʃɸɺɯɺ 

 

ʆʜʥʠʤʠ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʻ ʩʪʘʣʽ ʜʣʷ ʛʘʨʷʯʦʛʦ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ ʪʘ ʩʧʣʘʚʽʚ, ʘ ʦʜʥʽʻʶ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ 

ʟʘʜʘʯ ʻ ʨʦʟʨʦʙʢʘ ʩʢʣʘʜʫ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʟ ʧʽʜʚʠʱʝʥʠʤʠ ʩʣʫʞʙʦʚʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ɺʽʜʤʽʥʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʙʽʣʴʰʦʩʪʽ ʩʪʘʣʝʡ ʥʦʚʠʭ ʤʘʨʦʢ ʻ 

ʣʝʛʫʚʘʥʥʷ ʟʘ ʧʦʨʽʚʥʷʥʦ ʥʝʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʦʢʨʝʤʠʭ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʉʘʤʝ ʟʘʚʜʷʢʠ ʪʘʢʦʤʫ ʧʽʜʭʦʜʫ ʟô̫ ʚʠʣʘʩʷ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʠʪʠ ʥʦʚʽ ʩʪʘʣʽ ʟ 

ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʢʦʤʧʣʝʢʩʫ ʦʩʥʦʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʥʘʯʥʝ 

ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʫ ʧʨʠ ʩʫʪʪʻʚʽʡ ʝʢʦʥʦʤʽʾ ʣʝʛʫʶʯʠʭ 

ʤʘʪʝʨʽʘʣʽʚ.  

ʉʪʚʦʨʝʥʘ ʚ ʽʥʩʪʠʪʫʪʽ ʤʝʪʦʜʠʢʘ ʦʮʽʥʢʠ ʪʝʧʣʦʩʪʽʡʢʦʩʪʽ, ʷʢ ʤʘʨʦʯʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʠʪʠ ʦʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʘʣʝʡ. ʊʘʢʦʞ 

ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʥʘʜʽʡʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʟʝʨʥʘ ʘʫʩʪʝʥʽʪʫ ʫ ʰʪʘʤʧʦʚʠʭ 

ʩʪʘʣʷʭ. ʋ ʧʦʜʘʣʴʰʦʤʫ ʨʦʙʦʪʠ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʃ.ʆ. ʇʦʟʥʷʢʦʤ ʙʫʣʦ 

ʧʨʦʜʦʚʞʝʥʦ ʚ ɯʥʩʪʠʪʫʪʽ ʧʨʦʙʣʝʤ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʽʤ. ɯ.ʄ. ʌʨʘʥʮʝʚʠʯʘ ʅɸʅ 

ʋʢʨʘʾʥʠ. 

 

1.1 ʋʤʦʚʠ ʨʦʙʦʪʠ ʰʪʘʤʧʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ  

 

ʆʩʥʦʚʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ 

ʥʘ ʜʝʢʽʣʴʢʘ ʛʨʫʧ: ʦʙôʻʤʥʘ ʰʪʘʤʧʦʚʢʘ (ʧʨʝʩʫʚʘʥʥʷ, ʚʠʩʘʜʢʘ, ʢʘʣʽʙʨʦʚʢʘ, 

ʯʝʢʘʥʢʘ ʪʘ ʽʥ.); ʬʦʨʤʦʚʢʘ, ʧʦʨʽʟʢʘ, ʚʽʣʴʥʘ ʢʦʚʢʘ ʥʘ ʤʦʣʦʪʘʭ. ʅʘʡʙʽʣʴ h

ʞʦʨʩʪʢʠʡ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʩʠʣʦʚʠʡ ʚʧʣʠʚ ʫ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʷʢ ʧʨʘʚʠʣʦ, 

ʚʠʪʨʠʤʫʶʪʴ ʨʦʙʦʯʽ ʯʘʩʪʠʥʠ ʰʪʘʤʧʽʚ ʦʙôʻʤʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ. 

ʇʨʠ ʛʘʨʷʯʽʡ ʦʙôʻʤʥʽʡ ʰʪʘʤʧʦʚʮʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʙʣʘʜʥʝʥʥʷ, ʷʢʝ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ, ʷʢ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʦʟʥʘʢʘʤʠ, ʪʘʢ ʽ ʰʚʠʜʢʽʩʪʶ 

ʜʝʬʦʨʤʫʚʘʥʥʷ: ʧʨʝʩʦʚʽ ʽʥʩʪʨʫʤʝʥʪʠ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ ʧʦʨʽʚʥʷʥʦ 
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ʧʦʚʽʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ (0,5-2,5 ʤ/c), ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ 

ʢʦʥʪʘʢʪʫ ʟ ʟʘʛʦʪʦʚʢʦʶ ʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʫʪʪʻʚʦʛʦ ʨʦʟʽʛʨʽʚʫ ʾʭ ʧʦʚʝʨʭʥʽ; 

ʤʦʣʦʪʦʚʽ ʰʪʘʤʧʠ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ ʫʜʘʨʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ (5-8 ʤ/c), 

ʧʨʠ ʮʴʦʤʫ ʾʭ ʧʦʚʝʨʭʥʷ ʟʘʚʜʷʢʠ ʢʦʨʦʪʢʦʯʘʩʪʥʦʤʫ ʢʦʥʪʘʢʪʫ ʽʥʩʪʨʫʤʝʥʪʫ ʟ 

ʟʘʛʦʪʦʚʢʦʶ ʨʦʟʽʛʨʽʚʘʻʪʴʩʷ ʜʦ ʙʽʣʴʰ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʥʽʞ ʧʦʚʝʨʭʥʷ 

ʧʨʝʩʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ; ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ 

(ʜʦ 30 ʤ/c) ʟʘʟʥʘʶʪʴ ʚʠʩʦʢʽ ʫʜʘʨʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʜʣʷ ʷʢʠʭ ʭʘʨʘʢʪʝʨʥʠʡ 

ʢʦʨʪʢʦʯʘʩʪʥʠʡ ʪʝʧʣʦʚʠʡ ʪʘ ʩʠʣʦʚʠʡ ʚʧʣʠʚ.   

ʈʷʜ ʘʚʪʦʨʽʚ [16] ʚʢʘʟʫʶʪʴ ʥʘ ʪʨʠ ʦʩʥʦʚʥʽ ʛʨʫʧʠ ʬʘʢʪʦʨʽʚ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴ ʫʤʦʚʠ ʨʦʙʦʪʠ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ.  

ɼʦ ʧʝʨʰʦʾ ʛʨʫʧʠ ʚʽʜʥʦʩʷʪʴʩʷ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ: ʬʦʨʤʘ 

ʪʘ ʤʘʩʘ ʟʘʛʦʪʦʚʦʢ; ʩʪʫʧʽʥʴ ʜʝʬʦʨʤʫʚʘʥʥʷ ʪʘ ʫʤʦʚʠ ʪʝʯʽʾ ʤʝʪʘʣʫ; ʪʝʧʣʦʬʽʟʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʽʚʫ; ʥʘʷʚʥʽʩʪʴ ʽ ʪʦʚʱʠʥʘ ʦʢʘʣʠʥʠ ʥʘ 

ʟʘʛʦʪʦʚʢʘʭ; ʚʠʜ ʟʤʘʱʫʚʘʥʥʷ; ʫʤʦʚʠ ʨʦʟʽʛʨʽʚʫ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʙʦʯʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ; ʧʦʪʨʽʙʥʘ  ʪʦʯʥʽʩʪʴ  ʨʦʟʤʽʨʽʚ  ʟʘʛʦʪʦʚʢʠ;  ʯʘʩʦʚʠʡ  ʨʝʞʠʤ  ʨʦʙʦʪʠ  

ʰʪʘʤʧʫ ʽ ʪ.ʜ. 

ɼʦ ʜʨʫʛʦʾ ʛʨʫʧʠ ʚʭʦʜʷʪʴ ʧʘʨʘʤʝʪʨʠ ʦʙʣʘʜʥʝʥʥʷ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ 

ʜʝʬʦʨʤʫʚʘʥʥʷ: ʰʚʠʜʢʽʩʪʴ ʜʝʬʦʨʤʫʚʘʥʥʷ; ʨʦʙʦʯʠʡ ʮʠʢʣ ʽ ʧʦʚôʷʟʘʥ ̔ʟ ʥʠʤ 

ʟʫʩʠʣʣʷ ʪʘ ʯʘʩ ʢʦʥʪʘʢʪʫ ʟʘʛʦʪʦʚʢʠ ʟ ʨʦʙʦʯʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ; ʯʘʩ ʟʥʘʭʦʜʞʝʥʥʷ 

ʟʘʛʦʪʦʚʢʠ ʫ ʰʪʘʤʧʽ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʜʝʬʦʨʤʫʚʘʥʥʷ; ʥʘʷʚʥʽʩʪʴ ʚʠʰʪʦʚʭʫʚʘʯʽʚ 

ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʾʭ ʨʦʙʦʪʠ ʽ ʪ.ʜ. 

ɼʦ ʪʨʝʪʴʦʾ ʛʨʫʧʠ ʚʽʜʥʦʩʷʪʴʩʷ ʚʣʘʩʪʠʚʦʩʪʽ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ: ʪʚʝʨʜʽʩʪʴ; 

ʪʝʧʣʦʩʪʽʡʢʽʩʪʴ; ʧʣʘʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ; ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ; ʦʧʽʨ ʨʦʟʛʘʨʫ; 

ʤʽʢʨʦʛʝʦʤʝʪʨʽʷ ʪʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʨʦʙʦʯʦʛʦ ʰʘʨʫ 

ʽʥʩʪʨʫʤʝʥʪʫ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʫʤʦʚʠ ʪʝʨʪʷ. 

ɿʘʛʘʣʴʥʠʤʠ ʜʣʷ ʰʪʘʤʧʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ 

 ̒ʪʨʠ ʛʦʣʦʚʥʽ ʦʟʥʘʢʠ: ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʟʽʛʨʽʚʫ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ; 

ʦʜʥʦʯʘʩʪʥʠʡ ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨ ʪʘ ʪʠʩʢʽʚ, ʱʦ ʮʠʢʣʽʯʥʦ ʟʤʽʥʶʶʪʴʩʷ; ʚʠʩʦʢ ̔

ʥʘʧʨʫʞʝʥʥʷ ʫ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ ʛʨʘʚʶʨʠ ʰʪʘʤʧʫ. 
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1.2 ʆʩʥʦʚʥʽ ʚʠʤʦʛʠ ʜʦ ʩʪʘʣʝʡ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʰʪʘʤʧʽʚ ʪʘ 

ʤʘʪʨʠʮʴ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ ʪʘ 

ʩʧʣʘʚʽʚ  

 

ʐʪʘʤʧʠ ʪʘ ʤʘʪʨʠʮʽ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ ʪʘ 

ʩʧʣʘʚʽʚ ʧʨʘʮʶʶʪʴ ʫ ʚʘʞʢʠʭ ʫʤʦʚʘʭ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ, ʜʝʬʦʨʤʘʮʽʡʥʦʛʦ, 

ʢʦʨʦʟʽʡʥʦʛʦ ʪʘ ʽʥʰʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ɿʘʚʜʷʢʠ ʯʠʩʣʝʥʥʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ, 

ʙʘʛʘʪʦʨʽʯʥʦʤʫ ʜʦʩʚʽʜʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʘʥʘʣʽʟʫ ʚʠʧʘʜʢʽʚ ʚʽʜʤʦʚ ʽʥʩʪʨʫʤʝʥʪʫ, 

ʙʫʣʠ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʦʩʥʦʚʥʽ ʚʠʤʦʛʠ ʜʦ ʩʪʘʣʝʡ, ʟ ʷʢʠʭ ʡʦʛʦ ʚʠʛʦʪʦʚʣʷʶʪʴ.  

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʪʠʜʽʾ ʚʧʣʠʚʫ ʨʦʟʽʛʨʽʚʫ ʪʘ ʟʥʘʯʥʠʤ ʩʠʣʦʚʠʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʥʘ ʰʪʘʤʧʠ ʪʘ ʤʘʪʨʠʮʽ ʧʽʜ ʯʘʩ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʩʪʘʣʽ, ʟ ʷʢʠʭ 

ʚʦʥʠ ʚʠʛʦʪʦʚʣʝʥʽ, ʧʦʚʠʥʥʽ ʚʦʣʦʜʽʪʠ ʧʝʚʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʷʢʽ ʤʦʞʥʘ 

ʨʦʟʜʽʣʠʪʠ ʥʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ. 

 

ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ.  

1. ʄʝʞʘ ʤʽʮʥʦʩʪʽ, ʷʢʘ ʟʘ ʢʽʤʥʘʪʥʦ ʾʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʠʥʥʘ ʙʫʪʠ ʚʠʱʦʶ 

ʟʘ 1000  ʄʇʘ, ʱʦʙ ʟʙʝʨʝʛʪʠ ʬʦʨʤʫ ʽʥʩʪʨʫʤʝʥʪʫ ʧʨʠ ʚʠʩʦʢʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ 

ʧʽʜ ʯʘʩ ʜʝʬʦʨʤʫʚʘʥʥʷ [2, 11]. 

2. ʋʜʘʨʥʘ ʚ'ʷʟʢʽʩʪʴ, ʜʦʩʪʘʪʥʷ ʜʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ ʨʫʡʥʫʚʘʥʥʷ ʪʘ 

ʚʠʢʨʠʰʫʚʘʥʥʷ ʧʨʠ ʫʜʘʨʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ [18-20]. 

3. ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ, ʜʦʩʪʘʪʥ ̫ ʜʣʷ ʚʽʜʚʦʜʫ ʪʝʧʣʘ ʟ ʤʽʩʮʷ ʢʦʥʪʘʢʪʫ 

ʟ ʨʦʟʽʛʨʽʪʠʤ ʤʝʪʘʣʦʤ, ʱʦ ʜʝʬʦʨʤʫʶʪʴ [18]. 

 

ɽʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

1. ɾʘʨʦʤʽʮʥʽʩʪʴ, [3, 17, 21-23] ʪʦʙʪʦ ʤʝʪʘʣ ʧʦʚʠʥʝʥ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠʩʴ 

ʚʠʩʦʢʦʶ ʤʝʞʝʶ ʧʣʠʥʥʦʩʪʽ ʽ ʚʠʩʦʢʠʤ ʦʧʦʨʦʤ ʟʥʦʩʫ ʧʨʠ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʱʦʙ ʫʧʦʚʽʣʴʥʠʪʠ ʧʨʦʮʝʩʠ ʩʪʠʨʘʥʥʷ ʪʘ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʝʣʝʤʝʥʪʽʚ ʬʽʛʫʨʠ ʽʥʩʪʨʫʤʝʥʪʫ, ʷʢʠʡ ʨʦʟʽʛʨʽʚʘʻʪʴʩʷ ʚʽʜ ʢʦʥʪʘʢʪʫ ʟ ʛʘʨʷʯʠʤ 

ʤʘʪʝʨʽʘʣʦʤ, ʱʦ ʦʙʨʦʙʣʷ̒ ʪʴʩʷ. ɾʘʨʦʤʽʮʥʽʩʪʴ ʩʪʘʣʽ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʠʩʦʢʦʶ 
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ʤʽʮʥʽʩʪʶ ʤʽʞʘʪʦʤʥʠʭ ʟʚ'ʷʟʢʽʚ ʪʘ ʾʾ ʩʪʨʫʢʪʫʨʦʶ ʚ ʫʤʦʚʘʭ ʧʽʜʚʠʱʝʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨ [17, 21]. ɾʘʨʦʤʽʮʥʽ ʩʪʘʣʽ ʟʜʘʪʥʽ ʧʨʘʮʶʚʘʪʠ ʧʨʠ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ ʯʘʩʫ ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʜʘʪʥʽʩʪʶ 

ʚʠʪʨʠʤʫʚʘʪʠ ʟʥʘʯʥʽ ʤʝʭʘʥʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʜʦʩʪʘʪʥʴʦʤʫ 

ʨʽʚʥʽ ʞʘʨʦʩʪʽʡʢʦʩʪʽ [21]. ɾʘʨʦʤʽʮʥʽʩʪʴ ʩʪʘʣʝʡ ʪʘ ʩʧʣʘʚʽʚ ʧʽʜʚʠʱʫʶʪʴ 

ʪʽ ʣʝʛʫʶʯʽ ʝʣʝʤʝʥʪʠ, ʷʢʽ ʚʠʢʣʠʢʘʶʪʴ ʩʪʘʨʽʥʥʷ ʽ ʟʤʽʮʥʝʥʥʷ ʚʥʘʩʣʽʜʦʢ 

ʚʠʜʽʣʝʥʥʷ ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʯʘʩʪʦʢ, ʱʦ ʫʩʢʣʘʜʥʶʶʪʴ ʧʣʘʩʪʠʯʥʫ ʜʝʬʦʨʤʘʮʽʶ 

ʧʨʠ ʚʠʩʦʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ [17, 21]. ʅʘʡʙʽʣʴʰʠʡ ʝʬʝʢʪ ʟʤʽʮʥʝʥʥʷ ʩʪʘʣʽ 

ʜʦʩʷʛʘʻʪʴʩʷ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚʚʦʜʠʪʴʩʷ ʥʝ ʦʜʠʥ, ʘ ʜʝʢʽʣʴʢʘ ʣʝʛʫʶʯʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʱʦ ʛʨʘʶʪʴ ʨʽʟʥʫ ʨʦʣʴ ʫ ʧʽʜʚʠʱʝʥʥʽ ʞʘʨʦʤʽʮʥʦʩʪʽ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʞʘʨʦʤʽʮʥʦʩʪʽ ʫ ʩʪʘʣʴ ʚʚʦʜʷʪʴ ʭʨʦʤ, ʘʣʶʤʽʥʽʡ ʘʙʦ ʢʨʝʤʥʽʡ [22]. ɾʘʨʦʤʽʮʥʽʩʪʴ 

ʩʪʘʣʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʟʝʨʥʘ. ʉʪʘʣʴ ʟ ʛʨʫʙʦʟʝʨʥʠʩʪʦʶ ʩʪʨʫʢʪʫʨʦʶ 

ʚʠʷʚʣʷʻʪʴʩʷ ʙʽʣʴʰ ʞʘʨʦʤʽʮʥʦʶ, ʘʥʽʞ ʟ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʶ [23].  

2. ʈʦʟʛʘʨʦʩʪʽʡʢʽʩʪʴ [24-28] ï ʟʜʘʪʥʽʩʪʴ ʚʠʪʨʠʤʫʚʘʪʠ ʙʘʛʘʪʦʨʘʟʦʚʝ 

ʮʠʢʣʽʯʥʝ ʥʘʛʨʽʚʘʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʽʥʩʪʨʫʤʝʥʪʫ ʧʽʜ ʯʘʩ 

ʨʦʟʰʠʨʝʥʥʷ ʽ ʩʪʠʩʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ, ʱʦ ʙʫʜʝ ʟʘʧʦʙʽʛʘʪʠ ʧʦʷʚʽ ʩʽʪʢʠ 

ʨʦʟʛʘʨʥʠʭ ʪʨʽʱʠʥ. ʈʦʟʪʨʽʩʢʫʚʘʥʥʷ ʚʽʜ ʪʝʨʤʽʯʥʦʾ ʚʪʦʤʠ (ʥʠʟʴʢʘ  

ʨʦʟʛʘʨʦʩʪʽʡʢʽʩʪʴ) ʻ ʦʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʚʠʭʦʜʫ ʟ ʣʘʜʫ ʰʪʘʤʧʦʚʦʛʦ ʪʘ 

ʤʘʪʨʠʯʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ. ɿʚô̫ ʟʦʢ ʨʦʟʛʘʨʦʩʪʽʡʢʦʩʪʽ ʟʽ ʩʪʨʫʢʪʫʨʦʶ ʩʪʘʣʽ 

ʧʦʚô̫ ʟʘʥʠʡ ʽʟ ʚʧʣʠʚʦʤ ʟʘʣʠʰʢʦʚʦʛʦ ʘʫʩʪʝʥʽʪʫ ʥʘ ʦʧʽʨ ʚʪʦʤʽ. ʋ 1933 ʨ. ʌʨʝʥʯ, 

ʇʝʡʣʫʜʘ ʪʘ ɼʫʙʨʘʛʘʥʘ ʚʽʜʤʽʪʠʣʠ ʩʧʨʠʷʪʣʠʚʠʡ ʚʧʣʠʚ ʟʘʣʠʰʢʦʚʦʛʦ ʘʫʩʪʝʥʽʪʫ 

ʥʘ ʦʧʽʨ ʟʘʛʘʨʪʦʚʘʥʦʾ ʪʘ ʥʠʟʴʢʦ-ʚʽʜʧʫʱʝʥʦʾ ʩʪʘʣʽ ʮʠʢʣʽʯʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. 

ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʣʠʰʢʦʚʠʡ ʘʫʩʪʝʥʽʪ ʚ ʢʽʣʴʢʦʩʪʷʭ 3-6 % ʟʘʪʨʠʤʫʻ 

ʧʦʷʚʫ ʚʪʦʤʥʠʭ ʪʨʽʱʠʥ [26].  

3. ʊʝʧʣʦʩʪʽʡʢʽʩʪʴ ʧʨʠʡʥʷʪʦ ʚʠʟʥʘʯʘʪʠ ʪʚʝʨʜʽʩʪʴ ʟʘ ʢʽʤʥʘʪʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʩʣʷ ʚʽʜʧʫʩʢʫ ʥʘ ʪʨʦʦʩʪʠʪʥʫ ʘʙʦ ʪʨʦʦʩʪʠʪʥʦ-ʩʦʨʙʽʜʥʫ 

ʩʪʨʫʢʪʫʨʫ [14, 24], ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʙʝʨʝʛʪʠ ʚʠʩʦʢʫ ʪʚʝʨʜʽʩʪʴ ʪʘ ʤʽʮʥʽʩʪʴ ʧʨʠ 

ʪʨʠʚʘʣʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʚʧʣʠʚʽ [29-35]. ʊʝʧʣʦʩʪʽʡʢʽʩʪʴ ʩʪʘʣʽ (ʪʝʧʣʦʚʘ 

ʚʣʘʩʪʠʚʽʩʪʴ) ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ, ʷʢ ʤʘʢʩʠʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʽʚʫ, ʜʦ ʷʢʦʾ 
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ʥʝ ʧʦʯʠʥʘʻ ʚʽʜʙʫʚʘʪʠʩʴ ʟʤʽʥʘ ʾʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ (ʪʚʝʨʜʦʩʪʽ, ʦʧʦʨʫ 

ʤʘʣʦʾ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ, ʤʽʮʥʦʩʪʽ, ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ) [24]. ʊʝʧʣʦʩʪʽʡʢʽʩʪʴ 

ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʚ ʽʥʪʝʨʚʘʣʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʧʦʚʠʥʥʘ ʤʘʪʠ ʪʚʝʨʜʽʩʪʴ 40-45 HRC. ʄʥ̔ʽʤʘʣʴʥʘ ʚʝʣʠʯʠʥʘ 

ʪʚʝʨʜʦʩʪʽ ʩʪʘʣʽ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦʚʠʥʥʘ 

ʩʪʘʥʦʚʠʪʠ ʥʝ ʤʝʥʰʝ 40 HRC [14]. ʇʨʠ ʥʠʟʴʢʽʡ ʪʚʝʨʜʦʩʪʽ ʧʨʠʩʢʦʨʶʻʪʴʩʷ 

ʟʤʠʥʘʥʥʷ ʪʘ ʚʪʨʘʪʘ ʨʦʟʤʽʨʽʚ ʬʽʛʫʨʠ ʰʪʘʤʧʽʚ ʟʽ ʩʪʘʣʝʡ ʜʣʷ ʛʘʨʷʯʦʛʦ 

ʜʝʬʦʨʤʫʚʘʥʥʷ [24]. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʦʣʴʬʨʘʤʫ ʪʘ ʤʦʣʽʙʜʝʥʫ 

ʧʽʜʚʠʱʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʢʘʨʙʽʜʥʦʾ ʬʘʟʠ ʄ6ʉ, ʱʦ ʟʙʽʣʴʰʫʻ ʪʝʧʣʦʩʪʽʡʢʽʩʪʴ ʩʪʘʣʽ 

[29-33]. ɺʘʥʘʜʽʡ ʩʧʨʠʷʪʣʠʚʦ ʚʧʣʠʚʘʻ ʥʘ ʯʫʪʣʠʚʽʩʪʴ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʜʦ 

ʧʝʨʝʛʨʽʚʫ [34]. ʇʽʜʚʠʱʫʶʯʠ ʪʝʤʧʝʨʘʪʫʨʫ ʽʥʪʝʥʩʠʚʥʦʛʦ ʨʦʩʪʫ ʟʝʨʥʘ ʘʫʩʪʝʥʽʪʫ, 

ʚʽʥ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʪʚʝʨʜʽʥʥʷ ʪʘ ʧʽʜʚʠʱʫʻ 

ʪʝʧʣʦʩʪʽʡʢʽʩʪʴ. ʊʝʧʣʦʩʪʽʡʢʽʩʪʴ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʪʠʧʫ 5ʍ3ɺ3ʄʌʉ ʟʨʦʩʪʘʻ 

ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ V/C ʜʦ 0,25-0,30 % [34]. ʇʦʜʘʣʴʰʝ 

ʟʙʽʣʴʰʝʥʥʷ ʮʴʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʫʪʪʻʚʦʛʦ ʧʽʜʚʠʱʝʥʥʷ 

ʪʝʧʣʦʩʪʽʡʢʦʩʪʽ. ɿʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʫʛʣʝʮʶ ʜʦ 0,45-0,50 % ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʪʝʧʣʦʩʪʽʡʢʦʩʪʽ. ʐʪʘʤʧʦʚʽ ʩʪʘʣʽ ʜʣʷ ʤʘʪʨʠʮʴ ʛʘʨʷʯʦʛʦ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʢʦʤʧʣʝʢʩʥʦ ʣʝʛʦʚʘʥʽ ʩʪʘʣʽ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ 

ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ (W, Mo, V, Ni, Co, Cr ʪʘ ʽʥ.) [11]. ɹʽʣʴʰʽʩʪʴ ʟ ʥʠʭ 

ʫʪʚʦʨʶʶʪʴ ʩʪʽʡʢʽ ʢʘʨʙʽʜʥʽ ʪʘ ʽʥʪʝʨʤʝʪʘʣʽʜʥʽ ʬʘʟʠ, ʷʢʽ ʧʽʜʚʠʱʫʶʪʴ 

ʪʝʧʣʦʩʪʽʡʢʽʩʪʴ. ʅʘʡʙʽʣʴʰ ʚʠʩʦʢʫ ʪʝʧʣʦʩʪʽʡʢʽʩʪʴ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʧʦʥʘʜ 750 Áʉ ʤʘʶʪʴ ʰʪʘʤʧʦʚʽ ʩʪʘʣʽ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʟ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ ʢʦʙʘʣʴʪʫ ʪʠʧʫ 2ʍ6ɺ3ʄ2ʂ8, ʍ2ɺ6ʄ6ʂ12ʅ2, ʚ ʷʢʠʭ 

ʦʩʥʦʚʥʘ ʬʘʟʘ ʟʤʽʮʥʝʥʥʷ ʮʝ ʽʥʪʝʨʤʝʪʘʣʽʜʠ ʪʠʧʫ (Fe, Co)2W ʪʘ (Fe, Co)7W6. 

ɺʦʥʠ ʚʠʜʽʣʷʶʪʴʩʷ ʧʨʠ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʽʜʧʫʩʢʫ (600-650 Áʉ) 

 ̔ʤʘʶʪʴ ʚʠʱʫ ʩʪʽʡʢʽʩʪʴ ʧʦʨʽʚʥʷʥʦ ʟ ʢʘʨʙʽʜʘʤʠ ʄʉ ʪʘ ʄ2C [11, 30, 35]. ʊʦʙʪʦ 

ʟʙʝʨʽʛʘʻʪʴʩʷ ʪʚʝʨʜʽʩʪʴ 40 HRC ʧʽʩʣʷ ʥʘʛʨʽʚʫ ʜʦ 750 Áʉ. ʇʦʢʘʟʘʥʦ, 

ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʦʙʘʣʴʪʫ ʫ ʩʢʣʘʜʽ ʰʪʘʤʧʦʚʦʾ ʩʪʘʣʽ ʜʦ 15 % ʧʽʜʚʠʱʫʻ 

ʾʾ ʚʪʦʨʠʥʥʫ ʪʚʝʨʜʽʩʪʴ ʥʘ 2-3 HRC ʪʘ ʪʝʧʣʦʩʪʽʡʢʽʩʪʴ ʥʘ 10-20 Áʉ, 
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ʘʣʝ ʩʦʙʽʚʘʨʪʽʩʪʴ ʮʠʭ ʩʪʘʣʝʡ ʜʫʞʝ ʚʠʩʦʢʘ ʽ ʮʝ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʻ ʩʦʙʽʚʘʨʪʽʩʪʴ 

ʚʠʨʦʙʣʝʥʦʾ ʧʨʦʜʫʢʮʽʾ. 

4. ɿʥʦʩʦʩʪʽʡʢʽʩʪʴ [39-43] ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʚʝʨʜʦʩʪʽ ʪʘ ʦʧʦʨʫ ʨʫʡʥʫʚʘʥʥʶ 

ʧʽʜ ʯʘʩ ʘʜʛʝʟʽʡʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʽ ʪʝʨʤʽʯʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʧʨʠ ʦʢʠʩʥʦʤʫ 

ʟʥʦʰʫʚʘʥʥʽ [42, 43]. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʣʘʟʤʦʚʦʛʦ ʘʟʦʪʫʚʘʥʥʷ ʜʦʟʚʦʣʠʣʦ 

ʧʽʜʚʠʱʠʪʠ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʩʪʘʣʽ ʅ13. ʅʘʡʙʽʣʴʰʫ ʫʚʘʛʫ ʫ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ 

ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ (ʐʉɻɼ) ʟʚʝʨʪʘʶʪʴ ʥʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, ʷʢ ʥʘ 

ʦʩʥʦʚʥʫ ʚʣʘʩʪʠʚʽʩʪʴ, ʱʦ ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʩʪʨʫʢʪʫʨʠ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʩʪʘʣʽ, ʘʣʝ ʽ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʦʙʨʦʙʣʷ̒ ʪʴʩʷ 

(ʡʦʛʦ ʪʚʝʨʜʦʩʪʽ, ʢʦʨʦʟʽʡʥʦʾ ʚʟʘʻʤʦʜʽʾ), ʘ ʪʘʢʦʞ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ ʪʘ 

ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ, ʧʨʠ ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʦʰʫʚʘʥʥʷ: ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʟʦʥʘʭ 

ʪʝʨʪʷ ʪʘ ʤʝʭʘʥʽʯʥʠʭ ʚʟʘʻʤʦʜʽʡ. ʇʨʠ ʟʤʥ̔ʽ ʮʠʭ ʫʤʦʚ ʚ ʩʚʦʶ ʯʝʨʛʫ ʟʤʽʥʶʻʪʴʩʷ 

ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʩʪʘʣʽ [39]. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʪʘʣʽ ʟ 

ʢʘʨʙʽʜʘʤʠ ʧʽʜʚʠʱʝʥʦʾ ʪʘ ʚʠʩʦʢʦʾ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʫ ʙʽʣʴʰʦʩʪʽ 

ʚʠʧʘʜʢʽʚ ʢʽʣʴʢʽʩʪʶ ʪʘ ʪʠʧʦʤ ʢʘʨʙʽʜʥʦʾ ʬʘʟʠ. ʇʽʜʚʠʱʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʩʪʘʣʽ 

(ʤʘʨʪʝʥʩʠʪʫ) ʟ 58 ʜʦ 63-64 HRC ʜʦʜʘʪʢʦʚʦ ʟʙʽʣʴʰʫʻ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, 

ʘʣʝ ʟʥʘʯʥʦ ʤʝʥʰʝ, ʥʽʞ ʫ ʩʪʘʣʝʡ ʟ ʮʝʤʝʥʪʠʪʥʠʤ ʢʘʨʙʽʜʦʤ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, ʥʘʧʨʠʢʣʘʜ ʜʣʷ ʩʪʘʣʽ ʤʘʨʢʠ ʅ21 (ʘʥʘʣʦʛ 3ʍ2ɺ8ʌ), ʟʨʦʩʪʘʻ 

ʟʘ ʪʘʢʦʶ ʧʦʩʣʽʜʦʚʥʽʩʪʶ: ʚʽʜʧʫʱʝʥʠʡ ʩʦʨʙʽʪ, ʚʽʜʧʫʱʝʥʠʡ ʤʘʨʪʝʥʩʠʪ, 

ʚʽʜʧʫʱʝʥʠʡ ʪʨʦʩʪʠʪ ʙʝʟ ʚʪʦʨʠʥʥʦʛʦ ʛʘʨʪʫʚʘʥʥʷ ʘʙʦ ʚʽʜʧʫʱʝʥʠʡ ʪʨʦʩʪʠʪ ʽʟ 

ʚʪʦʨʠʥʥʠʤ ʛʘʨʪʫʚʘʥʥʷʤ [40]. ɹʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʙʝʡʥʽʪ ʜʣʷ ʰʪʘʤʧʦʚʦʾ ʩʪʘʣʽ 

ʤʘʻ ʢʨʘʱʫ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, ʥʽʞ ʤʘʨʪʝʥʩʠʪ ʪʘ ʜʫʧʣʝʢʩʥʘ ʩʪʨʫʢʪʫʨʘ ʙʝʡʥʽʪʫ, 

ʤʘʨʪʝʥʩʠʪʥʘ ʩʪʨʫʢʪʫʨʘ ʤʘʣʘ ʥʘʡʛʽʨʰʫ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ [41].  

5. ʆʢʘʣʠʥʦʩʪʽʡʢʽʩʪʴ ʪʘ ʧʨʦʛʘʨʪʦʚʫʚʘʥʽʩʪʴ ʟʘʙʝʟʧʝʯʫ ̒ ʥʝʦʙʭʽʜʥʽ 

ʤʝʭʘʥʽʯʥ ̔ ʚʣʘʩʪʠʚʦʩʪ ̔ ʧʦ ʚʩʴʦʤʫ ʧʝʨʝʪʠʥʫ ʽʥʩʪʨʫʤʝʥʪʫ, ʱʦ ʦʩʦʙʣʠʚʦ 

ʚʘʞʣʠʚʦ ʜʣʷ ʤʘʩʠʚʥʠʭ ʜʝʪʘʣʝʡ (ʰʪʘʤʧʽʚ, ʢʦʣʝʩ ʝʢʩʪʨʫʜʝʨʽʚ, ʪʦʱʦ) [24, 44]. 

ʆʢʘʣʠʥʦʩʪʽʡʢʽʩʪʴ (ʞʘʨʦʩʪʽʡʢʽʩʪʴ) ʩʪʘʣʽ ʜʦʩʷʛʘʻʪʴʩʷ, ʚ ʦʩʥʦʚʥʦʤʫ, ʚʚʝʜʝʥʥʷʤ 

ʫ ʩʪʘʣʴ ʭʨʦʤʫ, ʘʣʶʤʽʥʽʶ ʽ ʢʨʝʤʥʽʶ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʱʽʣʴʥʽ 

ʦʢʩʠʜʥʽ ʧʣʽʚʢʠ: (ʉr, Fe)2ʆ3; (Al, Fe)2ʆ3 ʪʘ ʽʥʰʽ, ʱʦ ʟʘʭʠʱʘʶʪʴ ʦʩʥʦʚʥʠʡ 
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ʤʝʪʘʣ ʚʽʜ ʦʢʠʩʣʝʥʥʷ [44]. ʎʝʡ ʟʘʭʠʩʥʠʡ ʰʘʨ ʦʢʩʠʜʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʤʝʪʘʣʽʚ 

ʫʪʚʦʨʶʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʙʽʣʴʰ ʚʠʩʦʢʦʾ, ʥʽʞ ʫ ʟʘʣʽʟʘ, ʭʽʤʽʯʥʦʾ ʩʧʦʨʽʜʥʝʥʦʩʪʽ ʜʦ 

ʢʠʩʥʶ ʫ ʭʨʦʤʫ, ʘʣʶʤʽʥʽʶ ʪʘ ʢʨʝʤʥʽʶ. ʍʨʦʤ ʻ ʦʩʥʦʚʥʠʤ ʝʣʝʤʝʥʪʦʤ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʦʢʘʣʠʥʦʩʪʽʡʢʽʩʪʴ ʩʪʘʣʽ. ʇʨʠ ʧʽʜʚʠʱʝʥʥʽ ʚʤʽʩʪʫ ʭʨʦʤʫ ʽʥʪʝʥʩʠʚʥʝ 

ʦʢʠʩʣʝʥʥʷ ʧʦʯʠʥʘʻʪʴʩʷ ʧʨʠ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʏʠʤ ʚʠʱʘ ʨʦʙʦʯʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʜʝʪʘʣʽ, ʪʠʤ ʙʽʣʴʰʠʡ ʧʦʚʠʥʝʥ ʙʫʪʠ ʚʤʽʩʪ ʭʨʦʤʫ. ɺʚʝʜʝʥʥʷ ʫ ʩʪʘʣʴ 

5-8 % ʉr ʧʽʜʚʠʱʫʻ ʦʢʘʣʠʥʦʩʪʽʡʢʽʩʪʴ ʜʦ 700-750 Áʉ. ɺʚʝʜʝʥʥʷ ʚ ʩʪʘʣʴ ʢʨʝʤʥʽʶ 

ʪʘʢʦʞ ʩʧʨʠʷʻ ʟʥʘʯʥʦʤʫ ʧʽʜʚʠʱʝʥʥʶ ʦʢʘʣʠʥʦʩʪʽʡʢʦʩʪʽ. ʆʜʥʘʢ ʧʨʠ ʚʚʝʜʝʥʥʽ 

ʦʜʥʦʛʦ ʢʨʝʤʥʽʶ (ʙʝʟ ʭʨʦʤʫ) ʩʪʘʣʴ ʩʪʘʻ ʛʨʫʙʦʟʝʨʥʠʩʪʦʶ ʪʘ ʢʨʠʭʢʦʶ. 

ɺʚʝʜʝʥʥʷ ʘʣʶʤʽʥʽʶ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʙʽʣʴʰʫʻ ʦʧʽʨ ʩʧʣʘʚʽʚ ʦʢʠʩʥʝʥʥʶ ʧʨʠ 

ʚʠʩʦʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. ʆʜʥʘʢ ʩʫʪʪʻʚʠʤ ʥʝʜʦʣʽʢʦʤ ʟʘʣʽʟʦʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʻ 

ʾʭ ʢʨʠʭʢʽʩʪʴ. ɼʣʷ ʟʥʠʞʝʥʥʷ ʢʨʠʭʢʦʩʪʽ ʫ ʩʪʘʣʽ, ʧʦʨʷʜ ʟ ʘʣʶʤʽʥʽʻʤ, ʚʚʦʜʷʪʴʩʷ 

ʭʨʦʤ ʪʘ ʢʨʝʤʥʽʡ.  

6. ʊʝʨʪʷ ʪʘ ʟʥʦʰʫʚʥʥʷ. ʋ ʢʦʥʪʘʢʪʽ ʤʽʞ ʩʪʘʣʣʶ ʪʘ ʦʙʨʦʙʣʶʚʘʥʠʤ 

ʤʘʪʝʨʽʘʣʦʤ ʥʝʦʙʭʽʜʥʦ ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʧʣʠʚ ʪʝʨʪʷ, ʱʦ, ʷʢ ʧʨʘʚʠʣʦ, ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʟʤʝʥʰʝʥʥʷ ʟʥʦʰʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʰʪʘʤʧʫ. ʇʨʠ ʧʦʚʝʨʭʥʝʚʦʤʫ ʨʦʟʰʠʨʝʥʥ ̔

ʟʘ ʚʠʩʦʢʦ ʾ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʢʦʥʪʘʢʪʽ ʤʽʞ ʟʘʛʦʪʦʚʢʦʶ ʪʘ ʤʘʪʨʠʮʝʶ ʤʦʞʝ 

ʚʠʥʠʢʘʪʠ ʥʝʛʘʪʠʚʥʝ ʷʚʠʱʝ ï ʟʯʝʧʣʝʥʥʷ (ʭʦʣʦʜʥʝ ʟʚʘʨʶʚʘʥʥʷ), ʷʢʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʦʛʦ ʩʪʠʨʘʥʥʷ ʤʘʪʨʠʮʽ ʪʘ ʨʦʙʦʯʦʛʦ ʤʘʪʝʨʽʘʣʫ [20, 45]. 

ʇʨʠ ʬʦʨʤʫʚʘʥʥʽ ʩʪʨʫʢʪʫʨʠ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʽ ʬʽʟʠʯʥʽ, 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ, ʨʝʞʠʤʠ ʦʙʨʦʙʢʠ 

ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʽʩʥʦ ʧʦʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ. ʍʽʤʽʯʥʠʡ ʩʣʘʜ, ʪʝʨʤʽʯʥʘ ʪʘ ʽʥh ʽ 

ʚʠʜʠ ʦʙʨʦʙʢʠ ʻ ʚʘʞʝʣʷʤʠ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʩʪʨʫʢʪʫʨʦʶ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ.  

ɺʫʛʣʝʮʴ, ʷʢ ʣʝʛʫʶʯʠʡ ʝʣʝʤʝʥʪ, ʚʧʣʠʚʘʻ ʥʘ ʩʪʨʫʢʪʫʨʫ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ 

ʩʪʘʣʽ. ɺʫʛʣʝʮʴ ʟʥʠʞʫʻ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʪʘ ʩʪʽʡʢʽʩʪʴ ʧʨʦʪʠ ʪʝʨʤʽʯʥʦʾ 

ʚʪʦʤʠ, ʘ ʪʘʢʦʞ ʟʥʠʞʫʻ ʫʜʘʨʥʫ ʚôʷʟʢʽʩʪʴ [36]. ʊʦʤʫ ʢʽʣʴʢʽʩʪʴ ʚʫʛʣʝʮʶ 

ʟʘʟʚʠʯʘʡ ʦʙʤʝʞʫʻʪʴʩʷ ʚ ʽʥʪʝʨʚʘʣʽ ʚʽʜ 0,3 ʜʦ 0,4 % ʟʘ ʤʘʩʦʶ [36]. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʯʠʤ ʙʽʣʴʰ ʜʠʩʧʝʨʩʥʘ ʬʝʨʠʪʥʦ-ʮʝʤʝʥʪʠʪʥʘ ʩʫʤʽʰ, ʪʠʤ ʚʠʱʘ 
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ʾʾ ʤʽʮʥʽʩʪʴ [37]. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʚôʷʟʢʦʩʪʽ ʚʽʜʧʫʩʢ ʩʪʘʣʽ ʧʨʦʚʦʜʷʪʴ ʧʨʠ 

ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (600-650 Áʉ) ʥʘ ʩʪʨʫʢʪʫʨʫ ʪʨʦʩʪʠʪʫ ʟʘ ʪʚʝʨʜʽʩʪʶ 

45-50 HRC [38]. ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʧʣʘʩʪʠʯʥʦʩʪʽ ʪʘ ʚôʷʟʢʦʩʪʽ, ʪʦ ʩʧʦʯʘʪʢʫ ʧʨʠ 

ʟʙ̔ʣʴʰʝʥʥʽ ʩʪʫʧʝʥʶ ʜʠʩʧʝʨʩʥʦʩʪʽ ʧʣʘʩʪʠʯʥʽʩʪʴ ʪʘ ʚôʷʟʢʽʩʪʴ ʧʽʜʚʠʱʫʪʁʴʩʷ, 

ʘ ʧʦʪʽʤ, ʜʦʩʷʛʥʫʚʰʠ ʤʘʢʩʠʤʫʤʫ, ʟʤʝʥʰʫʶʪʴʩʷ. ɺʠʜʽʣʝʥʥʷ ʚʪʦʨʠʥʥʠʭ 

ʢʘʨʙʽʜʽʚ ʧʦ ʤʝʞʘʭ ʟʝʨʝʥ ʪʘ ʫʪʚʦʨʝʥʥʷ ʧʨʦʤʽʞʥʠʭ ʩʪʨʫʢʪʫʨ ʟʥʠʞʫʻ ʫʜʘʨʥʫ 

ʚôʷʟʢʽʩʪʴ [35]. ʅʘʡʢʨʘʱʫ ʧʣʘʩʪʠʯʥʽʩʪʴ ʪʘ ʚôʷʟʢʽʩʪʴ ʤʘʻ ʩʦʨʙʽʪʥʘ ʩʪʨʫʢʪʫʨʘ, 

ʚʦʥʠ ʻ ʚʠʱʠʤʠ, ʥʽʞ ʫ ʧʝʨʣʽʪʘ, ʽ ʟʥʘʯʥʦ ʙʽʣʴʰʠʤʠ, ʥʽʞ ʫ ʪʨʦʦʩʪʠʪʘ [37]. 

ʅʝʚʝʣʠʢʽ ʰʪʘʤʧʠ, ʚ ʷʢʠʭ ʜʝʬʦʨʤʦʚʘʥʠʡ ʤʝʪʘʣ ʰʚʠʜʢʦ ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʪʘ 

ʟʤʽʮʥʶʻʪʴʩʷ, ʚʽʜʧʫʩʢʘʶʪʴ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 480-520 Áʉ, ʜʦʩʷʛʘʶʯʠ ʪʠʤ ʩʘʤʠʤ 

ʧʽʜʚʠʱʝʥʥʷ ʪʚʝʨʜʦʩʪʽ (40-45 HRC) ʪʘ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ [38]. ʆʩʢʽʣʴʢʠ 

ʤʝʭʘʥʽʯʥʘ ʦʙʨʦʙʢʘ ʧʨʠ ʪʘʢʽʡ ʪʚʝʨʜʦʩʪʽ ʫʩʢʣʘʜʥʝʥʘ, ʬʽʛʫʨʫ ʰʪʘʤʧʘ ʬʦʤʫʶʪʴ 

ʜʦ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ. ʉʝʨʝʜʥʽ ʰʪʘʤʧʠ, ʚ ʷʢʠʭ ʜʣʷ ʜʝʬʦʨʤʫʚʘʥʥʷ ʙʽʣʴʰ 

ʢʨʫʧʥʠʭ ʟʘʛʦʪʦʚʦʢ, ʟʘʩʪʦʩʦʚʫʶʪʴ ʙʽʣʴʰ ʫʜʘʨʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚʽʜʧʫʩʢʘʶʪʴ 

ʧʨʠ 520-540 Áʉ ʥʘ ʙʽʣʴʰ ʥʠʟʴʢʫ ʪʚʝʨʜʽʩʪʴ (35-40 HRC). ɰʭ ʚʠʛʦʪʦʚʣʷʶʪʴ ʧʦ 

ʩʭʝʤʽ: ʤʝʭʘʥʽʯʥʘ ʦʙʨʦʙʢʘ, ʛʘʨʪʫʚʘʥʥʷ, ʚʽʜʧʫʩʢ, ʯʠʩʪʦʚʘ ʜʦʚʦʜʢʘ. ʂʨʫʧʥʽ 

ʰʪʘʤʧʠ, ʷʢʽ ʧʦʚʠʥʥʽ ʤʘʪʠ ʧʽʜʚʠʱʝʥʫ ʚôʷʟʢʽʩʪʴ, ʚʽʜʧʫʩʢʘʶʪʴ ʧʨʠ 540-580 Áʉ 

ʥʘ ʪʚʝʨʜʽʩʪʴ 35-38 HRC. ʌʽʛʫʨʫ ʰʪʘʤʧʘ ʥʘʨʽʟʘʶʪʴ ʧʽʩʣʷ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ 

[38]. ʐʪʘʤʧʠ ʜʣʷ ʛʘʨʷʯʦʾ ʚʠʩʘʜʢʠ, ʧʨʦʪʷʞʢʠ ʪʘ ʧʨʝʩʫʚʘʥʥʷ, ʷʢʽ ʧʨʠ ʨʦʙʦʪʽ 

ʟʘʟʥʘʶʪʴ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ʙʝʟ ʚʝʣʠʢʠʭ ʫʜʘʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʤʘʶʪʴ ʤʝʥʰʽ 

ʨʦʟʤʽʨʠ, ʥʽʞ ʤʦʣʦʪʦʚʽ ʰʪʘʤʧʠ, ʱʦ ʥʘʛʨʽʚʘʶʪʴʩʷ ʜʦ ʙʽʣʴʰ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ.  

ʇʦʨʷʜ ʟ ʬʦʨʤʫʣʶʚʘʥʥʷʤ ʚʠʤʦʛ ʜʦ ʐʉɻɼ ʨʦʟʚʠʚʘʻʪʴʩʷ ʥʘʧʨʷʤʦʢ 

ʚʠʚʯʝʥʥʷ ʧʦʚʝʜʽʥʢʠ ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʽʜ ʜʽʻʶ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ 

ʽʩʥʫʶʯʦʤʫ ʰʪʘʤʧʦʚʦʤʫ ʽʥʩʪʨʫʤʝʥʪʽ, ʟʦʢʨʝʤʘ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʜʝʬʦʨʤʘʮʽʡʥʘ 

ʥʝʩʪʽʡʢʽʩʪʴ (ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ) ʤʝʪʘʣʽʚ ʪʘ ʾʾ ʽʥʞʝʥʝʨʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʷʢʫ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ ʨʦʟʨʦʙʮʽ ʨʝʞʠʤʽʚ ʧʨʝʩʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʫ ʰʪʘʤʧʽ 

ʯʠ ʤʘʪʨʠʮʽ. ɼʝʬʦʨʤʘʮʽʡʥʘ ʥʝʩʪʽʡʢʽʩʪʴ ʻ ʧʨʦʮʝʩʦʤ, ʟʘʩʥʦʚʘʥʠʤ ʥʘ ʟʤʽʥʽ 

ʝʥʝʨʛʽʾ ʪʘ ʢʝʨʦʚʘʥʠʤ ʰʣʷʭʦʤ ʜʝʬʦʨʤʘʮʽʾ ʟʩʫʚʫ. ʇʨʦʮʝʩ ʜʝʬʦʨʤʘʮʽʡʥʦʾ 
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ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʤʝʪʘʣʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʩʢʣʘʜʥʠʤ ʧʨʦʮʝʩʦʤ ʟ ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʤ 

ʟʚô̫ ʟʢʦʤ. ʎʝʡ ʥʘʧʨʷʤʦʢ, ʚ ʦʩʥʦʚʥʦʤʫ, ʧʦʚôʷʟʘʥʠʡ ʟ ʢʽʣʴʢʦʤʘ ʬʘʢʪʦʨʘʤʠ: 

ʚʥʫʪʨʽʰʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʜʝʬʦʨʤʫʻʪʴʩʷ, ʡʦʛʦ 

ʤʘʢʨʦ/ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ, ʛʝʦʤʝʪʨʠʯʥʘ ʩʪʨʫʢʪʫʨʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʫʤʦʚʠ ʥʘʚʘʥʪʘʞʝʥʥʷ [46-51], ʟʦʢʨʝʤʘ ʮʝ ʩʪʦʩʫʻʪʴʩʷ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ. ɹʽʣʴʰ ʜʝʪʘʣʴʥʦ ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʘ 

ʝʚʦʣʶʮʽʷ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʚ ʫʤʦʚʘʭ ʛʘʨʷʯʦʛʦ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʦʧʠʩʘʥʽ ʫ ʦʛʣʷʜʘʭ [52]. 

 

1.3 ʂʣʘʩʠʬʽʢʘʮʽʷ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ 

 

ʂʣʘʩʠʬʽʢʫʚʘʥʥʷ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ 

(ʐʉɻɼ) ʜʦʧʦʤʦʛʘʻ ʢʦʥʩʪʨʫʢʪʦʨʘʤ ʚʠʙʠʨʘʪʠ ʥʘʡʢʨʘʱʠʡ ʚʘʨʽʘʥʪ ʜʣʷ ʰʪʘʤʧʫ 

ʘʙʦ ʤʘʪʨʠʮʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʤʦʚ ʜʝʬʦʨʤʫʚʘʥʥʷ ʪʘ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ 

ʜʝʬʦʨʤʫʶʪʴ, ʜʦʩʣʽʜʥʠʢʘʤ ʚʠʙʨʘʪʠ ʧʦʪʨʽʙʥʠʡ ʥʘʧʨʷʤʦʢ ʜʦʩʣʽʜʞʝʥʴ, ʘ ʪʘʢʦʞ 

ʩʠʩʪʝʤʘʪʠʟʫʚʘʪʠ ʥʦʚʽ ʨʦʟʨʦʙʣʝʥʽ ʩʪʘʣʽ.   

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʧʦʛʣʷʜʽʚ, ʨʦʟʚʠʥʝʥʠʭ ʃ.ʆ. ʇʦʟʥʷʢʦʤ ʛʨʫʧʘ ʐʉɻɼ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʧʽʜʛʨʫʧ, ʷʢʽ ʢʣʘʩʠʬʽʢʫʶʪʴ ʟʘ ʾʭ ʪʝʧʣʦʩʪʽʡʢʽʩʪʶ 

ʪʘ ʚôʷʟʢʽʩʪʶ [11]:  

ï ʧʦʤʽʨʥʦʾ ʪʝʧʣʦʩʪʽʡʢʦʩʪʽ ʪʘ ʧʽʜʚʠʱʝʥʦʾ ʚôʷʟʢʦʩʪʽ;  

ï ʧ̔ ʜʚʠʱʝʥʦʾ ʪʝʧʣʦʩʪʽʡʢʦʩʪʽ ʪʘ ʚôʷʟʢʦʩʪʽ;  

ï ʚʠʩʦʢʦʾ ʪʝʧʣʦʩʪʽʡʢʦʩʪʽ;  

ɼʦ ʮʠʭ ʦʩʥʦʚʥʠʭ ʛʨʫʧ ʃ.ʆ. ʇʦʟʥʷʢ ʜʦʜʘʻ ʧʽʜʛʨʫʧʫ ʘʫʩʪʝʥʽʪʥʠʭ 

ʞʘʨʦʤʽʮʥʠʭ ʩʪʘʣʝʡ ʪʘ ʩʧʣʘʚʽʚ, ʘ ʪʘʢʦʞ ʧʽʜʛʨʫʧʫ ʩʪʘʣʝʡ ʟ ʨʝʛʫʣʴʦʚʘʥʠʤ 

ʘʫʩʪʝʥʽʪʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ (ʈɸʇɽ).  

ʋ ʢʦʞʥʽʡ ʧʽʜʛʨʫʧʽ ʩʪʘʣʽ ʨʦʟʜʽʣʷʶʪʴ ʟʘ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ. ʉʪʘʣʽ ʟ ʈɸʇɽ 

ʨʦʟʜʽʣʷʶʪʴ ʟʘ ʩʠʩʪʝʤʘʤʠ ʣʝʛʫʚʘʥʥʷ: CrïNiïCoïMoïV, CrïSiïNiïMoïV, Crï

NiïMoïWïV. 

ɯʩʥʫʻ ʜʝʢʽʣʴʢʘ ʽʥʰʠʭ ʚʠʜʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ ʐʉɻɼ: 
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ï ʟʘ ʩʪʨʫʢʪʫʨʦʶ; 

ï ʟʘ ʟʘʩʪʦʩʫʚʘʥʥʷʤ. 

ʈʦʟʛʣʷʥʝʤʦ, ʷʢ ʬʦʨʤʫʚʘʚʩʷ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʐʉɻɼ ʪʘ ʩʪʚʦʨʶʚʘʣʠʩʷ ʾʭ 

ʢʣʘʩʠʬʽʢʘʮʽʾ. ʐʉɻɼ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʩʪʘʣʝʡ [32, 53]. ʊʘʢʽ 

ʩʪʘʣʽ ʧʦʚʠʥʥʽ ʤʘʪʠ ʚʠʩʦʢʽ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʠ ʧʽʜʚʠʱʝʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ (ʨʦʟʽʛʨʽʚʫ) ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʚʠʪʨʠʤʫʚʘʪʠ 

ʙʘʛʘʪʦʨʘʟʦʚʠʡ ʥʘʛʨʽʚ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʙʝʟ ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ (ʩʽʪʢʠ ʨʦʟʛʘʨʫ)  

[54]. ʂʨʽʤ ʪʦʛʦ, ʪʘʢʽ ʩʪʘʣʽ ʧʦʚʠʥʥʽ ʤʘʪʠ ʚʠʩʦʢʫ ʧʨʦʛʘʨʪʦʚʫʚʘʥʽʩʪʴ ʽ ʙʫʪʠ 

ʥʝʯʫʪʣʠʚʠʤʠ ʜʦ ʚʽʜʧʫʩʢʥʦʾ ʢʨʠʭʢʦʩʪʽ [55]. ɹʽʣʴʰʽʩʪʴ ʐʉɻɼ ʚʠʧʣʘʚʣʷʣʠ 

ʚ ʝʣʝʢʪʨʦʜʫʛʦʚʠʭ ʪʘ ̔ʥʜʫʢʮʽʡʥʠʭ ʧʣʘʚʠʣʴʥʠʭ ʧʝʯʘʭ  ̔ ʚʠʨʦʙʣʷʣʠ ʫ ʚʠʛʣʷʜʽ 

ʧʨʫʪʢʽʚ ʪʘ ʧʦʢʦʚʦʢ. ʉʢʣʘʜ ʐʉɻɼ ʧʦ ʚʫʛʣʝʮʶ ʪʘ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʘʭ ʤʦʞʝ 

ʟʤʽʥʶʚʘʪʠʩʴ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʫʤʦʚ ʨʦʙʦʪʠ ʽʥʩʪʨʫʤʝʥʪʫ. 

ɺʦʥʠ ʧʦʚʠʥʥʽ ʤʘʪʠ ʚʠʩʦʢʫ ʩʪʽʡʢʽʩʪʴ ʧʨʦʪʠ ʚʽʜʧʫʩʢʫ, ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʽ 

ʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ, ʚôʷʟʢʦʩʪʽ ʪʘ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʧʨʠ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, 

ʧʽʜʚʠʱʝʥʫ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʪʘ ʩʪʽʡʢʽʩʪʴ ʧʨʦʪʠ ʪʝʨʤʽʯʥʦʾ ʚʪʦʤʠ, ʘ ʪʘʢʦʞ 

ʜʦʩʪʘʪʥʶ ʧʨʦʛʘʨʪʦʚʘʥʽʩʪʴ, ʤʘʣʫ ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʚʽʜʧʫʩʢʥʦʾ ʢʨʠʭʢʦʩʪʽ, 

ʟʘʜʦʚʽʣʴʥʫ ʦʙʨʦʙʣʶʚʘʣʴʥʽʩʪʴ ʨʽʟʘʥʥʷʤ [36]. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ 

ʫʤʦʚ ʨʦʙʦʪʠ ʰʪʘʤʧʽʚ, ʷʢʽ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʟʽ ʩʪʘʣʽ, ʪʝ ʯʠ ʽʥʰʝ ʧʦʻʜʥʘʥʥʷ 

ʦʢʨʝʤʠʭ ʾʾ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʞʝ ʟʽʛʨʘʪʠ ʧʝʨʝʚʘʞʥʫ ʨʦʣʴ. ʊʝʧʣʦʩʪʽʡʢʽ 

ʚʠʩʦʢʦʣʝʛʦʚʘʥʽ ʩʪʘʣʽ ʥʘʙʫʚʘʶʪʴ ʧʽʜʚʠʱʝʥʦʾ ʪʚʝʨʜʦʩʪʽ, ʤʽʮʥʦʩʪʽ, ʪʘ 

ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʦʜʚʽʡʥʦʛʦ ʟʤʽʮʥʝʥʥʷ [39]: 

ï ʫʪʚʦʨʝʥʥʷ ʤʘʨʪʝʥʩʠʪʥʦʾ ʩʪʨʫʢʪʫʨʠ ʩʪʘʣʽ ʧʨʠ ʛʘʨʪʫʚʘʥʥʽ;  

ï ʜʠʩʧʝʨʩ̔ʡʥʦʛʦ ʪʚʝʜʽʥʥʷ ʩʪʘʣʽ ʧʨʠ ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʦʤʫ ʚʽʜʧʫʩʢʫ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 500-625 Áʉ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʜʽʣʝʥʥʷ ʟʤʽʮʥʶʶʯʠʭ ʬʘʟ ʫ 

ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ ʟʽ ʩʢʣʘʜʥʠʭ ʢʘʨʙʽʜʽʚ ʚʦʣʴʬʨʘʤʫ, ʤʦʣʽʙʜʝʥʫ, ʘ ʪʘʢʦʞ 

ʢʘʨʙʽʜʽʚ ʚʘʥʘʜʽʶ, ʫʪʚʦʨʶʶʯʠ ʢʘʨʙʽʜʥʝ ʟʤʽʮʥʝʥʥʷ, ʘ ʫ ʩʪʘʣʷʭ ʟ ʥʠʟʴʢʦʶ 

ʢʽʣʴʢʽʩʪʶ ʚʫʛʣʝʮʶ ï ʽʥʪʝʨʤʝʪʘʣʽʜʽʚ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʽʥʪʝʨʤʝʪʘʣʽʜʥʝ 

ʟʤʽʮʥʝʥʥʷ.  
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ɺʣʘʩʪʠʚʦʩʪʽ, ʦʪʨʠʤʘʥʽ ʧʨʠ ʪʝʨʤʽʯʥʽʡ ʦʙʨʦʙʮ ̔ʧʦʚʠʥʥʽ ʟʙʝʨʽʛʘʪʠʩʷ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

ʃʝʛʫʚʘʥʥʷ ʚʘʥʘʜʽʻʤ ʜʦ 1 % ʭʨʦʤʦʤʦʣʽʙʜʝʥʦʚʦʾ ʰʪʘʤʧʦʚʦʾ ʩʪʘʣʽ 

ʧʽʜʚʠʱʫʻ ʾʾ ʩʪʽʡʢʽʩʪʴ ʧʨʦʪʠ ʚʽʜʧʫʩʢʫ [30]. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʚʝʜʝʥʥʷ ʚ ʩʪʘʣʽ 

ʬʝʨʠʪʥʦʛʦ ʢʣʘʩʫ ʤʘʨʦʢ 5ʍʅʄ, 5ʍʅɺ, 5ʍʅɺʉ ʚʘʥʘʜʽʶ ʚʜʘʣʦʩʷ ʨʦʟʨʦʙʠʪʠ 

ʧʝʨʰʽ ʰʪʘʤʧʦʚʽ ʩʪʘʣʽ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ 4ʍʄʌʉ, 4ʍʅʄʌʉ ʟʘ 

ɻʆʉʊ 5950-85. ɺʦʥʠ ʨʦʟʛʣʷʜʘʣʠʩʴ, ʷʢ ʩʪʘʣʽ ʟ ʧʦʤʽʨʥʦʶ ʪʝʧʣʦʩʪʽʡʢʽʩʪʶ ʪʘ 

ʧʽʜʚʠʱʝʥʦʶ ʚôʷʟʢʽʩʪʶ [3, 5, 11, 35]. ʆʜʥʘʢ ʥʝʟʘʜʦʚʽʣʴʥʠʡ ʢʦʤʧʣʝʢʩ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʫ ʙʽʣʴʰʦʩʪʽ ʩʪʘʣʝʡ ʧʨʠʟʚʽʚ ʜʦ ʥʠʟʴʢʦʾ ʩʪʽʡʢʦʩʪʽ 

ʚʘʞʢʦʥʘʚʘʥʪʘʞʝʥʠʭ ʰʪʘʤʧʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʱʦ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʩʪʨʠʤʫʚʘʣʦ 

ʰʠʨʦʢʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʧʨʦʮʝʩʽʚ ʦʙʨʦʙʢʠ ʤʝʪʘʣʽʚ ʪʠʩʢʫ ʪʘ 

ʧʨʦʛʨʝʩʠʚʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [3]. 

ʅʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ ʪʘ ʩʧʣʘʚʽʚ ʚ ʦʩʥʦʚʥʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʪʘʣʽ 

ʧʽʜʚʠʱʝʥʦʾ ʪʝʧʣʦʩʪʽʡʢʦʩʪʽ ʪʘ ʧʽʜʚʠʱʝʥʦʾ ʚôʷʟʢʦʩʪʽ ʪʘʢʠʭ ʤʘʨʦʢ: 4ʍ3ɺʄʌ, 

3ʍ3ʄ3ʌ, 4ʍ5ʄʌʉ, 4ʍ5ʄʌ1ʉ, 4ʍ5ɺ2ʌʉ, 4ʍ3ɺʄʌ, 4ʍ4ɺʄʌʉ, 

4ʍ4ʄ2ɺʌʉ, 4ʍ5ɺ2ʌʉ, 3ʍ2ɺ8ʌ, 5ʍ3ɺ3ʄʌʉ, 2ʍ8ʄ2ʂʌ8 ʪʘ ʽʥ. ʟʘ 

ɻʆʉʊ 5950-85, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʜʦʝʚʪʝʢʪʦʾʜʥʠʭ, ʪʘʢ ʷʢ ʢʽʣʴʢʽʩʪʴ ʧʝʨʚʠʥʥʠʭ 

ʢʘʨʙʽʜʽʚ ʚ ʥʠʭ ʻ ʥʝʟʥʘʯʥʦʶ [3, 5, 35, 55-58]. ʍʘʨʘʢʪʝʨʥʦ  ʁʦʩʦʙʣʠʚʽʩʪ ʁʜʣʷ 

ʪʘʢʠʭ ʩʪʘʣʝʡ ʻ ʢʦʤʧʣʝʢʩʥʝ ʣʝʛʫʚʘʥʥʷ ʪʘ ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʚʪʦʨʠʥʥʦʛʦ ʪʚʝʨʜʽʥʥʷ 

ʧʨʠ ʚʽʜʧʫʩʢʫ ʧʽʩʣʷ ʛʘʨʪʫʚʘʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ 

ʪʝʧʣʦʩʪʽʡʢʦʩʪʽ [3]. ɯʟ ʧʝʨʝʣʽʯʝʥʠʭ ʩʪʘʣʝʡ ʚ ʦʩʥʦʚʥʦʤʫ ʚ ʛʘʣʫʟʽ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ  ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʪʘʣʽ 4ʍ5ʄʌʉ, 4ʍ5ʄʌ1ʉ, 3ʍ3ʄ3ʌ ʪʘ 

3ʍ2ɺ8ʌ.  

ɿʽ ʩʪʘʣʽ 4ʍ5ʄʌʉ ʚʠʛʦʪʦʚʣʷʶʪʴ ʜʨʽʙʥʽ ʤʦʣʦʪʦʚʽ ʰʪʘʤʧʠ, ʦʩʦʙʣʠʚʦ 

ʯʠʩʪʦʚʦʾ ʰʪʘʤʧʦʚʢʠ ʟ ʥʘʡʤʝʥʰʦʾ ʩʪʦʨʦʥʠ ʜʦ 100-125 ʤʤ; ʤʦʣʦʪʦʚʽ 

(ʜʽʘʤʝʪʨʦʤ ʘʙʦ ʪʦʚʱʠʥʦʶ ʜʦ 200 ʤʤ) ʪʘ ʧʨʝʩʦʚʽ ʚʩʪʘʚʢʠ (ʧʨʝʩ-ʰʪʝʤʧʝʣʽ, 

ʛʦʣʢʠ ʜʣʷ ʧʨʦʰʠʚʢʠ ʪʨʫʙ, ʚʥʫʪʨʽʰʥʽ ʚʪʫʣʢʠ) ʧʨʠ ʛʘʨʷʯʦʤʫ ʜʝʬʦʨʤʫʚʘʥʥʽ 

ʢʦʥʩʪʨʫʢʮʽʡʥʥʠʭ ʩʪʘʣʝʡ ʪʘ ʢʦʣʴʦʨʦʚʠʭ ʩʧʣʘʚʽʚ ʚ ʫʤʦʚʘʭ ʢʨʫʧʥʦʩʝʨʽʡʥʦʛʦ 
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ʚʠʨʦʙʥʠʮʪʚʘ; ʬʦʨʤʠ ʣʠʪʪʷ ʧʽʜ ʪʠʩʢʦʤ ʘʣʶʤʽʥʽʻʚʠʭ ʪʘ ʤʘʛʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʟʽ 

ʩʪʦʨʦʥʦʶ ʜʦ 70-80 ʤʤ [5].  

ɿʽ ʩʪʘʣ̔ 4ʍ5ʄʌ1ʉ  ʚʠʛʦʪʦʚʣʷʶʪʴ ʤʦʣʦʪʦʚʽ ʪʘ ʧʨʝʩʦʚʽ ʚʩʪʘʚʢʠ 

(ʪʦʚʱʠʥʦʶ ʘʙʦ ʜʽʘʤʝʪʨʦʤ ʜʦ 200-250 ʤʤ) ʟ ʪʘʢʠʤ ʞʝ ʧʨʠʟʥʘʯʝʥʥʷʤ, ʷʢ ʽʟ 

ʩʪʘʣʽ 4ʍ5ʄʌʉ; ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʚʠʩʘʜʢʠ ʟʘʛʦʪʦʚʦʢ ʽʟ ʣʝʛʦʚʘʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʦʥʠʭ ʪʘ ʞʘʨʦʩʪʽʡʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʢʦʚʦʯʥʠʭ 

ʤʘʰʠʥʘʭ; ʧʨʝʩ-ʬʦʨʤʠ ʜʣʷ ʣʠʪʪʷ ʧʽʜ ʪʠʩʢʦʤ ʘʣʶʤʽʥʽʻʚʠʭ, ʤʘʛʥʽʻʚʠʭ ʪʘ 

ʮʠʥʢʦʚʠʭ ʩʧʣʘʚʽʚ [5, 54]. ʉʪʘʣʴ 4ʍ5ʄʌ1ʉ ʧʨʘʮʶʻ ʟ ʨʦʟʽʛʨʽʚʦʤ ʧʦʚʝʨʭʥʽ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʠ 600 Üʉ. ʌʘʟʦʚʠʡ ʩʢʣʘʜ ʮʽʻʾ ʩʪʘʣʽ ʫ ʚʽʜʧʘʣʝʥʦʤʫ ʩʪʘʥʽ ʷʚʣʷ ̒

ʩʦʙʦʶ ʣʝʛʦʚʘʥʠʡ Ŭ-ʬʝʨʠʪ ʪʘ ʢʘʨʙʽʜʠ ʪʠʧʫ ʄ23ʉ6 ʪʘ ʄ6ʉ. ʎʷ ʩʪʘʣʴ 

ʪʝʧʣʦʩʪʽʡʢʘ ʪʘ ʤʘʣʦʯʫʪʣʠʚʘ ʜʦ ʨʽʟʢʠʭ ʟʤʽʥ ʪʝʤʧʝʨʘʪʫʨ, ʤʘʻ ʧʽʜʚʠʱʝʥʫ 

ʦʢʘʣʠʥʦʩʪʽʡʢʽʩʪʴ, ʤʘʻ ʚʠʩʦʢʫ ʤʽʮʥʽʩʪʴ ʧʨʠ ʜʦʩʪʘʥʽʡ ʚôʷʟʢʦʩʪʽ [59]. ʄʘʪʨʠʮʽ 

ʚʠʛʦʪʦʚʣʝʥʽ ʟʽ ʩʪʘʣʽ ʤʘʨʢʠ ʅ13 (ʘʥʘʣʦʛ 4ʍ5ʄʌ1ʉ) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʦʞ 

ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʣʘʩʪʠʢʦʚʠʭ ʩʪʘʢʘʥʯʠʢʽʚ [60]. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʩʪʘʣʣʶ ʤʘʨʢʠ 

ʅ13 ʙʫʚ ʜʦʩʣʽʜʞʝʥʠʡ ʚʧʣʠʚ ʨʽʟʥʠʭ ʧʨʦʮʝʩʽʚ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʥʘ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʥʦʚʦʛʦ ʪʠʧʫ ʩʪʘʣʽ ʤʘʨʢʠ ʅ13MOD ʜʣʷ ʛʘʨʷʯʦʾ 

ʦʙʨʦʙʢʠ [61]. ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʥʦʾ ʘʫʩʪʝʥʽʟʘʮʽʾ 

ʩʪʘʣʽ ʤʘʨʢʠ ʅ13MOD ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 1030 Üʉ  ̔ʪʚʝʨʜʽʩʪʴ ʧʽʩʣʷ ʛʘʨʪʫʚʘʥʥʷ 

ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʨʠ ʮʽʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʽ, ʫ ʪʦʡ ʯʘʩ, ʷʢ ʜʣʷ 

ʩʪʘʣʽ ʅ13 ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʥʦʾ ʘʫʩʪʝʥʽʟʘʮʽʾ ʧʝʨʝʚʠʱʫʻ 1100 Üʉ, ʘ ʪʚʝʨʜʽʩʪʴ 

ʧʽʩʣʷ ʛʘʨʪʫʚʘʥʥʷ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʨʪʫʚʘʥʥʷ. ɺ 

ʧʨʦʮʝʩʽ ʛʘʨʪʫʚʘʥʥʷ ʥʝʨʦʟʯʠʥʝʥʽ ʢʘʨʙʽʜʠ ʄʉ ʤʦʞʫʪʴ ʟʘʧʦʙʽʛʘʪʠ ʫʢʨʫʧʥʝʥʥʶ 

ʟʝʨʥʘ ʚ ʦʙʦʭ ʩʪʘʣʷʭ. ɿ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʨʪʫʚʘʥʥʷ, ʢʦʣʠ ʢʘʨʙʽʜʠ 

ʄʉ ʧʦʚʥʽʩʪʶ ʨʦʟʯʠʥʷʶʪʴʩʷ, ʟʝʨʥʦ ʰʚʠʜʢʦ ʨʦʩʪʝ. ʊʚʝʨʜʽʩʪʴ ʽ ʤʽʮʥʽʩʪʴ ʩʪʘʣʽ 

ʅ13MOD ʧʨʠ ʚʠʱʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʚʽʜʧʫʩʢʫ (ʚʠʱʝ 570 Üʉ) ʤʘʡʞʝ ʪʘʢʽ ʞ, ʷʢ ʫ 

ʅ13, ʘʣʝ ʾʾ ʤʽʮʥʽʩʪʴ ʚʠʱʘ, ʥʽʞ ʫ ʩʪʘʣʽ ʅ13. ʂʘʨʙʽʜ ʄ2ʉ ʻ ʦʩʥʦʚʥʦʶ ʬʘʟʦʶ 

ʟʤʽʮʥʝʥʥʷ ʚ ʩʪʘʣʽ ʅ13MOD, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʙʽʣʴʰʠʤ ʚʤʽʩʪʦʤ ʄʦ. ʂʽʣʴʢʽʩʪʴ 

ʝʚʪʝʢʪʠʯʥʠʭ ʢʘʨʙʽʜʽʚ VC ʟʤʝʥʰʫʻʪʴʩʷ ʯʝʨʝʟ ʤʝʥʰʠʡ ʚʤʽʩʪ ʚʘʥʘʜʽʶ ʫ 

ʅ13MOD, ʷʢʠʡ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʧʽʜʚʠʱʝʥʥʽ ʫʜʘʨʥʦʾ ʚôʷʟʢʦʩʪʽ ʩʪʘʣʽ 
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ʅ13MOD. ʈʽʟʘʥʥʷ ʟʘʛʘʨʪʦʚʘʥʦʾ ʰʪʘʤʧʦʚʦʾ ʩʪʘʣʽ ʅ13 ʟʘʚʞʜʠ ʙʫʣʦ ʚʘʞʣʠʚʦʶ 

ʪʝʤʦʶ ʙʘʛʘʪʴʦʭ ʧʫʙʣʽʢʘʮʽʡ ʽ ʡʦʤʫ ʧʨʠʜʽʣʷʣʘʩʴ ʚʝʣʠʢʘ ʫʚʘʛʘ. ɼʦʩʢʦʥʘʣʴʥʦ ʮʝ 

ʧʠʪʘʥʥʷ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʝ ʚ ʨʦʙʦʪʽ [62]. ʅʘʜʪʦʥʢʽ ʢʘʨʙʽʜʠ WC-5TiC-10Co 

ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʨʽʞʫʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʦʙʨʦʙʢʠ ʛʘʨʪʦʚʘʥʦʾ ʩʪʘʣʽ 

ʅ13. ɹʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ ʨʽʟʘʥʥʷ ʥʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʫ 

ʪʘ ʤʝʭʘʥʽʟʤ ʡʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʽ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʙʫʣʦ ʧʽʜʛʦʪʦʚʣʝʥʦ ʟʚʠʯʘʡʥʠʡ 

ʮʝʤʝʥʪʦʚʘʥʠʡ ʪʚʝʨʜʠʡ ʩʧʣʘʚ ʟ ʪʘʢʠʤ ʞʝ ʩʢʣʘʜʦʤ ʽ ʩʝʨʝʜʥʽʤ ʨʦʟʤʽʨʦʤ ʟʝʨʥʘ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʥʘʜʪʦʥʢʽ ʮʝʤʝʥʪʦʚʘʥʽ ʢʘʨʙʽʜʠ WC-5TiC-10Co ʤʘʶʪʴ 

ʚʠʱʫ ʪʚʝʨʜʽʩʪʴ ʽ ʤʽʮʥʽʩʪʴ ʥʘ ʧʦʧʝʨʝʯʥʠʡ ʨʦʟʨʠʚ, ʘ ʪʘʢʦʞ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ 

ʢʨʘʱʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʨʽʟʘʥʥʷ, ʥʽʞ ʟʚʠʯʘʡʥʘ ʧʣʘʩʪʠʥʘ ʟ ʪʠʤʠ ʩʘʤʠʤʠ 

ʫʤʦʚʘʤʠ ʨʽʟʘʥʥʷ. ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʟʚʠʯʘʡʥʠʭ ʧʣʘʩʪʠʥ, ʪʦ ʪʫʪ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ 

ʧʦʻʜʥʘʥʥʷ ʙʽʣʴʰʦʛʦ ʘʙʨʘʟʠʚʥʦʛʦ ʪʘ ʘʜʛʝʟʽʡʥʦʛʦ ʟʥʦʩʫ ʥʘ ʧʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ ʪʘ 

ʙʦʢʦʚʽʡ ʛʨʘʥʽ. ʉʧʨʠʷʪʣʠʚʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʨʽʟʘʥʥʷ ʥʘʜʪʦʥʢʠʭ ʧʣʘʩʪʠʥ WCï

5TiCï10Co ʧʦʷʩʥʶʻʪʴʩʷ ʚʠʱʦʶ ʪʚʝʨʜʽʩʪʶ ʪʘ ʤʝʥʰʠʤ ʪʝʨʤʽʯʥʠʤ 

ʨʦʟʤôʷʢʰʝʥʥʷʤ ʧʽʜ ʯʘʩ ʦʙʨʦʙʢʠ.  

ɿʽ ʩʪʘʣʽ 3ʍ3ʄ3ʌ ï ʚʠʛʦʪʦʚʣʷʶʪʴ ʽʥʩʪʨʫʤʝʥʪ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʥʘ 

ʢʨʠʚʦʰʠʧʥʠʭ ʧʨʝʩʘʭ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʢʦʚʦʯʥʠʭ ʤʘʰʠʥʘʭ, ʱʦ ʧʽʜʜʘʶʪʴʩʷ ʚ 

ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʽʥʪʝʥʩʠʚʥʦʤʫ ʦʭʦʣʦʜʞʝʥʥʶ (ʷʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʜʨʽʙʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ); ʧʨʝʩ-ʬʦʨʤʠ ʣʠʪʪʷ ʧʽʜ ʪʠʩʢʦʤ ʤʽʜʥʠʭ ʩʧʣʘʚʽʚ; ʥʦʞʽ ʜʣʷ 

ʛʘʨʷʯʦʛʦ ʨʽʟʘʥʥʷ [35]. 

ʉʪʘʣʴ 3ʍ2ɺ8ʌ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʢʦʚʦʯʥʠʭ ʤʘʰʠʥ ʟ 

ʧʨʝʩʫʚʘʥʥʷʤ [24, 63, 64-67]. ʊʘʢʫ ʩʪʘʣʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʦʩʥʦʚʥʦʤʫ ʜʣʷ 

ʧʨʝʩʫʚʘʥʥʷ ʤʽʜʥʠʭ ʩʧʣʘʚʽʚ, ʰʪʘʤʧʦʚʢʠ ʪʘ ʚʠʩʘʜʢʠ ʧʦʨʽʚʥʷʥʦ ʤôʷʢʠʭ ʩʪʘʣʝʡ. 

ʉʪʘʣʴ 3ʍ2ɺ8ʌ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʰʪʘʤʧʽʚ, ʷʢʽ ʧʨʠ ʜʝʬʦʨʤʫʚʘʥʥʽ 

ʨʦʟʽʛʨʽʚʘʶʪʴʩʷ ʽ ʧʨʘʮʶʶʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨ 600-700 Üʉ. ɯʟ ʥʠʭ ʚʠʛʦʪʦʚʣʷʶʪʴ 

ʽʥʩʪʨʫʤʝʥʪ ʧʨʦʰʠʚʥʽ ʧʫʘʥʩʦʥʠ, ʚʠʰʪʦʚʭʫʚʘʯ ̔ʜʣʷ ʛʣʠʙʦʢʠʭ ʦʪʚʦʨʽʚ, ʤʘʪʨʠʮʽ 

ʧʨʝʩ-ʬʦʨʤ ʜʣʷ ʚʽʜʣʠʚʦʢ ʧʽʜ ʪʠʩʢʦʤ ʤʽʜʥʠʭ ʩʧʣʘʚʽʚ [59]. ɺʦʣʴʬʨʘʤʦʚʘ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʘ ʩʪʘʣʴ ʤʘʨʢʠ ʅ21 (ʘʥʘʣʦʛ 3ʍ2ɺ8ʌ) ʜʣʷ ʛʘʨʷʯʦʾ ʦʙʨʦʙʢʠ 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʚʠʩʦʢʠʭ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʥʘʧʨʠʢʣʘʜ, ʚ 
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ʰʪʘʤʧʘʭ ʜʣʷ ʣʠʪʪʷ ʧʽʜ ʪʠʩʢʦʤ [68]. ʉʪʘʣʴ 3ʍ2ɺ8ʌ ʧʦʜʽʙʥʘ ʜʦ 

ʰʚʠʜʢʦʨʽʟʘʣʴʥʦʾ ʩʪʘʣʽ ʤʘʨʢʠ ʈ9, ʘʣʝ ʤʘʻ ʧʦʥʠʞʝʥʫ ʢʽʣʴʢʽʩʪʴ ʚʫʛʣʝʮʶ, ʱʦ 

ʩʧʨʠʷʻ  ʧʽʜʚʠʱʝʥʥʶ ʾʾ ʫʜʘʨʥʦʾ ʚôʷʟʢʦʩʪʽ. ʉʪʘʣʴ ʪʘʢʦʞ ʤʘʻ ʚʠʩʦʢʫ ʤʽʮʥʽʩʪʴ ʪʘ 

ʪʚʝʨʜʽʩʪʴ ʟʘ ʪʝʤʧʝʨʘʪʫʨ ʜʦ 600-650 Üʉ, ʷʢ ʫ ʰʚʠʜʢʦʨʽʟʘʣʴʥʠʭ ʩʪʘʣʝʡ [39]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʣʽ ʤʘʨʢʠ 5ʍ3ɺ3ʄʌʉ ʟʘʤʽʩʪʴ 3ʍ2ɺ8ʌ ʟʘʙʝʟʧʝʯʫʻ 

ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʚʘʞʢʦʥʘʚʘʥʪʘʞʝʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʥʝ ʤʝʥʰʝ ʥʽʞ ʫ 1,5-2 

ʨʘʟʠ, ʦʜʥʘʢ ʪʘʢʘ ʩʪʘʣʴ ʚʪʨʘʯʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʧʨʠ ʨʦʟʽʛʨʽʚ ̔ ʨʦʙʦʯʠʭ 

ʧʦʚʝʨʭʥʝʚʠʭ ʰʪʘʤʧʽʚ ʜʦ ʪʝʤʧʝʨʘʪʫʨ ʚʠʱʝ 690-700 Áʉ [6]. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ 

ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʩʪʘʣʽ ʟ ʧʽʜʚʠʱʝʥʦʶ ʪʝʧʣʦʩʪʽʡʢʽʩʪʶ ʟ ʽʥʪʝʨʤʝʪʘʣʽʜʥʠʤ 

ʟʤʽʮʥʝʥʥʷʤ ʪʘʢʠʭ ʤʘʨʦʢ, ʷʢ 2ʍ6ɺ8ʄ2ʂ8, 3ʍ10ɺ7ʄ2ʂ10 ʪʘ ʽʥ., ʜʝ ʩʪʽʡʢʽʩʪʴ 

ʚʠʛʦʪʦʚʣʝʥʦʛʦ ʟ ʥʠʭ ʽʥʩʪʨʫʤʝʥʪʫ ʧʨʠ ʜʝʬʦʨʤʫʚʘʥʥʽ ʞʘʨʦʤʽʮʥʠʭ ʪʘ 

ʢʦʨʦʟʽʡʥʦʩʪʽʡʢʠʭ ʩʪʘʣʝʡ ʪʘ ʩʧʣʘʚʽʚ ʚ 5-10 ʨʘʟ ʧʝʨʝʚʠʱʫʻ ʰʪʘʤʧʦʚʫ ʩʪʘʣʴ 

3ʍ2ɺ8ʌ ʟ ʚʠʩʦʢʦʶ ʪʝʧʣʦʩʪʽʡʢʽʩʪʶ [6, 7].   

ɿʘ ʫʤʦʚʘʤʠ ʧʨʘʮʽ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʰʪʘʤʧʫʚʘʥʥʷ ʟ ʐʉɻɼ ʤʦʞʥʘ 

ʨʦʟʜʽʣʠʪʠ ʥʘ ʦʩʥʦʚʥʽ ʛʨʫʧʠ [3]: 

ï ʧʨʝʩʦʚʠʡ ʥ̔ʩʪʨʫʤʝʥʪ, ʷʢʠʡ ʧʨʘʮʶʻ ʚ ʫʤʦʚʘʭ ʚʽʜʥʦʩʥʦ ʧʦʚʽʣʴʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʨʠʚʘʣʦʛʦ ʢʦʥʪʘʢʪʫ ʟ ʟʘʛʦʪʦʚʢʦʶ ʪʘ 

ʟʥʘʯʥʦʛʦ ʥʘʛʨʽʚʫ ʧʦʚʝʨʭʥʽ;  

ï ʰʪʘʤʧʠ-ʤʦʣʦʪʠ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ ʫʜʘʨʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʪʘ ʟʘʟʥʘʶʪʴ ʚʠʩʦʢʠʭ ʫʜʘʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʪʠʩʢʫ, ʚʥʘʩʣʽʜʦʢ 

ʢʦʨʦʪʢʦʯʘʩʪʥʦʛʦ ʢʦʥʪʘʢʪʫ ʽʥʩʪʨʫʤʝʥʪʫ ʟ ʟʘʛʦʪʦʚʢʦʶ, ʧʦʚʝʨʭʥʽ ʦʩʪʘʥʥʴʦʛʦ 

ʨʦʟʽʛʨʽʚʘʶʪʴʩʷ ʜʦ ʙʽʣʴʰ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʘʥʽʞ ʧʨʝʩʦʚʦʛʦ. 

 

1.4 ɿʘʣʝʞʥʽʩʪʴ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʽʜ ʬʘʟʦʚʦ-ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʩʪʘʥʫ ʩʪʘʣʽ 

 

ʌʘʟʦʚʦ-ʩʪʨʫʢʪʫʨʥʠʡ ʩʪʘʥ ʐʉɻɼ, ʦʙʫʤʦʚʣʶʻ ʾʾ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, 

ʷʢʽ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤ 

ʚʠʤʦʛʘʤ ʜʦ ʚʽʜʧʦʚʽʜʥʠʭ ʩʪʘʣʝʡ. 
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ɼʣʷ ʤʘʪʝʨʽʘʣʫ ʤʘʪʨʠʮʴ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ 

ʪʘ ʩʧʣʘʚʽʚ, ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʾʭ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʚʘʞʣʠʚʽ ʧʝʚʥʽ ʦʩʥʦʚʥʽ ʬʽʟʠʢʦ -

ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʤʝʞʘ ʤʽʮʥʦʩʪʽ, ʤʝʞʘ ʧʣʠʥʥʦʩʪʽ, ʪʚʝʨʜʽʩʪʴ, 

ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, ʚôʷʟʢʽʩʪʴ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ (ʪʝʧʣʦʩʪʽʡʢʽʩʪʴ, 

ʨʦʟʛʘʨʦʩʪʽʡʢʽʩʪʴ). 

ʇʨʠ ʚʘʞʢʠʭ ʫʤʦʚʘʭ ʨʦʙʦʪʠ ʰʪʘʤʧʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʢʦʤʧʣʝʢʩʥʦʣʝʛʦʚʘʥʽ ʩʪʘʣʽ 3ʍ2ɺ8ʌ, 4ʍ2ɺ5ʄʌ, 4ʍ5ɺ2ʌʉ ʪʘ ʽʥ., ʷʢʽ 

ʧʦ ʩʢʣʘʜʫ ʪʘ ʚʠʜʫ ʧʝʨʝʪʚʦʨʝʥʴ ʧʨʠ ʪʝʨʤʽʯʥʽʡ ʦʙʨʦʙʮʽ ʧʦʜʽʙʥʽ 

ʜʦ ʰʚʠʜʢʦʨʽʟʘʣʴʥʠʭ ʩʪʘʣʝʡ [20]. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʦʩʪʘʥʥʽʤʠ ʚʦʥʠ ʤʘʶʪʴ ʤʝʥʰʝ 

ʥʘʜʣʠʰʢʦʚʠʭ ʢʘʨʙʽʜʽʚ ʪʠʧʫ ʄ23ʉ6 ʪʘ ʄ6ʉ ʽ ʻ ʜʦʝʚʪʝʢʪʦʾʜʥʠʤʠ. 

ɼʣʷ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʫ ʚʽʜʧʘʣʝʥʦʤʫ ʩʪʘʥʽ ʜʦʣʷ ʢʘʨʙʽʜʥʦʾ ʬʘʟʠ (ʄ23ʉ6, ʄ6ʉ, 

VC) ʩʪʘʥʦʚʠʪʴ 6-12 % [35]. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʝʧʣʦʩʪʽʡʢʦʩʪʽ ʮʠʭ ʰʪʘʤʧʦʚʠʭ 

ʩʪʘʣʝʡ ʾʭ ʛʘʨʪʫʶʪʴ ʚʽʜ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 1025-1125 Áʉ. ɺʽʜʧʫʩʢ ʐʉɻɼ 

ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 500-580 Áʉ ʩʧʨʠʯʠʥʷʻ, ʷʢ ʽ ʫ ʰʚʠʜʢʦʨʽʟʘʣʴʥʠʭ ʩʪʘʣʝʡ, 

ʧʽʜʚʠʱʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʤʘʨʪʝʥʩʠʪʫ ʪʘ ʚʪʦʨʠʥʥʫ ʪʚʝʨʜʽʩʪʴ. ʇʩ̔ʣʷ ʮʴʦʛʦ ʩʪʘʣʽ 

ʤʘʶʪʴ ʤʝʞʫ ʤʽʮʥʦʩʪʽ 1500-1800 ʄʇʘ, ʤʝʞʫ ʧʣʠʥʥʦʩʪʽ 1350-1650 ʄʇʘ, 

ʘ ʫʜʘʨʥʫ ʚôʷʟʢʽʩʪʴ KCU = 0,20-0,55 ʄɼʞ/ʤ
2
 [20].  

ʉʪʘʣʽ ʜʣʷ ʧʨʝʩ-ʬʦʨʤ ʜʣʷ ʣʠʪʪʷ ʧʽʜ ʪʠʩʢʦʤ ʤʝʪʘʣʽʚ ʟ ʚʠʩʦʢʠʤʠ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʧʣʘʚʣʝʥʥʷ (ʤʽʜʥʽ, ʘʣʶʤʽʥʽʻʚʽ ʪʘ ʤʘʛʥʽʻʚʽ ʩʧʣʘʚʠ) ʧʦʚʠʥʥʽ ʤʘʪʠ 

[69]: 

ï ʧʽʜʚʠʱʝʥʫ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʜʣʷ ʰʚʠʜʢʦʛʦ ʚʽʜʚʦʜʫ ʪʝʧʣʘ ʚʽʜ 

ʧʦʚʝʨʭʥʦʩʪʽ; 

ï ʩʪʽʡʢʽʩʪʴ ʧʨʦʪʠ ʢʦʨʦʟʽʾ; 

ï ʚʠʩʦʢʠʡ ʦʧʽʨ ʪʝʨʤʽʯʥʽʡ ʚʪʦʤ;̔ 

ï ʚʠʩʦʢʽ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʠ ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ; 

ï ʚʽʜʤʽʥʥʫ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ. 

ʆʜʥʘʢ, ʥʝ ʟʘʚʞʜʠ ʚʜʘʻʪʴʩʷ ʟʘʙʝʟʧʝʯʠʪʠ ʚʩʽ ʮʽ ʧʝʨʝʨʘʭʦʚʘʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʣʝʛʦʚʘʥʦʾ ʩʪʘʣʽ, ʱʦ ʤʽʩʪʠʪʴ ʭʨʦʤ ʪʘ ʚʦʣʴʬʨʘʤ, ʘʙʦ ʩʠʣʽʮʽʡ, ʢ̫ʽ ʧʽʜʚʠʱʫʶʪʴ 
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ʢʨʠʪʠʯʥʽ ʪʦʯʢʠ ʪʘ ʦʧʽʨ ʪʝʨʤʽʯʥʽʡ ʚʪʦʤʽ, ʘ ʢʨʽʤ ʪʦʛʦ, ʧʽʜʚʠʱʫʶʪʴ ʤʝʭʘʥʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʧʨʠ ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʬʝʨʠʪʥʦʛʦ ʢʣʘʩʫ ʦʙʤʝʞʝʥʝ ʧʝʚʥʠʤ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʽʥʪʝʨʚʘʣʦʤ, ʚʠʱʝ ʷʢʦʛʦ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʾʭ ʨʦʟʤʽʮʥʝʥʥʷ ʽ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʝʧʣʦʩʪʽʡʢʦʩʪʽ ʪʘʢʠʭ ʩʪʘʣʝʡ 

ʥʝʦʙʭʽʜʥʝ ʾʭ ʜʦʜʘʪʢʦʚʝ ʣʝʛʫʚʘʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʦʻʤʥʠʭ ʧʨʦʮʝʩʽʚ ʾʭ 

ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ. ʇʦʢʘʟʘʥʦ, ʱʦ ʣʝʛʫʚʘʥʥʷ ʚʘʥʘʜʽʻʤ ʜʦ 1 % 

ʭʨʦʤʦʤʦʣʽʙʜʝʥʦʚʦʾ ʩʪʘʣʽ ʧʽʜʚʠʱʫʻ ʾʾ ʩʪʽʡʢʽʩʪʴ ʧʨʦʪʠ ʚʽʜʧʫʩʢʫ [30]. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʚʚʝʜʝʥʥʷ ʫ ʩʪʘʣʽ ʬʝʨʠʪʥʦʛʦ ʢʣʘʩʫ ʤʘʨʦʢ 5ʍʅʄ, 5ʍʅɺ, 5ʍʅɺʉ 

ʚʘʥʘʜʽʶ ʚʜʘʣʦʩʷ ʨʦʟʨʦʙʠʪʠ ʧʝʨʰʽ ʰʪʘʤʧʦʚʽ ʩʪʘʣʽ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ 

4ʍʄʌʉ, 4ʍʅʄʌʉ. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʮʠʤʠ ʩʪʘʣʷʤʠ, ʚʠʱʫ ʪʝʧʣʦʩʪʽʡʢʽʩʪʴ ʪʘ 

ʚʪʦʨʠʥʥʫ ʪʚʝʨʜʽʩʪʴ ʧʽʩʣʷ ʛʘʨʪʫʚʘʥʥʷ ʥʘ ʤʘʨʪʝʥʩʠʪʥʫ ʩʪʨʫʢʪʫʨʫ ʤʘʶʪʴ 

ʰʪʘʤʧʦʚʽ ʩʪʘʣʽ ʟ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ ʭʨʦʤʫ ʤʘʨʦʢ 3ʍ3ʄ3ʌ, 4ʍ5ʄʌʉ, 

4ʍ5ʄʌ1ʉ, 4ʍʄ2ʌ, 4ʍ5ɺ2ʌʉ, 5ʍ2ʄʅʌ, 5ʍ2ɺ2ʄ2ʌʉ, 5ʍ3ɺ4ʄʌ2ʉ ʪʘ ʽʥ.  

ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʭʨʦʤʫ ʪʘ ʚʫʛʣʝʮʶ ʙʽʣʴʰʝ ʧʝʚʥʦʾ ʢʽʣʴʢʦʩʪʽ ʫ ʩʪʘʣʽ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʢʘʨʙʽʜʥʦʾ ʬʘʟʠ ʄ23ʉ6, ʱʦ ʩʧʨʠʷʻ ʢʦʘʛʫʣʷʮʽʾ ʢʘʨʙʽʜʥʦʾ 

ʬʘʟʠ [11, 29, 33]. ʍʨʦʤ, ʻ ʪʠʧʦʚʠʤ ʝʣʝʤʝʥʪʦʤ, ʱʦ ʩʧʨʠʷʻ ʨʦʩʪʫ ʟʝʨʥʘ ʩʪʘʣʽ 

[70]. ɽʥʝʨʛʽʷ ʟʚôʷʟʢʫ ʚ ʢʘʨʙʽʜʘʭ ʭʨʦʤʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʟʘʻʤʦʜʽʻʶ ʄʝ ï ʉ, 

ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʨʫʢʪʫʨʠ ʪʘ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚ ʩʠʩʪʝʤʽ ʭʨʦʤ 

ï ʚʫʛʣʝʮʴ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʝʧʣʦʪʘ ʘʪʦʤʽʟʘʮʽʾ ʥʘʡʙʽʣʴʰʘ ʫ ʪʦʛʦ ʽʟ ʢʘʨʙʽʜʽʚ 

ʭʨʦʤʫ, ʷʢʠʡ ʤʘʻ ʥʘʡʙʽʣʴʰʝ ʯʠʩʣʦ ʟʚôʷʟʢʽʚ ʄʝ ï ʉ [29, 71]. ʅʘʡʙʽʣʴʰʝ ʯʠʩʣʦ 

ʪʘʢʠʭ ʟʚôʷʟʢʽʚ ʤʘʻ Cr2C3, ʘ ʥʘʡʤʝʥʰʝ ï ʉr23C6. ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʮʠʤ, 

ʩʪʘʥʜʘʨʪʥʽ ʪʝʧʣʦʪʠ ʫʪʚʦʨʝʥʥʷ, ʥʘ ʦʜʠʥ ʛʨʘʤ-ʘʪʦʤ ʤʝʪʘʣʫ, 

ʟʙʽʣʴʰʫʶʪʴʩʷ ʚ ʨʷʜʫ: Cr23C6, Cr7C3, Cr3C2 ʽ ʚʽʜʧʦʚʽʜʥʦ ʩʪʘʥʦʚʣʷʪʴ: -6,0Ñ0,7; -

6,4Ñ0,8; -7,6Ñ0,5 ʢʢʘʣ. [29, 71]. ɯʟ ʚʩʽʭ ʢʘʨʙʽʜʦʫʪʚʦʨʶʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʪʽʣʴʢʠ 

ʭʨʦʤ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʝʣʝʤʝʥʪʽʚ, ʢʘʨʙʽʜʠ ʷʢʠʭ ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠʩʴ ʫ ʩʪʘʣʽ ʷʢ 

ʯʝʨʝʟ ʣʝʛʦʚʘʥʠʡ ʮʝʤʝʥʪʠʪ, ʪʘʢ ʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʽʟ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ï 

ʚʽʜʧʫʱʝʥʦʛʦ ʤʘʨʪʝʥʩʠʪʫ [34]. ʂʘʨʙʽʜʠ ʚʩʽʭ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ ʟʘʨʦʜʞʫʶʪʴʩʷ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʽʟ Ŭ-ʨʦʟʯʠʥʫ, ʪʦʙʪʦ ʩʪʘʜʽʷ ʫʪʚʦʨʝʥʥʷ ʧʨʦʤʽʞʥʦʛʦ ʣʝʛʦʚʘʥʦʛʦ 
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ʮʝʤʝʥʪʠʪʫ ʫ ʥʠʭ ʚʽʜʩʫʪʥʷ. Fe3C (Fe, Me)3C ï ʥʝʣʝʛʦʚʘʥʠʡ ʪʘ ʣʝʛʦʚʘʥʠʡ 

ʮʝʤʝʥʪʠʪ [34]. ʇʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʽʜʧʫʩʢʫ ʫʪʚʦʨʶʻʪʴʩʷ 

ʤʝʪʘʩʪʘʙʽʣʴʥʠʡ ʢʘʨʙʽʜ, ʚʽʜʤʽʥʥʠʡ ʚʽʜ ʮʝʤʝʥʪʠʪʫ. ʄʝʪʘʩʪʘʙʽʣʴʥʠʡ ʢʘʨʙʽʜ 

ʚʠʟʥʘʯʘʻʪʴʩʷ, ʷʢ Fe2,4C (Ů-ʢʘʨʙʽʜ), ʤʘʻ ʛʝʢʩʘʛʦʥʘʣʴʥʫ ʛʨʘʪʢʫ ʪʘ ʬʦʨʤʫʣʫ 

ʙʣʠʟʴʢʫ ʜʦ Fe2C [72]. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʽʜʧʫʩʢʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 300-400 Üʉ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʘʨʙʽʜʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ŮŸFe3C. ʍʨʦʤ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʨʷʜ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ï ʮʝ ʧʨʦʛʘʨʪʦʚʫʚʘʥʽʩʪʴ, ʩʭʠʣʴʥʽʩʪʴ ʜʦ 

ʚʪʦʨʠʥʥʦʛʦ ʪʚʝʨʜʥʽʥʥʷ ʪʘ ʪʝʧʣʦʩʪʽʡʢʽʩʪʴ. ʋ ʤʽʨʫ ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʭʨʦʤʫ ʚ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ ʽʩʪʦʪʥʦ ʟʨʦʩʪʘʻ ʩʪʽʡʢʽʩʪʴ ʘʫʩʪʝʥʽʪʫ ʷʢ ʫ ʧʝʨʣʽʪʥʽʡ, 

ʪʘʢ ʽ ʚ ʧʨʦʤʽʞʥʽʡ ʦʙʣʘʩʪʷʭ, ʷʢʽʩʥʦ ʟʤʽʥʶʻʪʴʩʷ ʚʠʜ ʉ-ʧʦʜʽʙʥʠʭ ʢʨʠʚʠʭ [73]. ʋ 

ʭʨʦʤʠʩʪʠʭ ʩʪʘʣʷʭ ʧʦʨʷʜ ʟ ʮʝʤʝʥʪʠʪʦʤ ʫʪʚʦʨʶʻʪʴʩʷ ʜʚʘ ʩʧʝʮʽʘʣʴʥʽ ʢʘʨʙʽʜʠ: 

ʛʝʢʩʘʛʦʥʘʣʴʥʠʡ ʄʝ7ʉ3 ʪʘ ʢʫʙʽʯʥʠʡ Me23C6. ʍʨʦʤ ʧʽʜʚʠʱʫʻ ʩʪʽʡʢʽʩʪʴ ʮʠʭ 

ʢʘʨʙʽʜʽʚ ʧʨʦʪʠ ʨʦʟʯʠʥʝʥʥʷ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʽ ʩʧʨʠʷʪʣʠʚʦ ʚʧʣʠʚʘʻ ʥʘ ʯʫʪʣʠʚʽʩʪʴ 

ʜʦ ʧʝʨʝʛʨʽʚʫ ʩʪʘʣʝʡ, ʱʦ ʤʽʩʪʷʪʴ ʥʝʟʥʘʯʥʽ ʢʽʣʴʢʦʩʪʽ ʚʦʣʴʬʨʘʤʫ ʽ ʤʦʣʽʙʜʝʥʫ [7]. 

ʋ ʢʦʤʧʣʝʢʩʥʦʣʝʛʦʚʘʥʠʭ ʩʪʘʣʷʭ ʭʨʦʤ, ʚʥʘʩʣʽʜʦʢ ʧʽʜʚʠʱʝʥʥʷ ʬʘʟʦʚʦʛʦ 

ʥʘʢʣʝʧʫ ʧʨʠ ʛʘʨʪʫʚʘʥʥʽ ʪʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʫʯʘʩʪʽ ʫ ʬʦʨʤʫʚʘʥʥʽ ʟʤʽʮʥʶʶʯʦʾ 

ʬʘʟʠ, ʧʽʜʩʠʣʶʶʪʴ ʝʬʝʢʪ ʚʪʦʨʠʥʥʦʛʦ ʪʚʝʨʜʽʥʥʷ. ʍʨʦʤ ʩʧʨʠʷʻ ʟʙʝʨʝʞʝʥʥʶ 

ʚʠʩʦʢʦʛʦ ʦʧʦʨʫ ʧʣʘʩʪʠʯʥʦ ʾʜʝʬʦʨʤʘʮʽʾ ʩʪʘʣʽ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʜʦ 400-500 Áʉ. 

ʂʨʽʤ ʪʦʛʦ, ʭʨʦʤ ʧʽʜʚʠʱʫʻ ʩʪʽʡʢʽʩʪʴ ʧʨʦʪʠ ʦʢʠʩʥʝʥʥʷ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʜʦ 600-

650 Áʉ. ʇʨʠ ʟʥʠʞʝʥʥʽ ʚʤʽʩʪʫ ʭʨʦʤʫ ʚʽʜ 5 ʜʦ 3 % ʟʤʽʥʶʻʪʴʩʷ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ 

ʩʪʘʣʽ, ʜʝ ʧʨʠʩʫʪʥʽ ʢʘʨʙʽʜʥʽ ʬʘʟʠ ʪʠʧʫ ʄʝ3ʉ, ʧʦʨʷʜ ʟ ʢʘʨʙʽʜʘʤʠ ʪʠʧʫ ʄʝ23ʉ6 ʪʘ 

ʄʝ6ʉ, ʱʦ ʪʨʦʭʠ ʟʤʝʥʰʫʻ ʪʝʧʣʦʩʪʽʡʢʽʩʪʴ ʽ ʤʝʞʫ ʧʣʠʥʥʦʩʪʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʚʠʱʝ 400-500 Áʉ. ɿʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʭʨʦʤʫ ʚʽʜ 5 ʜʦ 8 % ʟʘ ʤʘʩʦʶ ʜʝʱʦ 

ʧʽʜʚʠʱʫʻ ʦʢʘʣʠʥʦʩʪʽʡʢʽʩʪʴ. ʂʨʽʤ ʪʦʛʦ, ʯʝʨʝʟ ʟʨʦʩʪʘʥʥʷ ʢʘʨʙʽʜʥʦʾ 

ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ, ʥʝʤʠʥʫʯʦʛʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʭʨʦʤʫ, ʟʥʠʞʫʶʪʴʩʷ ʚô̫ ʟʢʽʩʪʴ ʪʘ 

ʧʣʘʩʪʠʯʥʽʩʪʴ ʩʪʘʣʽ ʫ ʚʝʣʠʢʠʭ ʧʝʨʝʪʠʥʘʭ ʽʥʩʪʨʫʤʝʥʪʫ. ʅʘʡʙʽʣʴʰ ʧʦʤʽʪʥʠʡ 

ʚʧʣʠʚ ʥʘ ʦʢʘʣʠʥʦʩʪʽʡʢʽʩʪʴ, ʘ ʦʪʞʝ, ʥʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʭʨʦʤ ʥʘʜʘʻ ʧʨʠ ʚʤʽʩʪʽ 

ʚʽʜ 2,5 ʜʦ 3,5-4,0 % ʟʘ ʤʘʩʦʶ [74]. ɼʦ ʯʠʩʣʘ ʦʙʤʝʞʝʥʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʨʦʤʫ, 

ʷʢ ʣʝʛʫʶʯʦʛʦ ʝʣʝʤʝʥʪʘ, ʚʽʜʥʦʩʠʪʴʩʷ ʥʘʩʘʤʧʝʨʝʜ ʨʽʟʢʝ ʟʙʽʣʴʰʝʥʥʷ ʢʘʨʙʽʜʥʦʾ 
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ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʧʨʠ ʚʚʝʜʝʥʥʽ ʡʦʛʦ ʚ ʢʽʣʴʢʦʩʪʷʭ, ʱʦ ʧʝʨʝʚʠʱʫʶʪʴ 4-5 %. 

ʅʘʷʚʥʽʩʪʴ ʛʨʫʙʠʭ ʨʷʜʢʽʚ ʽ ʟʘʣʠʰʢʽʚ ʩʽʪʢʠ ʧʝʨʚʠʥʥʠʭ ʢʘʨʙʽʜʽʚ ʫ ʰʪʘʤʧʦʚʠʭ 

ʩʪʘʣʷʭ ʟ 6-12 % Cr ʧʦʨʷʜ ʟ ʪʨʫʜʥʦʱʘʤʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ (ʟʥʠʞʝʥʥʷ 

ʧʣʘʩʪʠʯʥʦʩʪʽ ʧʨʠ ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʟʨʦʩʪʘʥʥʷ ʥʝʙʝʟʧʝʢʠ ʣʦʢʘʣʴʥʠʭ 

ʦʧʣʘʚʣʝʥʴ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʟʣʠʪʢʽʚ ʧʽʜ ʜʝʬʦʨʤʘʮʽʶ), ʽʩʪʦʪʥʦ ʟʥʠʞʫʻ ʾʭ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʅʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ çʚʥʫʪʨʽʰʥʽʭè 

ʢʦʥʮʝʥʪʨʘʪʦʨʽʚ ʥʘʧʨʫʞʝʥʴ, ʦʩʦʙʣʠʚʦ ʟʨʦʩʪʘʶʯʘ ʧʨʠ ʪʝʨʤʽʯʥʽʡ ʦʙʨʦʙʮʽ, 

ʚʥʘʩʣʽʜʦʢ ʫʪʚʦʨʝʥʥʷ ʧʝʚʥʠʭ ʟʦʥ ʥʘʚʢʦʣʦ ʩʢʫʧʯʝʥʴ ʢʘʨʙʽʜʽʚ, ʟʙʘʛʘʯʝʥʠʭ 

ʚʫʛʣʝʮʝʤ ʽ ʣʝʛʫʶʯʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʤʽʪʥʦʛʦ ʟʤʝʥʰʝʥʥʷ 

ʤʽʮʥʦʩʪʽ, ʧʣʘʩʪʠʯʥʦʩʪʽ, ʦʧʦʨʫ ʚʪʦʤʥʦ ʾ ʧʦʰʢʦʜʞʫʚʘʥʦʩʪʽ ʪʘ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ 

ʚʠʩʦʢʦʭʨʦʤʠʩʪʠʭ ʩʪʘʣʝʡ ʚ ʫʤʦʚʘʭ ʜʠʥʘʤʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʉʣʽʜ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʭʨʦʤʫ ʚʠʱʝ 5 % ʧʦʨʷʜ ʟ  ʧʦʩʠʣʝʥʥʷʤ 

ʢʘʨʙʽʜʥʦʾ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʚʠʢʣʠʢʘʻ ʪʘʢʦʞ ʧʽʜʚʠʱʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʜʦ 

ʧʝʨʝʛʨʽʚʫ. ʎʝʡ ʥʝʜʦʣʽʢ ʚʣʘʩʪʠʚʠʡ ʩʪʘʣʽ, ʣʝʛʦʚʘʥʦʾ 1-2 % W (Mo) ʪʘ 0,3-

0,8 % V [74]. ʋ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʷʭ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʝ 

ʞʦʨʩʪʢʝ ʨʝʛʣʘʤʝʥʪʫʚʘʥʥʷ ʚʤʽʩʪʫ ʭʨʦʤʫ, ʪʘʢ ʷʢ ʚʽʥ ʧʨʠʩʢʦʨʶʻ ʾʭ ʨʦʟʤʽʮʥʝʥʥʷ 

ʧʦʯʠʥʘʶʯʠ ʟ 2-3 %, ʱʦ ʧʦʚô̫ ʟʘʥʻ ʟʽ ʟʥʘʯʥʠʤ ʟʨʦʩʪʘʥʥʷʤ ʰʚʠʜʢʦʩʪʽ 

ʢʦʘʣʝʩʮʝʥʮʽʾ ʢʘʨʙʽʜʽʚ. ʊʘʢʦʞ ʭʨʦʤ ʥʘʚʽʪʴ ʧʨʠ ʚʽʜʥʦʩʥʦ ʥʝʚʠʩʦʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʤʘʻ ʟʥʘʯʥʫ ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʜʝʥʜʨʠʪʥʦʾ ʣʽʢʚʘʮʽʾ, ʙʽʣʴʰʦʾ, ʥʽʞ 

ʚʦʣʴʬʨʘʤ, ʤʘʥ̌ʘʥ ʪʘ ʩʠʣʽʮʽʡ. ʎʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ  ʥʝʩʧʨʠʷʪʣʠʚʠʭ 

ʩʪʨʫʢʪʫʨʥʠʭ ʟʤʽʥ ï ʧʦʩʠʣʝʥʥʶ ʢʘʨʙʽʜʥʦʾ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ. ɺʨʘʭʦʚʫʶʯʠ 

ʚʠʱʝʥʘʚʝʜʝʥʽ ʬʘʢʪʦʨʠ, ʚʤʽʩʪ ʭʨʦʤʫ ʫ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʷʭ ʜʣʷ ʛʘʨʷʯʦʛʦ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʦʚʠʥʝʥ ʩʪʘʥʦʚʠʪʠ: 4-5 % ʪʘ 2-3 % ʉr ʜʣʷ ʩʪʘʣʝʡ ʧʽʜʚʠʱʝʥʦʾ 

(4ʍ5ʄʌʉ, 4ʍ4ɺʄʌʉ) ʪʘ ʚʠʩʦʢʦʾ ʪʝʧʣʦʩʪʽʡʢʦʩʪʽ ʪʠʧʫ 4ʍ2ɺ5ʌʄ, 

5ʍ3ɺ3ʄʌʉ ʚʽʜʧʦʚʽʜʥʦ ʽ 1-2 % Cr ʜʣʷ ʩʪʘʣʝʡ ʟ ʧʦʤʽʨʥʦʶ ʪʝʧʣʦʩʪʽʡʢʽʩʪʶ ʪʘ 

ʧʽʜʚʠʱʝʥʦʶ ʚô̫ ʟʢʽʩʪʶ [7].  

