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ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ʈʝʩʧʫʙʣʠʢʘ ʊʘʜʞʠʢʠʩʪʘʥ ʧʦ ʩʚʦʝʤʫ ʨʝʣʴʝʬʫ - 

ʪʠʧʠʯʥʘʷ ʛʦʨʥʘʷ ʩʪʨʘʥʘ, ʩ ʨʘʟʥʦʩʪʴʶ ʚʳʩʦʪʥʳʭ ʦʪʤʝʪʦʢ ʦʪ 310 ʜʦ 7495 ʤʝʪ-

ʨʦʚ. ʆʥʘ ʠʟʨʝʟʘʥʘ ʙʦʣʝʝ 25 ʪʳʩ. ʤʘʣʳʭ ʠ ʙʦʣʴʰʠʭ ʨʝʢ, ʦʙʱʝʡ ʧʨʦʪʷʞʝʥʥʦ-

ʩʪʴʶ ʦʢʦʣʦ 30000 ʢʤ.  

ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʤʘʛʠʩʪʨʘʣʴʥʦʡ ʤʝʞʭʦʟʷʡʩʪʚʝʥʥʦʡ ʩʝʪʠ ʨʝʩʧʫʙʣʠʢʠ ʥʘ 

2000 ʛʦʜ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 5000 ʢʤ, ʘ ʩ ʫʯʸʪʦʤ ʚʥʫʪʨʠʭʦʟʷʡʩʪʚʝʥʥʦʡ ʩʝʪʠ ʦʙ-

ʱʘʷ ʜʣʠʥʘ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʝʪʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 31 ʪʳʩ. ʢʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘ-

ʢʨʳʪʠʝ ʪʨʫʙʦʧʨʦʚʦʜʳ - 6133 ʢʤ, ʣʦʪʢʦʚʳʝ - 2483 ʢʤ, ʜʣʠʥʘ ʢʘʥʘʣʦʚ ʚ ʟʝʤʣʷ-

ʥʳʭ ʨʫʩʣʘʭ - ʙʦʣʝʝ 23000 ʢʤ.  

ʀʟ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʈʝʩʧʫʙʣʠʢʠ ʣʠʰʴ 7% (ʦʢʦʣʦ 1,6 ʤʣʥ. ʛʘ) 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʜʦʣʶ ʨʘʚʥʠʥ, ʷʚʣʷʶʱʠʭʩʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʤʝʞʛʦʨ-

ʥʳʤʠ ʠ ʧʨʝʜʛʦʨʥʳʤʠ ʚʧʘʜʠʥʘʤʠ ʠ ʨʘʩʰʠʨʝʥʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʨʝʯʥʳʭ ʜʦʣʠʥ, 

ʢʘʢ ʩʦʪʥʠ ʨʝʢ ʤʝʞʛʦʨʥʳʭ ʫʝɦʣʴʝʚ ʠ ʚʧʘʜʠʥ, ʪʘʢ ʠ ʜʝʩʷʪʦʢ ʧʦʡʤ ʠ ʢʦʥʫʩʦʚ 

ʚʳʥʦʩʘ ʢʨʫʧʥʳʭ ʨʝʢ. ʅʘ ʵʪʠʭ ʟʝʤʣʷʭ ʩ ʜʨʝʚʥʝʡʰʠʭ ʚʨʝʤʸʥ ʩʦʩʨʝʜʦʪʦʯʝʥ 

ʮʝʥʪʨ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ, ʪʦ ʝʩʪʴ ʚʩʷ 

ʢʫʣʴʪʫʨʥʘʷ ʠ ʩʦʮʠʘʣʴʥʦ-ʭʦʟʷʡʩʪʚʝʥʥʘʷ ʞʠʟʥʴ ʈʝʩʧʫʙʣʠʢʠ. ʉʦʭʨʘʥʝʥʠʝ ʠ 

ʟʘʱʠʪʘ ʧʦʯʚ ʠ ʧʣʦʜʦʨʦʜʠʷ ʟʝʤʝʣʴ, ʛʦʨʦʜʦʚ ʠ ʜʝʨʝʚʝʥʴ ʦʪ ʥʘʚʦʜʥʝʥʠʡ ʠ 

ʦʧʦʣʟʥʝʡ, ʦʪ ʨʘʟʤʳʚʘ ʨʝʯʥʳʤʠ, ʩʝʣʝʚʳʤʠ ʠ ʧʘʚʦʜʢʦʚʳʤʠ ʧʦʪʦʢʘʤʠ - ʧʦʩʪʦ-

ʷʥʥʘʷ ʟʘʙʦʪʘ ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʠ ʚʩʝʛʦ ʥʘʩʝʣʝʥʠʷ ʩʪʨʘʥʳ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʦʝʥʠʷ ʛʨʫʥʪʦʚ ʧʦʡʤʳ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʨʫʩʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ, ʤʦʱʥʦʩʪʠ ʧʦʪʦʢʘ ʚʦʜʳ ʠ ʦʪ ʬʦʨʤʳ ʨʫʩʣʘ ʠ 

ʭʘʨʘʢʪʝʨʘ ʠʭ ʨʘʟʤʳʚʘ ʙʝʨʝʛʦʫʢʨʝʧʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ ʚʝʜʫʪʩʷ 

ʩ ʜʨʝʚʥʝʡʰʠʭ ʚʨʝʤʝʥ. ʆʜʥʘʢʦ ʠʟʤʝʥʯʠʚʦ ʙʫʨʥʦʝ ʧʦʚʝʜʝʥʠʝ ʨʝʢ ʠ ʟʝʤʣʷʥʳʭ 

ʢʘʥʘʣʦʚ ʩ ʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʦʡ ʢʦʣʝʙʘʥʠʷ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʩ ʚʟʚʝʰʝʥʥʳʤʠ ʠ 

ʚʣʝʢʦʤʳʤʠ ʥʘʥʦʩʘʤʠ ʧʦ ʜʥʫ ʨʫʩʝʣ ʚ ʚʠʜʝ ʢʨʫʧʥʦʛʦ ʧʝʩʢʘ, ʛʘʣʴʢʠ ʠ 

ʙʫʣʳʞʥʠʢʘ ʪʨʝʙʫʝʪ ʚʳʧʦʣʥʝʥʠʷ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʩ ʫʯʸʪʦʤ 

ʵʪʠʭ ʚʦʜʥʳʭ ʩʪʠʭʠʡ ʛʦʨʥʦʡ ʩʪʨʘʥʳ. ɺʝʩʴʤʘ ʚʘʞʥʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʟʘʱʠʱʝʥʥʳʭ ʦʪ ʟʘʠʣʝʥʠʷ ʠ ʨʘʟʤʳʚʘ, ʦʨʦʩʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ ʠ 
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ʜʨʝʥʘʞʥʳʭ ʩʝʪʝʡ ʚ ʜʦʣʠʥʘʭ, ʨʘʟʣʠʯʥʳʝ ʦʪʢʨʳʪʳʝ ʠ ʟʘʢʨʳʪʳʝ ʩʝʣʝʦʪʚʦʜʷʱʠʝ 

ʨʫʩʣʘ ʠ ʢʘʥʘʣʳ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʛʦʨʦʜʘʭ ʠ ʧʦʩʸʣʢʘʭ. ʕʪʠ ʚʦʧʨʦʩʳ ʠ  ʟʘʜʘʯʠ, 

ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʜʘʥʦ ʚ ʨʘʙʦʪʝ, ʦʧʨʝʜʝʣʷʝʪ ʝʸ ʘʢʪʫʘʣʴʥʦʩʪʴ. 

ʉʚʷʟʴ ʩ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ. 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʰʝʩʪʦʡ ʮʝʣʠ 

ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ (ʎʋʈ) ɺʩʝʤʠʨʥʦʡ ʧʨʦʛʨʘʤʤʳ ʋʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ 

ʆʆʅ, ʘ ʪʘʢʞʝ ʨʝʛʠʦʥʘʣʴʥʦʡ ʇʨʦʛʨʘʤʤʳ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʬʦʥʜʘ ʩʧʘʩʝʥʠʷ 

ɸʨʘʣʘ (ʄʌʉɸ) ʠ ʉʪʨʘʪʝʛʠʷ ʨʘʟʚʠʪʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʈʝʩʧʫʙʣʠʢʠ 

ʊʘʜʞʠʢʠʩʪʘʥ ʚ ʧʝʨʠʦʜ ʜʦ 2030 ʛʦʜʳ, ʘ ʪʘʢʞʝ ʦʥʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʨʝʰʝʥʠʝ 

ʦʩʥʦʚʥʳʭ ʠʜʝʡ ʧʨʦʚʦʟʛʣʘʰʝʥʥʳʭ ʃʠʜʝʨʦʤ ʥʘʮʠʠ, ʦʩʥʦʚʦʧʦʣʦʞʥʠʢʦʤ ʤʠʨʘ ʠ 

ʩʦʛʣʘʩʠʷ, ʇʨʝʟʠʜʝʥʪʦʤ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ ʫʚʘʞʘʝʤʳʤ ʕʤʦʤʘʣʠ 

ʈʘʭʤʦʥʦʤ ʥʘ 2020-2040ʛʛ., ʪ.ʝ. 20-ʣʝʪʠʝʤ ʨʘʟʚʠʪʠʷ ʝʩʪʝʩʪʚʝʥʥʳʭ, ʪʦʯʥʳʭ ʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʄʦʜʝʣʠ ʪʝʯʝʥʠʡ ʚʦʜ ʛʦʨʥʳʭ ʨʝʢ, ʦʪʢʨʳʪʳʭ ʢʘ-

ʥʘʣʦʚ ʠ ʥʘʧʦʨʥʳʝ ʪʨʫʙʦʧʨʦʚʦʜʳ ʨʘʟʣʠʯʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʉʦʟʜʘʪʴ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʪʝʦʨʝʪʠʢʦ-ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʝ ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʧʨʦʮʝʩʩ ʨʘʚʥʦʤʝʨʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʪʝʯʝ-

ʥʠʷ ʚʦʜ ʨʝʢ ʚ ʧʨʝʜʛʦʨʥʳʭ ʠ ʛʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʠ       

ʨʝʰʝʥʳ ʥʠʞʝʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ʀʟʫʯʠʪʴ ʚʦʧʨʦʩʳ ʚʟʘʠʤʦʩʚʷʟʠ ʨʝʯʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʊʘʜʞʠʢʠʩʪʘ-

ʥʘ. 

2. ɺ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘ, ʨʝʠhʪʴ ʟʘʜʘʯʠ ʦʙ ʦʧʨʝʜʝ-

ʣʝʥʠʠ ʥʘʠʚʳʛʦʜʥʝʡʰʝʛʦ ʧʨʦʬʠʣʷ ʢʘʥʘʣʘ. ɼʘʪʴ ʥʦʚʳʝ ʦʧʪʠʤʘʣʴʥʳʝ ʬʦʨʤʳ 

ʧʨʦʬʠʣʝʡ ʢʘʥʘʣʦʚ. 

3. ʀʟʫʯʠʪʴ ʚʦʧʨʦʩʳ ʦ ʩʪʝʧʝʥʠ ʠʟʫʯʝʥʥʦʩʪʠ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʪʫʨʙʫ-

ʣʝʥʪʥʦʛʦ ʜʚʠʞʝʥʠʷ ʈʝʡʥʦʣʴʜʩʘ. ʈʘʩʩʤʦʪʨʝʪʴ ʟʘʤʳʢʘʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ 

ʈʝʡʥʦʣʴʜʩʘ ʧʦ ɹʫʩʩʠʥʝʩʢʫ ʠ ʜʨ. 
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4. ʇʦʩʪʨʦʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʨʘʚʥʦʤʝʨʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ, ʫʯʠʪʳʚʘʶʱʫʶ ʢʘʢ ʤʦʣʝʢʫʣʷʨʥʫʶ ʚʷʟʢʦʩʪʴ ʅʴʶʪʦʥʘ, 

ʪʘʢ ʠ ʚʠʭʨʝʚʫʶ ʚʷʟʢʦʩʪʴ ɹʫʩʩʠʥʝʩʢʘ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʩʣʫʯʘʝʚ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʥʦʚʘʥʳ ʥʘ ʤʝʪʦʜʘʭ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʛʠʜʨʦʤʝʭʘʥʠ-

ʢʠ, ʪʝʦʨʠʠ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ, ʦʩʥʦʚʝ ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʠ, ʪʝʦʨʠʠ ʬʠʣʴʪʨʘʮʠʠ. 

ʀʟʫʯʝʥʳ ʧʨʦʙʣʝʤʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, ʪ. ʝ. ʚʦʧʨʦʩ ʦ ʪʦʤ, ʢʘʢʠʤ 

ʦʙʨʘʟʦʤ ʠ ʧʨʠ ʢʘʢʠʭ ʫʩʣʦʚʠʷʭ ʣʘʤʠʥʘʨʥʦʝ ʪʝʯʝʥʠʝ ʧʝʨʝʭʦʜʠʪ ʚ ʪʫʨʙʫʣʝʥʪ-

ʥʦʝ. ʀʟʫʯʝʥʳ ʤʝʪʦʜʳ ʟʘʤʳʢʘʥʠʷ ʫʨʘʚʥʝʥʠʷ ʈʝʡʥʦʣʴʜʩʘ ʩ ʧʦʤʦʱʴʶ ʧʦʣʫʠʤ-

ʧʝʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ.  

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ: 

1. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʠ ʨʘʩʰʠʨʝʥʠʠ ʬʦʨʤʫʣʳ ʐʝʟʠ ʠ ɼʘʨʩʠ-

ɺʝʡʩʙʘʭʘ ʜʣʷ ʛʠʜʨʘʚʣʠʢʠ ʦʪʢʨʳʪʳʭ ʢʘʥʘʣʦʚ ʠ ʥʘʧʦʨʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ 

ʨʘʟʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. 

2. ʋʩʪʘʥʦʚʣʝʥʠʠ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʬʦʨʤʳ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

ʨʫʩʣʘ ʥʘ ʚʝʣʠʯʠʥʳ ʨʘʩʭʦʜʘ ʠ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ. ʈʝhʝʥʠʠ ʟʘʜʘʯʠ ʦʙ 

ʦʧʨʝʜʝʣʝʥʠʠ ʥʘʠʚʳʛʦʜʥʝʡʰʝʛʦ ʧʨʦʬʠʣʷ ʢʘʥʘʣʘ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʛʠʜʨʘʚʣʠʯʝ-

ʩʢʦʛʦ ʨʘʜʠʫʩʘ. ɼʘʥʳ ʥʦʚʳʝ ʦʧʪʠʤʘʣʴʥʳʝ ʬʦʨʤʳ ʧʨʦʬʠʣʝʡ ʜʣʷ ʢʘʥʘʣʦʚ.  

3. ʀʩʩʣʝʜʦʚʘʥʠʠ ʚʦʧʨʦʩʘ ʦ ʚʣʠʷʥʠʠ ʪʫʨʙʫʣʝʥʪʥʦʡ ʚʷʟʢʦʩʪʠ ɹʫʩʩʠʥʝʩʢʘ 

ʥʘ ʨʝʞʠʤ ʨʘʚʥʦʤʝʨʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʪʝʯʝʥʠʷ ʧʫʪʸʤ ʚʚʝʜʝʥʠʷ ʪʫʨʙʫʣʝʥʪ-

ʥʦʡ ʚʷʟʢʦʩʪʠ, ʢʘʢ ʬʫʥʢʮʠʠ ʢʦʦʨʜʠʥʘʪʳ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʡ 

ʫʩʣʦʚʠʶ ʨʘʚʝʥʩʪʚʘ ʥʫʣʷ ʫ ʩʪʝʥʢʠ ʠ ʚʦʟʨʘʩʪʘʥʠʶ ʧʨʠ ʦʪʜʘʣʝʥʠʠ ʦʪ ʩʪʝʥʢʠ. 

ʇʦʩʪʨʦʝʥʠʝ ʨʷʜʘ ʥʦʚʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʜʘʶʱʠʭ ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ 

ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ, ʜʘʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʟʘ-

ʚʠʩʠʤʦʩʪʠ. 

4. ʇʨʠʤʝʥʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʢ ʟʘʜʘʯʘʤ ʜʚʠʞʝ-

ʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʱʝʣʠ, ʚ ʟʘʜʘʯʝ ʦ ʨʘʚʥʦʤʝʨʥʦʤ ʪʝʯʝʥʠʠ ʞʠʜʢʦʩʪʠ ʚ ʨʦʜʥʠʢʝ, ʚ 

ʟʘʜʘʯʝ ʦ ʨʘʚʥʦʤʝʨʥʦʤ ʨʘʟʚʠʪʦʤ ʪʝʯʝʥʠʠ ʚ ʦʪʢʨʳʪʳʭ ʨʫʩʣʘʭ, ʚ ʧʘʚʦʜʢʘʭ, ʩʝ-

ʣʝʚʳʭ ʧʦʪʦʢʘʭ ʠ ʪ.ʜ. 
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ʇʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ: 

1. ʈʘʩʰʠʨʝʥʠʠ ʠ ʫʪʦʯʥʝʥʠʠ ʢʣʘʩʩʘ ʬʦʨʤʫʣ ʩʨʝʜʥʝʛʦ ʜʚʠʞʝʥʠʷ ʛʠʜʨʘʚ-

ʣʠʢʠ ʢʘʥʘʣʦʚ ʩ ʦʧʪʠʤʘʣʴʥʳʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʞʠʚʦʛʦ 

ʩʝʯʝʥʠʷ.  

2. ʇʨʠʤʝʥʝʥʠʠ ʪʦʯʥʳʭ ʨʝʰʝʥʠʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʛʠʜʨʦʤʝʭʘʥʠʢʠ ʧʨʠ 

ʨʝʘʣʠʟʘʮʠʠ ʦʧʪʠʤʘʣʴʥʳʭ ʧʨʦʝʢʪʦʚ ʦʨʦʩʠʪʝʣʴʥʳʭ ʠ ʩʝʣʝʟʘʱʠʪʥʳʭ ʩʠʩʪʝʤ ʚ 

ʛʦʨʥʳʭ ʫʩʣʦʚʠʷʭ.  

3. ʇʨʠʤʝʥʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʧʦʚʳʰʝʥʠʠ 

ʫʨʦʚʥʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʤʦʣʦʜʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʚʫʟʘʭ ʠ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʤʝʨʦʧʨʠʷʪʠʷʭ ʠ ʜʨ. 

ʈʝʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʥʘ ʧʨʘʢʪʠʢʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʪʝʩʥʦʤ ʢʦʥʪʘʢʪʝ ʩʦ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʚʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʩʝʣʝʟʘʱʠʪʥʳʭ, 

ʵʢʦʣʦʛʦ-ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʘ ʪʘʢʞʝ ʧʨʠ ʯʪʝʥʠʠ ʣʝʢʮʠʡ ʚ 

ʧʨʦʬʠʣʴʥʳʭ ʬʘʢʫʣʴʪʝʪʘʭ ʚʫʟʦʚ ʨʝʩʧʫʙʣʠʢʠ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʩʪʘʥʦʚʢʦʡ ʠ ʢʦʨʨʝʢʪʥʳʤ ʨʝʝh-

ʥʠʝʤ ʯʝʪʳʨʸʭ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʨʠ ʵʪʦʤ, ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʝʨʪʠʬʠʮʠ-

ʨʦʚʘʥʥʳʝ ʠ ʚʝʨʠʬʠʮʠʨʦʚʘʥʥʳʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʝʡʩʪʚʫʶʱʠʤʠ ʥʦʨʤʘʪʠʚ-

ʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ, ʜʝʡʩʪʚʫʶʱʠʤʠ, ʢʘʢ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠ-

ʢʠʩʪʘʥ, ʪʘʢ ʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ, ʧʨʦʛʨʘʤʤʥʳʝ ʧʘʢʝʪ rANSYS CFX, ʢʦ-

ʪʦʨʳʝ ʨʝʘʣʠʟʫʶʪʩʷ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʯʠʩʣʝʥʥʳʝ ʨʝʘʣʠʟʘʮʠʠ ʧʦ-

ʩʪʘʚʣʝʥʥʳʭ ʠ ʨʝʰʸʥʥʳʭ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʳʭ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʦʛʨʘʤʤʘ Microsoft office Excel, ʧʨʠʤʝʥʸʥ ʩʨʘʚ-

ʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʩʦʧʦʩʪʘʚʣʝʥʳ ʧʦʣʫʯʝʥʥʳʝ ʘʚʪʦʨʩʢʠʝ ʨʝʟʫʣʴʪʘʪ rʩ ʨʝʟʫʣʴʪʘ-

ʪʘʤʠ ʜʨʫʛʠʭ ʫʯʸʥʳʭ, ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ. 

ɺʢʣʘʜ ʘʚʪʦʨʘ ʩʦʩʪʦʠʪ ʚ ʥʘʫʯʥʦʤ ʦʙʦʩʥʦʚʘʥʠʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦ-

ʪʳ, ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʦʮʝʥʦʯʥʳʭ ʢʨʠʪʝʨʠʝʚ ʤʦʜʝʣʝʡ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʠ ʜʠ-

ʥʘʤʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʠʢ ʠ ʧʨʦʛʨʘʤʤ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʘʥʘʣʠʟʦʤ ʠ ʦʙʦʙʱʝʥʠʡ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʠʠ ʥʦ-
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ʚʳʭ ʠ ʫʪʦʯʥʝʥʠʠ ʠʟʚʝʩʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʠ ʚʥʝʜʨʝʥʠʠ. ɺ ʨʘʙʦʪʘʭ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʩʦʘʚʪʦʨ-

ʩʪʚʝ, ʘʚʪʦʨʦʤ ʩʜʝʣʘʥ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ, ʚʳʨʘʞʘʶʱʠʡʩʷ ʚ ʬʦʨʤʫʣʠʨʦʚʘʥʠʠ ʮʝ-

ʣʝʡ ʠ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʨʘʟʨʘʙʦʪʢʝ ʦʩ-

ʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʡ, ʦʙʦʙʱʝʥʠʠ ʠ ʘʥʘʣʠʟʝ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ɺ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘ ʚʳʚʝʜʝʥʳ ʥʦʚʳʝ ʦʧʪʠ-

ʤʘʣʴʥʳʝ ʬʦʨʤʫʣʳ ʛʠʜʨʘʚʣʠʢʠ ʚ ʦʪʢʨʳʪʳʭ ʢʘʥʘʣʘʭ ʠ ʥʘʧʦʨʥʳʭ ʪʨʫʙʦʧʨʦʚʦ-

ʜʘʭ. ɼʘʥʳ ʬʦʨʤʫʣʳ ʩʢʦʨʦʩʪʠ ʠ ʨʘʩʭʦʜʘ ʜʣʷ ʦʪʢʨʳʪʳʭ ʢʘʥʘʣʦʚ ʠ ʥʘʧʦʨʥʳʭ 

ʪʨʫʙ ʩ ʨʘʟʣʠʯʥʳʤʠ ʬʦʨʤʘʤʠ ʧʨʦʬʠʣʷ: ʘ) ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʪʨʫʙʳ, ʙ) ʢʘʥʘʣʳ 

ʪʨʘʧʝʮʝʠʜʘʣʴʥʦʛʦ ʩʝʯʝʥʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʟʘʜʘʯʠ ʦʙ ʦʧʨʝʜʝʣʝʥʠʠ ʥʘʠʚʳʛʦʜ-

ʥʝʡʰʝʛʦ ʧʨʦʬʠʣʷ ʢʘʥʘʣʘ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘ. ɼʘʥʳ 

ʥʦʚʳʝ ʦʧʪʠʤʘʣʥɹʳʝ ʬʦʨʤʳ ʧʨʦʬʠʣʝʡ ʢʘʥʘʣʦʚ. 

2. ʀʩʩʣʝʜʦʚʘʥ ʚʦʧʨʦʩ ʦ ʩʪʝʧʝʥʠ ʠʟʫʯʝʥʥʦʩʪʠ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʪʫʨ-

ʙʫʣʝʥʪʥʦʛʦ ʜʚʠʞʝʥʠʷ ʈʝʡʥʦʣʴʜʩʘ. ʀʟʫʯʝʥʳ ʟʘʤʳʢʘʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ 

ʈʝʡʥʦʣʴʜʩʘ. ʕʪʦ ɸ) ʬʝʤʝʥʦʣʦʛʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ɾ. ɹʫʩʩʠʥʝʩʢʘ, ʠ 

ɹ) ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʩʠʩʪʝʤʳ ʬʝʤʝʥʦʣʦʛʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʪʫʨ-

ʙʫʣʝʥʪʥʦʩʪʠ ɹʫʩʩʠʥʝʩʢʘ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʄ.ɸ. ʉʘʪʪʘʨʦʚʳʤ.  

3. ʀʩʩʣʝʜʦʚʘʥ ʚʦʧʨʦʩ ʦ ʚʣʠʷʥʠʠ ʪʫʨʙʫʣʝʥʪʥʦʡ ʚʷʟʢʦʩʪʠ ɹʫʩʩʠʥʝʩʢʘ ʥʘ 

ʨʝʞʠʤ ʨʘʚʥʦʤʝʨʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʪʝʯʝʥʠʷ ʧʫʪʸʤ ʚʚʝʜʝʥʠʷ ʪʫʨʙʫʣʝʥʪʥʦʡ 

ʚʷʟʢʦʩʪʠ, ʢʘʢ ʬʫʥʢʮʠʠ ʢʦʦʨʜʠʥʘʪʳ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʇʨʠ ʵʪʦʤ, ʨʘʩʩʤʦʪʨʝʥʳ ʯʝ-

ʪʳʨʝ ʢʣʘʩʩʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʛʠʜʨʦʜʠʥʘʤʠʢʠ: ɿʘʜʘʯʘ 1 - ʆʜʥʦʤʝʨʥʦʝ ʪʝʯʝʥʠʝ 

ʤʝʞʜʫ ʜʚʫʤʷ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʩʪʝʥʢʘʤʠ. ʊʝʯʝʥʠʝ ʇʫʘʟʝʡʣʷ; ɿʘʜʘʯʘ 2 - ʊʝʯʝ-

ʥʠʝ ʂʫʵʪʪʘ; ɿʘʜʘʯʘ 3 - ʊʝʯʝʥʠʝ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʚʥʝʰʥʠʭ ʩʠʣ; ɿʘʜʘʯʘ 4 - ʊʫʨʙʫʣʝʥʪʥʦʝ ʪʝʯʝʥʠʝ ʚ ʪʨʫʙʢʘʭ. 

ɼʣʷ ʢʘʞʜʦʡ ʠʟ ʥʠʭ ʧʦʩʪʨʦʝʥʘ ʥʦʚʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʚʠʞʝʥʠʷ, 

ʚ ʢʦʪʦʨʦʡ ʪʫʨʙʫʣʝʥʪʥʘʷ ʚʷʟʢʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʬʫʥʢʮʠʠ, ʫʜʦʚʣʝʪʚʦ-

ʨʷʶʱʝʡ ʫʩʣʦʚʠʶ ʨʘʚʝʥʩʪʚʘ ʥʫʣʷ ʫ ʩʪʝʥʢʠ ʠ ʚʦʟʨʘʩʪʘʥʠʶ ʧʨʠ ʦʪʜʘʣʝʥʠʠ ʦʪ 

ʩʪʝʥʢʠ (ʦʧʳʪʳ ʅʠʢʫʨʘʜʟʝ). ɼʘʥʳ ʪʦʯʥʳʝ ʨʝʰʝʥʠʷ ʵʪʠʭ ʤʦʜʝʣʝʡ. ʇʨʦʚʝʜʝʥ 

ʘʥʘʣʠʟ ʨʝʰʝʥʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʝ ʦʩʨʝʜʥʝʥʥʳʭ ʩʢʦʨʦʩʪʝʡ ʪʫʨʙʫʣʝʥʪʥʦʛʦ 
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ʧʦʪʦʢʘ ʠʤʝʝʪ ʫʧʦʨʷʜʦʯʝʥʥʳʡ ʭʘʨʘʢʪʝʨ: ʦʩʨʝʜʥʝʥʥʘʷ ʩʢʦʨʦʩʪʴ ʧʘʨʘʣʣʝʣʴʥʘ 

ʦʩʠ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʘ ʠ ʝʸ ʟʥʘʯʝʥʠʷ ʫʙʳʚʘʶʪ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʘ ʦʩʠ ʜʦ ʥʫ-

ʣʷ ʫ ʩʪʝʥʢʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʨʝʜʥʸʥʥʳʭ ʩʢʦʨʦʩʪʝʡ ʪʫʨʙʫ-

ʣʝʥʪʥʦʛʦ ʧʦʪʦʢʘ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʘʨʘʙʦʣʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦ-

ʩʪʝʡ ʣʘʤʠʥʘʨʥʦʛʦ ʧʦʪʦʢʘ. ʇʨʠ ʪʫʨʙʫʣʝʥʪʥʦʤ ʜʚʠʞʝʥʠʠ ʩʢʦʨʦʩʪʴ ʚ ʮʝʥʪʨʘʣʴ-

ʥʦʡ ʯʘʩʪʠ ʧʦʪʦʢʘ, ʥʘʟʳʚʘʝʤʦʡ ʷʜʨʦʤ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ ʧʦ ʩʝʯʝʥʠʶ, ʧʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʩʪʝʥʢʘʤ ʦʩʨʝʜʥʝʥʥʘʷ ʩʢʦ-

ʨʦʩʪʴ ʙʳʩʪʨʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʦʙʨʘʱʘʷʩʴ ʥʘ ʩʪʝʥʢʝ ʚ ʥʫʣʴ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʘʩʧʦʨʪʫ ʩʧʝʮʠʘʣʴʥʦʩʪʠ. ɼʠʩʩʝʨʪʘʮʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʦʨʤʫʣʝ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 05.13.18 - ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʝ, ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ, ʢʦʤʧʣʝʢʩʘ ʧʨʦʛʨʘʤʤ - ʨʘʟʨʘʙʦʪʢʘ ʬʫʥʜʘʤʝʥʪʘʣʴ-

ʥʳʭ ʦʩʥʦʚ ʠ ʧʨʠʤʝʥʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʯʠʩʣʝʥʥʳʭ ʤʝʪʦ-

ʜʦʚ ʠ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʛʨʘʤʤ ʜʣʷ ʨʝʰʝʥʠʷ ʥʘʫʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ, ʬʫʥʜʘʤʝʥ-

ʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʙʣʝʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʫʥʢʪʘʤʠ 

ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʧ. 1 - ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʠ ʷʚʣʝʥʠʡ; ʧ. 2 - ʈʘʟʚʠʪʠʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʧʨʠʙʣʠʞʝʥ-

ʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ; ʧ. 5 - 

ʂʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʫʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦ-

ʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ; ʧ. 6 - ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦ-

ʨʠʪʤʦʚ ʧʨʦʚʝʨʢʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ʜʘʥʥʳʭ ʥʘʪʫʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʦ ʤʝʨʝ ʠʭ ʧʦʣʫʯʝʥʠʷ 

ʨʝʛʫʣʷʨʥʦ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ ʩʝʤʠʥʘʨʝ ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨʘ ʄ.ɸ. ʉʘʪʪʘʨʦʚʘ ʚ 

ʣʘʙʦʨʘʪʦʨʠʠ çʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝè ʀʥʩʪʠʪʫʪʘ 

ʚʦʜʥʳʭ ʧʨʦʙʣʝʤ, ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ ʠ ʵʢʦʣʦʛʠʠ ɸʅ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ, 

ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʨʝʛʫʣʷʨʥʦ ʟʘʩʝʜʘʥʠʷʭ ʢʘʬʝʜʨʳ çɺʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʪʝʤʘʪʠʢʠ 

ʠ ʤʝʭʘʥʠʢʠè ʊʅʋ, ʘ ʪʘʢʞʝ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ ʨʝʩʧʫʙʣʠʢʘʥʩʢʠʭ ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ ʠ ʈʦʩʩʠʡʩʢʦʡ ʬʝʜʝʨʘʮʠʠ 

(2010-2019 ʛʛ.).  
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ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʪʢʨʳʪʦʡ ʧʝʯʘʪʠ 

ʦʧʫʙʣʠʢʦʚʘʥʦ 9 ʥʘʫʯʥʳʭ ʨʘʙʦʪ, 3 ʠʟ ʢʦʪʦʨʳʭ ʩʪʘʪʴʠ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ 

ʞʫʨʥʘʣʘʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʧʨʠ ʇʨʝʟʠʜʝʥʪʝ ʈʊ ʠ 6 ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ, 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʤʘʪʝʨʠʘʣʘʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʨʝʩʧʫʙʣʠʢʘʥʩʢʠʭ ʢʦʥʬʝʨʝʥ-

ʮʠʡ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʸʤ ʜʠʩʩʝʨʪʘʮʠʠ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 

ʯʝʪʳʨʸʭ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ ʠ ʜʚʫʭ ʧʨʠʣʦʞʝʥʠʡ, ʦʙʱʠʡ ʦʙʲʝʤ - 131 ʩʪʨ., ʠʟ ʥʠʭ 

127 ʩʪʨ. ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʘ, ʚʢʣʶʯʘʶʱʝʝ 22 ʨʠʩʫʥʢʦʚ, 4 ʪʘʙʣʠʮʳ ʠ ʙʠʙʣʠʦ-

ʛʨʘʬʠʯʝʩʢʦʛʦ ʩʧʠʩʢʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 85 ʥʘʠʤʝʥʦʚʘʥʠʡ. 

 

ʂʈɸʊʂʆɽ ʉʆɼɽʈɾɸʅʀɽ ɼʀʉʉɽʈʊɸʎʀʀ 

 

ɺʦ ʚʚʝʜʝʥʠʠ ʧʨʠʚʦʜʠʪʩʷ ʦʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʙʦʪʳ, ʦʙʦʩʥʦʚʳʚʘʝʪ-

ʩʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ, ʦʧʨʝʜʝʣʝʥʳ ʮʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʟʘʱʠʱʘʝʤʳʝ ʧʦʣʦʞʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʦʧʠ-

ʩʳʚʘʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʜʠʩʩʝʨʪʘʮʠʠ, ʘ ʪʘʢʞʝ ʩʚʝʜʝʥʠʷ ʧʦ ʝʝ ʘʧʨʦʙʘʮʠʠ, ʧʦʢʘʟʘʥ 

ʣʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʚ ʠʩʩʣʝʜʫʝʤʫʶ ʧʨʦʙʣʝʤʫ. 

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ çɺʦʧʨʦʩʳ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ ʠ 

ʟʝʤʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʙʘʩʩʝʡʥʘ ɸʨʘʣʩɹʢʦʛʦ ʤʦʨʷè ʧʨʠʚʝʜʝʥ ʘʥʘʣʠʪʠʯʝʩʢʠʡ 

ʦʙʟʦʨ ʪʝʦʨʝʪʠʢʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙ ʠʟʫʯʝʥʠʠ ʚʦʧʨʦʩʦʚ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ ʠ ʟʝʤʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʙʘʩʩʝʡʥʘ ɸʨʘʣʴ-

ʩʢʦʛʦ ʤʦʨʷ. ʆʧʠʩʘʥ ʢʣʠʤʘʪ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʪʦʢ ʙʘʩʩʝʡʥʘ, ʜʘʥʘ ʦʮʝʥʢʘ ʩʪʘ-

ʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘʧʘʩʦʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʙʘʩʩʝʡʥʘ, ʚʢʣʶʯʘʶʱʠʭ 

ʣʠʥʟʳ ʧʨʝʩʥʳʭ ʚʦʜ ʧʫʩʪʳʥʠ, ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ ʚ ʢʦʥʫʩʘʭ ʚʳʥʦʩʘ ʨʝʢ ʊʘʜʞʠʢʠ-

ʩʪʘʥʘ, ʢʦʣʦʜʮʳ ʠ ʨʦʜʥʠʢʠ, ʤʠʥʝʨʘʣʴʥʳʝ ʠ ʪʝʨʤʘʣʴʥʳʝ ʚʦʜʳ ʙʘʩʩʝʡʥʘ. ʇʦʢʘ-

ʟʘʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʨʝʯʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʠ ʧʨʝʜʣʦʞʝʥʘ ʟʘʱʠʪʘ ʧʣʦʜʦʨʦʜ-

ʥʳʭ ʟʝʤʝʣʴ ʜʦʣʠʥʳ ʨ. ʗʭʩʫ ʦʪ ʟʘʩʦʣʝʥʠʷ. 

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ çʅʝʢʦʪʦʨʳʝ ʟʘʜʘʯʠ  ʨʘʩʯʝʪʘ ʢʘʥʘʣʦʚ ʠ ʪʨʫʙʦʧʨʦ-

ʚʦʜʦʚè ʨʘʩʩʤʦʪʨʝʥʦ ʩʪʘʮʠʦʥʘʨʥʦʝ ʪʝʯʝʥʠʝ ʚʷʟʢʠʭ ʞʠʜʢʦʩʪʝʡ ʚ ʦʪʢʨʳʪʳʭ   

ʢʘʥʘʣʘʭ ʠ ʥʘʧʦʨʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʘʭ. ɼʘʝʪʩʷ ʚʳʚʦʜ ʬʦʨʤʫʣ ʐʝʟʠ ʠ ɼʘʨʩʠ-
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ɺʝʡʩʙʘʭʘ ʜʣʷ ʨʘʩʯʝʪʘ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʠ ʦʙʲʝʤʥʦʛʦ ʨʘʩʭʦʜʘ. ʇʦʢʘʟʘ-

ʥʘ ʩʚʷʟʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʐʝʟʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʷ ɼʘʨʩʠ-ɺʝʡʩʙʘʭʘ. ɺʳʚʝʜʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʬʦʨʤʫʣʳ ʛʠʜʨʘʚʣʠʢʠ ʚ ʦʪʢʨʳ-

ʪʳʭ ʢʘʥʘʣʘʭ ʠ ʥʘʧʦʨʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʧʦʩʳʣʦʢ ʪʝʦʨʠʠ çʛʠʜ-

ʨʘʚʣʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘè.  

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʜʧʦʩʳʣʦʢ ʪʝʦʨʠʠ çʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘè, ʟʘ-

ʜʘʯʘ ʢʘʩʘʪʝʣʴʥʦ ʥʘʠʚʳʛʦʜʥʝʡʰʝʛʦ ʩʝʯʝʥʠʷ ʢʘʥʘʣʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʷʚʣʝʥʠʠ 

ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʪʘʢʠʤʠ ʨʘʟʤʝʨʘʤʠ, ʢʘʢ ʰʠʨʠʥʳ ʢʘʥʘʣʘ B  ʧʦ ʜʥʫ, ʘ ʪʘʢ-

ʞʝ ʠ H - ʛʣʫʙʠʥʳ ʥʘʧʦʣʥʝʥʠʷ ʢʘʥʘʣʘ ʚʦʜʦʡ, ʧʨʠ ʢʦʪʦʨʳʭ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥʳ 

ʨʘʩʭʦʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ K, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʛʠʜʨʘʚʣʠ-

ʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘ ʢʘʥʘʣʘ R*  ʙʳʣʠ ʙʳ ʥʘʠʙʦʣʴʰʠʤʠ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʟʘʜʘʯʠ ʦʙ ʦʧʨʝʜʝʣʝʥʠʠ ʥʘʠʚʳʛʦʜʥʝʡʰʝʛʦ ʧʨʦʬʠʣʷ ʢʘʥʘ-

ʣʘ. ɺʚrʦʜʷʪʩʷ ʥʦʚʳʝ ʦʧʪʠʤʘʣʴʥʳʝ ʬʦʨʤʳ ʧʨʦʬʠʣʝʡ ʠ ʬʦʨʤʫʣʳ ʩʢʦʨʦʩʪʠ ʠ 

ʨʘʩʭʦʜʘ ʜʣʷ ʦʪʢʨʳʪʳʭ ʢʘʥʘʣʦʚ, ʠ ʥʘʧʦʨʥʳʭ ʪʨʫʙ ʩ ʨʘʟʣʠʯʥʳʤʠ ʬʦʨʤʘʤʠ 

ʧʨʦʬʠʣʷ: ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʪʨʫʙʳ; ʢʘʥʘʣʳ ʪʨʘʧʝʮʝʠʜʘʣʴʥʦʛʦ ʩʝʯʝʥʠʷ.  

ʊʨʝʪʴʷ ʛʣʘʚʘ çʋʨʘʚʥʝʥʠʷ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʜʚʠʞʝʥʠʷè ʧʦʩʚʷʱʝʥʘ 

ʪʝʦʨʠʠ ʨʘʟʚʠʪʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʩ ʫʯʝʪʦʤ ʪʫʨʙʫʣʝʥʪʥʦʡ 

ʚʷʟʢʦʩʪʠ ɹʫʩʩʠʥʝʩʢʘ. ɼʘʥʦ ʦʧʠʩʘʥʠʝ ʨʘʟʚʠʪʠʷ ʪʝʦʨʠʠ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʦʪʦʢʘ.  

