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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ.  

ʇʨʠʤʝʥʝʥʠʝ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠ ̫ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ ʤʥʦʛʠʭ ʠʥʞʝʥʝʨʥʳʭ ʦʪʨʘʩʣʝʡ. 

ɼʘʥʥʳʝ ʩʧʣʘʚʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʘʚʠʘʢʦʩʤʠʯʝʩʢʦʡ, ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʭʠʤʠʯʝʩʢʦʡ, 

ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʤʝʜʠʮʠʥʝ ʚ ʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʦʥʠ ʦʙʣʘʜʘʶʪ 

ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʚʳʩʦʢʦʡ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴʶ ʠ ʢʦʨʨʦʟʠʦʥʥʦʡ 

ʩʪʦʡʢʦʩʪʴʶ [1-3]. ʆʜʥʘʢʦ ʧʦʣʫʯʝʥʠʝ ʥʝʨʘʟʲʝʤʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ 

ʪʨʝʙʫʝʪ ʨʝʰʝʥʠʝ ʨʷʜʘ ʧʨʦʙʣʝʤ, ʪʘʢ ʢʘʢ ʠʭ ʥʠʟʢʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʧʨʠʚʦʜʠʪ ʧʨʠ 

ʩʚʘʨʢʝ ʢ ʦʱʫʪʠʤʦʤʫ ʧʝʨʝʛʨʝʚʫ ʟʦʥ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ, ʨʦʩʪʫ ʚ ʥʠʭ ʨʘʟʤʝʨʘ 

ʟʝʨʥʘ ʠ ʧʦʷʚʣʝʥʠʶ ʚʳʩʦʢʠʭ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ [4ï5]. ʇʦʵʪʦʤʫ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʩʣʫʞʝʙʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ 

ʧʨʦʚʦʜʷʪ ʣʠʙʦ ʪʝʨʤʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ, ʪʨʝʙʫʶʱʫʶ ʧʨʠʤʝʥʝʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ 

ʠ ʛʘʙʘʨʠʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʣʠʙʦ ʧʨʠʤʝʥʷʶʪ ʤʝʪʦʜʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ [6ï7]. 

ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʨʝʰʝʥʠʡ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʚʝʨʜʦʬʘʟʥʦʡ ʩʚʘʨʢʠ, ʪʘʢʦʡ ʢʘʢ ʩʚʘʨʢʘ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ 

(ʉʊʇ). ʅʘ ʧʨʘʢʪʠʢʝ ʉʊʇ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʘʣʶʤʠʥʠʝʚʳʭ 

ʩʧʣʘʚʦʚ ʚ ʘʚʠʘʢʦʩʤʠʯʝʩʢʦʡ, ʪʨʘʥʩʧʦʨʪʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʵʥʝʨʛʝʪʠʢʝ [8]. 

ʉʚʘʨʢʘ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʷʚʣʷʝʪʩʷ ʪʚʝʨʜʦʬʘʟʥʳʤ ʧʨʦʮʝʩʩʦʤ ʠ ʧʦʵʪʦʤʫ 

ʚʳʛʣʷʜʠʪ ʙʦʣʝʝ ʦʙʝʱʘʶʱʝʡ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʩʚʘʨʢʠ 

ʧʣʘʚʣʝʥʠʝʤ.  

ʈʘʥʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʉʊʇ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ʚʳʷʚʠʣʠ ʨʷʜ ʧʨʦʙʣʝʤ, ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʬʠʛʫʨʠʨʫʝʪ ʙʳʩʪʨʳʡ ʠʟʥʦʩ ʉʊʇ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʧʦʧʘʜʘʥʠʝ ʦʩʪʘʪʢʦʚ 

ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʩʦʝʜʠʥʝʥʠʝ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝ ʥʘʡʜʝʥ ʦʧʪʠʤʘʣʴʥʳʡ ʤʘʪʝʨʠʘʣ 

ʜʣʷ ʠʥʩʪʨʫʤʝʥʪʘ ʩʚʘʨʢʠ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ. 

ʄʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʣʠʙʦ ʩʣʠʰʢʦʤ ʙʳʩʪʨʦ 

ʧʨʠʭʦʜʷʪ ʚ ʥʝʛʦʜʥʦʩʪʴ, ʣʠʙʦ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʭʨʫʧʢʦʩʪʴ, ʣʠʙʦ ʚʳʩʦʢʠʝ 

ʬʠʥʘʥʩʦʚʳʝ ʠ ʪʨʫʜʦʟʘʪʨʘʪʳ ʥʘ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʝ. ɺʦʟʤʦʞʥʳʤ ʨʝʰʝʥʠʝʤ ʤʦʞʝʪ 

ʩʪʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʷ. ʇʝʨʚʦʝ ʧʦʢʦʣʝʥʠʝ 
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ʜʘʥʥʳʭ ʩʧʣʘʚʦʚ, ʢʘʢ ɾʉ6ʋ, ʚʢʣʶʯʘʝʪ ʚ ʩʦʩʪʘʚ ʚʦʣʴʬʨʘʤ, ʤʦʣʠʙʜʝʥ, ʭʨʦʤ ʠ 

ʷʚʣʷʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʦʨʦʛʠʤ ʩʧʣʘʚʦʤ. ʆʜʥʘʢʦ, ʧʦʩʣʝʜʫʶʱʠʝ ʧʦʢʦʣʝʥʠʷ 

ʩʧʣʘʚʦʚ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʨʝʥʠʡ ʠ ʨʫʪʝʥʠʡ, ʠʟ-ʟʘ ʯʝʛʦ ʠʭ ʮʝʥʘ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ. 

ʈʘʟʨʘʙʦʪʢʘ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʉʊʇ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ, ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʧʦʣʫʯʝʥʠʶ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʨʘʟʥʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ʄʝʪʘʣʣʳ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ 

ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʠ ʪʠʪʘʥ ʠ ʘʣʶʤʠʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʘʚʠʘʮʠʦʥʥʦʡ ʠ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʦʥʠ ʦʙʣʘʜʘʶʪ 

ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʢʨʦʤʝ ʪʦʛʦ, ʪʠʪʘʥ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ 

ʪʝʨʤʦʩʪʦʡʢʦʩʪʴʶ, ʘ ʘʣʶʤʠʥʠʡ ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʰʝʚʳʤ ʤʝʪʘʣʣʦʤ [9]. 

ʆʜʥʘʢʦ ʧʦʣʫʯʝʥʠʝ ʨʘʟʥʦʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʨʝʙʫʝʪ ʨʝʰʝʥʠʝ ʨʷʜʘ ʧʨʦʙʣʝʤ, ʪʘʢʠʭ 

ʢʘʢ ʦʙʨʘʟʦʚʘʥʠʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʠ ʥʝʩʧʣʦʰʥʦʩʪʝʡ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʦʜʦʚ ʩʚʘʨʢʠ, ʯʪʦ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʧʨʦʯʥʦʩʪʠ ʰʚʘ [9-

10]. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɿʘʤʝʪʥʳʡ ʚʢʣʘʜ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʘʨʢʠ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ, ʘ ʪʘʢʞʝ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʜʘʥʥʦʤ ʧʨʦʮʝʩʩʝ ʚʥʝʩʝʥ ʪʘʢʠʤʠ 

ʠʟʚʝʩʪʥʳʤʠ ʫʯʝʥʳʤʠ, ʢʘʢ M.J. Russell, Y. Zhang, Y.S. Sato, H. Kokawa, S.H.C. 

Park, M. Peters, C. Leyens, A.L. Pilchak, W. Tang, H. Sahiner, A. P. Reynolds, P.D. 

Edwards, M. Ramulu, S. Mironov, L.H. Wu, D. Wang, B.L. Xiao, J. Wang, J. Su, R.S. 

Mishra ʠ ʜʨ. ʍʦʪʷ ʧʦ ʉʊʇ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ʦʧʫʙʣʠʢʦʚʘʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʨʘʙʦʪ, ʤʝʭʘʥʠʟʤʳ ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʘ, ʩʪʨʫʢʪʫʨʥʳʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠʥʩʪʨʫʤʝʥʪʘ 

ʠ ʩʚʘʨʥʦʛʦ ʰʚʘ ʚ ʧʨʦʮʝʩʩʝ ʠʟʥʦʩʘ ʦʩʪʘʶʪʩʷ ʤʘʣʦʠʟʫʯʝʥʥʳʤʠ, ʘ ʠʥʩʪʨʫʤʝʥʪʳ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ, ʥʝ ʧʨʠʤʝʥʷʣʠʩʴ ʜʣʷ ʩʚʘʨʢʠ ʪʨʝʥʠʝʤ ʩ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ. ʂʨʦʤʝ ʪʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʫʜʝʣʷʶʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʉʊʇ ʩʧʣʘʚʘ ɺʊ6 (Tiï6Alï4V), ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʉʊʇ ʩʧʣʘʚʘ ɺʊ1-0 (Grade2), ʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦ ʉʊʇ ʪʠʪʘʥʦʚʳʭ Ŭô-ʩʧʣʘʚʦʚ, ʢʘʢ ʥʘʧʨʠʤʝʨ ʩʧʣʘʚʘ ʆʊ4-1 (Tiï4Alï1,0Mn), 

ʦʪʩʫʪʩʪʚʫʶʪ. ʂʨʦʤʝ ʪʦʛʦ, ʢʨʘʡʥʝ ʨʝʜʢʦ ʧʦʷʚʣʷʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʉʊʇ 

ʨʘʟʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʪʠʪʘʥʦʚʳʝ ʠ ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ. 
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ʎʝʣʴ ʨʘʙʦʪʳ ï ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʟʥʘʰʠʚʘʥʠʷ ʨʘʙʦʯʝʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʠʟ ʥʠʢʝʣʝʚʳʭ ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ ʚ ʧʨʦʮʝʩʩʝ ʩʚʘʨʢʠ ʪʨʝʥʠʝʤ ʩ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ʠ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʩʦʩʪʦʷʥʠʷ ʨʘʙʦʯʝʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʚ ʨʘʙʦʪʝ ʨʝʘhʶʪʩʷ ʟʘʜʘʯʠ: 

1.  ʀʩʩʣʝʜʦʚʘʪ ɹʭʘʨʘʢʪʝʨʘ ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʧʨʦʮʝʩʩʝ ʩʚʘʨʢʠ ʪʨʝʥʠʝʤ ʩ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ. 

2.  ʆʧʨʝʜʝʣʠʪʴ ʞʘʨʦʧʨʦʯʥʳʡ ʤʘʪʝʨʠʘʣ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʥʝʨʘʟʲʸʤʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ʤʝʪʦʜʦʤ ʩʚʘʨʢʠ ʪʨʝʥʠʝʤ ʩ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ. 

3.  ʋʩʪʘʥʦʚʠʪʴ ʨʝʞʠʤ r ʩʚʘʨʢʠ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʠ ʠʟʛʦʪʦʚʠʪʴ 

ʦʙʨʘʟʮ rʥʝʨʘʟʲʝʤʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ, ʘ ʪʘʢʞʝ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʪʠʪʘʥʦʚʦʛʦ ʠ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʦʚ. 

4.  ʀʩʩʣʝʜʦʚʘʪ ɹʩʪʨʫʢʪʫʨʫ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʠ ʦʮʝʥʠʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ: 

1. ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʘ ʠʟ 

ʞʘʨʦʧʨʦʯʥʳʭ ʥʠʢʝʣʝʚʳʭ ʩʫʧʝʨʩʧʣʘʚʦʚ ʪʠʧʘ ɾʉ6ʋ ʠ ʜʝʛʨʘʜʘʮʠʠ (ʠʟʤʝʥʝʥʠʷ) 

ʩʪʨʫʢʪʫʨʳ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʩʚʘʨʢʝ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʪʠʪʘʥʦʚʳʭ 

ʩʧʣʘʚʦʚ. 

2. ɺʧʝʨʚʳʝ ʙʳʣʦ ʧʨʠʤʝʥʝʥʦ ʞʠʜʢʦʩʪʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘ ʚ 

ʧʨʦʮʝʩʩʝ ʩʚʘʨʢʠ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ.  

3. ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ʠ ʨʘʟʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ 

ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʚ ʧʨʦʮʝʩʩʝ ʉʊʇ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʙʦʯʝʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʠʟ ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʷ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. 

ʈʘʙʦʪʘ ʜʘʝʪ ʚʢʣʘʜ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʟʥʘʥʠʷ ʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʠʟʥʦʩʘ 

ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʳ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦʩʣʝ ʧʨʦʮʝʩʩʘ ʩʚʘʨʢʠ 

ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ. ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 
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ʩʪʨʫʢʪʫʨʳ ʨʘʩʰʠʨʷʶʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʘʜʛʝʟʠʦʥʥʦʤ ʢʦʥʚʝʢʪʠʚʥʦʤ 

ʤʘʩʩʦʧʝʨʝʥʦʩʝ ʧʨʠ ʩʚʘʨʢʝ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ, ʘ ʪʘʢʞʝ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʘʜʛʝʟʠʦʥʥʦ-ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦ ʩʚʘʨʠʚʘʝʤʳʤ ʤʘʪʝʨʠʘʣʦʤ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʘʙʦʪʝ ʠʟʣʦʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʚʥʦʩʷʪ ʚʢʣʘʜ ʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨ ʚ ʭʘʨʘʢʪʝʨʥʳʭ ʟʦʥʘʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚʘʭ ʥʝʨʘʟʲʝʤʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʩʚʘʨʢʝ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ 

ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ, ʯʪʦ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ʠ ʨʘʟʥʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

ʢʨʘʡʥʝ ʚʘʞʥʘʷ ʟʘʜʘʯʘ ʜʣʷ ʤʥʦʛʠʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʪʘʢʠʭ ʢʘʢ 

ʘʚʠʘʮʠʦʥʥʘʷ, ʢʦʩʤʠʯʝʩʢʘʷ, ʪʨʘʥʩʧʦʨʪʥʘʷ ʠ ʪ.ʜ. ɼʘʥʥʳʝ ʨʘʙʦʪʳ ʧʦʟʚʦʣʷʪ ʧʦʣʫʯʘʪʴ 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʥʝʨʘʟʲʝʤʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ ʠʟ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʩʧʦʩʦʙ ʧʨʠʤʝʥʝʥʠʷ ʞʠʜʢʦʩʪʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʉʊʇ 

ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʥʩʪʨʫʤʝʥʪʘ ʉʊʇ, ʘ ʪʘʢʞʝ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʧʦʣʫʯʘʝʤʳʭ ʰʚʦʚ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʈʘʙʦʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʞʠʤʦʚ 

ʩʚʘʨʢʠ ʧʨʦʚʦʜʠʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʛʦ ʚ ʀʌʇʄ ʉʆ ʈɸʅ. ʇʦʜʙʦʨ ʨʝʞʠʤʦʚ ʠ ʧʦʣʫʯʝʥʠʝ ʩʚʘʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚʳʧʦʣʥʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʩʪʦʚʦʛʦ ʧʨʦʢʘʪʘ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ 

ʪʦʣʱʠʥʦʡ 2,0 ʤʤ, 2,5 ʤʤ ʠ 5,0 ʤʤ. ʄʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʝ ʋʊʉ 110ʄï100. ʀʟʤʝʨʝʥʠʷ ʪʚʝʨʜʦʩʪʠ 

ʚʳʧʦʣʥʷʣʠ ʩ ʧʦʤʦʱʴʶ ʪʚʝʨʜʦʤʝʨʘ Duramin 5. ʄʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʤ ʤʠʢʨʦʩʢʦʧʝ ʄʝʪʘʤ ʃɺ21. 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʷʣʠ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ɼʈʆʅï7 ʚ 

ʮʝʥʪʨʝ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ çʅʘʥʦʪʝʭè ʚ ʀʌʇʄ ʉʆ ʈɸʅ. ʀʩʩʣʝʜʦʚʘʥʠʷ 
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ʧʨʦʚʦʜʠʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ ʤʝʪʦʜʠʢʘʤʠ ʠ ʥʘ ʘʪʪʝʩʪʦʚʘʥʥʦʤ 

ʦʙʦʨʫʜʦʚʘʥʠʠ. 

ʅʘ ʟʘʱʠʪʫ ʚʳʥʦʩʷʪʩʷ: 

1. ʉʦʚʦʢʫʧʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʭ ʦ 

ʜʠʬʬʫʟʠʦʥʥʦ-ʘʜʛʝʟʠʦʥʥʦʤ ʭʘʨʘʢʪʝʨʝ ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʘ ʠʟ ʥʠʢʝʣʝʚʳʭ 

ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ ʚ ʧʨʦʮʝʩʩʝ ʩʚʘʨʢʠ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʪʠʪʘʥʦʚʳʭ 

ʩʧʣʘʚʦʚ.  

2. ʉʧʦʩʦʙ ʩʚʘʨʢʠ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʦʭʣʘʞʜʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ, ʫʚʝʣʠʯʠʚʘʶʱʠʡ ʜʦʣʛʦʚʝʯʥʦʩʪʴ 

ʠʥʩʪʨʫʤʝʥʪʘ ʚ 1,8 ʨʘʟʘ, ʯʪʦ ʥʝʜʦʩʪʠʞʠʤʦ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʥʠʢʝʣʝʚʦʛʦ ʩʧʣʘʚʘ 

ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʞʘʨʦʧʨʦʯʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

3. ʉʧʦʩʦʙ ʩʚʘʨʢʠ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʨʦʯʥʦʩʪʴ 

ʥʝʨʘʟʲʸʤʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʣʠʩʪʦʚʦʛʦ ʧʨʦʢʘʪʘ ʨʘʟʣʠʯʥʳʭ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ʥʘ 

ʫʨʦʚʥʝ 90ï120% ʦʪ ʧʨʦʯʥʦʩʪʠ ʠʩʭʦʜʥʦʛʦ ʧʨʦʢʘʪʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʥʝ ʤʝʥʝʝ 3 

ʤʝʪʨʦʚ ʩʦʝʜʠʥʝʥʠʷ ʟʘ ʩʯʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʞʠʤʦʚ ʩʚʘʨʢʠ ʠ ʧʨʠʤʝʥʝʥʠʷ 

ʥʠʢʝʣʝʚʦʛʦ ʞʘʨʦʧʨʦʯʥʦʛʦ ʩʧʣʘʚʘ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ.  

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʳ ʧʨʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʤ 

ʭʘʨʘʢʪʝʨʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʘ ʠʭ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʨʦʤʝ 

ʪʦʛʦ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʦʛʣʘʩʦʚʳʚʘʣʠʩʴ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʦʛʠʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ ʚ ʩʤʝʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ.  

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ 

ʢʦʥʬʝʨʝʥʮʠʷʭ:  

1. ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʠʤʧʦʟʠʫʤ çʀʝʨʘʨʭʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ: ʨʘʟʨʘʙʦʪʢʘ ʠ 

ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʥʘʜʝʞʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡè, (ʊʦʤʩʢ 2018);  

2. XVII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ 

ʫʯʝʥʳʭ çʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʫʢè, (ʊʦʤʩʢ 2020);  
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3. ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʌʠʟʠʯʝʩʢʘʷ ʤʝʟʦʤʝʭʘʥʠʢʘ. ʄʘʪʝʨʠʘʣʳ ʩ 

ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʠʝʨʘʨʭʠʯʝʩʢʠ ʦʨʛʘʥʠʟʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè, ʧʦʩʚʷʱʝʥʥʘʷ 90-ʣʝʪʠʶ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ 

ʦʩʥʦʚʘʪʝʣʷ ʠ ʧʝʨʚʦʛʦ ʜʠʨʝʢʪʦʨʘ ʀʌʇʄ ʉʆ ʈɸʅ ʘʢʘʜʝʤʠʢʘ ɺʠʢʪʦʨʘ ɽʚʛʝʥʴʝʚʠʯʘ 

ʇʘʥʠʥʘ, (ʊʦʤʩʢ 2020),  

4. XVI II ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ 

ʫʯʝʥʳʭ çʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʫʢè, (ʊʦʤʩʢ 2021),  

5. ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʌʠʟʠʯʝʩʢʘʷ ʤʝʟʦʤʝʭʘʥʠʢʘ. ʄʘʪʝʨʠʘʣʳ ʩ 

ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʠʝʨʘʨʭʠʯʝʩʢʠ ʦʨʛʘʥʠʟʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè (ʊʦʤʩʢ 2021). 

ʇʫʙʣʠʢʘʮʠʠ.  

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 10 ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ 

ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ, ʩʙʦʨʥʠʢʘʭ ʠ ʪʨʫʜʘʭ ʢʦʥʬʝʨʝʥʮʠʡ, ʠʟ ʥʠʭ 2 ʩʪʘʪʴʠ, ʚʭʦʜʷʱʠʭ ʚ 

ʧʝʨʝʯʝʥʴ ʞʫʨʥʘʣʦʚ ʠʟ ʩʧʠʩʢʘ ɺɸʂ. ɺ ʙʘʟʝ ʜʘʥʥʳʭ Web of Science ʠ Scopus 

ʧʨʝʜʩʪʘʚʣʝʥʦ 8 ʧʫʙʣʠʢʘʮʠʡ.  

ʃʠʯʥʳʡ ʚʢʣʘʜ ʩʦʠʩʢʘʪʝʣʷ.  

ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʦʧʠʩʘʥʥʳʝ ʚ 

ʜʠʩʩʝʨʪʘʮʠʠ, ʧʦʣʫʯʝʥʳ ʩʘʤʠʤ ʘʚʪʦʨʦʤ ʣʠʙʦ ʧʨʠ ʝʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ. 

ɸʚʪʦʨ ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʦʚʘʣ ʚ ʧʦʜʛʦʪʦʚʢʝ ʧʫʙʣʠʢʘʮʠʡ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʨʘʙʦʪʳ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ. ʇʦʩʪʘʥʦʚʢʘ ʮʝʣʠ ʠ ʟʘʜʘʯ, ʬʦʨʤʫʣʠʨʦʚʘʥʠʝ ʚʳʚʦʜʦʚ ʠ 

ʧʦʣʦʞʝʥʠʡ ʧʨʦʚʦʜʠʣʠʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʜʦʢʪʦʨʦʤ 

ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ɽ. ɸ. ʂʦʣʫʙʘʝʚʳʤ. 

ʈʘʙʦʪʳ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ 

ʧʨʦʝʢʪʘ ˉ 19-33-90187, ʘ ʪʘʢʞʝ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʦʚ ʇʨʦʛʨʘʤʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʉʆ ʈɸʅ ˉ III.23.2.4., III.23.2.11., FWRW-2019-0034, FWRW-2022-

0004, III.23.2.7., ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʦʝʢʪʘ, ʨʝʘʣʠʟʫʝʤʦʛʦ ʅɻʊʋ ʠ ʀʌʇʄ ʉʆ ʈɸʅ 

ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ ʚ ʨʘʤʢʘʭ ʧʦʩʪʘʥʦʚʣʝʥʠʷ 

ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 09.04.2010 ˉ 218 (ʩʦʛʣʘʰʝʥʠʝ ʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ ʩʫʙʩʠʜʠʠ 

ʦʪ 22.11.2019 ˉ 075-11-2019-033), ʧʨʦʝʢʪʘ ʈʅʌ ˉ19-79-00136 ʠ ʥʘʫʯʥʦʡ ʰʢʦʣʳ 
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çʅʝʩʪʘʮʠʦʥʘʨʥʘʷ ʤʝʪʘʣʣʫʨʛʠʷ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʘʜʜʠʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʋʧʨʘʚʣʝʥʠʝ ʘʥʠʟʦʪʨʦʧʠʝʡ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚè (ʥʦʤʝʨ ʛʨʘʥʪʘ ʅʐ-1174.2022.4). 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ.  

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 4-ʭ ʛʣʘʚ, ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ 

ʣʠʪʝʨʘʪʫʨʳ ʠʟ 175 ʥʘʠʤʝʥʦʚʘʥʠʡ ʠ 2 ʧʨʠʣʦʞʝʥʠʡ. ɺʩʝʛʦ 158 ʩʪʨʘʥʠʮ,r ʚ ʪʦʤ 

ʯʠʩʣʝ 96 ʨʠʩʫʥʢʦʚ ʠ 29 ʪʘʙʣʠʮ. 
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1. ʉʆʉʊʆʗʅʀɽ ɺʆʇʈʆʉɸ ʀ ɿɸɼɸʏʀ ʀʉʉʃɽɼʆɺɸʅʀʗ 

1.1 ʊʠʪʘʥʦʚʳʝ ʩʧʣʘʚʳ, ʩʚʦʡʩʪʚʘ ʠ ʧʨʠʤʝʥʝʥʠʝ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʫʜʫʪ ʠʩʩʣʝʜʦʚʘʥʳ ʪʠʪʘʥʦʚʳʝ ʩʧʣʘʚʳ: ɺʊ1-0 (ʪʝʭʥʠʯʝʩʢʠ 

ʯʠʩʪʳʡ ʪʠʪʘʥ) ʠ ʆʊ4-1. 

ʉʧʣʘʚ ɺʊ1-0 ʷʚʣʷʝʪʩʷ ʪʝʭʥʠʯʝʩʢʠ ʯʠʩʪʳʤ ʪʠʪʘʥʦʤ. ʊʠʪʘʥ ʷʚʣʷʝʪʩʷ 22 

ʭʠʤʠʯʝʩʢʠʤ ʵʣʝʤʝʥʪʦʤ ʚ ʪʘʙʣʠʮʝ ʄʝʥʜʝʣʝʝʚʘ, ʝʛʦ ʦʪʢʨʳʪʠʝ ʚ ʚʠʜʝ ʜʠʦʢʩʠʜʘ 

ʪʠʪʘʥʘ (TiO2) ʧʨʠʥʘʜʣʝʞʠʪ ʩʨʘʟʫ 2-ʤ ʫʯʸʥʳʤ, ʪ.ʢ. ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ 

ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʘʥʛʣʠʩʢʠʡ ʭʠʤʠʢ ʋ. ɻʨʝʛʦʨ ʠ ʥʝʤʝʮ ʄ.ɻ. ʂʣʘʧʨʦʪ. 

ʋʠʣʴʷʤ ɻʨʝʛʦʨ, ʠʟʫʯʘʷ ʩʦʩʪʘʚ ʤʘʛʥʠʪʥʦʛʦ ʞʝʣʝʟʠʩʪʦʛʦ ʧʝʩʢʘ (ʂʨʠʜ, ʂʦʨʥʫʦʣʣ, 

ɸʥʛʣʠʷ, 1791), ʚʳʜʝʣʠʣ ʥʦʚʫʶ çʟʝʤʣʶè (ʦʢʩʠʜ) ʥʝʠʟʚʝʩʪʥʦʛʦ ʤʝʪʘʣʣʘ, ʢʦʪʦʨʫʶ 

ʥʘʟʚʘʣ ʤʝʥʘʢʝʥʦʚʦʡ. ɺ 1795 ʛʦʜʫ ʥʝʤʝʮʢʠʡ ʫʯʝʥʳʡ ʄʘʨʪʠʥ ɻʝʥʨʠʭ ʂʣʘʧʨʦʪ 

ʥʘʰʝʣ ʚ ʤʠʥʝʨʘʣʝ ʨʫʪʠʣʝ ʥʦʚʳʡ ʵʣʝʤʝʥʪ ʠ ʥʘʟʚʘʣ ʝʛʦ ʪʠʪʘʥʦʤ. ʏʝʨʝʟ ʜʚʘ ʛʦʜʘ 

ʵʪʦʪ ʞʝ ʫʯʸʥʳʡ ʦʙʥʘʨʫʞʠʣ, ʯʪʦ ʨʫʪʠʣ ʠ ʤʝʥʘʢʝʥʦʚʘʷ ʟʝʤʣʷ ð ʦʢʩʠʜʳ ʦʜʥʦʛʦ ʠ 

ʪʦʛʦ ʞʝ ʵʣʝʤʝʥʪʘ. ɿʘ ɻʪʠʤ ʵʣʝʤʝʥʪʦʤ ʦʩʪʘʣʦʩ ɹ ʥʘʟʚʘʥʠʝ çʪʠʪʘʥè, ʢʦʪʦʨʦʝ 

ʧʨʝʜʣʦʞʠʣ ʂʣʘʧʨʦʪ. ɿʘʪʝʤ, ʩʧʫʩʪʷ 10 ʣʝʪ, ʬʨʘʥʮʫʟʩʢʠʡ ʫʯʸʥʳʡ ʃ. ɺʦʢʣʝʥ ʚʳʷʚʠʣ 

ʪʠʪʘʥ ʚ ʘʥʘʪʘʟʝ, ʘ ʪʘʢʞʝ ʜʦʢʘʟʘʣ, ʯʪʦ ʨʫʪʠʣ ʠ ʘʥʘʪʘʟ ð ʠʜʝʥʪʠʯʥʳʝ ʦʢʩʠʜʳ ʪʠʪʘʥʘ 

[11]. 

ɺʧʝʨʚʳʝ ʦʙʨʘʟʝʮ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʪʠʪʘʥʘ ʙʳʣ ʧʦʣʫʯʝʥ ʚ 1825 ʛʦʜʫ ʰʚʝʜʦʤ 

ʁ.ʗ. ɹʝʨʮʝʣʠʫʩʦʤ. ʏʠʩʪʳʡ ʦʙʨʘʟʝʮ ʪʠʪʘʥʘ ʙʳʣ ʧʦʣʫʯʝʥ ʣʠʰʴ ʚ 1925 ʛʦʜʫ ʠʟ-ʟʘ 

ʝʛʦ ʚʳʩʦʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʣʦʞʥʦʩʪʠ ʝʛʦ ʦʯʠʩʪʢʠ ʛʦʣʣʘʥʜʮʘʤʠ ɸ. ʚʘʥ 

ɸʨʢʝʣʦʤ ʠ ʀ. ʜʝ ɹʫʨʦʤ ʧʫʪʝʤ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠ ̫ʧʘʨʦʚ ʠʦʜʠʜʘ ʪʠʪʘʥʘ TiI 4 

[12]. 

ʊʠʪʘʥ ʜʦʣʛʦʝ ʚʨʝʤʷ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʦʢʘ ʫʯʸʥʳʡ ʠʟ 

ʃʁ ʢʩʝʤʙʫʨʛʘ ɻ. ʂʨʦʣʣ ʚ 1940 ʛʦʜʫ ʥʝ ʟʘʧʘʪʝʥʪʦʚʘʣ ʧʨʦʩʪʦʡ ʤʘʛʥʠʝʪʝʨʤʠʯʝʩʢʠʡ 

ʤʝʪʦʜ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʪʠʪʘʥʘ ʠʟ ʪʝʪʨʘʭʣʦʨʠʜʘ. ʕʪʦʪ ʤʝʪʦʜ 

(ʧʨʦʮʝʩʩ ʂʨʦʣʣʘ) ʦʩʪʘʸʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʧʦʣʫʯʝʥʠʠ 

ʪʠʪʘʥʘ ʠ ʚ ʥʘʰʝ ʚʨʝʤʷ[11]. 

ʋ ʪʠʪʘʥʘ ʥʘʙʣʶʜʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ: ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʣʘʚʣʝʥʠʷ ʨʘʚʥʘ 1668Ñ3Áʉ, ʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʪʠʪʘʥʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʩʦʩʪʘʚʣʷʝʪ 22,065 ɺʪ/(ʤĿʂ), ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʠʟʜʝʣʠʷ ʠʟ ʜʘʥʥʦʛʦ 

https://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B5%D0%B3%D0%BE%D1%80,_%D0%A3%D0%B8%D0%BB%D1%8C%D1%8F%D0%BC
https://ru.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B0%D0%BF%D1%80%D0%BE%D1%82,_%D0%9C%D0%B0%D1%80%D1%82%D0%B8%D0%BD_%D0%93%D0%B5%D0%BD%D1%80%D0%B8%D1%85
https://ru.wikipedia.org/wiki/1791
https://ru.wikipedia.org/wiki/%D0%A0%D1%83%D1%82%D0%B8%D0%BB
https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%BA%D0%BB%D0%B5%D0%BD,_%D0%9B%D1%83%D0%B8
https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B0%D1%82%D0%B0%D0%B7
https://ru.wikipedia.org/wiki/1825_%D0%B3%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%91%D0%B5%D1%80%D1%86%D0%B5%D0%BB%D0%B8%D1%83%D1%81,_%D0%99%D0%B5%D0%BD%D1%81_%D0%AF%D0%BA%D0%BE%D0%B1
https://ru.wikipedia.org/wiki/1925_%D0%B3%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%98%D0%BE%D0%B4%D0%B8%D0%B4%D0%BD%D1%8B%D0%B9_%D0%BC%D0%B5%D1%82%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D1%82%D1%80%D0%B0%D0%B8%D0%BE%D0%B4%D0%B8%D0%B4_%D1%82%D0%B8%D1%82%D0%B0%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%9B%D1%8E%D0%BA%D1%81%D0%B5%D0%BC%D0%B1%D1%83%D1%80%D0%B3
https://en.wikipedia.org/wiki/William_Justin_Kroll
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D1%82%D1%80%D0%B0%D1%85%D0%BB%D0%BE%D1%80%D0%B8%D0%B4_%D1%82%D0%B8%D1%82%D0%B0%D0%BD%D0%B0
https://en.wikipedia.org/wiki/Kroll_process
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ʵʣʝʤʝʥʪʘ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʚʝʩʴʤʘ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʪʠʪʘʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20 

Áʉ ʨʘʚʝʥ 8,6Ā10-6 Áʉ
-1
, ʪʝʧʣʦʝʤʢʦʩʪʴ ï 0,523 ʢɼʞ/(ʢʛĿʂ), ʢʨʦʤʝ ʪʦʛʦ, ʪʠʪʘʥ 

ʷʚʣʷʝʪʩʷ ʧʘʨʘʤʘʛʥʠʪʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. ʉʚʦʡʩʪʚʘ ʪʠʪʘʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʥʝ 

ʠʟʤʝʥʷʶʪʩʷ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [13]. ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʠʪʘʥʘ, ʥʘ 

ʧʨʠʤʝʨʝ ʪʝʭʥʠʯʝʩʢʠ ʯʠʩʪʦʛʦ ʪʠʪʘʥʘ ï ʩʧʣʘʚʘ ɺʊ1-0 ʫʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 1.1. 

ʊʘʙʣʠʮʘ 1.1 ï ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʣʠʩʪʦʚʦʛʦ ʤʘʨʦʯʥʦʛʦ ɺʊ1-0 [14] 

ʇʘʨʘʤʝʪʨ  ʇʨʝʜʝʣ 

ʧʨʦʯʥʦʩʪʠ ʧʨʠ 

ʨʘʩʪʷʞʝʥʠʠ ůʚ, 

ʄʇʘ  

ʋʩʣʦʚʥʳʡ 

ʧʨʝʜʝʣ 

ʪʝʢʫʯʝʩʪʠ 

ů0,2, ʄʇʘ  

ʆʪʥʦʩʠ-

ʪʝʣʴʥʦʝ 

ʫʜʣʠʥʝʥʠʝ 

ŭ, %  

ʆʪʥʦʩʠ-

ʪʝʣʴʥʦʝ 

ʩʫʞʝʥʠʝ 

ɣ, %  

ʋʜʘʨʥʘʷ 

ʚʷʟʢʦʩʪʴ 

KCU, ɼʞ/ʩʤ
2
  

ʊʚʝʨʜʦʩʪʴ 

ʧʦ 

ɹʨʠʥʝʣʣʶ 

ʅB, ʄʇʘ  

ɿʥʘʯʝʥʠʝ 375,0 290,0 30,0 60,0 160,0 1310-1630 

 

ʊʘʢʞʝ ʤʘʨʦʯʥʳʡ ʩʦʩʪʘʚ ʩʧʣʘʚʘ ɺʊ1-0 ʫʢʘʟʘʥ ʚ ʪʘʙʣʠʮʝ 1.2. 

ʊʘʙʣʠʮʘ 1.2 ï ʄʘʨʦʯʥʳʡ ʩʦʩʪʘʚ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ɺʊ 1 - 0, % ʤʘʩʩ. 

Fe C  Si  N Ti O H  ʇʨʠʤʝʩʠ 

ʜʦ 0.25 ʜʦ 0.07 ʜʦ 0.1 ʜʦ 0.04 99.24 - 99.7 ʜʦ 0.2 ʜʦ 0.01 ʦʩʪ. 0.3  

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʪʠʪʘʥ ʤʦʞʝʪ ʠʤʝʪʴ ʜʚʝ ʬʘʟʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ 

ʨʝʰʸʪʢʘʤʠ: ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 882 Áʉ ʤʝʪʘʣʣ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ Ŭ-ʬʘʟʳ ʩ ɻʇʋ-

ʨʝʰʝʪʢʦʡ ʩ ʧʘʨʘʤʝʪʨʘʤʠ, ʘ = 0,295 ʥʤ ʠ ʩ = 0,472 ʥʤ, ʘ ʚʳʰʝ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

(ʚʧʣʦʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ) ʪʠʪʘʥ ʠʤʝʝʪ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ 

ʤʦʜʠʬʠʢʘʮʠʶ, ʚ ʚʠʜʝ ɓ-ʪʠʪʘʥʘ, ʦʙʣʘʜʘʶʱʫʶ ʆʎʂ-ʨʝʰʝʪʢʦʡ ʩ ʧʘʨʘʤʝʪʨʦʤ a = 

0,332 ʥʤ. ʇʣʦʪʥʦʩʪʴ Ŭ-ʪʠʪʘʥʘ ʩʦʩʪʘʚʣʷʝʪ 4,5 ʛ/ʩʤ
3
, ʘ ʧʣʦʪʥʦʩʪʴ ɓ-ʪʠʪʘʥʘ ʧʨʠ 899 

Áʉ ʨʘʚʥʘ 4,3 ʛ/ʩʤ
3
. ʕʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʧʦʚʳʰʘʶʪ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʣʠʤʦʨʬʥʦʛʦ 

ʧʨʝʚʨʘʱʝʥʠʷ ʠ ʨʘʩʰʠʨʷʶʱʠʝ Ŭ-ʦʙʣʘʩʪʴ, ʥʘʟʳʚʘʶʪ Ŭ-ʩʪʘʙʠʣʠʟʘʪʦʨʘʤʠ, ʢ ʥʠʤ 

ʦʪʥʦʩʷʪʩʷ ʘʣʶʤʠʥʠʡ, ʘʟʦʪ, ʢʠʩʣʦʨʦʜ ʠ ʜʨ., ʘ ʚʝʱʝʩʪʚʘ, ʯʪʦ ʧʦʥʠʞʘʶʪ ʪʝʤʧʝʨʘʪʫʨʫ 

ʧʦʣʠʤʦʨʬʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʠ ʨʘʩʰʠʨʷʶʱʠʝ ʦʙʣʘʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ɓ-ʬʘʟʳ ï ɓ-

ʩʪʘʙʠʣʠʟʘʪʦʨʳ (ʤʘʨʛʘʥʝʮ, ʞʝʣʝʟʦ, ʚʘʥʘʜʠʡ ʠ ʜʨ.) [15]. 

ʉʧʣʘʚ ʆʊ4-1 ʠʤʝʝʪ Ŭô - ʬʘʟʫ, ʪʦ ʝʩʪʴ ʷʚʣʷʝʪʩʷ ʧʩʝʚʜʦ Ŭ ʩʧʣʘʚʦʤ ʪʠʪʘʥʘ. ɹʳʣ 

ʨʘʟʨʘʙʦʪʘʥ ʚ ɺʀɸʄʝ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʩʦʚʝʪʩʢʦʛʦ ʬʠʟʠʢʘ, ʜʦʢʪʦʨʘ ʪʝʭʥʠʯʝʩʢʠʭ 
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ʥʘʫʢ ʄʦʠʩʝʝʚʘ ɺʘʣʝʥʪʠʥʘ ʅʠʢʦʣʘʝʚʠʯʘ. ɽʛʦ ʤʘʨʦʯʥʳʡ ʩʦʩʪʘʚ ʫʢʘʟʘʥ ʚ ʪʘʙʣʠʮʝ 

1.3. 

ʊʘʙʣʠʮʘ 1.3 ï ʄʘʨʦʯʥʳʡ ʩʦʩʪʘʚ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ʆʊ4-1, % ʤʘʩʩ. 

Fe C  Si  Mn  N Ti Al  Zr O H  ʇʨʠʤʝʩʠ 

ʜʦ 

0.3 

ʜʦ 

0.1 

ʜʦ 

0.12 

0.7

-2 

ʜʦ 

0.05 

94.33-

97.5 

1.5-

2.5 

ʜʦ 

0.3 

ʜʦ 

0.15 

ʜʦ 

0.012 

ʧʨʦʯʠʭ 

0.3  

 

ɼʘʥʥʳʡ ʩʧʣʘʚ ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ ʧʣʘʩʪʠʯʥʳʭ (ʚʳʩʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ), 

ʷʚʣʷʝʪʩʷ ʤʘʣʦʣʝʛʠʨʦʚʘʥʥʳʤ ʪʠʪʘʥʦʚʳʤ ʩʧʣʘʚʦʤ. ɽʛʦ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʩʧʣʘʚʘ ʆʊ4-1 ʧʦʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 1.4. 

ʊʘʙʣʠʮʘ 1.4 ï ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʣʠʩʪʦʚʦʛʦ ʤʘʨʦʯʥʦʛʦ ʆʊ4-1 [14] 

ʇʘʨʘʤʝʪʨ  ʇʨʝʜʝʣ 

ʧʨʦʯʥʦʩʪʠ ʧʨʠ 

ʨʘʩʪʷʞʝʥʠʠ  

ůʚ, ʄʇʘ  

ʋʩʣʦʚʥʳʡ 

ʧʨʝʜʝʣ 

ʪʝʢʫʯʝʩʪʠ 

ů0,2, ʄʇʘ  

ʆʪʥʦʩʠ-

ʪʝʣʴʥʦʝ 

ʫʜʣʠʥʝʥʠʝ     

ŭ, %  

ʆʪʥʦʩʠ-

ʪʝʣʴʥʦʝ 

ʩʫʞʝʥʠʝ      

ɣ, %  

ʋʜʘʨʥʘʷ 

ʚʷʟʢʦʩʪʴ 

KCU, ɼʞ/ʩʤ
2
  

ʊʚʝʨʜʦʩʪʴ 

ʧʦ 

ɹʨʠʥʝʣʣʶ 

ʅB, ʄʇʘ  

ɿʥʘʯʝʥʠʝ 590,0 570,0 20,0 30,0 500,0 1970-2550 

 

Ŭ'-ʬʘʟʘ ʠʣʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ Ŭ-ʬʘʟʘ ʧʝʨʚʦʛʦ ʪʠʧʘ, ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ 

ʦʭʣʘʞʜʝʥʠʠ ʩʦ ʩʢʦʨʦʩʪʴʶ ʥʠʞʝ ʢʨʠʪʠʯʝʩʢʦʡ (ʥʠʞʝ 650Áʉ) ʟʘ ʩʯʝʪ ʨʘʩʧʘʜʘ ɓ-ʬʘʟʳ 

[16ï19]. ʅʘ ʧʦʟʜʥʠʭ ʵʪʘʧʘʭ ʩʪʘʨʝʥʠʷ (ʤʝʥʝʝ ʪʝʤʧʝʨʘʪʫʨʳ Ar3) Ŭ'-ʬʘʟʘ ʧʝʨʝʭʦʜʠʪ ʚ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʬʘʟʫ ʚʪʦʨʦʛʦ ʪʠʧʘ ʠʣʠ ʚ Ŭ''-ʬʘʟʫ, ʚ ʢʦʪʦʨʦʡ ʦʙʨʘʟʫʶʪʩʷ 

ʢʦʣʦʥʠʠ ʪʦʥʢʠʭ ʧʣʘʩʪʠʥ. ʌʘʟʘ Ŭ', ʢʦʪʦʨʫʶ ʪʘʢʞʝ ʠʤʝʥʫʶʪ ʢʘʢ ʧʩʝʚʜʦ-Ŭ-ʬʘʟʦʡ, 

ʠʤʝʝʪ ɻʇʋ ʨʝʰʝʪʢʫ, ʫ ʢʦʪʦʨʦʡ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ. 

ʄʘʨʪʝʥʩʠʪʥʘʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ Ŭ'-ʬʘʟʘ ʧʦʣʫʯʘʝʪʩʷ ʧʝʨʝʩʳʱʝʥʥʝʡ 

ʣʝʛʠʨʫʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʯʝʤ Ŭ''-ʬʘʟʘ, ʝʸ ʩʪʨʫʢʪʫʨʘ ʙʦʣʝʝ ʜʠʩʧʝʨʩʥʘ, ʘ ʪʘʢʞʝ 

ʠʤʝʝʪ ʙʦʣʝʝ ʠʩʢʘʞʸʥʥʫʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ. ɼʘʥʥʘʷ ʬʘʟʘ ʧʦʷʚʣʷʝʪʩʷ ʚ 

ʦʩʥʦʚʥʦʤ ʥʘ ʩʢʦʧʣʝʥʠʷʭ ʜʠʩʣʦʢʘʮʠʡ, ʫʤʝʥʴʰʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ ʩʧʣʘʚʘ. ɽʸ 

ʩʪʨʫʢʪʫʨʘ ʙʳʚʘʝʪ ʨʝʝʯʥʦʡ, ʧʨʠ ʤʘʣʦʤ ʣʝʛʠʨʦʚʘʥʠʠ, ʠʣʠ ʧʣʘʩʪʠʥʯʘʪʦʡ, ʧʨʠ 

ʙʦʣʴʰʝʤ ʣʝʛʠʨʦʚʘʥʠʠ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ɓ-

ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ ʧʨʦʠʩʭʦʜʠʪ ʥʝʧʨʝʨʳʚʥʳʡ ʧʝʨʝʭʦʜ ʦʪ ʦʜʥʦʡ ʬʘʟʳ ʢ ʜʨʫʛʦʡ [19ï

20]. ʇʦ ʤʦʨʬʦʣʦʛʠʠ Ŭ'- ʠ Ŭ"- ʬʘʟʳ ʙʣʠʟʢʠ ʧʦ ʩʦʩʪʘʚʫ, ʧʨʠ ʵʪʦʤ Ŭ"-ʬʘʟʘ ʷʚʣʷʝʪʩʷ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʣʘʩʪʠʥʯʘʪʦʡ, ʩ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ.  
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ʊʘʢ ʢʘʢ ʪʠʪʘʥʦʚʳʝ ʩʧʣʘʚʳ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʧʦʣʝʟʥʳʭ ʩʚʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ 

ʚʳʩʦʢʘ ̫ʫʜʝʣʴʥʘ ̫ʧʨʦʯʥʦʩʪʴ, ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ, ʚʳʩʦʢʘʷ ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ, 

ʦʥʠ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ 

ʤʝʜʠʮʠʥʳ. 

ʀʟ ʩʨʝʜʥʝʧʨʦʯʥʳʭ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ʚ ʩʫʜʦʩʪʨʦʝʥʠʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʟʛʦʪʦʚʣʝʥ  r ʛʨʝʙʥʳʝ ʚʘʣʳ, ʦʙʰʠʚʢʘ, ʜʝʪʘʣʠ ʥʘʩʦʩʦʚ, ʚʠʥʪʳ. ʀʟ 

ʚr ʩʦʢʦʣʝʛʠʨʦʚʘʥʥʦʛʦ ʪʠʪʘʥʘ ʤʦʛʫʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ ʛʣʫʰʠʪʝʣʠ ʜʠʟʝʣʴʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ ʜʣʷ ʧʦʜʚʦʜʥʳʭ ʣʦʜʦʢ, ʪʦʥʢʦʩʪʝʥʥʳʝ ʪʨʫʙ r ʜʣʷ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʠ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ, ʜʠʩʢʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ [21]. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʤʝʥʝʥʠʝ 

ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ ʦʙʱʫʶ ʤʘʩʩʫ ʤʦʨʩʢʦʛʦ 

ʩʫʜʥʘ ʠ, ʪʝʤ ʩʘʤʳʤ, ʫʚʝʣʠʯʠʪʴ ʦʙʲʸʤ ʧʝʨʝʚʦʟʠʤʳʭ ʛʨʫʟʦʚ, ʘ ʪʘʢʞʝ ʧʦʚʳʩʠʪʴ 

ʩʢʦʨʦʩʪʴ ʢʦʨʘʙʣʝʡ [13]. 

ɺ ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʠʟ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ʤʦʛʫʪ ʙʳʪʴ 

ʠʟʛʦʪʦʚʣʝʥr : 

- ʥʝʩʫʱʝʝ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʠ;  

- ʥʘʠʙʦʣʝʝ ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʜʝʪʘʣʠ ʜʚʠʛʘʪʝʣʷ, ʪʘʢʠʝ ʢʘʢ ʢʣʘʧʘʥʳ, ʢʫʣʘʯʢʦʚʳʝ ʚʘʣʳ, 

ʢʨʠʚʦʰʠʧʥʳʝ ʚʘʣʳ, ʰʘʪʫʥʳ, ʛʠʣʴʟʳ ɼɺʉ, ʙʦʣʪʳ;  

- ʢʦʤʧʦʥʝʥʪʳ ʭʦʜʦʚʦʡ ʯʘʩʪʠ, ʢʘʢ ʥʘʧʨʠʤʝʨ ʵʣʝʤʝʥʪʳ ʪʨʘʥʩʤʠʩʩʠʡ, ʘ ʠʤʝʥʥʦ ʚʘʣʳ, 

ʰʝʩʪʝʨʥʠ, ʩʘʪʝʣʣʠʪʳ, ʙʦʣʪʳ;  

- ʵʣʝʤʝʥʪʳ ʩʮʝʧʣʝʥʠʷ, ʢ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢʦʨʧʫʩʳ, ʜʠʩʢʠ ʩʮʝʧʣʝʥʠʷ;  

- ʜʨʫʛʠʝ ʜʝʪʘʣʠ: ʪʝʧʣʦʦʙʤʝʥʥʠʢʠ, ʩʠʩʪʝʤʳ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ, ʨʘʜʠʘʪʦʨʳ, ʧʨʫʞʠʥʳ 

ʢʣʘʧʘʥʦʚ ʠ ʰʘʩʩʠ. 

ʀʟʛʦʪʦʚʣʝʥʠʝ ʰʘʪʫʥʦʚ ʠʟ ʫʧʨʦʯʥʝʥʥʳʭ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ʧʦʟʚʦʣʠʪ ʥʘ 30 

% ʩʥʠʟʠʪʴ ʥʘʛʨʫʟʢʠ ʥʘ ʰʘʪʫʥʥʳʝ ʧʦʜʰʠʧʥʠʢʠ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʠʭ 

ʥʘʜʝʞʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ. 