ʋ ʩʪʘʣʷʭ ʧʽʜʚʠʱʝʥʦʾ ʪʝʧʣʦʩʪʽʡʢʦʩʪʽ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʚʦʣʴʬʨʘʤʫ ʚʽʜ 2 ʜʦ 3 % ʟʘ ʤʘʩʦʶ ʚʠʢʣʠʢʘʻ ʟʥʘʯʥʝ ʟʨʦʩʪʘʥʥʷ ʪʚʝʨʜʦʩʪʽ ʧʽʩʣʷ 

ʛʘʨʪʫʚʘʥʥʷ. ʄʦʣʽʙʜʝʥ ʜʝʱʦ ʧʽʜʚʠʱʫʻ ʩʪʽʡʢʽʩʪʴ ʧʨʦʪʠ ʧʝʨʝʛʨʽʚʫ ʩʪʘʣʽ, 
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ʥʘʧʨʠʢʣʘʜ ʤʘʨʢʠ 4ʍ4ɺ2ʄ2ʌʉ [7]. ʇʨʠ ʚʚʝʜʝʥʥʽ ʤʦʣʽʙʜʝʥʫ ʧʦʩʣʘʙʣʶʻʪʴʩʷ 

ʟʜʘʪʥʽʩʪʴ ʭʨʦʤʫ ʟʙʽʣʴʰʫʚʘʪʠ ʨʦʟʤʽʨ ʟʝʨʥʘ ʘʫʩʪʝʥʽʪʫ [70]. ɺʦʣʴʬʨʘʤ ʽ 

ʤʦʣʽʙʜʝʥ ʝʬʝʢʪʠʚʥʦ ʧʽʜʚʠʱʫʶʪʴ ʪʝʧʣʦʩʪʽʡʢʽʩʪʴ. ʊʝʧʣʦʩʪʽʡʢʽʩʪʴ ʟʨʦʩʪʘʻ 

ʥʘʡʙʽʣʴʰ ʩʫʪʪʻʚʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʤʽʩʪʫ ʚʦʣʴʬʨʘʤʫ ʜʦ 8 %. ɺʦʣʴʬʨʘʤ 

(ʽ ʤʝʥʰʦʶ ʤʽʨʦʶ ʤʦʣʽʙʜʝʥ) ʟʘʪʨʠʤʫʶʪʴ ʢʦʘʛʫʣʷʮʽʶ ʢʘʨʙʽʜʽʚ, ʱʦ ʚʠʜʽʣʷʶʪʴʩʷ 

ʧʦ ʤʝʞʘʭ ʟʝʨʝʥ ʽ ʜʝʷʢʠʭ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʧʣʦʱʠʥ, ʽ  ʧʽʜʩʠʣʶʶʪʴ 

ʜʠʩʧʝʨʩʽʡʥʝ ʪʚʝʨʜʽʥʥʷ ʧʨʠ ʚʽʜʧʫʩʢʫ, ʘʣʝ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʾʭ  ʚʤʽʩʪʫ 

ʧʦʛʽʨʰʫʻʪʴʩʷ ʚô̫ ʟʢʽʩʪʴ ʨʫʡʥʫʚʘʥʥʷ. ɺʦʣʴʬʨʘʤ ʧʽʜʩʠʣʶʻ ʪʘʢʦʞ ʢʘʨʙʽʜʥʫ 

ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ, ʯʝʨʝʟ ʱʦ ʜʦʜʘʪʢʦʚʦ ʟʥʠʞʫʶʪʴʩʷ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʫ 

ʚʝʣʠʢʠʭ ʧʝʨʝʪʠʥʘʭ [74]. ʋ ʩʪʘʣʷʭ ʟ ʤʦʣʽʙʜʝʥʦʤ ʜʠʩʧʝʨʩʽʡʥʝ ʪʚʝʨʜʽʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʙʽʣʴʰ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʽʜʧʫʩʪʢʫ. ɺʤʽʩʪ ʤʦʣʽʙʜʝʥʫ, 

ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʡʦʛʦ ʝʬʝʢʪʠʚʥʠʡ ʚʧʣʠʚ, ʚʩʪʘʥʦʚʣʶʶʪʴ ʥʝ ʚʠʱʝ 2,5-2,8 %, 

ʪʘʢ ʷʢ ʚʽʥ ʧʦʩʠʣʶʻ ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ [74]. ʋ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʷʭ ʜʣʷ ʛʘʨʷʯʦʛʦ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʦʣʴʬʨʘʤʫ ʧʽʜʚʠʱʫʻ ʪʝʧʣʦʩʪʽʡʢʽʩʪʴ 

ʜʦ ʧʝʚʥʠʭ ʤʝʞ. ʊʘʢʠʤʠ ʤʝʞʘʤʠ ʻ 1,0-2,0 % W ʚ ʩʪʘʣʷʭ ʤʘʨʢʠ 4ʍ4ɺʄʌʉ ʽ 

~3 % W ʚ ʩʪʘʣʷʭ ʤʘʨʢʠ 5ʍ3ɺ3ʌ2ʄʉ. ɺʤʽʩʪ ʤʦʣʽʙʜʝʥʫ, ʷʢ ʧʨʘʚʠʣʦ, 

ʩʪʘʥʦʚʠʪʴ 1,5-3,0 % [7]. ʄʦʣʽʙʜʝʥ ʚ ʮʠʭ ʩʪʘʣʷʭ ʟʘʤʽʥʷʻ ʚʦʣʴʬʨʘʤ ʫ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 1:2. ʉʪʘʣʽ, ʚ ʷʢʠʭ ʤʦʣʽʙʜʝʥ ʟʘʤʽʥʷ̒  ʙʽʣʴʰʝ 2-3 % W, ʤʘʶʪʴ 

ʤʝʥʰʫ ʢʘʨʙʽʜʥʫ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ. ʄʦʣʽʙʜʝʥ ʧʨʠ ʟʘʤʽʥʽ 3-4 % W (ʽ ʦʜʥʘʢʦʚʦʤʫ 

ʚʤʽʩʪʽ ʚʘʥʘʜʾʶ) ʤʘʡʞʝ ʥʝ ʟʤʽʥʶʻ ʪʝʧʣʦʩʪʽʡʢʽʩʪʴ. ʂʦʥʢʨʝʪʥʠʡ ʚʠʙʽʨ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʤʽʞ ʚʦʣʴʬʨʘʤʦʤ ʪʘ ʤʦʣʽʙʜʝʥʦʤ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʫʤʦʚʘʤʠ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʽʥʩʪʨʫʤʝʥʪʫ, ʧʦʚʠʥʝʥ ʙʫʪʠ ʝʢʦʥʦʤʽʯʥʦ ʦʙʛʨʫʥʪʦʚʘʥʠʤ. 

ʄʦʣʽʙʜʝʥ ʟʜʘʪʥʠʡ ʫʧʦʚʽʣʴʥʶʚʘʪʠ ʨʽʩʪ ʟʝʨʝʥ ʘʫʩʪʝʥʽʪʫ, ʧʨʠʯʦʤʫ ʡʦʛʦ ʜʽʷ 

ʟʨʦʩʪʘʻ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ [70]. ʊʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ 

ʧʨʠʩʫʪʥʦʩʪʽ ʭʨʦʤʫ (ʭʨʦʤʦʤʦʣʽʙʝʥʦʚʦʾ ʦʩʥʦʚʠ) ʬʽʢʩʫʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʟʝʨʥʘ 

ʘʫʩʪʝʥʽʪʫ. ɺ ʨʦʙʦʪʽ [3] ʙʫʣʦ ʧʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʦʩʥʦʚʥʘ ʢʽʣʴʢʽʩʪʴ ʢʘʨʙʽʜʥʦʾ 

ʬʘʟʠ ʬʦʨʤʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʭʨʦʤʠʩʪʠʭ ʢʘʨʙʽʜʽʚ ʪʠʧʫ ʄ23ʉ6. ʋ ʚʠʧʘʜʢʫ 

ʧʽʜʚʠʱʝʥʥʷ Mo ʪʘ W ʢʽʣʴʢʽʩʪʴ ʢʘʨʙʽʜʥʦʾ ʬʘʟʠ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ 
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ʟʘ ʨʘʭʫʥʦʢ ʢʘʨʙʽʜʽʚ ʪʠʧʫ ʄ6ʉ. ʇʽʜʪʚʝʨʜʞʝʥʥʷʤ ʦʩʪʘʥʴʦʛʦ ʻ ʟʨʦʩʪʘʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ Mo ʪʘ W ʫ ʢʘʨʙʽʜʥʽʡ ʬʘʟʽ ʧʨʠ ʟʥʠʞʝʥʥʽ ʢʽʣʴʢʦʩʪʽ Cr. 

ɺʘʥʘʜʽʡ ʝʬʝʢʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʮʝʩʠ ʟʙʠʨʘʣʴʥʦʾ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ ʽ 

ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʻ ʯʫʪʣʠʚʽʩʪʴ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʜʦ ʧʝʨʝʛʨʽʚʫ ʫ ʚʽʜʥʦʩʥʦ 

ʥʝʚʠʩʦʢʦʣʝʛʦʚʘʥʠʭ ʩʪʘʣʷʭ ʤʘʨʦʢ 5ʍʅʄ, 7ʍɻ2ɺʄ ʪʘ ʽʥ. [7]. ʁʦʛʦ ʜʽʷ 

ʚʠʷʚʣʷʻʪʴʩʷ ʧʦʤʽʪʥʦʶ ʚʞʝ ʧʨʠ ʚʤʽʩʪʽ ʧʦʨʷʜʢʫ 0,10-0,30 % V. ɼʣʷ ʽʥʰʠʭ ʛʨʫʧ 

ʩʪʘʣʝʡ, ʱʦ ʤʽʩʪʷʪʴ ʢʘʨʙʽʜʥʽ ʬʘʟʠ ʪʠʧʫ ʄ7ʉ3, ʄ6ʉ, ʄ23ʉ6, ʧʦʪʨʽʙʥʘ ʙʽʣʴʰʘ 

ʢʽʣʴʢʽʩʪʴ ʚʘʥʘʜʽʶ ʜʣʷ ʽʩʪʦʪʥʦʛʦ ʟʩʫʚʫ ʪʝʤʧʝʨʘʪʫʨ ʧʦʯʘʪʢʫ ʽʥʪʝʥʩʠʚʥʦʛʦ ʨʦʩʪʫ 

ʟʝʨʥʘ. ʇʨʠ ʚʚʝʜʝʥʥʽ ʚʘʥʘʜʽʶ ʧʦʩʣʘʙʣʶʻʪʴʩʷ ʟʜʘʪʥʽʩʪʴ ʭʨʦʤʫ ʟʙʽʣʴʰʫʚʘʪʠ 

ʨʦʟʤʽʨ ʟʝʨʥʘ ʘʫʩʪʝʥʽʪʫ [70]. ɺʘʥʘʜʽʡ ʚʧʣʠʚʘʻ ʥʘ ʧʦʜʨʽʙʥʝʥʥʷ ʟʝʨʥʘ 

ʝʬʝʢʪʠʚʥʽʰʝ, ʥʽʞ ʤʦʣʽʙʜʝʥ. ʅʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʘʥʘʜʽʡ ʚʧʣʠʚʘʻ 

ʥʝʩʫʪʪʻʚʦ. ɿʤʝʥʰʫʶʯʠ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʧʝʨʝʛʨʽʚʫ, ʧʨʠ ʚʤʽʩʪʽ ʜʦ 1 % ʚʘʥʘʜʽʡ 

ʤʦʞʝ ʧʽʜʚʠʱʫʚʘʪʠ ʤʽʮʥʽʩʪʴ ʽ ʧʣʘʩʪʠʯʥʽʩʪʴ ʜʣʷ ʚʠʩʦʢʦʚʫʛʣʝʮʝʚʠʭ ʽ 

ʩʝʨʝʜʥʴʦʚʫʛʣʝʮʝʚʠʭ (~ 0,4 % ʉ) ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ [34]. ʇʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ 

ʚʘʥʘʜʽʶ ʥʘ ʦʧʽʨ ʢʨʠʭʢʦʤʫ ʨʫʡʥʫʚʘʥʥʶ, ʥʘʧʨʠʢʣʘʜ ʩʪʘʣʝʡ ʤʘʨʢʠ ʍ4ɺ2ʄʌ ʪʘ 

17ʍ6ʌ4ʄ ʧʽʩʣʷ ʚʽʜʧʫʩʪʢʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨ 150-350 Áʉ, ʟʙʝʨʽʛʘʻʪʴʩʷ ʧʨʠ 

ʣʝʛʫʚʘʥʥʽ ʜʦ 2-4 % V [7]. ɺʘʥʘʜʽʡ, ʪʘʢʦʞ ʷʢ ʽ ʭʨʦʤ, ʤʘʻ ʩʠʣʴʥʦ ʚʠʨʘʞʝʥʫ 

ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʜʝʥʜʨʠʪʥʠʭ ʣʽʢʚʘʮʽʾ, ʘʣʝ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʭʨʦʤʫ ʚʘʥʘʜʽʡ 

ʩʧʨʠʷʪʣʠʚʦ ʚʧʣʠʚʘʻ ʥʘ ʜʠʩʧʝʨʩʥʽʩʪʴ ʽ ʭʘʨʘʢʪʝʨ ʨʦʟʧʦʜʽʣʫ ʧʝʨʚʠʥʥʠʭ ʢʘʨʙʽʜʽʚ 

ʫ ʚʠʩʦʢʦʚʫʛʣʝʮʝʚʠʭ ʩʪʘʣʷʭ [30]. ʇʨʠ ʚʚʝʜʝʥʥʽ ʜʦ ʩʢʣʘʜʫ ʩʪʘʣʝʡ 3-4 % V 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʘʯʥʝ ʧʦʛʽʨʰʝʥʥʷ ʰʣʽʬʦʚʘʥʦʩʪʽ, ʯʝʨʝʟ ʟʙʽʣʴʰʝʥʥʷ ʢʘʨʙʽʜʫ 

ʄC, ʱʦ ʦʙʤʝʞʫʻ ʾʭ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ [7]. ʂʘʨʙʽʜ ʄʉ ʚʠʜʽʣʷʻʪʴʩʷ ʧʨʠ 

ʚʽʜʧʫʩʢʫ 500-600 Üʉ, ʧʽʜʩʠʣʶʶʯʠ ʜʠʩʧʝʨʩʽʡʥʝ ʪʚʝʨʜʽʥʥʷ ʪʘ ʧʽʜʚʠʱʫʶʯʠ 

ʪʚʝʨʜʽʩʪʴ [30]. ɺôʷʟʢʽʩʪʴ ʪʘ ʰʣʽʬʫʚʘʣʴʥʽʩʪʴ ʧʨʠ ʮʴʦʤʫ ʟʥʠʞʫʻʪʴʩʷ, ʘ ʤʽʮʥʽʩʪʴ 

ʤʦʞʝ ʟʨʦʩʪʘʪʠ. ʂʘʨʙʽʜ ʄʉ ʤʘʻ ʤʘʣʽ ʨʦʟʤʽʨʠ ʽ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʫ ʩʪʨʫʢʪʫʨʽ 

ʨʽʚʥʦʤʽʨʥʽʰʝ, ʥʽʞ ʢʘʨʙʽʜʠ ʄ6ʉ. ʄ7ʉ3 ʪʘ ʄ23ʉ6. ɺ ʣʠʪʽʡ ʩʪʘʣʽ ʚʘʥʘʜʽʡ ʫʪʚʦʨʶʻ 

ʝʚʪʝʢʪʠʢʫ ʙʽʣʴʰ ʪʦʥʢʦʾ ʙʫʜʦʚʠ, ʥʽʞ ʯʘʩʪʠʥʢʠ ʢʘʨʙʽʜʽʚ ʭʨʦʤʫ (ʄ7ʉ3) ʘʙʦ ʄ6ʉ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʢʘʨʙʽʜʥʦʾ ʬʘʟʠ ʙʝʟ ʟʥʘʯʥʦʛʦ ʧʦʛʽʨʰʝʥʥʷ 
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ʢʦʚʢʦʩʪʽ. ʅʝʜʦʣʽʢʦʤ ʣʝʛʫʚʘʥʥʷ ʚʘʥʘʜʽʻʤ ʻ ʟʥʠʞʝʥʥʷ ʦʢʘʣʠʥʦʩʪʽʡʢʦʩʪʽ ʧʨʠ 

ʚʽʜʧʘʣʫ ʪʘ ʛʘʨʷʯʦʾ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ [34, 7].   

ʉʠʣʽʮʽʡ ʜʣʷ ʩʪʘʣʽ ʻ ʬʝʨʠʪʦ-ʫʪʚʦʨʶʶʯʠʤ ʝʣʝʤʝʥʪʦʤ [30]. 

ɺʽʥ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʪʠʧ ʽ ʩʢʣʘʜ ʢʘʨʙʽʜʽʚ ʫ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʷʭ, 

ʘʣʝ ʚʠʢʣʠʢʘʻ ʾʭ ʫʢʨʫʧʥʝʥʥʷ ʫ ʚʽʜʧʘʣʝʥʦʤʫ ʩʪʘʥʽ [24, 30].  

ʉʠʣʽʮʽʡ ʪʘ ʢʦʙʘʣʴʪ ʧʨʠ ʚʽʜʧʫʩʢʫ ʧʽʜʚʠʱʫʶʪʴ ʨʽʚʝʥʴ ʚʪʦʨʠʥʥʦʾ 

ʪʚʝʨʜʦʩʪʽ. ʋ ʢʦʤʧʣʝʢʩʥʦʣʝʛʦʚʘʥʠʭ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʷʭ ʚʚʝʜʝʥʥʷ ʮʠʭ ʝʣʝʤʝʥʪʽʚ 

ʚʠʢʣʠʢʘʻ ʟʤʽʮʥʝʥʥʷ, ʱʦ ʥʝ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʽʩʪʦʪʥʠʤ ʟʙʽʜʥʽʥʥʷʤ ʪʚʝʨʜʦʛʦ 

ʨʦʟʯʠʥʫ ʣʝʛʫʶʯʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʽ ʦʙʫʤʦʚʣʝʥʠʡ ʚ ʦʩʥʦʚʥʦʤʫ ʧʽʜʚʠʱʝʥʥʷʤ 

ʜʠʩʧʝʨʩʥʦʩʪʽ ʢʘʨʙʽʜʽʚ, ʱʦ ʚʠʜʽʣʷʶʪʴʩʷ ʧʨʠ ʩʪʘʨʽʥʥʽ [7]. ʆʜʥʘʢ, ʩʠʣʽʮʽʡ 

(ʚ ʢʽʣʴʢʦʩʪʽ 1,5 % ʟʘ ʤʘʩʦʶ), ʟʤʽʱʫʻ çʧʽʢè ʚʪʦʨʠʥʥʦʾ ʪʚʝʨʜʦʩʪʽ ʚ ʙʽʢ ʙʽʣʴʰ 

ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜʧʫʩʢʫ, ʽ ʢʦʙʘʣʴʪ, ʱʦ ʥʝ ʟʤʽʥʶʻ ʧʨʘʢʪʠʯʥʦ ʡʦʛʦ 

ʧʦʣʦʞʝʥʥʷ (ʟʙʽʣʴʰʫʶʪʴ ʰʚʠʜʢʽʩʪʴ ʨʦʟʤʽʮʥʝʥʥʷ ʧʨʠ ʚʠʩʦʢʦʤʫ ʚʽʜʧʫʩʢʫ 

ʟʘ ʪʝʤʧʝʨʘʪʫʨ 620-650 ÁC). ʋ ʟʚô̫ ʟʢʫ ʟ ʮʠʤ ʚʤʽʩʪ ʩʠʣʽʮʽʶ ʫ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʷʭ 

ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʦʙʤʝʞʫʶʪʴ 0,5-0,8 % [7]. ʉʠʣ̔ʮʽʡ ʚʧʣʠʚʘʻ, 

ʘʥʘʣʦʛʽʯʥʦ ʭʨʦʤʫ, ʥʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʘʣʽ ʽ ʩʪʽʡʢʽʩʪʴ ʜʦ ʦʢʠʩʥʝʥʥʷ. 

ʂʦʙʘʣʴʪ ʧʽʜʚʠʱʫʻ ʚʪʦʨʠʥʥʫ ʪʚʝʨʜʽʩʪʴ ʽ ʪʝʧʣʦʩʪʽʡʢʽʩʪʴ, ʘʣʝ ʥʝ ʧʦʢʨʘʱʫʻ 

ʦʢʘʣʠʥʦʩʪʽʡʢʽʩʪʴ, ʥʝʦʙʭʽʜʥʫ ʜʣʷ ʨʦʙʦʪʠ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ɼʦ ʥʝʜʦʣʽʢʽʚ ʣʝʛʫʚʘʥʥʷ ʢʦʙʘʣʴʪʦʤ ʚʽʜʥʦʩʠʪʴʩʷ ʩʭʠʣʴʥʽʩʪʴ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ 

ʜʦ ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ [74]. ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʦʙʘʣʴʪʫ ʜʦʮʽʣʴʥʦ ʽ ʚʠʧʨʘʚʜʘʥʦ ʧʨʠ 

ʚʚʝʜʝʥʥʽ ʡʦʛʦ ʚ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʽ ʩʧʣʘʚʠ (0,1-0,2 % ʉ) ʜʣʷ ʛʘʨʷʯʦʛʦ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʟ ʽʥʪʝʨʤʝʪʘʣʽʜʥʠʤ ʪʘ ʢʦʤʧʣʝʢʩʥʠʤ ʟʤʽʮʥʝʥʥʷʤ. ʃʝʛʫʶʯʠʡ 

ʝʣʝʤʝʥʪ Si ʫ ʩʪʘʣʽ ʤʦʞʝ ʟʘʧʦʙʽʛʪʠ ʜʠʬʫʟʽʾ ʘʪʦʤʽʚ C ʪʘ ʫʢʨʫʧʥʝʥʥʶ ʮʝʤʝʥʪʠʪʫ 

ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʡʦʛʦ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʉʠʣʽʮʽʡ  ʩʠʣʴʥʦ 

ʚʧʣʠʚʘʻ ʥʘ ʟʘʣʠʰʢʦʚʠʡ ʘʫʩʪʝʥʽʪ ʫ ʩʪʘʣʽ, ʱʦ ʤʦʞʝ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʟʘʣʠʰʢʦʚʦʛʦ ʘʫʩʪʝʥʽʪʫ, ʩʧʨʠʷʶʯʠ ʨʦʟʧʦʜʽʣʫ ʚʫʛʣʝʮʶ ʚʽʜ 

ʤʘʨʪʝʥʩʠʪʫ ʜʦ ʘʫʩʪʝʥʽʪʫ ʧʽʜ ʯʘʩ ʚʽʜʧʫʩʢʫ [75-77]. ʋ ʢʚʘʟʽʨʽʚʥʦʚʘʞʥʠʭ ʫʤʦʚʘʭ 

Si ʟʤʝʥʰʫʻ ʨʫʰʽʡʥʫ ʩʠʣʫ ʟʘʨʦʜʞʝʥʥʷ ʮʝʤʝʥʪʠʪʫ. ɸʪʦʤʠ Si ʟʦʩʝʨʝʜʞʫʶʪʴʩʷ 

ʥʘ ʤʝʞʽ ʨʦʟʜʽʣʫ ʢʘʨʙʽʜʤʘʪʨʠʮʷ, ʘ ʧʦʪʽʢ ʘʪʦʤʽʚ ʉ ʽʟ  ʤʘʪʨʠʮʽ ʚ ʮʝʤʝʥʪʠʪ 
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ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʨʽʩʪ ʮʝʤʝʥʪʠʪʫ ʟʘʪʨʠʤʫʻʪʴʩʷ [78]. Delagnes ʪʘ ʽʥ. [79] 

ʜʦʩʣʽʜʞʫʚʘʣʠ ʰʪʘʤʧʦʚʫ ʩʪʘʣʴ ʤʘʨʢʠ H11 ʽʟ ʚʤʽʩʪʦʤ 0,35 % Si ʪʘ 0,92 % Si 

 ̔ʚʠʷʚʠʣʠ, ʱʦ ʥʘʷʚʥʽʩʪʴ Si ʟʘʧʦʙʽʛʘʣʘ ʫʢʨʫʧʥʝʥʥʶ ʮʝʤʝʥʪʠʪʫ ʪʘ ʩʧʨʠʷʣʘ ʡʦʛʦ 

ʨʦʟʯʠʥʝʥʥʶ. ʉʪʘʣʴ ʤʘʨʢʠ H11 ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ Si ʤʦʞʝ ʫʪʚʦʨʶʚʘʪʠ 

ʣʝʛʫʶʯʽ ʢʘʨʙʽʜʠ ʧʨʠ ʥʠʞʯʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʚʽʜʧʫʩʪʢʫ ʽ ʪʘʢʠʤ ʯʠʥʦʤ, ʧʝʨʝʩʫʚʘʪʠ 

ʧʽʢ ʚʪʦʨʠʥʥʦʛʦ ʟʤʽʮʥʝʥʥʷ ʜʦʥʠʟʫ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʮʴʦʛʦ, ʩʪʘʣʴ ʟ ʥʠʟʴʢʠʤ 

ʚʤʽʩʪʦʤ Si ʤʽʩʪʠʣʘ ʙʽʣʴʰʫ ʦʙôʻʤʥʫ ʯʘʩʪʢʫ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʭ ʢʘʨʙʽʜʽʚ 

ʚʘʥʘʜʽʶ ʪʘ ʤʘʣʘ ʢʨʘʱʠʡ ʦʧʽʨ ʪʝʨʤʽʯʥʽʡ ʚʪʦʤʽ. ʆʜʥʘʢ, ʢʦʣʠ Zhou ʪʘ ʽʥ. [80] 

ʚʠʚʯʘʣʠ ʰʪʘʤʧʦʚʫ ʩʪʘʣʴ H13 ʟ ʨʽʟʥʠʤ ʚʤʽʩʪʦʤ Si, ʚʦʥʠ ʚʠʷʚʠʣʠ, ʱʦ ʚʪʦʨʠʥʥʽ 

ʢʘʨʙʽʜʠ ʫ ʩʪʘʣʽ ʟ ʚʠʱʠʤ ʚʤʽʩʪʦʤ Si ʙʫʣʠ ʤʝʥʰʠʤʠ, ʘ ʩʘʤʘ ʩʪʘʣʴ ʤʘʣʘ ʢʨʘʱʠʡ 

ʦʧʽʨ ʪʝʨʤʽʯʥʽʡ ʚʪʦʤʽ. 

ʃʝʛʫʚʘʥʥʷ ʩʪʘʣʝʡ ʥʽʢʝʣʝʤ ʪʘ ʤʘʥ̌ʘʥʦʤ ʧʽʜʚʠʱʫʻ ʧʨʦʛʘʨʪʦʚʫʚʘʥʽʩʪʴ 

[59, 64]. ʎʠʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʦʮʽʣʴʥʽʩʪʴ ʣʝʛʫʚʘʥʥʷ ʥʠʤʠ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ, 

ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ [24]. ʇʨʠ 

ʚʚʝʜʝʥʥʽ ʚ ʩʪʘʣʴ, ʥʽʢʝʣʴ ʧʦʩʣʘʙʣʶʻ ʟʜʘʪʥʽʩʪʴ ʭʨʦʤʫ ʟʙʽʣʴʰʫʚʘʪʠ ʨʦʟʤʽʨ ʟʝʨʥʘ 

ʘʫʩʪʝʥʽʪʫ [70]. ʅ̔ ʢʝʣʴ ʝʬʝʢʪʠʚʥʦ ʩʪʨʠʤʫʻ ʨʽʩʪ ʟʝʨʥʘ ʘʫʩʪʝʥʽʪʫ ʣʠʰʝ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨ 1150-1200 Áʉ, ʘʣʝ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʭʨʦʤʫ ʩʪʨʠʤʫʻ ʨʽʩʪ ʟʝʨʥʘ 

ʘʫʩʪʝʥʽʪʫ ʽ ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʅʽʢʝʣʴ ʝʬʝʢʪʠʚʥʦ ʧʽʜʚʠʱʫʻ 

ʧʣʘʩʪʠʯʥʽʩʪʴ, ʱʦ ʜʫʞʝ ʚʘʞʣʠʚʦ ʜʣʷ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʟʘʟʥʘʶʪʴ ʚʧʣʠʚ 

ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ʋ ʮʴʦʤʫ ʧʨʦʷʚʣʷʻʪʴʩʷ ʡʦʛʦ ʧʦʟʠʪʠʚʥʘ ʚʣʘʩʪʠʚʽʩʪʴ. 

ʆʜʥʘʢ, ʻ ʽʥʰʽ (ʰʢʽʜʣʠʚʽ) ʥʘʩʣʽʜʢʠ ʣʝʛʫʚʘʥʥʷ ʩʪʘʣʽ ʥʽʢʝʣʝʤ. ɼʦ ʾʭ ʯʠʩʣʘ 

ʚʽʜʥʦʩʠʪʴʩʷ ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʦʮʝʩʫ ʚʠʜʽʣʝʥʥʷ ʢʘʨʙʽʜʽʚ ʧʦ ʤʝʞʘʭ ʟʝʨʝʥ [31, 32, 

36]. ɺʠʢʣʠʢʘʶʯʠ ʟʥʠʞʝʥʥʷ ʧʣʘʩʪʠʯʥʦʩʪʽ, ʮʝʡ ʧʨʦʮʝʩ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʪʘʢʦʞ 

ʟʙʽʜʥʝʥʥʷʤ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʢʘʨʙʽʜʦʫʪʚʦʨʶʶʯʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʽ ʟʥʠʞʝʥʥʷʤ 

ʪʝʧʣʦʩʪʽʡʢʦʩʪʽ ʩʪʘʣʽ. ʃʝʛʫʚʘʥʥʷ ʥʽʢʝʣʝʤ ʩʪʘʣʽ, ʥʘʧʨʠʢʣʘʜ ʤʘʨʢʠ 4ʍ4ɺʄʌʉ, 

ʩʧʨʠʷʻ ʧʨʠʩʢʦʨʝʥʥʶ ʪʝʧʣʦʚʦʛʦ ʨʦʟʤʽʮʥʝʥʥʷ, ʘ ʪʘʢʦʞ ʦʢʨʠʭʯʝʥʥ ʁ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨ ʚʠʧʨʦʙʫʚʘʥʴ 20-400 Áʉ [7]. ʂʨʽʤ ʪʦʛʦ, ʧʦʤʽʪʥʦ ʟʥʠʞʫʻʪʴʩʷ ʦʧʽʨ 

ʪʝʨʤʽʯʥʽʡ ʚʪʦʤʠ. ɸʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ ʚʧʣʠʚʘʻ ʜʦʜʘʚʘʥʥʷ ʫ ʰʪʘʤʧʦʚʫ ʩʪʘʣʴ 

ʤʘʥ̌ʘʥʫ, ʷʢʠʡ ʜʦʜʘʪʢʦʚʦ ʟʙʽʣʴʰʫʻ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʽ 



58 
 

 

ʧʦʛʽʨʰʫʻ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ. ʊʘʢʠʤ ʯʠʥʦʤ, ʣʝʛʫʚʘʥʥʷ ʥʽʢʝʣʝʤ ʽ ʤʘʥ̌ʘʥʦʤ 

ʪʝʧʣʦʩʪʽʡʢʠʭ ʩʪʘʣʝʡ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʻ ʥʝʜʦʮʽʣʴʥʠʤ ʣʠʰʝ ʫ 

ʐʉɻɼ ʟ ʧʽʜʚʠʱʝʥʦʾ ʧʨʦʛʘʨʪʦʚʫʚʘʥʦʩʪʽ ʪʘ ʚô̫ ʟʢʦʩʪʽ, ʟʘʩʪʦʩʦʚʫʶʪʴ ʣʝʛʫʚʘʥʥʷ 

ʥʽʢʝʣʝʤ ʽ ʤʘʥʛʘʥʦʤ ʫ ʢʽʣʴʢʦʩʪʷʭ 1,5-2 % ʪʘ 0,5-1 % ʚʽʜʧʦʚʽʜʥʦ [7]. ʋ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʩʪʘʣʝʡ ʚʤʽʩʪ ʥʽʢʝʣʶ ʽ ʤʘʥˇʘʥʫ ʥʝ 

ʧʦʚʠʥʝʥ ʧʝʨʝʚʠʱʫʚʘʪʠ 0,4 %. ɼʦʧʫʩʪʠʤʦ ʧʽʜʚʠʱʝʥʥʷ ʚʤʽʩʪʫ ʥʽʢʝʣʶ ʜʦ 0,6-

0,8 %, ʪʦʜʽ ʪʨʦʭʠ ʟʨʦʩʪʘʻ ʤʽʮʥʽʩʪʴ ʽ ʚô̫ ʟʢʽʩʪʴ. ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ [81-84], ʱʦ 

ʜʦʜʘʚʘʥʥʷ ʥʝʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʥʽʢʝʣʶ ʜʦ ʩʪʘʣʽ ʜʣʷ ʰʪʘʤʧʽʚ ʛʘʨʷʯʦʾ ʦʙʨʦʙʢʠ ʻ 

ʢʦʨʠʩʥʠʤ ʜʣʷ ʟʘʛʘʨʪʦʚʫʚʘʥʥʷ ʪʘ ʤʽʮʥʦʩʪʽ. ɹʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʥʽʢʝʣʶ ʫ 

ʩʪʘʣʽ ʜʣʷ ʛʘʨʷʯʦʾ ʦʙʨʦʙʢʠ ʥʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤʠ CrïMoïV ʥʘ ʧʦʢʨʘʱʝʥʥʷ 

ʟʘʛʘʨʪʦʚʫʚʘʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʙʫʣʦ ʜʦʜʘʪʢʦʚʦ ʜʦʩʣʽʜʞʝʥʦ ʚʥʫʪʨʽʰʥʽʡ ʤʝʭʘʥʽʟʤ 

ʧʽʜʚʠʱʝʥʥʷ ʚôʷʟʢʦʩʪʽ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ 

ʥʽʢʝʣʴ ʷʢ ʥʝʢʘʨʙʽʜʦʫʪʚʦʨʶʶʯʠʡ ʝʣʝʤʝʥʪ ʥʝ ʟʤʽʥʶʻ ʪʠʧ ʽ ʟʘʛʘʣʴʥʫ 

ʢʽʣʴʢʽʩʪʴ ʢʘʨʙʽʜʥʠʭ ʚʠʜʽʣʝʥʴ ʫ ʨʽʚʥʦʚʘʟʽ. ʅʽʢʝʣʴ ʤʦʞʝ ʟʤʝʥʰʠʪʠ 

ʤʽʞʢʨʠʩʪʘʣʽʪʥʝ ʦʩʘʜʞʝʥʥʷ ʪʘ ʟʘʧʦʙʽʛʪʠ ʤʽʞʟʝʨʝʥʥʽʡ ʢʨʠʭʢʦʩʪ,̔ ʪʠʤ ʩʘʤʠʤ 

ʧʽʜʚʠʱʫʶʯʠ ʤʽʮʥʽʩʪʴ. ʆʜʥʘʢ ʚʽʥ ʪʘʢʦʞ ʤʦʞʝ ʧʨʠʩʢʦʨʠʪʠ ʦʩʘʜʞʝʥʥʷ, 

ʘʛʨʝʛʘʮʽʶ ʪʘ ʨʽʩʪ ʚʪʦʨʠʥʥʠʭ ʢʘʨʙʽʜʽʚ ʧʽʜ ʯʘʩ ʪʨʠʚʘʣʦʛʦ ʚʽʜʧʫʩʢʫ, ʱʦ 

ʧʦʛʽʨʰʫʻ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫ ʟʜʘʪʥʽʩʪʴ ʧʨʦʪʠ ʨʦʟʤôʷʢʰʝʥʥʷ ʰʪʘʤʧʦʚʦʾ 

ʩʪʘʣʽ. ʎʽʢʘʚʦ, ʱʦ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʥʽʢʝʣʶ ʥʘ ʧʣʘʩʪʠʯʥʽʩʪʴ ʪʘ ʫʜʘʨʥʫ 

ʚô̫ ʟʢʽʩʪʴ ʩʪʘʣʽ ʪʠʧʫ 4ʍ4ɺʄʌʉ ʧʽʩʣʷ ʚʽʜʧʫʩʪʢʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 600 Áʉ (47-50 

ʅRC) ʥʝ ʧʨʦʷʚʣʷʻʪʴʩʷ (ʥʘ 1,5 % Ni). ʎʝ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʧʦʛʣʷʜʘʤʠ 

ɸ.ʇ. ɻʫʣʷʻʚʘ, ʷʢʠʡ ʚʚʘʞʘʻ, ʱʦ ʥʘʜʤʽʨʥʝ ʣʝʛʫʚʘʥʥʷ Ni (ʥʘʜʤʽʨʥʘ ʢʽʣʴʢʽʩʪʴ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʥʘʩʢʨʽʟʥʫ ʧʨʦʛʘʨʪʦʚʫʚʘʥʽʩʪʴ) ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʧʣʘʩʪʠʯʥʽʩʪʴ 

ʪʘ ʫʜʘʨʥʫ ʚô̫ ʟʢʽʩʪʴ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ [3]. ʆʜʥʘʢ, ʟʥʠʞʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʧʨʦʪʠ 

ʧʝʨʝʛʨʽʚʫ, ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʚʤʽʩʪʫ Ni, ʧʦʚô̫ ʟʘʥʝ ʚ ʦʩʥʦʚʥʦʤʫ ʟ ʧʦʩʣʘʙʣʝʥʥʷʤ 

ʩʠʣ ʤʽʞʘʪʦʤʥʠʭ ʟʚô̫ ʟʢʽʚ ʚ ʢʨʠʩʪʘʣʽʯʥʽʡ ʛʨʘʪʮʽ ʪʘ ʟʙʽʣʴʰʝʥʥʷʤ ʜʠʬʫʟʽʡʥʦʾ 

ʨʫʭʦʤʦʩʪʽ ʘʪʦʤʽʚ.  

ɺʤʽʩʪ ʚʫʛʣʝʮʶ ʤʘʻ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʰʪʘʤʧʦʚʦʾ 

ʩʪʘʣʽ ʅ13, ʜʝ ʩʪʘʣʴ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʚʫʛʣʝʮʶ ʤʘʻ ʚʠʩʦʢʫ ʤʽʮʥʽʩʪʴ, ʘʣʝ ʯʘʩʪʦ 

https://www.sciencedirect.com/topics/materials-science/carbide
https://www.sciencedirect.com/topics/materials-science/embrittlement
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ʥʝ ʤʘʻ ʟʘʜʦʚʽʣʴʥʦʾ ʚô̫ ʟʢʦʩʪʽ. ɺʫʛʣʝʮʴ ʩʧʨʠʷʻ ʦʙô̒ ʜʥʘʥʥʶ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʪʘ 

ʟʙʘʛʘʯʝʥʶ ʢʘʨʙʽʜʥʦʾ ʬʘʟʠ Cr, Mo ʪʘ W [3]. ɹʫʣʦ ʧʦʢʘʟʘʥʦ [85], ʱʦ ʫʜʘʨʥʘ 

ʚô̫ ʟʢʽʩʪʴ ʰʪʘʤʧʦʚʦʾ ʩʪʘʣʽ ʟʨʦʩʪʘʣʘ ʧʨʠ ʟʥʠʞʝʥʥʽ ʢʽʣʴʢʦʩʪʽ ʚʫʛʣʝʮʶ ʚ ʩʪʘʣʽ ʟ 

ʤʘʨʪʝʥʩʠʪʥʦʶ ʩʪʨʫʢʪʫʨʦʶ. ʗʢ ʧʦʢʘʟʫʶʪʴ ʜʦʩʣʽʜʞʝʥʥʷ, ʟʥʠʞʝʥʥʷ ʫʜʘʨʥʦʾ 

ʚô̫ ʟʢʦʩʪʽ ʩʪʘʣʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʠʤ ʩʠʣʴʥʽʰʝ, ʯʠʤ ʚʠʱʠʡ ʨʽʚʝʥʴ ʣʝʛʫʚʘʥʥʷ 

ʢʦʤʧʦʥʝʥʪʘʤʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʠʩʧʝʨʩʽʡʥʝ ʪʚʝʨʜʽʥʥʷ ʧʨʠ ʢʘʨʙʽʜʥʦʤʫ ʘʙʦ 

ʽʥʪʝʨʤʝʪʘʣʽʜʥʦʤʫ ʟʤʽʮʥʝʥʥʷʭ.  

 

1.5 ʊʝʨʤʦʜʝʬʦʨʤʘʮʽʡʥʘ ʪʘ ʭʽʤʽʢʦ-ʪʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ ʰʪʘʤʧʦʚʠʭ 

ʩʪʘʣʝʡ 

 

ʆʩʥʦʚʠ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʩʪʘʣʽ ʨʦʟʨʦʙʣʝʥʽ ʚʯʝʥʠʤ ɼ.ʂ. ʏʝʨʥʦʚʠʤ, 

ʷʢʠʡ ʚʽʜʢʨʠʚ ʢʨʠʪʠʯʥʽ ʪʦʯʢʠ ʩʪʘʣʽ ʪʘ ʚʢʘʟʘʚ, ʱʦ ʰʣʷʭʦʤ ʥʘʛʨʽʚʫ ʤʦʞʥʘ 

ʟʤʽʥʶʚʘʪʠ ʩʪʨʫʢʪʫʨʫ [86]. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʪʦʤʫ, 

ʪʝʨʤʽʯʥʫ ʦʙʨʦʙʢʫ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʩʪʘʣʽ. ʈʝʞʠʤʦʤ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʻ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʦʧʝʨʘʮʽʡ ʪʝʨʤʽʯʥʦʾ 

ʦʙʨʦʙʢʠ ʟʘ ʟʘʟʥʘʯʝʥʥʷʤ ʪʨʠʚʘʣʦʩʪʽ ʢʦʞʥʦʾ ʦʧʝʨʘʮʽʾ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ (ʘʙʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʽʥʪʝʨʚʘʣʫ) [86]. ʊʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ ʚʢʣʶʯʘʻ ʪʨʠ ʦʩʥʦʚʥʽ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ: ʥʘʛʨʽʚ ʟ ʚʠʟʥʘʯʝʥʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʜʦ 

ʟʘʜʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʠʪʨʠʤʢʫ ʜʣʷ ʧʨʦʛʨʽʚʫ ʚʠʨʦʙʫ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʝʦʙʭʽʜʥʦʛʦ ʧʨʦʪʽʢʘʥʥʷ ʬʘʟʦʚʠʭ ʪʘ ʩʪʨʫʢʪʫʨʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʪʘ ʚʠʟʥʘʯʝʥʠʡ 

ʭʘʨʘʢʪʝʨ ʦʭʦʣʦʜʞʝʥʥʷ [87]. ʄʦʞʣʠʚʘ ʰʚʠʜʢʽʩʪʴ ʥʘʛʨʽʚʫ ʩʪʘʣʽ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʢʦʥʩʪʨʫʢʮʽʻʶ ʪʘ ʧʦʪʫʞʥʽʩʪʶ ʥʘʛʨʽʚʘʶʯʦʛʦ ʧʨʠʩʪʨʦʶ (ʧʝʯʽ), ʩʧʦʩʦʙʦʤ 

ʧʝʨʝʜʘʯʽ ʪʝʧʣʘ, ʧʦʯʘʪʢʦʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʨʦʙʦʯʦʤʫ ʧʨʦʩʪʦʨʽ, ʭʘʨʘʢʪʝʨʦʤ 

ʨʦʟʤʽʱʝʥʥʷ ʚʠʨʦʙʫ. ɼʦʧʫʩʪʠʤʘ ʰʚʠʜʢʽʩʪʴ ʥʘʛʨʽʚʫ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʴ ʩʢʣʘʜʦʤ 

ʩʪʘʣʽ, ʩʧʦʩʦʙʦʤ ʚʠʨʦʙʥʠʮʪʚʘ ʚʠʨʦʙʫ (ʣʠʪʪʷ, ʜʝʬʦʨʤʘʮʽʷ), ʧʨʠʩʫʪʥʽʩʪʶ ʚ 

ʥʴʦʤʫ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ, ʬʦʨʤʦʶ ʪʘ ʨʦʟʤʽʨʘʤʠ ʚʠʨʦʙʫ. ʄʝʪʘ ʢʽʥʮʝʚʦʾ 

ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ï ʦʪʨʠʤʘʥʥʷ ʚ ʛʦʪʦʚʦʤʫ ʽʥʩʪʨʫʤʝʥʪʽ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʧʦʻʜʥʘʥʥʷ ʦʩʥʦʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ: ʪʚʝʨʜʦʩʪʽ, ʤʽʮʥʦʩʪʽ, ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ, 
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ʚôʷʟʢʦʩʪʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʜʯʘʩʥʝ ʘʚʘʨʽʡʥʝ ʨʫʡʥʫʚʘʥʥʷ ʰʪʘʤʧʫ ʪʘ 

ʪʝʧʣʦʩʪʽʡʢʦʩʪʽ. ʆʩʥʦʚʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʢʽʥʮʝʚʦʾ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ 

ʰʪʘʤʧʽʚ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʛʘʨʪʫʚʘʥʥʷ ʪʘ ʚʽʜʧʫʩʢʫ.  

ɼʣʷ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʟʘʩʪʦʩʦʚʫʶʪʴ ʪʝʨʤʦʤʝʭʘʥʽʯʥʫ ʦʙʨʦʙʢʫ, ʘ ʩʘʤʝ 

ʩʫʢʫʧʥʽʩʪʴ ʦʧʝʨʘʮʽʡ ʜʝʬʦʨʤʘʮʽʾ, ʥʘʛʨʽʚʫ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʠʭ 

ʬʦʨʤʫʚʘʥʥʷ ʦʩʪʘʪʦʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ 

ʫʤʦʚʘʭ ʧʽʜʚʠʱʝʥʦʾ ʱʽʣʴʥʦʩʪʽ ʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʝʥʥʷ 

ʥʝʜʦʩʢʦʥʘʣʦʩʪʝʡ ʧʦʙʫʜʦʚʠ, ʫʪʚʦʨʝʥʠʭ ʧʣʘʩʪʠʯʥʦʶ ʜʝʬʦʨʤʘʮʽʻʶ [88]. 

ʊʝʨʤʦʤʝʭʘʥʽʯʥʘ ʦʙʨʦʙʢʘ ʩʪʘʣʽ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʦʪʨʠʤʘʥʥʦʶ ʟʘ ʪʨʘʜʠʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ 

(ʛʘʨʪʫʚʘʥʥʷ ʪʘ ʚʽʜʧʫʩʢ). ʌʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʟʘʛʘʨʪʦʚʘʥʦʾ ʩʪʘʣʽ ʧʨʠ 

ʪʝʨʤʦʤʝʭʘʥʽʯʥʽʡ ʦʙʨʦʙʮʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʫʤʦʚʘʭ ʧʽʜʚʠʱʝʥʦʾ ʛʫʩʪʠʥʠ 

ʜʠʩʣʦʢʘʮʽʡ, ʦʙʫʤʦʚʣʝʥʦʾ ʥʘʢʣʝʧʦʤ [54]. ʇʨʠ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʽʡ 

ʪʝʨʤʦʤʝʭʘʥʽʯʥʽʡ ʦʙʨʦʙʮʽ ʩʪʘʣʽ ʾʾ ʜʝʬʦʨʤʫʶʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʚʠʱʝ 

ʢʨʠʪʠʯʥʦʾ ʪʦʯʢʠ ɸ3, ʧʨʠ ʷʢʽʡ ʩʪʘʣʴ ʤʘʻ ʘʫʩʪʝʥʽʪʥʫ ʩʪʨʫʢʪʫʨʫ. ʉʪʫʧʽʥʴ 

ʜʝʬʦʨʤʘʮʽʾ ʧʨʦʢʘʪʫʚʘʥʥʷʤ ʩʢʣʘʜʘʻ 20-30 %. ɻʘʨʷʯʘ ʜʝʬʦʨʤʘʮʽʷ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʚʠʱʝ ʪʝʤʧʝʨʘʪʫʨʠ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ [87, 88]. ɺ ʪʘʢʦʤʫ 

ʚʠʧʘʜʢʫ ʟʤʽʮʥʝʥʥʷ, ʱʦ ʚʠʢʣʠʢʘʻʪʴʩʷ ʧʣʘʩʪʠʯʥʦʶ ʜʝʬʦʨʤʘʮʽʻʶ, ʧʦʚʥʽʩʪʶ 

ʟʥʽʤʘʻʪʴʩʷ ʩʧʦʯʠʥʢʦʤ ʪʘ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʻʶ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʜʝʬʦʨʤʘʮʽʾ. ɺ 

ʦʩʥʦʚʽ ʩʧʦʯʠʥʢʫ ʣʝʞʠʪʴ ʟʥʷʪʪʷ ʥʘʧʨʫʞʝʥʴ ʚ ʦʙôʻʤʘʭ ʟ ʥʘʡʚʠʱʦʶ ʝʥʝʨʛʽʻʶ, 

ʥʘʢʦʧʠʯʝʥʦʾ ʧʨʠ ʜʝʬʦʨʤʘʮʽʾ, ʧʨʠʯʦʤʫ ʚ ʦʩʥʦʚʥʦʤʫ ʧʨʠ ʥʘʡʙʽʣʴʰ ʩʠʣʴʥʠʭ 

ʥʘʢʦʧʠʯʝʥʥʷʭ ʜʠʩʣʦʢʘʮʽʡ, ʱʦ ʧʦʚôʷʟʘʥʝ ʟ ʫʪʚʦʨʝʥʥʷʤ ʘʙʦ ʧʽʜʩʠʣʝʥʥʷʤ ʤʝʞ 

ʙʣʦʢʽʚ; ʧʨʠ ʨʝʢʨʠʩʪʘʣʠʟʘʮʽʾ, ʦʪʨʠʤʘʥʦ ʾ ʨʦʟʚʠʪʢʦʤ ʧʨʠ ʙʽʣʴʰ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʥʘʩʪʫʧʘʻ ʱʝ ʙʽʣʴʰ ʧʦʚʥʝ ʚʠʨʽʚʥʶʚʘʥʥʷ ʥʘʧʨʫʞʝʥʴ, ʱʦ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʽʜʩʠʣʝʥʠʤ ʘʪʦʤʥʠʤ ʦʙʤʽʥʦʤ ʽ ʩʪʚʦʨʝʥʥʷʤ ʥʦʚʦʛʦ 

ʦʨʽʻʥʪʫʚʘʥʥʷ ʘʪʦʤʽʚ ʚ ʢʨʠʩʪʘʣʽʯʥʽʡ ʛʨʘʪʮʽ [29]. ʐʚʠʜʢʽʩʪʴ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ ʟʘ 

ʧʨʘʢʪʠʯʥʠʭ ʫʤʦʚ ʚʠʢʦʥʘʥʥʷ ʧʨʦʢʘʪʢʠ (ʢʦʚʢʠ ʘʙʦ, ʰʪʘʤʧʦʚʢʠ) ʻ ʚʠʱʦʶ ʟʘ 

ʰʚʠʜʢʽʩʪʴ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʩʪʘʥ 

ʤʝʪʘʣʫ ʻ ʥʝʩʪʘʙʽʣʴʥʠʤ, ʧʨʦ ʱʦ ʩʚʽʜʯʠʪʴ ʧʽʜʚʠʱʝʥʥʷ ʡʦʛʦ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ. 
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ʅʘʢʣʝʧʘʥʠʡ ʤʝʪʘʣ ʧʨʘʛʥʝ ʤʠʤʦʚʦʣʽ ʧʝʨʝʡʪʠ ʚ ʙʽʣʴʰ ʨʽʚʥʦʚʘʞʥʠʡ ʩʪʘʥ ʟ 

ʤʝʥʰʠʤ ʨʽʚʥʝʤ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ. ʇʨʦʮʝʩʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʤʦʞʝ ʚʽʜʙʫʪʠʩʴ 

ʮʝʡ ʧʝʨʝʭʽʜ, ʟʜʽʡʩʥʶʶʪʴʩʷ ʰʣʷʭʦʤ ʧʝʨʝʤʽʱʝʥʥʷ (ʜʠʬʫʟʽʾ) ʘʪʦʤʽʚ ʚ ʤʝʪʘʣʽ 

[89]. ɺʠʨʽʰʘʣʴʥʠʡ ʚʧʣʠʚ ʥʘ ʨʦʟʚʠʪʦʢ ʮʠʭ ʧʨʦʮʝʩʽʚ ʤʘ̒ ʪʝʤʧʝʨʘʪʫʨʘ. ɿʘ 

ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʨʫʭʦʤʽʩʪʴ ʘʪʦʤʽʚ ʜʣʷ ʩʘʤʦʯʠʥʥʦʾ ʧʝʨʝʙʫʜʦʚʠ 

ʩʪʨʫʢʪʫʨʠ ʻ ʥʝʜʦʩʪʘʪʥʴʦʶ ʽ ʤʝʪʘʣ ʟʙʝʨʽʛʘʻ ʚʣʘʩʪʠʚʽʩʪʴ ʩʪʨʫʢʪʫʨʠ 

ʥʘʢʣʝʧʘʥʦʛʦ ʩʪʘʥʫ. ɿ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʫ  ʜʝʬʦʨʤʦʚʘʥʦʤʫ ʤʝʪʘʣʽ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʦʮʝʩʠ ʧʦʚʝʨʥʝʥʥʷ ʪʘ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ.  

ʇʦʚʝʨʥʝʥʥʷʤ  ̒ ʩʫʢʫʧʥʽʩʪʴ ʩʘʤʦʯʠʥʥʠʭ ʧʨʦʮʝʩʽʚ ʟʤʽʥʠ ʱʽʣʴʥʦʩʪʽ ʪʘ 

ʨʦʟʧʦʜʽʣʝʥʥʷ ʜʝʬʝʢʪʽʚ ʜʝʬʦʨʤʦʚʘʥʠʭ ʢʨʠʩʪʘʣʽʚ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʤʽʱʝʥʥʷ 

ʪʦʯʢʦʚʠʭ ʪʘ ʣʽʥʽʡʥʠʭ ʜʝʬʝʢʪʽʚ [89]. ʇʦʚʝʨʥʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʜʚʦʭ ʩʪʘʜʽʷʭ: 

ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʫ ʥʘʟʠʚʘʶʪʴ ʧʦʚʝʨʥʝʥʥʷʤ ʧʝʨʰʦʛʦ ʨʦʜʫ ʘʙʦ ʩʧʦʯʠʥʢʦʤ, 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫ ï ʧʦʚʝʨʥʝʥʥʷʤ ʜʨʫʛʦʛʦ ʨʦʜʫ ʘʙʦ ʧʦʣʽʛʦʥʽʟʘʮʽʻʶ.  

ʇʨʠ ʩʧʦʯʠʥʢʫ ʚ ʦʩʥʦʚʥʦʤʫ ʟʤʝʥʰʫʪ̒ʴʩʷ ʢʽʣʴʢʽʩʪʴ ʪʦʯʢʦʚʠʭ ʜʝʬʝʢʪʽʚ, 

ʧʝʨʝʚʘʞʥʦ ʚʘʢʘʥʩʽʡ. ʉʧʦʯʠʥʦʢ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʝʣʝʢʪʨʦʦʧʦʨʫ ʽ 

ʧʽʜʚʠʱʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʤʝʪʘʣʫ. ʇʨʠ ʥʘʛʨʽʚʘʥʥʽ ʜʦ ʙʽʣʴʰ ʚʠʩʦʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚ ʜʝʬʦʨʤʦʚʘʥʦʤʫ ʤʝʪʘʣʽ ʚʽʜʤʽʯʘʶʪʴʩʷ ʨʽʟʢʽ ʟʤʽʥʠ ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʚʥʘʩʣʽʜʦʢ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ [89].  

ʅʝʦʙʭʽʜʥʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʣʝʛʫʶʯʽ ʝʣʝʤʝʥʪʠ, ʨʦʟʯʠʥʝʥʽ ʫ ʬʝʨʠʪʽ, 

ʟʜʽʡʩʥʶʶʪʴ ʚʽʜʥʦʩʥʦ ʩʣʘʙʢʠʡ ʚʧʣʠʚ ʥʘ ʨʽʩʪ ʟʝʨʥʘ ʘʫʩʪʝʥʽʪʫ. ʋʪʚʦʨʝʥʽ ʫ 

ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ ʜʠʩʧʝʨʩʥʽ ʢʘʨʙʽʜʠ ʤʘʶʪʴ ʟʥʘʯʥʫ ʩʪʽʡʢʽʩʪʴ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ, 

ʱʦ ʩʧʨʠʯʠʥʷ ̒ʨʽʟʢʝ ʟʥʠʞʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʩʪʘʣʽ ʜʦ ʨʦʩʪʫ ʟʝʨʥʘ ʘʫʩʪʝʥʽʪʫ [90]. 

ʌʘʢʪʠʯʥʦ ʟʝʨʥʦ ʘʫʩʪʝʥʽʪʘ ʧʦʯʠʥʘʻ ʧʦʤʽʪʥʦ ʨʦʩʪʠ ʣʠʰʝ ʧʽʩʣʷ ʪʦʛʦ, ʷʢ ʦʩʥʦʚʥʘ 

ʤʘʩʘ ʚʘʞʢʦ-ʨʦʟʯʠʥʥʠʭ ʜʠʩʧʝʨʩʥʠʭ ʢʘʨʙʽʜʽʚ ʙʫʜʝ ʧʝʨʝʚʝʜʝʥʘ ʫ ʪʚʝʨʜʠʡ 

ʨʦʟʯʠʥ (ʘʫʩʪʝʥʽʪ). ʂʘʨʙʽʜʠ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ ʷʢ Ti, Nb, Zr, V ʥʝ ʧʦʚʥʽʩʪʶ 

ʧʝʨʝʭʦʜʷʪʴ ʫ ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ, ʥʘʚʽʪʴ ʫ ʚʠʧʘʜʢʫ ʥʘʛʨʽʚʫ ʩʪʘʣʽ ʥʘ ʩʦʪʥʽ ʛʨʘʜʫʩʽʚ 

ʚʠʱʝ ʨʽʚʥʦʚʘʞʥʠʭ ʢʨʠʪʠʯʥʠʭ ʪʦʯʦʢ. ɺʩʝ ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʚ 

ʧʨʠʩʫʪʥʦʩʪʽ ʚʢʘʟʘʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʥʘʯʥʘ ʩʪʽʡʢʽʩʪʴ ʟʝʨʥʘ 

ʘʫʩʪʝʥʽʪʫ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ.  
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ʈʦʟʤʽʱʫʶʯʠ ʢʘʨʙʽʜʦʫʪʚʦʨʶʯʽ ʝʣʝʤʝʥʪʠ ʚ ʨʷʜ ʧʦ ʟʨʦʩʪʘʶʯʦʤʫ ʩʪʫʧʝʥʶ 

ʩʪʽʡʢʦʩʪʽ ʢʘʨʙʽʜʽʚ ʧʨʦʪʠ ʨʦʟʯʠʥʝʥʥʷ ʚ ʘʫʩʪʝʥʽʪʽ (Cr, Mo, W, V, Zr, Ti), ʤʦʞʥʘ 

ʷʢʽʩʥʦ ʩʫʜʠʪʠ ʧʨʦ ʚʽʜʥʦʩʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʛʘʣʴʤʫʚʘʣʴʥʦʾ ʜʽʾ ʮʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘ 

ʨʽʩʪ ʟʝʨʥʘ ʘʫʩʪʝʥʽʪʫ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ. ɺʽʜʦʤʦ, ʱʦ ʪʝʨʤʦʤʝʭʘʥʽʯʥʘ ʦʙʨʦʙʢʘ, ʷʢʘ 

ʢʦʥʪʨʦʣʶʻʪʴʩʷ, ʻ ʝʬʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʢʝʨʫʚʘʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʦʶ, 

ʨʫʡʥʫʚʘʥʥʷ ʢʘʨʙʽʜʥʦʾ ʩʽʪʢʠ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʟʘ 

ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʢʘʨʙʽʜʽʚ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʦʜʥʦʨʽʜʥʦʩʪʽ. ʂʨʽʤ ʪʦʛʦ, 

ʟʘʚʜʷʢʠ ʪʝʨʤʦʤʝʭʘʥʽʯʥʽʡ ʦʙʨʦʙʮʽ ʨʦʟʤʽʨ ʟʝʨʥʘ ʙʫʜʝ ʟʤʝʥʰʫʚʘʪʠʩʴ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʥʘʢʦʧʠʯʝʥʥʷ ʜʝʬʦʨʤʘʮʽʾ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʙʽʣʴʰ ʚʠʩʦʢʦʾ 

ʱʽʣʴʥʦʩʪʽ ʤʽʩʮʴ ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʜʨʽʙʥʝʥʥʷ ʢʽʥʮʝʚʦʾ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ. ʇʨʦʪʝ, ʢʘʨʙʽʜʦʫʪʚʦʨʶʶʯʽ ʝʣʝʤʝʥʪʠ ʚ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ 

ʩʪʘʣʷʭ ʩʪʚʦʨʶʶʪʴ ʧʨʦʙʣʝʤʠ ʧʨʠ ʛʘʨʷʯʽʡ ʜʝʬʦʨʤʘʮʽʾ ʯʝʨʝʟ ʚʫʟʴʢʠʡ ʜʽʘʧʘʟʦʥ 

ʪʝʤʧʝʨʘʪʫʨ ʛʘʨʷʯʦʾ ʦʙʨʦʙʢʠ. ʅʠʞʥʷ ʤʝʞʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʠʧʦʤ, ʨʦʟʤʽʨʦʤ ʪʘ 

ʤʦʨʬʦʣʦʛʽʻʶ ʢʘʨʙʽʜʽʚ, ʨʦʟʤʽʱʝʥʠʭ ʚʟʜʦʚʞ ʤʝʞ ʟʝʨʝʥ ʪʘ ʚʩʝʨʝʜʠʥʽ ʟʝʨʝʥ. 

ɺʝʨʭʥʷ ʤʝʞʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʯʘʪʢʦʤ ʧʣʘʚʣʝʥʥʷ ʝʚʪʝʢʪʠʯʥʠʭ ʢʘʨʙʽʜʽʚ ʪʘ 

ʩʝʛʨʝʛʘʮʽʻʶ ʣʝʛʢʦʧʣʘʚʥʠʭ ʬʘʟ ʧʦ ʤʝʞʘʭ ʟʝʨʝʥ. ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʽʥʪʝʨʚʘʣ 

ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 1170 ʜʦ 1200 Áʉ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʧʽʜ ʢʦʚʢʫ ʩʪʘʣʝʡ 5ʍʅʄ, 

5ʍʅʊ, 5ʍʅɺ, 5ʍʅʉɺ, 5ʍʅʉ ʜʣʷ ʤʦʣʦʪʦʚʠʭ ʰʪʘʤʧʽʚ [69]. ʂʘʪʘʥʘ ʩʪʘʣʴ ʤʘʻ 

ʙʽʣʴʰ ʚʠʩʦʢʫ ʫʜʘʨʥʫ ʚôʷʟʢʽʩʪʴ ʚ ʧʦʚʟʜʦʚʞʥʴʦʤʫ ʥʘʧʨʷʤʢʫ ʪʘ ʧʦʥʠʞʝʥʫ ï ʚ 

ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʢʫ. ʄʽʞ ʪʠʤ ʚ ʰʪʘʤʧʘʭ, ʦʩʦʙʣʠʚʦ, ʱʦ ʤʘʶʪʴ ʩʢʣʘʜʥʫ 

ʬʽʛʫʨʫ, ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʦʜʥʦʨʽʜʥʫ ʩʪʨʫʢʪʫʨʫ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ, ʪʘʢ ʷʢ ʟʥʘʯʥʽ 

ʥʘʧʨʫʞʝʥʥʷ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʫ ʨʦʙʦʪʽ, ʤʦʞʫʪʴ ʜʽʷʪʠ ʚ ʨʽʟʥʠʭ ʥʘʧʨʷʤʢʘʭ, ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʩʪʨʫʢʮʽʾ ʰʪʘʤʧʫ. ʊʦʤʫ ʟʣʠʚʢʠ ʪʘ ʟʘʛʦʪʦʚʢʠ ʜʣʷ ʢʨʫʧʥʠʭ 

ʰʪʘʤʧʽʚ ʧʽʜʜʘʶʪʴ ʚʩʝʙʽʯʥʽʡ ʢʦʚʮʽ ʟ ʦʙʦʚôʷʟʢʦʚʠʤ ʦʩʘʜʞʝʥʥʷʤ ʟʘʛʦʪʦʚʦʢ ʫ 

ʪʦʨʝʮʴ. ʐʪʘʤʧʦʚʽ ʩʪʘʣʽ ʟʘʛʘʨʪʦʚʫʶʪʴʩʷ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʥʘ ʧʦʚʽʪʨʽ ʽ ʯʫʪʣʠʚʽ 

ʜʦ ʫʪʚʦʨʝʥʥʷ ʬʣʦʢʝʥʽʚ. ʊʦʤʫ ʦʭʦʣʦʜʞʫʚʘʪʠ ʾʭ ʧʽʩʣʷ ʢʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ 

ʧʦʚʽʣʴʥʦ. ʂʨʫʧʥʽ ʧʦʢʦʚʢʠ ʥʝʦʙʭʽʜʥʦ ʟʘʚʘʥʪʘʞʫʚʘʪʠ ʫ ʧʽʯ, ʥʘʛʨʽʪʫ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʠ 600 Üʉ, ʚʠʪʨʠʤʫʚʘʪʠ ʜʦ ʚʠʨʽʚʥʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʚʩʴʦʤʫ 

ʦʙôʻʤʫ ʤʝʪʘʣʫ, ʧʽʩʣʷ ʯʦʛʦ ʧʦʚʽʣʴʥʦ ʦʭʦʣʦʜʞʫʚʘʪʠ ʟ ʧʽʯʯʶ ʜʦ ʪʝʤʧʝʨʘʪʫʨ 150-
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200 Üʉ, ʘ ʧʦʪʽʤ ʚʠʡʤʘʪʠ ʥʘ ʧʦʚʽʪʨʷ [69]. ʅʝʦʙʭʽʜʥʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʧʣʘʩʪʠʯʥʘ 

ʜʝʬʦʨʤʘʮʽʷ ʻ ʦʜʥʽʻʶ ʟ ʧʨʠʯʠʥ ʟʤʽʥʠ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ 

ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥ,̫ ʢʦʣʠ ʽʥʩʪʨʫʤʝʥʪ ʜʝʬʦʨʤʫʻʪʴʩʷ ʜʦ ʪʘʢʦʾ ʤʽʨʠ, ʱʦ 

ʩʬʦʨʤʦʚʘʥʽ ʜʝʪʘʣʽ ʙʽʣʴʰʝ ʥʝ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ ʜʦʧʫʩʪʠʤʠʭ ʨʦʟʤʽʨʽʚ. ʊʘʢ ʚ 

ʨʦʙʦʪʽ [91] ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʜʝʬʦʨʤʘʮʽʶ ʰʪʘʤʧʦʚʦʾ ʩʪʘʣʽ ʅ13, ʷʢʘ 

ʧʨʠʟʚʦʜʠʣʘ ʜʦ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʧʽʩʣʷ ʢʫʚʘʥʥʷ ʩʧʣʘʚʫ Inconel 

718 ʧʨʠ ʚʠʩʦʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʽ. ʈʝʟʫʣʴʪʘʪ ʤʦʜʝʣʶʚʘʥʥʷ 3D 

Deform ʧʦʢʘʟʫʚʘʚ ʚʠʩʦʢʫ ʣʦʢʘʣʽʟʦʚʘʥʫ ʥʘʧʨʫʞʝʥʽʩʪʴ ʪʘ ʚʠʩʦʢʫ ʧʣʘʩʪʠʯʥʫ 

ʜʝʬʦʨʤʘʮʽʶ ʥʘ ʛʦʩʪʨʦʤʫ ʢʨʘʶ ʽʥʩʪʨʫʤʝʥʪʫ. ʎʝ ʦʩʥʦʚʥʘ ʟ ʧʨʠʯʠʥ 

ʥʝʩʧʨʘʚʥʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʫ, ʦʩʢʽʣʴʢʠ ʥʘʢʦʧʠʯʝʥʥʷ ʜʝʬʦʨʤʘʮʽʾ ʧʽʜ ʯʘʩ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʨʠ ʚʠʩʦʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʚʠʢʣʠʢʘʻ ʟʤʽʥʠ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ.  

ʆʜʥʘʢ, ʥʝʦʙʭʽʜʥʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʥʝ ʟʘʚʞʜʠ ʢʦʚʘʥʘ ʰʪʘʤʧʦʚʘ ʩʪʘʣʴ 

ʤʦʞʝ ʤʘʪʠ ʧʦʢʨʘʱʝʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʣʠʪʦʶ ʪʦʛʦ ʞ ʭʽʤʽʯʥʦʛʦ 

ʩʢʣʘʜʫ. ʊʘʢ ʚ ʨʦʙʦʪʽ [14] ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʣʠʪʫ ʩʪʘʣʴ 5ʍ3ɺ3ʄʌʉʃ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʾʾ ʨʦʟʤʽʮʥʝʥʥʷ ʚʠʷʚʠʣʘʩʷ ʥʠʞʯʦʶ, ʥʽʞ ʫ ʢʦʚʘʥʦʾ ʩʪʘʣʽ ʪʦʛʦ ʞ 

ʩʢʣʘʜʫ, ʘʣʝ ʟʘ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜʧʫʩʢʫ 620 ʪʘ 640 Áʉ ʤʝʞʘ ʧʣʠʥʥʦʩʪʽ ʙʫʣʘ ʫ 1,5-

2,0 ʨʘʟʠ ʚʠʱʦʶ, ʥʽʞ ʫ ʢʦʚʘʥʦʾ ʩʪʘʣʽ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʣʠʪʘ ʩʪʘʣʴ 

5ʍ3ɺ3ʄʌʉʃ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʢʦʤʧʦʟʠʮʽʡʥʠʡ ʤʘʪʝʨʽʘʣ, ʚ ʷʢʦʤʫ ʣʽʢʚʘʮʽʡʥʽ 

ʜʽʣʷʥʢʠ ʻ ʧʨʫʞʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʜʝʥʜʨʠʪʥʦ-ʯʘʨʫʥʢʦʚʘʥʦʾ ʩʪʨʫʢʪʫʨʠ ʽ ʤʘʶʪʴ 

ʙʽʣʴʰʫ ʽʥʜʠʚʽʜʫʘʣʴʥʫ ʪʝʤʧʝʨʘʪʫʨʥʫ ʩʪʽʡʢʽʩʪʴ, ʥʽʞ ʫ ʤʝʞʘʭ ʟʝʨʝʥ ʢʦʚʘʥʦʾ 

ʩʪʘʣʽ.   

ʋʟʘʛʘʣʴʥʝʥʘ ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʦʙʨʦʙʢʠ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʛʘʨʷʯʦʛʦ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʟʽ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʚʠʛʣʷʜʘʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

ï ʛʘʨʷʯʘ ʧʣʘʩʪʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ (ʢʫʚʘʥʥʷ); 

ï ʚʽʜʧʘʣ; 

ï ʤʝʭʘʥʽʯʥʘ ʦʙʨʦʙʢʘ; 

ï ʛʘʨʪʫʚʘʥʥʷ ʪʘ ʚʽʜʧʫʩʢ; 

ï ʢʽʥʮʝʚʘ ʤʝʭʘʥʽʯʥʘ ʦʙʨʦʙʢʘ. 
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1.5.1 ɻʘʨʷʯʘ ʧʣʘʩʪʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ 

 

ɿʥʠʞʝʥʘ ʜʝʬʦʨʤʦʚʘʥʽʩʪʴ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʢʦʥʩʪʨʫʢʮʽʡʥʠʤʠ ʩʪʘʣʷʤʠ, ʦʙʫʤʦʚʣʝʥʘ ʾʭ ʤʝʥʰʦʶ ʧʣʘʩʪʠʯʥʽʩʪʶ ʚʥʘʩʣʽʜʦʢ 

ʙʽʣʴʰ ʚʠʩʦʢʦʛʦ ʣʝʛʫʚʘʥʥʷ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ, ʚʝʣʠʢʠʭ ʢʽʣʴʢʦʩʪʝʡ ʢʘʨʙʽʜʥʠʭ 

ʬʘʟ ʪʘ ʧʽʜʚʠʱʝʥʦʤʫ ʩʪʫʧʝʥʶ ʣʽʢʚʘʮʽʾ ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ. 

ʊʝʤʧʝʨʘʪʫʨʫ ʥʘʛʨʽʚʘʥʥʷ ʧʽʜ ʢʦʚʢʫ (ʧʨʦʢʘʪʢʫ) ʚʠʙʠʨʘʶʪʴ ʟʘ ʫʤʦʚ 

ʜʦʩʷʛʥʝʥʥʷ ʥʘʡʙʽʣʴʰ ʚʠʩʦʢʦʾ ʧʣʘʩʪʠʯʥʦʩʪʽ ʫ ʜʦʩʠʪʴ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ 

ʪʝʤʧʝʨʘʪʫʨ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʩʪʘʣʽ ʪʘ ʤʘʩʦʶ ʟʣʠʚʢʘ. 

ʊʝʤʧʝʨʘʪʫʨʫ ʧʨʠ ʟʘʢʽʥʯʝʥʥʽ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʚʩʪʘʥʦʚʣʶʶʪʴ 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ 

ʧʽʜʛʦʪʦʚʢʫ ʥʝʦʙʭʽʜʥʦʾ ʩʪʨʫʢʪʫʨʠ (ʨʦʟʤʽʨʫ ʟʝʨʥʘ ʘʫʩʪʝʥʽʪʫ, ʨʦʟʧʦʜʽʣʫ ʪʘ 

ʜʠʩʧʝʨʩʥʦʩʪʽ ʥʘʜʣʠʰʢʦʚʠʭ ʬʘʟ ʪʘ ʽʥ.), ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʽ ʤʝʭʘʥʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʧʽʩʣʷ ʦʩʪʘʪʦʯʥʦʾ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ.  

ɼʣʷ ʥʘʧʽʚʪʝʧʣʦʩʪʽʡʢʠʭ ʩʪʘʣʝʡ ʧʽʜʚʠʱʝʥʦʾ ʚô̫ ʟʢʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʦʯʘʪʢʫ ʢʦʚʢʠ ʩʪʘʥʦʚʠʪʴ 1150-1180 Áʉ, ʘ ʟʘʢʽʥʯʝʥʥʷ ï 850-880 Áʉ. ɼʣʷ 

ʪʝʧʣʦʩʪʽʡʢʠʭ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʧʦʯʘʪʦʢ ʢʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ 1160-

1180 Áʉ; ʢʽʥʝʮʴ ʢʫʚʘʥʥʷ ï ʧʨʠ 850-925 Áʉ [3]. ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʢʦʚʢʠ ʥʝʦʙʭʽʜʥʦ 

ʜʦʤʘʛʘʪʠʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʦʜʥʦʨʽʜʥʦʾ ʩʪʨʫʢʪʫʨʠ. ʅʘʡʙʽʣʴʰ ʰʠʨʦʢʦ 

ʟʘʩʪʦʩʦʚʫʚʘʥʦ ʁ ʩʭʝʤʦʶ ʢʦʚʢʠ ʟʣʠʚʢʽʚ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʻ ʧʨʦʪʷʞʢʘ ʚ 

ʦʩʴʦʚʦʤʫ ʥʘʧʨʷʤʢʫ. ʊʘʢʘ ʩʭʝʤʘ ʜʝʬʦʨʤʫʚʘʥʥʷ ʜʘʻ ʧʽʜʚʠʱʝʥʫ ʘʥʽʟʦʪʨʦʧʽʶ 

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʽ ʪʦʤʫ, ʜʦʜʘʪʢʦʚʦ ʨʝʢʦʤʝʥʜʫʶʪʴ ʨʷʜ ʩʭʝʤ ʢʦʚʢʠ, 

ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʫ ʩʪʨʫʢʪʫʨʫ. ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ: ʢʫʚʘʥʥʷ 

ʟʣʠʚʢʽʚ ʚ ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʢʦʤʙʽʥʦʚʘʥʝ ʢʫʚʘʥʥʷ ʟʽ ʟʤʽʥʦʶ ʦʧʝʨʘʮʽʡ 

ʚʠʪʷʞʢʠ, ʢʫʚʘʥʥʷ ʟʽ ʟʤʽʥʥʦʛʦ ʥʘʧʨʷʤʢʫ ʚʠʪʷʞʢʠ, ʚʩʝʙʽʯʥʘ ʢʦʚʢʘ. ɺʩʝʙʽʯʥʝ 

ʢʫʚʘʥʥʷ ʟ ʦʩʘʜʞʝʥʥʷʤ ʩʧʨʠʷʻ ʫʩʫʥʝʥʥʶ ʜʝʥʜʨʠʪʥʠʭ ʣʽʢʚʘʮʽʡ. ɼʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʦʜʥʦʨʽʜʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʫ ʙʽʣʴʰ ʚʝʣʠʢʠʭ ʟʘʛʦʪʦʚʢʘʭ 

ʟ ʚʠʩʦʢʦʭʨʦʤʠʩʪʠʭ, ʘ ʪʘʢʦʞ ʚʠʩʦʢʦʣʝʛʦʚʘʥʠʭ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʜʣʷ 

ʛʘʨʷʯʦʛʦ  ʜʝʬʦʨʤʫʚʘʥʥʷ, ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʢʫʚʘʥʥʷ ʟʘ ʥʘʩʪʫʧʥʦʶ ʩʭʝʤʦʶ: 
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ʦʩʘʜʞʝʥʥʷ ʥʘ 1/3 ʚʠʩʦʪʠ ʟʽ ʟʚʦʨʦʪʥʦʶ ʚʠʪʷʞʢʦʶ ʜʦ ʧʦʯʘʪʢʦʚʠʭ ʨʦʟʤʽʨʽʚ; 

ʧʦʪʽʤ 2-4 ʦʩʘʜʞʝʥʥʷ ʜʦ ʨʦʟʤʽʨʽʚ. 

ʐʪʘʤʧʦʚʽ ʩʪʘʣʽ, ʦʩʦʙʣʠʚʦ ʚʠʩʦʢʦʣʝʛʦʚʘʥʽ, ʩʭʠʣʴʥʽ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʪʝʨʤʽʯʥʠʭ ʪʨʽʱʠʥ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʥʘ ʧʦʚʽʪʨʽ. ʊʦʤʫ ʧʽʩʣʷ ʢʫʚʘʥʥʷ ʾʭ 

ʦʭʦʣʦʜʞʫʶʪʴ ʧʦʚʽʣʴʥʦ [3]:  

ï ʫ ʥʝʦʧʘʣʶʚʘʥʠʭ ʢʦʣʦʜʷʟʷʭ ʘʙʦ ʪʝʨʤʦʩʪʘʪʘʭ; 

ï ʥʘ ʧʦʚʽʪʨʽ ʜʦ 700 Áʉ, ʘ ʙʽʣʴʰ ʜʨʽʙʥʽ ʜʦ 450-500 Áʉ, ʱʦʙ ʟʘʪʨʠʤʘʪʠ 

ʚʠʜʽʣʝʥʥʷ ʢʘʨʙʽʜʽʚ ʧʦ ʤʝʞʘʭ ʟʝʨʝʥ, ʘ ʧʦʪʽʤ ʫ ʬʫʪʝʨʦʚʘʥʽʡ ʷʤʽ ʘʙʦ ʚ ʧʽʩʢʫ. 

ʑʦʙ ʥʝ ʜʦʧʫʩʪʠʪʠ ʦʭʦʣʦʜʞʝʥʥʷ ʥʠʞʯʝ 700 Áʉ ʪʘ 450 Áʉ, ʤʦʞʥʘ ʧʦʤʽʱʘʪʠ 

ʧʦʢʦʚʢʠ ʫ ʧʽʯ ʜʣʷ ʚʽʜʧʘʣʫ ʘʙʦ ʚʠʩʦʢʦʛʦ ʚʽʜʧʫʩʪʢʫ. 

 

1.5.2 ɺʽʜʧʘʣ ʩʪʘʣʽ 

 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ, ʫʩʫʥʝʥʥʷ ʭʽʤʽʯʥʦʾ 

ʪʘ ʩʪʨʫʢʪʫʨʥʦʾ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ, ʟʤʝʥʰʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʥʘʧʨʫʞʝʥʴ, ʟʥʠʞʝʥʥʷ 

ʪʚʝʨʜʦʩʪʽ ʩʪʘʣʽ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʩʧʽʰʥʦʾ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ, ʧʨʦʚʦʜʷʪʴ 

ʚʽʜʧʘʣ ʘʙʦ ʥʦʨʤʘʣʽʟʘʮʽʶ [92]. ʉʪʨʫʢʪʫʨʘ ʜʦʩʣʽʜʞʝʥʠʭ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ 

ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʟʝʨʥʠʩʪʠʡ ʧʝʨʣʽʪ ʟ ʥʝʟʥʘʯʥʦʶ ʢʽʣʴʢʽʩʪʶ ʥʘʜʣʠʰʢʦʚʠʭ 

ʢʘʨʙʽʜʽʚ. ʂʘʨʙʽʜʥʘ ʬʘʟʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʨʠʩʫʪʥʽʩʪʶ ʚ ʦʩʥʦʚʥʦʤʫ ʯʘʩʪʠʥʦʢ 

ʪʠʧʫ ʄʝ23ʉ6 ʪʘ ʄʝ6ʉ, ʘ ʩʪʘʣʽ ʟ ʧʽʜʚʠʱʝʥʦʶ ʢʽʣʴʢʽʩʪʶ ʚʘʥʘʜʽʶ ï ʪʠʧʫ ʄʝʉ [3]. 

 

1.5.2.1 ɺʽʜʧʘʣ ʟ ʬʘʟʦʚʦʶ ʧʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʻʶ (ʥʦʨʤʘʣʽʟʘʮʽʷ, ʧʦʚʥʠʡ 

ʚʽʜʧʘʣ) 

 

ɺʽʜʧʘʣ ʟ ʬʘʟʦʚʦʶ ʧʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʻʶ, ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʶʪʴ ʛʦʣʦʚʥʠʤ 

ʯʠʥʦʤ ʧʨʠ ʦʙʨʦʙʮʽ ʜʦʝʚʪʝʢʪʦʾʜʥʠʭ ʽ ʝʚʪʝʢʪʦʾʜʥʠʭ ʩʪʘʣʝʡ, ʧʦʣʷʛʘʻ 

ʚ ʥʘʛʨʽʚʘʥʥʽ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʜʝʱʦ ʚʠʱʦʾ ʟʘ ʢʨʠʪʠʯʥʫ ʪʦʯʢʫ ɸʩ3 ʟ ʥʘʩʪʫʧʥʠʤ 

ʧʦʚʽʣʴʥʠʤ ʘʙʦ ʧʦʤʽʨʥʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ [29]. ɺʠʪʨʠʤʢʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

ʥʘʛʨʽʚʘʥʥʷ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʥʝʦʙʭʽʜʥʠʡ ʨʽʚʥʦʤʽʨʥʠʡ ʧʨʦʛʨʽʚ ʚʠʨʦʙʫ ʧʦ 
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ʚʩʴʦʤʫ ʧʝʨʝʪʠʥʫ. ʆʭʦʣʦʜʞʝʥʥʷ ʯʘʩʪʽʰʝ ʚʩʴʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʧʦʚʽʪʨʽ. 

ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʚʽʜʧʘʣ ʟ ʧʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʻʶ ʥʘʟʠʚʘʻʪʴʩʷ ʥʦʨʤʘʣʽʟʘʮʽʻʶ. 

ʇʦʚʥʠʡ ʚʽʜʧʘʣ ʧʨʦʚʦʜʷʪʴ ʟ ʧʦʚʽʣʴʥʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ, ʥʘʧʨʠʢʣʘʜ ʚ ʧʝʯʽ, ʱʦ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʙʽʣʴʰ ʨʽʜʢʦ. ɼʽʷ ʧʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʡʥʦʛʦ ʚʽʜʧʘʣʫ ʦʩʥʦʚʘʥʘ ʥʘ 

ʪʦʤʫ, ʱʦ ʧʨʠ ʜʚʫʭʢʨʘʪʥʦʤʫ ɔïŬ ʧʝʨʝʪʚʦʨʝʥʥʽ ï ʧʨʠ ʥʘʛʨʽʚʽ ʽ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ 

ï ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ ʫʪʚʦʨʶʻʪʴʩʷ ʜʨʽʙʥʦʟʝʨʥʠʩʪʘ ʽ ʨʽʚʥʦʤʽʨʥʘ 

ʩʪʨʫʢʪʫʨʘ, ʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʽ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʭʽʜʥʦʾ. ɺʥʘʩʣʽʜʦʢ 

ʥʦʨʤʘʣʽʟʘʮʽʾ ʟʥʠʢʘʻ ʚʽʜʤʘʥʰʪʝʪʦʚʘ ʩʪʨʫʢʪʫʨʘ ʽ ʟʘʤʽʩʪʴ ʥʝʾ ʫʪʚʦʨʶʻʪʴʩʷ 

ʜʨʽʙʥʦʟʝʨʥʠʩʪʘ ʩʪʨʫʢʪʫʨʘ ʬʝʨʠʪʫ ʪʘ ʧʝʨʣʽʪʫ. ʉʪʨʫʢʪʫʨʘ, ʱʦ ʚʠʥʠʢʘʻ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʤʘʻ ʪʠʤ ʙʽʣʴʰ ʜʨʽʙʥʝ ʟʝʨʥʦ, ʯʠʤ ʰʚʠʜʰʝ 

ʧʨʦʚʦʜʷʪʴʩʷ ʥʘʛʨʽʚ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ, ʯʠʤ ʙʣʠʞʯʝ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʽʚʫ ʜʦ 

ʪʦʯʢʠ ɸʩ3 ʽ ʯʠʤ ʤʝʥʰʘ ʚʠʪʨʠʤʢʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ. ʂʨʽʤ ʪʦʛʦ, ʚʝʣʠʯʠʥʘ ʟʝʨʥʘ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʽ ʩʧʦʩʦʙʫ ʚʠʧʣʘʚʢʠ ʩʪʘʣʽ. ɯʟ ʟʙʽʣʴʰʝʥʥʷʤ 

ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʤʽʱʫʻʪʴʩʷ ʚ ʩʪʦʨʦʥʫ ʙʽʣʴʰ ʥʠʟʴʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʽ ʟʝʨʥʦ ʱʝ ʙʽʣʴʰʝ ʧʦʜʨʽʙʥʶʻʪʩʷ [29]. ʇʝʨʝʪʚʦʨʝʥʥʷ ɔŸŬ ʧʨʠ 

ʧʦʚʽʣʴʥʦʤʫ ʦʭʦʣʦʜʞʝʥʥ̔  ʧʦʚôʷʟʘʥʝ ʟ ʜʝʷʢʠʤ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷʤ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʽʜʝʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʭʘʨʘʢʪʝʨʥʝ ʜʣʷ ʚʽʣʴʥʠʭ 

ʝʥʝʨʛʽʡ ʦʙʦʭ ʤʦʜʠʬʽʢʘʮʽʡ, ʧʨʠʯʦʤʫ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ ʧʦʚôʷʟʘʥʘ 

ʽʟ ʟʘʪʨʘʪʦʶ ʝʥʝʨʛʽʾ ʥʘ ʧʝʨʝʙʫʜʦʚʫ ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ. ʎʝ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ 

ʚʠʜʽʣʝʥʥʷ ʬʝʨʠʪʫ ʥʠʞʯʝ ʢʨʠʪʠʯʥʦʾ ʪʦʯʢʠ ɸ3 ʪʘ ʧʝʨʣʽʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʥʠʞʯʝ ʢʨʠʪʠʯʥʦʾ ʪʦʯʢʠ ɸ1. ʉʪʫʧʽʥʴ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ, ʱʦ ʟʨʦʩʪʘʻ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ, ʟʜʽʡʩʥʶʻ ʩʠʣʴʥʠʡ ʚʧʣʠʚ ʥʘ ʭʽʜ 

ʧʝʨʝʪʚʦʨʝʥʴ ʪʘ ʭʘʨʘʢʪʝʨ ʫʪʚʦʨʝʥʥʷ ʧʨʠ ʮʴʦʤʫ ʩʪʨʫʢʪʫʨʠ. ʊʘʢʘ ʟʘʣʝʞʥʽʩʪʴ ʻ 

ʦʩʥʦʚʥʦʶ ʫ ʪʝʨʤʽʯʥʽʡ ʦʙʨʦʙʮʽ ʩʪʘʣʽ. ʇʝʨʝʪʚʦʨʝʥʥʷ ʛʨʘʥʝʮʝʥʪʨʦʚʘʥʦʾ ʢʫʙʽʯʥʦʾ 

ʛʨʘʪʢʠ ʘʫʩʪʝʥʽʪʫ ʚ ʦʙôʻʤʥʦʮʝʥʪʨʦʚʘʥʫ ʢʫʙʽʯʥʫ ʛʨʘʪʢʫ ʬʝʨʠʪʫ ʫʩʢʣʘʜʥʶʻʪʴʩʷ 

ʚʥʘʩʣʽʜʦʢ ʧʨʠʩʫʪʥʦʩʪʽ ʚ ʘʫʩʪʝʥʽʪʽ ʨʦʟʯʠʥʝʥʦʛʦ ʚʫʛʣʝʮʶ. ɺ ʛʨʘʪʮʽ ʘʫʩʪʝʥʽʪʫ 

ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʘʪʦʤʽʚ ʨʦʟʯʠʥʝʥʦʛʦ ʚʫʛʣʝʮʶ ʻ ʜʦʩʪʘʪʥʽ ʧʦ ʨʦʟʤʽʨʘʤ ʦʙôʻʤʠ ʚ 

ʮʝʥʪʨʘʭ ʝʣʝʤʝʥʪʘʨʥʠʭ ʯʘʨʫʥʦʢ; ʚ Ŭ-ʛʨʘʪʮʽ (ʬʝʨʠʪʫ) ʪʘʢʽ ʦʙôʻʤʠ ʚʽʜʩʫʪʥʽ.  

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʮʠʤ ʚ ʘʫʩʪʝʥʽʪʽ ʚʫʛʣʝʮʴ ʨʦʟʯʠʥʷʻʪʴʩʷ ʚ ʟʥʘʯʥʽʡ ʢʽʣʴʢʦʩʪʽ, 
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ʚ ʪʦʡ ʯʘʩ ʷʢ ʫ ʬʝʨʠʪʽ ʡʦʛʦ ʨʦʟʯʠʥʥʽʩʪʴ ʻ ʤʘʣʦʶ. ʊʦʤʫ ʨʦʟʯʠʥʝʥʠʡ ʚʫʛʣʝʮʴ 

ʚ ʧʨʦʮʝʩʽ ɔŸŬ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʦʚʠʥʝʥ ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʽʩʪʶ ʚʠʜʽʣʠʪʠʩʴ 

ʽʟ ʛʨʘʪʢʠ ʘʫʩʪʝʥʽʪʫ. ʋ ʚʠʧʘʜʢʫ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʫʛʣʝʮʴ ʚʠʜʽʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʢʘʨʙʽʜʫ ʟʘʣʽʟʘ. ʊʘʢʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʜʚʦʭ ʟʚôʷʟʘʥʠʭ ʤʽʞ ʩʦʙʦʶ 

ʧʨʦʮʝʩʽʚ [29]: 

ï ʧʝʨʝʪʚʦʨʝʥʥʷ (ʧʝʨʝʙʫʜʦʚʘ) ʛʨʘʪʢʠ ɔ-ʟʘʣʽʟʘ ʚ ʛʨʘʪʢʫ Ŭ-ʟʘʣʽʟʘ; 

ï ʚʠʜʽʣʝʥʥʷ ʚʫʛʣʝʮʶ ʫ ʚʠʛʣʷʜʽ ʢʘʨʙʽʜʘ Fe3C. 

ɯʩʥʫʻ ʱʝ ʢʦʘʛʫʣʷʮʽʷ ʢʘʨʙʽʜʽʚ. ʇʨʠ ʧʝʨʝʪʚʦʨʝʥʥʽ ʧʝʨʣʽʪʫ ʽʟ ʥʘʩʠʯʝʥʦʛʦ 

ʚʫʛʣʝʮʝʤ ʘʫʩʪʝʥʽʪʫ (ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʢʨʠʪʠʯʥʦʾ ʪʦʯʢʠ ɸ1) ʦʙʠʜʚʘ ʧʨʦʮʝʩʠ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʦʜʥʦʯʘʩʥʦ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʽʟ ʘʫʩʪʝʥʽʪʫ 

ʫʪʚʦʨʶʻʪʴʩʷ ʧʣʘʩʪʠʥʯʘʪʘ ʩʫʤʽʰ ʮʝʤʝʥʪʫʪʫ ʪʘ ʬʝʨʠʪʫ. ʊʘʢʠʡ ʧʝʨʝʨʦʟʧʦʜʽʣ 

ʚʫʛʣʝʮʶ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʜʠʬʫʟʽʾ, ʷʢʘ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʦʛʦ ʯʘʩʫ, ʷʢʠʡ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. ɼʣʷ ʜʦʝʚʪʝʢʪʦʾʜʥʠʭ ʩʪʘʣʝʡ ʧʝʨʝʤʽʱʝʥʥʷ ʧʨʠ 

ʧʦʚʽʣʴʥʦʤʫ ʦʭʦʣʦʜʞʝʥʥʽ ʧʦʯʠʥʘʻʪʴʩʷ ʧʽʩʣʷ ʧʝʨʝʭʦʜʫ ʥʠʞʯʝ ʢʨʠʪʠʯʥʦʾ 

ʪʦʯʢʠ ɸ3 ʟ ʫʪʚʦʨʝʥʥʷʤ ʬʝʨʠʪʫ ʧʦ ʤʝʞʘʭ ʟʝʨʝʥ. ɼʝʬʝʢʪʠ ʧʦʙʫʜʦʚʠ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ ʧʦ ʤʝʞʘʭ ʟʝʨʝʥ ʧʨʠ ʮʴʦʤʫ ʛʨʘʶʪʴ ʨʦʣʴ ʮʝʥʪʨʽʚ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ Ŭ-ʟʘʣʽʟʘ. ɺʫʛʣʝʮʴ ʚʽʜʪʽʩʥʷʻʪʴʩʷ ʚʩʝʨʝʜʠʥʫ ʢʨʠʩʪʘʣʽʪʫ ʽ ʧʦ ʤʽʨʽ 

ʚʠʜʽʣʝʥʥʷ ʬʝʨʠʪʫ ʚ ʮʝʥʪʨʘʣʴʥʠʭ ʦʙôʻʤʘʭ ʟʝʨʥʘ ʜʦʩʷʛʘʻʪʴʩʷ ʢʦʥʮʝʥʪʨʘʮʽʷ, 

ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʧʝʨʣʽʪʫ. ʇʝʨʝʪʚʦʨʝʥʥʷ ʚ ʧʝʨʣʽʪʥʽʡ ʦʙʣʘʩʪʽ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʦʜʥʦʯʘʩʥʠʤ ʫʪʚʦʨʝʥʥʷʤ ʩʫʤʽʰʽ ʬʝʨʠʪʫ ʪʘ ʢʘʨʙʽʜʽʚ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʚʫʛʣʝʮʶ, ʽ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʴ ʚʠʜʽʣʝʥʥʷ ʩʪʨʫʢʪʫʨʥʦ -

ʚʽʣʴʥʠʭ ʬʝʨʠʪʫ ʘʙʦ ʢʘʨʙʽʜʽʚ ʧʦ ʤʝʞʘʭ ʘʫʩʪʝʥʽʪʥʠʭ ʟʝʨʝʥ. ʋʪʚʦʨʝʥʥʷ ʪʘ ʨʽʩʪ 

ʟʘʨʦʜʢʽʚ ʮʠʭ ʦʙʦʭ ʬʘʟ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ (ʜʠʬʫʟʽʡʥʘ ʢʨʠʩʪʘʣʽʟʘʮʽʷ) [29].  

ɼʽʡʩʥʠʡ ʨʦʟʤʽʨ ʟʝʨʥʘ ʘʫʩʪʝʥʽʪʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʦʶ ʥʘʛʨʽʚʘʥʥʷ, 

ʽʟʦʪʝʨʤʽʯʥʦʶ ʚʠʪʨʠʤʢʦʶ ʧʨʠ ʥʽʡ ʪʘ ʩʭʠʣʴʥʽʩʪʶ ʜʘʥʦʾ ʩʪʘʣʽ ʜʦ ʨʦʩʪʫ ʟʝʨʥʘ 

ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ. ʇʽʩʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʟʝʨʥʦ, ʧʨʦʜʫʢʪʽʚ ʨʦʟʧʘʜʫ ʘʫʩʪʝʥʽʪʫ, 

ʯʘʩʪʢʦʚʦ ʧʝʨʣʽʪʫ, ʟʘʟʚʠʯʘʡ ʪʠʤ ʙʽʣʴʰʝ, ʯʠʤ ʙʽʣʴʰʝ ʙʫʣʦ ʚʠʭʽʜʥʝ ʟʝʨʥʦ 

ʘʫʩʪʝʥʽʪʫ [93]. ʊʨʠʚʘʣʝ ʥʘʛʨʽʚʘʥʥ ̫ ʩʪʘʣʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʟʥʘʯʥʦ 
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ʧʝʨʝʚʠʱʫʶʯʠʭ ʢʨʠʪʠʯʥʫ ʪʦʯʢʫ ɸ3, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʢʨʫʧʥʦʛʦ 

ʜʽʡʩʥʦʛʦ ʟʝʨʥʘ ʩʪʘʣʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʶʯʠʭ ʢʨʠʪʠʯʥʫ 

ʪʦʯʢʫ ɸ3, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʢʨʫʧʥʦʛʦ ʜʽʡʩʥʦʛʦ ʟʝʨʥʘ. ʊʘʢʝ ʥʘʛʨʽʚʘʥʥ ̫

ʧʨʠʡʥʷʪʦ ʥʘʟʠʚʘʪʠ ʧʝʨʝʛʨʽʚʦʤ ʩʪʘʣʽ. ɺ ʧʝʨʝʛʨʽʪʽʡ ʩʪʘʣʽ ʥʘʜʣʠʰʢʦʚʠʡ ʬʝʨʠʪ 

(ʮʝʤʝʥʪʠʪ) ʚʠʜʽʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʩʽʪʢʠ ʧʦ ʤʝʞʘʭ ʟʝʨʝʥ ʘʙʦ ʫ ʚʠʛʣʷʜʽ ʜʦʚʛʠʭ 

ʧʣʘʩʪʠʥ (ʛʽʣʦʢ), ʱʦ ʧʨʦʨʽʟʘʶʪʴ ʟʝʨʥʘ ʧʝʨʣʽʪʫ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʩʪʨʫʢʪʫʨʘ 

 ̒ʚʽʜʤʘʥʰʪʦʚʦʶ. ʅʘʛʨʽʚʘʥʥ ̫ ʩʪʘʣʽ ʜʦ ʚʠʩʦʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʩʧʨʠʯʠʥʷʻ 

ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʫ ʟʝʨʥʘ (ʢʨʫʧʥʦʟʝʨʥʠʩʪʽʩʪʴ), ʫ ʟʚô̫ ʟʢʫ ʟ ʮʠʤ ʧʽʩʣʷ 

ʦʭʦʣʦʜʞʝʥʥʷ ʩʪʘʣʴ ʤʘʻ ʥʠʟʴʢʽ, ʧʦʨʽʚʥʷʥʦ ʟ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʶ ʩʪʘʣʣʶ, 

ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʦʩʦʙʣʠʚʦ ʫʜʘʨʥʫ ʚô̫ ʟʢʽʩʪʴ [86].  

ʊʦʤʫ ʧʝʨʝʛʨʽʚ ʩʪʘʣʽ ʻ ʰʢʽʜʣʠʚʠʡ ʽ ʪʘʢʘ ʩʪʘʣʴ ʧʦʚʠʥʥʘ ʙʫʪʠ ʧʽʜʜʘʥʘ 

ʧʦʚʪʦʨʥʦʤʫ ʥʘʛʨʽʚʘʥʥʶ ʚ ʽʥʪʝʨʚʘʣʽ ʢʨʠʪʠʯʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʜʣʷ ʚʠʧʨʘʚʣʝʥʥʷ 

ʩʪʨʫʢʪʫʨʠ ʰʣʷʭʦʤ ʧʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ. ʇʨʠ ʱʝ ʙʽʣʴʰ ʚʠʩʦʢʦʤʫ ʥʘʛʨʽʚʘʥʥʽ 

ʩʪʘʣʽ ʜʦ ʪʝʤʧʝʨʘʪʫʨ ʙʣʠʟʴʢʠʭ ʜʦ ʣʽʥʽʾ ʩʦʣʽʜʫʩʘ ʚʠʥʠʢʘʻ ʱʝ ʙʽʣʴʰ ʥʝʛʘʪʠʚʥʝ 

ʷʚʠʱʝ ï ʧʝʨʝʧʘʣ. ʇʝʨʝʧʘʣ ʩʪʘʣʽ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʦ ʛʨʘʥʠʮʷʭ ʢʨʫʧʥʠʭ 

ʟʝʨʝʥ ʘʫʩʪʝʥʽʪʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʢʠʩʣʝʥʥʷ ʩʪʘʣʽ ʪʘ ʫʪʚʦʨʶʶʪʴʩʷ ʧʣʽʚʢʠ ʦʢʠʩʫ 

ʟʘʣʽʟʘ [86, 93]. ʉʪʘʣʴʥʘ ʜʝʪʘʣʴ ʧʨʠ ʧʝʨʝʧʘʣʽ ʥʝ ʧʨʠʜʘʪʥʘ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʥʘʩʣʽʜʦʢ ʨʽʟʢʦʛʦ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʪʘ ʧʦʰʢʦʜʞʝʥʦʾ ʧʦʚʝʨʭʥʽ. 

 

1.5.2.2 ɺʽʜʧʘʣ ʟ ʯʘʩʪʢʦʚʦʶ ʧʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʻʶ (ʥʝ ʧʦʚʥʠʡ ʘʙʦ 

ʩʬʝʨʦʾʜʠʟʫʶʯʠʡ ʚʽʜʧʘʣ) 

 

ʅʝʧʦʚʥʠʡ ʚʽʜʧʘʣ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʧʦʚʥʦʛʦ ʪʠʤ, ʱʦ ʩʪʘʣʴ ʥʘʛʨʽʚʘʶʪʴ 

ʜʦ  ʙʽʣʴʰ ʥʠʟʴʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ (ʚʠʱʝ ʟʘ ʢʨʠʪʠʯʥʫ ʪʦʯʢʫ ɸʩ1) [94]. 

ʇʨʠ ʥʝʧʦʚʥʦʤʫ ʚʽʜʧʘʣʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʘʩʪʢʦʚʘ ʧʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʷ ʩʪʘʣʽ ʪʽʣʴʢʠ 

ʚʥʘʩʣʽʜʦʢ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʝʨʣʽʪ ï ʘʫʩʪʝʥʽʪ. ʅʘʜʣʠʰʢʦʚʠʡ ʬʝʨʠʪ ʣʠʰʝ 

ʯʘʩʪʢʦʚʦ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʘʫʩʪʝʥʽʪ ʽ ʪʦʤʫ ʟʥʘʯʥʘ ʡʦʛʦ ʯʘʩʪʠʥʘ ʥʝ ʧʽʜʜʘʻʪʴʩʷ 

ʧʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ.  
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ɼʣʷ ʟʘʝʚʪʝʢʪʦʾʜʥʠʭ ʩʪʘʣʝʡ ʟʘʩʪʦʩʦʚʫʶʪʴ ʪʽʣʴʢʠ ʥʝʧʦʚʥʠʡ ʚʽʜʧʘʣ ʜʣʷ 

ʧʦʢʨʘʱʝʥʥʷ ʾʭ ʦʙʨʦʙʣʶʚʘʣʴʥʦʩʪʽ ʨʽʟʘʥʥʷʤ [92]. ɺ ʮʠʭ ʩʪʘʣʷʭ ʥʘʛʨʽʚʘʥʥʷ 

ʚʠʱʝ ʢʨʠʪʠʯʥʦʾ ʪʦʯʢʠ ɸʩ1 (ʟʘʟʚʠʯʘʡ ʥʘ 10-30 Üʉ) ʩʧʨʠʯʠʥʷʻ ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʫ 

ʧʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʶ ʽ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʟʝʨʥʠʩʪʫ ʩʪʨʫʢʪʫʨʫ ʧʝʨʣʽʪʘ, ʟʘʤʽʩʪʴ 

ʧʣʘʩʪʠʥʯʘʩʪʦʾ [94]. ʊʘʢʠʡ ʚʽʜʧʘʣ ʥʘ ʟʝʨʥʠʩʪʠʡ ʧʝʨʣʽʪ ʻ ʩʬʝʨʦʾʜʠʟʫʶʯʠʡ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʥʷ ʧʦʚʥʦʛʦ ʚʽʜʧʘʣʫ ʩʪʘʣʽ ʦʪʨʠʤʫʻʪʴʩʷ 

ʧʣʘʩʪʠʥʯʘʩʪʠʡ ʧʝʨʣʽʪ.  

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʟʝʨʥʠʩʪʦʛʦ ʧʝʨʣʽʪʫ ʧʨʦʚʦʜʷʪʴ ʩʬʝʨʦʾʜʠʟʫʶʯʠʡ ʚʽʜʧʘʣ, 

ʷʢʠʡ ʧʦʣʷʛʘʻ ʚ ʥʘʛʨʽʚʘʥʥʽ ʩʪʘʣʽ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʱʝ ʢʨʠʪʠʯʥʦʾ ʪʦʯʢʠ ɸʩ1, 

ʜʦʚʛʦʾ ʚʠʪʨʠʤʢʠ 5-6 ʛʦʜ ʽ ʥʘʩʪʫʧʥʦʛʦ ʧʦʚʽʣʴʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ. ʇʽʩʣʷ ʪʘʢʦʛʦ 

ʚʽʜʧʘʣʫ ʧʣʘʩʪʠʥʯʘʩʪʠʡ ʮʝʤʝʥʪʠʪ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʫ ʟʝʨʥʠʩʪʠʡ. ʉʪʘʣʴ ʟʽ 

ʩʪʨʫʢʪʫʨʦʶ ʟʝʨʥʠʩʪʦʛʦ ʧʝʨʣʽʪʫ ʤʘʻ ʙʽʣʴʰʫ ʧʣʘʩʪʠʯʥʽʩʪʴ, ʤʝʥʰʫ ʪʚʝʨʜʽʩʪʴ ʪʘ 

ʤʽʮʥʽʩʪʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʩʪʘʣʣʶ, ʱʦ ʧʨʦʭʦʜʠʣʘ ʧʦʚʥʠʡ ʚʽʜʧʘʣ [92]. ʅʝ ʧʦʚʥʠʡ 

ʚʽʜʧʘʣ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʧʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ ʧʝʨʣʽʪʫ ʪʘ ʟʥʷʪʪʷ ʚʥʫʪʨʽʰʥʽʭ 

ʥʘʧʨʫʞʝʥʴ.  

ʇʨʠ ʥʘʛʨʽʚʽ ʜʦʝʚʪʝʢʪʦʾʜʥʦʾ ʩʪʘʣʽ ʚʠʱʝ ʢʨʠʪʠʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ɸʩ1 

ʫʪʚʦʨʶʻʪʴʩʷ ʘʫʩʪʝʥʽʪ, ʧʽʩʣʷ ʧʝʨʝʭʦʜʫ ʥʘ ʤʝʞʘʭ ʨʦʟʜʽʣʫ ʬʝʨʠʪʫ ʪʘ ʮʝʤʝʥʪʠʪʫ, 

ʱʦ ʥʘʩʠʯʫʻʪʴʩʷ ʚʫʛʣʝʮʝʤ ʚʽʜ ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʫ ʡʦʛʦ ʟ ʮʝʤʝʥʪʠʪʦʤ [86]. 

ɺʫʛʣʝʮʴ ʜʠʬʫʥʜʫʻ ʯʝʨʝʟ ʟʝʨʥʦ ʘʫʩʪʝʥʽʪʫ ʚʽʜ ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʫ ʟ ʮʝʤʝʥʪʠʪʦʤ 

ʜʦ ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʫ ʟ ʬʝʨʠʪʦʤ. ʏʠʤ ʙʽʣʴʰʘ ʧʦʚʝʨʭʥʷ ʟʝʨʝʥ ʮʝʤʝʥʪʠʪʫ ʜʣʷ 

ʟʘʜʘʥʦʛʦ ʾʭ ʦʙô̒ ʤʫ, ʪʠʤ ʰʚʠʜʰʝ ʫʪʚʦʨʶʻʪʴʩʷ ʘʫʩʪʝʥʽʪ. ʊʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʧʝʨʣʽʪʫ ʚ ʘʫʩʪʝʥʽʪ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʤʽʨʫ ʪʘ ʬʦʨʤʠ ʚʢʣʶʯʝʥʴ ʮʝʤʝʥʪʠʪʫ: 

ʥʘʡʙʽʣʴʰʠʡ ʯʘʩ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʘʫʩʪʝʥʽʪ ʧʦʪʨʝʙʫʻ ʢʨʫʧʥʠʡ, ʟʝʨʥʠʩʪʠʡ 

ʮʝʤʝʥʪʠʪ, ʘ ʥʘʡʤʝʥʰʠʡ ï ʜʨʽʙʥʠʡ, ʧʣʘʩʪʠʥʯʘʩʪʠʡ. ʆʜʥʦʨʽʜʥʠʡ ʘʫʩʪʝʥʽʪ 

ʫʪʚʦʨʶ̒ʪʴʩʷ ʪʽʣʴʢʠ ʧʽʩʣʷ ʚʠʪʨʠʤʢʠ, ʪʘʢ ʷʢ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʩʣʷ ʫʪʚʦʨʝʥʥʷ 

ʘʫʩʪʝʥʽʪʫ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʫʛʣʝʮʶ ʚ ʥʴʦʤʫ ʥʝ ʦʜʥʘʢʦʚʘ: ʙʽʣʴʰ ʚʠʩʦʢʘ ʙʫʜʝ 

ʚ ʪʠʭ ʪʦʯʢʘʭ, ʜʝ ʙʫʣʠ ʜʽʣʷʥʢʠ ʮʝʤʝʥʪʠʪʫ, ʽ ʙʽʣʴʰ ʥʠʟʴʢʘ ï ʜʝ ʨʦʟʤʽʱʫʚʘʚʩʷ 

ʬʝʨʠʪ [86]. ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ, ʱʦ ʚʠʪʨʠʤʢʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʥʘʛʨʽʚʫ ʥʝʦʙʭʽʜʥʘ 

ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʧʨʦʛʨʽʚʫ ʜʝʪʘʣʽ ʧʦ ʚʩʴʦʤʫ ʧʝʨʝʪʠʥʫ, ʘʣʝ ʽ ʜʣʷ ʟʘʚʝʨʰʝʥʥʷ 



70 
 

 

ʧʨʦʮʝʩʫ ʫʪʚʦʨʝʥʥʷ ʦʜʥʦʨʽʜʥʦʛʦ ʘʫʩʪʝʥʽʪʫ. ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʩʣʷ ʫʪʚʦʨʝʥʥʷ 

ʘʫʩʪʝʥʽʪʫ, ʪʦʙʪʦ ʧʽʩʣʷ ʥʘʛʨʽʚʫ ʪʘ ʚʠʪʨʠʤʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʜʝʱʦ ʚʠʱʽʡ 

ʟʘ ɸʩ1, ʩʪʘʣʴ ʤʘʻ ʜʨʽʙʥʝ ʟʝʨʥʦ ʘʫʩʪʝʥʽʪʫ. ɹʽʣʴʰʝ ʯʠʩʣʦ ʜʨʽʙʥʠʭ ʟʝʨʝʥ ʚʠʥʠʢʘʻ 

ʥʘ ʤʝʞʘʭ ʢʦʥʪʘʢʪʫ ʬʝʨʠʪʫ ʪʘ ʮʝʤʝʥʪʠʪʫ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʧʨʠ ʥʝʚʝʣʠʢʦʤʫ 

ʧʝʨʝʛʨʽʚʽ ʚʠʱʝ ʢʨʠʪʠʯʥʦʾ ʪʦʯʢʠ (ʥʘ 30-50 Áʉ) ʨʦʟʤʽʨ ʟʝʨʝʥ ʘʫʩʪʝʥʽʪʫ 

ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʚʝʣʠʢʠʤ. ɼ.ʂ. ʏʝʨʥʦʚ ʚʩʪʘʥʦʚʠʚ, ʱʦ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ 

ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʤʽʨ ʟʝʨʥʘ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʧʨʠʯʦʤʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʨʦʩʪʫ ʪʠʤ ʙʽʣʴʰʘ, ʯʠʤ ʚʠʱʝ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʽʚʫ. ʇʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʩʪʘʣʽ 

ʦʜʝʨʞʫʻʪʴʩʷ ʬʝʨʠʪʦ-ʮʝʤʝʥʪʠʪʥʘ ʩʫʤʽʰ, ʟ ʜʦʩʪʘʪʥʴʦ ʜʠʬʝʨʠʥʮʽʡʦʚʘʥʦʶ 

ʙʫʜʦʚʦʶ ʽʟ ʟʝʨʥʠʩʪʦʶ ʬʦʨʤʦʶ ʮʝʤʝʥʪʠʪʥʦʾ ʬʘʟʠ ʽ ʫʪʚʦʨʶʻʪʴʩʷ ʟʝʨʥʠʩʪʠʡ 

ʧʝʨʣʽʪ, ʘʙʦ ʟʝʨʥʠʩʪʠʡ ʮʝʤʝʥʪʠʪ [37]. ɿ ʬʝʨʠʪʥʦ-ʮʝʤʝʥʪʠʪʥʦʾ ʩʫʤʽʰʽ ʙʽʣʴʰ 

ʜʠʩʧʝʨʩʥʦʾ ʙʫʜʦʚʠ (ʟʝʨʥʠʩʪʦʾ ʙʫʜʦʚʠ ʮʝʤʝʥʪʠʪʥʦʾ ʬʘʟʠ) ʫʪʚʦʨʶʻʪʴʩʷ 

ʷʢ ʩʦʨʙʽʪ, ʪʘʢ ʽ ʪʨʦʦʩʪʠʪ. ʋʪʚʦʨʝʥʥʷ ʮʝʤʝʥʪʠʪʥʦʾ ʬʘʟʠ ʫ ʬʝʨʠʪʦ-ʮʝʤʝʥʪʠʪʥʽʡ 

ʩʫʤʽʰʽ ʧʦʷʩʥʶʻʪʴʩʷ ʩʪʫʧʝʥʝʤ ʦʜʥʦʨʽʜʥʦʩʪʽ ʚʠʭʽʜʥʦʛʦ ʘʫʩʪʝʥʽʪʫ. ɹʽʣʴʰ 

ʦʜʥʦʨʽʜʥʠʡ ʘʫʩʪʝʥʽʪ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʙʽʣʴʰ ʚʠʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ ʡʦʛʦ 

ʥʘʛʨʽʚʫ, ʨʦʟʧʘʜʘʻʪʴʩʷ ʚ ʩʫʤʽʰ ʧʣʘʩʪʠʥʯʘʩʪʦʾ ʙʫʜʦʚʠ. ʇʨʠ ʙʽʣʴʰ ʥʠʟʴʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʛʨʽʚʘʥʥʷ ʩʪʘʣʽ ʥʝ ʜʦʩʷʛʘʻʪʴʩʷ ʦʜʥʦʨʽʜʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ: ʦʢʨʽʤ 

ʘʫʩʪʝʥʽʪʫ, ʜʝ ʟʙʝʨʽʛʘʶʪʴʩʷ ʥʝʨʦʟʯʠʥʝʥʽ ʯʘʩʪʠʥʢʠ ʮʝʤʝʥʪʠʪʫ, ʷʢʽ ʜʦʣʘʶʪʴ 

ʟʝʨʥʠʩʪʫ ʬʦʨʤʫ ʡʦʛʦ ʚʠʜʽʣʝʥʴ. 

