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ɺ.ʉ. ɹʫʨʣʘʢʦʚ 

 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓɽ ʀʉʉʃɽɼʆɺɸʅʀʗ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɻʆ 

ʇʈʆʎɽʉʉɸ ɿɸɻʆʊʆɺʂʀ ʂʆʈʄɸ ʐɽʃʂʆʇʈʗɼʋ 

ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʅʆɺʆʁ ʄɸʐʀʅʓ 

 

ʇʨʦʙʣʝʤʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚʳʢʦʨʤʢʠ ʪʫʪʦʚʦʛʦ ʰʝʣʢʦ-

ʧʨʷʜʘ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʚ ʦʪʨʘʩʣʠ. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʵʪʦʛʦ, ʦʜʥʦʛʦ ʠʟ ʩʘʤʳʭ ʪʨʫʜʦʝʤ-

ʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʰʝʣʢʦʚʦʜʩʪʚʝ, ʚ ʨʘʙʦʪʘʭ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠʜʝʪ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʦʟʜʘ-

ʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ. 

ʉʦʟʜʘʥ ʨʷʜ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ (ʕ.ʍ. ʊʘ-

ʜʞʠʝʚ, 1998; ʈ.ʀ. ʄʫʭʘʤʝʜʞʘʥʦʚ, ɾ. ʅʘʩʨʠʪʜʠʥʦʚ, 1990) [1]. ʆʜʥʘʢʦ, ʵʪʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜ-

ʩʪʚʘ ʧʦʢʘ ʥʝ ʥʘʰʣʠ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʠʟ-ʟʘ ʥʝʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ, ʛʣʘʚ-

ʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʥʝʢʘʯʝʩʪʚʝʥʥʦʝ ʩʨʝʟʘʥʠʝ ʚʝʪʚʝʡ ʰʝʣʢʦʚʠʮʳ ʤʦʙʠʣʴʥʳʤʠ ʤʘʰʠ-

ʥʘʤʠ, ʙʦʣʴʰʘʷ ʤʝʪʘʣʣʦʝʤʢʦʩʪʴ ʘʛʨʝʛʘʪʦʚ ʠ ʜʨ. (ʅ.ʌ.ʆʧʘʥʘʩʝʥʢʦ, 1982; ʄ.ʅ. ʅʫʤʘʥʦʚ, 1984) 

[2]. ʇʦʵʪʦʤʫ ʚʦʧʨʦʩ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʟʘʛʦʪʦʚʢʠ ʢʦʨʤʘ ʛʫʩʝʥʠʮʘʤ ʦʩʪʘʝʪʩʷ ʘʢ-

ʪʫʘʣʴʥʳʤ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʙʦʪʳ ʧʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʧʨʦʮʝʩʩʘ ʟʘʛʦʪʦʚʢʠ 

ʢʦʨʤʘ ʰʝʣʢʦʧʨʷʜʫ ʩʯʠʪʘʝʤ ʩʦʟʜʘʥʠʝ ʤʦʙʠʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ ʜʣʷ ʩʨʝʟʢʠ ʚʝʪʚʝʡ ʰʝʣʢʦʚʠʮʳ, 

ʠʤʝʶʱʠʭ ʥʝʙʦʣʴʰʫʶ ʤʝʪʘʣʣʦʝʤʢʦʩʪʴ ʠ ʩʪʦʠʤʦʩʪʴ, ʥʘʜʝʞʥʦʩʪʴ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʪʴ ʪʠʧʳ ʨʝʞʫʱʠʭ ʘʧʧʘʨʘʪʦʚ, ʧʨʦʚʝʩʪʠ ʢʦʥ-

ʪʨʦʣʴʥʳʝ ʚʳʢʦʨʤʢʠ ʰʝʣʢʦʧʨʷʜʘ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʜʘʪʴ ʵʢʩ-

ʧʣʫʘʪʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʦʮʝʥʢʫ ʧʨʦʮʝʩʩʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ. 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʡ ʟʘʛʦʪʦʚʢʠ ʢʦʨʤʘ. ʉ ʮʝʣʴʶ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʚʳʢʦʨʤʢʠ ʛʫʩʝʥʠʮ ʪʫʪʦʚʦʛʦ ʰʝʣʢʦʧʨʷʜʘ ʩʦʟʜʘʥʘ ʥʦʚʘʷ ʞʘʪ-

ʢʘ ʰʝʣʢʦʚʠʮʳ ɾʐ ï ʂ [4]. 

ʈʘʟʨʘʙʘʪʳʚʘʷ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʩʨʝʟʘ ʚʝʪʚʝʡ ʰʝʣʢʦʚʠʮʳ (ʢʦʨʤʘ ʰʝʣʢʦʧʨʷʜʘ) ʠʩ-

ʭʦʜʠʣʠ ʠʟ ʪʦʛʦ, ʯʪʦ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʩʦʟʜʘʪʴ ʤʦʙʠʣʴʥʫʶ 

ʤʘʰʠʥʫ, ʘ ʥʝ ʧʥʝʚʤʘʪʠʯʝʩʢʠʝ ʠʣʠ ʵʣʝʢʪʨʠʬʠʮʠʨʦʚʘʥʥʳʝ ʨʫʯʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ, ʪʘʢ ʢʘʢ 

çʩʨʝʜʩʪʚʘ ʤʘʣʦʡ ʤʝʭʘʥʠʟʘʮʠʠè ʥʝ ʨʝʰʘʶʪ ʚʦʧʨʦʩʘ ʥʘ ʜʦʣʞʥʦʤ ʫʨʦʚʥʝ. 

ʇʨʠ ʚʳʙʦʨʝ ʨʝʞʫʱʝʛʦ ʘʧʧʘʨʘʪʘ ʠʩʩʣʝʜʦʚʘʣʠʩʴ, ʚ ʦʩʥʦʚʥʦʤ, ʜʚʘ ʪʠʧʘ ï ʜʠʩʢʦʚʳʡ ʠ 

ʩʝʛʤʝʥʪʥʳʡ. ɼʠʩʢʦʚʘʷ ʧʠʣʘ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦʡ ʩʢʦʨʦʩʪʠ ʨʘʱʝʥʠʷ (6000 - 8000 ʤʠʥ
-1
) ʦʙʝʩʧʝ-

ʯʠʚʘʝʪ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʨʝʟ ʚʝʪʚʝʡ. ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʦʛʦ ʪʠʧʘ ʨʝʞʫʱʠʭ ʘʧʧʘʨʘʪʦʚ ʚ ʵʣʝʢ-

ʪʨʠʬʠʮʠʨʦʚʘʥʥʳʭ ʠʣʠ ʤʦʪʦʨʠʟʦʚʘʥʥʳʭ ʨʫʯʥʳʭ ʚʝʪʢʦʨʝʟʘʭ ʚʧʦʣʥʝ ʦʧʨʘʚʜʘʥʦ. ʆʜʥʘʢʦ ʦʙʝʩ-

ʧʝʯʝʥʠʝ ʪʘʢʠʭ ʩʢʦʨʦʩʪʝʡ ʚ ʤʦʙʠʣʴʥʦʡ ʤʘʰʠʥʝ ʚʳʟʳʚʘʝʪ ʤʥʦʛʦ ʚʦʧʨʦʩʦʚ. ʇʦʵʪʦʤʫ ʚ ʦʧʳʪ-

ʥʦʤ ʦʙʨʘʟʮʝ ʧʨʠ ʩʨʝʟʘʥʠʠ ʚʝʪʦʢ ʠʟʤʝʨʷʣʘʩʴ ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʩʪʨʫʞʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʧʦʩʪʫʧʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʤʘʰʠʥʳ, ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʜʠʩʢʦʚʦʡ ʧʠʣʳ ʠ ʢʦʣʠʯʝʩʪʚʘ ʟʫʙʴʝʚ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʦʧʳʪʦʚ ʩʪʨʦʠʣʠʩʴ ʛʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʠ ʧʨʦʚʦʜʠʣʩʷ ʘʥʘʣʠʟ ʢʘʯʝ-

ʩʪʚʘ ʨʝʟʘʥʠʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʆʧʪʠʤʘʣʴʥʳʤʠ ʩʯʠʪʘʣʠʩʴ ʨʝʟʫʣʴ-

ʪʘʪʳ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʯʠʩʪʳʭ ʩʨʝʟʦʚ ʙʝʟ ʨʘʩʱʝʧʣʝʥʠʷ ʠ ʟʘʜʠʨʦʚ ʢʦʨʳ ʚʝʪʚʝʡ. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʝʞʫʱʝʛʦ ʘʧʧʘʨʘʪʘ ʩʝʛʤʝʥʪʥʦʛʦ ʪʠʧʘ ʚʳʷʚʣʷʣʠʩʴ ʧʨʠʯʠʥʳ ʥʠʟʢʦʛʦ 

ʢʘʯʝʩʪʚʘ ʨʝʟʘʥʠʷ, ʥʝʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʫʢʣʘʜʢʠ ʚʝʪʚʝʡ ʠ ʧʫʪʠ ʫʩʪʨʘʥʝʥʠʷ ʵʪʠʭ ʥʝʜʦʩʪʘʪʢʦʚ. 

ɼʣʷ ʦʧʳʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʨʝʞʫʱʠʡ ʘʧʧʘʨʘʪ ʩʫʱʝʩʪʚʫʶʱʝʡ ʞʘʪʢʠ ɾʐ-1 ʩ ʰʘʛʦʤ 

ʩʝʛʤʝʥʪʦʚ 78 ʤʤ. ʋʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʩʦʦʪʥʦʰʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʘʛʨʝʛʘʪʘ, ʧʝʨʝʤʝʱʝʥʠʶ 

ʥʦʞʝʡ ʠ ʤʝʭʘʥʠʟʤʘ ʟʘʭʚʘʪʘ ʚʝʪʚʝʡ, ʧʨʠ ʢʦʪʦʨʳʭ ʩʥʠʞʘʶʪʩʷ ʟʘʜʠʨʳ ʢʦʨʳ, ʟʘʜʝʚʘʥʠʝ ʰʠʧʦʚ. 

ʆʧʨʝʜʝʣʷʣʠʩʴ ʢʘʯʝʩʪʚʦ ʟʘʪʦʯʢʠ, ʧʨʠʞʠʤ ʥʦʞʝʡ ʨʝʞʫʱʝʛʦ ʘʧʧʘʨʘʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʪʠʚʦ-



ʨʝʞʫʱʠʭ ʧʣʘʩʪʠʥ ʠ ʧʝʨʝʤʝʱʝʥʠʷ ʧʣʘʥʦʢ ʪʨʘʥʩʧʦʨʪʝʨʘ ʠ ʟʫʙʴʝʚ ʟʘʭʚʘʪʳʚʘʶʱʝʛʦ ʛʨʝʡʬʝʨʥʦ-

ʛʦ ʤʝʭʘʥʠʟʤʘ.  

ʋʩʪʨʦʡʩʪʚʦ ʠ ʨʘʙʦʪʘ ʞʘʪʢʠ ɾʐ-ʂ ʜʣʷ ʢʫʩʪʦʚʳʭ ʧʣʘʥʪʘʮʠʡ ʰʝʣʢʦʚʠʮʳ. ʈʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʝ ʰʠʨʦʢʦʨʷʜʥʳʭ ʢʫʩʪʦʚʳʭ ʧʣʘʥʪʘʮʠʡ ʧʦʟʚʦʣʠʣʦ ʤʝʭʘʥʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ. ʆʧʳʪʥʳʡ 

ʦʙʨʘʟʝʮ ʤʘʰʠʥʳ ɾʐ-ʂ ʧʨʦʰʝʣ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʧʨʦʚʝʨʢʫ ʚ ʭʦʟʷʡʩʪʚʘʭ ʦʙʣʘʩʪʠ. 

ʄʘʰʠʥʘ ʘʛʨʝʛʘʪʠʨʫʝʪʩʷ ʩ ʪʨʘʢʪʦʨʦʤ ʯʝʪʳʨʝʭʢʦʣʝʩʥʦʡ ʩʭʝʤʳ. ʂʨʝʧʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷ-

ʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʩʢʦʙʳ ʚʦʢʨʫʛ ʚʝʜʫʱʝʛʦ ʢʦʣʝʩʘ ʪʨʘʢʪʦʨʘ. ʂʨʝʧʣʝʥʠʝ ʩʢʦʙʳ ʢ ʪʨʘʢʪʦʨʫ ʰʘʨ-

ʥʠʨʥʦʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʦʨʥʦʤʫ ʢʦʣʝʩʫ ʞʘʪʢʠ ʩʚʦʙʦʜʥʦ ʩʣʝʜʦʚʘʪʴ ʠʟʤʝʥʝʥʠʷʤ ʨʝʣʴʝʬʘ ʧʦʯ-

ʚʳ (ʛʣʫʙʠʥʳ ʧʦʣʠʚʥʦʡ ʙʦʨʦʟʜʳ) ʤʝʞʜʫ ʨʷʜʘʤʠ ʰʝʣʢʦʚʠʮʳ, ʥʝ ʚʳʟʳʚʘʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʥʘʛʨʫʟʢʠ ʥʘ ʪʷʛʫ. 

ʉʧʝʨʝʜʠ ʞʘʪʢʠ (ʨʠʩ. 1) ʫʩʪʘʥʦʚʣʝʥʳ ʣʠʬʪʝʨʳ (ʢʫʩʪʦʧʦʜʲʝʤʥʠʢʠ) 1, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ 

ʜʣʷ ʧʦʜʲʝʤʘ ʚʝʪʚʝʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʫʩʪʘ ʧʝʨʝʜ ʩʨʝʟʢʦʡ. ɼʣʷ ʟʘʭʚʘʪʘ ʚʝʪʚʝʡ ʠ ʧʦʜʚʝʜʝʥʠʷ 

ʠʭ ʢ ʨʝʞʫʱʝʤʫ ʘʧʧʘʨʘʪʫ 2 ʩʣʫʞʘʪ ʟʫʙʴʷ 3 ʛʨʝʡʬʝʨʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. ɺʩʣʝʜ ʟʘ ʨʝʞʫʱʠʤ ʘʧʧʘ-

ʨʘʪʦʤ ʫʩʪʘʥʦʚʣʝʥ ʪʨʘʥʩʧʦʨʪʝʨ 4, ʢʦʪʦʨʳʡ ʩʦʚʤʝʩʪʥʦ ʩ ʟʫʙʴʷʤʠ 5 ʛʨʝʡʬʝʨʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʫʢʣʘʜʳʚʘʝʪ ʩʨʝʟʘʥʥʳʝ ʚʝʪʚʠ ʚʜʦʣʴ ʨʷʜʘ ʧʦʟʘʜʠ ʘʛʨʝʛʘʪʘ. ʆʧʦʨʥʦʝ ʢʦʣʝʩʦ 6 ʥʘʭʦʜʠʪʩʷ ʚ ʦʜ-

ʥʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩ ʚʝʜʫʱʠʤʠ ʢʦʣʝʩʘʤʠ 7 ʪʨʘʢʪʦʨʘ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʦʙʝʩʧʝ-

ʯʝʥʠʷ ʨʘʟʚʦʨʦʪʘ ʘʛʨʝʛʘʪʘ. 

ʊʨʘʢʪʦʨ 8 ʜʚʠʞʝʪʩʷ ʚ ʣʝʚʦʤ ʦʪ ʰʝʣʢʦʚʠʮʳ ʤʝʞʜʫʨʷʜʴʝ. ʆʧʦʨʥʦʝ ʢʦʣʝʩʦ ï ʧʦ ʧʦʣʠʚ-

ʥʦʡ ʙʦʨʦʟʜʝ, ʤʝʞʜʫ ʨʷʜʘʤʠ ʰʝʣʢʦʚʠʮʳ. ʃʠʬʪʝʨʳ ʟʘʭʚʘʪʳʚʘʶʪ ʦʜʠʥ ʨʷʜ ʰʝʣʢʦʚʠʮʳ, ʧʦʜʥʠ-

ʤʘʶʪ ʚʝʪʚʠ, ʦʢʫʯʠʚʘʶʪ, ʧʦʩʣʝ ʯʝʛʦ ʦʥʠ ʟʘʭʚʘʪʳʚʘʶʪʩʷ ʟʫʙʴʷʤʠ 2 ʛʨʝʡʬʝʨʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʠ 

ʧʦʜʚʦʜʷʪʩʷ ʢ ʨʝʞʫʱʝʤʫ ʘʧʧʘʨʘʪʫ (ʩʝʛʤʝʥʪʥʳʡ, ʩʧʝʮʠʘʣʴʥʳʡ, ʫʩʠʣʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ). ʉʨʝ-

ʟʘʥʥʳʝ ʚʝʪʚʠ ʧʦʧʘʜʘʶʪ ʥʘ ʪʨʘʥʩʧʦʨʪʝʨ, ʩʚʝʨʭʫ ʧʝʨʝʭʚʘʪʳʚʘʶʪʩʷ ʟʫʙʴʷʤʠ 5 ʛʨʝʡʬʝʨʥʦʛʦ ʤʝ-

ʭʘʥʠʟʤʘ ʠ ʟʘ ʩʯʝʪ ʨʘʟʥʦʩʪʠ ʩʢʦʨʦʩʪʝʡ ʧʣʘʥʦʢ ʪʨʘʥʩʧʦʨʪʝʨʘ ʠ ʟʫʙʴʝʚ ʛʨʝʡʬʝʨʘ (ʩʢʦʨʦʩʪʴ ʧʦ-

ʩʣʝʜʥʠʭ ʚʳʰʝ) ʦʪʢʣʦʥʷʶʪʩʷ ʚʝʨʰʠʥʘʤʠ ʥʘʟʘʜ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦ ʫʢʣʘʜʳʚʘʶʪʩʷ ʚʜʦʣʴ ʨʷʜʘ 

ʧʦʟʘʜʠ ʘʛʨʝʛʘʪʘ, ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʫʚʷʟʢʠ ʚ ʩʥʦʧʳ ʠ ʫʙʦʨʢʠ ʩʨʝʟʘʥʥʳʭ ʚʝʪ-

ʚʝʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʥʝʧʦʚʨʝʞʜʘʝʤʦʩʪʠ ʤʝʞʜʫʨʷʜʥʳʭ ʢʫʣʴʪʫʨ. 
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ʈʠʩ. 1. ʉʭʝʤʘ ʨʘʙʦʪʳ ʞʘʪʢʠ ɾʐ-ʂ ʚ ʰʠʨʦʢʦʨʷʜʥʳʭ ʧʣʘʥʪʘʮʠʷʭ ʰʝʣʢʦʚʠʮʳ 

ʇʨʠʤʝʥʝʥʠʝ ʢʘʢʠʭ-ʣʠʙʦ ʥʘʢʦʧʠʪʝʣʝʡ ʩʨʝʟʘʥʥʦʡ ʤʘʩʩʳ ʚ ʫʩʣʦʚʠʷʭ ʰʠʨʦʢʦʨʷʜʥʳʭ ʢʫ-

ʩʪʦʚʳʭ ʧʣʘʥʪʘʮʠʡ ʰʝʣʢʦʚʠʮʳ ʥʝʚʦʟʤʦʞʥʦ. ɹʦʣʴʰʘʷ ʜʣʠʥʘ ʚʝʪʚʝʡ ʠ ʥʘʣʠʯʠʝ ʤʝʞʜʫʨʷʜʥʳʭ 

ʢʫʣʴʪʫʨ ʥʝ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘʚʝʩʥʦʡ ʧʝʨʠʦʜʠʯʝʩʢʠ ʨʘʟʛʨʫʞʘʝʤʳʡ ʙʫʥʢʝʨ. ʇʨʠʤʝ-



ʥʝʥʠʝ ʧʨʠʮʝʧʥʳʭ ʩʝʨʠʡʥʳʭ ʪʨʘʢʪʦʨʥʳʭ ʪʝʣʝʞʝʢ ʪʘʢʞʝ ʟʘʪʨʫʜʥʝʥʦ ʚ ʩʚʷʟʠ ʩ ʠʭ ʥʝʜʦʩʪʘʪʦʯ-

ʥʦʡ ʝʤʢʦʩʪʴʶ ʧʦ ʦʙʝ̡ʤʫ ʠ ʤʘʩʩʝ ʧʨʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʜʣʠʥʝ ʛʦʥʦʚ ʧʣʘʥʪʘʮʠʡ. ʈʘʟʚʦʨʦʪ ʪʝʣʝ-

ʞʝʢ ʥʘ ʚʥʫʪʨʝʥʥʠʭ ʫʯʘʩʪʢʘʭ ʧʣʘʥʪʘʮʠʡ ʥʝʚʦʟʤʦʞʝʥ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʤʝʞʜʫʨʷʜʥʳʭ ʢʫʣʴʪʫʨ. 

ʇʨʠʚʦʜ ʞʘʪʢʠ ɾʐ-ʂ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ ʥʝʟʘʚʠʩʠʤʦʛʦ ʚʘʣʘ ʦʪʙʦʨʘ ʤʦʱʥʦʩʪʠ 1 (ʨʠʩ. 

2) ʪʨʘʢʪʦʨʘ ʊ-16ʄ. ʏʝʨʝʟ ʢʘʨʜʘʥʥʳʡ ʚʘʣ 2 ʚʨʘʱʝʥʠʝ ʦʪ ɺʆʄ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʢʦʥʠʯʝʩʢʠʡ ʨʝ-

ʜʫʢʪʦʨ 3, ʥʘ ʚʳʭʦʜʥʦʤ ʚʘʣʫ ʢʦʪʦʨʦʛʦ ʠʤʝʝʪʩʷ ʰʢʠʚ 4. ʈʝʜʫʢʪʦʨ 3 ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʩʢʦʨʦʩʪʝʡ 

ʥʘ ʚʭʦʜʥʦʤ ʠ ʚʳʭʦʜʥʦʤ ʚʘʣʘʭ 1:1 ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʦʚʦʨʦʪʘ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʥʘ 90
0
. 