ʂ ʤʘʪʝʨʠʘʣʘʤ, ʧʨʠʤʝʥʷʝʤʳʤ ʚ ʘʚʠʘʩʪʨʦʝʥʠʠ, ʠʤʝʝʪʩʷ ʨʷʜ ʪʨʝʙʦʚʘʥʠʡ; 

ʜʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʫʜʝʣʴʥʦ-ʧʨʦʯʥʦʩʪʥʳʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ, ʚʳʩʦʢʦʡ ʞʘʨʦʧʨʦʯʥʦʩʪʴʶ, ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʫʩʪʘʣʦʩʪʥʳʤ ʥʘʛʨʫʟʢʘʤ, 

ʠ ʢʦʨʨʦʟʠʦʥʥʦ- ʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴʶ. ɺr ʩʦʢʦʣʝʛʠʨʦʚʘʥʥʳʝ ʪʠʪʘʥʦʚʳʝ ʩʧʣʘʚʳ 

ʦʪʥʦʩʷʪʩʷ ʢ ʞʘʨʦʧʨʦʯʥʳʤ ʤʘʪʝʨʠʘʣʘʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ 
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ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʙʦʣʝʝ 600Áʉ. ʊʘʢʠʝ ʩʧʣʘʚʳ ʧʦʣʫʯʠʣʠ ʙʦʣʴʰʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ ʩʚʝʨʭʟʚʫʢʦʚʳʭ ʩʘʤʦʣʝʪʦʚ, ʠʟ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʠʟʚʦʜʷʪ ʜʠʩʢʠ 

ʪʫʨʙʠʥ ʨʝʘʢʪʠʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʣʦʧʘʪʢʠ ʢʦʤʧʨʝʩʩʦʨʦʚ, ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʠ ʠ 

ʢʦʨʧʫʩʥʳʝ ʜʝʪʘʣʠ ʚʝʥʪʠʣʷʪʦʨʦʚ ʠ ʢʦʤʧʨʝʩʩʦʨʦʚ ʜʚʠʛʘʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʤʥʦʛʠʝ 

ʜʨʫʛʠʝ ʰʪʘʤʧʦʚʘʥʥʳʝ ʜʝʪʘʣʠ [13, 21]. ʀʟ ʥʝʣʝʛʠʨʦʚʘʥʥʦʛʦ ʪʠʪʘʥʘ ʠʟʛʦʪʘʚʣʠʚʘʶʪ 

ʟʘʢʨʳʣʢʠ, ʢʦʞʫʭʠ, ʟʘʱʠʪʥʳʝ ʦʙʦʣʦʯʢʠ ʜʣʷ ʢʘʙʝʣʝʡ ʠ ʥʘʧʨʘʚʣʷʶʱʠʝ ʜʣʷ 

ʩʥʘʨʷʜʦʚ. ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʰʧʘʥʛʦʫʪʦʚ, ʢʘʨʢʘʩʘ ʬʶʟʝʣʷʞʘ, ʙʘʣʦʢ, ʣʦʥʞʝʨʦʥʦʚ, 

ʜʝʪʘʣʝʡ ʰʘʩʩʠ, ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʭ ʧʝʨʝʛʦʨʦʜʦʢ ʧʨʠʤʝʥʷʶʪ 

ʣʝʛʠʨʦʚʘʥʥʳʡ ʪʠʪʘʥ [21]. 

ʇʨʠʤʝʥʝʥʠʝ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ʚʤʝʩʪʦ ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʫʟʣʦʚ ʚ ʩʘʤʦʣʝʪʦʩʪʨʦʝʥʠʠ ʠ ʚʝʨʪʦʣʝʪʦʩʪʨʦʝʥʠʠ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʤʝʥʴʰʝʥʠʶ ʤʘʩʩʳ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʥʘ 35...40 %, ʧʨʠ ʵʪʦʤ ʩʦʭʨʘʥʷʝʪʩʷ 

ʥʘʜʝʞʥʦʩʪ,ɹ ʜʦʣʛʦʚʝʯʥʦʩʪ ɹʠ ʵʢʦʥʦʤʠʯʥʦʩʪ ɹʠʟʜʝʣʠʡ. 

ɺ ʜʘʥʥʦʝ ʚʨʝʤʷ ʧʨʦʚʦʜʷʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ʚ ʢʘʯʝʩʪʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʨʠʮʳ ʜʣʷ 

ʜʠʩʧʝʨʩʥʦ-ʫʧʨʦʯʥʝʥʥʳʭ ʠ ʘʨʤʠʨʦʚʘʥʥʳʭ ʫʛʣʝʨʦʜʥʳʤʠ ʠʣʠ ʙʦʨʦʫʛʣʝʨʦʜʥʳʤʠ, 

ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʳʤʠ ʚʦʣʦʢʥʘʤʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [22, 23]. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʧʣʘʚ ʆʊ4-1 ʧʦʣʫʯʠʣ ʧʨʠʤʝʥʝʥʠʝ ʚ ʚʦʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʙʨʦʥʝʞʠʣʝʪ ɾɿʊ-71 ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʠʟ ʜʘʥʥʦʛʦ ʩʧʣʘʚʘ [24]. ʊʘʢʞʝ 

ʠʟ ʥʝʛʦ ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ ʢʨʳʣʴʷ, ʨʫʣʝʚʳʝ ʦʧʝʨʝʥʴʷ ʠ ʚʦʟʜʫʭʦʚʦʜʳ 

ʧʨʦʪʠʚʦʢʦʨʘʙʝʣʴʥʦʡ ʨʘʢʝʪʳ çʄʦʩʢʠʪè ʇ-270 (ʧʦ ʢʦʜʠʬʠʢʘʮʠʠ ʅɸʊʆ SS-N-22 

Sunburn) [25]. ɼʘʥʥʘʷ ʩʚʝʨʭʟʚʫʢʦʚʘʷ ʤʘʣʦʚʳʩʦʪʥʘʷ ʨʘʢʝʪʘ ʠʤʝʝʪ ʜʘʣʴʥʦʩʪʴ 

ʩʪʨʝʣʴʙʳ ʦʪ 10 ʜʦ 120 ʢʤ, ʘ ʧʨʠ ʚʳʩʦʪʥʦʤ ʧʨʦʬʠʣʝ ʧʦʣʸʪʘ 250 ʢʤ.  

 

1.1.1 ʀʥʪʝʥʩʠʚʥʘʷ ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ 

ɺʦʧʨʦʩ ʦ ʪʦʤ, ʢʘʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ʙʫʜʫʪ ʠʟʤʝʥʷʪʴʩʷ 

ʧʦʩʣʝ ʜʝʡʩʪʚʠʷ ʠʥʪʝʥʩʠʚʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ (ʀʇɼ) ʠ ʧʦʣʫʯʝʥʠʷ 

ʩʫʙʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪ ɹʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ 

ʜʘʥʥʦʡ ʨʘʙʦʪʳ, ʧʦʩʢʦʣʴʢʫ ʤʘʪʝʨʠʘʣ ʧʨʠ ʩʚʘʨʢʝ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. ɺ ʨʷʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ [26ï
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30] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʙʣʘʛʦʜʘʨʷ ʀʇɼ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʁʪʩʷ ʧʨʦʯʥʦʩʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʩʪʘʪʠʯʝʩʢʦʛʦ ʠ ʮʠʢʣʠʯʝʩʢʦʛʦ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [26] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʝʨʝʚʦʜ ʩʧʣʘʚʘ ɺʊ1-0 ʚ 

ʩʫʙʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʤʝʪʦʜʦʤ ʨʘʚʥʦʢʘʥʘʣʴʥʦʛʦ ʫʛʣʦʚʦʛʦ 

ʧʨʝʩʩʦʚʘʥʠʷ ʧʦʚʳʰʘʝʪ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʥʘ 

ʩʠʤʤʝʪʨʠʯʥʳʡ ʠʟʛʠʙ ʩ ʚʨʘʱʝʥʠʝʤ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ʧʦʢʘʟʘʥ  rʚ ʪʘʙʣʠʮʝ 1.5. 

ʊʘʙʣʠʮʘ 1.5 ï ʄʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɺʊ1-0 ʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ 

ʩʪʨʫʢʪʫʨʳ [26]  

ʉʦʩʪʦʷʥʠʝ (ʪʠʧ ʩʪʨʫʢʪʫʨʳ) ůɺ, ʄʇʘ ů02, ʄʇʘ ŭ, % ɣ, % ů-1, ʄʇʘ 

ʀʩʭʦʜʥʦʝ ʛʦʨʷʯʝʢʘʪʘʥʥʦʝ,  

ʨʘʟʤʝʨ ʟʝʨʝʥ 15 ʤʢʤ 

460 380 26 60 238Ñ10 

ʅʘʥʦʩʪʨʫʢʪʫʨʥʦʝ 

(ʨʘʚʥʦʦʩʥʘʷ) 

710 625 14 60 403Ñ8 

ʅʘʥʦʩʪʨʫʢʪʫʨʥʦʝ 

(ʚʦʣʦʢʥʠʩʪʘʷ) 

960 725 10 45 434Ñ5 

ʅʘʥʦʩʪʨʫʢʪʫʨʥʦʝ 

(ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʘʷ) 

1100 915 9 40 482Ñ8 

 

ʂʨʠʚʳʝ ʫʩʪʘʣʦʩʪʠ ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.1. ɺ ʦʙʨʘʙʦʪʘʥʥʦʤ ʤʘʪʝʨʘʣʝ 

ʥʘʙʣʶʜʘʣʠʩʴ 3 ʪʠʧʘ ʩʦʩʪʦʷʥʠʡ. ʈʘʚʥʦʦʩʥʘʷ ʟʝʨʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ (2) ʥʘʙʣʶʜʘʣʘʩʴ 

ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʟʝʨʥʘ 0,25 ʤʢʤ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 

ʨʝʰʝʪʦʯʥʳʭ ʜʠʩʣʦʢʘʮʠʡ (ʜʦ 10
12
ï10

13
 ʤ

-2
). ɺ ʩʪʨʫʢʪʫʨʝ (3) ʨʘʟʤʝʨ ʟʝʨʥʘ ʙʳʣ ʨʘʚʝʥ 

0,15 ʤʢʤ. ɼʣʷ ʜʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʚʦʡʩʪʚʝʥʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʚʳʩʦʢʦ- ʠ 

ʤʘʣʦʫʛʣʦʚʳʭ ʛʨʘʥʠʮ ʟʝʨʝʥ ʩ ʧʣʦʪʥʦʩʪʴʶ ʜʠʩʣʦʢʘʮʠʡ 10
13
ï10

14
 ʤ

-2
, ʢʨʦʤʝ ʪʦʛʦ, 

ʧʦʷʚʣʝʥʠʝ ʟʝʨʝʥ, ʧʦʣʥʦʩʪʴʶ ʩʚʦʙʦʜʥʳʭ ʦʪ ʜʠʩʣʦʢʘʮʠʡ. ʇʨʝʜʝʣ ʚʳʥʦʩʣʠʚʦʩʪʠ 

ʪʘʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 2 ʨʘʟʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʠʩʭʦʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʭʦʪʷ 

ʧʣʘʩʪʠʯʥʦʩʪʴ (4) ʫʤʝʥʴʰʘʝʪʩʷ. ʆʙʠɦʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʥʘʠʚʳʩʰʝʤ 

ʧʨʝʜʝʣʝ ʧʨʦʯʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʧʨʝʜʝʣʘ ʚʳʥʦʩʣʠʚʦʩʪʠ 

ʛʣʘʜʢʠʭ ʦʙʨʘʟʮʦʚ [26]. 
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ʈʠʩʫʥʦʢ 1.1 ï ʋʩʪʘʣʦʩʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ʠʩʭʦʜʥʦʛʦ (1) ʠ ʩ 

ʨʘʚʥʦʦʩʥʦʡ (2), ʚʦʣʦʢʥʠʩʪʦʡ (3) ʠ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʦʡ (4) ʩʪʨʫʢʪʫʨʦʡ [26] 

 

ɺʣʠʷʥʠʝ ʩʫʙʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʘ ɺʊ1-0 ʥʘ 

ʮʠʢʣʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʘʭ [27]. ɼʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠʤʝʣʘ ʨʘʟʤʝʨ 

ʟʝʨʝʥ 300 ʥʤ (ůɺ = 810 ʄʇʘ; ůʊ = 650 ʄʇʘ; ŭ = 15 %) ʧʦʩʣʝ ʀʇɼ, ʚ ʢʦʪʦʨʦʤ 

ʤʥʦʛʦʢʨʘʪʥʦʝ ʧʨʝʩʩʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 400ï450 Áʉ. 

ʅʝʢʦʪʦʨʳʝ ʦʙʨʘʟʮ rʧʦʩʣʝ ʫʛʣʦʚʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʧʦʜʚʝʨʛʘʣʠʩ ɹʭʦʣʦʜʥʦʡ ʧʨʦʢʘʪʢʝ 

ʧʨʠ ʦʙʞʘʪʠʠ ʚ 75 % ʠ ʟʘʪʝʤ ʩʪʘʙʠʣʠʟʠʨʦʚʘʣʠʩʴ ʦʪʞʠʛʦʤ ʚ ʪʝʯʝʥʠʝ 1ï2 ʯ ʧʨʠ 300 

Áʉ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ, ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʪʘʢʞʝ ʦʙʨʘʟʮʳ ʩ ʨʘʟʤʝʨʦʤ ʟʝʨʥʘ 25 ʤʢʤ (ůɺ = 

460 ʄʇʘ; ůʊ = 380 ʄʇʘ; ŭ = 26 %). ʀʩʧʳʪʘʥʠʷ ʥʘ ʤʥʦʛʦʮʠʢʣʦʚʫʶ ʫʩʪʘʣʦʩʪʴ ʧʨʠ 

ʩʠʤʤʝʪʨʠʯʥʦʤ ʨʘʩʪʷʞʝʥʠʠ-ʩʞʘʪʠʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʧʨʠ ʜʠʘʤʝʪʨʝ 

ʨʘʙʦʯʝʡ ʯʘʩʪʠ 7 ʤʤ ʧʨʦʭʦʜʠʣʠ ʩ ʯʘʩʪʦʪʦʡ 10 ɻʮ, ʘ ʥʘ ʤʘʣʦʮʠʢʣʦʚʫʶ ʫʩʪʘʣʦʩʪʴ ʩ 

ʯʘʩʪʦʪʦʡ 2 ɻʮ. ʇʦʣʫʯʝʥʥʳʝ ʢʨʠʚʳʝ ʫʩʪʘʣʦʩʪʠ ʦʙʨʘʟʮʦʚ ʩ ʫʣʴʪʨʘʤʝʣʢʦʟʝʨʥʠʩʪʳʤ 

ʩʦʩʪʘʚʦʤ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.2 ʠ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʨʠʚʘʷ ʫʩʪʘʣʦʩʪʠ 

ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʛʦ ʪʠʪʘʥʘ, ʧʦʣʫʯʝʥʥʘʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ [28]. ʉʦʛʣʘʩʥʦ ʛʨʘʬʠʢʫ, 

ʥʘʠʙʦʣʴʰʠʡ ʧʨʝʜʝʣ ʫʩʪʘʣʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʦʙʨʘʟʮʦʚ, ʧʨʦʰʝʜʰʠʭ 

ʨʘʚʥʦʢʘʥʘʣʴʥʦʝ ʫʛʣʦʚʦʝ ʧʨʝʩʩʦʚʘʥʠʝ ʠ ʭʦʣʦʜʥʫ  ʁ ʧʨʦʢʘʪʢʫ (1), ʘ ʫ 

ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ (3) ʧʨʝʜʝʣ ʫʩʪʘʣʦʩʪʠ ʥʘʤʥʦʛʦ ʥʠʞʝ, ʯʝʤ ʦʙʨʘʟʮʦʚ 

ʧʦʜʚʝʨʛʥʫʪʳʭ ʀʇɼ (1 ʠ 2). 
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ʈʠʩʫʥʦʢ 1.2 - ʂʨʠʚʳʝ ʤʥʦʛʦʮʠʢʣʦʚʦʡ ʫʩʪʘʣʦʩʪʠ ɺʊ1-0; 1 ï ʧʦʩʣʝ ʈʂʋʇ ʠ 

ʭʦʣʦʜʥʦʡ ʧʨʦʢʘʪʢʠ [27]; 2 ï ʧʦʩʣʝ ʈʂʋʇ [30]; 3 ï ʨʘʟʤʝʨ ʟʝʨʥʘ 9 ʤʢʤ [28]  

 

ɸʚʪʦʨʳ [29, 30] ʠʩʩʣʝʜʦʚʘʣʠ ʫʩʪʘʣʦʩʪʥʫʶ ʧʨʦʯʥʦʩʪʴ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ʚ 

ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʧʦʩʣʝ ʨʘʚʥʦʢʘʥʘʣʴʥʦʛʦ ʫʛʣʦʚʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ. ɺ 

ʠʟʥʘʯʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ ʩʧʣʘʚʘ ɺʊ1-0 ʠʤʝʣʠʩʴ ʨʘʚʥʦʦʩʥʳʝ ʟʝʨʥʘ ʨʘʟʤʝʨʦʤ 5ï7 

ʤʢʤ ʩ ʧʣʦʪʥʦʩʪʴʶ ʜʠʩʣʦʢʘʮʠʡ 10
9 
ʩʤ

-2
. ɺ ʧʨʦʮʝʩʩʝ ʨʘʚʥʦ-ʢʘʥʘʣʴʥʦʛʦ ʫʛʣʦʚʦʛʦ 

ʧʨʝʩʩʦʚʘʥʠʷ ʨʘʟʤʝʨ r ʟʝʨʝʥ ʫʤʝʥʴʰʠʣʠʩʴ ʜʦ 0,15ï0,35 ʤʢʤ, ʘ ʧʣʦʪʥʦʩʪʴ 

ʜʠʩʣʦʢʘʮʠʡ ʩʦʩʪʘʚʠʣʘ 2Ā10
10

 ʩʤ
-2
. ɺ ʠʟʥʘʯʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩʧʣʘʚʘ ɺʊ6 ʙʳʣʘ 

ʨʘʚʥʦʦʩʥʘʷ ʩʪʨʫʢʪʫʨʘ ʟʸʨʝʥ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 2 ʤʢʤ. ʇʦʩʣʝ ʫʢʘʟʘʥʥʦʛʦ 

ʚʠʜʘ ʀʇɼ 80 % ʟʝʨʝʥ Ŭ-ʬʘʟʳ ʦʙʨʘʟʦʚʘʣʠ Ŭô-ʬʘʟʫ (ʤʘʨʪʝʥʩʠʪ). ʀʭ ʧʦʧʝʨʝʯʥʳʡ 

ʨʘʟʤʝʨ ʩʪʘʣ 1,5ï2,5 ʤʢʤ, ʘ ʧʨʦʜʦʣʴʥʳʡ ʙʦʣʝʝ 10 ʤʢʤ. ɺ ʜʘʥʥʦʤ ʩʧʣʘʚʝ ʨʘʟʚʠʪʠʝ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʮʠʢʣʠʯʝʩʢʦʤ ʥʘʛʨʫʞʝʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ Ŭô-ʬʘʟʳ, ʘ ʝʸ ʩʪʨʫʢʪʫʨʘ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʫʩʪʘʣʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ. ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ɺʊ1-0 

ʧʦʩʣʝ ʨʘʚʥʦ-ʢʘʥʘʣʴʥʦʛʦ ʫʛʣʦʚʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʜʦʭʦʜʠʣ ʜʦ 1140 ʄʇʘ, ʘ ʧʨʝʜʝʣʘ 

ʪʝʢʫʯʝʩʪʠ ʜʦ 960 ʄʇʘ. ɸʚʪʦʨʳ [31] ʩʦʦʙʱʘʶʪ, ʯʪʦ ʧʨʝʜʝʣ ʫʩʪʘʣʦʩʪʠ 

ʫʣʴʪʨʘʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ɺʊ1-0 ʧʦʩʣʝ ʨʘʚʥʦʢʘʥʘʣʴʥʦʛʦ ʫʛʣʦʚʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 1,67 ʨʘʟʘ, ʥʦ ʧʨʠ ʵʪʦʤ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʥʘʜʨʝʟʫ ʪʘʢʞʝ 

ʚʦʟʨʘʩʪʘʝʪ. 

ɸʚʪʦʨʳ [32] ʩʨʘʚʥʠʚʘʣʠ ʮʠʢʣʠʯʝʩʢʫʶ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʠʩʭʦʜʥʦʛʦ ɺʊ1-0 ʩ 

ʟʝʨʥʘʤʠ ʚ 22 ʤʢʤ ʠ ʧʨʝʜʝʣʦʤ ʪʝʢʫʯʝʩʪʠ 430 ʄʇʘ ʠ ʩʫʙʤʠʢʨʦʢʨʠʩʪʘʣʠʯʝʩʢʦʛʦ 

ɺʊ1-0, ʩ ʟʝʨʥʘʤʠ ʚ 250 ʥʤ ʠ ʧʨʝʜʝʣʦʤ ʪʝʢʫʯʝʩʪʠ 635 ʄʇʘ. ʋʣʴʪʨʘʤʝʣʢʦʟʝʨʥʠʩʪʳʡ 

ʤʘʪʝʨʠʘʣ ʧʦʣʫʯʝʥ ʩ ʧʦʤʦʱʴʶ 8-ʤʠ ʧʨʦʭʦʜʦʚ ʨʘʚʥʦ-ʢʘʥʘʣʴʥʦʛʦ ʫʛʣʦʚʦʛʦ 
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ʧʨʝʩʩʦʚʘʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 425 Áʉ. ʆʙʨʘʟʮʳ ʪʦʣʱʠʥʦʡ 3 ʤʤ ʥʘ ʮʠʢʣʠʯʝʩʢʫʶ 

ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʠʩʧʳʪʳʚʘʣʠ ʧʨʠ ʘʩʠʤʤʝʪʨʠʠ ʮʠʢʣʘ ʥʘʛʨʫʞʝʥʠʷ R = 0,1 ʠ 0,3 ʩ 

ʯʘʩʪʦʪʦʡ 10 ɻʮ. ʂʠʥʝʪʠʯʝʩʢʠʝ ʜʠʘʛʨʘʤʤʳ ʫʩʪʘʣʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.3. ʉʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʫʩʪʘʣʦʩʪʥʦʡ ʪʨʝʱʠʥʳ ʚ ʩʫʙʤʠʢʨʦʢʨʠʩʪʘʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʩʧʣʘʚʘ ʥʘ ʧʦʨʷʜʦʢ 

ʚʳʰʝ, ʯʝʤ ʚ ʠʩʭʦʜʥʦʤ ʤʘʪʝʨʠʘʣʝ. ʇʦʨʦʛʦʚʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʥʘʧʨʷʞʝʥʠʡ (ȹʂth) ʚ 2,5 ʨʘʟʘ ʤʝʥʴʰʝ ʧʨʠ ʫʣʴʪʨʘʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʝ, ʯʝʤ ʚ 

ʠʩʭʦʜʥʦʤ ï ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʤ. 

 

ʈʠʩʫʥʦʢ 1.3 - ʂʠʥʝʪʠʯʝʩʢʠʝ ʜʠʘʛʨʘʤʤʳ ʫʩʪʘʣʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ɺʊ1-0 ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʟʝʨʥʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʘʩʠʤʤʝʪʨʠʠ ʮʠʢʣʘ [32] 

 

ɸʚʪʦʨʳ [33, 34] ʠʟʫʯʠʣʠ ʫʩʪʘʣʦʩʪʴ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ɺʊ6 ʩ 

ʫʣʴʪʨʘʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʦʙʣʘʜʘʶʱʝʛʦ ʛʣʦʙʫʣʷʨʥʳʤʠ ʟʝʨʥʘʤʠ 

ʨʘʟʤʝʨʦʤ ~ 0,4 ʤʢʤ Ŭ- ʠ ɓ- ʬʘʟ, ʠ ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʤʥʦʛʦʢʨʘʪʥʦʡ 

ʚʩʝʩʪʦʨʦʥʥʝʡ ʦʩʘʜʢʠ ʟʘʛʦʪʦʚʦʢ ʜʠʘʤʝʪʨʦʤ 25 ʤʤ ʧʨʠ 550ï650 Áʉ. ɿʘʪʝʤ ʟʘʛʦʪʦʚʢʠ 

ʧʨʦʭʦʜʠʣʠ ʦʪʞʠʛ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 650 Áʉ. ʊʘʢʞʝ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʚʦʡʩʪʚ ʫʩʪʘʣʦʩʪʠ ʩʧʣʘʚʘ ʩ ʨʘʟʤʝʨʦʤ ʟʝʨʥʘ 10 ʤʢʤ, ʯʪʦʙʳ ʩʨʘʚʥʠʪʴ ʩ 

ʧʦʣʫʯʝʥʥʳʤ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʨʘʟʤʝʨʘ ʟʝʨʥʘ ʩ 10 ʤʢʤ ʜʦ 4 ʤʢʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʩ 1050 ʜʦ 1300 ʄʇʘ, ʧʨʠ ʵʪʦʤ ʨʘʩʪʝʪ ʠ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ. ʂʨʦʤʝ 

ʪʦʛʦ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʫʞʝʥʠʝ ʩ 32 ʜʦ 60 %. ʍʦʪʷ ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʫʜʣʠʥʝʥʠʝ ʧʘʜʘʝʪ ʩ 9 ʜʦ 7 %. ʇʣʘʩʪʠʥʯʘʪʳʝ ʦʙʨʘʟʮ rʩ ʨʘʟʣʠʯʥʳʤʠ ʨʘʟʤʝʨʘʤʠ 
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ʟʝʨʥʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʫʩʣʦʚʠʷʭ ʧʫʣʴʩʠʨʫʶʱʝʛʦ ʢʦʥʩʦʣʴʥʦʛʦ ʠʟʛʠʙʘ ʩ ʯʘʩʪʦʪʦʡ 

500 ɻʮ ʧʦ ʫʩʢʦʨʝʥʥʦʤʫ ʤʝʪʦʜʫ, ʢʨʠʚʳʝ ʫʩʪʘʣʦʩʪʠ ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 

1.4. ʇʨʝʜʝʣ ʫʩʪʘʣʦʩʪʠ ʧʨʠ 2Ā10
7
 ʮʠʢʣʘʭ ʫ ʩʫʙʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʧʣʘʚʘ ʨʘʚʝʥ 

693 ʄʇʘ. ɼʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʙʦʣʴʰʝ ʯʝʤ ʫ ʠʩʭʦʜʥʦʛʦ ʩʧʣʘʚʘ ʩ ʨʘʟʤʝʨʦʤ ʟʝʨʥʘ 10 

ʤʢʤ, ʫ ʢʦʪʦʨʦʛʦ ʦʥʦ ʨʘʚʥʦ 580 ʄʇʘ. 

 

ʈʠʩʫʥʦʢ 1.4 - ɺʣʠʷʥʠʝ ʨʘʟʤʝʨʘ ʟʝʨʥʘ ʥʘ ʩʚʦʡʩʪʚʘ ʫʩʪʘʣʦʩʪʠ ʩʧʣʘʚʘ ɺʊ6 ʨʘʟʤʝʨ 

ʟʝʨʥʘ: 1 ï0,4 ʤʢʤ; 2 ï 10 ʤʢʤ [33] 

 

ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʩʚʦʡʩʪʚʘʤ ʮʠʢʣʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ 

ʧʦʩʣʝ ʀʇɼ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʩʪʘʪʠʯʝʩʢʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘ ʪʘʢʞʝ 

ʩʚʦʡʩʪʚ ʤʥʦʛʦʮʠʢʣʦʚʦʡ ʫʩʪʘʣʦʩʪʠ, ʪʘʢʠʭ ʢʘʢ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʧʨʝʜʝʣ ʫʩʪʘʣʦʩʪʠ. 

ʇʘʨʘʤʝʪʨʳ ʤʘʣʦʮʠʢʣʦʚʦʡ ʫʩʪʘʣʦʩʪʠ ʫʣʴʪʨʘʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʩʪʨʫʢʪʫʨ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʫʤʝʥʴʰʘʶʪʩʷ ʙʣʘʛʦʜʘʨʷ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʟʘʧʘʩʫ ʮʠʢʣʠʯʝʩʢʦʡ 

ʧʣʘʩʪʠʯʥʦʩʪʠ, ʚ ʦʪʣʠʯʠʠ ʦʪ ʠʩʭʦʜʥʳʭ ʘʥʘʣʦʛʦʚ. ɿʘʧʘʩ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ 

ʧʦʥʠʞʝʥʠʁ ʨʘʟʤʝʨʦʚ ʟʝʨʥʘ ʠ ʤʝʭʘʥʠʟʤʘʤ ʜʠʩʣʦʢʘʮʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ. ʇʨʠ 

ʵʪʦʤ ʫʤʝʥʴʰʝʥʠʝ ʧʣʘʩʪʠʯʥʦʩʪʠ ʧʦʩʣʝ ʀʇɼ ʚʣʝʯʸʪ ʫʚʝʣʠʯʝʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʢ ʢʦʥʮʝʥʪʨʘʪʦʨʘʤ ʥʘʧʨʷʞʝʥʠʡ ʠ ʫʤʝʥʴʰʝʥʠ ʁ ʧʘʨʘʤʝʪʨʦʚ ʮʠʢʣʠʯʝʩʢʦʡ 

ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ. ʋʣʴʪʨʘʤʝʣʢʦʟʝʨʥʠʩʪʳʝ ʩʪʨʫʢʪʫʨʳ ʠʤʝʶʪ ʧʦʚʳʰʝʥʥʦʝ 
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ʠʥʪʝʥʩʠʚʥʦʝ ʮʠʢʣʠʯʝʩʢʦʝ ʫʧʨʦʯʥʝʥʠʝ ʧʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʠʩʭʦʜʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ. ʉʦʦʪʥʦʰʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʨʘʟʤʝʨʘ ʟʝʨʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʍʦʣʣʘ-ʇʝʪʯʘ [35]. 

 

1.1.2 ʉʚʘʨʠʚʘʝʤʦʩʪʴ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ, ʠ ʩʚʦʡʩʪʚʘ ʩʚʘʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ 

ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʫʩʣʦʚʠʡ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʚʘʨʥʦʛʦ ʰʚʘ ʷʚʣʷʝʪʩʷ 

ʥʘʜʝʞʥʘʷ ʟʘʱʠʪʘ ʦʪ ʛʘʟʦʚ ʘʪʤʦʩʬʝʨʳ, ʪʘʢ ʢʘʢ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʚʳʝh 350 Áʉ 

ʤʝʪʘʣʣ ʥʘʩʳʘɦʝʪʩʷ ʢʠʩʣʦʨʦʜʦʤ, ʘʟʦʪʦʤ ʠ ʚʦʜʦʨʦʜʦʤ. ʕʪʦ ʨʝʟʢʦ ʩʥʠʞʘʝʪ 

ʧʣʘʩʪʠʯʥʦʩʪʴ ʠ ʜʣʠʪʝʣʴʥʫʶ ʧʨʦʯʥʦʩʪʴ ʩʚʘʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʇʦʵʪʦʤʫ ʩʚʘʨʢʫ 

ʥʫʞʥʦ ʧʨʦʚʦʜʠʪʴ ʚ ʩʨʝʜʝ ʟʘʱʠʪʥʳʭ ʛʘʟʦʚ (ʘʨʛʦʥʘ ʠʣʠ ʛʝʣʠʷ) ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ ʧʦʜ 

ʩʧʝʮʠʘʣʴʥʳʤʠ ʬʣʶʩʘʤʠ ʠʣʠ ʚ ʚʘʢʫʫʤʝ. ɿʘʱʠʪʥʳʝ ʩʨʝʜʩʪʚʘ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʟʘʱʠʪʫ ʟʦʥʳ ʩʚʘʨʢʠ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʠʟʦʪʝʨʤʦʡ ʩʚʳʰʝ 350 Áʉ. ʅʝʦʙʭʦʜʠʤʦ 

ʟʘʱʠʱʘʪʴ ʠ ʦʙʨʘʪʥʫʶ ʩʪʦʨʦʥʫ ʰʚʘ ʜʘʞʝ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʩʣʦʠ ʤʝʪʘʣʣʘ ʥʝ 

ʨʘʩʧʣʘʚʣʷʣʠʩʴ, ʘ ʪʦʣʴʢʦ ʥʘʛʨʝʚʘʣʠʩʴ ʚʳʰʝ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʉʚʘʨʥʳʝ ʰʚ rʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʩʚʦʠʤ ʩʪʨʫʢʪʫʨʘʤ, ʩʚʦʡʩʪʚʘʤ, ʭʠʤʠʯʝʩʢʦʤʫ 

ʩʦʩʪʘʚʫ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. ʊʨʝʙʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʢ ʩʚʘʨʥʳʤ ʢʦʥʩʪʨʫʢʮʠʷʤ, ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʝ 

ʚʩʝʭ ʟʦʥ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ɺ ʩʚʘʨʥʦʤ ʰʚʝ ʚʳʜʝʣʷʶʪ ʥʝʩʢʦʣʴʢʦ ʟʦʥ: ʦʩʥʦʚʥʦʡ 

ʤʝʪʘʣʣ (ʆʄ); ʟʦʥʘ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ (ɿʊɺ); ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʦʙʣʘʩʪʴ ʚ 

ɿʊɺ; ʟʦʥʘ ʩʚʘʨʥʦʛʦ ʰʚʘ (ʉʐ), ʦʙʨʘʟʫʶʱʘʷʩʷ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʣʘʤʠʥʘʨʥʦʛʦ 

ʩʣʦʷ ʩʚʘʨʦʯʥʦʡ ʚʘʥʥʳ [36]. ɻʨʘʥʠʮʝʡ ʟʦʥʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʠ ʦʩʥʦʚʥʦʛʦ 

ʤʝʪʘʣʣʘ ʩʯʠʪʘʝʪʩʷ ʟʦʥʘ, ʥʘʛʨʝʪʘʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʥʠʞʝ 500Áʉ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʨʘʟʚʠʪʠʝ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʟʘʤʝʜʣʷʝʪʩʷ. 

ʊʨʘʜʠʮʠʦʥʥʦ ʩʧʦʩʦʙʘʤʠ ʩʦʝʜʠʥʝʥʠʷ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ʷʚʣʷʶʪʩʷ 

ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʩʚʘʨʢʠ ʧʣʘʚʣʝʥʠʝʤ, ʪʘʢʠʝ ʢʘʢ: ʩʚʘʨʢʘ ʩʞʘʪʦʡ ʜʫʛʦʡ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʤʠʢʨʦʧʣʘʟʤʝʥʥʘʷ, ʜʫʛʦʚʘʷ ʩʚʘʨʢʘ ʧʦʜ ʬʣʶʩʦʤ, ʜʫʛʦʚʘʷ ʩʚʘʨʢʘ ʥʝʧʣʘʚʷʱʠʤʩʷ ʠ 

ʧʣʘʚʷʱʠʤʩʷ ʵʣʝʢʪʨʦʜʘʤʠ ʚ ʩʨʝʜʝ ʠʥʝʨʪʥʳʭ ʛʘʟʦʚ, ʵʣʝʢʪʨʦʰʣʘʢʦʚʘʷ ʩʚʘʨʢʘ, 

ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʘʷ ʠ ʣʘʟʝʨʥʘʷ ʩʚʘʨʢʘ. ʂʘʞʜʳʡ ʚʠʜ ʩʚʘʨʢʠ ʠʤʝʝʪ ʩʚʦʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʈʫʯʥʘʷ ʩʚʘʨʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 
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ʨʝʜʢʦ, ʧʨʠ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʚʘʨʢʠ, ʚ 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʤʝʩʪʘʭ, ʧʨʠ ʢʨʠʚʦʣʠʥʝʡʥʦʩʪʠ ʰʚʘ ʠ ʪ.ʜ. ʇʨʠ ʤʝʪʦʜʝ ʩʚʘʨʢʠ 

ʥʝʧʣʘʚʷʱʠʤʩʷ ʵʣʝʢʪʨʦʜʦʤ ʜʫʛʘ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʪʝʧʣʘ ʤʝʞʜʫ ʠʟʜʝʣʠʝʤ ʠ 

ʚʦʣʴʬʨʘʤʦʚʳʤ ʵʣʝʢʪʨʦʜʦʤ [36-39]. 

ʊʦʣʱʠʥʘ ʩʚʘʨʠʚʘʝʤʦʛʦ ʧʨʦʬʠʣʷ, ʚʠʜ ʠ ʨʝʞʠʤ ʩʚʘʨʢʠ, ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ, 

ʩʦʩʪʘʚ ʩʧʣʘʚʘ ʠ ʧʨʠʩʘʜʦʯʥʳʡ ʤʘʪʝʨʠʘʣ ʦʧʨʝʜʝʣʷʶʪ, ʢʘʢʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʙʫʜʫʪ 

ʨʘʟʣʠʯʥʳʝ ʫʯʘʩʪʢʠ ʩʚʘʨʥʦʛʦ ʰʚʘ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʚʠʜr ʩʚʘʨʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʥʘʛʨʝʚʦʤ, ʚ ʥʠʭ ʦʪʩʫʪʩʪʚʫʶʪ ʦʪʜʝʣʴʥʳʝ ʫʯʘʩʪʢʠ ʩʚʦʙʦʜʥʦʛʦ 

ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʢʦʪʦʨʦʝ ʟʘʪʨʫʜʥʝʥʦ. ʂʘʢ ʨʝʟʫʣʴʪʘʪ ʚ ʧʨʦʮʝʩʩʝ ʩʚʘʨʢʠ 

ʧʦʷʚʣʷʶʪʩʷ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʦʟʥʠʢʘʶʪ ʧʦʣ̫ 

ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ (ʨʠʩʫʥʦʢ 1.5) [38ï39]. 

 

ʈʠʩʫʥʦʢ 1.5 - ʇʨʦʮʝʩʩ ʨʘʟʚʠʪʠʷ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʩʚʘʨʢʝ:  

(ʘ) ï ʰʦʚ; (ʙ) ï ʦʢʦʣʦʰʦʚʥʘʷ ʟʦʥʘ [38]  

 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʜʝʬʦʨʤʘʮʠʠ ʚʦʟʥʠʢʘʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ 

ʩʚʘʨʦʯʥʳʤ ʠʩʪʦʯʥʠʢʦʤ, ʛʜʝ ʥʘʭʦʜʠʪʩʷ ʫʯʘʩʪʦʢ ʚʳʩʦʢʦʛʦ ʛʨʘʜʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨ. 

ɽʩʣʠ ʩʚʘʨʠʚʘʝʤʳʝ ʟʘʛʦʪʦʚʢʠ ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʪʦʣʱʠʥʫ, ʚ ʥʠʭ ʦʙʨʘʟʫʝʪʩʷ 

ʣʦʢʘʣʠʟʘʮʠʷ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʚ ʦʢʦʣʦʰʦʚʥʦʡ ʟʦʥʝ (ʆʐɿ). ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚʦʟʥʠʢʘʝʪ ʨʘʟʚʠʪʠʝ 

ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ, ʚ ʆʐɿ ʥʘ ʩʪʘʜʠʠ ʥʘʛʨʝʚʘ ï 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʩʞʠʤʘʶʱʠʭ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ, ʢʦʪʦʨʳʝ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ, 

ʢʘʢ ʠ ʚ ʰʚʝ, ʧʝʨʝʭʦʜʷʪ ʚ ʨʘʩʪʷʛʠʚʘʶʱʠʝ. ɺ ʩʣʫʯʘʝ ʫʚʝʣʠʯʝʥʠ ̫ ʣʦʢʘʣʴʥʦʩʪʠ 

ʩʚʘʨʦʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚʦʟʥʠʢʘʝʪ ʧʦʚʳʰʝʥʠʝ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚʦ ʚʩʝʭ 
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ʥʘʧʨʘʚʣʝʥʠʷʭ, ʯʪʦ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ 

ʙʣʠʟʣʝʞʘʱʠʝ ʫʯʘʩʪʢʠ. ʇʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ ʚ ʩʝʯʝʥʠʠ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʢʨʘʡʥʝ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʠ ʝʝ ʚʝʣʠʯʠʥʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʫʯʘʩʪʢʘ ʧʨʠ ʩʚʘʨʢʝ. 

ʇʦʵʪʦʤʫ ʧʨʠ ʩʚʘʨʢʝ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʧʦʩʦʙʘʤʠ 

ʨʝʢʦʤʝʥʜʫʶʪ ʪʝʨʤʠʯʝʩʢʫ  ʁ ʦʙʨʘʙʦʪʢʫ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʆʪʞʠʛ ʩʚʘʨʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʩʧʣʘʚʦʚ ʩ Ŭ-ʩʪʨʫʢʪʫʨʦʡ ʠ ʧʩʝʚʜʦ-Ŭ- ʩʪʨʫʢʪʫʨʦʡ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʩʥʷʪʠʷ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʚʦʟʥʠʢʰʠʭ ʧʨʠ ʩʙʦʨʢʝ 

ʠ ʩʚʘʨʢʝ ʢʦʥʩʪʨʫʢʮʠʡ. ʉʧʣʘʚʳ ʩ Ŭ- ʠ Ŭ'-ʩʧʣʘʚʳ ʥʝ ʦʩʦʙʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ 

ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʧʦʩʣʝ ʦʪʞʠʛʘ. ɼʘʥʥrʝ ʩʧʣʘʚʳ ʥʝ ʫʧʨʦʯʥʷʶʪʩʷ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʦʡ. ʉ ʮʝʣʴʶ ʩʥʷʪʠʷ ʥʘʧʨʷʞʝʥʠʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʞʝʩʪʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʦʪʞʠʛʫ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʥʘʛʨʝʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, 

ʧʨʝʚʦʩʭʦʜʷʱʠʭ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʥʦ ʥʝ ʧʨʝʚʳʰʘʶʱʠʭ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʣʠʤʦʨʬʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʦʭʣʘʞʜʝʥʠʝ ʥʘ ʚʦʟʜʫʭʝ. 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʪʞʠʛʘ ʩʦʩʪʘʚʣʷʝʪ 15ï60 ʤʠʥ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʝʯʝʥʠʷ 

ʜʝʪʘʣʠ. ʆʪʞʠʛ ʩʚʘʨʥʳʭ ʰʚʦʚ Ŭ-ʩʧʣʘʚʦʚ ʪʠʪʘʥʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʠ ʨʘʟʚʠʪʠʶ ʪʨʝʱʠʥ. ʅʘʛʨʝʚ ʩʚʘʨʥʦʛʦ ʰʚʘ ʩʣʝʜʫʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʝʯʘʭ ʩ ʟʘʱʠʪʥʦʡ ʘʪʤʦʩʬʝʨʦʡ. ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ a-ʩʣʦʷ ʝʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʫʙʨʘʪʴ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʧʦʩʦʙʘʤʠ. ɼʣʷ ʦʩʪʘʣʴʥʳʭ ʚʠʜʦʚ ʪʠʪʘʥʦʚʳʭ 

ʩʧʣʘʚʦʚ ʦʪʞʠʛ ʧʦʩʣʝ ʩʚʘʨʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʥʷʪʠʷ ʥʘʧʨʷʞʝʥʠʡ ʠ ʧʦʣʫʯʝʥʠʷ 

ʙʦʣʝʝ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ [40ï41]. 

ʊʘʢʞʝ ʦʪʞʠʛ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʣʘʩʪʠʥʯʘʪʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, 

ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʬʘʩʦʥʥʳʭ ʦʪʣʠʚʦʢ, ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ, ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ɓ-ʦʙʣʘʩʪʠ. 

 

1.2 ʉʚʦʡʩʪʚʘ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʳ ʘʣʶʤʠʥʠʡ ï 

ʪʠʪʘʥ 

ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʳ Ti-Al ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.6 

[42]. ʅʘʠʙʦʣʴʰʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʘʣʶʤʠʥʠʷ ʚ ʪʠʪʘʥʝ ʩʦʩʪʘʚʣʷʝʪ 45 ʘʪ.%, ʘ ʪʠʪʘʥʘ 

ʚ ʘʣʶʤʠʥʠʠ ï 50 ʘʪ.%. 
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ʈʠʩʫʥʦʢ 1.6 - ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʳ Ti-Al [42] 

 

ʆʙʣʘʩʪʴ ʛʦʤʦʛʝʥʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʦʪ 22 ʜʦ 35 ʘʪ. % 

ʘʣʶʤʠʥʠʷ, ʘ ʦʙʣʘʩʪʴ ʛʦʤʦʛʝʥʥʦʩʪʠ ʬʘʟʳ ï ʦʪ 51 % ʘʣʶʤʠʥʠʷ ʠ ʙʦʣʝʝ. 

ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʪʠʪʘʥʘ ʚ ʘʣʶʤʠʥʠʠ ʥʝʙʦʣʴʰʘʷ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,024 % 

(ʧʦ ʤʘʩʩʝ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʨʘʚʥʦʡ 250 Áʉ ʜʦ 0,26 % ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʨʘʚʥʦʡ 665 

Áʉ. ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʘʣʶʤʠʥʠʷ ʚ ʪʠʪʘʥʝ ʥʘʤʥʦʛʦ ʚʳhʝ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1460 Áʉ 

ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ 34,5 % [43]. 

ɺ ʨʘʙʦʪʘʭ ʩʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʠʥʪʝʨʤʝʪʘʣʣʠʜ Ti3Al ʦʙʨʘʟʫʝʪʩʷ ʠʟ ɓ-ʪʠʪʘʥʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1125 Áʉ [44]. ʆʜʥʘʢʦ, ʠʤʝʶʪʩʷ ʜʘʥʥʳʝ, ʯʪʦ ʧʝʨʝʭʦʜ ŬTiŸTi3Al 

ʨʘʟʚʠʚʘʝʪʩʷ ʧʨʠ 850...1180 Áʉ [45]. ʊʘʢʞʝ, ʩʦʦʙʱʘʝʪʩʷ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟʳ TiAl2 (ŭ), ʚ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʧʘʜ ʧʨʠ 1000 Áʉ 

ʥʘ ʩʦʝʜʠʥʝʥʠʷ TiAl2 ʠ TiAl3 [46]. ʂʘʢ ʩʦʦʙʱʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ [47], ʦʙʨʘʟʦʚʘʥʠʝ 

ʩʦʝʜʠʥʝʥʠʷ TiAl3 ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʧʝʨʠʪʝʢʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʠʟ ʞʠʜʢʦʩʪʠ ʠ ɝ-ʬʘʟʳ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1395 Áʉ. ɝ-ʬʘʟʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʝʜʠʥʝʥʠʝ Ti5Al 11, ʢʦʪʦʨʦʝ 

ʦʙʨʘʟʦʚʘʣʦʩʴ ʠʟ ʞʠʜʢʦʩʪʠ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʊiɸl ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1415 

Áʉ. ɸ ʧʨʠ 990 Áʉ ɝ -ʬʘʟʘ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ TiAl2 ʠ TiAl3, ʘ ʦʭʣʘʞʜʝʥʠʝ ʜʦ 1175 Áʉ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʬʘʟʳ TiAl2. ɸ ʧʨʠ ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 780 Áʉ, 

ʦʙʨʘʟʫʝʪʩʷ ʩʦʝʜʠʥʝʥʠʝ Ti9Al23. 

ʆʙʨʘʟʦʚʘʥʠʝ ʪʘʢʠʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʢʘʢ TiAl 2, Ti2Al 5, Ti5Al11 ʠ Ti9Al23 

ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ ʬʘʟʳ TiAl ʧʨʠ ʨʝʘʢʮʠʠ ʞʠʜʢʦʩʪʠ ʠ ʪʚʝʨʜʦʡ ʬʘʟ,r ʘ ʪʘʢʞʝ 

ʧʨʠ ʫʩʣʦʚʠʠ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʆʜʥʘʢʦ ʩ ʥʘʠʙʦʣʴʰʝʡ ʚʝʨʦʷʪʥʦʩʪʴʶ 

ʙʫʜʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʬʘʟʳ TiAl3, ʪʘʢ ʢʘʢ ʦʙʨʘʟʦʚʘʥʠʝ ʪʘʢʦʛʦ ʪʠʧʘ 
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ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʙʫʜʝʪ ʙʦʣʝʝ ʚʳʛʦʜʥʦ ʢʘʢ ʵʥʝʨʛʝʪʠʯʝʩʢʠ, ʪʘʢ ʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ. ʀʤʝʶʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʦʜʪʚʝʨʞʜʝʥʠ ̫ʜʘʥʥʦʛʦ ʬʘʢʪʘ, ʘ 

ʪʘʢʞʝ ʙʳʣʠ ʩʜʝʣʘʥʳ ʨʘʩʯʝʪʳ, ʜʦʢʘʟʳʚʘʶʱʠʝ, ʯʪʦ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʩ ʬʘʟʘʤʠ TiAl ʠ 

Ti3Al ʩʘʤʦʝ ʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʬʘʟʘ ʠʤʝʝʪ TiAl 3 

[48]. 

ʇʦ ʩʪʨʦʝʥʠʶ ʩʦʝʜʠʥʝʥʠʝ Ti3Al ʠʤʝʝʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫ  ʁʨʝʰʝʪʢʫ ʙʣʠʟʢʫʶ ʢ 

Ŭ-ʪʠʪʘʥʫ. ʀʥʪʝʨʤʝʪʘʣʣʠʜ ʦʙʣʘʜʘʝʪ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ 

ʪʠʧʘ Ni3Sn ʩ ʧʘʨʘʤʝʪʨʘʤʠ a=0,5793ʥʤ ʠ ʩ=0,4655ʥʤ. ʇʣʦʪʥʦʩʪʴ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʨʘʚʥʘ 4200 ʢʛ/ʤ
3
. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʪʘʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʯʝʪʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʪʦʤʦʚ ʘʣʶʤʠʥʠʷ ʠ ʪʠʪʘʥʘ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʢʦʪʦʨʘʷ ʩʦʭʨʘʥʷʝʪʩʷ ʜʦ 1090 Áʉ [49].  

ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ Ti3Al ʟʘʚʠʩʷʪ ʦʪ: ʨʘʟʤʝʨʘ ʟʝʨʝʥ, 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ʢʦʣʠʯʝʩʪʚʘ ʠ ʪʠʧʘ ʧʨʠʤʝʩʝʡ [50, 51]. ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ 

ʩʦʝʜʠʥʝʥʠʷ ʤʦʞʝʪ ʢʦʣʝʙʘʪʴʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 200 - 600 ʄʇʘ. ʆʪʥʦʩʠʪʝʣʴʥʦʝ 

ʫʜʣʠʥʝʥʠʝ ʦʙʨʘʟʮʦʚ ʩʦʝʜʠʥʝʥʠ ̫Ti3Al ʥʝ ʚʝʣʠʢʦ. ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʥʦ 

ʩʦʩʪʘʚʣʷʝʪ 1ï2 %. ʏʠʩʣʝʥʥʦʩʪʴ ʧʣʦʩʢʦʩʪʝʡ ʩʢʦʣʴʞʝʥʠʷ ʚ ʜʘʥʥʦʡ ʬʘʟʝ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʠ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʣʦʢʘʣʴʥʦʤʫ ʩʜʚʠʛʫ, ʠʟ-ʟʘ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ 

ʩʢʦʧʣʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʠʩʣʦʢʘʮʠʡ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʮʝʥʪʨʘʤʠ 

ʧʦʷʚʣʝʥʠʷ ʤʠʢʨʦʪʨʝʱʠʥ ʚ ʤʘʪʝʨʠʘʣʝ. ʄʦʜʫʣʠ ʫʧʨʫʛʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ ʦʪʥʦʩʷʪʩʷ ʢ 

ʯʠʩʣʫ ʧʦʩʪʦʷʥʥʳʭ ʚʝʣʠʯʠʥ ʠ ʨʘʚʥʳ: ɽ = 140 ɻʇʘ, G = 52,5 ɻʇʘ. ɼʘʥʥʳʡ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʥʝʜʦʩʪʘʪʢʦʚ, ʥʘʧʨʠʤʝʨ, ʤʘʣʦʡ ʞʘʨʦʧʨʦʯʥʦʩʪʴʶ. 

ʇʦʵʪʦʤʫ ʩʦʝʜʠʥʝʥʠʷ Ti3ɸl ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʣʝʛʠʨʦʚʘʪ ɹ ʪʘʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʢʘʢ 

ʥʠʦʙʠʡ, ʤʦʣʠʙʜʝʥ, ʪʘʥʪʘʣ. [52]. 

ʀʥʪʝʨʤʝʪʘʣʣʠʜ TiAl ʦʙʣʘʜʘʝʪ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ 

ʪʠʧʘ AuCu ʩ ʧʘʨʘʤʝʪʨʘʤʠ, ʘ=0,3988 ʥʤ ʠ ʩ=0,4079ʥʤ. ɽʩʣʠ ʩʨʘʚʥʠʪʴ ʩʦʝʜʠʥʝʥʠʝ 

TiAl ʩ ʜʨʫʛʠʤ ʩʦʝʜʠʥʝʥʠʝʤ Ti3Al, ʪʦ ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ, ʯʪʦ TiAl ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ 

ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ, ʧʦʪʦʤʫ ʯʪʦ ʘʣʶʤʠʥʠʷ ʚ ʝʛʦ ʩʪʨʫʢʪʫʨʝ 

ʩʦʜʝʨʞʠʪʩʷ ʙʦʣʴʰʝ. ʋʧʦʨʷʜʦʯʝʥʥʦʩʪʴ ʘʪʦʤʦʚ ʪʠʪʘʥʘ ʠ ʘʣʶʤʠʥʠʷ ʚ ʨʝʰʝʪʢʝ 

ʩʦʭʨʘʥʷʝʪʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʨʘʚʥʦʡ 1450 Áʉ, ʘ ʵʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʪʨʫʜʦʟʘʪʨʘʪʳ ʧʨʠ ʝʛʦ ʦʙʨʘʙʦʪʢʝ ʜʘʚʣʝʥʠʝʤ [49]. 
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ʅʘ ʩʚʦʡʩʪʚʘ ʧʨʦʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ TiAl ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʪʘʢʠʝ ʞʝ 

ʬʘʢʪʦʨʳ, ʢʘʢʠʝ ʦʢʘʟʳʚʘʶʪ ʥʘ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʷ Ti3Al. ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 350 ʜʦ 580 ʄʇʘ [53, 54]. ʄʦʜʫʣʠ 

ʫʧʨʫʛʦʩʪʠ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʠ ʨʘʚʥʳ 

ɽ = 175 ɻʇʘ ʠ G = 67 ɻʇʘ. 

ʕʪʦ ʩʦʝʜʠʥʝʥʠʝ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʥʝʙʦʣʴʰʦʡ ʧʣʘʩʪʠʯʥʦʩʪʴʶ ʤʝʥʝʝ 

0,5 %. ʇʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ TiAl ʧʨʦʠʩʭʦʜʠʪ ʙʣʘʛʦʜʘʨʷ 

ʩʢʦʣʴʞʝʥʠʁ  ʦʜʠʥʦʯʥʳʭ ʜʠʩʣʦʢʘʮʠʡ ʧʦ ʪʨʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʢʦʪʦʨʳʝ ʥʝ 

ʩʤʝʱʘʶʪʩʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʟʘʙʣʦʢʠʨʦʚʘʥʦ. ɸʚʪʦʨʳ [55, 56] 

ʩʦʦʙʱʘʶʪ ʦ ʪʦʤ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 700 Áʉ ʧʣʘʩʪʠʯʥʦʩʪʴ 

ʩʦʝʜʠʥʝʥʠʷ ʨʘʩʪʪy, ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʨʘʟʙʣʦʢʠʨʦʚʘʥʠʝʤ ʜʠʩʣʦʢʘʮʠʡ ʠ 

ʦʩʫʱʝʩʪʚʣʝʥʠʝʤ ʜʝʬʦʨʤʘʮʠʠ ʧʦ ʤʝʭʘʥʠʟʤʫ ʜʚʦʡʥʠʢʦʚʘʥʠʷ. ʇʣʘʩʪʠʯʥʦʩʪʴ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ TiAl ʤʦʞʥʦ ʧʦʚʳʩʠʪʴ ʟʘ ʩʯʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ 

ʤʘʪʝʨʠʘʣʘ ʘʥʘʣʦʛʠʯʥʦʡ ʛʨʫʧʧʦʡ ʤʝʪʘʣʣʦʚ. 

ʈʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʨʝʜʩʪʘʚʣʝʥ ʟʝʨʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʚ 

ʢʦʪʦʨʦʡ ʨʘʟʤʝʨʳ ʟʝʨʝʥ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʬʘʟ ʤʝʥʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʘ 

ʦʙʨʘʙʦʪʢʠ. ʆʙʳʯʥʦ ʩʚʦʡʩʪʚʘ ʧʨʦʯʥʦʩʪʠ ʠ ʧʦʢʘʟʘʪʝʣʠ ʧʣʘʩʪʠʯʥʦʩʪʠ ʟʝʨʝʥʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʚʳʰʝ, ʯʝʤ ʧʣʘʩʪʠʥʯʘʪʦʡ. ɹʠʤʦʜʘʣʴʥʦʝ ʩʪʨʦʝʥʠʝ ʤʘʪʝʨʠʘʣʘ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʤʝʩʴʶ 2-ʭ ʚʳʰʝ ʦʧʠʩʘʥʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʠʣʫʯʰʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɼʦʩʪʠʞʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʪʠʧʘ 

ʧʨʦʠʩʭʦʜʠʪ ʙʣʘʛʦʜʘʨʷ ʧʨʘʚʠʣʴʥʦ ʧʦʜʦʙʨʘʥʥʳʤ ʨʝʞʠʤʘʤ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. 

ʇʨʠ ʨʘʙʦʪʘʭ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʤʘʪʝʨʠʘʣ TiAl ʚʝʜʝʪ ʩʝʙʷ, 

ʢʘʢ ʠ Ti3Al. ʋʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʪʝʨʠʘʣʘ ʜʦ 700 ÁC ʫʚʝʣʠʯʠʚʘʝʪ ʨʦʩʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʜʦ 30 % [59]. 

ʀʥʪʝʨʤʝʪʘʣʣʠʜ ʊiAl 3 ʠʤʝʝʪ ʦʙʲʝʤʥʦ-ʮʝʥʪʨʠʨʦʚʘʥʥʫʶ ʪʝʪʨʘʛʦʥʘʣʴʥʫ  ʁ

ʢʨʠʩʪʘʣʣʠʯʝʩʢʫ  ʁ ʨʝʰʝʪʢʫ ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʠʧʘ ʩ ʧʘʨʘʤʝʪʨʘʤʠ, ʘ=0,5446ʥʤ ʠ 

ʩ=0,8608ʥʤ [57]. ʆʩʥʦʚʥʳʝ ʜʘʥʥʳʝ ʧʦ ʩʪʨʦʝʥʠ ʁʪʘʢʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ 

ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʘʭ [58]. ʂʦʵʬʬʠʮʠʝʥʪ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ 

ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 9,75 ʜʦ 9,9Ŀ10
-6
 ʂ

-1
, ʘ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ 

ʤʘʪʝʨʠʘʣʘ ʨʘʚʥʘ 1377 Áʉ. 
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ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʘʣʶʤʠʥʠʜʘ TiAl 3 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʤʠ ʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʳ Ti-Al ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʝʛʦ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ, 

ʢʦʪʦʨʘʷ ʨʘʚʥʘ 3300 ʢʛ/ʤ3, ʚ ʚʳʩʦʢʠʭ ʧʦʢʘʟʘʪʝʣʷʭ ʫʧʨʫʛʦʩʪʠ ʠ ʚ ʢʦʨʨʦʟʠʦʥʥʦʡ 

ʩʪʦʡʢʦʩʪʠ [57, 58]. ʄʦʜʫʣ ɹʖʥʛʘ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʨʘʚʝʥ 156 ɻʇʘ [59], ʘ ʝʛʦ 

ʤʦʜʫʣʴ ʩʜʚʠʛʘ - 90 ɻʇʘ [58].  

ʆʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ ʜʘʥʥʦʛʦ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ, ʢʘʢ ʠ ʫ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʜʘʥʥʦʡ ʛʨʫʧʧʳ, ʝʩʪʴ ʝʛʦ ʥʠʟʢʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ. ɿʜʝʩʴ ʦʥʘ 

ʦʙʲʷʩʥʷʝʪʩʷ ʥʝʙʦʣʴʰʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʜʠʩʣʦʢʘʮʠʡ ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, 

ʦʯʝʥʴ ʥʠʟʢʦʡ ʚʝʣʠʯʠʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ, ʢʨʦʤʝ ʪʦʛʦ ʥʝʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʩʠʩʪʝʤ ʜʚʦʡʥʠʢʦʚʘʥʠʷ ʠ ʩʢʦʣʴʞʝʥʠʷ. ʄʦʥʦʣʠʪʥʦʝ ʩʦʝʜʠʥʝʥʠʝ TiAl 3 

ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʭʨʫʧʢʠʤ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʤ ʠ ʧʨʠ ʢʦʵʬʬʠʮʠʝʥʪʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʥʘʧʨʷʞʝʥʠʡ 2 ʄʇʘ ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʨʘʟʨʫʰʝʥʠʝ [61]. ʅʘʧʨʷʞʝʥʠʝ ʨʘʟʨʫʰʝʥʠʷ 

ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʩʞʘʪʠʠ ʨʘʚʝʥ 354 ʄʇʘ, ʘ ʧʨʠ ʠʟʛʠʙʝ 162 ʄʇʘ [62]. 

ʇʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ TiAl3, ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʝʪʦʜʦʤ 

ʚʜʘʚʣʠʚʘʥʠʷ ʠʥʜʝʥʪʦʨʘ, ʩʦʩʪʘʚʣʷʝʪ 980 ʄʇʘ [62]. ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʦ ʤʝʪʦʜʫ 

ɺʠʢʢʝʨʩʘ ʩʦʩʪʘʚʣʷʝʪ 390...420 ʅV. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ 

ʜʦ 500 Áʉ ʚʦʟʥʠʢʘʝʪ ʧʦʥʠʞʝʥʠʝ ʝʛʦ ʪʚʝʨʜʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʧʣʘʩʪʠʯʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ 

ʧʨʠ ʥʘʛʨʝʚʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ (ʦʪ 0,7 % ʧʨʠ 20 Áʉ ʜʦ 0,8 ʧʨʠ 900 Áʉ). 

ʆʙʳʯʥʦ, ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʦʙʘʚʣʝʥʠʝ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ ʢʘʢ ʭʨʦʤ, ʥʠʢʝʣʴ, ʞʝʣʝʟʦ, ʤʘʨʛʘʥʝʮ, 

ʣʠʙʦ ʜʨʫʛʠʝ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʬʦʨʤʠʨʦʚʘʪʴ ʤʘʪʝʨʠʘʣ ʩ L12- 

ʨʝʰʸʪʢʦʡ [60, 63]. 

ʉʦʝʜʠʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʘʣʶʤʠʥʠʷ ʠ ʪʠʪʘʥʘ ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ ʠʟ-ʟʘ ʬʠʟʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ. ʀʭ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ ʤʘʣʦʡ ʧʣʦʪʥʦʩʪʴʶ ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʚʳʜʝʨʞʠʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʥʘʛʨʫʟʢʠ ʧʨʠ ʙʦʣʴʰʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [64]. ʂʨʦʤʝ ʪʦʛʦ, 

ʥʝʢʦʪʦʨʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʞʘʨʦʧʨʦʯʥʦʩʪʠ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʠʭ ʪʝʤʧʝʨʘʪʫʨʳ ʵʢʩʧʣʫʘʪʘʮʠʠ [65-68]. ʊʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʜʦʩʪʦʠʥʩʪʚ 

ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚʳʜʝʣʷʶʪʩʷ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʠ 
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ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ. ʍʦʪʷ ʩʚʦʡʩʪʚʘ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʳʰʝ, 

ʤʦʛʫʪ ʨʘʟʣʠʯʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʜʨʫʛ ʢ ʜʨʫʛʫ. 

ʉʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ 

ʧʨʠ ʧʦʤʦʱʠ ʣʠʪʴʷ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ. ʇʦʣʫʯʝʥʠʷ ʠʟʜʝʣʠʡ ʠʟ 

ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʝʪʦʜʘʤʠ ʣʠʪʴʷ, ʵʢʩʪʨʫʟʠʠ, ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʦʚʢʦʡ 

ʟʘʪʨʫʜʥʝʥʥʦ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʥʠʟʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʴʶ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ.  

ʇʨʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʘʭ ʩʚʘʨʢʠ ʪʠʪʘʥʘ ʠ ʘʣʶʤʠʥʠʷ ʦʙʨʘʟʫʶʪʩʷ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ. ʂʦʛʜʘ ʪʦʣʱʠʥʘ ʬʦʨʤʠʨʫʝʤʳʭ ʭʨʫʧʢʠʭ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʩʣʦʸʚ ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʝ 5-10 ʤʢʤ, ʢʘʯʝʩʪʚʦ ʩʚʘʨʠʚʘʝʤʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ. ɺʦʟʤʦʞʥʳʤ ʨʝʰʝʥʠʝʤ ʤʦʛʫʪ 

ʙʳʪʴ ʥʦʚʳʝ ʚʠʜʳ ʩʚʘʨʢʠ, ʥʘʧʨʠʤʝʨ, ʩʚʘʨʢʘ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ. 

 

1.3 ʉʚʘʨʢʘ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ (ʉʊʇ). ʇʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ 

ʉʚʘʨʢʘ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ (ʉʊʇ) ï ʵʪʦ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʘʷ 

ʩʚʘʨʦʯʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʜʘʶʱʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʠʟʚʦʜʠʪʴ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ 

ʰʚʳ ʩ ʧʨʝʚʦʩʭʦʜʥʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʠʤʝʝʪ 

ʚʳʩʦʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ. ʉʧʦʩʦʙ ʩʚʘʨʢʠ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ 

(ʉʊʇ) ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ɹʨʠʪʘʥʩʢʠʤ ʠʥʩʪʠʪʫʪʦʤ ʩʚʘʨʢʠ (TWI) ʚ 1991 ʛ. [69]. 

ʀʥʪʝʥʩʠʚʥʦʝ ʠʟʫʯʝʥʠʝ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʩʦʝʜʠʥʝʥʠʷ ʩ ʮʝʣʴʶ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʦʟʜʘʥʠʷ ʥʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʦ ʥʘʡʪʠ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʠʟʜʝʣʠʡ ʚ ʪʘʢʠʭ ʦʪʨʘʩʣʷʭ, ʢʘʢ 

ʚʘʛʦʥʦ-, ʩʫʜʦ-, ʘʚʠʘʩʪʨʦʝʥʠʝ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ. ʉʊʇ, ʦʪʥʦʩʷʱʘʩ̫ʷ ʢ ʧʨʦʮʝʩʩʘʤ 

ʩʦʝʜʠʥʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ, ʣʠʰʝʥʘ ʥʝʜʦʩʪʘʪʢʦʚ, ʧʨʠʩʫʱʠʭ ʧʨʦʮʝʩʩʘʤ 

ʩʚʘʨʢʠ ʩ ʨʘʩʧʣʘʚʣʝʥʠʝʤ ʤʝʪʘʣʣʘ. 

ʉʦʛʣʘʩʥʦ [70] ʦʩʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʚʘʨʢʠ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ 

ʷʚʣʷʝʪʩʷ ʪʨʝʥʠʝ ʚʨʘʱʘʶʱʝʛʦʩʷ ʠʥʩʪʨʫʤʝʥʪʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʤʝʞʜʫ ʜʚʫʭ 

ʩʦʝʜʠʥʝʥʥʳʭ ʪʦʨʮʘʤʠ ʠʣʠ ʚʥʘʭʣʝʩʪ ʧʣʘʩʪʠʥʘʤʠ ʤʝʪʘʣʣʘ (ʨʠʩʫʥʦʢ 1.7). ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʬʨʠʢʮʠʦʥʥʳʡ ʥʘʛʨʝʚ ʠ 

ʤʘʩʩʦʧʝʨʝʥʦʩ ʤʝʪʘʣʣʘ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʚ 
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ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʤʝʪʘʣʣʦʚ, ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʩ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʧʨʠʚʦʜʷʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʧʫʪʝʤ ʬʨʘʛʤʝʥʪʘʮʠʠ ʠʩʭʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ 

ʜʚʠʞʝʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʬʨʘʛʤʝʥʪʦʚ) ʧʦ ʩʭʝʤʝ 

çʩʜʚʠʛ+ʧʦʚʦʨʦʪè. ɻʣʘʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʧʝʨʝʤʝʰʠʚʘʥʠʝ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʜʚʫʭ ʧʣʘʩʪʠʥ, ʷʚʣʷʝʪʩʷ ʚʨʘʱʝʥʠʝ 

ʠʥʩʪʨʫʤʝʥʪʘ [70]. 

 
ʈʠʩʫʥʦʢ 1.7 - ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʦʮʝʩʩʘ ʉʊʇ [70] 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʨʝʥʠʷ ʚʨʘʱʘʶʱʝʛʦʩʷ ʠʥʩʪʨʫʤʝʥʪʘ ʤʝʞʜʫ ʜʚʫʤʷ 

ʩʦʝʜʠʥʝʥʥʳʤʠ ʪʦʨʮʘʤʠ ʜʝʪʘʣʝʡ ʚʦʟʥʠʢʘʝʪ ʥʘʛʨʝʚ ʠ ʟʘ ʩʯʝʪ ʧʣʘʩʪʠʯʝʩʢʦʛʦ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʞʜʫ ʩʦʝʜʠʥʷʝʤʳʤʠ ʯʘʩʪʷʤʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʤʝʞʘʪʦʤʥʳʝ 

ʩʚʷʟʠ. ʐʚʳ, ʧʦʣʫʯʘʝʤʳʝ ʵʪʠʤ ʤʝʪʦʜʦʤ ʩʚʘʨʢʠ, ʦʙʨʘʟʫʶʪʩʷ ʙʝʟ ʨʘʩʧʣʘʚʣʝʥʠʷ 

ʤʝʪʘʣʣʘ. ʄʝʪʘʣʣ ʨʘʟʦʛʨʝʚʘʝʪʩʷ ʜʦ ʧʣʘʩʪʠʯʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʧʝʨʝʤʝʰʠʚʘʝʪʩʷ 

ʨʘʙʦʯʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ [71]. 

ʉʦʛʣʘʩʥʦ [72], ʩʚʘʨʢʘ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʨʷʜ 

ʧʨʝʠʤʫʱʝʩʪʚ: 

ʄʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ: 

- ʩʚʘʨʢʘ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ; 

- ʥʠʟʢʠʝ ʜʝʬʦʨʤʘʮʠʠ ʩʚʘʨʠʚʘʝʤʳʭ ʠʟʜʝʣʠʡ; 

- ʦʪʩʫʪʩʪʚʫʝʪ çʚʳʛʦʨʘʥʠʝè ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ; 

- ʤʝʣʢʦʟʝʨʥʠʩʪʘʷ ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʚʘʨʥʦʛʦ ʰʚʘ; 

- ʚʳʩʦʢʠʝ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʚʘʨʥʦʛʦ ʰʚʘ; 

- ʦʪʩʫʪʩʪʚʠʝ ʫʩʘʜʦʯʥʳʭ ʪʨʝʱʠʥ; 
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- ʥʝ ʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʰʚʘ; 

- ʰʠʨʦʢʘʷ ʥʦʤʝʥʢʣʘʪʫʨʘ ʩʚʘʨʠʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ: 

- ʥʠʟʢʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ (2,5% ʦʪ ʵʥʝʨʛʠʠ, ʧʦʪʨʝʙʣʷʝʤʦʡ ʧʨʠ ʣʘʟʝʨʥʦʡ 

ʩʚʘʨʢʝ, 10% ʦʪ ʵʥʝʨʛʠʠ, ʧʦʪʨʝʙʣʷʝʤʦʡ ʧʨʠ ʜʫʛʦʚʦʡ ʩʚʘʨʢʝ); 

- ʥʝ ʪʨʝʙʫʝʪʩʷ ʧʨʠʩʘʜʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ; 

- ʩʥʠʞʝʥʠʝ ʚʝʩʘ ʢʦʥʩʪʨʫʢʮʠʡ; 

- ʙʳʩʪʨʘʷ ʦʢʫʧʘʝʤʦʩʪʴ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʥʠʟʢʠʤ ʧʦʪʨʝʙʣʝʥʠʝʤ ʵʥʝʨʛʠʠ 

ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ; 

- ʫʤʝʥʴʰʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ ʥʘ 50é75% ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʦʙʳʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʩʚʘʨʢʠ, ʥʘʧʨʠʤʝʨ, ʜʫʛʦʚʦʡ; 

- ʥʝ ʪʨʝʙʫʝʪʩʷ ʩʧʝʮʠʘʣʴʥʦʡ ʨʘʟʜʝʣʢʠ ʢʨʦʤʦʢ ʧʦʜ ʩʚʘʨʢʫ ʠ ʦʙʨʘʙʦʪʢʠ ʰʚʘ 

ʧʦʩʣʝ ʥʝʝ. 

ʕʢʦʣʦʛʠʯʝʩʢʠʝ: 

- ʥʝ ʪʨʝʙʫʶʪʩʷ ʟʘʱʠʪʥʳʝ ʛʘʟʦʚʳʝ ʩʨʝʜʳ; 

- ʤʠʥʠʤʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʯʠʩʪʢʝ ʩʚʘʨʠʚʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ; 

- ʥʝ ʪʨʝʙʫʝʪʩʷ ʬʣʶʩʦʚ; 

- ʦʪʩʫʪʩʪʚʫʝʪ ʚʳʜʝʣʝʥʠʝ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ. 

ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʉʊʇ ʠʤʝʝʪ ʥʝʙʦʣʴʰʦʡ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ. ʂ ʥʠʤ ʦʪʥʦʩʷʪ: 

- ʙʦʣʝʝ ʥʠʟʢʫʶ ʩʢʦʨʦʩʪʴ ʩʚʘʨʢʠ ʜʣʷ ʨʷʜʘ ʩʧʣʘʚʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʜʫʛʦʚʦʡ ʩʚʘʨʢʦʡ, ʣʘʟʝʨʥʦʡ ʠ ʛʠʙʨʠʜʥʦʡ ʩʚʘʨʢʦʡ; 

- ʅʝʩʪʘʙʠʣʴʥʦʩʪʴ ʩʚʦʡʩʪʚ ʩʚʘʨʥʦʛʦ ʰʚʘ, ʠʟ-ʟʘ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʤʥʦʛʦʬʘʢʪʦʨʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʉʊʇ, ʵʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʟʘʜʘʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩʦʝʜʠʥʝʥʠʷ; 

- ʚ ʢʦʥʮʝ ʩʚʘʨʦʯʥʦʛʦ ʰʚʘ ʦʙʨʘʟʫʝʪʩʷ ʦʪʚʝʨʩʪʠʝ, ʢʦʪʦʨʦʝ ʚʧʦʩʣʝʜʩʪʚʠʠ 

ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʦʣʥʷʪʴ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ; 

- ʟʘʛʦʪʦʚʢʠ ʩʦʝʜʠʥʷʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʝʦʙʭʦʜʠʤʦ ʥʘʜʝʞʥʦ ʟʘʢʨʝʧʣʷʪʴ ʥʘ 

ʧʨʦʯʥʳʭ ʧʦʜʣʦʞʢʘʭ ʠʥʘʯʝ, ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʩʚʘʨʥʦʛʦ ʰʚʘ ʥʠʟʢʦʛʦ ʢʘʯʝʩʪʚʘ; 
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- ʦʛʨʘʥʠʯʝʥʠʝ ʚ ʧʨʠʤʝʥʝʥʠʠ ʉʊʇ ʚ ʧʦʨʪʘʪʠʚʥʦʤ ʚʘʨʠʘʥʪʝ ʯʝʨʝʟ ʟʘʢʨʝʧʣʝʥʠʝ 

ʟʘʛʦʪʦʚʦʢ ʥʘ ʧʦʜʢʣʘʜʢʝ. 

ɺ ʨʘʙʦʪʘʭ [73-74] ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʦʜʙʦʨ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʩʚʘʨʢʠ 

ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ. ʅʘ ʨʠʩʫʥʢʝ 1.8 ʧʦʢʘʟʘʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʩʚʘʨʢʠ ʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦʢʘʟʘʥʦ, ʢʨʦʤʝ ʪʦʛʦ 

ʛʦʚʦʨʠʪʩʷ, ʯʪʦ ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ ʩʝʨʠʠ 6000 ʩʚʘʨʠʚʘʶʪʩʷ ʚ ʙʦʣʝʝ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʨʝʞʠʤʦʚ, ʯʝʤ ʩʧʣʘʚʳ ʩʝʨʠʠ 5000. ʆʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʮʝʩʩʘ 

ʉʊʇ ʷʚʣʷʶʪʩʷ: ʩʢʦʨʦʩʪʴ ʩʚʘʨʢʠ, ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ, ʫʩʠʣʠʝ ʧʨʠʞʘʪʠʷ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʫʛʦʣ ʥʘʢʣʦʥʘ ʠʥʩʪʨʫʤʝʥʪʘ, ʝʛʦ ʨʘʟʤʝʨʳ, ʫʩʣʦʚʠʷ ʪʨʝʥʠʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʤʝʥʷʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʩʚʘʨʠʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʘ ʪʘʢʞʝ ʥʘʧʨʷʞʝʥʠʝ ʪʝʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʟʘʛʦʪʦʚʦʢ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʜʝʬʦʨʤʘʮʠʠ. 

 

ʈʠʩʫʥʦʢ 1.8 - ʉʦʦʪʥʦʰʝʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʩʢʦʨʦʩʪʠ ʉʊʇ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʘʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʩʝʨʠʡ 

5000 ʠ 6000 ʪʦʣʱʠʥʦʡ 5ʤʤ [73] 

 

ɺ ʨʘʙʦʪʘʭ [75-76] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʪʠʧʳ ʩʦʝʜʠʥʝʥʠʡ: ʩʪʳʢʦʚʳʝ, ʥʘʭʣʝʩʪʦʯʥʳʝ, ʪʘʚʨʦʚʳʝ ʠ ʫʛʣʦʚʳʝ, ʪʦ ʝʩʪʴ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʩʚʘʨʦʯʥʳʝ ʰʚʳ, ʪʘʢ ʞʝ ʥʝ ʩʪʘʥʜʘʨʪʥʳʝ, ʢʘʢ ʥʘʧʨʠʤʝʨ ʟʘʤʢʦʚʳʝ 

ʠʣʠ ʧʨʦʨʝʟʥʳʝ ʰʚʳ (ʈʠʩʫʥʦʢ 1.9).  
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ʈʠʩʫʥʦʢ 1.9 - ʈʘʟʣʠʯʥʳʝ ʪʠʧʳ ʉʊʇ-ʩʦʝʜʠʥʝʥʠʡ [72] 

 

ɺ ʨʘʙʦʪʝ [77] ʘʚʪʦʨʳ ʦʧʠʩʳʚʘʶʪ ʩʭʝʤʫ ʟʦʥ ʩʪʳʢʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩʚʘʨʢʠ 

ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʚ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʘʭ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟʠʨʫʶʪ 

ʪʚʝʨʜʦʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʰʚʘ. ʇʨʠ ʉʊʇ ʤʘʢʨʦʩʪʨʫʢʪʫʨʘ ʩʚʘʨʥʳʭ ʰʚʦʚ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʢʦʪʦʨʳʝ ʥʝ ʩʚʦʡʩʪʚʝʥʥʳ ʰʚʘʤ, ʧʦʣʫʯʝʥʥʳʤ 

ʩʚʘʨʢʦʡ ʧʣʘʚʣʝʥʠʝʤ. ʊʨʘʜʠʮʠʦʥʥʦ ʚ ʩʚʘʨʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʧʨʠ ʉʊʇ ʥʘʙʣʜʁʘʶʪʩʷ 

ʯʝʪʳʨʝ ʟʦʥʳ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.10 ʩʭʝʤʘʪʠʯʝʩʢʠ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ 

ʟʦʥʝ A ï ʟʦʥʝ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ (ʆʄ), ʧʨʠʤʳʢʘʝʪ ʟʦʥʘ B ï ʟʦʥʘ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ (ɿʊɺ), ʚ ʢʦʪʦʨʦʡ ʤʝʪʘʣʣ ʟʘʛʦʪʦʚʦʢ ʦʩʪʘʝʪʩʷ ʥʝʜʝʬʦʨʤʠʨʦʚʘʥʥʳʤ, ʥʦ 

ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘʛʨʝʚʘ ʪʦʣʴʢʦ ʠʟʤʝʥʷʝʪ ʩʚʦʶ ʩʪʨʫʢʪʫʨʫ. ɺ ʩʣʝʜʫʶʱʝʡ ʟʦʥʝ C 

ï ʟʦʥʝ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ (ɿʊʄɺ), ʟʜʝʩʴ ʤʝʪʘʣʣ ʧʦʜʚʝʨʞʝʥ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʣʘʩʪʠʯʝʩʢʠʤ ʜʝʬʦʨʤʘʮʠʷʤ ʠ ʥʘʛʨʝʚʫ. ɺ ʮʝʥʪʨʝ ʰʚʘ ʥʘʭʦʜʠʪʩʷ 

ʟʦʥʘ D - ʟʦʥʘ ʧʝʨʝʤʝʰʠʚʘʥʠʷ (ɿʇ), ʢʦʪʦʨʫʶ ʪʘʢʞʝ ʥʘʟʳʚʘʶʪ ʷʜʨʦʤ ʩʦʝʜʠʥʝʥʠʷ. ɺ 

ʥʝʡ ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʚ ʧʨʦʮʝʩʩʝ ʩʚʘʨʢʠ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ 

ʟʸʨʥʘ ʤʝʪʘʣʣʘ ʜʠʥʘʤʠʯʝʩʢʠ ʨʝʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ.  

 

ʈʠʩʫʥʦʢ 1.10 - ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʟʦʥ ʰʚʘ, ʧʦʣʫʯʘʝʤʦʛʦ ʧʨʠ ʉʊʇ [77] 

 

ɺ ʪʝʨʤʠʯʝʩʢʠ ʫʧʨʦʯʥʷʝʤʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʘʭ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ 

ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ ʢ ʮʝʥʪʨʫ ʰʚʘ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, 

ʧʨʠ ɻ ʪʦʤ ʥʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ɿʊɺ ʰʚʘ (ʨʠʩʫʥʦʢ 1.11). 
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ʄʠʥʠʤʘʣʴʥʘʷ ʪʚʝʨʜʦʩʪ ɹʚ ʤʝʪʘʣʣʝ ɿʊɺ ʥʘʙʣʶʜʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʧʝʨʝʩʪʘʨʠʚʘʥʠ,ʁ 

ʣʠʙʦ ʫʤʝʥʴʰʝʥʠ ʁ ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ ʠʣʠ ʠʟ-ʟʘ ʩʦʚʦʢʫʧʥʦʩʪʠ ʜʘʥʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ. 

 

ʈʠʩʫʥʦʢ 1.11 - ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʚ ʟʦʥʝ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩʧʣʘʚʘ 7075-

ʊ7351 [80] 

 

ɸʚʪʦʨʳ [78-79] ʦʪʤʝʯʘʶʪ, ʯʪʦ ʉʊʇ ʫʩʧʝʰʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʠ ʥʘʭʦʜʠʪ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺ ʫʢʘʟʘʥʥʳʭ ʨʘʙʦʪʘʭ 

ʛʦʚʦʨʠʪʩʷ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ ʢʘʩʘʶʪʩʷ ʩʚʘʨʢʠ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ 

ʩʨʝʜʥʝʡ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʦʣʴʰʦʡ ʪʦʣʱʠʥʳ. ʅʘʤʥʦʛʦ ʤʝʥʴʰʝ ʨʘʙʦʪ ʧʨʦ ʉʊʇ 

ʩʪʘʣʠ, ʪʠʪʘʥʘ, ʤʘʛʥʠʷ, ʤʝʜʠ, ʥʠʢʝʣʝʚʳʭ ʩʧʣʘʚʦʚ. ʂʘʢ ʦʪʤʝʯʘʶʪ ʘʚʪʦʨʳ [80], 

ʟʘʪʨʫʜʥʝʥʠʷ ʦʙʳʯʥʦ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʩʦʝʜʠʥʝʥʠʠ ʟʘʛʦʪʦʚʦʢ ʪʦʣʱʠʥʦʡ 0,5-3 ʤʤ, ʘ 

ʪʘʢʞʝ ʙʦʣʝʝ 40 ʤʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʘ ʪʘʢʞʝ ʩ ʚʦʟʥʠʢʘʶʱʠʤʠ ʦʩʣʦʞʥʝʥʠʷʤʠ ʧʨʠ 

ʦʙʝʩʧʝʯʝʥʠʠ ʪʦʯʥʦʩʪʠ ʩʙʦʨʢʠ ʪʦʥʢʦʩʪʝʥʥʳʭ ʟʘʛʦʪʦʚʦʢ ʧʦʜ ʩʚʘʨʢʫ, ʚ ʨʘʟʣʠʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠʥʩʪʠʪʫʪʘʭ ʧʨʦʚʦʜ̫ ʪʩʷ ʨʘʙʦʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠ ʁ ʧʨʦʮʝʩʩʘ 

ʉʊʇ ʥʘ ʩʧʝʮʠʘʣʴʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ. ʅʘʧʨʠʤʝʨ, ʫʩʪʘʥʦʚʢʘ ʉʊʇ ʚ 

ʀʕʉ ʠʤ. ɽ. ʆ. ʇʘʪʦʥʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.12. 
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ʈʠʩʫʥʦʢ 1.12 - ɺʥʝʰʥʠʡ ʚʠʜ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʉʊʇ 

ʪʦʥʢʦʣʠʩʪʦʚʳʭ (1,8...2,5 ʤʤ) ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ 

 

ʈʘʙʦʪʳ [80] ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʥʘ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʘʭ ɸʄʛ6, 1201, 1460 

ʪʦʣʱʠʥʦʡ 1,8-2,5 ʤʤ. ʇʨʦʚʝʨʝʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʚʘʨʦʯʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʬʠʣʷʤʠ ʨʘʙʦʯʝʡ ʯʘʩʪʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠ ʜʘʥʥʦʤ 

ʩʧʦʩʦʙʝ ʩʚʘʨʢʠ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʦʯʥʦʩʪʠ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 0,7-0,9 % ʫʨʦʚʥʷ 

ʧʨʦʯʥʦʩʪʠ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʦʚʝʜʝʥʳ ʙʦʣʝʝ ʛʣʫʙʦʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ʚ 

ʀʥʩʪʠʪʫʪʝ ʬʠʟʠʢʠ ʧʨʦʯʥʦʩʪʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʯʥʦʩʪʴ ʟʦʥʳ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 109 % ʧʨʦʯʥʦʩʪʠ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ɸʄʛ5 [81]. 

ʉʚʘʨʦʯʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʧʦʜʚʝʨʞʝʥ ʠʥʪʝʥʩʠʚʥʦʤʫ ʪʝʧʣʦʚʦʤʫ ʠ ʩʠʣʦʚʦʤʫ 

ʚʦʟʜʝʡʩʪʚʠ ʁ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʚʘʨʢʠ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ, ʢʦʪʦʨʳʝ 

ʦʛʨʘʥʠʯʠʚʘʶʪ ʝʛʦ ʩʨʦʢ ʩʣʫʞʙʳ. ʇʨʠ ʠʟʥʦʩʝ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ 

ʬʦʨʤʳ ʝʛʦ ʨʘʙʦʯʝʡ ʯʘʩʪʠ, ʘ ʵʪʦ ʚʝʜyʪ ʢ ʥʘʨʫʰʝʥʠʶ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʚʘʨʦʯʥʦʛʦ 

ʧʨʦʮʝʩʩʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʧʘʜʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʩʚʘʨʥʦʝ 

ʩʦʝʜʠʥʝʥʠʝ ʤʦʞʝʪ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦ ʩʢʘʟʳʚʘʪʴʩʷ ʥʘ ʢʘʯʝʩʪʚʝ ʩʚʘʨʥʦʛʦ ʰʚʘ [72]. 

ɼʣʷ ʩʚʘʨʢʠ ʠʩʧʦʣʴʟʫʶʪ ʠʥʩʪʨʫʤʝʥʪʳ ʠʟ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 1.6. 
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ʊʘʙʣʠʮʘ 1.6 ï ʄʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʉʊʇ ʠʥʩʪʨʫʤʝʥʪʦʚ. 

ʉʚʘʨʠʚʘʝʤʳʡ 

ʤʘʪʝʨʠʘʣ 

ʊʦʣʱʠʥʘ, 

ʤʤ 

ʄʘʪʝʨʠʘʣ ʠʥʩʪʨʫʤʝʥʪʘ 

ɸʣʤʁʠʥʠʝʚʳʝ 

ʩʧʣʘʚʳ 

<12 ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʩʪʘʣʠ, ʪʚʝʨʜʳʝ 

ʩʧʣʘʚʳ ʩʠʩʪʝʤʳ WC ï Co 

>12 ʉʧʣʘʚʳ ʥʘ ʢʦʙʘʣʴʪʦ-ʥʠʢʝʣʝʚʦʡ 

ʦʩʥʦʚʘʭ (MP 159)* 

ʄʝʜʴ ʠ ʤʝʜʥʳʝ 

ʩʧʣʘʚʳ 

<50 ʅʠʢʝʣʝʚʳʝ ʩʧʣʘʚʳ, ʢʫʙʠʯʝʩʢʠʡ 

ʥʠʪʨʠʜ ʙʦʨʘ (ʂʅɹ), ʚʦʣʴʬʨʘʤʦʚʳʝ 

ʩʧʣʘʚʳ 

ʊʠʪʘʥʦʚʳʝ ʩʧʣʘʚʳ <6 ɺʦʣʴʬʨʘʤʦʚʳʝ, ʚʦʣʴʬʨʘʤ-

ʨʝʥʠʝʚʳʝ ʩʧʣʘʚʳ 

ʅʝʨʞʘʚʝʶʱʠʝ ʩʪʘʣʠ <6 ʂʅɹ, ʚʦʣʴʬʨʘʤʦʚʳʝ ʩʧʣʘʚʳ 

ʅʠʟʢʦʫʛʣʝʨʦʜʠʩʪʳʝ 

ʩʪʘʣʠ 

<12 ʪʚʝʨʜʳʝ ʩʧʣʘʚʳ ʩʠʩʪʝʤʳ 

WC ï Co, ʂʅɹ 

ʅʠʢʝʣʝʚʳʝ ʩʧʣʘʚʳ <6 ʂʅɹ 

* MP159 ʤʥʦʛʦʬʘʟʥʳʡ ʩʧʣʘʚ, ʠʤʝʶʱʠʡ ʫʥʠʢʘʣʴʥʫʶ ʢʦʤʙʠʥʘʮʠʶ 

ʧʨʦʯʥʦʩʪʠ (1600 ʄʇʘ), ʚʷʟʢʦʩʪʠ (ʙ = 12%), ʞʘʨʦʧʨʦʯʥʦʩʪʠ 

ʠ ʞʘʨʦʩʪʦʡʢʦʩʪʠ. ʉʧʣʘʚ ʧʦʣʫʯʘʶʪ ʚʘʢʫʫʤʥʦʡ ʠʥʜʫʢʮʠʦʥʥʦʡ ʧʣʘʚʢʦʡ ʩ 

ʢʦʥʪʨʦʣʝʤ ʧʨʦʮʝʩʩʘ ʦʪʚʝʨʞʜʝʥʠʷ. ʉʦʭʨʘʥʷʝʪ ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ 650 ÁC. ʉʦʩʪʘʚ MP159: Al ð 0,20%; Cr ï19,0%; Co ï 

35,7%: Fe ï 9,0%; Mo ð 7,0%; Ni ï 25,5%; Nb, Cb ð 0,60%; Ti- 3,0%. 

 

1.4 ʄʘʪʝʨʠʘʣʳ ʨʘʙʦʯʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʉʊʇ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʘʣʶʤʠʥʠʝʚʳʭ [82-83], ʤʘʛʥʠʝʚʳʭ [84], 

ʤʝʜʥʳʭ ʩʧʣʘʚʦʚ [85-86], ʢʦʪʦʨʳʝ ʫʩʧʝʰʥʦ ʩʦʝʜʠʥʷʶʪʩʷ ʤʝʪʦʜʦʤ ʉʊʇ, ʪʠʪʘʥʦʚʳʝ 

ʩʧʣʘʚʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ (18,85 ɺʪ/(ʤĿʛʨʘʜ) ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ), ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ ʧʦʜʚʝʨʞʝʥ r

ʦʢʠʩʣʝʥʠʶ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʇʦʵʪʦʤʫ ʧʨʠ ʉʊʇ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ 

ʚʳʷʚʣʷʶʪʩʷ ʨʷʜ ʩʚʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʥʝ ʚʳʷʚʣʷʶʪʩʷ ʧʨʠ ʉʊʇ ʧʨʦʯʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʉʊʇ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ʩʚʘʨʥʦʡ ʰʦʚ ʠʤʝʝʪ 

çʙʘʩʩʝʡʥʦʦʙʨʘʟʥʫʶè ʬʦʨʤʫ (ʨʠʩʫʥʦʢ 1.13), ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʚʘʨʥʳʭ ʰʚʦʚ 

ʘʣʶʤʠʥʠʝʚʳʭ ʠ ʤʘʛʥʠʝʚʳʭ ʩʧʣʘʚʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʵʣʣʠʧʪʠʯʝʩʢʫʶ ʬʦʨʤʫ ʰʚʘ 

[87-93,107].  
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ʈʠʩʫʥʦʢ 1.13 - ʉʊʇ ʰʚʳ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ʨʘʟʣʠʯʥʦʡ ʛʣʫʙʠʥʳ ʚ ʧʦʧʝʨʝʯʥʦʤ 

ʩʝʯʝʥʠʠ (ʘ-d) ʠ ʦʥ ʞʝ ʚʠʜ ʩʚʝʨʭʫ (e) [88]  

 

ʊʘʢ ʢʘʢ ʪʠʪʘʥʦʚʳʝ ʩʧʣʘʚʳ ʠʤʝʶʪ ʥʠʟʢʫʶ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʟʦʥʳ 

ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠ ʉʊʇ ʧʦʣʫʯʘʶʪʩʷ ʢʨʘʡʥʝ 

ʤʘʣʳʤʠ[87-108]. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʟʣʠʯʥʳʝ ʘʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʧʨʠ ʉʊʇ ʩʧʣʘʚʘ 

ɺʊ1-0 ʦʪʩʫʪʩʪʚʫʝʪ ʟʦʥʘ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ [109-113], ʘ ʧʨʠ ʉʊʇ ʩʧʣʘʚʘ 

ɺʊ6 ʟʦʥʘ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ [88,92,98].  

ʀʟ-ʟʘ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʩʚʦʡʩʪʚ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʘʪʴ 

ʨʷʜ ʯʝʪʢʠʭ ʪʨʝʙʦʚʘʥʠʡ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʤʠʥʠʤʠʟʠʨʦʚʘʥʠʷ ʦʢʠʩʣʝʥʠʷ ʚ 

ʧʨʦʮʝʩʩʝ ʩʚʘʨʢʠ ʜʦʣʞʥʘ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʟʘʱʠʪʘ ʠʟ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ. ʂʨʦʤʝ ʪʦʛʦ, 

ʪʨʝʙʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʦʩʝʚʳʝ ʥʘʛʨʫʟʢʠ, ʯʝʤ ʧʨʠ ʩʚʘʨʢʝ 

ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ. ʊʨʝʙʫʝʪʩʷ, ʯʪʦʙʳ ʤʘʪʝʨʠʘʣ ʧʦʜʣʦʞʢʠ ʦʙʣʘʜʘʣ ʥʠʟʢʦʡ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʙʳʩʪʨʦʡ ʧʦʪʝʨʠ ʪʝʧʣʘ, ʘ ʪʘʢʞʝ 

ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʙʳʣ ʠʥʝʨʪʥʳʤ ʢ ʪʠʪʘʥʫ ʚʦ ʠʟʙʝʞʘʥʠʝ 

ʘʜʛʝʟʠʠ ʩ ʟʘʛʦʪʦʚʢʦʡ. ʀʟ-ʟʘ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ʢ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʧʨʦʮʝʩʩʝ ʉʊʇ ʥʝʦʙʭʦʜʠʤʦ ʦʯʝʥʴ ʪʦʯʥʦ ʟʘʜʘʚʘʪʴ ʧʘʨʘʤʝʪʨʳ 

ʧʨʦʮʝʩʩʘ. ʅʦ ʩʘʤʳʝ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʢ ʠʥʩʪʨʫʤʝʥʪʫ ʉʊʇ 

(ʨʠʩʫʥʦʢ 1.14).  
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ʈʠʩʫʥʦʢ 1.14 - ʀʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʉʊʇ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ (ʘ) ʠ ʦʥ ʞʝ ʧʦʩʣʝ 

ʧʨʦʮʝʩʩʘ ʩʚʘʨʢʠ (b) [90] 

 

ʈʘʥʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩʚʘʨʢʠ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʪʠʪʘʥʦʚʳʭ 

ʩʧʣʘʚʦʚ ʚʳʷʚʠʣʠ ʨʷʜ ʧʨʦʙʣʝʤ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʬʠʛʫʨʠʨʫʝʪ ʙʳʩʪʨʳʡ ʠʟʥʦʩ 

ʠʥʩʪʨʫʤʝʥʪʘ ʉʊʇ, ʘ ʪʘʢʞʝ ʧʦʧʘʜʘʥʠʝ ʦʩʪʘʪʢʦʚ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʩʚʘʨʥʦʡ ʰʦʚ 

[87,89]. ʆʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ ʠʟʥʦʩʘ ʉʊʇ ʠʥʩʪʨʫʤʝʥʪʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʪʦʤ, ʯʪʦ 

ʤʘʪʝʨʠʘʣ ʜʣʷ ʠʥʩʪʨʫʤʝʥʪʘ ʉʊʇ ʧʨʝʜʥʘʟʥʘʯʝʥ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʩʚʘʨʢʠ çʤʷʛʢʠʭè 

ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ, ʘ ʙʦʣʝʝ ʧʨʦʯʥʳʤ ʪʠʪʘʥʦʚʳʤ ʩʧʣʘʚʘʤ ʫʜʝʣʷʣʦʩʴ ʤʝʥʴʰʝʝ 

ʚʥʠʤʘʥʠʷ [89]. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʙʣʝʤʝ ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʮʝʣʦʤ ʫʜʝʣʷʣʦʩʴ ʤʘʣʦ 

ʚʥʠʤʘʥʠʷ. ʉʘʤʳʡ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʠʟʥʦʩʘ ʉʊʇ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʧʨʦʮʝʩʩʝ ʝʛʦ ʧʦʛʨʫʞʝʥʠʷ ʚ ʩʚʘʨʠʚʘʝʤʳʝ ʟʘʛʦʪʦʚʢʠ. ɺ ʟʦʥʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 

ʦʩʪʘʪʢʠ ʠʥʩʪʨʫʤʝʥʪʘ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʳ ʚʙʣʠʟʠ ʚʝʨʭʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʥʘ 

ʥʘʩʪʫʧʘʶʱʝʡ ʩʪʦʨʦʥʝ ʉʊʇ ʰʚʘ [87]. ʊʠʧʠʯʥʳʡ ʧʨʠʤʝʨ ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʘ 

ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 1.15. 

 

ʈʠʩʫʥʦʢ 1.15 - ʇʨʠʤʝʨʳ ʠʟʥʦʩʘ (ʘ) ʉʊʇ ʠʥʩʪʨʫʤʝʥʪʦʚ [92] ʠ ʦʩʪʘʪʢʠ ʠʥʩʪʨʫʤʝʥʪʘ 

(b) ʚ ʟʦʥʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ [101] 
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ʀʥʩʪʨʫʤʝʥʪ ʜʦʣʞʝʥ ʙʳʪʴ ʚʳʧʦʣʥʝʥ ʠʟ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʦʙʣʘʜʘʶʱʠʤ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʚʳʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ ʠ ʢ ʚʳʩʦʢʠʤ ʤʝʭʘʥʠʯʝʩʢʠʤ 

ʥʘʧʨʷʞʝʥʠʷʤ, ʘ ʪʘʢʞʝ ʥʝ ʠʤʝʪ ɹ ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʪʠʪʘʥʦʤ. ɼʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʝʨʝʛʨʝʚʘ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʩʦʟʜʘʥʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʚʥʫʪʨʠ ʰʚʘ, ʚʦʟʤʦʞʥʦ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʭʣʘʞʜʘʶʱʫʶ ʩʠʩʪʝʤʫ ʠʥʩʪʨʫʤʝʥʪʘ.  