 

1.5.3 ɻʘʨʪʫʚʘʥʥʷ ʩʪʘʣʽ  

 

ɼʣʷ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʧʨʦʚʦʜʷʪʴ ʛʘʨʪʫʚʘʥʥʷ, ʪʝʭʥʦʣʦʛʽʯʥʫ ʦʧʝʨʘʮʽ,ʁ 

ʱʦ ʧʦʣʷʛʘʻ ʫ ʥʘʛʨʽʚʘʥʥʽ ʩʪʘʣʽ ʜʦ ʪʝʤʧʝʨʘʪʫʨ, ʷʢʽ ʚʠʢʣʶʯʘʶʪʴ ʟʙʝʨʝʞʝʥʥʷ Ŭ-

ʬʝʨʠʪʫ ʪʘ ʦʪʨʠʤʘʥʥʷ ʘʫʩʪʝʥʽʪʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʷʢʘ ʧʨʠ ʰʚʠʜʢʦʤʫ ʦʭʦʣʦʜʞʝʥʥʽ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʤʘʨʪʝʥʩʠʪ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʜʦʝʚʪʝʢʪʦʾʜʥʽ ʩʪʘʣʽ ʥʘʛʨʽʚʘʶʪʴ 

ʥʘ 30-50 Üʉ ʚʠʱʝ ʣʽʥʽʾ ʢʨʠʪʠʯʥʦʾ ʪʦʯʢʠ ɸʩ3 [95]. ʆʩʥʦʚʥʘ ʤʝʪʘ ʛʘʨʪʫʚʘʥʥʷ 

ʩʪʘʣʽ ʻ ʦʪʨʠʤʘʥʥʷ ʤʘʨʪʝʥʩʠʪʫ. ɼʣʷ ʫʪʚʦʨʝʥʥʷ ʤʘʨʪʝʥʩʠʪʥʦʾ ʩʪʨʫʢʪʫʨʠ ʩʪʘʣʽ 

ʽʩʥʫʻ ʢʨʠʪʠʯʥʘ ʰʚʠʜʢʽʩʪʴ ʛʘʨʪʫʚʘʥʥʷ, ʪʦʙʪʦ ʪʘʢʘ ʰʚʠʜʢʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ, 
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ʧʨʠ ʷʢʽʡ ʧʦʜʘʚʣʷʻʪʴʩʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʧʝʨʣʽʪʥʽʡ ʽ ʧʨʦʤʽʞʥʽʡ ʦʙʣʘʩʪʷʭ. 

ʂʨʠʪʠʯʥʘ ʰʚʠʜʢʽʩʪʴ ʛʘʨʪʫʚʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʚʫʛʣʝʮʶ ʪʘ ʣʝʛʫʶʯʠʭ 

ʝʣʝʤʝʥʪʽʚ ʫ ʩʪʘʣʽ, ʘ ʪʘʢʦʞ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʘʫʩʪʝʥʽʟʘʮʽʾ. ʐʚʠʜʢʽʩʪʴ 

ʦʭʦʣʦʜʞʝʥʥʷ ʟʘʣʝʞʠʪʴ [29]:  

ï ʚʽʜ ʪʝʧʣʦʻʤʥʦʩʪʽ ʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʩʪʘʣʽ; 

ï ʚʽʜ ʦʭʦʣʦʜʞʫʶʯʦʾ ʟʜʘʪʥʦʩʪʽ ʛʘʨʪʫʚʘʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; 

ï ʚʽʜ ʨʦʟʤʽʨʽʚ, ʬʦʨʤʠ ʪʘ ʩʪʘʥʫ ʧʦʚʝʨʭʥʽ ʚʠʨʦʙʫ. 

ʄʽʥʽʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ, ʧʨʠ ʷʢʽʡ ʚ ʩʪʨʫʢʪʫʨʽ ʫʪʚʦʨʶʻʪʴʩʷ 

ʤʘʨʪʝʥʩʠʪ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʥʠʞʥʷ ʢʨʠʪʠʯʥʘ ʰʚʠʜʢʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʠ 

ʛʘʨʪʫʚʘʥʥʽ. ʐʚʠʜʢʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ, ʧʨʠ ʷʢʽʡ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʦ ʤʝʭʘʥʽʟʤʫ 

ʧʝʨʣʽʪʥʦʾ ʘʙʦ ʧʨʦʤʽʞʥʦʾ ʦʙʣʘʩʪʽ ʧʦʚʥʽʩʪʶ ʚʠʢʣʶʯʘʻʪʴʩʷ ʽ ʩʪʨʫʢʪʫʨʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʣʠʰʝ ʽʟ ʦʜʥʦʛʦ ʤʘʨʪʝʥʩʠʪʫ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʚʝʨʭʥʷ ʢʨʠʪʠʯʥʘ 

ʰʚʠʜʢʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ (ʛʘʨʪʫʚʘʥʥʷ) [29]. ʇʨʠ ʛʘʨʪʫʚʘʥʥʽ ʩʪʘʣʽ 

ʚʽʜʙʫʚʘʻʪʴʩʷ: ʟʤʽʥʘ ʩʠʣ ʤʽʞʘʪʦʤʥʠʭ ʟʚô̫ ʟʢʽʚ ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ; ʟʤʝʥʰʝʥʥʷ 

ʨʦʟʤʽʨʽʚ ʢʦʛʝʨʝʥʪʥʠʭ ʦʙʣʘʩʪʝʡ; ʣʦʢʘʣʴʥʝ ʚʠʢʨʠʚʣʶʚʘʥʥʷ ʛʨʘʪʢʠ [96]. 

ʊʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ ʧʨʝʩ-ʬʦʨʤ ʜʣʷ ʣʠʪʪʷ ʧʽʜ ʪʠʩʢʦʤ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʪʠʤʠ ʞ 

ʨʝʞʠʤʘʤʠ, ʱʦ ʽ ʪʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ ʤʦʣʦʪʦʚʠʭ ʰʪʘʤʧʽʚ. ʇʨʠ ʛʘʨʪʫʚʘʥʥʽ 

ʰʪʘʤʧʠ ʦʭʦʣʦʜʞʫʶʪʴ ʚ ʦʣʠʚʽ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 150-200 Áʉ.  

ʊʝʤʧʝʨʘʪʫʨʫ ʥʘʛʨʽʚʫ ʨʦʙʦʯʠʭ ʯʘʩʪʠʥ ʰʪʘʤʧʽʚ ʪʘ ʤʘʪʨʠʮʴ ʧʽʜ 

ʛʘʨʪʫʚʘʥʥʷ ʚʠʙʠʨʘʶʪʴ ʽʟ ʫʤʦʚ ʦʪʨʠʤʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʝʧʣʦʩʪʽʡʢʦʩʪʽ, ʪʘʢ 

ʷʢ ʤʘʢʩʠʤʘʣʴʥʝ ʣʝʛʫʚʘʥʥʷ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʧʽʩʣʷ ʛʘʨʪʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ 

ʟʙʝʨʝʛʪʠ ʚʝʣʠʯʠʥʫ ʘʫʩʪʝʥʽʪʥʦʛʦ ʟʝʨʥʘ ʥʝ ʢʨʫʧʥʽʰʝ ˉ 8-10 ʧʦ ʰʢʘʣʽ ɻʆʉʊ 

5639-65. ʆʜʥʘʢ ʜʣʷ ʜʝʷʢʠʭ ʛʨʫʧ ʰʪʘʤʧʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʫ ʷʢʠʭ ʻ ʫʤʦʚʘ ʧʦ 

ʫʜʘʨʥʽʡ ʚô̫ ʟʢʦʩʪʽ, ʥʝʦʙʭʽʜʥʦ ʦʙʤʝʞʠʪʠ ʚʝʣʠʯʠʥʫ ʟʝʨʥʘ ʥʘ ʨʽʚʥʽ ˉ 10-12. ʋ 

ʚʠʧʘʜʢʫ ʚʽʜʩʫʪʥʦʩʪʽ ʚʠʩʦʢʠʭ ʚʠʤʦʛ ʧʦ ʮʴʦʤʫ ʧʦʢʘʟʥʠʢʫ ʥʘʚʧʘʢʠ, ʤʦʞʥʘ 

ʜʦʧʫʩʪʠʪʠ ʨʦʟʤʽʨ ʟʝʨʥʘ ʥʘ ʨʽʚʥʽ ˉ 6-8 [5]. ʇʽʩʣʷ ʛʘʨʪʫʚʘʥʥʷ ʰʪʘʤʧʦʚʠʭ 

ʩʪʘʣʝʡ ʥʘ ʜʨʽʙʥʝ ʟʝʨʥʦ (9-10 ʙʘʣʘ) ʫ ʩʪʨʫʢʪʫʨʽ ʤʝʪʘʣʫ ʟʙʝʨʽʛʘʻʪʴʩʷ 2-6 % 

ʥʝʨʦʟʯʠʥʝʥʠʭ ʢʘʨʙʽʜʽʚ ʄ6ʉ ʪʘ VC ʪʘ 5-12 % ʟʘʣʠʰʢʦʚʦʛʦ ʘʫʩʪʝʥʽʪʫ [35].   

 



72 
 

 

1.5.3.1 ʄʘʨʪʝʥʩʠʪʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ 

 

ɺʧʝʨʰʝ ʪʦʥʢʘ-ʢʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʤʘʨʪʝʥʩʠʪʫ ʙʫʣʘ ʚʽʜʢʨʠʪʘ 

ʅ.ʗ. ʉʝʣʷʢʦʚʠʤ, ɻ.ɺ. ʂʫʨʜʶʤʦʚʠʤ ʪʘ ʅ.ʊ. ɻʫʜʮʦʚʠʤ (1926 ʨ.) [97, 98]. ɺʦʥʘ 

ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʧʝʨʝʩʠʯʝʥʠʡ ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ ʚʫʛʣʝʮʶ ʚ Ŭ-ʟʘʣʽʟʽ. 

ɺʝʣʠʯʝʟʥʝ ʧʝʨʝʩʠʯʝʥʥʷ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʦʪʨʠʤʘʥʥʷ ʪʝʪʨʘʛʦʥʘʣʴʥʦʾ ʛʨʘʪʢʠ. ʇʨʠ ʮʴʦʤʫ ʢʫʙ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʨʠʩʪʘʣʽʯʥʦʾ 

ʛʨʘʪʢʠ Ŭ-ʟʘʣʽʟʘ ʚʠʪʷʛʫʻʪʴʩʷ ʚʟʜʦʚʞ ʦʜʥʦʛʦ ʨʝʙʨʘ (ʧʘʨʘʤʝʪʨ ʩ) ʪʘ ʩʪʠʩʢʘʻʪʴʩʷ 

ʚʟʜʦʚʞ ʽʥʰʠʭ (ʧʘʨʘʤʝʪʨ ʘ). ʗʢ ʧʦʢʘʟʘʥʦ ɻ.ɺ. ʂʫʨʜʶʤʦʚʠʤ ʪʘ 

ɽ.ɿ. ʂʘʤʽʥʩʴʢʠʤ [99-101] ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʚʫʛʣʝʮʶ ʧʘʨʘʤʝʪʨʠ ʩ ʪʘ ʘ 

ʟʤ̔ʥʶʶʪʴʩʷ.  

ʂʽʥʝʪʠʢʘ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʫ ʣʝʛʦʚʘʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ 

ʩʪʘʣʷʭ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ, ʷʢ ʘʪʝʨʤʽʯʥʘ [34]. ʄʘʨʪʝʥʩʠʪʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʚ ʣʝʛʦʚʘʥʠʭ ʩʪʘʣʷʭ ʨʦʟʚʠʚʘʻʪʴʩʷ ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʽ ʚʝʣʠʢʽʡ ʩʪʫʧʝʥʽ 

ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ ʚʽʜʥʦʩʥʦ ʨʽʚʥʦʚʘʞʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʯʘʪʢʫ ɔŸŬ ʧʝʨʝʭʦʜʫ. 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʦʚʥʽʩʪʶ ʧʦʜʘʚʣʝʥʽ 

ʜʠʬʫʟʽʡʥʽ ʧʝʨʝʤʽʱʝʥʥʷ, ʷʢ ʤʝʪʘʣʝʚʠʭ ʘʪʦʤʽʚ ʟʘʣʽʟʘ ʪʘ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ, 

ʪʘʢ ʽ ʤʝʪʘʣʦʾʜʥʠʭ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ ʪʘ ʘʟʦʪʫ ʽ ʪʦʤʫ, ʧʦ ʩʚʦʻʤʫ ʤʝʭʘʥʽʟʤʫ 

ʤʘʨʪʝʥʩʠʪʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʩʪʘʣʷʭ ʻ ʙʝʟʜʠʬʫʟʽʡʥʠʤ.  

ɯʩʥʫʻ ʧʝʚʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ ʜʣʷ ʢʦʞʥʦʾ 

ʫʧʘʢʦʚʢʠ ʘʪʦʤʽʚ, ʪʦʙʪʦ ʜʣʷ ʢʦʞʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʽ ʧʨʠ ʚʠʟʥʘʯʝʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 

ʢʨʠʚʽ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ ʧʝʨʝʪʠʥʘʶʪʴʩʷ [102]. ʊʦʯʢʘ ʧʝʨʝʪʠʥʫ ʻ ʪʦʯʢʦ  ʁ

ʨʽʚʥʦʚʘʛʠ ʦʙʦʭ ʤʦʜʠʬʽʢʘʮʽʡ. ʊʘʢʠʤ ʯʠʥʦʤ, ʽʩʥʫʻ ʚʠʟʥʘʯʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, 

ʚʠʱʝ ʷʢʦʾ ʩʪʽʡʢʦʶ ʤʦʜʠʬʽʢʘʮʽʻʶ ʻ ʘʫʩʪʝʥʽʪ, ʘ ʥʠʞʯʝ ï ʤʘʨʪʝʥʩʠʪ. ʎʝ ʚʽʨʥʦ 

ʪʽʣʴʢʠ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʴ ʪʽʣʴʢʠ ʯʝʨʝʟ 

ʟʤʽʥʫ ʛʨʘʪʢʠ, ʘ ʥʝ ʟʤʽʥʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ. ɼʣʷ ʧʝʨʝʭʦʜʫ ʦʜʥʽʻʾ 

ʫʧʘʢʦʚʢʠ ʚ ʽʥʰʫ (ʚʽʜ ʦʜʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʜʦ ʽʥʰʦʾ) ʥʝʦʙʭʽʜʥʦ ʧʦʜʦʣʘʥʥʷ 

ʘʪʦʤʘʤʠ ʜʝʷʢʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʙʘʨô̒ ʨʽʚ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʧʝʨʝʡʪʠ ʽʟ ʩʪʘʥʫ 

ʙʽʣʴʰʦʾ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ ʚ ʩʪʘʥ ʤʝʥʰʦʾ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ, ʘʪʦʤʠ ʧʦʚʠʥʥʽ 
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ʧʨʦʭʦʜʠʪʠ ʧʨʦʤʽʞʥʽ ʧʦʣʦʞʝʥʥʷ ʟ ʧʽʜʚʠʱʝʥʦʶ ʝʥʝʨʛʽʻʶ. ʊʘʢʠʡ ʧʨʦʮʝʩ 

ʧʝʨʝʭʦʜʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʨʦʩʪʽ ʢʨʠʩʪʘʣʽʚ ʤʘʨʪʝʥʩʠʪʥʠʭ ʬʘʟ: ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʧʝʨʝʙʫʜʦʚʫ ʛʨʘʪʢʠ, ʧʨʠ ʷʢʽʡ ʘʪʦʤʠ ʥʝ ʦʙʤʽʥʶʶʪʴʩʷ 

ʤʽʩʮʷʤʠ, ʘ ʣʠʰʝ ʟʤʽʱʫʶʪʴʩʷ ʦʜʠʥ ʚʽʜʥʦʩʥʦ ʦʜʥʦʛʦ ʥʘ ʚʽʜʩʪʘʥʽ, ʱʦ 

ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ ʤʽʞʘʪʦʤʥʦʾ ʚʽʜʩʪʘʥʽ. ʇʦʷʩʥʝʥʥʷʤ ʱʦʜʦ ʨʦʩʪʫ ʻ ʪʝ, ʱʦ ʩʫʩʽʜʠ 

ʷʢʦʛʦ-ʥʝʙʫʜʴ ʘʪʦʤʘ ʚ ʩʪʘʨʽʡ ʬʘʟʽ ʻ ʩʫʩʽʜʘʤʠ ʽ ʚ ʥʦʚʽʡ ʬʘʟʽ, ʘ ʮʝ ʟʥʘʯʠʪʴ, ʱʦ 

ʚʦʥʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʩʫʩʽʜʘʤʠ ʽ ʥʘ ʤʝʞʽ ʟʨʦʩʪʘʶʯʦʛʦ ʢʨʠʩʪʘʣʫ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʪʦʛʦ, ʱʦ ʧʽʜ ʯʘʩ ʨʦʩʪʫ ʢʨʠʩʪʘʣʽʚ  ̒ʥʝʧʝʨʝʚʥʠʡ ʧʝʨʝʭʽʜ ʚʽʜ ʛʨʘʪʢʠ ʘʫʩʪʝʥʽʪʫ 

ʜʦ ʛʨʘʪʢʠ ʤʘʨʪʝʥʩʠʪʫ ʽ ʧʨʠ ʨʦʩʪʽ ʤʘʻ ʤʽʩʮʝ ʧʨʫʞʥʠʡ ʟʚô̫ ʟʦʢ ʤʽʞ ʦʙʦʤʘ 

ʛʨʘʪʢʘʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʢʦʛʝʨʝʥʪʥʽʩʪʴ. ʇʨʠ ʪʘʢʦʤʫ ʧʝʨʝʭʦʜʽ ʚʠʥʠʢʘʶʪʴ 

ʚʝʣʠʢʽ ʧʨʫʞʥʽ ʜʝʬʦʨʤʘʮʽʾ, ʱʦ ʩʧʨʠʯʠʥʝʥʽ ʟʩʫʚʦʤ. ʇʨʠ ʨʦʩʪʽ ʢʨʠʩʪʘʣʫ 

ʜʝʬʦʨʤʘʮʽʷ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʽ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʚʠʟʥʘʯʝʥʦʾ ʚʝʣʠʯʠʥʠ ʥʘʧʨʫʞʝʥʴ 

ʤʦʞʝ ʚʽʜʙʫʪʠʩʴ ʧʣʘʩʪʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʧʦʨʷʜʦʢ ʥʘ ʤʝʞʽ 

ʧʦʨʫʰʫʻʪʴʩʷ, ʥʘʧʨʫʞʝʥʥʷ ʟʥʠʢʘʻ. ʅʘ ʧʦʯʘʪʢʫ 30-ʭ ʨʦʢʽʚ ʉ.ʉ. ʐʪʝʡʥʙʝʨʛ 

ʩʬʦʨʤʫʣʶʚʘʚ ʧʦʣʦʞʝʥʥʷ, ʟʛʽʜʥʦ ʷʢʦʛʦ ʤʘʨʪʝʥʩʠʪʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʫʪʚʦʨʶʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʚʠʥʠʢʥʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʥʘʧʨʫʞʝʥʥʷ. ʅʘʧʨʫʞʝʥʥʷ 

ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ: ʙʽʣʴʰ ʰʚʠʜʢʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʟʦʚʥʽʰʥʽʭ ʥʘʧʨʫʞʝʥʠʭ 

ʰʘʨʽʚ, ʘʥʽʞ ʚʥʫʪʨʽʰʥʽʭ; ʟʙʽʣʴʰʝʥʥʷ ʧʠʪʦʤʦʛʦ ʦʙô̒ ʤʫ ʧʨʠ ʫʪʚʦʨʝʥʥʽ 

ʢʨʠʩʪʘʣʽʚ ʤʘʨʪʝʥʩʠʪʫ; ʨʽʟʥʠʮʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʘʫʩʪʝʥʽʪʫ 

ʪʘ ʤʘʨʪʝʥʩʠʪʫ [101, 103]. ɺ ʨʦʙʦʪʽ [104] ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʩʪʨʫʢʪʫʨʘ 

ʤʘʨʪʝʥʩʠʪʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʚʝʣʠʢʠʭ ʚʠʢʨʠʚʣʝʥʴ ʪʨʝʪʴʦʛʦ ʨʦʜʫ ʽʟ 

ʩʪʘʪʠʯʥʠʤʠ ʟʤʽʱʝʥʥʷʤʠ ʘʪʦʤʽʚ ʟʘʣʽʟʘ ʪʘ ʚʫʟʣʽʚ ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ ʫ 

ʥʘʧʨʷʤʢʫ [001]. ʇʦ ʤʽʢʨʦʩʪʨʫʢʪʫʨʽ ʩʪʘʣʽ ʢʦʞʥʘ ʛʽʣʢʘ ʤʘʨʪʝʥʩʠʪʫ ʟô̫ ʚʣʷʻʪʴʩʷ 

ʤʠʪʪʻʚʦ (ʯʘʩ ʫʪʚʦʨʝʥʥʷ ʦʜʥʦʾ ʛʽʣʢʠ ʤʝʥʰʝ 0,02 ʩʝʢʫʥʜʠ) [101]. ɻʽʣʢʘ 

(ʧʣʘʩʪʠʥʘ) ʤʘʨʪʝʥʩʠʪʫ ʫʪʚʦʨʶʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʧʦ ʧʣʦʱʠʥʽ ʦʢʪʘʝʜʨʘ (111), ʘ 

ʚ ʧʣʦʱʠʥʽ ʰʣʽʬʘ ʧʝʨʰʽ ʛʽʣʢʠ, ʷʢʽ ʧʨʦʩʪʷʛʘʶʪʴʩʷ ʚʽʜ ʢʨʘʶ ʜʦ ʢʨʘʶ 

ʘʫʩʪʝʥʽʪʥʦʛʦ ʟʝʨʥʘ ʪʘ ʩʪʚʦʨʝʥʥʶ ʷʢʠʭ ʥʝ ʟʘʚʘʞʘʶʪʴ ʨʘʥʽʰʝ ʫʪʚʦʨʝʥʥʽ ʛʽʣʢʠ, 

ʷʢʽ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʥʘʡʯʘʩʪʽʰʝ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʦʜʥʘ ʜʦ ʦʜʥʦʾ ʧʽʜ ʢʫʪʘʤʠ 

60 ʘʙʦ 120Á. ʇʣʘʩʪʠʥʠ ʫʪʚʦʨʶʶʪʴʩʷ ʘʙʦ ʧʘʨʘʣʝʣʴʥʦ ʧʝʨʰʠʤ ʘʙʦ ʚʩʝʨʝʜʠʥʽ 
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ʪʨʠʢʫʪʥʠʢʽʚ ʫ ʚʠʛʣʷʜʽ ʙʣʠʩʢʘʚʦʢ ʪʘ ʟʠʛʟʘʛʽʚ. ʄʘʨʪʝʥʩʠʪʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʰʣʷʭʦʤ ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʘʪʦʤʽʚ ʦʩʥʦʚʥʦʾ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ ʚʽʜ ʛʨʘʥʝʮʝʥʪʨʦʚʘʥʦʾ, ʫ ɔ-Fe, ʜʦ ʦʙôʻʤʥʦʮʝʥʪʨʦʚʘʥʦʾ,  ʫ 

Ŭ-Fe. ʇʝʨʝʤʽʱʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʤʽʞ ʛʨʘʪʢʘʤʠ ʘʫʩʪʝʥʽʪʫ ʪʘ ʤʘʨʪʝʩʠʪʫ (ʬʝʨʠʪʫ) 

ʚʧʝʨʰʝ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʫ ʨʦʙʦʪʘʭ ɻ.ɺ. ʂʫʨʜʶʤʦʚʘ [105, 106]. ʇʦ 

ɻ.ɺ. ʂʫʨʜʶʤʦʚʫ ʪʘ ɻ. ɿʘʢʩʫ ʧʣʦʱʠʥʘ (111) ʘʫʩʪʝʥʽʪʫ ʧʘʨʘʣʝʣʴʥʘ ʧʣʦʱʠʥʽ 

(110) ʛʨʘʪʢʠ ʤʘʨʪʝʥʩʠʪʫ, ʘ ʥʘʧʨʷʤʦʢ [110] ʘʫʩʪʝʥʽʪʫ ʧʘʨʘʣʝʣʴʥʠʡ ʥʘʧʨʷʤʢʫ 

[111] ʛʨʘʪʢʠ ʤʘʨʪʝʥʩʠʪʫ. ʗʢ ʧʨʘʚʠʣʦ, ʧʝʨʝʪʚʦʨʝʥʥʷ ʘʫʩʪʝʥʽʪʫ ʚ  ʤʘʨʪʝʥʩʠʪ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʩʝʨʽʻʶ ʟʩʫʚʽʚ ʚʟʜʦʚʞ ʧʝʚʥʠʭ ʘʪʦʤʥʠʭ ʧʣʦʱʠʥ [106]. ɺʠʩʦʢʘ 

ʪʚʝʨʜʽʩʪʴ ʤʘʨʪʝʥʩʠʪʫ ʧʦʚô̫ ʟʘʥʘ ʚ ʦʩʥʦʚʥʦʤʫ ʟ ʜʨʦʙʣʝʥʥʷʤ ʙʣʦʢʽʚ ʤʦʟʘʾʯʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʪʘ ʧʝʚʥʠʤʠ ʝʬʝʢʪʘʤʠ, ʷʢʽ ʩʧʨʠʯʠʥʷʶʪʴ ʬʘʟʦʚʠʡ ʥʘʢʣʝʧ. ɺ ʧʝʨʰʫ 

ʯʝʨʛʫ ʧʨʠʯʠʥʦʶ ʬʘʟʦʚʦʛʦ ʥʘʢʣʝʧʘ ʻ ʽʩʪʦʪʥʝ ʟʙʽʣʴʰʝʥʥʷ ʧʠʪʦʤʦʛʦ ʦʙô̒ ʤʫ ʧʨʠ 

ʧʝʨʝʪʚʦʨʝʥʥʽ ʘʫʩʪʝʥʽʪʘ ʚ ʤʘʨʪʝʥʩʠʪ [101]. ʄʘʨʪʝʥʩʠʪ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʚʠʢʣʶʯʥʦ ʚʠʩʦʢʦʶ ʪʚʝʨʜʽʩʪʶ, ʧʦʨʷʜʢʘ 700 ʅɺ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ, 

ʱʦ ʚʠʢʨʠʚʣʝʥʥʷ, ʚʠʢʣʠʢʘʥʝ ʧʨʦʥʠʢʥʝʥʥʷʤ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʥʠʞʝʥʥʷ ʤʝʞʽ ʧʨʫʞʥʦʩʪʽ, ʪʦʙʪʦ ʜʦ ʧʦʷʚʠ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʩʪʘʣʽ. ʋ 

ʟʚôʷʟʢʫ ʟ ʮʠʤ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ, ʱʦ ʪʚʝʨʜʽʥʥʷ ʤʘʨʪʝʥʩʠʪʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ 

ʧʨʦʮʝʩʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘ ʨʘʭʫʥʦʢ ʙʣʦʢʫʚʘʥʥʷ 

ʧʣʦʱʠʥ ʢʦʚʟʘʥʥʷ ʚʠʧʘʜʘʶʯʠʤʠ ʧʨʠ ʜʝʬʦʨʤʘʮʽʾ ʜʠʩʧʝʨʩʥʠʤʠ ʢʘʨʙʽʜʥʠʤʠ 

ʬʘʟʘʤʠ [101, 107].  

ʂʽʣʴʢʽʩʪʴ ʟʘʣʠʰʢʦʚʦʛʦ ʘʫʩʪʝʥʽʪʫ ʫ ʩʪʘʣʽ, ʱʦ ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ 

ʛʘʨʪʫʚʘʥʥʷʤ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʤʘʨʪʝʥʩʠʪʥʦʾ ʪʦʯʢʠ. ʏʠʤ ʥʠʞʯʝ 

ʤʘʨʪʝʥʩʠʪʥʘ ʪʦʯʢʘ, ʪʠʤ ʙʽʣʴʰʝ ʟʘʣʠʰʢʦʚʦʛʦ ʘʫʩʪʝʥʽʪʫ. ʊʦʤʫ ʚʫʛʣʝʮʴ, 

ʟʥʠʞʫʶʯʠ ʤʘʨʪʝʥʩʠʪʥʫ ʪʦʯʢʫ, ʟʙʽʣʴʰʫʻ ʢʽʣʴʢʽʩʪʴ ʟʘʣʠʰʢʦʚʦʛʦ ʘʫʩʪʝʥʽʪʫ. 

ɸʫʩʪʝʥʽʪ, ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʬʦʨʤʫʻʪʴʩʷ 

ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʘʨʦʜʞʝʥʥʷ ʪʘ ʨʦʩʪʫ ʟʝʨʝʥ ʚ ʦʙôʻʤʽ ʚʠʭʽʜʥʦʾ ʩʪʨʫʢʪʫʨʠ. ʁʦʛʦ 

ʫʪʚʦʨʝʥʥʷ ʧʦʯʠʥʘʻʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʨʦʟʜʽʣʫ ʬʝʨʠʪʥʦ-ʢʘʨʙʽʜʥʠʭ ʬʘʟ, ʜʝ ʟʝʨʥʘ 

ʘʫʩʪʝʥʽʪʫ ʫ ʩʚʦʻʤʫ ʰʚʠʜʢʽʩʥʦʤʫ ʨʦʩʪʽ ʟʘʭʦʧʣʶʶʪʴ ʢʘʨʙʽʜʥʽ ʯʘʩʪʠʥʢʠ, ʷʢʽ 

ʨʦʟʯʠʥʷʶʪʴʩʷ ʚ ʥʴʦʤʫ. ʊʘʢ ʷʢ ʫʪʚʦʨʶʻʪʴʩʷ ʘʫʩʪʝʥʽʪʥʘ ʩʪʨʫʢʪʫʨʘ ʩʪʘʣʽ, 
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ʰʚʠʜʢʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʰʚʠʜʢʽʩʪʶ ʟʘʨʦʜʞʝʥʥʷ ʘʫʩʪʝʥʽʪʫ ʪʘ ʨʦʩʪʫ ʯʘʩʪʠʥʦʢ. 

ʐʚʠʜʢʽʩʪʴ ʧʨʦʮʝʩʫ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʱʝ ʢʨʠʪʠʯʥʦʾ ʪʦʯʢʠ ɸʩ1 ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʚʠʭʽʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʩʪʘʣʽ, ʢʽʣʴʢʽʩʪʶ ʚʫʛʣʝʮʶ, ʭʘʨʘʢʪʝʨʦʤ ʪʘ ʩʪʫʧʝʥʝʤ 

ʣʝʛʫʚʘʥʥʷ. ʇʽʜʚʠʱʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʫʛʣʝʮʶ ʧʨʠʩʢʦʨʶʻ ʧʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ  

ʘʫʩʪʝʥʽʪʫ ʚʥʘʩʣʽʜʦʢ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʘʨʙʽʜʥʦʾ ʬʘʟʠ. ɺ ʧʨʦʮʝʩʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʠʱʝ ʥʠʞʥʴʦʾ ʢʨʠʪʠʯʥʦʾ ʪʦʯʢʠ ʤʘʻ ʤʽʩʮʝ ʪʨʠ 

ʧʦʩʣʽʜʦʚʥʠʭ ʧʨʦʮʝʩʘ ï ʫʪʚʦʨʝʥʥʷ ʘʫʩʪʝʥʽʪʫ, ʨʦʟʯʠʥʝʥʥʷ ʥʘʜʣʠʰʢʦʚʠʭ ʬʘʟ ʪʘ 

ʛʦʤʦʛʝʥʽʟʘʮʽʷ ʘʫʩʪʝʥʽʪʫ. ʅʘ ʪʨʝʪʽʡ ʩʪʘʜʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʽʚʥʦʤʽʨʥʝ 

ʨʦʟʧʦʜʽʣʝʥʥʷ ʚʫʛʣʝʮʶ ʧʦ ʚʩʴʦʤʫ ʦʙôʻʤʫ (ʚ ʣʝʛʦʚʘʥʠʭ ʩʪʘʣʷʭ ʮʝʡ ʧʨʦʮʝʩ ʤʦʞʝ 

ʟʘʪʷʛʥʫʪʠʩʴ ʜʦ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʫ ʟʚôʷʟʢʫ ʟ ʥʝʧʦʚʥʠʤ ʟʘʚʝʨʰʝʥʥʷʤ 

ʨʦʟʯʠʥʝʥʥʷ ʢʘʨʙʽʜʥʦʾ ʬʘʟʠ). ʗʢʱʦ ʩʪʘʣʴ ʤʘʻ ʣʝʛʫʶʯʽ ʝʣʝʤʝʥʪʠ, ʥʝʟʥʘʯʥʦ 

ʫʪʨʫʜʥʶʻ ʧʨʦʮʝʩ ʨʦʟʯʠʥʝʥʥʷ ʢʘʨʙʽʜʽʚ, ʢʨʽʤ ʜʠʬʫʟʽʾ ʚʫʛʣʝʮʶ ʥʘ ʪʨʝʪʽʡ ʩʪʘʜʽʾ 

ʧʦʚʠʥʥʘ ʧʨʦʡʪʠ ʪʘʢʦʞ ʜʠʬʫʟʽʷ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ. ʋ ʟʚôʷʟʢʫ ʟ ʨʽʟʥʦʶ 

ʜʠʬʫʟʽʡʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʚʫʛʣʝʮʶ ʪʘ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʚʠʨʽʚʥʶʚʘʥʥʷ 

ʩʢʣʘʜʫ ʘʫʩʪʝʥʽʪʫ ʤʦʞʝ ʚʽʜʙʫʪʠʩʷ ʟʘ ʙʽʣʴʰ ʜʦʚʛʦʾ ʚʠʪʨʠʤʢʠ ʘʙʦ ʧʨʠ ʙʽʣʴʰ 

ʚʠʩʦʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. ɸʫʩʪʝʥʽʪʥʝ ʟʝʨʥʦ ʧʦʯʠʥʘʻ ʨʦʩʪʠ ʚ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ 

ʥʝ ʪʽʣʴʢʠ ʟʘʚʜʷʢʠ ʧʽʜʚʠʱʝʥʥʶ ʪʝʤʧʝʨʘʪʫʨʠ, ʘʣʝ ʽ ʭʘʨʘʢʪʝʨʫ ʪʘ ʩʪʫʧʝʥʶ 

ʣʝʛʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ. ʏʘʩʪʢʦʚʦ ʮʝ ʧʨʦʷʚʣʷʻʪʴʩʷ ʯʝʨʝʟ ʧʦʚʝʨʭʥʝʚʫ ʝʥʝʨʛʽʶ 

ʩʠʩʪʝʤʠ. ʆʜʥʽʻʁ ʽʟ ʧʨʠʯʠʥ ʨʦʩʪʫ ʟʝʨʥʘ ʻ ʧʨʘʛʥʝʥʥʷ ʩʠʩʪʝʤʠ ʜʦ ʤʽʥʽʤʽʣʽʟʘʮʽʾ 

ʝʥʝʨʛʽʾ ʤʝʞ ʟʝʨʝʥ. ʆʯʝʚʠʜʥʦ, ʱʦ ʪʘʢʘ ʪʝʥʜʝʥʮʽʷ ʥʘʡʙʽʣʴʰ ʩʠʣʴʥʦ 

ʧʨʦʷʚʣʷʻʪʴʩʷ ʧʨʠ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʢʦʣʠ ʚ ʘʫʩʪʝʥʽʪʽ ʨʦʟʯʠʥʝʥʽ 

ʧʨʘʢʪʠʯʥʦ ʚʩʽ ʣʝʛʫʶʯʽ ʝʣʝʤʝʥʪʠ. ʂʨʽʤ ʪʦʛʦ, ʧʨʠ ʪʘʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʫʞʝ 

ʤʘʣʠʡ ʝʬʬʝʢʪ ʛʘʣʴʤʫʚʘʥʥʷ ʤʽʛʨʘʮʽʾ ʤʝʞ ʟʝʨʝʥ ʽʥʰʠʤʠ ʧʝʨʝʰʢʦʜʘʤʠ. 

ʅʝʜʦʩʪʘʪʥʷ ʚʠʪʨʠʤʢʘ ʘʙʦ ʥʠʟʴʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʤʘʣʦʣʝʛʦʚʘʥʦʛʦ ʘʙʦ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʟʘ ʩʢʣʘʜʦʤ ʘʫʩʪʝʥʽʪʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ 

ʧʽʩʣʷ ʛʘʨʪʫʚʘʥʥʷ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʠʟʴʢʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʘʣʽ. 

ɿ ʪʦʯʢʠ ʟʦʨʫ ɹʣʘʥʪʝʨʘ, ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ ʨʦʟʧʘʜʫ ʣʝʛʦʚʘʥʦʛʦ ʘʫʩʪʝʥʽʪʫ 

ʟʘʚʞʜʠ ʫʪʚʦʨʶʻʪʴʩʷ ʤʝʪʘʩʪʘʙʽʣʴʥʘ ʢʘʨʙʽʜʥʘ ʬʘʟʘ [102], ʘ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʘʫʩʪʝʥʽʪʫ ʚ ʤʘʨʪʝʥʩʠʪ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʽʣʴʢʠ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥ.̔ ʆʭʦʣʦʜʞʝʥʥʷ 
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ʧʨʠ ʛʘʨʪʫʚʘʥʥʽ ʧʦʚʠʥʥʝ ʟʘʙʝʟʧʝʯʠʪʠ ʦʪʨʠʤʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʤʘʨʪʝʥʩʠʪʫ ʚ 

ʤʝʞʘʭ ʟʘʜʘʥʦʛʦ ʧʝʨʝʪʠʥʫ ʚʠʨʦʙʫ ʽ ʥʝ ʧʦʚʠʥʥʝ ʚʠʢʣʠʢʘʪʠ ʜʝʬʝʢʪʽʚ 

ʛʘʨʪʫʚʘʥʥʷ: ʪʨʽʱʠʥ, ʜʝʬʦʨʤʘʮʽʡ ʪʘ ʚʠʩʦʢʠʭ ʨʦʟʪʷʛʫʚʘʣʴʥʠʭ ʟʘʣʠʰʢʦʚʠʭ 

ʥʘʧʨʫʞʝʥʴ ʚ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ.  

ʅʘʡʙʽʣʴʰ ʙʘʞʘʥʘ ʚʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ, ʘ ʩʘʤʝ ʚʠʱʝ 

ʢʨʠʪʠʯʥʦʾ ʰʚʠʜʢʦʩʪʽ ʛʘʨʪʫʚʘʥʥʷ, ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʢʨʠʪʠʯʥʦʾ ʪʦʯʢʠ ɸʩ1, 

ʻ ʧʦʯʘʪʦʢ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ [108]. ɺʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ 

ʚ ʤʘʨʪʝʥʩʠʪʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʥʝ ʙʘʞʘʥʘ, ʪʘʢ ʷʢ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʨʽʟʢʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʨʽʚʥʷ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʽ ʥʘʚʽʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʪʨʽʱʠʥ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʟʘʥʘʜʪʦ ʧʦʚʽʣʴʥʝ ʦʭʦʣʦʜʞʝʥʥʷ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 

ʥʘ ʧʦʯʘʪʢʫ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ ʜʦ ʢʽʥʮʝʚʦʛʦ ʤʘʨʪʝʥʩʠʪʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʯʘʩʪʢʦʚʦʛʦ ʚʽʜʧʫʩʢʫ ʤʘʨʪʝʥʩʠʪʫ ʪʘ 

ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʟʘʣʠʰʢʦʚʦʛʦ ʘʫʩʪʝʥʽʪʫ ʚʥʘʩʣʽʜʦʢ ʡʦʛʦ ʩʪʘʙʽʣʽʟʘʮʽʾ, ʱʦ 

ʟʥʠʞʫʻ ʪʚʝʨʜʽʩʪʴ ʩʪʘʣʽ. ʊʨʽʱʠʥʠ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʯʝ 

ʪʦʯʢʠ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʥʘʡʯʘʩʪʽʰʝ ʧʽʩʣʷ ʦʭʦʣʦʜʞʝʥʥʷ. 

ʉʭʠʣʴʥʽʩʪʴ ʜʦ ʫʪʚʦʨʝʥʷ ʪʨʽʱʠʥ ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚ ʩʪʘʣʽ ʢʽʣʴʢʦʩʪʽ 

ʚʫʛʣʝʮʶ, ʧʽʜʚʠʱʫʶʯʠ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʨʪʫʚʘʥʥʷ ʪʘ ʟʙʽʣʴʰʫʶʯʠ ʰʚʠʜʢʦʩʪʽ 

ʦʭʦʣʦʜʞʝʥʥʷ ʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ.  

 

1.5.4 ɺʽʜʧʫʩʢ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ 

 

ʇʨʠ ʚʽʜʧʫʩʢʫ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʟʘʛʘʨʪʦʚʘʥʫ ʩʪʘʣʴ ʥʘʛʨʽʚʘʶʪʴ 

ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʥʝ ʚʠʱʝ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʢʨʠʪʠʯʥʽʡ ʪʦʯʮʽ ɸʩ1, 

ʚʠʪʨʠʤʫʶʪʴ ʧʨʠ ʟʘʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʪʘ ʦʭʦʣʦʞʫʶʪʴ ʽʟ ʟʘʜʘʥʦʶ ʰʚʠʜʢʽʩʪʶ 

[108, 109]. ɺʽʜʧʫʩʢ ʩʪʘʣʽ ʻ ʢʽʥʮʝʚʦ  ʁ ʦʧʝʨʘʮʽʻ  ʁ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ, ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʾ ʩʪʘʣʴ ʦʪʨʠʤʫʻ ʧʦʪʨʽʙʥʽ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ [54]. ʗʢʱʦ 

ʟʘʛʘʨʪʦʚʘʥʫ ʩʪʘʣʴ ʧʽʜʜʘʪʠ ʥʦʚʦʤʫ ʥʘʛʨʽʚʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʥʠʞʯʝ ʢʨʠʪʠʯʥʦʾ 

ʪʦʯʢʠ ɸʩ1, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʦʟʧʘʜ ʤʘʨʪʝʥʩʠʪʫ (ʚʽʜʧʫʩʢ ʟʘʛʘʨʪʦʚʘʥʦʾ ʩʪʘʣʽ), ʱʦ 

ʧʦʣʷʛʘʻ ʚ ʦʩʥʦʚʥʦʤʫ ʚ ʪʦʤʫ, ʱʦ ʟ Ŭ-ʨʦʟʯʠʥʫ ʚʠʜʽʣʷʶʪʴʩʷ ʩʧʦʯʘʪʢʫ ʜʫʞʝ 



77 
 

 

ʜʠʩʧʝʨʩʥʽ, ʘ ʧʦʪʽʤ ʫʢʨʫʧʥʝʥʽ ʢʨʠʩʪʘʣʠ ʢʘʨʙʽʜʫ [110]. ɺ ʨʦʙʦʪʽ [111] ʙʫʣʘ 

ʩʧʨʦʙʘ ʚʠʚʯʠʪʠ ʢʽʥʝʪʠʢʫ ʚʽʜʧʫʩʢʫ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʜʣʷ ʛʘʨʷʯʦʾ ʦʙʨʦʙʢʠ ʫ 

ʧʦʻʜʥʘʥʥʽ ʟʽ ʩʢʘʥʫʶʯʦʶ ʪʘ ʪʨʘʥʩʤʽʩʽʡʥʦʶ ʝʣʝʢʪʨʦʥʥʦ ʁ ʤʽʢʨʦʩʢʦʧʽʻʶ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʝʤʦʥʩʪʨʫʶʪʴ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʫʩʢʫ ʧʨʠʟʚʝʜʝ ʜʦ 

ʚʠʧʘʜʘʥʥʷ ʪʘ ʫʢʨʫʧʥʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦ-ʨʝʡʢʦʚʠʭ ʩʬʝʨʠʯʥʠʭ ʢʘʨʙʽʜʽʚ. ʇʨʠ 

ʮʴʦʤʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʤʽʪʥʝ ʨʦʟʯʠʥʝʥʥʷ ʛʦʣʯʘʩʪʠʭ ʢʘʨʙʽʜʽʚ ʄʦ2ʉ. 

ʄʝʭʘʥʽʟʤ ʨʦʩʪʫ ʢʘʨʙʽʜʽʚ ʧʦʣʷʛʘʻ ʚ ʫʢʨʫʧʥʝʥʥʽ ʚʝʣʠʢʠʭ ʩʬʝʨʦʾʜʽʚ ʧʽʩʣʷ 

ʧʦʚʥʦʛʦ ʚʠʧʘʜʘʥʥʷ ʥʘ ʜʠʩʣʦʢʘʮʽʷʭ.  

ʅʘʛʨʽʚ ʩʪʘʣʽ ʧʽʜ ʚʽʜʧʫʩʢ ʟʙʽʣʴʰʫʻ ʧʣʘʩʪʠʯʥʽʩʪʴ ʪʘ ʟʤʝʥʰʫʻ ʥʘʧʨʫʞʝʥʥʷ 

[98]. ɿʘʛʘʨʪʦʚʘʥʘ ʩʪʘʣʴ ʟʘʚʞʜʠ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʩʪʨʫʢʪʫʨʥʦ-ʥʘʧʨʫʞʝʥʦʤʫ ʩʪʘʥʽ. 

ɺʽʜʧʫʩʢ ʻ ʥʝʦʙʭʽʜʥʠʤ ʪʘ ʨʘʜʠʢʘʣʴʥʠʤ ʟʘʩʦʙʦʤ ʟʤʝʥʰʝʥʥʷ ʟʘʣʠʰʢʦʚʠʭ 

ʥʘʧʨʫʞʝʥʴ. ʊʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʚʽʜʧʫʩʢ ʩʪʘʣʽ ʤʦʞʝ ʩʧʨʠʯʠʥʶʚʘʪʠ 

ʥʦʚʽ ʥʘʧʨʫʞʝʥʥʷ, ʷʢʱʦ ʚʽʥ ʩʫʧʨʦʚʦʜʞʫʚʘʚʩʷ ʥʝʨʽʚʥʦʤʽʨʥʠʤ (ʰʚʠʜʢʠʤ) 

ʥʘʛʨʽʚʦʤ ʘʙʦ ʦʭʦʣʦʜʞʝʥʥʷʤ. ɿʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ ʟʘʣʝʞʘʪʴ ʪʘʢʦʞ ʽ ʚʽʜ 

ʨʦʟʤʽʨʫ ʟʝʨʥʘ. ɹʽʣʴʰ ʢʨʫʧʥʦʤʫ ʟʝʨʥʫ ʚʽʜʧʦʚʽʜʘʻ ʙʽʣʴʰʝ ʟʘʣʠʰʢʦʚʝ 

ʥʘʧʨʫʞʝʥʥʷ, ʮʠʤ ʽ ʧʦʷʩʥʶʻʪʴʩʷ ʙʽʣʴʰʘ ʯʫʪʣʠʚʽʩʪʴ ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʾ ʩʪʘʣʽ ʜʦ 

ʪʨʽʱʠʥ ʽ ʜʝʬʦʨʤʘʮʽʷʤ ʛʘʨʪʫʚʘʥʥʷ. ʐʚʠʜʢʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ ʧʽʩʣʷ ʚʽʜʧʫʩʢʫ 

ʪʘʢʦʞ ʟʜʽʡʩʥʶʻ ʚʝʣʠʢʠʡ ʚʧʣʠʚ ʥʘ ʚʝʣʠʯʠʥʫ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ. ʏʠʤ 

ʧʦʚʽʣʴʥʽʰʝ ʦʭʦʣʦʜʞʝʥʥʷ, ʪʠʤ ʤʝʥʰʝ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ [108]. ʅʘʡʙʽʣʴʰ 

ʽʥʪʝʥʩʠʚʥʝ ʥʘʧʨʫʞʝʥʥʷ ʟʥʠʞʫʻʪʴʩʷ ʚ  ʨʝʟʫʣʴʪʘʪʽ ʚʠʪʨʠʤʢʠ 15-30 ʭʚ. ʇʽʩʣʷ 

ʚʠʪʨʠʤʢʠ ʥʘ ʧʨʦʪʷʟʽ 1,5 ʛʦʜ ʥʘʧʨʫʞʝʥʥʷ ʟʥʠʞʫʶʪʴʩʷ ʜʦ ʤʽʥʽʤʘʣʴʥʦʾ 

ʚʝʣʠʯʠʥʠ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʘ ʚʽʜʧʫʩʢʦʤ ʧʨʠ ʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ.  

 

1.5.4.1 ʉʪʘʜʽʾ ʨʦʟʧʘʜʫ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ 

ʧʨʠ ʚʽʜʧʫʩʢʫ ʩʪʘʣʽ 

 

ʇʨʠ ʚʽʜʧʫʩʢʫ ʰʪʘʤʧʦʚʦʾ ʩʪʘʣʽ, ʱʦ ʧʨʦʚʦʜʠʪʴʩʷ ʥʠʞʯʝ 150 Áʉ, 

ʤʘʨʪʝʥʩʠʪ ʨʦʟʧʘʜʘʻʪʴʩʷ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʘʢ ʟʚʘʥʠʡ çʜʚʦʬʘʟʥʠʡ ʨʦʟʧʘʜè; 

ʥʘʚʢʦʣʦ ʚʠʜʽʣʝʥʠʭ ʢʨʠʩʪʘʣʽʚ ʢʘʨʙʽʜʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʧʘʜʘʻ 
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ʜʦ ʚʝʣʠʯʠʥʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʨʽʚʥʦʚʘʞʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʘ ʚ ʽʥʰʠʭ ʦʙôʻʤʘʭ 

ʩʪʘʣʽ ʟʙʝʨʽʛʘʻʪʴʩʷ ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʝʨʝʥʘʩʠʯʝʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ, 

ʦʪʨʠʤʘʥʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʛʘʨʪʫʚʘʥʥʷ [112].  

ʇʨʠʩʫʪʥʽʩʪʴ ʜʚʦʭ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʫ ʨʽʚʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʟʚʦʣʷʻ 

ʥʘʟʚʘʪʠ ʮʝʡ ʨʦʟʧʘʜ çʜʚʦʬʘʟʥʠʤè. ʇʨʦʮʝʩʠ ʢʦʘʛʫʣʷʮʽʾ ʢʘʨʙʽʜʽʚ ʧʨʠ ʮʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʽʜʙʫʚʘʶʪʴʩʷ ï ʮʝ ʻ ʧʝʨʰʦʶ ʩʪʘʜʽʻʶ ʧʨʦʮʝʩʫ 

ʨʦʟʧʘʜʫ. ʅʘ ʮʽʡ ʩʪʘʜʽʾ ʢʘʨʙʽʜ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʟʘ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚʽʜ ʮʝʤʝʥʪʠʪʫ. 

ʎʝʡ ʢʘʨʙʽʜ ʥʝ ʬʝʨʦʤʘʛʥʽʪʥʠʡ, ʚʠʜʽʣʝʥʥʷ ʡʦʛʦ ʥʦʩʪ̫ʴ ʧʣʘʩʪʠʥʯʘʩʪʠʡ ʭʘʨʘʢʪʝʨ 

ʽ ʢʨʠʩʪʘʣʠ ʧʨʫʞʥʦ ʟʚôʷʟʘʥʽ ʟ ʛʨʘʪʢʦʶ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ Ŭ-Fe [112]. ʅʘ ʧʝʨʰʽʡ 

ʩʪʘʜʽʾ ʚʽʜʧʫʩʢʫ ʽʟ ʤʘʨʪʝʥʩʠʪʫ ʩʧʦʯʘʪʢʫ ʚʠʜʽʣʷʻʪʴʩʷ Ů-ʢʘʨʙʽʜ [113], 

ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʬʦʨʤʫʣʽ Fe2,4C, ʘ ʫ ʟʘʣʠʰʢʦʚʦʤʫ ʘʫʩʪʝʥʽʪʽ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʷʢʠʭ-ʥʝʙʫʜʴ ʧʦʤʽʪʥʠʭ ʧʝʨʝʪʚʦʨʝʥʥʴ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʣʠʰʝ ʡʦʛʦ ʧʦʜʘʣʴʰʘ 

ʩʪʘʙʽʣʽʟʘʮʽʷ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʘʫʩʪʝʥʽʪ, ʚʽʜʧʫʱʝʥʠʡ ʥʘʧʨʠʢʣʘʜ ʧʨʠ 100 Üʉ, 

ʤʘʻ ʧʽʜʚʠʱʝʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ [29].  

ɼʨʫʛʘ ʩʪʘʜʽʷ ʨʦʟʧʘʜʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜʧʫʩʢʫ ʚʠʱʝ 

150 Áʉ, ʢʦʣʠ ʜʠʬʫʟʽʷ ʧʦʤʽʪʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʽ ʩʪʘʻ ʤʦʞʣʠʚʦʶ 

ʢʦʘʛʫʣʷʮʽʷ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʠʭ ʢʘʨʙʽʜʽʚ [112] ʪʘ ʾʭ ʨʦʟʧʘʜ, ʷʢʠʡ ʧʨʦʪʽʢʘʻ ʚ 

ʽʥʪʝʨʚʘʣʽ 150-300 Áʉ [29, 112]. ʅʘ ʜʨʫʛʽ ʾ ʩʪʘʜʽʾ ʚʽʜʧʫʩʢʫ ʩʪʘʣʝʡ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 230-280 Üʉ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʘʢʦʞ ʨʦʟʧʘʜ ʟʘʣʠʰʢʦʚʦʛʦ  ʘʫʩʪʝʥʽʪʫ. 

ʇʨʠ ʜʦʚʛʠʭ ʚʠʪʨʠʤʢʘʭ ʨʦʟʧʘʜ ʟʘʣʠʰʢʦʚʦʛʦ ʘʫʩʪʝʥʽʪʫ ʫ ʚʫʛʣʝʮʝʚʠʭ ʩʪʘʣʷʭ 

ʤʦʞʝ ʧʦʯʠʥʘʪʠʩʴ ʚʞʝ ʧʨʠ 150 Üʉ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʫ ʩʪʘʣʷʭ, ʷʢʽ ʤʽʩʪʷʪʴ ʩʧʝʮʽʘʣʴʥʽ 

ʢʘʨʙʽʜʠ, ʪʘʢʠʡ ʨʦʟʧʘʜ ʧʦʯʠʥʘʻʪʴʩʷ ʣʠʰʝ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʱʝ 280 Üʉ [29]. 

ʇʨʦʮʝʩ ʢʦʘʛʫʣʷʮʽʾ ʢʘʨʙʽʜʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʨʽʟʥʦʶ ʰʚʠʜʢʽʩʪʶ: ʩʧʦʯʘʪʢʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʽʟʢʝ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ  ʚʫʛʣʝʮʶ ʫ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ, ʘʣʝ 

ʧʦʪʽʤ ʧʨʦʮʝʩ ʚɦ ʫʭʘʻ ʽ ʯʝʨʝʟ ʜʝʷʢʠʡ ʯʘʩ ʧʨʠʧʠʥʷʻʪʴʩʷ ʟʦʚʩʽʤ, ʭʦʯʘ ʪʚʝʨʜʠʡ 

ʨʦʟʯʠʥ ʽ ʟʘʣʠʰʘʻʪʴʩʷ ʧʝʨʝʩʠʯʝʥʠʤ [112]. ʆʜʥʦʯʘʩʥʦ ʟ ʨʦʟʧʘʜʦʤ ʤʘʨʪʝʥʩʠʪʫ 

ʥʘ ʜʨʫʛʽʡ ʩʪʘʜʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʧʘʜ ʟʘʣʠʰʢʦʚʦʛʦ ʘʫʩʪʝʥʽʪʫ. ɼʨʫʛʘ ʩʪʘʜʽʷ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʦʙô̒ ʤʫ, ʚʠʜʽʣʝʥʥʷʤ ʪʝʧʣʘ, ʟʙʽʣʴʰʝʥʥʷʤ 

ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʧʽʜʚʠʱʝʥʥʷʤ ʪʚʝʨʜʦʩʪʽ ʩʪʘʣʽ. ʋ ʙʽʣʴʰ 
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ʚʠʩʦʢʦʣʝʛʦʚʘʥʠʭ ʩʪʘʣʷʭ, ʦʩʦʙʣʠʚʦ ʚ ʩʪʘʣʷʭ, ʱʦ ʤʘʶʪʴ ʢʘʨʙʽʜʦʫʪʚʦʨʶʶʯʽ 

ʝʣʝʤʝʥʪʠ, ʟʘʣʠʰʢʦʚʠʡ ʘʫʩʪʝʥʽʪ ʤʦʞʝ ʙʫʪʠ ʥʘʩʪʽʣʴʢʠ ʩʪʽʡʢʠʤ, ʱʦ ʢʘʨʙʽʜʠ 

ʤʦʞʫʪʴ ʚʠʜʽʣʷʪʠʩʴ ʣʠʰʝ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʜʦ ʪʝʤʧʝʨʘʪʫʨ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʧʝʨʣʽʪʥʽʡ ʦʙʣʘʩʪʽ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʘʫʩʪʝʥʽʪ ʤʦʞʝ ʙʫʪʠ ʦʙôʻʜʥʘʥʠʤ ʚʫʛʣʝʮʝʤ 

ʥʘʩʪʽʣʴʢʠ, ʱʦ ʧʨʠ ʥʘʩʪʫʧʥʦʤʫ ʦʭʦʣʦʜʞʝʥʥʽ ʚʽʥ ʤʦʞʝ ʧʝʨʝʪʚʦʨʠʪʠʩʴ 

ʫ ʤʘʨʪʝʥʩʠʪ, ʨʦʟʧʘʜ ʷʢʦʛʦ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʠʡ ʧʦʚʪʦʨʥʠʤ ʚʽʜʧʫʩʢʦʤ [29]. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʧʘʜʫ ʘʫʩʪʝʥʽʪʫ ʪʘʢʦʞ ʫʪʚʦʨʶʻʪʴʩʷ ʩʫʤʽʰ ʢʨʠʩʪʘʣʽʚ ʪʚʝʨʜʦʛʦ 

ʨʦʟʯʠʥʫ Ŭ-Fe ʪʘ ʜʠʩʧʝʨʩʥʠʭ ʢʘʨʙʽʜʽʚ, ʘʣʝ ʱʝ ʧʨʫʞʥʦ ʟʚôʷʟʘʥʠʭ ʟ Ŭ-ʟʘʣʽʟʦʤ 

[112]. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 300 Áʉ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʧʦʚôʷʟʘʥʝ ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʬʝʨʠʪʦ-ʮʝʤʝʥʪʠʪʥʦʾ ʩʫʤʽʰʽ ʟ ʤʘʣʦʶ ʢʽʣʴʢʽʩʪʶ ʚʫʛʣʝʮʶ 

ʫ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ.  

ʇʽʜ ʯʘʩ ʪʨʝʪʴʦʾ ʩʪʘʜʽʾ ʨʦʟʧʘʜʫ, ʟʚôʷʟʦʢ ʤʽʞ ʢʘʨʙʽʜʘʤʠ, ʱʦ ʚʠʜʽʣʷʶʪʴʩʷ  

ʧʨʠ ʨʦʟʧʘʜʽ, ʪʘ Ŭ-ʟʘʣʽʟʦʤ ʧʦʩʣʘʙʣʶʻʪʴʩʷ, ʟʥʠʢʘʶʪʴ ʚʠʢʨʠʚʣʝʥʥʷ ʫ ʛʨʘʪʢʘʭ Ŭ-

ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ [112]. ʇʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 300-400 Áʉ ʨʦʟʧʘʜ 

ʤʘʨʪʝʥʩʠʪʫ ʥʘ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʫ ʩʫʤʽʰ ʬʝʨʠʪʫ ʪʘ ʮʝʤʝʥʪʠʪʫ ʧʨʘʢʪʠʯʥʦ 

ʟʘʢʽʥʯʫʻʪʴʩʷ. ɿʘʢʽʥʯʫʻʪʴʩʷ ʪʘʢʦʞ ʽ ʨʦʟʧʘʜ ʘʫʩʪʝʥʽʪʫ. ɺ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 

ʚʽʜ 260 ʜʦ 360 Üʉ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʪʚʦʨʝʥʥʷ Ů-ʢʘʨʙʽʜʘ ʫ ʮʝʤʝʥʪʠʪ; ʦʩʪʘʥʥʽʡ 

ʧʦʪʽʤ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʫʩʢʫ ʤʦʞʝ ʢʦʘʛʫʣʶʚʘʪʠ [29]. ʇʨʦʮʝʩ 

ʪʘʢʦʛʦ ʧʝʨʝʭʦʜʫ ʤʦʞʥʘ ʫʷʚʠʪʠ, ʷʢ ʧʝʨʝʪʚʦʨʝʥʥʷ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ Ů-ʢʘʨʙʽʜʫ ʫ 

ʧʨʦʤʽʞʥʠʡ ʢʘʨʙʽʜ ʩʢʣʘʜʫ Fe20C9 ʽ ʡʦʛʦ ʧʝʨʝʭʽʜ ʫ ʟʚʠʯʘʡʥʠʡ Fe3C ʚ ʽʥʪʝʨʚʘʣʽ 

ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 300 ʜʦ 550 Áʉ. ʊʨʝʪʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʠ ʚʽʜʧʫʩʢʫ, ʱʦ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 300-400 Üʉ, ʧʦʚôʷʟʘʥʝ ʟ ʽʥʪʝʥʩʠʚʥʠʤ 

ʨʦʩʪʦʤ ʢʨʠʩʪʘʣʽʚ ʢʘʨʙʽʜʘ [92]. ɼʦ 350 Üʉ ʮʝʡ ʨʽʩʪ ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʝʟ ʧʦʨʫʰʝʥʥʷ 

ʢʦʛʝʨʝʥʪʥʦʩʪʽ ʢʘʨʙʽʜʘ ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʪʚʝʨʜʠʤ ʨʦʟʯʠʥʦʤ (Ŭ-ʬʘʟʦʶ). ɺʠʱʝ 

350 Üʉ ʢʨʠʩʪʘʣʠ ʢʘʨʙʽʜʫ ʟʙʽʣʴʰʫʶʪʴʩʷ ʜʦ ʪʘʢʠʭ ʨʦʟʤʽʨʽʚ, ʢʦʣʠ ʥʘʧʨʫʞʝʥʥʷ 

ʜʦʩʪʘʪʥʽ, ʱʦʙ ʝʥʝʨʛʽʷ ʚʠʢʨʠʚʣʝʥʥʷ ʩʪʘʣʘ ʙʽʣʴʰʦʶ ʟʘ ʝʥʝʨʛʽʶ ʫʪʚʦʨʝʥʥʷ ʤʝʞʽ 

ʨʦʟʜʽʣʫ. ɺʥʘʩʣʽʜʦʢ ʯʦʛʦ ʢʦʛʝʨʝʥʪʥʽʩʪʴ ʧʦʨʫʰʫʻʪʴʩʷ; ʤʽʞ ʬʘʟʘʤʠ 

ʚʠʥʠʢʘʶʪʴ ʧʦʚʝʨʭʥʽ ʨʦʟʜʽʣʫ; ʢʨʠʩʪʘʣʠ ʢʘʨʙʽʜʘ ʚʽʜʦʢʨʝʤʣʶʶʪʴʩʷ ʚʽʜ ʙʣʦʢʽʚ 

ʤʦʟʘʾʢʠ Ŭ-ʬʘʟʠ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʠʱʝ 400 Üʉ ʙʣʦʢʠ Ŭ-ʬʘʟʠ ʟʥʦʚʫ 
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ʟʙʽʣʴʰʫʶʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʚ ʮʠʭ ʫʤʦʚʘʭ ʽʥʪʝʥʩʠʚʥʦ ʧʨʦʭʦʜʷʪʴ ʧʨʦʮʝʩʠ 

ʜʠʬʫʟʽʾ. ʇʨʦʮʝʩ ʧʦʨʫʰʝʥʥʷ ʢʦʛʝʨʝʥʪʥʦʩʪʽ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷʤ 

ʥʘʧʨʫʞʝʥʴ; ʪʝʤʧʝʨʘʪʫʨʘ ʡʦʛʦ ʟʘʢʽʥʯʝʥʥʷ ʻ ʪʝʤʧʝʨʘʪʫʨʦʶ ʟʥʷʪʪʷ ʧʨʫʞʥʠʭ 

ʥʘʧʨʫʞʝʥʴ  ɯɯ ʨʦʜʫ. ʆʜʥʦʯʘʩʥʦ ʟʥʽʤʘʶʪʴʩʷ ʥʘʧʨʫʞʝʥʥʷ ɯɯɯ ʨʦʜʫ. ɿʤʝʥʰʝʥʥʷ 

ʙʣʦʢʽʚ Ŭ-ʬʘʟʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʯʝʨʝʟ ʧʦʨʫʰʝʥʥʷ ʢʦʛʝʨʝʥʪʥʦʩʪʽ ʛʨʘʪʦʢ, 

ʘʣʝ ʽ ʚʥʘʩʣʽʜʦʢ ʟʥʷʪʪʷ ʧʨʫʞʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʣʘʩʪʠʯʥʠʭ ʟʩʫʚʽʚ ʚ 

ʤʽʢʨʦʦʙʣʘʩʪʷʭ ʧʽʜ ʜʽʻʶ ʟʥʘʯʥʠʭ ʧʨʫʞʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʫʤʦʚʘʭ ʧʽʜʚʠʱʝʥʦʾ 

ʧʣʘʩʪʠʯʥʦʩʪʽ ʤʝʪʘʣʫ. ʊʝʤʧʝʨʘʪʫʨʠ, ʧʨʠ ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʨʦʙʣʝʥʥʷ ʙʣʦʢʽʚ ʽ 

ʚʽʜʧʦʚʽʜʥʽ ʪʝʤʧʝʨʘʪʫʨʠ, ʧʨʠ ʷʢʠʭ ʟʤʽʥʶʶʪʴʩʷ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʤʦʞʫʪʴ 

ʟʤʽʥʶʚʘʪʠʩʴ ʧʽʜ ʚʧʣʠʚʦʤ ʧʨʫʞʥʠʭ ʥʘʧʨʫʞʝʥʴ ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ, ʷʢʽ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʪʫʧʝʥʝʤ ʜʝʬʦʨʤʘʮʽʾ, ʢʽʣʴʢʽʩʪʶ ʚʫʛʣʝʮʶ ʪʘ ʣʝʛʫʶʯʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ. ʅʘ ʪʨʝʪʽʡ ʩʪʘʜʽʾ ʨʦʟʧʘʜʫ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʴ ʧʦʯʘʪʢʦʚʘ 

ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʷ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ (Ŭ-ʬʘʟʠ), ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʚʥʫʪʨʽʰʥʴʦʬʘʟʦʚʦʛʦ ʥʘʢʣʝʧʫ.  

ɿʘ ʪʝʤʧʝʨʘʪʫʨʠ 400 Áʉ ʽ ʚʠʱʝ ʧʦʯʠʥʘʻʪʴʩʷ ʯʝʪʚʝʨʪʘ ʩʪʘʜʽʷ ʨʦʟʧʘʜʫ, 

ʱʦ ʧʦʚô̫ ʟʘʥʘ ʟ ʧʨʦʮʝʩʘʤʠ ʢʦʘʛʫʣʷʮʽʾ ʮʝʤʝʥʪʠʪʫ ʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷʤ 

ʧʣʘʩʪʠʥʯʘʩʪʠʭ ʢʘʨʙʽʜʽʚ ʚ ʦʢʨʫʛʣʽ [112]. ʋ ʩʪʘʣʷʭ, ʷʢʽ ʤʽʩʪʷʪʴ 

ʢʘʨʙʽʜʦʫʪʚʦʨʶʶʯʽ ʝʣʝʤʝʥʪʠ, ʟʘ ʪʝʤʧʝʨʘʪʫʨ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʾʭ ʜʠʬʫʟʽʶ, 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʙʘʛʘʯʝʥʥʷ ʮʝʤʝʥʪʠʪʫ ʮʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʘʙʦ ʫʪʚʦʨʝʥʥʷ 

ʩʧʝʮʽʘʣʴʥʠʭ ʢʘʨʙʽʜʽʚ [29]. ʅʘ ʪʘʢʽʡ ʩʪʘʜʽʾ ʤʦʞʫʪʴ ʚʠʜʽʣʷʪʠʩʴ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʽ 

ʩʧʝʮʽʘʣʴʥʽ ʢʘʨʙʽʜʠ ʽʟ ʤʘʨʪʝʥʩʠʪʫ, ʱʦ ʟʙʝʨʽʛʘʶʪʴʩʷ ʜʦ ʮʠʭ ʪʝʤʧʝʨʘʪʫʨ, 

ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʦʚʝ ʧʽʜʚʠʱʝʥʥʷ ʪʚʝʨʜʦʩʪʽ. ʊʘʢʝ ʧʽʜʚʠʱʝʥʥʷ 

ʪʚʝʨʜʦʩʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʦʜʥʦʯʘʩʥʦʛʦ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʽʚ ʧʨʠ 

ʩʪʨʫʢʪʫʨʥʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʽ ʽ ʜʠʩʧʝʨʩʥʦʤʫ ʪʚʝʨʜʽʥʥʽ. ʐʚʠʜʢʽʩʪʴ ʚʠʜʽʣʝʥʥʷ 

ʢʘʨʙʽʜʽʚ ʽʟ ʤʘʨʪʝʥʩʠʪʫ, ʷʢʽ ʫʪʚʦʨʶʶʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʟʘʣʠʰʢʦʚʦʛʦ ʘʫʩʪʝʥʽʪʫ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʫʩʢʫ ï ʟʨʦʩʪʘʻ. 

ɿʦʚʥʽʰʥʷ ʬʦʨʤʘ ʟʝʨʝʥ, ʷʢʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʽʜ ʤʽʢʨʦʩʢʦʧʦʤ, ʟʙʝʨʽʛʘʻ ʬʦʨʤʫ 

ʤʘʨʪʝʥʩʠʪʥʠʭ ʚʠʜʽʣʝʥʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨ 500-600 Áʉ. ɿʝʨʥʘ ʧʨʠʡʤʘʶʪʴ ʦʢʨʫʛʣʽ 

ʬʦʨʤʠ ʪʽʣʴʢʠ ʣʠʰʝ ʧʨʠ ʚʽʜʧʘʣʽ ʚʠʱʝ ʪʝʤʧʝʨʘʪʫʨʠ 680 Áʉ [112].  
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ɼʦ ʩʪʨʫʢʪʫʨ, ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʚʽʜʧʫʩʢʫ, ʚʽʜʥʦʩʷʪʴʩʷ: ʤʘʨʪʝʥʩʠʪ ʚʽʜʧʫʩʢʫ 

(ʜʦ 300 Áʉ), ʪʨʦʦʩʪʠʪ ʚʽʜʧʫʩʢʫ (300-500 Áʉ), ʩʦʨʙʽʪ ʚʽʜʧʫʩʢʫ (500-650 Áʉ). 

ʅʘʛʨʽʚʘʥʥʷ ʚʠʱʝ ʪʝʤʧʝʨʘʪʫʨʠ 650-700 Áʉ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʟʝʨʥʠʩʪʦʛʦ ʧʝʨʣʽʪʫ [112]. 

ʍʘʨʘʢʪʝʨ ʧʝʨʝʙʫʜʦʚʠ ʩʪʨʫʢʪʫʨʠ ʧʨʠ ʚʽʜʧʫʩʢʫ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʧʨʷʤʦʤʫ 

ʟʚô̫ʟʢʫ ʟ ʚʧʣʠʚʦʤ ʜʦʤʽʰʦʢ ʪʘ ʚʠʜʽʣʝʥʴ ʧʨʠ ʙʣʦʢʫʚʘʥʥʽ ʜʝʬʝʢʪʽʚ ʢʨʠʩʪʘʣʽʯʥʦʾ 

ʙʫʜʦʚʠ. ʊʘʢ, ʫ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ ʢʘʨʙʽʜʠ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʩʪʘʣʽ ʜʦ ʧʝʚʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʚʽʜʧʫʩʢʫ: 350-400 Áʉ ʜʣʷ ʢʘʨʙʽʜʘ (Fe,Cr)7C3; ʜʦ 450-500 Áʉ ʜʣʷ 

ʯʘʩʪʠʥʠ ʄʦ2ʉ ʪʘ VC ʜʦ 500-550 Áʉ; ʜʣʷ NbC ʜʦ 550-570 Áʉ [34].  

ʇʨʠ ʚʽʜʧʫʩʢʫ ʟʘʛʘʨʪʦʚʘʥʦʾ ʣʝʛʦʚʘʥʦʾ ʩʪʘʣʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʜʚʘ 

ʧʨʦʪʠʣʝʞʥʠʭ ʟʘ ʚʧʣʠʚʦʤ ʥʘ ʤʽʮʥʽʩʪʴ ʧʨʦʮʝʩʠ: ʟʥʝʤʽʮʥʝʥʥʷ ʚʥʘʩʣʽʜʦʢ 

ʨʦʟʧʘʜʫ ʤʘʨʪʝʥʩʠʪʫ ʩʧʝʮʽʘʣʴʥʠʭ ʢʘʨʙʽʜʽʚ. ɼʠʩʧʝʨʩʥʽ ʢʘʨʙʽʜʥʽ ʯʘʩʪʠʥʢʠ 

ʧʽʜʚʠʱʫʶʪʴ ʤʝʞʫ ʧʣʠʥʥʦʩʪʽ ʩʪʘʣʽ (ʪʚʝʨʜʽʩʪʴ, ʪʠʤʯʘʩʦʚʠʡ ʦʧʽʨ), ʪʘʢ ʷʢ 

 ̒ʝʬʝʢʪʠʚʥʠʤʠ ʧʝʨʝʰʢʦʜʘʤʠ ʥʘ ʰʣʷʭʫ ʨʫʭʫ ʜʠʩʣʦʢʘʮʽʡ. ɽʬʝʢʪʠʚʥʽʩʪʴ 

ʟʤʽʮʥʝʥʥʷ ʦʙʫʤʦʚʣʝʥʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʧʨʦʮʝʩʽʚ ʨʦʟʤʽʮʥʝʥʥʷ ʪʘ ʟʤʽʮʥʝʥʥʷ 

[34]. 

 

1.5.4.2 ʅʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʠʡ ʪʘ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʡ ʚʽʜʧʫʩʢ 

ʩʪʘʣʽ 

 

ʗʢ ʧʨʠ ʥʠʟʴʢʦʤʫ, ʪʘʢ ʽ ʧʨʠ ʚʠʩʦʢʦʤʫ ʚʽʜʧʫʩʢʫ ʩʪʘʣʴ ʥʘʙʫʚʘʻ 

ʥʘʡʢʨʘʱʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʣʠʰʝ ʧʽʩʣʷ ʛʘʨʪʫʚʘʥʥʷ ʥʘ ʤʘʨʪʝʥʩʠʪ (ʚʘʞʣʠʚʘ 

ʛʣʠʙʠʥʘ ʧʨʦʛʘʨʪʫʚʘʥʥʷ ʩʪʘʣʽ). ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʜʦʩʷʛʘʶʪʴ ʥʘʡʙʽʣʴʰʦʾ 

ʪʚʝʨʜʦʩʪʽ, ʘ ʫ ʜʨʫʛʦʤʫ ï ʥʘʡʙʽʣʴʰʦʾ ʚô̫ ʟʢʦʩʪʽ [114]. ʅʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʠʡ 

ʚʽʜʧʫʩʢ (150-250 Áʉ) ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʩʪʘʣʽ ʚʠʩʦʢʦʾ ʪʚʝʨʜʦʩʪʽ 

(59-63 HRC). ɺ ʨʝʟʫʣʴʪʘʪʽ ʪʘʢʦʛʦ ʚʽʜʧʫʩʢʫ ʩʪʘʣʴ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʩʪʨʫʢʪʫʨʦʶ ʤʘʨʪʝʥʩʠʪʫ ʚʽʜʧʫʩʢʫ [112]. ʇʨʠ ʥʠʟʴʢʦʤʫ ʚʽʜʧʫʩʢʫ (ʧʨʠʙʣʠʟʥʦ 

ʜʦ 200 Üʉ) ʫ ʩʪʘʣʽ ʧʝʨʝʚʘʞʘʻ ʚʽʜʧʫʱʝʥʠʡ ʤʘʨʪʝʥʩʠʪ. ʅʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʠʡ 

ʚʽʜʧʫʩʢ ʧʨʦʚʦʜʷʪʴ ʟ ʥʘʛʨʽʚʦʤ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 250 Üʉ. ʎʝʡ ʚʽʜʧʫʩʢ ʟʥʠʞʫʻ 
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ʚʥʫʪʨʽʰʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʧʝʨʝʚʦʜʠʪʴ ʤʘʨʪʝʥʩʠʪ ʛʘʨʪʫʚʘʥʥʷ ʫ ʚʽʜʧʫʱʝʥʠʡ 

ʤʘʨʪʝʥʩʠʪ, ʧʽʜʚʠʱʫʻ ʤʽʮʥʽʩʪʴ ʪʘ ʜʝʱʦ ʧʽʜʚʠʱʫʻ ʚô̫ ʟʢʽʩʪʴ ʙʝʟ ʧʦʤʽʪʥʦʛʦ 

ʟʥʠʞʝʥʥʷ ʪʚʝʨʜʦʩʪʽ [108]. ɺʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʡ ʚʽʜʧʫʩʢ ʧʨʦʚʦʜʷʪʴ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 500-680 Üʉ. ɯʟʦʪʝʨʤʽʯʥʘ ʚʠʪʨʠʤʢʘ ʚʽʜʧʫʩʢʫ ʩʪʘʣʽ 

ʧʨʦʚʦʜʠʪʴʩʷ ʚʽʜ 1,5 ʜʦ 2 ʛʦʜʠʥ [3]. ʉʪʨʫʢʪʫʨʘ ʩʪʘʣʽ ʧʽʩʣʷ ʚʠʩʦʢʦʛʦ ʚʽʜʧʫʩʢʫ 

ʷʚʣʷʻ ʩʦʙʦʶ ʩʦʨʙʽʪ ʚʽʜʧʫʩʢʫ. ɺʠʩʦʢʠʡ ʚʽʜʧʫʩʢ ʤʘʡʞʝ ʧʦʚʥʽʩʪʶ ʟʥʠʞʫʻ 

ʚʥʫʪʨʽʰʥʽ ʥʘʧʨʫʞʝʥʥʷ ʽ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʫʜʘʨʥʫ ʚôʷʟʢʽʩʪʴ. ʄʽʮʥʽʩʪʴ ʪʘ 

ʪʚʝʨʜʽʩʪʴ ʧʨʠ ʮʴʦʤʫ ʟʥʠʞʫʶʪʴʩʷ, ʘʣʝ ʟʘʣʠʰʘʶʪʴʩʷ ʟʥʘʯʥʦ ʚʠʱʠʤʠ, ʥʽʞ ʧʨʠ 

ʥʦʨʤʘʣʽʟʘʮʽʾ (ʚʽʜʧʘʣʫ) ʽ ʪʦʤʫ, ʚʠʩʦʢʠʡ ʚʽʜʧʫʩʢ ʩʪʚʦʨʶʻ ʥʘʡʢʨʘʱʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʮʥʦʩʪʽ ʪʘ ʚôʷʟʢʦʩʪʽ ʩʪʘʣʽ. ɻʘʨʪʫʚʘʥʥʷ ʟ ʚʠʩʦʢʠʤ ʚʽʜʧʫʩʢʦʤ 

ʦʜʥʦʯʘʩʥʦ ʧʽʜʚʠʱʫʻ ʤʝʞʽ ʤʽʮʥʦʩʪʽ ʪʘ ʤʝʞʽ ʧʣʠʥʥʦʩʪʽ, ʚʽʜʥʦʩʥʝ ʟʚʫʞʝʥʥʷ ʪʘ 

ʦʩʦʙʣʠʚʦ ʫʜʘʨʥʫ ʚôʷʟʢʽʩʪʴ. ʊʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʛʘʨʪʫʚʘʥʥʷ 

ʪʘ ʚʠʩʦʢʦʛʦ ʚʽʜʧʫʩʢʫ, ʚʚʘʞʘʻʪʴʩʷ ʧʦʢʨʘʱʝʥʦʶ ʦʙʨʦʙʢʦʶ [108]. ɺʠʩʦʢʠʡ 

ʚʽʜʧʫʩʢ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 450 Üʉ ʜʦ ʪʦʯʢʠ ɸʩ1 ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʩʦʨʙʽʪʫ-ʚʽʜʧʫʩʢʫ. ɺʽʜʧʫʩʢ ʰʪʘʤʧʽʚ ʧʨʦʚʦʜʷʪʴ ʚʽʜʨʘʟʫ ʧʽʩʣʷ 

ʟʘʚʝʨʰʝʥʥʷ ʛʘʨʪʫʚʘʥʥʷ (ʥʝ ʧʽʟʥʽʰʝ ʥʽʞ ʯʝʨʝʟ 2 ʛʦʜʠʥʠ ʧʽʩʣʷ ʛʘʨʪʫʚʘʥʥʷ) [63].  

ʂʨʫʧʥʽ ʰʪʘʤʧʠ ʜʣʷ ʛʘʨʷʯʦʾ ʰʪʘʤʧʦʚʢʠ ʪʘ ʧʨʝʩ-ʬʦʨʤʠ ʩʢʣʘʜʥʦʾ 

ʢʦʥʬʽʛʫʨʘʮʽʾ ʚʽʜʧʫʩʢʘʶʪʴ ʥʘ ʪʚʝʨʜʽʩʪʴ 45-46 HRC, ʢʨʫʧʥʽ ʧʨʝʩ-ʬʦʨʤʠ ʜʣʷ 

ʣʠʪʪʷ ʧʽʜ ʪʠʩʢʦʤ ʘʣʶʤʽʥʽʻʚʠʭ ʪʘ ʮʠʥʢʦʚʘʥʠʭ ʩʧʣʘʚʽʚ ʚʽʜʧʫʩʢʘʶʪʴ ʥʘ ʥʠʞʯʫ 

ʪʚʝʨʜʽʩʪʴ 40-42 HRC [63]. ʊʝʧʣʦʩʪʽʡʢʽ ʩʪʘʣʽ ʧʽʜʚʠʱʝʥʦʾ ʩʪʽʡʢʦʩʪʽ (4ʍ3ɺʄʌ, 

3ʍ3ʄ3ʌ, 4ʍ5ʄʌʉ,4ʍ5ʄʌ1ʉ, 4ʍ5ɺ2ʌʉ, 4ʍ4ʄ2ɺʌʉ, 4ʍ5ɺ2ʌʉ, 3ʍ2ɺ8ʌ, 

5ʍ3ɺ3ʄʌʉ, 2ʍ8ʄ2ʂʌ8) ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʚô̫ ʟʢʦʩʪʽ ʚʽʜʧʫʩʢʘʶʪʴ ʥʘ ʪʚʝʨʜʽʩʪʴ 

ʚʠʱʝ 45 HRC [55]. ʅʘʡʙʽʣʴʰ ʟʘʜʦʚʽʣʴʥʝ ʧʦʻʜʥʘʥʥʷ ʧʣʘʩʪʠʯʥʦʩʪʽ, ʫʜʘʨʥʦʾ 

ʚô̫ ʟʢʦʩʪʽ ʪʘ ʤʽʮʥʦʩʪʽ ʰʪʘʤʧʦʚʦʾ ʩʪʘʣʽ ʜʦʩʷʛʘʻʪʴʩʷ ʧʽʩʣʷ ʚʽʜʧʫʩʪʢʫ ʥʘ 

ʪʚʝʨʜʽʩʪʴ 45-48 HRC [3]. 

ʋ ʨʦʙʦʪʽ [109] ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚʠʨʘʟ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʫ ʚʽʜʧʫʩʢʫ 

(ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʟʤʽʮʥʝʥʥʷ TP) ʜʣʷ ʦʮʽʥʢʠ ʨʦʟʤʽʮʥʝʥʥʷ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ 

ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʬʦʨʤʫʣʽ (1.1).  
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TP = ʊʭ(ʉ +logt), ʜʝ: (1.1) 

 

ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ (ʚ ʂʝʣʴʚʽʥʘʭ); 

t ï ʯʘʩ (ʚ ʛʦʜʠʥʘʭ); 

ʉ ï ʢʦʥʩʪʘʥʪʘ Roberts (ʜʦʨʽʚʥʶʻ 20). 

 

ʇʘʨʘʤʝʪʨ ʚʽʜʧʫʩʢʫ, ʪʘʢʦʞ ʚʽʜʦʤʠʡ ʷʢ ʧʘʨʘʤʝʪʨ Hollomon-Jaffe (1945 

ʨʽʢ) ʘʙʦ ʧʘʨʘʤʝʪʨ Larson-Miller  (1952 ʨʽʢ), ʚʽʜʦʙʨʘʞʫʻ ʚʧʣʠʚ ʯʘʩʫ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʦʧʠʩʫ ʟʤʽʥʠ ʪʚʝʨʜʦʩʪʽ ʧʽʜ ʯʘʩ ʚʽʜʧʫʩʢʫ ʩʪʘʣʝʡ. ʂʽʥʝʪʠʢʘ 

ʪʚʝʨʜʦʬʘʟʥʠʭ ʨʝʘʢʮʽʡ, ʢʦʥʪʨʦʣʶʶʯʠʭ ʟʥʠʞʝʥʥʷ ʪʚʝʨʜʦʩʪʽ, ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʜʠʬʫʟʽʾ ʚʫʛʣʝʮʶ ʚ ʩʪʘʣʽ. ʇʘʨʘʤʝʪʨ ʚʽʜʧʫʩʢʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʜʣʷ 

ʧʨʦʤʠʩʣʦʚʠʭ ʦʧʝʨʘʮʽʡ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʷʢ ʚʽʜ ʯʘʩʫ, ʪʘʢ ʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. ɼʦ 

ʪʘʢʠʭ ʦʧʝʨʘʮʽʡ ʚʽʜʥʦʩʠʪʴʩʷ ʜʝʬʦʨʤʘʮʽʡʥʝ ʩʪʘʨʽʥʥʷ ʘʙʦ ʩʪʘʨʽʥʥʷ ʩʪʘʣʝʡ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʘʨʪʦʚʫʚʘʥʦʩʪʽ ʪʘ ʚʽʜʧʫʩʢʫ ʤʘʨʪʝʥʩʠʪʫ. ɺ ʨʦʙʦʪʽ ʙʫʣʦ 

ʧʦʢʘʟʘʥʦ, ʱʦ ʧʘʨʘʤʝʪʨ ʚʽʜʧʫʩʢʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʨʝʘʢʮʽʾ ʨʦʟʤôʷʛʰʝʥʠʷ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ. 

 

1.5.4.3 ɺʽʜʧʫʩʢʥʘ ʢʨʠʭʢʽʩʪʴ ʩʪʘʣʽ 

 

ʇʨʠ ʚʠʚʯʝʥʥʽ ʢʨʠʭʢʦʩʪʽ ʰʪʘʤʧʦʚʦʾ ʩʪʘʣʽ, ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʝʨʽʶ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʫʜʘʨʥʠʡ ʚʠʛʠʥ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʟʘʛʘʣʴʥʦʾ 

ʨʦʙʦʪʠ ʨʫʡʥʫʚʘʥʥʷ (ʚʠʚʯʝʥʥʷ ʫʜʘʨʥʦʾ ʚôʷʟʢʦʩʪʽ) [115]. ɺ ʧʝʨʰʦʤʫ ʧʝʨʽʦʜʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʟʨʘʟʦʢ ʨʦʟʚʠʚʘʻʪʴʩʷ ʧʨʫʞʥʘ ʜʝʬʦʨʤʘʮʽʷ, ʟʚôʷʟʘʥʘ ʣʠʰʝ 

ʟ ʧʨʫʞʥʠʤ ʚʠʛʠʥʘʥʥʷʤ ʦʢʨʝʤʠʭ ʜʠʩʣʦʢʘʮʽʡ ʪʘ ʟʤʽʥʦ  ʁʤʽʞʘʪʦʤʥʠʭ ʚʽʜʩʪʘʥʝʡ 

ʫ ʢʨʠʩʪʘʣʽʯʥʽʡ ʛʨʘʪʮʽ. ɺ ʧʦʜʘʣʴʰʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʫʭʫ 

ʦʢʨʝʤʠʭ ʜʠʩʣʦʢʘʮʽʡ, ʘ ʪʘʢʦʞ ʩʧʨʠʷʻ ʫʪʚʦʨʝʥʥʶ ʥʦʚʠʭ ʜʠʩʣʦʢʘʮʽʡ ʪʘ ʾʭ ʨʫʭʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʫʞʥʘ ʜʝʬʦʨʤʘʮʽʷ ʮʴʦʛʦ ʧʝʨʽʦʜʫ ʧʦʻʜʥʫʻʪʴʩʷ ʟ ʧʣʘʩʪʠʯʥʦʶ. 

ʅʘʨʦʩʪʘʶʯʝ ʥʘʧʨʫʞʝʥʥʷ ʥʝʧʝʨʝʨʚʥʦ ʟʙʽʣʴʰʫʻ ʱʽʣʴʥʽʩʪʴ ʜʠʩʣʦʢʘʮʽʡ. 

ɺʟʘʻʤʦʜʽʷ ʾʭ ʤʽʞ ʩʦʙʦʶ ʪʘ ʽʥʰʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʩʪʨʫʢʪʫʨʠ (ʤʝʞʘʤʠ ʟʝʨʝʥ, 
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ʙʣʦʢʽʚ, ʚʢʣʶʯʝʥʥʷʤʠ ʽ ʪ.ʜ.) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʨʦʜʞʝʥʥ̫  ʪʨʽʱʠʥ. ɸ.ʍ. ʂʦʪʨʝʣʣ 

ʧʦʢʘʟʘʚ, ʱʦ ʟʘʨʦʜʞʝʥʥʷ ʪʨʽʱʠʥʠ ʚʠʥʠʢʘʻ ʚ ʤʽʩʮʷʭ ʟʫʩʪʨʽʯʽ ʧʝʨʝʪʠʥʫ ʧʣʦʱʠʥ 

ʜʚʦʭ ʩʠʩʪʝʤ ʢʦʚʟʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʤʦʞʣʠʚʽʩʪʴ ʢʨʠʭʢʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʪʠʤ 

ʙʽʣʴʰʘ, ʯʠʤ ʩʠʣʴʥʽʰʘ ʧʝʨʝʰʢʦʜʘ, ʱʦ ʛʘʣʴʤʫʻ ʚʽʣʴʥʝ ʧʨʦʩʫʚʘʥʥʷ ʛʨʫʧ 

ʜʠʩʣʦʢʘʮʽʡ [90]. ʉʭʠʣʴʥʠʤʠ ʜʦ ʚʽʜʧʫʩʢʥʦʾ ʢʨʠʭʢʦʩʪʽ ʻ ʩʪʘʣʽ, ʷʢʽ ʯʫʪʣʠʚʽ ʜʦ 

ʩʧʦʩʦʙʫ ʦʭʦʣʦʜʞʝʥʥʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʫʩʢʫ [29]. ɿʙʽʣʴʰʝʥʥʷ ʤʝʞʽ 

ʧʣʠʥʥʦʩʪʽ ʩʪʘʣʽ ʟʘʟʚʠʯʘʡ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷʤ ʩʭʠʣʴʥʦʩʪʽ ʜʦ 

ʢʨʠʭʢʦʛʦ ʨʦʟʤʽʮʥʝʥʥʷ (ʪʝʤʧʝʨʘʪʫʨʘ ʧʝʨʝʭʦʜʫ ʚʽʜ ʚôʷʟʢʦʛʦ ʜʦ ʢʨʠʭʢʦʛʦ 

ʩʪʘʥʫ) [34]. ɭʜʠʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʟʤʽʮʥʝʥʥʷ, ʷʢʠʡ ʟ ʨʦʩʪʦʤ ʤʝʞʽ ʧʣʠʥʥʦʩʪʽ 

ʟʘʙʝʟʧʝʯʫʻ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʭʦʣʦʜʥʦʣʘʤʢʦʩʪʽ ʻ ʤʝʭʘʥʽʟʤ 

ʟʝʨʥʦʛʨʘʥʠʯʥʦʛʦ ʟʤʽʮʥʝʥʥʷ. 

ʇʨʠ ʚʽʜʧʫʩʢʫ ʣʝʛʦʚʘʥʠʭ ʩʪʘʣʝʡ ʟʘ ʪʝʤʧʝʨʘʪʫʨ 250-400 Üʉ ʪʘ 500-550 Üʉ, 

ʟʥʠʞʫʻʪʴʩʷ ʾʭ ʫʜʘʨʥʘ ʚô̫ ʟʢʽʩʪʴ [116]. ʊʘʢʝ ʟʥʠʞʝʥʥʷ ʚô̫ ʟʢʦʩʪʽ ʦʪʨʠʤʘʣʦ ʥʘʟʚʫ 

ʚʽʜʧʫʩʢʥʦʾ ʢʨʠʭʢʦʩʪʽ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʢʣʘʜʫ ʣʝʛʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʡʥʦʾ 

ʩʪʘʣʽ ʪʘʢʠʡ ʚʠʜ ʢʨʠʭʢʦʩʪʽ ʧʨʠ ʚʽʜʧʫʩʢʫ ʤʦʞʝ ʧʨʦʷʚʣʷʪʠʩʷ ʚ ʨʽʟʥʠʭ 

ʩʪʫʧʝʥʷʭ. ɯʥʦʜʽ ʚ ʜʝʷʢʠʭ ʩʪʘʣʷʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʚʘ ʽʥʪʝʨʚʘʣʠ ʢʨʠʭʢʦʩʪʽ: 

ʦʜʠʥ 250-400 Üʉ, ʜʨʫʛʠʡ ʧʨʠ 500-550 Üʉ [117]. ʇʦʷʚʘ ʢʨʠʭʢʦʩʪʽ ʚ ʧʝʨhʦʤʫ 

ʽʥʪʝʨʚʘʣʽ ʥʝ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʦʤʽʪʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʪʚʝʨʜʦʩʪʽ. ʋ  ʜʨʫʛʦʤʫ 

ʽʥʪʝʨʚʘʣʽ ʧʦʷʚʘ ʢʨʠʭʢʦʩʪʽ ʯʘʩʪʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʜʝʷʢʠʤ ʧʽʜʚʠʱʝʥʥʷʤ 

ʪʚʝʨʜʦʩʪʽ.  

ʇʝʨʰʠʡ ʚʠʜ ʚʽʜʧʫʩʢʥʦʾ ʢʨʠʭʢʦʩʪʽ ɯ ʨʦʜʫ (ʥʝʦʙʝʨʥʝʥʘ) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʽʜʧʫʩʢʫ 250-400 Üʉ [89, 116]. ɺʽʜʤʽʥʥʦʶ ʟʜʘʪʥʽʩʪʶ ʢʨʠʭʢʦʩʪʽ 

ɯ ʨʦʜʫ ʻ ʾʾ ʥʝʦʙʝʨʥʝʥʠʡ ʭʘʨʘʢʪʝʨ; ʧʦʚʪʦʨʥʠʡ ʚʽʜʧʫʩʢ ʧʨʠ ʮʽʡ ʪʝʤʧʝʨʪʫʨʽ 

ʥʝ ʧʦʢʨʘʱʫʻ ʚô̫ ʟʢʽʩʪʴ. ʉʪʘʣʴ ʫ ʩʪʘʥʽ ʥʝʦʙʝʨʥʝʥʦʾ ʚʽʜʧʫʩʢʥʦʾ ʢʨʠʭʢʦʩʪʽ ʤʘʻ 

ʙʣʠʩʢʫʯʠʡ ʤʽʞʢʨʠʩʪʘʣʽʯʥʠʡ ʟʣʘʤ. ʂʨʠʭʢʠʡ ʩʪʘʥ ʦʙʫʤʦʚʣʝʥʠʡ ʚʠʥʠʢʥʝʥʥʷʤ 

ʦʙô̒ ʤʥʦ-ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ, ʦʪʨʠʤʘʥʦʛʦ ʧʨʠ ʥʝʦʜʥʦʨʽʜʥʦʤʫ 

ʨʦʟʧʘʜʽ ʤʘʨʪʝʥʩʠʪʫ [116]. ʗʢʱʦ ʫ ʩʪʘʣʽ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚʽʜʧʫʩʢʥʘ ʢʨʠʭʢʽʩʪʴ 

ɯ ʨʦʜʫ,  ʥʝʦʙʭʽʜʥʦ ʧʦʚʪʦʨʥʦ ʚʽʜʧʫʩʪʠʪʠ ʩʪʘʣʴ ʧʨʠ ʙʽʣʴʰ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ (400-500 Üʉ). ʊʦʜʽ ʚʽʜʧʫʩʢʥʘ ʢʨʠʭʢʽʩʪʴ ɯ ʨʦʜʫ ʫʩʫʚʘʻʪʴʩʷ ʽ ʧʽʩʣʷ 
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ʜʦʜʘʪʢʦʚʦʛʦ ʥʘʛʨʽʚʘʥʥʷ ʚ ʥʝʙʝʟʧʝʯʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 

ʥʝ ʧʨʦʷʚʣʷʻʪʴʩʷ [89]. ɺʽʜʧʫʩʢʥʘ ʢʨʠʭʢʽʩʪʴ ɯ ʨʦʜʫ ʚʠʥʠʢʘʻ ʫ ʟʚô̫ ʟʢʫ 

ʟ ʥʝʨʽʚʥʦʤʽʨʥʠʤ ʨʦʟʧʘʜʦʤ ʤʘʨʪʝʥʩʠʪʫ ʚʩʝʨʝʜʠʥʽ ʟʝʨʝʥ ʽ ʚ ʧʨʠʛʨʘʥʠʯʥʠʭ 

ʟʦʥʘʭ. ʅʘʡʙʽʣʴʰ ʧʦʚʥʠʡ ʨʦʟʧʘʜ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦ ʤʝʞʘʭ ʚʠʭʽʜʥʠʭ ʘʫʩʪʝʥʽʪʥʠʭ 

ʟʝʨʝʥ (ʷʢʽ ʽʩʥʫʚʘʣʠ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʧʽʜ ʛʘʨʪʫʚʘʥʥʷ). ʎʝ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʧʦʩʣʘʙʣʝʥʥʷ ʤʝʞ ʪʘ ʚʠʢʣʠʢʘʻ ʢʨʠʭʢʝ ʤʽʞʟʝʨʥʦʚʝ ʨʫʡʥʫʚʘʥʥʷ. 

ʄʞ̔ʢʨʠʩʪʘʣʽʪʥʝ ʨʫʡʥʫʚʘʥʥʷ (ʧʦ ʚʽʜʥʦʰʝʥʥʁ  ʜʦ ʚʠʭʽʜʥʦʛʦ ʟʝʨʥʘ ʘʫʩʪʝʥʽʪʫ) 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʪʘʣʴ, ʚʽʜʧʫʱʝʥʫ ʚ ʽʥʪʝʨʚʘʣʽ ʨʦʟʚʠʪʢʫ ʚʽʜʧʫʩʢʥʦʾ ʢʨʠʭʢʦʩʪʽ 

ʧʝʨʰʦʛʦ ʨʦʜʫ [110]. ʅʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʛʘʨʪʫʚʘʥʥʷ ʩʪʘʣʽ ʟ ʯʘʩʪʢʦʚʠʤ 

ʘʙʦ ʧʦʚʥʠʤ ʨʦʟʧʘʜʦʤ ʘʫʩʪʝʥʽʪʫ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʽʥʪʝʨʚʘʣʫ ʧʨʦʤʽʞʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʘʫʩʪʝʥʽʪʫ ʧʨʠʟʚʦʜʠʪʴ, ʷʢ ʧʨʘʚʠʣʦ, ʜʦ ʪʨʘʥʩʢʨʠʩʪʘʣʽʯʥʦʛʦ ʟʣʘʤʫ 

ʧʨʠ ʚʩʽʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʽʜʧʫʩʢʫ. ʇʨʠ ʮʴʦʤʫ ʚʽʜʧʫʩʢ ʚ ʽʥʪʝʨʚʘʣʽ ʨʦʟʚʠʪʢʫ 

ʢʨʠʭʢʦʩʪʽ ʧʝʨʰʦʛʦ ʨʦʜʫ ʥʝ ʚʠʢʣʠʢʘʻ ʟʤʽʥ ʭʘʨʘʢʪʝʨʫ ʟʣʘʤʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʧʨʠ ʥʠʟʴʢʦʤʫ ʚʽʜʧʫʩʢʫ ʜʦ 200 Üʉ, ʘʙʦ ʥʘʚʽʪʴ ʫ ʥʝ ʚʽʜʧʫʱʝʥʽ ʣʝʛʦʚʘʥʽ 

ʢʦʥʩʪʨʫʢʮʽʡʥʽ ʩʪʘʣʽ, ʟʘʛʘʨʪʦʚʘʥʽ ʥʘ ʤʘʨʪʝʥʩʠʪʥʫ ʩʪʨʫʢʪʫʨʫ, ʜʘʶʪʴ, ʷʢ 

ʧʨʘʚʠʣʦ, ʚʦʣʦʢʥʠʩʪʠʡ ʟʣʘʤ. ʇʨʠ ʚʽʜʧʫʩʢʫ ʚ ʽʥʪʝʨʚʘʣʽ ʢʨʠʭʢʦʩʪʽ ʧʝʨʰʦʛʦ ʨʦʜʫ 

ʚʦʣʦʢʥʠʩʪʠʡ ʟʣʘʤ ʟʤʽʥʶʻʪʴʩʷ ʥʘ ʤʽʞʢʨʠʩʪʘʣʽʪʥʠʡ.  

ɼʨʫʛʠʡ ʚʠʜ ʚʽʜʧʫʩʢʥʦʾ ʢʨʠʭʢʦʩʪʽ, ʪʘʢ ʟʚʘʥʦʾ ʦʙʝʨʥʝʥʦʾ ʚʽʜʧʫʩʢʥʦʾ 

ʢʨʠʭʢʦʩʪʽ ɯɯ ʨʦʜʫ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʩʪʘʣʷʭ ʚʠʟʥʘʯʝʥʦʾ ʣʝʛʦʚʘʥʦʩʪʽ, ʷʢʱʦ 

ʚʦʥʠ ʧʦʚʽʣʴʥʦ ʦʭʦʣʦʜʞʫʶʪʴʩʷ (ʚ ʧʝʯʽ, ʘʙʦ ʥʘʚʽʪʴ ʥʘ ʧʦʚʽʪʨʽ) ʧʽʩʣʷ ʚʽʜʧʫʩʢʫ 

ʧʨʠ 500-550 Üʉ ʘʙʦ ʾʭ ʜʦʚʛʝ ʚʠʪʨʠʤʫʚʘʥʥʷ ʧʨʠ 500-550 Üʉ [116], ʘ ʽʥʦʜʽ ʥʘʚʽʪʴ 

ʚʠʱʝ 600 Üʉ [89]. ʇʨʠ ʨʦʟʚʠʪʢʫ ʚʽʜʧʫʩʢʥʦʾ ʢʨʠʭʢʦʩʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʠʣʴʥʝ 

ʟʤʝʥʰʝʥʥʷ ʫʜʘʨʥʦʾ ʚô̫ ʟʢʦʩʪʽ ʽ, ʱʦ ʩʘʤʝ ʦʩʥʦʚʥʝ, ʧʽʜʚʠʱʝʥʥʷ ʧʦʨʦʛʫ 

ʭʦʣʦʜʦʣʘʤʢʦʩʪʽ [116]. ɺ ʩʪʘʣʽ ʫ ʩʪʘʥʽ ʚʽʜʧʫʩʢʥʦʾ ʢʨʠʭʢʦʩʪʽ ʟʤʝʥʰʫʻʪʴʩʷ 

ʨʦʙʦʪʘ ʟʘʨʦʜʞʝʥʥʷ ʪʨʽʱʠʥʠ ʽ ʦʩʦʙʣʠʚʦ ʾʾ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ. ʎʝʡ ʚʠʜ 

ʢʨʠʭʢʦʩʪʽ ʥʝ ʚʠʥʠʢʘʻ, ʷʢʱʦ ʦʭʦʣʦʜʞʝʥʥʷ ʟ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʫʩʢʫ ʧʨʦʚʦʜʷʪʴ 

ʰʚʠʜʢʦ, ʥʘʧʨʠʢʣʘʜ ʫ ʚʦʜʽ. ʇʨʠ ʰʚʠʜʢʦʤʫ ʦʭʦʣʦʜʞʝʥʥʽ ʟʘ ʪʝʤʧʝʨʘʪʫʨ 

ʚʽʜʧʫʩʢʫ 500-650 Üʉ, ʟʣʘʤ ï ʚʦʣʦʢʥʠʩʪʠʡ, ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʚô̫ ʟʢʦʛʦ ʩʪʘʥʫ. 

ʇʽʩʣʷ ʧʦʚʽʣʴʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʦʪʨʠʤʫʻʪʴʩʷ ʢʨʠʭʢʠʡ ʢʨʠʩʪʘʣʽʯʥʠʡ ʟʣʘʤ. 
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ɺʽʜʧʫʩʢʥʘ ʢʨʠʭʢʽʩʪʴ ʜʨʫʛʦʛʦ ʨʦʜʫ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʷʚʣʷʻʪʴʩʷ ʧʝʨʝʭʦʜʦʤ 

ʚʽʜ ʪʨʘʥʩʢʨʠʩʪʘʣʽʯʥʦʛʦ ʟʣʘʤʫ ʜʦ ʤʽʞʢʨʠʩʪʘʣʽʯʥʦʛʦ [110]. ʇʦʷʚʘ ʢʨʠʭʢʦʩʪʽ 

ɯɯ ʨʦʜʫ ʡʤʦʚʽʨʥʦ ʧʦʚô̫ ʟʘʥʘ ʟ ʜʠʬʫʟʽʻʶ ʨʦʟʯʠʥʝʥʠʭ ʘʪʦʤʽʚ ʜʝʷʢʠʭ ʝʣʝʤʝʥʪʽʚ 

ʜʦ ʤʝʞʽ ʟʝʨʝʥ ʪʘ ʥʘʩʠʯʝʥʥʷʤ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʟʝʨʥʘ ʮʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʙʝʟ 

ʚʠʜʽʣʝʥʥʷ ʥʘʜʣʠʰʢʦʚʠʭ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʭ ʬʘʟ (ʢʘʨʙʽʜʽʚ, ʬʦʩʬʽʜʽʚ, ʪʦʱʦ) 

[116]. ʇʣʘʩʪʠʯʥʽʩʪʴ ʪʘ ʫʜʘʨʥʘ ʚô̫ ʟʢʽʩʪʴ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʫʩʢʫ (ʚʠʱʝ 550 Áʉ) ʟʙʽʣʴʰʫʻʪʴʩʷ, ʧʨʠ ʮʴʦʤʫ ʧʽʩʣʷ ʚʽʜʧʫʩʢʫ 

ʚʠʱʝ 600 Áʉ ʨʽʩʪ ʧʣʘʩʪʠʯʥʦʩʪʽ ʟʥʘʯʥʦ ʟʤʝʥʰʫʻʪʴʩʷ, ʘ ʚô̫ ʟʢʽʩʪʴ ʫ ʙʽʣʴʰʦʩʪʽ 

ʩʪʘʣʝʡ ʟʘʣʠʰʘʻʪʴʩʷ ʤʘʡʞʝ ʥʝʟʤʽʥʥʦʶ ʘʙʦ ʥʘʚʽʪʴ ʟʥʠʞʫʻʪʴʩʷ. ʎʝ 

ʧʦʷʩʥʶʻʪʴʩʷ, ʦʯʝʚʠʜʥʦ, ʟʤʝʥʰʝʥʥʷʤ ʩʠʣ ʤʽʞʘʪʦʤʥʠʭ ʟʚô̫ ʟʢʽʚ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 600 Áʉ [3]. 

ɺʽʜʧʫʩʢʥʫ ʢʨʠʭʢʽʩʪʴ ɯɯ ʨʦʜʫ ʤʦʞʥʘ ʫʩʫʥʫʪʠ, ʷʢʱʦ ʧʦʚʪʦʨʥʦ ʧʽʜʜʘʪʠ 

ʩʪʘʣʴ ʚʠʩʦʢʦʤʫ ʚʽʜʧʫʩʢʫ (ʚʠʱʝ 600 Üʉ) ʟ ʥʘʩʪʫʧʥʠʤ ʰʚʠʜʢʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ. 

ɺʦʥʘ ʟʥʦʚʫ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ, ʷʢʱʦ ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʠ ʧʦʚʪʦʨʥʦʤʫ ʚʠʩʦʢʦʤʫ 

ʚʽʜʧʫʩʢʫ ʙʫʣʦ ʧʦʚʽʣʴʥʠʤ (ʟʚʽʜʩʠ ʥʘʟʚʘ ï ʦʙʝʨʥʝʥʘ) [89]. ʇʨʠ ʙʽʣʴʰ ʚʠʩʦʢʦʤʫ 

ʚʽʜʧʫʩʢʫ, ʷʢʱʦ ʩʪʘʣʴ ʥʝ ʩʭʠʣʴʥʘ ʜʦ ʢʨʠʭʢʦʩʪʽ ʜʨʫʛʦʛʦ ʨʦʜʫ, ʟʣʘʤ ʟʥʦʚʫ ʩʪʘʻ 

ʚʦʣʦʢʥʠʩʪʠʤ. ʊʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʛʘʨʪʦʚʘʥʘ ʥʘ ʤʘʨʪʝʥʩʠʪ ʽ ʚʽʜʧʫʱʝʥʘ 

ʢʦʥʩʪʨʫʢʮʽʡʥʘ ʩʪʘʣʴ ʤʘʻ ʚô̫ ʟʢʠʡ, ʚʦʣʦʢʥʠʩʪʠʡ ʟʣʘʤ, ʚ ʫʤʦʚʘʭ ʢʨʠʭʢʦʛʦ 

ʨʫʡʥʫʚʘʥʥʷ (ʚ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʧʽʩʣʷ ʥʠʟʴʢʦʛʦ ʪʘ ʚʠʩʦʢʦʛʦ ʚʽʜʧʫʩʢʫ) ʚʦʥʘ ʤʘʻ 

ʢʨʠʭʢʠʡ ʪʨʘʥʩʢʨʠʩʪʘʣʽʯʥʠʡ (ʥʘʬʪʘʣʽʥʠʩʪʠʡ) ʟʣʘʤ.  

