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ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ 

ʇʦʩʪʦʷʥʥʦ ʚʦʟʨʘʩʪʘʶʱʠʝ ʤʠʨʦʚʳʝ ʦʙʲʝʤʳ ʜʦʙʳʯʠ ʥʝʬʪʠ ʪʨʝʙʫʶʪ ʫʚʝʣʠ-

ʯʝʥʠʷ ʤʦʱʥʦʩʪʝʡ ʝʝ ʜʦʩʪʘʚʢʠ ʜʦ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʧʝʨʝʨʘʙʦʪʯʠʢʦʚ. ʕʪʘ ʪʝʥʜʝʥʮʠʷ 

ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʈʦʩʩʠʠ ʠ ʩʪʨʘʥ ɹʣʠʞʥʝʛʦ ɺʦʩʪʦʢʘ. ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʠ ʥʝʬʪʝʭʨʘʥʠʣʠʱ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʯʠʩʪʢʠ ʨʝʟʝʨʚʫʘʨʦʚ 

ʥʝʬʪʝʭʨʘʥʠʣʠʱ ʠ ʪʨʫʙ ʥʝʬʪʝʧʨʦʚʦʜʦʚ, ʨʝʟʘʥʠ ̫ʪʨʫʙ, ʦʩʤʦʪʨʘ ʩʦʩʪʦʷʥʠʷ, ʠʥʩʧʝʢ-

ʮʠʠ. ʕʪʦ ʪʨʝʙʫʝʪ ʚʳʨʝʟʘʥʠ ̫ʦʪʚʝʨʩʪʠʡ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ ʠ ʩʣʦʞʥʳʭ ʬʦʨʤ. ʇʨʠ 

ʵʪʦʤ ʦʪʣʦʞʝʥʠʷ ʠ ʛʦʨʶʯʠʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʚʥʫʪʨʝʥʥʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʥʝ ʧʦʟʚʦʣʷʶʪ 

ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʠʭ ʨʝʟʢʠ ʩʧʦʩʦʙʦʚ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭʩʷ ʠʩʢʨʦʡ ʠ ʧʣʘʤʝʥʝʤ, ʪʘʢʠʭ 

ʢʘʢ ʨʝʟʢʘ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʠ ʘʙʨʘʟʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʘ ʪʘʢʞʝ ʣʘʟʝʨʥʘ,̫ ʛʘʟʦʚʘ ̫ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʘ ̫ʨʝʟʢʠ. ɿʜʝʩʴ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʮʝʩʩʘ ʨʝʟʢʠ ʚʦʜʥʦʡ ʩʪʨʫ-

ʝʡ ʩ ʘʙʨʘʟʠʚʦʤ (ʜʘʣʝʝ ʧʦ ʪʝʢʩʪʫ çʧʨʦʮʝʩʩ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ (ɻɸʈ)è) ʥʘ ʦʩʥʦ-

ʚʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʈʊʂ). 

ʂʦʤʧʣʝʢʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ ʩ ʨʘʩʧʦʣʦ-

ʞʝʥʥʳʤʠ ʥʘ ʥʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʨʦʙʦʪʦʤ ʠ ʩʠʣʦʚʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʦʡ 

ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʦʙʦʪʘ (ʊʈ) ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʦʨʳ ʥʝʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʩʪʠ, 

ʧʦʜʣʝʞʘʱʠʝ ʧʘʨʠʨʦʚʘʥʠʶ: ʥʝ ʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʨʫʙ ʥʝʬʪʝʧʨʦʚʦʜʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʊʈ; ʥʝ ʠʜʝʘʣʴʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʘʥʠʷ (ʜʝʬʦʨʤʘʮʠʠ, ʦʪʣʦʞʝʥʠʷ 

ʟʘʛʨʷʟʥʝʥʠʷ, ʩʚʘʨʦʯʥʳʝ ʰʚʳ ʠ ʜʨ.). 

ʎʝʣʴ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʧʦʚʳʰʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʠ ʥʝʬʪʝʭʨʘʥʠʣʠʱ ʜʣʷ ʚʳʧʦʣʥʝ-

ʥʠʷ ʨʝʤʦʥʪʥʳʭ ʠ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʨʘʙʦʪ ʟʘ ʩʯʝʪ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʝʡ ʠ ʘʣʛʦʨʠʪ-

ʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʨʦʙʦʪʦʤ ʚ ʫʩʣʦʚʠʷʭ ʥʝ ʧʦʣʥʦʡ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʨʫʙ ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʠ ʥʝ ʠʜʝʘʣʴʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʘʥʠʷ, ʦʙʫ-

ʩʣʦʚʣʝʥʥʦʡ ʜʝʬʦʨʤʘʮʠʷʤʠ, ʩʚʘʨʥʳʤʠ ʰʚʘʤʠ, ʟʘʛʨʷʟʥʝʥʠʷʤʠ ʠ ʜʨ. 

ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  
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1. ʇʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʪʨʫʙ ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʠ ʨʝʟʝʨʚʫʘʨʦʚ ʥʝʬʪʝʭʨʘʥʠʣʠʱ ʠ 

ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ ʩ ʧʦʟʠʮʠʠ ʨʦʙʦʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ. 

2. ɺʳʜʝʣʠʪʴ ʢʨʫʛ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ, ʦʪʨʘʞʘʶʱʠʭ ʧʨʦʮʝʩʩ ʚ ʮʝʣʦʤ - ʚʳʭʦʜ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ (ʚ ʘʚʪʦʥʦʤʥʦʤ ʨʝʞʠʤʝ ʤʦʙʠʣʴʥʦʛʦ ʨʦʙʦʪʘ) ʥʘ ʨʘʙʦʯʫʶ ʧʦ-

ʟʠʮʠʶ ʠ ʫʧʨʘʚʣʝʥʠʝʤ ʧʨʦʮʝʩʩʘ ʜʚʠʞʝʥʠʷ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ (ʈʆ) (ʛʦʣʦʚʢʠ ʛʠʜʨʦ-

ʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʈʆ) ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʦʙʦʪʘ ʧʦ ʥʦʨʤʘʣʠ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʘʥʠʷ ʧʦ ʪʨʝʙʫʝʤʦʡ ʬʠʛʫʨʝ ʧʨʠ ʚʳʜʝʣʝʥʥʳʭ ʚʳʰʝ ʦʩʦʙʝʥʥʦʩʪʷʭ 

ʦʙʲʝʢʪʘ ʨʝʟʘʥʠʷ. 

3. ʇʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʩʭʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʦʙʦʪʘ ʠ ʨʘʙʦʯʠʭ 

ʟʦʥ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʠ ʥʝʬʪʝʭʨʘʥʠʣʠʱ ʠ 

ʚʠʜʦʚ ʚʳʨʝʟʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

4. ʈʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʨʦʙʦʪʦʤ, ʩʨʝʜʠ ʢʦʪʦ-

ʨʳʭ ʩʦʛʣʘʩʦʚʘʥʠʝ ʦʩʝʡ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʦʙʦʪʘ; ʜʚʠʞʝʥʠʝ ʧʦ ʟʘ-

ʜʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʘʥʠʷ ʩ ʫʯʝʪʦʤ ʝʸ ʥʝ ʠʜʝʘʣʴʥʦʩʪʠ; ʤʝʞʢʦʦʨʜʠʥʘʪʥʦʡ ʢʦʨ-

ʨʝʢʮʠʠ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʩʠʩʪʝʤʳ ʧʨʠʚʦʜʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʦʙʦʪʘ, ʧʦʩʪʨʦʝʥ-

ʥʦʡ ʧʦ ʧʨʠʥʮʠʧʫ ʚʣʦʞʝʥʥʳʭ ʢʦʥʪʫʨʦʚ ʠ ʜʨ. 

5. ʈʘʟʨʘʙʦʪʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʊʈ ʠ ʟʘʜʘʪʯʠʢʦʚ ʨʘʙʦʯʠʭ ʪʨʘʝʢʪʦʨʠʡ 

ʜʚʠʞʝʥʠʷ ʠ ʧʨʦʚʝʩʪʠ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʠ 

ʘʣʛʦʨʠʪʤʦʚ ʤʝʞʢʦʦʨʜʠʥʘʪʥʦʡ ʢʦʨʨʝʢʮʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʷʣʘʩʴ ʚ ʧʝʨʠʦʜ ʩ 2010 ʧʦ 2016 ʛ. ʚ ɺʣɻʋ (ɺʣʘʜʠʤʠʨʩʢʠʡ ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪʝ ʠʤʝʥʠ ɸʣʝʢʩʘʥʜʨʘ ɻʨʠʛʦʨʴʝʚʠʯʘ ʠ ʅʠʢʦʣʘʷ ɻʨʠʛʦʨʴʝ-

ʚʠʯʘ ʉʪʦʣʝʪʦʚʳʭ).   ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʪʘʢʞʝ ʚ ʧʣʘʥʝ ʅʀʈ, ʚʳʧʦʣʥʷʝʤʦʡ 

ʧʦ ʟʘʢʘʟʫ ʆʆʆ çɻʨʦʪè ˉ 49/13 çɸʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʠ ʨʦʙʦʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʛʠʜ-

ʨʦʨʝʟʘʥʠʷ ʥʝʬʪʝʧʨʦʚʦʜʦʚè ʚ ʧʝʨʠʦʜ 01.07.13 ï 30.11.14.   

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

1. ʆʙʦʩʥʦʚʘʥʘ ʠ ʧʨʝʜʣʦʞʝʥʘ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʦʙʦʪʘ, 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʚ ʚʠʜʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʚʠʣʢʠ. 

2. ʇʨʝʜʣʦʞʝʥ ʦʙʦʙʱʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʝʥʠʷ ʤʦʙʠʣʴʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʨʦʙʦʪʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʯʘʩʪʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʦʩʦʙʝʥʥʦʩʪʠ  
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ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʮʝʩʩʘ ʨʝʟʘʥʠʷ ʥʘ ʚʩʝʭ ʝʛʦ ʩʪʘʜʠʷʭ. 

3. ʈʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʩʦʛʣʘʩʦʚʘʥʠʷ ʦʩʝʡ ʠ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʘ ʨʝʟʘ-

ʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʦʙʦʪʘ. 

4. ɺʚʝʜʝʥ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪʠ ʦʩʠ ʩʪʨʫʠ ʢ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʨʝʟʘʥʠʷ ʠ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʥʝʝ ʠ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʝʛʦ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʪʨʘʝʢʪʦʨʠʠ. 

5. ʈʘʟʨʘʙʦʪʘʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʠ ʢʦʤʧʴʶʪʝʨʥʳʝ ʤʦʜʝʣʠ ʊʈ ʠ ʟʘʜʘʪʯʠʢʦʚ 

ʜʚʠʞʝʥʠʷ ʨʘʙʦʯʠʭ ʪʨʘʝʢʪʦʨʠʡ. ʇʨʦʚʝʜʝʥʦ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʠʩʩʣʝ-

ʜʦʚʘʥʳ ʘʣʛʦʨʠʪʤʳ ʤʝʞʢʦʦʨʜʠʥʘʪʥʦʡ ʢʦʨʨʝʢʮʠʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʠ 

ʤʥʦʛʦʢʦʦʨʜʠʥʘʪʥʦʡ ʩʠʩʪʝʤʳ ʚ ʚʠʜʝ ʚʣʦʞʝʥʥʳʭ ʢʦʥʪʫʨʦʚ.  

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ. 

1. ʇʦʚʳʰʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ ʥʝʬʪʝʧʨʦ-

ʚʦʜʦʚ ʠ ʥʝʬʪʝʭʨʘʥʠʣʠʱ ʟʘ ʩʯʝʪ ʠʩʢʣʶʯʝʥʠʷ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʫʥʠ-

ʚʝʨʩʘʣʴʥʦʩʪʠ ʚ ʯʘʩʪʠ ʬʦʨʤʳ ʚʳʨʝʟʘʝʤʳʭ ʧʦʣʦʩʪʝʡ. 

2. ʆʧʨʝʜʝʣʝʥʳ ʨʘʙʦʯʠʝ ʟʦʥʳ ʩ ʚʢʣʶʯʝʥʠʝʤ ʚ ʥʠʭ ʦʙʲʝʢʪʦʚ ʨʝʟʘʥʠʷ (ʪʨʫʙ). 

3.   ʈʘʟʨʘʙʦʪʘʥʥrʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʠ ʢʦʤʧʴʶʪʝʨʥʳʝ ʤʦʜʝʣʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦ-

ʛʦ ʨʦʙʦʪʘ ʠ ʢʦʥʪʨʦʣʣʝʨʳ ʟʘʜʘʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ-

ʩʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʊʈ ʧʨʠ ʚʳʨʝʟʘʥʠʠ ʧʦʣʦʩʪʝʡ. 

4.  ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ: ʚ ʆʆʆ çɻʈʆʊè, ʦʜʥʦʤ ʠʟ ʚʝʜʫʱʠʭ ʦʨ-

ʛʘʥʠʟʘʮʠʡ ʧʦ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʝ ʚ ʈʌ, ʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʈʊʂ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ ʦʙʲʝʢʪʦʚ ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʠ ʥʝʬʪʝʭʨʘʥʠʣʠʱ; ʚ ʫʯʝʙ-

ʥʦʤ ʧʨʦʮʝʩʩʝ ɺʣɻʋ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ çʄʝʭʘʪʨʦʥʠʢʘ ʠ ʨʦʙʦʪʦʪʝʭʥʠʢʘè. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ 

ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʠ ʥʝʬʪʝʭʨʘʥʠʣʠʱ. 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʤʦʜʝʣʠ ʠ ʘʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʤ ʨʦʙʦʪʦʤ ʚ ʫʩʣʦʚʠʷʭ ʥʝ ʧʦʣʥʦʡ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʨʫʙ ʥʝʬʪʝ-

ʧʨʦʚʦʜʦʚ ʠ ʥʝ ʠʜʝʘʣʴʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʘʥʠʷ.  

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ  

ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ 14 ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: XIX  ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ 
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ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʢè. ʅʦʚʦʩʠʙʠʨʩʢ: ʎʉʅʀ, 2016; ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ, ʧʦʩʚʷʱʝʥʥʘʷ ʧʘʤʷʪʠ ʧʨʦʬʝʩʩʦʨʘ ʀ.ʅ. ɸʨʠʥʠʥʘ çɸʢ-

ʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚè. ɺʣʘʜʠʤʠʨ: ɺʣɻʋ, 

2016; ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʧʨʠ-

ʢʣʘʜʥʳʝ ʚʦʧʨʦʩʳ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠè. ʊʘʤʙʦʚ: UKOM, 2014; XVI ʄʝʞʜʫʥʘʨʦʜ-

ʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚ-

ʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚè. ɺʣʘʜʠʤʠʨ: ɺʣɻʋ, 2014; XI ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʠʤʧʦʟʠʫʤ 

çʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳè. ʄ.: ʈʋɼʅ, 2014; ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʠ ʪʝʭʥʦʣʦʛʠʠè. ʅ. ʅʦʚʛʦ-

ʨʦʜ: ʅɻʊʋ, 2014; XXVII  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʄʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʚ ʪʝʭʥʠʢʝ ʠ ʪʝʭʥʦʣʦʛʠʷʭ - ʄʄʊʊ-27è. ʊʘʤʙʦʚ: ʊɻʊʋ, 2014; ʄʝʞʜʫʥʘʨʦʜ-

ʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʅʦʚʳʝ ʤʘʪʝʨʠʘʣʳ, ʦʙʦ-

ʨʫʜʦʚʘʥʠʝ ʠ ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠè. ʄʦʛʠʣʝʚ: ɹʈʋ, 2013; ʄʝʞʜʫʥʘʨʦʜ-

ʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ ʠ ʤʘʪʝʤʘʪʠʢʝ. ʉʫʟʜʘʣʴ: 

ɺʣɻʋ; ʄ.: ʄʀɸʅ, 2013; XXVI  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʄʘʪʝʤʘ-

ʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʚ ʪʝʭʥʠʢʝ ʠ ʪʝʭʥʦʣʦʛʠʷʭ - ʄʄʊʊ-26è. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ: ʅʅɻ-

ʊʋ, 2013; XV ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ, ʧʦʩʚʷʱʝʥʥʘʷ 

ʧʘʤʷʪʠ ʧʨʦʬʝʩʩʦʨʘ ʀ.ʅ. ɸʨʠʥʠʥʘ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦ-

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚè. ɺʣʘʜʠʤʠʨ: ɺʣɻʋ, 2013; VI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʀʥʞʝʥʝʨʥʳʝ ʩʠʩʪʝʤʳ ï 2013è. ʄʦʩʢʚʘ: ʈʋɼʅ, 2013; 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʅʦʚʳʝ ʤʘʪʝ-

ʨʠʘʣʳ, ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠè. ʄʦʛʠʣʝʚ: ɹʈʋ, 2012; 

XVIII  ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʦ ʫʯʘʩʪʠʝ çʊʨʘʥʩʧʦʨʪ, ɽʢʦ-

ʣʦʛʠʷ - ʫʩʪʦʡʯʠʚʦ ʨʘʟʚʠʪʠʝè. ɺʘʨʥʘ. ʊʝʭʥʠʯʝʩʢʠ ʫʥʠʚʝʨʩʠʪʝʪ, 2012. 

ʇʫʙʣʠʢʘʮʠʠ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 23 ʧʝʯʘʪʥʳʭ ʨʘʙʦʪʘʭ, ʚ ʪ.ʯ. ʚ 7 ʩʪʘʪʴʷʭ ʚ ʞʫʨʥʘʣʘʭ ʧʦ ʧʝʨʝʯʥʶ 

ɺɸʂ, ʠʟ ʢʦʪʦʨʳʭ 4 ʩʪʘʪʴʠ  ʚ ʞʫʨʥʘʣʘʭ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʜʣʷ ʛʨʫʧʧʳ ʥʘʫʯʥʳʭ 

ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ 05.02.05 ʠ 3 ʩʪʘʪʴʠ ʚ ʜʨʫʛʠʭ ʞʫʨʥʘʣʘʭ ʧʦ ʧʝʨʝʯʥ ʁɺɸʂ, 2 ʩʪʘʪʴʷʭ 

ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠʟʜʘʥʠʷʭ ʠ 14 ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʜʦʢʣʘʜʦʚ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ. 
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ɻʣʘʚʘ 1. ɸʢʪʫʘʣʴʥʳʝ ʟʘʜʘʯʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ 

ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʠ ʥʝʬʪʝʭʨʘʥʠʣʠʱ 

1.1. ɸʥʘʣʠʟ ʪʨʫʙ ʠ ʭʨʘʥʠʣʠʱ ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʢʘʢ ʦʙʲʝʢʪʦʚ  

ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ 

ʇʦʩʪʦʷʥʥʦ ʚʦʟʨʘʩʪʘʶʱʠʝ ʤʠʨʦʚʳʝ ʦʙʲʝʤʳ ʜʦʙʳʯʠ ʥʝʬʪʠ ʪʨʝʙʫʶʪ ʫʚʝʣʠ-

ʯʝʥʠʷ ʤʦʱʥʦʩʪʝʡ ʝʝ ʜʦʩʪʘʚʢʠ ʜʦ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʧʝʨʝʨʘʙʦʪʯʠʢʦʚ. ʕʪʘ ʪʝʥʜʝʥʮʠʷ 

ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʈʦʩʩʠʠ ʠ ʩʪʨʘʥ ɹʣʠʞʥʝʛʦ ɺʦʩʪʦʢʘ. ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʠ ʥʝʬʪʝʭʨʘʥʠʣʠʱ ʚʦʟʥʠʢʘʶʪ ʚʦʧʨʦʩʳ ʦʯʠʩʪʢʠ, ʚʨʝʟʢʠ ʪʨʫʙ, ʠʥ-

ʩʧʝʢʮʠʠ ʩʦʩʪʦʷʥʠʷ. ʇʨʦʚʝʜʝʤ ʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʠ ʥʝʬʪʝʭʨʘʥʠʣʠʱ 

ʢʘʢ ʦʙʲʝʢʪʦʚ ʨʝʟʘʥʠʷ ʧʨʠ ʨʦʙʦʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʠʭ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ. 

ʇʨʠ ʵʪʦʤ ʨʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʠʝ ʚʦʧʨʦʩʳ: 

- ʩʦʩʪʦʷʥʠʝ ʩʝʪʝʡ ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʠ ʛʘʟʦʧʨʦʚʦʜʦʚ; 

- ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʠ ʥʝʬʪʝʭʨʘʥʠʣʠʱ; 

- ʦʩʦʙʝʥʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʚʠʜʳ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ; 

- ʜʝʬʝʢʪʳ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. 

ʈʦʩʩʠʷ ʟʘʥʠʤʘʝʪ ʣʠʜʠʨʫʶʱʝʝ ʧʦʣʦʞʝʥʠʝ ʚ ʤʠʨʝ ʧʦ ʜʦʙʳʯʝ ʥʝʬʪʠ ʠ ʛʘʟʘ. 

ʆʙʱʠʡ ʦʙʲʝʤ ʧʦ ʠʪʦʛʘʤ 2013 ʛʦʜʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʦʩʪʘʚʣʷʝʪ 355 ʤʣʥ. ʪʦʥʥ ʠ 

2345 ʤʣʨʜ. ʤ3 [74, 86]. ʆʩʥʦʚʥʳʝ ʨʘʡʦʥʳ ʜʦʙʳʯʠ ʥʝʬʪʠ ʠ ʛʘʟʘ ï ʩʝʚʝʨʦ-ʚʦʩʪʦʢ ʝʚ-

ʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ, ʩʝʚʝʨʦ-ʟʘʧʘʜ ʉʠʙʠʨʠ, ɼʘʣʴʥʠʡ ɺʦʩʪʦʢ, ʦʩʪʨʦʚ ʉʘʭʘʣʠʥ. ʇʨʦ-

ʜʫʢʪʳ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ ʠ ʛʘʟ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʈʦʩʩʠʠ ʠ ʟʘ ʨʫʙʝʞʦʤ. ʇʦʩʪʘʚʢʘ, ʚ 

ʦʩʥʦʚʥʦʤ, ʠʜʝʪ ʚ ʧʨʦʤʳʰʣʝʥʥʦ ʨʘʟʚʠʪʳʝ ʨʘʡʦʥʳ ʉʠʙʠʨʠ, ʮʝʥʪʨʘʣʴʥʫʶ ʯʘʩʪʴ 

ʈʦʩʩʠʠ ʠ ʚ ɿʘʧʘʜʥʫʶ ɽʚʨʦʧʫ, ʘ ʪʘʢʞʝ ʩʪʨʘʥʳ ʂʘʚʢʘʟʘ, ʉʨʝʜʥʝʡ ɸʟʠʠ ʠ ʂʠʪʘʡ.  

ɹʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʨʝʛʠʦʥʘʤʠ ʜʦʙʳʯʠ ʥʝʬʪʠ ʠ ʛʘʟʘ ʠ ʠʭ ʧʝʨʝʨʘʙʦʪ-

ʯʠʢʘʤʠ, ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʪʨʝʙʫʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʝʪʠ ʜʦʩʪʘʚʢʠ. ɼʣʷ ʜʦʩʪʘʚʢʠ 

ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʧʦʪʨʝʙʠʪʝʣʷʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʨʠ ʚʠʜʘ ʪʨʘʥʩʧʦʨʪʘ [86]: 

ʪʨʫʙʦʧʨʦʚʦʜʳ - 90%; ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ - 6%; ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩ-

ʧʦʨʪ - 4%. 

ʆʩʥʦʚʥʳʝ ʦʙʲʝʤʳ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʧʝʨʝʜʘʶʪʩʷ ʥʝʬʪʝʧʨʦʚʦʜʘʤʠ. 

ʊʦʣʴʢʦ ʚ 2013 ʛʦʜʫ ʪʨʫʙʦʧʨʦʚʦʜʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ ʙʳʣʦ ʜʦʩʪʘʚʣʝʥʦ 
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558 ʤʣʥ. ʪʦʥʥ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. ʆʩʥʦʚʥʳʝ ʜʘʥʥʳʝ ʧʦ ʥʝʬʪʝʧʨʦʚʦʜʘʤ ʠ ʛʘ-

ʟʦʧʨʦʚʦʜʘʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.1 [58, 74, 86]. 

 

ʊʘʙʣʠʮʘ 1.1 ï ʉʚʝʜʝʥʠʷ ʧʦ ʥʝʬʪʝʧʨʦʚʦʜʘʤ ʠ ʛʘʟʦʧʨʦʚʦʜʘʤ ʉʉʉʈ ʠ ʈʦʩʩʠʠ 

 1913 1928 1940 1950 1960 1990 2000 2005 2010 2011 2012 2013 

ʕʢʩʧʣʫʘʪʘʮʠ-

ʦʥʥʘʷ ʜʣʠʥʘ, 

ʪʳʩ. ʢʤ. 

 ʉʉʉʈ  1,6 4,1 5,4 17,3 86       

 ʈʦʩʩʠʷ 1.1 0,7 1,7 3,6 15 68 64 65 65 71 75 75 

ʆʙʲʝʤ ʧʝʨʝ-

ʢʘʯʢʠ, ʤʣʥ.ʪ.  

ʉʉʉʈ  1,1 7,9 15,3 130 611       

ʈʦʩʩʠʷ 0,4 0.4 5 12 123 558 318 482 524 576 555 558 

ɻʨʫʟʦʦʙʦʨʦʪ 

ʤʣʨʜ.ʪ.ʢʤ. 

ʉʉʉʈ  0.7 3,8 4,9 51,2 1310       

ʈʦʩʩʠʷ 0,3 0,1 1,5 3,4 49 1240 668 1156 1123 1120 1188 1224 

 

ʉʪʨʘʥʳ ɹʣʠʞʥʝʛʦ ɺʦʩʪʦʢʘ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ çʘʨʘʙʩʢʦʛʦ ʤʠ-

ʨʘè, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 23 ʩʪʨʘʥ rʩ ʩʦʚʦʢʫʧʥʳʤ ʥʘʩʝʣʝʥʠʝʤ ʦʢʦʣʦ 345 ʤʣʥ. 

ʯʝʣʦʚʝʢ ʠ ʦʙʱʝʡ ʧʣʦʱʘʜʴʶ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 13 ʤʣʥ. ʢʚ. ʢʤ. ʆʙʱʠʡ ʦʙʲʝʤ ʜʦʙʳʯʠ 

ʥʝʬʪʠ ʚ 2011 ʛʦʜʫ ʩʦʩʪʘʚʠʣ 735031,422 ʤʣʥ. ʪʦʥʥ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʩʪʨʘʥʘʤ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʝ 1.2. [86]. 

 

ʊʘʙʣʠʮʘ 1.2 - ɼʣʠʥʳ ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʠ ʛʘʟʦʧʨʦʚʦʜʦʚ ʩʪʨʘʥ ɹʣʠʞʥʝʛʦ ɺʦʩʪʦʢʘ  

ˉ ʉʪʨʘʥʘ 
ɻʘʟ, 

ʢʤ 

ʉʞʠʞʝʥʥʳʡ 

ʛʘʟ, 

ʢʤ 

ʅʝʬʪʴ, 

ʢʤ 

ʅʝʬʪʝʧʨ-

ʦʜʫʢʪʳ, 

ʂʤ 

1 ʉʘʫʜʦʚʩʢʘʷ ɸʨʘʚʠʷ 2102 1183 4,521 1,148 

2 ʃʠʚʠʷ 882 3,425 6,956 1870 

3 ʂʫʚʝʡʪ 269 - 540 57 

4 ʆɸʕ 3428 300 2,950 156 

9 ʀʨʘʢ 2,250 918 5,509 1,637 

6 ʂʘʪʘʨ 531 2501 741 87 

7 ɸʣʞʠʨ 1,532 13,861 6,878 2,408 

8 ʉʫʜʘʥ 156 - 4,070 1,613 

9 ʆʤʘʥ 4,126 - 3,558 - 

10 ɽʛʠʧʝʪ 483 957 5,518 895 

11 ʁʝʤʝʥ 71 22 1,309 - 

12 ʉʠʨʠʷ 2,794 - 2,000 - 

13 ʊʫʥʠʩ 2,665 - 1,235 353 

14 ɹʘʭʨʝʡʥ 20 - 25 - 

15 ʄʘʨʦʢʢʦ 720 - 439 - 

16 ʀʦʨʜʘʥʠʷ 426 - 49 - 
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ɺ ʀʦʨʜʘʥʠʠ, ʢʨʦʤʝ ʜʦʙʳʚʘʝʤʳʭ ʦʙʲʝʤʦʚ, ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʝ 

ʨʘʡʦʥʳ ʥʝʬʪʝʜʦʙʳʯʠ [94]: 

1. ɹʘʩʩʝʡʥ ɸʟʨʘʢʘ (Azraq) ʚ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 

1500 ʢʚ. ʢʤ. ʇʦ ʦʮʝʥʢʘʤ ʵʢʩʧʝʨʪʦʚ ʦʢʦʣʦ 430 ʤʣʥ. ʙʘʨʨʝʣʝʡ ʥʝʬʪʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʠʟ WS-2 ʚ ʦʙʣʘʩʪʠ ɸʟʨʘʢʘ. 

2. ʇʦʣʝ ʍʘʤʟʘ ʩʦʜʝʨʞʠʪ 15.2-22.5 ʤʣʥ. ʪ. ʪʦʚʘʨʥʦʡ ʥʝʬʪʠ. 

3. ʈʘʡʦʥ ʄʝʨʪʚʦʛʦ ʤʦʨʷ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 3750 ʢʚ. ʢʤ., ʦʜʥʘʢʦ, ʜʦʙʳʯʘ ʥʝʬʪʠ 

ʧʦ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʙʣʝʤʘʤ ʚ ʜʘʥʥʦʤ ʨʘʡʦʥʝ ʥʝ ʧʨʦʠʟʚʦʜʠʪʩʷ. 

4.  ʉʣʘʥʮʝʚʘʷ ʥʝʬʪʴ. ʇʦ ʦʮʝʥʢʝ, ʧʨʦʚʝʜʝʥʥʦʡ USGS ʝʱʝ ʚ 2005 ʛ., ʚ ʀʦʨʜʘʥʠʠ 

ʥʘʭʦʜʷʪʩʷ 26 ʤʝʩʪʦʨʦʞʜʝʥʠʡ, 0,5 ʪʨʣʥ. ʙʘʨʨʝʣʝʡ.  

ʆʜʥʘ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝʬʪʝ ʠ ʛʘʟʦʧʨʦʚʦʜʦʚ ʦʙʫʩʣʦʚʣʝʥʘ 

ʩʣʦʞʥʳʤ ʨʝʣʴʝʬʦʤ ʤʝʩʪʥʦʩʪʠ, ʚʢʣʶʯʘʶʱʠʤ ʚʦʜʥʳʝ ʧʨʝʛʨʘʜʳ, ʛʦʨʳ ʠ ʧʝʩʢʠ. 

ʇʨʠʦʨʠʪʝʪʥʳʤ ʷʚʣʷʝʪʩʷ ʨʘʩʧʦʣʦʞʝʥʠʝ ʥʝʬʪʝʜʦʙʳʚʘʶʱʝʛʦ ʠ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʛʫʩʝʥʠʯʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚʘʭ.  

ʅʝʬʪʝʧʨʦʚʦʜ - ʵʪʦ ʮʝʣʳʡ ʢʦʤʧʣʝʢʩ ʩʦʦʨʫʞʝʥʠʡ. ʆʜʥʘʢʦ ʪʨʘʥʩʧʦʨʪʦʤ ʜʣʷ 

ʥʝʬʪʠ ʷʚʣʷʶʪʩʷ ʪʨʫʙʳ, ʧʦ ʢʦʪʦʨʳʤ ʥʝʬʪʴ ʜʚʠʞʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ʜʦ 3ʤ/ʩ (ʨʠʩʫʥʦʢ 

1.1). ʅʝʬʪʝʧʨʦʚʦʜʳ ʧʦ ʨʘʩʧʦʣʦʞʝʥʠʶ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʚʠʜʘ: ʧʦʜʟʝʤʥʳʝ, 

ʥʘʟʝʤʥʳʝ ʥʘ ʛʨʫʥʪʝ ʠʣʠ ʧʦʜʥʷʪʳʝ ʥʘʜ ʫʨʦʚʥʝʤ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʜʚʦʜʥʳʝ.  

ʇʣʝʯʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʤʝʞʜʫ ʥʘʩʦʩʥʳʤʠ ʩʪʘʥʮʠʷʤʠ ʩʦʩʪʘʚʣʷʝʪ 70-150 ʢʤ. ʅʘ 

ʨʘʩʩʪʦʷʥʠʠ 10-30 ʢʤ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʩʧʝʮʠʘʣʴʥʳʝ ʟʘʜʚʠʞʢʠ, ʢʦ-

ʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ, ʧʨʠ ʘʚʘʨʠʠ, ʚʳʢʣʶʯʘʪʴ ʦʪʜʝʣʴʥʳʝ ʫʯʘʩʪʢʠ. ʆʙʳʯʥʦ ʚʥʫʪʨʝʥʥʠʡ 

ʜʠʘʤʝʪʨ ʪʨʫʙ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 300 ʜʦ 1600 ʤʤ, ʪʦʣʱʠʥʘ ʩʪʝʥʦʢ 5-20 ʤʤ. ʄʘʪʝʨʠʘʣ - 

ʚʳʩʦʢʦʧʣʘʩʪʠʯʥʳʝ ʩʪʘʣʠ, ʩʧʦʩʦʙʥʳʝ ʚʳʜʝʨʞʘʪʴ ʪʝʤʧʝʨʘʪʫʨʥʳʝ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ 

ʭʠʤʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘʯʘʣʠ ʧʨʠʤʝʥʷʪʴ ʘʨʤʠʨʦʚʘʥʥʳʝ 

ʧʣʘʩʪʠʯʝʩʢʠʝ ʪʨʫʙʳ. ʆʥʠ ʥʝ ʧʦʜʚʝʨʞʝʥʳ ʢʦʨʨʦʟʠʠ ʠ ʠʤʝʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʛʨʘ-

ʥʠʯʝʥʥʳʡ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʇʦ ʥʘʟʥʘʯʝʥʠʶ ʥʝʬʪʝʧʨʦʚʦʜʳ ʜʝʣʷʪ ʥʘ ʪʨʠ ʛʨʫʧʧʳ: 

1. ʄʘʛʠʩʪʨʘʣʴʥʳʝ ï ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʠʟ ʨʘʡʦʥʦʚ ʜʦʙʳ-

ʯʠ, ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʣʠ ʭʨʘʥʝʥʠʷ ʜʦ ʤʝʩʪ ʢʦʥʝʯʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ.  
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2. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ï ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʧʨʝʜʝʣʘʭ ʢʘʢʦ-

ʛʦ-ʣʠʙʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʠʣʠ ʛʨʫʧʧʳ ʧʨʝʜʧʨʠʷʪʠʡ. 

3. ʇʨʦʤʳʩʣʦʚʳʝ ï ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʥʝʬʪʷʥʦʡ ʩʢʚʘʞʠʥʳ ʩ ʨʷʜʦʤ ʦʙʲʝʢʪʦʚ ʠ 

ʫʩʪʘʥʦʚʦʢ, ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʥʝʬʪʠ ʥʘ ʧʨʦʤʳʩʣʘʭ. 

 

 

ʈʠʩʫʥʦʢ 1.1 - ʆʙʱʠʡ ʚʠʜ ʥʘʟʝʤʥʦʛʦ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ 

 

ʂʘʢ ʠ ʥʘ ʚʩʝʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʘʭ, ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʨʝʤʦʥʪʥʳʝ ʨʘʙʦʪʳ 

ʥʝʬʪʝʧʨʦʚʦʜʦʚ, ʢʦʪʦʨʳʝ ʜʝʣʷʪ ʥʘ ʧʣʘʥʦʚʳʝ ʠ ʚʥʝʧʣʘʥʦʚʳʝ (ʧʨʦʠʟʚʦʜʷʪʩʷ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʧʨʠ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʷʭ). ʋʩʪʘʥʦʚʣʝʥʳ ʚʠʜʳ ʚʳʧʦʣʥʷʝʤʳʭ ʨʘʙʦʪ ʨʘʟ-

ʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʩʨʦʢʠ ʠʭ ʨʝʘʣʠʟʘʮʠʠ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ: 

ï ʢʦʥʪʨʦʣʴ ʠ ʠʥʩʧʝʢʮʠʷ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʢʦʪʦʨʳʝ ʥʫʞʜʘʶʪʩʷ ʚ ʥʝʦʙʭʦʜʠʤʦʤ 

ʨʝʤʦʥʪʝ, ʟʘʤʝʥʫ ʧʦʚʨʝʞʜʝʥʥʳʭ ʪʨʫʙ ʠ ʥʝʦʙʭʦʜʠʤʳʭ ʟʘʧʯʘʩʪʝʡ; 

ï ʥʘʣʦʞʝʥʠʝ ʩʣʦʷ ʧʦʜʭʦʜʷʱʝʛʦ ʧʦʢʨʳʚʘʶʱʝʛʦ ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ; 

ï ʚʥʫʪʨʝʥʥʶʶ ʦʯʠʩʪʢʫ ʪʨʫʙʳ ʦʪ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʚʝʱʝʩʪʚ ʦʪʣʦʞʝʥʠʡ ʪʘʢʠʭ 

ʢʘʢ ʧʘʨʘʬʠʥʘ, ʢʦʨʨʦʟʠʠ ʠ ʜʨ.;  

ï ʟʘʤʝʥʫ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʨʫʙʳ, ʪʘʢʠʭ ʢʘʢ ʟʘʧʦʨʥʘʷ ʠ ʨʝʛʫʣʠ-

ʨʫʶʱʘʷ ʘʨʤʘʪʫʨʘ ʠ ʢʣʘʧʘʥʳ. 

ʂʦʥʩʪʨʫʢʮʠʠ ʥʝʬʪʝʭʨʘʥʠʣʠʱ ʜʣʷ ʧʨʠʝʤʘ, ʭʨʘʥʝʥʠʷ, ʚʳʜʘʯʠ ʥʝʬʪʝʧʨʦʜʫʢ-

ʪʦʚ, ʚʦʜʳ ʠ ʜʨʫʛʠʭ ʞʠʜʢʦʩʪʝʡ ʚ ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʙʳʚʘʶʪ ʜʚʫʭ 

ʚʠʜʦʚ: ʚʝʨʪʠʢʘʣʴʥʳʝ ʩʪʘʣʴʥʳʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ (ʜʠʘʤʝʪʨ: 4 730-60 700 ʤʤ, ʚʳʩʦ-

ʪʘ: 6 000-18 000 ʤʤ) ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʪʘʣʴʥʳʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ (ʜʠʘʤʝʪʨ: 2 200-

3 240 ʤʤ, ʜʣʠʥʘ: 3 310-13 100 ʤʤ); ʪʦʣʱʠʥʘ ʩʪʝʥʦʢ 5-20 ʤʤ. ɺʠʜʳ ʨʝʤʦʥʪʥʳʭ ʨʘ-
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ʙʦʪ ʘʥʘʣʦʛʠʯʥʳ ʪʘʢʦʚʳʤ ʜʣʷ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. ɼʣʷ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʠ ʨʝʤʦʥʪʥʳʭ 

ʨʘʙʦʪ ʧʨʦʠʟʚʦʜʷʪ ʚʩʢʨʳʪʠʝ ʨʝʟʝʨʚʫʘʨʦʚ. ʅʘ ʨʠʩʫʥʢʝ 1.2 ʧʨʠʚʝʜʝʥʦ ʬʦʪʦ 

ʨʝʟʝʨʚʫʘʨʘ ʩ ʚʳʨʝʟʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ  ʠ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ 

(ʧʨʝʜʦʩʪʘʚʣʝʥʦ ʆʆʆ çɻʨʦʪè).  

 

 

ʈʠʩʫʥʦʢ 1.2 - ɺʳʨʝʟʘʥʥʘʷ ʧʦʚʝʨʥʦʩʪʴ ʥʘ ʥʝʬʪʝʭʨʘʥʠʣʠʱʝ 

 

ʅʘ ʧʨʦʮʝʩʩ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ  ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʠ ʧʦʩʪʨʦʝʥʠʝ ʩʠʩʪʝʤʳ ʠ 

ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʊʈ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʦʪʢʣʦʥʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʘʥʠʷ (ʪʨʫʙʳ) ʦʪ ʠʜʝʘʣʥɹʦʡ ʬʦʨʤʳ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʝ 

ʜʝʬʝʢʪʘʤʠ. ɺʳʜʝʣʷʶʪ ʜʚʘ ʪʠʧʘ ʜʝʬʝʢʪʦʚ ï ʜʝʬʝʢʪʳ ʛʝʦʤʝʪʨʠʠ ʪʨʫʙ ʠ ʩʚʘʨʥʦʛʦ 

ʰʚʘ.  

ɼʝʬʝʢʪʳ ʪʨʫʙ ʦʧʨʝʜʝʣʷʶʪʩʷ ʜʦʢʫʤʝʥʪʦʤ ʈɼ-23.040.00-ʂʊʅ-090-07 [73], 

ʢʦʪʦʨʳʡ ʠʭ ʢʣʘʩʩʠʬʠʮʠʨʫʝʪ ʥʘ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ: ʚʤʷʪʠʥʘ, ʛʦʬʨ, ʜʝʬʝʢʪ ʪʠʧʘ 

çʩʫʞʝʥʠʝè, ʢʦʨʨʦʟʠʦʥʥʘʷ ʧʦʪʝʨʷ ʤʝʪʘʣʣʘ, ʤʝʭʘʥʠʯʝʩʢʦʝ ʧʦʚʨʝʞʜʝʥʠʝ ʪʠʧʘ 

çʨʠʩʢʘè, ʨʘʩʩʣʦʝʥʠʝ ʩ ʧʨʦʷʚʣʝʥʠʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ, ʨʘʩʩʣʦʝʥʠʝ ʚ ʟʦʥʝ 

ʧʨʠʚʘʨʠʚʘʥʠʷ, ʪʨʝʱʠʥʘ, ʤʝʭʘʥʠʯʝʩʢʠʡ ʜʝʬʝʢʪ ʠʟ-ʟʘ ʪʨʝʱʠʥʩʪʦʡʢʦʡ ʢʦʨʨʦʟʠʠ. ɺ 

ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʦʥʠ ʧʨʠʚʦʜʷʪ ʢ ʥʝʠʜʝʘʣʥɹʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʘʥʘʣʠʪʠʯʝʩʢʦʤ 

ʧʣʘʥʝ ʢʘʞʜʳʡ ʚʠʜ ʦʧʠʩʳʚʘʝʪʩʷ ʩʚʦʝʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ (ʧʨʷʤʘʷ, 
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ʛʠʧʝʨʙʦʣʘ, ʧʘʨʘʙʦʣʘ ʠ ʜʨ.). ʇʨʠʥʮʠʧʠʘʣʴʥʦ, ʯʪʦ ʬʫʥʢʮʠʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʜʝʬʝʢʪ, 

ʷʚʣʷʶʪʩʷ ʛʣʘʜʢʠʤʠ.  

ʊʠʧʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʬʦʨʤʘʮʠʡ ʠ ʜʝʬʝʢʪʦʚ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʨʝʛʣʘʤʝʥʪʠʨʫʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʥʦʨʤʘʪʠʚʥʳʤʠ ʠʥʩʪʨʫʢʮʠʷʤʠ.  

ʂ ʙʝʟʫʧʨʝʯʥʳʤ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʜʝʬʝʢʪʘʤ ʧʨʦʮʝʩʩʘ ʩʚʘʨʥʦʛʦ ʰʚʘ ʠʤʝʝʪ 

ʦʪʥʦʰʝʥʠʷ [12, 18, 67, 73, 77]: 

- ʨʘʟʣʠʯʥʳʝ ʘʩʧʝʢʪʳ ʜʝʬʝʢʪʦʚ ʚ ʚʠʜʝ ʥʝʩʧʣʦʰʥʦʩʪʠ ʤʝʪʘʣʣʘ ʚ ʧʨʦʮʝʩʩʝ ʩʚʘʨʢʠ- 

ʩʚʘʨʥʳʝ ʚʦʟʤʫʱʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʚʥʝʟʘʧʥʳʝ ʪʨʝʱʠʥʳ, ʥʝʩʧʣʘʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ 

ʪʨʫʙʳ ʩʦ ʩʚʘʨʦʯʥʦʡ ʛʦʨʝʣʢʦʡ, ʥʝʧʨʦʚʘʨ ʠ ʜʨ. ʕʪʠ ʜʘʥʥʳʝ ʥʦʤʠʥʠʨʫʶʪʩʷ ʩʦʛʣʘʩʥʦ 

ɺʀʇ ʢʘʢ çʨʘʟʨʳʚ ʧʣʘʥʘʨʥʦʛʦ ʪʠʧʘè ʧʦ ʚʩʝʡ ʧʨʦʜʦʣʴʥʦʡ ʠ ʩʧʠʨʘʣʴʥʦʡ ʩʚʘʨʢʝ; 

- ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ, ʘʥʦʤʘʣʠʷ ʠ ʘʥʦʤʘʣʠʷ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʩʚʘʨʢʠ - ʧʨʦʜʦʣʴʥʘʷ, 

ʧʦʧʝʨʝʯʥʘʷ, ʩʧʠʨʘʣʴʥʘʷ; ʵʪʦ ʰʣʘʢʦʚʳʝ ʚʢʣʶʯʝʥʠʷ, ʧʦʨʳ, ʧʦʜʨʝʟ, ʯʝʰʫʡʯʘʪʦʩʪʴ 

ʫʪʷʞʠʥʘ, ʧʨʝʚʳʰʝʥʠʝ ʧʨʦʧʣʘʚʘ, ʥʘʧʣʳʚʳ; 

- ʦʧʣʘʚʣʝʥʠʝ ʢʨʦʤʦʢ ʚʦ ʚʨʝʤʷ ʩʚʘʨʢʠ; 

- ʥʘʣʠʯʠʝ ʥʘʢʣʦʥʥʳʭ ʠ ʥʝ ʠʜʝʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ - ʩʚʘʨʥʳʝ ʩʪʳʢʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʨʫʙʳ ʩ ʜʨʫʛʦʡ ʪʨʫʙʦʡ, ʛʜʝ ʧʨʦʜʦʣʴʥʳʝ ʦʩʠ ʜʚʫʭ ʪʨʫʙ ʥʘʭʦʜʷʪʩʷ 

ʧʦʜ ʜʨʫʛʠʤ ʫʛʣʦʤ ʜʨʫʛ ʢ ʜʨʫʛʫ. 

ʇʨʠ ʘʥʘʣʪʠʪʠʯʝʩʢʦʤ ʨʘʩʩʤʦʪʨʝʥʠ ʩʚʘʨʥʦʛʦ ʰʚʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʝʛʦ ʛʝʦʤʝʪʨʠʷ 

ʚ ʚʠʜʝ ʨʠʩʫʥʢʘ 1.3, ʛʜʝ ʦʙʦʟʥʘʯʝʥʦ: L ï ʣʠʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

ʩʚʘʨʥʦʛʦ ʰʚʘ; e ï ʰʠʨʠʥʘ ʰʚʘ; g ï ʚʳʩʦʪʘ ʚʳʧʫʢʣʦʩʪʠ; Fʥ ï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʝʯʝʥʠʷ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ; ◖ ï ʫʛʦʣ ʧʝʨʝʭʦʜʘ ʦʪ ʚʳʧʫʢʣʦʩʪʠ ʢ ʦʩʥʦʚʥʦʤʫ 

ʤʝʪʘʣʣʫ. 

 

ʈʠʩʫʥʦʢ 1.3 - ʇʘʨʘʤʝʪʨʳ ʛʝʦʤʝʪʨʠʠ ʩʚʘʨʥʦʛʦ ʰʚʘ 
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ʇʘʨʤʝʪʨʦʤ, ʦʢʘʟʳʚʘʶʱʠʤ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʪʨʘʝʢʪʦʨʠʶ ʜʚʠʞʝʥʠʷ 

ʩʦʧʣʘ ʛʠʜʨʦʨʝʟʘ, ʷʚʣʷʝʪʩʷ ʣʠʥʠʷ ʚʳʧʫʢʣʦʩʪʠ ʰʚʘ L, ʢʦʪʦʨʘʷ ʩʦʛʣʘʩʥʦ 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʠʟ ʪʨʝʭ ʫʨʘʚʥʝʥʠʡ ʩ ʰʝʩʪʴʶ 

ʧʝʨʝʤʝʥʥʳʤʠ [18]. ʀʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʞʝ ʢʨʠʚʳʝ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ (ʵʣʣʠʧʩ, 

ʛʠʧʝʨʙʦʣʘ, ʧʘʨʘʙʦʣʘ), ʦʧʠʩʳʚʘʝʤʳʝ ʚʳʨʘʞʝʥʠʝʤ, ʚ ʢʦʪʦʨʦʤ ʢʦʵʬʬʠʮʠʝʥʪʳ A, B ʠ 

C ʥʝ ʨʘʚʥʳ ʥʫʣʶ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʥʘʧʨʠʤʝʨ ʚʠʜʘ [14]. 