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ - ʉʪʦʢʩʘ ʦʧʠʩʳʚʘʝʪ ʣʘʤʠʥʘʨʥʦʝ ʪʝʯʝʥʠʝ ʧʦ-

ʪʦʢʘ, ʢʦʪʦʨʘʷ ʧʨʠ ʨʘʟʚʠʪʦʤ ʪʫʨʙʫʣʝʥʪʥʦʤ ʧʦʪʦʢʝ ʤʦʞʝʪ ʜʘʪʴ ʤʛʥʦʚʝʥʥʫʶ 

ʤʝʩʪʥʫʶ ʩʢʦʨʦʩʪʴ ʠ ʤʛʥʦʚʝʥʥʦʝ ʤʝʩʪʥʦʝ ʜʘʚʣʝʥʠʝ. ʆ. ʈʝʡʥʦʣʴʜʩ ʧʨʝʜʩʪʘʚʠʣ 

ʤʛʥʦʚʝʥʥʫʶ ʤʝʩʪʥʫʶ ʩʢʦʨʦʩʪʴ ʠ ʤʛʥʦʚʝʥʥʦʝ ʤʝʩʪʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʚʠʜʝ ʩʫʤʤ 

ʠʭ ʦʩʨʝʜʥʝʥʥʳʭ ʠ ʧʫʣʴʩʘʮʠʦʥʥʳʭ ʩʣʘʛʘʝʤʳʭ, ʧʦʣʫʯʠʚ ʧʨʠ ʵʪʦʤ ʥʝʟʘʤʢʥʫʪʫʶ 

ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ - ʯʝʪʳʨʝ ʝʝ ʫʨʘʚʥʝʥʠʷ ʠʤʝʶʪ ʜʝʩʷʪʴ ʥʝʠʟʚʝʩʪʥʳʭ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʫʩʪʘʥʦʚʠʚʰʠʡʩʷ ʪʫʨʙʫʣʝʥʪʥʳʡ ʧʦʪʦʢ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʨʫʩʣʘʭ. ʇʨʠ ʵʪʦʤ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʈʝʡʥʦʣʴʜʩʘ ʩʠʣʴʥʦ ʫʧʨʦʱʘʝʪʩʷ, ʥʦ 

ʦʩʪʘʝʪʩʷ ʚʩʝ ʝʱʝ ʥʝʟʘʤʢʥʫʪʦʡ. ɸ ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʟʘʤʳʢʘʥʠʷ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ ʈʝʡʥʦʣʴʜʩʘ. ʕʪʦ:  

ɸ) ʬʝʤʝʥʦʣʦʛʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ɾ.ɹʫʩʩʠʥʝʩʢʘ; 

ɹ) ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʩʠʩʪʝʤʳ ʬʝʤʝʥʦʣʦʛʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ɹʫʩʩʠʥʝʩʢʘ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʄ.ɸ. ʉʘʪʪʘʨʦʚʳʤ. 
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ɺ ʯʝʪʚʸʨʪʦʡ ʛʣʘʚʝ çʅʝʢʦʪʦʨʳʝ ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʪʝʯʝʥʠʷ ʞʠʜ-

ʢʦʩʪʠ ʚ ʪʨʝʱʠʥʦʚʘʪʳʭ ʧʣʘʩʪʘʭè ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʛʣʘʚʳ 3 ʧʦʩʪʨʦʝ-

ʥʳ ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʜʚʠʞʝʥʠʷ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʜʣʷ ʪʨʝʭ ʟʘʜʘʯ ʩ 

ʫʯʝʪʦʤ ʢʘʢ ʤʦʣʝʢʫʣʷʨʥʦʡ ʚʷʟʢʦʩʪʠ ʅʴʶʪʦʥʘ, ʪʘʢ ʠ ʚʠʭʨʝʚʦʡ ʚʷʟʢʦʩʪʠ ɹʫʩ-

ʩʠʥʝʩʢʘ, ʜʘʥʳ ʫʜʦʙʥʳʝ ʜʣʷ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ ʬʦʨʤʫʣʳ. ʇʫʪʝʤ ʦʩʨʝʜʥʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʫʨʙʫʣʝʥʪʥʦʡ ʚʷʟʢʦʩʪʠ ʧʦʣʫʯʝʥʳ ʧʨʦʩʪʳʝ ʬʦʨʤʫʣʳ ʜʣʷ ʩʣʝʜʫ-

ʶʱʠʭ ʟʘʜʘʯ:  

- ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʚ ʱʝʣʠ ʧʦʩʪʦʷʥʥʦʡ ʰʠʨʠʥʳ; 

- ʪʝʯʝʥʠʝ ʞʠʜʢʦʩʪʠ ʚ ʨʦʜʥʠʢʝ; 

- ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʟʚʠʪʦʝ ʪʝʯʝʥʠʝ ʚ ʦʪʢʨʳʪʳʭ ʨʫʩʣʘʭ. ɿʘʜʘʯʘ ʨʘʟʚʠʪʦʡ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʚ ʨʫʩʣʘʭ ʩʦ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ.
 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʢʘʬʝʜʨʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʪʝ-

ʤʘʪʠʢʠ ʠ ʤʝʭʘʥʠʢʠ ʤʝʭʘʥʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʊʘʜʞʠʢʩʢʦʛʦ 

ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠ ʣʘʙʦʨʘʪʦʨʠʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʀʥʩʪʠʪʫʪʘ ʚʦʜʥʳʭ ʧʨʦʙʣʝʤ, ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ ʠ ʵʢʦʣʦʛʠʠ 

ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ. 
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ɻʣʘʚʘ 1. ɺʆʇʈʆʉʓ ʕʌʌɽʂʊʀɺʅʆɻʆ ʀʉʇʆʃʔɿʆɺɸʅʀʗ  

ɺʆɼʅʓʍ ʀ ɿɽʄɽʃʔʅʓʍ ʈɽʉʋʈʉʆɺ ɹɸʉʉɽʁʅɸ  

ɸʈɸʃʔʉʂʆɻʆ ʄʆʈʗ 

 

1.1. ʂʣʠʤʘʪ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʪʦʢ ʙʘʩʩʝʡʥʘ 

 

ʂʣʠʤʘʪ ʙʘʩʩʝʡʥʘ ɸʨʘʣʴʩʢʦʛʦ ʤʦʨʷ (ɹɸʄ) ʠʩʪʦʨʠʯʝʩʢʠ ʦʙʫʩʣʦʚʣʝʥ 

ʦʨʦʛʨʘʬʠʝʡ ʝʛʦ ʤʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘ ʩʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ [1]. ʉ ʚʦʩʪʦʢʘ 

ʦʥ ʦʢʨʫʞʝʥ ʚʳʩʦʯʘʡʰʠʤʠ ʛʦʨʥʳʤʠ ʭʨʝʙʪʘʤʠ ʇʘʤʠʨʘ ʠ ʊʷʥʴ-ʐʘʥʷ, ʩ ʶʛʘ - 

ʭʨʝʙʪʘʤʠ ɻʠʥʜʫʢʫʰʘ (800 ʢʤ) ʠ ʮʝʧʦʯʢʦʡ ʥʠʟʢʦʛʦʨʴʷ ʂʦʧʝʪʜʘʛʘ ʜʣʠʥʦʶ 650 

ʢʤ; ʩ ʟʘʧʘʜʘ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʥʝʛʦ ʚʣʠʷʶʪ ʮʠʢʣʦʥʳ ʂʘʩ-

ʧʠʡʩʢʦʛʦ, ʏʝʨʥʦʛʦ ʠ ɸʟʦʚʩʢʦʛʦ ʤʦʨʝʡ. ʉ ʩʝʚʝʨʘ ʝʛʦ ʨʘʚʥʠʥʫ, ʊʫʨʘʥʩʢʫʶ 

ʥʠʟʤʝʥʥʦʩʪʴ, ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʜʫʚʘʥʠʝ ʭʦʣʦʜʥʦʛʦ ʘʨʢʪʠʯʝʩʢʦʛʦ ʚʦʟʜʫʭʘ, ʢʦ-

ʪʦʨʳʡ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʙʘʩʩʝʡʥʝ ɸʨʢʪʠʢʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʩʚʦʡʩʪʚʘ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ, ʘ ʪʘʢʞʝ ʠ ʜʚʠʞʝʥʠ ̫ʧʦʪʦʢʦʚ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫ-

ʭʘ ʥʘʜ ʝʸ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʩ ɿʘʧʘʜʘ ʥʘ ɺʦʩʪʦʢ ʚ ʩʨʝʜʥʝʡ ʠ ʦʙ-

ʣʘʩʪʷʤʠ ʎɸ, ʧʨʝʦʙʣʘʜʘʝʪ ʰʠʨʦʪʥʳʡ ʧʝʨʝʥʦʩ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʦʢʝʘʥʦʚ ʠ 

ʉʨʝʜʠʟʝʤʥʦʛʦ ʤʦʨʷ, ʢʦʪʦʨʳʝ ʧʨʠ ʫʩʠʣʝʥʠʠ ʟʘʧʘʜʥʦ-ʚʦʩʪʦʯʥʦʡ ʮʠʨʢʫʣʷʮʠʠ 

ʚʦʟʜʫʭʘ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʨʠʪʦʢʫ ʚʣʘʞʥʳʭ ʦʢʝʘʥʠʯʝʩʢʠʭ ʤʘʩʩ ʚʦʟʜʫʭʘ ʚ ʙʘʩ-

ʩʝʡʥ (ʨʠʩ. 1.1) ʚʝʨʭʥʝʡ ʪʨʦʧʦʩʬʝʨʝ (ʥʘ ʚʳʩʦʪʘʭ 9-15 ʢʤ), ʥʘʜ ʙʘʩʩʝʡʥʦʤ, ʢʘʢ 

ʠ ʥʘʜ ʜʨʫʛʠʤʠ. 

 

ʈʠʩ 1.1. ʂʨʫʛʦʚʦʨʦʪ ʚʦʜʳ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ [2]. 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʤʦʜʝʣʴʥʳʭ ʨʘʩʯʝʪʦʚ [2], ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʜʘʥʥʦʡ ʚʣʘ-

ʛʠ ʤʦʞʝʪ ʜʦʩʪʠʯʴ ʟʥʘʯʝʥʠʷ ʩʚʳʰʝ 1600 ʢʤ3/ʛʦʜ, ʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚ ʪʝ-

ʯʝʥʠʝ ʩʪʦʣʝʪʠʡ (ʚʝʢʘ), ʝʩʣʠ ʫʯʝʩʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʦʙʨʘʟʦʤ 

ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ ɿʝʤʣʠ (ʭʦʪʷ ʵʪʦ ʥʘ ʩʦʤʦʤ ʜʝʣʝ ʥʝ ʪʘʢ), ʢʘʞ-

ʜʳʡ ʛʦʜ ʜʝʩʷʪʘʷ ʝʸ ʯʘʩʪʴ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʦʙʣʘʢʘ, ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʦʩʝʜʘʷ ʢʘʢ 

ʢʦʥʜʝʥʩʘʮʠʦʥʥʘ ̫ʚʣʘʛʘ ʚ ʚʠʜʝ ʩʥʝʛʘ ʠ ʜʦʞʜʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʨʥʦʡ ʟʦʥʳ 

ʎɸʈ, ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ ʬʦʨʤʠʨʫʝʪ ʦʢʦʣʦ 160-170 ʢʤ3/ʛʦʜ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʨʝ-

ʛʠʦʥʘ ʧʦ ʨʘʩʯʝʪʘʤ ʑʫʣʴʮʘ [2] (ʪʘʙʣ. 1.1). ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʘʠʙʦʣʴʰʠʡ 

ʠʥʪʝʨʝʩ ʚ ʩʠʣʫ ʠʭ ʦʩʦʙʦʡ ʟʥʘʯʠʤʦʩʪʠ ʜʣʷ ʚʝʜʝʥʠʷ ʭʦʟʷʡʩʪʚʘ, ʩ ʫʯʝʪʦʤ ʩʪʦʢʘ 

ʨʝʢ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʪʨʘʥʝ. ʀʟ ʪʘʙʣ. 1.1 ʠ 1.2 ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʩʫʤʤʘʨʥʦʤ 

ʦʪʥʦh ʝʥʠʠ ʩʪʦʢ ʛʣʘʚʥʳʭ ʨʝʢ ʪʘʢʞʝ ʩʦʛʣʘʩʦʚʘʥ ʩ ʨʘʩʯʝʪʘʤʠ ʐʫʣʴʮʘ [2]. 

ʊʘʙʣʠʮʘ 1.1 

ʉʨʝʜʥʷʷ ʚʝʣʠʯʠʥʘ ʩʪʦʢʘ ʧʦ ʦʪʜʝʣʴʥʳʤ ʙʘʩʩʝʡʥʘʤ ʢʨʫʧʥʳʭ ʨʝʢ 

ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ (1932-1960 ʛʛ.) [2] 

 

 

ɹʘʩʩʝʡʥ 

ʉʪʦʢ, ʦʙʨʘʟʦ-

ʚʘʥʥʳʡ ʚ ʧʨʝʜʝ-

ʣʘʭ ʚʦʜʦʩʙʦʨʘ, 

ʤ3/cʝʢ 

Cʪʦʢ,  

ʢʤ3 ʚ 

ʛʦʜ 

ʉʪʦʢ, ʧʦʩʪʫʧʘ-

ʶʱʠʡ ʚ  

ʨʘʚʥʠʥʥʫʶ  

ʦʙʣʘʩʪʴ, ʤ3/cʝʢ 

ʉʪʦʢ, 

ʢʤ3 ʚ ʛʦʜ 

1 2 3 4 5 

ɸʪʨʝʢ 22 0,694 12 0.379 

ɹʝʩʩʪʦʯʥʳʝ 

ʨʝʢʠ ʊʫʨʢ-

ʤʝʥʠʩʪʘʥʘ ʠ  

ɸʬʛʘʥʠʩʪʘʥʘ 

180 5,68 155 4.89 

ɸʤʫʜʘʨʴʷ 2500 78.89 2500 78.89 

ʉʳʨʜʘʨʴʷ 1200 37,87 1200 37.87 

ʏʫ ʠ ʊʘʣʘʩ 190 6 190 6 

ʀʩʩʳʢ-ʢʫʣʴ 115 4,89 - - 

ʖʛ ʦʟ. ɹʘʣ-

ʭʘʰ 

800 25.25 800 25.25 

ɺʩʝʛʦ 5007 159.27 4857 153,28 
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ʊʘʙʣʠʮʘ 1.2 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʚʦʜʥʦʛʦ ʩʪʦʢʘ ʚ ʩʪʨʘʥʘʭ  

ʙʘʩʩʝʡʥʝ ɸʨʘʣʴʩʢʦʛʦ ʤʦʨʷ [1, 3] 
 

ʉʪʨʘʥʳ 
ɸʤʫʜʘʨʴʷ ʉʳʨʜʘʨʴʷ ɺʩʝʛʦ 

ʢʤ3 %  ʢʤ3  ʢʤ3 % 

ʋʟʙʝʢʠʩʪʘʥ 4.70 5.99 4.14 11.15 8.84 7.65 

ʊʘʜʞʠʢʠʩʪʘʥ 62.90 80.17 1.10 2.96 64.00 55.36 

ʂʳʨʛʳʟʩʪʘʥ 1.90 2.42 27.40 73.77 29.30 25.35 

ʊʫʨʢʤʝʥʠʩʪʘʥ  

ʩ ʀʨʘʥʦʤ 
2.78 3.54 0.00 0.00 2.78 2.40 

ʂʘʟʘʭʩʪʘʥ 0.00 0.00 4.50 12.12 4.50 3.89 

ɸʬʛʘʥʠʩʪʘʥ 6.18 7.88 0.00 0.00 6.18 5.35 

ɺʩʝʛʦ 78.46 100.00 37.14 100.00 115.60 100.00 

 

ʂ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʩʪʨʘʥ ʎɸʈ ʚ ʣʝʪʥʝʝ ʚʨʝʤʷ ʦʪ-

ʥʦʩʷʪʩʷ ʩʥʝʞʥʠʢʠ ʠ ʣʝʜʥʠʢʠ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ 25-30% ʛʦʜʦʚʦʛʦ ʩʪʦʢʘ 

ʠ ʵʪʦʪ ʦʙʲʸʤ ʚ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʜʦʩʪʠʛʘʝʪ ʫʨʦʚʝʥʴ ʜʦ 50% [3, 4]. ʉʣʝ-

ʜʫʝʪ ʦʪʤʝʪʠʪʴ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ 

ʚʦʜʳ ʧʦ ʩʪʨʘʥʘʤ ʎɸʈ. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ ʠʤʝʝʪʩʷ ʩʚʳʰʝ 8200 ʣʝʜʥʠʢʦʚ, 

ʦʙɦʘʷ ʧʣʦʱʘʜʴ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ 8169,4 ʢʤ2, ʯʪʦ ʟʘʥʠʤʘʝʪ 4,2% ʪʝʨʨʠʪʦ-

ʨʠʠ ʵʪʦʡ ʩʪʨʘʥʳ. ɺʦʜʥʳʡ ʟʘʧʘʩ ʚ ʣʝʜʥʠʢʘʭ ʈʝʩʧʫʙʣʠʢʠ ʂʳʨʛʳʟʩʪʘʥ ʥʘʩʯʠ-

ʪʳʚʘʝʪʩʷ ʚ 650 ʢʤ3. ɸ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ, ʩʦʛʣʘʩʥʦ ʣʝʜʥʠʢʦʚʳʤ ʢʘʨʪʘʤ, ʩʦʩʪʘʚ-

ʣʝʥʥʳʤ ʝʱʸ ʧʨʠ ʉʉʉʈ, ʢʦʣʠʯʝʩʪʚʦ ʣʝʜʥʠʢʦʚ ʩʦʩʪʘʚʣʷʝʪ 8492, ʦʙɦʘʷ ʧʣʦ-

ʱʘʜʴ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ 8476,2 ʢʤ2, ʠʣʠ ʦʢʦʣʦ 6% ʪʝʨʨʠʪʦʨʠʠ ʊʘʜʞʠʢʠʩʪʘ-

ʥʘ. ʉʫʤʤʘʨʥʳʡ ʟʘʧʘʩ ʣʝʜʥʠʢʦʚʦʡ ʚʦʜʳ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 500 ʢʤ3. ʆʜʥʘʢʦ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʩʚʳʰʝ 13000 ʣʝʜʥʠʢʦʚ, 

1000 ʠʟ ʢʦʪʦʨʳʭ ʠʩʯʝʟʣʠ ʠʟ-ʟʘ ʛʣʦʙʘʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ - ʧʦʪʦʧʣʝʥʠʷ. 

ʇʨʠ ʵʪʦʤ, ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʩʪʦʢ ʨʝʢ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ 51,8 ʢʤ3. ɺ ʂʘʟʘʭʩʢʦʡ ʈʝʩ-

ʧʫʙʣʠʢʝ ʠʤʝʝʪʩʷ ʦʢʦʣʦ 1500 ʣʝʜʥʠʢʦʚ, ʦʙʱʘʷ ʧʣʦʱʘʜʴ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʝ̫ʪ 

2000 ʢʤ2 ʩ ʩʫʤʤʘʨʥʳʤ ʟʘʧʘʩʦʤ ʣʝʜʥʠʢʦʚʦʡ ʚʦʜʳ ʧʨʠʤʝʨʥʦ 50 ʢʤ3. ʏʪʦ ʢʘʩʘ-



 17 
 

ʝʪʩʷ ʣʝʜʥʠʢʦʚ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ, ʪʦ ʦʥʠ ʩʦʩʨʝʜʦʪʦʯʝʥ,r ʚ ʦʩʥʦʚʥʦʤ, ʚ 

ʙʘʩʩʝʡʥʝ ʆʡʛʘʠʥʛ ʩ ʧʣʦɦ ʘʜʴʶ 59,5 ʢʤ2. 

ʂʣʠʤʘʪ ʨʝʛʠʦʥʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʩʠʥʦʧʪʠʯʝʩʢʠʤʠ: ʶʞʥʦ-ʢʘʩʧʠʡʩʢʠʤ, 

ʤʫʨʛʘʙʩʢʠʤ, ʚʝʨʭʥʝ-ʘʤʫʜʘʨʴʠʥʩʢʠʤ ʮʠʢʣʦʥʘʤʠ, ʬʦʨʤʠʨʦʚʘʣ ʦʩʦʙʫʶ ʩʨʝʜʫ, 

ʭʘʨʘʢʪʝʨʥʳʤ ʵʣʝʤʝʥʪʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ, ʧʦʣʫʟʘʤʢʥʫʪʳʡ ʢʨʫʛʦʦʙʦʨʦʪ 

ʚʣʘʞʥʦʛʦ ʚʦʟʜʫʭʘ ʤʝʞʜʫ ʨʘʚʥʠʥʘʤʠ ʠ ʛʦʨʘʤʠ ʠ, ʩʣʦʞʥʘʷ ʮʠʨʢʫʣʷʮʠʷ ʘʪʤʦ-

ʩʬʝʨʳ, ʦʢʘʟʳʚʘʶʱʝʡʩʷ, ʧʦʦʯʝʨʝʜʥʦ, ʪʦ ʧʦʜ ʚʣʠʷʥʠʝʤ ʭʦʣʦʜʥʦʛʦ ʘʨʢʪʠʯʝ-

ʩʢʦʛʦ ʚʦʟʜʫʭʘ, ʪʦ ʞʘʨʢʦʛʦ ʪʨʦʧʠʯʝʩʢʦʛʦ.  

ʉʣʦʞʥʦʩʪʴ ʦʨʦʛʨʘʬʠʠ ʚʳʩʦʢʦʛʦʨʥʦʛʦ ʨʝʛʠʦʥʘ (ʨʝʩʧʫʙʣʠʢ ʂʳʨʛʳʟʩʪʘʥ 

ʠ ʊʘʜʞʠʢʠʩʪʘʥ), ʚʳʨʘʞʝʥʘ ʚ ʨʝʟʢʦʤ ʨʘʩʯʣʝʥʝʥʠʠ ʨʝʣʴʝʬʘ ʩ ʥʘʣʠʯʠʝʤ ʤʦʱ-

ʥʳʭ ʛʦʨʥʳʭ ʭʨʝʙʪʦʚ, ʤʝʩʪʘʤʠ ʧʦʢʨʳʪʳʭ ʚʝʯʥʳʤ ʩʥʝʛʦʤ ʠ ʣʴʜʦʤ. ʕʪʦ ʚ ʩʦʯʝ-

ʪʘʥʠʠ ʩ ʤʥʦʛʦʦʙʨʘʟʠʝʤ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʦʙʫʩʣʦʚʠʣʠ ʨʝʟʢʫʶ 

ʚʝʨʪʠʢʘʣʴʥʫʶ ʧʦʷʩʥʦʩʪʴʶ ʢʣʠʤʘʪʘ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʠ ʧʦʯ-

ʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ.  

ɺ ʩʪʨʘʥʘʭ ɹɸʄ (ʦʩʦʙʝʥʥʦ ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ) ʠʤʝʶʪʩʷ ʩʚʳʰʝ 

4000 ʚʦʜʦʝʤʦʚ - ʦʟʝʨ ʠ ʚʦʜʦʭʨʘʥʠʣʠʱ. ʂ ʩʘʤʳʤ ʢʨʫʧʥʳʤ ʠʟ ʥʠʭ ʤʦʞʥʦ ʦʪ-

ʥʝʩʪʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚʳʩʳʭʘʶʱʝʝ ʠ ʚʳʤʠʨʘʶʱʝʝ ʦʟʝʨʦ ï ɸʨʘʣʴʩʢʦʝ ʤʦ-

ʨʝ, ʘ ʪʘʢʞʝ ʀʩʩʳʢ-ʢʫʣʴ - ʦʜʥʦ ʠʟ ʛʣʫʙʦʯʘʡʰʠʭ ʦʟʝʨ ʤʠʨʘ, 668 ʤ, ʦʟʝʨʦ ɹʘʣ-

ʭʘʰ ʠ ʩʘʤʦʝ ʤʦʣʦʜʦʝ ʧʨʝʩʥʦʚʦʜʥʦʝ ʦʟʝʨʦ ʟʘʚʘʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ - ʉʘʨʝʟ 

(1911 ʛ.) ʩ ʦʙʱʠʤ ʦʙʲʝʤʦʤ ʩʚʳʰʝ 17 ʤʣʨʜ. ʤ3. ʊʦʢʪʦʛʫʣʴʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠ-

ʱʝ ʩʦʦʨʫʞʝʥʦ ʥʘ ʨʝʢʝ ʅʘʨʳʥ, ʢʦʪʦʨʦʝ ʠʤʝʝʪ ʝʤʢʦʩʪʴ 19,5 ʢʤ3, ʥʘ ʨʝʢʝ ɺʘʭʰ 

ï ʅʫʨʝʢʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʩ ʦʙʲʝʤʦʤ 10,5 ʢʤ3. ʅʘʨʷʜʫ ʩ ʥʘʟʚʘʥʥʳʤʠ ʪʘʢʞʝ 

ʩʫʱʝʩʪʚʫʶʪ ʩʚʳʰʝ 3000 ʦʟʸʨ ʚʳʩʦʢʦʛʦʨʥʦʛʦ ʠ ʣʝʜʥʠʢʦʚʦʛʦ ʚʠʜʘ, ʠʟ ʢʦʪʦʨʳʭ 

ʢ ʩʘʤʦʤʫ ʢʨʫʧʥʦʤʫ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʜʨʝʚʥʝʝ ʙʝʩʩʪʦʯʥʦʝ ʦʟ. ʂʘʨʘʢʫʣʴ ʩ ʦʙʲʝ-

ʤʦʤ 26,6 ʤʣʨʜ. ʤ3, ʩʦʜʝʨʞʘʱʠʡ ʩʦʣʝʥʫʶ ʚʦʜʫ. ʇʦʩʪʨʦʝʥʦ ʤʥʦʞʝʩʪʚʦ ʚʦʜʦ-

ʭʨʘʥʠʣʠʱ ʩʝʟʦʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚ ʨʘʚʥʠʥʥʳʭ ʤʝʩʪʘʭ ʎɸʈ. ʂ ʥʠʤ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʪʘʢʞʝ ʠ ʤʥʦʞʝʩʪʚʦ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ ʜʝʢʘʜʥʦʛʦ ʠ ʩʫ-

ʪʦʯʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. ʂ ʧʨʠʤʝʨʫ, ʟʘ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ 1950-1980 ʛʦʜʳ 

ʩ ʮʝʣʴʶ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʥʫʞʜ ʋʟʙʝʢʠʩʪʘʥʘ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʩʚʳʰʝ 20 ʢʨʫʧ-

ʥʳʭ ʚʦʜʦʭʨʘʥʠʣʠʱ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʚʠʜʘʤ ʩʝʟʦʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘ ʧʣʦ-
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ʱʘʜʠ ʙʦʣʝʝ 100 ʪʳʩ. ʛʘ ʩ ʦʙʱʝʡ ʝʤʢʦʩʪʴʶ ʙʦʣʝʝ 20 ʢʤ3, ʠʟ ʥʠʭ ʙʦʣʝʝ 65% ʩʦ-

ʩʨʝʜʦʪʦʯʝʥʳ ʚ ʪʨʝʭ ʢʨʫʧʥʳʭ ʚʦʜʦʭʨʘʥʠʣʠʱʘʭ, ʠʩʪʦʯʥʠʢʘʤʠ ʧʠʪʘʥʠʷ ʢʦʪʦ-

ʨʳʭ ʷʚʣʷʶʪʩʷ ʨ. ʉʳʨʜʘʨʷ: ʂʘʡʨʘʢʢʫʤʩʢʦʝ - 4,16 ʢʤ3 (1957) ʠ ʏʘʨʜʘʨʠʥʩʢʦʝ - 

5,7 ʢʤ3 (1960); ʊʘʣʠʤʘʨʜʞʘʥʩʢʦʝ - 3,5 ʢʤ3, ɸʤʫ-ʂʘʨʰʠʥʩʢʠʡ ʤʘʛʠʩʪʨʘʣʴʥʳʡ 

ʢʘʥʘʣ (1978) [5]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʘ ʨʘʙʦʪʘ ʧʦ ʦʙʨʘʟʦʚʘʥʠʶ ʢʨʫʧ-

ʥʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ: çʊʫʨʢʤʝʥʩʢʦʝ ʦʟʝʨʦ ɿʦʣʦʪʦʛʦ ʚʝʢʘè ʚ ʊʫʨʢʤʝʥʠʩʪʘʥʝ, 

ʠ ʧʣʘʥʠʨʫʝʪʩʷ ʦʟʝʨʦ-ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʚ ʥʠʟʦʚʴʷʭ ʉʳʨʜʘʨʴʠ ʚ ʖʞʥʦʤ ʂʘʟʘʭ-

ʩʪʘʥʝ. 

ʉʚʦʝʦʙʨʘʟʝʥ ʨʝʣʴʝʬ ʪʝʨʨʠʪʦʨʠʠ ʊʘʜʞʠʢʠʩʪʘʥʘ: ʚʳʪʷʥʫʪʘʷ ʥʘ ʟʘʧʘʜ 

ʮʝʧʦʯʢʘ ʭʨʝʙʪʦʚ ʛʦʨʥʦʡ ʩʠʩʪʝʤʳ, ʘ ʩ ʚʦʩʪʦʢʘ - ʦʙʰʠʨʥʦʝ ʚʳʩʦʢʦʛʦʨʥʦʝ ʧʣʘ-

ʪʦ ʇʘʤʠʨ. ɻʦʨʳ, ʥʘʥʠʟʘʥʥʳʝ ʰʠʧʘʤʠ ʭʨʝʙʪʦʚ, ʧʨʦʨʝʟʘʥʳ ʢʦʨʦʪʢʠʤʠ ʠ ʜʣʠʥ-

ʥʳʤʠ ʫʱʝʣʴʷʤʠ, ʥʘ ʜʥʝ ʠʭ ʪʝʢʫʪ ʤʥʦʛʦʪʳʩʷʯʥʳʝ ʢʦʨʦʪʢʠʝ ʠ ʜʣʠʥʥʳʝ ʨʝʢʠ, 

ʠʟ ʢʦʪʦʨʳʭ ʦʢʦʣʦ 1000 (4%) ʠʤʝʶʪ ʜʣʠʥʫ ʦʪ 10 ʜʦ 500 ʢʤ [1]. ɿʠʤʦʡ ʚʳʩʦʢʠʝ 

ʭʨʝʙʪʳ ʩ ʩʝʚʝʨʘ ʧʨʝʧʷʪʩʪʚʫʶʪ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʭʦʣʦʜʥʳʭ ʤʘʩʩ ʩ ɸʨʢʪʠʯʝʩʢʦ-

ʛʦ ʙʘʩʩʝʡʥʘ ʥʘ ʚʳʪʷʥʫʪʳʝ ʥʘ ʟʘʧʘʜ ʜʦʣʠʥʳ ʨʝʢ ʉʳʨʜʘʨʴʠ, ɿʝʨʘʚʰʘʥʘ, ʘ ʪʘʢ-

ʞʝ ʥʘ ʧʨʠʤʳʢʘʶʱʠʝ ʢ ʘʢʚʘʪʦʨʠʠ ɸʬʛʘʥʦ-ʊʘʜʞʠʢʩʢʦʡ ʚʧʘʜʠʥʳ, ʜʦʣʠʥʳ ʙʘʩ-

ʩʝʡʥʦʚ ʨʝʢ ɺʘʭʰ, ʇʷʥʜʞ ʠ ʠʭ ʧʨʠʪʦʢʦʚ. ʕʪʘ ʟʦʥʘ ʩ ʥʝʚʳʩʦʢʠʤʠ ʛʦʨʘʤʠ, 

ʫʱʝʣʴʷʤʠ ʠ ʩ ʤʷʛʢʠʤ ʢʣʠʤʘʪʦʤ ʩʣʘʚʠʪʩʷ ʚʳʩʦʢʠʤʠ ʫʨʦʞʘʷʤʠ ʭʣʦʧʢʘ, ʚʠʥʦ-

ʛʨʘʜʘ, ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʬʨʫʢʪʦʚ ʠ ʜʨ. 

 

1.2. ʆʮʝʥʢʘ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘʧʘʩʦʚ ʧʦʜʟʝʤʥʳʭ 

ʚʦʜ ʙʘʩʩʝʡʥʘ ɸʨʘʣʴʩʢʦʛʦ ʤʦʨʷ 

 

1.2.1. ʆ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʩʪʘʪʠʯʝʩʢʠʭ ʟʘʧʘʩʘʭ ʧʦʜʟʝʤʥʳʭ ʚʦʜ 

 

ɺʝʩʴʤʘ ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ ʜʘʥʥʳʝ ʦʧʫʙʣʠʢʦʚʘʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʮʝʥʢʠ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʩʪʘʪʠʯʝʩʢʠʭ ʟʘʧʘʩʦʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ. ʆʥʠ 

ʥʝ ʦʪʚʝʯʘʶʪ ʥʘ ʚʦʧʨʦʩ, ʢ ʢʘʢʠʤ ʟʘʧʘʩʘʤ ʦʪʥʦʩʷʪʩʷ ʧʨʠʚʦʜʠʤʳʝ ʜʘʥʥʳʝ: ʢ 

ʝʩʪʝʩʪʚʝʥʥʳʤ ʜʠʥʘʤʠʯʝʩʢʠʤ (ʚʦʟʦʙʥʦʚʣʷʝʤʳʤ) ʧʦʜʟʝʤʥʳʤ ʚʦʜʥʳʤ ʨʝʩʫʨ-

ʩʘʤ ʨʝʛʠʦʥʘ, ʬʦʨʤʠʨʫʶʱʠʤʩʷ ʟʘ ʩʯʝʪ ʝʞʝʛʦʜʥʳʭ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʠ 
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ʧʦʣʠʚʥʳʭ ʚʦʜ ʠʣʠ ʞʝ ʢ ʤʝʜʣʝʥʥʦ ʠʟʤʝʥʷʶʱʠʤʩʷ ʜʠʥʘʤʠʯʝʩʢʠʤ ʟʘʧʘʩʘʤ ʢʦ-

ʥʫʩʦʚ ʚʳʥʦʩʘ ʠ ʧʦʡʤ ʢʨʫʧʥʳʭ ʨʝʢ? çʇʦʜʟʝʤʥʳʡ ʧʨʠʪʦʢ ʩ ʛʦʨ ʚʝʩʴʤʘ ʧʨʠ-

ʙʣʠʞʝʥʥʦ ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥ ʚ 500 ʤ3/c ʠʣʠ ʦʢʦʣʦ 16 ʢʤ3/ʛʦʜè [2]. ʇʦ-

ʚʠʜʠʤʦʤʫ, ʵʪʘ ʦʮʝʥʢʘ ʐʫʣʴʮʘ ʦʪʥʦʩʠʪʩʷ ʢ ʙʘʩʩʝʡʥʘʤ ʨʝʢ ɿʝʨʘʚʰʘʥ ʠ ʉʳʨ-

ʜʘʨʴʷ, ʢʦʪʦʨʳʝ ʦʨʦʰʘʶʪ ʧʣʦʜʦʨʦʜʥʳʝ ʜʦʣʠʥʳ ʋʟʙʝʢʠʩʪʘʥʘ ʠ ʂʘʟʘʭʩʪʘʥʘ.  

ʇʦ ʜʘʥʥʳʤ ʫʯʝʥʳʭ, ʚ ʨʘʚʥʠʥʘʭ ʨʝʛʠʦʥʘ ʥʘʢʦʧʠʣʦʩʴ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ 

ʟʘʧʘʩʦʚ ʩʪʘʪʠʯʝʩʢʠʭ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. ʅʘʧʨʠʤʝʨ, ʚ ʂʘʟʘʭʩʪʘʥʝ ʚ ʛʨʫʥʪʦʚʳʭ 

ʪʦʣɦ ʘʭ ʧʦʡʤ ʥʠʞʥʝʡ ʯʘʩʪʠ ʙʘʩʩʝʡʥʘ ʨ. ʉʳʨʜʘʨʴʠ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʦʢʦʣʦ 3000 

ʢʤ3 ʧʦʜʟʝʤʥʳʭ ʚʦʜ [4], ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʧʨʠʛʦʜʥʘ ʜʣʷ ʦʨʦʰʝʥʠʷ. 

ɹʦʣʴʰʠʝ ʟʘʧʘʩʳ ʠʤʝʶʪʩʷ, ʢʘʢ ʠ ʚ ʜʨʝʚʥʠʭ ʜʦʠʩʪʦʨʠʯʝʩʢʠʭ ʧʦʡʤʘʭ ʨ. ɸʤʫʜʘ-

ʨʴʠ, ʪʘʢ ʠ ʚ ʥʳʥʝʰʥʝʡ ʝʝ ʧʦʡʤʝ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʥʘʯʘʣʝ ʚʝʨʭʥʝʛʦ ʧʣʝʡʩʪʦʮʝ-

ʥʘ (ʦʢʦʣʦ ʤʠʣʣʠʦʥʘ ʣʝʪ ʪʦʤʫ ʥʘʟʘʜ ʚ ʧʝʨʠʦʜ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʩʠʩʪʝʤʳ) ʧʨʦ-

ʠʟʦʰʣʦ ʨʝʰʘʶʱʝʝ ʩʦʙʳʪʠʝ ʚ ʨʘʟʚʠʪʠʠ ʨʝʯʥʦʡ ʩʝʪʠ ʚ ʎɸ [3]. ʅʘʧʨʠʤʝʨ, ʘʣ-

ʣʶʚʠʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ ɸʤʫʜʘʨʴʠ ʧʨʝʛʨʘʜʠʣʠ ʝʡ ʧʫʪʴ ʥʘ ʟʘʧʘʜ, ʨʝʢʘ ʧʦʢʠ-

ʥʫʣʘ ʅʠʟʤʝʥʥʳʝ ʂʘʨʘʢʫʤʳ ʠ ʧʦʚʝʨʥʫʣʘ ʥʘ ʩʝʚʝʨ. ʆʥʘ ʧʨʦʣʦʞʠʣʘ ʥʦʚʦʝ ʨʫʩ-

ʣʦ ʧʦ ʚʦʩʪʦʯʥʦʡ ʦʢʨʘʠʥʝ ɿʘʫʥʛʫʟʩʢʠʭ ʂʘʨʘʢʫʤʦʚ ʢ ʍʦʨʝʟʤʩʢʦʡ ʚʧʘʜʠʥʝ, ʪʝʤ 

ʩʘʤʳʤ ʫʩʪʴʝ ʨ. ɸʤʫʜʘʨʴʠ ʧʝʨʝʤʝʩʪʠʣʦʩʴ ʥʘ 600 ʢʤ. ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʚʦʜʳ ʨ. 

ɸʤʫʜʘʨʴʠ ʥʘʯʘʣʘ ʠʟʣʠʚʘʪʴʩʷ ʚ ʍʦʨʝʟʤʩʢʫʶ ʚʧʘʜʠʥʫ, ʥʦ ʯʘʩʪʴ ʝʝ ʩ ʩʘʤʦʛʦ 

ʥʘʯʘʣʘ ʪʝʢʣʘ ʧʦ ʨʫʩʣʫ ʨ. ɸʢʯʘʜʘʨʴʠ ʠ ʧʦʧʘʜʘʣʘ ʩ ʶʛʦ-ʚʦʩʪʦʢʘ ʚ ɸʨʘʣʴʩʢʫʶ 

ʚʧʘʜʠʥʫ, ʚʝʣʠʯʠʥʘ ʩʪʦʢʘ ʚ ʢʦʪʦʨʫʶ ʚʩʝ ʙʦʣʝʝ ʚʦʟʨʘʩʪʘʣʘ. 

  

1.2.2. ʃʠʥʟʳ ʧʨʝʩʥʳʭ ʚʦʜ ʧʫʩʪʳʥʠ [4, 5] 

 

ʅʘ ʅʠʟʤʝʥʥʳʭ ʂʘʨʘʢʫʤʘʭ, ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʜʨʝʚʥʝʤʫ ʨʫʩʣʫ ʧʦʡʤ ʨ. 

ɸʤʫʜʘʨʴʠ ʠ ʝʝ ʧʨʠʪʦʢʦʚ (ʄʫʨʛʘʙ, ʊʝʜʞʝʥ ʠ ɸʪʨʝʢ ʩ ʶʛʦ-ʚʦʩʪʦʢʘ, ɿʝʨʘʚʰʘʥ - 

ʩ ʩʝʚʝʨʘ), ʦʙʥʘʨʫʞʝʥʳ ʚʥʫʰʠʪʝʣʴʥʳʝ ʩʪʘʪʠʯʝʩʢʠʝ ʟʘʧʘʩʳ ʠʩʪʦʯʥʠʢʦʚ ʧʦʜ-

ʟʝʤʥʳʭ ʚʦʜ, ʦʙʱʠʡ ʦʙʲʝʤ ʢʦʪʦʨʳʭ ʦʮʝʥʠʚʘʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʙʦʣʴʰʝʡ, ʯʝʤ 

ʦʙʲʝʤ ʚʦʜʳ ɸʨʘʣʴʩʢʦʛʦ ʤʦʨʷ ʜʦ ʥʘʯʘʣʘ ʝʛʦ ʦʙʤʝʣʝʥʠʷ (1960). ʉʨʝʜʠ ʥʠʭ 

ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʣʠʥʟʳ ʧʨʝʩʥʳʭ ʚʦʜ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʜʣʷ ʂʘʨʘʢʫʤʦʚ, 

ʋʩʪʶʨʪʘ ʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʧʫʩʪʳʥʴ ʎɸ, ʛʜʝ ʩʨʝʜʠ ʨʘʟʣʠʯʥʳʭ ʣʘʥʜʰʘʬʪʦʚ 



 20 
 

ʨʘʟʚʠʪʳ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʨʝʤʝʥʥʦʛʦ ʧʦʚʝʨʭ-

ʥʦʩʪʥʦʛʦ ʩʪʦʢʘ. ʇʨʠʚʝʜʝʤ ʢʨʘʪʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʣʠʥʟ 

ʧʨʝʩʥʳʭ ʚʦʜ ʧʫʩʪʳʥʴ. 

ʇʦʜʪʘʢʳʨʥʳʝ ʣʠʥʟʳ ʧʨʝʩʥʳʭ ʚʦʜ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʩʪʦʢʘ 

ʜʘʶʪ ʚʦʜʦʩʙʦʨʳ, ʥʘ ʢʦʪʦʨʳʭ ʨʘʟʚʠʪʳ ʪʘʢʳʨʥʳʝ ʠ ʪʘʢʳʨʦʚʠʜʥʳʝ ʧʦʯʚʳ, ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʳʭ ʘʪʤʦʩʬʝʨʥʳʝ ʚʦʜʳ, ʠʥʬʠʣʴʪʨʫʷʩʴ ʜʦʩʪʠʛʘʶʪ ʟʝʨʢʘʣʘ 

ʩʦʣʝʥʳʭ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʠ ʦʙʨʘʟʫʶʪ ʧʨʝʩʥʳʝ ʣʠʥʟʳ, ʧʦʜʩʪʠʣʘʝʤʳʝ ʵʪʠʤʠ ʩʦ-

ʣʝʥʳʤʠ ʚʦʜʘʤʠ. ʆʙʲʝʤʳ ʧʨʝʩʥʦʡ ʚʦʜʳ ʪʘʢʠʭ ʣʠʥʟ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʝʣʠʯʠʥʘ-

ʤʠ ʦʪ ʩʦʪʝʥ ʜʦ ʪʳʩʷʯ ʠ ʜʝʩʷʪʢʦʚ ʪʳʩʷʯ ʢʫʙʦʤʝʪʨʦʚ. 

ʃʠʥʟʳ ʙʘʩʩʝʡʥʦʚ ʩʫʭʠʭ ʣʦʛʦʚ ʩʚʷʟʘʥʳ ʩ ʚʦʜʦʩʙʦʨʥʳʤʠ ʙʘʩʩʝʡʥʘʤʠ ʩʫ-

ʭʠʭ ʣʦʛʦʚ (ʧʦʡʤʳ ʜʦʠʩʪʦʨʠʯʝʩʢʠʭ ʧʨʠʪʦʢʦʚ ʨ. ɼʨʝʚʥʝʡ ʨ. ɸʤʫʜʘʨʴʠ ʠ ɸʪʨʝ-

ʢʘ); ʧʣʦʱʘʜʠ ʪʘʢʠʭ ʣʦʛʦʚ ʠʟʤʝʨʷʶʪʩʷ ʚ ʧʫʩʪʳʥʷʭ ʨʝʛʠʦʥʘ ʦʪ ʜʝʩʷʪʢʦʚ ʜʦ ʩʦ-

ʪʝʥ ʢʚʘʜʨʘʪʥʳʭ ʢʠʣʦʤʝʪʨʦʚ. ʅʘʙʣʶʜʝʥʠʷ ʪʫʨʢʤʝʥʩʢʠʭ ʫʯʝʥʳʭ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʩʫʤʤʘʨʥʳʡ ʛʦʜʦʚʦʡ ʩʪʦʢ ʩ ʛʨʫʧʧʳ ʚʦʜʦʩʙʦʨʥʳʭ ʙʘʩʩʝʡʥʦʚ ʚ ʟʘʧʘʜʥʦʤ ʊʫʨʢ-

ʤʝʥʠʩʪʘʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʚ ʩʨʝʜʥʝʤ ʚ ʜʝʩʷʪʢʠ ʤʠʣʣʠʦʥʦʚ ʢʫʙʦʤʝʪ-

ʨʦʚ. ʅʘʧʨʠʤʝʨ, ʥʘ ʩʪʳʢʝ ʧʦʜʛʦʨʥʦʡ ʛʣʠʥʠʩʪʦʡ ʧʨʦʣʶʚʠʘʣʴʥʦʡ ʇʨʠʢʦʧʝʪʜʘʛ-

ʩʢʦʡ ʨʘʚʥʠʥʳ ʩ ʘʣʣʶʚʠʘʣʴʥʦʡ ʨʘʚʥʠʥʦʡ ʂʘʨʘʢʫʤʦʚ ʬʦʨʤʠʨʫʶʪʩʷ ʣʠʥʟʳ 

ʦʙʲʝʤʘʤʠ ʦʪ ʦʜʥʦʛʦ ʜʦ ʩʦʪʥʠ ʤʠʣʣʠʦʥʦʚ ʢʫʙʦʤʝʪʨʦʚ, ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʙʝʩ-

ʮʝʣʴʥʦ ʪʝʨʷʝʪʩʷ ʥʘ ʠʩʧʘʨʝʥʠʝ. ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʣʠʥʟʳ ʦʪʣʠʯʘʶʪʩʷ ʦʜ-

ʥʦʡ ʚʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ - ʠʭ ʧʨʦʠʩʭʦʞʜʝʥʠʝ, ʪ.ʝ. ʫʩʣʦʚʠʷ ʠʭ ʧʠʪʘʥʠʷ, ʩʦ-

ʚʝʨʰʝʥʥʦ ʷʩʥʳ, ʘ ʧʦʵʪʦʤʫ ʤʝʪʦʜ ʦʮʝʥʢʠ ʠʭ ʦʙʱʠʭ ʟʘʧʘʩʦʚ ʦʯʝʚʠʜʝʥ. 

