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ɸʅʆʊɸʎɯʗ 

ɿʫʨôʷʥ ʆ.ɺ. ʄʝʪʦʜʠ ʽ ʟʘʩʦʙʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ 

ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ  ʪʘ ʝʥʝʨʛʽʾ ʜʦʚʢʽʣʣʷ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ 

ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ.  

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.14.08 ï çʇʝʨʝʪʚʦʨʶʚʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʚʠʜʽʚ ʝʥʝʨʛʽʾè. 

ɯʥʩʪʠʪʫʪ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ. ʂʠʾʚ, 2024.  

ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʚʠʨʽʰʝʥʦ ʘʢʪʫʘʣʴʥʫ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʫ 

ʧʨʦʙʣʝʤʫ ʨʦʟʨʦʙʣʝʥʥʷ ʽ ʫʜʦʩʢʦʥʘʣʝʥʥʷ  ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʪʘ ʟʘʩʦʙʽʚ 

ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʪʘ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʩʠʩʪʝʤʠ: 

çʧʨʠʨʦʜʥʻ ʩʝʨʝʜʦʚʠʱʝ - ʢʦʣʝʢʪʦʨ - ʪʝʧʣʦʚʠʡ ʥʘʩʦʩè ʽ ʩʠʩʪʝʤ 

ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ʥʘ ʾʭ ʦʩʥʦʚʽ, ʚ ʷʢʠʭ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʽ ʧʨʦʮʝʩʠ 

ʨʽʟʥʦʾ ʬʽʟʠʯʥʦʾ ʧʨʠʨʦʜʠ ʫ ʨʝʟʫʣʴʪʘʪʽ ʚʠʧʘʜʢʦʚʦʛʦ ʭʘʨʘʢʪʝʨʫ ʧʦʛʦʜʥʦ-

ʢʣʽʤʘʪʠʯʥʦʛʦ ʯʠʥʥʠʢʫ, ʛʝʦʣʦʛʽʯʥʠʭ, ʛʽʜʨʦʣʦʛʽʯʥʠʭ, ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ ʪʘ 

ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʫʤʦʚ ʤʽʩʮʷ ʾʭ ʨʦʟʪʘʰʫʚʘʥʥʷ.  

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ 

ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʢʦʨʠʩʥʫ ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ 

ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʝʥʝʨʛʽʾ ʜʦʚʢʽʣʣʷ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʩʠʩʪʝʤʘʭ ʦʧʘʣʝʥʥʷ ʪʘ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ, 

ʦʙʫʤʦʚʣʝʥʠʭ ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ ʽ ʥʝʧʦʩʪʽʡʥʽʩʪʶ ʩʪʨʫʢʪʫʨʠ ʽ ʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʝʨʝʜʦʚʠʱʘ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ ʨʦʙʦʪʽ ʨʦʟʚôʷʟʫʶʪʴʩʷ ʟʘʜʘʯʽ, 

ʦʩʥʦʚʥʽ ʟ ʷʢʠʭ ʥʘʩʪʫʧʥʽ: 

- ʚʠʟʥʘʯʠʪʠ ʚʠʤʦʛʠ ʜʦ ʥʘʧʨʷʤʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤ 

ʚʠʜʦʙʫʚʘʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ 

ʝʥʝʨʛʽʾ ʜʦʚʢʽʣʣʷ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʬʘʢʪʦʨʽʚ ʪʘ ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴ ʝʥʝʨʛʝʪʠʯʥʫ ʡ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʽ 

ʩʠʩʪʝʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʝʥʝʨʛʽʾ ʜʦʚʢʽʣʣʷ ʚ ʪʝʧʣʦʚʫ 

ʢʦʨʠʩʥʫ ʝʥʝʨʛʽʶ; 



 3 

- ʚʠʟʥʘʯʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜ ʯʘʩ 

ʚʟʘʻʤʦʜʽʾ ʧʨʠʨʦʜʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʚʝʨʭʥʽʭ ʰʘʨʽʚ ɿʝʤʣʽ, ʧʦʚʝʨʭʥʝʚʠʭ ʪʘ 

ˇʨʫʥʪʦʚʠʭ ʚʦʜ, ʚʦʜʠ ʧʝʨʰʦʛʦ ʚʽʜ ʧʦʚʝʨʭʥʽ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ) ʟ 

ʘʢʪʠʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʢʦʣʝʢʪʦʨʽʚ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʪʝʧʣʦʚʦʾ ʛʝʦʪʝʨʤʘʣʴʥʦʾ 

ʝʥʝʨʛʽʾ ʪʘ ʝʥʝʨʛʽʾ ʜʦʚʢʽʣʣʷ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʩʠʩʪʝʤʽ çʧʨʠʨʦʜʥʻ ʩʝʨʝʜʦʚʠʱʝ  - ʪʝʧʣʦʦʙʤʽʥʥʠʢ (ʢʦʣʝʢʪʦʨ)è ʽ 

ʽʩʥʫʶʯʠʭ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʱʦ ʦʧʠʩʫʶʪʴ ʮʽ ʧʨʦʮʝʩʠ; 

- ʩʪʚʦʨʠʪʠ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʡ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʚ ʩʠʩʪʝʤʘʭ çʧʨʠʨʦʜʥʻ ʩʝʨʝʜʦʚʠʱʝ ï ʢʦʣʝʢʪʦʨ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ 

ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʝʥʝʨʛʽʾ ʜʦʚʢʽʣʣʷè; 

- ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʛʝʦʣʦʛʽʯʥʠʭ, ʛʽʜʨʦʣʦʛʽʯʥʠʭ 

ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ, ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʫʤʦʚ ʤʽʩʮʷ ʾʭ ʨʦʟʪʘʰʫʚʘʥʥʷ ʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʪʘ ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʭ  ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ; 

- ʨʦʟʨʦʙʠʪʠ ʪʘ ʘʧʨʦʙʫʚʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʝʧʣʦʥʘʩʦʩʥʽ ʩʠʩʪʝʤʠ: 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʪʝʧʣʦʥʘʩʦʩʥʫ ʩʠʩʪʝʤʫ ʚʽʜʙʦʨʫ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ  

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʟ ʚʦʜʠ ʚʽʜʢʨʠʪʦʾ ʚʦʜʦʡʤʠ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʟʘʤʢʥʫʪʦʛʦ 

ʢʦʣʝʢʪʦʨʘ, ʟʘʥʫʨʝʥʦʛʦ ʫ ʚʦʜʦʡʤʫ;  ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʪʝʧʣʦʥʘʩʦʩʥʫ ʩʠʩʪʝʤʫ 

ʚʽʜʙʦʨʫ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʟ ˇʨʫʥʪʫ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ  

ʟʘʤʢʥʫʪʦʛʦ ʤʦʜʫʣʴʥʦʛʦ ˇʨʫʥʪʦʚʦʛʦ ʢʦʣʝʢʪʦʨʘ,  ʨʦʟʤʽʱʝʥʦʛʦ ʚʝʨʪʠʢʘʣʴʥʦ ʫ 

ʩʚʝʨʜʣʦʚʠʥʘʭ; ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʪʝʧʣʦʥʘʩʦʩʥʫ ʩʠʩʪʝʤʫ ʚʽʜʙʦʨʫ 

ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʟ ʚʦʜʠ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʘʨʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʧʦʻʜʥʘʥʠʭ ʩʚʝʨʜʣʦʚʠʥ, ʷʢʠʤʠ ʨʦʟʢʨʠʪʦ 

ʚʦʜʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ, ʙʫʬʝʨʥʦʛʦ ʥʘʢʦʧʠʯʫʚʘʯʘ ʪʝʧʣʦʥʦʩʽʷ, ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ 

ʪʘ ʬʘʥʢʦʡʣʽʚ;  

- ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʚ 

ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ  ʚʠʤʽʨʶʚʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʩʧʝʮʽʘʣʴʥʝ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʢʦʥʪʨʦʣʶ, ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʘ ʘʨʭʽʚʘʮʽʾ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ 

ʪʝʧʣʦʚʠʭ ʪʘ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʧʨʠʨʦʜʥʴʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʪʘ ʢʦʣʝʢʪʦʨʽ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ;  
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- ʚʠʢʦʥʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʧʝʨʝʚʽʨʢʫ ʦʪʨʠʤʘʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʫʩʪʘʥʦʚʢʘʭ; 

- ʥʘ ʦʩʥʦʚʽ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʚʠʟʥʘʯʠʪʠ ʤʦʞʣʠʚʦʩʪʽ ʧʽʜʚʠʱʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʫ ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ ˇʨʫʥʪʫ, ʚʦʜʠ ʪʘ ʧʦʚʽʪʨʷ; 

- ʨʦʟʨʦʙʠʪʠ ʥʦʚʽ  ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʘ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʝʥʝʨʛʽʾ 

ʜʦʚʢʽʣʣʷ; 

- ʚʠʢʦʥʘʪʠ ʘʥʘʣʽʪʠʢʦ-ʧʦʨʽʚʥʷʣʴʥʫ  ʦʮʽʥʢʫ ʽʥʚʝʩʪʠʮʽʡʥʦʾ ʧʨʠʚʘʙʣʠʚʦʩʪʽ 

ʩʠʩʪʝʤ ʪʝʧʣʦʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʧʨʘʮʶʶʪʴ ʟʘ ʨʘʭʫʥʦʢ  ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʝʥʝʨʛʽʾ ʜʦʚʢʽʣʣʷ ʚ ʢʦʥʢʨʝʪʥʠʭ ʟʦʥʘʭ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɺ ʨʦʙʦʪʽ ʦʪʨʠʤʘʥʽ ʥʦʚʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ, ʦʩʥʦʚʥʽ ʟ ʷʢʠʭ ʥʘʩʪʫʧʥʽ. 

ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʠʭ ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʥʘ ʦʩʥʦʚʽ 

ʪʝʧʣʦ-ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʟʥʘʯʝʥʥʷ 

ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʛʨʘʜʽʻʥʪʘ ʜʣʷ ʨʦʟʢʨʠʪʦʛʦ ʩʚʝʨʜʣʦʚʠʥʦʶ ʨʦʟʨʽʟʫ ʚ ʫʤʦʚʘʭ 

ʧʦʨʫʰʝʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʧʦʣʷ, ʨʝʛʽʦʥʘʣʴʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ  

ʬʦʨʤʫʚʘʥʥʷ ʷʢʦʛʦ ʟʤʽʥʝʥʽ ʧʽʜ ʚʧʣʠʚʦʤ ʣʦʢʘʣʴʥʠʭ ʬʘʢʪʦʨʽʚ ʝʢʟʦʛʝʥʥʦʛʦ ʪʘ 

ʝʥʜʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʟʘʙʝʟʧʝʯʠʪʠ ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʤʦʜʝʣʴʦʚʘʥʠʭ ʪʘ ʬʘʢʪʠʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʜʝʙʽʪʫ ʩʚʝʨʜʣʦʚʠʥʠ, ʷʢʦʶ 

ʨʦʟʢʨʠʪʦ ʚʦʜʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ  ʷʢ ʾʾ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ, 

ʪʘʢ ʽ ʪʝʭʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʢʦʥʪʫʨʫ ʚʠʧʘʨʥʠʢʘ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʽ ʜʦʟʚʦʣʷʻ 

ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʩʠʩʪʝʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʦʪʝʨʤʘʣʴʥʦʾ 

ʝʥʝʨʛʽʾ ʪʘ ʝʥʝʨʛʽʾ ʜʦʚʢʽʣʣʷ ʚ ʢʦʨʠʩʥʫ ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ. 

ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʪʝʧʣʦʚʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʚʦʾ 

ʝʥʝʨʛʽʾ, ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʚ ʢʦʥʪʫʨʽ ʚʠʧʘʨʥʠʢʘ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ 

ʧʽʜʚʠʱʠʪʠ ʩʪʽʡʢʽʩʪʴ   ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʘʙʦ ʩʠʩʪʝʤʠ, ʱʦ 

ʧʨʘʮʶʻ ʟʘ ʨʘʭʫʥʦʢ ʝʥʝʨʛʽʾ ʜʦʚʢʽʣʣʷ ʰʣʷʭʦʤ ʚʨʘʭʫʚʘʥʥʷ ʟʤʽʥʠ ʦʙôʻʤʫ 

ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʜʝʙʽʪʫ ʩʚʝʨʜʣʦʚʠʥʠ. 
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 ʅʘʙʫʣʠ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ:  

- ʧʨʠʥʮʠʧʠ ʢʦʤʙʽʥʫʚʘʥʥʷ ʚ ʩʠʩʪʝʤʘʭ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʫ ʛʝʦʪʝʨʤʘʣʴʥʫ ʝʥʝʨʛʽʶ ʪʘ ʝʥʝʨʛʽʶ ʜʦʚʢʽʣʣʷ 

ʟ ʘʢʫʤʫʣʷʪʦʨʦʤ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʧʦʜʽʣʫ ʝʥʝʨʛʽʾ ʤʽʞ 

ʨʽʟʥʠʤʠ ʘʛʨʝʛʘʪʘʤʠ ʟʘ ʢʨʠʪʝʨʽʻʤ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʠʪʨʘʪ ʝʣʝʢʪʨʠʯʥʦʾ 

ʝʥʝʨʛʽʾ ʥʘ ʦʨʛʘʥʽʟʘʮʽʶ ʾʭ ʨʦʙʦʪʠ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʟʘʙʝʟʧʝʯʠʪʠ ʝʢʦʥʦʤʽʯʥʫ 

ʨʝʥʪʘʙʝʣʴʥʽʩʪʴ ʩʠʩʪʝʤʠ, ʱʦ ʧʨʘʮʶʻ ʚ ʫʤʦʚʘʭ ʦʙʫʤʦʚʣʝʥʠʭ  ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ ʽ 

ʥʝʧʦʩʪʽʡʥʽʩʪʶ ʩʪʨʫʢʪʫʨʠ ʽ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʝʨʝʜʦʚʠʱʘ; 

- ʩʧʝʮʠʬʽʢʘ ʨʦʟʨʘʭʫʥʢʫ ʛʣʠʙʠʥʠ ʧʦʰʠʨʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʭʚʠʣʽ ʧʨʠ 

ʧʦʙʫʜʦʚʽ  ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʨʦʙʠʪʠ 

ʧʨʦʛʥʦʟ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʛʣʠʙʠʥʠ ʟʘʥʫʨʝʥʥʷ 

ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʫ ˇʨʫʥʪ; 

- ʢʦʥʮʝʧʮʽʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʜʝʚʽʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʠʭʦʜʽ ʟ 

ʩʚʝʨʜʣʦʚʠʥʠ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʦʙʫʤʦʚʣʝʥʦʾ ʦʩʦʙʣʠʚʽʩʪʶ 

ʛʽʜʨʦʛʝʦʪʝʨʤʽʯʥʦʛʦ ʨʝʞʠʤʫ ʟʦʚʥʽʰʥʴʦʾ ʦʙʦʣʦʥʢʠ ɿʝʤʣʽ, ʱʦ ʜʦʟʚʦʣʠʣʦ 

ʟʘʙʝʟʧʝʯʠʪʠ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʦʜʝʣʴʦʚʘʥʠʭ ʪʘ ʬʘʢʪʠʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʋʜʦʩʢʦʥʘʣʝʥʦ: 

- ʩʠʩʪʝʤʫ ʤʦʥʽʪʦʨʠʥʛʫ ʧʨʠʨʦʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤ ʚʠʜʦʙʫʪʢʫ 

ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʝʥʝʨʛʽʾ ʜʦʚʢʽʣʣʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʦʞʣʠʚʦʩʪʽ ʾʾ 

ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ ʽ ʛʥʫʯʢʦʩʪʽ; 

- ʤʝʪʦʜ ʝʢʦʥʦʤʽʢʦ-ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʦʮʽʥʢʠ ʝʢʦʥʦʤʽʯʥʦʾ 

ʧʨʠʚʘʙʣʠʚʦʩʪʽ ʪʝʭʥʦʣʦʛʽʡ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ  ʥʘ ʦʩʥʦʚʽ ʚʠʟʥʘʯʝʥʥʷ ʮʽʥʠ 

ʚʠʨʦʙʥʠʮʪʚʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʝʥʝʨʛʦʫʩʪʘʥʦʚʢʠ,  ʨʦʟʨʘʭʫʥʢʫ 

ʥʦʨʤʦʚʘʥʦʾ ʮʽʥʠ ʚʠʨʦʙʥʠʮʪʚʘ ʝʥʝʨʛʦʧʨʦʜʫʢʪʽʚ ʪʘ ʧʦʢʘʟʥʠʢʽʚ ʢʘʧʽʪʘʣʴʥʠʭ 

ʚʠʪʨʘʪ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʜʦʚʝʜʝʥʥʽ 

ʦʪʨʠʤʘʥʠʭ ʥʘʫʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦ ʢʦʥʢʨʝʪʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ, 

ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʫ ʚʞʝ ʜʽʶʯʠʭ ʘʙʦ ʥʦʚʠʭ  ʝʥʝʨʛʦʦʱʘʜʥʠʭ ʪʘ 

ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ  ʩʠʩʪʝʤʘʭ ʪʝʧʣʦʟʘʙʝʟʧʝʯʝʥʥʷ. 
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1. ʈʦʟʨʦʙʣʝʥʦ ʥʦʚʽ ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ ʫ ʛʘʣʫʟʽ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʢʠ 

ʪʘ ʝʥʝʨʛʝʪʠʢʠ ʜʦʚʢʽʣʣʷ (ʜʝʩʷʪʴ ʧʘʪʝʥʪʽʚ ʥʘ ʢʦʨʠʩʥʽ ʤʦʜʝʣʽ), ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽ ʩʠʩʪʝʤʠ ʪʘ ʧʨʠʩʪʨʦʾ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ ʜʦʚʢʽʣʣʷ, ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʩʫʧʫʪʥʽʭ 

ʨʝʯʦʚʠʥ ʥʘ ʢʦʨʠʩʥʫ ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ.  

2. ʆʙˇʨʫʥʪʦʚʘʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʫʣʴʥʠʭ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ ʷʢ ʜʣʷ ʚʽʜʢʨʠʪʠʭ, ʪʘʢ ʽ ʜʣʷ ʟʘʢʨʠʪʠʭ ʪʠʧʽʚ ʢʦʣʝʢʪʦʨʽʚ. 

3. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʩʪʘʥʽ ʤʽʞ ʩʚʝʨʜʣʦʚʠʥʘʤʠ ʪʘ 

ʦʧʪʠʤʘʣʴʥʦʾ ʛʣʠʙʠʥʠ ʾʭ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʤʝʨʝʞʽ 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʭ ʮʠʨʢʫʣʷʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʚʨʘʭʦʚʫʻ ʬʘʢʪʦʨʠ ʚʧʣʠʚʫ ʥʘ 

ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʽ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʚʩʢʨʠʪʦʛʦ ʩʚʝʨʜʣʦʚʠʥʦʶ 

ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ, ʨʝʛʽʦʥʘʣʴʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ  ʬʦʨʤʫʚʘʥʥʷ ʷʢʦʛʦ 

ʟʤʽʥʝʥʽ ʧʽʜ ʚʧʣʠʚʦʤ ʣʦʢʘʣʴʥʠʭ ʬʘʢʪʦʨʽʚ ʝʢʟʦʛʝʥʥʦʛʦ ʪʘ ʝʥʜʦʛʝʥʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ. 

4. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʝʙʽʪʫ  

ʩʚʝʨʜʣʦʚʠʥʠ ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ, 

ʷʢʘ ʚʨʘʭʦʚʫʻ ʧʝʨʝʥʦʩ ʪʝʧʣʦʪʠ ʟ ʚʦʜʦʶ ʷʢ ʧʦ ʚʝʨʪʠʢʘʣʽ, ʪʘʢ ʽ ʧʦ ʣʘʪʝʨʘʣʽ ʚ 

ʧʽʜʟʝʤʥʠʭ ʧʨʦʥʠʢʥʠʭ ʰʘʨʘʭ ʪʘ ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʚ ʨʘʡʦʥʽ ʾʭ 

ʨʦʟʪʘʰʫʚʘʥʥʷ. 

5.    ʈʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʙʫʬʝʨʥʦʛʦ 

ʥʘʢʦʧʠʯʫʚʘʯʘ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʛʘʨʘʥʪʦʚʘʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʧʣʦʚʦʶ ʝʥʝʨʛʽʻʶ 

ʩʧʦʞʠʚʘʯʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʥʘʜʭʦʜʞʝʥʥʷ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚʦʜʠ ʟ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ, ʨʦʟʢʨʠʪʦʛʦ ʩʚʝʨʜʣʦʚʠʥʘʤʠ. 

6. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ, ʚ ʷʢʠʭ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ  ʩʧʝʮʽʘʣʴʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʢʦʥʪʨʦʣʶ, 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʘ ʘʨʭʽʚʘʮʽʾ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʪʝʧʣʦʚʠʭ ʪʘ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, 

ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʢʦʣʝʢʪʦʨʽ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ. 
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7. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʚʠʜʦʙʫʪʢʫ ʩʫʧʫʪʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʟ 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʚʦʜʠ ʪʘ ʢʣʘʩʪʝʨʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʛʘʟʦʛʽʜʨʘʪʽʚ ʚ ʤʦʜʫʣʴʥʠʭ 

ʪʝʨʤʦʢʦʥʪʝʡʥʝʨʘʭ ʜʣʷ ʡʦʛʦ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʟʙʝʨʽʛʘʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʚʧʨʦʚʘʜʞʝʥʦ ʚ ɼɻʇ çʋʢʨʛʝʦʬʽʟʠʢʘè, ɺʇ ʋʢʨɻʈɯ 

ɼʝʨʞʘʚʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ çʋʢʨʘʾʥʩʴʢʘ ʛʝʦʣʦʛʽʯʥʘ ʢʦʤʧʘʥʽʷè, ʊʆɺ 

çʋʢʨʘʾʥʩʴʢʠʡ ʽʥʩʪʠʪʫʪ  ʽʥʥʦʚʘʮʽʡ ʪʘ ʝʢʦʥʦʤʽʢʠ ʧʨʠʨʦʜʥʠʭ  ʨʝʩʫʨʩʽʚè, 

ɯʥʩʪʠʪʫʪʽ ʝʚʦʣʶʮʽʡʥʦʾ ʝʢʦʣʦʛʽʾ ʅɸʅ ʋʢʨʘʾʥʠ, ɯʥʩʪʠʪʫʪʽ ʧʨʦʙʣʝʤ ʙʝʟʧʝʢʠ 

ɸɽʉ ʅɸʅ ʋʢʨʘʾʥʠ,  ɺɻʆ çɻʝʦʩʧʘʜʱʠʥʘ ʅʦʦʩʬʝʨʘè,  ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʘʢʪʘʤʠ ʚʧʨʦʚʘʜʞʝʥʥʷ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè  ʥʘ ʢʘʬʝʜʨʽ 

ɺʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ ʬʘʭʽʚʮʽʚ ʟʘ ʦʩʚʽʪʥʴʦ-

ʧʨʦʬʝʩʽʡʥʦʶ ʪʘ ʦʩʚʽʪʥʴʦ-ʥʘʫʢʦʚʦʶ ʧʨʦʛʨʘʤʘʤʠ çʅʝʪʨʘʜʠʮʽʡʥʽ ʪʘ 

ʚʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾè. 

 ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ, ʚʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ, ʪʝʧʣʦʚʠʡ 

ʧʦʪʽʢ, ʪʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ, ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ, ʪʝʧʣʦʦʙʤʽʥʥʠʢ, ʢʦʣʝʢʪʦʨ ʪʝʧʣʦʚʦʾ 

ʝʥʝʨʛʽʾ. 

 

ABSTRACT 

Zurian O.V. Methods and means of using low-potential geothermal energy 

and environmental energy. ï The Manuscript. 

Thesis for the Doctorôs degree of Engineering Sciences in specialʽty  05.14.08 

ï Transformation of renewable energy. ï Institute of renewable energy of the 

National Academy of Sciences of Ukraine, Kyiv, 2024. 

The Doctoral thesis solves the urgent scientific and applied problem of 

developing and improving methods of analysis and means of improving the energy 

and technical and economic performance of the system: ñnatural environment - 

collector - heat pumpò and energy supply systems based on them, in which 

interconnected processes of different physical nature occur as a result of the 
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random nature of the weather and climate factor, geological, hydrological, 

geomorphological and anthropogenic conditions of their location. 

The aim of the research is to develop new and improve existing methods and 

means of converting low-potential geothermal energy and environmental energy 

into useful thermal energy for their efficient use in heating and air conditioning 

systems, taking into account the peculiarities caused by the heterogeneity and 

variability of the structure and physical properties of the environment. 

To achieve this goal, the work solves the following tasks, the main of which 

are as follows: 

- to determine the requirements for the areas of research and construction of 

systems for the extraction and use of low-potential geothermal and environmental 

energy based on the analysis of factors and existing approaches that determine the 

energy and technical and economic efficiency of processes and systems for 

converting geothermal and environmental energy into thermal useful energy; 

- to determine the features of physical processes occurring during the 

interaction of the natural environment (upper layers of the Earth, surface and 

groundwater, water of the first aquifer from the surface) with active elements of 

collectors of low-potential thermal geothermal energy and environmental energy 

based on the analysis of thermal and physical processes occurring in the system 

ñnatural environment - heat exchanger (collector)ò and existing physical and 

mathematical models describing these processes; 

- to create physical and mathematical models and methods for analyzing heat 

engineering processes in the system ñnatural environment - collector of low-

potential geothermal energy and environmental energyò; 

- to develop and test experimental heat pump systems: experimental heat 

pump system for the extraction of low-potential heat energy from the water of an 

open reservoir using a closed collector immersed in a reservoir; experimental heat 

pump system for the extraction of low-potential heat energy from the soil using a 

closed modular soil collector placed vertically in wells; experimental heat pump 
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system for the extraction of low-potential heat energy from the water of an aquifer, 

consisting of  

- to develop a methodology for conducting experimental studies that use 

measuring equipment and special software to monitor, visualize and archive the 

obtained data of thermal and dynamic processes occurring in the natural 

environment and the low-potential heat energy collector;  

- to perform an experimental verification of the obtained theoretical results on 

experimental installations; 

- based on a comparative analysis, identify opportunities to improve the 

energy efficiency of heat pump systems that use low-potential thermal energy of 

soil, water and air; 

- develop new technical solutions to improve the reliability and energy 

efficiency of geothermal and environmental energy use; 

- to perform an analytical and comparative assessment of the investment 

attractiveness of heat supply systems operating through the conversion of 

geothermal and environmental energy in specific areas of their planned and 

ongoing operation. 

New scientific results were obtained in the work, the main of which are the 

following: 

For the first time, a method for determining the technological parameters of 

low-potential geothermal energy production systems based on a thermal-

hydrodynamic mathematical model that takes into account the value of the 

geothermal gradient for the section opened by the well in the conditions of a 

disturbed natural geothermal field, the regional patterns of formation of which are 

changed under the influence of local factors of exogenous and endogenous origin, 

which ensures the correspondence of modeled and actual results. 

For the first time, a method for determining the flow rate of a well that has 

opened an aquifer has been developed, which takes into account both its 

hydrogeological parameters and the technical parameters of the heat pump 
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evaporator circuit and allows to increase the efficiency and reliability of systems 

for converting geothermal and environmental energy into useful thermal energy. 

For the first time, a method of thermal calculation of the thermal energy 

accumulator installed in the evaporator circuit of a heat pump has been developed, 

which allows to increase the stability of a geothermal heat pump system or a 

system operating on environmental energy by taking into account changes in the 

volume of the thermal energy accumulator depending on the well flow rate. 

 Acquired further development: 

- principles of combining in power supply systems using low-potential 

geothermal energy and environmental energy with a thermal energy storage, taking 

into account the distribution of energy between different units according to the 

criterion of the minimum value of electricity consumption for the organization of 

their work, which made it possible to ensure the economic profitability of the 

system operating in conditions caused by the heterogeneity and variability of the 

structure and physical properties of the environment; 

- specifics of calculating the depth of temperature wave propagation in the 

construction of geothermal heat pump systems, which allowed us to make a 

forecast of system efficiency depending on the depth of immersion of the 

geothermal heat exchanger in the ground; 

- the concept of substantiating the deviation of the coolant temperature at the 

outlet of the geothermal heat pump system by the peculiarity of the 

hydrogeothermal regime of the Earth's outer shell, which allowed to ensure the 

correspondence between the modeled and actual results. 

Improved: 

- a system for monitoring the natural parameters of renewable geothermal and 

environmental energy production systems, taking into account the possibility of its 

scalability and flexibility; 

- economic and mathematical modeling method for assessing the economic 

attractiveness of heat supply technologies based on determining the production 
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price taking into account the life cycle of the power plant, calculating the 

normalized price of energy production and indicators for determining capital costs. 

The practical significance of the obtained work results is to bring the obtained 

scientific results to specific methods and technical solutions that can be used in 

existing or new energy-saving and environmentally friendly heat supply systems. 

The practical significance of the work is to bring the scientific results to 

specific methods and technical solutions that can be used in existing or new 

energy-saving and environmentally friendly heat supply systems. 

1. New technical solutions in the field of geothermal and environmental 

energy have been developed (ten patents for utility models), on the basis of which 

energy-efficient systems and devices for converting low-potential environmental 

energy, geothermal energy and related substances into useful thermal energy have 

been proposed.  

2. The efficiency of using modular heat exchangers for both open and closed 

types of collectors is substantiated. 

3. A methodology for determining the distance between wells and the 

optimal depth of their installation in the formation of a network of hydrothermal 

circulation systems has been developed, taking into account the factors influencing 

the hydrogeological and thermophysical parameters of the aquifer opened by the 

well, the regional patterns of formation of which are changed under the influence 

of local factors of exogenous and endogenous origin. 

4. A methodology for determining the guaranteed well flow rate for the 

efficient operation of a hydrothermal heat pump system has been developed, which 

takes into account the transfer of heat with water both vertically and literally in 

underground permeable layers and meteorological conditions in the area of their 

location. 

5.   An algorithm for calculating the energy intensity of the buffer thermal 

energy storage of a hydrothermal heat pump system has been developed, which 

allows to realize guaranteed supply of thermal energy to consumers, taking into 
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account the unevenness of the supply of low-potential thermal energy of water 

from the aquifer opened by wells. 

6. A methodology for conducting research using special software for 

monitoring, visualization and archiving of the obtained data of thermal and 

dynamic processes occurring in the collector of low-potential heat energy was 

developed. 

7. The technology of associated natural gas extraction from hydrothermal 

water and cluster production of gas hydrates in modular thermal containers for its 

transportation and storage is proposed. 

The results of the work have been implemented in the State Enterprise 

çUkrgeofizikaè, State Enterprise çUkrGRIè of the Ukrainian Geological 

Company, Ukrainian Institute of Innovation and Economics of Natural Resources, 

Institute of Evolutionary Ecology of the National Academy of Sciences of Ukraine, 

Institute for Safety Problems of Nuclear Power Plants National Academy of 

Sciences of Ukraine, All-Ukrainian public organization "Geospadshchyna 

Noosphere", which is confirmed by the relevant acts of implementation. The 

obtained results are used in the educational process of the National Technical 

University of Ukraine "Ihor Sikorskyi Kyiv Polytechnic Institute" at the 

Department of Renewable Energy Sources in the training of specialists under the 

educational-professional and educational-scientific programs "Non-traditional and 

renewable energy sources". 

Key words: energy efficiency, renewable sources, heat flow, temperature 

field, heat pump, heat exchanger, thermal energy collector. 

 

ʉʇʀʉʆʂ ʇʋɹʃɯʂɸʎɯʁ ɿɼʆɹʋɺɸʏɸ 

ʅʘʫʢʦʚʽ ʧʨʘʮʽ, ʚ ʷʢʠʭ ʦʧʫʙʣʽʢʦʚʘʥʽ ʦʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʠʩʝʨʪʘʮʽʾ: 

1. ɻʦʰʦʚʩʴʢʠʡ ʉ.ɺ., ɿʫʨôʷʥ ʆ.ɺ. ʆʜʥʦʢʦʥʪʫʨʥʽ ʪʘ ʜʚʦʢʦʥʪʫʨʥʽ 

ʪʝʧʣʦʥʘʩʦʩʥʽ ʩʠʩʪʝʤʠ. ɺʟʘʻʤʦʟʚ'ʷʟʦʢ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ /  



 13 

ʉ.ɺ. ɻʦʰʦʚʩʴʢʠʡ,  ʆ.ɺ. ɿʫʨôʷʥ  //  ɺʽʜʥʦʚʣʶʚʘʥʘ ʝʥʝʨʛʝʪʠʢʘ.  ï 2019. ï ˉ 1. ï 

ʉ. 83ï93. https://doi.org/10.36296/1819-8058.2019.1(56).83-95 (Scopus) 

2. ɻʦʰʦʚʩʴʢʠʡ ʉ.ɺ., ɿʫʨôʷʥ ʆ.ɺ. ɽʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʛʽʜʨʦʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʤʠ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʩʠʩʪʝʤʘʤʠ 

/  ʉ.ɺ. ɻʦʰʦʚʩʴʢʠʡ,  ʆ.ɺ. ɿʫʨôʷʥ  //  ɺʽʩʥʠʢ ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ. ï ɻʝʦʣʦʛʽʷ. ʂ:. ï 2019. ï ˉ 4(87). ï ʉ. 

67ï75. http://doi.org/10.17721/1728-2713.87.10 

https://geology.bulletin.knu.ua/article/view/1227 (Web of Science) 

3. ɻʦʰʦʚʩʴʢʠʡ ʉ.ɺ., ɿʫʨôʷʥ ʆ.ɺ. ʆʛʣʷʜ ʪʝʭʥʦʣʦʛʽʡ ʰʪʫʯʥʦʛʦ ʦʪʨʠʤʘʥʥʷ 

ʛʘʟʦʛʽʜʨʘʪʽʚ  /  ʉ.ɺ. ɻʦʰʦʚʩʴʢʠʡ,  ʆ.ɺ. ɿʫʨôʷʥ  //  ɻʝʦʣʦʛʽʷ ʽ ʢʦʨʠʩʥʽ ʢʦʧʘʣʠʥʠ 

ʉʚʽʪʦʚʦʛʦ ʦʢʝʘʥʫ. ï 2019. ï ˉ 1. ï ʉ. 22-36. 

https://doi.org/10.15407/gpimo2019.01.097 

4. Goshovskii S.V., Zurian O.V. Gas hydrates ï history of discovery devoted 

to 50
th
 anniversary when the ability of natural gas to form deposits in the earthôs 

crust in solid gas hydrate state was discovered  /  S.V. Goshovskii, O.V.  Zurian  //  

Mineral Resources of Ukraine. ï 2019. ˉ1. ï ʉ 45ï49. 

https://doi.org/10.31996/mru.2019.1.45-49 (Scopus) 

5. Goshovskii S.V., Zurian O.V. Human-induced load on the environment 

when using geothermal heat pump wells /  S.V. Goshovskii, O.V.  Zurian  //  

Journal of Geology, Geography and Geoecology. ï 2020. ï T. 29. ï  ˉ. 1. ï ʉ. 

57ï68. https://doi.org/10.15421/112006 (Web of Science) 

6. ɿʫʨôʷʥ ʆ.ɺ., ʆʣʽʡʥʽʯʝʥʢʦ ɺ.ɻ.  ɻʽʜʨʦʪʝʨʤʘʣʴʥʘ ʩʠʩʪʝʤʘ ʦʪʨʠʤʘʥʥʷ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ, ʝʬʝʢʪʠʚʥʽʩʪʴ /  ʆ.ɺ. ɿʫʨôʷʥ, ɺ.ɻ. 

ʆʣʽʡʥʽʯʝʥʢʦ //  ɺʽʩʥʠʢ ɺʽʥʥʠʮʴʢʦʛʦ ʧʦʣʽʪʝʭʥʽʯʥʦʛʦ ʽʥʩʪʠʪʫʪʫ. ï 2021. ï ˉ 4. 

ï ʉ. 40-46. https://doi.org/10.31649/1997-9266-2021-157-4-40-46 

7. ɿʫʨôʷʥ ʆ.ɺ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʫ 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ /  ʆ.ɺ. ɿʫʨôʷʥ //  ɺʽʜʥʦʚʣʶʚʘʥʘ 

ʝʥʝʨʛʝʪʠʢʘ. ï 2021. ï ˉ 1 (56). ï ʉ. 10-19.  https://doi.org/10.36296/1819-

8058.2021.4(67).77-89 (Scopus) 

https://doi.org/10.36296/1819-8058.2019.1(56).83-95
http://doi.org/10.17721/1728-2713.87.10
https://geology.bulletin.knu.ua/article/view/1227
https://doi.org/10.15407/gpimo2019.01.097
https://doi.org/10.31996/mru.2019.1.45-49
https://doi.org/10.15421/112006
https://doi.org/10.31649/1997-9266-2021-157-4-40-46
https://doi.org/10.36296/1819-8058.2021.4(67).77-89
https://doi.org/10.36296/1819-8058.2021.4(67).77-89


 14 

8. ɿʫʨôʷʥ ʆ.ɺ. ɹʘʨʠʣʦ ɸ. ɸ. ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʭ 

ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʫʩʪʘʥʦʚʦʢ ʟʘʢʨʠʪʦʛʦ ʪʘ ʚʽʜʢʨʠʪʦʛʦ ʪʠʧʫ ʟ ʨʽʟʥʠʤʠ ʜʞʝʨʝʣʘʤʠ 

ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ   /  ʆ.ɺ. ɿʫʨôʷʥ, ɸ.ɸ. ɹʘʨʠʣʦ  //  ɺʽʩʥʠʢ ʂʠʾʚʩʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ, ɻʝʦʣʦʛʽʷ. ï 2022 .  ï 

ˉ1(96).ï ʉ. 94-103. http://doi.org/10.17721/1728-2713.96.13 (Web of Science) 

9. ɿʫʨôʷʥ ʆ.ɺ., ʆʣʽʡʥʽʯʝʥʢʦ ɺ.ɻ. ʉʠʩʪʝʤʘ: ʢʦʤʧʨʝʩʽʡʥʠʡ ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ 

ï ʬʘʥʢʦʡʣ: ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ,  ʝʬʝʢʪʠʚʥʽʩʪʴ    /  ʆ.ɺ. ɿʫʨôʷʥ,  ɺ.ɻ. 

ʆʣʽʡʥʽʯʝʥʢʦ //  ɺʽʜʥʦʚʣʶʚʘʥʘ ʝʥʝʨʛʝʪʠʢʘ. ï 2022.  ï ˉ2(69). ï  ʉ. 81-89.  

https://doi.org/10.36296/1819-8058.2022.2(69)849 (Scopus) 

10. ɿʫʨôʷʥ ʆ.ɺ. ɺʨʘʭʫʚʘʥʥʷ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʪʘ 

ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʥʘ ʧʽʜʟʝʤʥʫ ʛʽʜʨʦʩʬʝʨʫ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ  

ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʭ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ   /  ʆ.ɺ. ɿʫʨôʷʥ //  ɺʽʩʥʠʢ 

ʂʨʝʤʝʥʯʫʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʄʠʭʘʡʣʘ 

ʆʩʪʨʦʛʨʘʜʩʴʢʦʛʦ. ï 2022. ï ˉ 1(132). ï ʉ. 192-202. 

https://doi.org/10.32782/1995-0519.2022.1.26 

11. Zurian O.V., Barilo A.ɸ. Impact of the natural temperature regime of 

the upper layers of earth on  efficiency of a hydrothermal heat pump system. 

Journal of Geology, Geography and Geoecology. ï 2022. ï Vol 31 No 3. ï ʉ. ï 

575-584. https://doi.org/10.15421/112254 (Web of Science) 

12. ɿʫʨôʷʥ ʆ.ɺ., ʆʣʽʡʥʽʯʝʥʢʦ ɺ.ɻ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʙʫʬʝʨʥʦʛʦ 

ʥʘʢʦʧʠʯʫʚʘʯʘ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʷʢ ʘʢʫʤʫʣʷʪʦʨʘ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ. ɺʽʜʥʦʚʣʶʚʘʥʘ ʝʥʝʨʛʝʪʠʢʘ. ï 2023. ï ˉ1. ï ʉ. ï 69-80. 

https://doi.org/10.36296/1819-8058.2023.1(72)69-80 (Scopus) 

13. ɿʫʨôʷʥ ʆ.ɺ., ʄʘʪʷʭ ʉ.ɺ. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʤ 

ʢʣʘʩʪʝʨʦʤ ʥʘ ʦʩʥʦʚʽ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ. ɺʽʜʥʦʚʣʶʚʘʥʘ ʝʥʝʨʛʝʪʠʢʘ. ï 2023. ï 

ˉ2. ï ʉ. ï 92-99. https://doi.org/10.36296/1819-8058.2023.2(73)92-99 (Scopus) 

14. ɿʫʨôʷʥ ʆ.ɺ. ɺʧʣʠʚ ʧʦʪʦʢʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʥʘ ʛʝʦʪʝʨʤʘʣʴʥʠʡ 

ʛʨʘʜʽʻʥʪ /  ʆ.ɺ. ɿʫʨôʷʥ //  ɺʽʩʥʠʢ ʂʨʝʤʝʥʯʫʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʽʤʝʥʽ ʄʠʭʘʡʣʘ ʆʩʪʨʦʛʨʘʜʩʴʢʦʛʦ.  ï 2023. ï  ˉ 2(139). ï 2023. ï ʉ. 183ï171.  

http://doi.org/10.17721/1728-2713.96.13
https://doi.org/10.36296/1819-8058.2022.2(69)849
https://doi.org/10.32782/1995-0519.2022.1.26
https://doi.org/10.15421/112254
https://doi.org/10.36296/1819-8058.2023.1(72)69-80
https://doi.org/10.36296/1819-8058.2023.2(73)92-99


 15 

https://doi.org/10.32782/1995-0519.2023.2.19 

http://visnikkrnu.kdu.edu.ua/statti/__20.pdf 

15. ɿʫʨôʷʥ ʆ.ɺ., ʏʝʪʚʝʨʠʢ ɻ.ʆ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ 

ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ ʥʘ ʛʣʠʙʠʥʽ ʚʠʱʝ ʥʝʡʪʨʘʣʴʥʦʛʦ 

ʰʘʨʫ. ɺʽʩʥʠʢ ɺʽʥʥʠʮʴʢʦʛʦ ʧʦʣʽʪʝʭʥʽʯʥʦʛʦ ʽʥʩʪʠʪʫʪʫ. ï 2023. ï ˉ 3. ï ʉ. 34ï

46, ʏʝʨʚ. 2023. https://doi.org/10.31649/1997-9266-2023-168-3-34-46 

16.  ɿʫʨôʷʥ ʆ.ɺ. ɺʨʘʭʫʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʟʤʽʥ ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʜʟʝʤʥʠʭ 

ʚʦʜ ʥʘ ʜʽʣʷʥʢʘʭ ʙʝʨʝʛʦʚʠʭ ʚʦʜʦʟʘʙʦʨʽʚ ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʭ ʪʝʧʣʦʥʘʩʦʩʥʠʭ 

ʩʠʩʪʝʤ. ɺʽʩʥʠʢ ʍʝʨʩʦʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. ï 2023. 

ï ˉ 2(85). ï ʉ. 20ï28. https://doi.org/10.35546/kntu2078-4481.2023.2.2 

17. ɿʫʨôʷʥ ʆ.ɺ. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʜʝʚʽʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʥʘ 

ʚʠʭʦʜʽ ʟ ʩʚʝʨʜʣʦʚʠʥʠ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʦʩʦʙʣʠʚʽʩʪʶ 

ʛʽʜʨʦʛʝʦʪʝʨʤʽʯʥʦʛʦ ʨʝʞʠʤʫ ʟʦʚʥʽʰʥʴʦʾ ʦʙʦʣʦʥʢʠ ʟʝʤʣʽ. ɺʽʩʥʠʢ ʍʝʨʩʦʥʩʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. ï 2023. ï ˉ 3(86). ï ʉ. 16ï27. 

https://doi.org/10.35546/kntu2078-4481.2023.3.2 

18. ɿʫʨôʷʥ ʆ.ɺ. ʊʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʢʨʠʪʠʭ 

ʪʘ ʤʦʜʫʣʴʥʠʭ ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʭ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ /  ʆ.ɺ. ɿʫʨôʷʥ //  ɺʽʩʥʠʢ 

ʂʨʝʤʝʥʯʫʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʄʠʭʘʡʣʘ 

ʆʩʪʨʦʛʨʘʜʩʴʢʦʛʦ.  ï 2023. ï  ˉ 4(141) ï ʉ.  57ï70. 

https://doi.org/10.32782/1995-0519.2023.4.7 

19. ɿʫʨôʷʥ ʆ.ɺ. ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʨʘʜʽʘʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʩʪʽʥʦʢ 

ʚʦʜʷʥʦʛʦ ʢʦʣʝʢʪʦʨʘ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ.  /  ʆ.ɺ. ɿʫʨôʷʥ  // 

ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤʝʥʽ 

ʘʜʤʽʨʘʣʘ ʄʘʢʘʨʦʚʘ. ï 2023. ï ˉ4. ï ʉ. 53ï60. 

https://doi.org/10.15589/znp2023.4(493).8 

20. ɿʫʨôʷʥ ʆ.ɺ. ʊʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʪʘ ʝʢʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ /  ʆ.ɺ. ɿʫʨôʷʥ // 

ɽʢʦʣʦʛʽʯʥʽ ʥʘʫʢʠ.  ï  2023. ï̄  5(50). ï  ʉ. 37ï47.  https://doi.org/10.32846/2306-

9716/2023.eco.5-50.6 

https://doi.org/10.32782/1995-0519.2023.2.19
http://visnikkrnu.kdu.edu.ua/statti/__20.pdf
https://doi.org/10.31649/1997-9266-2023-168-3-34-46
https://doi.org/10.35546/kntu2078-4481.2023.3.2
https://doi.org/10.32782/1995-0519.2023.4.7
https://doi.org/10.15589/znp2023.4(493).8


 16 

21. ʄʦʨʦʟʦʚ ʖ.ʇ., ɿʫʨôʷʥ ʆ.ɺ. ɸʥʘʣʽʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʛʣʠʙʠʥʠ 

ʧʦʰʠʨʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʭʚʠʣʽ ʧʨʠ ʧʦʙʫʜʦʚʽ ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʪʝʧʣʦʥʘʩʦʩʥʠʭ 

ʩʠʩʪʝʤ. ɺʽʜʥʦʚʣʶʚʘʥʘ ʝʥʝʨʛʝʪʠʢʘ. ï 2023. ï ˉ3. ï ʉ. ï 127ï140. 

https://doi.org/10.36296/1819-8058.2023.3(74).127-140 (Scopus) 

22. ɿʫʨôʷʥ ʆ.ɺ. ʂʦʤʧʣʝʢʩʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʽʜʟʝʤʥʦʛʦ 

ʘʢʫʤʫʣʶʚʘʥʥʷ ʪʝʧʣʦʪʠ, ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʩʦʥʷʯʥʠʭ ʢʦʣʝʢʪʦʨʽʚ  /  

ʆ.ɺ. ɿʫʨôʷʥ //  ɺʽʩʥʠʢ ʂʨʝʤʝʥʯʫʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ 

ʄʠʭʘʡʣʘ ʆʩʪʨʦʛʨʘʜʩʴʢʦʛʦ.  ï 2023. ï  ˉ 5(142).ï ʉ. 94ï102. 

https://doi.org/10.32782/1995-0519.2023.5.11 

23. ʃʦʙʫʥʝʮʴ ʖ.ʄ., ʂʣʶʩ ɺ.ʇ., ɿʫʨôʷʥ ʆ.ɺ. ʂʦʤʙʽʥʦʚʘʥʝ ʜʞʝʨʝʣʦ 

ʪʝʧʣʦʚʦʾ ʪʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʥʘ ʙʘʟʽ ʛʘʟʦʛʝʥʝʨʘʪʦʨʥʦʛʦ ʧʘʣʴʥʠʢʘ ʪʘ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. ɺʽʜʥʦʚʣʶʚʘʥʘ ʝʥʝʨʛʝʪʠʢʘ. ï 2023. ï ˉ4 (75). 

ï ʉ. 20 ï 28. https://doi.org/10.36296/1819-8058.2023.4(75)20-28 (Scopus) 

24. ɿʫʨôʷʥ ʆ.ɺ. ʋʨʘʭʫʚʘʥʥʷ ʜʝʚʽʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʤʝʞʽ ʚʦʜʘ ï 

ˇʨʫʥʪ ʚʽʜʢʨʠʪʦʾ ʚʦʜʦʡʤʠ ʧʨʠ ʧʦʙʫʜʦʚʽ ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʭ ʪʝʧʣʦʥʘʩʦʩʥʠʭ 

ʩʠʩʪʝʤ. ɺʽʜʥʦʚʣʶʚʘʥʘ ʝʥʝʨʛʝʪʠʢʘ  ï 2024. ï ˉ1 (76). ï ʉ. 118 ï 132. 

https://doi.org/10.36296/1819-8058.2024.1(76).118-132 (Scopus) 

25. ɿʫʨôʷʥ ʆ.ɺ. ɹʘʨʠʣʦ ɸ.ɸ. ʤʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʩʚʝʨʜʣʦʚʠʥ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ. ɺʽʩʥʠʢ ʂʨʅʋ 

ʽʤʝʥʽ ʄʠʭʘʡʣʘ ʆʩʪʨʦʛʨʘʜʩʴʢʦʛʦ. ï 2024. ï ˉ1(144).  ï ʉ. 224 ï 233. 

https://doi.org/10.32782/1995-0519.2024.1.30 

26.  ʈʻʟʮʦʚ ɺ.ʌ., ɿʫʨôʷʥ ʆ.ɺ., ʉʫʨʞʠʢ ʊ.ɺ. ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʢʦʥʪʫʨʘʭ ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ. 

ʄʦʥʦʛʨʘʬʽʷ. ɯɺɽ ʅɸʅʋ. 2023. 170 ʩ. 

 

 ʅʘʫʢʦʚʽ ʧʨʘʮʽ, ʷʢʽ ʟʘʩʚʽʜʯʫʶʪʴ ʘʧʨʦʙʘʮʽʶ ʤʘʪʝʨʽʘʣʽʚ ʜʠʩʝʨʪʘʮʽʾ: 

27. ɻʦʰʦʚʩʴʢʠʡ ʉ.ɺ., ɿʫʨôʷʥ ʆ.ɺ. ɽʢʦʣʦʛʽʯʥʽ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ 

ʪʝʭʥʦʣʦʛʽʡ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʷʢ ʜʞʝʨʝʣʘ ʚʽʜʥʦʚʣʶʚʘʥʦʾ 

ʝʥʝʨʛʽʾ. IV ʄʽʞʥʘʨʦʜʥʠʡ ʛʝʦʣʦʛʽʯʥʠʡ ʬʦʨʫʤ çɸʢʪʫʘʣʴʥʽ ʧʨʦʙʣʝʤʠ ʪʘ 

https://doi.org/10.36296/1819-8058.2023.3(74).127-140
https://doi.org/10.36296/1819-8058.2023.4(75)20-28


 17 

ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʛʝʦʣʦʛʽʾ: ʥʘʫʢʘ ʡ ʚʠʨʦʙʥʠʮʪʚʦè. 19-24 ʯʝʨʚʥʷ 2017 ʨ., 

ʆʜʝʩʘ, ʋʢʨʘʾʥʘ, ʄʘʪʝʨʽʘʣʠ ʬʦʨʫʤʫ. ï 2017. ï ʉ. 62ï67. 

28. Goshovskii S.V., Zurian O.V. Ecologically safe technologies for the 

use of geothermal energy  /  S.V. Goshovskii, O.V.  Zurian  //  XIV ɯnternational 

conference of the open and undervater mining of mineral/ 03ï07 ɸugust, 2017, 

Varna, Bulgaria. Scientific and technical union of mining, geology and 

menallurgy. ï  2017. ï P. 439ï444. 

29. Zurian O.V. Comparison of efficiency of geothermal and 

hydrothermal energy systems /  O.V.  Zurian  //  XIX International 

Multidisciplinary Scientific GeoConference SGEM. çRenewable Energy Sources 

and Clean Techè. 30 June-6 July, 2019, Albena,  Bulgaria. ï 2019. ï ʨ. 83ï89.  

https://doi.org/10.5593/sgem2019/4.1/S17.011  

https://web.archive.org/web/20200805200324/https://www.sgem.org/index.php/eli

brary?view=publication&task=show&id=5816  (Scopus) 

30. ɻʦʰʦʚʩʴʢʠʡ ʉ.ɺ., ɿʫʨôʷʥ ʆ.ɺ. ɺʧʣʠʚ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʽʜʙʦʨʫ ʪʝʧʣʦʚʦʾ 

ʝʥʝʨʛʽʾ ʥʘ ʪʝʧʣʦʚʠʡ ʨʝʞʠʤ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʧʦʣʷ  /  ʉ.ɺ. ɻʦʰʦʚʩʴʢʠʡ,  ʆ.ɺ. 

ɿʫʨôʷʥ  //  V ʄʽʞʥʘʨʦʜʥʠʡ ʛʝʦʣʦʛʽʯʥʠʡ ʬʦʨʫʤ çɸʢʪʫʘʣʴʥʽ ʧʨʦʙʣʝʤʠ ʪʘ 

ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʛʝʦʣʦʛʽʾ: ʥʘʫʢʘ ʡ ʚʠʨʦʙʥʠʮʪʚʦè. 18-23 ʯʝʨ., 2018 ʨ., 

ʆʜʝʩʘ. ï 2018. ï ʉ. 60ï63. 

31. ɻʦʰʦʚʩʴʢʠʡ ʉ.ɺ., ɿʫʨôʷʥ ʆ.ɺ. ɻʝʦʪʝʨʤʘʣʴʥʘ ʪʘ ʛʽʜʨʦʪʝʨʤʘʣʴʥʘ 

ʪʝʧʣʦʥʘʩʦʩʥʘ ʩʠʩʪʝʤʘ, ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʙʫʜʦʚʠ, ʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ, ʝʬʝʢʪʠʚʥʽʩʪʴ /  

ʉ.ɺ. ɻʦʰʦʚʩʴʢʠʡ,  ʆ.ɺ. ɿʫʨôʷʥ  //  XIX-ʘ ʤʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ 

ʢʦʥʬʝʨʝʥʮʽʷ çɺʽʜʥʦʚʣʶʚʘʥʘ ʝʥʝʨʛʝʪʠʢʘ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʫ XXI 

ʩʪʦʣʽʪʪʽè. ɯʥʩʪʠʪʫʪ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ. 26-28 ʚʝʨʝʩʥʷ 

2018 ʨ, ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ. ʄʘʪʝʨʽʘʣʠ ʢʦʥʬʝʨʝʥʮʽʾ. ï 2018. ï ʉ. 552ï557. 

32. ɻʦʰʦʚʩʴʢʠʡ ʉ.ɺ., ɿʫʨôʷʥ ʆ.ɺ. ʇʽʜʩʫʤʢʠ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʚ ʋʢʨʘʾʥʽ /  ʉ.ɺ. ɻʦʰʦʚʩʴʢʠʡ,  

ʆ.ɺ. ɿʫʨôʷʥ  //  VI ʄʽʞʥʘʨʦʜʥʠʡ ʛʝʦʣʦʛʽʯʥʠʡ ʬʦʨʫʤ çɸʢʪʫʘʣʴʥʽ ʧʨʦʙʣʝʤʠ ʪʘ 

ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʛʝʦʣʦʛʽʾ: ʥʘʫʢʘ ʡ ʚʠʨʦʙʥʠʮʪʚʦè. 17-22 ʯʝʨʚʥʷ, 2019 ʨ., 

ʆʜʝʩʘ, ʋʢʨʘʾʥʘ. ʄʘʪʝʨʽʘʣʠ ʢʦʥʬʝʨʝʥʮʽʾ. ï 2019. ï ʉ. 49ï53. 

https://doi.org/10.5593/sgem2019/4.1/S17.011


 18 

33. ɿʫʨôʷʥ ʆ.ɺ., ʅʽʢʦʣʘʻʚʩʴʢʘ ʅ.ɺ. ɸʚʪʦʥʦʤʥʘ ʩʠʩʪʝʤʘ ʦʪʨʠʤʘʥʥʷ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʟʘ ʨʘʭʫʥʦʢ ʫʪʠʣʽʟʘʮʽʾ ʥʘʜʣʠʰʢʦʚʦʾ ʪʝʧʣʦʪʠ  /  ʆ.ɺ. 

ɿʫʨôʷʥ, ʅ.ɺ. ʅʽʢʦʣʘʻʚʩʴʢʘ //  XIII ɺʩʝʫʢʨʘʾʥʩʴʢʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ 

ʢʦʥʬʝʨʝʥʮʽʷ. çʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʭʦʣʦʜʠʣʴʥʦʾ ʪʝʭʥʽʢʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾè. 

ʆʜʝʩʴʢʘ ʥʘʮʽʦʥʘʣʴʥʘ ʘʢʘʜʝʤʽʷ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. 23-25 ʚʝʨʝʩʥʷ, 2021 ʨ., 

ʆʜʝʩʘ, ʋʢʨʘʾʥʘ. ʄʘʪʝʨʽʘʣʠ ʢʦʥʬʝʨʝʥʮʽʾ. ï 2020. ï ʉ. 26ï31. 

34. Goshovskii S.V., Zurian O.V. Implementation of aerospace 

monitoring to identify ecologically hazardous areas of methane leak from the sea 

bed.   XV International Scientific Conference. çMonitoring of Geological 

Processes and Ecological Condition of the Environmentè, Institute of Geology 

Taras Shevchenko National University of Kyiv,  17ï19 November 2021, Kyiv, 

Ukraine. https://doi.org/10.3997/2214-4609.20215K2051 (Scopus) 

35. ɿʫʨôʷʥ ʆ.ɺ., ʆʣʽʡʥʽʯʝʥʢʦ ɺ.ɻ. ɺʧʣʠʚ ʩʝʟʦʥʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʪʠʧʫ çʚʦʜʘ-ʚʦʜʘè  /  ʆ.ɺ. ɿʫʨôʷʥ, ɺ.ɻ. 

ʆʣʽʡʥʽʯʝʥʢʦ //  ʍɯɯ ʄʽʞʥʘʨʦʜʥʘ ʦʥʣʘʡʥ-ʢʦʥʬʝʨʝʥʮʽʷ: ʇʨʦʙʣʝʤʠ ʪʝʧʣʦʬʽʟʠʢʠ 

ʪʘ ʪʝʧʣʦʝʥʝʨʛʝʪʠʢʠ. ɯʥʩʪʠʪʫʪ ʪʝʭʥʽʯʥʦʾ ʪʝʧʣʦʬʽʟʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ. 26ï27 

ʞʦʚʪʥʷ, 2021 ʨ., ʂʠʾʚ, ʋʢʨʘʾʥʘ. ʄʘʪʝʨʽʘʣʠ ʢʦʥʬʝʨʝʥʮʽʾ. ï 2021. ï ʉ. 58ï59. 

36. Zurian O.V. Effect of anthropogenic relief on the efficiency of 

hydrothermal circulation heat pump system. /  O.V Zurian //  IEEE 4th 

International Conference on Modern Electrical and Energy System (MEES) on 

October 20-22, 2022, Kremenchuk, Ukraine. 

https://doi.org/10.1109/MEES58014.2022.10005644 (Scopus) 

37. ɿʫʨôʷʥ ʆ.ɺ. ɺʨʘʭʫʚʘʥʥʷ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʤʽʩʮʝʚʦʩʪʽ ʧʨʠ 

ʧʨʦʝʢʪʫʚʘʥʥʽ ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʭ ʪʝʧʣʦʥʘʩʥʠʭ ʩʠʩʪʝʤ  /  ʆ.ɺ. ɿʫʨôʷʥ  //  XʍIII 

ʄʞ̔ʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çɺʽʜʥʦʚʣʶʚʘʥʘ ʝʥʝʨʛʝʪʠʢʘ ʪʘ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʍʍɯ ʩʪʦʣʽʪʪʽè. 19-20 ʪʨʘʚʥʷ, 2022ʨ., ʂʠʾʚ, ʋʢʨʘʾʥʘ. 

ʄʘʪʝʨʽʘʣʠ ʢʦʥʬʝʨʝʥʮʽʾ. ï 2022. ï ʉ. 238ï240.   

38. ɿʫʨôʷʥ ʆ.ɺ., ʆʣʽʡʥʽʯʝʥʢʦ ɺ.ɻ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʬʘʥʢʦʡʣʘ ʚ 

ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ  ʪʝʧʣʦʦʙʤʽʥʫ /  ʆ.ɺ. ɿʫʨôʷʥ,  ɺ.ɻ. ʆʣʽʡʥʽʯʝʥʢʦ //  XVɯɯɯ 

ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʊʝʧʣʦʚʘ ʝʥʝʨʛʝʪʠʢʘ: ʰʣʷʭʠ 

https://doi.org/10.3997/2214-4609.20215K2051


 19 

ʨʝʥʦʚʘʮʽʾ ʪʘ ʨʦʟʚʠʪʢʫè, ɯʥʩʪʠʪʫʪ ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ  ʅɸʅ 

ʋʢʨʘʾʥʠ. 26-27 ʣʠʩʪʦʧʘʜʘ 2022 ʨ., ʂʠʾʚ, ʋʢʨʘʾʥʘ. ɿʙʽʨʢʘ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ. ï 

2022. ï ʉ. 91ï96. 

39. ɿʫʨôʷʥ ʆ.ɺ. ʄʦʥʽʪʦʨʠʥʛ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ. XʍIV 

ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çɺʽʜʥʦʚʣʶʚʘʥʘ ʝʥʝʨʛʝʪʠʢʘ ʪʘ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʍʍɯ ʩʪʦʣʽʪʪʽè. 18ï19 ʪʨʘʚʥʷ 2023 ʨ., ʂʠʾʚ, ʋʢʨʘʾʥʘ. 

ʄʘʪʝʨʽʘʣʠ ʢʦʥʬʝʨʝʥʮʽʾ. ï 2023. ï 342 ʩ.   

40. ɿʫʨôʷʥ ʆ.ɺ. ʉʪʘʥ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʋʢʨʘʾʥʠ ʪʘ ʧʣʘʥʠ 

ʧʦʚʦʻʥʥʦʛʦ ʨʦʟʚʠʪʢʫ. ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  

ɯʥʞʝʥʝʨʥʦʛʦ ʥʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʦʛʦ ʽʥʩʪʠʪʫʪʫ ʽʤ. ʖ.ʄ. ʇʦʪʝʙʥʽ ɿʅʋ 

çɻʝʦʩʪʨʘʪʝʛʽʯʥʽ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʪʘ ʪʨʘʻʢʪʦʨʽʷ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʚ 

ʢʦʥʪʝʢʩʪʽ ʚʽʜʙʫʜʦʚʠ ʪʘ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʋʢʨʘʾʥʠè. 25-26 ʪʨʘʚʥʷ, 2023 ʨ., 

ɿʘʧʦʨʽʞʞʷ, ʋʢʨʘʾʥʘ. ʄʘʪʝʨʽʘʣʠ ʢʦʥʬʝʨʝʥʮʽʾ. ï 2023. ï ʉ. 497ï499. 

41. ɿʫʨôʷʥ ʆ.ɺ. ʆʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚʦʜʠ  ʧʝʨʰʦʛʦ ʚʽʜ ʧʦʚʝʨʭʥʽ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ. 

ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  ɯʥʞʝʥʝʨʥʦʛʦ ʥʘʚʯʘʣʴʥʦ-

ʥʘʫʢʦʚʦʛʦ ʽʥʩʪʠʪʫʪʫ ʽʤ. ʖ.ʄ. ʇʦʪʝʙʥʽ ɿʅʋ çɻʝʦʩʪʨʘʪʝʛʽʯʥʽ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʪʘ 

ʪʨʘʻʢʪʦʨʽʷ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʚ ʢʦʥʪʝʢʩʪʽ ʚʽʜʙʫʜʦʚʠ ʪʘ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ 

ʋʢʨʘʾʥʠè. 25-26 ʪʨʘʚʥʷ, 2023 ʨ., ɿʘʧʦʨʽʞʞʷ, ʋʢʨʘʾʥʘ. ʄʘʪʝʨʽʘʣʠ ʢʦʥʬʝʨʝʥʮʽʾ. 

ï 2023. ï ʉ. 500ï502. 

42. Zurian ʆ., Barilo ɸ. Usage Analysis of Hydrothermal Heat Pump 

Installations of Open and Closed Types. 2023 IEEE 5th International Conference 

on Modern Electrical and Energy System (MEES).  September 27-30, 2023, 

Kremenchuk, Ukraine. https://doi.org/10.1109/MEES61502.2023.10402469 

(Scopus)   

43. ɿʫʨôʷʥ ʆ.ɺ. ɼʝʚʽʘʮʽʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ  ʥʘ ʚʠʭʦʜʽ ʟ 

ʩʚʝʨʜʣʦʚʠʥʠ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ  ʛʝʦʪʝʨʤʘʣʴʥʦʾ  ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ  ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫ. /  ʆ.ɺ. ɿʫʨôʷʥ //  XVɯɯɯ 

ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʊʝʧʣʦʚʘ ʝʥʝʨʛʝʪʠʢʘ: ʰʣʷʭʠ 

https://doi.org/10.1109/MEES61502.2023.10402469


 20 

ʨʝʥʦʚʘʮʽʾ ʪʘ ʨʦʟʚʠʪʢʫè. ɯʥʩʪʠʪʫʪ ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ  ʅɸʅ 

ʋʢʨʘʾʥʠ. 24-25 ʞʦʚʪʥʷ, 2023 ʨ., ʂʠʾʚ, ʋʢʨʘʾʥʘ. ɿʙʽʨʢʘ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ. ï 2023. 

ï ʉ.142ï146. 

44. Zurian O.V., Barilo A.A, Ivanchuk V.Yu.Technical support of 

systems for controlling hydrogeological parameters during thermal energy 

production / Zurian O.V., Barilo A.A, Ivanchuk V.Yu. // XVII International 

Scientific Conference çMonitoring of Geological Processes and Ecological 

Condition of the Environmentè. Taras Shevchenko National University of Kyiv. 7-

10 November, 2023, Kyiv, Ukraine. DOI: https://doi.org/10.3997/2214-

4609.2023520202 (Scopus) 

45. ɿʫʨôʷʥ ʆ.ɺ. Mʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʜʝʙʽʪʫ ʩʚʝʨʜʣʦʚʠʥʠ 

ʱʦ ʚʨʘʭʦʚʫʻ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʽ ʪʘ ʪʝʭʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ 

ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ. XʍV ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çɺʽʜʥʦʚʣʶʚʘʥʘ ʝʥʝʨʛʝʪʠʢʘ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʍʍɯ ʩʪʦʣʽʪʪʽè. 22-24 

ʪʨʘʚʥʷ, 2024 ʨ., ʂʠʾʚ. ʋʢʨʘʾʥʘ. ʄʘʪʝʨʽʘʣʠ ʢʦʥʬʝʨʝʥʮʽʾ. ï 2024. ï424 ʩ.   

ʇʘʪʝʥʪʠ ʧʦ ʪʝʤʽ ʜʠʩʝʨʪʘʮʽʾ: 

46. ʇʘʪʝʥʪ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ ˉ150438 ʋʢʨʘʾʥʘ, ʄʇʂ F24H 7/00, F28D 

20/02 (2006.01), F28F 1/08 (2006.01), E02D 3/115 (2006.01). ʋʥʽʚʝʨʩʘʣʴʥʠʡ 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʡ ʟʦʥʜ-ʪʝʧʣʦʦʙʤʽʥʥʠʢ / ʖ.ʇ. ʄʦʨʦʟʦʚ, ɺ.ɻ. ʆʣʽʡʥʽʯʝʥʢʦ, ʆ.ɺ. 

ɿʫʨôʷʥ.; ï ˉ u202105529 ; ʟʘʷʚʣ. 30.09.2021; ʦʧʫʙʣ. 16.02.2022 ; ɹʶʣ. 

ˉ7/2022. 

47. ʇʘʪʝʥʪ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ ˉ 151298 ʋʢʨʘʾʥʘ, F24H 4/02 (2022.01), 

F24H 7/02 (2022.01), F24T 50/00. ɸʚʪʦʥʦʤʥʘ ʛʽʜʨʦʪʝʨʤʘʣʴʥʘ ʪʝʧʣʦʥʘʩʦʩʥʘ 

ʩʠʩʪʝʤʘ. / ʆ.ɺ. ɿʫʨôʷʥ ; ï ˉ u202200471 ; ʟʘʷʚʣ. 04.02.2022; ʦʧʫʙʣ. 

29.06.2022; ɹʶʣ. ˉ26/2022. 

48. ʇʘʪʝʥʪ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ ˉ 151299 ʋʢʨʘʾʥʘ, F24H 4/02 (2022.01), 

F24H 7/02 (2022.01), F24T 50/00. ʄʦʙʽʣʴʥʘ ʛʽʜʨʦʪʝʨʤʘʣʴʥʘ ʤʦʜʫʣʴʥʘ 

ʪʝʧʣʦʥʘʩʦʩʥʘ ʩʠʩʪʝʤʘ. / ʆ.ɺ. ɿʫʨôʷʥ ; ï ˉ  u202200472 ; ʟʘʷʚʣ. 04.02.2022; 

ʦʧʫʙʣ. 29.06.2022; ɹʶʣ. ˉ26/2022. 



 21 

49. ʇʘʪʝʥʪ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ ˉ 151672 ʋʢʨʘʾʥʘ, H01L 35/02 

(2006.01). ʊʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ ʛʝʥʝʨʘʪʦʨ. / ʃʦʙʫʥʝʮʴ ʖ.ʄ., ʆ.ɺ. ɿʫʨôʷʥ ; ï ˉ 

u20220132 ; ʟʘʷʚʣ. 25.04.2022; ʦʧʫʙʣ. 25.08.2022; ɹʶʣ. ˉ34/2022. 

50. ʇʘʪʝʥʪ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ ˉ 152090 ʋʢʨʘʾʥʘ, H01L 35/02 

(2006.01). ʄʘʣʦʛʘʙʘʨʠʪʥʠʡ ʧʨʠʩʪʨʽʡ ʦʪʨʠʤʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚ 

ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ. / ʆ.ɺ. ɿʫʨôʷʥ ; ï ˉ  u202201388 ; ʟʘʷʚʣ. 02.05.2022; 

ʦʧʫʙʣ. 26.10.2022; ɹʶʣ. ˉ43/2022. 

51. ʇʘʪʝʥʪ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ ˉ 139829 ʋʢʨʘʾʥʘ, F17C 11/00, B01F 

3/04 (2006.01), C07C 7/12 (2006.01). ʇʨʠʩʪʨʽʡ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʛʘʟʦʚʠʭ ʛʽʜʨʘʪʽʚ  

/ ʉ.ɺ. ɻʦʰʦʚʩʴʢʠʡ. ʆ.ɺ. ɿʫʨôʷʥ ; ï ˉ u201906520 ; ʟʘʷʚʣ. 11.06.2019; ʦʧʫʙʣ. 

27.01.2020; ɹʶʣ. ˉ2/2020. 

52. ʇʘʪʝʥʪ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ ˉ 143784 ʋʢʨʘʾʥʘ, F25J 1/00, F25D 3/12 

(2006.01), B01D 9/00, C10L 3/10 (2006.01). ʉʧʦʩʽʙ ʩʪʽʣʴʥʠʢʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

ʛʘʟʦʛʽʜʨʘʪʽʚ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʛʘʟʫ / ʉ.ɺ. ɻʦʰʦʚʩʴʢʠʡ. ʆ.ɺ. 

ɿʫʨôʷʥ ;ï ˉ u202001573 ; ʟʘʷʚʣ. 05.03.2020; ʦʧʫʙʣ. 10.08.2020; ɹʶʣ. 

ˉ15/2020. 

53. ʇʘʪʝʥʪ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ ˉ 144931 ʋʢʨʘʾʥʘ, C10L 3/10 (2006.01), 

F17D 1/04 (2006.01), F17D 1/16 (2006.01), F25D 3/12 (2006.01). ʉʧʦʩʽʙ 

ʢʣʘʩʪʝʨʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʛʘʟʦʛʽʜʨʘʪʽʚ ʚ ʤʦʜʫʣʴʥʠʭ ʪʝʨʤʦʢʦʥʪʝʡʥʝʨʘʭ ʜʣʷ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʛʘʟʫ / ʉ.ɺ. ɻʦʰʦʚʩʴʢʠʡ. ʆ.ɺ. ɿʫʨôʷʥ ; ï ˉ u202001206 ; 

ʟʘʷʚʣ. 24.02.2020; ʦʧʫʙʣ. 10.11.2020; ɹʶʣ. ˉ21/2020. 

54. ʇʘʪʝʥʪ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ ˉ 144934 ʋʢʨʘʾʥʘ,  F17C 13/00, F25D 

3/12 (2006.01), C10L 3/10 (2006.01).  ʐʥʝʢʦʚʠʡ ʧʨʠʩʪʨʽʡ ʚʠʨʦʙʥʠʮʪʚʘ 

ʛʘʟʦʛʽʜʨʘʪʽʚ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʛʘʟʫ / ʉ.ɺ. ɻʦʰʦʚʩʴʢʠʡ. ʆ.ɺ. 

ɿʫʨôʷʥ ; ï ˉ u202001575 ; ʟʘʷʚʣ.  05.03.2020; ʦʧʫʙʣ. 10.11.2020; ɹʶʣ. 

ˉ21/2020. 

55.  ʇʘʪʝʥʪ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ ˉ 145007 ʋʢʨʘʾʥʘ,  F17C 11/00, B01F 

3/04 (2006.01), C07C 7/12 (2006.01), F25D 3/12 (2006.01). ʐʥʝʢʦʚʠʡ ʢʦʥʫʩʥʠʡ 

ʧʨʝʩ-ʝʢʩʪʨʫʜʝʨ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʛʘʟʦʛʽʜʨʘʪʫ / ʉ.ɺ. ɻʦʰʦʚʩʴʢʠʡ. ʆ.ɺ. ɿʫʨôʷʥ ; 

ï ˉ u202003794 ; ʟʘʷʚʣ. 23.06.2020; ʦʧʫʙʣ. 10.11.2020; ɹʶʣ. ˉ21/2020. 



 22 

ɿʄɯʉʊ 

 

ɸʅʆʊɸʎɯʗ éééééééééééééééééééééé 2 

ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔééééééééééé 32 

ɺʉʊʋʇ ééééééééééééééééééééééé 

 

33 

ʈʆɿɼɯʃ 1.  ɸʅɸʃɯɿ ʌɸʂʊʆʈɯɺ, ʗʂɯ ɺʀɿʅɸʏɸʖʊʔ 

ɽʅɽʈɻɽʊʀʏʅʋ   ʊɸ ʊɽʍʅɯʂʆ-ɽʂʆʅʆʄɯʏʅʋ 

ɽʌɽʂʊʀɺʅɯʉʊʔ  ʇʈʆʎɽʉɯɺ  ʊɸ  ʉʀʉʊɽʄ ʇɽʈɽʊɺʆʈɽʅʅʗ  

ɻɽʆʊɽʈʄɸʃʔʅʆɰ ɽʅɽʈɻɯɰ ʊɸ ɽʅɽʈɻɯɰ ɼʆɺʂɯʃʃʗ ɺ 

ʂʆʈʀʉʅʋ ʊɽʇʃʆɺʋ ɽʅɽʈɻɯʖééééééééééé.é.. 

 

 

 

 

 

44 

1.1. 

 

ʈʦʟʚʠʪʦʢ ʧʽʜʭʦʜʽʚ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʦʪʝʨʤʘʣʴʥʦʾ 

ʝʥʝʨʛʽʾ ʪʘ ʝʥʝʨʛʽʾ ʜʦʚʢʽʣʣʷ............................................... 

 

44 

1.2. ɼʞʝʨʝʣʘ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ 

ʝʥʝʨʛʽʾ ʜʦʚʢʽʣʣʷ   éééééééééééééééé 

 

52 

1.2.1. ʂʣʘʩʠʬʽʢʘʮʽʷ ʪʘ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ 

 

53 

1.2.2. ʂʣʘʩʠʬʽʢʘʮʽʷ ʪʘ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʜʦʚʢʽʣʣʷ éééééééééé 

 

58 

1.2.3. ʂʣʘʩʠʬʽʢʘʮʽʷ ʪʘ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʣʫʯʝʥʥʷ 

ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʝʥʝʨʛʽʾ 

ʜʦʚʢʽʣʣʷ éééééééééééééééééé..é 

 

 

 

60 

1.3. ɺʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʝʥʝʨʛʽʾ 

ʜʦʚʢʽʣʣʷ éééééééééééééééééé.. 

 

 

62 

1.4. ɺʠʟʥʘʯʝʥʥʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʪʘ ʝʢʦʣʦʛʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ  ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʝʥʝʨʛʽʾ 

 

 

 



 23 

ʜʦʚʢʽʣʣʷ.éééééééééééééééééé..é 63 

1.4.1. ɺʠʟʥʘʯʝʥʥʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʴ, ʱʦ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʝʢʪʽʚ 

ʟ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʪʘ  ʝʥʝʨʛʝʪʠʢʠ ʜʦʚʢʽʣʣʷ é 

 

 

64 

1.4.1.1. ɺʠʟʥʘʯʝʥʥʷ ʢʘʧʽʪʘʣʴʥʠʭ ʚʠʪʨʘʪ ʫ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʝʥʝʨʛʽʾ 

ʜʦʚʢʽʣʣʷéééééééééééééééééééé.  

 

 

65 

1.4.1.2. ɺʠʟʥʘʯʝʥʥʷ ʱʦʨʽʯʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ ééé 65 

1.4.1.3. ɺʠʟʥʘʯʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʚʽʜʧʫʱʝʥʦʾ ʪʝʧʣʦʪʠ, ʜʦʭʦʜʫ, 

ʧʨʠʙʫʪʢʫ ʽ ʩʪʨʦʢʫ ʦʢʫʧʥʦʩʪʽ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʝʥʝʨʛʽʾ ʜʦʚʢʽʣʣʷ ééééé. 

 

 

66 

1.4.1.4. ɽʢʦʥʦʤʽʷ ʦʨʛʘʥʽʯʥʦʛʦ ʧʘʣʠʚʘ éééééééééé. 67 

1.4.1.5. ɺʠʟʥʘʯʝʥʥʷ ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ ʉʆ2 ééééééé.. 69 

1.5. ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1ééééééééééé...é..é 

 

69 

ʈʆɿɼɯʃ 2.  ʄɸʊɽʄɸʊʀʏʅɯ ʄʆɼɽʃɯ ʌɯɿʀʏʅʀʍ ʇʈʆʎɽʉɯɺ 

ʊɸ ʄɽʊʆɼʀ ɺʀɿʅɸʏɽʅʅʗ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ɯ 

ʊɽʇʃʆʌɯɿʀʏʅʀʍ ʇɸʈɸʄɽʊʈɯɺ ʉʀʉʊɽʄʀ çʇʈʀʈʆɼʅɭ 

ʉɽʈɽɼʆɺʀʑɽ  - ʂʆʃɽʂʊʆʈ  - ʊɽʇʃʆɺʀʁ ʅɸʉʆʉè  ééé 

 

 

 

 

71 

2.1. ʊʝʧʣʦʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ ʚʠʜʦʙʫʚʘʥʥʷ  ʪʝʧʣʦʚʠʭ ʨʝʩʫʨʩʽʚ  ʟ 

ʚʝʨʭʥʽʭ ʰʘʨʽʚ ɿʝʤʣʽ ééééééééééééééé. 

71 

2.1.1. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʨʽʯʥʠʭ ʬʣʫʢʪʫʘʮʽʡ ʪʝʤʧʝʨʘʪʫʨ ʫ 

ʚʝʨʭʥʽʭ ʰʘʨʘʭ ɿʝʤʣʽ ééééééééééééé..... 

 

71 

2.1.2 ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ  

ʚʦʜʠ ʚʽʜʢʨʠʪʦʾ ʧʨʠʨʦʜʥʴʦʾ ʚʦʜʦʡʤʠ éééééééé.   

 

74 

2.1.3 ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ˇʨʫʥʪʫ ʧʽʜ ʯʘʩ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ éééééééé.. 

 

79 

2.1.4. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ  ʨʝʞʠʤʫ  ʨʦʙʦʪʠ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʟ 

ˇʨʫʥʪʦʚʠʤ ʪʝʧʣʦʦʙʤʽʥʥʠʢʦʤ ééééééééééé. 

 

80 



 24 

2.1.5. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ  ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ 

ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ééééééééééééé. 

 

     84 

2.2. ɸʥʘʣʽʟ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ˇʨʫʥʪʦʚʠʭ ʪʘ ʚʦʜʷʥʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ (ʢʦʣʝʢʪʦʨʽʚ), ʱʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ 

ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʝʥʝʨʛʽʾ ʜʦʚʢʽʣʣʷ  éééééé 

 

 

 

90 

2.2.1. ɺʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ˇʨʫʥʪʦʚʦʛʦ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ éééééééééééé.éééé 

 

90 

2.2.2. ʇʘʨʘʤʝʪʨʠʯʥʽ ʪʘʙʣʠʮʽ ʜʘʥʠʭ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ˇʨʫʥʪʦʚʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ éééé 

 

91 

2.2.3. ɺʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʘʣʴ ééééé 93 

2.2.4. ɺʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ˇʨʫʥʪʦʚʽ ʚʦʜʠ ʷʢ ʜʞʝʨʝʣʦ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʪʝʧʣʦʪʠ é 

 

95 

2.2.5. ɺʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ˇʨʫʥʪʦʚʦʛʦ 

ʢʦʣʝʢʪʦʨʘ ééééééééééééééééééé. 

 

98 

2.2.6. ʇʘʨʘʤʝʪʨʠʯʥʽ ʪʘʙʣʠʮʽ ʜʘʥʠʭ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ˇʨʫʥʪʦʚʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ééééé 

 

100 

2.3. ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʧʨʦʮʝʩʽʚ ʚ  

ʝʣʝʤʝʥʪʘʭ ʪʨʫʙʦʧʨʦʚʦʜʽʚ  ʛʝʦʪʝʨʤʘʣʴʥʠʭ  ʪʝʧʣʦʥʘʩʦʩʥʠʭ 

ʩʠʩʪʝʤ ééééééééééééééééééééé. 

 

 

102 

2.3.1. ʈʽʚʥʷʥʥʷ ʨʘʜʽʘʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʩʪʽʥʦʢ ʪʨʫʙʦʧʨʦʚʦʜʽʚ é.. 102 

2.3.2 ʆʩʦʙʣʠʚʦʩʪʽ  ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʟʜʦʚʞʥʴʦ-

ʨʘʜʽʘʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʪʦʚʩʪʦʩʪʽʥʥʠʭ ʪʨʫʙʦʧʨʦʚʦʜʽʚ é.. 

 

108 

2.3.3. ʆʩʦʙʣʠʚʦʩʪʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʟʜʦʚʞʥʽʭ 

ʢʦʣʠʚʘʥʴ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ 

ʧʨʫʞʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ éééééééééééé.é. 

 

 

113 

2.3.4. ɺʟʘʻʤʦʟʚôʷʟʢʠ ʯʘʩʪʦʪʥʠʭ ʽ ʧʝʨʝʭʽʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʢʦʣʠʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ éééééé.. 

 

122 

 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2éééééééééééééé.. 

 

123 



 25 

 

ʈʆɿɼɯʃ 3. ɸʅɸʃɯɿ ʆʉʆɹʃʀɺʆʉʊɽʁ ʌɯɿʀʏʅʀʍ  ʇʈʆʎɽʉɯɺ 

ɺ ʉʀʉʊɽʄɯ  çʇʈʀʈʆɼʅɭ ʉɽʈɽɼʆɺʀʑɽ ï ʂʆʃɽʂʊʆʈè ʇʈʀ 

ʇɽʈɽʊɺʆʈɽʅʅɯ ʅʀɿʔʂʆʇʆʊɽʅʎɯʁʅʆɰ ɻɽʆʊɽʈʄɸʃʔʅʆɰ  

ɽʅɽʈɻɯɰ ʊɸ ɽʅɽʈɻɯɰ ɼʆɺʂɯʃʃʗ ééééééééééé..é 

 

 

 

 

124 

3.1. 

 

ɸʥʘʣʽʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʛʣʠʙʠʥʠ ʧʦʰʠʨʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʭʚʠʣʽ ʧʨʠ ʧʦʙʫʜʦʚʽ  ʛʝʦʪʝʨʤʘʣʴʥʠʭ 

ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ éééééééééééééé.. 

 

 

124 

3.2. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ˇʨʫʥʪʽ 

 ʟʘʣʝʞʥʦ ʚʽʜ ʛʣʠʙʠʥʠ ᾀ π ʽ ʯʘʩʫ ὸ π  éééé 

 

136 

3.3. ʄʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʠʭ ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ ʥʘ ʦʩʥʦʚʽ  ʪʝʧʣʦ-ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʤʦʜʝʣʽ ééééééééééééééééééééé. 

 

 

 

145 

3.4. ʈʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʜʟʝʤʥʠʭ ʚʦʜ 

ʧʽʜ ʯʘʩ ʜʽʾ ʚʦʜʦʟʘʙʦʨʫ, ʱʦ ʤʘʻ ʚʠʛʣʷʜ ʥʠʟʢʠ ʩʚʝʨʜʣʦʚʠʥ 

ʥʘ ʜʽʣʷʥʢʘʭ ʙʝʨʝʛʦʚʠʭ ʚʦʜʦʟʘʙʦʨʽʚ  éééééééé 

 

 

152 

3.5. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʜʝʚʽʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʠʭʦʜʽ 

ʟ ʩʚʝʨʜʣʦʚʠʥʠ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ 

ʦʩʦʙʣʠʚʽʩʪʶ ʛʽʜʨʦʛʝʦʪʝʨʤʽʯʥʦʛʦ ʨʝʞʠʤʫ ʟʦʚʥʽʰʥʴʦʾ 

ʦʙʦʣʦʥʢʠ ɿʝʤʣʽ ééééééééééééééééé 

 

 

 

159 

3.6. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ  ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʧʨʠʨʦʜʥʦʛʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʚʝʨʭʥʽʭ ʰʘʨʽʚ ɿʝʤʣʽ ʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ é 

 

 

173 

3.7. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ  ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʪʘ 

ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʥʘ ʧʽʜʟʝʤʥʫ ʛʽʜʨʦʩʬʝʨʫ ʧʨʠ 

ʧʨʦʝʢʪʫʚʘʥʥʽ  ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʭ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ .. 

 

 

180 

 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 3éééééééééééééé. 186 

( , )ʊ z t



 26 

ʈʆɿɼɯʃ 4.  ʅɸʊʋʈʅɯ  ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɯ ɼʆʉʃɯɼɾɽʅʅʗ 

ɽʅɽʈɻɽʊʀʏʅʆɰ  ɽʌɽʂʊʀɺʅʆʉʊɯ ʉʀʉʊɽʄ ɺʀʆʈʀʉʊɸʅʅʗ 

ʅʀɿʔʂʆʇʆʊɽʅʎɯʁʅʆɰ ʊɽʇʃʆʊʀ ʇʆɺɯʊʈʗ, 

ʇʆɺɽʈʍʅɽɺʀʍ ɺʆɼ, ɻʈʋʅʊʋ ʊɸ ɺʆɼʀ ʇɽʈʐʆɻʆ ɺɯɼ 

ʇʆɺɽʈʍʅɯ ɺʆɼʆʅʆʉʅʆɻʆ ɻʆʈʀɿʆʊʋ ééééééééé..  

 

 

 

 

189 

4.1 ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ 

ʪʝʧʣʦʪʠ ʧʦʚʽʪʨʷ ééééééééééééééééé... 

 

 

189 

4.1.1 ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʥʘʪʫʨʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚ ʩʠʩʪʝʤʽ çʧʦʚʽʪʨʷ ï ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ ï 

ʘʢʫʤʫʣʷʪʦʨ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ï ʢʦʥʚʝʢʪʦʨè éééééé.. 

 

 

189 

4.1.2 ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʘʥʘʣʽʟ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʚʽʪʨʷʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ 

ʩʠʩʪʝʤʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ éééééééééééé.. 

 

 

193 

4.2 ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ  ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ 

ʪʝʧʣʦʪʠ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ éééééééééééé. 

 

 

200 

4.2.1 ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʥʘʪʫʨʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚ ʩʠʩʪʝʤʽ çʧʦʚʝʨʭʥʝʚʽ ʚʦʜʠ ï ʪʝʧʣʦʚʠʡ 

ʥʘʩʦʩ ï ʢʦʥʚʝʢʪʦʨè éééééééééééééééé. 

 

 

200 

4.2.2 ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʘʥʘʣʽʟ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ 

ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʟʘʢʨʠʪʦʛʦ ʪʠʧʫ ééééééé 

 

 

202 

4.3. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ  ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ 

ʪʝʧʣʦʪʠ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ˇʨʫʥʪʫ éééééééé 

 

 

207 

4.3.1. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʥʘʪʫʨʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚ ʩʠʩʪʝʤʽ çʚʝʨʭʥʽ ʰʘʨʠ ʟʝʤʥʦʾ ʢʦʨʠ ï 

ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ ï ʪʝʧʣʦʚʠʡ ʘʢʫʤʫʣʷʪʦʨ ï 

ʢʦʥʚʝʢʪʦʨèééééééééééééééééééé.. 

 

 

 

207 



 27 

4.3.2. ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʘʥʘʣʽʟ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʟ 

ʛʝʦʪʝʨʤʘʣʴʥʠʤʠ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘʤʠ, ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʚ 

ˇʨʫʥʪʽ ʚʠʱʝ ʥʝʡʪʨʘʣʴʥʦʛʦ ʰʘʨʫ ʪʝʤʧʝʨʘʪʫʨ  éééé.. 

 

 

 

212 

4.3.3. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʽʜʙʦʨʫ 

ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʛʝʦʪʝʨʤʘʣʴʥʠʤʠ 

ʪʝʧʣʦʥʘʩʦʩʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʚʽʜ ʨʝʛʝʥʝʨʘʮʽʡʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʧʦʣʷ éééééééé... 

 

 

 

218 

4.4. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ  ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ 

ʪʝʧʣʦʪʠ ʚʦʜʠ ʧʝʨʰʦʛʦ ʚʽʜ ʧʦʚʝʨʭʥʽ ʚʦʜʦʥʦʩʥʦʛʦ 

ʛʦʨʠʟʦʥʪʫ éééééééééééééééééééé 

 

 

 

223 

4.4.1 ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʥʘʪʫʨʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʫ ʩʠʩʪʝʤʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʚ ʩʠʩʪʝʤʽ çʚʦʜʘ 

ʧʝʨʰʦʛʦ ʚʽʜ ʧʦʚʝʨʭʥʽ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ ï ʪʝʧʣʦʚʠʡ 

ʘʢʫʤʫʣʷʪʦʨ ï ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ-ʢʦʥʚʝʢʪʦʨè . éééééé 

 

 

 

 

223 

4.4.2 ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʘʥʘʣʽʟ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ 

ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʚʽʜʢʨʠʪʦʛʦ ʪʠʧʫ ééééééé. 

 

 

227 

 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 4éééééééééééééé.   232 

 

ʈʆɿɼɯʃ 5.  ʈʆɿʈʆɹʂɸ ʄɽʊʆɼʀʏʅʀʍ ʊɸ ʊɽʍʅɯʏʅʀʍ 

ɿɸʉʆɹɯɺ ɼʃʗ ʇɯɼɺʀʑɽʅʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯ 

ʅɸɼɯʁʅʆʉʊɯ ʊɸ ʈɽʉʋʈʉʋ ʌʋʅʂʎɯʆʅʋɺɸʅʅʗ ʉʀʉʊɽʄ 

ʇɽʈɽʊɺʆʈɽʅʅʗ ʅʀɿʔʂʆʇʆʊɽʅʎɯʅʆɰ ɻɽʆʊɽʈʄɸʃʔʅʆɰ 

ɽʅɽʈɻɯɰ ʊɸ ɽʅɽʈɻɯɰ ɼʆɺʂɯʃʃʗ ééééééééééé.. 

 

 

 

 

238 

5.1. ʂʦʤʧʣʝʢʩʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʪʝʧʣʦʪʠ 

ʜʦʚʢʽʣʣʷ ʚ ʦʜʥʽʡ ʪʝʧʣʦʥʘʩʦʩʥʽʡ ʩʠʩʪʝʤʽ  éééééé 

 

 

238 



 28 

5.1.1. ʄʝʪʦʜ ʪʝʧʣʦʚʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʚʦʾ 

ʝʥʝʨʛʽʾ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʚ ʢʦʥʪʫʨʽ ʚʠʧʘʨʥʠʢʘ ʪʝʧʣʦʚʦʛʦ 

ʥʘʩʦʩʫéééééééééééééééééééé. 

 

 

238 

5.1.2. ʇʦʙʫʜʦʚʘ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʤ ʢʣʘʩʪʝʨʦʤ 

ʥʘ ʦʩʥʦʚʽ  ʩʠʩʪʝʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ 

ʪʝʧʣʦʚʦʾ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ, ʝʥʝʨʛʽʾ ʜʦʚʢʽʣʣʷ ʪʘ 

ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾééééééééééééééééé 

 

 

 

251 

5.1.3. ʇʨʠʥʮʠʧʠ ʢʦʤʙʽʥʫʚʘʥʥʷ ʚ ʩʠʩʪʝʤʘʭ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ, 

ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʫ ʛʝʦʪʝʨʤʘʣʴʥʫ 

ʝʥʝʨʛʽʶ ʪʘ ʝʥʝʨʛʽʶ ʜʦʚʢʽʣʣʷ ʟ ʘʢʫʤʫʣʷʪʦʨʦʤ ʪʝʧʣʦʚʦʾ 

ʝʥʝʨʛʽʾ ééééééééééééééééééé.. 

 

 

 

257 

5.2. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʽʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ ʱʦʜʦ 

ʧʽʜʚʠʱʝʥʥʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ 

ʪʘ ʝʥʝʨʛʽʾ ʜʦʚʢʽʣʣʷ éééééééééééééé.. 

 

 

 

264 

5.2.1. ʋʥʽʚʝʨʩʘʣʴʥʠʡ ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʡ ʟʦʥʜ-ʪʝʧʣʦʦʙʤʽʥʥʠʢ .. 264 

5.2.2. ɸʚʪʦʥʦʤʥʘ ʛʽʜʨʦʪʝʨʤʘʣʴʥʘ ʪʝʧʣʦʥʘʩʦʩʥʘ ʩʠʩʪʝʤʘ é. 266 

5.2.3. ʄʦʙʽʣʴʥʘ ʛʽʜʨʦʪʝʨʤʘʣʴʥʘ ʤʦʜʫʣʴʥʘ ʪʝʧʣʦʥʘʩʦʩʥʘ 

ʩʠʩʪʝʤʘ ééééééééééééééééééé. 

 

269 

5.3. ɸʥʘʣʽʟ ʪʘ ʨʦʟʨʦʙʢʘ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʛʘʟʦʚʤʽʩʥʠʭ ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʚʦʜ ééééééééé 

 

274 

5.3.1. ʅʘʧʨʷʤʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʘʟʦʚʤʽʩʥʠʭ ʛʝʦʪʝʨʤʘʣʴʥʠʭ 

ʚʦʜ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʛʘʟʦʚʦʛʦ ʬʘʢʪʦʨʫ ʪʘ ʩʢʣʘʜʫ 

ʨʦʟʯʠʥʝʥʦʛʦ ʛʘʟʫ ééééééééééééééé 

 

 

274 

5.3.2. ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʪʝʭʥʽʢʠ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʫʪʚʦʨʝʥʥʷ 

ʰʪʫʯʥʦʛʦ ʛʘʟʦʛʽʜʨʘʪʫ  ééééééééééééé 

 

275 

5.3.3. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʽʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ ʱʦʜʦ 

ʪʝʭʥʦʣʦʛʽʡ  ʫʪʚʦʨʝʥʥʷ  ʛʘʟʦʛʽʜʨʘʪʫ ʟ ʤʝʪʦʶ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʛʘʟʫ ʫ ʪʚʝʨʜʦʤʫ ʩʪʘʥʽ, 

ʦʪʨʠʤʘʥʦʛʦ ʟ ʛʘʟʦʚʤʽʩʥʠʠʭ ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʚʦʜ  éé.. 

 

 

 

278 



 29 

5.3.3.1. ʇʨʠʩʪʨʽʡ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʰʪʫʯʥʠʭ ʛʘʟʦʚʠʭ ʛʽʜʨʘʪʽʚ é. 278 

5.3.3.2. ʉʧʦʩʽʙ ʩʪʽʣʴʥʠʢʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʛʘʟʦʛʽʜʨʘʪʽʚ ʜʣʷ 

ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʛʘʟʫ ééééééé. 

 

283 

5.3.3.3. ʐʥʝʢʦʚʠʡ ʧʨʠʩʪʨʽʡ ʚʠʨʦʙʥʠʮʪʚʘ ʛʘʟʦʛʽʜʨʘʪʽʚ ʜʣʷ 

ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʛʘʟʫ ééééééé.. 

 

284 

5.3.3.4. ʐʥʝʢʦʚʠʡ ʢʦʥʫʩʥʠʡ ʧʨʝʩ-ʝʢʩʪʨʫʜʝʨ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʛʘʟʦʛʽʜʨʘʪʫ ééééééééééééééééé.. 

 

286 

5.3.3.5 ʉʧʦʩʽʙ ʢʣʘʩʪʝʨʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʛʘʟʦʛʽʜʨʘʪʽʚ ʚ 

ʤʦʜʫʣʴʥʠʭ ʪʝʨʤʦʢʦʥʪʝʡʥʝʨʘʭ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʛʘʟʫ 

 

289 

5.4. ʄʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʜʝʙʽʪʫ ʩʚʝʨʜʣʦʚʠʥʠ, 

ʷʢʦʶ ʨʦʟʢʨʠʪʦ ʚʦʜʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ  ʷʢ ʾʾ 

ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʪʘʢ ʽ ʪʝʭʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʢʦʥʪʫʨʫ ʚʠʧʘʨʥʠʢʘ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ééééé... 

 

 

 

292 

5.4.1. ʆʩʥʦʚʥʽ  ʚʠʜʠ ʜʦʩʣʽʜʥʦ-ʬʽʣʴʪʨʘʮʽʡʥʠʭ ʨʦʙʽʪ ʥʘ 

ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʩʚʝʨʜʣʦʚʠʥʘʭ éééééééééé. 

 

292 

5.4.2. ɸʣʛʦʨʠʪʤ ʜʽʡ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ 

ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʜʝʙʽʪʫ ʩʚʝʨʜʣʦʚʠʥʠ ééé. 

 

294 

5.4.3. ʇʨʠʢʣʘʜ ʚʠʟʥʘʯʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ ʜʣʷ ʨʦʙʦʪʠ ʚ ʩʢʣʘʜʽ 

ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ééééééééééééé.. 

 

 

298 

5.5. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʨʦʟʨʦʙʢʠ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ 

ʟʘʩʦʙʽʚ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʟʘʜʘʯ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ 

ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʝʥʝʨʛʽʾ ʜʦʚʢʽʣʣʷ ééééé 

 

 

 

299 

5.5.1. ɺʠʙʽʨ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʪʝʭʥʦʣʦʛʽʯʥʠʡ 

ʧʨʦʮʝʩ ʨʦʙʦʪʠ ʪʝʧʣʦʛʝʥʝʨʫʶʯʦʾ ʫʩʪʘʥʦʚʢʠ éééé 

 

299 

5.5.2. ɸʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʟʘʩʦʙʽʚ ʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʮʠʬʨʦʚʠʭ  

ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ  ʩʠʩʪʝʤ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʝʥʝʨʛʽʾ ʜʦʚʢʽʣʣʷ ééééé 

 

 

 

300 



 30 

5.5.3. ʈʦʟʨʦʙʢʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ 

ʧʨʠʨʦʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤ ʚʠʜʦʙʫʪʢʫ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʝʥʝʨʛʽʾ 

ʜʦʚʢʽʣʣʷéééééééééééééééééééé. 

 

 

 

302 

 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 5éééééééééééééé 

 

309 

ʈʆɿɼɯʃ 6.  ʆɹɻʈʋʅʊʋɺɸʅʅʗ ʊɽʍʅɯʂʆ-ɽʂʆʅʆʄɯʏʅʆɰ 

ɽʌɽʂʊʀɺʅʆʉʊɯ  ɺʀʂʆʈʀʉʊɸʅʅʗ ʉʀʉʊɽʄ 

ʇɽʈɽʊɺʆʈɽʅʅʗ  ɻɽʆʊɽʈʄɸʃʔʅʆɰ ɽʅɽʈɻɯɰ ʊɸ ɽʅɽʈɻɯɰ 

ɼʆɺʂɯʃʃʗ éééééééééééééééééééééé 

 

 

 

 

310 

6.1. ɸʥʘʣʽʪʠʢʦ-ʧʦʨʽʚʥʷʣʴʥʘ  ʦʮʽʥʢʘ ʽʥʚʝʩʪʠʮʽʡʥʦʾ 

ʧʨʠʚʘʙʣʠʚʦʩʪʽ ʩʠʩʪʝʤ ʪʝʧʣʦʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʧʨʘʮʶʶʪʴ 

ʟʘ ʨʘʭʫʥʦʢ  ʧʝʨʝʪʚʦʨʝʥʥʷ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʝʥʝʨʛʽʾ 

ʜʦʚʢʽʣʣʷ ʚ ʢʦʥʢʨʝʪʥʠʭ ʟʦʥʘʭ ʟʘʧʣʘʥʦʚʘʥʦʾ ʪʘ 

ʟʜʽʡʩʥʶʚʘʥʦʾ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ééééééééééé. 

 

 

 

 

310 

6.1.1. ʊʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʪʘ ʝʢʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ é. 

 

310 

6.1.2. ʊʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʪʘ ʝʢʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ 

ʟʘʢʨʠʪʦʛʦ ʪʠʧʫ ééééééééééééééééé 

 

 

327 

6.2. ɸʥʘʣʽʟ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ  ʤʝʪʦʜʽʚ  ʝʢʦʥʦʤʽʢʦ-

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʧʨʠʚʘʙʣʠʚʦʩʪʽ 

ʜʦ ʪʝʭʥʦʣʦʛʽʡ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ  ʥʘ ʦʩʥʦʚʽ 

ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʝʥʝʨʛʽʾ 

ʜʦʚʢʽʣʣʷ  ééééééééééééééééééé.. 

 

 

 

 

333 

6.2.1. ʊʨʘʜʠʮʽʡʥʘ ʤʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʥʘ ʦʩʥʦʚʽ ʪʝʨʤʽʥʫ ʦʢʫʧʥʦʩʪʽ éééééé.. 

 

333 

6.2.2. ʄʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʮʽʥʠ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʽ 

ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʝʥʝʨʛʦʫʩʪʘʥʦʚʢʠ éééééééé.. 

 

337 



 31 

6.2.3 ʄʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʥʦʨʤʦʚʘʥʦʾ ʮʽʥʠ ʚʠʨʦʙʥʠʮʪʚʘ 

ʝʥʝʨʛʦʧʨʦʜʫʢʪʽʚ ʪʘ ʧʦʢʘʟʥʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʢʘʧʽʪʘʣʴʥʠʭ 

ʚʠʪʨʘʪ éééééééééééééééééééé. 

 

 

341 

 ɺʠʩʥʦʚʢʠ ʧʦ ʨʦʟʜʽʣʫ 6 éééééééééééé.é. 