ʉʦ ʰʢʠʚʘ 4 ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʤʥʷ 5 ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʜʘʯʘ ʥʘ ʰʢʠʚ 6. ʅʘʪʷʛʦʤ ʨʝʤʥʷ ʧʦʜʙʠ-

ʨʘʝʪʩʷ ʢʨʠʪʠʯʝʩʢʦʝ ʫʩʠʣʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʨʝʤʝʥʴ ʥʘʯʠʥʘʝʪ ʧʨʦʩʢʘʣʴʟʳʚʘʪʴ ʥʘ ʰʢʠʚʘʭ, ʯʪʦ 

ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʧʦʣʦʤʢʫ ʫʟʣʦʚ ʤʝʭʘʥʠʟʤʘ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʩʠʪʫʘʮʠʷʭ (ʚ ʩʣʫʯʘʝ ʟʘʢʣʠʥʠʚʘʥʠʷ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ). ʇʦʩʨʝʜʩʪʚʦʤ ʢʘʨʜʘʥʥʦʛʦ ʚʘʣʘ 7 ʚʨʘʱʝʥʠʝ ʩʦ ʰʢʠʚʘ 6 ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʢʦʥʠ-

ʯʝʩʢʠʡ ʨʝʜʫʢʪʦʨ 10 (ʩʦʦʪʥʦʰʝʥʠʝ 1:1), ʥʘ ʚʳʭʦʜʥʦʤ ʚʘʣʫ ʢʦʪʦʨʦʛʦ ʫʩʪʘʥʦʚʣʝʥ ʤʘʭʦʚʠʢ 11 ʩ 

ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ, ʧʨʝʦʙʨʘʟʫʶʱʠʤ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʚ ʚʦʟʚʨʘʪʥʦ-

ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ. ɼʚʠʞʝʥʠʝ ʰʘʪʫʥʘ 12 ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʢʦʨʦʤʳʩʣʦ 13, ʧʦʚʦʨʘʯʠʚʘʶʱʝʝ ʜʚʠʞʝ-

ʥʠʝ ʥʘ 90
0
 ʠ ʧʨʠʚʦʜʷʱʝʝ ʨʝʞʫʱʠʡ ʘʧʧʘʨʘʪ 14 ʚ ʜʚʠʞʝʥʠʝ. 
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ʈʠʩ. 2. ʉʭʝʤʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʞʘʪʢʠ ɾʐ-ʂ 

 

ʅʘ ʚʭʦʜʥʦʤ ʚʘʣʫ 8 ʟʘʢʨʝʧʣʝʥ ʰʢʠʚ 15, ʩ ʢʦʪʦʨʦʛʦ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʤʥʷ 16 ʦʩʫʱʝʩʪʚʣʷ-

ʝʪʩʷ ʧʝʨʝʜʘʯʘ ʥʘ ʰʢʠʚ 17 ʯʝʨʚʷʯʥʦʛʦ ʨʝʜʫʢʪʦʨʘ 18 (ʩʦʦʪʥʦʰʝʥʠʝ 1:12). ʅʘ ʚʳʭʦʜʥʦʤ ʚʘʣʫ 

ʨʝʜʫʢʪʦʨʘ ʫʩʪʘʥʦʚʣʝʥʘ ʟʚʝʟʜʦʯʢʘ 19, ʩ ʢʦʪʦʨʦʡ ʜʚʠʞʝʥʠʝ ʧʝʨʝʜʘʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʮʝʧʠ ʥʘ 

ʧʨʠʚʦʜʥʳʝ ʟʚʝʟʜʦʯʢʠ 20 ʠ 21 ʣʝʚʦʛʦ ʠ ʧʨʘʚʦʛʦ ʛʨʝʡʬʝʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ 

ʩʦʙʦʡ ʯʝʪʳʨʝʭʟʚʝʥʥʠʢʠ. ʅʘ ʚʝʜʦʤʳʭ ʟʚʝʥʴʷʭ 22 ʠ 23 ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʝʥʳ ʟʫʙʴʷ 24 ʠ 25, ʦʩʫ-

ʱʝʩʪʚʣʷʶʱʠʝ ʟʘʭʚʘʪ ʚʝʪʚʝʡ. 

ʅʘ ʚʭʦʜʥʦʤ ʚʘʣʫ ʯʝʨʚʷʯʥʦʛʦ ʨʝʜʫʢʪʦʨʘ 18 ʥʘʭʦʜʠʪʩʷ ʪʘʢʞʝ ʰʢʠʚ 26, ʩ ʢʦʪʦʨʦʛʦ ʧʦ-

ʩʨʝʜʩʪʚʦʤ ʨʝʤʥʷ 27 ʜʚʠʞʝʥʠʝ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʰʢʠʚ 28, ʟʘʢʨʝʧʣʝʥʥʳʡ ʥʘ ʚʘʣʫ ʙʘʨʘʙʘʥʘ 29. ɹʘ-

ʨʘʙʘʥ ʧʨʠʚʦʜʠʪ ʚ ʜʚʠʞʝʥʠʝ ʣʝʥʪʫ ʪʨʘʥʩʧʦʨʪʝʨʘ, ʥʘʪʷʥʫʪʫʶ ʤʝʞʜʫ ʙʘʨʘʙʘʥʦʤ ʠ ʩʚʦʙʦʜʥʦ 

ʚʨʘʱʘʶʱʠʤʩʷ ʨʦʣʠʢʦʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʨʝʞʫʱʝʛʦ ʘʧʧʘʨʘʪʘ. 



ʊʝʭʥʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʞʘʪʢʠ ɾʐ-ʂ 

ʐʠʨʠʥʘ ʟʘʭʚʘʪʘ, ʤ          0,9 

ʈʘʙʦʯʘʷ ʩʢʦʨʦʩʪʴ, ʢʤ/ʯ         1,38 

ʊʨʘʥʩʧʦʨʪʥʘʷ ʩʢʦʨʦʩʪʴ, ʢʤ/ʯ        10 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʛʘ/ʯ         0,5 

ɺʳʩʦʪʘ ʩʨʝʟʘ, ʤ          0,15-0,45 

ʊʦʣʱʠʥʘ, ʤʤ           ʜʦ 35 

ʄʘʩʩʘ (ʩ ʧʦʣʥʳʤ ʢʦʤʧʣʝʢʪʦʤ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ), ʢʛ     350 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʠʧʦʚ ʨʝʞʫʱʠʭ ʘʧʧʘʨʘʪʦʚ. ɿʘʛʦʪʦʚʢʘ ʢʦʨʤʘ ʰʝʣʢʦʧʨʷʜʫ 

- ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʪʨʫʜʦʝʤʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʰʝʣʢʦʚʦʜʩʪʚʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʤʘ-

ʣʳʭ ʩʨʝʜʩʪʚ ʤʝʭʘʥʠʟʘʮʠʠ: ʵʣʝʢʪʨʦʚʝʪʢʦʨʝʟʥʳʭ ʘʛʨʝʛʘʪʦʚ, ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʩʝʢʘʪʦʨʦʚ ʠ ʜʨ. ï 

ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʠʪʴ ʨʫʯʥʦʡ ʪʨʫʜ ʠ ʥʝ ʜʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

ʇʝʨʚʘʷ ʦʪʝʯʝʩʪʚʝʥʥʘʷ ʤʘʰʠʥʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʨʤʦʚʳʭ ʧʣʘʥʪʘ-

ʮʠʡ ʰʝʣʢʦʚʠʮʳ ʞʘʪʢʘ ɾʐ-1 ʠʤʝʝʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʧʦʟʚʦʣʠʣʠ ʚʥʝʜʨʠʪʴ ʝʝ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʦ. ʕʪʦ ʠ ʧʦʚʨʝʞʜʝʥʠʷ ʰʠʧʦʚ ʨʘʩʪʝʥʠʡ ʧʦʩʣʝ ʩʨʝʟʢʠ ʦʪ 27,0 ʜʦ 40,2%, ʧʦʪʝʨʷ ʚʝ-

ʛʝʪʘʪʠʚʥʦʡ ʤʘʩʩʳ ʦʪ 1,4 ʜʦ 10,0%, ʢʦʣʠʯʝʩʪʚʦ ʥʝʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʚʝʪʚʝʡ ʚ ʢʦʧʥʝ ʦʪ 17,0 ʜʦ 

35,5% ʠ ʨʷʜ ʜʨʫʛʠʭ, ʚ ʪ.ʯ. ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʦʡ ʤʘʰʠʥʳ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʜʚʘ ʪʠʧʘ ʨʝʞʫʱʝʛʦ ʘʧʧʘʨʘʪʘ - ʩʝʛ-

ʤʝʥʪʥʳʡ ʠ ʜʠʩʢʦʚʳʡ [5]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʧʠʣʳ (ʨʠʩ. 3), ʦʧʨʝʜʝʣʝ-

ʥʦ, ʯʪʦ ʢʘʯʝʩʪʚʦ ʩʨʝʟʘ ʚʝʨʚʝʡ ʫʭʫʜʰʘʝʪʩʷ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʦʣʱʠʥʳ ʩʪʨʫʞʢʠ, ʠ ʟʘʚʠʩʠʪ ʦʪ ʧʦ-

ʩʪʫʧʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʤʘʰʠʥʳ, ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʜʠʩʢʦʚʦʡ ʧʠʣʳ, ʦʪ ʢʦʣʠʯʝʩʪʚʘ 

ʟʫʙʴʝʚ, ʦʪ ʠʭ ʛʝʦʤʝʪʨʠʠ, ʠʟʥʦʰʝʥʥʦʩʪʠ ʠ ʜʨ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʣʝʜʫʶʱʝʡ ʵʤʧʠʨʠʯʝʩʢʦʡ 

ʬʦʨʤʫʣʦʡ, ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʙʨʘʙʦʪʢʠ ʢʨʠʚʳʭ ʛʨʘʬʠʢʘ ʨʠʩ. 3 

h=2hȚVʤ/(WȚZ),      (1) 

ʛʜʝ h ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʩʪʨʫʞʢʠ, ʤʤ; 

Vʤ ï ʧʦʩʪʫʧʘʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʤʘʰʠʥʳ, ʤ/ʩ; 

W ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʧʠʣʳ, 1/ʩ; 

Z ï ʯʠʩʣʦ ʟʫʙʴʝʚ ʬʨʝʟʳ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʟʫʙʴʝʚ ʪʦʣʱʠʥʘ ʩʪʨʫʞʢʠ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʣʶʙʦʡ ʫʛʣʦʚʦʡ ʩʢʦ-

ʨʦʩʪʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʩʨʝʟʘ, ʙʝʟ ʟʘʜʠʨʦʚ ʢʦʨʳ ʠ ʨʘʩʱʝʧʣʝʥʠʷ. ʇʦʵʪʦʤʫ 

ʧʨʠ ʪʘʢʦʤ ʩʧʦʩʦʙʝ ʩʨʝʟʘ ʚʝʪʚʝʡ (ʙʝʟ ʧʦʜʧʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ) ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʜʘʶʪ ʜʠʩʢʦ-

ʚʳʝ ʧʠʣʳ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʟʫʙʴʝʚ. ʇʨʠ ʵʪʦʤ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʩʪʫʧʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 

ʤʘʰʠʥʳ, ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʧʠʣʳ, ʪʦʣʱʠʥʘ ʩʪʨʫʞʢʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʦʧʦʨ-

ʮʠʦʥʘʣʴʥʦ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʥʝ ʩʥʠʟʠʪʴ ʢʘʯʝʩʪʚʦ ʨʝʟʘʥʠʷ ʚʝʪʦʢ ʥʝʦʙʭʦʜʠʤʦ 

ʫʚʝʣʠʯʠʚʘʪʴ ʠ ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ ʧʠʣʳ. ɼʦʧʫʩʪʠʤʦʝ ʢʘʯʝʩʪʚʦ ʩʨʝʟʘ ʚʝʪʚʝʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʧʨʠ ʩʢʦʨʦʩʪʠ ʘʛʨʝʛʘʪʘ ʜʦ 0,5 ʤ/ʩ ʠ ʧʨʠ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ ʧʠʣʳ 6000 ï 8000 ʦʙ/ʤʠʥ. ʇʨʠʤʝ-

ʥʝʥʠʝ ʪʘʢʦʛʦ ʪʠʧʘ ʨʝʞʫʱʠʭ ʘʧʧʘʨʘʪʦʚ ʚ ʵʣʝʢʪʨʠʬʠʮʠʨʦʚʘʥʥʳʭ ʠʣʠ ʤʦʪʦʨʠʟʦʚʘʥʥʳʭ ʨʫʯʥʳʭ 

ʚʝʪʢʦʨʝʟʘʭ ʚʧʦʣʥʝ ʦʧʨʘʚʜʘʥʦ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʩʨʝʟʘʥʠʠ ʦʪʜʝʣʴʥʳʭ ʢʫʣʘʢʦʚ ʪʦʣʱʠʥʦʡ ʜʦ 100 

ʤʤ. ʆʜʥʘʢʦ, ʦʙʝʩʧʝʯʝʥʠʝ ʪʘʢʠʭ ʩʢʦʨʦʩʪʝʡ ʚ ʤʦʙʠʣʴʥʦʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʤʘʰʠʥʝ ʩʦ-

ʧʨʷʞʝʥʦ ʩ ʪʝʭʥʠʯʝʩʢʠʤʠ ʪʨʫʜʥʦʩʪʷʤʠ: ʧʝʨʝʜʘʯʝʡ ʚʨʘʱʝʥʠʷ, ʦʙʝʩʧʝʯʝʥʠʝʤ ʟʘʱʠʪʳ ʬʨʝʟʳ ʦʪ 

ʧʦʣʦʤʦʢ ʧʨʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʘʛʨʝʛʘʪʘ, ʚʳʧʦʣʥʝʥʠʝʤ ʪʨʝʙʦʚʘʥʠʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ʕʪʦ ʫʩʣʦʞʥʷʝʪ ʢʦʥʩʪʨʫʢʮʠʶ ʠ ʩʥʠʞʘʝʪ ʝʝ ʥʘʜʝʞʥʦʩʪʴ. 

ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʨʝʞʫʱʝʛʦ ʘʧʧʘʨʘʪʘ ʩʝʛʤʝʥʪʥʦʛʦ ʪʠʧʘ, ʢʘʢ ʦʪʤʝʯʘʝʪʩʷ ʚ ʨʘʙʦʪʝ 

ʥʝʢʦʪʦʨʳʭ ʘʚʪʦʨʦʚ, (ɹ.ʌ. ʇʠʣʠʧʝʥʢʦ, ʅ.ʊ. ʅʠʯʠʧʦʨʝʥʢʦ, 1992, [2]), ʷʚʣʷʝʪʩʷ ʥʠʟʢʦʝ ʢʘʯʝʩʪʚʦ 

ʨʝʟʘʥʠʷ. 

 



 
ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʢʘʯʝʩʪʚʘ ʩʨʝʟʘ ʚʝʪʚʝʡ ʦʪ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʧʠʣʳ ʠ ʩʢʦʨʦʩʪʠ ʤʦʙʠʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ 

 

ʅʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʯʠʥʘʤʠ ʥʝʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʨʝʟʘ ʷʚʣʷʶʪʩʷ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ 

ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʘʛʨʝʛʘʪʘ ʧʝʨʝʤʝʱʝʥʠʶ ʥʦʞʝʡ ʠ ʤʝʭʘʥʠʟʤʘ ʟʘʭʚʘʪʘ ʚʝʪʚʝʡ, ʚʳʟʳʚʘʶʱʠʝ 

ʟʘʜʠʨʳ ʢʦʨʳ, ʟʘʜʝʚʘʥʠʝ ʰʠʧʦʚ ʟʘʱʠʪʥʳʤ ʢʦʞʫʭʦʤ ʘʧʧʘʨʘʪʘ ʧʦʩʣʝ ʩʨʝʟʢʠ, ʠʟʣʦʤʳ ʠ ʪʨʝʱʠ-

ʥʳ ʰʠʧʦʚ, ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʢʘʯʝʩʪʚʦ ʟʘʪʦʯʢʠ ʠ ʧʨʠʞʠʤ ʥʦʞʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʢʘʯʝʩʪʚʦ ʩʨʝʟʘ 

ʩʥʠʞʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʣʱʠʥʳ ʚʝʪʚʝʡ. 

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʧʨʠʯʠʥ ʥʝʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʨʝʟʘ, ʧʨʠʚʝʜʝʥʳ ʢ ʨʘʩʯʝʪʥʳʤ ʩʢʦʨʦʩʪʥʳʝ 

ʨʝʞʠʤʳ ʤʘʰʠʥʳ ʠ ʤʝʭʘʥʠʟʤʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʝʝ ʨʘʙʦʪʫ. ʆʧʪʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝ-

ʥʠʷ ʥʦʞʝʡ ʨʝʞʫʱʝʛʦ ʘʧʧʘʨʘʪʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʩʚʝʨʭʫ ʥʘʜ ʜʝʣʠʪʝʣʴʥʳʤʠ ʧʘʣʴʮʘʤʠ, ʠ 

ʥʘʢʣʦʥʝʥʥʦʛʦ ʚʧʝʨʝʜ ʧʦ ʭʦʜʫ ʜʚʠʞʝʥʠʷ ʘʛʨʝʛʘʪʘ ʥʘ 12 ʧʨʦʪʠʚʦʨʝʞʫʱʠʭ ʧʣʘʩʪʠʥ, ʩʦʩʪʘʚʠʣʘ 

1,3 ï 1,5ʤ/ʩ. ʅʦʞ ʩ ʟʘʱʠʪʥʳʤ ʢʦʞʫʭʦʤ ʫʩʪʘʥʦʚʣʝʥ - 15Á, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʟʘʜʝ-

ʚʘʥʠʝ ʰʠʧʦʚ, ʠʭ ʠʟʣʦʤʳ ʧʦʩʣʝ ʩʨʝʟʢʠ. 

ɼʣʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʫʢʣʘʜʢʠ ʚʝʪʚʝʡ ʥʘʡʜʝʥʘ ʦʧʪʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ 

ʧʣʘʥʦʢ ʪʨʘʥʩʧʦʨʪʝʨʘ ï ʥʘ 0,16 ʤ/ʩ ʤʝʥʴʰʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʟʫʙʴʝʚ ʟʘʭʚʘʪʳʚʘʶʱʝʛʦ 

ʤʝʭʘʥʠʟʤʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʥʦʚʦʡ ʦʧʳʪʥʦʡ ʤʘʰʠʥʳ 

ɾʐ ï ʂ ʥʘ ʰʠʨʦʢʦʨʷʜʥʳʭ ʧʣʘʥʪʘʮʠʷʭ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʚʝʜʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʢʦʥʩʪʨʫʢʮʠʠ 

ʠ ʨʝʞʠʤʘʭ ʤʘʰʠʥʳ ʧʦʟʚʦʣʷʶʪ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʩʨʝʟʘ ʩʚʳʰʝ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ. 

ʂʘʯʝʩʪʚʦ ʨʝʟʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʣʱʠʥʳ ʚʝʪʚʝʡ ʚʳʨʘʞʘʝʪʩʷ ʚʳʚʝʜʝʥʥʦʡ ʵʤʧʠʨʠʯʝʩʢʦʡ 

ʬʦʨʤʫʣʦʡ 

ʂ=0,12ɺ
2
 + 0,2ɺ,      (2) 

ʛʜʝ ʂ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ, %; 

ɺ ï ʪʦʣʱʠʥʘ ʩʨʝʟʘʝʤʳʭ ʚʝʪʚʝʡ, ʤʤ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʚʨʝʞʜʘʝʤʦʩʪʴ ʥʦʩʠʪ ʦʙʷʟʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʪʦʣʴʢʦ 

ʧʨʠ ʪʦʣʱʠʥʝ ʚʝʪʚʝʡ ʩʚʳʰʝ 30ʤʤ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʥʘ ʧʣʘʥʪʘʮʠʷʭ ʥʝ ʧʨʝʚʳʰʘʝʪ 3%. 

ɾʘʪʢʘ ɾʐ ï ʂ ʚ ʪʝʯʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʩʝʟʦʥʦʚ ʵʢʩʧʣʫʘʪʠʨʦʚʘʣʘʩʴ ʥʘ ʧʣʘʥʪʘʮʠʷʭ ʠ 

ʧʨʦʰʣʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʧʨʦʚʝʨʢʫ ʥʘ ʙʘʟʝ ʋʢʨʅʀʀ ʐʝʣʢʦʚʦʜʩʪʚʘ. ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʦʪ ʚʥʝʜʨʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 45 ʪʳʩ. ʨʫʙ. ʟʘ ʩʝʟʦʥ ʥʘ ʦʜʥʫ ʤʘʰʠʥʫ. 

ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʦʡ ʞʘʪʢʠ ʙʳʣʘ ʚʳʟʚʘʥʘ ʪʝʤ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʘʮʠʠ, 

(ʚ ʦʩʥʦʚʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ), ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʥʝʜʦʩʪʘʪʢʠ [2]. 