ʋʯʠʪʳʚʘʷ ʜʘʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʚʘʨʦʯʥʦʤʫ ʠʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʩʚʘʨʢʠ 

ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ, ʦʙʳʯʥʦ ʉʊʇ ʠʥʩʪʨʫʤʝʥʪʳ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʠʟ 

ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʪʫʛʦʧʣʘʚʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ 

ʚʦʣʴʬʨʘʤʘ [90-98], ʥʘ ʦʩʥʦʚʝ ʢʦʙʘʣʴʪʘ [99-102], ʥʘ ʦʩʥʦʚʝ ʤʦʣʠʙʜʝʥʘ [103-105] ʘ 

ʪʘʢʞʝ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʫʙʠʯʝʩʢʦʛʦ ʥʠʪʨʠʜʘ ʙʦʨʘ [87,91,106]. 

ʇʨʠ ʉʊʇ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ʠʥʩʪʨʫʤʝʥʪʦʤ ʠʟ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʢʫʙʠʯʝʩʢʦʛʦ ʥʠʪʨʠʜʘ ʚ ʩʚʘʨʥʦʤ ʰʚʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʦʩʪʘʪʢʠ ʠʥʩʪʨʫʤʝʥʪʘ ʚ 

ʚʠʜʝ ʙʦʨʠʜʘ ʪʠʪʘʥʘ, ʘʟʦʪʘ ʠ ʢʠʩʣʦʨʦʜʘ [87]. ʄʝʭʘʥʠʟʤ ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʘ ʠʟ 

ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʳʣ ʠʟʫʯʝʥ ʚ ʨʘʙʦʪʝ [106]. ʍʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʩʪʘʪʢʦʚ 

ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʟʦʥʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʢʦʤʧʣʝʢʩʥʳʡ ʭʘʨʘʢʪʝʨ 

ʧʨʦʮʝʩʩʘ ʠʟʥʦʩʘ. ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʫʩʣʦʚʠʷ ʚ ʧʨʦʮʝʩʩʝ ʉʊʇ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʤʝʞʜʫ ʪʠʪʘʥʦʤ ʠ ʥʠʪʨʠʜʦʤ ʙʦʨʘ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʡ 

ʧʦʷʚʣʷʝʪʩʷ ʬʘʟʘ ʊiB2 ʠ ʩʚʦʙʦʜʥʦʛʦ ʘʟʦʪʘ (ʨʠʩʫʥʦʢ 1.16). ʀʟ-ʟʘ ʚʳʩʦʢʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʘʟʦʪʘ ʚ Ŭ ʬʘʟʝ ʪʠʪʘʥʘ, ʦʩʚʦʙʦʜʠʚʰʠʡʩʷ ʘʟʦʪ ʦʩʪʘʝʪʩʷ ʚ ʤʘʪʨʠʮʝ 

ʪʠʪʘʥʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦ ʵʪʠʤ ʧʨʠʯʠʥʘʤ ʚʦʟʤʦʞʥʦ ʧʦʷʚʣʝʥʠʝ ʬʘʟʳ Ti2N, ʢʦʪʦʨʘʷ 

ʪʘʢʞʝ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʧʨʦʯʥʦʩʪʠ ʰʚʘ. 
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ʈʠʩʫʥʦʢ 1.16 - (ʘ) ʦʩʪʘʪʢʠ ʠʥʩʪʨʫʤʝʥʪʘ ʠʟ ʥʠʪʨʠʜʘ ʙʦʨʘ ʠ ʙʦʨʠʜʘ ʪʠʪʘʥʘ ʚ ʉʊʇ 

ʰʚʝ (b) ʩʣʦʡ ʙʦʨʠʜʘ ʪʠʪʘʥʘ, ʧʝʨʝʭʦʜʷʱʠʡ ʚ Ŭ-ʪʠʪʘʥ [106] 

 

ʊʝʭʥʠʯʝʩʢʠ ʯʠʩʪʳʡ ʚʦʣʴʬʨʘʤ ʠʤʝʝʪ ʭʦʨʦʰʠʝ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʦʜʥʘʢʦ ʠʤʝʝʪ ʥʠʟʢʫʶ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ ʠ ʙʳʩʪʨʦ 

ʠʟʥʘʰʠʚʘʝʪʩʷ ʧʨʠ ʉʊʇ çʪʚʸʨʜʳʭè ʤʘʪʝʨʠʘʣʦʚ (ʩʪʘʣʴ, ʪʠʪʘʥʦʚʳʝ ʩʧʣʘʚʳ) [107]. 

ʍʦʪʷ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʨʝʥʠʷ ʚ ʚʦʣʴʬʨʘʤʦʚʳʡ ʩʧʣʘʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʞʘʨʦʧʨʦʯʥʦʩʪʴ 

ʠʥʩʪʨʫʤʝʥʪ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʩʪʝʧʝʥʴ ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʘ ʫʤʝʥʴʰʘʝʪʩʷ. ɿʘʧʘʩʳ 

ʨʝʥʠʷ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʥʝ ʚʝʣʠʢʠ ʠ ʜʦʙʘʚʣʝʥʠʝ ʝʛʦ ʚ ʤʘʪʝʨʠʘʣ ʠʥʩʪʨʫʤʝʥʪʘ ʩʠʣʴʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪ ʩʪʦʠʤʦʩʪʴ ʠʥʩʪʨʫʤʝʥʪʘ. 

ɹʦʣʴʰʦʡ ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʧʨʠ ʉʊʇ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ʧʦʣʴʟʫʶʪʩʷ 

ʠʥʩʪʨʫʤʝʥʪʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʠʟ ʢʘʨʙʠʜʘ ʚʦʣʴʬʨʘʤʘ. ɼʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʠʤʝʝʪ 

ʪʚʸʨʜʦʩʪʴ 1650 HV, ʠ ʥʝʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʚʥʝʟʘʧʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʪʝʤʧʝʨʘʪʫʨʳ 

[107]. ʆʜʥʘʢʦ ʜʨʫʛʠʝ ʨʘʙʦʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʉʊʇ ʚʦʟʥʠʢʘʝʪ 

ʘʜʛʝʟʠʦʥʥʳʡ ʩʣʦʡ ʠʟ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʉʊʇ ʰʚʘ ʠʟ-ʟʘ ʩʪʨʝʤʣʝʥʠʷ 

ʪʠʪʘʥʘ ʠ ʫʛʣʝʨʦʜʘ ʢ ʩʦʝʜʠʥʝʥʠʶ [108]. ʂʨʦʤʝ ʪʦʛʦ, ʠʟ-ʟʘ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ 

ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʉʊʇ ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʫʛʘʨʥʳʡ ʛʘʟ (ʉʆ) [107]. 

ʆʜʥʘʢʦ ʝʩʣʠ ʧʨʦʚʦʜʠʪʴ ʉʊʇ ʚ ʟʘʱʠʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ, ʪʦ ʜʘʥʥʦʝ ʟʘʤʝʯʘʥʠʝ 

ʷʚʣʷʝʪʩʷ ʥʝʩʫʱʝʩʪʚʝʥʥʳʤ. 

ɿʥʘʯʠʪʝʣʴʥʦ ʨʝʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʥʩʪʨʫʤʝʥʪʳ ʠʟ ʚʦʣʴʬʨʘʤʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʣʘʥʪʘʥʘ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ [95] ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʠʥʩʪʨʫʤʝʥʪ ʠʟ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 
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ʜʠʬʬʫʥʜʠʨʫʝʪ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ. ɼʘʥʥʳʡ ʬʘʢʪ ʦʪʨʠʮʘʪʝʣʴʥʦ 

ʩʢʘʟʳʚʘʝʪʩʷ ʠ ʥʘ ʢʘʯʝʩʪʚʝ ʩʚʘʨʥʦʛʦ ʰʚʘ, ʠ ʥʘ ʠʟʥʦʩʝ ʠʥʩʪʨʫʤʝʥʪʘ. 

ɼʨʫʛʦʡ ʩʧʣʘʚ ʥʘ ʦʩʥʦʚʝ ʚʦʣʴʬʨʘʤʘ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʠ ʉʊʇ 

ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ, ʷʚʣʷʝʪʩʷ ʜʝʥʩʠʤʝʪ [90]. ɼʝʥʩʠʤʝʪ ï ʵʪʦ ʢʦʤʧʦʟʠʪʥʳʡ 

ʤʘʪʝʨʠʘʣ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʣʴʬʨʘʤʘ ʙʦʣʝʝ 90%, ʠ ʩʚʷʟʳʚʘʶʱʝʡ ʥʠʢʝʣʴ - ʞʝʣʝʟʥʦʡ 

ʬʘʟʦʡ. ʉʧʣʘʚ ʦʙʣʘʜʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴ ʁ ʠ ʭʦʨʦʰʝʡ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʩʪʴʶ. ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʨʘʙʦʯʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʜʝʥʩʠʤʝʪʘ 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʥʠʟʢʘʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʳʩʪʨʦʤʫ ʠʟʥʦʩʫ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʧʨʦʮʝʩʩʝ 

ʉʊʇ. 

ʀʥʪʝʨʝʩʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʠʣʠʩʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʩʪʨʫʤʝʥʪʘ ʠʟ 

ʩʧʣʘʚʘ ʥʘ ʦʩʥʦʚʝ ʢʦʙʘʣʴʪʘ. ɺ ʧʨʦʮʝʩʩʝ ʉʊʇ ʯʘʩʪʴ ʩʚʘʨʠʚʘʝʤʳʭ ʧʣʘʩʪʠʥ 

ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ çʥʘʣʠʧʣʘè ʥʘ ʠʥʩʪʨʫʤʝʥʪ. ʀ, ʭʦʪʷ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

ʙʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʧʨʦʯʥʦʩʪʴ ʠʥʩʪʨʫʤʝʥʪʘ ʠ, 

ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʤʝʥʴʰʘʝʪʩʷ ʠʟʥʦʩ ʠʥʩʪʨʫʤʝʥʪʘ, ʜʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʥʝʣʴʟʷ ʥʘʟʚʘʪʴ 

ʧʨʠʝʤʣʝʤʳʤ [108]. 

ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʛʜʝ ʧʨʠʤʝʥʷʣʠʩʴ ʤʘʪʝʨʠʘʣʳ ʜʣʷ 

ʠʥʩʪʨʫʤʝʥʪʘ ʉʊʇ, ʢʦʪʦʨʳʝ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠ ʥʝ ʧʦʣʫʯʠʣʠ 

ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʘʭ [103-105] ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʠʥʩʪʨʫʤʝʥʪ ʠʟ ʩʧʣʘʚʘ ʥʘ ʦʩʥʦʚʝ ʤʦʣʠʙʜʝʥʘ. ʆʜʥʘʢʦ ʧʨʦʮʝʩʩ ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʘ ʚ 

ʨʘʙʦʪʘʭ ʥʝ ʦʧʠʩʘʥ ʠ ʥʝʪ ʥʠʢʘʢʠʭ ʜʘʥʥʳʭ ʦ ʪʦʤ, ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘ ʠʟ 

ʜʘʥʥʦʛʦ ʩʧʣʘʚʘ ʧʦʚʣʠʷʣʦ ʥʘ ʰʦʚ. ɼʨʫʛʦʡ ʧʨʠʤʝʨ, ʵʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘ 

ʠʟ ʜʠʙʦʨʠʜʘ ʮʠʨʢʦʥʠʷ ʩ ʜʦʙʘʚʢʘʤʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʚ ʨʘʙʦʪʝ [114]. ɺ 

ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ, ʛʦʚʦʨʠʪʩʷ ʦ ʪʦʤ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʢʨʘʡʥʝ ʥʝʞʝʣʘʪʝʣʴʥʦ ʠʟ-ʟʘ ʙʳʩʪʨʦʛʦ ʘʜʛʝʟʠʦʥʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ 

ʫʢʘʟʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ɺ ʨʘʙʦʪʝ [115] ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʠʥʩʪʨʫʤʝʥʪʘ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʞʘʨʦʧʨʦʯʥʳʝ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʷ ʧʨʠ ʉʊʇ ʩʪʘʣʴʥʳʭ 

ʩʧʣʘʚʦʚ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʢʘʟʘʣʘ ʜʦʚʦʣʴʥʦ ʫʩʧʝʰʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, 

ʯʪʦ ʚ ʧʦʣʫʯʝʥʥʦʤ ʰʚʝ ʙʳʣʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʜʝʬʝʢʪʳ. ʆʜʥʘʢʦ ʜʘʥʥʳʡ ʩʧʣʘʚ, ʢʘʢ 



 

 

41 

 

ʠ ʚʝʩʴ ʢʣʘʩʩ ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ, ʧʦʢʘ ʯʪʦ ʥʝ ʧʨʠʤʝʥʷʣʩʷ ʜʨʫʛʠʤʠ 

ʢʦʣʣʝʢʪʠʚʘʤʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʠ ʉʊʇ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ. 

 

1.5 ɾʘʨʦʧʨʦʯʥʳʝ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʷ ʠ ʠʭ ʩʚʦʡʩʪʚʘ 

ʇʝʨʚʘʷ ʧʦʣʦʚʠʥʘ XX ʚʝʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʷʚʣʝʥʠʝʤ ʤʥʦʛʠʭ ʥʦʚʳʭ 

ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʦʜʥʦʡ ʠʟ ʢʦʪʦʨʭr ʷʚʣʷʝʪʩʷ ʘʚʠʘʩʪʨʦʝʥʠʝ. ɼʘʥʥʘʷ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʩʪʘʚʠʣʘ ʧʝʨʝʜ ʯʝʣʦʚʝʯʝʩʪʚʦʤ ʥʦʚʳʝ ʟʘʜʘʯʠ, ʢʘʢ ʥʘʧʨʠʤʝʨ 

ʧʦʣʫʯʝʥʠʝ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʢ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʫʩʪʦʡʯʠʚʦʩʪʴ  ʁ ʢ ʨʘʟʨʫʰʝʥʠʶ ʧʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʫʩʪʦʡʯʠʚʳʭ ʢ ʦʢʠʩʣʝʥʠʶ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʪʘʢʠʭ ʩʧʣʘʚʘʭ ʙʳʣʘ 

ʚʳʟʚʘʥʘ ʧʦʷʚʣʝʥʠʝʤ ʨʝʘʢʪʠʚʥʦʡ ʘʚʠʘʮʠʠ ʠ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʚ ʢʦʪʦʨʳʭ 

ʠ ʙʳʣʠ ʩʠʣʴʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [116]. ʇʝʨʚʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʦʪʚʝʯʘʶʱʠʝ ʜʘʥʥʳʤ ʫʩʣʦʚʠʷʤ, ʧʦʷʚʠʣʠʩʴ ʚ 30-ʭ ʛʦʜʘʭ ʚ ɻʝʨʤʘʥʠʠ. 

ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʩʧʣʘʚʦʚ ʩʪʘʣ ʊʠʥʠʜʫʨ ï ʚʳʩʦʢʦʣʝʛʠʨʦʚʘʥʥʳʡ ʘʫʩʪʝʥʠʪʥʳʡ 

ʩʪʘʣʴʥʦʡ ʩʧʣʘʚ, ʩ ʜʠʩʧʝʨʩʠʦʥʥʳʤ ʪʚʝʨʜʝʥʠʝʤ (Ni3Ti) ʠ ʢʘʨʙʠʜʥʳʤ ʫʧʨʦʯʥʝʥʠʝʤ 

[117]. ɿʘʪʝʤ ʚ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʚ 1942 ʛʦʜʫ ʙʳʣ ʩʦʟʜʘʥ ʅʠʤʦʥʠʢ-80. ʕʪʦʪ ʩʧʣʘʚ 

ʩʪʘʣ ʧʝʨʚʳʤ ʩʨʝʜʠ ʜʠʩʧʝʨʩʠʦʥʥʦ-ʪʚʝʨʜʝʶʱʠʭ ʚʳʩʦʢʦʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ ʥʘ 

ʥʠʢʝʣʴ-ʭʨʦʤʦʚʦʡ ʦʩʥʦʚʝ. ʂʣʶʯʝʚʳʤʠ ʣʝʛʠʨʫʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚ ʩʧʣʘʚʝ 

ʷʚʣʷʣʠʩʴ ʘʣʶʤʠʥʠʡ (1,2%) ʠ ʪʠʪʘʥ (2,5%) [118]. ɺ 1948 ʛʦʜʫ ʧʦʜʦʙʥʳʝ ʩʧʣʘʚʳ 

ʧʦʷʚʣʷʶʪʩʷ ʠ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʕʀ437, ʕʀ437ɸ (ʍʅ77ʊʖ) ʠ 

ʕʀ437ɹ (ʍʅ77ʊʖʈ) [119].  

ɺ 60-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʝʨʚʘʷ ʩʝʨʠʷ 

ʞʘʨʦʧʨʦʯʥʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʩʧʣʘʚʦʚ, ʪʘʢʠʭ ʢʘʢ ɾʉ3, ɾʉ6, ɾʉ6ʂ, ɺɾʃ12ʋ. 

ɹʣʘʛʦʜʘʨʷ ʵʪʠʤ ʩʧʣʘʚʘʤ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʦʭʣʘʞʜʘʝʤʳʝ ʪʫʨʙʠʥʥʳʝ ʣʦʧʘʪʢʠ ʩ 

ʨʘʚʥʦʦʩʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʚʳʩʠʪ ɹʨʘʙʦʯʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʣʦʧʘʪʦʢ 

ʥʘ 200 Áʉ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʦʧʘʪʢʘʤʠ ʠʟ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ. 

ɿʘʪʝʤ ʚ 70 ï 80-ʭ ʛʦʜʘʭ ʧʨʦʜʦʣʞʠʣʦʩʴ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ 

ʧʫʪʝʤ ʫʣʫʯʰʝʥʠʷ ʩʧʦʩʦʙʦʚ ʚʳʧʣʘʚʢʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʝʝ ʯʠʩʪʳʭ ʰʠʭʪʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʥʦʚʳʭ ʣʝʛʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ 

ʩʧʣʘʚʦʚ ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʷ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʘʢʠʝ ʩʧʣʘʚʳ ʢʘʢ ɾʉ26, ɾʉ30, 



 

 

42 

 

ɾʉ32, ɺʂʃʉ-20, ɺʂʃʉ-20ʈ [120]. ʆʧʠʩʘʥʥʳʝ ʩʧʣʘʚʳ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʶʪʩʷ 

ʦʩʥʦʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʣʦʧʘʪʦʢ ʛʘʟʦʚʳʭ 

ʪʫʨʙʠʥ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. 

ɺr ʩʦʢʠʝ ʞʘʨʦʧʨʦʯʥʦʩʪʴ ʠ ʞʘʨʦʩʪʦʡʢʦʩʪʴ ʵʪʦʛʦ ʢʣʘʩʩʘ ʩʧʣʘʚʦʚ ʧʦʷʚʣʷʶʪʩʷ 

ʙʣʘʛʦʜʘʨʷ ʥʝʩʢʦʣʴʢʠʤ ʬʘʢʪʦʨʘʤ [121]; ʢ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʣʝʛʠʨʦʚʘʥʠʝ ʘʣʶʤʠʥʠʝʤ ʠ 

ʭʨʦʤʦʤ, ʥʘʧʨʠʤʝʨ, ʩʦʝʜʠʥʝʥʠʝ ʥʘ ʦʩʥʦʚʝ Ni3Al, ʘ ʪʘʢʞʝ ʫʧʨʦʯʥʷʶʱʠʤ ʵʬʬʝʢʪʦʤ 

ɔ'-ʬʘʟʳ, ʦʙʣʘʜʘʶʱʘʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʦʡ L12. ɺʳʩʦʢʦʜʠʩʧʝʨʩʥʳʝ ʯʘʩʪʠʮʳ 

ɔ'-ʬʘʟʳ, ʥʘʩʳʱʝʥʥʳ ʨʷʜʦʤ ʪʷʞʝʣʳʭ ʠ ʪʫʛʦʧʣʘʚʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ 

ʨʘʟʚʠʪʠʝ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʥʠʢʝʣʝʚʦʡ ʤʘʪʨʠʮʳ (ɔ-ʬʘʟʳ, ʩʪʨʫʢʪʫʨʘ ɸ1) 

ʙʣʦʢʠʨʫʝʪʩʷ. ɽʩʣʠ ʪʦʪ ʠʣʠ ʠʥʦʡ ʩʣʘʚ ʣʝʛʠʨʦʚʘʪ ɹʥʝʢʦʨʨʝʢʪʥʦ, ʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʳʜʝʣʝʥʠʝ ʠʟʙʳʪʦʯʥʳʭ ʬʘʟ. ʂ ʜʘʥʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤ ʦʪʥʦʩʷʪʩʷ 

ʪʦʧʦʣʦʛʠʯʝʩʢʠ ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʳʝ ʬʘʟʳ (ʊʇʋ) ʪʠʧʘ ʬʘʟ ʃʘʚʝʩʘ, ɛ, ů ʠ ʜʨ., ʢʨʦʤʝ 

ʪʦʛʦ, ʢʘʨʙʠʜʳ ʥʘ ʦʩʥʦʚʝ W6C, Cr23ʉ6 ʠ ʜʨ. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠʟʙʳʪʦʯʥʳʭ ʬʘʟ ʠʤʝʝʪ ʨʷʜ ʩʫʱʝʩʪʚʝʥʥʳʭ 

ʦʪʣʠʯʠʡ ʦʪ ʩʪʨʫʢʪʫʨʳ ʛʨʘʥʠʯʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ɔ' ʠ ɔ. ʏʘʩʪʠʮʳ ʵʪʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʦʙʣʘʜʘʶʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʣʘʩʪʠʥʯʘʪʦʡ ʤʦʨʬʦʣʦʛʠʝʡ ʠ ʥʘʭʦʜʷʪʩʷ ʥʘ 

ʛʨʘʥʠʮʘʭ ʟʝʨʝʥ ʘʫʩʪʝʥʠʪʥʦʡ ɔ'/ɔ (ɔ0) ʤʘʪʨʠʮʳ. ʆʥʠ ʨʘʙʦʪʘʶʪ ʢʘʢ ʢʦʥʮʝʥʪʨʘʪʦʨ r

ʥʘʧʨʷʞʝʥʠʡ, ʩʧʦʩʦʙʩʪʚʫʷ ʭʨʫʧʢʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʤʘʪʝʨʠʘʣʘ ʠ ʫʤʝʥʴʰʝʥʠʶ ʝʛʦ 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʝʜʝʣʦʚ ʣʝʛʠʨʦʚʘʥʠʷ ʠʣʠ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʚ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝ ʚʩʝʛʜʘ ʷʚʣʷʣʦʩʴ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ ʤʝʪʘʣʣʦʚʝʜʝʥʠʷ, ʠ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʥʝ ʠʤʝʶʱʝʡ ʨʝʰʝʥʠʷ ʜʣʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ 

ʦʩʪʘʝʪʩʷ ʚʘʞʥʳʤ ʧʦʠʩʢ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʣʝʛʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʙʦʣʝʝ ʵʢʦʥʦʤʥʦʤʫ ʠ ʵʬʬʝʢʪʠʚʥʦʤʫ ʠʟʛʦʪʦʚʣʝʥʠʶ ʥʦʚʳʭ ʩʧʣʘʚʦʚ. ʇʨʘʚʜʘ, ʩ 

ʧʦʷʚʣʝʥʠʝʤ, ʘ ʚʧʦʩʣʝʜʩʪʚʠʠ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʤʘʰʠʥ ʠ ʪʝʦʨʠʠ ʣʝʛʠʨʦʚʘʥʠʷ ʥʘʯʘʣʠ ʧʦʷʚʣʷʪʴʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ 

ʢʦʤʧʴʶʪʝʨʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

çʩʦʩʪʘʚ ï ʩʚʦʡʩʪʚʘè, çʩʦʩʪʘʚ ï ʩʪʨʫʢʪʫʨʘè. ɼʘʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʧʦʣʫʯʝʥʠʝ ʩʧʣʘʚʦʚ ʩ ʦʧʪʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤ, ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤ ʠ ʬʘʟʦʚʦ-ʩʪʨʫʢʪʫʨʥʳʤ ʧʘʨʘʤʝʪʨʘʤ, ʘ ʵʪʦ ʧʦʟʚʦʣʠʣʦ ʟʘʤʝʪʥʦ 
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ʫʤʝʥʴʰʠʪʴ ʚʨʝʤʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʠʪʥʳʭ ʞʘʨʦʧʨʦʯʥʳʭ 

ʩʧʣʘʚʦʚ. 

ɹʣʘʛʦʜʘʨʷ ʠʤ ʩ ʥʘʯʘʣʘ 2000-ʭ ʛʦʜʦʚ ʠ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʞʘʨʦʧʨʦʯʥʳʭ ʥʠʢʝʣʝʚʳʭ ʩʧʣʘʚʦʚ ʩʚʷʟʘʥʦ ʩ ʨʘʟʨʘʙʦʪʢʦʡ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʚʳʩʦʢʦʨʝʥʠʝʚʳʭ ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ ʪʨʝʪʴʝʛʦ ʧʦʢʦʣʝʥʠʷ 

ɺɾʄ1 (9,3% Re), ɺɾʄ2 (12% Re), ɺɾʄ5 (4% Re). ʇʦʟʞʝ, ʜʣʷ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʚ ʚʳʩʦʢʦʨʝʥʠʝʚʳʝ ʞʘʨʦʧʨʦʯʥʳʝ ʩʧʣʘʚʳ ʩʪʘʣʠ ʚʚʦʜʠʪʴ ʨʫʪʝʥʠʡ 

[120]. 

ɿʘ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʚʘʞʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚ r

ʠ ʦʩʫʱʝʩʪʚʣʝʥʳ ʩʧʝʮʠʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʳʤ ʩʦʟʜʘʥʳ ʥʦʚʝr 

ʙʦʣʝʝ ʞʘʨʦʧʨʦʯʥʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʨʝʥʠʡ-ʨʫʪʝʥʠʡ ʩʦʜʝʨʞʘʱʠʝ ʩʧʣʘʚ r

ʯʝʪʚʝʨʪʦʛʦ ʠ ʧʷʪʦʛʦ ʧʦʢʦʣʝʥʠʡ ɺɾʄ4 ʠ ɺɾʄ6, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ [120] 

ʨʘʟʨʘʙʦʪʘʥʳ ʧʷʪʴ ʧʦʢʦʣʝʥʠʡ ʞʘʨʦʧʨʦʯʥʳʭ ʥʠʢʝʣʝʚʳʭ ʩʧʣʘʚʦʚ (ʪʘʙʣʠʮʘ 1.7). 

ʊʘʙʣʠʮʘ 1.7 ï ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʞʘʨʦʧʨʦʯʥʳʭ ʥʠʢʝʣʝʚʳʭ ʩʧʣʘʚʦʚ 

ʇʦʢʦʣʝʥʠʝ  ʃʝʛʠʨʫʶʱʠʝ ʵʣʝʤʝʥʪʳ (ʃʕ)  ʉʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ, ʛ/ʩʤ
3
  

I  Al, Ti, Cr, Mo, W, Ta, Nb  8,31  

II  ʃʕ I-ʛʦ ʧʦʢʦʣʝʥʠʷ + Re 2-4 %  8,71  

III  ʃʕ I-ʛʦ ʧʦʢʦʣʝʥʠʷ + Re 5-6 %  8,94  

IV  ʃʕ III-ʛʦ ʧʦʢʦʣʝʥʠʷ + Ru 2-4 %  8,75  

V  ʃʕ III-ʛʦ ʧʦʢʦʣʝʥʠʷ + Ru 5-6 %  8,90  

 

ʃʝʛʠʨʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ ʦʙʳʯʥʦ ʜʝʣʷʪ ʥʘ 3 ʪʠʧʘ: ɔ'-

ʦʙʨʘʟʫʶʱʠʝ, ɔ-ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʝ ʠ ʢʘʨʙʠʜʦʦʙʨʘʟʫʶʱʠʝ. ʂ 1-ʤʫ ʪʠʧʫ ʦʪʥʦʩʷʪ Al, 

Ti, Ta, Hf, Nb, ʢʦ 2-ʤʫ - Cr, Mo, Re, Ru, Co, V, W, ʠ ʢ 3-ʤʫ - Ti, Ta, Nb, Hf, V, W, 

Mo. ʀʟʚʝʩʪʥʦ [122], ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʵʣʝʤʝʥʪʳ ʧʦ-ʨʘʟʥʦʤʫ ʚʣʠʷʶʪ ʥʘ ʪʝʤʧʝʨʘʪʫʨʳ 

ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʩʧʣʘʚʘʭ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʣʠʜʫʩʘ ʠ 

ʣʠʢʚʠʜʫʩʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʯʘʣʘ ʨʘʩʪʚʦʨʝʥʠʷ ɔ'-ʬʘʟʳ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʣʥʦʛʦ 

ʨʘʩʪʚʦʨʝʥʠʷ ɔ'-ʬʘʟʳ ʚ ʤʘʪʨʠʮʝ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʥʝʨʘʚʥʦʚʝʩʥʳʭ 

ʵʚʪʝʢʪʠʯʝʩʢʠʭ/ʧʝʨʠʪʝʢʪʠʯʝʩʢʠʭ ʬʘʟ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʯʘʣʘ ʚʳʜʝʣʝʥʠʷ ʢʘʨʙʠʜʦʚ. 
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ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʷʚʠʣʦʩʴ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʚʳʰʝʥʠʷ 

ʞʘʨʦʧʨʦʯʥʦʩʪʠ ʩʧʣʘʚʦʚ, ʢʦʪʦʨʦʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʠʤʝʥʝʥʠʠ ʩʠʩʪʝʤ rʣʝʛʠʨʦʚʘʥʠʷ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʮʝʨʠʡ, ʣʘʥʪʘʥ, ʠʪʪʨʠʡ ʠ ʪ.ʜ. 

ʄʠʢʨʦʣʝʛʠʨʦʚʘʥʠʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʤʝʪʘʣʣʘʤʠ, ʢʨʦʤʝ ʧʦʚʳʰʝʥʠʷ ʫʧʨʦʯʥʝʥʠʷ, 

ʧʦʟʚʦʣʠʣʦ ʧʦʥʠʟʠʪʴ ʤʠʥʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʣʩʷ ʨʝʩʫʨʩ ʠ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʦʚ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʞʘʨʦʧʨʦʯʥʳʭ ʥʠʢʝʣʝʚʳʭ ʩʧʣʘʚʦʚ ʩʦ ʚʪʦʨʦʛʦ ʧʦ ʧʷʪʦʝ 

ʧʦʢʦʣʝʥʠʷ, ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʚʠʜʥʳʤ, ʯʪʦ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʩʪʝʧʝʥʠ ʣʝʛʠʨʦʚʘʥʠʷ 

ʤʘʪʝʨʠʘʣʘʤʠ Re ʠ Ru, ʧʦʚʳʰʘʝʪʩʷ ʠ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ, ʢ 

ʩʦʞʘʣʝʥʠʶ, ʜʘʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚʤʝʩʪʝ ʩ ʩʫʱʝʩʪʚʝʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ 

ʧʣʦʪʥʦʩʪʠ. ʂʘʞʜʦʝ ʧʦʢʦʣʝʥʠʝ ʜʘʥʥʳʭ ʩʧʣʘʚʦʚ ʧʦʟʚʦʣʷʣʦ ʧʦʚʳʩʠʪʴ ʨʘʙʦʯʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ ʤʘʪʝʨʠʘʣʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠʤʝʨʥʦ ʥʘ 25 Áʉ (ʨʠʩʫʥʦʢ 1.17), ʥʦ ʧʨʠ ʵʪʦʤ 

ʧʣʦʪʥʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ ʥʘ 0,2 ʛ/ʩʤ
3
. 

 

ʈʠʩʫʥʦʢ 1.17 - ʋʨʦʚʝʥʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʞʘʨʦʧʨʦʯʥʳʭ ʥʠʢʝʣʝʚʳʭ ʩʧʣʘʚʦʚ ʚ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ [123] 

 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʈʦʩʩʠʠ ʠʤʝʝʪʩʷ ʩʦʚʨʝʤʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ, 

ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʠ ʠʩʧʳʪʘʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ 

ʢʘʯʝʩʪʚʦ ʞʘʨʦʧʨʦʯʥʳʭ ʩʫʧʝʨʩʧʣʘʚʦʚ ʥʘ ʫʨʦʚʥʝ ʪʨʝʙʦʚʘʥʠʡ ʤʠʨʦʚʳʭ ʩʪʘʥʜʘʨʪʦʚ. 
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ʅʘʧʨʠʤʝʨ, ʩʦʜʝʨʞʘʥʠʝ ʪʘʢʠʭ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ ʢʘʢ ʢʠʩʣʦʨʦʜ, ʘʟʦʪ ʠ ʩʝʨʘ ʤʝʥʝʝ 

0,001 % ʢʘʞʜʦʛʦ, ʘ ʫʛʣʝʨʦʜʘ ʤʝʥʝʝ 0,005 %, ʢʨʦʤʝ ʪʦʛʦ ʩʦʙʣʶʜʘʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʫʟʢʠʝ ʧʨʝʜʝʣʳ ʣʝʛʠʨʦʚʘʥʠʷ: Ñ0,2 ï 0,3 % ʦʪ ʨʘʩʯʝʪʥʦʛʦ ʩʦʩʪʘʚʘ. 

ʆʙʝʩʧʝʯʝʥʠʝ ʫʚʝʣʠʯʝʥʠʷ ʩʚʦʡʩʪʚ ʞʘʨʦʧʨʦʯʥʦʩʪʠ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʚ 

ʦʩʥʦʚʥʦʤ ʙʣʘʛʦʜʘʨʷ ʫʣʫʯʰʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʚ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ ʜʦʙʘʚʣʝʥʠʝʤ ʚ ʩʧʣʘʚʳ ʪʘʢʠʭ ʪʫʛʦʧʣʘʚʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʢʘʢ, ʨʫʪʝʥʠʡ, ʨʝʥʠʡ ʠ 

ʪʘʥʪʘʣ ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʟʘʤʝʪʥʦʝ ʫʩʠʣʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʤʝʞʘʪʦʤʥʳʭ ʩʚʷʟʝʡ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʶʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʣʟʫʯʝʩʪʠ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʶ 

ʫʩʪʘʣʦʩʪʥʳʭ ʪʨʝʱʠʥ, ʢʨʦʤʝ ʪʦʛʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ. 

ʇʝʨʚʳʡ ʩʧʣʘʚ ʪʘʢʦʛʦ ʨʦʜʘ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ð ɾʉ32. ʆʥ 

ʩʦʜʝʨʞʠʪ ʦʢʦʣʦ 4% ʪʘʥʪʘʣʘ ʠ 4% ʨʝʥʠʷ, ʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ ʩʪʘʣ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʫʩʣʦʚʠʷʭ, ʛʜʝ ʚʳʩʦʢʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ ʩʦʧʨʷʞʝʥʘ ʩ 

ʧʦʚʳʰʝʥʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʠ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʣʦʪʥʦʩʪʴ ʜʘʥʥʦʛʦ ʩʧʣʘʚʘ ɟ = 8,76 ʛ/ʩʤ
3
. ʆʩʪʘʣʴʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 1.8.  

ʊʘʙʣʠʮʘ 1.8 ï ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʘ ɾʉ32 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʘ  ʊʝʤʧʝʨʘʪʫʨʘ, Áʉ  

20 900 1000  1100  

ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ɽ, ʢʛʩ/ʤʤ
2
  14350  10730  9790  8580  

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ůɺ, ʢʛʩ/ʤʤ
2
  106.5  96.0  70.0  48.0  

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʩʫʞʝʥʠʝ ʧʨʠ ʨʘʟʨʳʚʝ ɣ, %  26.5  23.0  29.0  29.5  

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʧʨʠ ʨʘʟʨʳʚʝ ŭ, %  20.0  18.5  22.0  18.0  

ʂʦʵʬʬʠʮʠʝʥʪ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ Ŭ*10
6
, 

1/ʛʨʘʜ  

12.4  15.0  15.7  16.5  

 

ɻʣʘʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʛʦ ʩʧʣʘʚʘ, ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ ʩʧʣʘʚʘʤʠ, ʢʦʪʦʨʳʝ 

ʙʳʣʠ ʜʦ ʥʝʛʦ, ʷʚʣʷʝʪʩʷ ʜʦʙʘʚʣʝʥʠʝ ʨʝʥʠʷ. ʈʝʥʠʡ ʦʙʣʘʜʘʝʪ ʚʩrʦʢʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ɔ-ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ, ʠ ʵʪʦ ʩʦʟʜʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ 

ʞʘʨʦʧʨʦʯʥʦʩʪʴ ʥʠʢʝʣʝʚʳʭ ʩʧʣʘʚʦʚ, ʙʣʘʛʦʜʘʨʷ ʫʚʝʣʠʯʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨ rʩʦʣʠʜʫʩʘ, 
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ʧʦʚʳʰʝʥʠʶ ʧʝʨʠʦʜʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ɔ-ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʧʦʥʠʞʝʥʠʶ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ [124, 125]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʨʠ 

ʜʦʣʛʦʚʨʝʤʝʥʥʦʤ ʚʣʠʷʥʠʠ ʪʝʤʧʝʨʘʪʫʨ, ʧʨʝʚʳʰʘʶʱʠʭ 1000 Áʉ ʫʧʨʦʯʥʷʶʱʝʝ 

ʜʝʡʩʪʚʠʝ ʨʝʥʠʷ ʧʦʥʠʞʘʝʪʩʷ (ʨʠʩʫʥʦʢ 1.18) [126]. ʋʤʝʥʴʰʝʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʨʝʥʠʷ 

ʥʘ ʜʣʠʪʝʣʴʥʫʶ ʧʨʦʯʥʦʩʪʴ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʝʛʦ ʤʘʩʩʘ-

ʩʦʜʝʨʞʘʥʠʷ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ɔ-ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ, ʯʪʦ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʧʣʘʩʪʠʥʯʘʪʳʭ ʬʘʟ, ʢʦʪʦʨʳʝ ʦʙʦʛʘʱʝʥʳ ʨʝʥʠʝʤ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʤʘʪʨʠʮʘ ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʪʫʛʦʧʣʘʚʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ 

ʚʦʣʴʬʨʘʤ, ʤʦʣʠʙʜʝʥ, ʨʝʥʠʡ, ʠ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʥʠʞʝʥʠ ʁ ʫʨʦʚʥʷ 

ʪʚʝʨʜʦʨʘʩʪʚʦʨʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʧʨʦʠʩʭʦʜʠʪ ʧʦʥʠʞʝʥʠʝ 

ʞʘʨʦʧʨʦʯʥʦʩʪʠ. ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʚ 

ʚʳʩʦʢʦʨʝʥʠʝʚʳʭ ʩʧʣʘʚʘʭ ʯʝʪʚʝʨʪʦʛʦ ʠ ʧʷʪʦʛʦ ʧʦʢʦʣʝʥʠʡ, ʠʭ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦ 

ʣʝʛʠʨʫʶʪ 2 ï 6 % ʨʫʪʝʥʠʝʤ [127-130]. ʈʫʪʝʥʠʡ ʦʙʣʘʜʘʝʪ ʦʧʨʝʜʝʣʸʥʥʳʤ ʯʠʩʣʦʤ 

ʜʦʩʪʦʠʥʩʪʚ ʧʝʨʝʜ ʨʝʥʠʝʤ, ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʤʝʥʴʰʝʝ ʣʠʢʚʘʮʠʦʥʥʦʝ 

ʜʝʡʩʪʚʠʝ ʧʨʠ ʥʘʧʨʘʚʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʤʝʥʴʰʫ  ʁʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʊʇʋ-ʬʘʟ ʠ ʤʝʥʴʰʫʶ ʚ ʜʚʘ ʨʘʟʘ ʧʣʦʪʥʦʩʪʴ. ɾʘʨʦʧʨʦʯʥʳʝ ʩʧʣʘʚʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʨʝʥʠʡ-ʨʫʪʝʥʠʡ, ʦʙʣʘʜʘʶʪ ʥʘʠʙʦʣʴʰʝʡ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʜʣʠʪʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʪʨʘʜʠʮʠʦʥʥʦ ʣʝʛʠʨʦʚʘʥʥʳʤʠ ʩʧʣʘʚʘʤʠ, ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʚʳʥʦʩʣʠʚʦʩʪʴ ʚʳʰʝ ʥʘ 50 

ï 60 Áʉ [131]. ɺ ʩʪʘʪʴʝ [132] ʧʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʩ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʚ ʩʪʨʫʢʪʫʨʝ ʩʧʣʘʚʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʨʝʥʠʡ-ʨʫʪʝʥʠʡ, ʠʤʝʝʪ ʤʝʩʪʦ ʚʳʜʝʣʝʥʠʝ ʊʇʋ-

ʬʘʟ ʚ ʢʦʥʢʨʝʪʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʤ ʠʥʪʝʨʚʘʣʝ, ʠʟ-ʟʘ 

ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʥʦʛʦ ʫʩʪʨʘʥʝʥʠʷ 

ʣʠʢʚʘʮʠʦʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʘʚʪʦʨʳ ʩʦʦʙʱʘʶʪ, ʯʪʦ ʜʣʠʪʝʣʴʥʘʷ 

ʧʣʘʩʪʠʯʥʦʩʪʴ ʩʧʣʘʚʘ ɺɾʄ4, ʨʘʚʥʘʷ 120 ʄʇʘ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1100 Áʉ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 1303 ʯ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʝʣʠʯʠʥʘʤʠ ʦʩʪʘʪʦʯʥʦʛʦ ʫʜʣʠʥʝʥʠʷ 

ŭ ʠ ʩʫʞʝʥʠʷ ɣ ʧʦʩʣʝ ʨʘʟʨʫʰʝʥʠʷ. ʇʣʘʩʪʠʯʥʦʩʪʴ ʩʦʭʨʘʥʷʝʪʩʷ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ (ŭ=15% ʠ ɣ=43%) ʜʘʞʝ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʧʣʘʩʪʠʥʯʘʪʦʡ ʬʘʟʳ ʚ 

ʩʪʨʫʢʪʫʨʝ ʩʧʣʘʚʘ.  
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ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [133, 134] ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʪʦʤ, ʯʪʦ ʨʝʥʠʡ ʪʘʢʞʝ 

ʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. ʅʦ ʧʨʠ ʵʪʦʤ ʠʤʝʝʪʩʷ ʙʦʣʴʰʦʡ ʥʝʜʦʩʪʘʪʦʢ ʧʨʠ 

ʣʝʛʠʨʦʚʘʥʠʠ ʜʘʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ï ʵʪʦ ʜʦʨʦʛʦʚʠʟʥʘ ʧʦʣʫʯʘʝʤʳʭ ʩʧʣʘʚʦʚ. ʊʘʢ 

ʢʘʢ ʨʝʥʠʡ ʷʚʣʷʝʪʩʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ, ʘ ʨʫʪʝʥʠʡ ï ʵʣʝʤʝʥʪʦʤ 

ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ, ʜʨʘʛʦʮʝʥʥʳʤ ʤʝʪʘʣʣʦʤ.  

 

ʈʠʩʫʥʦʢ 1.18 - ɼʝʡʩʪʚʠʝ ʨʝʥʠʷ ʥʘ ʜʣʠʪʝʣʴʥʫʶ ʧʨʦʯʥʦʩʪʴ ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ 

ʧʨʠ 1000 ʠ 1100 Áʉ [123] 

 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʪʦʠʤʦʩʪʴ ʦʧʠʩʳʚʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 

60% ʦʪ ʦʙʱʝʡ ʩʪʦʠʤʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʨʠʩʫʥʦʢ 1.19) ʧʨʠ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʥʠʢʝʣʝʚʳʭ ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʟʘ 

ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʮʝʥʳ ʥʘ ʨʝʥʠʡ ʙʳʩʪʨʦ ʚʦʟʨʦʩʣʠ ʩ 1 200 $/ʢʛ ʜʦ ʩʚʳʰʝ 10 

000 $/ʢʛ. ʕʪʦ ʧʨʦʠʟʦʰʣʦ ʧʦ ʧʨʠʯʠʥʝ ʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʨʘʟʚʠʪʠ ̫ʘʚʠʘʢʦʩʤʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʠ ʧʦʪʨʝʙʥʦʩʪʠ ʩʫʧʝʨʩʧʣʘʚʦʚ ʜʣʷ ʥʝʸ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ 

ʦʙʨʘʟʦʚʘʣʩʷ ʜʝʬʠʮʠʪ ʤʝʪʘʣʣʘ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ. ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʩʪʦʠʤʦʩʪʴ ʨʝʥʠʷ 

ʚ 2015 ï 2016 ʛʦʜʘʭ ʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 1400 $/ʢʛ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʧʣʘʚ,r 3-5 

ʧʦʢʦʣʝʥʠʡ ʦʢʘʟʘʣʠʩʴ ʜʦʚʦʣʴʥʦ ʜʦʨʦʛʠʤʠ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʫʟʠʣʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʭ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ.  

ɸʥʘʣʦʛʠʯʥʳʝ ʧʨʦʙʣʝʤʳ ʥʘʙʣʶʜʘʶʪʩʷ ʠ ʫ ʟʘʨʫʙʝʞʥʳʭ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʞʘʨʦʧʨʦʯʥʳʭ ʥʠʢʝʣʝʚʳʭ ʩʧʣʘʚʦʚ. ɺʩʣʝʜʩʪʚʠʝ ʜʦʙʘʚʣʝʥʠʷ ʵʪʠʭ 
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ʵʣʝʤʝʥʪʦʚ ʩʪʘʣ ʚʦʟʤʦʞʥʳʤ ʩʢʘʯʦʢ ʚ ʦʙʣʘʩʪʠ ʨʘʟʚʠʪʠʷ ʘʚʠʘʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʧʨʠ ʧʦʷʚʣʝʥʠʠ ʩʧʣʘʚʦʚ ʯʝʪʚʝʨʪʦʛʦ ʠ ʧʷʪʦʛʦ ʧʦʢʦʣʝʥʠʡ. ʇʨʠ ʵʪʦʤ, ʚʳʩʦʢʘ ̫

ʩʪʦʠʤʦʩʪ ɹʨʝʥʠʷ ʠ ʨʫʪʝʥʠʷ ʠ ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʠʭ ʚ ʩʧʣʘʚʘʭ ʯʝʪʚʝʨʪʦʛʦ 

ʧʦʢʦʣʝʥʠʷ ʚ 10é13% ʧʦ ʤʘʩʩʝ ʩʚʝʣʘ ʥʘ ʥʝʪ ʧʦʣʝʟʥʳʡ ʵʬʬʝʢʪ ʦʪ ʣʝʛʠʨʦʚʘʥʠʷ ʩ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʥʘʣhʦ ʩʚʦʝ ʦʪʨʘʞʝʥʠʝ ʚ 

ʥʝʙʦʣʴʰʦʤ ʧʨʠʤʝʥʝʥʠʠ ʩʧʣʘʚʦʚ ʯʝʪʚʝʨʪʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʢʨʦʤʝ ʪʦʛʦ ʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʦʡ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʜʦʩʪʫʧʥʳʭ ʩʧʣʘʚʦʚ 

ʨʘʥʥʠʭ ʧʦʢʦʣʝʥʠʡ. 

 

ʈʠʩʫʥʦʢ 1.19 - ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʙʱʝʡ ʮʝʥʝ 

ʩʧʣʘʚʘ 

 

ʄʘʪʝʨʠʘʣʳ ʉʊʇ ʠʥʩʪʨʫʤʝʥʪʘ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʥʝ ʪʦʣʴʢʦ ʚʳʩʦʢʦʡ 

ʧʨʦʯʥʦʩʪʴʶ ʠ ʞʘʨʦʩʪʦʡʢʦʩʪʴʶ, ʥʦ ʠ ʦʙʣʘʜʘʪʴ ʜʦʩʪʫʧʥʦʡ ʩʪʦʠʤʦʩʪʴʶ ʤʘʪʝʨʠʘʣʘ. 

ʇʦʵʪʦʤʫ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʉʊʇ-ʠʥʩʪʨʫʤʝʥʪʘ ʙʳʣʠ ʚʟʷʪʳ 

ʞʘʨʦʧʨʦʯʥʳʝ ʥʠʢʝʣʝʚʳʝ ʩʧʣʘʚʳ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʡ. 
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2. ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʗ 

2.1 ʄʘʪʝʨʠʘʣʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʣʠʩʪʦʚʦʡ ʧʨʦʢʘʪ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ɺʊ1-0, 

ʆʊ4-1, ɺʊ6 ʪʦʣʱʠʥʦʡ 2,5 ʤʤ. ɼʣʷ ʉʊʇ ʩʧʣʘʚʘ ʆʊ4-1 ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʣʠʩʪʳ ʪʦʣʱʠʥʦʡ 2 ʠ 5 ʤʤ. ʇʨʠ ʉʊʇ ʨʘʟʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʣʠʩʪʦʚʦʡ ʧʨʦʢʘʪ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ɸʄʛ5 ʪʦʣʱʠʥʦʡ 2,5 ʠ 7 ʤʤ. ʉʦʛʣʘʩʥʦ 

ɻʆʉʊ 22178-76 [135], ʧʨʝʜʝʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʧʦ ʪʦʣʱʠʥʝ ʥʝ ʤʦʛʫʪ ʧʨʝʚʳʰʘʪʴ 

0,14-0,15 ʤʤ ʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʥʠʞʝ 0,18-0,2 ʤʤ.  

ʉʚʘʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʦʣʫʯʘʣʠʩʴ ʧʨʠ ʧʦʤʦʱʠ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʩʚʘʨʢʠ ʪʨʝʥʠʝʤ ʩ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.1.  

 

ʈʠʩʫʥʦʢ 2.1 - ʃʘʙʦʨʘʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʩʚʘʨʢʠ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ 

 

ʇʨʝʞʜʝ ʜʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʰʚʦʚ-ʉʊʇ 

ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ, ʦʜʥʘʢʦ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʰʚʦʚ-ʉʊʇ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ 

ʧʦʪʨʝʙʦʚʘʣʘʩʴ ʨʷʜ ʜʦʨʘʙʦʪʦʢ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʧʨʦʰʣʦʡ ʛʣʘʚʝ ʛʦʚʦʨʠʣʦʩʴ ʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʘʱʠʪʥʦʡ ʘʪʤʦʩʬʝʨʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʙʣʘʛʦʨʦʜʥʦʛʦ 

ʛʘʟʘ, ʯʘʱʝ ʚʩʝʛʦ ʘʨʛʦʥʘ, ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʢʠʩʣʝʥʠʷ ʩʚʘʨʥʦʛʦ ʰʚʘ, ʧʨʠ ʩʚʘʨʢʝ 
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ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ. ʇʦʵʪʦʤʫ ʧʦʜʘʯʘ ʚʦʟʜʫʭʘ ʧʨʠ 

ʧʦʤʦʱʠ ʚʦʟʜʫʰʥʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ ʙʳʣʘ ʠʟʤʝʥʝʥʘ ʥʘ ʧʦʜʘʯʫ 

ʘʨʛʦʥʘ ʠʟ ʙʘʣʣʦʥʘ ʩ ʛʘʟʦʤ-ʥʦʩʠʪʝʣʝʤ (ʈʠʩʫʥʦʢ 2.2). 