 

346 

ɺʀʉʅʆɺʂʀ ééééééééééé éééééééé.é.. 348 

ʉʇʀʉʆʂ ɺʀʂʆʈʀʉʊɸʅʀʍ ɼɾɽʈɽʃ ééééééééé. 353 

ɼʆɼɸʊʂʀ ééééééééééééééééééééé.. 369 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 32 

ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ 

mʭʣ ï ʤʘʩʦʚʘ ʚʠʪʨʘʪʘ ʭʦʣʦʜʦʘʛʝʥʪʫ, ʢʛ/ʩ; 

Nʢʤ ï ʧʦʪʫʞʥʽʩʪʴ ʧʨʠʚʦʜʫ ʢʦʤʧʨʝʩʦʨʘ, ʢɺʪ; 

Si ï ʧʦʚʥʘ ʝʥʪʨʦʧʽʷ, ʢɺʪ/ʂ; 

Q0 ï ʭʦʣʦʜʦʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʢɺʪ; 

Qʢ ï ʪʝʧʣʦʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʢɺʪ; 

ʊʥʩ, ʈʥʩ ï ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʪʠʩʢ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; 

ʊ0, ʈ0 ï ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʪʠʩʢ ʚʠʧʘʨʦʚʫʚʘʥʥʷ; 

ʊʢ, ʈʢ ï ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʪʠʩʢ ʢʦʥʜʝʥʩʘʮʽʾ; 

qʢ,q0 ï ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʬʘʢʪʦʨ ʂʘʨʥʦ; 

H  ̔ï ʧʦʚʥʘ ʝʥʪʘʣʴʧʽʷ, ʢɺʪ; 

ʉʆʈ  ï (Coefficient of performance), ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʝʧʣʦʪʠ;  

ɻʆ ï ʛʘʟʦʦʭʦʣʦʜʞʫʚʘʯ; 

ɼɽʊ ï ʜʝʪʘʥʜʝʨ; 

ɼʈ ï ʜʨʦʩʝʣʴ; 

ɽɼ ï ʝʣʝʢʪʨʦʜʚʠʛʫʥ; 

ɽɾ ï ʝʞʝʢʪʦʨ; 

ʂɼ ï ʢʦʥʜʝʥʩʘʪʦʨ; 

ʂʄ ï ʢʦʤʧʨʝʩʦʨ; 

ʅʉ ï ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ; 

ʆʇʇ ï ʦʭʦʣʦʜʞʫʚʘʯ ʧʝʨʝʛʨʽʪʦʾ ʧʘʨʠ; 

ɹʅʊɽ ï ʙʫʬʝʨʥʠʡ ʥʘʢʦʧʠʯʫʚʘʯ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ; 

ʈʊ ï ʨʝʛʝʥʝʨʘʪʠʚʥʠʡ ʪʝʧʣʦʦʙʤʽʥʥʠʢ; 

ʉɽʇ ï ʩʝʧʘʨʘʪʦʨ; 

ʊʅ ï ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ; 

ʊʅʋ ï ʪʝʧʣʦʥʘʩʦʩʥʘ ʫʩʪʘʥʦʚʢʘ; 

ʊʆ ï ʪʝʧʣʦʦʙʤʽʥʥʠʢ; 

ʍʃ ï ʭʦʣʦʜʠʣʴʥʠʢ; 

ʍʄ ï ʭʦʣʦʜʠʣʴʥʘ ʤʘʰʠʥʘ. 
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ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ɼʝʨʞʘʚʥʘ ʧʦʣʽʪʠʢʘ ʋʢʨʘʾʥʠ ʟ ʝʥʝʨʛʦ- ʪʘ 

ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʩʫʪʪʻʚʝ ʟʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʝʥʝʨʛʽʾ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ. ʋ ʢʚʽʪʥʽ 2023 ʨʦʢʫ ʂʘʙʽʥʝʪ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ 

ʩʭʚʘʣʠʚ ɽʥʝʨʛʝʪʠʯʥʫ ʩʪʨʘʪʝʛʽʶ ʋʢʨʘʾʥʠ ʜʦ 2050 ʨʦʢʫ, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ 

ʜʦʩʷʛʥʝʥʥʷ ʋʢʨʘʾʥʦʶ ʚʫʛʣʝʮʝʚʦʾ ʥʝʡʪʨʘʣʴʥʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʝʢʪʦʨʫ ʜʦ 

ʟʘʟʥʘʯʝʥʦʛʦ ʧʝʨʽʦʜʫ. ʈʝʬʦʨʤʫʚʘʥʥʷ ʚʽʪʯʠʟʥʷʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʛʘʣʫʟʽ 

ʧʝʨʝʜʙʘʯʘʻ ʜʝʢʘʨʙʦʥʽʟʘʮʽʶ ʝʥʝʨʛʝʪʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʜʝʮʝʥʪʨʘʣʽʟʘʮʽʶ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʦʙôʻʢʪʽʚ. ʋ 2024 ʨʦʮʽ ʂʘʙʽʥʝʪ ʤʽʥʽʩʪʨʽʚ ʟʘʪʚʝʨʜʠʚ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʧʣʘʥ ʜʽʡ ʟ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʥʘ ʧʝʨʽʦʜ ʜʦ 2030 ʨʦʢʫ, 

ʚʽʜʧʦʚʽʜʥʦ ʷʢʦʛʦ ʯʘʩʪʢʘ ɺɼɽ ʫ ʚʘʣʦʚʦʤʫ ʢʽʥʮʝʚʦʤʫ ʩʧʦʞʠʚʘʥʥʽ ʝʥʝʨʛʽʾ ʫ 

2030 ʨʦʮʽ ʩʪʘʥʦʚʠʪʠʤʝ 27%, ʧʨʠʯʦʤʫ ʟʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʢʠ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ ʦʧʘʣʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ 

ï ʟ 9% ʜʦ ʨʽʚʥʷ 33%. 

ʆʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʻ 

ʾʭʥʷ ʥʝʚʠʯʝʨʧʥʽʩʪʴ ʽ ʝʢʦʣʦʛʽʯʥʘ ʯʠʩʪʦʪʘ, ʱʦ ʩʧʨʠʷʻ ʧʦʢʨʘʱʝʥʥʶ 

ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ ʥʘ ʧʣʘʥʝʪʽ. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ ʟʥʠʢʘʻ ʧʦʪʨʝʙʘ ʫ ʚʠʜʦʙʫʪʢʫ, ʧʝʨʝʨʦʙʮʽ, ʟʙʘʛʘʯʝʥʥʽ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ 

ʧʘʣʠʚʘ, ʫʪʠʣʽʟʘʮʽʾ ʯʠ ʟʘʭʦʨʦʥʝʥʥʽ ʰʢʽʜʣʠʚʠʭ ʚʽʜʭʦʜʽʚ ʪʨʘʜʠʮʽʡʥʠʭ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʨʦʙʥʠʮʪʚ [1]. 

ɺʥʘʩʣʽʜʦʢ ʚʦʻʥʥʦʾ ʘʛʨʝʩʽʾ ʨʦʩʽʾ ʧʨʦʪʠ ʋʢʨʘʾʥʠ ʧʦʩʪʘʣʘ ʥʝʦʙʭʽʜʥʽʩʪʴ  

ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʥʷ ʧʝʨʝʭʦʜʫ ʥʘ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ʪʘ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ. ɼʣʷ ʦʢʨʝʤʠʭ ʧʦʩʝʣʝʥʴ, ʤʘʣʠʭ ʤʽʩʪʝʯʦʢ, ʪʘ ʦʢʨʝʤʠʭ 

ʨʘʡʦʥʽʚ ʚʝʣʠʢʠʭ ʤʽʩʪ ʦʧʪʠʤʘʣʴʥʠʤ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤ 

ʦʧʘʣʝʥʥʷ ʪʘ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʥʘ ʦʩʥʦʚʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʪʝʧʣʦʚʫ ʢʦʨʠʩʥʫ ʝʥʝʨʛʽʶ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ 

ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʝʥʝʨʛʽʾ ʜʦʚʢʽʣʣʷ, ʝʥʝʨʛʝʪʠʯʥʽ ʨʝʩʫʨʩʠ ʷʢʠʭ ʻ 

ʜʦʩʪʫʧʥʠʤʠ ʧʨʘʢʪʠʯʥʦ ʥʘ ʚʩʽʡ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ. 
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ɼʦ ʧʨʠʨʦʜʥʠʭ ʜʞʝʨʝʣ ʪʝʧʣʦʪʠ ʜʦʚʢʽʣʣʷ ʥʘʣʝʞʘʪʴ ʘʪʤʦʩʬʝʨʥʝ ʧʦʚʽʪʨʷ, 

ʚʦʜʠ ʨʽʯʦʢ, ʤʦʨʽʚ, ʚʝʨʭʥʴʦʛʦ ʰʘʨʫ ˇʨʫʥʪʫ ʪʘ ˇʨʫʥʪʦʚʽ ʚʦʜʠ. ɽʥʝʨʛʽʷ ʜʦʚʢʽʣʣʷ 

ï ʮʝ ʪʝʧʣʦʚʘ ʝʥʝʨʛʽʷ, ʱʦ ʥʘʜʽʡʰʣʘ ʚʽʜ ʉʦʥʮʷ, ʘʢʫʤʫʣʶʻʪʴʩʷ ʚ ʰʘʨʽ ˇʨʫʥʪʫ ʪʘ 

ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʥʘ ʛʣʠʙʠʥʘʭ ʜʦ ʥʝʡʪʨʘʣʴʥʦʛʦ ʰʘʨʫ [2]. 

ʉʝʨʝʜ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʪʝʧʣʦʪʘ ʟʝʤʥʠʭ ʥʘʜʨ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʪʘʙʽʣʴʥʽʩʪʶ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʥʝʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʩʝʟʦʥʥʠʭ ʽ ʜʦʙʦʚʠʭ ʢʦʣʠʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨʠ [3]. ɻʝʦʪʝʨʤʘʣʴʥʽ ʨʝʩʫʨʩʠ 

ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʧʝʪʨʦʪʝʨʤʘʣʴʥʽ, ʪʦʙʪʦ ʥʘʛʨʽʪʽ ʛʽʨʩʴʢʽ ʧʦʨʦʜʠ ʪʘ 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʽ ï ʛʘʨʷʯʘ ʚʦʜʘ ʽ ʩʫʭʘ ʧʘʨʘ. ʇʦʙʽʯʥʠʤ ʧʨʦʜʫʢʪʦʤ ʛʝʦʪʝʨʤʘʣʴʥʠʭ 

ʚʦʜ ʻ ʩʫʧʫʪʥʽʡ ʧʨʠʨʦʜʥʠʡ ʛʘʟ. ʆʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʚʩʝ ʙʽʣʴʰʦʛʦ ʧʨʘʢʪʠʯʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ 

ɿʝʤʣʽ ʥʘ ʛʣʠʙʠʥʘʭ ʚʽʜ 20 ʜʦ 400 ʤ ʪʘ ʝʥʝʨʛʽʾ ʜʦʚʢʽʣʣʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʧʣʦʚʠʭ 

ʥʘʩʦʩʽʚ [4]. 

ʉʫʪʪʻʚʦʶ ʧʝʨʝʚʘʛʦʶ ʜʘʥʠʭ ʩʠʩʪʝʤ ʚʽʜ ʽʥʰʠʭ ʻ ʪʝ, ʱʦ ʥʘ ʥʝʟʥʘʯʥʽʡ ʧʣʦʱʽ 

ʧʦʚʝʨʭʥʽ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ  ʟʥʘʯʥʫ ʪʝʧʣʦʚʫ ʧʦʪʫʞʥʽʩʪʴ [5]. ʎʝ ʻ ʘʢʪʫʘʣʴʥʠʤ 

ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ ʚ ʤʽʩʮʷʭ ʟ ʚʞʝ ʽʩʥʫʶʯʦʶ ʱʽʣʴʥʦʶ 

ʟʘʙʫʜʦʚʦʶ.  

ʆʜʥʘʢ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʧʦʪʨʝʙʫʻ ʙʽʣʴʰ 

ʜʝʪʘʣʴʥʦʛʦ ʚʠʚʯʝʥʥʷ ʧʨʦʮʝʩʽʚ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʙʘʛʘʪʴʦʭ 

ʯʠʥʥʠʢʽʚ. ʊʘʢ, ʚʽʜʦʤʦ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʝʧʣʦʥʘʩʦʩʥʦʾ 

ʩʠʩʪʝʤʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʠʭʦʜʽ ʟ ʢʦʥʜʝʥʩʘʪʦʨʘ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ 

ʪʘ ʚʭʦʜʽ ʫ ʡʦʛʦ ʚʠʧʘʨʥʠʢ. ʗʢʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʠʭʦʜʽ ʟ ʢʦʥʜʝʥʩʘʪʦʨʘ 

ʨʝʛʫʣʶʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʤʬʦʨʪʥʠʤʠ 

ʫʤʦʚʘʤʠ ʧʝʨʝʙʫʚʘʥʥʷ ʣʶʜʝʡ, ʨʦʙʦʪʠ ʪʝʭʥʽʢʠ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʪʦ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʭʦʜʽ ʫ ʚʠʧʘʨʥʠʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʠʨʦʜʥʠʤ ʜʞʝʨʝʣʦʤ 

ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʽʾ ʽ ʤʦʞʝ ʤʘʪʠ ʜʝʚʽʘʮʽʾ, ʷʢʽ ʦʙʫʤʦʚʣʝʥʽ ʡʦʛʦ 

ʥʝʩʪʘʙʽʣʴʥʽʩʪʶ. ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʧʦʪʦʯʥʫ ʧʦʪʫʞʥʽʩʪʴ 

ʮʠʭ ʩʠʩʪʝʤ ʥʘ ʧʝʚʥʽʡ ʪʝʨʠʪʦʨʽʾ, ʤʘʶʪʴ ʚʨʘʭʦʚʫʚʘʪʠ ʷʢ ʯʘʩʦʚʫ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ, 

ʪʘʢ ʽ ʛʣʠʙʠʥʥʽ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʟʫʤʦʚʣʝʥʽ ʬʽʣʴʪʨʘʮʽʻʶ 

ʨʽʜʠʥʠ ʫ ʧʨʦʥʠʢʥʠʭ ʰʘʨʘʭ. ɯʥʘʢʰʝ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʪʘ ʚʠʩʥʦʚʢʠ ʥʘ ʾʭ 
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ʦʩʥʦʚʽ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʜʪʦ ʜʘʣʝʢʠʤʠ ʚʽʜ ʨʝʘʣʴʥʦʾ ʧʨʘʢʪʠʢʠ ʽ ʥʝ ʩʧʨʠʷʪʠʤʫʪʴ 

ʝʬʝʢʪʠʚʥʦʤʫ ʚʧʨʦʚʘʜʞʝʥʥʶ ʩʠʩʪʝʤ ʚʠʢʦʨʠʩʪʘʥʥʷ  ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ 

ʪʝʧʣʦʪʠ ʜʦʚʢʽʣʣʷ.  

ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʚʠʨʽʰʝʥʦ ʘʢʪʫʘʣʴʥʫ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʫ 

ʧʨʦʙʣʝʤʫ ʨʦʟʨʦʙʣʝʥʥʷ ʽ ʫʜʦʩʢʦʥʘʣʝʥʥʷ  ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʪʘ ʟʘʩʦʙʽʚ 

ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʪʘ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʩʠʩʪʝʤʠ: 

çʧʨʠʨʦʜʥʻ ʩʝʨʝʜʦʚʠʱʝ - ʢʦʣʝʢʪʦʨ - ʪʝʧʣʦʚʠʡ ʥʘʩʦʩè ʽ ʩʠʩʪʝʤ 

ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ʥʘ ʾʭ ʦʩʥʦʚʽ, ʚ ʷʢʠʭ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʽ ʧʨʦʮʝʩʠ 

ʨʽʟʥʦʾ ʬʽʟʠʯʥʦʾ ʧʨʠʨʦʜʠ ʫ ʨʝʟʫʣʴʪʘʪʽ ʚʠʧʘʜʢʦʚʦʛʦ ʭʘʨʘʢʪʝʨʫ ʧʦʛʦʜʥʦ-

ʢʣʽʤʘʪʠʯʥʦʛʦ ʯʠʥʥʠʢʫ, ʛʝʦʣʦʛʽʯʥʠʭ, ʛʽʜʨʦʣʦʛʽʯʥʠʭ, ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ ʪʘ 

ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʫʤʦʚ ʤʽʩʮʷ ʾʭ ʨʦʟʪʘʰʫʚʘʥʥʷ. ʈʦʟʨʦʙʣʝʥʦ ʽ ʥʘʫʢʦʚʦ 

ʦʙˇʨʫʥʪʦʚʘʥʦ ʥʦʚʽ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʦ ʽʩʥʫʶʯʽ ʤʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʫ ʢʦʤʧʣʝʢʩʽ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽ ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʝʥʝʨʛʽʾ ʜʦʚʢʽʣʣʷ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ʈʦʙʦʪʘ 

ʚʠʢʦʥʘʥʘ ʫ ʚʽʜʜʽʣʽ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ɯʥʩʪʠʪʫʪʫ ʚʽʜʥʦʚʣʶʚʘʥʦʾ 

ʝʥʝʨʛʝʪʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ. ʈʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʧʣʘʥʘʤʠ 

ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ ɯʥʩʪʠʪʫʪʫ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ 

ʪʘ ʜʝʨʞʘʚʥʠʤʠ ʪʝʤʘʤʠ: çʈʦʟʨʦʙʢʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʩʘʜ ʩʪʚʦʨʝʥʥʷ 

ʪʝʧʣʦʚʠʭ ʪʘ ʝʣʝʢʪʨʠʯʥʠʭ ʩʪʘʥʮʽʡ ʥʘ ʦʩʥʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʽ 

ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʩʠʩʪʝʤʘʭ ʚʠʜʦʙʫʚʘʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚè  ʰʠʬʨ çɻʝʦʪʝʨʤ-3è (ˉ  ʜʝʨʞ. ʨʝʻʩʪʨʘʮʽʾ  

0118U003206);  çʈʦʟʨʦʙʢʘ ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ ʥʘ ʦʩʥʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʪʝʧʣʦʚʠʭ ʽ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʩʠʩʪʝʤ ʚʠʜʦʙʫʚʘʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚè,  ʰʠʬʨ çɻʝʦʪʝʨʤ-3ɼè (ˉ  ʜʝʨʞ. ʨʝʻʩʪʨʘʮʽʾ  

0123U100984); çʈʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ ʥʘ ʦʩʥʦʚʽ ʥʦʚʠʭ ʟʘʩʦʙʽʚ ʽ ʪʝʭʥʦʣʦʛʽʡ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾè,  ʰʠʬʨ 

çɺɼɽ-ʊʝʭʥʦè (ˉ ʜʝʨʞ. ʨʝʻʩʪʨʘʮʽʾ  0123U100980); çʈʦʟʨʦʙʣʝʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʢʣʘʩʪʝʨʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʙôʻʢʪʽʚ ʙʘʛʘʪʦʮʽʣʴʦʚʦʛʦ 
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ʧʨʠʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʶ ʪʘ ʪʝʧʣʦʚʦʶ ʝʥʝʨʛʽʻʶ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʡ 

ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʪʘ ʚʦʜʥʝʚʦʾ ʝʥʝʨʛʝʪʠʢʠè, ʰʠʬʨ çɽʥʝʨʛʦ-ʛʘʨʘʥʪèè (ˉ ʜʝʨʞ. 

ʨʝʻʩʪʨʘʮʽʾ 0123U100830); çʈʦʟʚʠʥʫʪʠ ʽ ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ 

ʝʣʝʢʪʨʦʪʝʧʣʦʚʦʛʦ ʩʪʘʥʫ ʩʦʥʷʯʥʠʭ ʢʦʣʝʢʪʦʨʽʚ, ʬʦʪʦʙʘʪʘʨʝʡ ʽ ʬʦʪʦʪʝʨʤʽʯʥʠʭ 

ʤʦʜʫʣʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʤʧʣʝʢʩʫ ʫʩʢʣʘʜʥʶʶʯʠʭ ʬʘʢʪʦʨʽʚ, ʦʙʫʤʦʚʣʝʥʠʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʦʚʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʢʦʥʮʝʥʪʨʘʪʦʨʽʚ ʩʦʥʷʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷè, ʰʠʬʨ: çʉʦʥʮʝ-ʋʌè (ˉ ʜʝʨʞ. ʨʝʻʩʪʨʘʮʽʾ  0123U100808). 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʪʘ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʢʦʨʠʩʥʫ ʪʝʧʣʦʚʫ 

ʝʥʝʨʛʽʶ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʝʥʝʨʛʽʾ ʜʦʚʢʽʣʣʷ ʜʣʷ 

ʝʬʝʢʪʠʚʥʦʛʦ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʠʩʪʝʤʘʭ ʦʧʘʣʝʥʥʷ ʪʘ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ, ʦʙʫʤʦʚʣʝʥʠʭ ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ ʽ ʥʝʧʦʩʪʽʡʥʽʩʪʶ 

ʩʪʨʫʢʪʫʨʠ ʽ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʝʨʝʜʦʚʠʱʘ. 

ɼʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʨʦʙʦʪʠ ʚʠʨʽʰʝʥʦ ʚʠʢʦʥʘʥʥʷʤ ʪʘʢʠʭ ʥʘʫʢʦʚʠʭ ʟʘʚʜʘʥʴ: 

- ʚʠʟʥʘʯʠʪʠ ʚʠʤʦʛʠ ʜʦ ʥʘʧʨʷʤʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤ 

ʚʠʜʦʙʫʚʘʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ 

ʝʥʝʨʛʽʾ ʜʦʚʢʽʣʣʷ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʬʘʢʪʦʨʽʚ ʪʘ ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴ ʝʥʝʨʛʝʪʠʯʥʫ ʡ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʽ 

ʩʠʩʪʝʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʝʥʝʨʛʽʾ ʜʦʚʢʽʣʣʷ ʚ ʪʝʧʣʦʚʫ 

ʢʦʨʠʩʥʫ ʝʥʝʨʛʽʶ; 

- ʚʠʟʥʘʯʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜ ʯʘʩ 

ʚʟʘʻʤʦʜʽʾ ʧʨʠʨʦʜʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʚʝʨʭʥʽʭ ʰʘʨʽʚ ɿʝʤʣʽ, ʧʦʚʝʨʭʥʝʚʠʭ ʪʘ 

ˇʨʫʥʪʦʚʠʭ ʚʦʜ, ʚʦʜʠ ʧʝʨʰʦʛʦ ʚʽʜ ʧʦʚʝʨʭʥʽ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ) ʟ 

ʘʢʪʠʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʢʦʣʝʢʪʦʨʽʚ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʪʝʧʣʦʚʦʾ ʛʝʦʪʝʨʤʘʣʴʥʦʾ 

ʝʥʝʨʛʽʾ ʪʘ ʝʥʝʨʛʽʾ ʜʦʚʢʽʣʣʷ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʩʠʩʪʝʤʽ çʧʨʠʨʦʜʥʻ ʩʝʨʝʜʦʚʠʱʝ  - ʪʝʧʣʦʦʙʤʽʥʥʠʢ (ʢʦʣʝʢʪʦʨ)è ʽ 

ʽʩʥʫʶʯʠʭ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʱʦ ʦʧʠʩʫʶʪʴ ʮʽ ʧʨʦʮʝʩʠ;  

- ʩʪʚʦʨʠʪʠ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʡ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʚ ʩʠʩʪʝʤʘʭ çʧʨʠʨʦʜʥʻ ʩʝʨʝʜʦʚʠʱʝ ï ʢʦʣʝʢʪʦʨ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ 

ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʝʥʝʨʛʽʾ ʜʦʚʢʽʣʣʷè; 
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- ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʛʝʦʣʦʛʽʯʥʠʭ, ʛʽʜʨʦʣʦʛʽʯʥʠʭ 

ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʫʤʦʚ ʤʽʩʮʷ ʾʭ ʨʦʟʪʘʰʫʚʘʥʥʷ ʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʪʘ ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʭ  ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ; 

- ʨʦʟʨʦʙʠʪʠ ʪʘ ʘʧʨʦʙʫʚʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʝʧʣʦʥʘʩʦʩʥʽ ʩʠʩʪʝʤʠ: 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʪʝʧʣʦʥʘʩʦʩʥʫ ʩʠʩʪʝʤʫ ʚʽʜʙʦʨʫ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ  

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʟ ʚʦʜʠ ʚʽʜʢʨʠʪʦʾ ʚʦʜʦʡʤʠ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʟʘʤʢʥʫʪʦʛʦ 

ʢʦʣʝʢʪʦʨʘ ʟʘʥʫʨʝʥʦʛʦ ʫ ʚʦʜʦʡʤʫ;  ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʪʝʧʣʦʥʘʩʦʩʥʫ ʩʠʩʪʝʤʫ 

ʚʽʜʙʦʨʫ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʟ ˇʨʫʥʪʫ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ  

ʟʘʤʢʥʫʪʦʛʦ ʤʦʜʫʣʴʥʦʛʦ ˇʨʫʥʪʦʚʦʛʦ ʢʦʣʝʢʪʦʨʘ,  ʨʦʟʤʽʱʝʥʦʛʦ ʚʝʨʪʠʢʘʣʴʥʦ ʫ 

ʩʚʝʨʜʣʦʚʠʥʘʭ; ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʪʝʧʣʦʥʘʩʦʩʥʫ ʩʠʩʪʝʤʫ ʚʽʜʙʦʨʫ 

ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʟ ʚʦʜʠ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʘʨʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʧʦʻʜʥʘʥʠʭ ʩʚʝʨʜʣʦʚʠʥ, ʷʢʠʤʠ ʨʦʟʢʨʠʪʦ 

ʚʦʜʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ, ʙʫʬʝʨʥʦʛʦ ʥʘʢʦʧʠʯʫʚʘʯʘ ʪʝʧʣʦʥʦʩʽʷ, ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ 

ʪʘ ʬʘʥʢʦʡʣʽʚ;  

- ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʚ 

ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ  ʚʠʤʽʨʶʚʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʩʧʝʮʽʘʣʴʥʝ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʢʦʥʪʨʦʣʶ, ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʘ ʘʨʭʽʚʘʮʽʾ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ 

ʪʝʧʣʦʚʠʭ ʪʘ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʧʨʠʨʦʜʥʴʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʪʘ ʢʦʣʝʢʪʦʨʽ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ;  

- ʚʠʢʦʥʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʧʝʨʝʚʽʨʢʫ ʦʪʨʠʤʘʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʫʩʪʘʥʦʚʢʘʭ; 

- ʥʘ ʦʩʥʦʚʽ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʚʠʟʥʘʯʠʪʠ ʤʦʞʣʠʚʦʩʪʽ ʧʽʜʚʠʱʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʫ ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ ˇʨʫʥʪʫ, ʚʦʜʠ ʪʘ ʧʦʚʽʪʨʷ; 

- ʨʦʟʨʦʙʠʪʠ ʥʦʚʽ  ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʘ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʝʥʝʨʛʽʾ 

ʜʦʚʢʽʣʣʷ; 

- ʚʠʢʦʥʘʪʠ ʘʥʘʣʽʪʠʢʦ-ʧʦʨʽʚʥʷʣʴʥʫ  ʦʮʽʥʢʫ ʽʥʚʝʩʪʠʮʽʡʥʦʾ ʧʨʠʚʘʙʣʠʚʦʩʪʽ 

ʩʠʩʪʝʤ ʪʝʧʣʦʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʧʨʘʮʶʶʪʴ ʟʘ ʨʘʭʫʥʦʢ  ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʝʥʝʨʛʽʾ ʜʦʚʢʽʣʣʷ ʚ ʢʦʥʢʨʝʪʥʠʭ ʟʦʥʘʭ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. 
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ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʮʝʩʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ 

ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʝʥʝʨʛʽʾ ʜʦʚʢʽʣʣʷ ʚ ʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʪʘʥʦʚʢʘʭ. 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʤʝʪʦʜʠ ʽ ʟʘʩʦʙʠ ʧʽʜʚʠʱʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ 

ʪʘ ʝʥʝʨʛʽʾ ʜʦʚʢʽʣʣʷ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʚ ʜʠʩʝʨʪʘʮʽʾ ʤʝʪʠ 

ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʪʘʢʽ ʤʝʪʦʜʠ: ʘʥʘʣʽʪʠʯʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʽ 

ʬʽʟʠʯʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʽ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ, ʪʝʦʨʽʾ 

ʪʝʧʣʦʦʙʤʽʥʫ, ʪʝʧʣʦʚʦʾ ʧʨʦʚʽʜʥʦʩʪʽ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʩʧʝʮʽʘʣʴʥʦ ʩʪʚʦʨʝʥʠʭ ʫʩʪʘʥʦʚʢʘʭ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʪʘʥʜʘʨʪʥʠʭ ʽ ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʠʢ.  

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʠʭ ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʥʘ ʦʩʥʦʚʽ 

ʪʝʧʣʦ-ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʟʥʘʯʝʥʥʷ 

ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʛʨʘʜʽʻʥʪʘ ʜʣʷ ʨʦʟʢʨʠʪʦʛʦ ʩʚʝʨʜʣʦʚʠʥʦʶ ʨʦʟʨʽʟʫ ʚ ʫʤʦʚʘʭ 

ʧʦʨʫʰʝʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʧʦʣʷ, ʨʝʛʽʦʥʘʣʴʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ  

ʬʦʨʤʫʚʘʥʥʷ ʷʢʦʛʦ ʟʤʽʥʝʥʽ ʧʽʜ ʚʧʣʠʚʦʤ ʣʦʢʘʣʴʥʠʭ ʬʘʢʪʦʨʽʚ ʝʢʟʦʛʝʥʥʦʛʦ ʪʘ 

ʝʥʜʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʟʘʙʝʟʧʝʯʠʪʠ ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʤʦʜʝʣʴʦʚʘʥʠʭ ʪʘ ʬʘʢʪʠʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʜʝʙʽʪʫ ʩʚʝʨʜʣʦʚʠʥʠ, ʷʢʦʶ 

ʨʦʟʢʨʠʪʦ ʚʦʜʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ  ʷʢ ʾʾ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ, 

ʪʘʢ ʽ ʪʝʭʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʢʦʥʪʫʨʫ ʚʠʧʘʨʥʠʢʘ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʽ ʜʦʟʚʦʣʷʻ 

ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʩʠʩʪʝʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʦʪʝʨʤʘʣʴʥʦʾ 

ʝʥʝʨʛʽʾ ʪʘ ʝʥʝʨʛʽʾ ʜʦʚʢʽʣʣʷ ʚ ʢʦʨʠʩʥʫ ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ. 

ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʪʝʧʣʦʚʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʚʦʾ 

ʝʥʝʨʛʽʾ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʚ ʢʦʥʪʫʨʽ ʚʠʧʘʨʥʠʢʘ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ 

ʧʽʜʚʠʱʠʪʠ ʩʪʽʡʢʽʩʪʴ   ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʘʙʦ ʩʠʩʪʝʤʠ, ʱʦ 

ʧʨʘʮʶʻ ʟʘ ʨʘʭʫʥʦʢ ʝʥʝʨʛʽʾ ʜʦʚʢʽʣʣʷ ʰʣʷʭʦʤ ʚʨʘʭʫʚʘʥʥʷ ʟʤʽʥʠ ʦʙôʻʤʫ 

ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʜʝʙʽʪʫ ʩʚʝʨʜʣʦʚʠʥʠ. 
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 ʅʘʙʫʣʠ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ:  

- ʧʨʠʥʮʠʧʠ ʢʦʤʙʽʥʫʚʘʥʥʷ ʚ ʩʠʩʪʝʤʘʭ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʫ ʛʝʦʪʝʨʤʘʣʴʥʫ ʝʥʝʨʛʽʶ ʪʘ ʝʥʝʨʛʽʶ ʜʦʚʢʽʣʣʷ 

ʟ ʘʢʫʤʫʣʷʪʦʨʦʤ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʧʦʜʽʣʫ ʝʥʝʨʛʽʾ ʤʽʞ 

ʨʽʟʥʠʤʠ ʘʛʨʝʛʘʪʘʤʠ ʟʘ ʢʨʠʪʝʨʽʻʤ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʠʪʨʘʪ ʝʣʝʢʪʨʠʯʥʦʾ 

ʝʥʝʨʛʽʾ ʥʘ ʦʨʛʘʥʽʟʘʮʽʶ ʾʭ ʨʦʙʦʪʠ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʟʘʙʝʟʧʝʯʠʪʠ ʝʢʦʥʦʤʽʯʥʫ 

ʨʝʥʪʘʙʝʣʴʥʽʩʪʴ ʩʠʩʪʝʤʠ, ʱʦ ʧʨʘʮʶʻ ʚ ʫʤʦʚʘʭ ʦʙʫʤʦʚʣʝʥʠʭ  ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ ʽ 

ʥʝʧʦʩʪʽʡʥʽʩʪʶ ʩʪʨʫʢʪʫʨʠ ʪʘ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʝʨʝʜʦʚʠʱʘ; 

- ʩʧʝʮʠʬʽʢʘ ʨʦʟʨʘʭʫʥʢʫ ʛʣʠʙʠʥʠ ʧʦʰʠʨʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʭʚʠʣʽ ʧʨʠ 

ʧʦʙʫʜʦʚʽ  ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʨʦʙʠʪʠ 

ʧʨʦʛʥʦʟ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʛʣʠʙʠʥʠ ʟʘʥʫʨʝʥʥʷ 

ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʫ ˇʨʫʥʪ; 

- ʢʦʥʮʝʧʮʽʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʜʝʚʽʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʠʭʦʜʽ ʟ 

ʩʚʝʨʜʣʦʚʠʥʠ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʦʩʦʙʣʠʚʽʩʪʶ 

ʛʽʜʨʦʛʝʦʪʝʨʤʽʯʥʦʛʦ ʨʝʞʠʤʫ ʟʦʚʥʽʰʥʴʦʾ ʦʙʦʣʦʥʢʠ ɿʝʤʣʽ, ʱʦ ʜʦʟʚʦʣʠʣʦ 

ʟʘʙʝʟʧʝʯʠʪʠ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʦʜʝʣʴʦʚʘʥʠʭ ʪʘ ʬʘʢʪʠʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʋʜʦʩʢʦʥʘʣʝʥʦ: 

- ʩʠʩʪʝʤʫ ʤʦʥʽʪʦʨʠʥʛʫ ʧʨʠʨʦʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʝʥʝʨʛʽʾ ʜʦʚʢʽʣʣʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʦʞʣʠʚʦʩʪʽ ʾʾ 

ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ ʪʘ ʛʥʫʯʢʦʩʪʽ; 

- ʤʝʪʦʜ ʝʢʦʥʦʤʽʢʦ-ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʦʮʽʥʢʠ ʝʢʦʥʦʤʽʯʥʦʾ 

ʧʨʠʚʘʙʣʠʚʦʩʪʽ ʪʝʭʥʦʣʦʛʽʡ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ  ʥʘ ʦʩʥʦʚʽ ʚʠʟʥʘʯʝʥʥʷ ʮʽʥʠ 

ʚʠʨʦʙʥʠʮʪʚʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʝʥʝʨʛʦʫʩʪʘʥʦʚʢʠ,  ʨʦʟʨʘʭʫʥʢʫ 

ʥʦʨʤʦʚʘʥʦʾ ʮʽʥʠ ʚʠʨʦʙʥʠʮʪʚʘ ʝʥʝʨʛʦʧʨʦʜʫʢʪʽʚ ʪʘ ʧʦʢʘʟʥʠʢʽʚ ʢʘʧʽʪʘʣʴʥʠʭ 

ʚʠʪʨʘʪ. 

ʇʨʘʢʪʠʯʥʘ ʮʽʥʥʽʩʪʴ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʜʦʚʝʜʝʥʥʽ ʦʪʨʠʤʘʥʠʭ ʥʘʫʢʦʚʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʦ ʢʦʥʢʨʝʪʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʫ ʚʞʝ ʜʽʶʯʠʭ ʘʙʦ ʥʦʚʠʭ  ʝʥʝʨʛʦʦʱʘʜʥʠʭ ʪʘ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ  

ʩʠʩʪʝʤʘʭ ʪʝʧʣʦʟʘʙʝʟʧʝʯʝʥʥʷ. 
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1. ʈʦʟʨʦʙʣʝʥʦ ʥʦʚʽ ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ ʫ ʛʘʣʫʟʽ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʢʠ 

ʪʘ ʝʥʝʨʛʝʪʠʢʠ ʜʦʚʢʽʣʣʷ (ʜʝʩʷʪʴ ʧʘʪʝʥʪʽʚ ʥʘ ʢʦʨʠʩʥʽ ʤʦʜʝʣʽ), ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽ ʩʠʩʪʝʤʠ ʪʘ ʧʨʠʩʪʨʦʾ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ ʜʦʚʢʽʣʣʷ, ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʩʫʧʫʪʥʽʭ 

ʨʝʯʦʚʠʥ ʥʘ ʢʦʨʠʩʥʫ ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ.  

2. ʆʙˇʨʫʥʪʦʚʘʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʫʣʴʥʠʭ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ ʷʢ ʜʣʷ ʚʽʜʢʨʠʪʠʭ, ʪʘʢ ʽ ʜʣʷ ʟʘʢʨʠʪʠʭ ʪʠʧʽʚ ʢʦʣʝʢʪʦʨʽʚ. 

3. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʩʪʘʥʽ ʤʽʞ ʩʚʝʨʜʣʦʚʠʥʘʤʠ ʪʘ 

ʦʧʪʠʤʘʣʴʥʦʾ ʛʣʠʙʠʥʠ ʾʭ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʤʝʨʝʞʽ 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʭ ʮʠʨʢʫʣʷʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʚʨʘʭʦʚʫʻ ʬʘʢʪʦʨʠ ʚʧʣʠʚʫ ʥʘ 

ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʽ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʚʩʢʨʠʪʦʛʦ ʩʚʝʨʜʣʦʚʠʥʦʶ 

ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ, ʨʝʛʽʦʥʘʣʴʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ  ʬʦʨʤʫʚʘʥʥʷ ʷʢʦʛʦ 

ʟʤʽʥʝʥʽ ʧʽʜ ʚʧʣʠʚʦʤ ʣʦʢʘʣʴʥʠʭ ʬʘʢʪʦʨʽʚ ʝʢʟʦʛʝʥʥʦʛʦ ʪʘ ʝʥʜʦʛʝʥʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ. 

4. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʝʙʽʪʫ  

ʩʚʝʨʜʣʦʚʠʥʠ ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ, 

ʷʢʘ ʚʨʘʭʦʚʫʻ ʧʝʨʝʥʦʩ ʪʝʧʣʦʪʠ ʟ ʚʦʜʦʶ ʷʢ ʧʦ ʚʝʨʪʠʢʘʣʽ, ʪʘʢ ʽ ʧʦ ʣʘʪʝʨʘʣʽ ʚ 

ʧʽʜʟʝʤʥʠʭ ʧʨʦʥʠʢʥʠʭ ʰʘʨʘʭ ʪʘ ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʚ ʨʘʡʦʥʽ ʾʭ 

ʨʦʟʪʘʰʫʚʘʥʥʷ. 

5.    ʈʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʙʫʬʝʨʥʦʛʦ 

ʥʘʢʦʧʠʯʫʚʘʯʘ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʛʘʨʘʥʪʦʚʘʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʧʣʦʚʦʶ ʝʥʝʨʛʽʻʶ 

ʩʧʦʞʠʚʘʯʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʥʘʜʭʦʜʞʝʥʥʷ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚʦʜʠ ʟ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ, ʨʦʟʢʨʠʪʦʛʦ ʩʚʝʨʜʣʦʚʠʥʘʤʠ. 

6. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ, ʚ ʷʢʠʭ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ  ʩʧʝʮʽʘʣʴʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʢʦʥʪʨʦʣʶ, 

ʚʽʟʫʘʣʽʟʘʮʽʾ, ʘʨʭʽʚʘʮʽʾ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʪʝʧʣʦʚʠʭ ʪʘ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʢʦʣʝʢʪʦʨʽ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ. 
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7. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʚʠʜʦʙʫʪʢʫ ʩʫʧʫʪʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʟ 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʚʦʜʠ ʪʘ ʢʣʘʩʪʝʨʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʛʘʟʦʛʽʜʨʘʪʽʚ ʚ ʤʦʜʫʣʴʥʠʭ 

ʪʝʨʤʦʢʦʥʪʝʡʥʝʨʘʭ ʜʣʷ ʡʦʛʦ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʟʙʝʨʽʛʘʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʚʧʨʦʚʘʜʞʝʥʦ ʚ ɼɻʇ çʋʢʨʛʝʦʬʽʟʠʢʘè, ɺʇ ʋʢʨɻʈɯ 

ɼʝʨʞʘʚʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ çʋʢʨʘʾʥʩʴʢʘ ʛʝʦʣʦʛʽʯʥʘ ʢʦʤʧʘʥʽʷè, ʊʆɺ 

çʋʢʨʘʾʥʩʴʢʠʡ ʽʥʩʪʠʪʫʪ  ʽʥʥʦʚʘʮʽʡ ʪʘ ʝʢʦʥʦʤʽʢʠ ʧʨʠʨʦʜʥʠʭ  ʨʝʩʫʨʩʽʚè, 

ɯʥʩʪʠʪʫʪʽ ʝʚʦʣʶʮʽʡʥʦʾ ʝʢʦʣʦʛʽʾ ʅɸʅ ʋʢʨʘʾʥʠ, ɯʥʩʪʠʪʫʪʽ ʧʨʦʙʣʝʤ ʙʝʟʧʝʢʠ 

ɸɽʉ ʅɸʅ ʋʢʨʘʾʥʠ,  ɺɻʆ çɻʝʦʩʧʘʜʱʠʥʘ ʅʦʦʩʬʝʨʘè,  ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʘʢʪʘʤʠ ʚʧʨʦʚʘʜʞʝʥʥʷ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè  ʥʘ ʢʘʬʝʜʨʽ 

ɺʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ ʬʘʭʽʚʮʽʚ ʟʘ ʦʩʚʽʪʥʴʦ-

ʧʨʦʬʝʩʽʡʥʦʶ ʪʘ ʦʩʚʽʪʥʴʦ-ʥʘʫʢʦʚʦʶ ʧʨʦʛʨʘʤʘʤʠ çʅʝʪʨʘʜʠʮʽʡʥʽ ʪʘ 

ʚʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾè. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʋʩʽ ʥʘʫʢʦʚʽ ʧʦʣʦʞʝʥʥʷ ʽ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ 

ʚʠʥʦʩʷʪʴʩʷ ʥʘ ʟʘʭʠʩʪ, ʦʜʝʨʞʘʥʦ ʘʚʪʦʨʦʤ ʦʩʦʙʠʩʪʦ. 21 ʨʦʙʦʪʘ [7,  10, 14, 16, 

17, 18, 19, 20, 22, 24, 29, 36, 37, 39, 40, 41, 43, 45, 47, 48, 50] ʥʘʧʠʩʘʥʘ ʘʚʪʦʨʦʤ 

ʩʘʤʦʩʪʽʡʥʦ. ʋ ʜʨʫʢʦʚʘʥʠʭ ʧʨʘʮʷʭ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʜʠʩʝʨʪʘʥʪʫ 

ʥʘʣʝʞʘʪʴ: ʫ  [11, 15, 21, 23, 30, 33] ï ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ, ʤʘʪʝʤʘʪʠʯʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʽ ʬʦʨʤʫʚʘʥʥʷ ʚʠʩʥʦʚʢʽʚ; ʫ [26] ï ʥʘʧʠʩʘʥʦ ʘʚʪʦʨʦʤ 

ʩʘʤʦʩʪʽʥʦ 1, 2, 3, 4, 7 ʨʦʟʜʽʣʠ ʤʦʥʦʛʨʘʬʽʾ;  ʫ  [1, 2, 6, 8, 9, 12, 25, 31, 35, 38, 42] 

ï ʧʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ ʥʘ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ, ʩʢʣʘʜʘʥʥʷ ʤʝʪʦʜʠʢʠ 

ʧʨʦʚʝʜʝʥʥʷ ʪʘ ʚʠʢʦʥʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʨʦʙʦʪʠ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ ʟ ʢʦʣʝʢʪʦʨʘʤʠ ʨʽʟʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʪʘ ʪʠʧʫ, ʱʦ 

ʟʘʣʝʞʘʪʴ ʚʽʜ  ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʛʦ ʜʞʝʨʝʣʘ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʘʙʦ ʝʥʝʨʛʽʾ 

ʜʦʚʢʽʣʣʷ,  ʩʢʣʘʜʘʥʥʷ ʚʠʩʥʦʚʢʽʚ; ʚ [5, 13, 34, 44] ï ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʦʣʦʛʽʾ, 

ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʪʘ ʦʧʠʩ ʤʝʪʦʜʠʢʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ 

ʤʦʥʽʪʦʨʠʥʛʫ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʩʠʩʪʝʤʽ: çʧʨʠʨʦʜʥʻ 

ʩʝʨʝʜʦʚʠʱʝ ï ʢʦʣʝʢʪʦʨ ï ʪʝʧʣʦʚʠʡ ʥʘʩʦʩè, ʷʢʘ  ʟʘʙʝʟʧʝʯʫʻ ʚʽʟʫʘʣʽʟʘʮʽʶ, 

ʘʨʭʽʚʘʮʽʶ ʪʘ ʜʦʩʪʫʧ ʜʦ ʙʘʟʠ ʯʝʨʝʟ ʤʝʨʝʞʫ ɯʥʪʝʨʥʝʪ, ʚʠʢʦʥʘʥʥʷ 
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ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʪʘ ʩʢʣʘʜʘʥʥʷ 

ʚʠʩʥʦʚʢʽʚ; ʫ [27, 28, 32] ï ʘʥʘʣʽʟ ʝʢʦʣʦʛʽʯʥʠʭ ʘʩʧʝʢʪʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʝʥʝʨʛʽʾ ʜʦʚʢʽʣʣʷ, ʩʢʣʘʜʘʥʥʷ ʚʠʩʥʦʚʢʽʚ;  

ʫ [3, 4, 52, 53, 54, 55] ï ʦʛʣʷʜ ʩʠʩʪʝʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʦʧʫʪʥʦʛʦ ʪʝʨʤʘʣʴʥʦʛʦ ʛʘʟʫ, ʨʦʟʨʦʙʢʘ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʱʦʜʦ 

ʡʦʛʦ ʘʢʫʤʫʣʶʚʘʥʥʷ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ; ʫ  [49, 51] ï ʘʥʘʣʽʟ ʥʘʫʢʦʚʠʭ 

ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ, ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ, ʩʢʣʘʜʘʥʥʷ ʨʝʬʝʨʘʪʫ;  ʫ [46] ï 

ʨʦʟʨʦʙʢʘ ʪʘ ʦʧʠʩ ʧʨʠʥʮʠʧʫ ʜʽʾ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʟʦʥʜʘ-

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ. 

ʄʘʪʝʨʽʘʣʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʥʝ ʤʽʩʪʷʪʴ ʙʝʟ ʥʘʣʝʞʥʦʛʦ ʧʦʩʠʣʘʥʥʷ 

ʽʜʝʾ ʽ ʨʦʟʨʦʙʢʠ, ʷʢʽ ʙ ʥʘʣʝʞʘʣʠ ʩʧʽʚʘʚʪʦʨʘʤ, ʟ ʷʢʠʤʠ ʙʫʣʠ ʦʧʫʙʣʽʢʦʚʘʥʽ 

ʥʘʫʢʦʚʽ ʨʦʙʦʪʠ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʪʘ ʨʝʟʫʣʴʪʘʪʠ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʜʦʧʦʚʽʜʘʣʠʩʷ  ʽ ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʥʘ ʧʨʦʬʽʣʴʥʠʭ 

ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ: XIX-ʡ, XʍIII-ʡ, XʍIV-ʡ ʪʘ XʍV-ʡ ʄʽʞʥʘʨʦʜʥʠʭ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ çɺʽʜʥʦʚʣʶʚʘʥʘ ʝʥʝʨʛʝʪʠʢʘ ʪʘ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʍʍɯ ʩʪʦʣʽʪʪʽè (ʤ. ʂʠʾʚ, 2018, 2022, 2023, 2024); IV-ʫ, V-

ʫ ʪʘ  VI-ʫ ʄʽʞʥʘʨʦʜʥʦʤʫ ʛʝʦʣʦʛʽʯʥʦʤʫ ʬʦʨʫʤʽ çɸʢʪʫʘʣʴʥʽ ʧʨʦʙʣʝʤʠ ʪʘ 

ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʛʝʦʣʦʛʽʾ: ʥʘʫʢʘ ʡ ʚʠʨʦʙʥʠʮʪʚʦè (ʤ. ʆʜʝʩʘ, 2017, 2018, 

2019); XIV ɯnternational conference of the open and undervater mining of mineral. 

ɸugust 03-07, 2017, Varna, Bulgaria; XIX International Multidisciplinary 

Scientific GeoConference SGEM. Renewable Energy Sources and Clean Tech. 

30 June-6 July, 2019, Albena,  Bulgaria; XIII-ʡ ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʭʦʣʦʜʠʣʴʥʦʾ ʪʝʭʥʽʢʠ ʪʘ 

ʪʝʭʥʦʣʦʛʽʾè. ʆʜʝʩʴʢʘ ʥʘʮʽʦʥʘʣʴʥʘ ʘʢʘʜʝʤʽʷ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. 23-25 

ʚʝʨʝʩʥʷ 2021, ʆʜʝʩʘ, ʋʢʨʘʾʥʘ; ʍɯɯ-ʡ ʄʽʞʥʘʨʦʜʥʽʡ ʦʥʣʘʡʥ-ʢʦʥʬʝʨʝʥʮʽʾ 

çʇʨʦʙʣʝʤʠ ʪʝʧʣʦʬʽʟʠʢʠ ʪʘ ʪʝʧʣʦʝʥʝʨʛʝʪʠʢʠè. ɯʥʩʪʠʪʫʪ ʪʝʭʥʽʯʥʦʾ ʪʝʧʣʦʬʽʟʠʢʠ 

ʅɸʅ ʋʢʨʘʾʥʠ. 26-27 ʞʦʚʪʥʷ 2021, ʂʠʾʚ, ʋʢʨʘʾʥʘ; XV International Scientific 

Conference ñMonitoring of Geological Processes and Ecological Condition of the 

Environmentò. Institute of Geology Taras Shevchenko National University of 
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Kyiv.  17ï19 November 2021, Kyiv, Ukraine; IEEE 4th International Conference 

on Modern Electrical and Energy System (MEES). Kremenchuk Mykhailo 

Ostrohradskyi National University. October 20-22, 2022, Kremenchuk, Ukraine; 

XVɯɯɯ-ʡ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʊʝʧʣʦʚʘ ʝʥʝʨʛʝʪʠʢʘ: 

ʰʣʷʭʠ ʨʝʥʦʚʘʮʽʾ ʪʘ ʨʦʟʚʠʪʢʫè. ɯʥʩʪʠʪʫʪ ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ  ʅɸʅ 

ʋʢʨʘʾʥʠ. 26-27 ʣʠʩʪʦʧʘʜʘ 2022, ʂʠʾʚ, ʋʢʨʘʾʥʘ;  ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ  ɯʥʞʝʥʝʨʥʦʛʦ ʥʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʦʛʦ ʽʥʩʪʠʪʫʪʫ ʽʤ. 

ʖ.ʄ. ʇʦʪʝʙʥʽ ɿʅʋ. çɻʝʦʩʪʨʘʪʝʛʽʯʥʽ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʪʘ ʪʨʘʻʢʪʦʨʽʷ 

ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʚ ʢʦʥʪʝʢʩʪʽ ʚʽʜʙʫʜʦʚʠ ʪʘ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʋʢʨʘʾʥʠè. 

25-26 ʪʨʘʚʥʷ 2023, ɿʘʧʦʨʽʞʞʷ, ʋʢʨʘʾʥʘ; 2023 IEEE 5th International Conference 

on Modern Electrical and Energy System (MEES). Kremenchuk Mykhailo 

Ostrohradskyi National University.  September 27-30,  2023. Kremenchuk, 

Ukraine; XVII International Scientific Conference ñMonitoring of Geological 

Processes and Ecological Condition of the Environmentò. Taras Shevchenko 

National University of Kyiv. 7-10 November 2023, Kyiv, Ukraine. ɯ-ʡ 

ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ  ɯʥʞʝʥʝʨʥʦʛʦ ʥʘʚʯʘʣʴʥʦ-

ʥʘʫʢʦʚʦʛʦ ʽʥʩʪʠʪʫʪʫ ʽʤ. ʖ.ʄ. ʇʦʪʝʙʥʽ ɿʅʋ.  çɯʥʞʝʥʝʨʥʽ ʽʥʥʦʚʘʮʽʾ ʪʘ 

ʨʦʟʙʫʜʦʚʘ ʥʘʮʽʦʥʘʣʴʥʦʾ ʝʢʦʥʦʤʽʢʠè. 09-10 ʪʨʘʚʥʷ 2024, ɿʘʧʦʨʽʞʞʷ. ʋʢʨʘʾʥʘ. 

  ʇʫʙʣʽʢʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʚʠʢʣʘʜʝʥʽ ʫ ʜʘʥʽʡ ʥʘʫʢʦʚʽʡ ʨʦʙʦʪʽ, ʦʧʫʙʣʽʢʦʚʘʥʦ 55 ʥʘʫʢʦʚʠʭ 

ʨʦʙʽʪ, ʩʝʨʝʜ ʷʢʠʭ  25 ï ʫ ʬʘʭʦʚʠʭ ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʥʷʭ, ʟʘʪʚʝʨʜʞʝʥʠʭ ʄʆʅ 

ʋʢʨʘʾʥʠ, 1 ï ʤʦʥʦʛʨʘʬʽʷ,  19 ï ʪʝʟʠ ʜʦʧʦʚʽʜʝʡ ʥʘ ʢʦʥʬʝʨʝʥʮʽʷʭ, 10 ï ʧʘʪʝʥʪʠ 

ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ. 18 ʧʫʙʣʽʢʘʮʽʡ ʚʭʦʜʷʪʴ ʜʦ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ  Scopus ʪʘ 

Web of Science, ʟ ʷʢʠʭ 13 ï ʫ ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʥʷʭ ʟʘʪʚʝʨʜʞʝʥʠʭ ʄʆʅ ʋʢʨʘʾʥʠ 

ʪʘ 5 ʜʦʧʦʚʽʜʝʡ ʥʘ ʢʦʥʬʝʨʝʥʮʽʷʭ.   

ʉʪʨʫʢʪʫʨʘ ʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʥʦʪʘʮʽʾ, 

ʚʩʪʫʧʫ, 6 ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʟ 

127 ʥʘʡʤʝʥʫʚʘʥʴ, 7 ʜʦʜʘʪʢʽʚ ʽ ʤʽʩʪʠʪʴ 335 ʩʪʦʨʽʥʦʢ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ, 95 

ʨʠʩʫʥʢʽʚ, 36 ʪʘʙʣʠʮʴ.  
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ʈʆɿɼɯʃ 1 

ɸʅɸʃɯɿ ʌɸʂʊʆʈɯɺ, ʗʂɯ ɺʀɿʅɸʏɸʖʊʔ ɽʅɽʈɻɽʊʀʏʅʋ   ʊɸ 

ʊɽʍʅɯʂʆ-ɽʂʆʅʆʄɯʏʅʋ ɽʌɽʂʊʀɺʅɯʉʊʔ  ʇʈʆʎɽʉɯɺ  ʊɸ  

ʉʀʉʊɽʄ ʇɽʈɽʊɺʆʈɽʅʅʗ  ɻɽʆʊɽʈʄɸʃʔʅʆɰ ɽʅɽʈɻɯɰ ʊɸ ɽʅɽʈɻɯɰ 

ɼʆɺʂɯʃʃʗ ɺ ʂʆʈʀʉʅʋ ʊɽʇʃʆɺʋ ɽʅɽʈɻɯʖ 

 

1.1. ʈʦʟʚʠʪʦʢ  ʧʽʜʭʦʜʽʚ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ 

ʝʥʝʨʛʽʾ ʜʦʚʢʽʣʣʷ 

 

ɯʩʪʦʨʽʷ ʜʦʩʣʽʜʞʝʥʴ ʫ ʮʘʨʠʥʽ ʟʥʘʥʴ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʧʨʘʢʪʠʯʥʠʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʧʣʦʪʠ ʥʘʜʨ ɿʝʤʣʽ, ʩʷʛʘʻ ʛʣʠʙʦʢʦʾ ʜʘʚʥʠʥʠ. ʑʝ ʙʣʠʟʴʢʦ 355 ʨ. 

ʜʦ ʥ.ʝ. ʛʨʝʮʴʢʠʡ ʬʽʣʦʩʦʬ ʇʣʘʪʦʥ, ʦʧʦʚʽʜʘʶʯʠ ʧʨʦ ʣʝʛʝʥʜʘʨʥʫ ɸʪʣʘʥʪʠʜʫ, 

ʟʛʘʜʫʻ ʧʨʦ ʪʝ, ʱʦ ʚ ʮʝʥʪʨʽ ʛʦʣʦʚʥʦʛʦ ʤʽʩʪʘ ʘʪʣʘʥʪʽʚ ʽʩʥʫʚʘʣʠ  ʛʘʨʷʯʽ ʜʞʝʨʝʣʘ. 

ʅʘ ʪʝʨʠʪʦʨʽʾ ʩʫʯʘʩʥʠʭ ɻʨʫʟʽʾ, ɺʽʨʤʝʥʽʾ, ʘ ʪʘʢʦʞ ʫ ʨʘʡʦʥʽ ʂʘʚʢʘʟʴʢʠʭ 

ʤʽʥʝʨʘʣʴʥʠʭ ʚʦʜ ʙʽʣʷ ʪʝʨʤʘʣʴʥʠʭ ʜʞʝʨʝʣ ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʟʘʣʠʰʢʠ ʚʘʥʥ, ʷʢʽ 

ʬʘʭʽʚʮʽ ʚʽʜʥʦʩʷʪʴ ʟʘ ʚʽʢʦʤ ʜʦ ʙʨʦʥʟʦʚʦʛʦ ʩʪʦʣʽʪʪʷ. ʄʘʡʞʝ ʚʩʽ ʛʘʨʷʯʽ ʜʞʝʨʝʣʘ 

ʦʪʦʯʝʥʽ ʣʝʛʝʥʜʘʤʠ ʽ ʧʝʨʝʢʘʟʘʤʠ.  

ɹʽʣʷ ʪʝʨʤʘʣʴʥʠʭ ʜʞʝʨʝʣ ʪʽʣʴʢʠ ʥʘ ʪʝʨʠʪʦʨʽʾ ʩʫʯʘʩʥʦʾ ɹʦʣʛʘʨʽʾ ʚʠʥʠʢʣʠ ʽ 

ʙʘʛʘʪʦ ʩʪʦʣʽʪʴ ʽʩʥʫʚʘʣʠ ʚʽʜʦʤʽ ʚ ʜʘʚʥʠʥʫ ʚʦʜʦʣʽʢʫʚʘʣʴʥʽ ʢʫʨʦʨʪʠ ɸʫʛʫʩʪʘ 

(ʪʝʧʝʨ - ʍʽʩʘʨ), ɻʝʨʤʝʰʘ (ʉʘʧʘʨʦʚʘ ʣʘʟʥʷ), ʊʝʨʤʦʧʦʣʽʩ (ɹʫʨʛʘʩʴʢʽ ʣʘʟʥʽ) ʽ 

ʙʘʛʘʪʦ ʽʥʰʠʭ. ɿʙʝʨʝʛʣʠʩʷ ʟʘʣʠʰʢʠ ʨʫʾʥ ʚʽʜ ʙʫʜʽʚʝʣʴ ʨʠʤʣʷʥ ʙʽʣʷ ʪʝʨʤʘʣʴʥʠʭ 

ʜʞʝʨʝʣ ʽ ʚ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ ʢʨʘʾʥʘʭ, ʥʘʧʨʠʢʣʘʜ, ʫ ʌʨʘʥʮʽʾ. ʑʦʧʨʘʚʜʘ, ʛʘʣʣʠ ʱʝ 

ʜʦ ʚʪʦʨʛʥʝʥʥʷ ʨʠʤʣʷʥ ʟʥʘʣʠ ʧʨʦ ʮʽʣʶʱʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʞʝʨʝʣ, ʧʨʦ ʱʦ 

ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʩʚʽʜʯʘʪʴ ʥʘʟʚʠ ʙʘʛʘʪʴʦʭ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʌʨʘʥʮʽʾ, ʪʘʢʠʭ ʷʢ 

ɹʫʨʙʦʥ-ʣʝ-ɹʝʥ, ɹʫʨʙʦʥ-ʃʘʥʩʽ, ɹʫʨʙʦʥ-ʜ-ɸʨʰʘʤʦʦ ʪʘ ʽʥ. 

ɻʝʦʪʝʨʤʘʣʴʥʽ ʨʽʜʠʥʠ ʟ ʝʥʝʨʛʝʪʠʯʥʦʶ ʤʝʪʦʶ ʧʦʯʘʣʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʫ 

XIX  ʩʪʦʣʽʪʪʽ. ʋ ʪʦʡ ʧʝʨʽʦʜ ʚ ɯʪʘʣʽʾ, ʚ ʟʦʥʽ, ʚʽʜʦʤʽʡ ʷʢ ʃʘʨʜʝʨʝʣʣʦ, ʙʫʣʘ 

ʩʪʚʦʨʝʥʘ ʭʽʤʽʯʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʙʦʨʥʦʾ ʢʠʩʣʦʪʠ ʟ ʛʘʨʷʯʠʭ ʚʦʜ, 

ʱʦ ʚʠʪʽʢʘʶʪʴ ʧʨʠʨʦʜʥʽʤ ʰʣʷʭʦʤ ʘʙʦ ʩʧʝʮʽʘʣʴʥʦ ʧʨʦʙʫʨʝʥʠʭ ʥʝʛʣʠʙʦʢʠʭ 

ʩʚʝʨʜʣʦʚʠʥ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʦʾ ʧʘʨʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ 
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ʧʦʯʘʣʦʩʷ ʤʘʡʞʝ ʚ ʪʦʡ ʞʝ ʯʘʩ. ɻʝʦʪʝʨʤʘʣʴʥʘ ʧʘʨʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʜʣʷ 

ʧʽʜʡʦʤʫ ʨʽʜʠʥʠ ʫ ʧʨʠʤʽʪʠʚʥʠʭ ʛʘʟʣʽʬʪʘʭ, ʘ ʧʽʟʥʽʰʝ ʫ ʧʦʨʰʥʝʚʠʭ ʽ 

ʚʽʜʮʝʥʪʨʦʚʠʭ ʥʘʩʦʩʘʭ ʽ ʣʝʙʽʜʢʘʭ, ʟʘʜʽʷʥʠʭ ʚ ʙʫʨʦʚʽʡ ʜʽʷʣʴʥʦʩʪʽ ʘʙʦ ʚ ʤʽʩʮʝʚʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʄʽʞ 1910 ʪʘ 1940 ʨʦʢʘʤʠ ʧʘʨʘ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ ʚ ʮʴʦʤʫ ʨʘʡʦʥʽ 

ʊʦʩʢʘʥʠ ʙʫʣʘ ʟʘʩʪʦʩʦʚʘʥʘ ʜʣʷ ʦʙʽʛʨʽʚʫ ʧʨʦʤʠʩʣʦʚʠʭ, ʞʠʪʣʦʚʠʭ ʙʫʜʽʚʝʣʴ ʽ 

ʥʘʚʽʜʴ ʪʝʧʣʠʮʴ.   

ʋ ʪʝʧʣʠʮʷʭ ʚʠʨʦʱʫʚʘʣʠ ʦʚʦʯʽ, ʨʽʜʰʝ ʢʚʽʪʠ (ɯʩʣʘʥʜʽʷ, ʗʧʦʥʽʷ). ʋ ʅʦʚʽʡ 

ɿʝʣʘʥʜʽʾ ʥʘ ˇʨʫʥʪʘʭ, ʱʦ ʦʙʽʛʨʽʚʘʣʠʩʷ ʪʝʨʤʘʣʴʥʠʤʠ ʚʦʜʘʤʠ, ʚʠʨʦʱʫʚʘʣʠ ʛʨʠʙʠ. 

ʋ ʂʠʪʘʾ ʪʝʨʤʘʣʴʥʠʤʠ ʚʦʜʘʤʠ ʟʨʦʰʫʚʘʣʠ ʨʠʩʦʚʽ ʧʦʣʷ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ 

ʦʪʨʠʤʫʚʘʪʠ ʪʨʠ ʚʨʦʞʘʾ ʥʘ ʨʽʢ. ɼʣʷ ʦʙʽʛʨʽʚʫ ʪʚʘʨʠʥʥʠʮʴʢʠʭ ʧʨʠʤʽʱʝʥʴ 

ʪʝʨʤʘʣʴʥʽ ʚʦʜʠ ʚʠʢʦʨʠʩʪʦʚʘʣʠ  ʚ ʋʛʦʨʱʠʥʽ, ʅʦʚʽʡ ɿʝʣʘʥʜʽʾ, ɯʩʣʘʥʜʽʾ, ʂʅʈ. ɼʣʷ 

ʦʙʽʛʨʽʚʫ ʚʦʜʦʡʤ (ʜʣʷ ʨʦʟʚʝʜʝʥʥʷ ʜʟʝʨʢʘʣʴʥʦʛʦ ʢʦʨʦʧʘ, ʚʫʛʨʘ, ʣʦʩʦʩʷ, 

ʢʨʦʢʦʜʠʣʽʚ) - ʚ ʗʧʦʥʽʾ, ɯʩʣʘʥʜʽʾ, ʉʐɸ. ʋ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥʘʭ ʚ ʥʘʰ ʯʘʩ ʙʽʣʷ 

ʚʠʭʦʜʽʚ ʪʝʨʤʘʣʴʥʠʭ ʚʦʜ ʨʦʟʪʘʰʦʚʘʥʽ ʪʠʩʷʯʽ ʢʫʨʦʨʪʽʚ. 

ʋ 1928 ʨʦʮʽ ɯʩʣʘʥʜʽʷ ʩʪʘʻ ʥʦʚʘʪʦʨʦʤ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʛʝʦʪʝʨʤʘʣʴʥʦʾ 

ʝʥʝʨʛʽʾ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʩʚʦʾ ʛʝʦʪʝʨʤʘʣʴʥʽ ʚʦʜʠ ʜʣʷ ʜʦʤʘʰʥʴʦʛʦ ʦʧʘʣʝʥʥʷ. 

ʇʝʨʰʘ ʩʧʨʦʙʘ ʚʠʨʦʙʠʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʟ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʧʘʨʠ ʙʫʣʘ ʟʨʦʙʣʝʥʘ ʚ 

ɯʪʘʣʽʾ ʚ 1904 ʨʦʮʽ. ʋʩʧʽʭ ʮʴʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʢʘʟʘʚ ʥʘ ʧʨʦʤʠʩʣʦʚʫ ʮʽʥʥʽʩʪʴ 

ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʟʘʧʦʯʘʪʢʫʚʘʚ ʩʧʦʩʽʙ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʱʦ ʟʥʘʯʥʦ 

ʨʦʟʰʠʨʠʚʩʷ ʟ ʪʦʛʦ ʯʘʩʫ. 

ʇʨʠʢʣʘʜ ɯʪʘʣʽʾ ʥʘʩʣʽʜʫʚʘʣʠ ʽʥʰʽ ʢʨʘʾʥʠ. ʊʘʢ, ʧʝʨʰʽ ʛʝʦʪʝʨʤʘʣʴʥʽ 

ʩʚʝʨʜʣʦʚʠʥʠ ʚ ʗʧʦʥʽʾ ʙʫʣʠ ʧʨʦʙʫʨʝʥʽ ʚ ɹʝʧʧʫ ʚ 1919 ʨʦʮʽ ʽ ʚ ʉʐɸ ʚ ɻʝʡʟʝʨʘʭ, 

ʂʘʣʽʬʦʨʥʽʷ, ʚ 1921 ʨʦʮʽ. ʋ 1958 ʨʦʮʽ ʥʝʚʝʣʠʢʘ ʛʝʦʪʝʨʤʘʣʴʥʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷ 

ʧʦʯʘʣʘ ʧʨʘʮʶʚʘʪʠ ʚ ʅʦʚʽʡ ɿʝʣʘʥʜʽʾ, ʚ 1959 ʨʦʮʽ ʚ ʄʝʢʩʠʮʽ, ʚ 1960 ʨʦʮʽ ʚ ʉʐɸ 

ʽ ʫ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ.  

ɺ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʜʫʞʝ ʰʚʠʜʢʠʤʠ ʪʝʤʧʘʤʠ ʩʪʘʣʘ ʟʨʦʩʪʘʪʠ ʢʽʣʴʢʽʩʪʴ 

ʢʨʘʾʥ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʛʣʠʙʠʥʥʝ ʪʝʧʣʦ ʜʣʷ ʚʠʨʦʙʣʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

ʗʢʱʦ ʜʦ ʢʽʥʮʷ 1950-ʭ ʨʦʢʽʚ ʨʦʣʴ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʫ ʪʝʧʣʦʚʦʤʫ ʨʝʞʠʤʽ ʥʘʜʨ 

ɿʝʤʣʽ ʨʦʟʛʣʷʜʘʣʠ ʷʢ ʱʦʩʴ ʘʥʦʤʘʣʴʥʝ ʜʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʚʜʘʥʴ, ʧʦʚ'ʷʟʘʥʠʭ ʽʟ 

ʧʨʘʢʪʠʯʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʧʣʦʪʠ ʥʘʜʨ ɿʝʤʣʽ, ʪʦ ʚʞʝ ʜʦ ʩʝʨʝʜʠʥʠ 1960-ʭ 
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ʨʦʢʽʚ ʩʠʪʫʘʮʽʷ ʜʦʢʦʨʽʥʥʦ ʟʤʽʥʠʣʘʩʷ. ɻʦʣʦʚʥʝ ʧʦʣʷʛʘʣʦ ʥʝ ʣʠʰʝ ʚ ʧʦʷʚʽ ʥʦʚʦʾ 

ʥʘʫʢʦʚʦʾ ʜʠʩʮʠʧʣʽʥʠ, ʘ  ʚ ʪʦʤʫ, ʱʦ ʙʫʣʠ ʧʝʨʝʛʣʷʥʫʪʽ ʫʷʚʣʝʥʥʷ ʧʨʦ ʧʦʪʫʞʥʽʩʪʴ 

ʨʦʟʚʠʪʢʫ ʰʘʨʽʚ ʟʤʽʥʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʽ ʜʦʚʝʜʝʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ 

ʢʦʥʚʝʢʪʠʚʥʦʾ ʩʢʣʘʜʦʚʦʾ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʪʦʜʽ ʷʢ ʨʘʥʽʰʝ ʩʘʤʝ ʧʦʥʷʪʪʷ 

çʢʦʥʚʝʢʪʠʚʥʘ ʩʢʣʘʜʦʚʘè ʚ ʛʝʦʪʝʨʤʽʯʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʥʝ ʽʩʥʫʚʘʣʦ.  

ʉʫʪʴ ʟʤʽʥʠ ʧʘʨʘʜʠʛʤʠ ʧʦʣʷʛʘʣʘ ʚ ʪʦʤʫ, ʱʦ ʜʦ ʩʝʨʝʜʠʥʠ ʍʍ ʩʪʦʣʽʪʪʷ 

ʪʝʧʣʦʚʫ ʤʦʜʝʣʴ ʟʝʤʥʦʾ ʢʦʨʠ ʙʫʜʫʚʘʣʠ ʥʘ ʨʽʚʥʷʥʥʽ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʘ ʟ ʜʨʫʛʦʾ 

ʧʦʣʦʚʠʥʠ ʍʍ ʩʪʦʣʽʪʪʷ ʙʫʣʦ ʜʦʚʝʜʝʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ ʢʦʥʚʝʢʮʽʾ, ʷʢʫ 

ʜʦ ʪʦʛʦ ʙʨʘʣʠ ʜʦ ʫʚʘʛʠ ʣʠʰʝ ʧʽʜ ʯʘʩ ʚʠʚʯʝʥʥʷ ʛʣʠʙʦʢʠʭ ʚʥʫʪʨʽʰʥʽʭ ʯʘʩʪʠʥ 

ɿʝʤʣʽ.  

ɼʦʢʦʨʽʥʥʽ ʟʤʽʥʠ ʚ ʨʽʚʥʽ ʧʽʟʥʘʥʥʷ ʧʨʦʮʝʩʽʚ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʫ ʟʝʤʥʽʡ ʢʦʨʽ, 

ʚʠʨʘʞʘʶʪʴʩʷ ʥʘʩʘʤʧʝʨʝʜ ʫ ʪʦʤʫ, ʱʦ ʧʽʜ ʯʘʩ ʫʨʘʭʫʚʘʥʥʷ ʽʥʚʝʨʩʽʡ ʫ 

ʛʽʜʨʦʛʝʦʪʝʨʤʽʯʥʦʤʫ ʨʝʞʠʤʽ ʛʽʜʨʦʛʝʦʩʬʝʨʘ ʧʦʩʪʘʻ ʷʢ ʰʘʨʫʚʘʪʦʥʝʦʜʥʦʨʽʜʥʘ 

ʩʠʩʪʝʤʘ ʩʪʦʩʦʚʥʦ ʪʝʨʤʽʯʥʦʛʦ ʨʝʞʠʤʫ, ʫ ʟʚ'ʷʟʢʫ ʟ ʯʠʤ ʾʾ ʛʝʦʪʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ 

ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʥʝʩʪʘʮʽʦʥʘʨʥʝ.  

ʊʦʜʽ ʷʢ ʨʘʥʽʰʝ ʮʶ ʩʠʩʪʝʤʫ ʧʨʠʡʤʘʣʠ ʷʢ ʦʜʥʦʨʽʜʥʫ ʱʦʜʦ ʪʝʨʤʽʯʥʦʛʦ 

ʨʝʞʠʤʫ, ʘ ʛʝʦʪʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ - ʷʢ ʩʪʘʮʽʦʥʘʨʥʝ ʘʙʦ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʝ. ʋ 

ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʧʨʠʥʮʠʧʦʚʦ ʟʤʽʥʶʶʪʴʩʷ ʫʷʚʣʝʥʥʷ ʧʨʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ 

ʬʦʨʤʫʚʘʥʥʷ ʪʝʨʤʽʯʥʦʛʦ ʨʝʞʠʤʫ ʛʽʜʨʦʛʝʦʩʬʝʨʠ, ʱʦ ʨʘʥʽʰʝ ʧʘʥʫʚʘʣʠ, ʘ ʪʘʢʦʞ 

ʧʦʪʨʝʙʫʶʪʴ ʧʝʨʝʛʣʷʜʫ ʤʝʪʦʜʠ ʨʦʟʚ'ʷʟʘʥʥʷ ʥʠʟʢʠ ʟʘʜʘʯ ʚ ʛʘʣʫʟʽ ʛʝʦʣʦʛʽʾ, 

ʛʝʦʬʽʟʠʢʠ, ʛʽʜʨʦʛʝʦʣʦʛʽʾ ʪʘ ʝʥʝʨʛʝʪʠʢʠ. 

 ʋ ʩʚʽʪʣʽ ʮʴʦʛʦ ʟʥʘʭʦʜʷʪʴ ʧʦʷʩʥʝʥʥʷ ʽ ʜʝʷʢʽ ʪʘʢʽ ʬʘʢʪʠ, ʷʢʽ ʨʘʥʽʰʝ ʥʝ 

ʚʜʘʚʘʣʦʩʷ ʧʦʷʩʥʠʪʠ ʟ ʧʦʛʣʷʜʫ ʧʘʥʽʚʥʠʭ ʧʦʛʣʷʜʽʚ (ʥʘʧʨʠʢʣʘʜ, ʥʠʟʴʢʽ ʟʥʘʯʝʥʥʷ 

ʛʨʘʜʽʻʥʪʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʥʘ ʢʨʠʩʪʘʣʽʯʥʠʭ ʱʠʪʘʭ). 

ʋ ʧʨʘʮʷʭ ʘʢʘʜʝʤʽʢʘ ɺ. ɯ. ɺʝʨʥʘʜʩʴʢʦʛʦ ʻ ʚʢʘʟʽʚʢʠ ʥʘ ʧʝʨʰʦʨʷʜʥʝ ʟʥʘʯʝʥʥʷ 

ʨʫʭʫ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʚ ʝʥʝʨʛʝʪʠʮʽ ʟʝʤʥʦʾ ʢʦʨʠ, ʥʘ ʚʝʣʠʯʝʟʥʫ ʨʦʣʴ ʢʨʫʛʦʦʙʽʛʫ 

ʚʦʜʠ ʚ ʧʝʨʝʥʝʩʝʥʥʽ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʟ ʛʣʠʙʦʢʠʭ ʰʘʨʽʚ ʟʝʤʥʦʾ ʢʦʨʠ ʚ 

ʩʪʨʘʪʦʩʬʝʨʫ ʡ ʙʽʦʩʬʝʨʫ ʽ ʥʘ ʟʚʦʨʦʪʥʠʡ ʧʨʦʮʝʩ ʧʝʨʝʥʝʩʝʥʥʷ ʭʦʣʦʜʥʠʭ ʤʘʩ 

ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʽ ʪʚʝʨʜʠʭ ʾʭʥʽʭ ʬʘʟ. ɺʽʥ ʧʽʜʢʨʝʩʣʶʚʘʚ, ʱʦ ʮʝ ʧʨʦʮʝʩʠ 

ʧʣʘʥʝʪʘʨʥʦʛʦ ʭʘʨʘʢʪʝʨʫ. 
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ʋ ʛʘʣʫʟʽ ʚʠʚʯʝʥʥʷ ʪʘ ʦʩʚʦʻʥʥʷ ʪʝʧʣʦʪʠ ʥʘʜʨ ɿʝʤʣʽ ʬʘʭʽʚʮʽ ʫ ʩʚʦʻʤʫ 

ʩʪʘʚʣʝʥʥʽ ʜʦ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʯʘʩʦʤ ʢʠʜʘʣʠʩʷ ʟ ʦʜʥʽʻʾ ʢʨʘʡʥʦʩʪʽ ʚ ʽʥʰʫ. ʇʝʨʽʦʜ 

ʝʡʬʦʨʽʾ ʥʘ ʤʝʞʽ 1950-1960-ʭ ʨʦʢʽʚ, ʢʦʣʠ ʧʘʥʫʚʘʣʘ ʜʫʤʢʘ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ 

ʦʜʝʨʞʘʥʥʷ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʤʽʩʮʽ ʥʝʦʙʤʝʞʝʥʦʾ ʢʽʣʴʢʦʩʪʽ ʙʝʟʦʧʣʘʪʥʦʾ ʪʝʧʣʦʪʠ, 

ʟʤʽʥʠʚʩʷ ʧʝʨʽʦʜʘʤʠ, ʢʦʣʠ ʟ'ʷʩʫʚʘʣʦʩʷ, ʱʦ ʭʦʯʘ ʮʝ ʡ ʜʘʨ ʧʨʠʨʦʜʠ, ʘʣʝ ʡʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʨʝʙʫʻ ʚʠʪʨʘʪ ʽ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʚ ʨʽʟʥʠʭ ʨʘʡʦʥʘʭ, 

ʘ ʛʦʣʦʚʥʝ ʛʣʠʙʦʢʠʭ ʢʦʤʧʣʝʢʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

 ʅʠʥʽ ʟʘ ʜʘʥʠʤʠ ʜʦʩʣʽʜʞʝʥʴ ʫ ʨʽʟʥʠʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ ʜʦʚʝʜʝʥʦ, ʱʦ ʪʝʧʣʦʪʘ, 

ʷʢʘ ʤʽʩʪʠʪʴʩʷ ʚ ʥʘʜʨʘʭ ɿʝʤʣʽ, ʟʘ ʩʚʦʾʤʠ ʟʘʧʘʩʘʤʠ ʪʘ ʚ ʝʢʦʥʦʤʽʯʥʦʤʫ 

ʚʽʜʥʦʰʝʥʥʽ ʤʦʞʝ ʢʦʥʢʫʨʫʚʘʪʠ ʷʢ ʽʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʽʾ, ʪʘʢ ʽ ʟ 

ʥʦʚʠʤʠ, ʱʦ ʦʩʚʦʶʶʪʴʩʷ. ɼʦ ʪʦʛʦ ʞ ʮʝ ʪʝʧʣʦ ʦʜʥʝ ʟ ʥʘʡʙʽʣʴʰ ʝʢʦʣʦʛʽʯʥʦ 

ʯʠʩʪʠʭ. 

 ɼʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ ʧʨʦʙʣʝʤʘ ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʩʪʘʣʘ ʥʘʩʪʽʣʴʢʠ 

ʚʘʞʣʠʚʦʶ, ʱʦ ʚ ʉʐɸ, ʥʘʧʨʠʢʣʘʜ, ʫʞʝ ʚ 1960-ʭ ʨʦʢʘʭ ʜʣʷ ʨʦʟʨʦʙʣʝʥʥʷ 

ʥʘʮʽʦʥʘʣʴʥʦʾ ʧʨʦʛʨʘʤʠ ʪʘ ʾʾ ʟʜʽʡʩʥʝʥʥʷ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʢʽʣʴʢʘ ʬʝʜʝʨʘʣʴʥʠʭ 

ʫʩʪʘʥʦʚ, ʟʦʢʨʝʤʘ, ʟʘ ʩʧʝʮʽʘʣʴʥʦʶ ʧʦʩʪʘʥʦʚʦʶ ʂʦʥʛʨʝʩʫ ʂʦʤʽʩʽʷ ʟ 

ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ, ʷʢʘ ʧʽʜʧʦʨʷʜʢʦʚʫʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʇʨʝʟʠʜʝʥʪʫ ʉʐɸ 

ʆʬʦʨʤʠʚʩʷ ʡ ʫʩʧʽʰʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʥʘʧʨʷʤ, ʧʦʚ'ʷʟʘʥʠʡ ʟʽ ʩʪʚʦʨʝʥʥʷʤ 

ʰʪʫʯʥʠʭ ʧʽʜʟʝʤʥʠʭ çʪʝʧʣʦʚʠʭ ʢʦʪʣʽʚè ʷʢ ʫ ʥʘʩ ʫ ʢʨʘʾʥʽ, ʪʘʢ ʽ ʟʘ ʢʦʨʜʦʥʦʤ. 

ɺʝʣʠʯʝʟʥʠʡ ʚʥʝʩʦʢ ʫ ʨʦʟʨʦʙʢʫ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʚʥʝʩʣʠ ʚʯʝʥʽ ɭ.ʄ. ʑʝʨʙʘʥʴ, ɸ.ɭ. 

ɹʘʙʠʥʝʮʴ, ɸ.ʉ. ʎʠʨʫʣʴʥʽʢʦʚ, ʖ.ɼ. ɼʷʜʴʢʽʥ, ʘ ʪʘʢʦʞ ʟʘʨʫʙʽʞʥʽ ʜʦʩʣʽʜʥʠʢʠ, 

ʥʘʧʨʠʢʣʘʜ, Bearman ɽ., Dincer I., Sanner B., Rybach L., Curtis R., Hellstrʦm G. ʪʘ 

ʽʥʰʽ. 

ɼʦʩʣʽʜʞʝʥʥʷ, ʧʦʚôʷʟʘʥʽ ʟ ʚʠʜʦʙʫʚʘʥʥʷʤ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ, ʚʧʝʨʰʝ 

ʙʫʣʠ ʟʘʧʦʯʘʪʢʦʚʘʥʽ ʚ ʢʽʥʮʽ 1960-ʭ ʨʦʢʽʚ ʚ ɯʥʩʪʠʪʫʪʽ ʪʝʭʥʽʯʥʦʾ ʪʝʧʣʦʬʽʟʠʢʠ 

ʅɸʅ ʋʢʨʘʾʥʠ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʘʢʘʜʝʤʽʢʘ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ 

ɼʦʣʽʥʩʴʢʦʛʦ ɸʥʘʪʦʣʽʷ ɸʥʜʨʽʡʦʚʠʯʘ.  

ɺ 1963 ʨʦʮʽ ʩʧʝʮʽʘʣʽʩʪʘʤʠ ʅɸʅ ʋʢʨʘʾʥʠ ʆ. ʇ. ʑʝʨʙʘʥʴʦʤ ʽ ʆ. ʆ. 

ʂʨʝʤʥʴʦʚʠʤ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʽʜʝʶ ʩʪʚʦʨʝʥʥʷ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʮʠʨʢʫʣʷʮʽʡʥʦʾ 

ʩʠʩʪʝʤʠ ʚ ʧʽʜʟʝʤʥʠʭ ʧʨʦʥʠʢʥʠʭ ʰʘʨʘʭ. ʇʝʨʰʽ ʥʘʫʢʦʚʽ ʨʦʙʦʪʠ ʟ ʚʠʚʯʝʥʥʷ 
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ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʫ ʧʽʜʟʝʤʥʠʭ ʰʘʨʘʭ ʙʫʣʠ ʟʘʧʦʯʘʪʢʦʚʘʥʽ ʥʘ ʧʽʜʩʪʘʚʽ 

ʙʘʛʘʪʦʨʽʯʥʦʛʦ ʜʦʩʚʽʜʫ ʚʠʚʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʫ ʛʣʠʙʦʢʠʭ ʰʘʭʪ [1,2]. 

ʋ 1970-ʪʽ ʨʦʢʠ ʧʨʦʙʣʝʤʘ ʥʘʙʫʣʘ ʨʦʟʚʠʪʢʫ ʚ ʥʦʚʦʤʫ ʽ ʜʝʱʦ ʥʝʟʚʠʯʥʦʤʫ 

ʥʘʧʨʷʤʢʫ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʜʠʮʽʾ, ʱʦ ʩʢʣʘʣʘʩʷ, ʥʘʜʨʘ ɿʝʤʣʽ ʩʪʘʣʠ 

ʨʦʟʛʣʷʜʘʪʠʩʷ ʥʝ ʪʽʣʴʢʠ ʷʢ ʜʞʝʨʝʣʦ ʪʝʧʣʦʪʠ, ʘ ʡ ʷʢ ʤʽʩʮʝ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ 

(ʤʘʛʘʟʠʥʫʚʘʥʥʷ) ʪʝʧʣʦʪʠ, ʱʦ ʚʠʨʦʙʣʷʻʪʴʩʷ ʥʘ ʾʾ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʨʽʟʥʠʤʠ 

ʩʧʦʩʦʙʘʤʠ. ʍʦʯʘ ʮʝʡ ʥʘʧʨʷʤ ʟʦʚʩʽʤ ʤʦʣʦʜʠʡ, ʚʽʥ ʩʪʘʚ ʚʝʣʴʤʠ ʘʢʪʫʘʣʴʥʠʤ ʽ 

ʜʫʞʝ ʰʚʠʜʢʦ ʨʦʟʚʠʚʘʻʪʴʩʷ. 

 ʊʘʢʠʤ ʯʠʥʦʤ, ʟʥʘʯʝʥʥʷ ʥʘʜʨ ɿʝʤʣʽ, ʟ ʧʦʛʣʷʜʫ ʦʪʨʠʤʘʥʥʷ ʪʘ ʟʙʝʨʽʛʘʥʥʷ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʥʝ ʪʽʣʴʢʠ ʧʦʛʣʠʙʣʶʻʪʴʩʷ, ʘ ʡ ʧʨʦʜʦʚʞʫʻ ʨʦʟʰʠʨʶʚʘʪʠʩʷ. 

ʋ ʗʧʦʥʽʾ ʚ 1980 ʨ. ʩʪʚʦʨʝʥʦ ʆʨʛʘʥʽʟʘʮʽʶ ʨʦʟʚʠʪʢʫ ʥʦʚʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, 

ʷʢʘ ʧʦʢʣʠʢʘʥʘ ʚʠʨʽʰʠʪʠ ʜʚʘ ʛʦʣʦʚʥʽ ʟʘʚʜʘʥʥʷ: ʦʮʽʥʠʪʠ ʟʘʛʘʣʴʥʽ ʛʝʦʪʝʨʤʘʣʴʥʽ 

ʨʝʩʫʨʩʠ ʢʨʘʾʥʠ ʽ ʚʠʷʚʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽ ʛʝʦʪʝʨʤʘʣʴʥʽ ʨʝʟʝʨʚʫʘʨʠ. ʉʪʚʦʨʶʻʪʴʩʷ 

ʪʘʢʦʞ ʩʧʝʮʽʘʣʴʥʘ ʩʠʩʪʝʤʘ ʟʙʠʨʘʥʥʷ ʪʘ ʦʧʨʘʮʶʚʘʥʥʷ ʜʘʥʠʭ ʟ ʦʮʽʥʢʠ 

ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ. 

ɺʘʛʦʤʽ ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʧʦʚôʷʟʘʥʽ ʟ ʚʠʨʽʰʝʥʥʷʤ ʟʘʜʘʯʽ 

ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʪʘ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʝʥʝʨʛʽʾ ʜʦʚʢʽʣʣʷ, ʘ ʪʘʢʦʞ ʾʭ 

ʢʦʥʮʝʧʪʫʘʣʴʥʠʤ ʟʘʩʘʜʘʤ ʥʘʣʝʞʘʪʴ ʚʽʜʦʤʠʤ ʚ ʛʘʣʫʟʽ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ, 

ʪʝʧʣʦʬʽʟʠʢʠ ʪʘ ʛʝʦʣʦʛʽʾ ʚʯʝʥʠʤ ʋʢʨʘʾʥʠ. 

 ɺʘʛʦʤʠʡ ʚʥʝʩʦʢ ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʘ ʪʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʩʪʝʤ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʥʘ ʙʘʟʽ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ ʚʠʩʚʽʪʣʝʥʦ ʚ ʨʦʙʦʪʘʭ 

ɼʦʣʽʥʩʴʢʦʛʦ ɸ.ɸ., ʂʫʜʨʽ ʉ.ʆ., ɹʘʩʢʘ ɹ. ɯ., ʈʻʟʮʦʚʘ ɺ.ʌ., ʄʦʨʦʟʦʚʘ ʖ.ʇ., 

ʄʽʭʝʣʴʩʦʥʘ ɺ. ɸ., ʄʘʨʪʠʥʦʚʩʴʢʦʛʦ ɺ. ʉ., ɻʦʭʰʪʝʡʥʘ ɼ. ʇ., ʈʦʟʝʥʬʝʣʴʜʘ ʃ. ʄ., 

ʉʦʢʦʣʦʚʘ ɽ. ʗ.  

ʐʠʨʦʢʦ ʨʦʟʛʣʷʥʫʪʦ ʧʠʪʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʊʅʉ ʟ ˇʨʫʥʪʦʚʠʤʠ 

ʘʢʫʤʫʣʷʪʦʨʘʤʠ ʪʝʧʣʦʪʠ ʪʘ ʥʘʷʚʥʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʽʚ ʪʝʭʥʽʯʥʠʭ, 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʪʘ ʝʢʦʥʦʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʮʠʭ ʩʠʩʪʝʤ ʫ ʨʦʙʦʪʘʭ ʪʘʢʠʭ 

ʫʯʝʥʠʭ, ʷʢ ɹʘʩʦʢ ɹ. ɯ., ʄʦʨʦʟʦʚ ʖ. ʇ., ɹʝʣʷʻʚʘ ʊ. ɻ., ɹʝʢʤʘʥ ɻ. ʄ., ɻʽʣʽ ɻ. ɻ., 
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ɼʨʘʛʘʥʦʚ ɹ. ʍ., ɿʘʙʘʨʥʠʡ ɻ. ʄ., ʅʘʢʦʨʯʝʚʩʴʢʠʡ ɸ. ɯ., ʅʝʜʙʘʡʣʦ ɸ. ʄ., ʍʚʦʨʦʚ 

ʄ. ʄ., ʐʫʨʯʢʦʚ ɸ. ɺ. ʪʘ ʽʥ.  

ʇʠʪʘʥʥʷ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚ ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʮʠʨʢʫʣʷʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ 

ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʪʘʢʠʤʠ ʚʠʜʘʪʥʠʤʠ ʚʯʝʥʠʤʠ, ʷʢ ʄʦʨʦʟʦʚ ʖ.ʇ., ʂʨʝʤʥʴʦʚ 

ʆ.ɸ., ʐʫʨʯʢʦʚ ɸ.ɺ., ɼʷʜʴʢʽʥ ʖ.ɼ., ʏʝʢʘʣʶʢ ɽ.ɺ., ɻʝʥʜʣʝʨ ʉ.ɻ., ɿʘʙʘʨʥʠʡ 

ɻ.ʄ., ɹʘʩʦʢ ɹ.ɯ., ʊʘʨʘʧʦʥ ʆ.ɻ. 

 ʇʠʪʘʥʥʷʤʠ ʪʝʧʣʦʚʠʭ ʽ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʩʠʩʪʝʤ ʘʢʫʤʫʣʶʚʘʥʥʷ ʚ 

ʧʽʜʟʝʤʥʠʭ ʧʨʦʥʠʢʥʠʭ ʰʘʨʘʭ ʜʦʩʣʽʜʞʫʚʘʣʠ  ʐʫʨʯʢʦʚ ɸ.ɺ., ɿʘʙʘʨʥʠʡ ɻ.ʄ., 

ʇʨʠʤʘʢ ɸ.ɯ.; ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʩʠʩʪʝʤ ʘʢʫʤʫʣʶʚʘʥʥʷ ʚ ʚʝʨʭʥʽʭ ʰʘʨʘʭ ɿʝʤʣʽ ï 

ɹʘʩʦʢ ɹ.ɯ., ʅʘʢʦʨʯʝʚʩʴʢʠʡ ʈ.ɯ., ʄʦʨʦʟʦʚ ʖ.ʇ.,  ɹʝʣʷʻʚʘʊ.ɻ.  

ɿʘʚʜʷʢʠ ʦʙˇʨʫʥʪʫʚʘʥʥʶ ʥʘʷʚʥʦʩʪʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʰʚʠʜʢʽʩʪʶ ʬʽʣʴʪʨʘʮʽʾ 

ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʽ ʪʝʤʧʝʨʘʪʫʨʦʶ ʩʠʩʪʝʤʠ çʧʦʨʦʜʘ-ʚʦʜʘè ʛʽʜʨʦʛʝʦʪʝʨʤʽʯʥʽ ʤʝʪʦʜʠ 

ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʫʪʴ ʙʫʪʠ ʦʩʥʦʚʦʶ ʧʽʜ ʯʘʩ ʨʦʟʚ'ʷʟʫʚʘʥʥʷ ʷʢ ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʠʭ, 

ʪʘʢ ʽ ʧʨʠʥʮʠʧʦʚʠʭ ʟʘʜʘʯ ʪʝʦʨʽʾ ʪʘ ʧʨʘʢʪʠʢʠ ʥʘʫʢ ʧʨʦ ɿʝʤʣʶ. 

ʇʦʯʘʪʦʢ ʨʦʟʨʦʙʢʠ ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ 

ʛʣʠʙʠʥʥʦʛʦ ʧʣʘʩʪʘ ʧʨʠ ʬʽʣʴʪʨʘʮʽʾ ʚ ʥʴʦʤʫ ʨʽʜʠʥʠ ʙʫʣʦ ʟʘʢʣʘʜʝʥʦ ɯ. ɸ. ʏʘʨʥʠʤ. 

ɺʽʥ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʰʣʷʭʦʤ ʧʦʢʘʟʘʚ, ʱʦ ʪʝʧʣʦʦʙʤʽʥ ʤʽʞ ʨʽʜʠʥʦʶ ʽ ʯʘʩʪʢʘʤʠ 

ʧʦʨʠʩʪʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʧʽʱʘʥʦʛʦ ʢʦʣʝʢʪʦʨʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ 

ʤʠʪʪʻʚʦ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʚʝʜʝʥʦ, ʱʦ ʥʘ ʛʽʜʨʦʛʝʦʪʝʨʤʽʯʥʠʡ ʨʝʞʠʤ ʟʦʥʠ 

ʘʢʪʠʚʥʦʛʦ ʚʦʜʦʦʙʤʽʥʫ ʚʝʣʠʯʝʟʥʠʡ ʚʧʣʠʚ ʤʘʻ ʨʝʞʠʤ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧʦʚʝʨʭʥʽ 

ɿʝʤʣʽ, ʘ ʥʘ ʚʝʣʠʯʠʥʫ ʢʦʥʚʝʢʪʠʚʥʦʾ ʩʢʣʘʜʦʚʦʾ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ - ʚʝʣʠʯʠʥʘ 

ʤʦʜʫʣʷ ʧʽʜʟʝʤʥʦʛʦ ʩʪʦʢʫ ʪʘ ʧʦʪʫʞʥʽʩʪʴ ʟʦʥʠ ʘʢʪʠʚʥʦʛʦ ʚʦʜʦʦʙʤʽʥʫ.  

ʅʘʧʨʠʢʣʘʜ, ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʍ. ɸ. ʃʦʚʝʨʴʻ ʚʨʘʭʦʚʫʻ ʢʦʥʚʝʢʪʠʚʥʝ 

ʧʝʨʝʥʝʩʝʥʥʷ ʪʝʧʣʦʪʠ ʚ ʧʨʦʥʠʢʥʦʤʫ ʰʘʨʽ ʡ ʧʝʨʝʜʘʯʫ ʪʝʧʣʦʪʠ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ 

ʥʘʚʢʦʣʠʰʥʽʭ ʧʦʨʽʜ ʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ. ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ ʧʣʘʩʪʘ ʡ 

ʦʪʦʯʫʶʯʠʭ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ ʥʝʭʪʫʶʪʴ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʦ ʚʩʽʡ ʧʦʪʫʞʥʦʩʪʽ ʧʣʘʩʪʘ ʧʨʠʡʤʘʻʪʴʩʷ ʦʜʥʘʢʦʚʦʶ, ʱʦ 

ʨʽʚʥʦʟʥʘʯʥʦ ʧʨʠʧʫʱʝʥʥʶ ʧʨʦ ʙʝʟʤʝʞʥʦ ʚʝʣʠʢʫ ʡʦʛʦ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʫ 

ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ. 
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ɺ ʪʦʡ ʞʝ ʯʘʩ ʩʭʝʤʘ çʟʦʩʝʨʝʜʞʝʥʦʾ ʻʤʥʦʩʪʽè ʙʫʣʘ ʚʧʝʨʰʝ ʚʚʝʜʝʥʘ 

ʆ. ʄ. ʊʠʭʦʥʦʚʠʤ. ɿʛʽʜʥʦ ʟ ʮʽʻʶ ʩʭʝʤʦʶ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʧʣʘʩʪ ʤʘʻ ʙʝʟʢʽʥʝʯʥʦ 

ʚʝʣʠʢʫ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ ʽ ʧʦʩʪʽʡʥʝ ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʥʘʧʨʷʤʢʘʭ. ɿʘ çʪʦʯʥʦʶè 

ʩʭʝʤʦʶ ʟʘʜʘʯʘ ʚ ʘʥʘʣʽʪʠʯʥʦ ʟʘʤʢʥʝʥʽʡ ʬʦʨʤʽ ʥʝ ʚʠʨʽʰʝʥʘ.  

çʅʝʧʦʚʥʘ ʪʦʯʥʘ ʩʭʝʤʘè, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʄ. ʆ. ɸʚʜʦʥʽʥʠʤ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

çʪʦʯʥʦʾ ʩʭʝʤʠè ʥʝ ʚʨʘʭʦʚʫʻ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚ 

ʧʣʘʩʪʽ ʡ ʧʦʨʦʜʘʭ, ʱʦ ʦʪʦʯʫʶʪʴ ʧʨʦʥʠʢʥʠʡ ʧʣʘʩʪ. ʋ çʥʝʧʦʚʥʽʡ ʩʭʝʤʽè 

ʟʦʩʝʨʝʜʞʝʥʦʾ ʻʤʥʦʩʪʽ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʩʭʝʤʠ çʟʦʩʝʨʝʜʞʝʥʦʾ ʻʤʥʦʩʪʽè ʥʝ 

ʚʨʘʭʦʚʫʻʪʴʩʷ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʦʪʦʯʫʶʯʠʭ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ 

ʥʘʧʨʷʤʢʫ.  

ʄ. ɸ. ʇʫʜʦʚʢʽʥʠʤ ʚʠʨʽʰʝʥʘ ʟʘʜʘʯʘ ʜʣʷ ʩʧʨʦʱʝʥʦʾ ʩʭʝʤʠ çʟʦʩʝʨʝʜʞʝʥʦʾ 

ʻʤʥʦʩʪʽè, ʚ ʢʦʪʨʽʡ ʧʣʘʩʪ ʚʚʘʞʘʻʪʴʩʷ ʥʝʪʝʧʣʦʧʨʦʚʽʜʥʠʤ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ 

ʥʘʧʨʷʤʢʫ. ʅ. ɸ. ɸʚʜʦʥʽʥʠʤ ʦʪʨʠʤʘʥʽ ʪʘʢʽ ʫʤʦʚʠ, ʧʨʠ ʷʢʠʭ ʨʽʰʝʥʥʷ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʥʜʫʢʪʠʚʥʦʛʦ ʧʝʨʝʥʦʩʫ ʪʝʧʣʦʪʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʦʭʠʙʦʢ ʤʝʥʰʝ 3 % ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʽʰʝʥʥʷʤ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ 

ʢʦʥʜʫʢʪʠʚʥʦʛʦ ʪʝʧʣʦʧʝʨʝʥʝʩʝʥʥʷ. 

ɿʥʘʯʥʝ ʩʧʨʦʱʝʥʥʷ ʧʨʠ ʨʽʰʝʥʥʽ ʟʘʜʘʯ ʪʝʧʣʦʧʝʨʝʥʝʩʝʥʥʷ ʚ ʧʽʜʟʝʤʥʦʤʫ 

ʧʨʦʥʠʢʥʦʤʫ ʰʘʨʽ ʚʥʦʩʠʪʴ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ 

ʥʘʧʨʷʤʢʫ ʥʝʩʢʽʥʯʝʥʥʦ ʚʝʣʠʢʘ, ʟ ʷʢʦʛʦ ʚʠʭʦʜʠʪʴ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʩʪʘ 

ʚʚʘʞʘʻʪʴʩʷ ʧʦʩʪʽʡʥʦʶ ʧʦ ʚʝʨʪʠʢʘʣʽ (çʩʭʝʤʘ ʟʦʩʝʨʝʜʞʝʥʦʾ ʻʤʥʦʩʪʽè). 

 ɸ. ɺ. ʐʫʨʯʢʦʚʠʤ ʨʦʟʛʣʷʥʫʪʦ ʪʝʧʣʦʚʫ ʤʦʜʝʣʴ ʧʽʜʟʝʤʥʦʾ ʧʨʦʥʠʢʥʦʾ ʟʦʥʠ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʨʤʽʯʥʦʛʦ ʦʧʦʨʫ ʯʘʩʪʦʢ ʧʦʨʦʜʠ, ʷʢʘ ʩʢʣʘʜʘʻ ʩʢʝʣʝʪ ʧʣʘʩʪʘ ʧʨʠ 

ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʨʫʩʽ ʨʽʜʠʥʠ ʪʘ ʧʨʦʚʝʜʝʥʦ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʡ ʘʥʘʣʽʟ ʧʨʦʮʝʩʽʚ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʚ ʨʦʙʦʪʫ ʘʙʦ ʪʝʧʣʦʪʫ. ɸ ɻ. ʄ. ɿʘʙʘʨʥʠʤ 

ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʧʽʜʟʝʤʥʠʭ ʧʨʦʥʠʢʥʠʭ ʰʘʨʘʭ, 

ʷʢʽ ʤʦʜʝʣʶʶʪʴʩʷ ʩʬʝʨʠʯʥʠʤʠ ʢʫʣʴʢʘʤ, ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʦ ʣʽʥʽʡʥʠʡ ʟʘʢʦʥ 

ʬʽʣʴʪʨʘʮʽʾ ʪʝʧʣʦʥʦʩʽʷ ʧʨʠ ʪʝʧʣʦʦʙʤʽʥʽ ʚ ʧʽʜʟʝʤʥʠʭ ʧʨʦʥʠʢʥʠʭ ʰʘʨʘʭ. 

 ɻʽʜʨʦʜʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ ʚ ʧʽʜʟʝʤʥʠʭ ʧʨʦʥʠʢʥʠʭ ʰʘʨʘʭ ʚʠʩʚʽʪʣʝʥʦ ʚ 

ʨʦʙʦʪʽ ɽ. ʖ. ʏʝʢʘʣʶʢʘ, ʚ ʷʢʽʡ ʟʘʟʥʘʯʝʥʦ, ʱʦ ʽʟʦʪʝʨʤʽʯʥʠʡ ʧʣʠʥ ʚ ʧʦʨʠʩʪʦʤʫ 
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ʪʽʣʽ, ʷʢ ʧʦʦʜʠʥʦʢʠʡ ʚʠʧʘʜʦʢ ʟʘʛʘʣʴʥʦʾ ʧʨʦʙʣʝʤʠ ʩʪʨʫʤʝʥʝʚʦʛʦ ʨʫʭʫ, 

ʧʽʜʧʦʨʷʜʢʦʚʫʻʪʴʩʷ ʚ ʧʨʠʥʮʠʧʽ ʢʣʘʩʠʯʥʠʤ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʤ ʨʽʚʥʷʥʥʷʤ ʅʘʚôʻ ï 

ʉʪʦʢʩʘ. ɼʦʧʦʚʥʠʚʰʠ ʮʽ ʨʽʚʥʷʥʥʷ ʨʽʚʥʷʥʥʷʤ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ, ʤʦʞʥʘ ʙʫʣʦ ʙ 

ʦʪʨʠʤʘʪʠ ʬʦʨʤʘʣʴʥʦ ʧʦʚʥʫ ʩʠʩʪʝʤʫ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʨʽʚʥʷʥʴ. ʆʜʥʘʢ ʪʘʢʠʡ 

ʰʣʷʭ, ʦʯʝʚʠʜʥʦ, ʧʦʟʙʘʚʣʝʥʠʡ ʧʨʘʢʪʠʯʥʦʛʦ ʩʝʥʩʫ, ʦʩʢʽʣʴʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʣʘʩʠʯʥʠʭ ʨʽʚʥʷʥʴ ʚʜʘʣʦʩʷ ʚʠʨʽʰʠʪʠ ʣʠʰʝ ʜʝʢʽʣʴʢʘ ʚʠʧʘʜʢʽʚ ʟ ʧʨʦʩʪʦʶ 

ʛʝʦʤʝʪʨʽʻʶ ʪʝʯʽʾ. ʊʦʤʫ ʛʽʜʨʦʜʠʥʘʤʽʯʥʘ ʧʦʨʠʩʪʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ, ʧʦʢʣʠʢʘʥʘ 

ʨʦʟʚôʷʟʘʪʠ ʧʨʦʙʣʝʤʫ ʪʝʯʽʾ ʯʝʨʝʟ ʢʘʥʘʣʠ ʽ ʧʦʨʠ ʚʠʧʘʜʢʦʚʦʾ ʪʘ ʭʚʠʣʷʩʪʦʾ ʬʦʨʤʠ, 

ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʚ ʧʽʩʢʘʭ ʪʘ ʧʽʱʘʥʠʢʘʭ, ʟʥʘʡʰʣʘ ʰʣʷʭʠ ʨʽʰʝʥʥʷ, ʚʽʜʤʽʥʥʽ ʚʽʜ 

ʢʣʘʩʠʯʥʦʾ ʪʝʦʨʽʾ ʩʪʨʫʤʝʥʝʚʦʛʦ ʧʦʪʦʢʫ [7].  