0222 22 =+++++ FEyDxCyBxyAx . 

ʐʠʨʠʥʘ ʰʚʘ ʫ ʦcʥʦʚʘʥʠʷ ʩʦʩʪʘʚʣʝʪ 5-15 ʤʤ, ʚʳʩʦʪʘ ï 5-10 ʤʤ [73]. 

ɺʳʜʝʣʠʤ ʦʩʦʙʝʥʥʦʩʪʠ, ʪʨʫʙ ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʠ ʨʝʟʝʨʚʫʘʨʦʚ ʥʝʬʪʝʭʨʘʥʠʣʠʱ, 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʩʪʨʫʢʪʫʨʫ ʠ ʘʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʨʦʙʦʪʦʤ ʧʨʠ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʠʭ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ. 

1. ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʠ ʥʝʬʪʝʭʨʘʥʠʣʠʮ ʧʨʝʜʫʩʤʦʪʨʝʥʳ 

ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʝ ʠ ʨʝʤʦʥʪʥʳʝ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʢʦʥʪʨʦʣʴ ʠ ʠʥʩʧʝʢʮʠʷ, ʯʪʦ ʪʝʙʫʝʪ 

ʠʭ ʚʩʢʨʳʪʠʷ ʠʣʠ ʚʳʨʝʟʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʧʨʝʜʝʣʝʥʥʦʡ ʬʦʨʤʳ. 

2. ʅʝʜʦʧʫʩʪʠʤʦ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʘʙʨʘʟʠʚʥʦʡ ʵʣʝʢʪʨʦ- ʠ ʛʘʟʦʨʝʟʢʠ ʧʦ 

ʫʩʣʦʚʠ̫ ʤ ʚʟʨʳʚʦʦʧʘʩʥʦʩʪʠ. 

3. ɹʦʣʴʰʦʡ ʜʠʘʧʘʟʦʥ ʜʠʘʤʝʪʨʦʚ ʪʨʫʙ ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʠ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʝ 

(ʥʘʟʝʤʥʳʝ, ʧʦʜʟʝʤʥʳʝ ʥʘ ʵʩʪʘʢʘʜʝ, ʧʦʜʚʦʜʥʳʝ). ʅʝʬʪʝʭʨʘʥʠʣʠʱʘ ʠʤʝʶʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʠʝ ʨʘʟʤʝʨʳ ʧʦ ʜʠʘʤʝʪʨʫ, ʚʳʩʦʪʝ (ʜʣʠʥʝ).  

5. ʊʦʣʱʠʥʘ ʩʪʝʥʦʢ ʠʟʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʠʘʤʝʪʨʘ ʪʨʫʙ ʠ 

ʥʝʬʪʝʭʨʘʥʠʣʠʱ ʠ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 5-20 ʤʤ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʨʘʟʥʳʝ ʩʢʦʨʦʩʪʠ 

ʨʝʟʘʥʠʷ. 

6. ʀʤʝʝʪ ʤʝʩʪʦ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʩʚʘʨʥʳʤʠ 

ʰʚʘʤʠ, ʜʝʬʦʨʤʘʮʠʷʤʠʤ, ʟʘʛʨʷʟʥʝʥʠʷʤʠ. 

7. ɺʳʨʝʟʘʝʤʳʝ ʧʨʦʬʠʣʠ: 

ʘ) ʜʣʷ ʥʝʬʪʝʭʨʘʥʠʣʠʱ:  ʧʨʷʤʦʫʛʦʣʴʥʠʢ ʧʨʠ ʚʠʜʝ ʧʦ ʥʦʨʤʘʣʠ ʢ ʙʦʢʦʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʨʘʟʤʝʨʘʤʠ ʚ ʧʨʝʜʝʣʘʭ 2000*4000 ʤʤ; ʧʨʷʤʦʫʛʦʣʴʥʠʢ ʠʣʠ 

ʦʢʨʫʞʥʦʩʪʴ ʜʣʷ ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʥʘ ʪʦʨʮʝ ʠʣʠ ʢʨʳʰʝ); 

ʙ) ʜʣʷ ʚʳʨʝʟʘʥʠʷ ʪʨʫʙ ʥʝʬʪʝʧʨʦʚʦʜʦʚ: 

- ʦʢʨʫʞʥʦʩʪʴ ʥʘ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʮʠʣʠʥʜʨʝ); 
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- ʧʝʨʝʩʝʯʝʥʠʝ ʜʚʫʭ ʮʠʣʠʥʜʨʦʚ ʩ ʨʘʟʥʳʤʠ ʜʠʘʤʝʪʨʘʤʠ; 

- ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʧʨʦʬʠʣʴ ʧʨʠ ʚʠʜʝ ʧʦ ʥʦʨʤʘʣʠ ʢ ʙʦʢʦʚʦʡ 

(ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ) ʧʦʚʝʨʭʥʦʩʪʠ. 

8. ʈʘʩʧʦʣʦʞʝʥʠʝ ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʚ ʪʨʫʜʦʩʪʫʧʥʳʭ ʨʘʡʦʥʘʭ. 

9. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙ ʠʤʝʶʪʩʷ ʩʚʘʨʥʳʝ ʰʚʳ (ʰʠʨʠʥʘ 5-15 ʤʤ, ʚʳʩʦʪʘ 5 -

 10 ʤʤ) ʠ ʤʦʛʫʪ ʙʳʪʴ ʜʝʬʝʢʪʳ ʚ ʚʠʜʝ ʚʤʷʪʠʥ, ʛʦʬʨ, ʢʦʦʨʦʟʠʠ ʤʝʪʘʣʣʘ ʠ ʜʨ. 

1.2. ɸʥʘʣʠʟ ʧʨʦʮʝʩʩʘ ʠ ʪʝʭʥʦʣʦʛʠʠ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ  

ʇʨʦʮʝʩʩ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ ʧʦʷʚʠʣʩʷ ʚ ʢʦʥʮʝ ʧʷʪʠʜʝʩʷʪʳʭ ʛʦʜʦʚ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʉʉʉʈ ʠ ʉʐɸ. ɺ ʦʩʥʦʚʫ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʧʨʠʢʣʘʜʥʳʭ 

ʚʦʧʨʦʩʦʚ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ  ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʧʦ-

ʣʦʞʝʥʳ ʪʨʫʜʳ ʩʦʚʝʪʩʢʠʭ ʫʯʝʥʳʭ ɺʝʨʝʱʘʛʠʥʘ ʃ.ʌ., ʉʝʤʝʨʯʘʥʘ ɸ.ɸ., ʅʠʢʦʥʦʚʘ 

ɻ.ʇ., ʊʠʭʦʤʠʨʦʚʘ ʈ.ɸ., ʇʝʪʫʭʦʚʘ ɽ.ʅ. ʠ ʜʨ. ɿʘ ʨʫʙʝʞʦʤ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʨʘʙʦ-

ʪʘʣʠ ʌʨʘʥʮ ʅ., ʃʠ ɼ.ʈ., ʃʘʚʦʡʝ ʠ ʜʨ. ʉʥʘʯʘʣʘ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʝ ʠ 

ʧʣʘʩʪʤʘʩʩʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʣʝʛʢʠʝ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʘʣʶʤʠʥʠʷ, ʤʝʜʠ ʠ ʜʨ. ʆʙʨʘ-

ʙʦʪʢʘ ʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʧʣʘʚʦʚ (ʛʨʘʥʠʪ, ʚʳʩʦʢʦʧʨʦʯʥʳʝ ʠ ʣʝʛʠʨʦʚʘʥʥʳʝ 

ʩʪʘʣʠ) ʪʨʝʙʦʚʘʣʘ ʙʦʣʴʰʝʡ ʨʘʟʨʫʰʠʪʝʣʴʥʦʡ ʩʠʣʳ, ʩʚʝʨʭʩʢʦʨʦʩʪʥʦʡ ʩʪʨʫʠ. ʈʝʰʝ-

ʥʠʝʤ ʩʪʘʣʦ ʚʚʝʜʝʥʠʝ ʚ ʚʦʜʷʥʫʶ ʩʪʨʫʶ ʯʘʩʪʠʮ ʚʳʩʦʢʦʪʚʝʨʜʦʛʦ ʤʘʪʝʨʠʘʣʘ ï ʘʙʨʘ-

ʟʠʚʘ ʥʘ ʦʩʥʦʚʝ ʢʚʘʨʮʝʚʦʛʦ ʧʝʩʢʘ, ʛʨʘʥʠʪʘ ʠ ʜʨ. ɺ ʪʝʭʥʠʢʝ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ 

ʵʪʠ ʧʨʦʮʝʩʩʳ ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʷ: 

WJC ï Water Jet Cutting ï ʨʝʟʢʘ ʚʦʜʷʥʦʡ (ʠʣʠ ʚʦʜʥʦ-ʘʙʨʘʟʠʚʥʦʡ) ʩʪʨʫʝʡ; 

AWJC ï Abrasive Water Jet Cutting ï ʘʙʨʘʟʠʚʥʘʷ ʚʦʜʦʩʪʨʫʡʥʘʷ ʨʝʟʢʘ. 

ʈʝʘʣʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ ʪʨʝʙʦʚʘʣʘ ʩʦʟʜʘʥʠʷ ʠ ʩʚʦʝʡ 

ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ ʥʘ ʫʨʦʚʥʝ ʢʦʤʧʣʝʢʪʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʕʪʦ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʛʠʜ-

ʨʦʥʘʩʦʩʳ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʩ ʥʝʧʨʝʨʳʚʥʳʤ ʮʠʢʣʦʤ ʩʦʟʜʘʥʠʷ ʩʪʨʫʠ, ʛʠʜʨʦʩʦʧʣʘ 

ʩ ʤʘʣʳʤ ʩʝʯʝʥʠʝʤ ʠ ʚʳʩʦʢʦʡ ʩʪʦʡʢʦʩʪʴʶ, ʩʠʩʪʝʤʘ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʧʦʜʘʯʠ ʚʦʜʳ ʠ 

ʘʙʨʘʟʠʚʘ ʩ ʛʝʨʤʝʪʠʯʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ. ɺ ʈʦʩʩʠʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʠ ʧʨʠʢʣʘʜʥʳʤʠ 

ʚʦʧʨʦʩʘʤʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʟʘʥʠʤʘʶʪʩʷ ʂʦʨʞʦʚ ɽ.ʅ., ʉʪʝʧʘʥʦʚ ʖ.ʉ., ɹʘʨʩʫʢʦʚ 

ɻ.ɺ., ʇʨʦʪʘʩʦʚ ʖ.ʀ., ʃʘʪʳʧʦʚ ʈ.ʈ., ʊʝʨʝʛʫʣʦʚ ʅ.ɻ., ʇʝʪʫʭʦʚ ɽ.ʅ., ɸʨʭʠʧʦʚ ɸ.ʅ. ʠ 

ʜʨ. 
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ʉʨʝʜʠ ʧʝʨʚʳʭ ʨʘʙʦʪ ʚ ʦʙʣʘʩʪʠ ʪʝʦʨʠʠ ʠ ʧʨʘʢʪʠʢʠ ʩʦʟʜʘʥʠʷ ʛʠʜʨʦʦʙʦʨʫʜʦ-

ʚʘʥʠʷ ʜʣʷ ʨʝʟʢʠ ʚʦʜʷʥʦʡ ʩʪʨʫʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʦʪʤʝʪʠʤ ʨʘʙʦʪʳ, ʧʨʦʚʦʜʠʤʳʝ 

ʚʦ ɺʣʘʜʠʤʠʨʩʢʦʤ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʊʠʭʦʤʠʨʦʚʘ 

ʈ.ɸ. ɹʳʣʘ ʩʦʟʜʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ, ʠ ʨʝʰʝ-

ʥʳ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʧʦ ʩʦʟʜʘʥʠʶ ʥʘʩʦʩʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʩ ʥʝʧʨʝʨʳʚ-

ʥʦʡ ʩʪʨʫʝʡ. ɼʘʣʝʝ, ʚ ʩʦʜʨʫʞʝʩʪʚʝ ʩ ʉʂʊɹ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ çɺʝʢʪʦʨè 

(ʉʂʊɹ ʇʆ çɺʝʢʪʦʨè) ʙʳʣʘ ʩʦʟʜʘʥʘ ʧʨʦʤʳʰʣʝʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʛʠʜʨʦʘʙʨʘʟʠʚ-

ʥʦʡ ʨʝʟʢʠ ʧʣʘʩʪʠʢʦʚ, ʩʪʝʢʣʦʧʣʘʩʪʠʢʦʚ ʠ ʣʝʛʢʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ. ɺ ʜʘʣʴ-

ʥʝʡʰʝʤ ʛʨʫʧʧʘ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʚʳʜʝʣʠʣʦʩʴ ʚ ʧʨʝʜʧʨʠʷʪʠʝ ʆʆʆ çɻʨʦʪè, ʢʦʪʦʨʦʝ 

ʟʘʥʠʤʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʦʡ ʠ ʚʥʝʜʨʝʥʠʝʤ ʫʩʪʘʥʦʚʦʢ ʚ ʨʘʟʣʠʯʥʳʝ ʦʙʣʘʩʪʠ ʥʘʨʦʜʥʦʛʦ 

ʭʦʟʷʡʩʪʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ ʥʝʬʪʝʧʨʦʚʦʜʦʚ, ʠʩʧʦʣʴʟʫʷ ʜʣʷ 

ʵʪʦʛʦ ʩʧʝʮʠʘʣʴʥʦʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ (ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ). ɺʳʧʫʩʢ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʪʘʥʦʚʦʢ ʦʩʚʦʠʣʠ ɿɸʆ çʃʘʟʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳè (ʛ. ʐʘʪʫʨʘ), ʆɸʆ 

çʊʫʣʘʤʘʰʟʘʚʦʜè, ʆɸʆ ʕʅʀʄʉ (ʄʦʩʢʚʘ), ʙʝʣʦʨʫʩʩʢʦʝ ʉʇ ʆʆʆ çʉʇʦʞʠʪʦʢè, 

ʠʥʩʪʠʪʫʪ ʛʦʨʥʦʛʦ ʜʝʣʘ (ʛ. ʍʘʙʘʨʦʚʩʢ), ʫʢʨʘʠʥʩʢʦʝ ʅʇʇ çʀʥʜʨʠʩè ʠ ʥʝʢʦʪʦʨʳʝ 

ʜʨʫʛʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʦʨʛʘʥʠʟʘʮʠʠ [55]. ʀʥʦʩʪʨʘʥʥʳʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ ʠ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ ʷʚʣʷʶʪʩʷ ʬʠʨʤʳ: Flow 

International Corporation (ʉʐɸ); Water Jet Sweden AB (ʐʚʝʮʠʷ); Waterjet 

Corporation (ʀʪʘʣʠʷ); PTV (ʏʝʭʠʷ); Bystronic (ʐʚʝʡʮʘʨʠʷ); Sato Schneidsysteme 

(ɻʝʨʤʘʥʠʷ), Aliko (ʌʠʥʣʷʥʜʠʷ), Trenntec (ɻʝʨʤʘʥʠʷ), ESAB Welding & Cutting 

Productions (ʐʚʝʮʠʷ), Digital Control (ʌʨʘʥʮʠʷ); Ingersoll Rand (ʉʐɸ). ɼʦʩʪʠʛʥʫ-

ʪʳʝ ʧʦʢʘʟʘʪʝʣʠ - ʜʘʚʣʝʥʠʝ ʚʦʜʳ 4000 ʙʘʨ, ʩʘʧʬʠʨʦʚʳʝ ʩʦʧʣʘ ʩ ʜʠʘʤʝʪʨʦʤ ʧʨʦʭʦʜ-

ʥʦʛʦ ʩʝʯʝʥʠʷ 0,08-0,5 ʤʤ, ʩʢʦʨʦʩʪʴ ʩʪʨʫʠ 900 ʤ/ʩ. ʆʩʥʦʚʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʙʦʪʘʭ [11, 14, 16, 

50, 72, 79, 80, 82]. ʇʨʝʠʤʫʱʝʩʪʚʘ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ (ʤʝʭʘʥʦʦʙʨʘʙʦʪʢʘ, ʣʘʟʝʨʥʘʷ ʨʝʟʢʘ, ʵʣʝʢʪʨʦʨʝʟʢʘ, ʛʘʟʦʨʝʟʢʘ), ʧʨʠ-

ʤʝʥʷʝʤʳʤʠ ʜʣʷ ʧʦʜʦʙʥʳʭ ʮʝʣʝʡ: ʥʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʝʚʘ ʦʙʲʝʢʪʘ ʨʝʟʘʥʠʷ 

(60-90)Üʉ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʦʪʩʫʪʩʪʚʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʘʪʝʨʠʘʣ 

ʦʙʲʝʢʪʘ ʨʝʟʘʥʠʷ; ʤʝʥʴʰʠʝ ʧʦʪʝʨʠ ʤʘʪʝʨʠʘʣʘ; ʙʦʣʴʰʦʡ ʘʩʩʦʨʪʠʤʝʥʪ ʨʘʟʨʝʟʘʝʤʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʪʦʣʱʠʥʦʡ (ʜʦ 150ð300 ʤʤ ʠ ʙʦʣʝʝ); ʦʪʩʫʪʩʪʚʠʝ ʧʣʘʚʣʝʥʠʷ ʤʘʪʝʨʠʘ-
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ʣʦʚ ʥʘ ʢʨʘʷʭ ʦʙʨʘʙʦʪʘʥʥʳʭ ʠ ʩʚʘʨʥʳʭ ʜʝʪʘʣʝʡ ʠ ʚ ʧʨʠʣʝʛʘʶʱʠʭ ʟʦʥʘʭ; ʚʟʨʳʚʦ-

ʙʝʟʦʧʘʩʥʦʩʪʴ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ; ʧʦʜʜʝʨʞʘʥʠʝ ʫʩʣʦʚʠʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʯʠʩʪʦʪʳ ʠ 

ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʚʨʝʜʥʳʭ ʛʘʟʦʚ; ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʨʝʟʘʥʠʷ ʦʙʲʝʢʪʘ; (ʰʝʨʦʭʦʚʘ-

ʪʦʩʪʴ ʢʨʦʤʢʠ Ra 1,6) [79]. 

ʆʩʥʦʚʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʳ ɻɸʈ (ʥʘ ʧʨʠʤʝʨʝ 

ʨʘʟʨʘʙʦʪʦʢ ʆʆʆ çɻʨʦʪè): 

- ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, ʢɺʪéééééééééé.ééééé...32 

- ʜʠʘʤʝʪʨ ʩʝʯʝʥʠʷ ʩʦʧʣʘ, ʤʤ   ééééééééé..éééé..0,5 

- ʨʘʩʩʪʦʷʥʠʝ ʩʨʝʟʘ ʩʦʧʣʘ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʘʥʠʷ, ʤʤéé.éé5 

- ʪʨʝʙʦʚʘʥʠʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪʠ ʦʩʠ ʩʦʧʣʘ  

   ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʘʥʠʷ ʧʦ ʜʚʫʤ ʧʣʦʩʢʦʩʪʷʤ, ʛʨʘʜééééé3-5  

- ʪʦʣʱʠʥʘ ʤʘʪʝʨʠʘʣʘ ʨʝʟʘʥʠʷ ʜʦ, ʤʤééééééééééé..20  

- ʜʘʚʣʝʥʠʝ ʚ ʤʘʛʠʩʪʨʘʣʠ ʥʘʩʦʩʘ  

ʚʩrʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʄʇʘéééééééééééééé.350-400 

1.3. ʊʝʭʥʦʣʦʛʠʠ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ 

ʨʝʟʢʠ. 

1. ʆʧʝʨʘʪʦʨʦʤ ʩ ʧʦʤʦʱʴʶ ʥʘʚʝʩʥʳʭ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ  

ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʬʦʪʦʛʨʘʬʠʠ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʝ ʧʨʦʚʝʜʝʥʠʝ ʨʘʙʦʪ ʧʦ ʛʠʜ-

ʨʦʘʙʨʘʟʠʚʥʳʝ ʨʝʟʢʠ (ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʆʆʆ çɻʨʦʪè). ɺʘʨʠʘʥʪ ʨʝʟʢʠ ʧʨʷʤʦʫʛʦʣʴʥʦ-

ʛʦ ʩʝʯʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʬʪʝʭʨʘʥʠʣʠʱʘ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 1.4. ʅʘ ʧʦʜʲʝʤ-

ʥʠʢʝ ʥʘʭʦʜʷʪʩʷ ʜʚʘ ʦʧʝʨʘʪʦʨʘ ʠ ʧʦʜʚʠʞʥʘʷ ʯʘʩʪʴ ʩʨʝʜʩʪʚʘ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ. 

ʇʨʠʩʧʦʩʦʙʣʝʥʠʝ ʜʣʷ ʛʦʣʦʚʢʠ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʬʪʝʭʨʘʥʠʣʠʱʘ ʧʦ ʪʨʝʙʫʝʤʦʡ ʬʦʨʤʝ ʨʝʟʢʠ. ʌʦʪʦ, ʠʣʣʶʩʪʨʠʨʫʶʱʝʝ 

ʧʨʦʮʝʩʩ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ ʧʦ ʦʙʨʘʟʫʶʱʝʡ ʦʢʨʫʞʥʦʩʪʠ, ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥ-

ʢʝ 1.5. ɸʥʘʣʠʟ ʚʳʧʦʣʥʷʝʤʦʛʦ ʧʨʦʮʝʩʩʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ: 1) ʧʨʦʮʝʜʫʨʘ 

ʚʳʨʝʟʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʩʪʘʪʦʯʥʘ ʩʣʦʞʥʘ ʠ ʪʨʫʜʦʝʤʢʘ, ʚʳʧʦʣʥʷʝʪʩʷ ʦʧʝʨʘʪʦ-

ʨʦʤ; 2) ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʝʜʤʝʪʘ ʨʝʟʘʥʠʷ ʠ ʥʝʩʫʱʠʝ ʩʦʧʣʦ ʛʠʜ-
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ʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ ʩʣʦʞʥʳʤʠ; 3) ʦʪʩʫʪʩʪʚʫʶʪ ʵʣʝʤʝʥʪʳ ʘʚʪʦʤʘ-

ʪʠʟʘʮʠʠ. 

 

ʈʠʩʫʥʦʢ 1.4 - ɺʳʨʝʟʘʥʠʝ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʧʨʦʬʠʣʷ ʚ ʥʝʬʪʝʭʨʘʥʠʣʠʱʝ 

 

 

ʈʠʩʫʥʦʢ 1.5 - ɻʠʜʨʦʘʙʨʘʟʠʚʥʘʷ ʨʝʟʢʘ ʧʦ ʦʙʨʘʟʫʶʱʝʡ ʦʢʨʫʞʥʦʩʪʠ ʪʨʫʙʳ 

 

2. ʉ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʥʘʚʝʩʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʘʥʠʷ 

 ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ  
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ʉʧʝʮʠʘʣʴʥʳʝ ʤʦʙʠʣʴʥʳʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠ ̫ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝ-

ʟʘʥʠʷ, ʧʨʠ ʜʚʠʞʝʥʠʠ ʚʳʧʦʣʥʷʝʪʩʷ ʪʨʝʙʫʝʤʘʷ ʬʠʛʫʨʘ ʨʝʟʘʥʠʷ, ʨʠʩʫʥʦʢ 1.6 

[19,103]. ʆʛʨʘʥʠʯʝʥʠʝ ï ʧʣʦʩʢʘʷ ʠʣʠ ʩ ʤʘʣʦʡ ʢʨʠʚʠʟʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴ ʨʝʟʘʥʠʷ. 

 

ʈʠʩʫʥʦʢ 1.6 - ʈʝʟʢʘ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʥʘʚʝʩʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʘʥʠʷ 

 

3. ʅʘ ʦʩʥʦʚʝ ʩʪʘʮʠʦʥʘʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʠ ʩʧʝʮʠʘʣʴʥʳʭ ʩʪʘʥʢʦʚ ʜʣʷ ʛʠʜʨʦ-

ʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ 

ʉʪʘʮʠʦʥʘʨʥʳʝ ʫʩʪʘʥʦʚʢʠ ʠ ʩʧʝʮʠʘʣʴʥʳʝ ʩʪʘʥʢʠ ʜʣʷ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʪʘʮʠʦʥʘʨʥʳʭ ʫʩʣʦʚʠʷʭ. ʊʨʫʙʘ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʦʡ ʪʨʝʙʫʝʪ-

ʩʷ ʚʳʨʝʟʘʪʴ ʪʨʝʙʫʝʤʫʶ ʧʦʣʦʩʪʴ ʧʦʜʚʦʜʠʪʩʷ ʢ ʤʝʩʪʫ ʩʪʘʮʠʦʥʘʨʥʦʡ ʩʠʩʪʝʤʳ ʛʠʜʨʦ-

ʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ ï ʩʪʘʥʦʢ. ʉʪʘʮʠʦʥʘʨʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʚʳʧʦʣʥʷʶʱʘʷ ʥʝʩʢʦʣʴʢʦ 

ʦʢʨʫʞʥʦʩʪʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.7 [97, 98]. 
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ʈʠʩʫʥʦʢ 1.7 - ʈʝʟʢʘ ʦʢʨʫʞʥʦʩʪʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ ʥʘ ʦʩʥʦʚʝ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʫʩʪʘʥʦʚʦʢ 

4. ʉ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʦʙʦʪʦʚ, ʩʪʘʮʠʦʥʘʨʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʭ 

ɺ ʩʪʘʮʠʦʥʘʨʥʳʭ ʫʩʣʦʚʠʷʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʨʦʙʦʪ, ʥʝʩʫʱʠʡ 

ʈʆ ʩʠʩʪʝʤʳ ɻɸʈ. ʆʙʲʝʢʪ ʨʝʟʘʥʠʷ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʦʛʦ ʪʨʝʙʫʝʪʩʷ ʚʳʧʦʣʥʠʪʴ 

ʪʨʝʙʫʝʤʫʶ ʬʠʛʫʨʫ, ʧʦʜʚʦʜʠʪʩʷ ʢ ʤʝʩʪʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʦʙʦʪʘ.  ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʧʨʦʮʝʩʩ ʨʝʟʢʠ ʚʳʧʦʣʥʷʝʪʩʷ ʘʚʪʦʥʦʤʥʦ ʠ ʨʦʣʴ ʦʧʝʨʘʪʦʨʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʛʨʘʤ-

ʤʠʨʦʚʘʥʠʠ ʠ ʦʙʱʝʤ ʥʘʙʣʶʜʝʥʠʠ. ʅʘ ʨʠʩʫʥʢʝ 1.8 ʧʦʢʘʟʘʥʘ ʧʷʪʠʟʚʝʥʥʘʷ ʤʘʥʠʧʫ-

ʣʷʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ (NCM GROUP ï 

CANADA), ʠ ʧʨʦʤʳʰʣʝʥʥʳʝ ʨʦʙʦʪʳ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ (CNC Waterjet) [100, 

101]. 

 

          

                           ʘ)                                                          ʙ) 

ʈʠʩʫʥʦʢ 1.8 - ʈʝʟʢʘ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʦʙʦʪʦʚ, ʩʪʘʮʠʦʥʘʨʥʦ ʫʩʪʘʥʦʚ-

ʣʝʥʥʳʭ: ʘ) ʤʘʥʠʧʫʣʷʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ (NCM Ggroup ï 

CANADA), ʙ) ʧʨʦʤʳʰʣʝʥʥʳʝ ʨʦʙʦʪʳ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ (CNC Waterjet). 

http://ncmcnccuttingmachines.com/2014/chanpin04_1029/27.html


 

21 

 

 

5. ʉ ʧʦʤʦʱʴʶ ʧʦʨʪʘʪʠʚʥʳʭ ʫʩʪʘʥʦʚʦʢ 

ʇʦʨʪʘʪʠʚʥʘʷ ʤʘʰʠʥʘ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ ʚ 

ʤʘʣʳʭ ʮʝʭʘʭ ʠ ʥʘ ʦʪʢʨʳʪʳʭ ʧʣʦʱʘʜʢʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.9 [103]. ʆʥʘ 

ʧʨʦʩʪʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʦʙʩʣʫʞʠʚʘʥʠʠ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ. ʈʘʟʥʳʝ ʫʩʪʨʦʡʩʪʚʘ 

ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʨʝʞʫʱʝʡ ʛʦʣʦʚʢʠ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʷʪʴ ʜʘʥʥʫʶ 

ʫʩʪʘʥʦʚʢʫ ʜʣʷ ʨʝʟʢʠ ʨʘʟʣʠʯʥʳʭ ʪʨʫʙ ʠ ʩʪʦʣʙʦʚ. ʆʛʨʘʥʠʯʝʥʠʝ ï ʣʠʥʠʷ ʨʝʟʘ ʩ ʦʜʥʠʤ 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʝʤ ʚʳʧʦʣʥʷʝʪʩʷ ʪʦʣʴʢʦ ʧʦ ʦʜʥʦʡ ʦʙʨʘʟʫʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

 

ʈʠʩʫʥʦʢ 1.9 - ʇʦʨʪʘʪʠʚʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʛʠʜʨʦʘʙʨʘʟʠʚʥʳʭ ʨʝʟʢʠ ʪʨʫʙ 

(HEAD Waterjet) 

 

6. ʅʘ ʦʩʥʦʚʝ ʤʦʙʠʣʴʥʳʭ ʨʦʙʦʪʦʚ 

ʄʦʙʠʣʴʥʳʡ ʨʦʙʦʪ, ʥʘ ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʦʞʝʥ ʊʈ ʠ ʩʠʩʪʝʤʘ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ 

ʨʝʟʢʠ ʩʦ ʚʩʝʤʠ ʝʝ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʯʘʩʪʷʤʠ. ʕʪʦʪ ʚʘʨʠʘʥʪ ʠʤʝʝʪ ʙʦʣʴʰʠʝ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ɻʇʈ ʪʨʫʙ ʠ ʥʝʬʪʝʭʨʘʥʠʣʠʱ. ʄʦʙʠʣʴʥʳʡ ʨʦʙʦʪ (ʨʠʩʫ-

ʥʦʢ 1.10) ʜʣʷ ʛʠʜʨʦʨʝʟʘʥʠʷ ʦʙʲʝʢʪʦʚ ʥʝʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 

1.10, ʩʝʨʠʷ (R JET - 061) [99].  
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ʈʠʩʫʥʦʢ 1.10 - ʄʦʙʠʣʴʥʳʡ ʨʦʙʦʪ ʜʣʷ ʛʠʜʨʦʨʘʟʨʳʚʘ, 

 ʩʝʨʠʷ (R JET - 061) 

ʈʦʙʦʪ (ʩʝʨʠʷ R JET - 061) ʨʘʙʦʪʘʝʪ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʚʦʜʷʥʳʤ ʥʘʩʦʩʦʤ ʚʳʩʦʢʦ-

ʛʦ ʜʘʚʣʝʥʠʷ ʜʦ 30 ʢɺʪ ʚʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʨʘʙʦʯʠʤ ʜʘʚʣʝʥʠʝʤ ʜʦ 3000 ɹʘʨ ʠ ʠʩ-

ʧʦʣʴʟʫʝʪ ʨʘʟʣʠʯʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʝʤʫ ʩʣʝʜʫʶʱʠʝ ʦʙʱʠʝ ʚʠ-

ʜ  rʚʦʜʦʩʪʨʫʡʥʳʝ ʦʙʨʘʙʦʪʢʠ: 1) ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʦʙʨʘʙʦʪʢʘ ʙʝʪʦʥʘ ʠ ʤʝʪʘʣʣʘ, 2) 

ʫʜʘʣʝʥʠʝ ʦʙʣʦʤʢʦʚ ʠ ʩʣʦʝʚ ʤʘʪʝʨʠʘʣʘ ʩ ʨʘʟʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢ-

ʞʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʚʘʨʠʘʥʪʳ ʩ ʨʘʩʧʦʣʦʞʝʥʠʝ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʠ ʥʘ ʦʜʥʦʤ ʰʘʩʩʠ, ʘ 

ʈʆ ʥʘ ʜʨʫʛʦʤ ʥʦʩʠʪʝʣʝ [15]. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʩʩʤʦʪʨʝʥʥʳʤʠ ʚʳʰʝ ʜʨʫʛʠʤʠ ʪʝʭ-

ʥʦʣʦʛʠʷʤʠ ɻɸʈ ʥʘ ʦʩʥʦʚʝ ʄɹʊʈ ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʤʦʙʠʣʴʥʦʩʪɹ , ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʚ 

ʯʘʩʪʠ ʬʦʨʤʳ ʚʳʨʝʟʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ. 

ʆʜʥʘʢʦ, ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʪʨʝʙʫʝʪ ʫʯʝʪʘ ʩʧʝʮʠʬʠʢʠ ʨʘʙʦʪʳ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ, ʯʪʦ 

ʩʦʩʪʦʠʪ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʧʦʣʦʞʝʥʠʷ ʪʨʫʙ ʠ ʩʦʛʣʘʩʦʚʘʥʠʷ ʦʩʝʡ ʊʈ ʩ ʦʙʲʝʢʪʦʤ ʨʝʟʘ-

ʥʠʷ ʠ ʚʦʟʤʦʞʥʳʝ ʜʝʬʝʢʪʳ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʫʙ. 

1.4. ʉʪʨʫʢʪʫʨʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʛʠʜʨʦ-

ʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʠ ʥʝʬʪʝʭʨʘʥʠʣʠʱ 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʤʦʙʠʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ 

ʨʝʟʢʠ ʪʨʫʙ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ 



 

23 

 

ʥʘ ʥʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʨʦʙʦʪʦʤ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʦʡ (ʩʠʩʪʝʤʦʡ) ʛʠʜʨʦ-

ʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ, ʨʠʩʫʥʦʢ 1.11 [15, 17, 35, 40, 43, 80]. 

 

 

ʈʠʩʫʥʦʢ 1.11 - ʉʦʩʪʘʚ ʫʩʪʘʥʦʚʢʠ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ ʩ ʪʨʘʥʩʧʦʨʪʥʦʡ  

ʩʠʩʪʝʤʦʡ 

 

ʇʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʳ ʚʘʨʠʘʥʪʳ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʦʧʝʨʘʪʦʨʦʤ, ʦʧʝʨʘʪʦʨʦʤ ʚ ʜʠʩʪʘʥʮʠʦʥʥʦʤ ʠ ʘʚʪʦʥʦʤʥʦʤ ʨʝʞʠʤʘʭ. ɺ ʧʦʩʣʝʜʥʠʭ 

ʜʚʫʭ ʩʣʫʯʘʷʭ ʚʩʷ ʩʠʩʪʝʤʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʤʦʙʠʣʴʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʨʦ-

ʙʦʪ (ʄɹʊʈ). ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ  ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.12. ʊʨʘʥʩ-

ʧʦʨʪʥʦʡ ʩʠʩʪʝʤʝ ʟʘʜʘʶʪʩʷ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʚʳʭʦʜʘ G ʥʘ ʧʦʟʠʮʠʶ ʨʝʟʘʥʠʷ, ʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʨʦʙʦʪʫ ï ʫʧʨʘʚʣʷʶʱʘʷ ʧʨʦʛʨʘʤʤʘ Xg, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʚʦʩʧʨʦ-

ʠʟʚʝʜʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʧʨʦʬʠʣʷ ʌ ʚʳʨʝʟʘʝʤʦʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ ʩʪʨʫʝʡ ʚʳʩʦ-

ʢʦʛʦ ʜʘʚʣʝʥʠʷ ʩ ʘʙʨʘʟʠʚʦʤ, ʩʦʛʣʘʩʥʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʊ. ɿʘ ʩʯʝʪ ʥʝ-

ʪʦʯʥʦʩʪʠ ʚʳʭʦʜʘ ʚ ʠʩʭʦʜʥʫʶ ʪʦʯʢʫ ʨʝʟʘʥʠʷ, ʥʝʧʦʣʥʦʡ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʨʝʣʴʝʬʘ 

ʤʝʩʪʥʦʩʪʠ ʠ ʦʨʠʝʥʪʘʮʠʠ ʊʈ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʲʝʢʪʘ ʨʝʟʘʥʠʷ ʚʦʟʥʠʢʘʝʪ ʥʝʩʦʦʪʚʝʪ-

ʩʪʚʠʝ ʩʠʩʪʝʤ ʬʘʢʪʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʦʩʝʡ ʦʙʲʝʢʪʘ ʨʝʟʘʥʠʷ 1X  ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʦʙʦʪʘ 0X . ʂʨʦʤʝ ʪʦʛʦ ʠʤʝʶʪʩʷ ʦʪʢʣʦʥʝʥʠʷ ʠʜʝʘʣʴʥʦʡ 1G  

(ʧʨʦʛʨʘʤʤʥʦʡ) ʦʪ ʬʘʢʪʠʯʝʩʢʦʡ 0G  ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʝʟʘʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʜʝʬʦʨ-

ʤʘʮʠʷʤʠ, ʚʤʷʪʠʥʘʤʠ, ʩʚʘʨʥʳʤʠ ʰʚʘʤ, ʟʘʛʨʷʟʥʝʥʠʷʤʠ ʠ ʜʨʫʛʠʤʠ ʬʘʢʪʦʨʘʤʠ. 
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ʈʠʩʫʥʦʢ 1.12 - ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʨʝʟʘʥʠʷ ʥʝʬʪʝʧʨʦʚʦʜʦʚ 

 

ʅʝʦʙʭʦʜʠʤʦ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʦʪʢʣʦʥʝʥʠʝ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ, ʥʘʧʨʘʚʣʝʥʠʷ 

ʦʩʝʡ ʠ ʬʦʨʤʳ ʬʘʢʪʠʯʝʩʢʦʡ ʠ ʧʨʦʛʨʘʤʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʝʟʘʥʠʷ 

;01 XXX -=D  .01 GGG -=D  

ʅʘ ʩʭʝʤʝ ʧʦʢʘʟʘʥʳ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʚʦʟʤʫʱʝʥʠʷ: F1 ï ʩʦ ʩʪʦʨʦʥʳ ʨʝʣʴʝʬʘ 

ʤʝʩʪʥʦʩʪʠ ʧʨʠ ʜʚʠʞʝʥʠʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ; F2, F3 - ʧʦʨʦʞʜʘʶʱʠʝ ʦʪʢʣʦʥʝ-

ʥʠʷ GX DD , . 

 1.5. ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʆʩʦʙʝʥʥʦʩʪʠ ʈʊʂ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʩʪʨʫʢʪʫʨʫ ʩʠʩʪʝ-

ʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʧʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʝʡ ʠ ʘʣʛʦʨʠʪʤʦʚ: 

- ʈʊʂ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʩʠʩʪʝʤ ï ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠ-

ʩʪʝʤʳ (ʤʦʙʠʣʴʥʦʛʦ ʨʦʙʦʪʘ) ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʦʙʦʪʘ; 

- ʦʛʨʘʥʠʯʝʥʥʘʷ ʪʦʯʥʦʩʪʴ ʚʳʭʦʜʘ ʥʘ ʧʦʟʠʮʠʶ ʨʝʟʘʥʠʷ; 

- ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʛʣʘʩʦʚʘʥʠʷ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ʊʈ ʠ ʪʨʫʙʳ, ʢʘʢ ʦʙʲʝʢʪʘ ʨʝʟʘʥʠʷ, 

ʘ ʪʘʢʞʝ ʚʚʦʜʘ ʧʦʧʨʘʚʦʢ ʚ ʙʘʟʦʚʫʶ ʧʨʦʛʨʘʤʤʫ; 

- ʚʦʟʤʦʞʥʘʷ ʥʝ ʠʜʝʘʣʴʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʘʥʠʷ (ʪʨʫʙʳ, ʨʝʟʝʨʚʫʘʨʘ), ʦʙʫʩʣʦʚ-

ʣʝʥʥʘʷ ʩʚʘʨʥʳʤʠ ʰʚʘʤʠ, ʜʝʬʦʨʤʘʮʠʷʤʠ, ʟʘʛʨʷʟʥʝʥʠʝʤ ʠ ʜʨ.); 

- ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʪʘʙʠʣʠʟʘʮʠʠ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʩʦʧʣʘ (ʧʦʚʝʨʭʥʦʩʪʴ ʩʨʝʟʘ) ʜʦ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʨʝʟʘʥʠʷ ʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʝʛʦ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʧʦ ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʝʟʘʥʠʷ; 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ

ʨʦʙʦʪ

ʊʨʘʥʩʧʦʨʪʥʘ̫

ʩʠʩʪʝʤʘ ʆʙ̡ʝʢʪ ʨʝʟʘʥʠ̫

ʌG

Xg

ʄɹʊʈ

ʉʠʩʪʝʤʘ

ʛʠʜʨʦʨʝʟʘʥʠ̫

F2 F3

F1

Xg* , T
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- ʨʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʤʦʜʝʣʝʡ ʊʈ ʠ ʟʘʜʘʪʯʠʢʦʚ ʜʚʠʞʝʥʠʷ 

ʈʆ ʧʦ ʨʘʙʦʯʠʤ ʪʨʘʝʢʪʦʨʠʷʤ; 

- ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʊʈ ʠ ʘʣʛʦʨʠʪʤʦʚ ʤʝʞʢʦʦʨʜʠʥʘʪʥʦʡ ʢʦʨʨʝʢʮʠʠ, ʧʘʨʠʨʫ-

ʶʱʝʡ ʦʪʢʣʦʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʘʥʠʷ ʦʪ ʠʜʝʘʣʴʥʦʡ ʬʦʨʤʳ. 
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ɻʣʘʚʘ 2. ɸʥʘʣʠʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʦʙʦʪʦʚ ʠ ʚʳʙʦʨ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʩʭʝʤʳ 

2.1. ɸʥʘʣʠʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʦʙʦʪʦʚ 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʈʊʂ ʦʪʥʦʩʠʪʩʷ ʢ ʦʙʣʘʩʪʠ ʤʦʙʠʣʴʥʳʭ ʈʊʂ ʠ ʵʢʩʪʨʝʤʘʣʴ-

ʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʝ, ʛʜʝ ʙʦʣʴʰʠʝ ʨʘʙʦʪʳ ʧʨʦʚʝʜʝʥʳ ʢʦʣʣʝʢʪʠʚʘʤʠ ʧʦʜ ʨʫʢʦʚʦʜ-

ʩʪʚʦʤ ʆʭʦʮʠʤʩʢʦʛʦ ɼ.ɽ., ʖʨʝʚʠʯʘ ɽ.ʀ. ʠ ʨʷʜʦʤ ʢʦʣʣʝʢʪʠʚʦʚ ʀʇʋ, ʀʇʄ ʠ 

ʀʄɸʐ  ʈɸʅ, ʄɻʊʋ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ, ʂʦʚʨʦʚʩʢʦʛʦ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʟʘʚʦ-

ʜʘ ʠ ʚ ʝʛʦ ʩʦʩʪʘʚʝ ʂɹʇɸ, ʧʨʦʝʢʪʥʳʭ ʠ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ ʨʘʟʣʠʯʥʳʭ 

ʚʝʜʦʤʩʪʚ. ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ ʨʘʙʦʪʘʶʪ ʠ ʧʦʣʫʯʠʣʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʚʝʪ-

ʩʢʠʝ ʠ ʨʦʩʩʠʡʩʢʠʝ ʫʯʝʥʳʝ ɻʨʘʜʝʮʢʠʡ ɺ.ɻ., ʇʣʦʪʥʠʢʦʚ ʇ.ʂ., ʇʘʚʣʦʚʩʢʠʡ ɺ.ɽ., 

ʖʱʝʥʢʦ ɸ.ʉ., ʄʘʢʘʨʦʚ ʀ.ʄ., ʃʦʭʠʥ ɺ.ʄ., ʇʦʜʫʨʘʝʚ ʖ.ɺ., ʇʝʪʨʦʚ ʉ.ɺ., ʈʫʙʮʦʚ 

ʀ.ɺ., ʂʘʣʷʝʚ ʀ.ɸ. ʠ ʜʨ. ɿʘ ʨʫʙʝʞʦʤ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʠʩʩʣʝʜʦʚʘʪʝʣʷ-

ʤʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ A.B. Moutinho, E. Hygounenc, P. Soueres, I. Jung, S. Lacroix, 

G.C. Avenant, C.H. Hong, K.C. Choi, B.S. Ki  ʠ ʜʨ.  

ʊʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʝ (ʤʦʙʠʣʴʥʦʤʫ ʨʦʙʦʪʫ) 

ʢʦʤʧʣʝʢʩʘ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ ʥʝʬʪʝʧʨʦʚʦʜʦʚ [53]:  

- ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ ʜʦ 1000 ʢʛ; 

- ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʨʘʩʩʳ ï ʧʝʨʝʩʝʯʝʥʥʘʷ ʤʝʩʪʥʦʩʪʴ, ʙʦʣʦʪʠʩʪʘʷ, ʛʦʨʠʩʪʘʷ;  

- ʪʦʯʥʦʩʪʴ ʚʳʭʦʜʘ ʥʘ ʨʘʙʦʯʫʶ ʧʦʟʠʮʠʶ ʥʝ ʭʫʞʝ 300 ʤʤ;  

- ʪʨʝʙʫʝʤʘʷ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʜʣʷ ʩʠʩʪʝʤʳ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ 32 ʢɺʪ; 

- ʥʘʣʠʯʠʝ ʩʠʩʪʝʤ ʥʘʚʠʛʘʮʠʠ ʠ GPS [57]. 

ʄʦʙʠʣʴʥʳʝ ʨʦʙʦʪʳ ʪʘʢʦʡ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʜʣʷ ʩʠʩʪʝʤ 

ʄʏʉ ʠ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʦʨʦʥʳ ʥʘ ʙʘʟʝ ʛʫʩʝʥʠʯʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. ɺ ʢʘ-

ʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʈʊʂ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʛʫʩʝʥʠʯʥʳʡ 

ʩʥʝʛʦʙʦʣʦʪʦʭʦʜ ʤʦʜʝʣʠ ɻɸɿ-34039-22/23 ɻʦʨʴʢʦʚʩʢʦʛʦ ʘʚʪʦʟʘʚʦʜʘ, ʛʨʫʟʦʧʦʜʲʝʤ-

ʥʦʩʪʴʶ 1200 ʢʛ ʠ ʚʳʩʦʪʦʡ ʙʦʨʪʘ 1200 ʤʤ. ɺʦʧʨʦʩʳ ʧʦʩʪʨʦʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʤʦ-

ʙʠʣʴʥʳʤʠ ʨʦʙʦʪʘʤʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʙʦʪʘʭ [6, 15, 20, 22, 34, 35, 36, 53, 60, 71, 76, 

83, 87, 92, 93, 95] ʠ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ.  

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʨʦʙʦʪ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʤʦʙʠʣʴʥʦʤ ʪʨʘʥʩʧʦʨʪʥʦʤ ʨʦʙʦ-

ʪʝ, ʚʳʧʦʣʥʷʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʧʝʨʘʮʠʶ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ ʧʦʚʝʨʭʥʦʩʪʠ 
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ʪʨʫʙ ʠʣʠ ʭʨʘʥʠʣʠʱ ʥʝʬʪʝʧʨʦʚʦʜʘ. ʈʘʩʩʤʦʪʨʠʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ, ʚʳ-

ʧʦʣʥʷʝʤʳʝ ʩ ʧʦʤʦʱʴʶ ʨʦʙʦʪʦʚ ʠ ʠʭ ʦʩʦʙʝʥʥʦʩʪʠ ʩ ʧʦʟʠʮʠʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʠʩʪʝʤʝ 

ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ (ʈʆ) ʩʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʤʫ ʜʝ-

ʨʝʚʫ, ʧʨʠʚʝʜʝʥʥʦʤʫ ʥʘ ʨʠʩʫʥʢʝ 2.1 [15, 17, 53, 66, 78]. 