 

ʈʠʩʫʥʦʢ 2.2 - ʉʭʝʤʘ ʩʚʘʨʢʠ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ 

 ʚ ʟʘʱʠʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ 

 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʞʠʜʢʦʩʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ, ʪʘʢ ʢʘʢ ʵʪʦ ʤʦʛʣʦ ʫʤʝʥʴʰʠʪʴ 

ʙʳʩʪʨʦʝ ʠʟʥʘʰʠʚʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʠ ʉʊʇ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʦʭʣʘʞʜʘʶʱʘʷ ʢʦʥʩʪʨʫʢʮʠʷ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʢ ʣʘʙʦʨʘʪʦʨʥʦʡ 

ʫʩʪʘʥʦʚʢʝ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʉʊʇ 

ʧʦʜʢʣʶʯʘʣʠʩʴ ʩʠʩʪʝʤ rʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʚʦʜʦʦʪʚʝʜʝʥʠʷ. ɽʸ ʩʭʝʤʘ ʠʟʦʙʨʘʞʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 2.3. ɾʠʜʢʦʩʪʴ ʧʦʜʘʚʘʣʘʩʴ ʯʝʨʝʟ ʚʝʨʭʥʠʡ ʰʪʫʮʝʨ ʚ ʦʭʣʘʞʜʘʶʱʫʶ 

ʢʦʥʩʪʨʫʢʮʠʶ, ʛʜʝ ʯʝʨʝʟ ʚʝʨʭʥʠʝ ʧʘʪʨʫʙʢʠ ʜʝʨʞʘʪʝʣʷ ʦʥʘ ʧʦʩʪʫʧʘʣʘ ʚ ʪʨʫʙʢʫ, ʚ 

ʢʦʪʦʨʦʡ ʞʠʜʢʦʩʪʴ ʦʧʫʩʢʘʣʘʩʴ ʢ ʠʥʩʪʨʫʤʝʥʪʫ ʠ ʦʭʣʘʞʜʘʣʘ ʝʛʦ. ɿʘʪʝʤ ʧʦ 

ʚʝʨʪʠʢʘʣʴʥʳʤ ʧʘʪʨʫʙʢʘʤ ʛʠʣʴʟʳ ʦʥʘ ʧʦʜʥʠʤʘʣʘʩʴ ʢ ʥʠʞʥʠʤ ʧʘʪʨʫʙʢʘʤ 

ʜʝʨʞʘʪʝʣʷ ʠ ʚʳʚʦʜʠʣʘʩʴ ʯʝʨʝʟ ʥʠʞʥʠʡ ʰʪʫʮʝʨ.  
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ʈʠʩʫʥʦʢ 2.3 - ʉʭʝʤʘ ʦʭʣʘʞʜʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʧʨʦʮʝʩʩʝ ʉʊʇ 

 

ɺ ʧʨʦʮʝʩʩʝ ʉʊʇ ʨʘʟʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʣʘʩʪʠʥʳ ʠʟ 

ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ɸʄʛ5, ʤʘʨʦʯʥʳʡ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʧʦʢʘʟʘʥ ʚ ʪʘʙʣʠʮʝ 2.1 ʠ 

ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ʆʊ4-1 ʠ ɺʊ1-0.  

ʊʘʙʣʠʮʘ 2.1 ï ʄʘʨʦʯʥʳʡ ʩʦʩʪʘʚ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ɸʄʛ5, % ʤʘʩʩ.  

Fe Si  Mn  Ti Al  Mg  Zn  ʇʨʠʤʝʩʠ 

ʜʦ 0.5 ʜʦ 0.5 0.3-0.8 0.02-0.1 91.9-94.68 4.8-5.8 ʜʦ 0.2 ʜʦ 0.1 

 

ʇʨʠ ʵʪʦʤ ʩʚʘʨʢʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʚʥʘʭʣʝʩʪ, ʧʦʵʪʦʤʫ ʜʘʥʥʳʝ ʧʣʘʩʪʠʥʳ 

ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʩʦʛʣʘʩʥʦ ʩʭʝʤʝ ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 2.4. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ 

ʦʢʠʩʣʝʥʠʝ ʥʝ ʧʨʦʠʩʭʦʜʠʣʦ, ʪʘʢ ʢʘʢ ʪʠʪʘʥʦʚʳʝ ʧʣʘʩʪʠʥʳ ʥʘʭʦʜʠʣʠʩʴ ʧʦʜ 

ʘʣʶʤʠʥʠʝʚʳʤʠ ʧʣʘʩʪʠʥʘʤʠ. 

 
ʈʠʩʫʥʦʢ 2.4 - ʉʭʝʤʘ ʉʊʇ ʨʘʟʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

 

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʤʝʥʷʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʞʠʤʳ 

ʉʊʇ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ, ʘ ʪʘʢʞʝ ʩʚʘʨʢʠ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ʩ ʘʣʶʤʠʥʠʝʚʳʤʠ 

ʩʧʣʘʚʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʉʊʇ ʠʥʩʪʨʫʤʝʥʪʦʚ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʞʠʤʳ ʠ ʤʘʪʝʨʠʘʣʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2.2. 
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ʊʘʙʣʠʮʘ 2.2 ï ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʞʠʤʳ ʉʊʇ 

 ̄ ʅʘʛʨʫʟʢʘ ʥʘ 

ʠʥʩʪʨʫʤʝʥʪ 

ʧʨʠ 

ʚʥʝʜʨʝʥʠʠ, 

ʢʛ  

ʅʘʛʨʫʟʢʘ ʥʘ 

ʠʥʩʪʨʫʤʝʥʪ 

ʧʨʠ ʩʚʘʨʢʝ, 

ʢʛ 

ʉʢʦʨʦʩʪʴ 

ʧʦʜʘʯʠ, 

ʤʤ/ʤʠʥ  

ʉʢʦʨʦʩʪʴ 

ʚʨʘʱʝʥʠʷ 

ʠʥʩʪʨʫʤʝʥʪʘ, 

ʦʙ/ʤʠʥ  

ɼʣʠʥʘ 

ʰʚʘ, 

ʤʤ 

ʇʨʠʤʝʯʘʥʠʷ 

ʉʚʘʨʠʚʘʣʠʩʴ ʚʥʘʭʣʝʩʪ ʩʧʣʘʚʳ ɸʄʛ5ʭʆʊ4-1, ʠʥʩʪʨʫʤʝʥʪ ʠʟ ʩʧʣʘʚʘ ʈ6ʄ5 

1 2350 2900 450 550 55  

2 3000 3000 450 550 55  

3 2500 2500 450 550 59  

4 3100 3100 200 550 55  

5 3000 3000 300 700 47  

6 3100 3100 200 900 49  

7 3300 3300 200 850 55  

8 2200 2200 200 1000 55  

ʉʚʘʨʠʚʘʣʠʩʴ ʚʩʪʳʢ ʧʣʘʩʪʠʥʳ ɺʊ1-0, ʠʥʩʪʨʫʤʝʥʪ ʠʟ ʢʘʨʙʠʜʘ ʚʦʣʴʬʨʘʤʘ 

9 800 800 100 800 42  

10 800 800 120 800 42  

11 800 800 150 800 42  

12 800 800 180 950 40  

13 700 700 180 950 41  

ʉʚʘʨʠʚʘʣʠʩʴ ʚʩʪʳʢ ʧʣʘʩʪʠʥʳ ɺʊ1-0, ʠʥʩʪʨʫʤʝʥʪ ʠʟ ZrB2-15%SiC 

14 600 600 180 950 40  

15 650 650 160 950 40  

16 700 700 140 950 40  

17 700 700 150 900 30  

18 600 600 160 950 34  

ʉʚʘʨʠʚʘʣʠʩʴ ʚʩʪʳʢ ʧʣʘʩʪʠʥʳ ɺʊ1-0, ʠʥʩʪʨʫʤʝʥʪ ʠʟ ZrB2-20%SiC 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʟʘʱʠʪʥʘʷ ʘʪʤʦʩʬʝʨʘ ʘʨʛʦʥʘ 

19 700 700 700 950 1  

20 600 600 600 950 20  

21 600 600 600 950 40  

ʉʚʘʨʠʚʘʣʠʩʴ ʚʩʪʳʢ ʧʣʘʩʪʠʥʳ ɺʊ1-0, ʠʥʩʪʨʫʤʝʥʪ ʠʟ ɾʉ6ʋ  

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʟʘʱʠʪʥʘʷ ʘʪʤʦʩʬʝʨʘ ʘʨʛʦʥʘ 

22 800 900 180 900 40  

23 800 900 180 950 40  

24 850 950 180 900 40  

25 850 950 180 950 40  
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ʉʚʘʨʠʚʘʣʠʩʴ ʚʩʪʳʢ ʧʣʘʩʪʠʥʳ ʆʊ4-1, ʠʥʩʪʨʫʤʝʥʪ ʠʟ ɾʉ6ʋ  

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʟʘʱʠʪʥʘʷ ʘʪʤʦʩʬʝʨʘ ʘʨʛʦʥʘ 

26 850 950 180 950 40  

27 850 950 150 950 30  

28 900 1000 140 950 30  

29 1050 1200 140 950 30  

30 1300 1400 140 950 30  

31 1400 1500 130 950 32  

32 1600 1700 130 950 32  

33 1600 1700 100 600 32  

34 1750 1900 100 450 32  

35 1850 2000 100 450 45  

36 1950 2100 100 450 35  

37 2050 2200 95 450 35  

38 2050 2200 90 450 35  

39 2400 2400 90 400 35  

40 2600 2600 90 400 37  

 

ʀʩʩʣʝʜʫʝʤʳʡ ʉʊʇ ʠʥʩʪʨʫʤʝʥʪ ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʚ ʣʘʙʦʨʘʪʦʨʥʫʶ ʫʩʪʘʥʦʚʢʫ 

ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʉʊʇ ʚʤʝʩʪʦ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʧʝʨʝʜ 

ʩʚʘʨʦʯʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʘ ʧʦʩʣʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʟʚʣʝʢʘʣʩʷ, ʠ ʨʘʟʨʝʟʘʣʩʷ ʩʦʛʣʘʩʥʦ 

ʩʭʝʤʝ, ʧʨʠʚʝʜʸʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 2.5. 

 

ʈʠʩʫʥʦʢ 2.5 - ʉʭʝʤʘ ʨʘʟʜʝʣʢʠ ʠʥʩʪʨʫʤʝʥʪʘ ʉʊʇ ʧʦʩʣʝ ʩʚʘʨʢʠ, ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

 

ʇʨʠ ʠʩʧʳʪʘʥʠʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʉʊʇ/ʆʊʇ ʚ ʧʨʦʮʝʩʩʝ ʩʚʘʨʢʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʦʜʠʥ ʨʝʞʠʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʫʩʠʣʠʝ ʥʘ ʠʥʩʪʨʫʤʝʥʪ ʚ ʧʨʦʮʝʩʩʝ ʚʥʝʜʨʝʥʠʷ ʨʘʚʥʦ 

850ʢʛ, ʘ ʧʨʠ ʩʚʘʨʢʝ ʩʦʩʪʘʚʣʷʣʦ 950ʢʛ, ʠʥʩʪʨʫʤʝʥʪ ʚʨʘʱʘʣʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 

950 ʦʙ/ʤʠʥ, ʘ ʧʝʨʝʤʝʱʘʣʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 180 ʤʤ/ʤʠʥ. ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʧʳʪʘʥʳ 
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ʠʥʩʪʨʫʤʝʥʪʳ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʞʘʨʦʧʨʦʯʥʦʛʦ ʩʧʣʘʚʘ ɾʉ6ʋ, ʤʘʨʦʯʥʳʡ ʩʦʩʪʘʚ 

ʢʦʪʦʨʦʛʦ ʫʢʘʟʘʥ ʚ ʪʘʙʣʠʮʝ 2.3. 

ʊʘʙʣʠʮʘ 2.3 ï ʄʘʨʦʯʥʳʡ ʩʦʩʪʘʚ ʞʘʨʦʧʨʦʯʥʦʛʦ ʩʧʣʘʚʘ ɾʉ6ʋ, % ʤʘʩʩ. 

Fe Nb Ti  Cr  Co  W Ni Al  Mo  C 

Ò1 0.8-1.2 2-2.9 8-9.5 9-10.5 9.5-11 54.3-62.7 5.1-6 1.2-2.4 0.13-0.2 

Ce Si Mn P S Zr  Bi B Y Pb 

Ò0.02 Ò0.4 Ò0.4 Ò0.015 Ò0.01 Ò0.04 Ò0.0005 Ò0.035 Ò0.01 Ò0.01 

 

ʊʘʢʞʝ ʙʳʣʠ ʠʩʧʳʪʘʥʳ ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʩʧʣʘʚʘ ɾʉ32-ɺʀ, ʤʘʨʦʯʥʳʡ 

ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʫʢʘʟʘʥ ʚ ʪʘʙʣʠʮʝ 2.4. 

ʊʘʙʣʠʮʘ 2.4 ï ʄʘʨʦʯʥʳʡ ʩʦʩʪʘʚ ʞʘʨʦʧʨʦʯʥʦʛʦ ʩʧʣʘʚʘ ɾʉ32-ɺʀ, % ʤʘʩʩ. 

Ni Co  W Al  Cr  Ta Re Nb Mo  C 

56.88-62.98 9-9.5 8.1-8.9 5.7-6.2 4.5-5.3 3.7-4.4 3.6-4.3 1.4-1.8 0.9-1.3 0.12-0.17 

Fe Mn Si V Cu Ce B P Y S La 

Ò0.5 Ò0.3 Ò0.2 Ò0.15 Ò0.03 Ò0.025 Ò0.02 Ò0.01 Ò0.005 Ò0.005 Ò0.005 

 

2.2 ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

2.2.1 ʄʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʣʷ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʉʊʇ hʚʦʚ ʥʘ 

ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʦʤ ʩʪʘʥʢʝ DK7750 ʚʳʨʝʟʘʣʠʩʴ ʦʙʨʘʟʮʳ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ, 

ʩʦʛʣʘʩʥʦ ʩʭʝʤʝ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 2.6. ɿʘʪʝʤ ʟʘʢʨʝʧʣʷʣʠʩʴ ʚ ʩʪʨʫʙʮʠʥʝ, ʣʠʙʦ 

ʟʘʣʠʚʘʣʠʩʴ ʵʧʦʢʩʠʜʥʳʤ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʢʣʝʝʤ ʕɼʇ ʠ ʰʣʠʬʦʚʘʣʠʩʴ ʥʘ 

ʰʣʠʬʦʚʘʣʴʥʳʭ ʣʠʩʪʘʭ ʩ ʨʘʟʥʦʨʦʜʥʦʡ ʟʝʨʥʠʩʪʦʩʪʴʶ ʦʪ ʈ180 ʜʦ ʈ2000, ʘ ʟʘʪʝʤ 

ʧʦʣʠʨʦʚʘʣʠʩʴ ʥʘ ʩʫʢʥʝ ʩ ʥʘʥʝʩʝʥʥʦʡ ʘʣʤʘʟʥʦʡ ʧʘʩʪʦʡ ɸʉʄ 1/0 ʅʆʄɻ 5,00 ct, ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʧʨʦʤʳʚʢʦʡ, ʧʦʩʣʝ ʯʝʛʦ ʦʙʨʘʟʮʳ ʪʨʘʚʠʣʠʩʴ. ʆʙʨʘʟʮʳ ʩʚʘʨʥʳʭ ʰʚʦʚ 

ʠʟ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ɺʊ1-0 ʪʨʘʚʠʣʠʩʴ ʚ 2-ʭ ʧʨʦʮʝʥʪʥʦʤ ʨʘʩʪʚʦʨʝ ʧʣʘʚʠʢʦʚʦʡ 

ʢʠʩʣʦʪʳ ʚ ʪʝʯʝʥʠʝ 2-ʭ ʤʠʥʫʪ, ʟʘʪʝʤ ʧʨʦʤʳʚʘʣʠʩʴ ʚ ʨʘʩʪʚʦʨʝ, ʩʦʩʪʦʷʱʝʤ ʠʟ 40% 

ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʠ 60% ʧʣʘʚʠʢʦʚʦʡ ʢʠʩʣʦʪʳ. ʆʙʨʘʟʮʳ ʩʚʘʨʥʳʭ ʰʚʦʚ ʠʟ 

ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ʆʊ4-1 ʪʨʘʚʠʣʠʩʴ ʚ ʨʘʩʪʚʦʨʝ ʛʣʠʮʝʨʠʥʘ (C3H8O3) ï 30 ʤʣ, 

ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ (HNO3) ï 10 ʤʣ ʠ ʧʣʘʚʠʢʦʚʦʡ ʢʠʩʣʦʪʳ (HF) ï 10 ʤʣ, 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʁ 30-35 ʩʝʢʫʥʜ. ʆʙʨʘʟʮʳ ʠʥʩʪʨʫʤʝʥʪʘ ʉʊʇ ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ 
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ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ ɾʉ6ʋ ʠ ɾʉ32 ʪʨʘʚʠʣʠʩʴ ʚ ʨʘʩʪʚʦʨʝ CuSO4 ï 8 ʛʨʘʤʤ, HCl 

ï 40 ʤʣ, H2O ï 40 ʤʣ, ʚ ʪʝʯʝʥʠʝ 10-ʪʠ ʩʝʢʫʥʜ ʠ 5-ʪʠ ʩʝʢʫʥʜ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʩʣʝ 

ʢʘʞʜʦʛʦ ʪʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʧʦʣʠʨʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʥʘ 

ʧʨʦʧʠʪʘʥʥʦʤ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʩʫʢʥʝ ʜʦ ʚʠʟʫʘʣʴʥʦʛʦ ʠʩʯʝʟʥʦʚʝʥʠʷ ʩʣʝʜʦʚ 

ʪʨʘʚʣʝʥʠʷ. 

 

ʈʠʩʫʥʦʢ 2.6 - ʉʭʝʤʘ ʦʙʨʘʟʮʦʚ ʉʊʇ ʰʚʘ 

 

ʄʘʢʨʦʩʪʨʫʢʪʫʨʥʳʡ (ʨʘʟʤʝʨ ʟʦʥ) ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʡ (ʨʘʟʤʝʨ ʟʝʨʝʥ) ʘʥʘʣʠʟ 

ʦʙʨʘʟʮʦʚ ʚʳʧʦʣʥʷʣʩʷ ʥʘ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʤ ʤʠʢʨʦʩʢʦʧʝ ɸʣʴʪʘʤʠ ʄɽʊ-1ʉ, 

ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʩʲʝʤʢʠ ʦʪ 50-ʢʨʘʪʥʳʭ ʧʨʠ ʫʚʝʣʠʯʝʥʠʷʭ ʜʦ 1000-

ʢʨʘʪʥʳʭ, ʠ ʥʘ ʣʘʟʝʨʥʦʤ ʢʦʥʬʦʢʘʣʴʥʦʤ ʤʠʢʨʦʩʢʦʧʝ LEXTïOLS4000. ʇʨʠ 

ʚʳʯʠʩʣʝʥʠʠ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʟʝʨʥʘ ʧʨʠʤʝʥʷʣʠʩʴ ʧʣʘʥʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʠ 

ʤʝʪʦʜ ʩʝʢʫʱʠʭ ʩʦʛʣʘʩʥʦ ɻʆʉʊ 5639-82 [136]. ʇʨʠ ʧʣʘʥʠʤʝʪʨʠʯʝʩʢʦʤ ʤʝʪʦʜʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʘ ʟʝʨʝʥ ʧʦʣʥʦʩʪʴʶ ʠ ʯʘʩʪʠʯʥʦ ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʝʜʠʥʠʮʝ 

ʧʣʦʱʘʜʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʰʣʠʬʘ (ʈʠʩʫʥʦʢ 2.7 ʘ). ʇʦʩʣʝ ʯʝʛʦ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 

ʩʨʝʜʥʷʷ ʧʣʦʱʘʜʴ ʠ ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʜʠʘʤʝʪʨ ʦʜʥʦʛʦ ʟʝʨʥʘ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʣʫʯʘʝ ʠʟʤʝʨʝʥʠʷ ʨʘʚʥʦʦʩʥʳʭ ʟʝʨʝʥ, ʧʦʵʪʦʤʫ ʧʨʠʛʦʜʝʥ ʚ ʟʦʥʝ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʥʝʨʘʟʲʝʤʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʪʘʢ ʢʘʢ ʦʥʘ ʠʤʠ ʦʙʣʘʜʘʝʪ. ʊʘʢʦʡ ʤʝʪʦʜ 

ʪʘʢʞʝ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʥʝʨʘʚʥʦʦʩʥʳʭ ʟʝʨʝʥ. ʉʧʦʩʦʙ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʪʝʭ 

ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʦʨʠʝʥʪʘʮʠʷ ʠ ʬʦʨʤʘ ʟʝʨʝʥ ʥʝ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘ ʥʝʦʙʭʦʜʠʤʦ ʫʟʥʘʪʴ, ʥʘʩʢʦʣʴʢʦ ʩʠʣʴʥʦ ʫʚʝʣʠʯʠʣʦʩʴ ʠʣʠ 

ʫʤʝʥʴʰʠʣʦʩʴ ʟʝʨʥʦ ʧʨʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʠʣʠ ʧʨʠ ʀʇɼ. ʆʜʥʘʢʦ, ʪʘʢʠʝ ʜʘʥʥʳʝ 

ʙʫʜʫʪ ʜʘʣʝʢʠ ʦʪ ʠʩʪʠʥʥʳʭ ʟʥʘʯʝʥʠʡ, ʥʦ ʧʨʠ ʵʪʦʤ ʧʦʟʚʦʣʷʪ ʚʳʧʦʣʥʠʪʴ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ. ɺ ʜʨʫʛʠʭ ʟʦʥʘʭ, ʛʜʝ ʟʝʨʥʘ ʦʙʣʘʜʘʶʪ ʚʳʪʷʥʫʪʦʡ ʬʦʨʤʦʡ ʠʟ-
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ʟʘ ʧʨʦʢʘʪʘ, ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ ʩʝʢʫʱʠʭ. ʊʘʢʦʡ ʤʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʜʩʯʝʪʝ 

ʢʦʣʠʯʝʩʪʚʘ ʟʝʨʝʥ, ʧʝʨʝʩʝʯʝʥʥʳʭ ʥʝʩʢʦʣʴʢʠʤʠ ʩʝʢʫʱʠʤʠ ʣʠʥʠʷʤʠ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ 

ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ (ʈʠʩʫʥʦʢ 2.7 ʙ). ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʝʢʫʱʠʝ ʧʨʦʚʦʜʠʣʠʩʴ 

ʚʜʦʣʴ ʚʳʪʷʥʫʪʦʛʦ ʟʝʨʥʘ (lx) ʠ ʧʦʧʝʨʝʢ (lz). 

ʘ ʙ 

ʈʠʩʫʥʦʢ 2.7 - ʉʭʝʤʘ ʠʟʤʝʨʝʥʠʷ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʟʝʨʥʘ 

ʧʣʘʥʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ (ʘ) ʠ ʤʝʪʦʜʦʤ ʩʝʢʫʱʠʭ (ʙ) [136] 

2.2.2 ʈʘʩʪʨʦʚʘ ̫ʵʣʝʢʪʨʦʥʥʘ ̫ʤʠʢʨʦʩʢʦʧʠ ̫

ʇʨʠ ʠʟʫʯʝʥʠʠ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʦʩʣʝ ʉʊʇ 

ʧʨʠʤʝʥʷʣʠʩʴ ʨʘʩʪʨʦʚʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʤʠʢʨʦʩʢʦʧʳ (ʈʕʄ) Semtrac Mini ʠ Zeiss 

LEO EVO 50. ʕʢʩʧʦʥʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʷʣʦʩʴ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 20 ʢɺ ʠ ʫʚʝʣʠʯʝʥʠʷʭ 

ʦʪ 50-ʢʨʘʪʥʦʛʦ ʜʦ 2000-ʢʨʘʪʥʦʛʦ ʚ ʨʝʞʠʤʝ ʦʙʨʘʪʥʦ-ʨʘʩʩʝʷʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ (BSE). 

ɸʪʦʤʥʘʷ ʤʘʩʩʘ ʵʣʝʤʝʥʪʦʚ ʚʣʠʷʝʪ ʥʘ ʵʥʝʨʛʠ ʁʦʙʨʘʪʥʦ-ʨʘʩʩʝʷʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʘʥʘʣʠʟʘ, ʠ ʵʪʦ ʩʦʟʜʘʝʪ ʢʦʥʪʨʘʩʪ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ, ʪʘʢ ʢʘʢ ʦʙʣʘʩʪʠ, 

ʦʙʦʛʘʱʝʥʥʳʝ ʘʪʦʤʘʤʠ ʩ ʙʦʣʴʰʝʡ ʤʘʩʩʦʡ, ʚʳʛʣʷʜʷʪ ʷʨʯʝ. ʊʘʢʦʡ ʢʦʥʪʨʘʩʪ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʳʷʚʣʝʥʠʶ ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʠʭ ʦʙʣʘʩʪʝʡ, ʘ ʠʤʝʥʥʦ ʯʘʩʪʠʮ ʚʪʦʨʠʯʥʳʭ 

ʬʘʟ. ɹʣʘʛʦʜʘʨʷ ʜʘʥʥʦʤʫ ʤʝʪʦʜʫ, ʚʦʟʤʦʞʥʦ, ʠʩʩʣʝʜʦʚʘʪʴ ʪʦʣʴʢʦ ʩʪʘʙʠʣʴʥʳʝ 

ʯʘʩʪʠʮʳ ʚʪʦʨʠʯʥʳʭ ʬʘʟ, ʘ ʤʝʪʘʩʪʘʙʠʣʴʥʳʝ ʬʘʟʳ ʥʝ ʠʤʝʪʁ ʢʦʥʪʨʘʩʪʘ. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʪʘʙʠʣʴʥʳʭ ʯʘʩʪʠʮ ʚʪʦʨʠʯʥʳʭ ʬʘʟ ʙʳʣ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʤʝʪʦʜʦʤ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʩʫʱʝʩʪʚʣʝʥ ʩ ʧʦʤʦʱʴʶ ʫʢʘʟʘʥʥʳʭ ʈʕʄʦʚ ʙʣʘʛʦʜʘʨʷ ʧʨʠʩʪʘʚʢʠ 

IXRF. ʇʨʠ ʵʪʦʤ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʭʦʜʝ ʘʥʘʣʠʟʘ, ʥʝʦʙʭʦʜʠʤʦ 

ʚʦʩʧʨʠʥʠʤʘʪʴ ʢʘʯʝʩʪʚʝʥʥʦ ʠʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʠʷ ʪʘʢʦʛʦ ʤʝʪʦʜʘ. ɺ ʟʦʥʝ ʛʝʥʝʨʘʮʠʠ 
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ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʡ ʧʫʯʦʢ ʨʘʩʰʠʨʷʝʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʫʰʠʨʝʥʠʶ ʦʙʣʘʩʪʠ ʘʥʘʣʠʟʘ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.8. 

 

ʈʠʩʫʥʦʢ 2.8 - ʋʚʝʣʠʯʝʥʠʝ ʧʣʦʱʘʜʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ʚ ʦʙʨʘʟʮʝ [137] 

 

ɺʝʣʠʯʠʥʘ ʪʘʢʦʡ ʦʙʣʘʩʪʠ ʟʘʚʠʩʠʪ ʦʪ ʫʩʢʦʨʷʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʧʣʦʪʥʦʩʪʠ 

ʦʙʨʘʟʮʘ ʠ ʜʠʘʤʝʪʨʘ ʧʫʯʢʘ. ɻʝʥʝʨʘʮʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 

30 ʢʵɺ ʚ ʪʠʪʘʥʝ ʧʨʦʠʩʭʦʜʠʪ ʩ ʛʣʫʙʠʥʳ ʜʦ 5,5 ʤʢʤ. ʋʯʠʪʳʚʘʷ ʛʨʫʰʝʦʙʨʘʟʥʫʶ 

ʬʦʨʤʫ ʦʙʣʘʩʪʠ, ʝʸ ʜʠʘʤʝʪʨ ʪʘʢʞʝ ʟʥʘʯʝʥʠʝ ʙʣʠʟʢʦʝ ʢ 5 ʤʢʤ. ʊʘʢ ʢʘʢ ʨʘʟʤʝʨʳ 

ʩʪʘʙʠʣʴʥʳʭ ʯʘʩʪʠʮ ʚʪʦʨʠʯʥʳʭ ʬʘʟ, ʢʘʢ ʢ ʧʨʠʤʝʨʫ, ɗ- ʠ S- ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʚ 

ʦʙʣʘʩʪʴ ʨʘʩʩʝʷʥʠʷ ʪʘʢʞʝ ʯʘʩʪʦ ʟʘʭʦʜʠʪ ʠ Ŭ-ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʠʣʠ ʚʦʟʤʦʞʥʦ 

ʧʦʧʘʜʘʥʠʝ ʜʨʫʛʠʭ ʯʘʩʪʠʮ. ʕʪʦ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʵʢʩʧʦʥʠʨʦʚʘʥʠʠ ʠ 

ʧʦʩʣʝʜʫʶʱʝʤ ʘʥʘʣʠʟʝ. ʋʩʣʦʚʥʦʡ ʦʜʥʦʟʥʘʯʥʦʩʪʴʶ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʜʘʥʥʳʝ 

ʘʥʘʣʠʟʘ ʙʦʣʴʰʠʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʜʦʩʪʠʛʘʶʱʠʭ 

ʚʝʣʠʯʠʥ ʚ ʨʘʡʦʥʝ ʜʝʩʷʪʢʦʚ ʤʠʢʨʦʤʝʪʨʦʚ. ʆʙʨʘʟʮʳ ʧʦʜʛʦʪʘʚʣʠʚʘʣʠʩʴ ʪʘʢʠʤ ʞʝ 

ʦʙʨʘʟʦʤ, ʢʘʢ ʜʣʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʥʦ ʧʦʩʣʝʜʥʠʡ ʵʪʘʧ ʪʨʘʚʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʣʠʨʦʚʘʥʥʳʭ ʰʣʠʬʦʚ ʥʝ ʧʨʠʤʝʥʷʣʩʷ, ʪʘʢ ʢʘʢ ʧʨʠ ʜʘʥʥʦʡ ʦʧʝʨʘʮʠʠ 

ʚʳʪʨʘʚʣʠʚʘʶʪʩʷ ʠʩʩʣʝʜʫʝʤʳʝ ʯʘʩʪʠʮʳ.  

ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʠ ʦʙʲʝʤʥʘʷ ʜʦʣʷ ʩʪʘʙʠʣʴʥʳʡ ʯʘʩʪʠʮ ʚʪʦʨʠʯʥʳʭ ʬʘʟ 

ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʧʣʘʥʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʢʦʪʦʨʳʡ ʘʥʘʣʦʛʠʯʝʥ ʤʝʪʦʜʫ, 

ʫʢʘʟʘʥʥʦʤʫ ʚ ʧʫʥʢʪʝ 2.2.1. 

ɺ ʩʣʫʯʘʝ ʩ ʯʘʩʪʠʮʘʤʠ, ʚʳʧʦʣʥʷʣʦʩʴ ʠʭ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʧʦ ʢʦʥʪʨʘʩʪʫ ʧʨʠ 

ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʳ AdobePhotoshop ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʠʟʤʝʨʝʥʠʝ ʠʭ ʩʫʤʤʘʨʥʦʡ 

ʧʣʦʱʘʜʠ ʠ ʢʦʣʠʯʝʩʪʚʘ. ʇʨʠ ʵʪʦʤ ʦʪʥʦʰʝʥʠʝ ʩʫʤʤʘʨʥʦʡ ʧʣʦʱʘʜʠ ʢ ʯʠʩʣʫ ʯʘʩʪʠʮ 
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ʧʦʢʘʟʳʚʘʝʪ ʩʨʝʜʥʶʶ ʧʣʦʱʘʜʴ ʠ ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʜʠʘʤʝʪʨ, ʢʦʪʦʨʳʡ ʧʨʠʥʠʤʘʝʪʩʷ 

ʢʘʢ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ [138]. 

ʂʘʢ ʛʦʚʦʨʠʣʦʩʴ ʚ ʧʫʥʢʪʝ 2.2.1, ʜʘʥʥʳʡ ʤʝʪʦʜ ʥʝ ʧʨʠʥʠʤʘʝʪ ʚ ʨʘʩʯʝʪ 

ʛʝʦʤʝʪʨʠʶ ʯʘʩʪʠʮ, ʦʜʥʘʢʦ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʧʦʜʭʦʜʷʱʠʤ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʭʘʨʘʢʪʝʨʘ ʵʚʦʣʶʮʠʠ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʊʘʢ ʢʘʢ ʥʝʦʙʭʦʜʠʤʦ 

ʦʙʝʩʧʝʯʠʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʳʡ ʚʳʙʦʨ, ʚ ʢʘʞʜʫ  ʁʠʩʩʣʝʜʫʝʤʫ  ʁʧʣʦʱʘʜ ɹ

ʚʭʦʜʠʣʦ ʙʦʣʝʝ 500 ʯʘʩʪʠʮ. 

2.2.3 ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

ɺ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʈʉɸ) ʣʝʞʠʪ ʷʚʣʝʥʠʝ 

ʜʠʬʨʘʢʮʠʠ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʦʪʨʘʞʝʥʠʷ ʵʪʠʭ 

ʣʫʯʝʡ ʦʪ ʩʠʩʪʝʤʳ ʧʘʨʘʣʣʝʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʧʣʦʩʢʦʩʪʝʡ [139]. ʇʨʠ 

ʘʥʘʣʠʟʝ ʧʦʣʫʯʝʥʥʳʭ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʢʘʨʪʠʥ ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʧʦʣʫʯʝʥʠʠ 

ʤʝʞʧʣʦʩʢʦʩʪʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ (d) ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʨʘʚʥʝʥʠʝ ɺʫʣʴʬʘ ï ɹʨʝʛʛʦʚ [140]: 

2ĀsinɗĀd=ɚĀn ,     (2.1) 

ʛʜʝ ɗ ï ʫʛʦʣ ʦʪʨʘʞʝʥʠʷ (ʜʠʬʨʘʢʮʠʠ), ʨʘʚʥʳʡ ʧʦʣʦʚʠʥʝ ʫʛʣʘ ʤʝʞʜʫ 

ʧʘʜʘʶʱʠʤ ʠ ʜʠʬʨʘʛʠʨʦʚʘʥʥʳʤ ʧʫʯʢʘʤʠ, n ï ʧʦʨʷʜʦʢ ʦʪʨʘʞʝʥʠʷ, ɚ ï ʜʣʠʥʥʘ 

ʚʦʣʥʳ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʘʜʘʶʱʝʝ ʥʘ ʠʩʩʣʝʜʫʝʤʫʶ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʫʶ ʧʣʦʩʢʦʩʪʴ.  

ʈʉɸ ʙʳʣ ʚʳʧʦʣʥʝʥ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ 

ɼʈʆʅ-7 ʚ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʤ CoKŬ-ʠʟʣʫʯʝʥʠʠ ʩʦʛʣʘʩʥʦ ʩʭʝʤʝ ɹʨʝʛʛʘ-ɹʨʝʥʪʘʥʦ. 

ʉʲʝʤʢʠ ʚʳʧʦʣʥʷʣʠʩʴ ʧʨʠ ʜʠʘʧʘʟʦʥʝ ʫʛʣʦʚ 2ɗ ʦʪ 10 Ü ʜʦ 90Ü ʩ hʘʛʦʤ ʨʘʚʥʳʤ 0,02Ü 

ʠ ʚʨʝʤʝʥʠ ʵʢʩʧʦʟʠʮʠʠ ʜʣʷ ʦʜʥʦʡ ʪʦʯʢʠ ʚ 1 ʩ. ʏʪʦʙʳ ʫʚʝʣʠʯʠʪʴ ʘʥʘʣʠʟʠʨʫʝʤʫ  ʁ

ʧʣʦʱʘʜ ɹʧʨʠ ʈʉɸ ʠʩʩʣʝʜʫʝʤʳʝ ʰʚʳ ʚʨʘʱʘʣʠʩʴ ʚʦʢʨʫʛ ʦʩʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ, ʧʨʠ ʩʢʦʨʦʩʪʠ ʨʘʚʥʦʡ 60 ʦʙʦʨʦʪʦʚ ʚ ʤʠʥʫʪʫ (ʨʠʩʫʥʦʢ 2.9).  
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ʈʠʩʫʥʦʢ 2.9 - ʉʭʝʤʘ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʩʲʝʤʢʠ ɹʨʵʛʛʘ-ɹʨʝʥʪʘʥʦ 

 

2.2.4 ʄʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠ ̫

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʟʦʥ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʡ ʚ ʩʚʘʨʥʦʤ 

ʩʦʝʜʠʥʝʥʠʠ ʠʟʤʝʨʷʣʘʩʴ ʝʸ ʤʠʢʨʦʪʚʸʨʜʦʩʪʴ ʧʦ ʤʝʪʦʜʫ ɺʠʢʝʨʩʘ ʠ ʩʦʛʣʘʩʥʦ ɻʆʉʊ 

9450-76.ʆʥʘ ʦʧʨʝʜʝʣʷʣʘʩʴ ʥʘ ʤʠʢʨʦʪʚʝʨʜʦʤʝʨʝ Duramin 5, ʝʛʦ ʰʘʛ ʩʦʩʪʘʚʣʷʣ ʦʪ 

0,25 ʜʦ 0,5 ʤʤ ʧʨʠ ʥʘʛʨʫʟʢʝ 490,6 ʤʅ ʠ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ 10 ʩ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʫ ʧʦʣʫʯʝʥʥʳʭ ʩʚʘʨʥʳʭ ʰʚʦʚ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʠʭ ʠʩʧʳʪʘʥʠʷ ʥʘ ʨʘʩʪʷʞʝʥʠʷ ʥʘ ʤʘʰʠʥʝ ʜʣʷ ʠʩʧʳʪʘʥʠʷ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʋʊʉ 1100ʄ-100 1-ʋ. ɺ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ 

ʩʢʦʨʦʩʪʴ ʨʘʩʪʷʞʝʥʠʷ ʩʦʩʪʘʚʣʷʣʘ 1 ʤʤ/ʤʠʥ. ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 1497-84 [141]. 
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3. ɿɸʂʆʅʆʄɽʈʅʆʉʊʀ ʇʈʆʎɽʉʉɸ ʀɿʅɸʐʀɺɸʅʀʗ ʀʅʉʊʈʋʄɽʅʊɸ 

ʇʈʀ ʉʊʇ/ʆʊʇ ʊʀʊɸʅʆɺʓʍ ʉʇʃɸɺʆɺ 

ɼʘʥʥʘ ̫ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʧʨʦʙʣʝʤʝ ʧʦʠʩʢʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ 

ʥʝʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʠʥʩʪʨʫʤʝʥʪʘ ʩʚʘʨʢʠ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ 

ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʚ ʥʝʡ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʥʝ ʪʦʣʴʢʦ 

ʠʥʩʪʨʫʤʝʥʪʳ ʠʟ ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ, ʥʦ ʠ ʠʥʩʪʨʫʤʝʥʪʳ ʠʟ ʪʝʨʤʦʩʪʦʡʢʠʭ 

ʩʧʣʘʚʦʚ. 

3.1. ʆʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩʧʣʘʚʘ ɺʊ1-0 ʩʚʘʨʢʦʡ 

ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʨʤʦʩʪʦʡʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ 

ʠʭ ʠʟʥʦʩ ʚ ʧʨʦʮʝʩʩʝ ʉʊʇ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ 

ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʤr ʜʘʥʥʳʤ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʚʘʨʥʦʛʦ ʰʚʘ ʪʠʪʘʥʦʚʳʭ 

ʩʧʣʘʚʦʚ ʤʝʪʦʜʦʤ ʩʚʘʨʢʠ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʩʣʦʞʥʳʤ 

ʧʨʦʮʝʩʩʦʤ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʳʩʪʨʳʤ ʠʟʥʦʩʦʤ ʠʥʩʪʨʫʤʝʥʪʘ ʉʊʇ. ʇʨʠ 

ʵʪʦʤ ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʉʊʇ 

ʠʥʩʪʨʫʤʝʥʪʦʚ, ʷʚʣʷʝʪʩʷ ʢʘʨʙʠʜ ʚʦʣʴʬʨʘʤʘ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ, ʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʉʊʇ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ. ʉ ʝʛʦ 

ʧʦʤʦʱʴʶ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʰʚʳ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ ʢʘʯʝʩʪʚʘ ʥʘ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ 

ʵʪʘʧʘʭ. ʅʘ ʨʠʩʫʥʢʝ 3.1 ʧʦʢʘʟʘʥʦ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʩʚʘʨʥʦʛʦ ʰʚʘ ˉ13 (ʪʘʙʣʠʮʘ 

2.1) ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ɺʊ1-0. ʅʘ ʥʝʤ ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʦʥʳ: 1ïʟʦʥʘ 

ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ (ʆʄ), 2ïʟʦʥʘ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (ɿʊʄɺ), 3ï

ʟʦʥʘ ʧʝʨʝʤʝʰʠʚʘʥʠʷ (ɿʇ). 

 

ʈʠʩʫʥʦʢ 3.1 - ʇʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ɺʊ1-0, 

ʧʦʣʫʯʝʥʥʦʝ ʩ ʧʦʤʦʱʴʶ ʠʥʩʪʨʫʤʝʥʪʘ ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ ʢʘʨʙʠʜʘ ʚʦʣʴʬʨʘʤʘ 
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ʆʙʨʘʟʮʳ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʙʳʣʠ ʠʩʧʳʪʘʥʳ ʥʘ ʧʨʦʯʥʦʩʪʴ. ɿʘʪʝʤ, ʬʨʘʢʪʦʛʨʘʬʠʷ ʵʪʠʭ ʦʙʨʘʟʮʦʚ, 

ʧʦʢʘʟʘʣʘ, ʯʪʦ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʩʪʘʪʠʯʝʩʢʦʝ ʨʘʩʪʷʞʝʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʚʷʟʢʦʝ 

ʨʘʟʨʫʰʝʥʠʝ (ʨʠʩʫʥʦʢ 3.2).  

  

ʈʠʩʫʥʦʢ 3.2 - ʌʨʘʢʪʦʛʨʘʬʠʷ ʦʙʨʘʟʮʦʚ ʩʦʝʜʠʥʝʥʠʡ, ʩʚʘʨʝʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʤ ʠʟ 

ʢʘʨʙʠʜʘ ʚʦʣʴʬʨʘʤʘ 

 

ʆʜʥʘʢʦ ʚʧʦʩʣʝʜʩʪʚʠʠ ʠʥʩʪʨʫʤʝʥʪ, ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʠʟ ʢʘʨʙʠʜʘ ʚʦʣʴʬʨʘʤʘ, 

ʧʦʢʘʟʘʣ ʩʝʙʷ ʢʨʘʡʥʝ ʦʪʨʠʮʘʪʝʣʴʥʦ, ʪʘʢ ʢʘʢ ʦʙʣʘʜʘʣ ʚʳʩʦʢʦʡ ʭʨʫʧʢʦʩʪʴʶ. ʅʘ 

ʨʠʩʫʥʢʝ 3.3 ʧʦʢʘʟʘʥʦ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʩʚʘʨʥʦʛʦ ʰʚʘ ˉ11 (ʪʘʙʣʠʮʘ 2.1), ʢʫʜʘ 

ʟʘʤʝʰʘʣʩʷ ʰʪʠʬʪ ʠʥʩʪʨʫʤʝʥʪʘ ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ ʪʘʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʨʠ ʵʪʦʤ 

ʠʥʩʪʨʫʤʝʥʪ ʧʨʦʰʝʣ ʧʦʨʷʜʢʘ 770 ʤʤ ʩʚʘʨʥʦʛʦ ʰʚʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʥʝʧʨʘʚʠʣʴʥʦʤ 

ʟʘʧʫʩʢʝ ʩʚʘʨʦʯʥʦʛʦ ʩʪʘʥʢʘ ʰʪʠʬʪ ʠʥʩʪʨʫʤʝʥʪʘ ʤʦʛ ʦʪʢʦʣʦʪʴʩʷ ʦʪ ʝʛʦ ʧʣʝʯ ʧʨʠ 

ʩʪʦʣʢʥʦʚʝʥʠʠ ʩ ʪʠʪʘʥʦʚʳʤʠ ʧʣʘʩʪʠʥʘʤʠ ï ʟʘʛʦʪʦʚʢʘʤʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʥʝʧʨʠʝʤʣʝʤʳʤ. 

 

ʈʠʩʫʥʦʢ 3.3 - ʇʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʩʚʘʨʥʦʛʦ ʰʚʘ, ʚ ʢʦʪʦʨʳʡ ʟʘʤʝʰʘʣʩʷ ʰʪʠʬʪ 

ʉʊʇ ʠʥʩʪʨʫʤʝʥʪʘ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ ʢʘʨʙʠʜʘ ʚʦʣʴʬʨʘʤʘ 

 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʘʪʝʨʠʘʣ ʠʟ 

ʜʠʙʦʨʠʜʘ ʮʠʨʢʦʥʠʷ ʩ 15-ʪʠ ʧʨʦʮʝʥʪʥʦʡ ʠ 20-ʪʠ ʧʨʦʮʝʥʪʥʦʡ ʜʦʙʘʚʢʦʡ ʢʘʨʙʠʜʘ 
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ʢʨʝʤʥʠʷ, ʪʘʢ ʢʘʢ ʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ ʦʪ 

ʦʢʩʠʜʦʚ[142], ʘ ʧʨʠ ʉʊʇ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ʩʚʘʨʠʚʘʝʤʳʝ ʟʘʛʦʪʦʚʢʠ ʧʦʜʚʝʨʞʝʥʳ 

ʦʢʠʩʣʝʥʠʶ. ʆʜʥʘʢʦ, ʩʚʘʨʦʯʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʠʟ ʜʠʙʦʨʠʜʘ 

ʮʠʨʢʦʥʠʷ ʩ ʜʦʙʘʚʢʘʤʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʙʳʩʪʨʦ ʠʟʥʦʩʠʣʩʷ, ʧʨʦʡʜʷ å61 ʤʤ 

ʩʚʘʨʥʦʛʦ ʰʚʘ. ʉʪʝʧʝʥʴ ʠʟʥʘʰʠʚʘʥʠʷ ʜʘʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 

3.4 

 
a 

 
ʙ 

ʈʠʩʫʥʦʢ 3.4 - ʀʥʩʪʨʫʤʝʥʪ ʉʊʇ ʠʟ ʜʠʙʦʨʠʜʘ ʮʠʨʢʦʥʠʷ ʩ ʜʦʙʘʚʢʘʤʠ 

ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʜʦ ʩʚʘʨʢʠ (ʘ); ʜʘʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʧʦʩʣʝ ʉʊʇ (ʙ) 

 

ʆʙʨʘʟʮʳ ʉʊʇ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʙʳʣʠ ʪʘʢʞʝ 

ʧʦʜʚʝʨʛʥʫʪʳ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʤʫ ʠ ʬʨʘʢʪʦʛʨʘʬʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ. 

ʄʘʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʰʚʘ ˉ21 (ʪʘʙʣʠʮʘ 2.1) ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 

3.5. ʇʨʠ ʵʪʦʤ ʚʳʜʝʣʝʥʥʳʝ ʟʦʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʦʥʘʤ, ʫʢʘʟʘʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 3.1. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʠʥʩʪʨʫʤʝʥʪʘ ʠʟ 

ʢʘʨʙʠʜʘ ʚʦʣʴʬʨʘʤʘ, ʟʜʝʩʴ ʚ ɿʇ ʥʘʙʣʶʜʘʶʪʩʷ ʠʥʦʨʦʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ ʚʠʜʝ ʙʝʣʳʭ 

ʪʦʯʝʢ.  

 

ʈʠʩʫʥʦʢ 3.5 - ʉʪʨʫʢʪʫʨʘ ʉʊʇ-ʩʦʝʜʠʥʝʥʠʷ ʪʠʪʘʥʦʚʦʡ ʧʣʘʩʪʠʥʳ ɺʊ 1-0 ʪʦʣʱʠʥʦʡ 

2,5 ʤʤ, ʦʙʨʘʟʮʘ ˉ3(Arg) 

 

ʌʨʘʢʪʦʛʨʘʬʠʷ ʠ ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʦʙʨʘʟʮʦʚ, ʚʳʧʦʣʥʝʥʥʳʝ ʥʘ 

ʈʕʄ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʪʠ ʠʥʦʨʦʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʯʘʩʪʠʮʘʤʠ ʠʥʩʪʨʫʤʝʥʪʘ 
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ʉʊʇ, ʟʘʤʝʰʘʥʥʳʝ ʚ ʩʚʘʨʥʦʡ ʰʦʚ, ʚ ʧʨʦʮʝʩʩʝ ʩʚʘʨʢʠ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 3.6. 

 
a 

 
ʙ 

ʈʠʩʫʥʦʢ 3.6 - ʌʨʘʢʪʦʛʨʘʬʠʷ ʦʙʨʘʟʮʘ, ʩʚʘʨʝʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʦʤ ʠʟ ʜʠʙʦʨʠʜʘ 

ʮʠʨʢʦʥʠʷ; ʘ ï ʚ ʨʝʞʠʤʝ ʚʪʦʨʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ; ʙ ï ʚ ʨʝʞʠʤʝ ʦʙʨʘʪʥʦ 

ʨʘʩʩʝʷʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ 

 

ʇʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʩʪʘʪʠʯʝʩʢʦʝ ʨʘʩʪʷʞʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʨʝʜʝʣ 

ʧʨʦʯʥʦʩʪʠ ʜʣʷ ʰʚʦʚ, ʩʚʘʨʝʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʤ ʠʟ ʢʘʨʙʠʜʘ ʚʦʣʴʬʨʘʤʘ, 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʙʳʣ ʫ ʦʙʨʘʟʮʘ ˉ13 ʠ ʩʦʩʪʘʚʠʣ 323 ʄʇʘ, ʯʪʦ 

ʝʩʪʴ 92 % ʦʪ ʧʨʦʯʥʦʩʪʠ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʨʠʩʫʥʦʢ 3.7). ʋ ʰʚʦʚ, ʩʚʘʨʝʥʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʠʟ ʜʠʙʦʨʠʜʘ ʮʠʨʢʦʥʠʷ ʩ ʜʦʙʘʚʢʘʤʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʙʳʣ ʫ ʦʙʨʘʟʮʘ ˉ21, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʠʣ 271 ʄʇʘ 

(ʨʠʩʫʥʦʢ 3.7). 