ʊʘʢ, ʩʦʪʨʫʜʥʠʢʠ ʋʢʨʘʠʥʩʢʦʡ ʦʧʳʪʥʦʡ ʩʪʘʥʮʠʠ ʰʝʣʢʦʚʦʜʩʪʚʘ ʧʨʦʚʝʣʠ ʠʩʧʳʪʘʥʠʝ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʙʦʪʳ ʞʘʪʢʠ ɾʐ-1 ʥʘ ʧʣʘʥʪʘʮʠʷʭ ʛʠʙʨʠʜʥʦʡ ʰʝʣʢʦʚʠʮʳ 5-7 ʣʝʪʥʝʛʦ ʚʦʟʨʘʩ-

ʪʘ ʚʦ ʚʨʝʤʷ ʚʝʩʝʥʥʝ-ʣʝʪʥʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʦʧʳʪʥʦʤ ʭʦʟʷʡʩʪʚʝ ʩʪʘʥʮʠʠ ʠ ʇʝʨʚʦʤʘʡʩʢʦʤ ʛʦʩ-



ʣʝʩʦʧʠʪʦʤʥʠʢʝ ɼʦʥʝʮʢʦʡ ʦʙʣʘʩʪʠ [3]. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʪʠʭ ʠʩʧʳʪʘʥʠʡ ʠ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳ-

ʪʘʥʠʡ, ʧʦʣʫʯʝʥʥʳʤʠ ʋʢʨʘʠʥʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʟʦʥʘʣʴʥʦʡ ʤʘʰʠʥʦʠʩʧʳʪʘʪʝʣʴʥʦʡ ʩʪʘʥ-

ʮʠʠ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʥʝʢʦʪʦʨʳʝ ʜʘʥʥʳʝ. ʇʦʚʨʝʞʜʝʥʠʝ ʰʠʧʦʚ ʨʘʩʪʝʥʠʡ ʧʦʩʣʝ ʩʨʝʟʢʠ ʦʪ 27,0 

ʜʦ 40,2%, ʧʦʪʝʨʷ ʚʝʛʝʪʘʪʠʚʥʦʡ ʤʘʩʩʳ ʦʪ 1,4 ʜʦ 10%, ʢʦʣʠʯʝʩʪʚʦ ʥʝʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʚʝʪʚʝʡ ʚ 

ʢʦʧʥʝ ʦʪ 17 ʜʦ 35,5%. ʂʦʣʠʯʝʩʪʚʦ ʧʦʚʨʝʞʜʝʥʠʡ, ʧʦ ʤʥʝʥʠʶ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʟʘʚʠʩʠʪ ʦʪ ʪʦʣ-

ʱʠʥʳ ʚʝʪʦʢ ʚ ʤʝʩʪʝ ʩʨʝʟʘ ʠ ʜʣʠʥʳ ʩʘʤʠʭ ʰʠʧʦʚ. 

ʂʨʦʤʝ ʥʝʜʦʩʪʘʪʢʦʚ ʵʪʦʡ ʤʘʰʠʥʳ, ʦʪʤʝʯʝʥʳ ʠ ʙʦʣʴʰʠʝ ʥʘʨʫʰʝʥʠʷ ʚ ʘʛʨʦʪʝʭʥʠʢʝ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʫʩʪʦʚ ʰʝʣʢʦʚʠʮʳ ʥʘ ʧʣʘʥʪʘʮʠʷʭ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʭʫʜʰʘʣʦ ʢʘʯʝʩʪʚʝʥʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʨʘʙʦʪʳ ʤʘʰʠʥʳ. 

ʅʦʚʘʷ ʞʘʪʢʘ ɾʐ-ʂ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʤʘʰʠʥʦʡ ɾʐ-1 ʧʦ ʩʚʦʠʤ ʪʝʭʥʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪ-

ʨʘʤ, ʦʪʚʝʯʘʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʦʠʟʚʦʜʩʪʚʘ. 
 

ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʠʩʪʦʯʥʠʢʠ 
1. ʇʝʪʨʦʚ, ɸ.ɺ. ɸʛʨʝʛʘʪʠʨʦʚʘʥʠʝ ʞʘʪʢʠ ɾʐï1 ʩ ʪʨʘʢʪʦʨʘʤʠ ʢʣʘʩʩʘ 14 ʢʅ / ɸ.ɺ. ʇʝʪʨʦʚ, ʖ.ɸ. ʊʝʨʝʭʦʚ 

// ʐʝʣʢ. ï 1990. - ˉ 2. ï ʉ. 9. 

2. ʇʠʣʠʧʝʥʢʦ, ɹ.ʌ. ʅʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʞʘʪʢʠ ɾʐï1 / ɹ.ʌ. ʇʠʣʠʧʝʥ-

ʢʦ, ʅ.ʊ. ʅʠʯʠʧʦʨʝʥʢʦ // ʐʝʣʢ. ï 1992. - ˉ 1. ï ʉ. 7ï8. 

3. ʆʧʘʥʘʩʝʥʢʦ, ʅ.ʌ. ʄʘʰʠʥʳ ʜʣʷ ʦʙʨʝʟʢʠ ʚʝʪʚʝʡ ʰʝʣʢʦʚʠʮʳ / ʅ.ʌ. ʆʧʘʥʘʩʝʥʢʦ // ʐʝʣʢ. ï 1992. - ˉ 6. 

ï ʉ. 5ï6. 

4. ɹʫʨʣʘʢʦʚ, ɺ.ʉ. ɾʘʪʢʘ ʰʝʣʢʦʚʠʮʳ ʜʣʷ ʢʫʩʪʦʚʳʭ ʧʣʘʥʪʘʮʠʡ / ɺ.ʉ. ɹʫʨʣʘʢʦʚ, ɸ.ʉ. ɹʫʨʣʘʢʦʚ // ʐʝʣʢ. ï 

1993. - ˉ 6. ï ʉ. 3. 

5. ɹʫʨʣʘʢʦʚ, ɺ.ʉ. ʂ ʚʦʧʨʦʩʫ ʟʘʛʦʪʦʚʢʠ ʢʦʨʤʘ ʜʣʷ ʪʫʪʦʚʦʛʦ ʰʝʣʢʦʧʨʷʜʘ / ɺ.ʉ. ɹʫʨʣʘʢʦʚ // ʅʘʫʯʥʳʡ 

ʩʙʦʨʥʠʢ ï çʐʝʣʢʦʚʦʜʩʪʚʦè. ï 2003. ̄  24. ï ʍʘʨʴʢʦʚ. ï ʂʣʫʙ çɻʘʨʤʦʥʠʷè - ʉ. 128 ï 131. 

 

References 
1. Petrov, A. Unitized ZHSH header - 1 with tractors of 14 kN / ɸ. Petrov, Y. Terekhov // Silk. ï 1990. - ˉ 2. 

- P. 9. 

2. Pilipenko, B. Some results of the study of quality of work ZHSH header - 1 / B. Pilipenko, N. Nichiporenko 

// Silk. ï 1992. - ˉ 1. - P. 7-8 . 

3. Opanasenko, N. Machines for pruning mulberry / N. Opanasenko // Silk. ï 1992. - ˉ 6. - P. 5-6. 

4. Burlakov, V. Maize mulberry bush for plantations / V. Burlakov, A. Burlakov // Silk. ï 1993. - ˉ 6. - P.3. 

5. Burlakov, V. On the question of the blank feed silkworms / V. Burlakov // Scientific publication - "Silk-

worm". ï 2003. - ˉ 24. - Kharkiv. - Club "Harmony" - P. 128-131. 

 
ʉʚʝʜʝʥʠʷ ʦʙ ʘʚʪʦʨʘʭ 

ɹʫʨʣʘʢʦʚ ɺʣʘʜʠʤʠʨ ʉʝʨʛʝʝʚʠʯ, ʜʦʢʪʦʨ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʵʣʝʢʪʨʦʦʙʦʨʫ-

ʜʦʚʘʥʠʷ ʠ ʵʣʝʢʪʨʦʪʝʭʥʦʣʦʛʠʡ ʚ ɸʇʂ, ʪʝʣ.(4722) 39-14-20, elapk@mail.ru. 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʠ ʪʝʭʥʦʣʦʛʠʷ ʥʦʚʦʛʦ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦ-

ʮʝʩʩʘ ʟʘʛʦʪʦʚʢʠ ʢʦʨʤʘ ʜʣʷ ʚʳʢʦʨʤʢʠ ʰʝʣʢʦʧʨʷʜʘ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʪʝʭʥʦʣʦʛʠʠ, ʪʝʭʥʠʢʠ ʠ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʧʳʪʘʥʠʡ ʞʘʪʢʠ ɾʐ-ʂ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʨʤ, ʧʣʘʥʪʘʮʠʷ, ʪʝʭʥʦʣʦʛʠʷ, ʞʘʪʢʘ, ʚʝʪʚʠ, ʰʝʣʢʦʚʠʮʘ, ʩʨʝʟʘʥʠʝ, ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʴ, ʢʘʯʝʩʪʚʦ, ʤʦʙʠʣʴʥʳʡ ʘʛʨʝʛʘʪ, ʤʝʪʘʣʣʦʝʤʢʦʩʪʴ, ʨʝʞʫʱʠʝ ʘʧʧʘʨʘʪʳ, ʪʨʘʥʩʧʦʨʪʝʨ, ʨʝʜʫʢʪʦʨ. 

 

Information about authors 

V.S. Burlakov, Ph.D., professor of electrical and electrotechnology in AIC, tel. 39-14-20, elapk@mail.ru 

EXPEREMINTAL SDUDIES OF PROCUREMENT PROCES FEED SILKWORMS USING A 

NEW MACHINE  

Abstract. The paper presents the hardware and the new technology of mechanized harvesting forage for Rear-

ing silkworm, technological research and test results in production. 

Keywords: food, plantation, technology, reaper, branches, mulberry, productivity, quality, mobile unit, of 

metal, cutting machines, conveyor gear, reduction. 

 

mailto:elapk@mail.ru
mailto:elapk@mail.ru


ʋɼʂ 631.361.24 

 

ɸ.ʊ. ʃʝʙʝʜʝʚ, ɺ.ɺ. ʆʯʠʥʩʢʠʡ, ʈ.ʈ. ʀʩʢʝʥʜʝʨʦʚ 

 

ʅɸʋʏʅʆ-ʇʈɸʂʊʀʏɽʉʂʀɽ ɸʉʇɽʂʊʓ ʀɿʄɽʃʔʏɽʅʀʗ  

ɿɽʈʅʆɺʓʍ ʄɸʊɽʈʀɸʃʆɺ 

 

ʉʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʴʰʠʤ ʤʥʦʛʦʦʙʨʘʟʠʝʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ (ʊʇ), ʪʘʢʠʭ ʢʘʢ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝ, ʩʤʝʰʠʚʘʥʠʝ, ʜʦʟʠʨʦʚʘʥʠʝ ʠ 

ʜʨʫʛʠʝ. ʉʦʛʣʘʩʥʦ [1], ʩʫʱʝʩʪʚʫʝʪ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʦʩʥʦʚʥʳʭ ʊʇ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ, ʢʦʪʦʨʘʷ ʥʘʩʯʠʪʳʚʘʝʪ 40 ʊʇ ʚ ʘʚʪʦʨʩʢʦʡ ʨʝʜʘʢʮʠʠ. ɸʥʘʣʠʟ ʪʘʢʦʛʦ 

ʤʥʦʛʦʦʙʨʘʟʠʷ ʊʇ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʨʷʜ ʫʩʣʦʚʥʦ ʙʦʣʝʝ 

ʧʨʦʩʪʳʭ ʠ ʯʘʩʪʠʯʥʦ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʚ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʊʇ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʨʷʜ ʊʇ ʚ 

ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʩʭʦʜʩʪʚʦ ʤʝʞʜʫ ʩʦʙʦʡ, ʥʦ ʨʝʘʣʠʟʦʚʘʥʳ 

ʥʘ ʧʨʘʢʪʠʢʝ ʧʦ-ʨʘʟʥʦʤʫ. ʕʪʦ ʥʘʢʣʘʜʳʚʘʝʪ ʩʫʙʲʝʢʪʠʚʥʳʝ ʧʨʝʜʧʦʩʳʣʢʠ ʚ ʨʝʰʝʥʠʠ ʚʦʧʨʦʩʘ 

ʨʝʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʥʘʨʷʜʫ ʩ ʙʦʣʴʰʠʤ ʪʠʧʘʞʦʤ ʩʘʤʠʭ ʤʘʰʠʥ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʠ 

ʙʦʣʴʰʦʝ ʤʥʦʛʦʦʙʨʘʟʠʝ ʧʦʜʭʦʜʦʚ, ʢʘʢ ʢ ʨʝʘʣʠʟʘʮʠʠ ʩʘʤʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʨʦʜʫʢʮʠʠ, ʪʘʢ ʠ ʢ ʘʧʧʘʨʘʪʫʨʥʦʤʫ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʤʫ ʠʩʧʦʣʥʝʥʠʶ ʤʘʰʠʥ ʜʣʷ ʝʝ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʩʘʤʠ ʧʦʜʭʦʜʳ ʥʦʩʷʪ ʟʘʯʘʩʪʫʶ ʧʨʦʪʠʚʦʨʝʯʠʚʳʡ ʭʘʨʘʢʪʝʨ. ʕʪʦ 

ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʩʣʝʜʫʶʱʠʭ ʧʨʠʯʠʥ [2]: 

- ʦʪʩʫʪʩʪʚʫʶʪ ʦʙʦʙʱʘʶʱʠʝ ʢʨʠʪʝʨʠʠ ʠ ʧʦʜʭʦʜʳ ʢ ʛʣʘʚʥʦʤʫ ʥʘʟʥʘʯʝʥʠʶ ʊʇ ʧʨʠ ʝʛʦ 

ʨʝʘʣʠʟʘʮʠʠ; 

- ʧʨʝʜʣʘʛʘʝʤʳʝ ʩʭʝʤʳ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʊʇ ʦʩʥʦʚʘʥʳ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ 

ʘʥʘʣʦʛʠʡ ʠ ʧʨʠʤʝʥʝʥʠʷ ʤʘʰʠʥ ʠʟ ʜʨʫʛʠʭ ʊʇ; 

- ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʚʩʢʨʳʪʳ ʛʣʘʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʊʇ ʠʣʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʥʦʚʳʭ 

ʟʥʘʥʠʡ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʝʛʦ ʚʳʧʦʣʥʝʥʠʷ; 

- ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʦʚʝʡʰʠʝ ʨʘʟʨʘʙʦʪʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʬʠʟʠʢʝ, ʭʠʤʠʠ, 

ʪʨʠʙʦʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ, ʪʨʠʙʦʪʝʭʥʠʢʝ, ʥʘʥʦʪʝʭʥʠʢʝ ʠ ʜʨʫʛʠʭ ʥʦʚʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʥʘʫʢʠ, ʘ 

ʪʘʢʞʝ ʠ ʩʘʤʠ ʤʘʪʝʨʠʘʣʳ, ʤʘʰʠʥʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʊʇ ʚ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. 

ʀʩʭʦʜʷ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚʳʰʝ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʠʚ ʘʥʘʣʠʟ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ 

ʧʦʜʭʦʜʦʚ ʢ ʫʢʘʟʘʥʥʦʡ ʧʨʦʙʣʝʤʝ ʠ ʩʧʦʩʦʙʘʤ ʝʝ ʨʝʰʝʥʠʷ, ʧʨʝʜʣʦʞʝʥʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʊʇ ʦʙʲʝʜʠʥʠʪʴ ʚ 5 ʛʨʫʧʧ ʠ ʧʨʝʜʩʪʘʚʠʪʴ ʢʣʶʯʝʚʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. ɺʳʜʝʣʝʥʠʝ 

ʊʇ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʛʨʫʧʧʫ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤʫ ʧʨʠʟʥʘʢʫ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʧʨʠʟʥʘʢ (ʠʣʠ ʥʘʟʥʘʯʝʥʠʝ) ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʠ ʦʧʨʝʜʝʣʷʶʱʠʤ 

ʧʘʨʘʤʝʪʨʦʤ, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤʦ ʜʦʩʪʠʯʴ ʠʣʠ ʧʦʣʫʯʠʪʴ ʚ ʢʦʥʮʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ [2]. 

ʂ ʦʩʥʦʚʥʳʤ ʦʪʥʝʩʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʨʦʮʝʩʩʳ: ʨʘʟʜʝʣʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʣʠ 

ʩʨʝʜʳ ʥʘ ʯʘʩʪʠ; ʩʦʟʜʘʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʫʧʣʦʪʥʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ; ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ 

ʩʦʟʜʘʥʠʷ ʟʘʜʘʥʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʤʘʪʝʨʠʘʣʦʚ; ʚʳʜʝʣʝʥʠʷ ʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʠʟ ʠʩʭʦʜʥʦʛʦ; ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ (ʧʝʨʝʤʝʱʝʥʠʝ) ʤʘʪʝʨʠʘʣʘ ʠʟ ʦʜʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚ ʜʨʫʛʦʝ ʩ 

ʟʘʜʘʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʩʨʝʜʠ ʚʩʝʭ ʢʣʶʯʝʚʳʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ 

ʧʨʦʮʝʩʩ ʨʘʟʜʝʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʥʘ ʯʘʩʪʠ. ʊʨʫʜʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʣʶʙʦʡ ʠʟ ʚʩʝʭ 40 ʊʇ ʙʝʟ ʵʪʦʛʦ 

ʢʣʶʯʝʚʦʛʦ ʧʨʦʮʝʩʩʘ, ʛʜʝ ʙʳ ʥʠ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʦʪʜʝʣʝʥʠʝ ʯʘʩʪʝʡ ʠʣʠ ʜʝʣʝʥʠʝ ʥʘ ʯʘʩʪʠ 

ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʆʩʥʦʚʥʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1. 

ʇʦʜʨʝʟʘʥʠʝ ʧʣʘʩʪʘ (ʧʨʠ ʚʩʧʘʰʢʝ), ʩʦʨʥʷʢʦʚ (ʧʨʠ ʢʫʣʴʪʠʚʘʮʠʠ), ʧʝʨʝʨʝʟʘʥʠʝ ʩʪʝʙʣʝʡ 

ʦʜʥʦʢʨʘʪʥʦʝ (ʧʨʠ ʩʢʘʰʠʚʘʥʠʠ) ʠ ʤʥʦʛʦʢʨʘʪʥʦʝ (ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ), ʨʝʟʘʥʠʝ ʤʘʪʝʨʠʘʣʘ ʠ 

ʜʨʫʛʠʝ ʧʨʦʮʝʩʩʳ ʩʦʩʪʘʚʣʷʶʪ ʦʩʥʦʚʫ ʠ ʷʚʣʷʶʪʩʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ ʵʪʦʛʦ ʧʝʨʚʦʛʦ ʢʣʶʯʝʚʦʛʦ 

ʧʨʦʮʝʩʩʘ. ɻʣʘʚʥʦʡ ʦʧʨʝʜʝʣʷʶʱʝʡ ʟʘʜʘʯʝʡ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʨʘʟʜʝʣʠʪʴ ʠʩʭʦʜʥʳʡ 

ʤʘʪʝʨʠʘʣ ʥʘ ʟʘʜʘʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʪʝʡ [2]. 

 



 
ʈʠʩ.1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ (ʘ) ʠ ʧʨʠʤʝʨʳ (ʙ) ʢʣʶʯʝʚʦʛʦ ʧʨʦʮʝʩʩʘ çʨʘʟʜʝʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʥʘ ʯʘʩʪʠè 

ʍʦʪʷ ʛʣʘʚʥʘʷ ʟʘʜʘʯʘ ʵʪʦʛʦ ʢʣʶʯʝʚʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʷʚʣʷʝʪʩʷ ʦʙʱʝʡ ʜʣʷ ʝʛʦ 

ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ, ʥʦ ʨʝʰʘʝʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ ʦʥʘ ʧʦ-ʨʘʟʥʦʤʫ. ʕʪʦ ʧʦʩʣʫʞʠʣʦ ʧʨʠʯʠʥʦʡ 

ʧʦʷʚʣʝʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʩʣʫʯʘʷ ʥʝ ʪʦʣʴʢʦ ʙʦʣʴʰʦʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ ʨʘʙʦʯʠʭ 

ʤʘʰʠʥ, ʥʦ ʠ ʩʦʟʜʘʥʠʷ ʜʣʷ ʥʠʭ ʥʦʚʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, ʢʦʪʦʨʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʩʪʫʧʘʶʪ 

ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʦʙʨʘʙʘʪʳʚʘʝʤʳʤ ʤʘʪʝʨʠʘʣʦʤ ʠ ʠʤʝʥʥʦ ʦʥʠ ʬʦʨʤʠʨʫʶʪ ʢʦʥʝʯʥʳʡ 

ʨʝʟʫʣʴʪʘʪ ʧʨʦʮʝʩʩʘ. ʅʘʢʦʧʣʝʥʥʳʡ ʤʥʦʛʦʚʝʢʦʚʦʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʦʧʳʪ ʠ ʦʩʥʦʚʥʳʝ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʟʝʤʣʝʜʝʣʴʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʧʨʝʜʦʧʨʝʜʝʣʠʣʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚ 

ʩʦʟʜʘʥʠʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʜʣʷ ʵʪʦʡ ʛʨʫʧʧʳ: ʚ ʚʠʜʝ ʣʝʟʚʠʡ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, 

ʨʘʟʜʝʣʝʥʠʷ ʫʜʘʨʦʤ ʟʝʨʥʦʚʳʭ, ʚ ʬʦʨʤʝ ʢʣʠʥʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʦʧʝʨʘʮʠʷʭ ʧʦʯʚʦʦʙʨʘʙʦʪʢʠ ʠ 

ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ. ʊʘʢʠʝ ʬʦʨʤʳ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. 

ʀʟʤʝʣʴʯʝʥʠʝ, ʢʘʢ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʨʘʟʜʝʣʝʥʠʷ ï ʦʜʠʥ ʠʟ ʤʥʦʞʝʩʪʚʘ ʊʇ, 

ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʥʦ ʵʪʦ ʥʝ ʦʪʤʝʥʷʝʪ ʝʛʦ ʚʘʞʥʦʩʪʠ. ʊʘʢʦʡ ʩʧʦʩʦʙ ʷʚʣʷʝʪʩʷ 

ʩʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʠ ʥʝʟʘʤʝʥʠʤʳʤ ʚ ʤʝʭʘʥʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʢʦʨʤʦʚ ʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʪʨʝʙʦʚʘʥʠʷʤʠ ʬʠʟʠʦʣʦʛʠʠ ʢʦʨʤʣʝʥʠʷ ʞʠʚʦʪʥʳʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʠʟʤʝʣʴʯʝʥʠʷ ʢʦʨʤʦʚ ʦʙʨʘʟʫʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʯʘʩʪʠʮ ʩ ʚʳʩʦʢʦʨʘʟʚʠʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʢʦʨʝʥʠʶ ʧʨʦʮʝʩʩʦʚ ʧʠʱʝʚʘʨʝʥʠʷ ʠ ʧʦʚʳʰʘʝʪ ʫʩʚʦʷʝʤʦʩʪʴ ʧʠʪʘʪʝʣʴʥʳʭ 

ʚʝʱʝʩʪʚ [3]. 