 

1.5.4.4 ʋʪʚʦʨʝʥʥʷ ʪʘ ʨʦʣʴ ʧʨʦʤʽʞʥʠʭ ʬʘʟ ʫ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʷʭ ʧʨʠ 

ʧʨʦʚʝʜʝʥʽ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ 

 

ʂʨʠʩʪʘʣʠ, ʱʦ ʫʪʚʦʨʝʥʽ ʧʝʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʪʘ ʤʘʶʪʴ ʚʣʘʩʥʠʡ ʪʠʧ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ, ʷʢʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʛʨʘʪʦʢ ʝʣʝʤʝʥʪʽʚ, ʟ ʷʢʠʭ ʚʦʥʠ 

ʫʪʚʦʨʝʥʽ, ʥʘʟʠʚʘʶʪʴ ʧʨʦʤʽʞʥʦʶ ʬʘʟʦʶ (ʇʌ) [118].  

ʋ ʇʌ, ʪʘʢ ʷʢ ʽ ʫ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʘʭ, ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ, 

ʘʣʝ, ʷʢ ʧʨʘʚʠʣʦ, ʫ ʜʦʩʠʪʴ ʤʘʣʦʤʫ ʽʥʪʝʨʚʘʣʽ. ʇʦʢʠ ʚʽʜʩʫʪʥʷ ʢʣʘʩʠʬʽʢʘʮʽʷ 
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ʯʠʩʣʝʥʥʠʭ ʪʘ ʨʽʟʥʠʭ ʇʌ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʪʨʫʢʪʫʨʘ ʇʌ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʨʴʦʭ 

ʬʘʢʪʦʨʽʚ: ʚʽʜʥʦʩʥʦʛʦ ʨʦʟʤʽʨʫ ʘʪʦʤʽʚ, ʾʭ ʚʘʣʝʥʪʥʦʩʪʽ ʪʘ ʤʽʩʮʷ ʫ ʧʝʨʽʦʜʠʯʥʽʡ 

ʩʠʩʪʝʤʽ ʝʣʝʤʝʥʪʽʚ. ʈʦʟʛʣʷʥʝʤʦ ʨʦʟʤʽʨʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʘʪʦʤʽʚ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʚʩʪʘʥʦʚʠʪʠ ʤʦʞʣʠʚʦʩʪʽ ʫʪʚʦʨʝʥʥʷ ʧʝʚʥʠʭ ʬʘʟ. ʋ ʩʠʩʪʝʤʽ ʤʝʪʘʣ ï 

ʥʝʤʝʪʘʣ ʇʌ ʤʦʞʫʪʴ ʤʘʪʠ ʽʦʥʥʠʡ, ʽʦʥʥʦ-ʢʦʚʘʣʝʥʪʥʠʡ ʪʘ ʤʝʪʘʣʝʚʠʡ ʪʠʧʠ 

ʟʚôʷʟʢʫ. ʆʩʪʘʥʥʽ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ ʟ ʉ, N ʪʘ 

ʽʥʰʠʤʠ ʝʣʝʤʝʥʪʘʤʠ.  

ʌʘʟʠ ʩʠʩʪʝʤʠ ʤʝʪʘʣ ï ʥʝʤʝʪʘʣ. 

ʂʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʩʧʦʣʫʢ ʩʠʩʪʝʤʠ ʤʝʪʘʣ ï ʥʝʤʝʪʘʣ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʚʽʜʥʦʩʥʠʭ ʨʦʟʤʽʨʽʚ ʘʪʦʤʽʚ ʥʝʤʝʪʘʣʫ Rʥʤ ʪʘ ʤʝʪʘʣʫ Rʤ. ʇʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 

Rʥʤ/Rʤ<0,59 ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʦʤʽʞʥʽ ʬʘʟʠ ʟ ʧʨʦʩʪʦʨʦʚʠʤʠ ʛʨʘʪʢʘʤʠ, ʘʪʦʤʠ 

ʥʝʤʝʪʘʣʫ, ʚ ʷʢʠʭ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʫ ʧʦʨʘʭ. ʎʽ ʧʨʦʤʽʞʥʽ ʬʘʟʠ  ̒ ʬʘʟʘʤʠ 

ʚʧʨʦʚʘʜʞʝʥʥʷ. ʗʢʱʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ Rʥʤ/Rʤ>0,59, ʪʦ ʘʪʦʤ ʥʝʤʝʪʘʣʫ ʥʝ ʤʦʞʝ 

ʨʦʟʤʽʩʪʠʪʠʩʷ ʫ ʧʦʨʽ, ʪʦʜʽ ʫʪʚʦʨʶʶʪʴʩʷ ʩʢʣʘʜʥʽ ʧʨʦʩʪʦʨʦʚʽ ʛʨʘʪʢʠ ʟ ʙʽʣʴʰʠʤ 

ʯʠʩʣʦʤ ʘʪʦʤʽʚ ʚ ʝʣʝʤʝʥʪʘʨʥʽʡ ʯʘʨʫʥʮʽ.  

ɼʦ ʬʘʟ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʠʧʫ Mʍ ʚʽʜʥʦʩʷʪʴʩʷ ʥʘʩʪʫʧʥʽ ʢʘʨʙʽʜʠ: NbC, VC, 

MoC, WC ʪʘ ʽʥ. ɺʦʣʴʬʨʘʤ ʪʘ ʤʦʣʽʙʜʝʥ ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠ ʪʘʢʦʞ ʬʘʟʠ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʠʧʫ ʄ2ʍ: Mo2C ʪʘ V2C. ʇʨʠʢʣʘʜʦʤ ʬʘʟʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʠʧʫ 

M4ʍ ʻ ʥʽʪʨʠʜ ʟʘʣʽʟʘ Fe4N.  

ʂʘʨʙʽʜʠ ʪʘ ʥʽʪʨʠʜʠ, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʬʘʟ ʚʧʨʦʚʘʜʞʝʥʥʷ, ʧʨʠʩʫʪʥʽ 

ʫ ʩʪʨʫʢʪʫʨʽ ʙʘʛʘʪʴʦʭ ʢʦʨʦʟʽʡʥʦʩʪʽʡʢʠʭ, ʟʥʦʩʦʩʪʽʡʢʠʭ ʪʘ ʞʘʨʦʤʽʮʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʩʪʘʣʝʡ. 

ɼʦ ʢʘʨʙʽʜʽʚ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ Rʥʤ/Rʤ >0,59 ʚʽʜʥʦʩʷʪʴʩʷ ʢʘʨʙʽʜ ʟʘʣʽʟʘ 

(Rʩ/RFe = 0,605), ʢʘʨʙʽʜ ʤʘʥ̌ʘʥʫ, ʢʘʨʙʽʜʠ ʭʨʦʤʫ. ʂʘʨʙʽʜ ʟʘʣʽʟʘ Fe3C ʪʘ ʢʘʨʙʽʜʠ 

ʭʨʦʤʫ ʉr23ʉ6 ʪʘ ʉr7ʉ3 ʻ ʚʘʞʣʠʚʠʤʠ ʧʨʦʤʽʞʥʠʤʠ ʬʘʟʘʤʠ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ 

ʩʪʘʣʝʡ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʾʭ ʚʣʘʩʪʠʚʦʩʪʽ. ɺ ʦʩʪʘʥʥʽʭ ʢʘʨʙʽʜʘʭ ʧʝʨʝʚʘʞʘʻ 

ʤʝʪʘʣʝʚʠʡ ʪʠʧ ʟʚôʷʟʢʫ, ʭʦʯʘ ʧʨʠʩʫʪʥʷ ʧʝʚʥʘ ʜʦʣʷ ʽ ʢʦʚʘʣʝʥʪʥʦʛʦ ʟʚôʷʟʢʫ.  
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ʌʘʟʠ ʩʠʩʪʝʤʠ ʤʝʪʘʣ ï ʤʝʪʘʣ. 

ɼʦ ʩʧʦʣʫʢ ʩʠʩʪʝʤʠ ʤʝʪʘʣ ï ʤʝʪʘʣ ʚʽʜʥʦʩʷʪʴʩʷ ʝʣʝʢʪʨʦʥʥʽ ʬʘʟʠ, ʬʘʟʠ 

ʃʘʚʝʩʘ ʪʘ s-ʬʘʟʠ. ɽʣʝʢʪʨʦʥʥʽ ʬʘʟʠ ʫʪʚʦʨʶʶʪʴʩʷ ʫ ʩʪʨʫʢʪʫʨʽ ʙʘʛʘʪʴʦʭ ʩʧʣʘʚʽʚ 

ʥʘ ʤʽʜʥʽʡ ʦʩʥʦʚʽ. ʌʘʟʠ ʃʘʚʝʩʘ ʪʠʧʫ ɸɺ2 ʫʪʚʦʨʶʶʪʴʩʷ ʢʦʣʠ ʘʪʦʤʥʠʡ ʨʘʜʽʫʩ 

ʝʣʝʤʝʥʪʘ ɺ ʤʝʥʰʠʡ, ʥʽʞ ʘʪʦʤʥʠʡ ʨʘʜʽʫʩ ʝʣʝʤʝʥʪʘ ɸ ʥʘ 20-30 %. ʌʘʟʠ ʃʘʚʝʩʘ, 

ʫʪʚʦʨʝʥʽ ʧʝʨʝʭʽʜʥʠʤʠ ʤʝʪʘʣʘʤʠ (NbFe2, MoFe2, TiFe2, TiCr2) ʧʨʠʩʫʪʥʽ 

ʫ ʩʪʨʫʢʪʫʨʽ ʜʝʷʢʠʭ ʞʘʨʦʤʽʮʥʠʭ ʩʧʣʘʚʽʚ ʽ ʩʧʨʠʷʶʪʴ ʾʭ ʟʤʽʮʥʝʥʥʶ. ʉʠʛʤʘ-ʬʘʟʠ 

ʫ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʷʭ, ʷʢ ʧʨʘʚʠʣʦ ʥʝ ʫʪʚʦʶʶʪʴʩʷ. ʇʦ ʪʘʢʦʤʫ ʞ ʤʝʭʘʥʽʟʤʫ 

ʫʪʚʦʨʶʶʪʴʩʷ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʟʘʤʽʱʝʥʥʷ. ʊʘʢ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʟʘʤʽʱʝʥʥʷ 

ʫʪʚʦʨʶʶʪʴʩʷ, ʷʢʱʦ ʘʪʦʤʥʽ ʨʘʜʽʫʩʠ ʝʣʝʤʝʥʪʽʚ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʝ ʙʽʣʴʰʝ, ʥʽʞ ʥʘ 

15 %, ʪʦʜʽ ʷʢ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫʪʚʦʨʶʶʪʴʩʷ, ʢʦʣʠ ʨʘʜʽʫʩ ʘʪʦʤʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʻ ʤʝʥʰʠʤ ʟʘ 0,41 ʨʘʜʽʫʩʘ ʘʪʦʤʘ ʨʦʟʯʠʥʥʠʢʘ.  

ʋ ʪʘʙʣʠʮʽ 1.1 ʥʘʚʝʜʝʥʽ ʘʪʦʤʥʽ ʪʘ ʽʦʥʥʽ ʨʘʜʽʫʩʠ, ʢʨʠʩʪʘʣʽʯʥʽ ʛʨʘʪʢʠ 

ʪʘ ʽʩʥʫʶʯʽ ʧʦʣʽʤʦʨʬʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ 

ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ, ʘ ʩʘʤʝ ʟʘʣʽʟʘ, ʚʫʛʣʝʮʶ, 

ʩʠʣʽʮʽʶ, ʤʘʥʘ̌ʥʫ, ʭʨʦʤʫ, ʚʦʣʴʬʨʘʤʫ, ʤʦʣʽʙʜʝʥʫ, ʚʘʥʘʜʽʶ, ʥʽʢʝʣʶ ʪʘ ʢʦʙʘʣʴʪʫ. 

ʗʢ ʙʘʯʠʤʦ, ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʽ ʩʪʦʚʧʯʠʢʦʤ 1 ʪʘʙʣʠʮʽ 1.1 ʜʣʷ ʘʪʦʤʥʠʭ ʨʘʜʽʫʩʽʚ, 

ʚʫʛʣʝʮʴ ʪʘ ʩʠʣʽʮʽʡ ʤʘʶʪʴ ʤʝʥʰʠʡ ʨʘʜʽʫʩ, ʥʽʞ ʫ ʟʘʣʽʟʘ, ʥʽʢʝʣʶ ʪʘ ʭʨʦʤʫ ï 

ʧʨʠʙʣʠʟʥʦ ʪʘʢʽ ʨʘʜʽʫʩʠ, ʷʢ ʽ ʫ ʟʘʣʽʟʘ, ʪʦʜʽ ʷʢ ʢʦʙʘʣʴʪ, ʚʘʥʘʜʽʡ, ʤʦʣʽʙʜʝʥ, 

ʤʘʥʛʘʥ ʪʘ ʚʦʣʴʬʨʘʤ ʤʘʶʪʴ ʙʽʣʴʰʽ ʨʘʜʽʫʩʠ (ʝʣʝʤʝʥʪʠ ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʧʦʨʷʜʢʫ 

ʟʙʽʣʴʰʝʥʥʷ ʨʘʜʽʫʩʘ ʘʪʦʤʘ). ɺʝʣʠʯʠʥʠ ʨʘʜʽʫʩʽʚ, ʦʜʝʨʞʘʥʠʭ ʟʘ ʨʽʟʥʠʤʠ 

ʤʝʪʦʜʠʢʘʤʠ (ʩʪʦʚʧʯʠʢʠ 1 ʪʘ 2, ʘʪʦʤʥʠʡ ʨʘʜʽʫʩ), ʘʙʦ ʨʦʟʨʘʭʦʚʘʥʽ ʪʝʦʨʝʪʠʯʥʦ 

ʩʪʦʚʧʯʠʢ 3, ʘʪʦʤʥʠʡ ʨʘʜʽʫʩ) ʜʝʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ. 

ʇʦʨʽʚʥʶʶʯʠ ʚʝʣʠʯʠʥʫ ʘʪʦʤʥʦʛʦ ʪʘ ʽʦʥʥʦʛʦ ʨʘʜʽʫʩʽʚ, ʙʘʯʠʤʦ, ʱʦ ʦʩʪʘʥʥʽʡ ʫ 

2-3 ʨʘʟʠ ʤʝʥʰʠʡ, ʪʦʙʪʦ ʧʨʠ ʫʪʚʦʨʝʥʥʽ ʩʧʦʣʫʢ ʟ ʽʦʥʥʠʤʠ, ʢʦʚʘʣʝʥʪʥʠʤʠ ʘʙʦ 

ʽʦʥʥʦ-ʢʦʚʘʣʝʥʪʥʠʤʠ ʟʚôʷʟʢʘʤʠ ʩʫʪʪʻʚʦ ʩʧʦʪʚʦʨʶʪʁʴʩʷ ʛʨʘʪʢʠ ʥʘ ʤʝʞʽ ʾʭ 

ʧʝʨʝʭʦʜʫ ʜʦ ʦʩʥʦʚʥʦʛʦ (ʤʘʪʨʠʯʥʦʛʦ) ʤʝʪʘʣʫ. ɺʨʘʭʦʚʫʶʯʠ ʨʦʟʙʽʞʥʽʩʪʴ 

ʚʝʣʠʯʠʥʠ ʨʘʜʽʫʩʘ ʘʪʦʤʘ, ʚʠʟʥʘʯʝʥʦʛʦ ʟʘ ʨʽʟʥʠʤʠ ʤʝʪʦʜʠʢʘʤʠ, ʘʙʦ 

ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʪʝʦʨʝʪʠʯʥʦ, ʡʦʛʦ ʚʝʣʠʯʠʥʘ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ 
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ʧʨʦʛʥʦʟʫ ʘʙʦ ʩʧʨʠʷʪʣʠʚʠʭ ʫʤʦʚ ʫʪʚʦʨʝʥʥʷ ʧʝʚʥʦʾ ʬʘʟʠ, ʧʦʪʨʝʙʫʻ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʧʝʨʝʚʽʨʢʠ. 

 

ʊʘʙʣʠʮʷ 1.1 

ɺʣʘʩʪʠʚʦʩʪʽ ʚʠʭʽʜʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ɽʣʝʤʝʥʪ 

ɸʪʦʤʥʠʡ ʨʘʜʽʫʩ, 

ʧʤ
 

ɯʦʥʥʠʡ ʨʘʜʽʫʩ, 

ʧʤ ʂʨʠʩʪʘʣ 
ʇʦʩʠ-

ʣʘʥʥʷ 
1* 2**  3***  1*  2**  

1 2 3 4 5 6 7 8 

Fe 124,1 126,0 156,0 67,0 67,0 

ʆʎʂ ï ʜʦ 911 

Áʉ, ɻʎʂ (911-

1392) Áʉ 

[119] 

[120] 

 [118] 

C 77,1 77,0 67,0 19,5 20,0 

ɻʝʢʩʘʛʦʥʘʣʴʥʘ 

(ʛʨʘʬʽʪ) 

[119] 

[120] 

[121] 

Si 117,6 134,0 111,0 40 39 

ɻʎʂ [119] 

[120] 

[121] 

Mn 136,6 130,0 161,0 - 46 

Ŭᵮɓ ʜʦ 727 Áʉ; 

ɓᵮɔ ʚʽʜ 727 ʜʦ  

1095 Áʉ; ɔᵮŭ ʚʽʜ 

1095 ʜʦ 1133 Áʉ 

[119] 

[120] 

[121] 

Cr 124,9 127,0 166,0 - 35,0 

ʆʎʂ [119] 

[120] 

[121] 

W 137,1 140,0 193,0 - 65,0****  

ʆʎʂ [119] 

[120] 

[121] 

Mo 136,3 139,0 190,0 - 65,0 

ʆʎʂ [119] 

[120] 

[121] 

V 132,0 134,0 171,0 82,0 40,0 

ʆʎʂ [119] 

[120] 

[121] 
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ʇʨʦʜʦʚʞʝʥʥʷ  ʊʘʙʣʠʮʷ 1.1  

 

1 2 3 4 5 6 7 8 

Ni 124,6 124,0 149,0 74,0 74,0 

ɻʎʂ [119] 

[120] 

[121] 

ʉʦ 125,3 125,0 152,0 65,0 64,0 

ɻʝʢʩʦʛʦʥʘʣʴʥʘ 

ʱʽʣʴʥʦ ʫʧʘʢʦʚʘʥʘ 

(ʜʦ 427 Áʉ), ɻʎʂ 

ʚʠʱʝ 427 Áʉ 

[119] 

[120] 

[121] 

* ï ʨʦʟʨʘʭʦʚʘʥʦ ʧʦ ʄʝʣʚʽʥʫ ï ʍɹ ʟʁʫ; 

** ï ʨʦʟʨʘʭʦʚʘʥʦ ʧʦ ɹʣ̒ʦʚʫ ʪʘ ɹʦʢʽʶ; 

*** ï ʪʝʦʨʝʪʠʯʥʦ ʨʦʟʨʘʭʦʚʘʥʠʡ ʟʘ ɽʥʨʽʢʦ ʂʣʝʤʝʥʪʽ; 

**** ï ʟʘʨʷʜ ʽʦʥʘ +6 

 

1.5.5 ʂʨʽʦʛʝʥʥʘ ʦʙʨʦʙʢʘ 

 

ʂʨʽʦʛʝʥʥʘ ʦʙʨʦʙʢʘ ʚʚʘʞʘʻʪʴʩʷ ʦʜʥʠʤ ʟ ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʠʭ ʩʧʦʩʦʙʽʚ 

ʟʤʝʥʰʝʥʥʷ ʟʘʣʠʰʢʦʚʦʛʦ ʘʫʩʪʝʥʽʪʫ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʩʪʘʣʝʡ [122]. ɼʦʧʦʚʥʝʥʥʷ ʛʣʠʙʦʢʦʾ ʢʨʽʦʛʝʥʥʦʾ ʦʙʨʦʙʢʠ ʜʦ 

ʪʨʘʜʠʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʜʦʧʦʤʦʛʣʦ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰ ʤʽʮʥʽ 

ʜʝʪʘʣʽ ʽʟ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʩʪʘʣʽ [123]. ɼʦʩʣʽʜʞʫʚʘʣʠ ʚʧʣʠʚ 

ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʦʙʨʦʙʢʠ ʥʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ ʪʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʩʪʘʣʽ ʤʘʨʢʠ ʅ13 (ʘʥʘʣʦʛ 4ʍ5ʄʌ1ʉ) ʜʣʷ ʛʘʨʷʯʦʛʦ 

ʜʝʬʦʨʤʫʚʘʥʥʷ. ɹʫʣʠ ʟʘʩʪʦʩʦʚʘʥʽ: ʢʨʽʦʛʝʥʥʘ ʦʙʨʦʙʢʘ ʧʨʠ -72 Üʉ ʪʘ ʛʣʠʙʦʢʘ 

ʢʨʽʦʛʝʥʥʘ ʦʙʨʦʙʢʘ ʧʨʠ -196 Üʉ ʽ ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʪʘʢʦʾ 

ʦʙʨʦʙʢʠ ʟʘʣʠʰʢʦʚʠʡ ʘʫʩʪʝʥʽʪ ʪʨʘʥʩʬʦʨʤʫʚʘʚʩʷ ʚ ʤʘʨʪʝʥʩʠʪ ʟ ʤʝʥʰʠʤʠ 

ʨʝʡʢʘʤʠ, ʘ ʛʣʠʙʦʢʘ ʢʨʽʦʛʝʥʥʘ ʦʙʨʦʙʢʘ ʧʨʠʟʚʦʜʠʣʘ ʜʦ ʚʠʜʽʣʝʥʥʷ ʦʜʥʦʨʽʜʥʠʭ 

ʯʘʩʪʠʥʦʢ ʢʘʨʙʽʜʽʚ. ʄʽʢʨʦʩʪʨʫʢʪʫʨʥʘ ʤʦʜʠʬʽʢʘʮʽʷ ʧʨʠʟʚʝʣʘ ʜʦ ʟʥʘʯʥʦʛʦ 

ʧʦʢʨʘʱʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʰʪʘʤʧʦʚʦʾ ʩʪʘʣʽ ʤʘʨʢʠ ʅ13. ɺ ʨʦʙʦʪʽ 

[122] ʪʘʢʦʞ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʛʣʠʙʦʢʫ ʢʨʽʦʛʝʥʥʫ ʦʙʨʦʙʢʫ ʰʪʘʤʧʦʚʦʾ ʩʪʘʣʽ 

ʤʘʨʢʠ ʅ13, ʱʦ ʚʠʢʣʠʢʘʣʦ ʙʽʣʴʰ ʚʠʩʦʢʽ ʪʝʨʤʽʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʪʘ ʩʪʨʫʢʪʫʨʥʽ 
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ʜʝʬʝʢʪʠ, ʫʪʚʦʨʠʚʰʠ ʜʠʩʧʝʨʩʥʫ ʩʽʪʢʫ ʜʨʽʙʥʠʭ ʢʘʨʙʽʜʽʚ ʧʽʩʣʷ ʚʽʜʧʫʩʢʫ, ʷʢʽ 

ʧʨʠʟʚʝʣʠ ʜʦ ʟʥʘʯʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʚôʷʟʢʦʩʪʽ ʨʫʡʥʫʚʘʥʥʷ ʮʽʻʾ ʩʪʘʣʽ ʙʝʟ ʟʤʽʥʠ 

ʽʥʰʠʭ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʍʦʯʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʣʠʙʦʢʦʾ ʢʨʽʦʛʝʥʥʦʾ 

ʦʙʨʦʙʢʠ ʟʥʠʞʫʻ ʢʽʣʴʢʽʩʪʴ ʟʘʣʠʰʢʦʚʦʛʦ ʘʫʩʪʝʥʽʪʫ, ʽʩʥʫʻ ʤʽʥʽʤʘʣʴʥʘ ʡʦʛʦ 

ʢʽʣʴʢʽʩʪʴ, ʷʢʘ ʥʝ ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʪʚʦʨʝʥʘ ʪʝʨʤʽʯʥʦʶ ʦʙʨʦʙʢʦʶ. ɺʚʘʞʘʻʪʴʩʷ, 

ʱʦ ʪʘʢʠʡ ʘʫʩʪʝʥʽʪ ʜʦʩʪʘʪʥʴʦ ʩʪʘʙʽʣʴʥʠʡ ʽ ʥʝ ʧʦʚʠʥʝʥ ʪʨʘʥʩʬʦʨʤʫʚʘʪʠʩʴ 

ʥʘʧʨʦʪʷʟʽ ʥʦʨʤʘʣʴʥʦʛʦ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʢʫʚʘʣʴʥʠʭ ʰʪʘʤʧʽʚ. ɿʘʩʪʦʩʫʚʘʥʥʷ 

ʛʣʠʙʦʢʦʾ ʢʨʽʦʛʝʥʥʦʾ ʦʙʨʦʙʢʠ ʩʪʘʣʽ ʤʘʨʢʠ ʅ13 ʧʨʠʟʚʝʣʦ ʜʦ ʟʥʘʯʥʦʛʦ ʟʥʠʞʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʾʾ ʟʥʦʰʫʚʘʥʥʷ ʚ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʟʚʠʯʘʡʥʦʶ ʟʘʛʘʨʪʦʚʘʥʦʶ ʪʘ 

ʚʽʜʧʫʱʝʥʦʶ ʰʪʘʤʧʦʚʦʶ ʩʪʘʣʣʶ ʅ13 [124]. 

 

1.5.6 ɸʟʦʪʫʚʘʥʥʷ  

 

ʋ ʧʨʦʮʝʩʽ ʘʟʦʪʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʠʬʫʟʽʡʥʝ ʥʘʩʠʯʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʰʘʨʫ ʩʪʘʣʽ ʘʟʦʪʦʤ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʾʾ ʫ ʩʝʨʝʜʦʚʠʱʽ ʘʤʽʘʢʫ [54, 125]. ɸʟʦʪʫʚʘʥʥʷ 

ʧʨʦʚʦʜʷʪʴ ʧʨʠ 500-600 Üʉ [125, 126]. ɯʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʰʪʘʤʧʦʚʽ ʩʪʘʣʽ (5ʍʅʄ, 

5ʍɻʄ, 3ʍ8ʌ, 4ʍ2, 4ʍɺʉ, 4ʍ8ɺ2ʌ) ʘʟʦʪʫʶʪʴ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʪʚʝʨʜʦʩʪʽ, 

ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʪʘ ʦʧʦʨʫ ʢʦʨʦʟʽʾ [127]. ʇʨʠʩʫʪʥʽʩʪʴ ʚʫʛʣʝʮʶ ʚ ʩʪʘʣʽ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ  ʢʘʨʙʦʥʽʪʨʠʜʥʠʭ ʬʘʟ ʪʠʧʫ Fe3(C, N) 

ʘʙʦ Fe2(N, C) [125]. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʘʟʦʪʫʶʪʴ ʩʪʘʣʽ, ʷʢʽ ʤʘʶʪʴ 

ʥʽʪʨʠʜʦʫʪʚʦʨʶʶʯʽ ʝʣʝʤʝʥʪʠ (ʚ ʦʩʥʦʚʥʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʭʨʦʤʦʥʽʢʝʣʝʚʽ 

ʢʦʥʩʪʨʫʢʮʽʡʥʽ ʩʪʘʣʽ). ʋʪʚʦʨʝʥʥʷ ʪʘʢʠʭ ʬʘʟ ʚʠʢʣʠʢʘʻ ʥʘʧʨʫʞʝʥʥʷ ʩʪʠʩʢʘʥʥʷ, 

ʱʦ ʧʦʚôʷʟʘʥʝ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʘʟʦʪʦʚʘʥʦʛʦ ʦʙô̒ ʤʫ ʥʘ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ. 

ʎʝ ʧʽʜʚʠʱʫʻ ʤʝʞʫ ʚʠʪʨʠʚʘʣʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʚʪʦʤʥʽ ʪʨʽʱʠʥʠ ʚʠʥʠʢʘʶʪʴ 

ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʪʷʛʫʶʯʠʭ ʥʘʧʨʫʞʝʥʴ. ʇʽʜʚʠʱʝʥʥʷ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ 

ʟʘʙʝʟʧʝʯʫʻ ʩʫʮʽʣʴʥʠʡ ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʽʟ Ů-ʬʘʟʠ, ʷʢʘ ʤʘʻ ʚʠʩʦʢʠʡ ʦʧʽʨ 

ʢʦʨʦʟʽʾ [125, 128]. 

ɽʢʩʪʨʫʟʽʡʥʽ ʤʘʪʨʠʮʽ, ʷʢʽ ʟʘʟʚʠʯʘʡ ʚʠʛʦʪʦʚʣʷʶʪʴ ʽʟ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ 

ʅ10, ʅ11 ʪʘ ʅ13, ʧʽʜʜʘʶʪʴʩʷ ʚʠʩʦʢʠʤ ʪʝʨʤʽʯʥʠʤ, ʤʝʭʘʥʽʯʥʠʤ ʪʘ ʭʽʤʽʯʥʠʤ 
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ʥʘʚʘʥʪʘʞʝʥʥʷʤ. ʅʘ ʦʧʦʨʥʽʡ ʧʦʚʝʨʭʥʽ ʤʘʪʨʠʮʴ ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʞʝ ʜʦʩʷʛʘʪʠ 

ʜʦ 600 Üʉ, ʥʦʨʤʘʣʴʥʠʡ ʢʦʥʪʘʢʪʥʠʡ ʪʠʩʢ ʜʦ 100 ʄʇʘ ʪʘ ʤʽʞ ʤʘʪʨʠʮʷʤʠ 

 ̔ʛʘʨʷʯʠʤ ʘʣʶʤʽʥʽʻʤ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʴ ʭʽʤʽʯʥʘ ʚʟʘʻʤʦʜʽʷ [129]. ʗʢ ʧʨʘʚʠʣʦ, 

ʧʨʦʮʝʩ ʝʢʩʪʨʫʟʽʾ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʦʧʝʨʘʮʽʶ ʛʘʨʷʯʦʾ ʦʙʨʦʙʢʠ, ʧʨʠ ʷʢʽʡ 

ʤʝʪʘʣʝʚʘ ʟʘʛʦʪʦʚʢʘ ʥʘʛʨʽʚʘʻʪʴʩʷ ʜʦ ʥʝʦʙʭʽʜʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʧʨʠ ʷʢʽʡ ʤʦʞʫʪʴ 

ʙʫʪʠ ʜʦʩʷʛʥʫʪʽ ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʘ ʧʣʘʩʪʠʯʥʽʩʪʴ ʪʘ ʥʠʟʴʢʝ ʥʘʧʨʫʞʝʥʥʷ 

ʧʣʠʥʥʦʩʪʽ [130]. ɺʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʢʦʥʩʪʨʫʢʮʽʷʤʠ ʤʘʪʨʠʮʴ, ʢʦʥʪʘʢʪʥʠʤʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ ʥʘ ʦʧʦʨʥʫ ʧʦʚʝʨʭʥʶ, ʤʽʢʨʦʩʪʨʫʢʪʫʨʦʶ ʘʟʦʪʦʚʘʥʦʾ ʦʧʦʨʥʦʾ 

ʧʦʚʝʨʭʥʽ ʪʘ ʪʝʨʤʽʥʦʤ ʩʣʫʞʙʠ ʤʘʪʨʠʮʴ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʟʙʽʣʴʰʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʤʘʪʨʠʮʴ ʝʢʩʪʨʫʜʝʨʽʚ [129]. ʇʽʜ ʯʘʩ ʧʨʦʮʝʩʽʚ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʘʜʛʝʟʽʷ ʽ ʧʝʨʝʥʝʩʝʥʥʷ ʩʧʣʘʚʫ ʥʘ ʦʧʦʨʥʫ 

ʧʦʚʝʨʭʥʶ ʤʘʪʨʠʮʽ, ʻ ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʧʨʠʯʠʥ ʧʦʣʦʤʢʠ ʽʥʩʪʨʫʤʝʥʪʽʚ 

 ̔ʧʦʛʘʥʦʾ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʚʠʨʦʙʽʚ. ʈʦʙʦʪʘ [131] ʙʫʣʘ ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ ʽʥʽʮʽʘʮʽʾ 

ʧʝʨʝʥʝʩʝʥʥʷ ʘʣʶʤʽʥʽʻʚʦʛʦ ʩʧʣʘʚʫ (EN AW-6060) ʪʘ ʡʦʛʦ ʝʚʦʣʶʮʽʾ 

ʥʘ ʧʦʢʨʠʪʽʡ (CrN) ʽ ʙʝʟ ʧʦʢʨʠʪʪʷ, ʘʟʦʪʦʚʘʥʽʡ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽʡ ʰʪʘʤʧʦʚʽʡ 

ʩʪʘʣʽ ʅ13 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʽʜ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 500 Üʉ. ʂʦʥʪʘʢʪ 

ʜʦʩʣʽʜʞʫʚʘʣʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʪʦʚʱʠʥʠ ʧʝʨʝʥʝʩʝʥʦʛʦ ʘʣʶʤʽʥʽʻʚʦʛʦ ʩʧʣʘʚʫ 

ʥʘ ʧʦʚʝʨʭʥʶ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʩʪʘʣʽ ʙʝʟ ʧʦʢʨʠʪʪʷ ʪʘ ʟ ʧʦʢʨʠʪʪʷʤ, ʪʦʧʦʛʨʘʬʽʾ 

ʩʣʽʜʫ ʟʥʦʰʫʚʘʥʥʷ ʪʘ ʚʽʜʧʦʚʽʜʥʦʾ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ. ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ 

ʩʠʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ ʪʨʠʙʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʪʘʣʽ ʜʣʷ ʛʘʨʷʯʦʾ ʦʙʨʦʙʢʠ 

ʪʘ ʧʦʢʨʠʪʪʷ CrN ʱʦʜʦ ʘʣʶʤʽʥʽʻʚʦʛʦ ʩʧʣʘʚʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʨʘʟʦʤ 

ʽʟ ʦʙʤʝʞʝʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʚʽʜ ʚʽʜʩʪʘʥʽ ʢʦʚʟʘʥʥʷ. ʇʨʠ 20 Üʉ ʰʦʨʩʪʢʽʩʪʴ 

ʧʦʚʝʨʭʥʽ ʙʫʣʘ ʦʩʥʦʚʥʦʶ ʧʦʯʘʪʢʦʚʦʶ ʧʨʠʯʠʥʦʶ ʧʝʨʝʥʝʩʝʥʥʷ ʘʣʶʤʽʥʽʻʚʦʛʦ 

ʩʧʣʘʚʫ ʯʝʨʝʟ ʤʝʭʘʥʽʯʥʝ ʟʯʝʧʣʝʥʥʷ. ʇʨʠ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (400 Üʉ) 

ʮʝʡ ʧʝʨʝʭʽʜ ʚʽʜʙʫʚʘʚʩʷ ʧʝʨʝʚʘʞʥʦ ʟʘʚʜʷʢʠ ʤʽʮʥʽʡ ʘʜʛʝʟʽʾ. ʆʜʥʘʢ, ʧʨʠ 

ʥʘʡʚʠʱʽʡ ʚʠʧʨʦʙʫʚʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ (500 Üʉ) ʧʦʢʨʠʪʪʷ CrN 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʦ ʧʦʤʽʪʥʝ ʟʥʠʞʝʥʥʷ ʘʜʛʝʟʽʾ ʟ ʧʦʜʘʣʴʰʠʤ ʟʥʠʞʝʥʥʷʤ 

ʧʝʨʝʥʝʩʝʥʥʷ ʘʣʶʤʽʥʽʻʚʦʛʦ ʩʧʣʘʚʫ ʪʘ ʦʙʤʝʞʝʥʠʤ ʫʪʚʦʨʝʥʥʷʤ ʧʣʽʚʢʠ.  
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ɺ ʣʘʙʦʨʘʪʦʨʽʾ ʧʣʘʟʤʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʦʛʦ ʮʝʥʪʨʫ 

ʍʘʨʢʽʚʩʴʢʦʛʦ ʬʽʟʠʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʽʥʩʪʠʪʫʪʫ ʅɸʅ ʋʢʨʘʾʥʠ (ʤ. ʍʘʨʢʽʚ, 

ʋʢʨʘʾʥʘ) ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʢʦʤʙʽʥʦʚʘʥʘ ʦʙʨʦʙʢʘ ʤʘʪʨʠʯʥʠʭ ʢʽʣʝʮʴ, 

ʱʦ ʚʢʣʶʯʘʣʘ ʘʟʦʪʫʚʘʥʥʷ ʟ ʥʘʩʪʫʧʥʠʤ ʥʘʥʝʩʝʥʥʷʤ ʢʝʨʘʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ 

ʥʘ ʰʪʘʤʧʦʚʫ ʩʪʘʣʴ, ʱʦ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʣʦ ʩʪʽʡʢʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʫ ʚʥʘʩʣʽʜʦʢ 

ʚʠʩʦʢʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʚʝʨʜʦʩʪʽ [132]. ʗʢʱʦ ʩʪʽʡʢʽʩʪʴ ʤʘʪʨʠʯʥʠʭ ʢʽʣʝʮʴ ʟʽ ʩʪʘʣʽ  

5ʍ3ɺ3ʄʌʉ  (ɼʀ-23)  ʧʽʩʣʷ  ʟʚʠʯʘʡʥʦʛʦ  ʪʝʨʤʦʟʤʽʮʥʝʥʥʷ  ʩʢʣʘʜʘʣʘ 4-6 

ʮʠʢʣʽʚ ʧʨʝʩʫʚʘʥʴ, ʪʦ ʢʽʣʴʮʷ ʟ ʙʽʣʴʰ ʝʢʦʥʦʤʥʦʣʝʛʦʚʘʥʦʾ ʙʝʟʚʦʣʴʬʨʘʤʦʚʦʾ 

ʩʪʘʣʽ 4ʍ5ʄʌ1ʉ, ʜʦʜʘʪʢʦʚʦ ʧʽʜʜʘʥʽ ʭʽʤʽʢʦ-ʪʝʨʤʽʯʥʽʡ ʦʙʨʦʙʮʽ (ʽʦʥʥʦʤʫ 

ʘʟʦʪʫʚʘʥʥʶ ʫ ʧʣʘʟʤʽ) ʽ ʥʘʩʪʫʧʥʦʤʫ ʥʘʥʝʩʝʥʥʶ ʢʦʤʙʽʥʦʚʘʥʠʭ ʧʦʢʨʠʪʪʽʚ, 

ʧʦʢʘʟʘʣʠ ʩʪʽʡʢʽʩʪʴ 12-13 ʮʠʢʣʽʚ ʧʨʝʩʫʚʘʥʴ ʚʥʘʩʣʽʜʦʢ ʙʽʣʴʰ ʚʠʩʦʢʦʾ ʪʚʝʨʜʦʩʪʽ, 

ʪʝʧʣʦʩʪʽʡʢʦʩʪʽ, ʫʪʚʦʨʝʥʥʷ ʩʧʝʮʽʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʥʘ ʧʦʚʝʨʭʥʽ ʚʥʘʩʣʽʜʦʢ 

ʧʨʦʚʝʜʝʥʥʷ ʽʦʥʥʦʛʦ ʘʟʦʪʫʚʘʥʥʷ ʽ ʥʘʥʝʩʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʛʦ ʧʦʢʨʠʪʪʷ ʟ TiN, 

TiZrN, NbN ʪʘ ʽʥ. 

ʇʝʨʝʚʘʛʠ ʩʧʦʩʦʙʫ ʧʽʜʚʠʱʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʪʚʝʨʜʦʩʪʽ ʧʨʠ ʘʟʦʪʦʚʘʥʦʤʫ 

ʰʘʨʽ ʤʦʞʥʘ ʩʬʦʨʤʫʣʶʚʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ [71]: 

ï ʚʠʩʦʢʘ ʧʦʚʝʨʭʥʝʚʘ ʪʚʝʨʜʽʩʪʴ ʘʟʦʪʦʚʘʥʠʭ ʜʝʪʘʣʝʡ ʨʦʙʠʪʴ ʾʭ ʚʠʢʣʶʯʥʦ 

ʩʪʽʡʢʠʤʠ ʧʨʦʪʠ ʟʥʦʩʫ; 

ï ʥʝʟʤʽʥʥʽʩʪʴ ʪʚʝʨʜʦʩʪʽ ʘʟʦʪʦʚʘʥʦʛʦ ʰʘʨʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʙʣʠʟʴʢʦʾ ʜʦ 

500 Üʉ ʨʦʟʰʠʨʶʻ ʤʦʞʣʠʚʽʩʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʝʪʘʣʝʡ ʜʦ ʮʽʻʾ ʪʝʤʧʝʨʘʪʫʨʠ, 

ʦʩʦʙʣʠʚʦ ʧʨʠ ʨʦʙʦʪʽ ʥʘ ʟʥʦʰʫʚʘʥʥʷ. ʇʦʛʣʠʥʘʥʥʷ ʘʟʦʪʫ ʧʽʜʚʠʱʫʻ ʮʠʢʣʽʯʥʫ 

ʤʽʮʥʽʩʪʴ ʽ ʨʦʙʠʪʴ ʧʦʚʝʨʭʥʶ ʤʝʥʰ ʩʧʨʠʷʪʣʠʚʦʶ ʜʦ ʨʠʟʠʢʫ ʥʘʜʨʽʟʫ ʪʘ ʜʽʾ 

ʢʦʨʦʟʽʾ; 

ï ʟʘʩʪʦʩʦʚʫʶʯʠ ʤʽʩʮʝʚʽ ʟʘʭʠʩʥʽ ʧʦʢʨʠʪʪʷ, ʤʦʞʥʘ ʧʽʜʚʠʱʫʚʘʪʠ ʪʚʝʨʜʽʩʪʴ 

ʘʟʦʪʫʚʘʥʥʷʤ ʪʽʣʴʢʠ ʚ ʦʢʨʝʤʠʭ ʜʽʣʷʥʢʘʭ ʜʝʪʘʣʝʡ ʧʨʘʢʪʠʯʥʦ ʧʨʠ ʙʫʜʴ-ʷʢʽʡ 

ʬʦʨʤʽ ʚʠʨʦʙʫ; 

ʇʨʦʚʝʜʝʥʥʷ ʭʽʤʽʢʦ-ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʽʥʩʪʨʫʤʝʥʪʫ, 

ʧʽʩʣʷ ʛʘʨʪʫʚʘʥʥʷ ʪʘ ʚʽʜʧʫʩʢʫ ʰʪʘʤʧʦʚʦʾ ʩʪʘʣʽ 4ʍ5ʄʌ1ʉ (ʽʦʥʥʦʛʦ 
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ʘʟʦʪʫʚʘʥʥʷ), ʥʘ 30-40 % ʟʙʽʣʴʰʠʣʦ ʪʝʨʤʽʥ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʘ ʪʘʢʦʞ 

ʧʦʢʨʘʱʠʣʦ ʷʢʽʩʪʴ ʡʦʛʦ ʧʦʚʝʨʭʥʽ. 

 

1.5.7 ɼʠʬʫʟʽʡʥʝ ʭʨʦʤʫʚʘʥʥʷ  

 

ʍʨʦʤʫʚʘʥʥʷ, ʪʦʙʪʦ ʥʘʩʠʯʝʥʥʷ ʧʦʚʝʨʭʥʽ ʩʪʘʣʴʥʠʭ ʚʠʨʦʙʽʚ ʭʨʦʤʦʤ, 

ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʫ ʩʪʽʡʢʽʩʪʴ ʧʨʦʪʠ ʛʘʟʦʚʦʾ ʢʦʨʦʟʽʾ (ʦʢʘʣʠʥʦʩʪʽʡʢʽʩʪʴ) ʜʦ 

800 Üʉ, ʚʠʩʦʢʫ ʢʦʨʦʟʽʡʥʫ ʩʪʽʡʢʽʩʪʴ ʚ ʪʘʢʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʷʢ ʚʦʜʘ, ʤʦʨʩʴʢʘ ʚʦʜʘ 

ʪʘ ʘʟʦʪʥʘ ʢʠʩʣʦʪʘ [93]. ʉʪʽʡʢʽʩʪ ɹʧʨʦʪʠ ʦʢʠʩʣʝʥʥʷ ʫ ʧʦʚʽʪʨʷʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʰʪʘʤʧʽʚ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ, ʨʦʙʦʯʘ ʢʨʦʤʢʘ ʷʢʠʭ  

ʥʘʛʨʽʚʘʻʪʴʩʷ ʚʠʱʝ 600-650 Áʉ. ʉʪʽʡʢʽʩʪʴ ʢʨʦʤʢʠ ʪʘ ʩʪʽʡʢʽʩʪʴ ʰʪʘʤʧʫ ʟʘʣʝʞʘʪʴ 

ʚʽʜ ʩʢʣʘʜʫ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʫʪʚʦʨʝʥʦʾ ʦʢʠʩʥʦʾ ʧʣʽʚʢʠ. ʇʣʽʚʢʘ ʦʢʠʩʫ ʟʘʣʽʟʘ 

(Fe2O3), ʷʢʘ ʚʠʥʠʢʘʻ ʥʘ ʩʪʘʣʷʭ ʟ ʥʝʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʭʨʦʤʫ, ʧʦʨʠʩʪʘ ʽ ʣʝʛʢʦ 

ʟʥʽʤʘʻʪʴʩʷ ʧʨʠ ʪʝʨʪʽ ʟ ʦʙʨʦʙʣʶʚʘʣʴʥʠʤ ʤʘʪʝʨʽʘʣʦʤ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʦʚʦʛʦ 

ʦʢʠʩʣʝʥʥʷ, ʨʦʟʚʠʪʢʫ ʽʥʪʝʥʩʠʚʥʦʛʦ ʟʥʦʩʫ, ʚʪʨʘʪʠ ʨʦʟʤʽʨʫ ʨʦʙʦʯʦʾ ʢʨʦʤʢʠ ʪʘ 

ʪʦʯʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʰʪʘʤʧʦʚʦʢ. ʇʨʠ ʙʽʣʴʰʦʤʫ ʣʝʛʫʚʘʥʥʽ ʭʨʦʤʦʤ 

ʫʪʚʦʨʶʻʪʴʩʷ ʙʽʣʴʰ ʱʽʣʴʥʘ ʧʣʽʚʢʘ, ʷʢʘ ʜʦʚʛʦ ʟʙʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ, 

ʧʝʨʝʰʢʦʜʞʘʻ ʥʘʩʪʫʧʥʦʤʫ ʦʢʠʩʣʝʥʥʶ ʪʘ ʟʤʝʥʰʫʻ ʩʭʦʧʣʶʚʘʥʥʷ (ʦʩʦʙʣʠʚʦ ʧʨʠ 

ʚʽʜʩʫʪʥʦʩʪʽ ʧʽʜʚʠʱʝʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ). ɼʦʩʪʘʪʥʷ ʢʽʣʴʢʽʩʪʴ ʭʨʦʤʫ: 5 % ʜʣʷ 

ʨʦʙʦʪʠ ʧʨʠ 600-650 Üʉ, 8 % ï ʧʨʠ 700-750 Üʉ ʪʘ 10-12 % ï ʧʨʠ 800-850 Üʉ 

[39]. ʄʽʮʥʽʩʪʴ ʧʣʽʚʢʠ ʟʨʦʩʪʘʻ ʧʨʠ ʜʦʜʘʪʢʦʚʦʤʫ ʣʝʛʫʚʘʥʥʽ 0,8-1,0 % Si 

(ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʜʣʷ ʩʪʘʣʝʡ ʟ 0,3-0,4 % ʚʫʛʣʝʮʶ). ɼʣʷ ʨʦʙʦʪʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 900-950 Üʉ, ʘʣʝ ʥʝʚʝʣʠʢʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʜʦʮʽʣʴʥʦ ʧʨʦʚʦʜʠʪʠ 

ʜʠʬʫʟʽʡʥʝ ʭʨʦʤʫʚʘʥʥʷ. ʎʝ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʪʝʧʣʦʩʪʽʡʢʠʭ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ, 

ʪʝʤʧʝʨʘʪʫʨʠ ʘʫʩʪʝʥʽʟʘʮʽʾ ʷʢʠʭ ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʭʨʦʤʫʚʘʥʥʷ 

1000-1100 Áʉ [133]. ɼʣʷ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʷʢʽ ʚʠʪʨʠʤʫʶʪʴ ʚʧʣʠʚ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʧʽʜʜʘʶʪʴʩʷ ʟʥʦʰʫʚʘʥʥʶ ʪʘ ʝʨʦʟʽʾ (ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʛʘʨʷʯʦʛʦ 

ʚʠʜʘʚʣʶʚʘʥʥʷ, ʧʨʝʩ-ʬʦʨʤʠ ʜʣʷ ʣʠʪʪʷ ʧʽʜ ʪʠʩʢʦʤ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ)  

ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʦʙʨʦʙʢʘ ʚ ʧʦʨʦʰʢʦʚʠʭ ʩʫʤʽʰʘʭ ʽʟ 70-75 % 
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ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʦʛʦ ʬʝʨʦʭʨʦʤʫ ʘʙʦ ʭʨʦʤʫ, 20-27 % ʦʢʠʩʫ ʘʣʶʤʽʥʽʶ ʪʘ 1-3 % 

ʭʣʦʨʠʩʪʦʛʦ ʘʤʦʥʽʶ ʥʘ ʧʨʦʪʷʟʽ 4-10 ʛʦʜ. ʊʦʚʱʠʥʘ ʭʨʦʤʦʚʘʥʦʛʦ ʰʘʨʫ ʚ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʩʪʘʥʦʚʠʪʴ 0,01-0,03 ʤʤ, ʪʚʝʨʜʽʩʪʴ ʥʘ ʧʦʚʝʨʭʥʽ 1200-1800 HV [61].  

 

1.5.8 ɼʠʬʫʟʽʡʥʝ ʘʣʽʪʫʚʘʥʥʷ  

 

ʋ ʧʨʦʮʝʩʽ ʘʣʽʪʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʩʠʯʝʥʥʷ ʧʦʚʝʨʭʥʽ ʩʪʘʣʽ ʘʣʶʤʽʥʽʻʤ 

ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʞʘʨʦʩʪʽʡʢʦʩʪʽ [126]. ɸʣʁʤʽʥʦʚʘʥʝ ʧʦʢʨʠʪʪʷ ʥʘ 

ʰʪʘʤʧʦʚʽʡ ʩʪʘʣʽ ʅ13 (ʘʥʘʣʦʛ 4ʍ5ʄʌ1ʉ), ʩʢʣʘʜʘʣʦʩʷ ʽʟ FeAl ʪʘ Fe3Al  ʽ ʙʫʣʦ 

ʦʪʨʠʤʘʥʝ ʤʝʪʦʜʦʤ ʛʘʨʷʯʦʛʦ ʘʣʶʤʽʥʫʚʘʥʥʷ ʟ ʥʘʩʪʫʧʥʦʶ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʶʾ ʜʠʬʫʟʽʻʶ [134]. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʩʪʘʣʣʶ ʅ13 

ʙʝʟ ʧʦʢʨʠʪʪʷ, ʘʣʶʤʽʥʦʚʘʥʘ ʩʪʘʣʴ ʤʘʣʘ ʚʠʩʦʢʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʢʦʚʟʘʥʥʷ ʧʨʠ 

ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʥʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʛʽʨʰʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʥʦʩʫ ʧʨʠ 

ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ.  

 

1.5.9 ɼʠʬʫʟʽʡʥʝ ʙʦʨʫʚʘʥʥʷ  

 

ɹʦʨʫʚʘʥʥʷ ï ʮʝ ʪʝʨʤʽʯʥʦ ʘʢʪʠʚʦʚʘʥʘ ʭʽʤʽʯʥʘ ʨʝʘʢʮʽʷ, ʟʘʩʥʦʚʘʥʘ ʥʘ 

ʜʠʬʫʟʽʾ ʙʦʨʫ ʫ ʩʪʘʣʴ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʫʪʚʦʨʶʻʪʴʩʷ ʪʚʝʨʜʝ ʧʦʢʨʠʪʪʷ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʩʫʤʽʰʽ ʩʧʦʣʫʢ ʥʘ ʦʩʥʦʚʽ ʙʦʨʫ [135, 137]. ɺʦʥʦ ʟʘʙʝʟʧʝʯʫʻ 

ʢʨʘʱʫ ʘʜʛʝʟʽʶ ʙʦʨʦʚʘʥʠʭ ʰʘʨʽʚ ʜʦ ʦʩʥʦʚʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʬʽʟʠʯʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ. 

ʉʪʘʣʴ ʜʣʷ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʛʘʨʷʯʦʾ ʦʙʨʦʙʢʠ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ ʪʘ 

ʩʧʣʘʚʽʚ, ʚʢʣʶʯʘʶʯʠ ʤʘʪʨʠʮʽ, ʝʢʩʪʨʫʟʽʡʥʽ ʦʧʨʘʚʢʠ, ʩʝʨʜʝʯʥʠʢʠ, ʙʣʦʢʠ 

ʪʨʠʤʘʯʽʚ ʤʘʪʨʠʮʴ, ʧʫʘʥʩʦʥʠ ʜʣʷ ʛʘʨʷʯʦʾ ʦʙʨʦʙʢʠ, ʰʝʩʪʝʨʥʽ, ʚʘʣʢʠ ʪʘ ʜʠʩʢʠ, 

ʷʢ ʧʨʘʚʠʣʦ, ʤʽʩʪʠʪʴ ʣʝʛʫʶʯʽ ʝʣʝʤʝʥʪʠ Cr, Mo, V. ɿʘʚʜʷʢʠ ʮʠʤ ʝʣʝʤʝʥʪʘʤ 

ʧʽʜʚʠʱʫʻʪʴʩʷ ʧʨʦʛʘʨʪʦʚʫʚʘʥʽʩʪʴ, ʪʚʝʨʜʽʩʪʴ ʽ ʚôʷʟʢʽʩʪʴ ʩʪʘʣʽ. ʇʽʜ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʽʥʩʪʨʫʤʝʥʪʠ ʧʽʜʜʘʶʪʴʩʷ ʟʥʦʰʝʥʥʶ ʚʥʘʩʣʽʜʦʢ ʩʪʠʨʘʥʥʷ, 

ʫʜʘʨʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʢʦʣʠʚʘʥʴ ʧʨʠ ʨʦʙʦʯʠʭ 
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ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʥʘʜ 200 ÁC [136, 138]. ɿʥʘʯʥʽ ʝʢʦʥʦʤʽʯʥʽ ʟʙʠʪʢʠ ʚʠʥʠʢʘʶʪʴ 

ʚʥʘʩʣʽʜʦʢ ʢʦʨʦʟʽʾ ʪʘ ʟʥʦʰʫʚʘʥʥʷ, ʩʧʨʠʯʠʥʝʥʠʭ ʝʢʩʪʨʝʤʘʣʴʥʠʤʠ ʫʤʦʚʘʤʠ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʘʰʠʥ ʪʘ ʦʙʣʘʜʥʘʥʥʷ. ʑʦʙ ʤʽʥʽʤʽʟʫʚʘʪʠ ʪʘʢʽ ʚʪʨʘʪʠ, ʜʣʷ ʮʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʥʝʦʙʭʽʜʥʽ ʧʦʢʨʘʱʝʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʝʨʭʥʽ [139, 140]. 

ʉʪʽʡʢʽʩʪʴ ʜʦ ʟʥʦʩʫ, ʪʝʨʪʷ, ʢʦʨʦʟʽʾ ʪʘ ʦʢʠʩʣʝʥʥʷ, ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ 

ʫ ʚʠʟʥʘʯʝʥʥʽ ʪʝʨʤʽʥʫ ʾʭ ʩʣʫʞʙʠ [139-141]. ɹʦʨʠʜʠ ʟʘʣʽʟʘ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʥʘ 

ʩʪʘʣʽ, ʤʘʶʪʴ ʚʠʩʦʢʫ ʪʚʝʨʜʽʩʪʴ (1500-2000 HV), ʽ ʚʦʥʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʢʨʘʱʫ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʫ ʨʽʟʥʠʭ ʪʨʠʙʦʣʦʛʽʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʥʷʭ ʧʦʨʽʚʥʷʥʦ 

ʟʽ ʟʚʠʯʘʡʥʠʤʠ ʦʙʨʦʙʢʘʤʠ ʧʦʚʝʨʭʥʽ, ʪʘʢʠʤʠ ʷʢ ʥʘʚʫʛʣʝʮʶʚʘʥʥʷ, ʘʟʦʪʫʚʘʥʥʷ ʪʘ 

ʢʘʨʙʦʥʽʪʨʫʚʘʥʥʷ [142]. ʇʨʠ ʙʦʨʫʚʘʥʥʽ ʩʪʘʣʽ ʬʘʟʦʚʘ ʩʪʨʫʢʪʫʨʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʝʨʝʜʦʚʠʱʘ ʙʦʨʫʚʘʥʥʷ, ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʧʦʚʝʨʭʥʽ, ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʨʦʮʝʩʫ ʪʘ ʧʝʨʽʦʜʫ ʙʦʨʫʚʘʥʥʷ. ɹʦʨʫʚʘʥʥʷ ʩʧʣʘʚʽʚ, ʟʘʟʚʠʯʘʡ, ʧʨʦʚʦʜʷʪʴ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʽʜ 850 ʜʦ 1000  ÁC ʧʨʦʪʷʛʦʤ 1-10  ʛʦʜʠʥ. ʋʪʚʦʨʝʥʥʷ ʰʘʨʫ 

ʙʦʨʫ, ʷʢʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʠʬʫʟʽʡʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʦʨʫ, ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ 

ʫ ʚʠʛʣʷʜʽ Fe2B (ʪʝʪʨʘʛʦʥʘʣʴʥʠʡ, 8 ʤʘʩ. %) ʪʘ/ʘʙʦ FeB (ʦʨʪʦʨʦʤʙʽʯʥʠʡ, 

16  ʤʘʩ. %). ɿʘʛʘʣʦʤ ʬʘʟʘ FeB ʤʦʞʝ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠʩʷ ʙʽʣʴʰ ʚʠʩʦʢʦʶ 

ʪʚʝʨʜʽʩʪʶ ʪʘ ʞʦʨʩʪʢʽʩʪʶ, ʘʣʝ ʤʝʥʰʦʶ ʚôʷʟʢʽʩʪʶ ʧʦʨʽʚʥʷʥʦ ʟ ʬʘʟʦʶ Fe2ɺ.. 

ʋ ʮʴʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʧʨʠʩʫʪʥʽʩʪʴ ʬʘʟʠ FeB ʫ ʙʦʨʠʜʥʦʤʫ ʰʘʨʽ ʻ ʥʝʙʘʞʘʥʦʶ 

ʯʝʨʝʟ ʾʾ ʙʽʣʴʰ ʢʨʠʭʢʫ ʧʨʠʨʦʜʫ, ʱʦ ʩʧʨʠʯʠʥʷʻ ʨʦʟʢʦʣʶʚʘʥʥʷ ʧʦʢʨʠʪʪʷ ʧʽʜ 

ʚʧʣʠʚʦʤ ʚʠʩʦʢʠʭ ʟʦʚʥʽʰʥʽʭ ʥʘʚʘʥʪʘʞʝʥʴ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ 

ʰʪʘʤʧʦʚʦʾ ʩʪʘʣʽ ʬʦʨʤʫʻʪʴʩʷ ʭʘʨʘʢʪʝʨʥʘ ʙʫʜʦʚʘ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ ʪʦʚʱʠʥʦʶ 

ʜʦ 0,1 ʤʤ ʽ ʙʽʣʴʰʝ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʧʝʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʢʨʠʪʪʷ [143]. ʊʘʢ ʜʣʷ 

ʩʪʘʣʽ 4ʍ5ɺ2ʌʉ ʥʘʷʚʥʽʩʪʴ ʨʦʟʚʠʥʥʝʥʦʾ ʟʦʥʠ Ŭ-ʬʘʟʠ ʟ ʧʦʥʠʞʝʥʦʶ 

ʤʽʢʨʦʪʚʝʨʜʽʩʪʶ ʟʫʤʦʚʣʶʻ ʧʽʜʚʠʱʝʥʥʷ ʢʨʠʭʢʦʩʪʽ ʰʘʨʫ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʙʦʨʦʚʘʥʠʤ ʰʘʨʦʤ ʩʪʘʣʽ 4ʍ3ɺʄʌ.  
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1.6 ɿʘʩʪʦʩʫʚʘʥʥʷ ʘʜʠʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʰʪʘʤʧʽʚ 

ʪʘ ʤʘʪʨʠʮʴ 

 

ɼʣʷ ʦʙʨʦʙʢʠ ʤʘʪʝʨ̔ ʘʣʫ ʤʘʪʨʠʮʴ ʪʘ ʰʪʘʤʧʽʚ, ʘ ʪʘʢʦʞ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ 

ʟʥʦʰʝʥʠʭ ʪʘ ʧʦʰʢʦʜʞʝʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ ʘʜʠʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ 

[144-161]. ɹʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ [150] ʙʽʦʤʽʤʝʪʨʠʯʥʠʡ ʧʨʦʮʝʩ ʣʘʟʝʨʥʦʾ 

ʦʙʨʦʙʢʠ ʤʘʪʨʠʮʴ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʪʝʨʤʽʯʥʠʭ ʚʪʦʤʥʠʭ ʪʨʽʱʠʥ ʥʘ ʚʽʜʧʘʣʝʥʽʡ 

ʰʪʘʤʧʦʚʽʡ ʩʪʘʣʽ ʅ13. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʪʝʨʤʽʯʥʦʾ ʚʪʦʤʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ 

ʱʽʣʴʥʽʩʪʴ ʪʘ ʜʦʚʞʠʥʘ ʪʨʽʱʠʥ ʟʤʝʥʰʫʶʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʙʣʦʢʫʶʯʦʛʦ ʝʬʝʢʪʫ 

ʥʘʥʝʩʝʥʦʛʦ ʣʘʟʝʨʦʤ ʥʘ ʧʦʚʝʨʭʥʶ ʰʪʘʤʧʫ ʚʽʟʝʨʫʥʢʫ ʟʘʧʦʟʠʯʝʥʦʛʦ 

ʟ ʙʽʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ. ʏʘʩʪʢʦʚʠʡ ʣʘʟʝʨʥʠʡ ʧʝʨʝʧʣʘʚ ʧʦʚʝʨʭʥʽ ʚʠʷʚʠʚʩʷ ʪʘʢʦʞ 

ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʜʣʷ ʨʝʤʦʥʪʫ ʪʨʽʱʠʥ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʦʧʦʨʫ ʪʝʨʤʽʯʥʦ ʾ

ʚʪʦʤʠ. ʊʨʠ ʚʠʜʠ ʙʽʦʤʽʤʝʪʠʯʥʠʭ ʥʝʛʣʘʜʢʠʭ ʬʦʨʤ (ʧʣʷʤʠʩʪʘ ʬʦʨʤʘ, ʩʤʫʛʘʩʪʘ 

ʬʦʨʤʘ ʪʘ ʩʽʪʯʘʩʪʘ ʬʦʨʤʘ) ʙʫʣʠ ʥʘʥʝʩʝʥʽ ʣʘʟʝʨʦʤ ʥʘ ʧʦʚʝʨʭʥʶ ʰʪʘʤʧʦʚʦʾ 

ʩʪʘʣʽ ʅ13 [151]. ʆʙʨʦʙʣʝʥʽ ʟʨʘʟʢʠ ʤʘʣʠ ʤʝʥʰʫ ʪʝʤʧʝʨʘʪʫʨʥʫ 

ʚʪʦʤʣʶʚʘʣʴʥʽʩʪʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʝʦʙʨʦʙʣʝʥʠʤʠ ʟʨʘʟʢʘʤʠ ʧʨʠ ʨʽʟʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʪʝʨʤʽʯʥʦʛʦ ʮʠʢʣʫ. ʇʨʠ ʟʘʜʘʥʽʡ ʤʘʢʩʠʤʘʣʴʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 

ʙʽʦʤʽʤʝʪʠʯʥʠʡ ʥʝʛʣʘʜʢʠʡ ʟʨʘʟʦʢ ʩʪʘʣʽ ʽʟ ʥʘʥʝʩʝʥʦʶ ʣʘʟʝʨʦʤ ʩʽʪʯʘʪʦʶ 

ʬʦʨʤʦʶ ʥʘ ʧʦʚʝʨʭʥʽ ʤʘʚ ʚʠʱʫ ʪʝʤʧʝʨʘʪʫʨʫ ʚʪʦʤʣʶʚʘʣʴʥʦʩʪʽ, ʥʽʞ ʟʨʘʟʦʢ ʽʟ 

ʩʤʫʛʘʩʪʦʶ ʬʦʨʤʦʶ ʥʘ ʧʦʚʝʨʭʥʽ, ʷʢʠʡ ʙʫʚ ʢʨʘʱʠʤ, ʥʽʞ ʟʨʘʟʦʢ ʽʟ ʧʣʷʤʠʩʪʦʶ 

ʬʦʨʤʦʶ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʩʪʽʡʢʽʩʪʴ ʜʦ ʪʝʨʤʦʮʠʢʣʽʯʥʦʛʦ ʨʦʟʤôʷʢʰʝʥʥʷ 

ʟʦʥʠ, ʦʙʨʦʙʣʝʥʦʾ ʣʘʟʝʨʦʤ, ʙʫʣʘ ʥʠʞʯʦʶ, ʥʽʞ ʫ ʥʝʦʙʨʦʙʣʝʥʦʛʦ ʟʨʘʟʢʘ, ʜʽʣʷʥʢʘ, 

ʦʙʨʦʙʣʝʥʘ ʣʘʟʝʨʦʤ, ʤʘʣʘ ʚʠʱʫ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ, ʥʽʞ ʥʝ ʦʙʨʦʙʣʝʥʠʡ ʟʨʘʟʦʢ ʧʨʠ 

ʽʥʰʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʪʝʨʤʽʯʥʦʛʦ ʮʠʢʣʫ. ʊʝʭʥʦʣʦʛʽʷ ʣʘʟʝʨʥʦʛʦ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʧʣʘʚʣʝʥʥʷ ʩʧʨʠʯʠʥʷʻ ʤʘʨʪʝʥʩʠʪʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʤʘʪʝʨʽʘʣʫ 

ʰʪʘʤʧʫ ʪʘ ʧʦʢʨʘʱʫʻ ʡʦʛʦ ʚʣʘʩʪʠʚʦʩʪʽ [152]. ʃʘʟʝʨʥʝ ʧʣʘʚʣʝʥʥʷ ʙʫʣʦ 

ʟʘʩʪʦʩʦʚʘʥʝ ʜʦ ʧʦʚʝʨʭʥʽ ʰʪʘʤʧʦʚʦʾ ʩʪʘʣʽ ʅ13 ʚ ʟʘʛʘʨʪʦʚʘʥʦʤʫ ʪʘ 

ʚʽʜʧʫʱʝʥʦʤʫ ʩʪʘʥʽ ʽ ʙʫʣʦ ʜʝʪʘʣʴʥʦ ʜʦʩʣʽʜʞʝʥʦ ʥʘ ʦʧʽʨ ʪʝʨʤʽʯʥʽʡ ʚʪʦʤʠ. 

ɿʨʘʟʢʠ ʟʽ ʩʪʘʣʽ ʅ13 ʟ ʪʨʽʱʠʥʘʤʠ ʙʫʣʠ ʚʽʜʨʝʤʦʥʪʦʚʘʥʽ ʽʤʧʫʣʴʩʥʠʤʠ ʣʘʟʝʨʥʠʤ 
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ʟʚʘʨʶʚʘʥʥʷʤ ʧʨʠʩʘʜʢʦʚʠʤ ʜʨʦʪʦʤ (Direct Energy Depositiot Process [154]. 

ɺʽʜʩʪʘʥʴ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʙʣʦʢʘʤʠ (ʫʪʚʦʨʝʥʠʤʠ ʧʨʠ ʣʘʟʝʨʥʽʡ ʦʙʨʦʙʮʽ) ʻ 

ʢʣʶʯʦʚʠʤ ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʚʧʣʠʚʘʻ ʥʘ ʤʽʮʥʽʩʪʴ ʟʚʘʨʥʦʛʦ ʰʚʘ ʰʣʷʭʦʤ 

ʙʽʦʤʝʪʨʠʯʥʦʾ ʦʙʨʦʙʢʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʥʰʦʛʦ ʤʝʪʦʜʫ ʘʜʠʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʤʝʪʦʜ ʣʘʟʝʨʥʦʛʦ ʣʝʛʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʤʽʰʘʥʦʛʦ ʧʦʨʦʰʢʫ ʟʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 75 % Cr ʪʘ 25 % Ni, ʤʦʞʝ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʦʧʽʨ ʪʝʨʤʽʯʥʽʡ 

ʚʪʦʤʽ ʟʽ ʩʪʘʣʽ ʅ13 [155]. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʾʭ ʘʥʘʣʽʟ ʧʦʢʘʟʫʶʪʴ, ʱʦ 

ʣʘʟʝʨʥʘ ʪʝʭʥʽʢʘ ʧʦʚʝʨʭʥʽ ʤʦʞʝ ʙʫʪʠ ʧʦʟʠʪʠʚʥʦ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ 

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʥʽ ʤʘʪʨʠʮʴ ʽʟ ʰʪʘʤʧʦʚʦʾ ʩʪʘʣʽ ʅ13.  

ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʘʪʨʠʮʴ ʟ ʢʦʥʬʦʨʤʥʠʤʠ ʢʘʥʘʣʘʤʠ ʦʭʦʣʦʜʞʝʥʥʷ ʙʫʚ 

ʟʘʩʪʦʩʦʚʘʥʠʡ ʧʦʰʘʨʦʚʠʡ ʤʝʪʦʜ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟ ʧʨʦʮʝʩʦʤ ʣʘʟʝʨʥʦʾ ʧʣʘʚʢʠ 

(Selective Laser Melting). ɹʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʝʢʩʪʨʫʟʽʾ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʦʭʦʣʦʜʞʝʥʥʷ ʤʘʪʨʠʮʴ ʽ ʙʝʟ ʥʴʦʛʦ. ʈʦʟʨʘʭʫʥʢʦʚʽ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʝʢʩʪʨʫʜʝʨʘ 

ʤʦʞʥʘ ʨʝʘʣʽʟʫʚʘʪʠ ʧʦʤʽʪʥʝ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ ʜʦ 300 % 

[156]. ɿʘʩʪʦʩʦʚʫʚʘʣʠ ʪʘʢʦʞ ʣʝʛʫʚʘʥʥʷ ʧʦʨʦʰʢʘʤʠ ʥʘ ʦʩʥʦʚʽ ʢʦʙʘʣʴʪʫ ʪʘ 

ʟʘʣʽʟʘ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʜʦ ʪʝʨʤʽʯʥʦʾ ʚʪʦʤʠ. ʇʦʨʽʚʥʷʥʦ ʟʽ ʟʨʘʟʢʘʤʠ, 

ʪʝʨʤʦʙʨʦʙʣʝʥʠʤʠ ʣʘʟʝʨʥʠʤ ʧʝʨʝʧʣʘʚʣʝʥʥʷʤ ʧʦʚʝʨʭʥʽ ʪʘ ʣʘʟʝʨʥʠʤ 

ʣʝʛʫʚʘʥʥʷʤ ʧʦʚʝʨʭʥʽ ʧʦʨʦʰʢʦʤ ʥʘ ʦʩʥʦʚʽ ʟʘʣʽʟʘ, ʟʨʘʟʢʠ, ʦʙʨʦʙʣʝʥʽ ʧʦʨʦʰʢʦʤ 

ʥʘ ʦʩʥʦʚʽ ʢʦʙʘʣʴʪʫ, ʤʘʶʪʴ ʤʝʥʰʫ ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ ʪʘ ʚʠʱʫ 

ʩʪʽʡʢʽʩʪʴ ʜʦ ʪʝʨʤʽʯʥʦʾ ʚʪʦʤʠ [157]. ʊʝʨʤʦʚʪʦʤʥʘ ʧʦʚʝʜʽʥʢʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ 

ʩʪʘʣʽ ʅ13 ʜʣʷ ʛʘʨʷʯʦʾ ʦʙʨʦʙʢʠ ʟ ʙʽʦʤʽʤʝʪʠʯʥʦʶ ʥʝʛʣʘʜʢʦʶ ʧʦʚʝʨʭʥʝʶ, 

ʦʙʨʦʙʣʝʥʦʾ ʣʘʟʝʨʥʠʤ ʧʣʘʚʣʝʥʥʷʤ ʧʦʚʝʨʭʥʽ, ʦʪʨʠʤʫʻ ʟʥʘʯʥʝ ʧʦʢʨʘʱʝʥʥʷ 

[158]. ʇʽʩʣʷ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʪʝʨʤʽʯʥʫ ʚʪʦʤʫ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʚʠʨʘʟʥʫ ʟʤʽʥʫ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʥʝʛʣʘʜʢʦʛʦ ʙʣʦʢʫ ʣʘʟʝʨʥʠʤ ʧʣʘʚʣʝʥʥʷʤ ʧʦʚʝʨʭʥʽ, ʪʦʙʪʦ 

ʟʝʨʥʘ ʥʝʛʣʘʜʢʦʛʦ ʙʣʦʢʫ ʩʪʘʣʽ ʩʪʘʣʠ ʷʚʥʦ ʫʢʨʫʧʥʶʚʘʪʠʩʷ. ʆʜʥʘʢ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʥʝʛʣʘʜʢʦʛʦ ʙʣʦʢʫ ʣʘʟʝʨʥʠʤ ʧʣʘʢʫʚʘʥʥʷʤ ʥʝ ʟʥʘʣʘ ʩʫʪʪʻʚʠʭ 

ʟʤʽʥ ʧʽʩʣʷ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʪʝʨʤʽʯʥʫ ʚʪʦʤʫ. ʄʝʪʦʜ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʪʝʨʤʽʯʥʫ 

ʚʪʦʤʫ ʷʢʽʩʥʦ ʦʧʠʩʘʥʦ ʫ ʨʦʙʦʪʽ. ʊʝʭʥʦʣʦʛʽʷ ʣʘʟʝʨʥʦʛʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʟʤʽʮʥʝʥʥʷ 
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ʜʘʣʘ ʢʦʤʙʽʥʘʮʽʶ ʙʽʣʴʰʦʛʦ ʧʦʜʦʚʞʝʥʥʷ ʜʦ 3,6 %, ʥʽʞ ʧʽʩʣʷ ʣʘʟʝʨʥʦʛʦ 

ʧʣʘʚʣʝʥʥʷ ï 0,97 %, ʟ ʙʽʣʴʰʦʶ ʤʝʞʝʶ ʧʣʠʥʥʦʩʪʽ, ʪʦʤʫ ʚʚʘʞʘʣʘʩʷ ʢʨʘʱʠʤ 

ʚʘʨʽʘʥʪʦʤ [159]. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʛʘʨʷʯʦʤʫ ʢʫʚʘʥʥʽ ʪʝʨʤʽʥ ʩʣʫʞʙʠ 

ʤʘʪʨʠʮʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʘʙʨʘʟʠʚʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʪʘ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʪʘ 

ʤʦʞʝ ʙʫʪʠ ʟʥʘʯʥʦ ʩʢʦʨʦʯʝʥʠʡ ʯʝʨʝʟ ʪʝʨʤʽʯʥʝ ʨʦʟʤôʷʢʰʝʥʥʷ ʧʦʚʝʨʭʥʽ 

ʤʘʪʨʠʮʽ, ʩʧʨʠʯʠʥʝʥʝ ʪʝʤʧʝʨʘʪʫʨʦʶ ʪʘ ʪʠʩʢʦʤ ʢʫʚʘʥʥʷ [160]. ʇʣʘʩʪʠʯʥʫ 

ʜʝʬʦʨʤʘʮʽʶ ʪʘ ʪʝʨʤʽʯʥʫ ʚʪʦʤʫ ʟʘʟʚʠʯʘʡ ʥʘʟʠʚʘʶʪʴ ʦʩʥʦʚʥʠʤʠ ʧʨʠʯʠʥʘʤʠ 

ʧʦʰʢʦʜʞʝʥʥʷ ʰʪʘʤʧʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, ʧʨʦʪʝ ʦʢʠʩʥʝ ʪʘ ʘʙʨʘʟʠʚʥʝ 

ʟʥʦʰʫʚʘʥʥʷ, ʚʪʦʤʥʝ ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ ʪʘ ʚʽʜʢʦʣʠ ʪʘʢʦʞ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʠʭʽʜ ʟ 

ʣʘʜʫ ʽʥʩʪʨʫʤʝʥʪʘ [161].  

 

1.7 ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʣʝʡ ʪʘ ʩʧʣʘʚʽʚ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ 

 

ɼʣʷ ʯʘʩʪʠʥ ʰʪʘʤʧʫ, ʟ ʚʠʟʥʘʯʝʥʠʤʠ ʤʝʭʘʥʽʯʥʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ ʧʨʠ 

ʩʣʘʙʦʤʫ ʨʦʟʽʛʨʽʚʽ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 300 Üʉ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʦʥʩʪʨʫʢʮʽʡʥʽ ʩʪʘʣʽ 

ʪʠʧʫ 30ʍɻʉ, 40ʍʅ [162].  

ʇʨʝʩ-ʬʦʨʤʠ ʚʠʛʦʪʦʚʣʷʶʪʴ ʽʟ ʚʠʩʦʢʦʭʨʦʤʠʩʪʠʭ ʩʪʘʣʝʡ ʤʘʨʦʢ 2ʍ13, 

3ʍ13, 4ʍ13 ʚ ʷʢʦʩʪʽ ʟʘʤʽʥʠ ʩʪʘʣʽ 3ʍ2ɺ8ʌ ʧʨʠ ʣʠʪʪʽ ʧʽʜ ʪʠʩʢʦʤ ʤʽʜʥʠʭ 

ʩʧʣʘʚʽʚ [36]. ʉʪʘʣʴ 7ʍ3 (0,6-0,75 % ʉ, 3,2-3,8 % ʉr, ʽʥʰʽ ʝʣʝʤʝʥʪʠ ʫ 

ʟʚʠʯʘʡʥʠʭ ʤʝʞʘʭ), ʤʘʻ ʙʽʣʴʰ ʚʠʩʦʢʫ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʚʥʘʩʣʽʜʦʢ ʙʽʣʴʰʦʾ 

ʢʽʣʴʢʦʩʪʽ ʚʫʛʣʝʮʶ, ʥʽʞ ʚ ʽʥʰʠʭ ʩʪʘʣʷʭ, ʘʣʝ ʚʦʥʘ ʟʥʘʯʥʦ ʧʦʩʪʫʧʘʻʪʴʩʷ ʩʪʘʣʷʤ 

ʪʠʧʫ 3ʍ2ɺ8 ʪʘ 5ʍʅʄ ʧʦ ʚôʷʟʢʦʩʪʽ ʪʘ ʪʝʧʣʦʩʪʽʡʢʦʩʪʽ. ʉʪʘʣʴ 7ʍ3 

ʟʘʩʪʦʩʦʚʫʶʪʴ  ʜʣʷ ʰʪʘʤʧʽʚ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ ʥʝʚʠʩʦʢʦʛʦ ʥʘʛʨʽʚʫ 

ʪʝʤʧʝʨʘʪʫʨ 400-500 Áʉ [162].  

ɼʣʷ ʰʪʘʤʧʽʚ ʽʟ ʩʢʣʘʜʥʦʶ ʛʨʘʚʶʨʦʶ ʪʘ ʬʦʨʤʦʶ, ʷʢʽ ʥʝ ʧʦʚʠʥʥʽ 

ʦʪʨʠʤʫʚʘʪʠ ʜʝʬʦʨʤʘʮʽʾ ʧʨʠ ʛʘʨʪʫʚʘʥʥʽ, ʥʘʡʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴ ʮʝʤʝʥʪʠʪʥʫ 

ʩʪʘʣʴ 12ʍʅ2ɸ ʘʙʦ 12ʍ2ʅ4ɸ [69]. 
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ʉʧʣʘʚ ɾʉ-6 ʟʙʝʨʽʛʘʻ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 600 Áʉ ʧʨʠʙʣʠʟʥʦ 95 % ʩʚʦʻʾ 

ʪʚʝʨʜʦʩʪʽ, ʘ ʩʪʘʣʴ 3ʍ2ɺ8ʌ ʚʞʝ ʧʨʠ 650 Áʉ ʟʤʝʥʰʫʻ ʪʚʝʨʜʽʩʪʴ ʥʘ 40 %. 

ʊʚʝʨʜʽʩʪʴ ʩʧʣʘʚʘ ɾʉ-6 ʧʨʠ 800 Áʉ ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʻ ʪʚʝʨʜʦʩʪʽ ʩʪʘʣʽ 

3ʍ2ɺ8ʌ ʧʨʠ 650 Áʉ [163]. 

ʋ ʩʫʯʘʩʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʰʪʘʤʧʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʛʘʨʷʯʦʛʦ 

ʧʨʝʩʫʚʘʥʥʷ ʤʽʜʽ ʪʘ ʤʽʜʥʠʭ ʩʧʣʘʚʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʪʘʣʽ ʬʝʨʠʪʥʦʛʦ ʢʣʘʩʫ 

ʤʘʨʦʢ 4ʍ5ʄʌ1ʉ ʪʘ 3ʍ3ʄ3ʌ. ʇʨʦʪʝ, ʪʘʢʽ ʩʪʘʣʽ ʤʘʶʪʴ ʥʠʟʴʢʠʡ ʨʝʩʫʨʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. ɼʣʷ ʾʭ ʟʘʤʽʥʠ ʫ ʰʪʘʤʧʦʚʦʤʫ ʽʥʩʪʨʫʤʝʥʪʽ ʽʥʦʜʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʞʘʨʦʤʽʮʥʠʡ ʥʽʢʝʣʝʚʠʡ ʩʧʣʘʚ Inʩonel 718 (ʘʥʘʣʦʛ ʍʅ45ʄɺʊʖɹʈ, ɻʆʉʊ 5632) 

[164-171], ʱʦ ʜʘʻ ʟʤʦʛʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʪʫʞʥʽ ʫʩʪʘʥʦʚʢʠ, ʚ ʷʢʠʭ ʨʝʩʫʨʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʝʩ-ʬʦʨʤ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 100 ʪʦʥ. ʊʘʢʠʡ ʩʧʣʘʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʂʠʪʘʶ, ʥʘʧʨʠʢʣʘʜ ʫ ʢʦʨʧʦʨʘʮʽ ʾ

Changzhou  riyue machine Co., Ltd, ʉhine. ʇʨʦʪʝ, ʞʘʨʦʤʽʮʥʽ ʩʧʣʘʚʠ ʻ ʟʘʥʘʜʪʦ 

ʜʦʨʦʛʠʤʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʰʪʘʤʧʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ. ʉʧʣʘʚ Inʩonel 718 ʻ 

ʚʠʩʦʢʦʤʽʮʥʠʤ ʩʧʣʘʚʦʤ ʥʘ ʦʩʥʦʚʽ Ni-Fe, ʷʢʠʡ, ʷʢ ʚʽʜʦʤʦ, ʚʽʜʯʫʚʘʻ ʜʠʥʘʤʽʯʥʫ 

ʣʦʢʘʣʽʟʘʮʽʶ ʟʩʫʚʫ ʧʽʜ ʯʘʩ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ (Komanduri and Schroeder, 

1986) [171]. ʁʦʛʦ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʤ, ʜʝ ʧʦʪʨʽʙʥʘ ʢʦʤʙʽʥʘʮʽʷ 

ʤʽʮʥʦʩʪʽ, ʧʨʠ ʚʠʩʦʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʪʘ ʦʧʦʨʫ ʚʪʦʤʽ, ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʚʠʩʦʢʦʶ 

ʩʪʽʡʢʽʩʪʶ ʜʦ ʦʢʠʩʣʝʥʥʷ. ɿʘʚʜʷʢʠ ʥʘʷʚʥʦʩʪʽ ʚ ʡʦʛʦ ʭʽʤʽʯʥʦʤʫ ʩʢʣʘʜʽ Nb, Al  ʽ Ti 

ʩʧʣʘʚ 718 ʟʜʘʪʝʥ ʜʦ ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʪʚʝʨʜʽʥʥʷ ʪʘ ʤʦʞʝ ʚʠʛʦʪʦʚʣʷʪʠʩʷ ʚ ʨʽʟʥʠʭ 

ʫʤʦʚʘʭ ʟʘʣʝʞʥʦ ʚʽʜ ʧʝʨʝʜʙʘʯʫʚʘʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʋ ʩʪʘʥʽ ʚʽʜʧʘʣʫ ʪʚʝʨʜʽ 

ʦʩʘʜʠ ʩʧʣʘʚʫ ʧʝʨʝʚʦʜʷʪʴʩʷ ʚ ʨʦʟʯʠʥ, ʜʘʶʯʠ ʤʘʪʝʨʽʘʣ ʟ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʦʶ 

ʤʽʮʥʽʩʪʶ, ʘʣʝ ʜʫʞʝ ʚʠʩʦʢʦʶ ʧʣʘʩʪʠʯʥʽʩʪʶ. ʉʪʘʨʽʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʚʠʜʽʣʝʥʥʷ ʯʘʩʪʠʥʦʢ ɔ' ʪʘ ɔ'' ʬʘʟ, ʷʢʽ ʻ ʧʝʨʝʰʢʦʜʦʶ ʜʣʷ ʨʫʭʫ ʜʠʩʣʦʢʘʮʽʡ 

 ̔ʤʦʞʫʪʴ ʧʽʜʚʠʱʠʪʠ ʤʝʞʫ ʪʝʢʫʯʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʚ 3ï4 ʨʘʟʠ, ʘʣʝ ʚʦʜʥʦʯʘʩ ʨʽʟʢʦ 

ʟʥʠʟʠʪʠ ʧʣʘʩʪʠʯʥʽʩʪʴ. ʆʜʥʘʢ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʜʦʩʷʛʥʫʪʠʭ ʫ ʩʧʣʘʚʽ Inʩonel 718, ʟʘʣʠʰʘʻʪʴʩʷ ʦʜʥʘ ʧʨʦʙʣʝʤʘ, 

ʥʘ  ʷʢʫ ʟʚʝʨʪʘʶʪʴ ʤʘʣʦ ʫʚʘʛʠ, ʮʝ ʚʧʣʠʚ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʥʘ ʪʝʥʜʝʥʮʽʶ ʜʦ 

ʣʦʢʘʣʽʟʘʮʽʾ ʟʩʫʚʫ.  
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ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʛʨʘʥʠʯʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʚʠʩʦʢʦʥʘʚʘʥʪʘʞʝʥʦʛʦ ʧʨʝʩʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʪʘ 

ʟʙʽʣʴʰʝʥʥʷ ʡʦʛʦ ʩʪʽʡʢʦʩʪʽ ʨʦʟʨʦʙʣʝʥʦ ʰʪʘʤʧʦʚʠʡ ʩʧʣʘʚ ʥʘ ʟʘʣʽʟʦʥʽʢʝʣʝʚʽʡ 

ʦʩʥʦʚʽ ʟʽ ʟʤʽʰʘʥʠʤ ʽʥʪʝʨʤʝʪʘʣʽʜʥʦ-ʢʘʨʙʽʜʥʠʤ ʟʤʽʮʥʝʥʥʷʤ ï ʛʦʣʯʘʩʪʠʤʠ 

ʯʘʩʪʠʥʢʘʤʠ ʬʘʟʠ ʃʘʚʝʩʘ ʪʠʧʫ Fe2(W, Mo), ʚʽʜʥʦʩʥʦ ʨʽʚʥʦʚʽʩʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ 

ɔῂ ʬʘʟʠ ʪʠʧʫ Ni3Al  ʽ ʢʘʨʙʽʜʘʤʠ ʪʠʧʫ ʄ23ʉ6 ʪʘ ʄ6ʉ [172]. 

ɼʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʫʩʪʝʥʽʪʥʠʭ ʩʪʘʣʝʡ ʟ ʜʠʩʧʝʨʩʽʡʥʠʤ 

ʪʚʝʨʜʽʥʥʷʤ ʟʘʤʽʩʪʴ ʚʠʩʦʢʦʪʝʧʣʦʩʪʽʡʢʠʭ ʩʝʨʽʡʥʠʭ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ 

ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʢʣʘʩʫ ʦʙʫʤʦʚʣʝʥʘ ʾʭ ʙʽʣʴʰʠʤ ʦʧʦʨʦʤ ʟʥʝʤʽʮʥʝʥʥʶ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʠʱʝ 700 Áʉ [173]. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪʠ ʾʭ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʚʥʘʩʣʽʜʦʢ ʥʝʜʦʩʪʘʪʥʴʦʾ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʤʽʮʥʦʩʪʽ. ɺʪʨʘʪʘ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʩʝʨʽʡʥʠʭ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʚʥʘʩʣʽʜʦʢ ʨʦʟʤʽʮʥʝʥʥʷ ʚ ʦʙʣʘʩʪʽ 

ʚʢʘʟʘʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʻ ʧʨʠʥʮʠʧʦʚʦʶ, ʟʘ ʨʘʭʫʥʦʢ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʧʽʜ ʯʘʩ 

ʧʦʣʽʤʦʨʬʥʦʛʦ ŬŸɔ ʧʝʨʝʪʚʦʨʝʥʥʷ. ʋ ʨʦʙʦʪʽ [174] ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʪhʘʤʧʦʚʘ 

ʩʪʘʣʴ ʤʘʨʢʠ 3ʍ13ɻ10ɸʌʅ4ʄ2, ʷʢʘ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʦʟʽʛʨʽʚʘʻʪʴʩʷ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨ 750-850 Áʉ ʪʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʤʘʪʨʠʮʴ 

ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʨʽʟʥʠʭ ʚʠʨʦʙʽʚ, ʥʘʧʨʠʢʣʘʜ ʬʘʩʦʥʥʠʭ ʧʨʦʬʽʣʽʚ ʟʽ 

ʩʪʘʣʝʡ, ʪʠʪʘʥʦʚʠʭ ʩʧʣʘʚʽʚ ʪʘ ʽʥʰʠʭ ʤʝʪʘʣʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɰɰ ʪʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ 

ʩʢʣʘʜʘʣʘʩʴ ʟ ʛʘʨʪʫʚʘʥʥʷ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 1200 Áʉ (ʯʘʩ ʚʠʪʨʠʤʢʠ - 2 ʛʦʜʠʥʠ) ʟ 

ʦʭʦʣʦʜʞʝʥʥʷʤ ʚ ʦʣʠʚʽ ʪʘ ʥʘʩʪʫʧʥʦʛʦ ʩʪʘʨʽʥʥʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 775 Áʉ 

ʥʘʧʨʦʪʷʟʽ 6 ʛʦʜʠʥ. ɼʠʩʧʝʨʩʽʡʥʝ ʪʚʝʨʜʽʥʥʷ ʩʪʘʣʽ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʪʘʢʠʤʠ 

ʬʘʟʦʫʪʚʦʨʶʶʯʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʷʢ ʚʫʛʣʝʮʴ, ʘʟʦʪ, ʚʘʥʘʜʽʡ, ʭʨʦʤ, ʤʦʣʽʙʜʝʥ ʪʘ 

ʘʣʶʤʽʥʽʡ, ʜʝ ʧʦʨʷʜ ʟ ʢʘʨʙʽʜʘʤʠ ʪʘ ʥʽʪʨʠʜʘʤʠ ʭʨʦʤʫ ʽ ʚʘʥʘʜʽʶ ʚʠʜʽʣʷʶʪʴʩʷ 

ʙʽʣʴʰ ʪʝʧʣʦʩʪʽʡʢʽ ʢʘʨʙʽʜʠ ʽ ʥʽʪʨʠʜʠ ʤʦʣʽʙʜʝʥʫ ʪʘ ʥʽʪʨʠʜʠ ʘʣʶʤʽʥʽʶ. ʉʘʤʝ ʮʝ 

ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʨʽʚʝʥʴ ʾʾ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʤʽʮʥʦʩʪʽ ʪʘ ʧʣʠʥʥʦʩʪʽ, ʜʝ 

ʤʝʞʘ ʤʽʮʥʦʩʪʽ (ʄʇʘ) ʩʪʘʥʦʚʠʪʴ: 490 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 750 Áʉ, 440 ʧʨʠ 800 Áʉ, 

360 ʧʨʠ 850 Áʉ, ʘ ʤʝʞʘ ʧʣʠʥʥʦʩʪʽ (ʄʇʘ) ʩʪʘʥʦʚʠʪʴ: 440 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

750 Áʉ,  390-800 Áʉ,  310-850 Áʉ ʧʨʠ ʫʜʘʨʥʽʡ ʚô̫ ʟʢʦʩʪʽ 720 ʢɼʞ/ʤ
2
.  
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ɺ ʨʦʙʦʪʽ [175] ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʩʫʪʪʻʚʽ ʧʝʨʝʚʘʛʠ ʫ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʽʡ  

(750 ʪʘ 850 Áʉ) ʤʽʮʥʦʩʪʽ ʚʠʩʦʢʦʘʟʦʪʠʩʪʠʭ ʘʫʩʪʝʥʽʪʥʠʭ ʭʨʦʤʦʤʘʨʛʘʥʮʝʚʠʭ 

ʩʪʘʣʝʡ, ʣʝʛʦʚʘʥʠʭ ʚʘʥʘʜʽʻʤ ʪʘ ʤʦʣʽʙʜʝʥʦʤ, ʧʦʨʽʚʥʷʥʦ ʟ ʩʝʨʽʡʥʦʶ 

ʚʠʩʦʢʦʪʝʧʣʦʩʪʽʡʢʦʶ ʰʪʘʤʧʦʚʦʶ ʩʪʘʣʣʶ ʤʘʨʢʠ 5ʍ3ɺ3ʄʌʉ (ɼʀ23).  

ʅʘʡʙʽʣʴʰʽ ʧʦʢʘʟʥʠʢʠ ʪʚʝʨʜʦʩʪʽ ʪʘ ʤʽʮʥʦʩʪʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʜʦʩʣʽʜʥʠʮʴʢʽʡ 

ʩʪʘʣʽ ʤʘʨʢʠ 60ʍ11ɻ16ɸʌ2ʄ2, ʱʦ ʜʦʟʚʦʣʷʻ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʾʾ, ʷʢ ʝʬʝʢʪʠʚʥʠʡ 

ʟʘʤʽʥʥʠʢ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ, ʧʨʠ ʚʠʤʦʛʘʭ ʧʽʜʚʠʱʝʥʦʛʦ ʦʧʦʨʫ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʨʦʟʤʽʮʥʝʥʥʶ ʽʥʩʪʨʫʤʝʥʪʫ. ʎ  ̫ʩʪʘʣʴ ʤʦʞʝ ʙʫʪʠ 

ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʟʘʤʽʥʥʠʢʦʤ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʠʭ 

ʩʠʣʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʟʘ ʪʝʤʧʝʨʘʪʫʨ ʝʢʩʧʣʫʘʪʘʮʽʾ 750 Áʉ ʪʘ ʚʠʱʝ [175]. 

 

1.8 ʐʉɻɼ ʫ ʘʚʪʦʤʦʙʽʣʴʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

 

ɺʨʘʭʦʚʫʶʯʠ ʦʙôʻʤʠ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʚʘʞʣʠʚʽʩʪʴ ʪʦʯʥʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʜʝʪʘʣʝʡ, ʨʦʟʨʦʙʢʘ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʐʉɻɼ ʜʣʷ ʘʚʪʦʤʦʙʽʣʴʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

(ɸʇ) ʟʘʡʤʘʶʪʴ ʦʩʦʙʣʠʚʝ ʤʽʩʮʝ. ʋ ʨʦʙʦʪʘʭ [176-181] ʙʫʣʠ ʜʦʩʣʽʜʞʝʥʽ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʩʪʘʣʝʡ ʪʘ ʾʭ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚ ɸʇ. ʊʘʢʽ ʢʣʶʯʦʚʽ 

ʬʘʢʪʦʨʠ, ʷʢ ʰʚʠʜʢʽʩʪʴ ʥʘʛʨʽʚʘʥʥʷ, ʪʝʤʧʝʨʘʪʫʨʘ ʘʫʩʪʝʥʽʟʘʮʽʾ, ʯʘʩ ʚʠʪʨʠʤʢʠ ʪʘ 

ʰʚʠʜʢʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ, ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ 

 ̔ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ [176-178]. ʇʽʜ ʯʘʩ 

ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʜʫʞʝ ʚʘʞʣʠʚʦ ʪʦʯʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ 

ʘʫʩʪʝʥʽʟʘʮʽʾ ʪʘ ʯʘʩ ʚʠʪʨʠʤʢʠ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʙʘʞʘʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, 

ʚʨʘʭʦʚʫʶʯʠ ʾʭ ʚʧʣʠʚ ʥʘ ʩʪʫʧʽʥʴ ʘʫʩʪʝʥʽʟʘʮʽʾ. ʂʨʽʤ ʪʦʛʦ, ʥʘ ʤʝʭʘʥʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʧʦʚʝʜʽʥʢʫ ʨʫʡʥʫʚʘʥʥʷ ʩʪʘʣʝʡ ʚʧʣʠʚʘʻ ʧʦʧʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʟʝʨʥʘ 

ʘʫʩʪʝʥʽʪʫ, ʷʢʠʡ ʪʘʢʦʞ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʦʶ ʘʫʩʪʝʥʽʟʘʮʽʾ ʪʘ ʯʘʩʦʤ 

ʚʠʪʨʠʤʢʠ [182]. 

ʊʝʭʥʦʣʦʛʽʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʚʠʩʦʢʦʤʽʮʥʠʭ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ 

ʜʣʷ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʘʚʪʦʤʦʙʽʣʷʭ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʪʘʤʧʦʚʠʭ 

ʩʪʘʣʝʡ ʟ ʧʝʚʥʠʤʠ ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ [183]. ɼʣʷ ʛʘʨʷʯʦʛʦ 
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ʰʪʘʤʧʫʚʘʥʥʷ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʙʦʨʤʘʨʛʘʥʮʝʚʘ ʩʪʘʣʴ 22MnB5 [184, 

185]. ʎʝ ʝʢʦʥʦʤʽʯʥʘ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʘ ʩʪʘʣʴ, ʣʝʛʦʚʘʥʘ ʤʘʨʛʘʥʮʝʤ ʽ ʙʦʨʦʤ, ʷʢʘ 

ʤʘʻ ʬʝʨʠʪʥʦ-ʧʝʨʣʽʪʥʫ ʩʪʨʫʢʪʫʨʫ ʟ ʨʦʟʤʽʨʦʤ ʟʝʨʥʘ >10  ʤʢʤ. ɿʘʛʘʨʪʫʚʘʥʥʷ ʥʘ 

ʤʽʩʮʽ ʧʽʩʣʷ ʛʘʨʷʯʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʫʚʘʪʠ ʜʝʪʘʣʽ ʟ ʤʝʞʝʶ 

ʧʣʠʥʥʦʩʪʽ ʧʦʥʘʜ 1000 ʄʇʘ ʪʘ ʤʝʞʝʶ ʤʽʮʥʦʩʪʽ ʧʨʠ ʨʦʟʨʠʚʽ ~1500 ʄʇʘ [186-

188]. ʆʢʨʽʤ ʪʨʘʜʠʮʽʡʥʦʾ ʰʪʘʤʧʦʚʦʾ ʩʪʘʣʽ ʤʘʨʢʠ 22MnB5, ʪʘʢʽ ʩʪʘʣʽ, ʷʢ 

27MnCrB5, 28MnB5, 30MnB5, 33MnCrB5, 34MnB5, 37MnB4 ʽ 38MnB5, 

ʚʠʷʚʠʣʠʩʷ ʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʧʨʦʮʝʩʫ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʚ ʘʚʪʦʤʦʙʽʣʴʥʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʊʘʢʽ ʩʪʘʣʽ ʟʘʟʚʠʯʘʡ ʥʘʟʠʚʘʶʪʴ ʙʦʨʥʠʤʠ (ʟʘʚʜʷʢʠ Mn-B) ʽ 

ʧʦʟʥʘʯʘʶʪʴ ʷʢ AHSS. ɺʦʥʠ ʤʘʶʪʴ ʤʝʞʫ ʧʣʠʥʥʦʩʪʽ ʧʦʥʘʜ 770 ʄʇʘ ʪʘ ʤʝʞʫ 

ʤʽʮʥʦʩʪʽ ʥʘ ʨʦʟʨʠʚ ʚʠʱʝ 1300 ʄʇʘ ʽʟ ʟʘʛʘʣʴʥʠʤ ʚʽʜʥʦʩʥʠʤ ʧʦʜʦʚʞʝʥʥʷʤ 

ʙʣʠʟʴʢʦ 6-8 % [184, 189]. ɿʘʚʜʷʢʠ ʚʠʱʦʤʫ ʝʢʚʽʚʘʣʝʥʪʥʦʤʫ ʚʤʽʩʪʫ ʚʫʛʣʝʮʶ ʪʘ 

ʜʦʜʘʪʢʦʚʠʤ ʝʣʝʤʝʥʪʘʤ Mn ʪʘ Cr, ʪʘʢʽ ʩʪʘʣʽ ʟʘʟʚʠʯʘʡ ʤʘʶʪʴ ʙʽʣʴʰʫ ʤʽʮʥʽʩʪʴ, 

ʥʽʞ ʩʪʘʣʴ 22MnB5. ɼʦ ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʪʘ ʪʚʝʨʜʦʩʪʽ, Mn ʤʦʞʝ ʟʥʠʟʠʪʠ 

ʪʝʤʧʝʨʘʪʫʨʫ ʘʫʩʪʝʥʽʟʘʮʽʾ, ʘ Cr ʤʦʞʝ ʧʽʜʚʠʱʠʪʠ ʩʪʽʡʢʽʩʪʴ ʜʦ ʢʦʨʦʟʽʾ. 

ʐʪʘʤʧʦʚʘ ʩʪʘʣʴ 20Mn2Cr ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʟ ʙʽʣʴʰʦʶ ʧʣʘʩʪʠʯʥʽʩʪʶ ʜʦʩʷʛʣʘ ʤʝʞʽ ʤʽʮʥʦʩʪʽ ï 1513 ʄʇʘ, ʤʝʞʽ  

ʧʣʠʥʥʦʩʪʽ ï 1190 ʄʇʘ ʪʘ ʚʽʜʥʦʩʥʦʛʦ ʧʦʜʦʚʞʝʥʥʷ ï 12 % [190]. ɯʥʰʘ ʩʪʘʣʴ 

ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ Cr ʪʘ Si ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʝʬʝʢʪʫ ʧʣʘʩʪʠʯʥʦʩʪʽ, ʚʠʢʣʠʢʘʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʯʝʨʝʟ ʥʝʚʝʣʠʢʫ 

ʯʘʩʪʢʫ ʟʘʣʠʰʢʦʚʦʛʦ ʘʫʩʪʝʥʽʪʫ [191].  Cʪʘʣʴ 22MnB5 ʤʘʣʘ ʤʝʞʫ ʤʽʮʥʦʩʪʽ 

1680  ʄʇʘ ʪʘ ʟʘʛʘʣʴʥʝ ʧʦʜʦʚʞʝʥʥʷ 9,2 %.  

ʐʪʘʤʧʦʚʽ ʩʪʘʣʽ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʯʫʪʣʠʚʽ ʜʦ ʚʦʜʥʝʚʦʾ 

ʢʨʠʭʢʦʩʪʽ [192-194]. ʇʦʢʨʘʱʝʥʥʷ ʜʦʩʷʛʘʶʪʴʩʷ ʜʦʜʘʚʘʥʥʷʤ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ, 

ʷʢ Nb, Ti [195], V [196], Mo ʪʘ Ta [197]. ʊʘʢʽ ʜʦʙʘʚʢʠ ʟʙʽʣʴʰʫʶʪʴ ʤʽʮʥʽʩʪʴ ʟʘ 

ʨʘʭʫʥʦʢ ʧʦʜʨʽʙʥʝʥʥʷ ʟʝʨʥʘ ʦʩʥʦʚʥʦʛʦ ʘʫʩʪʝʥʽʪʫ ʪʘ ʟʤʝʥʰʫʶʪʴ ʨʠʟʠʢ 

ʫʧʦʚʽʣʴʥʝʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʯʝʨʝʟ ʟʘʭʦʧʣʝʥʥʷ ʚʦʜʥʶ [198]. ʐʪʘʤʧʦʚʘ ʩʪʘʣ ɹ

ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʪʠʧʫ PHS1500 IB ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ 

ʘʚʪʦʤʦʙʽʣʴʥʦʶ ʢʦʤʧʘʥʽʻʶ General Motors ʪʘ ʙʨʘʟʠʣʴʩʴʢʠʤ ʧʦʩʪʘʯʘʣʴʥʠʢʦʤ 
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ʥʽʦʙʽʶ CBMM. ɺʦʥʘ ʙʫʣʘ ʤʽʢʨʦʣʝʛʦʚʘʥʘ Nb ʪʘ V, ʽ ʤʘʻ ʢʨʘʱʠʡ ʙʘʣʘʥʩ ʤʝʞ ̔

ʤʽʮʥʦʩʪʽ ʥʘ ʨʦʟʨʠʚ ʪʘ ʚʠʛʠʥ, ʫ ʧʦʨʽʚʥʷʥʽ ʟʽ ʩʪʘʣʣʶ 22MnB5, ʘ ʪʘʢʦʞ ʤʘʻ 

ʧʦʢʨʘʱʝʥʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʚʦʜʥʝʚʦʾ ʢʨʠʭʢʦʩʪʽ [199]. ʊʨʠʚʘʣʠʡ ʚʧʣʠʚ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʘʪʤʦʩʬʝʨʠ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʦʢʠʩʥʝʥʥʷ ʪʘ 

ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʰʪʘʤʧʦʚʦʾ ʩʪʘʣʽ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ 

[200, 201]. ʆʢʘʣʠʥʘ, ʷʢʘ ʫʪʚʦʨʶʻʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʩʪʘʣʽ, ʪʘʢʦʞ ʤʦʞʝ 

ʧʦʛʽʨʰʠʪʠ ʪʝʧʣʦʦʙʤʽʥ ʤʽʞ ʤʘʪʨʠʮʝʶ ʪʘ ʟʘʛʦʪʦʚʢʦʶ, ʟʥʠʞʫʶʯʠ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʘ ʪʘʢʦʞ ʩʧʨʠʯʠʥʷʶʯʠ ʩʠʣʴʥʽʰʠʡ ʟʥʦʩ ʽʥʩʪʨʫʤʝʥʪʽʚ [202]. 

ʂʨʽʤ ʪʦʛʦ, ʰʪʘʤʧʦʚʘ ʩʪʘʣʴ ʪʘʢʦʞ ʧʽʜʜʘʻʪʴʩʷ ʨʠʟʠʢʫ ʢʦʨʦʟʽʾ ʧʽʜ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. ɿʘʟʚʠʯʘʡ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʮʠʭ ʧʨʦʙʣʝʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʢʨʠʪʪʷ 

ʥʘ ʦʩʥʦʚʽ Al. ʇʦʢʨʠʪʪʷ AlïSi ʙʽʣʴʰʝ 20 ʨʦʢʽʚ ʻ ʦʜʥʠʤ ʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ 

ʧʦʢʨʠʪʪʽʚ ʟʘʚʜʷʢʠ ʙʘʨôʻʨʥʦʤʫ ʟʘʭʠʩʪʫ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ 

Al 2O3. ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʢʨʠʪʪʷ AlïSi ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʝʚʪʝʢʪʠʢʠ AlïSi ʨʘʟʦʤ ʽʟ 

ʩʫʮʽʣʴʥʠʤ ʰʘʨʦʤ ʽʥʪʝʨʤʝʪʘʣʽʜʥʠʭ ʩʧʦʣʫʢ AlïFeïSi. ʎʝʡ ʰʘʨ ʩʧʣʘʚʫ ʩʣʫʞʠʪʴ 

ʙʘʨô̒ ʨʦʤ ʜʣʷ ʢʦʨʦʟʽʾ ʪʘ ʫʪʚʦʨʝʥʥʷ ʦʢʘʣʠʥʠ [203]. ɼʝʬʦʨʤʦʚʘʥʽʩʪʴ ʧʦʢʨʠʪʪʷ 

AlïSi ʥʠʞʯʘ, ʥʽʞ ʫ ʧʽʜʢʣʘʜʢʠ, ʽ ʧʨʠ ʥʠʞʯʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʫ ʰʘʨʽ AlïSi 

ʟʘʟʚʠʯʘʡ ʫʪʚʦʨʶʶʪʴʩʷ ʪʨʽʱʠʥʠ [204]. ɼʦʩʣʽʜʥʠʢʠ ʧʨʘʛʥʫʪʴ ʨʦʟʨʦʙʣʷʪʠ ʩʪʘʣʽ 

ʙʝʟ ʧʦʢʨʠʪʪʷ ʟ ʚʠʩʦʢʦʶ ʩʪʽʡʢʽʩʪʶ ʜʦ ʦʢʠʩʥʝʥʥʷ. ʊʘʢ ʫ General Motors 

ʨʦʟʨʦʙʠʣʠ ʩʪʘʣʴ ʙʝʟ ʧʦʢʨʠʪʪʷ ʟ ʜʦʙʘʚʢʘʤʠ Cr ʽ Si, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʨʘʱʫ 

ʟʜʘʪʥʽʩʪʴ ʜʦ ʟʘʛʘʨʪʫʚʘʥʥʷ ʪʘ ʟʘʭʠʩʪʫ ʚʽʜ ʦʢʠʩʥʝʥʥʷ. ʎʝʡ ʪʠʧ ʩʪʘʣʽ, 

ʚʽʜʦʤʠʡ ʷʢ  ʩʪʘʣʴ ʙʝʟ ʧʦʢʨʠʪʪʷ (CF-PHS), ʤʘʻ ʤʝʞʫ ʤʽʮʥʦʩʪʽ 1722 ʄʇʘ ʪʘ 

ʧʦʜʦʚʞʝʥʥʷ 5,1 %.  

ɿʥʦʩ ʤʘʪʨʠʮʽ ʧʨʠ ʛʘʨʷʯʦʤʫ ʜʝʬʦʨʤʫʚʘʥʥʽ ʻ ʱʝ ʦʜʥʽʻʶ ʩʝʨʡʦʟʥʦʶ 

ʧʨʦʙʣʝʤʦʶ ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʨʠʙʦʣʦʛʽʯʥʦʾ ʧʦʚʝʜʽʥʢʠ ʤʘʪʝʨʽʘʣʽʚ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ, 

 ̔ʙʫʣʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʨʽʟʥʽ ʤʝʪʦʜʠ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʊʘʢ [205], ʜʦʩʣʽʜʞʫʚʘʣʠ ʪʝʨʪʷ 

ʤʽʞ ʤʘʪʨʠʮʝʶ ʪʘ ʟʘʛʦʪʦʚʢʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʦʾ ʤʘʰʠʥʠ 

ʜʣʷ ʽʤʽʪʘʮʽʡʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ. ɺʠʷʚʠʣʠ, ʱʦ ʤʘʩʪʠʣʦ ʤʘʻ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ 
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ʟʤʝʥʰʝʥʥʷ ʟʥʦʩʫ ʤʘʪʨʠʮʽ ʧʽʜ ʯʘʩ ʛʘʨʷʯʦʛʦ ʰʪʘʤʧʫʚʘʥʥʷ. ɼʣʷ ʟʘʛʦʪʦʚʦʢ ʽʟ 

ʧʦʢʨʠʪʪʷʤ AlïSi ʪʘʢʽ ʬʘʢʪʦʨʠ, ʷʢ ʪʝʤʧʝʨʘʪʫʨʘ, ʢʦʥʪʘʢʪʥʠʡ ʪʠʩʢ ʽ ʤʦʨʬʦʣʦʛʽʷ 

ʧʦʢʨʠʪʪʷ, ʪʘʢʦʞ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʨʠʙʦʣʦʛʽʯʥʫ ʧʦʚʝʜʽʥʢʫ [206-208]. ɽʬʝʢʪʠʚʥʝ 

ʟʤʘʱʫʚʘʥʥʷ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʧʨʦʮʝʩʫ 

ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ. ɹʫʣʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʨʽʟʥʽ ʤʝʪʦʜʠ ʪʘ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʨʪʷ ʪʘ ʚʠʙʦʨʫ ʚʽʜʧʦʚʽʜʥʠʭ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʂʨʽʤ 

ʐʉɻɼ ʫ ɸʇ ʜʦʩʣʜ̔ʞʫʚʘʣʠ ʩʘʤʝ ʛʘʨʷʯʝ ʜʝʬʦʨʤʫʚʘʥʥʷ, ʷʢʝ ʷʚʣʷʻ ʩʦʙʦʶ 

ʜʠʥʘʤʽʯʥʠʡ ʧʨʦʮʝʩ, ʱʦ ʚʢʣʶʯʘʻ ʚʠʩʦʢʽ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʠʩʦʢʽ ʰʚʠʜʢʦʩʪʽ 

ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʩʢʣʘʜʥʽ ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʽ ʟʤʽʥʠ. ɼʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ 

ʧʦʚʝʜʽʥʢʠ ʧʣʘʩʪʠʯʥʦʛʦ ʧʦʪʦʢʫ, ʧʦʰʢʦʜʞʝʥʴ, ʜʠʬʫʟʽʾ ʚʦʜʥʶ ʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ 

ʚ ʤʘʪʝʨʽʘʣʘʭ ʧʽʜ ʯʘʩ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʤʦʜʝʣʶʚʘʥʥʷ [209]. 