 

ʈʠʩʫʥʦʢ 3.7ïʈʝʟʫʣʴʪʘʪ ʠʩʧʳʪʘʥʠʡ ʥʘ ʩʪʘʪʠʯʝʩʢʦʝ ʨʘʩʪʷʞʝʥʠʝ ʦʙʨʘʟʮʦʚ ˉ13 ʠ 2̄1 
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ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦ ʩʝʯʝʥʠʶ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʨʠʩʫʥʦʢ 

3.8) ʧʦʢʘʟʘʣʦ ʝʝ ʫʚʝʣʠʯʝʥʠʝ ʚ ʟʦʥʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʰʚʦʚ ʚ ʦʙʨʘʟʮʘʭ, ʩʚʘʨʝʥʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʠʟ ʜʠʙʦʨʠʜʘ ʮʠʨʢʦʥʠʷ ʩ ʜʦʙʘʚʢʘʤʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʦʢʘʟʘʪʝʣʝʡ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʦʧʘʜʘʥʠʝʤ 

ʯʘʩʪʠʮ ʠʥʩʪʨʫʤʝʥʪʘ ʩʚʘʨʦʯʥʳʡ ʰʦʚ. ʇʨʠ ʩʚʘʨʢʝ ʠʥʩʪʨʫʤʝʥʪʦʤ ʠʟ ʢʘʨʙʠʜʘ 

ʚʦʣʴʬʨʘʤʘ ʧʦʧʘʜʘʥʠʝ ʯʘʩʪʠʮ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʩʚʘʨʦʯʥʳʡ ʰʦʚ ʥʝ ʧʨʦʠʩʭʦʜʠʣʦ, 

ʧʦʵʪʦʤʫ ʜʣʷ ʦʙʨʘʟʮʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʵʪʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʷʚʣʷʝʪʩʷ ʩʪʘʙʠʣʴʥʳʤ ʠ ʙʝʟ ʨʝʟʢʠʭ ʧʝʨʝʧʘʜʦʚ. ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʫ ʦʙʨʘʟʮʘ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ˉ21, ʥʘʙʣʶʜʘʣʦʩʴ ʚ 

ʟʦʥʝ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʘʩʪʫʧʘʶʱʝʡ ʩʪʦʨʦʥʝ ʰʚʘ ʠ ʩʦʩʪʘʚʣʷʣʦ 

ʙʦʣʝʝ 4,2 ɻʇʘ. ɼʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚʳʜʝʣʷʝʪʩʷ ʠʟ ʨʷʜʘ ʟʥʘʯʝʥʠʡ, ʪʘʢ ʢʘʢ ʠʥʜʝʥʪʦʨ 

ʧʦʧʘʣ ʥʘ ʯʘʩʪʠʮʫ ʜʠʙʦʨʠʜʘ ʮʠʨʢʦʥʠʷ. ɼʣʷ ʦʙʨʘʟʮʘ ˉ12, ʩʚʘʨʝʥʥʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʠʟ ʢʘʨʙʠʜʘ ʚʦʣʴʬʨʘʤʘ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ 

ʩʦʩʪʘʚʣʣ̫ʦ ʦʢʦʣʦ 2,1 ɻʇʘ ʠ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʟʦʥʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʰʚʘ ʉʊʇ. 

 

ʈʠʩʫʥʦʢ 3.8 - ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʩʚʘʨʥʳʭ ʰʚʦʚ ˉ12 ʠ ˉ21, ʧʦʣʫʯʝʥʥʳʭ ʩʚʘʨʢʦʡ 

ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʣʠʩʪʘ ʪʦʣʱʠʥʦʡ 2,5 ʤʤ 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʘʣʴʥʝʡʰʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʠʩʢʘ 

ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʠʥʩʪʨʫʤʝʥʪʘ ʩʚʘʨʢʠ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʪʠʪʘʥʦʚʳʭ 

ʩʧʣʘʚʦʚ, ʜʦʣʞʥʳ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʪʝʨʤʦʩʪʦʡʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʇʦʵʪʦʤʫ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʠʥʩʪʨʫʤʝʥʪʦʚ ʉʊʇ ʪʠʪʘʥʦʚʳʭ 

ʩʧʣʘʚʦʚ.  
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3.2 ʀʟʥʦʩ ʨʘʙʦʯʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠʟ ʞʘʨʦʧʨʦʯʥʦʛʦ ʩʣʘʚʘ ɾʉ6ʋ ʚ ʧʨʦʮʝʩʩʝ 

ʉʊʇ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ɺʊ1-0 ʠ ʚʣʠʷʥʠʝ ʝʛʦ ʥʘ ʩʚʦʡʩʪʚʘ ʰʚʘ 

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʧʝʨʚʦʡ ʛʣʘʚʝ, ʩʧʣʘʚʳ ʥʘ ʥʠʢʝʣʝʚʦʡ ʦʩʥʦʚʝ ʦʙʣʘʜʘʶʪ 

ʚʩrʦʢʦʡ ʞʘʨʦʧʨʦʯʥʦʩʪʴʶ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩ ʩʝʨʝʜʠʥʳ XX 

ʚʝʢʘ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʩʧʣʘʚ ɾʉ6ʋ. ʇʦʵʪʦʤʫ ʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʉʊʇ. ʊʘʢʦʡ ʠʥʩʪʨʫʤʝʥʪ ʧʦʢʘʟʳʚʘʣ 

ʩʝʙʷ ʟʥʘʯʠʪʝʣʴʥʦ ʣʫʯʰʝ, ʯʝʤ ʧʨʝʜʳʜʫʱʠʝ ʠʥʩʪʨʫʤʝʥʪʳ: ʥʝ ʦʪʢʘʣʳʚʘʣʩʷ, ʥʝ 

ʟʘʤʝʰʠʚʘʣʩʷ ʚ ʰʦʚ, ʠʟʥʘʰʠʚʘʣʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ. ʇʦʵʪʦʤʫ ʠʟʥʦʩ 

ʠʥʩʪʨʫʤʝʥʪʘ ʉʊʇ ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ ɾʉ6ʋ, ʧʦʜʚʝʨʛʩʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʤʫ ʘʥʘʣʠʟʫ. 

ʕʢʩʧʝʨʠʤʝʥʪ ʧʦ ʠʟʥʘʰʠʚʘʥʠʶ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʦʚʦʜʠʣʩʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʪʨʝʥʠʝʤ ʩ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ (ʆʊʇ), ʪ.ʢ. ʉʊʇ ʠ ʆʊʇ ʠʤʝʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʫ  ʁ

ʧʨʠʨʦʜʫ ʧʨʦʮʝʩʩʦʚ, ʢʦʛʜʘ ʚʳʧʦʣʥʠʪʴ ʩʘʤ ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʚʦʟʤʦʞʥʦ ʥʝʤʥʦʛʦ 

ʧʨʦʱʝ. ʊʘʢ ʧʨʠ ʆʊʇ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʜʛʦʪʘʚʣʠʚʘʪʴ 2 ʣʠʩʪʘ ʟʘʛʦʪʦʚʢʠ ʠ 

ʧʨʦʯʥʦ ʠʭ ʩʢʨʝʧʣʷʪʴ, ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʡʪʠ ʧʦ ʦʜʥʦʤʫ ʣʠʩʪʫ. 

ʆʧʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʦʙʝɦʛʦ ʚʠʜʘ ʠʥʩʪʨʫʤʝʥʪʘ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.9. ɺʠʟʫʘʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʴ ʪʨʝʥʠʷ 

ʨʘʚʥʦʤʝʨʥʦ ʧʦʢʨʳʣʘʩʴ ʩʣʦʝʤ ʦʢʠʩʣʝʥʥʦʛʦ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ɺʊ1-0, ʢʦʪʦʨʳʡ 

ʦʩʪʘʣʩʷ ʥʘ ʠʥʩʪʨʫʤʝʥʪʝ. ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ, ʧʦ ʤʝʨʝ ʆʊʇ ʧʝʨʚʳʤʠ 

ʠʟʥʘʰʠʚʘʶʪʩʷ ʢʨʦʤʢʠ ʰʪʠʬʪʘ ʠ ʧʣʝʯ. ʇʦ ʤʝʨʝ ʠʟʥʘʰʠʚʘʥʠʷ ʰʪʠʬʪ ʠʥʩʪʨʫʤʝʥʪʘ 

ʧʦʩʪʝʧʝʥʥʦ ʪʝʨʷʝʪ ʩʚʦʶ ʢʦʥʫʩʥʦʩʪʴ ʠ ʧʨʠʦʙʨʝʪʘʝʪ ʬʦʨʤʫ, ʥʘʧʦʤʠʥʘʶʱʫʶ 

ʮʠʣʠʥʜʨ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʠʥʩʪʨʫʤʝʥʪʝ ʉʊʇ/ʆʊʇ ʦʙʨʘʟʫʝʪʩʷ ʚʳʝʤʢʘ ʚ ʦʙʣʘʩʪʠ 

ʧʝʨʝʭʦʜʘ ʰʪʠʬʪʘ ʚ ʧʣʝʯʠ. ɺʠʟʫʘʣʴʥʦ ʧʨʦʮʝʩʩ ʠʟʥʘʰʠʚʘʥʠ ̫ʠʥʩʪʨʫʤʝʥʪʘ ʧʦ ʭʦʜʫ 

ʦʙʨʘʙʦʪʢʠ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʧʨʦʠʩʭʦʜʠʪ ʨʘʚʥʦʤʝʨʥʦ. ʇʨʠ ʵʪʦʤ, ʧʨʦʡʜʷ 

1105 ʤʤ ʦʙʨʘʙʦʪʢʠ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ, ʰʪʠʬʪ ʝʱʸ ʩʦʭʨʘʥʷʝʪ ʩʚʦʶ ʢʦʥʫʩʥʦʩʪʴ, ʘ 

ʚʳʝʤʢʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. 
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ʈʠʩʫʥʦʢ 3.9 ï ʈʘʙʦʯʠʡ ʠʥʩʪʨʫʤʝʥʪ, ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʠʟ ʩʧʣʘʚʘ ɾʉ6ʋ ʧʝʨʝʜ ʆʊʇ 

(a), ʩʧʫʩʪʷ 1105 ʤʤ ʦʙʨʘʙʦʪʢʠ (ʙ), 2335 ʤʤ (ʚ), ʠ 2755 ʤʤ (ʛ) 

 

ʅʘ ʨʠʩʫʥʢʝ 3.10 ʧʨʠʚʝʜʝʥʳ ʪʠʧʠʯʥʳʝ ʪʨʝʭʤʝʨʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʜʦ ʦʙʨʘʙʦʪʢʠ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʠ 

ʧʦʩʣʝ 2755 ʤʤ ʆʊʇ. ʄʦʨʬʦʣʦʛʠʷ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʝʪʝʨʧʝʣʘ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʠʟʤʝʥʝʥʠʷ. ʉʣʦʠ ʥʘʥʝʩʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʮʝʣʦʤ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʚʜʦʣʴ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚʨʘʱʝʥʠʷ, ʥʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚʳʨʳʚʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʜʠʥʘʤʠʢʦʡ 

ʥʘʣʠʧʘʥʠʷ-ʦʪʣʠʧʘʥʠʷ ʩʣʦʷ ʧʝʨʝʥʦʩʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʥʘʠʙʦʣʴʰʠʡ ʠʟʥʦʩ ʧʣʝʯ ʠʥʩʪʨʫʤʝʥʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʙʣʠʞʝ ʢ ʰʪʠʬʪʫ, 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʤʦʨʬʦʣʦʛʠʠ ʚʳʷʚʠʪʴ ʥʝ ʫʜʘʣʦʩʴ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʦʛʦ ʬʘʢʪʘ, 

ʯʪʦ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʣʝʯ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʙʳʣʘ ʚʳʰʝ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 

ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʢʦʥʯʠʢʘ ʰʪʠʬʪʘ ʩʦʩʪʘʚʣʷʣʘ 15,6 ʤʢʤ, 

ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʣʝʯ ʚ ʩʨʝʜʥʝʤ ï 13,6 ʤʢʤ, ʘ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʣʝʯ ʦʢʦʣʦ ʰʪʠʬʪʘ ï 

26,2 ʤʢʤ, ʭʦʪʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʰʪʠʬʪʘ ʠ ʧʣʝʯ ʜʦ ʦʙʨʘʙʦʪʢʠ ʩʦʩʪʘʚʣʷʣʘ 1,55 ʤʢʤ ʠ 

1,15 ʤʢʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘʣʠʧʘʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʢʠʩʣʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʘʟʚʠʪʦʡ ʤʦʨʬʦʣʦʛʠʠ, ʦʯʝʚʠʜʥʦ, ʚʣʠʷʝʪ ʥʘ ʫʩʣʦʚʠʷ ʘʜʛʝʟʠʠ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ. 



 

 

67 

 

 

ʈʠʩʫʥʦʢ 3.10 - ʊʠʧʦʚʳʝ ʪʨʝʭʤʝʨʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʯ 

(a) ʠ ʰʪʠʬʪʘ (ʚ) ʠʥʩʪʨʫʤʝʥʪʘ ʧʝʨʝʜ ʆʊʇ ʠ ʧʣʝʯ (ʙ) ʠ ʰʪʠʬʪʘ (ʜ) ʠʥʩʪʨʫʤʝʥʪʘ 

ʧʦʩʣʝ 2755 ʤʤ ʆʊʇ 

 

ʅʘ ʨʠʩʫʥʢʝ 3.11 ʧʨʠʚʝʜʝʥʦ ʈʕʄ-ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ 

ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʤʝʩʪʘʭ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʣʠ ʚʳʨʳʚ rʩ EDX ʢʘʨʪʘʤʠ ʧʦ ʪʠʪʘʥʫ ʠ 

ʚʦʣʴʬʨʘʤʫ. ɹʦʣʝʝ ʩʚʝʪʣʳʤ ʫʯʘʩʪʢʘʤ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ BSE ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʵʣʝʤʝʥʪʳ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʪʦʣʴʢʦ ʚ ʠʥʩʪʨʫʤʝʥʪʝ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ 

ʆʊʇ ʩʣʦʡ ʧʝʨʝʥʦʩʘ ʣʦʢʘʣʴʥʦ ʧʦʣʥʦʩʪʴʶ ʦʪʨʳʚʘʝʪʩʷ ʦʪ ʠʥʩʪʨʫʤʝʥʪʘ. ʇʨʠ 

ʠʟʚʣʝʯʝʥʠʠ ʠʥʩʪʨʫʤʝʥʪʘ ʠʟ ʤʘʪʝʨʠʘʣʘ ʵʪʦ ʜʝʣʘʝʪ ʝʛʦ ʥʝʟʘʱʠʱʝʥʥʳʤ ʦʪ 

ʦʢʠʩʣʝʥʠʷ. ʊʘʢʞʝ ʚʦʣʴʬʨʘʤ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʥʘ ʩʣʦʷʭ ʥʘʥʝʩʝʥʥʦʛʦ ʪʠʪʘʥʘ, ʯʪʦ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʜʠʬʬʫʟʠʶ ʵʣʝʤʝʥʪʦʚ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʩʣʦʡ ʧʝʨʝʥʦʩʘ. 

 

ʈʠʩʫʥʦʢ 3.11 ï ʀʟʦʙʨʘʞʝʥʠʝ ʈʕʄ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʨʝʞʠʤʝ 

ʦʙʨʘʪʥʦ ʨʘʩʩʝʷʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʩ ʕɼʉ ʢʘʨʪʘʤʠ ʧʦ ʪʠʪʘʥʫ ʠ ʚʦʣʴʬʨʘʤʫ 
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ʀʟʦʙʨʘʞʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦʩʣʝ 2755 ʤʤ ʦʙʨʘʙʦʪʢʠ ʚ ʨʘʟʨʝʟʝ ʧʦ ʦʩʝʚʦʤʫ 

ʩʝʯʝʥʠʶ ʩ ʥʘʣʦʞʝʥʥʳʤ ʯʝʨʪʝʞʦʤ ʠʩʭʦʜʥʦʡ ʛʝʦʤʝʪʨʠʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.12. 

ʅʘʠʙʦʣʴʰʠʡ ʠʟʥʦʩ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʧʣʝʯ ʫ ʦʩʥʦʚʘʥʠʷ ʰʪʠʬʪʘ. ɻʣʫʙʠʥʘ 

ʚʳʝʤʢʠ ʚ ʜʘʥʥʦʤ ʤʝʩʪʝ ʜʦʩʪʠʛʘʝʪ 1 ʤʤ. ʇʨʠ ʵʪʦʤ, ʠʟʥʦʩ ʧʣʝʯ ʥʘ ʚʥʝʰʥʝʤ ʨʘʜʠʫʩʝ 

ʙʳʣ ʥʝ ʪʘʢʠʤ ʩʠʣʴʥʳʤ ï ʚ ʩʨʝʜʥʝʤ 0,25 ʤʤ. ɺʳʩʦʪʘ hʪʠʬʪʘ ʦʩʪʘʣʘʩʴ ʙʝʟ 

ʠʟʤʝʥʝʥʠʷ. ʊʘʢʦʡ ʥʝʦʜʥʦʨʦʜʥʳʡ ʪʠʧ ʠʟʥʘʰʠʚʘʥʠʷ ʤʦʞʝʪ ʠʤʝʪʴ ʨʷʜ ʩʣʝʜʫʶʱʠʭ 

ʦʧʘʩʥʦʩʪʝʡ. ɺʦ-ʧʝʨʚʳʭ, ʫʤʝʥʴʰʝʥʠʝ ʜʠʘʤʝʪʨʘ ʦʩʥʦʚʘʥʠʷ ʰʪʠʬʪʘ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʥʝʜʦʩʪʘʪʦʯʥʦʤʫ ʪʝʧʣʦʚʳʜʝʣʝʥʠʶ ʚ ʚʠʜʫ ʫʤʝʥʴʰʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʪʨʝʥʠʷ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦʤʫ ʧʝʨʝʤʝʰʠʚʘʥʠʶ. ɺʦ-ʚʪʦʨʳʭ, ʧʨʠ ʠʟʥʘʰʠʚʘʥʠʠ ʧʣʝʯ 

ʚʳʩʦʪʘ ʰʪʠʬʪʘ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʛʣʫʙʦʢʦʤʫ ʧʦʛʨʫʞʝʥʠʶ ʚ 

ʤʘʪʝʨʠʘʣ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʰʪʠʬʪʘ ʤʦʞʝʪ ʩʦʧʨʠʢʘʩʘʪʴʩʷ ʩ ʧʦʜʣʦʞʢʦʡ. ʕʪʦ ʤʦʞʝʪ 

ʩʪʘʪʴ ʧʨʠʯʠʥʦʡ ʧʨʠʣʠʧʘʥʠ̫ ʢ ʧʦʜʣʦʞʢʝ ʠʟ-ʟʘ ʯʝʛʦ ʤʘʪʝʨʠʘʣ ʤʦʞʝʪ ʙʳʪʴ ʟʘʥʝʩʝʥ 

ʠʟ ʧʦʜʣʦʞʢʠ ʚ ʟʦʥʫ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. 

 

ʈʠʩʫʥʦʢ 3.12 ï ʀʟʦʙʨʘʞʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦʩʣʝ 2755 ʤʤ ʆʊʇ ʚ ʨʘʟʨʝʟʝ ʧʦ 

ʦʩʝʚʦʤʫ ʩʝʯʝʥʠʶ ʩ ʥʘʣʦʞʝʥʥʳʤ ʯʝʨʪʝʞʦʤ ʠʩʭʦʜʥʦʡ ʛʝʦʤʝʪʨʠʠ 

 

ɺ ʨʘʙʦʪʝ [115], ʥʝʩʤʦʪʨʷ ʥʘ ʨʘʟʣʠʯʥʫʶ ʛʝʦʤʝʪʨʠʶ ʰʪʠʬʪʘ, ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʭʦʞʠʡ ʭʘʨʘʢʪʝʨ ʠʟʥʦʩʘ, ʠʥʩʪʨʫʤʝʥʪʘ ʠʟ ʘʥʘʣʦʛʠʯʥʦʛʦ ʩʧʣʘʚʘ Mar-M247. ɸʚʪʦʨʳ 

ʦʙʲʷʩʥʷʶʪ ʭʘʨʘʢʪʝʨ ʠʟʥʦʩʘ ʧʝʨʝʛʨʝʚʦʤ ʤʘʪʝʨʠʘʣʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ 

ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʩʧʣʘʚʘ, ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʨʙʠʜʦʚ ʠ ʜʠʬʬʫʟʠʷ ʢʠʩʣʦʨʦʜʘ, ʯʪʦ ʚ 

ʩʫʤʤʝ ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʪʨʝʩʢʠʚʘʥʠ ʁʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʸʚ ʠ ʘʜʛʝʟʠʦʥʥʦʤʫ ʠʟʥʦʩʫ. 

ʂʘʢ ʩʦʦʙʱʘʣʦʩʴ, ʧʦʚʨʝʞʜʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʫʜʘʣʦʩʴ ʠʟʙʝʞʘʪʴ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʟʘʱʠʪʥʦʡ ʘʪʤʦʩʬʝʨʳ ʘʨʛʦʥʘ. ʆʜʥʘʢʦ, ʥʝʪ ʦʙʲʷʩʥʝʥʠʷ, ʧʦʯʝʤʫ ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʠʟʥʦʩ ʧʨʦʠʩʭʦʜʠʪ ʠʤʝʥʥʦ ʚ ʟʦʥʝ ʩʦʝʜʠʥʝʥʠʷ ʧʣʝʯ ʠ ʰʪʠʬʪʘ. ɼʘʥʥʦʝ ʫʛʣʫʙʣʝʥʠʝ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʧʨʠ ʧʦʤʦʱʠ ʪʝʦʨʠʠ ʢʦʥʪʘʢʪʥʦʛʦ ʧʣʘʚʣʝʥʠʷ. ɺ ʨʘʙʦʪʝ [143] ʧʦ 
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ʥʘʥʝʩʝʥʠʶ ʧʦʢʨʳʪʠʡ ʪʨʝʥʠʝʤ ʚʨʘʱʘʶʱʝʛʦʩʷ ʩʪʝʨʞʥʷ ʥʘʙʣʶʜʘʣʦʩʴ ʩʭʦʞʝʝ 

ʫʛʣʫʙʣʝʥʠʝ ʚ ʮʝʥʪʨʝ ʛʣʘʜʢʦʛʦ ʩʪʝʨʞʥʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʪʨʝʥʠʷ 

ʫʤʝʥʴʰʘʝʪʩʷ ʙʣʠʞʝ ʢ ʮʝʥʪʨʫ, ʪʝʧʣʦʦʙʤʝʥ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʟʘʪʨʫʜʥʝʥ, ʧʦʩʢʦʣʴʢʫ 

ʦʩʥʦʚʥʳʝ ʧʦʪʦʢʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʨʘʩʩʝʠʚʘʶʪʩʷ ʦʪ ʚʥʝʰʥʝʛʦ ʨʘʜʠʫʩʘ ʚʥʫʪʨʴ ʠ 

ʥʘʨʫʞʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʥʪʨ ʩʪʝʨʞʥʷ ʩʪʘʥʦʚʠʪʩʷ ʪʦʯʢʦʡ, ʚ ʢʦʪʦʨʦʡ 

ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʵʥʝʨʛʠʷ ʠ ʚʦʟʥʠʢʘʝʪ ʢʚʘʟʠʞʠʜʢʠʡ ʩʣʦʡ. ɺʩʣʝʜʩʪʚʠʠ ʵʪʦʛʦ ʠ 

ʚʦʟʥʠʢʘʝʪ ʠʟʥʦʩ ʤʘʢʩʠʤʘʣʴʥʳʡ ʚ ʮʝʥʪʨʝ. ʊʘʢʦʝ ʦʙʲʷʩʥʝʥʠʝ ʤʦʛʣʦ ʙʳ ʧʦʜʦʡʪʠ ʢ 

ʩʣʫʯʘʶ ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ. ʆʜʥʘʢʦ, 

ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [115], ʦʙʨʘʟʦʚʘʥʠʷ ʫʛʣʫʙʣʝʥʠʷ ʫʜʘʣʦʩʴ ʠʟʙʝʞʘʪʴ ʚʩʝʛʦ 

ʣʠʰʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʘʱʠʪʥʦʡ ʘʪʤʦʩʬʝʨ rʘʨʛʦʥʘ, ʘ ʵʪʦ ʥʝ ʤʦʛʣʦ ʩʠʣʴʥʦ 

ʧʦʚʣʠʷʪʴ ʥʘ ʫʩʣʦʚʠʷ ʪʝʧʣʦʦʙʤʝʥʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʢʦʥʪʘʢʪʥʦʝ ʧʣʘʚʣʝʥʠʝ ʤʦʞʝʪ 

ʦʙʲʷʩʥʠʪɹ  ʬʘʢʪ ʦ ʪʦʤ, ʯʪʦ ʤʘʪʝʨʠʘʣ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʙʳʣ ʨʝ-ʢʨʠʩʪʘʣʣʠʟʦʚʘʥ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʞʘʨʦʧʨʦʯʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠʟ ʩʫʧʝʨʩʧʣʘʚʘ 

ʦʯʝʥʴ ʩʧʝʮʠʬʠʯʥʘ ʚ ʩʣʫʯʘʝ ʉʊʇ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ. ʅʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʘʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʉʊʇ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʘʭ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʠʟʥʦʩ ʚʦʟʥʠʢʘʝʪ ʥʘ ʢʦʥʮʝ ʰʪʠʬʪʘ. ɺ ʨʘʙʦʪʝ [144] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʥʘ ʢʨʘʶ ʰʪʠʬʪʘ ʚʦʟʥʠʢʘʣʘ ʧʣʘʩʪʠʯʝʩʢʘ ̫ʜʝʬʦʨʤʘʮʠ.̫ ɸʥʘʣʦʛʠʯʥʘʷ ʢʘʨʪʠʥʘ 

ʠʟʥʦʩʘ ʥʘʙʣʶʜʘʣʘʩʴ ʥʘ ʠʥʩʪʨʫʤʝʥʪʝ ʅ13 ʧʦʩʣʝ ʩʚʘʨʢʠ ʩʧʣʘʚʘ CuCrZr [145]. ʉʊʇ 

ʩʧʣʘʚʘ Ti-6Al-4V, ʚʳʧʦʣʥʝʥʥʘ ̫ ʧʨʠ ʧʦʤʦʱʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʘʥʘʣʦʛʠʯʥʳʭ 

ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʭ ʠʟ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʞʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʜʨʫʛʦʡ ʪʠʧ 

ʠʟʥʦʩʘ [96]. ɺ ʪɻʦʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʥʩʪʨʫʤʝʥʪ, ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʠʟ W-La, 

ʠʩʧʳʪʘʣ ʩʠʣʴʥʫʶ ʧʣʘʩʪʠʯʝʩʢʫʶ ʜʝʬʦʨʤʘʮʠʶ, ʢʦʛʜʘ ʠʥʩʪʨʫʤʝʥʪʳ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ 

ʠʟ WC-Co, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʭʨʫʧʢʦʝ ʨʘʟʨʫʰʝʥʠʝ. 

ʇʨʠʟʥʘʢʦʤ ʜʠʬʬʫʟʠʦʥʥʦ-ʘʜʛʝʟʠʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʠʟʥʦʩʘ ʤʦʞʝʪ ʙʳʪɹ 

ʜʠʬʬʫʟʠʷ ʵʣʝʤʝʥʪʦʚ ʠʥʩʪʨʫʤʝʥʪʘ, ʥʘʙʣʶʜʘʶʱʘʷʩʷ ʚ ʩʣʦʝ ʧʝʨʝʥʦʩʘ, ʢʦʪʦʨʳʡ 

ʦʩʪʘʣʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ. ʅʘ ʨʠʩʫʥʢʝ 3.13 ʧʨʠʚʝʜʝʥʳ 

ʠʟʦʙʨʘʞʝʥʠʷ ʈʕʄ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʦʩʝʚʦʤ ʩʝʯʝʥʠʠ ʠ ʕɼʉ ʢʘʨʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʪʠʪʘʥʘ ʠ ʵʣʝʤʝʥʪʦʚ ʠʥʩʪʨʫʤʝʥʪʘ. ʆʥʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ 

ʠʥʩʪʨʫʤʝʥʪʘ ʜʠʬʬʫʥʜʠʨʫʶʪ ʚ ʥʘʣʠʧʰʠʡ ʩʣʦʡ ʪʠʪʘʥʘ. ʇʨʠ ʵʪʦʤ, ʦʩʦʙʝʥʥʦ ʩʠʣʴʥʦ 

ʜʠʬʬʫʥʜʠʨʫʝʪ ʘʣʶʤʠʥʠʡ. ʆʜʥʘʢʦ ʚ ʤʘʪʝʨʠʘʣʝ ʠʥʩʪʨʫʤʝʥʪʘ ʪʠʪʘʥ ʧʦʯʪʠ ʥʝ 
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ʩʦʜʝʨʞʠʪʩʷ. ʉʢʦʨʝʝ ʚʩʝʛʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʦʙʦʛʘʱʸʥʥʳʝ ʪʠʪʘʥʦʤ ʩʣʦʠ 

ʠʥʩʪʨʫʤʝʥʪʳ ʩʨʘʟʫ ʫʜʘʣʷʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʘʙʣʶʜʘʝʤʘʷ 

ʜʠʬʬʫʟʠʷ ʤʦʞʝʪ ʙʳʪʴ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʘʜʛʝʟʠʦʥʥʦʛʦ ʠʟʥʦʩʘ. 

 

ʈʠʩʫʥʦʢ 3.13 ï ʀʟʦʙʨʘʞʝʥʠʝ ʈʕʄ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʦʩʝʚʦʤ ʩʝʯʝʥʠʠ ʠ ʕɼʉ ʢʘʨʪʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʠʪʘʥʘ ʠ ʵʣʝʤʝʥʪʦʚ ʠʥʩʪʨʫʤʝʥʪʘ 

 

3.2.1 ʉʪʨʫʢʪʫʨʘ ʨʘʙʦʯʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʉʊʇ ʠʟ ʞʘʨʦʧʨʦʯʥʦʛʦ ʩʧʣʘʚʘ ɾʉ6ʋ, 

ʧʦʩʣʝ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʅʘ ʨʠʩʫʥʢʝ 3.14 ʧʦʢʘʟʘʥʳ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ 

(ʘ) ʠ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ɾʉ6ʋ (ʙ), ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʩʪʨʫʢʪʫʨʘ, ʚ ʜʘʥʥʦʤ 

ʤʘʩʰʪʘʙʝ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʣʦʥʠʷʤʠ ʜʝʥʜʨʠʪʦʚ ɔ ʬʘʟ,r ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʥʦʝ 

ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʰʪʠʬʪʘ ʠʥʩʪʨʫʤʝʥʪʘ ʩʚʘʨʢʠ ʪʨʝʥʠʝʤ ʩ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ (ʚ), ʥʘ ʢʦʪʦʨʳʡ ʥʘʣʠʧ ʤʘʪʝʨʠʘʣ ʩʚʘʨʠʚʘʝʤʳʭ ʪʠʪʘʥʦʚʳʭ 

ʧʣʘʩʪʠʥ.  
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ʈʠʩʫʥʦʢ 3.14 ï ʄʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʦʩʝʚʦʤ ʩʝʯʝʥʠʠ 

ʧʦʩʣʝ 2755 ʤʤ ʦʙʨʘʙʦʪʢʠ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʰʠʚʘʥʠʝʤ (a, ʚ) ʠ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʩʧʣʘʚʘ ɾʉ6ʋ (ʙ) 

 

ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦ ʛʨʘʥʠʮʘʤ ʢʦʣʦʥʠʡ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʢʘʨʙʠʜʳ ʚ ʚʠʜʝ 

ʷʨʢʠʭ, ʢʦʥʪʨʘʩʪʥʳʭ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʜʘʥʥʦʛʦ ʩʧʣʘʚʘ. ɺ ʮʝʣʦʤ, 

ʢʘʢ ʚ ʦʩʥʦʚʥʦʤ ʤʘʪʝʨʠʘʣʝ, ʪʘʢ ʠ ʚ ʤʘʪʝʨʠʘʣʝ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 

ʢʦʣʦʥʠʠ ʩʪʨʝʤʷʪʩʷ ʢ ʨʘʚʥʦʦʩʥʦʡ ʬʦʨʤʝ. ʆʜʥʘʢʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʧʣʦʚʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʵʣʝʤʝʥʪʳ ʩʪʨʫʢʪʫʨʳ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʨʦʩʣʠ. ʈʘʟʤʝʨʳ 

ʢʦʣʦʥʠʡ ʜʝʥʜʨʠʪʦʚ, ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʦʩʷʤʠ ʜʝʥʜʨʠʪʦʚ 1 ʧʦʨʷʜʢʘ ʠ ʦʩʷʤʠ 2 

ʧʦʨʷʜʢʘ ʫʚʝʣʠʯʠʣʠʩʴ ʧʨʠʤʝʨʥʦ ʚ 3 ʨʘʟʘ. ɺ ʪʘʙʣʠʮʝ 3.1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʠʟʤʝʨʝʥʠʡ. ʍʘʨʘʢʪʝʨʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʠʟʤʝʥʠʣʘʩʴ ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʚʩʝʤʫ 

ʠʥʩʪʨʫʤʝʥʪʫ. ʇʨʠ ʵʪʦʤ, ʙʣʠʟʢʦ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʷ 

ʨʘʟʤʝʨʦʚ ʢʦʣʦʥʠʡ, ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʦʩʷʤʠ ʜʝʥʜʨʠʪʦʚ ʠʣʠ ʫʚʝʣʠʯʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʘ ʢʘʨʙʠʜʦʚ. ʊʦʣʱʠʥʘ ʪʠʪʘʥʦʚʦʛʦ ʩʣʦʷ, ʥʘʣʠʧʰʝʛʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʥʘ 

ʰʪʠʬʪ ʠʥʩʪʨʫʤʝʥʪʘ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 30-80 ʤʢʤ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʠʟʤʝʨʝʥʠʷʤʠ ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ. ʀʟʤʝʥʝʥʠʝ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʚʙʣʠʟʠ 
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ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥʦ ʧʝʨʝʪʨʘʚʣʠʚʘʥʠʝʤ ʠʟ-ʟʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʥʘʪʷʞʝʥʠʷ ʥʘ ʢʨʘʶ ʦʙʨʘʟʮʘ, ʧʨʠ ʠʟʚʣʝʯʝʥʠʠ ʝʛʦ ʠʟ ʨʝʘʛʝʥʪʘ. 

ʊʘʙʣʠʮʘ 3.1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʤʝʥʪʦʚ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ 

 
ʆʩʥʦʚʥʦʡ 

ʤʘʪʝʨʠʘʣ 
ʀʥʩʪʨʫʤʝʥʪ 

ʈʘʟʤʝʨ ʢʦʣʦʥʠʠ ʜʝʥʜʨʠʪʦʚ, ʤʤ 0.27Ñ0.09 0.8Ñ0.3 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʩʷʤʠ 1-ʛʦ ʧʦʨʷʜʢʘ, ʤʢʤ 66Ñ5 191Ñ31 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʩʷʤʠ 2-ʛʦ ʧʦʨʷʜʢʘ, ʤʢʤ 14Ñ1 44Ñ6 

ʆʙʲʝʤʥʘʷ ʜʦʣʷ ʢʘʨʙʠʜʦʚ, % 1.28Ñ0,07 1.14Ñ0,04 

ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʢʘʨʙʠʜʦʚ, ʤʢʤ 1.8Ñ1.5 3Ñ3 

ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ɔô ʢʫʙʦʠʜʦʚ 0.6Ñ0.2 0.6Ñ2 

 

ʅʘ ʨʠʩʫʥʢʝ 3.15 ʧʨʠʚʝʜʝʥʳ ʈʕʄ - ʠʟʦʙʨʘʞʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠʩʭʦʜʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʩʧʣʘʚʘ ɾʉ6ʋ ʠ ʩʪʨʫʢʪʫʨʳ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʨʝʞʠʤʝ ʬʘʟʦʚʦʛʦ ʢʦʥʪʨʘʩʪʘ. 

ʅʘ ʠʟʦʙʨʘʞʝʥʠʷʭ ʚʳʜʝʣʷʶʪʩʷ ʛʨʘʥʠʮʳ ʢʦʣʦʥʠʡ ʜʝʥʜʨʠʪʦʚ, ʜʝʢʦʨʠʨʦʚʘʥʥʳʝ 

ʵʚʪʝʢʪʠʢʘʤʠ ʠ ʢʘʨʙʠʜʘʤʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ. ɺ ʩʦʩʪʘʚ ʢʘʨʙʠʜʦʚ ʚʭʦʜʷʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ Ti, W, Mo and Nb [146]. ʊʘʢʞʝ ʢʘʨʙʠʜʳ ʠ ʵʚʪʝʢʪʠʢʠ 

ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʯʘʩʪʦ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʤʝʞʜʝʥʜʨʠʪʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ [147]. 

ʅʘ ʙʦʣʝʝ ʪʦʥʢʦʤ ʫʨʦʚʥʝ ʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʫʙʦʠʜ rɔô ʬʘʟʳ [148]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʜʣʷ ʵʪʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʢʘʟʳʚʘʪʁ, ʯʪʦ ʧʦʩʣʝ 

ʦʙʨʘʙʦʪʢʠ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʦʙʲʝʤʥʘʷ ʜʦʣʷ ʢʘʨʙʠʜʦʚ ʫʤʝʥʴʰʠʣʘʩʴ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ (ʊʘʙʣʠʮʘ 3.1). ʇʨʠ ʵʪʦʤ ʙʦʣʝʝ ʯʝʤ ʚ ʧʦʣʪʦʨʘ ʨʘʟʘ ʫʚʝʣʠʯʠʣʩʷ 

ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʢʘʨʙʠʜʦʚ. ʋ ʠʟʤʝʨʝʥʠʡ ʨʘʟʤʝʨʘ ʢʘʨʙʠʜʦʚ ʠʤʝʝʪʩʷ ʙʦʣʴʰʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴ, ʪʘʢ ʢʘʢ ʨʘʟʤʝʨʳ ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 0,7-5 ʤʢʤ. ʀʟʤʝʥʝʥʠʝ 

ʨʘʟʤʝʨʘ ʢʘʨʙʠʜʦʚ ʧʨʠ ʠʭ ʧʦʯʪʠ ʧʦʩʪʦʷʥʥʦʡ ʦʙʲʝʤʥʦʡ ʜʦʣʝ ʩʚʷʟʳʚʘʝʪʩʷ ʩ 

ʢʦʘʛʫʣʷʮʠʝʡ ʯʘʩʪʠʮ, ʢʦʪʦʨʘʷ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʜʝʥʜʨʠʪʦʚ ʚ ʧʨʦʮʝʩʩʝ 

ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʈʘʟʤʝʨ ʞʝ ʢʫʙʦʠʜʦʚ ɔô ʬʘʟʳ ʧʦʩʣʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʝ ʠʟʤʝʥʠʣʩʷ. ʊʘʢʞʝ ʥʝ ʦʙʥʘʨʫʞʝʥʦ ʢʘʢʠʭ-ʣʠʙʦ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫ ʤʘʪʝʨʠʘʣʘ ʥʘʭʦʜʷʱʝʛʦʩʷ ʧʦʜ ʧʦʚʝʨʭʥʦʩʪʴ  ʁ ʪʨʝʥʠʷ 

ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʧʦʜ ʩʣʦʝʤ ʥʘʣʠʧʰʝʛʦ ʪʠʪʘʥʘ. ʀʟʦʙʨʘʞʝʥʠʝ 3.15ʙ ʧʦʣʫʯʝʥʦ ʠʟ ʪʦʡ 

ʞʝ ʦʙʣʘʩʪʠ, ʯʪʦ ʠ ʦʧʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 3.14ʚ. 
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ʈʠʩʫʥʦʢ 3.15 ï ʈʕʄ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʨʝʞʠʤʝ ʦʙʨʘʪʥʦ ʨʘʩʩʝʷʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ 

ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʧʣʘʚʘ ɾʉ6ʋ (a, ʚ) ʠ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʦʩʝʚʦʤ ʩʝʯʝʥʠʠ ʧʦʩʣʝ 

2755 ʤʤ ʦʙʨʘʙʦʪʢʠ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ (ʙ, ʜ). ʀʟʦʙʨʘʞʝʥʠʝ ʙ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʦʙʨʘʞʝʥʠʶ 3.14ʚ  

 

3.2.2 ɺʣʠʷʥʠʝ ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʘ ʥʘ ʩʚʦʡʩʪʚʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʧʣʘʚʘ ɺʊ1-0 

ɺ ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ ʧʦʜ ʢʘʯʝʩʪʚʦʤ ʦʙʨʘʙʦʪʢʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʩʪʨʫʢʪʫʨʘ 

ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʣʠ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ʅʘ ʨʠʩʫʥʢʝ 3.16 ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʨʘʙʦʪʘʥʥʦʛʦ 

ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʩʧʣʘʚʘ ɺʊ1-0 ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʫʯʘʩʪʢʘʭ ʦʙʨʘʙʦʪʢʠ: ʯʝʨʝʟ 5 ʤʤ, 560 ʤʤ ʠ 2755 ʤʤ ʦʪ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʠ ʦʙʨʘʙʦʪʢʠ 

ʤʘʪʝʨʠʘʣʘ. ʄʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘ ʚʩʝʭ ʫʯʘʩʪʢʘʭ ʦʙʨʘʙʦʪʢʠ 

ʦʙʱʠʡ ʚʠʜ ʰʚʘ ʠ ʭʘʨʘʢʪʝʨʥʳʡ ʚʠʜ ʩʪʨʫʢʪʫʨʥʳʭ ʟʦʥ ʫ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʦʜʠʥʘʢʦʚ. ɺ 

ʩʪʨʫʢʪʫʨʝ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚʳʜʝʣʷʶʪʩʷ 2 ʪʠʧʠʯʥʳʝ ʟʦʥʳ: ʟʦʥʘ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ (ɿʇ), ʩʦʩʪʦʷʱʘʷ ʠʟ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʳʭ ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ 

ʟʝʨʝʥ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ, ʠ ʟʦʥʘ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ (ɿʊʄɺ). ɿʘ ʠʭ 

ʧʨʝʜʝʣʘʤʠ ʥʘʭʦʜʠʪʩʷ ʦʩʥʦʚʥʦʡ ʤʝʪʘʣʣ ɺʊ1-0. ɿʦʥʘ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ, 

ʢʦʪʦʨʘʷ ʦʙʳʯʥʦ ʥʘʭʦʜʠʪʩʷ ʤʝʞʜʫ ʦʩʥʦʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʠ ɿʊʄɺ, ʢʘʢ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ ʚ ʧʝʨʚʦʡ ʛʣʘʚʝ, ʚ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʘʭ ʯʘʩʪʦ ʦʪʩʫʪʩʪʚʫʝʪ ʠʣʠ ʥʝ 
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ʚʳʷʚʣʷʝʪʩʷ. ɿʦʥʘ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠ ʩʚʘʨʢʝ ʠʣʠ ʦʙʨʘʙʦʪʢʝ 

ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʟʢʘʷ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʩʦʝʜʠʥʝʥʠʷʤʠ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʊʦʣʱʠʥʘ ɿʊʄɺ ʚ ʩʨʝʜʥʝʤ ʦʢʦʣʦ 0,25 ʤʤ. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʛʝʦʤʝʪʨʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʟʦʥ ʩʠʤʤʝʪʨʠʯʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʩʚʘʨʥʦʛʦ 

ʰʚʘ. ʌʦʨʤʘ ʩʪʨʫʢʪʫʨʥʳʭ ʟʦʥ ʥʘ ʨʘʟʥʳʭ ʫʯʘʩʪʢʘʭ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʦʪʣʠʯʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʈʘʟʤʝʨʳ ʟʦʥʳ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʩ ʠʟʥʦʩʦʤ ʠʥʩʪʨʫʤʝʥʪʘ 

ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʶʪʩʷ. ɺ ʧʝʨʚʦʤ ʦʙʨʘʟʮʝ ʧʣʦʱʘʜʴ ʟʦʥʳ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 

ʩʦʩʪʘʚʣʷʣʘ 11,11 ʤʤ
2
, ʘ ʚ ʧʦʩʣʝʜʥʝʤ ï 8,03 ʤʤ

2
. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ 

ʧʨʠ ʠʟʥʘʰʠʚʘʥʠʠ ʠʥʩʪʨʫʤʝʥʪʘ ʚʦʟʥʠʢʘʝʪ ʫʤʝʥʴʰʝʥʠʝ ʜʠʘʤʝʪʨʘ ʰʪʠʬʪʘ 

ʠʥʩʪʨʫʤʝʥʪʘ. 