ʇʦʜʧʝʩʯʘʥʳʝ ʣʠʥʟʳ ʧʨʝʩʥʳʭ ʚʦʜ. ɺ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʧʦʣʥʫʶ ʧʨʦʪʠ-

ʚʦʧʦʣʦʞʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʣʘʚʘʶʱʠʝ ʣʠʥʟʳ ʧʨʝʩʥʳʭ ʚʦʜ, ʢʦʪʦʨʳʝ ʧʨʠʥʷ-

ʪʦ ʥʘʟʳʚʘʪʴ ʧʦʜʧʝʩʯʘʥʳʤʠ. ʇʦʩʣʝʜʫʶʱʝʝ ʨʘʟʚʠʪʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʫʩʪʳʥʴ 

ʨʝʛʠʦʥʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʦʜʧʝʩʯʘʥʳʝ ʣʠʥʟʳ ʧʨʝʩʥʳʭ ʚʦʜ ʬʦʨʤʠʨʫʶʪʩʷ ʪʘʤ, 

ʛʜʝ ʧʦʜʩʪʠʣʘʶʱʠʝ ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ ʥʝ ʦʯʝʥʴ ʟʘʩʦʣʝʥʳ. ɺʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʪʘ-

ʢʠʝ ʣʠʥʟʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʶʥʥʳʤʠ ʛʨʷʜʘʤʠ ʠʣʠ ʩ ʦʪʜʝʣʴʥʳʤʠ ʙʘʨʭʘʥʥʳʤʠ 

ʤʘʩʩʠʚʘʤʠ, ʦʙʣʘʜʘʶʪ ʚ ʦʙʱʝʤ ʥʝʙʦʣʴʰʠʤʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʠ ʚʝʨʪʠʢʘʣʴ-

ʥʳʤʠ ʨʘʟʤʝʨʘʤʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʙʦʣʴʰʠʤʠ ʟʘʧʘʩʘʤʠ. ʅʦ, ʥʘʨʷʜʫ ʩ ʵʪʠʤ, 

ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʥʘʣʠʯʠʝ ʧʦʜʧʝʩʯʘʥʳʭ ʣʠʥʟ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ ʩ ʚʦʜʦʡ ʦʪ-
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ʣʠʯʥʦʛʦ ʢʘʯʝʩʪʚʘ ʠ ʩ ʟʘʧʘʩʘʤʠ, ʠʟʤʝʨʷʝʤʳʤʠ ʩʦʪʥʷʤʠ ʤʠʣʣʠʦʥʦʚ ʠ ʤʠʣʣʠ-

ʘʨʜʘʤʠ ʢʫʙʦʤʝʪʨʦʚ. ʅʝʢʦʪʦʨʳʝ ʣʠʥʟʳ ʪʘʢʦʛʦ ʪʠʧʘ ʠʟʫʯʝʥʳ ʜʦʚʦʣʴʥʦ ʧʦ-

ʜʨʦʙʥʦ, ʜʨʫʛʠʝ ʪʨʝʙʫʶʪ ʩʫʱʝʩʪʚʝʥʥʳʭ ʫʪʦʯʥʝʥʠʡ, ʯʪʦʙʳ ʚʥʝʩʪʠ ʷʩʥʦʩʪʴ ʚ 

ʠʭ ʭʘʨʘʢʪʝʨ ʠ ʨʘʟʤʝʨʳ ʠʣʠ ʜʘʞʝ ʪʦʣʴʢʦ ʜʦʢʘʟʘʪʴ, ʯʪʦ ʵʪʦ ʠʤʝʥʥʦ ʣʠʥʟʳ, ʘ ʥʝ 

ʠʥʳʝ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʳ ʩ ʜʠʥʘʤʠʢʦʡ ʛʨʫʥʪʦʚʳʭ 

ʚʦʜ ʧʦʡʤ ʜʨʝʚʥʠʭ ʨʫʩʝʣ ʨ. ɸʤʫʜʘʨʴʠ ʠ ʝʝ ʙʳʚʰʠʭ ʧʨʠʪʦʢʦʚ.  

ɺ ʮʝʣʦʤ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʢʨʫʧʥʳʭ ʣʠʥʟʘʭ ʧʫʩʪʳʥʴ ʦʜʥʦʛʦ 

ʣʠʰʴ ʊʫʨʢʤʝʥʠʩʪʘʥʘ ʟʘʢʣʶʯʝʥʳ ʜʝʩʷʪʢʠ ʠ ʤʦʞʝʪ ʙʳʪʴ ʩʦʪʥʠ ʢʫʙʠʯʝʩʢʠʭ 

ʢʠʣʦʤʝʪʨʦʚ ʧʨʝʩʥʦʡ ʚʦʜʳ. ʕʪʘ ʮʠʬʨʘ ʦʪʨʘʞʘʝʪ ʪʦʣʴʢʦ ʧʦʨʷʜʦʢ ʚʝʣʠʯʠʥ, 

ʫʢʘʟʳʚʘʷ, ʦʜʥʘʢʦ, ʥʘʩʢʦʣʴʢʦ ʦʥʠ ʟʥʘʯʠʪʝʣʴʥʳ. ʈʝʯʥʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʩ ʦʙʲ-

ʝʤʦʤ ʛʦʜʦʚʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚ 0,2 ʢʤ3 ʩʦ ʩʨʦʢʦʤ ʨʘʙʦʪʳ ʜʦ ʟʘʠʣʝʥʠʷ ʚ 25-

35 ʣʝʪ ʩʯʠʪʘʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʦʨʦʰʘʝʤʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʚ ʨʝʛʠʦʥʝ ʚʧʦʣʥʝ ʨʝʥʪʘ-

ʙʝʣʴʥʳʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʢʘʟʘʥʥʳʝ ʣʠʥʟʳ ʤʦʛʫʪ ʟʘʤʝʥʠʪʴ ʜʝʩʷʪʢʠ ʩʫʱʝ-

ʩʪʚʫʶʱʠʭ ʦʪʢʨʳʪʳʭ ʚʦʜʦʭʨʘʥʠʣʠʱ ʨʝʛʠʦʥʘ, ʥʝ ʪʨʝʙʫʷ ʟʘʪʨʘʪ ʥʘ ʩʦʦʨʫʞʝ-

ʥʠʝ. ɺʤʝʩʪʝ ʩ ʢʘʩʢʘʜʦʤ ʜʝʡʩʪʚʫʶʱʠʭ ʠ ʩʪʨʦʷʱʠʭʩʷ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʚʦʜʦ-

ʭʨʘʥʠʣʠʱ ɻʕʉ ʚ ʛʦʨʥʳʭ ʫʱʝʣʴʷʭ ʂʳʨʛʳʟʩʪʘʥʘ ʠ ʊʘʜʞʠʢʠʩʪʘʥʘ ʦʥʠ ʙʫʜʫʪ 

ʠʛʨʘʪʴ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʙʦʪʝ ʩʠʩʪʝʤʳ ʩʢʚʘʞʠʥ ʚʝʨʪʠʢʘʣʴ-

ʥʦʛʦ ʜʨʝʥʘʞʘ, ʪʝʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʚʘʷ ʥʘʩʝʣʝʥʠʝ ʨʝʛʠʦʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ ʠ 

ʧʨʝʩʥʦʡ ʚʦʜʦʡ. 

 

1.2.3. ɻʨʫʥʪʦʚʳʝ ʚʦʜʳ ʚ ʢʦʥʫʩʘʭ ʚʳʥʦʩʘ ʨʝʢ ʊʘʜʞʠʢʠʩʪʘʥʘ 

 

ɺʙʣʠʟʠ ʚʳʭʦʜʘ ʨʝʢ ʠʟ ʛʦʨʥʳʭ ʦʙʨʘʤʣʝʥʠʡ ʦʙʳʯʥʦ ʘʣʣʶʚʠʡ ʧʨʝʜʩʪʘʚ-

ʣʝʥ ʤʦʱʥʦʡ ʪʦʣʱʝʡ (ʜʦ 800 ʤ) ʚʘʣʫʥʥʦ-ʛʘʣʝʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʧʝʩʯʘʥʳʤ ʟʘ-

ʧʦʣʥʝʥʠʝʤ. ɺ ʧʨʝʜʛʦʨʴʷʭ ʠ ʚ ʧʨʝʜʝʣʘʭ ʨʘʚʥʠʥ ʚ ʵʪʠʭ ʦʪʣʦʞʝʥʠʷʭ ʬʦʨʤʠʨʫ-

ʝʪʩʷ ʤʦʱʥʳʡ ʧʦʪʦʢ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. ʂ ʪʘʢʠʤ ʨʘʡʦʥʘʤ ʦʪʥʦʩʷʪʩʷ ʜʦʣʠʥʥʳʝ 

ʜʝʣʴʪʳ ʨʝʢ ʉʳʨʜʘʨʴʠ, ɺʘʭʰʘ, ʂʘʬʠʨʥʠʛʘʥʘ, ʇʷʥʜʞʘ ʠ ʠʭ ʧʨʠʪʦʢʦʚ - ʉʫʨʭʦʙ, 

ʗʭʩʫ ʠ ʉʫʨʭʘʥʜʘʨʴʷ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʡ ʟʦʥʳ ʷʚʣʷʝʪʩʷ 

ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥ-

ʥʘʷ ʜʠʥʘʤʠʢʘ ʦʪʪʦʢʘ ʚʦʜ ʧʦʜʟʝʤʥʦʛʦ ʚʠʜʘ ʟʘ ʝʝ ʧʨʝʜʝʣʳ. ɼʦʩʪʘʪʦʯʥʦ ʦʪʤʝ-
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ʪʠʪʴ, ʯʪʦ ʚ ʧʦʡʤʝ ʨ. ʂʘʬʠʨʥʠʛʘʥ ʤʝʞʜʫ ʛ. ɺʘʭʜʘʪ ʠ ʛ. ɼʫʰʘʥʙʝ (>50 ʢʤ) ʩʦ-

ʩʨʝʜʦʪʦʯʝʥʦ ʦʢʦʣʦ 1 ʢʤ3 ʤʝʜʣʝʥʥʦ ʧʝʨʝʤʝʱʘʶʱʠʭʩʷ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʠʭ ʨʝ-

ʩʫʨʩʦʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ, ʢʦʪʦʨʳʭ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʙʝʩʧʝʯʝ-

ʥʠʷ ʥʫʞʜ ʛʦʨʦʜʘ ʩ ʤʠʣʣʠʦʥʥʳʤ ʥʘʩʝʣʝʥʠʝʤ. 

 

1.2.3.1. ʆ ʢʦʣʦʜʮʘʭ ʠ ʨʦʜʥʠʢʘʭ, ʤʠʥʝʨʘʣʴʥʳʭ ʠ ʪʝʨʤʘʣʴʥʳʭ 

ʚʦʜ ʙʘʩʩʝʡʥʘ ɸʨʘʣʴʩʢʦʛʦ ʤʦʨʷ 

 

ɺ ʛʦʨʘʭ ʇʘʤʠʨʘ, ʍʠʥʜʠʢʫʰ, ʂʦʧʝʜʜʘʛʘ ʠ ɻʠʩʩʘʨʦ-ɸʣʘʷ, ʤʝʞʛʦʨʥʳʭ ʠ 

ʧʨʝʜʛʦʨʥʳʭ ʧʣʦʜʦʨʦʜʥʳʭ ʜʦʣʠʥʘʭ, ʘʫʣʘʭ, ʢʠʰʣʘʢʘʭ, ʨʝʜʢʦ ʥʘʩʝʣʝʥʥʳʭ ʩʪʝ-

ʧʷʭ ʠ ʧʫʩʪʳʥʷʭ ʨʝʛʠʦʥʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʩʦʪʥʠ ʢʣʶʯʝʡ ʠ ʨʦʜʥʠʢʦʚ ʧʨʝʩʥʳʭ 

ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʚʦʜ. ʅʘʧʨʠʤʝʨ, ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ ʚ ʧʝʨʠʦʜ ʠʥʪʝʥʩʠʚʥʦʛʦ ʨʘʟ-

ʚʠʪʠʷ ʠʥʞʝʥʝʨʥʦ-ʠʟʳʩʢʘʪʝʣʴʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʨʘʙʦʪ 

ʚ 1930-60 ʛʦʜʳ ʙʳʣʠ ʦʪʢʨʳʪʳ ʠ ʦʙʩʣʝʜʦʚʘʥʳ ʦʢʦʣʦ 300 ʨʦʜʥʠʢʦʚ. ʇʦ ʩʧʝ-

ʮʠʬʠʯʝʩʢʠʤ ʢʦʤʧʦʥʝʥʪʘʤ ʦʥʠ ʛʨʫʧʧʠʨʫʶʪʩʷ ʢʘʢ ʫʛʣʝʢʠʩʣʳʝ ʩʝʨʦʚʦʜʦʨʦʜ-

ʥʳʝ, ʡʦʜʦʙʨʦʤʥʳʝ, ʢʨʝʤʥʠʩʪʳʝ, ʨʘʜʦʥʦʚʳʝ; ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʨʘʩʪʚʦʨʠʤʳʭ ʚ 

ʚʦʜʝ ʩʦʣʝʡ - ʦʪ ʧʨʝʩʥʳʭ ʜʦ ʢʨʝʧʢʠʭ ʨʘʩʩʦʣʦʚ; ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʛʘʟʦʚ - ʫʛʣʝ-

ʢʠʩʣʳʝ, ʩʝʨʦʚʦʜʦʨʦʜʥʳʝ, ʘʟʦʪʥʳʝ, ʤʝʪʘʥʦʚʳʝ; ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ - ʦʪ ʭʦʣʦʜʥʳʭ 

ʜʦ ʦʯʝʥʴ ʛʦʨʷʯʠʭ. ɺʩʝ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʥʘʧʦʨʥʳʝ ʛʣʫʙʦʢʠʝ ʘʨʪʝʟʠ-

ʘʥʩʢʠʝ ʚʦʜʳ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʚ ʨʝʛʠʦʥʝ ʙʫʜʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʢʫʨʦʨʪʥʦʝ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʵʪʠ ʚʦʜʳ ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʢʘʢ ʠʩʪʦʯʥʠʢ ʪʝʧʣʘ ʠ ʢʘʢ 

ʦʙʲʝʢʪʳ ʜʣʷ ʜʦʙʳʯʠ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʢʘʢ ʙʨʦʤ, ʡʦʜ, ʙʦʨ ʠ ʜʨ. 

 

1.2.3.2. ʆ ʚʟʘʠʤʦʩʚʷʟʠ ʨʝʯʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʠ ʟʘʱʠʪʘ  

ʧʣʦʜʦʨʦʜʥʳʭ ʟʝʤʝʣʴ ʜʦʣʠʥʳ ʨ. ʗʭʩʫ ʦʪ ʟʘʩʦʣʝʥʠʷ [5] 

 

ʗʭʩʫʡʩʢʘʷ ʚʧʘʜʠʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʫ ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʥʠʞʝʥʥʳʭ 

ʚʧʘʜʠʥ ʦʙʰʠʨʥʦʡ ʖʞʥʦ-ʊʘʜʞʠʢʩʢʦʡ ʜʝʧʨʝʩʩʠʠ, ʦʪʥʦʩʷʱʝʝʩʷ ʪʘʢʞʝ ʠ ʢ 

ʤʝʞʛʦʨʥʳʤ. ʆʥʘ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʚʳʪ̫ʥʫʪʫʶ ʬʦʨʤʫ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʚ 

ʩʫʙʤʝʨʠʜʠʘʥʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʘ ʪʘʢʞʝ ʠ ʩʣʦʞʝʥʘ ʠʟ 200-400 ʤ ʤʦʱʥʦʡ 
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ʪʦʣʱʠ ʛʨʫʥʪʦʚ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʥʠʞʥʝʯʝʪʚʝʨʪʠʯʥʳʤ ʦʪʣʦʞʝʥʠʷʤ, ʤʝʥʷʶ-

ʱʠʭʩʷ ʟʘʢʦʥʦʤʝʨʥʦ ʧʦ ʩʦʩʪʘʚʫ ʠ ʩʪʨʫʢʪʫʨʝ, ʥʘʯʠʥʘʷ ʦʪ ʚʘʣʫʥʥʦ-ʛʘʣʝʯʥʳʭ ʥʘ 

ʩʝʚʝʨʝ ʠ ʟʘʢʘʥʯʠʚʘʷ ʧʝʩʯʘʥʦ-ʩʫʛʣʠʥʠʩʪʳʤʠ ʥʘ ʶʛʝ. ʗʭʩʫʡʩʢʠʡ ʢʦʥʫʩ ʚʳʥʦʩʘ 

ʠʤʝʝʪ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʩʚʳʰʝ 70 ʢʤ, ʠ ʩ ʚʦʩʪʦʯʥʦʡ ʩʪʦʨʦʥʳ ʚʧʘʜʠʥʘ ʠʤʝʝʪ 

ʦʛʨʘʥʠʯʝʥʠʷ ʨʷʜʦʤ ʛʦʨʥʳʭ ʭʨʝʙʪʦʚ ʩ ʚʳʩʦʪʘʤʠ, ʜʦʩʪʠʛʘʶʱʠʤʠ 2500-3300 ʤ 

ʠ ʥʘʭʦʜʷʱʝʛʦʩʷ ʩʚʳʰʝ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚʧʘʜʠʥʳ ʩʚʳʰʝ 1000-

1200 ʤ. 

ɺʧʘʜʠʥʘ ʟʘʱʠʱʘʝʪʩʷ ʩʦ ʩʪʦʨʦʥʳ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʭ ʛʦʨ ʦʪ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʭʦʣʦʜʥʦʛʦ ʢʘʯʝʩʪʚʘ ʩʦ ʩʪʦʨʦʥʳ ʩʝʚʝʨʘ, ʯʪʦ ʙʫʜʝʪ ʝʝ 

ʧʨʠʨʘʚʥʠʚʘʪ ɹʢ ʩʫʙʪʨʦʧʠʯʝʩʢʦʤʫ ʣʘʥʜʰʘʬʪʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʦʤʫ ʧʦʷʩʫ. ɺr -

ʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʧʨʠʚʝʣʠ ʢ ʧʨʦʷʚʣʝʥʠʶ ʟʘ-

ʩʫʰʣʠʚʦʩʪʠ ʢʣʠʤʘʪʘ, ʪ.ʝ. ʞʘʨʢʦʝ ʠ ʩʫʭʦʝ ʣʝʪʦ, ʩʦ ʟʥʘʯʝʥʠʝʤ ʚʝʣʠʯʠʥʳ ʩʨʝʜ-

ʥʝʤʝʩʷʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʠʶʣʝ +38ʦ-41ʦʉ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʭ ʂʫʣʷʙʩʢʦʡ  

ʤʝʪʝʦʩʪʘʥʮʠʠ ʟʥʘʯʝʥʠʝ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʚʝʣʠʯʠʥʳ ʦʩʘʜʢʦʚ ʩʦʩʪʘʚʣʷʝʪ 550 ʤʤ, 

ʚ ʤʘʢʩʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʛʜʝ ʧʨʦʭʦʜʠʪ ʟʠʤʥʝ-ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ. ʅʦ, ʙʳʚʘʶʪ 

ʛʦʜʳ, ʛʜʝ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʦʩʘʜʢʦʚ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪ ɹ 1200-1500 ʤʤ, ʯʪʦ 

ʷʚʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʧʨʦʷʚʣʝʥʠʷ ʯʘʩʪʳʭ  ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʩʝʣʝʡ ʠ ʥʘʚʦʜʥʝ-

ʥʠʡ. ʂʘʢ ʧʨʘʚʠʣʦ, ʜʘʥʥʦʝ ʧʨʦʷʚʣʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʚʝʩʝʥʥʝʝ ʚʨʝʤʷ, ʘ ʚ 

ʧʨʦʤʝʞʫʪʢʝ ʚʨʝʤʝʥʠ, ʥʘʯʠʥʘʷ ʩ ʣʝʪʥʠʭ ʤʝʩʷʮʝʚ ʜʦ ʥʘʯʘʣʘ ʦʩʝʥʠ, ʦʩʘʜʢʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ.  

ɻʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʢʘʢ ʧʦʜʟʝʤʥʳʝ, ʪʘʢ ʠ 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜr ʗʭʩʫʡʩʢʦʡ ʚʧʘʜʠʥʳ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦʩʨʝʜʩʪʚʦʤ  

ʚʦʜʥʦʩʪʠ ʨ. ʗʭʩʫ. ʇʨʠ ʵʪʦʤ, ʧʣʦʱʘʜʴ ʚʦʜʦʩʙʦʨʘ ʨ. ʗʭʩʫ ʩʦʩʪʘʚʣʷʝʪ 2650 ʢʤ2, 

ʜʣʠʥʘ ʝʝ - 160 ʢʤ. ʀʟ ɻʪʦʛʦ ʨʘʩʩʪʦʷʥʠʷ 50 ʢʤ ʦʪʥʦʩʠʪʩʷ ʢ ʜʦʣʝ ʥʘʟʝʤʥʦʡ ʨʘʚ-

ʥʠʥʥʦʡ ʯʘʩʪʠ ʚʧʘʜʠʥʳ. ɿʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ ʨʘʩʭʦʜʘ ʨ. ʗʭʩʫ 

ʫ ʚʳʭʦʜʘ ʠʟ ʧʨʝʜʛʦʨʠʡ ʥʘ ʨʘʚʥʠʥʫ ʩʦʩʪʘʚʣʷʝʪ 35.6 ʤ3/ʩ, ʤʝʥʷ̫ ʩʴ ʟʘ 1959-1984 

ʛʛ. ʦʪ 20 ʜʦ 80 ʤ3/ʩ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʚʘʨʠʘʮʠʠ ʉ=0.31.  

ʏʪʦ ʢʘʩʘʝʪʩʷ ʚʥʫʪʨʠʛʦʜʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʭʦʜʦʚ ʨ. ʗʭʩʫ, ʪʦ ʦʥʦ  

ʠʤ ʭʘʨʘʢʪʝʨʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʩʦʢʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ: ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ  

ʚʝʣʠʯʠʥʳ ʨʘʩʭʦʜʘ ʩʦʩʪʘʚʣʷʝʪ 100-200 ʤ3/ʩ, ʢʦʪʦʨʘʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʚʝʩʝʥʥʠʡ 
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ʧʝʨʠʦʜ, ʘ ʤʠʥʠʤʘʣʴʥʦʝ ʝʛʦ ʟʥʘʯʝʥʠʝ - 4-6 ʤ3/ʩ, ʦʪʥʦʩʷʪʩʷ ʢ ʧʝʨʠʦʜʫ ʤʝʞʝʥʠ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʚʦʜʦʥʦʩʥʳʭ ʚʘʣʫʥʥʦ-ʛʘʣʝʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʉʫʨʭʦʙ-ʗʭʩʫʡʩʢʦʡ 

ʚʧʘʜʠʥʳ, ʪʦ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ  ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʚʦʜʦ-

ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʠʤʝʪʴ ʦʛʨʦʤʥʳʝ ʧʣʦʱʘʜʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩ ʟʥʘ-

ʯʠʪʝʣʴʥʳʤʠ ʩʫʤʤʘʨʥʳʤʠ ʤʦʱʥʦʩʪʷʤʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʗʭʩʫʡʩʢʘʷ ʚʧʘʜʠʥʘ  

ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʪʨʠ ʦʩʥʦʚʥʳʝ ʟʦʥʳ ʛʝʦʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ: ʚʝʨʭʥʶʶ, 

ʩʝʨʝʜʠʥʥʫʶ ʠ ʢʨʘʡʥʶ,ʁ ʪ.ʝ. ʶʞʥʫʶ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʛʝʦʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʩʭʝʤ, 

ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʢʘʩʘʪʝʣʴʥʦ ʚʝʨʭ-

ʥʝʡ ʧʨʝʜʛʦʨʥʦʡ ʣʠʪʦʣʦʛʠʯʝʩʢʦʡ ʟʦʥʳ ʗʭʩʫʡʩʢʦʛʦ ʚʥʫʪʨʠ ʜʦʣʠʥʥʦʛʦ ʢʦʥʫʩʘ 

ʚʳʥʦʩʘ ʩʦʩʪʘʚʣʷʝʪ 40 ʢʤ ʩ ʰʠʨʠʥʦʡ 10-12 ʢʤ. ʈʘʟʨʝʟ ʛʦʨʠʟʦʥʪʘ ʧʨʝʜʩʪʘʚʣʷ-

ʝʪʩʷ ʚʘʣʫʥʥʦ-ʛʘʣʝʯʥʳʤ ʦʪʣʦʞʝʥʠʷʤ, ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʜʚʫʭ-

ʩʣʦʡʥʳʤ ʩʪʨʫʢʪʫʨʥʳʤ ʩʪʨʦʝʥʠʝʤ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʛʦʨʠʟʦʥʪʘ ʥʘʙʣʶʜʘʶʪʩʷ  

ʚʘʣʫʥʳ ʠ ʛʘʣʝʯʥʠʢʠ ʩ ʛʨʘʚʠʡʥʦ-ʧʝʩʯʘʥʳʤ ʟʘʧʦʣʥʠʪʝʣʝʤ ʩ ʤʦʱʥʦʩʪʴʶ ʠʟʤʝ-

ʥʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ  ʜʦ 150-200 ʤ. ɿʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʤʦʱʥʦʩʪʠ ʥʠʞʥʝʡ ʯʘʩʪʠ 

ʛʦʨʠʟʦʥʪʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪɹ  ʜʦ 200 ʤ, ʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʪʝʤʠ ʞʝ ʦʪʣʦʞʝʥʠʷ-

ʤʠ, ʥʦ ʚ ʩʪʨʫʢʪʫʨʥʦʤ ʩʦʩʪʘʚʝ ʟʘʧʦʣʥʠʪʝʣʷ ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʷʚʣʷʶʪʩʷ ʛʨʫʥ-

ʪʳ ʛʣʠʥʠʩʪʳʝ. ɿʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʠ, ʢʘʢ ʥʠʞʥʝʛʦ, ʪʘʢ ʠ 

ʚʝʨʭʥʝʛʦ ʩʣʦʝʚ ʦʪʣʦʞʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʤʝʥʝʝ 4000 ʤ2/ʩʫʪʢʠ ʠ 3000 

ʤ2/ʩʫʪʢʠ, ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʚʝʣʠʯʠʥʳ ʢʦɻ ʬʬʠʮʠʝʥʪʦʚ ʬʠʣʴʪʨʘʮʠʠ ʙʦʣʝʝ ʯʝʤ 20 

ʤ/ʩʫʪʢʠ, ʘ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 15 ʤ/ʩʫʪʢʠ.  

ɿʥʘʯʝʥʠʝ ʫʢʣʦʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚ 

ʧʨʝʜʝʣʘʭ ʦʪ 0,016 ʚʙʣʠʟʠ ʛʦʨʥʳʭ ʚʝʨʰʠʥ ʜʦ 0,012 ʚ ʥʘʠʙʦʣʝʝ ʧʦʥʠʞʝʥʥʦʤ 

ʫʨʦʚʥʝ, ʢʦʪʦʨʳʡ ʛʨʘʥʠʯʠʪ ʩʦ ʩʝʨʝʜʠʥʥʦʡ ʠʩʩʣʝʜʫʝʤʦʡ ʟʦʥʦʡ. ɿʥʘʯʝʥʠʝ ʚʝ-

ʣʠʯʠʥʳ ʛʣʫʙʠʥʳ ʟʘʣʦʞʝʥʠʷ ʙʝʟʥʘʧʦʨʥʦʛʦ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʩʥʠʞʘʝʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʧʦʜʟʝʤʥʦʛʦ ʧʦʪʦʢʘ, ʪ.ʝ. ʩ ʩʝʚʝʨʘ ʥʘ 

ʶʛ - ʦʪ 50 ʤ ʜʦ 5 ʤ,  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʦʙʱʠʭ ʧʨʦʜʦʣʴʥʳʭ ʫʢʣʦ-

ʥʦʚ ʧʦʜʟʝʤʥʦʛʦ ʧʦʪʦʢʘ (0,01), ʘ ʪʘʢʞʝ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ï 0,016-0,012. 

ʉ ʮʝʣʴʶ ʥʘ ʧʝʨʩʧʝʢʪʠʚʫ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʚʦʜʦʸʤʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ, 

ʢ ʧʨʠʤʝʨʫ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʚʦʜʦʩʥʘʙʞʝʥʠʝ ʚ ʚʠʜʝ ʧʦʣʠʚʘ ʚ ʟʝʤʣʝʜʝʣʴ-
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ʯʝʩʢʦʡ ʦʪʨʘʩʣʠ, ʢʦʤʤʫʥʘʣʴʥʦ-ʙʳʪʦʚʦʝ ʚʦʜʦʩʥʘʙʞʝʥʠʝ, ʘ ʪʘʢʞʝ ʩ ʫʯʝʪʦʤ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʧʦʚʳʰʝʥʥʦʛʦ ʪʝʤʧʘ ʫʚʝʣʠʯʝʥʠʷ ʥʘʨʦʜʦʥʘʩʝʣʝʥʠʷ, ʠʤʝʶʱʠʝʩʷ  

ʨʝʩʫʨʩʳ ʨʝʯʥʳʭ ʚʦʜ ʥʝʜʦʩʪʘʪʦʯʥʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʥʘʠʙʦʣʝʝ ʦʙhʠʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʦʩʥʦʚʥʦʤ ʜʠʥʘʤʠʯʝʩʢʠʭ, ʘ ʚ ʩʣʫʯʘʝ 

ʤʘʣʦʚʦʜʥʳʭ ʣʝʪ ʠ ʩʪʘʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʘʧʘʩʦʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʎɸʈ. ʉ 

ʜʨʫʛʦʡ ʧʦʟʠʮʠʠ, ʚ ʟʦʥʘʭ, ʛʜʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝʩʦʚʝʨʰʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦ-

ʣʠʚʘ ʠ ʥʝ ʦʙʝʩʧʝʯʝʥ ʧʦʜʟʝʤʥʳʡ ʦʪʪʦʢ ʠʤʝʶʱʠʭʩʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʧʨʦʮʝʩʩ 

ʙʦʨʴʙʳ ʩ ʧʨʦʷʚʣʝʥʠʝʤ ʟʘʙʦʣʘʯʠʚʘʥʠʡ ʠ ʟʘʩʦʣʝʥʠʡ ʪʨʝʙʫʝʪ ʥʝʦʙʭʦʜʠʤʦʛʦ ʠ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʚʦʝʛʦ ʫʤʝʥʴʰʝʥʠʷ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʧʦʩʨʝʜʩʪʚʦʤ ʦʪʢʘ-

ʯʝʢ ʠʟʣʠʰʥʠʭ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʢʚʘʞʠʥ ʚ ʚʠʜʝ ʚʝʨʪʠʢʘʣʴʥʦ-

ʛʦ ʜʨʝʥʘʞʘ. ʈʝʰʝʥʠʝ ʵʪʠʭ ʜʚʫʭ ʟʘʜʘʯ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ 

ʦʨʦʰʘʝʤʘʷ ʪʝʨʨʠʪʦʨʠʷ ʠʤʝʝʪ ʧʦʜʩʪʠʣʘʶʱʠʡ ʤʦʱʥrʡ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ. 

ʂ ɻʪʠʤ ʪʝʨʨʠʪʦʨʠʷʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʚʦʜʳ ʥʘʟʝʤʥʳʭ ʜʝʣʴʪ ʨʝʢʠ ɺʘʭʰ, ʂʘ-

ʬʠʨʥʠʛʘʥ, ʇʷʥʜʞ, ʘ ʪʘʢʞʝ ʠ ʠʭ ʧʨʠʪʦʢʦʚ, ʚ ʪ.ʯ. ʠ ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ ʟʦʥʳ 

ʗʭʩʫʡʩʢʦʡ ʚʧʘʜʠʥʳ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʚʝʨʭʥʝʛʦ ʷʨʫʩʘ, ʢʦʪʦʨʳʡ ʦʭʚʘʪʳʚʘʝʪ ʩʝʚʝʨʥʫʶ ʯʘʩʪʴ 

ʗʭʩʫʡʩʢʦʡ ʚʧʘʜʠʥʳ, ʪʦ ʦʥʘ ʦʪʥʦʩʠʪʩʷ ʢ ʟʦʥʝ ʬʦʨʤʠʨʦʚʘʥʠʷ çʧʦʜʟʝʤʥʦʛʦ ʧʦ-

ʪʦʢʘè, ʢʦʪʦʨʳʡ ʜʦʩʪʠʛʘʝʪʩʷ ʠʟ-ʟʘ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʧʦʪʝʨʴ ʩʪʦʢʘ ʨ. ʗʭʩʫ, ʘ 

ʪʘʢʞʝ ʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʦʙʲʝʤʘ ʠʥʬʠʣʴʪʨʘʮʠʠ, ʧʨʦʷʚʣʷʝʤʦʛʦ ʟʘ ʩʯʝʪ ʦʩʘʜʢʦʚ. 

ʆʪʣʠʯʠʪʝʣʴʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ  ʟʦʥʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʩʦʢʠʭ 

ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʢʦʪʦʨʳʝ ʩʣʘʙʦ ʥʝʦʜʥʦʨʦʜʥʦ 

ʨʘʩʧʦʣʦʞʝʥʳ ʧʦ ʚʝʨʪʠʢʘʣʠ ʩʪʨʦʝʥʠʷ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ, ʘ ʪʘʢʞʝ ʠ 

ʚ ʮʝʣʦʤ ʧʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ ʜʠʥʘʤʠʯʥʦʩʪʠ ʦʪʪʦʢʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʟʘ ʝʝ 

ʛʨʘʥʠʮʘʤʠ. 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʠ ʟʥʘʯʝʥʠʠ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝʜʦʩʪʘʪʢʘ 

ʥʘʩʳʱʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʜʘʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʩʯʠʪʘʝʪʩʷ ʤʠʥʠʤʘʣʴʥʳʤ ʠ ʝʛʦ 

ʟʥʘʯʝʥʠʝ ʚ ʩʨʝʜʥʝʤ ʧʨʠʥʠʤʘʝʪʩʷ 0,26, ʘ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʤʦʱʥʦʩʪʠ ʢʚʘ-

ʟʠʦʜʥʦʨʦʜʥʦʛʦ ʛʨʫʥʪʘ ʩʦʩʪʘʚʣʷʝʪ 350 ʤ, ʩ ʰʠʨʠʥʦʡ ʟʦʥʳ - 11 ʢʤ, ʪʦ ʩʪʘʥʦ-

ʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʣʝʛʢʦ ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʦʙʲʝʤʘ ʧʫʩʪʦʪ ʚʩʝʡ 

ʟʦʥʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ:  
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0,35ʢʤ ʭ 11ʢʤ ʭ 40ʢʤ ʭ 0,26 = 40,04 ʢʤ3. 

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ  ʚʦʟʤʦʞʥʦ ʫʩʪʘʥʦʚʣʝʥʠʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʧʦ-

ʜʚʠʞʥʦʩʪʠ ʧʦʪʦʢʘ ʧʦʜʟʝʤʥʦʡ ʞʠʜʢʦʩʪʠ Qʛʨ ʟʘ ʧʨʝʜʝʣʘʤʠ ʠʩʩʣʝʜʫʝʤʦʡ ʟʦʥʳ. 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʬʠʣʴʪʨʘʮʠʠ ʧʨʠʥʠʤʘʝʪʩʷ 

ʢʘʢ k = 20 ʤ/ʩʫʪʢʠ, ʠ ʟʥʘʯʝʥʠʝ ʫʢʣʦʥʘ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʧʨʠʥʠʤʘʝʪ ʢʘʢ 

i=0,01, ʪʦ ʤʦʞʥʦ ʧʦʣʫʯʠʪ:ɹ Qʛʨ = 0,35 ʢʤ ʭ 0,02 ʢʤ/ʩʫʪʢʠ ʭ 0,01 ʭ 365,25 ʭ 11 

ʢʤ = 0,281 ʢʤ3/ʛʦʜ ʠʣʠ 8,9 ʤ3/ʩ. ʊʘʢʞʝ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ, ʧʨʠ k = 35 

ʤ/ʩʫʪ ʠ i = 0,007 ʧʦʣʫʯʘʝʤ: Qʛʨ = 0,344 ʢʤ3/ʛʦʜ ʠʣʠ ʞʝ 10,9 ʤ3/ ʩ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʡʜʝʥʥʳʝ ʨʘʩʯʝʪʥʳʝ ʤʦʜʝʣʠ ʧʦʩʨʝʜʩʪʚʦʤ ʚʝ-

ʣʠʯʠʥʳ 8,9 ʤ3/ʩ ʧʦʜʟʝʤʥʦʛʦ ʧʦʪʦʢʘ ʩ ʧʦʚʳʰʝʥʥʦʡ ʪʦʯʥʦʩʪʴʶ (ʦʪʢʣʦʥʝʥʠʝ - 

2,2%) ʙʫʜʝʪ ʨʘʚʥʷʪʴʩʷ ʟʥʘʯʝʥʠʶ ʚʝʣʠʯʠʥʳ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʧʦʪʝʨʴ, ʨʘʚʥʦʝ 

8,7 ʤ3/ʩ ʜʣʷ ʨʫʩʣʘ ʨ. ʗʭʩʫ, ʘ ʪʘʢʞʝ ʠ ʠʨʨʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʜʘʥʥʦʡ ʟʦʥʳ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʤʠ ʝʱʝ ʚ 1979-1983 ʛʦʜ.r ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʜʘʥʥʳʭ ʫʢʘʟʘʣ ʥʘ ʪʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʚʟʘʠʤʦʩʚʷʟʠ 

ʜʘʥʥʳʭ ʚʝʣʠʯʠʥ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʧʝʨʠʦʜʝ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʘʷ ʬʫʥʢʮʠʷ ʥʠʞʝ-

ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ: 

Qʬ = aQʨ+ b 

ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʝʤ ʚʝʣʠʯʠʥʳ ʢʦɻʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷ-

ʮʠʠ - R = 0.87. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʚʩʣʝʜʩʪʚʠʝ ʧʦʚʳʰʝʥʥʦʡ ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʠ ʛʘʣʝʯʥʦ-

ʧʝʩʯʘʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʚʝʣʠʯʠʥʘ ʚʝʨʦʷʪʥʦʩʪʠ ʧʠʪʘʥʠʷ ʜʘʥʥʦʡ ʟʦʥʳ ʠʟ-ʟʘ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ 

ʧʨʠʤʝʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ. ʂ ʧʨʠʤʝʨʫ, ʫʯʠʪʳʚʘʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ 

ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʟʦʥʳ ʬʦʨʤʠʨʦʚʘʥʠ ̫S = 40 ʭ 11,5 = 460 

ʢʤ2 ʠʣʠ 46 ʪʳʩ. ʛʘ, ʪʦ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʦʧʨʝʜʝʣʝʥʠʝ ʦʙʲʝʤʘ ʠʥʬʠʣʴ-

ʪʨʘʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ ʧʠʪʘʥʠʷ, ʚ ʩʣʫʯʘʝ ʢʦʛʜʘ ʧʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ ʪʨʝʪʴʷ ʯʘʩʪʴ 

ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʠʟʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʧʨʦʮʝʩʩ ʧʦʧʦʣʥʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʟʘʧʘʩʦʚ ʥʘ ʫʨʦʚʥʝ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʠʩʩʣʝʜʫʝʤʦʡ ʟʦʥʳ:  

46000ʛʘ x 10000 x 0,550ʤ x 1/3 = 0,084 ʢʤ3/ʛʦʜ, 
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ʯʪʦ ʧʦ ʦʙʲʝʤʫ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʨʘʚʥʦʝ ʥʘ 30-40% ʦʪ ʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘʧʘʩʦʚ 

ʟʦʥʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʜ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʤʤʘʨʥʦʝ ʟʥʘʯʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʨʝʩʫʨʩʦʚ ʠʩʩʣʝʜʫʝʤʦʡ ʟʦʥʳ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ ʯʝʤ 0,359-0,418 ʢʤ3 ʚ ʛʦʜ, ʯʪʦ 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʟʦʥʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʜ. 

ʋ ʩʝʨʝʜʠʥʥʦʡ ʯʘʩʪʠ ʣʠʪʦʣʦʛʠʯʝʩʢʦʡ ʟʦʥʳ ʗʭʩʫʡʩʢʦʛʦ ʢʦʥʫʩʘ ʚʳʥʦʩʘ, 

ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʦʙʱʫʶ ʤʦʱʥʦʩʪʴ 200-250 ʤ, ʘ ʪʘʢʞʝ ʠ ʨʝʛʠʦʥʘʣʴʥʫ  ʁʚʳʜʝʨ-

ʞʘʥʥʦʩʪʴ, ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʠʟ ʧʝʩʯʘʥʦ-ʛʘʣʝʯʥʳʭ ʦʪ-

ʣʦʞʝʥʠʡ, ʠʤʝʶʪʩʷ ʦʙʦʩʦʙʣʝʥʥʳʤʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʩʣʘʙʦʚʦʜʦʧʨʦʥʠʮʘʝʤʳʝ ʩʫ-

ʛʣʠʥʠʩʪʳʝ ʦʪʣʦʞʝʥʠʷ. ɿʥʘʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʚʝʨʭʥʝʛʦ ï ɸʤʫʜʘʨʴʠʥʩʢʦʛʦ ʚʦ-

ʜʦʥʦʩʥʦʛʦ ʧʣʘʩʪʘ ʧʦʜʚʝʨʛʘʣʩʷ ʠʟʤʝʥʝʥʠʶ ʚ ʧʨʝʜʝʣʘʭ 30-60 ʤ ʩ ʤʦʱʥʦʩʪʴʁ 

ʚʝʣʠʯʠʥʳ ʩʝʨʝʜʠʥʥʦʛʦ ï ʪ.ʝ. ɼʫʰʘʥʙʠʥʩʢʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʧʣʘʩʪʘ ʚ ʧʨʝʜʝʣʘʭ 

20-60 ʤ, ʘ ʯʪʦ ʢʘʩʘʝʪʩʷ ʤʦʱʥʦʩʪʠ ʪʨʝʪʴʝʛʦ - ʀʣʷʢʩʢʦʛʦ ʧʣʘʩʪʘ, ʪʦ ʦʥ ʥʘʭʦ-

ʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 25-60 ʤ. 

ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʯʘʩʪʠ ʚʧʘʜʠʥʳ ʩʦʩʪʘʚʣʷʝʪ 35 ʢʤ, ʘ 

ʟʥʘʯʝʥʠʝ ʰʠʨʠʥʳ ʠʤʝʝʪ ʚʝʣʠʯʠʥʫ - 10-12 ʢʤ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʧʦʚʝʨʭʥʦʩʪ-

ʥʳʤ ʫʢʣʦʥʦʤ 0,012-0,007.  ɺ ʵʪʦʡ ʟʦʥʝ ʦʧʨʝʜʝʣʝʥ ʨʦʩʪ, ʢʘʢ ʩʫʛʣʠʥʠʩʪʳʭ, ʪʘʢ  

ʠ ʩʥʠʞʝʥʠʝ ʧʝʩʯʘʥʦ-ʛʘʣʝʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʦʪ ʚʝʨʰʠʥʳ 

ʜʝʣʴʪʳ ʢ ʩʪʦʨʦʥʝ ʧʝʨʠʬʝʨʠʠ. ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʧʝʮʠʘʣʠ-

ʩʪʦʚ ʛʠʜʨʦʛʝʦʣʦʛʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʟʦʥʘ ʦʪʥʦʩʠʪʩʷ ʢ ʟʦʥʝ ʚʳʢʣʠʥʠʚʘʥʠʷ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʠʣʠ ʠʭ ʨʘʟʛʨʫʟʢʠ, ʢʦʪʦʨʳʝ ʧʦʩʪʫʧʘʶʪ ʠʟ ʟʦʥʳ ʬʦʨʤʠʨʦʚʘʥʠʷ, 

ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʦʪ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʚʧʘʜʠʥʳ. ʉ ʮʝʣʴʶ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥʳ ʦʙʲʝʤʘ ʨʘʟʛʨʫʟʢʠ, ʦʧʨʝʜʝʣʷʝʤ ʟʥʘʯʝʥʠʝ  

ʚʝʣʠʯʠʥʳ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʧʨʦʭʦʜʠʤʳʝ ʯʝʨʝʟ 

ʜʘʥʥʫʶ ʟʦʥʫ. ʈʘʩʯʝʪ ʙʳʣ ʧʨʦʚʝʜʝʥ ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʜʣʷ ʢʘʞʜʦʛʦ ʩʦʩʪʘʚʣʷʶʱʝ-

ʛʦ ʠʟ ʪʨʝʭ ʚʦʜʦʥʦʩʥʳʭ ʧʣʘʩʪʦʚ. ʇʨʠ ʵʪʦʤ ʧʨʠʥʠʤʘʝʤ ʟʥʘʯʝʥʠʝ ʩʨʝʜʥʝʡ ʚʝ-

ʣʠʯʠʥʳ ʫʢʣʦʥʦʚ, ʘ ʪʘʢʞʝ ʤʦʱʥʦʩʪʝʡ ʠ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʢʘʢ ʚʦʜʦ-

ʥʦʩʥʳʭ, ʪʘʢ ʠ ʧʣʘʩʪʦʚ ʩʦ ʩʣʘʙʦʡ ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʴʶ. ʉʦʛʣʘʩʥʦ ʧʨʠʥʷʪʳʭ ʚ 

ʥʘʫʢʝ ʦ ʛʠʜʨʘʚʣʠʢʝ, ʢʘʩʘʪʝʣʴʥʦ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʜʚʠʞʝʥʠʶ ʞʠʜʢʦʩʪʠ ʚ ʭʦ-

ʨʦʰʦ ʧʨʦʥʠʮʘʝʤʳʭ ʧʣʘʩʪʦʚ ʩʯʠʪʘʶʪ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ, ʘ ʚ ʩʣʫʯʘʝ ʩʦ ʩʣʘʙʦ-
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ʧʨʦʥʠʮʘʝʤʳʤʠ, ʩʫʛʣʠʥʠʩʪʳʤʠ ʧʣʘʩʪʘʤʠ - ʚʝʨʪʠʢʘʣʴʥʳʤ. ʊʦʛʜʘ ʤʦʞʥʦ ʧʦ-

ʣʫʯʠʪ ɹʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʠʞʝʩʣʝʜʫʶʱʠʝ ʚʳʨʘʞʝʥʠʷ: 

1-ʡ ʧʣʘʩʪ - 0.045ʢʤ * 0.015ʢʤ/ʩʫʪ. * 11ʢʤ * 365.25 = 0.027 ʢʤ3/ʛʦʜ; 

2-ʡ ʧʣʘʩʪ - 0.040ʢʤ * 0.015ʢʤ/ʩʫʪ. * 11ʢʤ * 365.25 = 0.024 ʢʤ3/ʛʦʜ; 

3-ʡ ʧʣʘʩʪ - 0.042ʢʤ * 0.015ʢʤ/ʩʫʪ. * 11ʢʤ * 365.25 = 0.025 ʢʤ3 ʚ ʛʦʜ. 

ʇʨʦʠʟʚʦʜʷ ʠʭ ʩʫʤʤʠʨʦʚʘʥʠʝ ʧʦʣʫʯʘʝʤ: 0,076 ʢʤ3/ʛʦʜ, ʘ ʧʨʠ ʟʥʘʯʝʥʠʠ k 

= 30 ʤ/ʩʫʪ. ï 0,15 ʢʤ3/ʛʦʜ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʣʝʜʩʪʚʠʠ ʵʪʦʛʦ ʤʦʞʥʦ ʧʦʥʘʙʣʶ-

ʜʘʪʴ, ʯʪʦ ʢʘʯʝʩʪʚʝʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʙʦʢʦʚʦʛʦ ʦʪʪʦʢʘ ʧʦʜ-

ʟʝʤʥʳʭ ʚʦʜ ʯʝʨʝʟ ʩʝʨʝʜʠʥʥʫʶ ʟʦʥʫ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʧʦ ʦʪʥʦʰʝʥʠʶ ʩ ʚʝ-

ʣʠʯʠʥʦʡ ʧʨʠʪʦʢʘ ʩ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʨʭʥʝʡ ʟʦʥʳ ʬʦʨʤʠʨʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ, ʟʥʘ-

ʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʠʟʙʳʪʢʘ ʜʦʩʪʠʛʘʝʪ ʫʨʦʚʥʷ ʙʦʣʝʝ 0,205 ʢʤ3/ʛʦʜ (0,129 

ʢʤ3/ʛʦʜ) ʠʣʠ 6,49 ʤ3/ʩ (4,08 ʤ3/ʩ). ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, ʩ ʮʝʣʴʶ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʧʨʦʮʝʩʩʘ ʟʘʩʦʣʝʥʠʷ ʧʣʦʜʦʨʦʜʥʳʭ ʟʝʤʝʣʴ ʚ ʩʝʨʝʜʠʥʥʦʡ ʟʦʥʝ ʪʨʝʙʫʝʪʩʷ ʚʩʪʘ-

ʚʠʪʴ ʤʝʭʘʥʠʟʤ ʦʪʚʦʜʷʱʠʡ ʵʪʠ ʚʦʜr  ʩ ʧʦʤʦʱʴʶ ʜʨʝʥʠʨʫʶʱʠʭ ʩʦʦʨʫʞʝʥʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ, ʢʘʢ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʚ ʦʪʢʨʳʪʳʭ ʨʫʩʣʘʭ ʠ ʢʘʥʘʣʘʭ, ʢ ʧʨʠʤʝʨʫ ʚ ʛʦʨʥʳʭ ʨʝʯʢʘʭ, ʤʝʪʦʜʘʤʠ ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʰʠʨʦʢʦʤ ʤʘʩʰʪʘʙʝ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ, ʢʘʢ 

ʥʘʫʯʥʦʝ, ʪʘʢ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ɼʦ ʩʝʛʦʜʥʷʰʥʝʛʦ ʜʥʷ ʚ ʛʠʜʨʘʚʣʠʢʝ 

ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʨʘʟʨʘʙʦʪʢʘ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ  ʙʦʣʝʝ ʵʬ-

ʬʝʢʪʠʚʥʦʡ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʨʝʜʥʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦ-

ʪʦʢʘ ʚ ʨʝʢʘʭ, ʢʘʥʘʣʘʭ, ʘ ʪʘʢʞʝ ʠ ʚ ʜʨʫʛʠʭ ʚʦʜʦʚʦʜʘʭ.  

ʇʨʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʦʩʨʝʜʥʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ-

ʪʦʢʘ ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʠʥʪʝʛʨʘʣʴʥʳʭ ʦʩʨʝʜʥʝ-

ʥʠʡ, ʛʜʝ ʟʜʝʩʴ ʛʣʘʚʥʳʤ ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ 

ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʠ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʧʦʪʦʢʘ ʚ ʨʫʩʣʘʭ. ʇʝʨʚʳʝ ʩʠʩʪʝʤʘʪʠ-

ʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʪʝʯʝʥʠʷ ʧʦʪʦʢʘ ʚʦʜʳ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʧʨʠʥʘʜʣʝʞʘʪ ɻʘʣʠʣʝʦ ɻʘʣʠʣʝʷ ʠ ʊʦʨʠʯʝʣʣʠ ʀʚʘʥʯʝʣʠʩʪʘ.  

ɺ ʧʨʝʜʝʣʘʭ 1630-1644 ʛʦʜʦʚ 17 ʚʝʢʘ, ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ  

ʧʦ ʧʨʦʮʝʩʩʫ ʜʚʠʞʝʥʠʷ ʚʦʜʳ ʚ ʦʪʢʨʳʪʳʭ ʨʫʩʣʘʭ, ʢ ʧʨʠʤʝʨʫ, ʠʩʩʣʝʜʫʷ ʟʘʢʦʥʦ-

ʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥʳ ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮ ʚʦʜʳ ʧʦ ʚʝʨʪʠ-
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ʢʘʣʠ ʚ ʟʘʜʘʥʥʦʤ ʩʝʯʝʥʠʠ ʧʦʪʦʢʘ ʩʦ ʩʪʦʨʦʥʳ ɻʘʣʠʣʝʷ ʠ ʊʦʨʠʯʝʣʣʠ ʙʳʣʠ ʚʳ-

ʜʚʠʥʫʪʳ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʤʦʞʥʦ  

ʜʦʩʪʠʯʴ ʦʢʦʣʦ ʜʥʘ ʨʫʩʣʘ. ʇʨʠʤʝʨʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ, ʢʦʛʜʘ ʚ 1700 ʛʦʜʫ ʩʦ ʩʪʦ-

ʨʦʥʳ ʄʘʨʠʦʪʪʘ ʙʳʣʦ ʚʳʜʚʠʥʫʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʧʦʚʳʰʝʥʠʠ ʟʥʘʯʝʥʠʷ ʚʝ-

ʣʠʯʠʥʳ ʩʢʦʨʦʩʪʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʪʦʢʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚ ʵʪʦʪ 

ʧʝʨʠʦʜ, ʢʦʪʦʨʳʡ ʟʘʥʠʤʘʝʪ ʙʦʣʝʝ 300 ʣʝʪ ʧʨʦʙʣʝʤʳ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝ-

ʣʠʯʠʥʳ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʠ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʧʦʪʦʢʘ, ʠ 

ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʜʘʥʥʦʛʦ ʟʘʢʦʥʘ, ʟʥʘʯʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʦʡ ʚʝʣʠ-

ʯʠʥʳ, ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ, ʘ ʪʘʢʞʝ ʠ ʨʘʩʭʦʜ ʧʦʪʦʢʘ ʚ ʦʪʢʨʳʪʳʭ ʠ ʟʘʤʢʥʫʪʳʭ 

ʨʫʩʣʘʭ ʚʭʦʜʠʪ ʚ ʧʨʝʜʤʝʪ ʧʦ ʠʟʫʯʝʥʠʶ ʧʨʠʢʣʘʜʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʠ ʝʝ ʚʘʞ-

ʥʦʛʦ ʨʘʟʜʝʣʘ - ʛʠʜʨʘʚʣʠʢʠ, ʪʝʦʨʠʠ ʨʫʩʣʦʚʳʭ ʧʦʪʦʢʦʚ, ʪʝʦʨʠʠ ʪʝʯʝʥʠʷ ʚʷʟʢʦ-

ʧʣʘʩʪʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ, ʧʨʠ ʨʘʩʯʝʪʝ ʚʦʣʥʦʚʳʭ ʪʝʯʝʥʠʡ ʠ ʩʝʣʝʚʳʭ ʧʦʪʦʢʦʚ 

[6]. 

ʂ ʧʨʠʤʝʨʫ, ʜʦʩʪʘʪʦʯʥʳʤ ʷʚʣʷʝʪʩʷ ʦʪʤʝʪʠʪʴ ʪʦ, ʯʪʦ ʚ ʠʟʚʝʩʪʥʦʡ ʬʦʨʤʫ-

ʣʝ ʐʝʟʠ, ʧʨʠʛʦʜʥʦʛʦ ʜʣʷ ʩʣʫʯʘʝʚ ʩʦ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʴʶ ʧʦʪʦʢʘ:   

u=C(Ih)0,5 

 ʛʜʝ I ï ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʫʢʣʦʥʘ ʜʥʘ, h ï ʚʝʣʠʯʠʥʘ ʤʦʱʥʦʩʪʠ ʧʦʪʦʢʘ, 

ʪʦ ʩ ʮʝʣʴʶ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʉ, ʝʱʝ ʜʦ ʥʘʯʘʣʘ 40-ʭ ʛʦʜʦʚ ʍʍ ʚʝʢʘ 

ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʩʚʳʰʝ 130 ʚʳʨʘʞʝʥʠʡ ʠ ʬʦʨʤʫʣ ʨʘʟʥʦʛʦ ʚʠʜʘ ʠ ʪʠʧʘ, ʢʦ-

ʪʦʨʳʝ ʟʘʚʠʩʷʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʞʠʜʢʦʩʪʠ, 

ʥʦ ʠ ʦʪ ʛʝʦʤʝʪʨʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʨʫʩʣʦʚʳʭ ʧʦʪʦʢʦʚ, ʩʪʨʫʢʪʫʨʳ ʬʦʨʤʠʨʦʚʘʥʠʷ  

ʨʫʩʣʦʦʙʨʘʟʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪ.ʧ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʟʥʘʤʝʥʠʪʘʷ ʬʦʨʤʫʣʘ 

ʐʝʟʠ ʧʨʠʥʠʤʘʝʪʩʷ ʪʘʢʞʝ ʠʟ-ʟʘ ʙʘʟʳ ʨʘʩʯʝʪʦʚ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʟʘʢʦʥʦʤʝʨ-

ʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʜʚʠʞʝʥʠʷ ʩʝʣʝʚʳʭ ʧʦʪʦʢʦʚ, ʢʦʪʦʨʳʝ ʠʟ-ʟʘ ʢʣʘʩʩʠʬʠ-

ʢʘʮʠʠ ʷʚʣʷʶʪʩʷ ʩʪʨʫʢʪʫʨʥʦ-ʥʝʦʜʥʦʨʦʜʥʳʤʠ, ʘ ʪʘʢʞʝ ʠ ʤʥʦʛʦʬʘʟʥʳʤʠ. ɸʥʘ-

ʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʣʠʪʝʨʘʪʫʨʥʳʭ 

ʠʩʪʦʯʥʠʢʘʭ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʩʚʷʱʝʥ rʤʦʜʝʣʴʥʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʜʣʷ ʨʝʘ-

ʣʠʟʘʮʠʠ ʚ ʥʘʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʩʝʣʝʚʦʛʦ ʧʨʦʮʝʩʩʘ ʩ ʮʝʣʴʶ  ʨʘʩʯʝʪʘ ʟʥʘʯʝʥʠʷ 

ʚʝʣʠʯʠʥʳ ʩʢʦʨʦʩʪʠ ʩʝʣʝʚʦʛʦ ʧʦʪʦʢʘ, ʧʨʠʚʦʜʠʪʩʷ ʚ ʪʘʙʣ. 1.3 [7]. 

 



 30 
 

ʊʘʙʣʠʮʘ 1.3 

ʍʨʦʥʦʣʦʛʠʯʝʩʢʘʷ ʪʘʙʣʠʮʘ ʢʣʘʩʩʠʯʝʩʢʠʭ ʬʦʨʤʫʣ ʛʠʜʨʘʚʣʠʢʠ ʜʣʷ ʨʘʩʯʝʪʦʚ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘ C  - ʩʢʦʨʦʩʪʥʦʛʦ ʤʥʦʞʠʪʝʣʷ ʐʝʟʠ ʩ ʨʘʟʤʝʨʥʦʩʪʴʶ )/)( 2/1 cekmC T =  
ʠ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ l ɼʘʨʩʠ-

ɺʝʡʩʙʘʭʘ ʩ ʧʝʨʠʦʜʘ ʠʭ ʦʪʢʨʳʪʠʷ ʜʦ 2000ʛ. 
 

ˉ  

ʧʧ. 
ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʚʠʜ ʬʦʨʤʫʣ ɸʚʪʦʨ ʠ ʛʦʜ  

ʧʫʙʣʠʢʘʮʠʠ 

ʇʨʠʤʝʯʘʥʠʝ 

1. 1

. 
)6.01( RkC +=  ʂʦʭʣʠʥ  

2. 2

. 
)4975.0/(59.53 += uuC  ʀʨʦʥʠ  

3. 4

. 
RC ba 5.0/2 +=  

ʌʨʘʥʥʠ ba,  

ʢʦʵʬʬʠʮʠʝʥʪ r

4. 5

. 
)6582.0(85.73 4 += uuC  

ɺʝʡʩʙʘʭ  

5. 6

. 
ba += RRC /  ɼʘʨʩʠ-ɹʘʟʝʥ,. 

1854-1865 

 

6. 7

. 
)/(100 kRRC +=  ʂʫʪʪʝʨ, 1869  

7. 8

. 
)2.01( RkC +=  ɻʘʨʜʝʨ. 1787  

8. 9

. 
RuC ba 5.0/86.8 +=  

ʃʘʥʛ, 1896  

9. 1

0

. 

)/(87 eRRC g+=  ɹʘʟʝʥ,. 1897  

10. 1

1

. 

)5.01(25 RC +=  ʍʝʩʩʣʠ, 1899  

11. 1

2

. 

)/(70 a+= RRC  ɸ.ɹ. ɻʦʨʙʘʯʝʚ, 

1936 

 

12. 1

3

. 

ɼʨɼʨ ʉʉʉʉC += 2/2  ɸ.ɺ. ʂʘʨʘʫʰʝʚ,  

969 

 

13. 1

4

. ))00155.023((

)00155.023(

njjR

injjRC

++

+++=
 

ɻʘʥʛʠʣʴʝ-ʂʫʪʪʝʨ,  

1869 

i - ʫʢʣʦʥ,  

n - ʰʝʨʦʭʦʚʘʪʦʩʪʴ 

14. 1

5

. 

[ ]15.0

1)12.0/(100 fjURURUC mggg ++=

 

ɹʠʣʷ, 1907  

15. 1

6

. 

20/8/14 -+= kikhC  ɸ.ɸ. ʉʣʘʙʦʜʢʠʥ, 1968  

16. 1

7

. 

)25.4lg4(2 +=
k

R
gC  

ɸ.ʀ. ɿʝʛʞʜʘ, 1932  

17. 1 )lg(72.17 Rkʉ +=  ʀ.ʀ. ɸʛʨʦʩʢʠʥ, 1948  
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8

. 

18. 1

9

. 

nRnC /)lg72.171( +=  ʀ.ʀ. ɸʛʨʦʩʢʠʥ. 1949  

19. 2

0

. 

ʘ) [ ]RRrCRC 4Re/)4(lg42 e+-=  

ʙ) e/lg42 RC=  ʚ) )Re/4lg(42 CC=  

ʅʘʫʵʣʘ, 1950  

20. 2

1

. 

)/222.0/0067.0lg(32 gRiRRkgC n+-=

 

ɹ.ʉ. ʂʨʝʤʧʘ,1956  

21. 2

2

. 

[ ])3/(12lg18 n+= gRikgRiRC  ɼ. ɻʠʡʩʝ,1957  

22. 2

3

. 

[ ])10/(lg7.24 += RiCRiCRC e  ʉ.ɺ.ʗʢʦʚʣʝʚ.1958  

23. 2

4

. 

5.1)/(5.9)/lg(22 +D+D= HHC  ɸ.ʉ. ɿʝʜʛʠʥʝʜʟʝ, 

ʀ.ʄ. ʄʝʯʠʪʦʚ, 1958 

 

24. 2

5

. 

nhnnC cp /)lg)10021(1( -+=  ʌ.ɺ. ʊʘʣʤʘʟ,.1964  

25. 2

6

. 

nPnnC /)lg)3005.27(1( -+=  ʀ.ʀ. ɸʛʨʦʩʢʠʥ  

26. 2

7

. 

)1)/1(lg(25 -= tC

22/16)/lg(11 -+= tacphC  

ɸ.ɸ.ʄʠʨʦʟʦʚ, 1965  

27. 2

8

. 

2.9)/lg(4.15 +D= HC  ʄ.ʆ.ʋʤʘʨʦʚ, 1965  

28. 2

9

. 

)/15.6lg(7.17 D= RC  ʀ.ɼ.ʃʝʥʠʩʝʥʢʦ, 1966  

29. 3

0

. 

5.1)/(5.9)/lg(22 +D+D= RRC  ʄ.ɸ.ʄʦʩʪʢʦʚ 

(ʩʤˉ24) 

 

30. 3

1

. 

)/lg(20 ehC=  ɸ.ɼ. ɸʣʴʪʰʫʣʴ, 1965  

31. 3

2

. 

127.0/)4.2)/(lg( +D= hC  ɹʘʡʝʨ  

32. 3

3

. 

ʘ) )44.5)/lg(9.5( 25 += dhgC  

ʙ) ))/lg(4.7( 25dhgC=  

ʉʠʤʦʥʩ. ʈʠʯʘʨʜʩʦʥ  

33. 3

4

. 

6.13)/15.6(41.19 += dhgC  ɺ.ʀ. ʃʝʬʨʝʤʦʥ  

34. 3 95.2)/lg(7.17 += dRC  ʄʘʨʛʠʥʝʩ.  
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5

. 

35. 3

6

. 

)95.2))/(lg(1.143.4 ++= dRC  ʄʘʨʛʠʥʝʩ  

36. 3

7

. 

)1/()/)(5.1(11 /1 +-= mdhmgC m  

52.2)/lg(21.0)/lg(24/2 +-= dhdhm  

ɺ.ʌ. ɻʘʣʤʘʟʘ  

37. 3

8

. 

BAAC ++= 225.05.0  

)lg1(
13.0

1
R

g

n
A --=  

ö
÷

õ
æ
ç

å
+= Rg

n

g
B lg

1

13.0
 

 

ʊ.ɺ. ɾʝʣʝʟʥʷʢʦʚ, 

1968 

 

38. 3

9

. 

8.20)/lg(72.17 +D= RC  ʉʣʘʙʦʜʢʠʥ, 1968  

ʉʪʝʧʝʥʥʳʝ ʬʦʨʤʫʣʳ 

39. 4

0

. 

aURC /)(189.1 125.0=  ʌʣʘʤʘʥ  

40. 4

1

. 

04.013.0100 IRC=  ʍʘʟʝʥ-ɺʠʣʷʤʩ, 

1957-1965 

 

41. 4

2

. 

ʘ) 62

1 RC a=  ʚ) 44 RC b=  ʊʘʫʢʣʝʨ, 1867  

42. 4

3

. 

nRC /6/1=  ʈ. ʄʘʥʠʥʛ, 1980  

43. 4

4

. 

6/1

90)/(26 dRC=  ʊʘʫʢʣʝʨ ʠ ʉʪʨʠʢʣʝʨ  

44. 4

5

. 

6/1)/(36.3 dRgC=  ɸ.ɺ. ʂʘʨʰʫʥʦʚ  

45. 4

6

. 

4/1)/(7.17 D= hC  ɺ.ʀ. ɻʦʥʯʘʨʦʚ  

46. 4

7

. 

6/1)/(6.22 D= hC  ɺ.ʀ. ɻʦʥʯʘʨʦʚ  

47. 4

8

. 

2.0)/(6.19 eRC=  ɺ.ʀ. ɻʦʥʯʘʨʦʚ  

48. 4

9

. 

8/1)/(73.4 dhgC=  ɼʦʫ ʊʦ ɾʝʥʴ  

49. 5

0
Re50.0 gC=  

ʊ. ɹʣʘʟʠʫʩ, 1918  
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. 

50. 5

1

. 

nRC /2/1=  ʉʢʦʙʝʜ, 1916  

51. 5

2

. 

nRC /5/1=  ʌ. ʌʦʨʭʛʝʡʤʝʨ, 1923  

52. 5

3

. 

6/1)/(33 dhC cp=  ɸ. ʐʪʨʠʢʣʝʨ, 1923  

53. 5

4

. 

nRC y /=  , Rny 75.013.05.2 --=  ʅ.ʅ. ʇʘʚʣʦʚʩʢʠʡ, 

1925 

 

54. 5

5

. 

ʘ) )1(5.6 4/16/1 += Hcp IhC jg  ʚ) 6/18 cphC=  ʄ.ʌ. ʉʨʠʙʥʳʡ,.1938  

55. 5

6

. 

2/18/1:/1;5100:/,//1 Ö-= xnInRC x  ʄ.ʌ. ʉʨʠʙʥʳʥ, 1947  

56. 5

7

. 

nRC n /7.1=  ɹ.ɺ. ʆʚʯʘʨʦʚ, 1955  

57. 5

8

. 

0/ nRC zy+=  ʉ.ʍ. ɸʙʘʣʴʷʥʥ, 1960  

58. 5

9

. 

[ ]6/1
1)40/1(25 -+= RIkRC  

ɸ.ɼ. ɸʣʴʪʰʫʣʴ, 1961  

59. 6

0

. 

4.0133.0 1.464.35 hQCh º=  ʀ.ɺ. ɼʘʥʪʫʨʦʚ, 1969  

60. 6

1

. 

nIRʉ n /7/1=  ɺ.ʀ. ʉʪʝʧʘʥʦʚ,.1971  

61. 6

2

. 

0)/(0

m

cphCC D=  ɸ.ʃ. ʈʘʜʶʢ, 1974  

62. 6

3

. 

)/03.025.01(34 RRC -+=  ʄʘʥʠʥʛ, 1890  

63. 6

4

. 

6/15.0 )/()/( BhgUgkC n=  ʂ.ɺ. ɻʨʠʰʘʥʠʥ, 1989 4.7 1.6<k  

64. 6

5

. 

7.0)/(014.0/ UghCg =  ɻ.ɸ. ɺʣʘʜʢʦʚ  

65. 6

6

. 

55.0)/(25.42 ghUgC=  ʄ.ɺ. ɾʫʨʘʚʣʝʚ  

66. 6 6/15.03 )/()/(12.1 hrgUgC cpn=  ʄ.ɺ. ɾʫʨʘʚʣʝʚ 
cpr -ʩʨʝʜʥʳʡ 
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7

. 

ʨʘʜʠʫʩ ʦʢʨʫʛʣʝ-

ʥʠʷ 

67. 6

8

. 

15.0/15.1 /2,/3.0 ImImgC m ==  ʍ.ʀ. ʂʨʦʰʢʠʥ  

68. 6

9

. 

)/()/(16.3 125.0 hlhRgC r=  ɺ.ʉ.ʂʥʦʨʦʟ 
rr lh , -ʚʳʩʦʪʘ, 

ʜʣʠʥʘ ʛʨʷʜʳ 

69. 7

0

. 

)/3.18lg(1/6 hRgC s=  ʇʦʣʘʜ-ʟʘʜʝ ɼʣʷ 5/ >cphB  

70. 7

1

. 

)/)(/(18.6 hlhRgC rr=  ʐʪʝʨʝʥʣʠʭʪ ʠ ʇʦʣʘʜ-

ʟʘʜʝ 
rr lh , -ʚr ʩʦʪʘ, 

ʜʣʠʥʘ ʛʨʷʜʳ 

71. 7

2

. 

[ ]nRC /lg)0038.042.0(1 ++=  ʐʪʝʨʝʥʣʠʭʪ  

72. 7

3

. 

IgFrC /=  ɺ.ʂ. ʈʫʤʷʥʠʝʚʘ.  

1984 

 

73. 7

4

. 

52.0)/(95.4)/lg(24 +D+D= RRC  ʄ.ɸ. ʄʦʩʪʢʦʚ. 

ɸ.ʂ. ɸʭʫʥʜʦʚ 

 

74. 7

5

. 
)12/

/)/(ln(13.3

--

-++=

ʂKxK

ʂxʂKKRC

ʰ

ʰʰ
 

ʄ.ʂ. ɸʭʫʥʜʦʚ  

75. 7

6

. 

)/lg(7.176.13 dRC +=  ʀʩʩʣʝʜʦʚʘʪʝʣ. ʏʝʭʠʥ  

76. 7

7

. 

25/3)/lg(75.5 50 += dRgC  ɻʨʘʬ  

77. 7

8

. 

[ ] )/(2/)1(/ lHgUzUC aad DD--D= b  ɼʞ. ɸʤʝʨʠʥʩʦʥʘ  

78. 7

9

. 

99.0)/lg(66.5 50 += dHgC  ɼʞ. ɸʤʝʨʠʥʩʦʥʘ  

79. 8

0

. 

)/lg(75.5 D= kRgC  ʈ. ʍʝʡ Dʠʂ -ʢ-ʪ 

ʩʝʯʝʥʠʷ 

80. 8

1

. 

15/2)/lg(6.5 50 += dRgC  ɼʞ. ɻʨʠʬʬʠʪʝ  

81. 8

2

. 

34.0

50 )/(25.6 gdUgC=  ɼʞ. ɻʨʠʬʬʠʪʝ  

82. 8

3

. 

77.0)/(66..5 50 += dHgC  ʈ.ʅ. ɹʝʨʰʘʜʝʨ  
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83. 8

4

. 

[ ]

[ ] mdHmm

dhdHgC

/1)/()1/()5.1(

/)2//()2/31(lg4.7

+-

++=
 

ɹ.ʌ. ʊʘʣʤʘʟʘ  

84. 8

5

. 

www hhhlgC /)/(2=    

85. 8

6

. 

10/13/15.0 )/()/()/(33.6 dRhRhlgC www=  ʅ.ʉ. ɿʥʘʤʝʥʩʢʘʷ  

86. 8

7

. 

62.6)/lg(66.5 += whRgC  ɼʦʨʩʝʥ  

87. 8

8

. 

)/lg(87.9 whRgC e=  ɺ. ɺʘʥʨʥʠ, ɼ.ʉ. ʌʘʥ  

88. 8

9

. 

)033.0/(96.2 www lhglC +=  ʉʥʠʥʝʥʢʦ  

89. 9

0

. 

125.05.0 )/()/(16.3 www hRhlgC=  
ʂʥʦʨʦʟ  

90. 9

1

. 

5.4)/)(/(1.6 -= yxw RlgC ss  ɸ.ʅ. ʇʦʣʘʜʟʘʜʝ  

91. 9

2

. 

)/(/2450 42

dCgRgdC=  
  

92. 9

3

. 

26/1 /)/(48.1 D= dHIgC  ʌ. ʈʘʭʠʤʦʚ  

93. 9

4

. 

Re)/11(3/3/ +== gagC  ʄ.ɸ. ʉʘʪʪʘʨʦʚ.  

 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʮʝʣʴʶ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘ-

ʙʦʪʢʘ ʩ ʬʠʟʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʙʦʩʥʦʚʘʪʴ ʧʨʠʝʤʣʝʤʳʝ ʜʣʷ ʠʥʞʝʥʝʨʥʦ-

ʬʠʟʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʦʩʨʝʜʥʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʪʦ-

ʢʘ ʚ ʫʩʣʦʚʠʷʭ, ʢʘʢ ʦʪʢʨʳʪʳʭ ʨʫʩʣʘʭ ʠ ʟʘʤʢʥʫʪʳʭ ʢʘʥʘʣʘʭ, ʪʘʢ ʠ ʧʦʩʪʨʦʝʥʠʝ 

ʥʦʚʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʨʘʚʥʦʤʝʨʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚʷʟʢʠʭ ʞʠʜʢʦʩʪʝʡ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʤʳ ʙʘʟʠʨʫʝʤʩʷ ʥʘ ʦʩʥʦʚʥʳʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ, ʘ ʪʘʢʞʝ ʠ ʧʨʠ-

ʢʣʘʜʥʳʝ ʫʨʘʚʥʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʅʘʚʴʝ-ʉʪʦʢʩʘ-ʈʝʡʥʦʣʴʜʩʘ ʚ ʧʨʠʙʣʠʞʝʥʠ-

ʷʭ ʠ ʫʧʨʦʱʝʥʠʷʭ ɹʫʩʩʠʥʝʩʢʘ, [8-16], ʯʪʦ ʧʦʚʳʰʘʝʪ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʠ ʜʦʩʪʦ-

ʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 
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1.3. ʂʨʘʪʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʜʠʩʩʝʨʪʘʮʠʠ 

 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʸʭ ʛʣʘʚ. 

ɺ ʛʣʘʚʝ 1 ɼʝʪʘʣʴʥʦ ʠʟʫʯʝʥʳ ʚʦʧʨʦʩʳ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚʦʜʥʳʭ ʠ ʟʝʤʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʙʘʩʩʝʡʥʘ ɸʨʘʣʴʩʢʦʛʦ ʤʦʨʷ. ʆʧʠʩʘʥ ʢʣʠʤʘʪ ʠ 

ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʪʦʢ ʙʘʩʩʝʡʥʘ, ʜʘʥʘ ʦʮʝʥʢʘ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘ-

ʧʘʩʦʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʙʘʩʩʝʡʥʘ, ʚʢʣʶʯʘʶʱʠʝ ʣʠʥʟʳ ʧʨʝʩʥʳʭ ʚʦʜ ʧʫʩʪʳʥʠ, 

ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ ʚ ʢʦʥʫʩʘʭ ʚʳʥʦʩʘ ʨʝʢ ʊʘʜʞʠʢʠʩʪʘʥʘ, ʢʦʣʦʜʮʳ ʠ ʨʦʜʥʠʢʠ, 

ʤʠʥʝʨʘʣʴʥʳʝ ʠ ʪʝʨʤʘʣʴʥʳʝ ʚʦʜʳ ʙʘʩʩʝʡʥʘ. ʇʦʢʘʟʘʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʨʝʯʥʳʭ ʠ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʠ ʧʨʝʜʣʦʞʝʥʘ ʟʘʱʠʪʘ ʧʣʦʜʦʨʦʜʥʳʭ ʟʝʤʝʣʴ ʜʦʣʠʥʳ ʨ. ʗʭʩʫ ʦʪ 

ʟʘʩʦʣʝʥʠʷ. 

ɼʦ ʩʝʛʦʜʥʷʰʥʝʛʦ ʜʥʷ ʚ ʥʘʫʢʝ ʛʠʜʨʘʚʣʠʢʝ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ, ʢ ʧʨʠʤʝʨʫ, 

ʨʘʟʨʘʙʦʪʢʘ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʦʩʨʝʜʥʸʥʥʳʭ ʩʚʦʡʩʪʚ 

ʧʦʪʦʢʘ ʚ ʨʝʢʘʭ, ʢʘʥʘʣʘʭ, ʘ ʪʘʢʞʝ ʠ ʚʦʜʦʚʦʜʘʭ ʜʨʫʛʦʛʦ ʪʠʧʘ.  

ɺ ʩʣʫʯʘʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʩʨʝʜʥʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ  

ʧʦʪʦʢʘ,  ʦʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʠʥ-

ʪʝʛʨʘʣʴʥʳʭ ʦʩʨʝʜʥʝʥʠʡ, ʛʜʝ ʟʜʝʩʴ ʛʣʘʚʥʝʡʰʠʤ ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ ʦ ʧʝʨʝʨʘʩ-

ʧʨʝʜʝʣʝʥʠʠ ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʠ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʠ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʝʯʝʥʠʷ ʧʦʪʦʢʘ ʚ ʨʫʩʣʘʭ. 

ɺ ʛʣʘʚʝ 2 ʨʘʩʩʤʦʪʨʝʥʦ ʩʪʘʮʠʦʥʘʨʥʦʝ ʪʝʯʝʥʠʝ ʚʷʟʢʠʭ ʞʠʜʢʦʩʪʝʡ ʚ ʦʪ-

ʢʨʳʪʳʭ ʢʘʥʘʣʘʭ ʠ ʥʘʧʦʨʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʘʭ. ɼʘʝʪʩʷ ʚʳʚʦʜ ʬʦʨʤʫʣ ʐʝʟʠ ʠ 

ɼʘʨʩʠ-ɺʝʡʩʙʘʭʘ ʜʣʷ ʨʘʩʯʝʪʘ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʠ ʦʙʲʝʤʥʦʛʦ ʨʘʩʭʦʜʘ. 

ʇʦʢʘʟʘʥʘ ʩʚʷʟʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʐʝʟʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ ɼʘʨʩʠ-ɺʝʡʩʙʘʭʘ. Ä2.1, Ä2.2. 

ɺ Ä2.3 ʚʳʚʝʜʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʬʦʨʤʫʣʳ ʛʠʜʨʘʚʣʠʢʠ ʚ ʦʪʢʨʳʪʳʭ ʢʘʥʘ-

ʣʘʭ ʠ ʥʘʧʦʨʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʡ ʪʝʦ-

ʨʠʠ çʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘè.  

ɺ ʧʦʜʪʚʝʨʞʜʝʥʠʠ ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʡ ʪʝʦʨʠʠ çʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʨʘʜʠ-

ʫʩʘè, ʟʘʜʘʯʘ ʢʘʩʘʪʝʣʴʥʦ ʥʘʠʚʳʛʦʜʥʝʡʰʝʛʦ ʩʝʯʝʥʠʷ ʢʘʥʘʣʘ ʩʦʩʪʦʠʪ ʚ ʚʳʷʚʣʝ-

ʥʠʠ ʩʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʨʘʟʤʝʨʘʤʠ ʰʠʨʠʥʳ ʢʘʥʘʣʘ B  ʧʦ ʜʥʫ ʠ H - ʛʣʫʙʠʥʳ 
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ʥʘʧʦʣʥʝʥʠʷ ʢʘʥʘʣʘ ʚʦʜʦʡ, ʧʨʠ ʩʣʫʯʘʝ ʠʟʨʘʩʭʦʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ K, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʨʘʜʠʫʩ ʩʦʩʪʘʚʣʷʷ R* ʢʘʥʘʣʘ, ʙʳʣʠ ʙʳ 

ʥʘʠʙʦʣʴʰʠʤʠ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʟʘʜʘʯʠ ʦʙ ʦʧʨʝʜʝʣʝʥʠʠ ʥʘʠʚʳʛʦʜʥʝʡʰʝʛʦ ʧʨʦʬʠʣʷ ʢʘʥʘ-

ʣʘ. ɺr ʚʦʜʷʪʩʷ ʥʦʚʳʝ ʦʧʪʠʤʘʣʴʥʳʝ ʬʦʨʤʳ ʧʨʦʬʠʣʝʡ ʠ ʬʦʨʤʫʣʳ ʩʢʦʨʦʩʪʠ ʠ 

ʨʘʩʭʦʜʘ ʜʣʷ ʦʪʢʨʳʪʳʭ ʢʘʥʘʣʦʚ, ʠ ʥʘʧʦʨʥʳʭ ʪʨʫʙ ʩ ʨʘʟʣʠʯʥʳʤʠ ʬʦʨʤʘʤʠ 

ʧʨʦʬʠʣʷ:  

1) ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʪʨʫʙʳ, 2) ʢʘʥʘʣʳ ʪʨʘʧʝʮʝʠʜʘʣʴʥʦʛʦ ʩʝʯʝʥʠʷ.  

ɻʣʘʚʘ 3 ʧʦʩʚʷʱʝʥʘ ʪʝʦʨʠʠ ʨʘʟʚʠʪʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ 

ʩ ʫʯʝʪʦʤ ʪʫʨʙʫʣʝʥʪʥʦʡ ʚʷʟʢʦʩʪʠ ɹʫʩʩʠʥʝʩʢʘ. 

ɺ Ä 3.1 ʜʘʥʦ ʦʧʠʩʘʥʠʝ ʨʘʟʚʠʪʠʷ ʪʝʦʨʠʠ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʦʪʦʢʘ.  

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ - ʉʪʦʢʩʘ ʦʧʠʩʳʚʘʝʪ ʣʘʤʠʥʘʨʥʦʝ ʪʝʯʝʥʠʝ ʧʦ-

ʪʦʢʘ, ʢʦʪʦʨʘʷ ʧʨʠ ʨʘʟʚʠʪʦʤ ʪʫʨʙʫʣʝʥʪʥʦʤ ʧʦʪʦʢʝ ʤʦʞʝʪ ʜʘʪʴ ʤʛʥʦʚʝʥʥʫʶ 

ʤʝʩʪʥʫʶ ʩʢʦʨʦʩʪʴ ʠ ʤʛʥʦʚʝʥʥʦʝ ʤʝʩʪʥʦʝ ʜʘʚʣʝʥʠʝ. ʆ. ʈʝʡʥʦʣʴʜʩ ʧʨʝʜʩʪʘʚʠʣ 

ʤʛʥʦʚʝʥʥʫʶ ʤʝʩʪʥʫ  ʁʩʢʦʨʦʩʪ ɹʠ ʤʛʥʦʚʝʥʥʦʝ ʤʝʩʪʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʚʠʜʝ ʩʫʤʤ 

ʠʭ ʦʩʨʝʜʥʝʥʥʳʭ ʠ ʧʫʣʴʩʘʮʠʦʥʥʳʭ ʩʣʘʛʘʝʤʳʭ, ʧʦʣʫʯʠʚ ʧʨʠ ʵʪʦʤ ʥʝʟʘʤʢʥʫʪʫʶ 

ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ - ʯʝʪʳʨʝ ʝʝ ʫʨʘʚʥʝʥʠʷ ʠʤʝʶʪ ʜʝʩʷʪʴ ʥʝʠʟʚʝʩʪʥʳʭ. 

ɺ Ä 3.2 ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʫʩʪʘʥʦʚʠʚʰʠʡʩʷ ʪʫʨʙʫʣʝʥʪʥʳʡ ʧʦʪʦʢ ʚ ʝʩʪʝ-

ʩʪʚʝʥʥʳʭ ʨʫʩʣʘʭ. ʇʨʠ ʵʪʦʤ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʈʝʡʥʦʣʴʜʩʘ ʩʠʣʴʥʦ ʫʧʨʦʱʘ-

ʝʪʩʷ, ʥʦ ʦʩʪʘʝʪʩʷ ʚʩʝ ʝʱʸ ʥʝʟʘʤʢʥʫʪʦʡ.  

ɺ Ä 3.2.1 ʠ Ä 3.2.2 ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʟʘʜʘʯʠ ʢʘʩʘʪʝʣʴʥʦ ʟʘʤrʢʘʥʠʷ ʩʠ-

ʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʈʝʡʥʦʣʴʜʩʘ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ: 

ɸ) ʬʝʤʝʥʦʣʦʛʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ɾ.ɹʫʩʩʠʥʝʩʢʘ [11, 16];  

ɹ) ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʩʠʩʪʝʤʳ ʬʝʤʝʥʦʣʦʛʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ɹʫʩʩʠʥʝʩʢʘ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʄ.ɸ.ʉʘʪʪʘʨʦʚʳʤ [17-23]. 

ʂʘʢ ʠʟʚʝʩʪʥʦ [24-31], ɻʘʛʝʥ ʚ 1839 ʛ., ʧʨʦʚʦʜʷ ʦʧʳʪʳ ʩ ʚʦʜʦʡ, ʜʚʠʞʫ-

ʱʝʡʩʷ ʚ ʣʘʪʫʥʥʳʭ ʪʨʫʙʢʘʭ ʨʘʜʠʫʩʘ ʦʪ 1 ʜʦ 3 ʤʤ, ʟʘʤʝʪʠʣ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʜʚʠ-

ʞʝʥʠʷ ʚʥʝʟʘʧʥʦ ʤʝʥʷʝʪʩʷ ʧʨʠ ʧʦʩʪʝʧʝʥʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ, 

ʧʝʨʝʭʦʜʷ ʯʝʨʝʟ ʥʝʢʦʪʦʨʳʡ ʧʨʝʜʝʣ (ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ). ʆʙʥʘʨʫʞʝʥʥʦʝ ɻʘʛʝ-
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ʥʦʤ ʷʚʣʝʥʠʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ ʦʩʪʘʚʘʣʦʩʴ ʧʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʤʥʦʛʠʭ ʫʯʝʥʳʭ.  

ɹʫʩʩʠʥʝʩʢ, ʥʘʙʣʶʜʘʷ ʨʦʩʪ ʢʘʩʘʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʧʦʪʦʢʝ, 

ʜʦʙʘʚʠʚ ʢ ʤʦʣʝʢʫʣʷʨʥʦʡ ʚʷʟʢʦʩʪʠ ʝʱʝ ʚʠʭʨʝʚʫʶ ʚʷʟʢʦʩʪʴ ɸ ʟʘʧʠʩʘʣ ʠʭ ʚʤʝ-

ʩʪʝ ʪʘʢ [11]: 
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ʩʪʚʝʥʥʦ.  