ɺ ʦʩʥʦʚʫ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʣʦʞʝʥʘ ʛʨʫʧʧʠʨʦʚʢʘ ʧʦ ʧʨʠʟʥʘʢʘʤ, ʦʧʨʝʜʝʣʷʶ-

ʱʠʤ ʥʘʣʠʯʠʝ ʠ ʩʪʝʧʝʥʴ ʩʠʣʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʥʩʪʨʫʤʝʥʪʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ 

ʈʆ ʨʦʙʦʪʘ, ʩ ʟʘʛʦʪʦʚʢʦʡ (ʜʝʪʘʣʴʶ, ʦʙʲʝʢʪʦʤ). ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʛʨʫʧʧʳ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ: ʢʦʥʪʘʢʪʥʳʝ, ʙʝʩʢʦʥʪʘʢʪʥʳʝ, ʛʠʙʨʠʜ-

ʥʳʝ.  ʆʪʤʝʪʠʤ ʩʧʝʮʠʬʠʢʫ ʧʨʦʮʝʩʩʦʚ ʵʪʠʭ ʛʨʫʧʧ ʩ ʧʦʟʠʮʠʠ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘ-

ʮʠʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ.  ɹʦʣʴʰʠʥʩʪʚʦ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʭ ʨʦʙʦʪʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ 

ʛʨʫʧʧ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʧʝʨʘʮʠʡ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʘʭʦʞʜʝʥʠʠ ʠʥ-

ʩʪʨʫʤʝʥʪʘ ʚ ʨʘʙʦʯʝʡ ʟʦʥʝ ʧʦʣʫʯʘʶʪ ʩ ʩʠʣʦʤʦʤʝʥʪʥʳʭ ʜʘʪʯʠʢʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ 

ʈʆ, ʢʦʪʦʨʳʡ ʫʜʝʨʞʠʚʘʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʨʫʤʝʥʪ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ, ʧʨʠ ʙʦʣʴ-

ʰʦʤ ʩʠʣʦʚʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠʥʬʦʨʤʘʮʠʶ ʧʦʣʫʯʘʶʪ ʦʙʨʘʙʦʪʢʦʡ ʩʠʛʥʘʣʦʚ ʩ ʜʘʪ-

ʯʠʢʦʚ ʪʦʢʘ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ [78]. ɺ ʧʨʦʮʝʩʩʘʭ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʜʣʷ ʧʦ-

ʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʘʩʧʦʣʦʞʝʥʠʠ ʠʥʩʪʨʫʤʝʥʪʘ (ʢʦʥʝʯʥʦʩʪʴ ʵʣʝʢʪʨʦʜʘ, ʨʘʩ-

ʩʪʦʷʥʠʝ ʩʨʝʟʘ ʚʳʭʦʜʥʦʛʦ ʩʦʧʣʘ ʠʟʣʫʯʘʪʝʣʷ ʣʘʟʝʨʥʦʛʦ ʧʦʪʦʢʘ ʠʣʠ ʛʘʟʘ, ʠʣʠ ʛʝʥʝʨʠ-

ʨʫʝʤʦʡ ʧʣʘʟʤʳ) ʠʩʧʦʣʴʟʫʶʪ ʩʧʝʮʠʘʣʴʥʳʝ ʜʘʪʯʠʢʠ. ʆʜʥʦ ʠʟ ʦʩʥʦʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ 

ʚʦ ʚʩʝʭ ʧʨʦʮʝʩʩʘʭ - ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʦ ʥʦʨʤʘʣʠ ʢ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝ-

ʞʫʱʝʡ ʢʨʦʤʢʠ ʠʥʩʪʨʫʤʝʥʪʘ ʠʣʠ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʩʨʝʜʳ [68, 69], ʧʦʨʦʞʜʘʶʱʝʡ 

ʧʨʦʮʝʩʩ [3, 5]. ɽʩʣʠ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʦʙʦʪʘ ʩʪʨʦʛʦ ʦʧʨʝʜʝ-

ʣʝʥʘ ʠ ʥʝʠʟʤʝʥʥʘ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʞʝʩʪʢʦ ʙʘʟʠʨʦʚʘʥʘ ʠ ʦʧʨʝʜʝʣʝʥʘ 

ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʪʦʛʜʘ ʥʝ ʪʨʝʙʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʘʪʯʠʢʠ ʠʥʬʦʨʤʘʮʠʠ. 

ʇʨʦʮʝʩʩ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ ʦʪʥʦʩʠʤ ʢ ʢʘʪʝʛʦʨʠʠ ʛʠʙʨʠʜʥʳʭ. ʈʘʙʦʯʠʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʠʣʠ ʨʘʙʦʯʠʤ ʪʝʣʦʤ ʟʜʝʩʴ ʷʚʣʷʝʪʩʷ ʚʦʜʥʘʷ ʩʪʨʫʷ ʩ ʘʙʨʘʟʠʚʦʤ, ʥʦ ʚ 

ʪʦ ʞʝ ʚʨʝʤʷ ʧʦ ʢʦʥʩʪʨʫʢʪʠʚʫ ʠʥʩʪʨʫʤʝʥʪ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʝʜʠʥʦʝ ʞʝʩʪʢʦʝ ʪʝʣʦ. 

ʆʥ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʥʠʯʝʤ ʤʝʞʜʫ ʩʦʙʦʡ ʥʝ ʩʚʷʟʘʥʥʳʭ ʬʠʟʠʯʝʩʢʠ, ʤʝʭʘʥʠʯʝʩʢʠ ʠ 

ʭʠʤʠʯʝʩʢʠ ʨʘʟʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʦʜʥʦʤ ʦʙʲʝʤʝ ʠ ʧʝʨʝʤʝʱʘ-

ʶʱʠʭʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠ ʠʩʪʝʯʝʥʠʠ ʠʟ ʩʦʧʣʘ.  
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ʈʠʩʫʥʦʢ 2.1 - ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʦʙʦʪʳ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʧʨʦʮʝʩʩʘ 

ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ ʚʦʜʥʦʡ ʩʪʨʫʝʡ ʣʠʩʪʦʚʳʭ ʧʣʘʩʪʤʘʩʩʦʚʳʭ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʕʪʦ ʨʦʙʦʪʳ ʬʠʨʤ ʉʣʦʚʘʢʠʠ, ʐʚʝʮʠʠ, ʌʠʥʣʷʥʜʠʠ ʠ ʨʷʜʘ ʜʨʫʛʠʭ 

ʩʪʨʘʥ. ʇʨʠ ʵʪʦʤ ʦʙʲʝʢʪʳ ʨʝʟʘʥʠʷ ʠʤʝʶʪ ʩʪʨʦʛʦʝ ʠ ʦʜʥʦʟʥʘʯʥʦʝ ʙʘʟʠʨʦʚʘʥʠʝ ʠ ʜʝ-

ʪʝʨʤʠʥʠʨʦʚʘʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʨʝʟʘʥʠʷ. ʍʘʨʘʢʪʝʨʥʳʝ ʵʢʟʝʤʧʣʷʨʳ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʭ ʨʦʙʦʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 2.2 ï 2.4.  

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʦʙʦʪr

ʂʦʥʪʘʢʪʥr ʝ ʨʦʙʦʪr

ɸʣʤʘʟʥʘ̫ ʨʝʟʢʘ

ɹʝʩʢʦʥʪʘʢʪʥr ʝ 

ʨʦʙʦʪr
ɻʠʙʨʠʜʥr ʝ  ʨʦʙʦʪr

ʅʘʨʝʟʢʘ

ʇʣʘʟʤʝʥʥʘ̫ 

ʨʝʟʢʘ

ʐʣʠʬʦʚʘʥʠʝ

ʉʙʦʨʢʘ

ʉʚʘʨʢʘ

ʃʘʟʝʨʥʘ̫ ʨʝʟʢʘ

ɻʘʟʦʚʘ̫ ʨʝʟʢʘ

ʂʠʩʣʦʨʦʜʥʘ̫ 

ʨʝʟʢʘ

ʀʥʩʧʝʢʮʠ̫

ɻʠʜʨʦʨʝʟ

ʆʢʨʘʩʢʘ
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ʈʠʩʫʥʦʢ 2.2 - ʄʘʥʠʧʫʣʷʪʦʨ ʨʦʙʦʪʘ ʜʣʷ ʛʠʜʨʦʨʝʟʘʥʠʷ  

 (Project system - ABB IR 1600 B) 

 

 

ʈʠʩʫʥʦʢ 2.3 - ʄʘʥʠʧʫʣʷʪʦʨ ʨʦʙʦʪʘ ʜʣʷ ʛʠʜʨʦʨʝʟʘʥʠʷ, (Accu-Cut WJ-44) 

 

 

ʈʠʩʫʥʦʢ 2.4 - ʄʘʥʠʧʫʣʷʪʦʨ ʨʦʙʦʪʘ ʜʣʷ ʛʠʜʨʦʨʝʟʘʥʠʷ,   

(IWM's Robotic Waterjet Cutting Machine)  
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ʆʜʥʘʢʦ, ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʠ ʘʣʛʦ-

ʨʠʪʤʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ 

ʨʝʟʢʠ ʪʨʫʙ ʠ ʭʨʘʥʠʣʠʱ ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʥʝ ʥʘʡʜʝʥʦ. ʆʪʝʯʝʩʪʚʝʥʥʳʭ ʤʦʙʠʣʴʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʥʝ 

ʚʳʷʚʣʝʥʦ.  

ʇʨʠ ʚʳʙʦʨʝ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʩʭʝʤʳ ʠ ʨʘʟʨʘʙʦʪʢʝ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʜʚʘ ʚʘʞʥʳʭ ʬʘʢʪʦʨʘ. ʇʝʨʚʳʡ - ʥʝʩʦʚʧʘʜʝʥʠʝ ʩʠʩʪʝʤ ʢʦʦʨ-

ʜʠʥʘʪ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʦʩʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʦʙʦʪʘ ʠ ʦʙʲʝʢʪʘ ʨʝʟʘʥʠʷ (ʪʨʫʙʳ, ʨʝ-

ʟʝʨʚʫʘʨʘ ʥʝʬʪʝʭʨʘʥʠʣʠʱʘ). ɺʪʦʨʦʡ - ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʘʥʠʷ ʚʦʟʤʦʞʥʳ ʜʝʬʦʨʤʘ-

ʮʠʠ, ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʟʘʛʨʷʟʥʝʥʠʷ, ʩʚʘʨʥʳʝ ʰʚʳ ʚʳʩʦʪʦʡ 5-8ʤʤ [69]. ʕʪʦ ʧʨʠʚʦ-

ʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʪʯʠʢʦʚ ʧʦʣʦʞʝʥʠʷ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʜʘʧʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ. ʆʪʤʝ-

ʪʠʤ ʦʩʦʙʦ ʩʣʝʜʫʶʱʝʝ: 

- ʬʠʨʤʳ-ʨʘʟʨʘʙʦʪʯʠʢʠ ʠ ʠʟʛʦʪʦʚʠʪʝʣʠ ʥʝ ʧʨʠʚʦʜʷʪ ʩʚʝʜʝʥʠʡ ʦʙ ʘʥʘʣʠʪʠʯʝ-

ʩʢʦʤ ʦʧʠʩʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʧʦʣʦʞʝʥʥʳʭ ʚ ʘʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ;  

- ʦʜʥʠʤ ʠʟ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʠ ʩʣʦʞʥʳʭ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʚʦʧʨʦʩʦʚ ʷʚʣʷʝʪʩʷ 

ʚʳʧʦʣʥʝʥʠʝ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʧʦʜʚʦʜʷʱʠʭ ʨʘʙʦʯʝʝ ʪʝʣʦ ʢ ʩʦʧʣʫ 

ʛʠʜʨʦʨʝʟʘ. ɺ ʵʪʦʤ ʧʣʘʥʝ ʞʝʣʘʪʝʣʴʥʦ ʤʠʥʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʟʚʝʥʴʝʚ ʨʦʙʦʪʘ;  

2.2. ɺʳʙʦʨ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʩʭʝʤʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʦʙʦʪʘ 

ʈʘʩʩʤʘʪʨʠʚʘʝʤ ʥʘʟʝʤʥʳʝ ʪʨʫʙʦʧʨʦʚʦʜ rʠ ʥʝʬʪʝʭʨʘʥʠʣʠʱʘ ʚ ʚʠʜʝ ʮʠʣʠʥ-

ʜʨʠʯʝʩʢʠʭ ʨʝʟʝʨʚʫʘʨʦʚ ʩ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʴʶ. ʀʩʭʦʜʥʳʤʠ ʧʨʠ ʚʳʙʦʨʝ ʢʠʥʝʤʘʪʠʢʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʦʙʦʪʘ ʷʚʣʷʶʪʩʷ ʜʘʥʥʳʝ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʠ ʧʦʣʫʯʝʥʥʳʝ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʚ ʛʣʘʚʝ 1 [2, 57]. 

ʆʧʨʝʜʝʣʷʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ ʧʨʠ ʚʳʙʦʨʝ ʢʠʥʝʤʘʪʠʢʠ ʷʚʣʷʶʪʩʷ ʚʠʜ ʠ ʨʘʩʧʦ-

ʣʦʞʝʥʠʝ ʦʙʲʝʢʪʦʚ ʨʝʟʘʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʘ ʪʘʢʞʝ ʨʘʟʤʝʨʳ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʝʟʘʥʠʷ, 

ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚʳʜʝʣʠʤ ʩʣʝʜʫʶʱʠʝ. ʅʝʬʪʝʭʨʘʥʠʣʠʱʘ ʩ ʚʳʨʝʟʘʥʠʝʤ ʧʦʚʝʨʭʥʦ-

ʩʪʝʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʧʨʷʤʦʫʛʦʣʴʥʠʢ (ʩ ʙʦʣʴʰʠʤʠ ʨʘʟʤʝʨʘʤʠ -  ʜʦ 

4000*3000 ʤʤ) ʧʨʠ ʚʠʜʝ ʧʦ ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʝʬʪʝʧʨʦʚʦʜʳ, ʦʧʨʝʜʝʣʷʝʤʳʝ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʪʨʫʙ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʨʦʚʥʷ ʧʦʚʝʨʭʥʦʩʪʠ: ʥʘʟʝʤʥʳʝ, ʧʦʜʟʝʤʥʳʝ 
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(ʥʠʞʝ ʫʨʦʚʥʷ ʥʘ 1-2 ʤʝʪʨʘ), ʥʘʜʟʝʤʥʳʝ (ʚʳʰʝ ʫʨʦʚʥʷ ʥʘ 2-4 ʤʝʪʨʘ). ɺʠʜ ʚʳʨʝʟʘʝ-

ʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ - ʧʨʷʤʦʫʛʦʣʴʥʠʢ, ʦʢʨʫʞʥʦʩʪʴ, ʵʣʣʠʧʩ ʠ ʜʨ. ʧʨʠ ʚʠʜʝ ʧʦ ʥʦʨʤʘ-

ʣʠ ʢ ʦʙʨʘʟʫʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ ʚ ʮʝʥʪʨʝ ʚʳʨʝʟʘʝʤʦʛʦ ʧʨʦʬʠʣʷ. ʉʦʟʜʘʥʠʝ 

ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʈʊʂ ʜʣʷ ʦʙʦʟʥʘʯʝʥʥʳʭ ʚʠʜʦʚ ʦʙʲʝʢʪʦʚ ʚʝʩʴʤʘ ʧʨʦʙʣʝʤʘʪʠʯʥʦ. 

ʉʣʝʜʫʝʪ ʦʧʨʝʜʝʣʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʩʣʫʯʘʷ, ʚʳʙʨʘʪʴ ʙʘʟʦʚʫʶ ʢʠʥʝʤʘʪʠʢʫ 

ʠ ʨʘʟʤʝʨʳ ʧʣʝʯ, ʘ ʪʘʢʞʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʘʨʠʘʥʪʳ ʠʭ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩ ʧʦʟʠʮʠʠ 

ʚʦʟʤʦʞʥʦʡ ʨʝʘʣʠʟʘʮʠʠ [25, 41, 44]. 

ʉʚʦʡʩʪʚʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʊʈ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʠʥʝ-

ʤʘʪʠʯʝʩʢʦʡ ʩʭʝʤʦʡ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩ ̫ʩʣʝʜʫʶʱʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ: ʩʪʨʫʢʪʫʨʦʡ; 

ʨʘʙʦʯʝʡ ʟʦʥʦʡ; ʩʠʩʪʝʤʦʡ ʢʦʦʨʜʠʥʘʪ, ʚ ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʚʠʞʝʥʠʝ ʤʘʥʠʧʫ-

ʣʷʪʦʨʦʚ ʊʈ; ʯʠʩʣʦʤ ʩʪʝʧʝʥʝʡ ʧʦʜʚʠʞʥʦʩʪʠ; ʤʘʥʸʚʨʝʥʥʦʩʪʴʶ; ʤʦʙʠʣʴʥʦʩʪʴʶ. 

ʉʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ ʚ ʤʘʥʠʧʫʣʷʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʧʨʠʥʷʪʦ ʫʩʣʦʚʥʦ ʜʝʣʠʪʴ ʥʘ 

ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʝ ʠ ʦʨʠʝʥʪʠʨʫʶʱʠʝ. 

ɺʦʧʨʦʩʳ ʚʳʙʦʨʘ ʢʠʥʝʤʘʪʠʢʠ ʨʘʩʩʤʦʪʨʝʥʳ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ ʚ ʨʘʟʣʠʯʥʳʭ 

ʠʩʪʦʯʥʠʢʘʭ. ʀʥʪʝʨʝʩʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʘʭ [20, 23, 69, 

85, 89], ʛʜʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʳʙʦʨ ʢʠʥʝʤʘʪʠʢʠ ʧʨʠ ʥʘʣʠʯʠʠ ʦʛʨʘʥʠʯʝʥʠʡ ʚ ʨʘʙʦ-

ʯʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʊʈ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦ-

ʮʝʩʩʘ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʥʝʧʦʜʚʠʞʥʦʤ ʦʩʥʦʚʘʥʠʠ (ʧʣʘʪʬʦʨʤʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ 

ʠʣʠ ʤʦʙʠʣʴʥʦʛʦ ʨʦʙʦʪʘ), ʨʘʙʦʪʘʝʪ ʩ ʦʙʲʝʢʪʦʤ, ʠʤʝʶʱʠʤ ʚʧʦʣʥʝ ʦʧʨʝʜʝʣʝʥʥʫʶ 

ʬʦʨʤʫ (ʪʨʫʙʘ), ʦʛʨʘʥʠʯʝʥʠʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠ ̫ʨʦʙʦʪʘ ʩ ʦʙʲʝʢʪʦʤ 

ʥʝʪ. ʇʦʵʪʦʤʫ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʠ ʙʣʠʟʢʦʡ ʤʝʪʦʜʠʢʦʡ ʚʳʙʦʨʘ ʢʠ-

ʥʝʤʘʪʠʢʠ, ʧʨʠʚʝʜʝʥʥʦʡ ʚ ʨʘʙʦʪʝ [10], ʛʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 18 ʭʘʨʘʢʪʝʨʥʳʭ ʢʠʥʝʤʘ-

ʪʠʯʝʩʢʠʭ ʩʭʝʤ, ʜʘʥʳ ʠʭ ʨʘʙʦʯʠʝ ʟʦʥʳ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ. 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʨʠʥʠʤʘʝʤ 6-ʪʠ ʢʦʦʨʜʠʥʘʪʥʳʡ ʨʦʙʦʪ. ʇʨʠ-

ʯʝʤ ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʧʨʝʜʩʪʘʚʣʷʝʤ, ʢʘʢ ʩʦʩʪʦʷʱʫʶ ʠʟ ʜʚʫʭ ʩʠʩʪʝʤ ï ʥʝ-

ʩʫʱʝʡ ʠ ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ.  ʅʝʩʫʱʘʷ ʩʠʩʪʝʤʘ ʩʦʜʝʨʞʠʪ 3 ʟʚʝʥʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪʨʠ 

ʫʧʨʘʚʣʷʝʤʳʝ ʢʦʦʨʜʠʥʘʪʳ: ʦʜʥʘ ʚʨʘʱʘʪʝʣʴʥʘʷ q1 ʠ ʜʚʝ (ʚʦʟʤʦʞʥʦ ʪʨʠ) ʫʛʣʦʚʳʝ q2, 

q3, ʨʠʩʫʥʦʢ 2.9) [10, 20, 85]. ʈʘʙʦʯʠʡ ʦʨʛʘʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʛʦʣʦʚʢʫ ʛʠʜʨʦʨʝʟʘ ʠ ʜʚʘ 

ʜʘʪʯʠʢʘ, ʟʚʝʥʦ 4 [58, 80]. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪʠ ʚ ʪʦʯʢʝ ʨʝʟʘʥʠʷ ʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʠʩʢʦʚʳʭ ʜʚʠʞʝʥʠʡ ʚ ʨʝʞʠʤʘʭ ʦʨʠʝʥʪʘʮʠʠ ʠ ʩʦʛʣʘʩʦʚʘʥʠʷ ʦʩʝʡ ʊʈ 
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ʠ ʦʙʲʝʢʪʘ ʨʝʟʘʥʠʷ ʚ ʟʚʝʥʝ 4 ʤʘʥʠʧʫʣʷʪʦʨʘ ʚʚʝʜʝʥʳ ʪʨʠ ʫʧʨʘʚʣʷʝʤʳʝ ʢʦʦʨʜʠʥʘʪʳ. 

ɼʚʝ ʠʟ ʥʠʭ ï ʫʛʣʳ ʢʘʯʘʥʠʷ Ŭ, ɓ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʦʩʝʡ X, Y, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ q4, q5, ʯʝʪʚʝʨʪʘʷ ï ʚʨʘʱʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʟʚʝʥʘ q6.  

ʇʨʦʚʝʨʠʤ ʚʳʙʦʨ ʯʠʩʣʘ ʩʪʝʧʝʥʝʡ ʧʦʜʚʠʞʥʦʩʪʠ ʧʦ ʬʦʨʤʫʣʝ ʉʦʤʦʚʘ ï ʄʘ-

ʣʳʰʝʚʘ [54, 78]. ɼʣ̫ ʥʝʟʘʤʢʥʫʪʦʡ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʮʝʧʠ ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ ʧʦʜʚʠʞ-

ʥʦʩʪʠ W ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣʳ:  

, 

ʛʜʝ: n - ʯʠʩʣʦ ʟʚʝʥʴʝʚ ʚ ʤʘʥʠʧʫʣʷʪʦʨʝ; ʈ1 ïʈ5 ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʧʘʨʳ ʩʦʦʪʚʝʪʩʪʚʝʥ-

ʥʦ V-I ʢʣʘʩʩʦʚ. 

ɺ ʧʨʠʚʝʜʝʥʥʦʡ ʢʠʥʝʤʘʪʠʢʝ ʦʧʨʝʜʝʣʝʥʳ 6 ʟʚʝʥʴʝʚ: l1, l2, l3, ʠ l4 ʩʦʩʪʦʷʱʝʝ ʠʟ 

ʪʨʸʭ ʟʚʝʥʴʝʚ (ʥʘ ʩʭʝʤʝ ʧʦʢʘʟʘʥʳ, ʢʘʢ ʫʯʘʩʪʢʠ q4-q5, q5-q6, q6-A). ɺʩʝ ʢʠʥʝʤʘʪʠʯʝ-

ʩʢʠʝ ʧʘʨʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʦʙʦʪʘ ï ʧʘʨʳ 5-ʛʦ ʢʣʘʩʩʘ, ʪ.ʢ. ʦʙʣʘʜʘʶʪ ʪʦʣʴʢʦ ʦʜ-

ʥʦʡ ʩʪʝʧʝʥʴʶ ʧʦʜʚʠʞʥʦʩʪʠ ï ʚʨʘʱʝʥʠʝ. 

ɼʣʷ ʜʘʥʥʦʡ ʢʠʥʝʤʘʪʠʢʠ ʬʦʨʤʫʣʘ ʉʦʤʦʚʘ ï ʄʘʣʳʰʝʚʘ ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʜ:  

W=6Ŀ6-5Ŀ6=6. 

ʈʦʙʦʪ ʦʙʣʘʜʘʝʪ 6 ʩʪʝʧʝʥʷʤʠ ʧʦʜʚʠʞʥʦʩʪʠ. 

ʊʘʢ ʢʘʢ ʩʪʘʙʠʣʠʟʘʮʠʷ ʥʦʨʤʘʣʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʢʦʥʪʨʦʣʴ ʠ ʫʧʨʘʚʣʝʥʠʝ ʢʘ-

ʯʘʥʠʝʤ ʧʦ ʦʩʷʤ X, Y, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢʦʦʨʜʠʥʘʪʫ - ʚʨʘʱʝʥʠʷ 

ʜʘʪʯʠʢʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʦʩʠ ʟʚʝʥʘ 5 - ʢʦʦʨʜʠʥʘʪʫ q6. ɼʣʷ ʚʳ-

ʧʦʣʥʝʥʠʷ ʧʦʠʩʢʦʚʳʭ ʜʚʠʞʝʥʠʡ ʠ ʩ ʮʝʣʴʶ ʩʪʘʙʠʣʠʟʘʮʠʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʪʨʫʠ ʧʦ 

ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤ ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ ʪʠʧʘ ʜʠʬʬʝʨʝʥʮʠ-

ʘʣʴʥʦʡ ʚʠʣʢʠ [9, 36]. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʜʘʪ-

ʯʠʢʦʚ BQ1, BQ2, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʰʪʘʥʛʝ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʢ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ 

ʟʚʝʥʘ 5, ʩʠʤʤʝʪʨʠʯʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʰʪʘʥʛʠ, ʦʩʴ ʢʦʪʦʨʦʡ ʩʦʚʤʝʱʝʥʘ ʩ ʧʨʦ-

ʜʦʣʴʥʦʡ ʦʩʴʶ ʩʪʨʫʠ. ʂʦʥʪʨʦʣʴ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪʠ ʦʩʠ ʩʦʧʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦ-

ʜʦʣʴʥʦʡ ʦʩʠ ʪʨʫʙʳ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠ ʨʘʚʝʥʩʪʚʝ ʨʘʩʩʪʦʷʥʠʡ l1, l2 ʜʦ ʢʦʥʪʨʦʣʠʨʫ-

ʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɸʥʘʣʦʛʠʯʥʦ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦ ʧʦʧʝʨʝʯʥʦʡ ʦʙʨʘʟʫʶʱʝʡ ʪʨʫʙʳ. ɺʝʣʠʯʠʥʘ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʩʨʝʟʘ ʩʦʧʣʘ ʜʦ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʨʝʟʘʥʠʷ ʟʘʜʘʝʪʩʷ ʟʥʘʯʝʥʠʝʤ h0, ʢʦʪʦʨʦʝ ʧʨʠ ʠʟʚʝʩʪʥʦʤ ʜʠʘʤʝʪʨʝ ʪʨʫʙʳ 

ʧʝʨʝʩʯʠʪʳʚʘʝʪʩʷ ʚ ʢʦʥʪʨʦʣʴʥʳʝ ʟʥʘʯʝʥʠʷ l10, l20. 
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ʈʠʩʫʥʦʢ 2.5 - ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʦʙʦʪʘ 

 

ʇʨʠ ʚʳʙʦʨʝ ʜʘʪʯʠʢʦʚ ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʘʙʨʘʟʠʚ-

ʥʦʡ ʨʝʟʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʪʘʢʠʝ ʢʘʢ: ʨʘʟʙʨʳʟʛʠʚʘʥʠʝ ʠ ʚʩʧʝʥʠʚʘʥʠʝ ʚʦʜʥʦ-

ʘʙʨʘʟʠʚʥʦʡ ʩʤʝʩʠ, ʦʪʣʦʞʝʥʠʝ ʘʙʨʘʟʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʟʦʥʝ ʨʝʟʘʥʠʷ, ʟʘʛʨʷʟʥʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ, ʥʘʨʫʰʝʥʠʝ ʟʘʱʠʪʥʦʡ ʦʧʨʝʩʩʦʚʢʠ, ʢʦʨʨʦʟʠʶ ʧʦʚʝʨʭʥʦʩʪʠ 

ʪʨʫʙʳ, ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ ï ʜʦʞʜʴ, ʪʫʤʘʥ, ʟʘʧʳʣʝʥʥʦʩʪʴ ʚʦʟʜʫ-

ʭʘ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʠʥʜʫʢʪʠʚʥʳʝ, ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʠ ʦʧʪʠʯʝʩʢʠʝ ʙʝʩʢʦʥ-

ʪʘʢʪʥʳʭ ʜʘʪʯʠʢʠ. ɺʝʣʠʯʠʥʘ ʠʭ ɻʣʝʢʪʨʠʯʝʩʢʦʛʦ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʧʨʦʧʦʨʮʠʦ-

ʥʘʣʴʥʘ ʨʘʩʩʪʦʷʥʠʶ ʜʦ ʠʟʤʝʨʷʝʤʦʛʦ ʦʙʲʝʢʪʘ [21, 22]. 

ʋʣʴʪʨʘʟʚʫʢʦʚʳʝ ʜʘʪʯʠʢʠ. ʈʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 0,1- 0,2 ʤʤ. 

ʅʘʠʙʦʣʝʝ ʚʘʞʥʘ ̫ʦʩʦʙʝʥʥʦʩʪ ɹʧʨʠʤʝʥʝʥʠ ̫ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʜʘʪʯʠʢʦʚ ʩʦʩʪʦʠʪ ʚ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʤʝʨʷʪʴ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʪʘʢʠʭ ʩʣʦʞʥʳʭ ʦʙʲʝʢʪʦʚ, ʢʘʢ ʧʨʦʟʨʘʯʥʳʝ 

ʠʣʠ, ʥʘʧʨʦʪʠʚ, ʩʠʣʴʥʦ ʦʪʨʘʞʘʶʱʠʝ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʜʥʘʢʦ ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʜʘʪʯʠʢʠ 

ʠʤʝʶʪ ʨʷʜ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ï ʵʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʧʝʥʳ, ʙʨʳʟʛ, 

ʩʠʣʴʥʦ ʠʟʦʛʥʫʪʳʝ ʦʪʨʘʞʘʶʱʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦʛʣʦʱʘʶʱʠʝ ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʢʦ-

ʣʝʙʘʥʠʷ. 

ʆʧʪʠʯʝʩʢʠʝ (ʠ ʣʘʟʝʨʥʳʝ) ʜʘʪʯʠʢʠ. ʇʦ ʧʨʠʥʮʠʧʫ ʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʘʶʪ ʣʘʟʝʨ-

ʥʳʝ ʠʥʪʝʨʬʝʨʦʤʝʪʨʳ, ʜʘʪʯʠʢʠ ʩ ʨʘʩʩʝʷʥʥʳʤ ʦʪʨʘʞʝʥʠʝʤ ʩʚʝʪʘ ʠ ʦʧʪʠʯʝʩʢʠʝ ʜʘʪ-

ʯʠʢʠ ʨʘʜʘʨʥʦʛʦ ʪʠʧʘ, ʣʘʟʝʨʥʳʝ ʜʘʪʯʠʢʠ ʨʘʩʩʪʦʷʥʠʷ, ʨʘʙʦʪʘʶʱʠʝ ʧʦ ʧʨʠʥʮʠʧʫ ʦʧ-

ʪʠʯʝʩʢʦʡ ʪʨʠʘʥʛʫʣʷʮʠʠ. ɼʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʦʙʲʝʢʪʦʚ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢ: ʦʙʲʝʢʪʳ 
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ʤʘʣʦʛʦ ʨʘʟʤʝʨʘ, ʜʘʣʝʢʠʝ ʦʪ ʠʜʝʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ, ʠʤʝʶʱʠʝ ʨʘʟʣʠʯʥʳʡ ʮʚʝʪ, ʩʣʦʞ-

ʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʪ.ʧ. ʈʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʪ 1 ʤʢʤ ʜʦ 1 ʤʤ. 

ʆʛʨʘʥʠʯʝʥʠʝ ʧʨʠʤʝʥʝʥʠʷ - ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʦʙʲʝʢʪʘ. 

ʀʥʜʫʢʪʠʚʥʳʝ ʜʘʪʯʠʢʠ. ʀʥʜʫʢʪʠʚʥʳʝ ʜʘʪʯʠʢʠ ʨʘʩʩʪʦʷʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʨʘʩ-

ʩʪʦʷʥʠʷ ʜʦ ʧʨʦʚʦʜʷʱʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʪʘʣʴ, ʘʣʶʤʠʥʠʡ, ʣʘ-

ʪʫʥʴ. ʈʘʟʥʦʚʠʜʥʦʩʪʴʶ ʠʥʜʫʢʪʠʚʥʳʭ ʜʘʪʯʠʢʦʚ ʷʚʣʷʶʪʩʷ ʪʦʢʦʚʠʭʨʝʚʳʝ ʜʘʪʯʠʢʠ 

ɼʘʥʥʳʝ ʜʘʪʯʠʢʠ ʫʩʪʦʡʯʠʚʳ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʨʝʜʤʝʪʦʚ ʠ ʧʦʤʝʭ, 

ʪʘʢʠʭ ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʧʳʣʴ ʠʣʠ ʤʘʰʠʥʥʦʝ ʤʘʩʣʦ, ʪʘʢ ʢʘʢ ʠʭ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʦʩʥʦ-

ʚʘʥ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ ʪʦʢʦʚ ʚʟʘʠʤʥʦʡ ʠʥʜʫʢʮʠʠ. ʆʥʠ ʠʤʝʶʪ ʚʳʩʦʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʠ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ, ʦʜʥʘʢʦ ʥʝʣʠʥʝʡʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʩʪʘʚʣʷʝʪ 3-5%. ɺ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʧʨʠʤʝʥʝʥʠʝ ʠʥʜʫʢʪʠʚʥʳʭ ʜʘʪ-

ʯʠʢʦʚ, ʥʘʧʨʠʤʝʨ, ʤʦʛʫʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʜʘʪʯʠʢʠ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 2.1. 

 

ʊʘʙʣʠʮʘ 2.1 ï ʀʥʜʫʢʪʠʚʥʳʝ ʜʘʪʯʠʢʠ 

ʌʠʨʤʘ ʊʠʧ ʈʘʙʦʯʠʡ 

ʜʠʘʧʘʟʦʥ 

ʊʦʯʥʦʩʪʴ  

ʠʟʤʝʨʝʥʠʷ, ʤʤ 

Leuze IS 244 PP/22-40N-TB.4, 0 - 40 ʤʤ +/-0,1 

BALLUF  BAW MKK -050.19-S4, 0 - 50 ʤʤ +/-0,1 

  

ʆʧʨʝʜʝʣʠʤ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʘʩʧʦʣʦʞʝʥʠʶ ʜʘʪʯʠʢʦʚ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʦʯʥʦ-

ʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʪʨʦʣʴʥʦʡ ʪʦʯʢʠ +/- (0,1-0,2) ʠ ʩ ʮʝʣʴʶ ʠʩʢʣʶʯʝʥʠʷ ʵʬʬʝʢʪʘ 

ʟʘʙʨʳʟʛʠʚʘʥʠʷ ʥʘ ʜʠʘʤʝʪʨʝ ʪʨʫʙʳ ʩʣʝʜʫʝʪ ʚʳʜʝʨʞʘʪʴ ʨʘʩʩʪʦʷʥʠʝ ʦʩʝʡ ʜʘʪʯʠʢʦʚ 

ʦʪ ʦʩʠ ʩʪʨʫʠ +/- 100ʤʤ ʠ ʨʘʩʩʪʦʷʥʠʝʤ ʜʦ ʠʟʤʝʨʷʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 50ʤʤ. ʉ ʵʪʦʡ 

ʮʝʣʴʶ ʩʣʝʜʫʝʪ ʪʘʢʞʝ ʫʩʪʘʥʦʚʠʪʴ ʢʨʫʛʣʳʡ ʟʘʱʠʪʥʳʡ ʢʦʞʫʭ, ʧʝʨʝʢʨʳʚʘʶʱʠʡ ʧʨʦ-

ʩʪʨʘʥʩʪʚʦ ʚ ʧʨʝʜʝʣʘʭ 30 ʤʤ ʜʦ ʢʨʘʡʥʝʡ ʪʦʯʢʠ ʜʘʪʯʠʢʦʚ.  

ʇʦʜʦʙʥʘʷ ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʠʟ 4 ʜʘʪʯʠʢʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʢʦʥʝʯ-

ʥʦʤ ʟʚʝʥʝ ʈʆ ʧʦ 2 ʥʘ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʦʩʷʭ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʦʙʦʪʝ ʜʣʷ ʣʘʟʝʨʥʦʡ 
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ʩʚʘʨʢʠ [95]. ʆʜʥʘʢʦ, ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʚʳʰʝ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʨʝʘʣʠʟʫʝʪʩʷ 

ʦʧʮʠʷ ʧʦʚʦʨʦʪʘ ʰʪʘʥʛʠ ʩ ʜʘʪʯʠʢʘʤʠ ʥʘ ʫʛʦʣ +/- 90 ʛʨʘʜʫʩʦʚ.  

ʀʟʤʝʨʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʪʠʧʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʚʠʣʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʠ-

ʩʪʝʤʘʭ ʦʙʨʘʙʦʪʢʠ ʞʠʜʢʦʩʪʴʶ ʦʪ ʦʙʣʝʜʝʥʝʥʠʷ ʢʦʨʧʫʩʦʚ ʩʘʤʦʣʝʪʦʚ, ʨʠʩʫʥʦʢ 2.6 

[7].  

 

 

 

ʈʠʩʫʥʦʢ 2.6 - ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʪʯʠʢʦʚ ʨʘʩʩʪʦʷʥʠʷ ʚ ʩʠʩʪʝʤʘʭ ʦʙʨʘʙʦʪʢʠ 

ʞʠʜʢʦʩʪʴʶ ʦʪ ʦʙʣʝʜʝʥʝʥʠʷ ʢʦʨʧʫʩʦʚ ʩʘʤʦʣʝʪʦʚ 

 

ɺʳʙʦʨ ʨʘʟʤʝʨʦʚ ʧʣʝʯ. ʈʘʩʩʤʦʪʨʠʤ ʛʝʦʤʝʪʨʠʶ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʣʝʯ 

ʨʦʙʦʪʘ ʠ ʦʙʲʝʢʪʘ ʨʝʟʘʥʠʷ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʮʠʦʥʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʧʣʝʯ ʠ ʨʘ-

ʙʦʯʠʭ ʫʛʣʦʚ ʊʈ ʜʣʷ ʜʚʫʭ ʩʣʫʯʘʝʚ ʨʝʟʘʥʠʷ ʪʨʫʙ ʠ ʭʨʘʥʠʣʠʱ ʥʘʟʝʤʥʳʭ ʥʝʬʪʝʧʨʦʚʦ-

ʜʦʚ [20, 23, 41, 44, 54]. 

ʉʣʫʯʘʡ 1. ʈʝʟʘʥʠʝ ʥʘʟʝʤʥʳʭ ʥʝʬʪʝʧʨʦʚʦʜʦʚ. ʈʘʩʩʤʘʪʨʠʚʘʝʤ ʨʝʟʘʥʠʝ ʪʨʫʙ 

ʥʘʠʙʦʣʴʰʝʛʦ ʜʠʘʤʝʪʨʘ 1200 ʤʤ ʩ ʚʳʨʝʟʘʥʠʝʤ ʦʢʨʫʞʥʦʩʪʝʡ ʨʘʜʠʫʩʦʤ 330 ʤʤ, ʢʘʢ 

ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʦʛʦ. ʊʨʠ ʚʘʨʠʘʥʪʘ ʧʦʟʠʮʠʠ ʥʘʯʘʣʘ ʨʝʟʘʥʠʷ - ʪʦʯʢʠ ɸ, B ʠ ʉ, 

ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.7. 
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ʈʠʩʫʥʦʢ 2.7 - ɺʘʨʠʘʥʪʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘʯʘʣʘ ʪʦʯʢʠ ʨʝʟʘʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʪʨʫʙʳ ʥʝʬʪʝʧʨʦʚʦʜʘ 

 

ʈʘʩʩʤʦʪʨʠʤ ʧʣʦʩʢʫʶ ʢʘʨʪʠʥʫ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ 

ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʪʨʫʙʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʝʨʚʘʷ ʢʦʦʨʜʠʥʘʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʝʧʦʜʚʠʞ-

ʥʦʝ ʟʚʝʥʦ, ʥʘ ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʪʨʝʭʟʚʝʥʥʠʢ ʠʣʠ ʯʝʪʳʨʝʭʟʚʝʥʥʠʢ ʩ ʫʛʣʦʚʦʡ 

ʩʠʩʪʝʤʦʡ ʢʦʦʨʜʠʥʘʪ, ʨʠʩʫʥʦʢ 2.8. ʀʟ ʘʥʘʣʠʟʘ ʛʝʦʤʝʪʨʠʠ ʩʣʝʜʫʝʪ, ʯʪʦ ʯʝʪʳʨʭy-

ʟʚʝʥʥʠʢ ʠʟʙʳʪʦʯʝʥ.  

ɺʳʙʦʨ ʨʘʙʦʯʝʡ ʟʦʥʳ, ʨʘʟʤʝʨʦʚ ʟʚʝʥʴʝʚ ʠ ʨʘʙʦʯʠʭ ʫʛʣʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʧʣʝʯ 

ʊʈ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʭ ʦʩʝʡ ʚʨʘʱʝʥʠʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʷʚʣʷʝʪʩʷ ʥʝ ʧʨʦʩʪʦʡ ʟʘʜʘʯʝʡ, 

ʪʘʢ ʢʘʢ ʟʜʝʩʴ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʛʨʘʥʠʯʝʥʠʷ: 

- ʚʥʫʪʨʠ ʨʘʙʦʯʝʡ ʟʦʥʳ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʝʜʦʩʪʫʧʥʘʷ ʟʦʥʘ ʩ ʩʝʯʝʥʠʝʤ ʚ ʚʝʨʪʠ-

ʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʚʠʜʘ ʦʢʨʫʞʥʦʩʪʴ; 

- ʨʘʩʧʦʣʦʞʝʥʠʝ ʙʘʟʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘ ʢʦʪʦʨʦʡ ʙʘʟʠʨʫʝʪʩʷ ʊʈ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʝʡ ʥʦʩʠʪʝʣʷ (ʚʝʨʭʥʠʡ ʫʨʦʚʝʥʴ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʨʘʩʩʪʦʷʥʠʷ ʊʈ ʦʪ 

ʢʨʘʡʥʝʡ ʪʦʯʢʠ ʥʦʩʠʪʝʣʷ) ʠ ʨʝʣʴʝʬʦʤ ʤʝʩʪʥʦʩʪʠ ʚ ʟʦʥʝ ʥʝʬʪʝʧʨʦʚʦʜʘ; 

- ʦʛʨʘʥʠʯʝʥʘ ʤʠʥʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʨʘʩʩʪʦʷʥʠʷ ʥʦʩʠʪʝʣʷ ʦʪ ʦʙʲʝʢʪʘ ʨʝʟʘ-

ʥʠʷ (ʪʨʫʙʳ), ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʤʦʙʠʣʴʥʦ-

ʛʦ ʨʦʙʦʪʘ ʦʪ ʣʶʙʦʡ ʧʨʝʛʨʘʜʳ. ʕʪʦ ʟʥʘʯʝʥʠʝ ʧʨʠʥʷʪʦ ʚ ʜʠʘʧʘʟʦʥʝ 300-500 ʤʤ; 

- ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʦʥʝʯʥʦʛʦ ʟʚʝʥʘ ʤʘʥʠʧʫʣʷʪʦʨʘ ʧʝʨʧʝʥʜʠʢʫ-

ʣʷʨʥʦ ʦʙʨʘʟʫʶʱʝʡ ʣʠʥʠʠ ʦʢʨʫʞʥʦʩʪʠ ʧʨʠ ʨʝʟʘʥʠʠ ʬʠʛʫʨ ʚʠʜʘ ʦʢʨʫʞʥʦʩʪʴ ʠ ʧʨʷ-

ʤʦʫʛʦʣʴʥʠʢ ʠʟ ʥʘʯʘʣʴʥʳʭ ʪʦʯʝʢ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 2.8. 
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ɺ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʧʣʘʥʝ ʨʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʫʜʥʦ-

ʩʪʠ. ʇʨʠ ʵʪʦʤ ʧʨʠʤʝʥʝʥʠʝ ʠʟʚʝʩʪʥʳʭ ʧʦʜʭʦʜʦʚ [54, 85] ʚʝʩʴʤʘ ʧʨʦʙʣʝʤʘʪʠʯʥʦ. 

ʅʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʤ ʧʦʜʭʦʜʦʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʨʘʬʦʘʥʘʣʠʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ. ʅʘʠʣʫʯʰʠʝ ʨʘʟʤʝʨʳ ʧʣʝʯ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 2.13. ʇʨʠ ʛʨʘʬʠʯʝʩʢʦʡ 

ʦʧʪʠʤʠʟʘʮʠʠ ʵʪʠ ʨʘʟʤʝʨʳ ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʝ +/-50%. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʨʝ-

ʟʘʥʠʷ ʠʟ ʣʶʙʦʡ ʠʟ ʪʨʝʭ ʥʘʯʘʣʴʥʳʭ ʪʦʯʝʢ ʧʨʠʥʠʤʘʝʤ ʥʘʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʣʠʥʝʡ-

ʥʳʭ ʨʘʟʤʝʨʦʚ ʧʣʝʯ ʤʘʥʠʧʫʣʷʪʦʨʘ: L13 = 1600 ʤʤ, L23 = 1440 ʤʤ, L33 = 200 ʤʤ. 

ʇʘʨʘʤʝʪʨ d ʥʘ ʨʠʩʫʥʢʘʭ ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʨʘʡʥʝʡ ʪʦʯʢʦʡ ʥʦʩʠʪʝʣʷ ʠ ʦʙʲʝʢʪʦʤ 

ʨʝʟʘʥʠʷ (ʧʣʦʩʢʦʩʪʴʶ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʢʨʘʡʥʶʶ ʪʦʯʢʫ ʪʨʫʙʳ). ɺʳʩʦʪʘ ʧʣʘʪ-

ʬʦʨʤʳ ʥʦʩʠʪʝʣʷ, ʥʘ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʦʞʝʥ ʊʈ, 1250 ʤʤ, ʚʳʩʦʪʘ (ʜʣʠʥʘ) ʧʝʨʚʦʛʦ 

ʟʚʝʥʘ ʊʈ ï 400 ʤʤ. ʅʠʞʝ ʥʘ ʨʠʩʫʥʢʘʭ ʨʘʟʤʝʨʳ ʜʘʥʳ ʚ ʤʤ.  

 

 

ʘ)  

 

 

ʙ) 

ʈʠʩʫʥʦʢ 2.8 - ʈʘʩʧʦʣʦʞʝʥʠʝ ʈʊʂ ʠ ʪʨʫʙʳ ʥʝʬʪʝʧʨʦʚʦʜʘ 
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ʚ)                                    

ʈʠʩʫʥʦʢ 2.8 - ʈʘʩʧʦʣʦʞʝʥʠʝ ʈʊʂ ʠ ʪʨʫʙʳ ʥʝʬʪʝʧʨʦʚʦʜʘ (ʧʨʦʜʦʣʞʝʥʠʝ) 

 

ʉʣʫʯʘʡ 2. ʈʝʟʘʥʠʝ ʚʩʢʨʳʪʳʭ ʧʦʜʟʝʤʥʳʭ ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʚ ʪʨʘʥʰʝʝ. ʈʘʩ-

ʧʦʣʦʞʝʥʠʝ ʈʊʂ ʠ ʥʝʬʪʝʧʨʦʚʦʜʘ ʜʣʷ ʜʚʫʭ ʭʘʨʘʢʪʝʨʥʳʭ ʪʦʯʝʢ ʥʘʯʘʣʘ ʨʝʟʘʥʠʷ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʩʧʦʣʦʞʝʥʠʷ ʬʠʛʫʨ ʨʝʟʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.9.  

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʳ ʨʘʟʥʳʝ ʜʣʠʥʳ ʧʣʝʯ, ʦʪʣʠʯʥʳʝ ʧʦ ʨʘʟʤʝʨʘʤ ʦʪ 

ʩʣʫʯʘʷ ʨʝʟʘʥʠʷ ʪʨʫʙʳ ʥʘʟʝʤʥʦʛʦ ʥʝʬʪʝʧʨʦʚʦʜʘ: L13 = 2230 ʤʤ, L23 = 3057 ʤʤ, 

L33 = 200 ʤʤ. ɺʪʦʨʦʝ ʧʣʝʯʦ ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʝʡ ʜʣʠʥʳ, ʯʝʤ ʧʝʨʚʦʝ. ʕʪʦ ʧʨʦʪʠʚʦ-

ʨʝʯʠʪ ʢʣʘʩʩʠʯʝʩʢʦʡ ʢʦʤʧʦʥʦʚʢʝ ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʢʠʥʝʤʘʪʠʢʠ. 

ɺʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʣʝʩʢʦʧʠʯʝʩʢʦʛʦ ʠʩʧʦʣʥʝʥʠʷ ʵʪʦʛʦ ʟʚʝʥʘ. ʆʜʥʘʢʦ ʵʪʦ 

ʫʩʣʦʞʥʷʝʪ ʚʩʶ ʢʦʥʩʪʨʫʢʮʠʶ ʠ ʜʝʣʘʝʪ ʧʨʦʙʣʝʤʘʪʠʯʥʳʤ ʨʝʘʣʠʟʘʮʠʶ ʟʜʝʩʴ ʩʠʩʪʝ-

ʤʳ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʧʦʜʚʦʜʷʱʠʭ ʚʦʜʫ ʠ ʘʙʨʘʟʠʚ ʢ ʩʦʧʣʫ ʨʝʟʘ-

ʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʦʤʫ ʚ ʈʆ ʤʘʥʠʧʫʣʷʪʦʨʘ. 

 

ʈʠʩʫʥʦʢ 2.9 - ʈʘʩʧʦʣʦʞʝʥʠʝ ʈʊʂ ʠ ʪʨʫʙʳ ʥʝʬʪʝʧʨʦʚʦʜʘ ʚ ʪʨʘʥʰʝʝ 
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ʉʣʫʯʘʡ 3. ʈʝʟʘʥʠʝ ʥʝʬʪʝʭʨʘʥʠʣʠʱ. ʆʙʲʝʢʪʦʤ ʨʝʟʘʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝʬʪʝʭʨʘ-

ʥʠʣʠʱʝ ʚ ʚʠʜʝ ʮʠʣʠʥʜʨʘ ʩ ʜʠʘʤʝʪʨʦʤ 7000 ʤʤ ʠ 5000 ʤʤ ʚʳʩʦʪʦʡ. ɺʘʨʠʘʥʪ ʠʩ-

ʧʦʣʥʝʥʠʷ ʥʝʬʪʝʭʨʘʥʠʣʠʱʘ: ʨʝʟʝʨʚʫʘʨ ʩʪʘʣʴʥʦʡ ʚʝʨʪʠʢʘʣʴʥʳʡ.  ʈʘʩʧʦʣʦʞʝʥʠʝ 

ʈʊʂ ʠ ʥʝʬʪʝʭʨʘʥʠʣʠʱʘ ʧʨʠ ʚʠʜʝ ʚ ʧʨʦʬʠʣʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʈʊʂ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠ-

ʩʫʥʢʝ 2.10. ʇʨʠ ʨʝʟʘʥʠʠ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩ ʨʘʟʤʝʨʘʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ: ʰʠʨʠʥʘ 4000 ʤʤ, ʚʳʩʦʪʘ 3000 ʤʤ, ʧʨʠʝʤʣʝʤʘ ʢʠʥʝʤʘʪʠʢʘ ʠ 

ʨʘʟʤʝʨʳ ʧʣʝʯ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʜʣʷ ʚʘʨʠʘʥʪʘ ʨʝʟʢʠ ʥʘʟʝʤʥʳʭ ʥʝʬʪʝʧʨʦʚʦʜʦʚ. 

 

 

ʈʠʩʫʥʦʢ. 2.10. - ʈʘʩʧʦʣʦʞʝʥʠʝ ʄɹʊʈ ʠ ʥʝʬʪʝʭʨʘʥʠʣʠʱʘ 

 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʚʘʨʠʘʥʪʘ ʨʝʟʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ ʚʠʜʝ 

ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʚ ʩ ʨʘʟʤʝʨʘʤʠ 600*800 ʤʤ ʠ ʦʢʨʫʞʥʦʩʪʝʡ ʩ ʜʠʘʤʝʪʨʦʤ ʜʦ 800 ʤʤ 

ʥʘ ʥʘʟʝʤʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʜʠʘʤʝʪʨʦʤ ʪʨʫʙ 1200-1600 ʤʤ, ʠ ʨʝ-

ʟʘʥʠʷ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʚ ʩ ʨʘʟʤʝʨʘʤʠ ʜʦ 4000*3000 ʤʤ ʥʘ ʥʝʬʪʝʭʨʘʥʠʣʠʱʘʭ (ʚ ʚʠ-

ʜʝ ʮʠʣʠʥʜʨʘ ʩ ʜʠʘʤʝʪʨʦʤ 7000 ʤʤ ʠ 5000 ʤʤ ʚʳʩʦʪʦʡ) ʤʦʛʫʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʳ 

ʨʘʟʤʝʨʳ ʧʣʝʯ ʤʘʥʠʧʫʣʷʪʦʨʘ ʠ ʫʛʣʦʚ ʢʘʯʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ 

ʧʨʝʜʳʜʫʱʝʛʦ ʟʚʝʥʘ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 2.2. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʈʊʂ ɻɸʈ ʤʦʞʝʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥ ʧʨʦʤʳʰʣʝʥʥʳʡ ʨʦʙʦʪ 

ʬʠʨʤʳ FANUC, ʨʦʙʦʪ ʩʝʨʠʠ (R-2000iB - 100P) ʩ ʰʝʩʪʴʶ ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ. 

ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ / ʫʜʘʣʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʪʦʯʝʯʥʦʡ ʩʚʘʨʢʠ ʠ ʜʨʫʛʠʭ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʠʤʝʥʝʥʠʡ. ʉ ʨʘʟʤʝʨʘʤʠ ʟʚʝʥʴʝʚ l1, l2, l3, l4 = 600, 1817.5, 1690, 
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23.5 ʤʤ ʠ ʦʙʱʝʡ ʤʘʩʩʦʡ 1570 ʢʛ , ʤʘʢʩʠʤʘʣʴʥʳʝ ʜʠʘʧʘʟʦʥʳ ʜʚʠʞʝʥʠʷ ʦʩʝʡ q1 , q2, 

q3, q4 , q5 , q6 = 360, 185, 360, 720, 250, 720 ʛʨʘʜʫʩʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʦʩʝʡ q1 , q2 , q3, q4 , q5 , q6 =110, 90, 110, 120, 120, 190 ʛʨʘʜ /ʩ  ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ, ʤʦʤʝʥʪʳ q4 , q5 , q6 = 980(100),980(100),706(72) ʅʤ, ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ q4 , 

q5 , q6 =225, 225 ,196 ʢʛ.ʤ2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʠʩʫʥʦʢ 2.11 [100]. 

 

ʊʘʙʣʠʮʘ 2.2 - ʈʘʟʤʝʨʳ ʧʣʝʯ ʤʘʥʠʧʫʣʷʪʦʨʘ 

ɿʚʝʥʦ 
ɼʣʠʥʘ ʧʣʝʯʘ, 

ʤʤ 

ʋʛʦʣ ʢʘʯʘʥʠʷ, ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʧʨʝʜʳʜʫ-

ʱʝʛʦ ʟʚʝʥʘ, ʛʨʘʜ 

ʇʨʠʤʝʯʘʥʠʝ 

1 400 +,-90 
ɺʨʘʱʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʨʪʠʢʘʣʴ-

ʥʦʡ ʦʩʠ 

2 1600 +90,-0 
ʀʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ ï ʛʦʨʠʟʦʥʪʘʣʴ-

ʥʦʝ 

3 800-1440 +0,-90 
ʀʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ - ʛʦʨʠʟʦʥʪʘʣʴ-

ʥʦʝ 

4 200-400 +,-135 
ʐʘʨʥʠʨ ʜʚʫʭʧʣʦʩʢʦʩʪʥʦʡ, ʚʨʘʱʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ 

4 200-400 +,-30 
ɺʨʘʱʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʧʝʥʜʠʢʫ-

ʣʷʨʥʦʡ ʦʩʠ 

 

ʆʜʥʘʢʦ ʜʣʷ ʨʘʙʦʪʳ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʜʣʷ ʩʦʛʣʘʩʦʚʘʥʠʷ ʦʩʝʡ ʊʈ ʠ ʦʙʲʝʢʪʘ 

ʨʝʟʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʘʨʠʨʦʚʘʥʠʷ ʚʦʟʤʦʞʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʝʛʦ 

ʩʣʝʜʫʝʪ ʜʦʧʦʣʥʠʪʴ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʚʳʰʝ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʪʠʧʘ ʜʠʬʬʝ-

ʨʝʥʮʠʘʣʴʥʘʷ ʚʠʣʢʘ. ɼʣʷ ʮʝʣʝʡ ɻɸʈ ʢʦʤʧʦʥʝʥʪʦʚ ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʤʦʞʥʦ ʨʝʢʦʤʝʥ-

ʜʦʚʘʪʴ ʨʘʟʨʘʙʦʪʢʫ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʨʦʙʦʪʘ ʩ ʢʠʥʝʤʘʪʠʢʦʡ ʠ ʦʧʨʝʜʝʣʝʥʥʳʤʠ 

ʚʳʰʝ ʨʘʟʤʝʨʘʤʠ ʧʣʝʯ. 

 

ʈʠʩʫʥʦʢ 2.11- ʇʨʦʤʳʰʣʝʥʥʳʡ ʨʦʙʦʪ (FANUC R-2000iB/100P) 
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2.3. ɸʥʘʣʠʟ ʨʘʙʦʯʠʭ ʟʦʥ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʦʙʦʪʘ 

ɸʥʘʣʠʟ ʨʘʙʦʯʠʭ ʟʦʥ ʜʘʝʪʩʷ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʤʫ ʨʦʙʦʪʫ ʩ 

ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʚʳʰʝ ʨʘʟʤʝʨʘʤʠ ʟʚʝʥʴʝʚ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʠ ʦʮʝʥʢʠ ʨʘʙʦʯʠʭ ʟʦʥ ʚ 

ʨʘʙʦʪʝ [54] ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʙʦʯʠʭ ʧʨʦʩʪʨʘʥʩʪʚ: 

1) ʤʝʪʦʜ ʧʨʦʝʢʮʠʡ; 2) ʤʝʪʦʜ ʭʘʨʘʢʪʝʨʥʳʭ ʨʘʙʦʯʠʭ ʧʨʦʩʪʨʘʥʩʪʚ; 3) ʤʝʪʦʜ ʧʨʝʜʧʦ-

ʯʪʠʪʝʣʴʥʦʡ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ; 4) ʤʝʪʦʜ ʜʦʧʫʩʪʠʤʳʭ ʨʘʙʦʯʠʭ ʧʨʦʩʪʨʘʥʩʪʚ. 

ɿʜʝʩʴ ʠʩʧʦʣʴʟʦʚʘʥ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʜʣʷ ʦʮʝʥʢʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʦ-

ʣʦʞʝʥʠʷ ʟʚʝʥʴʝʚ ʤʘʥʠʧʫʣʷʪʦʨʘ. ɺ ʬʦʨʤʘʪʝ 3D ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʨʘʙʦʯʠʝ ʟʦʥʳ ʚ 

ʧʨʦʛʨʘʤʤʥʦʤ ʧʨʦʜʫʢʪʝ SimMechanics. ʈʘʙʦʯʘʷ ʟʦʥʘ ʜʣʷ ʚʘʨʠʘʥʪʘ ʨʝʟʢʠ ʥʘʟʝʤʥʦʛʦ 

ʥʝʬʪʝʧʨʦʚʦʜʘ ʩ ʜʠʘʤʝʪʨʦʤ ʪʨʫʙʳ 1200 ʤʤ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.12. ʊʘʤ ʞʝ ʧʦ-

ʢʘʟʘʥ ʦʙʲʝʢʪ ʨʝʟʘʥʠʷ ʢʘʢ ʟʘʧʨʝʪʥʘʷ ʟʦʥʘ ʜʣʷ ʤʘʥʠʧʫʣʷʪʦʨʘ ʊʈ. ʌʦʨʤʘ ʦʙʲʝʤʘ ʨʘ-

ʙʦʯʝʡ ʟʦʥʳ ʚ ʬʦʨʤʘʪʝ 3D ʠ ʚʠʜʳ ʨʘʙʦʯʝʡ ʟʦʥʳ (ʦʩʥʦʚʥʦʡ, ʧʨʦʬʠʣʴ, ʬʘʩʘʜ) ʜʘʥʳ 

ʥʘ ʨʠʩʫʥʢʝ 2.13. ɺʳʙʨʘʥʥʳʝ ʢʠʥʝʤʘʪʠʢʘ ʤʘʥʠʧʫʣʷʪʦʨʘ ʠ ʨʘʟʤʝʨʳ ʟʚʝʥʴʝʚ ʦʙʝʩʧʝ-

ʯʠʚʘʶʪ ʚʳʧʦʣʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʨʝʟʢʠ ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʚ ʚʠʜʝ ʪʨʫʙ 

ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʜʠʘʤʝʪʨʦʤ 1200 ʤʤ, ʧʨʠ ʨʘʩʧʦʣʦʞʝʥʠʠ ʬʠʛʫʨʳ ʧʝʨʧʝʥʜʠʢʫʣʷʨ-

ʥʦ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ, ʧʦ ʤʘʢʩʠʤʘʣʴʥʳʤ ʨʘʟʤʝʨʘʤ ʪʨʫʙʳ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʷʭ. ʇʨʠ ʨʝʟʢʝ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʩʝʯʝʥʠʡ ʥʝʬʪʝʭʨʘʥʠʣʠʱ ʮʠʣʠʥ-

ʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʳʩʦʪʘ ʚʝʨʭʥʝʡ ʣʠʥʠʠ ʨʝʟʢʠ 

3000 ʤʤ ʩ ʫʯʝʪʦʤ ʚʳʩʦʪʳ ʥʝʩʫʱʝʡ ʧʣʘʪʬʦʨʤʳ 1200 ʤʤ. ɼʣʷ ʚʳʨʝʟʘʥʠʷ ʧʨʷʤʦ-

ʫʛʦʣʴʥʠʢʘ ʩ ʨʘʟʤʝʨʘʤʠ 3000 ʤʤ*4000 ʤʤ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʫʩʪʘʥʘʚʣʠʚʘʪʴ ʪʨʘʥʩ-

ʧʦʨʪʥʫʶ ʩʠʩʪʝʤʫ ʠʣʠ ʤʦʙʠʣʴʥʳʡ ʨʦʙʦʪ ʩ ʰʘʛʦʤ 1000 ʤʤ. 

ʌʦʨʤʘ ʦʙʲʝʤʘ ʨʘʙʦʯʝʡ ʟʦʥʳ ʚ ʬʦʨʤʘʪʝ 3D, ʠ ʚʠʜʳ ʨʘʙʦʯʝʡ ʟʦʥʳ (ʦʩʥʦʚʥʦʡ, 

ʧʨʦʬʠʣʴ, ʬʘʩʘʜ) ʧʨʠ ʨʝʟʢʝ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʚ ʪʨʘʥʰʝʝ (ʚʩʢʨʳʪʳʝ ʧʦʜʟʝʤʥʳʝ ʪʨʫʙʦ-

ʧʨʦʚʦʜʳ) ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 2.14-2.15. ɿʜʝʩʴ ʪʨʝʙʫʶʪʩʷ ʜʨʫʛʠʝ ʨʘʟʤʝʨʳ ʟʚʝ-

ʥʴʝʚ ʤʘʥʠʧʫʣʷʪʦʨʘ. ʈʘʟʤʝʨʳ ʨʘʙʦʯʝʡ ʟʦʥʳ ï ʜʚʝ ʧʝʨʝʩʝʯʝʥʥʳʝ ʩʬʝʨʳ ʩ ʨʘʜʠʫʩʘʤʠ 

R1= 3440 ʤʤ, R2=1191 ʤʤ ʧʨʠ ʨʝʟʢʠ ʥʘʟʝʤʥʦʛʦ ʥʝʬʪʝʧʨʦʚʦʜʘ ʩ ʜʠʘʤʝʪʨʦʤ 

D=1200 ʤʤ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʣʝʯʘʤ ʦʩʥʦʚʘʥʠʷ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʘʪ-

ʯʠʢʦʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʚʠʣʢʠ: Ñ 100 ʤʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʈʆ; ʚʳʣʝʪ ʦʪʥʦʩʠ-
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ʪʝʣʴʥʦ ʣʠʥʠʠ ʧʣʝʯ 50ʤʤ ʠʟ ʫʩʣʦʚʠʷ ʠʟʤʝʨʝʥʠʷ ʪʦʯʥʦʩʪʠ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʨʝʟʘʥʠʷ Ñ 0,5ʤʤ.  

ʈʘʟʤʝʨʳ ʨʘʙʦʯʝʡ ʟʦʥʳ ï ʜʚʝ ʧʝʨʝʩʝʯʝʥʥʳʝ ʩʬʝʨʳ ʩ ʨʘʜʠʫʩʘʤʠ R1= 3440 ʤʤ, 

R2=1191 ʤʤ ʧʨʠ ʨʝʟʢʠ ʥʘʟʝʤʥʦʛʦ ʥʝʬʪʝʧʨʦʚʦʜʘ ʩ ʜʠʘʤʝʪʨʦʤ D =1200 ʤʤ. ʉʬʦʨ-

ʤʫʣʠʨʦʚʘʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʣʝʯʘʤ ʦʩʥʦʚʘʥʠʷ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʘʪʯʠʢʦʚ ʜʠʬʬʝʨʝʥ-

ʮʠʘʣʴʥʦʡ ʚʠʣʢʠ ʠʟ ʫʩʣʦʚʠʷ ʠʟʤʝʨʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʘʥʠʷ ʩ ʪʦʯ-

ʥʦʩʪʴʶ Ñ 0,2-0,5 ʤʤ, ʵʪʦ: Ñ 100ʤʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʈʆ, ʚʳʣʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʠ-

ʥʠʠ ʧʣʝʯ 50ʤʤ.  

 

ʈʠʩʫʥʦʢ 2.12 - ʈʘʙʦʯʘʷ ʟʦʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʦʙʦʪʘ ʩ ʪʨʘʥʩʧʦʨʪʥʳʤ  

ʩʨʝʜʩʪʚʦʤ  
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ʈʠʩʫʥʦʢ 2.13 - ʈʘʙʦʯʘʷ ʟʦʥʘ ʤʘʥʠʧʫʣʷʪʦʨʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʦʙʦʪʘ 

ʜʣʷ ʨʝʟʢʠ ʪʨʫʙ ʥʘʟʝʤʥʳʭ ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʠ ʝʝ ʚʠʜʳ 
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ʈʠʩʫʥʦʢ 2.15 - ʈʘʙʦʯʘʷ ʟʦʥʘ ʤʘʥʠʧʫʣʷʪʦʨʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʦʙʦʪʘ ʠ ʝʝ ʚʠʜʳ ʜʣʷ 

ʨʝʟʢʠ ʪʨʫʙ ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʚ ʪʨʘʥʰʝʝ 

2.4. ɺʳʚʦʜʳ 

1. ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʥʝ ʚʳʷʚʠʣ ʩʣʫʯʘʝʚ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʤʦʙʠʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʦʙʦʪʦʚ ʜʣʷ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ ʪʨʫʙ 

ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʠ ʨʝʟʝʨʚʫʘʨʦʚ ʥʝʬʪʝʭʨʘʥʠʣʠʱ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ. ʌʠʨʤʳ-

ʨʘʟʨʘʙʦʪʯʠʢʠ ʠ ʠʟʛʦʪʦʚʠʪʝʣʠ ʥʝ ʧʨʠʚʦʜʷʪ ʩʚʝʜʝʥʠʡ ʦʙ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʦʧʠʩʘʥʠʠ 

ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦ ʦʙ ʘʣʛʦʨʠʪʤʘʭ ʧʨʦʮʝʩʩʦʚ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ ʚ ʨʦʙʦʪʦʪʝʭʥʠʯʝ-

ʩʢʠʭ ʩʠʩʪʝʤʘʭ. 
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2. ʊʨʘʥʩʧʦʨʪʥʘʷ ʩʠʩʪʝʤʘ (ʤʦʙʠʣʴʥʳʡ ʨʦʙʦʪ) ʜʦʣʞʥʘ ʦʪʚʝʯʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ ʢʦʨʧʫʩʝ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ: ʥʘʩʦ-

ʩʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʝʤʢʦʩʪʠ ʩ ʚʦʜʦʡ ʠ ʘʙʨʘʟʠʚʦʤ, ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ, ʪʨʫʙʦ-

ʧʨʦʚʦʜʦʚ ʚʦʜʳ ʠ ʘʙʨʘʟʠʚʘ, ʘ ʪʘʢʞʝ ʵʥʝʨʛʦʝʤʢʦʩʪʠ 30-40 ʢɺʪ. 

3. ʉʦʟʜʘʥʠʝ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʤʥʦʛʦʮʝʣʝʚʦʛʦ ʊʈ ʜʣʷ ʨʝʟʢʠ ʥʘʟʝʤʥʳʭ, ʧʦʜ-

ʟʝʤʥʳʭ ʠ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʚʦʟʜʫʰʥʳʭ ʵʩʪʘʢʘʜʘʭ ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʥʝ ʨʘʮʠʦʥʘʣʴ-

ʥʦ, ʪʘʢ ʢʘʢ ʪʨʝʙʫʝʪ ʩʣʦʞʥʳʭ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʩʭʝʤ ʠ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ ʟʚʝʥʴʝʚ.  

4. ʆʧʨʝʜʝʣʝʥʘ ʨʘʮʠʦʥʘʣʴʥʘʷ ʢʠʥʝʤʘʪʠʢʘ ʊʈ ï ʰʝʩʪʠ ʦʩʝʚʦʡ ʤʘʥʠʧʫʣʷʪʦʨ ʩ 

ʫʛʣʦʚʦʡ ʩʠʩʪʝʤʦʡ ʢʦʦʨʜʠʥʘʪ. ɼʣʷ ʩʦʛʣʘʩʦʚʘʥʠʷ ʦʩʝʡ ʦʙʲʝʢʪʘ ʨʝʟʘʥʠʷ ʠ ʢʦʤʧʝʥʩʘ-

ʮʠʠ ʥʝ ʠʜʝʘʣʴʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʘʥʠ ʢʦʥʩʪʨʫʢʮʠʶ ʩʣʝʜʫʝʪ ʚʚʝʩʪʠ ʠʟʤʝʨʠʪʝʣʴ-

ʥʫ  ʁʩʠʩʪʝʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʘʥʠʷ ʠʟ ʜʚʫʭ ʩʠʤʤʝʪʨʠʯ-

ʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʠʥʜʫʢʪʠʚʥʳʭ ʜʘʪʯʠʢʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʫʶ ʚʠʣ-

ʢʫ. 

5. ɸʥʘʣʠʟ ʨʘʙʦʯʠʭ ʟʦʥ ʚ ʬʦʨʤʝ 3D ʧʦʢʘʟʘʣ, ʯʪʦ ʚʳʙʨʘʥʥʘʷ ʢʠʥʝʤʘʪʠʢʘ ʤʘ-

ʥʠʧʫʣʷʪʦʨʘ ʊʈ ʠ ʨʘʟʤʝʨʳ ʟʚʝʥʴʝʚ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʝʟʘʥʠʝ ʥʘʟʝʤʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ 

ʠ ʥʝʬʪʝʭʨʘʥʠʣʠʱ ʩ ʟʘʜʘʥʥʳʤʠ ʬʠʛʫʨʘʤʠ ʨʝʟʘʥʠʷ ʠ ʠʭ ʨʘʟʤʝʨʘʤʠ. ɼʣʷ ʨʝʟʘʥʠʷ 

ʥʝʬʪʝʧʨʦʚʦʜʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʪʨʘʥʰʝʝ (ʚʩʢʨʳʪʳʝ ʧʦʜʟʝʤʥʳʝ ʥʝʬʪʝʧʨʦʚʦʜʳ), 

ʩʣʝʜʫʝʪ ʫʚʝʣʠʯʠʪʴ ʨʘʟʤʝʨʳ ʟʚʝʥʴʝʚ. 
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ɻʣʘʚʘ 3. ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʨʦʙʦʪʦʤ 

3.1. ʆʙʦʙʱʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʝʥʠʷ ʈʊʂ 

ɿʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʦʧʨʝʜʝʣʝʥʳ ʚ ʧʝʨʚʦʡ ʛʣʘʚʝ [5, 8, 35, 43]. ʈʘʩʩʤʦʪʨʠʤ 

ʨʘʟʨʘʙʦʪʢʫ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʊʈ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʪʘʥʦʚʢʝ. ʉʥʘʯʘʣʘ ʩʦʩʪʘ-

ʚʠʤ ʦʙʦʙʱʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥ ʦʙʦʙʱʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʫʧʨʘʚ-

ʣʝʥʠʷ ʊʈ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʦʩʥʦʚʥʳʭ ʦʧʝʨʘʮʠʡ, 

ʚʳʜʝʣʝʥʥʳʭ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʘʤ (ʚʳʚʦʜ ʊʈ ʥʘ ʠʩʭʦʜʥʫʶ ʧʦʟʠʮʠʶ, 

ʜʚʠʞʝʥʠʝ, ʧʦʠʩʢ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʡ, ʚʠʜ ʦʧʝʨʘʮʠʠ ʠ ʜʨ.). ɿʘʪʝʤ ʨʘʩʩʤʦʪʨʠʤ 

ʘʣʛʦʨʠʪʤʳ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʮʝʜʫʨ ʠ ʫʩʣʦʚʠʡ ʦʙʦʙʱʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ. ʇʨʠ ʫʧʨʘʚ-

ʣʝʥʠʠ ʨʦʙʦʪʘʤʠ ʚʝʩʴʤʘ ʵʬʬʝʢʪʠʚʥʳ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ, 

ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʨʘʙʦʪʘʭ ʖʱʝʥʢʦ ɸ.ʉ., ɿʝʥʢʝʚʠʯʘ ʉ.ʃ. ʠ ʧʘʨʠʨʫʶʱʠʝ ʢʠʥʝʤʘʪʠ-

ʯʝʩʢʦʝ ʚʟʘʠʤʦʚʣʠʷʥʠʝ ʠ ʤʦʤʝʥʪʳ ʥʝʫʨʘʚʥʦʚʝʰʝʥʥʦʩʪʠ. ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ɻɸʈ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ ʠ ʩ ʤʘʣʳʤʠ ʫʩʢʦʨʝ-

ʥʠʷʤʠ, ʨʝʘʢʮʠʷ ʩʪʨʫʠ ʥʝʟʥʘʯʠʪʝʣʴʥʘ, ʧʦʣʘʛʘʝʤ ʚʟʘʠʤʦʚʣʠʷʥʠʝ ʥʝʩʫʱʝʩʪʚʝʥʥʳ, ʘ 

ʥʝʫʨʘʚʥʦʚʝʰʝʥʥʦʩʪʴ ʧʘʨʠʨʫʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ, ʬʦʨʤʠʨʫʝʤʦʡ ʚ 

ʢʦʥʪʫʨ ʨʝʛʫʣʷʪʦʨʘ ʪʦʢʘ. ɺ ʦʩʥʦʚʫ ʣʦʢʘʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʙʳʣʠ ʧʦʣʦʞʝʥʳ ʧʦʜʭʦ-

ʜʳ ʠ ʤʝʪʦʜʠʢʘ ʧʦʩʪʨʦʝʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʧʦʟʠʮʠʦʥʥʦ-ʩʠʣʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ ʚʳ-

ʧʦʣʥʝʥʠʠ ʩʙʦʨʦʯʥʳʭ ʨʘʙʦʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʦʮʝʥʦʯʥʦʡ ʬʫʥʢʮʠʠ ʠ ʘʣʛʦ-

ʨʠʪʤʦʚ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʯʝʪʚʝʨʪʦʡ ʬʦʨʤʳ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ [24, 

25, 26, 29, 31, 42, 48]. 

ɹʣʦʢ-ʩʭʝʤʘ ʦʙʦʙʱʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʘʭ 3.1, 3.2. ʆʩʥʦʚ-

ʥʳʝ ʧʨʦʮʝʜʫʨʳ ʦʙʦʙʱʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ: 

1. ɺʚʦʜ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʚʳʭʦʜʘ ʈʊʂ ʠʟ ʠʩʭʦʜʥʦʡ ʪʦʯʢʠ ʥʘ ʧʦʟʠʮʠʶ 

ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ (ʙʣʦʢ 1). 

2. ɼʚʠʞʝʥʠʝ ʄɹʈ ʠʟ ʠʩʭʦʜʥʦʡ ʪʦʯʢʠ ʥʘ ʧʦʟʠʮʠʶ ʨʝʟʘʥʠʷ (ʙʣʦʢ 2). 

3. ʆʧʨʝʜʝʣʝʥʠʝ ʬʘʢʪʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʚʳʭʦʜʘ ʚ ʠʩʭʦʜʥʫʶ ʪʦʯʢʫ ʚʳʧʦʣʥʝ-

ʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ G1ʬ (x1, y2, z3) (ʙʣʦʢ 4). 

4. ʉʦʛʣʘʩʦʚʘʥʠʝ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ʠ ʦʩʝʡ ʊʈ ʠ ʦʙʲʝʢʪʘ ʨʝʟʘʥʠʷ ï ʪʨʫʙʳ 

(ʙʣʦʢʠ 4, 5).  
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       ɺʚʦʜ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ

     ʅʘʯʘʣʦ

 ɼʚʠʞʝʥʠʝ ʄʈ ʥʘ ʧʦʟʠʮʠʶ 
ʨʝʟʘʥʠʷ

      

      

       G1  ʟ= G1+ȹŮ

     A0= A03

          ʉʦʛʣʘʩʦʚʘʥʠʝ ʦʩʝʡ

  ɺʚʦʜ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ 
ʛʠʜʨʦʨʝʟʘʥʠʷ    

   ɺʳʚʦʜ ʈʆ ʚ ʠʩʭʦʜʥʫʶ ʪʦʯʢʫ
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ʈʠʩʫʥʦʢ 3.1 - ɹʣʦʢ-ʩʭʝʤʘ ʦʙʦʙʱʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ 
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         ɺʢʣʶʯʝʥʠʝ ʈʆ

H=H3

          ʀʟʤʝʨʝʥʠʝ ʅ

     ɼʚʠʞʝʥʠʝ ʧʦ 

ʪʨʘʝʢʪʦʨʠʠ
ʄʝʞʢʦʦʨʜʠʥʘʪʥʘʷ 

ʢʦʨʨʝʢʮʠʷ

         ū0=ū03

A

ʂʦʥʝʮ

8

9

12 10

13

ʅʝʪ
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ʈʠʩʫʥʦʢ 3.2 - ɹʣʦʢ-ʩʭʝʤʘ ʦʙʦʙʱʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ (ʧʨʦʜʦʣʞʝʥʠʝ) 

 

5. ɺʳʭʦʜ ʚ ʠʩʭʦʜʥʫʶ ʪʦʯʢʫ ʠ ʚʚʦʜ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘ-

ʮʠʠ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ: ʢʦʦʨʜʠʥʘʪʳ ʠʩʭʦʜʥʦʡ ʪʦʯʢʠ ʠ ʧʨʦʛʨʘʤʤʘ ʚʳʨʝʟʘʝʤʦ-

ʛʦ ʧʨʦʬʠʣʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ (ʙʣʦʢʠ 6, 7). 

6. ɸʥʘʣʠʟ ʟʥʘʯʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʅ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨ-

ʥʦʩʪʴ ʦʩʠ ʩʪʨʫʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʘʥʠʷ ʠ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʥʝʝ h (ʙʣʦʢʠ 8, 9), ʠ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʝʝ ʩʪʘʙʠʣʠʟʘʮʠʷ ʚʢʣʶʯʝʥʠʝʤ ʘʣʛʦʨʠʪʤʘ ʤʝʞʢʦʦʨʜʠʥʘʪʥʦʡ ʢʦʨ-

ʨʝʢʮʠʠ (ʙʣʦʢ 10).  

7. ɺʳʧʦʣʥʷʝʤʳʝ ʧʨʦʮʝʜʫʨʳ ʧʦ ʧ. ʧ. 4, 5,6 ʨʝʘʣʠʟʦʚʘʥʳ ʥʠʞʝ çʩʚʦʠʤʠè ʘʣʛʦ-

ʨʠʪʤʘʤʠ. ɺ ʦʩʥʦʚʫ ʣʦʢʘʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʙʳʣʠ ʧʦʣʦʞʝʥʳ ʧʦʜʭʦʜʳ ʠ ʤʝʪʦʜʠʢʘ 

ʧʦʩʪʨʦʝʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʧʦʟʠʮʠʦʥʥʦ-ʩʠʣʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʙʦ-

ʨʦʯʥʳʭ ʨʘʙʦʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʦʮʝʥʦʯʥʦʡ ʬʫʥʢʮʠʠ ʠ ʘʣʛʦʨʠʪʤʦʚ ʘʜʘʧ-

ʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʯʝʪʚʝʨʪʦʡ ʬʦʨʤʳ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ [23, 24, 26, 75]. 
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3.2. ɸʣʛʦʨʠʪʤ ʩʦʛʣʘʩʦʚʘʥʠʷ ʦʩʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʦʙʦʪʘ ʠ ʦʙʲʝʢʪʘ 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʮʝʜʫʨʳ ʩʦʛʣʘʩʦʚʘʥʠʷ ʦʩʝʡ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʦʛʦ ʨʦʙʦʪʘ ʠ ʦʙʲʝʢʪʘ ʨʝʟʘʥʠʷ (ʪʨʫʙʳ) ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʪʦʯʥʦʩʪʴʶ ʚʳʭʦʜʘ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʧʦʟʠʮʠʶ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ ʠ ʦʪʢʣʦʥʝʥʠʝʤ ʬʘʢʪʠ-

ʯʝʩʢʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʩʝʡ ʪʨʫʙʦʧʨʦʚʦʜʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʩʯʝʪʥʳʭ (ʩʪʘʨʪ ʚʳʧʦʣ-

ʥʝʥʠʷ) [5, 9, 23, 47, 63, 64, 65]. 

ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʮʝʩʩʘ ʩʦʛʣʘʩʦʚʘʥʠʷ ʦʩʝʡ. ʆʧʨʝʜʝʣʝʥʠʝ ʦʨʠʝʥ-

ʪʘʮʠʠ ʠ ʧʦʣʦʞʝʥʠʷ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʮʝʣʝʚʦʡ ʪʦʯʢʠ (ʩʚʷʟʘʥʥʦʡ ʩ ʮʝʥʪʨʦʤ ʪʨʫ-

ʙʦʧʨʦʚʦʜʘ) ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ (ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʩʚʷ-

ʟʘʥʥʦʡ ʩ ʦʩʥʦʚʘʥʠʝʤ ʤʘʥʠʧʫʣʷʪʦʨʘ) ʨʘʩʩʤʦʪʨʠʤ ʧʦʵʪʘʧʥʦ. 

ʕʪʘʧ 1. ɿʘʜʘʜʠʤ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʮʝʣʝʚʦʡ ʪʦʯʢʠ ʆʍ'ʋ'Z'. ʅʘʧʨʘʚʠʤ 

ʦʩʴ ʆ'Z' ʚʜʦʣʴ ʚʝʢʪʦʨʘ ʥʦʨʤʘʣʠ  ʢ ʧʦʚʝʨʭʥʦʩʪʠ ɔ ʚ ʮʝʣʝʚʦʡ ʪʦʯʢʝ, ʪʦ ʝʩʪʴ 

nnZO
C

/'' = . ɿʜʝʩʴ ʚʦʟʤʦʞʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ: 

ɺʘʨʠʘʥʪ 1. ʆʩʴ ʆ'Z' ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʩʚʷʟʘʥʥʦʡ ʩ ʮʝʣʝʚʦʡ ʪʦʯʢʦʡ (ʮʝʥ-

ʪʨʦʤ ʪʨʫʙʦʧʨʦʚʦʜʘ), ʩʦʥʘʧʨʘʚʣʝʥʘ ʩ ʦʩʴʶ ʆZ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ (ʩʠʩʪʝ-

ʤʳ ʢʦʦʨʜʠʥʘʪ ʦʩʥʦʚʘʥʠʷ ʤʘʥʠʧʫʣʷʪʦʨʘ), ʪ.ʝ. ʫʯʘʩʪʦʢ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘ ʢʦʪʦʨʦʡ 

ʨʘʩʧʦʣʦʞʝʥʘ ʮʝʣʝʚʘʷ ʪʦʯʢʘ ʛʦʨʠʟʦʥʪʘʣʝʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʦ-

ʛʜʘ ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʝʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʮʝʣʝʚʦʡ ʪʦʯʢʦʡ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝ-

ʥʠʷʤʠ ʦʩʝʡ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʨʠʩʫʥʦʢ 3.3.  

 

ʈʠʩʫʥʦʢ 3.3 - ʆʩʠ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʠ ʦʩʠ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, 

 ʩʚʷʟʘʥʥʦʡ ʩ ʮʝʣʝʚʦʡ ʪʦʯʢʦʡ (ʩʣʫʯʘʡ 1) 

n
C

Z
X

Y O

ʄʈ

Z'X'

Y' O'

Cʮ(xʮ,yʮ,zʮ)

T(xʮ,yʮ,zʮ)

ɔ
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ʄʘʪʨʠʮʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʟ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠ-

ʥʘʪ ʮʝʣʝʚʦʡ ʪʦʯʢʠ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʟʘʜʘʚʘʪʴʩʷ ʤʘʪʨʠʮʝʡ ʧʝʨʝʥʦʩʘ (ʚ ʩʠʣʫ 

ʧʘʨʘʣʣʝʣʴʥʦʩʪʠ ʠ ʩʦʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʦʩʝʡ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ) 

[85]: 

( )ʊʎɹ zyxTM ʮʮʮ, ,,=
. 

(3.1) 

ɺʘʨʠʘʥʪ 2. ʅʘʧʨʘʚʣʝʥʠʝ ʦʩʠ ʆ'Z' ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʩʚʷʟʘʥʥʦʡ ʩ ʮʝʥʪʨʦʤ 

ʪʨʫʙʦʧʨʦʚʦʜʘ, ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʩʠ ʆZ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 

(ʨʠʩʫʥʦʢ 3.4). ɺʳʙʝʨʝʤ ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʠ ʆ'X' ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺ ʮʝʣʝʚʦʡ 

ʪʦʯʢʝ ʧʨʦʚʝʜʝʤ ʢʘʩʘʪʝʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ ɔ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʆʩʴ ʆ'X' 

ʨʘʩʧʣʦʞʝʥʘ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʧʣʦʩʢʦʩʪʝʡ ʛʦʨʠʟʦʥʪʘ ʠ ɔ. ɿʜʝʩʴ ʧʦʜ ʧʣʦʩʢʦʩʪʴ ʁʛʦ-

ʨʠʟʦʥʪʘ ʠʤʝʝʪʩʷ ʚ ʚʠʜʫ ʧʣʦʩʢʦʩʪʴ OXZ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ (ʪ.ʢ. ʨʘʥʝʝ ʤʳ 

ʦʙʦʟʥʘʯʠʣʠ, ʯʪʦ ʝʸ ʦʩʴ ʆZ ʥʘʧʨʘʚʣʝʥʘ ʚʚʝʨʭ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩɹ ʆ'X' ʤʦʞʝʪ 

ʠʤʝʪʴ ʜʚʘ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʘ ʥʘʧʨʘʚʣʝʥʠʷ: O'X1
'ʠ O'X2

'. ʇʣʦʩʢʦʩʪʴ O'Y'Z' ʜʝʣʠʪ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʘ ʜʚʘ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʘ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚʦʟʤʦʞʥʳʭ 

ʦʨʪʦʚ ʦʩʠ ʆ'X'. ɺ ʢʘʯʝʩʪʚʝ ʥʘʧʨʘʚʣʝʥʠʷ ʦʨʪʘ ʦʩʠ ʆ'ʍ' ʚʳʙʠʨʘʝʤ ʦʨʪ, ʦʧʨʝʜʝʣʷʶ-

ʱʠʡ ʦʩʪʨʳʡ ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ 'OO  ʠ '' XO . ʉʦʛʣʘʩʥʦ ʩʚʦʡʩʪʚʫ ʩʢʘʣʷʨʥʦʛʦ 

ʧʨʦʠʟʚʝʜʝʥʠʷ, ʫʩʣʦʚʠʝ ʚʳʙʦʨʘ ʥʘʧʨʘʚʣʝʥʠʷ ʦʨʪʘ ʦʩʠ ʆ'ʍ' ʠʤʝʝʪ ʚʠʜ: 

.0'','
_____________

>ö
÷

õ
æ
ç

å
XOOO  (3.2) 

ʅʘʧʨʘʚʣʝʥʠʝ ʦʩʠ O'Y' ʥʘʭʦʜʠʪʩʷ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ. 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʘʚʦʩʪʦʨʦʥʥʷʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ, 

ʧʦʣʫʯʠʤ: 

.'',''''
___________________

ù
ú

ø
é
ê

è
= ZOXOYO  (3.3) 

ʆʧʨʝʜʝʣʠʤ ʤʘʪʨʠʮʫ ʧʝʨʝʭʦʜʘ ʠʟ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚ ʩʠʩʪʝʤʫ ʢʦ-

ʦʨʜʠʥʘʪ ʮʝʣʝʚʦʡ ʪʦʯʢʠ ʄɹ,ʎ , ʦʧʠʨʘʷʩʴ ʥʘ ʟʥʘʥʠʷ ʥʘʧʨʘʚʣʝʥʠʡ ʦʨʪʦʚ ʩʠʩʪʝʤʳ ʢʦ-

ʦʨʜʠʥʘʪ, ʩʚʷʟʘʥʥʦʡ ʩ ʮʝʣʝʚʦʡ ʪʦʯʢʦʡ: 
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1000

ʮ
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ø

é
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é

ê

è

=
zzyx

yzyx

xzyx

M
zzz

yyy

xxx

ʎɹ  (3.4) 

ʛʜʝ ( ),,,''
______

zyx xxxXO = ( )zyx yyyYO ,,''
______

= ʠ ( )zyx zzzZO ,,''
______

= - ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʳʡ ʙʘʟʠʩ ʩʠʩʪʝ-

ʤʳ ʢʦʦʨʜʠʥʘʪ, ʩʚʷʟʘʥʥʦʡ ʩ ʮʝʣʝʚʦʡ ʪʦʯʢʦʡ, ʟʘʜʘʥʥʳʡ ʚ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠ-

ʥʘʪ. 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʟ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʮʝʣʝʚʦʡ ʪʦʯʢʠ ʚ ʙʘʟʦʚʫʶ ʩʠʩʪʝʤʫ, 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʦʙʨʘʪʥʦʡ ʤʘʪʨʠʮʳ: 

.,
1

, ʎɹɹʎ MM -=
 (3.5) 

 

ʈʠʩʫʥʦʢ 3.4 - ʆʩʠ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʊʈ ʠ ʦʩʠ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʩʚʷ-

ʟʘʥʥʦʡ ʩ ʪʨʫʙʦʧʨʦʚʦʜʦʤ (ʩʣʫʯʘʡ 2) 

 

2. ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʘʪʨʠʮʳ ʧʝʨʝʭʦʜʘ ʠʟ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚ ʩʠʩʪʝʤʫ 

ʢʦʦʨʜʠʥʘʪ ʮʝʣʝʚʦʡ ʪʦʯʢʠ. 

ʄʘʪʨʠʮʘ ʧʝʨʝʭʦʜʘ ʠʟ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʮʝ-

ʣʝʚʦʡ ʪʦʯʢʠ ʠʤʝʝʪ ʚʠʜ: 

    (3.6) 

ʛʜʝ Rɹ,ʎ - ʤʘʪʨʠʮʘ ʧʦʚʦʨʦʪʘ ʨʘʟʤʝʨʥʦʩʪʴʶ 3Ĭ3, ʧʨʝʦʙʨʘʟʫʶʱʘʷ ʙʘʟʦʚʫʶ ʩʠʩʪʝʤʫ 

ʢʦʦʨʜʠʥʘʪ ʚ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʮʝʣʝʚʦʡ ʪʦʯʢʠ; Tɹ,ʎ - ʧʦʜʤʘʪʨʠʮʘ ʨʘʟʤʝʨʥʦʩʪʴʶ 
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3Ĭ1, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʝʢʪʦʨ ʧʦʣʦʞʝʥʠʷ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ ʧʦʚʝʨʥʫʪʦʡ ʩʠʩʪʝʤʳ 

ʦʪʩʯʝʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʘʟʦʚʦʡ. 

ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʘʪʨʠʮ ʧʦʚʦʨʦʪʘ ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʫʛ-

ʣʳ ʕʡʣʝʨʘ [70, 85]. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʫʛʣʦʚ ʕʡʣʝʨʘ ʠ ʚʩʝ ʦʥʠ 

ʦʧʠʩʳʚʘʶʪ ʦʨʠʝʥʪʘʮʠʶ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʢʦʪʦʨʦʡ ʟʘʜʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ. ɹʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʩʪʝʤʫ ʫʛʣʦʚ ʕʡʣʝʨʘ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʪʘʢ ʥʘʟʳʚʘ-

ʝʤʳʝ ʫʛʣʳ ʢʨʝʥʘ, ʪʘʥʛʘʞʘ ʠ ʨʳʩʢʘʥʴʷ. ʇʨʠ ʵʪʦʤ ʚ ʰʝʩʪʠʤʝʨʥʦʤ ʚʝʢʪʦʨʝ 

(X, Y, Z, ű, ɗ, ɣ) ʩʦʜʝʨʞʠʪʩʷ ʚʩʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʦʣʦʞʝʥʠʠ ʠ ʦʨʠʝʥʪʘʮʠʠ ʦʙʲʝʢʪʘ 

ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʆʥʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʦʚʦʨʦʪʦʚ (ʨʠʩʫʥʦʢ 

3.5): 1) ʧʦʚʦʨʦʪ ʥʘ ʫʛʦʣ ɣ ʚʦʢʨʫʛ ʦʩʠ OX (Rx,ɣ) (ʨʳʩʢʘʥʴʝ); 2) ʧʦʚʦʨʦʪ ʥʘ ʫʛʦʣ ɗ 

ʚʦʢʨʫʛ ʦʩʠ OY(Rx,ɗ) (ʪʘʥʛʘʞ); 3) ʧʦʚʦʨʦʪ ʥʘ ʫʛʦʣ ű ʚʦʢʨʫʛ ʦʩʠ OZ (Rx,ű) (ʢʨʝʥ). 