 

ʈʠʩʫʥʦʢ 3.16 ï ʄʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ɺʊ1-0 ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʯʝʨʝʟ 5 ʤʤ 

(a), 560 ʤʤ (ʙ) ʠ 2755 ʤʤ (ʚ) ʦʙʨʘʙʦʪʢʠ 

 

ʆʙʨʘʟʮʳ ʜʣʷ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚʳʨʝʟʘʣʠʩʴ ʧʨʠʤʝʨʥʦ ʯʝʨʝʟ 

ʢʘʞʜʳʝ 250 ʤʤ ʧʦ ʜʚʠʞʝʥʠʶ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. ʆʙʨʘʟʝʮ, 

ʚʳʨʝʟʘʥʥʳʡ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 5 ʤʤ ʧʦʩʣʝ ʥʘʯʘʣʘ ʦʙʨʘʙʦʪʢʠ, ʥʝ ʩʦʜʝʨʞʠʪ 

ʥʝʩʧʣʦʰʥʦʩʪʝʡ ʠ ʠʤʝʝʪ ʩʪʘʥʜʘʨʪʥʳʡ ʚʠʜ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʪʨʝʥʠʝʤ ʩ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ. ʇʝʨʚʳʝ ʥʝʩʧʣʦʰʥʦʩʪʠ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʦʙʨʘʟʮʝ, ʚʳʨʝʟʘʥʥʦʤ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ 560 ʤʤ, ʥʘ ʛʨʘʥʠʮʝ ʟʦʥʳ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʧʦ ʦʪʩʪʫʧʘʶʱʝʡ ʩʪʦʨʦʥʝ 

ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɼʘʥʥʳʝ ʥʝʩʧʣʦʰʥʦʩʪʠ ʫʚʝʣʠʯʠʚʘʣʠʩʴ ʩ ʢʦʣʠʯʝʩʪʚʦʤ 

ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʚʦʟʥʠʢʘʣʠ ʥʦʚʳʝ ʥʝʩʧʣʦʰʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 
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ʥʘ ʥʘʩʪʫʧʘʶʱʝʡ ʩʪʦʨʦʥʝ. ʈʝʟʢʠʡ ʨʦʩʪ ʦʙʲʝʤʘ ʥʝʩʧʣʦʰʥʦʩʪʝʡ ʦʪʤʝʯʘʝʪʩʷ ʩʧʫʩʪʷ 

å2300 ʤʤ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʟʦʥʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 

ʥʘʙʣʶʜʘʣʠʩʴ ʦʢʩʠʜʳ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʆʊʇ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʚ ʟʘʱʠʪʥʦʡ 

ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʥʝʩʧʣʦʰʥʦʩʪʷʤʠ, ʰʣʠʬʳ, ʚʳʨʝʟʘʥʥʳʝ ʠʟ 

ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʡ ʆʊʇ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʦʜʝʨʞʘʪ ʩʣʝʜʦʚ ʦʢʩʠʜʦʚ, ʢʦʪʦʨʳʝ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʥʝʩʧʣʦʰʥʦʩʪʝʡ ʩʚʷʟʳʚʘʝʪʩʷ ʠʤʝʥʥʦ ʩ ʠʟʥʦʩʦʤ ʠʥʩʪʨʫʤʝʥʪʘ, 

ʧʦʩʢʦʣʴʢʫ ʠʟʤʝʥʝʥʠʝ ʛʝʦʤʝʪʨʠʠ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʪʨʘʝʢʪʦʨʠʠ 

ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʨʠ ʩʦʭʨʘʥʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʝʞʠʤʘ ʜʘʥʥʘʷ ʩʠʪʫʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʠ ʠ, 

ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʫʭʫʜʰʝʥʥʳʤ ʫʩʣʦʚʠʷʤ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. ʇʦʩʪʝʧʝʥʥʦʝ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʦʢʩʠʜʦʚ ʚ ʦʙʨʘʙʘʪʳʚʘʝʤʦʤ ʤʘʪʝʨʠʘʣʝ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʚʷʟʘʥʦ ʩ 

ʥʘʢʦʧʣʝʥʠʝʤ ʦʢʩʠʜʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʘʤʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. ʇʨʠ ʦʩʪʘʥʦʚʢʝ 

ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʠ ʠʟʚʣʝʯʝʥʠʠ ʠʥʩʪʨʫʤʝʥʪʘ ʠʟ ʤʘʪʝʨʠʘʣʘ, ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʠ 

ʧʦʜʘʯʘ ʟʘʱʠʪʥʦʡ ʘʪʤʦʩʬʝʨʳ ʘʨʛʦʥʘ. ɺ ʧʨʦʮʝʩʩʝ ʉʊʇ/ʆʊʇ ʯʘʩʪʴ ʤʘʪʝʨʠʘʣʘ 

ʟʘʛʦʪʦʚʦʢ ʦʩʪʘʝʪʩʷ ʥʘ ʠʥʩʪʨʫʤʝʥʪʝ ʧʦʩʣʝ ʠʟʚʣʝʯʝʥʠʷ ʚ ʚʠʜʝ ʥʝʢʦʝʛʦ ʥʘʣʠʧʰʝʛʦ 

ʩʣʦ̫. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʥʘʣʠʧʰʠʡ ʩʣʦʡ ʧʝʨʝʥʦʩʘ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʘʢʪʠʚʥʦ ʦʢʠʩʣʷʝʪʩʷ ʚ ʘʪʤʦʩʬʝʨʝ, ʘ ʧʨʠ ʥʘʯʘʣʝ ʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ ʤʦʞʝʪ 

ʟʘʥʦʩʠʪʴʩʷ ʚ ʤʘʪʝʨʠʘʣ. ɺ ʧʨʦʮʝʩʩʝ ʆʊʇ ʦʢʩʠʜʳ ʧʦʩʪʝʧʝʥʥʦ ʟʘʤʝʰʠʚʘʣʠʩʴ ʚ 

ʤʘʪʝʨʠʘʣ ʚʤʝʩʪʝ ʩ ʫʞʝ ʠʤʝʶʱʠʤʩʷ ʪʠʪʘʥʦʤ ʥʘ ʠʥʩʪʨʫʤʝʥʪʝ. ʆʢʩʠʜʠʨʦʚʘʥʥʳʡ 

ʤʘʪʝʨʠʘʣ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʧʦ ʢʨʘʷʤ ʩʣʦʝʚ ʧʝʨʝʥʦʩʘ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʩʠʣʳ ʢʦʛʝʟʠʠ 

ʤʝʞʜʫ ʩʣʦʷʤʠ ʩʣʘʙʝʶʪ, ʠ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʩʣʦʝʥʠʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʥʘ ʤʝʩʪʘʭ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʢʩʠʜʦʚ ʪʘʢʞʝ ʚʦʟʥʠʢʘʶʪ ʥʝʩʧʣʦʰʥʦʩʪʠ. ʉʫʤʤʘʨʥʘʷ ʧʣʦʱʘʜʴ ʚʩʝʭ 

ʥʝʩʧʣʦʰʥʦʩʪʝʡ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʧʦʩʣʝ ʧʨʦʭʦʜʘ ʠʥʩʪʨʫʤʝʥʪʘ 5 ʤʤ 

ʦʙʨʘʙʦʪʢʠ ʩʦʩʪʘʚʣʷʣʘ 0,07 ʤʤ
2
, ʧʦʩʣʝ 560 ʤʤ ʦʙʨʘʙʦʪʢʠ ï 0,15 ʤʤ

2
, ʧʦʩʣʝ 2755 ʤʤ 

ï 0,79 ʤʤ
2
. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʘ 

ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʣʘʩʴ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʣʴʯʠʣʘʩʴ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ [149]. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʟʦʥʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 

ʥʘʙʣʶʜʘʶʪʩʷ ʨʘʚʥʦʦʩʥʳʝ ʟʝʨʥʘ ʨʘʟʤʝʨʦʤ 8Ñ2 ʤʢʤ (ʈʠʩʫʥʦʢ 3.17 a), ʚ ʪʦ ʚʨʝʤʷ 
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ʢʘʢ ʚ ʠʩʭʦʜʥʦʤ ʤʘʪʝʨʠʘʣʝ ʨʘʟʤʝʨ ʟʝʨʥʘ ʙʳʣ 54Ñ11 ʤʢʤ. ʈʘʟʤʝʨ ʟʝʨʝʥ ʚ ʟʦʥʝ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʥʝ ʠʟʤʝʥʷʣʩʷ ʧʦ ʤʝʨʝ ʠʟʥʘʰʠʚʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚ 

ʟʝʨʥʘʭ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʧʦʣʦʩʯʘʪʳʝ ʩʪʨʫʢʪʫʨʳ, ʧʦʭʦʞʠʝ ʥʘ 

ʜʚʦʡʥʠʢʠ. ɼʣʷ ʪʝʭʥʠʯʝʩʢʠ ʯʠʩʪʦʛʦ ʪʠʪʘʥʘ ʜʚʦʡʥʠʢʦʚʘʥʠʝ ʥʝ ʭʘʨʘʢʪʝʨʥʦ ʧʨʠ 

ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʥʦ ʦʥʦ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʥʘʧʨʠʤʝʨ, ʧʨʠ 

ʭʦʣʦʜʥʦʡ ʧʨʦʢʘʪʢʝ [150], ʠ/ʠʣʠ ʧʨʠ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʜʝʬʦʨʤʘʮʠʠ. ʈʘʥʝʝ 

ʜʚʦʡʥʠʢʠ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʪʝʭʥʠʯʝʩʢʠ ʯʠʩʪʦʤ ʪʠʪʘʥʝ ʧʦʩʣʝ ʩʚʘʨʢʠ ʪʨʝʥʠʝʤ ʩ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʚ ʨʘʙʦʪʝ [151]. ʀʭ ʧʦʷʚʣʝʥʠʝ ʦʙʲʷʩʥʷʣʦʩʴ ʥʝʜʦʩʪʘʪʢʦʤ ʩʠʩʪʝʤ 

ʩʢʦʣʴʞʝʥʠʷ ʧʨʠ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʟʦʥʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚʦʢʨʫʛ ʟʘʪʷʥʫʪʳʭ ʦʢʩʠʜʦʚ ʙʳʣ 

ʦʙʥʘʨʫʞʝʥ ʤʘʨʪʝʥʩʠʪ (ʈʠʩʫʥʦʢ 3.17 ʙ), ʢʦʪʦʨʳʡ ʥʝ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʜʘʥʥʦʛʦ 

ʩʧʣʘʚʘ. ʊʝʭʥʠʯʝʩʢʠ ʯʠʩʪʳʡ ʪʠʪʘʥ ɺʊ1-0 ʦʪʥʦʩʠʪʩʷ ʢ ʤʘʪʝʨʠʘʣʘʤ Ŭ ʬʘʟʳ. ʂʘʢ 

ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [152], ʥʘʛʨʝʚ ʧʨʝʚʳʰʘʶʱʠʡ ʪʝʤʧʝʨʘʪʫʨʫ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʠ 

ʙʳʩʪʨʦʝ ʦʭʣʘʞʜʝʥʠʝ (>100 ÁC/ʩ) ʨʘʩʧʣʘʚʘ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ Ŭ' 

ʤʘʨʪʝʥʩʠʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʠʭ ʪʝʨʤʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ. ʆʜʥʘʢʦ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʜʘʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʢʦʨʦʩʪʠ 

ʦʭʣʘʞʜʝʥʠʷ ʥʝ ʜʦʩʪʠʛʘʶʪʩʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʠʤʝʶʪʩʷ ʚʳʩʦʢʠʝ ʥʘʧʨʷʞʝʥʠʷ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʤʘʨʪʝʥʩʠʪʘ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʣʝʛʠʨʦʚʘʥʠʝʤ ʦʪ 

ʤʘʪʝʨʠʘʣʘ ʠʥʩʪʨʫʤʝʥʪʘ. ɺ ʤʘʨʪʝʥʩʠʪʥʳʭ ʦʢʠʩʣʝʥʥʳʭ ʦʙʣʘʩʪʷʭ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 

ʯʘʩʪʠʮʳ ʤʘʪʝʨʠʘʣʘ ʠʥʩʪʨʫʤʝʥʪʘ, ʢʦʪʦʨʳʝ ʚ ʧʨʦʮʝʩʩʝ ʠʟʥʦʩʘ ʟʘʤʝʰʘʣʠʩʴ ʚʤʝʩʪʝ 

ʩʦ ʩʣʦʷʤʠ ʧʝʨʝʥʦʩʘ ʚ ʦʙʨʘʙʘʪʳʚʘʝʤʳʡ ʤʘʪʝʨʠʘʣ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʠʬʬʫʟʠʠ ʜʘʥʥʳʝ 

ʯʘʩʪʠʮʳ ʣʝʛʠʨʦʚʘʣʠ ʦʙʨʘʙʘʪʳʚʘʝʤʳʡ ʤʘʪʝʨʠʘʣ ʘʪʦʤʘʤʠ ʚʦʣʴʬʨʘʤʘ, ʢʦʙʘʣʴʪʘ, 

ʥʠʢʝʣʷ, ʭʨʦʤʘ ʠ ʧʨʦʯʠʭ ʵʣʝʤʝʥʪʦʚ, ʷʚʣʷʶʱʠʭʩʷ ʩʪʘʙʠʣʠʟʘʪʦʨʘʤʠ ɓ-ʬʘʟʳ ʪʠʪʘʥʘ. 

ɼʘʥʥʳʝ ʵʣʝʤʝʥʪʳ ʤʘʪʝʨʠʘʣʘ ʠʥʩʪʨʫʤʝʥʪʘ ʆʊʇ ʠ ʚʳʟʚʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ 

ʤʘʨʪʝʥʩʠʪʘ ʚ ʪʝʭʥʠʯʝʩʢʠ ʯʠʩʪʦʤ ʪʠʪʘʥʝ ɺʊ1-0. 
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ʈʠʩʫʥʦʢ 3.17 ï ʈʕʄ ʠʟʦʙʨʘʞʝʥʠʷ ʟʝʨʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʟʦʥʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ (a) ʠ 

ʦʢʠʩʣʝʥʥʳʭ ʫʯʘʩʪʢʦʚ (ʙ) 

 

ʆʙʳʯʥʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʯʝʩʪʚʘ ʩʚʘʨʥʳʭ ʰʚʦʚ ʧʨʦʠʟʚʦʜʷʪʩʷ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʜʘʥʥʳʭ ʰʚʦʚ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʧʨʦʯʥʦʩʪʠ. ʆʜʥʘʢʦ ʚ 

ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʉʊʇ ʙʳʣʘ ʟʘʤʝʥʝʥʘ ʆʊʇ. ʇʦʵʪʦʤʫ ʜʣʷ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʧʣʦʩʢʠʝ ʦʙʨʘʟʮʳ, ʚʳʨʝʟʘʥʥʳʝ ʚʜʦʣʴ ʦʙʨʘʙʦʪʘʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʧʦ ʮʝʥʪʨʫ ʰʚʘ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.18. ʇʨʠ 

ʵʪʦʤ ʚ ʨʘʙʦʯʫʶ ʟʦʥʫ ʣʦʧʘʪʢʠ ʧʦʧʘʜʘʣʘ ɿʇ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ ʧʦʜʚʝʨʛʘʣʘʩʴ ʤʝʭʘʥʠʯʝʩʢʠʤ ʠʩʧʳʪʘʥʠʷʤ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, ʩʪʘʣʦ 

ʚʦʟʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʤʘʪʝʨʠʘʣʘ. 

 

ʈʠʩʫʥʦʢ 3.18 ï ʉʭʝʤʘ ʦʙʨʘʟʮʘ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʜʣʷ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠʩʧʳʪʘʥʠʷ 

ʟʦʥʳ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʆʊʇ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ɺʊ1-0 
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ʅʘ ʠʟʦʙʨʘʞʝʥʠʠ 3.19 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʥʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʨʘʩʪʷʞʝʥʠʝ ʟʦʥʳ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʦʙʨʘʟʮʦʚ. ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ 

ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʫʚʝʣʠʯʠʣʩʷ ʥʘ å25 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ 

ʩʧʣʘʚʦʤ ɺʊ1-0, ʫ ʢʦʪʦʨʦʛʦ ʧʨʝʜʝʣʴʥʘʷ ʧʨʦʯʥʦʩʪʴ ʙʳʣʘ 350ʄʇʘ. ʇʦ ʤʝʨʝ ʠʟʥʦʩʘ 

ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʝʜʝʣʴʥʘʷ ʧʨʦʯʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʧʦʥʠʞʘʣʘʩʴ ʠ ʩʧʫʩʪʷ 2700 ʤʤ ʧʦʩʣʝ 

ʥʘʯʘʣʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʩʦʩʪʘʚʠʣʘ 375 ʄʇʘ, ʯʪʦ ʚʳʰʝ ʧʨʦʯʥʦʩʪʠ 

ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ å7 %. ʈʝʟʢʦʝ ʫʤʝʥʴʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʩʧʫʩʪʷ 

500 ʤʤ ʧʦʩʣʝ ʥʘʯʘʣʘ ʦʙʨʘʙʦʪʢʠ ï ʢʦʛʜʘ ʠʤʝʝʪ ʤʝʩʪʦ ʧʦʷʚʣʝʥʠʝ ʧʝʨʚʳʭ 

ʤʘʢʨʦʜʝʬʝʢʪʦʚ. ɺʪʦʨʦʝ ʨʝʟʢʦʝ ʫʤʝʥʴʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʧʫʩʪʷ 2300 ʤʤ, ʧʦʩʣʝ ʥʘʯʘʣʘ ʦʙʨʘʙʦʪʢʠ, ʦʥʦ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʟʢʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʦʙʲʸʤʘ ʥʝʩʧʣʦʰʥʦʩʪʝʡ. ʇʦʵʪʦʤʫ ʜʘʥʥʦʝ ʩʥʠʞʝʥʠʝ ʧʨʦʯʥʦʩʪʠ 

ʩʚʷʟʘʥʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ ʨʦʩʪʦʤ ʜʝʬʝʢʪʦʚ ʧʦ ʤʝʨʝ ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʘ, ʧʦʩʢʦʣʴʢʫ 

ʬʦʨʤʦʠʟʤʝʥʝʥʠʝ ʰʪʠʬʪʘ ʧʨʠʚʦʜʠʪ ʢ ʥʝʜʦʩʪʘʪʦʯʥʦʤʫ ʧʨʦʛʨʝʚʫ ʠ ʥʝʦʧʪʠʤʘʣʴʥʦʤʫ 

ʨʝʞʠʤʫ ʧʝʨʝʤʝʰʠʚʘʥʠ ̫ʤʘʪʝʨʠʘʣʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʨʦʯʥʦʩʪʴ ʦʙʨʘʙʦʪʘʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʧʨʝʚʳʰʘʝʪ ʧʨʦʯʥʦʩʪ ɹʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʜʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʥʝʣʴʟʷ 

ʥʘʟʚʘʪʴ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʥʘʣʠʯʠʝ ʤʘʢʨʦʜʝʬʝʢʪʦʚ ʜʝʣʘʝʪ 

ʩʦʝʜʠʥʝʥʠʝ ʥʝʩʪʘʙʠʣʴʥʳʤ ʚ ʫʩʣʦʚʠʷʭ ʫʩʪʘʣʦʩʪʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ. ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʫʜʣʠʥʝʥʠʝ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʫʤʝʥʴʰʠʣʦʩʴ ʚ 2 ʨʘʟʘ. ʆʙʨʘʙʦʪʘʥʥʳʡ ʤʘʪʝʨʠʘʣ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʫʨʦʚʝʥʴ ʧʣʘʩʪʠʯʥʦʩʪʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʘ ʉʊʇ/ʆʊʇ. 

ɼʘʥʥʳʡ ʬʘʢʪʦʨ ʩʧʨʘʚʝʜʣʠʚ ʠ ʜʣʷ ʟʥʘʯʝʥʠʡ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʚ ʟʦʥʝ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʣʠ 1,5 Ñ 0,1 ɻʇʘ, 1,4 Ñ 0,1 ɻʇʘ ʠ 1,6 Ñ 0,1 ɻʇʘ 

ʜʣʷ ʜʣʠʥʳ ʦʙʨʘʙʦʪʘʥʥʦʡ ʠʥʩʪʨʫʤʝʥʪʦʤ 20 ʤʤ, 500 ʤʤ ʠ 2700 ʤʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ ʩʦʩʪʘʚʣʷʣʘ 1,3 Ñ 0,1 ɻʇʘ. ʉʪʦʣʴ ʫʤʝʨʝʥʥʦʝ 

ʫʧʨʦʯʥʝʥʠʝ ʩʪʘʣʦ ʨʝʟʫʣʴʪʘʪʦʤ ʩʠʣʴʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ 

ʦʙʨʘʙʦʪʢʠ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ɺʊ1-0. 
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ʈʠʩʫʥʦʢ 3.19 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʘʯʝʩʪʚʘ ʩʚʘʨʥʦʛʦ ʰʚʘ ʦʪ ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʘ(a) ʠ 

ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʷʞʝʥʠʡ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʜʣʠʥʘʭ 

ʦʙʨʘʙʦʪʢʠ (ʙ) 

 

ʀʟʙʝʞʘʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʝʬʝʢʪʦʚ ʧʦ ʤʝʨʝ ʠʟʥʦʩʘ ʰʪʠʬʪʘ ʚʦʟʤʦʞʥʦ ʧʫʪʝʤ 

ʠʟʤʝʥʝʥʠ ̫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʘʧʨʠʤʝʨ, ʦʩʝʚʦʡ ʥʘʛʨʫʟʢʠ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʧʨʠʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʳʨʘʙʦʪʢʠ ʪʝʧʣʘ ʠ ʫʣʫʯʝhʥʠʶ 

ʘʜʛʝʟʠʠ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʣʫʯʰʝʤʫ ʧʝʨʝʤʝʰʠʚʘʥʠ.ʁ ʅʝʩʤʦʪʨʷ ʥʘ ʩʣʦʞʥʦʩʪʴ 

ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ, ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʚʨʝʤʝʥʥʳʤ ʨʝʰʝʥʠʝʤ. ɼʦʣʛʦʚʝʯʥʦʩʪʴ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʚʦʟʤʦʞʥʦ, ʫʚʝʣʠʯʠʪʴ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠ ̫ʞʠʜʢʦʩʪʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ 

ʩʦ ʩʪʦʨʦʥʳ ʝʛʦ ʭʚʦʩʪʦʚʦʡ ʯʘʩʪʠ, ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʵʬʬʝʢʪʳ ʢʦʥʪʘʢʪʥʦʛʦ 

ʧʣʘʚʣʝʥʠʷ ʠ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ɽʱʸ ʦʜʥʦʡ ʧʨʠʯʠʥʦʡ ʨʘʟʫʧʨʦʯʥʝʥʠ ̫ ʷʚʣʷʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʢʩʠʜʦʚ ʚ ʟʦʥʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʟʘʥʦʩʷʪʩʷ ʩ 

ʠʥʩʪʨʫʤʝʥʪʘ. ʀʟʙʝʞʘʪʴ ʜʘʥʥʫ  ʁ ʧʨʦʙʣʝʤʫ ʤʦʞʥʦ ʧʫʪʝʤ ʦʙʜʫʚʘ ʠʥʩʪʨʫʤʝʥʪʘ 

ʘʨʛʦʥʦʤ ʧʦʩʣʝ ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʪʠʪʘʥʘ ʜʦ ʦʭʣʘʞʜʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ. ʊʘʢʦʝ ʨʝʰʝʥʠʝ 

ʧʨʠʚʝʜʝʪ ʢ ʙʦʣʴʰʦʤʫ ʨʘʩʭʦʜʫ ʘʨʛʦʥʘ, ʦʜʥʘʢʦ ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʠʟʙʝʞʘʪʴ 

ʦʢʠʩʣʝʥʠʷ ʥʘʣʠʧʰʝʛʦ ʪʠʪʘʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ [153]. 

3.3 ʀʟʥʦʩ ʨʘʙʦʯʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠʟ ʞʘʨʦʧʨʦʯʥʦʛʦ ʩʧʣʘʚʘ ɾʉ32 ʚ ʧʨʦʮʝʩʩʝ 

ʉʊʇ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ɺʊ1-0 ʠ ʚʣʠʷʥʠʝ ʝʛʦ ʥʘ ʩʚʦʡʩʪʚʘ ʰʚʘ 

ʊʘʢ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ, ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʠʟ ʞʘʨʦʧʨʦʯʥʦʛʦ ʩʧʣʘʚʘ ɾʉ6ʋ ʥʘ 

ʦʩʥʦʚʝ ʥʠʢʝʣʷ, ʧʦʢʘʟʘʣ ʙʦʣʴʰʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʠʟʥʦʩʫ ʚ ʧʨʦʮʝʩʩʝ ʉʊʇ, ʯʝʤ 

ʪʝʨʤʦʩʪʦʡʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʚʦʟʥʠʢʣʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʠʥʩʪʨʫʤʝʥʪʳ, 



 

 

80 

 

ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʩʧʣʘʚʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʙʦʣʴʰʝʡ ʞʘʨʦʧʨʦʯʥʦʩʪʴʶ, ʙʫʜʫʪ ʪʘʢʞʝ 

ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʤʠ ʢ ʠʟʥʦʩʫ ʚ ʧʨʦʮʝʩʩʝ ʩʚʘʨʢʠ. ʇʦʵʪʦʤʫ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʠʟʥʘʰʠʚʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ 

ʞʘʨʦʧʨʦʯʥʦʛʦ ʩʣʘʚʘ ɾʉ32-ɺʀ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʷ. ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ 

ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ, ɾʉ32 ʷʚʣʷʝʪʩʷ ʩʫʧʝʨʩʧʣʘʚʦʤ ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʙʣʘʛʦʜʘʨʷ 

ʩʦʜʝʨʞʘʥʠʶ ʨʝʥʠʷ, ʚ ʦʪʣʠʯʠʝ ʦʪ ɾʉ6ʋ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʩʧʣʘʚʦʤ ʧʝʨʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ.  

ʀʟʦʙʨʘʞʝʥʠʷ ʦʙ ʝɦʛʦ ʚʠʜʘ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦʩʣʝ ʨʘʟʣʠʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʧʨʦʭʦʜʦʚ ʧʦʢʘʟʘʥ rʥʘ ʨʠʩʫʥʢʝ 3.20. ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ, ʧʦʚʝʨʭʥʦʩʪʴ ʪʨʝʥʠʷ 

ʠʥʩʪʨʫʤʝʥʪʘ ʨʘʚʥʦʤʝʨʥʦ ʧʦʢʨʳʣʘʩʴ ʩʣʦʝʤ ʦʢʠʩʣʝʥʥʦʛʦ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ, 

ʢʦʪʦʨʳʡ ʦʩʪʘʣʩʷ ʥʘ ʠʥʩʪʨʫʤʝʥʪʝ. ʊʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʠʥʩʪʨʫʤʝʥʪʦʤ, 

ʠʟʛʦʪʦʚʣʝʥʥʦʤ ʠʟ ɾʉ6ʋ, ʧʦ ʤʝʨʝ ʆʊʇ ʧʝʨʚʳʤʠ ʠʟʥʘʰʠʚʘʶʪʩʷ ʢʨʦʤʢʠ ʰʪʠʬʪʘ ʠ 

ʧʣʝʯ. ʇʨʠ ʠʟʥʘʰʠʚʘʥʠʠ ʰʪʠʬʪ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦʩʪʝʧʝʥʥʦ ʧʝʨʝʭʦʜʠʪ ʠʟ ʢʦʥʠʯʝʩʢʦʡ 

ʬʦʨʤr, ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʬʦʨʤʫ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʩʚʘʨʦʯʥʦʤ ʠʥʩʪʨʫʤʝʥʪʝ 

ʦʙʨʘʟʫʝʪʩʷ ʚʳʝʤʢʘ ʥʘ ʤʝʩʪʝ ʧʝʨʝʭʦʜʘ ʧʣʝʯʘ ʚ ʰʪʠʬʪ. ɺʠʟʫʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʦʮʝʩʩ ʠʟʥʘʰʠʚʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦ ʭʦʜʫ ʦʙʨʘʙʦʪʢʠ ʪʨʝʥʠʝʤ ʩ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʧʨʦʠʩʭʦʜʠʪ ʨʘʚʥʦʤʝʨʥʦ, ʪʘʢʞʝ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ ɾʉ6ʋ. ʆʜʥʘʢʦ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʰʪʠʬʪ ʝʱʸ ʩʦʭʨʘʥʷʝʪ ʩʚʦʶ 

ʢʦʥʫʩʥʦʩʪʴ, ʧʨʦʡʜʷ 1140 ʤʤ ʦʙʨʘʙʦʪʢʠ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ, ʯʪʦ ʥʘ 35ʤʤ ʙʦʣʴʰʝ. ɺ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ʪʘʢʦʡ ʨʝʟʫʣʴʪʘʪ ʚ ʨʘʟʥʠʮʝ ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʘ ʥʝ 

ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ.  
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ʈʠʩʫʥʦʢ 3.20 ï ʈʘʙʦʯʠʡ ʠʥʩʪʨʫʤʝʥʪ, ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʠʟ ʩʧʣʘʚʘ ɾʉ32-ɺʀ ʧʝʨʝʜ 

ʦʙʨʘʙʦʪʢʦʡ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ (a), ʩʧʫʩʪʷ 1140 ʤʤ ʦʙʨʘʙʦʪʢʠ (ʙ), 

1980 ʤʤ (ʚ), ʠ 2790 ʤʤ (ʛ) 

 

ʅʘ ʨʠʩʫʥʢʝ 3.21 ʧʦʢʘʟʘʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦʩʣʝ 2790 ʤʤ 

ʦʙʨʘʙʦʪʢʠ ʚ ʨʘʟʨʝʟʝ ʧʦ ʦʩʝʚʦʤʫ ʩʝʯʝʥʠʶ ʩ ʥʘʣʦʞʝʥʥʳʤ ʯʝʨʪʝʞʦʤ ʠʩʭʦʜʥʦʡ 

ʛʝʦʤʝʪʨʠʠ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʠʟʥʦʩ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʧʝʨʝʭʦʜʘ ʧʣʝʯ ʚ 

ʦʩʥʦʚʘʥʠʝ ʰʪʠʬʪʘ. ʀʟʥʦʩ ʰʪʠʬʪʘ ʙʳʣ ʤʝʥʴʰʝ ʯʝʤ, ʫ ʠʥʩʪʨʫʤʝʥʪʘ ʉʊʇ, 

ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ ɾʉ6ʋ, ʪʘʢ ʢʘʢ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʜʠʘʤʝʪʨ ʰʪʠʬʪʘ ʚ ʦʩʥʦʚʘʥʠʠ 

ʩʦʩʪʘʚʠʣ 3,6 ʤʤ, ʯʪʦ ʙʦʣʴʰʝ ʧʨʝʜʳʜʫʱʝʛʦ ʥʘ 0,3 ʤʤ. ɻʣʫʙʠʥʘ ʚʳʝʤʢʠ ʚ ʧʝʨʝʭʦʜʝ 

ʜʦʩʪʠʛʘʝʪ 1 ʤʤ. ʊʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʠʟʛʦʪʦʚʣʝʥʥʦʤ ʠʟ ɾʉ6ʋ, 

ʠʟʥʦʩ ʧʣʝʯ ʥʘ ʚʥʝʰʥʝʤ ʨʘʜʠʫʩʝ ʙʳʣ ʥʝ ʪʘʢʠʤ ʩʠʣʴʥʳʤ ï ʚ ʩʨʝʜʥʝʤ 0,35 ʤʤ. ʅʝ 

ʠʟʤʝʥʠʣʘʩʴ ʪʘʢʞʝ ʠ ʚr ʩʦʪʘ ʰʪʠʬʪʘ. ʍʦʪʷ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʤʝʣʦ ʤʝʩʪʦ ʥʝʙʦʣʴʰʦʝ ʥʘʣʠʧʘʥʠʝ ʥʘ ʪʠʪʘʥʘ ʥʘ ʥʘʢʦʥʝʯʥʠʢʝ 

ʰʪʠʬʪʘ, ʠʟ-ʟʘ ʯʝʛʦ ʚʳʩʦʪʘ ʰʪʠʬʪʘ ʚʦʟʨʦʩʣʘ ʥʘ ʜʦʣʠ ʤʠʣʣʠʤʝʪʨʦʚ. ʕʪʦ ʧʨʠʚʝʣʦ ʢ 

ʪʦʤʫ, ʯʪʦ ʧʣʘʩʪʠʥʳ ʟʘʛʦʪʦʚʢʠ ʥʘʯʘʣʠ ʧʨʠʚʘʨʠʚʘʪʴʩʷ ʢ ʧʦʜʣʦʞʢʝ ʚʥʘʭʣʝʩʪ. 

ʇʦʵʪʦʤʫ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʰʪʠʬʪ ʠʥʩʪʨʫʤʝʥʪʘ ʙʳʣ ʧʦʜʪʦʯʝʥ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʠʚʘʨʢʠ ʟʘʛʦʪʦʚʢʠ ʢ ʧʦʜʣʦʞʢʝ ʠʟ-ʟʘ ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʘ 

ʦʪʤʝʯʘʣʘʩʴ ʚ ʧʘʨʘʛʨʘʬʝ 3.2. ʇʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʦʡ ʨʘʟʥʠʮʳ ʚ ʬʦʨʤʝ ʠʟʥʦʩʘ ʠ 

ʨʘʟʤʝʨʦʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʠʟʛʦʪʦʚʣʝʥʥʳʤ ʠʟ ɾʉ6ʋ, ʥʝ ʧʨʠʩʫʪʩʪʚʫʝʪ. 
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ʈʠʩʫʥʦʢ 3.21 ï ʀʟʦʙʨʘʞʝʥʠʝ ʧʨʦʬʠʣʷ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ, 

ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ ʩʧʣʘʚʘ ɾʉ32-ɺʀ, ʧʦʩʣʝ 2790 ʤʤ ʆʊʇ  

 

ʊʘʢ ʢʘʢ ʛʝʦʤʝʪʨʠʷ ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʘ ʉʊʇ ʙʳʣʘ ʧʦʜʦʙʥʦʡ ʛʝʦʤʝʪʨʠʠ 

ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦʢʘʟʘʥʥʳʤ ʚ ʧʨʝʜʳʜʫʱʝʤ ʧʘʨʘʛʨʘʬʝ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 

ʦ ʪʦʤ, ʯʪʦ ʧʨʦʮʝʩʩʳ ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʘ ʉʊʇ ʙʳʣʠ ʘʥʘʣʦʛʠʯʥʳʤʠ. ʇʦʵʪʦʤʫ ʚ 

ʜʘʥʥʦʤ ʧʘʨʘʛʨʘʬʝ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʜʨʦʙʥʦ ʦʧʠʩʳʚʘʪʴ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ. ɺ 

ʩʚʷʟʠ, ʩ ʯʝʤ ʤʦʞʥʦ ʧʝʨʝʡʪʠ ʢ ʩʪʨʫʢʪʫʨʝ ʠʥʩʪʨʫʤʝʥʪʘ ʉʊʇ ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ 

ʩʧʣʘʚʘ ɾʉ32-ɺʀ, ʧʦʩʣʝ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ. ɽʛʦ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ, 

ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʣʦʥʠʷʤʠ ʜʝʥʜʨʠʪʦʚ ɔ ʬʘʟʳ, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.22. 

 

ʈʠʩʫʥʦʢ 3.22 ï ʄʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʦʩʝʚʦʤ ʩʝʯʝʥʠʠ 

ʧʦʩʣʝ 2790 ʤʤ ʦʙʨʘʙʦʪʢʠ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʰʠʚʘʥʠʝʤ  

 

ʂʘʨʙʠʜʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦ ʛʨʘʥʠʮʘʤ ʢʦʣʦʥʠʡ ʚ ʚʠʜʝ 

ʷʨʢʠʭ, ʢʦʥʪʨʘʩʪʥʳʭ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʜʘʥʥʦʛʦ ʩʧʣʘʚʘ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʧʣʘʚʘ ɾʉ32 ʠ ʤʘʪʝʨʠʘʣʘ 

ʠʥʩʪʨʫʤʝʥʪʘ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʦʣʦʥʠʠ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʩʪʨʝʤʷʪʩʷ 

ʢ ʨʘʚʥʦʦʩʥʦʡ ʬʦʨʤʝ. ʍʦʪʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠ ʆʊʇ/ʉʊʇ 

ʵʣʝʤʝʥʪʳ ʩʪʨʫʢʪʫʨʳ ʩʪʘʣʠ ʙʦʣʴʰʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʦʣʦʥʠʷʤʠ ʚ ʦʩʥʦʚʥʦʤ 

ʤʘʪʝʨʠʘʣʝ, ʧʦʢʘʟʘʥʥʦʤ ʥʘ ʨʠʩʫʥʢʝ 3.23.  
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ʈʠʩʫʥʦʢ 3.23 ï ʄʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʧʣʘʚʘ 

ɾʉ32-ɺʀ 

 

ʈʘʟʤʝʨʳ ʢʦʣʦʥʠʡ ʜʝʥʜʨʠʪʦʚ ʫʚʝʣʠʯʠʣʠʩʴ ʙʦʣʝʝ ʯʝʤ ʚ 3,5 ʨʘʟʘ, ʨʘʩʩʪʦʷʥʠʷ 

ʤʝʞʜʫ ʦʩʷʤʠ ʜʝʥʜʨʠʪʦʚ 1 ʧʦʨʷʜʢʘ ʫʚʝʣʠʯʠʣʠʩʴ ʧʨʠʤʝʨʥʦ ʚ 1,5 ʨʘʟʘ, ʪʘʢʞʝ, ʢʘʢ ʠ 

ʨʘʩʩʪʦʷʥʠ ̫ʤʝʞʜʫ ʦʩʷʤʠ 2 ʧʦʨʷʜʢʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʧʦʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 

3.2. ʀʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨ r ʧʨʦʠʩʭʦʜʠʣʦ ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʚʩʝʤʫ ʠʥʩʪʨʫʤʝʥʪʫ. 

ʆʜʥʘʢʦ, ʥʘ ʦʙʣʘʩʪʷʭ ʠʥʩʪʨʫʤʝʥʪʘ ʙʣʠʟʢʠʭ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ ʠʟʤʝʥʝʥʠʷ 

ʨʘʟʤʝʨʦʚ ʢʦʣʦʥʠʡ ʜʝʥʜʨʠʜʦʚ, ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʦʩʷʤʠ ʜʝʥʜʨʠʪʦʚ ʠʣʠ ʧʨʠʨʦʩʪ 

ʢʦʣʠʯʝʩʪʚʘ ʢʘʨʙʠʜʦʚ ʢʦʣʦʥʠʡ ʥʝ ʦʙʥʘʨʫʞʝʥʳ.  

ʊʘʙʣʠʮʘ 3.2 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʤʝʥʪʦʚ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ɾʉ32-ɺʀ 

 
ʆʩʥʦʚʥʦʡ 

ʤʘʪʝʨʠʘʣ 
ʀʥʩʪʨʫʤʝʥʪ 

ʈʘʟʤʝʨ ʢʦʣʦʥʠʠ ʜʝʥʜʨʠʪʦʚ, ʤʤ 0.36Ñ0.09 1.36Ñ0.66 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʩʷʤʠ 1-ʛʦ ʧʦʨʷʜʢʘ, ʤʢʤ 231Ñ33 316Ñ80 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʩʷʤʠ 2-ʛʦ ʧʦʨʷʜʢʘ, ʤʢʤ 26Ñ3 39Ñ5 

 

ʄʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʚʩʝʭ ʨʝʞʠʤʘʭ 

ʆʊʇ/ʉʊʇ ʦʙʱʠʡ ʚʠʜ ʰʚʘ ʠ ʭʘʨʘʢʪʝʨʥʳʡ ʚʠʜ ʩʚʘʨʥʳʭ ʟʦʥ ʫ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʙʳʣ 

ʦʜʠʥʘʢʦʚ, ʯʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 3.24, 3.25, 3,26. ʆʙʨʘʟʮʳ ʧʦʢʘʟʘʥʥʳʝ ʚ ʵʪʠʭ 

ʨʠʩʫʥʢʘʭ ʚʳʨʝʟʘʣʠʩʴ ʧʦʩʣʝ 5ʤʤ, 240 ʤʤ ʠ 2790 ʤʤ ʦʪ ʥʘʯʘʣʘ ʦʙʨʘʙʦʪʢʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʩʪʨʫʢʪʫʨʝ ʩʚʘʨʥʦʛʦ ʰʚʘ ʚʳʜʝʣʷʶʪʩʷ ʪʨʠ ʪʠʧʠʯʥʳʭ ʟʦʥʳ: ʟʦʥʘ 

ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ, ʟʦʥʘ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ (ɿʊʄɺ) ʠ ʟʦʥʘ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ (ɿʇ), ʩʦʩʪʦʷʱʘʷ ʠʟ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʳʭ ʠ ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ 

ʟʝʨʝʥ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʦʥʘ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ 

ʧʨʠ ʩʚʘʨʢʝ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʟʢʘʷ ʧʦ 
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ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʝʜʠʥʝʥʠʷʤʠ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʮʝʣʦʤ ʛʝʦʤʝʪʨʠʷ ʩʪʨʫʢʪʫʨʥʳʭ 

ʟʦʥ ʩʠʤʤʝʪʨʠʯʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʩʚʘʨʥʦʛʦ ʰʚʘ. ɿʦʥʫ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ, 

ʢʦʪʦʨʘʷ ʦʙʳʯʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʉʊʇ-ʩʦʝʜʠʥʝʥʠʷʭ, ʣʠʙʦ ʚ ʆʊʇ ʤʘʪʝʨʠʘʣʝ, ʥʝ 

ʫʜʘʣʦʩʴ ʚʳʷʚʠʪʴ ʤʝʪʦʜʘʤʠ ʤʝʪʘʣʣʦʛʨʘʬʠʠ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʩʧʣʘʚʘ ɺʊ1-0. ɺ 

ʦʩʥʦʚʥʦʤ, ʬʦʨʤʘ ʠ ʨʘʟʤʝʨʳ ʩʪʨʫʢʪʫʨʥʳʭ ʟʦʥ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ, ʘʥʘʣʦʛʠʯʥʳ, ʪʦʣʱʠʥʘ ɿʊʄɺ ʦʪʣʠʯʘʝʪʩʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʆʙʨʘʟʮʳ ʜʣʷ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚʳʨʝʟʘʣʠʩʴ ʧʨʠʤʝʨʥʦ 

ʯʝʨʝʟ ʢʘʞʜʳʝ 250 ʤʤ ʧʦ ʜʚʠʞʝʥʠʶ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. ʅʘ ʧʝʨʚʦʤ 

ʦʙʨʘʟʮʝ, ʚʳʨʝʟʘʥʥʦʤ ʧʦʩʣʝ 5 ʤʤ ʦʪ ʥʘʯʘʣʘ ʦʙʨʘʙʦʪʢʠ ʥʝʩʧʣʦʰʥʦʩʪʝʡ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ. ʆʙʨʘʟʝʮ ʠʤʝʝʪ ʪʠʧʦʚʦʡ ʚʠʜ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʪʨʝʥʠʝʤ ʩ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ, ʧʣʦʱʘʜʴ ʟʦʥʳ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʠʣʘ 

11,47Ñ0,05 ʤʤ
2
. 

 

ʈʠʩʫʥʦʢ 3.24 ï ʉʪʨʫʢʪʫʨʘ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʪʠʪʘʥʦʚʦʡ ʧʣʘʩʪʠʥʳ ɺʊ1-0 

ʪʦʣʱʠʥʦʡ 2,5 ʤʤ, ʧʦʩʣʝ 5 ʤʤ ʦʙʨʘʙʦʪʢʠ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ ʩʧʣʘʚʘ 

ɾʉ32-ɺʀ 

 

ʇʝʨʚʳʝ ʥʝʩʧʣʦʰʥʦʩʪʠ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʦʙʨʘʟʮʝ, ʚʳʨʝʟʘʥʥʦʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

240 ʤʤ ʦʪ ʥʘʯʘʣʘ ʦʙʨʘʙʦʪʢʠ ʥʘ ʛʨʘʥʠʮʝ ʟʦʥʳ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʧʦ ʥʘʩʪʫʧʘʶʱʝʡ 

ʩʪʦʨʦʥʝ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.25. ɺ ʥʝʤ ʧʣʦʱʘʜʴ 

ʟʦʥʳ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʫʤʝʥʴʰʠʣʘʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʠ 

ʩʦʩʪʘʚʠʣʘ 11,41Ñ0,05 ʤʤ
2
. 

 

ʈʠʩʫʥʦʢ 3.25 ï ʉʪʨʫʢʪʫʨʘ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʪʠʪʘʥʦʚʦʡ ʧʣʘʩʪʠʥʳ ɺʊ1-0 

ʪʦʣʱʠʥʦʡ 2,5 ʤʤ, ʧʦʩʣʝ 240 ʤʤ ʦʙʨʘʙʦʪʢʠ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ 

ʩʧʣʘʚʘ ɾʉ32-ɺʀ 



 

 

85 

 

ɼʘʥʥʳʝ ʥʝʩʧʣʦʰʥʦʩʪʠ ʫʚʝʣʠʯʠʚʘʣʠʩʴ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʦʙʨʘʙʦʪʘʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʧʦʷʚʣʷʣʠʩʴ ʥʦʚʳʝ ʜʝʬʝʢʪ,r ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʘ ʦʪʩʪʫʧʘʶʱʝʡ 

ʩʪʦʨʦʥʝ. ʈʝʟʢʠʡ ʨʦʩʪ ʦʙʲʝʤʘ ʥʝʩʧʣʦʰʥʦʩʪʝʡ ʦʪʤʝʯʘʝʪʩʷ ʩʧʫʩʪʷ å1600 ʤʤ 

ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʅʘ ʧʦʩʣʝʜʥʝʤ ʦʙʨʘʟʮʝ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʠʤʝʶʪʩʷ 2 ʢʨʫʧʥʳʝ ʧʦʨʳ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.26. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ 

ʨʠʩʫʥʢʝ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʚ ʟʦʥʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʙʦʣʴʰʦʡ ʩʣʦʡ ʦʢʩʠʜʦʚ, ʯʪʦ ʪʘʢ 

ʞʝ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʩʚʦʡʩʪʚʝ ʩʚʘʨʥʦʛʦ ʰʚʘ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʰʠʨʠʥʘ ʟʦʥʳ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʧʦ ʭʦʜʫ ʠʟʥʘʰʠʚʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʪʘʢ ʞʝ 

ʫʤʝʥʴʰʘʝʪʩʷ, ʪʘʢʞʝ ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʠʟʛʦʪʦʚʣʝʥʥʳʤ ʠʟ ʩʧʣʘʚʘ 

ɾʉ6ʋ. ʕʪʦ ʩʚʷʟʘʥʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʠʟʥʘʰʠʚʘʥʠʠ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʦʠʩʭʦʜʠʪ 

ʫʤʝʥʴʰʝʥʠʝ ʜʠʘʤʝʪʨʘ ʰʪʠʬʪʘ ʠʥʩʪʨʫʤʝʥʪʘ, ʠʟ-ʟʘ ʵʪʦʛʦ ʫʤʝʥʴʰʘʝʪʩʷ ʦʙʲʸʤ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʟʦʥʘ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. ɿʜʝʩʴ ʧʣʦʱʘʜʴ 

ʟʦʥʳ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʨʘʚʥʘ 6,95Ñ0,01 ʤʤ
2
. 

 

ʈʠʩʫʥʦʢ 3.26 ï ʉʪʨʫʢʪʫʨʘ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʪʠʪʘʥʦʚʦʡ ʧʣʘʩʪʠʥʳ ɺʊ1-0 

ʪʦʣʱʠʥʦʡ 2,5 ʤʤ, ʧʦʩʣʝ 2790 ʤʤ ʦʙʨʘʙʦʪʢʠ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ 

ʩʧʣʘʚʘ ɾʉ32-ɺʀ 

 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʟʦʥʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʥʘʙʣʶʜʘʣʠʩʴ ʦʢʩʠʜʳ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, 

ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʚ ʟʘʱʠʪʥʦʡ ʘʪʤʦʩʬʝʨʝ 

ʘʨʛʦʥʘ. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʜʝʬʝʢʪʘʤʠ, ʦʙʨʘʟʮʳ, ʚʳʨʝʟʘʥʥʳʝ ʠʟ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ 

ʩʪʘʜʠʡ ʦʙʨʘʙʦʪʢʠ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʦʜʝʨʞʘʪ ʩʣʝʜʦʚ ʦʢʩʠʜʦʚ. ʆʜʥʘʢʦ ʢʦʣʠʯʝʩʪʚʦ 

ʩʣʝʜʦʚ ʦʢʩʠʜʦʚ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʦʙʨʘʙʦʪʘʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ʇʦʷʚʣʝʥʠʝ ʥʝʩʧʣʦʰʥʦʩʪʝʡ ʠ ʠʭ ʫʚʝʣʠʯʝʥʠʝ ʩʚʷʟʳʚʘʝʪʩʷ ʠʤʝʥʥʦ ʩ 

ʠʟʥʦʩʦʤ ʠʥʩʪʨʫʤʝʥʪʘ, ʧʦʩʢʦʣʴʢʫ ʠʟʤʝʥʝʥʠʝ ʛʝʦʤʝʪʨʠʠ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʪʨʘʝʢʪʦʨʠʠ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʂʘʢ ʦʧʠʩʳʚʘʣʦʩʴ ʚ 

ʧʨʝʜʳʜʫʱʝʤ ʧʘʨʘʛʨʘʬʝ, ʵʪʦ ʚʣʝʯʝʪ ʢ ʫʭʫʜʰʝʥʥʳʤ ʫʩʣʦʚʠʷʤ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. 

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʦʢʩʠʜʦʚ ʚ ʦʙʨʘʙʘʪʳʚʘʝʤʦʤ ʤʘʪʝʨʠʘʣʝ ʪʘʢʞʝ ʩʚʷʟʘʥʦ ʩ 
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ʥʘʢʦʧʣʝʥʠʝʤ ʦʢʩʠʜʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʘʤʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʢʘʢ ʠ ʚ ʧʘʨʘʛʨʘʬʝ 3.2. 

ʆʙʘɦʷ ʧʣʦʱʘʜʴ ʚʩʝʭ ʥʝʩʧʣʦʰʥʦʩʪʝʡ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʥʘ ʧʦʩʣʝʜʥʠʭ ʵʪʘʧʘʭ 

ʦʙʨʘʙʦʪʢʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʙʦʪʢʦʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʩʪʨʫʤʝʥʪʘ, 

ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ ʩʧʣʘʚʘ ɾʉ6ʋ, ʙʳʣʘ ʤʝʥʴʰʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʧʝʨʚʳʝ ʥʝʩʧʣʦʰʥʦʩʪʠ ʧʦʷʚʠʣʠʩʴ ʥʘ ʙʦʣʝʝ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʦʙʨʘʙʦʪʢʠ. ʇʦʩʣʝ 

ʧʨʦʭʦʜʘ ʠʥʩʪʨʫʤʝʥʪʘ 5 ʤʤ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʘʷ ʧʣʦʱʘʜʴ ʩʦʩʪʘʚʣʷʣʘ 0,04 ʤʤ
2
, ʧʦʩʣʝ 

240 ʤʤ ʦʙʨʘʙʦʪʢʠ ï 0,13 ʤʤ
2
, ʧʦʩʣʝ 2790 ʤʤ ï 0,24 ʤʤ

2
. 

ʂʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʧʘʨʘʛʨʘʬʝ ʠʟ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʳʣʠ ʚʳʨʝʟʘʥʳ 

ʣʦʧʘʪʢʠ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʦʙʨʘʙʦʪʢʠ, ʜʣʷ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠʩʧʳʪʘʥʠʷ ʤʘʪʝʨʠʘʣʘ 

(ʨʠʩʫʥʦʢ 3.18). ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ 

ʦʙʨʘʙʦʪʢʠ, ʩʦʩʪʘʚʣʷʣ 420ʄʇʘ, ʯʪʦ ʙʦʣʴʰʝ ʥʘ å21 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ 

ʩʧʣʘʚʦʤ ɺʊ1-0, ʫ ʢʦʪʦʨʦʛʦ ʧʨʝʜʝʣʴʥʘʷ ʧʨʦʯʥʦʩʪʴ ʙʳʣʘ 346 ʄʇʘ. ʂʘʢ ʚʠʜʥʦ ʠʟ 

ʨʠʩʫʥʢʘ 3.27, ʥʘ ʧʦʩʣʝʜʥʠʭ ʫʯʘʩʪʢʘʭ ʰʚʘ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʧʨʦʯʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʙʳʣʘ 

ʚʳʰʝ ʧʨʦʯʥʦʩʪʠ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘʯʘʣʴʥʦʛʦ ʧʨʦʭʦʜʘ. ʕʪʦʪ ʵʬʬʝʢʪ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʚ ʦʙʨʘʙʘʪʳʚʘʝʤʳʡ ʤʘʪʝʨʠʘʣ ʟʘʤʝʰʠʚʘʣʘʩʴ ʯʘʩʪʴ 

ʤʘʪʝʨʠʘʣʘ ʠʥʩʪʨʫʤʝʥʪʘ ʉʊʇ/ʆʊʇ.  

 

ʈʠʩʫʥʦʢ 3.27 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʪ ʠʟʥʦʩʘ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ ʩʧʣʘʚʘ ɾʉ32-ɺʀ, ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʦʙʨʘʙʦʪʢʠ 

 

ʍʦʪʷ ʧʨʦʯʥʦʩʪʴ ʥʘ ʧʦʩʣʝʜʥʠʭ ʩʪʘʜʠʷʭ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʘ ʫʚʝʣʠʯʠʣʘʩʴ, 

ʵʪʦ ʥʝ ʛʦʚʦʨʠʪ ʦʙ ʫʧʨʦʯʥʝʥʠʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʪʘʢ ʢʘʢ ʧʨʦʯʥʦʩʪʴ 

ʫʚʝʣʠʯʠʣʘʩʴ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʯʘʩʪʴ ʤʘʪʝʨʠʘʣʘ ʠʥʩʪʨʫʤʝʥʪʘ ʟʘʤʝʰʘʣʘʩʴ ʚ 

ʦʙʨʘʙʘʪʳʚʘʝʤʳʡ ʪʝʭʥʠʯʝʩʢʠ ʯʠʩʪʳʡ ʪʠʪʘʥ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 
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ʠʩʧʳʪʘʥʠʷ ʥʘ ʧʨʦʯʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, ʧʦʧʝʨʝʢ ʥʘʧʨʘʚʣʝʥʠʷ ʦʙʨʘʙʦʪʢʠ. ʈʝʟʫʣʴʪʘʪʳ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʨʘʩʪʷʞʝʥʠʝ ʟʦʥʳ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 

ʦʙʨʘʟʮʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.28. ʇʦ ʤʝʨʝ ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʝʜʝʣʴʥʘʷ 

ʧʨʦʯʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʧʦʥʠʞʘʣʘʩʴ ʠ ʩʧʫʩʪʷ 2700 ʤʤ ʧʦʩʣʝ ʥʘʯʘʣʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʠʥʩʪʨʫʤʝʥʪʘ ʩʦʩʪʘʚʠʣʘ 260 ʄʇʘ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʪʠʪʴ 

ʚʥʠʤʘʥʠʝ ʥʘ ʤʝʩʪʦ ʨʘʟʨʳʚʘ ʠʩʧʳʪʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ï ʪʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠ 

ʠʩʧʳʪʘʥʠʷʭ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘʯʘʣʴʥʳʭ ɻʪʘʧʘʭ, ʪ. ʝ. ʦʪ 0 ʜʦ 240 ʤʤ 

ʦʙʨʘʙʦʪʢʠ, ʨʘʟʨʳʚ ʙʳʣ ʧʦ ʦʩʥʦʚʥʦʤʫ ʤʘʪʝʨʠʘʣʫ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʥʘ ʧʨʦʤʝʞʫʪʢʝ ʦʪ 

240 ʜʦ 1600 ʤʤ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʤʝʩʪʦ ʨʘʟʨʳʚʘ ʥʘʭʦʜʠʣʦʩʴ ʚ ʟʦʥʝ 

ʢʘʩʘʥʠʷ ʧʣʝʯ ʠʥʩʪʨʫʤʝʥʪʘ ʉʊʇ. ɿʘʪʝʤ ʥʘ ʧʨʦʤʝʞʫʪʢʝ ʦʪ 1600 ʜʦ 2790 ʤʤ ʨʘʟʨʳʚ 

ʦʙʨʘʟʮʦʚ ʙʳʣ ʧʦ ʟʦʥʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. ʈʝʟʢʦʝ ʫʤʝʥʴʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ 

ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʧʫʩʪʷ 1600 ʤʤ, ʧʦʩʣʝ ʥʘʯʘʣʘ ʦʙʨʘʙʦʪʢʠ, ʪʘʢ ʢʘʢ ʦʥʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʟʢʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʦʙʲʸʤʘ ʥʝʩʧʣʦʰʥʦʩʪʝʡ. ɿʥʘʯʠʪ ʜʘʥʥʦʝ 

ʩʥʠʞʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʩʚʷʟʘʥʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ ʨʦʩʪʦʤ ʜʝʬʝʢʪʦʚ ʧʦ ʤʝʨʝ ʠʟʥʦʩʘ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʧʦʩʢʦʣʴʢʫ ʬʦʨʤʦʠʟʤʝʥʝʥʠʝ ʰʪʠʬʪʘ ʧʨʠʚʦʜʠʪ ʢ ʥʝʜʦʩʪʘʪʦʯʥʦʤʫ 

ʧʨʦʛʨʝʚʫ ʠ ʥʝʦʧʪʠʤʘʣʴʥʦʤʫ ʨʝʞʠʤʫ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ. ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 19,7%, ʦʜʥʘʢʦ ʚ ʦʩʥʦʚʥʦʤ ʤʘʪʝʨʠʘʣʝ ʦʥʦ 

ʨʘʚʥʷʣʦʩʴ 29,5%. 