 ɿʘʜʘʯʽ ʬʽʣʴʪʨʘʮʽʾ ʪʘ ʪʝʧʣʦʦʙʤʽʥʫ ʨʽʜʠʥʠ ʚ ʧʽʜʟʝʤʥʠʭ ʧʨʦʥʠʢʥʠʭ ʰʘʨʘʭ 

ʜʦʩʣʽʜʞʝʥʦ ʚ ʨʦʙʦʪʘʭ ʄʦʨʦʟʦʚʘ ʖ.ʇ. ʆʙˇʨʫʥʪʦʚʘʥʦ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤ ʚʠʜʦʙʫʚʘʥʥʷ ʪʘ ʘʢʫʤʫʣʶʚʘʥʥʷ ʪʝʧʣʦʪʠ ʚ 

ʧʽʜʟʝʤʥʠʭ ʧʨʦʥʠʢʥʠʭ ʛʦʨʠʟʦʥʪʘʭ, ʘ ʪʘʢʦʞ ʚʝʨʪʠʢʘʣʴʥʠʭ ʧʽʜʟʝʤʥʠʭ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘʭ ʫ ʚʝʨʭʥʽʭ ʰʘʨʘʭ ʟʝʤʥʦʾ ʢʦʨʠ.  

ɺ ʨʦʙʦʪʽ [10] ʘʚʪʦʨʦʤ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʥʘʪʫʨʥʠʭ ʪʘ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʝʧʣʦʦʙʤʽʥʫ ʧʽʜ ʯʘʩ ʨʫʭʫ ʚʦʜʠ ʚ ʧʽʜʟʝʤʥʠʭ 

ʧʨʦʥʠʢʥʠʭ ʰʘʨʘʭ, ʘ ʪʘʢʦʞ ʪʝʧʣʦʦʙʤʽʥʫ ʫ ʚʝʨʪʠʢʘʣʴʥʠʭ ʩʚʝʨʜʣʦʚʠʥʘʭ ʫ 

ʚʝʨʭʥʽʭ ʰʘʨʘʭ ʟʝʤʥʦʾ ʢʦʨʠ. ʆʧʠʩʘʥʦ ʧʨʘʢʪʠʯʥʠʡ ʜʦʩʚʽʜ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ ʚ ʂʨʠʤʫ. ʆʪʨʠʤʘʥʦ ʘʥʘʣʽʪʠʯʥʽ ʨʦʟʚôʷʟʢʠ ʪʝʧʣʦʚʠʭ ʪʘ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʟʘʜʘʯ ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʧʽʜʟʝʤʥʠʭ ʧʨʦʥʠʢʥʠʭ ʰʘʨʘʭ. 

ʅʘ ʜʫʤʢʫ ɸ.ɯ. ʅʘʢʦʨʯʝʚʩʴʢʦʛʦ ʥʘ ʜʘʥʠʡ ʯʘʩ ʚʽʜʩʫʪʥʽ ʪʦʯʥʽ ʨʽʰʝʥʥʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʶʪʴ 

ʨʽʟʥʦʤʘʥʽʪʥʠʤ ʧʦʯʘʪʢʦʚʠʤ ʪʘ ʛʨʘʥʠʯʥʠʤ ʫʤʦʚʘʤ, ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ ʧʨʦʮʝʩʽʚ 

ʘʢʫʤʫʣʶʚʘʥʥʷ ʪʘ ʚʠʣʫʯʝʥʥʷ ʪʝʧʣʦʪʠ ʫ ʥʝʦʙʤʝʞʝʥʦʤʫ ˇʨʫʥʪʦʚʦʤʫ ʤʘʩʠʚʽ. 

ʏʠʩʝʣʴʥʠʡ ʤʝʪʦʜ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʽʥʮʝʚʦ-ʨʽʟʥʠʯʥʠʭ ʘʧʨʦʢʩʠʤʘʮʽʡ ʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʽʪʢʦʚʠʭ ʬʫʥʢʮʽʡ ʫ ʨʘʟʽ ʥʝʩʢʽʥʯʝʥʥʦʾ ʦʙʣʘʩʪʽ ʚʠʟʥʘʯʝʥʥʷ 

ʟʘʚʜʘʥʥʷ ʩʚʽʜʦʤʦ ʚʽʜʥʦʩʠʪʴ ʯʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦ ʩʫʪʦ ʥʘʙʣʠʞʝʥʠʭ. 
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 ʋ ʨʦʙʦʪʽ [23] ʘʚʪʦʨʦʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʘʙʣʠʞʝʥʠʡ ʘʥʘʣʽʪʠʯʥʠʡ ʤʝʪʦʜ 

ʚʠʨʽʰʝʥʥʷ ʪʘʢʠʭ ʟʘʚʜʘʥʴ, ʷʢʠʡ ʻ ʪʝʧʣʦʚʠʤ ʘʥʘʣʦʛʦʤ ʪʝʦʨʽʾ ʧʨʠʢʦʨʜʦʥʥʦʛʦ 

ʰʘʨʫ ʃ. ʇʨʘʥʜʪʣʷ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʥʘʡʜʘʚʥʽʰʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʦʚ'ʷʟʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʧʣʦʪʠ ʥʘʜʨ ɿʝʤʣʽ ʜʣʷ ʧʨʘʢʪʠʯʥʠʭ ʮʽʣʝʡ ʣʶʜʠʥʠ, ʘ 

ʥʘʡʤʦʣʦʜʰʽ - ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʜʨ ɿʝʤʣʽ ʜʣʷ ʩʝʟʦʥʥʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʪʝʧʣʦʪʠ, 

ʱʦ ʦʜʝʨʞʘʥʦ ʥʘ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʠʤʠ ʩʧʦʩʦʙʘʤʠ. 

ʈʘʟʦʤ ʟ ʪʠʤ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʟʘʟʥʘʯʝʥʘ ʧʨʦʙʣʝʤʘ 

ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʦʶ ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʋʢʨʘʾʥʠ, ʘʣʝ ʡ ʜʣʷ ʩʚʽʪʦʚʦʾ ʥʘʫʢʦʚʦʾ 

ʩʧʽʣʴʥʦʪʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʚ ʛʘʣʫʟʽ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʪʘ ʪʝʧʣʦʪʠ ʜʦʚʢʽʣʣʷ 

ʻ ʚʘʞʣʠʚʠʤʠ ʟ ʧʦʛʣʷʜʫ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʥʠʞʝʥʥʷ ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʚʠʪʨʘʪ, ʨʦʟʨʦʙʢʠ 

ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʤʽʥʽʤʽʟʘʮʽʾ ʨʠʟʠʢʽʚ ʨʦʟʚʽʜʢʠ ʪʘ ʙʝʟʧʝʯʥʦʛʦ ʨʦʟʚʠʪʢʫ 

ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʪʘ ʧʦʪʝʥʮʽʘʣʫ ʪʝʧʣʦʪʠ ʜʦʚʢʽʣʣʷ. 

 

1.2. ɼʞʝʨʝʣʘ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʪʝʧʣʦʪʠ ʜʦʚʢʽʣʣʷ   

  

ɿʛʽʜʥʦ ʟ ʪʠʧʦʣʦʛʽʻʶ ʄʽʞʥʘʨʦʜʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʘʛʝʥʪʩʪʚʘ (ʄɽɸ), 

ʨʦʟʨʽʟʥʷʶʪʴ 5 ʪʠʧʽʚ ʜʞʝʨʝʣ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ: ʩʫʭʘ ʧʘʨʘ, ʚʦʣʦʛʘ ʧʘʨʘ 

(ʛʘʨʷʯʘ ʚʦʜʘ ʪʘ ʧʘʨʘ), ʛʝʦʪʝʨʤʘʣʴʥʽ ʚʦʜʠ (ʛʘʨʷʯʘ ʚʦʜʘ ʘʙʦ ʧʘʨʘ ʧʣʶʩ ʚʦʜʘ), ʩʫʭʽ 

ʛʘʨʷʯʽ ʢʘʤôʷʥʽ ʧʦʨʦʜʠ, ʨʦʟʽʛʨʽʪʽ ʤʘʛʤʦʶ, ʪʘ ʤʘʛʤʘ. 

 ɼʦ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ  ʜʞʝʨʝʣ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʨʦʙʦʪʠ  ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʚʽʜʥʦʩʷʪʴʩʷ: çʚʽʜʧʨʘʮʴʦʚʘʥʘè ʪʝʧʣʦʚʘ ʝʥʝʨʛʽʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ;  ʝʥʝʨʛʽʷ ʜʦʚʢʽʣʣʷ; ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʘ ʛʝʦʪʝʨʤʘʣʴʥʘ 

(ʩʫʙʛʝʦʪʝʨʤʘʣʴʥʘ) ʝʥʝʨʛʽʷ. 

 ʋ ʩʚʦʶ ʯʝʨʛʫ, ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ ʜʦʚʢʽʣʣʷ ʻ ʩʦʥʷʯʥʘ ʝʥʝʨʛʽʷ ʪʘ ʾʾ ʧʦʭʽʜʥʽ ʫ 

ʚʠʛʣʷʜʽ ʪʝʧʣʦʪʠ ʧʦʚʽʪʨʷ, ʚʦʜʠ ʟ ʚʽʜʢʨʠʪʠʭ ʚʦʜʦʡʤ ʪʘ ʰʪʫʯʥʠʭ ʨʝʟʝʨʚʫʘʨʽʚ.  

ɸ ʜʞʝʨʝʣʘʤʠ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʛʝʦʪʝʨʤʘʣʴʥʦʾ  ʝʥʝʨʛʽʾ ʻ ʪʝʧʣʦʪʘ 

ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ˇʨʫʥʪʫ, ˇʨʫʥʪʦʚʠʭ ʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜ [2]. 

 ʈʦʟʛʣʷʥʝʤʦ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʮʠʭ ʜʞʝʨʝʣ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ. 
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1.2.1. ʂʣʘʩʠʬʽʢʘʮʽʷ ʪʘ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ  ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ  

 

ʆʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʥʘʙʫʣʦ ʰʠʨʦʢʦʛʦ ʧʦʰʠʨʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʠʭ ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʧʣʦʚʠʭ 

ʥʘʩʦʩʽʚ, ʷʢʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʝʥʝʨʛʦʦʱʘʜʥʝ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʝ ʪʝʭʥʦʣʦʛʽʯʥʝ 

ʦʙʣʘʜʥʘʥʥʷ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢʦʛʦ ʜʘʻ ʟʤʦʛʫ ʥʝ ʪʽʣʴʢʠ ʟʘʙʝʟʧʝʯʠʪʠ ʝʢʦʥʦʤʽʶ 

ʦʨʛʘʥʽʯʥʦʛʦ ʧʘʣʠʚʘ, ʘʣʝ ʡ ʩʫʪʪʻʚʦ ʟʥʠʟʠʪʠ ʟʘʙʨʫʜʥʝʥʥʷ ʦʪʦʯʫʶʯʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. 

ʅʠʟʴʢʦʧʦʪʝʥʮʽʡʥʽ (ʩʫʙʛʝʦʪʝʨʤʘʣʴʥʽ) ʨʝʩʫʨʩʠ  ʻ ʨʽʟʥʦʚʠʜʘʤʠ 

ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʘʢʫʤʫʣʴʦʚʘʥʠʭ ʛʽʨʩʴʢʠʤʠ ʧʦʨʦʜʘʤʠ ʫ ʚʝʨʭʥʽʭ 

ʰʘʨʘʭ ɿʝʤʣʽ, ʷʢʽ ʨʦʟʤʽʱʝʥʽ ʥʠʞʯʝ ʥʝʡʪʨʘʣʴʥʦʛʦ ʰʘʨʫ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʛʣʠʙʠʥʫ 

ʜʦ 400 ʤ.   

ʆʩʚʦʻʥʥʷ ʩʫʙʛʝʦʪʝʨʤʘʣʴʥʠʭ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʥʠʭ ʫʩʪʘʥʦʚʦʢ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʡʰʚʠʜʰʠʤʠ ʪʝʤʧʘʤʠ 

ʟʨʦʩʪʘʥʥʷ ʫ ʩʚʽʪʽ [1].  ʅʘ ʧʦʯʘʪʦʢ 2020 ʨʦʢʫ 71,6 % ʚʩʪʘʥʦʚʣʝʥʠʭ 

ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʪʝʧʣʦʚʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʽ 59,2 % ʨʽʯʥʦʛʦ ʚʠʨʦʙʽʪʢʫ ʪʝʧʣʦʚʦʾ 

ʝʥʝʨʛʽʾ ʧʨʠʧʘʜʘʻ ʥʘ ʪʝʧʣʦʚʽ ʥʘʩʦʩʠ.  

ɺʩʪʘʥʦʚʣʝʥʘ ʧʦʪʫʞʥʽʩʪʴ ʜʦʩʷʛʣʘ ʧʦʟʥʘʯʢʠ 78 ɻɺʪ, ʘ ʨʽʯʥʝ ʩʧʦʞʠʚʘʥʥʷ 

ʝʥʝʨʛʽʾ ī 600 ʪʠʩ. ʊɼʞ. ʅʘʡʚʠʱʽ ʧʦʢʘʟʥʠʢʠ ʚʩʪʘʥʦʚʣʝʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ 

ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʥʠʭ ʫʩʪʘʥʦʚʦʢ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʫ ʂʠʪʘʾ, ʉʐɸ, 

ʐʚʝʮʽʾ, ʅʽʤʝʯʯʠʥʽ ʪʘ ʌʽʥʣʷʥʜʽʾ, ʥʘ ʷʢʽ ʧʨʠʧʘʜʘʻ 77,4 % ʚʽʜ ʟʘʛʘʣʴʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʽ 83,5 % ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʚʠʨʦʙʣʝʥʦʾ ʚ ʩʚʽʪʽ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʪʠ [8]. 

ʋ 2021 ʨʦʮʽ ʨʦʢʫ ʫ ʌʨʘʥʮʽʾ ʪʝʧʣʦʚʽ ʥʘʩʦʩʠ ʧʝʨʝʚʝʨʰʠʣʠ ʧʨʦʜʘʞʽ ʢʦʪʣʽʚ 

ʥʘ ʚʠʢʦʧʥʦʤʫ ʧʘʣʠʚʽ, ʘ ʚ ʇʦʣʴʱʽ, ʅʽʤʝʯʯʠʥʽ, ɯʪʘʣʽʾ ʪʘ ʩʢʘʥʜʠʥʘʚʩʴʢʠʭ 

ʢʨʘʾʥʘʭ ʩʪʨʽʤʢʦ ʧʨʦʛʨʝʩʫʚʘʣʠ. ɭʚʨʦʧʝʡʩʴʢʘ ʘʩʦʮʽʘʮʽʷ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ 

(EHPA), ʷʢʘ ʟʙʠʨʘʻ ʜʘʥʽ ʛʘʣʫʟʝʚʠʭ ʛʨʫʧ ʧʦ ʚʩʽʡ ɭʚʨʦʧʽ, ʧʦʚʽʜʦʤʠʣʘ ʧʨʦ 

ʨʝʢʦʨʜʥʠʡ ʨʽʢ ʧʨʦʜʘʞʽʚ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʥʘ ʚʩʴʦʤʫ ʢʦʥʪʠʥʝʥʪʽ ʫ 2022 ʨʦʮʽ.  

ɿʘ ʜʘʥʠʤʠ ʄʽʞʥʘʨʦʜʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʘʛʝʥʪʩʪʚʘ (IEA) 2022 ʨʦʢʫ ʫ 

ʌʨʘʥʮʽʾ ʪʝʧʣʦʚʽ ʥʘʩʦʩʠ ʚʧʝʨʰʝ ʧʝʨʝʚʠʱʠʣʠ ʧʨʦʜʘʞʽ ʢʦʪʣʽʚ ʥʘ ʚʠʢʦʧʥʦʤʫ 
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ʧʘʣʠʚʽ (ʨʠʩ. 1.1).  ʎʝ ʙʫʚ ʧʝʨʰʠʡ ʨʽʢ ʥʘʮʽʦʥʘʣʴʥʦʾ ʟʘʙʦʨʦʥʠ ʛʘʟʦʚʠʭ ʢʦʪʣʽʚ ʫ 

ʥʦʚʠʭ ʙʫʜʽʚʣʷʭ ʫ ʌʨʘʥʮʽʾ. ʉʪʨʽʤʢʝ ʟʨʦʩʪʘʥʥʷ ʧʨʦʜʘʞʽʚ  ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʫ 

ʌʨʘʥʮʽʾ ʯʘʩʪʢʦʚʦ ʟʫʤʦʚʣʝʥʦ ʜʘʚʥʴʦʶ ʧʝʨʝʚʘʛʦʶ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʘʣʝʥʥʷ, ʘ ʥʝ 

ʛʘʟʫ. 

 

ʈʠʩ. 1.1. ʂʽʣʴʢʽʩʪʴ ʧʨʦʜʘʥʠʭ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʧʦ ʢʨʘʾʥʘʤ ɽʉ ʫ 2022        

                ʨʦʮʽ (ʪʠʩʷʯ ʦʜʠʥʠʮʴ) 

 

ʗʢ ʫ ʇʦʣʴʱʽ, ʪʘʢ ʽ ʚ ɯʪʘʣʽʾ ʧʦʧʠʪ ʥʘ ʪʝʧʣʦʚʽ ʥʘʩʦʩʠ ʨʽʟʢʦ ʟʨʽʩ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʨʽʟʢʦʛʦ ʟʨʦʩʪʘʥʥʷ ʮʽʥ ʥʘ ʩʠʨʦʚʠʥʥʠʭ ʨʠʥʢʘʭ ʧʽʩʣʷ ʚʪʦʨʛʥʝʥʥʷ ʨʦʩʽʾ ʚ 

ʋʢʨʘʾʥʫ. ʎʝ ʧʦʻʜʥʫʻʪʴʩʷ ʟ ʧʦʪʫʞʥʠʤʠ ʽʥʽʮʽʘʪʠʚʘʤʠ ʫʨʷʜʫ, ʩʧʨʷʤʦʚʘʥʠʤʠ ʥʘ 
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ʟʘʦʭʦʯʝʥʥʷ ʩʧʦʞʠʚʘʯʽʚ ʪʝʧʣʦʪʠ ʢʦʤʫʥʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ ʽ ʧʨʦʤʠʩʣʦʚʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ ʜʦ ʚʽʜʤʦʚʠ ʚʽʜ ʦʧʘʣʝʥʥʷ ʛʘʟʦʤ ʽ ʚʫʛʽʣʣʷʤ. 

ʅʘ ʪʝʧʣʦʚʽ ʥʘʩʦʩʠ ʧʨʠʧʘʜʘʣʦ 98% ʦʧʘʣʶʚʘʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ, ʧʨʦʜʘʥʠʭ ʫ 

ʅʦʨʚʝʛʽʾ ʫ 2022 ʨʦʮʽ (ʨʠʩ.1.2). 

 

ʈʠʩ. 1.2. ɺʽʜʩʦʪʦʢ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʫʩʪʘʥʦʚʦʢ ʚʽʜ ʫʩʽʭ ʦʧʘʣʶʚʘʣʴʥʠʭ  

                ʧʨʠʣʘʜʽʚ ʧʨʦʜʘʥʠʭ ʫ 2022 ʨʦʮʽ ʫ ʢʨʘʾʥʘʭ ɭʉ 

 

ʅʦʨʚʝʛʽʷ ʤʘʻ ʥʘʡʚʠʱʠʡ ʨʽʚʝʥʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʫ ʩʚʽʪʽ ï 

60% ʫʩʽʭ ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚ ʽ ʾʾ ʩʢʘʥʜʠʥʘʚʩʴʢʽ ʩʫʩʽʜʠ ʥʝ ʚʽʜʩʪʘʶʪʴ: ʫ ʐʚʝʮʽʾ 

ʚʩʪʘʥʦʚʣʝʥʦ ʧʦʥʘʜ 1 ʤʣʥ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ, ʜʝ ʾʭ ʤʘʶʪʴ ʧʦʥʘʜ 40% 

ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚ. 

ʇʦʪʫʞʥʽʩʪʴ ʦʢʨʝʤʠʭ ʫʩʪʘʥʦʚʦʢ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 5,5 ʢɺʪ ī ʜʣʷ ʞʠʪʣʦʚʠʭ 

ʙʫʜʠʥʢʽʚ ʽ ʙʽʣʴʰʝ 1 ʄɺʪ ī ʜʣʷ ʢʦʤʝʨʮʽʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʽ ʫʩʪʘʥʦʚ.  
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ɼʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ ʤʦʜʝʣʽ 

ʊʅ, ʜʦʮʽʣʴʥʦ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʘʙʦ ʟʘ ʧʨʠʥʮʠʧʦʤ ʾʭ ʜʽʾ ʘʙʦ ʟʘ ʜʞʝʨʝʣʦʤ 

ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ.  

ɯʩʥʫʶʪʴ ʡ ʽʥʰʽ ʧʽʜʭʦʜʠ ʜʦ ʢʣʘʩʠʬʽʢʘʮʽʾ ʊʅ ʧʦ ʨʷʜʫ ʧʦʜʽʙʥʠʭ ʦʟʥʘʢ [9]. 

ɺʠʭʦʜʷʯʠ ʟ ʚʠʱʝʚʠʢʣʘʜʝʥʦʛʦ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʥʘʩʪʫʧʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʊʅʋ:  

ɿʘ ʮʠʢʣʘʤʠ ʪʘ ʩʭʝʤʘʤʠ ʨʦʙʦʪʠ: 

ï  ʢʦʤʧʨʝʩʽʡʥʽ ʊʅ, ʫ ʪ. ʯ.: 

a) ʛʘʟʦʢʦʤʧʨʝʩʽʡʥʽ ʊʅ (ɻʊʅ); 

b) ʧʘʨʦʢʦʤʧʨʝʩʽʡʥʽ ʊʅ (ʇʊʅ); 

ï ʩʦʨʙʮʽʡʥʽ ʊʅ, ʫ ʪ. ʯ.: 

a) ʘʙʩʦʨʙʮʽʡʥʽ ʊʅ (ɸɹʊʅ); 

b) ʘʜʩʦʨʙʮʽʡʥʽ ʊʅ (ɸɼʊʅ); 

ï ʪʝʧʣʦʚʽ ʥʘʩʦʩʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʝʬʝʢʪʫ ʈʘʥʢʘ; 

ï ʪʝʧʣʦʚʽ ʥʘʩʦʩʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʦʜʚʽʡʥʦʛʦ ʮʠʢʣʫ ʈʝʥʢʽʥʘ; 

ï ʪʝʧʣʦʚʽ ʥʘʩʦʩʠ, ʱʦ ʧʨʘʮʶʶʪʴ ʧʦ ʮʠʢʣʫ ʉʪʽʨʣʽʥʛʘ; 

ï ʪʝʧʣʦʚʽ ʥʘʩʦʩʠ, ʱʦ ʧʨʘʮʶʶʪʴ ʧʦ ʮʠʢʣʫ ɹʨʘʡʪʦʥʘ; 

ï ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʪʝʧʣʦʚʽ ʥʘʩʦʩʠ; 

ï ʟʚʝʨʥʝʥʠʡ ʧʘʣʠʚʥʠʡ ʝʣʝʤʝʥʪ; 

ï ʪʝʧʣʦʚʽ ʥʘʩʦʩʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʧʣʦʪʠ ʧʣʘʚʣʝʥʥʷ; 

ï ʪʝʧʣʦʚʽ  ʥʘʩʦʩʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ  ʤʝʭʘʥʦʭʽʤʽʯʥʦʛʦ  ʝʬʝʢʪʫ; 

ï ʪʝʧʣʦʚʽ  ʥʘʩʦʩʠ  ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʛʥʝʪʦʢʘʣʦʨʽʯʥʦʛʦ ʝʬʝʢʪʫ; 

ï ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʪʝʧʣʦʚʽ ʥʘʩʦʩʠ: 

a) ʧʦ ʟʚʦʨʦʪʥʦʤʫ ʧʦʜʚʽʡʥʦʤʫ ʮʠʢʣʫ ʈʝʥʢʽʥʘ; 

b) ʧʦ ʟʚʦʨʦʪʥʦʤʫ ʮʠʢʣʫ ʉʪʽʨʣʽʥʛʘ; 

c) ʧʦ ʟʚʦʨʦʪʥʦʤʫ ʮʠʢʣʫ ɹʨʘʡʪʦʥʘ / ɼʞʦʫʣʷ; 

d) ʧʦ ʮʠʢʣʫ ʂʘʣʠʥʠ; 

e) ʧʦ ʮʠʢʣʫ ɺʦʡʣʶʤôʝ. 

ɿʘ ʧʨʠʥʮʠʧʦʤ ʚʟʘʻʤʦʜʽʾ ʨʦʙʦʯʠʭ ʪʽʣ: 

ï  ʚʽʜʢʨʠʪʦʛʦ ʮʠʢʣʫ, ʚ ʷʢʠʭ ʨʦʙʦʯʝ ʪʽʣʦ ʟʘʙʠʨʘʻʪʴʩʷ ʪʘ ʚʽʜʜʘʻʪʴʩʷ ʫ 

ʟʦʚʥʽʰʥʻ ʩʝʨʝʜʦʚʠʱʝ; 
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ï  ʟʘʤʢʥʫʪʦʛʦ ʮʠʢʣʫ, ʚ ʷʢʠʭ ʨʦʙʦʯʝ ʪʽʣʦ ʨʫʭʘʻʪʴʩʷ ʧʦ ʟʘʤʢʥʫʪʦʤʫ ʢʦʥʪʫʨʫ, 

ʚʟʘʻʤʦʜʽʶʯʠ ʟ ʜʞʝʨʝʣʦʤ ʪʘ ʩʧʦʞʠʚʘʯʝʤ ʪʝʧʣʦʪʠ ʣʠʰʝ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʘʧʘʨʘʪʘʭ ʧʦʚʝʨʭʥʝʚʦʛʦ ʪʠʧʫ. 

ɿʘ ʨʝʞʠʤʦʤ ʪʝʤʧʝʨʘʪʫʨ ʊʅ: 

ï ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʽ; 

ï ʩʝʨʝʜʥʴʦʪʝʤʧʝʨʘʪʫʨʥʽ; 

ï ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʽ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʢʨʫʛʦʚʦʤʫ ʮʠʢʣʽ ʦʙʤʝʞʫʻʪʴʩʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʭʦʣʦʜʦʘʛʝʥʪʫ ʽ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʢʦʤʧʨʝʩʦʨʽʚ. 

ɿʘ ʦʩʥʦʚʥʠʤ ʟʦʚʥʽʰʥʽʤ ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ ʊʅ: 

ï ʤʝʭʘʥʽʯʥʘ ʝʥʝʨʛʽʷ; 

ï ʝʣʝʢʪʨʦʜʚʠʛʫʥ; 

ï ʜʚʠʛʫʥ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ (ʜʠʟʝʣʴ, ʙʝʥʟʠʥ ʽ ʽʥ.); 

ï ʛʘʟʦʚʘ ʪʫʨʙʽʥʘ; 

ï ʜʚʠʛʫʥ ʉʪʽʨʣʽʥʛʘ; 

ï ʛʽʜʨʦʧʨʠʚʽʜ ʘʙʦ ʚʽʪʨʦʧʨʠʚʽʜ; 

ï ʪʝʧʣʦʚʘ ʝʥʝʨʛʽʷ; 

ï ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ ʥʘʛʨʽʚʘʯ; 

ï      ʩʧʘʣʶʚʘʥʥʷ ʧʘʣʠʚʘ (ʛʘʟ, ʨʽʜʢʝ ʽ ʪʚʝʨʜʝ ʧʘʣʠʚʦ). 

ɿʘ ʩʝʨʝʜʦʚʠʱʝʤ ʪʘ ʪʝʧʣʦʥʦʩʽʻʤ: 

ï ˇʨʫʥʪ-ʚʦʜʘ; 

ï ˇʨʫʥʪ-ʧʦʚʽʪʨʷ; 

ï ʚʦʜʘ-ʚʦʜʘ; 

ï ʚʦʜʘ-ʧʦʚʽʪʨʷ; 

ï ʧʦʚʽʪʨʷ-ʚʦʜʘ; 

ï ʧʦʚʽʪʨʷ-ʧʦʚʽʪʨʷ. 

ɿʘ ʬʫʥʢʮʽʷʤʠ ʊʅ (ʜʣʷ ʩʧʦʞʠʚʘʯʽʚ ʪʝʧʣʦʪʠ): 

ï ʩʠʩʪʝʤʘ ʦʧʘʣʝʥʥʷ; 

ï ʩʠʩʪʝʤʘ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ; 

ï ʩʠʩʪʝʤʘ ʧʽʜʽʛʨʽʚʫ ʯʦʛʦʩʴ; 
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ï ʫʪʠʣʽʟʘʮʽʾ ʩʢʠʜʥʦʾ ʪʝʧʣʦʪʠ; 

ï ʟʤʽʰʘʥʽ ʩʠʩʪʝʤʠ. 

ɿʘ ʚʠʜʦʤ ʭʦʣʦʜʠʣʴʥʦʛʦ ʘʛʝʥʪʘ: 

ï ʧʦʚʽʪʨʷ; 

ï ʚʦʜʘ (ʧʘʨʘ); 

ï ʬʨʝʦʥʠ; 

ï ʘʤʽʘʢ; 

ï ʚʫʛʣʝʢʠʩʣʦʪʘ; 

ï ʚʦʜʝʥʴ; 

ï ʛʝʣʽʡ; 

ï ʽʥʰʽ ʛʘʟʠ ʽ ʩʫʤʽʰʽ. 

ɿʘ ʢʽʣʴʢʽʩʪʶ ʊʅ ʚ ʊʅʋ: 

ï ʦʜʥʦʩʪʫʧʽʥʯʘʩʪʽ; 

ï ʜʚʦʩʪʫʧʽʥʯʘʩʪʽ; 

ï ʢʘʩʢʘʜʥʽ. 

ɿʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ: 

ï ʧʦʙʫʪʦʚʽ (ʤʘʣʽ) ï ʚʽʜ 5 ʜʦ 20 ʢɺʪ; 

ï ʧʨʦʤʠʩʣʦʚʽ (ʩʝʨʝʜʥʽ) - ʚʽʜ 20 ʜʦ 600 ʢɺʪ; 

ï ʚʝʣʠʢʽ ʪʝʧʣʦʚʽ ʥʘʩʦʩʠ ï ʚʽʜ 1 ʄɺʪ ʽ ʚʠʱʝ. 

 

1.2.2. ʂʣʘʩʠʬʽʢʘʮʽʷ ʪʘ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʜʦʚʢʽʣʣʷ 

 

ɼʦ ʧʨʠʨʦʜʥʠʭ ʜʞʝʨʝʣ ʪʝʧʣʦʪʠ ʜʦʚʢʽʣʣʷ ʥʘʣʝʞʘʪʴ ʘʪʤʦʩʬʝʨʥʝ ʧʦʚʽʪʨʷ, 

ʚʦʜʠ ʨʽʯʦʢ, ʤʦʨʽʚ, ʚʝʨʭʥʴʦʛʦ ʰʘʨʫ ˇʨʫʥʪʫ ʪʘ ˇʨʫʥʪʦʚʽ ʚʦʜʠ, ʜʦ ʚʪʦʨʠʥʥʠʭ 

ʜʞʝʨʝʣ ʪʝʧʣʦʪʠ ʜʦʚʢʽʣʣʷ ʚʽʜʥʦʩʷʪʴʩʷ ʧʦʚʝʨʭʥʝʚʽ ʩʪʽʯʥʽ ʚʦʜʠ. 

ɹʽʣʷ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʪʝʤʧʝʨʘʪʫʨʘ ˇʨʫʥʪʫ ʪʘ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʙʘʣʘʥʩʦʤ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʚʽʜ ʉʦʥʮʷ, ʪʘ ʪʝʧʣʦʚʠʤ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. ʈʦʣʴ ʪʝʨʤʦʩʪʘʙʽʣʽʟʘʪʦʨʘ ʚʽʜʽʛʨʘʻ 

ʘʪʤʦʩʬʝʨʘ ɿʝʤʣʽ. ɻʣʠʙʠʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʜʦʙʦʚʠʭ ʢʦʣʠʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨʠ 
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ˇʨʫʥʪʫ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 35 ʜʦ 100 ʩʤ ʟʘʣʝʞʥʦ ʚʽʜ ʡʦʛʦ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ 

ʛʝʦʛʨʘʬʽʯʥʠʭ ʫʤʦʚ. ʋ ʩʝʨʝʜʥʽʭ ʰʠʨʦʪʘʭ ʛʣʠʙʠʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʨʽʯʥʠʭ 

ʢʦʣʠʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʩʢʣʘʜʘʻ 8-24 ʤ. ɺʽʢʦʚʽ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʦʰʠʨʶʶʪʴʩʷ ʜʦ ʛʣʠʙʠʥ ʙʽʣʴʰʝ 50 ʤ ʽ ʤʦʞʫʪʴ ʟʙʝʨʽʛʘʪʠʩʷ ʪʠʩʷʯʽ ʨʦʢʽʚ. 

ʊʝʧʣʦʚʘ ʝʥʝʨʛʽʷ, ʱʦ ʥʘʜʽʡʰʣʘ ʚʽʜ ʉʦʥʮʷ, ʘʢʫʤʫʣʶʻʪʴʩʷ ʚ ʰʘʨʽ ˇʨʫʥʪʫ ʪʘ 

ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʥʘ ʛʣʠʙʠʥʘʭ ʜʦ ʥʝʡʪʨʘʣʴʥʦʛʦ ʰʘʨʫ. ʐʘʨ ˇʨʫʥʪʫ ʤʽʞ ʛʣʠʙʠʥʦʶ 

ʧʨʦʤʝʨʟʘʥʥʷ ʪʘ ʥʝʡʪʨʘʣʴʥʠʤ ʰʘʨʦʤ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʧʨʠʨʦʜʥʠʡ 

ʩʝʟʦʥʥʠʡ ʘʢʫʤʫʣʷʪʦʨ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʧʨʠʯʦʤʫ ʝʥʝʨʛʽʷ, ʚʽʜʚʝʜʝʥʘ ʫ ʟʠʤʦʚʠʡ 

ʧʝʨʽʦʜ, ʙʫʜʝ ʚʽʜʥʦʚʣʶʚʘʪʠʩʷ ʚ ʪʝʧʣʠʡ ʧʝʨʽʦʜ ʨʦʢʫ. ʎʝ ʩʪʦʩʫʻʪʴʩʷ ʽ ˇʨʫʥʪʦʚʠʭ 

ʚʦʜ, ʱʦ ʥʘʩʠʯʫʶʪʴ  ʰʘʨ ˇʨʫʥʪʫ ʪʘ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ [2]. 

 ɽʥʝʨʛʽʷ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʪʝʧʣʦ ʥʘʜʨ ɿʝʤʣʽ ʪʘ ʝʥʝʨʛʽʷ 

ʩʧʦʞʠʪʠʭ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʧʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʢʦʨʠʩʥʦʾ ʨʦʙʦʪʠ 

ʨʦʟʩʽʶʻʪʴʩʷ ʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʧʨʠʨʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʫ ʚʠʛʣʷʜʽ 

ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʪʝʧʣʦʪʠ. ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʨʽʚʝʥʴ ʮʽʻʾ ʪʝʧʣʦʪʠ ʥʝ ʧʝʨʝʚʠʱʫʻ 

20-30
ʦ
ʉ, ʱʦ ʨʦʙʠʪʴ ʥʝʤʦʞʣʠʚʠʤ ʾʾ ʧʨʷʤʝ ʧʦʚʪʦʨʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ 

ʟʘʜʦʚʦʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʧʦʪʨʝʙ. ʇʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʽʚʥʷ 

ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʪʝʧʣʦʪʠ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʧʣʦʚʠʭ 

ʥʘʩʦʩʽʚ (ʊʅ) ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʭʘʥʽʯʥʦʾ (ʝʣʝʢʪʨʠʯʥʦʾ) ʝʥʝʨʛʽʾ, ʧʨʠ 

ʮʴʦʤʫ ʥʘ 1 ʢɺʪĀʛʦʜ ʚʠʪʨʘʯʝʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʤʦʞʝ ʚʠʨʦʙʣʷʪʠʩʷ ʫ 3,5-4,5 ʨʘʟ 

ʙʽʣʴʰʝ ʪʝʧʣʦʪʠ ʟ ʧʘʨʘʤʝʪʨʘʤʠ, ʜʦʩʪʘʪʥʽʤʠ ʜʣʷ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ. 

ɼʞʝʨʝʣʘʤʠ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʪʝʧʣʦʪʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʥʝʨʛʝʪʠʯʥʦ 

ʝʬʝʢʪʠʚʥʫ ʪʘ ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʫ ʨʦʙʦʪʫ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʫʩʪʘʥʦʚʦʢ, ʤʦʞʫʪʴ 

ʙʫʪʠ [2]: 

ï  ˇʨʫʥʪʦʚʘ ʚʦʜʘ, ʷʢʘ ʟʙʝʨʽʛʘʻ ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʧʦʩʪʽʡʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ 

ʨʽʚʥʽ  ʧʣʶʩ 8-12Áʉ; 

ï  ʧʽʜʟʝʤʥʠʡ ˇʨʫʥʪ ʥʘ ʛʣʠʙʠʥʽ ʚʽʜ 2 ʜʦ 50 ʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʧʣʶʩ 10-

14Áʉ; 

ï  ʤʦʨʩʴʢʘ ʚʦʜʘ   ʤʽʥʽʤʘʣʴʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʚ ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ ʧʣʶʩ 5-

8Áʉ; 



 60 

ï  ʪʝʭʥʽʯʥʘ ʚʦʜʘ ʟ ʩʠʩʪʝʤ ʦʭʦʣʦʜʞʝʥʥʷ ʊɽʉ, ɸɽʉ, ʧʨʦʤʠʩʣʦʚʠʭ ʪʘ ʽʥʰʠʭ 

ʝʥʝʨʛʦʫʩʪʘʥʦʚʦʢ; 

ï  ʩʪʽʯʥʽ ʚʦʜʠ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʪʘ ʽʥ.; 

ï  ʘʪʤʦʩʬʝʨʥʝ ʧʦʚʽʪʨʷ. 

ʊʝʧʣʦʚʘ ʝʥʝʨʛʽʷ ˇʨʫʥʪʫ ʽ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ 

ʦʙʽʛʨʽʚʫ ʪʘ ʚʝʥʪʠʣʷʮʽʾ ʧʨʠʤʽʱʝʥʴ. ɺʽʜʙʽʨ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚʽʜ ˇʨʫʥʪʫ ʤʦʞʥʘ 

ʟʜʽʡʩʥʶʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ˇʨʫʥʪʦʚʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ ʨʽʟʥʠʭ ʪʠʧʽʚ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ ʚ ˇʨʫʥʪʦʚʦʤʫ ʪʝʧʣʦʦʙʤʽʥʥʠʢʫ ʩʪʘʥʦʚʠʪʴ ʚʽʜ ʤʽʥʫʩ 5-

7
ʦ
ʉ ʜʦ ʧʣʶʩ 10-12

ʦ
ʉ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʮʷ ʝʥʝʨʛʽʷ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʪʝʧʣʦʥʦʩʽʷ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʜʦ 40-70
ʦ
ʉ. 

ɼʦʩʚʽʜ ʧʨʦʚʽʜʥʠʭ ʢʨʘʾʥ ʩʚʽʜʯʠʪʴ, ʱʦ ʝʥʝʨʛʽʶ ˇʨʫʥʪʫ ʥʘʡʯʘʩʪʽʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʫʩʪʘʥʦʚʢʘʭ ʧʦʪʫʞʥʽʩʪʶ ʜʦ 70-100 ʢɺʪ, ʷʢʽ 

ʦʙʩʣʫʛʦʚʫʶʪʴ ʦʢʨʝʤʽ ʥʝʚʝʣʠʢʽ ʙʫʜʽʚʣʽ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʩʘʜʠʙʥʽ ʞʠʪʣʦʚʽ 

ʙʫʜʠʥʢʠ. ɺ ʫʤʦʚʘʭ ʋʢʨʘʾʥʠ ʮʝ ʤʦʞʫʪʴ ʙʫʪʠ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʩʘʜʠʙʥʽ ʙʫʜʠʥʢʠ 

ʤʽʩʪ ʽ ʩʽʣ. 

 

1.2.3. ʂʣʘʩʠʬʽʢʘʮʽʷ ʪʘ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ, 

ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʛʝʦʪʝʨʤʘʣʴʥʦʾ 

ʝʥʝʨʛʽʾ ʪʘ ʝʥʝʨʛʽʾ ʜʦʚʢʽʣʣʷ 

ʇʽʜʟʝʤʥʽ ʪʝʧʣʦʦʙʤʽʥʥʠʢʠ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʚʝʨʭʥʽʭ ʰʘʨʘʭ ɿʝʤʣʽ, ʤʘʶʪʴ 

ʥʘʟʚʫ çˇʨʫʥʪʦʚʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚè. 

ʉʘʤʝ ʚʠʟʥʘʯʝʥʥʷ çˇʨʫʥʪʦʚʽ ʧʽʜʟʝʤʥʽ ʪʝʧʣʦʦʙʤʽʥʥʠʢʠè ʢʦʥʢʨʝʪʥʦ ʥʝ 

ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʪʦʤʫ, ʱʦ ʩʘʤʝ ʧʦʥʷʪʪʷ ˇʨʫʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʻ ʥʝ ʪʝʧʣʦʚʽ, ʘ 

ʩʪʨʫʢʪʫʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʝʨʭʥʽʭ ʧʦʨʽʜ ɿʝʤʣʽ.  

ˆʨʫʥʪ ï ʮʝ ʰʘʨ ɿʝʤʣʽ ʟʦʥʠ ʚʠʚʽʪʨʶʚʘʥʥʷ, ʜʝ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʙʽʦʣʦʛʽʯʥʽ 

ʧʨʦʮʝʩʠ. ɻʣʠʙʠʥʘ ʟʘʣʷʛʘʥʥʷ ˇʨʫʥʪʫ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 2 ʜʦ 400 ʤ ʽ ʙʽʣʴʰʝ. ʊʦʤʫ 

ʮʝ ʚʠʟʥʘʯʝʥʥʷ ʥʝ ʧʦʚôʷʟʘʥʝ ʟ ʪʠʧʦʤ ʧʦʨʦʜʠ, ʘ ʩʢʦʨʽʰ ʟʘ ʚʩʝ ʦʟʥʘʯʘʻ 

ʟʘʛʣʠʙʣʝʥʥʷ ʚ ʧʽʜʟʝʤʥʽ ʰʘʨʠ ʥʘ ʥʝʟʥʘʯʥʫ ʛʣʠʙʠʥʫ [9]. 
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 ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʘ ʫʤʦʚ ʨʦʟʤʽʱʝʥʥʷ 

ʛʝʦʪʝʨʤʘʣʴʥʽ ʪʝʧʣʦʥʘʩʦʩʥʽ ʩʠʩʪʝʤʠ ʧʦ ʪʠʧʫ ˇʨʫʥʪʦʚʦʛʦ ʪʝʣʦʦʙʤʽʥʥʠʢʘ ʤʦʞʥʘ 

ʧʦʜʽʣʠʪʠ ʥʘ  ɻʊʉ ʟʘʢʨʠʪʦʛʦ ʪʠʧʫ ʪʘ ɻʊʉ ʚʽʜʢʨʠʪʦʛʦ ʪʠʧʫ (ʨʠʩ.1.3). 

ʊʝʧʣʦʥʘʩʦʩʥʽ ʩʠʩʪʝʤʠ ʟʘʢʨʠʪʦʛʦ ʪʠʧʫ ʨʽʟʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘʚʝʜʝʥʦ ʚ 

ʪʘʙʣ. 1.1. 

ʊʘʙʣʠʮʷ 1.1.  

ɻʝʦʪʝʨʤʘʣʴʥʘ ʪʝʧʣʦʥʘʩʦʩʥʘ ʩʠʩʪʝʤʘ ʟʘʢʨʠʪʦʛʦ ʪʠʧʫ 

ˉ 
ʟ/ʧ 

ʉʝʨʝʜʦʚʠʱʝ ʂʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ 

1.1 ʈʦʟʤʽʱʝʥʽ ʚ 
ˇʨʫʥʪʽ 

ɻʦʨʠʟʦʥʪʘʣʴʥʽ ʊʝʧʣʦʦʙʤʽʥʥʠʢ ʫ ʚʠʛʣʷʜʽ ʪʨʫʙʠ 
ʨʦʟʤʽʱʫʻʪʴʩʷ ʢʽʣʴʮʷʤʠ ʘʙʦ ʟʚʠʚʠʩʪʦ 
ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʪʨʘʥʰʝʷʭ ʥʠʞʯʝ 
ʛʣʠʙʠʥʠ ʧʨʦʤʝʨʟʘʥʥʷ ˇʨʫʥʪʫ 
(ʟʘʟʚʠʯʘʡ ʚʽʜ 1,2 ʤ ʽ ʥʠʞʯʝ). ʊʘʢʠʡ 
ʩʧʦʩʽʙ ʻ ʝʢʦʥʦʤʽʯʥʦ 
ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʤ ʜʣʷ ʞʠʪʣʦʚʠʭ 
ʦʙôʻʢʪʽʚ ʟʘ ʫʤʦʚʠ ʚʽʜʩʫʪʥʦʩʪʽ 
ʜʝʬʽʮʠʪʫ ʟʝʤʝʣʴʥʦʾ ʧʣʦʱʽ 

1.2 
ʈʦʟʤʽʱʝʥʽ ʚ 

ˇʨʫʥʪʽ 

ɺʝʨʪʠʢʘʣʴʥʽ: 

ï ʪʠʧʫ ʪʨʫʙʘ ʚ 
ʪʨʫʙʽ (ʪʨʫʙʢʘ 
ʌʽʣʴʜʘ) 

ï U-ʧʦʜʽʙʥʽ  

ï ʪʠʧʫ ʪʝʧʣʦʚʦʾ 
ʪʨʫʙʠ 

ʊʝʧʣʦʦʙʤʽʥʥʠʢ ʨʦʟʤʽʱʫʻʪʴʩʷ 
ʚʝʨʪʠʢʘʣʴʥʦ ʫ ʩʚʝʨʜʣʦʚʠʥʽ ʛʣʠʙʠʥʦʶ 
ʜʦ 400 ʤ. ʎʝʡ ʩʧʦʩʽʙ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ, 
ʢʦʣʠ ʧʣʦʱʘ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ ʥʝ ʜʘʻ 
ʟʤʦʛʠ ʨʦʟʤʽʩʪʠʪʠ ʢʦʥʪʫʨ 
ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʘʙʦ ʽʩʥʫʻ ʟʘʛʨʦʟʘ 
ʫʰʢʦʜʞʝʥʥʷ ʣʘʥʜʰʘʬʪʫ 

2 ʈʦʟʤʽʱʝʥʽ ʫ 
ʚʦʜʦʡʤʽ 

ʊʝʧʣʦʦʙʤʽʥʥʠʢ ʫ ʚʠʛʣʷʜʽ ʪʨʫʙʠ ʨʦʟʤʽʱʫʻʪʴʩʷ ʟʚʠʚʠʩʪʦ ʘʙʦ 
ʢʽʣʴʮʷʤʠ ʫ ʚʦʜʦʡʤʽ (ʦʟʝʨʦ, ʩʪʘʚʦʢ, ʨʽʯʢʘ) ʥʠʞʯʝ ʛʣʠʙʠʥʠ 
ʧʨʦʤʝʨʟʘʥʥʷ. ʎʝ ʥʘʡʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʦ ʥʘʡʨʝʥʪʘʙʽʣʴʥʽʰʠʡ 
ʚʘʨʽʘʥʪ, ʘʣʝ ʻ ʞʦʨʩʪʢʽ ʚʠʤʦʛʠ ʱʦʜʦ ʤʽʥʽʤʘʣʴʥʦʾ ʛʣʠʙʠʥʠ ʡ 
ʦʙôʻʤʫ ʚʦʜʠ ʚ ʚʦʜʦʡʤʽ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʨʝʛʽʦʥʫ 

3 ɿ 
ʙʝʟʧʦʩʝʨʝʜʥʽʤ 
ʪʝʧʣʦʦʙʤʽʥʦʤ 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʦʧʝʨʝʜʥʽʭ ʪʠʧʽʚ, ʭʦʣʦʜʦʘʛʝʥʪ 
ʢʦʤʧʨʝʩʦʨʦʤ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʧʦʜʘʻʪʴʩʷ ʧʦ ʤʽʜʥʠʭ 
ʪʨʫʙʢʘʭ, ʨʦʟʪʘʰʦʚʘʥʠʭ: 
ï ʚʝʨʪʠʢʘʣʴʥʦ ʫ ʩʚʝʨʜʣʦʚʠʥʘʭ ʜʦʚʞʠʥʦʶ ʧʨʠʙʣʠʟʥʦ 30 ʤ 
ʽ ʜʽʘʤʝʪʨʦʤ 80 ʤʤ; 

ï  ʧʽʜ ʢʫʪʦʤ ʫ ʩʚʝʨʜʣʦʚʠʥʘʭ ʜʦʚʞʠʥʦʶ ʧʨʠʙʣʠʟʥʦ  15 ʤ ʽ 
ʜʽʘʤʝʪʨʦʤ 80 ʤʤ: 

ï ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʚ ˇʨʫʥʪʽ ʥʠʞʯʝ ʛʣʠʙʠʥʠ ʧʨʦʤʝʨʟʘʥʥʷ 

ɻʝʦʪʝʨʤʘʣʴʥʽ ʪʝʧʣʦʥʘʩʦʩʥʽ ʩʠʩʪʝʤʠ ʚʽʜʢʨʠʪʦʛʦ ʪʠʧʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ 

ʷʢʦʩʪʽ ʪʝʧʣʦʥʦʩʽʷ  ʚʦʜʫ, ʷʢʘ ʮʠʨʢʫʣʶʻ ʚ ʤʝʞʘʭ ʚʽʜʢʨʠʪʦʛʦ ʮʠʢʣʫ, ʪʦʙʪʦ ʚʦʜʘ 
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ʧʽʩʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʯʝʨʝʟ ʚʠʧʘʨʥʠʢ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʧʦʚʝʨʪʘʻʪʴʩʷ ʚ ʧʨʦʥʠʢʥʽ 

ʧʽʜʟʝʤʥʽ ʰʘʨʠ (ʪʠʧʫ ɻʎʉ) ʘʙʦ ʫ ʚʦʜʦʡʤʫ. 

 ɺʦʥʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ: 

- ʨʦʟʤʽʱʝʥʽ ʫ ʚʦʜʦʥʦʩʥʦʤʫ ʛʦʨʠʟʦʥʪʽ . 

- ʟʘʥʫʨʝʥʽ ʫ ʚʽʜʢʨʠʪʫ ʚʦʜʦʡʤʫ ʘʙʦ ʙʘʩʝʡʥ. 

 

                     ʘ)                                      ʙ)                                  ʚ) 

ʈʠʩ.1.3. ʇʨʠʢʣʘʜʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʚʘʨʽʘʥʪʽʚ ʨʽʟʥʠʭ ʪʠʧʽʚ                

ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ: ʘ) ï ʟʘʢʨʠʪʽ ˇʨʫʥʪʦʚʽ ʛʦʨʠʟʦʥʪʘʣʴʥʽ; ʙ) ï                

ʟʘʢʨʠʪʽ ˇʨʫʥʪʦʚʽ ʚʝʨʪʠʢʘʣʴʥʽ; ʚ) ï ʚʽʜʢʨʠʪʽ ʛʦʨʠʟʦʥʪʘʣʴʥʽ                

ʟʘʥʫʨʝʥʽ ʫ ʚʦʜʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ,  ʚʦʜʦʡʤʫ ʘʙʦ ʙʘʩʝʡʥ 

 

1.3. ɺʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʝʥʝʨʛʽʾ ʜʦʚʢʽʣʣʷ 

 

ɺʽʜʦʤʦ, ʱʦ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ 

ʩʫʙʛʝʦʪʝʨʤʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʪʘ ʝʥʝʨʛʽʾ ʜʦʚʢʽʣʣʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʪʝʧʣʦʚʽ ʥʘʩʦʩʠ. 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʙʫʣʠ ʧʨʠʡʥʷʪʽ ʚʠʭʽʜʥʽ ʢʨʠʪʝʨʽʾ, ʫ 

ʷʢʠʭ ʚʨʘʭʦʚʘʥʦ ʪʝʭʥʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ, ʘ ʩʘʤʝ: 

ï ʪʝʧʣʦʚʘ ʧʦʪʫʞʥʽʩʪʴ ʥʘʩʦʩʘ;  

ï ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ; 

ï ʧʠʪʦʤʘ ʚʘʨʪʽʩʪʴ ʥʘ 1 ʢɺʪ ʚʠʨʦʙʣʝʥʦʾ ʪʝʧʣʦʪʠ;  

ï ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ; 

ï ʜʽʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ. 
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 ʈʦʟʛʣʷʥʝʤʦ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʚʠʱʝʥʘʚʝʜʝʥʽ ʢʨʠʪʝʨʽʾ. 

 ʊʝʧʣʦʚʘ ʧʦʪʫʞʥʽʩʪʴ ʥʘʩʦʩʘ. ʎʝʡ ʢʨʠʪʝʨʽʡ ʧʦʢʘʟʫʻ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʷʢʫ 

ʧʦʚʠʥʝʥ ʚʠʨʦʙʣʷʪʠ ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ 

ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʦʙôʻʢʪʘ. 

 ʊʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ. ʎʝʡ ʢʨʠʪʝʨʽʡ ʧʦʢʘʟʫʻ ʧʝʨʽʦʜ 

ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ.  

ʇʠʪʦʤʘ ʚʘʨʪʽʩʪʴ ʥʘ 1 ʢɺʪ ʚʠʨʦʙʣʝʥʦʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ. ʎʝʡ ʢʨʠʪʝʨʽʡ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʪʝʨʤʽʥ ʦʢʫʧʥʦʩʪʽ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ. 

 ʂʦʝʬʽʮʽʻʥʪ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ - ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷʤ 

ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ, ʦʪʨʠʤʘʥʦʾ ʚʽʜ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ, ʜʦ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ ʜʣʷ 

ʨʦʙʦʪʠ ʢʦʤʧʨʝʩʦʨʘ (ʧʨʠʚʦʜʫ) ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ. ʎʝʡ ʢʦʝʬʽʮʽʻʥʪ ʤʦʞʝ ʙʫʪʠ 

ʚʽʜ 2,5 ʜʦ 5 ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ. 

ɼʽʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ï ʮʝ ʽʥʪʝʨʚʘʣ 

ʟʦʚʥʽʰʥʽʭ ʘʙʦ ʚʥʫʪʨʽʰʥʽʭ ʪʝʤʧʝʨʘʪʫʨ ʩʝʨʝʜʦʚʠʱʘ, ʚ ʷʢʦʤʫ ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ 

ʟʜʘʪʥʠʡ ʧʨʘʮʶʚʘʪʠ ʟ ʚʠʩʦʢʦʶ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʶ ʪʘ ʩʪʘʙʽʣʴʥʦ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʥʝʦʙʭʽʜʥʠʡ ʨʽʚʝʥʴ ʪʝʧʣʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʦʧʘʣʝʥʥʷ ʘʙʦ 

ʦʭʦʣʦʜʞʝʥʥʷ.  

 

1.4. ɺʠʟʥʘʯʝʥʥʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʪʘ ʝʢʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, 

ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤ ʚʠʢʦʨʠʩʪʘʥʥʷ  ʛʝʦʪʝʨʤʘʣʴʥʦʾ 

ʝʥʝʨʛʽʾ ʪʘ ʝʥʝʨʛʽʾ ʜʦʚʢʽʣʣʷ 

 

ɼʣʷ ʦʮʽʥʢʠ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʝʢʪʽʚ ʟ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ 

ʪʝʧʣʦʪʠ ʜʦʚʢʽʣʣʷ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʨʽʟʥʽ ʤʝʪʦʜʠ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ 

ʘʥʘʣʽʟʫ, ʜʦ ʯʠʩʣʘ ʷʢʠʭ ʚʽʜʥʦʩʷʪʴʩʷ: 

1. ɺʠʟʥʘʯʝʥʥʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʴ, ʱʦ 

ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʝʢʪʽʚ, ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʫʩʪʘʥʦʚʦʢ ʥʘ ʦʩʥʦʚʽ 

ʨʦʟʨʘʭʫʥʢʽʚ ʩʦʙʽʚʘʨʪʦʩʪʽ ʚʠʨʦʙʣʝʥʦʾ ʧʨʦʜʫʢʮʽʾ ʽ ʩʪʨʦʢʽʚ ʦʢʫʧʥʦʩʪʽ ʚʢʣʘʜʝʥʠʭ 

ʢʦʰʪʽʚ. ʊʘʢʽ ʨʦʟʨʘʭʫʥʢʠ ʧʨʦʚʦʜʷʪʴʩʷ ʙʝʟ ʦʙʣʽʢʫ ʚʧʣʠʚʫ ʪʠʤʯʘʩʦʚʦʛʦ  ʬʘʢʪʦʨʘ 
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ʡ ʽʥʬʣʷʮʽʾ ʢʦʰʪʽʚ ʽ ʪʦʤʫ ʚʦʥʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ ʪʝʭʥʽʢʦ-

ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʠʭ ʧʨʦʝʢʪʽʚ, ʱʦ ʥʝ ʚʠʤʘʛʘʻ 

ʟʥʘʯʥʠʭ ʚʠʪʨʘʪ ʽ ʪʨʠʚʘʣʦʛʦ ʧʝʨʽʦʜʫ ʦʩʚʦʻʥʥʷ ʽ ʙʫʜʽʚʥʠʮʪʚʘ ʛʝʦʪʝʨʤʘʣʴʥʠʭ 

ʦʙ'ʻʢʪʽʚ [10]. 

2. ɺʠʟʥʘʯʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʝʣʠʢʠʭ ʧʨʦʝʢʪʽʚ ʥʘ ʦʩʥʦʚʽ 

ʬʽʥʘʥʩʦʚʦʛʦ ʘʥʘʣʽʟʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʜʠʩʢʦʥʪʫʚʘʥʥʷ ʛʨʦʰʦʚʠʭ 

ʧʦʪʦʢʽʚ (ʪʦʙʪʦ ʧʨʠʚʝʜʝʥʥʷ ʨʽʟʥʦʯʘʩʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʽʜ ʧʦʯʘʪʢʫ 

ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʧʝʨʽʦʜʫ ï ʜʦ ʨʦʢʫ ʧʦʯʘʪʢʫ ʙʫʜʽʚʥʠʮʪʚʘ) ʽ ʨʦʟʨʘʭʫʥʢʫ 

ʦʯʽʢʫʚʘʥʦʛʦ ʧʨʠʙʫʪʢʫ ʽ ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʧʦʨʫʜʞʫʚʘʥʠʭ 

ʦʙ'ʻʢʪʽʚ [11,12]. 

 

1.4.1. ɺʠʟʥʘʯʝʥʥʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʴ,  ʱʦ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʝʢʪʽʚ ʟ ʛʝʦʪʝʨʤʘʣʴʥʦʾ 

ʝʥʝʨʛʝʪʠʢʠ ʪʘ  ʝʥʝʨʛʝʪʠʢʠ ʜʦʚʢʽʣʣʷ 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʩʧʨʦʱʝʥʦʾ ʤʝʪʦʜʠʢʠ ʦʮʽʥʢʠ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʠʭ ʧʨʦʝʢʪʽʚ, ʱʦ ʥʝ ʚʠʤʘʛʘʶʪʴ ʟʥʘʯʥʠʭ 

ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʴ ʽ ʪʨʠʚʘʣʠʭ ʪʝʨʤʽʥʽʚ ʙʫʜʽʚʥʠʮʪʚʘ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘʩʪʫʧʥʽ 

ʦʩʥʦʚʥʽ ʧʦʢʘʟʥʠʢʠ [10]: 

- ʢʘʧʽʪʘʣʴʥʽ ʚʠʪʨʘʪʠ; 

- ʨʽʯʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ; 

- ʩʦʙʽʚʘʨʪʽʩʪʴ ʦʜʝʨʞʫʚʘʥʦʾ ʪʝʧʣʦʪʠ, ʤʽʥʝʨʘʣʴʥʦʾ ʩʠʨʦʚʠʥʠ, ʧʦʩʣʫʛ; 

- ʝʢʦʥʦʤʽʷ ʦʨʛʘʥʽʯʥʦʛʦ ʧʘʣʠʚʘ; 

- ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ ʚʫʛʣʝʮʝʚʤʽʩʥʠʭ ʛʘʟʽʚ; 

- ʩʪʨʦʢ ʦʢʫʧʥʦʩʪʽ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʴ. 

ʇʨʠʡʥʷʪʠʡ ʫ ʩʚʽʪʦʚʽʡ ʧʨʘʢʪʠʮʽ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʴ, ʷʢʡ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʚʝʣʠʢʠʭ 

ʧʨʦʝʢʪʽʚ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʘʥʘʣʽʟʽ ʪʘʢʠʭ ʢʨʠʪʝʨʽʾʚ, ʱʦ ʚʽʜʙʠʚʘʶʪʴ ʦʯʽʢʫʚʘʥʠʡ 

ʧʨʠʙʫʪʦʢ ʽ ʨʝʥʪʘʙʝʣʴʥʽʩʪʴ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʧʦʨʫʜʞʫʚʘʥʠʭ ʦʙ'ʻʢʪʽʚ. ɼʦ ʯʠʩʣʘ 

ʦʩʥʦʚʥʠʭ ʪʘʢʠʭ ʢʨʠʪʝʨʽʾʚ ʚʽʜʥʦʩʷʪʴʩʷ ʯʠʩʪʘ ʧʦʪʦʯʥʘ ʚʘʨʪʽʩʪʴ ï ʏʇɺ (Net 
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present value) ʽ ʚʥʫʪʨʽʰʥʷ ʥʦʨʤʘ ʧʨʠʙʫʪʢʫ ï ɺʅʇ (Internal rate of return). ɼʣʷ 

ʚʠʢʦʥʘʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ, ʧʦ ʤʦʞʣʠʚʦʩʪʽ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʩʚʽʪʦʚʽ ʮʽʥʠ ʽ ʪʘʨʠʬʠ ʫ ɺʂɺ (ʜʦʣʘʨʠ ʉʐɸ, ʻʚʨʦ). 

 

1.4.1.1.  ɺʠʟʥʘʯʝʥʥʷ ʢʘʧʽʪʘʣʴʥʠʭ ʚʠʪʨʘʪ ʫ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʝʥʝʨʛʽʾ ʜʦʚʢʽʣʣʷ 

 

ʂʘʧʽʪʘʣʴʥʽ ʚʠʪʨʘʪʠ ʚ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʛʝʦʪʝʨʤʘʣʴʥʦʾ 

ʝʥʝʨʛʽʾ ʪʘ ʪʝʧʣʦʪʠ ʜʦʚʢʽʣʣʷ ʤʽʩʪʷʪʴ ʫ ʩʦʙʽ [13]: 

- ʚʘʨʪʽʩʪʴ ʧʨʦʝʢʪʥʠʭ ʽ ʧʽʜʛʦʪʦʚʯʠʭ ʨʦʙʽʪ ï ʂʧʽʜʛ.; 

- ʚʘʨʪʽʩʪʴ ʙʫʨʽʥʥʷ ʡ ʦʙʣʘʰʪʦʚʘʥʦʩʪʽ ʘʙʦ ʚʽʜʥʦʚʣʝʥʥʷ ʽʩʥʫʶʯʠʭ 

ʩʚʝʨʜʣʦʚʠʥ ï ʂʩʚ; 

- ʚʘʨʪʽʩʪʴ ʟʘʛʘʣʴʥʦʙʫʜʽʚʝʣʴʥʠʭ ʨʦʙʽʪ ʽ ʙʫʜʠʥʢʽʚ ï ʂʙʫʜ; 

- ʚʘʨʪʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ ʟ ʤʦʥʪʘʞʝʤ ï ʂʫʩʪ; 

- ʚʘʨʪʽʩʪʴ ʧʽʢʦʚʦʾ ʢʦʪʝʣʴʥʽ, ʷʢʱʦ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʪʘʢʠʡ ï ʂʧʽʢ. 

ʂS = ʂʧʽʜʛ. + ʂʩʚ. + ʂʙʫʜ + ʂʫʩʪ. + ʂʧʽʢ; (ʛʨʥ.)   (1.1) 

 ʅʘʡʙʽʣʴʰ ʪʦʯʥʠʤ ʩʧʦʩʦʙʦʤ ʚʠʟʥʘʯʝʥʥʷ ʢʘʧʽʪʘʣʴʥʠʭ ʚʠʪʨʘʪ ʻ 

ʢʦʰʪʦʨʠʩʥʦ-ʬʽʥʘʩʦʚʠʡ ʨʦʟʨʘʭʫʥʦʢ. 

  

1.4.1.2. ɺʠʟʥʘʯʝʥʥʷ ʱʦʨʽʯʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ 

 

ʑʦʨʽʯʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ [14]: 

- ʟʘʨʦʙʽʪʥʦʾ ʧʣʘʪʠ (ʟ ʥʘʨʘʭʫʚʘʥʥʷʤʠ) ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ ʧʝʨʩʦʥʘʣʫ ï ʉʟʧ ; 

- ʚʘʨʪʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʚʣʘʩʥʽ ʚʠʪʨʘʪʠ ʽ ʧʦʜʘʯʫ 

ʪʝʧʣʦʥʦʩʽʷ ʩʧʦʞʠʚʘʯʝʚʽ ï ʉʝʣ. (ʛʨʥ/ʨʽʢ); 

- ʚʘʨʪʦʩʪʽ ʧʘʣʠʚʘ ʜʣʷ ʧʽʢʦʚʦʾ ʢʦʪʝʣʴʥʽ ʉʧʘʣ. (ʛʨʥ/ʨʽʢ); 

- ʘʤʦʨʪʠʟʘʮʽʡʥʠʭ ʚʽʜʨʘʭʫʚʘʥʴ ï ʉʘʤ (ʛʨʥ/ʨʽʢ); 

- ʚʠʪʨʘʪ ʥʘ ʧʦʪʦʯʥʠʡ ʨʝʤʦʥʪ ï ʉʧ.ʨ. (ʛʨʥ/ʨʽʢ);   

- ʽʥʰʠʭ ʥʝʚʨʘʭʦʚʘʥʠʭ ʚʠʪʨʘʪ ï ʉ̔ ʥʰ. (ʛʨʥ/ʨʽʢ). 
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ʋ ʧʨʦʝʢʪʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʽʥʰʽ ʥʝʚʨʘʭʦʚʘʥʽ ʚʠʪʨʘʪʠ ʧʨʠʡʤʘʶʪʴʩʷ ʚ 

ʨʦʟʤʽʨʽ 30% ʚʽʜ ʚʠʪʨʘʪ ʥʘ ʘʤʦʨʪʠʟʘʮʽʶ, ʧʦʪʦʯʥʠʡ ʨʝʤʦʥʪ ʽ ʟʘʨʦʙʽʪʥʫ ʧʣʘʪʫ 

(ʛʨʥ/ʨʽʢ) ʽ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

.    (1.2) 

 ʉʫʤʘʨʥʽ ʨʽʯʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ ʩʫʤʘ 

ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʱʝ ʩʪʘʪʝʡ (ʛʨʥ/ʨʽʢ): 

ʉʩʠʩʪ. = ʉʟ.ʧ. + ʉʝʣ. + ʉʚ. + ʉʧʘʣ. + ʉʘʤ. + ʉʧ.ʨ. + ʉʽʥʰ.   (1.3) 

 

1.4.1.3.  ɺʠʟʥʘʯʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʚʽʜʧʫʱʝʥʦʾ ʪʝʧʣʦʪʠ, ʜʦʭʦʜʫ, 

ʧʨʠʙʫʪʢʫ ʽ ʩʪʨʦʢʫ ʦʢʫʧʥʦʩʪʽ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʦʪʝʨʤʘʣʴʥʦʾ 

ʝʥʝʨʛʽʾ ʪʘ ʝʥʝʨʛʽʾ ʜʦʚʢʽʣʣʷ 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʙʫʜʴ- ʢ̫ʦʾ ʫʩʪʘʥʦʚʢʠ ʘʙʦ 

ʩʠʩʪʝʤʠ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʾʾ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ. ɼʦ ʦʩʥʦʚʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʷʢʽ ʦʙʫʤʦʚʣʝʥʽ ʫ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ 

ʨʦʟʨʘʭʫʥʢʘʭ, ʚʽʜʥʦʩʷʪʴʩʷ: ʫʩʪʘʥʦʚʣʝʥʘ ʧʦʪʫʞʥʽʩʪʴ ʩʠʩʪʝʤʠ ʪʘ  ʨʽʯʥʠʡ 

ʚʠʨʦʙʽʪʦʢ ʪʝʧʣʦʪʠ (ʭʦʣʦʜʫ) ʽ ʢʘʪʝʛʦʨʽʾ ʩʧʦʞʠʚʘʯʽʚ, ʷʢʠʤ ʚʦʥʘ ʚʽʜʧʫʩʢʘʻʪʴʩʷ 

[15]. 

1. ʋʩʪʘʥʦʚʣʝʥʘ ʧʦʪʫʞʥʽʩʪʴ ʩʠʩʪʝʤʠ: 

, ʢɺʪ ,    (1.4) 

ʜʝ: Gʪ.ʚ. ï ʚʠʪʨʘʪʘ (ʢʽʣʴʢʽʩʪʴ) ʪʝʧʣʦʥʦʩʽʷ, ʢʛ/ʩ; 

  ʩʪ.ʚ. - ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʪʝʧʣʦʥʦʩʽʷ, ʢɼʞ/ʢʛȪʉ; 

 Dt  ï ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʽ ʥʘ ʚʠʭʦʜʽ ʟ 

ʪʝʧʣʦʦʙʤʽʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʉ̄. 

2. ʈʽʯʥʘ ʚʽʜʧʫʱʝʥʘ ʪʝʧʣʦʪʘ ʪʘ Q
ʦʧ
ʨʽʢ (ʄɺʪÖʛʦʜ./ʨʽʢ): 

    (1.5) 

ʜʝ:  Q
ʦʧ
ʨʽʢ ï ʨʽʯʥʘ ʚʽʜʧʫʱʝʥʘ ʪʝʧʣʦʪʘ, ʱʦ ʚʽʜʧʫʩʢʘʻʪʴʩʷ ʥʘ ʦʧʘʣʝʥʥʷ 

(ʄɺʪÖʯ./ʨʽʢ); 

. . . . .0,3( )ʽʥʰ ʘʤ ʧ ʨ ʟʧC ʉ ʉ ʉ= + +

. .
.

. . . .
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 ï ʨʽʯʥʘ ʪʝʧʣʦʪʘ, ʱʦ ʚʽʜʧʫʩʢʘʻʪʴʩʷ ʥʘ ʛʘʨʷʯʝ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ 

(ʄɺʪÖʛʦʜ./ʨʽʢ); 

ï ʨʽʯʥʘ ʪʝʧʣʦʪʘ, ʱʦ ʚʽʜʧʫʩʢʘʻʪʴʩʷ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʥʝʩʪʘʪʢʠ 

(ʄɺʪÖʛʦʜ./ʨʽʢ). 

     

ʊʦʜʽ ʚʠʨʦʙʥʠʯʘ ʩʦʙʽʚʘʨʪʽʩʪʴ ʚʽʜʧʫʱʝʥʦʾ ʪʝʧʣʦʪʠ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʠʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

, ʛʨʥ/ʄɺʪÖʛʦʜ.     (1.6) 

 ʈʽʯʥʠʡ ʜʦʭʽʜ ʚʽʜ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʽʾ 

ʚʠʟʥʘʯʠʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

, ʛʨʥ/ʨʽʢ,     (1.7) 

ʜʝ: ʎq ï ʩʝʨʝʜʥʽʡ ʪʘʨʠʬ ʥʘ ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ ʧʦ ʝʥʝʨʛʦʩʠʩʪʝʤʽ, ʫ ʟʦʥʽ 

ʜʽʾ ʷʢʦʾ ʨʦʟʪʘʰʦʚʘʥʘ ʫʩʪʘʥʦʚʢʘ, ʛʨʥ/ʄɺʪÖʯ. 

ʏʠʩʪʠʡ ʧʨʠʙʫʪʦʢ ʚʽʜ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʦʪʝʨʤʘʣʴʥʦʾ 

ʝʥʝʨʛʽʾ ʘʙʦ ʪʝʧʣʦʪʠ ʜʦʚʢʽʣʣʷ ʚʠʟʥʘʯʠʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

ʇ = (ɼʨʽʢ ï ʉʩʠʩʪ.) Ö (1 - ʅ), ʛʨʥ/ʨʽʢ,    (1.8) 

ʜʝ: ʅ  ï ʩʪʘʚʢʘ ʧʦʜʘʪʢʫ ʥʘ ʧʨʠʙʫʪʦʢ. 

 ʉʪʨʦʢ ʦʢʫʧʥʦʩʪʽ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ, ʪʘʢ ʽ 

ʝʥʝʨʛʽʾ ʜʦʚʢʽʣʣʷ ʚʠʟʥʘʯʠʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

, ʨʦʢʽʚ.     (1.9) 

 

1.4.1.4.  ɽʢʦʥʦʤʽʷ ʦʨʛʘʥʽʯʥʦʛʦ ʧʘʣʠʚʘ 

 

ʆʜʥʠʤ ʟ ʚʘʞʣʠʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ 

ʪʝʧʣʦʪʠ ʜʦʚʢʽʣʣʷ  ʻ ʝʢʦʥʦʤʽʷ ʦʨʛʘʥʽʯʥʦʛʦ ʧʘʣʠʚʘ [16]: 
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ï  ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʪʝʧʣʦʪʠ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʦʪʝʨʤʘʣʴʥʦʾ 

ʝʥʝʨʛʽʾ ʪʘ ʪʝʧʣʦʪʠ ʜʦʚʢʽʣʣʷ ʨʽʯʥʘ ʝʢʦʥʦʤʽʷ ʫʤʦʚʥʦʛʦ ʧʘʣʠʚʘ ʤʦʞʝ ʙʫʪʠ 

ʚʠʟʥʘʯʝʥʘ ʟʘ ʬʦʨʤʫʣʦʶ: 

; ʪ ʫ.ʧ./ʨʽʢ,    (1.10) 

ʜʝ: 0,123 ï ʪʝʦʨʝʪʠʯʥʠʡ ʝʢʚʽʚʘʣʝʥʪ ʫʤʦʚʥʦʛʦ ʧʘʣʠʚʘ, ʪ ʫ.ʧ./ʄɺʪÖʛʦʜ (ʪ); 

  ï ʨʽʯʥʘ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʱʦ ʚʽʜʧʫʩʢʘʻʪʴʩʷ, ʚʠʨʦʙʣʝʥʦʾ ʥʘ  

ʘʣʴʪʝʨʥʘʪʠʚʥʽʡ ʝʥʝʨʛʝʪʠʯʥʽʡ ʫʩʪʘʥʦʚʮʽ, ʄɺʪÖʛʦʜ; 

  ï ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʚʠʥʥʦʛʦ ʝʥʝʨʛʦʨʝʩʫʨʩʫ 

(ʧʘʣʠʚʘ) ʫ ʙʘʟʦʚʽʡ ʝʥʝʨʛʝʪʠʯʥʽʡ ʫʩʪʘʥʦʚʮʽ. ʎʝʡ ʢʦʝʬʽʮʽʻʥʪ ʚʨʘʭʦʚʫʻ ʚʪʨʘʪʠ 

ʧʘʣʠʚʘ ʧʨʠ ʡʦʛʦ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ, ʨʦʟʧʦʜʽʣʽ, ʟʙʝʨʝʞʝʥʥʽ ʽ ʩʧʘʣʶʚʘʥʥʽ; 

 ï ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʪʨʠʤʘʥʦʛʦ ʝʥʝʨʛʦʨʝʩʫʨʩʫ 

(ʪʝʧʣʦʪʠ). ʎʝʡ ʢʦʝʬʽʮʽʻʥʪ ʚʨʘʭʦʚʫʻ ʚʪʨʘʪʠ ʪʝʧʣʦʪʠ ʥʘ ʩʪʘʜʽʾ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 

ʽ ʨʦʟʧʦʜʽʣʫ ʚʽʜ ʝʥʝʨʛʦʛʝʥʝʨʫʶʯʦʾ ʫʩʪʘʥʦʚʢʠ ʜʦ ʢʽʥʮʝʚʠʭ ʩʧʦʞʠʚʘʯʽʚ. 

ʋ ʨʦʟʨʘʭʫʥʢʘʭ ʥʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ ʟʘʟʥʘʯʝʥʽ ʚʠʱʝ ʢʦʝʬʽʮʽʻʥʪʠ ʤʦʞʥʘ 

ʧʨʠʡʥʷʪʠ ʚ ʜʽʘʧʘʟʦʥʽ 0,85...0,9. 

ï ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʘʙʦ ʪʝʧʣʦʪʠ ʜʦʚʢʽʣʣʷ ʝʢʦʥʦʤʽʷ ʦʨʛʘʥʽʯʥʦʛʦ ʧʘʣʠʚʘ 

ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʟʘ ʬʦʨʤʫʣʦʶ: 

; ʪ ʫ.ʧ./ʨʽʢ,    (1.11) 

ʜʝ: 0,123Ö10
-3
ï ʪʝʦʨʝʪʠʯʥʠʡ ʝʢʚʽʚʘʣʝʥʪ ʫʤʦʚʥʦʛʦ ʧʘʣʠʚʘ ʥʘ 1 ʢɺʪÖʛʦʜ.  

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʪ ʫ.ʧ./ʢɺʪÖʛʦʜ; 

   ï ʨʽʯʥʘ ʢʽʣʴʢʽʩʪʴ ʚʽʜʧʫʱʝʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʱʦ  

ʚʠʨʦʙʣʝʥʘ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʽʡ ʝʥʝʨʛʝʪʠʯʥʽʡ ʫʩʪʘʥʦʚʮʽ, ʢɺʪÖʛʦʜ/ʨʽʢ. 

= 0,3...0é0,35,  =0,7é0,8. 
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1.4.1.5.  ɺʠʟʥʘʯʝʥʥʷ ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ ʉʆ2 

 

ʆʜʥʽʻʶ ʟ ʧʝʨʝʚʘʛ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʝʥʝʨʛʽʾ ʜʦʚʢʽʣʣʷ 

ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʝʥʝʨʛʽʻʶ, ʦʪʨʠʤʘʥʦʶ ʟ ʦʨʛʘʥʽʯʥʦʛʦ ʧʘʣʠʚʘ, ʻ ʽʩʪʦʪʥʝ ʟʥʠʞʝʥʥʷ 

ʰʢʽʜʣʠʚʠʭ ʚʠʢʠʜʽʚ ʪʘʢʠʭ, ʷʢ ʦʢʠʩʣʽʚ ʩʽʨʢʠ, ʘʟʦʪʫ, ʚʫʛʣʝʮʶ (ʧʘʨʥʠʢʦʚʠʭ 

ʛʘʟʽʚ), ʘ ʪʘʢʦʞ ʧʠʣʫ ʽ ʟʦʣʠ ʚ ʘʪʤʦʩʬʝʨʫ [17]. 

 ɿʦʢʨʝʤʘ, ʢʽʣʴʢʽʩʪʴ ʉʆ2, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʦʨʛʘʥʽʯʥʦʛʦ 

ʧʘʣʠʚʘ, ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʝ ʟʘ ʬʦʨʤʫʣʦʶ: 

; ʪ/ʨʽʢ,     (1.12) 

ʜʝ: ɺ ï ʢʽʣʴʢʽʩʪʴ ʟʘʤʽʱʝʥʦʛʦ ʘʣʴʪʝʨʥʘʪʠʚʥʠʤ ʜʞʝʨʝʣʦʤ  ʦʨʛʘʥʽʯʥʦʛʦ 

ʧʘʣʠʚʘ, ʪ ʫ.ʧ./ʨʽʢ. 

 

ɺʀʉʅʆɺʂʀ ʇʆ ʈʆɿɼɯʃʋ 1 

 

1. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʽʟʫ ʩʫʯʘʩʥʠʭ ʩʚʽʪʦʚʠʭ 

ʪʝʥʜʝʥʮʽʡ ʨʦʟʚʠʪʢʫ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ, ʟʦʢʨʝʤʘ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ 

ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʪʘ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʽ 

ʩʠʩʪʝʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʪʝʧʣʦʪʠ ʜʦʚʢʽʣʣʷ ʚ ʢʦʨʠʩʥʫ 

ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ, ʚʠʟʥʘʯʝʥʦ, ʱʦ  ʝʥʝʨʛʽʷ ʜʦʚʢʽʣʣʷ - ʮʝ ʪʝʧʣʦʚʘ ʝʥʝʨʛʽʷ, ʱʦ 

ʥʘʜʽʡʰʣʘ ʚʽʜ ʉʦʥʮʷ ʽ ʘʢʫʤʫʣʶʻʪʴʩʷ ʚ ʰʘʨʽ ˇʨʫʥʪʫ ʪʘ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʥʘ 

ʛʣʠʙʠʥʘʭ ʜʦ ʥʝʡʪʨʘʣʴʥʦʛʦ ʰʘʨʫ.  ɻʝʦʪʝʨʤʘʣʴʥʘ ʝʥʝʨʛʽʷ ï ʮʝ ʪʝʧʣʦʚʘ ʝʥʝʨʛʽʷ 

ʥʘʜʨ ɿʝʤʣʽ.  ʇʝʪʨʦ-, ʛʽʜʨʦ-, ʪʘ ʩʫʙ- ʛʝʦʪʝʨʤʘʣʴʥʽ ʜʞʝʨʝʣʘ ʻ ʨʽʟʥʦʚʠʜʘʤʠ 

ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʘʢʫʤʫʣʴʦʚʘʥʠʭ ʛʽʨʩʴʢʠʤʠ ʧʦʨʦʜʘʤʠ, 

ʧʽʜʟʝʤʥʠʤʠ ʪʝʨʤʘʣʴʥʠʤʠ ʚʦʜʘʤʠ ʫ ʚʩʽʭ ʘʛʨʝʛʘʪʥʠʭ ʩʪʘʥʘʭ ʘʙʦ ʚʝʨʭʥʽʤʠ 

ʰʘʨʘʤʠ ɿʝʤʣʽ, ʷʢʽ ʨʦʟʤʽʱʝʥʽ ʥʠʞʯʝ ʥʝʡʪʨʘʣʴʥʦʛʦ ʰʘʨʫ. ʂʨʽʤ ʪʦʛʦ, ʦʩʪʘʥʥʽʤʠ 

ʨʦʢʘʤʠ ʚʩʝ ʙʽʣʴʰʦʛʦ ʧʨʘʢʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ɿʝʤʣʽ ʥʘ ʛʣʠʙʠʥʘʭ ʜʦ 400 ʤ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ.  ʇʦʙʽʯʥʠʤ ʧʨʦʜʫʢʪʦʤ ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʚʦʜ ʻ 

ʩʫʧʫʪʥʽʡ ʧʨʠʨʦʜʥʠʡ ʛʘʟ.  

B19,2ʄ
2ʉʆ Ö=
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2. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʥʘʫʢʦʚʠʭ ʘʩʧʝʢʪʽʚ, ʩʧʨʷʤʦʚʘʥʠʭ 

ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʪʘ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʽ 

ʩʠʩʪʝʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʪʝʧʣʦʪʠ ʜʦʚʢʽʣʣʷ ʚ ʢʦʨʠʩʥʫ 

ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ, ʚʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ ʥʘʫʢʦʚʽ, ʤʝʪʦʜʠʯʥʽ, ʪʝʭʥʦʣʦʛʽʯʥʽ ʡ 

ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʧʨʦʙʣʝʤʠ, ʚʠʨʽʰʝʥʥʷ ʷʢʠʭ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʰʠʨʦʢʦʛʦ ʽ ʫʩʧʽʰʥʦʛʦ 

ʟʜʽʡʩʥʝʥʥʷ ʧʨʦʝʢʪʽʚ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʚ ʋʢʨʘʾʥʽ. 

3. ʉʬʦʨʤʫʣʴʦʚʘʥʦ ʘʢʪʫʘʣʴʥʫ ʢʦʤʧʣʝʢʩʥʫ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʫ 

ʧʨʦʙʣʝʤʫ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ:  ʨʦʟʨʦʙʣʝʥʥʷ ʽ ʫʜʦʩʢʦʥʘʣʝʥʥʷ  ʤʝʪʦʜʽʚ 

ʘʥʘʣʽʟʫ ʪʘ ʟʘʩʦʙʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʪʘ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʩʠʩʪʝʤʠ çʧʨʠʨʦʜʥʻ ʩʝʨʝʜʦʚʠʱʝ - ʢʦʣʝʢʪʦʨ - ʪʝʧʣʦʚʠʡ ʥʘʩʦʩè ʽ 

ʩʠʩʪʝʤ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ʥʘ ʾʭ ʦʩʥʦʚʽ, ʚ ʷʢʠʭ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʽ 

ʧʨʦʮʝʩʠ ʨʽʟʥʦʾ ʬʽʟʠʯʥʦʾ ʧʨʠʨʦʜʠ ʫ ʨʝʟʫʣʴʪʘʪʽ ʚʠʧʘʜʢʦʚʦʛʦ ʭʘʨʘʢʪʝʨʫ 

ʧʦʛʦʜʥʦ-ʢʣʽʤʘʪʠʯʥʦʛʦ ʯʠʥʥʠʢʫ, ʛʝʦʣʦʛʽʯʥʠʭ, ʛʽʜʨʦʣʦʛʽʯʥʠʭ, 

ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʫʤʦʚ ʤʽʩʮʷ ʾʭ ʨʦʟʪʘʰʫʚʘʥʥʷ.  

4. ɺʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʚʢʘʟʘʥʦʾ ʧʨʦʙʣʝʤʠ. 
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ʈʆɿɼɯʃ 2 

ʄɸʊɽʄɸʊʀʏʅɯ ʄʆɼɽʃɯ ʌɯɿʀʏʅʀʍ ʇʈʆʎɽʉɯɺ ʊɸ ʄɽʊʆɼʀ 

ɺʀɿʅɸʏɽʅʅʗ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʊɸ ʊɽʇʃʆʌɯɿʀʏʅʀʍ 

ʇɸʈɸʄɽʊʈɯɺ ɺ ʉʀʉʊɽʄɯ çʇʈʀʈʆɼʅɭ ʉɽʈɽɼʆɺʀʑɽ  - 

ʂʆʃɽʂʊʆʈ -ʊɽʇʃʆɺʀʁ ʅɸʉʆʉè 

 

2.1. ʊʝʧʣʦʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ ʚʠʜʦʙʫʚʘʥʥʷ  ʪʝʧʣʦʚʠʭ ʨʝʩʫʨʩʽʚ  ʟ 

ʚʝʨʭʥʽʭ ʰʘʨʽʚ ɿʝʤʣʽ  

 

2.1.1. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʨʽʯʥʠʭ ʬʣʫʢʪʫʘʮʽʡ ʪʝʤʧʝʨʘʪʫʨ ʫ 

ʚʝʨʭʥʽʭ ʰʘʨʘʭ ɿʝʤʣʽ 

 

ɻʣʠʙʠʥʘ ʨʽʯʥʠʭ ʟʤʽʥ ʪʝʤʧʝʨʘʪʫʨ ʫ ˇʨʫʥʪʽ ï H, ʚʠʟʥʘʯʘʻ ʰʘʨ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ, ʱʦ ʘʢʪʠʚʥʦ ʚʟʘʻʤʦʜʽʻ ʟ ʘʪʤʦʩʬʝʨʦʶ ɿʝʤʣʽ. ʋ ʭʦʣʦʜʥʫ ʧʦʨʫ ʨʦʢʫ 

ʪʝʤʧʝʨʘʪʫʨʘ ˇʨʫʥʪʫ ʧʘʜʘʻ ʜʦ ʟʥʘʯʝʥʥʷ H, ʘ ʚ ʪʝʧʣʫ  ï ʧʽʜʚʠʱʫʻʪʴʩʷ. 

ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʥʠʞʯʝ ʛʣʠʙʠʥʠ H ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʩʪʘʙʽʣʴʥʠʡ  ̔

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʢʣʶʯʥʦ ʛʝʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ [20]. 

ʋ ʢʣʘʩʠʯʥʠʭ ʧʦʩʽʙʥʠʢʘʭ ʟ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʥʘʧʨʠʢʣʘʜ, [21] ʚʢʘʟʘʥʦ, ʱʦ 

ʚʝʣʠʯʠʥʘ H ʧʦʨʷʜʢʫ 18-21 ʤ. ɺ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʣʝʞʠʪʴ ʩʫʚʦʨʦ ʛʘʨʤʦʥʽʡʥʠʡ 

ʭʘʨʘʢʪʝʨ ʨʽʯʥʦʾ ʟʤʽʥʠ ʩʦʥʷʯʥʦʾ ʽʥʩʦʣʷʮʽʾ, ʩʪʘʣʽʩʪʴ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ˇʨʫʥʪʫ, 

ʥʝʭʪʫʚʘʥʥʷ ʨʝʘʣʴʥʠʤʠ ʘʪʤʦʩʬʝʨʥʠʤʠ ʫʤʦʚʘʤʠ ʥʘ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʪʦʱʦ.  

ʋ ʷʢʦʩʪʽ ʧʝʨʚʠʥʥʦʛʦ ʤʘʩʠʚʫ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʤʦʞʣʠʚʦ ʦʨʽʻʥʪʫʚʘʪʠʩʷ ʥʘ 

ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ, ʟʘʬʽʢʩʦʚʘʥʽ ʥʘ ʨʽʟʥʠʭ 

ʛʣʠʙʠʥʘʭ ʥʘ ʧʨʦʪʷʟʽ ʜʝʩʷʪʢʽʚ ʨʦʢʽʚ, ʷʢʽ ʩʠʩʪʝʤʘʪʠʯʥʦ ʦʙʨʦʙʣʷʶʪʴʩʷ 

ʦʨʛʘʥʽʟʘʮʽʷʤʠ ɻʽʜʨʦʤʝʪʝʦʩʣʫʞʙʠ.  

ɺʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ˇʨʫʥʪʫ ʩʫʚʦʨʦ ʨʝʛʣʘʤʝʥʪʦʚʘʥʽ [22]. ɺʦʥʠ 

ʟʜʽʡʩʥʶʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʠʤʠ ʪʝʨʤʦʤʝʪʨʘʤʠ ʥʘ ʩʪʘʥʜʘʨʪʥʠʭ ʛʣʠʙʘʭ: 0,20; 0,40; 

0,80; 1,60; 3,20 ʤ (ʛʝʦʤʝʪʨʠʯʥʘ ʧʨʦʛʨʝʩʽʷ). ɯʥʦʜʽ ʧʨʦʚʦʜʷʪʴ ʚʠʤʽʨʶʚʘʥʥʷ  ̔ʥʘ 

ʧʨʦʤʽʞʥʠʭ ʧʦʟʥʘʯʢʘʭ. ʉʧʦʩʪʝʨʝʞʝʥʥʷ ʨʦʙʣʷʪʴʩʷ ʧʨʦʪʷʛʦʤ ʚʩʴʦʛʦ ʨʦʢʫ. 

ɺʽʜʣʽʢʠ ʧʦʢʘʟʘʥʴ ʥʘ ʛʣʠʙʠʥʘʭ 0,20 ʽ 0,40 ʤ ʨʦʙʣʷʪʴʩʷ ʚʽʩʽʤ ʨʘʟʽʚ ʥʘ ʜʦʙʫ, ʘ ʥʘ 
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ʛʣʠʙʠʥʘʭ 0,80 ... 3,20 ʤ ï ʦʜʠʥ ʨʘʟ ʥʘ ʜʦʙʫ, ʢʦʣʠ ʯʘʩ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ 13 ʛʦʜʠʥ 

ʜʝʢʨʝʪʥʦʛʦ ʯʘʩʫ ʜʘʥʦʛʦ ʯʘʩʦʚʦʛʦ ʧʦʷʩʫ. 

ʗʢ ʧʨʠʢʣʘʜ ʥʘ ʨʠʩ. 2.1 ʧʨʝʜʩʪʘʚʣʝʥʽ ʣʽʥʽʾ ʟʤʽʥ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨ T ʟʘ ʛʣʠʙʠʥʦʶ h ʜʣʷ ʤ. ʂʠʻʚʘ [20].  

 

ʈʠʩ. 2.1. ʉʝʨʝʜʥʴʦʤʽʩʷʯʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ̌ ʨʫʥʪʫ ʜʣʷ ʤ. ʂʠʻʚʘ [20] 

 

ʎʠʬʨʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʽʩʷʮʶ ʨʦʢʫ. ʏʽʪʢʦ ʚʠʜʥʦ ʪʝʥʜʝʥʮʽʶ ʟʥʠʞʝʥʥʷ 

ʨʽʟʥʠʮʽ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨ ȹʊ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʛʣʠʙʠʥʠ h, ʱʦ 

ʮʽʣʢʦʤ ʚʽʜʧʦʚʽʜʘʻ ʩʫʪʽ ʧʨʦʮʝʩʫ. 

 ʆʜʥʘʢ, ʬʽʟʠʯʥʠʡ ʘʥʘʣʽʟ ʙʫʜʴ-ʷʢʦʾ ʦʢʨʝʤʦ ʚʟʷʪʦʾ ʽʟʦʤʽʩʷʯʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʣʽʥʽʾ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʷʚʥʦ ʥʝʢʦʨʝʢʪʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ï ʦʙʯʠʩʣʝʥʘ 

ʱʽʣʴʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʤʝʥʰʘ ʟʘ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʫ 

ʱʽʣʴʥʽʩʪʴ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ. 

ʆʪʞʝ, ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʚ 

ʚʠʟʥʘʯʝʥʥʽ H  ̔ ʚʽʜʧʦʚʽʜʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʊ(H), ʦʩʪʘʥʥʶ ʤʦʞʣʠʚʦ ʟʥʘʭʦʜʠʪʠ 

ʷʢ ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʝ  ʩʝʨʝʜʥʴʦʨʽʯʥʠʭ ʪʝʤʧʝʨʘʪʫʨ [22]. 
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ʑʦ ʩʪʦʩʫʻʪʴʩʷ H, ʪʦ ʪʫʪ ʻ ʧʨʘʚʦʤʽʨʥʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʤʝʪʦʜʫ ʦʮʽʥʢʠ ʣʽʥʽʾ ʨʝʛʨʝʩʽʾ ʬʫʥʢʮʽʾ ȹʊ(h), ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʚ ʧʦʣʽʥʦʤʽʘʣʴʥʽʡ 

ʬʦʨʤʽ: 

    m > 1.                 (2.1) 

ɿʥʘʭʦʜʞʝʥʥʷ ʥʝʚʽʜʦʤʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ b ʨʝʛʨʝʩʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʤʝʪʦʜʦʤ 

ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ. ʗʢʽʩʪʴ ʘʧʨʦʢʩʠʤʘʮʽʾ ʦʮʽʥʶʻʪʴʩʷ ʩʪʘʪʠʩʪʠʢʦʶ R
2 
: 

                                        (2.2) 

ʜʝ: n - ʯʠʩʣʦ ʧʝʨʝʨʽʟʽʚ ʧʦ ʷʢʠʭ ʚʠʢʦʥʫʻʪʴʩʷ ʘʧʨʦʢʩʠʤʘʮʽʷ; 

 - ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ȹʊ ʧʦ ʫʩʽʡ ʚʠʙʽʨʮʽ, ȹʊ i - ʩʝʨʝʜʥʷ ʟʥʘʯʝʥʥʷ ȹʊ ʚ i- 

ʧʝʨʝʨʽʟʽ,   ï ʟʥʘʯʝʥʥʷ ȹʊ ʥʘ ʝʤʧʽʨʠʯʥʽʡ ʣʽʥʽʾ ʨʝʛʨʝʩʽʾ ʚ i ʧʝʨʝʨʽʟʽ, ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ:  

                   (2.3) 

ɿʛʽʜʥʦ (2.3) ʟʥʘʭʦʜʠʪʴʩʷ ʟʥʘʯʝʥʥʷ H, ʱʦ ʟʘʜʦʚʦʣʴʥʷʻ ʫʤʦʚʽ: 

.                                         (2.4) 

ʂʨʽʤ ʨʦʟʨʦʙʣʝʥʦʛʦ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʤʝʪʦʜʫ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ 

ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʽ ʧʽʜʭʽʜ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʽʤʦʚʽʨʥʦ ʩʪʽʡʢʽʡ ʝʢʩʪʨʘʧʦʣʷʮʽʾ ʣʽʥʽʡ 

ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʠʭ ʪʝʤʧʝʨʘʪʫʨ.  

ɸʥʘʣʽʟ ʛʨʘʬʽʢʽʚ - ʧʫʯʢʘ ʮʠʭ ʣʽʥʽʡ (ʨʠʩ. 2.1) ʚʠʷʚʠʚ, ʱʦ ʜʣʷ ʙʝʨʝʟʥʷ ʽ 

ʩʝʨʧʥʷ ʚʦʥʠ ʤʘʡʞʝ ʧʨʷʤʽ. ʄʘʡʞʝ ʣʽʥʽʡʥʽʩʪʴ ʮʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʤʘʻ ʯʽʪʢʝ 

ʬʽʟʠʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ. ɼʦ ʧʦʯʘʪʢʫ ʚʝʩʥʠ (ʙʝʨʝʟʝʥʴ) ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʦʚʽʪʨʷ ʙʣʦʢʫʻ ʪʝʧʣʦʚʽʜʜʘʯʫ ʚʝʨʭʥʽʭ ʰʘʨʽʚ ˇʨʫʥʪʫ, ʷʢʽ ʪʝʧʝʨ ʚʠʢʦʥʫʶʪʴ 

ʬʫʥʢʮʽʶ ʧʨʦʚʽʜʥʠʢʘ ʪʝʧʣʦʪʠ ʚʽʜ ʩʘʤʠʭ ʥʠʞʥʽʭ ʰʘʨʽʚ. 

 ʋ ʢʽʥʮʽ ʣʽʪʘ (ʩʝʨʧʝʥʴ), ʟ ʧʦʥʠʞʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ, ʧʨʦʛʨʽʪʽ 

ʚʝʨʭʥʽ ʰʘʨʠ ʙʫʜʫʪʴ ʩʣʫʞʠʪʠ ʧʨʦʚʽʜʥʠʢʦʤ ʪʝʧʣʦʪʠ ʜʣʷ ʥʠʞʥʽʭ ʰʘʨʽʚ. 

 ʆʪʞʝ, ʪʦʯʢʘ ʧʝʨʝʪʠʥʫ ʮʠʭ ʣʽʥʽʡ ʤʘʻ ʚʠʷʚʠʪʠ ʟʥʘʯʝʥʥʷ ʛʣʠʙʠʥ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨ ʙʣʠʟʴʢʠʭ ʜʦ ʅ ̔ ʊ.  
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2.1.2. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ  ʚʦʜʠ 

ʚʽʜʢʨʠʪʦʾ ʧʨʠʨʦʜʥʴʦʾ ʚʦʜʦʡʤʠ 

 

ɺʦʜʦʡʤʠ ʤʘʶʪʴ ʚʘʞʣʠʚʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʷʢʽ ʚʠʢʣʠʢʘʶʪʴ ʩʠʣʴʥʫ ʚʟʘʻʤʦʜʽʶ 

ʤʽʞ ʬʽʟʠʯʥʠʤʠ, ʭʽʤʽʯʥʠʤʠ ʪʘ ʙʽʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ [23,24], ʱʦ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʟʤʽʥʠ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʚ ʟʦʥʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʦʜʷʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ 

ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʩʠʩʪʝʤʠ.  ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʮʠʭ ʧʨʦʮʝʩʽʚ 

ʚʘʞʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʦʧʠʩ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʫ ʚʦʜʦʡʤʠ.  

ɺ ʥʘʙʣʠʞʝʥʥʽ ɹʫʩʽʥʝʥʢʘ ʪʘ ʛʽʜʨʦʩʪʘʪʠʢʠ ʩʠʩʪʝʤʘ ʫʩʝʨʝʜʥʝʥʠʭ ʧʦ 

ʈʝʡʥʦʣʴʜʩʫ ʨʽʚʥʷʥʴ ʥʝʨʦʟʨʠʚʥʦʩʪʽ, ʨʫʭʫ ʽ ʧʝʨʝʥʦʩʫ ʪʝʧʣʦʪʠ ʚ ʜʝʢʘʨʪʦʚʠʭ 

ʢʦʦʨʜʠʥʘʪʘʭ ʤʘʻ ʚʠʛʣʷʜ [25]: 

         0UÐÖ =                                                                           (2.5) 
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( )   ,  ,  T S Pr r= ,                                                (2.10)  

( ) ( ) ( )' '

0 , , ,  , , ,
n

z
aP x y z t z q x y dP q z t zr h r+ += - ñ ,                   (2.11)                                                            

ʜʝ: ( ), ,U uu w=  ï ʚʝʢʪʦʨ ʰʚʠʜʢʦʩʪʽ; ( ), ,x x y z= ; ʢʦʦʨʜʠʥʘʪʘ z 

ʚʽʜʨʘʭʦʚʫʻʪʴʩʷ ʚʛʦʨʫ ʚʽʜ ʥʝʟʙʫʜʞʝʥʦʾ ʧʦʚʝʨʭʥʽ ʚʦʜʠ; ʊ ʪʘ S ï ʪʝʤʧʝʨʘʪʫʨʘ ʽ 

ʩʦʣʦʥʽʩʪʴ ʚʽʜʧʦʚʽʜʥʦ; h- ʚʽʜʭʠʣʝʥʥʷ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʚʽʜ ʥʝʟʙʫʨʝʥʦʛʦ 

ʟʥʘʯʝʥʥʷ; f ï ʧʘʨʘʤʝʪʨ ʂʘʨʽʦʣʽʩʘ; P ï ʪʠʩʢ; Pʘ ï ʘʪʤʦʩʬʝʨʥʠʡ ʪʠʩʢ; r- 

ʛʫʩʪʠʥʘ ʚʦʜʠ; 0r =1000 ʢʛ ʤ
-3 
ï ʥʝʟʙʫʨʝʥʘ ʛʫʩʪʠʥʘ ʚʦʜʠ; q  - ʧʨʠʩʢʦʨʝʥʥʷ 

ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ; tn ʽ '

tn - ʢʦʝʬʽʮʽʻʥʪʠ ʚʝʨʪʠʢʘʣʴʥʦʾ ʪʫʨʙʫʣʝʥʪʥʦʾ ʚôʷʟʢʦʩʪʽ ʽ 

ʜʠʬʫʟʽʾ ʚʽʜʧʦʚʽʜʥʦ; Fx, Fy, FT, ɸS ï ʜʦʜʘʥʢʠ, ʱʦ ʦʧʠʩʫʶʪʴ ʛʦʨʠʟʦʥʪʘʣʴʥʫ 

ʚôʷʟʢʽʩʪʴ ʽ ʜʠʬʫʟʽʶ;  
fn  ʽ '

fn  ï ʬʦʥʦʚʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʝʨʪʠʢʘʣʴʥʦʾ 
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ʚôʷʟʢʦʩʪʽ ʽ ʜʠʬʫʟʽʾ ʚʽʜʧʦʚʽʜʥʦ; ɯ(z) ï ʧʦʪʽʢ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ; 
pwc  ï 

ʪʝʧʣʦʻʤʥʽʩʪʴ ʚʦʜʠ. 

ɼʣʷ ʦʧʠʩʫ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʜʝʣʴ, ʷʢʘ ʜʝʪʘʣʴʥʦ 

ʦʧʠʩʘʥʘ ʚ [26].  

ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʜʣʷ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʥʘ ʚʽʣʴʥʽʡ ʧʦʚʝʨʭʥʽ ʤʘʶʪʴ ʚʠʛʣʷʜ: 

'c  o pw t

T
Q

z
r n

µ
=

µ
.                                                     (2.12) 

ʇʦʪʽʢ ʪʝʧʣʦʪʠ ʯʝʨʝʟ ʧʦʚʝʨʭʥʶ ʚʦʜʦʡʤʠ Q ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʧʦʪʽʢ ʩʦʥʷʯʥʦʾ 

ʨʘʜʽʘʮʽʾ Qs, ʟʘʪʨʘʪʠ ʪʝʧʣʦʪʠ ʥʘ ʚʠʧʘʨʶʚʘʥʥʷ Qʩ, ʪʫʨʙʫʣʝʥʪʥʠʡ ʧʦʪʽʢ ʪʝʧʣʦʪʠ 

Qh ʽ ʙʘʣʘʥʩ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ Qb: 

( )1 +Q +Q +Q  s e h bQ Qg= - ,                                            (2.13) 

ʜʝ g ï ʜʦʣʷ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ, ʧʦʛʣʠʥʫʪʘ ʪʦʚʱʝʶ ʚʦʜʠ. ʇʨʠ g=0 ʚʩʷ 

ʩʦʥʷʯʥʘ ʨʘʜʽʘʮʽʷ ʧʦʛʣʠʥʘʻʪʴʩʷ ʧʦʚʝʨʭʥʝʶ, ʧʨʠ g=1 ï ʧʨʦʥʠʢʘʻ ʚ ʚʦʜʫ. ʇʦʪʽʢ 

ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ Qs, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ, ʢʫʪʘ ʧʘʜʽʥʥʷ 

ʩʦʥʷʯʥʠʭ ʧʨʦʤʝʥʽʚ, ʘʣʴʙʝʜʦ, ʚʦʣʦʛʦʩʪʽ, ʭʤʘʨʥʦʩʪʽ, ʪʠʩʢʫ, ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʦ ʩʧʽʚʚʽʜʥʦʰʝʥʴ, ʥʘʚʝʜʝʥʠʭ ʫ  [26].  