ɺ ʦʙʱʝʤ, ʧʨʦʮʝʩʩ ʠʟʤʝʣʴʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʦʚ 

ʯʘʩʪʠʮ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʜʦ ʪʨʝʙʫʝʤʳʭ ʨʘʟʤʝʨʦʚ ʧʫʪʝʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʆʩʥʦʚʥʳʤʠ 

ʢʨʠʪʝʨʠʷʤʠ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʶʪʩʷ: ʫʜʝʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʨʘʙʦʯʠʡ 

ʦʨʛʘʥ ʠʟʤʝʣʴʯʘʶʱʝʡ ʤʘʰʠʥʳ, ʫʜʝʣʴʥʘʷ ʵʥʝʨʛʦʝʤʢʦʩʪʴ, ʩʪʝʧʝʥʴ ʠʟʤʝʣʴʯʝʥʠʷ. ʅʘʠʙʦʣʝʝ 

ʚʘʞʥʦʡ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʩʪʝʧʝʥʴ ʠʟʤʝʣʴʯʝʥʠʷ. ʆʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʥʦʰʝʥʠʝʤ ʨʘʟʤʝʨʦʚ 

ʢʫʩʢʦʚ ʜʦ ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʧʦʩʣʝ ʠʟʤʝʣʴʯʝʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ 

ʠʟʤʝʣʴʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ [4] ʥʘ ʥʝʩʢʦʣʴʢʦ ʢʣʘʩʩʦʚ (ʪʘʙʣ. 1). 
ʊʘʙʣʠʮʘ 1. ʋʩʣʦʚʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʂʣʘʩʩ ʠʟʤʝʣʴʯʝʥʠʷ 
ʈʘʟʤʝʨ, ʤʤ 

ʜʦ ʠʟʤʝʣʴʯʝʥʠʷ ʧʦʩʣʝ ʠʟʤʝʣʴʯʝʥʠʷ 

ɼʨʦʙʣʝʥʠʝ        ʢʨʫʧʥʦʝ 

ʩʨʝʜʥʝʝ 

ʤʝʣʢʦʝ 

1000 

250 

20 

250 

20 
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ʇʦʤʦʣ                ʛʨʫʙʳʡ 

ʩʨʝʜʥʠʡ 

ʪʦʥʢʠʡ 

ʢʦʣʣʦʠʜʥʳʡ 

1-5 

0,1-0,04 

0,1-0,04 

ʤʝʥʴʰʝ 0,1 

0,1-0,04 

0,005-0,015 

0,001-0,005 

ʤʝʥʴʰʝ 0,001 
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ʂʨʫʧʥʦʝ, ʩʨʝʜʥʝʝ ʠ ʤʝʣʢʦʝ ʜʨʦʙʣʝʥʠʝ ʪʚʝʨʜʳʭ ʠ ʭʨʫʧʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʘʟʜʘʚʣʠʚʘʥʠʝʤ, ʫʜʘʨʦʤ ʠ ʨʘʩʢʘʣʳʚʘʥʠʝʤ. ʊʚʝʨʜʳʝ ʠ ʚʷʟʢʠʝ ʤʘʪʝʨʠʘʣʳ ʚ 

ʦʩʥʦʚʥʦʤ ʨʘʟʨʫʰʘʶʪʩʷ ʨʘʟʜʘʚʣʠʚʘʥʠʝʤ ʠ ʠʩʪʠʨʘʥʠʝʤ, ʥʦ ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝ 

ʧʝʨʝʠʟʤʝʣʴʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʊʦʥʢʦʝ ʠ ʩʚʝʨʭʪʦʥʢʦʝ ʠʟʤʝʣʴʯʝʥʠʝ (ʧʦʤʦʣ) ʧʨʦʚʦʜʷʪ ʚ ʦʩʥʦʚʥʦʤ ʚ ʚʦʜʝ ʠʣʠ ʜʨʫʛʠʭ 

ʞʠʜʢʦʩʪʷʭ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʧʳʣʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʘʛʣʦʤʝʨʠʨʦʚʘʥʠʷ ʫʞʝ ʧʦʣʫʯʝʥʥʳʭ 

ʩʚʝʨʭʪʦʥʢʠʭ ʯʘʩʪʠʮ. ʇʨʠ ʵʪʦʤ ʜʨʦʙʣʝʥʠʝ ʠ ʠʟʤʝʣʴʯʝʥʠʝ ʷʚʣʷʶʪʩʷ ʜʦʚʦʣʴʥʦ ʵʥʝʨʛʦʝʤʢʠʤʠ 

ʧʨʦʮʝʩʩʘʤʠ. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʧʦʩʦʙʦʚ ʨʘʟʨʫʰʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ [5] ʠ ʥʦʚʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʨʘʟʜʝʣʝʥʠʠ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʯʘʩʪʠ, ʚʦʟʜʝʡʩʪʚʠʝ ʩʦ ʩʪʦʨʦʥʳ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ ʠʟʤʝʣʴʯʠʪʝʣʝʡ ʦʨʛʘʥʠʟʫʝʪʩʷ ʧʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʘ ʨʠʩ. 2 ʩʭʝʤʘʤ ʠ ʠʭ ʢʦʤʙʠʥʘʮʠʷʤ. 

 
ʘ - ʨʘʟʜʘʚʣʠʚʘʥʠʝ; ʙ - ʨʘʩʢʘʣʳʚʘʥʠʝ; ʚ - ʨʘʟʣʘʤʳʚʘʥʠʝ; ʛ - ʨʝʟʘʥʠʝ; ʜ - ʨʘʩʧʠʣʠʚʘʥʠʝ; ʝ - ʠʩʪʠʨʘʥʠʝ; 

ʞ - ʩʪʝʩʥʝʥʥʳʡ ʫʜʘʨ; ʟ - ʩʚʦʙʦʜʥʳʡ ʫʜʘʨ; ʠ ï ʩʜʚʠʛ; ʢ ï ʠʟʛʠʙ; ʣ ï ʨʘʩʪʷʞʝʥʠʝ 

ʈʠʩ. 2. ʉʧʦʩʦʙʳ ʨʘʟʨʫʰʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ 

 

ʇʨʠ ʨʘʟʜʘʚʣʠʚʘʥʠʠ (ʨʠʩ. 2, ʘ) ʪʝʣʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʘʛʨʫʟʢʠ ʜʝʬʦʨʤʠʨʫʝʪʩʷ ʧʦ ʚʩʝʤʫ 

ʦʙʲʝʤʫ ʠ, ʢʦʛʜʘ ʚʥʫʪʨʝʥʥʝʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʥʝʤ ʧʨʝʚʳʩʠʪ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʩʞʘʪʠʶ, 

ʨʘʟʨʫʰʘʝʪʩʷ. ʈʘʟʜʝʣʝʥʠʝ ʨʘʩʢʘʣʳʚʘʥʠʝʤ (ʨʠʩ. 2, ʙ) ʧʨʦʠʩʭʦʜʠʪ ʚ ʤʝʩʪʘʭ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʥʘʠʙʦʣʴʰʠʭ ʥʘʛʨʫʟʦʢ, ʧʝʨʝʜʘʚʘʝʤʳʭ ʢʣʠʥʦʦʙʨʘʟʥʳʤʠ ʨʘʙʦʯʠʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʘ 

ʨʘʟʣʘʤʳʚʘʥʠʝ (ʨʠʩ. 2, ʚ) ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʜʝʡʩʪʚʠʝʤ ʠʟʛʠʙʘʶʱʠʭ ʩʠʣ. ɺ ʩʣʫʯʘʝ ʨʝʟʘʥʠʷ (ʨʠʩ. 

2, ʛ) ʠ ʨʘʩʧʠʣʠʚʘʥʠʷ (ʨʠʩ. 2, ʜ) ʪʝʣʦ ʜʝʣʠʪʩʷ ʥʘ ʯʘʩʪʠ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʭ ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤʳ. 

ʍʦʨʦʰʠʤ ʧʨʠʤʝʨʦʤ ʢʦʤʙʠʥʘʮʠʠ ʥʝʩʢʦʣʴʢʠʭ ʩʧʦʩʦʙʦʚ ʨʘʟʨʫʰʝʥʠʷ ʷʚʣʷʝʪʩʷ ʠʩʪʠʨʘʥʠʝ (ʨʠʩ. 

2, ʝ), ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʪʝʨʠʘʣ ʠʟʤʝʣʴʯʘʝʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʞʠʤʘʶʱʠʭ, ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʠ 

ʩʨʝʟʘʶʱʠʭ ʩʠʣ. 

ʅʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʧʦʩʦʙ ʚʦʟʜʝʡʩʪʚʠʷ (ʨʠʩ. 2, ʣ), ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʨʘʩʪʷʞʝʥʠʝʤ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʩʠʣʘ ʩʦʟʜʘʝʪ ʥʘʧʨʷʞʝʥʠʝ ʚ ʤʘʪʝʨʠʘʣʝ ʠ ʚʳʟʳʚʘʝʪ ʝʛʦ ʫʜʣʠʥʝʥʠʝ ʠ, ʢʦʛʜʘ 

ʥʘʧʨʷʞʝʥʠʝ ʧʨʝʚʳʩʠʪ ʧʨʦʯʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʜʝʣʝʥʠʝ. ɺ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ 

ʩʧʦʩʦʙʝ, ʧʨʝʜʣʦʞʝʥʥʦʤ ʥʘʤʠ, ʤʘʪʝʨʠʘʣ ʟʘʞʠʤʘʝʪʩʷ ʜʚʫʤʷ ʵʣʝʤʝʥʪʘʤʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 

ʚʳʧʦʣʥʝʥʥʳʭ ʩ ʟʘʦʩʪʨʝʥʠʷʤʠ ʠ ʨʘʩʪʷʛʠʚʘʝʪʩʷ ʜʦ ʨʘʟʜʝʣʝʥʠʷ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʧʨʘʚʳʡ ʠ 



ʣʝʚʳʡ ʟʘʞʠʤʳ ʚʨʘʱʘʶʪʩʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʩʪʦʨʦʥʳ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʜʦʙʘʚʣʷʶʪʩʷ 

ʚʦʟʜʝʡʩʪʚʠʷ ʩʠʣʳ ʩʨʝʟʘ, ʨʘʩʢʘʣʳʚʘʥʠʷ ʠ ʠʩʪʠʨʘʥʠʷ. 

ʉʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʨʘʟʜʝʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʥʘ ʯʘʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ 

ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʷʚʣʷʝʪʩʷ ʫʜʘʨ (ʨʠʩ. 2, ʞ, ʟ), ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʪʝʣʦ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ 

ʯʘʩʪʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʜʠʥʘʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ. ʇʨʠ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʥʘʛʨʫʟʢʝ ʧʦʣʫʯʘʝʪʩʷ 

ʵʬʬʝʢʪ, ʧʦʜʦʙʥʳʡ ʪʦʤʫ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʨʘʩʢʘʣʳʚʘʥʠʠ, ʘ ʧʨʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʥʘʛʨʫʟʢʠ 

ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ ʵʬʬʝʢʪ ʨʘʟʨʫʰʝʥʠʷ ʘʥʘʣʦʛʠʯʝʥ ʨʘʟʜʘʚʣʠʚʘʥʠʶ. 

ʉʪʦʠʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʘʢʠʝ ʩʧʦʩʦʙʳ ʢʘʢ ʠʟʛʠʙ (ʨʠʩ. 2, ʢ) ʠ ʩʜʚʠʛ (ʨʠʩ. 2, ʠ), 

ʢʦʪʦʨʳʝ ʦʩʥʦʚʘʥʳ ʥʘ ʵʬʬʝʢʪʝ ʥʝʦʙʨʘʪʠʤʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʧʦʵʪʦʤʫ ʧʨʦʮʝʩʩ ʨʘʟʨʫʰʝʥʠʷ 

ʘʥʘʣʦʛʠʯʝʥ ʨʘʩʪʷʞʝʥʠʶ ʠ ʦʩʥʦʚʘʥ ʥʘ ʧʨʝʜʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ ʨʘʟʜʝʣʷʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ 

ʨʘʩʪʷʞʝʥʠʝ, ʠʟʛʠʙ ʠ ʩʜʚʠʛ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʝʜʝʣʴʥʘʷ ʧʨʦʯʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʝʛʦ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ 

ʤʝʪʘʣʣʦʚ, ʩʚʠʥʝʮ ʠʤʝʝʪ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ 18 ʄʇʘ ʩ ʧʨʝʜʝʣʦʤ ʪʝʢʫʯʝʩʪʠ 0,006 ʄʇʘ ʠ 

ʫʜʣʠʥʝʥʠʝʤ 30%, ʘ ʩʪʘʣʴ 20 - ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ 410 ʄʇʘ ʧʨʠ ʧʨʝʜʝʣʝ ʪʝʢʫʯʝʩʪʠ 295 ʄʇʘ ʩ 

ʫʜʣʠʥʝʥʠʝʤ ʜʦ ʨʘʟʨʳʚʘ 35%. ʇʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʢʫʢʫʨʫʟʳ, ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʨʘʟʨʫʰʘʶʱʝʝ 

ʢʦʥʪʘʢʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 14,1é19,7 ʄʇʘ, ʤʥʦʛʦʢʨʘʪʥʦ ʩʦʫʜʘʨʷʷ ʝʝ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ. 

ʅʝʤʘʣʦʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʥʝ ʪʦʣʴʢʦ ʩʧʦʩʦʙ ʨʘʟʨʫʰʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʥʦ ʠ 

ʦʨʠʝʥʪʘʮʠʷ ʠʟʤʝʣʴʯʘʝʤʳʭ ʯʘʩʪʠʮ. ʇʦ ʜʘʥʥʳʤ [3], ʫʩʠʣʠʝ ʜʦ ʨʘʟʨʫʰʝʥʠʷ ʟʝʨʥʦʚʢʠ ʷʯʤʝʥʷ 

ʚʣʘʞʥʦʩʪʴʶ 15,10% ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʩʠʣʳ ʧʦ ʜʣʠʥʥʦʡ ʦʩʠ ʚ 1,5 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʧʦ 

ʢʦʨʦʪʢʦʡ ʦʩʠ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʩʪʝʧʝʥʠ ʠʟʤʝʣʴʯʝʥʠʷ ʚ ʤʦʣʦʪʢʦʚʦʡ 

ʜʨʦʙʠʣʢʝ, ʥʝʦʙʭʦʜʠʤʦ 30é40 ʫʜʘʨʦʚ ʟʝʨʥʦʚʢʠ ʦ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ʩʦ ʩʢʦʨʦʩʪʴʶ 40é45ʤ/ʩ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘ ʵʬʬʝʢʪ ʠʟʤʝʣʴʯʝʥʠʷ ʚʣʠʷʝʪ ʚʠʜ ʠʟʤʝʣʴʯʘʝʤʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʩ ʧʨʠʩʫʱʠʤʠ ʝʤʫ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʨʘʟʨʫʰʘʶʱʝʝ ʢʦʥʪʘʢʪʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʤʦʛʘʝʪ ʚʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʨʘʟʜʝʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʠ 

ʪʠʧ ʠʟʤʝʣʴʯʠʪʝʣʷ, ʛʜʝ ʵʪʦʪ ʩʧʦʩʦʙ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ (ʨʠʩ. 3). ʇʨʠ ʵʪʦʤ 

ʵʬʬʝʢʪ ʠʟʤʝʣʴʯʝʥʠʷ ʥʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥ ʢʦʤʧʣʝʢʩʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ, ʢʦʪʦʨʳʡ ʫʯʠʪʳʚʘʝʪ ʩʪʝʧʝʥʴ 

ʠʟʤʝʣʴʯʝʥʠʷ, ʧʦʢʘʟʘʪʝʣʴ ʬʘʢʪʠʯʝʩʢʦʡ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʠ ʫʜʝʣʴʥʫʶ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ. 

 

 
 

ʈʠʩ. 3. ʉʭʝʤʘ ʚʣʠʷʥʠʷ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʵʬʬʝʢʪ ʠʟʤʝʣʴʯʝʥʠʷ 

̏ͺͺ͔ͭ͟ ͙͔ͣ͘͡Έ;͔͙ͤΎ 

ˮ͔ͣ͘͡Έ;͔͊ͣ·͚ 

͔͙ͣ͊ͭͪ͊͡ 

˿ͨͦͫͦ͋ ͔͔͙ͪ͊͒ͤ͘͡Ύ 

͔͙ͣ͊ͭͪ͊͊͡ ͤ͊ ;͙͊ͫͭ 

˾͊ͪͯ͘΄͊Ό΅͔͔ 

͔ͦͤͭ͊ͭͤͦ͟͟ 

ͤ͊ͨͪΎ͔͙͔͗ͤ 

͙́ͨ ͙͔ͣ͘͡Έ;͙͔ͭ͡Ύ 

˸͔ͻ͙͊ͤ;͔͙͔ͫ͟ ͍͚͍ͫͦͫͭ͊ 

͔͙ͣ͊ͭͪ͊͊͡ 

- ͍ ͙͔͊ͣͤͦ͘ ͙ͨͪͭΎ͔͙͔͗ͤ 

;͙͊ͫͭͼΤ 

 - ͪ ͔͊ͫ͊͟͡ͼ͙Ύ ͤ͊ͨͪΎ͔͙͚͗ͤΤ 

- ͨ ͦͯ͘͡;͔ͫͭΈΤ 

- ͯ ͎ͦ͡ ͔͔͍͔͎ͫͭͫͭͤͤͦͦ ͦͭͦͫ͊͟Τ 

- ͙ ͔ͫͭ;͔͙͔ͤ ͙ ͒ͪΦ 

͙͙̅͘;͔͙͔ͫ͟ ͍͚͍ͫͦͫͭ͊ 

͔͙ͣ͊ͭͪ͊͊͡ 

- ͍ ͊͗ͤͦͫͭ͡ΈΤ 

- ͪ ͔͊ͣͪͤ͘·͔ ͒͊ͤͤ·͔Τ 

- ͍ ͎ͦ͒ͦͨͦ͊͡΅͔͊ͣͦͫͭΈΤ 

- ͭ ͔͔ͨͦͣͦͫͭ͟͡ΈΤ 

- ͍ Ύͦͫͭ͘͟ΈΤ 

- ͨ ͙ͦͪͫͭͦͫͭΈΤ 

- ͦ ͋Ά͔ͣͤ͊Ύ ͣ͊ͫͫ͊ ͙ ͒ͪΦ 

͔͔ͫͭͨͤΈ ͙͔ͣ͘͡Έ;͔͙ͤΎ ˂ 
͔ͯ͒͡Έͤ͊Ύ Ή͔͎͔ͤͪͦͣͦͫͭ͟Έ 

ͨͪͦͼ͔ͫͫ͊ ̏ͯ͒ 

͔ͨͦ͊͊ͭ͘͟͡Έ ͺ͙͊ͭ͟;͔͚ͫͦ͟ 

͔ͪͯ͘͡Έ͙͍͙ͭ͊ͭͤͦͫͭ ͨͪͦͼ͔ͫͫ͊ ̅ͪ 



ʅʝʜʦʩʪʘʪʢʠ ʩʦʚʨʝʤʝʥʥʳʭ ʠʟʤʝʣʴʯʠʪʝʣʝʡ ʚʠʜʥʳ ʥʘ ʧʨʠʤʝʨʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʙʦʪʳ 

ʤʦʣʦʪʢʦʚʳʭ ʜʨʦʙʠʣʦʢ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʉʇʂ ʢʦʣʭʦʟ-ʧʣʝʤʟʘʚʦʜ çʂʘʟʴʤʠʥʩʢʠʡè 

ʉʪʘʚʨʦʧʦʣʴʩʢʦʛʦ ʢʨʘʷ [6]. 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʳʪʦʚ ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʯʪʦ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʚ ʧʝʨʚʳʡ ʧʝʨʠʦʜ ʨʘʙʦʪʳ 

ʜʨʦʙʠʣʢʠ ʩʦʩʪʘʚʣʷʣ 1,72 ʤʤ. ʕʪʦ ʟʥʘʯʝʥʠʝ ʥʘʭʦʜʠʪʩʷ ʥʠʞʝ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʢʨʫʧʥʦʛʦ 

ʧʦʤʦʣʘ (ʄ = 1,8...2,6), ʪ.ʝ. ʚ ʧʦʣʫʯʝʥʥʦʡ ʜʝʨʪʠ ʩʦʜʝʨʞʘʣʦʩʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʣʢʠʭ 

ʯʘʩʪʠʮ. ɺ ʧʦʩʣʝʜʫʶʱʠʡ ʧʝʨʠʦʜ ʨʘʙʦʪʳ ʜʨʦʙʠʣʢʠ ʤʦʜʫʣʴ ʧʦʤʦʣʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʪʨʝʙʫʝʤʳʤ 

ʟʥʘʯʝʥʠʷʤ, ʥʦ ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʣʘʩʴ ʪʝʥʜʝʥʮʠʷ ʫʚʝʣʠʯʝʥʠʷ ʢʨʫʧʥʦʩʪʠ ʯʘʩʪʠʮ ʚ 

ʠʟʤʝʣʴʯʝʥʥʦʤ ʤʘʪʝʨʠʘʣʝ. 

ɽʩʣʠ ʚ ʥʘʯʘʣʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʝʨʝʤʦʣʦʪ ʩʦʩʪʘʚʣʷʣ 42,4%, ʘ ʥʝʜʦʤʦʣʦʪ 15,2%, ʪʦ ʚ 

ʢʦʥʮʝ ʥʘʙʣʶʜʝʥʠʡ 26,2% ʠ 26,8%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʘ ʪʝʥʜʝʥʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʧʦ 

ʬʨʘʢʮʠʷʤ ʦʙʲʷʩʥʷʝʪʩʷ ʠʟʥʦʩʦʤ ʤʦʣʦʪʢʦʚ ʠ ʨʝʰʝʪ ʜʨʦʙʠʣʢʠ. 