ʆʩʪʘʥʥʽ ʟʫʩʠʣʣʷ ʙʫʣʠ ʟʦʩʝʨʝʜʞʝʥʽ ʥʘ ʨʽʟʥʠʭ ʘʩʧʝʢʪʘʭ, ʚʢʣʶʯʘʶʯʠ 

ʦʧʪʠʤʽʟʘʮʽʶ ʧʨʦʮʝʩʫ [210], ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʤʘʪʝʨʽʘʣʫ [211], ʪʝʨʤʽʯʥʫ 

ʧʦʚʝʜʽʥʢʫ [212], ʚʠʧʨʦʙʫʚʘʥʥʷ ʬʦʨʤʦʚʘʥʦʩʪʽ [213], ʧʦʢʨʠʪʪʷ ʪʘ ʤʘʩʪʠʣʴʥʽ 

ʤʘʪʝʨʽʘʣʠ [214], ʟʚʘʨʶʚʘʥʥʷ [215, 216] ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ [217] 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʜʣʷ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʘʨʷʯʦʛʦ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʘʣʶʤʽʥʽʻʚʦʛʦ ʩʧʣʘʚʫ.  

 

1.9 ʉʪʘʣʽ ʟ ʈɸʇɽ 

 

ʄʘʪʨʠʮʽ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʦʚʠʥʥʽ ʤʘʪʠ ʚʠʩʦʢʫ ʤʽʮʥʽʩʪʴ, 

ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʫ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ, ʯʘʩʪʢʦʚʦ ʥʘ ʛʣʠʙʠʥʽ ʜʦ 5-10 ʤʤ. 

ʇʫʘʥʩʦʥʠ ʪʘ ʤʘʪʨʠʮʽ ʜʣʷ ʧʨʝʩʫʚʘʥʥʷ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʽʜʯʫʚʘʶʪʴ ʟʥʘʯʥʠʭ 

ʫʜʘʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ʊʦʤʫ, ʥʝʤʘʻ ʧʦʪʨʝʙʠ ʫ ʚʠʩʦʢʽʡ ʧʨʦʛʘʨʪʦʚʫʚʘʥʦʩʪʽ 

ʪʘ ʧʽʜʚʠʱʝʥʥʽ ʫʜʘʨʥʦʾ ʚôʷʟʢʦʩʪʽ. ʆʜʥʘʢ, ʩʪʘʣʽ ʜʣʷ ʧʨʦʪʷʞʥʠʭ ʪʘ ʚʠʩʘʜʦʯʥʠʭ 

ʰʪʘʤʧʽʚ ʧʦʚʠʥʥʽ ʤʘʪʠ ʙʽʣʴʰ ʚʠʩʦʢʠʡ ʦʧʽʨ ʪʝʨʤʽʯʥʽʡ ʚʪʦʤʽ ʪʘ ʚʠʩʦʢʫ 

ʤʽʮʥʽʩʪʴ. ʅʘʛʨʽʚ ʩʪʘʣʽ ʚ ʪʦʥʢʦʤʫ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʧʫʘʥʩʦʥʘ, ʦʩʦʙʣʠʚʦ 

ʧʨʦʰʠʚʥʦʛʦ, ʜʦʩʷʛʘʻ 800-850 Üʉ, ʪʦʙʪʦ ʪʝʤʧʝʨʘʪʫʨ ʚʠʱʝ ʢʨʠʪʠʯʥʦ ʾʪʦʯʢʠ ɸʩ3 

[90]. ɺ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʫ ʩʪʘʣʽ ʧʨʠ ʢʦʞʥʦʤʫ ʥʘʛʨʽʚʽ ʪʘ ʦʭʦʣʦʜʞʝʥʽ ʤʦʞʫʪʴ 
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ʚʽʜʙʫʚʘʪʠʩʴ ʬʘʟʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽ ʩʧʨʠʯʠʥʝʥʽ ʥʠʤʠ ʦʙôʻʤʥʽ ʟʤʽʥʠ, 

ʫʪʚʦʨʶʶʯʠ ʪʘʢ ʟʚʘʥʠʡ çʨʦʟʛʘʨè ʫ ʚʠʛʣʷʜʽ ʩʽʪʢʠ ʪʨʽʱʠʥ ʥʘ ʧʦʚʝʨʭʥʽ. ʗʚʠʱʝ 

ʨʦʟʛʘʨʫ, ʷʢʝ ʙʫʣʦ ʚʧʝʨʰʝ ʦʧʠʩʘʥʝ ɼ.ʂ. ʏʝʨʥʦʚʠʤ ʫ ʡʦʛʦ ʚʽʜʦʤʦʤʫ 

ʜʦʩʣʽʜʞʝʥʥʽ ʩʪʚʦʣʽʚ ʩʪʘʣʴʥʦʾ ʟʙʨʦʾ, ʧʦʪʽʤ ʚʠʚʯʘʣʦʩʴ ʙʘʛʘʪʴʤʘ ʜʦʩʣʽʜʥʠʢʘʤʠ. 

ɹʽʣʴʰ ʜʦʢʣʘʜʥʦ ʚʦʥʦ ʚʠʚʯʘʣʦʩʴ ɸ.ɺ. ʊʫʨʩʫʥʦʚʠʤ [69] ʧʨʠ ʚʠʚʯʝʥʥʽ ʩʪʽʡʢʦʩʪʽ 

ʧʨʦʰʠʚʥʠʭ ʧʫʘʥʩʦʥʽʚ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʽʟ ʭʨʦʤʦʥʽʢʝʣʝʚʦʾ ʩʪʘʣʽ 5ʍʅʄ, ʷʢʽ 

ʰʚʠʜʢʦ ʧʦʢʨʠʚʘʣʠʩʷ ʩʽʪʢʦʶ ʪʨʽʱʠʥ. ʊʚʝʨʜʽʩʪʴ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʧʨʠ ʮʴʦʤʫ 

ʧʦʤʽʪʥʦ ʟʨʦʩʪʘʣʘ. ʗʢ ʧʦʢʘʟʘʚ ʤʽʢʨʦʘʥʘʣʽʟ, ʩʪʘʣʴ ʚ ʪʘʢʦʤʫ ʰʘʨʽ ʦʪʨʠʤʫʚʘʣʘ 

ʩʪʨʫʢʪʫʨʫ ʤʘʨʪʝʥʩʠʪʫ, ʭʦʯʘ ʧʽʩʣʷ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ (ʜʦ ʝʢʩʧʣʫʘʪʘʮʽʾ) ʚʦʥʘ 

ʤʘʣʘ ʩʪʨʫʢʪʫʨʫ ʩʦʨʙʽʪʫ. ʊʘʢʫ ʟʤʽʥʫ ʩʪʨʫʢʪʫʨʠ ʚʠʢʣʠʢʘʣʦ ʪʝ, ʱʦ ʚ ʧʨʦʮʝʩʽ 

ʨʦʙʦʪʠ ʧʫʘʥʩʦʥʘ ʪʦʥʢʠʡ ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʥʘʛʨʽʚʘʚʩʷ ʚʠʱʝ ʢʨʠʪʠʯʥʦʾ ʪʦʯʢʠ 

ɸʩ1 (ʤʦʞʣʠʚʦ ʥʘʚʽʪʴ ʚʠʱʝ ʪʦʯʢʠ ɸʩ3) ʽ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʧʽʩʣʷ ʢʦʞʥʦʾ 

ʧʨʦʰʠʚʢʠ ʧʽʜʛʘʨʪʦʚʫʚʘʚʩʷ. ɺ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʫ ʧʦʚʝʨʭʥʦʚʦʤʫ ʰʘʨʽ 

ʚʠʥʠʢʘʣʠ ʙʘʛʘʪʦʨʘʟʦʚʦ ʬʘʟʦʚʽ ʽ ʪʝʨʤʽʯʥʽ ʥʘʧʨʫʞʝʥʥʷ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʧʫʘʥʩʦʥʠ, 

ʚʠʛʦʪʦʚʣʝʥʽ ʽʟ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʩʪʘʣʝʡ 4ʍʉ, 30ʍɻʉ, 35ʍɻʉ, ʤʘʣʠ ʟʥʘʯʥʦ 

ʤʝʥʰʫ ʩʽʪʢʫ ʪʨʽʱʠʥ, ʷʢʫ ʚʠʷʚʣʷʣʠ ʧʽʩʣʷ ʜʦʚʛʦʪʨʠʚʘʣʦʾ ʨʦʙʦʪʠ, ʽ ʤʘʣʠ ʚ 1,5-2 

ʨʘʟʠ ʙʽʣʴʰ ʚʠʩʦʢʫ ʩʪʽʡʢʽʩʪʴ, ʥʽʞ ʧʫʘʥʩʦʥʠ, ʷʢʽ ʙʫʣʠ ʚʠʛʦʪʦʚʣʝʥʽ ʽʟ ʩʪʘʣʽ 

5ʍʅʄ. ʇʦʷʩʥʶʚʘʣʦʩʷ ʮʝ ʪʠʤ, ʱʦ ʩʪʘʣʽ, ʣʝʛʦʚʘʥʽ Cr ʪʘ Si, ʤʘʣʠ ʙʽʣʴʰ ʚʠʩʦʢʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʢʨʠʪʠʯʥʠʭ ʪʦʯʦʢ; ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʽʚʘʥʥʷ ʪʘʢʠʭ ʩʪʘʣʝʡ 

ʚ ʘʥʘʣʦʛʽʯʥʠʭ ʫʤʦʚʘʭ ʥʝ ʜʦʩʷʛʘʣʘ ʢʨʠʪʠʯʥʦʾ ʪʦʯʢʠ Ac3 ʽ ʪʦʤʫ, ʥʝ ʚʽʜʙʫʚʘʣʠʩʴ 

ʬʘʟʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ. ʊʝʤʧʝʨʘʪʫʨʘ ɸʩ1 ʜʣʷ ʩʪʘʣʝʡ 4ʍʉ, 30ʍɻʉ ʪʘ 35ʍɻʉ 

ʩʢʣʘʜʘʣʘ ~770 Üʉ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ɸʩ3 ʜʦʩʷʛʘʣʘ ʧʨʠʙʣʠʟʥʦ 860 Üʉ ʜʣʷ ʩʪʘʣʽ 4ʍʉ 

ʽ 880 Áʉ ʜʣʷ ʩʪʘʣʽ 30ʍɻʉ. ɺ ʪʦʡ ʯʘʩ, ʷʢ ʢʨʠʪʠʯʥʽ ʪʦʯʢʠ ʩʪʘʣʽ 5ʍʅʄ 

ʩʪʘʥʦʚʠʣʠ: 730 Üʉ (ɸʩ1) ʪʘ 780 Üʉ (ɸʩ3). ɺ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʦʥʢʽ 

(ʜʽʘʤʝʪʨʦʤ ʜʦ 20 ʤʤ) ʪʘ ʜʦʚʛʽ ʧʫʘʥʩʦʥʠ (ʧʨʦʰʠʚʥʽ ʛʦʣʢʠ) ʚʽʜʯʫʚʘʶʪʴ 

ʧʽʜʚʠʱʝʥʽ ʫʜʘʨʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʚʠʢʣʠʢʘʶʪʴ ʜʝʬʦʨʤʘʮʽʶ ʪʘ ʟʤʠʥʘʥʥʷ, 

ʘ ʧʨʠ ʚʠʭʦʜʽ ʽʟ ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʤʝʪʘʣʫ, ʪʦʙʪʦ ʧʨʠ ʦʙʝʨʥʝʥʦʤʫ ʭʦʜʽ, 

ʚʠʥʠʢʘʶʪʴ ʟʥʘʯʥʽ ʨʦʟʪʷʛʫʶʯʽ ʥʘʧʨʫʞʝʥʥʷ, ʱʦ ʚʠʢʣʠʢʘʶʪʴ ʫʪʚʦʨʝʥʥʷ ʰʠʡʢʠ 

ʪʘ ʚʪʨʘʪʫ ʚʠʭʽʜʥʠʭ ʨʦʟʤʽʨʽʚ ʪʘ ʬʦʨʤʠ. ʂʨʽʤ ʪʦʛʦ, ʪʘʢʽ ʧʫʘʥʩʦʥʠ ʥʘʛʨʽʚʘʶʪʴʩʷ 
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ʜʦ ʙʽʣʴʰ ʚʠʩʦʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʥʘ ʚʝʣʠʢʫ ʛʣʠʙʠʥʫ  ʚʥʘʩʣʽʜʦʢ ʥʝʚʝʣʠʢʦʾ ʤʘʩʠ. 

ɼʣʷ ʪʘʢʠʭ ʧʫʘʥʩʦʥʽʚ ʥʝʦʙʭʽʜʥʦ ʚʠʙʠʨʘʪʠ ʩʪʘʣʴ 3ʍ2ɺ8ʌ, ʱʦ ʤʘʻ ʪʝʤʧʝʨʘʪʫʨʫ 

ʝʚʪʝʢʪʦʾʜʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ɸʩ1 ~830 Üʉ ʽ ʩʪʽʡʢʽʩʪʴ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ 

ʧʽʜʚʠʱʝʥʠʭ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ. ɼʣʷ ʧʫʘʥʩʦʥʽʚ, ʱʦ 

ʧʨʘʮʶʶʪʴ ʚ ʩʢʣʘʜʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʘʣʝ ʤʘʶʪʴ ʙʽʣʴʰʠʡ ʜʽʘʤʝʪʨ, ʘʣʝ 

ʤʝʥʰʝ ʚʽʜʥʦʰʝʥʥʷ ʜʦʚʞʠʥʠ ʜʦ ʜʽʘʤʝʪʨʫ, ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʪʘʣʴ 4ʍ8ɺ2 [90]. 

ɯʟ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʩʪʘʣʽ ʜʣʷ ʤʦʣʦʪʦʚʠʭ ʰʪʘʤʧʽʚ ʧʨʘʢʪʠʯʥʦ ʫ 

ʚʩʽʭ ʢʨʘʾʥʘʭ ʚʚʦʜʷʪʴ ʭʨʦʤ, ʥʽʢʝʣʴ ʪʘ ʤʦʣʽʙʜʝʥ. ʆʧʪʠʤʘʣʴʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢ ʽ ʫ ʢʦʥʩʪʨʫʢʮʽʡʥʽʡ ʩʪʘʣʽ, ʟʘʙʝʟʧʝʯʫʻ ʛʣʠʙʦʢʫ 

ʧʨʦʛʘʨʪʦʚʫʚʘʥʽʩʪʴ, ʚʠʩʦʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʮʥʦʩʪʽ, ʧʣʘʩʪʠʯʥʦʩʪʽ ʪʘ ʚôʷʟʢʦʩʪʽ 

ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʘ ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʦʩʦʙʣʠʚʦ 400-450 Üʉ [36].  

ʄʦʣʽʙʜʝʥ, ʢʨʽʤ ʪʦʛʦ, ʟʤʝʥʰʫʻ ʩʭʠʣʴʥʽʩʪʴ ʩʪʘʣʽ ʜʦ ʚʽʜʧʫʩʢʥʦʾ ʢʨʠʭʢʦʩʪʽ. 

ʅʘʧʨʠʢʣʘʜ, ʪʘʢʘ ʩʪʘʣʴ ʤʦʞʝ ʩʣʫʞʠʪʠ ʟʘʤʽʥʥʠʢʦʤ ʩʪʘʣʽ ʤʘʨʢʠ 5ʍʅʄ. 

ʆʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʚʠʩʦʢʦʥʽʢʝʣʝʚʠʭ ʩʪʘʣʝʡ ʚ ʅʽʤʝʯʯʠʥʽ ʚʚʘʞʘʣʦʩʴ [36] ʪʝ, 

ʱʦ ʜʦ ʪʝʤʧʝʨʘʪʫʨ 400-450 Üʉ ʫ ʥʠʭ ʚʽʜʥʦʰʝʥʥʷ ʤʝʞʽ ʧʣʠʥʥʦʩʪʽ ʜʦ ʤʝʞʽ 

ʤʽʮʥʦʩʪʽ ʙʫʣʦ ʤʝʥʰʠʤ, ʥʽʞ ʫ ʥʠʟʴʢʦʥʽʢʝʣʝʚʠʭ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚʦʥʠ ʤʘʣʠ 

ʚʣʘʩʪʠʚʽʩʪʴ ʛʘʩʠʪʠ ʥʘʧʨʫʞʝʥʥʷ ʪʘ ʤʝʥʰʝ ʨʦʟʪʨʽʩʢʫʚʘʣʠʩʷ. ʊʦʤʫ ʜʣʷ 

ʟʙʽʣʴʰʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʰʪʘʤʧʽʚ ʽʟ ʥʠʟʴʢʦʥʽʢʝʣʝʚʠʭ ʩʪʘʣʝʡ, ʦʩʦʙʣʠʚʦ ʜʦʜʘʪʢʦʚʦ 

ʣʝʛʦʚʘʥʠʭ ʚʘʥʘʜʽʻʤ, ʨʝʢʦʤʝʥʜʫʚʘʣʠ ʧʽʜʚʠʱʠʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʾʭ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʧʽʜʽʛʨʽʚʫ. ʁʤʦʚʽʨʥʦ, ʱʦ ʜʝʷʢʘ ʧʝʨʝʚʘʛʘ ʚʠʩʦʢʦʥʽʢʝʣʝʚʠʭ ʩʪʘʣʝʡ ʟʚʦʜʠʣʘʩʷ ʜʦ 

ʟʤʝʥʰʝʥʥʷ, ʟʘ ʨʘʭʫʥʦʢ ʥʽʢʝʣʶ, ʩʭʠʣʴʥʦʩʪʽ ʩʪʘʣʽ ʜʦ ʢʨʠʭʢʦʛʦ ʨʫʡʥʫʚʘʥʥʷ, ʽ ʚ 

ʮʴʦʤʫ ʞ ʥʘʧʨʷʤʢʫ ʜʽʷʣʦ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʽʜʽʛʨʽʚʫ. ʋ 

ʟʚôʷʟʢʫ ʟ ʮʠʤ ʥʝʦʙʭʽʜʥʦ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʧʨʠʩʫʪʥʽʩʪʴ ʚ ʰʪʘʤʧʦʚʽʡ ʬʽʛʫʨʽ 

ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʤʽʩʮʴ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʧʨʫʞʝʥʴ ʧʽʜʩʠʣʶʻ ʤʦʞʣʠʚʽʩʪʴ 

ʢʨʠʭʢʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʰʪʘʤʧʫ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʱʝ ʙʽʣʴʰʝ, 

ʥʽʞ ʚ ʽʥʰʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ, ʥʝʦʙʭʽʜʥʦ ʪʘʢʦʞ ʧʦʜʙʘʪʠ ʧʨʦ ʧʽʜʚʠʱʝʥʥʷ ʦʧʦʨʫ 

ʚʽʜʨʠʚʫ ʚ ʩʪʘʣʽ. 

ʇʨʝʩʫʚʘʥʥʷ ʪʨʫʙ ʽʟ ʟʣʠʚʢʘ ʘʙʦ ʟʘʛʦʪʦʚʢʠ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʴ ʷʢ ʥʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʧʨʝʩʽ, ʪʘʢ ʽ ʥʘ ʚʝʨʪʠʢʘʣʴʥʦʤʫ. ʂʦʣʴʦʨʦʚʽ ʩʧʣʘʚʠ, 
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ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʪʨʫʙ (ʤʝʣʴʭʽʦʨ, ʄʅɾʄʮ30-0,8-1,0, 

ɹʨʆʌ7-0,2, ɼ1, ɼ16, ɺ95) ʤʘʶʪʴ ʚʠʩʦʢʠʡ ʦʧʽʨ ʜʝʬʦʨʤʘʮʽʾ [163]. ɹʫʣʠ 

ʧʨʦʚʝʜʝʥʽ ʩʧʨʦʙʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʣʝʡ ʣʝʛʦʚʘʥʠʭ ʥʽʢʝʣʝʤ 27ʍ2ʅʄʌ, 

30ʍ2ʄʌʅ ʪʘ 5ʍ2ʄʅʌ [30]. ʉʪʘʣʴ 5ʍ2ʄʅʌ ʤʘʻ ʧʽʜʚʠʱʝʥʫ ʪʝʧʣʦʩʪʽʡʢʽʩʪʴ, 

ʘ  ʦʩʥʦʚʥʝ, ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, ʧʨʠ 400-450 Üʉ, ʯʝʨʝʟ ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʚʫʛʣʝʮʶ. 

ɺʦʥʘ ʧʦʩʪʫʧʘʻʪʴʩʷ ʩʪʘʣʷʤ 30ʍ2ʄʌʅ ʪʘ 27ʍ2ʅʄʌ ʫ ʚô̫ ʟʢʦʩʪʽ ʽ ʥʘʩʘʤʧʝʨʝʜ ʫ 

ʚʝʣʠʢʠʭ ʧʝʨʝʪʠʥʘʭ; ʾʾ ʝʬʝʢʪʠʚʥʦ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʥʝʚʝʣʠʢʠʭ 

ʰʪʘʤʧʽʚ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʜʣʷ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʢʣʘʧʘʥʽʚ. 

ʇʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʪʨʫʙ ʽʟ ʤʽʜʥʦ-ʥʽʢʝʣʝʚʦʛʦ ʩʧʣʘʚʫ ʄʅɾ 5-1 ʚ ʧʨʦʮʝʩʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʽʥʩʪʨʫʤʝʥʪ ʧʽʜʜʘʻʪʴʩʷ ʮʠʢʣʽʯʥʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʩʠʣʦʚʦʤʫ  

ʥʘʚʘʥʪʘʞʝʥʶ [218]. ʇʦʚʝʨʭʥʷ ʢʦʥʪʘʢʪʫ ʨʦʟʽʛʨʽʚʘʻʪʴʩʷ ʜʦ 900-950 Áʉ, 

ʘ ʢʦʥʪʘʢʪʥʠʡ ʪʠʩʢ ʜʦʩʷʛʘʻ 800-1000 ʄʇʘ, ʪʨʠʚʘʣʽʩʪʴ ʢʦʥʪʘʢʪʫ ʜʦʩʷʛʘʻ 5-

60 ʩʝʢʫʥʜ, ʘ ʚʩʴʦʛʦ ʮʠʢʣʫ 1,0-2,5 ʭʚʠʣʠʥ (ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʝʩʦʚʘʥʦʛʦ 

ʩʧʣʘʚʫ ʪʘ ʩʦʨʪʘʤʝʥʪʫ ʚʠʨʦʙʫ). ɺ ʪʘʢʠʭ ʫʤʦʚʘʭ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʞʘʨʦʤʽʮʥʽ ʤʘʪʝʨʽʘʣʠ ʥʘ ʟʘʣʽʟʦ-ʥʽʢʝʣʝʚʽʡ ʪʘ ʥʽʢʝʣʝʚʽʡ 

ʦʩʥʦʚʘʭ ʪʘʢ,̔ ʷʢ ʍʅ62ʄɺʂʖ ʘʙʦ ɾʉ6ʂ. ʊʦʙʪʦ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʰʪʘʤʧʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ ʪʘ ʩʧʣʘʚʽʚ ʻ ʞʘʨʦʤʽʮʥʽ ʩʪʘʣʽ ʘʫʩʪʝʥʽʪʥʦʛʦ ʢʣʘʩʫ. ʆʜʥʘʢ, 

ʪʘʢʽ ʩʪʘʣʽ ʤʘʶʪʴ ʨʷʜ ʥʝʜʦʣʽʢʽʚ, ʷʢʽ ʦʙʤʝʞʫʶʪʴ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ: ʧʦʥʠʞʝʥʫ 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʪʘ ʚʠʩʦʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ. ɰʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʞ ʦʙʤʝʞʝʥʝ ʯʝʨʝʟ ʧʦʛʽʨʰʝʥʫ ʦʙʨʦʙʢʫ ʨʽʟʘʥʥʷʤ ʪʘ ʚʠʩʦʢʫ 

ʚʘʨʪʽʩʪʴ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ. 

ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʛʘʨʷʯʦʛʦ ʧʨʝʩʫʚʘʥʥʷ ʤʝʪʘʣʽʚ 

(ʤʘʪʨʠʮʽ, ʛʦʣʢʠ, ʧʨʝʩ-ʰʘʡʙʠ ʽ ʪ. ʜ.) ʨʦʟʨʦʙʣʝʥʦ ʩʧʣʘʚ ʥʘ ʟʘʣʽʟʦ-ʥʽʢʝʣʝʚʽʡ 

ʦʩʥʦʚʽ ʍʅ35ɺ6ʊʖ (ɽʂ39) [219] ʷʢ ʝʬʝʢʪʠʚʥʠʡ ʟʘʤʽʥʥʠʢ ʩʝʨʽʡʥʠʭ 

ʚʠʩʦʢʦʪʝʧʣʦʩʪʽʡʢʠʭ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʢʣʘʩʫ ʪʠʧʫ 

5ʍ3ɺ3ʄʌʉ (ɼʀ23). ʉʧʣʘʚ ʤʘʻ ɻʎʂ ʢʨʠʩʪʘʣʽʯʥʫ ˇʨʘʪʢʫ ʦʩʥʦʚʠ ʽ ʟʤʽʮʥʶʻʪʴʩʷ 

ʧʨʠ ʜʠʩʧʝʨʩʽʡʥʦʤʫ ʪʚʝʨʜʽʥʥʽ ʯʘʩʪʠʥʢʘʤʠ ɔǋ - ʬʘʟʠ ʪʠʧʫ Ni3(Al,Ti). ɿʤʽʮʥʝʥʥʷ 

ʟʘʣʽʟʦ-ʥʽʢʝʣʝʚʠʭ ʩʧʣʘʚʽʚ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʣʝʛʫʚʘʥʥʷʤ ʾʭ ʘʣʶʤʽʥʽʻʤ ʪʘ ʪʠʪʘʥʦʤ 
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[220]. ɿʤʽʮʥʶʚʘʣʴʥʫ ʪʝʨʤʽʯʥʫ ʦʙʨʦʙʢʫ ʧʨʝʩʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʽʟ ʩʧʣʘʚʫ 

ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʚʠʢʦʥʫʚʘʪʠ ʟʘ ʨʝʞʠʤʦʤ: ʛʘʨʪʫʚʘʥʥʷ 1150 Áʉ, 2 ʛʦʜʠʥʠ, ʦʣʠʚʘ 

+ ʩʪʘʨʽʥʥʷ 780 Áʉ, 10 ʛʦʜʠʥ. ʆʜʥʘʢ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʙʽʣʴʰ ʚʠʩʦʢʫ 

ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ, ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʣʘʚʫ ʩʪʨʠʤʫʻʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʛʽʨʰʦʶ, 

ʘ ʚʽʜʧʦʚʽʜʥʦ ʽ ʙʽʣʴʰ ʚʠʪʨʘʪʥʦʶ, ʤʝʭʘʥʽʯʥʦʶ ʦʙʨʦʙʢʦʶ ʨʽʟʘʥʥʷʤ ʧʦʨʽʚʥʷʥʦ ʟ 

ʩʝʨʽʡʥʠʤʠ ʰʪʘʤʧʦʚʠʤʠ ʩʪʘʣʷʤʠ. ʎʝ ʚʣʘʩʪʠʚʦ ʜʣʷ ʫʩʽʭ ʩʧʣʘʚʽʚ ʟ ɻʎʂ 

ʢʨʠʩʪʘʣʽʯʥʦʶ ˇʨʘʪʢʦʶ ʚʥʘʩʣʽʜʦʢ ʙʽʣʴʰʦʾ ʩʭʠʣʴʥʦʩʪʽ ʜʦ ʥʘʢʣʝʧʫ, ʘʜʛʝʟʽʾ 

(ʩʭʦʧʣʝʥʥʷ), ʧʽʜʚʠʱʝʥʦʛʦ ʥʘʛʨʽʚʫ ʪʘ ʽʥʰʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚ ʟʦʥʽ ʨʽʟʘʥʥʷ [221, 

222]. ɼʣʷ ʢʨʘʱʦʾ ʦʙʨʦʙʣʶʚʘʥʦʩʪʽ ʨʽʟʘʥʥʷʤ ʟʘʛʦʪʦʚʢʠ ʽʟ ʩʧʣʘʚʫ ʍʅ35ɺ6ʊʖ 

(ɽʂ39) ʧʦʧʝʨʝʜʥʴʦ ʧʦʪʨʽʙʥʦ ʧʽʜʜʘʚʘʪʠ ʛʘʨʪʫʚʘʥʥʶ [223]. ʊʘʢʘ ʪʝʨʤʽʯʥʘ 

ʦʙʨʦʙʢʘ, ʧʦʨʽʚʥʷʥʦ ʟʽ ʩʪʘʥʦʤ ʧʦʩʪʘʚʢʠ, ʟʤʝʥʰʫʻ ʚʠʪʨʘʪʠ ʥʘ ʨʽʟʘʣʴʥʠʡ 

ʽʥʩʪʨʫʤʝʥʪ ʤʘʡʞʝ ʚ 15 ʨʘʟʽʚ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʨʦʙʠʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʣʘʚʫ 

ʟʘʤʽʩʪʴ ʩʝʨʽʡʥʠʭ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʠʤ. ʆʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʽ ʜʣʷ ʽʥʰʠʭ ʩʧʣʘʚʽʚ ʟ ɻʎʂ ʢʨʠʩʪʘʣʽʯʥʦʶ 

ˇʨʘʪʢʦʶ, ʱʦ ʟʤʽʮʥʶʶʪʴʩʷ ɔǋ - ʬʘʟʦʶ ʪʠʧʫ Ni3(Al, Ti), ʦʩʢʽʣʴʢʠ ʧʦʛʘʥʘ 

ʦʙʨʦʙʣʶʚʘʥʽʩʪʴ ʨʽʟʘʥʥʷʤ ʻ ʟʘʛʘʣʴʥʦʶ ʾʭ ʦʩʦʙʣʠʚʽʩʪʶ [223].  

ʆ.ɼ. ʆʟʝʨʩʴʢʠʡ ʪʘ ʩʧʽʚʨʦʙʽʪʥʠʢʠ ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʥʦʚʽ ʩʪʘʣʽ ʟ ʈɸʇɽ 

ʤʘʨʢʠ 4ʍ3ʅ5ʄ3ʌ, 5ʍ3ʅ5ʄ3ʌ2, 4ʍ2ʅ5ʄ3ʂ5ʌ, ʷʢʽ ʜʠʩʧʝʨʩʽʡʥʦ 

ʟʤʽʮʥʶʚʘʣʠʩʷ ʚ ʘʫʩʪʝʥʽʪʥʦʤʫ ʩʪʘʥʽ. ʎʽ ʩʪʘʣʽ ʛʘʨʥʦ ʟʘʨʝʢʦʤʝʥʜʫʚʘʣʠ ʩʝʙʝ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʱʦ ʝʢʩʧʣʫʘʪʫʚʘʣʠʩʷ ʫ ʚʘʞʢʠʭ ʪʝʤʧʝʨʘʪʫʨʥʦ -

ʩʠʣʦʚʠʭ ʫʤʦʚʘʭ ʚ ʦʙʣʘʩʪʽ ʪʝʤʧʝʨʘʪʫʨ 700-800 ̄ ʉ [11]. 

ɼʣʷ ʛʘʨʷʯʦʛʦ ʧʨʝʩʫʚʘʥʥʷ ʤʽʜʥʦ-ʥʽʢʝʣʝʚʠʭ ʩʧʣʘʚʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʪʘʢʦʞ ʩʪʘʣʴ ʟ ʈɸʇɽ [224], ʷʢʘ ʫ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʘ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ 

ʚʠʱʝ ʢʨʠʪʠʯʥʦʾ ʪʦʯʢʠ ɸʩ3 ʻ ʙʽʣʴʰ ʩʪʽʡʢʦʶ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʩʪʘʣʷʤʠ ʥʘ 

ʬʝʨʠʪʥʽʡ ʦʩʥʦʚʽ. ʉʪʘʣʽ ʟ ʈɸʇɽ, ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʪʠʤ, ʱʦ ʧʽʩʣʷ ʛʘʨʪʫʚʘʥʥʷ 

ʤʘʶʪʴ ʤʘʨʪʝʥʩʠʪʥʫ ʩʪʨʫʢʪʫʨʫ, ʘʣʝ ʧʨʠ ʨʦʙʦʪʽ ʰʪʘʤʧʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨ ʚʠʱʝ ʢʨʠʪʠʯʥʦʾ ʪʦʯʢʠ ɸʩ3, ʧʨʘʮʶʶʪʴ ʚ ʘʫʩʪʝʥʽʪʥʽʡ ʦʙʣʘʩʪʽ [11]. 

ɼʦʜʘʪʢʦʚʝ ʚʚʝʜʝʥʥʷ ʣʝʛʫʶʯʦʛʦ ʝʣʝʤʝʥʪʫ ʥʽʢʝʣʶ ʫ  ʩʪʘʣʴ ʥʘ ʬʝʨʠʪʥʽʡ ʦʩʥʦʚʽ 

ʟʫʤʦʚʠʣʦ ʟʥʠʞʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʪʦʯʦʢ ɸ1 ʪʘ ɸ3 [36, 125, 225-230]. ʋ ʪʘʢʠʭ 
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ʩʪʘʣʷʭ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʘ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʫʪʚʦʨʶʻʪʴʩʷ ʘʫʩʪʝʥʽʪʥʘ 

ʩʪʨʫʢʪʫʨʘ ʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚʠʩʦʢʽ ʩʣʫʞʙʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʘʣʝ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʮʠʭ ʩʪʘʣʝʡ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ ʥʝ ʙʫʣʠ 

ʨʦʟʨʦʙʣʝʥ ̔ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʨʦʙʦʪʠ ʫ ʢʦʥʢʨʝʪʥʠʭ 

ʪʝʨʤʦʩʠʣʦʚʠʭ ʫʤʦʚʘʭ. ɺʠʙʽʨ ʩʪʘʣʽ ʜʣʷ ʤʘʪʨʠʮʴ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʤʽʜʥʠʭ ʩʧʣʘʚʽʚ ʨʦʟʛʣʷʜʘʚʩʷ ʨʘʥʽʰʝ ʆ.ɼ. ʆʟʝʨʩʴʢʠʤ. ʅʠʤ ʙʫʣʦ ʜʦʩʷʛʥʫʪʦ 

ʽʩʪʦʪʥʝ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʤʘʪʨʠʮʴ ʫ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʘ ʪʝʤʧʝʨʘʪʫʨ 

900 Áʉ [231-236]
.
.
 
ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʽʜ ʜʽʻʶ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʪʘ 

ʧʝʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʪʠʩʢʫ) ʧʨʠ ʢʦʞʥʦʤʫ ʮʠʢʣʽ ʧʨʝʩʫʚʘʥʥʷ ʤʽʜʥʦʛʦ 

ʩʧʣʘʚʫ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʣʘʩʪʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʽʥʩʪʨʫʤʝʥʪʫ. 

ʅʘʢʦʧʠʯʝʥʥʷ ʪʘʢʦʾ ʜʝʬʦʨʤʘʮʽʾ ʥʝ ʟʤʽʮʥʶʻ ʤʽʮʥʽʩʪʴ ʰʪʘʤʧʦʚʦʾ ʩʪʘʣʽ ʟ ʆʎʂ 

ʛʨʘʪʢʦʶ, ʘʣʝ ʤʦʞʝ ʟʤʽʮʥʶʚʘʪʠ ʩʪʘʣʽ ʟ ɻʎʂ ʛʨʘʪʢʦʶ [33, 225]. ʊʦʙʪʦ, ʫ 

ʧʨʦʮʝʩʽ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ, ʰʪʘʤʧʦʚʽ ʩʪʘʣʽ ʚ ʘʫʩʪʝʥʽʪʥʦʤʫ ʩʪʘʥʽ ʧʦʚʠʥʥʽ 

ʤʘʪʠ ʧʽʜʚʠʱʝʥʫ ʪʝʨʤʽʯʥʫ ʩʪʽʡʢʽʩʪʴ. ʊʘʢʽ ʩʪʘʣʽ ʧʦʚʠʥʥʽ ʤʘʪʠ ʧʽʜʚʠʱʝʥʫ 

ʪʝʨʤʽʯʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʝʨʝʦʭʦʣʦʜʞʝʥʦʛʦ ʘʫʩʪʝʥʽʪʫ ʧʨʠ ʢʦʨʦʪʢʦʯʘʩʥʦʤʫ 

ʦʭʦʣʦʜʞʝʥʥʽ ʽʥʩʪʨʫʤʝʥʪʫ ʜʦ 300-400 Áʉ. ʇʨʦʪʝ, ʨʷʜ ʧʨʘʢʪʠʯʥʠʭ ʨʦʙʽʪ 

ʚʩʪʘʥʦʚʠʚ ʥʝʟʘʜʦʚʽʣʴʥʫ ʦʙʨʦʙʢʫ ʨʽʟʘʥʥʷʤ ʟʘʛʦʪʦʚʦʢ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʤʘʪʨʠʮʴ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʽʜʧʘʣʫ ʩʪʘʣʽ. ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʪʝʨʤʽʯʥʦʾ 

ʦʙʨʦʙʢʠ ʚ ʧʨʦʮʝʩʽ ʧʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ (ʧʦʚʥʠʡ ʚʽʜʧʘʣ), ʦʪʨʠʤʫʶʪʴ ʩʪʨʫʢʪʫʨʫ 

ʟ ʧʣʘʩʪʠʥʯʘʪʠʤ ʧʝʨʣʽʪʦʤ, ʨʦʟʤʽʨ ʟʝʨʥʘ ʷʢʦʛʦ ʚʽʜʧʦʚʽʜʘʻ 1 ï 2 ʙʘʣʘʤ (ʟʛʽʜʥʦ ʜʦ 

ɻʆʉʊ 5950ï73), ʘ ʢʘʨʙʽʜʠ ʄ23ʉ6, ʄ6ʉ ʪʘ ʄʉ ʩʪʘʥʦʚʣʷʪʴ ʚ ʩʝʨʝʜʥʴʦʤʫ 10 % 

ʟʘ ʦʙôʻʤʦʤ [11]. ɺ ʧʦʜʘʣʴʰʦʤʫ ʧʽʩʣʷ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʟʘʛʦʪʦʚʢʠ ʪʘ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʰʪʘʤʧʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʧʨʦʚʦʜʠʣʦʩʴ ʪʝʨʤʽʯʥʝ ʟʤʽʮʥʝʥʥʷ 

(ʛʘʨʪʫʚʘʥʥʷ ʪʘ ʚʽʜʧʫʩʢ). ʇʽʩʣʷ ʛʘʨʪʫʚʘʥʥʷ ʩʪʘʣʽ ʥʘ ʤʘʨʪʝʥʩʠʪʥʫ ʩʪʨʫʢʪʫʨʫ 

ʥʘʨʷʜʫ ʟ ʮʝʤʝʥʪʠʪʦʤ (Fe3C) ʫʪʚʦʨʶʚʘʣʠʩʷ ʢʘʨʙʽʜʠ ʪʠʧʫ ʄ6ʉ ʪʘ ʄʉ. ɺʽʜʧʫʩʢ 

ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʨʦʚʦʜʷʪʴ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʚʪʦʨʠʥʥʦʾ ʪʚʝʨʜʦʩʪʽ, ʧʽʜ ʯʘʩ ʚʽʜʧʫʩʢʫ ʫʪʚʦʨʶʶʪʴʩʷ ʢʘʨʙʽʜʥʽ ʬʘʟʠ ʪʠʧʫ ʄʉ ʪʘ 

ʄ2ʉ. ɺʽʜʧʫʩʢʘʶʪʴ ʰʪʘʤʧʦʚʽ ʩʪʘʣʽ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʥʘ ʪʚʝʨʜʽʩʪʴ 

45-50 HRC, ʘ ʜʣʷ ʧʨʝʩ-ʬʦʨʤ ʣʠʪʪʷ ʧʽʜ ʪʠʩʢʦʤ ʢʦʣʴʦʨʦʚʠʭ ʩʧʣʘʚʽʚ ï ʪʚʝʨʜʽʩʪʴ 
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ʚʽʜ 40 ʜʦ 45 HRC. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʫʜʘʨʥʦʾ ʚôʷʟʢʦʩʪʽ ʧʨʦʚʦʜʷʪʴ ʧʦʚʪʦʨʥʠʡ 

ʚʽʜʧʫʩʢ, ʚʠʙʠʨʘʶʯʠ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ 30-40 Áʉ ʥʠʞʯʝ ʧʝʨʰʦʛʦ ʚʽʜʧʫʩʢʫ [35]. 

ʆʜʝʨʞʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʽʟ ʩʪʘʣʽ ʟ ʈɸʇɽ ʟʘ ʪʨʘʜʠʮʽʡʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʣʠʪʪʷ 

[231-237] ʻ ʝʥʝʨʛʦʻʤʥʠʤ ʽ ʚʢʣʶʯʘʻ: ʧʦʚʥʠʡ ʚʽʜʧʘʣ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 860 Áʉ ʟ 

ʦʭʦʣʦʜʞʝʥʥʷʤ ʜʦ 350-300 Áʉ ʪʘ ʥʘʩʪʫʧʥʠʡ ʥʘʛʨʽʚ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 680 Áʉ ʟ 

ʦʭʦʣʦʜʞʝʥʥʷʤ ʜʦ 400 Áʉ ʪʘ ʢʫʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʱʝ 1100 Áʉ ʟ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʫʢʦʚʫ 4-6. ʂʨʽʤ ʪʦʛʦ, ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʽʥʩʪʨʫʤʝʥʪʫ, ʧʨʠ ʷʢʦʤʫ ʧʨʦʚʝʜʝʥʦ ʚʽʜʧʫʩʢ ʪʘ ʢʫʚʘʥʥʷ ʻ ʜʦʩʪʘʪʥʴʦ 

ʝʥʝʨʛʦʻʤʥʠʡ ʪʘ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ ʚʠʪʨʘʪ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ. 

ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʝʬʝʢʪʠ ʚ ʤʘʢʨʦʩʪʨʫʢʪʫʨʽ ʩʪʘʣʽ, ʘ ʩʘʤʝ, 

ʚʢʣʠʥʝʥʥʷ ʤʽʜʽ ʫ ʩʪʘʣʝʚʠʡ ʚʠʨʽʙ, ʩʧʨʠʷʶʪʴ ʫʪʚʦʨʝʥʥʶ ʤʽʢʨʦʪʨʽʱʠʥ. ʊʦʙʪʦ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ ʟʥʝʤʽʮʥʝʥʥʷ ʩʪʘʣ,̔ ʷʢʠʡ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʢʦʘʛʫʣʷʮʽʻʶ 

ʢʘʨʙʽʜʥʦʾ ʩʢʣʘʜʦʚʦʾ. ɺʽʜʦʤʦ [11, 30, 33, 125], ʱʦ ʧʨʠʩʫʪʥʽʩʪʴ Cr ʫ ʩʪʘʣʽ 

ʫʪʨʫʜʥʶʻ ʫʪʚʦʨʝʥʥʷ ʩʪʘʙʽʣʴʥʠʭ ʢʘʨʙʽʜʽʚ (Fe, V)C ʘʙʦ (Fe,Mo)2C ʽ, ʨʦʟʰʠʨʶʻ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʫ ʦʙʣʘʩʪʴ, ʚ ʷʢʽʡ ʽʩʥʫʻ ʢʘʨʙʽʜ (Fe,Cr)23ʉ6. ʅʘʡʰʚʠʜʰʝ ʫ 

ʧʨʦʮʝʩʽ ʚʽʜʧʫʩʢʫ ʛʘʨʪʦʚʘʥʦʾ ʩʪʘʣʽ ʢʦʘʛʫʣʶʻ ʢʘʨʙʽʜ ʪʠʧʫ ʄ23ʉ6, ʟʘ ʨʘʭʫʥʦʢ 

ʮʴʦʛʦ ʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʨʠʭʢʽʩʪʴ ʜʨʫʛʦʛʦ ʨʦʜʫ (ʦʙʝʨʥʝʥʘ). ʂʨʠʭʢʽʩʪʴ ʜʨʫʛʦʛʦ 

ʨʦʜʫ (ʦʙʝʨʥʝʥʘ) ʩʪʘʣʽ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʟʥʠʞʫʻʪʴʩʷ ʚʽʜʥʦʩʥʝ 

ʚʠʜʦʚʞʝʥʥʷ ʪʘ ʚʽʜʥʦʩʥʝ ʟʚʫʞʝʥʥʷ ʧʽʜ ʧʝʚʥʠʤ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʩʠʣʦʚʠʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʟʘ ʨʘʭʫʥʦʢ ʩʬʝʨʦʾʜʠʟʘʮʽʾ ʪʘ ʢʦʘʛʫʣʷʮʽʾ ʢʘʨʙʽʜʥʦʾ ʩʢʣʘʜʦʚʦʾ 

[36, 238]. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʞʘʨʦʩʪʽʡʢʦʩʪʽ ʩʪʘʣʽ ʥʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤʠ 

FeïCrïNiïMo ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʚʝʜʝʥʥʷʤ ʜʦ ʾʾ ʩʢʣʘʜʫ ʪʘʢʠʭ 

ʢʘʨʙʽʜʦʫʪʚʦʨʶʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʷʢ V, Ti, Nb, ʚʦʥʠ ʧʽʜʚʠʱʫʶʪʴ ʦʧʽʨ 

ʧʦʚʟʫʯʦʩʪʽ ʯʝʨʝʟ ʜʠʬʫʟʽʡʥʽ ʤʝʭʘʥʽʟʤʠ ʧʣʘʩʪʠʯʥʦʩʪʽ [125]. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʤʽʮʥʦʩʪʽ ʤʽʞʘʪʦʤʥʦʛʦ ʟʚôʷʟʢʫ ʪʘ ʟʤʽʥʦʶ ʙʫʜʦʚʠ 

ʘʪʦʤʥʦʛʦ ʧʦʨʷʜʢʫ ʥʘ ʤʝʞʘʭ ʟʝʨʝʥ ʤʝʪʘʣʫ. ʅʽʢʝʣʴ ʥʘʡʙʽʣʴʰ ʥʘʜʽʡʥʦ ʪʘ ʩʠʣʴʥʦ 

ʟʥʠʞʫʻ ʢʨʠʪʠʯʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʢʨʠʭʢʦʩʪʽ (ʟʙʽʣʴʰʫʻ ʨʫʭ ʜʠʩʣʦʢʘʮʽʡ ʜʣʷ 

ʟʥʠʞʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʥʘ ʤʝʞʘʭ ʟʝʨʝʥ) ʽ, ʩʧʨʠʷʻ ʟʙʝʨʝʞʝʥʥʶ ʧʣʘʩʪʠʯʥʦʩʪʽ 

ʩʪʘʣʽ ʧʨʠ ʩʪʘʪʠʯʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʜʦ ʢʨʠʪʠʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ɸ1. ʂʨʽʤ ʪʦʛʦ, 
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ʜʦʜʘʪʢʦʚʝ ʚʚʝʜʝʥʥʷ ʥʽʢʝʣʶ ʫ ʩʪʘʣʴ ʥʘ ʬʝʨʠʪʥʽʡ ʦʩʥʦʚʽ ʟʫʤʦʚʣʶʻ 

ʟʥʠʞʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʪʦʯʦʢ ɸ1 ʪʘ ɸ3 [30, 36, 225]. ʇʨʠ ʨʦʟʰʠʨʝʥʥʽ ʦʙʣʘʩʪʽ 

ʽʩʥʫʚʘʥʥʷ ɔ-Fe ʤʦʜʠʬʽʢʘʮʽʾ ʫ ʩʪʘʣʽ ʫ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ ʽ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʾʾ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨ, ʟʘ ʷʢʠʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ŬŸɔ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʟʙʝʨʽʛʘʻʪʴʩʷ 

ʘʫʩʪʝʥʽʪʥʘ ʩʪʨʫʢʪʫʨʘ ʚʧʦʜʦʚʞ ʫʩʴʦʛʦ ʧʝʨʽʦʜʫ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʰʪʘʤʧʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ. ʅʽʢʝʣʴ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦ 5 % ʫ 

ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʷʭ ʟ ʈɸʇɽ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʟʤʽʮʥʝʥʥ,̫ ʘ ʭʨʦʤ 

ʟʥʠʞʫʻ ʪʝʤʧʝʨʘʪʫʨʫ ʨʦʟʯʠʥʝʥʥʷ ʚ ʘʫʩʪʝʥʽʪʽ ʩʧʝʮʽʘʣʴʥʠʭ ʢʘʨʙʽʜʽʚ (ʥʘʧʨʠʢʣʘʜ 

ʄ6ʉ), ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʫʻ ʩʪʽʡʢʽʩʪʴ ʧʝʨʝʦʭʦʣʦʜʞʝʥʦʛʦ ʘʫʩʪʝʥʽʪʫ ʫ ʧʝʨʣʽʪʥʦʾ 

ʦʙʣʘʩʪʽ [236]. 

ɯʩʥʫʻ ʧʝʚʥʘ ʢʽʣʴʢʽʩʪʴ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ, ʧʝʨʝʚʠʱʝʥʥʷ ʷʢʦʾ ʥʝ 

ʜʦʮʽʣʴʥʝ. ɿʘʤʽʥʘ ʣʝʛʫʶʯʦʛʦ ʝʣʝʤʝʥʪʫ Mn ʥʘ Ni ʤʦʞʝ ʩʧʨʠʷʪʠ ʨʦʩʪʫ ʟʝʨʥʘ ʪʘ 

ʟʙʽʣʴʰʝʥʥʶ ʚʽʜʧʫʩʢʥʦʾ ʢʨʠʭʢʦʩʪʽ ʩʪʘʣʽ, ʱʦ ʨʦʙʠʪʴ ʥʝʜʦʮʽʣʴʥʠʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʣʝʡ ʩʠʩʪʝʤʠ FeïCrïNiïMo ʜʣʷ ʰʪʘʤʧʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ 

[30]. ɺʽʜʦʤʦ, ʱʦ ʣʝʛʫʚʘʥʥʷ ʩʪʘʣʽ ʟ ʈɸʇɽ Mn (6ʍ3ɻ6ʄʌ3) ʪʘ ʟʥʘʯʥʦʶ 

ʢʽʣʴʢʽʩʪʶ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢ ʤʦʣʽʙʜʝʥ (ʙʽʣʴʰʝ 5 %) ʪʘ ʥʽʢʝʣʴ (ʙʽʣʴʰʝ 5 %) 

ʜʣʷ ʩʪʘʣʝʡ ʟ ʈɸʇɽ 3ʍ3ʅ9ʄ4ɺ4ʌ, 3ʍ3ʅ8ʄ7ʌ, 5ʍ3ʅ7ʄ8ʌ [239] ʥʝ ʙʘʞʘʥʝ 

ʪʦʤʫ, ʱʦ ʩʫʪʪʻʚʦ ʧʦʛʽʨʰʫʻ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʤʫ 

ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ. ʅʽʤʝʮʴʢʽ ʚʯʝʥʽ ʧʦʢʘʟʘʣʠ [33], ʱʦ ʚ ʩʪʘʣʷʭ ʟ  ʩʠʩʪʝʤʦʶ 

ʣʝʛʫʚʘʥʥʷ FeïCrïNiïMo ʙʽʣʴʰʝ 5 % ʤʦʣʽʙʜʝʥʫ ʥʝ ʙʘʞʘʥʝ. ʅʘ 1 % Mo 

ʚʚʦʜʠʪʴʩʷ ʜʦʜʘʪʢʦʚʦ 1,7 % Ni [240] ʦʩʢʽʣʴʢʠ ʫ ʰʪʘʤʧʦʚʫ ʩʪʘʣʴ ʥʝʦʙʭʽʜʥʦ 

ʚʚʝʩʪʠ 4,8-5,2 % Ni, ʪʦ ʧʨʠ ʪʘʢʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʥʝʦʙʭʽʜʥʦ ʚʝʩʪʠ 2,8-3,0 % 

Mo. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʽʣʴʢʦʩʪʽ ʚʫʛʣʝʮʶ (ʥʘ 0,2-0, 4 %) ʫ ʩʢʣʘʜʽ ʩʪʘʣʽ [125]  

ʙʘʞʘʥʦ ʟʙʽʣʴʰʠʪʠ ʤʦʣʽʙʜʝʥ ʜʦ 4 % ʜʣʷ ʪʦʛʦ, ʱʦʙ ʦʜʝʨʞʘʪʠ ʙʽʣʴʰʝ ʢʘʨʙʽʜʥʦʾ 

ʩʢʣʘʜʦʚʦʾ ʪʠʧʫ ʄ6ʉ. ʄʝʥʰʫ ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʢʦʘʛʫʣʷʮʽʾ ʤʘʶʪʴ ʢʘʨʙʽʜʠ ʪʠʧʫ 

ʄ6ʉ ʪʘ ʄʉ. ʇʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʨʪʫʚʘʥʥʷ ʩʪʘʣʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʚʦʭ 

ʧʨʦʪʠʣʝʞʥʠʭ ʧʨʦʮʝʩʽʚ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʜʦʟʚʦʣʷʻ ʨʦʟʯʠʥʠʪʠ ʙʽʣʴʰʝ ʢʘʨʙʽʜʥʦʾ 

ʬʘʟʠ ʪʠʧʫ ʄ23ʉ6, ʧʽʩʣʷ ʮʴʦʛʦ ʫ ʧʨʦʮʝʩʽ ʚʽʜʧʫʩʢʫ ʫʪʚʦʨʶʶʪʴʩʷ ʽʥʰʽ ʪʠʧʠ 

ʢʘʨʙʽʜʥʦʾ ʩʢʣʘʜʦʚʦʾ, ʷʢʽ ʤʝʥʰʝ ʚʩʴʦʛʦ ʢʦʘʛʫʣʶʶʪʴ ʪʘ ʧʽʜʚʠʱʫʶʪʴ ʚʪʦʨʠʥʥʫ 



113 
 

 

ʪʚʝʨʜʽʩʪʴ, ʘ ʟ ʜʨʫʛʦʛʦ ʙʦʢʫ ʩʧʨʠʯʠʥʶʻ ʧʨʦʮʝʩ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʧʨʠ ʷʢʦʤʫ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʨʦʟʤʽʨ ʟʝʨʥʘ ʽ ʧʦʥʠʞʫʻʪʴʩʷ ʤʽʮʥʽʩʪʴ. ɺ ʨʦʙʦʪʽ [241] ʙʫʣʦ 

ʩʢʦʨʠʛʦʚʘʥʦ ʰʪʘʤʧʦʚʫ ʩʪʘʣʴ 3ʍ3ʅ8ʄ7ʌ ʜʣʷ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 

ʝʢʧʣʫʘʪʘʮʽʾ (ʚʠʱʝ 700 Áʉ) ʟ ʈɸʇɽ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʾʾ ʟʤʽʮʥʝʥʥʷ ʟʘ ʤʝʭʘʥʽʟʤʦʤ 

ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʪʚʝʨʜʽʥʥʷ (ʩʪʘʨʽʥʥʷ). ɺ ʨʝʟʫʣʴʪʘʪʽ ʟʤʽʥʠ ʚ ʩʪʘʣʽ ʚʤʽʩʪʫ Mn, Ni 

ʪʘ C ʚʠʟʥʘʯʝʥʦ, ʱʦ ʧʦʪʨʽʙʥʠʤ ʫʤʦʚʘʤ ʟʘʜʦʚʽʣʴʥʷʻ ʩʪʘʣʴ 4ʍ3ʅ3ɻ6ʄ7ʌ. 

ʊʘʢʝ ʟʤʽʮʥʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʠʜʽʣʝʥʥʷ ʧʨʠ ʩʪʘʨʽʥʥʽ ʜʠʩʧʝʨʩʥʠʭ 

ʯʘʩʪʠʥʦʢ ʬʘʟʠ ʃʘʚʝʩʘ ʪʠʧʫ Fe2Mo ʪʘ ʢʘʨʙʽʜ ʪʠʧʫ VC. ɿʘ ʜʦʩʷʛʥʫʪʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ (700-900 Áʉ) ʤʽʮʥʦʩʪʽ ʩʪʘʣʴ 

4ʍ3ʅ3ɻ6ʄ7ʌ ʚʜʚʽʯʽ ʧʝʨʝʚʠʱʫʻ ʚʠʩʦʢʦʪʝʧʣʦʩʪʽʡʢʫ ʰʪʘʤʧʦʚʫ ʩʪʘʣʴ 

5ʍ3ɺ3ʄʌʉ (ɼʀ23) ʽ ʥʝ ʧʦʩʪʫʧʘʻʪʴʩʷ ʞʘʨʦʤʽʮʥʦʤʫ ʩʧʣʘʚʫ ʍʅ35ɺʊʖ 

(ʕʀ787). ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʾ ʟʘʤʽʩʪʴ 

ʩʝʨʽʡʥʠʭ ʪʝʧʣʦʩʪʽʡʢʠʭ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʢʣʘʩʫ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʠʱʝ 700 Áʉ.  

ʇʦʟʠʪʠʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʬʘʟʠ ʃʘʚʝʩʘ ʻ ʾʾ ʚʠʩʦʢʘ ʪʝʨʤʽʯʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʩʪʘʣʽ, ʷʢʘ ʥʘ 100-150 Áʉ ʚʠʱʝ, ʥʽʞ ɔǋ-ʬʘʟʠ Ni3(Al, Ti ) [242]. ʏʘʩʪʠʥʢʠ ʬʘʟʠ 

ʃʘʚʝʩʘ ʚʠʜʽʣʷʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʩʪʨʠʞʥʽʚ ʜʦʚʞʠʥʦʶ ʙʣʠʟʴʢʦ 500 ʥʤ, ʪʦʚʱʠʥʦʶ 

100 ʥʤ. ʊʘʢʽ ʩʪʨʠʞʥʽ ʟʘʟʚʠʯʘʡ ʫʪʚʦʨʶʶʪʴ ʧʝʨʝʭʨʝʩʪʷ, ʱʦ ʩʣʫʛʫʶʪʴ 

ʝʬʝʢʪʠʚʥʠʤʠ ʧʝʨʝʰʢʦʜʘʤʠ (ʧʘʩʪʢʘʤʠ) ʧʨʠ ʢʦʚʟʘʥʥʽ ʜʠʩʣʦʢʘʮʽʡ. ʎʝ, ʧʦʨʷʜ 

ʟ ʚʠʩʦʢʦʶ ʪʝʨʤʽʯʥʦʶ ʩʪʘʙʽʣʴʥʽʩʪʶ, ʧʽʜʚʠʱʫʻ ʦʧʽʨ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʽʡ 

ʧʣʘʩʪʠʯʥʽʡ ʜʝʬʦʨʤʘʮʽʾ ʩʪʦʧʽʚ ʽ ʨʦʙʠʪʴ ʾʭ ʝʬʝʢʪʠʚʥʠʤʠ ʟʘʤʽʥʥʠʢʘʤʠ 

ʪʝʧʣʦʩʪʽʡʢʠʭ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʚ ʫʤʦʚʘʭ ʥʘʛʨʽʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ 

ʽʥʩʪʨʫʤʝʥʪʘ ʜʦ ʦʩʦʙʣʠʚʦ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʚʠʱʝ 850 Áʉ). ɼʦʩʠʪʴ ʮʽʢʘʚʠʤ 

ʻ ʪʝ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ ʪʘʢʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʜʨʽʙʥʝʥʥʷ ʽ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʯʘʩʪʠʥʦʢ ʬʘʟʠ ʃʘʚʝʩʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʟʨʦʩʪʘʥʥʷ ʪʚʝʨʜʦʩʪʽ, ʘʣʝ ʽ ʧʦʢʨʘʱʝʥʥʷ 

ʧʣʘʩʪʠʯʥʦʩʪʽ ʚ ʨʦʙʦʯʽʡ ʟʦʥʽ ʩʪʘʣʽ, ʱʦ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʻ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ 

ʽʥʩʪʨʫʤʝʥʪʘ. ʑʝ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʽʥʪʝʨʤʝʪʘʣʽʜʥʦʢʘʨʙʽʜʥʦʛʦ ʟʤʽʮʥʝʥʥʷ, ʢʦʣʠ ʚʽʜʧʦʚʽʜʥʝ ʣʝʛʫʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ 
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ʫʪʚʦʨʝʥʥʷ ʧʨʠ ʩʪʘʨʽʥʥʽ ʢʦʤʧʣʝʢʩʫ ʬʘʟ: ʬʘʟʠ ʃʘʚʝʩʘ, ɔǋ-ʬʘʟʠ ʽ ʢʘʨʙʽʜʽʚ ʪʠʧʫ 

ʄ23ʉ6 ʪʘ ʄ6ʉ. ɺʥʝʩʦʢ ʚ ʟʤʽʮʥʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʛʽʜʥʦ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ 

ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʽʥʪʝʨʚʘʣʘʤ ʚʢʘʟʘʥʠʭ ʬʘʟ. ɺʘʞʣʠʚʦ, ʱʦ ʧʦʧʝʨʝʜʥʻ ʚʠʜʽʣʝʥʥʷ 

ʢʘʨʙʽʜʫ ʄ23ʉ6 ʩʧʨʠʷʻ ʟʨʦʩʪʘʥʥʶ ʢʽʣʴʢʦʩʪʽ ʪʘ ʜʠʩʧʝʨʩʥʦʩʪʽ ʯʘʩʪʠʥʦʢ ʬʘʟʠ 

ʃʘʚʝʩʘ, ʱʦ ʧʽʜʩʠʣʶʻ ʝʬʝʢʪ ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʪʚʝʨʜʽʥʥʷ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʦʧʽʨ 

ʟʥʝʤʽʮʥʝʥʥʶ ʪʘʢʠʭ ʩʪʘʣʝʡ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʜʠʩʧʝʨʩʽʡʥʦʛʦ 

ʪʚʝʨʜʽʥʥʷ ʥʦʚʠʭ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʟ ʈɸʇɽ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʧʝʨʝʚʘʞʥʦ 

ʘʫʩʪʝʥʽʪʥʫ ʩʪʨʫʢʪʫʨʫ ʧʽʩʣʷ ʛʘʨʪʫʚʘʥʥʷ, ʱʦʙ ʫʥʠʢʥʫʪʠ ŬŸɔ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʠ 

ʥʘʛʨʽʚʘʥʥʽ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʩʪʘʨʽʥʥʷ [243]. ʇʽʩʣʷ ʛʘʨʪʫʚʘʥʥʷ ʩʪʘʣʝʡ 

39ʍ3ʅ3ɻ6ʄ7ʌ ʪʘ 41ʍ3ʅ3ɻ5ʄ7ʌ ʾʭ ʩʪʨʫʢʪʫʨʘ ʧʝʨʝʚʘʞʥʦ ʘʫʩʪʝʥʽʪʥʘ, ʘ ʚ 

ʧʨʦʮʝʩʽ ʥʘʩʪʫʧʥʦʛʦ ʩʪʘʨʽʥʥʷ ʟ ʧʝʨʝʩʠʯʝʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʘʫʩʪʝʥʽʪʫ 

ʚʠʜʽʣʷʶʪʴʩʷ ʟʤʽʮʥʶʚʘʣʴʥʽ ʬʘʟʠ ʟ ʚʝʣʠʢʦʶ ʪʝʨʤʽʯʥʦʶ ʩʪʽʡʢʽʩʪʶ, ʘ ʩʘʤʝ 

ʢʘʨʙʽʜʠ ʚʘʥʘʜʽʶ ʽ ʤʦʣʽʙʜʝʥʫ ʪʘ ʽʥʪʝʨʤʝʪʘʣʽʜʥʘ ʬʘʟʘ ʃʘʚʝʩʘ ʪʠʧʫ Fe2Mo ʽ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʥʘʩʪʫʧʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʙʫʣʦ ʟô̫ ʩʦʚʘʥʦ, ʱʦ ʥʘʡʙʽʣʴʰʠʡ ʧʨʠʨʽʩʪ 

ʤʽʮʥʦʩʪʽ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʧʽʩʣʷ ʩʪʘʨʽʥʥʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 725 Áʉ ʟ ʚʠʪʨʠʤʢʦʶ 2 

ʛʦʜʠʥʠ. ɸʣʝ, ʫ ʨʦʙʦʪʽ ʥʝ ʚʢʘʟʘʥʦ ʟʘ ʷʢʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʩʪʘʨʽʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʥʝʤʽʮʥʝʥʥʷ ʩʪʘʣʽ [239, 241-248]. ʂʨʽʤ ʪʦʛʦ, ʚʚʝʜʝʥʥʷ ʤʘʥ̌ʘʥʫ ʚ ʜʦʩʣʽʜʞʝʥʫ 

ʩʪʘʣʴ  ʚʠʤʘʛʘʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʽʥʪʝʨʚʘʣʽʚ ʪʝʤʧʝʨʘʪʫʨ ʽʩʥʫʚʘʥʥʷ ʥʝʦʙʝʨʥʝʥʦʾ ʪʘ 

ʦʙʝʨʥʝʥʦʾ ʚʽʜʧʫʩʢʥʦʾ ʢʨʠʭʢʦʩʪʽ. 

ɿʤʽʮʥʶʚʘʣʴʥʽ ʬʘʟʠ ʜʣʷ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʟ ʈɸʇɽ ʧʦʚʠʥʥʽ 

ʟʘʜʦʚʽʣʴʥʷʪʠ ʥʘʩʪʫʧʥʠʤ ʚʠʤʦʛʘʤ: ʨʦʟʯʠʥʷʪʠʩʴ ʚ ʘʫʩʪʝʥʽʪʽ ʧʨʠ ʥʝʚʠʩʦʢʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ; ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʜʠʩʧʝʨʩʽʡʥʝ ʟʤʽʮʥʝʥʥʷ; ʤʘʪʠ ʧʽʜʚʠʱʝʥʫ ʩʪʽʡʢʽʩʪʴ 

ʧʨʦʪʠ ʢʦʘʛʫʣʷʮʽʾ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽʥʩʪʨʫʤʝʥʪʫ. ʊʘʢʽ ʚʠʤʦʛʠ ʟʘʜʦʚʽʣʴʥʷʶʪʴ 

ʢʘʨʙʽʜʠ ʪʘ ʢʘʨʙʦʥʽʪʨʠʜʠ ʚʘʥʘʜʽʶ, ʘ ʪʘʢʦʞ ʬʘʟʠ ʃʘʚʝʩʘ Fe2Mo ʪʘ Fe2W [236, 

249, 250]. 

ʆʜʥʠʤ ʽʟ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʠʡʦʤʽʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʧʽʜʚʠʱʠʪʠ 

ʪʝʤʧʝʨʘʪʫʨʫ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ ʩʪʘʣʽ ʻ ʚʚʝʜʝʥʥʷ ʘʟʦʪʫ ʨʘʟʦʤ ʟ 

ʢʘʨʙʽʜʦʫʪʚʦʨʶʶʯʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ [251]. ʂʘʨʙʦʥʽʪʨʠʜʠ ʫ ʩʪʘʣʽ ʧʽʜʚʠʱʫʶʪʴ 

ʤʝʞʫ ʤʽʮʥʦʩʪʽ ʪʘ ʤʝʞʫ ʧʣʘʩʪʠʯʥʦʩʪʽ ʽ ʥʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʥʠʞʝʥʥʷ ʫʜʘʨʥʦʾ 
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ʚôʷʟʢʦʩʪʽ [226, 252-257], ʘ ʪʘʢʦʞ ʩʪʚʦʨʶʶʪʴ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʟʤʝʥʰʝʥʥʷ 

ʟʝʨʥʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ. ʂʘʨʙʦʥʽʪʨʠʜʥʽ ʬʘʟʦʚʽ ʚʢʣʶʯʝʥʥʷ ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʨʦʩʪʫ 

ʟʝʨʥʘ. ʋʪʚʦʨʝʥʥʷ ʢʘʨʙʦʥʽʪʨʠʜʥʦʾ ʬʘʟʠ ʩʧʨʠʯʠʥʷʻ ʟʤʝʥʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʨʦʩʪʫ ʟʝʨʝʥ ʪʘ ʧʽʜʚʠʱʫʻ ʪʝʤʧʝʨʘʪʫʨʫ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʜʘʻ 

ʟʤʦʛʫ ʧʽʜʚʠʱʠʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʛʘʨʪʫʚʘʥʥʷ ʩʪʘʣʽ, ʪʘ ʨʦʟʯʠʥʠʪʠ ʟʥʘʯʥʦ ʙʽʣʴʰʫ 

ʯʘʩʪʠʥʫ ʢʘʨʙʽʜʥʠʭ ʬʘʟ ʪʠʧʫ ʄ23ʉ6, ʷʢʽ ʰʚʠʜʢʦ ʢʦʘʛʫʣʶʶʪʴ ʫ ʧʨʦʮʝʩʽ 

ʚʽʜʧʫʩʢʫ. ʉʬʦʨʤʦʚʘʥʘ ʚ ʧʨʦʮʝʩʽ ʚʽʜʧʫʩʢʫ ʩʪʘʣʽ ʩʢʣʘʜʥʘ ʧʦʣʽʛʦʥʘʣʴʥʘ 

ʩʫʙʩʪʨʫʢʪʫʨʘ ʻ ʩʪʽʡʢʦʶ ʧʨʦʪʠ ʪʝʧʣʦʚʦʛʦ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʚ ʫʤʦʚʘʭ ʛʘʨʷʯʦʾ 

ʜʝʬʦʨʤʘʮʽʾ ʽ ʩʧʨʠʷʻ ʛʘʣʴʤʫʚʘʥʥʶ ʧʦʯʘʪʢʦʚʠʭ ʝʪʘʧʽʚ ʨʦʟʚʠʪʢʫ 

ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʦʩʢʽʣʴʢʠ ʧʨʦʮʝʩ ʧʦʣʽʛʦʥʽʟʘʮʽʾ ʻ ʢʦʥʢʫʨʫʶʯʠʤ ʟ ʧʨʦʮʝʩʦʤ 

ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ  [9, 14]. 

ɺ ʨʦʙʦʪʘʭ ʅ.ɺ. ʃʝʙʝʜʝʚʦʾ [237, 254-259] ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʥʦ -

ʧʨʦʤʠʩʣʦʚʝ ʚʠʧʨʦʙʫʚʘʥʥʷ ʰʪʘʤʧʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʽʟ ʩʪʘʣʽ ʟ ʈɸʇɽ ʤʘʨʢʠ 

4ʍ2ʅ5ʄ2ɸʌ2 ʣʝʛʦʚʘʥʦʾ ʘʟʦʪʦʤ ʫ ʢʽʣʴʢʦʩʪʽ 0,036-0,040 % ʟʘ ʤʘʩ. ʜʣʷ 

ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʙʨʦʥʟʠ ʤʘʨʢʠ ɹʨɸɾʅ10-4-4 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʦ 900 Áʉ. ɺʠʢʦʨʠʩʪʘʥʘ ʩʪʘʣʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʩʪʘʣʣʶ 3ʍ2ɺ8ʌ 

ʤʘʣʘ ʩʪʽʡʢʽʩʪʴ ʚ 5 ʨʘʟʽʚ ʙʽʣʴʰʫ, ʘ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʩʪʘʣʶ ʟ ʈɸʇɽ ʤʘʨʢʠ 

4ʍ2ʅ5ʄ3ʂ5ʌ ʨʝʩʫʨʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʚ ʚʠʱʠʡ ʫ 1,5 ʨʘʟʠ. ʇʨʦʪʝ, 

ʤʽʢʨʦʣʝʛʫʚʘʥʥʷ ʘʟʦʪʦʤ ʩʪʘʣʽ ʜʘʻ ʥʝʦʜʥʦʟʥʘʯʥʠʡ ʨʝʟʫʣʴʪʘʪ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, 

ʤʽʢʨʦʣʝʛʫʚʘʥʥʷ ʘʟʦʪʦʤ ʪʘ ʣʝʛʫʚʘʥʥʷ ʚʘʥʘʜʽʻʤ ʜʦ 2 % ʟʘ ʤʘʩ. ʫ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ 

ʩʪʘʣʽ ʈɸʇɽ 4ʍ2ʅ5ʄ2ɸʌ2 ʻ ʥʝ ʜʦʮʽʣʴʥʠʤ, ʦʩʢʽʣʴʢʠ cʪʘʣʴ ʙʫʜʝ ʤʘʪʠ 

ʧʽʜʚʠʱʝʥʫ ʦʙʝʨʥʝʥʫ ʢʨʠʭʢʽʩʪʴ. ʇʨʠ ʤʽʢʨʦʣʝʛʫʚʘʥʥʽ ʘʟʦʪʦʤ (0,07-0,08 % ʟʘ 

ʤʘʩʦʶ)  ̔ʚʘʥʘʜʽʶ ʚ ʢʽʣʴʢʦʩʪʽ 1,7-1,8 % ʩʪʘʣʽ ʈ2ɸʄ5 ʙʫʣʠ ʟʘʥʠʞʝʥʽ ʧʦʢʘʟʥʠʢʠ 

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʙʘʟʦʚʦʶ ʩʪʘʣʣʶ ʈ6ʄ5. ɯ ʪʦʤʫ, ʧʨʠ 

ʜʦʜʘʪʢʦʚʦʤʫ ʤʽʢʨʦʣʝʛʫʚʘʥʥʽ ʘʟʦʪʦʤ (0,07-0,08 % ʟʘ ʤʘʩʦʶ) ʪʘ ʚʚʝʜʝʥʥʽ 

ʜʦʜʘʪʢʦʚʦʛʦ ʝʣʝʤʝʥʪʫ ʥʽʦʙʽʶ, ʚ ʩʪʘʣ ɹ ʈ2ɸʄ5ʌ3ʉɹ ʫʪʚʦʨʶʚʘʣʘʩʴ 

ʢʘʨʙʦʥʽʪʨʠʜʥʘ ʬʘʟʘ, ʱʦ ʩʧʨʠʷʣʦ ʧʽʜʚʠʱʝʥʥʶ ʾʾ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

[260, 261]. ʇʨʘʢʪʠʢʘ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ ʚ ʢʦʨʧʦʨʘʮʽʾ ñTiangong International Co, 

Ltò, Danyang City, Chine, ʧʦʢʘʟʘʣʘ, ʱʦ ʤʽʢʨʦʣʝʛʫʚʘʥʥʷ ʘʟʦʪʦʤ ʩʪʘʣ ̔ʫ ʚʝʣʠʢʠʭ 
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ʦʙôʻʤʘʭ ʚʠʧʣʘʚʢʠ, ʤʘʩʦʶ ʙʽʣʴʰʝ 1,5 ʪʦʥ, ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ ʝʣʝʢʪʨʦʰʣʘʢʦʚʦʛʦ 

ʢʦʢʽʣʴʥʦʛʦ ʣʠʪʪʷ ʧʨʠ ʨʦʟʣʠʚʽ ʨʦʟʧʣʘʚʫ ʻ ʥʝ ʤʦʞʣʠʚʠʤ. ʄʽʢʨʦʣʝʛʫʚʘʥʥʷ ʩʪʘʣʽ 

ʘʟʦʪʦʤ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʣʠʰʝ ʧʨʠ ʥʝʚʝʣʠʢʠʭ ʦʙôʻʤʘʭ ʚʠʧʣʘʚʢʠ, ʤʘʩʦʶ 

ʨʦʟʧʣʘʚʫ ʜʦ 50 ʢʛ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ, ʷʢ ʮʝ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʫ ʨʦʙʦʪʘʭ 

[237, 260-263]. ʇʽʜʚʠʱʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʩʪʘʣʝʡ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʝʢʦʥʦʤʥʦʛʦ ʣʝʛʫʚʘʥʥʷ ʻ ʘʢʪʫʘʣʴʥʦʶ 

ʧʨʦʙʣʝʤʦʶ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʢʨʘʰʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʚʠʪʨʘʪ. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʟʦʪʫ, ʷʢ ʣʝʛʫʚʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʫ, 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʯʦʛʦ ʚʩʪʘʥʦʚʣʝʥʘ ʧʝʨʝʚʘʞʥʦ ʜʣʷ ʥʝʨʞʘʚʽʶʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ 

ʪʘ ʰʚʠʜʢʦʨʽʟʘʣʴʥʠʭ ʩʪʘʣʝʡ [260-266]. ɯʩʥʫʶʪʴ ʪʘʢʦʞ ʧʦʚʽʜʦʤʣʝʥʥʷ ʱʦʜʦ 

ʧʦʟʠʪʠʚʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘʢʦʛʦ ʣʝʛʫʚʘʥʥʷ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʜʣʷ ʛʘʨʷʯʦʛʦ 

ʜʝʬʦʨʤʫʚʘʥʥʷ [267-269]. ʆʜʥʘʢ,  ʩʫʢʫʧʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚ ʨʦʙʦʪʽ 

[270] ʜʦʟʚʦʣʷʻ ʜʽʡʪʠ ʚʠʩʥʦʚʢʫ ʱʦʜʦ ʥʝʜʦʮʽʣʴʥʦʩʪʽ ʤʽʢʨʦʣʝʛʫʚʘʥʥʷ ʘʟʦʪʦʤ 

ʰʪʘʤʧʦʚʦʾ ʩʪʘʣʽ ʚʠʩʦʢʦʾ ʪʝʧʣʦʩʪʽʡʢʦʩʪʽ ʤʘʨʢʠ 5ʍ3ɺ3ʄʌʉ (ɼʀ-23) ʫ 

ʢʽʣʴʢʦʩʪʷʭ 0,11-0,20 %. ʇʨʠʯʠʥʦʶ ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʟʠʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʘʟʦʪʫ ʥʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʣʽ 5ʍ3ɺ3ʄʌʉ (ɼʀ23) ʻ ʫʪʚʦʨʝʥʥʷ ʚ 

ʩʪʨʫʢʪʫʨʽ ʢʨʫʧʥʠʭ ʯʘʩʪʠʥʦʢ ʧʝʨʚʠʥʥʠʭ ʥʽʪʨʠʜʽʚ ʪʘ ʢʘʨʙʦʥʽʪʨʠʜʽʚ ʚʘʥʘʜʽʶ. 

ɺ ʨʦʙʦʪʽ [271] ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʧʦʚʝʜʽʥʢʫ ʧʽʜ ʯʘʩ ʛʘʨʷʯʦʾ ʜʝʬʦʨʤʘʮʽʾ 

ʥʦʚʦʾ ʰʪʘʤʧʦʚʦʾ ʩʪʘʣʽ ʟ ʈɸʇɽ (ʩʠʩʪʝʤʠ Si-Cr-Ni-Mn-V-Ti-Nb) ʚ ʽʥʪʝʨʚʘʣʽ 

ʪʝʤʧʝʨʘʪʫʨ 450-750 ÁC, ʘʣʝ ʚʠʥʠʢʘʻ ʧʠʪʘʥʥʷ ʜʦ ʘʚʪʦʨʽʚ, ʱʦʜʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʥʝʦʙʝʨʥʝʥʦʾ ʪʘ ʦʙʝʨʥʝʥʦʾ ʢʨʠʭʢʦʩʪʽ ʧʨʠ ʚʽʜʧʫʩʢʫ 

ʜʦʩʣʽʜʞʝʥʦʾ ʩʪʘʣʽ. ʆʩʢʽʣʴʢʠ ʮʝʡ ʬʝʥʦʤʝʥ ʚʧʣʠʚʘʻ ʥʘ ʨʝʩʫʨʩ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʽʥʩʪʨʫʤʝʥʪʫ ʟ ʜʦʩʣʽʜʞʝʥʦʾ ʩʪʘʣʽ ʧʨʠ ʛʘʨʷʯʦʤʫ ʜʝʬʦʨʤʫʚʘʥʥʽ ʤʽʜʽ ʪʘ 

ʘʣʶʤʽʥʽʻʚʦʛʦ ʩʧʣʘʚʫ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʽʥʩʪʨʫʤʝʥʪʫ ʟ ʜʝʬʦʨʤʦʚʘʥʦʾ ʩʪʘʣʽ ʟ ʈɸʇɽ 

4ʍ2ʅ5ʄ3ʂ5ʌ (ʕʇ 930) ʧʨʦʚʦʜʠʣʦʩʴ ʛʘʨʷʯʝ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʽʜʽ ʪʘ ʣʘʪʫʥʽ 

ʤʘʨʢʠ ʃ63, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʢʩʧʣʫʘʪʘʮʽʾ 700-750 Áʉ [236, 237]. 

ʊʘʢ ʚ ʨʦʙʦʪʽ [239] ʚʠʟʥʘʯʝʥʽ ʢʨʠʪʠʯʥʽ ʪʦʯʢʠ ʩʪʘʣʽ ʟ ʈɸʇɽ 4ʍ2ʅ5ʄ3ʂ5ʌ 
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(ʕʇ930), ʷʢʽ ʩʪʘʥʦʚʣʷʪʴ ɸʩ1 = 615 Üʉ, ɸʩ3 = 830 Üʉ, ʘ ʚ ʨʦʙʦʪʽ [237] ʜʣʷ ʩʪʘʣʽ 

4ʍ2ʅ5ʄ2ɸʌ2 ï ɸʩ1 = 615 Üʉ ʪʘ ɸʩ3 = 735 Üʉ. ʊʝʤʧʝʨʘʪʫʨʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʞʝ 

ʧʝʨʝʚʠʱʫʚʘʪʠ 615 Üʉ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʘʪʨʠʮʴ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʤʽʜʽ ʪʘ ʦʩʦʙʣʠʚʦ ʟ ʣʘʪʫʥʽ ʽ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʽʥʩʪʨʫʤʝʥʪ ʤʦʞʝ ʚʠʡʪʠ ʟ ʣʘʜʫ. 

ʊʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ ʛʘʨʷʯʦʤʫ ʜʝʬʦʨʤʫʚʘʥʥʽ ʢʦʣʴʦʨʦʚʠʭ 

ʤʝʪʘʣʽʚ ʚ ʦʙʣʘʩʪʽ ʪʝʤʧʝʨʘʪʫʨ ʥʠʞʯʝ ʢʨʠʪʠʯʥʦʾ ʪʦʯʢʠ ɸ1 ʣʠʪʽ ʩʪʘʣʽ ʟ ʈɸʇɽ ʥʝ 

ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ. ʊʘʢʦʞ ʩʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʜʣʷ ʩʪʘʣʝʡ ʟ ʈɸʇɽ ʥʝ 

ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʦʧʪʠʤʽʟʘʮʽʶ ʨʝʞʠʤʽʚ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ, ʱʦ ʚʢʣʶʯʘʁʪʴ 

ʚʜ̔ʧʘʣ, ʛʘʨʪʫʚʘʥʥʷ ʪʘ ʚʽʜʧʫʩʢ. ɺ ʨʦʙʦʪʘʭ [233, 237, 272, 273] ʙʫʣʦ ʧʦʢʘʟʘʥʦ, 

ʱʦ ʤʘʪʨʠʮʽ ʟʽ ʩʪʘʣʝʡ ʟ ʈɸʇɽ ʧʽʩʣʷ ʢʽʥʮʝʚʦʾ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʥʘʛʨʽʚʘʣʠ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʠ 930-950 Áʉ, ʚʠʪʨʠʤʫʚʘʣʠ ʜʦ 10-15 ʭʚ, ʘ ʧʦʪʽʤ ʦʭʦʣʦʜʞʫʚʘʣʠ ʥʘ 

ʧʦʚʽʪʨʽ ʜʦ 350-400 Áʉ, ʘ ʧʦʪʽʤ ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʥʘ ʧʨʝʩ ʽ ʧʨʦʚʦʜʠʣʠ ʧʨʝʩʫʚʘʥʥʷ 

ʟʣʠʚʢʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʪʘʣʽ ʟ ʈɸʇɽ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʢʦʣʴʦʨʦʚʠʭ 

ʤʝʪʘʣʽʚ ʧʨʠ ʚʠʩʦʢʠʭ ʟʥʘʯʝʥʥʷʭ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ ʨʦʟʽʛʨʽʚʽ ʪʘ ʦʜʥʦʯʘʩʥʦʤʫ 

ʚʧʣʠʚʽ ʟʥʘʯʥʠʭ ʩʠʣʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʤʘʪʨʠʮʷʭ ʤʘʶʪʴ ʧʝʚʥʽ ʚʠʤʦʛʠ ʜʣʷ ʾʭ 

ʚʠʛʦʪʦʚʣʝʥʥʷ:  

ï ʚʠʩʦʢʫ ʪʝʧʣʦʩʪʽʡʢʽʩʪʴ, ʪʦʙʪʦ ʥʝ ʧʽʜʜʘʚʘʪʠʩʷ ʩʠʣʴʥʦʤʫ ʟʥʝʤʽʮʥʝʥʥʶ 

ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʜʦ ʩʣʫʞʙʦʚʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʠʞʯʝ ʢʨʠʪʠʯʥʦʾ ʪʦʯʢʠ ɸ1;  

ï ʟʙʝʨʝʞʝʥʥʷ ʨʦʙʦʯʠʭ ʨʦʟʤʽʨʽʚ ʽʥʩʪʨʫʤʝʥʪʘ, ʪʦʙʪʦ ʤʘʪʠ ʩʪʽʡʢʽʩʪʴ ʧʨʦʪʠ 

ʛʘʨʷʯʦʛʦ ʟʥʦʩʫ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʠʱʝ ʢʨʠʪʠʯʥʦʾ ʪʦʯʢʠ ɸ3;  

ï ʧʨʦʚʦʜʠʪʠ ʢʽʥʮʝʚʫ ʪʝʨʤʽʯʥʫ ʦʙʨʦʙʢʫ (ʛʘʨʪʫʚʘʥʥʷ ʪʘ ʚʽʜʧʫʩʢ) ʤʘʪʨʠʮʴ 

ʽ ʣʠʰʝ ʧʽʩʣʷ ʮʴʦʛʦ ʧʨʦʚʦʜʠʪʠ ʥʘʛʨʽʚ ʽʥʩʪʨʫʤʝʥʪʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨ 350-400 Áʉ ʟ 

ʥʘʩʪʫʧʥʠʤ ʛʘʨʷʯʠʤ ʜʝʬʦʨʤʫʚʘʥʥʷʤ ʟʣʠʚʢʽʚ ʽʟ ʩʧʣʘʚʫ. 

ʂʨʽʤ ʪʦʛʦ, ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ, ʧʨʠ ʷʢʦʤʫ 

ʧʨʦʚʝʜʝʥʦ ʚʽʜʧʫʩʢ ʪʘ ʢʫʚʘʥʥʷ ʻ ʜʦʩʪʘʪʥʴʦ ʝʥʝʨʛʦʻʤʥʠʡ ʪʘ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ 

ʚʠʪʨʘʪ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ. 
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1.10 ɺʠʩʥʦʚʢʠ, ʚʠʟʥʘʯʝʥʥʷ ʤʝʪʠ ʪʘ ʟʘʚʜʘʥʴ ʜʦʩʣʽʜʞʝʥʥʷ  

 

ʇʨʦʚʝʜʝʥʠʡ ʦʛʣʷʜ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ ʟʘʨʫʙʽʞʥʠʭ ʨʦʙʽʪ, ʧʨʠʩʚʷʯʝʥʠʭ 

ʰʪʘʤʧʦʚʠʤ ʩʪʘʣʷʤ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ ʪʘ 

ʩʧʣʘʚʽʚ, ʧʦʢʘʟʫʻ, ʱʦ ʥʘ ʩʴʦʛʦʜʥʽ ʨʝʘʣʴʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ ʚ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚʽ ʻ ʧʽʜʚʠʱʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ 

ʟ  ʤʝʪʦʶ ʙʽʣʴʰ ʧʦʚʥʦʛʦ ʟʘʜʦʚʦʣʝʥʥʷ ʧʦʪʨʝʙ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʪʘ 

ʤʝʪʘʣʦʦʙʨʦʙʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʩʬʦʨʤʫʣʶʚʘʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ. 

1. ʄʘʪʨʠʮʽ ʜʣʷ ʛʘʨʷʯʦʛʦ ʧʨʝʩʫʚʘʥʥʷ ʧʨʦʬʽʣʽʚ ʚʠʪʨʠʤʫʶʪʴ ʚʘʞʢʽ 

ʪʝʤʧʝʨʘʪʫʨʥʦ-ʩʠʣʦʚʽ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʮʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʾʭ ʤʘʪʝʨʽʘʣ 

ʧʨʘʢʪʠʯʥʦ ʙʝʟʧʝʨʝʨʚʥʦ ʢʦʥʪʘʢʪʫʻ ʟ ʨʦʟʽʛʨʽʪʠʤ ʜʝʬʦʨʤʦʚʘʥʠʤ ʤʝʪʘʣʦʤ. ɿʘ 

ʮʠʭ ʫʤʦʚ ʰʪʘʤʧʦʚʽ ʩʪʘʣʽ ʥʘʚʽʪʴ ʚʠʩʦʢʦʾ ʪʝʧʣʦʩʪʽʡʢʦʩʪʽ ʤʘʶʪʴ ʥʠʟʴʢʠ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʦʤʫ ʱʦ, ʷʢ ʧʨʘʚʠʣʦ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʽʥʩʪʨʫʤʝʥʪʫ ʧʝʨʝʚʠʱʫʻ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʨʦʛʫ ʪʝʧʣʦʩʪʽʡʢʦʩʪʽ ʮʽʻʾ 

ʛʨʫʧʠ ʩʪʘʣʝʡ.  

2. ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʣʝʡ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʰʪʘʤʧʽʚ ʪʘ 

ʤʘʪʨʠʮʴ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ ʪʘ ʩʧʣʘʚʽʚ ʤʦʞʥʘ 

ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʦʩʥʦʚʥʽ ʛʨʫʧʠ: ʬʟ̔ʠʢʦ-ʤʝʭʘʥʽʯʥʽ ï ʪʚʝʨʜʽʩʪʴ, ʧʣʘʩʪʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʤʽʢʨʦʛʝʦʤʝʪʨʽʷ (ʚʧʣʠʚʘ ̒ʥʘ ʫʤʦʚʠ ʪʝʨʪʷ); ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ï 

ʪʝʧʣʦʩʪʽʡʢʽʩʪʴ, ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, ʦʧʽʨ ʨʦʟʛʘʨʫ ʪʦʱʦ. 

3. ɯʩʥʫʶʯʘ ʟʘʛʘʣʴʥʦ-ʧʨʠʡʥʷʪʘ (ʩʪʘʥʜʘʨʪʥʘ) ʢʣʘʩʠʬʽʢʘʮʽʷ ʐʉɻɼ ʟʘ 

ʪʝʧʣʦʩʪʽʡʢʽʩʪʶ ʚʢʣʶʯʘʻ ʪʨʠ ʛʨʫʧʠ: ʧʦʤʽʨʥʦʾ ʪʝʧʣʦʩʪʽʡʢʦʩʪʽ ʪʘ ʧʽʜʚʠʱʝʥʦʾ 

ʚôʷʟʢʦʩʪʽ; ʧʽʜʚʠʱʝʥʦʾ ʪʝʧʣʦʩʪʽʡʢʦʩʪʽ ʪʘ ʚôʷʟʢʦʩʪʽ; ʚʠʩʦʢʦʾ ʪʝʧʣʦʩʪʽʡʢʦʩʪʽ. ɼʦ 

ʮʠʭ ʦʩʥʦʚʥʠʭ ʛʨʫʧ ʃ.ʆ. ʇʦʟʥʷʢʦʤ ʙʫʣʦ ʜʦʜʘʥʦ ʧʽʜʛʨʫʧʫ ʘʫʩʪʝʥʽʪʥʠʭ 

ʞʘʨʦʤʽʮʥʠʭ ʩʪʘʣʝʡ ʪʘ ʩʧʣʘʚʽʚ, ʘ ʪʘʢʦʞ ʧʽʜʛʨʫʧʫ ʩʪʘʣʝʡ ʟ ʨʝʛʫʣʴʦʚʘʥʠʤ 

ʘʫʩʪʝʥʽʪʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ (ʈɸʇɽ).  

4. ʉʪʘʥʜʘʨʪʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʜʣʷ ʛʘʨʷʯʦʛʦ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʟʘ ʪʝʧʣʦʩʪʽʡʢʽʩʪʶ ʥʝ ʜʦʟʚʦʣʷʻ ʚʠʙʨʘʪʠ ʩʪʘʣʽ ʜʣʷ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʽʜʥʦ-ʥʽʢʝʣʝʚʠʭ ʩʧʣʘʚʽʚ ʪʘ ʙʨʦʥʟ, ʪʝʤʧʝʨʘʪʫʨʘ ʜʝʬʦʨʤʫʚʘʥʥʷ 
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ʷʢʠʭ ʧʦʚʠʥʥʘ ʙʫʪʠ ʚʠʱʦʶ ʟʘ 900-950 Áʉ. ʉʪʘʣʽ ʘʫʩʪʝʥʽʪʥʦʛʦ ʢʣʘʩʫ, ʷʢʽ 

ʚʠʪʨʠʤʫʶʪʴ ʪʘʢʫ ʪʝʤʧʝʨʘʪʫʨʫ. 

5. ɺʠʙʽʨ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʨʫʧʠ 

ʩʪʘʣʝʡ, ʷʢʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʘʪʨʠʮʴ: ʪʘʢ ʜʣʷ ʐʉɻɼ 

ʚʠʩʦʢʦʾ ʪʝʧʣʦʩʪʽʡʢʦʩʪʽ ʧʽʜʙʠʨʘʶʪʴ ʝʣʝʤʝʥʪʠ, ʷʢʽ ʢʨʽʤ ʬʦʨʤʫʚʘʥʥʷ ʚʠʩʦʢʠʭ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʥʠʞʫʶʪʴ ʢʨʠʪʠʯʥʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʪʦʯʢʠ ɸʉ1 ʪʘ 

ɸʉ3, ʥʘʚʧʘʢʠ ʜʣʷ ʩʪʘʣʝʡ ʟ ʈɸʇɽ ʭʽʤʽʯʥʽ ʝʣʝʤʝʥʪʠ ʧʽʜʙʠʨʘʶʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, 

ʱʦʙ ʢʨʽʤ ʚʠʩʦʢʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘʙʝʟʧʝʯʠʪʠ ʟʥʠʞʝʥʥʷ 

ʪʦʯʦʢ ɸʉ1 ʪʘ ɸʉ3. 

6. ʇʦʢʘʟʘʥʦ, ʱʦ ʥʘʡʚʠʛʽʜʥʽʰʠʤ ʚʘʨʽʘʥʪʦʤ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʻ ʩʪʘʣʽ ʟ 

ʨʝʛʫʣʴʦʚʘʥʠʤ ʘʫʩʪʝʥʽʪʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ (ʈɸʇɽ). 

ʋ ʨʘʥʥʽʭ ʨʦʙʦʪʘʭ, ʟʘʚʜʷʢʠ ʤʘʪʝʤʘʪʠʯʥʽʡ ʦʙʨʦʙʮʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ 

ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʩʪʘʣʝʡ ʟ ʈɸʇɽ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʤʦʛʠ, ʷʢʽ ʜʦ ʥʠʭ 

ʧʨʝʜô̫ ʚʣʷʶʪʴʩʷ, ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʙʝʟʧʝʯʝʥʽ ʥʘʩʪʫʧʥʠʤ ʚʤʽʩʪʦʤ ʪʘʢʠʭ ʭʽʤʽʯʥʠʭ  

ʝʣʝʤʝʥʪʽʚ (ʤʘʩ. %): ʉ ï 0,2-0,5; Si ï 0,4-0,8; Mn ï 0,3-0,6; Cr ï 1,9-2,4; Ni ï 5,0-

9,0; Mo ï 1,7-3,5; V ï 0,3-0,4; Co ï 5,1-6,0. ʋ ʥʘʩʪʫʧʥʠʭ ʨʦʙʦʪʘʭ, ʧʨʠʩʚʷʯʝʥʠʭ 

ʮʠʤ ʩʪʘʣʷʤ, ʽʥʪʝʨʚʘʣ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʾʭ ʩʢʣʘʜ ʙʫʚ ʨʦʟʰʠʨʝʥʠʡ, 

ʟʦʢʨʝʤʘ ʧʨʦʚʦʜʠʣʠ ʤʽʢʨʦʣʝʛʫʚʘʥʥʷ ʘʟʦʪʦʤ ʜʦ 0,04 % ʪʘ ʙʫʣʦ ʟʙʽʣʴʰʝʥʦ 

ʢʽʣʴʢʽʩʪʴ ʤʘʥʘ̌ʥʫ ʜʦ 6 %.  

7. ɿʘʚʜʷʢʠ ʧʨʦʚʝʜʝʥʥʁ  ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʠʩʚʷʯʝʥʠʭ 

ʩʪʘʣʷʤ ʟ ʈɸʇɽ, ʙʫʣʠ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʦʩʥʦʚʥʽ ʚʠʤʦʛʠ ʜʦ ʩʪʨʫʢʪʫʨʠ ʩʪʘʣʽ: 

ï ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ʨʝʛʫʣʶʚʘʥʥʷ ʘʫʩʪʝʥʽʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʚ̔ ʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʣʝʛʫʚʘʥʥʷ ʥʽʢʝʣʝʤ, ʷʢʠʡ ʨʦʟʯʠʥʷʶʯʠʩʴ ʚ ʟʘʣʽʟʽ, ʟʥʠʞʫʻ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʣʽʤʦʨʬʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ ʨʦʟʰʠʨʶʻ ʪʝʤʧʝʨʘʪʫʨʥʠʡ 

ʽʥʪʝʨʚʘʣ ʽʩʥʫʚʘʥʥʷ ɔ-Fe, ʱʦ ʜʘʻ ʟʤʦʛʫ ʟʙʝʨʝʛʪʠ ʘʫʩʪʝʥʽʪʥʫ ʩʪʨʫʢʪʫʨʫ 

ʚʧʨʦʜʦʚʞ ʫʩʴʦʛʦ ʧʝʨʽʦʜʫ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽʥʩʪʨʫʤʝʥʪʫ;  

ï ʩʪʽʡʢʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʪʘ ʾʾ ʩʪʨʫʢʪʫʨʘ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʘʢʠʭ ʬʘʢʪʦʨʽʚ: ʬʦʨʤʠ ʪʘ ʤʘʩʠ ʜʝʪʘʣʝʡ, ʫʤʦʚ ʜʝʬʦʨʤʫʚʘʥʥʷ, 
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ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʽ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʤʝʪʘʣʫ, ʥʘʷʚʥʦʩʪʽ ʽ ʪʦʚʱʠʥʠ ʦʢʘʣʠʥʠ.  

8. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʦʩʪʘʪʦʯʥʦʾ ʪʝʨʤʽʯʥʦʾ 

ʦʙʨʦʙʢʠ ʽʥʩʪʨʫʤʝʥʪʫ ʟʽ ʩʪʘʣʽ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʛʘʨʪʫʚʘʥʥʷ ʪʘ ʚʽʜʧʫʩʪʢʫ. ɺʝʣʠʢʘ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʫʤʦʚ ʨʦʙʦʪʠ ʪʘʢʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ ʟʫʤʦʚʣʶʻ ʥʝ ʪʽʣʴʢʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʦʛʦ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ 

ʩʪʘʣʝʡ, ʘ ʡ ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʪʨʠʤʫʚʘʪʠ ʚ ʢʦʞʥʦʤʫ ʢʦʥʢʨʝʪʥʦʤʫ ʚʠʧʘʜʢʫ 

ʦʧʪʠʤʘʣʴʥʝ ʜʣʷ ʜʘʥʠʭ ʫʤʦʚ ʧʦʻʜʥʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘ ʨʘʭʫʥʦʢ ʧʨʘʚʠʣʴʥʦʛʦ 

ʚʠʙʦʨʫ ʨʝʞʠʤʽʚ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʽ ʫʪʚʦʨʝʥʽ ʚʽʜʧʦʚʽʜʥʦʾ ʩʪʨʫʢʪʫʨʠ. ʇʨʠ 

ʮʴʦʤʫ, ʟʘʣʝʞʥʦ ʚʽʜ ʧʨʠʟʥʘʯʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ, ʤʦʞʣʠʚʠʡ ʚʠʙʽʨ ʨʽʟʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʥʘʛʨʽʚʘʥʥʷ ʧʽʜ ʛʘʨʪʫʚʘʥʥʷ, ʩʝʨʝʜʦʚʠʱ ʛʘʨʪʫʚʘʥʥʷ ʽ ʩʧʦʩʦʙʽʚ 

ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜʧʫʩʪʢʫ. ʈʝʞʠʤʠ ʛʘʨʪʫʚʘʥʥʷ ʪʘ ʚʽʜʧʫʩʪʢʫ ʥʝ 

ʫʥʽʚʝʨʩʘʣʴʥʽ, ʘ ʾʭ ʩʣʽʜ ʚʠʟʥʘʯʘʪʠ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦ ʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʫʤʦʚ 

ʨʦʙʦʪʠ ʽʥʩʪʨʫʤʝʥʪʫ. 

9. ʇʦʢʘʟʘʥʦ, ʱʦ ʟʙʽʣʴʝhʥʥʷ ʪʝʧʣʦʩʪʽʡʢʦʩʪʽ ʩʪʘʣʽ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʩʪʨʫʢʪʫʨʠ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʨʪʫʚʘʥʥʷ ʜʣʷ 

ʨʦʟʯʠʥʝʥʥʷ ʢʘʨʙʽʜʥʠʭ ʬʘʟ ʥʘ ʦʩʥʦʚʽ ʭʨʦʤʫ (ʄ23ʉ6). ʇʨʠ ʮʴʦʤʫ ʧʨʠ ʚʠʩʦʢʦʤʫ 

ʚʽʜʧʫʩʢʫ ʩʪʘʣʽ ʥʝ ʚʠʜʽʣʷʶʪʴʩʷ ʢʘʨʙʽʜʥʽ ʬʘʟʠ, ʷʢʽ ʤʦʞʫʪʴ ʟʥʝʤʽʮʥʶʚʘʪʠ ʩʪʘʣʴ 

ʧʨʠ ʢʦʘʛʫʣʷʮʽʾ. ʊʚʝʨʜʽʩʪʴ, ʱʦ ʚʠʟʥʘʯʝʥʘ ʟʘ ʤʝʪʦʜʠʢʦʶ ʦʮʽʥʢʠ ʪʝʧʣʦʩʪʽʡʢʦʩʪʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʃ.ʆ. ʇʦʟʥʷʢʦʤ ʜʣʷ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʚ ʦʩʥʦʚʥʦʤʫ ʧʦʚʠʥʥʘ 

ʩʪʘʥʦʚʠʪʠ 40 HRC, ʘʣʝ ʜʣʷ ʤʘʪʨʠʮʴ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʫ ʚʘʞʢʠʭ ʪʝʤʧʝʨʘʪʫʨʥʦ -

ʩʠʣʦʚʠʭ ʫʤʦʚʘʭ ï ʚʽʜ 45 ʜʦ 50 HRC ʧʽʩʣʷ ʚʽʜʧʫʩʢʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʪʨʦʦʩʪʠʪʥʽʡ 

ʩʪʨʫʢʪʫʨ.̔ ʎʝ ʦʩʥʦʚʥʘ ʥʝʦʙʭʽʜʥʘ ʫʤʦʚʘ ʜʣʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʫ 

ʚʠʛʣʷʜʽ ʤʘʪʨʠʮʴ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʽʜʽ ʪʘ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ. 

10. ʆʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʧʨʠʯʠʥ ʚʠʭʦʜʫ ʟ ʣʘʜʫ ʤʘʪʨʠʮʴ ʜʣʷ ʛʘʨʷʯʦʛʦ 

ʬʦʨʤʫʚʘʥʥʷ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ ʪʘ ʩʧʣʘʚʽʚ ʻ ʨʦʟʚʠʪʦʢ ʧʨʦʮʝʩʽʚ 

ʪʝʨʤʦʤʝʭʘʥʽʯʥʦʾ ʚʪʦʤʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʨʝʰʽʪʢʠ ʨʦʟʛʘʨʥʠʭ 

ʪʨʽʱʠʥ. ʎʝ ʧʦʛʽʨʰʫʻ ʧʦʚʝʨʭʥʶ ʟʘʛʦʪʦʚʦʢ, ʫʩʢʣʘʜʥʶʻ ʾʭ ʚʠʜʘʣʝʥʥʷ ʟ ʤʘʪʨʠʮʽ, 

ʧʦʣʝʛʰʫʻ ʟʥʦʰʫʚʘʥʥʷ ʤʘʪʨʠʮʽ ʪʘ ʢʨʠʭʢʝ ʨʫʡʥʫʚʘʥʥʷ. ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ 
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ʧʦʚʝʨʭʥʝʚʽ ʰʘʨʠ ʤʘʪʨʠʮʽ ʧʽʜʜʘʶʪʴʩʷ ʚʧʣʠʚʫ ʩʫʪʪʻʚʦʾ ʨʦʙʦʯʦʾ ʥʘʧʨʫʛʠ, ʷʢʘ 

ʜʝʬʦʨʤʫʻ ʟʘʛʦʪʦʚʢʫ, ʽ ʚʪʦʤʥʦʾ ʪʝʧʣʦʚʦʾ ʥʘʧʨʫʛʠ, ʚʠʢʣʠʢʘʥʦʾ ʯʝʨʛʫʚʘʥʥʷʤ 

ʥʘʛʨʽʚʘʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ. ʇʝʨʝʜʯʘʩʥʠʡ ʚʠʭʽʜ ʟ ʣʘʜʫ ʽʥʩʪʨʫʤʝʥʪʫ ʤʦʞʝ 

ʙʫʪʠ ʧʦʚôʷʟʘʥʠʡ ʟ ʧʦʤʠʣʢʘʤʠ ʚ ʢʦʥʩʪʨʫʢʮʽʾ, ʥʝʧʨʘʚʠʣʴʥʦʶ ʪʝʨʤʽʯʥʦʶ 

ʦʙʨʦʙʢʦʶ, ʜʝʬʝʢʪʘʤʠ ʤʘʪʝʨʽʘʣʫ, ʪʦʱʦ.  

11. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʫ ʛʘʨʷʯʦʛʦ ʬʦʨʤʫʚʘʥʥʷ 

ʪʘ ʬʦʨʤ ʜʣʷ ʣʠʪʪʷ ʧʽʜ ʪʠʩʢʦʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʫʯʘʩʥʽ ʚʠʜʠ ʭʽʤʽʢʦ-ʪʝʨʤʽʯʥʦʾ 

ʦʙʨʦʙʢʠ ʽ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ (ʭʨʦʤʫʚʘʥʥʷ, ʘʣʽʪʫʚʘʥʥʷ, ʙʦʨʫʚʘʥʥʷ, ʽʦʥʥʘ 

ʢʘʨʙʦʥʽʪʨʘʮʽʷ ʪʘ ʽʥ.), ʱʦ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʶʪʴ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʽʥʩʪʨʫʤʝʥʪʫ, ʧʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʧʽʩʣʷ ʟʥʦʩʫ ʘʙʦ 

ʧʦʰʢʦʜʞʝʥʥʷ ʮʴʦʛʦ ʧʦʢʨʠʪʪʷ ʧʦʯʠʥʘʻʪʴʩʷ ʢʘʪʘʩʪʨʦʬʽʯʥʠʡ ʟʥʦʩ ʽʥʩʪʨʫʤʝʥʪʫ.  

ɺʠʭʦʜʷʯʠ ʽʟ ʚʠʢʣʘʜʝʥʦʛʦ ʚʠʱʝ, ʤʦʞʥʘ ʩʬʦʨʤʫʣʶʚʘʪʠ ʦʩʥʦʚʥʫ ʤʝʪʫ 

ʜʘʥʦʾ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ, ʷʢʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʨʦʟʨʦʙʠʪʠ ʪʝʭʥʦʣʦʛʽʶ 

ʦʜʝʨʞʘʥʥʷ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʟ ʨʝʛʫʣʴʦʚʘʥʠʤ ʘʫʩʪʝʥʽʪʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ 

ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʦʩʣʽʜʞʝʥʴ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʧʨʠ ʣʠʪʪʽ, 

ʪʝʨʤʦʜʝʬʦʨʤʘʮʽʡʥʽʡ ʪʘ ʤʝʭʘʥʽʯʥʽʡ ʦʙʨʦʙʢʘʭ ʽ ʢʽʥʮʝʚʽʡ ʪʝʨʤʽʯʥʽʡ ʦʙʨʦʙʮʽ, 

ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ 

ʜʦʩʣʽʜʠʪʠ ʬʘʟʦʚʦ-ʩʪʨʫʢʪʫʨʥʠʡ ʩʪʘʥ ʧʨʠ ʛʘʨʷʯʦʤʫ ʜʝʬʦʨʤʫʚʘʥʥʽ ʢʦʣʴʦʨʦʚʠʭ 

ʤʝʪʘʣʽʚ ʪʘ ʩʧʣʘʚʽʚ ʚ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʘ ʩʘʤʝ ʚʠʱʝ 

ʢʨʠʪʠʯʥʦʾ ʪʦʯʢʠ ɸʩ3 ʪʘ ʥʠʞʯʝ ɸʩ1.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʟʘʟʥʘʯʝʥʦʾ ʤʝʪʠ ʚ ʨʦʙʦʪʽ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ 

ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. 

1. ʈʦʟʨʦʙʠʪʠ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʦʜʝʨʞʘʥʥʷ ʐʉɻɼ ʟ ʈɸʇɽ, ʷʢʠʡ 

ʙʫʜʝ ʤʝʥʰ ʝʥʝʨʛʦʻʤʥʠʤ ʪʘ ʪʨʫʜʦʤʽʩʪʢʠʤ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʩʥʫʶʯʠʤʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ. 

2. ɼʦʩʣʽʜʠʪʠ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʢʦʤʧʣʝʢʩʥʦʣʝʛʦʚʘʥʠʭ ʩʪʘʣʝʡ 

4ʍ3ʅ5ʄ3ʌ ʪʘ 4ʍ4ʅ5ʄ4ʌ2 ʧʽʜ ʯʘʩ ʣʠʪʪʷ ʪʘ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ. 

3. ʈʦʟʨʦʙʠʪʠ ʨʝʞʠʤ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʩʪʘʣʽ ʟ ʈɸʇɽ ʜʣʷ ʧʦʣʝʛʰʝʥʥʷ 

ʯʦʨʥʦʚʦʾ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʟʘʛʦʪʦʚʦʢ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʽʥʩʪʨʫʤʝʥʪʫ. 
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4. ʈʦʟʨʦʙʠʪʠ ʨʝʞʠʤʠ ʦʩʪʘʪʦʯʥʦʾ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʪʝʧʣʦʩʪʽʡʢʦʩʪʽ ʜʦʩʣʽʜʞʝʥʠʭ ʩʪʘʣʝʡ.  

5. ʇʨʦʚʝʩʪʠ ʮʠʢʣ ʚʠʧʨʦʙʫʚʘʥʥʴ ʨʦʟʨʦʙʣʝʥʠʭ ʩʪʘʣʝʡ ʫ ʚʘʞʢʠʭ ʫʤʦʚʘʭ 

ʪʝʤʧʝʨʘʪʫʨʥʦ-ʩʠʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘ ʩʘʤʝ ʧʨʠ ʨʦʙʦʪʽ ʤʘʪʨʠʮʴ ʜʣʷ 

ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨ 900-950 ̄ ʉ ʤʽʜʥʦ-ʥʽʢʝʣʝʚʠʭ ʩʧʣʘʚʽʚ ʪʘ 

ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʽʜʽ ʟʘ ʪʝʤʧʝʨʘʪʫʨ ʥʠʞʯʝ 650 ʉ̄. 

6. ɼʦʩʣʽʜʠʪʠ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʝʬʦʨʤʦʚʘʥʦʾ 

ʩʪʘʣʽ 4ʍ4ʅ5ʄ4ʌ2  ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʠʭ ʜʝʪʘʣʝʡ ʪʘ ʧʨʦʚʝʩʪʠ 

ʾʾ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʨʠ ʛʘʨʷʯʦʤʫ ʜʝʬʦʨʤʫʚʘʥʥʽ ʤʽʜʽ. 

7. ɺʩʪʘʥʦʚʠʪʠ ʧʨʠʯʠʥʠ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʽʥʪʝʨʚʘʣ ʚʠʥʠʢʥʝʥʥʷ 

ʦʙʝʨʥʝʥʦʾ ʪʘ ʥʝʦʙʝʨʥʝʥʦʾ ʚʽʜʧʫʩʢʥʦʾ ʢʨʠʭʢʦʩʪʽ ʩʪʘʣʝʡ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʾʭ 

ʚʽʜʩʫʪʥʽʩʪʴ ʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ.  