ʉʭʝʤʘʪʠʯʥʦ ʪʝʧʣʦʦʙʤʽʥ ʚʦʜʠ ʟ ʜʥʦʤ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ.2.2.   

 

ʈʠʩ. 2.2. ʉʭʝʤʘ ʪʝʧʣʦʦʙʤʽʥʫ ʚʦʜʠ ʟ ʜʥʦʤ: 1 ï ʚʦʜʘ; 2 ï ʰʘʨ ʜʥʘ, ʱʦ                 

ʙʝʨʝ ʫʯʘʩʪʴ ʚ ʪʝʧʣʦʦʙʤʽʥʽ; 3 ï ʛʣʠʙʠʥʥʠʡ ʰʘʨ ʜʥʘ, ʜʝ                   

ʊ=ʊÐ [37] 

 

ɺ ʜʘʥʽʡ ʤʦʜʝʣʽ ʨʦʟʧʦʜʽʣ ʪʝʧʣʦʪʠ ʚ ʜʥʽ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. ɿʘʧʠʰʝʤʦ ʢʨʘʡʦʚʫ ʟʘʜʘʯʫ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʟ ʛʨʘʥʠʯʥʠʤʠ 
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ʫʤʦʚʘʤʠ ʪʨʝʪʴʦʛʦ ʨʦʜʫ ʫ ʚʠʛʣʷʜʽ: 
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 z­¤:  BT Tl¤­ .                                         (2.16) 

ʅʝʭʘʡ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ ʧʦʙʣʠʟʫ ʜʥʘ ʟʤʽʥʶʻʪʴʩʷ ʧʝʨʽʦʜʠʯʥʦ ʟʘ ʟʘʢʦʥʦʤ: 

0  iwtT T e T¤= + .                                              (2.17) 

ɹʫʜʝʤʦ ʰʫʢʘʪʠ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ (2.14) ï (2.16) ʫ ʚʠʛʣʷʜʽ  

()  iwt

BT z e T¤=Q +  .                                                (2.18) 

ʇʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ (2.17) ʽ (2.18) ʚ  (2.14) ï (2.16) ʦʪʨʠʤʘʻʤʦ: 
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' z ­¤: 0 Q­ .                                       (2.21) 

ʈʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ (2.19) - (2.21) ʤʘʻ ʚʠʛʣʷʜ: 
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ʇʽʩʣʷ ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʜʽʡʩʥʦʾ ʯʘʩʪʠʥʠ ʦʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʠʡ ʨʦʟʚôʷʟʦʢ: 
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  .   (2.24) 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʚʧʣʠʚʫ ʪʝʧʣʦʦʙʤʽʥʫ ʚʦʜʠ ʟ ʜʥʦʤ ʥʘ ʪʝʧʣʦʚʠʡ ʙʘʣʘʥʩ 

ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ ʙʫʣʦ ʚʟʷʪʦ ʪʨʠ ʥʝʚʝʣʠʢʠʭ ʛʽʧʦʪʝʪʠʯʥʠʭ ʢʨʫʛʣʠʭ ʦʟʝʨʘ 

ʜʽʘʤʝʪʨʦʤ 2000 ʤ ʟ ʧʘʨʘʙʦʣʽʯʥʠʤ ʨʝʣʴʻʬʦʤ.  

ɼʣʷ ʤʽʣʢʦʛʦ ʦʟʝʨʘ ʚʨʘʭʫʚʘʥʥʷ ʪʝʧʣʦʦʙʤʽʥʫ ʟ ʜʥʦʤ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʨʽʟʥʠʮʽ ʤʽʞ ʤʘʢʩʠʤʘʣʴʥʠʤ ʽ ʤʽʥʽʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʩʝʨʝʜʥʴʦʾ ʧʦ 

ʙʘʩʝʡʥʫ ʪʝʤʧʝʨʘʪʫʨʠ. ʊʦʙʪʦ ʧʦʛʣʠʥʘʥʥʷ ʪʝʧʣʦʪʠ ʰʘʨʦʤ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ 

ʟʛʣʘʜʞʫʻ ʪʝʤʧʝʨʘʪʫʨʥʽ ʢʦʣʠʚʘʥʥʷ ʚ ʚʦʜʽ. ʇʨʠ ʮʴʦʤʫ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʦʩʪʘʻ ʥʘ 0,1 ϊʉ. ɺʨʘʭʫʚʘʥʥʷ ʪʝʧʣʦʦʙʤʽʥʫ ʟ ʜʥʦʤ ʪʘʢʦʞ 
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ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʬʽʣʴ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʚʦʜʽ (ʨʠʩ.2.3).  ʊʝʤʧʝʨʘʪʫʨʘ ʩʪʘʻ 

ʧʨʘʢʪʠʯʥʦ ʥʝʟʘʣʝʞʥʦʶ ʚʽʜ ʛʣʠʙʠʥʠ, ʪʦʜʽ ʷʢ ʫ ʚʠʧʘʜʢʫ ʧʦʛʣʠʥʘʥʥʷ ʚʩʽʻʾ 

ʪʝʧʣʦʪʠ ʧʦʚʝʨʭʥʝʶ ʚʦʜʠ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʪʝʧʣʦʦʙʤʽʥʫ ʟ ʜʥʦʤ ʽʩʥʫʻ ʩʫʪʪʻʚʘ 

ʩʪʨʘʪʠʬʽʢʘʮʽʷ [37].   

 

 

ʘ)                                              ʙ) 

ʈʠʩ. 2.3.  ʇʨʦʬʽʣʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʠ ʚʜʝʥʴ ʘ) ʽ ʚʥʦʯʽ ʙ)  ʜʣʷ ʤʽʣʢʦʛʦ                  

ʦʟʝʨʘ. ʉʫʮʽʣʴʥʦʶ ʣʽʥʽʻʶ ʧʦʟʥʘʯʝʥʦ ʚʠʧʘʜʦʢ ʟ ʪʝʧʣʦʦʙʤʽʥʦʤ 

ʤʽʞ ʚʦʜʦʶ ʽ ʜʥʦʤ (ɔ=1), ʘ ʰʪʨʠʭʦʚʦʶ ï ʙʝʟ ʪʝʧʣʦʦʙʤʽʥʫ, ʢʦʣʠ 

ʚʩʷ ʘʪʤʦʩʬʝʨʥʘ ʪʝʧʣʦʪʘ ʧʦʛʣʠʥʘʻʪʴʩʷ ʚʝʨʭʥʽʤ ʰʘʨʦʤ ʚʦʜʠ 

(ɔ=0) 

 

ɼʣʷ ʩʝʨʝʜʥʴʦʛʦ ʽ ʛʣʠʙʦʢʦʛʦ ʦʟʝʨ ʪʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ 

ʩʝʨʝʜʥʴʦʾ ʧʦ ʙʘʩʝʡʥʫ ʪʝʤʧʝʨʘʪʫʨʠ, ʷʢʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʧʨʠ ʮʴʦʤʫ 

ʧʽʜʚʠʱʫʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʛʣʠʙʠʥʽ ʽ ʟʥʠʞʫʻʪʴʩʷ ʙʽʣʷ ʧʦʚʝʨʭʥʽ (ʨʠʩ.2.4) ʟʘ 

ʨʘʭʫʥʦʢ ʧʦʛʣʠʥʘʥʥʷ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʪʘ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ 

[37]. 
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        ʘ)                            ʙ)                                  ʘ)                             ʙ) 

ʈʠʩ. 2.4 ʇʨʦʬʽʣʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʠ ʚʜʝʥʴ ʘ) ʽ ʚʥʦʯʽ ʙ)  ʜʣʷ ʦʟʝʨʘ 

ʛʣʠʙʠʥʦʶ 1ʤ ʪʘ 5 ʤ 

 

ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʦʪʦʢʫ ʟ ʘʪʤʦʩʬʝʨʠ ʽ 

ʟʤʝʥʰʝʥʥʷ ʪʝʧʣʦʚʽʜʜʘʯʽ ʟʘ ʨʘʭʫʥʦʢ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʊʦʙʪʦ 

ʧʨʠ ʥʠʞʯʽʡ ʧʦʚʝʨʭʥʝʚʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʙʽʣʴʰʝ ʪʝʧʣʦʪʠ ʧʦʪʨʘʧʣʷʻ ʚ ʚʦʜʫ ʽ 

ʤʝʥʰʝ ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ. ʇʦʰʠʨʝʥʥʷ ʪʝʧʣʦʪʠ ʚ ʜʥʽ ʜʣʷ ʤʽʣʢʦʛʦ, ʩʝʨʝʜʥʴʦʛʦ ʪʘ 

ʛʣʠʙʦʢʦʛʦ ʦʟʝʨ ʚ ʦʜʠʥ ʽ ʪʦʡ ʞʝ ʤʦʤʝʥʪ ʯʘʩʫ ʧʦʢʘʟʘʥʝ ʥʘ ʨʠʩ. 2.5.  

 

                         ʘ)                                   ʙ)                                               ʚ)                              

ʈʠʩ.2.5. ʇʦʰʠʨʝʥʥʷ ʪʝʧʣʦʪʠ ʜʣʷ ʨʽʟʥʠʭ ʧʝʨʽʦʜʽʚ ʜʦʙʠ ʚ ʜʥʽ ʦʟʝʨʘ: ʘ) - 

ʤʽʣʢʦʛʦ; ʙ) - ʩʝʨʝʜʥʴʦʛʦ; ʚ) - ʛʣʠʙʦʢʦʛʦ 
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ɺ ʜʝʥʥʦʤʫ ʤʘʩʰʪʘʙʽ ʪʝʧʣʦʚʽ ʭʚʠʣʽ ʧʨʦʥʠʢʘʶʪʴ ʚ ʜʥʦ ʧʨʠʙʣʠʟʥʦ ʥʘ 0,7 

ʤ., ʘ ʾʭ ʘʤʧʣʽʪʫʜʘ ʽ ʬʘʟʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʣʠʙʠʥʠ ʦʟʝʨʘ [37]. 

 

2.1.3. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ˇʨʫʥʪʫ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ 

 

ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ˇʨʫʥʪʫ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʟʚʦʜʠʪʴʩʷ ʜʦ ʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ 

ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ [21]. ʋ ʨʦʙʦʪʽ [22] ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ, ʱʦ 

ʬʦʨʤʫʻʪʴʩʷ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ˇʨʫʥʪʦʚʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ 

ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʧʨʦʪʷʛʦʤ 5 ʨʦʢʽʚ. 

     ʋ ʬʦʨʤʫʚʘʥʥʽ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʙʝʨʝ ʫʯʘʩʪʴ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʧʨʦʮʝʩʽʚ, ʩʝʨʝʜ ʥʠʭ: 

- ʬʦʥʦʚʠʡ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ɿʝʤʣʽ, ʚʝʣʠʯʠʥʘ ʷʢʦʛʦ ʫ ʢʦʞʥʦʤʫ ʨʘʡʦʥʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʮʽʣʠʤ ʩʧʝʢʪʨʦʤ  ʛʝʦʬʽʟʠʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ; 

- ʩʦʥʷʯʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ, ʚʽʜ ʷʢʠʭ 

ʟʘʣʝʞʠʪʴ ʪʝʤʧʝʨʘʪʫʨʘ ʚʝʨʭʥʽʭ ʰʘʨʽʚ ˇʨʫʥʪʫ; 

- ʪʝʧʣʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ˇʨʫʥʪʫ, ʨʽʟʥʽ ʜʣʷ ʢʦʞʥʦʛʦ ʨʝʛʽʦʥʫ. ɿʥʘʯʥʘ 

ʤʘʩʘ ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ  ̔ʤʘʣʝ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʦʩʪʽ 

ʟʥʘʯʥʦ ʩʢʦʨʦʯʫʻ ʟʦʥʫ ʚʧʣʠʚʫ ʩʚʝʨʜʣʦʚʠʥʠ  ̔ʟʥʠʞʫʻ ʪʝʤʧ ʦʭʦʣʦʜʞʝʥʥʷ ʘʙʦ 

ʥʘʛʨʽʚʫ ʧʣʘʩʪʘ; 

- ʥʝʩʪʘʮʽʦʥʘʨʥʽʩʪʴ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʩʚʝʨʜʣʦʚʠʥʠ, ʟʫʤʦʚʣʝʥʘ ʨʦʙʦʪʦʶ 

ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʥʘ ʢʦʥʢʨʝʪʥʠʡ ʦʙ'ʻʢʪ, ʧʦʪʨʝʙʘ ʷʢʦʛʦ ʚ ʪʝʧʣʽ ʘʙʦ ʭʦʣʦʜʽ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʝʟʣʽʯʽ ʬʘʢʪʦʨʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʘʙʦ ʢʣʽʤʘʪʠʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ; 

- ʤʦʞʣʠʚʽʩʪʴ ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʥʘʧʨʷʤʦʤ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʥʘʧʨʠʢʣʘʜ, 

ʯʝʨʛʫʻʪʴʩʷ ʨʦʙʦʪʘ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʥʘ ʥʘʛʨʽʚʘʥʥʷ  ̔ʦʭʦʣʦʜʞʝʥʥʷ; 

- ʩʧʦʪʚʦʨʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʫ ʟʚ'ʷʟʢʫ ʟ ʬʽʣʴʪʨʘʮʽʡʥʠʤ ʧʦʪʦʢʦʤ 

ˇʨʫʥʪʦʚʠʭ ʚʦʜ. 



 80 

       ʋ ʮʠʣʽʥʜʨʠʯʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ, ʭʘʨʘʢʪʝʨʥʽʡ ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʦʾ  

ʩʚʝʨʜʣʦʚʠʥʠ, ʨʽʚʥʷʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ                                    ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ  

ʧʨʠʨʦʜʥʦʛʦ ʬʦʥʦʚʦʛʦ ʧʦʪʦʢʫ ɿʝʤʣʽ ʫ ʚʠʛʣʷʜʽ ʢʦʤʧʝʥʩʫʶʯʦʾ ʧʦʧʨʘʚʢʠ - 

ʜʞʝʨʝʣʘ ʪʘ ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʪʠ, - ʧʨʠʡʤʝ ʚʠʛʣʷʜ:  

,                               (2.25) 

ʜʝ: q ï ʜʞʝʨʝʣʘ ʪʘ ʘʢʫʤʫʣʷʪʦʨʠ ʪʝʧʣʦʪʠ, ʦʙʫʤʦʚʣʝʥʽ ʪʝʧʣʦʚʠʤʠ 

ʧʦʪʦʢʘʤʠ ɿʝʤʣʽ ʪʘ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷʤ ʯʝʨʝʟ ʧʦʚʝʨʭʥʶ, ɺʪ/ʤ 
2 
; r ï ʚʽʜʩʪʘʥʴ ʚʽʜ 

ʦʩʽ ʩʚʝʨʜʣʦʚʠʥʠ, ʤ; t - ʪʝʤʧʝʨʘʪʫʨʘ, ʂ; a - ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʦʩʪʽ, ʤ
2
/ʩ; Ű - ʯʘʩ, ʩ. 

ʋ ʜʘʥʠʡ ʯʘʩ ʚʽʜʦʤʦ ʢʽʣʴʢʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʭʝʤ ʨʦʙʦʪʠ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ: 

ï ʚ ʦʜʥʦʤʫ ʨʝʞʠʤʽ (ʪʽʣʴʢʠ ʥʘ ʪʝʧʣʦʪʫ/ʦʭʦʣʦʜʞʝʥʥʷ); 

ï ʚ ʜʚʦʭ ʨʝʞʠʤʘʭ (ʚʟʠʤʢʫ ʥʘ ʪʝʧʣʦʪʫ, ʚʣʽʪʢʫ ʥʘ ʦʭʦʣʦʜʞʝʥʥʷ); 

ï ʟʤʽʰʘʥʝ (ʦʜʥʦʯʘʩʥʦ ʥʘ ʪʝʧʣʦʪʫ  ̔ʦʭʦʣʦʜʞʝʥʥʷ). 

ʇʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʝʞʠʤʫ  ʨʦʙʦʪʠ 

ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʚʠʜʽʣʠʤʦ ʪʘʢʽ ʦʩʦʙʣʠʚʦʩʪʽ [27-30]. ʇʦ-ʧʝʨʰʝ, ʪʝʧʣʦʚʠʡ 

ʧʦʪʽʢ ʧʦʩʪʽʡʥʦ ʟʤʽʥʶʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ, ʚʢʣʶʯʘʶʯʠ 

ʢʣʽʤʘʪʠʯʥʽ, ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ  ̔ ʽʥ. ʇʦ-ʜʨʫʛʝ, 

ˇʨʫʥʪ ʤʘʻ ʟʥʘʯʥʫ ʪʝʧʣʦʚʫ ʽʥʝʨʮʽʶ, ʟʛʣʘʜʞʫʶʯʠ ʷʢ ʤʽʥʽʤʫʤ, ʜʦʙʦʚʽ ʢʦʣʠʚʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ. 

 

2.1.4. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʪʝʧʣʦʚʦʛʦ 

ʥʘʩʦʩʘ ʟ ˇʨʫʥʪʦʚʠʤ ʪʝʧʣʦʦʙʤʽʥʥʠʢʦʤ 

 

ʊʝʧʣʦʥʘʩʦʩʥʘ ʫʩʪʘʥʦʚʢʘ (ʊʅʋ) ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ - 

ʚʠʧʘʨʥʠʢʘ 1, ʢʦʤʧʨʝʩʦʨʘ 2, ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ - ʢʦʥʜʝʥʩʘʪʦʨʘ 3 ʽ ʜʨʦʩʝʣʷ 4 

(ʨʠʩ. 2.6). 
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ʈʠʩ. 2.6. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ 

 

 

ɺ ʦʩʥʦʚʫ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʟʘʢʣʘʜʝʥʽ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʦʙʤʽʥʫ 

ʚʩʝʨʝʜʠʥʽ ʊʅʋ (ʪʝʧʣʦʦʙʤʽʥʥʠʢ - ʚʠʧʘʨʥʠʢ  ̔ ʢʦʥʜʝʥʩʘʪʦʨ)  ̔ ʚ ˇʨʫʥʪʦʚʦʤʫ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʫ, ʜʝ ʦʩʥʦʚʥʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʽʟ ˇʨʫʥʪʫ. 

ʈʝʞʠʤ ʨʦʙʦʪʠ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʨʦʟʨʘʭʦʚʘʥʠʡ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʚʽʥ 

ʧʨʘʮʶʻ ʟʘ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ ʽʟ ʧʦʩʪʽʡʥʦʶ ʚʝʣʠʯʠʥʦʶ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ Q1, 

ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʝʧʣʦʚʠʤ ʧʦʪʦʢʦʤ ʚʽʜ ʧʝʨʚʠʥʥʦʛʦ ʪʝʧʣʦʜʞʝʨʝʣʘ Q2, 

ʚʭʽʜʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ  ʛʘʨʷʯʦʛʦ ʢʦʥʪʫʨʫ ʊ2 ʽ ʰʚʠʜʢʽʩʪʶ ʨʫʭʫ ʪʝʧʣʦʥʦʩʽʷ  

ʛʘʨʷʯʦʛʦ ʢʦʥʪʫʨʫ. ʋ ʨʘʟʽ ʟʥʠʞʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ  

ʛʘʨʷʯʦʛʦ ʢʦʥʪʫʨʫ Q1 ʤʘʻ ʚʽʜʙʫʚʘʪʠʩʷ ʚʠʤʢʥʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʜʦ 

ʚʽʜʥʦʚʣʝʥʥʷ ʟʘʜʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʊ2. ʗʢʱʦ ʧʦʪʫʞʥʽʩʪʴ ˇʨʫʥʪʦʚʦʛʦ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʥʝʜʦʩʪʘʪʥʷ ʜʣʷ ʧʦʢʨʠʪʪʷ ʪʝʧʣʦʚʪʨʘʪ ʫ ʛʘʨʷʯʦʤʫ ʢʦʥʪʫʨʽ, ʤʘʻ 

ʚʤʠʢʘʪʠʩʷ ʧʽʢʦʚʠʡ ʜʦʛʨʽʚʘʯ. ʊʘʢʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʊʅʋ ʜʘʻ ʟʤʦʛʫ ʧʨʘʢʪʠʯʥʦ 

ʚʠʢʣʶʯʠʪʠ ʟ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ  ʛʘʨʷʯʠʡ ʢʦʥʪʫʨ ʽ ʨʦʟʛʣʷʜʘʪʠ ʚʟʘʻʤʦʜʽʶ 

ʜʚʦʭ ʽʥʰʠʭ. 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʙʘʟʫʻʪʴʩʷ ʥʘ ʩʠʩʪʝʤʽ   ʨʽʚʥʷʥʴ [9]: 

,                                         (2.26) 

,                                             (2.27) 
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,                                          (2.28) 

,                                            (2.29) 

,                                                     (2.30) 

.                                             (2.31) 

 

ʋ ʨʽʚʥʷʥʥʷʭ (2.26) - (2.31) ʧʨʠʡʥʷʪʦ ʪʘʢʽ ʧʦʟʥʘʯʝʥʥʷ: Q1, Q2 - ʪʝʧʣʦʚʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨ ʽ ʚʠʧʘʨʥʠʢ, ɺʪ; ʂʢ, ʂ ̔ - ʩʝʨʝʜʥʽ ʢʦʝʬʽʮʽʻʥʪʠ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚ ʢʦʥʜʝʥʩʘʪʦʨʽ ʪʘ ʚʠʧʘʨʥʠʢʫ, ɺʪ/(ʤ
2
ʂ); Fʢ, F̔ - ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ 

ʪʝʧʣʦʦʙʤʽʥʫ ʢʦʥʜʝʥʩʘʪʦʨʘ ʽ ʚʠʧʘʨʥʠʢʘ, ʤ
2
; ʊʢ, ʊi ï ʪʝʤʧʝʨʘʪʫʨʠ ʢʦʥʜʝʥʩʘʮʽʾ 

ʪʘ ʢʠʧʽʥʥʷ, ʂ; ʊ1 , ʊ11 , ʊ2 , ʊ21 ï ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʠʭʦʜʽ ʪʘ ʚʭʦʜʽ 

ʚʽʜʧʦʚʽʜʥʦ ʟ ʢʦʥʜʝʥʩʘʪʦʨʘ  ̔ʚʠʧʘʨʥʠʢʘ, ʂ; m1 , m2 ï ʤʘʩʦʚʽ ʚʠʪʨʘʪʠ ʪʝʧʣʦʥʦʩʽʷ 

ʚʽʜʧʦʚʽʜʥʦ ʚ ʢʦʥʜʝʥʩʘʪʦʨʽ ʪʘ ʚʠʧʘʨʥʠʢʫ, ʢʛ/ʩ; ʉk , ʉi ï ʪʝʧʣʦʻʤʥʽʩʪʴ 

ʪʝʧʣʦʥʦʩʽʷ ʚ ʢʦʥʜʝʥʩʘʪʦʨʽ  ̔ʚʠʧʘʨʥʠʢʫ, ɼʞ/(ʢʛᴋʂ); mx ï ʚʠʪʨʘʪʘ ʭʦʣʦʜʦʛʝʥʪʫ, 

ʢʛ/ʩ; r ï ʪʝʧʣʦʪʘ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʭʣʘʜʦʥʫ, ɼʞ/ʢʛ; Nk ï ʽʥʜʠʢʘʪʦʨʥʘ ʧʦʪʫʞʥʽʩʪʴ 

ʢʦʤʧʨʝʩʦʨʘ, ɺʪ. 

ɼʣʷ ʫʪʦʯʥʝʥʥʷ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʊʅʋ ʚ ʩʠʩʪʝʤʽ ʟ ʚʝʨʪʠʢʘʣʴʥʠʤ 

ˇʨʫʥʪʦʚʠʤ ʪʝʧʣʦʦʙʤʽʥʥʠʢʦʤ ʪʘ ʚʧʣʠʚʫ ʥʘ ʚʠʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ  ̔ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ 

ʤʦʜʝʣʴ. ʋ ʦʩʥʦʚʫ ʤʦʜʝʣʽ ʧʦʢʣʘʜʝʥʦ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʦʙʤʽʥʫ ʚʩʝʨʝʜʠʥʽ ʊʅʋ 

(ʚʠʧʘʨʥʠʢ  ̔ʢʦʥʜʝʥʩʘʪʦʨ)  ̔ʚ ˇʨʫʥʪʦʚʦʤʫ ʪʝʧʣʦʦʙʤʽʥʥʠʢʫ, ʜʝ ʦʩʥʦʚʥʫ ʨʦʣʴ 

ʛʨʘʻ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ̌ ʨʫʥʪʫ. 

ɺʝʨʪʠʢʘʣʴʥʠʡ ˇʨʫʥʪʦʚʠʡ ʪʝʧʣʦʦʙʤʽʥʥʠʢ ʷʚʣʷʻ ʩʦʙʦʶ ʜʚʘ ʢʦʘʢʩʽʘʣʴʥʽ 

ʮʠʣʽʥʜʨʠ. ʊʝʧʣʦʥʦʩʽʡ ʥʘʜʭʦʜʠʪʴ ʧʦ ʚʥʫʪʨʽʰʥʽʡ ʪʨʫʙʽ ʽ ʚʽʜʢʘʯʫʻʪʴʩʷ ʯʝʨʝʟ 

ʟʦʚʥʽʰʥʶ ʪʨʫʙʫ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʩʷ ʪʨʫʙʘ ʜʽʣʠʪʴʩʷ ʥʘ ʨʷʜ  ʝʣʝʤʝʥʪʘʨʥʠʭ 

ʜʽʣʷʥʦʢ, ʽ ʜʣʷ ʢʦʞʥʦʾ ʜʽʣʷʥʢʠ ʩʢʣʘʜʘʻʪʴʩʷ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ.  

ʊʝʧʣʦʚʠʡ ʙʘʣʘʥʩ ʜʣʷ ʜʽʣʷʥʢʠ ʟʦʚʥʽʰʥʴʦʾ ʪʨʫʙʠ: 
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                                     (2.32) 

ɼʣʷ ʜʽʣʷʥʢʠ ʚʥʫʪʨʽʰʥʴʦʾ ʪʨʫʙʠ: 

                                         (2.33) 

 

ʋ ʨʽʚʥʷʥʥʷʭ (2.32), (2.33) ʧʨʠʡʥʷʪʦ ʪʘʢʽ ʧʦʟʥʘʯʝʥʥʷ: Qg ï ʪʝʧʣʦʪʘ, ʱʦ 

ʥʘʜʭʦʜʠʪʴ ʽʟ ˇʨʫʥʪʫ; Q(iï1), Q(jï1) ï ʪʝʧʣʦʪʘ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʽʟ ʧʦʧʝʨʝʜʥʴʦʾ 

ʜʽʣʷʥʢʠ; Q(i) ,Q(j) ï ʪʝʧʣʦʪʘ, ʱʦ ʡʜʝ ʚ ʥʘʩʪʫʧʥʫ ʜʽʣʷʥʢʫ; Qb ï ʪʝʧʣʦʪʘ, ʱʦ ʡʜʝ 

ʥʘ ʧʽʜʽʛʨʽʚ ʚʥʫʪʨʽʰʥʴʦʾ ʪʨʫʙʠ. ʇʨʠ ʧʦʜʽʣʽ ʚʩʽʻʾ ʪʨʫʙʠ ʥʘ N ʜʽʣʷʥʦʢ ʦʪʨʠʤʫʻʤʦ 

ʩʠʩʪʝʤʫ 2N ʨʽʚʥʷʥʴ ʚʠʜʫ: 

                                   (2.34) 

                                           (2.35) 

 

ʜʝ: T i , T j ï ʪʝʤʧʝʨʘʪʫʨʠ ʜʽʣʷʥʦʢ ʟʦʚʥʽʰʥʴʦʾ  ̔ʚʥʫʪʨʽʰʥʴʦʾ ʪʨʫʙʠ; 

b1 , b2  ï ʢʦʝʬʽʮʽʻʥʪʠ, ʟʘʣʝʞʥʽ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʝʧʣʦʥʦʩʽʷ ʽ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʨʦʟʤʽʨʽʚ   ʩʠʩʪʝʤʠ 

ʎ  ̫ʩʠʩʪʝʤʘ ʚʠʨʽʰʫʻʪʴʩʷ ʤʝʪʦʜʦʤ ʈʫʥʛʝ-ʂʫʪʪʘ. 

ʏʠʩʣʝʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ˇʨʫʥʪʦʚʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʧʦʢʘʟʘʣʠ, ʱʦ ʢʨʽʤ 

ʦʯʝʚʠʜʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʪʝʧʣʦʟʡʦʤʫ ʟ ˇʨʫʥʪʫ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʧʣʦʱʽ (ʟʘ 

ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʜʽʘʤʝʪʨʘ ʘʙʦ ʜʦʚʞʠʥʠ ʪʨʫʙʠ),              ʚʘʞʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʪʦʢʽʚ ʚʩʝʨʝʜʠʥʽ  ̔ʧʦʟʘ ʪʨʫʙʦʶ. ʇʨʠ ʮʴʦʤʫ 

ʚʧʣʠʚ ʚʥʫʪʨʽʰʥʴʦʾ ʪʨʫʙʠ ʥʝʚʝʣʠʢʠʡ  ̔ʦʩʥʦʚʥʠʡ ʪʝʧʣʦʦʙʤʽʥ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ 

ʟʦʚʥʽʰʥʽʡ ʪʨʫʙʽ. ɯʩʪʦʪʥʠʡ ʚʧʣʠʚ ʥʘ ʪʝʧʣʦʟʡʦʤ ʥʘʜʘʻ ʤʘʩʦʚʘ ʚʠʪʨʘʪʘ 

ʪʝʧʣʦʥʦʩʽʷ ʪʘ ʧʦʚ'ʷʟʘʥʘ ʟ ʥʠʤ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ, ʧʨʠ ʮʴʦʤʫ ʜʦ ʧʝʚʥʦʾ 

ʰʚʠʜʢʦʩʪʽ (0,7 ʢʛ/ʩ) ʪʝʧʣʦʟʡʦʤ ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʪʝʧʣʦʥʦʩʽʷ. 

ʆʜʥʘʢ, ʚʠʱʝ ʟʘ ʮʶ ʤʝʞʫ ʧʦʛʽʨʰʫʶʪʴʩʷ ʫʤʦʚʠ ʨʦʙʦʪʠ ʚʠʧʘʨʥʠʢʘ ʊʅʋ  ̔

ʦʯʽʢʫʚʘʥʦʛʦ ʧʨʠʨʦʩʪʫ ʪʝʧʣʦʟʡʦʤʫ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ. ʆʧʪʠʤʘʣʴʥʽ ʚʠʪʨʘʪʠ 

ʪʝʧʣʦʥʦʩʽʷ ʚ ʭʦʣʦʜʥʦʤʫ ʢʦʥʪʫʨʽ ʧʨʠ ʧʨʠʡʥʷʪʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ  ̔

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʫʤʦʚʘʭ ʩʢʣʘʜʘʻ 0,5-0,6 ʢʛ/ʩ (2 ʤ
3 
/ʛʦʜʠʥʫ). ɺ ʽʥʪʝʨʚʘʣʽ 0,1- 0,8 
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ʢʛ/ʩ ʪʝʧʣʦʚʘ ʧʦʪʫʞʥʽʩʪʴ ˇʨʫʥʪʦʚʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʘ 

ʨʽʚʥʷʥʥʷʤ: 

,                                     (2.36) 

ʜʝ: ɸ1  ̔ ʉ1 ï ʢʦʝʬʽʮʽʻʥʪʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʫʩʪʘʥʦʚʢʠ. 

ʏʠʩʣʝʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʠʪʦʤʠʡ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ, 

ʦʙʫʤʦʚʣʝʥʠʡ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ ˇʨʫʥʪʫ, ʚ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ 1 ʧʦʛʦʥʥʠʡ ʤʝʪʨ 

ʪʨʫʙʠ ʚ ʥʘʡʙʽʣʴʰ ʩʧʨʠʷʪʣʠʚʠʭ ʫʤʦʚʘʭ ʥʝ ʧʝʨʝʚʠʱʫʻ 30ï40 ɺʪ/ʤ. ʊʦʤʫ 

ʚʝʨʪʠʢʘʣʴʥʠʡ ˇʨʫʥʪʦʚʠʡ ʪʝʧʣʦʦʙʤʽʥʥʠʢ ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʷʚʥʦʩʪʽ ʛʦʨʠʟʦʥʪʽʚ ʽʟ ʧʽʜʟʝʤʥʠʤʠ ʚʦʜʦʥʦʩʥʠʤʠ ʰʘʨʘʤʠ 

(ʛʨʘʚʽʡʥʦ-ʛʘʣʴʢʦʚʽ, ʚʘʧʥʷʢʦʚʽ, ʧʽʱʘʥʽ ˇʨʫʥʪʠ) [27]. ʅʘʷʚʥʽʩʪʴ ʧʽʜʟʝʤʥʠʭ 

ʧʦʪʦʢʽʚ ʨʦʙʠʪʴ ʥʝʘʢʪʫʘʣʴʥʠʤ ʧʠʪʘʥʥʷ ʧʨʦ ʚʠʩʥʘʞʝʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ 

ˇʨʫʥʪʫ, ʦʩʢʽʣʴʢʠ ʙʫʜʝ ʚʽʜʙʫʚʘʪʠʩʷ ʧʦʩʪʽʡʥʝ ʾʾ ʦʥʦʚʣʝʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʫʶʪʴ, ʱʦ  ʝʥʝʨʛʽʷ ʷʢʘ ʚʠʣʫʯʘʻʪʴʩʷ ʟ ˇʨʫʥʪʫ ʨʽʚʥʦʤʽʨʥʦ 

ʟʨʦʩʪʘʻ ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʜʦʚʞʠʥʠ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʽ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʘ 

ʨʽʚʥʷʥʥʷʤ: 

,                                         (2.37) 

ʜʝ: ɸ2  ̔ʉ2 ï ʢʦʝʬʽʮʽʻʥʪʠ, ʟʘʣʝʞʥʽ ʚʽʜ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ  ̔  ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʫʩʪʘʥʦʚʢʠ. 

 

2.1.5. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ 

ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ 

 

ɿ ʛʽʜʨʦʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ɻʉ (ʛʝʦʪʝʨʤʘʣʴʥʘ ʩʠʩʪʝʤʘ) ʟ 

ʪʝʧʣʦʚʠʤ ʥʘʩʦʩʦʤ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʜʫʞʝ ʥʝʚʨʽʚʥʦʚʘʞʝʥʫ ʪʝʨʤʦʜʠʥʘʤʽʯʥʫ 

ʩʠʩʪʝʤʫ ʟ ʨʽʟʥʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ ʧʝʨʝʥʝʩʝʥʥʷ ʪʝʧʣʦʪʠ: ʤʦʣʝʢʫʣʷʨʥʠʤ ʘʙʦ 

ʢʦʥʚʝʢʪʠʚʥʦ-ʤʦʣʝʢʫʣʷʨʥʠʤ ʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ; ʤʦʣʝʢʫʣʷʨʥʠʤ ï 

ʯʝʨʝʟ ʩʪʽʥʢʠ ʪʨʫʙʯʘʩʪʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ; ʤʦʣʝʢʫʣʷʨʥʦ-ʢʦʥʚʝʢʪʠʚʥʠʤ ï 

ʚʩʝʨʝʜʠʥʽ ʪʨʫʙ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ  ̔ʧʨʠ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʘʭ ʚ ʚʠʧʘʨʥʠʢʫ [28]. 

2 1 1 2ln( )Q A C m= +

2 2 2 0ln( )Q A C L= +
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ʅʘ ʈʠʩ. 2.7 ʩʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʝʨʪʠʢʘʣʴʥʘ                                 ʛʝʦʪʝʨʤʘʣʴʥʘ ʩʠʩʪʝʤʘ 

ʟ ʪʝʧʣʦʚʠʤ ʥʘʩʦʩʦʤ ʧʦʪʫʞʥʽʩʪʶ ɽ  ̔ʚʝʨʪʠʢʘʣʴʥʠʤ ʝʥʝʨʛʝʪʠʯʥʠʤ ʢʦʣʦʜʷʟʝʤ 

ʜʦʚʞʠʥʦʶ L.  

ʈʦʟʛʣʷʥʝʤʦ ʜʦʢʣʘʜʥʽʰʝ ʥʝʟʙʫʨʝʥʝ ʧʦʣʝ ʪʝʤʧʝʨʘʪʫʨ ʫ ʚʝʨʭʥʴʦʤʫ ʰʘʨʽ 

ɿʝʤʣʽ, ʷʢʠʡ ʽ ʻ ʜʞʝʨʝʣʦʤ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʽʾ ʜʣʷ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ. ʅʘ 

ʮʴʦʤʫ ʞ ʤʘʣʶʥʢʫ ʩʧʨʘʚʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʠʧʦʚʘ ʪʠʤʯʘʩʦʚʘ ʤʽʥʣʠʚʽʩʪʴ 

ʥʝʟʙʫʨʝʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ T(z,t) ʚ ʚʝʨʭʥʴʦʤʫ ʰʘʨʽ ˇʨʫʥʪʫ ʧʨʠ x Ó 0, ʪʫʪ ʭ - 

ʛʣʠʙʠʥʘ,  t ï ʯʘʩ ʥʘ ʧʨʦʪʷʟʽ  ʨʦʢʫ. 

 

ʈʠʩ.  2.7. ɻʝʦʪʝʨʤʘʣʴʥʘ ʩʠʩʪʝʤʘ ʟ ʪʝʧʣʦʚʠʤ ʥʘʩʦʩʦʤ  ̔  ʩʝʟʦʥʥʦʶ                   

ʟʤʽʥʦʶ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚ ˇʨʫʥʪʽ 

 

ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʧʦʚʝʜʽʥʢʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʨʦʬʽʣʶ ʚ  ̌ ʨʫʥʪʽ ʻ 

ʥʘʷʚʥʽʩʪʴ ʰʘʨʫ ʩʝʟʦʥʥʦʾ ʤʽʥʣʠʚʦʩʪʽ ʟ ʭʘʨʘʢʪʝʨʥʠʤ ʤʘʩʰʪʘʙʦʤ L1 å10 ʤ, 

ʨʦʟʧʦʜʽʣ ʷʢʦʛʦ ʬʦʨʤʫʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʟʘʻʤʦʜʽʾ ʧʦʪʦʢʫ ʛʝʦʪʝʨʤʘʣʴʥʦʾ 

ʪʝʧʣʦʪʠ ʽʟ ɿʝʤʣʽ ʟ ʨʘʜʽʘʮʽʡʥʠʤ ʧʦʪʦʢʦʤ ʪʝʧʣʦʪʠ ʚʽʜ ʉʦʥʮʷ ʪʘ ʤʦʣʝʢʫʣʷʨʥʠʤ 

ʧʦʪʦʢʦʤ ʪʝʧʣʦʪʠ ʽʟ ʘʪʤʦʩʬʝʨʠ. ʈʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ  ʭ = 0 

ʚ ʩʝʨʝʜʥʽʭ ʰʠʨʦʪʘʭ ʤʦʞʝ ʜʦʩʷʛʘʪʠ 40 
ʦ 
ʉ. ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʛʣʠʙʠʥʽ ʭ Ó L1 

ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʦʶ ʟ ʥʝʚʝʣʠʢʠʤ (ʧʦʨʷʜʢʫ 3Á
 
ʉ/100 ʤ)  ʧʦʟʠʪʠʚʥʠʤ 

ʛʨʘʜʽʻʥʪʦʤ. ʋ ʭʦʣʦʜʥʫ ʧʦʨʫ ʨʦʢʫ (ʘʙʦ ʧʨʦʪʷʛʦʤ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʧʝʨʽʦʜʫ) 

ʪʝʤʧʝʨʘʪʫʨʘ ˇʨʫʥʪʫ ʚ ʚʝʨʭʥʴʦʤʫ ʰʘʨʽ ʤʝʥʰʝ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ ʥʠʞʯʝ 

ʥʝʡʪʨʘʣʴʥʦʛʦ ʰʘʨʫ ʥʘ ʛʣʠʙʠʥʽ ʭ Ó L1 . ʆʪʞʝ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʝʨʪʠʢʘʣʴʥʦʾ ɻʊʉ, ʰʘʨ ʩʝʟʦʥʥʦʾ ʤʽʥʣʠʚʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨʠ ʟʥʠʞʫʻ 
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ʝʬʝʢʪʠʚʥʽʩʪʴ ʊʅ. ʎʝʡ ʞʝ ʚʠʩʥʦʚʦʢ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚ ʣʽʪʥʽʡ ʧʝʨʽʦʜ, ʷʢʱʦ ɻʊʉ  

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʧʘʩʠʚʥʝ ʜʞʝʨʝʣʦ ʭʦʣʦʜʫ ʟ ʤʝʪʦʶ ʢʦʥʜʠʮʽʶʚʘʥʥʷ. ʊʦʤʫ, 

ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʊʅ ʚʝʨʭʥʽʡ ʰʘʨ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʣʶʯʝʥʦ ʟ ʨʦʟʛʣʷʜʫ. ʊʝʭʥʽʯʥʦ ʮʝ ʦʟʥʘʯʘʻ ʪʝʧʣʦʽʟʦʣʷʮʽʶ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʚ ʮʴʦʤʫ ʰʘʨʽ. ʊʦʤʫ ʧʨʠʡʤʘʻʪʴʩʷ, ʱʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢ  

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʰʘʨʽ ʭ Ó L 1 ʟ ʧʦʩʪʽʡʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʊʦ. ʊʝʧʣʦʚʫ ʧʦʪʫʞʥʽʩʪʴ, 

ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ ʚ ʚʠʧʘʨʥʠʢʫ    ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ 

                                            (2.38) 

ʜʝ ʩʨ, ɟ ɀ ʪʝʧʣʦʻʤʥʽʩʪʴ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʪʠʩʢʫ  ̔ ʛʫʩʪʠʥʘ ʨʦʟʩʦʣʫ ʚ 

ʢʦʣʝʢʪʦʨʽ; 

ȹʊ ɀ ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʚʭʦʜʽ ʪʘ ʚʠʭʦʜʽ ʚʠʧʘʨʥʠʢʘ ʊʅ; 

Q ï ʦʙ'ʻʤʥʘ ʚʠʪʨʘʪʘ ʨʦʟʩʦʣʫ ʚ ʢʦʣʝʢʪʦʨʽ (ʤ
3/
ʩ). 

ɺʝʣʠʯʠʥʘ ȹʊ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʦʚʞʠʥʦʶ ʢʦʣʝʢʪʦʨʘ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ 

ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʚʠʧʘʨʥʠʢʘ ʊʅ (ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ). ʆʪʞʝ, ʟʘʚʜʘʥʥʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʊʅ ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʜʦʚʞʠʥʠ 

ʢʦʣʝʢʪʦʨʘ  L 0  ̫ ʢʘ ʟʘʙʝʟʧʝʯʠʪʴ ʟʘʜʘʥʫ ʚʝʣʠʯʠʥʫ ȹʊ ʧʨʠ ʜʘʥʽʡ ʦʙ'ʻʤʥʽʡ ʚʠʪʨʘʪʽ 

ʨʦʟʩʦʣʫ Q. 

ʄʘʪʝʤʘʪʠʯʥʘ ʧʦʩʪʘʥʦʚʢʘ  ̔ʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ - ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ L0 

ʟʘʣʝʞʥʦ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ɽ0 ʫ ʨʘʟʽ U-ʧʦʜʽʙʥʦʛʦ ʢʦʣʝʢʪʦʨʘ 

ʧʨʝʜʩʪʘʚʣʷʻ ʧʝʚʥʽ ʪʨʫʜʥʦʱʽ ʫ ʟʚ'ʷʟʢʫ ʟʽ ʩʢʣʘʜʥʦʶ ʛʝʦʤʝʪʨʽʻʶ ʢʦʥʩʪʨʫʢʮʽʾ. 

ʆʩʢʽʣʴʢʠ ʢʦʣʝʢʪʦʨ ʚʤʽʱʝʥʦ ʫ ʩʝʨʝʜʦʚʠʱʝ ʟ ʥʝʟʙʫʨʝʥʠʤ ʦʜʥʦʨʽʜʥʠʤ 

ʨʦʟʧʦʜʽʣʦʤ ʪʝʤʧʝʨʘʪʫʨʠ T0 , ʪʦ ʧʨʠʧʫʩʪʠʤʦ, ʱʦ ʥʘʧʨʘʚʣʝʥʽ ʚʥʠʟ ʪʘ ʚʛʦʨʫ 

ʯʘʩʪʠʥʠ ʢʦʣʝʢʪʦʨʘ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʥʝ ʚʟʘʻʤʦʜʽʶʪʴ ʦʜʠʥ ʟ ʦʜʥʠʤ. ɿ 

ʫʨʘʭʫʚʘʥʥʷʤ ʮʴʦʛʦ ʧʨʦʮʝʩ ʝʢʩʪʨʘʛʫʚʘʥʥʷ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ U-ʧʦʜʽʙʥʠʤ 

ʢʦʣʝʢʪʦʨʦʤ ʟʘʚʜʦʚʞʢʠ L0 ʤʦʞʥʘ ʫʷʚʠʪʠ ʷʢ ʧʨʦʮʝʩ ʪʝʧʣʦʦʙʤʽʥʫ ʤʽʞ 

ʪʝʧʣʦʥʦʩʽʻʤ, ʱʦ ʧʨʦʪʽʢʘʻ  ʫ ʪʨʫʙʽ (ʨʘʜʽʫʩʦʤ R ʪʘ ʟʘʚʜʦʚʞʢʠ 2L0 ) ʟ ʦʙ'ʻʤʥʦʶ 

ʚʠʪʨʘʪʦʶ ʪʘ ʟʦʚʥʽʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʽʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʟʘ ʧʨʝʜʩʪʘʚʣʝʥʦʶ 

ʩʭʝʤʦʶ ʪʘʢʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ (ʈʠʩ. 2.8).  

0 ,pE c TQr= D
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ʈʠʩ. 2.8. ʉʭʝʤʘ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ˇʨʫʥʪʦʚʦʛʦ U-ʧʦʜʽʙʥʦʛʦ ʢʦʣʝʢʪʦʨʘ 

 

ʊʦʯʢʠ ʭ = - L 0 ʪʘ ʭ = L 0 ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʦʯʢʘʤ ʥʘ ʚʠʭʦʜʽ ʪʘ ʚʭʦʜʽ ʟ 

ʚʠʧʘʨʥʠʢʘ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ (ʤʘʻʪʴʩʷ ʥʘ ʫʚʘʟʽ, ʱʦ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ 

ʮʠʭ ʪʦʯʢʘʭ ʨʽʚʥʽ ʟʥʘʯʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʩʦʣʫ ʥʘ ʚʠʭʦʜʽ  ̔ ʚʭʦʜʽ ʟ 

ʚʠʧʘʨʥʠʢʘ). 

ʈʦʟʛʣʷʥʫʪʦ ʮʠʣʽʥʜʨʠʯʥʫ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ (r,z), ʚ ʷʢʽʡ ʧʦʯʘʪʦʢ 

ʢʦʦʨʜʠʥʘʪ ʧʦʚ'ʷʟʘʥʠʡ ʽʟ ʩʝʨʝʜʠʥʦʶ ʜʦʚʞʠʥʠ ʢʦʣʝʢʪʦʨʘ. ʋ ʟʘʟʥʘʯʝʥʽʡ ʩʠʩʪʝʤʽ 

ʢʦʦʨʜʠʥʘʪ ʧʨʦʮʝʩ ʪʝʧʣʦʦʙʤʽʥʫ ʤʽʞ ʨʦʟʩʦʣʦʤ  ̔ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ 

ʦʧʠʩʫʻʪʴʩʷ ʥʘʩʪʫʧʥʦʶ ʩʠʩʪʝʤʦʶ ʨʽʚʥʷʥʴ: 

 ʧʨʠ r > R,                         (2.39) 

 ʧʨʠ r <R.                     (2.40) 

ʊʫʪ ʽʥʜʝʢʩʠ s ʽ b ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ˇʨʫʥʪʫ ʪʘ ʨʦʟʩʦʣʫ ʚʽʜʧʦʚʽʜʥʦ:  ɢ b - 

ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʨʦʟʩʦʣʫ. ʋ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʨʫʭ ʨʦʟʩʦʣʫ ʚ 

ʢʦʣʝʢʪʦʨʽ ʜʦʩʠʪʴ ʧʦʚʽʣʴʥʠʡ, ʪʦʤʫ ʙʫʜʝʤʦ ʨʘʭʫʚʘʪʠ, ʱʦ ʚ ʪʨʫʙʽ ʨʝʘʣʽʟʫʻʪʴʩʷ 

ʧʝʨʝʙʽʛ ʇʫʘʟʝʡʣʷ, ʪʦʙʪʦ: 

                                                (2.41) 

ʜʝ: Vmʘʭ ɀ ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʇʫʘʟʝʡʣʷ ʧʦ ʦʩʽ ʪʨʫʙʠ ʧʨʠ r = 0. 

ɺʧʣʠʚʦʤ ʩʪʽʥʢʠ ʪʨʫʙʠ ʥʘ ʧʨʦʮʝʩ ʪʝʧʣʦʦʙʤʽʥʫ ʤʽʞ ˇʨʫʥʪʦʤ ʽ ʨʦʟʩʦʣʦʤ ʤʦʞʥʘ 
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ʟʥʝʭʪʫʚʘʪʠ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʤʘʪʝʨʽʘʣ ʪʨʫʙʠ ʤʘʻ ʜʦʩʪʘʪʥʶ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ. 

ɿʘʜʘʤʦ ʭʘʨʘʢʪʝʨʥʽ ʧʨʦʩʪʦʨʦʚʽ ʢʦʦʨʜʠʥʘʪʠ ʚ ʧʦʟʜʦʚʞʥʴʦʤʫ - L ʭ ʽ ʚ 

ʧʦʧʝʨʝʯʥʦʤʫ  R ʥʘʧʨʷʤʢʘʭ ʪʘ ʚʠʟʥʘʯʠʤʦ ʙʝʟʨʦʟʤʽʨʥʽ ʟʤʽʥʥʽ: 

,  .                                   (2.42) 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ   ʨʽʚʥʥʥʷ (2.42) ʧʨʠʡʤʝ ʚʠʛʣʷʜ:  

          (2.43) 

ʃʽʚʠʡ ʜʦʜʘʥʦʢ ʚ ʨʽʚʥʷʥʥʽ (2.43) ʦʧʠʩʫʻ ʢʦʥʚʝʢʪʠʚʥʝ ʪʝʧʣʦʧʝʨʝʥʝʩʝʥʥʷ ʚ 

ʪʨʫʙʽ, ʘ ʧʨʘʚʠʡ ɀ ʪʝʧʣʦʧʝʨʝʥʝʩʝʥʥʷ ʚʥʘʩʣʽʜʦʢ  ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. ʆʪʞʝ ʟ 

ʨʽʚʥʷʥʥʷ (2.4) ʚʠʧʣʠʚʘʻ ʚʠʨʘʟ ʜʣʷ ʭʘʨʘʢʪʝʨʥʦʾ ʜʦʚʞʠʥʠ L ʭ 

.                                                 (2.44) 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ  ʬʦʨʤʫʣʠ (2.38) ʚʠʨʘʟ (2.44) ʧʨʠʡʤʘʻ ʚʠʛʣʷʜ: 

 

.                                           (2.45) 

ʊʫʪ ɚb ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʨʦʟʩʦʣʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʭʘʨʘʢʪʝʨʥʘ 

ʜʦʚʞʠʥʘ L ʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ɀ ʡʦʛʦ ʧʦʪʫʞʥʦʩʪʽ 

E0 ʪʘ ʧʝʨʝʧʘʜʫ ʪʝʤʧʝʨʘʪʫʨ ȹʊ ʫ ʚʠʧʘʨʥʠʢʫ. ɿ ʪʝʦʨʽʾ ʨʦʟʤʽʨʥʦʩʪʽ  ̔ʧʦʜʽʙʥʦʩʪʽ 

[29] ʚʠʧʣʠʚʘʻ, ʱʦ ʜʦʚʞʠʥʘ ʟʝʤʣʷʥʦʛʦ ʢʦʣʝʢʪʦʨʘ L 0 ʧʦʚʠʥʥʘ ʙʫʪʠ 

ʧʨʦʧʦʨʮʽʡʥʘ ʚʝʣʠʯʠʥʽ LX , ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʾʾ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʊʅ. 

ʆʮʽʥʠʤʦ  ʚʠʨʘʟ (R/Lx)
2  ʚ ʨʽʚʥʷʥʥʽ (2.35) ʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ  ʟʘʣʝʞʥʦʩʪʽ 

(2.35) ʦʪʨʠʤʫʻʤʦ: 

                                    (2.46) 

 ɼʣʷ ʨʝʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ɻʊʉ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʜʠʬʫʟʽʻʶ ʪʝʧʣʦʪʠ ʚ 

ʨʦʟʩʦʣʽ ʚ ʥʘʧʨʷʤʢʫ ʭ ʤʦʞʣʠʚʦ ʟʥʝʭʪʫʚʘʪʠ. ʊʦʜʽ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ (2.39), (2.40) 
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ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ: 

 ʧʨʠ     r > 1,                             (2.47) 

 ʧʨʠ     r < 1,                      (2.48) 

ʜʝ (r, ʭ) - ʙʝʟʨʦʟʤʽʨʥʽ ʟʤʽʥʥʽ, ʦʙʫʤʦʚʣʝʥʽ ʚʠʨʘʟʦʤ (2.47). ɹʝʟʨʦʟʤʽʨʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚ ˇʨʫʥʪʽ  ̔ʪʨʫʙʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʦ ʬʦʨʤʫʣʽ 

.                                          (2.49) 

ɯʥʜʝʢʩʠ s ʽ b ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ˇʨʫʥʪʫ ʪʘ ʨʦʟʩʦʣʫ ʚʽʜʧʦʚʽʜʥʦ. 

ʉʬʦʨʤʫʣʶʻʤʦ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʜʣʷ ʟʘʚʜʘʥʥʷ (2.46), (2.48). ʥʘ ʛʨʘʥʠʮʽ 

ʪʨʫʙʠ  ̔ ˇʨʫʥʪʫ ʪʘ ʧʨʠʡʤʝʤʦ ʫʤʦʚʠ ʙʝʟʧʝʨʝʨʚʥʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʚʠʭ 

ʧʦʪʦʢʽʚ, ʪʦʙʪʦ: 

 ʧʨʠ    r = 1,      ;                           (2.50) 

 ʧʨʠ    r = 1,      .                          (2.51) 

ʂʨʽʤ ʪʦʛʦ,  

  ʧʨʠ     r Ÿ Ð,                              (2.52) 

ʇʨʠ ʧʦʟʜʦʚʞʥʽʡ ʢʦʦʨʜʠʥʘʪʽ ʭ ʧʦʪʨʽʙʥʦ ʟʘʜʘʪʠ ʪʽʣʴʢʠ ʦʜʥʫ ʛʨʘʥʠʯʥʫ 

ʫʤʦʚʫ ʚ ʩʠʣʫ ʧʘʨʘʙʦʣʽʯʥʦʩʪʽ ʨʽʚʥʷʥʥʷ (2.48). ʊʦʤʫ ʜʣʷ ʟʨʫʯʥʦʩʪʽ ʧʦʜʘʣʴʰʦʛʦ 

ʚʠʨʽʰʝʥʥʷ ʛʨʘʥʠʯʥʦʛʦ ʟʘʚʜʘʥʥʷ ʟʚ'ʷʞʝʤʦ ʧʦʯʘʪʦʢ ʢʦʦʨʜʠʥʘʪ (ʭ , ʫ) ʟ ʪʦʯʢʦʶ 

ʚʠʭʦʜʫ ʨʦʟʩʦʣʫ ʟ ʚʠʧʘʨʥʠʢʘ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ (ʨʠʩ. 2.8). ʊʦʜʽ ʚʽʜʧʦʚʽʜʥʦ ʟ 

ʬʦʨʤʫʣʦʶ (2.49) 

  ʧʨʠ  x = 0 ʽ r < 1.                                (2.53) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ (2.46), (2.48) ʟ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ (2.50) ɀ 

(2.53) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʨʦʙʣʝʥʠʭ ʚʠʱʝ ʧʨʠʧʫʱʝʥʴ    ʦʧʠʩʫʻ ʧʨʦʮʝʩʠ ʝʥʝʨʛʦʦʙʤʽʥʫ 

ʫ ʛʝʦʪʝʨʤʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʤʽʞ ˇʨʫʥʪʦʤ, ʚʝʨʪʠʢʘʣʴʥʠʤ ʢʦʣʝʢʪʦʨʦʤ  ̔ ʪʝʧʣʦʚʠʤ 

ʥʘʩʦʩʦʤ. ʇʨʠ ʜʘʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʟʘʜʘʯʽ ʛʝʦʪʝʨʤʘʣʴʥʘ ʩʠʩʪʝʤʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʷʢ 
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ʻʜʠʥʘ ʪʝʨʤʦʜʠʥʘʤʽʯʥʘ ʩʠʩʪʝʤʘ, ʚ ʷʢʽʡ ʧʨʦʮʝʩʠ ʝʥʝʨʛʦʦʙʤʽʥʫ ʤʽʞ ˇʨʫʥʪʦʤ, 

ʚʝʨʪʠʢʘʣʴʥʠʤ ʢʦʣʝʢʪʦʨʦʤ ʪʘ ʪʝʧʣʦʚʠʤ ʥʘʩʦʩʦʤ ʚʠʷʚʣʷʶʪʴʩʷ ʫʟʛʦʜʞʝʥʠʤʠ. ʎʝ 

ʩʪʚʦʨʶʻ ʤʦʞʣʠʚʽʩʪʴ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʩʠʩʪʝʤ. 

 

2.2. ɸʥʘʣʽʟ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ˇʨʫʥʪʦʚʠʭ ʪʘ ʚʦʜʷʥʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ (ʢʦʣʝʢʪʦʨʽʚ), ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʝʥʝʨʛʽʾ 

ʜʦʚʢʽʣʣʷ 

 

2.2.1. ɺʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ˇʨʫʥʪʦʚʦʛʦ  

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ 

 

ʂʨʽʤ ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʫ ʪʘ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ˇʨʫʥʪʦʚʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ (ʢʦʣʝʢʪʦʨʽʚ) ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʪʠʧʫ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʨʽʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʯʘʩʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ. ʗʢ ʧʨʘʚʠʣʦ, ʟʘ ʦʩʥʦʚʫ 

ʙʝʨʝʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʨʦʙʦʯʠʭ ʛʦʜʠʥ, ʱʦ ʜʦʨʽʚʥʶʻ 1800. 

ʅʝʦʙʭʽʜʥʘ ʧʣʦʱʘ ʜʣʷ ʢʦʣʝʢʪʦʨʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʪʠʧʫ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʧʠʪʦʤʽʡ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜʚʝʜʝʥʥʷ qE ˇʨʫʥʪʫ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ Qʦ 

ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʪʠʧʫ çʩʦʣʷʥʠʡ ʨʦʟʯʠʥ ï ʚʦʜʘè [9] 

.                                                    (2.54) 

ʇʦʪʫʞʥʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʯʘʩʪʠʥʽ ʧʦʪʫʞʥʦʩʪʽ ʪʝʧʣʦʚʦʛʦ 

ʥʘʩʦʩʘ Qʦ, ʦʪʨʠʤʘʥʦʾ ʟ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʽ ʩʪʘʥʦʚʠʪʴ ʨʽʟʥʠʮʶ ʤʽʞ 

ʪʝʧʣʦʚʦʶ ʧʦʪʫʞʥʽʩʪʶ QH ʽ ʢʽʣʴʢʽʩʪʶ ʩʧʦʞʠʚʘʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ Pel 

.                                              (2.55) 

ʅʝʦʙʭʽʜʥʘ ʜʦʚʞʠʥʘ ʪʨʫʙʠ ʢʦʣʝʢʪʦʨʘ LK ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʚʠʭʦʜʷʯʠ ʟ 

ʥʝʦʙʭʽʜʥʦʾ ʧʣʦʱʽ ʢʦʣʝʢʪʦʨʘ  Amin ʪʘ ʚʽʜʩʪʘʥʽ ʤʽʞ ʪʨʫʙʘʤʠ ʢʦʣʝʢʪʦʨʘ S, 

.                                                (2.56) 
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ʋ ʨʘʟʽ ʧʽʢʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʣʷʥʦʛʦ ʨʦʟʯʠʥʫ ʫ ʟʚʦʨʦʪʥʽʡ 

ʪʨʫʙʽ ʦʧʫʩʪʠʪʴʩʷ ʥʠʞʯʝ ʨʽʚʥʷ -5 ÁC, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʠʤʢʥʝʥʥʷ 

ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʽʜʭʠʣʝʥʥʷ ʫ ʚʽʜʩʪʘʥʽ ʤʽʞ ʪʨʫʙʘʤʠ ʙʽʣʴʰ, 

ʥʽʞ ʥʘ 5 ʩʤ, ʟʘʚʞʜʠ ʚʠʤʘʛʘʻ ʟʤʝʥʰʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʧʠʪʦʤʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʚʽʜʚʝʜʝʥʥʷ: 

.                                        (2.57) 

ʇʨʠ ʧʣʘʥʫʚʘʥʥʽ ʨʦʟʤʽʨʽʚ ʪʨʫʙ ˇʨʫʥʪʦʚʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʥʝʦʙʭʽʜʥʦ 

ʫʥʠʢʥʫʪʠ ʚʝʣʠʢʠʭ ʚʪʨʘʪ ʪʠʩʢʫ ʪʦʤʫ, ʱʦ ʧʽʜʚʠʱʝʥʠʡ ʨʽʚʝʥʴ ʚ'ʷʟʢʦʩʪʽ ʩʦʣʷʥʦʛʦ 

ʨʦʟʯʠʥʫ ʧʦʨʽʚʥʷʥʦ ʟ ʚʦʜʦʶ, ʟʙʽʣʴʰʫʻ ʧʦʪʫʞʥʽʩʪʴ ʮʠʨʢʫʣʷʮʽʡʥʦʛʦ ʥʘʩʦʩʘ ʪʘ 

ʟʥʠʞʫʻ ʩʝʟʦʥʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ. ʋ ʨʘʟʽ ʧʣʘʥʫʚʘʥʥʷ 

ʨʦʟʤʽʨʽʚ ʤʦʥʦʚʘʣʝʥʪʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʪʠʧʫ ñʩʦʣʷʥʠʡ ʨʦʟʯʠʥ ï ʚʦʜʘò 

ʧʣʦʱʘ ʜʞʝʨʝʣ ʪʝʧʣʦʪʠ ʧʦʚʠʥʥʘ ʚʽʜʧʦʚʽʜʘʪʠ ʪʝʧʣʦʚʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʶ ʙʫʜʽʚʣʽ 

QG , ʘ ʥʝ ʧʦʪʫʞʥʦʩʪʽ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ. ɿʘʛʘʣʴʥʘ ʪʝʧʣʦʚʘ ʧʦʪʫʞʥʽʩʪʴ Q WP 

ʚʢʣʶʯʘʻ ʥʝʦʙʭʽʜʥʝ ʪʝʧʣʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʫʜʽʚʣʽ QG ʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʛʘʨʷʯʝ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ Q ww  ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʯʘʩʫ ʙʣʦʢʫʚʘʥʥʷ Z. ʗʢʱʦ ʧʨʠ 

ʚʠʙʦʨʽ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʜʝʣʴ ʟ ʤʝʥʰʠʤ ʨʽʚʥʝʤ ʪʝʧʣʦʚʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʘʙʦ ʤʝʥʰʦʶ ʧʣʦʱʝʶ ʢʦʣʝʢʪʦʨʘ, ʪʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʢʦʣʝʢʪʦʨ ʧʽʜʜʘʻʪʴʩʷ ʙʽʣʴʰʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʶ ʘʙʦ ʧʨʘʮʶʻ ʟ ʚʠʱʠʤ ʨʽʯʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʚʽʜʚʝʜʝʥʥʷ. ɼʣʷ 

ʢʦʤʧʝʥʩʘʮʽʾ ʟʨʦʩʪʘʥʥʷ ʯʘʩʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʣʦʱʘ ʢʦʣʝʢʪʦʨʘ ʤʘʻ ʙʫʪʠ 

ʟʙʽʣʴʰʝʥʘ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. ʈʝʪʝʣʴʥʝ 

ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʨʦʟʤʽʨʽʚ ʢʦʣʝʢʪʦʨʽʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʪʠʧʫ ʻ ʦʙʦʚ'ʷʟʢʦʚʠʤ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʩʦʣʷʥʦʛʦ ʨʦʟʯʠʥʫ ʽ 

ʧʽʜʪʨʠʤʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʥʘ ʥʘʣʝʞʥʦʤʫ ʨʽʚʥʽ.  

 

2.2.2. ʇʘʨʘʤʝʪʨʠʯʥʽ ʪʘʙʣʠʮʽ ʜʘʥʠʭ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ˇʨʫʥʪʦʚʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ 

 

ʂʽʣʴʢʽʩʪʴ ʚʽʜʽʙʨʘʥʦʾ ʪʝʧʣʦʪʠ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤ ˇʨʫʥʪʦʚʠʤ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʦʤ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ˇʨʫʥʪʫ, ʧʦʨʠ ʨʦʢʫ, ʪʨʠʚʘʣʦʩʪʽ 

( )WP WWGQ Q Q Z= +
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ʚʽʜʙʦʨʫ ʪʝʧʣʦʪʠ (ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʡ ʧʝʨʽʦʜ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʫ ʛʦʜʠʥʘʭ ʥʘ ʨʽʢ) 

ʪʦʱʦ. ʋ ʪʘʙʣ. 2.1 ʥʘʚʝʜʝʥʦ ʟʥʘʯʝʥʥʷ ʥʦʨʤʠ ʚʽʜʽʙʨʘʥʦʾ ʪʝʧʣʦʪʠ, ʚʠʭʦʜʷʯʠ ʟ 

ʪʨʠʚʘʣʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʚ ʤʝʞʘʭ ʚʽʜ 1800 ʜʦ 2400 ʛʦʜʠʥ ʥʘ 

ʨʽʢ, ʷʢʱʦ ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʣʠʰʝ ʥʘ ʦʧʘʣʝʥʥʷ. 

ʊʘʙʣʠʮʷ 2.1. 

ʅʦʨʤʠ ʚʽʜʙʦʨʫ ʪʝʧʣʦʪʠ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤʠ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘʤʠ (ʜʣʷ ʫʤʦʚ 

ʎʝʥʪʨʘʣʴʥʦʾ ɭʚʨʦʧʠ) [31] 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ˇʨʫʥʪʫ ʇʠʪʦʤʽ ʟʥʘʯʝʥʥʷ ʥʦʨʤʠ ʚʽʜʙʦʨʫ ʪʝʧʣʦʪʠ 

ʟʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʡ ʧʝʨʽʦʜ ʦʜʠʥ ʨʽʢ, 

 ɺʪ/ʤ 
2
 

1800 ʛʦʜʠʥ 2400 ʛʦʜʠʥ 

ʉʫʭʠʡ ʩʠʧʢʠʡ 10 8 

ɺʦʣʦʛʠʡ ʚ'ʷʟʢʠʡ 20...30 16 ... 24 

ʅʘʩʠʯʝʥʠʡ ʚʦʜʦʶ ʧʽʩʦʢ ʯʠ ʛʨʘʚʽʡ 40 32 

 

ɼʦʜʘʪʢʦʚʘ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ ʜʣʷ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʘ 

ʧʨʠ ʧʦʜʦʚʞʝʥʥʽ ʨʦʙʦʪʠ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʫʩʪʘʥʦʚʢʠ. ʅʘ ʜʽʣʷʥʮʽ, ʜʝ ʟʤʦʥʪʦʚʘʥʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʡ ˇʨʫʥʪʦʚʠʡ ʢʦʣʝʢʪʦʨ, ʥʝ ʧʦʚʠʥʥʦ ʙʫʪʠ ʞʦʜʥʠʭ ʩʧʦʨʫʜ. 

ʇʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ ʩʠʩʪʝʤʠ ʥʘ ʙʽʣʴʰ ʪʨʠʚʘʣʠʡ ʧʝʨʽʦʜ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʥʦʨʤʫ ʱʦʨʽʯʥʦ ʚʽʜʽʙʨʘʥʦʾ ʪʝʧʣʦʪʠ ʟ ʢʚʘʜʨʘʪʥʦʛʦ ʤʝʪʨʘ ʧʣʦʱʽ 

ˇʨʫʥʪʦʚʦʛʦ ʢʦʣʝʢʪʦʨʘ (ʢɺʪ/ʤ
2 
ʥʘ ʨʽʢ), ʦʩʢʽʣʴʢʠ ʮʝ ʟʥʘʯʝʥʥʷ ʚʽʜʦʙʨʘʞʘʻ 

ʪʨʠʚʘʣʫ ʜʽʶ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʚʽʜʙʦʨʫ ʪʝʧʣʦʪʠ. 

ʎʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʙʫʪʠ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 50 ʜʦ 70 ʢɺʪ/ʤ
2
 ʥʘ ʨʽʢ ʣʠʰʝ ʥʘ 

ʦʧʘʣʝʥʥʷ. 

ʉʧʠʨʘʶʯʠʩʴ ʥʘ ʘʤʝʨʠʢʘʥʩʴʢʠʡ ʜʦʩʚʽʜ [33], ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʟʘʣʝʞʥʦʩʪʽ 

ʚʝʣʠʯʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚʽʜ ʜʝʷʢʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʥʴʦʛʦ. ʎʝ 

ʜʦʟʚʦʣʠʣʦ ʚʠʟʥʘʯʠʪʠ ʧʠʪʦʤʝ ʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ qʛ, ʷʢʠʡ ʥʘʜʭʦʜʠʪʴ 

ʚʽʜ ˇʨʫʥʪʫ ʜʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʧʨʦʢʣʘʜʝʥʦʛʦ ˇʨʫʥʪʦʚʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʫ 

ʚʠʛʣʷʜʽ: 

                         

( 2.58) ( ) ( ),1,4 0,5 1x
xɻ ɻʈ

T

W
q t t

W
l

å õ
æ ö
ç ÷

= - + -



 93 

ʜʝ: ɚ ï ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ˇʨʫʥʪʫ, ɺʪ / ( ÁCĿʤ ); 

      Wʭ ʪʘ WT ï ʢʽʣʴʢʽʩʪʴ ʭʦʣʦʜʫ ʪʘ ʪʝʧʣʦʪʠ, ʱʦ ʚʽʜʙʠʨʘʻʪʴʩʷ ʚʽʜ ˇʨʫʥʪʫ ʟʘ 

ʨʽʢ; 

    tɻʈ ï ʪʝʤʧʝʨʘʪʫʨʘ ˇʨʫʥʪʫ ʚ ʧʨʠʨʦʜʥʦʤʫ ʩʪʘʥʽ, Áʉ; 

    tx ï ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʨʽʜʠʥʠ, ʱʦ ʦʭʦʣʦʜʞʫʻ ˇʨʫʥʪ. Áʉ. 

ʇʝʪʣʽ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ ʧʦʚʠʥʥʽ ʨʦʟʤʽʱʫʚʘʪʠʩʷ ʦʜʠʥ ʚʽʜ 

ʦʜʥʦʾ  ʥʘ ʚʽʜʩʪʘʥʽ ʥʝ ʤʝʥʰʝ 1 ʤ, ʱʦ ʧʨʘʢʪʠʯʥʦ ʚʠʢʣʶʯʘʻ ʚʧʣʠʚ ʦʜʥʽʻʾ ʧʝʪʣʽ 

ʥʘ ʽʥʰʫ ʽ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ. 

 

2.2.3. ɺʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʘʣʴ 

 

ʈʦʟʨʘʭʫʥʦʢ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʘʣʴ [9] ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʽʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʛʦʜʠʥ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʪʘ ʢʦʥʩʪʨʫʢʮʽʾ ʙʝʪʦʥʥʠʭ ʧʘʣʴ, ʘ ʪʘʢʦʞ ʨʽʚʥʷ 

ʪʝʧʣʦʚʦʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʝʥʝʨʛʦʧʘʣʷʤʠ. ʏʠʤ ʥʠʞʯʠʡ ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ RE 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʧʘʣʽ, ʪʠʤ ʚʠʱʠʡ ʨʽʚʝʥʴ ʧʝʨʝʜʘʯʽ ʪʝʧʣʦʪʠ. ʊʝʨʤʽʯʥʠʡ ʦʧʽʨ 

ʝʥʝʨʛʦʧʘʣʽ RE ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʟʥʘʯʝʥʴ ʧʝʨʝʭʽʜʥʠʭ ʦʧʦʨʽʚ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ 

ʧʠʪʦʤʠʭ ʟʥʘʯʝʥʴ ʦʧʦʨʫ ʤʘʪʝʨʽʘʣʫ. ʇʝʨʝʭʽʜʥʽ ʦʧʦʨʠ: ç̌ ʨʫʥʪ ï ʤʘʪʝʨʽʘʣ ʧʘʣʽ ï 

ʪʨʫʙʘ ï ʪʝʧʣʦʥʦʩʽʡ (ʩʦʣʷʥʠʡ ʨʦʟʯʠʥ)è: 

                                                               (2.59) 

ʜʝ: Rc ï ʦʧʽʨ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʪʝʧʣʦʥʦʩʽʡ/ʪʨʫʙʘ; RS ï ʦʧʽʨ ʪʝʧʣʦʧʝʨʝʜʘʯʽ 

ʮʠʨʢʫʣʷʮʽʡʥʠʭ ʢʦʥʪʫʨʽʚ; RP ï ʦʧʽʨ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʤʘʪʝʨʽʘʣʫ ʧʘʣʽ. 

ʅʝʦʙʭʽʜʥʘ ʜʦʚʞʠʥʘ ʮʠʨʢʫʣʷʮʽʡʥʦʛʦ ʢʦʥʪʫʨʫ L ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʠʪʦʤʽʡ 

ʧʦʪʫʞʥʦʩʪʽ ʚʽʜʚʝʜʝʥʥʷ qE ˇʨʫʥʪʫ (ʪʘʙʣ. 2.2.) ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ QO 

ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʪʠʧʫ çʩʦʣʷʥʠʡ ʨʦʟʯʠʥ ï ʚʦʜʘè: 

.                                                     (2.60) 

ʍʦʣʦʜʦʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʽʜʧʦʚʽʜʘʻ ʯʘʩʪʠʥʽ ʧʦʪʫʞʥʦʩʪʽ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ, 

ʦʪʨʠʤʘʥʦʛʦ ʟ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʽ ʩʪʘʥʦʚʠʪʴ ʨʽʟʥʠʮʶ ʤʽʞ ʪʝʧʣʦʚʦʶ 

ʧʦʪʫʞʥʽʩʪʶ QH ʪʘ ʢʽʣʴʢʽʩʪʶ ʩʧʦʞʠʪʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ Pel: 

.                                             (2.61) 

,cE R PR R R R= + +

E

QoL
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=
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ʊʘʙʣʠʮʷ 2.2.  

ʇʠʪʦʤʘ ʧʦʪʫʞʥʽʩʪʴ ʚʽʜʚʝʜʝʥʥʷ ʥʘ 1 ʤ ʛʣʠʙʠʥʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʧʘʣʽ [9] 

ʇʽʜˇʨʫʥʪʪ̫ ʇʠʪʦʤʘ ʧʦʪʫʞʥʽʩʪʴ ʚʽʜʚʝʜʝʥʥʷ 

qE ʥʘ1 ʤ ʛʣʠʙʠʥʠ ʧʘʣʽ ( ɺʪ/ʤ ) 

ʜʣʷ ʧʦʪʫʞʥʦʩʪʽ ʦʧʘʣʝʥʥʷ ʜʦ 30 

ʢɺʪ 

1800 ʛʦʜ/ʨʽʢ 2400 ʛʦʜ/ʨʽʢ 

ʇʦʛʘʥʘ ʷʢʽʩʪʴ ʧʽʜˇʨʫʥʪʪ̫ , ʩʫʭʽ ʚʽʜʢʣʘʜʝʥʥʷ 

 

25 20 

ʅʦʨʤʘʣʴʥʝ ʪʚʝʨʜʝ ʧʽʜˇʨʫʥʪʪ̫ , ʚʽʜʢʣʘʜʝʥʥʷ 

ʥʘʩʠʯʝʥʽ ʚʦʜʦʶ 

60 50 

ɿʮʝʤʝʥʪʦʚʘʥʘ ʧʦʨʦʜʘ ʟ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

84 70 

 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʪʨʫʙ, ʱʦ ʧʽʜʚʦʜʷʪʴ ʜʦ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʘʣʴ, ʥʝʦʙʭʽʜʥʦ 

ʟʘʙʝʟʧʝʯʠʪʠ ʥʠʟʴʢʽ ʚʪʨʘʪʠ ʪʠʩʢʫ, ʦʩʢʽʣʴʢʠ ʟʙʽʣʴʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ 

ʮʠʨʢʫʣʷʮʽʡʥʦʛʦ ʥʘʩʦʩʘ ʟʥʠʞʫʻ ʩʝʟʦʥʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ ʪʝʧʣʦʚʦʛʦ 

ʥʘʩʦʩʫ. 

ʊʝʯʽʷ ʚ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʘʣʷʭ ʧʦʚʠʥʥʘ ʤʘʪʠ ʪʫʨʙʫʣʝʥʪʥʠʡ ʭʘʨʘʢʪʝʨ, 

ʦʩʢʽʣʴʢʠ ʮʝ ʟʙʽʣʴʰʫʻ ʪʝʧʣʦʦʙʤʽʥ ʤʽʞ ʪʨʫʙʦʶ ʪʘ ʩʦʣʷʥʠʤ ʨʦʟʯʠʥʦʤ, ʱʦ ʫ 

ʩʚʦʶ ʯʝʨʛʫ, ʟʙʽʣʴʰʫʻ ʪʝʤʧʝʨʘʪʫʨʫ ʩʦʣʷʥʦʛʦ ʨʦʟʯʠʥʫ.  

ɿʘʛʘʣʴʥʘ ʥʝʦʙʭʽʜʥʘ ʧʦʪʫʞʥʽʩʪʴ QWP ʚʢʣʶʯʘʻ ʪʝʧʣʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʙʫʜʽʚʣʽ QG ʥʘ ʦʧʘʣʝʥʥʷ ʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʠʩʪʝʤʫ ɻɺʇ Q ww ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʯʘʩʫ ʚʽʜʚʝʜʝʥʥʷ Z: 

.                                      (2.62) 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʩʠʩʪʝʤ ʟ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʧʘʣʷʤʠ ʚʘʞʣʠʚʫ ʨʦʣʴ 

ʚʽʜʽʛʨʘʶʪʴ ʪʝʧʣʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ˇʨʫʥʪʫ. ɺʦʥʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʽʜ ʯʘʩ 

ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʟʨʘʟʢʽʚ ʧʦʨʦʜʠ, ʦʜʝʨʞʘʥʠʭ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ 

ʧʨʦʙʥʦʛʦ ʙʫʨʽʥʥʷ.  

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʩʠʩʪʝʤ ʝʥʝʨʛʦʧʘʣʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʶʶʯʠʭ 

ʧʨʦʛʨʘʤ ʧʦʪʨʽʙʥʘ ʽʥʬʦʨʤʘʮʽʷ ʱʦʜʦ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʧʦ ʚʩʽʡ ʛʣʠʙʠʥʽ 

ʩʚʝʨʜʣʦʚʠʥʠ. 

( )WP WWGQ Q Q Z= +
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ɼʘʥʫ ʽʥʬʦʨʤʘʮʽʶ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʤʽʩʮʽ ʚʠʢʦʥʘʥʥʷ 

ʨʦʙʽʪ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʚʝʜʝʥʥʷ ʪʝʩʪʫ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʱʦ  ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʝʥʝʨʛʦʧʘʣʽ  ʫ ʟʽʙʨʘʥʦʤʫ ʩʪʘʥʽ. ʆʮʽʥʢʘ ʧʨʦʚʦʜʠʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʪʝʦʨʽʾ ʣʽʥʽʡʥʦʛʦ ʜʞʝʨʝʣʘ ʂʝʣʴʚʽʥʘ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʷʶʪʴ 

ʧʦʙʘʯʠʪʠ ʪʦʯʥʽ ʛʝʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʥʘ ʤʽʩʮʽ ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʽʪ ʧʦ ʚʩʽʡ ʜʦʚʞʠʥʽ 

ʝʥʝʨʛʦʧʘʣʽ ʟʘ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʚʢʣʶʯʘʶʯʠ ʚʧʣʠʚ ʧʦʪʝʥʮʽʡʥʦ 

ʽʩʥʫʶʯʦʛʦ ʨʫʭʫ ˇʨʫʥʪʦʚʠʭ ʚʦʜ. 

 

2.2.4. ɺʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ˇʨʫʥʪʦʚʽ 

ʚʦʜʠ ʷʢ ʜʞʝʨʝʣʦ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʪʝʧʣʦʪʠ  

 

ɺʠʪʨʘʪʘ ˇʨʫʥʪʦʚʦʾ ʚʦʜʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

,                                        (2.63) 

ʜʝ Q TH ï ʪʝʧʣʦʚʘ ʧʦʪʫʞʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ; c ï ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ 

ʚʦʜʠ, ʱʦ ʜʦʨʽʚʥʶʻ 4,187 ʢɼʞ/ʢʛ ÁC; ȹt ʚʠʢ ï ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ ʚʦʜʠ ʥʘ ʚʭʦʜʽ 

ʫ ʚʠʧʘʨʥʠʢ ʽ ʥʘ ʚʠʭʦʜʽ ʟ ʥʴʦʛʦ, ʷʢʘ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʚʥʦʶ, ʷʢ ʧʨʘʚʠʣʦ, 5 ÁC, 

ʚʦʥʘ ʤʦʞʝ ʙʫʪʠ ʥʘ ʛʨʘʜʫʩ ʙʽʣʴʰʝ ʟʘ ʫʤʦʚʠ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʠʭʦʜʽ ʟ 

ʚʠʧʘʨʥʠʢʘ ʥʝ ʥʠʞʯʝ 5Áʉ ; 1,1 - ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʤʦʞʣʠʚʝ ʟʤʝʥʰʝʥʥʷ 

ʜʝʙʽʪʫ ʩʚʝʨʜʣʦʚʠʥʠ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ˆʨʫʥʪʦʚʫ ʚʦʜʫ, ʷʢʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʚ ʷʢʦʩʪʽ ʜʞʝʨʝʣʘ 

ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʛʾ ʪʝʧʣʦʪʠ, ʥʝʦʙʭʽʜʥʦ ʧʦʚʝʨʥʫʪʠ ʫ ʚʦʜʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ.  

ɺʦʜʘ ʥʝ ʧʦʚʠʥʥʘ ʤʽʩʪʠʪʠ ʜʦʤʽʰʦʢ ʪʘ ʘʛʨʝʩʠʚʥʠʭ ʨʝʯʦʚʠʥ. ʅʝʦʙʭʽʜʥʦ 

ʚʞʠʪʠ ʟʘʭʦʜʽʚ ʜʣʷ ʥʝʜʦʧʫʱʝʥʥʷ ʧʦʧʘʜʘʥʥʷ ʢʠʩʥʶ ʜʦ ʩʠʩʪʝʤʠ ʚʽʜʙʦʨʫ 

ʪʝʧʣʦʪʠ, ʦʩʦʙʣʠʚʦ ʫ ʨʘʟʽ ʧʨʠʩʫʪʥʦʩʪʽ ʫ ʚʦʜʽ ʟʘʣʽʟʘ ʪʘ ʤʘʨʛʘʥʮʶ [31]. 

ɻʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʚʦʜʽ ʥʘʚʝʜʝʥʦ ʚ 

ʪʘʙʣ. 2.3. 

ʗʢʱʦ ʚʦʜʘ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʚʠʱʝʟʛʘʜʘʥʠʤ ʚʠʤʦʛʘʤ (ʥʘʧʨʠʢʣʘʜ, ʫ ʨʘʟʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʨʩʴʢʦʾ ʚʦʜʠ), ʟʘʩʪʦʩʦʚʫʶʪʴ ʚʪʦʨʠʥʥʠʡ ʢʦʥʪʫʨ ʘʙʦ 

ʪʝʭʥʦʣʦʛʽʶ ʦʯʠʱʝʥʥʷ ʚʦʜʠ. 

1,1 3600 1ʊʅ
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ʊʘʙʣʠʮʷ 2.3.  

ɻʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʚʦʜ ̔[31] 

ʇʘʨʘʤʝʪʨʠ / ʦʜʠʥʠʮʽ 

ʚʠʤʽʨʶʚʘʥʥʷ 

ɺʦʜʘ, ʱʦ ʧʦʜʘʻʪʴʩʷ 

ʥʘ ʚʠʧʘʨʥʠʢ ʊʅ 

ɺʦʜʘ ʧʠʪʥʘ 

 

ʆʨʛʘʥʽʯʥʽ ʨʝʯʦʚʠʥʠ  ʅ ̔ ʅ ̔

ʂʠʩʣʦʪʥʽʩʪʴ, ʨH 6,5é9,0 6, 0 é 9,0 

ʇʠʪʦʤʘ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ, ɛS /ʩʤ 

50 é 1000 - 

ʍʣʦʨʠʜ, ʤʛ/ʣ < 300 - 

ɿʘʣʽʟʦ, ʤʛ/ʣ 1 , 0 0,3 

ʄʘʨʛʘʥʝʮʴ, ʤʛ/ʣ 1,0 0,1 

ʉʫʣʴʬʘʪ, ʤʛ/ʣ 0 é 150 - 

ɺʤʽʩʪ ʢʠʩʥʶ ʆ2 ʤʛ/ʣ < 2 4 

ʍʣʦʨ, ʤʛ/ʣ 0 é 5 - 

ʅʽʪʨʘʪ, ʤʛ/ʣ 0 é 100 45 

 

ʗʢʱʦ ʚʦʜʘ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʚʠʱʝʟʛʘʜʘʥʠʤ ʚʠʤʦʛʘʤ (ʥʘʧʨʠʢʣʘʜ, ʫ ʨʘʟʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʨʩʴʢʦʾ ʚʦʜʠ), ʟʘʩʪʦʩʦʚʫʶʪʴ ʚʪʦʨʠʥʥʠʡ ʢʦʥʪʫʨ ʘʙʦ 

ʪʝʭʥʦʣʦʛʽʶ ʦʯʠʱʝʥʥʷ ʚʦʜʠ. 

ʅʘʧʨʷʤʦʢ ʧʦʪʦʢʫ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʧʦʚʠʥʝʥ ʚʨʘʭʦʚʫʚʘʪʠʩʷ ʧʨʠ ʚʠʙʦʨʽ 

ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʥʘʛʥʽʪʘʣʴʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ. ʉʚʝʨʜʣʦʚʠʥʘ ʜʣʷ ʚʽʜʙʦʨʫ 

ʚʦʜʠ ʧʦʚʠʥʥʘ ʟʥʘʭʦʜʠʪʠʩʷ ʧʝʨʝʜ ʥʘʛʥʽʪʘʣʴʥʦʶ ʩʚʝʨʜʣʦʚʠʥʦʶ ʚ ʥʘʧʨʷʤʢʫ 

ʧʦʪʦʢʫ ˇʨʫʥʪʦʚʠʭ ʚʦʜ. 

ɺʠʟʥʘʯʘʣʴʥʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʝʬʝʢʪʠʚʥʩ̔ʪɹ ʫʩʪʘʥʦʚʢʠ ʻ 

ʚʽʜʩʪʘʥʴ ʤʽʞ ʩʚʝʨʜʣʦʚʠʥʘʤʠ ʜʣʷ ʚʽʜʙʦʨʫ ʪʘ ʥʘʛʥʽʪʘʥʥʷ ʚʦʜʠ. ʎʷ ʚʽʜʩʪʘʥʴ ʥʝ 

ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʘʜʪʦ ʚʝʣʠʢʦʶ, ʱʦʙ ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʚʦʜʦʥʘʩʠʯʝʥʦʛʦ 

ʛʦʨʠʟʦʥʪʫ ʥʝ ʙʫʚ ʥʘʜʪʦ ʚʠʩʦʢʠʤ.  

ɺ ʪʘʙʣ. 2.4 ʥʘʚʝʜʝʥʽ ʜʘʥʽ ʱʦʜʦ ʚʽʜʩʪʘʥʽ ʤʽʞ ʩʚʝʨʜʣʦʚʠʥʘʤʠ ʜʣʷ ʚʽʜʙʦʨʫ 

ʪʘ ʥʘʛʥʽʪʘʥʥʷ ʚʦʜʠ ʧʨʠ ʧʦʨʠʩʪʦʩʪʽ ˇʨʫʥʪʫ ʚʦʜʦʥʘʩʠʯʝʥʦʛʦ ʛʦʨʠʟʦʥʪʫ 20% 

[33]. 
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ʊʘʙʣʠʮʷ 2.4.  

ɺʽʜʩʪʘʥʴ ʤʽʞ ʩʚʝʨʜʣʦʚʠʥʘʤʠ ʜʣʷ ʚʽʜʙʦʨʫ ʪʘ ʥʘʛʥʽʪʘʥʥʷ ʚʦʜʠ ʧʨʠ 

ʧʦʨʠʩʪʦʩʪʽ ˇʨʫʥʪʫ ʚʦʜʦʥʘʩʠʯʝʥʦʛʦ ʛʦʨʠʟʦʥʪʫ 20% [33] 

ʊʦʚʱʠʥʘ 

ʚʦʜʦʥʦʩʥʦʛʦ 

ʛʦʨʠʟʦʥʪʫ, ʤ 

ʂʽʣʴʢʽʩʪʴ 

ʜʥʽʚ 

ʨʦʙʦʪʠ 

ʧʨʦʪʷʛʦʤ 

ʨʦʢʫ. 

ɺʽʜʩʪʘʥʴ ʤʽʞ ʩʚʝʨʜʣʦʚʠʥʘʤʠ, ʤ 

ʧʨʠ ʚʠʪʨʘʪʽ ʪʝʧʣʦʥʦʩʽʷ ʤ
3
/ʛʦʜʠʥʫ. 

2,3 4,6 9,2 13,8 18,4 23 46 115 230 

 

3 

100 35 48 69 85 99 111    

140 39 54 77 94 110 122    

210 44 61 88 109 127 144    

280 50 68 100 124 145 125    

 

9 

100 26 37 53 63 74 82 117   

140 30 43 59 73 85 94 136   

210 36 50 70 85 99 110 157   

280 41 57 81 97 113 126 178   

 

15 

100 22 31 44 54 62 68 94 155 217 

140 25 36 50 62 72 80 112 178 251 

210 30 42 60 75 86 94 133 212 301 

280 35 48 70 87 100 108 153 247 350 

 

24 

100 17 25 36 45 52 58 81 128 180 

140 21 30 42 52 60 67 94 151 208 

210 25 36 51 63 72 81 115 178 252 

280 29 42 60 74 85 95 136 206 296 

 

30 

100 17 23 33 40 47 52 73 116 165 

140 20 27 38 47 54 61 86 136 193 

210 24 32 46 56 65 73 105 162 230 

280 28 37 53 66 76 85 123 187 268 
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ʗʢʱʦ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘʧʨʷʤ ʨʫʭʫ ʚʦʜʠ ʫ ʚʦʜʦʥʘʩʠʯʝʥʦʤʫ 

ʛʦʨʠʟʦʥʪʽ ʚ ʦʜʠʥ ʙʽʢ, ʪʦ ʥʘʛʥʽʪʘʣʴʥʘ ʩʚʝʨʜʣʦʚʠʥʘ ʤʦʞʝ ʨʦʟʤʽʱʫʚʘʪʠʩʷ ʥʘ 

ʚʽʜʩʪʘʥʽ ʥʝ ʤʝʥʰʝ 5 ʤ ʚʽʜ ʩʚʝʨʜʣʦʚʠʥʠ ʜʣʷ ʚʽʜʙʦʨʫ ʚʦʜʠ, ʷʢʱʦ ʧʨʠʨʦʜʥʠʡ 

ʨʫʭ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʩʧʨʷʤʦʚʘʥʠʡ ʚʽʜ ʩʚʝʨʜʣʦʚʠʥʠ ʜʣʷ ʚʽʜʙʦʨʫ ʚʦʜʠ ʜʦ 

ʥʘʛʥʽʪʘʣʴʥʦʾ [34]. 

ʇʨʠ ʧʦʨʠʩʪʦʩʪʽ ˇʨʫʥʪʫ 10 % ʧʦʪʨʽʙʥʫ ʚʽʜʩʪʘʥʴ ʤʽʞ ʩʚʝʨʜʣʦʚʠʥʘʤʠ 

ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʟʙʽʣʴʰʠʪʠ ʥʘ 5 %, ʘ ʧʨʠ ʧʦʨʠʩʪʦʩʪʽ 30 % ï ʟʤʝʥʰʠʪʠ ʥʘ 5 %. 

ɼʽʘʧʘʟʦʥʠ ʟʥʘʯʝʥʴ ʧʦʨʠʩʪʦʩʪʽ ʜʝʷʢʠʭ ˇʨʫʥʪʽʚ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 2.5. 

 

ʊʘʙʣʠʮʷ 2.5.  

ɿʥʘʯʝʥʥʷ ʧʦʨʠʩʪʦʩʪʽ ˇʨʫʥʪʽʚ [31] 

ˆʨʫʥʪ ʇʦʨʠʩʪʽʩʪʴ, % ˆʨʫʥʪ ʇʦʨʠʩʪʽʩʪʴ, % 

ʛʣʠʥʘ 45 ï 50 ʧʽʩʢʦʚʠʢ 5 ï 30 

ʤʫʣ 35 ï 50 ʚʘʧʥʷʢ 1 ï 20 

ʧʽʩʦʢ 25 ï 40 ʩʣʘʥʝʮʴ 0 ï 10 

ʛʨʘʚʽʡ 25 ï 40 ʛʽʨʩʴʢʘ ʧʦʨʦʜʘ < 1 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʘʥʽ ʮʽʻʾ ʪʘʙʣʠʮʽ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʥʝʦʙʭʽʜʥʠʡ ʦʙʩʷʛ 

ˇʨʫʥʪʦʚʦʾ ʚʦʜʠ ʜʣʷ ʨʦʙʦʪʠ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʥʘ ʢʦʥʢʨʝʪʥʦʤʫ ʦʙ'ʻʢʪʽ. 

 

2.2.5. ɺʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ˇʨʫʥʪʦʚʦʛʦ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ 

 

ʈʦʟʨʘʭʫʥʦʢ ʚʝʨʪʠʢʘʣʴʥʠʭ ˇʨʫʥʪʦʚʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ (ʢʦʣʝʢʪʦʨʽʚ) 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʫ, ʩʝʟʦʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ 

ʩʠʩʪʝʤʠ, ʜʽʘʤʝʪʨʘ ʩʚʝʨʜʣʦʚʠʥʠ, ʤʘʪʝʨʽʘʣʫ ʟʘʩʠʧʢʠ ʩʚʝʨʜʣʦʚʠʥʠ, 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʨʫʙ ʫ ʩʚʝʨʜʣʦʚʠʥʽ ʪʘ ʪʝʧʣʦʚʦʾ ʚʟʘʻʤʦʜʽʾ ʩʠʩʪʝʤ ʚʝʨʪʠʢʘʣʴʥʠʭ 

ʢʦʣʝʢʪʦʨʽʚ. ʊʝʨʤʽʯʥʠʡ ʦʧʽʨ ʩʚʝʨʜʣʦʚʠʥʠ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʟʥʘʯʝʥʴ ʧʝʨʝʭʽʜʥʠʭ 

ʦʧʦʨʽʚ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʧʠʪʦʤʠʭ ʦʧʦʨʽʚ ʤʘʪʝʨʽʘʣʽʚ. ʇʝʨʝʭʽʜʥʽ ʦʧʦʨʠ: 

ˇʨʫʥʪ - ʟʘʩʠʧʢʘ ʩʚʝʨʜʣʦʚʠʥʠ ï ʪʨʫʙʘ - ʪʝʧʣʦʥʦʩʽʡ (ʩʦʣʷʥʠʡ ʨʦʟʯʠʥ) . 

ʆʧʽʨ ʤʘʪʝʨʽʘʣʽʚ Rb ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
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,                                                   (2.64) 

ʜʝ:  Rc - ʦʧʽʨ ʪʝʧʣʦʚʽʜʜʘʯʽ ʪʝʧʣʦʥʦʩʽʡ / ʪʨʫʙʘ; 

RS ï ʦʧʽʨ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʪʨʫʙʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʢʦʣʝʢʪʦʨʘ; 

RV - ʦʧʽʨ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʤʘʪʝʨʽʘʣʫ ʟʘʩʠʧʢʠ ʩʚʝʨʜʣʦʚʠʥʠ.  

ʅʝʦʙʭʽʜʥʘ ʜʦʚʞʠʥʘ ʢʦʣʝʢʪʦʨʘ L ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʠʪʦʤʽʡ ʧʦʪʫʞʥʦʩʪʽ 

ʚʽʜʚʝʜʝʥʥʷ  qE ˇʨʫʥʪʫ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ Qʦ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʪʠʧʫ 

ñʩʦʣʷʥʠʡ ʨʦʟʯʠʥ ï ʚʦʜʘò. 

.                                                        (2.65) 

ʇʦʪʫʞʥʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʯʘʩʪʠʥʽ ʧʦʪʫʞʥʦʩʪʽ ʪʝʧʣʦʚʦʛʦ 

ʥʘʩʦʩʘ, ʦʪʨʠʤʘʥʦʾ ʟ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʽ ʩʪʘʥʦʚʠʪʴ ʨʽʟʥʠʮʶ ʤʽʞ 

ʪʝʧʣʦʚʦʶ ʧʦʪʫʞʥʽʩʪʶ QH ʪʘ ʢʽʣʴʢʽʩʪʶ ʩʧʦʞʠʪʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ Pel. 

.                                                 (2.66) 

ʄʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʤʘʻ ʩʪʘʥʦʚʠʪʠ 1 ʤ/ʩ. ʊʝʯʽʷ ʫ ˇʨʫʥʪʦʚʦʤʫ 

ʢʦʥʪʫʨʽ ʧʦʚʠʥʥʘ ʤʘʪʠ ʪʫʨʙʫʣʝʥʪʥʠʡ ʭʘʨʘʢʪʝʨ, ʦʩʢʽʣʴʢʠ ʮʝ ʧʦʩʠʣʶʻ 

ʪʝʧʣʦʦʙʤʽʥ ʤʽʞ ʪʨʫʙʦʶ ʪʘ ʩʦʣʷʥʠʤ ʨʦʟʯʠʥʦʤ, ʱʦ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʧʽʜʚʠʱʫʻ 

ʡʦʛʦ ʪʝʤʧʝʨʘʪʫʨʫ. ɿʘʛʘʣʴʥʘ ʥʝʦʙʭʽʜʥʘ ʧʦʪʫʞʥʽʩʪʴ  QWP ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ 

ʚʢʣʶʯʘʻ ʥʝʦʙʭʽʜʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʫʜʽʚʣʽ ʥʘ ʦʧʘʣʝʥʥʷ QG ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ɻɺʇ Qww  ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʯʘʩʫ ʚʽʜʚʝʜʝʥʥʷ Z: 

.                                                  (2.67) 

ʗʢʱʦ ʧʨʠ ʚʠʙʦʨʽ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʜʝʣʴ ʟ ʤʝʥʰʠʤ 

ʨʽʚʥʝʤ ʪʝʧʣʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʘʙʦ ʤʝʥʰʦʶ ʜʦʚʞʠʥʦʶ ʢʦʥʪʫʨʫ, ʪʦ ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ. ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʙʽʣʴʰʠʭ ʩʠʩʪʝʤ 

ʢʦʣʝʢʪʦʨʽʚ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʠʧʫ (> 30 ʢɺʪ) ʜʫʞʝ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ 

ʪʝʧʣʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ˇʨʫʥʪʫ. ɺʦʥʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʟʨʘʟʢʽʚ ˇʨʫʥʪʫ ʧʨʠ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʙʥʦʛʦ ʙʫʨʽʥʥʷ. ʆʜʥʘʢ 

ʮʝʡ ʤʝʪʦʜ ʻ ʩʢʣʘʜʥʠʤ ʽ ʤʦʞʝ ʙʫʪʠ ʟʜʽʡʩʥʝʥʠʡ ʪʽʣʴʢʠ ʫ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ. 

ɼʘʥʫ ʽʥʬʦʨʤʘʮʽʶ ʤʦʞʥʘ ʪʘʢʦʞ ʦʪʨʠʤʘʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʤʽʩʮʽ ʧʨʦʚʝʜʝʥʥʷ 

ʨʦʙʽʪ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʚʝʜʝʥʥʷ ʪʝʩʪʫ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʟʚʦʣʷʶʪʴ ʧʦʙʘʯʠʪʠ ʪʦʯʥʽ ʛʝʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʥʘ ʤʽʩʮʽ ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʽʪ ʥʘ 
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ʚʩʽʡ ʛʣʠʙʠʥʽ ʩʚʝʨʜʣʦʚʠʥʠ ʽ ʟʘ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʚʢʣʶʯʘʶʯʠ 

ʚʧʣʠʚ ʧʦʪʝʥʮʽʡʥʦ ʽʩʥʫʶʯʦʛʦ ʨʫʭʫ ˇʨʫʥʪʦʚʠʭ ʚʦʜ.  

 

2.2.6. ʇʘʨʘʤʝʪʨʠʯʥʽ ʪʘʙʣʠʮʽ ʜʘʥʠʭ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ˇʨʫʥʪʦʚʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ 

 

ɼʣʷ ˇʨʫʥʪʦʚʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʚʽʜʽʙʨʘʥʦʾ ʧʠʪʦʤʦʾ 

ʪʝʧʣʦʪʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʽʣʴʢʽʩʪʶ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʥʘ ʦʜʠʥ ʤʝʪʨ ʛʣʠʙʠʥʠ 

ʩʚʝʨʜʣʦʚʠʥʠ (ɺʪ/ʤ). ʅʦʨʤʘ ʚʽʜʙʦʨʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ˇʨʫʥʪʫ ʪʘ 

ʪʨʠʚʘʣʦʩʪʽ ʚʽʜʙʦʨʫ ʪʝʧʣʦʪʠ (ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʡ ʧʝʨʽʦʜ ʜʣʷ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʫ 

ʛʦʜʠʥʘʭ ʥʘ ʨʽʢ) . 

 ʋ ʪʘʙʣ. 2.6 ʥʘʚʝʜʝʥʦ ʟʥʘʯʝʥʥʷ ʚʽʜʽʙʨʘʥʦʾ ʪʝʧʣʦʪʠ ʧʨʠ ʩʝʨʝʜʥʴʦʨʽʯʥʽʡ 

ʟʦʚʥʽʰʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 9 ʜʦ 11 Áʉ, ʚʽʜʧʦʚʽʜʥʽ ʦʢʨʝʤʠʤ 

ʦʧʘʣʶʚʘʣʴʥʠʤ ʩʠʩʪʝʤʘʤ ʟ ʧʨʦʙʫʨʝʥʠʤʠ ʩʚʝʨʜʣʦʚʠʥʘʤʠ. 

ʊʘʙʣʠʮʷ 2.6.  

ʇʠʪʦʤʽ ʟʥʘʯʝʥʥʷ ʪʝʧʣʦʪʠ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ˇʨʫʥʪʫ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʤʫ 

ʧʝʨʽʦʜʽ ʚ ʦʜʠʥ ʨʽʢ (ʜʣʷ ʫʤʦʚ ʎʝʥʪʨʘʣʴʥʦʾ ɭʚʨʦʧʠ) [35] 

ʊʠʧ ˇʨʫʥʪʫ ʇʠʪʦʤʝ ʟʥʘʯʝʥʥʷ ʚʽʜʽʙʨʘʥʦʾ 

ʪʝʧʣʦʪʠ (ɺʪ/ʤ) 

1800 

ʛʦʜʠʥ 

2400 ʛʦʜʠʥ 

ɺʠʩʥʘʞʝʥʠʡ ˇʨʫʥʪ (ʟ ʩʫʭʠʤʠ ʯʘʩʪʠʥʘʤʠ),  

ɚ <1,5 ɺʪ/(ʤĿÁC) 

25 20 

ɿʚʠʯʘʡʥʠʡ ˇʨʫʥʪ  (ʚʦʜʦʥʘʩʠʯʝʥʠʡ), 

1,5 <ɚ <3 ɺʪ/(ʤĿÁC)  

60 50 

ʇʫʭʢʘ ʧʦʨʦʜʘ ʟ ʚʠʩʦʢʦʶ 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ, ɚ> 3 ɺʪ/(ʤĿÁC) 

84 70 

ʇʨʠʤʽʪʢʘ: ʟʥʘʯʝʥʥʷ ʜʽʡʩʥʽ ʜʣʷ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʪʝʧʣʦʚʦʶ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʜʦ 30 ʢɺʪ. 
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ɼʣʷ ʙʽʣʴʰ ʧʦʪʫʞʥʠʭ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ˇʨʫʥʪ ʷʢ 

ʜʞʝʨʝʣʦ ʪʝʧʣʦʪʠ, ʟʘʩʪʦʩʦʚʫʶʪʴ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʨʦʟʨʘʭʫʥʢʠ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜʠ ʘʥʘʣʽʪʠʯʥʠʭ ʨʽʰʝʥʴ ʯʠ ʮʠʬʨʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ [31]. 