ʈʝʟʫʣʴʪʠʨʫʶʱʘʷ ʤʘʪʨʠʮʘ ʧʦʚʦʨʦʪʘ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ 

=ÖÖ= jj ɣxɗyzɣɗ RRRM ,,,,,  
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ʈʠʩʫʥʦʢ 3.5 - ʋʛʣʳ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ: ʢʨʝʥ, ʪʘʥʛʘʞ, ʨʳʩʢʘʥʴʝ  

(ʩʠʩʪʝʤʘ ʫʛʣʦʚ ʕʡʣʝʨʘ) 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʪʦʞʜʝʩʪʚʘ ʦʧʠʩʘʥʠʡ ʤʘʪʨʠʮʳ ʧʦʚʦʨʦʪʘ ʯʝʨʝʟ ʢʦʦʨʜʠʥʘʪʳ ʦʨ-

ʪʦʚ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʯʝʨʝʟ ʫʛʣʳ ʕʡʣʝʨʘ  
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,  (3.8) 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʫʛʣʦʚ ű, ɗ, ɣ. ʈʘʩʩʤʦʪʨʠʤ ʦʙʱʝʝ 

ʨʝʰʝʥʠʝ, ʧʨʝʜʣʦʞʝʥʥʦʝ ʇʦʣʦʤ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ ʧʨʠʤʝʥʝʥʠʝ ʦʙʨʘʪʥʦʡ 

ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʜʚʫʭ ʘʨʛʫʤʝʥʪʦʚ. ɿʘʜʘʥʳ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ ʣʝʚʦʡ 

ʯʘʩʪʠ ʤʘʪʨʠʯʥʦʛʦ ʫʨʘʚʥʝʥʠʷ. ʕʣʝʤʝʥʪʳ ʤʘʪʨʠʮ,r ʩʪʦʷʱʝʡ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʵʪʦʛʦ 

ʫʨʘʚʥʝʥʠʷ, ʥʝʠʟʚʝʩʪʥʳ ʠ ʟʘʚʠʩʷʪ ʦʪ ű, ɗ, ɣ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʤʥʦ-

ʞʘʪʴ ʩʣʝʚʘ ʦʙʝ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ ʥʘ ʤʘʪʨʠʮʳ ʦʙʨʘʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʠ ʠʟ ʧʦʣʫ-

ʯʝʥʥʳʭ ʤʘʪʨʠʯʥʳʭ ʫʨʘʚʥʝʥʠʡ ʦʧʨʝʜʝʣʷʪʴ ʠʩʢʦʤʳʝ ʫʛʣʳ. ʋʤʥʦʞʘʷ ʩʣʝʚʘ ʤʘʪʨʠʯ-

ʥʦʝ ʫʨʘʚʥʝʥʠʝ (3.8) ʥʘ 1
,
-
jzR , ʧʝʨʝʥʦʩʠʤ ʥʝʠʟʚʝʩʪʥʫʶ ű ʚ ʣʝʚʫʶ ʯʘʩʪʴ, ʦʩʪʘʚʣʷʷ ʚ 

ʧʨʘʚʦʡ ʥʝʠʟʚʝʩʪʥʳʝ ɗ ʠ ɣ, ʠ ʪʝʤ ʩʘʤʳʤ ʧʦʣʫʯʠʤ: 
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 (3.9) 

ʀʟ ʨʘʚʝʥʩʪʚ ʵʣʝʤʝʥʪʘ 2,1 (ʵʣʝʤʝʥʪʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ 2-ʡ ʩʪʨʦ-

ʢʠ ʠ 1-ʦʛʦ ʩʪʦʣʙʮʘ ʤʘʪʨʠʮʳ) ʧʨʘʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ ʠ ʵʣʝʤʝʥʪʘ 2,2 ʣʝʚʦʡ ʯʘʩʪʷʭ 

ʧʦʣʫʯʠʤ: 
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(3.10) 

ʀʟ ʨʘʚʝʥʩʪʚ ʵʣʝʤʝʥʪʦʚ [2,2] ʠ [2,3] ʚ ʧʨʘʚʦʡ ʠ ʣʝʚʦʡ ʯʘʩʪʷʭ ʩʣʝʜʫʝʪ: 
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ʇʨʠʨʘʚʥʠʚʘʷ ʵʣʝʤʝʥʪʳ 1,1 ʠ 1,3 ʤʘʪʨʠʮ ʚ ʧʨʘʚʦʡ ʠ ʣʝʚʦʡ ʯʘʩʪʷʭ ʫʨʘʚʥʝʥʠʷ 

ʧʦʣʫʯʘʝʤ: 
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ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ, ʟʥʘʷ ʫʛʣʳ ʕʡʣʝʨʘ ʠ ʫʯʠʪʳʚʘʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʪʨʝʭ-

ʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʧʦʚʦʨʦʪʘ ʯʝʨʝʟ ʜʘʥʥʳʝ ʫʛʣʳ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦʦʨʜʠʥʘʪʳ ʦʨʪ 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʮʝʣʝʚʦʡ ʪʦʯʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. 

ɸʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʚʚʦʜʘ ʧʦʧʨʘʚʦʢ ʥʘ ʩʦʛʣʘʩʦʚʘʥʠʝ ʩʠʩʪʝʤ ʢʦʦʨ-

ʜʠʥʘʪ. ɼʣʷ ʩʦʛʣʘʩʦʚʘʥʠʷ ʦʩʝʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʘ (ʪʨʫʙʦʧʨʦʚʦʜʘ) ʠ ʤʦ-

ʙʠʣʴʥʦʛʦ ʨʦʙʦʪʘ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʬʘʢʪʠʯʝʩʢʠʝ ʫʛʣʳ ʦʨʠʝʥʪʘʮʠʠ ʧʨʦʜʦʣʴ-

ʥʦʡ ʠ ʧʦʧʝʨʝʯʥʦʡ ʦʩʝʡ ʦʙʲʝʢʪʘ (ʪʨʫʙʳ) ʠ ʚʚʝʩʪʠ ʢʦʨʨʝʢʪʠʨʫʶʱʠʝ ʧʦʧʨʘʚʢʠ ʩʦ-

ʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʡ (3.4-3.6). ʈʝʟʫʣʴʪʠʨʫʶʱʘʷ ʤʘʪʨʠʮʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʩʚʷʟʳʚʘ-

ʶʱʘʷ ʙʘʟʦʚʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʠ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʘ, ʠʤʝʝʪ ʚʠʜ: 
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M       (3.13) 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʧʨʘʚʦʢ ʧʨʠ ʩʦʛʣʘʩʦʚʘʥʠʠ ʦʩʝʡ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢ-

ʪʘ (ʪʨʫʙʦʧʨʦʚʦʜʘ) ʠ ʊʈ ʨʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʩʩ ʜʚʠʞʝʥʠʷ ʈʆ ʤʘʥʠʧʫʣʷʪʦʨʘ, ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 3.6. ɼʚʠʞʝʥʠʝ ʈʆ ʥʘʯʠʥʘʝʪʩʷ ʚ ʪʦʯʢʝ A1, ʨʘʩʧʦʣʦʞʝʥʥʦʡ 

ʥʘ ʦʩʠ O1X1, ʠ ʦʪʩʪʦʷʱʝʡ ʦʪ ʥʘʯʘʣʘ O1 ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʥʘ ʚʝʣʠʯʠʥʫ ʨʘʜʠʫʩʘ 

ʪʨʫʙʦʧʨʦʚʦʜʘ. ɺ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʘʯʘʣʴʥʘʷ ʪʦʯʢʘ ʧʦʜʚʦʜʘ ʠʥ-

ʩʪʨʫʤʝʥʪʘ A1 ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʧʨʦʛʨʘʤʤʥʦ ʟʘʜʘʥʥʦʡ ʚ ʩʠʣʫ ʜʝʬʦʨʤʘʮʠʠ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʨʝʟʘʥʠʷ, ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʝʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʪ.ʧ. ʆʙʨʘʪʠʤʩʷ 

ʢ ʨʠʩʫʥʢʫ 3.6, ʧʫʩʪʴ ʪʦʯʢʘ K, ʩʚʷʟʘʥʥʘʷ ʩ ʩʠʩʪʝʤʦʡ ʢʦʦʨʜʠʥʘʪ O0X0Y0Z0, ʦʧʨʝʜʝʣʷ-

ʝʪ ʧʨʦʛʨʘʤʤʥʦ ʟʘʜʘʥʥʦʝ ʥʘʯʘʣʦ ʪʨʘʝʢʪʦʨʠʠ ʨʝʟʘʥʠʷ. ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʬʘʢʪʠʯʝ-

ʩʢʦʛʦ ʮʝʥʪʨʘ ʦʙʲʝʢʪʘ ʨʝʟʘʥʠʷ (ʪʨʫʙʦʧʨʦʚʦʜʘ) O1 ʧʦʩʨʝʜʩʪʚʦʤ ʜʘʪʯʠʢʘ ʢʦʥʪʨʦʣʷ 

ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ (ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʚʠʣʢʠ) ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʝ ʧʦʧʨʘʚʢʠ ʧʦ ʦʩʷʤ OX, OZ ʥʘ ʚʝʣʠʯʠʥʳ ȹx1 ʠ ȹz1 ʜʣʷ ʧʝʨʝʭʦʜʘ ʚ 

ʜʝʡʩʪʚʠʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʘ O1X1Y1Z1 [9, 20, 47, 85]. 

ʊʦʛʜʘ ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ ʤʘʪʨʠʮʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠ-

ʥʘʪ ʚ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʘ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 



 

56 

 

.

1000

coscossincossin

sincoscossinsincoscossinsinsincossin

sinsincossincoscossinsinsincoscoscos

1

1

,

ù
ù
ù
ù

ú

ø

é
é
é
é

ê

è

D+-

j-qjj+jj

D+j-jj-jj

=
zzɣɗɣɗɗ

yɣɣɣɗɣɗ

xxɣɣɗɣɗɣɗ

M
ʮ

ʮ

ʮ

ʎɹ     (3.14) 

 

X1

Z1 Z0

X0
O1

O0 K

ȹx1

ȹz1

X2

Z2

Y2

P

O1

O2

X1

X2

Z2

Z1

ʉʝʯʝʥʠʝ 2

ʉʝʯʝʥʠʝ 1

A2

A3

A1

A2

A3

ȹx2

ȹz2

ʉʝʯʝʥʠʝ 1

ʉʝʯʝʥʠʝ 2

O'1

O2
A4

 

ʈʠʩʫʥʦʢ 3.6 - ʉʦʛʣʘʩʦʚʘʥʠʝ ʦʩʝʡ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʘ ʠ ʊʈ 

 

ɼʣʷ ʩʦʛʣʘʩʦʚʘʥʠʷ ʦʩʝʡ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʘ ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʠʥ-

ʩʪʨʫʤʝʥʪʘ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʪʨʘʝʢʪʦʨʠʠ ʨʝʟʘʥʠʷ ʩʣʫʞʘʪ ʫʛʣʳ ȹŬ, ȹɓ, ʠ ȹɔ, 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦ ʘʥʘʣʠʪʠʯʝʩʢʠ-ʧʦʠʩʢʦʚʦʤʫ ʘʣʛʦʨʠʪʤʫ. ʅʝʪʨʫʜʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ 

ʧʝʨʝʭʦʜ ʠʟ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ O1X1Y1Z1 ʚ ʩʠʩʪʝʤʫ O2X2Y2Z2 ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʘʨʘʣ-

ʣʝʣʴʥʳʤ ʧʝʨʝʥʦʩʦʤ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʩʷʤ ʢʦʦʨʜʠʥʘʪ: 

                                               (3.15) 

ʧʨʠ ȹx2 =sin ȹŬĀȹp; ȹz2 =sin ȹɓĀȹp; ʛʜʝ p ï ʜʣʠʥʘ ʪʨʘʝʢʪʦʨʠʠ ʨʝʟʘʥʠʷ ʧʦ ʦʩʠ O1Y1; 

ȹp ï ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ ʢʦʦʨʜʠʥʘʪʳ y.  

ʈʘʩʩʤʦʪʨʠʤ ʘʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʧʨʘʚʦʢ ʥʘ ʩʦʛʣʘʩʦʚʘʥʠʝ ʦʩʝʡ ʦʙʲʝʢʪʘ 

ʨʝʟʘʥʠʷ (ʪʨʫʙʳ ʥʝʬʪʝʧʨʦʚʦʜʘ) ʠ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʄʈ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʘʣʛʦ-

ʨʠʪʤ ʦʪʥʦʩʠʪʩʷ ʢ ʧʦʠʩʢʦʚʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʘʣʛʦʨʠʪʤʘʤ. ɺ ʦʩʥʦʚʝ ʝʛʦ ʣʝʞʘʪ ʧʦʠʩ-
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ʢʦʚʳʝ ʜʚʠʞʝʥʠʷ ʩ ʢʦʥʪʨʦʣʝʤ ʢʦʥʝʯʥʳʭ ʪʦʯʝʢ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʬʠʢʩʘʮʠʠ ʣʠʥʝʡʥʳʭ ʠ ʫʛʣʦʚʳʭ ʦʪʢʣʦʥʝʥʠʡ ʢʦʦʨʜʠʥʘʪʥʳʭ ʦʩʝʡ ʚ ʧʣʦʩʢʦʩʪʠ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. ʇʨʠ ʝʛʦ ʨʘʟʨʘʙʦʪʢʝ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʘʣʛʦʨʠʪʤʳ, ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚ 

ʨʘʙʦʪʘʭ [60, 63, 64, 65, 90]. ʇʦʠʩʢʦʚʳʝ ʜʚʠʞʝʥʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʤʘʥʠʧʫʣʷʪʦʨʦʤ, ʢʦʥʪʨʦʣʴ ʥʝʦʙʭʦʜʠʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʬʠʢʩʘʮʠʷ ʟʥʘʯʝʥʠʡ ʦʧʨʝʜʝ-

ʣʷʶʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʧʦʩʪʨʦʝʥʥʦʡ ʧʦ ʧʨʠʥʮʠʧʫ ʜʠʬ-

ʬʝʨʝʥʮʠʘʣʴʥʦʡ ʚʠʣʢʠ. ʅʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ:  

1) ʩʤʝʱʝʥʠʷ ʮʝʥʪʨʘ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʦʙʨʘʟʫʶʱʝʡ ʦʢʨʫʞʥʦʩʪʠ ʪʨʫʙʳ ʚ 

ʩʝʯʝʥʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʧʣʦʩʢʦʩʪʠ ʤʘʥʠʧʫʣʷʪʦʨʘ ʚ ʪʦʯʢʝ ʚʳʭʦʜʘ, - ȹx, ȹz; 

2) ʥʝ ʧʘʨʘʣʣʝʣʴʥʦʩʪʴ ʬʘʢʪʠʯʝʩʢʦʡ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʪʨʫʙʳ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʨʘʩʯʝʪʥʦʡ ʚ ʧʣʦʩʢʦʩʪʷʭ XOZ, YOZ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶʩʷ ʫʛʣʘʤʠ ʦʪʢʣʦʥʝʥʠʷ ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ ȹŬ, ȹɓ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʤʝʪʦʜ ʥʘʟʦʚʝʤ ʤʝʪʦʜʦʤ ʜʚʫʭ ʩʝʯʝʥʠʡ. ɻʝʦʤʝʪʨʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʧʨʘʚʦʢ ʜʣʷ ʩʦʛʣʘʩʦʚʘʥʠʷ ʦʩʝʡ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʥʘ ʨʠʩʫʥʢʝ 

3.6, ʙʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.7. ʉʫʪʴ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʩʣʝ-

ʜʫʶʱʝʤ [9, 47,49].  

ʕʪʘʧ 1. ʆʧʨʝʜʝʣʝʥʠʝ ʩʤʝʱʝʥʠʡ ʮʝʥʪʨʘ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʦʙʨʘʟʫʶʱʝʡ 

ʦʢʨʫʞʥʦʩʪʠ ʪʨʫʙʳ ʚ ʩʝʯʝʥʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʧʣʦʩʢʦʩʪʠ ʤʘʥʠʧʫʣʷʪʦʨʘ ʚ ʪʦʯʢʝ 

ʚʳʭʦʜʘ - ȹx, ȹz. ʀʩʧʦʣʴʟʫʝʤ ʩʝʯʝʥʠʝ 1, ʧʣʦʩʢʦʩʪʴ X0Y0Z0.  ɺʳʚʦʜʠʤ ʢʦʥʪʨʦʣʴʥʫʶ 

ʪʦʯʢʫ ʈʆ (ʢʦʥʝʯʥʘʷ ʪʦʯʢʘ ʦʩʠ ʩʦʧʣʘ ʉ*) ʚ ʨʘʩʯʝʪʥʫʶ ʪʦʯʢʫ ʂʨ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ 

ʧʝʨʝʩʝʯʝʥʠʶ ʦʢʨʫʞʥʦʩʪʠ ʩʝʯʝʥʠʷ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʴʶ, ʧʦ ʙʣʦʢ-ʩʭʝʤʝ ʘʣʛʦ-

ʨʠʪʤʘ ʧʦʠʩʢʘ. ɺ ʩʣʫʯʘʝ ʥʝʩʦʚʧʘʜʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʨʘʩʯʝʪʥʦʛʦ O0 ʠ 

ʬʘʢʪʠʯʝʩʢʦʛʦ O1 ʮʝʥʪʨʦʚ ʦʢʨʫʞʥʦʩʪʝʡ ʧʝʨʝʚʦʜʠʤ ʈʆ ʚ ʪʦʯʢʫ L (ʙʣʦʢ 3).  ʕʪʘ ʪʦʯ-

ʢʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʩʝʯʝʥʠʶ ʬʘʢʪʠʯʝʩʢʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠ-

ʥʘʪ X1Y1Z1 ʩ ʦʢʨʫʞʥʦʩʪʴʶ ʪʨʫʙʳ, ʷʚʣʷʷʩʴ ʵʢʩʪʨʝʤʘʣʴʥʦʡ ʚ ʯʘʩʪʠ ʟʥʘʯʝʥʠʷ ʢʦʦʨʜʠ-

ʥʘʪʳ Y ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʇʦʠʩʢ ʵʪʦʡ ʪʦʯʢʠ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʘʣʛʦʨʠʪʤʫ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʅ (ʩʤ. ʥʠʞʝ). 

ʇʨʠ ʠʟʚʝʩʪʥʦʤ ʨʘʜʠʫʩʝ ʪʨʫʙʳ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʦʨʜʠʥʘʪʳ 

ʬʘʢʪʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ O1 ʦʢʨʫʞʥʦʩʪʠ ʚ ʩʝʯʝʥʠʠ 1. ɼʘʣʝʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʤʝʱʝʥʠʷ 

ʮʝʥʪʨʘ ʦʢʨʫʞʥʦʩʪʠ ʧʦ ʦʩʷʤ ʥʘ ʚʝʣʠʯʠʥʳ ȹx1, ȹz1, ʢʘʢ ʨʘʟʥʦʩʪʠ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶ-
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ʱʠʤ ʦʩʷʤ ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʦʚ ʪʦʯʝʢ O0 ʠ O1. ɺʳʧʦʣʥʷʝʪʩʷ ʢʦʨʨʝʢʮʠʷ ʩʤʝʱʝʥʠʷ 

ʮʝʥʪʨʘ ʦʩʠ ʦʢʨʫʞʥʦʩʪʠ ʚ ʩʝʯʝʥʠʠ 1 (ʙʣʦʢ 4). 

 

 ɺʳʚʦʜ ʈʆ ʚ ʠʩʭʦʜʥʫʶ ʪʦʯʢʫ K
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ʈʠʩʫʥʦʢ 3.7 - ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʧʨʘʚʦʢ ʩʦʛʣʘʩʦʚʘʥʠʷ ʦʩʝʡ 

 

ʕʪʘʧ 2. ʆʧʨʝʜʝʣʝʥʠʝ ʥʝʧʘʨʘʣʣʝʣʴʥʦʩʪʠ ʬʘʢʪʠʯʝʩʢʦʡ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʪʨʫʙʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʩʯʝʪʥʦʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡʩʷ ʫʛʣʘʤʠ ʦʪʢʣʦʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ȹŬ, ȹɓ. ʇʝʨʝʚʦʜʠʤ ʈʆ ʚ ʚʝʨʪʠʢʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʪʦʯʢʦʡ ɸ2 ʧʝʨʝ-
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ʩʝʯʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ X1Y1Z1 ʩ ʦʢʨʫʞʥʦʩʪʴʶ. ɼʚʠʞʝʥʠʝ 

ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʨʝʞʠʤʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠʣʠ ʧʦ ʘʣʛʦʨʠʪʤʫ ʜʚʠʞʝʥʠʷ ʧʦ 

ʢʦʥʪʫʨʫ ʚ ʘʚʪʦʥʦʤʥʦʤ ʨʝʞʠʤʝ ʩʦ ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʅ. ʀʟ 

ʪʦʯʢʠ ɸ2 ʧʝʨʝʭʦʜʠʤ ʧʦ ʦʙʨʘʟʫʶʱʝʡ ʮʠʣʠʥʜʨʘ (ʪʨʫʙʳ) ʥʘ ʚʝʣʠʯʠʥʫ ʈ ʚ ʪʦʯʢʫ ɸ3. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʤʝʱʝʥʠʷ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʠʩʧʦʣʴʟʫʝʤ ʩʝʯʝʥʠʝ 2. ɿʘʧʠʩʳʚʘʝʤ 

ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʦʢʨʫʞʥʦʩʪʠ, ʙʣʦʢ 7. ʅʘʢʣʘʜʳʚʘʝʤ ʦʙʨʘʟʫʶʱʠʝ ʦʢʨʫʞʥʦʩʪʠ 

ʪʨʫʙʳ ʩʝʯʝʥʠʷ 1 ʠ ʩʝʯʝʥʠʷ 2, ʨʠʩʫʥʦʢ 3.7, ʙ ʠ ʦʧʨʝʜʝʣʷʝʤ ʩʤʝʱʝʥʠʝ ʮʝʥʪʨʦʚ ʧʦ 

ʦʩʷʤ X, Z ï ȹx2, ȹz2. ʆʧʨʝʜʝʣʷʝʤ ʫʛʣʳ ʩʤʝʱʝʥʠʷ ʦʩʝʡ ʢʘʢ 

;        . 

ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʚʝʨʭʥʝʡ ʪʦʯʢʠ ʪʨʫʙʳ ʧʦ ʦʙʨʘʟʫʶʱʝʡ 

ʦʢʨʫʞʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʧʦʩʪʨʦʝʥʥʦʡ ʧʦ ʧʨʠʥʮʠʧʫ ʜʠʬ-

ʬʝʨʝʥʮʠʘʣʴʥʦʡ ʚʠʣʢʠ ʠ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʚ ʛʣʘʚʝ 3, ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʭʫʞʝ +/- 0,5ʤʤ. 

ʇʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʈʆ ʩ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʧʦ ʚʝʨʭʥʝʡ ʣʠʥʠʠ ʦʙʨʘʟʫʶʱʝʡ 

ʪʨʫʙʳ ʥʘ ʨʘʩʩʪʦʷʥʠʝ 1000 ʤʤ ʦʪʢʣʦʥʝʥʠʝ ʫʛʣʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ 

ʪʨʫʙʳ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʷʭ ʙʫʜʝʪ 

    ,0005,0
1000

5,0
)( ʨʘʜ

p

z
ɓarctg =
D
=a    ʠʣʠ     0,03 ʛʨʘʜ. 

ʉ ʫʯʝʪʦʤ ʩʪʘʪʠʯʝʩʢʠʭ ʦʰʠʙʦʢ ʢʦʦʨʜʠʥʘʪʥʳʭ ʧʨʠʚʦʜʦʚ, ʧʨʠʚʝʜʝʥʥʳʭ ʢ ʧʦ-

ʣʦʞʝʥʠʶ ʈʆ ʧʨʠʥʠʤʘʝʤ 0,05 ʛʨʘʜ. ʇʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʧʦ ʦʙʨʘʟʫʶʱʝʡ ʪʨʫʙʳ ʥʘ 

ʨʘʩʩʪʦʷʥʠʝ 0,5 ʤ ʫʛʣʦʚʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʢʣʦʥʝʥʠʷ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ 

ʩʦʩʪʘʚʠʪ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝ ï 0,1ʛʨʘʜ.  ɺʝʣʠʯʠʥʘ ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ 

ʤʝʞʜʫ ʧʝʨʚʳʤ ʠ ʚʪʦʨʳʤ ʩʝʯʝʥʠʝʤ ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ 0,5-1,0 ʤ.  

ɺʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʜʚʠʞʝʥʠʷ ʧʦ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʦʡ ʪʨʘʝʢʪʦʨʠʠ ʷʚʣʷʶʪʩʷ ʧʨʦʛʨʘʤʤʥʦ ʟʘʜʘʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʪʨʘʝʢʪʦʨʠʠ ʨʝʟʘ-

ʥʠʷ. ɼʣʷ ʢʦʨʨʝʢʮʠʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʥʝʩʦʚʧʘʜʝʥʠʝʤ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʪʦʯʢʠ ʜʚʠʞʝʥʠʷ, 

ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʧʦʧʨʘʚʢʠ ʚ ʚʠʜʝ ȹx1 ʠ ȹz1 ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʦʛʨʘʤʤʥʳʝ 

ʢʦʦʨʜʠʥʘʪʳ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʚ ʚʳʨʘʞʝʥʠʷʭ (3.10-3.12): 
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ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʢʦʨʨʝʢʮʠʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʩʦʛʣʘʩʦʚʘʥʠʷ ʦʩʝʡ 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʘ, ʥʝʦʙʭʦʜʠʤʦ ʚʚʦʜʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʧʨʘʚʢʠ ʚ ʢʦ-

ʦʨʜʠʥʘʪʳ ʜʚʠʞʝʥʠʷ ʛʦʣʦʚʢʠ ʛʠʜʨʦʨʝʟʘ ʚ ʚʠʜʝ ȹx2, ȹz2: 
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ʇʝʨʝʩʯʝʪ ʢʦʦʨʜʠʥʘʪ ʪʨʘʝʢʪʦʨʠʠ ʨʝʟʘʥʠʷ, ʟʘʜʘʥʥʳʭ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʮʝ-

ʣʝʚʦʡ ʪʦʯʢʠ (ʮʝʥʪʨʘ ʪʨʫʙʦʧʨʦʚʦʜʘ), ʚ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ, ʟʘʜʘʥʥʳʝ ʚ ʙʘʟʦʚʦʡ ʩʠ-

ʩʪʝʤʝ (ʦʩʥʦʚʘʥʠʷ ʤʘʥʠʧʫʣʷʪʦʨʘ). ʊʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʈʆ ʤʘʥʠʧʫʣʷʪʦʨʘ A1-A4, 

ʟʘʜʘʥʥʘʷ ʢʦʦʨʜʠʥʘʪʘʤʠ ʦʧʦʨʥʳʭ ʪʦʯʝʢ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʘ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʜʣʷ ʚʘʨʠʘʥʪʘ ʨʝʟʘʥʠʷ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʠʛʫʨʳ ʧʨʠ ʚʠʜʝ ʧʦ ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʪʨʫʙʳ ʚ ʝʝ ʮʝʥʪʨʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.8.  
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ʈʠʩʫʥʦʢ 3.8 - ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ, ʟʘʜʘʥʥʦʡ ʚ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʚ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʙʘʟʦʚʦʡ ʪʦʯʢʠ 

 

ʇʨʠ ʵʪʦʤ ʠʤʝʝʤ ʜʚʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚ ʪʨʝʭʤʝʨʥʦʤ ʜʝʢʘʨʪʦʚʦʤ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ: OʍʋZ- ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʦʩʥʦʚʘʥʠʷ ʤʘʥʠʧʫʣʷʪʦʨʘ; O'ʍ'ʋ'Z' - ʩʠʩʪʝʤʘ 

ʢʦʦʨʜʠʥʘʪ ʮʝʣʝʚʦʡ ʪʦʯʢʠ (ʮʝʥʪʨʘ ʪʨʫʙʦʧʨʦʚʦʜʘ). ʇʫʩʪʴ r, r'- ʨʘʜʠʫʩ-ʚʝʢʪʦʨʳ ʪʦʯ-

ʢʠ A1 ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʘʟʦʚʦʡ ʠ ʮʝʣʝʚʦʡ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, r0 - ʨʘ-

ʜʠʫʩ-ʚʝʢʪʦʨ ʥʘʯʘʣʘ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʮʝʣʝʚʦʡ ʪʦʯʢʠ O', ʦʧʨʝʜʝʣʝʥʥʳʡ ʚ ʙʘʟʦʚʦʡ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ʆʯʝʚʠʜʥʦ, ʠʤʝʝʤ  

.0 rrr ¡+=  
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ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ A1 ʩʪʦʣʙʝʮ ʢʦʦʨʜʠʥʘʪ ʚʝʢʪʦʨʘ r ʚ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠ-

ʥʘʪ, ʯʝʨʝʟ A1' - ʩʪʦʣʙʝʮ ʢʦʦʨʜʠʥʘʪ ʚʝʢʪʦʨʘ r' ʚ ʮʝʣʝʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʯʝʨʝʟ 

A0 - ʩʪʦʣʙʝʮ ʢʦʦʨʜʠʥʘʪ ʚʝʢʪʦʨʘ r0 ʚ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ʊʦʛʜʘ 

.,, 00 EArAErEAr =¡¡=¡=

 
ʠ, ʠʩʧʦʣʴʟʫʷ ʩʦʦʪʥʦʰʝʥʠʝ 

,, ERE ʎɹ=¡

 
ʟʘʧʠʰʝʤ, ʚ ʩʠʣʫ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʨʘʟʣʦʞʝʥʠʷ ʧʦ ʙʘʟʠʩʫ: 
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(3.16) 
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X  (3.17) 

ʛʜʝ  - ʚʝʢʪʦʨ-ʩʪʦʣʙʝʮ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ A1 ʚ (i-1) ʙʘʟʦʚʦʡ ʩʠ-

ʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ; - ʚʝʢʪʦʨ-ʩʪʦʣʙʝʮ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ A1 ʚ (i-ʡ) ʩʠ-

ʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ; - ʚʝʢʪʦʨ-ʩʪʦʣʙʝʮ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ 

ʩʠʩʪʝʤʳ ʮʝʣʝʚʦʡ ʪʦʯʢʠ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʚ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ;   - 

ʤʘʪʨʠʮʘ ʧʦʚʦʨʦʪʘ ʨʘʟʤʝʨʘ 3x3, ʦʧʨʝʜʝʣʷʶʱʘʷ ʩʦʛʣʘʩʦʚʘʥʠʝ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦ-

ʦʨʜʠʥʘʪ ʩ ʩʠʩʪʝʤʦʡ ʢʦʦʨʜʠʥʘʪ ʮʝʣʝʚʦʡ ʪʦʯʢʠ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʚ ʚʳʨʘʞʝʥʠʷʭ (3.7-

3.12). ʅʝʪʨʫʜʥʦ ʧʦʣʫʯʠʪʴ ʬʦʨʤʫʣʳ ʦʙʨʘʪʥʦʛʦ ʧʝʨʝʭʦʜʘ:  
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A'0 - ʢʦʦʨʜʠʥʘʪʳ ʚʝʢʪʦʨʘ r0 ʚ ʙʘʟʠʩʝ ʮʝʣʝʚʦʡ ʪʦʯʢʠ. ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʦʧʨʝ-

ʜʝʣʷʶʪʩʷ ʢʦʦʨʜʠʥʘʪʳ ʚʩʝʭ ʧʦʩʣʝʜʫʶʱʠʭ ʪʦʯʝʢ ʪʨʘʝʢʪʦʨʠʠ ʨʝʟʘʥʠʷ. ʇʦʠʩʢʦʚʳʝ 

ʜʚʠʞʝʥʠʷ ʦʧʨʝʜʝʣʝʥʳ ʠʟ ʫʩʣʦʚʠʷ ʪʦʯʥʦʩʪʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʨʫʙʳ ʥʘ ʫʯʘʩʪʢʝ ʨʝʟʘ-

ʥʠʷ 0,5 ʤʤ. ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʷʭ ʩʦʩʪʘʚʠʣʘ ʥʝ ʭʫʞʝ 0,05 ʛʨʘʜ. 

3.3. ɸʣʛʦʨʠʪʤ ʚʳʭʦʜʘ ʚ ʪʦʯʢʫ ʧʦ ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʆʜʥʦʡ ʠʟ ʟʘʜʘʯ ʧʨʠ ʛʠʜʨʦʨʝʟʘʥʠʠ ʷʚʣʷʝʪʩʷ ʚʳʭʦʜ ʈʆ ʚ ʠʩʭʦʜʥʫʶ ʪʦʯʢʫ ʧʦ 

ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ. ʕʪʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʘʣʛʦʨʠʪʤʝ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʦʧʨʘʚʦʢ ʧʨʠ ʩʦʛʣʘʩʦʚʘʥʠʠ ʦʩʝʡ (ʧʝʨʝʭʦʜ ʠʟ ʪʦʯʢʠ ɸ1 ʚ ʪʦʯʢʫ ɸ2) (ʨʠʩʫʥʦʢ 3.6).  ɺ 

ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ ʦʩʦʙʝʥʥʦ ʚ ʩʪʘʥʢʘʭ ʩ 

ʏʇʋ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ ʪʨʘʝʢʪʦʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ 

ʣʝʞʠʪ ʠʥʪʝʨʧʦʣʷʮʠʷ. ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ ʦʮʝʥʦʯʥʦʡ ʬʫʥʢ-

ʮʠʠ (ʆʌ), ʮʠʬʨʦʚʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʘʥʘʣʠʟʘʪʦʨʦʚ, ʰʘʛ ʟʘ ʰʘʛʦʤ. ɺ ʙʦʣʴʰʝʡ 

ʩʪʝʧʝʥʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʆʌ. ʆʥ ʦʩʥʦʚʘʥ ʥʘ ʪʦʤ, ʯʪʦ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʦʯʝ-

ʨʝʜʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ, ʦʙʨʘʟʫʶʱʠʤ ʣʠʥʠʶ ʥʘ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦ-

ʩʪʠ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʮʝʥʦʯʥʘʷ ʬʫʥʢʮʠʷ S [24, 26, 31, 32, 34, 35, 57]. ʆʌ ʜʝʣʠʪ ʢʚʘʜ-

ʨʘʥʪ ʥʘ ʜʚʝ ʧʦʜʧʣʦʩʢʦʩʪʠ, ʚ ʦʜʥʦʡ ʠʟ ʢʦʪʦʨʳʭ S+>0, S-<0. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʢʘ 

ʆʌ ʜʝʣʘʝʪʩʷ ʰʘʛ ʧʦ ʦʜʥʦʡ ʠʣʠ ʜʨʫʛʦʡ ʢʦʦʨʜʠʥʘʪʝ ʚ ʩʪʦʨʦʥʫ, ʧʨʠʙʣʠʞʘʶʱʫʶ 

ʢʦʥʪʨʦʣʴʥʫʶ ʪʦʯʢʫ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ (ʨʝʞʫʱʘʷ ʢʨʦʤʢʘ ʠʥʩʪʨʫʤʝʥʪʘ ʚ 

ʩʪʘʥʢʘʭ ʩ ʏʇʋ, ʪʦʯʢʘ ʩʨʝʟʘ ʩʦʧʣʘ ʛʠʜʨʦʨʝʟʘ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ) ʢ ʟʘʜʘʥʥʦʡ ʣʠʥʠʠ 

ʜʚʠʞʝʥʠʷ. ʕʪʦʪ ʤʝʪʦʜ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʙʦʨʦʯʥʳʭ ʦʧʝʨʘ-

ʮʠʡ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʩʦʧʨʷʞʝʥʠʠ ʜʝʪʘʣʝʡ ʪʠʧʘ ʚʘʣ-ʚʪʫʣʢʘ, ʠ ʧʦʟʠʮʠʦʥʥʦ-ʩʠʣʦʚʦʤ 

ʫʧʨʘʚʣʝʥʠʠ [24, 75]. ʅʘʠʙʦʣʝʝ ʙʣʠʟʢʠʡ ʢ ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʘʣʛʦ-

ʨʠʪʤʦʚ ʚ ʵʪʦʡ ʨʘʙʦʪʝ ï ʜʚʠʞʝʥʠʝ ʧʦ ʩʤʝʱʝʥʥʦʡ ʬʘʩʢʝ. ʆʥ ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚ-

ʥʦ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʧʨʠ ʚʳʭʦʜʝ ʚ ʣʶʙʫʶ ʪʦʯʢʫ ʦʙʨʘʟʫʶʱʝʡ ʦʢʨʫʞʥʦ-

ʩʪʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʪʨʫʙʳ. ʉʫʪʴ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʟʜʝʩʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʤʝʪʦʜʘ ʆʌ ʧʦʷʩʥʷʝʪʩʷ ʥʘ ʨʠʩʫʥʢʝ 3.11. ɿʘ ʵʪʘʣʦʥʥʫʶ ʛʨʘʥʠʯʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 

ʧʨʠʥʠʤʘʝʤ ʧʦʚʝʨʭʥʦʩʪʴ ʪʨʫʙʳ ʧʦ ʦʙʨʘʟʫʶʱʝʡ ʦʢʨʫʞʥʦʩʪʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʘʣʛʦ-

ʨʠʪʤʦʚ, ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚ ʨʘʙʦʪʘʭ [23, 24] ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʠʛʥʘʣʘʤʠ ʜʣʷ ʦʨ-
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ʛʘʥʠʟʘʮʠʠ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ ʦʩʷʤ X, Z ʷʚʣʷʶʪʩʷ ʩʠʛʥʘʣʳ ʩ ʜʘʪʯʠʢʦʚ ʠʟʤʝʨʠʪʝʣʴʥʦʡ 

ʩʠʩʪʝʤʳ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʨʘʩʩʪʦʷʥʠʷ l1, l2, ʦʙʨʘʟʫʶʱʠʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʫʶ ʚʠʣʢʫ 

(ʠʟʤʝʨʝʥʠʝ ʧʦ ʨʘʟʥʦʩʪʠ ʜʚʫʭ ʩʠʛʥʘʣʦʚ). ʂʦʥʪʨʦʣʠʨʫʝʪʩʷ ʪʘʢʞʝ ʪʝʢʫʱʝʝ ʦʪʢʣʦʥʝ-

ʥʠʝ ʩʨʝʟʘ ʩʦʧʣʘ ʛʠʜʨʦʨʝʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ h, ʟʜʝʩʴ ʚ ʚʝʨʪʠ-

ʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ; ʝʛʦ ʢʦʥʪʨʦʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ h0. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪ-

ʤʘ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʈʆ ʩʦʛʣʘʩʥʦ ʨʠʩʫʥʢʫ 3.9 ʠ ʫʨʘʚʥʝʥʠʷʤ (3.18) ʧʨʠʚʝʜʝ-

ʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.10. [24, 26, 27, 33, 34]. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʢʚʘʜʨʘʥʪʘ 

ʚ ʯʘʩʪʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʣʝʜʫʶʱʠʡ: 

 

     ;+"= SUU x                                        ;-"= SUU z  

 

î
í

î
ì

ë

=Ø="

>Ù>"-

<Ù>"

=

);()(0

);()(

);()(

012

1202

1202

hhll

llhlV

llhlV

U x

x

x

           î
í

î
ì

ë

=Ø="

>Ø>"-

<Ø<"

=

);()(0

);()(

);()(

012

1202

1202

hhll

llhlV

llhlV

U z

z

z

                (3.18) 

 

ʈʠʩʫʥʦʢ 3.9 - ʊʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʈʆ ʧʨʠ ʚʳʭʦʜʝ ʚ ʚʝʨʭʥʶʶ ʪʦʯʢʫ ʦʙʲʝʢʪʘ 

 

ʋʩʣʦʚʠʷ ʠʟʤʝʥʝʥʠʷ ʟʥʘʢʦʚ ʫʧʨʘʚʣʷʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʚʳʨʘʞʝʥʠʷʭ (3.18) 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʚʘʜʨʘʥʪʦʤ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʚʠʞʝʥʠʷ. ɸʥʘʣʦʛʠʯʥʦ ʬʦʨʤʠʨʫʝʪʩʷ 

ʘʣʛʦʨʠʪʤ ʧʝʨʝʭʦʜʘ ʠʟ ʪʦʯʢʠ ɸ2 ʚ ʪʦʯʢʫ ɸ3 (ʨʠʩʫʥʦʢ 3.6). ɿʜʝʩʴ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ 

ʫʧʨʘʚʣʝʥʠʝ ʩ ʧʝʨʝʤʝʥʥʳʤ ʰʘʛʦʤ ʠʣʠ ʩ ʰʘʛʦʤ, ʟʘʚʠʩʷʱʝʤ ʦʪ ʢʨʫʪʠʟʥʳ ʪʝʢʫʱʝʛʦ 

ʬʨʘʛʤʝʥʪʘ ʦʢʨʫʞʥʦʩʪʠ. ʊʦʯʢʘ ʧʦʠʩʢʘ (ʚʳʚʦʜʘ ʈʆ) ʤʦʞʝʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʥʘ ʣʶʙʦʤ 

ʫʯʘʩʪʢʝ ʦʢʨʫʞʥʦʩʪʠ. ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʝʨʝʤʝ-

ʱʝʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚ ʨʘʙʦʪʝ ʊʈ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʜʧʨʦʛʨʘʤʤʳ, ʨʝʘʣʠʟʫʝʤʳʝ 
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çʩʚʦʠʤʠè ʢʦʥʪʨʦʣʣʝʨʘʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʜʣʷ ʧʨʠʚʦʜʦʚ 

ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ (ʩʤ. ʥʠʞʝ, ʛʣ. 4). 

3.4. ɸʣʛʦʨʠʪʤ ʦʨʠʝʥʪʘʮʠʠ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ 

ʇʨʦʮʝʩʩ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʢʦʥʪʫʨʫ ʬʠʛʫʨʳ ʨʝʟʘʥʠʷ 

ʩʦ ʩʪʦʨʦʥʳ ʉɸʋ ʪʨʝʙʫʝʪ ʩʦʙʣʶʜʝʥʠʝ ʜʚʫʭ ʫʩʣʦʚʠʡ ʚ ʯʘʩʪʠ ʦʨʠʝʥʪʘʮʠʠ ʩʪʨʫʠ: 

1) ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʘʥʠʷ; 2) ʩʪʘʙʠʣʠʟʘʮʠʷ ʨʘʩ-

ʩʪʦʷʥʠʷ ʦʪ ʩʨʝʟʘ ʩʦʧʣʘ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʘʥʠʷ (h=h0). ʆʩʦʙʝʥʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ 

ʧʝʨʚʦʛʦ ʫʩʣʦʚʠʷ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʨʝʟʘʥʠʷ ʥʝ ʷʚʣʷʝʪʩʷ ʧʣʦʩʢʦ-

ʩʪʴʶ, ʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʚʝʨʭʥʦʩʪʴ ʮʠʣʠʥʜʨʘ. ʇʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪʴ ʪʨʝʙʫʝʪ-

ʩʷ ʦʙʝʩʧʝʯʠʚʘʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʝʠʭ ʦʙʨʘʟʫʶʱʠʭ ï ʧʨʷʤʦʡ ʣʠʥʠʠ (ʧʨʦʜʦʣʴʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ) ʠ ʜʫʛʠ ʦʢʨʫʞʥʦʩʪʠ (ʧʦʧʝʨʝʯʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ) [46, 47, 95]. ɼʣʷ 

ʦʮʝʥʢʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʪʨʫʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ ʚ ʪʦʯʢʝ ʨʝʟʘʥʠʷ 

ʚʚʝʜʝʥʘ ʢʦʤʧʣʝʢʩʥʘʷ ʦʮʝʥʢʘ ʦʨʠʝʥʪʘʮʠʠ ʅ (h,Ŭ,ɓ). ʊʨʝʙʫʝʤʳʡ ʥʘʙʦʨ ʟʥʘʯʝʥʠʡ ʧʝ-

ʨʝʤʝʥʥʳʭ ʜʣʷ ʅ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʩʣʦʚʠʶ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪʠ ʠ ʪʨʝʙʫʝʤʦʤʫ 

ʨʘʩʩʪʦʷʥʠʶ h0, ʠʩʧʦʣʴʟʫʷ ʩʠʤʚʦʣʳ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʠ ʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʟʘ-

ʧʠʰʝʤ ʚ ʚʠʜʝ 

ʅ(h,Ŭ,ɓ)=                                  (3.19) 

 

ʀʟʤʝʨʝʥʠʝ ʠ ʦʮʝʥʢʘ ʅ (h,Ŭ,ɓ) ʨʝʘʣʠʟʫʝʪʩʷ ʟʚʝʥʴʷʤʠ 4, 5, 6 ʤʘʥʠʧʫʣʷʪʦʨʘ, 

ʢʦʪʦʨʳʝ ʠʤʝʶʪ  ʪʨʠ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪʨʠ ʫʧʨʘʚʣʷʝʤʳʝ ʢʦʦʨʜʠ-

ʥʘʪʳ. ɼʚʝ ʠʟ ʥʠʭ ï ʫʛʣʳ ʢʘʯʘʥʠʷ Ŭ, ɓ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʦʩʝʡ X,Y, ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʙʦʙʱʝʥʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ q4, q5; ʪʨʝʪʴʷ ï ʚʨʘʱʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ  ʟʚʝʥʘ 4 ʥʘ ʫʛʦʣ , ʦʙʦʙʱʝʥʥʘʷ ʢʦʦʨʜʠʥʘʪʘ q6. ʕʪʘ ʧʨʦ-

ʮʝʜʫʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʦʙʷʟʘʪʝʣʴʥʘʷ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʜʚʠʞʝ-

ʥʠʷ ʧʦ ʟʘʜʘʥʥʦʤʫ ʢʦʥʪʫʨʫ ʠ ʨʝʟʘʥʠ ̫ʤʝʪʘʣʣʘ, ʘ ʪʘʢʞʝ ʚ ʘʣʛʦʨʠʪʤʝ ʩʦʛʣʘʩʦʚʘʥʠʷ 

ʦʩʝʡ ʦʙʲʝʢʪʘ ʨʝʟʘʥʠʷ ʠ ʤʘʥʠʧʫʣʷʪʦʨʘ (ʚʳʭʦʜ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʪʦʯʢʠ ʧʦ ʚʝʨʪʠ-

ʢʘʣʴʥʦʡ ʦʩʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ ï ʪʦʯʢʠ ʄ, N, ʨʠʩʫʥʦʢ 3.5). 

 

[ ])90()90()( 00
0 =Ø=Ø= bahh

090/-+=q



 

65 

 

 

ʈʠʩʫʥʦʢ 3.10 - ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʚʳʭʦʜʘ ʈʆ ʚ ʚʝʨʪʠʢʘʣʴʥʫʶ ʪʦʯʢʫ 

 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʠʩʢʦʚʳʭ ʜʚʠʞʝʥʠʡ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʪʨʫʠ 

ʧʦ ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʟʤʝʨʠʪʝʣʴʥʘʷ  ʩʠʩʪʝʤʘ ʠʟ ʜʚʫʭ ʫʣʴʪʨʘ-

ʟʚʫʢʦʚʳʭ ʜʘʪʯʠʢʦʚ BQ1, BQ2, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʰʪʘʥʛʝ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʢ 

ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʟʚʝʥʘ 4. ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤʳ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ ʅ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʥʘ ʨʠʩʫʥʢʝ 3.11, ʛʜʝ ʦʙʦʟʥʘʯʝʥʦ: B ï ʚʝʨʭʥʷʷ ʪʦʯʢʘ 

ʟʚʝʥʘ 4 - ʮʝʥʪʨ ʦʩʝʡ ʢʘʯʘʥʠʷ ʠ ʚʨʘʱʝʥʠʷ; ʉ - ʪʦʯʢʘ ʠʩʪʝʯʝʥʠʷ ʩʪʨʫʠ ʞʠʜʢʦʩʪʠ ʩ 

ʘʙʨʘʟʠʚʦʤ;  l1, l2 ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʰʪʘʥʛʠ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʜʘʪʯʠʢʘʤʠ BQ1, BQ2, (ʥʘ ʩʭʝʤʝ ʥʝ 

ʧʦʢʘʟʘʥʳ);  h - ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʪʦʯʢʠ ʩʨʝʟʘ ʩʦʧʣʘ ʛʠʜʨʦʨʝʟʘ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ. 
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ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.12 [9, 24, 33]. ʆʛʨʘʥʠʯʝʥʥʘʷ ʪʦʯ-

ʥʦʩʪʴ ʚʳʭʦʜʘ ʤʦʙʠʣʴʥʦʛʦ ʨʦʙʦʪʘ ʚ ʠʩʭʦʜʥʫʶ ʪʦʯʢʫ ʚ ʨʘʤʢʘʭ Ò 200 ʤʤ; ʥʝ ʩʦʦʪ-

ʚʝʪʩʪʚʠʝ ʦʩʝʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʦ-

ʙʦʪʘ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʘʥʠʷ (ʪʨʫʙʳ, ʨʝʟʝʨʚʫʘʨʘ); ʥʝ ʠʜʝʘʣʴʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝ-

ʟʘʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʩʚʘʨʥʳʤʠ ʰʚʘʤʠ, ʜʝʬʦʨʤʘʮʠʷʤʠ, ʟʘʛʨʷʟʥʝʥʠʝʤ ʠ ʜʨ.). 

 

 

ʈʠʩʫʥʦʢ 3.11 - ʀʣʣʶʩʪʨʘʮʠʷ ʫʧʨʘʚʣʝʥʠʷ ʈʆ ʧʨʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦʢʘʟʘʪʝʣʷ ʅ 

 

ɺ ʦʩʥʦʚʫ ʨʘʙʦʪʳ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ H ʧʦʣʦʞʝʥ ʧʨʠʥʮʠʧ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʚʠʣʢʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʜʚʠʞʝʥʠʷ-

ʤʠ ʤʘʥʠʧʫʣʷʪʦʨʘ. ʇʦʠʩʢ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʧʣʦʩʢʦʩʪʠ, ʧʝʨ-

ʧʝʥʜʠʢʫʣʷʨʥʦʡ ʩʝʯʝʥʠʶ ʪʨʫʙʳ (ʦʙʨʘʟʫʶʱʘʷ - ʦʢʨʫʞʥʦʩʪʴ) ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʨʠ-

ʩʫʥʢʘʭ 3.11,ʘ ï3.11,ʚ. ʈʆ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦ ʧʨʦʛʨʘʤʤʝ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

(ʨʠʩʫʥʦʢ 3.11,ʘ). ʇʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʈʆ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʨʘʩʩʪʦʷʥʠʷ l1, l2. ʇʨʠ ʠʭ 

ʨʘʚʝʥʩʪʚʝ ʈʆ ʚʳʭʦʜʠʪ ʚ ʪʨʝʙʫʝʤʦʝ ʧʦʣʦʞʝʥʠʝ ʥʦʨʤʘʣʠ ʩ ʨʘʩʯʝʪʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ 

ʩʨʝʟʘ ʩʦʧʣʘ ʛʠʜʨʦʨʝʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ (ʙʣʦʢʠ 1-6).  