8. ʆʮʽʥʠʪʠ ʧʝʨʩʧʝʢʪʠʚʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʣʠʪʦʾ ʰʪʘʤʧʦʚʦʾ ʩʪʘʣʽ 

4ʍ4ʅ5ʄ4ʌ2 ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʽʜʽ ʪʘ ʘʣʶʤʽʥʽʻʚʦʛʦ ʩʧʣʣʘʚʫ ʚ 

ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʾ ʥʠʞʯʝ ʢʨʠʪʠʯʥʦʾ ʪʦʯʢʠ ɸʩ1. 
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2 ɺʀɹɯʈ ʄɸʊɽʈɯɸʃɯɺ ʊɸ ʄɽʊʆɼɯɺ ɼʆʉʃɯɼɾɽʅʅʗ 

ʐʊɸʄʇʆɺʀʍ ʉʊɸʃɽʁ ɼʃʗ ɻɸʈʗʏʆɻʆ ɼɽʌʆʈʄʋɺɸʅʅʗ 

 

2.1 ɺʠʙʽʨ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ɸʥʘʣʽʟ ʦʛʣʷʜʫ ʨʦʙʽʪ, ʧʨʠʩʚʷʯʝʥʠʭ ʨʦʟʨʦʙʮʽ ʪʘ ʜʦʩʣʽʜʞʝʥʥ ʁʐʉɻɼ, ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʘʨʛʫʤʝʥʪʦʚʘʥʦ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʚ ʩʪʘʣʷʭ, ʟ ʷʢʠʭ 

ʚʠʛʦʪʦʚʣʷʶʪʴ ʤʘʪʨʠʮʽ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ ʪʘ 

ʩʧʣʘʚʽʚ ʥʘ ʦʩʥʦʚʽ ʤʽʜʽ ʪʘ ʥʽʢʝʣʶ, ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʥʝ ʧʦʚʠʥʥʽ ʚʽʜʙʫʚʘʪʠʩʴ ʧʦʣʽʤʦʨʬʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ. ʉʪʘʣʽ ʬʝʨʠʪʥʦʛʦ ʢʣʘʩʫ 

ʤʘʶʪʴ ʥʠʟʴʢʫ ʪʝʧʣʦʩʪʽʡʢʽʩʪʴ. ʊʘʢʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʶʪʴ ʩʪʘʣʽ ʟ ʨʝʛʫʣʴʦʚʘʥʠʤ 

ʘʫʩʪʝʥʽʪʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ (ʈɸʇɽ). ɼʦ ʩʢʣʘʜʫ ʩʪʘʣʝʡ ʟ 

ʈɸʇɽ ʚʭʦʜʷʪʴ ʪʘʢʽ ʣʝʛʫʶʯʽ ʝʣʝʤʝʥʪʠ, ʷʢ Cr, Ni, Mo, V, Mn, Si, C, ʘ ʽʥʦʜʽ ʜʦ 

ʩʢʣʘʜʫ ʚʭʦʜʠʪʴ ʪʘʢʦʞ Co. 

ɿʘ ʙʘʟʦʚʫ ʩʪʘʣʴ ʧʨʠ ʧʨʦʚʝʜʝʥʥ̔  ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʦʙʨʘʥʦ ʐʉɻɼ ʟ ʈɸʇɽ 

ʤʘʨʢʠ 4ʍ3ʅ5ʄ3ʌ [11] ʟʘ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ (ʤʘʩ., %): ʉ ï 0,45; Si ï 0,45; Mn 

ï 0,60; Cr ï 2,75; Ni ï 4,9; Mo ï 2,9. 

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʩʪʘʣʽ ʧʨʠ ʚʠʧʣʘʚʮʽ ʰʠʭʪʠ ʙʫʣʦ ʧʨʠʡʥʷʪʝ 

ʨʽʰʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʣʽʛʘʪʫʨʫ ʪʘ ʚʽʜʭʦʜʠ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ, ʱʦ 

ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʘʪʨʠʮʽ ʪʘ ʧʨʝʩ-ʬʦʨʤʠ 

ʙʘʟʦʚʠʭ ʩʪʘʣʝʡ ʬʝʨʠʪʥʦʛʦ ʢʣʘʩʫ ʤʘʨʦʢ 4ʍ5ʄʌ1ʉ ʪʘ 3ʍ3ʄ3ʌ. 

ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʢʠ ʧʨʦʮʝʥʪʥʦʛʦ ʪʘ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʣʽʛʘʪʫʨ ʜʣʷ 

ʜʦʰʠʭʪʦʚʢʠ ʮʠʭ ʙʘʟʦʚʠʭ ʩʪʘʣʝʡ ʧʨʠ ʾʭ ʚʠʧʣʘʚʮʽ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʣʘʚʦʢ ʚ ɯʥʩʪʠʪʫʪʽ ʧʨʦʙʣʝʤ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ 

ʽʤ. ɯ. ʄ. ʌʨʘʥʮʝʚʠʯʘ ʅɸʅ ʋʢʨʘʾʥʠ (ɯʇʄ ʅɸʅʋ) (ʨʠʩ. 2.1 ʘ ï ʚ) ʙʫʣʠ 

ʦʜʝʨʞʘʥʽ ʟʣʠʚʢʠ (ʣʽʛʘʪʫʨʠ) ʤʘʩʦʶ 25 ʢʛ (ʨʠʩ. 2.1 ʛ). ʋ ʪʘʙʣʠʮʷʭ (ʪʘʙʣ. 2.1, 

ʪʘʙʣ. 2.2) ʥʘʚʝʜʝʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʣʽʛʘʪʫʨ ʩʠʩʪʝʤʠ FeïNiïMoïVïMn ʜʣʷ 

ʜʦʰʠʭʪʦʚʢʠ ʙʘʟʦʚʠʭ ʩʪʘʣʝʡ ʤʘʨʦʢ 4ʍ5ʄʌ1ʉ ʪʘ 3ʍ3ʄ3ʌ. ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ 

ʣʽʛʘʪʫʨʠ ʤʘʨʦʢʠ 4ʍ5ʄʌ1ʉ (ʪʘʙʣ. 2.3),  ʪʘʢʦʞ ʚʘʛʦʚʠʡ ʩʢʣʘʜ ʰʠʭʪʠ 
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(ʣʽʛʘʪʫʨʠ) ʤʘʨʢʠ 4ʍ5ʄʌ1ʉ ʪʘ 3ʍ3ʄ3ʌ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʪʘʙʣʠʮʷʭ 2.4, 2.5, ʱʦ 

ʚʠʧʣʘʚʣʷʣʠ ʚ ʽʥʜʫʢʮʽʡʥʽʡ ʧʝʯʽ (ʨʠʩ. 2.1 ʘ, ʙ) ʪʘ ʨʦʟʣʠʚʘʣʠ ʚ ʢʦʢʽʣʽ (ʨʠʩ. 2.1 ʚ) 

ʟ ʦʪʨʠʤʘʥʥʷʤ ʟʣʠʚʢʽʚ (ʨʠʩ. 2.1 ʛ). ɺʨʘʭʦʚʫʶʯʠ ʢʽʣʴʢʽʩʪʴ ʣʝʛʫʶʯʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʚʠʧʣʘʚʣʝʥʽʡ ʣʽʛʘʪʫʨ ̔ ʪʘ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʙʘʟʦʚʠʭ ʩʪʘʣʝʡ, 

ʦʪʨʠʤʫʻʤʦ ʥʘʩʪʫʧʥʠʡ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʩʪʘʣʝʡ, ʷʢʽ ʙʫʣʠ ʚʠʧʣʘʚʣʝʥʽ ʪʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʫ ʧʦʜʘʣʴʰʦʤʫ ʜʦʩʣʽʜʞʝʥʽ (ʪʘʙʣ. 2.3).  

 

    

                                                ʘ                                                            ʙ 

  

ʚ 

  

 ʛ 

 

ʈʠʩʫʥʦʢ 2.1 ï ʆʙʣʘʜʥʘʥʥʷ, ʥʘ ʷʢʦʤʫ ʙʫʣʠ ʦʜʝʨʞʘʥʥʽ ʟʣʠʚʢʠ ʣʽʛʘʪʫʨʠ 

ʩʠʩʪʝʤʠ FeïNiïMoïVïMn ʪʘ ʩʘʤʽ ʟʣʠʚʢʠ. ʘ, ʙ ï ʽʥʜʫʢʮʽʡʥʘ ʧʽʯ; ʚ ï 

ʨʦʟʙʽʨʥʠʡ ʩʪʘʣʴʥʠʡ ʢʦʢʽʣʴ; ʛ ï ʦʜʝʨʞʘʥʽ ʟʣʠʚʢʠ (ʣʽʛʘʪʫʨʘ) 
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ʊʘʙʣʠʮʷ 2.1 

ʈʦʟʨʘʭʫʥʦʢ ʣʽʛʘʪʫʨʠ ʩʠʩʪʝʤʠ Fe-Ni-Mo-V-Mn ʜʣʷ ʚʚʝʜʝʥʥʷ ʫ ʙʘʟʦʚʫ 

ʩʪʘʣʴ ʤʘʨʢʠ 4ʍ5ʄʌ1ʉ (% ʟʘ ʤʘʩʦʶ) 

ʐʠʭʪʘ (ʢʦʤʧʦʥʝʥʪʠ), ʢʛ 

ʂʦʤʧʦʥʝʥʪʠ 

ʰʠʭʪʠ 

ʄʘʩʘ, 

ʢʛ (%) 

ʉ Ni ʄʦ V ʄn ʉr Si Fʝ 

ʃʽʛʘʪʫʨʘ 

Ni 

(ʅï1) 

3,85  3,85       

Fʝʄʦ 

(60 % ʄʦ) 

2,60   1,53     1,07 

FʝV 

(45 % V) 

3,30    1,50    1,80 

ʄn 

(96 % ʄn) 

0,17     0,16    

ʏʘʚʫʥ 

(3,8 % ʉ) 

5,20 0,20       5,00 

ɸʨʤʢʦïFʝ 9,80        9,80 

ɿʘʛʘʣʴʥʘ ʤʘʩʘ 24,92 0,20 3,85 1,53 1,50 0,16 - 0,69 17,67 

ɹʘʟʦʚʠʡ ʤʘʪʝʨʽʘʣ 

ʉʪʘʣʴ 

4ʍ5ʄʌʉ 

100 % 0,40 0,20 1,30 0,50 0,40 5,00 0,80 91,40 

~ 75 

ʢʛ 

0,30 0,15 0,97 0,37 0,30 3,75 0,60 68,5 

ʃʽʛʘʪʫʨʘ ʪʘ ʙʘʟʦʚʠʡ ʤʘʪʝʨʽʘʣ 

ɿʘʛʘʣʴʥʘ ʤʘʩʘ 100 ʢʛ 0,51 5,70 3,17 1,77 0,42 3,75 0,62 84,04 
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ʊʘʙʣʠʮʷ 2.2  

ʈʦʟʨʘʭʫʥʦʢ ʣʽʛʘʪʫʨʠ ʩʠʩʪʝʤʠ Fe-Ni-Mo-V-Mn ʜʣʷ ʚʚʝʜʝʥʥʷ ʫ ʙʘʟʦʚʫ 

ʩʪʘʣʴ ʤʘʨʢʠ 3ʍ3ʄ3ʌ (% ʟʘ ʤʘʩʦʶ) 

ʐʠʭʪʘ (ʢʦʤʧʦʥʝʥʪʠ), ʢʛ 

ʂʦʤʧʦʥʝʥʪʠ 

ʰʠʭʪʠ 

ʄʘʩʘ, 

ʢʛ (%) 

ʉ Ni ʄʦ V ʄn ʉr Si Fʝ 

ʃʽʛʘʪʫʨʘ 

Cr 

(ʤʝʪ.) 

0,80      0,80   

Ni (H-1) 5,70  5,70       

FʝMo 

(60 % Mo) 

1,83   1,10     0,73 

FeV 

(45 % V) 

2,90    1,31    1,59 

Mn 

(96 % Mn) 

0,20     0,19    

ʏʘʚʫʥ 

(3,8 % ʉ) 

7,20 0,275       6,92 

ɸʨʤʢʦïFʝ 6,37        6,37 

ɿʘʛʘʣʴʥʘ 

ʤʘʩʘ 

25,00 0,275 5,70 1,10 1,31 0,18 0,80 0,02 15 

ɹʘʟʦʚʠʡ ʤʘʪʝʨʽʘʣ 

ʉʪʘʣʴ 

3ʍ3ʄ3ʌ 

100 % 0,30 - 2,80 0,52 0,30 3,00 0,30 92,78 

~ 75 

ʢʛ 

0,225 - 2,10 0,39 0,225 2,25 0,22 69,50 

ʃʽʛʘʪʫʨʘ ʪʘ ʙʘʟʦʚʠʡ ʤʘʪʝʨʽʘʣ 

ɿʘʛʘʣʴʥʘ 

ʤʘʩʘ 

100 ʢʛ 0,50* 5,70 3,20 1,70 0,40 3,00 0,40 85,07 

 ʇʨʠʤʽʪʢʘ* ï 0,43 % ʉ ʧʽʩʣʷ ʚʠʛʦʨʘʥʥʷ ʚʫʛʣʝʮʶ 
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ʊʘʙʣʠʮʷ 2.3  

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʣʽʛʘʪʫʨʠ ʩʠʩʪʝʤʠ Fe-Ni-Mo-V-Mn (% ʟʘ ʤʘʩʦʶ) ʜʣʷ ʩʪʘʣʽ 

ʤʘʨʢʠ 4ʍ5ʄʌ1ʉ 

ɺʤʽʩʪ ʝʣʝʤʝʥʪʽʚ (ʤʘʩ., %) 

ʉ Ni Mo V Mn Si P S Fe 

0,87 22,2 7,90 6,00 0,80 0,10 0,02 0,01 62,09 

 

ʊʘʙʣʠʮʷ 2.4 

ɺʘʛʦʚʠʡ ʩʢʣʘʜ ʰʠʭʪʠ (ʣʽʛʘʪʫʨʘ ʩʠʩʪʝʤʠ Fe-Ni-Mo-V-Mn) ʜʣʷ ʩʪʘʣʽ ʤʘʨʢʠ 

4ʍ5ʄʌ1ʉ 
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22,20 14,6 11,2 0,4 22,2 29,4 100 

 

ʊʘʙʣʠʮʷ 2.5 

ɺʘʛʦʚʠʡ ʩʢʣʘʜ ʰʠʭʪʠ (ʣʽʛʘʪʫʨʘ ʩʠʩʪʝʤʠ Fe-Ni-Mo-V-Mn) ʜʣʷ ʩʪʘʣʽ ʤʘʨʢʠ 

3ʍ3ʄ3ʌ 

N
ʽ
 
(
ʅ

-1
) 

F
e

M
o 

(
6
0
 
%
 
ʄ
ʦ
)

 

F
e

V
 

(4
5

 %
V

 ) 

M
n

 

(9
6

 %
M

n
 ) 

ʏ
ʘ
ʚ
ʫ
ʥ

 

(
3
,
8
 
%
 
ʉ
)

 

C
r
 
(
ʤ
ʝ
ʪ
.
)

 

ɸ
ʨ
ʤ
ʢ
ʦ
 

ï
 F

e 

ɿ
ʘ
ʛ
ʘ
ʣ
ʴ
ʥ
ʘ
 

ʤ
ʘ
ʩ
ʘ
,
 
ʢ
ʛ

 

22,80 7,30 11,60 0,80 28,80 0,80 27,90 100 

 

ʊʘʙʣʠʮʷ 2.6 

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʚʠʧʣʘʚʣʝʥʠʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʪʘʣʝʡ 

ʄʘʨʢʘ ʩʪʘʣʽ 
ɺʤʽʩʪ ʝʣʝʤʝʥʪʽʚ (ʤʘʩ., %) 

ʉ Cr Ni Mo V Si Mn P S 

4ʍ3ʅ5ʄ3ʌ 0,40 2,90 5,20 2,50 1,35 0,35 0,45 0,023 0,003 

4ʍ4ʅ5ʄ4ʌ2 0,45 3,90 5,10 3,75 1,75 0,10 0,24 0,004 0,005 
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2.2 ʊʝʭʥʦʣʦʛʽʷ ʚʠʧʣʘʚʢʠ ʜʦʩʣʽʜʞʝʥʠʭ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ 

 

ɺʠʧʣʘʚʢʫ ʜʦʩʣʽʜʥʠʭ ʩʪʘʣʝʡ ʟ ʈɸʇɽ ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʫʯʘʩʥʦʤʫ 

ʣʠʚʘʨʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʝʣʝʢʪʨʦʰʣʘʢʦʚʠʤ ʢʦʢʝʣʴʥʠʤ ʣʠʪʪʷʤ. ʉʭʝʤʘ ʪʠʧʦʚʦʾ 

ʫʩʪʘʥʦʚʢʠ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 2.2 ʘ. ʊʝʭʥʦʣʦʛʽʷ ʦʜʝʨʞʘʥʥʷ ʩʪʘʣʝʡ ʚʽʜʥʦʩʠʪʴʩʷ 

ʜʦ ʧʨʦʮʝʩʫ ʚʽʜʢʨʠʪʦʾ ʧʣʘʚʢʠ, ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʝʘʢʮʽʷ ʦʙʤʽʥʫ ʤʽʞ ʘʪʤʦʩʬʝʨʦʶ 

ʧʝʯʽ, ʰʣʘʢʦʤ ʪʘ ʩʪʘʣʣʶ [274-276]. ʋʩʪʘʥʦʚʢʘ ʝʣʝʢʪʨʦʰʣʘʢʦʚʦʛʦ ʧʝʨʝʧʣʘʚʫ 

ʞʠʚʠʪʴʩʷ ʦʜʥʦʬʘʟʥʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʩʪʨʫʤʦʤ. ʋ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʧʝʯʽ ʝʣʝʢʪʨʦʜ 

ʧʣʘʚʠʪʴʩʷ. ʂʨʠʩʪʘʣʽʟʘʪʦʨ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʽʜʥʦʛʦ ʧʽʜʜʦʥʫ, ʩʠʣʦʚʠʭ ʢʘʙʝʣʽʚ, ʘ 

ʪʘʢʦʞ ʪʨʫʙ, ʱʦ ʦʭʦʣʦʜʞʫʶʪʴʩʷ ʪʝʭʥʦʣʦʛʽʯʥʦʶ ʚʦʜʦʶ. ʉʠʩʪʝʤʘ 

ʛʘʟʦʦʯʠʱʝʥʥʷ ʪʘ ʝʣʝʢʪʨʠʯʥʽ ʩʠʩʪʝʤʠ ʨʦʟʤʽʱʝʥʽ ʚ ʽʥʰʦʤʫ ʧʨʠʤʽʱʝʥʥʽ ʮʝʭʫ. 

ʇʽʜ ʯʘʩ ʢʦʥʪʨʦʣʶ ʟʘ ʛʘʟʦʦʯʠʱʝʥʥʷʤ ʧʨʦʚʦʜʠʪʴʩʷ ʙʝʟʧʝʨʝʨʚʥʝ ʚʠʤʽʨʶʚʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʪʠʩʢʫ ʪʘ ʢʽʣʴʢʦʩʪʽ ʜʠʤʦʚʠʭ ʛʘʟʽʚ. ʂʝʨʫʚʘʥʥʷ ʨʦʙʦʪʦʶ ʫʩʪʘʥʦʚʢʠ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʫʣʴʪʘ. ʅʘ ʫʩʪʘʥʦʚʢʫ ʨʦʙʦʯʠʡ ʩʪʨʫʤ ʧʦʜʘʻʪʴʩʷ 

ʟ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʧʦʪʫʞʥʽʩʪʶ ʜʦ 5000 ʢɺɸ, ʷʢʠʡ ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ ʤʝʨʝʞʽ ʟ 

ʪʠʨʠʩʪʦʨʥʠʤ ʢʝʨʫʚʘʥʥʷʤ ʜʦ 30 ʢɺ. ɼʣʷ ʟʥʠʞʝʥʥʷ ʽʥʜʫʢʪʠʚʥʠʭ ʚʪʨʘʪ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʪʨʫʤ ʥʠʟʴʢʦʾ ʯʘʩʪʦʪʠ (0-10 ɻʮ). ɺʠʭʽʜ ʛʦʜʥʦʛʦ ʤʝʪʘʣʫ 

ʝʣʝʢʪʨʦʰʣʘʢʦʚʠʤ ʧʝʨʝʧʣʘʚʦʤ  ʩʢʣʘʜʘʻ ʙʽʣʴʰʝ 90 %. ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʜʦʩʣʽʜʥʦ-ʧʨʦʤʠʩʣʦʚʦʾ ʧʘʨʪʽʾ ʰʪʘʤʧʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʛʘʨʷʯʦʛʦ ʧʨʝʩʫʚʘʥʥʷ 

ʤʽʜʥʦ-ʥʽʢʝʣʝʚʦʛʦ ʩʧʣʘʚʫ ʤʘʨʢʠ ʄʅɾ5-1 ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʫʩʪʘʥʦʚʢʫ 

ʝʣʝʢʪʨʦʰʣʘʢʦʚʦʛʦ ʧʝʨʝʧʣʘʚʫ ʇɸʊ ñʈʽʚʥʝʥʩʴʢʠʡ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʽʥʩʪʠʪʫʪ 

ʪʝʭʥʦʣʦʛʽʾ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷò, (ʤ. ʈʽʚʥʝ, ʋʢʨʘʾʥʘ), ʨʠʩ. 2.2 ʙ. ɿʘ ʦʜʠʥ ʮʠʢʣ 

ʫʩʪʘʥʦʚʢʘ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʯʦʪʠʨʴʦʭ ʟʣʠʚʢʽʚ ʟʽ ʩʪʘʣʽ 

4ʍ3ʅ5ʄ3ʌ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʥʦ-ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʰʪʘʤʧʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʟʽ ʩʪʘʣʽ 4ʍ3ʅ5ʄ3ʌ ʛʘʨʷʯʦʛʦ ʧʨʝʩʫʚʘʥʥʷ ʤʽʜʽ 

ʤʘʨʢʠ  ʄ1 ʙʫʣʠ ʦʜʝʨʞʘʥʽ ʟʣʠʚʢʠ ʤʘʩʦʶ 100 ʢʛ, ʨʦʟʤʽʨʦʤ Ï 170 ʤʤ ʪʘ 

ʜʦʚʞʠʥʦʶ 700 ʤʤ ʩʪʘʣʽ 4ʍ3ʅ5ʄ3ʌ ʥʘ ʫʩʪʘʥʦʚʮʽ ʝʣʝʢʪʨʦʰʣʘʢʦʚʦʛʦ 

ʢʦʢʽʣʴʥʦʛʦ ʣʠʪʪʷ ʥʘ ʧ̔ʜʧʨʠʻʤʩʪʚʽ ñʉʧʝʮʣʠʪʴʸò (ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ), 

ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ (ʨʠʩ. 2.2 ʚ, ʛ).  
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ʈʠʩʫʥʦʢ 2.2 ï ʆʙʣʘʜʥʘʥʥʷ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʟʣʠʚʢʽʚ ʟ ɽʐʂʃ ʟʽ ʩʪʘʣʽ 

4ʍ3ʅ5ʄ3ʌ. ʘ ï ʩʭʝʤʘ ʦʙʣʘʜʥʘʥʥʷ ɽʐʂʃ [274]: 1 ï ʥʠʟʴʢʦʯʘʩʪʦʪʥʝ ʜʞʝʨʝʣʦ 

ʞʠʚʣʝʥʥʷ, 2 ï ʩʠʣʦʚʽ ʢʘʙʝʣʽ, 3 ï ʢʦʣʦʥʘ ʢʨʠʩʪʘʣʽʟʘʪʦʨʘ, 4 ï ʢʦʣʦʥʘ 

ʝʣʝʢʪʨʦʪʨʠʤʘʯʘ, 5 ï ʝʣʝʢʪʨʦʪʨʠʤʘʯ, 6 ï ʝʣʝʢʪʨʦʜ, 7 ï ʢʨʠʩʪʘʣʽʟʘʪʦʨ, 8 ï 

ʟʘʛʦʪʦʚʢʘ (ʟʣʠʚʦʢ); ʙ ï ʫʩʪʘʥʦʚʢʘ ɽʐʂʃ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʯʦʪʠʨʴʦʭ ʟʣʠʚʢʽʚ 

ʤʘʩʦʶ 15 ʢʛ ʢʦʞʥʠʡ; ʚ ï ʫʩʪʘʥʦʚʢʘ ɽʐʂʃ; ʛ ï ʟʣʠʚʦʢ ʩʪʘʣʽ ʟ ʤʘʩʦʶ 100 ʢʛ 
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ʈʠʩʫʥʦʢ 2.2 ï ʇʨʦʜʦʚʞʝʥʥʷ 

 

2.3 ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʦʧʝʨʘʮʽʾ ʧʦ ʰʠʭʪʫʚʘʥʥʶ, ʢʦʤʧʦʥʝʥʪʠ ʪʘ 

ʪʝʭʥʦʣʦʛʽʷ ʚʠʧʣʘʚʢʠ ʜʦʩʣʽʜʞʝʥʦʾ ʰʪʘʤʧʦʚʦʾ ʩʪʘʣʽ  

 

ɺ ɯʥʩʪʠʪʫʪʽ ʧʨʦʙʣʝʤ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʽʤ. ɯ. ʄ. ʌʨʘʥʮʝʚʠʯʘ ʅɸʅ  

ʋʢʨʘʾʥʠ ʙʫʣʠ ʦʜʝʨʞʘʥʽ ʟʣʠʚʢʠ (ʣʽʛʘʪʫʨʠ) (ʨʠʩ. 2.1 ʛ) ʜʣʷ ʜʦʰʠʭʪʦʚʢʠ ʙʘʟʦʚʦʾ 

ʩʪʘʣʽ ʤʘʨʢʠ 3ʍ3ʄ3ʌ ʪʘ ʚʠʧʣʘʚʢʠ ɽʐʂʃ ʚ ʇɸʊ ñʈʽʚʥʝʥʩʴʢʠʡ ʥʘʫʢʦʚʦ -

ʜʦʩʣʽʜʥʠʡ ʽʥʩʪʠʪʫʪ ʪʝʭʥʦʣʦʛʽʾ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷò, (ʤ. ʈʽʚʥʝ, ʋʢʨʘʾʥʘ).  

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʪʘʣʽ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʣʘʩʷ, 

ʥʝʦʙʭʽʜʥʦ ʦʙʤʝʞʠʪʠ ʚʤʽʩʪ ʬʦʩʬʦʨʫ ʪʘ ʩʽʨʢʠ ʥʘ ʨʽʚʥʽ 0,02 % ʟʘ ʤʘʩʦʶ. ɼʣʷ 

ʧʨʦʤʠʚʘʣʴʥʦʾ ʧʣʘʚʢʠ ʧʨʦʚʦʜʠʣʠ ʧʝʨʝʧʣʘʚ ʚʣʘʩʥʠʭ ʚʽʜʭʦʜʽʚ ʤʘʨʦʢ ʩʪʘʣʝʡ, ʱʦ 

ʥʝ ʚʽʜʨʽʟʥʷʣʠʩʷ ʧʦ ʭʽʤʽʯʥʦʤʫ ʩʢʣʘʜʫ ʚʽʜ ʪʦʾ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʣʘʩʷ. ʗʢ ʰʠʭʪʫ 

ʧʨʠ ʚʠʧʣʘʚʮʽ ʜʦʩʣʽʜʥʦʾ ʩʪʘʣʽ, ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʙʨʫʭʪ ʩʪʘʣʽ ʤʘʨʢʠ 3ʍ3ʄ3ʌ ʘʙʦ 

4ʍ5ʄʌ1ʉ ʝʣʝʢʪʨʦʣʽʪʠʯʥʠʡ ʥʽʢʝʣʴ H1 ʟʘ ɻʆʉʊ 849ï70 ʽ ʬʝʨʦʭʨʦʤ ʤʘʨʦʢ 

ʌʍ006 ʟʘ ɻʆʉʊ 4757-79, ʤʝʪʘʣʝʚʠʡ ʤʘʥʘ̌ʥ ʤʘʨʢʠ Mʥ l ʟʘ ɻʆʉʊ 6008ï75. 

ʉʠʣʽʢʦʢʘʣʴʮʽʡ ʤʘʨʢʠ ʉʂɿ0 ʟʘ ɻʆʉʊ 4762ï71.  
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ʋʩʽ ʰʠʭʪʦʚʽ ʤʘʪʝʨʽʘʣʠ ʧʽʜʙʠʨʘʣʠʩʷ ʟ ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʠʤ ʚʤʽʩʪʦʤ 

ʩʽʨʢʠ ʪʘ ʬʦʩʬʦʨʫ. ʋʩʽ ʚʠʭʽʜʥʽ ʰʠʭʪʦʚʽ ʢʦʤʧʦʥʝʥʪʠ ʜʣʷ ʧʣʘʚʢʠ (ʙʨʫʭʪ ʩʪʘʣʽ, 

ʥʽʢʝʣʴ, ʭʨʦʤ, ʤʘʥ̌ʘʥ, ʬʣʶʩʠ ʪʘ ʨʦʟʢʠʩʣʶʚʘʯʽ) ʙʫʣʠ ʨʝʪʝʣʴʥʦ ʧʨʦʢʘʣʝʥʽ 

(ʟʘ ʚʠʢʣʶʯʝʥʥʷʤ ʥʽʢʝʣʶ) ʪʘ ʟʚʘʞʝʥʽ. ɺʘʧʥʦ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʪʽʣʴʢʠ 

ʩʚʽʞʦʦʙʧʘʣʝʥʝ.  

ʇʨʠ ʚʠʧʣʘʚʮʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʰʤʘʪʢʦʚʠʡ ʪʘ ʧʦʨʦʰʢʦʧʦʜʽʙʥʠʡ 

ʩʠʣʽʢʦʢʘʣʴʮʽʡ. ʐʠʭʪʦʚʢʫ ʩʪʘʣʽ ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʝʨʝʜʥʽʡ ʤʝʞʽ ʟʘ ʚʤʽʩʪʦʤ 

ʥʽʢʝʣʶ. ʐʠʭʪʦʚʢʫ ʟʘ ʚʤʽʩʪʦʤ ʬʝʨʦʤʦʣʽʙʜʝʥʫ ʧʨʦʚʦʜʠʣʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʡʦʛʦ 

ʚʤʽʩʪʫ ʫʛʘʨʫ 20 % ʟʘ ʤʘʩʦ .ʁ ʇʨʠ ʚʠʧʣʘʚʮʽ, ʩʧʦʯʘʪʢʫ ʚ ʟʘʚʘʣʢʫ, 

ʟʘʚʘʥʪʘʞʫʚʘʣʠ ʙʨʫʭʪ ʟʽ ʩʪʘʣʽ 3ʍ3ʄ3ʌ ʘʙʦ 4ʍ5ʄʌ1ʉ, ʥʽʢʝʣʴ, ʭʨʦʤ ʪʘ ʯʘʚʫʥ. 

ɼʘʣʽ ʜʦʜʘʚʘʣʠ ʥʝʦʙʭʽʜʥʫ ʢʽʣʴʢʽʩʪʴ ʰʣʘʢʦʫʪʚʦʨʶʶʯʠʭ (ʟʘ ʤʘʩʦʶ, ʛ/ʢʛ): ʚʘʧʥʘ 

ï ʚʽʜ 10 ʛ/ʢʛ ʜʦ 18 ʛ/ʢʛ, ʧʣʘʚʠʢʦʚʦʛʦ ʰʧʘʪʫ ï ʚʽʜ 9 ʛ/ʢʛ ʜʦ 10 ʛ/ʢʛ ʘʙʦ 

ʬʣʶʩʫ ʤʘʨʢʠ ɸʅʌ ï ʚʽʜ 6 ʛ/ʢʛ ʜʦ 20 ʛ/ʢʛ. ʊʝʤʧʝʨʘʪʫʨʫ ʤʝʪʘʣʫ ʧʽʜʥʽʤʘʣʠ 

ʜʦ 1550-1600 Áʉ. ʇʦʪʽʤ ʧʽʩʣʷ ʧʦʚʥʦʛʦ ʨʦʟʧʣʘʚʣʝʥʥʷ ʰʠʭʪʠ ʜʦʜʘʚʘʣʠ ʤʘʥ̌ʘʥ 

0,2-0,5 ʛ/ʢʛ. ɼʘʣʽ ʚʚʦʜʠʣʠ ʬʝʨʦʚʘʥʘʜʽʡ ʪʘ ʬʝʨʦʤʦʣʽʙʜʝʥ. ʇʽʩʣʷ ʾʭ ʟʘʩʚʦʻʥʥʷ 

ʧʨʦʚʦʜʠʣʠ ʨʝʪʝʣʴʥʝ ʨʦʟʢʠʩʣʶʚʘʥʥʷ ʰʣʘʢʫ ʤʦʣʦʪʠʤ ʩʠʣʽʢʦʢʘʣʴʮʽʻʤ. ʐʣʘʢ 

ʙʫʚ ʩʬʦʨʤʦʚʘʥʠʡ ʪʘ ʧʦʜʘʣʴʰʫ ʧʨʠʩʘʜʢʫ ʰʣʘʢʦʫʪʚʦʨʶʶʯʠʭ ʚ ʧʝʯʽ ʫʧʨʦʜʦʚʞ 

ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʛʦ ʧʝʨʽʦʜʫ ʥʝ ʧʨʦʚʦʜʠʣʠ.  

ɿʘʜʦʚʽʣʴʥʘ ʧʣʘʩʪʠʯʥʽʩʪʴ ʤʝʪʘʣʫ ʟʘʙʝʟʧʝʯʫʚʘʣʘʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʨʦʙʢʠ 

ʤʝʪʘʣʫ ʩʠʣʽʢʦʢʘʣʴʮʽʻʤ. ɿʘʛʘʣʴʥʘ ʚʠʪʨʘʪʘ ʧʦʨʦʰʢʫ ʩʠʣʽʢʦʢʘʣʴʮʽʶ ʩʪʘʥʦʚʠʣʘ 

9-12 ʛ/ʢʛ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʢʨʝʤʥʽʶ ʫ ʩʢʣʘʜʽ ʩʪʘʣʽ ʚ ʥʝʦʙʭʽʜʥʠʭ ʤʝʞʘʭ 

ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʧʦʨʦʰʦʢ ʘʙʦ ʰʤʘʪʢʦʚʠʡ ʬʝʨʦʩʠʣʽʮʽʡ ʤʘʨʢʠ ʌʉ-75.  

ɼʣʷ ʦʩʪʘʪʦʯʥʦʛʦ ʨʦʟʢʠʩʣʶʚʘʥʥʷ ʫ ʧʝʯʽ, ʜʦʜʘʚʘʣʠ ʰʤʘʪʢʦʚʠʡ 

ʧʝʨʚʠʥʥʠʡ ʘʣʶʤʽʥʽʡ ʫ ʢʽʣʴʢʦʩʪʽ 0,8-1,2 ʛ/ʢʛ. ʊʝʤʧʝʨʘʪʫʨʘ ʤʝʪʘʣʫ ʫ ʧʝʯʽ ʧʝʨʝʜ 

ʚʠʧʫʩʢʦʤ ʩʪʘʥʦʚʠʣʘ 1550 Áʉ. ʊʨʠʚʘʣʽʩʪʴ ʨʘʬʽʥʫʚʘʥʥʷ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ 20 ʭʚ.  
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2.4 ʊʝʭʥʦʣʦʛʽʷ ʚʠʧʣʘʚʢʠ ʜʦʩʣʽʜʞʝʥʦʾ ʩʪʘʣʽ 4ʍ4ʅ5ʄ4ʌ2 

 

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʨʦʙʦʪʠ ʨʷʜ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʪʘʣʝʡ ʙʫʣʠ ʚʠʛʦʪʦʚʣʝʥʽ 

ʟʣʠʚʢʠ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʤʘʩʦʶ 300 ʢʛ, ʜʽʘʤʝʪʨʦʤ Ï 180-220 ʤʤ, ʚʠʛʦʪʦʚʣʝʥʽ ʚ 

ʢʦʨʧʦʨʘʮʽʾ ñTiangong International Co, Ltò (Danyang City, Chine). ɿʘʛʘʣʴʥʘ 

ʤʘʩʘ ʟʣʠʚʢʽʚ, ʦʜʝʨʞʘʥʠʭ ʝʣʝʢʪʨʦʰʣʘʢʦʚʠʤ ʢʦʢʣ̔ʴʥʠʤ ʣʠʪʪʷʤ (ɽʐʂʃ*) ʟʘ 

ʦʜʥʫ ʧʣʘʚʢʫ ʩʪʘʥʦʚʠʣʘ 3 ʪʦʥʥʠ. ʆʙʣʘʜʥʘʥʥʷ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʟʣʠʚʢʽʚ ʟ ɽʐʂʃ* 

ʟʽ ʩʪʘʣʽ 4ʍ4ʅ5ʄ4ʌ2 ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ (ʨʠʩ. 2.3 ʘ ï ʜ). 

 

 
ʘ 

  
ʙ 

 
ʚ 

 
ʛ 

ʈʠʩʫʥʦʢ 2.3 ï ʆʙʣʘʜʥʘʥʥʷ ʜʣʷ ɽʐʂʃ* ʫ ʢʦʨʧʦʨʘʮʽʾ ñTiangong International Co., 

Ltò (Danyang City, Chine) ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʟʣʠʚʢʽʚ ʟʽ ʩʪʘʣʽ. ʘ ï ʫʩʪʘʥʦʚʢʠ ɽʐʂʃ*; 

ʙ ï ʢʦʢʽʣʴ; ʚ ï ʟʣʠʚʦʢ ʫ ʢʦʥʪʝʡʥʝʨʽ; ʛ ï ʟʣʠʚʦʢ (ʤʘʩʘ 300 ʢʛ, Ï 180-220 ʤʤ ʪʘ 

ʜʦʚʞʠʥʦʶ 1100 ʤʤ) 
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2.5 ʄʝʪʦʜ ʚʽʜʙʦʨʫ ʧʨʦʙ 

 

ʄʝʪʦʜ ʚʽʜʙʦʨʫ ʧʨʦʙ ʜʣʷ ʩʪʘʣʽ ʧʨʦʚʦʜʠʣʠ ʟʘ ɻʆʉʊ 7565-81. ɼʣʷ 

ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʙʫʚ ʚʽʜʽʙʨʘʥʠʡ ʟʨʘʟʦʢ ʤʘʩʦʶ 0,3 ʢʛ, ʘ ʜʣʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʘʥʘʣʽʟʫ ï 0,06 ʢʛ.  

ɼʣʷ ʚʽʜʙʦʨʫ ʧʨʦʙ ʫ ʚʠʛʣʷʜʽ ʩʪʨʫʞʢʠ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʩʚʝʨʜʣʘ ʟ ʢʫʪʦʤ 

ʨʽʟʘʣʴʥʠʭ ʢʨʦʤʦʢ 120Á ʟ ʰʚʠʜʢʦʨʽʟʘʣʴʥʦʾ ʩʪʘʣʽ ʘʙʦ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʫ 

ʜʽʘʤʝʪʨʦʤ Ï 10-20 ʤʤ. ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʦʢʠʩʥʝʥʥʶ ʩʪʨʫʞʢʠ ʩʚʝʨʜʣʽʥʥʷ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʥʠʟʴʢʽʡ ʰʚʠʜʢʦʩʪʽ. ʉʪʨʫʞʢʫ ʚʽʜʙʠʨʘʣʠ ʫ ʩʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ 

ʧʨʦʙʠ. ʊʦʚʱʠʥʘ ʩʪʨʫʞʢʠ ʙʫʣʘ ʥʝ ʙʽʣʴʰʝ 0,4 ʤʤ. ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʩʪʘʣʽ 

ʚʠʟʥʘʯʘʣʠ ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ [277-279].  

ʇʨʠʣʘʜʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʫ ʩʪʘʣʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ 

ʨʠʩʫʥʢʫ (ʨʠʩ. 2.4 ʘ ï ʚ). ɹʫʣʠ ʟʘʩʪʦʩʦʚʘʥʽ ʝʢʩʧʨʝʩ-ʘʥʘʣʽʟʘʪʦʨʠ ʚʫʛʣʝʮʶ 

ɸʅ 7560ʄ ʪʘ ɸʅ 7529ʄ  (ʨʠʩ. 2.4 ʘ, ʙ) ʪʘ ʩʪʘʮʽʦʥʘʨʥʠʡ ʩʧʝʢʪʨʦʤʝʪʨ ʜʣʷ 

ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʦʙʠ ʤʝʪʘʣʫ SPECTROMAX LMX07 (ʨʠʩ. 2.4 ʚ). 

 

 

ʘ 
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ʈʠʩʫʥʦʢ 2.4 ï ʇʨʦʜʦʚʞʝʥʥʷ 

 

ʙ 

 

ʚ 

ʈʠʩʫʥʦʢ 2.4 ï ʇʨʠʣʘʜʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʩʪʘʣʝʡ, ʷʢʽ ʜʦʩ-

ʣʽʜʞʫʚʘʣʠ. ʘ ï ʩʭʝʤʘ ʝʢʩʧʨʝʩ-ʘʥʘʣʽʟʘʪʦʨʘ ʧʨʦʙ ʩʪʘʣʝʡ ʥʘ ʚʫʛʣʝʮʴ: 1 ï ʪʨʫʙ-ʯʘʩʪʘ 

ʧʽʯ, 2 ï ʝʣʝʢʪʨʦʜ, 3 ï ʜʦʧʦʤʽʞʥʠʡ ʝʣʝʢʪʨʦʜ, 4 ï ʝʣʝʢʪʨʦʣʽʪʠʯʥʘ ʢʦʤʽʨʢʘ, 5 ï 

ʥʘʩʠʯʝʥʠʡ ʨʦʟʯʠʥ, 6 ï ʜʦʧʦʤʽʞʥʠʡ ʨʦʟʯʠʥ, 7 ï ʧʨʦʥʠʢʥʘ ʜʣʷ ʩʪʨʫʤʫ 

ʧʝʨʝʛʦʨʦʜʢʘ, 8 ï ʢʘʪʦʜ, 9 ï ʘʥʦʜ, 10 ï ʽʥʪʝʛʨʘʪʦʨ ʩʪʨʫʤʫ ʷʢ ʧʝʨʝʨʘʭʫʥʢʦʚʠʡ ʪʘ 

ʽʥʜʠʢʘʪʦʨʥʠʡ ʧʨʠʩʪʨʽʡ, 11 ï ʧʝʨʝʤʽʰʫʚʘʯ, 12 ï ʚʠʩʦʢʦʦʤʥʠʡ ʧʽʜʩʠʣʶʚʘʯ ʨʅ-

ʤʝʪʨʫ, 13 ï ʧʝʨʝʪʚʦʨʶʚʘʯ "UŸʊʮ", 14 ï ʩʪʘʙʽʣʽʟʘʪʦʨ ʩʪʨʫʤʫ; ʙ ï ʝʢʩʧʨʝʩ -

ʘʥʘʣʽʟʘʪʦʨʠ ʚʫʛʣʝʮʶ ɸʅ 7560ʄ ʪʘ ɸʅ 7529ʄ; ʚ ï ʩʪʘʮʽʦʥʘʨʥʠʡ ʩʧʝʢʪʨʦʤʝʪʨ 

ʜʣʷ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʦʙʠ ʤʝʪʘʣʫ SPECTROMAX LMX07 

 

2.5.1 ʄʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʚʫʛʣʝʮʶ ʫ ʩʪʘʣʽ  

 

ɺʤʽʩʪ ʚʫʛʣʝʮʶ ʫ ʩʪʘʣʽ ʚʠʟʥʘʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʢʩʧʨʝʩ-ʘʥʘʣʽʟʘʪʦʨʽʚ 

ɸʅ 7560ʄ ʪʘ ɸʅ 7529ʄ ʟ ʢʫʣʦʥʦʤʝʪʨʠʯʥʠʤʠ ʢʦʤʽʨʢʘʤʠ ʪʠʪʨʫʚʘʥʥʷ ʉʆ2 ʫ 

ʧʦʪʦʮʽ ʢʠʩʥʶ (ʨʠʩ. 2.4 ʙ). ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʨʦʙʦʪʠ ʘʥʘʣʽʟʘʪʦʨʘ ɸʅ 7560ʄ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.4 ʘ. ɺʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʚʤʽʩʪʫ ʚʫʛʣʝʮʶ ʧʨʦʚʦʜʠʣʠ 

ʟʘ ʤʝʪʦʜʦʤ ʽʟʦʪʝʨʤʽʯʥʦʾ ʦʢʠʩʥʶʚʘʣʴʥʦʾ ʝʢʩʪʨʘʢʮʽʾ ʫ ʧʦʪʦʮʽ ʛʘʟʫ ï ʨʝʘʛʝʥʪʫ -

ʥʦʩʽʶ ʢʠʩʥʶ. ɸʥʘʣʽʟʘʪʦʨ ʚʠʟʥʘʯʘʚ ʚʤʽʩʪ ʚʫʛʣʝʮʶ ʟʘ ʤʝʪʦʜʦʤ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʪʠʪʨʫʚʘʥʥʷ ʟʘ ʚʝʣʠʯʠʥʦʶ ʨʅ. ʅʘʚʘʞʢʫ ʟʨʘʟʢʘ ʨʦʟʤʽʱʫʚʘʣʠ ʫ  

ʤʫʣʽʪʦʩʠʣʽʢʘʪʥʠʡ ʯʦʚʥʠʢ. ʆʢʠʩʣʶʚʘʣʴʥʘ ʝʢʩʪʨʘʢʮʽʷ ʚʽʜʙʫʚʘʣʘʩʷ ʫ ʪʨʫʙʯʘʩʪʽʡ 
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ʧʝʯʽ 1 (ʨʠʩ. 2.4 ʘ) ʚ ʧʦʪʦʮʽ, ʦʯʠʱʝʥʦʛʦ ʚʽʜ ʜʦʤʽʰʦʢ ʢʠʩʥʶ. ɼʽʦʢʩʠʜ ʚʫʛʣʝʮʶ 

ʉʆ2, ʱʦ ʤʽʩʪʠʚʩʷ ʫ ʟʨʘʟʢʫ ʧʦʜʘʚʘʚʩʷ ʧʦʪʦʢʦʤ ʢʠʩʥʶ ʜʦ ʝʣʝʢʪʨʦʣʽʪʠʯʥʦʾ 

ʢʦʤʽʨʢʠ ʜʘʪʯʠʢʘ 4 ʽ ʧʦʛʣʠʥʘʚʩʷ ʚ ʥʽʡ ʨʦʟʯʠʥʦʤ 5 (ʨʠʩ.   2.4  ʘ). ʇʽʜʢʠʩʣʝʥʥʷ 

ʧʨʠʟʚʦʜʠʣʦ ʜʦ ʟʤʽʥʠ ʝʣʝʢʪʨʦʨʫʰʽʡʥʦʾ ʩʠʣʠ ʝʣʝʢʪʨʦʣʽʪʠʯʥʦʾ ʢʦʤʽʨʢʠ 2, 3 ʽ 

ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʚʠʩʦʢʦʦʤʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʨʅ-ʤʝʪʨʫ 12, ʷʢʝ ʧʦʪʽʤ 

ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ 13 ʢʦʥʚʝʨʪʫʚʘʣʦʩʷ ʚ ʽʤʧʫʣʴʩʠ ʥʘʧʨʫʛʠ ʟ ʪʨʠʚʘʣʽʩʪʶ, ʱʦ 

ʧʨʦʧʦʨʮʽʡʥʘ ʟʥʘʯʝʥʥʷʤ ʮʽʻʾ ʥʘʧʨʫʛʠ (ʨʠʩ. 2.4 ʘ). ɯʤʧʫʣʴʩʠ ʥʘʧʨʫʛʠ 

ʩʪʘʙʽʣʽʟʘʪʦʨʦʤ ʩʪʨʫʤʫ 14 ʧʝʨʝʪʚʦʨʶʚʘʣʠʩʷ ʚ ʽʤʧʫʣʴʩʠ ʩʪʨʫʤʫ, ʱʦ ʧʨʦʪʽʢʘʣʠ 

ʧʦ ʜʽʣʷʥʮʽ ʣʘʥʮʶʛʘ: ʘʥʦʜ 9 ï ʜʦʧʦʤʽʞʥʠʡ ʨʦʟʯʠʥ; 6 ï ʩʪʨʫʤʦʧʨʦʥʠʢʥʘ 

ʮʝʣʶʣʦʟʥʘ ʧʝʨʝʛʦʨʦʜʢʘ; 7 ï ʧʦʛʣʠʥʘʶʯʠʡ ʨʦʟʯʠʥ; 5 ï ʢʘʪʦʜ 8, ʚʠʢʣʠʢʘʣʠ 

ʚʽʜʥʦʚʣʝʥʥʷ ʽʦʥʽʚ ʚʦʜʥʶ ʥʘ ʢʘʪʦʜʽ, ʧʦʛʣʠʥʘʣʠ, ʥʝʡʪʨʘʣʽʟʫʶʯʠ ʧʨʠ ʮʴʦʤʫ 

ʢʠʩʣʦʪʫ, ʱʦ ʫʪʚʦʨʶʚʘʣʘʩʷ ʧʨʠ ʨʦʟʯʠʥʝʥʥʽ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ. ʂʽʣʴʢʽʩʪʴ 

ʝʣʝʢʪʨʠʢʠ, ʷʢʘ ʙʫʣʘ ʧʦʪʨʽʙʥʘ ʜʣʷ ʥʝʡʪʨʘʣʽʟʘʮʽʾ, ʬʽʢʩʫʚʘʣʘʩʴ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤ 

ʪʘ ʽʥʜʠʢʘʪʦʨʥʠʤ ʧʨʠʩʪʨʦʻʤ 10, ʱʦ ʙʫʚ ʚʽʜʛʨʘʜʫʡʦʚʘʥʠʡ ʟʘ ʚʤʽʩʪʦʤ ʚʫʛʣʝʮʶ 

(% ʟʘ ʤʘʩ.). ʅʦʚʦʫʪʚʦʨʝʥʘ ʢʦʤʧʣʝʢʩʥʘ ʩʽʣʴ ï ʛʝʢʩʘʮʽʘʥʦʬʝʨʠʪ ʪʨʠʮʠʥʢʫ ʽ 

ʜʠʢʘʣʽʶ ʚʠʧʘʜʘʻ ʚ ʦʩʘʜ. ʆʯʠʱʝʥʥʷ ʉʆ2 ʚʽʜ ʩʦʣʝʪʚʦʨʥʠʭ ʜʦʤʽʰʦʢ ʦʢʩʠʜʽʚ 

ʘʟʦʪʫ ʚʽʜʙʫʚʘʣʦʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʛʣʠʥʘʶʯʦʛʦ ʨʦʟʯʠʥʫ, ʜʦ ʩʢʣʘʜʫ ʷʢʦʛʦ 

ʚʭʦʜʠʣʘ ʢʦʥʮʝʥʪʨʦʚʘʥʘ ʩʫʣʴʬʘʪʥʘ ʢʠʩʣʦʪʘ ʪʘ ʪʨʠʦʢʩʠʜ ʭʨʦʤʫ [280]. 

 

2.5.2 ɺʠʟʥʘʯʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʩʪʘʣʽ ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʘʥʘʣʽʟʫ 

 

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʩʪʘʣʽ ʚʠʟʥʘʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʘʮʽʦʥʘʨʥʦʛʦ 

ʩʧʝʢʪʨʦʤʝʪʨʘ ʜʣʷ ʘʥʘʣʽʟʫ ʤʝʪʘʣʫ SPECTROMAX LMX07 (ʅʽʤʝʯʯʠʥʘ) 

ʟʦʙʨʘʞʝʥʦʛʦ ʥʘ ʨʠʩʫʥʢʫ (ʨʠʩ. 2.4 ʚ) ʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʢʪʨʦʛʨʘʬʘ, ʥʘ ʷʢʦʤʫ 

ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʩʧʦʩʽʙ ʟʙʫʜʞʝʥʦʛʦ ʩʧʝʢʪʨʘ ʟʘ ʨʘʭʫʥʦʢ ʧʨʦʭʦʜʞʝʥʥʷ 

ʥʠʟʴʢʦʚʦʣʴʪʥʦʾ ʽʩʢʨʠ [277]. ʄʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ Cr, Ni, Mo, V, Mn, Si 

ʟʘ ʩʧʝʢʪʨʘʣʴʥʠʤ ʘʥʘʣʽʟʦʤ ʧʨʦʚʦʜʠʣʠ ʟʘ ɻʆʉʊ 22536.13ï77. ɿʘʚʜʷʢʠ 

ʧʦʪʫʞʥʦʤʫ ʨʦʟʨʷʜʫ, ʱʦ ʩʠʣʴʥʦ ʨʫʡʥʫʚʘʚ ʧʦʚʝʨʭʥʶ ʝʣʝʢʪʨʦʜʽʚ, ʚʠʥʠʢʘʣʘ 
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ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ ʩʧʝʢʪʨ ʜʣʷ ʘʥʘʣʽʟʫ. ʂʽʣʴʢʽʩʪʴ ʚʠʟʥʘʯʝʥʦʛʦ ʝʣʝʤʝʥʪʫ ʫ 

ʧʨʦʙʽ, ʱʦ ʘʥʘʣʽʟʫʚʘʣʠ, ʟʚʘʞʫʚʘʣʠ ʥʘ ʘʥʘʣʽʪʠʯʥʠʭ ʚʘʛʘʭ ʟ ʧʦʭʠʙʢʦʶ ʥʝ ʙʽʣʴʰʝ 

0,0002 ʛ. ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʛʨʘʜʫʶʚʘʥʥʷ ʛʨʘʬʽʢʘ, ʥʘ ʦʩʽ ʘʙʩʮʠʩ ʷʢʦʛʦ, 

ʟʘʧʠʩʫʚʘʣʠ ʢʽʣʴʢʽʩʪʴ ʚʠʟʥʘʯʝʥʦʛʦ ʝʣʝʤʝʥʪʘ ʫ ʚʽʜʩʦʪʢʘʭ, ʘ ʥʘ ʦʩʽ ʦʨʜʠʥʘʪ ï 

ʦʧʪʠʯʥʫ ʱʽʣʴʥʽʩʪʴ ʨʦʟʯʠʥʫ ʨʦʟʬʘʨʙʦʚʘʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʟôʻʜʥʘʥʥʷ. ʄʝʪʦʜ 

ʧʦʨʽʚʥʷʥʥʷ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʧʨʦʙʠ ʟ ʦʧʪʠʯʥʦʶ ʱʽʣʴʥʽʩʪʶ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʦʟʯʠʥʫ ʚʠʟʥʘʯʝʥʦʛʦ ʝʣʝʤʝʥʪʘ ʘʙʦ ʨʦʟʯʠʥʫ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʟʨʘʟʢʘ, ʙʣʠʟʴʢʦʛʦ  ʜʦ ʩʢʣʘʜʫ ʧʨʦʙʠ, ʱʦ ʘʥʘʣʽʟʫʶʪʴ, ʛʨʘʜʫʡʦʚʘʥʽ 

ʛʨʘʬʽʢʠ, ʧʦʙʫʜʦʚʘʥʽ ʧʦ ʩʪʘʥʜʘʨʪʥʠʤ ʨʦʟʯʠʥʘʤ, ʦʙʦʚôʷʟʢʦʚʦ ʧʝʨʝʚʽʨʷʣʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 1-2 ʩʪʘʥʜʘʨʪʥʠʭ ʟʨʘʟʢʘ. ʂʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʧʨʠ ʭʽʤʽʯʥʦʤʫ 

ʘʥʘʣʽʟʽ ʚʠʟʥʘʯʘʣʠ ʧʦ ʪʨʴʦʭ ʧʘʨʘʣʝʣʴʥʠʭ ʚʠʤʽʨʶʚʘʥʥʷʭ, ʧʦʚʪʦʨʶʶʯʠ ʢʦʞʥʝ 

ʚʠʤʽʨʶʚʘʥʥʷ ʪʨʠʯʽ ʘʙʦ ʜʚʦʭ ʧʘʨʘʣʝʣʴʥʠʭ ʚʠʟʥʘʯʝʥʥʷʭ, ʪʘʢʦʞ ʧʦʚʪʦʨʶʶʯʠ 

ʢʦʞʥʝ ʚʠʤʽʨʶʚʘʥʥʷ ʪʨʠʯʽ, ʟʘ ʫʤʦʚʠ, ʱʦ ʨʦʟʭʦʜʞʝʥʥʷ ʧʨʠ ʘʥʘʣʽʟʽ ʥʝ 

ʧʝʨʝʚʠʱʫʚʘʣʦ ʜʦʧʫʩʪʠʤʠʭ ʨʦʟʭʦʜʞʝʥʴ ʥʘʚʝʜʝʥʠʭ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʩʪʘʥʜʘʨʪʽ. 

ʆʜʥʦʯʘʩʥʦ ʚ ʮʠʭ ʫʤʦʚʘʭ ʘʥʘʣʽʟʫʚʘʣʠ ʩʪʘʥʜʘʨʪʥʠʡ ʟʨʘʟʦʢ, ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ 

ʷʢʦʛʦ ʚʽʜʧʦʚʽʜʘʚ ʧʨʦʙʽ, ʧʨʠ ʮʴʦʤʫ ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʢʦʥʪʨʦʣʶʚʘʣʘʩʷ 

ʜʣʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʟʨʘʟʢʘ ʪʘ ʧʨʦʙʠ, ʱʦ ʘʥʘʣʽʟʫʚʘʣʠ, ʥʝ ʧʦʚʠʥʥʘ ʨʦʟʭʦʜʠʪʠʩʴ 

ʙʽʣʴʰʝ ʥʽʞ ʫ ʜʚʘ ʨʘʟʠ. ʉʝʨʝʜʥʽʡ ʨʝʟʫʣʴʪʘʪ ʘʥʘʣʽʟʫ ʩʪʘʥʜʘʨʪʥʦʛʦ ʟʨʘʟʢʘ ʥʝ 

ʧʦʚʠʥʝʥ ʚʽʜʨʽʟʥʷʪʠʩʴ ʚʽʜ ʨʝʟʫʣʴʪʘʪʫ, ʚʢʘʟʘʥʦʛʦ ʫ ʩʚʽʜʦʮʪʚʽ, ʙʽʣʴʰʝ ʥʽʞ ʥʘ 

ʧʦʣʦʚʠʥʫ ʤʘʢʩʠʤʘʣʴʥʦʾ ʚʝʣʠʯʠʥʠ ʜʦʧʫʩʪʠʤʠʭ ʨʦʟʭʦʜʞʝʥʴ ʜʣʷ ʪʨʴʦʭ 

ʧʘʨʘʣʝʣʴʥʠʭ ʚʠʟʥʘʯʝʥʴ. ʉʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʣʷ 

ʪʨʴʦʭ ʚʠʟʥʘʯʝʥʴ ʧʨʠ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʘʥʘʣʽʟʽ ʧʨʠʡʤʘʣʦʩʷ ʷʢ  ʢʽʥʮʝʚʠʡ 

ʨʝʟʫʣʴʪʘʪ. ʄʘʢʩʠʤʘʣʴʥʝ ʨʦʟʭʦʜʞʝʥʥʷ ʤʽʞ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʟʥʘʯʝʥʴ ʥʝ 

ʧʦʚʠʥʥʝ ʧʝʨʝʚʠʱʫʚʘʪʠ ʜʦʧʫʩʪʠʤʦʛʦ, ʜʘʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʢʦʥʮʝʥʪʨʘʮʽʡ 

ʝʣʝʤʝʥʪʘ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʚʢʘʟʘʥʦʛʦ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʩʪʘʥʜʘʨʪʽ ʥʘ ʤʝʪʦʜʠ 

ʘʥʘʣʽʟʫ. ʇʨʠ ʮʴʦʤʫ ʜʦʧʫʩʪʠʤʽ ʨʦʟʭʦʜʞʝʥʥʷ ʚʠʨʘʞʝʥʽ ʫ ʚʽʜʩʦʪʢʘʭ ʪʘ 

ʨʦʟʨʘʭʦʚʘʥʽ ʧʨʠ ʽʤʦʚʽʨʥʦʩʪʽ ʨ = 0,95, ʱʦ ʦʜʝʨʞʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʧʦʧʘʜʘʻ ʚ 

ʦʙʤʝʞʝʥʠʡ ʜʦʚʽʨʯʠʡ ʽʥʪʝʨʚʘʣ. 
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2.6 ɼʦʩʣʽʜʞʝʥʥʷ ʪʘ ʘʥʘʣʽʟ ʩʪʨʫʢʪʫʨ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ 

2.6.1 ʄʝʪʘʣʦʛʨʘʬʽʯʥʠʡ ʘʥʘʣʽʟ 

 

ʄʝʪʘʣʦʛʨʘʬʽʯʥʠʡ ʘʥʘʣʽʟ ʟʨʘʟʢʽʚ ʩʪʘʣʽ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʣʠ, ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʙʘʟʽ ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʾ ʣʘʙʦʨʘʪʦʨʽʾ ʚʽʜʜʽʣʫ 10 ʚ ɯʇʄ ʽʤ. ɯ.ʄ. ʌʨʘʥʮʝʚʠʯʘ ʅɸʅ 

ʋʢʨʘʾʥʠ ʪʘ ʬʽʣʽʘʣʫ ɯʇʄ ʅɸʅ ʋʢʨʘʾʥʠ ʫ ʎʝʥʪʨʽ Ningbo IPMS research and 

technology center Co., Ltd. (Ninghai city, Ningbo province, China). 

ɺʠʛʦʪʦʚʣʝʥʥʷ ʰʣʽʬʽʚ ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʣʘʜʽʚ: Dincer XQï2B 

(ʨʠʩ. 2.5 ʘ, ʛ), Dincer MPï2 (ʨʠʩ. 2.5 ʙ, ʛ) ʪʘ Dincer Pï2 (ʨʠʩ. 2.5 ʚ, ʛ).  
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ʈʠʩʫʥʦʢ 2.5 ï ʃʘʙʦʨʘʪʦʨʽʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʰʣʽʬʽʚ ʪʘ ʤʽʢʨʦʰʣʽʬʽʚ ʫ 

ʎʝʥʪʨʽ Ningbo IPMS research and technology center Co., Ltd. (Ninghai city, 

Ningbo province, China). ʘ ï ʧʨʠʣʘʜ Dincer XQï2B ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʰʣʽʬʽʚ;               

ʙ ï ʧʨʠʣʘʜ ʜʣʷ ʰʣʽʬʫʚʘʥʥʷ ʰʣʽʬʽʚ Dincer MPï2; ʚ ï ʧʨʠʣʘʜ ʜʣʷ ʧʦʣʽʨʫʚʘʥʥʷ 

ʰʣʽʬʽʚ Dincer Pï2; ʛ ï ʫʩʪʘʪʢʫʚʘʥʥʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʰʣʽʬʽʚ; ˇ ï ʭʽʤʽʯʥʘ 

ʣʘʙʦʨʘʪʦʨʽʷ ʜʣʷ ʪʨʘʚʣʝʥʥʷ ʰʣʽʬʽʚ; ʜ ï ʚʠʪʷʞʥʘ ʰʘʬʘ ʜʣʷ ʢʠʩʣʦʪ ʪʘ ʪʨʘʚʣʝʥʥʷ 

ʰʣʽʬʽʚ 
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ʐʣʽʬʫʚʘʥʥʷ ʪʘ ʧʦʣʽʨʫʚʘʥʥʷ ʰʣʽʬʽʚ ʧʨʦʚʦʜʠʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʘʙʨʘʟʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʨʽʟʥʦʾ ʟʝʨʥʠʩʪʦʩʪʽ. ʇʦʣʽʨʫʚʘʥʥʷ ʰʣʽʬʽʚ ʧʨʦʚʦʜʠʣʠ 

ʘʣʤʘʟʥʦʶ ʧʘʩʪʦʶ ʨʽʟʥʦʾ ʟʝʨʥʠʩʪʦʩʪʽ ʟʛʽʜʥʦ ʟʘ ɻʆʉʊ 25593ï83. ɼʦʩʣʽʜʞʫʚʘʣʠ 

ʤʽʢʨʦʰʣʽʬʠ ʩʪʘʣʽ ʧʽʩʣʷ ʪʨʘʚʣʝʥʥʷ ʪʨʘʚʥʠʢʦʤ ʥʘʩʪʫʧʥʦʛʦ ʩʢʣʘʜʫ: 4,0 ʘʙʦ 10 % 

ʨʦʟʯʠʥ ʘʟʦʪʥʦʾ ʢʠʩʣʦʪʠ ʚ ʝʪʠʣʦʚʦʤʫ ʩʧʠʨʪʽ ʟ ʜʦʙʘʚʢʦʶ ʪʘ ʙʝʟ ʜʦʙʘʚʢʠ 

ʧʽʢʨʠʥʦʚʦʾ ʢʠʩʣʦʪʠ, ʟʘ ʤʝʪʦʜʠʢʦʶ ʟʘ ɻʆʉʊ 10243ï75 ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʤʝʪʦʜʠʢʠ, ʦʧʠʩʘʥʦʾ [5] ʫ ʭʽʤʽʯʥʽʡ ʣʘʙʦʨʘʪʦʨʽʾ ʎʝʥʪʨʫ Ningbo IPMS research 

and technology center Co., Ltd. (Ninghai city, Ningbo province, China), ʧʦʢʘʟʘʥʽ 

ʥʘ ʨʠʩʫʥʢʫ (ʨʠʩ. 2.5 ʛ, ʜ) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʪʷʞʥʦʾ ʰʘʬʠ (ʨʠʩ.  2.5 ʜ). 

ɺʝʣʠʯʠʥʫ ʟʝʨʥʘ ʪʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʬʘʟ ʚʠʟʥʘʯʘʣʠ ʣʽʥʽʡʥʠʤ 

ʤʝʪʘʣʦʛʨʘʬʽʯʥʠʤ ʘʥʘʣʽʟʦʤ ʟʘ ʤʝʪʦʜʠʢʦʶ [281, 282] ʪʘ ɻʆʉʊ 5639ï82 ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʚʽʪʣʦʚʦʛʦ ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʛʦ ʤʽʢʨʦʩʢʦʧʫ ʄɯʄ-10 (ʨʠʩ. 2.6). 

ʉʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ ʬʦʪʦʛʨʘʬʫʚʘʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʩʪʘʣʽ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʦʧʪʠʯʥʦʤʫ ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʤʫ ʤʽʢʨʦʩʢʦʧʽ ʬʽʨʤʠ Achua technology Co., Ltd, 

ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʫ 100, 200 ʪʘ 400 ʨʘʟʽʚ ʫ ʩʚʽʪʣʦʤʫ ʧʦʣʽ ʧʨʠ ʧʨʷʤʦʤʫ 

ʦʩʚʽʪʣʝʥʥʽ. 

 

 

 

ʈʠʩʫʥʦʢ 2.6 ï ʇʨʠʣʘʜ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʩʪʘʣʝʡ. ʆʧʪʠʯʥʠʡ 

ʤʝʪʘʣʦʛʨʘʬʽʯʥʠʡ ʤʽʢʨʦʩʢʦʧ ʬʽʨʤʠ Achua technology Co., Ltd 
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ɼʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ ʰʪʘʤʧʦʚʦʾ ʩʪʘʣʽ ʚʠʟʥʘʯʘʣʠ ʾʭ 

ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʥʘ ʪʨʘʚʣʝʥʠʭ ʰʣʽʬʘʭ. ɺʠʟʥʘʯʝʥʥʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʧʨʦʚʦʜʠʣʠ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦʪʚʝʨʜʦʤʽʨʫ ʇʄʊï3 ʟʘ ɻʆʉʊ 9450ï76, ʘ ʪʘʢʦʞ 

ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʠʬʨʦʚʦʾ ʥʘʧʽʚʘʚʪʦʤʘʪʠʯʥʦʾ 

ʩʠʩʪʝʤʠ ʚʠʧʨʦʙʫʚʘʥʴ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ EMï4500L (ʥʘ ʦʩʥʦʚʽ ʤʽʢʨʦʪʚʝʨʜʦʤʽʨʘ 

MHï5L), ʟʦʙʨʘʞʝʥʦʾ ʥʘ ʨʠʩ. 2.7. ʉʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ ʬʦʪʦʛʨʘʬʫʚʘʥʥʷ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʩʪʘʣʽ ʟ ʚʽʜʙʠʪʢʘʤʠ ʘʣʤʘʟʥʦʛʦ ʢʦʥʫʩʘ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʫ 500 ʨʘʟʽʚ. ɺʩʽ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʟʘ ʦʜʥʘʢʦʚʠʭ ʫʤʦʚ ʟʘ 

ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ʅʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʘʣʤʘʟʥʫ ʧʽʨʘʤʽʜʢʫ ʩʪʘʥʦʚʠʣʦ 10, 50 

ʪʘ 200  ʛʨʘʤʽʚ. ʏʘʩ ʚʠʪʨʠʤʢʠ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ï 5 ʩʝʢʫʥʜ (ʇʄʊ-3) ʪʘ 

11 ʩʝʢʫʥʜ (EM-4500L). 

 

 

 

ʈʠʩʫʥʦʢ 2.7 ï ʇʨʠʣʘʜ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʩʪʘʣʝʡ. ʎʠʬʨʦʚʘ ʥʘʧʽʚʘʚʪʦʤʘʪʠʯʥʘ ʩʠʩʪʝʤʘ ʚʠʧʨʦʙʫʚʘʥʴ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ   

EMï4500L (ʥʘ ʦʩʥʦʚʽ ʤʽʢʨʦʪʚʝʨʜʦʤʽʨʘ MHï5L) 

 

ɺʝʣʠʯʠʥʫ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʚʠʟʥʘʯʘʣʠ ʷʢ ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ 

9 ʚʠʤʽʨʶʚʘʥʴ. ɺʝʣʠʯʠʥʫ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʢʦʞʥʦʛʦ ʦʢʨʝʤʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ 

ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ (2.1) [283, 284]. 
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HV = 1854,4ɿ P/d
2
, ʜʝ: (2.1) 

 

P ï ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʽʥʜʝʥʪʦʨ, H; 

d ï ʜʽʘʛʦʥʘʣʴ ʚʽʜʙʠʪʢʘ, ʤʢʤ. 

 

2.6.2 ɽʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʤʽʢʨʦʭʽʤʽʯʥʦʾ 

ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʨʦʟʧʦʜʽʣʝʥʥʷ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʧʦ ʪʽʣʫ ʟʝʨʥʘ ʪʘ 

ʤʽʞʟʝʨʝʥʥʠʭ ʤʝʞʘʭ ʟʨʘʟʢʽʚ ʚʠʟʥʘʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʦʢʘʣʴʥʦʛʦ 

ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʥʘ ʧʨʠʩʪʘʚʮʽ ʜʦ ʩʢʘʥʫʶʯʦʛʦ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʫ Jeol Superprob ï 733 (ʗʧʦʥʽʷ). ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʙʽʣʴʰ 

ʯʽʪʢʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ ʩʪʘʣʽ, ʘ ʩʘʤʝ ʟʝʨʝʥ ʪʘ ʢʘʨʙʽʜʥʦʾ 

ʬʘʟʠ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʷʢ ʧʨʷʤʝ ʝʣʝʢʪʨʦʥʥʝ ʟʦʙʨʘʞʝʥʥʷ (SEI) ï secondary 

electrons image (ʚʪʦʨʠʥʥʽ ʝʣʝʢʪʨʦʥʠ), ʪʘʢ ʽ ʝʣʝʢʪʨʦʥʥʝ ʟʦʙʨʘʞʝʥʥʷ, ʦʪʨʠʤʘʥʝ 

ʫ ʨʝʞʠʤʘʭ BSE ï backscatted electrons (ʟʚʦʨʦʪʥʴʦʚʽʜʙʠʪʽ ʝʣʝʢʪʨʦʥʠ). 

ʇʦʚʝʨʭʥʷ ʟʨʘʟʢʽʚ ʙʫʣʘ ʜʦʩʣʽʜʞʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʢʘʥʫʶʯʦʾ ʝʣʝʢʪʨʦʥʥʦʾ 

ʤʽʢʨʦʩʢʦʧʽʾ ʥʘ ʧʨʠʣʘʜʽ VEGA3 (ʢʦʤʧʘʥʽʷ Tescan, ʉʣʦʚʝʥʽʷ), ʘ ʣʦʢʘʣʴʥʠʡ 

ʭʽʤʽʯʥʠʡ ʘʥʘʣʽʟ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʦʾ 

ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʝʪʝʢʪʦʨʘ XFlash 610 M (Bruker), ʨʠʩ. 2.8. 

 

 

ʈʠʩʫʥʦʢ 2.8 ï ʇʨʠʣʘʜ VEGA3 ʪʘ ʜʝʪʝʢʪʦʨ XFlash 610 M (Bruker) 
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2.6.3 ʍ-ʧʨʦʤʝʥʝʚʠʡ ʬʘʟʦʚʠʡ ʘʥʘʣʽʟ  

 

ʇʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʰʣʽʬʽʚ ʜʣʷ ʍ-ʧʨʦʤʝʥʝʚʦʛʦ ʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ (ʍʇʌɸ) 

ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʣʠʰʝ ʦʧʝʨʘʮʽʶ ʰʣʽʬʫʚʘʥʥʷ, ʪʘʢ ʷʢ ʧʦʣʽʨʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ 

ʟʨʘʟʢʘ ʤʦʛʣʦ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʤʽʥʠ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʤʘʪʝʨʽʘʣʫ.  

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʜʠʬʨʘʢʮʽʡʥʠʭ ʢʘʨʪʠʥ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʦʜʝʨʥʽʟʦʚʘʥʠʡ 

X-ʧʨʦʤʝʥʝʚʠʡ ʜʠʬʨʘʢʪʦʤʝʪʨ ɼʈʆʅï3, ʦʩʥʘʱʝʥʠʡ ʢʦʤʧôʁ ʪʝʨʥʦʶ ʩʠʩʪʝʤʦʶ 

ʟʘʧʠʩʫ ʜʠʬʨʘʢʪʦʛʨʘʤ ʽ ʍ-ʧʨʦʤʝʥʚʦʶ ʪʨʫʙʢʦʶ ʟ ʤʽʜʥʠʤ ʘʥʦʜʦʤ.  

ʋ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʷʢ ʧʦʚʥʽ ʜʠʬʨʘʢʮʽʡʥʽ ʢʘʨʪʠʥʠ ʚ 

ʜʽʘʧʘʟʦʥʽ ʢʫʪʽʚ 2ẽ = 20-130Ü ʟ ʢʨʦʢʦʤ ʩʢʘʥʫʚʘʥʥʷ 0,05 ʛʨʘʜʫʩʽʚ, ʪʘʢ ʽ 

ʜʠʬʨʘʢʪʦʛʨʘʤʠ ʦʢʨʝʤʠʭ ʜʠʬʨʘʢʮʽʡʥʠʭ ʧʽʢʽʚ ʟ ʙʽʣʴʰ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ 

ʟʘʧʠʩʫ. ɼʣʷ ʟʘʩʪʦʩʦʚʫʚʘʥʦʛʦ Cu-KŬ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʍʇʌɸ. ʇʨʠ ʷʢʽʩʥʦʤʫ ʽ ʢʽʣʴʢʽʩʥʦʤʫ ʍʇʌɸ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʨʦʛʨʘʤʫ 

"Match". ɼʘʥʽ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʽ ʮʝʥʪʨʫ ʪʷʞʽʥʥʷ ʧʽʢʽʚ ʜʠʬʨʘʢʪʦʛʨʘʤ ʙʫʣʠ 

ʦʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʽʢʽʚ ʬʫʢʮʽʻʶ ɻʘʫʩʩʘ ʽ ɺʦʡʪʘ. ʉʪʘʥʜʘʨʪʥʽ 

ʜʘʥʽ ʍʇʌɸ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟ ʙʘʟʠ ʜʘʥʠʭ çPDFï2è. ʊʘʢʦʞ ʜʣʷ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʘʣʠ ʜʠʬʨʘʢʪʦʤʝʪʨ ɼʈʆʅï3, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ 

ʜʠʬʨʘʢʪʦʛʨʘʤʠ ʟʥʽʤʘʣʠ ʚ ʉʦKŬ - ʚʠʧʨʦʤʽʥʶʚʘʥʥʽ ʚ ʜʽʘʧʘʟʦʥʽ ʢʫʪʽʚ 30-130Á, ʟ 

ʦʙʝʨʪʘʥʥʷʤ ʟʨʘʟʢʘ ʥʘʚʢʦʣʦ ʦʩʽ. ʂʨʦʢ ʩʢʘʥʫʚʘʥʥʷ 0,05Á, ʝʢʩʧʦʟʠʮʽʷ 2 ʩ. 

ʆʙʨʦʙʣʷʣʠ ʜʠʬʨʘʢʪʦʛʨʘʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʧôʁ ʪʝʨʥʦʾ ʧʨʦʛʨʘʤʠ 

PowderCell [285, 286]. ɽʥʝʨʛʽʷ ʉʦKŬ - ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʙʣʠʟʴʢʘ ʜʦ ʢʨʘʶ 

ʧʦʛʣʠʥʘʥʥʷ ʬʝʨʫʤʫ, ʷʢ ʦʩʥʦʚʠ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʤʝʪʘʣʫ, ʪʦʤʫ ʘʥʦʤʘʣʴʥʫ 

ʜʠʩʧʝʨʩʽʶ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʘʭ ʢʦʨʠʛʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ 

PowderCell. ʇʨʠ ʮʴʦʤʫ ʚʨʘʭʦʚʫʚʘʣʠ ʪʘʢʦʞ ʨʦʟʨʘʭʦʚʘʥʽ ʦʙʣʘʩʪʽ ʢʦʛʝʨʝʥʪʥʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ (ʆʂʈ) ʪʘ ʜʠʩʪʦʨʩʽʡ (e) ʟʘ ʬʦʨʤʫʣʦʶ (2.2). 
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FWHM ï ʧʦʚʥʘ ʰʠʨʠʥʘ ʨʝʬʣʝʢʩʽʚ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʘʭ ʥʘ ʨʽʚʥʽ ʧʦʣʦʚʠʥ 

ʾʭ ʚʠʩʦʪʠ (full width at half maximum, FWHM);  

K ï ʩʪʘʣʘ, ʷʢʘ ʜʦʨʽʚʥʶʻ ʧʨʠʙʣʠʟʥʦ ʦʜʠʥʠʮʽ;  

ɚ ï ʜʦʚʞʠʥʘ ʭʚʠʣʽ; 

ɗ0 ï ʧʦʟʠʮʽʷ ʤʘʢʩʠʤʫʤʫ ʧʽʢʘ.  

 

ɺʠʩʦʢʦ-ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʍʇʌɸ ʩʪʘʣʽ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʚʽʜ 

ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 850 Üʉ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʩʪʘʥʦʚʢʠ ɼʈʆʅï

ʋʄ1 ʫ ʤʦʥʦʭʨʦʤʘʪʠʯʥʦʤʫ CuKŬ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʽ. ʗʢ ʤʦʥʦʭʨʦʤʘʪʦʨ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʦʥʦʢʨʠʩʪʘʣ ʛʨʘʬʽʪʫ, ʷʢʠʡ ʚʩʪʘʥʦʚʣʝʥʠʡ ʥʘ ʜʠʬʨʘʛʦʚʘʥʦʤʫ 

ʧʫʯʢʫ. ɺʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʽ ʍ-ʧʨʦʤʝʥʝʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʨʘʟʢʽʚ ʚʠʢʦʥʫʚʘʣʠ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʩʪʘʚʢʠ ʋɺɼï2000 ʚ ʘʪʤʦʩʬʝʨʽ ʛʝʣʽʶ. ʇʽʜ ʯʘʩ ʟʡʦʤʦʢ 

ʜʠʬʨʘʢʪʦʛʨʘʤ ʟʘ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʙôʻʤ ʧʨʠʩʪʘʚʢʠ ʧʨʦʜʫʚʘʣʠ ʛʝʣʽʻʤ ʽʟ 

ʥʘʜʣʠʰʢʦʚʠʤ ʪʠʩʢʦʤ 20 ʢʇa. ʇʨʠ ʧʦʚʥʦʧʨʦʬʽʣʴʥʦʤʫ ʘʥʘʣʽʟʽ ʜʠʬʨʘʢʮʽʡʥʠʭ 

ʢʘʨʪʠʥ ʧʨʦʚʦʜʠʣʠ ʚʨʘʭʫʚʘʥʥʷ ʪʝʢʩʪʫʨʠ ʫ ʟʨʘʟʢʘʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʽ 

March-Dollase. ʇʦʧʨʘʚʢʫ ʚ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʙʫʜʴ-ʷʢʦʛʦ ʤʘʢʩʠʤʫʤʫ hkl ʫ ʮʽʡ 

ʤʦʜʝʣʽ ʟʜʽʡʩʥʶʚʘʣʠ ʚʚʝʜʝʥʥʷʤ ʝʬʝʢʪʠʚʥʦʛʦ ʤʥʦʞʥʠʢʘ ʧʦʚʪʦʨʶʚʘʥʦʩʪʽ ʄhkl 

ʟʘ ʬʦʨʤʫʣʦʶ (2.3). 

 

( )ä
=

--+=
m

i

iihklM
1

2/32122 sin.cos. jtjt
, ʜʝ: 

(2.3) 

 

Ű ï ʫʪʦʯʥʶʚʘʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʢʩʪʫʨʠ; 

m ï ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʡ ʤʥʦʞʥʠʢ ʧʦʚʪʦʨʶʚʘʥʦʩʪʽ ʜʘʥʦʛʦ ʩʽʤʝʡʩʪʚʘ 

ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʧʣʦʱʠʥ {hkl}; 

ű ï ʥʘʡʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ʢʫʪʘ ʜʦ ʜʘʥʦʾ ʧʣʦʱʠʥʠ (hkl) ʽ ʟʘʜʘʥʠʤ ʚʝʢʪʦʨʦʤ 

ʪʝʢʩʪʫʨʠ.  
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ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ ʪʝʢʩʪʫʨʠ Ű = 1, ʧʨʠ  0 < Ű < 1 ʟʥʘʯʝʥʥʷ ʄhkl  > 1 ʪʘ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʤʘʢʩʠʤʫʤʫ hkl ʩʪʘʻ ʙʽʣʴʰʦʶ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʝ ʪʝʢʩʪʫʨʦʚʘʥʠʤ 

ʟʨʘʟʢʦʤ, ʘ ʧʨʠ Ű > 1 ʟʥʘʯʝʥʥʷ ʄhkl  < 1. 

 

2.7 ɺʠʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ 

 

ʇʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʚʠʤʽʨʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʚʦʢʘʥʘʣʴʥʦʛʦ 

ʮʠʬʨʦʚʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʯʦʪʠʨʴʦʭʟʦʥʜʦʚʦʛʦ ʪʝʩʪʝʨʘ ST2263 

(ʨʠʩ. 2.9). ʅʘ ʧʨʠʣʘʜʽ ʧʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʚʠʟʥʘʯʘʣʠ ʥʘ ʧʦʚʝʨʭʥʽ 

ʟʨʘʟʢʘ ʷʢ ʦʜʠʥʠʮʶ ʚʠʤʽʨʫ ï ʆʤĿʤʤ
2
/ʤ. ɺʠʩʦʪʘ ʟʨʘʟʢʘ ʩʪʘʥʦʚʠʣʘ ʚʽʜ 2,5 ʜʦ 

5,0 ʤʤ. ɺʽʜʩʪʘʥʴ ʤʽʞ ʝʣʝʢʪʨʦʜʘʤʠ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʩʪʘʥʦʚʠʣʘ ʧʨʠʙʣʠʟʥʦ 

5 ʤʤ. 

 

 

ʇʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʤʝʪʘʣʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʟʘ ʭʽʤʽʯʥʠʤ 

ʩʢʣʘʜʦʤ, ʪʘʢ ʽ ʟʘ ʩʪʨʫʢʪʫʨʥʠʤ ʩʪʘʥʦʤ [287]. ʋʪʚʦʨʝʥʥʷ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ 

ʧʦʚô̫ ʟʘʥʝ ʟ ʨʽʟʢʠʤ ʟʨʦʩʪʘʥʥʷʤ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʪʘ ʚʧʣʠʚʘ ̒ʥʘ ʚʩʽ ʬʘʢʪʦʨʠ, ʷʢʽ 

 

 

ʈʠʩʫʥʦʢ 2.9 ï ʇʨʠʣʘʜ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ 

ʩʪʘʣʝʡ 
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ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʩʧʦʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʘʪʦʤʥʦʾ ʛʨʘʪʢʠ ʤʝʪʘʣʫ, 

ʥʘʧʨʠʢʣʘʜ, ʥʘʢʣʝʧ, ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, ʪʦʱʦ. ʅʘʚʧʘʢʠ, ʫʪʚʦʨʝʥʥʷ 

ʫʧʦʨʷʜʢʦʚʠʭ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ, ʨʦʟʧʘʜ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʽ ʚʩʽ ʽʥʰʽ ʷʚʠʱʘ, ʱʦ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʦʣʝʛʰʝʥʥʷ ʧʝʨʝʥʝʩʝʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʫ ˇʨʘʪʢʘʭ ʤʝʪʘʣʫ, 

ʟʫʤʦʚʣʶʶʪʴ ʟʨʦʩʪʘʥʥ ̫ʧʨʦʚʽʜʥʦʩʪʽ. ɺʩʪʘʥʦʚʣʝʥʥʷ ʮʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʜʘʣʦ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜ ʚʠʤʽʨʶʚʘʥʥʷ ʝʣʝʢʪʨʦʦʧʦʨʫ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʬʘʟʦʚʦʛʦ ʩʪʘʥʫ ʪʘ ʚʠʚʯʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʧʝʨʝʪʚʦʨʝʥʴ, ʱʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʩʧʣʘʚʘʭ ʫ ʧʝʚʥʠʭ ʫʤʦʚʘʭ. ʄʝʪʦʜʠ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʦʧʦʨʫ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʝʣʠʯʠʥʦʶ ʚʠʤʽʨʶʚʘʥʦʛʦ ʦʧʦʨʫ.  

 

2.8 ɼʠʣʘʪʦʤʝʪʨʠʯʥʠʡ ʘʥʘʣʽʟ 

 

ɺʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʪʦʯʦʢ ɸʩ1 ʪʘ ɸʩ3 ʜʣʷ ʰʪʘʤʧʦʚʦʾ ʩʪʘʣʽ ʤʘʨʢʠ 

4ʍ3ʅ5ʄ3ʌ ʧʨʦʚʦʜʠʣʠ ʥʘ ʚʠʩʦʢʦʯʫʪʣʠʚʦʤʫ ʢʘʪʢʦʚʦʤʫ ʦʧʪʠʯʥʦʤʫ 

ʜʠʣʘʪʦʤʝʪʨʽ, ʨʦʟʨʦʙʣʝʥʦʤʫ ʚ ɯʥʩʪʠʪʫʪʽ  ʧʨʦʙʣʝʤ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ 

ʽʤ. ɯ.ʄ.  ʌʨʘʥʮʝʚʠʯʘ ʅɸʅ ʋʢʨʘʾʥʠ, ʷʢʠʡ ʜʽʻ ʟʘ ʧʨʠʥʮʠʧʦʚʦʶ ʩʭʝʤʦʶ, 

ʧʦʢʘʟʘʥʦʶ ʥʘ ʨʠʩ. 2.10 ʪʘ ʟʘ ʤʝʪʦʜʠʢʦʶ ʦʧʠʩʘʥʦʶ ʫ [288, 289].  

 

 

ʈʠʩʫʥʦʢ 2.10 ï ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʧʨʦʚʝʜʝʥʥʷ ʜʠʣʘʪʦʤʝʪʨʠʯʥʦʛʦ ʘʥʘʣʽʟʫ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʪʦʯʦʢ ʩʪʘʣʽ 
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ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʜʠʣʘʪʦʤʝʪʨʠʯʥʽ ʜʘʥʽ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʫ ʚʠʛʣʷʜʽ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʣʽʥʽʡʥʦʛʦ ʨʦʟʤʽʨʫ ʟʨʘʟʢʘ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ [287, 290. 291]. ʇʨʠ ʥʘʛʨʽʚʘʥʥʽ ʩʪʘʣʽ ʜʦ ʢʨʠʪʠʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʥʦʾ 

ʪʦʯʢʠ ɸʩ1 ʨʦʟʰʠʨʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʽʚʥʦʤʽʨʥʦ, ʤʦʞʝ ʧʜʧʦʨʷʜʢʦʚʫʶʯʠʩʴ 

ʨʽʚʥʷʥʥʶ ʟʘ ʬʦʨʤʫʣʦʶ 2.4. ʇʨʠ ʜʦʩʷʛʥʝʥʥʽ ʮʽʻʾ ʢʨʠʪʠʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʥʦʾ 

ʪʦʯʢʠ ʧʦʯʠʥʘʻʪʴʩʷ ʧʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ ʘʫʩʪʝʥʽʪʫ, ʱʦ ʧʦʚô̫ ʟʘʥʠʡ ʽʟ 

ʟʤʝʥʰʝʥʥʷʤ ʦʙô̒ ʤʫ. ʆʩʢʽʣʴʢʠ ʝʬʝʢʪ ʘʣʦʪʨʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʝʨʝʚʠʱʫʻ 

ʟʙʽʣʴʰʝʥʥʷ ʦʙô̒ ʤʫ ʟʨʘʟʢʘ, ʚʠʢʣʠʢʘʥʦʛʦ ʪʝʨʤʽʯʥʠʤ ʨʦʟʰʠʨʝʥʥʷʤ, ʜʦ 

ʟʘʢʽʥʯʝʥʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʦʚʞʠʥʘ ʟʨʘʟʢʘ ʟʤʝʥʰʫʻʪʴʩʷ. ʂʦʣʠ ʫʪʚʦʨʝʥʥʷ 

ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʟʘʢʽʥʯʫʻʪʴʩʷ, ʧʦʜʘʣʴʰʝ ʥʘʛʨʽʚʘʥʥʷ ʟʥʦʚʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʨʦʟʰʠʨʝʥʥʷ ʩʪʘʣʽ, ʘʣʝ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʙʫʜʝ 

ʽʥʰʠʡ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʘʫʩʪʝʥʽʪʥʦʤʫ ʩʪʘʥʫ ʟʘ ʬʦʨʤʫʣʦʶ 2.5.  

 

       æ L =Ŭ1 (L2 - L1), (2.4) 

 

æ L =Ŭ1 (L4 - L3) (2.5) 

 

æ L ï ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʦʚʞʠʥʠ ʟʨʘʟʢʘ; 

Ŭ1 ï ʢʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ; 

L2 - L1 ï ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ; 

L4 - L3 ï ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ 

 

ʇʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʜʦʩʣʽʜʞʝʥʦʾ ʩʪʘʣʽ ʟ ʦʙʣʘʩʪʽ ʪʝʤʧʝʨʘʪʫʨ, ʱʦ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚʠʱʝ ʚʝʨʭʥʴʦʾ ʢʨʠʪʠʯʥʦʾ ʪʦʯʢʠ, ʧʨʦʮʝʩʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ 

ʟʚʦʨʦʪʥʦɹʤʫ ʧʦʨʷʜʢʫ, ʘʣʝ ʚʥʘʩʣʽʜʦʢ ʪʝʨʤʽʯʥʦʛʦ ʛʽʩʪʝʨʝʟʫ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʱʦ 

ʨʝʻʩʪʨʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʦʙô̒ ʤʫ ʤʽʞ ʪʦʯʢʘʤʠ ɸr3 ʽ ɸr1, ʙʫʜʝ ʟʩʫʥʫʪʦ ʚ ʙʽʢ 

ʥʠʞʯʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʆʪʨʠʤʘʥʽ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʪʘ ʦʭʦʣʦʜʞʝʥʥʽ ʧʝʨʝʛʠʥʠ 

ʢʨʠʚʦʾ ʧʨʠ ʟʤʽʥ ̔ʜʦʚʞʠʥʠ ʟʨʘʟʢʘ, ʧʦʢʘʟʫʶʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʢʨʠʪʠʯʥʠʭ ʪʦʯʦʢ 
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(ʢʨʠʪʠʯʥʠʭ ʽʥʪʝʨʚʘʣʽʚ ʧʝʨʝʪʚʦʨʝʥʥʷ) ɸʩ1, ɸʩ3, ɸr3 ʪʘ ɸr1 ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʩʪʘʣʽ 

(ʨʠʩ. 2.11). 

 

 

 

ʈʠʩʫʥʦʢ 2.11. ɿʤʽʥʘ ʜʦʚʞʠʥʠ ʩʪʘʣʴʥʦʛʦ ʟʨʘʟʢʘ ʧʨʠ ʥʘʛʨʽʚ ̔ʪʘ 

ʦʭʦʣʦʜʞʝʥʥʽ. 1 ï ʥʘʛʨʽʚ; 2 ï ʦʭʦʣʦʜʞʝʥʥʷ; L ï ʣʽʥʽʡʥʝ ʨʦʟʰʠʨʝʥʥʷ;                 

ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ; ɸʩ1, ɸʩ3, ɸr3, ɸr1 ï ʪʝʤʧʝʨʘʪʫʨʠ ʢʨʠʪʠʯʥʠʭ ʪʦʯʦʢ 

 

2.9 ʊʝʨʤʦʜʠʥʘʤʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʬʘʟʠ 

 

ʇʦʙʫʜʫʚʘʪʠ ʜʽʘʛʨʘʤʫ ʨʽʚʥʦʚʘʞʥʦʛʦ ʩʪʘʥʫ ʜʣʷ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʦʾ 

ʩʠʩʪʝʤʠ, ʷʢʦʶ ʻ ʐʉɻɼ, ʥʝʤʦʞʣʠʚʦ, ʘʣʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʨʦʟʨʘʭʫʥʢʫ 

ʬʘʟʦʚʠʭ ʜʽʘʛʨʘʤ CALPHAD (calculation of phase diagrams) ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ 

ʧʨʦʛʥʦʟʥʫ ʜʽʘʛʨʘʤʫ. ɼʣʷ ʮʴʦʛʦ ʟʙʠʨʘʻʪʴʩʷ ʚʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʷ 

ʧʨʦ ʬʘʟʦʚʽ ʨʽʚʥʦʚʘʛʠ ʚ ʩʠʩʪʝʤʽ ʪʘ ʚʩʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʘ ʽʥʬʦʨʤʘʮʽʷ, ʷʢʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʧʘʢʝʪʽʚ, ʟʦʢʨʝʤʘ ʜʣʷ ʩʪʘʣʝʡ [292, 293]. ʇʦʪʽʤ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʞʥʦʾ ʬʘʟʠ ʦʧʠʩʫʶʪʴʩʷ ʤʘʪʝʤʘʪʠʯʥʦʶ 

ʤʦʜʝʣʣʶ, ʱʦ ʤʽʩʪʠʪʴ ʨʝʛʫʣʴʦʚʘʥʽ ʧʘʨʘʤʝʪʨʠ. ʇʘʨʘʤʝʪʨʠ ʦʮʽʥʶʶʪʴʩʷ ʰʣʷʭʦʤ 

ʦʧʪʠʤʽʟʘʮʽʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʤʦʜʝʣʽ ʚʩʽʡ ʽʥʬʦʨʤʘʮʽʾ, ʪʘʢʦʞ ʟʘʣʫʯʘʶʯʠ 
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ʩʧʽʚʽʩʥʫʶʯʽ ʬʘʟʠ. ʇʽʩʣʷ ʮʴʦʛʦ ʤʦʞʥʘ ʧʝʨʝʨʘʭʫʚʘʪʠ ʬʘʟʦʚʫ ʜʽʘʛʨʘʤʫ, ʘ ʪʘʢʦʞ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʩʽʭ ʬʘʟ. 

 

2.10 ɺʠʟʥʘʯʝʥʥʷ ʤʝʞʽ ʤʽʮʥʦʩʪʽ ʪʘ ʤʝʞʽ ʧʣʠʥʥʦʩʪʽ ʩʪʘʣʽ ʪʘ ʤʝʪʦʜʠʢʘ 

ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʦʜʥʦʚʽʩʥʝ ʩʪʠʩʥʝʥʥʷ ʧʨʠ ʥʘʛʨʽʚʫ 

 

ɻʨʘʥʠʮʶ ʤʽʮʥʦʩʪʽ ʪʘ ʛʨʘʥʠʮʶ ʧʣʠʥʥʦʩʪʽ, ʚʽʜʥʦʩʥʝ ʚʠʜʦʚʞʝʥʥʷ ʪʘ 

ʚʽʜʥʦʩʥʝ ʟʚʫʞʝʥʥʷ ʚʠʟʥʘʯʘʣʠ ʟʘ ʩʪʘʥʜʘʨʪʥʦʶ ʤʝʪʦʜʠʢʦʶ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ 

ʨʦʟʪʷʛ ʟʘ ɻʆʉʊ 1497ï84 ʥʘ ʫʥʽʚʝʨʩʘʣʴʥʽʡ ʤʘʰʠʥʽ GNT50,  ʷʢʘ ʟʦʙʨʘʞʝʥʘ ʥʘ 

ʨʠʩʫʥʢʫ (ʨʠʩ. 2.11). ɿʨʘʟʢʠ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʨʦʟʪʷʛ (ʨʠʩ. 2.12) ʟʘ ʢʽʤʥʘʪʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʙʫʣʠ ʚʠʛʦʪʦʚʣʝʥʽ ʟʘ ɻʆʉʊ 1497ï84 (ISʆ 6892ï84) çʄʝʪʘʣʣʳ. 

ʄʝʪʦʜʳ ʠʩʧʳʪʘʥʠʡ ʥʘ ʨʘʩʪʷʞʝʥʠʝè.  

 

 

 

ʈʠʩʫʥʦʢ 2.11 ï ʋʥʽʚʝʨʩʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ GNT50 
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ʈʠʩʫʥʦʢ 2.12 ï ʈʦʟʤʽʱʝʥʥʷ ʫ ʪʝʨʤʽʯʥʽʡ ʧʝʯʽ ʟʨʘʟʢʽʚ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʘʣʽ (ʟ ʣʽʚʦʾ ʩʪʦʨʦʥʠ ï ʥʘ ʨʦʟʪʷʛ, ʟ 

ʧʨʘʚʦʾ ï ʥʘ ʫʜʘʨʥʫ ʚôʷʟʢʽʩʪʴ) 

 

ʎʠʣʽʥʜʨʠʯʥʽ ʟʨʘʟʢʠ ʜʣʷ ʛʨʘʥʠʮʽ ʤʽʮʥʦʩʪʽ ʪʘ ʛʨʘʥʠʮʽ ʧʣʠʥʥʦʩʪʽ ʤʘʣʠ 

ʚʠʛʣʷʜ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 2.12. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʦʜʥʽʻʾ ʚʝʣʠʯʠʥʠ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʪʨʠ ʦʜʥʘʢʦʚʽ ʟʨʘʟʢʠ ʽ ʨʝʟʫʣʴʪʘʪ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʷʢ ʩʝʨʝʜʥʻ 

ʘʨʠʬʤʝʪʨʠʯʥʝ. 

ɺʠʧʨʦʙʫʚʘʥʥ ̫ ʥʘ ʦʜʥʦʚʽʩʥʝ ʩʪʠʩʥʝʥʥʷ ʩʪʘʣʽ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʫʥʽʚʝʨʩʘʣʴʥʽʡ ʫʩʪʘʥʦʚʮʽ ñCERAMTESTò (UTMï100). ʉʧʝʮʽʘʣʴʥʽ ʧʨʦʛʨʘʤʠ 

ʨʦʟʨʘʭʫʥʢʫ ʢʨʠʚʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʩʪʠʩʥʝʥʥʽ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʨʘʭʫʚʘʪʠ 

ʦʩʥʦʚʥʽ ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʞʦʨʩʪʢʦʩʪʽ 

ʫʩʪʘʥʦʚʢʠ, ʚʠʟʥʘʯʠʪʠ ʛʨʘʥʠʮʶ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ, ʛʨʘʥʠʮʶ ʧʣʠʥʥʦʩʪʽ, ʛʨʘʥʠʮʶ 

ʤʽʮʥʦʩʪʽ ʪʘ ʜʝʬʦʨʤʘʮʽʶ ʜʦ ʨʫʡʥʫʚʘʥʥʷ. 

 

2.11 ɺʠʟʥʘʯʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʪʘ ʪʝʧʣʦʩʪʽʡʢʦʩʪʽ ʩʪʘʣʽ 

 

ʊʚʝʨʜʽʩʪʴ ʰʪʘʤʧʦʚʦʾ ʩʪʘʣʽ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ [32, 

294, 295]  ʚʠʟʥʘʯʘʣʠ ʟʘ ʤʝʪʦʜʦʤ ʈʦʢʚʝʣʣʘ ʥʘ ʧʨʠʣʘʜʘʭ ʊʂï2 (ɻʆʉʊ 9013ï73) 

ʪʘ HRï150A (ʨʠʩ. 2.13). ʅʘʚʘʥʪʘʞʝʥʥʷ ʩʪʘʥʦʚʠʣʦ 150 ʢʛʩ (1471,5 ʅ). 

ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʽʥʜʝʥʪʦʨ ʟ ʢʦʥʫʩʦʤ ʪʠʧʫ ʅʂ ʟʘ ɻʆʉʊ 9377ï81, ʢʫʪ ʧʨʠ 

ʚʝʨʰʠʥʽ ʢʦʥʫʩʘ ʩʪʘʥʦʚʠʚ ï 120 Áʉ, ʨʘʜʽʫʩ ʩʬʝʨʠʯʥʦʾ ʯʘʩʪʠʥʠ 0,2 ʤʤ.  
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ʈʠʩʫʥʦʢ 2.13 ï ʊʚʝʨʜʦʤʽʨ HRï150A ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʩʪʘʣʽ 

ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

 

ʊʝʧʣʦʩʪʽʡʢʽʩʪʴ ʰʪʘʤʧʽʚ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʥʝʦʙʭʽʜʥʠʤ ʨʽʚʥʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʮʥʦʩʪʽ, ʧʨʠ ʷʢʦʤʫ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ 

ʽʥʩʪʨʫʤʝʥʪʫ ʨʽʟʢʦ ʟʥʠʞʫʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʰʚʠʜʢʦʛʦ ʨʦʟʚʠʪʢʫ ʷʚʠʱ ʟʤʠʥʘʥʥʷ 

ʪʘ ʟʥʦʩʫ. ɿ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʩʪʽʡʢʦʩʪʽ ʩʪʘʣʝʡ ʫ ʨʦʙʦʪʽ ʙʫʚ 

ʚʠʙʨʘʥʠʡ ʤʝʪʦʜ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʃ.ʆ. ʇʦʟʥʷʢʦʤ ʽ ʚʠʢʦʨʠʩʪʘʥʠʡ 

ʫ ʧʦʜʘʣʴʰʦʤʫ ʡʦʛʦ ʧʦʩʣʽʜʦʚʥʠʢʘʤʠ [5, 7, 11]. ɺʽʥ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʧʨʦʩʪʦʪʦʶ ʪʘ 

ʥʘʜʽʡʥʽʩʪʶ ʽ ʜʦʙʨʝ ʢʦʨʝʣʶʻ ʟ ʪʚʝʨʜʽʩʪʶ ʟʘ ʪʝʤʧʝʨʘʪʫʨ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʰʪʘʤʧʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ ʪʘ 

ʩʧʣʘʚʽʚ. ʎʝʡ ʤʝʪʦʜ ʽ ʦʧʠʩʘʥʠʡ ʥʠʞʯʝ. ɿʘ ʨʽʚʝʥʴ ʤô̫ ʢʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʩʪʠʩʥʝʥʥʷʤ ʜʣʷ ʽʥʩʪʨʫʤʝʥʪʽʚ ʙʫʣʘ ʧʨʠʡʥʷʪʘ ʛʨʘʥʠʮʷ ʧʣʠʥʥʦʩʪʽ (ů0,2 = 800-

900 ʄʇʘ) ʟʘ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜʧʫʩʢʫ 600-650 Áʉ. ʅʘʷʚʥʽʩʪʴ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʤʝʞʝʶ 

ʧʣʠʥʥʦʩʪʽ ʧʨʠ ʩʪʠʩʥʝʥʥ̔  ʧʨʠ ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʽ ʪʚʝʨʜʽʩʪʶ ï ʧʨʠ 

ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʣʷ ʰʪʘʤʧʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, ʷʢʝ ʤʘʻ ʙʫʪʠ 
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ʧʨʠʙʣʠʟʥʦ 40 HRC. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʩʪʽʡʢʦʩʪʽ ʟʘ ʪʘʢʠʤ ʤʝʪʦʜʦʤ 

ʟʘʛʘʨʪʦʚʘʥʽ ʟʨʘʟʢʠ ʽʟ ʩʪʘʣʽ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ, ʥʘʛʨʽʚʘʶʪʴ ʜʦ ʨʽʟʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʚʽʜʧʫʩʢʫ ʽ ʧʨʦʚʦʜʷʪʴ ʽʟʦʪʝʨʤʽʯʥʫ ʚʠʪʨʠʤʢʫ ʧʨʦʪʷʛʦʤ ʯʦʪʠʨʴʦʭ 

ʛʦʜʠʥ, ʧʦʪʽʤ ʦʭʦʣʦʜʞʫʶʪʴ ʥʘ ʧʦʚʽʪʨʽ. ɺʩʪʘʥʦʚʣʶʶʪʴ ʤʘʢʩʠʤʘʣʴʥʫ 

ʪʝʤʧʝʨʘʪʫʨʫ ʚʽʜʧʫʩʢʫ, ʜʣʷ ʷʢʦʾ ʪʚʝʨʜʽʩʪʴ ʩʪʘʣʽ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʙʫʜʝ 

ʥʝ ʥʠʞʯʘ ʟʘ 40 HRC. ʅʝʦʜʤʽʥʥʦʶ ʫʤʦʚʦʶ, ʱʦ ʜʦʧʫʩʢʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ 

ʩʧʦʩʦʙʫ ʻ ʤʦʞʣʠʚʽʩʪʴ ʬʽʢʩʘʮʽʾ ʩʪʘʥʫ ʩʪʘʣʽ ʧʨʠ ʟʘʛʘʨʪʫʚʘʥʥʽ [287]. ʄʝʪʦʜ 

ʧʨʠʜʘʪʥʠʡ ʣʠʰʝ ʫ ʨʘʟʽ ʥʘʷʚʥʦʩʪʽ ʽʩʪʦʪʥʠʭ ʟʤʽʥ ʫ ʩʪʨʫʢʪʫʨʽ ʪʘ ʪʚʝʨʜʦʩʪʽ ʩʪʘʣʽ. 

ʉʫʪʥʽʩʪʴ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʫ ʥʘʛʨʽʚʘʥʥʽ ʟʨʘʟʢʽʚ ʟʽ ʩʪʘʣʽ ʚ ʟʘʜʘʥʠʭ ʫʤʦʚʘʭ, 

ʥʘʩʪʫʧʥʦʤʫ ʛʘʨʪʫʚʘʥʥʽ ʪʘ ʜʦʩʣʽʜʞʝʥʥʽ ʾʭ ʪʚʝʨʜʦʩʪʽ ʪʘ ʩʪʨʫʢʪʫʨʠ. 

 

2.12 ɺʠʟʥʘʯʝʥʥʷ ʫʜʘʨʥʦʾ ʚôʷʟʢʦʩʪʽ ʩʪʘʣʽ 

 

ʋʜʘʨʥʫ ʚôʷʟʢʽʩʪʴ ʚʠʟʥʘʯʘʣʠ ʥʘ ʚʠʧʨʦʙʫʚʘʣʴʥʽʡ ʤʘʰʠʥʽ ʜʣʷ ʩʪʘʣʝʡ 

ʤʘʨʢʠ NI300 (ʨʠʩ. 2.14).  

 

 

 

ʈʠʩʫʥʦʢ 2.14 ï ɺʠʧʨʦʙʫʚʘʣʴʥʘ ʤʘʰʠʥʘ ʜʣʷ ʩʪʘʣʝʡ ʤʘʨʢʠ NI300 ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʫʜʘʨʥʦʾ ʚô̫ ʟʢʦʩʪʽ 
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ʇʨʷʤʦʢʫʪʥʽ ʟʨʘʟʢʠ ʜʣʷ ʫʜʘʨʥʦʾ ʚô̫ʟʢʦʩʪʽ ʤʘʣʠ ʚʠʛʣʷʜ ʧʦʢʘʟʘʥʠʡ ʥʘ 

ʨʠʩ. 2.12 ʟ ʨʦʟʤʽʨʘʤʠ 10ʭ10ʭ55 ʙʝʟ ʥʘʜʨʽʟʫ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʦʜʥʽʻʾ ʚʝʣʠʯʠʥʠ 

ʫʜʘʨʥʦʾ ʚô̫ ʟʢʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʪʨʠ ʦʜʥʘʢʦʚ ̔ ʟʨʘʟʢʠ ʽ ʨʝʟʫʣʴʪʘʪ 

ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʷʢ ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʨʠʯʥʝ. 

 

2.13 ʇʨʦʚʝʜʝʥʥʷ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʩʪʘʣʽ 

 

ʊʝʨʤʽʯʥʫ ʦʙʨʦʙʢʫ (ʚʽʜʧʘʣ, ʛʘʨʪʫʚʘʥʥʷ ʪʘ ʚʽʜʧʫʩʢ) ʩʪʘʣʝʡ 

4ʍ3ʅ5ʄ3ʌ ʪʘ 4ʍ4ʅ5ʄ4ʌ2 ʧʨʦʚʦʜʠʣʠ ʚ ʝʣʝʢʪʨʠʯʥʽʡ ʧʝʯʽ ʉʅʆʃ-

1,6.2,5.1/11-ʀ3 ʟʘ ʊʋ 16-681.139-86 (ʨʠʩ. 2.15) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʨʤʦʧʘʨʠ ʭʨʦʤʝʣʴ-ʘʣʶʤʝʣʴ. ʈʦʟʤʽʨʠ ʨʦʙʦʯʦʾ 

ʢʘʤʝʨʠ: ʰʠʨʠʥʘ ï 185, ʜʦʚʞʠʥʘ ï 290, ʚʠʩʦʪʘ ï 190 ʤʤ. ʇʦʪʫʞʥʽʩʪʴ 1,8 ʢɺʪ. 

ʅʦʤʽʥʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ï 1150 Áʉ. ʉʪʘʙʽʣʴʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ Ñ5,0 Áʉ. 

ʅʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʨʦʙʦʯʦʤʫ ʧʨʦʩʪʦʨʽ ʟʘ ʥʦʤʽʥʘʣʴʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʝ ʙʽʣʴʰʝ Ñ10 Áʉ.  

 

 

 

ʈʠʩʫʥʦʢ 2.15 ï ɽʣʝʢʪʨʠʯʥʽ ʧʝʯʽ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʩʪʘʣʽ, 

ʱʦ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʎʝʥʪʨʽ Ningbo IPMS research and technology center Co., Ltd. 

(Ninghai city, Ningbo province, China) 
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ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʦʪʝʥʮʽʦʤʝʪʨ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟʘ ɻʆʉʊ 9245ï79. ɽʢʩʧʣʫʘʪʘʮʽʡʥʘ ʜʦʢʫʤʝʥʪʘʮʽʷ 

ʝʣʝʢʪʨʠʯʥʦʾ ʧʝʯʽ ʚʽʜʧʦʚʽʜʘʻ ɻʆʉʊʫ 2.601ï68. ʈʦʟʨʘʭʫʥʦʢ ʦʩʥʦʚʥʦʾ ʧʦʭʠʙʢʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʚʦʜʠʚʩʷ ʟʘ ɻʆʉʊ 8.478ï82.  

 

2.14 ɺʠʟʥʘʯʝʥʥʷ ʧʦʭʠʙʢʠ ʧʨʦʚʝʜʝʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʧʨʠ 

ʩʪʘʪʠʩʪʠʯʥʽʡ ʦʙʨʦʙʮʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ 

 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʴ ʚʚʘʞʘʣʠ, ʱʦ ʨʦʟʧʦʜʽʣ ʚʝʣʠʯʠʥʠ, 

ʷʢʘ ʚʠʤʽʨʶʻʪʴʩʷ, ʧʽʜʢʦʨʷʻʪʴʩʷ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ. ʇʨʠ ʢʽʣʴʢʦʩʪʽ 

ʚʠʤʽʨʶʚʘʥʴ 3 ʽ ʙʽʣʴʰʝ ʧʨʦʚʦʜʠʣʠ ʩʪʘʪʠʩʪʠʯʥʫ ʦʙʨʦʙʢʫ ʚ ʪʘʢʦʤʫ ʧʦʨʷʜʢʫ 

[296]: 

ï ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʚʠʤʽʨʶʚʘʥʴ, ʦʪʨʠʤʘʥʠʭ ʚ ʦʜʥʠʭ ʽ ʪʠʭ ʞʝ ʫʤʦʚʘʭ; 

ï ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʚʠʤʽʨʷʥʦʾ ʚʝʣʠʯʠʥʠ 

ʪʘ ʾʾ ʜʦʚʽʨʯʠʡ ʽʥʪʝʨʚʘʣ ʧʨʠ ʨʽʚʥʽʡ ʟʥʘʯʠʤʦʩʪʽ 0,05 ʟʘ ɻʆʉʊ 11.004ï74. 

ɺʝʣʠʯʠʥʫ ʢʨʠʪʝʨʽʶ ʉʪʴʶʜʝʥʪʘ ʜʣʷ ʨʽʟʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ, ʧʨʠ 

ʽʤʦʚʽʨʥʦʩʪʽ 0,95 ʪʦʛʦ, ʱʦ ʙʫʜʴ-ʷʢʝ ʚʠʤʽʨʷʥʝ ʟʥʘʯʝʥʥʷ ʧʦʧʘʜʘʻ ʚ ʽʥʪʝʨʚʘʣ, 

ʦʙʤʝʞʝʥʠʡ ʜʦʚʽʨʯʠʤ ʽʥʪʝʨʚʘʣʦʤ, ʚʠʙʠʨʘʣʠ ʧʦ ʪʘʙʣ. 2.7. 