ʄ.ɸ. ʉʘʪʪʘʨʦʚ [17, 32-40] ʧʨʝʜʣʦʞʠʣ, ʩʯʠʪʘʷ ʥʘʧʨʷʞʝʥʠʷ rt /xzwu =¡¡-  
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ʛʜʝ Űʭ0 ʠ Űʫ0 - ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʧʦʪʦʢʘ ʚ ʪʦʯʢʝ ʧʝʨʝʭʦʜʘ ʦʪ ʣʘʤʠʥʘʨ-

ʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʪʫʨʙʫʣʝʥʪʥʦʝ. Ɂxz, ɜyz, - ʚʠʭʨʝʚʘʷ ʚʷʟʢʦʩʪʴ ʧʦ ɹʫʩʩʠʥʝʩʢʫ; 

lxz, lyz - ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʧʨʦʪʦʪʠʧ ʚʝʣʠʯʠʥʳ ʜʣʠʥʳ ʧʫʪʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 

ʇʨʘʥʜʣʷ, ʂʘʨʤʘʥʘ, ʊʵʡʣʦʨʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʦʩʠ ʭ ʠ ʫ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʦʜʩʪʘʚʠʚ ʠʭ ʚ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʈʝʡʥʦʣʴʜʩʘ, ʥʦʚʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝ-

ʥʠʡ ʜʚʠʞʝʥʠʷ ʟʘʧʠʰʝʤ ʪʘʢ: 

î
î
î
î

í

î
î
î
î

ì

ë

=
µ

µ
+

µ

uµ
+

µ

µ

ù
ù
ú

ø

é
é
ê

è
ö
÷

õ
æ
ç

å

µ

uµ
+

µ

uµ
n+n+

r

t

µ

µ
+

µ

¡µ
-=

µ

uµ
+

µ

uµ
u+

µ

uµ
+

µ

uµ

ù
ù
ú

ø

é
é
ê

è
ö
÷

õ
æ
ç

å

µ

µ
+

µ

µ
n+n+

r

t

µ

µ
+ö
÷

õ
æ
ç

å

µ

¡µ
-=

µ

µ
+

µ

µ
u+

µ

µ
+

µ

µ

.0

,
!2

1
)(

,
!2

1
)(

2

20

2

20
0

z

w

yx

u

z
l

zzy

z
g

z
w

yx
u

t

z

u
l

z

u

zx

z
ig

z

u
w

y

u

x

u
u

t

u

yzyz

y

xzxz
x

.

 



 39 
 

ɿʜʝʩʴ rt /0x  ʠ -rt /0y ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʢʦʨʦʩʪʠ (ʧʦ ʂʘʨʤʘʥʫ - ʩʢʦʨʦʩʪʴ 

ʪʨʝʥʠʷ) ʚ ʪʦʯʢʝ ʧʝʨʝʭʦʜʘ, ʪ.ʝ ʥʘ ʜʥʝ ʛʨʫʥʪʦʚʦʛʦ ʢʘʥʘʣʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʠʧʦʪʝʟʘ ʦ ʨʘʟʣʦʞʝʥʠʠ ʥʘʧʨʷʞʝʥʠʡ ʈʝʡʥʦʣʴʜʩʘ ʚ ʨʷʜʳ 

ʧʦ ʩʪʝʧʝʥʷʤ ʜʝʬʦʨʤʘʮʠʠ ʦʩʨʝʜʥʝʥʥʳʭ ʩʢʦʨʦʩʪʝʡ ʧʨʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʚʷʟʢʦʩʪʠ 

ʅʴʶʪʦʥʘ ʦʪʢʨʳʚʘʶʪ ʧʫʪʴ ʢ ʨʘʩʰʠʨʝʥʠʶ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʟʘ ʩʯʝʪ 

ʚʠʭʨʝʚʳʭ ʚʷʟʢʦʩʪʝʡ xznn+ ʠ ʧʝʨʝʥʦʩʘ ʟʘʚʠʭʨʝʥʠʡ 
2

xzl  ʊʝʡʣʦʨʘ ʩ ʥʦʚʳʤʠ ʜʠʬ-

ʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʯʣʝʥʘʤʠ.  

ʍʨʦʥʦʣʦʛʠʷ ʨʘʟʚʠʪʠʷ ʪʝʦʨʠʠ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʦʪʦʢʘ, ʩʦʩʪʘʚʣʝʥʥʘʷ 

ʥʘʤʠ, ʜʘʝʪʩʷ ʚ ʪʘʙʣ. 1.4. 

ɺ Ä 3.3 ʥʘʤʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʪʘʮʠʦʥʘʨʥʦʝ ʪʝʯʝʥʠʝ ʞʠʜʢʦʩʪʠ [41-44] ʩ 

ʫʯʝʪʦʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʚʷʟʢʦʩʪʠ ʅʴʶʪʦʥʘ ʠ ʚʠʭʨʝʚʦʡ ʚʷʟʢʦʩʪʠ ɹʫʩʩʠʥʝʩʢʘ.  

ʉʦʛʣʘʩʥʦ ʛʠʧʦʪʝʟʝ ʅʴʶʪʦʥʘ ʢʘʩʘʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʧʣʦʩʢʦʧʘʨʘʣ-

ʣʝʣʴʥʦʤ ʣʘʤʠʥʘʨʥʦʤ ʪʝʯʝʥʠʠ [45-50], ʩʦʚʝʨʰʘʶʱʝʤʩʷ ʚ ʧʣʦʩʢʦʩʪʠ (ʭ,z), 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦʤ 

dz

du
xz mt =  

ʛʜʝ ɛ - ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʣʝʢʫʣʷʨʥʦʡ ʚʷʟʢʦʩʪʠ ʅʴʶʪʦʥʘ. 

ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʵʪʠʤ, ʜʣʷ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʛʦ ʦʩʨʝʜʥʝʥʥʦʛʦ ʪʫʨʙʫ-

ʣʝʥʪʥʦʛʦ ʪʝʯʝʥʠʷ ʤʦʞʥʦ ʥʘʧʠʩʘʪʴ  

dz

ud
ɸwuxz =¡¡-= rt  

ʛʜʝ ɸ - ʢʦʵʬʬʠʮʠʝʥʪ ʪʫʨʙʫʣʝʥʪʥʦʡ ʚʷʟʢʦʩʪʠ ɹʫʩʩʠʥʝʩʢʘ.  

ʇʦʵʪʦʤʫ ʚ ʫʨʘʚʥʝʥʠʷʭ ʅʘʚʴʝ-ʉʪʦʢʩʘ-ʈʝʡʥʦʣʴʜʩʘ ʚʤʝʩʪʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʚʷʟʢʦʩʪʠ Õ ʧʨʠʤʝʤ ʪʫʨʙʫʣʝʥʪʥʫʶ ʚʷʟʢʦʩʪʴ Õ+ ʨʘʚʥʫʶ: 

Õ+=  Õ+ Õɹ 

ʛʜʝ Õ - ʧʦʩʪʦʷʥʥʘʷ ʚʝʣʠʯʠʥʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʣʝʢʫʣʷʨʥʦʡ ʚʷʟʢʦʩʪʠ 

ʅʴʶʪʦʥʘ, ʘ Õɹ -ʧʝʨʝʤʝʥʥʘʷ ʚʝʣʠʯʠʥʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʫʨʙʫʣʝʥʪʥʦʡ ʚʷʟʢʦʩʪʠ 

ɹʫʩʩʠʥʝʩʢʘ. 
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ʊʘʙʣʠʮʘ 1.4 

ʍʈʆʅʆʃʆɻʀʗ ʈɸɿɺʀʊʀʗ ʊɽʆʈɽʊʀʏɽʉʂʆʁ ɻʀɼʈʆʄɽʍɸʅʀʂʀ 
 

1. ɻʠʜʨʦʩʪʘʪʠʢʘ. 2. ɼʠʥʘʤʠʢʘ ʥʝʚʷʟʢʠʭ ʠ ʨʝʘʣʴʥʳʭ ʞʠʜʢʦʩʪʝʡ 

 

ɸʚʪʦʨʳ ʌʠʟʠʯʝʩʢʦʝ  

ʠʩʪʦʣʢʦʚʘʥʠʝ 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ    

ʦʧʠʩʘʥʠʝ 

ɿʘʢʦʥʳ, ʬʦʨʤʫʣʳ ʠ ʚʠʜ ʫʨʘʚʥʝʥʠʡ  

ʨʘʚʥʦʚʝʩʠʷ ʠ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʝʡ 

1 2 3 4 

ɸʨʭʠʤʝʜ 

(ʦʢ. 287-212 

ʜʦ ʥ.ʵ.) 

ʆʩʥʦʚʥʦʡ ʟʘʢʦʥ ʛʠʜ-

ʨʦʩʪʘʪʠʢʠ - ɿʘʢʦʥ ɸʨʭʠ-

ʤʝʜʘ, ʦʪʢʨʳʪʳʡ ʠʤ ʟʘ 250 

ʣʝʪ ʜʦ ʥ. ʵ., ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʧʣʘʚʫ-ʯʝʩʪʴ ʪʝʣʘ, ʧʦʛʨʫ-

ʞʝʥʥʦʛʦ ʚ ʞʠʜʢʦʩʪʴ 

ɿʘʢʦʥ ɸʨʭʠʤʝʜʘ: çʅʘ 

ʚʩʷʢʦʝ ʪʝʣʦ, ʧʦʛʨʫ-

ʞʝʥʥʦʝ ʚ ʞʠʜʢʦʩʪʴ, 

ʜʝʡʩʪʚʫʝʪ ʚʳʪʘʣʢʠ-

ʚʘʶʱʘʷ ʩʠʣʘ, ʥʘʧʨʘʚ-

ʣʝʥʥʘʷ ʚʚʝʨʭ ʠ ʨʘʚʥʘʷ 

ʚʝʩʫ ʚʳʪʝʩʥʝʥʥʦʡ ʠʤ 

ʞʠʜʢʦʩʪʠè 

ʌʦʨʤʫʣʘ ɿʘʢʦʥʘ ɸʨʭʠʤʝʜʘ: ʞʧVA g=  

A - ɸʨʭʠʤʝʜʦʚʘ ʩʠʣʘ; ʧV  - ʦʙʲʝʤ  

ʧʦʛʨʫʞʝʥʥʦʡ ʯʘʩʪʠ ʪʝʣʘ,  

ʞg - ʫʜʝʣʴʥʳʡ ʚʝʩ ʞʠʜʢʦʩʪʠ 

ʃʝʦʥʘʨʜ ʕʡ-

ʣʝʨ (1707-

1783) ʉʠʩʪʝʤʘ 

ʫʨʘʚʥʝʥʠʡ 

ʛʠʜʨʦʩʪʘʪʠʢʠ  

ʕʡʣʝʨʘ (1755) 

p  - ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʝ  

ʜʘʚʣʝʥʠʝ ʚ ʮʝʥʪʨʝ ʪʷʞʝ-

ʩʪʠ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ; 

-ZYX ,, ʧʨʦʝʢʮʠʠ ʦʙʲʝʤ-

ʥʳʭ ʩʠʣ 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ 

ʫʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ 

(ʛʠʜʨʦʩʪʘʪʠʢʠ) ʞʠʜ-

ʢʦʩʪʠ ʕʡʣʝʨʘ (!755) ʚ 

ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ 

î
ý

î
ü

û

=-

=-

=-

0/

0/

0/

dzdpZ

dydpY

dxdpX

r

r

r
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ʃʝʦʥʘʨʜ  

ʕʡʣʝʨ (1707-

1783) 

ʉʠʩʪʝʤʘ ʫʨʘʚ-

ʥʝʥʠʡ ʜʠʥʘ-

ʤʠʢʠ ʥʝʚʷʟ-

ʢʦʡ ʞʠʜʢʦʩʪʠ 

 ʕʡʣʝʨʘ 

(1755) 

p  - ʜʘʚʣʝʥʠʝ ʚ ʮʝʥʪʨʝ ʪʷ-

ʞʝʩʪʠ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ ʩ 

ʤʘʩʩʦʡ dxdydzm r=  ; 

-ZYX ,, ʧʨʦʝʢʮʠʠ ʦʙʲʝʤ-

ʥʳʭ ʩʠʣ 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ 

ʫʨʘʚʥʝʥʠʷ ʜʠʥʘʤʠʢʠ 

ʥʝʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ ʚ 

ʬʦʨʤʝ ʕʡʣʝʨʘ 

(!755). -wvu ,, ʢʦʤʧʦ-

ʥʝʥʪʳ ʤʛʥʦʚʝʥʥʦʡ 

ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮ ʥʝ-

ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ ʚ 

ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ 

 

î
ý

î
ü

û

=-

=-

=-

dtdwdzdpZ

dtdvdydpY

dtdudxdpX

//

//

//

rr

rr

rr

 

z
w

y
v

x
u

tdt

d

µ

µ
+

µ

µ
+

µ

µ
+

µ

µ
¹  

ɸʥʨʠ ʅʘʚʴʝ 

(1783-1836) 

(ɸ.Navier), 

ɼʞʦʨʜʞ ɻʘʙ-

ʨʠ-ʝʣʴ 

ɻ.ʉʪʦʢʩ 

(1819-1903) 

(G.G.Stokes), 

p  - ʜʘʚʣʝʥʠʝ ʚ ʮʝʥʪʨʝ ʪʷ-

ʞʝʩʪʠ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ ʩ 

ʤʘʩʩʦʡ dxdydzm r= ; 

-n ʚʷʟʢʦʩʪʴ ʞʠʜʢʦʩʪʠ 

ɺʳʚʦʜ ʩʠʩʪʝʤʳ ʜʠʬ-

ʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚ-

ʥʝʥʠʡ ʜʠʥʘʤʠʢʠ ʚʟ̫-

ʢʦʡ ʞʠʜʢʦʩʪʠ ʅʘʚʴʝ 

(1822) ʠ ʉʪʦʢʩʘ 

(1845). 
-wvu ,,  ʢʦʤʧʦʥʝʥʪʳ 

ʠʩʪʠʥʥʦʡ ʩʢʦʨʦʩʪʠ 

ʯʘʩʪʠʮ ʚʷʟʢʦʡ ʞʠʜʢʦ-

ʩʪʠ. 
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ʂʃɸʉʉʀʏɽʉʂʀɽ ʋʈɸɺʅɽʅʀʗ ɼɺʀɾɽʅʀʗ ɺʗɿʂʀʍ ɾʀɼʂʆʉʊɽʁ.ʊʋʈɹʋʃɽʅʊʅʆʉʊʔ 

ɹʫʩʩʠʥʝʩʢ 

(J.Boussinesq, 

1842-1929) ʠ 

ʜʨ. ʌʝʥʦʤʝ-

ʥʦʣʦʛʠ- ʯʝ-

ʩʢʠʝ ʫʨʘʚʥʝ-

ʥʠʷ ʪʫʨʙʫ-

ʣʝʥʪ-ʥʦʩʪʠ 

 

ɼʚʫʤʝʨʥʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚ-

ʥʝʥʠʡ ʩʨʝʜʥʝʛʦ ʜʚʠʞʝʥʠʷ 

ʪʫʨʙʫʣʝʥʪ-ʥʦʩʪʠ ʧʨʠ ʢʘ-

ʞʫʱʝʡʩʷ (ʚʠʭʨʝʚʦʡ) ʚʷʟ-

ʢʦʩʪʠ ʚʦʜʳ. ʅʴʶʪʦʥʦʚʘ 

ʚʷʟʢʦʩʪʴ ʧʨʠ ʵʪʦʤ ʩʯʠʪʘ-

ʝʪʩʷ ʩʨʘʚʥʠʪʝʣʥɹʦ ʤʘʣʘ. 

ɼʦʙʘʚʦʯʥʳʝ ʢʘʩʘ-

ʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ 

ʚ ʦʩʨʝʜʥʝʥʥʦʤ ʜʚʠ-

ʞʝʥʠʠ ʚʦʜʳ ʚ ʦʪʢʨʳ-

ʪʳʭ ʨʫʩʣʘʭ (ʨʝʢʘʭ) 

ʨʘʚʥʠʥ (1877): 

zxz uAwu =¡¡-= rt ; 

zyz vAwv =¡¡-= rt ; 

î
î

ý

îî

ü

û

µ

µµ
+

µ

¡µ
-=

µ

µµ
+

µ

¡µ
-=

)(

)(0

z

v
A

dzy

z

dt

vd

z

u
A

dzx

z
gI

dt

ud

 

ʅ.ɽ.ɾʫʢʦʚʩʢʠ

ʡ (1847-1921). 

ʉʠʩʪʝʤʘ ʫʨʘʚ-

ʥʝʥʠʡ ʪʝʦʨʠʠ 

ʬʠʣʴʪʨʘʮʠʠ ʚ 

ʧʦʨʠʩʪʦʡ  

ʩʨʝʜʝ 

ʃʠʥʝʘʨʠʟʦʚʘʥʥʦʝ ʬʝʥʦ-

ʤʝʥʦʣʦʛʠʯʝʩʢʦʝ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʅʘ-

ʚʴʝ-ʉʪʦʢʩʘ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʧʨʦʮʝʩʩʘ ʬʠʣʴʪʨʘʮʠʠ 

(1889) 

ʇʦ ʟʘʢʦʥʫ ɼʘʨʩʠ ʩʦ-

ʧʨʦ-ʪʠʚʣʝʥʠʝ ʩʢʝʣʝʪʘ 

ʧʦʨʠʩʪʦʛʦ ʪʝʣʘ ʢ 

ʜʚʠʞʝʥʠʠ ʯʘʩʪʠʮ 

ʞʠʜʢʦʩʪʠ ʧʨʠʥʷʪʦ 

ʩʯʠʪʘʪʴ ʪʘʢ: 

kgvf xx /-=  ʠ ʪ.ʜ. 

î
ý

î
ü

û

---=µµ

--=µµ

--=µµ

,///)/(

,///)/(

,///)/(

gkgvpmtv

kgvpmtv

kgvpmtv

zzz

yyy

xxx

r

r

r

 

-zyx vvv ,, ʧʨʦʝʢʮʠʠ ʩʢʦʨʦʩʪʠ ʬʠʣʴ-ʪʨʘʮʠʠ 

ʆʩʙʦʨʥ ʈʝʡ-

ʥʦʣʴʜʩ 

(O.Rey-nolds, 

1842-1912). 

ɼʠʥʘʤʠʢʘ 

ʊʫʨʙʫʣʝʥʪʥʦ-

ʛʦ ʜʚʠʞʝʥʠʷ 

ɺʳʚʦʜ (ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʠ-

ʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʩʨʝʜʥʝ-

ʛʦ ʜʚʠʞʝ-ʥʠʷ ʅʘʚʴʝ-

ʉʪʦʢʩʘ ʩ ʫʯʝʪʦʤ ʜʦʙʘʚʦʯ-

ʥʳʭ (ʥʦʨʤʘʣʴʥʳʭ ʠ ʢʘʩʘ-

ʪʝʣʴʥʳʭ) ʥʘʧʨʷʞʝʥʠʡ 

ʈʝʡʥʦʣʴʜʩʘ 

ʂʦʤʧʦʥʝʥʪʳ ʨʝʡ-

ʥʦʣʴʜʩʦʚʘ ʥʘʧʨʷʞʝ-

ʥʠʷ 

jiij uu ¡¡-=¡ rt ( 3,2,1, =ji )

-321 ,, uuu  
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ʚʷʟʢʠʭ ʞʠʜ-

ʢʦʩʪʝʡ (1895) 

ʥʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʯʘ-

ʩʪʠʮ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ 

 

 

ʇʆʃʋʕʄʇʀʈʀʏɽʉʂʀɽ ʊɽʆʈʀʀ ʀ ʄʆɼɽʃʀ ʊʋʈɹʋʃɽʅʊʅʆʉʊʀʀ 

ɼʞʝʬʨʠ ʀʥ-

ʛʨʝʤ ʊʝʡʣʦʨ 

(G.I..Tʘylor, 

1886-1975) 

 

ʇʝʨʝʥʦʩ ʚʠʭʨʝʚʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʫʩʣʦʚʠʠ 

ʝʛʦ ʩʦʭʨʘʥʝʥʠʷ ʚʦ ʚʨʝʤʷ 

ʧʝʨʝʥʦʩʘ (1915) 

l - ʜʣʠʥʘ ʧʫʪʠ ʧʝʨʝʥʦ-

ʩʘ ʚʠʭʨʝʚʦʛʦ ʥʘʧʨʷ-

ʞʝʥʠʷ ʜʣʷ ʩʨʝʜʥʝʛʦ 

ʜʚʠʞʝ-

ʥʠʷ
22 /

/)(

dzudvl

dzdvl yzxz

¡=

=¡=¡

r

wrt

 
 

[ ] dzdxdpuwld z )/(=r . 

25,1

0 )1( x-=uu , 

0]//[

//

dxwddzud

dxwddzud

-

-
=x  

ʃʶʜʚʠʛ ʇʨʘʥ-

ʜʪʣʴ 

(L.Prandtl, 

(1875-1953) 

ʆʧʳʪʳ ʅʠʢʫ-

ʨʘʜʟʝ (1928- 

1933) 

(J.Nikuradze) 

 

ʇʝʨʝʥʦʩ ʢʦʣʠʯʝʩʪʚʦ ʜʚʠ-

ʞʝʥʠʷ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ 

ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʝʥʦʩʠʤʦʛʦ 

ʜʚʠʞʝʥʠʷ, ʧʘʨʘʣʣʝʣʴʥʦʛʦ 

ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ, 

(1925) 

-¡¡¡ wvu ,, ʧʫʣʴʩʘʮʠʠ ʧʨʠ 

ʧʨʷʤʦʣʠʥʝʡʥʦʤ ʩʨʝʜ-

ʥʝʤ ʜʚʠʞʝʥʠʠ, l - 

ʜʣʠʥʘ ʧʫʪʠ ʧʝʨʝʤʝ-

ʰʠʚʘʥʠʷ 

zz ulvulu )(,)( ¡=¡¡=¡  

ʂʘʩʘʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ: 

( )22 / dzudltr rt º , zl cº ;  

z

u

z
u xzz

c
rt

c
*/

1
== ,  

dcd /)ln(/* rRuuu -=-  

ʊ.ʂʘʨʤʘʥ 

(Th.v. Karman, 

ʂʘʨʪʠʥʘ ʨʘʩʧʨʝʜʝʣʝ-ʥʠʷ 

ʩʢʦʨʦʩʪʝʡ ʚ ʨʘʟ-ʥʳʭ 

ɼʣʷ ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ 

ʩʨʝʜʥʝʛʦ ʜʚʠʞʝʥʠʷ: 

ʂʘʩʘʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ: 
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1881-1963) ʥʘʧʨʘʚʣʝʥʠʷʭ ʧʦʜʦʙʥʘ ʚ 

ʢʘʞʜʦʡ ʪʦʯʢʝ. ʈʘʟʣʠʯʠʝ 

ʩʦʩ-ʪʦʠʪ ʚ ʤʘʩʰʪʘʙʝ ʨʘʩ-

ʩʪʦʷʥʠʡ ʠ ʚʨʝʤʝʥʠ. 

zzz uul /º  

ʧʫʣʴʩʘʮʠʠ: 

zulwvu º¡¡¡ ,, . (1930) 

,/

;4,0,/ 2422

Rrr

kuukul zzzztr

=

@=== rrt

( )[ ]rr
u

uu
+--=

-
1ln

1)(

1*

max

c
 

 

ʄ.ɼ.ʄʠʣʣʠ-

ʦʥʱʠʢʦʚ, 

(1913-1913) 

 

ɺʠʭʨʝʚʘʷ ʚʷʟʢʦʩʪʴ ʧʨʠʥʷ-

ʪʘ ʢʘʢ ʦʩʥʦʚʥʘʷ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʘ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ. 

ʇʦʣʫʯʝʥʘ ʥʦʚʘʷ ʤʦʜʠʬʠ-

ʢʘʮʠʷ ʫʨʘʚʥʝʥʠʡ ʪʝʦʨʠʠ 

ʇʨʘʥʜʪʣʷ, (1969) 

 

-*v ʤʘʩʰʪʘʙ ʧʫʣʴʩʘ-

ʮʠʦʥʥʦʡ ʩʢʦʨʦʩʪʠ 

ʩʨʝʜʥʝʛʦ ʜʚʠʞʝʥʠʷ. 

*lvA T rm =¹  ʂʘʩʘʪʝʣʴ-

ʥʦʝ ʥʘʧʨʷʞʝʥʠʝ: 

  

 

ʈʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʘʥʘʣʠʟʝ ʜʘʥ-

ʥʳʭ ʤʥʦʞʝʩʪʚʘ ʦʧʳʪʦʚ. ɺʳʚʦʜ ʘʚʪʦʨʘ: çʉ ʧʦʤʦʱʴʶ 

ʢʦʥʮʝʧʮʠʠ ʪʫʨʙʫʣʝʥʪʥʦʡ ʚʷʟʢʦʩʪʠ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʚʝʩʴʤʘ ʩʣʦʞʥʳʝ ʷʚʣʝʥʠʷ ʠ ʧʨʦʠʟʚʝʩʪʠ ʨʘʩʯʝʪʳ ʪʘʤ, 

ʛʜʝ ʦʥʠ ʨʘʥʝʝ ʥʝ ʫʜʘʚʘʣʠʩʴè  

(ʄ.ɼ.ʄ.: ʩ.38) 

 

ɸ.ʅ. ʂʦʣʤʦ-

ʛʦʨʦʚ, 1942 

çʈʝʝhʥʠʝ 

ʵʪʠʭ ʫʨ-ʡ 

ʧʨʝʜʩʪʘʚʣʷ-

ʝʪ ʙʦʣʴʰʠʝ 

ʪʨʫʜʥʦʩʪʠ. ɺ 

ʟʘʢʣʶʯʝʥʠʝ 

ʜʦʢʣʘʜʘ ʧʨʠ-

ʚʝʜʝʥʳ ʧʨʝʜ-

 

ʃʦʢʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ 

ʊʫʨʙʫʣʝʥʪʥʦʩʪʠ ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ 

ʦʜʥʦʨʦʜʥʦʡ ʠ ʠʟʦʪʨʦʧ-

ʥʦʡ. 

ʯʠʩʣʝʥʥʦʛʦ ʠʥʪ. ʫʨʘʚʥʝ-

ʥʠʡ (1-3) ʜʣʷ ʪʫʨʙʫʣʝʥʪ-

ʥʦʛʦ ʪʝʯʝʥʠʷ ʧʦ ʪʨʫʙʝ 

ʢʨʫʛʦʚʦʛʦ ʩʝʯʝʥʠʷ 
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ʚʘʨʠʪʝʣʴʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ 

ʄ.ɸ. ʉʘʪ-

ʪʘʨʦʚ, 

(1997-2009). 

ʅʘʧʨʷʞʝʥʠʷ rt /xzwu =¡¡- ʠ 

=¡u¡- w rt /yz ʬʫʥʢʮʠʠ ʢʦʤ-

ʧʦʥʝʥʪʦʚ ʩʢʦʨʦʩʪʝʡ ʜʝ-

ʬʦʨʤʘʮʠʡ 
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Űʭ0 ʠ Űʫ0 - ʟʥʘʯʝʥʠʷ 

ʥʘʧʨʷʞʝʥʠʷ ʧʦʪʦʢʘ ʚ 

ʪʦʯʢʝ ʧʝʨʝʭʦʜʘ ʦʪ ʣʘ-

ʤʠʥʘʨʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʚ ʪʫʨʙʫʣʝʥʪʥʦʝ. ɜxz, 

ɜyz, - ʚʠʭʨʝʚʘʷ ʚʷʟ-

ʢʦʩʪʴ ʧʦ ɹʫʩʩʠʥʝʩʢʫ; 

lxz, lyz- ʘʥʘʣʠʪʠʯʝʩʢʠʡ 

ʧʨʦʪʦʪʠʧ ʜʣʠʥʳ ʧʫʪʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ 

ʇʨʘʥʜʣʷ, ʂʘʨʤʘʥʘ, 

ʊʵʡʣʦʨʘ ʧʦ ʥʘʧʨʘʚʣʝ-

ʥʠʶ ʦʩʠ ʭ ʠ ʫ, ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ. 
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 ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʷ ʅʘʚʴʝ - ʉʪʦʢʩʘ - ʈʝʡʥʦʣʴʜʩʘ ʟʘʧʠʰʝʤ ʚ ʚʠʜʝ: 
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ʄʳ ʨʝʰʠʤ ʯʝʪʳʨʝ ʢʣʘʩʩʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʦ ʜʚʠʞʝʥʠʠ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ 

[9, 51-62]. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʠʩʩʣʝʜʫʝʤ ʚʘʞʥʝʡʰʠʝ ʠʟ ʪʝʭ ʩʣʫʯʘʝʚ, ʢʦʛʜʘ 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʷʚʥʳʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ, ʠʩʩʣʝʜʫʝʤ ʨʝʰʝʥʠʷ ʵʪʠʭ ʟʘʜʘʯ. ʂʠ-

ʥʝʤʘʪʠʯʝʩʢʘʷ (ʥʴʶʪʦʥʦʚʘ) ʚʷʟʢʦʩʪʴ Õ ʝʩʪʴ ʤʘʣʘʷ ʧʦʩʪʦʷʥʥʘʷ ʚʝʣʠʯʠʥʘ, 

0<Õ , ʚʠʭʨʝʚʘʷ ʚʷʟʢʦʩʪʴ (ʠʣʠ ʚʷʟʢʦʩʪʴ ɹʫʩʩʥʝʩʢʘ) ʧʦʜʙʠʨʘʝʪʩʷ ʩʦʛʣʘʩʥʦ 

ʦʧʳʪʥʳʤ ʜʘʥʥʳʤ ʅʠʢʫʨʘʜʟʝ [10, 11, 27], ʚ ʚʠʜʝ ʬʫʥʢʮʠʠ, ʫʜʦʚʣʝʪʚʦʨʷʶɦ ʝʡ 

ʬʠʟʠʯʝʩʢʦʤʫ ʩʤʳʩʣʫ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ: ñɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦ-

ʣʝʢʫʣʷʨʥʦʡ ʚʷʟʢʦʩʪʠ ɛ ʤʝʥʷʝʪʩʷ ʪʦʣʴʢʦ ʩ ʨʦʜʦʤ ʞʠʜʢʦʩʪʠ ʠ ʝʝ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʭʨʘʥʷʝʪ ʦʜʥʦ ʠ ʪʦ ʞʝ ʟʥʘʯʝʥʠʝ ʧʦ ʚʩʝʤʫ ʞʠʚʦʤʫ ʩʝʯʝʥʠʶ 

ʨʝʯʥʦʛʦ ʧʦʪʦʢʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʫʨʙʫʣʝʥʪʥʦʡ ʚʷʟʢʦʩʪʠ ɸ ʩʠʣʴʥʦ ʤʝʥʷʝʪʩʷ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʫʚʝʣʠʯʠʚʘʷ ʩʚʦʠ ʟʥʘʯʝʥʠʷ ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ ʦʪ ʜʥʘ ʠ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠò [10]. 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʣʝʜʫʁ ʱʠʝ ʟʘʜʘʯʠ: 

ɿʘʜʘʯʘ 1. ʆʜʥʦʤʝʨʥʦʝ ʪʝʯʝʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʩʪʝʥ-

ʢʘʤʠ. ʊʝʯʝʥʠʝ ʇʫʘʟʝʡʣʷ. 

ʈʘʩʩʤʦʪʨʠʚʘʝʤ ʩʣʫʯʘʡ ʩ ʪʝʯʝʥʠʝʤ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ, ʥʘʭʦʜʷʱʝʡ-

ʩʷ  ʤʝʞʜʫ ʜʚʫʤʷ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʩʪʝʥʢʘʤʠ ʧʣʦʩʢʦʛʦ ʨʘʟʤʝʨʘ. ʇʫʩʪʴ ʫʨʘʚʥʝ-

ʥʠʷ ʜʘʥʥʳʭ ʧʣʦʩʢʦʩʪʝʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ,  

z = - h,                  z = h; 

ʜʦʧʫʩʪʠʤʳʤ ʫʩʣʦʚʠʝʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚʥʝʰʥʠʝ ʩʠʣr ʦʪʩʫʪʩʪʚʫʶʪ, ʚʩʣʝʜ-

ʩʪʚʠʝ ʯʝʛʦ ʜʚʠʞʝʥʠʝ ʩʪʘʮʠʦʥʘʨʥʳʤ ʦʙʨʘʟʦʤ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪ ɹʧʘʨʘʣʣʝʣʴʥʦ 

ʢ ʦʩʠ ʆʭ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ 
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X=Y=Z=0,                    v = w = 0,                 u = u(x,y,z), 

ɟ - ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ, Õ - ʤʦʣʝʢʫʣʷʨʥʘʷ ʚʷʟʢʦʩʪʴ.  

ʇʦʜʙʝʨʝʤ ʬʫʥʢʮʠʶ Õɹ ʦʪ z, ʪʘʢ, ʯʪʦʙʳ Õɹ(h)= Õɹ(-h)=0, ʠ ʨʦʩʣʘ ʩ ʚʝʣʠ-

ʯʠʥʦʡ ʨʘʩʩʪʦʷʥʠ̫ ʦʪ ʩʪʝʥʦʢ. ʂ ʧʨʠʤʝʨʫ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ Õɹ= . 

ɿʘʜʘʯʘ 2. ʊʝʯʝʥʠʝ ʇʫʘʟʝʡʣʷ-ʂʫʵʪʪʘ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤ ʜʨʫʛʫʶ ʧʦʟʠʮʠʶ. ɼʦʧʫʩʪʠʤ, ʯʪʦ ʞʠʜʢʦʩʪʴ ʠʤʝʝʪ ʦʛʨʘ-

ʥʠʯʝʥʠʝ ʧʦʩʨʝʜʩʪʚʦʤ ʜʚʫʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʩʪʝʥʦʢ, ʦʜʥʘ ʠʟ ʥʠʭ ʤʦʞʥʦ ʦʙʦʟʥʘ-

ʯʠʪʴ ʢʘʢ z=0, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʥʝʧʦʜʚʠʞʥʦʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʨʫʛʘʷ z=h ʤʦ-

ʞʝʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʚ ʩʚʦʝʡ ʧʣʦʩʢʦʩʪʠ ʢ ʦʩʠ Ox ʩʦ ʩʢʦʨʦʩʪʴʶ U. 

ʂʘʢ ʠ ʧʨʝʞʜʝ ʙʫʜʝʤ ʫʯʠʪʳʚʘʪʴ ʩʠʣʳ ʢʘʢ ʤʦʣʝʢʫʣʷʨʥʦʡ Õ, ʪʘʢ ʠ ʚʠʭʨʝʚʦʡ 

ʚʷʟʢʦʩʪʠ Õɹ, ʧʨʠ ʵʪʦʤ ʚʦʟʴʤʝʤ Õɹ= z. ʆʩʪʘʣʴʥʳʝ ʜʦʧʫʱʝʥʠʷ ʦʩʪʘʁ ʪʩʷ ʢʘʢ ʚ 

ʟʘʜʘʯʝ 1: ʜʦʧʫʩʪʠʤ, ʯʪʦ ʚʥʝʰʥʠʝ ʩʠʣr ʦʪʩʫʪʩʪʚʫʶʪ ʠ ʜʚʠʞʝʥʠʝ ʷʚʣʷʝʪʩʷ ʩʪʘ-

ʮʠʦʥʘʨʥʳʤ ʠ ʦʥʦ ʧʨʦʠʩʭʦʜʠʪ ʧʘʨʘʣʣʝʣʴʥʦ ʢ ʦʩʠ ʆʭ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ 

X=Y=Z=0,                 v = w = 0,                      u = u(x,y,z), 

ɟ - ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ. 

ɿʘʜʘʯʘ 3. ʊʝʯʝʥʠʝ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ 

ʩʠʣ.  

ʂ ʚʥʝʰʥʝʡ ʩʠʣʝ, ʢ ʧʨʠʤʝʨʫ  ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʠʣʫ ʪʷʞʝʩʪʠ. 

ɼʦʧʫʩʪʠʤ, ʯʪʦ ʚʥʝʰʥʠʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʜʝʡʩʪʚʫʶʪ ʥʘ ʞʠʜʢʦʩʪʴ, ʢʦʪʦʨʘʷ  

ʦʛʨʘʥʠʯʝʥʘ ʩ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʘ ʩ ʥʠʞʥʝʡ ʯʘʩʪʠ ʥʝ-

ʧʦʜʚʠʞʥʦʡ ʧʣʦʩʢʦʩʪʴʶ Oxy, ʢʦʪʦʨʘʷ ʥʘʢʣʦʥʝʥʘ ʢ ʛʦʨʠʟʦʥʪʫ ʧʦʜ ʫʛʣʦʤ . 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʦʩʴ Oy ʷʚʣʷʝʪʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ, ʘ ʦʩʴ Oz 

ʠʤʝʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʝ ʢ ʧʣʦʩʢʦʩʪʠ ʚʚʝʨʭ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ 

asingX= ,   0=Y ,   acosgZ -=  

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ Ox ʠ ʯʪʦ 

ʜʚʠʞʝʥʠʝ ʩʪʘʮʠʦʥʘʨʥʦʝ. ʇʨʠʤʝʤ ʜʣʷ ʧʨʦʩʪʦʪʳ 
x

p

µ

µ
=0. ʂʘʢ ʠ ʚ ʜʚʫʭ ʧʨʝʜʳʜʫ-

ʱʠʭ ʩʣʫʯʘʷʭ ʙʫʜʝʤ ʫʯʠʪʳʚʘʪʴ ʩʠʣʳ ʢʘʢ ʤʦʣʝʢʫʣʷʨʥʦʡ Õ, ʪʘʢ ʠ ʚʠʭʨʝʚʦʡ ʚʷʟ-

ʢʦʩʪʠ Õɹ, ʧʨʠ ʵʪʦʤ ʚʦʟʴʤʝʤ Õɹ= z. 
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ɿʘʜʘʯʘ 4. ʊʫʨʙʫʣʝʥʪʥʦʝ ʪʝʯʝʥʠʝ ʚ ʪʨʫʙʢʘʭ. 

ʇʫʩʪʴ ʠʤʝʝʪʩʷ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʪʨʫʙʘ ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ, ʨʘʜʠʫʩ ʢʦʪʦʨʦ-

ʛʦ ʨʘʚʝʥ ʘ. ʇʫʩʪʴ ʥʝʩʞʠʤʘʝʤʘʷ ʞʠʜʢʦʩʪʴ ʪʝʯʝʪ ʚʜʦʣʴ ʵʪʦʡ ʪʨʫʙʳ, ʧʨʠʯʝʤ 

ʚʥʝʰʥʠʝ ʩʠʣʳ ʦʪʩʫʪʩʪʚʫʶʪ. ʄʦʣʝʢʫʣʷʨʥʘʷ ʚʷʟʢʦʩʪʴ Õ ʝʩʪʴ ʧʦʩʪʦʷʥʥʘʷ ʚʝʣʠ-

ʯʠʥʘ, ʦʯʝʥʴ ʤʘʣʘʷ, 1BBm , ʘ ʚʠʭʨʝʚʘʷ ʚʷʟʢʦʩʪʴ ɹm  ʝʩʪʴ ʬʫʥʢʮʠʷ ʦʪ ʨʘʜʠʫʩʘ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʪʨʫʙʳ r, ʪʘʢʘʷ, ʯʪʦ ʫ ʩʪʝʥʢʠ ʪʨʫʙʳ 0=ɹm  ʠ ʧʨʠʥʠʤʘʝʪ 

ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʧʨʠ r=0 (ʩʦʛʣʘʩʥʦ ʦʧʳʪʥʳʤ ʜʘʥʥʳʤ ʅʠʢʫʨʘʜʟʝ [10]). 

ʇʦʵʪʦʤʫ ʩʫʤʤʫ ɹmm+  ʤʦʞʥʦ ʚʟʷʪʴ, ʥʘʧʨʠʤʝʨ, ʚ ʚʠʜʝ: 

)( rʘɹ -+=+ cmmm ,       ʛʜʝ 22 yxr += . 

ʇʫʩʪʴ ʪʝʯʝʥʠʝ ʩʪʘʮʠʦʥʘʨʥʦ ʠ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ ʥʘʧʨʘʚ-

ʣʝʥʘ ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ ʪʨʫʙʳ. ʇʦʵʪʦʤʫ ʢʦʦʨʜʠʥʘʪʳ ʩʢʦʨʦʩʪʠ ʙʫʜʫʪ ʠʤʝʪʴ ʚʠʜ: 

).,,(,0 zyxuuuu zyx ===  

ɼʣʷ ʢʘʞʜʦʡ ʠʟ ʵʪʠʭ ʟʘʜʘʯ ʜʘʥʳ ʷʚʥʳʝ ʨʝʰʝʥʠʷ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʧʘʨʘʤʝʪ-

ʨʘ ɢ. ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʰʝʥʠʡ ʧʨʠ ɢŸ0 ʠ ɢŸÐ ʦʪʤʝ-

ʯʝʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ɢŸ0 ʨʝʰʝʥʠʷ ʦʪʥʦʩʷʪʩʷ ʢ ʣʘʤʠʥʘʨʥʳʤ ʜʚʠʞʝʥʠʷʤ, ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʭ ʟʘʜʘʯ, ʘ ʚ ʩʣʫʯʘʝ ɢŸÐ ʧʨʦʷʚʣʷʝʪʩʷ ʷʚʣʝʥʠʝ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʪʝ-

ʯʝʥʠʷ ʠʟ-ʟʘ ʦʙʤʝʥʘ ʠʤʧʫʣʴʩʘʤʠ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʢʦʨʦʩʪʴ ʩʠʣʴʥʦ 

ʩʛʣʘʞʠʚʘʝʪʩʷ, ʪ.ʝ. ʪʝʯʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʚʥʦʤʝʨʥʝʝ. 

ɺ ʛʣʘʚʝ 4 ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʛʣʘʚʳ 3 ʧʦʩʪʨʦʝʥʳ ʤʦʜʝʣʠ ʪʫʨʙʫ-

ʣʝʥʪʥʦʛʦ ʜʚʠʞʝʥʠʷ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʜʣʷ ʪʨʝʭ ʟʘʜʘʯ ʩ ʫʯʝʪʦʤ ʢʘʢ ʤʦ-

ʣʝʢʫʣʷʨʥʦʡ ʚʷʟʢʦʩʪʠ ʅʴʶʪʦʥʘ, ʪʘʢ ʠ ʚʠʭʨʝʚʦʡ ʚʷʟʢʦʩʪʠ ɹʫʩʩʠʥʝʩʢʘ, ʜʘʥʳ 

ʫʜʦʙʥʳʝ ʜʣʷ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ ʬʦʨʤʫʣʳ. ʇʫʪʝʤ ʦʩʨʝʜʥʝʥʠʷ ʢʦʵʬʬʠʮʠ-

ʝʥʪʘ ʪʫʨʙʫʣʝʥʪʥʦʡ ʚʷʟʢʦʩʪʠ ʧʦʣʫʯʝʥʳ ʧʨʦʩʪʳʝ ʬʦʨʤʫʣʳ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʟʘ-

ʜʘʯ: 

- ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʚ ʱʝʣʠ ʧʦʩʪʦʷʥʥʦʡ ʰʠʨʠʥʳ; 

- ʪʝʯʝʥʠʝ ʞʠʜʢʦʩʪʠ ʚ ʨʦʜʥʠʢʝ; 

- ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʟʚʠʪʦʝ ʪʝʯʝʥʠʝ ʚ ʦʪʢʨʳʪʳʭ ʨʫʩʣʘʭ. ɿʘʜʘʯʘ ʨʘʟʚʠʪʦʡ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʚ ʨʫʩʣʘʭ ʩʦ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ.
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ɻʣʘʚʘ 2. ʅɽʂʆʊʆʈʓɽ ɿɸɼɸʏʀ ʅɸ ʈɸʉʏɽʊ ʂɸʅɸʃʆɺ 

ʀ ʊʈʋɹʆʇʈʆɺʆɼʆɺ 

 

2.1. ʈʘʚʥʦʤʝʨʥʦʝ ʪʝʯʝʥʠʝ ʚ ʦʪʢʨʳʪʳʭ ʢʘʥʘʣʘʭ. 