ɺʚʝʜʝʥ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʅ ʜʣʷ ʦʮʝʥʢʠ ʦʨʠʝʥʪʘʮʠʠ ʦʩʠ ʩʪʨʫʠ ʧʦ 

ʥʦʨʤʘʣʠ ʠ ʨʘʩʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʧʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ. ɼʣʷ 

ʪʦʯʥʦʩʪʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦʢʘʟʘʪʝʣʷ Ñ 0.2 ʤʤ ʧʦʛʨʝʰʥʦʩʪʴ ʦʪʢʣʦʥʝʥʠʠ ʦʪ ʧʝʨʧʝʥ-

ʜʠʢʫʣʷʨʥʦʩʪʠ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʈʆ ʫʛʣʘ ʢʘʯʘʥʠʷ Ŭ ʠ ɓ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ X, Y ʚ 

ʧʨʝʜʝʣʘʭ Ñ 1 ʛʨʘʜ. 
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ʆʧʨʦʩ BQ1 , BQ2
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ʈʠʩʫʥʦʢ 3.12 - ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʫʧʨʘʚʣʝʥʠʷ ʈʆ ʧʨʠ ʩʪʘʙʠʣʠʟʘʮʠʠ  

ʧʦʢʘʟʘʪʝʣʷ ʅ 

 

ɼʘʣʝʝ ʚʳʧʦʣʥʷʝʪʩʷ ʩʪʘʙʠʣʠʟʘʮʠʷ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʪʦʯʢʠ ʩʨʝʟʘ ʩʦʧʣʘ ʜʦ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ ʜʦ ʟʥʘʯʝʥʠʷ h0 (ʙʣʦʢʠ 7) ʧʦ ʢʦʥʪʨʦʣʶ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ l1, l2, 

ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ 
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ʛʜʝ: R ï ʨʘʜʠʫʩ ʪʨʫʙʳ; l0 ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʰʪʘʥʛʠ (ʦʩʠ ʩʦʧʣʘ) ʜʦ ʧʨʦʜʦʣʴ-

ʥʳʭ ʦʩʝʡ ʜʘʪʯʠʢʦʚ BQ1, BQ2 ʠ ʜʘʣʝʝ ʧʦ ʘʣʛʦʨʠʪʤʫ ʤʝʞʢʦʦʨʜʠʥʘʪʥʦʡ ʢʦʨʨʝʢʮʠʠ 
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(ʩʤ. ʥʠʞʝ).  ʇʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʪʨʘʝʢʪʦʨʠʠ ï ʦʙʨʘʟʫʶʱʝʡ ʜʫʛʠ ʦʢʨʫʞʥʦʩʪʠ ʘʚʪʦʤʘ-

ʪʠʯʝʩʢʠ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ ʨʘʚʝʥʩʪʚʘ l1= l2 ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ h0, ʨʠʩʫʥʦʢ 3.11,ʚ. 

3.5. ɸʣʛʦʨʠʪʤʳ ʤʝʞʢʦʦʨʜʠʥʘʪʥʦʡ ʢʦʨʨʝʢʮʠʠ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ 

ʄʝʞʢʦʦʨʜʠʥʘʪʥʘʷ ʢʦʨʨʝʢʮʠʷ ʚ ʉɸʋ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʨʝʞʠʤʝ ʛʠʜʨʦʘʙʨʘʟʠʚ-

ʥʦʡ ʨʝʟʢʠ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʢʦʥʪʫʨʫ ʬʠʛʫʨʳ ʨʝʟʘʥʠʷ, ʚ ʩʣʫʯʘʝ ʜʝʬʦʨʤʘʮʠʠ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ ʧʦ ʦʢʨʫʞʥʦʩʪʠ (ʚʤʷʪʠʥʳ, ʟʘʛʨʷʟʥʝʥʠʷ, ʨʞʘʚʯʠʥʘ ʠ ʜʨ.). ʇʨʠ 

ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ: 1) ʜʚʠʞʝʥʠʝ ʧʦ ʟʘʜʘʥʥʦʤʫ ʢʦʥʪʫʨʫ; 2) ʧʝʨʧʝʥʜʠʢʫ-

ʣʷʨʥʦʩʪʴ ʦʩʠ ʩʪʨʫʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʘʥʠʷ ʧʦ ʜʚʫʤ ʦʩʷʤ; 3) ʩʪʘʙʠʣʠ-

ʟʘʮʠʶ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʩʨʝʟʘ ʩʦʧʣʘ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʘʥʠʷ (h=h0) ʚ ʫʩʣʦʚʠʷʭ ʧʘʨʘ-

ʤʝʪʨʠʯʝʩʢʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʥʘ ʦʙʲʝʢʪ ʨʝʟʘʥʠʷ. ʇʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪʴ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʩʪʨʫʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʢʦʦʨʜʠʥʘʪʘʤʠ ʢʘʯʘʥʠʷ ʈʆ ʚ ʜʚʫʭ ʧʣʦʩʢʦʩʪʷʭ, ʧʝʨʧʝʥʜʠʢʫ-

ʣʷʨʥʳʭ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʟʚʝʥʘ 4 - Ŭ=900, ɓ=900 (ʦʙʦʙʱʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ q4, q5). 

ʆʪʢʣʦʥʝʥʠʝ ʦʪ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪʠ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ, 

ʥʝʨʘʩʯʝʪʥʦʝ ʚʦʟʤʫʱʝʥʠʝ ȹf, ʢʦʪʦʨʦʝ ʥʝʦʙʭʦʜʠʤʦ ʧʘʨʠʨʦʚʘʪʴ ʚʚʝʜʝʥʠʝʤ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ȹg2, ȹg3, ȹg4 ʧʦ ʦʙʦʙʱʝʥʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ q2, q3, q4., ʪ.ʝ. 

ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʠʪʴ ʧʝʨʝʭʦʜ ʥʘ ʥʦʚʫʶ ʪʨʘʝʢʪʦʨʠʶ. ʕʪʦ ʦʪʥʦʩʠʪ ʟʘʜʘʯʫ ʢ ʦʙ-

ʣʘʩʪʠ ʩʠʩʪʝʤ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

ɺ ʦʙʣʘʩʪʠ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʙʦʣʴʰʦʡ ʚʢʣʘʜ ʚʥʝʩʣʠ ʥʘʫʯʥʳʝ ʰʢʦʣʳ 

ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʇʝʪʨʦʚʘ ɹ.ʅ., ʆʭʦʮʠʤʩʢʦʛʦ ɼ.ɽ., ʈʫʪʢʦʚʩʢʦʛʦ ʖ.ɺ., ʏʠʥʘʝʚʘ 

ʇ.ʀ., ʇʫʧʢʦʚʘ ʂ.ɸ., ʂʦʟʣʦʚʘ ʖ.ʄ., ʖʩʫʧʦʚʘ ʈ.ʄ., ʅʦʚʦʩʝʣʦʚʘ ɹ.ɺ., ʇʦʜʫʨʘʝʚʘ 

ʖ.ɺ., ʖʱʝʥʢʦ ɸ.ʉ., ʅʠʢʠʬʦʨʦʚʘ ɺ.ʆ., ɽʛʦʨʦʚʘ ʀ.ʅ. ʠ ʜʨʫʛʠʭ ʩʦʚʝʪʩʢʠʭ ʠ ʨʦʩ-

ʩʠʡʩʢʠʭ ʫʯʝʥʳʭ. ʈʘʟʨʘʙʦʪʘʥʳ ʚʦʧʨʦʩʳ ʪʝʦʨʠʠ ʧʨʘʢʪʠʢʠ ʩʠʩʪʝʤ ʩ ʤʦʜʝʣʴʶ, ʥʘ ʦʩ-

ʥʦʚʝ ʛʨʘʜʠʝʥʪʥʳʭ ʤʝʪʦʜʦʚ, ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʩʠʛʥʘʣʴʥʦʡ ʘʜʘʧʪʘʮʠʠ, ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʣʶʜʘʪʝʣʝʡ, ʤʝʪʦʜʦʚ ʧʦʟʠʮʠʦʥʥʦ-ʩʠʣʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʜʨ. [4, 

6, 23, 24, 25, 34, 59, 60, 62, 66, 84]. 

ʅʘʨʷʜʫ ʩ ʠʟʚʝʩʪʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʚ ʵʪʦʡ ʠ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯʘʭ ʵʬʬʝʢʪʠʚʥʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʦʣʦʞʝʥʠʡ 

ʯʝʪʚʝʨʪʦʡ ʬʦʨʤʳ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ [7, 29, 31, 62]. ʆʙʱʘʷ ʟʘʜʘʯʘ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩ-
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ʥʦʚʝ ʯʝʪʚʝʨʪʦʡ ʬʦʨʤʳ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ, ʚʧʝʨʚʳʝ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʚ ʨʘʙʦʪʘʭ 

ʀʚʘʭʥʝʥʢʦ ɸ.ɻ, ʀʛʥʘʪʴʝʚʘ ʄ.ɹ. ʠ ɸʥʜʨʝʡʯʠʢʦʚʘ ɹ.ʀ.. ʇʨʠʥʮʠʧ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ 

ʜʣʷ ʦʰʠʙʢʠ  ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʫʧʨʘʚʣʝʥʠʶ  ʠ ʚʦʟʤʫʱʝʥʠʶ  ʩʚʦ-

ʜʠʪʩʷ ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʨʘʚʝʥʩʪʚʘ ʥʫʣʶ ʧʨʘʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ   

,                                        (3.20) 

ʛʜʝ B(p), L(p) - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʧʝʨʘʪʦʨʳ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ ʯʘʩʪʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴ-

ʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩʠʩʪʝʤʳ. ʈʘʩʩʤʦʪʨʠʤ ʵʪʦʪ ʚʦʧʨʦʩ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʪʘʥʦʚʢʝ [7, 42, 

48, 61]. ʀʤʝʝʪʩʷ ʩʠʩʪʝʤʘ ʩ ʥʦʤʠʥʘʣʴʥʳʤʠ ʫʧʨʘʚʣʝʥʠʝʤ  ʠ ʚʦʟʤʫʱʝʥʠʝʤ ʥʘ 

ʚʳʭʦʜʝ . ʇʦʩʣʝʜʥʝʝ ʦʙʫʩʣʦʚʣʝʥʦ ʚʦʟʤʫʱʝʥʠʷʤʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʦʪʢʣʦʥʝʥʠʝʤ ʧʨʦʬʠʣʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ ʠʜʝʘʣʴʥʦʛʦ ʨʘʩʯʝʪʥʦʛʦ. ɼʣʷ ʢʦʤʧʝʥ-

ʩʘʮʠʠ ʦʰʠʙʢʠ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʡʪʠ ʥʘ ʥʦʚʫʶ ʪʨʘʝʢʪʦʨʠʶ ʚʚʝʜʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ  ʀʥʘʯʝ, ʠʤʝʝʤ ʬʫʥʢʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʠ ʚʦʟʤʫʱʝʥʠʷ ʚ ʚʠʜʝ  

                             (3.21) 

ɼʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʫʩʣʦʚʠʝ ʯʝʪʚʝʨʪʦʡ ʬʦʨʤʳ 

ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʷ (3.21), ʢʦʪʦʨʦʝ ʟʜʝʩʴ ʟʘʧʠʰʝʪʩʷ  

.                                       (3.22) 

ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʨʠ ʥʝʠʟʤʝʥʥʳʭ ʦʧʝʨʘʪʦʨʘʭ  ʠ L(p) 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ                             

ɼʣʷ ʬʠʟʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ  ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ 

ʩʦʩʪʘʚʣʷʶʱʫʶ ʦʰʠʙʢʠ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʫʶ , ʯʪʦ ʨʝʘʣʠʟʫʝʪʩʷ ʠʟʤʝʨʠʪʝʣʴ-

ʥʦʡ ʩʠʩʪʝʤʦʡ, ʧʦʩʪʨʦʝʥʥʦʡ ʧʦ ʧʨʠʥʮʠʧʫ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʚʠʣʢʠ, ʘ ʪʘʢʞʝ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʝʡ ʚʳʜʝʣʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʦʰʠʙʦʢ ʧʦ ʚʦʟʤʫʱʝʥʠʶ [34].  

ɸʣʛʦʨʠʪʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʦʩʥʦʚʘʥʳ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʠ ʘʚʪʦʥʦʤ-

ʥʳʭ ʩʠʛʥʘʣʦʚ , ʥʝ ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʮʝʜʫʨʦʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʧʨʘʚʣʷʶʱʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ [1, 31, 32, 33, 34, 37] ʠʤʝʶʪ ʚʠʜ: 
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                                  (3.23) 

ʉʦʩʪʘʚʣʷʶʱʠʝ ʦʰʠʙʢʠ ʦʪ ʚʦʟʤʫʱʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʦʪʢʣʦʥʝʥʠʝʤ ʨʘʩ-

ʩʪʦʷʥʠʷ ʩʨʝʟʘ ʩʦʧʣʘ ʛʠʜʨʦʨʝʟʘ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʘʥʠʷ ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, 

ʘ ʪʘʢʞʝ ʥʝʫʯʪʝʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ ŭȹf, ʧʦʣʫʯʘʶʪʩʷ ʧʫʪʝʤ ʚʳʜʝ-

ʣʝʥʠʷ ʠʟ ʩʫʤʤʘʨʥʦʡ ʦʰʠʙʢʠ ŭ ʚ ʢʦʥʪʫʨʝ ʩʣʝʜʷʱʝʛʦ ʧʨʠʚʦʜʘ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ 

ʦʰʠʙʢʠ ŭ0. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʪʘʣʦʥʥʘʷ ʤʦʜʝʣʴ M(p) ʢʦʥʪʫʨʘ ʠ ʩʠʛʥʘʣʳ ʩ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʪʠʧʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʚʠʣʢʘ.  

ʆʙʦʙʱʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʤʘʥʠʧʫʣʷʪʦʨʘ q1ïq4 ʦʙʨʘʟʫʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʫʶ 

ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʮʝʧʴ. ʂʘʞʜʦʝ ʠʟ ʟʚʝʥʴʝʚ ʚʣʠʷʝʪ ʥʘ ʧʦʣʦʞʝʥʠʝ ʢʦʦʨʜʠʥʘʪʳ ʈʆ ʠ, 

ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʥʘ ʧʦʣʦʞʝʥʠʝ ʦʩʠ ʩʨʝʟʘ ʩʦʧʣʘ. ɼʣʷ ʪʘʢʦʡ ʢʠʥʝʤʘʪʠʢʠ ʚʦʟʤʦʞ-

ʥʳ ʩʣʝʜʫʶʱʠʝ ʚʘʨʠʘʥʪʳ ʢʦʨʨʝʢʮʠʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʡ ʜʣʷ ʢʦʦʨʜʠʥʘʪ-

ʥʳʭ ʧʨʠʚʦʜʦʚ [59, 60, 61, 62]: 1) ʚʚʝʜʝʥʠʝ çʩʚʦʠʭè ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶ-

ʱʠʭ ʚ ʢʘʞʜʦʤ ʢʘʥʘʣʝ; 2) ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʤʥʦʛʦʢʦʦʨʜʠʥʘʪʥʦʡ ʩʠʩʪʝʤʳ ʢʘʢ ʠʝʨʘʨ-

ʭʠʯʝʩʢʦʡ ʠʪʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ; 3) ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʤʥʦʛʦʢʦʦʨʜʠʥʘʪʥʦʡ ʩʠʩʪʝʤʳ 

ʢʘʢ ʩʠʩʪʝʤʳ ʩ ʚʣʦʞʝʥʥʳʤʠ ʢʦʥʪʫʨʘʤʠ. ʂʘʞʜʳʡ ʧʨʝʜʳʜʫʱʠʡ ʢʦʥʪʫʨ (ʠʣʠ ʠʭ 

ʧʨʝʜʳʜʫʱʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴ) ʧʨʠʥʠʤʘʝʪʩʷ ʢʘʢ ʥʘʩʪʨʦʝʥʥʳʡ, ʘ ʦʰʠʙʢʘ ʚ ʝʛʦ ʢʘʥʘʣʝ 

ʦʪ ʥʝʨʘʩʯʝʪʥʦʛʦ ʤʦʤʝʥʪʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʧʦʜʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʠʡ ʢʦʥʪʫʨ [1, 42, 46, 

61]. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʪʨʝʭʢʦʦʨʜʠʥʘʪʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʪʘʢʦʛʦ ʩʣʫʯʘʷ ʧʨʝʜʩʪʘʚʣʝ-

ʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.13. ɼʣʷ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʠʥʜʝʢʩʳ ʢʦʦʨʜʠʥʘʪ 1-3, ʜʣʷ ʨʘʩʩʤʘʪʨʠ-

ʚʘʝʤʦʡ ʢʠʥʝʤʘʪʠʢʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʝʜʠʥʠʮʫ ʙʦʣʴʰʝ, ʪ.ʝ. 1:=2; 2:= 3; 3:=4. 

ɸʣʛʦʨʠʪʤʳ ʚʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʟʘʚʠʩʷʪ ʦʪ ʟʘʢʦʥʘ ʠʟʤʝʥʝ-

ʥʠʷ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʜʣʷ ʢʦʦʨʜʠʥʘʪʳ q3 ʦʧʨʝʜʝʣʷʶʪʩʷ  
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ʈʠʩʫʥʦʢ 3.13 - ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʩ ʤʝʞʢʦʦʨʜʠʥʘʪʥʦʡ ʢʦʨʨʝʢʮʠʝʡ ʧʦ 

ʧʨʠʥʮʠʧʫ ʚʣʦʞʝʥʥʳʭ ʢʦʥʪʫʨʦʚ 
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3.6. ɺʳʚʦʜʳ 

1. ʈʘʟʨʘʙʦʪʢʫ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʦʜʠʪʴ ʚ ʩʣʝʜʫʶ-

ʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʉʥʘʯʘʣʘ ʩʦʩʪʘʚʣʷʝʪʩʷ ʦʙʦʙʱʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʝ-

ʥʠʷ ʊʈ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʦʩʥʦʚʥʳʭ ʦʧʝʨʘ-

ʮʠʡ, ʚʳʜʝʣʝʥʥʳʭ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʘʤ (ʜʚʠʞʝʥʠʝ, ʧʦʠʩʢ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʫʩʣʦʚʠʡ, ʚʠʜ ʚʳʧʦʣʥʷʝʤʦʡ ʦʧʝʨʘʮʠʠ ʠ ʜʨ.). ɼʘʣʝʝ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʘʣʛʦʨʠʪʤʳ 

ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʮʝʜʫʨ ʠ ʫʩʣʦʚʠʡ ʦʙʦʙʱʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ. 

2. ʇʨʝʜʣʦʞʝʥ ʠ ʦʙʦʩʥʦʚʘʥ ʩʧʦʩʦʙ ʩʦʛʣʘʩʦʚʘʥʠʷ ʦʩʝʡ ʊʈ ʠ ʦʙʲʝʢʪʘ ʨʝʟʘʥʠʷ 

ʚʠʜʘ ʪʨʫʙʘ. ʈʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʧʨʘʚʦʢ ʥʘ ʩʦʛʣʘʩʦʚʘʥʠʝ, ʦʩʥʦ-

ʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʠʩʢʦʚʳʭ ʜʚʠʞʝʥʠʡ ʤʘʥʠʧʫʣʷʪʦʨʘ.  

3. ɼʣʷ ʦʮʝʥʢʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʪʨʫʠ ʧʦ ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ ʚ ʪʦʯ-

ʢʝ ʨʝʟʘʥʠʷ ʠ ʨʘʩʩʪʦʷʥʠʷ ʩʨʝʟʘ ʦʩʠ ʩʦʧʣʘ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ ʚʚʝʜʝʥ ʢʦʤʧʣʝʢʩ-

ʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʅ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʪʨʠ ʧʘʨʘʤʝʪʨʘ: ʦʪʢʣʦʥʝʥʠʝ ʦʩʠ ʩʪʨʫʠ ʦʪ 

ʥʦʨʤʘʣʠ ʚ ʜʚʫʭ ʧʣʦʩʢʦʩʪʷʭ ʠ ʨʘʩʩʪʦʷʥʠʝ ʩʨʝʟʘ ʩʦʧʣʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʙʦʯʝʡ 

ʩʪʨʫʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʘʥʠʷ. 

4. ʈʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʥʦʡ ʅ ʦʮʝʥʢʠ ʧʝʨʝʜ ʥʘʯʘ-

ʣʦʤ ʧʨʦʮʝʩʩʘ ʨʝʟʘʥʠʷ ʠ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʪʨʘʝʢʪʦʨʠʠ ʚ ʚʝʨʪʠ-

ʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʪʨʫʙʳ.  

5. ʇʨʝʜʣʦʞʝʥʳ ʘʣʛʦʨʠʪʤʳ ʤʝʞʢʦʦʨʜʠʥʘʪʥʦʡ ʢʦʨʨʝʢʮʠʠ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ 

ʜʝʬʦʨʤʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʘʥʠʷ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʪʨʘʝʢʪʦʨʠʠ. 

ʆʥʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʚʚʝʜʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʫʧʨʘʚʣʷʶʱʝʝ 

ʜʣʷ ʢʦʦʨʜʠʥʘʪʥʳʭ ʧʨʠʚʦʜʦʚ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʩʥʦʚʝ ʧʦʣʦʞʝʥʠʡ ʤʦʜʠʬʠʮʠʨʦʚʘʥ-

ʥʦʡ ʯʝʪʚʝʨʪʦʡ ʬʦʨʤʳ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ. 
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ɻʣʘʚʘ 4. ʈʘʟʨʘʙʦʪʢʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ  

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʦʙʦʪʘ 

4.1. ʈʘʟʨʘʙʦʪʢʘ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʘʥʠʧʫʣʷʪʦʨʘ  

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʦʙʦʪʘ 

ɼʣʷ ʘʥʘʣʠʟʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʚʠʞʝʥʠʡ ʊʈ ʧʨʠ ʚʳʨʝʟʘʥʠʠ ʪʠʧʦʚʳʭ ʧʨʦʬʠ-

ʣʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʘʥʠʷ (ʪʨʫʙʘ, ʨʝʟʝʨʚʫʘʨ) ʥʝʦʙʭʦʜʠʤʦ ʩʦʩʪʘʚʠʪʴ ʘʥʘʣʠʪʠʯʝ-

ʩʢʫʶ ʤʦʜʝʣʴ ʊʈ, ʜʘʣʝʝ ʨʝʰʠʪʴ ʧʨʷʤʫʶ ʠ ʦʙʨʘʪʥʫʶ ʟʘʜʘʯʠ ʢʠʥʝʤʘʪʠʢʠ; ʨʘʟʨʘʙʦ-

ʪʘʪʴ ʠʤʠʪʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʢʦʦʨʜʠʥʘʪʥʳʭ ʧʨʠʚʦʜʦʚ ʤʘʥʠʧʫʣʷʪʦʨʘ ʊʈ ʚ ʮʝʣʦʤ ʠ 

ʫʩʪʨʦʡʩʪʚʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ [20, 52, 53, 54, 55, 87, 89]. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʦʜʝʣʝʡ ʠʩʧʦʣʴʟʫʝʤ ʩʪʨʫʢʪʫʨʥʳʡ ʧʦʜʭʦʜ. ʌʫʥʢʮʠʦʥʘʣʴʥʦ 

ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʩʭʝʤʫ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʥʘ ʨʠʩʫʥʢʝ 4.1, ʨʘʟʜʝʣʠʤ ʥʘ ʜʚʝ ʩʦʩʪʘʚ-

ʣʷʶʱʠʝ ʩʠʩʪʝʤʳ ï ʥʝʩʫʱʫʶ ʩʠʩʪʝʤʫ (ʅʉ) ʠ ʠʩʧʦʣʥʠʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ (ʀʉ). ʅʘ 

ʩʭʝʤʝ ʦʙʦʟʥʘʯʝʥʦ: ʉʏ1 ï ʉʏ6 ï ʩʠʣʦʚʳʝ ʯʘʩʪʠ ʟʚʝʥʴʝʚ ʤʘʥʠʧʫʣʷʪʦʨʘ, ʚʢʣʶʯʘʶ-

ʱʠʝ ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʜʚʠʛʘʪʝʣʴ, ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʝʨʝʜʘʯʫ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʧʣʝʯ ʟʚʝ-

ʥʴʝʚ [5, 89]. ʅʝʩʫʱʘʷ ʩʠʩʪʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʟʚʝʥʴʝʚ l1 ïl3, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ ʦʙʦʙʱʝʥʥʳʝ (ʫʛʣʦʚʳʝ) ʢʦʦʨʜʠʥʘʪʳ q1, q2, q3. ʂʦʥʝʯʥʘʷ ʪʦʯʢʘ ʟʚʝʥʘ 3 ʚʳʧʦʣ-

ʥʷʝʪ ʧʨʦʛʨʘʤʤʥʦʝ ʜʚʠʞʝʥʠʝ ʧʦ ʵʢʚʠʜʠʩʪʘʥʪʝ ʬʠʛʫʨʳ ʨʝʟʘʥʠʷ. ʀʩʧʦʣʥʠʪʝʣʴʥʘʷ 

ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʚʝʥʦ 4 ʩ ʧʘʨʘʣʣʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʤʠ ʟʚʝʥʴʷʤʠ 5, 6 ʠ ʠʤʝʝʪ 

ʪʨʠ ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ - ʦʙʦʙʱʝʥʥʳʝ (ʫʛʣʦʚʳʝ) ʢʦʦʨʜʠʥʘʪʳ q4, q5, q6, ʦʙʝʩʧʝ-

ʯʠʚʘʶʱʠʝ ʦʨʠʝʥʪʘʮʠʶ ʛʦʣʦʚʢʠ ʛʠʜʨʦʨʝʟʘ ʧʦ ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʘʥʠʷ. ɺ 

ʪʘʙʣʠʮʘʭ 4.1, 4.2 ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʩʣʝʜʫ-

ʝʤʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨʘ. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʚʨʘʱʘʪʝʣʴʥʳʭ ʩʚʷʟʝʡ ʠʩʧʦʣʴʟʫʝʤ ʤʘʪʨʠʯʥʳʡ ʤʝʪʦʜ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ɼʝʥʘʚʠʪʘ-ʍʘʨʪʝʥʙʝʨʛʘ (ɼʍ - ʧʨʝʜʩʪʘʚ-

ʣʝʥʠʝ) [20, 85]. ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʧʠʩʳʚʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢʦʦʨ-

ʜʠʥʘʪ ʈʆ ʤʘʥʠʧʫʣʷʪʦʨʘ ʠʟ ʩʠʩʪʝʤ rʦʪʯʝʪʘ, ʩʚʷʟʘʥʥʦʡ ʩ ʢʦʥʝʯʥʳʤ ʟʚʝʥʦʤ ʢʠʥʝʤʘ-

ʪʠʯʝʩʢʦʡ ʮʝʧʠ, ʚ ʙʘʟʦʚʫʶ (ʠʥʝʨʮʠʘʣʴʥʫʶ) ʩʠʩʪʝʤʫ ʦʪʩʯʝʪʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠ-

ʩʪʝʤʳ. 
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ʈʠʩʫʥʦʢ 4.1 - ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʤʘʥʠʧʫʣʷʪʦʨʘ 

 

ʊʘʙʣʠʮʘ 4.1 - ʄʘʩʩʦʛʘʙʘʨʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʥʠʧʫʣʷʪʦʨʘ   

ʅʦʤʝʨ 

ɿʚʝʥʘ 

ɼʣʠʥʘ 

ʟʚʝʥʘ, 

ʤ 

ʄʘʩʩʘ 

ʟʚʝʥʘ, 

ʢʛ 

ʂʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʤʘʩʩ ʈʘʜʠʫʩʳ ʠʥʝʨʮʠʠ ʟʚʝʥʴʝʚ 

xʩ, ʤ yʩ, ʤ zʩ, ʤ ʂ2
xx, ʤ

2 ʂ2
yy, ʤ

2 ʂ2
zz, ʤ

2 

1 0,4 60.9 0 0 0,145 0,0820 0,0820 0,0052 

2 1,6 171,7 0,48 0 0,4833 0,1257 0,4104 0,3128 

3 0,8 67,2 0 0 0,400 0,1245 0,1257 0,0066 

4 (5,6) 0,2 4,1 0 0,009 0 0,0014 0,0009 0,0001 

 
 

ʊʘʙʣʠʮʘ 4.2 - ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʚʝʥʴʝʚ  

ʅʦʤʝʨ ʟʚʝʥʘ 
ɼʠʘʛʦʥʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʪʝʥʟʦʨʘ ʠʥʝʨʮʠʠ ʟʚʝʥʴʝʚ 

Ixx, ʢʛĿʤ
2 Iyy, ʢʛĿʤ

2 Izz, ʢʛĿʤ
2 

1 4,9938 4,9938 0,3167 

2 21,5826 70,4657 53,7077 

3 8,3664 8,4470 0,4435 

4 (5,6) 0,0057 0,0037 0,0004 

 

3ʉʏ2ʉʏ1ʉʏʜʌ
*

4ʉʏ

5ʉʏ

6ʉʏ

ʦʌ

ʅʉ ʀʉ

+

+

1q 2q
3q

6q

4q

5q
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ɼʣʷ ʢʘʞʜʦʛʦ ʟʚʝʥʘ ʥʘ ʦʩʠ ʝʛʦ ʩʦʯʣʝʥʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ çʩʚʦʷè ʦʨʪʦʥʦʨ-

ʤʠʨʦʚʘʥʥʘʷ ʜʝʢʘʨʪʦʚʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ (xὭ, yὭ, zὭ), ʛʜʝ Ὥ= 1, 2, . . . , ὲ, ʘ ὲ ʨʘʚʥʦ 

ʯʠʩʣʫ ʩʪʝʧʝʥʝʡ ʤʘʥʠʧʫʣʷʪʦʨʘ. ʇʨʘʚʠʣʘ ʦʧʨʝʜʝʣʝʥʠʷ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ: 

1. ʆʩʴ ZὭī1  ʥʘʧʨʘʚʣʝʥʘ ʚʜʦʣʴ ʦʩʠ i-ʛʦ ʩʦʯʣʝʥʝʥʠʷ. 

2. ʆʩʴ Xi  ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʦʩʠ ZὭī1  ʠ ʥʘʧʨʘʚʣʝʥʘ ʦʪ ʥʝʝ. 

3. ʅʘʧʨʘʚʣʝʥʠʝ ʦʩʠ YὭ  ʚʳʙʠʨʘʝʪʩʷ ʪʘʢ ʯʪʦʙʳ ʪʨʦʡʢʘ YὭ ,XὭ, ZὭ ʙʳʣʘ ʧʨʘʚʦʡ. 

ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʦʙʦʪʘ, ʦʩʫʱʝʩʪʚʣʷʶʱʝʛʦ 

ʧʨʦʮʝʩʩ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ, ʠ ʝʛʦ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ʚ ʩʦʯʣʝʥʝʥʠʷʭ ʧʨʝʜʩʪʘʚ-

ʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 4.1, ʥʝʦʙʭʦʜʠʤʳʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 4.1 ï 

4.3. 

P

Z0

Y0X0

Z1

Y1

X1

Z2

X2

Y2

d
1

q1

q2

q3

a2

a3

Z3,Y4,X5 Y3

X3,X4,Z5

q4

Z4,Y5

q5

q6

d4

W
Y6

X6

Z6

 

ʈʠʩʫʥʦʢ 4.2 - ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʤʘʥʠʧʫʣʷʪʦʨʘ ʠ ʝʛʦ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ 

 ʚ ʩʦʯʣʝʥʝʥʠʷʭ 

 

ʊʘʙʣʠʮʘ 4.3 - ʇʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ʤʘʥʠʧʫʣʷʪʦʨʘ 

 

 

 

 

 

 

 

ʉʦʯʣʝʥʝʥʠʝ i —Ὥ (ʛʨʘʜ) ŬὭ(ʛʨʘʜ) DὭ(ʤʤ) dὭ(ʤʤ) 

1 q1 90 - 400 

2 q2 0 1600 - 

3 q3 0 800 - 

4 q4 -90 - - 

5 q5 -90 - - 

6 q6 0 - 200 
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ʇʝʨʝʭʦʜ ʦʪ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʢ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʩʚʷʟʘʥʥʦʡ ʩ 

ʈʆ, ʚ ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʛʦʣʦʚʢʘ ʛʠʜʨʦʨʝʟʘ, ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ɼʝʥʘʚʠʪʘ-ʍʘʨʪʝʥʙʝʨʛʘ. ʆʧʨʝʜʝʣʠʤ ʦʜʥʦʨʦʜʥʳʝ ʤʘʪʨʠʮʳ ʧʨʝʦʙ-

ʨʘʟʦʚʘʥʠʷ, ʩʚʷʟʳʚʘʶʱʠʝ i-ʶ ʠ i ï1-ʶ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ: 
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ʈʝʟʫʣʴʪʘʪʦʤ ʨʝʰʝʥʠʷ ʧʨʷʤʦʡ ʟʘʜʘʯʘ ʢʠʥʝʤʘʪʠʢʠ ʷʚʣʷʝʪʩʷ ʚʝʢʪʦʨ ʧʦʣʦʞʝ-

ʥʠʷ ʠ ʦʨʠʝʥʪʘʮʠʠ ʈʆ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʥʘ ʦʩʥʦʚʘʥʠʠ ʟʘʜʘʥʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʩʦʯʣʝ-
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ʥʝʥʠʡ ʤʘʥʠʧʫʣʷʮʠʦʥʥʦʛʦ ʨʦʙʦʪʘ ʩ n ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ. ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ 

ʵʪʦʤʫ ʦʙʨʘʪʥʘʷ ʟʘʜʘʯʘ ʢʠʥʝʤʘʪʠʢʠ ʩʦʩʪʦʠʪ ʚ ʦʧʨʝʜʝʣʝʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʫʛʣʦʚʳʭ 

ʧʝʨʝʤʝʱʝʥʠʡ ʚ ʩʦʯʣʝʥʝʥʠʷʭ ʤʘʥʠʧʫʣʷʪʦʨʘ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʈʆ ʚ ʟʘʜʘʥʥʦʡ ʪʦʯʢʝ ʩ 

ʪʨʝʙʫʝʤʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ [28, 54, 70, 

85, 88, 90, 91]. 

ʄʘʪʨʠʮʘ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʧʦʣʦʞʝʥʠʝ i-ʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʠʤʝʝʪ ʚʠʜ: 
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... , ʜʣʷ i = 1, 2,é,n, 

ʛʜʝ (xiyizi) ï ʤʘʪʨʠʮʘ ʦʨʠʝʥʪʘʮʠʠ i-ʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʙʘʟʦʚʦʡ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ (ʦʙʨʘʟʦʚʘʥʘ ʥʘʧʨʘʚʣʷʶʱʠʤʠ ʢʦʩʠʥʫʩʘʤʠ); pi ï ʚʝʢʪʦʨ, ʧʨʦʚʝ-

ʜʝʥʥʳʡ ʠʟ ʮʝʥʪʨʘ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚ ʮʝʥʪʨ i-ʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. 

ʄʘʪʨʠʮʫʥʘʟʳʚʘʶʪ çʤʘʪʨʠʮʝʡ ʤʘʥʠʧʫʣʷʪʦʨʘè. ʆʥʘ ʠʤʝʝʪ ʚʠʜ:
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ʛʜʝ: n ï ʚʝʢʪʦʨ ʥʦʨʤʘʣʠ ʢ ʧʣʦʩʢʦʩʪʠ XOY, ʚ ʩʣʫʯʘʝ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʛʦ ʜʚʠʞʝ-

ʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʵʪʦʪ ʚʝʢʪʦʨ ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʧʣʦʩʢʦʩʪʠ XOY; ʦ 

ï ʚʝʢʪʦʨ ʦʨʠʝʥʪʘʮʠʠ, ʢʘʩʘʪʝʣʴʥʳʡ ʚʝʢʪʦʨ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʦʥ ʣʝʞʠʪ 

ʚ ʧʣʦʩʢʦʩʪʠ XOY ʠ ʥʘʧʨʘʚʣʝʥ ʚʜʦʣʴ ʦʩʠ ʍ (ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʊʈ ï ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʟʚʝʥʘ 4); ʘ ï ʚʝʢʪʦʨ ʧʦʜʭʦʜʘ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʦʥ 

ʥʘʧʨʘʚʣʝʥ ʧʦ ʥʦʨʤʘʣʠ ʢ ʧʣʦʩʢʦʩʪʠ XOY ʚʜʦʣʴ ʦʩʠ Z; pïʚʝʢʪʦʨ ʧʦʣʦʞʝʥʠʷ ʠʩʧʦʣ-

ʥʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʥʘʧʨʘʚʣʝʥ ʠʟ ʥʘʯʘʣʘ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʢ ʥʘʯʘʣʫ 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚ ʪʦʯʢʝ ʥʘʯʘʣʘ ʟʚʝʥʘ 4. 

ʈʝʰʝʥʠʝ ʧʨʷʤʦʡ ʟʘʜʘʯʠ ʢʠʥʝʤʘʪʠʢʠ ʜʣʷ ʤʘʥʠʧʫʣʷʪʦʨʘ ʩʦʩʪʦʠʪ ʚ ʚʳʯʠʩʣʝ-

ʥʠʠ ʤʘʪʨʠʮʳ T ʩ ʧʦʤʦʱʴʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʝʨʝʤʥʦʞʝʥʠʷ ʤʘʪʨʠʮ . ʆʧʨʝ-

ʜʝʣʠʤ ʤʘʪʨʠʮʫ ʧʦʣʦʞʝʥʠʷ , ʩʚʷʟʘʥʥʫʶ ʩ ʧʦʣʦʞʝʥʠʝʤ ʠ ʦʨʠʝʥʪʘʮʠʝʡ ʈʆ ʨʦʙʦ-

ʪʘ, ʩʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʶ 
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ʈʘʩʧʠʰʝʤ ʧʦʵʣʝʤʝʥʪʥʦ ʚʳʨʘʞʝʥʠʝ (4.1): 
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ʆʙʨʘʪʥʘʷ ʟʘʜʘʯʘ ʢʠʥʝʤʘʪʠʢʠ ʩʦʩʪʦʠʪ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʚʝʢʪʦʨʘ ʢʦʤʧʦʥʝʥʪ ʧʝ-

ʨʝʤʝʱʝʥʠʡ ʩʦʯʣʝʥʝʥʠʡ ʤʘʥʠʧʫʣʷʪʦʨʘ ʩ n ʩʪʝʧʝʥʷʤʠ ʧʦʜʚʠʞʥʦʩʪʠ ʜʣʷ ʜʘʥʥʦʛʦ 

ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ ʈʆ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. 

ʅʝʦʙʭʦʜʠʤʦ ʚʳʨʘʟʠʪʴ ʥʝʠʟʚʝʩʪʥʳʝ q1,é,q6 ʯʝʨʝʟ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ ʧʦʣʦʞʝʥʠʷ ʠ 

ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ ʢʦʥʩʪʨʫʢʮʠʠ. ʈʘʥʝʝ ʙʳʣʠ ʫʩʣʦʚʣʝʥʦ, ʯʪʦ ʚ ʤʝʭʘʥʠʟʤʝ ʜʚʠʞʝ-

ʥʠʷ ʤʘʥʠʧʫʣʷʪʦʨʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʫʱʫʶ ʠ ʠʩʧʦʣʥʠʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ. ʆʯʝ-

ʚʠʜʥʦ, ʯʪʦ ʧʦʣʦʞʝʥʠʝ ʠ ʦʨʠʝʥʪʘʮʠʷ ʟʘʧʷʩʪʴʷ W ʤʘʥʠʧʫʣʷʪʦʨʘ, ʧʦʣʥʦʩʪʴʶ ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʫʛʣʘʤʠ q1,é,q3, ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʦʩʥʦʚʥʫʶ (ʥʝʩʫʱʫʶ) ʩʠʩʪʝʤʫ ʤʘʥʠʧʫ-
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ʣʷʪʦʨʘ. ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʚʳʷʚʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʪʝʧʝʥʷʤʠ ʧʦ-

ʜʚʠʞʥʦʩʪʠ ʤʘʥʠʧʫʣʷʪʦʨʘ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝʩʫʱʫʶ ʠ ʠʩʧʦʣʥʠʪʝʣʴʥʫʶ ʩʠ-

ʩʪʝʤʫ ʦʪʜʝʣʴʥʦ.  

ɿʥʘʷ ʢʦʦʨʜʠʥʘʪʳ ʟʘʧʷʩʪʴʷ ʤʘʥʠʧʫʣʷʪʦʨʘ, ʤʦʞʝʤ ʦʧʨʝʜʝʣʠʪʴ ʫʛʣʦʚʳʝ ʢʦʦʨ-

ʜʠʥʘʪ r q1,é,q3. ʆʙʨʘʪʠʤʩʷ ʢ ʨʠʩʫʥʢʫ 4.3, ʥʘ ʢʦʪʦʨʦʤ ʠʟʦʙʨʘʞʝʥʦ ʚʝʢʪʦʨʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙʨʘʪʥʦʡ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ 

ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʢʠʥʝʤʘʪʠʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʟʥʘʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠʥʩʪʨʫʤʝʥʪʘ ʤʘʥʠʧʫʣʷʪʦʨʘ ʠ ʝʛʦ ʦʨʠʝʥʪʘʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ (ʦʩʥʦʚʘʥʠʷ ʤʘʥʠʧʫʣʷʪʦʨʘ). ʅʘʡʜʝʤ ʚʝʢʪʦʨ , ʦʧʨʝ-

ʜʝʣʷʶʱʠʡ ʧʦʣʦʞʝʥʠʝ ʟʘʧʷʩʪʴʷ W ʤʘʥʠʧʫʣʷʪʦʨʘ ʩʦʛʣʘʩʥʦ  ʚʳʨʘʞʝʥʠʷʤ: 

[ ],4olPr -=  

ʛʜʝ  - ʚʝʢʪʦʨ ʧʦʣʦʞʝʥʠʷ ʛʦʣʦʚʢʠ ʛʠʜʨʦʨʝʟʘ;- 

ʦʨʪ-ʚʝʢʪʦʨ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʩʚʷʟʘʥʥʦʡ ʩ ʧʦʣʦʞʝʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʘ ʤʘʥʠʧʫʣʷ-

ʪʦʨʘ  (ʟʜʝʩʴ ʪʦʯʢʘ ʩʨʝʟʘ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʩʦʧʣʘ ʛʠʜʨʦʨʝʟʘ), ʦʧʨʝʜʝʣʝʥʥʳʡ ʚ ʙʘʟʦ-

ʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. 