ɼʣʷ ʪʦʛʦ ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʟʘʛʘʣʴʥʫ ʜʦʚʞʠʥʫ Lʩ ʤ, ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ, ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʪʝʧʣʦʚʫ ʧʦʪʫʞʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ (QTH , 

ʢɺʪ), ʽ ʨʦʟʨʘʭʫʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʪʚʦʨʝʥʥʷ Ů 

,                                       (2.68) 

ʜʝ: qʩ - ʧʠʪʦʤʠʡ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ, ɺʪ/ʤ, ʟ 1 ʧʦʛʦʥʥʦʛʦ ʤʝʪʨʘ ʩʚʝʨʜʣʦʚʠʥʠ. 

ʈʦʟʤʽʨ qʩ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʯʠʥʥʠʢʽʚ, ʾʾ ʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

ʉʧʠʨʘʶʯʠʩʴ ʥʘ ʽʩʥʫʶʯʠʡ ʜʦʩʚʽʜ [31], ʚʠʢʦʥʘʥʠʡ ʘʥʘʣʽʟ ʟʘʣʝʞʥʦʩʪʝʡ 

ʚʝʣʠʯʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚʽʜ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʥʴʦʛʦ. ʎʝ 

ʜʦʟʚʦʣʠʣʦ ʚʠʟʥʘʯʠʪʠ ʧʠʪʦʤʝ ʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ qɻ , ʱʦ ʥʘʜʭʦʜʠʪʴ 

ʚʽʜ ˇʨʫʥʪʫ ʜʦ ʚʝʨʪʠʢʘʣʴʥʦ ʧʨʦʢʣʘʜʝʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʫ ʚʠʛʣʷʜʽ 

,                          (2.69) 

ʜʝ ɚ ï ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ˇʨʫʥʪʫ, ɺʪ/(ÁCĿʤ); Wʭ ʪʘ WT ï ʢʽʣʴʢʽʩʪʴ 

ʭʦʣʦʜʫ/ʪʝʧʣʦʪʠ, ʱʦ ʚʽʜʙʠʨʘʻʪʴʩʷ ʚʽʜ ˇʨʫʥʪʫ ʟʘ ʨʽʢ, ɺʪ; tɻʈ ï ʪʝʤʧʝʨʘʪʫʨʘ 

ˇʨʫʥʪʫ ʚ ʧʨʠʨʦʜʥʦʤʫ ʩʪʘʥʽ, Áʉ; t ʭ ï ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʨʽʜʠʥʠ, ʱʦ 

ʦʭʦʣʦʜʞʫʻ ˇʨʫʥʪ, Áʉ; k - ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʜʦʨʽʚʥʶʻ 1,0 ʧʨʠ ʦʧʫʩʢʘʥʥʽ ʚ 

ʩʚʝʨʜʣʦʚʠʥʫ ʦʜʥʽʻʾ U-ʧʦʜʽʙʥʦʾ ʪʨʫʙʠ ʽ k = 1,28, ʷʢʱʦ ʪʨʫʙ ʜʚʽ. 

ɼʣʷ ʧʨʘʢʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʟʥʘʯʝʥʥʷ ʦʙʩʷʛʫ ʪʝʧʣʦʥʦʩʽʷ ʚ ˇʨʫʥʪʦʚʦʤʫ 

ʢʦʣʝʢʪʦʨʽ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 2.7. 

ʊʘʙʣʠʮʷ 2.7.  

ʆʙ'ʻʤ ʪʝʧʣʦʥʦʩʽʷ ʚ ʪʨʫʙʽ ʟ ʧʦʣʽʝʪʠʣʝʥʫ ʇɽ 100 [31] 

ɼʽʘʤʝʪʨ Ĭ 

ʪʦʚʱʠʥʘ 

ʩʪʽʥʢʠ ( ʤʤ ) 

 

20 Ĭ 

2,0 

 

25 Ĭ 

2,3 

 

32 Ĭ 

3,0 

 

40 Ĭ 

2,3 

 

40 Ĭ 

3,7 

 

40 Ĭ 

3,7 

 

50 Ĭ 

2,9 

 

63 Ĭ 

5,8 

 

63 Ĭ 

3,6 

ʆʙ'ʻʤ 

ʪʝʧʣʦʥʦʩʽʷ ʚ 

ʪʨʫʙʽ, ʧʤ/ʣ 

 

0,201 

 

0,327 

 

0,531 

 

0,984 

 

0,835 

 

1,595 

 

1,308 

 

2,070 

 

2,445 
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ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ˇʨʫʥʪʦʚʠʭ ʢʦʣʝʢʪʦʨʽʚ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʛʽʜʨʘʚʣʽʯʥʽ 

ʨʦʟʨʘʭʫʥʢʠ. ʅʘʚʝʜʝʤʦ ʟʥʘʯʝʥʥʷ ʚʪʨʘʪ ʪʠʩʢʫ ʟʘ ʜʦʚʞʠʥʦʶ ʜʣʷ ʧʦʣʽʝʪʠʣʝʥʦʚʠʭ 

ʪʨʫʙ ʨʽʟʥʠʭ ʜʽʘʤʝʪʨʽʚ. ɺ ʷʢʦʩʪʽ ʪʝʧʣʦʥʦʩʽʷ ʧʨʠʡʤʘʻʤʦ 50%-ʡ ʨʦʟʯʠʥ ʚʦʜʠ ʪʘ 

ʧʨʦʧʽʣʝʥʛʣʽʢʦʣʶ. 

 

2.3. ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʧʨʦʮʝʩʽʚ ʚ  ʝʣʝʤʝʥʪʘʭ 

ʪʨʫʙʦʧʨʦʚʦʜʽʚ  ʛʝʦʪʝʨʤʘʣʴʥʠʭ  ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ 

 

ɻʦʣʦʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʩʠʩʪʝʤʠ ʜʦʙʫʚʘʥʥʷ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʚʦʾ 

ʝʥʝʨʛʽʾ ʻ ʧʦʻʜʥʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʽ ʧʨʠʨʦʜʥʦʛʦ ʝʣʝʤʝʥʪʽʚ ʪʘʢʠʭ ʩʠʩʪʝʤ. ʇʨʠ 

ʮʴʦʤʫ ʧʨʠʨʦʜʥʻ ʜʞʝʨʝʣʦ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʧʝʨʝʙʫʚʘʻ ʚ ʩʝʨʝʜʦʚʠʱʽ, ʷʢʝ 

ʤʘʣʦʜʦʩʪʫʧʥʝ ʜʣʷ ʩʧʦʩʪʝʨʝʞʝʥʴ. 

ɼʨʫʛʦʶ ʥʝ ʤʝʥʰ ʟʥʘʯʥʦʶ ʧʨʦʙʣʝʤʦʶ ʻ ʧʦʜʦʚʞʝʥʥʷ ʨʝʩʫʨʩʫ 

ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʡ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʜʘʥʦʛʦ 

ʪʝʧʣʦʦʙʤʽʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ  ʚ ʫʤʦʚʘʭ ʩʪʘʨʽʥʥʷ ʤʘʪʝʨʽʘʣʽʚ, ʩʭʠʣʴʥʠʭ ʜʦ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʧʣʠʚʫ ʽʥʪʝʥʩʠʚʥʠʭ ʤʝʭʘʥʽʯʥʠʭ ʽ ʪʝʧʣʦʚʠʭ ʩʢʣʘʜʦʚʠʭ. 

 

2.3.1. ʈʽʚʥʷʥʥʷ ʨʘʜʽʘʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʩʪʽʥʦʢ ʪʨʫʙʦʧʨʦʚʦʜʽʚ 

 

ʆʜʥʠʤ ʽʟ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʥʘʜʽʡʥʽʩʪʴ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʻ 

ʤʦʞʣʠʚʽ ʟʤʽʱʝʥʥʷ ʩʪʽʥʦʢ ʪʨʫʙʦʧʨʦʚʦʜʽʚ. 

ʇʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʨʘʜʽʘʣʴʥʠʭ ʟʤʽʱʝʥʴ ʩʪʽʥʦʢ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʫ 

ʪʨʫʙʦʧʨʦʚʦʜʘʭ, ʟʘʧʦʚʥʝʥʠʭ ʨʽʜʠʥʦʶ, ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʫ ʤʦʞʝ 

ʙʫʪʠ ʦʙʤʝʞʝʥʦʶ ʟ ʢʽʣʴʢʦʭ ʧʨʠʯʠʥ: ʨʫʭ ʨʽʜʠʥʠ ʚ ʪʨʫʙʦʧʨʦʚʦʜʽ, ʟʤʽʥʠ ʬʦʨʤʠ 

ʪʨʫʙʠ, ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʨʽʜʠʥʠ, ʥʝʦʜʥʘʢʦʚʠʡ ʪʠʩʢ, ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ 

ʩʪʽʥʦʢ. 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ, ʯʝʨʝʟ ʷʢʽ 

ʮʠʨʢʫʣʶʻ ʪʝʧʣʦʥʦʩʽʡ ʚʽʜ ʚʽʜʢʨʠʪʦʾ ʚʦʜʦʡʤʠ ʜʦ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ, ʚʢʣʶʯʘʶʯʠ 

ʨʘʜʽʘʣʴʥʽ ʢʦʣʠʚʘʥʥʷ ʩʪʽʥʦʢ ʪʨʫʙʦʧʨʦʚʦʜʽʚ, ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʯʠʩʝʣʴʥʽ 
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ʤʝʪʦʜʠ ʪʘʢʽ, ʷʢ ʤʝʪʦʜ ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ (Finite Element Method, FEM) ʪʘ 

ʤʝʪʦʜ ʦʙʤʝʞʝʥʠʭ ʦʙ'ʻʤʽʚ (Finite Volume Method, FVM) [36]. 

ɿʘʣʝʞʥʦ ʚʽʜ ʢʦʥʢʨʝʪʥʦʛʦ ʟʘʚʜʘʥʥʷ ʽ ʦʙʣʘʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʨʽʟʥʽ ʢʦʤʙʽʥʘʮʽʾ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʤʦʜʝʣʝʡ. ʊʘʢʠʡ 

ʘʥʘʣʽʟ ʜʦʟʚʦʣʠʪʴ ʚʠʟʥʘʯʠʪʠ, ʷʢ ʪʝʧʣʦʥʦʩʽʡ ʨʫʭʘʻʪʴʩʷ ʚ ʪʨʫʙʦʧʨʦʚʦʜʽ, 

ʚʨʘʭʦʚʫʶʯʠ ʛʽʜʨʘʚʣʽʯʥʽ, ʪʝʧʣʦʚʽ ʪʘ ʤʝʭʘʥʽʯʥʽ ʘʩʧʝʢʪʠ ʽ ʷʢ ʮʝ ʚʧʣʠʚʘʻ ʥʘ 

ʜʠʥʘʤʽʢʫ ʩʠʩʪʝʤʠ. 

ʈʽʚʥʷʥʥʷ ʨʫʭʫ ʩʪʽʥʦʢ ʪʨʫʙʦʧʨʦʚʦʜʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʫʤʦʚ ʽ ʧʨʠʧʫʱʝʥʴ 

ʤʦʞʝ ʙʫʪʠ ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʤ. ʆʩʥʦʚʥʘ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ, ʷʢʫ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʜʝʬʦʨʤʘʮʽʡ ʽ ʨʫʭʫ ʩʪʽʥʦʢ ʪʨʫʙʦʧʨʦʚʦʜʫ, ʻ 

ʩʠʩʪʝʤʦʶ ʨʽʚʥʷʥʴ ʪʦʥʢʦʾ ʦʙʦʣʦʥʢʠ [9]. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʠʚʝʩʪʠ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʩʪʽʥʦʢ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʨʦʟʛʣʷʥʝʤʦ 

ʩʧʦʯʘʪʢʫ ʟʚôʷʟʢʠ ʤʽʞ ʥʘʧʨʫʞʝʥʥʷʤʠ ʽ ʜʝʬʦʨʤʘʮʽʷʤʠ ʚ ʮʠʣʽʥʜʨʠʯʥʽʡ ʩʠʩʪʝʤʽ 

ʢʦʦʨʜʠʥʘʪ , ,r zq  ʜʣʷ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʦʙôʻʤʫ, ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʥʘ ʨʠʩ. 1, ʟ 

ʨʦʟʤʽʨʘʤʠ , ,r r zqD D D ʚ ʦʢʦʣʽ ʪʦʯʢʠ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ , ,r zq . ʇʦʟʥʘʯʠʤʦ ʯʝʨʝʟ  

, ,r zu u uq  ʚʝʣʠʯʠʥʠ ʢʦʤʧʦʥʝʥʪ ʟʤʽʱʝʥʴ ʧʦ ʦʩʷʭ , ,r zq . ʆʯʝʚʠʜʥʦ, ʱʦ 

ʚʽʜʥʦʩʥʝ ʧʦʜʦʚʞʝʥʥʷ ʚ ʥʘʧʨʷʤʢʫ r  ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʝʬʦʨʤʘʮʽʻʶ  rre , ʷʢʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ 

                            ( ) ()/ .r
rr r r

u
e u r r u r r

r

µ
= +D - D =è øê ú µ

                       (2.70)   

 ʆʙʯʠʩʣʶʶʯʠ ʚʽʜʥʦʩʥʽ ʧʦʜʦʚʞʝʥʥʷ ʚ ʽʥʰʠʭ ʥʘʧʨʷʤʢʘʭ ʘʥʘʣʦʛʽʯʥʠʤ 

ʯʠʥʦʤ, ʧʨʠʭʦʜʠʤʦ ʜʦ ʥʘʩʪʫʧʥʦʾ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ, ʱʦ ʟʚôʷʟʫʻ ʜʝʬʦʨʤʘʮʽʾ ʟʽ 

ʟʤʽʱʝʥʥʷʤʠ: 

        

1
, , ,

1 1
, , .

r r z
rr z z

r z z r
r z zz

u u u u
e e e

r r r z

u u u u u u u
e e e

r r r r z r z

q
qq

q q q
q q

q

q q

µ µ µ
= = + Ö =
µ µ µ

µ µ µ µ µ µ
= Ö - + = Ö + = +

µ µ µ µ µ µ

       (2.71) 

 ɿʚ'ʷʟʦʢ ʜʝʬʦʨʤʘʮʽʡ ʟ ʥʘʧʨʫʞʝʥʥʷʤʠ ʚ ʮʠʣʽʥʜʨʠʯʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ 

ʤʘʻ ʪʘʢʫ ʞ ʩʘʤʫ ʬʦʨʤʫ, ʷʢ ʽ ʚ ʧʨʷʤʦʢʫʪʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ, ʽ ʟʘʧʠʩʫʻʪʴʩʷ 

ʚʠʨʘʟʘʤʠ:  
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( )

( )

( ) ,

, , ,

2 ,

2 ,

2

z z zr zr r r

rr rr zz

rr zz

zz rr zz

p e p e p e

p e e e

p e e e

p e e e

q q q q

qq

qq qq

qq

m m m

l m l l

l l m l

l l l m

= = =

= + + +

= + + +

= + + +

                            (2.72) 

ʜʝ ɚ ï ʧʘʨʘʤʝʪʨ ʃʘʤʝ ʽ ɛ ï ʤʦʜʫʣʴ ʟʩʫʚʫ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ ʤʦʜʫʣʝʤ 

ʚʩʝʙʽʯʥʦʛʦ ʩʪʠʩʢʘʥʥʷ  K, ʤʦʜʫʣʝʤ ʨʦʟʪʷʛʘʥʥʷ (ʤʦʜʫʣʝʤ ʖʥʛʘ) ɽ ʽ ů ï 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʇʫʘʩʩʦʥʘ ʥʘʩʪʫʧʥʠʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ: 

  
( )

( ) ( )

2 9 3 2
, ,

3 3 2 3

, .
3 1 2 2 1

ʂ ʂ
ʂ ɽ

ʂ ʂ

ɽ ɽ
ʂ

m m
l m s

m m

m
s s

-
= + = =

+ +

= =
- +

                             (2.73) 

 ʏʝʨʝʟ ʥʘʟʚʘʥʽ ʚʠʱʝ ʧʘʨʘʤʝʪʨʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʝʡ 

ʧʦʟʜʦʚʞʥʽʭ ʉl  ̔  ʧʦʧʝʨʝʯʥʠʭ Ct ʟʚʫʢʦʚʠʭ ʢʦʣʠʚʘʥʴ ʟʘ ʨʽʚʥʷʥʥʷʤ: 

         
( )

( )( ) ( )

1
, .

1 1 2 2 1
l t

E E
C C

s

r s s r s

-
= =

+ - +
                         (2.74) 

 ʇʨʠʨʽʚʥʶʶʯʠ ʜʘʣʽ ʩʠʣʠ ʽʥʝʨʮʽʾ, ʷʢʽ ʜʽʶʪʴ ʥʘ ʝʣʝʤʝʥʪʘʨʥʠʡ ʦʙôʻʤ ʚ 

ʥʘʧʨʷʤʢʘʭ  ,r z , ʩʠʣʘʤ ʪʠʩʢʫ ʥʘ ʛʨʘʥʽ ʦʙôʻʤʫ, ʦʪʨʠʤʘʻʤʦ ʨʽʚʥʷʥʥʷ ʨʫʭʫ 

ʩʪʽʥʢʠ ʪʨʫʙʦʧʨʦʚʦʜʫ ʚ ʥʘʧʨʷʤʢʘʭ  ,r z ʚ ʥʘʩʪʫʧʥʽʡ ʬʦʨʤʽ: 

          
2 2

2 2
,r rr rr zr z zr zr zzu p p p p u p p p

t r r z t r r z

qqr r
µ µ µ µ µ µ
= + + = + +

µ µ µ µ µ µ
          (2.75) 

ʘʙʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʨʘʟʽʚ (1.2), (1.3) ï ʚ ʬʦʨʤʽ:         

( ) ( )

( ) ( )

2 2 2 2

2 2 2 2

2 2 2 2

2 2 2

1
2 2 ,

1 1
2 2 .

r r r r r z

r r r z z z

u u u u u u

t r r r r z r z

u u u u u u

t r z r z r r r z

r l m m l m

r l m m l m

å õµ µ µ µ µ
= + + Ö - + +æ ö

µ µ µ µ µ µç ÷

å õ å õµ µ µ µ µ µ
= + + Ö + + Ö + +æ ö æ ö

µ µ µ µ µ µ µç ÷ ç ÷

    (2.76)  

ʗʢʱʦ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʟʤʽʱʝʥʥʷ uz ʥʝ ʟʘʣʝʞʠʪʴ  ʚʽʜ r, ʘ ʟʤʽʱʝʥʥʷ ur ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ z, ʪʦ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ (2.76) ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʫ ʚʠʛʣʷʜ: 

                           ( )
2 2

2 2 2

1
2 ,r r r ru u u u

t r r r r
r l m

å õµ µ µ
= + + Ö -æ ö

µ µ µç ÷
                    (2.77) 
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                                        ( )
2 2

2 2
2 .z zu u

t t
r l m
µ µ
= +

µ µ
                                 (2.78) 

ɼʘʣʽ ʨʦʟʛʣʷʥʝʤʦ ʨʽʚʥʷʥʥʷ (2.78), ʧʨʠʡʥʷʚʰʠ ʜʦ ʫʚʘʛʠ ʧʨʠ ʬʦʨʤʫʣʶʚʘʥʥʽ 

ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʪʫ ʦʙʩʪʘʚʠʥʫ, ʱʦ ʥʘʧʨʫʞʝʥʥʷ prr   ʧʦʚôʷʟʘʥʝ ʟʽ ʟʤʽʱʝʥʥʷʤ ur 

ʚʽʜʧʦʚʽʜʥʦ ʟ ʚʠʨʘʟʘʤʠ (2.71), (2.72) ʥʘʩʪʫʧʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

                                       ( )2 .r r
rr

u u
p

r r
l m l

µ
= + +

µ
                            (2.79) 

 ɿ (2.79) ʚʠʧʣʠʚʘʻ, ʱʦ ʜʣʷ ʥʝʥʘʚʘʥʪʘʞʝʥʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ ʢʦʥʪʫʨʫ 

ʪʨʫʙʦʧʨʦʚʦʜʫ ʛʨʘʥʠʯʥʘ ʫʤʦʚʘ ʜʣʷ ur ʤʘʻ ʚʠʛʣʷʜ: 

                                        ( )2 0,r r

r R

u u

r R d

l m l
d= +

µ
+ + =

µ +
               (2.80) 

ʘ ʜʣʷ ʢʦʥʪʫʨʫ, ʥʘʚʘʥʪʘʞʝʥʦʛʦ ʪʠʩʢʦʤ ʨʽʜʠʥʠ p, ʛʨʘʥʠʯʥʘ ʫʤʦʚʘ ur ʤʘʻ 

ʚʠʛʣʷʜ: 

                                           ( )2 .r r

r R

u u
p

r R
l m l

=

µ
+ + =

µ
                     (2.81) 

 ɿ ʨʽʚʥʷʥʴ (2.78), (2.80), (2.81) ʚʠʧʣʠʚʘʻ, ʱʦ ʚ ʩʪʘʮʽʦʥʘʨʥʦʤʫ 

ʚʠʧʘʜʢʫ ʨʦʟʧʦʜʽʣ ʟʤʽʱʝʥʥʷ Ur  ʧʦ ʨʘʜʽʫʩʫ ʪʨʫʙʦʧʨʦʚʦʜʫ r ʦʧʠʩʫʻʪʴʩʷ 

ʢʨʘʡʦʚʦʶ ʟʘʜʘʯʝʶ ʚʠʛʣʷʜʫ: 

                         ( )

( )

2

2 2

1
0,

2 0,

2 .

r r r

r r

r R

r r

r R

u u u

r r r r

u u

r R

u u
p

r R

d

l m l
d

l m l

= +

=

µ µ
+ Ö - =

µ µ

µ
+ + =

µ +

µ
+ + =

µ

                      (2.82) 

 ʊʘʢ ʷʢ ʨʽʚʥʷʥʥʷ ʚ ʢʨʘʡʦʚʽʡ ʟʘʜʘʯʽ  ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʝ ʫ ʚʠʛʣʷʜʽ: 

2

2
0,r ru u

r r r

µ µå õ
+ =æ ö

µ µç ÷
 

ʪʦ: 

 1 1, ,r ru u
ʉ ʉ const

r r

µ
+ = =

µ
                            (2.83) 

  2 1
2, .

2
r

C C
u r ʉ const

r
= + =                            (2.84)                  
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ɿʥʘʯʝʥʥʷ ʢʦʥʩʪʘʥʪ ʉ1, ʉ2 ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʚ (2.82) ʽ ʤʘʻ 

ʪʘʢʠʡ ʚʠʛʣʷʜ: 

 
( )( )

( )

( )

222

1 22 2
, .

2 2 2

pR RpR
C C

R R

d

l m d d m d d

+
=- =-

+ + +
                (2.85) 

 ɼʘʣʽ, ʧʽʜʩʪʘʚʣʷʶʯʠ ʚʠʨʘʟʠ (2.85) ʚ (2.84), ʦʪʨʠʤʫʻʤʦ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ 

ʟʤʽʱʝʥʴ ʥʘ ʟʦʚʥʽʰʥʽʡ (r=R+ŭ) ʽ ʚʥʫʪʨʽʰʥʽʡ ʩʪʽʥʢʘʭ ʪʨʫʙʦʧʨʦʚʦʜʫ (r=R)   

 

( )
( )

( ) ( )

( )
( )( )

( )( )

2

2

2 2

2

1 2
,

2 2

,
2 2

r

r

pR R
u r R

R

pR R R
u r R

R

d m
d

m l md d

l m d m

d d m l m

+ +
= + =- Ö

++

è ø+ + +
ê ú= =-

+ +

                  (2.86) 

ʷʢʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʘʣʦʩʪʽ ʚʽʜʥʦʰʝʥʥʷ/ Rd  ʥʘʙʫʚʘʶʪʴ ʦʜʥʘʢʦʚʦʛʦ 

ʚʠʛʣʷʜʫ: 

    ( ) ( )
( )

2 2

4
r r

pR
u r R u r R

l m
d

d m l m

+
= + = = º- Ö

+
  ʧʨʠ    / 1.Rd <<     (2.87) 

ɼʘʣʽ, ʚʠʢʦʨʠʩʪʘʚʰʠ ʚʠʨʘʟ (2.85) ʚ ʤʝʞʘʭ/ 1.Rd <<, ʦʪʨʠʤʘʻʤʦ: 

( )

3

1 2, ,
2 4

pR pR
C C

l m d md
º- º-

+
 

ʦʮʽʥʠʤʦ ʟʥʘʯʝʥʥʷ ʯʣʝʥʽʚ     
2

1
,r ru u

r r r

µ
Ö
µ

 ,  
2

2

ru

r

µ

µ
: 

              
( ) ( )

2

2 2

2 1 2
, , ,

4 4

r ru p u p u p

r r r r

l m l

d m l m dm l m md

+ µ µ
º- Ö Ö º º-

+ µ + µ
 (2.88) 

ʟʚʽʜʢʠ ʚʠʧʣʠʚʘʻ 

( )
( )
( )

2 2

2 2 2

21
, .

8 8

r ru u u u

r r r r r

l ml

l m l m

+µ µ µ
Ö =- Ö - = Ö
µ + µ + µ

 

ʆʙʯʠʩʣʶʶʯʠ ʚʽʜʧʦʚʽʜʥʦ ʚʠʱʝ ʦʪʨʠʤʘʥʠʤ ʧʨʠʙʣʠʟʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

ʜʠʬʝʨʝʥʮʽʡʥʠʡ ʦʧʝʨʘʪʦʨ 

2 2

2 2 2

1
,r ru u u u

r r r r r

µ µ µ
+ Ö - º

µ µ µ
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ʤʦʞʥʘ ʧʨʠʡʪʠ ʜʦ ʬʽʟʠʯʥʦ ʟʨʦʟʫʤʽʣʦʛʦ ʚʠʩʥʦʚʢʫ ʧʨʦ ʪʝ, ʱʦ ʜʣʷ ʪʦʥʢʦʩʪʽʥʥʠʭ 

ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʤʦʜʝʣʴ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʨʘʜʽʘʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 

ʬʦʨʤʽ, ʘʥʘʣʦʛʽʯʥʽʡ ʧʦʟʜʦʚʞʥʽʤ ʢʦʣʠʚʘʥʥʷʤ: 

( )

( ) ( )

( ) ( )

2 2

2 2

, ,

2 ,

2 0, 2 ,

, 0 0, , 0 0.

r r

r r r r

r R t r R t

r
r

u u

t r

u u u u
p

r R r R

u
u r t r t

r

d

r l m

l m l l m l
d= + =

µ µ
= +

µ µ

µ µ
+ + = + + =

µ + µ

µ
= = = =

µ

    (2.89) 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʥʥʷ ʃʘʧʣʘʩʘ ʜʦ ur ʧʦ ʟʤʽʥʥʽʡ  t  

( ) ( )
0

, ,st

r ru r s e u r t dt

¤

* -=ñ  

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ ʜʣʷ ʟʚʠʯʘʡʥʠʭ ʨʽʚʥʷʥʴ ʚʠʜʫ: 

 

( ) ( )

2
2

2
0,

2

2 0, 2 .

r
r

r r r r

r Rr R

d u
s u

dr

du u du u
p

dr R dr Rd

r

l m

l m l l m l
d

*
*

* * * *
*

== +

- =
+

+ + = + + =
+

    (2.90) 

 

 ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ  ʟʘʛʘʣʴʥʠʤ ʨʽʰʝʥʥʷʤ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ (2.90) 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ 

1/2 1/2

1 2exp exp ,
2 2

ru ʉ sr C sr
r r

l m l m

*
è ø è øå õ å õ

= + -é ù é ùæ ö æ ö
+ +ç ÷ ç ÷é ù é ùê ú ê ú

                (2.91) 

 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʩʪʨʫʢʪʫʨʫ ʚʠʨʘʟʫ (2.91), (2.92) ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ ʜʠʥʘʤʽʯʥʘ ʧʦʚʝʜʽʥʢʘ ʟʤʽʱʝʥʴ ʚ ʩʪʽʥʮʽ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʤʘʻ 

ʚʠʛʣʷʜ, ʚʽʜʤʽʥʥʠʡ ʚʽʜ ʜʠʥʘʤʽʯʥʦʾ ʧʦʚʝʜʽʥʢʠ ʪʠʩʢʫ ʚ ʨʽʜʠʥʽ , ʚ ʟʚôʷʟʢʫ ʟ ʯʠʤ 

ʚʠʤʽʨʶʚʘʥʥʷ ʨʘʜʽʘʣʴʥʠʭ ʟʤʽʱʝʥʴ ʩʪʽʥʦʢ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʥʝ ʤʦʞʝ ʩʣʫʞʠʪʠ 

ʜʦʩʠʪʴ ʟʨʫʯʥʠʤ ʽʥʬʦʨʤʘʪʠʚʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʜʣʷ ʘʥʘʣʽʟʫ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ, ʟʘʧʦʚʥʝʥʠʭ ʨʽʜʠʥʦʶ. 
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ʈʦʟʨʘʭʫʥʦʢ ʨʫʭʫ ʩʪʽʥʦʢ ʪʨʫʙʦʧʨʦʚʦʜʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ 

ʪʦʥʢʦʾ ʦʙʦʣʦʥʢʠ ʤʘʻ ʢʽʣʴʢʘ ʧʝʨʝʚʘʛ: 

- ʚʨʘʭʫʚʘʥʥʷ ʪʦʚʱʠʥʠ ʩʪʽʥʦʢ ʪʨʫʙʦʧʨʦʚʦʜʫ, ʜʝʬʦʨʤʘʮʽʡ ʪʘ ʥʘʧʨʫʞʝʥʴ ʚ 

ʤʘʪʝʨʽʘʣʽ. 

- ʤʦʜʝʣʶʚʘʥʥʷ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʟ ʨʽʟʥʠʤʠ ʩʢʣʘʜʥʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ 

ʬʦʨʤʘʤʠ, ʚʢʣʶʯʘʶʯʠ ʪʨʫʙʦʧʨʦʚʦʜʠ ʟ ʟʤʽʥʥʠʤ ʜʽʘʤʝʪʨʦʤ ʪʘ ʬʦʨʤʦʶ 

ʧʝʨʝʪʠʥʫ. 

- ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʪʘʢʠʭ ʷʢ ʜʝʬʦʨʤʘʮʽʾ, 

ʥʘʧʨʫʞʝʥʥʷ, ʟʤʽʱʝʥʥʷ, ʢʫʪʦʚʽ ʚʽʜʭʠʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʰʚʠʜʢʽʩʪʴ ʪʘ ʧʨʠʩʢʦʨʝʥʥʷ 

ʨʫʭʫ ʩʪʽʥʦʢ ʪʨʫʙʦʧʨʦʚʦʜʫ. 

 

2.3.2. ʆʩʦʙʣʠʚʦʩʪʽ  ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʟʜʦʚʞʥʴʦ-

ʨʘʜʽʘʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʪʦʚʩʪʦʩʪʽʥʥʠʭ ʪʨʫʙʦʧʨʦʚʦʜʽʚ 

 

ɺ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʨʘʜʽʘʣʴʥʽ ʽ ʧʦʟʜʦʚʞʥʽ ʢʦʣʠʚʘʥʥʷ ʩʪʽʥʦʢ 

ʪʨʫʙʦʧʨʦʚʦʜʫ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʥʝʟʘʣʝʞʥʠʤʠ, ʘʣʝ ʫʤʦʚʠ  / 1Rd <<ʥʝ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʨʽʚʥʷʥʥʷ ʨʘʜʽʘʣʴʥʠʭ ʢʦʣʠʚʘʥʴ, ʚʠʭʽʜʥʫ 

ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʫ ʟʘʜʘʯʫ ʤʦʞʣʠʚʦ ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ [9]: 
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   (2.93) 

 

ɺʠʨʘʟ (2,93) ʟʨʫʯʥʦ ʧʝʨʝʪʚʦʨʠʪʠ ʜʦ ʙʝʟʨʦʟʤʽʨʥʠʭ ʧʝʨʝʤʽʥʥʠʭ: 

 
2

, , , ,ru r t
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x t a d

r

+
¡= = = = =, 
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    (2.94) 

 

ʇʽʩʣʷ ʧʝʨʝʚʝʜʝʥʥʷ ʟʘʜʘʯʽ (2.94) ʚ ʦʙʣʘʩʪʴ ʟʦʙʨʘʞʝʥʴ ʟʘ ʃʘʧʣʘʩʦʤ: 

( ) ( )

2
2

2 2

11

1 1
0,

2 0, 2
1

d v dv
s v

d d

dv v dv
v p

d d xx d

x x x x

l m l l m l
x d x

* *
*

* * *
* *

=¡= +

å õ
+ Ö - + =æ ö

ç ÷

+ + = + + =
¡+

        (2.95) 

 

ʟʘʛʘʣʴʥʝ ʨʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ (2.95) ʚʽʜʧʦʚʽʜʥʦ [53] ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʝ ʫ 

ʚʠʛʣʷʜʽ 

() ( ) () ( )1 1, ,v A s K s B s I sx x*= +                                 (2.96) 

 

ʜʝ: ( )1K sx , ( )1I sx  - ʤʦʜʠʬʽʢʦʚʘʥʽ ʬʫʥʢʮʽʾ ɻʝʥʢʝʣʷ ʽ ɹeʩʩʝʣʷ. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ 

ʟʥʘʯʝʥʥʷ ʧʦʭʽʜʥʠʭ ʬʫʥʢʮʽʡ 1K ʽ  1I ʧʦ xʚʠʟʥʘʯʘʶʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ:  
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 (2.97) 

 

ʽ, ʟʘʜʦʚʦʣʴʥʷʶʯʠ ʛʨʘʥʠʯʥʠʤ ʫʤʦʚʘʤ ʚ ʢʨʘʡʦʚʽʡ ʟʘʜʘʯʽ (2.95), ʧʨʠʭʦʜʠʤʦ  ʜʦ 

ʥʘʩʪʫʧʥʠʭ ʚʠʨʘʟʽʚ ʜʣʷ ʢʦʤʧʣʝʢʩʥʠʭ ʧʦʩʪʽʡʥʠʭ :  
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 (2.98) 

 ʅʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʪʝ, ʱʦ ʚʠʨʘʟ ʜʣʷ ()F s  ʚ (4.98) ʤʦʞʝ ʙʫʪʠ ʩʧʨʦʱʝʥʠʡ 

ʨʦʟʢʣʘʜʘʥʥʷʤ ʧʦ ʧʘʨʘʤʝʪʨʫ d¡, ʦʯʝʚʠʜʥʦ,  ʱʦ ʪʨʘʥʩʬʦʨʤʘʥʪʠ u*ʽ p*ʟʚôʷʟʘʥʽ ʽ 

ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʛʨʦʤʽʟʜʢʠʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ, ʱʦ ʩʧʨʘʚʝʜʣʠʚʦ ʪʘʢʦʞ ʽ ʜʣʷ 

ʪʨʘʥʩʬʦʨʤʘʥʪ ʟʤʽʱʝʥʥʷ ʚ ʪʦʯʢʘʭ  1x=  ʽ  1x d¡= +, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʚʠʨʘʟʘʤʠ: 

( ) () () ()()

( ) () ( )( ) () ( )( )
1 1

1 1

1 ,

1 1 1 .

v A s K s B s I s

v A s K s B s I s

x

x d d d

*

*

= = +

¡ ¡ ¡= + = + + +
       (2.99) 

 

 ɸʥʘʣʽʟ ʩʪʨʫʢʪʫʨʠ ʚʠʨʘʟʽʚ (2.98), (2.99) ʧʦʢʘʟʫʻ, ʱʦ ʽ ʜʣʷ ʪʦʚʩʪʦʩʪʽʥʥʠʭ 

ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʜʠʥʘʤʽʢʘ ʟʤʽʱʝʥʴ ʧʦ ʨʘʜʽʫʩʫ ʪʨʫʙʦʧʨʦʚʽʜʥʦʾ ʩʪʽʥʢʠ, ʷʢʘ 
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ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʚʦʨʦʪʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ  ʃʘʧʣʘʩʘ, ʤʘʻ ʭʘʨʘʢʪʝʨ, ʚʽʜʤʽʥʥʠʡ ʚʽʜ 

ʧʦʚʝʜʽʥʢʠ ʪʠʩʢʫ ʨʽʜʠʥʠ p  ʚ ʯʘʩʽ. 

 ʅʘ ʟʘʚʝʨʰʝʥʥʷ ʜʘʥʦʛʦ ʨʦʟʜʽʣʫ ʚʽʜʤʽʪʠʤʦ, ʱʦ ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʨʽʚʥʷʥʴ 

ʟʚôʷʟʘʥʠʭ ʧʦʟʜʦʚʞʥʴʦ-ʨʘʜʽʘʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʟʨʫʯʥʠʤ ʚʠʷʚʣʷʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʢʘʣʷʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ, ʷʢʠʡ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ 

ʝʣʝʢʪʨʦʜʠʥʘʤʽʮʽ [9]. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʢʘʣʷʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ     

ʌ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ 

       ,r z

ʌ ʌ
u u

r z

µ µ
= =
µ µ

                                       (2.100) 

 

ʜʦ ʧʝʨʰʦʛʦ ʟ ʨʽʚʥʷʥʴ (2.100),  ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʨʽʚʥʷʥʥʷ ʜʣʷ ʌ: 

        ( )
2 2 2

2 2 2 2

1 1
, 2 / .

ʌ ʌ ʌ ʌ

r r r z t
a l m r

a

µ µ µ µ
+ Ö + = Ö = +

µ µ µ µ
           (2.101) 

 

 ɼʘʣʽ ʧʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ: 

 ( ) () () (), , ,ʌ r s t R r Z z T t= Ö Ö                              (2.102) 

 

ʚ ʷʢʦʤʫ ʬʫʥʢʮʽʾ  ()Z z  ʽ ()T t  ʧʦʚʠʥʥʽ ʤʘʪʠ ʩʪʨʫʢʪʫʨʫ: 

() (), ,i l z i tZ z e T t ew= =  

 

ʨʽʚʥʷʥʥʷ (2.101) ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ ʜʦ ʨʽʚʥʷʥʥʷ ʜʣʷ ()R r  

2 2
2

2 2

1
0.

d R dR W
l R

dr r dr a

å õ
+ Ö - - =æ ö

ç ÷
                               (2.103) 

 

ɿʘʛʘʣʴʥʝ ʨʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ (2.103) ʤʘʻ ʚʠʛʣʷʜ 

() ( ) ( ) 2 2 2

1 0 2 0 1 2, / , , .R r ɸI Mr ɸK Mr M l w A A consta= + = - -       (2.104) 
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 ɼʣʷ ʧʦʙʫʜʦʚʠ ʟʘʛʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ʤʦʞʥʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʪʠ ʚʝʢʪʦʨʥʠʡ 

ʧʦʪʝʥʮʽʘʣ, ʷʢʠʡ ʫ ʚʠʧʘʜʢʫ  ʦʩʴʦʚʦʾ ʩʠʤʝʪʨʽʾ ʤʘʻ ʻʜʠʥʫ ʢʦʤʧʦʥʝʥʪʫ 0Y , 

ʚʽʜʤʽʥʥʫ ʚʽʜ ʥʫʣʷ, ʽ ʷʢʠʡ ʚʚʦʜʠʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ: 

, .r zu u
dz dr r

q q qµY µY Y
=- = +                    (2.105) 

 

 ʇʽʜʩʪʘʚʣʷʶʯʠ (2.105) ʚ ʧʝʨʰʝ ʨʽʚʥʷʥʥʷ ʩʠʩʪʝʤʠ (2.106), ʦʪʨʠʤʘʻʤʦ 

ʥʘʩʪʫʧʥʝ ʨʽʚʥʷʥʥʷ ʜʣʷ ʬʫʥʢʮʽʾ qY : 

 

2 2 2
2

2 2 2 2 2

1 1
, / .

dr r dr r dz dt

q q q q qb m r
b

µ Y µY Y µ Y µ Y
+ Ö - + = Ö =             (2.106) 

 ɼʣʷ ʨʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ (2.106) ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʨʦʟʜʽʣʝʥʥʷ 

ʟʤʽʥʥʠʭ, ʢʦʣʠ ʟʘʛʘʣʴʥʝ ʨʽʰʝʥʥʷ  ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʚ ʬʦʨʤʽ (2.102), ʧʽʩʣʷ ʯʦʛʦ 

ʨʽʚʥʷʥʥʷ ʜʣʷ ()R r : 

2 2
2

2 2 2

1 1
0

R R W
l R

dr r dr r b

å õµ µ
+ Ö - + - =æ ö

ç ÷
                                     (2.107) 

 

ʤʘʻ ʥʘʩʪʫʧʥʝ ʟʘʛʘʣʴʥʝ ʨʽʰʝʥʥʷ: 

() ( ) ( ) 2 2 2

1 1 2 1 ; / .R r B I Kr B K Kr K l W b= + = -               (2.108) 

 

 ɼʘʣʽ, ʚʠʟʥʘʯʠʚʰʠ ʧʦʜʚʽʡʥʠʤ ʧʝʨʝʪʚʦʨʶʚʘʥʥʷʤ ʌʫʨôʻ ʬʫʥʢʮʽʾ ʌ  ʽ qy , 

ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʚʠʨʘʟ ʜʣʷ ʟʤʽʱʝʥʴ ʽ ʥʘʧʨʫʞʝʥʴ ʪʨʫʙʦʧʨʦʚʦʜʽʚ, ʚʠʢʦʨʠʩʪʘʚʰʠ 

ʥʘʩʪʫʧʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ      

2 2 2

2 2

2 2 2

2 2

, 0, ,

1
2 , 0,

2 .

r z

rr r

zr

ʌ ʌ
u u u

r z z r r

ʌ ʌ ʌ
p p

t r r z r z

ʌ
p

t z r z

q q q
q

q
q

q q

r m

r m

µ µY µ µY Y
= - = = + +
µ µ µ µ

å õµ µ µ µ Y
= - Ö + + =æ ö
µ µ µ µ µç ÷

å õµ Y µ Y µ
= - -æ ö

µ µ µ µç ÷

            (2.109) 
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2.3.3. ʆʩʦʙʣʠʚʦʩʪʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʟʜʦʚʞʥʽʭ 

ʢʦʣʠʚʘʥʴ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ ʧʨʫʞʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

 

ɺʥʘʩʣʽʜʦʢ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʯʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʨʠʯʠʥ ʩʪʽʥʢʠ 

ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʧʦ ʜʦʚʞʠʥʽ ʤʦʞʫʪʴ ʤʽʩʪʠʪʠ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ, ʥʘ ʷʢʠʭ ʧʨʦʭʦʜʠʪʴ 

ʜʠʬʨʘʢʮʽʷ ʧʨʫʞʥʠʭ ʭʚʠʣʴ. ʌʽʟʠʯʥʦ ʦʯʝʚʠʜʥʦ, ʱʦ ʧʨʠ ʮʴʦʤʫ ʤʘʻ ʤʽʩʮʝ ʟʤʽʥʘ 

ʜʠʥʘʤʽʢʠ ʧʦʚʝʜʽʥʢʠ ʚ ʯʘʩʽ  ʥʘʧʨʫʞʝʥʴ, ʟʤʽʱʝʥʴ ʽ ʜʝʬʦʨʤʘʮʽʡ ʩʪʽʥʦʢ 

ʪʨʫʙʦʧʨʦʚʦʜʽʚ, ʬʽʢʩʫʶʯʠ ʷʢʽ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʥʘʜʽʡʥʽʩʪʴ 

ʪʨʫʙʦʧʨʦʚʽʜʥʠʭ ʪʨʘʢʪʽʚ. ɺ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʨʦʟʛʣʷʥʝʤʦ ʨʷʜ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʧʦʟʜʦʚʞʥʽʭ ʢʦʣʠʚʘʥʴ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʟ ʜʝʬʝʢʪʘʤʠ: 

1. ʅʘʧʽʚʙʝʟʢʽʥʝʯʥʠʡ ʪʨʫʙʦʧʨʦʚʽʜ ʟ ʜʝʬʝʢʪʦʤ ʪʠʧʫ ʩʪʨʠʙʢʘ ʥʘʧʨʫʞʝʥʴ. 

ɺʠʭʽʜʥʘ ʢʨʘʡʦʚʘ ʟʘʜʘʯʘ ʫ ʚʠʧʘʜʢʫ ʩʪʨʠʙʢʘ ʥʘʧʨʫʞʝʥʴ  dpD ʚ ʪʦʯʮʽ dz z=  

ʚʠʛʣʷʜʘʪʠʤʝ ʪʘʢ: 

( )

( )
( )

( ) ( ) ( ) ( )

2

2

0
0

, 2 , ,

, 0
, 0, , 0 0, 0,

0 0 , 0 0

z zz z
zz zz zz

z

zz z z
z z

z d z d zz d zz d d

u p u
p e e

t z z

u z t
p p u u z t

t

u z z u z z p z z p z z p

r l m

= ­¤

µ µ µ
= = + =

µ µ µ

µ =
= = = = =

µ

= - = = + = - - = + =D

(2.110) 

 

ʘ ʚ ʪʝʨʤʽʥʘʭ ʟʤʽʱʝʥʴ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ  ʜʦ ʚʠʛʣʷʜʫ: 

( )

( ) ( )
( )

( ) ( )( ) ( )( )

( )

2 2

2 2

0
0

2 0,

, 0
2 , 0, , 0 0, 0,

0 0 , 2 0 2

0 .

z z

zz
z z
zz

z z
z d z d d

d d

u u

t z

u z tu
p u u z t

z t

u u
u z z u z z z z

z z

z z p

r l m

l m

l m l m

­¤=

µ µ
- + =

µ µ

µ =µ
+ = = = = =

µ µ

µ µ
= - = = + + = - - + Ö

µ µ

Ö = + =D

(2.111) 
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ɼʘʣʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧʣʘʩʘ ʚ ʯʘʩʽ ʧʝʨʝʚʦʜʠʪʴ ʢʨʘʡʦʚʫ 

ʟʘʜʘʯʫ (2.111) ʚ ʢʨʘʡʦʚʫ ʟʘʜʘʯʫ ʜʣʷ ʟʚʠʯʘʡʥʦʛʦ ʨʽʚʥʷʥʥʷ ʟ ʢʦʤʧʣʝʢʩʥʠʤʠ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ: 

  
( )

( ) ( )

( ) ( )( ) ( )

2
2

2

0
0

0,
2

2 , 0,

0 0 ,

2 0 2 0 .

z
z

z
z

z z

z d z d

z z d
d d

u
s u

z

u
p u

z

u z z u z z

u u p
z z z z

z z s

r

l m

l m

l m l m

*
*

*
* *

= ­¤

* *

* *

µ
- =

µ +

µ
+ = =

µ

= - = = +

µ µ D
+ = - - + = + =

µ µ

               (2.112) 

 

 ʇʽʜʩʪʘʚʣʷʶʯʠ ʟʘʛʘʣʴʥʝ ʨʽʰʝʥʥʷ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ (2.112) 

1/2 1/2

1 2 1 2

1/2 1/2

3 4 3 4

exp exp ; , ,0 ,
2 2

exp exp , , ,
2 2

z d

z d

u C sz C sz C C const z z

u C sz C sz C C const z z

r r

l m l m

r r

l m l m

*

*

è ø è ø
= + - = < <é ù é ù+ +ê ú ê ú

è ø è ø
= + - = < <¤é ù é ù+ +ê ú ê ú

 (2.113) 

 

ʚ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ (2.112), ʦʪʨʠʤʫʻʤʦ ʥʘʩʪʫʧʥʝ ʟʥʘʯʝʥʥʷ 

1 2 3 4, , ,C C C C : 
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( ) ( )
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d d
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è øå õ
+è ø é ùæ öê ú +ç ÷é ùê ú
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è ø å õå õ
++è ø é ù æ öæ öê ú ++ ç ÷ç ÷é ùê ú

ë ûè øå õî î
D + é ùì üæ ö

+ç ÷é ùî îê úí ý=
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+è øê ú +ç
( )
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1
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2
2d

p

s
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r
l m

l m
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- Ö
è ø å õõ

+é ù æ öæ ö +ç ÷÷é ùê ú

   (2.114)   

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʠʨʘʟ (2.114), ʦʪʨʠʤʫʻʤʦ ʢʽʥʮʝʚʽ ʚʠʨʘʟʠ ʜʣʷ 

ʪʨʘʥʩʬʦʨʤʘʥʪ ʟʤʽʱʝʥʴ ʽ ʥʘʧʨʫʞʝʥʴ ʚ ʪʦʯʢʘʭ ( )( )0 , 0dz z z= = -: 
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( )

( ) ( )

( ) ( )
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è øå õ
-é ùæ ö

+ç ÷é ùê ú-
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è øå õ
= - = - +é ùæ ö

+ç ÷é ùê ú

ë ûè ø è øå õ å õî î
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zz d d
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l m l m
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è ø
é ù
é ùê ú

è øå õ
= + = - -é ùæ ö

+ç ÷é ùê ú

ë ûè ø è øå õ å õî î
D + -é ù é ùì üæ ö æ ö
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è øå õ
é ùæ ö
+ç ÷é ùê ú

(2.115) 

2. ʅʘʧʽʚʙʝʟʢʽʥʝʯʥʠʡ ʪʨʫʙʦʧʨʦʚʽʜ ʟ ʜʝʬʝʢʪʦʤ, ʥʘ ʷʢʦʤʫ  ʚ ʥʘʷʚʥʦʩʪʽ 

ʩʪʨʠʙʦʢ ʟʤʽʱʝʥʴ.  

ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʫʤʦʚʠ ʩʧʨʷʞʝʥʥʷ ʥʘ ʜʝʬʝʢʪʽ ʤʘʻ ʚʠʛʣʷʜ: 

    ( ) ( ) ( ) ( )0 0 , 0 0 ,z z
z d z d z d d

u u
u z z u z z u z z z z

z z

µ µ
= - - = + =D = - = = +

µ µ (2.116) 

ʘ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʘ ʟʘʜʘʯʘ ʜʣʷ ʟʤʽʱʝʥʴ ʤʘʻ ʚʠʛʣʷʜ: 
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( )

( ) ( )
( )

( ) ( ) ( ) ( )
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2 , 0, , 0 0, 0,

0 0 , 0 0 .

z z

zz
z z
zz

z z
z d z d d d d

u u

t z

u z tu
p u u z t

z t

u u
u z z u z z u z z z z

z z

r l m

l m
­¤=

µ µ
- + =

µ µ

µ =µ
+ = = = = =

µ µ

µ µ
= - - = + =D = - = = +

µ µ

  (2.117) 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧʣʘʩʘ ʚ ʯʘʩʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʘʩʪʫʧʥʦʾ 

ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ ʜʣʷ ʟʚʠʯʘʡʥʠʭ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ: 

( )

( ) ( ) ( ) ( )
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(2.118) 

 

ʇʽʜʩʪʘʚʣʷʶʯʠ (2.113) ʚ (2.118) ʦʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʠʡ ʚʠʨʘʟ ʜʣʷ ʢʦʥʩʪʘʥʪ 

1 2 3 4, , ,C C C C  
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1/2

1 3

1/2

0
2 1/2

0
4 1/2

1/2 1/2

exp
2

, 0,
2

exp
2

,
2

2
2

2
2

exp exp
2 2

,
2

d d

d d

d d d

u sz

C C
s

u sz
p

C
s

s

p
C

s

u sz sz

s

r

l m

r

l m

r
l m

l m

r
l m

l m

r r

l m l m

*

*

å õ
D -æ ö

+ç ÷= =

è øå õ
D -é ùæ ö

+ç ÷é ùê ú=- +
å õ

+æ ö
+ç ÷

=- -
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+ç ÷

ë ûè øå õ å õî î
D - -é ùì üæ ö æ ö

+ +ç ÷ ç ÷é ùî îê úí ý-  (2.119) 

 

ʟʤʽʱʝʥʴ ʽ ʜʝʬʦʨʤʘʮʽʡ ʚ ʭʘʨʘʢʪʝʨʥʠʭ ʪʦʯʢʘʭ ʪʨʫʙʦʧʨʦʚʦʜʫ 
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+ç ÷é ùî îê úí ý+

 (2.120) 

  

3. ʂʽʥʮʝʚʠʡ ʪʨʫʙʦʧʨʦʚʽʜ ( )0 z l< <ʟʽ ʩʪʨʠʙʢʦʤ ʥʘʧʨʫʛ ʧʨʠ dz z= . 

 ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʘ ʟʘʜʘʯʘ 
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  (2.121) 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʜʦ ʚʠʛʣʷʜʫ: 
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       (2.122) 

ɿʘʜʦʚʦʣʴʥʷʶʯʠ ʛʨʘʥʠʯʥʠʤ ʫʤʦʚʘʤ, ʦʪʨʠʤʫʻʤʦ ʥʘʩʪʫʧʥʽ ʚʠʨʘʟʠ ʜʣʷ 

ʢʦʥʩʪʘʥʪ 1 2 3 4, , ,C C C Cʚ (2.113): 

   

( )( ) ( )

( )( )( )

( )( ) ( ){ } ( ){ }
( )( ) ( )

( )( ) ( ){ }
( ) ( )( )

( )( ) ( ){ } ( ){ }

1/2

0

1

1/21/2

1/2

1/2

0

2 1/2

1/21/2

exp 2 / 2

/ 2 2

2 / 2 1 exp / 2
,

2 / 2 2

exp 2 / 2 1

/ 2 2

. 2 / 2 1 exp / 2

2 /

d

d d d

d

d d d

p s z l
ʉ

s

p exp s z l sz

s

p s z l
C

s

p exp s z l sz

r l m

r l m l m

r l m r l m

r l m l m

r l m

r l m l m

r l m r l m

r

*

*

è ø+ -
ê ú=- +

+ +

è øD + - - +è øê úê ú
+

+ +

è ø+ - +
ê ú

= +
+ +

è øD + - - +è øê úê ú
+

( )( ) ( )

( )( )

( )( ) ( )( )

( )( ) ( ) ( )( )

( )( ) ( )( )

1/2

1/2

1 2

3 1/2 1/2

1/2 1/2

1 2

4 1/2 1/2

,
2 2

exp 2 / 2
,

2 / 2 2 / 2

exp 2 / 2 exp 2 / 2

exp 2 / 2 exp 2 / 2

d

d

d

d

s

C sz C
C

exp sz exp sl

C s z l C sl
C

sz sl

l m l m

r l m

r l m r l m

r l m r l m

r l m r l m

+ +

è ø+ +
ê ú=

è ø è ø+ - +
ê ú ê ú

è ø è ø+ + + +
ê ú ê ú=-
è ø è ø+ - +
ê ú ê ú

  (2.123)  

  

ʽ ʚʠʨʘʟʠ ʜʣʷ ʪʨʘʥʩʬʦʨʤʘʥʪ ʟʤʽʱʝʥʴ ʽ ʥʘʧʨʫʞʝʥʴ ʚ ʭʘʨʘʢʪʝʨʥʠʭ ʪʦʯʢʘʭ 

ʪʨʫʙʦʧʨʦʚʦʜʫ 0, 0, 0,d dz z z z z z l= = - = + = 
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( ) ( )( ) ( )( )

( ) ( )( ) ( )( )

( ) ( ) ( )

( ) ( )

( )( ) ( )( )

1/2 1/2

1 2

1/2 1/2

3 4

1/2

1 2

1/2

1/2 1/2

1 2

exp / 2 exp / 2 ,

exp / 2 exp / 2 ,

0 / 2 ,

0 / 2

exp / 2 exp / 2

z d d d

z

zz

zz d

d d

u z z C sz C sz

u z l C sl C sl

p z C C

p z z

C sz C sz

r l m r l m

r l m r l m

r l m

r l m

r l m r l m

*

*

*

*

è ø è ø= = + + - +
ê ú ê ú

è ø è ø= = + + - +
ê ú ê ú

= = + Ö -è øê ú

= - = + ³è øê ú

è ø è ø³ + - - +
ê ú ê{ }

( ) ( )

( )( ) ( )( ){ }
( ) ( )

( )( ) ( )( ){ }

1/2

1/2 1/2

3 4

1/2

1/2 1/2

3 4

,

0 / 2

exp / 2 exp / 2 ,

/ 2

exp / 2 exp / 2 .

zz d

d d

zz

p z z

C sz C sz

p z l

C sl C sl

r l m

r l m r l m

r l m

r l m r l m

*

*

ú

= + = + ³è øê ú

è ø è ø³ + - - +
ê ú ê ú

è ø= = + ³
ê ú

è ø è ø³ + - - +
ê ú ê ú

(2.124) 

 

4. ʂʽʥʮʝʚʠʡ ʪʨʫʙʦʧʨʦʚʽʜ ( )0 z l< < ʟʽ ʩʪʨʠʙʢʦʤ ʟʤʽʱʝʥʴ ʧʨʠ dz z= .  

ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʘ ʟʘʜʘʯʘ 

( )

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

2 2

2

2

0
0

2 0,

, , 0, , 0 0, , 0 0,

0 0 , 0 0

z

z z
z z

z

z z
z d z d d d d

u u

t z

u u
p u z l t u z t z t

z t

u u
u z z u z z u z z z z

z z

r l m

l m
=

µ µ
- + =

µ µ

µ µ
+ = = = = = = = = =

µ µ

µ µ
= - - = + =D = - = = +

µ µ

      (2.125)                                                                                    

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʜʦ ʚʠʛʣʷʜʫ: 

( )

( ) ( ) ( ) ( )

2
2

2

0
0

0,
2

2 , 0,

0 0 , 0 0 .

z
z

z
z

z z l

d z z
z d z d d d

d u
s u
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p u
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u u u
u z z u z z z z z z

s z z

r

l m

l m

*
*

*
* *

= =

* *
* *

- =
+

+ = =

D µ µ
= - - = + = = - = = +

µ µ

   (2.126)                                                                                  

ɿʘʜʦʚʦʣʴʥʷʶʯʠ ʛʨʘʥʠʯʥʠʤ ʫʤʦʚʘʤ, ʦʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʽ ʚʠʨʘʟʠ ʜʣʷ 

ʢʦʥʩʪʘʥʪ 1 2 3 4, , ,C C C C : 
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( )( ) ( )( ){ }
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( )( ) ( )( )
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,
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s

sz sl

sl

p
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s
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C
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r l m r l m

r l m

r l m r l m

r l m

r l m l m

r l m

r l m

*

*
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è ø+ + +
ê ú

D è ø+ - + Ö
ê ú

è ø è ø+ + +
ê ú ê úÖ
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ê ú

= -
+ +

è ø+ -
ê ú=

è ø+ +
ê ú
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( )( ) ( ) ( )( )

( )( ) ( )( )

1/2

1/2 1/2

1 2

4 1/2 1/2

,
exp 2 / 2

exp 2 / 2 exp 2 / 2
.

exp 2 / 2 exp 2 / 2

d

d

sl

C s z l C sl
C

sz sl

r l m

r l m r l m

r l m r l m

è ø+
ê ú

è ø è ø+ + - +
ê ú ê ú=-
è ø è ø+ + +
ê ú ê ú

    (2.127)            

 ʅʘ ʟʘʚʝʨʰʝʥʥʷ ʨʦʟʛʣʷʥʝʤʦ ʦʩʦʙʣʠʚʦʩʪʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʦʟʜʦʚʞʥʽʭ ʭʚʠʣʴʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚ ʩʪʽʥʢʘʭ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʟ ʧʨʫʞʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʷʢʽ ʙʝʟʧʝʨʝʨʚʥʦ ʟʤʽʥʶʶʪʴʩʷ ʧʦ ʜʦʚʞʠʥʽ ʪʨʫʙʦʧʨʦʚʦʜʫ 

ʧʨʫʞʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ,  ʢʦʣʠ  ʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ , ,l m r ʟʘʣʝʞʘʪʴ ʚʽʜ z, 

ʘ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʘ ʟʘʜʘʯʘ ʜʣʷ ʦʙʤʝʞʝʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʫ ʤʘʻ ʪʘʢʠʡ ʚʠʛʣʷʜ: 

          

() () ()

( ) ( )

( ) ( )

0

2

2

0

2 0,

2 , , 0,

, 0 0, , 0 0.

z z
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z z
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u
u z t z t

t

r l m

l m
=

µ µ µ
- + =è øê úµ µ µ

µ
+ = = =

µ

µ
= = = =

µ

                     (2.128) 

ʗʢʱʦ ʧʘʨʘʤʝʪʨʠ () () (), ,z z zl m r  ʩʣʘʙʦ ʟʤʽʥʶʶʪʴʩʷ ʧʦ ʜʦʚʞʠʥʽ ʪʨʫʙʦʧʨʦʚʦʜʫ 

                 

() () ()

() () ()

() () ()

0 0 0

0 0 0

0 0 0

, , ,

, , ,

, , ,

z z z const

z z z const

z z z const

l l l l l l

m m m m m m

r r r r r r

= +D D << =

= +D D << =

= +D D << =

                   (2.129) 

ʪʦ ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʬʦʨʤʽ: 

() ()( ) () ()( ) () ()( )0 1 0 2 0 31 , 1 , 1 ,z z z z z zl l e m m e r r e= + ñ = + ñ = + ñ (2.130) 
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        ʜʝ: e- ʤʘʣʠʡ ʧʘʨʘʤʝʪʨ ʟʘʜʘʯʽ. 

ʈʦʟʰʫʢʫʶʯʠ ʟʛʽʜʥʦ ʤʝʪʦʜʫ ʤʘʣʦʛʦ ʧʘʨʘʤʝʪʨʘ ʨʽʰʝʥʥʷ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ 

(2.128) ʚ ʬʦʨʤʽ ʩʪʝʧʝʥʝʚʦʛʦ ʨʷʜʫ ʧʦ ʤʘʣʦʤʫ ʧʘʨʘʤʝʪʨʫ e 

                              2

0 1 2 ... ,zu u u ue e= + + + +                                     (2.131) 

ʦʪʨʠʤʫʻʤʦ ʥʘʩʪʫʧʥʽ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʽ ʟʘʜʘʯʽ ʥʫʣʴʦʚʦʛʦ ʧʦʨʷʜʢʫ 
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                                (2.132) 

ʽ ʧʝʨʰʦʛʦ ʥʘʙʣʠʞʝʥʥʷ 
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0

0 1 0 2
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u u u
f z u u z t z t

z z t

f f
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r r l m
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l m
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      (2.133)  

 ʆʩʢʽʣʴʢʠ ʨʽʰʝʥʥʷ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ (2.132) ʚʽʜʦʤʝ, ʪʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʝʨʝʪʚʦʨʶʚʘʥʥʷ ʃʘʧʣʘʩʘ ʜʦ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ (2.133) ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʥʘʩʪʫʧʥʦʾ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ ʜʣʷ ʟʚʠʯʘʡʥʠʭ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ: 

() ( ) ( )

()
0

2
2 2 1 0

0 1 0 3 0 0 0 0 0 122

1 0
12 1

2 2 0,

, 0 ,
z lz z

d u d du
s u f z s u f

dz dz dz

du du
f z u

dz dz

r r l m l m
* *

* *

* *
*

==

è øå õ
+ - + - + ³ =é ùæ ö

ç ÷ê ú

+ =

   (2.134) 

 

ʨʽʰʝʥʥʷ ʷʢʠʭ ʤʦʞʝ ʙʫʪʠ ʟʥʘʡʜʝʥʝ ʧʨʠ ʚʽʜʦʤʠʭ ʬʫʥʢʮʽʷʭ 1 2 3, ,f f f  ʽ ʨʽʰʝʥʥʷ 

ʜʣʷ ʥʫʣʴʦʚʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʟʘ ʧʨʠʙʣʠʟʥʠʤʠ ʤʝʪʦʜʘʤʠ ʈʽʪʮʘ ʽ ɹʫʙʥʦʚʘ-

ɻʘʣʝʨʢʽʥʘ. 
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2.3.4.  ɺʟʘʻʤʦʟʚôʷʟʢʠ ʯʘʩʪʦʪʥʠʭ ʽ ʧʝʨʝʭʽʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʢʦʣʠʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ  

 

ɿ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʚʠʱʝ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ 

ʟʚôʷʟʢʠ ʤʽʞ ʪʠʩʢʦʤ ʨʽʜʠʥʠ, ʟʤʽʱʝʥʥʷʤʠ ʽ ʥʘʧʨʫʞʝʥʥʷʤʠ ʚ ʭʘʨʘʢʪʝʨʥʠʭ 

ʜʽʣʷʥʢʘʭ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʤʘʶʪʴ ʚ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ ʩʢʣʘʜʥʠʡ ʭʘʨʘʢʪʝʨ. ʎʷ 

ʦʙʩʪʘʚʠʥʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʽ ʪʝʦʨʝʪʠʯʥʦʛʦ 

ʘʥʘʣʽʟʫ ʭʚʠʣʴʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʥʘ ʨʽʚʥʽ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʢʦʤʧʣʝʢʩʥʽʡ ʦʙʣʘʩʪʽ, ʱʦ ʻ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʤ ʧʨʠ 

ʜʦʩʣʽʜʞʝʥʥʽ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʽ ʛʽʜʨʘʚʣʽʯʥʠʭ ʩʠʩʪʝʤ  ʽ ʜʦʩʠʪʴ 

ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʧʨʘʢʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ [9].   

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʧʨʠ ʘʥʘʣʽʟʽ ʩʧʝʢʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʭʚʠʣʴʦʚʠʭ 

ʧʨʦʮʝʩʽʚ ʛʦʣʦʚʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʘʥʘʣʽʟʫ ʩʧʝʢʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ 

ʟʙʫʜʞʝʥʥʷʭ ʩʧʝʮʽʘʣʴʥʦʛʦ ʚʠʜʫ: ʧʦʦʜʠʥʦʢʠʭ ʩʪʨʠʙʢʽʚ ()I t , ʧʦʦʜʠʥʦʢʦʛʦ 

ʽʤʧʫʣʴʩʫ ()td  ʽ ʩʠʥʫʩʦʾʜʘʣʴʥʦʾ ʜʽʾ i tʝw. ɺʽʜʤʽʪʠʤʦ ʧʨʠ ʮʴʦʤʫ, ʱʦ ʷʢʱʦ ()   f t - 

ʟʙʫʜʞʝʥʥʷ, ()Y t  - ʚʽʜʛʫʢ, ʪʦ ʟʚ'ʷʟʦʢ ʤʽʞ ʟʦʙʨʘʞʝʥʥʷʤʠ ()F s ʽ () Y s  ʧʦ 

ʃʘʧʣʘʩʫ ʧʦʜʘʻʪʴʩʷ ʚʠʨʘʟʦʤ: 

                                   () ()(),  Y s G s F s=                                         (4.67) 

ʜʝ:  ()G s  - ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʘʙʦ ʧʝʨʝʜʘʪʦʯʥʘ ʬʫʥʢʮʽʷ. 

ɺʠʨʘʟ ʜʣʷ ()F s  ʧʨʠ ()f t ʩʧʝʮʽʘʣʴʥʦʛʦ ʚʠʜʫ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʪʘʢ: 

      

() ()

() ()

()

1
1, 0 ,

, 1,

1
, .i t

I t t F s
s

t t F s

t F s
s i

w

d

e
w

= ¢ ¢¤­ =

-¤¢ ¢¤­ =

-¤¢ ¢¤­ =
-

                                 (2.135) 

ɺʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʘʥʘʣʽʟʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʠ  

ʚʠʟʥʘʯʝʥʥʽ ʩʧʝʢʪʨʽʚ ʚʽʜʛʫʢʽʚ ()G s  ʥʘ ʩʧʝʮʽʘʣʴʥʽ ʬʦʨʤʠ ʟʙʫʜʞʝʥʥʷ. 
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ɺʀʉʅʆɺʂʀ ʇʆ ʈʆɿɼɯʃʋ 2 

 

1. ʈʦʟʛʣʷʥʫʪʦ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʧʨʦʮʝʩʽʚ ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ 

ʚ ʩʠʩʪʝʤʘʭ ʧʝʨʝʪʚʦʨʝʥʥʷ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʽ ʝʥʝʨʛʽʾ ʜʦʚʢʽʣʣʷ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʯʥʠʭ ʬʣʫʢʪʫʘʮʽʡ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʪʘ ʫ ʚʝʨʭʥʽʭ ʰʘʨʘʭ 

ɿʝʤʣʽ. ʇʦʢʘʟʘʥʦ, ʱʦ ʟʘ ʧʨʠʧʫʱʝʥʴ, ʷʢʽ ʧʨʘʢʪʠʯʥʦ ʨʝʘʣʽʟʫʶʪʴʩʷ,   ʪʘʢʽ ʤʦʜʝʣʽ 

ʧʨʠʚʦʜʷʪʴ ʜʦ ʢʣʘʩʠʯʥʠʭ ʨʽʚʥʷʥʴ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ.   

2. ʆʧʠʩʘʥʦ ʧʨʠʢʣʘʜʠ ʩʠʩʪʝʤ ʟʘʙʦʨʫ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ ʟ 

ˇʨʫʥʪʫ, ˇʨʫʥʪʦʚʠʭ ʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʪʘ ʚʽʜʢʨʠʪʠʭ ʚʦʜʦʡʤ. ʅʘʚʝʜʝʥʦ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ  ʪʨʫʙʯʘʪʠʭ ˇʨʫʥʪʦʚʠʭ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ ʨʽʟʥʦʛʦ ʪʠʧʫ ʪʘ ʢʦʥʬʽʛʫʨʘʮʽʾ.  ʉʬʦʨʤʫʣʴʦʚʘʥʽ ʨʽʚʥʷʥʥʷ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʧʨʦʮʝʩʽʚ ʚʠʛʥʫʪʠʭ, ʧʦʟʜʦʚʞʥʽʭ ʪʘ ʨʘʜʽʘʣʴʥʠʭ 

ʢʦʣʠʚʘʥʴ ʝʣʝʤʝʥʪʽʚ ʪʨʫʙʦʧʨʦʚʽʜʥʠʭ ʩʠʩʪʝʤ. ʈʦʟʚʠʥʫʪʘ ʤʝʪʦʜʠʢʘ ʨʽʰʝʥʥʷ 

ʩʬʦʨʤʫʣʴʦʚʘʥʠʭ ʨʽʚʥʷʥʴ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʥʥʷ ʃʘʧʣʘʩʘ ʚ 

ʯʘʩʦʚʦʤʫ ʧʨʦʩʪʦʨʽ. 

3. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦ ʜʦʩʣʽʜʞʝʥʠʤʠ ʩʠʩʪʝʤʠ 

çʪʝʧʣʦʦʙʤʽʥʥʠʢ (ʢʦʣʝʢʪʦʨ) ï ʧʨʠʨʦʜʥʻ ʩʝʨʝʜʦʚʠʱʝè, ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʠʭ  ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʫ 

ˇʨʫʥʪʽ ʪʘ ʬʘʢʪʦʨʽʚ ʷʢʽ ʥʘ ʮʝʡ ʨʦʟʧʦʜʽʣ ʚʧʣʠʚʘʶʪʴ.   

ɼʦʚʝʜʝʥʦ, ʱʦ ʛʦʣʦʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʩʠʩʪʝʤʠ ʜʦʙʫʚʘʥʥʷ ʛʝʦʪʝʨʤʘʣʴʥʦʾ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʻ ʧʦʻʜʥʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʽ ʧʨʠʨʦʜʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘʢʠʭ ʩʠʩʪʝʤ. 

ʉʝʨʡʦʟʥʦʶ ʧʝʨʝʰʢʦʜʦʶ, ʷʢʘ ʩʪʨʠʤʫʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʘʥʠʭ ʩʠʩʪʝʤ, ʻ 

ʬʘʢʪʠʯʥʘ ʚʽʜʩʫʪʥʽʩʪʴ ʘʥʘʣʽʪʠʯʥʦʛʦ, ʤʘʪʝʤʘʪʠʯʥʦʛʦ, ʧʨʦʛʨʘʤʥʦʛʦ ʽ 

ʤʝʪʦʜʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʨʦʟʨʦʙʢʠ ʪʘʢʠʭ ʩʠʩʪʝʤ ʜʣʷ ʨʽʟʥʠʭ 

ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ, ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ, ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʙʽʦʣʦʛʽʯʥʠʭ ʪʘ 

ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʫʤʦʚ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʎʠʤ ʦʙʫʤʦʚʣʝʥʽ ʟʥʘʯʠʤʽʩʪʴ ʪʘ 

ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ. 
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ʈʆɿɼɯʃ 3 

ɸʅɸʃɯɿ ʆʉʆɹʃʀɺʆʉʊɽʁ ʌɯɿʀʏʅʀʍ  ʇʈʆʎɽʉɯɺ ɺ ʉʀʉʊɽʄɯ  

çʇʈʀʈʆɼʅɭ ʉɽʈɽɼʆɺʀʑɽ ï ʂʆʃɽʂʊʆʈè ʇʈʀ ʇɽʈɽʊɺʆʈɽʅʅɯ 

ʅʀɿʔʂʆʇʆʊɽʅʎɯʁʅʆɰ ɻɽʆʊɽʈʄɸʃʔʅʆɰ  ɽʅɽʈɻɯɰ ʊɸ ɽʅɽʈɻɯɰ 

ɼʆɺʂɯʃʃʗ 

 

3.1. ɸʥʘʣʽʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʛʣʠʙʠʥʠ ʧʦʰʠʨʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʾ 

ʭʚʠʣʽ ʧʨʠ ʧʦʙʫʜʦʚʽ  ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ 

 

ɺ ʙʘʛʘʪʴʦʭ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʘʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʽʦʜʠʯʥʠʡ ʧʝʨʝʥʦʩ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʟ ʧʦʩʣʽʜʦʚʥʠʤ ʥʘʛʨʽʚʘʥʥʷʤ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷʤ. ʅʘʧʨʠʢʣʘʜ, 

ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ɿʝʤʣʽ ʧʝʨʝʙʫʚʘʻ ʧʽʜ ʚʧʣʠʚʦʤ ʢʦʣʠʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨʠ, ʨʽʯʥʠʭ 

ʽ ʩʝʟʦʥʥʠʭ, ʪʦʱʦ.    

ʇʨʠ ʽʥʩʪʘʣʷʮʽʾ ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ, ʱʦ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ  

ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʫ ʚʝʨʭʥʽʭ ʰʘʨʘʭ ˇʨʫʥʪʫ ʧʨʠ ʧʦʙʫʜʦʚʽ ʛʝʦʪʝʨʤʘʣʴʥʠʭ 

ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʫ ʪʝʧʣʦʚʫ 

ʝʥʝʨʛʽʶ ˇʨʫʥʪʫ,  ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʥʘ ʷʢʫ ʛʣʠʙʠʥʫ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ 

ʪʝʧʣʦʚʘ ʭʚʠʣʷ ʽ ʥʘ ʷʢʽʡ ʛʣʠʙʠʥʽ ʚ ʜʘʥʽʡ ʤʽʩʮʝʚʦʩʪʽ ʟʥʘʭʦʜʠʪʴʩʷ ʛʣʠʙʠʥʘ 

ʧʨʦʤʝʨʟʘʥʥʷ ˇʨʫʥʪʫ [38].  

ʇʝʨʽʦʜʠʯʥʝ ʧʝʨʝʥʝʩʝʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʟ ʧʦʩʣʽʜʦʚʥʠʤ ʥʘʛʨʽʚʘʥʥʷʤ ʽ 

ʦʭʦʣʦʜʞʝʥʥʷʤ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʤʘʪʠʯʥʠʭ ʨʽʚʥʷʥʴ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʘʙʦ ʨʽʚʥʷʥʴ ʪʝʧʣʦʧʝʨʝʥʦʩʫ. ʆʩʥʦʚʥʠʡ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ 

ʜʣʷ ʦʧʠʩʫ ʪʘʢʠʭ ʧʨʦʮʝʩʽʚ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʜʠʬʝʨʝʥʮʽʡʥʽ ʨʽʚʥʷʥʥʷ, ʱʦ 

ʚʨʘʭʦʚʫʶʪʴ ʟʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ ʯʘʩʫ ʪʘ ʧʨʦʩʪʦʨʦʚʠʭ ʢʦʦʨʜʠʥʘʪ. 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʝʨʽʦʜʠʯʥʽ ʨʦʟʚôʷʟʢʠ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

ʤʦʞʫʪʴ ʽʩʥʫʚʘʪʠ ʪʦʜʽ ʽ ʣʠʰʝ ʪʦʜʽ, ʢʦʣʠ ʧʨʠʩʫʪʥʻ ʧʝʨʽʦʜʠʯʥʝ ʜʞʝʨʝʣʦ ʪʝʧʣʦʪʠ 

ʯʠ ʚʩʝʨʝʜʠʥʽ ʽʥʪʝʨʚʘʣʫ ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʯʠ ʥʘ ʡʦʛʦ ʤʝʞʽ. ʎʝ, ʤʽʞ ʽʥʰʠʤ, 

 ʦʟʥʘʯʘʻ, ʱʦ ʤʝʞʦʚʽ ʫʤʦʚʠ (ʧʨʠʥʘʡʤʥʽ ʦʜʥʘ ʟ ʤʝʞʦʚʠʭ ʫʤʦʚ) ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ 

ʧʝʨʽʦʜʠʯʥʦʛʦ ʜʞʝʨʝʣʘ ʦʙʦʚôʷʟʢʦʚʦ ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʝʨʽʦʜʠʯʥʠʤʠ. ʗʢʱʦ 

ʨʦʟʛʣʷʜʘʪʠ ʜʦʩʪʘʪʥʴʦ ʪʨʠʚʘʣʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʧʨʦʮʝʩ, ʪʦ ʚʧʣʠʚ ʧʦʯʘʪʢʦʚʦʛʦ 
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ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ ʩʣʘʙʰʘʻ, ʪʦʤʫ ʚʘʨʪʦ ʰʫʢʘʪʠ ʨʦʟʚôʷʟʦʢ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʻ 

ʣʠʰʝ ʤʝʞʦʚʽ ʫʤʦʚʠ. 

ɼʠʬʝʨʝʥʮʽʡʥʝ ʨʽʚʥʷʥʥʷ, ʱʦ ʦʧʠʩʫʻ ʧʨʦʮʝʩ ʧʦʰʠʨʝʥʥʷ ʪʝʧʣʦʪʠ 

(ʥʝʚʘʞʣʠʚʦ ʧʝʨʽʦʜʠʯʥʠʡ ʧʨʦʮʝʩ, ʯʠ ʧʨʦʩʪʦ ʥʝʩʪʘʮʽʦʥʘʨʥʠʡ) ʚ ʩʝʨʝʜʦʚʠʱʽ, 

ʤʘʻ ʚʠʛʣʷʜ [7]: 
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µ µ
- =

µ µ
,                                          (3.1) 

ʜʝ Ŭ ï ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʡʥʦʛʦ ʧʝʨʝʥʝʩʝʥʥʷ  ʝʥʝʨʛʽʾ (ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʦʩʪʽ). 

ɼʘʣʽ ʯʠʥʠʤʦ ʟʘ ʩʪʘʥʜʘʨʪʥʦʶ ʧʨʦʮʝʜʫʨʦʶ. ʇʨʝʜʩʪʘʚʠʤʦ, ʱʦ  

( ) ()(),T x t x t=X T  ʪʘ ʧʽʜʩʪʘʚʠʤʦ ʮʝʡ ʚʠʨʘʟ ʜʦ (3.1), ʤʘʻʤʦ: 
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ʆʩʪʘʥʥʷ ʨʽʚʥʽʩʪʴ ʤʦʞʣʠʚʘ ʪʦʜʽ ʽ ʣʠʰʝ ʪʦʜʽ, ʢʦʣʠ ʷʢ ʣʽʚʘ, ʪʘʢ ʽ ʧʨʘʚʘ 

ʯʘʩʪʠʥʠ ʨʽʚʥʷʥʥʷ ʜʦʨʽʚʥʶʶʪʴ ʦʜʥʽʡ̔  ʪʽʡ ʢʦʥʩʪʘʥʪʽ. ʊʫʪ ʤʦʞʣʠʚʽ ʚʘʨʽʘʥʪʠ:  

1) ʅʝʭʘʡ, ʥʘʧʨʠʢʣʘʜ:  
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ʪʦʜʽ ʤʘʻʤʦ ʜʚʘ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʥʷ: 
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ʱʦ ʾʭ ʨʦʟʚôʷʟʢʘʤʠ ʻ: 

()
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x xx C e C em m-= +X ; ()
2a tt Cem=T , 

ʜʝ: 
1 2, ,C C C  ð ʥʝʚʽʜʦʤʽ ʩʪʘʣʽ, ʱʦ ʾʭ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟ ʤʝʞʦʚʠʭ ʪʘ 

ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ ʟʘʜʘʯʽ. ʆʪʞʝ ʨʦʟʚôʷʟʦʢ (ʟʘ ʫʤʦʚʠ ʪʘʢʦʛʦ m) ʽ ʜʣʷ 

ʩʢʽʥʯʝʥʥʦʛʦ ʽʥʪʝʨʚʘʣʫ [ ],x a bÍ , ,a b¸¤ ¸¤ ʤʦʞʥʘ ʥʘʧʠʩʘʪʠ ʪʘʢ: 
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ʜʝ: 
nm ð ʢʦʨʝʥʽ ʪʨʘʥʩʮʝʥʜʝʥʪʥʦʛʦ ʨʽʚʥʷʥʥʷ, ʱʦ ʚʠʧʣʠʚʘʻ ʟ ʤʝʞʦʚʠʭ 

ʫʤʦʚ. 

ʎʝʡ ʨʦʟʚôʷʟʦʢ ʮʽʢʘʚʠʡ ʪʠʤ, ʱʦ ʟ ʧʣʠʥʦʤ ʯʘʩʫ ʚʽʥ ʟʨʦʩʪʘʻ ʽ ʧʨʷʤʫʻ ʜʦ 

ʙʝʟʤʝʞʥʦʩʪʽ. ʄʠ ʥʘʚʦʜʠʤʦ ʡʦʛʦ ʪʫʪ ʯʠʩʪʦ ʟ ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ ʤʽʨʢʫʚʘʥʴ, ʙʦ ʥʝ 

ʪʘʢ ʧʨʦʩʪʦ ʧʽʜʽʙʨʘʪʠ ʪʘʢʫ ʩʠʪʫʘʮʽʶ, ʜʝ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʩʢʦʨʠʩʪʘʪʠʩʷ ʩʘʤʝ 

ʪʘʢʠʤ ʨʦʟʚôʷʟʢʦʤ. 

2) ʅʝʭʘʡ 

()

()2
2

2

1 x

x x
m

µ
=-

µ

X

X
, ()

()
21 t

a t t
m

µ
=-

µ

T

T
, 

ʪʦʜʽ ʤʘʻʤʦ ʜʚʘ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʥʷ: 

()
()

2
2

2
0

d x
x

dx
m+ =

X
X , 

()
()2 0

t
a t

t
m

µ
+ =

µ

T
T ,                            (3.3) 

ʱʦ ʾʭ ʨʦʟʚôʷʟʢʘʤʠ ʻ: 

        () 1 2sin cosx C x C xm m= +X ; ()
2a tt Ce m-=T .                             (3.4) 

ʆʪʞʝ 

   ( ) ( )
2

0

, sin cos na t

n n n n

n

T x t C x B x e
mm m

¤
-

=

= +ä .                           (3.5) 

ʎʝ ʢʣʘʩʠʯʥʠʡ ʥʘʡʙʽʣʴʰ ʚʞʠʚʘʥʠʡ ʨʦʟʚôʷʟʦʢ ʜʣʷ ʩʢʽʥʯʝʥʥʦʛʦ ʽʥʪʝʨʚʘʣʫ 

[ ],x a bÍ , ,a b¸¤ ¸¤. 

3) ʅʝʭʘʡ ʪʝʧʝʨ 2 i

a

w
m= , 1i= - (ʮʝ ʟʘʚʞʜʠ ʤʦʞʥʘ ʟʨʦʙʠʪʠ, ʙʦ ʥʘ m ʥʝ 

ʥʘʢʣʘʜʝʥʦ ʥʽʷʢʠʭ ʫʤʦʚ). ʇʽʜʩʪʘʚʠʚʰʠ ʮʝ ʟʥʘʯʝʥʥʷ m ʜʦ (3.5) ʦʪʨʠʤʘʻʤʦ ʜʚʘ 

ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʥʷ, ʱʦ ʾʭʥʽʤʠ ʨʦʟʚôʷʟʢʘʤʠ ʻ: 

()
()

2

2
0

d x i
x

dx a

w
+ =

X
X , 

()
() 0

t i
a t

t a

wµ
+ =

µ

T
T , 

()
i i

x x
a ax Ae Be

w w
-

= +X , () i tt Ce w-=T . 

ʇʦʟʘʷʢ 
1

2

i
i

+
=° , ʪʦ 

( )1
2

i
x x i x i

a a a

w w w
= = + . 

ʆʪʞʝ 
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()
( ) ( )1 1

2 2
x i x i

a ax Ae Be

w w
+ - +

= +X , () i tt Ce w-=T , 

ʘ ʨʦʟʚôʷʟʦʢ ʙʫʜʝ ʪʘʢʠʡ: 

( )
( ) ( )1 1

2 2,
x i x i

i ta aT x t Ae Be e

w w

w
+ - +

-
è ø
é ù= + =ê ú  

( )
22 2 2

i t xx x i t x
aa a aAe e Be e

ww w w
w w
å õ
- - - - +æ ö
ç ÷= + . 

ɿʘ ʆʡʣʝʨʦʤ 

( )

( ) ( )2 cos sin
2 2

i t x
ae t x i t x

a a

w
w w w

w w
- + å õ å õ

= - + + - +æ ö æ ö
ç ÷ ç ÷

, 

ʘʣʝ ( )cos cosa a- = , ( )sin sina a- =- . ʆʪʞʝ 

( )

( ) ( )2 cos sin
2 2

i t x
ae t x i t x

a a

w
w w w

w w
- +

= + - + , 

( ) ( ) ( )2, cos sin
2 2

x
aT x t Ae t x i t x

a a

w
w w

w w
è ø

== - - - +é ù
ê ú

 

( ) ( )2 cos sin
2 2

x
aBe t x i t x

a a

w
w w

w w
- è ø

+ + - +é ù
ê ú

.                                     (3.6) 

ʊʫʪ ,A B ʜʦʚʽʣʴʥʽ ʩʪʘʣʽ, ʱʦ ʾʭ ʚʠʟʥʘʯʘʶʪʴ ʟ ʤʝʞʦʚʠʭ ʫʤʦʚ. 

4) ɺ ʜʝʷʢʠʭ ʟʘʜʘʯʘʭ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʥʘʜʭʦʜʠʪʴ ʧʝʨʽʦʜʠʯʥʠʡ ʧʦʪʽʢ 

ʪʝʧʣʦʪʠ, ʘ ʟ ʜʨʫʛʦʛʦ ʙʦʢʫ ʪʝʤʧʝʨʘʪʫʨʘ ʻ ʢʦʥʩʪʘʥʪʦʶ, ʜʦʮʽʣʴʥʦ ʧʝʨʝʡʪʠ ʜʦ 

ʢʦʤʧʣʝʢʩʥʠʭ ʟʤʽʥʥʠʭ. ʗʢʱʦ ʚʟʷʪʠ 2 i

a

w
m=- , 1i= -. ʪʘ ʧʽʜʩʪʘʚʠʪʠ ʪʘʢʝ 

ʟʥʘʯʝʥʥʷ m ʜʦ (3.1) ʦʪʨʠʤʘʻʤʦ ʜʚʘ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʥʷ, ʪʘ ʾʭʥʽ ʨʦʟʚôʷʟʢʠ 

()
()

2

2
0

d x i
x

dx a

w
- =

X
X , 

()
() 0

t i
a t

t a

wµ
- =

µ

T
T , 

() ch sh
i i

x A x B x
a a

w wå õ å õ
= +æ ö æ ö

ç ÷ ç ÷
X , ()

i tt Cew=T , 

ʜʝ: ch
i

x
a

wå õ
æ ö
ç ÷

, sh
i

x
a

wå õ
æ ö
ç ÷

 ð ʛʽʧʝʨʙʦʣʽʯʥʽ ʢʦʩʠʥʫʩ ʪʘ ʩʠʥʫʩ ʚʽʜ ʫʷʚʥʦʛʦ 

ʘʨʛʫʤʝʥʪʫ. 

ʆʩʢʽʣʴʢʠ, ( )1
2

i
x x i x i

a a a

w w w
= = +  

          ( ) ( ) ( ), ch 1 sh 1
2 2

i tT x t A x i B x i e
a a

ww wè øå õ å õ
= + + +é ùæ ö æ ö

ç ÷ ç ÷ê ú
,                 (3.7) 
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ʜʝ, ʷʢ ʽ ʨʘʥʽʰʝ ,A B ʜʦʚʽʣʴʥʽ ʩʪʘʣʽ, ʱʦ ʾʭ ʚʠʟʥʘʯʘʶʪʴ ʟ ʤʝʞʦʚʠʭ ʫʤʦʚ,  

ʦʩʢʽʣʴʢʠ: 

( ) () ()ch 1 ch cos sh sin
2 2 2

x i x x i x x
a a a

w w wå õ å õ å õ
+ = +æ ö æ ö æ ö

ç ÷ ç ÷ ç ÷
, 

( ) () ()sh 1 sh cos ch sin
2 2 2

x i x x i x x
a a a

w w wå õ å õ å õ
+ = +æ ö æ ö æ ö

ç ÷ ç ÷ ç ÷
 

( ) () ()[ ], ch sh cos
2

i tT x t A x B x x e
a

wwå õ
= + +æ ö

ç ÷
 

() ()[ ]sh ch sin
2

i ti A x B x x e
a

wwå õ
+ + æ ö

ç ÷
. 

ʆʪʞʝ ʧʝʨʽʦʜʠʯʥʠʤʠ ʨʦʟʚôʷʟʢʘʤʠ ʨʽʚʥʷʥʥʷ (3.1) ʙʫʜʫʪʴ (3.6) ʯʠ (3.7). 

ɿʘʜʘʯʽ ʟ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʟ ʧʝʨʽʦʜʠʯʥʦ ʟʤʽʥʥʦʶ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʥʘ ʧʦʚʝʨʭʥʽ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʫ ʚʠʧʘʜʢʘʭ ʢʦʣʠʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʢʦʨʠ ɿʝʤʣʽ, ʱʦ ʧʝʨʝʙʫʚʘʻ ʧʽʜ ʧʝʨʽʦʜʠʯʥʠʤ ʚʧʣʠʚʦʤ ʉʦʥʮʷ, ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ 

ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʦʩʪʽ ʥʘ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʨʠʩʪʨʦʷʭ ʪʦʱʦ. 

ʈʦʟʛʣʷʥʝʤʦ ʜʦʩʪʘʪʥʴʦ ʪʨʠʚʘʣʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʧʨʦʮʝʩ, ʟʘ ʷʢʦʛʦ 

ʚʧʣʠʚʦʤ ʧʦʯʘʪʢʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʪʽʣʘ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ. ʊʦʜʽ 

ʤʘʻʤʦ ʰʫʢʘʪʠ ʨʦʟʚôʷʟʦʢ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʻ ʣʠʰʝ ʤʝʞʦʚʽ ʫʤʦʚʠ. ʈʦʟʚôʷʟʦʢ 

ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ 

                     
( ) ( )2

2

, 1 ,
0

T x t T x t

x a t

µ µ
- =

µ µ
    ʟʘ ʫʤʦʚʠ   ( )0 x< <¤,             (3.8)                    

ʙʫʜʝʤʦ ʰʫʢʘʪʠ ʫ ʚʠʛʣʷʜʽ 

                                           
( ) (), i tT x t x ew=T

                                         (3.9) 

ʎʝʡ ʨʦʟʚôʷʟʦʢ ʧʦʚʠʥʝʥ ʤʘʪʠ ʧʝʨʽʦʜ, ʱʦ ʜʦʨʽʚʥʶʻ 

2p

w. ʇʽʜʩʪʘʚʠʚʰʠ (3.9) 

ʜʦ ʨʽʚʥʷʥʥʷ (3.8) ʦʜʝʨʞʫʻʤʦ: 

                                      
()

()
2

2
0

d x i
x

dx a

w
- =

T
T ,                                 (3.10) 

ʱʦ ʡʦʛʦ ʨʦʟʚôʷʟʢʠ ʻ: 

        () exp exp
i i

x A x B x
a a

w wå õ å õ
= - +æ ö æ ö

ç ÷ ç ÷
X .                          (3.11) 

ɿʘ ʫʤʦʚʠ 
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( )1
2

i
i

a a

w w
= + , 

   
() ( ) ( )exp 1 exp 1

2 2
x A x i B x i

a a

w wå õ å õ
= - + + +æ ö æ ö

ç ÷ ç ÷
X

.               (3.12) 

ɺ ʮʽʡ ʬʦʨʤʫʣʽ ʪʨʝʙʘ ʧʦʢʣʘʩʪʠ0B= , ʙʦ ʨʦʟʚôʷʟʦʢ ʥʘ ʙʝʟʢʽʥʝʯʥʦʩʪʽ 

ʦʙʤʝʞʝʥʠʡ. ʊʦʜʽ 

( )
( )1

22 2,
i t xx i x

i t aa aT x t Ae e Ae e

ww w
w

w

å õ
-- + - æ ö

ç ÷= =  

ʯʠ 

( ) ( ) ( )[ ], cos sinxT x t Ae t x i t xJ w J w J-= - + - , 

2a

w
J= . 

ʆʩʢʽʣʴʢʠ ʫʷʚʥʘ ʯʘʩʪʠʥʘ ( )sini t xw J-  ʥʝ ʟʘʜʦʚʦʣʴʥʷʻ ʤʝʞʦʚʽ ʫʤʦʚʠ, ʾʾ 

ʪʨʝʙʘ ʚʠʣʫʯʠʪʠ. ʄʘʻʤʦ ʨʦʟʚôʷʟʦʢ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʟ ʧʝʨʽʦʜʦʤ 
2p

w
: 

                             ( ) ( ), cosxT x t Ae t xJ w J-= - ,                         (3.13)                                                 

ʗʢʱʦ ʥʘ ʧʦʚʝʨʭʥʽ  0x= ʟʘʜʘʥʦ ʪʝʤʧʝʨʘʪʫʨʫ ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʟʘʢʦʥʦʤ 

0 cosA tw  ʪʦ ʨʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʥʷ (3.13) ʥʘʙʠʨʘʻ ʚʠʛʣʷʜʫ 

              ( ) ( )
0, cosxT x t A e t xJ w J-= -  .                               (3.14) 

ʎʝʡ ʨʦʟʚôʷʟʦʢ ʚʠʟʥʘʯʘʻ ʪʝʤʧʝʨʘʪʫʨʥʫ ʭʚʠʣʶ ʟ ʭʚʠʣʴʦʚʠʤ ʯʠʩʣʦʤ  

2a

w
J= ʪʘ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ ɚ. 

                                   
2 4 a

n

p p
l
J

= = ,                                   (3.15) 

ʜʝ: n ï ʯʘʩʪʦʪʘ, 
2

n
w

p
= . 

ʅʘʡʚʘʞʣʠʚʽʰʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʝʨʽʦʜʠʯʥʦʾ ʬʫʥʢʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ (3.14) ʟʘ 

ʫʩʪʘʣʝʥʦʛʦ ʨʝʞʠʤʫ: 

1. ɺ ʙʫʜʴ - ʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʤʘʩʠʚʽ ʤʘʻ ʚʠʛʣʷʜ 

ʭʚʠʣʽ, ʱʦ ʾʾ ʘʤʧʣʽʪʫʜʘ ʟʤʝʥʰʫʻʪʴʩʷ ʟʘ ʛʣʠʙʠʥʦʶ. 

2. ɸʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʟʤʝʥʰʫʻʪʴʩʷ ʟʘ ʟʘʢʦʥʦʤ 
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2

2

x
x

x ae e e

w p
J l

- -
- = = ,                                             (3.16)                                                    

ʦʪʞʝ, ʟʤʝʥʰʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʠʤ ʰʚʠʜʰʝ, ʯʠʤ ʙʽʣʴʰʝ ɤ ʯʠ ʯʘʩʪʦʪʘ 

ʢʦʣʠʚʘʥʴ 
2

n
w

p
= . 

3. ʌʘʟʘ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʭʚʠʣʽ ʟʘʧʽʟʥʶʻʪʴʩʷ ʟʘ ʟʘʢʦʥʦʤ  

2
x x

a

w
J= . 

ʎʝ ʟʘʧʽʟʥʶʚʘʥʥʷ ʙʽʣʴʰʘʻ ʟ ʟʙʽʣʴʰʘʥʥʷʤ ɤ ʯʠ ʯʘʩʪʦʪʠ. 

4. ʊʝʤʧʝʨʘʪʫʨʥʽ ʢʦʣʠʚʘʥʥʷ (ʥʘʧʨʠʢʣʘʜ, ʨʦʟʪʘʰʫʚʘʥʥʷ ʤʘʢʩʠʤʫʤʫ ʪʘ 

ʤʽʥʽʤʫʤʫ) ʧʦʰʠʨʶʶʪʴʩʷ ʚʩʝʨʝʜʠʥʫ ʪʽʣʘ ʟʽ ʰʚʠʜʢʽʩʪʶ                                      

2aw. 

ʊʝʧʣʦʚʠʡ ʧʦʪʽʢ Q ʥʘ ʧʦʚʝʨʭʥʽ ʪʽʣʘ 0x=  ʙʫʜʝ ʪʘʢʠʡ 

( )
( ) ( )[ ]

0

,
cos sinxT x t

A e t x t x
x

JJ w J w J-µ
=- - - -

µ
, 

( )
( )

0

0

,
cos sin

x

T x t
A t t

x
J w w

=

µ
=- -

µ
, 

ʘʣʝ 

sin cos 2sin
4

x x x
på õ

- = -æ ö
ç ÷

, cos sin 2 cos
4

x x x
på õ

- = +æ ö
ç ÷

, 

( )
0

,
2 cos

4

xT x t
A e t x

x

J p
J w J-µ å õ

=- - +æ ö
µ ç ÷

, 

( )
0

0

,
2 cos

4x

T x t
A t

x

p
J w

=

µ å õ
=- +æ ö

µ ç ÷
, 

ʦʪʞʝ  

0

0

2 cos
4x

T
Q A t

x

p
l Jl w

=

µ å õ
=- = +æ ö

µ ç ÷
 

ʯʠ 

0

0

2 sin
4x

T
Q A t

x

p
l Jl w

=

µ å õ
=- =- -æ ö

µ ç ÷
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ʗʢʱʦ ʧʝʨʽʦʜʠʯʥʫ ʬʫʥʢʮʽʶ  ű(t) ʥʘ ʧʦʚʝʨʭʥʽ ʪʽʣʘ ʥʝ ʦʧʠʩʘʥʦ ʟʘ ʟʘʢʦʥʦʤ  

0 cosA tw  ʯʠ, ʧʨʦʪʝ ʚʦʥʘ ʻ ʯʘʩʦʟʘʣʝʞʥʦʶ ʬʫʥʢʮʽʻʶ ʟ ʧʝʨʽʦʜʦʤ
2p

w
, ʪʦ ʾʾ ʤʦʞʥʘ 

ʨʦʟʛʦʨʥʫʪʠ ʚ ʨʷʜ ʌʫʨôʻ ʟʘ ʢʦʩʠʥʫʩʘʤʠ: 

() ( ) ( )
0 1 2cos cos 2t A A t A tj w w= + + + 

ʂʦʝʬʽʮʽʻʥʪʠnA ,  0,1,2,n= ʟʥʘʭʦʜʠʤʦ ʟʘ ʩʪʘʥʜʘʨʪʥʦʶ ʧʨʦʮʝʜʫʨʦʶ: 

() () ( )
0 , cos

2
nA t dt A t n t dt

p p

w w

p p

w w

w w
j j w

p p
- -

= =ñ ñ  

ʨʦʟʚôʷʟʦʢ ʥʘʙʠʨʘʻ ʚʠʛʣʷʜʫ: 

( ) 2
0

1

, cos
2

n
x

n

n

n
T x t A A e n t x

w

k
w

w
k

¤ -

=

å õ
= + -æ ö

ç ÷
ä . 

ʎʝʡ ʨʦʟʚôʷʟʦʢ ʮʽʢʘʚʠʡ ʱʝ ʡ ʪʠʤ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʜʦʩʠʪʴ ʣʝʛʢʦ 

ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʟʤʝʥʰʝʥʥʷ ʘʤʧʣʽʪʫʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ ʟʘ ʫʤʦʚʠ 

ʟʨʦʩʪʘʥʥʷ ʟʥʘʯʝʥʥʷ x. 

ɿʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ ʚ ʯʘʩʽ, ʘ ʪʘʢ ʩʘʤʦ ʟʘ ʛʣʠʙʠʥʘʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʾʾ 

ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʽʩʪʶ, ʜʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʦʩʪʽ, ʷʢʠʡ ʜʦʨʽʚʥʶʻ ʢʦʝʬʽʮʽʻʥʪʫ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, 

ʧʦʜʽʣʝʥʦʤʫ ʥʘ ʦʙ'ʻʤʥʫ ʪʝʧʣʦʻʤʥʽʩʪʴ ˇʨʫʥʪʫ: 

ʂ=ʅ/ʩ, 

ʜʝ: ʂ ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʦʩʪʽ, ʅ ï ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʩ - ʦʙ'ʻʤʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ. 

ʇʝʨʝʜʘʯʘ ʪʝʧʣʦʪʠ ʚʛʣʠʙ ˇʨʫʥʪʫ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʰʣʷʭʦʤ 

ʤʦʣʝʢʫʣʷʨʥʦʾ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʘʜʽʘʮʽʡʥʦʛʦ ʪʘ 

ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ. 

ʆʩʥʦʚʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʢʦʣʠʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʚʛʣʠʙ ˇʨʫʥʪʫ, 

ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʌʫʨ'ʻ, ʪʘʢʽ: 

1. ʇʝʨʽʦʜ ʢʦʣʠʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʻ ʥʝʟʤʽʥʥʠʤ ʥʘ ʫʩʽʭ ʛʣʠʙʠʥʘʭ (ʧʨʦʪʷʛʦʤ 

ʜʦʙʠ, ʨʦʢʫ). 
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2. ɸʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʟʤʝʥʰʫʻʪʴʩʷ ʽʟ ʛʣʠʙʠʥʦʶ. ʇʨʠ 

ʟʨʦʩʪʘʥʥʽ ʛʣʠʙʠʥʠ ʟʘ ʘʨʠʬʤʝʪʠʯʥʦʶ ʧʨʦʛʨʝʩʽʻʶ, ʘʤʧʣʽʪʫʜʘ ʟʤʝʥʰʫʻʪʴʩʷ ʚ 

ʛʝʦʤʝʪʨʠʯʥʽʡ ʧʨʦʛʨʝʩʽʾ ʽ ʥʘ ʜʝʷʢʽʡ ʛʣʠʙʠʥʽ ʟʛʘʩʘʻ. 

3. ʏʘʩ ʥʘʩʪʘʥʥʷ ʤʘʢʩʠʤʫʤʽʚ ʽ ʤʽʥʽʤʫʤʽʚ ï ʟʘʧʽʟʥʶʻʪʴʩʷ ʟ ʛʣʠʙʠʥʦʶ. 

ɿʘʧʽʟʥʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ ʜʦ ʛʣʠʙʠʥʠ. 

4. ɻʣʠʙʠʥʘ ʧʦʩʪʽʡʥʦʾ ʨʽʯʥʦʾ ʪʘ ʜʦʙʦʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʥʦʩʷʪʴʩʷ, ʷʢ 

ʢʦʨʽʥʴ ʢʚʘʜʨʘʪʥʠʡ ʧʝʨʽʦʜʽʚ ʢʦʣʠʚʘʥʴ. ɿʛʽʜʥʦ ʟ ʮʠʤ ʧʦʣʦʞʝʥʥʷʤ, ʛʣʠʙʠʥʘ 

ʟʛʘʩʘʥʥʷ ʨʽʯʥʠʭ ʢʦʣʠʚʘʥʴ ʚ 19 ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʻ ʛʣʠʙʠʥʫ ʟʛʘʩʘʥʥʷ ʜʦʙʦʚʠʭ 

ʢʦʣʠʚʘʥʴ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʛʣʠʙʠʥʠ ʧʨʦʥʠʢʥʝʥʥʷ ʪʝʧʣʦʚʦʾ ʭʚʠʣʽ ʩʢʦʨʠʩʪʘʡʤʦʩʷ 

ʬʦʨʤʫʣʦʶ: 

( ) 0, cos 2
x

a
t

T x t A e x
a

p
p p- å õ

= -æ ö
ç ÷

. 