ɺʳʚʦʜ ʬʦʨʤʫʣʳ ʐʝʟʠ 

 

ɿʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʠ ʚ çʞʠʚʦʤ ʩʝʯʝʥʠʠè 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʦʪʦʢʘ ʠʛʨʘʝʪ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʛʠʜʨʦʘʛʨʝ-

ʛʘʪʦʚ ɻʕʉ, ʛʠʜʨʦʫʟʣʦʚ, ʢʘʥʘʣʦʚ ʠ ʜʨ., ʠ ʪʨʝʙʫʝʪ ʦʧʪʠʤʘʣʴʥʳʡ ʨʘʩʯʝʪ ʪʨʝʥʠʷ 

ʩʪʝʥʢʠ ʨʫʩʝʣ ʥʘ ʜʠʥʘʤʠʢʫ ʧʦʪʦʢʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʘʨʘ-

ʤʝʪʨʳ ʩʦʦʨʫʞʝʥʠʡ. ʂʘʢ ʠʟʚʝʩʪʥʦ [30], ʧʝʨʚʳʝ ʦʧʳʪʳ ɻʘʣʠʣʝʷ ʠ ʊʦʨʠʯʝʣʣʠ 

(1630-1644) ʧʨʠʚʝʣʠ ʠʭ ʢ ʚʳʚʦʜʫ ʦ ʪʦʤ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ 

ʚʦʜʳ ʚ ʦʪʢʨʳʪʦʤ ʨʫʩʣʝ ʩ ʫʢʣʦʥʦʤ ʜʦʩʪʠʛʘʝʪʩʷ ʚʙʣʠʟʠ ʜʥʘ ʦʪʢʨʳʪʦʛʦ ʢʘʥʘʣʘ; 

ʄʘʨʠʦʪʪ (1700), ʠʟʫʯʘʷ ʩʪʘʮʠʦʥʘʨʥʦʝ ʪʝʯʝʥʠʝ, ʦʪʤʝʯʘʣ ʨʦʩʪ ʩʢʦʨʦʩʪʠ ʧʦ ʚʝʨ-

ʪʠʢʘʣʠ ʢ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʪʦʢʘ. ʊʘʢ ʚ ʪʝʯʝʥʠʝ ʙʦʣʝʝ ʪʨʝʭ ʚʝʢʦʚ ʟʘ-

ʢʦʥ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʩʢʦʨʦʩʪʠ ʚ ʞʠʚʦʤ ʩʝʯʝʥʠʠ ʧʦ ʚʝʨʪʠʢʘʣʠ ʦʩʪʘʝʪʩʷ ʘʢʪʫ-

ʘʣʴʥʳʤ ʚʦʧʨʦʩʦʤ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʪʝʭʥʠʯʝʩʢʦʡ ʛʠʜʨʦʤʝʭʘʥʠʢʠ. 

ɺ ʥʘʯʘʣʝ XVIII  ʩʪʦʣʝʪʠʷ, ʝʱʝ ʜʦ ʦʪʢʨʳʪʠʷ ʪʝʦʨʠʠ ʜʚʠʞʝʥʠʷ ʥʝʚʷʟʢʦʡ 

ʞʠʜʢʦʩʪʠ ʕʡʣʝʨʘ (1755), ʬʨʘʥʮʫʟʩʢʠʝ ʠʥʞʝʥʝʨʳ ʚ ʦʧʳʪʘʭ ʧʦ ʠʟʫʯʝʥʠʶ ʨʘʚ-

ʥʦʤʝʨʥʦʛʦ ʪʝʯʝʥʠʷ ʚ ʢʘʥʘʣʘʭ ʠ ʪʨʫʙʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʤʝʭʘ-

ʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩʪʨʫʡ ʠʜʝʘʣʴʥʦʡ (ʥʝʚʷʟʢʦʡ) ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ɼ. 

ɹʝʨʥʫʣʣʠ (1738): 

.
2

2

const
gg

p
z =++

u

r
                                             (2.1) 

ʛʜʝ ɟ ï ʧʣʦʪʥʦʩʪʴ; v - ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ; 

z ï ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʚʳʩʦʪʳ ʥʘ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ ʠʩʩʣʝʜʫʝʤʳʡ ʵʣʝ-

ʤʝʥʪ ʞʠʜʢʦʩʪʠ;  

p ï ʚʝʣʠʯʠʥʘ ʟʥʘʯʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʪʦʯʢʝ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʛʜʝ ʥʘʭʦʜʠʪʩʷ 

ʮʝʥʪʨ ʤʘʩʩʳ ʠʩʩʣʝʜʫʝʤʦʛʦ  ʵʣʝʤʝʥʪʘ ʞʠʜʢʦʩʪʠ; 

g ï ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʫʩʢʦʨʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ [8]. 
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ɺ 1769 ʛ. ʠʭ ʩʦʦʪʝʯʝʩʪʚʝʥʥʠʢ ʛʠʜʨʦʬʠʟʠʢ ʐʝʟʠ (1718-1798), ʧʨʦʚʝʣ 

ʮʠʢʣ ʦʧʳʪʦʚ ʦ ʧʦʪʝʨʠ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ʥʘ ʜʣʠʥy ʩʪʨʫʠ ʚ ʧʨʠʟʤʘʪʠʯʝʩʢʦʤ 

ʨʫʩʣʝ ʩ ʞʠʚʳʤʠ ʩʝʯʝʥʠʷʤʠ I  ʠ II , ʩʯʠʪʘʷ ʠʭ ʩʢʦʨʦʩʪʠ ʦʜʠʥʘʢʦʚʳʤʠ. ɺʚʝʜʷ 

ʧʦʪʝʨʶ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ rh  ʥʘ ʜʣʠʥʫ L, ʦʥ ʧʝʨʝʧʠʩʘʣ ʟʘʢʦʥ (2.1) ʚ ʚʠ-

ʜʝ: 

++=+
g

p
z

g

p
z

rr
2

2
1

1 rh .                                                 (2.2) 

ɺ ʩʣʫʯʘʝ ʨʘʚʥʦʤʝʨʥʦʛʦ ʪʝʯʝʥʠʷ ʚʝʣʠʯʠʥʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʫʢʣʦʥʘ I ʟʘ-

ʧʠʩrʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʨʘʚʝʥʩʪʚʘʤʠ:  
 

0
21 i

L

ZZ

L

h
I t =

-
== .                                                        (2.3) 

 

ɼʣʷ ʦʪʢʨʳʪʦʛʦ ʨʫʩʣʘ (ʨʠʩ 2.1), ʛʜʝ Z1 ʠ Z2 - ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʧʣʦʩʢʦʩʪʠ 

ʦʪʩʯʝʪʘ ʚʳʩʦʪ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʚ ʩʝʯʝʥʠʷʭ I ʠ II, ʟʘʧʠʰʝʤ  

g

p
z
r

1
1+  1Z= ,     2

2
2 Z

g

p
z =+
r

                                                             (2.4) 

 

 
 

ʈʠʩ. 2.1. ʉʭʝʤʘ ʜʣʷ ʦʪʢʨʳʪʦʛʦ ʨʫʩʣʘ. 
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ʇʨʠʥʠʤʘʷ, ʠʟʚʝʩʪʥʳʡ ʦʧʳʪʥʳʡ ʬʘʢʪ ʬʨʘʥʮʫʟʩʢʠʭ ʠʥʞʝʥʝʨʦʚ, ʯʪʦ ʩʠʣʘ 

ʪʨʝʥʠʷ trt  ʚ ʨʘʚʥʦʤʝʨʥʦʤ ʪʫʨʙʫʣʝʥʪʥʦʤ ʧʦʪʦʢʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʫʜʝʣʴʥʦʤʫ 

ʚʝʩʫ ʞʠʜʢʦʩʪʠ ɔ=ɟg ʠ ʢʚʘʜʨʘʪʫ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ U  ʪʝʯʝʥʠʷ ʚʦʜʳ, ʐʝʟʠ 

ʧʨʝʜʣʦʞʠʣ ʟʘʧʠʩʘʪʴ: 

2

2

C

U
tr

g
t = .                                                       (2.5) 

ʇʨʠ ʵʪʦʤ, ʫʯʠʪʳʚʘʷ, ʯʪʦ ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ  

,LT trct=  

ʛʜʝ ɢ - ʧʝʨʠʤʝʪʨ ʞʠʚʦʛʦ ʩʝʯʝʥʠʷ ʧʦʪʦʢʘ, ʠ ʧʨʦʝʢʪʠʨʫʷ ʠʭ ʚʤʝʩʪʝ ʩ ʩʠ-

ʣʦʡ ʪʞ̫ʝʩʪʠ ʞʠʚʦʛʦ ʩʝʯʝʥʠʷ ʧʦʪʦʢʘ gwL  (ʛʜʝ ɤ - ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ ʧʦʪʦʢʘ) ʥʘ 

ʦʩʴ ʢʘʥʘʣʘ ʜʣʠʥʦʡ L, ʚʚʦʜʷ ʧʦʥʷʪʠʝ ʚʝʣʠʯʠʥʳ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘ  

cw/* =R , 

ʐʝʟʠ ʩʦʩʪʘʚʠʣ ʫʨʘʚʥʝʥʠʝ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʞʠʜʢʦʩʪʠ ʚ ʦʪʩʝʢʝ:  

IiCLUiLR ¹=- 0

22

0* ;0/gg ,                                                   (2.6) 

ʆʪʩʶʜʘ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ U ʨʘʚʥʦʤʝʨʥʦʛʦ ʪʫʨʙʫ-

ʣʝʥʪʥʦʛʦ ʧʦʪʦʢʘ ʚ ʦʪʢʨʳʪʳʭ ʨʫʩʣʘʭ ʠ ʙʝʟʥʘʧʦʨʥʳʭ ʪʨʫʙʘʭ ʧʦʣʫʯʠʤ ʬʦʨʤʫʣʫ 

ʐʝʟʠ [8]: 

IRCU *= .                                                                            (2.7) 

ʂʦʵʬʬʠʮʠʝʥʪ ʐʝʟʠ ʉ- ʩʢʦʨʦʩʪʥʦʡ ʤʥʦʞʠʪʝʣʴ ʨʘʟʤʝʨʥʦʩʪʠ ʤ1/2/ʩʝʢ:  

12/1

2/1

1

*

-
-

=== ʊL
L

Lʊ

IR

U
ʉ . 

ʆʙʨʘʙʘʪʳʚʘʷ ʜʘʥʥʳʝ ʦʧʳʪʦʚ, ʐʝʟʠ ʧʨʠʥʷʣ ʚʝʣʠʯʠʥʫ 50=ʉ ʤ1/2/ʩʝʢ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ ʐʝʟʠ (2.7) ʦʙʲʝʤʥʳʡ ʨʘʩʭʦʜ ʞʠʜʢʦʩʪʠ ʚ 

ʢʘʥʘʣʝ ʧʦʣʫʯʘʝʪ ʚʳʨʘʞʝʥʠʝ 

IRCQ *w=                                                                              (2.8) 

ɺʝʣʠʯʠʥʘ  

KRC =*w  
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ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʨʘʩʭʦʜʘ ʢʘʥʘʣʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʛʠʜʨʘʚ-

ʣʠʯʝʩʢʦʤ ʫʢʣʦʥʝ, ʢʦʪʦʨʳʡ ʨʘʚʥʷʝʪʩʷ ʝʜʠʥʠʮʝ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʣʫʯʘʷʭ, ʠ 

ʥʘʟʳʚʘʝʪʩʷ çʨʘʩʭʦʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡè ʨʫʩʣʘ ʠʣʠ ʤʦʜʫʣʝʤ ʨʘʩʭʦʜʘ. ʇʨʠ 

ʵʪʦʤ ʬʦʨʤʫʣʘ ʦʙʲʝʤʥʦʛʦ ʨʘʩʭʦʜʘ ʟʘʧʠʰʝʪʩʷ ʪʘʢ  

IKQ=                                                                                         (2.9) 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ: ʧʨʠ ʨʘʚʥʦʤʝʨʥʦʤ ʜʚʠʞʝʥʠʠ ʨʘʩʭʦʜ ʧʨʷʤʦ ʧʨʦ-

ʧʦʨʮʠʦʥʘʣʝʥ ʢʚʘʜʨʘʪʥʦʤʫ ʢʦʨʥʶ ʠʟ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥʳ ʫʢʣʦʥʘ ʜʥʘ ʢʘʥʘʣʘ 

ʠʣʠ ʚʝʣʠʯʠʥʳ ʫʢʣʦʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʚ ʥʸʤ. ʇʨʠ ʵʪʦʤ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦ ʚʝʨʪʠʢʘʣʠ ʚ ʦʪʢʨʳʪʦʤ ʢʘʥʘʣʝ ʠʤʝʝʪ ʚʠʜ, ʧʦ-

ʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩ. 2.2. ʋ ʜʥʘ ʢʘʥʘʣʘ ʩʢʦʨʦʩʪʴ ʞʠʜʢʦʩʪʠ ʨʘʚʥʘ ʥʫʣʶ; ʤʘʢʩʠ-

ʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʠʤʝʶʪ ʩʪʨʫʡʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʥʝʢʦʪʦʨʦʡ ʛʣʫʙʠʥʝ ʧʦʜ 

ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʘʥʘʣʘ. 

 

 
 

ʈʠʩ. 2.2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦ ʚʝʨʪʠʢʘʣʠ ʚ ʦʪʢʨʳʪʦʤ  

ʢʘʥʘʣʝ. 

 

2.2. ʈʘʚʥʦʤʝʨʥʦʝ ʪʝʯʝʥʠʝ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ  

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ɼʘʨʩʠ-ɺʝʡʩʙʘʭʘ ʚ ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʪʨʫʙʘʭ 

 

ʉʧʫʩʪʷ ʧʦʯʪʠ ʩʪʦ ʣʝʪ ʧʦʩʣʝ ʚʳʚʦʜʘ ʬʦʨʤʫʣʳ ʐʝʟʠ, ʠʟʚʝʩʪʥʳʝ ʚ ɽʚʨʦʧʝ 

ʛʠʜʨʘʚʣʠʢʠ ʩʝʨʝʜʠʥʳ XIX  ʩʪʦʣʝʪʠʷ ɺʝʡʩʙʘʭ (1845) ʠ ɼʘʨʩʠ (1850), ʠʩʧʦʣʴʟʫʷ 

ʧʨʝʜʣʦʞʝʥʥʫʶ ʐʝʟʠ ʬʦʨʤʫʣʫ ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ: 
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2

2

1
U

C
LT tr gct ==  

ʧʨʝʜʣʦʞʠʣʠ ʥʦʚʫʶ ʬʦʨʤʫʣʫ ʢʘʩʘʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʩʨʝʜʥʶʶ ʧʦ ʧʝʨʠ-

ʤʝʪʨʫ ʪʨʫʙʦʧʨʦʚʦʜʘ: 

2

8

1
Utr l

r

t
= .                   ö

÷

õ
æ
ç

å
=

2

8

C

g
l .                                               (2.10) 

ʉʦʦʪʥʦʰʝʥʠʝ (2.10) ʧʦʣʫʯʝʥʦ ʦʧʳʪʥʳʤ ʧʫʪʝʤ. ɿʜʝʩʴ ʙʝʟʨʘʟʤʝʨʥʳʡ ʢʦ-

ʵʬʬʠʮʠʝʥʪ l ʙʳʣ ʥʘʟʚʘʥ ʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʝʥʠʷ ʧʦ 

ʜʣʠʥʝ ʪʨʫʙʳ (ʠʣʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ). 

ʇʨʠ ʵʪʦʤ ʫʨʘʚʥʝʥʠʝ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʨʘʚʥʦʤʝʨʥʦʛʦ ʪʝʯʝʥʠʷ (ʨʠʩ. 2) ʟʘ-

ʧʠʰʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ 

0sin21 =--- aGTPP , 

ʛʜʝ w11 pP =  ʠ -= w22 pP ʩʠʣʳ ʜʘʚʣʝʥʠʷ ʚ ʥʘʯʘʣʴʥʦʤ ʠ ʢʦʥʝʯʥʦʤ ʩʝʯʝʥʠ-

ʷʭ ʦʪʩʝʢʘ, LT trct= ( -trt ʩʨʝʜʥʝʝ ʧʦ ʧʝʨʠʤʝʪʨʫ ʢʘʩʘʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʷ, ʘ 

-Lc ʩʤʦʯʝʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʪʨʫʙʳ); -= LG gwʚʝʩ ʦʪʩʝʢʘ L ʞʠʜʢʦʩʪʠ, -a ʫʛʦʣ 

ʥʘʢʣʦʥʘ ʪʨʫʙʳ ʢ ʛʦʨʠʟʦʥʪʫ, ʠ  

.sin 12

L

zz -
=a  

ʋʯʠʪʳʚʘʷ ʧʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʚʳʨʘʞʝʥʠʷ ʩʠʣ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 

0)()( 1221 =---- zzLpp tr gwctw .                                 (2.11) 

ʇʦʜʝʣʠʚ (2.11) ʥʘ gw ʠ, ʧʨʠʥʷʚ ʚʦ ʚʥʠʤʘʥʠʝ (2.9), ʧʦʣʫʯʠʤ:  

g

LU
zz

g

pp

24
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21
21

c

w
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r

-
                                      (2.12) 

ʃʝʚʘʷ ʯʘʩʪʴ (2.12) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʪʝʨʶ ʥʘʧʦʨʘ rh  ʥʘ ʜʣʠʥʫ 

Lʪʨʫʙʳ: 
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I r l==                                                                         (2.13) 
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ʆʪʩʶʜʘ, ʜʣʷ ʨʘʩʯʝʪʘ ʚʝʣʠʯʠʥʳ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ U  ʠ ʨʘʩʭʦʜʘ UQ w=  

ʞʠʜʢʦʩʪʠ ʚ ʧʨʠʟʤʘʪʠʯʝʩʢʦʤ ʪʨʫʙʦʧʨʦʚʦʜʝ ʧʦʣʫʯʠʤ ʬʦʨʤʫʣʳ  

l

IgR
U *8
=                                                                              (2.14) 

l
ww

IgR
UQ *8
==                                                                         (2.15) 

ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʪʨʫʙʳ ʢʨʫʛʦʚʦʛʦ ʩʝʯʝʥʠʷ ʧʣʦʱʘʜʴ ʞʠʚʦʛʦ ʩʝʯʝʥʠʷ 

ʨʘʚʥʘ ,4/2dpw=  ʘ ʜʣʠʥʘ ʩʤʦʯʝʥʥʦʛʦ ʧʝʨʠʤʝʪʨʘ ;dpw=  ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

,
44

2

*

dd
R ==
p

                                                                           (2.16) 

ʪ.ʝ. ʜʠʘʤʝʪʨ ʪʨʫʙʳ ʨʘʚʝʥ ʫʯʝʪʚʝʨʝʥʥʦʤʫ ʛʠʜʨʘʚʣʠʯʝʩʢʦʤʫ ʨʘʜʠʫʩʫ. 

ʉ ʫʯʝʪʦʤ (2.16) ʬʦʨʤʫʣʘ (2.13) ʜʣʷ ʧʦʪʝʨʠ ʥʘʧʦʨʘ ʚ ʢʨʫʛʣʳʭ ʪʨʫʙʘʭ ʧʦ-
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʢʦʨʦʩʪʥʦʛʦ ʤʥʦʞʠʪʝʣʷ ʐʝʟʠ C, ʪʘʢ-

ʞʝ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ɼʘʨʩʠ-ɺʝʡʩʙʘʭʘ l, ʜʦ 

ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʧʨʝʜʣʦʞʝʥʦ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʵʤʧʠʨʠʯʝʩʢʠʭ ʬʦʨ-

ʤʫʣ [6]. ʆʧʳʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʥʠ ʚʝʩʴʤʘ ʩʣʦʞʥʳ, ʪ. ʢ. ʟʘʚʠʩʷʪ ʥʝ ʪʦʣʴʢʦ ʦʪ 

ʫʢʣʦʥʘ 0i  ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘ.*R  ʆʥʠ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʧʨʠ ʘʥʘʣʠʟʝ ʠ 

ʦʙʦʙʱʝʥʠʠ ʜʘʥʥʳʭ ʦʧʳʪʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʦʪʦʢʘ ʚ ʦʪʢʨʳʪʳʭ ʨʫʩʣʘʭ ʠ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʰʝʨʦʭʦʚʘ-

ʪʦʩʪʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʢʣʦʥʘʭ ʠ ʛʨʘʜʠʝʥʪʘʭ ʥʘʧʦʨʘ ʠ ʩʢʦʨʦʩʪʷʭ ʪʝʯʝʥʠʷ, [6,7]. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʠ ʬʦʨʤʫʣʘ ʐʝʟʠ, ʠ ʬʦʨʤʫʣʘ ɼʘʨʩʠ-ɺʝʡʩʙʘʭʘ ʚʳʚʝʜʝʥʳ ʠʟ ʟʘ-

ʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩʪʨʫʡʢʠ-ʫʨʘʚʥʝʥʠʷ ɹʝʨʥʫʣʣʠ ʠ, ʢʦ-

ʵʬʬʠʮʠʝʥʪʳ C  ʠ l ʤʝʞʜʫ ʩʦʙʦʡ ʚʟʘʠʤʦʩʚʷʟʘʥʳ ʩʦʦʪʥʦʰʝʥʠʝʤ 2/8 Cg¹l , ʪʦ 
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ʤʦʜʫʣʴ ʨʘʩʭʦʜʘ ʠʣʠ ʨʘʩʭʦʜʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʨʫʩʣʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ 

ʝʱʝ ʪʘʢ: 

lww /8 ** gRRCK ¹= . 

ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʢʣʘʩʩʠʯʝʩʢʠʭ ʬʦʨʤʫʣʘʭ ʛʠʜʨʘʚʣʠʢʠ ʜʣʷ ʨʘʩʯʝʪʦʚ ʢʦʵʬ-

ʬʠʮʠʝʥʪʘ C  - ʩʢʦʨʦʩʪʥʦʛʦ ʤʥʦʞʠʪʝʣʷ ʐʝʟʠ ʩ ʨʘʟʤʝʨʥʦʩʪʴʶ )/)( 2/1 cekmC T = , ʠ 

ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ l ɼʘʨʩʠ-

ɺʝʡʩʙʘʭʘ ʩ ʧʝʨʠʦʜʘ ʠʭ ʦʪʢʨʳʪʠʷ ʜʦ 2000ʛ. ʧʨʝʜʣʦʞʝʥʳ ʩʦʪʥʠ ʬʦʨʤʫʣ ʨʘʟ-

ʣʠʯʥʦʛʦ ʪʠʧʘ, ʢʦʪʦʨʳʡ ʟʘʚʠʩʠʪ, ʢʘʢ ʦʪ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ  

ʞʠʜʢʦʩʪʠ, ʪʘʢ ʠ ʦʪ ʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ, ʨʫʩʣʦ ʦʙʨʘʟʫʶʱʠʭ ʤʘʪʝʨʠʘ-

ʣʦʚ. ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʵʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʨʘʞʝʥʳ ʚ ʚʠʜʝ ʭʨʦʥʦʣʦʛʠʯʝʩʢʦʡ ʪʘʙ-

ʣʠʮʳ (ʪʘʙʣ. 1.3) [7]. 

 

2.3. ʌʦʨʤʫʣʳ ʛʠʜʨʘʚʣʠʢʠ ʚ ʦʪʢʨʳʪʳʭ ʢʘʥʘʣʘʭ ʠ ʥʘʧʦʨʥʳʭ  

ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘ 

 

ɻʠʜʨʦʤʝʣʠʦʨʘʮʠʷ ʦʨʦʰʘʝʤʳʭ ʟʝʤʝʣʴ ʘʨʠʜʥʳʭ ʟʦʥ ʠʤʝʝʪ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʫʶ ʚʟʘʠʤʦʩʚʷʟʴ ʦʪ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ. ʉʨʝʜʠ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʟʥʘʯʠ-

ʪʝʣʴʥʘʷ ʨʦʣʴ ʧʨʠʥʘʜʣʝʞʠʪ ʢʘʯʝʩʪʚʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʨʘʟʣʠʯʥʳʭ ʧʨʦʝʢʪʦʚ, 

ʦʩʦʙʝʥʥʦ ʧʦ ʦʧʪʠʤʘʣʴʥʦʤʫ ʚʳʙʦʨʫ ʵʣʝʤʝʥʪʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ ʦʨʦʩʠ-

ʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʦʙʣʘʜʘʶʱʠʤʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʩ 

ʤʠʥʠʤʘʣʴʥʦʡ ʧʦʪʝʨʝʡ ʚʦʜʳ ʥʘ ʧʨʦʮʝʩʩ ʠʥʬʠʣʴʪʨʘʮʠʠ, ʘ ʪʘʢʞʝ ʠ ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʨʝʞʠʤʦʚ ʚʦʜʦʧʦʜʘʯʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʦʣʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʟʥʘʯʝʥʠʝ 

ʚʝʣʠʯʠʥʳ ʫʢʣʦʥʘ ʟʝʤʣʷʥʦʛʦ ʢʘʥʘʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʢʘʢ ʨʝʣʴʝʬʦʤ, ʪʘʢ ʠ ʩʪʝʧʝ-

ʥʴʶ ʨʘʟʤʳʚʘ ʛʨʫʥʪʦʚʦʡ ʪʦʣʱʠ ʪʝʨʨʠʪʦʨʠʠ. ʂʘʢ ʵʪʦ ʜʦʢʘʟʘʥʦ ʧʨʘʢʪʠʢʦʡ, ʠ 

ʩʪʘʣʦ ʧʨʘʚʠʣʦʤ, ʢʘʥʘʣ ʷʚʣʷʝʪʩʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠ çʥʘʠʚʳʛʦʜʥʝʡʰʠʤè ʠ ʦʧʪʠ-

ʤʘʣɹʥʳʤ, ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʨʠ ʚʳʙʨʘʥʥʦʤ ʫʢʣʦʥʝ I ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 

ʧʨʦʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʴʰʠʝ ʨʘʩʭʦʜʳ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ. 

ʅʘ ʦʩʥʦʚʝ ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʡ ʠʟʚʝʩʪʥʦʡ ʪʝʦʨʠʠ çʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 

ʨʘʜʠʫʩʘè, ʟʘʜʘʯʘ ʦ ʥʘʭʦʞʜʝʥʠʠ ʥʘʠʚʳʛʦʜʥʝʡʰʝʛʦ ʩʝʯʝʥʠʷ ʢʘʥʘʣʘ ʩʦʩʪʦʠʪ ʚ 

ʚʳʷʚʣʝʥʠʠ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥʳ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʨʘʟʤʝʨʘ-
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ʤʠ ʰʠʨʠʥʳ ʢʘʥʘʣʘ B  ʧʦ ʜʥʫ ʠ H ï ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʛʣʫʙʠʥʳ ʥʘʧʦʣʥʝʥʠʷ 

ʚʦʜʦʡ ʢʘʥʘʣʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʣʞʥʳ ʧʨʠʥʠʤʘʪʴ 

ʥʘʠʙʦʣʴʰʠʝ ʩʚʦʠ ʟʥʘʯʝʥʠʷ - ʨʘʩʭʦʜʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ K ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ 

ʨʘʜʠʫʩ *R  ʢʘʥʘʣʘ.  

ɺ ʝʩʪʝʩʪʚʝʥʥʳʭ (ʥʦʨʤʘʣʴʥʳʭ) ʫʩʣʦʚʠʷʭ ʩʨʝʜʳ, ʥʝʫʧʣʦʪʥʝʥʥʳʝ ʠ ʥʝʦʙ-

ʣʠʮʦʚʘʥʥʳʝ ʨʫʩʣʘ ʨʝʢ, ʘ ʪʘʢʞʝ ʠ ʢʘʥʘʣʦʚ ʯʘʩʪʦ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ, ʢʘʢ ʩʳʧʫʯʠʝ, 

ʪʘʢ ʠ ʣʝʛʢʦ ʨʘʟʤʳʚʘʝʤʳʝ ʛʨʫʥʪʦʚʳʝ ʦʪʣʦʞʝʥʠʷ (ʢ ʧʨʠʤʝʨʫ, ʧʝʩʦʢ, ʩʫʧʝʩʴ, 

ʣʸʩʩ ʠ ʪ.ʧ.). ʊʦʛʜʘ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʧʦʪʦʢ ʚʦ ʚʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ ʚʝ-

ʣʠʯʠʥʳ ʫʢʣʦʥʘ ʤʝʩʪʥʦʩʪʠ ʬʦʨʤʠʨʫʝʪ ʥʘʠʚʳʛʦʜʥʝʡʰʠʡ ʩʚʦʡ ʧʨʦʬʠʣʴ, ʦʪʣʠ-

ʯʘʶʱʠʡʩʷ ʦʪ ʧʦʣʫʢʨʫʛʘ ʠ ʪʨʘʧʝʮʠʠ.  

ʅʘ ʨʠʩ. 2.3 ʧʨʠʚʦʜʠʪʩʷ ʢʠʥʝʪʠʢʘ ʠʟʤʝʥʝʥʠʷ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʂʘʨʘ-

ʢʫʤʩʢʦʛʦ ʢʘʥʘʣʘ ʚ ʩʪʚʦʨʝ 0,7 ʢʤ ʦʪ ʨ. ɸʤʫʜʘʨʴʠ [7].  

 

 
 

ʈʠʩ. 2.3. ʂʠʥʝʪʠʢʘ ʠʟʤʝʥʝʥʠʷ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ  

ʂʘʨʘʢʫʤʩʢʦʛʦ ʢʘʥʘʣʘ ʚ ʩʪʚʦʨʝ 0,7 ʢʤ ʦʪ ʨ. ɸʤʫʜʘʨʴʠ:  

1 - 1960ʛ., 2 - 1965ʛ., 3 - 1970ʛ., 4 - 1974ʛ. 

 

ɹʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʠʤʝʨ ʨʝʰʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʟʘʜʘʯ ʧʦ ʨʘʩʯʝʪʫ    

ʢʘʥʘʣʦʚ. 
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ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʟʘʜʘʥʳ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥʳ ʫʢʣʦʥʘ ʢʘʥʘʣʘ ʠ ʝʛʦ ʛʘʙʘʨʠ-

ʪʦʚ, ʪʦ ʧʫʪʝʤ ʥʘʧʦʣʥʝʥʠʷ, ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ ʧʦʪʦʢʘ ɤ, ʩʤʦ-

ʯʝʥʥʳʡ ʧʝʨʠʤʝʪʨ ɢ, ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʨʘʜʠʫʩ R*, ʩʢʦʨʦʩʪʥʦʡ ʤʥʦʞʠʪʝʣʴ ʉ, 

ʨʘʩʭʦʜʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʂ ʠ ʟʘʪʝʤ ʧʦ ʬʦʨʤʫʣʝ (2.15) ʦʧʨʝʜʝʣʷʶʪ ʦʙʲʝʤ-

ʥʳʡ ʨʘʩʭʦʜ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʟʘʜʘʥʥʦʤʫ ʥʘʧʦʣʥʝʥʠʶ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤ ʧʨʦʚʝʜʝʥʠʝ ʜʝʪʘʣʴʥʦʛʦ ʤʦʜʝʣʴʥʦʛʦ ʠ ʥʘʪʫʨʥʦʛʦ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ ʦʧʪʠʤʘʣʴʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʢʘʥʘʣʘ ʦʪ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʨʫʩʝʣ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʥʠʞʝ 

ʜʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʥʦʚʳʭ ʤʦʜʝʣʴʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʧʦ ʨʘʩʯʝʪʫ ʢʘʥʘʣʦʚ ʩ ʦʧʪʠ-

ʤʘʣʴʥʳʤʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ 

ʬʦʨʤʳ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʠʭ, ʢʦʛʜʘ ʦʥʠ ʵʬʬʝʢʪʠʚʥʝʝ, ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘ. 

 

2.3.1. ʎʠʣʠʥʜʨʠʯʝʩʢʠʝ ʪʨʫʙʳ 

 

1. ʈʘʩʩʤʦʪʨʠʤ ʦʪʢʨʳʪʫʶ ʪʨʫʙʫ ʩ ʧʦʧʝʨʝʯʥʳʤ ʩʝʯʝʥʠʝʤ ʩʝʛʤʝʥʪ ʢʨʫʛʘ 

ʨʘʜʠʫʩʘ R, ʯʝʨʝʟ ʢʦʪʦʨʫʶ ʪʝʯʝʪ ʞʠʜʢʦʩʪʴ ʧʦʜ ʛʨʘʜʠʝʥʪʦʤ I, (ʨʠʩ 2.4). 

 

ʈʠʩ. 2.4. ʇʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʪʨʫʙʳ. 

 

B=2R, ʅ - ʛʣʫʙʠʥʘ ʥʘʧʦʣʥʝʥʠʷ, ɤ - ʧʣʦʱʘʜʴ ʞʠʚʦʛʦ ʩʝʯʝʥʠʷ ʨʘʚʥʘ: 

)sin(
2

2

jjw -=
R

 

ʈʘʩʩʤʦʪʨʠʤ ʦʪʢʨʳʪʫʶ ʪʨʫʙʫ ʩʦ ʩʤʦʯʝʥʥʳʤ ʧʝʨʠʤʝʪʨʦʤ ɢ, jc R= . 
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ʊʦʛʜʘ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʨʘʜʠʫʩ R* ʨʘʚʝʥ: 

=*R
j

jj

c

w

2

)sin( -
=

R
. 

ɺʳʩʦʪʘ ʥʘʧʦʣʥʝʥʠʷ ʅ: 

ö
÷

õ
æ
ç

å
-=

2
cos1
j

RH . 

ɺ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ, ʧʨʠ  

pj= , 
2

R
R =* , RH= , ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

2

ʅ
R =* . 

ɼʣʷ ʩʣʫʯʘʷ ʩ ʛʣʘʜʢʦʡ ʪʨʫʙʦʡ ʠʟʚʝʩʪʥʘʷ ʬʦʨʤʫʣʘ ɼʘʨʩʠ-ɺʝʡʩʙʘʭʘ ʜʣʷ 

ʩʢʦʨʦʩʪʠ ʠ ʨʘʩʭʦʜʘ ʞʠʜʢʦʩʪʠ ʠʤʝʝʪ ʚʠʜ : 

ILhgIHUgIHUHQ tr ==== /,/2,/2 2/52 llpp                    (2.17)
 

ʛʜʝ -I ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʧʦʪʝʨʠ ʜʘʚʣʝʥʠʷ ʥʘ ʝʜʠʥʠʮʫ ʜʣʠʥʳ L  ʩ ʪʨʫ-

ʙʦʡ, ʦʙʣʘʜʘʶʱʝʡ ʨʘʜʠʫʩʦʤ H . 

2. ʈʘʩʩʤʘʪʨʠʚʘʝʤ ʪʝʯʝʥʠʝ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʥʘʧʦʨʥʦʡ ʪʨʫʙʝ, ʠʤʝʶʱʘʷ  

ʥʝʧʨʦʥʠʮʘʝʤʫʶ ʢʨʳʰʫ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤ ʩʣʫʯʘʡ ʩ ʥʘʧʦʨʥʦʡ ʤʦʜʠʬʠʢʘʮʠʝʡ ʦʪʢʨʳʪʳʭ ʢʘʥʘʣʦʚ, 

ʧʫʪʝʤ ʟʘʤʝʥ rʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʪ.ʝ.  ʟʘʤʝʥʷʷ ʩʣʦʡ ʧʣʝʥʢʠ ʧʦʚʝʨʭʥʦʩʪ-

ʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʪʚʝʨʜʦʡ ʩʪʝʥʢʦʡ ʩ ʥʝʧʨʦʥʠʮʘʝʤʳʤ ʩʚʦʡʩʪʚʦʤ. ʇʦʜʦʙʥʳʝ 

ʩʣʫʯʘʠ ʧʨʦʮʝʩʩʘ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʝʡ (ʪʘʢʠʝ ʢʘʢ ʚʦʜʘ, ʥʝʬʪʴ ʠ ʜʨʫʛʠʝ ʚʠʜʳ 

ʦʜʥʦʨʦʜʥʳʭ ʠ ʥʝʦʜʥʦʨʦʜʥʳʭ ʞʠʜʢʦʩʪʝʡ) ʚ ʪʨʫʙʘʭ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʥʘʧʦʨʦʤ, 

ʚʩʪʨʝʯʘʶʪʩʷ ʚʝʟʜʝ, ʪ.ʝ. ʚ ʚʦʜʥʦ-ʢʘʥʘʣʠʟʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʛʦʨʦʜʦʚ, ʧʦʩʝʣʢʦʚ 

ʠ ʩʝʣ, ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʘʭ ʩʬʝʨʳ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʛʜʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʠʥʝʨʘʣʴʥʳʭ ʚʦʜ ʠ ʜʨʫʛʠʭ ʨʘʟʣʠʯʥʳʭ  ʞʠʜʢʦʩʪʝʡ ʠ ʪ.ʜ.  

ʈʘʩʩʤʘʪʨʠʚʘʝʤ ʥʘʧʦʨʥʫʶ ʪʨʫʙʫ ʩ ʟʘʤʢʥʫʪʳʤ ʢʦʥʪʫʨʦʤ ʠ ʧʦʧʝʨʝʯʥʳʤ 

ʩʝʯʝʥʠʝʤ ʩʝʢʪʦʨʘ ʢʨʫʛʘ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʪʝʯʝʥʠʝ ʞʠʜʢʦʩʪʠ 

ʚʳʩʦʪʦʡ H  ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʩ I (ʨʠʩ 2.4). ʇʣʦʱʘʜʴ ʞʠʚʦʛʦ ʩʝʯʝʥʠʷ ɤ  

)sin(
2

2

jjw -=
R

,       ö
÷

õ
æ
ç

å
-=

2
cos1
j

RH  

ʉʤʦʯʝʥʥʳʡ ʧʝʨʠʤʝʪʨ ɢ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʘʚʝʥ 
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2
sin2
j

jc RR += . 

ʊʦʛʜʘ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʨʘʜʠʫʩ *R  ʨʘʚʝʥ: 

=*R

ö
÷

õ
æ
ç

å
+

-
=

2
sin22

)sin(

j
j

jj

c

w R
 

ɺ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ,  

ʘ) ʧʨʠ ű=ˊ
  

)2(2 +
=*
p

pR
R ,    RH = ,      .3.0 ʅR =*  

llpw /.6,1;/8,0 2/5 gHIUgIHUQ ===
 

ʙ) ʧʨʠ pj 2= ,  

2

R
R =* ;     RH 2= ,   

4

ʅ
R =* . 

llpw /41.1;/37,0 2/5 gHIUgIHUQ ===                 (2.18) 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʟʘʤʢʥʫ-

ʪʦʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ, ʯʝʤ ʜʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩ ʦʪʢʨʳ-

ʪʳʤ ʢʘʥʘʣʦʤ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʜʝʡʩʪʚʠʝʤ ʟʘʤʝʥʳ ʧʣʝʥʢʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ    

ʥʘʪʷʞʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʚʝʨʜʦʡ ʩʪʝʥʢʦʡ, ʢʦʪʦʨʘʷ ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʧʦʚʳ-

ʰʝʥʠʶ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʪʨʫʙʳ. 

 

2.3.2. ʌʦʨʤʫʣʳ ʩʢʦʨʦʩʪʠ ʠ ʨʘʩʭʦʜʘ ʚ ʢʘʥʘʣʘʭ ʪʨʘʧʝʮʝʠʜʘʣʴʥʦʛʦ 

ʩʝʯʝʥʠʷ 

  

1. ʈʘʩʩʤʘʪʨʠʚʘʝʤ ʦʪʢʨʳʪʳʡ ʢʘʥʘʣ, ʦʙʣʘʜʘʶʱʠʡ ʧʦʧʝʨʝʯʥʳʤ ʩʝʯʝʥʠʝʤ 

ʚ ʚʠʜʝ ʪʨʘʧʝʮʠʠ (ʨʠʩ 2.5), ʠʤʝʶʱʘʷ ʥʝʧʨʦʥʠʮʘʝʤʳʝ ʩʪʦʨʦʥʳ, ʨʘʟʤʝʨʥʦʩʪʴ 

ʧʣʦʱʘʜʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ w ʩ ʜʣʠʥʦʡ  ʩʤʦʯʝʥʥʦʛʦ ʧʝʨʠʤʝʪʨʘc, ʢʦʪʦʨʳʝ 

ʚʳʨʘʞʘʶʪʩʷ ʥʠʞʝʧʨʠʚʝʜʝʥʥʳʤʠ ʚʳʨʘʞʝʥʠʷʤʠ:  

[ ]HctgctgHbʅʘʘbHbB )(5,02/)2(2/)( 2121 bbw ++=++=+= , 

öö
÷

õ
ææ
ç

å
+++-=

+
+=

21

21

21

21

sin

1

sin

1
)(5,0

sinsin

)sin(sin

bb
bb

w

bb

bb
c HctgʩtgH

ʅ
ʅb , 
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ʛʜʝ b ʠ B ï ʚʝʣʠʯʠʥʳ ʟʥʘʯʝʥʠʷ ʰʠʨʠʥʳ ʢʘʥʘʣʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦ ʜʥʫ 

ʠ ʧʦ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, H ï ʚʝʣʠʯʠʥʘ ʟʥʘʯʝʥʠʷ ʛʣʫʙʠʥʳ ʧʦʪʦʢʘ, 

,, 2211 bb ctgHactgHa ==  
,2a
 ,01>b  02 >b  - ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ ʟʘʣʦʞʝʥʠʷ ʫʛʣʦʚ 

ʥʘʢʣʦʥʘ, ʢʘʢ ʣʝʚʦʛʦ, ʪʘʢ ʠ ʧʨʘʚʦʛʦ ʦʪʢʦʩʦʚ ʢʘʥʘʣʘ. 

 

 
 

ʈʠʩ. 2.5. ʇʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʢʘʥʘʣʘ ʚ ʚʠʜʝ ʪʨʘʧʝʮʠʠ. 

 

ʇʨʝʜʧʦʣʦʞʠʤ, ʠʟʚʝʩʪʥʳʤ ʷʚʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʧʣʦʱʘʜʠ ʧʦʧʝ-

ʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʢʘʥʘʣʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʟʥʘʯʝʥʠʝ ʨʘʩʭʦʜ-

ʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʥʘʣʘ ʧʨʠʥʠʤʘʝʪ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ,  ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ  

ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʧʨʠʤʝʪ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʨʘʜʠʫʩ *R . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 
c

w
=*R  ʙʫʜʝʪ ʪʝʤ ʟʥʘʯʠʪʝʣʴʥʝʝ, ʯʝʤ ʥʠʞʝ ʟʥʘ-

ʯʝʥʠʷ  ʚʝʣʠʯʠʥʳ ʩʤʦʯʝʥʥʦʛʦ ʧʝʨʠʤʝʪʨʘ c. 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʩʤʦʯʝʥʥʦʛʦ ʧʝʨʠʤʝʪʨʘ ʷʚʣʷʝʪʩʷ 

ʬʫʥʢʮʠʝʡ ʛʣʫʙʠʥʳ ʥʘʧʦʣʥʝʥʠʷ ʢʘʥʘʣʘ H, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪ ɹʤʠʥʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʩʤʦʯʝʥʥʦʛʦ ʧʝʨʠʤʝʪʨʘ, ʧʫʪʝʤ ʧʨʝʚʨʘʱʝʥʠʷ ʢ ʥʫʣʶ ʝʛʦ 

ʧʨʦʠʟʚʦʜʥʫʶ ʧʦ H:  

)(
2

1

sin

1

sin

1

;0
sin

1

sin

1
)(5,0

21

2

21

2

21

212

bb
bb

w

bb
bb

wc

ctgctgHH

ctgʩtg
ʅdH

d

+-öö
÷

õ
ææ
ç

å
+=

=öö
÷

õ
ææ
ç

å
+++--=

 



 61 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʨʘʩʯʝʪ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʨʘʜʠʫ-

ʩʘ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 
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ʆʪʤʝʪʠʤ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘ ʢʘʥʘʣʘ ʩ 

ʪʨʘʧʝʮʝʠʜʘʣʴʥʳʤ ʩʝʯʝʥʠʝʤ, ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʢʘʥʘʣʦʤ, ʦʙʣʘʜʘʶʱʠʤ ʬʦʨʤʦʡ 

ʧʦʣʫʢʨʫʛʘ, ʨʘʚʥʷʝʪʩʷ ʧʦʣʦʚʠʥʝ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥʳ ʛʣʫʙʠʥʳ ʧʦʪʦʢʘ, ʪ. ʝ.  
 