 

ʈʠʩʫʥʦʢ 4.3 - ɺʝʢʪʦʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙʨʘʪʥʦʡ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

 

ʆʧʨʝʜʝʣʠʤ ʤʘʪʨʠʮʫ ʧʦʣʦʞʝʥʠʷ 
3

0T , ʩʚʷʟʘʥʥʫʶ ʩ ʧʦʣʦʞʝʥʠʝʤ ʠ ʦʨʠʝʥʪʘʮʠ-

ʝʡ ʟʘʧʷʩʪʴʷ W ʨʦʙʦʪʘ, ʩʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʶ 
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32131221321321
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0
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ø
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è

+Ö-Ö-++

+ÖÖ+ÖÖ-+Ö-+Ö

+ÖÖ+ÖÖ+Ö-+Ö

=
qqlqllqqqq

qqqlqqlqqqqqqq

qqqlqqlqqqqqqq

T    (4.2) 

ʈʘʩʧʠʰʝʤ ʧʦʵʣʝʤʝʥʪʥʦ ʫʨʘʚʥʝʥʠʝ (4.2): 

);cos(cos 321 qqqnx +Ö=¡
 

 

);sin(cos 321 qqqox +Ö-=¡
 

 

;sin 1qax =¡  
 

);cos(coscoscos 3213212 qqqlqqlwx +ÖÖ+ÖÖ=
 

(4.3) 

);cos(sin 321 qqqny +Ö=¡
 

 

);sin(sin 321 qqqoy +Ö-=¡
 

 

;cos 1qay -=¡
  

);cos(sincossin 3213212 qqqlqqlwy +ÖÖ+ÖÖ=
 

 

);sin( 32 qqnz +=¡
 

 

);cos( 32 qqoz +=¡
 

(4.5) 

).sin(sin 323221 qqlqllwz +Ö-Ö-=
 

 

ʀʟ ʬʦʨʤʫʣʳ (4.5) ʩʣʝʜʫʝʪ 

).arccos(32 zoqq ¡=+  

ʋʤʥʦʞʠʚ ʚʳʨʘʞʝʥʠʝ (4.3) ʥʘ 1sinq  ʠ (4.4) ʥʘ 1cosq, ʘ ʟʘʪʝʤ ʠʟ ʧʝʨʚʦʛʦ ʧʦʣʫ-

ʯʝʥʥʦʛʦ ʚʳʨʘʞʝʥʠʷ ʚʳʯʪʝʤ ʚʪʦʨʦʝ; ʧʨʠ ʵʪʦʤ ʧʦʣʫʯʠʤ 

,0cossin 11 =Ö=Ö yx wqwq
      

.1 ö
ö
÷

õ
æ
æ
ç

å
=

x

y

w

w
arctgq                                (4.6) 

     ʀʟ ʬʦʨʤʫʣ (4.3) ʠ (4.4) ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ 
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),cos(cossincos 3232211 qqlqlwqwq yx +Ö+Ö=Ö+Ö                        (4.7) 

ʘ ʠʟ ʬʦʨʤʫʣ (4.6) ʠ (4.7) ʩʣʝʜʫʝʪ 

,)sin(sin 132322 a=-=+Ö+Ö lwqqlql z                             (4.8) 

,sincos)cos(cos 1132322 b=Ö+Ö=+Ö+Ö yx pqwqqqlql                (4.9) 

ʛʜʝ Ŭ ʠ ɓ ʷʚʣʷʶʪʩʷ ʠʟʚʝʩʪʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʪʘʢ ʢʘʢ 32 qq + ʫʞʝ ʠʟʚʝʩʪʥʘ. ʀʟ ʚʳʨʘ-

ʞʝʥʠʡ (4.8) ʠ (4.9) ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ 

,cos2 332

2

3

2

2

22 qllll Ö++=+ba  

ʪ.ʝ.                                        .
2

arccos
32

2

3

2

2

22

3 ö
ö
÷

õ
æ
æ
ç

å ++b+a
=

ll

ll
q  

ʈʝʰʝʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʠ ʘʨʢʢʦʩʠʥʫʩʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʠʝʤ-

ʣʝʤʦ, ʪʘʢ ʢʘʢ ʣʝʛʢʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʘʨʛʫʤʝʥʪ ʥʝ ʧʨʝʚʦʩʭʦʜʠʪ Ñ1. ʈʝʰʝʥʠʷ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʘʨʢʪʘʥʛʝʥʩʘ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ, ʪʘʢ ʢʘʢ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʘʨʛʫʤʝʥʪ ʦʭʚʘʪʳ-

ʚʘʝʪ ʚʩʶ ʦʙʣʘʩʪʴ ʦʪ īÐ ʜʦ +Ð. ʈʘʩʧʠʩʘʚ ʧʦʜʨʦʙʥʝʝ ʩʦʦʪʥʦʰʝʥʠʷ (4.8) ʠ (4.9), ʧʦ-

ʣʫʯʠʤ 

,sin)sincoscos(sin 2232323 a=Ö++Ö qlqqqql                                 (4.10) 

,cos)sinsincos(cos 2232323 b=Ö+-Ö qlqqqql                             (4.11) 

ʋʤʥʦʞʠʤ ʚʳʨʘʞʝʥʠʝ (4.10) ʥʘ ίὭὲή ʠ (4.11) ʥʘ ὧέίή, ʘ ʟʘʪʝʤ ʩʣʦʞʠʤ: 

.cossincos 22233 qqlql Ö+Ö=+Ö ba                                      (4.12) 

ɼʘʣʝʝ ʫʤʥʦʞʠʤ ʚʳʨʘʞʝʥʠʝ (4.10) ʥʘ 2cosq  ʠ (4.11) ʥʘ 2sinq  , ʘ ʟʘʪʝʤ ʠʟ ʧʝʨ-

ʚʦʛʦ ʧʦʣʫʯʝʥʥʦʛʦ ʚʳʨʘʞʝʥʠʷ ʚʳʯʪʝʤ ʚʪʦʨʦʝ, ʯʪʦ ʜʘʩʪ 

.sincossin 2233 qqql Öb-Öa=Ö                                            (4.13) 

ʋʤʥʦʞʠʚ ʚʳʨʘʞʝʥʠʝ (4.12) ʥʘ ɓ ʠ (4.13) ʥʘ Ŭ ʠ ʩʣʦʞʠʚ ʧʦʣʫʯʝʥʥʳʝ ʚʳʨʘʞʝ-

ʥʠʷ, ʧʦʣʫʯʠʤ 

.cos)(sin)cos( 2

22

33233 qqllql b+a=ÖÖa++Öb                     (4.14) 

ʋʤʥʦʞʠʚ ʚʳʨʘʞʝʥʠʝ (4.12) ʥʘ Ŭ ʠ (4.13) ʥʘ ɓ, ʘ ʟʘʪʝʤ ʠʟ ʧʝʨʚʦʛʦ ʧʦʣʫʯʝʥʥʦ-

ʛʦ ʚʳʨʘʞʝʥʠʷ ʚʳʯʪʝʤ ʚʪʦʨʦʝ, ʯʪʦ ʜʘʩʪ 

.sin)(sin)cos( 2

22

33233 qqllql baba +=ÖÖ-+Ö                          (4.15) 
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ʊʦʛʜʘ ʠʟ ʬʦʨʤʫʣ (4.14) ʠ (4.15) ʥʘʭʦʜʠʤ 

.
sin)cos(

sin)cos(

33233

33233

2 öö
÷

õ
ææ
ç

å

ÖÖ++Ö

ÖÖ-+Ö
=

qllql

qllql
arctgq

ab

ba
 

ʈʘʩʩʤʦʪʨʠʤ ʠʩʧʦʣʥʠʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ ʤʘʥʠʧʫʣʷʪʦʨʘ, ʩʚʷʟʘʥʥʫʶ ʩ ʫʛʣʘʤʠ 

q4,é,q6. ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ Y ʧʨʦʠʟʚʝʜʝʥʠʝ ʤʘʪʨʠʮ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ 

ʩʠʩʪʝʤʦʡ ʤʘʥʠʧʫʣʷʪʦʨʘ ʠ ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʦʣʦʞʝʥʠʝ ʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ: 

.654 AAAY ÖÖ=                                             (4.16) 

ʈʘʩʧʠʰʝʤ ʧʦʵʣʝʤʝʥʪʥʦ ʫʨʘʚʥʝʥʠʝ (4.16): 

;coscoscossinsin 65464 qqqqqnx +Ö=¡¡¡   

;sincoscoscossin 65464 qqqqqox -Ö=¡¡¡   

;sincos 54 qqax -=¡¡¡   

;sincos 544 qqlpx -=¡¡¡   

;sincossincoscos 64465 qqqqqny Ö-=¡¡¡   

;sinsincoscoscos 64564 qqqqqoy --=¡¡¡   

;sinsin 54 qqay -=¡¡¡   

;sinsin 544 qqlpy -=¡¡¡   

;sincos 56 qqnz -=¡¡¡   

;sinsin 65 qqoz =¡¡¡   

.cos 54 qlpz Ö-=¡¡¡  

 
 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ Y ʩʧʨʘʚʝʜʣʠʚʦ ʩʣʝʜʫʶʱʝʝ ʨʘʚʝʥʩʪʚʦ: 

654

6

0

1

1

1

2

1

3 AAATAAA ÖÖ=ÖÖÖ ---
.                              (4.17) 

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ L ʧʨʦʠʟʚʝʜʝʥʠʝ  
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ʀʟ ʨʘʚʝʥʩʪʚʘ ʵʣʝʤʝʥʪʦʚ 1,4 ʠ 2,4 ʤʘʪʨʠʮʳ L (4.17) ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʵʣʝ-

ʤʝʥʪʘʤ 1,4 ʠ 2,4 ʤʘʪʨʠʮʳ Y (4.18) ʧʦʣʫʯʠʤ 

 

( ),/4 xy pparctgq ¡¡¡¡=                                                          (4.54)
 

ʛʜʝ 

);cos(sin)cos(cos)sin( 32132132 qqqpqqqpqqpp yxzx +ÖÖ++ÖÖ++Ö=¡¡  

).sin(sin)sin(cos)cos( 32132132 qqqpqqqpqqpp yxzy +ÖÖ-+ÖÖ-+Ö=¡¡  

ʀʟ ʨʘʚʝʥʩʪʚʘ ʵʣʝʤʝʥʪʦʚ 3,3 ʤʘʪʨʠʮʳ L ʠ ʤʘʪʨʠʮʳ 3,3 Y ʪʘʢ ʞʝ ʥʘʡʜʝʤ: 

( ),arccos5 zaq ¡¡-=
 

ʛʜʝ: 
 

ʀʟ ʨʘʚʝʥʩʪʚʘ ʵʣʝʤʝʥʪʦʚ 3,1 ʤʘʪʨʠʮʳ L ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʵʣʝʤʝʥʪʘʤ 3,2 

ʤʘʪʨʠʮʳ Y ʩʣʝʜʫʝʪ: 

( ),/6 zz noarctgq ¡¡¡¡-=
 

ʛʜʝ: ;cossin 11 qoqoo yxz Ö-Ö=¡¡ .cossin 11 qnqnn yxz Ö-Ö=¡¡  

ɺ ʪʘʙʣʠʮʝ 4.4 ʧʨʠʚʝʜʝʥʳ ʠʪʦʛʦʚʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʦʡ ʟʘ-

ʜʘʯʠ ʢʠʥʝʤʘʪʠʢʠ, ʘ ʪʘʢʞʝ ʫʢʘʟʘʥʳ ʦʙʣʘʩʪʠ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʫʛʣʦʚ ʜʣʷ ʣʶ-

ʙʳʭ ʜʚʠʞʝʥʠʡ ʚ ʩʦʯʣʝʥʝʥʠʷʭ ʤʘʥʠʧʫʣʷʪʦʨʘ.  

 

 

 

 

 

 

 

 

 

 

 

.cossin 11 qaqaa yxz Ö-Ö=¡¡
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ʊʘʙʣʠʮʘ 4.4 - ʉʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʢʠʥʝʤʘʪʠʢʠ ʜʣʷ ʤʘʥʠ-

ʧʫʣʷʪʦʨʘ 

ʉʦʯʣʝʥʝʥʠʝ ʈʝʰʝʥʠʝ 
ɼʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ 

ʫʛʣʘ 

1 ö
ö
÷

õ
æ
æ
ç

å
=

x

y

w

w
arctgq1  -180ÁÒq1Ò180Á 

2 ö
ö
÷

õ
æ
æ
ç

å

ÖÖa++Öb

ÖÖb-+Öa
=

33233

33233
2

sin)cos(

sin)cos(

qllql

qllql
arctgq  -90ÁÒ q2Ò90Á 

3 ö
ö

÷

õ

æ
æ

ç

å ++b+a
=

32

2

3

2

2

22

3
2

arccos
ll

ll
q  0ÁÒ q3Ò180Á 

4 ( )xy pparctgq ¡¡¡¡= /4  135ÁÒ q4Ò135Á 

5 ( )zaq ¡¡-=arccos5  -90ÁÒ q5Ò90Á 

6 ( )zz noarctgq ¡¡¡¡-= /6  -90ÁÒ q6Ò90Á 

4.2. ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʦʙʦʪʘ 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʤʘʥʠʧʫʣʷʪʦʨʦʤ ʨʘʩ-

ʩʤʘʪʨʠʚʘʣʠʩʴ ʦʙʦʙʱʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ (ʫʛʣʳ) q1...q4. ʇʦʣʘʛʘʝʤ, ʯʪʦ ʩʪʘʙʠʣʠʟʘʮʠʷ 

ʦʙʦʙʱʝʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʢʘʯʝʩʪʚʘ ʅ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʜʚʠʞʝʥʠʷ ʚʳʧʦʣʥʝʥʘ. ɿʘʜʘʯʝʡ 

ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʨʦʚʥʷ ʫʧʨʘʚʣʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʟʘʜʘʥʥʳʭ ʜʚʠʞʝ-

ʥʠʡ ʢʘʞʜʦʡ ʩʪʝʧʝʥʴʶ ʧʦʜʚʠʞʥʦʩʪʠ ʤʘʥʠʧʫʣʷʮʠʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʜʚʠʞʝʥʠʷ ʧʦ 

ʵʢʚʠʜʠʩʪʘʥʪʝ ʜʣʷ ʪʨʝʙʫʝʤʦʡ ʬʠʛʫʨʳ ʨʝʟʘʥʠʷ ʥʝʬʪʝʧʨʦʚʦʜʘ [28, 52, 53, 54, 85, 89, 

90]. ʀʩʧʦʣʥʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ ʧʨʠʚʦʜʦʚ ʨʦʙʦʪʘ ʩʦʚ-

ʤʝʩʪʥʦ ʩ ʤʥʦʛʦʟʚʝʥʥʳʤ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʤʝʭʘʥʠʟʤʦʤ. 

ʂʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʦʜʥʦʛʦ ʠʟ ʧʨʠʚʦʜʦʚ ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʤʘʥʠ-

ʧʫʣʷʪʦʨʘ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʚ ʩʨʝʜʝ Simulink, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.4. ʇʨʠʚʦʜ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʚʘ ʚʥʫʪʨʝʥʥʠʭ ʢʦʥʪʫʨʘ: ʧʦ ʥʘʧʨʷʞʝʥʠʶ ʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ 

ʜʚʠʛʘʪʝʣʷ ʠ ʇʀɼ ʨʝʛʫʣʷʪʦʨʳ. ɺʭʦʜ 3 ʩʣʫʞʠʪ ʜʣʷ ʧʦʜʘʯʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡ-

ʩʪʚʠʷ, ʚʭʦʜʳ 2 ʠ 1 ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʧʦ ʩʢʦʨʦʩʪʠ ʠ ʧʦʣʦʞʝʥʠʶ, 

ʚʭʦʜ 4 ʧʦ ʤʦʤʝʥʪʫ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘʛʨʫʟʢʠ. ʄʦʜʝʣʴ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ ʠʤʝ-

ʝʪ ʪʨʘʜʠʮʠʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʥʘ ʩʭʝʤʝ ʥʝ ʧʦʢʘʟʘʥʘ.  
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ʈʠʩʫʥʦʢ 4.4 - ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʧʨʠʚʦʜʘ 

 

ʇʨʠʚʦʜʳ ʚʩʝʭ ʢʦʦʨʜʠʥʘʪ ʚʳʧʦʣʥʝʥʳ ʧʦ ʵʪʦʡ ʩʪʨʫʢʪʫʨʝ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʠ ʧʦʣʘʛʘʝʤ: 1) ʟʚʝʥʴʷ ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ (ʤʘʥʠʧʫʣʷʪʦʨʘ) ʫʨʘʚʥʦʚʝʰʝʥʳ; 

2) ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʜʠʥʘʤʠʯʝʩʢʦʝ 

ʚʟʘʠʤʦʚʣʠʷʥʠʝ ʟʚʝʥʴʝʚ ʤʘʣʦ ʠ ʫʯʠʪʳʚʘʝʪʩʷ ʚ ʫʨʘʚʥʝʥʠʷʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʝʰʝ-

ʥʠʠ ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯ ʢʠʥʝʤʘʪʠʢʠ; 3) ʨʝʘʢʮʠʷ ʩʪʨʫʠ ʤʘʣʘ ʠ ʧʘʨʠʨʫʝʪʩʷ ʧʦ-

ʩʪʦʷʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʢʦʥʪʫʨʝ ʪʦʢʘ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚʟʷʪʳ ʵʢʚʠʚʘʣʝʥʪʥʳʝ 

ʧʨʠʚʦʜʳ, ʜʚʠʛʘʪʝʣʠ ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʪʨʝʙʫʝʤʳʝ ʤʦʱʥʦʩʪʠ ʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʤʝʭʘ-

ʥʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʝʡ ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʨʝʙʫʝʤʳʝ ʤʦʤʝʥʪʳ, ʩʢʦʨʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʷ ʧʝ-

ʨʝʤʝʱʝʥʠʷ ʥʘʛʨʫʟʢʠ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʘʨʘʤʝʪʨʳ ʜʚʠʛʘʪʝʣʝʡ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʧʝʨʝʜʘʯʠ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʧʨʠʚʦʜʦʚ ʟʚʝʥʴʝʚ ʤʘʥʠʧʫʣʷʪʦʨʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʨʦʙʦʪʘ, ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʚ ʛʣʘʚʝ 2, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘ 4.5. ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ 

ʧʨʠʚʦʜʦʚ ʢʦʥʢʨʝʪʥʳʭ ʤʦʜʝʣʝʡ ʨʦʙʦʪʦʚ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʠʩ-

ʧʦʣʥʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʢʨʝʪʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠ ʧʦʣʴ-

ʟʦʚʘʪʴʩʷ ʩʚʝʜʝʥʠʷʤʠ ʬʠʨʤ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʥʘʧʨʠʤʝʨ, ʬʠʨʤʳ FANUC [100, 102].  
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ʊʘʙʣʠʮʘ 4.5 - ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʠʚʦʜʦʚ ʟʚʝʥʴʝʚ ʤʘʥʠʧʫʣʷʪʦʨʘ. 

ʅʦʤʝʨ 

ʟʚʝʥʘ 

P, ʢɺʪ U, ɺ ʄ, ʅʤ n, ʦʙ/ʤʠʥ Cʤ, 

ʅʤ/ɸ 

ʂʇɼ, ɖ ʇʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ 

ʨʝʜʫʢʪʦʨʘ, i 

1 2,0 220 6,00 3000 0,660 0,85 300 

2 1,4 220 4,45 3000 0,699 0,85 300 

3 0,8 220 2,54 3000 0,701 0,85 300 

4 0,2 220 1,00 3000 1,100 0,85 300 

 

ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʦʙʦʪʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.5 

ʄʦʜʝʣʴ, ʨʝʘʣʠʟʫʶʱʘʷ ʨʝʰʝʥʠʝ ʧʨʷʤʦʡ ʟʘʜʘʯʠ ʢʠʥʝʤʘʪʠʢʠ ʜʣʷ ʥʝʩʫʱʝʡ ʩʠ-

ʩʪʝʤʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʦʙʦʪʘ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʧʨʝʜʩʪʘʚ-

ʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.6. ʄʦʜʝʣʴ ʚʠʨʪʫʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ ʜʣʷ ʟʘʜʘʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʧʨʠʚʦʜʦʚ ʤʘʥʠʧʫʣʷʪʦʨʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʦʙʦʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 4.7 [5]. 
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4.3.  ɸʥʘʣʠʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʬʠʣʝʡ ʠ ʠʤʠʪʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ  

ʫʩʪʨʦʡʩʪʚ ʟʘʜʘʥʠʷ 

ɺʠʜr ʚʳʨʝʟʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ (ʧʨʦʬʠʣʝʡ) ʦʧʨʝʜʝʣʷʶʪ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝ-

ʥʠʷ (ʜʘʣʝʝ ʪʘʢʞʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʪʨʘʝʢʪʦʨʠʠ) ʈʆ (ʛʦʣʦʚʢʠ ʛʠʜʨʦʨʝʟʘ). ʊʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʡ ʨʦʙʦʪ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʨʦʮʝʩʩ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʬʠʣʝʡ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ ʚ ʥʝʬʪʝʧʨʦʚʦʜʘʭ ʠ ʥʝʬʪʝʭʨʘʥʠʣʠʱʘʭ ʜʣʷ ʜʘʣʴʥʝʡʰʝ-

ʛʦ ʧʨʦʚʝʜʝʥʠʷ ʦʯʠʩʪʥʳʭ, ʢʦʥʪʨʦʣʴʥʳʭ, ʤʦʥʪʘʞʥʳʭ ʠ ʜʨʫʛʠʭ ʨʘʙʦʪ. 

ʅʝʬʪʝʭʨʘʥʠʣʠʱʘ. ʍʘʨʘʢʪʝʨʥʳʤ ʚʘʨʠʘʥʪʦʤ ʷʚʣʷʝʪʩʷ ʥʝʬʪʝʭʨʘʥʠʣʠʱʝ ʮʠ-

ʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʩ ʚʝʨʪʠʢʘʣʴʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʦʩʠ ʮʠʣʠʥʜʨʘ (ʨʠʩʫʥʦʢ 

4.8). ɺʳʨʝʟʘʝʤʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʥʝʬʪʝʭʨʘʥʠʣʠʱʘʭ ï ʵʪʦ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʧʨʠ ʚʠʜʝ ʧʦ ʥʦʨʤʘʣʠ ʩʧʝʨʝʜʠ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʨʘʟʤʝʨʘʤʠ 2000*4000 ʤʤ. 

ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʫʶʱʠʝ ʧʨʝʜʩʪʘʚʣʷʶʪ: ʧʦ ʚʝʨʪʠʢʘʣʠ ï ʧʨʷʤʫʶ ʣʠʥʠʶ, ʧʦ ʛʦʨʠʟʦʥ-

ʪʘʣʠ ï ʦʢʨʫʞʥʦʩʪʴ (ʥʘʨʫʞʥʳʡ ʧʨʦʬʠʣʴ). 

 

 

ʈʠʩʫʥʦʢ 4.8 - ɺʳʨʝʟʘʝʤʳʡ ʧʨʦʬʠʣʴ ʚ ʥʝʬʪʝʭʨʘʥʠʣʠʱʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʨʝʟʘʥʠʠ ʥʝʬʝʪʝʭʨʘʥʠʣʠʱ ʨʘʩʩʤʘʪʨʠʚʘʝʤ: 

ʘ) ʪʠʧʦʚʦʡ ʚʳʨʝʟʘʝʤʳʡ ʧʨʦʬʠʣʴ ï ʧʨʷʤʦʫʛʦʣʴʥʠʢ ʧʨʠ ʚʠʜʝ ʩʧʝʨʝʜʠ ʩ ʨʘʟʤʝʨʘʤʠ 

2000ʤʤ*4000ʤʤ; 



 

91 

 

ʙ) ʪʠʧʦʚʳʝ ʪʨʘʝʢʪʦʨʠʠ:  

 - ʧʦ ʦʩʠ Z- ʧʨʷʤʘʷ ʣʠʥʠʷ: Z= 0-2000 ʤʤ; 

 - ʧʦ ʦʩʷʤ X,Y ʦʢʨʫʞʥʦʩʪʴ (ʥʘʨʫʞʥʘʷ), R= 2315ʤʤ: ʍ2 + Y2 = R2. 

ʅʝʬʪʝʧʨʦʚʦʜʳ. ɺʳʨʝʟʘʝʤʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ï ʪɻʦ ʧʨʷʤʦ-

ʫʛʦʣʴʥʠʢ ʩ ʨʘʟʤʝʨʘʤʠ 500*1000 ʤʤ ʠʣʠ ʦʢʨʫʞʥʦʩʪʴ ʧʨʠ ʚʠʜʝ ʧʦ ʥʦʨʤʘʣʠ ʢ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʨʝʟʘʥʠʷ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʠʤʝʝʤ ʧʦʚʝʨʭʥʦʩʪʴ ʚ ʚʠʜʝ ʧʝʨʝʩʝʯʝʥʠʷ 

ʜʚʫʭ ʮʠʣʠʥʜʨʦʚ ʧʦʜ ʧʨʷʤʳʤ ʫʛʣʦʤ (ʨʠʩʫʥʦʢ 4.9, ʨʠʩʫʥʦʢ 4.10) ʠ ʵʣʣʠʧʩ ʧʨʠ ʜʨʫ-

ʛʦʤ ʫʛʣʝ. ʊʠʧʦʨʘʟʤʝʨʳ ʜʠʘʤʝʪʨʦʚ ʪʨʫʙ 200-1200 ʤʤ. ʇʨʠ ʚʨʝʟʘʥʠʠ ʪʨʫʙ ʨʘʩʩʤʘʪ-

ʨʠʚʘʝʤ ʩʦʦʪʥʦʰʝʥʠʝ ʜʠʘʤʝʪʨʦʚ: ʙʘʟʦʚʘʷ ʪʨʫʙʘ ʜʠʘʤʝʪʨ 1ɼ (1200 ʤʤ), ʚʨʝʟʘʝʤʘʷ 

ʪʨʫʙʘ ʜʠʘʤʝʪʨʦʤ 0,5ɼ (600 ʤʤ). ɺʦʟʤʦʞʥʳ ʠ ʜʨʫʛʠʝ ʬʠʛʫʨʳ ʨʝʟʘʥʠʷ, ʧʦʜʭʦʜ ʢ ʠʭ 

ʦʧʠʩʘʥʠʶ ʙʫʜʝʪ ʘʥʘʣʦʛʠʯʥʳʤ. 

 

ʈʠʩʫʥʦʢ 4.9 - ʇʝʨʝʩʝʯʝʥʠʝ ʮʠʣʠʥʜʨʦʚ 

 

 

ʈʠʩʫʥʦʢ 4.10 - ɺʳʨʝʟʘʝʤʳʡ ʧʨʦʬʠʣʴ ʚ ʥʝʬʪʝʧʨʦʚʦʜʝ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʨʝʜʠ ʦʩʥʦʚʥʳʭ ʧʦʜʣʝʞʘʱʠʭ ʨʘʩʩʤʦʪʨʝʥʠʶ ʪʨʘʝʢʪʦʨʠʡ 

ʜʚʠʞʝʥʠʷ ʛʦʣʦʚʢʠ ʛʠʜʨʦʨʝʟʘ, ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ: 

- ʦʢʨʫʞʥʦʩʪʴ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ (ʧʣʦʩʢʦʩʪʴ XOY); 

- ʧʦʚʝʨʭʥʦʩʪʴ, ʦʙʨʘʟʫʝʤʘʷ ʧʨʠ ʧʝʨʝʩʝʯʝʥʠʠ ʜʚʫʭ ʮʠʣʠʥʜʨʦʚ; 

- ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʘʥʠʷ (ʥʘ ʮʠʣʠʥʜʨʝ). 

ʆʢʨʫʞʥʦʩʪʴ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʟʘʜʘʪʯʠʢʘ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʧʦ 

ʦʢʨʫʞʥʦʩʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʮʠʣʠʥʜʨʘ, ʚʦʩʧʦʣʴʟʫʝʤʩʷ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʝʤ ʦʢʨʫʞʥʦʩʪʠ ʚ ʧʣʦʩʢʦʩʪʠ XOY:  

, 0Ò tÒ 2́,                                 (4.19) 

ʛʜʝ: x0, y0 ï ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʦʢʨʫʞʥʦʩʪʠ; x, yï ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʦʢʨʫʞʥʦʩʪʠ; 

Rï ʨʘʜʠʫʩ ʦʢʨʫʞʥʦʩʪʠ. 

ɺʳʩʦʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʢʨʫʞʥʦʩʪʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʢʦʦʨʜʠʥʘ-

ʪʦʡ z, ʧʦʩʪʦʷʥʥʘ ʠ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʣʶʙʦʝ ʟʥʘʯʝʥʠʝ ʠʟ ʨʘʙʦʯʝʡ ʟʦʥʳ ʤʘʥʠʧʫʣʷ-

ʪʦʨʘ. ʄʦʜʝʣʴ ʟʘʜʘʪʯʠʢʘ ʦʢʨʫʞʥʦʩʪʠ, ʧʦʩʪʨʦʝʥʥʘʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʫʨʘʚʥʝʥʠʷʤʠ 

(4.19) ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.11. ɸʥʘʣʦʛʠʯʥʦ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʨʘʙʦʪʘʥ ʟʘʜʘʪ-

ʯʠʢ, ʨʝʘʣʠʟʫʶʱʠʡ ʧʦʩʪʨʦʝʥʠʝ ʦʢʨʫʞʥʦʩʪʠ ʚ ʜʨʫʛʠʭ ʧʣʦʩʢʦʩʪʷʭ. 

 

 

ʈʠʩʫʥʦʢ 4.11 -  ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʟʘʜʘʪʯʠʢʘ ʪʨʘʝʢʪʦʨʠʠ ʜʣʷ ʦʢʨʫʞʥʦʩʪʠ 
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ʇʝʨʝʩʝʯʝʥʠʝ ʮʠʣʠʥʜʨʦʚ. ɺʳʙʝʨʝʤ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ-

ʙʳ ʛʣʘʚʥʘʷ ʦʩʴ ʮʠʣʠʥʜʨʘ ʩ ʥʘʠʙʦʣʴʰʠʤ ʜʠʘʤʝʪʨʦʤ D ʩʦʚʧʘʜʘʣʘ ʩ ʦʩʴʶ ʘʙʩʮʠʩʩ 

OX, ʘ ʛʣʘʚʥʘʷ ʦʩʴ ʮʠʣʠʥʜʨʘ ʩ ʤʝʥʴʰʠʤ ʜʠʘʤʝʪʨʦʤ d )( Dd¢  ï ʩ ʦʩʴʶ ʘʧʧʣʠʢʘʪ OZ 

(ʨʠʩʫʥʦʢ 4.9). ʊʦʛʜʘ ʩʦʚʦʢʫʧʥʦʩʪʴ ʢʨʠʚʳʭ, ʦʙʨʘʟʫʝʤʳʭ ʧʝʨʝʩʝʯʝʥʠʝʤ ʜʘʥʥʳʭ ʮʠ-

ʣʠʥʜʨʦʚ, ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ: 

 

ɺʳʯʠʪʘʷ ʠʟ 1-ʛʦ ʫʨʘʚʥʝʥʠʷ 2-ʝ, ʧʦʣʫʯʘʝʤ 

.2222 dDxz -=-  

ʀʩʢʦʤʘʷ ʪʨʘʝʢʪʦʨʠʷ ʣʝʞʠʪ ʥʘ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʤ ʮʠʣʠʥʜʨʝ (ʮʠʣʠʥʜʨʝ, 

ʥʘʧʨʘʚʣʷʶʱʝʡ ʢʦʪʦʨʦʛʦ ʩʣʫʞʠʪ ʛʠʧʝʨʙʦʣʘ). ɺ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ d = D (ʧʝʨʝʩʝʯʝʥʠʝ 

ʮʠʣʠʥʜʨʦʚ ʨʘʚʥʦʛʦ ʜʠʘʤʝʪʨʘ), ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʡ ʮʠʣʠʥʜʨ ʚʳʨʦʞʜʘʝʪʩʷ ʚ ʧʘʨʫ ʧʝ-

ʨʝʩʝʢʘʶʱʠʭʩʷ ʧʣʦʩʢʦʩʪʝʡ xz °= . 

ɺ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ ʚʠʜʝ ʤʝʥʴʰʠʡ ʮʠʣʠʥʜʨ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ:  

).sin,cos(),( jj=j ddzRd  

ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʫʛʣʦʚʦʛʦ ʧʘʨʘʤʝʪʨʘ ű ʪʦʯʢʘ ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ))(,( jjzRd ʙʫʜʝʪ 

ʜʚʠʛʘʪʴʩʷ ʧʦ ʣʠʥʠʠ ʧʝʨʝʩʝʯʝʥʠʷ ʮʠʣʠʥʜʨʦʚ, ʝʩʣʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʙʫʜʝʪ ʩʦʙʣʶʜʘʪʴ-

ʩʷ ʫʩʣʦʚʠʝ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʙʦʣʴʰʝʤʫ ʮʠʣʠʥʜʨʫ: 

 

ɺʳʙʠʨʘʷ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʚʝʪʚʴ ʢʦʨʥʷ (ʚʝʨʭʥʶʶ ʠʟ ʢʨʠʚʳʭ), ʧʦʣʫʯʘʝʤ ʧʘ-

ʨʘʤʝʪʨʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʚʝʨʭʥʝʡ ʪʨʘʝʢʪʦʨʠʠ 

  .                                    (4.20) 

ɺ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ, ʧʨʠ ʧʝʨʝʩʝʯʝʥʠʠ ʮʠʣʠʥʜʨʦʚ ʨʘʚʥʦʛʦ ʜʠʘʤʝʪʨʘ, ʢʨʠʚʘʷ 

(ʚʝʨʥʝʝ, ʝʝ ʩʝʛʤʝʥʪ) ʷʚʣʷʝʪʩʷ ʧʣʦʩʢʦʡ ʢʨʠʚʦʡ ï ʧʦʣʫʵʣʣʠʧʩʦʤ ʩ ʧʦʣʫʦʩʷʤʠ D 

(ʚʝʨʰʠʥʘ ʤʘʣʦʡ ʧʦʣʫʦʩʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʯʢʝ Cp) ʠ D2  (ʚʝʨʰʠʥʘ ʙʦʣʴʰʦʡ ʧʦʣʫ-

ʦʩʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʯʢʝ Ap), ʣʝʞʘʱʠʤ ʚ ʧʣʦʩʢʦʩʪʠ z=x. ʄʦʜʝʣʴ ʟʘʜʘʪʯʠʢʘ ʪʨʘʝʢ-

ʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʡ (4.2) ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.12. 
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ʈʠʩʫʥʦʢ 4.12- ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʟʘʜʘʪʯʠʢʘ ʪʨʘʝʢʪʦʨʠʠ 

ʇʦʜʦʙʥʦʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʩʚʘʨʦʯʥʳʭ ʦʧʝʨʘʮʠʡ, ʚʧrʦʣʥʷʝʤʳʭ ʩ ʧʦʤʦʱʴʶ 

ʨʦʙʦʪʦʚ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [95] ʜʘʥʦ ʦʧʠʩʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʙʨʘʟʦʚʘʥʥʳʝ ʧʝʨʝʩʝʯʝ-

ʥʠʝʤ ʜʚʫʭ ʮʠʣʠʥʜʨʦʚ (Maple). ʧʨʦʛʨʘʤʤʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʧʦʣʫʯʝ-

ʥʠʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʣʠʥʠʠ ʧʝʨʝʩʝʯʝʥʠʷ ʤʝʞʜʫ ʜʚʫʤʷ 

ʮʠʣʠʥʜʨʘʤʠ, ʘ ʟʘʪʝʤ ʠʩʩʣʝʜʦʚʘʪʴ ʨʝʰʝʥʠʝ ʛʨʘʬʠʯʝʩʢʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ. 

ʇʦʚʝʨʭʥʦʩʪʠ, ʦʙʨʘʟʫʝʤʳʝ ʧʨʠ ʨʝʟʢʝ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ 

ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 

4.13. ɼʘʥʥʫʶ ʪʨʘʝʢʪʦʨʠʶ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʙʠʪʴ ʥʘ ʙʦʣʝʝ ʧʨʦʩʪʳʝ ʛʝʦʤʝʪʨʠʯʝ-

ʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʘ ʠʤʝʥʥʦ: ʦʪʨʝʟʢʠ 1-2 ʠ 3-4 ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʫʛʠ ʦʢʨʫʞʥʦʩʪʠ 

ʨʘʜʠʫʩʘ R, ʘ ʦʪʨʝʟʢʠ 2-3 ʠ 4-1 ʤʦʛʫʪ ʙʳʪʴ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʳ ʦʪʨʝʟʢʘʤʠ ʜʚʫʭ ʧʘ-

ʨʘʣʣʝʣʴʥʳʭ ʧʨʷʤʳʭ.  

 

ʈʠʩʫʥʦʢ 4.13 - ʊʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʤʘʥʠʧʫʣʷʪʦʨʘ  
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ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʘʝʢʪʦʨʠʠ ï ʜʚʠʞʝʥʠʝ ʥʘʯʠʥʘʝʪʩʷ ʠʟ 

ʪʦʯʢʠ 1 ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʫʛʫ ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʘ R. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʜʘʥʥʦʡ 

ʯʘʩʪʠ ʤʦʜʝʣʠ ʟʘʜʘʪʯʠʢʘ, ʨʝʘʣʠʟʫʶʱʝʡ ʜʚʠʞʝʥʠʝ ʧʦ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʚʦʩ-

ʧʦʣʴʟʫʝʤʩʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʝʤ ʦʢʨʫʞʥʦʩʪʠ ʚʠʜʘ (4.19), ʥʦ ʚ ʧʣʦʩʢʦʩʪʠ 

ZOY, ʘ ʠʤʝʥʥʦ 

, 0Ò tÒ 2́,                                  (4.21) 

ʛʜʝ x0, z0 ï ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʦʢʨʫʞʥʦʩʪʠ; x, zï ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʦʢʨʫʞʥʦʩʪʠ; 

Rï ʨʘʜʠʫʩ ʦʢʨʫʞʥʦʩʪʠ. ʇʘʨʘʤʝʪʨʦʤ t ʟʘʜʘʝʪʩʷ ʜʣʠʥʘ ʜʫʛʠ ʦʢʨʫʞʥʦʩʪʠ ʚ ʨʘʜʠʘʥʘʭ.  

ɺ ʥʘʰʝʤ ʧʨʠʤʝʨʝ, ʫʩʣʦʚʥʦ ʟʘʜʘʜʠʤʩʷ ʩʣʝʜʫʶʱʠʤʠ ʭʘʨʘʢʪʝʨʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʦʩ-

ʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʦʢʨʫʞʥʦʩʪʠ: R = 400 ʤʤ; 

x0 = 400 ʤʤ; z0 = 200 ʤʤ; y = 800 ʤʤ; t= 0 õ 1,57 ʨʘʜ. ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʝ (4.21) ʙʫʜʝʪ 

ʠʤʝʪʴ ʚʠʜ  

,0Ò tÒ́/2.                              (4.22) 

ʄʦʜʝʣʴ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʚ ʩʨʝʜʝ Matlab ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʘʚʥʝʥʠʷʤʠ (4.22), 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.14.  

 

 

ʈʠʩʫʥʦʢ 4.14 - ʄʦʜʝʣʴ ʟʘʜʘʪʯʠʢʘ, ʨʝʘʣʠʟʫʶʱʘʷ ʜʚʠʞʝʥʠʝ ʧʦ ʜʫʛʝ ʦʢʨʫʞʥʦʩʪʠ 
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ʋʯʘʩʪʦʢ ʪʨʘʝʢʪʦʨʠʠ ʦʪ ʪʦʯʢʠ 2 ʜʦ ʪʦʯʢʠ 3 ʤʦʞʝʪ ʙʳʪʴ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥ ʦʪ-

ʨʝʟʢʦʤ ʧʨʷʤʦʡ. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʦʜʝʣʠ ʟʘʜʘʪʯʠʢʘ ʜʘʥʥʦʡ ʯʘʩʪʠ ʪʨʘʝʢʪʦʨʠʠ 

ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʢʘʥʦʥʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʝʤ ʧʨʷʤʦʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʧʨʦʭʦʜʷʱʝʡ ʯʝ-

ʨʝʟ 2 ʪʦʯʢʠ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ (x1, y1, z1) ʠ (x2, y2, z2): 

. 

ɿʘʜʘʜʠʤʩʷ ʢʦʦʨʜʠʥʘʪʘʤʠ ʢʦʥʝʯʥʳʭ ʪʦʯʝʢ ʫʯʘʩʪʢʘ 2-3 ʠ ʩʦʩʪʘʚʠʤ ʢʘʥʦʥʠʯʝ-

ʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʧʨʷʤʦʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. 
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ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ ʢʦʦʨʜʠʥʘʪʳ ʚʳʙʝʨʝʤ y, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʦʛʦ ʙʫʜʝʤ ʠʟ-

ʤʝʥʷʪʴ ʦʪ 0,8 ʜʦ 0,4. ɺʳʨʘʟʠʤ ʢʦʦʨʜʠʥʘʪʳ x ʠ z ʯʝʨʝʟ y, ʘ ʠʤʝʥʥʦ 

                        (4.23) 

ʄʦʜʝʣʴ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʚ ʩʨʝʜʝ Matlab ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʘʚʥʝʥʠʷʤʠ (4.23), 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.15. 

 

ʈʠʩʫʥʦʢ 4.15 - ʄʦʜʝʣʴ ʟʘʜʘʪʯʠʢʘ, ʨʝʘʣʠʟʫʶʱʘʷ ʜʚʠʞʝʥʠʝ ʧʦ ʫʯʘʩʪʢʫ 2-3 
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ʉʣʝʜʫʶʱʠʡ ʫʯʘʩʪʦʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʪʨʘʝʢʪʦʨʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʫʛʫ 

ʦʢʨʫʞʥʦʩʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʧʘʨʘʣʣʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʜʫʛʠ 1-2, ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

400 ʤʤ ʧʦ ʢʦʦʨʜʠʥʘʪʝ y. ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʝʤ ʦʢʨʫʞʥʦ-

ʩʪʠ (4.21), ʪʦʛʜʘ 

t = /́2 õ 0.                           (4.24) 

ʄʦʜʝʣʴ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʚ ʩʨʝʜʝ Matlab ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʫʨʘʚʥʝʥʠʷʤʠ (4.24), 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.16.  

 

ʈʠʩʫʥʦʢ 4.16 - ʄʦʜʝʣʴ ʟʘʜʘʪʯʠʢʘ, ʨʝʘʣʠʟʫʶʱʘʷ ʜʚʠʞʝʥʠʝ ʧʦ ʫʯʘʩʪʢʫ 3-4 

 

ʇʦʩʣʝʜʥʠʡ ʫʯʘʩʪʦʢ ʪʨʘʝʢʪʦʨʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʨʝʟʦʢ ʧʨʷʤʦʡ, ʦʛʨʘʥʠ-

ʯʝʥʥʳʡ ʪʦʯʢʘʤʠ 4 ʠ 1. ɺʳʧʦʣʥʠʤ ʘʥʘʣʦʛʠʯʥʳʝ ʜʝʡʩʪʚʠʷ ʜʣʷ ʜʘʥʥʦʛʦ ʫʯʘʩʪʢʘ, ʪ.ʝ. 

ʟʘʜʘʜʠʤʩʷ ʢʦʦʨʜʠʥʘʪʘʤʠ ʢʦʥʝʯʥʳʭ ʪʦʯʝʢ ʫʯʘʩʪʢʘ 4-1 ʠ ʩʦʩʪʘʚʠʤ ʢʘʥʦʥʠʯʝʩʢʦʝ 

ʫʨʘʚʥʝʥʠʝ ʧʨʷʤʦʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

                                               (4.25) 

. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ ʢʦʦʨʜʠʥʘʪʳ ʚʳʙʝʨʝʤ y, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʦʛʦ ʙʫʜʝʤ ʠʟ-

ʤʝʥʷʪʴ ʦʪ 0,4 ʜʦ 0,8. ɺʳʨʘʟʠʤ ʢʦʦʨʜʠʥʘʪʳ x ʠ z ʯʝʨʝʟ y, ʘ ʠʤʝʥʥʦ 
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                            (4.26) 

ʄʦʜʝʣʴ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʚ ʩʨʝʜʝ Matlab ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʫʨʘʚʥʝʥʠʷʤʠ (4.26), 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.12. 

ʇʦʣʥʘʷ ʤʦʜʝʣʴ ʟʘʜʘʪʯʠʢʘ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 

4.18. ʂʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʩ ʛʦʣʦʚʢʦʡ ʛʠʜʨʦʨʝʟʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʦʙʦʪʘ ʧʦ ʪʠʧʦʚʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.19. 

 

ʈʠʩʫʥʦʢ 4.17 - ʄʦʜʝʣʴ ʟʘʜʘʪʯʠʢʘ, ʨʝʘʣʠʟʫʶʱʘʷ ʜʚʠʞʝʥʠʝ ʧʦ ʫʯʘʩʪʢʫ 4-1 

 

ʈʠʩʫʥʦʢ 4.18 - ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʟʘʜʘʪʯʠʢʘ ʪʨʘʝʢʪʦʨʠʠ 
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4.4. ɺʳʚʦʜʳ 

1. ʄʘʥʠʧʫʣʷʪʦʨ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʦʙʦʪʘ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʜʚʝ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʝ ʩʠʩʪʝʤʳ ï ʥʝʩʫʱʘʷ ʠ ʠʩʧʦʣʥʠʪʝʣʴʥʘʷ. ʅʝʩʫʱʘʷ ʩʠʩʪʝʤʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʜʚʠʞʝʥʠʝ ʈʆ ʧʦ ʵʢʚʠʜʠʩʪʘʥʪʝ. ʀʩʧʦʣʥʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʦʨʠʝʥʪʘʮʠʶ ʛʦʣʦʚʢʠ ʛʠʜʨʦʨʝʟʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʘʥʠʷ 

(ʥʝʬʪʝʧʨʦʚʦʜ, ʥʝʬʪʝʭʨʘʥʠʣʠʱʝ).  

2. ʈʘʟʨʘʙʦʪʘʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʠ ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʦ-

ʙʦʪʘ ʥʘ ʦʩʥʦʚʝ ʨʝʰʝʥʠʷ ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯ ʢʠʥʝʤʘʪʠʢʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʜʚʠʞʝʥʠʷ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʪʨʘʝʢʪʦʨʠʷʤ ʚʳʨʝʟʘʝʤʳʭ ʧʨʦʬʠʣʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ 

ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʠ ʥʝʬʪʝʭʨʘʥʠʣʠʱ, ʠ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʢʠ ʢʦʦʨʜʠʥʘʪʥʳʭ ʧʨʠʚʦʜʦʚ.  

3. ɼʘʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʪʠʧʦʚʳʭ ʧʨʦʬʠʣʝʡ, ʚʳʨʝʟʘʝʤʳʭ ʥʘ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʠ ʥʝʬʪʝʭʨʘʥʠʣʠʱ: ʧʨʷʤʦʫʛʦʣʴʥʠʢ ʠ ʦʢʨʫʞʥʦʩʪʴ, ʨʘʩʧʦʣʦʞʝʥ-

ʥʳʝ ʥʘ ʧʣʦʩʢʦʩʪʠ ʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ; ʧʝʨʝʩʝʯʝʥʠʝ ʜʚʫʭ ʮʠʣʠʥʜʨʦʚ ʚ 

ʬʦʨʤʝ, ʫʜʦʙʥʦʡ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

4. ʈʘʟʨʘʙʦʪʘʥʳ ʢʦʤʧʴʶʪʝʨʥʳʝ ʤʦʜʝʣʠ ʟʘʜʘʪʯʠʢʦʚ ʪʨʘʝʢʪʦʨʠʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʜʠʥʘʤʠʢʠ ʊʈ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʪʠʧʦʚʳʤ ʚʳʜʝʣʝʥʥʳʤ ʬʨʘʛʤʝʥʪʘʤ ʪʨʘʝʢʪʦʨʠʠ 

ʨʝʟʘʥʠʷ ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʠ ʥʝʬʪʝʭʨʘʥʠʣʠʱ: ʧʨʷʤʘʷ ʣʠʥʠʷ, ʜʫʛʘ ʦʢʨʫʞʥʦʩʪʠ, ʦʢʨʫʞ-

ʥʦʩʪʴ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʧʣʦʩʢʦʩʪʠ ʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ; ʣʠʥʠʷ ʚ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ, ʦʙʨʘʟʦʚʘʥʥʘʷ ʧʝʨʝʩʝʯʝʥʠʝʤ ʜʚʫʭ ʮʠʣʠʥʜʨʦʚ.  
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ɻʣʘʚʘ 5. ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʊʈ 

ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʪʨʘʝʢʪʦʨʠʷʤ 

5.1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʚʠʞʝʥʠʡ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʪʨʘʝʢʪʦʨʠʷʤ 

ʈʘʩʩʤʦʪʨʠʤ ʜʚʠʞʝʥʠʝ ʈʆ (ʩʦʧʣʦ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ) ʧʦ ʪʨʝʤ ʪʠʧʦʚʳʤ 

ʚʳʜʝʣʝʥʥʳʤ ʚʳʰʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʪʨʘʝʢʪʦʨʠʷʤ (ʪʨʠ ʩʣʫʯʘʷ). 

ʉʣʫʯʘʡ 1. ɼʚʠʞʝʥʠʝ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʥʘ ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʇʝʨʚʘʷ ʭʘʨʘʢʪʝʨʥʘʷ ʪʨʘʝʢʪʦʨʠʷ ï ʜʚʠʞʝʥʠʝ ʧʦ ʦʢʨʫʞʥʦʩʪʠ (R = 600 ʤʤ), ʨʘʩ-

ʧʦʣʦʞʝʥʥʦʡ ʚ ʧʣʦʩʢʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ, ʚ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠ-

ʥʘʪ.  ɹʫʜʝʤ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʷ ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ q1, q2, q3, q4, ʠʭ ʩʢʦʨʦʩʪʠ, 

ʫʩʢʦʨʝʥʠʷ, ʦʰʠʙʢʠ, ʘ ʪʘʢʞʝ ʤʦʤʝʥʪʳ ʚ ʢʘʥʘʣʘʭ ʢʦʦʨʜʠʥʘʪʥʳʭ ʧʨʠʚʦʜʦʚ [5, 37, 38, 

39]. ʇʨʦʝʢʮʠʠ ʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʤʘʥʠʧʫʣʷ-

ʪʦʨʘ ʚ ʧʣʦʩʢʦʩʪʷʭ XOY, XOZ, YOZ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5.1. 

 

        ʘ)                                                       ʙ) 

 
ʚ) 

ʈʠʩʫʥʦʢ 5.1 - ʇʨʦʝʢʮʠʠ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʦʙʦʪʘ  
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ɻʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʫʛʣʦʚ ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʚ ʩʦʯʣʝʥʝʥʠʷʭ  ʚ ʧʨʦʮʝʩʩʝ 

ʜʚʠʞʝʥʠʷ ʧʦ ʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5.2. ʂʨʠʚʳʝ ʠʟʤʝʥʝʥʠʷ 

ʢʦʦʨʜʠʥʘʪ ʈʆ ʚʦ ʚʨʝʤʝʥʠ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 5.3. ʆʰʠʙʢʠ ʧʦʣʦʞʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʢʦʦʨʜʠʥʘʪʥʳʭ ʧʨʠʚʦʜʘʭ ʨʦʙʦʪʘ, 

ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 5.4-5.5. ʅʘʠʙʦʣʴʰʠʝ ʦʪʢʣʦʥʝʥʠʷ ʚʦʟʥʠʢʘʶʪ ʚ ʪʝʯʝʥʠʝ ʧʝʨʝ-

ʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʉɸʋ ʧʨʠʚʦʜʘ, ʯʪʦ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʠʩʫʥʦʢ 5.4. ɿʥʘʯʝ-

ʥʠʷ ʦʰʠʙʦʢ ʥʘʭʦʜʷʪʩʷ ʟʘ ʛʨʘʥʠʮʘʤʠ ʜʦʧʫʩʪʠʤʦʛʦ ʠʥʪʝʨʚʘʣʘ,  ʦʢʘʟʳʚʘʷ ʩʫʱʝʩʪʚʝʥ-

ʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʪʦʯʥʦʩʪʴ ʦʪʨʘʙʦʪʢʠ ʪʨʘʝʢʪʦʨʠʠ, ʧʦʵʪʦʤʫ ʨʝʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ (ʚʢʣʶʯʝʥʠʝ ʩʪʨʫʠ ʛʠʜʨʦʨʝʟʘ) ʜʦʣʞʥʘ ʙʳʪʴ ʦʪʣʦʞʝʥʘ ʜʦ ʦʢʦʥʯʘʥʠʷ 

ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʨʠʚʦʜʘʭ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʨʝ-

ʤʝʥʠ ʦʪʨʘʙʦʪʢʠ ʪʨʘʝʢʪʦʨʠʠ ʥʘ ʚʝʣʠʯʠʥʫ ȹx. ʀʟ ʛʨʘʬʠʢʘ 5.5 ʚʠʜʥʦ, ʯʪʦ ʧʦʩʣʝ ʟʘʚʝʨ-

ʰʝʥʠʷ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʰʠʙʢʠ ʧʨʠʚʦʜʦʚ ʤʘʥʠʧʫʣʷʪʦʨʘ ʥʘʭʦʜʷʪʩʷ ʚ ʜʦʧʫʩʪʠ-

ʤʳʭ ʧʨʝʜʝʣʘʭ ʠ ʥʝ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʦʪʨʘʙʦʪʢʫ ʪʨʘʝʢʪʦʨʠʠ.  