ʅʘ ʧʦʚʝʨʭʥʽ x=0 ʤʘʢʩʠʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ (ʘʤʧʣʽʪʫʜʘ) ʙʫʜʝ 

( )0 00,T t A= , 

ʘ ʥʘ ʜʝʷʢʽʡ ʚʽʜʩʪʘʥʽ x=X ʤʘʢʩʠʤʘʣʴʥʘ ʘʤʧʣʽʪʫʜʘ ʻ 

( ) 0,
X

a
XT X t A e

p
-

= . 

ʅʝʭʘʡ ʪʝʧʝʨ ʚ ʪʦʯʮʽ x=X ʘʤʧʣʽʪʫʜʘ ʚ 100 ʨʘʟʽʚ ʤʝʥʰʘ ʚʽʜ ʧʦʯʘʪʢʦʚʦʾ A0. 

ʄʘʻʤʦ ʚʽʜʥʦʰʝʥʥʷ: 

( )

( )
0 0

0

0, 1

, X XX a a

T t A

T X t
A e e

p p
- -

= = , 
1

100
X

ae

p
-

= , 
1

100

X
ae

p
-

= , 

ln100
a

X
p

= . 

ʆʪʞʝ ʪʝʧʣʦʚʘ ʭʚʠʣʷ ʩʣʘʙʰʘʻ ʚ 100 ʨʘʟʽʚ ʥʘ ʛʣʠʙʠʥʽ ʯʠ ʚʽʜʩʪʘʥʽ ʚʽʜ 

ʧʦʚʝʨʭʥʽ x=0:   

ln100
a

X
p

= . 

ʅʝʭʘʡ, ʥʘʧʨʠʢʣʘʜ, ʤʘʻʤʦ ʜʣʷ ʩʫʭʦʛʦ ʧʽʱʘʥʦʛʦ ˇʨʫʥʪʫ
2

0,0033
ʤ

a
ʛʦʜ

= , 

24ʛʦʜ= , ʪʦʙʪʦ ʜʦʙʦʚʽ ʢʦʣʠʚʘʥʥʷ: 



 133 

0,00273 24
ln100 ln100 0,665

a
X ʤ ʤ

p p

³
= = = . 

ʆʪʞʝ, ʜʦʙʦʚʽ ʢʦʣʠʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʩʫʭʦʤʫ ʧʽʱʘʥʦʤʫ ˇʨʫʥʪʽ ʟʛʘʩʘʶʪʴ 

ʚ 100 ʨʘʟʽʚ ʥʘ ʛʣʠʙʠʥʽ 66 ʩʤ. 

ɼʣʷ ˇʨʫʥʪʫ ʧʽʱʘʥʦʛʦ ʟ ʚʦʣʦʛʽʩʪʶ 8%
2

0,0033
ʤ

a
ʛʦʜ

= : 

0,0033 24
ln100 ln100 0,731

a
X ʤ ʤ

p p

³
= = = , 

ʘ ʜʣʷ ˇʨʫʥʪʽʚ (ʚ ʩʝʨʝʜʥʴʦʤʫ) 
2

0,0046
ʤ

a
ʛʦʜ

= , 

0,0046 24
ln100 ln100 0,863

a
X ʤ ʤ

p p

³
= = = . 

ɼʣʷ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ (ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ) 
2

0,0118
ʤ

a
ʛʦʜ

= : 

0,0118 24
ln100 ln100 1,382

a
X ʤ ʤ

p p

³
= = = . 

ɺʠʟʥʘʯʠʤʦ ʪʘʢʦʞ, ʥʘ ʷʢʫ ʛʣʠʙʠʥʫ ʧʦʰʠʨʶʻʪʴʩʷ ñʣʽʪʥʷ ʩʧʝʢʦʪʥʘò ʭʚʠʣʷ, 

ʪʦʙʪʦ ʛʣʠʙʠʥʫ, ʜʦ ʷʢʦʾ ʥʘʜʽʡʜʝ ʬʨʦʥʪ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʭʚʠʣʽ ʟʘ ʯʘʩ, ʱʦ 

ʜʦʨʽʚʥʶʻ ʧʦʣʦʚʠʥʽ ʧʝʨʽʦʜʫ ʢʦʣʠʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ. ɼʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʚ 

ʬʦʨʤʫʣʽ: 

( ) 0, cos 2
x

a
t

T x t A e x
a

p
p p- å õ

= -æ ö
ç ÷

 

ʧʦʢʣʘʩʪʠ 

cos 2 1
t

x
a

p på õ
- =æ ö

ç ÷
, ʦʪʞʝ2 0

t
x

a

p p
- =, 

ʜʘʣʽ ʧʦʢʣʘʩʪʠ 
2

t= . ʊʦʜʽ 

2 0
2

x
a

p p
- =, x ap= . 

ʆʩʢʽʣʴʢʠ ʨʽʢ ʤʘʻ 8760 ʛʦʜ 4380
2

ʛʦʜ= , ʜʣʷ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ (ʩʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ) 4380
2

ʛʦʜ=  ʤʘʻʤʦ: 

0,0118 8760 18,02x a ʤp p= = ³ = . 
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ɼʦʙʦʚʘ ʭʚʠʣʷ 24ʛʦʜ=  

0,0118 24 0,943x a ʤp p= = ³ = . 

ʊʝʤʧʝʨʘʪʫʨʘ ˇʨʫʥʪʫ ʤʘʻ ʜʦʙʦʚʫ ʪʘ ʨʽʯʥʫ ʧʝʨʽʦʜʠʯʥʽʩʪʴ. ɼʦʙʦʚʠʡ ʧʝʨʝʙʽʛ 

ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ ʦʙʫʤʦʚʣʝʥʠʡ ʚ ʦʩʥʦʚʥʦʤʫ ʜʦʙʦʚʠʤ ʭʦʜʦʤ ʩʦʥʷʯʥʦʾ 

ʨʘʜʽʘʮʽʾ ʪʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. ɼʦʙʦʚʠʡ ʧʝʨʝʙʽʛ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʦʜʥʠʤ ʤʘʢʩʠʤʫʤʦʤ (ʙʣʠʟʴʢʦ 13 ʛʦʜʠʥ) ʪʘ 

ʦʜʥʠʤ ʤʽʥʽʤʫʤʦʤ (ʧʝʨʝʜ ʩʭʦʜʦʤ ʩʦʥʮʷ). 

ɼʦʙʦʚʽ ʢʦʣʠʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ (ʤ. ʂʠʾʚ) ʫ ʩʝʨʝʜʥʴʦʤʫ ʟʘ ʨʽʢ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʪʘʢʠʤʠ ʜʘʥʠʤʠ (ʪʘʙʣ. 3.1). 

ʊʘʙʣʠʮʷ 3.1. 

ɼʦʙʦʚʽ ʢʦʣʠʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ (ʤ. ʂʠʾʚ) ʫ ʩʝʨʝʜʥʴʦʤʫ ʟʘ ʨʽʢ [39] 

ɻʣʠʙʠʥʘ (ʩʤ) ɸʤʧʣʽʪʫʜʘ Áʉ ʏʘʩ  (ʛʦʜ) 

 

ʄʘʢʩʠʤʫʤ ʄʽʥʽʤʫʤ 

ʇʦʚʝʨʭʥʷ ˇʨʫʥʪʫ 14,1 13:10 03:25 

20 2,7 18:10 08:10 

40 1,0 23:25 12:45 

80 0,2 07:00 19:00 

 

ɺ ʦʢʨʝʤʽ ʜʥʽ ʜʦʙʦʚʠʡ ʧʝʨʝʙʽʛ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ ʤʘʻ ʩʫʪʪʻʚʽ 

ʚʽʜʭʠʣʝʥʥʷ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʩʪʘʥʦʤ ʭʤʘʨʥʦʩʪʽ, ʦʧʘʜʘʤʠ, 

ʚʽʪʨʘʤʠ ʪʘ ʽʥ. 

ʅʘ ʟʥʘʯʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʜʦʙʦʚʦʛʦ ʭʦʜʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚʝʨʭʥʽʭ ʰʘʨʽʚ ˇʨʫʥʪʫ 

ʚʝʣʠʢʠʡ ʚʧʣʠʚ ʤʘʻ ʨʦʩʣʠʥʥʠʡ ʰʘʨ  ʚʣʽʪʢʫ ʪʘ ʩʥʽʛʦʚʠʡ ʰʘʨ ʚʟʠʤʢʫ. ʈʽʯʥʠʡ 

ʧʝʨʝʙʽʛ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚ ʧʦʤʽʨʥʠʭ ʰʠʨʦʪʘʭ ʦʜʥʠʤ 

ʤʘʢʩʠʤʫʤʦʤ ʫ ʯʝʨʚʥʽ ʯʠ ʩʝʨʧʥʽ ʪʘ ʦʜʥʠʤ ʤʽʥʽʤʫʤʦʤ ʫ ʩʽʯʥʽ ʯʠ ʣʶʪʦʤʫ. ʋ 

ʧʦʤʽʨʥʠʭ ʰʠʨʦʪʘʭ ʘʤʧʣʽʪʫʜʘ ʨʽʯʥʦʛʦ ʭʦʜʫ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ʦʛʦʣʝʥʦʛʦ 

ˇʨʫʥʪʫ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʘ ʽ ʜʦʨʽʚʥʶʻ 30Áʉ. 

ʅʦʨʤʘʪʠʚʥʫ ʛʣʠʙʠʥʫ ʩʝʟʦʥʥʦʛʦ ʧʨʦʤʝʨʟʘʥʥʷ ˇʨʫʥʪʫ ʧʨʠʡʤʘʶʪʴ ʪʘʢʦʶ, 

ʱʦ ʜʦʨʽʚʥʶʻ ʩʝʨʝʜʥʽʡ ʽʟ ʱʦʨʽʯʥʠʭ ʤʘʢʩʠʤʘʣʴʥʠʭ ʛʣʠʙʠʥ ʩʝʟʦʥʥʦʛʦ 

ʧʨʦʤʝʨʟʘʥʥʷ ˇʨʫʥʪʽʚ (ʪʘʙʣ. 3.2)  (ʟʘ ʜʘʥʠʤʠ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʧʝʨʽʦʜ ʥʝ ʤʝʥʰʝ, 
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ʥʽʞ 10 ʨʦʢʽʚ) ʥʘ ʚʽʜʢʨʠʪʽʡ, ʦʛʦʣʝʥʽʡ ʚʽʜ ʩʥʽʛʫ ʽ ʜʦʩʪʫʧʥʽʡ ʜʣʷ ʚʧʣʠʚʫ ʚʽʪʨʫ 

ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʦʚʝʨʭʥʽ ʤʘʡʜʘʥʯʠʢʘ ʧʨʠ ʨʽʚʥʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, 

ʨʦʟʪʘʰʦʚʘʥʦʤʫ ʥʠʞʯʝ ʛʣʠʙʠʥʠ ʩʝʟʦʥʥʦʛʦ ʧʨʦʤʝʨʟʘʥʥʷ ˇʨʫʥʪʽʚ.  

ʅʦʨʤʘʪʠʚʥʫ ʛʣʠʙʠʥʫ ʩʝʟʦʥʥʦʛʦ ʧʨʦʤʝʨʟʘʥʥʷ ˇʨʫʥʪʫ dtn, ʤ, ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ 

ʜʘʥʠʭ ʙʘʛʘʪʦʨʽʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʩʣʽʜ ʚʠʟʥʘʯʘʪʠ ʥʘ ʦʩʥʦʚʽ ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ, ʾʾ ʥʦʨʤʘʪʠʚʥʝ ʟʥʘʯʝʥʥʷ ʜʦʧʫʩʢʘʻʪʴʩʷ ʚʠʟʥʘʯʘʪʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

 dfn=d0ãMt  ,                                                    (3.17) 

ʜʝ: d0 ï ʚʝʣʠʯʠʥʘ, ʱʦ ʜʦʨʽʚʥʶʻ ʜʣʷ: 

 ʩʫʛʣʠʥʢʽʚ ʽ ʛʣʠʥ d0 = 0,23 ʤ; 

 ʩʫʧʽʩʢʽʚ ʽ ʧʽʩʢʽʚ ʧʠʣʫʚʘʪʠʭ ʪʘ ʜʨʽʙʥʠʭ d0 = 0,28 ʤ; 

ʧʽʩʢʽʚ ʢʨʫʧʥʠʭ ʪʘ ʩʝʨʝʜʥʴʦʾ ʢʨʫʧʥʦʩʪʽ d0 = 0,3 ʤ; 

 ʚʝʣʠʢʦʫʣʘʤʢʦʚʠʭ ˇʨʫʥʪʽʚ d0 = 0,34 ʤ. 

 ɿʥʘʯʝʥʥʷ d0 ʜʣʷ ˇʨʫʥʪʽʚ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʩʢʣʘʜʫ ʚʠʟʥʘʯʘʶʪʴ ʷʢ 

ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʝ ʚ ʤʝʞʘʭ ʛʣʠʙʠʥʠ ʧʨʦʤʝʨʟʘʥʥʷ;  

M t ï ʙʝʟʨʦʟʤʽʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʯʠʩʝʣʴʥʦ ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʘʙʩʦʣʶʪʥʠʭ 

ʟʥʘʯʝʥʴ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʠʭ ʥʝʛʘʪʠʚʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʟʘ ʟʠʤʫ ʚ ʜʘʥʦʤʫ ʨʘʡʦʥʽ, 

ʚʠʟʥʘʯʘʶʪʴ ʟʛʽʜʥʦ ʟʽ ʉʅʽʇ 2.01.01, ʘ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʜʘʥʠʭ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ 

ʨʘʡʦʥʫ ʙʫʜʽʚʥʠʮʪʚʘ ï ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʧʦʩʪʝʨʝʞʝʥʴ ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʦʾ 

ʩʪʘʥʮʽʾ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʘʥʘʣʦʛʽʯʥʠʭ ʫʤʦʚʘʭ ʟ ʨʘʡʦʥʦʤ ʙʫʜʽʚʥʠʮʪʚʘ [39]. 

 

ʊʘʙʣʠʮʷ 3.2  

ɿʤʽʥʠ ʨʽʯʥʠʭ ʘʤʧʣʽʪʫʜ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ  ʫ ʂʠʾʚʩʴʢʽʡ ʦʙʣʘʩʪʽ [39] 

ɻʣʠʙʠʥʘ (ʩʤ) ɸʤʧʣʽʪʫʜʘ ʪʝʤʧʝʨʘʪʫʨ Üʉ 

ʅʘ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ 31 

ʅʘ ʛʣʠʙʠʥʽ 10 ʩʤ 21 

ʅʘ ʛʣʠʙʠʥʽ 25 ʩʤ 18 

ʅʘ ʛʣʠʙʠʥʽ 50 ʩʤ 16 

ʅʘ ʛʣʠʙʠʥʽ 100 ʩʤ 14 

ʅʘ ʛʣʠʙʠʥʽ 200 ʩʤ 10 
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ʗʢʱʦ ʥʘ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ ʤʘʢʩʠʤʫʤʠ ʪʝʤʧʝʨʘʪʫʨʠ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ 

ʥʘʧʨʠʢʽʥʮʽ ʯʝʨʚʥʷ, ʪʦ ʥʘ ʛʣʠʙʠʥʽ 2 ʤ ʚʽʥ ʥʘʩʪʘʻ ʣʠʰʝ ʚ ʩʝʨʝʜʠʥʽ ʩʝʨʧʥʷ. 

ɿʛʽʜʥʦ ʟ ʪʝʦʨʝʪʠʯʥʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ ʌʫʨ'ʻ ʛʣʠʙʠʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʨʽʯʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ ʧʦʚʠʥʥʘ ʧʨʠʙʣʠʟʥʦ ʚ 19 ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʚʘʪʠ ʛʣʠʙʠʥʫ 

ʧʨʦʥʠʢʥʝʥʥʷ ʜʦʙʦʚʠʭ ʢʦʣʠʚʘʥʴ. ʆʜʥʘʢ ʥʘʩʧʨʘʚʜʽ ʚʝʣʠʯʠʥʘ ʮʴʦʛʦ ʚʽʜʥʦʰʝʥʥʷ 

ʙʽʣʴʰʝ ʚʥʘʩʣʽʜʦʢ ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʦʩʪʽ ʟ ʛʣʠʙʠʥʦʶ, ʟʤʽʥʠ 

ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʟʘ ʛʣʠʙʠʥʘʤʠ ʽ ʚ ʯʘʩʽ ʪʘ ʚʥʘʩʣʽʜʦʢ ʤʝʥʰʦʾ ʧʦʨʠʩʪʦʩʪʽ ˇʨʫʥʪʫ 

ʫ ʛʣʠʙʦʢʠʭ ʰʘʨʘʭ. ʋ ʩʝʨʝʜʥʴʦʤʫ ʛʣʠʙʠʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʨʽʯʥʠʭ ʢʦʣʠʚʘʥʴ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʛʣʠʙ ˇʨʫʥʪʫ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 8 ʜʦ 25 ʤʝʪʨʽʚ, ʫ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ 

ʚʦʥʘ ʜʦʩʷʛʘʻ 30 ʤ. 

ʏʘʩ ʥʘʩʪʘʥʥʷ ʤʘʢʩʠʤʫʤʫ ʽ ʤʽʥʽʤʫʤʫ ʪʝʤʧʝʨʘʪʫʨʠ ʟ ʛʣʠʙʠʥʦʶ 

ʟʘʧʽʟʥʶʻʪʴʩʷ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 20-30 ʜʽʙ ʟʘ ʢʦʞʝʥ ʤʝʪʨ ʛʣʠʙʠʥʠ. 

ʈʽʯʥʠʡ ʧʝʨʝʙʽʛ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ ʟʘʣʝʞʠʪʴ ʚ ʦʩʥʦʚʥʦʤʫ ʚʽʜ 

ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ˇʨʫʥʪʫ, ʭʘʨʘʢʪʝʨʫ ʪʘ ʚʠʩʦʪʠ ʡʦʛʦ ʧʨʦʪʷʛʦʤ ʨʦʢʫ. 

 

3.2. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ˇʨʫʥʪʽ 

( , )ʊ z t ʟʘʣʝʞʥʦ ʚʽʜ ʛʣʠʙʠʥʠ ╩ 0 ʯʘʩʫ ◄  

 

ʅʘʚʝʜʝʤʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, ʷʢʘ ʜʘʻ ʟʤʦʛʫ ʚʠʟʥʘʯʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʚ 

ˇʨʫʥʪʽ ( , )ʊ z t ʟʘʣʝʞʥʦ ʚʽʜ ʛʣʠʙʠʥʠ 0z²  ʽ ʯʘʩʫ 0t²  ʟʘ ʫʤʦʚ, ʱʦ ʟʘʜʘʥʦ: ʟʤʽʥʫ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ ʘʙʦ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʟ ʯʘʩʦʤ; ʪʝʤʧʝʨʘʪʫʨʫ 

ˇʨʫʥʪʫ ʧʨʠ z­+¤; ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ. ʊʘʢʦʞ ʙʫʜʝʤʦ 

ʚʚʘʞʘʪʠ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ˇʨʫʥʪʫ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʦʨʜʠʥʘʪ (x, y) ʽ 

ʪʝʧʣʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ˇʨʫʥʪʫ ʥʝ ʟʤʽʥʶʶʪʴʩʷ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ (x, y, z) ʽ 

ʯʘʩʦʤ [40]. 

ʊʝʧʣʦ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʚʽʜ ʙʽʣʴʰ ʥʘʛʨʽʪʠʭ ʜʽʣʷʥʦʢ (ʪʦʯʦʢ) ʩʝʨʝʜʦʚʠʱʘ 

ʜʦ ʤʝʥʰ ʥʘʛʨʽʪʠʭ ʜʽʣʷʥʦʢ (ʪʦʯʦʢ) ʩʝʨʝʜʦʚʠʱʘ ʟʛʽʜʥʦ ʟʘʢʦʥʫ ʌʫʨôʻ. ʋ ˇʨʫʥʪʽ 

ʪʝʤʧʝʨʘʪʫʨʫ ʩʝʨʝʜʦʚʠʱʘ ʦʧʠʰʝʤʦ ʨʽʚʥʷʥʥʷʤ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ [41]: 

2

2

( , ) ( , )
V

ʊ z t ʊ z t
C

t z
l

µ µ
=

µ µ
, ʜʝ  

v

ʘ
C

l
= ,              (3.18) 
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ʜʝ: 
VC  ï ʦʙôʻʤʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ˇʨʫʥʪʫ, ɼʞ/ʤ

3
ĿÁʉ; l ï ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ 

ˇʨʫʥʪʫ,  ɺʪ/ʤĿÁʉ; ʘ ï ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʽʩʪʴ ˇʨʫʥʪʫ, ʤ
2
/ʩ.  

ʈʦʟʛʣʷʥʝʤʦ ʜʦʙʦʚʽ ʢʦʣʠʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ. ʇʨʠʡʤʝʤʦ ʪʝʤʧʝʨʘʪʫʨʫ 

ˇʨʫʥʪʫ ʨʽʚʥʦʶ ʩʝʨʝʜʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ ʟʘ ʜʦʙʫ ʟʘ ʫʤʦʚʠ, ʱʦ 

z­+¤[41] 

( , ) ʜʊ z t T­¤ = .     (3.19) 

ʇʦʛʦʜʠʥʥʽ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ ʧʨʦʪʷʛʦʤ ʜʦʙʠ ʦʧʠʰʝʤʦ 

ʩʠʥʫʩʦʾʜʦʶ [42]:  

( )2
( 0, ) sin

24

ʜ

ʜ ʜ ʜ

t t
ʊ z t ʊ ɸ

p -è ø
= = + é ù

ê ú
,   (3.20) 

ʜʝ: ʜʊ  ï ʩʝʨʝʜʥʷ ʜʦʙʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ, Áʉ; ʜɸï ʘʤʧʣʽʪʫʜʘ 

ʜʦʙʦʚʠʭ ʢʦʣʠʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ, Áʉ; ʜt  ï ʯʘʩʦʚʠʡ ʟʩʫʚ 

ʤʽʥʽʤʫʤʫ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ ʧʨʦʪʷʛʦʤ ʜʦʙʠ, ʛʦʜ. 

ɺ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʪʝʤʧʝʨʘʪʫʨʘ ˇʨʫʥʪʫ ʜʦʨʽʚʥʶʻ ʩʝʨʝʜʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ ʟʘ ʜʦʙʫ [41] 

 ( , 0) ʜʊ z t T= = .     (3.21) 

ʉʝʨʝʜʥʶ ʜʦʙʦʚʫ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ ʦʙʯʠʩʣʠʤʦ ʷʢ ʩʝʨʝʜʥʻ 

ʘʨʠʬʤʝʪʠʯʥʝ ʚʽʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʠʤʽʨʷʥʠʭ 

ʧʨʦʪʷʛʦʤ ʜʦʙʠ ʘʙʦ ʷʢ ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦʾ ʽ ʤʽʥʽʤʘʣʴʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ ʜʦʙʫ [42] 
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8 2
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ʜʝ: , , 1, 2,..., 8i ʝT i=  ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ, 

ʷʢʫ ʚʠʤʽʨʶʶʪʴ ʨʘʟ ʥʘ ʪʨʠ ʛʦʜʠʥʠ, Áʉ, ,max ,minʜ ʜT ʽT  ï  ʤʘʢʩʠʤʘʣʴʥʘ ʽ ʤʽʥʽʤʘʣʴʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ ʧʨʦʪʷʛʦʤ ʜʦʙʠ, Áʉ. 

ɸʤʧʣʽʪʫʜʫ ʜʦʙʦʚʠʭ ʢʦʣʠʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ ʦʙʯʠʩʣʠʤʦ ʷʢ 

ʨʽʟʥʠʮʶ ʤʽʞ ʤʘʢʩʠʤʘʣʴʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʟʘ ʜʦʙʫ ʽ ʩʝʨʝʜʥʴʦ ʜʦʙʦʚʦʶ 

ʪʝʤʧʝʨʘʪʫʨʦʶ 
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,maxʜ ʜ ʜɸ T ʊ= - .    (3.23) 

ʏʘʩʦʚʠʡ ʟʩʫʚ ʤʽʥʽʤʫʤʫ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ ʧʨʦʪʷʛʦʤ ʜʦʙʠ ʜt  

ʚʠʟʥʘʯʘʻʤʦ ʟ ʫʤʦʚʠ 

( ): 0, minʜt T z t= ­ .    (3.24) 

ɿʘʛʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʥʷ (3.18) ʟ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ (3.19) ʽ (3.20) 

ʽ ʧʦʯʘʪʢʦʚʦʶ ʫʤʦʚʦʶ (3.21) ʦʪʨʠʤʫʶʪʴ ʤʝʪʦʜʦʤ ʨʦʟʜʽʣʝʥʥʷ ʟʤʽʥʥʠʭ [43]: 

( )( / )
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ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ ʫ ʟʘʜʘʥʽʡ ʤʽʩʮʝʚʦʩʪʽ 

ʧʨʠʡʤʝʤʦ ʥʘʩʪʫʧʥʽ ʜʦʧʫʱʝʥʥʷ [40]:  

- ʪʝʤʧʝʨʘʪʫʨʫ ʚʠʟʥʘʯʘʣʠ ʥʘ ʛʣʠʙʠʥʽ 0,2 ʤ; 0,3 ʤ; 0,75 ʤ; 1,7 ʤ; 2 ʤ; 5 ʤ; 15 

ʤ ʽ 25 ʤ;  

- ʪʝʤʧʝʨʘʪʫʨʫ ʚʠʟʥʘʯʘʣʠ ʟʘ ʪʨʠ ʜʦʙʠ, ʟ 10 ʧʦ 12 ʚʝʨʝʩʥʷ 2021 ʨʦʢʫ;  

- ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ ʜʦʨʽʚʥʶʻ ʪʝʤʧʝʨʘʪʫʨʽ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ;  

- ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʽʩʪʴ ˇʨʫʥʪʫ ʥʝ ʩʫʪʪʻʚʦ ʟʤʽʥʶʻʪʴʩʷ ʟ ʛʣʠʙʠʥʦʶ ʽ 

ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ, ʱʦ ʤʘʩʠʚ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ˇʨʫʥʪʫ ʻ ʦʜʥʦʨʽʜʥʠʤ ʽʟ ʩʪʘʣʠʤʠ 

ʪʝʧʣʦʬʽʟʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʽʩʪʴ ʷʢʦʛʦ ʩʪʘʥʦʚʠʪʴ 

0,54Ŀ10
-6
 ʤ

2
/ʩ [40]; 

- ʜʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʝʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ ,i ʝT , Áʉ 

ʧʨʦʪʷʛʦʤ ʪʨʴʦʭ ʜʥʽʚ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ.3.3.   

ʊʘʙʣʠʮʷ 3.3.   

ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ [40] 

ʏʘʩ, ʛʦʜ 0 3 6 9 12 15 18 21 24 

ɼʝʥʴ ʊʝʤʧʝʨʘʪʫʨʘ,  ,i ʝT , Áʉ  

10.09.21 14,0 13,2 12,4 15,5 19,2 21,0 17,8 15,4 14,0 

11.09.21 14,0 12,4 11,5 16,1 20,2 22,8 20,0 14,4 13,6 

12.09.21 13,6 12,5 12,2 18,8 23,7 28,2 21,9 18,0 17,2 

 

ɿʘ ʟʘʣʝʞʥʽʩʪʶ (3.22) ʚʠʟʥʘʯʝʥʦ ʩʝʨʝʜʥʶ ʜʦʙʦʚʫ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʝʨʭʥʽ 

ˇʨʫʥʪʫ ʜʣʷ ʟʘʜʘʥʦʾ ʤʽʩʮʝʚʦʩʪʽ, ʷʢʘ ʩʪʘʥʦʚʠʪʴ 16,7; 17,1 ʽ 20,2 Áʉ ʜʣʷ 10, 11 ʽ 12 
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ʚʝʨʝʩʥʷ ʚʽʜʧʦʚʽʜʥʦ. ɿʘ ʟʘʣʝʞʥʽʩʪʶ (3.23) ʚʠʟʥʘʯʝʥʦ ʘʤʧʣʽʪʫʜʫ ʜʦʙʦʚʠʭ 

ʢʦʣʠʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ, ʷʢʘ ʩʪʘʥʦʚʠʪʴ 4,3, 5,6 ʽ 8,0 Áʉ ʜʣʷ 10, 

11 ʽ 12 ʚʝʨʝʩʥʷ ʚʽʜʧʦʚʽʜʥʦ. ɿʘ ʟʘʣʝʞʥʽʩʪʶ (3.24) ʚʠʟʥʘʯʝʥʦ ʯʘʩʦʚʠʡ ʟʩʫʚ 

ʤʽʥʽʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ ʧʨʦʪʷʛʦʤ ʜʦʙʠ, ʷʢʠʡ ʩʪʘʥʦʚʠʪʴ 6 

ʛʦʜ.  

ʅʘ ʨʠʩ. 3.1.  ʟʦʙʨʘʞʝʥʦ ʛʨʘʬʽʢ ʢʦʣʠʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ, 

ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʟʘʣʝʞʥʽʩʪʶ (3.25) ʧʨʦʪʷʛʦʤ ʪʨʴʦʭ ʜʥʽʚ ʩʧʦʩʪʝʨʝʞʝʥʴ ʥʘ 

ʛʣʠʙʠʥʽ ʜʦ 70 ʩʤ ʚʢʣʶʯʥʦ. ʇʨʠ ʮʴʦʤʫ 0 ʛʦʜ ʥʘ ʛʨʘʬʽʢʫ ʚʽʜʧʦʚʽʜʘʻ ʯʘʩʫ 0:00 

ʛʦʜ 10 ʚʝʨʝʩʥʷ, ʘ 72 ʛʦʜ ï ʚʽʜʧʦʚʽʜʘʻ 24:00 12 ʚʝʨʝʩʥʷ. 

ʗʢ ʙʘʯʠʤʦ ʽʟ ʛʨʘʬʽʢʫ ʥʘ ʨʠʩ. 3.1, ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ 

ʟ ʛʣʠʙʠʥʦʶ ʟʤʝʥʰʫʻʪʴʩʷ. ʇʽʜʩʪʘʚʠʚʰʠ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʚ ʟʘʣʝʞʥʽʩʪʴ (3.25) 

ʤʘʻʤʦ, ʱʦ ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ ʥʘ ʛʣʠʙʠʥʽ 20 ʩʤ 

ʜʦʨʽʚʥʶʻ ʚʽʜ 0,9 ʜʦ 1,9 Áʉ, ʥʘ ʛʣʠʙʠʥʽ 30 ʩʤ ï ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 0,5 ʜʦ 0,9 Áʉ, ʘ 

ʥʘ ʛʣʠʙʠʥʽ 75 ʩʤ ʽ ʙʽʣʴʰʝ ï 0 Áʉ. 

 

ʈʠʩ. 3.1. ɻʨʘʬʽʢ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ ʟ ʯʘʩʦʤ ʧʨʦʪʷʛʦʤ ʪʨʴʦʭ ʜʥʽʚ: ǒ ï 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ; ʨʦʟʨʘʭʫʥʦʢ ʧʦ ʤʦʜʝʣʽ: ------ ï ʥʘ 

ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ;  ----- ï ʥʘ ʛʣʠʙʠʥʽ 20 ʩʤ; -----  ï ʥʘ ʛʣʠʙʠʥʽ 30 ʩʤ; 

----- ï ʥʘ ʛʣʠʙʠʥʽ 75 ʩʤ. 
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ʈʦʟʛʣʷʥʝʤʦ ʩʝʟʦʥʥʽ ʢʦʣʠʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ. ʄʝʪʦʜ ʦʪʨʠʤʘʥʥʷ 

ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʜʣʷ ʢʦʣʠʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ ʘʥʘʣʦʛʽʯʥʠʡ ʜʦ 

ʚʠʱʝ ʥʘʚʝʜʝʥʦʾ ʟʘʜʘʯʽ ʟ ʜʦʙʦʚʠʤʠ ʢʦʣʠʚʘʥʥʷʤʠ, ʚʽʜʤʽʥʥʽʩʪʴ ʧʦʣʷʛʘʻ ʣʠʰʝ ʚ 

ʯʘʩʦʚʦʤʫ ʧʨʦʤʽʞʢʫ. ʋ ˇʨʫʥʪʽ, ʪʝʤʧʝʨʘʪʫʨʫ ʩʝʨʝʜʦʚʠʱʘ ʦʧʠʰʝʤʦ ʨʽʚʥʷʥʥʷʤ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ (3.18). 

ʇʨʠʡʤʝʤʦ ʪʝʤʧʝʨʘʪʫʨʫ ˇʨʫʥʪʫ ʨʽʚʥʦʶ ʩʝʨʝʜʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʦʚʝʨʭʥʽ 

ˇʨʫʥʪʫ ʟʘ ʨʽʢ ʟʘ ʫʤʦʚʠ, ʱʦ z­+¤[41]: 

( , ) ʨʊ z t T­¤ = .    (3.26) 

ɼʦʙʦʚʽ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʦʧʠʰʝʤʦ 

ʩʠʥʫʩʦʾʜʦʶ [42]:  

( )2
( 0, ) sin

365

ʨ

ʨ ʨ ʨ

t t
ʊ z t ʊ ɸ

pè ø-
= = + é ù

é ùê ú
,    (3.27) 

ʜʝ: ʨʊ  ï ʩʝʨʝʜʥʷ ʨʽʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ, Áʉ; ʨɸ  ï ʘʤʧʣʽʪʫʜʘ 

ʨʽʯʥʠʭ ʢʦʣʠʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ, Áʉ; ʨt  ï ʯʘʩʦʚʠʡ ʟʩʫʚ 

ʤʽʥʽʤʫʤʫ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ ʧʨʦʪʷʛʦʤ ʨʦʢʫ, ʜʦʙʠ. 

ɺ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʪʝʤʧʝʨʘʪʫʨʘ ˇʨʫʥʪʫ ʜʦʨʽʚʥʶʻ ʩʝʨʝʜʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ ʟʘ ʨʽʢ [41]: 

 ( , 0) ʨʊ z t T= = .             (3.28) 

ʉʝʨʝʜʥʶ ʨʽʯʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ ʦʙʯʠʩʣʠʤʦ ʷʢ ʩʝʨʝʜʥʻ 

ʘʨʠʬʤʝʪʠʯʥʝ ʚʽʜ ʩʝʨʝʜʥʽʭ ʜʦʙʦʚʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ ʘʙʦ, ʷʢ 

ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦʾ ʽ ʤʽʥʽʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ ʨʽʢ [42]: 

 

365

,
,max ,min1

,min,
365 2

i

ʜ i
ʨ ʨi

ʨ ʨ ʨ

T
ʊ ʊ

ʊ ʘʙʦʊ ʊ

=

=
-

= = +
ä

,   (3.29) 

 

ʜʝ: , , 1, 2,..., 365ʜiT i=  ï ʩʝʨʝʜʥʴʦʜʦʙʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ, Áʉ; 

,max ,minʜ ʜT ʽT  ï  ʤʘʢʩʠʤʘʣʴʥʘ ʽ ʤʽʥʽʤʘʣʴʥʘ ʜʦʙʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ 

ʧʨʦʪʷʛʦʤ ʨʦʢʫ, Áʉ. 
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ɸʤʧʣʽʪʫʜʫ ʨʽʯʥʠʭ ʢʦʣʠʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ ʦʙʯʠʩʣʠʤʦ ʷʢ 

ʨʽʟʥʠʮʶ ʤʽʞ ʤʘʢʩʠʤʘʣʴʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʟʘ ʨʽʢ ʽ ʩʝʨʝʜʥʻ ʨʽʯʥʦʶ 

ʪʝʤʧʝʨʘʪʫʨʦʶ 

,maxʨ ʨ ʨɸ T ʊ= - .    (3.30) 

ʏʘʩʦʚʠʡ ʟʩʫʚ ʤʽʥʽʤʫʤʫ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʨt  

ʚʠʟʥʘʯʘʻʤʦ ʟ ʫʤʦʚʠ 

( ): 0, minʨt T z t= ­ .    (3.31) 

 

ɿʘʛʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʥʷ (3.18) ʟ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ (3.26) ʽ (3.27) 

ʽ ʧʦʯʘʪʢʦʚʦʶ ʫʤʦʚʦʶ (3.28) ʦʪʨʠʤʫʶʪʴ ʤʝʪʦʜʦʤ ʨʦʟʜʽʣʝʥʥʷ ʟʤʽʥʥʠʭ [43] 

( )
( / )

2
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365 2

ʨz d

ʨ ʨ ʨ

t t z
ʊ z t T ɸ

d
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è ø-

= + - -é ù
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, ʜʝ 
2 2

,
365

a
d

p
w

w
= = .        (3.31) 

 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ ʚ ʟʘʜʘʥʽʡ ʤʽʩʮʝʚʦʩʪʽ ʟʘ 

ʟʘʣʝʞʥʽʩʪʶ (3.31) ʥʝʦʙʭʽʜʥʽ ʩʝʨʝʜʥʻ ʜʦʙʦʚʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ ʟʘ 

ʨʽʢ. ʊʘʢʦʞ ʤʦʞʣʠʚʦ ʦʙʯʠʩʣʠʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ˇʨʫʥʪʫ ʚ ʟʘʜʘʥʽʡ ʤʽʩʮʝʚʦʩʪʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʝʨʝʜʥʻ ʤʽʩʷʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ʅʘʚʝʜʝʤʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ 

ʜʣʷ ʮʴʦʛʦ ʚʠʧʘʜʢʫ. ʋ ˇʨʫʥʪ ʪʝʤʧʝʨʘʪʫʨʫ ʩʝʨʝʜʦʚʠʱʘ ʦʧʠʰʝʤʦ ʨʽʚʥʷʥʥʷʤ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ (3.18). ʊʝʤʧʝʨʘʪʫʨʫ ˇʨʫʥʪʫ ʟʘ ʫʤʦʚʠ, ʱʦ z­+¤ ʦʧʠʰʝʤʦ  

ʟʘʣʝʞʥʽʩʪʶ (3.26).  

ɼʦʙʦʚʽ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʦʧʠʰʝʤʦ 

ʩʠʥʫʩʦʾʜʦʶ [42]  
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.  (3.32) 

 

ʇʦʯʘʪʢʦʚʘ ʫʤʦʚʘ (3.28) ʟʘʣʠʰʘʻʪʴʩʷ ʙʝʟ ʟʤʽʥ.  

ʉʝʨʝʜʥʶ ʨʽʯʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ ʦʙʯʠʩʣʠʤʦ ʷʢ ʩʝʨʝʜʥʻ 

ʘʨʠʬʤʝʪʠʯʥʝ ʚʽʜ ʩʝʨʝʜʥʽʭ ʤʽʩʷʯʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ ʘʙʦ ʷʢ 

ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦʾ ʽ ʤʽʥʽʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ ʨʽʢ [42]: 



 142 

 

12

,
,max ,min1

,min,
12 2

i

ʤ i
ʨ ʨi

ʨ ʨ ʨ

T
ʊ ʊ

ʊ ʘʙʦʊ ʊ

=

=
-

= = +
ä

,  (3.33) 

ʜʝ: , , 1, 2,...,12ʤiT i=  ï ʩʝʨʝʜʥʷ ʤʽʩʷʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ, Áʉ; 

,max ,minʨ ʨT ʽT  ï  ʤʘʢʩʠʤʘʣʴʥʘ ʽ ʤʽʥʽʤʘʣʴʥʘ ʤʽʩʷʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ 

ʧʨʦʪʷʛʦʤ ʨʦʢʫ, Áʉ. 

ʉʝʨʝʜʥʶ ʤʽʩʷʯʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ ʦʙʯʠʩʣʠʤʦ ʟʘ 

ʟʘʣʝʞʥʽʩʪʶ: 
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,                               (3.34) 

ʜʝ: N  ï ʢʽʣʴʢʽʩʪʴ ʜʥʽʚ ʫ ʤʽʩʷʮʽ; ,ʜ iʊ  ï ʩʝʨʝʜʥʷ ʜʦʙʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ ʚ i-ʠʡ ʜʝʥʴ ʤʽʩʷʮʷ, Áʉ. 

ɿʘʛʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʥʷ (3.18) ʟ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ (3.26) ʽ (3.32) 

ʪʘ ʧʦʯʘʪʢʦʚʦʶ ʫʤʦʚʦʶ (3.28) ʦʪʨʠʤʫʶʪʴ ʤʝʪʦʜʦʤ ʨʦʟʜʽʣʝʥʥʷ ʟʤʽʥʥʠʭ [42] 
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 ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ ʚ ʟʘʜʘʥʽʡ ʤʽʩʮʝʚʦʩʪʽ 

ʧʨʠʡʤʝʤʦ ʥʘʩʪʫʧʥʽ ʜʦʧʫʱʝʥʥʷ:  

- ʪʝʤʧʝʨʘʪʫʨʫ ˇʨʫʥʪʫ ʚʠʟʥʘʯʘʣʠ ʥʘ ʛʣʠʙʠʥʽ 0,02 ʤ; 0,3 ʤ; 0,75 ʤ; 1,2 ʤ; 2 

ʤ; 5 ʤ; 15 ʤ ʽ 25 ʤ;  

- ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ ʜʦʨʽʚʥʶʻ ʪʝʤʧʝʨʘʪʫʨʽ ʟʦʚʥʽʰʥʴʦʛʦ 

ʧʦʚʽʪʨʷ;  

- ʤʘʩʠʚ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ˇʨʫʥʪʫ ʻ ʦʜʥʦʨʽʜʥʠʤ ʽʟ ʩʪʘʣʠʤʠ ʪʝʧʣʦʬʽʟʠʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʽʩʪʴ ʷʢʦʛʦ ʩʪʘʥʦʚʠʪʴ 0,54Ŀ10
-6
 ʤ

2
/ʩ  

- ʜʘʥʽ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ ʧʨʦʪʷʛʦʤ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ ʪʨʠʚʘʣʽʩʪʶ ʦʜʠʥ ʨʽʢ ʟ ʞʦʚʪʥʷ 2020 ʧʦ ʚʝʨʝʩʝʥʴ 

2021 ʨʦʢʫ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 3.4. 
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ʊʘʙʣʠʮʷ 3.4.     

ʉʝʨʝʜʥʷ ʤʽʩʷʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ [40]: 

ʏʘʩ, 

ʧʦʨʷʜʢʦʚʠʡ 

ʥʦʤʝʨ ʤʽʩʷʮʷ 

1 2 3 4 5 6 7 8 9 10 11 12 

ʄʽʩʷʮʴ 

ʈʽʢ 

10 

20 

11 

20 

12 

20 

01 

21 

02 

21 

03 

21 

04 

21 

05 

21 

06 

21 

07 

21 

08 

21 

09 

21 

ʊʝʤʧʝʨʘʪʫʨʘ,  

,i ʝT , Áʉ 
10,

6 

3,

1 

0,

7 

1,

3 
1,8 2,6 8,1 

14,

6 

21,

7 

20,

8 

22,

4 

12,

7 

 

ɺ ʪʘʙʣ. 3.5 ʥʘʚʝʜʝʥʦ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ ʧʨʦʪʷʛʦʤ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ ʪʨʠʚʘʣʽʩʪʶ ʦʜʠʥ ʨʽʢ ʥʘ ʛʣʠʙʠʥʽ ʜʦ 25 ʤ 

ʚʢʣʶʯʥʦ, ʱʦ ʦʙʯʠʩʣʝʥʽ ʟʘ ʟʘʣʝʞʥʽʩʪʶ (3.33).  

ʊʘʙʣʠʮʷ 3.5.      

ʉʝʨʝʜʥʷ ʤʽʩʷʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ˇʨʫʥʪʫ [40]: 

ʄʽʩʷʮʴ ɻʣʠʙʠʥʘ (h, ʤ) 

 
0,02 0,30 0,75 1,20 2,00 5,00 15,00 25,00 

ʞʦʚʪʝʥʴ 4,1 5,6 7,6 9,2 10,9 11,4 9,7 9,7 

ʣʠʩʪʦʧʘʜ -0,1 1,4 3,7 5,6 8,1 11,0 9,7 9,7 

ʛʨʫʜʝʥʴ -1,7 -0,5 1,4 3,1 5,8 10,2 9,7 9,7 

ʩʽʯʝʥʴ -0,2 0,3 1,3 2,4 4,4 9,3 9,7 9,7 

ʣʶʪʠʡ 4,0 3,6 3,5 3,7 4,5 8,5 9,7 9,7 

ʙʝʨʝʟʝʥʴ 9,7 8,6 7,3 6,5 6,0 8,0 9,7 9,7 

ʢʚʽʪʝʥʴ 15,4 13,8 11,8 10,2 8,5 8,0 9,7 9,7 

ʪʨʘʚʝʥʴ 19,6 18,0 15,7 13,8 11,3 8,4 9,7 9,7 

ʯʝʨʚʝʥʴ 21,1 19,9 18,0 16,3 13,7 9,2 9,7 9,7 

ʣʠʧʝʥʴ 19,6 19,1 18,1 17,0 15,0 10,1 9,7 9,7 

ʩʝʨʧʝʥʴ 15,5 15,8 15,9 15,8 14,9 10,9 9,7 9,7 

ʚʝʨʝʩʝʥʴ 9,8 10,8 12,1 12,9 13,4 11,4 9,7 9,7 

ʊ, Áʉ 9,7 9,7 9,7 9,7 9,7 9,7 9,7 9,7 

ȹʊ, Áʉ 22,8 
20,4 16,8 14,6 10,5 3,4 0 0 
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ɿʘ ʟʘʣʝʞʥʽʩʪʶ (3.32) ʚʠʟʥʘʯʝʥʦ ʩʝʨʝʜʥʶ ʨʽʯʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʝʨʭʥʽ 

ˇʨʫʥʪʫ ʜʣʷ ʟʘʜʘʥʦʾ ʤʽʩʮʝʚʦʩʪʽ, ʷʢʘ ʩʪʘʥʦʚʠʪʴ 9,7 Áʉ. ɿʘ ʟʘʣʝʞʥʽʩʪʶ (3.28) 

ʚʠʟʥʘʯʝʥʦ ʘʤʧʣʽʪʫʜʫ ʜʦʙʦʚʠʭ ʢʦʣʠʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ, ʷʢʘ 

ʩʪʘʥʦʚʠʪʴ 11,5 Áʉ. ɿʘ ʟʘʣʝʞʥʽʩʪʶ (3.29) ʚʠʟʥʘʯʝʥʦ ʯʘʩʦʚʠʡ ʟʩʫʚ ʤʽʥʽʤʘʣʴʥʦʾ 

ʩʝʨʝʜʥʻ ʤʽʩʷʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ ʧʨʦʪʷʛʦʤ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʧʝʨʽʦʜʫ ʯʘʩʫ ʪʨʠʚʘʣʽʩʪʶ ʦʜʠʥ ʨʽʢ, ʷʢʠʡ ʩʪʘʥʦʚʠʪʴ 3 ʤʽʩʷʮʽ.  

ʗʢ ʙʘʯʠʤʦ ʽʟ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ, ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ ʟ 

ʛʣʠʙʠʥʦʶ ʟʤʝʥʰʫʻʪʴʩʷ.  

ɹʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ 

ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʧʨʠ ʥʝʩʪʘʙʽʣʴʥʠʭ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʧʦʚôʷʟʘʥʠʭ ʟ 

ʧʝʨʝʧʘʜʘʤʠ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʭʦʜʽ ʜʦ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ (ʪʘʙʣ. 3.6). 

 

ʊʘʙʣʠʮʷ 3.6.      

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʚʽʜʩʦʪʢʫ, ʥʘ ʷʢʠʡ ʤʦʞʝ ʟʤʝʥʰʫʚʘʪʠʩʷ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʛʣʠʙʠʥʠ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ˇʨʫʥʪʦʚʦʛʦ ʢʦʣʝʢʪʦʨʘ 

 ɻʣʠʙʠʥʘ (h,ʤ) 

 0,2 0,35 0,7 1,2 2 5 15 25 

ȹʊ, Áʉ 22,8 20,4 16,8 14,6 10,5 3,4 0 0 

K,% 34,5 31,8 25,5 22,1 15,9 5,2 0 0 

 

ʅʘʡʙʽʣʴʰʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʤʘʻ ʩʠʩʪʝʤʘ ʟ ʢʦʣʝʢʪʦʨʦʤ 

ʚʩʪʘʥʦʚʣʝʥʠʤ ʥʠʞʯʝ ʥʝʡʪʨʘʣʴʥʦʛʦ ʰʘʨʫ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ˇʨʫʥʪʫ ʤʦʞʥʘ ʧʦʰʠʨʠʪʠ ʥʘ ʽʥʰʠʭ ʪʝʨʠʪʦʨʽʷʭ ʟʘ 

ʫʤʦʚʠ, ʱʦ ʟʽʙʨʘʥʽ ʫʩʽ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʜʘʥʽ, ʘ ʩʘʤʝ ʚʽʜʦʤʦ 

ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ ʽ ʚʠʟʥʘʯʝʥʽ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʦʩʪʽ 

ʢʦʞʥʦʛʦ ʟ ʛʝʦʣʦʛʽʯʥʠʭ ʰʘʨʽʚ ˇʨʫʥʪʫ.  
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3.3. ʄʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʠʭ ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʥʘ 

ʦʩʥʦʚʽ  ʪʝʧʣʦ-ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ  

 

ɺʽʜʦʤʦ, ʱʦ ʧʦʚʥʝ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʫ 

ʚʦʜʦʥʦʩʥʠʭ ʧʣʘʩʪʘʭ ʤʦʞʝ ʙʫʪʠ ʚʠʚʝʜʝʥʦ ʥʘ ʦʩʥʦʚʽ ʩʧʽʣʴʥʦʛʦ ʨʽʰʝʥʥʷ 

ʨʽʚʥʷʥʥʷ  ʨʫʭʫ ʬʽʣʴʪʨʘʮʽʡʥʦʛʦ ʧʦʪʦʢʫ, ʨʽʚʥʷʥʥʷ ʥʝʨʦʟʨʠʚʥʦʩʪʽ (ʟʙʝʨʝʞʝʥʥʷ 

ʤʘʩʠ) ʪʘ ʨʽʚʥʷʥʥʷ ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ. ʇʝʨʰʝ ʨʽʚʥʷʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ 

ʚʠʚʝʜʝʥʥʽ ʟʚʠʯʘʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʽʟʦʪʝʨʤʽʯʥʦʾ ʬʽʣʴʪʨʘʮʽʾ. ɼʦ 

ʥʴʦʛʦ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʦʜʘʻʪʴʩʷ ʫʨʽʚʥʦʚʘʞʝʥʥʷ ʩʪʘʥʫ, ʱʦ ʚʠʟʥʘʯʘʻ ʟʚ'ʷʟʦʢ 

ʤʽʞ ʱʽʣʴʥʽʩʪʶ ʨʽʜʠʥʠ ʽ ʧʦʨʠʩʪʽʩʪʶ ʧʣʘʩʪʘ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʽ ʪʠʩʢʦʤ ï ʟ 

ʽʥʰʦʛʦ. 

ɼʣʷ ʥʝʽʟʦʪʝʨʤʽʯʥʦʾ ʬʽʣʴʪʨʘʮʽʾ ʟʘʤʽʩʪʴ ʮʠʭ ʥʝʧʦʚʥʠʭ ʫʤʦʚ (ʦʩʢʽʣʴʢʠ 

ʱʽʣʴʥʽʩʪʴ ʨʽʜʠʥʠ ʚ ʥʠʭ ʟʘʣʝʞʠʪʴ ʪʽʣʴʢʠ ʚʽʜ ʪʠʩʢʫ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʚʘʞʘʻʪʴʩʷ 

ʧʦʩʪʽʡʥʦʶ) ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ ʚʢʘʟʘʥʝ ʪʨʝʪʻ ʚʠʭʽʜʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ï 

ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ, ʱʦ ʦʧʠʩʫʻʪʴʩʷ ʟʘʢʦʥ ʟʤʽʥʠ ʤʘʩʠ ʝʥʝʨʛʽʾ ʬʽʣʴʪʨʫʶʯʦʾ 

ʨʽʜʠʥʠ (ʚʠʨʘʞʝʥʦʾ ʚ ʪʝʧʣʦʚʠʭ ʦʜʠʥʠʮʷʭ) ʧʽʜ ʚʧʣʠʚʦʤ ʫʩʽʭ ʩʠʣ, ʜʽʶʯʠʭ ʥʘ 

ʨʽʜʠʥʫ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʧʣʦʪʠ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʚ ʧʣʘʩʪ ʟʟʦʚʥʽ [44]: 

ɺʠʚʝʜʝʤʦ ʨʽʚʥʷʥʥʷ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʝʨʪʠʢʘʣʴʥʫ ʬʽʣʴʪʨʘʮʽʶ ʧʽʜʟʝʤʥʠʭ ʚʦʜ 

ʚ ʧʣʘʩʪʽ ʪʘ ʚʠʢʦʥʘʻʤʦ ʦʮʽʥʢʫ ʚʧʣʠʚʫ ʧʦʪʦʢʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʥʘ ʛʝʦʪʝʨʤʽʯʥʠʡ 

ʛʨʘʜʽʻʥʪ.  

ʇʨʠʧʫʱʝʥʦ, ʱʦ ʬʽʣʴʪʨʘʮʽʡʥʠʡ ʽ ʪʝʧʣʦʚʠʡ ʧʦʪʦʢʠ ʻ ʦʜʥʦʤʽʨʥʠʤʠ, ʪʦʙʪʦ 

ʥʘʪʠʩʢ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʰʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ, ʘ ʚʽʜʧʦʚʽʜʥʦ ʪʝʤʧʝʨʘʪʫʨʘ ʽ 

ʱʽʣʴʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʪʘ ʽʥʰʽ ʬʽʣʴʪʨʘʮʽʡʥʽ ʪʝʧʣʦʚʽ ʝʣʝʤʝʥʪʠ 

ʟʤʽʥʶʶʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʪʽʣʴʢʠ ʚʽʜ ʦʜʥʽʻʾ ʢʦʦʨʜʠʥʘʪʠ x ʽ ʚʽʜ ʯʘʩʫ t. ʊʦʜʽ 

ʱʽʣʴʥʽʩʪʴ (ʽʥʪʝʥʩʠʚʥʽʩʪʴ) ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʯʝʨʝʟ ʝʣʝʤʝʥʪ ʧʣʘʩʪʘ mdʭ (m ï 

ʧʦʪʫʞʥʽʩʪʴ ʧʣʘʩʪʘ), ʤʦʞʣʠʚʦ ʚʠʨʘʟʠʪʠ ʥʘʩʪʫʧʥʠʤ ʨʽʚʥʷʥʥʷʤ: 

KW WW Wl e+ += .                                       (3.35) 
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Wɚ ï ʭʘʨʘʢʪʝʨʠʟʫʻ ʤʦʣʝʢʫʣʷʨʥʝ, ʘʙʦ ʢʦʥʜʫʢʪʠʚʥʝ ʧʝʨʝʥʝʩʝʥʥʷ ʪʝʧʣʦʪʠ 

ʟʛʽʜʥʦ ʽʟ ʟʘʢʦʥʦʤ ʌʫʨ'ʻ ʽ ʻ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʦʶ ʢʦʝʬʽʮʽʻʥʪʫ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʛʨʘʜʽʻʥʪʫ ʪʝʤʧʝʨʘʪʫʨʠ:  

T

x
W ml l

µ

µ
=-    ,                                         (3.36) 

ʜʝ: ɚ ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʢʢʘʣ/ʤ῏ʛʦʜʠʥʫ῏ʛʨʘʜ.; 

m ï ʧʦʪʫʞʥʽʩʪʴ ʧʣʘʩʪʘ, ʤ; 

ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ, ʛʨʘʜ. 

ʗʢʱʦ ʚʠʭʦʜʠʪʠ ʟ ʧʝʨʝʜʫʤʦʚʠ ʧʨʦ ʤʠʪʪʻʚʝ ʚʠʨʽʚʥʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʨʽʜʠʥʠ, ʱʦ ʬʽʣʴʪʨʫʻʪʴʩʷ ʽ ʩʢʝʣʝʪʘ ʧʦʨʦʜʠ, ʪʦ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʚ ʪʘʢʦʤʫ ʚʠʛʣʷʜʽ: 

0 0(1 )ʞ ʩʢn nl l l+ -= ,                                 (3.37) 

ʜʝ: ɚʞ ʽ ɚʩʢ ï ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʚʽʜʧʦʚʽʜʥʦ ʨʽʜʠʥʠ ʪʘ ʩʢʝʣʝʪʘ; n0 ï 

ʧʦʨʠʩʪʽʩʪʴ ʧʦʨʦʜʠ. 

WK ï ʭʘʨʘʢʪʝʨʠʟʫʻ ʢʦʥʚʝʢʪʠʚʥʝ ʧʝʨʝʥʝʩʝʥʥʷ ʪʝʧʣʦʪʠ ʨʽʜʠʥʦʶ, ʧʦʚ'ʷʟʘʥʝ 

ʟ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʬʘʢʪʦʨʘʤʠ ʽ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʝ ʰʚʠʜʢʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ: 

K ʞ xTqW C= ,                                        (3.38) 

ʜʝ: ʉʞ ï  ʦʙ'ʻʤʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʨʽʜʠʥʠ ʢʢʘʣ/ʤ
3
ʛʨʘʜ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʟʘʣʝʞʥʽʩʪʶ ʜʝ:  ʉʞ = ʉ0ʞɔʞ;  

ʉʦʞ ï ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʨʽʜʠʥʠ, ʢʢʘʣ/ʢʛ῏ʛʨʘʜ; 

ɔʞ ï ʦʙ'ʻʤʥʘ ʚʘʛʘ ʨʽʜʠʥʠ, ʢʛ/ʤ
3
; 

qʭ = mɡʭ ï ʩʢʣʘʜʦʚʘ ʚʠʪʨʘʪ, ʤ
2
 /ʛʦʜ; 

ɡʭ ï ʰʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ, ʤ / ʛʦʜ. 

Wʛ ï ʚʠʟʥʘʯʘʻ ʯʘʩʪʠʥʫ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʦʙʫʤʦʚʣʝʥʫ ʪʘʢ ʟʚʘʥʠʤ 

ʜʨʦʩʝʣʴʥʠʤ ʝʬʝʢʪʦʤ ʘʙʦ ʝʬʝʢʪʦʤ ɼʞʦʫʣʷ - ʊʦʤʩʦʥʘ (ʪʦʙʪʦ ʧʽʜʚʠʱʝʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʥʘʛʨʽʚʘʥʥʷʤ ʧʣʘʩʪʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʦʙʦʪʠ ʩʠʣ ʪʝʨʪʷ ʯʘʩʪʠʥʦʢ 

ʨʽʜʠʥʠ ʰʣʷʭʦʤ ʬʽʣʴʪʨʘʮʽʾ) ʽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

ʞ xT qW Ce e= .                                               (3.39) 
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ʋ ʮʴʦʤʫ ʨʽʚʥʷʥʥʽ ʊŮ ï ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʜ ʚʧʣʠʚʦʤ ʜʨʦʩʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʫ. ʇʨʠ ʧʝʚʥʠʭ ʧʨʠʧʫʱʝʥʥʷʭ ʚʚʘʞʘʪʠʤʝʪʴʩʷ, ʱʦ ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʦ ʟʤʽʥʠ ʪʠʩʢʫ: 

T Pe e=- , 

 ʜʝ: Ů ï ʫʩʝʨʝʜʥʝʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ɼʞʦʫʣʷ - ʊʦʤʩʦʥʘ, ʤ
2
 ῏ʛʨʘʜ/ʢʛ; 

ʈ ï ʪʠʩʢ ʨʽʜʠʥʠ, ʢʛ/ʤ
3
. 

ʋ ʨʽʚʥʷʥʥʽ (3.35) ʦʧʫʱʝʥʘ ʩʢʣʘʜʦʚʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʱʦ ʚʠʥʠʢʘʻ ʧʨʠ 

ʥʘʛʨʽʚʘʥʥʽ ʨʽʜʠʥʠ ʚʥʘʩʣʽʜʦʢ ʾʾ ʩʪʠʩʣʠʚʦʩʪʽ ʧʽʜ ʚʧʣʠʚʦʤ ʟʤʽʥʠ ʟʦʚʥʽʰʥʴʦʛʦ 

ʪʠʩʢʫ (ʪʘʢ ʟʚʘʥʠʡ ʘʜʽʘʙʘʪʠʯʥʠʡ ʥʘʛʨʽʚ). ʋ ʟʚ'ʷʟʢʫ ʟ ʥʘʜʟʚʠʯʘʡʥʦ ʤʘʣʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʦʙ'ʻʤʫ ʘʙʦ ʦʙ'ʻʤʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʜʣʷ ʚʦʜʠ, çʚʘʛʘè ʟʘʟʥʘʯʝʥʦʛʦ ʧʨʦʮʝʩʫ ʚ 

ʟʘʛʘʣʴʥʦʤʫ ʪʝʧʣʦʚʦʤʫ ʙʘʣʘʥʩʽ ʚʦʜʦʥʦʩʥʠʭ ʧʣʘʩʪʽʚ ʜʫʞʝ ʤʘʣʘ. ɸʜʽʘʙʘʪʠʯʥʝ 

ʥʘʛʨʽʚʘʥʥʷ ʚʦʜʠ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʠʩʢʫ ʥʘ 100 ʘʪʤ ʩʪʘʥʦʚʠʪʴ ʚʩʴʦʛʦ 0,15 Áʉ, 

ʪʦʙʪʦ ʚ 15-20 ʨʘʟʽʚ ʤʝʥʰʝ ʥʘʛʨʽʚʘʥʥʷ ʧʽʜ ʚʧʣʠʚʦʤ ʜʨʦʩʝʣʴʥʦʛʦ ʝʬʝʢʪʫ. 

ɺʨʘʭʦʚʫʶʯʠ ʚʠʱʝʚʠʢʣʘʜʝʥʝ, ʤʘʪʠʤʝʤʦ ʥʘʩʪʫʧʥʝ ʨʽʚʥʷʥʥʷ ʜʣʷ ʱʽʣʴʥʦʩʪʽ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ: 

ʞ x ʞ x

T
Tq Tq

x
W m C Cel

µ
+ +

µ
=- .                            (3.38) 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʤʦʞʥʘ ʥʘʧʠʩʘʪʠ ʨʽʚʥʷʥʥʷ ʥʝʨʦʟʨʠʚʥʦʩʪʽ ʯʠ ʙʘʣʘʥʩʫ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ: 

ʇ ʂ
ʇ ʇ ʂ

T TT

x t n n

W
C m l l

µ µµ µ
+ -

µ µ µ µ
=- .                            (3.39) 

ʃ̔ ʚʘ ʯʘʩʪʠʥʘ ʨʽʚʥʷʥʥʷ ʜʘʻ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ ʰʣʷʭʦʤ ʨʫʭʫ 

ʨʽʜʠʥʠ, ʧʨʘʚʘ - ʚʽʜʧʦʚʽʜʥʽ ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ ʚ ʯʘʩʽ (
ʇ

T

t
C m

µ

µ

; t-ʯʘʩ) ʽ 

ʚʽʜʜʘʯʫ ʪʝʧʣʦʪʠ ʚ ʧʦʨʦʜʠ ʧʽʜʦʰʚʠ ʽ ʧʦʢʨʽʚʣʽ (ʇ
ʇ

T

n
l
µ

µ
ʪʘ ʂ

ʂ

T

n
l
µ

µ
; n - ʥʦʨʤʘʣʴ ʜʦ 

ʧʣʦʱʠʥ ʧʽʜʦʰʚʠ ʽ ʧʦʢʨʽʚʣʽ). 

ʂʦʝʬʽʮʽʻʥʪ ʉʧ ʧʝʨʝʜ ʧʦʭʽʜʥʦʶ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ ʯʘʩʦʤ ʻ ʧʦʚʥʦʶ ʦʙ'ʻʤʥʦʶ 

ʪʝʧʣʦʻʤʥʽʩʪʶ ʧʣʘʩʪʘ: 

0 0 0. 0(1 )ʇ ʞ ʞ ʩʢ ʩʢn nʉ ʉ ʉg g+ -= ,                           (3.40) 
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ʜʝ: ʉ0.ʩʢ ï ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʩʢʝʣʝʪʘ ʧʦʨʦʜʠ, ʢʢʘʣ / ʢʛ῏ʛʨʘʜ; 

ɔʩʢ ï ʡʦʛʦ ʦʙ'ʻʤʥʘ ʚʘʛʘ, ʢʛ / ʤ
3
. 

ʉʧʽʣʴʥʝ ʨʽʰʝʥʥʷ ʨʽʚʥʷʥʴ (3.38) ʪʘ (3.39) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʘʩʪʫʧʥʦʛʦ:    

2

2

ʇ ʇ ʂ ʂ
x

ʇ ʇ

T TT T ʈ T
a C

x x ʭ ʉ m n ʉ m n
u e

t

l lµ µµ µ µ µå õ
+ + - =æ ö

µ µ µ µ µ µç ÷
- .                    (3.41) 

ʊʫʪ   
ʇ

a
ʉ

l
= ʪʘ  ʞ

ʇ

ʉ
C
ʉ
= . 

ʈʽʚʥʷʥʥʷ (3.41) ʻ ʚʠʭʽʜʥʠʤ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤ ʨʽʚʥʷʥʥʷʤ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚ 

ʦʜʥʦʚʠʤʽʨʥʦʤʫ ʧʦʪʦʮʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜ. ʊʘʢ ʩʘʤʦ ʤʦʞʥʘ ʚʠʚʝʩʪʠ ʨʽʚʥʷʥʥʷ ʜʣʷ 

ʜʚʦʚʠʤʽʨʥʠʭ ʧʦʪʦʢʽʚ, ʘ ʪʘʢʦʞ ʜʣʷ ʧʦʪʦʢʽʚ ʟ ʦʩʴʦʚʦʶ ʩʠʤʝʪʨʽʻʶ. 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʜʘʥʝ ʨʽʚʥʷʥʥʷ ʻ ʥʘʙʣʠʞʝʥʠʤ, ʦʩʢʽʣʴʢʠ, ʧʦ-ʧʝʨʰʝ, ʫ 

ʥʴʦʤʫ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʩʪʘ ʩʝʨʝʜʥʷ ʧʦ ʚʝʨʪʠʢʘʣʽ, ʘ  ʧʦ-ʜʨʫʛʝ, ʧʨʠ ʚʠʚʝʜʝʥʥʽ 

ʨʽʚʥʷʥʥʷ ʤʠ ʟʥʝʭʪʫʚʘʣʠ ʟʤʽʥʘʤʠ ʪʝʧʣʦʪʠ, ʦʙʫʤʦʚʣʝʥʠʤʠ ʥʘʛʨʽʚʘʥʥʷʤ ʨʽʜʠʥʠ, 

ʱʦ ʚʠʚʽʣʴʥʷʻʪʴʩʷ ʟ ʧʣʘʩʪʘ ʟʘ ʨʘʭʫʥʦʢ ʧʨʫʞʥʠʭ ʩʠʣ, ʪʦʙʪʦ ʧʨʠʡʥʷʣʠ, ʱʦ 

( ) 0x
ʞ

q
ʊ ʈ

x
C e

µ
+ =

µ
. 

 ʆʜʥʘʢ ʽ ʧʨʠ ʮʠʭ ʧʨʠʧʫʱʝʥʥʷʭ ʨʽʚʥʷʥʥʷ (3.41) ʜʦʩʠʪʴ ʧʦʚʥʦ ʦʧʠʩʫʻ 

ʧʨʦʮʝʩ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʽ ʥʠʤ ʤʦʞʥʘ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʰʠʨʦʢʦʛʦ 

ʢʦʣʘ ʟʘʚʜʘʥʴ. 

ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʢʨʝʪʥʦʾ ʩʠʪʫʘʮʽʾ ʬʦʨʤʫʣʶʶʪʴʩʷ ʧʦ 

ʨʽʟʥʦʤʫ. ʋ ʥʘʡʧʨʦʩʪʽʰʠʭ ʚʠʧʘʜʢʘʭ, ʷʢ ʽ ʫ ʚʣʘʩʥʝ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʟʘʚʜʘʥʥʷʭ, 

ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʚʝʜʝʥʽ ʜʦ ʫʤʦʚ 1-ʛʦ, 2-ʛʦ ʽ 3-ʛʦ ʨʦʜʽʚ. ʊʦʙʪʦ 

ʚʽʜʧʦʚʽʜʥʦ ʚ ʤʝʞʘʭ ʧʣʘʩʪʘ ʤʦʞʝ ʙʫʪʠ ʟʘʜʘʥʦ: ʘ) ʧʦʩʪʽʡʥʽ ʘʙʦ ʧʝʚʥʠʤ ʯʠʥʦʤ 

ʟʤʽʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ; ʙ) ʧʦʩʪʽʡʥʠʡ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ; ʚ) ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ, ʱʦ 

ʟʤʽʥʶʻʪʴʩʷ ʟʽ ʟʤʽʥʦʶ ʪʝʤʧʝʨʘʪʫʨʠ. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʚʽʜʜʘʯʽ ʚ ʧʦʢʨʽʚʣʶ ʪʘ ʫ ʧʽʜʦʰʚʫ ʧʣʘʩʪʘ, ʱʦ 

ʚʠʨʘʞʘʻʪʴʩʷ ʥʦʨʤʘʣʴʥʠʤʠ ʧʦʭʽʜʥʠʤʠ ʪʝʤʧʝʨʘʪʫʨʠ (ʦʩʪʘʥʥʽ ʯʣʝʥʠ ʚ ʣʽʚʽʡ 

ʯʘʩʪʠʥʽ ʨʽʚʥʷʥʥʷ (3.38) ʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʪʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚ ʧʦʨʦʜʘʭ ʧʦʢʨʽʚʣʽ ʪʘ ʧʽʜʦʰʚʠ ʩʣʽʜ 

ʚʠʨʽʰʫʚʘʪʠ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ, ʢʦʞʥʠʤ ʟ ʷʢʠʭ ʦʧʠʩʫʻʪʴʩʷ ʪʝʧʣʦʧʝʨʝʜʘʯʘ ʚ 

ʦʩʥʦʚʥʦʤʫ ʰʘʨʽ, ʘ ʪʘʢʦʞ ʫ ʧʦʨʦʜʘʭ ʧʦʢʨʽʚʣʽ ʪʘ ʧʽʜʦʰʚʠ. 
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ʇʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯʽ ʧʨʦ ʚʧʣʠʚ ʧʦʪʦʢʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʥʘ ʛʝʦʪʝʨʤʘʣʴʥʠʡ 

ʛʨʘʜʽʻʥʪ ʧʨʠʡʤʝʤʦ ʷʢ ʚʽʜʦʤʝ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʟʝʤʥʦʾ ʢʦʨʠ ʟ ʛʣʠʙʠʥʦʶ 

ʟʨʦʩʪʘʻ, ʧʨʠʯʦʤʫ ʟʘʟʚʠʯʘʡ ʧʨʠʡʤʘʻʪʴʩʷ ʣʽʥʽʡʥʠʡ ʟʘʢʦʥ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ: 

0 0T T ɻ z+= ,                                       (3.43) 

ʜʝ: ʊ0 ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʥʝʚʝʣʠʢʽʡ ʛʣʠʙʠʥʽ ʚʽʜ ʧʦʚʝʨʭʥʽ ʟʝʤʣʽ (~ 8-10 ʤ) ʚ 

ʪʘʢ ʟʚʘʥʽʡ ʟʦʥʽ ʥʫʣʴʦʚʠʭ ʘʤʧʣʽʪʫʜ, ʜʝ ʢʦʣʠʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ, ʚʞʝ ʥʝ ʧʦʟʥʘʯʘʶʪʴʩʷ; 

ʦ

T
ɻ

z

µ
=
µ
ï ʛʝʦʪʝʨʤʽʯʥʠʡ ʛʨʘʜʽʻʥʪ. 

 ʋ ʩʝʨʝʜʥʴʦʤʫ ʜʣʷ ʧʣʘʪʬʦʨʤʥʠʭ, ʩʧʦʢʽʡʥʠʭ ʫ ʪʝʢʪʦʥʽʯʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ 

ʦʙʣʘʩʪʝʡ ʛʝʦʪʝʨʤʽʯʥʠʡ ʛʨʘʜʽʻʥʪ ʜʦʨʽʚʥʶʻ 2 - 4 Üʉ ʥʘ 100 ʤ. 

ʅʘ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʚʝʨʭʥʽʭ ʯʘʩʪʠʥʘʭ ʨʦʟʨʽʟʫ ʟʝʤʥʦʾ ʢʦʨʠ ʩʫʪʪʻʚʦ 

ʚʧʣʠʚʘʻ ʬʽʣʴʪʨʘʮʽʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ. ʎʝ ʤʦʞʥʘ ʧʦʢʘʟʘʪʠ ʥʘ ʧʨʠʢʣʘʜʽ. 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʟ ʧʦʚʝʨʭʥʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʠʟʭʽʜʥʠʡ ʨʫʭ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, 

ʧʨʠʯʦʤʫ ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʟʘʜʘʯʽ ʧʨʠʡʤʝʤʦ, ʱʦ ʮʝʡ ʧʦʪʽʢ ʻ ʦʜʥʦʤʽʨʥʠʤ ʽ 

ʰʚʠʜʢʽʩʪʴ ʡʦʛʦ ʧʦʩʪʽʡʥʘ: uz = const. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʚ 

ʨʦʟʨʽʟʽ ʦʧʠʩʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʨʽʚʥʷʥʥʷʤ, ʱʦ ʚʠʧʣʠʚʘʻ ʟ ʚʠʚʝʜʝʥʦʛʦ ʚʠʱʝ 

ʚʠʭʽʜʥʦʛʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʝʨʝʜʘʯʽ (3.42): 

  
2

2

2 z z

T T C T
a C

z z k t

eg
u u

µ µ µ
+ =

µ µ µ
- .                             (3.44) 

ʊʫʪ ʚʨʘʭʦʚʘʥʦ, ʱʦz

P

z k

g
u

µ
=

µ
- , 

ʜʝ: ɔ ï ʦʙ'ʻʤʥʘ ʚʘʛʘ ʚʦʜʠ; 

k ï ʢʦʝʬʽʮʽʻʥʪ ʬʽʣʴʪʨʘʮʽʾ. 

 

ʈʽʚʥʷʥʥʷ (3.41) ʚʠʨʽʰʫʚʘʪʠʤʝʤʦ ʟʘ ʪʘʢʠʭ ʫʤʦʚ: 

Z=0;      ʊ=ʊ0=const;       z=Ð;       ʊÍÐ.                        (3.45) 

ʇʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (3.43). ɿʘ ʟʘʟʥʘʯʝʥʠʭ ʫʤʦʚ 

ʨʝʟʫʣʴʪʘʪ ʨʦʟʚ'ʷʟʘʥʥʷ ʨʽʚʥʷʥʥʷ (3.44) ʤʘʻ ʪʘʢʠʡ ʚʠʛʣʷʜ: 

( ) ( )2

0 0 0 ;z z zT T ɻ z C t C t ɻ zR z t
k k

e e
u gu gu

å õ
+ - + - +æ ö

ç ÷
=                   (3.46) 
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ñ                      (3.47) 

z
e

C z
P

a

u
=

;   
0 2

at
P

z
=

. 

ʇʨʠ ʪʨʠʚʘʣʠʭ ʧʝʨʽʦʜʘʭ ʚʝʨʪʠʢʘʣʴʥʦʾ ʬʽʣʴʪʨʘʮʽʾ (ʢʦʣʠ F0 ʚʝʣʠʢʝ) 

2PezC t
R e

z

u -º .                                            (3.48) 

ʋ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ ʬʦʨʤʫʣʠ (3.46) ʜʨʫʛʠʡ ʽ ʪʨʝʪʽʡ ʯʣʝʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ 

ʟʤʽʥʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʦʚʽʜʥʦ ʧʽʜ ʚʧʣʠʚʦʤ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʝʨʝʥʝʩʝʥʥʷ 

ʪʝʧʣʦʪʠ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʚʽʜ ʧʦʚʝʨʭʥʽ ʟ ʨʽʜʠʥʦʶ ʽ ʜʨʦʩʝʣʴʥʦʛʦ ʧʨʦʮʝʩʫ. 

ʆʩʪʘʥʥʽʡ ʯʣʝʥ ï ʨʦʟʩʽʶʚʘʥʥʷ ʪʝʧʣʦʪʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

(ʢʦʥʜʫʢʪʠʚʥʦʾ ʪʝʧʣʦʧʝʨʝʜʘʯʽ). 

ʆʩʥʦʚʥʫ ʨʦʣʴ ʱʦʜʦ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ ʛʣʠʙʠʥʠ ʚʽʜʽʛʨʘʻ ʢʦʥʚʝʢʮʽʷ. 

ɼʨʦʩʝʣʴʥʠʡ ʥʘʛʨʽʚ ʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʮʽʻʶ ʩʢʣʘʜʦʚʦʶ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʥʝʟʥʘʯʥʽ.  

ɿʘʛʘʣʴʥʠʤ ʢʨʠʪʝʨʽʻʤ ʚʽʜʥʦʩʥʦʾ ʟʥʘʯʠʤʦʩʪʽ ʢʦʥʜʫʢʪʠʚʥʦʾ ʪʘ ʢʦʥʚʝʢʪʠʚʥʦʾ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʤʦʞʝ ʙʫʪʠ ʙʝʟʨʦʟʤʽʨʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʈʝ ð ʢʨʠʪʝʨʽʡ ʇʝʢʣʝ 

(3.47) ʎʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʠʭʦʜʠʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʽ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʧʦʨʷʜʢʫ 

ʚʝʣʠʯʠʥ ʜʚʦʭ ʯʣʝʥʽʚ ʨʽʚʥʷʥʥʷ (3.44):  
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ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʨʽʟʥʠʭ ʧʦʨʽʜ ɚ = 2 õ 4 ʢʢʘʣ/ʤ Āʛʦʜ ï ʛʨʘʜ, 

ʦʙ'ʻʤʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʚʦʜʠ ʉʞ = 1000 ʢʢʘʣ/ʤ
2
ʛʨʘʜ, ʪʝʧʣʦʻʤʥʽʩʪʴ ʧʣʘʩʪʘ ʉʧ = 

400-600 ʢʢʘʣ/ʤ3Āʛʨʘʜ ʽ, ʦʪʞʝ, ʢʦʝʬʽʮʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʦʩʪʽ Ŭ = ɚ/ʉʧ = 

0,003 õ 0,006 ʤ
2
/ʛʦʜʠʥʫ (Ò 0,1 ʤ

2
/ʜʦʙʫ).  

ʇʨʠ ʮʠʭ ʟʥʘʯʝʥʥʷʭ ʦʩʥʦʚʥʠʭ ʪʝʧʣʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʟʚʠʯʘʡʥʠʭ 

ʰʚʠʜʢʦʩʪʷʭ ʬʽʣʴʪʨʘʮʽʾ ʚʝʣʠʯʠʥʘ ʢʨʠʪʝʨʽʶ ʇʝʢʣʝ ʟʘʚʞʜʠ ʙʫʜʝ ʽʩʪʦʪʥʦ ʙʽʣʴʰʝ 

ʦʜʠʥʠʮʽ, ʘ ʦʩʪʘʥʥʽʡ ʯʣʝʥ ʫ ʨʽʚʥʷʥʥʽ (3.43) ʚʠʷʚʣʷʻʪʴʩʷ ʥʝʟʥʘʯʥʠʤ. ɹʽʣʴʰ 

ʚʠʩʦʢʦʛʦ ʧʦʨʷʜʢʫ ʤʘʣʦʩʪʽ ʧʨʦʪʠ ʢʦʥʚʝʢʪʠʚʥʦʾ ʯʘʩʪʠʥʠ ʻ ʪʘʢʦʞ ʚʝʣʠʯʠʥʘ 

ʜʨʦʩʝʣʴʥʦʛʦ ʥʘʛʨʽʚʫ, ʷʢʘ ʻ ʧʨʦʧʦʨʮʽʡʥʦʶ ʢʚʘʜʨʘʪʫ ʰʚʠʜʢʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ. 
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ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ, ʜʣʷ ʦʮʽʥʢʠ ʘʥʘʣʽʟʦʚʘʥʦʛʦ ʥʘʤʠ ʷʚʠʱʘ ʤʦʞʥʘ ʦʙʠʜʚʽ 

ʟʘʟʥʘʯʝʥʽ ʩʢʣʘʜʦʚʽ ʨʽʚʥʷʥʥʷ (3.46) ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ ʪʠʤ ʙʽʣʴʰʝ, ʱʦ ʚʦʥʠ ʜʽʶʪʴ 

ʫ ʨʽʟʥʠʭ ʥʘʧʨʷʤʢʘʭ: ʟʘ ʨʘʭʫʥʦʢ ʜʨʦʩʝʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʽʜʚʠʱʫʻʪʴʩʷ, ʢʦʥʜʫʢʪʠʚʥʝ ʧʝʨʝʥʝʩʝʥʥʷ ʪʝʧʣʦʪʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʟʩʽʶʚʘʥʥʷ 

ʪʝʧʣʦʚʦʛʦ ʬʨʦʥʪʫ ʪʘ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ.  

ʇʨʠ ʥʝʭʪʫʚʘʥʥʽ ʮʠʤʠ ʬʘʢʪʦʨʘʤʠ ʟ ʬʦʨʤʫʣʠ (3.43) ʦʪʨʠʤʫʻʤʦ ʚʠʨʘʟ: 

( )0 0 zT T ɻ z C tuº + - ;   ( )zz C tu² .                                        (3.49)  

                         

ɿ ʮʴʦʛʦ ʤʠ ʙʘʯʠʤʦ, ʱʦ ʟʘ ʥʘʷʚʥʦʩʪʽ ʬʽʣʴʪʨʘʮʽʡʥʦʛʦ ʧʦʪʦʢʫ, 

ʩʧʨʷʤʦʚʘʥʦʛʦ ʚʥʠʟ ʚʽʜ ʥʝʡʪʨʘʣʴʥʦʛʦ ʰʘʨʫ (ʟʦʥʠ ʥʫʣʴʦʚʠʭ ʘʤʧʣʽʪʫʜ 

ʪʝʤʧʝʨʘʪʫʨ), ʛʝʦʪʝʨʤʽʯʥʠʡ ʛʨʘʜʽʻʥʪ ʟʙʝʨʽʛʘʻ ʪʫ ʞ ʚʝʣʠʯʠʥʫ, ʱʦ ʚ ʧʨʠʨʦʜʥʠʭ 

ʫʤʦʚʘʭ, ʥʝ ʧʦʨʫʰʝʥʠʭ ʬʽʣʴʪʨʘʮʽʻʶ (
ʦ

T
ɻ const

z

µ
= =

µ ), ʘʣʝ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʢʦʞʥʽʡ 

ʪʦʯʮʽ ʧʦ ʛʣʠʙʠʥʽ ʟʥʠʞʫʻʪʴʩʷ ʥʘ ʦʜʥʘʢʦʚʫ ʚʝʣʠʯʠʥʫ, ʱʦ ʜʦʨʽʚʥʶʻ ʦ zɻ C tu   

(ʨʠʩ. 3.2). 

 

ʈʠʩ. 3.2. ɻʨʘʬʽʢ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʟ ʛʣʠʙʠʥʦʶ ʧʽʜ                

ʚʧʣʠʚʦʤ ʚʝʨʪʠʢʘʣʴʥʦʾ ʬʽʣʴʪʨʘʮʽʾ ʧʽʜʟʝʤʥʠʭ ʚʦʜ 
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ʊʝʦʨʝʪʠʯʥʦ, ʟʘ ʪʘʢʦʾ ʧʦʩʪʘʥʦʚʢʠ ʟʘʚʜʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʻ 

ʟʤʝʥʰʫʚʘʪʠʩʷ ʧʦ ʚʩʴʦʤʫ ʨʦʟʨʽʟʫ ʜʦ ʙʝʟʢʽʥʝʯʥʦʩʪʽ. ʅʘʩʧʨʘʚʜʽ ʮʴʦʛʦ ʥʝ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ, ʱʦ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʩʧʦʨʘʜʠʯʥʠʤ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷʤ 

ʚʝʨʪʠʢʘʣʴʥʠʭ ʬʽʣʴʪʨʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ, ʩʧʨʷʤʦʚʘʥʠʭ ʚʥʠʟ, ʷʢʽ ʥʘʜʘʶʪʴ 

ʧʦʩʪʽʡʥʠʡ ʦʭʦʣʦʜʞʫʚʘʣʴʥʠʡ ʝʬʝʢʪ. 

 ʎʽ ʧʦʪʦʢʠ ʧʦʛʣʠʥʘʶʪʴʩʷ ʪʘʢʦʞ ʬʽʣʴʪʨʘʮʽʡʥʠʤʠ ʪʝʯʽʷʤʠ ʥʘʛʨʽʪʠʭ ʚʦʜ, 

ʱʦ ʤʘʶʪʴ ʧʨʦʪʠʣʝʞʥʠʡ ʥʘʧʨʷʤʦʢ, ʪʦʙʪʦ ʧʽʜʥʽʤʘʶʪʴʩʷ ʟ ʛʣʠʙʠʥʠ ʜʦ 

ʧʦʚʝʨʭʥʽ. 

ɼʣʷ ʦʮʽʥʢʠ ʮʴʦʛʦ ʷʚʠʱʘ ʤʦʞʥʘ ʩʢʦʨʠʩʪʘʪʠʩʷ ʪʠʤʠ ʩʘʤʠʤʠ 

ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʬʦʨʤʫʣʘʤʠ, ʘʣʝ ʰʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ ɡz ʩʣʽʜ ʙʨʘʪʠ ʟʽ 

ʟʚʦʨʦʪʥʠʤ ʟʥʘʢʦʤ. ʌʦʨʤʫʣʘ (3.49), ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʮʴʦʤʫ, ʙʫʜʝ ʚʠʛʣʷʜʘʪʠ 

ʪʘʢ: 

( )0 0 zT T ɻ z C tuº + +  .                                       (3.50) 

ʂʦʨʠʩʪʫʶʯʠʩʴ ʚʠʢʣʘʜʝʥʠʤ ʤʝʪʦʜʦʤ, ʤʦʞʥʘ ʨʦʟʛʣʷʥʫʪʠ ʽʥʰʽ ʘʥʦʤʘʣʽʾ 

ʛʝʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ, ʱʦ ʦʙʫʤʦʚʣʶʶʪʴʩʷ ʬʽʣʴʪʨʘʮʽʻʶ ʨʽʜʠʥʠ. ʅʘʧʨʠʢʣʘʜ, 

ʪʘʢʠʤ ʰʣʷʭʦʤ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʪʝʧʣʦʚʠʡ ʚʧʣʠʚ ʣʦʢʘʣʴʥʠʭ ʚʠʭʦʜʽʚ ʚʦʜʠ ʥʘ 

ʨʽʟʥʽʡ ʛʣʠʙʠʥʽ ʟ ʪʝʢʪʦʥʽʯʥʠʭ ʪʨʽʱʠʥ, ʚʧʣʠʚ ʧʝʨʝʪʽʢʘʥʥʷ ʚʦʜʠ ʟ ʦʜʥʦʛʦ 

ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ ʚ ʽʥʰʠʡ ʪʦʱʦ. 

  

3.4. ʈʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʜʟʝʤʥʠʭ ʚʦʜ 

ʧʽʜ ʯʘʩ ʜʽʾ ʚʦʜʦʟʘʙʦʨʫ, ʱʦ ʤʘʻ ʚʠʛʣʷʜ ʥʠʟʢʠ ʩʚʝʨʜʣʦʚʠʥ ʥʘ ʜʽʣʷʥʢʘʭ 

ʙʝʨʝʛʦʚʠʭ ʚʦʜʦʟʘʙʦʨʽʚ  

 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ  ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʥʘ ʚʠʭʦʜʽ ʟ ʢʦʥʜʝʥʩʘʪʦʨʘ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʪʘ ʚʭʦʜʽ ʫ ʡʦʛʦ ʚʠʧʘʨʥʠʢ. ʗʢʱʦ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʠʭʦʜʽ ʟ ʢʦʥʜʝʥʩʘʪʦʨʘ ʨʝʛʫʣʶʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʤʬʦʨʪʥʠʤʠ ʫʤʦʚʘʤʠ ʧʝʨʝʙʫʚʘʥʥʷ ʣʶʜʝʡ, 

ʨʦʙʦʪʠ ʪʝʭʥʽʢʠ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʭʦʜʽ ʚ 

ʚʠʧʘʨʥʠʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʠʨʦʜʥʽʤ ʜʞʝʨʝʣʦʤ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʽʾ ʽ ʤʦʞʝ 

ʤʘʪʠ ʜʝʚʽʘʮʽʽ, ʷʢʽ ʦʙʫʤʦʚʣʝʥʽ ʡʦʛʦ ʥʝʩʪʘʙʽʣʴʥʽʩʪʶ.  
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ʊʦʤʫ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʻ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʤʽʥ ʧʘʨʘʤʝʪʨʽʚ 

ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʜʝʙʽʪʫ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʜʦ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʧʨʦʪʷʛʦʤ ʯʘʩʫ 

ʡʦʛʦ ʨʦʙʦʪʠ.  

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʤʦʜʝʣʽ, ʟʘ ʷʢʦʶ ʤʦʞʥʘ ʧʨʦʛʥʦʟʫʚʘʪʠ ʚʝʣʠʯʠʥʫ 

ʢʦʣʠʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ ʪʘ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʚ ʤʽʩʪʽ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʢʦʣʝʢʪʦʨʘ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʜʘʥʠʭ 

ʩʠʩʪʝʤ ʤʦʞʣʠʚʦ  ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʟʥʘʯʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ 

ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʩʦʙʣʠʚʦʩʪʝʡ ʤʽʩʮʷ ʾʾ ʨʦʟʪʘʰʫʚʘʥʥʷ [45].  

ɿʘ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʬʽʣʴʪʨʘʮʽʡʥʠʡ ʽ ʪʝʧʣʦʚʠʡ ʧʦʪʦʢʠ ʻ ʦʜʥʦʤʽʨʥʠʤʠ, 

ʪʦʙʪʦ ʥʘʪʠʩʢ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʰʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ, ʘ ʪʘʢʦʞ ʪʝʤʧʝʨʘʪʫʨʘ ʽ 

ʱʽʣʴʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʪʘ ʽʥʰʽ ʬʽʣʴʪʨʘʮʽʡʥʽ ʪʝʧʣʦʚʽ ʝʣʝʤʝʥʪʠ 

ʟʤʽʥʶʶʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʪʽʣʴʢʠ ʚʽʜ ʦʜʥʽʻʾ ʢʦʦʨʜʠʥʘʪʠ x ʽ ʚʽʜ ʯʘʩʫ t, ʪʦ 

ʱʽʣʴʥʽʩʪʴ (ʽʥʪʝʥʩʠʚʥʽʩʪʴ) ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʯʝʨʝʟ ʝʣʝʤʝʥʪ ʧʣʘʩʪʘ mdʭ (m - 

ʧʦʪʫʞʥʽʩʪʴ ʧʣʘʩʪʘ), ʤʦʞʣʠʚʦ ʚʠʨʘʟʠʪʠ ʥʘʩʪʫʧʥʠʤ ʨʽʚʥʷʥʥʷʤ [44]: 

KW WW Wl e+ += .                                       (3.51) 

ʇʝʨʰʠʡ ʯʣʝʥ ʫ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʤʦʣʝʢʫʣʷʨʥʝ, ʘʙʦ ʢʦʥʜʫʢʪʠʚʥʝ, ʧʝʨʝʥʝʩʝʥʥʷ ʪʝʧʣʦʪʠ, ʟʛʽʜʥʦ ʽʟ ʟʘʢʦʥʦʤ ʌʫʨ'ʻ, 

ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʝ ʢʦʝʬʽʮʽʻʥʪʫ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʛʨʘʜʽʻʥʪʫ ʪʝʤʧʝʨʘʪʫʨʠ:  

T

x
W ml l

µ

µ
=- ,                                            (3.52) 

ʜʝ:  ɚ ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʢʢʘʣ/ʤ῏ʛʦʜʠʥʫ῏ʛʨʘʜ.; 

m ï ʧʦʪʫʞʥʽʩʪʴ ʧʣʘʩʪʘ, ʤ; 

ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ, ʛʨʘʜ. 

ʗʢʱʦ ʚʠʭʦʜʠʪʠ ʟ ʧʝʨʝʜʫʤʦʚʠ ʧʨʦ ʤʠʪʪʻʚʝ ʚʠʨʽʚʥʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʨʽʜʠʥʠ, ʱʦ ʬʽʣʴʪʨʫʻʪʴʩʷ ʽ ʩʢʝʣʝʪʘ ʧʦʨʦʜʠ, ʪʦ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʚ ʪʘʢʦʤʫ ʚʠʛʣʷʜʽ: 

0 0(1 )ʞ ʩʢn nl l l+ -= ,                                       (3.53) 

ʜʝ ɚʞ ʽ ɚʩʢ ï ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʚʽʜʧʦʚʽʜʥʦ ʨʽʜʠʥʠ ʪʘ ʩʢʝʣʝʪʘ; ʧ0 - 
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ʧʦʨʠʩʪʽʩʪʴ ʧʦʨʦʜʠ. 

ɼʨʫʛʠʤ ʯʣʝʥʦʤ ʫ ʨʽʚʥʷʥʥʽ (3.51) ʦʮʽʥʶʻʪʴʩʷ ʢʦʥʚʝʢʪʠʚʥʝ ʧʝʨʝʥʝʩʝʥʥʷ 

ʪʝʧʣʦʪʠ ʨʽʜʠʥʦʶ, ʧʦʚ'ʷʟʘʥʝ ʟ ʚʣʘʩʥʝ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʬʘʢʪʦʨʘʤʠ ʽ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʽʡʥʝ ʰʚʠʜʢʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ: 

 K ʞ xTqW C=  .                                           (3.54) 

ʜʝ: ʉʞ = ʉ0ʞɔʞ ï ʦʙ'ʻʤʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʨʽʜʠʥʠ, ʢʢʘʣ/ʤ
3
῏ʛʨʘʜ; 

ʉʦʞ ï ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʨʽʜʠʥʠ, ʢʢʘʣ/ʢʛ῏ʛʨʘʜ; 

ɔʞ ï ʦʙ'ʻʤʥʘ ʚʘʛʘ, ʢʛ/ʤ3; 

qʭ = mɡʭ - ʩʢʣʘʜʦʚʘ ʚʠʪʨʘʪ, ʤ
2
 / ʛʦʜ; 

ɡʭ ï ʰʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ, ʤ / ʛʦʜ. 

ʊʨʝʪʽʡ ʯʣʝʥ ʨʽʚʥʷʥʥʷ (3.51) ʚʠʟʥʘʯʘʻ ʯʘʩʪʠʥʫ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, 

ʦʙʫʤʦʚʣʝʥʫ ʪʘʢ ʟʚʘʥʠʤ ʜʨʦʩʝʣʴʥʠʤ ʝʬʝʢʪʦʤ ʘʙʦ ʝʬʝʢʪʦʤ ɼʞʦʫʣʷ - ʊʦʤʩʦʥʘ 

(ʪʦʙʪʦ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʥʘʛʨʽʚʘʥʥʷʤ ʧʣʘʩʪʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʦʙʦʪʠ 

ʩʠʣ ʪʝʨʪʷ ʯʘʩʪʠʥʦʢ ʨʽʜʠʥʠ ʰʣʷʭʦʤ ʬʽʣʴʪʨʘʮʽʾ): 

ʞ xT qW Ce e= .                                                 (3.55) 

ʋ ʮʴʦʤʫ ʨʽʚʥʷʥʥʽ ʊŮ - ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʜ ʚʧʣʠʚʦʤ ʜʨʦʩʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʫ. ʇʨʠ ʧʝʚʥʠʭ ʧʨʠʧʫʱʝʥʥʷʭ ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʦ ʟʤʽʥʠ ʪʠʩʢʫ: 

T Pe e=- ,                                                        (3.56) 

ʜʝ: Ů - ʫʩʝʨʝʜʥʝʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ɼʞʦʫʣʷ - ʊʦʤʩʦʥʘ, ʤ
2
 ʛʨʘʜ / ʢʛ; 

ʈ ï ʪʠʩʢ ʨʽʜʠʥʠ, ʢʛ/ʤ
3
. 

ʋ ʨʽʚʥʷʥʥʽ (3.51) ʦʧʫʱʝʥʘ ʩʢʣʘʜʦʚʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʱʦ ʚʠʥʠʢʘʻ ʧʨʠ 

ʥʘʛʨʽʚʘʥʥʽ ʨʽʜʠʥʠ ʚʥʘʩʣʽʜʦʢ ʾʾ ʩʪʠʩʣʠʚʦʩʪʽ ʧʽʜ ʚʧʣʠʚʦʤ ʟʤʽʥʠ ʟʦʚʥʽʰʥʴʦʛʦ 

ʪʠʩʢʫ (ʘʜʽʘʙʘʪʠʯʥʠʡ ʥʘʛʨʽʚ). ʋ ʟʚ'ʷʟʢʫ ʟ ʥʘʜʟʚʠʯʘʡʥʦ ʤʘʣʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʦʙ'ʻʤʫ (ʘʙʦ ʦʙ'ʻʤʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʜʣʷ ʚʦʜʠ) çʚʘʛʘè ʟʘʟʥʘʯʝʥʦʛʦ ʧʨʦʮʝʩʫ ʚ 

ʟʘʛʘʣʴʥʦʤʫ ʪʝʧʣʦʚʦʤʫ ʙʘʣʘʥʩʽ ʚʦʜʦʥʦʩʥʠʭ ʧʣʘʩʪʽʚ ʜʫʞʝ ʤʘʣʘ. ɸʜʽʘʙʘʪʠʯʥʝ 

ʥʘʛʨʽʚʘʥʥʷ ʚʦʜʠ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʠʩʢʫ ʥʘ 100 ʘʪʤ ʩʪʘʥʦʚʠʪʴ ʚʩʴʦʛʦ 0,15 Áʉ, 

ʪʦʙʪʦ ʚ 15-20 ʨʘʟʽʚ ʤʝʥʰʝ ʥʘʛʨʽʚʘʥʥʷ ʧʽʜ ʚʧʣʠʚʦʤ ʜʨʦʩʝʣʴʥʦʛʦ ʝʬʝʢʪʫ. 
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ʉʢʣʘʚʰʠ ʚʠʨʘʟʠ (3.52), (3.54), (3.55), ʤʘʪʠʤʝʤʦ ʥʘʩʪʫʧʥʝ ʨʽʚʥʷʥʥʷ ʜʣʷ 

ʱʽʣʴʥʦʩʪʽ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ: 

ʞ x ʞ x

T
Tq Tq

x
W m C Cel

µ
+ +

µ
=- .                          (3.57) 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʤʦʞʥʘ ʥʘʧʠʩʘʪʠ ʨʽʚʥʷʥʥʷ ʥʝʨʦʟʨʠʚʥʦʩʪʽ ʯʠ ʙʘʣʘʥʩʫ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ: 

ʇ ʂ
ʇ ʇ ʂ

T TT

x t n n

W
C m l l

µ µµ µ
+ -

µ µ µ µ
=- .                             (3.58) 

ʊʫʪ ʣʽʚʘ ʯʘʩʪʠʥʘ ʜʘʻ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ ʰʣʷʭʦʤ ʨʫʭʫ ʨʽʜʠʥʠ, 

ʧʨʘʚʘ - ʚʽʜʧʦʚʽʜʥʽ ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ ʚ ʯʘʩʽ (
ʇ

T

t
C m

µ

µ
; t-ʯʘʩ) ʽ ʚʽʜʜʘʯʫ 

ʪʝʧʣʦʪʠ ʚ ʧʦʨʦʜʠ ʧʽʜʦʰʚʠ ʽ ʧʦʢʨʽʚʣʽ (ʇ
ʇ

T

n
l
µ

µ
ʪʘ ʂ

ʂ

T

n
l
µ

µ
; n - ʥʦʨʤʘʣʴ ʜʦ ʧʣʦʱʠʥ 

ʧʽʜʦʰʚʠ ʽ ʧʦʢʨʽʚʣʽ). 

ʂʦʝʬʽʮʽʻʥʪ ʉʧ ʧʝʨʝʜ ʧʦʭʽʜʥʦʶ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ ʯʘʩʦʤ ʻ ʧʦʚʥʦʶ ʦʙ'ʻʤʥʦʶ 

ʪʝʧʣʦʻʤʥʽʩʪʶ ʧʣʘʩʪʘ: 

  0 0 0. 0(1 )ʇ ʞ ʞ ʩʢ ʩʢn nʉ ʉ ʉg g+ -=  ,                      (3.59) 

ʜʝ: ʉ0.ʩʢ ï ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʩʢʝʣʝʪʘ ʧʦʨʦʜʠ, ʢʢʘʣ / ʢʛ῏ʛʨʘʜ; 

ɔʩʢ ï ʡʦʛʦ ʦʙ'ʻʤʥʘ ʚʘʛʘ, ʢʛ / ʤ
3
. 

ʉʧʽʣʴʥʝ ʨʽʰʝʥʥʷ ʨʽʚʥʷʥʴ (3.57) ʪʘ (3.58) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʘʩʪʫʧʥʦʛʦ:   

2

2

ʇ ʇ ʂ ʂ
x

ʇ ʇ

T TT T ʈ T
a C

x x ʭ ʉ m n ʉ m n
u e

t

l lµ µµ µ µ µå õ
+ + - =æ ö

µ µ µ µ µ µç ÷
- .        (3.60) 

ʊʫʪ  
ʇ

a
ʉ

l
=  ʪʘ  ʞ

ʇ

ʉ
C
ʉ
= . 

ʈʽʚʥʷʥʥʷ (3.60) ʻ ʚʠʭʽʜʥʠʤ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤ ʨʽʚʥʷʥʥʷʤ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚ 

ʦʜʥʦʚʠʤʽʨʥʦʤʫ ʧʦʪʦʮʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜ.  

ʊʘʢ ʩʘʤʦ ʤʦʞʥʘ ʚʠʚʝʩʪʠ ʨʽʚʥʷʥʥʷ ʜʣʷ ʜʚʦʚʠʤʽʨʥʠʭ ʧʦʪʦʢʽʚ, ʘ ʪʘʢʦʞ ʜʣʷ 

ʧʦʪʦʢʽʚ ʟ ʦʩʴʦʚʦʶ ʩʠʤʝʪʨʽʻʶ. 

ʈʦʟʛʣʷʥʝʤʦ ʟʘʜʘʯʫ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʧʽʜ ʯʘʩ ʜʽʾ 

ʚʦʜʦʟʘʙʦʨʫ, ʱʦ ʤʘʻ ʚʠʛʣʷʜ ʥʠʟʢʠ ʩʚʝʨʜʣʦʚʠʥ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʧʘʨʘʣʝʣʴʥʦ 

ʨʫʩʣʫ ʨʽʯʢʠ (ʨʠʩ. 3.3.).  
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ʈʠʩ. 3.3. ʉʭʝʤʘ ʜʦ ʟʘʜʘʯʽ ʧʨʦ ʟʤʽʥʫ ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʧʽʜ ʯʘʩ  

          ʜʽʾ ʙʝʨʝʛʦʚʦʛʦ ʚʦʜʦʟʘʙʦʨʫ: ʘ) ï ʨʦʟʨʽʟ; ʙ) ï ʧʣʘʥ; ʚ), ʛ) ï ʛʨʘʬʽʢʠ  

          ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʠ ʚ ʨʽʯʮʽ [45]. 

 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʚʽʜʢʘʯʫʚʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʫʤʦʚʘʭ ʢʚʘʟʽʩʪʘʣʦʛʦ ʨʝʞʠʤʫ 

ʬʽʣʴʪʨʘʮʽʾ, ʦʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʠʡ ʚʠʨʘʟ ʜʣʷ ʥʘʧʦʨʫ ʅ ʽ ʰʚʠʜʢʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ 

ɡʭ: 

0
ʝ

q
ʅ ʅ x

km
= - ;          0

x

qH
k

x m
u

µ
=- =

µ
 ;                           (3.61) 

ʜʝ: He ï ʧʦʯʘʪʢʦʚʘ ʧʦʪʫʞʥʽʩʪʴ ʚʦʜʦʥʦʩʥʦʛʦ ʧʣʘʩʪʘ ʜʦ ʧʦʯʘʪʢʫ 

ʚʽʜʢʘʯʫʚʘʥʥʷ ʟʽ ʩʚʝʨʜʣʦʚʠʥʠ;  

m ï ʩʝʨʝʜʥʷ ʧʦʪʫʞʥʽʩʪʴ ʧʣʘʩʪʘ ʫ ʧʨʦʮʝʩʽ ʚʽʜʢʘʯʫʚʘʥʥʷ.  

ɺʠʨʘʟ (3.61) ʩʣʽʜ ʧʽʜʩʪʘʚʠʪʠ ʚ ʨʽʚʥʷʥʥʷ (3.60), ʷʢʝ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʙʫʜʝ 

ʦʧʠʩʫʚʘʪʠ ʧʨʦʮʝʩ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʤʫ ʚʦʜʦʥʦʩʥʦʤʫ ʧʣʘʩʪʽ. 