ɿʘ ʧʝʨʠʦʜ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʢʦʣʠʯʝʩʪʚʦ ʠʟʤʝʣʴʯʝʥʥʦʡ ʤʘʩʩʳ, ʦʪʚʝʯʘʶʱʝʡ 

ʪʨʝʙʫʝʤʳʤ ʟʥʘʯʝʥʠʷʤ ʢʨʫʧʥʦʩʪʠ ʧʦʤʦʣʘ, ʥʝ ʧʨʝʚʳʰʘʣʦ 47%. ʀ ʭʦʪʷ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ 

ʥʘʭʦʜʠʣʩʷ ʚ ʟʘʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʬʘʢʪʠʯʝʩʢʠ ʣʠʰʴ ʧʦʣʦʚʠʥʘ ʧʨʠʛʦʪʦʚʣʝʥʥʦʡ ʢʦʨʤʦʚʦʡ 

ʩʤʝʩʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʟʦʦʪʝʭʥʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ. ʇʨʠ ʵʪʦʤ, ʥʝʜʦʤʦʣʦʪ ʤʦʞʥʦ ʧʦʚʪʦʨʥʦ 

ʧʦʜʚʝʨʛʥʫʪʴ ʠʟʤʝʣʴʯʝʥʠʶ, ʥʦ ʵʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʦʙʲʝʤʦʤ ʨʘʙʦʪ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ.  

ʇʝʨʝʤʦʣʦʪ ʩʦʩʪʘʚʠʣ ʚ ʩʨʝʜʥʝʤ 34% ʟʘ ʚʝʩʴ ʵʢʩʧʝʨʠʤʝʥʪ, ʠʟ ʥʝʛʦ 18é24% ʵʪʦ ʯʘʩʪʠʮʳ 

ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 0,5 ʤʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʝʥʝʝ 0,25 ʤʤ - 7é11%, ʢʦʪʦʨʳʝ ʧʨʠʙʣʠʞʘʶʪʩʷ ʧʦ 

ʨʘʟʤʝʨʘʤ ʢ ʧʳʣʠ ʠ ʤʫʢʝ (ʨʠʩ. 4). 

 
ʈʠʩ. 4. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʠʭ ʜʠʘʤʝʪʨʘ ʦʪʚʝʨʩʪʠʷʤ ʩʠʪ. 

 

ʏʪʦʙʳ ʦʮʝʥʠʪʴ ʥʝʜʦʧʫʩʪʠʤʦʩʪʴ ʵʪʠʭ ʧʦʪʝʨʴ ʚ ʚʠʜʝ ʧʝʨʝʤʦʣʦʪʘ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʟʝʨʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ 

ʉʪʘʚʨʦʧʦʣʴʩʢʦʛʦ ʬʠʣʠʘʣʘ ʌɻɹʋ ʈʦʩʉʝʣʴʍʦʟʅʘʜʟʦʨʘ çʌʝʜʝʨʘʣʴʥʦʛʦ ʮʝʥʪʨʘ ʦʮʝʥʢʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʟʝʨʥʘ ʠ ʧʨʦʜʫʢʪʦʚ ʝʛʦ ʧʝʨʝʨʘʙʦʪʢʠè. 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʦʪʦʙʨʘʥʳ 2 ʧʨʦʙʳ: ʮʝʣʴʥʳʝ ʟʝʨʥʘ ʧʰʝʥʠʮʳ ʠ 

ʧʨʦʙʘ ʧʝʨʝʤʦʣʦʪʘ ʯʘʩʪʠʮ ʵʪʦʡ ʞʝ ʧʰʝʥʠʮʳ ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 0,5 ʤʤ, ʢʘʞʜʘʷ ʧʨʦʙʘ ʤʘʩʩʦʡ 2 

ʢʛ. ʇʦʢʘʟʘʪʝʣʴ ʚʣʘʞʥʦʩʪʠ ʥʘʭʦʜʠʣʩʷ ʚ ʜʦʧʫʩʪʠʤʳʭ ʧʨʝʜʝʣʘʭ, ʜʦ 15% ʠ ʧʦʩʣʝ ʠʟʤʝʣʴʯʝʥʠʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʣʩʷ. ʊʘʢ ʜʣʷ ʮʝʣʴʥʦʡ ʧʰʝʥʠʮʳ ʦʥ ʨʘʚʝʥ 10,8 % , ʘ ʜʣʷ ʝʝ ʧʝʨʝʤʦʣʦʪʘ 

ʩʦʩʪʘʚʠʣ 10,4 %, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʟʝʨʥʘ ʩ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ 



ʠʟʤʝʣʴʯʠʪʝʣʷ. ɿʦʣʴʥʦʩʪʴ ʮʝʣʴʥʦʛʦ ʟʝʨʥʘ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʧʨʠʥʷʪʳʭ ʥʦʨʤ 1,44 - 2,10 % ʠ 

ʩʦʩʪʘʚʣʷʝʪ 1,73%, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʭʦʨʦʰʝʤ ʢʘʯʝʩʪʚʝ ʠʩʧʳʪʫʝʤʦʡ ʧʨʦʜʫʢʮʠʠ. ɿʦʣʴʥʦʩʪʴ 

ʧʝʨʝʤʦʣʦʪʘ ʩʦʩʪʘʚʠʣʘ 2,53 %, ʪʦ ʝʩʪʴ ʚ 1,5 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʮʝʣʴʥʦʛʦ ʟʝʨʥʘ, ʧʦʵʪʦʤʫ ʠ 

ʧʦʢʘʟʘʪʝʣʠ ʧʠʪʘʪʝʣʴʥʦʩʪʠ ʵʪʦʡ ʤʘʩʩʳ ʪʘʢʞʝ ʚʳʰʝ (ʨʠʩ. 5). 

 
ʈʠʩ. 5. ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʨʘʟʣʠʯʥʳʭ ʬʨʘʢʮʠʷʭ ʧʰʝʥʠʮʳ. 

 

ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʧʨʦʪʝʠʥʘ ʚ ʮʝʣʴʥʦʤ ʟʝʨʥʝ ʨʘʚʥʘ 12,42%, ʘ ʚ 

ʧʝʨʝʤʦʣʦʪʝ 14,08%, ʯʪʦ ʥʘ 12% ʧʨʦʮʝʥʪʦʚ ʙʦʣʴʰʝ. ʂʦʣʠʯʝʩʪʚʦ ʢʣʝʪʯʘʪʢʠ ʚ ʟʝʨʥʝ 3,44% ʠ 

6,17% ʚ ʧʝʨʝʤʦʣʦʪʝ, ʯʪʦ ʥʘ 44% ʧʨʝʚʳʰʘʝʪ ʠʩʭʦʜʥʳʡ. ʉʦʜʝʨʞʘʥʠʝ ʞʠʨʘ ʚ ʮʝʣʴʥʦʤ ʟʝʨʥʝ 

ʧʰʝʥʠʮʳ ʩʦʩʪʘʚʠʣʦ 2,02%, ʚ ʧʝʨʝʤʦʣʦʪʝ ʥʘ 42% ʚʳʰʝ, ʠ ʩʦʩʪʘʚʠʣʦ 3,44%. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦ ʧʦʣʝʟʥʦʩʪʠ ʠ ʧʠʪʘʪʝʣʴʥʦʩʪʠ, ʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʧʦ ʩʦʜʝʨʞʘʥʠʶ 

ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʚʝʱʝʩʪʚ ʧʝʨʝʤʦʣʦʪ ʥʝ ʫʩʪʫʧʘʝʪ ʮʝʣʴʥʦʡ ʧʰʝʥʠʮʝ, ʘ ʩʦʜʝʨʞʠʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʙʦʣʴʰʝʝ ʠʭ ʢʦʣʠʯʝʩʪʚʦ. ʇʦʵʪʦʤʫ ʚ ʨʝʘʣʴʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʟʥʘʯʠʪʝʣʴʥʦ 

ʚʦʟʨʘʩʪʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʭʨʘʥʝʥʠʷ ʧʝʨʝʤʦʣʦʪʘ, ʩʦʩʪʦʷʱʝʛʦ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʧʳʣʝʚʠʜʥʳʭ 

ʯʘʩʪʠʮ. ʅʦ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʩʢʘʨʤʣʠʚʘʥʠʝ ʞʠʚʦʪʥʳʤ ʫʚʝʣʠʯʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʤʝʣʢʦʠʟʤʝʣʴʯʝʥʥʳʭ ʟʝʨʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʠʭ ʟʜʦʨʦʚʴʝ. ʂ 

ʧʨʠʤʝʨʫ [7], ʥʝʜʦʩʪʘʪʦʢ ʚ ʧʠʱʝ ʢʣʝʪʯʘʪʢʠ ʫ ʂʈʉ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʨʘʟʚʠʪʠʷ 

ʘʮʠʜʦʟʘ, ʘ ʧʝʨʝʠʟʙʳʪʦʢ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠ ʢʦʨʤʣʝʥʠʝ ʧʝʨʝʤʦʣʦʪʦʤ ʧʨʠʚʦʜʠʪ ʫ ʧʪʠʮ ʢ 

ʨʘʟʣʠʯʥʳʤ ʬʦʨʤʘʤ ʘʚʠʪʘʤʠʥʦʟʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʦʣʴʢʦ ʢʦʥʪʨʦʣʴ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʢʦʨʤʦʚ 

ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʧʦʣʥʦʮʝʥʥʳʡ ʨʘʮʠʦʥ ʞʠʚʦʪʥʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤʠ 

ʥʦʨʤʘʤʠ. 

ʊʘʢ ʢʘʢ ʧʝʨʝʤʦʣʦʪ ʩʦʩʪʦʠʪ ʠʟ ʤʝʣʴʯʘʡʰʠʭ ʯʘʩʪʠʮ ʩʨʘʚʥʠʤʳʭ ʧʦ ʨʘʟʤʝʨʫ ʩ ʧʳʣʴʶ, 

ʥʝʚʦʟʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ ʝʛʦ ʠʩʯʝʟʥʦʚʝʥʠʝ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʦʩʘʜʢʫ ʥʘ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ʠ 

ʜʨʫʛʠʝ ʧʦʪʝʨʠ, ʥʝ ʛʦʚʦʨʷ ʦ ʪʦʤ, ʯʪʦ ʦʥ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʘʥ ʚ ʧʠʱʫ ʞʠʚʦʪʥʳʤ ʠʟ-ʟʘ ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʠʷ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ. ʅʘʧʨʠʤʝʨ, ʧʦ [5] ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʢʦʤʙʠʢʦʨʤʦʚ ʜʣʷ ʧʪʠʮ ʨʘʚʝʥ 

1,8 - 2,6ʤʤ. ʇʦʵʪʦʤʫ ʧʝʨʝʤʦʣʦʪ ʬʘʢʪʠʯʝʩʢʠ ʧʨʠʨʘʚʥʠʚʘʝʪʩʷ ʢ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤʫ ʙʨʘʢʫ, 

ʥʝʛʦʜʥʦʤʫ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʧʨʦʜʫʢʪʫ, ʚ ʪʘʢʦʤ ʚʠʜʝ, ʠʣʠ 

ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʝʛʦ ʩʦʩʪʦʷʥʠʷ ʟʘ ʩʯʝʪ ʩʚʷʟʳʚʘʥʠʷ ʤʝʞʜʫ ʩʦʙʦʡ 

ʧʳʣʝʚʠʜʥʳʭ ʯʘʩʪʠʮ. 

ɸʥʘʣʠʟ, ʧʨʦʚʝʜʝʥʥʳʡ ʥʘʤʠ, ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʧʦʪʝʨʶ 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʞʠʚʦʪʥʳʭ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʥʦ ʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʘʩʩʳ 

ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʧʝʨʝʤʦʣʦʪʘ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ. ʂʨʦʤʝ ʪʦʛʦ, 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, ʧʝʨʝʛʨʫʟʢʠ ʠ ʨʘʟʜʘʯʠ ʢʦʨʤʦʩʤʝʩʝʡ ʧʨʠʚʦʜʷʪ ʥʝ 

ʪʦʣʴʢʦ ʢ ʧʦʪʝʨʷʤ ʤʘʩʩʳ ʢʦʨʤʘ, ʩʥʠʞʝʥʠʶ ʝʛʦ ʧʠʪʘʪʝʣʴʥʦʡ ʮʝʥʥʦʩʪʠ, ʥʦ ʠ ʢ ʩʥʠʞʝʥʠʶ 

ʩʫʪʦʯʥʳʭ ʧʨʠʚʝʩʦʚ ʠ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ. 

ɹʦʣʝʝ ʥʘʛʣʷʜʥʦ ʵʬʬʝʢʪ ʨʘʙʦʪʳ ʤʦʣʦʪʢʦʚʳʭ ʜʨʦʙʠʣʦʢ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦʢʘʟʘʪʝʣʝʤ 

ʬʘʢʪʠʯʝʩʢʦʡ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʌʨi [2], ʢʦʪʦʨʳʡ ʧʦʢʘʟʳʚʘʝʪ, ʩʢʦʣʴʢʦ ʧʨʠʭʦʜʠʪʩʷ ʥʘʜʝʞʥʳʭ 

ʧʨʠʤʝʥʝʥʠʡ ʦʙʲʝʢʪʘ ʥʘ ʢʘʞʜʦʝ ʥʝʥʘʜʝʞʥʦʝ: 



i

i

piʌ
W

Y
= ,      (1) 

ʛʜʝ Yi ï ʧʦʢʘʟʘʪʝʣʴ ʥʘʜʝʞʥʦʩʪʠ ʧʨʦʮʝʩʩʘ; 

ɋi ï ʧʦʢʘʟʘʪʝʣʴ ʥʝʥʘʜʝʞʥʦʩʪʠ ʧʨʦʮʝʩʩʘ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʢʘʢ 

ɋi = 1 - Yi        (2) 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʝʩʪʠ ʦʮʝʥʢʫ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʚ 

ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʝ [6], ʛʜʝ ʟʘ ʧʦʢʘʟʘʪʝʣʴ ʥʘʜʝʞʥʦʩʪʠ Yi ʧʨʦʮʝʩʩʘ ʜʨʦʙʣʝʥʠʷ ʧʨʠʥʠʤʘʝʤ 

ʦʪʥʦʰʝʥʠʝ ʤʘʩʩʳ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʟʘʜʘʥʥʳʤ ʨʘʟʤʝʨʘʤ ʯʘʩʪʠʮ 

ʧʨʠ ʢʨʫʧʥʦʤ ʧʦʤʦʣʝ, ʢ ʦʙʱʝʡ ʤʘʩʩʝ ʦʪʙʠʨʘʝʤʳʭ ʥʘʚʝʩʦʢ. 

ɿʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʥʘʜʝʞʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚʳʰʝ 

ʧʨʠʤʝʨʘ ʟʘ ʚʨʝʤʷ ʨʘʙʦʪʳ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʠʣ Yi = 0,45. ʊʦʛʜʘ ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʳ (1) ʟʥʘʯʝʥʠʝ 

ʬʘʢʪʠʯʝʩʢʦʡ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʩʦʩʪʘʚʠʪ ʌʨi = 0,82. 

ʀʩʧʦʣʴʟʫʷ ʥʦʚʳʡ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʣʶʯʝʚʳʭ ʧʨʦʮʝʩʩʦʚ ʠ 

ʠʭ ʦʮʝʥʢʝ, ʧʦʣʫʯʠʤ, ʯʪʦ ʠʟ 1500 ʪ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʪʦʣʴʢʦ 675 ʪ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʪʨʝʙʫʝʤʳʤ ʟʥʘʯʝʥʠʷʤ ʢʨʫʧʥʦʩʪʠ ʧʦʤʦʣʘ, ʘ 300 ʪ ʷʚʣʷʶʪʩʷ ʥʝʜʦʤʦʣʦʪʦʤ ʠ 525 ʪ 

ʧʝʨʝʤʦʣʦʪʦʤ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ 

ʤʦʣʦʪʢʦʚʳʭ ʜʨʦʙʠʣʦʢ. 

ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ ʠʟʤʝʣʴʯʝʥʠʝ ʢʣʶʯʝʚʦʡ ʧʨʦʮʝʩʩ ʨʘʟʜʝʣʝʥʠʷ, ʘ ʝʛʦ ʮʝʣʝʚʳʤ 

ʥʘʟʥʘʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʯʘʩʪʠʮ ʩ ʟʘʜʘʥʥʳʤ ʨʘʟʤʝʨʦʤ. ʆʜʥʘʢʦ ʚ ʤʦʣʦʪʢʦʚʳʭ 

ʜʨʦʙʠʣʢʘʭ ʠ ʜʨʫʛʠʭ ʩʦʚʨʝʤʝʥʥʳʭ ʠʟʤʝʣʴʯʠʪʝʣʷʭ ʦʙʨʘʟʦʚʘʥʠʝ ʵʪʠʭ ʯʘʩʪʠʮ ʧʨʦʠʩʭʦʜʠʪ 

ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ, ʘ ʩʘʤ ʧʨʦʮʝʩʩ ʠʟʤʝʣʴʯʝʥʠʷ ʠʤʝʝʪ ʩʣʦʞʥʳʡ ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʭʘʨʘʢʪʝʨ, 

ʢʦʪʦʨʳʤ ʜʦʚʦʣʴʥʦ ʪʨʫʜʥʦ ʫʧʨʘʚʣʷʪʴ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʦʤʫ ʢʦʣʠʯʝʩʪʚʫ 

ʧʝʨʝʤʦʣʦʪʘ ʠ ʥʝʜʦʤʦʣʦʪʘ. ʋʤʝʥʴʰʝʥʠʝ ʧʝʨʝʤʦʣʦʪʘ ʠ ʩʚʝʜʝʥʠʝ ʧʳʣʝʚʠʜʥʦʡ ʬʨʘʢʮʠʠ ʢ 

ʤʠʥʠʤʫʤʫ, ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʥʘʫʯʥʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʚ ʧʨʦʮʝʩʩʝ 

ʠʟʤʝʣʴʯʝʥʠʷ ʢʦʨʤʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʧʦʣʥʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʯʝʨʢʠʚʘʶʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʨʘʟʜʝʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ 

ʠʭ ʩ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʤʠ. ʅʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʘʷ ʤʦʜʝʨʥʠʟʘʮʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʨʘʟʨʘʙʦʪʢʘ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟʤʝʣʴʯʠʪʝʣʝʡ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʨʘʟʜʝʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʫʚʝʣʠʯʠʪʴ ʧʨʦʮʝʥʪ ʧʦʣʫʯʝʥʠʷ ʯʘʩʪʠʮ ʟʘʜʘʥʥʦʛʦ ʨʘʟʤʝʨʘ, ʧʦʥʠʟʠʪʴ 

ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʥʘ ʠʟʤʝʣʴʯʝʥʠʝ, ʧʦʟʚʦʣʠʪ ʩʚʝʩʪʠ ʢ ʤʠʥʠʤʫʤʫ ʧʝʨʝʤʦʣʦʪ ʠ ʥʝʜʦʤʦʣʦʪ, 

ʫʧʦʨʷʜʦʯʠʪʴ ʧʨʦʮʝʩʩ ʠ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʷʪʴ ʠʤ. 
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features working bodies acting on the material. 
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ɺ.ɺ. ʉʘʬʦʥʦʚ, ʉ.ɸ. ʐʠʰʫʨʠʥ, ɺ.ʉ. ʉʸʤʦʯʢʠʥ 

 

ʅɸʅʆʄʆɼʀʌʀʎʀʈʆɺɸʅʅʓɽ ʍʀʄʀʏɽʉʂʀɽ ʇʆʂʈʓʊʀʗ  

ʉ ʋʃʋʏʐɽʅʅʓʄʀ ʌʀɿʀʂʆ-ʄɽʍɸʅʀʏɽʉʂʀʄʀ ʉɺʆʁʉʊɺɸʄʀ 

 

ɺʦʧʨʦʩ ʫʧʨʦʯʥʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʥʦʰʝʥʥʳʭ ʜʝʪʘʣʝʡ ʤʥʦʛʠʝ ʛʦʜʳ ʥʝ ʪʝʨʷʝʪ 

ʩʚʦʝʡ ʘʢʪʫʘʣʴʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʫʪʸʤ ʩʥʠʞʝʥʠʷ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʠ ʧʦʚʳ-

ʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʨʝʤʦʥʪʘ ʤʘʰʠʥ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʥʦʰʝʥʥʳʭ ʜʝʪʘʣʝʡ ʧʨʠʤʝʥʷʶʪ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ: ʩʚʘʨʢʫ ʠ 

ʥʘʧʣʘʚʢʫ, ʛʘʟʦʪʝʨʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʥʘʧʳʣʝʥʠʷ, ʛʘʣʴʚʘʥʠʯʝʩʢʦʝ ʥʘʨʘʱʠʚʘʥʠʝ, ʧʣʘʩʪʠʯʝʩʢʫʶ 

ʜʝʬʦʨʤʘʮʠʶ ʠ ʜʨ. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʫʧʨʦʯʥʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʤʘ-

ʰʠʥ, ʷʚʣʷʶʪʩʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʧʦʢʨʳʪʠʷ (ʭʠʤʠʯʝʩʢʘʷ ʤʝʪʘʣʣʠʟʘʮʠʷ).  