 

 
ʈʠʩʫʥʦʢ 5.2 - ʋʛʣʳ ʚ ʩʦʯʣʝʥʝʥʠʷʭ ʤʘʥʠʧʫʣʷʪʦʨʘ: 

ʛʨʘʬʠʢʠ 1, 2, 3, 4 - ʫʛʣʳ ʚ ʩʦʯʣʝʥʝʥʠʷʭ ʤʘʥʠʧʫʣʷʪʦʨʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ q1, q2, q3, q4 
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ʘ) 

 

 

ʙ) 

ʈʠʩʫʥʦʢ 5.3 - ʂʦʦʨʜʠʥʘʪʳ ʈʆ ʤʘʥʠʧʫʣʷʪʦʨʘ: 

1, 2, 3 ï ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ X, Y, Z ʈʆ ʨʦʙʦʪʘ ʚ ʧʨʦʮʝʩʩʝ 

ʜʚʠʞʝʥʠʷ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʪʨʘʝʢʪʦʨʠʠ 
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ʈʠʩʫʥʦʢ 5.4 - ʆʰʠʙʢʠ ʉɸʋ ʨʦʙʦʪʘ ʚ ʪʝʯʝʥʠʝ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ: 

ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʦʰʠʙʦʢ ʧʦʣʦʞʝʥʠʷ ʟʚʝʥʴʝʚ ʤʘʥʠʧʫʣʷʪʦʨʘ 1, 2, 3, 4 - ʧʨʠʚʦʜʦʚ 

ʧʝʨʚʦʛʦ, ʚʪʦʨʦʛʦ, ʪʨʝʪʴʝʛʦ ʠ ʯʝʪʚʝʨʪʦʛʦ ʟʚʝʥʴʝʚ ʨʦʙʦʪʘ 

 

 
ʈʠʩʫʥʦʢ 5.5 - ʆʰʠʙʢʠ ʧʦʣʦʞʝʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʠʚʦʜʦʚ ʤʘʥʠʧʫʣʷʪʦʨʘ  

ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʪʨʘʝʢʪʦʨʠʠ: 1, 2, 3, 4 - ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ 

ʦʰʠʙʦʢ ʧʦʣʦʞʝʥʠʷ ʧʨʠʚʦʜʘ ʧʝʨʚʦʛʦ, ʚʪʦʨʦʛʦ, ʪʨʝʪʴʝʛʦ ʠ ʯʝʪʚʝʨʪʦʛʦ ʟʚʝʥʘ ʨʦʙʦʪʘ 
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ʄʦʤʝʥʪʳ ʚ ʢʦʦʨʜʠʥʘʪʥʳʭ ʧʨʠʚʦʜʘʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʦʙʦʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 5.6. ʄʦʤʝʥʪʳ ʨʝʘʢʮʠʠ ʚ ʟʚʝʥʴʷʭ ʤʘʥʠʧʫʣʷʪʦʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ ʧʨʠʤʠʪʠ-

ʚʘ (ʩʦʯʣʝʥʝʥʠʷ) ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 5.7-5.10. 

 

ʈʠʩʫʥʦʢ 5.6 - ʄʦʤʝʥʪʳ ʚ ʧʨʠʚʦʜʘʭ ʤʘʥʠʧʫʣʷʪʦʨʘ:  

ʛʨʘʬʠʢʠ 1, 2, 3, 4 ï ʠʟʤʝʥʝʥʠʷ ʤʦʤʝʥʪʦʚ ʜʚʠʛʘʪʝʣʝʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʝʨʚʦʛʦ, ʚʪʦʨʦ-

ʛʦ, ʪʨʝʪʴʝʛʦ ʠ ʯʝʪʚʝʨʪʦʛʦ ʟʚʝʥʴʝʚ ʊʈ 

 

 

ʈʠʩʫʥʦʢ 5.7 - ʄʦʤʝʥʪʳ ʨʝʘʢʮʠʠ ʚ ʧʝʨʚʦʤ ʟʚʝʥʝ ʤʘʥʠʧʫʣʷʪʦʨʘ: 

ʛʨʘʬʠʢʠ 1, 2, 3 - ʤʦʤʝʥʪʳ ʨʝʘʢʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ X, Y, Z ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 
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ʈʠʩʫʥʦʢ 5.8 - ʄʦʤʝʥʪʳ ʨʝʘʢʮʠʠ ʚʦ ʚʪʦʨʦʤ ʟʚʝʥʝ ʤʘʥʠʧʫʣʷʪʦʨʘ: 

ʛʨʘʬʠʢʠ 1, 2, 3 - ʤʦʤʝʥʪʳ ʨʝʘʢʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ X, Y, Z ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

 

 
ʈʠʩʫʥʦʢ 5.9 - ʄʦʤʝʥʪʳ ʨʝʘʢʮʠʠ ʚ ʪʨʝʪʴʝʤ ʟʚʝʥʝ ʤʘʥʠʧʫʣʷʪʦʨʘ: 

ʛʨʘʬʠʢʠ 1, 2, 3 - ʤʦʤʝʥʪʳ ʨʝʘʢʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ X, Y, Z ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 
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ʈʠʩʫʥʦʢ 5.10 - ʄʦʤʝʥʪʳ ʨʝʘʢʮʠʠ ʚ ʯʝʪʚʝʨʪʦʤ ʟʚʝʥʝ ʤʘʥʠʧʫʣʷʪʦʨʘ: 

ʛʨʘʬʠʢʠ 1, 2, 3 - ʤʦʤʝʥʪʳ ʨʝʘʢʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ X, Y, Z ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

 

ɸʥʘʣʠʟ ʛʨʘʬʠʢʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʜʚʠʞʝʥʠʠ ʤʦʤʝʥʪʳ ʜʚʠʛʘʪʝʣʝʡ ʥʘʭʦʜʷʪ-

ʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʥʦʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ. ʈʝʘʢʮʠʠ ʚ ʧʨʦʝʢʮʠʠ ʥʘ ʜʝʢʘʨʪʦʚʳʝ ʢʦʦʨʜʠ-

ʥʘʪʳ ʪʘʢʞʝ ʥʝ ʧʨʝʚʳʰʘʶʪ ʥʦʤʠʥʘʣʴʥʳʭ ʜʣʷ ʜʚʠʛʘʪʝʣʝʡ ʟʥʘʯʝʥʠʡ. ʂʦʦʨʜʠʥʘʪʥʳʝ 

ʦʰʠʙʢʠ ʧʨʠʚʦʜʦʚ ʠ ʥʘʭʦʜʷʪʩʷ ʚ ʜʦʧʫʩʪʠʤʳʭ ʧʨʝʜʝʣʘʭ. 

ʉʣʫʯʘʡ 2. ɼʚʠʞʝʥʠʝ ʧʦ ʪʨʘʝʢʪʦʨʠʠ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʧʝʨʝʩʝʯʝʥʠʝʤ ʮʠʣʠʥ-

ʜʨʦʚ 

ʕʪʘ ʪʨʘʝʢʪʦʨʠʷ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʩʣʫʯʘʷ ʚʨʝʟʢʠ ʚ ʦʩʥʦʚʥʦʡ ʥʝʬʪʝʧʨʦʚʦʜ ʧʨʠ ʦʨ-

ʛʘʥʠʟʘʮʠʠ ʨʘʟʚʝʪʚʣʝʥʠʷ. ʈʘʩʩʤʦʪʨʠʤ ʜʚʠʞʝʥʠʝ ʈʆ ʜʣʷ ʩʣʫʯʘʷ: ʜʠʘʤʝʪʨ ʦʩʥʦʚʥʦʛʦ 

ʪʨʫʙʦʧʨʦʚʦʜʘ D = 0,8 ʤ; ʜʠʘʤʝʪʨ ʚʨʝʟʢʠ d = 0,6 ʤ. ʇʨʦʝʢʮʠʠ ʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ 

ʜʚʠʞʝʥʠʷ ʈʆ ʤʘʥʠʧʫʣʷʪʦʨʘ ʚ ʧʣʦʩʢʦʩʪʷʭ XOY, XOZ, YOZ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 

5.11. ʂʨʠʚʳʝ ʠʟʤʝʥʝʥʠʷ ʫʛʣʦʚ q ʚ ʩʦʯʣʝʥʝʥʠʷʭ ʛʠʜʨʦʨʝʟʘ (ʟʘʜʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ 

ʧʨʠʚʦʜʦʚ ʤʘʥʠʧʫʣʷʪʦʨʘ) ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʧʦ ʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘ ʨʠʩʫʥʢʝ 5.12. ɻʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʈʆ ʚʦ ʚʨʝʤʝʥʠ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʟʘ-

ʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5.13 [5, 38, 39, 51]. 
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ʘ) 

 

ʙ) 

 
ʚ) 

ʈʠʩʫʥʦʢ 5.11 - ʇʨʦʝʢʮʠʠ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʈʆ ʤʘʥʠʧʫʣʷʪʦʨʘ: ʧʨʦʝʢʮʠʠ ʪʨʘʝʢʪʦ-

ʨʠʠ ʜʚʠʞʝʥʠʷ ʈʆ ʤʘʥʠʧʫʣʷʪʦʨʘ ʚ ʧʣʦʩʢʦʩʪʷʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: ʘ) XOY; ʙ) XOZ; ʚ) 

YOZ. 
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ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʩʤʝʱʝʥʠʷ ʥʘ ʚʝʣʠʯʠʥʫ ȹx ʧʦ 

ʦʩʠ OY, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʦʰʠʙʦʢ ʚ ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ 

ʤʘʥʠʧʫʣʷʪʦʨʘ. ʊʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʩʣʫʯʘʝ, ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʦʪʢʣʦʥʝʥʠʝ ʩʦ-

ʩʪʘʚʣʷʶʱʠʭ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʅ. ʆʰʠʙʢʠ ʧʦʣʦʞʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʧʨʠ-

ʚʦʜʘʭ ʨʦʙʦʪʘ, ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 5.14-5.15. ʅʘʠʙʦʣʴʰʠʝ ʦʪʢʣʦʥʝʥʠʷ ʚʦʟʥʠʢʘ-

ʶʪ ʚ ʪʝʯʝʥʠʝ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʉɸʋ ʧʨʠʚʦʜʘ, ʯʪʦ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʠ-

ʩʫʥʦʢ 5.14. ʕʪʠ ʦʰʠʙʢʠ ʥʘʭʦʜʷʪʩʷ ʟʘ ʛʨʘʥʠʮʘʤʠ ʜʦʧʫʩʪʠʤʦʛʦ ʠʥʪʝʨʚʘʣʘ, ʦʢʘʟʳʚʘʷ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʪʦʯʥʦʩʪʴ ʦʪʨʘʙʦʪʢʠ ʪʨʘʝʢʪʦʨʠʠ, ʧʦʵʪʦʤʫ ʨʝʘʣʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ (ʚʢʣʶʯʝʥʠʝ ʩʪʨʫʠ ʛʠʜʨʦʨʝʟʘ) ʜʦʣʞʥʘ ʙʳʪʴ ʦʪʣʦʞʝʥʘ ʜʦ 

ʦʢʦʥʯʘʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ.  

 

 

 

ʈʠʩʫʥʦʢ 5.12 - ʋʛʣʳ ʚ ʩʦʯʣʝʥʝʥʠʷ ʤʘʥʠʧʫʣʷʪʦʨʘ: 

ʛʨʘʬʠʢʠ 1, 2, 3, 4 ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʟʤʝʥʝʥʠʝ ʫʛʣʦʚʳʭ ʟʥʘʯʝʥʠʡ ʢʦʦʨʜʠʥʘʪ q1, q2, q3, 

q4 ʩʦʯʣʝʥʝʥʠʡ ʤʘʥʠʧʫʣʷʪʦʨʘ 
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ʈʠʩʫʥʦʢ 5.13 - ʂʦʦʨʜʠʥʘʪʳ ʈʆ ʤʘʥʠʧʫʣʷʪʦʨʘ: 

ʛʨʘʬʠʢʠ 1, 2, 3 ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʟʤʝʥʝʥʠʝ ʢʦʦʨʜʠʥʘʪʳ X, Y, Z ʈʆ ʤʘʥʠʧʫʣʷʪʦʨʘ ʚ 

ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʪʨʘʝʢʪʦʨʠʠ 

 

 

ʈʠʩʫʥʦʢ 5.14 - ʆʰʠʙʢʠ ʉɸʋ ʨʦʙʦʪʘ ʚ ʪʝʯʝʥʠʝ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ: 

ʛʨʘʬʠʢʠ 1, 2, 3, 4 - ʠʟʤʝʥʝʥʠʷ ʦʰʠʙʦʢ ʧʨʠʚʦʜʦʚ ʟʚʝʥʴʝʚ ʤʘʥʠʧʫʣʷʪʦʨʘ ʩʦʦʪʚʝʪʩʪʚʝʥ-

ʥʦ ʧʝʨʚʦʛʦ ʚʪʦʨʦʛʦ, ʪʨʝʪʴʝʛʦ, ʯʝʪʚʝʨʪʦʛʦ ʟʚʝʥʴʝʚ ʨʦʙʦʪʘ 
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ʈʠʩʫʥʦʢ 5.15 - ʆʰʠʙʢʠ ʧʦʣʦʞʝʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʠʚʦʜʦʚ ʤʘʥʠʧʫʣʷʪʦʨʘ ʚ ʪʝʯʝ-

ʥʠʝ ʜʚʠʞʝʥʠʷ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʪʨʘʝʢʪʦʨʠʠ: ʛʨʘʬʠʢʠ 1, 2, 3, 4 ï ʠʟʤʝʥʝʥʠʷ ʦʰʠʙ-

ʢʠ ʧʦʣʦʞʝʥʠʷ ʧʨʠʚʦʜʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʝʨʚʦʛʦ, ʧʝʨʚʦʛʦ, ʪʨʝʪʴʝʛʦ ʠ ʯʝʪʚʝʨʪʦʛʦ ʟʚʝʥʘ 

ʤʘʥʠʧʫʣʷʪʦʨʘ 

 

ʄʦʤʝʥʪʳ ʚ ʧʨʠʚʦʜʘʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʦʙʦʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5.16. 

ʄʦʤʝʥʪʳ ʨʝʘʢʮʠʠ ʚ ʟʚʝʥʴʷʭ ʤʘʥʠʧʫʣʷʪʦʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ ʧʨʠʤʠʪʠʚʘ (ʩʦʯʣʝʥʝ-

ʥʠʷ) ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 5.17-5.20. ʉʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥ ʤʦʤʝʥʪʦʚ 

ʥʘʙʣʶʜʘʶʪʩʷ ʚʦ ʚʨʝʤʷ ʧʝʨʝʤʝʥʳ ʥʘʧʨʘʚʣʝʥʠʡ ʜʚʠʞʝʥʠʷ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ. ʅʘʠʙʦʣʴ-

ʰʠʝ ʚʩʧʣʝʩʢʠ ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʦʪʨʝʟʢʠ ʚʨʝʤʝʥʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʘʯʘʣʦʤ (ʧʝʨʝʭʦʜʥʳʝ 

ʧʨʦʮʝʩʩʳ ʚ ʧʨʠʚʦʜʘʭ) ʠ ʟʘʚʝʨʰʝʥʠʝʤ ʦʪʨʘʙʦʪʢʠ ʪʨʘʝʢʪʦʨʠʠ. 

ʄʦʤʝʥʪʳ ʜʚʠʛʘʪʝʣʝʡ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʝ ʠʭ ʥʦʤʠʥʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ. ɺ ʧʝʨʝʭʦʜʥʳʭ ʨʝʞʠʤʘʭ ʤʦʤʝʥʪʳ ʜʚʠʛʘʪʝʣʝʡ ʥʝ ʧʨʝʚʳʰʘʶʪ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ. 
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ʈʠʩʫʥʦʢ 5.16 - ʄʦʤʝʥʪʳ ʚ ʧʨʠʚʦʜʘʭ ʤʘʥʠʧʫʣʷʪʦʨʘ: 

ʛʨʘʬʠʢʠ 1, 2, 3, 4 ï ʠʟʤʝʥʝʥʠʷ ʤʦʤʝʥʪʘ ʜʚʠʛʘʪʝʣʷ ʧʝʨʚʦʛʦ, ʚʪʦʨʦʛʦ, ʪʨʝʪʴʝʛʦ ʠ ʯʝʪ-

ʚʝʨʪʦʛʦ ʟʚʝʥʘ ʤʘʥʠʧʫʣʷʪʦʨʘ 

 

 

ʈʠʩʫʥʦʢ 5.17 - ʄʦʤʝʥʪʳ ʨʝʘʢʮʠʠ ʚ ʧʝʨʚʦʤ ʟʚʝʥʝ ʤʘʥʠʧʫʣʷʪʦʨʘ: 

ʛʨʘʬʠʢʠ 1, 2, 3 ï ʤʦʤʝʥʪʳ ʨʝʘʢʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ X, Y, Z ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 
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ʈʠʩʫʥʦʢ 5.18 -  ʄʦʤʝʥʪʳ ʨʝʘʢʮʠʠ ʚʦ ʚʪʦʨʦʤ ʟʚʝʥʝ ʤʘʥʠʧʫʣʷʪʦʨʘ: 

ʛʨʘʬʠʢʠ 1, 2, 3 ï ʤʦʤʝʥʪʳ ʨʝʘʢʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ X, Y, Z ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

 

 
ʈʠʩʫʥʦʢ 5.19 - ʈʝʘʢʮʠʠ ʚ ʪʨʝʪʴʝʤ ʟʚʝʥʝ ʤʘʥʠʧʫʣʷʪʦʨʘ:  

ʛʨʘʬʠʢʠ 1, 2, 3 ï ʤʦʤʝʥʪʳ ʨʝʘʢʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ X, Y, Z ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 
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ʈʠʩʫʥʦʢ 5.20 - ʄʦʤʝʥʪʳ ʨʝʘʢʮʠʠ ʚ ʯʝʪʚʝʨʪʦʤ ʟʚʝʥʝ ʤʘʥʠʧʫʣʷʪʦʨʘ: 

ʛʨʘʬʠʢʠ 1, 2, 3 ï ʤʦʤʝʥʪ rʨʝʘʢʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ X, Y, Z ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

 

ʉʣʫʯʘʡ 3. ɼʚʠʞʝʥʠʝ ʧʦ ʧʨʷʤʦʫʛʦʣʴʥʦʤʫ ʧʨʦʬʠʣʶ 

ʇʨʦʝʢʮʠʠ ʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʈʆ ʤʘʥʠʧʫʣʷʪʦʨʘ ʚ ʧʣʦʩʢʦʩʪʷʭ XOY, 

XOZ, YOZ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5.21. 
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ʙ) 

 
ʚ) 

ʈʠʩʫʥʦʢ 5.21 - ʇʨʦʝʢʮʠʠ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʈʆ ʨʦʙʦʪʘ:  

ʘ) ʧʨʦʝʢʮʠʷ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʈʆ ʤʘʥʠʧʫʣʷʪʦʨʘ ʚ ʧʣʦʩʢʦʩʪʠ XOY; ʙ) ʧʨʦʝʢʮʠʷ 

ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʈʆ ʤʘʥʠʧʫʣʷʪʦʨʘ ʚ ʧʣʦʩʢʦʩʪʠ XOZ; ʚ) ʧʨʦʝʢʮʠʷ ʪʨʘʝʢʪʦʨʠʠ 

ʜʚʠʞʝʥʠʷ ʈʆ ʤʘʥʠʧʫʣʷʪʦʨʘ ʚ ʧʣʦʩʢʦʩʪʠ YOZ 

 

ɻʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʫʛʣʦʚ q ʚ ʩʦʯʣʝʥʝʥʠʷʭ ʊʈ (ʟʘʜʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʧʨʠʚʦ-

ʜʦʚ ʤʘʥʠʧʫʣʷʪʦʨʘ) ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʧʦ ʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥ-

ʢʝ 5.22. ɻʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʈʆ ʚʦ ʚʨʝʤʝʥʠ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʟʘʜʘʥʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5.23. ʆʰʠʙʢʠ ʧʦʣʦʞʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʧʨʠ-
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ʚʦʜʘʭ ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʨʦʙʦʪʘ, ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 5.24-5.25. 

ʅʘʠʙʦʣʴʰʠʝ ʦʪʢʣʦʥʝʥʠʷ ʚʦʟʥʠʢʘʶʪ ʚ ʪʝʯʝʥʠʝ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʉɸʋ ʧʨʠʚʦʜʘ, 

ʯʪʦ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʠʩʫʥʦʢ 5.24. ʀʟ ʛʨʘʬʠʢʘ 5.25 ʚʠʜʥʦ, ʯʪʦ ʧʦʩʣʝ ʟʘʚʝʨ-

ʰʝʥʠʷ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʰʠʙʢʠ ʧʨʠʚʦʜʦʚ ʤʘʥʠʧʫʣʷʪʦʨʘ ʥʘʭʦʜʷʪʩʷ ʚ ʜʦʧʫʩʪʠ-

ʤʳʭ ʧʨʝʜʝʣʘʭ ʠ ʥʝ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʦʪʨʘʙʦʪʢʫ ʪʨʘʝʢʪʦʨʠʠ.  

 

ʈʠʩʫʥʦʢ 5.22 - ʋʛʣʳ ʚ ʩʦʯʣʝʥʝʥʠʷ ʤʘʥʠʧʫʣʷʪʦʨʘ: 

ʛʨʘʬʠʢʠ 1, 2, 3, 4 ï ʠʟʤʝʥʝʥʠʝ ʫʛʣʦʚʳʭ ʟʥʘʯʝʥʠʡ ʢʦʦʨʜʠʥʘʪ q1, q2, q3, q4 ʚ ʧʝʨʚʦʤ, 

ʚʪʦʨʦʤ, ʪʨʝʪʴʝʤ ʠ ʯʝʪʚʝʨʪʦʤ ʩʦʯʣʝʥʝʥʠʷʭ ʤʘʥʠʧʫʣʷʪʦʨʘ 

 

ʈʠʩʫʥʦʢ 5.23 - ʂʦʦʨʜʠʥʘʪʳ ʈʆ ʤʘʥʠʧʫʣʷʪʦʨʘ: 

ʛʨʘʬʠʢʠ 1, 2, 3 ï ʠʟʤʝʥʝʥʠʷ ʢʦʦʨʜʠʥʘʪ X, Y, Z ʈʆ ʤʘʥʠʧʫʣʷʪʦʨʘ ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ 

ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʪʨʘʝʢʪʦʨʠʠ 
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ʈʠʩʫʥʦʢ 5.24 - ʆʰʠʙʢʠ ʧʨʠʚʦʜʦʚ ʤʘʥʠʧʫʣʷʪʦʨʘ ʚ ʪʝʯʝʥʠʝ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ: 

ʛʨʘʬʠʢʠ 1, 2, 3, 4 ï ʠʟʤʝʥʝʥʠʷ ʦʰʠʙʦʢ ʧʦʣʦʞʝʥʠʷ ʧʨʠʚʦʜʦʚ ʧʝʨʚʦʛʦ, ʚʪʦʨʦʛʦ, ʪʨʝʪʴ-

ʝʛʦ ʠ ʯʝʪʚʝʨʪʦʛʦ ʟʚʝʥʘ ʤʘʥʠʧʫʣʷʪʦʨʘ 

 
ʈʠʩʫʥʦʢ 5.25 - ʆʰʠʙʢʠ ʧʦʣʦʞʝʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʠʚʦʜʦʚ ʤʘʥʠʧʫʣʷʪʦʨʘ ʚ ʧʨʦ-

ʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʪʨʘʝʢʪʦʨʠʠ: ʛʨʘʬʠʢʠ 1, 2, 3, 4 ï ʠʟʤʝʥʝʥʠʷ ʦʰʠ-

ʙʦʢ ʧʦʣʦʞʝʥʠʷ ʧʝʨʚʦʛʦ, ʚʪʦʨʦʛʦ, ʪʨʝʪʴʝʛʦ ʠ ʯʝʪʚʝʨʪʦʛʦ ʟʚʝʥʘ 

 

ʄʦʤʝʥʪʳ ʚ ʧʨʠʚʦʜʘʭ ʟʚʝʥʴʝʚ ʤʘʥʠʧʫʣʷʪʦʨʘ ʊʈ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5.26. 

ʄʦʤʝʥʪʳ ʨʝʘʢʮʠʠ ʚ ʟʚʝʥʴʷʭ ʤʘʥʠʧʫʣʷʪʦʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ ʧʨʠʤʠʪʠʚʘ (ʩʦʯʣʝʥʝ-

ʥʠʷ) ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 5.27-5.30. ʅʘ ʛʨʘʬʠʢʘʭ ʚʠʜʥʳ ʩʫʱʝʩʪʚʝʥʥʳʝ ʚʩʧʣʝʩʢʠ 
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ʤʦʤʝʥʪʦʚ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʧʦ ʦʩʷʤ ʢʦʦʨʜʠʥʘʪ. ʄʘʢʩʠʤʘʣʴʥʳʝ 

ʠ ʫʩʪʘʥʦʚʠʚʰʠʝʩʷ ʟʥʘʯʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʶʪ ʧʘʩʧʦʨʪʥʳʝ ʜʘʥʥʳʝ ʜʚʠʛʘʪʝʣʝʡ ʧʦ ʵʪʠʤ 

ʧʘʨʘʤʝʪʨʘʤ. 

 

ʈʠʩʫʥʦʢ 5.26 - ʄʦʤʝʥʪʳ ʚ ʧʨʠʚʦʜʘʭ ʤʘʥʠʧʫʣʷʪʦʨʘ: 

ʛʨʘʬʠʢʠ 1, 2, 3, 4 - ʠʟʤʝʥʝʥʠʝ ʤʦʤʝʥʪʘ ʜʚʠʛʘʪʝʣʷ ʧʝʨʚʦʛʦ, ʚʪʦʨʦʛʦ, ʪʨʝʪʴʝʛʦ ʠ ʯʝʪ-

ʚʝʨʪʦʛʦ ʟʚʝʥʘ 

 

ʈʠʩʫʥʦʢ 5.27 - ʄʦʤʝʥʪʳ ʨʝʘʢʮʠʠ ʚ ʧʝʨʚʦʤ ʟʚʝʥʝ ʤʘʥʠʧʫʣʷʪʦʨʘ: 

ʛʨʘʬʠʢʠ 1, 2, 3 - ʤʦʤʝʥʪʳ ʨʝʘʢʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ X, Y, Z ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 
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ʈʠʩʫʥʦʢ 5.28 - ʄʦʤʝʥʪʳ ʨʝʘʢʮʠʠ ʚʦ ʚʪʦʨʦʤ ʟʚʝʥʝ ʤʘʥʠʧʫʣʷʪʦʨʘ: 

ʛʨʘʬʠʢʠ 1, 2, 3 - ʤʦʤʝʥʪʳ ʨʝʘʢʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ X, Y, Z ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

 

ʈʠʩʫʥʦʢ 5.29 - ʄʦʤʝʥʪʳ ʨʝʘʢʮʠʠ ʚ ʪʨʝʪʴʝʤ ʟʚʝʥʝ ʤʘʥʠʧʫʣʷʪʦʨʘ: 

ʛʨʘʬʠʢʠ 1, 2, 3 - ʤʦʤʝʥʪʳ ʨʝʘʢʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ X, Y, Z ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

 

ʈʠʩʫʥʦʢ 5.30 - ʄʦʤʝʥʪʳ ʨʝʘʢʮʠʠ ʚ ʯʝʪʚʝʨʪʦʤ ʟʚʝʥʝ ʤʘʥʠʧʫʣʷʪʦʨʘ: 

ʛʨʘʬʠʢʠ 1, 2, 3 - ʤʦʤʝʥʪʳ ʨʝʘʢʮʠʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ X, Y, Z 

1 2 6 73 4 5

0

1

2

3

-20

-10

10

20

30

0 t, ʩ

Noxq2, Noyq2, Nozq2, ʅʤ

x 102

1 2 6 73 4 5

-3

1

2

3

-5

-4

-2

-1

0

0

3

1

2

t, ʩ

Noxq3, Noyq3, Nozq3, ʅʤ

x 102

1 2 6 73 4 5

0

1

2

3

-10

-5

5

10

15

0 t, ʩ

Noxq4, Noyq4, Nozq4, ʅʤ

x 102



 

120 

 

5.2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʤʝʞʢʦʦʨʜʠʥʘʪʥʦʡ ʢʦʨʨʝʢʮʠʠ ʪʨʘʝʢʪʦʨʠʠ       

ʜʚʠʞʝʥʠʷ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ 

ɺ ʛʣʘʚʝ 3 ʨʘʩʩʤʦʪʨʝʥ ʤʝʪʦʜ ʤʝʞʢʦʦʨʜʠʥʘʪʥʦʡ ʢʦʨʨʝʢʮʠʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʤʥʦʛʦʢʦʦʨʜʠʥʘʪʥʦʡ ʉɸʋ ʚ ʚʠʜʝ ʚʣʦʞʝʥʥʳʭ ʢʦʥʪʫʨʦʚ (ʨʠʩʫʥʦʢ 3.13). 

ʇʨʦʚʝʜʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʘʜʘʧʪʘʮʠʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤʫ ʚ ʨʘʙʦʪʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʨʦʙʦʪʫ.  ɸʣʛʦʨʠʪʤʳ (3.24) ʦʩʥʦʚʘʥʳ 

ʥʘ ʚʚʝʜʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ æg ʚ ʬʫʥʢʮʠʠ ʥʝʨʘʩʯʝʪʥʦʛʦ 

ʚʦʟʤʫʱʝʥʠʷ çʧʨʝʜʳʜʫʱʝʡè ʢʦʦʨʜʠʥʘʪʳ. ʆʮʝʥʠʤ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝ-

ʘʣʠʟʘʮʠʠ ʤʝʞʢʦʦʨʜʠʥʘʪʥʦʡ ʢʦʨʨʝʢʮʠʠ. ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʝ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʠʚʦʜʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʫʛʣʦʚʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ 

ʦʙʦʙʱʝʥʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ q2, q3, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʥʪʫʨʘʤ 2, 3. ʇʨʠʯʝʤ ʧʨʠ ʠʭ ʧʝ-

ʨʝʢʨʝʩʪʥʦʡ ʢʦʨʨʝʢʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʠʥʘʤʠʢʘ ʠ ʪʦʯʥʦʩʪʴ ʨʘʙʦʪʳ ʤʘʥʠʧʫʣʷʪʦʨʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʦʙʦʪʘ ʚ ʮʝʣʦʤ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʟʘʜʘʚʘʣʦʩʴ ʧʦʩʪʦʷʥʥʦʝ ʚʦʟ-

ʤʫʱʝʥʠʝ ʚ ʚʠʜʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʜʣʷ ʚʳʭʦʜʥʦʡ ʢʦʦʨʜʠʥʘʪʳ ʚʪʦʨʦʛʦ 

ʟʚʝʥʘ, ʯʪʦ ʚ ʧʨʠʚʝʜʝʥʠʝ ʢ ʧʘʨʘʤʝʪʨʫ h ʩʦʩʪʘʚʣʷʣʦ 5 ʤʤ. ʕʪʦ ʩʤʝʱʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘ-

ʝʪʩʷ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʥʝʨʘʩʯʝʪʥʦʝ ʚʦʟʤʫʱʝʥʠʝ ʜʣʷ ʚʪʦʨʦʡ ȹf2 ʢʦʦʨʜʠʥʘʪʳ. ʉ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ʧʨʠʚʦʜʘ ʧʦ ʚʦʟʤʫʱʝʥʠʶ ʄ2(ʨ) ʵʪʘ ʩʦʩʪʘʚʣʷʶʱʘʷ ŭȹf2 ʚʳʜʝʣʷ-

ʝʪʩʷ ʚʦ ʚʪʦʨʦʤ ʢʦʥʪʫʨʝ. ɼʘʣʝʝ ʯʝʨʝʟ ʢʦʥʪʫʨ ʘʜʘʧʪʘʮʠʠ ʂ23(ʨ) ʚʚʦʜʠʪʩʷ ʚ ʪʨʝʪʠʡ ʢʦʥ-

ʪʫʨ, ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ȹg3. ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʝʡ ʢʦʥʪʫʨʦʚ ʧʦ ʚʦʟʤʫ-

ʱʝʥʠʶ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʪʘʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʦʰʠʙʢʠ ʧʦ ʤʦʤʝʥʪʫ. ʈʘʩʩʤʦʪʨʠʤ ʨʘʙʦʪʫ ʢʦʥʪʫʨʘ ʘʜʘʧʪʘʮʠʠ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʪʨʝʤ 

ʚʳʜʝʣʝʥʥʳʤ ʪʠʧʦʚʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʪʨʘʝʢʪʦʨʠʷʤ (ʪʨʠ ʩʣʫʯʘʷ) [5, 33, 34, 37, 38, 

39, 51]. 

ʉʣʫʯʘʡ 1. ɼʚʠʞʝʥʠʝ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʥʘ ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʊʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʈʆ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʪʨʘʝʢʪʦʨʠʠ (ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫ-

ʩʦʤ 0,6 ʤ) ʚ ʧʨʦʝʢʮʠʠ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ XOY ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 5.31, 

ʛʜʝ ʮʠʬʨʘʤʠ ʦʙʦʟʥʘʯʝʥʳ: 1 ï ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʈʆ ʤʘʥʠʧʫʣʷʪʦʨʘ ʙʝʟ ʜʠʥʘʤʠʯʝ-
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ʩʢʦʡ ʢʦʨʨʝʢʮʠʠ; 2 ï ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʜʘʧʪʘʮʠʠ. ɻʨʘʬʠʢʠ ʠʟʤʝ-

ʥʝʥʠʷ ʚʳʭʦʜʥʦʡ ʫʛʣʦʚʦʡ ʢʦʦʨʜʠʥʘʪʳ ʧʨʠʚʦʜʘ ʚ ʪʨʝʪʴʝʤ ʩʦʯʣʝʥʝʥʠʠ ʤʘʥʠʧʫʣʷʪʦʨʘ 

ʙʝʟ ʢʦʨʨʝʢʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 5.32-5.33. ʀʟʤʝʥʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʈʆ ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 5.32, ʛʜʝ ʮʠʬʨʘʤʠ ʦʙʦʟʥʘʯʝʥʦ: 1 ï 

ʛʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʢʦʦʨʜʠʥʘʪʳ ʈʆ; 2 ï ʛʨʘʬʠʢ ʟʘʜʘʥʠʷ ʢʦʦʨʜʠʥʘʪʳ ʈʆ; 3 ï ʢʦʦʨʜʠ-

ʥʘʪʥʘʷ ʦʰʠʙʢʘ.   

 
ʈʠʩʫʥʦʢ 5.31 - ʇʨʦʝʢʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʈʆ ʚ ʧʣʦʩʢʦ-
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ʙ) 

 
ʚ) 

ʈʠʩʫʥʦʢ 5.32 - ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʦʙʱʝʥʥʦʡ ʢʦʦʨʜʠʥʘʪʳ q3 ʙʝʟ ʢʦʨʨʝʢʮʠʠ 

ʘ) ʛʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʢʦʦʨʜʠʥʘʪʳ X ʠ ʢʦʦʨʜʠʥʘʪʥʦʡ ʦʰʠʙʢʠ ʈʆ ʤʘʥʠʧʫʣʷʪʦʨʘ; 

ʙ) ʛʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʢʦʦʨʜʠʥʘʪʳ Y ʠ ʢʦʦʨʜʠʥʘʪʥʦʡ ʦʰʠʙʢʠ ʈʆ ʤʘʥʠʧʫʣʷʪʦʨʘ; 

ʚ) ʛʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʢʦʦʨʜʠʥʘʪʳ Z ʠ ʢʦʦʨʜʠʥʘʪʥʦʡ ʦʰʠʙʢʠ ʈʆ ʤʘʥʠʧʫʣʷʪʦʨʘ 
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ʈʠʩʫʥʦʢ 5.33 - ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʦʙʱʝʥʥʦʡ ʢʦʦʨʜʠʥʘʪʳ q3 ʙʝʟ ʢʦʨʨʝʢʮʠʠ: 

ʛʨʘʬʠʢʠ 1, 2, 3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ï ʠʟʤʝʥʝʥʠʷ ʟʘʜʘʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ; ʠʟʤʝʥʝʥʠʷ ʚʳ-

ʭʦʜʥʦʡ ʢʦʦʨʜʠʥʘʪʳ ʉɸʋ ʧʨʠ ʜʚʠʞʝʥʠʠ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʙʝʟ ʢʦʥʪʫʨʘ ʘʜʘʧ-

ʪʘʮʠʠ; ʪʨʘʝʢʪʦʨʥʘʷ ʦʰʠʙʢʘ 

 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩʫʥʢʦʚ 5.31-5.33, ʪʨʘʝʢʪʦʨʥʳʝ ʦʰʠʙʢʠ ʜʦʩʪʠʛʘʶʪ ʥʝʜʦʧʫ-

ʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ï ʜʦ 2,5 ʤʤ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʦʙʱʝʥʥʦʡ ʢʦʦʨʜʠʥʘʪʳ q3 ʧʨʠ ʚʚʝ-

ʜʝʥʠʠ ʢʦʥʪʫʨʘ ʘʜʘʧʪʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5.34, ʘ ʥʘ ʨʠʩʫʥʢʝ 5.35 ʧʨʠʚʝʜʝʥ 

ʛʨʘʬʠʢ ʦʰʠʙʢʠ ʚ ʫʚʝʣʠʯʝʥʥʦʤ ʤʘʩʰʪʘʙʝ.  

 

ʈʠʩʫʥʦʢ 5.34 - ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʦʙʱʝʥʥʦʡ ʢʦʦʨʜʠʥʘʪʳ q3 ʙʝʟ ʢʦʨʨʝʢʮʠʠ ʚ ʨʝʞʠʤʝ 

ʜʚʠʞʝʥʠʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ: ʛʨʘʬʠʢʠ 1, 2, 3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ï ʠʟʤʝʥʝʥʠʷ ʟʘ-

ʜʘʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ; ʠʟʤʝʥʝʥʠʷ ʚʳʭʦʜʥʦʡ ʢʦʦʨʜʠʥʘʪʳ ʉɸʋ ʧʨʠ ʜʚʠʞʝʥʠʠ ʩ ʧʦ-

ʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʩ ʢʦʥʪʫʨʦʤ ʘʜʘʧʪʘʮʠʠ; ʪʨʘʝʢʪʦʨʥʘʷ ʦʰʠʙʢʘ 
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ʈʠʩʫʥʦʢ 5.35 - ʊʨʘʝʢʪʦʨʥʘʷ ʦʰʠʙʢʘ ʧʦʩʣʝ ʢʦʨʨʝʢʮʠʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚʚʝʜʝʥʠʝ ʢʦʥʪʫʨʘ ʘʜʘʧʪʘʮʠʠ ʧʘ-

ʨʠʨʫʝʪ ʦʰʠʙʢʫ ʜʦ ʟʥʘʯʝʥʠʷ 0,008 ʨʘʜ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʉɸʋ ʚʪʦʨʦʡ ʢʦʦʨʜʠʥʘʪʳ ʠ 

ʢʦʥʪʫʨʘ ʧʝʨʝʢʨʝʩʪʥʦʡ ʢʦʨʨʝʢʪʠʨʫʶʱʝʡ ʩʚʷʟʠ ʚ ʚʠʜʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʫʧʨʘʚʣʝʥʠʷ ȹg3 ʜʣʷ ʧʨʠʚʦʜʘ ʪʨʝʪʴʝʡ ʢʦʦʨʜʠʥʘʪʳ ʧʨʠʚʦʜʝ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 

5.36. 

 

ʈʠʩʫʥʦʢ 5.36. - ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʚʦʜʘ ʚʪʦʨʦʡ ʢʦʦʨʜʠʥʘʪʳ ʠ ʧʝʨʝʢʨʝʩʪʥʦʡ 

ʢʦʤʧʝʥʩʠʨʫʶʱʝʡ ʩʚʷʟʠ: ʛʨʘʬʠʢʠ 1, 2, 3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ï ʠʟʤʝʥʝʥʠʷ ʦʰʠʙʢʠ ʢʦʥʪʫʨʘ 

ʫʧʨʘʚʣʝʥʠʷ ŭ2 ʚʪʦʨʦʛʦ ʩʦʯʣʝʥʝʥʠʠ; ʤʦʤʝʥʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʰʠʙʢʠ ʚʪʦʨʦʛʦ ʢʦʥ-

ʪʫʨʘ ŭȹf2; ʠʟʤʝʥʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʫʧʨʘʚʣʝʥʠʷ ȹg3 ʚ ʪʨʝʪʴʝʤ ʢʦʥ-
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ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʠʤʝ-

ʥʝʥʠʷ ʚ ʢʘʥʘʣʝ ʘʜʘʧʪʘʮʠʠ ʙʣʦʢʘ ʩ ʧʝʨʝʤʝʥʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʝʨʝʜʘʯʠ, ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʦʪ ʨʘʜʠʫʩʘ ʚʳʨʝʟʘʝʤʦʡ ʦʢʨʫʞʥʦʩʪʠ. ɺʦʧʨʦʩ ʩʠʥʪʝʟʘ ʜʠʥʘʤʠ-

ʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʥʪʫʨʘ ʘʜʘʧʪʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʟʘʜʘʯʫ ʠ ʚ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ. 

ʉʣʫʯʘʡ 2. ɼʚʠʞʝʥʠʝ ʧʦ ʪʨʘʝʢʪʦʨʠʠ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʧʝʨʝʩʝʯʝʥʠʝʤ ʜʚʫʭ ʮʠ-

ʣʠʥʜʨʦʚ 

ʇʨʦʚʝʜʝʤ ʘʥʘʣʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʚʦʜʦʚ ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨ-

ʜʠʥʘʪ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʪʨʘʝʢʪʦʨʠʠ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʧʝʨʝʩʝʯʝʥʠʝʤ 

ʜʚʫʭ ʮʠʣʠʥʜʨʦʚ ʙʝʟ ʢʦʥʪʫʨʘ ʠ ʩ ʢʦʥʪʫʨʦʤ ʘʜʘʧʪʘʮʠʠ. ʇʨʦʝʢʮʠʠ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝ-

ʥʠʷ ʈʆ (R = 1,6 ʤ, r = 1,2 ʤ) ʚ ʢʦʦʨʜʠʥʘʪʥʳʭ ʧʣʦʩʢʦʩʪʷʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 

5.37, ʛʜʝ ʦʙʦʟʥʘʯʝʥʦ: 1 ï ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʈʆ ʤʘʥʠʧʫʣʷʪʦʨʘ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʜʠ-

ʥʘʤʠʯʝʩʢʦʡ ʢʦʨʨʝʢʮʠʠ; 2 ï ʩ ʘʜʘʧʪʘʮʠʝʡ [45, 54]. ɺʚʝʜʝʥʠʝ ʢʦʥʪʫʨʘ ʘʜʘʧʪʘʮʠʠ ʧʦ-

ʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʈʆ ʧʦ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʚ ʩʣʫʯʘʝ ʠʟʤʝʥʝʥʠʷ ʢʦʤ-

ʧʣʝʢʩʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ H (ʨʠʩʫʥʦʢ 5.38). ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ ʚ ʢʘʥʘʣʝ ʘʜʘʧʪʘʮʠʠ ʚ ʬʫʥʢʮʠʠ ʨʘʜʠʫʩʦʚ ʩʦʧʨʷʛʘʝʤʳʭ ʮʠ-

ʣʠʥʜʨʦʚ [5, 38, 51].  
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ʚ) 

ʈʠʩʫʥʦʢ 5.37 - ʇʨʦʝʢʮʠʠ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʈʆ ʤʘʥʠʧʫʣʷʪʦʨʘ: 

ʘ) ʚ ʧʣʦʩʢʦʩʪʠ XOY; ʙ) ʚ ʧʣʦʩʢʦʩʪʠ XOZ; ʚ) ʚ ʧʣʦʩʢʦʩʪʠ YOZ 

 

ʈʠʩʫʥʦʢ 5.38 - ʊʨʘʝʢʪʦʨʥʘʷ ʦʰʠʙʢʘ ʈʆ ʧʦʩʣʝ ʢʦʨʨʝʢʮʠʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʧʨʠ ʚʚʝʜʝʥʠʠ ʢʦʥʪʫʨʘ ʘʜʘʧʪʘʮʠʠ: ʛʨʘʬʠʢʠ 1, 2, 3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ï ʠʟʤʝʥʝʥʠʷ ʟʘʜʘ-

ʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ; ʠʟʤʝʥʝʥʠʷ ʚʳʭʦʜʥʦʡ ʢʦʦʨʜʠʥʘʪʳ ʧʨʠ ʜʚʠʞʝʥʠʠ ʩ ʧʦʩʪʦʷʥʥʦʡ 

ʩʢʦʨʦʩʪʴʶ ʩ ʢʦʥʪʫʨʦʤ ʘʜʘʧʪʘʮʠʠ; ʪʨʘʝʢʪʦʨʥʘʷ ʦʰʠʙʢʘ. 

 

ʉʣʫʯʘʡ 3. ɼʚʠʞʝʥʠʝ ʧʦ ʧʨʷʤʦʫʛʦʣʴʥʦʤʫ ʧʨʦʬʠʣʶ 

ʇʨʦʚʝʜʝʤ ʘʥʘʣʠʟ ʵʬʬʝʢʪʘ ʚʚʝʜʝʥʠʷ ʢʦʥʪʫʨʘ ʘʜʘʧʪʘʮʠʠ ʤʝʞʢʦʦʨʜʠʥʘʪʥʦʡ ʢʦʨ-

ʨʝʢʮʠʠ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʪʨʘʝʢʪʦʨʠʠ ʚʠʜʘ ʧʨʷʤʦʫʛʦʣʴʥʠʢ. ʇʨʦʝʢ-

ʮʠʷ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʈʆ ʤʘʥʠʧʫʣʷʪʦʨʘ ʚ ʢʦʦʨʜʠʥʘʪʥʳʭ ʧʣʦʩʢʦʩʪʷʭ ʧʨʝʜʩʪʘʚʣʝ-

ʥʘ ʥʘ ʨʠʩʫʥʢʝ 5.39, ʛʜʝ ʦʙʦʟʥʘʯʝʥʦ: 1 ï ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʈʆ ʤʘʥʠʧʫʣʷʪʦʨʘ ʙʝʟ 
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ʧʨʠʤʝʥʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʢʦʨʨʝʢʮʠʠ; 2 ï ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʘʷ ʩ ʧʨʠ-

ʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʘʜʘʧʪʘʮʠʠ.  

 
ʘ) 

 

ʙ) 

 

 
ʚ) 

ʈʠʩʫʥʦʢ 5.39 - ʇʨʦʝʢʮʠʠ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʈʆ ʨʦʙʦʪʘ:  

ʘ) ʚ ʧʣʦʩʢʦʩʪʠ XOY; ʙ) ʚ ʧʣʦʩʢʦʩʪʠ XOZ; ʚ) ʚ ʧʣʦʩʢʦʩʪʠ YOZ 
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ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʝʞʠʤʘʭ ʜʚʠʞʝʥʠʷ, ʘʥʘʣʦʛʠʯʥʳʝ ʢʘʢ ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʚ ʧʣʦʩʢʦʩʪʠ ʠ ʧʝʨʝʩʝʯʝʥʠʠ ʜʚʫʭ ʮʠʣʠʥʜʨʦʚ. ʀʪʦʛʦʚʳʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʝ ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʧʨʠ ʚʚʝʜʝʥʠʠ ʘʜʘʧʪʠʚʥʦʛʦ 

ʢʦʥʪʫʨʘ ʤʝʞʢʦʦʨʜʠʥʘʪʥʦʡ ʢʦʨʨʝʢʮʠʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5.40. ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ 

ʦʰʠʙʢʠ ʚ ʫʚʝʣʠʯʝʥʥʦʤ ʤʘʩʰʪʘʙʝ ʜʘʥ ʥʘ ʨʠʩʫʥʢʝ 5.41. 

 

ʈʠʩʫʥʦʢ 5.40 - ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʨʝʞʠʤʝ ʜʚʠʞʝʥʠʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ: ʛʨʘʬʠ-

ʢʠ 1, 2, 3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ï ʠʟʤʝʥʝʥʠʷ ʟʘʜʘʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ; ʠʟʤʝʥʝʥʠʷ ʚʳʭʦʜʥʦʡ 

ʢʦʦʨʜʠʥʘʪʳ ʉɸʋ ʧʨʠ ʜʚʠʞʝʥʠʠ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʩ ʢʦʥʪʫʨʦʤ ʘʜʘʧʪʘʮʠʠ; ʪʨʘ-

ʝʢʪʦʨʥʘʷ ʦʰʠʙʢʘ 

 

 

ʈʠʩʫʥʦʢ 5.41 - ʊʨʘʝʢʪʦʨʥʘʷ ʦʰʠʙʢʘ ʧʨʠ ʚʚʝʜʝʥʠʠ ʢʦʨʨʝʢʮʠʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡ-
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