ɹʫʜʝʤʦ ʨʦʟʚ'ʷʟʫʚʘʪʠ ʮʝ ʨʽʚʥʷʥʥʷ ʟʘ ʪʘʢʠʭ ʫʤʦʚ: 

0t= ;   ʥT T=  ,                                                        (3.62) 



 157 

0t> ; 0t= ;  0 ʥʊ ʊ
ʊ t

q

-
= ,                                     (3.63) 

ʜʝ  0 ʥʊ ʊ- - ʧʦʚʥʠʡ ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʤʝʞʽ ʧʣʘʩʪʘ, ʪʦʙʪʦ ʚ ʨʽʯʮʽ, ʟʘ 

ʯʘʩ ɗ (ʈʠʩ. 3.2, ʚ). ʇʨʠʡʤʝʤʦ ʪʘʢʽ ʫʤʦʚʠ: 

0t> ; x=¤; T¸¤.                                        (3.64) 

ʋʤʦʚʦʶ (3.64) ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʣʽʥʽʡʥʘ ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʠ, ʱʦ 

ʥʘʜʭʦʜʠʪʴ ʫ ʧʣʘʩʪ ʽʟ ʨʽʯʢʠ. ʋ ʦʢʨʝʤʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ 

o ʥT T const- = .                                              (3.65) 

ɼʣʷ ʦʮʽʥʢʠ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ ʫ ʧʽʜʦʰʚʫ ʽ ʧʦʢʨʽʚʣʶ ʧʣʘʩʪʘ ʧʨʠʡʤʝʤʦ 

ʩʧʦʯʘʪʢʫ ʥʘʙʣʠʞʝʥʫ ʧʝʨʝʜʫʤʦʚʫ ʧʨʦ ʩʪʘʣʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʥʠʭ ʧʨʦʪʷʛʦʤ 

ʫʩʴʦʛʦ ʧʨʦʮʝʩʫ ʬʽʣʴʪʨʘʮʽʾ. ʊʦʜʽ ʥʦʨʤʘʣʴʥʽ ʧʦʭʽʜʥʽ ʚ ʨʽʚʥʷʥʥʽ (3.63) ʤʦʞʥʘ 

ʚʠʨʘʟʠʪʠ ʪʘʢʠʤ ʯʠʥʦʤ: 

 ( )
2

ʥ

ʧ

T T
C

a
- .                                             (3.66)  

ʊʫʪ Ŭ - ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʦʙʤʽʥʫ. ʋ ʮʴʦʤʫ ʨʘʟʽ ʨʦʟʚ'ʷʟʘʥʥʷ ʨʽʚʥʷʥʥʷ (3.60) 

ʟʘ ʫʤʦʚ (3.62) ʽ (3.63) ʤʘʪʠʤʝ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 
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ʜʝ 
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 ʗʢʱʦ ʟʘʤʽʩʪʴ ʫʤʦʚʠ (3.64) ʧʨʠʡʥʷʪʠ, ʱʦ ʥʘ ʤʝʞʽ ʧʣʘʩʪʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʽʜʥʽʤʘʻʪʴʩʷ ʩʪʨʠʙʢʦʧʦʜʽʙʥʦ ʜʦ ʚʝʣʠʯʠʥʠ T0 ʪʘ ʟʛʽʜʥʦ ʟ ʫʤʦʚʦʶ (3.65) 

ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʧʦʩʪʽʡʥʦʶ, ʪʦ ʨʦʟʚ'ʷʟʦʢ ʚʽʜʥʦʩʥʦ ʊ(x, t) ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ 

ʧʦʜʘʥʠʡ ʟʘʛʘʣʴʥʦʶ ʬʦʨʤʫʣʦʶ (3.69), ʘʣʝ ʚ ʥʽʡ ʩʣʽʜ ʧʨʠʡʤʘʪʠ 1
t

q
=, ʘ 

ʬʫʥʢʮʽʶ Rʣ ï ʟʘ ʪʘʢʦʶ ʟʘʣʝʞʥʽʩʪʶ: 
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( ) ( ) ( )4,ʣR ʭ t e erfc erfcxh x h x hè ø= + + -ê ú.                            (3.69) 

 ɻʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ Rʣ ʬʫʥʢʮʽʾ ʟʘ (3.68) ʽ (3.69) ʪʘʢʽ: ʧʨʠ ʫʤʦʚʽ, ʱʦ t = 0, 

Rʣ = 0; ʧʨʠ  t = Ð, Rʣ = 1. ɿʘ ʦʩʪʘʥʥʴʦʾ ʫʤʦʚʠ ʚ ʨʘʟʽ ʧʽʜʡʦʤʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʠ 

ʚ ʨʽʯʮʽ ʟʘ ʣʽʥʽʡʥʠʤ ʟʘʢʦʥʦʤ, ʷʢ ʚʠʧʣʠʚʘʻ ʟ ʨʽʚʥʷʥʥʷ (3.67), ʫ ʧʣʘʩʪʽ ʟ ʯʘʩʦʤ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʝʟʧʝʨʝʨʚʥʝ ʟʨʦʩʪʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, ʘ ʚ ʨʘʟʽ ʩʪʨʠʙʢʦʧʦʜʽʙʥʦʛʦ 

ʧʽʜʡʦʤʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʠ ʚ ʨʽʯʮʽ ʚ ʧʣʘʩʪʽ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʩʪʘʮʽʦʥʘʨʥʠʡ 

ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ.  

ʅʝ ʚʨʘʭʦʚʫʶʯʠ ʢʦʥʚʝʢʪʠʚʥʫ ʪʝʧʣʦʧʝʨʝʜʘʯʫ, ʪʦʙʪʦ ʟʘ ʈʝ = 0, ʟʘʤʽʩʪʴ 

ʬʦʨʤʫʣ (3.67) ʽ (3.69) ʦʪʨʠʤʘʻʤʦ:  

( ) ( ) ( )4,ʣR ʭ t e erfc erfcxh x h x hè ø= + + -ê ú.                             (3.70) 

 ʈʦʟʨʘʭʫʥʦʢ ʟʘ ʮʽʻʶ ʬʦʨʤʫʣʦʶ ʧʦʢʘʟʫʻ, ʱʦ ʧʨʠ ʟʨʦʩʪʘʥʥʽʪʝʤʧʝʨʘʪʫʨʠ 

ʚʦʜʠ ʚ ʨʽʯʮʽ ʟ 8 Üʉ ʜʦ 30 Üʉ ʯʝʨʝʟ 50 ʜʽʙ ʪʝʤʧʝʨʘʪʫʨʘ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʥʘ 

ʚʽʜʩʪʘʥʽ 10 ʤ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 2,2 Üʉ ʽ ʜʘʣʽ  ʜʦ Ű = 200  ʜʽʙ ʥʝ ʟʤʽʥʶʻʪʴʩʷ.  

ʗʢʱʦ ʞ ʟʥʝʭʪʫʚʘʪʠ ʢʦʥʜʫʢʪʠʚʥʦʶ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ ʚ ʦʩʥʦʚʥʦʤʫ 

ʬʽʣʴʪʨʫʚʘʣʴʥʦʤʫ ʰʘʨʽ, ʪʦʙʪʦ ʧʨʠʡʥʷʪʠ ʜʣʷ ʥʴʦʛʦ ɚ=0 (ʧʨʠ ʮʴʦʤʫ ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʧʦʢʨʽʚʣʽ ʪʘ ʧʽʜʦʰʚʠ ɚ> 0), ʪʦ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ ʤʘʪʠʤʝ 

ʪʘʢʠʡ ʚʠʛʣʷʜ: 
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= + -  .                                     (3.71) 

 ʅʘ ʚʽʜʩʪʘʥʽ 100 ʤ ʚʧʣʠʚ ʨʽʯʢʠ ʟʘ 50 ʜʽʙ ʟʦʚʩʽʤ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ. ɸ ʧʽʩʣʷ 

100 ʜʽʙ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ ʚ ʚʦʜʦʟʘʙʦʨʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ 20,4 Üʉ, ʱʦ ʩʢʣʘʜʘʻ 

70% ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʽʜʡʦʤʫ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʯʢʦʚʦʾ ʚʦʜʠ. 

ɿ ʦʪʨʠʤʘʥʠʭ ʘʥʘʣʽʪʠʯʥʠʤ ʰʣʷʭʦʤ ʜʘʥʠʭ ʤʦʞʣʠʚʦ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʚʠʟʥʘʯʘʣʴʥʠʤ ʬʘʢʪʦʨʦʤ ʫ ʥʘʛʨʽʚʘʥʥʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʻ ʬʽʣʴʪʨʘʮʽʷ, ʪʦʙʪʦ 

ʢʦʥʚʝʢʪʠʚʥʘ ʪʝʧʣʦʧʝʨʝʜʘʯʘ. 

ʂʦʥʜʫʢʪʠʚʥʘ ʩʢʣʘʜʦʚʘ, ʷʢ ʫʞʝ ʟʘʟʥʘʯʘʣʦʩʷ ʚʠʱʝ, ʩʧʨʠʯʠʥʷʻ ʪʽʣʴʢʠ ʜʝʷʢʝ 

ʨʦʟʩʽʶʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʬʨʦʥʪʫ. ʋ ʨʘʟʽ, ʢʦʣʠ ʤʘʻ ʤʽʩʮʝ ʣʠʰʝ ʢʦʥʚʝʢʮʽʷ, 

ʪʝʧʣʦʚʠʡ ʬʨʦʥʪ ʥʘʙʫʚʘʻ ʨʽʟʢʠʭ ʦʙʨʠʩʽʚ, ʧʨʠ ʮʴʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʨʰʥʝʚʝ 

ʚʠʪʽʩʥʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʥʘʛʨʽʪʠʤʠ ʚʦʜʘʤʠ, ʱʦ ʬʽʣʴʪʨʫʶʪʴʩʷ ʟ ʨʽʯʢʠ.  



 159 

3.5. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʜʝʚʽʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʠʭʦʜʽ ʟ 

ʩʚʝʨʜʣʦʚʠʥʠ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʦʩʦʙʣʠʚʽʩʪʶ 

ʛʽʜʨʦʛʝʦʪʝʨʤʽʯʥʦʛʦ ʨʝʞʠʤʫ ʟʦʚʥʽʰʥʴʦʾ ʦʙʦʣʦʥʢʠ ɿʝʤʣʽ 

 

ɺʽʜʦʤʦ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʜʝʙʽʪʫ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʜʦ ʡʦʛʦ ʚʠʧʘʨʥʠʢʘ. 

ʊʦʤʫ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʥʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ ʜʘʥʠʭ ʩʠʩʪʝʤ ʻ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʦʞʣʠʚʠʭ ʟʤʽʥ ʧʦʢʘʟʥʠʢʽʚ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʪʷʛʦʤ 

ʧʨʦʛʥʦʟʦʚʘʥʦʛʦ ʯʘʩʫ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ. 

ʊʝʧʣʦʚʠʡ ʨʝʞʠʤ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʦʙʫʤʦʚʣʝʥʠʡ ʩʫʤʘʨʥʦʶ ʩʦʥʷʯʥʦʶ 

ʨʘʜʽʘʮʽʻʶ ʪʘ ʪʝʧʣʦʪʦʶ, ʱʦ ʧʽʜʥʽʤʘʻʪʴʩʷ ʜʦ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ ʽʟ ʛʣʠʙʠʥ ɿʝʤʣʽ, 

ʚʠʟʥʘʯʘʻ ʪʝʤʧʝʨʘʪʫʨʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʷʢʘ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ ʚʽʜ 

ʥʝʛʘʪʠʚʥʦʾ (ʧʝʨʝʦʭʦʣʦʜʞʝʥʽ ʩʦʣʦʥʽ ʚʦʜʠ) ʜʦ ʧʝʨʝʚʠʱʫʶʯʦʾ 100 Áʉ (ʧʝʨʝʛʨʽʪʽ 

ʚʦʜʠ ʛʝʡʟʝʨʽʚ). ʋ ʩʚʦʶ ʯʝʨʛʫ ʧʽʜʟʝʤʥʽ ʚʦʜʠ ʻ ʦʜʥʠʤ ʽʟ ʚʘʞʣʠʚʠʭ ʬʘʢʪʦʨʽʚ 

ʪʝʧʣʦʦʙʤʽʥʫ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʚ ʟʝʤʥʽʡ ʢʦʨʽ, ʦʩʢʽʣʴʢʠ ʪʝʨʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʦʣʦʛʦʩʪʽ ʪʘ ʨʫʭʫ ʚ ʥʠʭ ʨʽʟʥʦʛʦ ʨʦʜʫ ʨʽʜʠʥ. 

ʈʫʭ ʚʦʜʠ ʚ ʟʝʤʥʽʡ ʢʦʨʽ, ʛʽʨʩʴʢʠʭ ʧʦʨʦʜʘʭ, ʱʦ ʾʾ ʩʢʣʘʜʘʶʪʴ, ʷʢ ʚʽʜʦʤʦ, 

ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʛʨʘʜʽʻʥʪʘ (ʣʘʤʽʥʘʨʥʘ ʽ 

ʪʫʨʙʫʣʝʥʪʥʘ ʬʽʣʴʪʨʘʮʽʷ), ʧʽʜ ʜʽʻʶ ʢʘʧʽʣʷʨʥʠʭ ʩʠʣ, ʦʩʤʦʩʫ, ʨʦʟʯʠʥʝʥʠʭ ʛʘʟʽʚ, 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʽʻʥʪʘ, ʢʦʥʚʝʢʮʽʾ ʪʦʱʦ. ʇʨʠʯʦʤʫ ʯʘʩʪʦ ʚ ʪʝʧʣʦʦʙʤʽʥʽ 

ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʥʝ ʦʜʠʥ, ʘ ʜʝʢʽʣʴʢʘ ʚʠʜʽʚ ʨʫʭʫ ʚʦʣʦʛʠ ʦʜʥʦʯʘʩʥʦ. ʊʦʤʫ ʧʠʪʘʥʥʷ 

ʬʦʨʤʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʻ ʥʠʥʽ ʱʝ ʥʝʜʦʩʪʘʪʥʴʦ ʚʽʜʦʤʠʤ, ʱʦ ʽ 

ʧʦʪʨʝʙʫʻ ʧʦʜʘʣʴʰʦʛʦ ʚʠʚʯʝʥʥʷ ʧʨʠ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʨʽʟʥʠʭ ʚʠʜʽʚ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʟʝʤʥʦʾ ʢʦʨʠ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ 

ʜʦʙʦʚʦʾ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʠ ʚ ʩʚʝʨʜʣʦʚʠʥʽ ʛʣʠʙʠʥʦʶ 50 ʤ ʪʘ 

ʪʝʦʨʝʪʠʯʥʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʤʦʞʣʠʚʦʩʪʽ  ʜʝʚʽʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ ʥʠʞʯʝ 

ʥʝʡʪʨʘʣʴʥʦʛʦ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʤʦʞʣʠʚʠʭ ʟʤʽʥ ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ  ʧʘʨʘʤʝʪʨʽʚ 

ʩʚʝʨʜʣʦʚʠʥʠ, ʷʢʽ  ʤʦʞʫʪʴ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ 

ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ [46].  
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ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʚ ɯʥʩʪʠʪʫʪʽ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʅɸʅ 

ʋʢʨʘʾʥʠ ʧʦʙʫʜʦʚʘʥʦ ʛʝʦʪʝʨʤʘʣʴʥʠʡ ʧʦʣʽʛʦʥ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʘ ʟʘʜʽʷʥʘ ʩʚʝʨʜʣʦʚʠʥʘ ˉ1 ʛʣʠʙʠʥʦʶ 50 

ʤʝʪʨʽʚ ʪʘ ʚʠʛʦʪʦʚʣʝʥʘ ʩʧʝʮʽʘʣʴʥʘ ʚʠʤʽʨʶʚʘʣʴʥʘ ʢʦʩʘ. ɰʾ ʦʧʫʩʪʠʣʠ ʚ 

ʩʚʝʨʜʣʦʚʠʥʫ ʟ ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʥʘ ʥʽʡ ʪʝʤʧʝʨʘʪʫʨʥʠʤʠ ʜʘʪʯʠʢʘʤʠ,  ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʛʣʠʙʠʥʽ 29,00 ʤ; 34,00 ʤ; 39,00 ʤ; 42,00 ʤ. (ʧʨʠ ʩʪʘʪʠʯʥʦʤʫ 

ʨʽʚʥʽ ʚʦʜʠ ʚ ʩʚʝʨʜʣʦʚʠʥʽ 40 ʤ, ʜʘʪʯʠʢ ʥʘ ʛʣʠʙʠʥʽ 42.00 ʤ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʚʦʜʽ 

ʥʠʞʯʝ ʜʟʝʨʢʘʣʘ ʚʦʜʠ ʥʘ 2 ʤ. ʊʘʢʦʞ ʦʜʥʦʯʘʩʥʦ ʧʨʦʚʦʜʠʣʦʩʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚ ʤʽʩʮʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʚʝʨʜʣʦʚʠʥʠ.  

ɼʣʷ ʚʠʤʽʨʶʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʢʘʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ 

ʪʝʤʧʝʨʘʪʫʨʥʽ ʜʘʪʯʠʢʠ (ʪʝʨʤʦʧʝʨʝʪʚʦʨʶʚʘʯʽ ʦʧʦʨʫ) ʊʉʇ-204. 

ʊʝʨʤʦʧʝʨʝʪʚʦʨʶʚʘʯʽ ʦʧʦʨʫ ʊʉʇ-204 ʚʥʝʩʝʥʽ ʜʦ ɼʝʨʞʘʚʥʦʛʦ ʨʝʻʩʪʨʫ ʟʘʩʦʙʽʚ 

ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʋʢʨʘʾʥʠ, ʟʘ ʥʦʤʝʨʦʤ ʋ246-07. ʈʦʙʦʯʠʡ ʜʽʘʧʘʟʦʥ 

ʚʠʤʽʨʶʚʘʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ - 40 ʜʦ + 270 Á ʉ, ʧʦʢʘʟʥʠʢ ʪʝʧʣʦʚʦʾ ʽʥʝʨʮʽʾ ʥʝ 

ʙʽʣʴʰʝ 6 ʩ., ʢʣʘʩ ʜʦʧʫʩʢʫ 1, ʪʠʧ ʊ, ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʘ ʧʦʭʠʙʢʘ 0,5 Áʉ ʘʙʦ 

0,004 (t).  

 ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʠʭ ʫʤʦʚ ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʫ ʩʚʝʨʜʣʦʚʠʥʽ 

(ʧʽʜʚʠʱʝʥʘ ʚʦʣʦʛʽʩʪʴ ʽ ʚʝʣʠʢʘ ʛʣʠʙʠʥʘ) ʪʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʨʦʟʤʽʱʝʥʥʷ ʜʦ 

ʯʦʪʠʨʴʦʭ ʧʘʨ ʜʘʪʯʠʢʽʚ ʥʘ ʦʜʥʽʡ ʢʦʩʽ, ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʧʨʦʚʽʜ ʟ ʚʦʩʴʤʘ 

ʞʠʣʘʤʠ ʪʘ ʤʝʪʘʣʝʚʠʤ ʝʢʨʘʥʦʤ ʪʠʧʫ 4*2*0,51 (SF/UTP-cat.5E ). ʊʘʢʦʞ ʤʽʩʮʷ 

ʤʦʞʣʠʚʦʛʦ ʢʦʥʪʘʢʪʫ ʧʨʦʚʦʜʫ ʟ ʚʦʣʦʛʦʶ ʙʫʣʦ ʽʟʦʣʴʦʚʘʥʦ ʚ ʛʫʤʦʚʘʥʠʡ ʢʦʞʫʭ, 

ʘ ʤʽʩʮʷ ʧʘʡʢʠ ʢʦʥʪʘʢʪʽʚ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʠ (ʪʝʨʤʦʧʝʨʝʪʚʦʨʶʚʘʯʘ ʦʧʦʨʫ) 

ʟʘʣʠʪʦ ʝʧʦʢʩʠʜʥʦʶ ʩʤʦʣʦʶ.   

ɼʣʷ ʟʙʦʨʫ ʜʘʥʠʭ ʟ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ 

ʢʦʥʪʨʦʣʝʨ MAXYCON FLEXY, ʧʨʠʻʜʥʘʥʠʡ ʜʦ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧôʶʪʝʨʘ 

ʯʝʨʝʟ ʰʣʶʟ USB ʽ RS-485, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʨʠʡʦʤʫ, ʧʝʨʝʪʚʦʨʝʥʥʷ ʡ 

ʧʝʨʝʜʘʯʽ ʮʠʬʨʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʤʽʞ ʮʠʬʨʦʚʠʤʠ ʣʽʥʽʷʤʠ ʧʦ ʽʥʪʝʨʬʝʡʩʫ RS-485 

ʪʘ ʧʨʦʪʦʢʦʣʫ Modbus-RTU (ʈʠʩ. 3.4).  
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ʘ)                          ʙ)                           ʚ)                       ʛ) 

ʈʠʩ. 3.4. ɺʠʤʽʨʶʚʘʣʴʥʽ ʧʨʠʩʪʨʦʾ: a) ï ʂʦʥʪʨʦʣʝʨ MAXYCON FLEXY               

ʨʘʟʦʤ ʟ ʙʣʦʢʘʤʠ ʨʦʟʰʠʨʝʥʥʷ ʪʘ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ ʽʥʪʝʨʬʝʡʩʽʚ                 

RS 485/USB; ʙ) ï ʚʠʤʽʨʶʚʘʣʴʥʘ ʢʦʩʘ ʟ ʚʩʪʘʥʦʚʣʝʥʠʤʠ                

ʪʝʨʤʦʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʦʧʦʨʫ ʊʉʇ-204; ʚ) ï ʤʦʥʪʘʞ 

ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʢʦʩʠ ʫ ʩʚʝʨʜʣʦʚʠʥʫ; ʛ) ï ʤʽʩʮʝ ʤʦʥʪʘʞʫ  ʢʘʙʝʣʶ 

SF/UTP-cat.5E, ʷʢʠʤ ʧʦʻʜʥʘʥʦ ʜʘʪʯʠʢʠ, ʚʩʪʘʥʦʚʣʝʥʽ ʚ 

ʩʚʝʨʜʣʦʚʠʥʽ ʟ̔ ʢʦʥʪʨʦʣʝʨʦʤ, ʨʦʟʪʘʰʦʚʘʥʠʤ ʚ ʙʫʜʠʥʢʫ 

 

  ɿʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʾ ʘʚʪʦʨʦʤ ʽʥʪʝʨʘʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ 

ʜʠʩʧʝʪʯʝʨʠʟʘʮʽʾ ʥʘ ʙʘʟʽ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ ESM (Engineering Systems 

Manager) ʪʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ FBD (Function Block 

Diagram|Continuous Function Chart) ʙʫʣʦ ʟʘʙʝʟʧʝʯʝʥʦ ʟʙʽʨ ʜʘʥʠʭ ʟ 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʟ ʧʦʜʘʣʴʰʦʶ ʦʙʨʦʙʢʦʶ ʪʘ ʟʘʧʠʩʦʤ ʚ ʘʨʭʽʚ ʜʣʷ ʾʭ 

ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʪʘ ʚʠʚʝʜʝʥʥʷ ʥʘ ʤʦʥʽʪʦʨ ʢʦʤʧôʶʪʝʨʘ ʧʨʦʛʨʘʤʦʶ ʚʽʟʫʘʣʽʟʘʮʽʾ ʚ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ɯʥʬʦʨʤʘʮʽʷ ʟ ʜʘʪʯʠʢʽʚ ʟʥʽʤʘʣʘʩʷ ʘʚʪʦʤʘʪʠʯʥʦ ʟ ʯʘʩʦʚʠʤ 

ʽʥʪʝʨʚʘʣʦʤ ʧôʷʪʴ ʩʝʢʫʥʜ.   

ʆʢʨʝʤʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ʚ ʩʚʝʨʜʣʦʚʠʥʠ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʠ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3.5.   
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ʈʠʩ. 3.5. ɺʽʟʫʘʣʴʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʥʘ ʝʢʨʘʥʽ ʤʦʥʽʪʦʨʫ ʛʨʘʬʽʢʘ          

ʟʘʣʝʞʥʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ ʯʘʩʫ ʚ ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʢʘʭ          

ʩʚʝʨʜʣʦʚʠʥʠ ʩʠʩʪʝʤʦʶ  ʤʦʥʽʪʦʨʠʥʛʫ ʛʝʦʪʝʨʤʘʣʴʥʦʾ 

ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ɯɺɽ ʅɸʅʋ [46]: 1 ï ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʦʚʽʪʨʷ; 2,3,4 - ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʩʚʝʨʜʣʦʚʠʥʽ ʥʘ ʛʣʠʙʠʥʽ 39, 34 

ʪʘ 29 ʤ; 5 ï ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʩʚʝʨʜʣʦʚʠʥʽ ʥʘ ʛʣʠʙʠʥʽ 42 ʤ  (ʧʨʠ 

ʩʪʘʪʠʯʥʦʤʫ ʨʽʚʥʽ ʚʦʜʠ ʚ ʩʚʝʨʜʣʦʚʠʥʽ 40 ʤ, ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʚʦʜʽ 

ʥʠʞʯʝ ʜʟʝʨʢʘʣʘ ʚʦʜʠ ʥʘ 2 ʤ.); 6 ï ʣʝʛʝʥʜʘ ʩʠʩʪʝʤʠ 

ʤʦʥʽʪʦʨʠʥʛʫ   

 

ɸʥʘʣʽʟ ʥʘʢʦʧʠʯʝʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʜʘʥʠʭ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʠ ʚ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ ʩʚʝʨʜʣʦʚʠʥʽ ʛʣʠʙʠʥʦʶ 50 ʤ, ʷʢʦʶ ʨʦʟʢʨʠʪʦ ʚʦʜʦʥʦʩʥʠʡ 

ʛʦʨʠʟʦʥʪ ʥʘ ʛʝʦʪʝʨʤʘʣʴʥʦʤʫ ʧʦʣʽʛʦʥʽ ɯʥʩʪʠʪʫʪʫ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ 

ʅɸʅ ʋʢʨʘʾʥʠ, ʚʠʷʚʠʚ ʪʝʥʜʝʥʮʽʶ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʣʽʥʽʡʥʦʛʦ ʪʨʝʥʜʘ ʪʝʤʧʝʨʘʪʫʨ 

ʚʦʜʠ ʚ ʩʚʝʨʜʣʦʚʠʥʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʠʧʫʩʪʠʪʠ ʥʘʷʚʥʽʩʪʴ ʨʽʯʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʚ 

ʚʘʨʽʘʮʽʷʭ ʮʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘ ʧʨʷʤʠʡ ʢʦʨʝʣʷʮʽʡʥʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʚʘʨʽʘʮʽʷʤʠ 

ʪʝʤʧʝʨʘʪʫʨ ʧʦʚʽʪʨʷ ʽ ʚʦʜʠ ʚ ʩʚʝʨʜʣʦʚʠʥʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʚʧʣʠʚ ʩʝʟʦʥʥʠʭ 

ʘʪʤʦʩʬʝʨʥʠʭ ʟʤʽʥ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʛʣʠʙʠʥʘʭ ʟʘʣʷʛʘʥʥʷ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ 

[46]. 

ʅʘ ʛʨʘʬʽʢʫ (ʨʠʩ. 3.5 ) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʷʤʠʡ ʢʦʨʝʣʷʮʽʡʥʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ 
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ʚʘʨʽʘʮʽʷʤʠ ʪʝʤʧʝʨʘʪʫʨ ʧʦʚʽʪʨʷ ʽ ʚʦʜʠ ʚ ʩʚʝʨʜʣʦʚʠʥʽ. ʊʫʪ ʪʨʝʙʘ ʟʘʟʥʘʯʠʪʠ, ʱʦ 

ʝʢʩʧʝʨʠʤʝʥʪ ʦʜʥʦʟʥʘʯʥʦ ʧʦʢʘʟʫʻ, ʱʦ ʤʘʢʩʠʤʫʤ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʠ ʚ 

ʩʚʝʨʜʣʦʚʠʥʽ ʬʘʢʪʠʯʥʦ ʧʨʠʧʘʜʘʻ ʥʘ ʤʽʥʽʤʫʤ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ, ʮʝ ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʧʝʚʥʦʾ ʟʘʪʨʠʤʢʠ ʚ ʧʝʨʝʜʘʯʽ ʪʝʧʣʦʪʠ ʚʽʜ ʜʞʝʨʝʣʘ ʜʦ ʤʽʩʮʷ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʘʪʯʠʢʘ. ɸ ʧʦʜʘʣʴʰʝ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʝʞʠʤʫ ʥʘ ʩʚʝʨʜʣʦʚʠʥʘʭ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʧʦʙʣʠʟʫ, ʪʝʦʨʝʪʠʯʥʦ ʤʦʞʫʪʴ 

ʧʦʢʘʟʘʪʠ ʭʚʠʣʝʧʦʜʽʙʥʝ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʪʝʧʣʦʪʠ ʟʽ ʟʩʫʚʦʤ ʧʦ ʬʘʟʽ 

ʤʘʢʩʠʤʫʤʽʚ ʧʦʢʘʟʥʠʢʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʠ ʫ ʩʚʝʨʜʣʦʚʠʥʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ, ʷʢʠʡ 

ʨʦʟʢʨʠʪʠʡ ʜʘʥʦʶ ʩʚʝʨʜʣʦʚʠʥʦʶ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʚʽʜʩʫʪʥʽʩʪʴ ʥʘ ʜʘʥʦʤʫ 

ʧʨʦʤʽʞʢʫ ʯʘʩʫ ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʟʚôʷʟʢʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʢʘʭ 

ʤʽʞʪʨʫʙʥʦʛʦ ʧʨʦʩʪʦʨʫ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʦʚʽʪʨʷ, ʧʽʜʪʚʝʨʜʞʫʻ ʩʪʚʝʨʜʞʝʥʥʷ, ʱʦ 

ʪʝʧʣʦʪʘ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʟ ʚʦʜʦʶ ʰʚʠʜʰʝ, ʥʽʞ ʚ ʚʦʜʦʪʨʠʚʢʦʤʫ ʰʘʨʽ, ʱʦ 

ʦʪʦʯʫʻ ʚʦʜʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ [46].  

ʊʝʦʨʝʪʠʯʥʦ ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʬʘʢʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʥʝʪʦʯʥʠʤʠ, ʨʘʟʦʤ ʟ ʪʠʤ ʚʘʞʣʠʚʠʤ ʻ, ʱʦ ʩʘʤʘ ʪʝʥʜʝʥʮʽʷ ʟʤʽʥ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟʙʝʨʽʛʘʻʪʴʩʷ ʽ ʧʦʚʪʦʨʶʻʪʴʩʷ ʧʨʠ ʙʘʛʘʪʦʨʘʟʦʚʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʧʨʠʣʘʜʽʚ 

ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ  ʢʦʥʪʨʦʣʝʨʽʚ ʜʣʷ ʽʥʪʝʨʧʨʝʪʘʮʽʾ, ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʘ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, 

ʱʦ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ.   ɺʠʥʠʢʘʻ ʧʠʪʘʥʥʷ ʱʦʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʘʥʘʣʽʪʠʯʥʦʛʦ  

ʧʽʜʭʦʜʫ ʷʢ ʜʦ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ, ʪʘʢ ʽ ʜʦ ʾʭ ʦʙˇʨʫʥʪʫʚʘʥʥʷ. 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʟʥʘʯʝʥʴ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʠ ʥʠʞʯʝ ʥʝʡʪʨʘʣʴʥʦʛʦ ʰʘʨʫ ʪʝʤʧʝʨʘʪʫʨ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ 

ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ, ʚʠʢʣʘʜʝʥʠʡ ʚ ʨʦʙʦʪʽ [46] ʪʘ ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʦ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʛʽʜʨʦʛʝʦʪʝʨʤʽʯʥʦʛʦ ʨʝʞʠʤʫ ʚ ʧʨʦʩʪʦʨʽ ʪʘ ʯʘʩʽ.  

ɸʥʘʣʽʟ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʚʝʨʭʥʽʭ ʰʘʨʽʚ ʟʝʤʥʦʾ ʢʦʨʠ ï ʢʦʤʧʣʝʢʩʥʝ 

ʟʘʚʜʘʥʥʷ ʽ ʚʠʨʽʰʝʥʥʷ ʡʦʛʦ ʥʝʤʦʞʣʠʚʝ ʙʝʟ ʘʥʘʣʽʟʫ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʨʝʞʠʤʫ 

ʪʝʤʧʝʨʘʪʫʨʠ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʱʦ ʥʘʩʠʯʫʶʪʴ ʾʭ ʫ ʩʫʢʫʧʥʦʩʪʽ, 

ʦʩʢʽʣʴʢʠ ʧʝʨʝʜʘʯʘ ʪʝʧʣʦʪʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʥʘʜʨʘʭ ʚ ʦʩʥʦʚʥʦʤʫ ʜʚʦʤʘ 

ʰʣʷʭʘʤʠ ï ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ ʪʘ ʢʦʥʚʝʢʮʽʻʶ. ʄʦʣʝʢʫʣʷʨʥʘ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ 



 164 

ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚ ʧʦʨʦʜʘʭ ʥʝʤʘʻ ʧʦʤʽʪʥʠʭ 

ʧʝʨʝʤʽʱʝʥʴ ʚʦʣʦʛʠ, ʱʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʱʽʣʴʥʠʭ ʚʦʜʦʩʪʽʡʢʠʭ ʧʦʨʽʜ (ʛʣʠʥʠ, 

ʚʘʞʢʽ ʩʫʛʣʠʥʢʠ, ʱʽʣʴʥʽ ʢʨʠʩʪʘʣʽʯʥʽ ʧʦʨʦʜʠ). ɿʘ ʥʘʷʚʥʦʩʪʽ ʨʫʭʦʤʠʭ ʧʽʜʟʝʤʥʠʭ 

ʚʦʜ, ʱʦ ʤʘʻ ʤʽʩʮʝ ʚ ʜʦʙʨʝ ʧʨʦʥʠʢʥʠʭ ʧʦʨʦʜʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʧʽʩʢʘʤʠ, 

ʪʨʽʱʠʥʫʚʘʪʠʤʠ ʚʘʧʥʷʢʘʤʠ, ʧʽʩʢʦʚʠʢʘʤʠ, ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚ ʧʝʨʝʜʘʯʽ 

ʪʝʧʣʦʪʠ ʥʘʙʫʚʘʶʪʴ ʢʦʥʚʝʢʮʽʡʥʽ ʧʨʦʮʝʩʠ, ʨʦʣʴ ʷʢʠʭ ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʰʚʠʜʢʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ.  

ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ, ʚ ʜʘʥʠʡ ʯʘʩ ʪʠʧʠ ʛʽʜʨʦʛʝʦʪʝʨʤʽʯʥʦʛʦ ʨʝʞʠʤʫ ʤʦʞʥʘ 

ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʟʘ ʜʚʦʤʘ ʦʟʥʘʢʘʤʠ:  ʟʘ ʛʣʠʙʠʥʦʶ ʟʘʛʘʩʘʥʥʷ ʬʘʢʪʠʯʥʠʭ ʨʽʯʥʠʭ 

ʘʤʧʣʽʪʫʜ ʪʝʤʧʝʨʘʪʫʨ, ʘ ʪʘʢʦʞ ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʟʘʛʘʩʘʥʥʷ ʨʽʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʥʦʾ 

ʭʚʠʣʽ. ɺ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʜʚʘ ʢʣʘʩʠ. ʋ ʧʝʨʰʦʤʫ ï ʟʘʢʨʠʪʽ ʪʘ 

ʚʽʜʢʨʠʪʽ ʩʠʩʪʝʤʠ, ʘ ʫ ʜʨʫʛʦʤʫ ï ʩʠʩʪʝʤʠ ʟ ʝʢʩʧʦʥʝʥʮʽʡʥʠʤ ʪʘ ʽʥʚʝʨʩʽʡʥʠʤ 

ʟʘʛʘʩʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʭʚʠʣʽ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʦʙʦʭ ʦʟʥʘʢ (ʛʣʠʙʠʥʠ ʪʘ ʭʘʨʘʢʪʝʨʫ ʟʘʛʘʩʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʭʚʠʣʽ) ʩʢʣʘʜʝʥʦ ʢʣʘʩʠʬʽʢʘʮʽʶ, ʚ ʷʢʽʡ ʚʨʘʭʦʚʫʶʪʴʩʷ ʚʩʽ 

ʤʦʞʣʠʚʽ ʦʩʥʦʚʥʽ ʪʠʧʠ ʛʽʜʨʦʛʝʦʪʝʨʤʽʯʥʦʛʦ ʨʝʞʠʤʫ (ʨʠʩ. 3.6). 

ɽʢʩʧʦʥʝʥʮʽʡʥʠʡ ʪʠʧ ʛʽʜʨʦʛʝʦʪʝʨʤʽʯʥʦʛʦ ʨʝʞʠʤʫ ï ʮʝ ʨʝʞʠʤ, ʧʨʠ ʷʢʦʤʫ 

ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʱʦ ʾʭ ʥʘʩʠʯʫʶʪʴ, 

ʦʧʠʩʫʻʪʴʩʷ ʧʝʨʰʠʤ ʟʘʢʦʥʦʤ ʌʫʨ'ʻ (ʘʤʧʣʽʪʫʜʠ ʪʝʤʧʝʨʘʪʫʨʠ ʟʤʝʥʰʫʶʪʴʩʷ ʚ 

ʛʝʦʤʝʪʨʠʯʥʽʡ ʧʨʦʛʨʝʩʽʾ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʛʣʠʙʠʥʠ ʚ ʘʨʠʬʤʝʪʠʯʥʽʡ ʧʨʦʛʨʝʩʽʾ). 

ʊʘʢʠʡ ʪʠʧ ʨʝʞʠʤʫ ʤʦʞʝ ʬʦʨʤʫʚʘʪʠʩʷ ʟʘ ʫʤʦʚ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʽ 

ʧʨʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʢʦʥʚʝʢʪʠʚʥʦʤʫ ʪʝʧʣʦʦʙʤʽʥʽ ʟʘ ʥʘʷʚʥʦʩʪʽ ʽʥʬʽʣʴʪʨʘʮʽʾ. 

ʈʽʟʥʠʮʷ ʧʦʣʷʛʘʻ ʣʠʰʝ ʚ ʪʦʤʫ, ʱʦ ʚ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʧʦʪʫʞʥʽʩʪʴ ʰʘʨʫ 

ʬʘʢʪʠʯʥʠʭ ʨʽʯʥʠʭ ʟʤʽʥ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʝʧʣʦʬʽʟʠʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʽ ʟʙʽʛʘʻʪʴʩʷ ʟ ʛʣʠʙʠʥʦʶ ʟʘʣʷʛʘʥʥʷ 

ʥʝʡʪʨʘʣʴʥʦʛʦ ʰʘʨʫ (ʟʘʢʨʠʪʠʡ ʪʠʧ ʛʽʜʨʦʛʝʦʪʝʨʤʽʯʥʦʛʦ ʨʝʞʠʤʫ), ʘ ʚ ʜʨʫʛʦʤʫ ï 

ʰʚʠʜʢʽʩʪʶ ʽʥʬʽʣʴʪʨʘʮʽʾ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʧʦʪʫʞʥʽʩʪʴ ʰʘʨʫ ʟʤʽʥʥʠʭ ʪʝʤʧʝʨʘʪʫʨ 

ʟʘʚʞʜʠ ʧʝʨʝʚʠʱʫʻ ʛʣʠʙʠʥʫ ʟʘʣʷʛʘʥʥʷ ʥʝʡʪʨʘʣʴʥʦʛʦ ʰʘʨʫ (ʚʽʜʢʨʠʪʠʡ ʪʠʧ 

ʛʽʜʨʦʛʝʦʪʝʨʤʽʯʥʦʛʦ ʨʝʞʠʤʫ). ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʤʠ ʤʘʻʤʦ ʩʧʨʘʚʫ ʟ 

ʝʢʩʧʦʥʝʥʮʽʡʥʦ-ʟʘʢʨʠʪʠʤ ʪʠʧʦʤ ʛʽʜʨʦʛʝʦʪʝʨʤʽʯʥʦʛʦ ʨʝʞʠʤʫ, ʘ ʚ ʜʨʫʛʦʤʫ ï ʟ 
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ʝʢʩʧʦʥʝʥʮʽʡʥʦ-ʚʽʜʢʨʠʪʠʤ. 

 

ʈʠʩ.3.6. ʆʩʥʦʚʥʽ ʪʠʧʠ ʛʽʜʨʦʛʝʦʪʝʨʤʽʯʥʦʛʦ ʨʝʞʠʤʫ: ʘ) - ʝʢʩʧʦʥʝʥʮʽʡʥʦ-                 

ʟʘʢʨʠʪʠʡ; ʙ) ï ʝʢʩʧʦʥʝʥʮʽʡʥʦ-ʚʽʜʢʨʠʪʠʡ; ʚ) ï ʽʥʚʝʨʩʽʡʥʦ                 

ʟʘʢʨʠʪʠʡ; ʛ) ï ʽʥʚʝʨʩʽʡʥʦ-ʚʽʜʢʨʠʪʠʡ [46] 

 

ɽʢʩʧʦʥʝʥʮʽʡʥʦ-ʟʘʢʨʠʪʠʡ ʪʠʧ ʛʽʜʨʦʛʝʦʪʝʨʤʽʯʥʦʛʦ ʨʝʞʠʤʫ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘ ʜʽʣʷʥʢʘʭ, ʩʢʣʘʜʝʥʠʭ ʱʽʣʴʥʠʤʠ ʚʦʜʦʪʨʠʚʢʠʤʠ ʧʦʨʦʜʘʤʠ 

(ʛʣʠʥʠ), ʚ ʷʢʠʭ ʧʽʜʟʝʤʥʽ ʚʦʜʠ ʧʨʠʩʫʪʥʽ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʫ ʟʚ'ʷʟʘʥʦʤʫ ʩʪʘʥʽ, 

ʧʨʠʯʦʤʫ ʨʫʭ ʾʭ ʚʢʨʘʡ ʫʧʦʚʽʣʴʥʝʥʠʡ. ʊʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʫ ʨʘʡʦʥʘʭ, 

ʩʢʣʘʜʝʥʠʭ ʚʦʜʦʪʨʠʚʢʠʤʠ ʧʦʨʦʜʘʤʠ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʾʭʥʴʦʶ 

ʤʦʣʝʢʫʣʷʨʥʦʶ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ. ʎʝʡ ʪʠʧ ʛʽʜʨʦʛʝʦʪʝʨʤʽʯʥʦʛʦ ʨʝʞʠʤʫ ʤʘʻ 

ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʫ ʚʥʫʪʨʽʰʥʴʦʢʦʥʪʠʥʝʥʪʘʣʴʥʠʭ ʨʘʡʦʥʘʭ, ʩʢʣʘʜʝʥʠʭ 

ʧʦʪʫʞʥʠʤʠ ʪʦʚʱʘʤʠ ʚʦʜʦʩʪʽʡʢʠʭ ʧʦʨʽʜ, ʫ ʨʘʟʽ ʥʝʛʣʠʙʦʢʦʾ ʝʨʦʟʽʡʥʦʾ 

ʨʦʟʯʣʝʥʦʚʘʥʦʩʪʽ. ʋ ʪʘʢʠʭ ʨʘʡʦʥʘʭ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʨʽʜ ʥʠʞʯʝ ʟʘ çʥʝʡʪʨʘʣʴʥʠʡ 

ʰʘʨè ʽ ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʩʪʘʙʽʣʴʥʽʩʪʶ. 

ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʙʫʜʴ-ʷʢʽʡ ʛʣʠʙʠʥʽ ʪʘ ʫ ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʚʝʨʭʥʝʚʠʭ ʛʘʨʤʦʥʽʡʥʠʭ ʢʦʣʠʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʨʽʚʥʷʥʥʷʤ ʌʫʨ'ʻ: 
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ʜʝ: tx ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʛʣʠʙʠʥʽ ʭ, 
o
ʉ; tʥʩ - ʪʝʤʧʝʨʘʪʫʨʘ "ʥʝʡʪʨʘʣʴʥʦʛʦ 

ʰʘʨʫ", 
ʦ
ʉ; Ű1 ï ʯʘʩ, ʩ. 

ʆʩʢʽʣʴʢʠ ʚ ʤʦʤʝʥʪ ʥʘʩʪʘʥʥʷ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʩʠʥʫʩ ʧʨʘʚʦʾ 

ʯʘʩʪʠʥʠ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ, ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨ (ʤʘʢʩʠʤʘʣʴʥʘ).   

ɺʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʚ ʪʝʦʨʽʾ ʪʘ ʧʨʘʢʪʠʮʽ ʛʽʜʨʦʛʝʦʪʝʨʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʤʘʶʪʴ ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʛʣʠʙʠʥʘ ʟʘʣʷʛʘʥʥʷ ʪʘʢ ʟʚʘʥʦʛʦ çʥʝʡʪʨʘʣʴʥʦʛʦ ʰʘʨʫè, 

ʧʽʜ ʷʢʠʤ ʨʦʟʫʤʽʶʪʴ ʛʣʠʙʠʥʫ ʟʘʣʷʛʘʥʥʷ ʰʘʨʫ ʧʦʩʪʽʡʥʠʭ ʨʽʯʥʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

ʊʝʦʨʝʪʠʯʥʦ, ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʢʦʥʚʝʢʮʽʾ, ʡʦʛʦ ʧʦʪʫʞʥʽʩʪʴ ʤʦʞʝ ʢʦʣʠʚʘʪʠʩʷ ʚʽʜ 

7,6 ʜʦ 38.2 ʤ. ʆʜʥʘʢ ʜʣʷ ʚʝʨʭʥʽʭ ʰʘʨʽʚ ɿʝʤʣʽ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʧʝʨʝʚʘʞʥʦ 

ʛʣʠʥʘʤʠ ʪʘ ʩʫʛʣʠʥʢʘʤʠ, ʟʥʘʯʝʥʥʷʤʠ ʛʣʠʙʠʥ ʥʘʩʧʨʘʚʜʽ ʤʦʞʝ ʢʦʣʠʚʘʪʠʩʷ ʚʽʜ 

14 ʜʦ 20 ʤ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

ʅʘʡʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʚ ʥʘʪʫʨʥʠʭ ʫʤʦʚʘʭ ʚʠʚʯʝʥʦ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ 

ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʰʘʨʫ ʤʦʣʝʢʫʣʷʨʥʠʭ ʨʽʯʥʠʭ ʪʝʧʣʦʦʙʽʛʽʚ ʜʦ 1,6-3,2 ʤ, 

ʦʩʢʽʣʴʢʠ ʩʘʤʝ ʜʦ ʮʠʭ ʛʣʠʙʠʥ ʚʝʜʫʪʴʩʷ ʙʘʛʘʪʦʨʽʯʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. 

ʊʝʤʧʝʨʘʪʫʨʘ "ʥʝʡʪʨʘʣʴʥʦʛʦ ʰʘʨʫ" ʚ ʫʤʦʚʘʭ ʟʘʢʨʠʪʦʛʦ ʪʠʧʫ ʨʝʞʠʤʫ, 

ʟʘʣʠʰʘʶʯʠʩʴ ʧʦʩʪʽʡʥʦʶ ʧʨʦʪʷʛʦʤ ʨʦʢʫ, ʟʤʽʥʶʻʪʴʩʷ, ʧʽʜʢʦʨʷʶʯʠʩʴ 

ʙʘʛʘʪʦʨʽʯʥʠʤ ʮʠʢʣʘʤ. ʅʘ ʞʘʣʴ, ʦʙʩʷʛ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʫʞʝ ʦʙʤʝʞʝʥʠʡ ʷʢ ʟʘ 

ʢʽʣʴʢʽʩʪʶ ʪʦʯʦʢ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʪʘʢ ʽ ʟʘ ʪʨʠʚʘʣʽʩʪʶ ʩʘʤʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ. 

ɿʽʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ ʧʨʦ ʨʝʞʠʤ ʩʦʥʷʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʪʘ ʨʝʞʠʤ ʪʝʤʧʝʨʘʪʫʨʠ 

ˇʨʫʥʪʫ ʧʦʢʘʟʫʻ, ʱʦ ʭʦʯʘ ʮʠʢʣʽʯʥʽʩʪʴ ʩʦʥʷʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʽ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ, ʚ ʮʽʣʦʤʫ ʮʷ ʟʘʣʝʞʥʽʩʪʴ 

ʚʠʷʚʣʷʻʪʴʩʷ ʩʢʣʘʜʥʽʰʦʶ, ʥʽʞ ʟʜʘʻʪʴʩʷ ʥʘ ʧʝʨʰʠʡ ʧʦʛʣʷʜ. 

ʊʘʢ, ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʞʠʚʣʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʤʘʡʞʝ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ, ʘ ʟʘʣʝʞʘʪʴ, ʧʝʨʰ ʟʘ ʚʩʝ, ʚʽʜ ʨʝʞʠʤʫ ʦʧʘʜʽʚ, ʷʢʠʡ ʫ ʩʚʦʶ 

ʯʝʨʛʫ ʟʫʤʦʚʣʝʥʠʡ ʮʠʢʣʽʯʥʽʩʪʶ ʭʘʨʘʢʪʝʨʫ ʮʠʨʢʫʣʷʮʽʾ ʘʪʤʦʩʬʝʨʠ ʽ ʣʠʰʝ 

ʦʩʪʘʥʥʷ ʧʦʚ'ʷʟʘʥʘ ʩʢʣʘʜʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʟ ʮʠʢʣʽʯʥʽʩʪʶ ʩʦʥʷʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ. 

ʉʘʤʝ ʪʦʤʫ ʜʦʚʛʠʡ ʯʘʩ ʥʝ ʚʜʘʚʘʣʦʩʷ ʧʦʷʩʥʠʪʠ ʧʨʠʯʠʥʠ ʘʩʠʥʭʨʦʥʥʦʩʪʽ ʚ 

ʨʝʞʠʤʽ ʨʽʚʥʷ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʱʦʜʦ ʮʠʢʣʽʯʥʦʩʪʽ ʩʦʥʷʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʟʘ 
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ʥʘʷʚʥʦʩʪʽ ʪʽʩʥʦʛʦ ʝʤʧʽʨʠʯʥʦʛʦ ʟʚ'ʷʟʢʫ ʤʽʞ ʮʠʤʠ ʜʚʦʤʘ ʬʘʢʪʦʨʘʤʠ. 

ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʨʠʚʘʣʦʩʪʽ ʪʘ ʜʘʚʥʦʩʪʽ ʮʠʢʣʫ ʟʤʝʥʰʫʻʪʴʩʷ ʡʦʛʦ ʚʧʣʠʚ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ, ʘʣʝ ʟʨʦʩʪʘʻ ʚʧʣʠʚ ʥʘ ʛʣʠʙʰʽ ʰʘʨʠ. 

ɹʘʛʘʪʦʨʽʯʥʽ ʮʠʢʣʠ ʯʝʨʝʟ ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʠʡ ʘʤʧʣʽʪʫʜʠ ʧʦʚʝʨʭʥʽ 

ʧʨʦʥʠʢʘʶʪʴ ʟʘʛʘʣʦʤ ʥʘ ʥʝʟʥʘʯʥʫ ʛʣʠʙʠʥʫ.  

ɽʢʩʧʦʥʝʥʮʽʡʥʦ-ʚʽʜʢʨʠʪʠʡ ʪʠʧ ʛʽʜʨʦʛʝʦʪʝʨʤʽʯʥʦʛʦ ʨʝʞʠʤʫ ï ʮʝ ʪʘʢʠʡ ʪʠʧ 

ʨʝʞʠʤʫ, ʢʦʣʠ ʧʦʪʫʞʥʽʩʪʴ ʰʘʨʫ ʬʘʢʪʠʯʥʠʭ ʨʽʯʥʠʭ ʟʤʽʥ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʝʨʝʚʠʱʫʻ ʛʣʠʙʠʥʫ ʟʘʣʷʛʘʥʥʷ çʥʝʡʪʨʘʣʴʥʦʛʦ ʰʘʨʫè, ʘʣʝ ʪʝʤʧʝʨʘʪʫʨʥʽ ʭʚʠʣʽ 

ʟʛʘʩʘʶʪʴ ʟʘ ʝʢʩʧʦʥʝʥʪʦʶ (ʧʝʨʰʠʡ ʟʘʢʦʥ ʌʫʨ'ʻ). ɺʽʜʢʦʣʠ ʙʫʣʠ ʧʦʩʪʘʚʣʝʥʽ 

ʩʧʝʮʽʘʣʴʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʨʝʞʠʤʦʤ, ʨʽʜʢʦ ʚʜʘʚʘʣʦʩʷ ʚʠʷʚʠʪʠ ʜʽʣʷʥʢʠ, ʜʝ ʙ 

ʮʴʦʛʦ ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ. ʈʘʥʽʰʝ ʜʦʩʣʽʜʥʠʢʠ, ʚʠʷʚʣʷʶʯʠ ʧʨʠ ʧʦʚʪʦʨʥʠʭ 

ʚʠʤʽʨʘʭ ʫ ʩʚʝʨʜʣʦʚʠʥʘʭ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʥʠʞʯʝ çʥʝʡʪʨʘʣʴʥʦʛʦ ʰʘʨʫè, 

ʧʦʷʩʥʶʚʘʣʠ ʮʝ ʧʦʭʠʙʢʘʤʠ ʘʧʘʨʘʪʫʨʠ, ʥʝʜʦʣʽʢʘʤʠ ʤʝʪʦʜʠʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʘʙʦ 

ʽʥʰʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʱʦ ʾʭ ʩʧʦʪʚʦʨʶʶʪʴ [46]. 

ɿʤʽʥʘ ʨʽʯʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʭʚʠʣʴ ʣʠʰʝ ʥʘ ʨʽʚʥʽ çʥʝʡʪʨʘʣʴʥʦʛʦ ʰʘʨʫè 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʪʦʤʫ ʨʘʟʽ, ʢʦʣʠ ʚʝʨʭʥʽ ʚʽʜ ʧʦʚʝʨʭʥʽ ʰʘʨʠ ɿʝʤʣʽ ʩʢʣʘʜʝʥʽ 

ʥʝʧʨʦʥʠʢʥʠʤʠ ʧʦʨʦʜʘʤʠ. ɿʘ ʥʘʷʚʥʦʩʪʽ ʟʚʝʨʭʫ ʙʽʣʴʰ ʤʝʥʰ ʧʦʪʫʞʥʠʭ ʰʘʨʽʚ 

ʧʨʦʥʠʢʥʠʭ ʧʦʨʽʜ ʢʘʨʪʠʥʘ ʨʽʟʢʦ ʫʩʢʣʘʜʥʶʚʘʣʘʩʷ. ɺʝʣʠʯʠʥʘ ʽ ʛʣʠʙʠʥʘ 

ʟʘʛʘʩʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʘʤʧʣʽʪʫʜ ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʦʩʪʽ ʧʦʨʽʜ ʽ ʧʝʨʽʦʜʫ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʢʦʣʠʚʘʥʴ, ʘ ʛʦʣʦʚʥʠʤ 

ʯʠʥʦʤ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʽʥʬʽʣʴʪʨʘʮʽʾ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ 

ʞʠʚʣʝʥʥʷ. ʎʝ ʦʩʦʙʣʠʚʦ ʚʽʜʯʫʪʥʦ ʧʦʙʣʠʟʫ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʦʡʤ ʪʘ ʚʦʜʦʪʦʢʽʚ. 

ʅʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʟʘ ʤʝʞʘʤʠ ʚʦʜʦʡʤ ʽ ʚʦʜʦʪʦʢʽʚ ʢʽʣʴʢʽʩʪʴ ʦʧʘʜʽʚ, 

ʱʦ ʦʙʯʠʩʣʶʻʪʴʩʷ ʢʣʽʤʘʪʦʣʦʛʘʤʠ, ʟʦʚʩʽʤ ʥʝ ʛʦʚʦʨʠʪʴ ʧʨʦ ʪʝ, ʩʢʽʣʴʢʠ ʚʦʣʦʛʠ 

ʥʘ ʢʦʞʥʽʡ ʜʘʥʽʡ ʜʽʣʷʥʮʽ ʧʨʦʥʠʢʘʻ ʚ ʧʦʚʝʨʭʥʝʚʽ ʰʘʨʠ. ɺʽʜʙʫʚʘʻʪʴʩʷ 

ʢʦʣʦʩʘʣʴʥʠʡ ʟʘ ʩʚʦʾʤʠ ʤʘʩʰʪʘʙʘʤʠ ʧʝʨʝʨʦʟʧʦʜʽʣ ʚʦʣʦʛʠ ʫ ʚʝʨʭʥʽʭ ʰʘʨʘʭ 

ɿʝʤʣʽ. ʅʘ ʚʝʣʠʢʠʭ ʧʣʦʱʘʭ ʩʫʰʽ, ʚʨʘʭʦʚʫʶʯʠ  ʦʩʦʙʣʠʚʦʩʪʽ  ʛʝʦʣʦʛʦ-

ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʦʾ ʧʦʙʫʜʦʚʠ, ʥʘ ʽʥʬʽʣʴʪʨʘʮʽʶ ʤʦʞʝ ʡʪʠ ʣʠʰʝ ʥʝʟʥʘʯʥʘ ʯʘʩʪʠʥʘ 

ʦʧʘʜʽʚ. ʅʘ ʽʥʰʠʭ ʜʽʣʷʥʢʘʭ ʧʨʠ ʧʝʨʝʨʦʟʧʦʜʽʣʽ ʚʦʜʥʠʭ ʤʘʩ ʽ ʩʧʨʠʷʪʣʠʚʠʭ 

ʛʝʦʣʦʛʦ-ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚʘʭ ʤʦʞʝ ʩʪʚʦʨʶʚʘʪʠʩʷ ʙʘʛʘʪʦʨʘʟʦʚʘ 
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çʧʝʨʝʚʘʛʘè ʚʦʜ, ʱʦ ʽʥʬʽʣʴʪʨʫʶʪʴʩʷ. ʊʦʤʫ ʥʝ ʤʦʞʥʘ ʧʨʠʡʤʘʪʠ ʷʢ 

ʤʘʢʩʠʤʘʣʴʥʫ ʰʚʠʜʢʽʩʪʴ ʽʥʬʽʣʴʪʨʘʮʽʡ ʩʝʨʝʜʥʽ ʘʙʦ ʥʘʚʽʪʴ ʤʘʢʩʠʤʘʣʴʥʽ ʮʠʬʨʠ, 

ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʨʦʟʧʦʜʽʣ ʦʧʘʜʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ. 

ɺ ʧʨʦʮʝʩʽ ʚʠʚʯʝʥʥʷ ʨʝʞʠʤʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚʝʨʭʥʽʭ ʰʘʨʽʚ ʟʝʤʥʦʾ ʢʦʨʠ, ʚ 

ʥʘʪʫʨʥʠʭ ʫʤʦʚʘʭ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʨʘʡʦʥʘʭ, ʩʢʣʘʜʝʥʠʭ ʚʽʜ ʧʦʚʝʨʭʥʽ 

ɿʝʤʣʽ ʚʦʜʦʧʨʦʥʠʢʥʠʤʠ ʧʦʨʦʜʘʤʠ, ʧʦʪʫʞʥʽʩʪʴ ʰʘʨʫ ʨʽʯʥʠʭ ʟʤʽʥʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʩʫʪʪʻʚʦ ʟʨʦʩʪʘʻ ʽ ʥʝ ʫʚ'ʷʟʫʻʪʴʩʷ ʟ ʜʘʥʠʤʠ, ʦʪʨʠʤʘʥʠʤʠ 

ʘʥʘʣʽʪʠʯʥʠʤ ʰʣʷʭʦʤ ʥʘ ʙʘʟʽ ʚʠʨʽʰʝʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ, ʷʢʝ 

ʦʧʠʩʫʻ ʧʝʨʝʜʘʯʫ ʪʝʧʣʦʪʠ ʣʠʰʝ ʤʦʣʝʢʫʣʷʨʥʦʶ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ. 

ʇʨʠ ʧʨʦʩʦʯʫʚʘʥʥʽ ʘʪʤʦʩʬʝʨʥʠʭ ʚʦʜ, ʘ ʪʘʢʦʞ ʚʦʜ ʟ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʦʡʤ 

ʪʘ ʚʦʜʦʪʦʢʽʚ ʚ ʚʝʨʭʥʽ ʰʘʨʠ ɿʝʤʣʽ, ʛʣʠʙʠʥʘ ʽ ʰʚʠʜʢʽʩʪʴ ʧʨʦʥʠʢʥʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʭʚʠʣʴ ʚʠʷʚʣʷʶʪʴʩʷ ʟʥʘʯʥʦ ʙʽʣʴʰʠʤʠ, ʥʽʞ ʫ ʚʦʜʦʪʨʠʚʢʠʭ 

ʧʦʨʦʜʘʭ. ʗʢʱʦ ʚ ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʪʝʧʣʦʦʙʤʽʥ ʚʽʜʙʫʚʘʚʩʷ ʣʠʰʝ ʟʘʚʜʷʢʠ 

ʤʦʣʝʢʫʣʷʨʥʽʡ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʧʦʨʽʜ, ʪʦ ʧʨʠ ʽʥʬʽʣʴʪʨʘʮʽʾ ʧʝʨʝʥʝʩʝʥʥʷ 

ʪʝʧʣʦʪʠ ʟʜʽʡʩʥʶʻʪʴʩʷ, ʢʨʽʤ ʪʦʛʦ, ʟ ʤʘʩʦʶ ʚʦʜʠ, ʱʦ ʨʫʭʘʻʪʴʩʷ, ʪʦʙʪʦ,  ʰʣʷʭʦʤ 

ʢʦʥʚʝʢʮʽʾ. ʈʘʡʦʥʠ ʩʘʤʝ ʟ ʪʘʢʠʤʠ ʫʤʦʚʘʤʠ ʥʘʣʝʞʘʪʴ ʜʦ ʚʽʜʢʨʠʪʦʛʦ ʪʠʧʫ 

ʛʽʜʨʦʛʝʦʪʝʨʤʽʯʥʦʛʦ ʨʝʞʠʤʫ. ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʽʥ ʪʘʤ, ʜʝ ʚʝʨʭʥʽ ʰʘʨʠ ʟʝʤʥʦʾ 

ʢʦʨʠ ʩʢʣʘʜʝʥʽ ʜʦʙʨʝ ʧʨʦʥʠʢʥʠʤʠ ʽ ʜʨʝʥʦʚʘʥʠʤʠ ʧʦʨʦʜʘʤʠ (ʟ ʛʣʠʙʦʢʦʶ 

ʝʨʦʟʽʡʥʦʶ ʨʦʟʯʣʝʥʦʚʘʥʽʩʪʶ).  

ɭ ʢʽʣʴʢʘ ʨʽʰʝʥʴ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʧʝʨʝʜʘʯʫ 

ʪʝʧʣʦʪʠ ʢʦʥʜʫʢʪʠʚʥʠʤ ʰʣʷʭʦʤ ʽ ʢʦʥʚʝʢʮʽʻʶ, ʘ ʪʘʢʦʞ ʧʦʚʝʨʭʥʝʚʽ 

ʩʠʥʫʩʦʾʜʘʣʴʥʽ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ. ʆʜʥʠʤ ʟ ʨʽʰʝʥʴ ʻ ʨʦʟʚôʷʟʘʥʥʷ ʨʽʚʥʥʥʷ ʈ. ɺ. 

ʉʪʦʣʣʤʘʥʘ: 
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ʈʽʰʝʥʥʷ ʦʪʨʠʤʘʥʦ ʜʣʷ ʪʘʢʠʭ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ: 

1. ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ 

1sin 2 /x ʥʩt t t pt t= +D
, 
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ʜʝ: tʥʩ ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ, Áʉ. 

2. ʇʨʠ ʭ = Ð ʪʝʤʧʝʨʘʪʫʨʘ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʚʝʨʭʥʝʚʠʭ ʢʦʣʠʚʘʥʴ 

ʪʝʤʧʝʨʘʪʫʨʠ. 

ʎʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʜʦʙʨʝ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʨʽʚʥʷʥʥʷ ʚ ʯʘʩʪʠʥʽ 0 < ʭ < Ð ʪʘ  

0 < Ű1 < Ð. ɿʘʩʪʦʩʦʚʫʻʪʴʩʷ ʨʽʰʝʥʥʷ ʟʘ ʪʘʢʠʭ ʫʤʦʚ: ʨʽʜʠʥʘ ʨʫʭʘʻʪʴʩʷ ʧʦʩʪʽʡʥʦ ʽ 

ʨʽʚʥʦʤʽʨʥʦ ʚʟʜʦʚʞ ʦʩʽ ʭ; ʪʝʧʣʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʨʽʜʠʥʠ  

ʧʦʩʪʽʡʥʽ ʫ ʧʨʦʩʪʦʨʽ ʪʘ ʚ ʯʘʩʽ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ ʚ ʢʦʞʥʽʡ ʪʦʯʮʽ ʽʥʪʝʨʚʘʣʽʚ 

ʜʦʨʽʚʥʶʻ ʪʝʤʧʝʨʘʪʫʨʽ ʧʦʨʽʜ. ʆʩʢʽʣʴʢʠ ʧʨʠ ʤʘʢʩʠʤʫʤʽ ʘʤʧʣʽʪʫʜʠ ʩʠʥʫʩ ʧʨʘʚʦʾ 

ʯʘʩʪʠʥʠ ʨʽʚʥʷʥʥʷ (3.73) ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ, ʪʦ ʟʘ ʘʥʘʣʦʛʽʻʶ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ 

ʧʨʠʡʦʤʘʤʠ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʤʦʣʝʢʫʣʷʨʥʽʡ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʟʛʘʩʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʭʚʠʣʽ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʨʘʟʫ (3.71). 

ʈʦʟʨʘʭʫʥʢʠ ʟʛʘʩʘʥʥʷ ʜʦʙʦʚʦʾ ʪʘ ʨʽʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʭʚʠʣʴ ʧʦʢʘʟʫʶʪʴ, ʱʦ 

ʛʣʠʙʠʥʠ ʟʛʘʩʘʥʥʷ, ʷʢ ʽ ʩʣʽʜ ʦʯʽʢʫʚʘʪʠ, ʟʙʽʣʴʰʫʶʪʴʩʷ ʟʘʛʘʣʦʤ ʽʟ ʟʨʦʩʪʘʥʥʷʤ 

ʰʚʠʜʢʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ ʪʘ ʟʤʝʥʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʦʩʪʽ ʩʢʝʣʝʪʘ ʧʦʨʽʜ. 

ɯʥʚʝʨʩʽʡʥʠʡ ʪʠʧ ʛʽʜʨʦʛʝʦʪʝʨʤʽʯʥʦʛʦ ʨʝʞʠʤʫ ï ʮʝ ʦʩʦʙʣʠʚʠʡ ʪʠʧ 

ʛʽʜʨʦʛʝʦʪʝʨʤʽʯʥʦʛʦ ʨʝʞʠʤʫ, ʧʨʠ ʷʢʦʤʫ ʧʦʚʝʨʭʥʝʚʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʘʤʧʣʽʪʫʜʠ 

ʧʝʨʝʜʘʶʪʴʩʷ ʧʣʘʩʪʦʤ ʚʽʜ ʟʦʥ ʞʠʚʣʝʥʥʷ ʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʽʩʣʷ ʟʛʘʩʘʥʥʷ 

ʧʦʚʪʦʨʥʦʶ ʧʦʷʚʦʶ ʥʘ ʙʽʣʴʰʽʡ ʛʣʠʙʠʥʽ ʘʤʧʣʽʪʫʜ ʪʝʤʧʝʨʘʪʫʨʠ ʟ ʪʠʤ ʞʝ 

ʧʝʨʽʦʜʦʤ. 

ʊʘʢʝ ʟʛʘʩʘʥʥʷ (ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʝ) ʚʽʜʙʫʚʘʻʪʴʩʷ ʣʠʰʝ ʚ ʦʜʥʦʨʽʜʥʦʤʫ 

ʛʝʦʣʦʛʦ-ʛʽʜʨʦʛʝʣʦʛʽʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ɸ ʦʩʢʽʣʴʢʠ ʛʽʜʨʦʛʝʦʩʬʝʨʘ ʥʘʩʧʨʘʚʜʽ 

ʰʘʨʫʚʘʪʘ ʽ ʜʫʞʝ ʥʝʦʜʥʦʨʽʜʥʘ ʷʢ ʟʘ ʩʢʣʘʜʦʤ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʪʘʢ ʽ ʟʘ ʾʭ 

ʬʽʣʴʪʨʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʪʦ ʽ ʚʽʜʧʦʚʽʜʥʠʡ ʭʘʨʘʢʪʝʨ ʟʛʘʩʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʭʚʠʣʴ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘʩʧʨʘʚʜʽ ʨʽʜʢʦ. 

ʆʩʢʽʣʴʢʠ ʧʽʜ ʩʣʘʙʦʧʨʦʥʠʢʥʠʤʠ ʛʽʨʩʴʢʠʤʠ ʧʦʨʦʜʘʤʠ ʤʦʞʫʪʴ ʟʘʣʷʛʘʪʠ ʧʦʨʦʜʠ 

ʟ ʙʽʣʴʰ ʚʠʩʦʢʠʤʠ ʬʽʣʴʪʨʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʪʦ ʟʘ ʥʘʷʚʥʦʩʪʽ ʟʚ'ʷʟʢʫ  

ʪʘʢʠʭ ʧʦʨʽʜ ʟ ʧʦʚʝʨʭʥʝʚʠʤ ʚʦʜʦʪʦʢʦʤ ʘʙʦ ʚʦʜʦʡʤʦʶ ʯʝʨʝʟ ʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʽ 

ʭʚʠʣʽ ʧʨʦʥʠʢʘʶʪʴ ʫ ʥʘʜʨʘ ɿʝʤʣʽ ʣʘʪʝʨʘʣʴʥʦ ʥʘ ʚʽʜʩʪʘʥʴ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ 

ʦʩʥʦʚʥʦʤʫ ʰʚʠʜʢʽʩʪʶ ʽʥʬʽʣʴʪʨʘʮʽʾ. ʎʝ ʽ ʻ ʧʨʠʯʠʥʦʶ ʬʦʨʤʫʚʘʥʥʷ ʽʥʚʝʨʩʽʡ ʫ 

ʛʽʜʨʦʛʝʦʪʝʨʤʽʯʥʦʤʫ ʨʝʞʠʤʽ, ʢʦʣʠ ʪʝʤʧʝʨʘʪʫʨʥʽ ʘʤʧʣʽʪʫʜʠ ʧʽʩʣʷ ʟʘʛʘʩʘʥʥʷ 
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ʧʦʚʪʦʨʥʦ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʫ ʛʣʠʙʰʠʭ, ʘʣʝ ʙʽʣʴʰ ʚʦʜʦʧʨʦʥʠʢʥʠʭ ʰʘʨʘʭ [47]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʷʢʱʦ ʚ ʛʽʨʩʴʢʠʭ ʧʦʨʦʜʘʭ ʧʽʩʣʷ ʟʛʘʩʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʘ 

ʘʤʧʣʽʪʫʜʘ ʪʝʤʧʝʨʘʪʫʨ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʦʚʪʦʨʥʦ, ʪʦ ʪʘʢʽ ʧʦʨʦʜʠ ʤʽʩʪʷʪʴ 

ʚʦʜʦʥʦʩʥʠʡ ʰʘʨ, ʱʦ ʤʘʻ ʟʘ ʤʝʞʘʤʠ ʪʦʯʢʠ ʩʧʦʩʪʝʨʝʞʝʥʴ ʙʝʟʧʦʩʝʨʝʜʥʽʡ 

ʟʚ'ʷʟʦʢ ʟ ʧʦʚʝʨʭʥʝʶ ɿʝʤʣʽ, ʟ ʷʢʦʶ ʚʽʥ ʣʘʪʝʨʘʣʴʥʦ ʦʙʤʽʥʶʻʪʴʩʷ (ʯʝʨʝʟ ʦʙʣʘʩʪʴ 

ʞʠʚʣʝʥʥʷ) ʚʦʣʦʛʦʶ ʪʘ ʪʝʧʣʦʪʦʶ (ʈʠʩ. 3.7).  

  

ʈʠʩ. 3.7. ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʬʦʨʤʫʚʘʥʥʷ ʽʥʚʝʨʩʽʡʥʦʛʦ ʪʠʧʫ               

ʛʽʜʨʦʛʝʦʪʝʨʤʽʯʥʦʛʦ ʨʝʞʠʤʫ: 1 - ʥʘʧʨʷʤʦʢ ʨʫʭʫ 

ʧʦʚʝʨʭʥʝʚʦʾ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʭʚʠʣʽ; 2 - ʧʦʚʝʨʭʥʝʚʝ 

ʚʦʜʦʡʤʠʱʝ; 3 - ʚʦʜʦʥʦʩʥʠʡ ʰʘʨ ʫ ʛʨʘʚʽʡʥʦ-ʛʘʣʝʯʥʠʢʦʚʠʭ 

ʚʽʜʢʣʘʜʘʭ; 4 - ʪʝʞ ʫ ʧʽʩʢʘʭ; 5 - ʛʣʠʥʠ, ʚʽʜʥʦʩʥʦ 

ʚʦʜʦʪʨʠʚʢʽ; 6 - ʢʨʠʩʪʘʣʽʯʥʽ  ʩʣʘʙʦʧʨʦʥʠʢʥʽ ʧʦʨʦʜʠ. ʂ1 ʪʘ 

ʂ2 ï ʢʦʝʬʽʮʽʻʥʪʠ ʟʘʛʘʩʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʭʚʠʣʽ ʚʽʜʧʦʚʽʜʥʦ 

ʚ ʫʤʦʚʘʭ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʪʘ               ʤʦʣʝʢʫʣʷʨʥʦ-

ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ 

 

ʋ ʩʚʽʪʣʽ ʮʴʦʛʦ ʛʽʜʨʦʛʝʦʩʬʝʨʘ ʧʦʩʪʘʻ ʥʘʩʧʨʘʚʜʽ ʷʢ ʰʘʨʫʚʘʪʦ-ʥʝʦʜʥʦʨʽʜʥʘ 
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ʩʠʩʪʝʤʘ ʱʦʜʦ ʪʝʨʤʽʯʥʦʛʦ ʨʝʞʠʤʫ, ʫ ʟʚ'ʷʟʢʫ ʟ ʯʠʤ ʾʾ ʛʝʦʪʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ 

ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʥʝʩʪʘʮʽʦʥʘʨʥʝ. ʈʘʥʽʰʝ, ʷʢ ʤʠ ʙʘʯʠʣʠ, ʮʷ ʩʠʩʪʝʤʘ 

ʧʨʠʡʤʘʣʘʩʷ ʷʢ ʦʜʥʦʨʽʜʥʘ ʱʦʜʦ ʪʝʨʤʽʯʥʦʛʦ ʨʝʞʠʤʫ, ʘ ʛʝʦʪʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ 

ʷʢ ʩʪʘʮʽʦʥʘʨʥʝ ʯʠ ʢʚʘʟʽʩʪʘʥʽʦʥʘʨʥʝ. ʆʩʢʽʣʴʢʠ ʧʦʪʫʞʥʽʩʪʴ ʟʦʥʠ ʘʢʪʠʚʥʦʛʦ 

ʚʦʜʦʦʙʤʽʥʫ ʛʽʜʨʦʛʝʦʩʬʝʨʠ, ʫ ʤʝʞʘʭ ʷʢʦʾ ʽʥʚʝʨʩʽʾ ʧʦʰʠʨʝʥʽ ʩʢʨʽʟʴ, ʧʝʨʝʚʠʱʫʻ 

ʚʩʶʜʠ ʥʘ ʢʦʥʪʠʥʝʥʪʘʭ ʛʣʠʙʠʥʫ ʟʘʣʷʛʘʥʥʷ çʥʝʡʪʨʘʣʴʥʦʛʦ ʰʘʨʫè. 

ɿʘʛʘʣʦʤ ʛʣʠʙʠʥʘ ʧʦʰʠʨʝʥʥʷ ʽʥʚʝʨʩʽʡ (ʫ ʨʽʯʥʦʤʫ ʮʠʢʣʽ) ʢʦʨʝʣʶʻ ʽʟ 

ʧʦʪʫʞʥʽʩʪʶ ʟʦʥʠ ʘʢʪʠʚʥʦʛʦ ʚʦʜʦʦʙʤʽʥʫ ʛʽʜʨʦʛʝʦʩʬʝʨʠ. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ ʤʦʞʥʘ 

ʟ ʚʧʝʚʥʝʥʽʩʪʶ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʨʽʯʥʽ ʽʥʚʝʨʩʽʡʥʽ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʦʰʠʨʶʶʪʴʩʷ ʫ ʚʦʜʦʥʦʩʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʟʦʥʠ ʘʢʪʠʚʥʦʛʦ ʚʦʜʦʦʙʤʽʥʫ 

ʧʨʘʢʪʠʯʥʦ ʥʘ ʚʩʴʦʤʫ ʤʽʞʨʽʯʯʽ. 

ʂʣʘʩ çʽʥʚʝʨʩʽʡʥʠʡ ʪʠʧ ʛʽʜʨʦʛʝʦʪʝʨʤʽʯʥʦʛʦ ʨʝʞʠʤʫè ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ 

ʜʚʘ ʧʽʜʢʣʘʩʠ: ʽʥʚʝʨʩʽʡʥʦ-ʟʘʢʨʠʪʠʡ ʪʠʧ ʛʽʜʨʦʛʝʦʪʝʨʤʽʯʥʦʛʦ ʨʝʞʠʤʫ ʪʘ 

ʽʥʚʝʨʩʽʡʥʦ-ʚʽʜʢʨʠʪʠʡ ʪʠʧ ʛʽʜʨʦʛʝʦʪʝʨʤʽʯʥʦʛʦ ʨʝʞʠʤʫ. 

ɯʥʚʝʨʩʽʡʥʦ-ʟʘʢʨʠʪʠʡ ʪʠʧ ʛʽʜʨʦʛʝʦʪʝʨʤʽʯʥʦʛʦ ʨʝʞʠʤʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘ 

ʜʽʣʷʥʢʘʭ, ʩʢʣʘʜʝʥʠʭ ʪʦʚʱʝʶ ʚʦʜʦʩʪʽʡʢʠʭ ʽ ʚʦʜʦʧʨʦʥʠʢʥʠʭ ʧʦʨʽʜ, ʱʦ 

ʧʝʨʝʰʘʨʦʚʫʶʪʴʩʷ, ʟ ʥʘʷʚʥʽʩʪʶ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʨʦʟʨʽʟʫ ʚʦʜʦʪʨʠʚʢʦʛʦ ʰʘʨʫ 

ʧʦʪʫʞʥʽʩʪʶ ʧʦʥʘʜ 40 - 50 ʤ, ʱʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʘʨʪʝʟʽʘʥʩʴʢʠʭ ʙʘʩʝʡʥʽʚ, 

ʧʨʠʫʨʦʯʝʥʠʭ ʜʦ ʛʝʦʩʪʨʫʢʪʫʨʥʠʭ ʟʘʧʘʜʠʥ. ʈʽʯʥʽ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪʘʢʠʭ 

ʨʘʡʦʥʘʭ ʫ ʤʝʞʘʭ ʚʝʨʭʥʴʦʛʦ ʚʦʜʦʪʨʠʚʢʦʛʦ ʰʘʨʫ ʩʧʦʯʘʪʢʫ ʟʛʘʩʘʶʪʴ ʪʘʢ ʩʘʤʦ, 

ʷʢ ʽ ʚ ʨʘʡʦʥʘʭ ʟ ʝʢʩʧʦʥʝʥʮʽʡʥʦ-ʟʘʢʨʠʪʠʤ ʪʠʧʦʤ ʛʽʜʨʦʛʝʦʪʝʨʤʽʯʥʦʛʦ ʨʝʞʠʤʫ. 

ɸʣʝ ʧʦʪʽʤ ʥʠʞʯʝ ʟʘ ʛʣʠʙʠʥʦʶ ʘʤʧʣʽʪʫʜʠ ʟʥʦʚʫ ʯʽʪʢʦ ʨʝʻʩʪʨʫʶʪʴʩʷ, ʢʦʣʠ 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ ʚʦʜʦʥʦʩʥʦʛʦ ʧʣʘʩʪʘ, ʱʦ ʤʘʻ ʦʙʣʘʩʪʴ 

ʞʠʚʣʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ, ʟ ʷʢʦʶ ʚʽʥ ʧʦʩʪʽʡʥʦ ʦʙʤʽʥʶʻʪʴʩʷ ʚʦʣʦʛʦʶ ʪʘ 

ʪʝʧʣʦʤ. ʃʽʪʦʩʬʝʨʘ ʤʘʡʞʝ ʧʦʚʩʶʜʥʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʦʚʱʝʶ ʚʦʜʦʪʨʠʚʢʠʭ ʛʣʠʥ 

ʽ ʚʦʜʦʧʨʦʥʠʢʥʠʭ ʧʦʨʽʜ ʱʦ ʧʝʨʝʰʘʨʦʚʫʶʪʴʩʷ. ʋ ʮʠʭ ʫʤʦʚʘʭ ʩʭʝʤʘ 

ʛʽʜʨʦʛʝʦʪʝʨʤʽʯʥʦʛʦ ʨʝʞʠʤʫ ʫ ʨʦʟʨʽʟʽ ʷʚʣʷʻ ʩʦʙʦʶ ʯʝʨʛʫʚʘʥʥʷ ʧʦ  ʚʝʨʪʠʢʘʣʽ 

ʟʦʥ ʧʦʩʪʽʡʥʠʭ ʨʽʯʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʽʟ ʟʦʥʘʤʠ, ʜʝ ʨʝʻʩʪʨʫʶʪʴʩʷ ʟʤʽʥʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʪʷʛʦʤ ʨʦʢʫ. 

ɯʥʚʝʨʩʽʡʥʦ-ʚʽʜʢʨʠʪʠʡ ʪʠʧ ʛʽʜʨʦʛʝʦʪʝʨʤʽʯʥʦʛʦ ʨʝʞʠʤʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ 
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ʧʽʜʩʪʘʚʽ ʧʦʚʥʦʛʦ ʨʽʯʥʦʛʦ ʮʠʢʣʫ ʩʧʦʩʪʝʨʝʞʝʥʴ ʪʘ ʧʨʠ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ 

ʪʝʤʧʝʨʘʪʫʨʠ  Ñ0,01Áʉ. ʎʝʡ ʪʠʧ ʨʝʞʠʤʫ ʫ ʧʨʠʨʦʜʽ ʻ ʥʘʡʧʦʰʠʨʝʥʽʰʠʤ.  

ʆʩʢʽʣʴʢʠ ʘʨʪʝʟʽʘʥʩʴʢʽ ʙʘʩʝʡʥʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʧʝʨʝʚʘʞʥʦ ʧʦʚʝʨʭʥʝʚʝ 

ʯʝʨʛʫʚʘʥʥʷ ʚʦʜʦʥʦʩʥʠʭ ʛʦʨʠʟʦʥʪʽʚ ʽ ʚʦʜʦʪʨʠʚʢʠʭ ʪʦʚʱ ʧʦʨʽʜ ʟ ʥʘʷʚʥʽʩʪʶ 

ʟʚ'ʷʟʢʫ ʚʦʜʦʥʦʩʥʠʭ ʛʦʨʠʟʦʥʪʽʚ ʟ ʧʦʚʝʨʭʥʝʶ ɿʝʤʣʽ ʚ ʦʙʣʘʩʪʷʭ ʞʠʚʣʝʥʥʷ, 

ʧʦʚʝʨʭʥʝʚʽ ʬʘʢʪʦʨʠ ʚʧʣʠʚʘʶʪʴ ʧʨʘʢʪʠʯʥʦ ʥʘ ʚʩʶ ʦʩʘʜʦʚʫ ʪʦʚʱʫ.  

ɸʥʘʣʽʪʠʯʥʦ ʦʮʽʥʠʪʠ ʤʘʩʰʪʘʙʠ ʮʴʦʛʦ ʚʧʣʠʚʫ ʚʘʞʢʦ ʯʝʨʝʟ ʩʢʣʘʜʥʽʩʪʴ 

ʦʙʣʽʢʫ ʛʝʦʣʦʛʦ-ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʦʾ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʦʾ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʪʘʢʠʭ 

ʩʠʩʪʝʤ. ɿ ʧʝʚʥʠʤ ʩʪʫʧʝʥʝʤ ʥʘʙʣʠʞʝʥʥʷ ʮʝ ʻ ʤʦʞʣʠʚʠʤ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʛʘʩʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʭʚʠʣʴ ʫ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʚʦʥʠ 

ʚʠʟʥʘʯʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ. 

ʅʝʦʙʭʽʜʥʦ ʤʘʪʠ ʥʘ ʫʚʘʟʽ, ʱʦ ʫ ʟʚ'ʷʟʢʫ ʟ ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ ʚʦʜʦʥʦʩʥʠʭ 

ʛʦʨʠʟʦʥʪʽʚ ʥʘʚʝʜʝʥʽ ʜʘʥʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʣʠʰʝ ʩʭʝʤʘʪʠʯʥʦ ʤʘʩʰʪʘʙʠ ʚʧʣʠʚʫ 

ʧʦʚʝʨʭʥʝʚʠʭ ʬʘʢʪʦʨʽʚ ʚ ʽʜʝʘʣʽʟʦʚʘʥʠʭ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚʘʭ. ʏʘʩ, ʟʘ ʷʢʠʡ 

ʘʨʪʝʟʽʘʥʩʴʢʠʡ ʙʘʩʝʡʥ ʟʘʛʘʣʦʤ ʧʽʜʜʘʻʪʴʩʷ ʚʧʣʠʚʫ ʢʣʽʤʘʪʫ, ʟʘʣʝʞʠʪʴ ʪʘʢʦʞ ʚʽʜ 

ʚʽʜʩʪʘʥʽ ʤʽʞ ʦʙʣʘʩʪʷʤʠ ʞʠʚʣʝʥʥʷ ʪʘ ʨʦʟʚʘʥʪʘʞʝʥʥʷ, ʧʦʪʫʞʥʦʩʪʽ 

ʧʝʨʝʢʨʠʚʘʶʯʦʾ ʚʦʜʦʩʪʽʡʢʦʾ ʪʦʚʱʽ ʧʦʨʽʜ, ʛʣʠʙʠʥʠ ʟʘʣʷʛʘʥʥʷ ʬʫʥʜʘʤʝʥʪʫ, 

ʧʦʪʫʞʥʦʩʪʽ ʚʦʜʦʥʦʩʥʠʭ ʛʦʨʠʟʦʥʪʽʚ, ʩʪʫʧʝʥʷ ʨʦʟʢʨʠʪʦʩʪʽ ʙʘʩʝʡʥʫ ʚʠʭʽʜ 

ʚʦʜʦʥʦʩʥʠʭ ʧʣʘʩʪʽʚ ʥʘ ʧʦʚʝʨʭʥʶ ʚ ʦʙʣʘʩʪʽ ʞʠʚʣʝʥʥʷ ʪʘ ʨʦʟʚʘʥʪʘʞʝʥʥʷ, 

ʥʘʷʚʥʦʩʪʽ çʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʚʽʢʦʥè, ʧʝʨʝʣʠʚʽʚ ʤʽʞ ʚʦʜʦʥʦʩʥʠʤʠ ʛʦʨʠʟʦʥʪʘʤʠ 

ʪʦʱʦ. 

ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ, ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʭ ʪʝʧʣʦʥʘʩʦʩʥʠʭ 

ʩʠʩʪʝʤ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʨʘʡʦʥʫ ʾʭ 

ʨʦʟʤʽʱʝʥʥʷ ʪʘ ʪʠʧʠ ʛʽʜʨʦʛʝʦʪʝʨʤʽʯʥʦʛʦ ʨʝʞʠʤʫ.  

ʈʦʟʨʘʭʫʥʦʢ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʟʘʣʝʞʥʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʫʩʪʘʥʦʚʢʠ ʚʽʜ ʧʘʜʽʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʨʠʨʦʜʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ, ʚʽʜʧʦʚʽʜʥʦ ʽ ʥʘ ʚʭʦʜʽ ʜʦ ʚʠʧʘʨʥʠʢʘ ʪʝʧʣʦʥʘʩʦʩʥʦʾ 

ʩʠʩʪʝʤʠ ʥʘʚʝʜʝʥʽ ʚ ʨʦʙʦʪʽ [46]. 
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3.6. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ  ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʧʨʠʨʦʜʥʦʛʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʚʝʨʭʥʽʭ ʰʘʨʽʚ ɿʝʤʣʽ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ 

 

ʄʝʪʦʶ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʫ 

ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ɿʝʤʣʽ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʪʝʧʣʦʥʘʩʦʩʥʠʭ 

ʫʩʪʘʥʦʚʦʢ, ʱʦ ʚ ʷʢʦʩʪʽ ʧʝʨʚʠʥʥʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʫ ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ ʧʝʨʰʠʭ ʚʽʜ ʧʦʚʝʨʭʥʽ  ʚʦʜʦʥʦʩʥʠʭ 

ʛʦʨʠʟʦʥʪʽʚ. 

ɺ ʛʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʜʽʣʷʥʢʘ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʪʘʰʦʚʘʥʘ ʚ 

ʤʝʞʘʭ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʦʛʦ ʧʦʣʦʛʦʛʦ ʩʭʠʣʫ ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ, ʱʦ ʟʘʥʫʨʶʻʪʴʩʷ 

ʧʽʜ ʦʙʣʘʩʪʴ ɼʥʽʧʨʦʚʩʴʢʦ-ɼʦʥʝʮʴʢʦʾ ʟʘʧʘʜʠʥʠ. 

 ʊʦʚʱʘ ʧʦʨʽʜ ʤʘʻ ʜʚʦʧʦʚʝʨʭʦʚʫ ʙʫʜʦʚʫ: ʥʠʞʥʽʡ ʧʦʚʝʨʭ ï ʢʨʠʩʪʘʣʽʯʥʠʡ 

ʬʫʥʜʘʤʝʥʪ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʨʠʩʪʘʣʽʯʥʠʭ ʽ ʤʝʪʘʤʦʨʬʽʯʥʠʭ ʧʦʨʽʜ ʜʦʢʝʤʙʨʽʶ, 

ʚʝʨʭʥʽʡ ï ʯʦʭʦʣ, ʩʢʣʘʜʝʥʠʡ ʦʩʘʜʦʚʠʤʠ ʧʦʨʦʜʘʤʠ ʧʘʣʝʦʟʦʡʩʴʢʦʛʦ, 

ʤʝʟʦʟʦʡʩʴʢʦʛʦ ʽ ʢʘʡʥʦʟʦʡʩʴʢʦʛʦ ʚʽʢʫ, ʧʦʪʫʞʥʽʩʪʶ ʜʦ 400 ʤ. 

 ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʙʫʨʽʥʥʷ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʡ ʨʦʟʨʽʟ ʧʨʝʜʩʪʘʚʣʝʥʠʡ 

ʥʘʩʪʫʧʥʠʤʠ ʚʦʜʦʥʦʩʥʠʤʠ ʛʦʨʠʟʦʥʪʘʤʠ (ʨʠʩ. 3.8).  

1. ɸʣʶʚʽʘʣʴʥʦ - ʜʝʣʶʚʽʘʣʴʥʽ ʚʽʜʢʣʘʜʠ ʧʝʨʰʦʾ ʥʘʜʟʘʧʣʘʚʥʦʾ ʪʝʨʘʩʠ 

(a1vdpII-III) .  

2. ɺʦʜʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ ʫ ʚʽʜʢʣʘʜʘʭ ʤʝʞʠʛʽʨʩʴʢʦʾ, ʙʝʨʝʢʩʴʢʦʾ ʪʘ 

ʥʦʚʦʧʝʪʨʽʚʩʴʢʦʾ ʩʚʽʪ ʦʣʽʛʦʮʝʥ-ʤʽʦʮʝʥʫ (ʧʦʣʪʘʚʩʴʢʘ ʽ ʭʘʨʢʽʚʩʴʢʘ ʩʝʨʽʾ) 

(P3mz+br+N1np).  

ʌʦʨʤʫʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʫ ʚʝʨʭʥʽʭ ʰʘʨʽʚ ɿʝʤʣʽ ï ʮʝ ʩʢʣʘʜʥʠʡ 

ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʡ ʧʨʦʮʝʩ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʟʘʛʘʣʴʥʽ (ʨʝʛʽʦʥʘʣʴʥʽ) 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, ʘ ʪʘʢʦʞ  ʣʦʢʘʣʴʥʽ (ʤʽʩʮʝʚʽ) ʦʩʦʙʣʠʚʦʩʪʽ [48]. 

ɺ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʜʽʣʷʥʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ 

ʨʦʟʪʘʰʦʚʘʥʘ ʥʘ ʪʝʨʠʪʦʨʽʾ ʦʩʪʘʥʮʷ ʢʠʾʚʩʴʢʦʛʦ ʣʝʩʦʚʦʛʦ ʧʣʘʪʦ, ʷʢʠʡ 

ʦʙʤʝʞʝʥʠʡ ʽʟ ʟʘʭʦʜʫ ʅʦʚʦʩʝʣʠʮʴʢʦʶ, ʟ ʧʽʚʜʥʷ ï ʍʦʪʽʚʩʴʢʦʶ ʽ ʟʽ ʩʭʦʜʫ ï 

ʌʝʦʬʘʥʽʾʚʩʴʢʦʶ ʙʘʣʢʘʤʠ. ɸʙʩʦʣʶʪʥʽ ʧʦʟʥʘʯʢʠ ʜʥʘ ʙʘʣʦʢ ʟʤʽʥʶʶʪʴʩʷ ʚʽʜ 125 
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ʜʦ 150 ʤ. ɿ ʧʽʚʥʦʯʽ ʦʩʪʘʥʝʮʴ ʟ'ʻʜʥʫʻʪʴʩʷ ʟ ʦʩʥʦʚʥʠʤ ʤʘʩʠʚʦʤ ʢʠʾʚʩʴʢʦʛʦ 

ʣʝʩʦʚʦʛʦ ʧʣʘʪʦ. 

 

ʈʠʩ. 3.8. ɻʽʜʨʦʛʝʦʣʦʛʽʯʥʠʡ ʨʦʟʨʽʟ ʪʝʨʠʪʦʨʽʾ ʬʦʨʤʫʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ             

ʨʝʞʠʤʫ ʜʽʣʷʥʢʠ ʜʦʩʣʽʜʞʝʥʥʷ (ʥʘʧʨʷʤʦʢ ʽʟ ʟʘʭʦʜʫ ʥʘ ʩʭʽʜ): 1 ï 

ʜʽʣʷʥʢʘ ʜʦʩʣʽʜʞʝʥʥʷ; 2 ï ʩʧʦʩʪʝʨʝʞʥʘ ʩʚʝʨʜʣʦʚʠʥʘ; 3 ïʜʘʪʯʠʢʠ 

ʪʝʤʧʝʨʘʪʫʨʠ 

 

ʅʘ ʜʥʽ ʙʘʣʦʢ ʨʦʟʪʘʰʦʚʘʥʽ ʚʦʜʦʪʦʢʠ ʟ ʦʟʝʨʘʤʠ, ʱʦ ʤʘʶʪʴ ʥʝʧʦʩʪʽʡʥʠʡ 

ʭʘʨʘʢʪʝʨ, ʷʢʠʡ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ. ʅʘ 

ʜʥʽ ʌʝʦʬʘʥʽʾʚʩʴʢʦʾ ʙʘʣʢʠ ʨʦʟʤʽʱʫʻʪʴʩʷ ʩʝʨʽʷ ʇʘʣʘʜʠʥʩʴʢʠʭ ʩʪʘʚʢʽʚ. 

ɿʘ ʩʚʦʻʶ ʬʦʨʤʦʶ ʦʩʪʘʥʝʮʴ ʫʷʚʣʷʻ ʩʦʙʦʶ çʷʟʠʢè, ʜʦʚʞʠʥʘ ʷʢʦʛʦ 

(ʥʘʧʨʷʤʦʢ ʟ ʧʽʚʥʦʯʽ ʥʘ ʧʽʚʜʝʥʴ) ʧʨʠʙʣʠʟʥʦ ʩʢʣʘʜʘʻ 1,5 ʢʤ, ʘ ʰʠʨʠʥʘ 

(ʥʘʧʨʷʤʦʢ ʽʟ ʟʘʭʦʜʫ ʥʘ ʩʭʽʜ) ï 1 ʢʤ. ʈʝʣʴʻʬ çʷʟʠʢʘè ʜʦʩʠʪʴ ʧʣʘʩʢʠʡ. 

ɸʙʩʦʣʶʪʥʽ ʧʦʟʥʘʯʢʠ ʧʦʚʝʨʭʥʽ ʟʤʽʥʶʶʪʴʩʷ ʚʽʜ 189 ʜʦ 175 ʤ, ʚʦʜʦʜʽʣ 

ʧʨʦʭʦʜʠʪʴ ʫʟʜʦʚʞ ʰʦʩʝʡʥʦʾ ʜʦʨʦʛʠ (ʚʫʣ. ʄʝʪʨʦʣʦʛʽʯʥʘ). ʋʭʠʣ ʧʨʘʚʦʛʦ ʢʨʠʣʘ 

ʩʪʘʥʦʚʠʪʴ 0,02Á, ʣʽʚʠʡ ʩʭʠʣ ʙʽʣʴʰ ʢʨʫʪʽʰʠʡ [49]. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʩʚʝʨʜʣʦʚʠʥʽ ʪʘ ʚ ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʢʘʭ ʩʠʩʪʝʤʠ ʙʫʣʠ 
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ʚʩʪʘʥʦʚʣʝʥʽ ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʠ (ʪʝʨʤʦʧʝʨʝʪʚʦʨʶʚʘʯʽ ʦʧʦʨʫ). ɼʘʪʯʠʢʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʩʪʘʥʦʚʣʝʥʽ ʫ ʩʧʦʩʪʝʨʝʞʥʽʡ ʩʚʝʨʜʣʦʚʠʥʽ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ 

ʚʽʜʩʪʘʥʽ 4 ʤ ʚʽʜ ʚʠʜʦʙʫʚʥʦʾ ʩʚʝʨʜʣʦʚʠʥʽ ʪʘ ʨʦʟʤʽʱʝʥʽ ʥʘ ʛʣʠʙʠʥʘʭ 42ʤ, 39ʤ, 

34ʤ, 29ʤ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʠʭ ʫʤʦʚ ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʫ ʩʚʝʨʜʣʦʚʠʥʽ, ʘ 

ʩʘʤʝ: ʧʽʜʚʠʱʝʥʫ ʚʦʣʦʛʽʩʪʴ, ʟʥʘʯʥʫ ʛʣʠʙʠʥʫ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʤʽʱʝʥʥʷ ʜʦ 

ʚʦʩʴʤʠ ʜʘʪʯʠʢʽʚ ʥʘ ʦʜʥʽʡ ʢʦʩʽ,  ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʧʨʦʚʽʜ ʟ ʚʦʩʴʤʘ ʞʠʣʘʤʠ ʪʘ 

ʤʝʪʘʣʝʚʠʤ ʝʢʨʘʥʦʤ ʪʠʧʫ  4*2*0,51 (SF/UTP-cat.5E ) (ʈʠʩ. 3.9).  

    

                           ʘ)                                                          ʙ) 

ʈʠʩ. 3.9. ɺʠʤʽʨʶʚʘʣʴʥʽ ʧʨʠʩʪʨʦʾ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ                  

ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ɯɺɽ ʅɸʅʋ: a) ï ʟʘʥʫʨʶʚʘʥʠʡ                 

ʪʝʨʤʦʧʝʨʝʪʚʦʨʶʚʘʯ ʦʧʦʨʫ ʟ ʛʨʫʟʠʣʦʤ ʧʦʻʜʥʘʥʠʡ ʜʦ ʧʨʦʚʦʜʫ                 

4*2*0,51 (SF/UTP-cat.5E); ʙ) ï ʚʠʤʽʨʶʚʘʣʴʥʘ ʢʦʩʘ ʟ 

ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʪʝʨʤʦʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʦʧʦʨʫ ʊʉʇ-204 

 

ɼʣʷ ʟʙʦʨʫ ʜʘʥʠʭ ʟ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ 

ʢʦʥʪʨʦʣʝʨ MAXYCON FLEXY, ʧʨʠʻʜʥʘʥʠʡ ʜʦ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧôʶʪʝʨʘ 

ʯʝʨʝʟ ʰʣʶʟ USB ʽ RS-485  ̔ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʨʠʡʦʤʫ, ʧʝʨʝʪʚʦʨʝʥʥʷ ʡ 

ʧʝʨʝʜʘʯʽ ʮʠʬʨʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʤʽʞ ʮʠʬʨʦʚʠʤʠ ʣʽʥʽʷʤʠ ʧʦ ʽʥʪʝʨʬʝʡʩʫ RS-485 

ʪʘ ʧʨʦʪʦʢʦʣʫ Modbus-RTU. ɯʥʬʦʨʤʘʮʽʷ ʟ ʜʘʪʯʠʢʽʚ ʟʥʽʤʘʣʘʩʷ ʘʚʪʦʤʘʪʠʯʥʦ ʟ 

ʯʘʩʦʚʠʤ ʽʥʪʝʨʚʘʣʦʤ ʧôʷʪʴ ʩʝʢʫʥʜ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʾ ʘʚʪʦʨʦʤ 

ʽʥʪʝʨʘʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʜʠʩʧʝʪʯʝʨʠʟʘʮʽʾ ʥʘ ʙʘʟʽ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ ESM 

(Engineering Systems Manager) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ FBD 

(Function Block Diagram|Continuous Function Chart) ʙʫʣʦ ʟʘʙʝʟʧʝʯʝʥʦ ʟʙʽʨ 
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ʜʘʥʠʭ ʟ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʟ ʧʦʜʘʣʴʰʦʶ ʦʙʨʦʙʢʦʶ ʪʘ ʟʘʧʠʩʦʤ ʚ ʘʨʭʽʚ 

ʜʣʷ ʾʭ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʪʘ ʚʠʚʝʜʝʥʥʷ ʥʘ ʤʦʥʽʪʦʨ ʢʦʤʧôʶʪʝʨʘ ʧʨʦʛʨʘʤʦʶ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ (ʨʠʩ. 3.10). 

 

ʈʠʩ. 3.10. ɿʦʙʨʘʞʝʥʥʷ ʝʢʨʘʥʘ ʢʦʤʧôʶʪʝʨʘ ʟ ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʽʥʪʝʨʬʝʡʩʫ                  

ʩʠʩʪʝʤʠ ʜʠʩʧʝʪʯʝʨʠʟʘʮʽʾ ʥʘ ʙʘʟʽ  ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ   ESM 

(Engineering Systems Manager) ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ɯɺɽ ʅɸʅʋ 

 

ɺʘʞʣʠʚʦ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʚʠʚʯʝʥʥʷ ʨʝʞʠʤʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʦʟʪʘʰʦʚʘʥʠʭ ʚ ʩʚʝʨʜʣʦʚʠʥʘʭ ʜʘʪʯʠʢʽʚ ʚʠʩʦʢʦʾ ʯʫʪʣʠʚʦʩʪʽ ʪʘ ʚʽʜʥʦʩʥʦ 

ʚʠʩʦʢʦʶ ʯʘʩʪʦʪʦʶ ʟʯʠʪʫʚʘʥʥʷ ʜʘʥʠʭ, ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʘʪʠ ʷʢʽʩʥʦ ʥʦʚʫ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʫʤʦʚʠ ʬʦʨʤʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʚʝʨʭʥʽʭ ʰʘʨʽʚ 

ɿʝʤʣʽ. 
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ɸʥʘʣʽʟ ʥʘʢʦʧʠʯʝʥʠʭ ʜʘʥʠʭ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʪʘ ʚʦʜʠ ʚ ʩʚʝʨʜʣʦʚʠʥʽ 

ʚʠʷʚʠʚ ʥʘʷʚʥʽʩʪʴ ʾʭ ʜʝʚʽʘʮʽʾ ʥʘ ʢʦʨʦʪʢʦʤʫ ʽʥʪʝʨʚʘʣʽ  ʯʘʩʫ ʟʘ ʚʝʩʴ  ʧʝʨʽʦʜ 

ʜʦʩʣʽʜʞʝʥʥʷ (ʨʠʩ. 3.11). 

 

ʈʠʩ. 3.11. ɻʨʘʬʽʢ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚ ʩʚʝʨʜʣʦʚʠʥʽ [48]: 1 ï  

                 ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ (0,5 ʤ. ʥʘʜ ʟʝʤʣʝʶ); 2 ï ʪʝʤʧʝʨʘʪʫʨʘ ʚ  

                 ʩʚʝʨʜʣʦʚʠʥʽ ʥʘ ʛʣʠʙʽʥʽ 39ʤ;  3  ï ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʩʚʝʨʜʣʦʚʠʥʽ  

                 ʥʘ ʛʣʠʙʽʥʽ 34ʤ; 4 ï  ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʩʚʝʨʜʣʦʚʠʥʽ ʥʘ ʛʣʠʙʽʥʽ 42  

                 ʤ.  (1,7 ʤ ʥʠʞʯʝ ʨʽʚʥʷ ʚʦʜʠ ʚ ʩʚʝʨʜʣʦʚʠʥʽ); 5 ï ʪʝʤʧʝʨʘʪʫʨʘ  

                 ʚ ʩʚʝʨʜʣʦʚʠʥʽ ʥʘ ʛʣʠʙʽʥʽ 29ʤ. 