ʄʝʪʦʜ ʭʠʤʠʯʝʩʢʦʡ ʤʝʪʘʣʣʠʟʘʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʦʢʨʳʪʠʷ ʧʦ-

ʣʫʯʘʶʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʦʥʦʚ ʤʝʪʘʣʣʘ ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʚʦʩ-

ʩʪʘʥʦʚʠʪʝʣʴ. ɺ ʨʘʩʪʚʦʨ ʜʦʙʘʚʣʷʶʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʦʛʦ ʧʦʨʦʰʢʘ 

ʤʝʪʘʣʣʘ, ʧʨʠʜʘʶʱʝʛʦ ʧʦʢʨʳʪʠʶ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ: ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʪʚʝʨʜʦʩʪʴ, ʩʧʦ-

ʩʦʙʥʦʩʪʴ ʢ ʫʜʝʨʞʠʚʘʥʠʶ ʩʤʘʟʢʠ, ʧʦʚʳʰʝʥʥʫʶ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʠ ʪ.ʜ. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʦʤʧʦʟʠʮʠʦʥʥʦʝ ʭʠʤʠʯʝʩʢʦʝ ʧʦʢʨʳʪʠʝ (ʂʍʇ) ʥʘ ʦʩʥʦ-

ʚʝ ʥʠʢʝʣʷ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʂʍʇ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʷ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʨʘʚʥʦʤʝʨ-

ʥʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɹʣʘʛʦʜʘʨʷ ʥʠʟʢʦʡ ʧʦʨʠʩʪʦʩʪʠ ʪʘʢʠʝ ʧʦʢʨʳʪʠʷ ʦʙʣʘ-

ʜʘʶʪ ʚʳʩʦʢʦʡ ʟʘʱʠʪʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʯʪʦ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʪʝʭʥʦʣʦʛʠʡ ʧʦʣʫʯʝʥʠʷ ʪʘʢʠʭ ʧʦʢʨʳʪʠʡ ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ ʜʠʩ-

ʧʝʨʩʥʦʩʪʴ ʧʨʠʤʝʥʷʝʤʳʭ ʯʘʩʪʠʮ (ʦʪ 200 ʥʤ ʠ ʙʦʣʝʝ), ʦʙʣʘʜʘʶʱʠʭ ʥʠʟʢʦʡ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʚ ʨʘʩʪʚʦʨʘʭ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʷʚʠʣʠʩʴ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʯʘʩʪʠʮ ʥʘʥʦʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦ-

ʥʘ. ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ  ʧʦʟʚʦʣʠʣ 

ʚʳʙʨʘʪʴ ʤʝʪʦʜ ʧʣʘʟʤʝʥʥʦʡ ʧʝʨʝʢʦʥʜʝʥʩʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʣʫʯʘʪʴ ʜʠʩʧʝʨʩʥʳʝ ʧʦʨʦʰʢʠ 

ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ ʨʘʟʤʝʨʦʤ ʦʪ 10 ʜʦ 30 ʥʤ. ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʘʨʝʥʠʠ ʢʨʫʧ-

ʥʦʜʠʩʧʝʨʩʥʦʛʦ ʧʦʨʦʰʢʘ (ʩʳʨʴʷ) ʚ ʧʣʘʟʤʝʥʥʦʤ ʧʦʪʦʢʝ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 5000é6000 
0
ʉ ʠ ʢʦʥ-

ʜʝʥʩʘʮʠʠ ʧʘʨʘ ʜʦ ʯʘʩʪʠʮ ʪʨʝʙʫʝʤʦʛʦ ʨʘʟʤʝʨʘ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘ ʢʘʬʝʜʨʝ çʅʘʜʝʞʥʦʩʪʴ ʠ ʨʝʤʦʥʪ ʤʘʰʠʥè (ʌɻʆʋ ɺʇʆ çʉʘʨʘʪʦʚʩʢʠʡ 

ɻɸʋè) ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ ʧʨʦʚʦʜʠʪʩʷ ʨʘʙʦʪʘ ʧʦ ʩʦʟʜʘʥʠʶ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʥʘʥʦʢʦʤ-

ʧʦʟʠʮʠʦʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ (ʅʂʍʇ) ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʷ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʉʦʛʣʘʩʥʦ ʧʨʦʚʝʜʝʥʥʦʤʫ ʘʥʘʣʠʟʫ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʘ ʪʘʢ ʞʝ ʫʯʠʪʳʚʘʷ ʩʦʙʩʪʚʝʥ-

ʥʳʡ ʧʨʝʜʳʜʫʱʠʡ ʦʧʳʪ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ, ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʙʳʣʘ ʦʪʦʙʨʘʥʘ ʛʨʫʧʧʘ ʥʘʥʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ (ʅɼʇ): Al 2O3; BN, TiC, AlN, SiC, ɺ ʠ 

K2OÖnTiO2 [1]. 

ʇʦʣʠʪʠʪʘʥʘʪ ʢʘʣʠʷ (K2OÖnTiO2) ï ʵʪʦ ʥʦʚʳʡ ʢʣʘʩʩ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʣʦʠʩʪʳʡ ʥʘʥʦʢʨʠʩʪʘʣʣ ʯʝʰʫʡʯʘʪʦʡ ʬʦʨʤʳ. K2OÖnTiO2  ʷʚʣʷʝʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʧʨʦʜʫʢ-

ʪʦʤ ʩʠʥʪʝʟʘ ʚʦʣʦʢʥʠʩʪʳʭ ʪʠʪʘʥʘʪʦʚ ʢʘʣʠʷ, ʩʦʩʪʦʠʪ  ʠʟ ʯʘʩʪʠʮ ʩ ʨʘʟʤʝʨʘʤʠ 50-80 ʥʤ. ɺ ʭʦʜʝ 

ʩʠʥʪʝʟʘ, ʧʨʦʚʦʜʠʤʦʛʦ ʧʨʠ 450-550
ʦ
ʉ, ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʧʨʦʤʳʚʢʠ ʚʦʜʦʡ,  ʦʙʨʘʟʫʶʪʩʷ ʘʛʣʦʤʝ-

ʨʘʪʳ ʯʘʩʪʠʮ, ʢʦʪʦʨʳʝ ʜʘʣʝʝ ʤʦʛʫʪ ʙʳʪʴ ʜʠʩʧʝʨʛʠʨʦʚʘʥʳ ʜʦ ʩʫʙʤʠʢʨʦʥʥʦʛʦ ʨʘʟʤʝʨʘ ʧʨʠ ʫʣʴ-

ʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʝ ʚ ʚ ʚʦʜʝ. ɺ ʢʘʯʝʩʪʚʝ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʠʪʠʪʘʥʘʪʦʚ ʢʘʣʠʷ 

ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʠʝ: 

ï ʘʨʤʠʨʫʶʱʠʡ ʥʘʧʦʣʥʠʪʝʣʴ ʬʨʠʢʮʠʦʥʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʟʚʦʣʷʶ-

ʱʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʠʭ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʫʚʝʣʠʯʠʪʴ ʜʦʧʫʩʪʠʤʳʝ ʥʘʛʨʫʟʢʠ; 

ï ʢʦʤʧʦʥʝʥʪ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʢʨʳʪʠʡ (ʧʨʦʢʣʘʜʢʠ, ʩʘʣʴʥʠʢʠ); 



ï ʢʦʤʧʦʥʝʥʪ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʩʤʘʟʦʢ ʠ ʧʘʩʪ, ʩʧʦʩʦʙʥʳʭ ʨʘʙʦʪʘʪʴ ʧʨʠ ʧʦʚʳʰʝʥ-

ʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ; 

ï ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʫʶʱʘʷ ʜʦʙʘʚʢʘ ʢ ʤʝʪʘʣʣʘʤ ʠ ʩʧʣʘʚʘʤ, ʧʦʟʚʦʣʷʶʱʘʷ ʫʚʝʣʠʯʠʪʴ ʠʭ 

ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ ʚ 3-4 ʨʘʟʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʯʝʰʫʡʯʘʪʳʡ ʧʦʣʠʪʠʪʘʥʘʪ ʢʘʣʠʷ ʷʚʣʷʝʪʩʷ ʜʝʰʝʚʳʤ ʥʘʧʦʣʥʠʪʝʣʝʤ ʚʳʩʦ-

ʢʦʧʨʦʯʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʧʦʢʨʳʪʠʷ 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ. ʉʪʝʧʝʥʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʠʩʧʝʨʩʥʳʭ ʧʦ-

ʨʦʰʢʦʚ ʦʮʝʥʠʚʘʣʠ ʧʦ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʧʦʢʨʳʪʠʡ. ʀʟʤʝʨʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ 

ʧʦʢʨʳʪʠʡ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʨʠʙʦʨʝ ʇʄʊ-3, ʩʦʛʣʘʩʥʦ ɻʆʉʊ 9450-76 çʀʟʤʝʨʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦ-

ʩʪʠ ʚʜʘʚʣʠʚʘʥʠʝʤ ʘʣʤʘʟʥʳʭ ʥʘʢʦʥʝʯʥʠʢʦʚè. ʀʩʧʳʪʘʥʠʷ ʧʨʦʭʦʜʠʣʠ ʧʨʠ ʥʘʛʨʫʟʢʝ 20 ʛ. ʆʪʧʝ-

ʯʘʪʢʠ ʠʟʤʝʨʷʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʣʝ ʩʥʷʪʠʷ ʥʘʛʨʫʟʢʠ. ʉ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ 

ʦʰʠʙʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦʢʨʳʪʠʡ ʧʨʦʚʦʜʠʣʠ ʧʦ 6 ʟʘʤʝʨʦʚ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ. 

ʂʨʦʤʝ ʪʦʛʦ ʧʘʨʘʣʣʝʣʴʥʦ ʦʧʨʝʜʝʣʷʣʠ ʪʦʣʱʠʥʫ ʧʦʢʨʳʪʠʡ, ʧʨʠ ʧʦʤʦʱʠ ʤʠʢʨʦʤʝʪʨʠʯʝʩʢʦʡ 

ʩʢʦʙʳ ʪʠʧʘ ʄʃ. ʉʨʝʜʥʠʝ ʚʝʣʠʯʠʥʳ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʡ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴʶ ʠ ʪʦʣʱʠʥʦʡ ʦʙʣʘ-

ʜʘʶʪ ʧʦʢʨʳʪʠʷ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʅɼʇ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʠʟʥʦʩʦ-

ʩʪʦʡʢʦʩʪʠ ʧʦʢʨʳʪʠʡ ʥʝʦʙʭʦʜʠʤʦ ʥʝ ʪʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʪʴ ʠʭ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ, ʥʦ ʠ ʫʣʫʯʰʘʪʴ 

ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘʤʠ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʚʚʦʜʠʪʴ ʚ ʩʦʩʪʘʚ ʨʘʩʪʚʦʨʘ 

ʥʠʢʝʣʠʨʦʚʘʥʠʷ ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ ï ʩ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦʢʨʳʪʠʷ ʠ ʧʦʣʠʪʠ-

ʪʘʥʘʪ ʢʘʣʠʷ ï ʩ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʢʨʳʪʠʷ. 

 
ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʥʠʢʝʣʝʚʳʭ ʧʦʢʨʳʪʠʡ 

ʄʘʪʝʨʠʘʣ ʥʘʥʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ 
ʉʨʝʜʥʷʷ ʚʝʣʠʯʠʥʘ ʤʠʢʨʦ-

ʪʚʝʨʜʦʩʪʠ, HV 

ʉʨʝʜʥʷʷ ʚʝʣʠʯʠʥʘ ʪʦʣɦ ʠʥʳ, 

ʤʢʤ 

Al 2O3 1003 18 

K2O*nTiO2 882 26 

Al 2O3+ K2O*nTiO2 927 36 

SiC 644 16 

TiC 430 18 

AlN  360 10 

ɺ 610 18 

BN 680 17 

ʇʦʢʨʳʪʠʝ ʙʝʟ ʅɼʇ 522 20 

 

ʆʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʯʘʩʪʠʮ ʜʠʩ-

ʧʝʨʩʥʦʡ ʬʘʟʳ ʚ ʨʘʩʪʚʦʨʝ ʧʨʦʚʦʜʠʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʘ ʦʧʪʠʤʠʟʘʮʠʠ ʙʳʣʘ ʧʨʠʥʷʪʘ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʧʦ-

ʢʨʳʪʠʡ (ʫ), ʪʘʢ ʢʘʢ ʦʥʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʧʨʝʜʝʣʷʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʢʨʳʪʠʷ ʠʟʥʦʩʫ.  

ɺ ʢʘʯʝʩʪʚʝ ʬʘʢʪʦʨʦʚ, ʦʢʘʟʳʚʘʶʱʠʭ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʧʘʨʘʤʝʪʨ ʦʧʪʠʤʠʟʘʮʠʠ, 

ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ: ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ (ʭ1), ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʦʣʠʪʠʪʘʥʘʪʘ 

ʢʘʣʠʷ (ʭ2), ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʧʦʢʨʳʪʠʷ (ʭ3). 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʙʳʣʦ 

ʧʦʣʫʯʝʥʦ ʫʨʘʚʥʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʠʝ ʧʨʦʮʝʩʩ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ ʩ ʬʠʟʠʯʝʩʢʠʤʠ ʧʝʨʝʤʝʥʥʳʤʠ:  

,0057,05,572754031,1

53,15,12879,29,25489,7231,493
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Ö-Ö-Ö-ÖÖ+

+ÖÖ+ÖÖ+Ö-Ö-Ö-=
 (1) 

ɿʥʘʯʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʷ ʧʨʦʚʝʨʷʣʠ ʧʦ ʢʨʠʪʝʨʠʶ ʉʪʴʶʜʝʥʪʘ [2], ʩʦʛʣʘʩʥʦ ʫʩʣʦ-

ʚʠʶ: 

,tSb ii Ö²

 ʛʜʝ  bi ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ,

  Si ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʢʦʵʬʬʠʮʠʝʥʪʫ ʩʫʤʤʘ ʨʝʛʨʝʩʩʠʠ, 



 t ï ʪʘʙʣʠʯʥʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʉʪʴʶʜʝʥʪʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ, ʬʘʢʪʦʨ ʭ1 ʦʢʘʟʳʚʘʝʪ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʧʘʨʘʤʝʪʨ ʦʧʪʠʤʠʟʘʮʠʠ, ʘ ʬʘʢʪʦʨ ʭ3 

ï ʥʘʠʤʝʥʴʰʝʝ. 

ʇʦ ʧʦʣʫʯʝʥʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʪʢʣʠʢʘ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʬʘʢʪʦʨʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ (ʨʠʩ. 1). 

 

ʈʠʩ. 1. ʇʦʚʝʨʭʥʦʩʪʴ ʦʪʢʣʠʢʘ ʅʂʍʇ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʷ 

ɼʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʡ ʨʝʛʨʝʩʩʠʠ, ʥʘʭʦʞʜʝʥʠʝ ʵʢʩʪʨʝʤʫʤʦʚ ʠ ʧʦʩʪʨʦʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ ʧʨʦʠʟʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ çMaple 14è. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤʳ ʠ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʜʦʩʪʠʯʴ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦʢʨʳʪʠʷ 1000 HV, ʯʪʦ 

ʚ 1,9 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʫ ʩʪʘʥʜʘʨʪʥʦʛʦ (ʙʘʟʦʚʦʛʦ) ʧʦʢʨʳʪʠʷ. 

ʉʪʨʫʢʪʫʨʫ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʣʫʯʝʥʥʳʭ ʧʦʢʨʳʪʠʡ ʠʟʫʯʘʣʠ ʥʘ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ 

ʢʦʤʧʣʝʢʩʝ, ʥʘ ʙʘʟʝ ʨʘʩʪʨʦʚʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ çMIRA II  TESCANè (ʏʝʭʠʷ).  

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥ ʚʥʝʰʥʠʡ ʚʠʜ ʧʦʚʝʨʭʥʦʩʪʝʡ ʭʠʤʠʯʝʩʢʦʛʦ ʧʦʢʨʳʪʠʷ ʥʠʢʝʣʷ 

ʜʦ ʠ ʧʦʩʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ. 

   
ʘ) ʙ) ʚ) 

ʈʠʩ. 2. ɺʥʝʰʥʠʡ ʚʠʜ ʭʠʤʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ ʥʠʢʝʣʷ. 

 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʬʦʪʦʛʨʘʬʠʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʅʂʍʇ ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ 

ʦʪ ʙʘʟʦʚʦʛʦ ʧʦʢʨʳʪʠʷ. ʉʪʘʥʜʘʨʪʥʦʝ (ʙʘʟʦʚʦʝ) ʧʦʢʨʳʪʠʝ ʛʣʘʜʢʦʝ, ʙʝʟ ʢʘʢʠʭ ʣʠʙʦ ʚʢʣʶʯʝʥʠʡ. 



ʅʂʍʇ ʥʠʢʝʣʷ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʢʣʶʯʝʥʠʡ ʨʘʟʣʠʯʥʦʛʦ ʨʘʟʤʝʨʘ ʧʦ ʚʩʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʨʳʪʠʷ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʵʪʦ ʠ ʝʩʪʴ ʜʠʩʧʝʨʩʥʳʝ ʯʘʩʪʠʮʳ ʚ ʧʦʢʨʳʪʠʠ. ʇʦʩʣʝ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʧʦʢʨʳʪʠʷ, ʢʨʦʤʝ ʯʘʩʪʠʮ ʚʠʜʥʳ ʢʨʠʩʪʘʣʣʳ ʥʠʢʝʣʷ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʠ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʠʩʧʝʨʩ-

ʥʳʭ ʯʘʩʪʠʮ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʪʝʨʤʦʦʙʨʘʙʦʪʢʫ ʧʨʠ 400
ʦ
ʉ ʚ ʪʝʯʝʥʠʝ 1 ʯ.  

ʍʠʤʠʯʝʩʢʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʥʠʢʝʣʴ ʙʝʟ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʠʤʝʝʪ ʘʤʦʨʬʥʫʶ ʩʪʨʫʢʪʫʨʫ. 

ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʧʦʢʨʳʪʠʷ ʘʤʦʨʬʥʳʡ ʦʩʘʜʦʢ ʧʝʨʝʭʦʜʠʪ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ. ʊʘʢ, ʚ 

ʧʨʦʮʝʩʩʝ ʥʘʛʨʝʚʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 400Áʉ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʚʨʘʱʝʥʠʝ ʠʩʭʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦ-

ʢʨʳʪʠʷ ʚ ʜʚʫʭʬʘʟʥʫʶ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʬʘʟʳ Ni3P ʠ ʬʘʟʳ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ (ʚʥʝʜʨʝʥʠʷ) ʬʦʩ-

ʬʦʨʘ. ʇʦ ʤʝʨʝ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʥʘʛʨʝʚʘ ʯʘʩʪʠʮʳ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦ-

ʝʜʠʥʝʥʠʷ Ni3P ʢʦʘʛʫʣʠʨʫʶʪ ʠ ʩʪʘʥʦʚʷʪʩʷ ʝʱʝ ʙʦʣʝʝ ʨʘʟʣʠʯʠʤʳʤʠ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʥʘʛʨʝʚʘ ʢʦʣʠʯʝʩʪʚʦ ʬʘʟʳ Ni3P ʚʦʟʨʘʩʪʘʝʪ ʟʘ ʩʯʝʪ ʨʘʩʧʘʜʘ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ. 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʚʝʱʝʩʪʚ ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʦʷʪ ʠʩʩʣʝʜʫʝʤʳʝ ʧʦʢʨʳʪʠʷ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʠʩʧʳʪʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. 

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʠʘʛʨʘʤʤʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʠ ʙʘ-

ʟʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʥʠʢʝʣʷ. 

 
 

ʘ) ʙ) 

 
ʈʠʩ. 3. ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʙʘʟʦʚʦʛʦ (ʘ) ʠ ʥʘʥʦʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ (ʙ) ʧʦʢʨʳʪʠʡ 

 

ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʚʠʜʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʭʠʤʠʯʝʩʢʠʤʠ ʩʦʩʪʘ-

ʚʘʤʠ ʧʦʢʨʳʪʠʡ. ɺ ʩʦʩʪʘʚʝ ʙʘʟʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʥʠʢʝʣʷ ʦʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ ʥʠ-

ʢʝʣʴ ʠ ʬʦʩʬʦʨ. ʋ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʥʠʢʝʣʷ, ʢʨʦʤʝ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʚ ʩʦʩʪʘʚʝ 

ʚʳʷʚʣʝʥʳ ʘʣʶʤʠʥʠʡ, ʪʠʪʘʥ ʠ ʢʘʣʠʡ ʠʟ ʢʦʪʦʨʳʭ ʠ ʩʦʩʪʦʷʪ ʠʩʩʣʝʜʫʝʤʳʝ ʅɼʇ. 

ʀʟ ʚʳʰʝ ʩʢʘʟʘʥʥʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʅɼʇ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʠ ʧʦʣʠ-

ʪʠʪʘʥʘʪʘ ʢʘʣʠʷ ʚʥʝʜʨʷʶʪʩʷ ʚ ʭʠʤʠʯʝʩʢʦʝ ʧʦʢʨʳʪʠʝ ʥʠʢʝʣʷ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʢʘʯʝʩʪʚʦ ʤʘʪʝʨʠʘʣʘ ʜʝʪʘʣʝʡ ʤʘʰʠʥ, 

ʨʘʙʦʪʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ, ʷʚʣʷʝʪʩʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ. ʉʨʘʚʥʠʪʝʣʴ-

ʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʦʢʨʳʪʠʡ ʥʘ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʧʨʦʚʦʜʠʣʠ ʥʘ ʤʘʰʠʥʝ ʪʨʝʥʠʷ ʄʀ-1ʄ ʧʦ ʩʭʝʤʝ 

çʨʦʣʠʢ ï ʢʦʣʦʜʢʘè ʩʦʛʣʘʩʥʦ ɻʆʉʊ 23.224-86. ʂʦʣʦʜʢʠ ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʠʟ ʩʝʨʦʛʦ ʯʫʛʫʥʘ ʉʏ 

20, ʨʦʣʠʢʠ ï ʠʟ ʩʨʝʜʥʝʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ 40. ʅʘ ʨʦʣʠʢ ʥʘʥʦʩʠʣʠ ʧʦʢʨʳʪʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷʤ 

ʧʦʜʚʝʨʛʘʣʠ ʦʙʨʘʟʮʳ, ʧʦʢʨʳʪʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʤ ʠ ʯʠʩʪʳʤ ʭʠʤʠʯʝʩʢʠʤ ʧʦʢʨʳʪʠʝʤ. ɺ ʢʘʯʝ-

ʩʪʚʝ ʩʤʘʟʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠʤʝʥʷʣʠ ʤʘʩʣʦ ʠʥʜʫʩʪʨʠʘʣʴʥʦʝ ʀ-20. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠʩ-

ʧʳʪʘʥʠʡ ʩʦʩʪʘʚʣʷʣʘ 6 ʯ ʧʨʠ ʥʘʛʨʫʟʢʝ 800 ʅ. ʅʘ ʨʦʣʠʢ ʥʘʥʦʩʠʣʠ ʧʦʢʨʳʪʠʷ, ʢʦʣʦʜʢʫ ʦʩʪʘʚʣʷ-

ʣʠ ʙʝʟ ʠʟʤʝʥʝʥʠʷ. ʀʩʧʳʪʘʥʠʷʤ ʧʦʜʚʝʨʛʘʣʠ ʦʙʨʘʟʮʳ, ʧʦʢʨʳʪʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʤ ʠ ʯʠʩʪʳʤ 

ʧʦʢʨʳʪʠʝʤ ʭʠʤʠʯʝʩʢʦʛʦ ʥʠʢʝʣʷ. ʀʟʥʦʩ ʦʙʨʘʟʮʦʚ ʦʧʨʝʜʝʣʷʣʠ ʚʟʚʝʰʠʚʘʥʠʝʤ ʥʘ ʘʥʘʣʠʪʠʯʝ-

ʩʢʠʭ ʚʝʩʘʭ ʤʘʨʢʠ ɺʃɸ-200ʄ ʩ ʪʦʯʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʷ 1Ö10
-4
ʛ.  



ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʯʪʦ, ʩʨʝʜʥʠʡ ʠʟʥʦʩ ʦʙʨʘʟʮʦʚ 

ʧʦ ʤʘʩʩʝ ʩ ʅʂʍʇ ʚ 1,5 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʠʟʥʦʩ ʦʙʨʘʟʮʦʚ, ʧʦʢʨʳʪʳʭ ʯʠʩʪʳʤ ʥʠʢʝʣʝʤ. ʄʦʤʝʥʪ 

ʪʨʝʥʠʷ ʫ ʦʙʨʘʟʮʦʚ ʩ ʅʂʍʇ ʚ 1,2 ʨʘʟʘ ʥʠʞʝ, ʯʝʤ ʫ ʦʙʨʘʟʮʦʚ ʩ ʙʘʟʦʚʳʤ ʧʦʢʨʳʪʠʝʤ. 

ʇʦʜʚʦʜʷ ʠʪʦʛ ʚʳʰʝʠʟʣʦʞʝʥʥʦʤʫ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʂʍʇ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʷ ʷʚ-

ʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʫʧʨʦʯʥʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʝʩʫʨʩʦʦʧʨʝʜʝʣʷʶʱʠʭ ʜʝʪʘʣʝʡ 

ʘʛʨʝʛʘʪʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ, ʠʤʝʶʱʠʭ ʠʟʥʦʩ ʥʝ ʙʦʣʝʝ 80 ʤʢʤ, ʥʘʧʨʠʤʝʨ, ʧʣʫʥ-

ʞʝʨʘ ʊʅɺɼ, ʟʦʣʦʪʥʠʢʠ ʛʠʜʨʦʨʘʩʧʨʝʜʝʣʠʪʝʣʝʡ, ʛʠʣʴʟʳ ʮʠʣʠʥʜʨʦʚ, ʧʦʨʰʥʝʚʳʝ ʢʦʣʴʮʘ, ʧʘʣʴ-

ʮʳ ʠ ʪ.ʜ. ʇʨʠʤʝʥʝʥʠʝ ʥʘʥʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ ʧʦʟʚʦʣʠʪ ʚʪʦʨʠʯʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦʨʦʛʦ-

ʩʪʦʷʱʠʝ ʜʝʪʘʣʠ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʠʭ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 
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ʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. ɸʚʪʦʨʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ ʩʧʦʩʦʙ 

ʥʘʥʦʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʥʠʢʝʣʠʨʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʘʥʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʠ 

ʧʦʣʠʪʠʪʘʥʘʪʘ ʢʘʣʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʥʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ 

ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʠ ʧʦʣʠʪʠʪʘʥʘʪʘ ʢʘʣʠʷ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʢʠʩʣʳʭ ʨʘʩʪʚʦʨʘʭ ʥʠʢʝʣʠʨʦʚʘʥʠʷ ʥʘ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʧʦʢʨʳʪʠʡ. ʆʧʨʝʜʝʣʝʥʘ ʦʧʪʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘʥʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ 

ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʠ ʧʦʣʠʪʠʪʘʥʘʪʘ ʢʘʣʠʷ ʚ ʨʘʩʪʚʦʨʝ, ʧʨʠ ʢʦʪʦʨʦʡ ʜʦʩʪʠʛʘʝʪʩʷ ʥʘʠʙʦʣʴʰʘʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʥʠʢʝ-

ʣʝʚʳʭ ʧʦʢʨʳʪʠʡ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʍʠʤʠʯʝʩʢʠʝ ʧʦʢʨʳʪʠʷ, ʥʘʥʦʜʠʩʧʝʨʩʥʳʝ ʧʦʨʦʰʢʠ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʤʠʢʨʦʪʚʝʨ-

ʜʦʩʪʴ, ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤʳ, ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ. 
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NANOMODIFIED CHEMICA L COATINGS WITH IMPR OVED PHYSICAL -MECHANICAL PRO PERTIES 

Abstract.Article is devoted influence research nanodisperse powders of metals and alloys on physicomechani-

cal properties of nickel coverings received by a chemical way. Nickel plating is widely applied in various areas of me-

chanical engineering. Authors the advanced way ʥʘʥʦʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ chemical nickel plating with application 

nanodisperse particles aluminum and ʧʦʣʠʪʠʪʘʥʘʪʘ potassium is offered. Results of researches of influence of concen-

tration nanodisperse particles aluminum and potassium in standard sour solutions of nickel plating on physicomechani-

cal properties of the received coverings are presented. Optimum concentration nanodisperse particles aluminum and 

potassium in a solution at which the greatest microhardness of nickel coverings is reached is defined.  

Keywords: Chemical coverings, nanodisperse powders, wear resistance, microhardness, optimum modes, heat 

treatment. 
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ʅ.ʌ. ʉʢʫʨʷʪʠʥ, ɽ.ɺ. ʉʦʣʦʚʴʝʚ 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʂʀʅɽʄɸʊʀʂʀ ɼɺʀɾɽʅʀʗ ʊʈɸʂʊʆʈʅʆɻʆ  

ʊʈɸʅʉʇʆʈʊʅʆɻʆ ʇʈʀʎɽʇʅʆɻʆ ɸɻʈɽɻɸʊɸ ʇʆ ʇɽʈɽʉɽʏɽʅʅʆʁ  

ʄɽʉʊʅʆʉʊʀ ʉ ʊʗɻʆɺʆ-ɼʆɻʈʋɿʆʏʅʓʄ ʋʉʊʈʆʁʉʊɺʆʄ 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʟʘʛʨʫʟʢʘ ʜʚʠʛʘʪʝʣʝʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʪʨʘʢʪʦʨʦʚ ʧʦ ʤʦʱʥʦʩʪʠ 

ʨʝʜʢʦ ʧʨʝʚʳʰʘʝʪ 50é65%. ʆʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʟʘʛʨʫʟʢʘ ʜʚʠʛʘʪʝʣʝʡ ʢʦʣʝʩʥʳʭ ʪʨʘʢʪʦʨʦʚ 

ʧʨʠʦʙʨʝʪʘʝʪ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʠʤʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʨʘʙʦʪ. ʉʧʝʮʠʬʠʢʘ ʚʳʧʦʣʥʝʥʠʷ ʵʪʠʭ ʨʘʙʦʪ 

ʩʦʩʪʦʠʪ ʚ ʙʦʣʴʰʦʡ ʥʦʤʝʥʢʣʘʪʫʨʝ ʧʝʨʝʚʦʟʠʤʳʭ ʛʨʫʟʦʚ, ʨʘʟʥʦʦʙʨʘʟʠʠ ʜʦʨʦʞʥʳʭ ʫʩʣʦʚʠʡ, ʰʠ-

ʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʩʦʩʪʦʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʜʚʠʞʝʥʠʷ, 

ʠ ʪ.ʧ. 

ɹʦʣʝʝ ʧʦʣʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ ʩʚʷʟʘʥʦ ʩ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝʤ ʵʥʝʨʛʝ-

ʪʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʪʨʘʢʪʦʨʥʦʛʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʘʛʨʝʛʘʪʦʚ ʠ ʠʭ ʪʷʛʦʚʦ-ʩʮʝʧʥʳʤʠ ʩʚʦʡ-

ʩʪʚʘʤʠ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʛʨʘʥʠʯʠʚʘʪʴ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ ʘʛʨʝʛʘʪʠʨʫʝʤʳʭ ʧʨʠ-

ʮʝʧʦʚ, ʘ ʵʪʦ ʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʘʢʪʦʨʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʘʛʨʝʛʘʪʘ ʠ ʚ 

ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʢ ʨʦʩʪʫ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʠʤʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʆʜʥʦ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʚʳʰʝʥʠʷ ʪʷʛʦʚʦ-ʩʮʝʧʥʳʭ ʩʚʦʡʩʪʚ ʢʦʣʝʩʥʳʭ 

ʪʨʘʢʪʦʨʦʚ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʫʚʝʣʠʯʝʥʠʠ ʠʭ ʩʮʝʧʥʦʛʦ ʚʝʩʘ. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʘʙʦʪʝ ʪʨʘʢʪʦʨʦʚ ʩ 

ʧʦʣʫʧʨʠʮʝʧʘʤʠ ʠʣʠ ʧʨʠʮʝʧʘʤʠ, ʠʤʝʶʱʠʤʠ ʧʦʜʢʘʪʥʫʶ ʪʝʣʝʞʢʫ, ʧʨʦʙʣʝʤʘ ʫʚʝʣʠʯʝʥʠʷ ʩʮʝʧ-

ʥʦʛʦ ʚʝʩʘ ʪʨʘʢʪʦʨʘ ʨʝʰʘʝʪʩʷ ʟʘ ʩʯʝʪ ʧʝʨʝʥʦʩʘ ʯʘʩʪʠ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ ʛʨʫʟʘ ʥʘ ʝʛʦ ʧʨʠʮʝʧ-

ʥʦʝ ʫʩʪʨʦʡʩʪʚʦ. ʂʦʛʜʘ ʪʨʘʢʪʦʨ ʘʛʨʝʛʘʪʠʨʫʝʪʩʷ ʩ ʧʨʠʮʝʧʘʤʠ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʨʝʛʫʣʠʨʦʚʘʥʠʠ 

ʩʮʝʧʥʦʛʦ ʚʝʩʘ ʪʨʘʢʪʦʨʘ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʳ. 

ʀʟʚʝʩʪʝʥ ʨʷʜ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ [1,2,3,4], ʧʦʟʚʦʣʷʶʱʠʭ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʦʝʜʠʥʝʥʠʝ 

ʧʨʠʮʝʧʘ ʩ ʪʨʘʢʪʦʨʦʤ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʝʛʦ ʜʦʛʨʫʟʢʫ. ɸʥʘʣʠʟ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʩʭʝʤ, ʧʨʝʜʣʦʞʝʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥʠ ʠʤʝʶʪ ʨʷʜ ʩʫʱʝʩʪʚʝʥʥʳʭ ʥʝʜʦ-

ʩʪʘʪʢʦʚ: 

- ʤʘʣʦʵʬʬʝʢʪʠʚʥʳ ʧʦ ʚʝʣʠʯʠʥʝ ʜʦʛʨʫʟʢʠ ʪʨʘʢʪʦʨʘ; 

- ʥʘʨʷʜʫ ʩ ʜʦʛʨʫʟʢʦʡ ʟʘʜʥʠʭ ʚʝʜʫʱʠʭ ʢʦʣʝʩ ʪʨʘʢʪʦʨʘ ʜʦʩʪʠʛʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʘʷ ʨʘʟ-

ʛʨʫʟʢʘ ʧʝʨʝʜʥʠʭ ʠʟ-ʟʘ ʧʨʠʣʦʞʝʥʠʷ ʜʦʛʨʫʞʘʶʱʝʡ ʩʠʣʳ ʥʘ ʙʦʣʴʰʦʤ ʧʣʝʯʝ; 

- ʩʣʦʞʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʝʜʣʘʛʘʝʤʳʭ ʨʝʰʝʥʠʡ; 

- ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʛʠʜʨʦʥʘʚʝʩʢʠ ʪʨʘʢʪʦʨʘ. 

ʂʨʦʤʝ ʦʪʤʝʯʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʫʩʪʨʦʡʩʪʚ, ʚ ʨʘʙʦʪʘʭ [5, 6], ʧʦʩʚʷʱʝʥʥʳʭ ʬʫʥʢʮʠʦʥʠ-

ʨʦʚʘʥʠʶ ʧʨʠʮʝʧʥʳʭ ʪʨʘʢʪʦʨʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʘʛʨʝʛʘʪʦʚ, ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ ʨʘʩʩʤʘʪʨʠʚʘ-

ʶʪʩʷ ʚʦʧʨʦʩʳ ʢʠʥʝʤʘʪʠʢʠ ʠʭ ʜʚʠʞʝʥʠʷ ʧʦ ʧʝʨʝʩʝʯʝʥʥʦʡ ʤʝʩʪʥʦʩʪʠ (ʥʘʧʨʠʤʝʨ, ʚʳʝʟʜ ʩ ʧʦʣʷ 

ʥʘ ʧʨʦʬʠʣʠʨʦʚʘʥʥʫʶ ʜʦʨʦʛʫ ʠ ʥʘʦʙʦʨʦʪ). 

ʇʦʵʪʦʤʫ ʟʜʝʩʴ ʨʝʰʘʝʪʩʷ ʚʦʧʨʦʩ ʨʘʟʨʘʙʦʪʢʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ 

ʙʦʣʝʝ ʧʨʦʩʪʦʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʪʷʛʦʚʦ-ʜʦʛʨʫʟʦʯʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʢ ʧʨʠʮʝʧʫ, ʘ ʪʘʢʞʝ ʨʘʩʩʤʦʪ-

ʨʝʥʠʷ ʢʠʥʝʤʘʪʠʢʠ ʜʚʠʞʝʥʠʷ ʝʛʦ ʧʦ ʧʝʨʝʩʝʯʝʥʥʦʡ ʤʝʩʪʥʦʩʪʠ. 

ʇʨʝʜʣʦʞʝʥʦ ʪʷʛʦʚʦ-ʜʦʛʨʫʟʦʯʥʦʝ ʫʩʪʨʦʡʩʪʚʦ [7] (ʨʠʩ.1), ʢʦʪʦʨʦʝ ʩʦʩʪʦʠʪ ʠʟ ʜʳʰʣʘ 1, 

ʰʘʨʥʠʨʥʦ ʧʨʠʢʨʝʧʣʝʥʥʦʛʦ ʢ ʨʘʤʝ ʧʦʚʦʨʦʪʥʦʡ ʪʝʣʝʞʢʠ 2 ʧʨʠʮʝʧʘ 3. ʇʝʨʝʜʥʷʷ ʯʘʩʪʴ ʜʳʰʣʘ 1 

ʦʩʥʘʱʝʥʘ ʰʘʨʥʠʨʦʤ 4, ʩʦʝʜʠʥʝʥʥʳʤ ʩ ʧʝʨʝʜʥʠʤ ʢʦʥʮʦʤ ʙʘʣʢʠ 5, ʘ ʟʘʜʥʠʡ - ʠʤʝʝʪ ʚʪʫʣʢʫ 6, 

ʞʝʩʪʢʦ ʧʨʠʢʨʝʧʣʝʥʥʫʶ ʢ ʰʘʨʥʠʨʫ 7, ʩʦʝʜʠʥʝʥʥʦʤʫ ʩ ʮʝʥʪʨʦʤ ʦʩʠ ʢʦʣʝʩ ʧʦʚʦʨʦʪʥʦʡ ʪʝʣʝʞʢʠ 

2 ʧʨʠʮʝʧʘ 3. 

ɺ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʙʘʣʢʠ ʫʩʪʘʥʦʚʣʝʥ ʰʘʨʥʠʨ 9, ʦʥ ʩʦʝʜʠʥʝʥ ʩʦ ʰʪʦʢʦʤ ʛʠʜʨʦʮʠʣʠʥʜʨʘ 

10, ʟʘʢʨʝʧʣʝʥʥʦʤ ʥʘ ʨʘʤʝ ʧʦʚʦʨʦʪʥʦʡ ʪʝʣʝʞʢʠ 2 ʧʨʠʮʝʧʘ 3. 

ʋʩʪʨʦʡʩʪʚʦ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɻʠʜʨʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴ, ʫʧʨʘʚʣʷʶʱʠʡ ʛʠʜ-

ʨʦʥʘʚʝʩʢʦʡ ʪʨʘʢʪʦʨʘ, ʩʪʘʚʷʪ ʚ ʧʦʣʦʞʝʥʠʝ çʟʘʧʝʨʪʦè, ʩʦʝʜʠʥʷʶʪ ʜʳʰʣʦ 1 ʧʨʠʮʝʧʘ 3 ʩ ʛʠʜʨʦ-

ʢʨʶʢʦʤ ʪʨʘʢʪʦʨʘ, ʚʢʣʶʯʘʶʪ ʛʠʜʨʦʮʠʣʠʥʜʨ 10. ʇʨʠ ʚʳʜʚʠʞʝʥʠʠ ʰʪʦʢʘ ʛʠʜʨʦʮʠʣʠʥʜʨʘ 10 

ʚʦʟʥʠʢʘʝʪ ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʰʘʨʥʠʨ 9, ʟʘʢʨʝʧʣʝʥʥʳʡ ʥʘ ʙʘʣʢʝ 5, ʠ ʨʘʤʫ ʧʦʚʦʨʦʪʥʦʡ ʪʝ-



ʣʝʞʢʠ 2 ʧʨʠʮʝʧʘ 3. ʉʠʣʫ, ʜʝʡʩʪʚʫʶʱʫʶ ʥʘ ʰʘʨʥʠʨ 4 ʙʘʣʢʠ 5, ʨʘʩʧʨʝʜʝʣʷʶʪ ʤʝʞʜʫ ʰʘʨʥʠ-

ʨʘʤʠ 4 ʠ 7, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʧʝʨʝʜʥʝʡ ʯʘʩʪʠ ʜʳʰʣʘ 1 ʠ ʚ ʮʝʥʪʨʝ ʦʩʠ 8 ʢʦ-

ʣʝʩ ʧʦʚʦʨʦʪʥʦʡ ʪʝʣʝʞʢʠ 2 ʧʨʠʮʝʧʘ 3, ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʜʣʠʥʘʤ ʧʨʦʝʢʮʠʡ ʧʝʨʝʜʥʝʛʦ 

ʠ ʟʘʜʥʝʛʦ ʢʦʥʮʦʚ ʙʘʣʢʠ 5 ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʦʩʴ. 

 
1 ï ʜʳʰʣʦ; 2 ï ʧʦʚʦʨʦʪʥʘʷ ʪʝʣʝʞʢʘ; 3 ï ʧʨʠʮʝʧ; 4,7,9 ï ʰʘʨʥʠʨʳ; 5 ï ʙʘʣʢʘ; 

6 ï ʚʪʫʣʢʘ; 8 ï ʦʩʴ ʢʦʣʝʩ ʧʦʚʦʨʦʪʥʦʡ ʪʝʣʝʞʢʠ; 10 - ʛʠʜʨʦʮʠʣʠʥʜʨ 

ʈʠʩ. 1. ʂʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʪʷʛʦʚʦ-ʜʦʛʨʫʟʦʯʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠʮʝ-

ʧʘ, ʘʛʨʝʛʘʪʠʨʫʝʤʦʛʦ ʧʦʩʨʝʜʩʪʚʦʤ ʛʠʜʨʦʢʨʶʢʘ 

 

ʊʨʘʢʪʦʨʥʳʡ ʪʨʘʥʩʧʦʨʪ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘ ʚʥʫʪʨʠʫʩʘʜʝʙʥʳʭ ʠ ʚʥʫʪʨʠʭʦ-

ʟʷʡʩʪʚʝʥʥʳʭ ʨʘʙʦʪʘʭ: ʜʦʩʪʘʚʢʘ ʚ ʧʦʣʝ ʤʠʥʝʨʘʣʴʥʳʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ, ʦʪʚʦʟ ʦʪ 

ʢʦʤʙʘʡʥʦʚ ʩʠʣʦʩʥʦʡ ʤʘʩʩʳ, ʢʦʨʥʝʢʣʫʙʥʝʧʣʦʜʦʚ ʠ ʪ.ʜ. 

ɼʚʠʞʝʥʠʝ ʘʛʨʝʛʘʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʧʦʣʶ, ʧʨʦʩʝʣʦʯʥʳʤ ʜʦʨʦʛʘʤ ʩ ʚʳʝʟʜʦʤ ʥʘ 

ʫʯʘʩʪʢʠ ʩ ʪʚʝʨʜʳʤ ʧʦʢʨʳʪʠʝʤ, ʧʨʠ ʵʪʦʤ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʧʨʠʭʦʜʠʪʩʷ ʧʨʝʦʜʦʣʝʚʘʪʴ ʢʶʚʝʪʳ 

ʨʘʟʣʠʯʥʦʡ ʛʣʫʙʠʥʳ ʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʫʛʣʘʤʠ ʩʧʫʩʢʘ ʠ ʧʦʜʲʝʤʘ (ʩʤ. ʨʠʩ. 2). 