 

ʈʠʩʫʥʦʢ 3.28 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʪ ʠʟʥʦʩʘ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ ʩʧʣʘʚʘ ɾʉ32-ɺʀ, ʧʦʧʝʨʝʢ ʥʘʧʨʘʚʣʝʥʠʷ 

ʦʙʨʘʙʦʪʢʠ 
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ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʧʣʘʚʦʚ ɾʉ32 ʠ ɾʉ6ʋ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʠʥʩʪʨʫʤʝʥʪʘ ʉʊʇ/ʆʊʇ, 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʨʘʟʥʠʮʳ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʧʣʘʚ ɾʉ32-ɺʀ ʠʤʝʝʪ 

ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʧʣʘʚʦʤ ɾʉ6ʋ. 

3.4 ʀʟʥʦʩ ʨʘʙʦʯʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʠʟ ʞʘʨʦʧʨʦʯʥʦʛʦ ʩʧʣʘʚʘ ɾʉ6ʋ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʞʠʜʢʦʩʪʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʉʊʇ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ 

ɺʊ1-0 ʝʛʦ ʥʘ ʩʚʦʡʩʪʚʘ ʰʚʘ 

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚ ʧʘʨʘʛʨʘʬʝ 3.2, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʞʠʜʢʦʩʪʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʉʊʇ/ʆʊʇ ʤʦʞʝʪ ʧʦʚʳʩʠʪʴ ʝʛʦ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʇʦʵʪʦʤʫ ʢ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʉʊʇ, ʙʳʣʘ ʧʦʜʢʣʶʯʝʥʘ ʩʠʩʪʝʤʘ ʚʦʜʷʥʦʛʦ ʠʣʠ 

ʞʠʜʢʦʩʪʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʉʊʇ, ʧʦʢʘʟʘʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 2.3. 

ʀʥʩʪʨʫʤʝʥʪ, ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʠʟ ʩʧʣʘʚʘ ɾʉ6ʋ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʞʠʜʢʦʩʪʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠ ̫ʪʘʢ ʞʝ ʙʳʣ ʠʩʧʳʪʘʥ ʥʘ ʠʟʥʘʰʠʚʘʥʠʝ ʧʫʪʝʤ ʦʙʨʘʙʦʪʢʠ ʪʨʝʥʠʝʤ ʩ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ɺʊ1-0. ʇʨʦʬʠʣʴʥʳʝ ʚʠʜr ʠʥʩʪʨʫʤʝʥʪʘ ʥʘ 

ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʢʘʟʘʥr  ʥʘ ʨʠʩʫʥʢʝ 3.29. ʂʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʧʦʚʝʨʭʥʦʩʪʴ ʪʨʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʨʘʚʥʦʤʝʨʥʦ ʧʦʢʨʳʣʘʩʴ ʩʣʦʝʤ 

ʦʢʠʩʣʝʥʥʦʛʦ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ɺʊ1-0, ʢʦʪʦʨʳʡ ʦʩʪʘʣʩʷ ʥʘ ʠʥʩʪʨʫʤʝʥʪʝ. ʉʦʛʣʘʩʥʦ 

ʨʠʩʫʥʢʘʤ, ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʧʝʨʚʳʤʠ ʠʟʥʘʰʠʚʘʶʪʩʷ ʢʨʦʤʢʠ ʰʪʠʬʪʘ ʠ ʧʣʝʯ. 

ʐʪʠʬʪ ʠʥʩʪʨʫʤʝʥʪʘ ʪʘʢʞʝ ʧʦʩʪʝʧʝʥʥʦ ʪʝʨʷʝʪ ʩʚʦʶ ʢʦʥʫʩʥʦʩʪʴ ʠ ʧʨʠʦʙʨʝʪʘʝʪ 

ʬʦʨʤʫ, ʥʘʧʦʤʠʥʘʶʱʫʶ ʮʠʣʠʥʜʨ, ʦʜʥʘʢʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʫʨʦʚʝʥʴ ʠʟʥʦʩʘ ʥʠʞʝ, 

ʯʝʤ ʚ ʜʚʫʭ ʧʨʝʜʳʜʫʱʠʭ ʩʣʫʯʘʷʭ. ɺʠʟʫʘʣʴʥʦ ʧʨʦʮʝʩʩ ʠʟʥʘʰʠʚʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦ 

ʭʦʜʫ ʦʙʨʘʙʦʪʢʠ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʧʨʦʠʩʭʦʜʠʪ ʨʘʚʥʦʤʝʨʥʦ. ɺ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ, ʰʪʠʬʪ ʩʦʭʨʘʥʷʝʪ ʩʚʦʶ ʢʦʥʫʩʥʦʩʪʴ, ʧʨʦʡʜʷ 1950 ʤʤ ʦʙʨʘʙʦʪʢʠ ʪʠʪʘʥʦʚʦʛʦ 

ʩʧʣʘʚʘ, ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʚʳʝʤʢʘ ʚ ʨʘʡʦʥʝ ʧʝʨʝʭʦʜʘ ʰʪʠʬʪʘ 

ʚ ʧʣʝʯʠ. 
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ʈʠʩʫʥʦʢ 3.29 ï ʈʘʙʦʯʠʡ ʠʥʩʪʨʫʤʝʥʪ, ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʠʟ ʩʧʣʘʚʘ ɾʉ6ʋ ʧʝʨʝʜ 

ʦʙʨʘʙʦʪʢʦʡ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʞʠʜʢʦʩʪʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ (a), ʩʧʫʩʪʷ 1110 ʤʤ ʦʙʨʘʙʦʪʢʠ (ʙ), 1950 ʤʤ (ʚ), ʠ 2790 ʤʤ (ʛ) 

 

ʀʟʦʙʨʘʞʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʨʘʟʨʝʟʝ ʧʦ ʦʩʝʚʦʤʫ ʩʝʯʝʥʠʶ ʧʦʩʣʝ 2790 ʤʤ ʩ 

ʥʘʣʦʞʝʥʥʳʤ ʯʝʨʪʝʞʦʤ ʠʩʭʦʜʥʦʡ ʛʝʦʤʝʪʨʠʠ ʦʙʨʘʙʦʪʢʠ ʠ ʛʝʦʤʝʪʨʠʠ ʠʥʩʪʨʫʤʝʥʪʘ 

ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʙʝʟ ʦʭʣʘʞʜʝʥʠʷ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.30. ʅʘʠʙʦʣʴʰʠʡ ʠʟʥʦʩ, ʢʘʢ 

ʠ ʚ ʩʣʫʯʘʝ ʩ ʠʥʩʪʨʫʤʝʥʪʦʤ ʙʝʟ ʞʠʜʢʦʩʪʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ, ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ 

ʧʣʝʯ ʫ ʦʩʥʦʚʘʥʠʷ ʰʪʠʬʪʘ. ɻʣʫʙʠʥʘ ʚʳʝʤʢʠ ʚ ʜʘʥʥʦʤ ʤʝʩʪʝ ʪʘʢʞʝ ʩʦʩʪʘʚʣʷʝʪ 1 ʤʤ. 

ʂʨʦʤʝ ʪʦʛʦ, ʠʟʥʦʩ ʧʣʝʯ ʥʘ ʚʥʝʰʥʝʤ ʨʘʜʠʫʩʝ ʪʘʢʞʝ ʙʳʣ ʥʝ ʪʘʢʠʤ ʩʠʣʴʥʳʤ ʠ 

ʩʦʩʪʘʚʣʷʣ ʚ ʩʨʝʜʥʝʤ 0,25 ʤʤ. ɺ ʪʦʤ ʯʠʩʣʝ ʦʩʪʘʣʘʩʴ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʚʳʩʦʪʘ ʰʪʠʬʪʘ. 

ɿʜʝʩʴ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʞʠʜʢʦʩʪʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ 

ʠʥʩʪʨʫʤʝʥʪʘ ʫʤʝʥʴʰʠʣʘʩʴ ʩʪʝʧʝʥʴ ʠʟʥʘʰʠʚʘʥʠ ̫ʰʪʠʬʪʘ ʚ ʧʨʦʮʝʩʩʝ ʆʊʇ/ʉʊʇ. 

ɹʣʘʛʦʜʘʨʷ ʫʤʝʥʴʰʝʥʠʶ ʠʟʥʘʰʠʚʘʥʠʷ ʰʪʠʬʪ ʠʥʩʪʨʫʤʝʥʪʘ ʩʦʭʨʘʥʠʣ ʩʚʦʶ 

ʢʦʥʫʩʥʦʩʪʴ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʠʣʩʷ ʚ ʜʠʘʤʝʪʨʝ ʦʩʥʦʚʘʥʠʷ ʚ ʦʪʣʠʯʠʝ ʦʪ 
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ʩʣʫʯʘʝʚ, ʦʧʠʩʘʥʥʳʭ ʚ ʧʨʝʜʳʜʫʱʠʭ 2-ʭ ʧʘʨʘʛʨʘʬʘʭ. ʊʘʢ ʢʘʢ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʫʤʝʥʴʰʝʥʠʝ ʜʠʘʤʝʪʨʘ ʦʩʥʦʚʘʥʠʷ ʰʪʠʬʪʘ ʥʝ ʧʨʦʠʟʦʰʣʦ, ʥʝ ʙʳʣʦ ʠ 

ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʪʝʧʣʦʚʳʜʝʣʝʥʠ ̫ ʚ ʚʠʜʫ ʫʤʝʥʴʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʪʨʝʥʠʷ ʠ 

ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠ.̫ ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʞʠʜʢʦʩʪʥʦʝ ʦʭʣʘʞʜʝʥʠʝ 

ʫʚʝʣʠʯʠʚʘʝʪ ʩʨʦʢ ʩʣʫʞʙʳ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 

ʦʧʪʠʤʘʣʴʥʳʤ, ʜʘʞʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʫʣʫʯʰʝʥʥʳʤ ʩʧʣʘʚʦʤ ɾʉ32-ɺʀ. 

 

ʈʠʩʫʥʦʢ 3.30 ïʀʟʦʙʨʘʞʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦʩʣʝ 2790 ʤʤ ʆʊʇ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʞʠʜʢʦʩʪʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʚ ʨʘʟʨʝʟʝ ʧʦ ʦʩʝʚʦʤʫ ʩʝʯʝʥʠʶ ʩ 

ʥʘʣʦʞʝʥʥʳʤ ʯʝʨʪʝʞʦʤ ʠʩʭʦʜʥʦʡ ʛʝʦʤʝʪʨʠʠ 

 

ʅʘ ʨʠʩʫʥʢʝ 3.31 ʠʟʦʙʨʘʞʝʥ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʡ ʩʥʠʤʦʢ ʪʨʘʚʣʝʥʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ ʩʧʣʘʚʘ ɾʉ6ʋ, ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʞʠʜʢʦʩʪʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ. ɽʛʦ ʩʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʝʥʜʨʠʪʥʳʤʠ ʢʦʣʦʥʠʷʤʠ, 

ʢʦʪʦʨʳʝ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʩʪʨʝʤʷʪʩʷ ʢ ʨʘʚʥʦʦʩʥʦʡ ʬʦʨʤʝ, ʢʘʢ ʠ ʚ ʦʩʥʦʚʥʦʤ 

ʤʘʪʝʨʠʘʣʝ. ɺ ʦʩʥʦʚʥʦʤ ʥʘ ʛʨʘʥʠʮʘʭ ʢʦʣʦʥʠʡ ʥʘʭʦʜʷʪʩʷ ʢʘʨʙʠʜʳ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʢʦʥʪʨʘʩʪʥʳʝ, ʷʨʢʠʝ ʦʙʲʝʢʪʳ, ʯʪʦ ʩʚʦʡʩʪʚʝʥʥʦ ʵʪʦʤʫ ʩʧʣʘʚʫ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʠʟ-ʟʘ ʪʝʧʣʦʚʦʛʦ ʚʣʠʷʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʉʊʇ/ʆʊʇ ʜʝʥʜʨʠʪʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʣʠʩʴ. ʇʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʦʡ ʨʘʟʥʠʮʳ ʤʝʞʜʫ 

ʵʣʝʤʝʥʪʘʤʠ ʩʪʨʫʢʪʫʨʳ ʠʥʩʪʨʫʤʝʥʪʘ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʭʣʘʞʜʝʥʠʷ ʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʭʣʘʞʜʝʥʠʝʤ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. 
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ʈʠʩʫʥʦʢ 3.31 ï ʄʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʦʩʝʚʦʤ ʩʝʯʝʥʠʠ 

ʧʦʩʣʝ 2790 ʤʤ ʦʙʨʘʙʦʪʢʠ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʰʠʚʘʥʠʝʤ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ ʩʧʣʘʚʘ 

ɾʉ6ʋ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʞʠʜʢʦʩʪʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ 

 

ɺ ʪʘʙʣʠʮʝ 3.3 ʧʦʢʘʟʘʥʳ ʨʘʟʤʝʨʳ ʵʣʝʤʝʥʪʦʚ ʩʪʨʫʢʪʫʨʳ. ʂʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʩʪʨʫʢʪʫʨʘ ʠʟʤʝʥʠʣʘʩʴ ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʚʩʝʤʫ ʠʥʩʪʨʫʤʝʥʪʫ. ʇʨʠ 

ʵʪʦʤ, ʥʘʙʣʶʜʘʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʨʘʟʤʝʨʦʚ ʢʦʣʦʥʠʡ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʩ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʦʙʨʘʙʦʪʢʠ ʙʝʟ ʦʭʣʘʞʜʝʥʠʷ, ʫ ʢʦʪʦʨʦʛʦ ʦʥ ʙʳʣ ʨʘʚʝʥ 0.8Ñ0.3 ʤʤ, ʪ.ʝ. 

ʥʘ ʚʝʣʠʯʠʥʫ ʧʦʛʨʝʰʥʦʩʪʠ. ʊʦ ʞʝ ʩʘʤʦʝ ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʦ ʨʘʩʩʪʦʷʥʠʷʭ ʤʝʞʜʫ ʦʩʷʤʠ 

ʜʝʥʜʨʠʪʦʚ 1-ʛʦ ʠ 2-ʛʦ ʧʦʨʷʜʢʦʚ, ʢʦʪʦʨʳʝ ʫ ʠʥʩʪʨʫʤʝʥʪʘ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʦʭʣʘʞʜʝʥʠʷ ʙʳʣʠ ʨʘʚʥʳ 191Ñ31 ʤʢʤ ʠ 44Ñ6 ʤʢʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʟʤʝʥʝʥʠʝ 

ʢʦʥʪʨʘʩʪʘ ʦʢʦʣʦ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ ʦʧʨʝʜʝʣʝʥʦ ʧʝʨʝʪʨʘʚʣʠʚʘʥʠʝʤ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʧʦ ʦʢʨʘʠʥʝ ʦʙʨʘʟʮʘ, ʚ ʧʨʦʮʝʩʩʝ ʟʘʙʦʨʘ ʝʛʦ ʠʟ 

ʪʨʘʚʠʪʝʣʷ. 

ʊʘʙʣʠʮʘ 3.3 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʤʝʥʪʦʚ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ 

 
ʆʩʥʦʚʥʦʡ 

ʤʘʪʝʨʠʘʣ 
ʀʥʩʪʨʫʤʝʥʪ 

ʈʘʟʤʝʨ ʢʦʣʦʥʠʠ ʜʝʥʜʨʠʪʦʚ, ʤʤ 0.27Ñ0.09 1.3Ñ0.3 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʩʷʤʠ 1-ʛʦ ʧʦʨʷʜʢʘ, ʤʢʤ 66Ñ5 229Ñ42 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʩʷʤʠ 2-ʛʦ ʧʦʨʷʜʢʘ, ʤʢʤ 14Ñ1 48Ñ7 
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ʅʘ ʨʠʩʫʥʢʝ 3.32 ʧʦʢʘʟʘʥʳ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʨʠʩʫʥʢʠ ʧʦʧʝʨʝʯʥʳʭ 

ʩʝʯʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʦʚ ʦʙʨʘʙʦʪʢʠ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ɺʊ1-0: ʩʧʫʩʪʷ 5 ʤʤ, 

1450 ʤʤ ʠ 2780 ʤʤ ʦʪ ʩʪʘʨʪʦʚʦʡ ʪʦʯʢʠ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʘ. ɸʥʘʣʠʟ 

ʤʘʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘ ʚʩʝ ʫʯʘʩʪʢʠ ʦʙʨʘʙʦʪʢʠ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʡ ʚʠʜ 

ʰʚʘ ʠ ʦʜʠʥʘʢʦʚʳʡ ʭʘʨʘʢʪʝʨ ʩʪʨʫʢʪʫʨʥʳʭ ʟʦʥ, ʛʜʝ ʚʳʜʝʣʷʶʪʩʷ 2 ʟʦʥʳ: ʟʦʥʘ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʳʭ 

ʟʝʨʝʥ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ, ʠ ʟʦʥʘ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ. ɿʦʥʘ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʚʣʠʷʥʠʷ, ʪʘʢʞʝ, ʢʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʠʭ ʩʣʫʯʘʷʭ ʥʝ ʙʳʣʘ ʚʳʷʚʣʝʥʘ. ʉʨʝʜʥʷʷ ʪʦʣʱʠʥʘ 

ɿʊʄɺ ʦʩʪʘʣʘʩʴ å 0,25ʤʤ. ʊʘʢ ʞʝ ʩʦʭʨʘʥʠʣʘʩʴ ʠ ʩʠʤʤʝʪʨʠʯʥʘʷ ʛʝʦʤʝʪʨʠʷ 

ʩʪʨʫʢʪʫʨʥʳʭ ʟʦʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʰʪʠʬʪʘ ʠʥʩʪʨʫʤʝʥʪʘ ʦʙʨʘʙʦʪʢʠ. ʅʘ ʨʘʟʥʳʭ 

ʫʯʘʩʪʢʘʭ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʬʦʨʤʘ ʩʪʨʫʢʪʫʨʥʳʭ ʟʦʥ ʦʪʣʠʯʘʝʪʩʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ.  

 

ʈʠʩʫʥʦʢ 3.32 ï ʄʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ɺʊ1-0 ʧʦʩʣʝ 5 ʤʤ (ʘ), 1450 ʤʤ (ʙ) ʠ 2780 ʤʤ (ʚ) 

ʦʙʨʘʙʦʪʢʠ 
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ʂʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʩ ʠʟʥʦʩʦʤ ʠʥʩʪʨʫʤʝʥʪʘ ʫʤʝʥʴʰʘʣʠʩʴ ʠ 

ʨʘʟʤʝʨʳ ʟʦʥʳ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. ʍʦʪʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʥʘ ʫʤʝʥʴʰʘʣʘʩʴ ʥʝ ʪʘʢ 

ʨʝʟʢʦ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʧʝʨʚʦʤ ʦʙʨʘʟʮʝ ʧʣʦʱʘʜʴ ʟʦʥʳ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʩʦʩʪʘʚʣʷʣʘ 

10,23 ʤʤ
2
, ʘ ʚ ʧʦʩʣʝʜʥʝʤ ï 9,47 ʤʤ

2
. ʕʪʦ ʨʝʟʫʣʴʪʘʪ ʪʦʛʦ, ʯʪʦ ʠʟʥʘʰʠʚʘʥʠʝ ʰʪʠʬʪʘ 

ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʦʠʩʭʦʜʠʣʦ ʥʝ ʩʪʦʣʴ ʨʝʟʢʦ, ʢʘʢ ʚ ʧʨʝʜʳʜʫʱʠʭ ʩʣʫʯʘʷʭ ʠ ʜʠʘʤʝʪʨʘ 

ʰʪʠʬʪʘ ʠʥʩʪʨʫʤʝʥʪʘ ʫʤʝʥʴʰʠʣʩʷ ʥʝ ʪʘʢ ʟʥʘʯʠʪʝʣʴʥʦ, ʢʘʢ ʨʘʥʝʝ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, 

ʧʝʨʚʳʝ ʥʝʩʧʣʦʰʥʦʩʪʠ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʦʙʨʘʟʮʝ, ʚʳʨʝʟʘʥʥʦʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1450 

ʤʤ, ʥʘ ʛʨʘʥʠʮʝ ʟʦʥʳ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʧʦ ʦʪʩʪʫʧʘʶʱʝʡ ʩʪʦʨʦʥʝ ʦʙʨʘʙʦʪʘʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ʍʦʪʷ ʜʝʬʝʢʪʳ ʫʚʝʣʠʯʠʚʘʣʠʩʴ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʨʝʟʢʦʛʦ ʨʦʩʪʘ ʦʙʲʝʤʘ ʜʝʬʝʢʪʦʚ ʥʝ ʥʘʙʣʶʜʘʣʩʷ. ʅʘ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʦʙʨʘʟʮʘ 

ʧʦʩʣʝ 5 ʤʤ ʦʙʨʘʙʦʪʢʠ ʠʥʩʪʨʫʤʝʥʪʘ ʩʫʤʤʘʨʥʘʷ ʧʣʦʱʘʜʴ ʚʩʝʭ ʥʝʩʧʣʦʰʥʦʩʪʝʡ 

ʩʦʩʪʘʚʣʷʣʘ 0,04 ʤʤ
2
, ʧʦʩʣʝ 1450 ʤʤ ʦʙʨʘʙʦʪʢʠ ï 0,09 ʤʤ

2
, ʧʦʩʣʝ 2780 ʤʤ ï 0,11 

ʤʤ
2
. 

ʈʝʟʫʣʴʪʘʪʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʨʘʩʪʷʞʝʥʠʝ 

ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʢʘʟʘʥʳ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ 3.33. ɼʣʷ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ ʠʟ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʦʙʨʘʟʮʳ ʚ ʚʠʜʝ 

ʣʦʧʘʪʦʢ, ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʦʙʨʘʙʦʪʢʠ. ɺ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʝ ʠʤʝʣ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʧʨʦʯʥʦʩʪʠ ʧʦ ʤʝʨʝ ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʠʣ 360Ñ5 

ʄʇʘ (103% ʦʪ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ). ʈʝʟʢʠʭ ʫʤʝʥʴʰʝʥʠʡ ʧʨʦʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʩ 

ʧʦʷʚʣʝʥʠʝʤ ʧʝʨʚʳʭ ʤʘʢʨʦʜʝʬʝʢʪʦʚ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʂʨʦʤʝ ʪʦʛʦ, ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʚʩʝʭ ʦʙʨʘʟʮʘʭ ʨʘʟʨʫʰʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʧʨʦʠʩʭʦʜʠʣʦ ʧʦ ʦʩʥʦʚʥʦʤʫ 

ʤʘʪʝʨʠʘʣʫ, ʣʠʙʦ ʧʦ ʟʦʥʝ ʢʘʩʘʥʠʷ ʧʣʝʯ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʣʠʰʴ ʚ ʧʦʩʣʝʜʥʝʤ ʦʙʨʘʟʮʝ, 

ʚʳʨʝʟʘʥʥʦʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 2780 ʤʤ, ʧʦʩʣʝ ʥʘʯʘʣʘ ʦʙʨʘʙʦʪʢʠ ʨʘʟʨʳʚ ʙʳʣ ʧʦ ʟʦʥʝ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ. ɼʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ, 

ʧʦʩʢʦʣʴʢʫ ʧʨʦʯʥʦʩʪʴ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʩʪʘʚʘʣʘʩʴ ʩʪʘʙʠʣʴʥʦʡ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʦʢʦʣʦ 3-ʭ ʤʝʪʨʦʚ ʦʙʨʘʙʦʪʢʠ.  
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ʈʠʩʫʥʦʢ 3.33 ï ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʯʥʦʩʪʠ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʪ ʠʟʥʦʩʘ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ ʩʧʣʘʚʘ ɾʉ6ʋ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʞʠʜʢʦʩʪʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ, ʧʦʧʝʨʝʢ ʥʘʧʨʘʚʣʝʥʠʷ ʦʙʨʘʙʦʪʢʠ 

 

ɺ ʮʝʣʦʤ ʜʦʙʘʚʣʝʥʠʝ ʞʠʜʢʦʩʪʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʧʨʦʮʝʩʩʝ 

ʆʊʇ/ʉʊʇ ʧʨʠʚʝʣʦ ʢ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ, ʫʤʝʥʴʰʠʚ ʠʟʥʦʩ ʠ ʫʚʝʣʠʯʠʚ 

ʪʝʤ ʩʘʤʳʤ ʩʨʦʢ ʩʣʫʞʙʳ ʠʥʩʪʨʫʤʝʥʪʘ, ʧʦʟʚʦʣʷʷ ʧʦʣʫʯʘʪʴ ʢʘʯʝʩʪʚʝʥʥʳʡ 

ʦʙʨʘʙʦʪʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʚ ʪʝʯʝʥʠʝ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʠʥʩʪʨʫʤʝʥʪʘ. 

3.5 ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 3 

ɸʥʘʣʠʟ ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ ʥʘ 

ʦʩʥʦʚʝ ʥʠʢʝʣʷ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʘʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʧʦʟʚʦʣʷʶʪ ʦʙʨʘʙʘʪʳʚʘʪʴ 2750-

2790 ʤʤ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ɺʊ1-0 ʙʝʟ ʨʘʟʨʫʰʝʥʠʷ. ʂʘʢ ʚ ʩʣʫʯʘʝ ʩ ʠʥʩʪʨʫʤʝʥʪʦʤ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʤ ʠʟ ʩʧʣʘʚʘ ɾʉ6ʋ, ʪʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʠʥʩʪʨʫʤʝʥʪʦʤ ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ 

ʠʟ ʩʧʣʘʚʘ ɾʉ32-ɺʀ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦʤʫ ʠʟʥʦʩʫ ʧʦʜʚʝʨʛʘʝʪʩʷ ʦʙʣʘʩʪʴ ʦʩʥʦʚʘʥʠʷ 

ʰʪʠʬʪʘ ï ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʰʪʠʬʪ ʪʝʨʷʝʪ ʢʦʥʫʩʥʦʩʪʴ, ʘ ʚ ʧʣʝʯʘʭ ʦʙʨʘʟʫʝʪʩʷ ʚʳʝʤʢʘ 

ʛʣʫʙʠʥʦʡ 1 ʤʤ. ʆʮʝʥʢʘ ʩʣʦʷ ʧʝʨʝʥʦʩʘ, ʢʦʪʦʨʳʡ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʥʘ ʠʥʩʪʨʫʤʝʥʪʝ 

ʠʟʚʣʝʯʝʥʥʦʛʦ ʠʟ ʪʠʪʘʥʘ, ʚʳʷʚʠʣʘ ʥʘʣʠʯʠʝ ʵʣʝʤʝʥʪʦʚ ʠʟ ʩʧʣʘʚʘ ɾʉ6ʋ, ʯʪʦ 
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ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʜʠʬʬʫʟʠʠ ʚ ʧʨʦʮʝʩʩʝ ʆʊʇ/ʉʊʇ. ɸ ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʤʝʭʘʥʠʟʤ 

ʠʟʥʘʰʠʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʘʜʛʝʟʠʦʥʥʳʤ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʟ-ʟʘ ʪʝʨʤʠʯʝʩʢʠʭ 

ʥʘʛʨʫʟʦʢ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ/ʩʚʘʨʢʠ ʧʨʦʠʩʭʦʜʠʪ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ 

ʩʧʣʘʚʦʚ ɾʉ6ʋ ʠ ɾʉ32-ɺʀ. ʅʘʧʨʠʤʝʨ, ʨʘʟʤʝʨ ʢʦʣʦʥʠʡ ʜʝʥʜʨʠʪʦʚ ʠ ʨʘʩʩʪʦʷʥʠʷ 

ʤʝʞʜʫ ʦʩʷʤʠ ʜʝʥʜʨʠʪʦʚ 1-ʛʦ ʠ 2-ʛʦ ʧʦʨʷʜʢʦʚ ʫʚʝʣʠʯʠʣʩʷ ʚ 3 ʨʘʟʘ.  

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʟʥʘʰʠʚʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʊʘʢ, ʧʨʠ ʠʟʥʘʰʠʚʘʥʠʠ ʫʚʝʣʠʯʠʚʘʣʠʩʴ ʨʘʟʤʝʨʳ 

ʠ ʢʦʣʠʯʝʩʪʚʦ ʤʘʢʨʦʜʝʬʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʘʣʩʷ ʨʘʟʤʝʨ ʟʦʥʳ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. 

ʇʨʠ ʠʟʥʘʰʠʚʘʥʠʠ ʚʦʟʥʠʢʘʣʠ ʪʘʢʠʝ ʜʝʬʝʢʪʳ ʢʘʢ ʥʝʩʧʣʦʰʥʦʩʪʠ, ʚʳʟʚʘʥʥʳʝ 

ʥʝʜʦʛʨʝʚʦʤ, ʠ ʦʢʩʠʜʳ ʢʦʪʦʨʳʝ ʟʘʤʝʰʘʣʠʩʴ ʩ ʯʘʩʪʠʮʘʤʠ ʠʥʩʪʨʫʤʝʥʪʘ. ʆʢʩʠʜʳ, 

ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʥʘ ʠʥʩʪʨʫʤʝʥʪʝ ʫʞʝ ʧʦʩʣʝ ʝʛʦ ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʪʠʪʘʥʘ, ʙʳʣʠ 

ʟʘʤʝʰʘʥʳ ʧʨʠ ʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʝ ʚ ʟʘʛʦʪʦʚʢʫ. ʊʠʪʘʥʦʚʳʡ ʩʧʣʘʚ ɺʊ1-0 

ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʣʩʷ ʚ ʧʨʦʮʝʩʩʝ ʆʊʇ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʨʘʟʤʝʨ ʟʝʨʥʘ ʫʤʝʥʴʰʠʣʩʷ ʚ 

å6.5 ʨʘʟ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʩʠʣʴʥʦʤʫ ʫʧʨʦʯʥʝʥʠʶ.  

ɺ ʮʝʣʦʤ, ʩʧʣʘʚ r ɾʉ6ʋ ʠ ɾʉ32 ʦʢʘʟʘʣʠʩʴ ʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʩʚʘʨʢʠ 

ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʠʙʦʨʠʜʘ ʮʠʨʢʦʥʠʷ ʩ ʜʦʙʘʚʢʘʤʠ ʢʘʨʙʠʜʘ 

ʢʨʝʤʥʠʷ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʉʊʇ/ʆʊʇ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʥʝʚʦʟʤʦʞʥʦ ʚ ʚʠʜʫ ʝʛʦ ʙʳʩʪʨʦʛʦ ʘʜʛʝʟʠʦʥʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ. 

ʇʨʠʤʝʥʝʥʠʝ ʞʠʜʢʦʩʪʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ, 

ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʩʨʦʢ ʩʣʫʞʙʳ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʞʘʨʦʧʨʦʯʥʳʭ 

ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʷ. ɹʣʘʛʦʜʘʨʷ ʫʤʝʥʴʰʝʥʠʶ ʧʝʨʝʛʨʝʚʘ ʫʤʝʥʴʰʘʝʪʩʷ 

ʩʢʦʨʦʩʪʴ ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʠʥʩʪʨʫʤʝʥʪ ʦʙʨʘʙʘʪʳʚʘʝʪ 

ʢʘʯʝʩʪʚʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʚ ʪʝʯʝʥʠʝ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʵʢʩʧʣʫʘʪʘʮʠʠ. 
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4. ɿɸʂʆʅʆʄɽʈʅʆʉʊʀ ʌʆʈʄʀʈʆɺɸʅʀʗ ʉʊʈʋʂʊʋʈʓ ʊʀʊɸʅʆɺʓʍ 

ʉʇʃɸɺʆɺ ʀ ʈɸɿʅʆʈʆɼʅʓʍ ʉʆɽɼʀʅɽʅʀʁ ɺ ʇʈʆʎɽʉʉɽ ʉʊʇ/ʆʊʇ 

ɹʣʘʛʦʜʘʨʷ ʜʘʥʥʳʤ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʧʨʝʜʳʜʫʱʝʡ ʛʣʘʚʝ, 

ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʜʣʠʪʝʣʴʥʳʝ ʫʯʘʩʪʢʠ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ 

ʉʊʇ ʩʦʝʜʠʥʝʥʠʡ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ, ʠʩʧʦʣʴʟʫʷ ʥʝʜʦʨʦʛʦʡ ʠʥʩʪʨʫʤʝʥʪ. ʇʦʵʪʦʤʫ ʚ 

ʜʘʥʥʦʡ ʛʣʘʚʝ ʙʫʜʫʪ ʧʦʢʘʟʘʥʳ ʉʊʇ ʩʦʝʜʠʥʝʥʠʷ ʪʠʪʘʥʦʚʳʭ Ŭ, Ŭ' ʠ (Ŭ+ɓ) ʩʧʣʘʚʦʚ, ʘ 

ʪʘʢʞʝ ʩʚʘʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʨʘʟʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʧʨʠʤʝʨʝ ʪʠʪʘʥʦʚʳʭ ʠ 

ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ.  

4.1 ʆʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʳʢʦʚʳʭ ʉʊʇ-ʩʦʝʜʠʥʝʥʠʡ ʩʧʣʘʚʘ ɺʊ1-0 

ʧʦʣʫʯʝʥʥʦʝ ʩ ʧʦʤʦʱʴʶ ʨʘʙʦʯʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠʟ ʞʘʨʦʧʨʦʯʥʦʛʦ ʩʧʣʘʚʘ 

ɾʉ6ʋ 

ɺ ʧʨʝʜʳʜʫʱʝʡ ʛʣʘʚʝ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʩʧʣʘʚ ɺʊ1-0 ʦʙʨʘʙʦʪʘʥʥʳʡ ʪʨʝʥʠʝʤ ʩ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʚ ʨʘʤʢʘʭ ʚʣʠʷʥʠʷ ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʘ ʥʘ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ʉʝʡʯʘʩ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥ r ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤʳ ʜʣʷ ʩʚʘʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʉʊʇ. ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʰʚʦʚ 

ʧʨʠ ʨʝʞʠʤʘʭ, ʧʦʢʘʟʘʥʥrʭ ʚ ʪʘʙʣʠʮʝ 2.1, ʜʣʷ ʩʧʣʘʚʘ ɺʊ1-0 ʥʘʠʙʦʣʝʝ 

ʦʧʪʠʤʘʣʴʥʳʤʠ ʦʢʘʟʘʣʠʩʴ ʨʝʞʠʤʳ ʧʦʜ ʥʦʤʝʨʘʤʠ 22-25, ʪʘʢ ʢʘʢ ʦʥʠ ʧʦʢʘʟʘʣʠ 

ʥʘʠʙʦʣʴʰʫʶ ʧʨʝʜʝʣʴʥʫʶ ʧʨʦʯʥʦʩʪʴ. ɺ ʪʘʙʣʠʮʝ 4.1 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʨʝʞʠʤʳ ʠ 

ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 

ʥʝʨʘʟʲʝʤʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦ ʜʘʥʥʳʤ ʨʝʞʠʤʘʤ.  

ʊʘʙʣʠʮʘ 4.1 ï ʄʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʝʜʠʥʝʥʠʡ 

 ̄ ʆʩʝʚʘʷ 

ʥʘʛʨʫʟʢʘ, 

ʢʛ  

ʉʢʦʨʦʩʪʴ 

ʚʨʘʱʝʥʠʷ, 

ʦʙ/ʤʠʥ 

ʉʢʦʨʦʩʪʴ 

ʩʚʘʨʢʠ, 

ʤʤ/ʤʠʥ 

ʇʨʝʜʝʣʴʥʘʷ 

ʧʨʦʯʥʦʩʪʴ, 

ʄʇa 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ 

ʫʜʣʠʥʝʥʠʝ, % 

ʆʩʥʦʚʥʦʡ ʤʘʪʝʨʠʘʣ 350Ñ1 39Ñ1 

22 800 900 180 369Ñ1 24Ñ1 

23 800 950 180 368Ñ1 24Ñ1 

24 850 900 180 376Ñ1 31Ñ1 

25 850 950 180 380Ñ1 23Ñ1 
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ʇʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʦʙʨʘʟʮʝ ˉ23 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʦʙʨʘʟʮʦʤ ˉ22 ʥʝ ʧʨʠʚʝʣʦ ʢ ʠʟʤʝʥʝʥʠʶ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʜʝʬʦʨʤʘʮʠʠ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʥʘʛʨʫʟʢʠ ʚ ʦʙʨʘʟʮʘʭ ˉ24 ʠ ̄25 ʫʚʝʣʠʯʠʣʘʩʴ ʠ 

ʧʨʦʯʥʦʩʪ ɹʧʨʠ ʩʦʭʨʘʥʠʚʰʠʭʩʷ ʯʘʩʪʦʪʘʭ ʦʙʦʨʦʪʦʚ ʠ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʠʥʩʪʨʫʤʝʥʪʘ. 

ʉʦʛʣʘʩʥʦ ʪʨʘʜʠʮʠʦʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ, ʜʝʬʦʨʤʘʮʠʷ ʧʨʠ ʉʊʇ ʠʤʝʝʪ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʫ  ʁ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʠ ʦʙʨʘʪʥʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʢʦʨʦʩʪʠ ʩʚʘʨʢʠ [154]. ʉ ʪʘʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʤʘʩʩʦʧʝʨʝʥʦʩ 

ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʠʥʪʝʥʩʠʚʥʝʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʧʨʠ ʧʨʦʯʠʭ 

ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪʘ ʢʨʠʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʜʦʣʞʥʦ ʫʣʫʯʰʘʪʩɹ ̫ ʠ 

ʢʘʯʝʩʪʚʦ ʩʦʝʜʠʥʝʥʠʷ, ʭʦʪʷ ʵʪʦʛʦ ʥʝ ʧʨʦʠʟʦʰʣʦ. ʇʨʠ ʵʪʦʤ ʥʘʛʨʫʟʢʘ ʥʘ ʠʥʩʪʨʫʤʝʥʪ 

ʥʝ ʚʭʦʜʠʪ ʚ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʦʮʝʥʢʠ ʜʝʬʦʨʤʘʮʠʠ, ʥʦ ʚʭʦʜʠʪ ʚ ʫʨʘʚʥʝʥʠʝ 

ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ [155]. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʥʘʛʨʫʟʢʠ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ 

ʪʝʧʣʦʚʳʜʝʣʝʥʠ ̫ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ. ʅʘʛʨʝʚ ʩʥʠʞʘʝʪ ʚʷʟʢʦʩʪʴ 

ʤʘʪʝʨʠʘʣʘ ʠ ʠʥʪʝʥʩʠʬʠʮʠʨʫʝʪ ʜʝʬʦʨʤʘʮʠʶ. ʆʜʥʘʢʦ, ʵʪʦ ʥʝ ʝʜʠʥʩʪʚʝʥʥʳʡ ʵʬʬʝʢʪ 

ʥʘʛʨʫʟʢʠ. ʅʘʛʨʫʟʢʘ ʪʘʢʞʝ ʚʣʠʷʝʪ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ, ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʚʣʠʷʝʪ ʥʘ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝ. ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʣʠʷʝʪ 

ʥʘ ʘʜʛʝʟʠʶ ʤʝʞʜʫ ʠʥʩʪʨʫʤʝʥʪʦʤ ʠ ʤʘʪʝʨʠʘʣʦʤ. ɺ ʨʘʤʢʘʭ ʨʘʟʚʠʪʠʷ ʘʜʛʝʟʠʦʥʥʦ-

ʢʦʛʝʟʠʦʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʧʨʠʨʦʜʝ ʩʚʘʨʢʠ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ, 

ʘʜʛʝʟʠʷ ʷʚʣʷʝʪʩʷ ʚʝʜʫʱʠʤ ʤʝʭʘʥʠʟʤʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʨʘʟʲʝʤʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

[156]. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʘʜʛʝʟʠʠ, ʫʣʫʯʰʘʝʪʩʷ ʠ ʢʘʯʝʩʪʚʦ ʥʝʨʘʟʲʝʤʥʦʛʦ ʩʦʝʜʠʥʝʥʠ.̫ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʵʬʬʝʢʪ ʥʘʛʨʫʟʢʠ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠ ʩʣʘʙʦʝ 

ʚʣʠʷʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʥʘ ʧʨʦʯʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ. 

ʆʙʱʠʡ ʚʠʜ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʨʘʟʨʫʰʝʥʠʷ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 4.1. ʇʦʜ 

ʥʦʤʝʨʦʤ ç0è ʠʟʦʙʨʘʞʝʥ ʦʙʨʘʟʝʮ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʠʩʧʳʪʘʥʥʦʛʦ ʧʨʠ ʪʝʭ ʞʝ 

ʧʘʨʘʤʝʪʨʘʭ ʥʘʛʨʫʞʝʥʠʷ ʠ ʛʝʦʤʝʪʨʠʠ ʣʦʧʘʪʦʢ, ʝʛʦ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, 

ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʩʧʳʪʘʥʠʠ, ʪʘʢʞʝ ʫʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 4.1. ʆʙʨʘʟʮʳ ʩʦʝʜʠʥʝʥʠʷ 

ʉʊʇ ʨʘʟʨʫʰʘʣʠʩʴ ʧʦ ʦʩʥʦʚʥʦʤʫ ʤʘʪʝʨʠʘʣʫ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʢʦʣʦ 7 ʤʤ ʦʪ 

ʥʝʨʘʟʲʝʤʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʦʯʥʦʩʪʴ ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʡ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, ʯʝʤ ʫ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʂʨʦʤʝ ʪʦʛʦ, ʫ ʦʙʨʘʟʮʦʚ 
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ʫʤʝʥʴʰʠʣʦʩʴ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʟʮʦʤ ʠʩʭʦʜʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʦ ʪʝʤ, ʯʪʦ ʧʨʠ ʩʫʱʝʩʪʚʝʥʥʦʤ ʫʧʨʦʯʥʝʥʠʠ 

ʤʘʪʝʨʠʘʣʘ ʰʚʘ ʚʩʣʝʜʩʪʚʠʝ ʠʟʤʝʣʴʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʥʪʝʥʩʠʚʥʦʡ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʩʦʢʨʘʱʘʝʪʩʷ ʨʘʙʦʯʘʷ ʯʘʩʪʴ ʣʦʧʘʪʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 

ʦʙʨʘʟʮʝ ʥʘʨʫʰʘʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ. ʇʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʝ 

ʥʘʛʨʫʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʥʝ ʩʦʙʣʶʜʘʝʪʩʷ. ʕʪʠʤ ʪʘʢʞʝ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʫʤʝʥʴʰʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʥʝʨʘʟʲʝʤʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʠʩʭʦʜʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. 

  

ʈʠʩʫʥʦʢ 4.1 ï ʆʙʨʘʟʮʳ ʩʦʝʜʠʥʝʥʠʷ ʉʊʇ, ʩʧʣʘʚʘ ɺʊ1-0 ʧʦʩʣʝ ʠʭ ʠʩʧʳʪʘʥʠʷ 

ʥʘ ʧʨʦʯʥʦʩʪʴ 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʭ ʧʨʠʯʠʥ ʧʦʚʳʰʝʥʠʷ ʧʨʦʯʥʦʩʪʠ 

ʥʝʨʘʟʲʝʤʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʦʙʨʘʟʮʦʚ ʩ ʥʘʠʙʦʣʴʰʝʡ ʨʘʟʥʠʮʝʡ ʚ ʧʨʦʯʥʦʩʪʠ. ʆʮʝʥʢʫ ʩʪʨʫʢʪʫʨʳ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʧʨʦʚʦʜʷʪ ʧʦ ʪʘʢʠʤ ʢʨʠʪʝʨʠʷʤ ʢʘʢ ʩʫʤʤʘʨʥʘʷ ʧʣʦʱʘʜʴ ʩʪʨʫʢʪʫʨʥʳʭ ʟʦʥ ʚ ʩʝʯʝʥʠʠ, 

ʩʫʤʤʘʨʥʘʷ ʧʣʦʱʘʜʴ ʜʝʬʝʢʪʦʚ ʠ ʨʘʟʤʝʨ ʟʝʨʥʘ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ. ʇʝʨʝʯʠʩʣʝʥʥʳʝ 

ʩʪʨʫʢʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 4.2. ʅʘ ʨʠʩʫʥʢʝ 4.2 ʧʨʠʚʝʜʝʥʳ 

ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʥʝʨʘʟʲʝʤʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ˉ22 ʠ ˉ25 ʚ 

ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ, ʥʘ ʢʦʪʦʨʳʭ ʚʳʜʝʣʷʝʪʩʷ ʟʦʥʘ ʧʝʨʝʤʝʰʠʚʘʥʠʷ, 
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ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢʦʥʪʘʢʪʠʨʦʚʘʚʰʘʷ ʩ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʧʨʦʮʝʩʩʝ ʩʚʘʨʢʠ. ʇʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʦʩʝʚʦʡ ʥʘʛʨʫʟʢʠ ʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʧʣʦʱʘʜ ɹʟʦʥʳ ʧʝʨʝʤʝʰʠʚʘʥʠʷ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʤ ʟʘʭʚʘʪʝ 

ʤʘʪʝʨʠʘʣʘ ʠʥʩʪʨʫʤʝʥʪʦʤ. ʀʟ-ʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʤʘʪʝʨʠʘʣʘ, ʚʠʟʫʘʣʴʥʦ ʥʝ ʚʳʷʚʣʷʶʪʩʷ ʟʦʥʘ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ 

ʟʦʥʘ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʥʝʨʘʟʲʝʤʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ 

ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩʚʘʨʢʦʡ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ. ʇʨʠ 

ʵʪʦʤ ʛʨʘʥʠʮʘ ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʡ ʟʦʥʳ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʝʟʢʠʤ 

ʛʨʘʜʠʝʥʪʦʤ, ʯʪʦ ʩʚʦʡʩʪʚʝʥʥʦ ʪʠʪʘʥʦʚʳʤ ʩʧʣʘʚʘʤ [157]. 

 

 
ʈʠʩʫʥʦʢ 4.2 ï ʄʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ˉ22 (ʘ) ʠ ˉ25 (ʙ) 

 

ɺ ʥʝʨʘʟʲʸʤʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʙʳʣʠ ʥʘʡʜʝʥʳ ʪʘʢʠʝ ʜʝʬʝʢʪʳ ʢʘʢ ʧʦʨʳ ʠ 

ʦʢʩʠʜ.r ɺ ʯʘʩʪʥʦʩʪʠ, ʦʙʥʘʨʫʞʝʥʘ ʧʦʨʘ ʚ ʧʨʠʢʦʨʥʝʚʦʡ ʯʘʩʪʠ ʟʦʥʳ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 

ʚ ʦʙʨʘʟʮʝ ˉ22. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʧʦʨʳ, ʚʝʨʦʷʪʥʦ, ʚʳʟʚʘʥʦ ʥʝʧʨʦʚʘʨʦʤ. ʉʣʝʜʳ 

ʦʢʩʠʜʦʚ, ʚʳʪʨʘʚʠʚʰʠʝʩʷ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ, ʦʙʥʘʨʫʞʝʥʳ ʚ ʟʦʥʝ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʦʙʦʠʭ ʦʙʨʘʟʮʦʚ. ʊʘʢ ʢʘʢ ʧʝʨʝʜ ʩʚʘʨʢʦʡ ʢʨʦʤʢʠ ʟʘʛʦʪʦʚʦʢ 

ʟʘʯʠʱʘʣʠʩʴ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʵʪʦ ʦʢʩʠʜʳ ʩ ʣʠʮʝʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʟʘʛʦʪʦʚʦʢ, ʢʦʪʦʨʘʷ ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ ʧʣʝʯʘʤʠ ʠʥʩʪʨʫʤʝʥʪʘ. ʆʢʩʠʜʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʧʨʠʢʦʨʥʝʚʦʡ ʯʘʩʪʠ ʟʦʥʳ ʧʝʨʝʤʝʰʠʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʦ ʝʝ 

ʛʨʘʥʠʮʝ ʩ ʥʘʙʝʛʘʶʱʝʡ ʩʪʦʨʦʥʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʢʩʠʜʳ ʙʳʣʠ ʟʘʥʝʩʝʥʳ ʩ ʣʠʮʝʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʠʩʭʦʜʷʱʝʛʦ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʘʣʘ. 

ʇʦʩʢʦʣʴʢʫ ʥʘʣʠʯʠʝ ʦʢʩʠʜʦʚ ʫʤʝʥʴʰʘʝʪ ʧʨʦʯʥʦʩʪʴ ʥʝʨʘʟʲʝʤʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʦʥʠ 