ʊʘʙʣʠʮʷ 2.7 

ɺʝʣʠʯʠʥʘ ʢʨʠʪʝʨʽʶ ʉʪʴʶʜʝʥʪʘ ʧʨʠ ʽʤʦʚʽʨʥʦʩʪʽ ï 0,95 [296]  

ʂʨʠʪʝʨʽʡ 

ʉʪʴʶʜʝʥʪʘ 

ʂʽʣʴʢʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ 

3 4 5 6 7 8 9 10 11 

t0,95 3,182 2,766 2,571 2,447 2,365 2,306 2,262 2,228 2,201 

 

ɼʦʚʽʨʯʠʡ ʽʥʪʝʨʚʘʣ ʚʝʣʠʯʠʥʠ ʚʠʟʥʘʯʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ (2.4). 

 

Ů = tɔ Ŀ S, ʜʝ: (2.4) 

Ů ï ʜʦʚʽʨʯʠʡ ʽʥʪʝʨʚʘʣ ʚʝʣʠʯʠʥʠ; 
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tɔ ï ʢʨʠʪʝʨʽʡ ʉʪʴʶʜʝʥʪʘ; 

S  ï ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ. 

 

ʉʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ (2.5). 
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, ʜʝ: 

 

(2.5) 

 

X  ̔ï -̔ʪʝ ʟʥʘʯʝʥʥʷ ʚʠʤʽʨʷʥʦʾ ʚʝʣʠʯʠʥʠ: 

S ï ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ; 

n ï ʢʽʣʴʢʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ. 

 

ʆʙô̒ ʢʪʠʚʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʪʦʯʥʦʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʽʜʥʦʩʥʘ 

ʧʦʤʠʣʢʘ [287]. ɺʽʜʥʦʩʥʘ ʧʦʤʠʣʢʘ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʯʘʩʪʢʘ ʚʽʜ 

ʧʦʜʽʣʫ ʘʙʩʦʣʶʪʥʦʾ ʧʦʤʠʣʢʠ ʜʦʩʣʽʜʫ (æʫ) ʥʘ ʘʙʩʦʣʶʪʥʫ ʚʝʣʠʯʠʥʫ 

ʚʠʤʽʨʶʚʘʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʫ) ʽ ʚʠʨʘʞʘʻʪʴʩʷ: Ñ (æʫĿ100)/y (%).  

 

2.15 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2 

 

1. ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʙʨʘʥʘ ʙʘʟʦʚʘ ʩʪʘʣʴ ʟ ʨʝʛʫʣʴʦʚʘʥʠʤ ʘʫʩʪʝʥʽʪʥʠʤ 

ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʷʢ ʧʝʨʩʧʝʢʪʠʚʥʘ ʜʣʷ ʛʘʨʷʯʦʛʦ ʦʙôʻʤʥʦʛʦ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʢʦʥʪʘʢʪʽ ʟ ʤʝʪʘʣʦʤ, ʱʦ ʜʝʬʦʨʤʫʻʪʴʩʷ ʟʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʪʝʤʧʝʨʘʪʫʨ 900-950 ̄ʉ. 

2. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʩʪʽʡʢʦʩʪʽ ʩʪʘʣʝʡ ʚʠʙʨʘʥʘ ʤʝʪʦʜʠʢʘ 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʃ.ʆ. ʇʦʟʥʷʢʦʤ: ʧʦ ʪʝʤʧʝʨʘʪʫʨʽ ʯʦʪʠʨʴʦʭʛʦʜʠʥʥʦʛʦ 

ʜʦʜʘʪʢʦʚʦʛʦ (ʧʽʩʣʷ ʚʠʭʽʜʥʦʾ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʟʘ ʦʧʪʠʤʘʣʴʥʠʤ ʨʝʞʠʤʦʤ) 

ʪʝʧʣʦʚʦʛʦ ʚʧʣʠʚʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʥʝ ʥʠʞʯʝ 40 HRC.  
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3. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʬʘʟʦʚʦ-ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʪʘʥʫ ʩʪʘʣʽ, ʷʢʠʡ ʚ ʢʽʥʮʝʚʦʤʫ 

ʨʦʟʨʘʭʫʥʢʫ ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʰʪʘʤʧʦʚʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ, ʚʠʙʨʘʥʽ ʤʝʪʦʜʠ: ʝʣʝʢʪʨʦʥʥʦ ʾʤʽʢʨʦʩʢʦʧʽʾ ʟ ʝʥʝʨʛʦ-ʜʠʩʧʝʨʩʽʡʥʠʤ 

ʘʥʘʣʽʟʦʤ, ʍ-ʧʨʦʤʝʥʝʚʠʡ ʬʘʟʦʚʠʡ ʘʥʘʣʽʟ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʡ ʍ-ʧʨʦʤʝʥʝʚʠʡ ʬʘʟʦʚʠʡ ʘʥʘʣʽʟ, ʜʠʣʘʪʦʤʝʪʨʠʯʥʠʡ 

ʘʥʘʣʽʟ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʪʦʯʦʢ ɸʩ1 ʪʘ ɸʩ3, ʘ ʪʘʢʦʞ ʤʝʭʘʥʽʯʥ ̔ʤʝʪʦʜʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʟʨʘʟʢʘʭ ʟʽ ʩʪʘʣʽ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʧʨʠ ʧʽʜʚʠʱʝʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʱʦ ʚʽʜʧʦʚʽʜʘʣʠ ʪʝʤʧʝʨʘʪʫʨʘʤ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʟʘ ʨʽʟʥʠʭ 

ʨʝʞʠʤʽʚ. 
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3 ʌʆʈʄʋɺɸʅʅʗ ʉʊʈʋʂʊʋʈʀ ʂʆʄʇʃɽʂʉʅʆ ʃɽɻʆɺɸʅʀʍ 

ʉʊɸʃɽʁ 4ʍ3ʅ5ʄ3ʌ ʊɸ 4ʍ4ʅ5ʄ4ʌ2 ʇɯɼ ʏɸʉ ʃʀʊʊʗ ʊɸ 

ʊɽʈʄɯʏʅʆɰ ʆɹʈʆɹʂʀ 

 

3.1 ɼʦʩʣʽʜʞʝʥʥʷ ʣʠʪʦʾ ʩʪʨʫʢʪʫʨʠ ʰʪʘʤʧʦʚʦʾ ʩʪʘʣʽ 4ʍ3ʅ5ʄ4ʌ, 

ʦʜʝʨʞʘʥʦʾ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ ʝʣʝʢʪʨʦʰʣʘʢʦʚʦʛʦ ʢʦʢʽʣʴʥʦʛʦ ʣʠʪʪʷ  

 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʘ ʚʠʙʨʘʥʘ ʙʘʟʦʚʘ ʩʪʘʣʴ ʟ ʈɸʇɽ ʤʘʨʢʠ 4ʍ3ʅ5ʄ3ʌ, 

ʷʢʘ ʚʠʛʦʪʦʚʣʷʣʘʩʴ ʟʘ ʪʨʘʜʠʮʽʡʥʦʶ ʣʠʚʘʨʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʦʧʝʨʘʮʽʾ ʢʫʚʘʥʥʷ ʜʣʷ ʧʦʜʨʽʙʥʝʥʥʷ ʢʘʨʙʽʜʥʦʾ ʩʢʣʘʜʦʚʦʾ ʫ ʚʠʛʣʷʜʽ 

ʩʢʝʣʝʪʦʧʦʜʽʙʥʦʾ ʬʦʨʤʠ. ɼʣʷ ʮʽʻʾ ʩʪʘʣʽ ʥʝʦʙʭʽʜʥʦ ʜʦʩʣʽʜʠʪʠ ʬʘʟʦʚʦ -

ʩʪʨʫʢʪʫʨʥʠʡ ʩʪʘʥ ʫ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɼʣʷ 

ʟʤʝʥʰʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʩʪʘʣʽ ʧʨʦʧʦʥʫʶʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʽʜʭʦʜʠ 

ʙʘʟʦʚʠʭ ʩʪʘʣʝʡ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ. ʆʜʥʘ ʟ ʮʠʭ ʩʪʘʣʝʡ ʻ 

ʰʪʘʤʧʦʚʘ ʩʪʘʣʴ ʧʽʜʚʠʱʝʥʥʦʾ ʪʝʧʣʦʩʪʽʡʢʦʩʪʽ ʪʘ ʚôʷʟʢʦʩʪʽ ʤʘʨʢʠ 3ʍ3ʄ3ʌ.  

ʇʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʩʪʘʣʽ ʤʘʨʢʠ 4ʍ3ʅ5ʄ3ʌ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ 

ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʚ ʙʨʫʭʪ ʙʘʟʦʚʦʾ ʩʪʘʣʽ 3ʍ3ʄ3ʌ ʚʚʦʜʠʣʠ ʨʦʟʨʦʙʣʝʥʫ ʣʽʛʘʪʫʨʫ 

ʩʠʩʪʝʤʠ FeïNiïMoïVïMn, ʷʢʘ ʙʫʣʘ ʚʠʛʦʪʦʚʣʝʥʘ ʚ ɯʥʩʪʠʪʫʪʽ ʧʨʦʙʣʝʤ 

ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʽʤ. ɯ.ʄ. ʌʨʘʥʮʝʚʠʯʘ ʅɸʅ ʋʢʨʘʾʥʠ (ʪʘʙʣ. 2.2, ʪʘʙʣ. 2.6). 

ʃʽʛʘʪʫʨʫ ʚʠʧʣʘʚʣʷʣʠ ʚ ʽʥʜʫʢʮʽʡʥʽʡ ʧʝʯʽ ʽ ʨʦʟʣʠʚʘʣʠ ʨʽʜʢʠʡ ʤʝʪʘʣ ʫ ʢʦʢʽʣʴ 

(ʨʠʩ. 3.1 ʘ). ʊʝʤʧʝʨʘʪʫʨʘ ʤʝʪʘʣʫ ʚ ʧʝʯʽ ʧʝʨʝʜ ʚʠʧʫʩʢʦʤ ʙʫʣʘ 1550 Áʉ. 

ʊʨʠʚʘʣʽʩʪʴ ʨʘʬʽʥʫʚʘʥʥʷ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ 20 ʭʚʠʣʠʥ.  

ʆʩʪʘʪʦʯʥʠʡ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʩʪʘʣʽ ʦʪʨʠʤʫʚʘʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʪʝʭʥʦʣʦʛʽʾ ʝʣʝʢʪʨʦʰʣʘʢʦʚʦʛʦ ʢʦʢʽʣʴʥʦʛʦ ʣʠʪʪʷ (ɽʐʂʃ) [275], ʷʢʘ 

ʫʩʧʘʜʢʫʚʘʣʘ ʧʝʨʝʚʘʛʠ ʝʣʝʢʪʨʦʰʣʘʢʦʚʦʛʦ ʧʝʨʝʧʣʘʚʫ, ʨʦʟʨʦʙʣʝʥʦʛʦ ʚ ɯʥʩʪʠʪʫʪʽ 

ʝʣʝʢʪʨʦʟʚʘʨʶʚʘʥʥʷ ʽʤ. ɭ.ʆ. ʇʘʪʦʥʘ ʅɸʅ ʋʢʨʘʾʥʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʚʠʩʦʢʦʷʢʽʩʥʠʭ ʣʝʛʦʚʘʥʠʭ ʩʪʘʣʝʡ [297] ʪʘ ʣʠʪʪʷ ʫ ʤʝʪʘʣʝʚʠʡ ʢʦʢʽʣʴ, ʱʦ ʜʘʣʦ 

ʟʤʦʛʫ ʦʜʝʨʞʫʚʘʪʠ ʟʘʛʦʪʦʚʢʠ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʞʝʥʽ ʜʦ ʨʦʟʤʽʨʽʚ ʤʘʪʨʠʮʴ ʜʣʷ 

ʧʨʝʩʫʚʘʥʥʷ ʤʽʜʥʦ-ʥʽʢʝʣʝʚʠʭ ʩʧʣʘʚʽʚ. ʆʜʥʘʢ, ʚʠʢʦʨʠʩʪʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ɽʐʂʃ 
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ʦʜʝʨʞʘʥʥʷ ʟʣʠʚʢʽʚ ʟ ʜʦʩʣʽʜʞʝʥʦʾ ʩʪʘʣʽ ʜʝʱʦ ʚʽʜʨʽʟʥʷʣʘʩʴ ʚʽʜ ʪʨʘʜʠʮʽʡʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʣʠʚʘʨʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʷʢʫ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʜʣʷ ʘʥʘʣʦʛʽʯʥʠʭ ʩʪʘʣʝʡ 

[237, 298]. ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʣʽʛʘʪʫʨʫ ʩʠʩʪʝʤʠ FeïNiïMoïVïMn ʦʜʝʨʞʫʚʘʣʠ 

ʧʨʠ ʨʦʟʣʠʚʽ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʽʟ ʽʥʜʫʢʮʽʡʥʦʾ ʧʝʯʽ (ʨʠʩ. 2.1 ʘ, ʙ) ʫ ʢʦʢʽʣʴ (ʨʠʩ. 2.1 

ʚ). ʇʦʪʽʤ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʨʦʟʭʜ̔ʥʦʛʦ ʝʣʝʢʪʨʦʜʫ ʧʨʠʚʘʨʶʚʘʣʠ ʣʽʛʘʪʫʨʫ ʜʦ 

ʙʘʟʦʚʦʾ ʩʪʘʣʽ 3ʍ3ʄ3ʌ ʽ ʨʦʟʧʣʘʚʣʷʣʠ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʫʩʪʘʥʦʚʢʠ ɽʐʂʃ 

(ʨʠʩ. 2.2 ʙ), ʘ ʨʽʜʢʠʡ ʤʝʪʘʣ ʚʠʣʠʚʘʣʠ ʫ ʩʧʝʮʽʘʣʴʥʫ ʬʦʨʤʫ (ʢʦʢʽʣʴ), ʷʢʘ ʙʫʣʘ 

ʚʠʛʦʪʦʚʣʝʥʘ ʪʘʢ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʨʽʚʥʦʤʽʨʥʝ ʪʝʧʣʦʚʽʜʚʝʜʝʥʥʷ ʟ ʚʠʩʦʢʦʶ 

ʰʚʠʜʢʽʩʪʶ (ʨʠʩ. 3.1 ʘ). ʋ ʧʨʦʮʝʩʽ ʧʣʘʚʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʧʝʮʽʘʣʴʥʠʡ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʠʡ ʬʣʶʩ ʟʘ ɻʆʉʊ 21639.7-93 ʪʘ ʦʪʨʠʤʫʚʘʣʠ ʟʣʠʚʢʠ (ʨʠʩ. 3.1 

ʙ) ʽʟ ʟʘʜʘʥʠʤ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʚ ʤʘʨʢʫʚʘʥʥʶ 4ʍ3ʅ5ʄ3ʌ 

(ʪʘʙʣ.  2.6).  

 

 

ʘ 

 

ʙ 

ʈʠʩʫʥʦʢ 3.1 ï ʆʜʝʨʞʘʥʥʷ ʟʣʠʚʢʽʚ ʟʽ ʩʪʘʣʽ 4ʍ3ʅ5ʄ3ʌ. a ï ʬʦʨʤʘ (ʢʦʢʽʣʴ) 

ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʯʦʪʠʨʴʦʭ ʟʘʛʦʪʦʚʦʢ ʥʘ ʦʨʠʛʽʥʘʣʴʥʽʡ ʫʩʪʘʥʦʚʮʽ ɽʐʂʃ 

(ɯʥʩʪʠʪʫʪ ʤʝʭʘʥʽʢʠ, ʤ. ʈʽʚʥʝ, ʋʢʨʘʾʥʘ), ʙ ï ʟʣʠʚʦʢ (ʤʘʩʘ 15 ʢʛ) 

 

ʅʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʫ ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ʨʦʙʦʪʽ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ 

ʤʘʪʨʠʮʴ ʥʝ ʧʨʦʚʦʜʠʣʠ ʝʥʝʨʛʦʻʤʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ (ʜʝʬʦʨʤʫʚʘʥʥʷ ʪʘ 

ʚʽʜʧʘʣ), ʷʢʽ ʧʝʨʝʜʙʘʯʝʥʽ ʟʘ ʪʨʘʜʠʮʽʡʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʣʠʚʘʨʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 
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(ʊʊʃɺ) ʮʽʻʾ ʩʪʘʣʽ, ʨʦʟʨʦʙʣʝʥʦʾ ʆ.ɼ. ʆʟʝʨʩʢʠʤ ʪʘ ʩʧʽʚʨʦʙʽʪʥʠʢʘʤʠ [231, 236, 

237]. ɺʧʝʨʰʝ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ɽʐʂʃ ʜʣʷ ʩʪʘʣʽ ʟ ʈɸʇɽ ʧʨʠ 

ʦʪʨʠʤʘʥʥ ̔ ʟʣʠʚʢʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ ʰʚʠʜʢʽʩʪʶ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʠʣʦ 

ʦʜʝʨʞʘʪʠ ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʦʙôʻʤʽ ʟʣʠʚʢʘ. 

ʆʜʥʦʯʘʩʥʝ ʬʦʨʤʫʚʘʥʥʷ ʦʪʚʦʨʫ ʚ ʤʘʪʨʠʮʽ (ʨʠʩ. 3.1 ʘ) ʧʨʠ ʚʽʜʣʠʚʘʥʥʽ ʚ ʢʦʢʽʣʴ 

ʜʦʟʚʦʣʠʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʨʽʚʥʦʤʽʨʥʝ ʰʚʠʜʢʝ ʦʭʦʣʦʜʞʝʥʥʷ ʟʘʛʦʪʦʚʢʠ, ʷʢʝ 

ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʩʪʚʦʨʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʣʠʪʦʾ ʩʪʘʣʽ. 

ʇʽʩʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʟʣʠʚʢʘ, ʦʜʝʨʞʘʥʦʛʦ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ ɽʐʂʃ, 

ʧʦʚʝʨʭʥʷ ʟʨʘʟʢʘ ʩʪʘʣʽ ʙʫʣʘ ʜʦʩʣʽʜʞʝʥʘ ʤʝʪʦʜʦʤ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ. 

ɿʦʙʨʘʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʙʫʣʦ ʦʜʝʨʞʘʥʝ ʟʘ ʜʦʧʦʤʦʛʦʶ Backscattered Electron 

Imaging (BEI
1
) ʚ ʨʝʞʠʤʽ HEMA COMPO (ʨʠʩ. 3.2 ʘ). ɹʫʣʦ ʪʘʢʦʞ ʜʦʩʣʽʜʞʝʥʦ 

ʨʦʟʧʦʜʽʣʝʥʥʷ ʭʨʦʤʫ, ʥʽʢʝʣʶ ʪʘ ʚʘʥʘʜʽʶ ʫ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʟʨʘʟʢʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʩʪʘʚʢʠ ʜʣʷ ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʦʾ ʍïʧʨʦʤʝʥʝʚʦʾ 

ʩʧʝʢʪʨʦʩʢʦʧʽʾ (Energy-dispersive X-ray spectroscopy, EDX). ɿʘʚʜʷʢʠ ʯʦʤʫ 

ʚʧʝʨʰʝ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʨʽʚʥʦʤʽʨʥʝ ʨʦʟʧʦʜʽʣʝʥʥʷ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ 

ʭʨʦʤʫ, ʥʽʢʝʣʶ ʪʘ ʚʘʥʘʜʽʶ ʧʦ ʪʽʣʫ ʟʝʨʝʥ ʜʝʥʜʨʠʪʥʦʾ ʩʪʨʫʢʪʫʨʠ ʟ ʛʽʣʢʘʤʠ 

ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ (ʨʠʩ. 3.2 ʙ ï ʛ) ʪʘ ʥʘʷʚʥʽʩʪʴ ʥʝʟʥʘʯʥʦʛʦ ʚʤʽʩʪʫ ʢʨʫʧʥʠʭ 

ʚʢʣʶʯʝʥʴ ʢʘʨʙʽʜʫ ʚʘʥʘʜʽʶ Vʉ (ʨʠʩ. 3.2 ʛ). ʉʪʨʫʢʪʫʨʘ ʚ ʣʠʪʦʤʫ ʩʪʘʥʽ ʩʪʘʣʽ 

4ʍ3ʅ5ʄ3ʌ, ʦʜʝʨʞʘʥʠʭ ʟʣʠʚʢʽʚ ʟʘ ɽʐʂʃ, ʩʢʣʘʜʘʣʘʩʴ ʽʟ ʟʝʨʝʥ ʨʽʟʥʦʛʦ 

ʨʦʟʤʽʨʫ (ʚʽʜ 50 ʜʦ 250 ʤʢʤ) ʩʚʽʪʣʦʛʦ ʢʦʣʴʦʨʫ, ʤʽʞʟʝʨʝʥʥʠʭ ʛʨʘʥʠʮʴ ʪʝʤʥʦʛʦ 

ʢʦʣʴʦʨʫ ʪʘ ʚʢʣʶʯʝʥʴ ʯʦʨʥʦʛʦ ʢʦʣʴʦʨʫ (ʨʠʩ.  3.2  ʘ). ɺʽʜʧʦʚʽʜʥʘ ʩʪʨʫʢʪʫʨʘ ʪʘ 

ʨʦʟʧʦʜʽʣʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʫʪʚʦʨʠʣʠʩ ̫ ʚʥʘʩʣʽʜʦʢ ʧʽʜʚʠʱʝʥʦʾ ʰʚʠʜʢʦʩʪʽ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʩʪʫʧʝʥʶ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ, ʱʦ 

ʧʨʠʟʚʝʣʦ ʜʦ ʫʪʚʦʨʝʥʥʷ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʮʝʥʪʨʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʽ ʧʨʠʛʥʽʯʝʥʥʷ 

ʧʨʦʮʝʩʫ ʫʪʚʦʨʝʥʥʷ ʢʘʨʙʽʜʥʦʾ ʝʚʪʝʢʪʠʢʠ ʛʨʫʙʦʾ ʬʦʨʤʠ. ɺʠʷʚʣʝʥʦ ʜʝʥʜʨʠʪʥʫ 

ʩʪʨʫʢʪʫʨʫ ʟ ʛʽʣʢʘʤʠ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ, ʪʝʤʥʦʛʦ ʢʦʣʴʦʨʫ ʪʘ  

                                                      
1
 ɽʣʝʢʪʨʦʥʥʘ ʚʽʟʫʘʣʽʟʘʮʽʷ ʟʚʦʨʦʪʥʦɹʛʦ ʨʦʟʩʽʶʚʘʥʥʷ (BEI) ʚʠʷʚʣʷʻ ʝʣʝʢʪʨʦʥʠ ʟ ʚʠʩʦʢʦʶ ʝʥʝʨʛʽʻʶ, ʷʢʽ 
ʢʚʘʟʽʧʨʫʞʥʦ ʨʦʟʩʽʶʪʁʴʩʷ ʚʽʜ ʟʨʘʟʢʘ. ʎʝʡ ʜʝʪʝʢʪʦʨ ʟʦʙʨʘʞʝʥʴ ʧʨʘʮʶʻ ʫ ʜʚʦʭ ʨʝʞʠʤʘʭ: 
ʪʦʧʦʛʨʘʬʽʯʥʦʤʫ, ʷʢʠʡ ʜʘʻ ʪʦʧʦʛʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ; ʢʦʤʧʦʟʠʮʽʡʥʦʤʫ, ʷʢʠʡ 
ʨʦʟʨʽʟʥʷʻ ʦʙʣʘʩʪʽ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʠʭ ʽ ʚʠʩʦʢʠʭ ʩʝʨʝʜʥʽʭ ʘʪʦʤʥʠʭ ʚʘʛ. ʎʷ ʪʝʭʥʽʢʘ ʥʘʜʟʚʠʯʘʡʥʦ ʢʦʨʠʩʥʘ 
ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʽʩʮʴ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʘʞʢʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʥʝ ʦʙʦʚôʷʟʢʦʚʦ ʚʠʜʥʦ ʥʝʦʟʙʨʦʻʥʠʤ ʦʢʦʤ 
ʘʙʦ ʜʝʪʝʢʪʦʨʦʤ ʚʪʦʨʠʥʥʠʭ ʝʣʝʢʪʨʦʥʽʚ. 
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ʈʠʩʫʥʦʢ 3.2 ï ɽʣʝʢʪʨʦʥʦʛʨʘʬʽʷ ʧʦʚʝʨʭʥʽ ʪʘ ʨʦʟʧʦʜʽʣ ʝʣʝʤʝʥʪʽʚ ʫ ʟʨʘʟʢʫ 

ʩʪʘʣʽ 4ʍ3ʅ5ʄ3ʌ ʚ ʣʠʪʦʤʫ ʩʪʘʥʽ, ʦʜʝʨʞʘʥʦʾ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ ɽʐʂʃ. ʘ ï 

ʝʣʝʢʪʨʦʥʥʘ ʚʽʟʫʘʣʽʟʘʮʽʷ ʟʚʦʨʦʪʥʴʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ (ɺɽɯ) ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ, 

ʨʦʟʧʦʜʽʣ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ (EDX); ʙ ï ʭʨʦʤ; ʚ ï ʥʽʢʝʣʴ; ʛ ï ʚʘʥʘʜʽʡ 

 

ʥʝʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʤʽʞʜʝʥʜʨʠʪʥʦʾ ʨʝʯʦʚʠʥʠ (ʨʠʩ. 3.3). ɼʘʣʽ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ 

ʨʦʟʧʦʜʽʣʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʟʘ ʈʦʢʚʝʣʣʦʤ ʧʦ ʧʝʨʝʪʠʥʫ ʟʘʛʦʪʦʚʢʠ ʜʦʩʣʽʜʞʝʥʦʾ 

ʩʪʘʣʽ, ʦʜʝʨʞʘʥʦʾ ɽʐʂʃ, ʟ ʷʢʦʾ ʙʫʜʝ ʚʠʛʦʪʦʚʣʝʥʘ ʤʘʪʨʠʮʷ. ʊʚʝʨʜʽʩʪʴ 

ʟʘʛʦʪʦʚʢʠ ʟʤʽʥʶʚʘʣʘʩʷ ʧʦ ʧʝʨʝʪʠʥʫ ʤʘʪʨʠʮʽ ʚ ʽʥʪʝʨʚʘʣʽ ʚʽʜ 46 ʜʦ 54 HRC ʽ ʚ 

ʩʝʨʝʜʥʴʦʤʫ ʩʪʘʥʦʚʠʣʘ 50 HRC (ʨʠʩ. 3.4). ɺʠʩʦʢʘ ʪʚʝʨʜʽʩʪʴ ʩʪʘʣʽ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʫʩʢʣʘʜʥʝʥʴ ʧʨʠ ʧʦʜʘʣʴʰʽʡ ʤʝʭʘʥʽʯʥʽʡ ʦʙʨʦʙʮʽ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ ʥʘʷʚʥʽʩʪʶ 

ʤʘʨʪʝʥʩʠʪʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʟʘʣʠʰʢʦʚʦʛʦ ʘʫʩʪʝʥʽʪʫ (ʨʠʩ. 3.5). ʂʨʠʩʪʘʣʽʯʥʘ 

ˇʨʘʪʢʘ ʚʠʷʚʠʣʘʩʴ ʩʠʣʴʥʦ ʜʝʬʦʨʤʦʚʘʥʦʶ, ʽ ʯʝʨʝʟ ʮʝ ʥʝ ʚʜʘʚʘʣʦʩʷ ʨʦʟʜʽʣʠʪʠ 
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ʜʫʙʣʝʪʠ ʨʝʬʣʝʢʩʽʚ ʜʠʬʨʘʢʪʦʛʨʘʤʠ, ʚʽʜʙʫʣʦʩʴ ʥʘʢʣʘʜʝʥʥʷ ʨʝʬʣʝʢʩʽʚ ʚʽʜ 

ʧʣʦʱʠʥʠ (110) ʫ Ŭ-Fe ʪʘ ʧʣʦʱʠʥʠ (111) ʫ ɔ-Fe. ʄʽʞʧʣʦʱʠʥʥʘ ʚʽʜʩʪʘʥʴ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ  Ŭ-Fe ï ʬʘʟʠ ʩʫʪʪʻʚʦ ʟʤʝʥʰʝʥʘ (2,02 ¡), ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʧʘʨʘʤʝʪʨʦʤ ˇʨʘʪʢʠ ʙʝʟʚʫʛʣʝʮʝʚʦʛʦ Ŭ-Fe ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ (2,86 ¡). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʫʪʪʻʚʝ ʟʥʠʞʝʥʥʷ ʤʽʞʧʣʦʱʠʥʥʦʾ ʚʽʜʩʪʘʥʽ ʚ Ŭ-Fe (ʤʘʨʪʝʥʩʠʪʥʽʡ 

ʩʪʨʫʢʪʫʨʽ) ʚʠʢʣʠʢʘʻ ʩʠʣʴʥʫ ʩʧʦʪʚʦʨʝʥʽʩʪʴ ʆʎʂ ˇʨʘʪʢʠ ʪʘ ʥʝʩʢʦʤʧʝʥʩʦʚʘʥʽ 

ʥʘʧʨʫʞʝʥʥʷ ʫ ʦʙôʻʤʽ ʩʪʘʣʽ. ʅʘʢʣʘʜʝʥʥʷ ʨʝʬʣʝʢʩʽʚ ʚʽʜ ʟʘʟʥʘʯʝʥʠʭ ʧʣʦʱʠʥ 

ʥʝ ʜʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʪʦʯʥʦ ʚʩʪʘʥʦʚʠʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʩʪʨʫʢʪʫʨʥʠʤʠ 

ʩʢʣʘʜʦʚʠʤʠ: ʤʘʨʪʝʥʩʠʪʦʤ Ŭ-Fe (110) ʪʘ ʟʘʣʠʰʢʦʚʠʤ ʘʫʩʪʝʥʽʪʦʤ ɔ-Fe (111). 

ɼʠʬʨʘʢʪʦʛʨʘʤʘ ʧʽʜʪʚʝʨʜʞʫʻ ʚʠʩʦʢʫ ʜʠʩʧʝʨʩʥʽʩʪʴ ʢʘʨʙʽʜʥʦʾ ʩʢʣʘʜʦʚʦʾ ʣʠʪʦʾ 

ʩʪʘʣʽ (ʥʠʟʴʢʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʝʬʣʝʢʩʽʚ). ʆʪʞʝ, ʚʥʘʩʣʽʜʦʢ ʚʠʩʦʢʦʾ ʜʠʩʧʝʨʩʥʦʩʪʽ 

ʢʘʨʙʽʜʥʦʾ ʩʢʣʘʜʦʚʦʾ ʪʘ ʤʘʨʪʝʥʩʠʪʥʦʾ ʩʪʨʫʢʪʫʨʠ ʜʦʩʣʽʜʥʦʾ ʩʪʘʣʽ ʚ ʣʠʪʦʤʫ 

ʩʪʘʥʽ, ʦʜʝʨʞʘʥʦʾ ʟʘ ɽʐʂʃ ʧʨʠ ʚʠʩʦʢʽʡ ʪʚʝʨʜʦʩʪʽ ʦʜʝʨʞʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, 

ʤʘʻʤʦ ʥʝʟʘʜʦʚʽʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ. ʊʦʤʫ, 

ʥʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʨʦʙʦʪʠ ʻ ʧʨʦʚʝʜʝʥʥʷ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ (ʚʽʜʧʘʣ) ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ, ʧʨʠ ʷʢʠʭ ʙʫʜʝ ʤʦʞʣʠʚʘ ʤʝʭʘʥʽʯʥʘ ʦʙʨʦʙʢʘ 

ʩʪʘʣʽ. 

 

 

ʈʠʩʫʥʦʢ 3.3 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʩʪʘʣʽ 4ʍ3ʅ5ʄ3ʌ ʚ ʣʠʪʦʤʫ ʩʪʘʥʽ, ʦʜʝʨʞʘʥʦʾ ʟʘ 

ɽʐʂʃ 
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ʈʠʩʫʥʦʢ 3.4 ï ʈʦʟʧʦʜʽʣ ʪʚʝʨʜʦʩʪʽ ʧʦ ʧʝʨʝʪʠʥʫ ʟʘʛʦʪʦʚʢʠ ʤʘʪʨʠʮʽ ʟʽ ʩʪʘʣʽ 

4ʍ3ʅ5ʄ3ʌ ʚ ʣʠʪʦʤʫ ʩʪʘʥʽ, ʦʜʝʨʞʘʥʦʾ ʟʘ ɽʐʂʃ 

 

 

ʈʠʩʫʥʦʢ 3.5 ï ɼʠʬʨʘʢʪʦʛʨʘʤʘ ʩʪʘʣʽ ʟ ʈɸʇɽ 4ʍ3ʅ5ʄ3ʌ ʚ ʣʠʪʦʤʫ ʩʪʘʥʽ, 

ʦʜʝʨʞʘʥʦʾ ʟʘ ɽʐʂʃ 

 

3.2 ɿʤʽʥʘ ʬʘʟʦʚʦ-ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʪʘʥʫ ʩʪʘʣʽ ʫ ʧʨʦʮʝʩʽ ʯʘʩʪʢʦʚʦʾ 

ʧʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ ʧʨʠ ʥʝʧʦʚʥʦʤʫ ʚʽʜʧʘʣʽ ʜʣʷ ʦʜʝʨʞʘʥʥʷ 

ʢʫʣʝʧʦʜʽʙʥʦʾ ʢʘʨʙʽʜʥʦʾ ʩʢʣʘʜʦʚʦʾ 

 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʣʠʪʦʾ ʩʪʘʣʽ, ʦʜʝʨʞʘʥʦʾ ʧʽʩʣʷ ɽʐʂʃ, ʻ 

ʥʝʩʧʨʠʷʪʣʠʚʠʤʠ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʟʣʠʚʢʽʚ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ 
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ʤʘʪʨʠʮʴ. ʊʦʤʫ, ʦʜʝʨʞʘʥʽ ʟʣʠʚʢʠ ʧʦʪʨʝʙʫʶʪʴ ʧʦʜʘʣʴʰʦʾ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ, 

ʷʢʘ ʜʦʟʚʦʣʠʪʴ ʦʜʝʨʞʘʪʠ ʧʝʨʣʽʪʦ-ʩʦʨʙʽʪʥʫ ʩʪʨʫʢʪʫʨʫ ʟ ʢʫʣʝʧʦʜʽʙʥʦʶ 

ʢʘʨʙʽʜʥʦʶ ʩʢʣʘʜʦʚʦʶ. ɺ ʨʦʙʦʪʘʭ [231-237, 271, 298] ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʭʝʤʠ ʨʝʞʠʤʽʚ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʘʥʘʣʦʛʽʯʥʠʭ ʜʦʝʚʪʝʢʪʦʾʜʥʠʭ 

ʩʪʘʣʝʡ (ʨʠʩ. 3.6, ʨʠʩ. 3.7). ʆʜʥʘʢ, ʪʘʢʽ ʨʝʞʠʤʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʦʾ ʩʪʘʣʽ ʻ ʜʦʩʠʪʴ 

ʝʥʝʨʛʦʻʤʥʠʤʠ. ʇʽʩʣʷ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ (ʧʦʚʥʦʛʦ ʚʽʜʧʘʣʫ) ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ 

ʘʚʪʦʨʘʤʠ (ʨʠʩ. 3.7), ʢʨʽʤ ʚʠʩʦʢʦʾ ʪʚʝʨʜʦʩʪʽ 37-40 HRC (ʨʠʩ. 3.8) ʤʘʪʝʨʽʘʣ ʤʘʚ 

ʩʪʨʫʢʪʫʨʫ ʟ ʧʣʘʩʪʠʥʯʘʩʪʦʶ ʢʘʨʙʽʜʥʦʶ ʩʢʣʘʜʦʚʦʶ (ʨʠʩ. 3.9 ʘ), ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʪʠʧʦʚʠʤ ʩʭʝʤʘʪʠʯʥʠʤ ʟʦʙʨʘʞʝʥʥʷʤ ʩʪʨʫʢʪʫʨʠ ʟ ʧʣʘʩʪʠʥʯʘʩʪʦʶ ʢʘʨʙʽʜʥʦʶ 

ʩʢʣʘʜʦʚʦʶ (ʨʠʩ. 3.9 ʙ). ʇʨʦʚʝʜʝʥʥʷ ʧʦʚʥʦʛʦ ʚʽʜʧʘʣʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨʦʶ 860 Áʉ 

ʥʝ ʟʘʙʝʟʧʝʯʠʣʦ ʦʪʨʠʤʘʥʥʷ ʢʫʣʝʧʦʜʽʙʥʦʾ ʢʘʨʙʽʜʥʦʾ ʩʢʣʘʜʦʚʦʾ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʚʽʜʧʫʩʢ ʩʪʘʣʽ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 680 Áʉ (ʨʠʩ. 3.7) ʧʨʦʚʦʜʠʪʠ ʥʝ ʜʦʮʽʣʴʥʦ, 

ʦʩʢʽʣʴʢʠ ʧʽʜ ʯʘʩ ʡʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʥʝ ʚʽʜʙʫʚʘʶʪʴʩʷ ʬʘʟʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ. 

ʅʠʞʯʝ ʙʫʜʫʪʴ ʚʩʪʘʥʦʚʣʝʥʽ ʢʨʠʪʠʯʥʽ ʪʦʯʢʠ ɸʩ1 ʪʘ ɸʩ3 ʪʘ ʨʦʟʨʦʙʣʝʥʠʡ ʨʝʞʠʤ 

ʚʽʜʧʘʣʫ ʜʣʷ ʮʽʻʾ ʩʪʘʣʽ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʪʘ ʧʦʣʝʛʰʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ 

ʦʙʨʦʙʢʠ ʨʽʟʘʥʥʷʤ, ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʤʘʪʨʠʮʴ ʟʽ ʩʪʘʣʽ, ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʧʨʦʚʝʩʪʠ ʯʘʩʪʢʦʚʫ ʧʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʶ, ʷʢʫ ʟʘʙʝʟʧʝʯʫʻ ʥʝʧʦʚʥʠʡ ʚʽʜʧʘʣ, 

ʦʩʢʽʣʴʢʠ ʪʽʣʴʢʠ ʚ ʧʨʦʮʝʩʽ ʯʘʩʪʢʦʚʦʾ ʧʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ ʩʪʘʣʽ ʫʪʚʦʨʶʻʪʴʩʷ 

ʢʫʣʝʧʦʜʽʙʥʘ ʢʘʨʙʽʜʥʘ ʩʢʣʘʜʦʚʘ, ʱʦ ʩʧʨʠʷʻ ʧʦʣʽʧʰʝʥʥʶ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ 

ʟʘʛʦʪʦʚʢʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ.  

 

 

ʈʠʩʫʥʦʢ 3.6 ï ʉʭʝʤʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʦʙʨʦʙʢʠ ʩʪʘʣʽ ʟ ʈɸʇɽ ʤʘʨʢʠ 

4ʍ2ʅ3ʄ2ɻ4ʌʊɹ, ʦʪʨʠʤʘʥʥʷ ʟʣʠʚʢʽʚ ʟʘ ʊʊʃɺ [271]. 1 ï ʥʘʛʨʽʚ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 1050 Áʉ; 2, 3 ï ʥʘʛʨʽʚ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 450 Áʉ 



162 
 

 

 

ʈʠʩʫʥʦʢ 3.7 ï ʉʭʝʤʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʦʙʨʦʙʢʠ ʩʪʘʣʽ ʟ ʈɸʇɽ ʤʘʨʢʠ 

4ʍ2ʅ5ʄ2ɸʌ2, ʦʪʨʠʤʘʥʥʷ ʟʣʠʚʢʽʚ ʟʘ ʊʊʃɺ. 1 ï ʚʽʜʧʘʣ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 

860 Áʉ, 2 ï ʚʽʜʧʘʣ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 680 Áʉ 

 

 

ʈʠʩʫʥʦʢ 3.8 ï ʈʦʟʧʦʜʽʣ ʪʚʝʨʜʦʩʪʽ ʧʦ ʧʝʨʝʪʠʥʫ ʤʘʪʨʠʮʽ ʟʽ ʩʪʘʣʽ 4ʍ3ʅ5ʄ3ʌ, 

ʦʜʝʨʞʘʥʦʾ ɽʐʂʃ ʪʘ ʧʽʜʜʘʥʦʾ ʧʦʚʥʦʤʫ ʚʽʜʧʘʣʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 860 Áʉ 

 

 

ʘ 
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ʇʨʦʜʦʚʞʝʥʥʷ ʨʠʩʫʥʢʘ 3.9 

 

ʙ 

 

ʚ 

 

 

ʛ 

ʈʠʩʫʥʦʢ 3.9 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʠ ʩʪʘʣʽ 4ʍ3ʅ5ʄ3ʌ, ʦʜʝʨʞʘʥʦʾ ʧʽʩʣʷ ɽʐʂʃ 

ʪʘ ʚʽʜʧʘʣʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨ. ʘ, ʙ ï 860Ñ20 Áʉ; ʚ, ʛ ï 750Ñ20 Áʉ 

 

3.3 ɺʩʪʘʥʦʚʣʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʢʽʣʴʢʦʩʪʽ ʘʫʩʪʝʥʽʪʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʜʦ ʪʝʤʧʝʨʘʪʫʨ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ 

ʦʭʦʣʦʜʞʝʥʥʽ ʜʦ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʩʪʘʣʽ 4ʍ3ʅ5ʄ3ʌ  

 

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʪʦʯʦʢ ɸ1 ʪʘ ɸ3 ʩʪʘʣʽ 4ʍ3ʅ5ʄ3ʌ ʧʨʦʚʝʣʠ 

ʜʠʣʘʪʦʤʝʪʨʠʯʥʠʡ ʘʥʘʣʽʟ ʥʘ ʢʘʪʢʦʚʦʤʫ ʦʧʪʠʯʥʦʤʫ ʜʠʣʘʪʦʤʝʪʨʽ (ʜʠʚ. ʨʦʟʜʽʣ 

2.8). ɿʙʽʣʴʰʝʥʥʷ ʜʠʣʘʪʦʤʝʪʨʘ ʚʠʟʥʘʯʘʣʦʩʴ ʟʘ ʬʦʨʤʫʣʦʶ (3.1). 

 

ʂ = R/ r, ʜʝ:  (3.1) 

 

ʂ ï ʟʙʽʣʴʰʝʥʥʷ ʜʠʣʘʪʦʤʝʪʨʘ;  
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R ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʢʘʪʢʘ ʜʦ ʰʢʘʣʠ (ʆɸ);  

r ï ʨʘʜʽʫʩ ʢʘʪʢʘ. 

 

ʋ ʜʘʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʢʘʪʦʢ ʜʽʘʤʝʪʨʦʤ 0,55 ʤʤ ʧʨʠ 

ʂ= 3636 ʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʦʚʽʪʨʽ ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 

ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 950 Áʉ. ʐʚʠʜʢʽʩʪʴ ʥʘʛʨʽʚʘʥʥʷ ʟʨʘʟʢʘ ʩʪʘʥʦʚʠʣʘ 

10 Áʉ/ʭʚ, ʘ ʰʚʠʜʢʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ ʚʽʜ 950 Áʉ ʜʦ 600 Áʉ ʩʪʘʥʦʚʠʣʘ 20 Áʉ/ʭʚ 

ʪʘ ʚʽʜ 600 Áʉ ʜʦ 20 Áʉ ï ʩʪʘʥʦʚʠʣʘ ʚʽʜ 5 ʜʦ 10 Áʉ/ʭʚ. ʂʦʝʬʽʮʽʻʥʪ ʪʝʨʤʽʯʥʦʛʦ 

ʨʦʟʰʠʨʝʥʥʷ ʟʨʘʟʢʘ ʧʽʜʨʘʭʦʚʫʚʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ (3.2). 

 

, ʜʝ: 
(3.2) 

 

ɸ1, ɸ2 ï ʚʽʜʣʽʢ ʧʦ ʰʢʘʣʽ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨ ʊ1 ʪʘ ʊ2; 

L ï ʜʦʚʞʠʥʘ ʟʨʘʟʢʘ;  

Ŭʢ ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʢʚʘʨʮʫ. 

ɿʚʽʜʩʠ ʦʪʨʠʤʫʚʘʣʠ: 

 

 , (3.3) 

ʘʙʦ 

 
(3.4) 

 

ʋ ʜʘʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʨʦʟʨʘʭʫʥʦʢ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ 

ʧʨʦʚʦʜʠʣʠ ʟʘ ʪʘʢʠʤʠ ʜʘʥʠʤʠ: r = 0,275 ʤʤ, L = 19 ʤʤ, R = 1000 ʤʤ, 

Ŭʢ = 0,5Ŀ10 
6
, ʨʦʟʨʘʭʦʚʫʶʯʠ ʢʦʝʬʽʮʽʻʥʪ ɼ ʟʘ ʬʦʨʤʫʣʦʶ (3.5). 

 

 
(3.5) 
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ʦʪʨʠʤʫʚʘʣʠ ʪʘʢʫ ʬʦʨʤʫʣʫ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ (3.6). 

 

 

(3.6) 

 

 

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʛʨʘʬʽʢʘʤʠ (ʨʠʩ. 3.10) ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʟʨʘʟʢʘ ʚʽʜ 

ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 700 Áʉ ʚʽʜʙʫʚʘʣʦʩʴ ʣʽʥʽʡʥʦ ʧʨʦʧʦʨʮʽʡʥʝ ʡʦʛʦ 

ʨʦʟʰʠʨʝʥʥʷ, ʧʽʩʣʷ ʯʦʛʦ ʚʠʜ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠʚʩʷ, ʱʦ ʩʚʽʜʯʠʣʦ ʧʨʦ ʥʘʷʚʥʽʩʪʴ 

ʧʦʣ̔ʤʦʨʬʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟ ʫʪʚʦʨʝʥʥʷʤ ʤʘʨʪʝʥʩʠʪʥʦʾ ʩʪʨʫʢʪʫʨʠ. ɿʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ (ʨʠʩ. 3.10 ʘ, ʙ ʪʘ ʪʘʙʣ. 3.1), ʙʫʣʠ ʚʩʪʘʥʦʚʣʝʥʽ ʢʨʠʪʠʯʥʽ 

ʪʝʤʧʝʨʘʪʫʨʥʽ ʪʦʯʢʠ ʩʪʘʣʽ: ɸʩ1 = 700Ñ10 Áʉ, ɸʩ3 = 840Ñ10 Áʉ, ɸr1 = 230Ñ20 Áʉ 

ʪʘ ɸr3 = 380Ñ20 Áʉ ʪʘ ʧʦʨʽʚʥʷʥʽ ʟ ʪʘʢʠʤʠ ʜʣʷ ʽʥʰʠʭ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʽʟʥʠʮʽ ʤʽʞ ʢʨʠʪʠʯʥʠʤʠ ʪʦʯʢʘʤʠ ɸ1 ʪʘ ɸ3 ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʪʘ 

ʦʭʦʣʦʜʞʝʥʥʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʩʪʘʣʽ ʪʘ ʫʪʚʦʨʝʥʦʾ ʩʪʨʫʢʪʫʨʠ. 

ʅʘʡʙʽʣʴʰʽ ʟʥʘʯʝʥʥʷ ʨʽʟʥʠʮʴ ʚʽʜʧʦʚʽʜʘʶʪʴ ʜʦʩʣʽʜʞʝʥʽʡ ʩʪʘʣʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʤʘʨʦʯʥʦʤʫ ʩʢʣʘʜʫ 4ʍ3ʅ5ʄ3ʌ. ʎʝ ʥʘ ʥʘʰ ʧʦʛʣʷʜ ʧʦʚôʷʟʘʥʦ ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʪʘʢʦʾ ʩʪʨʫʢʪʫʨʠ, ʷʢʘ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʩʫʪʪʻʚʦ ʟʘʪʨʠʤʫʻ ʨʦʟʧʘʜ ʘʫʩʪʝʥʽʪʫ. 

 

 

ʈʠʩʫʥʦʢ 3.10 ï ɿʘʣʝʞʥʽʩʪʴ ʚʽʜʣʽʢʫ ʧʦ ʰʢʘʣʽ ʜʠʣʘʪʦʤʝʪʨʘ ʧʨʠ ʥʘʛʨʽʚʽ ʪʘ 

ʦʭʦʣʦʜʞʝʥʥʽ ʩʪʘʣʽ 4ʍ3ʅ5ʄ3ʌ. ɸɺ ï ʥʘʛʨʽʚ, ɺʉ ï ʦʭʦʣʦʜʞʝʥʥʷ 
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ʊʘʙʣʠʮʷ 3.1  

ʂʨʠʪʠʯʥʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʪʦʯʢʠ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ 

ʄʘʨʢʘ ʩʪʘʣʽ ʂʨʠʪʠʯʥʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʪʦʯʢʠ, Áʉ 

ɸʩ1 ɸʩ3 ɸr1 ɸr3 Dɸ1 Dɸ3 ɼʞʝʨʝʣʦ 

4ʍ5ʄʌʉ 840 870 810 735 30 35 ɻʆʉʊ 5950ï2000 

4ʍ5ʄʌ1ʉ 875 935 815 760 60 175 ɻʆʉʊ 5950ï2000 

3ʍ3ʄ3ʌ 815 875 760 820 55 55 ɻʆʉʊ 5950ï2000 

3ʍ2ɺ2ʌ 800 850 690 750 110 100 ɻʆʉʊ 5950ï2000 

4ʍ3ʅ5ʄ3ʌ 700Ñ

10 

840Ñ

10 

225Ñ

20 

375Ñ

20 

475 465 ɺʣʘʩʥʽ ʜʘʥʽ 

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʧʨʠ ʥʘʛʨʽʚʽ ʟʨʘʟʢʘ ʚʽʜ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 700 Áʉ ʚʽʜʙʫʚʘʣʦʩʴ ʣʽʥʽʡʥʦ ʧʨʦʧʦʨʮʽʡʥʝ ʟʙʽʣʴʰʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʫ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ, ʘ ʜʘʣʽ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʤʽʯʥʦʛʦ 

ʨʦʟʰʠʨʝʥʥʷ ʧʦʯʘʚ ʟʤʝʥʰʫʚʘʪʠʩʷ, ʮʝ ʩʚʽʜʯʠʣʦ ʧʨʦ ʪʝ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʦʣʽʤʦʨʬʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʫ ʩʪʘʣʽ ʟ ʫʪʚʦʨʝʥʥʷʤ ʬʘʟʠ, ʷʢʘ ʤʘʻ ʤʝʥʰʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ (ʨʠʩ. 3.11).  

 

 

ʈʠʩʫʥʦʢ 3.11 ï ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ (Ŭ) ʩʪʘʣʽ 

4ʍ3ʅ5ʄ3ʌ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. 1 ï ʢʨʠʪʠʯʥʘ ʪʦʯʢʘ ɸʩ1, 2 ï ʢʨʠʪʠʯʥʘ ʪʦʯʢʘ ɸʩ3 

 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʽʩʣʷ ʪʝʨʤʧʝʨʘʪʫʨʠ 850 Áʉ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʤʽʯʥʦʛʦ 

ʨʦʟʰʠʨʝʥʥʷ ʧʦʯʘʚ ʟʙʽʣʴʰʫʚʘʪʠʩʷ. ʎʽ ʟʤʽʥʠ ʥʘ ʛʨʘʬʽʢʫ ʚʽʜʧʦʚʽʜʘʣʠ 

ʢʨʠʪʠʯʥʠʤ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʪʦʯʢʘʤ ʩʪʘʣʽ 4ʍ3ʅ5ʄ3ʌ: ɸʩ1 = 700 Áʉ ʪʘ ɸʩ3 = 

850 Áʉ. ʎʝ ʫ ʧʦʜʘʣʴʰʦʤʫ ʜʦʟʚʦʣʠʣʦ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʧʨʦʚʝʜʝʥʥʷ ʥʝʧʦʚʥʦʛʦ 
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ʚʽʜʧʘʣʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʥʘʛʨʽʚʘʥʥʷ 750Ñ20 Áʉ ʪʘ ʽʟʦʪʝʨʤʽʯʥʽʡ ʚʠʪʨʠʤʮʽ ʚʽʜ 

2,5 ʜʦ 3 ʛʦʜʠʥ (ʨʠʩ. 3.12, ʜʦʜʘʪʦʢ ɸ). ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʝʧʦʚʥʠʡ ʚʽʜʧʘʣ ʩʪʘʣʽ 4ʍ3ʅ5ʄ3ʌ ʧʨʠʟʚʽʚ ʜʦ ʟʤʽʥʠ ʾʾ 

ʩʪʨʫʢʪʫʨʠ: ʫʪʚʦʨʠʣʘʩʷ ʧʝʨʣʽʪʥʦ-ʩʦʨʙʽʪʥʘ ʩʫʤʽʰ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ Ŭ-Fe 

ʬʘʟʫ ʟ ʢʫʣʝʧʦʜʽʙʥʦʶ ʢʘʨʙʽʜʥʦʶ ʩʢʣʘʜʦʚʦʶ, ʜʝ ʩʚʽʪʣʝ ʧʦʣʝ ï ʬʝʨʠʪʥʘ ʬʘʟʘ, ʘ 

ʪʝʤʥʝ ʧʦʣʝ ï ʧʝʨʣʽʪ (ʬʝʨʠʪʦ-ʢʘʨʙʽʜʥʘ ʩʫʤʽʰ) (ʨʠʩ. 3.9 ʚ, ʛ, ʪʘʙʣ. 3.2, ʨʠʩ. 

3.13). ʎʝ ʧʨʠʟʚʝʣʦ ʜʦ ʟʥʠʞʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʩʪʘʣʽ ʚʽʜ 33 ʜʦ 34 HRʉ (ʪʘʙʣ. 3.3) ʪʘ 

ʧʦʣʝʛʰʠʣʦ ʤʝʭʘʥʽʯʥʫ ʦʙʨʦʙʢʫ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʽʥʩʪʨʫʤʝʥʪʫ (ʨʠʩ. 3.14 ʘ, ʙ).  

 

 

ʈʠʩʫʥʦʢ 3.12 ï ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʚʽʜʧʘʣʫ ʩʪʘʣʽ 4ʍ3ʅ5ʄ3ʌ 

 

ʊʘʙʣʠʮʷ 3.2 

ʌʘʟʦʚʦ-ʩʪʨʫʢʪʫʨʥʠʡ ʩʢʣʘʜ ʟ ʜʠʬʨʘʢʪʦʛʨʘʤʠ (ʨʠʩ. 3.13) ʩʪʘʣʽ 4ʍ3ʅ5ʄ3ʌ, 

ʦʜʝʨʞʘʥʦʾ ɽʐʂʃ, ʧʽʩʣʷ ʚʽʜʧʘʣʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 750Ñ20 Áʉ 

 

 

 

 

 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʣʽʥʽʡ ʌʘʟʦʚʠʡ ʩʢʣʘʜ 

3,0862 Cr23C6 

2,6624 Cr23C6 

2,3991 VC 

2,1640 Cr23C6 

2,0269 Ŭ-Fe 

1,8672 Cr23C6 

1,8184 Cr23C6 

1,6170 Cr23C6 

1,4327 Ŭ-Fe 

1,1696 Ŭ-Fe 

1,0149 Ŭ-Fe 
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ʈʠʩʫʥʦʢ 3.13 ï ɼʠʬʨʘʢʪʦʛʨʘʤʘ ʩʪʘʣʽ 4ʍ3ʅ5ʄ3ʌ, ʦʜʝʨʞʘʥʦʾ ɽʐʂʃ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʚʽʜʧʘʣʫ ʧʨʠ 750Ñ20 Áʉ 
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ʊʘʙʣʠʮʷ 3.3  

ʊʚʝʨʜʽʩʪʴ ʣʠʪʦʾ ʩʪʘʣʽ 4ʍ3ʅ5ʄ3ʌ ʜʣʷ ʨʽʟʥʠʭ ʨʝʞʠʤʽʚ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʽʚʫ ʩʪʘʣʽ, Áʉ ʊʚʝʨʜʽʩʪʴ, ʅRʉ ʉʪʨʫʢʪʫʨʘ 

650Ñ5 (ʩʝʨʝʜʥʽʡ ʚʽʜʧʫʩʢ) 43-44 ʪʨʦʦʩʪʠʪ 

690Ñ5 (ʚʠʩʦʢʠʡ ʚʽʜʧʫʩʢ) 37-38 ʩʦʨʙʽʪ 

710Ñ5 (ʥʝʧʦʚʥʠʡ ʚʽʜʧʘʣ) 36-37 ʧʝʨʣʽʪʦ-ʩʦʨʙʽʪ 

730Ñ5 (ʥʝʧʦʚʥʠʡ ʚʽʜʧʘʣ) 33-34 ʧʝʨʣʽʪʦ-ʩʦʨʙʽʪ 

750Ñ5 (ʥʝʧʦʚʥʠʡ ʚʽʜʧʘʣ) 33-34 ʧʝʨʣʽʪʦ-ʩʦʨʙʽʪ 

770Ñ5 (ʥʝʧʦʚʥʠʡ ʚʽʜʧʘʣ) 33-34 ʧʝʨʣʽʪʦ-ʩʦʨʙʽʪ 

810Ñ5 (ʥʝʧʦʚʥʠʡ ʚʽʜʧʘʣ) 35-36 ʧʝʨʣʽʪʦ-ʩʦʨʙʽʪ 

850Ñ5 (ʧʦʚʥʠʡ ʚʽʜʧʘʣ) 42-43 ʪʨʦʦʩʪʠʪ 

 

 

ʘ 

 

ʙ 

ʈʠʩʫʥʦʢ 3.14 ï ʄʝʭʘʥʽʯʥʦ-ʦʙʨʦʙʣʝʥʽ ʟʘʛʦʪʦʚʢʠ ʟ ʣʠʪʦʾ ʩʪʘʣʽ 4ʍ3ʅ5ʄ3ʌ, 

ʦʜʝʨʞʘʥʽ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ ɽʐʂʃ, ʧʽʩʣʷ ʚʽʜʧʘʣʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 750Ñ20 Áʉ. ʘ ï 

ʚʠʜ ʟʚʝʨʭʫ; ʙ ï ʚʠʜ ʟ ʙʽʯʥʦʾ ʩʪʦʨʦʥʠ 

 

ʏʘʩ ʽʟʦʪʝʨʤʽʯʥʦʾ ʚʠʪʨʠʤʢʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʥʝʧʦʚʥʦʛʦ ʚʽʜʧʘʣʫ ʩʪʘʣʽ 

750Ñ20 Áʉ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʘʩʠ ʪʘ ʨʦʟʤʽʨʽʚ ʟʘʛʦʪʦʚʢʠ. ʊʘʢ ʜʣʷ ʟʘʛʦʪʦʚʢʠ ʪʠʧʫ 

ʤʘʪʨʠʮʽ ʜʽʘʤʝʪʨʦʤ Ï 170 ʤʤ ʽ ʤʘʩʦʶ ʧʨʠʙʣʠʟʥʦ 15 ʢʛ (ʨʠʩ. 3.14 ʘ, ʙ), ʧʨʦʛʨʽʚ 

ʟʘʛʦʪʦʚʢʠ ʧʨʦʚʦʜʠʣʠ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʢʨʠʪʝʨʽʻʤ ɹʽʦ, ʘ ʟʘʛʘʣʴʥʘ ʽʟʦʪʝʨʤʽʯʥʘ 

ʚʠʪʨʠʤʢʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʝ ʤʝʥʰʝ 5,5 ʛʦʜʠʥ. ɿʘʛʦʪʦʚʢʘ ʦʪʨʠʤʘʥʘ ʟʘ 
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ʪʝʭʥʦʣʦʛʽʾʶ ɽʐʂʃ, ʧʨʠ ʥʝʧʦʚʥʦʤʫ ʚʽʜʧʘʣʽ ʤʘʣʘ ʽʟʦʪʝʨʤʽʯʥʫ ʚʠʪʨʠʤʢʫ 

5,5 ʛʦʜʠʥ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 750 Áʉ (ʨʠʩ. 3.11). ʊʚʝʨʜʽʩʪʴ ʩʪʘʣʽ ʧʽʩʣʷ ʪʝʨʤʽʯʥʦʾ 

ʦʙʨʦʙʢʠ ʩʪʘʥʦʚʠʣʘ ʚʽʜ 33 ʜʦ 34 ʅRʉ. ʇʽʩʣʷ ʮʴʦʛʦ ʟʘʛʦʪʦʚʢʫ ʤʝʭʘʥʽʯʥʦ 

ʦʙʨʦʙʣʷʣʠ ʨʽʟʘʥʥʷʤ, ʨʽʟʮʷʤʠ ʟ ʧʣʘʩʪʠʥʘʤʠ ʩʧʣʘʚʫ ʊ15ʂ6. 

 

3.4 ɿʘʣʝʞʥʽʩʪʴ ʤʽʞ ʢʽʣʴʢʽʩʪʶ ʘʫʩʪʝʥʽʪʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʨʠ 

ʥʘʛʨʽʚʘʥʥʽ ʩʪʘʣʽ 4ʍ3ʅ5ʄ3ʌ ʜʦ ʪʝʤʧʝʨʘʪʫʨ ʝʢʩʧʣʫʘʪʘʮʽʾ  

 

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʢʽʣʴʢʦʩʪʽ ʘʫʩʪʝʥʽʪʫ ʚ ʩʪʘʣʽ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʡ ʍ-ʧʨʦʤʝʥʝʚʠʡ ʬʘʟʦʚʠʡ ʘʥʘʣʽʟ ʟʨʘʟʢʽʚ ʩʪʘʣʽ. ɹʫʣʠ ʟʥʷʪʽ 

ʜʠʬʨʘʢʪʦʛʨʘʤʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨ 20, 500, 700, 750 ʪʘ 800 Áʉ (ʨʠʩ. 3.15, ʨʠʩ. 3.16, 

ʨʠʩ. 3.17, ʨʠʩ. 3.18, ʨʠʩ. 3.19). ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʮʠʤʠ ʜʠʬʨʘʢʪʦʛʨʘʤʘʤʠ ʙʫʣʘ 

ʧʦʙʫʜʦʚʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʢʽʣʴʢʦʩʪʽ ʘʫʩʪʝʥʽʪʫ ʫ ʩʪʘʣʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʘʥʥʷ 

ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 20 ʜʦ 800 Áʉ, ʷʢʘ ʤʘʣʘ ʥʝʣʽʥʽʡʥʠʡ ʭʘʨʘʢʪʝʨ 

ʙʣʠʟʴʢʠʡ ʜʦ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ (ʨʠʩ. 3.20). ɿ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ 

ʟʙʽʣʴʰʫʚʘʣʘʩʷ ʢʽʣʴʢʽʩʪʴ ʘʫʩʪʝʥʽʪʥʦʾ ʩʢʣʘʜʦʚʦʾ. ʊʘʢ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʢʽʣʴʢʽʩʪʴ ʘʫʩʪʝʥʽʪʫ ʛʘʨʪʦʚʘʥʦʾ ʩʪʘʣʽ ʩʢʣʘʜʘʻ 2,70 % (ʨʠʩ. 3.15). ʇʨʠ ʚʽʜʧʫʩʢʫ 

ʩʪʘʣʽ (ʥʘʛʨʽʚ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 500 Áʉ) ʢʽʣʴʢʽʩʪʴ ʘʫʩʪʝʥʽʪʫ ʩʢʣʘʜʘʣʦ 9,9 % 

(ʨʠʩ. 3.16). ʅʘʛʨʽʚ ʩʪʘʣʽ ʜʦ ʢʨʠʪʠʯʥʦʾ ʪʦʯʢʠ ʪʝʤʧʝʨʘʪʫʨʠ 700 Áʉ, ʢʽʣʴʢʽʩʪʴ 

ʘʫʩʪʝʥʽʪʫ ʟʙʽʣʴʰʠʣʘʩʴ ʜʦ 35,17 % (ʨʠʩ. 3.17). ɺ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 

ʯʘʩʪʢʦʚʦʾ ʧʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ 750 ʪʘ 800 Áʉ ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʘʫʩʪʝʥʽʪʫ 

65,61 ʪʘ 96,30 %, ʚʽʜʧʦʚʽʜʥʦ (ʨʠʩ. 3.18, ʨʠʩ. 3.19). ʊʘʢʘ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ 

ʜʦʟʚʦʣʠʣʘ ʧʽʜʪʚʝʨʜʠʪʠ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʧʨʝʩʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʚʠʱʝ 

850 Áʉ ʟʙʝʨʽʛʘʻʪʴʩʷ ʘʫʩʪʝʥʽʪʥʘ ʩʪʨʫʢʪʫʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ 

ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʟʤʝʥʰʫʚʘʣʘʩʷ ʢʽʣʴʢʽʩʪʴ 

ʬʘʟʠ ʬʝʨʠʪʫ ʽ ʟʙʽʣʴʰʫʚʘʣʘʩʷ ʢʽʣʴʢʽʩʪʴ ʘʫʩʪʝʥʽʪʫ.  
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ʈʠʩʫʥʦʢ 3.15 ï ɼʠʬʨʘʢʪʦʛʨʘʤʘ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ X-ʧʨʦʤʝʥʝʚʦʛʦ ʬʘʟʦʚʦʛʦ 

ʘʥʘʣʽʟʫ ʣʠʪʦʾ ʩʪʘʣʽ 4ʍ3ʅ5ʄ3ʌ, ʦʜʝʨʞʘʥʦʾ ɽʐʂʃ ʧʽʩʣʷ ʛʘʨʪʫʚʘʥʥʷ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 1020Ñ10 Áʉ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʥʘ ʧʦʚʽʪʨʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 20 Áʉ 

(ʧʨʠʩʫʪʥʽ Ŭ-Fe ʪʘ ɔ-Fe ï 97,30 ʪʘ 2,70 ʤʘʩ. % ʚʽʜʧʦʚʽʜʥʦ) 

 

 

ʈʠʩʫʥʦʢ 3.16 ï ɼʠʬʨʘʢʪʦʛʨʘʤʘ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ X-ʧʨʦʤʝʥʝʚʦʛʦ 

ʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ ʣʠʪʦʾ ʩʪʘʣʽ 4ʍ3ʅ5ʄ3ʌ, ʦʜʝʨʞʘʥʦʾ ɽʐʂʃ, ʧʽʜʜʘʥʦʾ 

ʪʝʨʤʽʯʥʦʤʫ ʟʤʽʮʥʝʥʥʶ ʪʘ ʥʘʛʨʽʪʦʾ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 500 Áʉ (Ŭ-Fe ï 90,10 %, ɔ-

Fe ï 9,9 %) 
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ʈʠʩʫʥʦʢ 3.17 ï ɼʠʬʨʘʢʪʦʛʨʘʤʘ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ X-ʧʨʦʤʝʥʝʚʦʛʦ 

ʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ ʣʠʪʦʾ ʩʪʘʣʽ 4ʍ3ʅ5ʄ3ʌ, ʦʜʝʨʞʘʥʦʾ ɽʐʂʃ, ʧʽʜʜʘʥʦʾ 

ʪʝʨʤʽʯʥʦʤʫ ʟʤʽʮʥʝʥʥʶ ʪʘ ʥʘʛʨʽʪʦʾ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 700 Áʉ (Ŭ-Fe ï 64,83 %,     

ɔ-Fe ï 35,17 %) 

 

 

ʈʠʩʫʥʦʢ 3.18 ï ɼʠʬʨʘʢʪʦʛʨʘʤʘ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ X-ʧʨʦʤʝʥʝʚʦʛʦ 

ʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ ʣʠʪʦʾ ʩʪʘʣʽ 4ʍ3ʅ5ʄ3ʌ, ʦʜʝʨʞʘʥʦʾ ɽʐʂʃ, ʧʽʜʜʘʥʦʾ 

ʪʝʨʤʽʯʥʦʤʫ ʟʤʽʮʥʝʥʥʶ ʪʘ ʥʘʛʨʽʪʦʾ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 750 Áʉ (Ŭ-Fe ï 32,84 %,     

ɔ-Fe ï 65,61 %, ʪʘ Fe3Mo3C ï 1,55 %) 
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ʈʠʩʫʥʦʢ 3.19 ï ɼʠʬʨʘʢʪʦʛʨʘʤʘ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ X-ʧʨʦʤʝʥʝʚʦʛʦ 

ʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ ʣʠʪʦʾ ʩʪʘʣʽ 4ʍ3ʅ5ʄ3ʌ, ʦʜʝʨʞʘʥʦʾ ɽʐʂʃ, ʧʽʜʜʘʥʦʾ 

ʪʝʨʤʽʯʥʦʤʫ ʟʤʽʮʥʝʥʥʶ ʪʘ ʥʘʛʨʽʪʦʾ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 800 Áʉ (Ŭ-Fe ï 2,02 %,       

ɔ-Fe ï 96,30 %, ʪʘ Fe3Mo3C ï 1,68 %) 

 

 
ʈʠʩʫʥʦʢ 3.20 ï ɿʤʽʥʘ ʢʽʣʴʢʦʩʪʽ ʘʫʩʪʝʥʽʪʥʦʾ ʪʘ ʤʘʨʪʝʥʩʠʪʥʦʾ ʩʢʣʘʜʦʚʠʭ 

ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʨʪʦʚʘʥʦʾ ʩʪʘʣʽ 4ʍ3ʅ5ʄ3ʌ 

 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʍ-ʧʨʦʤʝʥʝʚʦʛʦ ʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ ʫ  

ʤʦʥʦʭʨʦʤʘʪʠʯʥʦʤʫ CuKŬ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʽ, ʥʘ ʫʩʪʘʥʦʚʮ ̔ ɼʈʆʅïʋʄ1 ʟʘ 

ʪʝʤʧʝʨʘʪʫʨ 20, 500, 700, 800, 850 Üʉ ʟʨʘʟʢʽʚ ʩʪʘʣʽ 4ʍ3ʅ5ʄ3ʌ ʧʽʜʪʚʝʨʜʠʣʠ 
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ʧʨʘʚʠʣʴʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʢʨʠʪʠʯʥʠʭ ʪʦʯʦʢ ɸʩ1 = 700 Áʉ ʪʘ ɸʩ3 

= 850 Áʉ ʜʣʷ ʩʪʘʣʽ, ʷʢʽ ʨʘʥʽʰʝ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʤʝʪʦʜʦʤ ʜʠʣʘʪʦʤʝʪʨʠʯʥʦʛʦ 

ʘʥʘʣʽʟʫ, ʱʦ ʧʨʦʚʦʜʠʣʠ ʥʘ ʚʠʩʦʢʦʯʫʪʣʠʚʦʤʫ ʢʘʪʢʦʚʦʤʫ ʦʧʪʠʯʥʦʤʫ 

ʜʠʣʘʪʦʤʝʪʨʽ, ʨʦʟʨʦʙʣʝʥʦʤʫ ʚ ɯʥʩʪʠʪʫʪʽ  ʧʨʦʙʣʝʤ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ 

ʽʤ. ɯ.ʄ.  ʌʨʘʥʮʝʚʠʯʘ ʅɸʅ ʋʢʨʘʾʥʠ (ʨʠʩ. 3.11). ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʩʪʘʣʽ ʟʨʘʟʢʠ  ʧʦʧʝʨʝʜʥʴʦ ʙʫʣʠ ʧʽʜʜʘʥʽ ʛʘʨʪʫʚʘʥʥʶ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 

1040Ñ10 ̄ ʉ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʙʨʦʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʟʘ ʚʤʽʩʪʦʤ ʘʫʩʪʝʥʽʪʫ ʫ 

ʩʪʘʣʽ ʟʘ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʦʜʝʨʞʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʍ-ʧʨʦʤʝʥʝʚʦʛʦ ʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ (ʨʠʩ. 3.21), ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ Origin 

ʙʫʣʘ ʦʜʝʨʞʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʢʽʣʴʢʦʩʪʽ ʘʫʩʪʝʥʽʪʫ ʫ ʤʘʩ. % ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʥʘʛʨʽʚʘʥʥʷ ʟʨʘʟʢʘ, ʷʢʘ ʤʘʣʘ ʚʠʛʣʷʜ (3.7).  

 

, ʜʝ (3.7) 

 

ɸ ï ʢʽʣʴʢʽʩʪʴ ʘʫʩʪʝʥʽʪʫ, ʤʘʩ. %; 

t ï ʪʝʤʧʝʨʘʪʫʨʘ ʟʨʘʟʢʘ ʩʪʘʣʽ, ʉ̄. 

 

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʫʷʚʣʝʥʥʷʤʠ, ʨʦʟʚʠʥʝʥʠʤʠ ʜʣʷ ʥʘʜʥʠʟʴʢʦʚʫʛʣʝʮʝʚʦʾ 

ʤʘʨʪʝʥʩʠʪʥʦʾ ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ (13 % Cr ʪʘ 6 % Ni) ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʙʦʪʠ 

[299] ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʟʨʘʟʢʘ, 

ʬʦʨʤʘ ʟʝʨʝʥ ʘʫʩʪʝʥʽʪʫ ʤʘʻ ʪʝʥʜʝʥʮʽʶ ʟʤʽʥʶʚʘʪʠʩʷ ʟ ʛʦʣʯʘʩʪʦʾ ʥʘ ʟʝʨʥʠʩʪʫ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʫʪʚʦʨʝʥʥʷ ʘʫʩʪʝʥʽʪʫ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʥʘ ʤʝʞʘʭ ʨʝʡʦʢ ʤʘʨʪʝʥʩʠʪʫ, ʪʘ ʚʨʘʭʦʚʫʶʯʠ ʥʘʷʚʥʽʩʪʴ ʥʽʢʝʣʶ ʪʘ ʭʨʦʤʫ ʫ 

ʥʘʰʽʡ ʜʦʩʣʽʜʞʝʥʽʡ ʩʪʘʣʽ ʟ ʨʝʛʫʣʴʦʚʘʥʠʤ ʘʫʩʪʝʥʽʪʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʧʽʜ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʤʝʭʘʥʽʟʤ ʫʪʚʦʨʝʥʥʷ ʘʫʩʪʝʥʽʪʫ ʪʘʢʠʡ 

ʩʘʤʠʡ. 
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ʈʠʩʫʥʦʢ 3.21 ï ɿʘʣʝʞʥʽʩʪʴ ʢʽʣʴʢʦʩʪʽ ʘʫʩʪʝʥʽʪʫ ʫ ʛʘʨʪʦʚʘʥʽʡ ʩʪʘʣʽ 

4ʍ4ʅ5ʄ4ʌ2 ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʾʾ ʥʘʛʨʽʚʫ 

 

ɼʦʩʣʽʜʞʝʥʘ ʟʘʣʝʞʥʽʩʪʴ (ʨʠʩ.3.21) ʪʘ ʬʦʨʤʫʣʘ (3.7) ʥʘ ʥʘʰ ʧʦʛʣʷʜ ʤʦʞʝ 

ʙʫʪʠ ʦʧʠʩʘʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʢʦʥʫ ɸʨʨʝʥʽʫʩʘ, ʷʢʠʡ ʧʝʨʚʠʥʥʦ 

ʚʩʪʘʥʦʚʣʶʚʘʚ ʟʘʣʝʞʥʽʩʪʴ ʢʦʥʩʪʘʥʪʠ ʰʚʠʜʢʦʩʪʽ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ (k) ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʛʨʘʜʫʩʘʭ ʂʝʣʴʚʽʥʘʭ (ʊ) ʟʘ ʬʦʨʤʫʣʦʶ (3.8). 

 

, ʜʝ  (3.8) 

 

ʢ ï ʢʦʥʩʪʘʥʪʘ ʰʚʠʜʢʦʩʪʽ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ; 

ʊ ï ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ (ʟʘʟʚʠʯʘʡ ʚ ʂʝʣʴʚʽʥʘʭ); 
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R ï ʫʥʽʚʝʨʩʘʣʴʥʘ ʛʘʟʦʚʘʧʦʩʪʽʡʥʘ, ɼʞ/ʤʦʣʴĿʂ; 

ɽʘ ï ʝʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ, ʧʦʩʪʽʡʥʘ ʜʘʥʦʾ ʨʝʘʢʮʽʾ, ɼʞ/ʤʦʣʴĿʂ; 

ɸ ï ʧʝʨʝʜʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ ʤʥʦʞʥʠʢ ʨʝʘʢʮʽʾ, ʷʢʠʡ ʩʣʘʙʢʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ. (ʆʮʽʥʢʠ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʫ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚ 

ʜʽʘʧʘʟʦʥʽ ʚʽʜ 200 ʜʦ 300 Áʉ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʯʘʩʪʦʪʠ ʟʽʪʥʝʥʴ ɸ ʥʘ 10 %) 

 

ɿʘʢʦʥ ɸʨʨʝʥʽʫʩʘ, ʨʦʟʨʦʙʣʝʥʠʡ ʜʣʷ ʦʧʠʩʫ ʟʘʣʝʞʥʦʩʪʝʡ ʰʚʠʜʢʦʩʪʽ 

ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, ʟʘʩʪʦʩʦʚʫʶʪʴ ʪʘʢʦʞ ʜʣʷ ʦʧʠʩʫ 

ʪʝʤʧʝʨʘʪʫʨʥʦ ʽʥʜʫʢʦʚʘʥʠʭ ʧʨʦʮʝʩʽʚ, ʘ ʩʘʤʝ ʜʝʬʦʨʤʘʮʽʡʥʠʭ, ʪʝʧʣʦʚʠʭ  ʪʘ 

ʢʽʥʝʪʠʢʠ ʫʪʚʦʨʝʥʥʷ ʨʽʟʥʠʭ ʬʘʟ. 

ʆʩʢʽʣʴʢʠ ʢʽʣʴʢʽʩʪʴ ʘʫʩʪʝʥʽʪʫ ʛʘʨʪʦʚʘʥʦʾ ʩʪʘʣʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʘ ʝʢʩʧʦʥʝʥʮʽʘʣʴʤʠʤ ʟʘʢʦʥʦʤ, ʪʦ ʚʠʥʠʢʘʻ ʽʜʝʷ 

ʟʚ'ʷʟʘʪʠ ʧʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ ʘʫʩʪʝʥʽʪʫ ʟ ʝʥʝʨʛʽʻʶ ʘʢʪʠʚʘʮʽʾ ʟʘ ʬʦʨʤʫʣʦʶ  (3.9). 

 

, ʜʝ (3.9) 

 

%ʘus ï ʢʽʣʴʢʽʩʪʴ ʘʫʩʪʝʥʽʪʫ. 

 

ɼʘʥʽ ʨʦʟʨʘʭʫʥʢʽʚ ʟʚʝʜʝʥʽ ʫ ʪʘʙʣ. 3.4. ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʚʠʢʦʥʘʥʥʷ ʮʴʦʛʦ 

ʟʘʢʦʥʫ ɸʨʨʝʥʽʫʩʘ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ln (ɸus, %) ʚʽʜ ʟʚʦʨʦʪʥʴʦʾ 

ʚʝʣʠʯʠʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ (ʨʠʩ. 3.22). ɺʦʥʘ ʧʦʚʠʥʥʘ ʦʧʠʩʫʚʘʪʠʩʴ 

ʣʽʥʽʡʥʦʶ ʬʫʥʢʮʽʻʶ  (3.10). ʗʢ ʙʘʯʠʤʦ, ʥʘ ʛʨʘʬʽʢʫ ʣʠʰʝ ʪʨʠ ʚʝʨʭʥʽ ʪʦʯʢʠ 

ʫʪʚʦʨʶʶʪʴ ʧʨʷʤʫ ʣʽʥʽʶ, ʚʦʥʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʝʤʧʝʨʘʪʫʨʘʤ 973, 1023 ʪʘ 1073 

ʂ. ʏʝʪʚʝʨʪʘ ʪʦʯʢʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʪʝʤʧʝʨʘʪʫʨʽ 773 ʂ, ʧʨʠ ʧʝʚʥʦʤʫ 

ʧʨʠʧʫʱʝʥʥʽ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʚʽʜʥʝʩʝʥʘ ʜʦ ʮʴʦʛʦ ʟʘʢʦʥʫ, ʪʦʜʽ ʷʢ ʪʦʯʢʘ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʪʝʤʧʝʨʘʪʫʨʽ 293 ʂ, ʜʘʣʝʢʦ ʚʽʜʩʪʦʾʪʴ ʚʽʜ ʟʘʟʥʘʯʝʥʦ ʣʽʥʽʾ ʽ ʥʝ ʤʦʞʝ 

ʙʫʪʠ ʚʽʜʥʝʩʝʥʘ ʜʦ ʮʴʦʛʦ ʟʘʢʦʥʫ. 
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ʊʘʙʣʠʮʷ 3.4 

ʈʦʟʨʘʭʫʥʢʦʚʽ ʜʘʥʽ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʢʦʥʫ 

ɸʨʨʝʥʽʫʩʘ ʜʣʷ ʦʧʠʩʫ ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʽ ʘʫʩʪʝʥʽʪʫ ʛʘʨʪʦʚʘʥʦʾ ʩʪʘʣʽ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʛʨʘʜʫʩʘʭ ʂʝʣʴʚʽʥʘ 

ʊʝʤʧʝʨʘʪʫʨʘ, 

Áʉ 

ʊʝʤʧʝʨʘʪʫʨʘ, 

ʂ 

1/T ɔ-Fe Ŭ-Fe ɸʫʩʪʝʥʽʪ, 

% 

20 293 0,003413 2,7 97,3 0,993252 

500 773 0,001294 9,9 90,1 2,292535 

700 973 0,001028 35,2 64,8 3,561046 

750 1023 0,000978 65,6 32,8 4,183576 

800 1073 0,000932 96,3 2 4,567468 

 

 (3.10) 

 

 

ʈʠʩʫʥʦʢ 3.22 ï ɿʘʣʝʞʥʽʩʪʴ ln(ʘus, %) ʚʽʜ ʟʚʦʨʦʪʥʴʦʾ ʚʝʣʠʯʠʥʠ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʥʘʛʨʽʚʘʥʥʷ ʩʪʘʣʽ 4ʍ3ʅ5ʄ3ʌ ʧʽʩʣʷ ʛʘʨʪʫʚʘʥʥʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 1040Ñ10 Áʉ 
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ɹʫʣʦ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʨʦʟʨʘʭʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʟʘʢʦʥʫ ɸʨʨʝʥʽʫʩʘ ʣʠʰʝ 

ʜʣʷ ʪʨʴʦʭ ʚʝʨʭʥʽʭ ʪʦʯʦʢ (ʨʠʩ. 3.22). ʈʦʟʨʘʭʫʥʦʢ ʜʘʚ ʚʝʣʠʯʠʥʫ ʝʥʝʨʛʽʶ 

ʘʢʪʠʚʘʮʽʾ (3.11) ʪʘ ʥʘʪʫʨʘʣʴʥʠʡ ʣʦʛʘʨʠʬʤ ʧʝʨʝʜʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʤʥʦʞʥʠʢʘ 

ln(ʘus, %). ʆʪʨʠʤʘʥʘ ʟʘʣʝʞʥʽʩʪʴ (3.11) ʤʘʣʘ ʢʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʦʚʘʥʦʩʪʽ 

R
2
=0,988 (ʨʠʩ. 3.23). 

 

 
(3.11) 

 

 

ʈʠʩʫʥʦʢ 3.23. ʃʽʥʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ln(ʘus, %) ʚʽʜ ʟʚʦʨʦʪʥʴʦʾ ʚʝʣʠʯʠʥʠ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʘʥʥʷ ʩʪʘʣʽ 4ʍ3ʅ5ʄ3ʌ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨ 973, 1023 ʪʘ 1073 ʂ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʢʽʣʴʢʦʩʪʽ ʘʫʩʪʝʥʽʪʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚ 

ʽʥʪʝʨʚʘʣʽ 973-1073 ʂ ʧʽʩʣʷ ʛʘʨʪʫʚʘʥʥʷ ʩʪʘʣʽ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 1040Ñ10 Áʉ 

ʚʠʛʣʷʜʘʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ (ʨʠʩ. 3.24) ʪʘ ʦʧʠʩʫʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʶ (3.12).  

 

 
(3.12) 
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ʈʠʩʫʥʦʢ 3.24 ï ɿʘʣʝʞʥʽʩʪʴ ʢʽʣʴʢʦʩʪʽ ʘʫʩʪʝʥʽʪʫ ʚʽʜ ʪʝʤʧʨʘʪʫʨʠ, ʱʦ ʦʧʠʩʫʻʪʴʩʷ 

ʟʘʢʦʥʦʤ ɸʨʨʝʥʽʫʩʘ 

 

3.5 ʆʩʪʘʪʦʯʥʘ ʪʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ ʰʪʘʤʧʦʚʦʾ ʩʪʘʣʽ 4ʍ3ʅ5ʄ3ʌ 

3.5.1 ʌʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʩʪʘʣʽ 4ʍ3ʅ5ʄ3ʌ ʧʨʠ ʛʘʨʪʫʚʘʥʥʽ 

 

ʐʪʘʤʧʦʚʠʡ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ 

ʪʘ ʩʧʣʘʚʽʚ ʧʦʚʠʥʝʥ ʤʘʪʠ ʧʽʜʚʠʱʝʥʫ ʪʚʝʨʜʽʩʪʴ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʚʝʨʜʦʩʪʽ 

ʩʪʘʣʽ ʧʨʦʚʦʜʷʪʴ ʦʩʥʦʚʥʫ ʪʝʨʤʽʯʥʫ ʦʧʝʨʘʮʽʶ ï ʛʘʨʪʫʚʘʥʥʷ. ʇʨʠ ʛʘʨʪʫʚʘʥʥʽ 

ʩʪʘʣʽ 4ʍ3ʅ5ʄ3ʌ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ ʨʦʟʯʠʥʝʥʥʷ ʢʘʨʙʽʜʥʠʭ ʬʘʟ ʫ 

ʛʦʤʦʛʝʥʥʦʤʫ ʘʫʩʪʝʥʽʪʽ, ʘ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʥʘʩʠʯʝʥʥʷ 

ʚʫʛʣʝʮʝʤ ʚ Ŭ-Fe, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʩʫʚʫ ʤʽʞʘʪʦʤʥʠʭ ʧʣʦʱʠʥ ʢʨʠʩʪʘʣʽʯʥʦʾ 

ʛʨʘʪʢʠ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʫʪʚʦʨʶʻʪʴʩʷ ʤʘʨʪʝʥʩʠʪʥʘ ʩʪʨʫʢʪʫʨʘ [56]. ɿʘʛʦʪʦʚʢʠ 

ʧʽʜʜʘʚʘʣʠ ʛʘʨʪʫʚʘʥʥʶ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 1010-1030 Áʉ ʟʛʽʜʥʦ ʜʦ ʣʽʪʝʨʘʪʫʨʥʠʭ 

ʜʘʥʠʭ [35, 57, 59]. ʇʽʩʣʷ ʮʴʦʛʦ ʪʚʝʨʜʽʩʪʴ ʩʪʘʣʽ 4ʍ3ʅ5ʄ3ʌ ʩʪʘʥʦʚʠʣʘ ʚʽʜ 48 

ʜʦ 49 ʅRʉ. ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʜʦʩʣʽʜʞʝʥʦʾ ʩʪʘʣʽ ʧʽʩʣʷ ʛʘʨʪʫʚʘʥʥʷ ʟʘʣʠʰʘʣʘʩʷ 

ʜʝʥʜʨʠʪʥʦʶ (ʨʠʩ. 3.25 ʘ), ʘʣʝ ʧʨʠ ʙʽʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʙʫʣʠ ʯʽʪʢʦ ʚʠʜʥʦ 

ʛʽʣʢʠ ʤʘʨʪʝʥʩʠʪʥʦʾ ʩʪʨʫʢʪʫʨʠ (ʨʠʩ. 3.25 ʙ).  
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ʈʠʩʫʥʦʢ 3.25 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʠ ʣʠʪʦʾ ʩʪʘʣʽ 4ʍ3ʅ5ʄ3ʌ ʧʽʩʣʷ ʛʘʨʪʫʚʘʥʥʷ 

ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 1025Ñ5 Áʉ. ʘ ï ʜʝʥʜʨʠʪʥʘ ʩʪʨʫʢʪʫʨʘ ʟ ʛʽʣʢʘʤʠ ʤʘʨʪʝʥʩʠʪʫ,   

ʙ ï ʛʽʣʢʠ ʤʘʨʪʝʥʩʠʪʥʦʾ ʩʪʨʫʢʪʫʨʠ 

 

ɿʛʽʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʍ-ʧʨʦʤʝʥʝʚʦʛʦ ʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ ʩʪʨʫʢʪʫʨʘ 

ʛʘʨʪʦʚʘʥʦʾ ʩʪʘʣʽ 4ʍ3ʅ5ʄ3ʌ ʩʢʣʘʜʘʻʪʴʩʷ ʟ Ŭ-Fe (ʤʘʨʪʝʥʩʠʪʫ) ʪʘ ɔ-Fe 

(ʘʫʩʪʝʥʽʪʫ) ï 97,30 ʪʘ 2,70 ʤʘʩ. % ʚʽʜʧʦʚʽʜʥʦ (ʨʠʩ. 3.15).  

 

3.5.2 ʌʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʩʪʘʣʽ 4ʍ3ʅ5ʄ3ʌ ʧʨʠ ʚʽʜʧʫʩʢʫ 

 

ʇʽʩʣʷ ʛʘʨʪʫʚʘʥʥʷ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʢʽʥʮʝʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʪʘʣʽ ʙʫʣʦ 

ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʪʝʭʥʦʣʦʛʽʯʥʫ ʦʧʝʨʘʮʽʶ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʩʪʘʣʽ 

4ʍ3ʅ5ʄ3ʌ ï ʩʝʨʝʜʥʴʦ-ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʚʽʜʧʫʩʢ ʥʠʞʯʝ ʢʨʠʪʠʯʥʦʾ ʪʦʯʢʠ ɸʩ1, 

ʷʢʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʦʾ ʩʪʘʣʽ ʩʪʘʥʦʚʠʣʘ 700 Üʉ (ʨʠʩ. 3.11, ʨʠʩ. 3.20). ɿʛʽʜʥʦ ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʧʦʢʘʟʘʥʦ, ʱʦ ʩʪʨʫʢʪʫʨʘ ʩʪʘʣʽ 

ʟʤʽʥʶʻʪʴʩʷ ʟʽ ʟʤʽʥʦʶ ʪʝʤʧʝʨʘʪʫʨʠ  ʚʽʜʧʫʩʢʫ. ɿʘ  ʪʝʤʧʝʨʘʪʫʨʠ  ʚʽʜʧʫʩʢʫ 

450 Üʉ (ʨʠʩ. 3.26 ʘ)  ʫ  ʩʪʨʫʢʪʫʨʽ ʩʪʘʣʽ ʫʪʚʦʨʠʣʠʩʷ ʤʘʨʪʝʥʩʠʪʥʽ ʛʽʣʢʠ 

ʨʦʟʤʽʨʘʤʠ 120-130 ʤʢʤ ʧʘʨʘʣʝʣʴʥʽ ʦʜʥʘ ʦʜʥʽʡ ʚ ʤʝʞʘʭ ʟʝʨʥʘ, ʨʦʟʤʽʨʠ ʷʢʦʛʦ 

ʩʪʘʥʦʚʣʷʪʴ 130-140 ʤʢʤ. ʇʨʠ ʮʴʦʤʫ ʛʨʘʥʠʮʽ ʟʝʨʝʥ ʚʘʞʢʦ ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʽ ʾʭ 

ʤʦʞʥʘ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʣʠʰʝ ʧʦ ʦʨʽʻʥʪʘʮʽʾ ʤʘʨʪʝʥʩʠʪʥʠʭ ʛʽʣʦʢ, ʷʢʽ ʚ ʤʝʞʘʭ 

ʨʽʟʥʠʭ ʟʝʨʝʥ ʤʘʶʪʴ ʨʽʟʥʠʡ ʢʫʪ ʥʘʭʠʣʫ. ʇʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ 

ʩʪʘʣʽ ʜʦ 550 Üʉ ʪʘʢʦʞ ʟʤʽʥʶʻʪʴʩʷ ʾʾ ʩʪʨʫʢʪʫʨʘ (ʨʠʩ. 3.26 ʙ). ɹʽʣʴʰ 
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ʯʽʪʢʠʤʠ ʩʪʘʶʪʴ ʛʨʘʥʠʮʽ ʟʝʨʝʥ, ʟʤʝʥʰʫʶʪʴʩʷ ʨʦʟʤʽʨʠ ʤʘʨʪʝʥʩʠʪʥʠʭ ʛʽʣʦʢ 

ʜʦ 80-100 ʤʢʤ. ɿʝʨʥʘ ʫ ʧʣʦʱʠʥʽ ʰʣʽʬʘ ʤʘʶʪʴ ʚʠʪʷʛʥʫʪʠʡ ʚʠʛʣʷʜ ʰʠʨʠʥʦʶ 

80-100 ʤʢʤ, ʘ ʜʦʚʞʠʥʦʶ 150-250 ʤʢʤ. ɿʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʫ ʤʘʨʪʝʥʩʠʪʥʠʭ 

ʛʽʣʦʢ ʧʦʚôʷʟʘʥʝ ʟ ʪʠʤ, ʱʦ ʧʦʯʠʥʘʻʪʴʩʷ ʨʦʟʧʘʜ ʤʘʨʪʝʥʩʠʪʫ. ʇʦʜʘʣʴʰʝ 

ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 580 Üʉ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʬʝʨʠʪʦ-

ʢʘʨʙʽʜʥʦʾ ʩʫʤʽʰʽ (ʪʨʦʦʩʪʠʪʫ). ʊʘʢʘ ʩʪʨʫʢʪʫʨʘ  ʩʣʘʙʦ  ʪʨʘʚʠʪʴʩʷ  4,0 % 

ʨʦʟʯʠʥʦʤ  ʘʟʦʪʥʦʾ  ʢʠʩʣʦʪʠ  ʚ  ʝʪʠʣʦʚʦʤʫ ʩʧʠʨʪʽ ʟ ʜʦʙʘʚʢʦʶ ʧʽʢʨʠʥʦʚʦʾ 

ʢʠʩʣʦʪʠ ʽ, ʜʘʻ ʥʝʯʽʪʢʝ ʤʝʪʘʣʦʛʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ (ʨʠʩ. 3.26 ʚ). ʅʘʛʨʽʚ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʠ 620 Üʉ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʩʪʘʪʦʯʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʪʨʦʦʩʪʠʪʥʦʾ 

ʩʪʨʫʢʪʫʨʠ. ɹʘʯʠʤʦ (ʨʠʩ. 3.26 ʛ), ʱʦ ʨʦʟʤʽʨ ʟʝʨʝʥ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʚʩʷ 

(ʧʝʨʝʚʘʞʥʠʡ ʨʦʟʤʽʨ ʟʝʨʝʥ ʫ ʧʣʦʱʠʥʽ ʟʦʙʨʘʞʝʥʥʷ ʩʪʘʥʦʚʠʪʴ 70-120 ʤʢʤ).  
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ʇʨʦʜʦʚʞʝʥʥʷ ʨʠʩʫʥʢʘ 3.26 

 
 ̌

ʈʠʩʫʥʦʢ 3.26 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʠ ʣʠʪʦʾ ʩʪʘʣʽ 4ʍ3ʅ5ʄ3ʌ ʛʘʨʪʦʚʘʥʦʾ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 1025Ñ5 Áʉ ʧʽʩʣʷ ʚʽʜʧʫʩʢʫ ʟʘ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʘ ï 450 Üʉ, ʙ ï 

550 Üʉ, ʚ ï 580 Üʉ, ʛ ï 620 Üʉ, ˇ ï 650 Üʉ 

 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʱʝ ʪʝʤʧʝʨʘʪʫʨʠ 620 Üʉ ʫʪʚʦʨʶʻʪʴʩʷ ʩʦʨʙʽʪʥʘ 

ʩʪʨʫʢʪʫʨʘ ʩʪʘʣʽ, ʟʦʙʨʘʞʝʥʥʷ ʷʢʦʾ ʥʘʚʝʜʝʥʝ ʥʘ ʨʠʩʫʥʢʫ (ʨʠʩ. 3.26 ˇ) ʜʣʷ 

ʚʽʜʧʫʩʢʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 650 Üʉ. ʇʣʦʱʘ ʟʘʡʥʷʪʘ ʪʝʤʥʦʶ (ʬʝʨʠʪ) ʪʘ ʩʚʽʪʣʦʶ 

(ʢʘʨʙʽʜ) ʬʘʟʘʤʠ ʙʣʠʟʴʢʘ, ʧʨʠ ʯʦʤʫ ʥʘ ʪʝʤʥʦʤʫ ʬʦʥʽ ʚʠʙʣʠʩʢʫʶʪʴ ʩʚʽʪʣʽ 

ʧʣʷʤʠ ʧʣʘʩʪʠʥʯʘʩʪʠʭ ʢʘʨʙʽʜʽʚ. ɼʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʨʦʟʧʘʜʫ  ʤʘʨʪʝʥʩʠʪʫ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 550 Üʉ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʍ-ʧʨʦʤʝʥʝʚʠʡ ʬʘʟʦʚʠʡ ʘʥʘʣʽʟ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʟʨʘʟʢʘ (ʨʠʩ. 3.27). ʗʢ ʙʘʯʠʤʦ, ʽʥʪʝʥʩʠʚʥʽ ʧʽʢʠ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʽ, 

ʦʜʝʨʞʘʥʽʡ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʍ-ʧʨʦʤʝʥʝʚʦʛʦ ʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ, ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʫ ʚʫʛʣʝʮʶ ʚ Ŭ-Fe (ʆʎʂ) ʟ ʧʘʨʘʤʝʪʨʦʤ ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ 

0,28768 ʥʤ. ʊʘʢʦʞ ʙʫʣʦ ʧʨʦʚʝʜʝʥʝ ʚʠʟʥʘʯʝʥʥʷ ʛʘʨʷʯʦʾ ʪʚʝʨʜʦʩʪʽ ʩʪʘʣʽ in situ 

ʧʽʩʣʷ ʛʘʨʪʫʚʘʥʥʷ ʪʘ ʚʽʜʧʫʩʢʫ (ʪʘʙʣ. 3.5). ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʛʘʨʷʯʦʾ 

ʪʚʝʨʜʦʩʪʽ ʙʫʣʘ ʦʧʠʩʘʥʘ ʫ ʨʦʙʦʪʽ [294]. ɼʦ ʪʝʤʧʝʨʘʪʫʨʠ 500 Üʉ ʛʘʨʷʯʘ 

ʪʚʝʨʜʽʩʪʴ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʚʘʣʘʩʷ ʟ ʯʘʩʦʤ ʽʟʦʪʝʨʤʽʯʥʦʾ ʚʠʪʨʠʤʢʠ, ʘ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥ̔  ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 550 Üʉ ʧʽʜ ʯʘʩ ʽʟʦʪʝʨʤʽʯʥʦʾ ʚʠʪʨʠʤʢʠ ʧʽʜ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʚʽʜʙʫʚʘʣʦʩʷ ʟʤʝʥʰʝʥʥʷ ʛʘʨʷʯʦʾ ʪʚʝʨʜʦʩʪʽ. ʊʘʢ ʧʨʠ ʚʠʪʨʠʤʮʽ 

ʚʽʜ 1 ʜʦ 10 ʭʚ ʛʘʨʷʯʘ ʪʚʝʨʜʽʩʪʴ ʩʪʘʥʦʚʠʣʘ 2,52 ɻʇʘ, ʘ ʧʨʠ ʚʠʪʨʠʤʮʽ 60 ʭʚ ï 

ʟʤʝʥʰʫʚʘʣʘʩʷ ʤʘʡʞʝ ʥʘ 10 %.  
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ʈʠʩʫʥʦʢ 3.27 ï ɼʠʬʨʘʢʪʦʛʨʘʤʘ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ X-ʧʨʦʤʝʥʝʚʦʛʦ ʬʘʟʦʚʦʛʦ 

ʘʥʘʣʽʟʫ ʣʠʪʦʾ ʩʪʘʣʽ 4ʍ3ʅ5ʄ3ʌ ʧʽʩʣʷ ʛʘʨʪʫʚʘʥʥʷ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 1025Ñ5 Áʉ 

ʪʘ ʚʽʜʧʫʩʢʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 550 Üʉ 

 

ʊʘʙʣʠʮʷ 3.5  

ɿʘʣʝʞʥʽʩʪʴ ʛʘʨʷʯʦʾ ʪʚʝʨʜʦʩʪʽ ʣʠʪʦʾ ʩʪʘʣʽ 4ʍ3ʅ5ʄ3ʌ, ʦʜʝʨʞʘʥʦʾ ʟʘ 

ɽʐʂʃ ʪʘ ʟʘʛʘʨʪʦʚʘʥʦʾ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 1025Ñ5 Áʉ, ʧʽʩʣʷ ʚʽʜʧʫʩʢʫ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨ 500Ñ5 Üʉ ʪʘ 550Ñ5 Üʉ 

ʏʘʩ, ʭʚ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʽʜʧʫʩʢʫ, Áʉ 

500 550 

ʄʽʢʨʦʪʚʝʨʜʽʩʪʴ, ɻʇʘ 

1 

3,09 

2,52 

10 2,52 

30 2,38 

60 2,26 
 

 

ɺʧʝʨʰʝ ʙʫʣʠ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʪʚʝʨʜʦʩʪʽ ʟʘ ʢʽʤʥʘʪʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʩʣʷ ʥʘʛʨʽʚʫ ʩʪʘʣʽ 4ʍ3ʅ5ʄ3ʌ (ʪʘʙʣ. 3.6).  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 400 Üʉ (ʧʦʯʘʪʦʢ ʤʘʨʪʝʥʩʠʪʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ) ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 450 Üʉ ʪʚʝʨʜʽʩʪʴ ʩʪʘʣʽ ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʟʤʽʥʶʚʘʣʘʩʷ ʽ ʩʪʘʥʦʚʠʣʘ 47-48 HRC, ʧʽʩʣʷ ʯʦʛʦ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 620 Üʉ 

ʚʽʜʙʫʚʘʣʦʩʷ ʧʦʚʽʣʴʥʝ ʟʥʠʞʝʥʥʷ ʪʚʝʨʜʦʩʪʽ (ʦʩʪʘʪʦʯʥʝ ʬʦʨʤʫʚʘʥʥʷ ʪʨʦʦʩʪʠʪʥʦʾ 

ʩʪʨʫʢʪʫʨʠ). ʇʽʩʣʷ ʯʦʛʦ ʪʚʝʨʜʽʩʪʴ ʥʝ ʟʤʽʥʶʚʘʣʘʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 700 Üʉ 

(ʢʨʠʪʠʯʥʘ ʪʦʯʢʘ ɸʩ1) ʽ ʩʪʘʥʦʚʠʣʘ 38 HRC. ʋ ʮʴʦʤʫ ʩʪʘʥʽ ʜʦʩʣʽʜʞʝʥʘ ʩʪʘʣʴ 
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ʤʘʣʘ ʧʝʨʣʽʪʥʦ-ʩʦʨʙʽʪʥʫ ʩʪʨʫʢʪʫʨʫ. ɿʤʽʥʘ ʪʚʝʨʜʦʩʪʽ ʜʦʩʣʽʜʞʝʥʦʾ ʩʪʘʣʽ ʧʨʠ 

ʚʠʱʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʧʠʩʘʥʘ ʫ ʪʘʙʣ. 3.3, ʦʩʢʽʣʴʢʠ ʮʝʡ ʽʥʪʝʨʚʘʣ ʪʝʤʧʝʨʘʪʫʨ 

ʚʽʜʧʦʚʽʜʘʻ ʪʝʨʤʽʯʥʽʡ ʦʧʝʨʘʮʽʾ ï ʚʽʜʧʘʣʫ.  

 

ʊʘʙʣʠʮʷ 3.6 

ʊʝʧʣʦʩʪʽʡʢʽʩʪʴ ʣʠʪʦʾ ʩʪʘʣʽ 4ʍ3ʅ5ʄ3ʌ, ʦʜʝʨʞʘʥʦʾ ʟʘ ɽʐʂʃ ʪʘ 

ʛʘʨʪʦʚʘʥʦʾ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 1025Ñ5 Áʉ 

ʇʨʠʤʽʪʢʠ: ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ, HRC ï ʪʚʝʨʜʽʩʪʴ (ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ) 

ʇʘʨʘʤʝʪʨʠ ɺʽʜʧʫʩʢ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ Üʉ 

ʊ, Üʉ 420 450 500 520 550 580 600 620 650 

HRC 47,5 47,5 47,5 46 45 44 42 39,5 36,5 

 

ʅʘ ʨʠʩ. 3.27 ʧʦʢʘʟʘʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʘ ʣʠʪʦʾ ʩʪʘʣʽ 4ʍ3ʅ5ʄ3ʌ ʧʽʩʣʷ 

ʛʘʨʪʫʚʘʥʥʷ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 1025Ñ5 Áʉ ʪʘ ʚʽʜʧʫʩʢʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 550 Üʉ. 

ɿʛʽʜʥʦ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʜʧʫʩʢ ʩʪʘʣʽ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʘʪʨʠʮʴ 

(ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ ʪʘ ʩʧʣʘʚʽʚ) ʜʦʮʽʣʴʥʦ ʧʨʦʚʦʜʠʪʠ 

ʟʘ ʪʝʤʧʝʨʘʪʫʨ 550-600 Áʉ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʫʩʢʫ (ʚʠʱʝ 

620 Áʉ) ʜʦʩʣʽʜʞʝʥʘ ʩʪʘʣʴ ʨʦʟʤʽʮʥʶʻʪʴʩʷ (ʪʘʙʣ. 3.6, ʨʠʩ. 3.28) ʽ, ʚ ʧʦʜʘʣʴʰʦʤʫ 

ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʾʾ ʪʝʧʣʦʩʪʽʡʢʦʩʪʽ ʧʦʪʨʝʙʫʻʪʴʩʷ ʢʦʨʠʛʫʚʘʥʥʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ 

ʪʘ ʨʦʟʨʦʙʢʘ ʨʝʞʠʤʽʚ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ.  

ɺ ʨʦʙʦʪʽ ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʨʪʫʚʘʥʥʷ ʩʪʘʣʽ (1030Ñ10 Áʉ) 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʚʝʜʝʥʦʛʦ ʚʽʜʧʫʩʢʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 580Ñ5 Áʉ (ʦʭʦʣʦʜʞʝʥʥʷ 

ʥʘ ʧʦʚʽʪʨʽ) ʻ ʜʦʩʪʘʪʥʴʦʶ, ʦʩʢʽʣʴʢʠ ʪʚʝʨʜʽʩʪʴ ʩʪʘʣʽ ʧʽʩʣʷ ʪʝʨʤʦʦʙʨʦʙʢʠ 

ʩʪʘʥʦʚʠʣʘ 44 HRC (ʨʠʩ. 3.28, ʜʦʜʘʪʦʢ ɸ). ɺʠʱʝ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 620 Áʉ ʩʪʘʣʴ 

ʨʦʟʤʽʮʥʶʚʘʣʘʩʷ, ʪʚʝʨʜʽʩʪʴ ʟʥʠʟʠʣʘʩʷ ʥʠʞʯʝ 40 HRC ʟʘ ʢʽʤʥʘʪʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ. 
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ʈʠʩʫʥʦʢ 3.28 ï ɿʘʣʝʞʥʽʩʪʴ ʪʚʝʨʜʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʫʩʢʫ ʣʠʪʦʾ 

ʩʪʘʣʽ 4ʍ3ʅ5ʄ3ʌ, ʦʪʨʠʤʘʥʦʾ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ ɽʐʂʃ, ʛʘʨʪʦʚʘʥʦʾ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 1030Ñ10 Üʉ 

 

3.6 ʈʦʟʨʦʙʣʝʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʨʝʛʣʘʤʝʥʪ ʦʙʨʦʙʢʠ ʩʪʘʣʽ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʰʪʘʤʧʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʛʘʨʷʯʦʛʦ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʽʜʽ ʪʘ ʤʽʜʥʠʭ ʩʧʣʘʚʽʚ 

 

ʈʘʥʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʪʝʨʤʦʜʝʬʦʨʤʘʮʽʡʥʫ ʦʙʨʦʙʢʫ (ʢʫʚʘʥʥʷ) ʜʣʷ 

ʩʪʘʣʝʡ ʟ ʈɸʇɽ, ʦʜʝʨʞʘʥʠʭ ʟʘ ʊʊʃɺ (ʨʠʩ. 3.29 ʘ, ʙ), ʘ ʫ ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ʨʦʙʦʪʽ 

ʧʨʦʚʝʜʝʥʘ ʩʧʨʦʙʘ ʩʢʦʨʦʪʠʪʠ ʪʘʢʫ ʦʙʨʦʙʢʫ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ɽʐʂʃ 

(ʨʠʩ. 3.29 ʚ). 

ʇʨʦʚʝʜʝʥ ̔ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥ ̔ʜʦʩʣʽʜʞʝʥʥ,̫ ʱʦ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ [271]  

ʜʣʷ ʩʪʘʣʽ ʟ ʈɸʇɽ (ʣʝʛʦʚʘʥʦʾ ʤʘʥʘ̌ʥʦʤ ʪʘ ʤʽʢʨʦʣʝʛʦʚʘʥʦʾ ʘʟʦʪʦʤ) ʧʽʩʣʷ 

ʚʽʜʧʘʣʫ, ʧʦʪʨʝʙʫʶʪʴ ʜʦʚʛʦʪʨʠʚʘʣʦ ʾ ʽʟʦʪʝʨʤʽʯʥʦ ʾ ʚʠʪʨʠʤʢʠ (ʨʠʩ. 3.29 ʘ, 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ 4 ʪʘ 5) ʜʣʷ ʟʥʠʞʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʪʘ ʧʦʢʨʘʱʝʥʥʷ 

ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʽʥʩʪʨʫʤʝʥʪʫ. ɼʣʷ ʩʪʘʣʽ ʟ ʈɸʇɽ 

(ʣʝʛʦʚʘʥʦʾ ʥʽʢʝʣʝʤ) ʨʷʜ ʘʚʪʦʨʽʚ [234, 237] ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʦʚʥʠʡ ʚʽʜʧʘʣ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 860 Áʉ (ʨʠʩ. 3.29 ʘ, ʪʝʭʥʦʣʦʛʽʯʥʘ ʦʧʝʨʘʮʽʷ 3) ʦʪʨʠʤʫʚʘʣʠ 

ʧʣʘʩʪʠʥʯʘʩʪʫ ʢʘʨʙʽʜʥʫ ʩʢʣʘʜʦʚʫ, ʱʦ ʧʦʛʽʨʰʫʻ ʤʝʭʘʥʽʯʥʫ ʦʙʨʦʙʢʫ. 

ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʙʫʣʦ ʧʨʦʚʦʜʠʪʠ ʯʘʩʪʢʦʚʫ ʧʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʶ (ʨʠʩ. 3.29 ʚ, 

ʪʝʭʥʦʣʦʛʽʯʥʘ ʦʧʝʨʘʮʽʷ 2) ʩʪʘʣʽ ʟ ʈɸʇɽ (ʣʝʛʦʚʘʥʦʾ ʥʽʢʝʣʝʤ), ʱʦʙ ʦʜʝʨʞʫʚʘʪʠ 
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ʢʫʣʝʧʦʜʽʙʥʫ ʢʘʨʙʽʜʥʫ ʩʢʣʘʜʦʚʫ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʧʨʠ 

ʚʠʛʦʪʦʚʣʝʥʥʽ ʽʥʩʪʨʫʤʝʥʪʫ. 

 

 

ʘ 

 

ʙ 

 

ʚ 

 

ʈʠʩʫʥʦʢ 3.29. ʉʭʝʤʠ ʪʝʨʤʽʯʥʦʜʝʬʦʨʤʘʮʽʡʥʠʭ ʦʙʨʦʙʦʢ ʩʪʘʣʽ ʟ ʈɸʇɽ.                