2
*

ʅ
R = . 

ɺ ʧʦʩʣʝʜʫʶʱʝʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥʳ ʛʠʜ-

ʨʘʚʣʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘ, ʧʦʣʫʯʠʤ: 
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2sinsin/)sin(sin
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ʆʪʩʶʜʘ ʥʘʭʦʜʠʤ ʥʘʠʚʳʛʦʜʥʝʡʰʝʝ ï ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦʡ ʰʠʨʠʥʳ ʢʘʥʘʣʘ ʧʦ ʜʥʫ: 

1
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b

                                                   (2.19)
 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʰʠʨʠʥʳ ʷʚʣ̫-

ʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʠ ʥʘʭʦʜʠʪʩʷ ʚʦ ʚʟʘʠʤʦʩʚʷʟʠ ʩ ʫʛʣʦʤ ʥʘʢʣʦʥʘ ʦʪʢʦʩʦʚ ʢʘ-

ʥʘʣʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʛʦʨʠʟʦʥʪʫ. 

ɺ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ, ʧʨʠ bbb == 21 , ʧʦʣʫʯʠʤ: 

b
b

w ʩtgHH 22

sin

1
2 -=  

2//* HR == cw
 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʨʘʩʭʦʜʘ Q ʠ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ U ʧʦʪʦʢʘ ʚ ʦʪʢʨʳʪʦʤ 

ʢʘʥʘʣʝ ʩ ʩʝʯʝʥʠʝʤ ʨʘʚʥʦʙʝʜʨʝʥʥʘʷ ʪʨʘʧʝʮʠʷ ʧʦʣʫʯʠʤ: 
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./2;/)cos1(
sin

2
2

llb
b

w gIHUgIH
H

UQ =-==

  (2.20) 

ʇʨʠ 0

21 90==bb  ʠʤʝʝʤ ʢʘʥʘʣ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ b=2H, ʩ ʧʣʦʱʘʜʴʶ 

2H ʤʘʣʴʥʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ 

2. ʈʘʩʩʤʦʪʨʠʤ ʥʘʧʦʨʥʦʝ ʪʝʯʝʥʠʝ ʚ ʢʘʥʘʣʝ ʩ ʧʦʧʝʨʝʯʥʳʤ ʩʝʯʝʥʠʝʤ ʚʠʜʘ 

(ʨʠʩ. 2.5) , ʩʦ ʩʪʦʨʦʥʘʤʠ ʦʙʣʘʜʘʶʱʠʝ ʩʚʦʡʩʪʚʘ ʥʝʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʧʣʦʱʘʜʴʶ 

ʩʝʯʝʥʠʷ w , ʘ ʪʘʢʞʝ ʠ ʟʥʘʯʝʥʠʝʤ ʜʣʠʥʳ ʩʤʦʯʝʥʥʦʛʦ ʧʝʨʠʤʝʪʨʘ ǐ, ʚʳʨʘʞʝʥ-

ʥʳʝ ʥʠʞʝʩʣʝʜʫʶʱʠʤʠ ʬʦʨʤʫʣʘʤʠ:  

[ ]HctgctgHb )(5,0 21 bbw ++= ,                     (2.21) 

öö
÷

õ
ææ
ç

å
++++=

21

21
sin

1

sin

1
2

bb
bbc ctgctgHb    (2.22) 

ʀʟ (2.21) ô (2.22) ý÷ñðÿñþ: 

öö
÷

õ
ææ
ç

å
++=

21 sin

1

sin

12

bb

w
c H
ʅ

.   (2.23) 

ʇʨʠ ʜʘʥʥʦʡ ʧʣʦʱʘʜʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ɤ ʨʘʩʭʦʜ Q ʢʘʥʘʣʘ ʙʫʜʝʪ 

ʥʘʠʙʦʣʴʰʠʤ, ʝʩʣʠ ʥʘʠʙʦʣʴʰʠʤ ʙʫʜʝʪ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʨʘʜʠʫʩ ,*
c

w
=R  

ʪ.ʝ. ʯʝʤ ʤʝʥʴʰʝ ʚʝʣʠʯʠʥʘ ʩʤʦʯʝʥʥʦʛʦ ʧʝʨʠʤʝʪʨʘ ɢ: 

0
sin

1

sin

12

21

2
=++-=

bb

wc

HdH

d
, ô÷ô 

öö
÷

õ
ææ
ç

å
+=

21

2

sin

1

sin

1
2

bb
w H .     (2.24) 

Ôó (2.23), (2.24) ý÷ñðÿñþ: 

4

H
R ==*

c

w
 

ɿʘʤʝʪʠʤ, ʯʪʦ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʟʘʤʢʥʫʪʦʛʦ ʢʨʫʛʘ ʧʦʣʫʯʠʣʦʩʴ ʩʦʦʪʥʦʰʝ-

ʥʠʝ, ʯʪʦ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʨʘʜʠʫʩ ʨʘʚʝʥ ʯʝʪʚʝʨʪʠ ʚʳʩʦʪʳ ʥʘʧʦʣʥʝʥʠʷ.  

ʇʦʩʢʦʣʴʢʫ 

( )[ ]
4

sin

1

sin

1
2

5.0

21

21

21 H

ctgctgHb

ctgctgHb
R =

öö
÷

õ
ææ
ç

å
++++

++
=*

bb
bb

bb
, 
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ùìõðñø úþùúýôþñ÷ĈùÿĊ Ąôüôùÿ öìùì÷ì ûú ðùÿ: 

ù
ú

ø
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è -
+

-
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2

2

1

1

sin

cos1

sin
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2

1

b

b

b

b

H

b
. 

ʘ) ʚ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ ʧʨʠ ɓ1= ɓ2 = ɓ  

 

ù
ù
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ø

é
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b

sin

cos1

H

b
,          ö

ö

÷

õ

æ
æ

ç
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b
w

sin

12H . 

ɼʣʷ ʨʘʩʭʦʜʘ Q ʠ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ U ʧʦʪʦʢʘ ʚ ʦʪʢʨʳʪʦʤ ʢʘʥʘʣʝ ʩ ʩʝʯʝ-

ʥʠʝʤ ʨʘʚʥʦʙʝʜʨʝʥʥʘʷ ʪʨʘʧʝʮʠʷ ʧʦʣʫʯʠʤ: 

./2;/2
sin

2

ll
b

w gIHUgIH
H

UQ ===

   (2.25) 

ʙ) ʇʨʠ ɓ1= ɓ2=90Ü, b=H,  

ʠʤʝʝʤ ʢʘʥʘʣ ʢʚʘʜʨʘʪʥʦʡ ʬʦʨʤʳ ʩʝʯʝʥʠʷ, ʩ ʧʣʦʱʘʜʴʶ H2, ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ: 

./2;/22 llw gIHUgIHʅUQ ===
   (2.26) 

ʚ) ʚ ʩʣʫʯʘʝ ʩ ʰʠʨʦʢʠʤ ʢʘʥʘʣʦʤ B>> H ʩ ʩʝʯʝʥʠʝʤ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʚʠʜʘ, 

ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘ ʧʨʠʤʝʪ ʚʠʜ: 

HɺHHR º+== )/1/(/* cw . 

ɺ ɻʪʦʤ ʩʣʫʯʘʝ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʨʘʚʝʥʩʪʚʘ: )(4,4 HBBH +== cw  ʠ 

ʧʦ ʬʦʨʤʫʣʝ ɼʘʨʩʠ-ɺʝʡʩʙʘʭʘ ʠʤʝʝʤ:
 

llw /828,2;/31,11 2/3 gHIUgIBHUQ ʞ === .
 

ɸʥʘʣʦʛʠʯʥʦ, ʜʣʷ ʟʥʘʯʠʪʝʣʴʥʦ ʫʟʢʦʛʦ ʢʘʥʘʣʘ, ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʟʥʘʯʝʥʠʝ 

ʚʝʣʠʯʠʥʳ ʚʳʩʦʪʳ ʧʦʪʦʢʘ H ʚ ʱʝʣʷʭ ʰʠʨʠʥʦʡ ɺ, ʅ>>B ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʨʘ-

ʜʠʫʩ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʧʦ ʚʳʨʘʞʝʥʠʶ 

BBHBBR 2)1/(2)1/(2/4* º+=+= e . 

ʉ ʮʝʣʴʶ ʨʘʩʯʝʪʘ ʢʘʥʘʣʦʚ ʱʝʣʝʚʠʜʥʦʛʦ ʪʠʧʘ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʥʘʧʦʨʦʤ 

ʚʦʜʳ ʅ , ʠʟʚʝʩʪʥʘʷ ʬʦʨʤʫʣʘ ɼʘʨʩʠ-ɺʝʡʩʙʘʭʘ ʧʨʠʤʝʪ ʚʠʜ: 

llw /828,2;/31,11 2/3 gBIUgIHBUQ e ===  .       (2.27) 
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ɻʣʘʚʘ 3. ʋʈɸɺʅɽʅʀʗ ʊʋʈɹʋʃɽʅʊʅʆɻʆ ɼɺʀɾɽʅʀʗ 

 

3.1. ʋʨʘʚʥʝʥʠʷ ʈʝʡʥʦʣʴʜʩʘ. ʌʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʷ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ɹʫʩʩʠʥʝʩʢʘ 

 

ʆʙʱʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʤʠ ʧʫʪʷʤʠ ʬʨʘʥʮʫʟʩʢʠʤ ʫʯʝʥʳʤ ʂ. ʅʘʚʴʝ (1827ʛ.) ʠ ʘʥ-

ʛʣʠʡʩʢʠʤ ʫʯʝʥʳʤ ɼʞ. ʉʪʦʢʩʦʤ (1843ʛ.) ʠ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ çʉʠʩʪʝʤʳ ʫʨʘʚʥʝ-

ʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘè.  
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ʛʜʝ (u, v, w) - ʢʦʦʨʜʠʥʘʪʳ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ u, ʚʝʢʪʦʨ (ʍ, Y, Z) - ʚʝʢʪʦʨ 

ʤʘʩʩʦʚʳʭ ʩʠʣ, ɲ - ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ, t - ʚʨʝʤʷ, ɟ - ʧʣʦʪʥʦʩʪʴ, p - ʜʘʚʣʝʥʠʝ, Õ - 

ʢʦʵʬʬʠʮʠʝʥʪ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ, Oxyz - ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨ-

ʜʠʥʘʪ. u, v, w, p - ʠʩʢʦʤʳʝ ʬʫʥʢʮʠʠ.  

ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʬʦʨʤʝ ʢʦʦʨʜʠʥʘʪ,r ʩʦʜʝʨʞʠʪ ʚ ʩʚʦ-

ʝʤ ʩʦʩʪʘʚʝ ʠ ʩʪʨʫʢʪʫʨʝ ʯʝʪʳʨʝ ʫʨʘʚʥʝʥʠʷ, ʪʨʠ ʠʟ ʢʦʪʦʨʳʭ ʦʪʥʦʩʷʪʩʷ ʢ ʫʨʘʚ-

ʥʝʥʠʷʤ ʜʚʠʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʠ ʦʜʥʦ ʫʨʘʚʥʝʥʠʝ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʫʨʘʚʥʝʥʠʷʤ ʥʝ-

ʨʘʟʨʳʚʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ, ʢʦʣʠʯʝʩʪʚʦ ʥʝʠʟʚʝʩʪʥʳʭ ʪʘʢʞʝ ʯʝʪʳʨʝ - ʪʨʠ ʢʦʤʧʦ-

ʥʝʥʪʳ ʩʢʦʨʦʩʪʠ ʠ ʦʜʠʥ ʢʦʤʧʦʥʝʥʪ ʜʘʚʣʝʥʠʷ, ʧʦʵʪʦʤʫ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʅʘ-

ʚʴʝ-ʉʪʦʢʩʘ - ʟʘʤʢʥʫʪʘʷ. 

ʉ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʨʝʰʘʶʪʩʷ ʟʘʜʘʯʠ ʣʘʤʠʥʘʨʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʝʡ [64-74]. ɺ ʩʠʣʫ ʩʚʦʝʛʦ ʦʙʱʝʛʦ ʭʘʨʘʢʪʝʨʘ ʵʪʠ ʫʨʘʚʥʝʥʠʷ 

ʦʧʠʩʳʚʘʶʪ ʪʘʢʞʝ ʤʛʥʦʚʝʥʥʳʝ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʠ ʜʘʚʣʝʥʠʷ ʚ ʪʫʨʙʫʣʝʥʪʥʳʭ 

ʧʦʪʦʢʘʭ. 
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ɺ ʝʩʪʝʩʪʚʝʥʥʳʭ ʨʫʩʣʘʭ ʤʳ ʚʩʝʛʜʘ ʥʘʙʣʶʜʘʝʤ ʧʦʣʥʦʩʪʴʶ ʨʘʟʚʠʪʦʝ ʪʫʨ-

ʙʫʣʝʥʪʥʦʝ ʪʝʯʝʥʠʝ ʚʦʜʳ. ʂʦʛʜʘ ʛʦʚʦʨʷʪ, ʯʪʦ ʪʫʨʙʫʣʝʥʪʥʦʝ ʜʚʠʞʝʥʠʝ ʚʦʜʳ ʚ 

ʨʝʢʘʭ ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʨʘʟʚʠʪʳʤ, ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʚʩʣʝʜʩʪʚʠʝ ʟʥʘʯʠʪʝʣɹ-

ʥʳʭ ʧʣʦʱʘʜʝʡ ʞʠʚʳʭ ʩʝʯʝʥʠʡ ʠ ʙʦʣʴʰʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʨʫʩʝʣ 

ʥʘ ʠʭ ʜʥʝ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʦʙʣʘʩʪʠ ʣʘʤʠʥʘʨʥʦʛʦ ʪʝʯʝʥʠʷ, ʥʘʙʣʶʜʘʶʱʝʡʩʷ ʚ 

ʚʠʜʝ ʪʦʥʢʦʛʦ ʩʣʦʷ ʥʘ ʩʪʝʥʢʘʭ ʛʣʘʜʢʠʭ ʪʨʫʙ ʠ ʢʘʥʘʣʦʚ ʥʝʙʦʣʴʰʠʭ ʧʦʧʝʨʝʯʥʳʭ 

ʨʘʟʤʝʨʦʚ. ʇʦʵʪʦʤʫ ʤʦʣʝʢʫʣʷʨʥʘʷ ʚʷʟʢʦʩʪʴ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʦʩʨʝʜ-

ʥʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʚʦʜʳ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʨʫʩʣʘʭ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʚʠʞʝʥʠʶ 

ʚʦʜ,r ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʚʩʝʛʜʘ ʦʩʪʘʝʪʩʷ ʢʚʘʜʨʘʪʠʯʥʳʤ. ʆʩʦʙʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʪʫʨʙʫʣʝʥʪʥʳʭ ʪʝʯʝʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ  ʚ ʥʝʨʝʛʫʣʠʨʦʚʘʥʥʦʩʪʠ ʩʣʫʯʘʡʥʳʭ ʟʥʘʯʝ-

ʥʠʷʭ ʚʝʣʠʯʠʥ ʬʣʫʢʪʫʘʮʠʡ ʢʦʣʝʙʘʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʩʢʦʨʦʩʪʴ, ʘ ʪʘʢʞʝ ʠ ʜʘʚʣʝʥʠʝ 

ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʟʦʥʳ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʘʨʘʤʝʪʨʳ ʛʨʘʥʠʯʥʳʭ 

ʫʩʣʦʚʠʡ ʪʝʯʝʥʠʷ ï ʪ.ʝ. ʨʘʩʭʦʜʘ ʚʦʜʳ ʚʦ ʚʭʦʜʥʦʤ ʩʝʯʝʥʠʠ ʫʯʘʩʪʢʘ, ʘ ʪʘʢʞʝ 

ʨʘʟʤʝʨʳ ʠ ʢʘʯʝʩʪʚʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʨʫʩʣʘ ʠʤʝʶʪ ʧʦʩʪʦʷʥʥʳʡ ʭʘ-

ʨʘʢʪʝʨ ʚʦ ʚʨʝʤʝʥʠ, ʪʦ ʩʣʫʯʘʡʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʢʦʨʦʩʪʠ ʠ ʜʘʚʣʝʥʠʷ ʩʦʚʝʨʰʘʶʪ-

ʩʷ ʦʢʦʣʦ ʫʩʪʦʡʯʠʚʳʭ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ. ɺ ʪʘʢʦʤ ʪʝʯʝʥʠʠ ʤʛʥʦʚʝʥʥʳʝ ʤʝʩʪ-

ʥʳʝ ʩʢʦʨʦʩʪʠ ʠ ʤʛʥʦʚʝʥʥʦʝ ʤʝʩʪʥʦʝ ʜʘʚʣʝʥʠʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, ʧʦ ʈʝʡ-

ʥʦʣʴʜʩʫ, ʚ ʚʠʜʝ ʩʫʤʤ ʠʭ ʦʩʨʝʜʥʝʥʥʳʭ ʠ ʧʫʣʴʩʘʮʠʦʥʥʳʭ ʩʣʘʛʘʝʤʳʭ: 
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ʏʝʨʪʘ ʩʚʝʨʭʫ ʦʟʥʘʯʘʝʪ ʦʧʝʨʘʮʠʶ ʦʩʨʝʜʥʝʥʠʷ ʧʦ ʚʨʝʤʝʥʠ, ʘ ʰʪʨʠʭ ʦʪ-

ʤʝʯʘʝʪ ʧʫʣʴʩʘʮʠʦʥʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʦʪ ʩʝʨʝʜʠʥʳ, [8]. ʆʧʝʨʘʮʠʷ ʚʨʝ-

ʤʝʥʥʦʛʦ ʦʩʨʝʜʥʝʥʠʷ ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʦʡ 
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ʇʝʨʠʦʜ ʦʩʨʝʜʥʝʥʠʷ T0 ʜʦʣʞʝʥ ʙʳʪʴ ʚʝʣʠʢ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʠʦʜʦʤ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʥʘʠʙʦʣʝʝ ʤʝʜʣʝʥʥʳʝ ʩʣʫʯʘʡʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʢʦʨʦʩʪʠ. ʈʘʟ-

ʣʦʞʝʥʠʝ ʤʛʥʦʚʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʥʘ ʦʩʨʝʜʥʝʥʥʳʝ ʠ ʧʫʣʴʩʘʮʠʦʥʥʳʝ ʩʣʘʛʘʝʤʳʝ 

ʚʦʟʤʦʞʥʦ ʠ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʦʩʨʝʜʥʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʯʝʥʠʷ ʵʚʦ-

ʣʶʮʠʦʥʠʨʫʶʪ ʚʦ ʚʨʝʤʝʥʠ, ʦʜʥʘʢʦ, ʧʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʧʝʨʠʦʜ 
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ʦʩʨʝʜʥʝʥʠʷ T0 ʙʳʣ ʤʘʣ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʚʨʝʤʝʥʝʤ ʥʝʩʣʫʯʘʡʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʜʚʠʞʝʥʠʡ. ʊ.ʢ. ʢʦʣʝʙʘʥʠʷ ʩʪʦʢʘ ʩʦʚʝʨʰʘʶʪʩʷ ʥʝʩʨʘʚʥʝʥʥʦ ʤʝʜ-

ʣʝʥʥʝʝ ʪʫʨʙʫʣʝʥʪʥʳʭ ʧʫʣʴʩʘʮʠʡ ʩʢʦʨʦʩʪʠ ʠ ʜʘʚʣʝʥʠʷ, ʚʳʙʦʨ ʧʝʨʠʦʜʘ T0, ʢʦ-

ʪʦʨʳʡ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʚʦʝʜʠʥʦ ʜʚʝ ʫʢʘʟʘʥʥʳʝ ʚʳʰʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʠʤʝʝʪ ʚʦʟ-

ʤʦʞʥʳʤ ʧʦʩʪʦʷʥʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʇʝʨʝʥʝʩʝʤ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʩʢʦʨʦʩʪʠ ʠ ʜʘʚʣʝʥʠʶ ʚ ʫʨʘʚʥʝ-

ʥʠʷ ʅʘʚʴʝ-ʉʪʦʢʩʘ, ʘ ʪʘʢʞʝ ʠ ʫʨʘʚʥʝʥʠʝ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʚ ʧʦʩʣʝʜʫʶ-ʱʠʤ ʥʘʜ 

ʚʩʝʤʠ ʯʣʝʥʘʤʠ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ ʧʨʦʚʝʜʝʤ ʦʧʝʨʘʮʠʶ çʦʩʨʝʜʥʝʥʠʷè, ʯʪʦ ʚ ʢʦ-

ʥʝʯʥʦʤ ʠʪʦʛʝ ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʠʟʚʝʩʪʥʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ çʩʨʝʜʥʝʛʦ 

ʜʚʠʞʝʥʠʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʈʝʡʥʦʣʴʜʩʘè. 

ʇʦʢʘʟʳʚʘʝʤ, ʯʪʦ ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʦʧʝʨʘʮʠʶ  ʦʩʨʝʜ-

ʥʝʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʯʣʝʥʦʚ ʫʨʘʚʥʝʥʠʷ ʅʘʚʴʝ-ʉʪʦʢʩʘ [15] ʜʣʷ ʩʣʫʯʘʷ ʩ ʬʫʥʢʮʠ-

ʝʡ ʤʛʥʦʚʝʥʥʳʭ ʩʢʦʨʦʩʪʝʡ wvu ,, , ʘ ʪʘʢʞʝ ʠ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʤʛʥʦʚʝʥʥʦ-

ʛʦ ʜʘʚʣʝʥʠʷ p. ɺʦʩʧʦʣʴʟʫʷʩʴ ʫʨʘʚʥʝʥʠʝʤ ʥʝʨʘʟʨʳʚʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʠ ʫʩʣʦʚʠʝʤ 

ʥʝʩʞʠʤʘʝʤʦʩʪʠ ʞʠʜʢʦʩʪʠ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʚʝʜʝʤ ʥʠʞʝʩʣʝʜʫʶʱʝʝ ʧʨʝʦʙ-
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ʉʦʩʪʘʚʣʷʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʢʦʨʦʩʪʠ ʠʟ (3.1) ʚ ʵʪʫ ʩʠʩʪʝʤʫ ʠ ʧʨʦʚʝʜʷ 

ʦʧʝʨʘʮʠʶ ʫʩʨʝʜʥʝʥʠʷ, ʧʦʣʫʯʠʤ: 
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ʇʨʦʮʝʩʩ ʦʩʨʝʜʥʝʥʠʷ ʦʩʪʘʣʴʥʳʭ ʜʨʫʛʠʭ ʯʣʝʥʦʚ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-

ʉʪʦʢʩʘ, ʘ ʪʘʢʞʝ ʠ ʣʠʥʝʡʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʠʤ ʘʥʘʣʦ-

ʛʠʯʥʳʤ ʦʙʨʘʟʦʤ. ʀʟ ʦʩʨʝʜʥʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʚʳʭʦʜʠʪ, ʯʪʦ ʚ 

ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʩʫʤʤʘ  
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʈʝʡʥʦʣʴʜʩʘ ʧʦʣʫʯʘʝʪ ʚʠʜ: 

î
î
î
î

í

îî
î
î

ì

ë

µ

¡¡µ
+

µ

¡¡µ
+

µ

¡¡µ
-D+

µ

µ
-=

µ

µ
+

µ

µ
+

µ

µ
+

µ

µ

µ

¡¡µ
+

µ

¡¡µ
+

µ

¡¡µ
-D+

µ

µ
-=

µ

µ
+

µ

µ
+

µ

µ
+

µ

µ

µ

¡¡µ
+

µ

¡¡µ
+

µ

¡¡µ
-D+

µ

µ
-=

µ

µ
+

µ

µ
+

µ

µ
+

µ

µ

)((

)((

),((

z

ww

y

vw

x

uw
w

x

p
X

z

w
w

y

w
v

x

w
u

t

w

z

wv

y

vv

x

uv
v

x

p
X

z

v
w

y

v
v

x

v
u

t

v

z

wu

y

vu

x

uu
u

x

p
X

z

u
w

y

u
v

x

u
u

t

u

rmr

rmr

rmr

 (3.3)

 

0=
µ

µ
+

µ

µ
+

µ

µ

z

w

y

v

x

u
       (3.4) 

 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʈʝʡʥʦʣʴʜʩʘ 

ʥʝʟʘʤʢʥʫʪʘʷ - ʯʝʪʳʨʝ ʫʨʘʚʥʝʥʠʷ ʩʦʜʝʨʞʘʪ ʜʝʩʷʪʴ ʥʝʠʟʚʝʩʪʥʳʭ. ʇʦʷʚʣʝʥʠʝ 

ʰʝʩʪʠ ʣʠʰʥʠʭ ʥʝʠʟʚʝʩʪʥʳʭ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʨʠ ʟʘʤʝʥʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦ-

ʛʦ ʭʘʦʪʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʞʠʜʢʠʭ ʯʘʩʪʠʮ ʬʠʢʪʠʚʥʳʤ ʦʩʨʝʜʥʝʥʥʳʤ ʪʝʯʝʥʠʝʤ 

ʧʨʠʭʦʜʠʪʩʷ ʚʚʦʜʠʪʴ ʩʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʩʪʨʫʷʤʠ ʵʪʦʛʦ ʬʠʢʪʠʚʥʦʛʦ 

ʪʝʯʝʥʠʷ.  

ʌʠʟʠʯʝʩʢʠ ʩʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʝʨʝʥʦʩʦʤ ʠʤʧʫʣʴʩʘ 

ʯʝʨʝʟ ʛʨʘʥʠʮʳ ʩʪʨʫʡ ʧʝʨʝʤʝʰʠʚʘʶʱʠʤʠʩʷ ʤʘʩʩʘʤʠ ʞʠʜʢʦʩʪʠ. ʆʪʥʝʩʝʥʥʳʝ ʢ 

ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ, ʩʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʘʶʪ ʚʠʨʪʫʘʣʴʥʳʝ (ʪ.ʝ. ʢʘʞʫʱʠʝʩʷ) 

ʥʘʧʨʷʞʝʥʠʷ. ʀʭ ʥʘʟʳʚʘʶʪ ʪʫʨʙʫʣʝʥʪʥʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ. ɺ ʣʶʙʦʡ ʪʦʯʢʝ ʧʦ-

ʪʦʢʘ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʪʨʠ ʥʝʟʘʚʠʩʠʤʳʝ ʢʦʤʧʦʥʝʥʪʳ ʚʠʨʪʫʘʣʴʥʦʛʦ ʢʘ-

ʩʘʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʨʠ ʢʦʤʧʦʥʝʥʪʳ ʚʠʨʪʫʘʣʴʥʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʥʘʧʨʷ-

ʞʝʥʠʷ (ʪ.ʝ. ʜʘʚʣʝʥʠʷ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʪʝʯʝʥʠʷ), ʦʙʨʘʟʫʶʱʠʝ ʩʠʤʤʝʪʨʠʯʥʳʡ 

ʪʝʥʟʦʨ ʚʪʦʨʦʛʦ ʨʘʥʛʘ: 
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ʏʪʦ ʢʘʩʘʝʪʩʷ ʜʠʘʛʦʥʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʥʟʦʨʘ (2.5) , ʪʦ ʦʥʠ ʧʨʝʜ-

ʩʪʘʚʣʷʶʪ ʧʨʦʮʝʩʩ ʜʘʚʣʝʥʠʷ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʪʝʯʝʥʠʷ, ʪʦ ʦʥʠ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝ-

ʥʳ ʚ ʚʠʜʝ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. ʐʝʩʪʴ ʥʝʟʘʚʠʩʠʤʳʭ ʢʦʤʧʦʥʝʥʪ ʪʝʥʟʦʨʘ 

ʥʘʧʨʷʞʝʥʠʡ ʈʝʡʥʦʣʴʜʩʘ ʥʘʭʦʜʷʪʩʷ ʚ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ (3.3), (3.4) ʩ ʣʠʰʥʠ-

ʤʠ ʥʝʠʟʚʝʩʪʥʳʤʠ. 

ɿʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʪʝʥʟʦʨʘ ʦʙʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʦʩʨʝʜʥʝʥʥʦʤ ʪʫʨʙʫ-

ʣʝʥʪʥʦʤ ʪʝʯʝʥʠʠ ʤʦʞʥʦ ʟʘʧʠʩʚrʘʪ ɹ ʩʣʝʜʫʶʱʝʡ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʷ: 
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ʆʧʳʪʳ ʠ ʟʘʤʝʥʘ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʠʩʪʠʥʥʳʭ ʩʢʦʨʦʩʪʝʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ 

ʥʘ ʥʝʟʘʤʢʥʫʪʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʩʨʝʜʥʝʛʦ ʜʚʠʞʝʥʠʷ ʈʝʡʥʦʣʴʜʩʘ ʧʨʠʚʝʣʠ 

ʫʯʝʥʳʭ ʢ ʙʦʣʝʝ ʛʣʫʙʦʢʦʤʫ ʠʟʫʯʝʥʠʶ ʧʨʦʮʝʩʩʘ ʧʝʨʝʭʦʜʘ ʩʧʦʢʦʡʥʦʛʦ ʣʘʤʠ-

ʥʘʨʥʦʛʦ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʠ ʢ ʝʝ ʙʝʩʧʦʨʷʜʦʯʥʦʤʫ ʭʘʦʪʠʯʝʩʢʦʤʫ ʜʚʠ-

ʞʝʥʠʶ, ʠ ʩʚʷʟʘʪʴ ʝʛʦ ʩ ʧʨʦʙʣʝʤʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʚʠʞʝʥʠʷ.  

ɺʧʝʨʚʳʝ ʚ ʨʘʤʢʘʭ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʟʘʜʘʯʘ ʦ ʛʠʜʨʦʜʠ-

ʥʘʤʠʯʝʩʢʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʪʝʯʝʥʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʢʦʘʢʩʠʘʣʴʥʳʤʠ ʮʠʣʠʥ-

ʜʨʘʤʠ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʠ ʨʝʰʝʥʘ ʪʝʦʨʝʪʠʯʝʩʢʠ ʠ ʧʨʦʚʝʨʝʥʘ ʥʘ ʦʧʳʪʝ 

ɼʞ.ʀ.ʊʝʡʣʦʨʦʤ [9]. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ: ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʮʠʣʠʥ-

ʜʨʳ ʙʫʜʫʪ ʚʨʘʘɦʪʴʩʷ ʚ ʦʜʥʫ ʠ ʪʫ ʞʝ ʩʪʦʨʦʥʫ, ʪʦ ʫʯʠʪʳʚʘʷ ʫʩʣʦʚʠʝ 2

22

2

11 rr ww <  

ʚʩʝʛʜʘ ʙʫʜʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʫʩʪʦʡʯʠʚʦʩʪʴ; ʵʪʦʪ ʢʨʠʪʝʨʠʡ ʥʝʧʨʠʤʝʥʠʤ, ʝʩʣʠ 

ʚʨʘʱʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʀʤʝʥʥʦ ʚ ʵʪʦʪ ʧʝ-
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ʨʠʦʜ ʙʳʣʘ ʨʝʰʝʥʘ, ʠ ʜʨʫʛʘʷ, ʥʝ ʤʝʥʝʝ ʚʘʞʥʘʷ ʟʘʜʘʯʘ ʦ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʪʝʯʝ-

ʥʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʥʝʧʦʜʚʠʞʥʳʤʠ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʩʪʝʥʢʘʤʠ ʠ ʚ ʧʦʛʨʘʥʠʯʥʦʤ 

ʩʣʦʝ. ʇʦʜʨʦʙʥʦʝ ʠʟʣʦʞʝʥʠʝ ʠ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʰʝʥʠʡ ʵʪʠʭ ʟʘʜʘʯ ʜʘʥ ʚ 

ʫʯʝʙʥʠʢʝ [9]. ʊʝʡʣʦʨ, ʇʨʘʥʜʪʣʴ, ʂʘʨʤʘʥ ʜʨ. [9,10] ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʟʘʜʘʯʠ ʧʦ-

ʩʪʨʦʝʥʠʷ ʦʙʱʝʛʦ ʚʠʜʘ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʬʠʣʷ ʦʩʨʝʜʥʝʥʥʳʭ ʩʢʦʨʦʩʪʝʡ ʪʫʨʙʫ-

ʣʝʥʪʥʦʛʦ ʧʦʪʦʢʘ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ, ʧʣʦʩʢʦʡ ʠ ʢʨʫʛʣʦʡ ʪʨʫʙʝ ʦʪ ʚʷʟʢʦʩʪʠ n, 

ʧʣʦʪʥʦʩʪʠ r ʞʠʜʢʦʩʪʠ ʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʢʦʦʨʜʠʥʘʪʳ ʯʘʩʪʠʮ z  ʦʪ ʩʪʝʥʢʠ, ʛʜʝ 

ʢʘʩʘʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʨʘʚʥʦ .0 const=t  ʊʘʢ, ʇʨʘʥʜʪʣʴ ʠ ʂʘʨʤʘʥ, ʩʯʠʪʘʷ ʦʪ-

ʥʦʰʝʥʠʝ rt/0  ʚʘʞʥʦʡ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʦ-

ʪʦʢʘ, ʚʝʣʠʯʠʥʫ rt/0* =u  ʩ ʨʘʟʤʝʨʥʦʩʪʴʶ ʩʢʦʨʦʩʪʠ ʧʨʠʥʷʣʠ ʢʘʢ ʫʥʠʚʝʨʩʘʣʴ-

ʥʳʡ ʤʘʩʰʪʘʙ ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʷ ʦʢʦʣʦ ʩʪʝʥʢʠ (ʝʝ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ çʜʠʥʘ-

ʤʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʴʶè [14], ʧʦ ʂʘʨʤʘʥʫ (1930), ʦʥʘ - çʩʢʦʨʦʩʪʴʶ ʪʨʝʥʠʷè ʫ 

ʩʪʝʥʢʠ). ʉʦʩʪʘʚʠʚ ʙʝʟʨʘʟʤʝʨʥʫʶ ʚʝʣʠʯʠʥʫ n/*zu , ʧʨʝʜʩʪʘʚʣʷʶʱʫʶ ʥʝʢʦʪʦ-

ʨʫʶ ʬʫʥʢʮʠʶ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ, ʦʙʱʠʡ ʚʠʜ ʧʨʦʬʠʣʷ ʦʩʨʝʜʥʝʥʥʳʭ ʩʢʦʨʦ-

ʩʪʝʡ, ʇʨʘʥʜʪʣʴ [6] ʧʨʝʜʣʦʞʠʣ ʟʘʧʠʩʘʪʴ ʪʘʢ:  
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fuzu . 

ʯʪʦ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʟʘʢʦʥʦʤ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʚʙʣʠʟʠ 

ʩʪʝʥʢʠ. ʇʦʟʞʝ ʂʘʨʤʘʥ (1930) ʠ ʇʨʘʥʜʪʣʴ (1932), ʦʙʨʘʙʘʪʳʚʘʷ ʜʘʥʥʳʝ ʦʧʳ-

ʪʦʚ, ʧʨʝʜʧʦʯʪʝʥʠʝ ʜʘʣʠ ʯʘʩʪʥʦʤʫ ʚʠʜʫ ʵʪʦʛʦ ʟʘʢʦʥʘ - ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤʫ [10, 

14]: 
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ʩʨʘʚʥʝʥʠʝ ʢʦʪʦʨʳʭ ʩ ʜʘʥʥʳʤʠ ʢʣʘʩʩʠʯʝʩʢʠʭ ʦʧʳʪʦʚ ʅʠʢʫʨʘʜʟʝ (1932-

33) ʠ ʜʨ. ʚ ʧʨʷʤʳʭ ʪʨʫʙʘʭ ʨʘʟʣʠʯʥʳʭ ʜʠʘʤʝʪʨʦʚ ʩ ʛʣʘʜʢʠʤʠ ʠ ʰʝʨʦʭʦʚʘʪʳʤʠ 

ʚʥʫʪʨʝʥʥʠʤʠ ʩʪʝʥʢʘʤʠ ʧʨʠ mr /Re UD= , ʤʝʥʷʶʱʠʤʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 4*104 ʜʦ 

3,2*106, ʫʢʘʟʘʣʦ ʥʘ ʪʦʪʘʣʴʥʦʝ ʩʦʛʣʘʩʦʚʘʥʠʝ ʪʝʦʨʠʠ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ. 
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ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʨʝʟʫʣʴʪʘʪʳ ʢʣʘʩʩʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʅʠʢʫʨʘʜʟʝ 

ʢʘʩʘʪʝʣʴʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥʳ ʩʢʦʨʦʩʪʝʡ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʠ ʚ 

ʞʠʚʦʤ ʩʝʯʝʥʠʠ ʪʝʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʣʘʜʢʠʭ ʠ ʰʝʨʦʭʦʚʘʪʳʭ ʪʨʫʙ, ʚʳʜʝʣʷ-

ʶʪʩʷ ʩʚʦʝʡ ʪʦʯʥʦʩʪʴʶ ʠ ʧʦʣʥʦʪʦʡ ʠʟʤʝʨʝʥʠʷ, ʠ ʧʦʵʪʦʤʫ ʠʭ ʢʘʢ ʵʪʘʣʦʥ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʝʛʫʣʷʨʥʦ ʧʨʠʤʝʥʷʶʪ ʩ ʮʝʣʴʶ ʧʨʦʚʝʨʢʠ ʥʦʚʳʭ 

ʤʦʜʠʬʠʢʘʮʠʡ ʟʘʢʦʥʦʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʬʦʨʤʳ.  

ʄʠʣʣʠʦʥʱʠʢʦʚʳʤ ʄ.ɼ. [15], ʧʨʠ ʧʨʠʥʷʪʠʠ ʟʥʘʯʝʥʠʷ ʜʣʠʥʳ ʧʨʦʙʝʛʘ 

ʚʠʭʨʷ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʧʫʯʢʘ l  ʤʦʣʝʢʫʣ, ʦʙʣʘʜʘʶʱʝʡ ʚʷʟʢʦʩʪʠ ʚ ʧʨʠʤʝ-

ʥʷʶʱʠʭ ʞʠʜʢʦʩʪʷʭ ʟʘ ʦʧʨʝʜʝʣʝʥʥʫʶ ʜʣʠʥʫ ʧʫʪʠ ʩʤʝʰʝʥʠʷ ʠ ʠʩʧʦʣʴʟʫʷ ʤʘʩ-

ʰʪʘʙʥʦʩʪʴ ʬʣʫʢʪʫʘʮʠʡ (ʧʫʣʴʩʘʮʠʡ) - ʚʝʣʠʯʠʥʫ rt /0* ¹v , ʟʥʘʯʝʥʠʝ ʚʝʣʠ-

ʯʠʥ ʢʘʩʘʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʘ ʪʘʢʞʝ  ʠ ʚʠʭʨʝʚʦʡ ʚʷʟʢʦʩʪʠ A ʤʦʞʥʦ ʟʘʧʠ-

ʩʘʪʴ ʚ ʥʠʞʝʩʣʝʜʫʶʱʝʤ ʚʠʜʝ:     zxzN ulv )( *rnttt +=+¹ , 

*lvA T rm =¹  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʤʳ ʧʦʣʫʯʠʣʠ ʩʠʩʪʝʤʫ 

ʫʨʘʚʥʝʥʠʡ ʪʝʯʝʥʠʷ ʣʘʤʠʥʘʨʥʦʛʦ ʧʦʜʩʣʦʡʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʠ 

ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʷʜʨʘ ʚ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʷʭ ʠ ʚ ʪʨʫʙʝ. ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʤʦʞʝʪ ʫʜʦʚʣʝʪʚʦʨʷʪɹ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʪʠʧʘ, ʢʘʢ ʥʘ ʩʪʝʥ-

ʢʝ, ʪʘʢ ʠ ʥʘ ʦʩʠ ʧʦʪʦʢʘ ʪʝʯʝʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʩʪʨʫʢʪʫʨʘ ʢʦʵʬʬʠʮʠʝʥʪʘ 

*lvA T rm =¹  ʚʳʙʠʨʘʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʨʝʰʝʥʠʷ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʚʠʜʝ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʣʠʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʝʨʝʩʝʢʘʪ ɹʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫ-

ʯʝʥʥʳʝ ʅʠʢʫʨʘʜʟʝ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩʝʨʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ, ʚ ʪ.ʯ. ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʦʧʳʪʦʚ, ʘʚʪʦʨ ʧʨʠʭʦʜʠʪ ʢ ʩʣʝʜʫʶʱʝʤʫ ʚʳʚʦʜʫ: 

çʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʛʦʚʦʨʠʪʴ ʪʦʯʥʦ, ʟʘʢʦʥʫ ʣʦʛʘʨʠʬʤʘ, ʧʦ ʠʟʤʝʨʝʥʠʷʤ 

ʅʠʢʫʨʘʜʟʝ, ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʥʝ ʚʩʝ ʟʥʘʯʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʩʪʝʥʢʠ, ʘ ʣʠʰʴ 

ʟʥʘʯʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ 4,02,0 ·>z . ʉʚʷʟʘʥʳ ʣʠ ʫʢʘʟʘʥʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʛʦ ʟʘʢʦʥʘ ʩ ʥʝʪʦʯʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʡ, ʯʠʩʪʦʪʦʡ ʧʦʩʪʘʥʦʚʢʠ 

ʦʧʳʪʘ, ʚʢʣʶʯʘʷ ʧʦʥʷʪʠʝ ʛʣʘʜʢʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʠʣʠ ʦʥʠ ʦʪʨʘʞʘʶʪ ʜʝʡʩʪʚʠ-

ʪʝʣʴʥʦ ʠʤʝʶʱʝʝ ʤʝʩʪʦ ʷʚʣʝʥʠʝ, ʙʳʣʦ ʙʳ ʞʝʣʘʪʝʣʴʥʦ ʠʟʫʯʠʪʴ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦ [15]è. 
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ʂʨʠʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʭ ʪʝʦʨʠʡ ʠ ʫʨʘʚʥʝʥʠʡ ʢʦʥʮʘ 

XIX  ʠ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʳ XX ʚʝʢʦʚ, ʛʨʘʥʠʮʳ ʠʭ ʧʨʠʤʝʥʠʤʦʩʪʠ ʠ ʨʘʟʚʠʪʠʝ ʥʘ 

ʦʩʥʦʚʝ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩ ʤʥʦʞʝʩʪʚʦʤ ʦʧʳʪʦʚ, ʘ ʪʘʢʞʝ ʦʩʥʦʚʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʪʝʦʨʠʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʜʘʥ ʥʝ ʪʦʣʴʢʦ ʚ [14], ʥʦ ʠ Tʦʫʥʩʝʥʜʦʤ (1956), ɹʘʡ ʐʠ 

(1962) ʠ ʍʠʥʮʝ (1963) [11, 28, 29]. ʀʤʠ ʜʝʪʘʣʴʥʦ ʦʙʩʫʞʜʝʥʳ ʠ ʨʘʟʚʠʪʳ 

ʜʝʜʫʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʊʝʡʣʦʨʘ (1915, 1932), ʇʨʘʥʜʪʣʷ (1925), ʂʘʨʤʘʥʘ (1930), 

ʠʥʜʫʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʈʝʡʭʘʨʜ, ɹʵʨʦʥʘ, ɸʣʝʢʩʘʥʜʝʨʘ ʠ ʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʝʡ.  