 
1 ï ʪʨʘʢʪʦʨ; 2 ï ʧʨʠʮʝʧ; 3 ï ʜʳʰʣʦ ʧʨʠʮʝʧʘ; 4 ï ʧʝʨʝʧʫʩʢʥʦʡ ʢʣʘʧʘʥ; 

5 ï ʙʘʣʢʘ; 6 - ʛʠʜʨʦʮʠʣʠʥʜʨ 

ʈʠʩ. 2. ʉʭʝʤʘ ʧʨʝʦʜʦʣʝʥʠʷ ʢʶʚʝʪʘ ʧʨʠʮʝʧʥʳʤ ʪʨʘʢʪʦʨʥʳʤ ʪʨʘʥʩʧʦʨʪʥʳʤ ʘʛʨʝʛʘʪʦʤ 

ʋ ʧʨʠʮʝʧʥʦʛʦ ʪʨʘʢʪʦʨʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʘʛʨʝʛʘʪʘ ʜʳʰʣʦ ʧʨʠʮʝʧʘ ʩʣʫʞʠʪ ʩʦʝʜʠʥʠ-

ʪʝʣʴʥʳʤ ʰʘʨʥʠʨʥʳʤ ʟʚʝʥʦʤ, ʩʧʦʩʦʙʥʳʤ ʦʪʢʣʦʥʷʪʴʩʷ ʦʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʥʘ ʟʥʘ-

ʯʠʪʝʣʴʥʳʡ ʫʛʦʣ, ʯʪʦ ʥʝ ʤʦʞʝʪ ʷʚʠʪʴʩʷ ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʚ ʧʨʝʦʜʦʣʝʥʠʠ ʧʨʝʧʷʪ-

ʩʪʚʠʡ ʚ ʚʠʜʝ ʩʢʦʩʦʚ ʢʶʚʝʪʘ ʠʣʠ ʠʥʳʭ ʚʳʩʪʫʧʦʚ ʥʘ ʧʨʦʩʝʣʦʯʥʦʡ ʜʦʨʦʛʝ. ʇʨʠ ʧʝʨʝʤʝʱʝʥʠʠ 

ʯʝʨʝʟ ʧʨʝʧʷʪʩʪʚʠʝ ʜʚʫʦʩʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ çʫʟʢʠʤè ʤʝʩʪʦʤ ʤʦʞʝʪ ʷʚʠʪʴʩʷ ʨʘʩʩʪʦʷ-

ʥʠʝ ʤʝʞʜʫ ʜʦʨʦʛʦʡ ʠ ʥʠʞʥʝʡ ʪʦʯʢʦʡ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʝʛʦ ʙʘʟʳ (ʩʤ. 

ʨʠʩ. 3ʙ), ʘ ʪʘʢʞʝ ʚʳʣʝʪ ʛʠʜʨʦʢʨʶʢʘ (ʨʠʩ. 3ʘ), ʢʦʛʜʘ ʪʨʘʢʪʦʨ ʥʘʝʟʞʘʝʪ ʧʝʨʝʜʥʠʤʠ ʢʦʣʝʩʘʤʠ ʥʘ 

ʧʨʝʧʷʪʩʪʚʠʝ. ɿʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ x ʜʣʷ ʢʘʞʜʦʡ ʤʘʨʢʠ ʪʨʘʢʪʦʨʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʷʤʳʤʠ ʟʘ-

ʤʝʨʘʤʠ, ʘ ʜʦʧʫʩʪʠʤʘʷ ʜʣʠʥʘ ʦʪʨʝʟʢʘ AB (ʩʤ. ʨʠʩ. 3ʘ) (ʚʳʣʝʪ ʛʠʜʨʦʢʨʶʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʘʜʥʝʡ 

ʦʩʠ ʪʨʘʢʪʦʨʘ) ʥʘʭʦʜʠʪʩʷ ʠʟ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ABC: 



,atg
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ʛʜʝ BC ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʪʦʯʢʠ ʢʨʝʧʣʝʥʠʷ ʛʠʜʨʦʢʨʶʢʘ ʢ ʟʘʜʥʝʤʫ ʤʦʩʪʫ ʪʨʘʢʪʦʨʘ ʜʦ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʦʧʦʨʳ; 

AB ï ʚr ʣʝʪ ʛʠʜʨʦʢʨʶʢʘ. 

ɿʥʘʷ ʟʥʘʯʝʥʠʷ ʙʘʟʳ ʪʨʘʢʪʦʨʘ B ʠ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʦʨʳ ʜʦ ʥʠʞʥʝʡ ʪʦʯʢʠ 

ʪʨʘʢʪʦʨʘ x ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʙʘʟʳ, ʠʟ ʪʨʝʫʛʦʣʴʥʠʢʘ CDE ʥʘʭʦʜʠʤ ʫʛʦʣ Ŭ: 

,cosa=
B

x
 .arccos

B

x
=a (2) 

 
ʘ) ʧʦʜʲʝʤ 

 
ʙ) ʧʝʨʝʝʟʜ 

 
ʚ) ʩʧʫʩʢ 

ʈʠʩ. 3. ʉʭʝʤʳ ʧʨʝʦʜʦʣʝʥʠʷ ʧʨʝʧʷʪʩʪʚʠʡ ʪʨʘʢʪʦʨʦʤ 



ɽʩʣʠ ʦʢʘʞʝʪʩʷ, ʯʪʦ ʚʳʣʝʪ ʛʠʜʨʦʢʨʶʢʘ (ʟʥʘʯʝʥʠʝ y) ʙʦʣʴʰʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʜʣʠʥʳ 

ʛʠʜʨʦʢʨʶʢʘ 
ɻ

l , ʪʦ ʧʘʨʘʤʝʪʨ x ʥʝ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʧʨʝʦʜʦʣʝ-

ʥʠʠ ʧʨʝʧʷʪʩʪʚʠʷ. ɽʩʣʠ ʞʝ ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʜʣʠʥʘ ʛʠʜʨʦʢʨʶʢʘ ʙʫʜʝʪ ʙʦʣʴʰʝ ʝʛʦ ʚʳʣʝʪʘ, ʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚʳʩʦʪʳ ʧʨʝʧʷʪʩʪʚʠʷ x. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ (1) ʚʤʝʩʪʦ ʚʝʣʠʯʠʥʳ AB ʧʦʜʩʪʘʚʣʷʝʪʩʷ ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʜʣʠʥʘ ʛʠʜʨʦʢʨʶʢʘ ʠ ʥʘʭʦ-

ʜʠʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʝʤʫ ʟʥʘʯʝʥʠʝ ʫʛʣʘ Ŭ, ʘ ʟʘʪʝʤ ʧʦ ʚʳʨʘʞʝʥʠʶ (2) ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʨʝ-

ʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚʳʩʦʪʳ ʧʨʝʧʷʪʩʪʚʠʷx, ʢʦʪʦʨʦʝ ʧʨʝʦʜʦʣʝʝʪ ʘʛʨʝʛʘʪ. 

ʇʨʠ ʥʘʝʟʜʝ ʪʨʘʢʪʦʨʘ ʥʘ ʧʨʝʧʷʪʩʪʚʠʝ ʟʘʜʥʠʤʠ ʢʦʣʝʩʘʤʠ ʢʦʥʝʮ ʛʠʜʨʦʢʨʶʢʘ ʟʘʥʠʤʘʝʪ 

ʩʘʤʦʝ ʚʳʩʦʢʦʝ ʧʦʣʦʞʝʥʠʝ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʧʦʨʳ (ʨʠʩ. 3ʚ). 

ʋʩʪʘʥʦʚʠʤ ʚʳʩʦʪʫ, ʥʘ ʢʦʪʦʨʫʶ ʙʫʜʝʪ ʧʦʜʥʷʪ ʢʦʥʝʮ ʛʠʜʨʦʢʨʶʢʘ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠ 

ʧʝʨʝʜʥʠʡ ʢʦʥʝʮ ʜʳʰʣʘ. ʀʟ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ MFN ʥʘʭʦʜʠʤ ʢʘʪʝʪ MF, ʦʥ ʨʘʚʝʥ: 

.sin)( aÖ+= yBMF  

ʆʪʨʝʟʦʢ KM ʙʦʣʴʰʝ ʦʪʨʝʟʢʘ MF ʥʘ ʚʝʣʠʯʠʥʫ ɔ ʨʘʚʥʫʶ ʨʘʩʩʪʦʷʥʠʶ ʦʪ ʧʣʦʱʘʜʠ ʦʧʦʨʳ 

ʜʦ ʢʦʥʮʘ ʛʠʜʨʦʢʨʶʢʘ, ʪ.ʝ.: 

.sin)( ga+Ö+= yBKM  

ʋʛʣʳ MKL ʠ FNM ʨʘʚʥʳ, ʪ.ʢ. ʦʥʠ ʦʙʨʘʟʦʚʘʥʳ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤʠ ʩʪʦʨʦʥʘ-

ʤʠ, ʪʦʛʜʘ ʠʟ ʪʨʝʫʛʦʣʴʥʠʢʘ MKL ʥʘʭʦʜʠʤ ʠʩʢʦʤʫʶ ʚʳʩʦʪʫ, ʥʘ ʢʦʪʦʨʫʶ ʙʫʜʝʪ ʧʦʜʥʷʪ ʢʦʥʝʮ 

ʛʠʜʨʦʢʨʶʢʘ ʥʘʜ ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 

[ ] .cossin)(cos agaa Ö++=Ö= yBKMKL  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʩʦʪʘ ʧʦʜʲʝʤʘ ʢʦʥʮʘ ʛʠʜʨʦʢʨʶʢʘ ʪʨʘʢʪʦʨʘ ʟʘʚʠʩʠʪ ʦʪ ʙʘʟʳ ʪʨʘʢʪʦʨʘ, 

ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʟʘʜʥʝʡ ʦʩʠ ʪʨʘʢʪʦʨʘ ʜʦ ʢʦʥʮʘ ʛʠʜʨʦʢʨʶʢʘ, ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʜʦ ʪʦʯʢʠ ʢʨʝʧʣʝʥʠʷ ʛʠʜʨʦʢʨʶʢʘ ʢ ʟʘʜʥʝʤʫ ʤʦʩʪʫ ʪʨʘʢʪʦʨʘ ʠ ʫʛʣʘ ʥʘʢʣʦʥʘ ʪʨʘʢʪʦʨʘ ʢ ʛʦʨʠ-

ʟʦʥʪʫ, ʟʘʚʠʩʷʱʝʤʫ ʦʪ ʙʘʟʳ ʪʨʘʢʪʦʨʘ ʠ ʚʳʩʦʪʳ ʧʨʝʦʜʦʣʝʚʘʝʤʦʛʦ ʧʨʝʧʷʪʩʪʚʠʷ. 

ʇʨʠ ʧʝʨʝʝʟʜʝ ʪʨʘʢʪʦʨʘ ʠ ʧʨʠʮʝʧʘ ʯʝʨʝʟ ʧʨʝʧʷʪʩʪʚʠʷ ʜʳʰʣʦ ʧʨʠʮʝʧʘ ʠʟʤʝʥʷʝʪ ʩʚʦʝ 

ʠʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʥʦ ʪ.ʢ. ʧʝʨʝʜʥʠʡ ʢʦʥʝʮ ʙʘʣʢʠ ʰʘʨʥʠʨʥʦ ʩʦʝʜʠʥʝʥ ʩ ʜʳʰʣʦʤ [1], ʪʦ ʨʘʩ-

ʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʦʯʢʦʡ ʢʨʝʧʣʝʥʠʷ ʛʠʜʨʦʮʠʣʠʥʜʨʘ ʢ ʨʘʤʝ ʧʦʚʦʨʦʪʥʦʡ ʪʝʣʝʞʢʠ ʠ ʪʦʯʢʦʡ ʩʦ-

ʝʜʠʥʝʥʠʷ ʝʛʦ ʰʪʦʢʘ ʩ ʙʘʣʢʦʡ ʙʫʜʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʫʩʪʘʥʦʚʠʤ ʝʛʦ. 

ɺʳʩʦʪʘ ʧʦʜʲʝʤʘ ʢʦʥʮʘ ʛʠʜʨʦʢʨʶʢʘ ʪʨʘʢʪʦʨʘ ʨʘʚʥʘ ʚʳʩʦʪʝ ʧʦʜʲʝʤʘ ʧʝʨʝʜʥʝʛʦ ʢʦʥʮʘ 

ʜʳʰʣʘ (ʨʠʩ. 4). 

ʆʪʨʝʟʦʢ AM ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʨʘʩʩʪʦʷʥʠʝ ʢʦʥʮʘ ʜʳʰʣʘ ʧʨʠʮʝʧʘ (ʛʠʜʨʦʢʨʶʢʘ) ʥʘʜ ʦʧʦʨ-

ʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʘ ʦʪʨʝʟʦʢ ɸɺ ï ʚʳʩʦʪʫ ʧʦʜʲʝʤʘ ʢʦʥʮʘ ʜʳʰʣʘ ʦʪ ʠʩʭʦʜʥʦʛʦ ʧʦʣʦʞʝʥʠʷ 

.AMMBAB -=  

ɿʥʘʯʝʥʠʷ ʦʪʨʝʟʢʦʚ ʄɺ ʠ AM ʠʟʚʝʩʪʥʳ. 

 
ʈʠʩ. 4. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʷʛʦʚʦ-ʜʦʛʨʫʟʦʯʥʦʛʦ ʫʩʪʨʦʡ-

ʩʪʚʘ ʧʨʠ ʧʝʨʝʝʟʜʝ ʯʝʨʝʟ ʧʨʝʧʷʪʩʪʚʠʝ 

 

ʅʘʡʜʝʤ ʦʪʨʝʟʦʢ DK, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʭʦʜ ʰʪʦʢʘ ʛʠʜʨʦʮʠʣʠʥʜʨʘ ʧʨʠ ʧʦʜʲʝʤʝ ʢʦʥʮʘ 

ʜʳʰʣʘ ʧʨʠʮʝʧʘ ʚʚʝʨʭ. ʊʨʝʫʛʦʣʴʥʠʢʠ ABC ʠ DKC ʧʦʜʦʙʥʳ, ʪʦʛʜʘ: 
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DK (3) 

ʀʟ ʚʳʨʘʞʝʥʠʷ (3) ʩʣʝʜʫʝʪ, ʯʪʦ ʭʦʜ ʰʪʦʢʘ ʛʠʜʨʦʮʠʣʠʥʜʨʘ ʧʨʠ ʧʦʜʲʝʤʝ ʜʳʰʣʘ ʧʨʠʮʝʧʘ 

ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʜʲʝʤʘ ʜʳʰʣʘ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʧʣʝʯ ʙʘʣʢʠ. 

ʇʨʠ ʦʧʫʩʢʘʥʠʠ ʜʳʰʣʘ ʜʦ ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʩʤ. ʨʠʩ. 4) ʭʦʜ ʰʪʦʢʘ ʛʠʜʨʦʮʠʣʠʥʜʨʘ 

ʙʫʜʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʚʝʣʠʯʠʥʦʡ DF . 

ʅʘʡʜʝʤ ʝʝ ʠʟ ʧʦʜʦʙʠʷ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ɸʉʄ ʠ FDC: 
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ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʝʣʠʯʠʥʘ DK+DF ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʭʦʜ ʰʪʦʢʘ ʛʠʜʨʦʮʠʣʠʥʜʨʘ ɻ
ʐ
, ʢʦ-

ʪʦʨʳʡ ʜʦʣʞʝʥ ʙʳʪʴ ʥʝ ʤʝʥʝʝ:       ʐɻ  =  DK  +  DF 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʥʘʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʠʣʳ, ʨʘʟʚʠʚʘʝʤʦʡ ʛʠʜʨʦʮʠʣʠʥʜʨʦʤ ɻ
P  

(ʢʅ), ʨʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ ʚ ʛʠʜʨʦʩʠʩʪʝʤʝ ʪʨʘʢʪʦʨʘ C
q
(ʢʅ/ʩʤ2), ʥʘʭʦʜʠʤ ʧʣʦʱʘʜʴ ʧʦʨʰʥʷ  ʛʠʜ-

ʨʦʮʠʣʠʥʜʨʘ ɻ
S : 

C

ɻ

ɻ

q

P
S =

. 

ʇʦ ʧʣʦʱʘʜʠ ɻ
S  ʦʧʨʝʜʝʣʷʝʤ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʜʠʘʤʝʪʨʘ ʛʠʜʨʦʮʠ-

ʣʠʥʜʨʘ ʄ
D : 

pp
C

ɻɻ

ʄ

q

PS
D
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==

. 

ʇʦ ʭʦʜʫ ʰʪʦʢʘ ɻ
ʐ  ʠ ʟʥʘʯʝʥʠʶ ʚʥʫʪʨʝʥʥʝʛʦ ʜʠʘʤʝʪʨʘ ʄ

D , ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜʙʦʨ 

ʛʠʜʨʦʮʠʣʠʥʜʨʘ. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʛʠʜʨʦʮʠʣʠʥʜʨ ʩʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʧʦʩʪʦʷʥʥʦʝ 

ʫʩʠʣʠʝ ʧʨʠ ʥʘʣʠʯʠʠ ʧʝʨʝʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ, ʦʪʨʝʛʫʣʠʨʦʚʘʥʥʦʛʦ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʝ ʜʘʚʣʝʥʠʝ ʠ 

ʧʨʠ ʫʩʣʦʚʠʠ ʧʦʩʪʦʷʥʥʦʡ ʨʘʙʦʪʳ ʤʘʩʣʝʥʦʛʦ ʥʘʩʦʩʘ ʛʠʜʨʦʩʠʩʪʝʤʳ ʪʨʘʢʪʦʨʘ, ʘ ʵʪʦ ʥʝʣʴʟʷ ʩʯʠ-

ʪʘʪʴ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʛʨʫʟʢʠ ʪʨʘʢʪʦʨʘ ʩʦ ʩʪʦʨʦʥʳ ʧʨʠʮʝʧʘ. ɸʣʴʪʝʨʥʘ-

ʪʠʚʦʡ ʧʝʨʝʧʫʩʢʥʦʤʫ ʢʣʘʧʘʥʫ, ʫʧʨʘʚʣʷʶʱʝʤʫ ʜʘʚʣʝʥʠʝʤ ʚ ʨʘʙʦʯʝʡ ʧʦʣʦʩʪʠ ʛʠʜʨʦʮʠʣʠʥʜʨʘ, 

ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʨʫʞʠʥʘ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦ-

ʪʘʪʴ ʫʩʪʨʦʡʩʪʚʦ, ʫʧʨʘʚʣʷʶʱʝʝ ʥʘʛʨʫʟʢʦʡ ʥʘ ʩʨʝʜʥʶʶ ʯʘʩʪʴ ʙʘʣʢʠ ʪʷʛʦʚʦ-ʜʦʛʨʫʟʦʯʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ. 

 

ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʠʩʪʦʯʥʠʢʠ 
1. ʇʘʪ. 2297938 ʈʌ, ʄʇʂ B62D53/04 (2006.01), B60D1/00 (2006.01), A01B59/04 (2006.01). ʉʮʝʧʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʢʦʣʝʩʥʦʛʦ ʪʨʘʢʪʦʨʘ ʩ ʧʨʠʮʝʧʦʤ / ɺ.ʇ. ɻʨʝʙʥʝʚ, ɺ.ʀ. ʇʘʥʠʥ, ɸ.ɺ. ɺʦʨʦʭʦʙʠʥ. ï ˉ 

2005138232/11; ʟʘʷʚʣʝʥʦ 08.12.2005; ʦʧʫʙʣ. 27.04.2007, ɹʶʣ. ˉ32. ï 5 ʩ.: ʠʣ. 

2. ʇʘʪ. 2137652 ʈʌ, ʄʇʂ 6 ɺ62D53/04. ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʭʦʜʠʤʦʩʪʠ ʢʦʣʝʩʥʳʭ ʪʨʘʢʪʦʨʦʚ 

ʧʨʠ ʨʘʙʦʪʝ ʩ ʧʨʠʮʝʧʘʤʠ / ɺ.ʇ. ɻʨʝʙʥʝʚ, ɺ.ʀ. ʇʘʥʠʥ, ɸ.ɺ. ɹʦʯʘʨʦʚ. ï ˉ 97120689/28; ʟʘʷʚʣʝʥʦ 03.12.1997; 

ʦʧʫʙʣ. 20.09.1999, ɹʶʣ. ˉ5. - 6 ʩ.: ʠʣ.   

3. ʇʘʪ. 2190549 ʈʌ, ʄʇʂ 7 B62D53/04. ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʭʦʜʠʤʦʩʪʠ ʢʦʣʝʩʥʳʭ ʪʨʘʢʪʦʨʦʚ 

ʧʨʠ ʨʘʙʦʪʝ ʩ ʜʚʫʭʦʩʥʳʤʠ ʧʨʠʮʝʧʘʤʠ / ɺ.ʇ. ɻʨʝʙʥʝʚ, ɺ.ʀ. ʇʘʥʠʥ, ʉ.ɺ. ʍʚʘʩʪʫʥʦʚ. ï  ̄  2000100630/28; ʟʘʷʚʣʝʥʦ 

10.01.2000; ʦʧʫʙʣ. 10.10.2002, ɹʶʣ. ˉ36. ï 5 ʩ.: ʠʣ. 

4. ɿʘʷʚʢʘ 20101121791 ʈʌ, ʄʇʂ B60B11/00 (2006.01), B62D53/04 (2006.01). ɺʩʧʦʤʦʛʘʪʝʣʴʥʦʝ ʫʩʪʨʦʡ-

ʩʪʚʦ-ʢʦʨʨʝʢʪʦʨ ʩʮʝʧʥʦʛʦ ʚʝʩʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʭʦʜʠʤʦʩʪʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʦʣʝʩʥʳʭ ʪʨʘʢʪʦʨʦʚ ʧʨʠ ʠʭ 

ʘʛʨʝʛʘʪʠʨʦʚʘʥʠʠ ʩ ʜʚʫʭʦʩʥʳʤʠ ʧʨʠʮʝʧʘʤʠ / ʉ.ɺ. ʑʠʪʦʚ, ɽ.ɽ. ʂʫʟʥʝʮʦʚ. - ˉ 20101121791/11; ʟʘʷʚʣʝʥʦ 

28.05.2010; ʦʧʫʙʣ. 10.12.2011 

5. ɻʨʝʙʥʝʚ, ɺ.ʇ. ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʮʝʧʥʳʭ ʪʨʘʢʪʦʨʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʘʛʨʝ-

ʛʘʪʦʚ / ɺ.ʇ. ɻʨʝʙʥʝʚ, ʅ.ʄ. ɼʝʨʢʘʥʦʩʦʚʘ, ɸ.ɺ. ɺʦʨʦʭʦʙʠʥ ʠ ʜʨ. // ɺʝʩʪʥʠʢ ɺʦʨʦʥʝʞʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʛ-

ʨʘʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. - 2012 - ˉ2. ï ʉ. 87-92. 