ʘ ï ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʚʪʦʨʦʤ [271]: 1 ï ʪʨʘʜʠʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʣʠʚʘʨʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ; 2 ï ʢʫʚʘʥʥʷ 1160-1180 Üʉ; 3 ï ʚʽʜʧʘʣ, ʥʘʛʨʽʚ 1050 Üʉ ʽʟʦʪʝʨʤʽʯʥʘ 

ʚʠʪʨʠʤʢʘ 1 ʛʦʜ, ʦʭʦʣʦʜʞʝʥʥʷ ʥʘ ʧʦʚʽʪʨʽ 330-450 Üʉ, ʽʟʦʪʝʨʤʽʯʥʘ ʚʠʪʨʠʤʢʘ 

25 ʛʦʜ; 4 ʪʘ 5 ï ʥʘʛʨʽʚ 550-580  Üʉ, ʽʟʦʪʝʨʤʽʯʥʘ ʚʠʪʨʠʤʢʘ 25 ʛʦʜ, ʦʭʦʣʦʜʞʝʥʥʷ 

ʟ ʧʽʯʯʶ; 6 ï ʛʘʨʪʫʚʘʥʥʷ 1030-1050 Üʉ; 7 ï ʚʽʜʧʫʩʢ 600 Üʉ; ʙ ï ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʘʚʪʦʨʘʤʠ [234, 237]: 1 ï ʪʨʘʜʠʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʣʠʚʘʨʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ;          

2 ï ʢʫʚʘʥʥʷ 1160-1180 Üʉ; 3 ï ʚʽʜʧʘʣ 850-880 Üʉ; 4 ï ʛʘʨʪʫʚʘʥʥʷ 1030-1050 Üʉ; 

5 ï ʚʽʜʧʫʩʢ 600 Üʉ; ʚ ï ʨʝʢʦʤʝʥʜʦʚʘʥʦ: 1 ï ʝʣʝʢʪʨʦʰʣʘʢʦʚʝ ʢʦʢʽʣʴʥʝ ʣʠʪʪʷ;         

2 ï ʥʝʧʦʚʥʠʡ ʚʽʜʧʘʣ 730-770 Üʉ, ʽʟʦʪʝʨʤʽʯʥʘ ʚʠʪʨʠʤʢʘ 2-3 ʛʦʜ, ʦʭʦʣʦʜʞʝʥʥʷ 

ʥʘ ʧʦʚʽʪʨʽ; 3 ï ʛʘʨʪʫʚʘʥʥʷ 1090-1100 Üʉ, ʦʭʦʣʦʜʞʝʥʥʷ ʚ ʦʣʠʚʽ; 4 ï ʚʽʜʧʫʩʢ 

590Ñ5 Üʉ, ʦʭʦʣʦʜʞʝʥʥʷ ʥʘ ʧʦʚʽʪʨ ̔

 

ɸʚʪʦʨʘʤʠ [234, 237, 271] ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʊʊʃɺ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʩʪʘʣʽ ʟ 

ʈɸʇɽ (ʨʠʩ. 3.29 ʘ, ʙ, ʪʝʭʥʦʣʦʛʽʯʥʘ ʦʧʝʨʘʮʽʷ 1), ʱʦ ʧʦʪʨʝʙʫʚʘʣʦ ʧʨʦʚʝʜʝʥʥʷ 

ʪʝʨʤʦʜʝʬʦʨʤʘʮʽʡʥʦ ʾ ʦʙʨʦʙʢʠ (ʨʠʩ. 3.29 ʘ, ʙ, ʪʝʭʥʦʣʦʛʽʯʥʘ ʦʧʝʨʘʮʽʷ 2). 

ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʙʫʣʦ ʧʨʦʚʦʜʠʪʠ ʜʣʷ ʩʪʘʣʽ ʟ ʈɸʇɽ ʟʘ ʪʝʭʥʦʣʦʛʽʶ ɽʐʂʃ 

(ʨʠʩ. 3.29 ʚ, ʪʝʭʥʦʣʦʛʽʯʥʘ ʦʧʝʨʘʮʽʷ 1), ʱʦʙ ʩʢʦʨʦʪʠʪʠ ʪʝʨʤʦʜʝʬʦʨʤʘʮʽʡʥʫ 

ʦʙʨʦʙʢʫ (ʢʫʚʘʥʥʷ) ʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʰʪʘʤʧʦʚʠʡ ʽʥʩʪʨʫʤʝʥʪ ʟ ʣʠʪʦʾ ʩʪʘʣʽ ʜʣʷ 

ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʽʜʽ ʪʘ ʩʣʘʚʽʚ ʥʘ ʦʩʥʦʚʽ ʤʽʜʽ. 
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3.7 ʌʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʣʠʪʠʭ ʰʪʘʤʧʦʚʠʭ 

ʩʪʘʣʝʡ ʥʘ ʦʩʥʦʚʽ ʩʪʘʣʝʡ ʟ ʈɸʇɽ ʟʽ ʟʤʽʥʝʥʠʤ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ 

(ʚʫʛʣʝʮʴ, ʥʽʢʝʣʴ ʪʘ ʤʦʣʽʙʜʝʥ) ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ ʢʽʤʥʘʪʥʦʾ 

ʜʦ ʢʨʠʪʠʯʥʦʾ ʪʦʯʢʠ ɸʩ1 

3.7.1 ɼʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʰʪʘʤʧʦʚʦʾ ʩʪʘʣʽ ʟʽ ʟʙʽʣʴʰʝʥʦʶ 

ʢʽʣʴʢʽʩʪʶ ʚʫʛʣʝʮʶ, ʭʨʦʤʫ ʪʘ ʚʘʥʘʜʽʶ (5ʍ4ʅ4ʄ3ʌ2) ʧʨʠ ʛʘʨʪʫʚʘʥʥʽ 

ʪʘ ʚʽʜʧʫʩʢʫ  

 

ʇʨʠ ʚʠʧʣʘʚʮʽ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʩʪʘʣʽ 4ʍ3ʅ5ʄ3ʌ ʙʫʚ ʟʤʽʥʝʥʠʡ ʾʾ ʭʽʤʽʯʥʠʡ 

ʩʢʣʘʜ. ɹʫʣʦ ʟʙʽʣʴʰʝʥʦ ʥʘ 0,1 % ʚʤʽʩʪ ʚʫʛʣʝʮʶ, ʥʘ 1 % ï ʭʨʦʤʫ ʪʘ ʥʘ 1 % ï 

ʚʘʥʘʜʽʶ, ʘ ʢʽʣʴʢʽʩʪʴ ʥʽʢʝʣʶ ʟʤʝʥʰʝʥʘ ʥʘ 1 %, ʱʦ ʚʽʜʧʦʚʽʜʘʣʦ ʩʪʘʣʽ (ʟʘ ʤʘʩʦʶ, 

%): C ï 0,50, Cr ï 3,90 , Ni ï 4,3, Mo ï 2,75, V ï 1,85, Si ï 0,12, Mn ï 0,22. ʊʘʢʘ 

ʟʤʽʥʘ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʥʘ ʥʘʰ ʧʦʛʣʷʜ ʧʦʚʠʥʥʘ ʙʫʣʘ ʧʽʜʚʠʱʠʪʠ ʪʚʝʨʜʽʩʪʴ 

(ʪʝʧʣʦʩʪʽʡʢʽʩʪʴ) ʩʪʘʣʽ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʨʪʫʚʘʥʥʷ ʪʘ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʨʦʟʯʠʥʝʥʥ ̫ ʢʘʨʙʽʜʥʠʭ ʬʘʟ ʄ23ʉ6 ʪʘ ʄ7ʉ3. ʈʦʟʯʠʥʝʥʥʷ ʮʠʭ 

ʢʘʨʙʽʜʥʠʭ ʬʘʟ ʚʘʞʣʠʚʝ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʧʨʠ ʥʘʩʪʫʧʥʦʤʫ ʥʘʛʨʽʚʽ ʚʦʥʠ 

ʚʠʜʽʣʷʣʠʩʷ ʧʨʠ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʽʜʧʫʩʢʫ ʽ ʧʽʜʚʠʱʫʚʘʣʠ 

ʪʝʧʣʦʩʪʽʡʢʽʩʪʴ ʩʪʘʣʽ. 

ɿʘʛʘʣʴʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʬʘʟ ʧʨʠ ʟʤʽʥʽ ʪʝʤʧʝʨʘʪʫʨʠ 

ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʧʦʙʫʜʫʚʘʚʰʠ ʧʨʦʛʥʦʟʦʚʘʥʫ ʬʘʟʦʚʫ ʜ̔ʘʛʨʘʤʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʢʝʪʽʚ ʜʘʥʠʭ ʧʨʦ ʜʦʩʣʽʜʞʫʚʘʥʫ ʩʠʩʪʝʤʫ, ʚʢʣʶʯʘʶʯʠ ʽ 

ʝʥʝʨʛʽʶ ɻʽʙʙʩʘ. ʊʘʢ ʜʣʷ ʩʪʘʣʽ ʟ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ (ʟʘ ʤʘʩʦʶ, %) ʙʣʠʟʴʢʠʤ ʜʦ 

ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʩʪʘʣʽ: C ï 0,45, Cr ï 3,90, Ni ï 5,10, Mo ï 3,75, V ï 1,75 %, Si ï 

0,10, Mn ï 0,24 ʚ ʨʝʟʫʣʴʪʘʪʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʤʝʪʦʜʫ CALPHAD, ʫ ʢʦʨʧʦʨʘʮʽʾ "Tiangong internationel Co., 

Ltd." (Danyang city, Jiangsu province, Chine) ʙʫʣʘ ʧʦʙʫʜʦʚʘʥʘ ʪʘʢʘ ʜʽʘʛʨʘʤʘ ʚ 

ʢʦʦʨʜʠʥʘʪʘʭ ʢʽʣʴʢʽʩʪʴ ʬʘʟʠ - ʪʝʤʧʝʨʘʪʫʨʘ (ʨʠʩ. 3.30 ʘ, ʙ).  
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ʈʠʩʫʥʦʢ 3.30 ï ɼʽʘʛʨʘʤʘ ʬʘʟʦʚʦ-ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʪʘʥʫ ʩʪʘʣʽ 4ʍ4ʅ5ʄ4ʌ2, 

ʦʜʝʨʞʘʥʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʢʦʨʧʦʨʘʮʽʾ  "Tiangong internationel Co., 

Ltd." (Danyang city, Jiangsu province, Chine): ʘ ï ʜʽʘʛʨʘʤʘ, ʙ ï ʬʨʘʛʤʝʥʪ 

ʬʘʟʦʚʦʾ ʜʽʘʛʨʘʤʠ 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʧʝʨʰʝ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʟʘ ʪʝʤʧʝʨʘʪʫʨ ʚʠʱʝ 500-550 Áʉ ʫ ʩʪʘʣʽ (Ŭ-Fe), ʩʪʘʣʴ ʩʪʘʻ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ 

ʥʝʩʪʽʡʢʦʶ ʽ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʘʫʩʪʝʥʽʪ (ɔ-Fe), ʚʤʽʩʪ ʷʢʦʛʦ ʜʦʩʷʛʘʻ ʤʘʡʞʝ 

100 % ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʱʝ 1000 Áʉ, ʷʢʠʡ ʽ ʟʘʣʠʰʘʻʪʴʩʷ ʫ ʪʘʢʽʡ ʢʽʣʴʢʦʩʪʽ ʜʦ 

ʧʦʯʘʪʢʫ ʨʦʟʧʣʘʚʣʝʥʥʷ (~1350 Áʉ). ʂʽʣʴʢʽʩʪʴ ʽʥʰʠʭ ʬʘʟ (ʨʠʩ. 3.30 ʙ), ʱʦ 

ʫʪʚʦʨʶʶʪʴʩʷ ʪʘ ʨʦʟʢʣʘʜʘʶʪʴʩʷ  ʧʨʠ  ʟʤʽʥʽ  ʪʝʤʧʝʨʘʪʫʨʠ,  ʥʝ ʧʝʨʝʚʠʱʫʻ 10 % 

(ʘ ʚ ʙʽʣʴʰʦʩʪʽ 5 %). ʃʽʥʽʾ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʧʦʟʥʘʯʝʥʽ ʚʝʣʠʢʠʤʠ 

ʣʘʪʠʥʩʴʢʠʤʠ ʣʽʪʝʨʘʤʠ. ɺʩʪʘʥʦʚʣʝʥʦ ʣʽʥʽʶ ʣʽʢʚʽʜʫʩʘ (ɸBCD), ʦʙʣʘʩʪʴ 
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ʘʫʩʪʝʥʽʪʥʦʾ ʩʪʨʫʢʪʫʨʠ (NFIECG) ʪʘ ʧʨʠʩʫʪʥʽʩʪʴ ʟʘʣʠʰʢʦʚʦʛʦ ʘʫʩʪʝʥʽʪʫ ʫ 

ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ (NJ) ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 460 ÁC; ʦʙʣʘʩʪʴ ʬʘʟʠ ʬʝʨʠʪʫ (PQFL); 

ʪʝʤʧʝʨʘʪʫʨʘ ʪʦʯʢʠ ʝʚʪʝʢʪʦʾʜʘ 700 ÁC (F); ʽʩʥʫʚʘʥʥʷ ʤʘʨʪʝʥʩʠʪʥʦʾ ʩʪʨʫʢʪʫʨʠ 

(VH) ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 440 ÁC; ʧʨʠʩʫʪʥʽʩʪʴ ʬʘʟʠ ʃʘʚʝʩʘ (VM); ʧʨʠʩʫʪʥʽʩʪʴ Ů-

ʢʘʨʙʽʜʫ Fe2,4C (XR) ʫ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ; ʢʘʨʙʽʜʥʦʾ ʬʘʟʠ ʄ23ʉ6 (TS) ʪʘ ʄ2ʉ 

(YK); M6C (YW); ʄʉ (YO). ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʬʘʟʦʚʽ ʜʽʘʛʨʘʤʠ ʥʘ ʦʩʥʦʚʽ 

CALPHAD [292, 293] ʥʘʜʘʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʪʝʨʤʦʜʠʥʘʤʽʯʥʫ ʨʽʚʥʦʚʘʛʫ ʪʘ 

ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʬʘʟʦʚʠʭ ʨʽʚʥʦʚʘʛ ʫ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤʘʭ ʜʣʷ 

ʢʦʤʧʣʝʢʩʥʦ ʣʝʛʦʚʘʥʠʭ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ. 

ɼʽʘʛʨʘʤʫ ʽʟʦʪʝʨʤʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʘʫʩʪʝʥʽʪʫ ʧʽʜ ʯʘʩ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ 

ʣʠʪʦʾ ʩʪʘʣʽ, ʧʨʝʜʩʪʘʚʣʝʥʫ ʥʘ ʨʠʩʫʥʢʫ (ʨʠʩ. 3.31), ʪʘʢʦʞ ʙʫʣʦ ʦʜʝʨʞʘʥʦ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʢʦʨʧʦʨʘʮʽʾ "Tiangong internationel Co., 

Ltd." (Danyang city, Jiangsu province, Chine).  

ɺʧʝʨʰʝ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʦʯʘʪʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʤʘʨʪʝʥʩʠʪʫ ʫ ʩʪʘʣʽ ʚʽʜʧʦʚʽʜʘʻ 191,4 Áʉ (ʨʠʩ. 3.31). ʇʨʠ ʰʚʠʜʢʦʤʫ 

ʦʭʦʣʦʜʞʝʥʥʽ ʩʪʘʣʽ ʥʠʞʯʝ ʪʝʤʧʝʨʘʪʫʨʠ 151,2 Áʉ ʤʘʨʪʝʥʩʠʪʥʘ ʩʪʨʫʢʪʫʨʘ 

ʩʢʣʘʜʘʣʘ ʧʨʠʙʣʠʟʥʦ 50 %, ʘ ʧʨʠ ʰʚʠʜʢʦʤʫ ʦʭʦʣʦʜʞʝʥʥʽ ʩʪʘʣʽ ʥʠʞʯʝ 

ʪʝʤʧʝʨʘʪʫʨʠ 57,9 Áʉ ï ʩʪʘʥʦʚʠʣʘ 90 %. ʗʢʱʦ ʧʨʦʚʦʜʠʪʠ ʽʟʦʪʝʨʤʽʯʥʫ 

ʚʠʪʨʠʤʢʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 323,3 Áʉ ï ʫʪʚʦʨʶʻʪʴʩʷ ʙʝʡʥʽʪʥʘ ʩʪʨʫʢʪʫʨʘ. ɿʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʫʩʢʫ 530 Áʉ ʛʘʨʪʦʚʘʥʦʾ ʩʪʘʣʽ, ʤʘʨʪʝʥʩʠʪ ʚʽʜʧʫʩʢʫ 

ʨʦʟʧʘʜʘʻʪʴʩʷ ʽ ʫʪʚʦʨʶʻʪʴʩʷ ʪʨʦʦʩʪʠʪʥʘ ʩʪʨʫʢʪʫʨʘ. ɺ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 

744,5 ʜʦ 759,0 Áʉ ʫʪʚʦʨʶʻʪʴʩʷ ʧʝʨʣʽʪʥʦ-ʩʦʨʙʽʪʥʘ ʩʪʨʫʢʪʫʨʘ. ʊʘʢʘ ʜʽʘʛʨʘʤʘ 

ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʨʝʞʠʤʽʚ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ 

ʰʪʘʤʧʦʚʦʾ ʩʪʘʣʽ.  

ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠ ʛʘʨʪʫʚʘʥʥ ̔ʩʪʘʣʽ 

5ʍ4ʅ4ʄ3ʌ2 ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨ (ʪʘʙʣ. 3.7) ʜʦʟʚʦʣʠʣʠ ʚʠʟʥʘʯʠʪʠ 

ʦʧʪʠʤʘʣʴʥʽ ʨʝʞʠʤʠ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ: ʛʘʨʪʫʚʘʥʥʷ ï 1050Ñ10 Üʉ ʪʘ ʚʽʜʧʫʩʢ ï 

560 Áʉ ʧʨʠ ʮʴʦʤʫ ʨʝʞʠʤʫ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʩʪʘʣʽ, ʩʪʘʣʴ ʤʘʣʘ ʪʚʝʨʜʽʩʪʴ 

45 HRC.  ɺʩʪʘʥʦʚʣʝʥʦ,  ʱʦ   ʪʝʧʣʦʩʪʽʡʢʽʩʪʴ   ʣʠʪʦʾ   ʜʦʩʣʽʜʞʝʥʦʾ  ʩʪʘʣʽ  ʧʨʠ  
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ʈʠʩʫʥʦʢ 3.31 ï ɼʽʘʛʨʘʤʘ ʢʽʥʝʪʠʢʠ ʽʟʦʪʝʨʤʽʯʥʦʛʦ ʧʝʨʝʦʭʦʣʦʜʞʝʥʦʛʦ 

ʘʫʩʪʝʥʽʪʫ ʩʪʘʣʽ 4ʍ4ʅ5ʄ4ʌ2, ʦʜʝʨʞʘʥʦʾ ʚ ʢʦʨʧʦʨʘʮʽʾ "Tiangong internationel 

Co., Ltd." (Danyang city, Jiangsu province, Chine). t ï ʪʝʤʧʝʨʘʪʫʨʘ, ɸʩ1 ʪʘ ɸʩ3 ï 

ʢʨʠʪʠʯʥʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʪʦʯʢʠ, ʇ ï ʧʝʨʣʽʪ, ɹ ï ʙʝʡʥʽʪ, ʄʧ ï ʧʦʯʘʪʦʢ 

ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʄʢ ï ʢʥ̔ʝʮʴ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ,         

ɸ Ÿ ʄ  ï  ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʽʜ ʘʫʩʪʝʥʽʪʘ ʜʦ ʤʘʨʪʝʥʩʠʪʥʦʾ ʩʪʨʫʢʪʫʨʠ 

 

ʚʽʜʧʫʩʢʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 620 Üʉ ʩʪʘʥʦʚʠʪʴ 42 HRC. ʆʪʞʝ, ʧʽʜʚʠʱʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʨʪʫʚʘʥʥʷ ʩʪʘʣʽ ʜʦʟʚʦʣʷʻ ʫ ʧʦʜʘʣʴʰʦʤʫ, ʧʨʠ ʚʽʜʧʫʩʢʫ, 

ʧʽʜʚʠʱʠʪʠ ʾʾ ʪʝʧʣʦʩʪʽʡʢʽʩʪʴ. ʇʦʜʘʣʴʰʠʡ ʥʘʧʨʷʤʦʢ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʾ 

ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʪʘ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʜʦʩʣʽʜʞʝʥʦʾ ʰʪʘʤʧʦʚʦʾ ʩʪʘʣʽ ʤʦʞʝ 

ʧʦʣʷʛʘʪʠ ʫ ʟʙʽʣʴʰʝʥʥ̔  ʚ ʾʾ ʩʢʣʘʜʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʘʨʙʽʜʥʠʭ ʬʘʟ, ʱʦ ʜʦʟʚʦʣʠʪʴ 

ʧʽʜʚʠʱʠʪʠ ʾʾ ʪʝʧʣʦʩʪʽʡʢʽʩʪʴ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʦʩʪʘʪʦʯʥʦʛʦ ʚʽʜʧʫʩʢʫ. ʇʨʦʪʝ, 

ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʚʫʛʣʝʮʶ ʫ ʩʢʣʘʜʽ ʜʦʩʣʽʜʞʝʥʦʾ ʩʪʘʣʽ 

ʟʤʝʥʰʫʻ ʪʚʝʨʜʽʩʪʴ (ʪʘʙʣ. 3.7), ʱʦ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʽʩʥʫʚʘʥʥʷ ʦʙʝʨʥʝʥʦʾ ʚʽʜʧʫʩʢʥʦʾ ʢʨʠʭʢʦʩʪʽ ʽ ʧʨʠ ʨʦʙʦʪʽ ʽʥʩʪʨʫʤʝʥʪʫ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʤʦʞʫʪʴ ʟʘʭʦʧʠʪʠ ʽʥʪʝʨʚʘʣ ʪʝʤʧʝʨʘʪʫʨ 
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ʚʽʜʧʫʩʢʥʦʾ ʢʨʠʭʢʦʩʪʽ. ʊʘʢʠʡ ʨʝʟʫʣʴʪʘʪ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʜʦʜʘʪʢʦʚʠʤ 

ʚʠʜʽʣʝʥʥʷʤ ʢʘʨʙʽʜʥʦʾ ʬʘʟʠ ʄ7ʉ3 ʫ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ ʧʽʩʣʷ ʚʽʜʧʫʩʢʫ ʩʪʘʣʽ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʱʝ 600 Áʉ. 

ʊʘʙʣʠʮʷ 3.7  

ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʟ ʣʠʪʦʾ ʩʪʘʣʽ 

5ʍ4ʅ4ʄ3ʌ2, ʦʜʝʨʞʘʥʦʾ ʟʘ ɽʐʂʃ, ʛʘʨʪʫʚʘʥʥʷ ʪʘ ʚʽʜʧʫʩʢʫ 

ʊʝʤʧʝʨʘʪʫʨʘ ʨʝʞʠʤʫ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ, Áʉ 
ʊʚʝʨʜʽʩʪʴ, HRC 

ɻʘʨʪʫʚʘʥʥʷ ɺʽʜʧʫʩʢ 

1020 
560 45 

620 34 

1050 
560 45 

620 42 

1070 
560 44 

620 36 

 

3.7.2 ʈʦʟʨʦʙʢʘ ʨʝʞʠʤʽʚ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʣʠʪʦʾ ʩʪʘʣʽ ʟʽ ʟʙʽʣʴʰʝʥʦʶ 

ʢʽʣʴʢʽʩʪʶ ʭʨʦʤʫ, ʥʽʢʝʣʶ ʪʘ ʤʦʣʽʙʜʝʥʫ  

 

ʊʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ ʰʪʘʤʧʦʚʦʾ ʩʪʘʣʽ ʚʢʣʶʯʘʻ ʨʷʜ ʩʪʘʥʜʘʨʪʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʷʢʽ ʙʫʣʠ ʦʧʠʩʘʥʽ ʚʠʱʝ, ʘʣʝ ʧʽʩʣʷ ʟʤʽʥʠ ʭʽʤʽʯʥʦʛʦ 

ʩʢʣʘʜʫ ʣʠʪʦʾ ʩʪʘʣʽ, ʜʝ ʩʘʤʽ ʨʝʞʠʤʠ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʚʠʤʘʛʘʶʪʴ ʜʦʜʘʪʢʦʚʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ. ʋ ʪʘʙʣ. 3.8, ʥʘʚʝʜʝʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʣʠʪʦʾ ʩʪʘʣʽ 4ʍ4ʅ5ʄ4ʌ2 ʧʽʩʣʷ 

ʧʦʚʥʦʛʦ ʚʽʜʧʘʣʫ ʟʘ ʨʦʟʨʦʙʣʝʥʠʤ ʨʝʞʠʤʦʤ ʪʘ ʩʪʫʧʽʥʯʘʩʪʦʛʦ ʚʽʜʧʘʣʫ ʟʘ 

ʨʝʞʠʤʦʤ, ʷʢʠʡ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʜʣʷ ʩʪʘʣʽ 4ʍ2ʅ5ʄ3ʂ5ʌ (ʨʠʩ. 3.8, 

ʨʠʩ. 3.29 ʙ). ʇʨʠ ʮʴʦʤʫ ʙʫʣʠ ʦʜʝʨʞʘʥʽ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʽʮʥʦʩʪʽ 1390-1400 ʄʇʘ (ʪʘʙʣ. 3.8).  

ɺ ʨʦʙʦʪʽ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʧʨʠ ʥʝʧʦʚʥʦʤʫ ʚʽʜʧʘʣʽ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 

750Ñ20Áʉ ʤʝʞʘ ʤʽʮʥʦʩʪʽ ʪʘ ʤʝʞʘ ʧʣʠʥʥʦʩʪʽ ʜʦʩʣʽʜʞʝʥʦʾ ʣʠʪʦʾ ʩʪʘʣʽ 

4ʍ4ʅ5ʄ4ʌ2 ʩʪʘʥʦʚʠʣʠ 900 ʪʘ 800 ʄʇʘ, ʚʽʜʧʦʚʽʜʥʦ (ʪʘʙʣ. 3.8). ɺʽʜʥʦʩʥʝ 

ʧʦʜʦʚʞʝʥʥʷ ʪʘ ʟʚʫʞʝʥʥʷ ʩʪʘʥʦʚʠʣʠ 15 ʪʘ 12 %, ʚʽʜʧʦʚʽʜʥʦ. ʋʜʘʨʥʘ ʚôʷʟʢʽʩʪʴ 

(ʂʉ) ʜʦʨʽʚʥʶʚʘʣʘ 1800 ʢɼʞ/ʤ
2
. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʨʝʞʠʤ ʥʝʧʦʚʥʦʛʦ ʚʽʜʧʘʣʫ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 750Ñ20 Áʉ ʜʦʟʚʦʣʠʚ ʧʽʜʚʠʱʠʪʠ ʫ ʪʨʠ ʨʘʟʠ ʫʜʘʨʥʫ ʚôʷʟʢʽʩʪʴ, 
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ʟʥʠʟʠʪʠ ʪʚʝʨʜʽʩʪʴ ʥʘ 5 HRC ʪʘ ʟʥʠʟʠʪʠ ʤʝʞʫ ʤʽʮʥʦʩʪʽ ʥʘ 500 ʄʇʘ ʧʦʨʽʚʥʷʥʦ 

ʟ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʩʪʘʣʽ ʟ ʈɸʇɽ 4ʍ2ʅ5ʄ3ʂ5ʌ, ʪʝʨʤʽʯʥʦ ʦʙʨʦʙʣʝʥʦʾ ʟʘ 

ʨʝʞʠʤʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʧʨʦʬʝʩʦʨʦʤ ʆ.ɼ. ʆʟʝʨʩʴʢʠʤ ʪʘ ʡʦʛʦ ʫʯʥʷʤʠ [237]. 

 

ʊʘʙʣʠʮʷ 3.8 

ʄʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʟ ʣʠʪʦʾ ʩʪʘʣʽ 

4ʍ4ʅ5ʄ4ʌ2 ʧʽʩʣʷ ʚʽʜʧʘʣʫ 

ʊʝʤʧʝʨʘʪʫʨʘ,  

Áʉ 

ůʚ,  

Mʇa 

ů0,2,  

Mʇa 

ű,  

% 

ɣ,  

% 

ʂʉ, 

ʢɼʞ/ʤ
2
 

HRC 

860Ñ20 ʪʘ 

350Ñ20 

1390-

1400 

1350-

1360 
11-12 10-11 500-600 37-38 

750Ñ20 900-910 800-810 14-15 11-12 1700-1800 32-33 

 

ʋ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʪʚʝʨʜʦʩʪʽ HRC ʚʽʜ ʨʝʞʠʤʽʚ ʛʘʨʪʫʚʘʥʥʷ 

ʪʘ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʽʜʧʫʩʢʫ ʜʦʩʣʽʜʥʦʾ ʣʠʪʦʾ ʩʪʘʣʽ 4ʍ4ʅ5ʄ4ʌ2 

(ʨʠʩ. 3.32). ɺʩʪʘʥʦʚʣʝʥʦ ʦʧʪʠʤʘʣʴʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʛʘʨʪʫʚʘʥʥʷ ʣʠʪʦʾ ʩʪʘʣʽ ï 

1100Ñ5 Áʉ. ɺʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʨʪʫʚʘʥʥʷ ʟʘʣʝʞʘʪʴ ʜʚʘ ʚʠʟʥʘʯʘʣʴʥʠʭ 

ʢʦʥʢʫʨʫʶʯʠʭ ʧʨʦʮʝʩʠ: ʨʦʟʯʠʥʝʥʥʷ ʢʘʨʙʽʜʥʦʾ ʬʘʟʠ ʫ ɔ-ʬʘʟʽ ʟʘʣʽʟʘ ʟʨʦʩʪʘʥʥʷ 

ʨʦʟʤʽʨʫ ʟʝʨʥʘ. ʅʘʡʙʽʣʴʰʘ ʪʚʝʨʜʽʩʪʴ ʚʽʜʧʦʚʽʜʘʻ ʦʧʪʠʤʘʣʴʥʽʡ ʪʝʤʧʝʨʘʪʫʨ ̔

ʛʘʨʪʫʚʘʥʥʷ. ɺ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʛʘʨʪʫʚʘʥʥʷ ʩʪʘʣʽ ʚʽʜ 1050Ñ5 Üʉ ʜʦ 

1070Ñ5 Üʉ ʪʚʝʨʜʽʩʪʴ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʽʜ 49,0 ʜʦ 53,5  HRC. ʅʘʛʨʽʚ ʜʦ ʨʝʞʠʤʫ 

ʛʘʨʪʫʚʘʥʥʷ 1070Ñ5 Üʉ ʪʘ ʚʽʜʧʫʩʢ ʩʪʘʣʽ ʟʘ 590 Üʉ ʻ ʥʝʜʦʩʪʘʪʥʽʤʠ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʦʾ ʪʚʝʨʜʦʩʪʽ ʪʘ ʫʜʘʨʥʦʾ ʚôʷʟʢʦʩʪʽ (ʨʠʩ. 3.33, ʨʠʩ. 3.34), ʥʘʚʽʪʴ 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥ ̔ʧʦʜʚʽʡʥʦʛʦ ʛʘʨʪʫʚʘʥʥʷ (ʪʘʙʣ. 3.9). ʇʦʜʘʣʴʰʝ ʧʽʜʚʠʱʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʨʪʫʚʘʥʥʷ ʣʠʪʦʾ ʩʪʘʣʽ (1090Ñ5 Üʉ) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʾʾ 

ʪʚʝʨʜʦʩʪʽ. ʋ ʪʘʢʦʤʫ ʩʪʘʥʽ ʰʪʘʤʧʦʚʘ ʩʪʘʣʴ ʥʘʙʫʚʘʻ ʧʽʜʚʠʱʝʥʦ ʾʢʨʠʭʢʦʩʪ̔ ʪʘ 

ʩʭʠʣʴʥʦʩʪ̔ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʥʘʧʨʫʞʝʥʴ. ʊʦʤʫ, ʧʽʩʣʷ ʛʘʨʪʫʚʘʥʥʷ 

ʧʨʦʚʦʜʷʪʴ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʠʡ ʚʽʜʧʫʩʢ 190Ñ10 Üʉ (ʨʠʩ. 3.32, ʢʨʠʚʘ 2).  
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ʈʠʩʫʥʦʢ 3.32 ï ɿʘʣʝʞʥʽʩʪʴ ʪʚʝʨʜʦʩʪʽ (HRC) ʣʠʪʦʾ ʩʪʘʣʽ 4ʍ4ʅ5ʄ4ʌ2 ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ. 1 ï ʛʘʨʪʫʚʘʥʥʷ (ʦʭʦʣʦʜʞʝʥʥʷ ʚ ʦʣʠʚʽ),  

2 ï ʛʘʨʪʫʚʘʥʥʷ (ʦʭʦʣʦʜʞʝʥʥʷ ʚ ʦʣʠʚʽ) ʪʘ ʚʽʜʧʫʩʢ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 180 Áʉ 

(ʽʟʦʪʝʨʤʽʯʥʘ ʚʠʪʨʠʤʢʘ 2 ʛʦʜ) ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʥʘ ʧʦʚʽʪʨʽ 

 

 

ʈʠʩʫʥʦʢ 3.33 ï ɿʘʣʝʞʥʽʩʪʴ ʫʜʘʨʥʦʾ ʚôʷʟʢʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʫʩʢʫ ʣʠʪʦʾ 

ʩʪʘʣʽ 4ʍ4ʅ5ʄ4ʌ2, ʟʘʛʘʨʪʦʚʘʥʦʾ ʚʽʜ ʜʚʦʭ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʢʨʠʚʽ 1 ʪʘ 2).  

1 ï 1100Ñ5 Áʉ, 2 ï 1080Ñ5 Áʉ 
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ʈʠʩʫʥʦʢ 3.34 ï ɿʘʣʝʞʥʽʩʪʴ ʪʚʝʨʜʦʩʪʽ (ʪʝʧʣʦʩʪʽʡʢʦʩʪʽ) ʣʠʪʦʾ ʩʪʘʣʽ 

4ʍ4ʅ5ʄ4ʌ2 ʚʽʜ ʪʝʤʧʝʨʘʪʫʨ ʛʘʨʪʫʚʘʥʥʷ ʪʘ ʚʽʜʧʫʩʢʫ (ʦʭʦʣʦʜʞʝʥʥʷ ʥʘ 

ʧʦʚʽʪʨʽ). 1 ï ʪʝʤʧʝʨʘʪʫʨʘ ʘʫʩʪʝʥʽʟʘʮʽʾ 1075Ñ5 Üʉ, 2 ï 1085Ñ5 Üʉ, 3 ï 1095Ñ5 Üʉ, 

4 ï 1100Ñ5 Üʉ, 5 ï 1110Ñ5 Üʉ 

 

ʊʘʙʣʠʮʷ 3.9  

ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʣʠʪʦʾ ʩʪʘʣʽ 4ʍ4ʅ5ʄ4ʌ2 ʧʽʩʣʷ ʛʘʨʪʫʚʘʥʥʷ 

1100Ñ5 Üʉ ʪʘ ʚʽʜʧʫʩʢʫ ʧʨʠ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʦʭʦʣʦʜʞʝʥʥʷ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʚʽʜʧʫʩʢʫ, Áʉ 

ɺʣʘʩʪʠʚʦʩʪʽ 

(ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ) 

ʆʭʦʣʦʜʞʝʥʥʷ ʩʪʘʣʽ 

ʅʘ ʧʦʚʽʪʨʽ ɺ ʧʝʯʽ ɺ ʦʣʠʚʽ ɺ ʦʣʠʚʽ* 

550 ʊʚʝʨʜʽʩʪʴ, HRC 53,5 54,5 52,0 52,5 

KC, ʢɼʞ/ʤ
2
 300 350 250 350 

ů0,2, Mʇa 1760 - 1730 1660 

ůʚ, Mʇa 1860 - 1810 1760 

600 ʊʚʝʨʜʽʩʪʴ, HRC 48,5 49,5 49,5 48,0 

KC, ʢɼʞ/ʤ
2
 300 350 600 750 

ů0,2, Mʇa 1500 1360 1440 1380 

ůʚ, Mʇa 1600 1500 1580 1530 

ʇʨʠʤʽʪʢʘ: * - ʧʦʜʚʽʡʥʝ ʛʘʨʪʫʚʘʥʥʷ 1100Ñ5 Üʉ 
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ɼʣʷ ʜʦʩʣʽʜʞʝʥʦʾ ʩʪʘʣʽ ʧʽʩʣʷ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʽʜʧʫʩʢʫ ʪʚʝʨʜʽʩʪʴ 

ʟʥʠʞʫʚʘʣʘʩʷ ʜʦ 2-3 HRC. ʂʨʽʤ ʪʦʛʦ, ʢʨʠʚʽ ʟʘʣʝʞʥʦʩʪʽ ʪʚʝʨʜʦʩʪʽ ʜʣʷ 

ʛʘʨʪʦʚʘʥʠʭ ʟʨʘʟʢʽʚ ʪʘ ʟʨʘʟʢʽʚ ʧʽʩʣʷ ʛʘʨʪʫʚʘʥʥʷ ʪʘ ʚʽʜʧʫʩʢʫ ʧʨʦʭʦʜʠʣʠ ʤʘʡʞʝ 

ʝʢʚʽʜʠʩʪʘʥʪʥʦ. ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʘ ʪʚʝʨʜʽʩʪʴ ʧʽʩʣʷ 

ʛʘʨʪʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʪʝʤʧʝʨʘʪʫʨʘʤ 1095-1105 Üʉ. ʇ̔ ʩʣʷ ʛʘʨʪʫʚʘʥʥʷ ʩʪʘʣʽ ʫ 

ʜʦʩʣʽʜʞʝʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ, ʧʘʨʘʣʝʣʴʥʦ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʪʚʝʨʜʦʩʪʽ ʟʘ 

ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʧʨʦʚʦʜʠʣʠ ʚʠʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ. 

ɿʘʣʝʞʥʽʩʪʴ ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ, ʚʠʟʥʘʯʝʥʦʛʦ ʟʘ ʢʽʤʥʘʪʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʣʠʪʦʾ ʩʪʘʣʽ 4ʍ4ʅ5ʄ4ʌ2, ʦʜʝʨʞʘʥʦʾ ʟʘ ɽʐʂʃ, ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʛʘʨʪʫʚʘʥʥʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3.35.  

 

 
ʈʠʩʫʥʦʢ 3.35 ï ɿʘʣʝʞʥʽʩʪʴ ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʟʘ ʢʽʤʥʘʪʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʣʠʪʦʾ ʩʪʘʣʽ 4ʍ4ʅ5ʄ4ʌ2, ʦʜʝʨʞʘʥʦʾ ʟʘ ɽʐʂʃ, ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʛʘʨʪʫʚʘʥʥʷ (ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʧʦ ʧʦʚʝʨʭʥʽ) 

 

ɿʤʽʥʘ ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʨʪʫʚʘʥʥʷ 

ʚʽʜʙʫʚʘʣʘʩʷ ʟʘ ʥʝʣʽʥʽʡʥʠʤ ʟʘʢʦʥʦʤ, ʩʧʦʯʘʪʢʫ (ʚʽʜ 1040 ʜʦ 1060 Üʉ) ʚʥ̔ 

ʟʙʽʣʴʰʫʚʘʚʩʷ ʚʽʜ 0,085 ʜʦ 0,14ĿʆʤĿʤʤ
2
/ʤ, ʧʦʪʽʤ (ʚʽʜ 1060 ʜʦ 1095 Üʉ) 

ʟʤʝʥʰʫʚʘʚʩʷ ʜʦ 0,075 ʆʤĿʤʤ
2
/ʤ, ʘ ʧʦʪʽʤ (ʚʽʜ 1095 ʜʦ 1130 Üʉ) ʟʥʦʚʫ 

ʟʙʽʣʴʰʫʚʘʚʩʷ ʜʦ 0,145 ʆʤĿʤʤ
2
/ʤ ʟ ʧʦʜʘʣʴʰʠʤ ʚʠʭʦʜʦʤ ʥʘ ʥʘʩʠʯʝʥʥʷ 
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(ʨʠʩ. 3.35). ʊʦʙʪʦ ʧʨʠ ʛʘʨʪʫʚʘʥʥʽ ʚʽʜ 1040 ʪʘ 1095 Üʉ ʧʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ 

ʦʧʽʨ ʩʪʘʣʽ ʟʥʘʭʦʜʠʚʩʷ ʥʘ ʨʽʚʥʽ (ʥʘʚʽʪʴ ʪʨʦʭʠ ʥʠʞʯʝ), ʥʽʞ ʫ ʯʠʩʪʦʛʦ ʟʘʣʽʟʘ, ʜʣʷ 

ʷʢʦʛʦ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʥ ʜʦʨʽʚʥʶʻ 0,097 ʆʤĿʤʤ
2
/ʤ [300]. ʊʘʢʠʡ 

ʨʝʟʫʣʴʪʘʪ ʧʦʷʩʥʶʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʫ ʩʪʘʣʽ 5 % ʤʘʩ. ʥʽʢʝʣʶ, ʷʢʠʡ ʤʘʻ ʧʠʪʦʤʠʡ 

ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ 0,068 ʆʤĿʤʤ
2
/ʤ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʧʦʷʩʥʠʪʠ ʦʜʝʨʞʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʫ ʧʦʜʘʣʴʰʦʤʫ ʙʫʜʝ ʜʦʩʣʽʜʞʝʥʘ ʩʪʨʫʢʪʫʨʘ ʩʪʘʣʽ.  

ʇʨʠ ʧʦʣʽʤʦʨʬʥʠʭ ʧʝʨʝʪʚʦʨʝʥʥʷʭ ʤʝʪʘʣʠ ʚʝʜʫʪʴ ʩʝʙʝ ʧʦ ʨʽʟʥʦʤʫ: 

ʩʧʦʩʪʝʨʽʛʘʶʪʴ ʩʪʨʠʙʢʦʧʦʜʽʙʥʝ ʟʙʽʣʴʰʝʥʥʷ ʘʙʦ ʟʤʝʥʰʝʥʥʷ ʦʧʦʨʫ, ʽʥʦʜʽ ʟʤʽʥ 

ʥʝ ʩʧʦʩʪʝʨʽʛʘʶʪʴ. ʊʦʙʪʦ ʧʨʦʛʥʦʟʫʚʘʪʠ ʧʦʚʝʜʽʥʢʫ ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʦʧʦʨʫ ʜʦʩʠʪʴ ʚʘʞʢʦ. ʂʨʽʤ ʪʦʛʦ, ʧʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ, ʟʦʢʨʝʤʘ ʧʨʠ ʛʘʨʪʫʚʘʥʥʽ ʚʽʜ ʦʢʠʩʣʝʥʥʷ (ʫʪʚʦʨʝʥʥʷ 

ʦʢʠʩʣʽʚ), ʷʢʝ ʡʦʛʦ ʟʤʝʥʰʫʻ, ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ ï ʷʢʝ ʡʦʛʦ ʟʙʽʣʴʰʫʻ, ʘ ʪʘʢʦʞ 

ʚʽʜ ʚʠʜʽʣʝʥʥʷ ʪʘ ʨʦʟʯʠʥʝʥʥʷ ʢʘʨʙʽʜʥʠʭ ʬʘʟ, ʽ ʪʦʤʫ, ʦʜʥʦʟʥʘʯʥʦ ʦʧʠʩʘʪʠ 

ʟʘʣʝʞʥʽʩʪʴ, ʥʘʚʝʜʝʥʫ ʥʘ ʨʠʩʫʥʢʫ (ʨʠʩ. 3.35), ʧʦʢʠ ʱʦ ʥʝ ʤʦʞʣʠʚʦ.  

ʇʨʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʽʩʣʷ 

ʦʜʥʦʨʘʟʦʚʦʛʦ ʛʘʨʪʫʚʘʥʥʷ ʣʠʪʦʾ ʩʪʘʣʽ 4ʍ4ʅ5ʄ4ʌ2 ʧʨʠ ʧʽʜʚʠʱʝʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ (1065Ñ5 Áʉ) ʪʘ ʚʽʜʧʫʩʢʫ 590 Áʉ ʟ ʦʭʦʣʦʜʞʝʥʥʷʤ ʥʘ ʧʦʚʽʪʨʽ ʥʝ 

ʚʜʘʣʦʩʴ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠʪʠ ʾʾ ʪʝʧʣʦʩʪʽʡʢʽʩʪʴ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʮʥʦʩʪʽ 

(ʪʘʙʣ. 3.10). ʆʜʥʘʢ, ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʧʦʚʪʦʨʥʦʛʦ 

ʛʘʨʪʫʚʘʥʥʷ ʚʽʜ ʪʽʻʾ ʞ ʪʝʤʧʝʨʘʪʫʨʠ, ʪʝʧʣʦʩʪʽʡʢʽʩʪʴ ʩʪʘʣʽ ʧʽʜʚʠʱʠʣʘʩʴ ʥʘ 

4 HRC (ʪʘʙʣ. 3.10). 

ʊʘʙʣʠʮʷ 3.10  

ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʟ ʣʠʪʦʾ ʩʪʘʣʽ 

4ʍ4ʅ5ʄ4ʌ2 ʧʽʩʣʷ ʛʘʨʪʫʚʘʥʥʷ 1065Ñ5 ÁC ʪʘ ʚʽʜʧʫʩʢʫ 590 ÁC 

ɺʣʘʩʪʠʚʦʩʪʽ ɻʘʨʪʫʚʘʥʥʷ (ʦʜʥʦʨʘʟʦʚʝ) ɻʘʨʪʫʚʘʥʥʷ (ʧʦʜʚʽʡʥʝ) 

HRCʧ*  38 ï 40 43 ï 44 

HRC 40 44 

ůʚ, Mʇa 1387 1324 

ů0,2, Mʇa 1284 1295 

ű, % 5 3,5 

ɣ, % 12 5 
ʇʨʠʤʽʪʢʘ: HRCʧ * ï ʪʚʝʨʜʽʩʪʴ ʥʘ ʧʦʚʝʨʭʥʽ (ʟʥʝʚʫʛʣʝʮʴʦʚʘʥʠʡ ʰʘʨ) 
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ɺʩʪʘʥʦʚʣʝʥʦ ʣʠʰʝ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʨʪʫʚʘʥʥʷ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ 

ʤʘʢʩʠʤʘʣʴʥʽʡ ʪʚʝʨʜʦʩʪʽ, ʚʽʜʧʦʚʽʜʘʻ ʽ ʤʽʥʽʤʘʣʴʥʦʤʫ ʧʠʪʦʤʦʤʫ ʝʣʝʢʪʨʠʯʥʦʤʫ 

ʦʧʦʨʫ. ʇʽʩʣʷ ʮʴʦʛʦ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨ ʟʨʘʟʢʽʚ 

(ʨʠʩ. 3.36 ʘ-ʞ, ʨʠʩ. 3.37 ʘ-ʞ, ʨʠʩ. 3.38 ʘ-ʻ), ʷʢʽ ʛʘʨʪʫʚʘʣʠ ʟʘ ʪʠʭ ʞʝ ʩʘʤʠʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʽ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘʩʪʫʧʥʝ: ʩʪʨʫʢʪʫʨʘ ʩʪʘʣʽ ʩʢʣʘʜʘʣʘʩʷ ʽʟ 

ʟʘʣʠʰʢʦʚʦʛʦ ʘʫʩʪʝʥʽʪʫ ʪʘ ʥʝʨʦʟʯʠʥʝʥʠʭ ʢʘʨʙʽʜʥʠʭ ʬʘʟ ʟ ʪʝʪʨʘʛʦʥʘʣʴʥʦʶ 

ʛʨʘʪʢʦʶ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʣʘ ʤʘʨʪʝʥʩʠʪʥʽʡ ʩʪʨʫʢʪʫʨʽ ʪʘ ʤʘʣʘ ʤʘʢʩʠʤʘʣʴʥʫ 

ʪʚʝʨʜʽʩʪʴ ʪʘ ʤʽʥʽʤʘʣʴʥʠʡ ʧʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ (ʨʠʩ. 3.35, ʨʠʩ. 3.39) ʽ 

ʪʘʢʘ ʩʪʨʫʢʪʫʨʘ ʟʘʙʝʟʧʝʯʠʣʘ ʦʧʪʠʤʘʣʴʥʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʘʣʽ. 

ɿʥʠʞʝʥʥʷ ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʨʪʫʚʘʥʥʷ 1065 ʜʦ 

1100 ÁC (ʨʠʩ. 3.35) ʙʫʣʦ ʧʦʚôʷʟʘʥʝ ʟ ʨʦʟʯʠʥʝʥʥʷʤ ʢʘʨʙʽʜʥʠʭ ʬʘʟ, ʛʦʣʦʚʥʠʤ 

ʯʠʥʦʤ ʥʘ ʦʩʥʦʚʽ ʭʨʦʤʫ (ʄ23ʉ6, ʄ7ʉ3). ʆʪʞʝ, ʚʚʘʞʘʻʤʦ ʪʘʢʫ ʪʝʤʧʝʨʘʪʫʨʫ 

ʛʘʨʪʫʚʘʥʥʷ (1100Ñ10 ̄ ʉ) ʩʪʘʣʽ ï ʦʧʪʠʤʘʣʴʥʦʶ.  

 

  
ʘ 

 
ʙ 

 
ʚ 

 
ʛ 
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ʇʨʦʜʦʚʞʝʥʥʷ ʨʠʩʫʥʢʘ 3.36 ï  

 
 ̌

 
ʜ 

 
ʝ 

 
 ̒

 
                                                                         ʞ 

 

ʈʠʩʫʥʦʢ 3.36 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʠ ʣʠʪʦʾ ʩʪʘʣʽ 4ʍ4ʅ5ʄ4ʌ2 ʧʽʩʣʷ ʨʽʟʥʠʭ 

ʨʝʞʠʤʘʭ ʛʘʨʪʫʚʘʥʥʷ: ʘ ï 1055Ñ5 Áʉ, ʙ ï 1065Ñ5 Áʉ, ʚ ï 1075Ñ5 Áʉ, ʛ ï 1085Ñ5 Áʉ,    

 ̌ï 1095Ñ5 Áʉ, ʜ ï1100Ñ5 Áʉ, ʝ ï 1105Ñ5 Áʉ, ʻ ï 1115Ñ5 Áʉ, ʞ ï 1125Ñ5 Áʉ 
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ʇʨʦʜʦʚʞʝʥʥʷ ʨʠʩʫʥʢʘ 3.37 

 
ʞ 

 

ʈʠʩʫʥʦʢ 3.37 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʠ ʣʠʪʦʾ ʩʪʘʣʽ 4ʍ4ʅ5ʄ4ʌ2 ʧʽʩʣʷ ʨʽʟʥʠʭ 

ʨʝʞʠʤʘʭ ʛʘʨʪʫʚʘʥʥʷ. ʘ ï1055Ñ5 Áʉ, ʙ ï 1065Ñ5 Áʉ, ʚ ï 1075Ñ5 Áʉ, ʛ ï 1085Ñ5 Áʉ,               

 ̌ï 1095Ñ5 Áʉ, ʜ ï 1100Ñ5 Áʉ, ʝ ï1105Ñ5 Áʉ, ʻ ï 1115Ñ5 Áʉ, ʞ ï 1125Ñ5 Áʉ 
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ʇʨʦʜʦʚʞʝʥʥʷ ʨʠʩʫʥʢʘ 3.38 

 
 ̌

 
ʜ 

 
ʝ 

 
 ̒

ʈʠʩʫʥʦʢ 3.38 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʠ ʣʠʪʦʾ ʩʪʘʣʽ 4ʍ4ʅ5ʄ4ʌ2 ʧʽʩʣʷ ʨʽʟʥʠʭ 

ʨʝʞʠʤʘʭ ʛʘʨʪʫʚʘʥʥʷ. ʘ ï 1055Ñ5 Áʉ, ʙ ï 1065Ñ5 Áʉ, ʚ ï 1075Ñ5 Áʉ, ʛ ï 1085Ñ5 

Áʉ,  ̌ï 1095Ñ5 Áʉ, ʜ ï 1110Ñ5 Áʉ, ʝ ï 1115Ñ5 Áʉ, ʻ ï 1125Ñ5 Áʉ 

 

ʇʦʜʘʣʴʰʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʦʚʦʜʠʪʠ 

ʛʘʨʪʫʚʘʥʥʷ ʜʦʩʣʽʜʞʝʥʦʾ ʣʠʪʦʾ ʩʪʘʣʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʱʦʾ ʟʘ 1110 Áʉ ʥʝ 

ʜʦʮʽʣʴʥʦ, ʦʩʢʽʣʴʢʠ ʧʦʯʠʥʘʻ ʚʽʜʙʫʚʘʪʠʩʴ ʧʨʦʮʝʩ ʧʝʨʚʠʥʥʦʾ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ 

(ʨʠʩ. 3.36 ʝ, ʻ, ʨʠʩ. 3.37 ʝ, ʻ, ʨʠʩ. 3.38 ʜ, ʝ), ʘ ʚʠʱʝ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 1130 Áʉ ï 

ʚʪʦʨʠʥʥʦʾ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ (ʨʠʩ. 3.36 ʞ, ʨʠʩ. 3.37 ʞ, ʨʠʩ. 3.38 ʻ, ʨʠʩ. 3.40 ʘ ï ʚ), 

ʧʨʠ ʮʴʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʢʨʫʧʥʝʥʥʷ ʟʝʨʥʘ, ʱʦ ʫ ʧʦʜʘʣʴʰʦʤʫ ʧʨʠʟʚʦʜʠʣʦ ʜʦ 

ʟʘʥʠʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʮʥʦʩʪʽ ʢʽʥʮʝʚʦʛʦ ʚʠʨʦʙʫ ʟʽ ʩʪʘʣʽ. ɿʨʦʩʪʘʶʯʘ 

ʢʨʠʚʘ ʥʘ ʛʨʘʬʽʢʫ ʟʘʣʝʞʥʦʩʪʽ ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʛʘʨʪʫʚʘʥʥʷ ʚʽʜ 1110 ʜʦ 1135 ʉ̄ (ʨʠʩ. 3.35) ʙʫʣʘ ʧʦʚôʷʟʘʥʘ ʟ ʧʝʨʚʠʥʥʦʶ ʪʘ 

ʚʪʦʨʠʥʥʦʶ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʻʶ, ʢʦʣʠ ʚʽʜʙʫʚʘʣʦʩʴ ʫʢʨʫʧʥʝʥʥʷ ʟʝʨʝʥ ʘʫʩʪʝʥʽʪʫ ʫ 

ʩʪʨʫʢʪʫʨʽ ʩʪʘʣʽ.  
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ʈʠʩʫʥʦʢ 3.39 ï ɼʠʬʨʘʢʪʦʛʨʘʤʘ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ X-ʧʨʦʤʝʥʝʚʦʛʦ ʬʘʟʦʚʦʛʦ 

ʘʥʘʣʽʟʫ ʣʠʪʦʾ ʩʪʘʣʽ 4ʍ4ʅ5ʄ4ʌ2, ʦʜʝʨʞʘʥʦʾ ʟʘ ɽʐʂʃ, ʧʽʩʣʷ ʛʘʨʪʫʚʘʥʥʷ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ 1095Ñ5 Üʉ 

 

 
ʘ 

 
ʙ 

 
ʚ 

ʈʠʩʫʥʦʢ 3.40 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʠ ʣʠʪʦʾ ʩʪʘʣʽ 4ʍ4ʅ5ʄ4ʌ2 ʧʽʩʣʷ 

ʛʘʨʪʫʚʘʥʥʷ 1135Ñ5 Áʉ. ʘ ï ʟʙʽʣʴʰʝʥʥʷ ʫ 100 ʨʘʟʽʚ, ʙ ï 200, ʚ ï 400 
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ɺ ʨʝʟʫʣʴʪʘʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ 

(ʨʠʩ. 3.41 ʘ, ʙ), ʱʦ ʛʘʨʪʫʚʘʥʥʷ ʩʫʧʨʦʚʦʜʞʫʚʘʣʦʩʷ ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷʤ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʩʪʘʣʽ ʪʘ ʟʤʝʥʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʢʘʨʙʽʜʥʦʾ ʩʢʣʘʜʦʚʦʾ ʫ 

ʚʽʜʧʦʚʽʜʥʠʭ ʟʦʥʘʭ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʚʽʜʙʫʚʘʣʦʩʷ ʫʢʨʫʧʥʝʥʥʷ ʟʝʨʥʘ ʚ ʧʨʦʮʝʩʽ 

ʘʫʩʪʝʥʽʟʘʮʽʾ, ʱʦ ʤʦʛʣʦ ʩʧʨʠʯʠʥʠʪʠ ʚʠʥʠʢʥʝʥʥʷ ʤʽʢʨʦʪʨʽʱʠʥ. ʊʦʤʫ, ʙʘʞʘʥʦ 

ʧʨʦʚʦʜʠʪʠ ʛʘʨʪʫʚʘʥʥʷ ʩʪʘʣʽ ʫ ʟʘʭʠʩʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʘʙʦ ʚʨʘʭʦʚʫʚʘʪʠ ʟʘʧʘʩ 

ʧʨʠʧʫʩʢʫ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʰʪʘʤʧʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʨʦʟʧʦʜʽʣʫ  ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʚ ʦʙôʻʤʽ ʟʨʘʟʢʘ ʧʽʜʪʚʝʨʜʠʣʦ, ʱʦ ʧʨʠ 

ʛʘʨʪʫʚʘʥʥʽ ʥʘ ʧʦʚʽʪʨʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ.  

 

 
ʘ 

 
ʙ 

ʈʠʩʫʥʦʢ 3.41 ï ɿʨʘʟʢʠ ʛʘʨʪʦʚʘʥʦʾ ʣʠʪʦʾ ʩʪʘʣʽ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʙʣʘʩʪʽ 

ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʧʦʜʽʣʫ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ. ʘ ï ʟʤʽʥʘ 

ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʚʽʜ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʫ ʛʣʠʙʠʥʫ ʟʘʛʦʪʦʚʢʠ ʩʪʘʣʽ 

4ʍ4ʅ5ʄ4ʌ2, ʙ ï ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʩʪʘʣʽ 4ʍ4ʅ5ʄ4ʌ2 ʟʘ 

ʨʝʞʠʤʦʤ ʛʘʨʪʫʚʘʥʥʷ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 1095Ñ5 Áʉ ʪʘ ʚʽʜʧʫʩʢʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 

590-600 Áʉ 
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ɻʣʠʙʠʥʘ ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ ʟʛʽʜʥʦ ʟ ʦʜʝʨʞʘʥʠʤʠ ʜʘʥʠʤʠ ʩʪʘʥʦʚʠʣʘ 

ʧʨʠʙʣʠʟʥʦ 0,8-1,0  ʤʤ (ʨʠʩ. 3.41 ʘ). ɺʩʪʘʥʦʚʣʶʚʘʪʠ ʛʣʠʙʠʥʫ ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ 

ʜʦʩʣʽʜʞʝʥʦʾ ʩʪʘʣʽ 4ʍ4ʅ5ʄ4ʌ2 ʤʦʞʥʘ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʰʢʘʣʫ 

ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʧʨʠʚʝʜʝʥʫ ʥʘ ʨʠʩʫʥʢʫ (ʨʠʩ. 3.41 ʙ). ʆʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʥʝʦʙʭʽʜʥʽ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʨʝʞʠʤʽʚ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʰʪʘʤʧʦʚʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʤʘʪʨʠʮʴ ʜʣʷ ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ ʪʘ ʩʧʣʘʚʽʚ. 

 

3.7.3 ʈʦʟʨʦʙʢʘ ʨʝʞʠʤʽʚ ʦʩʪʘʪʦʯʥʦʾ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʩʪʘʣʽ 

4ʍ4ʅ5ʄ4ʌ2 

 

ɼʣʷ ʦʜʝʨʞʘʥʥʷ ʢʽʥʮʝʚʦʾ ʩʪʨʫʢʪʫʨʠ ʩʪʘʣʽ ʟ ʚʠʩʦʢʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʨʝʞʠʤʠ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʧʨʠ 

ʧʨʦʤʽʞʥʠʭ ʦʧʝʨʘʮʽʷʭ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʫʜʘʨʥʘ ʚôʷʟʢʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʣʠʪʦʾ ʩʪʘʣʽ ʤʘʣʘ ʥʘʡʙʽʣʴʰʫ ʚʝʣʠʯʠʥʫ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʨʪʫʚʘʥʥʷ 1090Ñ5 Üʉ, ʧʨʠ ʮʦɹʤʫ ʧʨʠ ʟʙʽʣʴʰʝʥʥ̔  ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʽʜʧʫʩʢʫ ʚʽʜ 580 ʜʦ 620 Üʉ ʫʜʘʨʥʘ ʚôʷʟʢʽʩʪʴ ʟʙʽʣʴʰʫʚʘʣʘʩʴ ʧʦ ʣʽʥʽʡʥʦʤʫ 

ʟʘʢʦʥʫ ʚʽʜ 290 ʜʦ 310 ʢɼʞ/ʤ
2
 (ʟʘʣʝʞʥʽʩʪʴ 5, ʨʠʩ. 3.42). ɹʫʣʦ ʪʘʢʦʞ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʭʦʣʦʜʞʝʥʥʷ ʥʘ ʧʦʚʽʪʨʽ ʧʽʩʣʷ ʚʽʜʧʫʩʢʫ ʟʙʽʣʴʰʠʣʦ ʫʜʘʨʥʫ 

ʚôʷʟʢʽʩʪʴ (ʟʘʣʝʞʥʦʩʪʽ 4, 5, ʨʠʩ. 3.42), ʪʦʜʽ ʷʢ ʦʭʦʣʦʜʞʝʥʥʷ ʫ ʧʝʯʽ ʧʨʠʟʚʝʣʦ ʜʦ 

ʟʥʠʞʝʥʥʷ ʫʜʘʨʥʦʾ ʚôʷʟʢʦʩʪʽ (ʟʘʣʝʞʥʦʩʪʽ 1, 2, 3, ʨʠʩ. 3.42) ʽ ʨʽʚʝʥʴ ʮʴʦʛʦ 

ʟʥʠʞʝʥʥʷ ʟʙʽʣʴʰʫʚʘʚʩʷ ʟ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʨʪʫʚʘʥʥʷ. ʆʧʠʩʘʥʝ 

ʜʦʩʣʽʜʞʝʥʥʷ ʫʜʘʨʥʦʾ ʚôʷʟʢʦʩʪʽ ʧʨʦʚʦʜʠʣʠ ʫ ʜʦʩʠʪʴ ʚʫʟʴʢʦʤʫ ʽʥʪʝʨʚʘʣʽ 

ʪʝʤʧʝʨʘʪʫʨ ʚʽʜʧʫʩʢʫ 580-620 Üʉ (ʧʨʠ ʮʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʪʨʘʜʠʮʽʡʥʦ ʧʨʦʚʦʜʷʪʴ 

ʚʽʜʧʫʩʢ ʰʪʘʤʧʦʚʠʭ ʩʪʘʣʝʡ). ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʫʜʘʨʥʦʾ 

ʚôʷʟʢʦʩʪʽ ʽʥʪʝʨʚʘʣ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜʧʫʩʢʫ 530-660 Üʉ ʙʫʚ ʩʫʪʪʻʚʦ ʨʦʟʰʠʨʝʥʠʡ. 

ʅʘ ʨʠʩ. 3.43 ʘ, ʙ, ʧʦʢʘʟʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʪʝʧʣʦʩʪʽʡʢʦʩʪʽ ʣʠʪʦʾ ʩʪʘʣʽ 4ʍ4ʅ5ʄ4ʌ2 

ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʫʩʢʫ ʟʘ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʛʘʨʪʫʚʘʥʥʷ.  
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ʈʠʩʫʥʦʢ 3.42 ï ɿʘʣʝʞʥʽʩʪʴ ʫʜʘʨʥʦʾ ʚôʷʟʢʦʩʪʽ ʣʠʪʦʾ ʩʪʘʣʽ 4ʍ4ʅ5ʄ4ʌ2 ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʫʩʢʫ ʜʣʷ ʨʽʟʥʠʭ ʨʝʞʠʤʽʚ ʛʘʨʪʫʚʘʥʥʷ. 1, 2, 3 ï ʦʭʦʣʦʜʞʝʥʥʷ ʫ 

ʧʝʯʽ, 4, 5 ï ʦʭʦʣʦʜʞʝʥʥʷ ʥʘ ʧʦʚʽʪʨʽ 

 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʽ ʟʤʽʥʦʶ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʫʩʢʫ ʪʚʝʨʜʽʩʪʴ ʟʤʽʥʶʻʪʴʩʷ 

ʥʝʣʽʥʽʡʥʦ. ʊʚʝʨʜʽʩʪʴ ʩʪʘʣʽ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʫ ʧʝʯʽ ʥʘ ʜʝʢʽʣʴʢʘ ʦʜʠʥʠʮʴ ʚʠʱʘ 

(ʨʠʩ. 3.43 ʘ) ʟʘ ʪʫ, ʱʦ ʦʜʝʨʞʘʥʘ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʥʘ ʧʦʚʽʪʨʽ (ʨʠʩ. 3.43 ʙ). ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʘʛʘʪʴʦʭ ʨʝʞʠʤʽʚ ʪʝʤʧʝʨʘʪʫʨ 

ʛʘʨʪʫʚʘʥʥʷ ʥʘ ʚʽʜʧʫʩʢʫ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʢʨʘʱʠʤ ʪʝʤʧʝʨʘʪʫʨʥʠʤ 

ʨʝʞʠʤʦʤ ʛʘʨʪʫʚʘʥʥʷ ʻ 1095Ñ5 ÁC (ʢʨʠʚʘ 3, ʨʠʩ. 3.43 ʙ), ʪʦʤʫ, ʱʦ ʧʨʠ 

ʦʭʦʣʦʜʞʝʥʥʽ ʥʘ ʧʦʚʽʪʨʽ, ʜʦʩʷʛʘʻʪʴʩʷ ʙʽʣʴʰʘ ʫʜʘʨʥʘ ʚôʷʟʢʽʩʪʴ (ʟʘʣʝʞʥʽʩʪʴ 5, 

ʨʠʩ. 3.42). ʐʪʘʤʧʦʚʘ ʩʪʘʣʴ ʧʦʚʠʥʥʘ ʤʘʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʽʥʪʝʨʚʘʣ ʪʚʝʨʜʦʩʪʽ 

ʚʠʱʝ 40-41 HRC ʪʘ ʥʠʞʯʝ 49-50 HRC (ʧʫʥʢʪʠʨʥʽ ʣʽʥʽʾ ʥʘ ʨʠʩ. 3.43 ʘ, ʙ). 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʩʪʨʫʢʪʫʨ ʩʪʘʣʽ (ʨʠʩ. 3.44 ʘ ï ʛ) ʧʦʢʘʟʘʣʦ, ʱʦ ʧʨʠ 

ʦʭʦʣʦʜʞʝʥʥʽ ʥʘ ʧʦʚʽʪʨʽ ʧʽʩʣʷ ʚʽʜʧʫʩʢʫ ʥʘ ʛʨʘʥʠʮʷʭ ʟʝʨʝʥ ʚʠʜʽʣʷʻʪʴʩʷ ʤʝʥʰʘ 

ʢʽʣʴʢʽʩʪʴ ʢʘʨʙʽʜʥʦʾ ʩʢʣʘʜʦʚʦʾ, ʥʽʞ ʫ ʚʠʧʘʜʢʫ ʦʭʦʣʦʜʞʝʥʥʷ ʟʨʘʟʢʽʚ ʟ ʧʽʯʯʶ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʫʜʘʨʥʦʾ ʚôʷʟʢʦʩʪʽ ʙʽʣʴʰʝ ʥʽʞ ʫ 2 ʨʘʟʠ. 
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 ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʛʘʨʪʫʚʘʥʥʷ ˉ 4

 ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʛʘʨʪʫʚʘʥʥʷ ˉ 5

 ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʛʘʨʪʫʚʘʥʥʷ ˉ 6

 ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʛʘʨʪʫʚʘʥʥʷ ˉ 7
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 ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʛʘʨʪʫʚʘʥʥʷ ˉ 4

 ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʛʘʨʪʫʚʘʥʥʷ ˉ 5

 ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʛʘʨʪʫʚʘʥʥʷ ˉ 6

 ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʛʘʨʪʫʚʘʥʥʷ ˉ 7

maximum

4 4 
3 3 
2 

2 

1 

1 

 

ʙ 

ʈʠʩʫʥʦʢ 3.43 ï ɿʘʣʝʞʥʦʩʪʽ ʪʝʧʣʦʩʪʽʡʢʦʩʪʽ ʣʠʪʦʾ ʩʪʘʣʽ 4ʍ4ʅ5ʄ4ʌ2 ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʫʩʢʫ ʟʘ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʛʘʨʪʫʚʘʥʥʷ. ʘ ï ʦʭʦʣʦʜʞʝʥʥʷ ʚ 

ʧʝʯʽ; ʙ ï ʦʭʦʣʦʜʞʝʥʥʷ ʥʘ ʧʦʚʽʪʨʽ; ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʛʘʨʪʫʚʘʥʥʷ: 1 ï 

1080Ñ5 Áʉ, 2 ï 1090Ñ5 Áʉ, 3 ï 1100Ñ5 Áʉ, 4 ï 1110Ñ5 Áʉ 
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ʄʝʥʰʘ ʢʽʣʴʢʽʩʪʴ ʚʠʜʽʣʝʥʠʭ ʢʘʨʙʽʜʽʚ ʥʝ ʜʦʟʚʦʣʷʻ ʾʤ ʩʬʦʨʤʫʚʘʪʠʩʷ ʫ 

ʩʫʮʽʣʴʥʫ ʩʽʪʢʫ, ʷʢʘ ʦʙʤʝʞʫʻ ʟʝʨʥʘ ʩʪʘʣʽ (ʨʠʩ.  3.44 ʘ, ʚ), ʪʦʜʽ ʷʢ ʧʨʠ 

ʦʭʦʣʦʜʞʝʥʥʽ ʫ ʧʝʯʽ ʪʘʢʘ ʩʽʪʢʘ ʯʘʩʪʢʦʚʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ (ʨʠʩ. 3.44 ʙ, ʛ). ɹʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʢʨʘʱʠʤ ʨʝʞʠʤʦʤ ʦʭʦʣʦʜʞʝʥʥʷ ʧʽʩʣʷ ʚʽʜʧʫʩʢʫ ʻ 

ʦʭʦʣʦʜʞʝʥʥʷ ʥʘ ʧʦʚʽʪʨʽ, ʘ ʥʝ ʚ ʧʝʯʽ.  ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʨʪʫʚʘʥʥʷ ʫ 

1100Ñ5 ÁC ʜʦʟʚʦʣʠʣʦ ʧʽʜʚʠʱʠʪʠ ʪʝʧʣʦʩʪʽʡʢʽʩʪʴ ʣʠʪʦʾ ʩʪʘʣʽ 4ʍ4ʅ5ʄ4ʌ2 ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʠ 645-650 ÁC (ʪʚʝʨʜʽʩʪʴ 40-41 HRC), ʪʦʜʽ ʷʢ ʨʘʥʽʰʝ ʥʘ ʩʪʘʣʽ 

4ʍ3ʅ5ʄ3ʌ ʪʝʧʣʦʩʪʽʡʢʽʩʪʴ ʩʪʘʥʦʚʠʣʘ 615-620 ÁC (ʪʚʝʨʜʽʩʪʴ 39,5-40,5 HRC). 

 

 

ʘ 

 

ʘ 

 

ʚ 

 

ʛ 

ʈʠʩʫʥʦʢ 3.44 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʠ ʣʠʪʦʾ ʩʪʘʣʽ 4ʍ4ʅ5ʄ4ʌ2 ʧʽʩʣʷ 

ʛʘʨʪʫʚʘʥʥʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 1095Ñ5 Üʉ ʪʘ ʚʽʜʧʫʩʢʫ ʟ ʽʟʦʪʝʨʤʽʯʥʦʶ ʚʠʪʨʠʤʢʦʶ 

4 ʛʦʜʠʥʠ. ʘ, ʙ ï 600 ÁC; ʚ, ʛ ï 620 ÁC; ʘ, ʚ ï ʦʭʦʣʦʜʞʝʥʥʷ ʥʘ ʧʦʚʽʪʨʽ; ʙ, ʛ ï 

ʦʭʦʣʦʜʞʝʥʥʷ ʫ ʧʝʯʽ 
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3.7.4 ʂʦʤʧʣʝʢʩʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʣʠʪʦʾ ʩʪʘʣʽ 

4ʍ4ʅ5ʄ4ʌ2 ʧʽʩʣʷ ʚʽʜʧʫʩʢʫ  

 

ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʛʘʨʪʫʚʘʥʥʷ ʟʘ ʦʧʪʠʤʘʣʴʥʠʤ ʨʝʞʠʤʦʤ ʙʫʣʦ ʧʨʦʚʝʜʝʥʝ 

ʢʦʤʧʣʝʢʩʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʪʘʣʽ. ʋ ʪʘʙʣʠʮʽ 3.11 ʥʘʚʝʜʝʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ: ʪʝʧʣʦʩʪʽʡʢʽʩʪʴ, ʫʜʘʨʥʘ ʚôʷʟʢʽʩʪʴ, ʧʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ, 

ʤʝʞʘ ʤʽʮʥʦʩʪʽ ʪʘ ʤʝʞʘ ʧʣʠʥʥʦʩʪʽ ʜʣʷ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʚʽʜʧʫʩʢʫ (ʦʭʦʣʦʜʞʝʥʥʷ 

ʥʘ ʧʦʚʽʪʨʽ). ʅʘʷʚʥʽʩʪʴ ʦʜʝʨʞʘʥʠʭ ʜʘʥʠʭ ʜʦʟʚʦʣʷ ̒ ʧʨʦʛʥʦʟʫʚʘʪʠ ʟʤʽʥʠ  

ʬʘʟʦʚʦ-ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʪʘʥʫ ʜʦʩʣʽʜʞʝʥʦʾ ʩʪʘʣʽ ʫ ʧʨʦʮʝʩʽ ʾʾ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʤʽʢʨʦʩʪʨʫʢʪʫʨ ʩʪʘʣʽ ʧʦʢʘʟʘʣʦ, ʱʦ ʧʽʩʣʷ 

ʦʭʦʣʦʜʞʝʥʥʷ ʥʘ ʧʦʚʽʪʨʽ ʥʘ ʛʨʘʥʠʮʷʭ ʟʝʨʝʥ ʚʠʜʽʣʷʻʪʴʩʷ ʤʝʥʰʘ ʢʽʣʴʢʽʩʪʴ 

ʢʘʨʙʽʜʥʦʾ ʩʢʣʘʜʦʚʦʾ, ʥʽʞ ʫ ʚʠʧʘʜʢʫ ʦʭʦʣʦʜʞʝʥʥʷ ʟʨʘʟʢʽʚ ʫ ʧʝʯʽ, ʘʙʦ ʚ ʦʣʠʚʽ, 

ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʫʜʘʨʥʦʾ ʚôʷʟʢʦʩʪʽ. ʊʨʦʦʩʪʠʪʥʘ ʩʪʨʫʢʪʫʨʘ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘ ʤʝʪʘʣʦʛʨʘʬʽʯʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʚʽʜʧʦʚʽʜʥʠʭ ʤʽʢʨʦʰʣʽʬʽʚ ʪʘ 

ʥʘʷʚʥʽʩʪʴ ʾʾ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʚʝʣʠʯʠʥʘʤʠ ʪʚʝʨʜʦʩʪʽ ʩʪʘʣʽ: 48,5 HRʉ (ʚʽʜʧʫʩʢ 

ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 600 Üʉ) ʪʘ 45,5 HRʉ (ʚʽʜʧʫʩʢ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 620 Áʉ), 

ʨʠʩ.  3.45. ʇʨʘʚʦʨʫʯ ʚʽʜ ʚʝʨʪʠʢʘʣʴʥʦʾ ʰʪʨʠʭʦʚʦʾ ʣʽʥʽʾ (ʨʠʩ. 3.45) ʣʠʪʦʾ ʩʪʘʣʽ 

4ʍ4ʅ5ʄ4ʌ2, ʷʢʘ ʤʘʻ ʪʝʧʣʦʩʪʽʡʢʽʩʪʴ ʥʠʞʯʫ ʟʘ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʫ (650 Áʉ), 

ʪʦʙʪʦ ʧʨʠ ʚʽʜʧʫʩʢʫ ʚʠʱʝ ʮʽʻʾ ʪʝʤʧʝʨʘʪʫʨʠ ʰʪʘʤʧʦʚʠʡ ʽʥʩʪʨʫʤʝʥʪ 

ʥʝʧʨʠʜʘʪʥʠʡ ʜʣʷ ʝʢʩʧʣʫʘʪʘʮʽʾ (ʚʠʥʠʢʘʶʪʴ ʪʨʽʱʠʥʠ). ʇʨʘʚʦʨʫʯ ʚʽʜ 

ʪhʨʠʭʧʫʥʢʪʠʨʥʦʾ ʣʽʥʽʾ ʥʝ ʙʘʞʘʥʦ ʧʨʦʚʦʜʠʪʠ ʚʽʜʧʫʩʢ ʩʪʘʣʽ, ʦʩʢʽʣʴʢʠ ʪʚʝʨʜʽʩʪʴ 

ʩʪʘʥʦʚʠʪʠʤʝ ʤʝʥʰʝ 45 HRC. ʊʚʝʨʜʽʩʪʴ ʧʽʩʣʷ ʚʽʜʧʫʩʢʫ ʜʣʷ ʰʪʘʤʧʦʚʦʾ ʩʪʘʣʽ 

ʛʘʨʷʯʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʦʚʠʥʥʘ ʩʪʘʥʦʚʠʪʠ ʚʠʱʝ 46 HRC (ʪʨʦʦʩʪʠʪʥʘ 

ʩʪʨʫʢʪʫʨʘ). ʄʝʞʘ ʤʽʮʥʦʩʪʽ ʧʦʚʠʥʥʘ ʩʪʘʥʦʚʠʪʠ ʚʠʱʝ 1300 ʄʇʘ 

(ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʰʪʨʠʭ ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ ʥʘ ʨʠʩ. 3.45). ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ 

ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ [3] ʛʨʘʥʠʮʷ ʧʣʠʥʥʦʩʪʽ ʧʦʚʠʥʥʘ ʩʪʘʥʦʚʠʪʠ ʚʠʱʝ 

900 ʄʇʘ. ʅʘ ʨʠʩ. 3.45 (ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʰʪʨʠʭ ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ) ʧʦʢʘʟʘʥʦ, ʱʦ 

ʛʨʘʥʠʮʷ ʧʣʠʥʥʦʩʪʽ ʩʪʘʥʦʚʠʪʴ ʚʠʱʝ 1200 ʄʇʘ. ʋʜʘʨʥʘ ʚôʷʟʢʽʩʪʴ ʚ ʽʥʪʝʨʚʘʣʽ  

600-620 Üʉ ʤʘʣʦ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʽ ʩʢʣʘʜʘʻ ʙʽʣʴʰʝ 320 ʢɼʞ/ʤ
2
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(ʨʠʩ.  3.45  ʛʦʨʠʟʦʥʪʘʣʴʥʘ  ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ). ɿʨʦʩʪʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʫʩʢʫ 

ʚʠʱʝ 650 Üʉ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʪʝʧʣʦʩʪʽʡʢʦʩʪʽ (ʤʝʥʰʝ 40 HRC), ʷʢʝ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʦʷʚʦʶ ʢʨʠʭʢʦʩʪʽ ʜʨʫʛʦʛʦ ʨʦʜʫ (ʦʙʝʨʥʝʥʘ) ʪʘ ʨʦʟʤʽʮʥʝʥʥʷ 

ʩʪʘʣʽ (ʨʠʩ. 3.45, ʪʘʙʣ. 3.11). ɺʽʜʦʤʦ [301], ʱʦ ʫ ʩʪʘʣʷʭ ʟ̔ ʚʤʽʩʪʦʤ ʚʫʛʣʝʮʶ ʜʦ 

0,6 %, ʧʨʦʮʝʩ ʨʦʟʧʘʜʘʥʥʷ ʤʘʨʪʝʥʩʠʪʫ ʯʘʩʪʢʦʚʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʞʝ ʧʽʜ ʯʘʩ 

ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʠ ʛʘʨʪʫʚʘʥʥʽ. ʊʦʤʫ ʥʘ ʍ-ʧʨʦʤʝʥʝʚʠʭ ʜʠʬʨʘʢʪʦʛʨʘʤʘʭ ʥʝ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʦʟʱʝʧʣʝʥʥʷ ʣʽʥʽʡ, ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʪʝʪʨʘʛʦʥʘʣʴʥʦʾ ˇʨʘʪʢʠ 

ʤʘʨʪʝʥʩʠʪʫ (ʨʠʩ. 3.46, ʨʠʩ. 3.47). ʆʜʥʽʻʶ ʟ ʚʘʞʣʠʚʠʭ ʦʟʥʘʢ ʥʘʷʚʥʦʩʪʽ 

ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʚʫʛʣʝʮʶ ʚ Ŭ-Fe ʻ ʟʤʽʥʘ ʧʘʨʘʤʝʪʨʫ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ ʟ 

ʨʦʟʤʠʚʘʥʥʷʤ ʣʽʥʽʾ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʥʘ ʦʩʥʦʚʽ ʆʎʂ ʛʨʘʪʢʠ (ʧʝʨʽʦʜ ʛʨʘʪʢʠ 

ʩʪʘʥʦʚʠʪʴ ʘ = 0,2880 ʥʤ), ʱʦ ʜʦʩʠʪʴ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʧʝʨʽʦʜʫ ʛʨʘʪʢʠ 

ʬʝʨʠʪʫ ʧʝʨʝʜ ʛʘʨʪʫʚʘʥʥʷʤ ʣʠʪʦʾ ʩʪʘʣʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʽʜʝʥʪʠʬʽʢʦʚʘʥʘ ʬʘʟʘ ʻ 

ʤʘʨʪʝʥʩʠʪʦʤ ʟ ʤʘʣʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʦʩʝʡ (ʢʫʙʽʯʥʠʡ ʤʘʨʪʝʥʩʠʪ). ʂʨʽʤ 

ʤʘʨʪʝʥʩʠʪʫ ʚ ʪʘʢʦʤʫ ʩʪʘʥʽ ʣʠʪʦʾ ʩʪʘʣʽ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʾʾ 

ʛʘʨʪʫʚʘʥʥʷ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʍ-ʧʨʦʤʝʥʝʚʠʭ ʜʠʬʨʘʢʪʦʛʨʘʤ ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ 

ʙʣʠʟʴʢʦ 3,7 % ʘʫʩʪʝʥʽʪʫ (ʘ = 0,360 ʥʤ), ʘ ʢʘʨʙʽʜʫ ʥʝ ʙʫʣʦ ʚʠʷʚʣʝʥʦ 

(  ̄1, ʪʘʙʣ. 3.12). ʊʦʙʪʦ, ʧʽʜ ʯʘʩ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʩʪʘʣʽ (ʛʘʨʪʫʚʘʥʥʷ) 

ʢʘʨʙʽʜʥʘ ʩʢʣʘʜʦʚʘ ʚ ʾʾ ʩʪʨʫʢʪʫʨʽ ʩʧʦʯʘʪʢʫ ʨʦʟʯʠʥʠʣʘʩʷ, ʘ ʧʽʜ ʯʘʩ ʦʭʦʣʦʜʞʝʥʥʷ 

ʚ ʦʣʠʚʽ ʟʘʬʽʢʩʫʚʘʣʘʩʷ ʤʝʪʘʩʪʘʙʽʣʴʥʘ ʛʨʘʪʢʘ ʢʫʙʽʯʥʦʛʦ ʤʘʨʪʝʥʩʠʪʫ ʟ 

ʟʘʣʠʰʢʦʚʠʤ ʘʫʩʪʝʥʽʪʦʤ. ʇʦʜʘʣʴʰʠʡ ʚʽʜʧʫʩʢ ʩʪʘʣʽ, ʟʘʛʘʨʪʦʚʘʥʦʾ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ 1100Ñ5 Üʉ, ʟ ʽʟʦʪʝʨʤʽʯʥʦʶ ʚʠʪʨʠʤʢʦʶ ʚʧʨʦʜʦʚʞ 4-ʭ ʛʦʜʠʥ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 590Ñ5 Üʉ, ʧʨʠʟʚʽʚ ʜʦ ʨʦʟʧʘʜʫ ʟʘʣʠʰʢʦʚʦʛʦ ʘʫʩʪʝʥʽʪʫ ʪʘ 

ʟʤʝʥʰʝʥʥʷ ʧʝʨʽʦʜʫ ʛʨʘʪʢʠ ʤʘʨʪʝʥʩʠʪʫ (0,28772 ʥʤ) (ˉ 2, ʪʘʙʣ. 3.12). 
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ʊʘʙʣʠʮʷ 3.11 

ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʣʠʪʦʾ ʩʪʘʣʽ 

4ʍ4ʅ5ʄ4ʌ2, ʦʜʝʨʞʘʥʦʾ ʟʘ ɽʐʂʃ, ʧʽʩʣʷ ʛʘʨʪʫʚʘʥʥʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 

1100Ñ5 Áʉ ʪʘ ʚʽʜʧʫʩʢʫ (ʦʭʦʣʦʜʞʝʥʥʷ ʥʘ ʧʦʚʽʪʨʽ) 

ʊ, ÁC HRC* 
KC, 

ʢɼʞ/ʤ
2
 

ɟ, ʆʤĿʤʤ
2
/ʤ 

(h = 5 ʤʤ)  

ɟ, ʆʤĿʤʤ
2
/ʤ  

(h = 2,8 ʤʤ)  
ůʚ, Mʇa  

ů0,2, 

Mʇa 

1 2 3 4 5 6 7 

190Ñ10 54,0 437 0,068 0,074 1410 1400 

210Ñ10 53,0 411 0,073 0,063 - - 

230Ñ10 - 366 - - 1390 1380 

250Ñ10 52,5 362 0,064 0,068 - - 

280Ñ10 - 223 - - 1460 1420 

300Ñ10 52,0 487 0,065 0,066 - - 

350Ñ10 52,5 485 0,066 0,062 - - 

360Ñ10 52,5 493 - - 1455 1455 

370Ñ10  383   - - 

380Ñ10 - 377 - - 1425 1425 

390Ñ10 53,5 325 - - - - 

400Ñ8 54,5 310 0,064 0,067 - - 

450Ñ1 54,5 310 0,064 0,062 - - 

460Ñ1 55,5 290 - - 1200 1200 

465Ñ1 - - 0,065 0,057 - - 

470Ñ1 - 140 0,078 0,080 1260 1200 

475Ñ1 - 204 0,088 0,116 - - 

480Ñ1 56,0 244 0,205 0,144 1270 1160 

485Ñ1 - 245 0,150 0,096 - - 

490Ñ1 - 252 0,160 0,097 1180 1160 

500Ñ1 56,5 300 0,053 0,051 - - 

510Ñ1 55,0 302 - - 1440 1420 

530Ñ1 54,5 296 - - 1600 1580 

540Ñ1 - - 0,056 0,041 - - 

550Ñ1 53,5 290 - - 1860 1760 

555Ñ1 53,5 290 - - 1730 1540 

560Ñ1 53,5 290 0,056 0,051 1605 1520 

580Ñ1 52,5 290 0,056 0,048 - - 

590Ñ1 - - 0,053 0,046 - - 

600Ñ1 48,5 300 0,064 0,037 1600 1500 

610Ñ1 48,0 300 0,077 0,046 1425 1410 

615Ñ1 46,0 295 - - - - 

620Ñ1 45,5 310 0,069 0,055 1350 1250 

625Ñ1 45,0 325 - - - - 

630Ñ1 43,5 330 0,056 0,049 - - 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 3.11 

ʇʨʠʤʽʪʢʠ: ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ, HRC* ï ʪʝʧʣʦʩʪʽʡʢʽʩʪʴ ʧʨʠ ʽʟʦʪʝʨʤʽʯʥʽʡ ʚʠʪʨʠʤʮʽ 4 ʛʦʜʠʥʠ,     

ɟ ï ʧʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ, h ï ʪʦʚʱʠʥʘ ʟʨʘʟʢʘ 
 

 

ʈʠʩʫʥʦʢ 3.45 ï ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʣʠʪʦʾ ʩʪʘʣʽ 4ʍ4ʅ5ʄ4ʌ2 

ʟʘʣʝʞʥʦ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʫʩʢʫ. ʉʪʘʣʴ ʙʫʣʘ ʛʘʨʪʦʚʘʥʘ ʧʨʠ 1100Ñ10 Üʉ. ʘ ï 

ʪʚʝʨʜʽʩʪʴ, b ï ʛʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ, c ï ʛʨʘʥʠʮʷ ʧʣʠʥʥʦʩʪʽ, d ï ʫʜʘʨʥʘ ʚôʷʟʢʽʩʪʴ 

1 2 3 4 5 6 7 

640Ñ1 42,0 360 0,053 0,048 1220 1080 

650Ñ1 41,0 362 - - 940 760 

660Ñ1 38,5 - 0,053 0,048 - - 

670Ñ1 37,0 - - - - - 

690Ñ1 34,0 - - - - - 
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ʊʘʙʣʠʮʷ 3.12  

ʇʘʨʘʤʝʪʨʠ ʬʘʟʦʚʦ-ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ ʪʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

(ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ) ʣʠʪʦʾ ʩʪʘʣʽ 4ʍ4ʅ5ʄ4ʌ2 ʟʘʣʝʞʥʦ ʚʽʜ ʨʝʞʠʤʫ 

ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ 

 ̄ ʌʘʟʦʚʠʡ ʩʢʣʘʜ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʣʝʤʝʥʪʽʚ 

ʩʫʙʩʪʨʫʢʪʫʨʠ a-Fe 
ʄʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

D, ʥʤ Da/a ʘ, ʥʤ HRC ůʚ, Mʇa ʂʉ, ʢɼʞ/ʤ
2
 

1 
Ŭ-Fe-96,3 % 

ɸʫʩʪʝʥʽʪ-3,7 % 
12,90 0,004086 0,28828 54 1400 430 

2 Ŭ-Fe 23,96 0,003170 0,28772 49 1640 300 

3 Ŭ-Fe 35,98 0,001087 0,28751 41 950 360 

ʇʨʠʤʽʪʢʠ: D ï ʨʦʟʤʽʨ ʦʙʣʘʩʪʝʡ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ; Da/a ï ʩʧʦʪʚʦʨʝʥʥʷ ˇʨʘʪʢʠ;       

ʘ ï ʧʘʨʘʤʝʪʨ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ; ˉ 1 ï ʚʽʜʧʘʣ 750Ñ20 Üʉ (ʽʟʦʪʝʨʤʽʯʥʘ ʚʠʪʨʠʤʢʘ 2 ʛʦʜ),  

ʛʘʨʪʫʚʘʥʥʷ 1100Ñ5 ʉ̄, ʚʽʜʧʫʩʢ 180 ʉ̄; ˉ 2 ï ʚʽʜʧʘʣ 750Ñ20 ʉ̄ (ʽʟʦʪʝʨʤʽʯʥʘ 

ʚʠʪʨʠʤʢʘ 2 ʛʦʜ), ʛʘʨʪʫʚʘʥʥʷ 1100Ñ5 ʉ̄, ʚʽʜʧʫʩʢ 180 ʉ̄, ʚʽʜʧʫʩʢ 590Ñ5 ʉ̄ (ʽʟʦʪʝʨʤʽʯʥʘ 

ʚʠʪʨʠʤʢʘ 4 ʛʦʜ); ˉ 3 ï ʚʽʜʧʘʣ 750Ñ20 ʉ̄ (ʽʟʦʪʝʨʤʽʯʥʘ ʚʠʪʨʠʤʢʘ 2 ʛʦʜ), ʛʘʨʪʫʚʘʥʥʷ     

1100Ñ5 ̄ʉ, ʚʽʜʧʫʩʢ 180 ʉ̄, ʚʽʜʧʫʩʢ 650Ñ5 ʉ̄ (ʽʟʦʪʝʨʤʽʯʥʘ ʚʠʪʨʠʤʢʘ 4 ʛʦʜ) 

 

 

ʈʠʩʫʥʦʢ 3.46 ï ɼʠʬʨʘʢʪʦʛʨʘʤʘ ʣʠʪʦʾ ʩʪʘʣʽ 4ʍ4ʅ5ʄ4ʌ2, ʦʜʝʨʞʘʥʦʾ ʟʘ 

ɽʐʂʃ ʪʘ ʪʝʨʤʽʯʥʦʶ ʦʙʨʦʙʢʦʶ ʟʘ ʨʝʞʠʤʦʤ: ʚʽʜʧʘʣ 750Ñ20 Áʉ (ʽʟʦʪʝʨʤʽʯʥʘ 

ʚʠʪʨʠʤʢʘ 2 ʛʦʜ) ʪʘ ʛʘʨʪʫʚʘʥʥʷ 1100Ñ5 Áʉ ʟ ʦʭʦʣʦʜʞʝʥʥʷʤ ʚ ʦʣʠʚʽ.                    

 ï ʤʘʨʪʝʥʩʠʪ  (Ŭ-Fe),  ï ʘʫʩʪʝʥʽʪ (ɻʎʂ) 
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ʈʠʩʫʥʦʢ 3.47 ï ɼʠʬʨʘʢʪʦʛʨʘʤʘ ʣʠʪʦʾ ʩʪʘʣʽ 4ʍ4ʅ5ʄ4ʌ2, ʦʜʝʨʞʘʥʦʾ ʟʘ 

ɽʐʂʃ ʪʘ ʪʝʨʤʽʯʥʦʶ ʦʙʨʦʙʢʦʶ ʟʘ ʨʝʞʠʤʦʤ: ʚʽʜʧʘʣ 750Ñ20 Áʉ (ʽʟʦʪʝʨʤʽʯʥʘ 

ʚʠʪʨʠʤʢʘ 2 ʛʦʜ), ʛʘʨʪʫʚʘʥʥʷ 1100Ñ5 Áʉ ʟ ʦʭʦʣʦʜʞʝʥʥʷʤ ʚ ʦʣʠʚʽ, ʚʽʜʧʫʩʢ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 590Ñ5 Áʉ (ʽʟʦʪʝʨʤʽʯʥʘ ʚʠʪʨʠʤʢʘ 4 ʛʦʜ).  ï ʤʘʨʪʝʥʩʠʪ (Ŭ-Fe) 

 

3.7.5 ɼʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʽ ʚʠʟʥʘʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʣʠʪʦʾ ʩʪʘʣʽ 

4ʍ4ʅ5ʄ4ʌ2 ʧʽʩʣʷ ʚʽʜʧʫʩʢʫ 

 

ɺ ʨʦʙʦʪʽ ʜʝʪʘʣʴʥʦ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʤʽʢʨʦʩʪʨʫʢʪʫʨ 

ʛʘʨʪʦʚʘʥʦʾ (1100Ñ5 Áʉ) ʩʪʘʣʽ 4ʍ4ʅ5ʄ4ʌ2 ʧʽʩʣʷ ʚʽʜʧʫʩʢʫ ʚʽʜ 180 ʜʦ 660 Áʉ 

(ʨʠʩ. 3.48 ʘ ï ʞ, ʨʠʩ. 3.49 ʘ ï ʛ, ʨʠʩ. 3.50 ʘ ï ʛ, ʨʠʩ. 3.51 ʘ, ʙ), ʚʠʤʽʨʷʥʽ 

ʚʝʣʠʯʠʥʠ ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ (ʪʘʙʣ. 3.11, ʨʠʩ. 3.52 ʘ, ʙ) ʪʘ 

ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʩʚʽʪʣʠʭ ʪʘ ʪʝʤʥʠʭ ʧʦʣʽʚ ʫ ʤʽʢʨʦʩʪʨʫʢʪʫʨʘʭ. ɼʝʪʘʣʴʥʦ 

ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʩʪʨʫʢʪʫʨʠ ʣʠʪʦʾ ʩʪʘʣʽ 4ʍ4ʅ5ʄ4ʌ2 ʟ ʧʽʜʚʠʱʝʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʫʩʴʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʽʩʥʫʚʘʥʥʷ ʾʾ ʪʚʝʨʜʦʛʦ ʩʪʘʥʫ 

ʜʝʤʦʥʩʪʨʫʻ ʜʽʘʛʨʘʤʘ ʬʘʟʦʚʦ-ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʪʘʥʫ (ʨʠʩ. 3.30), ʦʜʝʨʞʘʥʘ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʚʝʜʝʥʠʭ ʫ ʢʦʨʧʦʨʘʮʽʾ "Tiangong internationel Co., 

Ltd." (Danyang city, Jiangsu province, Chine). ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʩʪʘʣʽ 

ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ ʟʽ ʟʤʽʥʦʶ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʫʩʢʫ. ʇʨʠ ʜʦʩʣʽʜʞʝʥʠʭ 
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ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʽʜʧʫʩʢʫ ʩʪʘʣʽ (180-475 Áʉ) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʝʥʜʨʠʪʥʘ 

ʩʪʨʫʢʪʫʨʘ ʟ ʛʽʣʢʘʤʠ ʧʝʨʰʦʛʦ ʪʘ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ (ʨʠʩ. 3.48 ʘ ï ʞ), ʭʦʯʘ ʥʘ 

ʨʠʩ. 3.48 ʘ, ʜʝʥʜʨʠʪʥʘ ʩʪʨʫʢʪʫʨʘ ʱʝ ʥʝ ʜʦʩʠʪʴ ʷʚʥʦ ʚʠʨʘʞʝʥʘ. ɺʩʪʘʥʦʚʣʝʥʦ,  

ʱʦ ʟʘ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʚʽʜʧʫʩʢʫ ʚʽʜ 180 Áʉ ʜʦ 250 Áʉ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʣʦʱʘ 

ʩʚʽʪʣʠʭ ʧʦʣʽʚ ʫ ʤʽʢʨʦʩʪʨʫʢʪʫʨʽ ʩʪʘʣʽ (ʨʠʩ. 3.49 ʘ ï ʚ). ʇʨʠ ʮʴʦʤʫ ʟʥʘʯʝʥʥʷ 

ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʩʚʽʪʣʠʭ ʧʦʣʽʚ ʨʽʟʢʦ ʧʽʜʚʠʱʫʶʪʴʩʷ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ 

HV850 (8,5 ɻʇʘ), ʘ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʪʝʤʥʠʭ ʧʦʣʽʚ ʨʽʟʢʦ ʟʥʠʞʫʻʪʴʩʷ ʜʦ 

ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ HV350. ʇʨʠ ʥʘʛʨʽʚʽ ʩʪʘʣʽ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 250 Áʉ 

ʬʦʨʤʫʻʪʴʩʷ ʚʽʜʧʫʱʝʥʠʡ ʤʘʨʪʝʥʩʠʪ, ʪʦʙʪʦ ʽʟ ʪʝʪʨʘʛʦʥʘʣʴʥʦʛʦ ʤʘʨʪʝʥʩʠʪʫ 

ʚʠʭʦʜʠʪʴ ʚʫʛʣʝʮʴ ʽ ʫʪʚʦʨʶʻ ʢʘʨʙʽʜ Fe2,4C. ʋ ʤʽʢʨʦʩʪʨʫʢʪʫʨʽ ʜʦʩʣʽʜʞʝʥʦʾ ʩʪʘʣʽ 

ʪʝʤʥʽ ʧʦʣʷ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʤʘʨʪʝʥʩʠʪ ʚʽʜʧʫʩʢʫ. ɺ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 

ʚʽʜʧʫʩʢʫ ʩʪʘʣʽ ʚʽʜ 250 Áʉ ʜʦ 350 Áʉ ʫ ʤʽʢʨʦʩʪʨʫʢʪʫʨʽ ʟʙʽʣʴʰʫʚʘʣʘʩʴ ʧʣʦʱʘ 

ʪʝʤʥʦʛʦ ʧʦʣʷ (ʤʘʨʪʝʥʩʠʪ ʚʽʜʧʫʩʢʫ) ʪʘ ʟʤʝʥʰʫʚʘʣʘʩʴ ʧʣʦʱʘ ʩʚʽʪʣʦʛʦ ʧʦʣʷ 

(ʨʠʩ. 3.48 ʚ ï )̌, ʦʯʝʚʠʜʥʦ ʮʝ ʧʦʷʩʥʶʚʘʣʦʩʷ ʪʠʤ, ʱʦ ʚʽʜʙʫʚʘʚʩʷ ʨʦʟʧʘʜ 

ʟʘʣʠʰʢʦʚʦʛʦ ʘʫʩʪʝʥʽʪʫ (ʨʠʩ. 3.30). ʇʨʠ ʮʴʦʤʫ, ʫʜʘʨʥʘ ʚôʷʟʢʽʩʪʴ ʩʪʘʣʽ ʨʽʟʢʦ 

ʧʽʜʚʠʱʫʚʘʣʘʩʷ ʽ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 350 Áʉ ʾʾ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʩʪʘʥʦʚʠʣʦ 

485 ʢɼʞ/ʤ
2
 (ʪʘʙʣ. 3.11), ʘ ʧʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʟʤʝʥʰʠʚʩʷ ʣʠʰʝ ʚʽʜ 

0,068Ŀ
 
ʜʦ 0,062

  
ʆʤĿʤʤ

2
/ʤ  (ʪʘʙʣ. 3.11, ʨʠʩ. 3.54 ʘ, ʙ). ɼʦ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʫʩʢʫ 

425 Áʉ ʽʥʪʝʥʩʠʚʥʦ ʧʽʜʚʠʱʫʚʘʣʦʩʷ ʟʥʘʯʝʥʥʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʩʚʽʪʣʦʛʦ (HV970) 

ʪʘ ʪʝʤʥʦʛʦ ʧʦʣʽʚ (HV750), ʨʠʩ. 3.55 ʘ, ʙ. ɿʘ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 400 ʜʦ 450 Áʉ 

ʩʧʦʩʪʝʨʽʛʘʣʠʩʴ ʟʤʽʥʠ ʫ ʤʽʢʨʦʩʪʨʫʢʪʫʨʽ ʩʚʽʪʣʦʛʦ ʧʦʣʷ ʥʘ ʛʨʘʥʠʮʷʭ ʜʝʥʜʨʠʪʥʦʾ 

ʩʪʨʫʢʪʫʨʠ (ʨʠʩ. 3.50 ʜ, ʝ), ʘ ʩʘʤʝ ʚʽʜʙʫʚʘʚʩʷ ʧʝʨʝʭʽʜ ʪʝʤʥʠʭ ʧʦʣʽʚ ʫ ʩʚʽʪʣʽ, 

ʧʨʠ ʮʴʦʤʫ ʩʫʪʪʻʚʦ ʟʤʽʥʶʚʘʣʘʩʷ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʩʚʽʪʣʦʛʦ ʪʘ ʪʝʤʥʦʛʦ ʧʦʣʽʚ. 

ʇʨʠ ʮʴʦʤʫ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʩʚʽʪʣʦʛʦ ʧʦʣʷ ʩʫʪʪʻʚʦ ʟʥʠʞʫʚʘʣʘʩʴ (ʧʨʠʙʣʠʟʥʦ ʜʦ 

HV400), ʘ ʪʝʤʥʦʛʦ ʧʦʣʷ ï ʧʽʜʚʠʱʫʚʘʣʘʩʴ (ʧʨʠʙʣʠʟʥʦ ʜʦ HV760), ʨʠʩ. 3.53 ʘ, 

ʙ. ɺʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʫʩʢʫ ʚʽʜ 350 ʜʦ 400 Áʉ ʨʽʟʢʦ ʟʥʠʞʫʻʪʴʩʷ ʫʜʘʨʥʘ 

ʚôʷʟʢʽʩʪʴ ʜʦ 300 ʢɼʞ/ʤ
2
 (ʪʘʙʣ. 3.11). ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ 

ʢʘʨʙʽʜʥʘ ʩʢʣʘʜʦʚʘ (ʨʠʩ. 3.30) ʽ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥ̫ ʤ ʪʚʝʨʜʦʩʪʽ ʩʪʘʣʽ 

ʜʦ 55 HRC, ʧʨʠ ʮʴʦʤʫ ʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʩʪʘʥʦʚʠʣʦ 



215 
 

 

0,062 ʆʤĿʤʤ
2
/ʤ (ʪʘʙʣ. 3.11, ʨʠʩ. 3.54 ʘ, ʙ). ɿʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʫʩʢʫ ʚʽʜ 

465Ñ5 Áʉ ʜʦ 485Ñ5 Áʉ ʽʥʪʝʥʩʠʚʥʦ ʟʥʠʞʫʚʘʣʘʩʷ ʫʜʘʨʥʘ ʚôʷʟʢʽʩʪʴ ʩʪʘʣʽ 

(ʜʦ 120 ʢɼʞ/ʤ
2
) ʪʘʙʣ. 3.11, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ ʚʽʜʧʫʩʢʥʦʶ ʢʨʠʭʢʽʩʪʶ ʧʝʨʰʦʛʦ 

ʨʦʜʫ (ʥʝ ʦʙʝʨʥʝʥʦʶ). ʎʝʡ ʧʨʦʮʝʩ ʩʫʧʨʦʚʦʜʞʫʚʘʚʩʷ ʟʤʽʥʦʶ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ 

(ʨʠʩ. 3.51 ʘ, ʙ). ʆʜʥʦʯʘʩʥʦ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʧʣʦʱʠʥʠ ʩʚʽʪʣʠʭ ʧʦʣʽʚ 

ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʫʢʨʫʧʥʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʩʪʨʫʢʪʫʨʠ, ʘ ʩʘʤʝ ʪʝʤʥʠʭ ʧʦʣʽʚ. ɿʘ 

ʮʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʩʪʘʣʽ: ʚʽʜʙʫʚʘʣʦʩʷ ʽʥʪʝʥʩʠʚʥʝ ʧʽʜʚʠʱʝʥʥʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʪʝʤʥʦʛʦ ʧʦʣʷ 

(ʜʦ HV750); ʽʥʪʝʥʩʠʚʥʝ ʟʤʝʥʰʝʥʥʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʩʚʽʪʣʦʛʦ ʧʦʣʷ ʜʦ HV770 

(ʨʠʩ. 3.55 ʘ, ʙ) ʪʘ ʟʙʽʣʴʰʫʚʘʚʩʷ ʧʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʚʽʜ 0,116 ʜʦ 0,144
 
ʆʤĿʤʤ

2
/ʤ (ʪʘʙʣ. 3.11,  ʨʠʩ. 3.52 ʘ, ʙ). ʉʫʪʪʻʚʽ 

ʟʤʽʥʠ ʫ ʩʪʨʫʢʪʫʨʽ ʩʪʘʣʽ ʚʽʜʙʫʚʘʣʠʩʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʫʩʢʫ 500Ñ5 Áʉ, 

ʟʦʢʨʝʤʘ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʚʠʜʽʣʝʥʥʷ ʜʠʩʧʝʨʩʥʠʭ ʢʘʨʙʽʜʥʠʭ ʩʢʣʘʜʦʚʠʭ, 

ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʧʽʜʚʠʱʫʚʘʣʘʩʷ ʪʚʝʨʜʽʩʪʴ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʾ ʫ 56 HRC 

(ʪʘʙʣ. 3.11). ɿʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʫʩʢʫ ʚʠʱʝ 500 Áʉ ʚʽʜʙʫʚʘʣʦʩʷ ʟʙʽʣʴʰʝʥʥʷ 

ʧʣʦʱʽ ʩʚʽʪʣʦʛʦ ʧʦʣʷ, ʪʦʙʪʦ ʧʦʩʪʫʧʦʚʦ ʚʽʜʙʫʚʘʚʩʷ ʧʨʦʮʝʩ ʨʦʟʧʘʜʫ ʤʘʨʪʝʥʩʠʪʫ 

ʚʜ̔ʧʫʩʢʫ (ʨʠʩ. 3.49 ʚ), ʘ ʧʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʨʽʟʢʦ ʟʥʠʞʫʚʘʚʩʷ ʽ 

ʩʪʘʥʦʚʠʚ 0,050 ʆʤĿʤʤ
2
/ʤ (ʪʘʙʣ. 3.11, ʨʠʩ. 3.52 ʘ, ʙ). ɿʘ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜʧʫʩʢʫ 

ʚʽʜ 500 ʜʦ 560 Áʉ ʧʽʜʚʠʱʫʚʘʣʠʩʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʩʚʽʪʣʦʛʦ ʧʦʣʷ ʜʦ HV700 ʪʘ 

ʪʝʤʥʦʛʦ ʧʦʣʷ ʜʦ HV740 (ʨʠʩ. 3.53 ʘ, ʙ), ʘ ʧʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ 

ʟʥʠʞʫʚʘʚʩʷ ʜʦ 0,040 ʆʤĿʤʤ
2
/ʤ (ʪʘʙʣ. 3.11, ʨʠʩ. 3.52 ʘ, ʙ). ɿʘ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʽʜʧʫʩʢʫ 590 Áʉ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʩʚʽʪʣʦʛʦ ʪʘ ʪʝʤʥʦʛʦ ʧʦʣʽʚ ʟʤʝʥʰʫʚʘʣʘʩʷ ʜʦ 

HV400 ʪʘ HV430, ʚʽʜʧʦʚʽʜʥʦ (ʨʠʩ. 3.53 ʘ, ʙ). ɿʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʫʩʢʫ ʚʽʜ 

590 Áʉ ʜʦ 600 Áʉ ʧʦʯʠʥʘʚʩʷ ʨʦʟʧʘʜ ʤʘʨʪʝʥʩʠʪʫ ʚʽʜʧʫʩʢʫ ʪʘ ʫʪʚʦʨʶʚʘʣʘʩʷ 

ʪʨʦʦʩʪʠʪʥʘ ʩʪʨʫʢʪʫʨʘ, ʽʥʪʝʥʩʠʚʥʦ ʧʽʜʚʠʱʫʚʘʣʠʩʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʩʚʽʪʣʦʛʦ 

(HV620) ʪʘ ʪʝʤʥʦʛʦ (HV650) ʧʦʣʽʚ (ʨʠʩ. 3.53 ʘ, ʙ). ɼʦ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʫʩʢʫ 

600Ñ5 Áʉ ʧʨʦʜʦʚʞʠʚ ʟʥʠʞʫʚʘʪʠʩʴ ʧʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʜʦ 

0,037 ʆʤĿʤʤ
2
/ʤ, ʘ ʚʽʜ 600Ñ5 Áʉ ʜʦ 620Ñ5Áʉ, ʧʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ  

ʧʽʜʚʠʱʫʚʘʚʩʷ ʜʦ 0,055 ʆʤĿʤʤ
2
/ʤ (ʪʘʙʣ. 3.11, ʨʠʩ. 3.52 ʘ, ʙ). ʋ ʮʴʦʤʫ ʞ 
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ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʽʥʪʝʥʩʠʚʥʦ ʟʥʠʞʫʚʘʣʘʩʷ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʩʚʽʪʣʦʛʦ 

(HV300) ʪʘ ʪʝʤʥʦʛʦ (HV400) ʧʦʣʽʚ (ʨʠʩ. 3.53 ʘ, ʙ). ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʫʩʢʫ ʩʪʘʣʽ ʚʽʜ 630Ñ5 Áʉ ʜʦ 660Ñ5 Áʉ ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ 

ʢʦʘʛʫʣʷʮʽʷ ʢʘʨʙʽʜʥʦʾ ʩʢʣʘʜʦʚʦʾ (ʨʠʩ. 3.51 ʘ, ʙ) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ 

ʪʝʧʣʦʩʪʽʡʢʽʩʪʴ ʩʪʘʣʽ ʧʨʠ 660Ñ5 Áʉ ʩʪʘʥʦʚʠʣʘ 38,5 HRC (ʪʘʙʣ. 3.11). 

ʄʽʢʨʦʪʚʝʨʜʽʩʪʴ ʩʚʽʪʣʦʛʦ ʪʘ ʪʝʤʥʦʛʦ ʧʦʣʽʚ ʟʤʽʥʶʚʘʣʘʩʷ ʚʽʜ HV350 ʜʦ HV 500 

ʪʘ ʚʽʜ HV350 ʜʦ HV550, ʚʽʜʧʦʚʽʜʥʦ (ʨʠʩ. 3.53 ʘ, ʙ), ʘ ʧʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ 

ʦʧʽʨ ʟʥʘʭʦʜʠʚʩʷ ʥʘ ʨʽʚʥʽ 0,048 ʆʤĿʤʤ
2
/ʤ (ʪʘʙʣ. 3.11, ʨʠʩ. 3.52 ʘ, ʙ). 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʘʨʙʽʜ  ʪʠʧʫ ʄ23ʉ6  ʨʦʟʯʠʥʷʚʩʷ ʫ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ (Ŭ-Fe) ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʫʩʢʫ 660 Áʉ (ʨʠʩ. 3.30). 
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ʇʨʦʜʦʚʞʝʥʥʷ ʨʠʩʫʥʢʘ 3.48 

 
ʝ 

 
 ̒

 
ʞ 

 

ʈʠʩʫʥʦʢ 3.48 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʠ ʩʪʘʣʽ 4ʍ4ʅ5ʄ4ʌ2 ʛʘʨʪʦʚʘʥʦʾ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 

1100Ñ5 Áʉ ʪʘ ʚʽʜʧʫʱʝʥʦʾ ʟʘ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨ (ÁC). ʘ ï 180Ñ10, ʙ ï 210Ñ10,           ʚ ï 

250Ñ10, ʛ ï 300Ñ10, ˇ ï 350Ñ10, ʜ ï 400Ñ1, ʝ ï 450Ñ1, ʻ ï 465Ñ1, ʞ ï 470Ñ1 
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ʇʨʦʜʦʚʞʝʥʥʷ ʨʠʩʫʥʢʘ 3.49 

 
ʚ 

 
ʛ 

ʈʠʩʫʥʦʢ 3.49 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʠ ʩʪʘʣʽ 4ʍ4ʅ5ʄ4ʌ2 ʛʘʨʪʦʚʘʥʦʾ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 

1100Ñ5 Áʉ ʪʘ ʚʽʜʧʫʱʝʥʦʾ ʟʘ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨ (ÁC). ʘ ï 475Ñ1, ʙ ï 490Ñ1, ʚ ï 500Ñ1, 

ʛ ï 520Ñ1 
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ʚ 

 
ʛ 

ʈʠʩʫʥʦʢ 3.50 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʠ ʩʪʘʣʽ 4ʍ4ʅ5ʄ4ʌ2 ʟʘʛʘʨʪʦʚʘʥʦʾ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 1100Ñ5 Áʉ ʪʘ ʚʽʜʧʫʱʝʥʦʾ ʟʘ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨ (ÁC). ʘ ï 540Ñ1, ʙ ï 

580Ñ1, ʚ ï 590Ñ1, ʛ ï 600Ñ1 

 