ʆʙʟʦʨ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʥʘʫʯʥʳʭ ʨʘʙʦʪ 1960-1997 ʛʛ. (ʠʭ ʦʢʦʣʦ 2000), 

ʧʦʩʚʷʱʝʥʥʳʭ ʟʘʜʘʯʘʤ ʪʝʦʨʠʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʧʨʠ ʙʦʣʴʰʠʭ ʯʠʩʣʘʭ ʈʝʡʥʦʣʴʜ-

ʩʘ: ʤʝʪʦʜʳ ʦʩʨʝʜʥʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ, ʠ ʧʦʩʪʨʦʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʚ ʨʘʤʢʘʭ ʧʨʝʜʣʘʛʘʝʤʳʭ ʦʩʨʝʜʥʝʥʠʡ, ʩʦʚʨʝʤʝʥʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʩʪʘ-

ʪʠʩʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ, ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʪʦʢʘ 

ʨʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ [75-77], ʚʩʝ ʵʪʦ ʩʬʦʨʤʫʣʠʨʦʚʘʥʦ ʠ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʦ ʚ 

ʰʝʩʪʠ ʛʣʘʚʘʭ ʦʙʲʝʤʠʩʪʦʡ ʤʦʥʦʛʨʘʬʠʠ Piquet J. çʊʫʨʙʫʣʝʥʪʥʳʝ ʧʦʪʦʢʠ. 

ʄʦʜʝʣʠ ʠ ʬʠʟʠʢʘè [25]. ʇʨʠ ʦʙʠʣʠʠ ʜʘʥʥʳʭ ʦʧʳʪʦʚ ʠ ʥʦʚʳʭ ʤʦʜʝʣʴʥʳʭ 

ʟʘʜʘʯ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ ʚ ʪʨʫʙʝ ʠ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʚ 80-90-ʠʝ ʛʦʜʳ, ʚʦʧʨʦʩ 

ʦʙ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʟʘʢʦʥʘ ʣʦʛʘʨʠʬʤʘ Piquet J. [25] ʩʯʠʪʘʝʪ ʝʱʝ ʦʪʢʨʳʪʳʤ (ʩ. 

317). 

ɺ ʩʚʦʝʤ ʧʦʣʥʦʤ ʚʠʜʝ ʫʨʘʚʥʝʥʠʷ ʈʝʡʥʦʣʴʜʩʘ ʫʯʠʪʳʚʘʶʪ ʪʘʢʞʝ ʩʠʣʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʧʝʨʝʥʦʩʦʤ ʠʤʧʫʣʴʩʘ ʤʦʣʝʢʫʣʷʨʥʳʤ ʜʚʠʞʝ-

ʥʠʝʤ. ʆʜʥʘʢʦ ʧʨʠ ʙʦʣʴʰʠʭ ʯʠʩʣʘʭ ʈʝʡʥʦʣʴʜʩʘ, ʩʚʦʡʩʪʚʝʥʥʳʭ ʨʝʯʥʳʤ ʧʦʪʦ-

ʢʘʤ, ʤʦʣʝʢʫʣʷʨʥʳʝ ʯʣʝʥʳ ʫʨʘʚʥʝʥʠʷ ʤʘʣʳ ʠ ʤʦʛʫʪ ʙʳʪʴ ʦʪʙʨʦʰʝʥʳ. ɺ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʚʠʞʝʥʠʷ ʨʘʚʥʠʥʥʳʭ ʨʝʯʥʳʭ ʧʦʪʦʢʦʚ ʜʦʧʫʩʪʠʤʳ ʜʘʣʴ-

ʥʝʡʰʠʝ ʫʧʨʦʱʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʈʝʡʥʦʣʴʜʩʘ.  

ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʦ ʠʟʫʯʝʥʠʶ ʜʠʥʘʤʠʢʠ ʨʫʩʣʦʚʳʭ ʧʦʪʦʢʦʚ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʨʫʩʣʘʭ ʩ ʛʨʫʥʪʦʚʳʤʠ ʩʪʝʥʢʘʤʠ [16] (ʚ ʰʠʨʦʢʠʭ ʢʘʥʘʣʘʭ ʩ ʤʘʣʳʤ ʫʢʣʦʥʦʤ, ʠ 

ʪʝʤ ʙʦʣʝʝ, ʢʘʢ ʚ ʛʦʨʥʳʭ, ʪʘʢ ʠ ʚ ʧʨʝʜʛʦʨʥʳʭ ʨʝʢʘʭ ʎɸʈ ʠ ʚ ʜʨʫʛʠʭ ʟʘʩʫʰʣʠ-

ʚʳʭ ʩʪʨʘʥʘʭ ʟʝʤʥʦʛʦ ʰʘʨʘ ʚ ʦʩʥʦʚʥʦʤ ʥʘʙʣʶʜʘʶʪʩʷ ʪʨʠ ʚʠʜʘ ʨʝʞʠʤʦʚ ʪʫʨ-

ʙʫʣʝʥʪʥʳʭ ʪʝʯʝʥʠʡ:  
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- ʨʝʞʠʤ ʛʣʘʜʢʦʩʪʝʥʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʛʜʝ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʪʦʣʱʠ-

ʥ  rʚʷʟʢʦʛʦ ʧʦʜʩʪʠʣʘʶʱʝʛʦ ʩʣʦʷ ʥʘʤʥʦʛʦ ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʚʳ-

ʩʦʪʳ ʚʳʩʪʫʧʦʚ ʠ ʧʨʠ ʵʪʦʤ ʧʦʩʣʝʜʥʠʝ ʥʝ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪ ɹʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʟʥʘ-

ʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʫʩʣʘ;  

- ʧʝʨʝʭʦʜʥʦʡ ʨʝʞʠʤ, ʛʜʝ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʪʦʣʱʠʥʳ ʧʦʜʩʪʠʣʘʶʱʝʛʦ 

ʩʣʦʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʘʚʥʠʤʘ ʩʦ ʟʥʘʯʝʥʠʝʤ ʚʳʩʦʪ rʚʳʩʪʫʧʦʚ, ʘ ʪʘʢʞʝ ʠ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʝ ʨʫʩʣʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʫʤʤʘʨʥʳʤ ʵʬʬʝʢʪʦʤ ʩʦ ʩʪʦʨʦʥʳ, ʢʘʢ 

ʚʷʟʢʦʩʪʠ ʚʦʜʳ, ʪʘʢ ʠ ʦʪʨʳʚʥʦʛʦ ʦʙʪʝʢʘʥʠʷ ʵʪʠʭ ʚʩrʪʫʧʦʚ;  

- ʨʝʞʠʤ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʛʜʝ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʚʳʩʦʪʳ 

ʚʳʩʪʫʧʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʥʘʤʥʦʛʦ ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʪʦʣʱʠʥʳ 

ʚʷʟʢʦʛʦ ʧʦʜʩʪʠʣʘʶʱʝʛʦ ʩʣʦʷ, ʢʦʪʦʨʳʡ ʦʪʚʝʯʘʝʪ ʥʝʦʙʭʦʜʠʤʦʤʫ ʯʠʩʣʫ ʈʝʡ-

ʥʦʣʴʜʩʘ. 

 
ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʤʝʭʘʥʠʢʠ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ ʚʤʝʩʪʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʯʘʩʪʦ ʫʧʦʪʨʝʙʣʷʶʪ ʜʨʫʛʫʶ ʚʝʣʠʯʠʥʫ, ʘ ʠʤʝʥʥʦ 

;/rmn=  

 

ɺʝʣʠʯʠʥʘ n ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʷʟʢʦʩʪʠ. 

ʊʘʢ ʢʘʢ ʨʘʟʤʝʨʥʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʝʩʪʴ ʄL3, ʪʦ ʨʘʟʤʝʨʥʦʩʪʴʶ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ 

ʢʦɻ ʬʬʠʮʠʝʥʪʘ ʚʷʟʢʦʩʪʠ ʙʫʜʝʪ L2T-1, ʪ.ʝ. ʟʥʘʯʝʥʠʷ ʝʝ ʠʟʤʝʨʷʝʪʩʷ ʚ ʩʤ2/ʩʝʢ.  

 

3.2. ʋʨʘʚʥʝʥʠʷ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʦʪʦʢʘ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʨʫʩʣʘʭ 

 

ɺ ʨʫʩʣʘʭ ʩ ʝʩʪʝʩʪʚʝʥʥʳʤ ʪʝʯʝʥʠʝʤ ʜʚʠʞʝʥʠʝ ʚʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʠʟ-ʟʘ 

ʚʦʟʜʝʡʩʪʚʠʷ  ʩʠʣʳ ʪʷʞʝʩʪʠ Z=ɟg. ɼʦʧʫʩʪʠʤ, ʯʪʦ ʚʦʜʘ ʩʦ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭ-

ʥʦʩʪʴʶ ʪʝʯʝʪ ʧʦ ʧʣʦʩʢʦʩʪʠ ,Oxy  ʩ ʥʝʧʦʜʚʠʞʥʳʤ ʦʩʥʦʚʘʥʠʝʤ ʠ ʥʘʠʤʝʥʴʰʠʡ 

ʫʢʣʦʥ ʧʣʦʩʢʦʩʪʠ  ʧʦʜ ʟʥʘʯʠʪʝʣʴʥʦ ʤʘʣʳʤ ʫʛʣʦʤ a ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʛʦʨʠʟʦʥ-

ʪʫ. ɹʫʜʝʤ ʥʘʧʨʘʚʣʷʪʴ ʦʩ ɹOy ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʥʘ ʤʦʛʣʘ ʩʦʩʪʘʚʠʪʴ ʧʨ̫-

ʤʦʡ ʫʛʦʣ ʩ ʧʨʦʷʚʣʝʥʠʝʤ ʚʝʢʪʦʨʘ ʩʠʣʳ ʪʷʞʝʩʪʠ, ʘ ʦʩʴ ʆʭ ʥʘʧʨʘʚʠʤ ʪʘʢʠʤ ʦʙ-

ʨʘʟʦʤ, ʯʪʦʙʳ ʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʦʚʧʘʜʘʣʦ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʪʝʯʝʥʠʷ, ʘ ʯʪʦ ʢʘʩʘ-

ʝʪʩʷ ʦʩʠ Oz , ʪʦ ʦʥʘ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚʚʝʨʭ. ʇʨʠ ʵʪʦʤ, ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ (x,y,z) 
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ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʨʘʚʦʡ, ʛʜʝ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʚʳʩʦʪʳ ʪʦʯʝʢ ʩʚʦʙʦʜʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʠ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʚʳʩʦʪʳ ʪʦʯʝʢ ʜʥʘ ʧʦ ʦʪʥʦhʝʥʠʶ  

ʧʣʦʩʢʦʩʪʠ Oxy ʩʣʝʜʫʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʙʦʟʥʘʯʘʪʴ ʢʘʢ zô , ʪʘʢ ʠ z0 (ʨʠʩ. 3.1). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʧʦʥʝʥʪʦʚ ʫʩʢʦʨʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʤʦʞʥʦ ʟʘʧʠʩr -

ʚʘʪʴ ʚ ʥʠʞʝʩʣʝʜʫʶʱʝʤ ʚʠʜʝ [8]: 

giggggig zyx -@--=== 2

00 1,0, ,                                   (3.6) 

 

ʧʦʣʘʛʘʷ ʫʢʣʦʥ -º= aasin0i ʧʣʦʩʢʦʩʪʠ xOy ʢ ʛʦʨʠʟʦʥʪʫ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘ-

ʣʳʤ ʠ ʨʘʩʩʪʦʷʥʠʷ, ʦʪʩʯʠʪʳʚʘʝʤʳʝ ʚʜʦʣʴ ʦʩʠ z ʠ ʨʘʩʩʪʦʷʥʠʷ ʧʦ ʚʝʨʪʠʢʘʣʠ 

ʤʦʞʥʦ ʥʝ ʨʘʟʣʠʯʘʪʴ.  

 

 
 

ʈʠʩ. 3.1. ʉʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʨʫʩʣʦʚʦʛʦ ʧʦʪʦʢʘ [16]. 

 

ʆʩʦʙʝʥʥʦʩʪʠ ʨʝʯʥʳʭ ʧʦʪʦʢʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʫʧʨʦʩʪʠʪʴ ʫʨʘʚʥʝʥʠʷ 

ʦʩʨʝʜʥʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʣʥʦʡ ʬʦʨʤʦʡ ʫʨʘʚʥʝʥʠʡ ʈʝʡʥʦʣʴ-

ʜʩʘ, ʩʚʦʜʷʪʩʷ ʢ ʩʣʝʜʫʶʱʝʤʫ. 

1. ʈʘʟʤʝʨʳ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʦʪʦʢʦʚ ʧʦ ʚʝʨʪʠʢʘʣʠ ʚʩʝʛʜʘ ʤʘʣʳ ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʠʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʨʘʟʤʝʨʘʤʠ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʫʩʢʦʨʝʥʠʝ ʚ ʦʩʨʝʜ-

ʥʝʥʥʦʤ ʜʚʠʞʝʥʠʠ ʞʠʜʢʦʩʪʠ ʚʜʦʣʴ ʦʩʠ z ʤʘʣʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʩʢʦʨʝʥʠʷʤʠ 

ʚʜʦʣʴ ʦʩʝʡ x ʠ y. 
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2. ʕʪʘ ʞʝ ʤʘʣʦʩʪʴ ʚʝʨʪʠʢʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʧʦʪʦʢʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʭ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʨʘʟʤʝʨʘʤ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ 

ʞʠʜʢʦʩʪʠ ʦʢʘʟʳʚʘʶʪʩʷ ʤʝʥʷʶʱʠʤʠʩʷ ʧʦ ʦʩʠ z ʛʦʨʘʟʜʦ ʩʠʣʴʥʝʝ, ʯʝʤ ʧʦ ʦʩʷʤ 

x ʠ y. 

3. ʈʘʚʥʠʥʥʳʝ ʨʝʯʥʳʝ ʧʦʪʦʢʠ ʦʙʳʯʥʦ ʦʪʣʠʯʘʶʪʩʷ ʤʘʣʳʤʠ ʩʢʦʨʦʩʪʷʤʠ 

ʪʝʯʝʥʠʷ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʧʫʣʴʩʘʮʠʷʤʠ ʩʢʦʨʦʩʪʝʡ ʪʫʨʙʫʣʝʥʪ-

ʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʨʝʢʘʭ ʤʘʣʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʨʝʜʥʝʥʥʳʤ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤ 

ʜʘʚʣʝʥʠʝʤ. 

ʇʨʠ ʫʢʘʟʘʥʥʳʭ ʫʧʨʦʱʝʥʠʷʭ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʈʝʡʥʦʣʴʜʩʘ ʧʨʠʤʝʪ 

ʚʠʜ: 
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   (3.7) 

0=
µ

µ
+

µ

µ
+

µ

µ

z

w

yx

u n
       (3.8) 

ɿʜʝʩʴ u , n, w  - ʦʩʨʝʜʥʝʥʥʳʝ, ʘ ,u¡ ,v¡ w¡ - ʧʫʣʴʩʘʮʠʦʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʩʢʦʨʦʩʪʝʡ ʧʦ ʦʩʷʤ x, y, z; ɟ - ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ; p  - ʦʩʨʝʜʥʝʥʥʦʝ ʜʘʚʣʝʥʠʝ. 

ʋʨʘʚʥʝʥʠʷ (3.7) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʦʨʜʠʥʘʪʥʫʶ ʟʘʧʠʩʴ ʟʘʢʦʥʘ ʠʟ-

ʤʝʥʝʥʠʷ ʠʤʧʫʣʴʩʘ, ʚʳʨʘʞʝʥʠʝ (3.8) ʦʧʨʝʜʝʣʷʝʪ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʚʝʱʝʩʪʚʘ ʚ 

ʩʣʫʯʘʝ, ʢʦʛʜʘ ʞʠʜʢʦʩʪʴ ʩʯʠʪʘʝʪʩʷ  ʥʝʩʞʠʤʘʝʤʦʡ. 

ʇʨʦʠʟʚʦʜʠʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʧʦʩʣʝʜʥʝʝ ʠʟ ʫʨʘʚʥʝʥʠʡ (3.7) ʧʦ z, ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʤ  

),,( tyxFgzp +-=r  

ʌʫʥʢʮʠʶ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ F ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦʩʨʝʜʩʪʚʦʤ ʛʨʘ-

ʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ  .0)( =¡zp   

ʊʘʢʠʤ ʦʙʨʘʟʦʤ,  F(x,y,t)= ɟgz¡ ʠ  

.),( 0zzzzgp ²-¡= r           (3.9) 
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ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʜʘʚʣʝʥʠʷ ʚ ʧʦʪʦʢʝ ʪʝʯʝʥʠʷ ʤʦʞʝʪ 

ʙʳʪʴ ʨʘʩʧʨʝʜʝʣʝʥ ʠ ʥʘ ʚʝʨʪʠʢʘʣʠ ʩʦʛʣʘʩʥʦ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʟʘʢʦʥʘ. ʇʦʜ-

ʩʪʘʚʠʚ ʚʝʣʠʯʠʥʫ ʜʘʚʣʝʥʠʷ ʚ ʜʚʘ ʧʝʨʚʳʝ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ (3.7) ʧʦ ʬʦʨʤʫ-

ʣʝ (3.9) ʠ ʚʚʝʜʷ ʧʨʦʜʦʣʴʥʳʡ ʠ ʧʦʧʝʨʝʯʥʳʡ ʫʢʣʦʥʳ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ: 
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= ,    (3.10) 

ʇʦʣʫʯʠʤ ʚ ʦʢʦʥʯʘʪʝʣʴʥʦʤ ʚʠʜʝ: 

î
î

ý

î
î

ü

û

µ

¡¡µ
--=

µ

µ
+

µ

µ
+

µ

µ
+

µ

µ

µ

¡¡µ
-=

µ

µ
+

µ

µ
+

µ

µ
+

µ

µ

z

w
gI

z
w

yx
u

t

z

wu
gI

z

u
w

y

u

x

u
u

t

u

y

x

nnn
n

nn

n ;

    (3.11) 

ʉʠʩʪʝʤʘ (3.11), (3.8) ʩʦʩʪʘʚʣʷʝʪ ʦʩʥʦʚʫ ʨʝʰʝʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʟʘʜʘʯ 

ʜʚʠʞʝʥʠʷ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʦʪʦʢʦʚ, ʘ ʠʤʝʥʥʦ ʪʝʭ ʟʘʜʘʯ, ʛʜʝ ʩʦʙʣʶʜʝʥʳ ʫʩʣʦʚʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʤʘʣʦʩʪʠ ʛʣʫʙʠʥ, ʤʘʣʦʩʪʠ ʩʢʦʨʦʩʪʝʡ ʠ ʙʝʟʦʪʨʳʚʥʦʩʪʠ ʪʝʯʝʥʠʷ. 

ʃʝʚʳʝ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʡ (3.11) ʧʨʝʜʩʪʘʚʣʷʶʪ ʢʦʤʧʦʥʝʥʪʳ ʫʩʢʦʨʝʥʠʷ ʞʠʜʢʦ-

ʩʪʠ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʩʷʤ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʵʣʝʤʝʥʪʘʨʥʘʷ ʤʘʩʩʘ ʞʠʜʢʦ-

ʩʪʠ, ʩʢʦʨʦʩʪʴ ʢʦʪʦʨʦʡ ʤʝʥʷʝʪʩʷ ʧʦ ʜʚʫʤ ʧʨʠʯʠʥʘʤ: ʩʦ ʚʨʝʤʝʥʝʤ ʚ ʢʘʞʜʦʡ ʠʟ 

ʪʦʯʝʢ ʦʙʣʘʩʪʠ ʜʚʠʞʝʥʠʷ, ʪ.ʝ. ʣʦʢʘʣʴʥʦ; ʠ ʚ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʤʝʥʷʝʪʩʷ 

ʧʦ ʧʫʪʠ ʧʝʨʝʤʝʱʘʶʱʝʡʩʷ ʤʘʩʩʳ, - ʢʦʥʚʝʢʪʠʚʥʦ. ɽʩʣʠ ʦʩʨʝʜʥʝʥʥʦʝ ʜʚʠʞʝʥʠʝ 

ʫʩʪʘʥʦʚʠʚʰʝʝʩʷ, ʪʦ ʣʦʢʘʣʴʥʳʝ ʫʩʢʦʨʝʥʠʷ 
t

u

µ

µ
 ʠ 

tµ

µn
 ʨʘʚʥʳ ʥʫʣʶ. ʂʦʥʚʝʢʪʠʚ-

ʥʳʝ ʫʩʢʦʨʝʥʠʷ ʦʙʨʘʱʘʶʪʩʷ ʚ ʥʫʣʴ ʪʦʣʴʢʦ ʧʨʠ ʨʘʚʥʦʤʝʨʥʦʤ ʜʚʠʞʝʥʠʠ ʧʦʪʦ-

ʢʘ. ʇʝʨʚʳʝ ʯʣʝʥʳ ʧʨʘʚʳʭ ʯʘʩʪʝʡ ʫʨʘʚʥʝʥʠʡ (3.11) ʚʳʨʘʞʘʶʪ ʜʝʡʩʪʚʠʝ ʥʘ ʧʦ-

ʪʦʢ ʩʠʣʳ ʪʷʞʝʩʪʠ. ʇʦʩʣʝʜʥʠʝ ʯʣʝʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʪʥʝʩʝʥʥʳʝ ʢ ʝʜʠʥʠʮʝ 

ʤʘʩʩʳ ʩʠʣʳ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʚ ʦʩʨʝʜʥʝʥʥʦʤ ʜʚʠʞʝʥʠʠ ʞʠʜʢʦʩʪʠ. ɺʝʣʠ-

ʯʠʥʳ  

wuxz
¡¡-= rt  ʠ wyz

¡¡-= urt  

ʩʫʪʴ ʢʦʤʧʦʥʝʥʪʳ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʢʘʩʘʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʝʛʦ ʚ 

ʧʣʦʩʢʦʩʪʷʭ, ʧʘʨʘʣʣʝʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪʥʦʡ ʧʣʦʩʢʦʩʪʠ (ʭ, ʫ). ʂʦʤʧʦʥʝʥʪʘ Űxz 

ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʧʫʣʴʩʘʮʠʠ w¡ ʩʢʦʨʦʩʪʠ ʧʦ ʦʩʠ z ʧʝʨʝʥʦʩʷʪ ʯʝʨʝʟ ʵʪʠ 

ʧʣʦʩʢʦʩʪʠ ʠʤʧʫʣʴʩ ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʜʚʠʞʝʥʠʷ u¡r , ʘ ʢʦʤʧʦʥʝʥʪʘ Űyz - ʪʝʤ, ʯʪʦ 
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ʧʫʣʴʩʘʮʠʠ w¡ ʧʝʨʝʥʦʩʷʪ ʯʝʨʝʟ ʪʝ ʞʝ ʧʣʦʩʢʦʩʪʠ ʠʤʧʫʣʴʩ ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʜʚʠ-

ʞʝʥʠʷ nr¡. ʇʦʪʦʢʠ ʠʤʧʫʣʴʩʘ, ʙʫʜʫʯʠ ʚʟʷʪʳ ʩ ʦʙʨʘʪʥʳʤ ʟʥʘʢʦʤ, ʜʘʶʪ ʢʦʤʧʦ-

ʥʝʥʪʳ ʩʠʣ ʨʝʘʢʮʠʠ - ʦʜʥʫ ʥʘʧʨʘʚʣʝʥʥʫʶ ʧʦ ʦʩʠ ʭ, ʜʨʫʛʫʶ ʧʦ ʦʩʠ ʫ. ʕʪʠ ʢʦʤ-

ʧʦʥʝʥʪʳ ʩʠʣ ʨʝʘʢʮʠʠ, ʦʪʥʝʩʝʥʥʳʝ ʢ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʥʘʧʨʷʞʝʥʠʷ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. 

 

3.2.1. ʌʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ɹʫʩʩʠʥʝʩʢʘ 

 

ʍʦʪʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (3.11), (3.8) ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʦʱʝ ʧʦʣʥʦʡ ʩʠʩʪʝ-

ʤʳ ʫʨʘʚʥʝʥʠʡ ʈʝʡʥʦʣʴʜʩʘ, ʦʥʘ ʚʩʝ ʞʝ ʷʚʣʷʝʪʩʷ ʥʝʟʘʤʢʥʫʪʦʡ: ʪʨʠ ʫʨʘʚʥʝʥʠʷ 

ʩʦʜʝʨʞʘʪ ʧʷʪʴ ʥʝʠʟʚʝʩʪʥʳʭ - ʪʨʠ ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ ʠ ʜʚʝ ʢʦʤʧʦʥʝʥʪʳ 

ʚʠʨʪʫʘʣʴʥʦʛʦ ʢʘʩʘʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ɼʣʷ ʟʘʤʳʢʘʥʠʷ ʩʠʩʪʝʤʳ, ʧʦ ʧʨʝʜʣʦ-

ʞʝʥʠʶ ɾ.ɹʫʩʩʠʥʝʩʢʘ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʣʠʥʝʡʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʚʠʨʪʫʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʛʨʘʜʠʝʥʪʘʤʠ ʦʩʨʝʜʥʝʥʥʳʭ ʩʢʦʨʦ-

ʩʪʝʡ. ʕʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʘʥʘʣʦʛʠʠ ʩ ʛʠʧʦʪʝʟʦʡ ʦ ʥʘʧʨʷʞʝʥʠʷʭ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʚʷʟʢʦʩʪʠ ʅʴʶʪʦʥʘ, - ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʢʦʪʦʨʦʡ ʧʦʜʪʚʝʨʞʜʝʥʘ 

ʚʩʝʤʠ ʠʤʝʶʱʠʤʠʩʷ ʦʧʳʪʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦ ʣʘʤʠʥʘʨʥʦʤʫ ʜʚʠʞʝʥʠʶ ʞʠʜʢʦ-

ʩʪʠ. ʉʦʛʣʘʩʥʦ ʛʠʧʦʪʝʟʝ ʅʴʶʪʦʥʘ ʢʘʩʘʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʧʣʦʩʢʦʧʘʨʘʣ-

ʣʝʣʴʥʦʤ ʣʘʤʠʥʘʨʥʦʤ ʪʝʯʝʥʠʠ, ʩʦʚʝʨʰʘʶʱʝʤʩʷ ʚ ʧʣʦʩʢʦʩʪʠ (ʭ,z), ʦʧʨʝʜʝʣʷʝʪ-

ʩʷ ʨʘʚʝʥʩʪʚʦʤ 

dz

du
xz mt =

      (3.12)
 

ʛʜʝ ɛ - ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʣʝʢʫʣʷʨʥʦʡ ʚʷʟʢʦʩʪʠ. 

ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʵʪʠʤ, ʜʣʷ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʛʦ ʦʩʨʝʜʥʝʥʥʦʛʦ ʪʫʨʙʫ-

ʣʝʥʪʥʦʛʦ ʪʝʯʝʥʠʷ ʤʦʞʥʦ ʥʘʧʠʩʘʪʴ  

dz

ud
ɸwuxz =¡¡-= rt

      (3.13)
 

ʛʜʝ ɸ - ʢʦʵʬʬʠʮʠʝʥʪ ʪʫʨʙʫʣʝʥʪʥʦʡ ʚʷʟʢʦʩʪʠ.  

ʅʘʯʘʣʦ ʰʠʨʦʢʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʦʥʷʪʠʷ ʪʫʨʙʫʣʝʥʪʥʦʡ ʚʷʟʢʦʩʪʠ ʚ ʟʘ-

ʜʘʯʘʭ ʜʚʠʞʝʥʠʷ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʦʪʦʢʦʚ ʙʳʣʦ ʧʦʣʦʞʝʥʦ ʨʘʙʦʪʘʤʠ ɺ. ʄ. ʄʘʢ-
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ʢʘʝʚʘ. ʇʨʠʨʦʜʘ ʠ ʧʦʚʝʜʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ɸ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʪʣʠʯʠʷ 

ʦʪ ʧʨʠʨʦʜʳ ʠ ʧʦʚʝʜʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ɛ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʣʝ-

ʢʫʣʷʨʥʦʡ ʚʷʟʢʦʩʪʠ ɛ ʤʝʥʷʝʪʩʷ ʪʦʣʴʢʦ ʩ ʨʦʜʦʤ ʞʠʜʢʦʩʪʠ ʠ ʝʝ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʭʨʘʥʷʝʪ ʦʜʥʦ ʠ ʪʦ ʞʝ ʟʥʘʯʝʥʠʝ ʧʦ ʚʩʝʤʫ ʞʠʚʦʤʫ ʩʝʯʝʥʠʶ 

ʨʝʯʥʦʛʦ ʧʦʪʦʢʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʫʨʙʫʣʝʥʪʥʦʡ ʚʷʟʢʦʩʪʠ ɸ ʩʠʣʴʥʦ ʤʝʥʷʝʪʩʷ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʫʚʝʣʠʯʠʚʘʷ ʩʚʦʠ ʟʥʘʯʝʥʠʷ ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ ʦʪ ʜʥʘ ʠ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʆʙʱʠʤ ʫ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ɛ ʠ ɸ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ ʦʙʘ ʧʨʦ-

ʧʦʨʮʠʦʥʘʣʴʥʳ ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʦʩʪʠ. ʏʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʚʣʠʷʥʠʝ ʧʣʦʪʥʦʩʪʠ, 

ʚʚʦʜʷʪ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʦʣʝʢʫʣʷʨʥʦʡ ʠ ʪʫʨʙʫʣʝʥʪʥʦʡ ʚʷʟʢʦ-

ʩʪʠ: 

ɜ=ɛ/ɟ; ɜʪ= ɸ/ɟ.      (3.14) 

 

ʉʦʛʣʘʩʥʦ ʩʦʚʨʝʤʝʥʥʳʤ ʚʦʟʟʨʝʥʠʷʤ [11, 14], ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ɜʪ ʧʦ ʦʙʣʘʩʪʠ ʜʚʠʞʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʧʝʨʝʤʝʰʠʚʘʶ-

ʱʠʭʩʷ ʤʘʩʩ ʞʠʜʢʦʩʪʠ - ʧʦʧʝʨʝʯʥʠʢʦʚ ʪʫʨʙʫʣʝʥʪʥʳʭ ʚʠʭʨʝʡ. ʅʘ ʩʝʨʝʜʠʥʝ 

ʛʣʫʙʠʥʳ, ʛʜʝ ʢʦʵʬʬʠʮʠʝʥʪ ʪʫʨʙʫʣʝʥʪʥʦʡ ʚʷʟʢʦʩʪʠ ɸ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ, 

ʝʛʦ ʟʥʘʯʝʥʠʷ ʧʨʝʚʦʩʭʦʜʷʪ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʣʝʢʫʣʷʨʥʦʡ ʚʷʟʢʦʩʪʠ Õ 

ʥʘ 3-6 ʧʦʨʷʜʢʦʚ. 

ʉʯʠʪʘʷ, ʯʪʦ ʤʝʭʘʥʠʟʤ ʧʝʨʝʥʦʩʘ ʫ-ʢʦʤʧʦʥʝʥʪʳ ʠʤʧʫʣʴʩʘ ʪʦʪ ʞʝ, ʯʪʦ ʤʝ-

ʭʘʥʠʟʤ ʧʝʨʝʥʦʩʘ ʭ-ʢʦʤʧʦʥʝʥʪʳ, ʧʨʠʤʝʤ: 

î
î
ý

îî
ü

û

µ

µ
=¡¡-

µ

µ
=¡¡-

.

;

z
Aw

z

u
Awu

n
nr

r

      (3.15) 

ʇʦʜʩʪʘʚʠʚ (3.15) ʚ (3.11), ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʷ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʜʚʠʞʝʥʠʷ: 
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  (3.16) 

ʊʘʢ ʢʘʢ ʠʟ ʫʨʘʚʥʝʥʠʡ (3.16) ʠʩʢʣʶʯʝʥʳ ʨʝʘʣʴʥʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʫʣʴ-

ʩʘʮʠʦʥʥʳʝ ʩʢʦʨʦʩʪʠ ʠ ʵʬʬʝʢʪ ʵʪʠʭ ʩʢʦʨʦʩʪʝʡ ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʞʫʱʝʡʩʷ ʪʫʨʙʫ-
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ʣʝʥʪʥʦʡ ʚʷʟʢʦʩʪʴʶ, ʪʦ ʫʨʘʚʥʝʥʠʷ (3.16) ʥʘʟʳʚʘʶʪ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʤʠ (ʦʪ 

ʣʘʪ. phenomen - ʷʚʣʝʥʠʝ). ʉʫʱʝʩʪʚʫʶʱʠʝ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʝ ʪʝʦʨʠʠ ʪʫʨʙʫ-

ʣʝʥʪʥʦʩʪʠ ʩʦʜʝʨʞʘʪ ʨʷʜ ʧʨʝʜʣʦʞʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠ-

ʝʥʪʘ ɸ. çɺ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʪʘʝʪʩʷ ʝʱʝ ʦʯʝʥʴ ʤʥʦʛʦ ʥʝʨʝʰʝʥʥʳʭ ʚʦʧʨʦ-

ʩʦʚ ʠ ʥʝʜʦʚʝʜʝʥʥʳʭ ʜʦ ʢʦʥʮʘ ʠʩʩʣʝʜʦʚʘʥʠʡò [25]. 

ʅʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʤ ʠʟ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʬʘʢʪʦʚ ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, 

ʯʪʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʦʚʧʘʜʘʝʪ ʧʦ ʚʨʝʤʝʥʠ ʩ ʪʝʤ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʝʤ ʩʢʦʨʦʩʪʝʡ, ʢʦʪʦʨʦʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʯʢʝ ʧʝʨʝʛʠʙʘ ʚ ʢʨʠʚʦʡ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ʨʠʩ. 3.2), ʪ.ʝ. ʢʦʛʜʘ ʜʝʡʩʪʚʠʝ ʚʷʟʢʦʩʪʠ ʦʢʘʟʳʚʘʝʪʩʷ ʫʞʝ ʥʝʜʦ-

ʩʪʘʪʦʯʥʳʤ [10]. 

 

 

 

ʈʠʩ. 3.2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʩ ʪʦʯʢʦʡ ʧʝʨʝʛʠʙʘ [10]. 

 

ɿʘʤʝʪʥʝʝ ʚʩʝʛʦ ʧʝʨʝʭʦʜ ʣʘʤʠʥʘʨʥʦʡ ʬʦʨʤʳ ʪʝʯʝʥʠʷ ʚ ʪʫʨʙʫʣʝʥʪʥʫʶ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʨʷʤʳʭ ʪʨʫʙʘʭ ʠ ʢʘʥʘʣʘʭ. ɺ ʜʣʠʥʥʦʡ ʧʨʷʤʦʡ ʪʨʫʙʝ ʩ ʧʦʩʪʦʷʥ-

ʥʳʤ ʧʦʧʝʨʝʯʥʳʤ ʩʝʯʝʥʠʝʤ ʢʘʞʜʘʷ ʯʘʩʪʠʮʘ ʞʠʜʢʦʩʪʠ ʜʚʠʞʝʪʩʷ ʧʨʠ ʥʝʙʦʣʴ-

ʰʠʭ ʯʠʩʣʘʭ ʈʝʡʥʦʣʴʜʩʘ ʧʦ ʧʨʷʤʦʣʠʥʝʡʥʦʡ ʪʨʘʝʢʪʦʨʠʠ; ʪʝʯʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ 

ʫʧʦʨʷʜʦʯʝʥʥʳʤ ʦʙʨʘʟʦʤ ʚ ʚʠʜʝ ʜʚʠʞʫʱʠʭʩʷ ʦʜʠʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʦʛʦ ʩʣʦ-

ʝʚ (ʩʣʦʠʩʪʦʝ, ʠʣʠ ʣʘʤʠʥʘʨʥʦʝ ʪʝʯʝʥʠʝ).  

ʆʜʥʘʢʦ ʥʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜ-

ʩʘ ʵʪʦ ʫʧʦʨʷʜʦʯʝʥʥʦʝ ʪʝʯʝʥʠʝ ʧʦʯʪʠ ʚʥʝʟʘʧʥʦ ʧʝʨʝʭʦʜʠʪ ʚ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʝ 
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ʪʝʯʝʥʠʝ ʩ ʩʠʣʴʥʳʤ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʪʫʨʙʫʣʝʥʪ-

ʥʦʝ ʪʝʯʝʥʠʝ). ʗʩʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʙʦʣʝʝ ʪʦʯʥʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʭ, ʦʧʨʝʜʝ-

ʣʷʶʱʠʭ ʩʦʩʪʦʷʥʠʝ ʪʝʯʝʥʠʷ ʚ ʪʨʫʙʝ ʜʘʣʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʈʝʡ-

ʥʦʣʴʜʩʘ. ʆʥ ʚ ʩʚʦʠʭ ʦʧʳʪʘʭ ʚʚʝʣ ʚ ʧʦʪʦʢ ʦʢʨʘʰʝʥʥʫʶ ʩʪʨʫʡʢʫ ʞʠʜʢʦʩʪʠ. ɼʦ 

ʪʝʭ ʧʦʨ, ʧʦʢʘ ʪʝʯʝʥʠʝ ʦʩʪʘʝʪʩʷ ʣʘʤʠʥʘʨʥʳʤ, ʚʚʝʜʝʥʥʘʷ ʚ ʥʝʛʦ ʦʢʨʘʰʝʥʥʘʷ 

ʞʠʜʢʦʩʪʴ ʜʚʠʞʝʪʩʷ ʚ ʪʨʫʙʝ ʚ ʚʠʜʝ ʨʝʟʢʦ ʦʯʝʨʯʝʥʥʦʡ ʩʪʨʫʡʢʠ, ʥʦ ʢʘʢ ʪʦʣʴʢʦ 

ʪʝʯʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʪʫʨʙʫʣʝʥʪʥʳʤ, ʵʪʘ ʩʪʨʫʡʢʘ ʨʘʩʧʣʳʚʘʝʪʩʷ ʠ ʧʦʯʪʠ ʨʘʚʥʦ-

ʤʝʨʥʦ ʦʢʨʘʰʠʚʘʝʪ ʚʩʶ ʜʚʠʞʫʱʫʶʩʷ ʚ ʪʨʫʙʝ ʞʠʜʢʦʩʪʴ.  

ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʪʫʨʙʫʣʝʥʪʥʦʤ ʪʝʯʝʥʠʠ ʥʘ ʛʣʘʚʥʦʝ ʜʚʠʞʝʥʠʠ 

ʞʠʜʢʦʩʪʠ, ʧʨʦʠʩʭʦʜʷʱʝʝ ʥʘ ʦʩʠ ʪʨʫʙʳ, ʥʘʣʘʛʘʶʪʩʷ ʧʦʧʝʨʝʯʥʳʝ ʜʚʠʞʝʥʠʷ, 

ʪ.ʝ. ʜʚʠʞʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʢ ʦʩʠ ʪʨʫʙʳ. 

ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʧʦ ʧʦʧʝʨʝʯʥʦʤʫ ʩʝʯʝʥʠʶ 

ʪʨʫʙʳ ʯʝʤ ʧʨʠ ʣʘʤʠʥʘʨʥʦʤ.  

ʅʘ ʨʠʩ 3.3 ʠʟʦʙʨʘʞʝʥʳ ʠʟʤʝʨʝʥʥʳʝ ʥʘ ʦʧʳʪʘʭ ʅʠʢʫʨʘʜʟʝ [27] ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʜʣʷ ʣʘʤʠʥʘʨʥʦʛʦ ʠ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʪʝʯʝʥʠʡ ʚ ʪʨʫʙʝ. ʧʦʣʫ-

ʯʘʝʪʩʷ ʧʨʠ ʪʫʨʙʫʣʝʥʪʥʦʤ ʪʝʯʝʥʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʳʤ,  

ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʣʘʤʠʥʘʨʥʦʤ ʪʝʯʝʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʧʦ 

ʧʦʧʝʨʝʯʥʦʤʫ ʩʝʯʝʥʠʶ ʠʤʝʝʪ, ʢʘʢ ʵʪʦ ʦʙʥʘʨʫʞʠʣʠ ʫʞʝ ɻʘʛʝʥ ʠ ʇʫʘʟʝʡʣʴ (ʥʘ 

ʦʧʳʪʘʭ), ʚʠʜ ʧʘʨʘʙʦʣʳ, ʧʨʠ ʪʫʨʙʫʣʝʥʪʥʦʤ ʪʝʯʝʥʠʠ ʚʩʣʝʜʩʪʚʠʝ ʦʙʤʝʥʘ ʠʤ-

ʧʫʣʴʩʦʚ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʥʦ ʩʠʣʴʥʦ ʩʛʣʘʞʠʚʘʝʪʩʷ, ʪ.ʝ. ʩʪʘʥʦʚʠʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʚʥʦʤʝʨʥʝʝ. 

ʈʝʡʥʦʣʴʜʩ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʚʦʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʢʨʳʣ ʜʣʷ ʪʝʯʝʥʠʡ ʚ ʪʨʫ-

ʙʝ ʟʘʢʦʥ ʧʦʜʦʙʠʷ, ʥʘʟʚʘʥʥʳʡ ʚʧʦʩʣʝʜʩʪʚʠʠ ʝʛʦ ʠʤʝʥʝʤ. ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʟʘ-

ʢʦʥʫ, ʧʝʨʝʭʦʜ ʣʘʤʠʥʘʨʥʦʛʦ ʪʝʯʝʥʠʷ ʚ ʪʫʨʙʫʣʝʥʪʥʦʝ ʧʨʦʠʩʭʦʜʠʪ ʚʩʝʛʜʘ ʧʨʠ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʜʠʥʘʢʦʚʦʤ ʟʥʘʯʝʥʠʠ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʯʠʩʣʘ n/dw , ʛʜʝ d - 

ʜʠʘʤʝʪʨ ʪʨʫʙʳ, FQw /=  - ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ, n - ʢʠʥʝʤʘʪʠʯʝʩʢʠʡ ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʚʷʟʢʦʩʪʠ (Q - ʢʦʣʠʯʝʩʪʚʦ, ʧʨʦʪʝʢʘʶʱʝʡ ʯʝʨʝʟ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ 

ʞʠʜʢʦʩʪʠ, F - ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ). 
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ʈʠʩ. 3.3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʚ ʪʨʫʙʝ:  

ʘ) ʣʘʤʠʥʘʨʥʦʝ; ʙ) ʪʫʨʙʫʣʝʥʪʥʦʝ. 

 

ɺʝʣʠʯʠʥʘ  ʥʘʟʳʚʘʝʪʩʷ ʯʠʩʣʦʤ ʈʝʡʥʦʣʴʜʩʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʝ 

ʪʝʯʝʥʠʷ ʚ ʪʨʫʙʝ, ʜʣʷ ʢʦʪʦʨʳʭ Re < Reʢʨ, ʣʘʤʠʥʘʨʥʳ, ʘ ʪʝ ʪʝʯʝʥʠʷ, ʜʣʷ ʢʦʪʦ-

ʨʳʭ Re > Reʢʨ, ʪʫʨʙʫʣʝʥʪʥʳʡ. ɿʥʘʯʝʥʠʷ ʢʨʠʪʠʯʝʩʢʦʛʦ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ   ʩʫ-

ʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ ʚʭʦʜʘ ʚ ʪʨʫʙʫ ʠ ʦʪ ʫʩʣʦʚʠʡ ʧʨʦʪʝʢʘʥʠʷ ʞʠʜʢʦ-

ʩʪʠ ʢ ʵʪʦʤʫ ʚʭʦʜʫ. 








































































