 

ɺʽʜʭʠʣʝʥʥʷ ʚʽʜ ʣʽʥʽʡʥʦʛʦ ʪʨʝʥʜʘ ʪʝʤʧʝʨʘʪʫʨ ʚʦʜʠ ʚ ʩʚʝʨʜʣʦʚʠʥʽ 

ʜʦʟʚʦʣʷʶʪʴ ʧʨʠʧʫʩʪʠʪʠ ʥʘʷʚʥʽʩʪʴ ʨʽʯʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʫ ʚʘʨʽʘʮʽʷʭ ʮʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʇʨʷʤʠʡ ʢʦʨʝʣʷʮʽʡʥʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʚʘʨʽʘʮʽʷʤʠ ʪʝʤʧʝʨʘʪʫʨ 

ʧʦʚʽʪʨʷ ʽ ʚʦʜʠ ʚ ʩʚʝʨʜʣʦʚʠʥʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʚʧʣʠʚ ʩʝʟʦʥʥʠʭ ʘʪʤʦʩʬʝʨʥʠʭ ʟʤʽʥ 

ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʛʣʠʙʠʥʘʭ ʟʘʣʷʛʘʥʥʷ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʥʽʪʦʨʠʥʛʫ ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ ʟʦʥʘ ʧʦʩʪʽʡʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ï 

ʥʝʡʪʨʘʣʴʥʠʡ ʰʘʨ, ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʠʞʯʝ ʛʣʠʙʠʥʠ ʟʘʣʷʛʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʛʦ 

ʛʦʨʠʟʦʥʪʫ. ʊʝʤʧʝʨʘʪʫʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʩʷʛʘʶʪʴ ʩʚʦʛʦ ʤʘʢʩʠʤʫʤʫ ʫ 

ʨʘʥʢʦʚʠʡ ʽ ʚʝʯʽʨʥʽʡ ʯʘʩ ʟ ʽʥʪʝʨʚʘʣʦʤ ʙʣʠʟʴʢʠʤ 12 ʛʦʜʠʥ. 
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ɿʽʩʪʘʚʣʝʥʥʷ ʛʨʘʬʽʢʽʚ ʜʦʙʦʚʦʾ ʜʠʥʘʤʽʢʠ ʪʝʤʧʝʨʘʪʫʨ ʧʦʚʽʪʨʷ ʽ ʚʦʜʠ 

(ʯʘʩʪʦʪʘ ʟʘʤʽʨʽʚ - ʢʦʞʥʽ 5 ʩ.), ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʥʘ ʨʠʩ. 3.12, ʚʠʷʚʠʣʦ, ʱʦ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʠʥʭʨʦʥʥʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʥʠʤʠ ʧʨʦʪʷʛʦʤ ʜʦʙʠ, ʘ ʪʘʢʦʞ 

ʬʘʟʦʚʠʡ ʟʩʫʚ ʚʽʜ ʜʚʦʭ ʜʦ ʩʝʤʠ ʛʦʜʠʥ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʟʦʚʥʽʰʥʴʦʛʦ ʚʧʣʠʚʫ (ʨʠʩ. 3.12). 

 

ʈʠʩ. 3.12. ɻʨʘʬʽʢ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʪʘ ʚʦʜʠ ʚ ʩʚʝʨʜʣʦʚʠʥʽ                  

[48]: 1 ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ (0,5 ʤ ʥʘʜ ʟʝʤʣʝʶ); 2 ï 

ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʩʚʝʨʜʣʦʚʠʥʽ ʥʘ ʛʣʠʙʽʥʽ 39ʤ;  3  ï ʪʝʤʧʝʨʘʪʫʨʘ ʚ 

ʩʚʝʨʜʣʦʚʠʥʽ ʥʘ ʛʣʠʙʽʥʽ 34 ʤ; 4 ï  ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʩʚʝʨʜʣʦʚʠʥʽ ʥʘ 

ʛʣʠʙʽʥʽ 42 ʤ.  (1,7 ʤ ʥʠʞʯʝ ʨʽʚʥʷ ʚʦʜʠ ʚ  ʩʚʝʨʜʣʦʚʠʥʽ); 5 ï 

ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʩʚʝʨʜʣʦʚʠʥʽ ʥʘ ʛʣʠʙʽʥʽ 29 ʤ 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ ʧôʷʪʴ ʤʽʩʷʮʽʚ 2021 ʨʦʢʫ (ʟ ʩʝʨʧʥʷ 

ʧʦ ʛʨʫʜʝʥʴ) ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ ʚ ʩʚʝʨʜʣʦʚʠʥʽ ʟʤʝʥʰʠʣʘʩʷ ʥʘ 2,0 Áʉ . 

ɼʣʷ ʦʮʽʥʢʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʫʩʪʘʥʦʚʢʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʂ (ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʝʧʣʦʪʠ), ʷʢʽʡ 

ʷʚʣʷʻ ʩʦʙʦʶ ʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʝʥʝʨʛʽʾ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ ʪʝʧʣʦʚʠʤ ʥʘʩʦʩʦʤ, 

ʜʦ ʢʽʣʴʢʦʩʪʽ ʝʥʝʨʛʽʾ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʨʦʮʝʩ ʧʝʨʝʥʝʩʝʥʥʷ ʪʝʧʣʦʪʠ. ʏʠʤ 

ʙʽʣʴʰʠʡ ʂ, ʪʠʤ ʜʦʮʽʣʴʥʽʰʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʫʩʪʘʥʦʚʢʠ. 

ɺʠʟʥʘʯʘʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʟʘ ʬʦʨʤʫʣʦʶ: 
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 ,                                                        (3.74) 

ʜʝ:  Tout -  ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʠʭʦʜʽ ʟ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʪʝʧʣʦʥʘʩʦʩʥʦʾ 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʩʠʩʪʝʤʠ; 

Tin ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʟ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ ʜʦ 

ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ. 

ɺʚʝʜʝʤʦ ʢʦʝʬʽʮʽʻʥʪ k, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʚʽʜʩʦʪʦʢ, ʥʘ ʷʢʠʡ ʟʤʝʥʰʫʻʪʴʩʷ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʘʜʽʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠʨʦʜʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʜʦ ʚʠʧʘʨʥʠʢʘ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ. 

ʎʝʡ ʢʦʝʬʽʮʽʻʥʪ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

,                                           (3.75) 

ʜʝ: ki  - ʢʦʝʬʽʮʽʻʥʪ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʫʩʪʘʥʦʚʢʠ ʧʨʠ i-ʪʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʧʨʠʨʦʜʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʜʦ ʚʠʧʘʨʥʠʢʘ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ; 

ks  - ʢʦʝʬʽʮʽʻʥʪ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ 

ʧʨʠ ʩʪʘʙʽʣʴʥʽʡ ʚʭʽʜʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʨʠʨʦʜʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ. ʋ ʥʘʰʦʤʫ 

ʚʠʧʘʜʢʫ ʩʪʘʙʽʣʴʥʘ ʚʭʽʜʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʜʦʨʽʚʥʶʻ 10 Üʉ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ (3.74), ʢʦʝʬʽʮʽʻʥʪ k  ʥʘʙʫʚʘʻ ʟʥʘʯʝʥʥʷ:  

,                          (3.76) 

ʜʝ: ʊ̔  out ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʠʭʦʜʽ ʟ ʢʦʥʜʝʥʩʘʪʦʨʫ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʧʨʠ i-

ʪʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʨʠʨʦʜʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʜʦ ʚʠʧʘʨʥʠʢʘ ʪʝʧʣʦʚʦʛʦ 

ʥʘʩʦʩʫ; 

ʊs out ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʠʭʦʜʽ ʟ ʢʦʥʜʝʥʩʘʪʦʨʫ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʧʨʠ 

ʩʪʘʙʽʣʴʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʨʠʨʦʜʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʜʦ ʚʠʧʘʨʥʠʢʘ 

ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ; 

ʊi in ï i-ʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʭʦʜʽ ʫ ʚʠʧʘʨʥʠʢ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ; 

ʊs in ï ʩʪʘʙʽʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʭʦʜʽ ʫ ʚʠʧʘʨʥʠʢ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ, ʜʦʨʽʚʥʶʻ 10 Üʉ. 
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ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʜʘʥʠʭ ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ,  ʊ̔  out = ʊs out = 45 Áʉ; 

ʪʘ ʊi in = 8 Áʉ;  ʊs in = 10 Áʉ, ʮʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʂʝʣʴʚʽʥʫ ʤʘʪʠʤʫʪʴ ʟʥʘʯʝʥʥʷ: ʊ̔ 

out = ʊs out =318,15 ʂ;  ʊi in = 281,15 ʂ;  ʊs in = 283,15 ʂ, ʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (3.76) ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠʡʤʝ ʚʠʛʣʷʜ: 

%k 100
15,318
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 , 

ʘ ʢʦʝʬʽʮʽʻʥʪ k, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʚʽʜʩʦʪʦʢ, ʥʘ ʷʢʠʡ ʟʤʝʥʰʫʻʪʴʩʷ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʨʦʙʦʪʠ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʘʜʽʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʨʠʨʦʜʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʜʦ ʚʠʧʘʨʥʠʢʘ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʙʫʜʝ 

ʜʦʨʽʚʥʶʚʘʪʠ: 

k = 5,4%. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ 

ʩʠʩʪʝʤʠ ʧʨʠ ʥʝʩʪʘʙʽʣʴʥʠʭ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʘʭ, ʧʦʚôʷʟʘʥʠʭ ʟ ʧʝʨʝʧʘʜʘʤʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʭʦʜʽ ʜʦ  ʊʅ ʤʦʞʝ ʩʫʪʪʻʚʦ ʟʤʽʥʶʚʘʪʠʩʷ, ʱʦ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʜʘʥʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʩʠʩʪʝʤ ʚʽʜʙʦʨʫ ʧʝʨʚʠʥʥʦʾ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ. 

ʂʨʽʤ ʪʦʛʦ, ʤʦʞʣʠʚʦ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʧʨʠ ʢʨʠʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ 

ɻʽʜʨʦʊʉ ʥʘ ʚʦʜʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ ʤʦʞʣʠʚʝ ʯʘʩʪʢʦʚʝ ʘʙʦ ʪʠʤʯʘʩʦʚʝ ʧʦʚʥʝ 

ʚʠʩʥʘʞʝʥʥʷ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʛʦ  ʪʝʧʣʦʚʦʛʦ ʧʦʪʝʥʮʽʘʣʫ [48].  

 

3.7. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ  ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʪʘ 

ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʥʘ ʧʽʜʟʝʤʥʫ ʛʽʜʨʦʩʬʝʨʫ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ  

ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʭ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ  

 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʪʨʠʤʘʥʠʭ 

ʜʘʥʠʭ ʨʽʯʥʠʭ, ʩʝʟʦʥʥʠʭ ʪʘ ʜʦʙʦʚʠʭ ʟʤʽʥ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʠ ʫ ʚʦʜʦʥʦʩʥʦʤʫ 

ʛʦʨʠʟʦʥʪʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʫ ʤʽʞʪʨʫʙʥʦʤʫ ʧʨʦʩʪʦʨʽ  ʚʠʟʥʘʯʠʪʠ ʟʤʽʥʠ 

ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʚʝʨʜʣʦʚʠʥʠ, ʷʢʦʶ ʨʦʟʢʨʠʪʦ ʚʦʜʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ 

ʧʽʜ ʚʧʣʠʚʦʤ ʧʨʠʨʦʜʥʽʭ ʪʘ ʫʨʙʘʥʽʩʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ  ʤʦʞʫʪʴ ʥʝʛʘʪʠʚʥʦ 

ʚʧʣʠʚʘʪʠ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ.   
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ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʪʝʧʣʦʚʠʭ ʽ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʧʨʦʜʫʢʪʠʚʥʦʤʫ ʚʦʜʦʥʦʩʥʦʤʫ ʧʣʘʩʪʽ ʧʽʜ ʯʘʩ ʦʩʚʦʻʥʥʷ 

ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʚʝʨʭʥʽʭ ʚʦʜʦʥʦʩʥʠʭ ʛʦʨʠʟʦʥʪʽʚ ʙʫʣʘ 

ʚʠʢʦʨʠʩʪʘʥʘ  ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʩʠʩʪʝʤʘ ʚʠʜʦʙʫʚʘʥʥʷ ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʭ 

ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʪʠʧʫ ɻʎʉ (ʛʽʜʨʦʪʝʨʤʘʣʴʥʘ ʮʠʨʢʫʣʷʮʽʡʥʘ ʩʠʩʪʝʤʘ) ɯʥʩʪʠʪʫʪʫ 

ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ [50]. 

ɺ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʜʽʣʷʥʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ 

ʨʦʟʪʘʰʦʚʘʥʘ ʥʘ ʪʝʨʠʪʦʨʽʾ ʦʩʪʘʥʮʷ ʢʠʾʚʩʴʢʦʛʦ ʣʝʩʦʚʦʛʦ ʧʣʘʪʦ, ʷʢʠʡ 

ʦʙʤʝʞʝʥʠʡ ʽʟ ʟʘʭʦʜʫ  ʅʦʚʦʩʽʣʝʮʴʢʦʶ, ʟ ʧʽʚʜʥʷ ï ʍʦʪʽʚʩʴʢʦʶ ʽ ʟʽ ʩʭʦʜʫ ï 

ʌʝʦʬʘʥʽʾʚʩʴʢʦʶ ʙʘʣʢʘʤʠ. ɸʙʩʦʣʶʪʥʽ ʧʦʟʥʘʯʢʠ ʜʥʘ ʙʘʣʦʢ ʟʤʽʥʶʶʪʴʩʷ ʚʽʜ 125 

ʜʦ 150 ʤ. ɿ ʧʽʚʥʦʯʽ ʦʩʪʘʥʝʮʴ ʟ'ʻʜʥʫʻʪʴʩʷ ʟ ʦʩʥʦʚʥʠʤ ʤʘʩʠʚʦʤ ʂʠʾʚʩʴʢʦʛʦ 

ʣʝʩʦʚʦʛʦ ʧʣʘʪʦ (ʨʠʩ. 3.13). 

 

ʈʠʩ. 3.13. ʂʘʨʪʘ-ʩʭʝʤʘ ʚʠʩʦʪ ʚ ʤʽʩʪʽ ʜʽʣʷʥʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʤʽʩʮʽ                

ʨʦʟʪʘʰʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦ 

ʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ɯʥʩʪʠʪʫʪʫ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʅɸʅ 

ʋʢʨʘʾʥʠ [50] 

 

ʅʘ ʜʥʽ ʙʘʣʦʢ ʨʦʟʪʘʰʦʚʘʥʽ ʚʦʜʦʪʦʢʠ ʟ ʦʟʝʨʘʤʠ, ʱʦ ʤʘʶʪʴ ʥʝʧʦʩʪʽʡʥʠʡ 

ʭʘʨʘʢʪʝʨ, ʷʢʠʡ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ. ʅʘ 

ʜʥʽ ʌʝʦʬʘʥʽʾʚʩʴʢʦʾ ʙʘʣʢʠ ʨʦʟʤʽʱʫʻʪʴʩʷ ʩʝʨʽʷ ʇʘʣʘʜʠʥʩʴʢʠʭ ʩʪʘʚʢʽʚ. 
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ɻʽʜʨʦʛʝʦʣʦʛʽʯʥʘ ʙʫʜʦʚʘ ʜʽʣʷʥʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʩʠʪʴ ʜʝʪʘʣʴʥʦ ʚʠʚʯʝʥʘ 

ʟʘʚʜʷʢʠ ʯʠʩʣʝʥʥʠʤ ʙʫʨʦʚʠʤ ʨʦʙʦʪʘʤ, ʱʦ ʙʫʣʠ ʪʫʪ ʧʨʦʚʝʜʝʥʽ. 

ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ 

ʩʠʩʪʝʤʠ ʚʽʜʢʨʠʪʦʛʦ ʪʠʧʫ ʧʨʦʜʫʢʪʠʚʥʠʤ ʻ ʧʦʣʪʘʚʩʴʢʠʡ ʚʦʜʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ. 

ʋ ʧʣʘʥʽ ʛʦʨʠʟʦʥʪ ʤʘʻ ʧʦʚʩʶʜʥʝ ʧʦʰʠʨʝʥʥʷ. ɿʛʽʜʥʦ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʦʾ 

ʢʘʨʪʠ, ʧʣʦʱʘ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʛʦʨʠʟʦʥʪʫ ʧʝʨʝʚʠʱʫʻ ʜʝʩʷʪʢʠ ʢʤ
2
. ɸʙʩʦʣʶʪʥʽ 

ʧʦʟʥʘʯʢʠ ʧʽʜʦʰʚʠ ʛʦʨʠʟʦʥʪʫ ʩʪʘʥʦʚʣʷʪʴ 127-131 ʤ. ʇʦʢʨʽʚʣʷ ʛʦʨʠʟʦʥʪʫ 

ʨʦʟʤʽʱʫʻʪʴʩʷ ʥʘ ʚʽʜʤʽʪʢʘʭ 150-165 ʤ. ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʝʟʥʘʯʥʝ ʟʘʥʫʨʝʥʥʷ 

ʛʦʨʠʟʦʥʪʫ ʚ ʧʽʚʜʝʥʥʦʤʫ ʥʘʧʨʷʤʢʫ (4 ʤ ʥʘ 700 ʤ). 

ɿʚʝʨʭʫ ʽ ʟʥʠʟʫ ʛʦʨʠʟʦʥʪ ʽʟʦʣʴʦʚʘʥʠʡ ʧʣʘʩʪʘʤʠ ʚʦʜʦʪʨʠʚʢʠʭ ʛʣʠʥ. 

ʊʦʚʱʠʥʘ ʚʝʨʭʥʴʦʛʦ ʰʘʨʫ ʛʣʠʥ ʩʢʣʘʜʘʻ 20 ʤ, ʥʠʞʥʴʦʛʦ - ʧʝʨʝʚʠʱʫʻ 35 ʤ. 

ʏʝʨʝʟ ʚʝʨʭʥʽʡ ʰʘʨ ʛʣʠʥ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʘʩʪʢʦʚʘ ʬʽʣʴʪʨʘʮʽʷ ʚʦʜʠ ʟ ʧʝʨʰʦʛʦ 

ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ ʚ ʧʨʦʜʫʢʪʠʚʥʠʡ. ʂʽʣʴʢʽʩʥʦ ʚʝʣʠʯʠʥʘ ʧʝʨʝʪʽʢʘʥʥʷ 

ʚʩʪʘʥʦʚʣʝʥʘ ʥʝ ʙʫʣʘ. ʆʜʥʘʢ ʩʝʨʝʜʥʴʦʨʽʯʥʘ ʚʝʣʠʯʠʥʘ ʞʠʚʣʝʥʥʷ ʧʝʨʰʦʛʦ 

ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ ʟʘ ʨʘʭʫʥʦʢ ʽʥʬʽʣʴʪʨʘʮʽʾ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ ʩʢʣʘʣʘ 

5,2 ʩʤ. 

ɿʘʟʥʘʯʠʤʦ, ʱʦ ʧʦʙʫʜʦʚʘ ʞʠʪʣʦʚʦʛʦ ʢʦʦʧʝʨʘʪʠʚʫ çʂʨʠʰʪʘʣʝʚʽ ʜʞʝʨʝʣʘè, 

ʚ ʤʝʞʘʭ ʷʢʦʛʦ ʨʦʟʪʘʰʦʚʘʥʘ ʜʽʣʷʥʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʜʫʞʝ 

ʟʤʽʥʠʣʘ ʧʨʠʨʦʜʥʽ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʚʝʨʭʥʽʭ ʚʦʜʦʥʦʩʥʠʭ ʛʦʨʠʟʦʥʪʽʚ. 

ʇʣʦʱʘ ʦʩʪʘʥʮʷ ʙʫʣʘ ʟʥʘʯʥʦ ʟʙʽʣʴʰʝʥʘ ʰʣʷʭʦʤ ʥʘʩʠʧʘʥʥʷ ʰʪʫʯʥʦʛʦ ˇʨʫʥʪʫ, 

ʷʢ ʟʚʝʨʭʫ (1.5 - 2 ʤ), ʪʘʢ ʽ ʚ ʰʠʨʠʥʫ (ʜʦ 100-150 ʤ). ʂʨʽʤ ʪʦʛʦ, ʙʫʜʽʚʥʠʮʪʚʦ 

ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʽʚʝʣʴ, ʘʩʬʘʣʴʪʫʚʘʥʥʷ ʜʦʨʽʛ, ʩʪʚʦʨʝʥʥʷ ʢʘʥʘʣʽʟʘʮʽʡʥʦʾ 

ʤʝʨʝʞʽ ʪʘ ʦʨʛʘʥʽʟʘʮʽʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʩʪʦʢʫ ʟʥʘʯʥʦ ʟʤʝʥʰʠʣʠ ʽʥʬʽʣʴʪʨʘʮʽʶ 

ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ, ʽ ʪʠʤ ʩʘʤʠʤ ʡ ʫʤʦʚʠ ʞʠʚʣʝʥʥʷ ʚʝʨʭʥʴʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ 

ʛʦʨʠʟʦʥʪʫ. ʉʘʤʝ ʪʦʤʫ ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʚʝʣʠʯʠʥʘ ʧʝʨʝʪʽʢʘʥʥʷ 

ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʟ ʧʝʨʰʦʛʦ ʛʦʨʠʟʦʥʪʫ ʤʦʞʝ ʙʫʪʠ ʟʥʘʯʥʦʶ [51]. 

ʂʨʽʤ ʪʦʛʦ ʫ ʅʦʚʦʩʝʣʠʮʴʢʽʡ ʪʘ ʌʝʦʬʘʥʽʾʚʩʴʢʽʡ ʙʘʣʢʘʭ ʧʦʣʪʘʚʩʴʢʠʡ 

ʚʦʜʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ ʨʦʟʢʨʠʪʠʡ ʝʨʦʟʽʻʶ ʽ ʚʠʭʦʜʠʪʴ ʥʘ ʜʝʥʥʫ ʧʦʚʝʨʭʥʶ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʨʘʡʦʥʽ ʜʝ ʟʥʘʭʦʜʠʪʴʩʷ  ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ 

ʩʠʩʪʝʤʘ ʚʠʜʦʙʫʚʘʥʥʷ ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʇʦʣʪʘʚʩʴʢʠʡ 
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ʚʦʜʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ ʚʠʭʦʜʠʪʴ ʥʘ ʜʝʥʥʫ ʧʦʚʝʨʭʥʶ ʥʘ ʚʽʜʩʪʘʥʽ 100 ʤʝʪʨʽʚ ʚʽʜ 

ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʚʝʨʜʣʦʚʠʥ. ɸ ʟʘ 300 ʤʝʪʨʽʚ ʚʽʜ ʩʚʝʨʜʣʦʚʠʥ ʥʘ ʜʥʽ ʙʘʣʢʠ 

ʨʦʟʪʘʰʦʚʘʥʝ ʦʟʝʨʦ. ʇʝʨʝʧʘʜ ʚʠʩʦʪ ʤʽʞ ʛʠʨʣʦʤ ʩʚʝʨʜʣʦʚʠʥʠ ʪʘ ʜʥʦʤ ʙʘʣʢʠ, ʜʝ 

ʨʦʟʪʘʰʦʚʘʥʝ ʦʟʝʨʦ, ʩʢʣʘʜʘʻ 40 ʤʝʪʨʽʚ (ʨʠʩ. 3.14). 

 

ʈʠʩ.  3.14.   ʇʝʨʝʧʘʜ ʚʠʩʦʪ ʤʽʞ ʛʠʨʣʦʤ ʩʚʝʨʜʣʦʚʠʥʠ ʪʘ  ʦʟʝʨʦʤ. (ɺʠʪʷʛ                

ʟ ʝʣʝʢʪʨʦʥʥʦʛʦ ʨʝʩʫʨʩʫ çʂʘʨʪʠ ʚʠʩʦʪ ʥʘʜ ʨʽʚʥʝʤ ʤʦʨʷè                 

https://qrz.pp.ua/vysota) 

 

ʋ ʮʠʭ ʤʽʩʮʷʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʛʽʜʨʘʚʣʽʯʥʠʡ ʟʚ'ʷʟʦʢ ʛʦʨʠʟʦʥʪʫ ʟ 

ʧʦʚʝʨʭʥʝʚʠʤʠ ʚʦʜʦʡʤʘʤʠ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʜʥʽ ʙʘʣʦʢ. 

ɾʠʚʣʝʥʥʷ ʛʦʨʠʟʦʥʪʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘ ʨʘʭʫʥʦʢ 

ʽʥʬʽʣʴʪʨʘʮʽʾ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ. ʇʦʪʽʢ ʚʦʜ ʩʧʨʷʤʦʚʘʥʠʡ ʚʽʜ ʚʦʜʦʜʽʣʫ ʥʘ 

ʟʘʭʽʜ ʜʦ ʅʦʚʦʩʝʣʠʮʴʢʦʾ ʙʘʣʢʠ. ʊʘʤ, ʜʝ ʩʪʨʦʢʘʪʽ ʛʣʠʥʠ ʥʝʦʛʝʥʫ ʨʦʟʤʠʪʽ, 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʣʠʚ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʧʝʨʰʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ ʚ 
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ʧʨʦʜʫʢʪʠʚʥʠʡ ʛʦʨʠʟʦʥʪ. ɾʠʚʣʝʥʥʷ ʧʦʣʪʘʚʩʴʢʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʪʽʢʘʥʥʷ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʯʝʨʝʟ ʪʦʚʱʫ ʛʣʠʥ. 

ɺʽʜʭʠʣʝʥʥʷ ʚʽʜ ʣʽʥʽʡʥʦʛʦ ʪʨʝʥʜʘ ʪʝʤʧʝʨʘʪʫʨ ʚʦʜʠ ʚ ʩʚʝʨʜʣʦʚʠʥʽ 

ʜʦʟʚʦʣʷʶʪʴ ʧʨʠʧʫʩʪʠʪʠ ʥʘʷʚʥʽʩʪʴ ʨʽʯʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʚ ʚʘʨʽʘʮʽʷʭ ʮʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʇʨʷʤʠʡ ʢʦʨʝʣʷʮʽʡʥʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʚʘʨʽʘʮʽʷʤʠ ʪʝʤʧʝʨʘʪʫʨ 

ʧʦʚʽʪʨʷ ʽ ʚʦʜʠ ʚ ʩʚʝʨʜʣʦʚʠʥʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʚʧʣʠʚ ʩʝʟʦʥʥʠʭ ʘʪʤʦʩʬʝʨʥʠʭ ʟʤʽʥ 

ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʛʣʠʙʠʥʘʭ ʟʘʣʷʛʘʥʥʷ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ (ʨʠʩ.  3.15).  

 

ʈʠʩ. 3.15. ɻʨʘʬʽʢ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʩʚʝʨʜʣʦʚʠʥʽ [49]: 1 ï                  

ʪʝʤʧʝʨʘʪʫʨʘ ʫ ʩʚʝʨʜʣʦʚʠʥʽ ʥʘ ʛʣʠʙʽʥʽ 39 ʤ; 2 ï ʪʝʤʧʝʨʘʪʫʨʘ                 

ʫ ʩʚʝʨʜʣʦʚʠʥʽ ʥʘ ʛʣʠʙʽʥʽ 34 ʤ; 3 ï ʪʝʤʧʝʨʘʪʫʨʘ ʫ 

ʩʚʝʨʜʣʦʚʠʥʽ                ʥʘ ʛʣʠʙʽʥʽ 42 ʤ (ʥʘ 1,7 ʤ ʥʠʞʯʝ ʨʽʚʥʷ 

ʚʦʜʠ ʫ ʩʚʝʨʜʣʦʚʠʥʽ); 4 ï ʪʝʤʧʝʨʘʪʫʨʘ ʫ ʩʚʝʨʜʣʦʚʠʥʽ ʥʘ 

ʛʣʠʙʽʥʽ 29 ʤ  

 

ʅʘʷʚʥʽʩʪʴ ʩʝʟʦʥʥʠʭ ʚʘʨʽʘʮʽʡ ʪʝʤʧʝʨʘʪʫʨ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ 

ʟʦʥʘ ʧʦʩʪʽʡʥʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʥʝʡʪʨʘʣʴʥʠʡ ʰʘʨ) ʨʦʟʪʘʰʦʚʘʥʘ ʛʣʠʙʰʝ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʩʷʛʘʶʪʴ ʩʚʦʛʦ ʤʘʢʩʠʤʫʤʫ ʫ ʨʘʥʢʦʚʠʡ ʽ ʚʝʯʽʨʥʽʡ ʯʘʩ ʟ 

ʽʥʪʝʨʚʘʣʦʤ, ʙʣʠʟʴʢʠʤ 12 ʛʦʜʠʥ.  
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ɿʽʩʪʘʚʣʝʥʥʷ ʛʨʘʬʽʢʽʚ ʜʦʙʦʚʦʾ ʜʠʥʘʤʽʢʠ ʪʝʤʧʝʨʘʪʫʨ ʧʦʚʽʪʨʷ ʽ ʚʦʜʠ 

(ʯʘʩʪʦʪʘ ʟʘʤʽʨʽʚ ï ʢʦʞʥʽ 5 ʩ.) ʟʘʩʚʽʜʯʠʣʦ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʠʥʭʨʦʥʥʠʡ 

ʟʚ'ʷʟʦʢ ʤʽʞ ʥʠʤʠ ʧʨʦʪʷʛʦʤ ʜʦʙʠ, ʘ ʪʘʢʦʞ ʬʘʟʦʚʠʡ ʟʩʫʚ ʚʽʜ ʜʚʦʭ ʜʦ ʩʝʤʠ 

ʛʦʜʠʥ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʦʚʥʽʰʥʴʦʛʦ ʚʧʣʠʚʫ (ʨʠʩ. 3.16). 

 

ʈʠʩ. 3.16. ɻʨʘʬʽʢ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʪʘ ʚ ʩʚʝʨʜʣʦʚʠʥʽ [50]: 1 ï 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ (0,5 ʤ ʥʘʜ ʟʝʤʣʝʶ); 2 ï ʪʝʤʧʝʨʘʪʫʨʘ ʫ 

ʩʚʝʨʜʣʦʚʠʥʽ ʥʘ ʛʣʠʙʽʥʽ 42 ʤ (ʥʘ 1,7 ʤ ʥʠʞʯʝ ʨʽʚʥʷ ʚʦʜʠ ʫ 

ʩʚʝʨʜʣʦʚʠʥʽ); 3 ï ʪʝʤʧʝʨʘʪʫʨʘ ʫ ʩʚʝʨʜʣʦʚʠʥʽ ʥʘ ʛʣʠʙʽʥʽ 39 ʤ; 4 

ï ʪʝʤʧʝʨʘʪʫʨʘ ʫ ʩʚʝʨʜʣʦʚʠʥʽ ʥʘ ʛʣʠʙʽʥʽ 34 ʤ;  5 ï ʪʝʤʧʝʨʘʪʫʨʘ 

ʫ ʩʚʝʨʜʣʦʚʠʥʽ ʥʘ ʛʣʠʙʽʥʽ 29 ʤ 

 

ʅʘʡʯʘʩʪʽʰʝ ʜʦʙʦʚʽ ʢʦʣʠʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʷʚʣʷʶʪʴʩʷ ʧʨʠ ʛʣʠʙʠʥʘʭ 

ʟʘʣʷʛʘʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʷʢʽ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ ʜʝʢʽʣʴʢʦʭ ʤʝʪʨʽʚ. [52]. ʇʨʦʷʚ 

ʜʦʙʦʚʠʭ ʚʘʨʽʘʮʽʡ ʪʝʤʧʝʨʘʪʫʨ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ ʫ ʚʽʜʢʣʘʜʘʭ 

ʤʝʞʠʛʽʨʩʴʢʦʾ, ʙʝʨʝʢʩʴʢʦʾ ʪʘ ʥʦʚʦʧʝʪʨʽʚʩʴʢʦʾ ʩʚʽʪ ʦʣʽʛʦʮʝʥ-ʤʽʦʮʝʥʫ ʤʦʞʝ ʙʫʪʠ 

ʦʙʫʤʦʚʣʝʥʦ ʧʨʦʮʝʩʘʤʠ ʧʝʨʝʪʽʢʘʥʥʷ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʽ ʩʢʠʜʘʥʥʷ ʾʭ ʯʠʩʣʝʥʥʠʤʠ 

ʜʨʝʥʘʞʥʠʤʠ ʢʘʥʘʣʘʤʠ ʚ ʧʣʘʩʪ-ʢʦʣʝʢʪʦʨ. ʎʝ, ʩʢʦʨʽʰ ʟʘ ʚʩʝ, ʤʦʞʝ ʚʢʘʟʫʚʘʪʠ 

ʥʘ ʩʫʪʪʻʚʠʡ ʪʝʭʥʦʛʝʥʥʠʡ ʚʧʣʠʚ ʚ ʤʝʞʘʭ ʜʽʣʷʥʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʫʤʦʚʣʝʥʠʡ 
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ʽʥʪʝʥʩʠʚʥʠʤ ʙʫʜʽʚʥʠʮʪʚʦʤ ʚ ʤʝʞʘʭ ʟʘʤʢʥʫʪʦʾ ʪʨʴʦʤʘ ʙʘʣʢʘʤʠ ʪʝʨʠʪʦʨʽʾ 

ʦʩʪʘʥʮʷ ʂʠʾʚʩʴʢʦʛʦ ʣʝʩʦʚʦʛʦ ʧʣʘʪʦ ʪʘ ʦʩʦʙʣʠʚʠʤʠ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʤʠ 

ʫʤʦʚʘʤʠ ʜʘʥʦʾ ʤʽʩʮʝʚʦʩʪʽ [53]. 

 

ɺʀʉʅʆɺʂʀ ɼʆ ʈʆɿɼɯʃʋ 3 

 

1. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʛʣʠʙʠʥʠ 

ʧʨʦʥʠʢʥʝʥʥʷ ʪʝʧʣʦʚʦʾ ʭʚʠʣʽ ʪʘ ʘʥʘʣʽʪʠʯʥʦ ʨʦʟʨʘʭʦʚʘʥʦ, ʱʦ ʛʣʠʙʠʥʘ 

ʧʦʰʠʨʝʥʥʷ ʪʝʧʣʦʚʦʾ ʭʚʠʣʽ ʜʦʨʽʚʥʶʻ 0,94 ʤ ʟʘ ʜʦʙʫ, ʪʘ 18,02 ʤ ʟʘ ʨʽʢ, ʪʦʙʪʦ 

ʛʣʠʙʠʥʫ, ʜʦ ʷʢʦʾ ʥʘʜʽʡʜʝ ʬʨʦʥʪ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʭʚʠʣʽ ʟʘ ʯʘʩ, ʱʦ ʜʦʨʽʚʥʶʻ 

ʧʦʣʦʚʠʥʽ ʧʝʨʽʦʜʫ ʢʦʣʠʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ.  

2. ʈʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ 

ˇʨʫʥʪʽ ˟ᾀȟὸ ʟʘʣʝʞʥʦ ʚʽʜ ʛʣʠʙʠʥʠ ὤ π  ʽ ʯʘʩʫὸ π;  ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ˇʨʫʥʪʫ ʤʦʞʥʘ ʧʦʰʠʨʠʪʠ ʥʘ ʽʥʰʠʭ ʪʝʨʠʪʦʨʽʷʭ ʟʘ 

ʫʤʦʚʠ, ʱʦ ʟʽʙʨʘʥʽ ʫʩʽ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʜʘʥʽ, ʘ ʩʘʤʝ: ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 

ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ ʽ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʦʩʪʽ ʢʦʞʥʦʛʦ ʟ ʛʝʦʣʦʛʽʯʥʠʭ 

ʰʘʨʽʚ ˇʨʫʥʪʫ, ʪʦʱʦ. 

3. ʆʙˇʨʫʥʪʦʚʘʥʦ, ʱʦ ʧʽʜ ʯʘʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʭ 

ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʫʩʪʘʥʦʚʦʢ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʥʘ ʜʽʣʷʥʢʘʭ, ʜʝ 

ʧʝʨʝʧʘʜʠ ʚʠʩʦʪ ʨʝʣʴʻʬʫ ʻ ʙʣʠʟʴʢʠʤʠ ʟʘ ʨʦʟʤʽʨʦʤ ʟ ʛʣʠʙʠʥʦʶ ʟʘʣʷʛʘʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ, ʢʦʝʬʽʮʽʻʥʪ ʪʨʘʥʩʬʦʨʤʘʮʽʾ 

ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʤʦʞʝ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ. 

4. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ  ʚʠʟʥʘʯʝʥʥʷ ʱʽʣʴʥʦʩʪʽ 

(ʽʥʪʝʥʩʠʚʥʦʩʪʽ) ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʯʝʨʝʟ ʝʣʝʤʝʥʪ ʧʣʘʩʪʘ.  

5. ʂʦʨʠʩʪʫʶʯʠʩʴ ʚʠʢʣʘʜʝʥʠʤ ʤʝʪʦʜʦʤ ʨʦʟʨʘʭʫʥʢʫ ʱʽʣʴʥʦʩʪʽ 

(ʽʥʪʝʥʩʠʚʥʦʩʪʽ) ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʯʝʨʝʟ ʝʣʝʤʝʥʪ ʧʣʘʩʪʘ ʪʘ ʰʚʠʜʢʦʩʪʽ 

ʬʽʣʴʪʨʘʮʽʾ, ʤʦʞʥʘ ʨʦʟʛʣʷʥʫʪʠ ʽʥʰʽ ʘʥʦʤʘʣʽʾ ʛʝʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ, ʱʦ 

ʦʙʫʤʦʚʣʶʶʪʴʩʷ ʬʽʣʴʪʨʘʮʽʻʶ ʨʽʜʠʥʠ. ʅʘʧʨʠʢʣʘʜ, ʪʘʢʠʤ ʰʣʷʭʦʤ ʤʦʞʥʘ 

ʦʮ̔ʥʠʪʠ ʪʝʧʣʦʚʠʡ ʚʧʣʠʚ ʣʦʢʘʣʴʥʠʭ ʚʠʭʦʜʽʚ ʚʦʜʠ ʥʘ ʨʽʟʥʽʡ ʛʣʠʙʠʥʽ ʟ 

ʪʝʢʪʦʥʽʯʥʠʭ ʪʨʽʱʠʥ, ʚʧʣʠʚ ʧʝʨʝʪʽʢʘʥʥʷ ʚʦʜʠ ʟ ʦʜʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ 
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ʚ ʽʥʰʠʡ ʪʦʱʦ. 

6. ʈʦʟʚôʷʟʘʥʦ  ʟʘʜʘʯʫ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʧʽʜ ʯʘʩ 

ʜʽʾ ʚʦʜʦʟʘʙʦʨʫ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ  ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʭ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ, ʱʦ 

ʤʘʶʪʴ ʚʠʛʣʷʜ ʥʠʟʢʠ ʩʚʝʨʜʣʦʚʠʥ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʧʘʨʘʣʝʣʴʥʦ ʨʫʩʣʫ ʨʽʯʢʠ. 

7. ɼʦʚʝʜʝʥʦ, ʱʦ ʥʘ ʜʽʣʷʥʢʘʭ ʙʝʨʝʛʦʚʠʭ ʚʦʜʦʟʘʙʦʨʽʚ ʜʣʷ 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʭ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ ʚ ʩʚʝʨʜʣʦʚʠʥʘʭ 

ʤʦʞʝ ʩʫʪʪʻʚʦ ʟʤʽʥʶʚʘʪʠʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʠ ʚ ʚʦʜʦʡʤʽ ʪʘ 

ʚʽʜʩʪʘʥʽ ʚʽʜ ʩʚʝʨʜʣʦʚʠʥ ʜʦ ʚʦʜʦʡʤʠ.  

8. ʊʝʦʨʝʪʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʦ, ʱʦ ʦʩʥʦʚʥʫ ʨʦʣʴ ʚ ʟʤʽʥʽ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʚʽʜʽʛʨʘʻ ʬʽʣʴʪʨʘʮʽʷ, ʪʦʙʪʦ ʢʦʥʚʝʢʪʠʚʥʘ ʪʝʧʣʦʧʝʨʝʜʘʯʘ. 

ʂʦʥʜʫʢʪʠʚʥʘ ʩʢʣʘʜʦʚʘ ʩʧʨʠʯʠʥʷʻ ʪʽʣʴʢʠ ʜʝʷʢʝ ʨʦʟʩʽʶʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ 

ʬʨʦʥʪʫ. 

9. ʅʘʚʝʜʝʥʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ, ʱʦ ʚʨʘʭʦʚʫʻ ʧʝʨʝʜʘʯʫ 

ʪʝʧʣʦʪʠ ʢʦʥʜʫʢʪʠʚʥʠʤ ʰʣʷʭʦʤ ʽ ʢʦʥʚʝʢʮʽʻʶ, ʘ ʪʘʢʦʞ ʟʘʬʽʢʩʦʚʘʥʽ ʧʦʚʝʨʭʥʝʚʽ 

ʩʠʥʫʩʦʾʜʘʣʴʥʽ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ. 

10. ɸʥʘʣʽʪʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʦ, ʱʦ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʬʽʣʴʪʨʘʮʽʡʥʦʛʦ 

ʧʦʪʦʢʫ, ʥʘʧʨʘʚʣʝʥʦʛʦ ʚʥʠʟ ʚʽʜ ʥʝʡʪʨʘʣʴʥʦʛʦ ʰʘʨʫ, ʛʝʦʪʝʨʤʘʣʴʥʠʡ ʛʨʘʜʽʻʥʪ 

ʟʙʝʨʽʛʘʻ ʪʫ ʞ ʚʝʣʠʯʠʥʫ, ʱʦ ʽ ʚ ʫʤʦʚʘʭ ʥʝʧʦʨʫʰʝʥʠʭ ʬʽʣʴʪʨʘʮʽʻʶ. 

11. ɸʥʘʣʽʪʠʯʥʦ ʜʦʚʝʜʝʥʦ, ʱʦ ʟʘ ʥʘʷʚʥʦʩʪʽ ʨʫʭʦʤʠʭ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, 

ʱʦ ʤʘʻ ʤʽʩʮʝ ʚ ʜʦʙʨʝ ʧʨʦʥʠʢʥʠʭ ʧʦʨʦʜʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʧʽʩʢʘʤʠ, 

ʪʨʽʱʠʥʫʚʘʪʠʤʠ ʚʘʧʥʷʢʘʤʠ, ʧʽʩʢʦʚʠʢʘʤʠ, ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚ ʧʝʨʝʜʘʯʽ 

ʪʝʧʣʦʪʠ ʥʘʙʫʚʘʶʪʴ ʢʦʥʚʝʢʮʽʡʥʽ ʧʨʦʮʝʩʠ, ʨʦʣʴ ʷʢʠʭ ʟʨʦʩʪʘʻ ʟʽ ʟʨʦʩʪʘʥʥʷʤ 

ʰʚʠʜʢʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʚ ʜʘʥʠʡ ʯʘʩ ʪʠʧʠ ʛʽʜʨʦʛʝʦʪʝʨʤʽʯʥʦʛʦ 

ʨʝʞʠʤʫ ʤʦʞʥʘ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʟʘ ʜʚʦʤʘ ʦʟʥʘʢʘʤʠ:  ʟʘ ʛʣʠʙʠʥʦʶ ʟʛʘʩʘʥʥʷ 

ʬʘʢʪʠʯʥʠʭ ʨʽʯʥʠʭ ʘʤʧʣʽʪʫʜ ʪʝʤʧʝʨʘʪʫʨ, ʘ ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʦʤ ʟʛʘʩʘʥʥʷ ʨʽʯʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʭʚʠʣʽ. 

12. ɼʦʩʣʽʜʞʝʥʥʷʤ ʧʝʨʝʚʽʨʝʥʦ, ʱʦ ʝʥʝʨʛʝʪʠʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʘʙʽʣʴʥʦʩʪʽ ʚʭʽʜʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠʨʦʜʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ. ʅʘʧʨʠʢʣʘʜ, ʚʠʟʥʘʯʝʥ, ʱʦ 

ʟʤʝʥʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʫ ʚʦʜʦʥʦʩʥʦʤʫ ʛʦʨʠʟʦʥʪʽ ʥʘ 2 Üʉ 
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ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘ 5,4 %. ɼʦ ʪʦʛʦ ʞ ʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ, ʢʨʽʤ ʟʘʛʘʣʴʥʠʭ 

ʨʝʛʽʦʥʘʣʴʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ, ʚʝʣʠʢʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ ʤʽʩʮʝʚʽ ʦʩʦʙʣʠʚʦʩʪʽ.  

13. ɼʦʚʝʜʝʥʦ, ʱʦ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʦʥʦʩʥʦʛʦ 

ʛʦʨʠʟʦʥʪʫ, ʷʢ ʧʨʠʨʦʜʥʦʛʦ ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʥʝʦʙʭʽʜʥʦ 

ʧʨʦʚʝʜʝʥʥʷ ʧʦʧʝʨʝʜʥʽʭ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʷʢʽʩʥʝ ʚʠʚʯʝʥʥʷ ʷʢ 

ʽʩʥʫʶʯʦʛʦ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪʘʢ ʽ  ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ, 

ʛʝʦʣʦʛʽʯʥʠʭ ʪʘ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʽʣʷʥʢʠ ʧʨʦʚʝʜʝʥʥʷ ʙʫʨʦʚʠʭ 

ʨʦʙʽʪ. 

14. ʆʢʨʝʩʣʝʥʦ ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥ ɹ ʱʦʜʦ 

ʨʦʟʨʘʭʫʥʢʫ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʦʥʷʯʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʟ ʘʢʫʤʫʣʷʪʦʨʦʤ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ  ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʜʝʚʽʘʮʽʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʫ ʚʠʧʘʨʥʠʢ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ, ʱʦ ʥʘʜʭʦʜʠʪʴ 

ʚʽʜ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ˇʨʫʥʪʦʚʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ, ʟʤʦʥʪʦʚʘʥʦʛʦ ʫ ˇʨʫʥʪʽ 

ʥʠʞʯʝ ʛʣʠʙʠʥ ʧʨʦʤʝʨʟʘʥʥʷ ʪʘ ʚʠʱʝ ʥʝʡʪʨʘʣʴʥʦʛʦ ʰʘʨʫ ʪʝʤʧʝʨʘʪʫʨ.  
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ʈʆɿɼɯʃ 4 

ʅɸʊʋʈʅɯ  ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɯ ɼʆʉʃɯɼɾɽʅʅʗ 

ɽʅɽʈɻɽʊʀʏʅʆɰ  ɽʌɽʂʊʀɺʅʆʉʊɯ ʉʀʉʊɽʄ ɺʀʆʈʀʉʊɸʅʅʗ 

ʅʀɿʔʂʆʇʆʊɽʅʎɯʁʅʆɰ ʊɽʇʃʆʊʀ ʇʆɺɯʊʈʗ, ʇʆɺɽʈʍʅɽɺʀʍ ɺʆɼ, 

ɻʈʋʅʊʋ ʊɸ ɺʆɼʀ ʇɽʈʐʆɻʆ ɺɯɼ ʇʆɺɽʈʍʅɯ ɺʆɼʆʅʆʉʅʆɻʆ 

ɻʆʈʀɿʆʊʋ 

 

4.1. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʪʝʧʣʦʪʠ ʧʦʚʽʪʨʷ 

 

4.1.1.  ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʥʘʪʫʨʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚ ʩʠʩʪʝʤʽ çʧʦʚʽʪʨʷ ï ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ ï ʘʢʫʤʫʣʷʪʦʨ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ï ʢʦʥʚʝʢʪʦʨè 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʥʘʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʝʧʣʦʚʠʭ 

ʧʨʦʮʝʩʽʚ ʚ ʩʠʩʪʝʤʘʭ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʝʧʣʦʪʠ ʜʦʚʢʽʣʣʷ ʥʘ ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ  ʜʣʷ 

ʧʦʪʨʝʙ  ʦʧʘʣʝʥʥʷ, ʢʦʥʜʠʮʽʶʚʘʥʥʷ, ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʦʪʨʝʙ ʩʧʦʞʠʚʘʯʽʚ ʩʪʚʦʨʝʥʘ ʥʘ ʪʝʨʠʪʦʨʽʾ ɯʥʩʪʠʪʫʪʫ 

ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ (ɯɺɽ ʅɸʅʋ).  

ʅʘ ʨʠʩ. 4.1 ʧʦʢʘʟʘʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʢʦʤʧʣʝʢʪʫ ʣʘʙʦʨʘʪʦʨʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ ʜʦʩʣʽʜʞʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʪʝʧʣʦʥʘʩʦʩʥʦʛʦ ʪʝʧʣʦʭʦʣʦʜʦʧʦʩʪʘʯʘʥʥʷ ɯʥʩʪʠʪʫʪʫ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ 

ʅɸʅ ʋʢʨʘʾʥʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʝʤʠ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ [54]: 

1 ï ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ P(S)AXRW020; 

2 ï ʮʠʨʢʫʣʷʮʽʡʥʠʡ ʥʘʩʦʩ AQUARIO AC254-180; 

3 ï ʮʠʨʢʫʣʷʮʽʡʥʠʡ ʥʘʩʦʩ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ AQUARIO AC254-180; 

4 ï ʬʘʥʢʦʡʣʠ SP200L/RM;  

5 ï ʢʣʘʧʘʥʠ ʙʝʟʧʝʢʠ (ʪʠʩʢ ʩʧʨʘʮʶʚʘʥʥʷ 1 ʄʇʘ); 

6 ï ʘʢʫʤʫʣʷʪʦʨ ʪʝʧʣʦʪʠ ʦʙôʻʤʦʤ 120 ʣʽʪʨʽʚ;  
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7 ï ʤʝʤʙʨʘʥʥʠʡ ʙʘʢ ʨʦʟʰʠʨʶʚʘʯ ʦʙôʻʤʦʤ 12 ʣʽʪʨʽʚ.  

 ʆʜʠʥ ʪʝʧʣʦʦʙʤʽʥʥʠʢ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʧʦʻʜʥʘʥʦ ʟ ʚʝʥʪʠʣʷʪʦʨʦʤ, ʱʦʙ 

ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʪʽʢ  ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʥʴʦʛʦ ʜʣʷ ʚʽʜʙʦʨʫ ʧʝʨʚʠʥʥʦʾ 

ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ ʜʦʚʢʽʣʣʷ. ɼʨʫʛʠʡ ʪʝʧʣʦʦʙʤʽʥʥʠʢ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ 

ʧʦʻʜʥʘʥʦ ʪʨʫʙʦʧʨʦʚʦʜʘʤʠ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʟʘʤʢʥʫʪʠʡ ʢʦʥʪʫʨ ʟ ʙʘʢʦʤ-

ʘʢʫʤʫʣʷʪʦʨʦʤ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʦʙôʻʤʦʤ 200 ʣ. ʊʝʧʣʦʦʙʤʽʥʥʠʢʠ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʨʝʞʠʤʫ ʨʦʙʦʪʠ (ʦʧʘʣʝʥʥʷ ʘʙʦ ʦʭʦʣʦʜʞʝʥʥʷ) ʚʠʢʦʥʫʶʪʴ ʬʫʥʢʮʽʶ 

ʢʦʥʜʝʥʩʘʪʦʨʘ ʘʙʦ ʚʠʧʘʨʥʠʢʘ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ. ʌʘʥʢʦʡʣʠ ʪʝʧʣʦʥʘʩʦʩʥʦʾ 

ʩʠʩʪʝʤʠ ʧʦʻʜʥʘʥʽ ʪʨʫʙʦʧʨʦʚʦʜʘʤʠ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʟʘʤʢʥʫʪʠʡ ʢʦʥʪʫʨ ʟ 

ʘʢʫʤʫʣʷʪʦʨʦʤ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ. ʆʙʠʜʚʘ ʟʘʤʢʥʫʪʽ ʢʦʥʪʫʨʠ ʪʨʫʙʦʧʨʦʚʦʜʽʚ 

ʤʘʶʪʴ ʮʠʨʢʫʣʷʮʽʡʥʽ ʥʘʩʦʩʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʮʠʨʢʫʣʷʮʽʶ ʪʝʧʣʦʥʦʩʽʷ ʚʽʜ 

ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʯʝʨʝʟ ʘʢʫʤʫʣʷʪʦʨ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʜʦ ʬʘʥʢʦʡʣʽʚ. ɺʥʘʩʣʽʜʦʢ 

ʯʦʛʦ ʚ ʧʨʠʤʽʱʝʥʥʷʭ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʢʦʤʬʦʨʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʜʣʷ ʧʝʨʝʙʫʚʘʥʥʷ 

ʣʶʜʝʡ ʪʘ ʨʦʙʦʪʠ ʪʝʭʥʽʢʠ. ɺ ʷʢʦʩʪʽ ʪʝʧʣʦʥʦʩʽʷ ʚ ʣʘʙʦʨʘʪʦʨʥʽʡ ʫʩʪʘʥʦʚʮʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʦʜʘ. 

   

                    ʘ)                                        ʙ)                                        ʚ) 

ʈʠʩ. 4.1.  ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ ɯɺɽ ʅɸʅ ʋʢʨʘʾʥʠ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚ ʩʠʩʪʝʤʽ ʩʠʩʪʝʤʽ çʧʦʚʽʪʨʷ 

ï ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ ï ʘʢʫʤʫʣʷʪʦʨ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ï 

ʢʦʥʚʝʢʪʦʨè [54] : ʘ) ï ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ; ʙ) ï   ʬʘʥʢʦʡʣʠ;   ʚ) 

ï ʘʢʫʤʫʣʷʪʦʨ ʪʝʧʣʦʪʠ            
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ʈʠʩ. 4.2. ʉʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ɯʥʩʪʠʪʫʪʫ               

ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ [54]:  1 ï 

ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ P(S)AXRW020 ʪʠʧʫ çʧʦʚʽʪʨʷ-ʚʦʜʘè 

ʧʦʪʫʞʥʽʩʪʶ 5,5 ʂɺʪ;  1ʘ ï ʢʦʤʧʨʝʩʦʨ ʊʅ; 1b ï 

ʢʦʥʜʝʥʩʘʪʦʨ  ʊʅ; 1ʩ - ʪʝʨʤʦʨʝʛʫʣʶʶʯʠʡ ʚʝʥʪʠʣʴ ʊʅ; 1d 

ï ʚʠʧʘʨʥʠʢ ʊʅ; 2 ï ʮʠʨʢʫʣʷʮʽʡʥʠʡ ʥʘʩʦʩ ʘʢʫʤʫʣʷʪʦʨʘ 

ʪʝʧʣʦʪʠ  AQUARIO AC254-180; 3 ï ʮʠʨʢʫʣʷʮʽʡʥʠʡ ʥʘʩʦʩ 

ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ AQUARIO  AC254-180; 4 ï ʪʝʧʣʦʚʠʡ 

ʣʽʯʠʣʴʥʠʢ AQUATHEM; 5 ï ʬʘʥʢʦʡʣʠ SP200L/RM; 6 ï 

ʢʣʘʧʘʥʠ ʙʝʟʧʝʢʠ;  7 ï ʘʢʫʤʫʣʷʪʦʨ ʪʝʧʣʦʪʠ;  8 ï 

ʤʝʤʙʨʘʥʥʠʡ ʙʘʢ ʨʦʟʰʠʨʶʚʘʯ 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʣʘʜʥʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ 

ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 4.1 ï 4.3 ʪʘ ʥʘ ʨʠʩ. 4.3. 
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ʊʘʙʣʠʮʷ 4.1. 

ɽʢʩʧʣʫʘʪʘʮʽʡʥʽ ʜʘʥʽ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ P(S)AXRW020 

ʇʘʨʘʤʝʪʨ ʆʜ. ʚʠʤʽʨʫ ɿʥʘʯʝʥʥʷ 

ʊʝʧʣʦʚʘ ʧʦʪʫʞʥʽʩʪʴ ʢɺʪ 5.5 

ɽʣʝʢʪʨʠʯʥʘ ʧʦʪʫʞʥʽʩʪʴ (ʢʦʤʧʨʝʩʦʨʘ) ʢɺʪ 1.7 

ʈʦʙʦʯʠʡ ʩʪʨʫʤ ɸ 7.7 

ɽʣʝʢʪʨʦʞʠʚʣʝʥʥʷ  ɺ/ʌ/ɻʮ 220/1/50 

ʂʽʣʴʢʽʩʪʴ ʢʦʤʧʨʝʩʦʨʽʚ  1 

ʊʠʧ ʢʦʤʧʨʝʩʦʨʘ  ʉʧʽʨʘʣʴʥʠʡ 

ʂʽʣʴʢʽʩʪʴ ʚʝʥʪʠʣʷʪʦʨʽʚ  1 

ʇʦʪʫʞʥʽʩʪʴ ʚʝʥʪʠʣʷʪʦʨʘ  ɺʪ 75 

ʂʽʣʴʢʽʩʪʴ ʦʙʝʨʪʽʚ ʚʝʥʪʠʣʷʪʦʨʘ  ʆʙ/ʭʚ. 850 

ʈʦʟʪʘʰʫʚʘʥʥʷ ʚʝʥʪʠʣʷʪʦʨʘ  ʛʦʨʠʟʦʥʪʘʣʴʥʝ 

ʈʽʚʝʥʴ ʰʫʤʫ  dB (A) 51 

ɻʽʜʨʘʚʣʽʯʥʠʡ ʤʦʜʫʣʴ  

ɺʠʪʨʘʪʘ ʚʦʜʠ ʤ
3
/ʯʘʩ 3 

ʇʘʜʽʥʥʷ ʪʠʩʢʫ ʢʇʘ 10 

 

 

ʊʘʙʣʠʮʷ 4.2.  

ɽʢʩʧʣʫʘʪʘʮʽʡʥʽ ʜʘʥʽ ʮʠʨʢʫʣʷʮʽʡʥʦʛʦ ʥʘʩʦʩʫ AQUARIO AC 254-180 

ʇʘʨʘʤʝʪʨ ʆʜ. ʚʠʤʽʨʫ ɿʥʘʯʝʥʥʷ 

ʄʘʢʩʠʤʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ɺʪ 65 

ɽʣʝʢʪʨʦʞʠʚʣʝʥʥʷ  ɺ/ʌ/ɻʮ 220/1/50 

ʏʠʩʣʦ ʩʪʫʧʝʥʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʆʜ 3 

ʄʘʢʩʠʤʘʣʴʥʠʡ ʨʦʙʦʯʠʡ ʪʠʩʢ ʚ ʩʠʩʪʝʤʽ ɹʘʨ 10 

ʄʘʢʩʠʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ Áʉ 110 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʦʚʽʪʨʷ Áʉ ʚʽʜ +2 ʜʦ +40 
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ʊʘʙʣʠʮʷ 4.3. 

ɽʢʩʧʣʫʘʪʘʮʽʡʥʽ ʜʘʥʽ ʬʘʥʢʦʡʣʘ SP200L/RM 

ʄʦʜʝʣʴ 

ʆʙôʻʤ 

ʧʦʚʽʪʨʷ, 

ʤ
3
/ʛʦʜ. 

ʍʦʣʦʜʦ- 

ʧʨʦʜʫʢʪʠʚʥʽʩ

ʪʴ,  

ɺʪ 

ʊʝʧʣʦʧʨʦʜʫʢʪ

ʠʚʥʽʩʪʴ, 

 ɺʪ 

ʆʙôʻʤ 

 ʧʨʦʪʦʢʫ ʚʦʜʠ, 

ʢʛ/ʛʦʜ. 

ɺʭʽʜʥʘ 

ʧʦʪʫʞʥʽʩʪʴ, 

ɺʪ 

SP200L/RM  340 2020 3030 348 37 

 

 

 

ʈʠʩ. 4.3. ɻʽʜʨʘʚʣʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʠʨʢʫʣʷʮʽʡʥʦʛʦ ʥʘʩʦʩʫ  

             AQUARIO AC 254-180 

 

4.1.2. ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʘʥʘʣʽʟ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʚʽʪʨʷʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ 

 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʘʥʘʣʽʟ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʚʽʪʨʷʥʦʾ 

ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ 

ʫʤʦʚ ʪʘ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʨʝʜʘʯʫ ʪʝʧʣʦʪʠ ʚʽʜ 

ʪʝʧʣʦʥʦʩʽʷ, ʥʘʛʨʽʪʦʛʦ ʪʝʧʣʦʚʠʤ ʥʘʩʦʩʦʤ ʪʘ ʥʘʢʦʧʠʯʝʥʠʤ ʚ ʘʢʫʤʫʣʷʪʦʨʽ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʜʦ ʧʨʠʤʽʱʝʥʥʷ ʙʫʜʽʚʣʽ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ. 

ʋ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʢʦʤʧʨʝʩʽʡʥʦʛʦ 

ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ (ʊʅ) ʜʣʷ ʪʝʧʣʦʧʦʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘ ʧʨʠʢʣʘʜʽ ʦʧʘʣʝʥʥʷ ʜʚʦʭ 
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ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʧʨʠʤʽʱʝʥʴ ʟʘʛʘʣʴʥʦʶ ʧʣʦʱʝʶ 50ʤ
2
, ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ 

ʪʨʠʧʦʚʝʨʭʦʚʽʡ ʙʫʜʽʚʣʽ ɯʥʩʪʠʪʫʪʫ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ 

(ɯɺɽ ʅɸʅʋ) [54].  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʚʠʤʽʨʶʚʘʥʴ 

ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʢʘʭ ʩʠʩʪʝʤʠ ʙʫʣʠ ʚʩʪʘʥʦʚʣʝʥʽ ʜʘʪʯʠʢʠ 

ʪʝʤʧʝʨʘʪʫʨʠ (ʪʝʨʤʦʧʝʨʝʪʚʦʨʶʚʘʯʽ ʦʧʦʨʫ) ʊʉʇ-204 ʥʘ ʚʭʦʜʽ ʪʘ ʥʘ ʚʠʭʦʜʽ ʟ 

ʢʦʥʜʝʥʩʘʪʦʨʘ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ (ʧʨʠ ʨʦʙʦʪʽ ʚ ʨʝʞʠʤʽ ʦʙʽʛʨʽʚʫ ʧʨʠʤʽʱʝʥʥʷ), 

ʥʘ ʚʭʦʜʽ ʽ ʥʘ ʚʠʭʦʜʽ ʟ ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʪʘ ʥʘ ʤʘʛʽʩʪʨʘʣʷʭ ʧʦʜʘʯʽ 

ʪʘ ʧʦʚʝʨʥʝʥʥʷ ʪʝʧʣʦʥʦʩʽʷ ʟ ʬʘʥʢʦʡʣʽʚ. ʊʘʢʦʞ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʜʘʪʯʠʢʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʫ ʧʨʠʤʽʱʝʥʥʽ ʪʘ ʥʘ 

ʚʫʣʠʮʽ (ʨʠʩ.4.4).  

 

           a)                        ʙ)                            ʚ)                           ʛ) 

ʈʠʩ. 4.4. ʄʽʩʮʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʥʘ              

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ ʫʩʪʘʥʦʚʮʽ:  a) ï  ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʠ 

ʊʉʇ-204; ʙ) ï ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ ʚʭʦʜʽ 

ʪʘ ʥʘ ʚʠʭʦʜʽ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ; ʚ) ï ʤʝʪʦʜ ʤʦʥʪʘʞʫ ʜʘʪʯʠʢʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʠʭʦʜʽ ʟ ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʪʠ;  ʛ) ï ʤʝʪʦʜ 

ʤʦʥʪʘʞʫ ʜʘʪʯʠʢʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʤʘʛʽʩʪʨʘʣʷʭ ʧʦʜʘʯʽ ʪʘ 

ʧʦʚʝʨʥʝʥʥʷ ʪʝʧʣʦʥʦʩʽʷ ʟ ʬʘʥʢʦʡʣʽʚ 

 

ɼʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ ʟ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʚ ʮʠʬʨʦʚʫ 

ʽʥʬʦʨʤʘʮʽʶ ʪʘ ʾʾ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʣʷ ʢʦʤʬʦʨʪʥʦʛʦ ʘʥʘʣʽʟʫ ʦʧʝʨʘʪʦʨʦʤ 
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ʚʠʢʦʨʠʩʪʘʥʦ  ʚʠʤʽʨʶʚʘʯ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʩʴʤʠʢʘʥʘʣʴʥʠʡ ɯ8 8ʋɺ/1ʆʂ-RS485-

ɯʇɯ-ʑ. ɯʥʬʦʨʤʘʮʽʷ ʟ ʚʠʤʽʨʶʚʘʯʘ ʟʥʽʤʘʣʘʩʷ ʚ ʨʫʯʥʦʤʫ ʨʝʞʠʤʽ ʟ ʯʘʩʦʚʠʤ 

ʽʥʪʝʨʚʘʣʦʤ ʚ 5 ʭʚʠʣʠʥ.  

ʅʘ ʨʠʩ. 4.5. ʧʨʝʜʩʪʘʚʣʝʥʦ ʛʨʘʬʽʢ ʢʦʣʠʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨ ʚ ʢʦʥʪʨʦʣʴʥʠʭ 

ʪʦʯʢʘʭ ʩʠʩʪʝʤʠ ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ ï ʬʘʥʢʦʡʣ. ɺʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ ʧʦʚʽʪʨʷ (ʟʦʚʥʽʰʥʴʦʛʦ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʛʦ ʜʞʝʨʝʣʘ ʪʝʧʣʦʪʠ) 1Áʉ.  

 

ʈʠʩ. 4.5. ɻʨʘʬʽʢ ʢʦʣʠʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʢʘʭ ʩʠʩʪʝʤʠ 

ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ ï ʬʘʥʢʦʡʣ: 1 ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʠʭʦʜʽ ʟ ʊʅ; 2 ï 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʭʦʜʽ ʜʦ ʬʘʥʢʦʡʣʘ; 3 ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ  ʚʠʭʦʜʽ ʟ 

ʬʘʥʢʦʡʣʘ; 4 ï  ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʭʦʜʽ ʜʦ ʊʅ; 5 ï ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʦʚʽʪʨʷ ʫ ʧʨʠʤʽʱʝʥʥʽ; 6 ï ʪʝʤʧʝʨʘʪʫʨʘ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ; ɯ ï 

ʨʝʞʠʤ ʨʦʙʦʪʠ ʬʘʥʢʦʡʣʘ ʙʝʟ ʧʨʠʤʫʩʦʚʦʛʦ ʦʙʜʫʚʫ; II, III, IV ï 

ʨʝʞʠʤ ʨʦʙʦʪʠ ʬʘʥʢʦʡʣʫ ʟ ʧʨʠʤʫʩʦʚʠʤ ʦʙʜʫʚʦʤ ʨʽʟʥʦʾ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ (IVιIIIι II) 

 

ʇʦʜʽʙʥʦ ʜʦ ʚʩʽʭ ʽʥʰʠʭ ʭʦʣʦʜʠʣʴʥʠʭ ʤʘʰʠʥ, ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʝʭʘʥʽʯʥʫ (ʝʣʝʢʪʨʠʯʥʫ ʘʙʦ ʽʥʰʫ) ʝʥʝʨʛʽʶ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʮʠʢʣʫ. ʎʷ ʝʥʝʨʛʽʷ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʨʠʚʽʜ ʢʦʤʧʨʝʩʦʨʘ. 
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ʆʩʥʦʚʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʻ ʢʦʝʬʽʮʽʻʥʪ ʧʦʪʫʞʥʦʩʪʽ 

(ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʪʚʦʨʝʥʥʷ).  

ʂʦʝʬʽʮʽʻʥʪ ʧʦʪʫʞʥʦʩʪʽ (Ů) ï ʮʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨˇʽʾ, ʱʦ 

ʚʽʜʚʦʜʠʪʴʩʷ ʽʟ ʩʠʩʪʝʤʠ ʜʞʝʨʝʣʘ ʪʝʧʣʦʪʠ ʚʭʽʜʥʦʛʦ ʢʦʥʪʫʨʫ ʪʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

ɽ, ʱʦ ʩʧʦʞʠʚʘʻʪʴʩʷ ʪʝʧʣʦʚʠʤ ʥʘʩʦʩʦʤ [55]: 

Ů = Q/E ,                                                                    (4.1) 

Q=mĀCɜĀȹT/3600 ,                                                          (4.2) 

ʜʝ: Q ï ʪʝʧʣʦʚʘ ʝʥʝʨˇʽʷ ʱʦ ʚʽʜʚʦʜʠʪʴʩʷ ʟ ʊʅ, ʢɺʪ; 

ɽï ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʽʷ, ʱʦ ʩʧʦʞʠʚʘʻʪʴʩʷ ʊʅ, ʢɺʪ;  

cv ï ʧʠʪʦʤʘ ʤʘʩʦʚʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʨʽʜʠʥʠ ʚ ʮʠʢʣʽ ʦʧʘʣʝʥʥʷ ɼʞ / ʢʛ ẗ ʂ; 

m ï ʤʘʩʘ ʪʝʧʣʦʥʦʩʽʷ, ʢʛ; 

ȹT ï ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ ʪʝʧʣʦʥʦʩʽʷ ʜʦ ʽ ʧʽʩʣʷ ʚʽʜʜʘʯʽ ʪʝʧʣʦʚʦʾ ʝʥʝʨˇʽʾ K. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣ (4.1), (4.2) ʪʘ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʪʘ ʘʥʘʣʽʪʠʯʥʦ, ʨʦʟʨʘʭʦʚʘʥʦ: 

Q = (4,2 ʢɼʞ/(ʢʛĿK) Ā 4,3 K Ā 1100 ʢʛ) = 18480 ʢɼʞ, 

Q = 19866/3600 = 5,1 ʢɺʪẗ ʛʦʜ, 

ɽ = 1,7 ʢɺʪẗ ʛʦʜ, 

Ů = 3,0. 

ʊʦʙʪʦ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ -1Áʉ ʥʘ ʢʦʞʥʠʡ ʢʽʣʦʚʘʪ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʤʠ ʦʪʨʠʤʫʻʤʦ 3,0 ʢɺʪ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ. ɺʽʜʦʤʦ, ʱʦ 

ʢʦʝʬʽʮʽʻʥʪ ʧʦʪʫʞʥʦʩʪʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʟʦʚʥʽʰʥʴʦʛʦ ʜʞʝʨʝʣʘ 

ʪʝʧʣʦʪʠ [56]. ʇʨʠ ʟʤʝʥʰʝʥʥʽ ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʟ 0Áʉ ʜʦ -12Áʉ 

ʢʦʝʬʽʮʽʻʥʪ ʧʦʪʫʞʥʦʩʪʽ (Ů) ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʫ ʜʚʘ ʨʘʟʠ. ɯ ʥʘʚʧʘʢʠ, ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʣʠʰʝ ʥʘ 10Áʉ ʛʨʘʜʫʩʽʚ ʚʽʜ 0Áʉ ʜʦ +10Áʉ, Ů ʟʙʽʣʴʰʫʻʪʴʩʷ ʪʘʢʦʞ 

ʧʨʘʢʪʠʯʥʦ ʚʜʚʽʯʽ  [55]. 

ʊʝʧʣʦʚʽ ʥʘʩʦʩʠ, ʜʝ ʚʽʜʥʦʚʣʝʥʠʤ ʜʞʝʨʝʣʦʤ ʞʠʚʣʝʥʥʷ ʻ ʧʦʚʽʪʨʷ, 

ʥʘʡʙʽʣʴʰʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʦʛʦʜʥʠʭ ʫʤʦʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ˇʨʫʥʪʦʚʠʤʠ 

ʪʝʧʣʦʥʘʩʦʩʘʤʠ ʘʙʦ ʪʠʤʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʷʢʦʩʪʽ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ 

ˇʨʫʥʪʦʚʽ ʚʦʜʠ. ɸʚʪʦʨʘʤʠ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʟʘ 

ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʟʦʚʥʽʰʥʴʦʛʦ ʜʞʝʨʝʣʘ ʪʝʧʣʦʪʠ [54].  
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ɺʽʜʦʤʦ, ʱʦ  ʢʦʝʬʽʮʽʻʥʪ ʧʦʪʫʞʥʦʩʪʽ ʙʽʣʴʰʠʡ ʧʨʠ ʤʝʥʰʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʫ 

ʚʪʦʨʠʥʥʦʤʫ ʢʦʣʽ. ʆʪʞʝ, ʥʘʡʚʠʛʽʜʥʽʰʝ ʊʅ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟ 

ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʦʧʘʣʝʥʥʷ ʪʠʧʫ ʪʝʧʣʽ ʧʦʣʠ, ʪʝʧʣʽ ʩʪʽʥʠ, 

ʬʘʥʢʦʡʣʠ ʪʦʱʦ, ʜʝ ʪʝʤʧʝʨʘʪʫʨʘ ʫ ʚʪʦʨʠʥʥʦʤʫ ʢʦʣʽ ʥʝ ʧʝʨʝʚʠʱʫʻ 40 Áʉ [54]. 

ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ 

ʚʠʜ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ ʤʘʻ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʨʦʟʧʦʜʽʣ ʧʘʨʘʤʝʪʨʽʚ 

ʤʽʢʨʦʢʣʽʤʘʪʫ (ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʮʠʨʢʫʣʷʮʽʾ ʧʦʚʽʪʨʷ, ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʦʥʴ) ʽ 

ʨʽʚʝʥʴ ʢʦʤʬʦʨʪʫ ʚ ʧʨʠʤʽʱʝʥʥʽ. 

ʅʘ ʨʠʩ. 4.6. ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʙʽʛʨʽʚʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ ʚ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʘ 

ʩʘʤʝ ʙʝʟ ʦʙʜʫʚʫ ʪʘ ʟ ʧʨʠʤʫʩʦʚʠʤ ʦʙʜʫʚʦʤ ʚʝʥʪʠʣʷʪʦʨʦʤ ʧʦʪʫʞʥʽʩʪʶ 75 ɺʪ 

(ʬʘʥʢʦʡʣ).  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ 

ʬʘʥʢʦʡʣʘ ʚ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʧʣʦʱʽ 

ʧʨʷʤʦʢʫʪʥʠʭ ʪʨʠʢʫʪʥʠʢʽʚ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʢʫʪʦʤ ʧʽʜʡʦʤʫ ʢʨʠʚʦʾ, ʱʦ 

ʚʽʜʦʙʨʘʞʘʻ ʟʤʽʥʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʨʠʤʽʱʝʥʥʽ, ʜʝ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

(ʨʠʩ. 4.6). 

 

ʈʠʩ. 4.6. ɻʨʘʬʽʢ ʢʦʣʠʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʨʠʤʽʱʝʥʥʽ ʟ ʥʘʥʝʩʝʥʠʤ ʥʘ               

ʥʴʦʛʦ ʤʘʨʢʝʨʘʤʠ ʦʮʽʥʢʠ ʧʦʪʫʞʥʦʩʪʽ  ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʝʞʠʤʫ 

ʨʦʙʦʪʠ ʬʘʥʢʦʡʣʫ: 1 ï ʤʘʨʢʝʨ ʦʮʽʥʢʠ ʧʦʪʫʞʥʦʩʪʽ ʨʦʙʦʪʠ 

ʬʽʥʢʦʡʣʫ ʙʝʟ ʦʙʜʫʚʫ; 2 ï ʤʘʨʢʝʨ ʦʮʽʥʢʠ ʧʦʪʫʞʥʦʩʪʽ ʨʦʙʦʪʠ 

ʬʘʥʢʦʡʣʫ ʟ ʧʨʠʤʫʩʦʚʠʤ ʦʙʜʫʚʦʤ ʚʝʥʪʠʣʷʪʦʨʦʤ - 110 ʤ3/ʛʦʜ; 
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3 ï ʤʘʨʢʝʨ ʦʮʽʥʢʠ ʧʦʪʫʞʥʦʩʪʽ ʨʦʙʦʪʠ ʬʘʥʢʦʡʣʫ ʟ ʧʨʠʤʫʩʦʚʠʤ 

ʦʙʜʫʚʦʤ ʚʝʥʪʠʣʷʪʦʨʦʤ - 225 ʤ3/ʛʦʜ; 4 ï ʤʘʨʢʝʨ ʦʮʽʥʢʠ 

ʧʦʪʫʞʥʦʩʪʽ ʨʦʙʦʪʠ ʬʘʥʢʦʡʣʫ ʟ ʧʨʠʤʫʩʦʚʠʤ ʦʙʜʫʚʦʤ 

ʚʝʥʪʠʣʷʪʦʨʦʤ - 359 ʤ3/ʛʦʜ; 5 ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʫ 

ʧʨʠʤ̔ɦʝʥʥʽ; ɯ ï ʨʝʞʠʤ ʨʦʙʦʪʠ ʬʘʥʢʦʡʣʘ ʙʝʟ ʧʨʠʤʫʩʦʚʦʛʦ 

ʦʙʜʫʚʫ; II,III,IV ï ʨʝʞʠʤ ʨʦʙʦʪʠ ʬʘʥʢʦʡʣʫ ʟ ʧʨʠʤʫʩʦʚʠʤ                 

ʦʙʜʫʚʦʤ ʨʽʟʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ (IVιIIIι II) 

 

ʗʢʱʦ ʟʘ 100%  ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʦʙʽʛʨʽʚʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ ʚʟʷʪʠ 

ʤʘʨʢʝʨ, ʱʦ ʚʠʟʥʘʯʘʻ ʥʘʡʙʽʣʴʰʫ ʧʣʦʱʫ ʪʨʠʢʫʪʥʠʢʘ, ʪʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ 

ʬʘʥʢʦʡʣʘ ʚ ʽʥʰʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

ʧʣʦʱʠʥ ʽʥʰʠʭ ʪʨʠʢʫʪʥʠʢʽʚ ʜʦ ʧʣʦʱʽ ʥʘʡʙʽʣʴʰʦʛʦ ʪʨʠʢʫʪʥʠʢʘ ʪʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ: 

Kn = Sn / Smax ῏100%,                                                            (4.3) 

ʜʝ: Kn ï ʢʦʝʬʽʮʽʻʥʪ ʝʬʝʢʪʠʚʥʦʩʪʽ (ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʠʟʥʘʯʘʻ ʚʽʜʩʦʪʦʢ ʥʘ 

ʷʢʠʡ ʟʤʽʥʶʻʪʴʩʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʦʙʽʛʨʽʚʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ); 

Smax ï ʥʘʡʙʽʣʴʰʘ ʧʣʦʱʘ ʪʨʠʢʫʪʥʠʢʘ (ʥʘʡʙʽʣʴʰʘ ʧʣʦʱʘ ʧʨʷʤʦʢʫʪʥʦʛʦ 

ʪʨʠʢʫʪʥʠʢʘ, ʷʢʠʡ ʫʪʚʦʨʶʻʪʴʩʷ ʥʘʡʙʽʣʴʰʠʤ ʢʫʪʦʤ ʧʽʜʡʦʤʫ ʢʨʠʚʦʾ, ʱʦ 

ʚʽʜʦʙʨʘʞʘʻ ʟʤʽʥʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʨʠʤʽʱʝʥʥʽ ʚ ʦʜʥʦʤʫ ʟ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ 

ʬʘʥʢʦʡʣʫ);  

Sn ï ʧʣʦʱʘ ʪʨʠʢʫʪʥʠʢʘ (ʽʥʰʽ ʧʣʦʱʽ, ʢʨʽʤ ʥʘʡʙʽʣʴʰʦʾ ʧʣʦʱʽ 

ʧʨʷʤʦʢʫʪʥʦʛʦ ʪʨʠʢʫʪʥʠʢʘ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʢʫʪʦʤ ʧʽʜʡʦʤʫ ʢʨʠʚʦʾ, ʱʦ 

ʚʽʜʦʙʨʘʞʘʻ ʟʤʽʥʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʨʠʤʽʱʝʥʥʽ). 

ɯʟ ʚʨʘʭʫʚʘʥʥʷʤ, ʱʦ Smax = S2 ʪʘ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʟ ʛʨʘʬʽʢʘ ʥʘ ʨʠʩ. 4.6. 

ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʨʦʟʨʘʭʫʥʦʢ ʢʦʝʬʽʮʽʻʥʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʨʝʞʠʤʽʚ 

ʨʦʙʦʪʠ ʬʘʥʢʦʡʣʘ ʟʘ ʬʦʨʤʫʣʦʶ (4.4): 

K1= S1/ S2*100%=(a*4b)/2/(a*10b)/2*100%=4/10=40%,                                                                             

K2=S2/S2*100%=100%,                                                                           

K3=S3/S2*100%=(a*7b)/2/(a*10b)/2*100%=7/10=70%,  

K3=S4/S2*100%=(a*1b)/2/(a*10b)/2*100%=1/10=10%.    
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ʆʪʨʠʤʘʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʜʘʥʽ ʥʘʛʣʷʜʥʦ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 4.7.  

 

ʈʠʩ. 4.7. ɻʽʩʪʦʛʨʘʤʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʬʘʥʢʦʡʣʫ ʚ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ: ɯ ï 

ʚʽʜʩʦʪʦʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʬʘʥʢʦʡʣʫ ʙʝʟ ʦʙʜʫʚʫ; ɯɯ ï 

ʚʽʜʩʦʪʦʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʬʘʥʢʦʡʣʫ ʟ ʧʨʠʤʫʩʦʚʠʤ ʦʙʜʫʚʦʤ 

ʚʝʥʪʠʣʷʪʦʨʦʤ  110 ʤ
3
/ʛʦʜ; ɯɯɯ ï ʚʽʜʩʦʪʦʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ 

ʬʘʥʢʦʡʣʫ ʟ ʧʨʠʤʫʩʦʚʠʤ ʦʙʜʫʚʦʤ                ʚʝʥʪʠʣʷʪʦʨʦʤ 

225 ʤ
3
/ʛʦʜ; ɯV ï ʚʽʜʩʦʪʦʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ                

ʬʘʥʢʦʡʣʫ ʟ ʧʨʠʤʫʩʦʚʠʤ ʦʙʜʫʚʦʤ ʚʝʥʪʠʣʷʪʦʨʦʤ 350 ʤ
3
/ʛʦʜ 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʪʝʧʣʦʚʠʡ 

ʥʘʩʦʩ ï ʬʘʥʢʦʡʣ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 1 Áʉ, ʟʨʦʩʪʘʻ 

ʙʽʣʴʰʝ ʥʽʞ ʚʜʚʽʯʽ ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥ ̫ ʧʨʠʤʫʩʦʚʦʛʦ ʦʙʜʫʚʫ ʨʘʜʽʘʪʦʨʘ 

ʬʘʥʢʦʡʣʘ ʧʨʠ ʤʘʣʠʭ ʦʙʝʨʪʘʭ ʚʝʥʪʠʣʷʪʦʨʘ ʪʘ ʪʝʧʣʦʚʦʤʫ ʧʦʪʦʮʽ 110 ʤ
3
/ʛʦʜ. 

ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʥʘʨʦʱʫʚʘʥʥʽ ʦʙʝʨʪʽʚ ʚʝʥʪʠʣʷʪʦʨʘ ʪʘ ʟʙʽʣʴʰʝʥʥʽ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʫ ʜʦ 225 ʤ
3
/ʛʦʜ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʘʥʢʦʡʣʘ ʧʦʯʠʥʘʻ ʟʥʠʞʫʚʘʪʠʩʷ, 

ʟʘʣʠʰʘʶʯʠʩʴ ʧʨʠ ʮʴʦʤʫ ʥʘ 30% ʙʽʣʴʰʦʶ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʦʧʘʣʶʚʘʣʴʥʠʤ 
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ʧʨʠʣʘʜʦʤ ʙʝʟ ʧʨʠʤʫʩʦʚʦʛʦ ʦʙʜʫʚʫ. ʅʘʡʥʠʞʯʽ ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʣʠ 

ʦʪʨʠʤʘʥʽ ʧʨʠ ʥʘʡ ʙʽʣʴʰʠʭ ʦʙʝʨʪʘʭ ʚʝʥʪʠʣʷʪʦʨʘ ʪʘ ʪʝʧʣʦʚʦʤʫ ʧʦʪʦʮʽ ʧʦʚʽʪʨʷ 

350 ʤ
3
/ʛʦʜ. ʎʝ ʩʚʽʜʯʠʪʴ, ʧʨʦ ʪʝ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʜʘʯʽ ʪʝʧʣʦʥʦʩʽʷ ʥʘ 

ʬʘʥʢʦʡʣ ʥʝʜʦʩʪʘʪʥʷ ʜʣʷ ʨʦʙʦʪʠ ʚ ʮʴʦʤʫ ʨʝʞʠʤʽ ʽ ʤʠ ʦʪʨʠʤʫʻʤʦ ʧʨʦʪʠʣʝʞʥʠʡ 

ʝʬʝʢʪ [56].  

ɿ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʧʦʧʝʨʝʜʥʴʦ ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʧʨʠ ʟʘʤʽʥʽ ʪʨʘʜʠʮʽʡʥʠʭ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ ʥʘ 

ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʽ,  ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʨʽʟʢʦ ʟʨʦʩʪʘʻ. ʈʘʟʦʤ ʟ 

ʪʠʤ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʨʠʤʫʩʦʚʦʛʦ ʦʙʜʫʚʫ ʜʣʷ ʬʘʥʢʦʡʣʽʚ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʧʣʦʱʫ ʧʨʠʤʽʱʝʥʥʷ, ʧʦʪʫʞʥʽʩʪʴ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʤʦʞʣʠʚʦ ʟʘ ʨʘʭʫʥʦʢ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ.  

 

4.2. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ  ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʪʝʧʣʦʪʠ 

ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ 

 

4.2.1. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʥʘʪʫʨʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚ ʩʠʩʪʝʤʽ çʧʦʚʝʨʭʥʝʚʽ ʚʦʜʠ ï ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ ï 

ʢʦʥʚʝʢʪʦʨè 

 

ɼʣʷ ʥʘʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚ ʩʠʩʪʝʤʘʭ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʪʝʧʣʦʪʠ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʥʘ ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ  ʜʣʷ ʧʦʪʨʝʙ  

ʦʧʘʣʝʥʥʷ, ʢʦʥʜʠʮʽʶʚʘʥʥʷ, ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʦʪʨʝʙ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʪʘ ʩʢʦʥʩʪʨʫʡʦʚʘʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʘ ʪʝʧʣʦʥʘʩʦʩʥʘ ʩʠʩʪʝʤʠ ʟʘʢʨʠʪʦʛʦ ʪʠʧʫ,  ʱʦ ʧʨʘʮʶʻ ʫ ʜʚʦʭ 

ʨʝʞʠʤʘʭ:ï ʪʝʧʣʦʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ï ʢʦʥʜʠʮʽʶʚʘʥʥʷ [57].   

ɿ ʤʝʪʦʶ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʜʦ ʩʢʣʘʜʫ ʢʦʤʧʣʝʢʩʫ ʚʢʣʶʯʝʥʦ 

ʚʠʤʽʨʶʚʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ ʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ (ʨʠʩ. 4.8). 
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ʈʠʩ. 4.9. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ 

ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ 

ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ  

 

ʈʠʩ. 4.8. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʛʽʜʨʦʪʝʨʤʘʣʴʥʘ ʪʝʧʣʦʥʘʩʦʩʥʘ  ʩʠʩʪʝʤʘ                

ʚʠʣʫʯʝʥʥʷ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʪʝʧʣʦʪʠ ʜʦʚʢʽʣʣʷ ʟ ʚʽʜʢʨʠʪʦʾ 

ʚʦʜʦʡʤʠ: 1 ï ʚʽʜʢʨʠʪʘ ʚʦʜʦʡʤʘ; 2 ï ʚʦʜʷʥʠʡ ʢʦʣʝʢʪʦʨ;  3 ï 

ʩʠʩʪʝʤʘ ʟʤʦʥʪʦʚʘʥʠʭ ʫ ˇʨʫʥʪʽ ʪʘ ʟʘʥʫʨʝʥʠʭ ʫ ʚʦʜʫ 

ʪʨʫʙʦʧʨʦʚʦʜʽʚ; 4 ï ʛʨʝʙʽʥʢʘ ʥʘ ʯʦʪʠʨʠ ʚʭʦʜʠ ʪʘ ʯʦʪʠʨʠ ʚʠʭʦʜʠ 

ʟʤʦʥʪʦʚʘʥʘ ʚ ʧʨʠʷʤʢʫ; 5 ï ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ; 6,7 ï ʮʠʨʢʫʣʷʮʽʡʥʽ 

ʥʘʩʦʩʠ; 8 ï ʬʘʥʢʦʡʣʠ 

 

ɺ ʪʝʧʣʦʥʘʩʦʩʥʫ ʩʠʩʪʝʤʫ ʙʫʣʦ 

ʚʤʦʥʪʦʚʘʥʦ ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ 

ʧʦʪʫʞʥʽʩʪʶ 14 ʢɺʪ (ʨʠʩ. 4.9).  

ʂʦʣʝʢʪʦʨ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ 

ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʟʘʢʨʠʪʦʛʦ ʪʠʧʫ 

(ʩʤ. ʨʠʩ. 4.10) ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʘʨʠ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʧʦʚ'ʷʟʘʥʠʭ 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʭ ʟʦʥʜʽʚ, ʢʦʞʝʥ ʟ ʷʢʠʭ 

ʚʠʛʦʪʦʚʣʝʥʠʡ ʟ ʜʚʦʭ ʧʣʘʩʪʠʢʦʚʠʭ ʪʨʫʙ, 

ʧʦʢʣʘʜʝʥʠʭ ʢʽʣʴʮʷʤʠ ʟ ʦʙʦʭ ʩʪʦʨʽʥ 

ʤʝʪʘʣʝʚʦʾ ʨʝʰʽʪʢʠ [58].   
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                             ʘ)                                                                  ʙ)  

ʈʠʩ. 4.10. ʂʦʣʝʢʪʦʨ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʟʘʢʨʠʪʦʛʦ             

ʪʠʧʫ: ʘ) ï ʬʦʪʦ ʢʦʣʝʢʪʦʨʘ ʧʝʨʝʜ ʟʘʥʫʨʝʥʥʷʤ ʫ ʚʦʜʫ;  ʙ) ï             

ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʢʦʣʝʢʪʦʨʘ: ʘ,ʩ ï ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʡ ʟʦʥʜ 

(ʚʝʨʭʥʽʡ ʪʘ ʥʠʞʥʽʡ); b ï ʤʝʪʘʣʝʚʘ ʨʝʰʽʪʢʘ 

 

ɺʩʷ ʢʦʥʩʪʨʫʢʮʽʷ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʢʦʣʝʢʪʦʨʘ ʤʦʥʪʫʻʪʴʩʷ ʥʘ ʜʥʦ 

ʚʽʜʢʨʠʪʦʾ ʚʦʜʦʡʤʠ. 

 

4.2.2. ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʘʥʘʣʽʟ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʟʘʢʨʠʪʦʛʦ ʪʠʧʫ 

 

ɿʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ ʫ ʚʦʜʦʡʤʠʱʽ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʜʝʢʽʣʴʢʦʭ ʧʨʦʮʝʩʽʚ, 

ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʦʜʥʦʯʘʩʥʦ. ɸ ʩʘʤʝ: ʩʦʥʷʯʥʘ ʨʘʜʽʘʮʽʷ, ʚʠʧʘʨʦʚʫʚʘʥʥʷ, 

ʪʝʧʣʦʦʙʤʽʥ ʟ ʘʪʤʦʩʬʝʨʦʶ, ʧʝʨʝʥʝʩʝʥʥʷ ʪʝʧʣʦʪʠ ʪʝʯʽʷʤʠ, ʪʫʨʙʫʣʝʥʪʥʠʤ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ ʚʦʜ, ʪʦʱʦ. ɿʘʟʚʠʯʘʡ ʧʨʦʛʨʽʚʘʥʥʷ ʚʦʜʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʚʝʨʭʫ 

ʚʥʠʟ. 

ɿ ʤʝʪʦʶ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʜʦ ʩʢʣʘʜʫ ʢʦʤʧʣʝʢʩʫ ʚʢʣʶʯʝʥʦ 

ʚʠʤʽʨʶʚʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ ʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ. 

ɺʠʤʽʨʶʚʘʣʴʥʽ ʧʨʠʣʘʜʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʜʘʪʯʠʢʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʽ 

ʜʘʪʯʠʢʠ ʚʠʪʨʘʪ ʪʝʧʣʦʥʦʩʽʷ ʙʫʣʠ ʟʤʦʥʪʦʚʘʥʽ ʷʢ ʚ ʥʘʟʝʤʥʽʡ ʯʘʩʪʠʥʽ ʩʠʩʪʝʤʠ ʪʘʢ 

ʽ ʚ ʯʘʩʪʠʥʽ ʩʠʩʪʝʤʠ ʟʘʥʫʨʝʥʽʡ ʫ ʚʦʜʦʡʤʫ. 
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ɼʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʩʪʘʥʦʚʣʝʥʽ ʚ ʧʽʜʚʦʜʥʽʡ ʯʘʩʪʠʥʽ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ 

ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʟʘʢʨʠʪʦʛʦ ʪʠʧʫ, ʜʦʟʚʦʣʷʶʪʴ ʚʠʤʽʨʶʚʘʪʠ 

ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʜʠ ʫ ʚʦʜʦʡʤʽ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʪʘ ʥʘ ʚʠʭʦʜʽ ʟ 

ʢʦʞʥʦʛʦ ʟʦʥʜʘ ʢʦʣʝʢʪʦʨʘ ʩʠʩʪʝʤʠ, ʚʩʪʘʥʦʚʣʝʥʦʾ ʥʘ ʜʥʽ ʚʦʜʦʡʤʠ ʛʣʠʙʠʥʦʶ 3 

ʤʝʪʨʠ. 

ɼʣʷ ʧʨʠʡʦʤʫ ʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʽʚ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʚʽʜ 

ʪʝʨʤʦʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʦʧʦʨʫ ʊʉʇ-204, ʚ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʽ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʾʭ ʥʘ ʚʙʫʜʦʚʘʥʦʤʫ ʮʠʬʨʦʚʦʤʫ ʽʥʜʠʢʘʪʦʨʽ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ 

ʚʠʤʽʨʶʚʘʯ ʚʦʩʴʤʠʢʘʥʘʣʴʥʠʡ ʟ ʙʣʦʢʦʤ ʨʦʟʰʠʨʝʥʥʷ ʘʥʘʣʦʛʦʚʠʭ ʚʭʦʜʽʚ ʀ8 

8ʊʉ/10-RS485-ɹʇ-12- ʀʇʂ-ʑ (ʨʠʩ. 4.11).  

ɿ ʤʝʪʦʶ ʚʽʟʫʘʣʽʟʘʮʽʾ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʟ 

ʜʘʪʯʠʢʽʚ, ʜʣʷ ʟʘʧʠʩʫ ʾʭ ʚ ʘʨʭʽʚ ʪʘ ʚʽʜʦʙʨʘʞʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʫ ʚʠʛʣʷʜʽ 

ʪʘʙʣʠʮʴ ʘʙʦ ʛʨʘʬʽʢʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʽʥʜʠʢʘʪʦʨ ʣʦʛʝʨ ʀ16ʇ RS 485/4ɿ-

USBGSM-ʀʇR-ɼ ʽ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ (ʩʠʩʪʝʤʘ ʟʙʦʨʫ ʜʘʥʠʭ) ʈʝʛʄʽʢ. 

 

          ʘ)                                      ʙ)                                  ʚ) 

ʈʠʩ. 4.11. ʆʩʥʦʚʥʝ ʚʠʤʽʨʶʚʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʷ 

ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʘ ʛʝʦʪʝʨʤʘʣʴʥʽʡ ʪʝʧʣʦʥʘʩʦʩʥʽʡ 

ʩʠʩʪʝʤʽ: ʘ) ï ʚʠʤʽʨʶʚʘʯ ʚʦʩʴʤʠʢʘʥʘʣʴʥʠʡ ʟ ʙʣʦʢʦʤ 

ʨʦʟʰʠʨʝʥʥʷ ʘʥʘʣʦʛʦʚʠʭ ʚʭʦʜʽʚ ʀ8 8ʊʉ / 10-RS485-ɹʇ-12-

ɯʇʂ-ʑ; ʙ) ï ʽʥʜʠʢʘʪʦʨ ʣʦʛʝʨ ɯ16ʇ RS 485 / 4ɿ-USB-GSM-ɯʇR-

ɼ; ʚ) ï ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ (ʩʠʩʪʝʤʘ ʟʙʦʨʫ ʜʘʥʠʭ) ʈʝʛʄʽʢ 
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ɺ ʧʨʦʮʝʩʽ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʨʽʯʥʠʭ ʟʤʽʥ 

ʪʝʤʧʝʨʘʪʫʨ ʫ ʚʦʜʦʡʤʽ, ʘ ʪʘʢʦʞ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʭʦʜʽ ʽ ʥʘ ʚʠʭʦʜʽ ʟ ʚʠʧʘʨʥʠʢʘ ʽ 

ʢʦʥʜʝʥʩʘʪʦʨʘ ʊʅ [59].   

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʫ 

ʩʚʝʨʜʣʦʚʠʥʽ ʥʘ ʛʣʠʙʠʥʽ 50 ʤ ʻ ʜʦʩʠʪʴ ʩʪʘʙʽʣʴʥʦʶ ʫ ʯʘʩʽ ʪʘ ʩʪʘʥʦʚʠʪʴ ʚ 

ʩʝʨʝʜʥʴʦʤʫ 10 Áʉ. ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ ʥʝʟʥʘʯʥʽ ʩʝʟʦʥʥʽ 

ʢʦʣʠʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʠ (0,5 ï 2Áʉ) ʥʘ ʚʠʭʦʜʽ ʟ ʩʚʝʨʜʣʦʚʠʥʠ.  

ɼʣʷ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʟʘʢʨʠʪʦʛʦ ʪʠʧʫ ʟ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʦʤ, ʱʦ ʨʦʟʤʽʱʫʻʪʴʩʷ ʫ ʚʦʜʦʡʤʽ ʥʘ ʛʣʠʙʠʥʽ 2,5 ʤ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʫ ʚʠʧʘʨʥʠʢ ʊʅ  ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ: 2 ï 5Áʉ (ʫ ʛʨʫʜʥʽ 

ï ʣʶʪʦʤʫ); 8 ï 10 Áʉ (ʫ ʣʠʩʪʦʧʘʜʽ, ʢʚʽʪʥʽ); ʜʦ 12 ï 15 Áʉ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʚʦʜʠ 

ʫ ʚʦʜʦʡʤʽ 24 ï 27Áʉ (ʫ ʯʝʨʚʥʽ-ʩʝʨʧʥʽ) (ʨʠʩ.4.12) [60].    

 

ʈʠʩ. 4.12. ʈʦʟʧʦʜʽʣ  ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʠ ʚ ʨʽʯʮʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʭʦʜʽ                  

ʫ ʚʠʧʘʨʥʠʢ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʥʘ ʧʨʦʪʷʟʽ ʨʦʢʫ 

 

ɿ ʛʨʘʬʽʢʫ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠʨʦʜʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʤʦʞʣʠʚʦ 

ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʧʽʜ ʯʘʩ ʟʘʩʪʦʩʫʚʘʥʥ ̫ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʫʩʪʘʥʦʚʦʢ, ʫ ʷʢʠʭ 
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ʧʝʨʚʠʥʥʠʤ ʜʞʝʨʝʣʦʤ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʜʣʷ ʨʦʙʦʪʠ 

ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʻ ʚʦʜʘ ʫ ʚʦʜʦʡʤʽ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʙʫʜʝ 

ʚʽʜʧʦʚʽʜʘʪʠ ʧʘʨʘʤʝʪʨʘʤ ʚʣʘʩʪʠʚʠʤ ʛʝʦʪʝʨʤʘʣʴʥʠʤ ʪʝʧʣʦʥʘʩʦʩʥʠʤ ʩʠʩʪʝʤʘʤ, 

ʘ ʚʘʨʪʽʩʪʴ ʙʫʜʝ ʽʩʪʦʪʥʦ ʥʘʙʣʠʞʘʪʠʩʷ ʜʦ ʚʘʨʪʦʩʪʽ ʧʦʚʽʪʨʷʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ 

ʩʠʩʪʝʤʠ. 

ʅʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʚʠʪʨʘʪ ʪʝʧʣʦʥʦʩʽʷ ʧʦ 

ʢʦʥʪʫʨʫ ʢʦʥʜʝʥʩʘʪʦʨʘ ʽ ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʚʭʦʜʽ ʽ ʥʘ ʚʠʭʦʜʽ ʟ 

ʢʦʥʜʝʥʩʘʪʦʨʘ ʊʅ ʨʦʟʨʘʭʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʩʢʣʘʣʘ 14 ʢɺʪ ʧʦ ʪʝʧʣʫ ʪʘ 9 ʢɺʪ ʧʦ ʭʦʣʦʜʫ.  

 ɹʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʥʘ ʧʽʜʩʪʘʚʽ ʜʘʥʠʭ 

ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ (ʨʠʩ. 4.13). 

 

 

ʈʠʩ. 4.13. ɻʨʘʬʽʢ ʢʦʣʠʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʢʘʭ                

ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʟʘʢʨʠʪʦʛʦ ʪʠʧʫ: 1ï                

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʠʭʦʜʽ ʟ ʢʦʥʜʝʥʩʘʪʦʨʘ ʊʅ; 2 ï ʪʝʤʧʝʨʘʪʫʨʘ 

ʥʘ ʚʭʦʜʽ ʚ ʢʦʥʜʝʥʩʘʪʦʨ ʊʅ;  3 - ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ ʚ ʨʽʯʮʽ; 4 

ï  ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʭʦʜʽ ʜʦ ʚʠʧʘʨʥʠʢʘ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ; 5 ï 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʠʭʦʜʽ ʟ ʚʠʧʘʨʥʠʢʘ ʊʅ; 6 ï ʣʝʛʝʥʜʘ ʩʠʩʪʝʤʠ 

ʩʠʩʪʝʤʘ ʟʙʦʨʫ ʜʘʥʠʭ ʈʝʛʄʽʢ 
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ʆʩʥʦʚʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʻ ʢʦʝʬʽʮʽʻʥʪ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ (ʪʝʧʣʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ): 

ű = Q1/N = (Q2 + N)/N = T2/(T2ïT11),                          (4.4) 

ʜʝ: Q1 ï ʪʝʧʣʦʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʊʅʋ, ɺʪ; 

N ï ʧʦʪʫʞʥʽʩʪʴ ʢʦʤʧʨʝʩʦʨʘ, ɺʪ; 

T2 -ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʠʭʦʜʽ ʟ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʂ; 

ʊ11 ï ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʫ ʚʠʧʘʨʥʠʢ, ʂ. 

ɼʽʡʩʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʤʦʞʝ ʤʘʪʠ ʚʠʛʣʷʜ: 

T THj jh=
 ,                                                           (4.5) 

ʜʝ ű ï ʢʦʝʬʽʮʽʻʥʪ ʚʪʨʘʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʨʝʘʣʴʥʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʟʜʽʡʩʥʶʶʪʴʩʷ 

ʨʦʙʦʯʠʤ ʪʽʣʦʤ ʫ ʊʅ, ʷʢʠʡ ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ ʨʽʚʥʠʤ 0,5. 

ɿʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (4.4) ʽ (4.5) ʤʦʞʝʤʦ ʚʠʟʥʘʯʠʪʠ ʜʽʡʩʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʫ ʩʠʩʪʝʤʽ ʟ ʢʦʥʪʫʨʦʤ ʪʝʧʣʦʾ ʧʽʜʣʦʛʠ ʟ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʣʽʥʽʾ ʧʦʜʘʯʽ 45 Áʉ ʟʘ ʫʤʦʚʠ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʧʝʨʚʠʥʥʦʛʦ 

ʜʞʝʨʝʣʘ ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʚʠʥʥʦʤʫ ʜʞʝʨʝʣʫ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʘ ʩʘʤʝ 

ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʽʡ ʝʥʝʨʛʽʾ ʚʦʜʠ, ʱʦ ʟʙʠʨʘʻʪʴʩʷ ʚʦʜʷʥʠʤ ʢʦʣʝʢʪʦʨʦʤ.  

ɼʣʷ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʟʘʢʨʠʪʦʛʦ ʪʠʧʫ COP = 

3,5. 

ɼʽʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʧʦ ʢʦʥʫʨʫ 

ʢʦʥʜʝʥʩʘʪʦʨʘ  ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʦʧʘʣʝʥʥʷ ʙʫʜʽʚʣʽ. 

 ɽʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʟʚʦʨʦʪʥʴʦ ʧʨʦʧʦʨʮʽʡʥʘ ʪʝʤʧʝʨʘʪʫʨʽ ʪʝʧʣʦʥʦʩʽʷ 

ʥʘ ʚʠʭʦʜʽ ʟ ʢʦʥʜʝʥʩʘʪʦʨʘ ʊʅ. ʗʢ ʟʘʟʥʘʯʘʣʦʩʴ ʚʠʱʝ, ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʠʭʦʜʽ ʟ ʢʦʥʜʝʥʩʘʪʦʨʫ ʜʦʨʽʚʥʶʚʘʣʘ 45 Üʉ. 

ɼʽʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʧʦ ʢʦʥʪʫʨʫ 

ʚʠʧʘʨʥʠʢʘ, ʚʠʟʥʘʯʘʚʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʜʞʝʨʝʣʘ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ ʽ 

ʚʩʪʘʥʦʚʣʶʚʘʚʩʷ ʥʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʩʝʨʝʜʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʫ ʚʠʧʘʨʥʠʢ. 

 ɼʣʷ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ         ʪʝʧʣʦʥʘʩʦʩʥʦʾ   ʩʠʩʪʝʤʠ  ʟʘʢʨʠʪʦʛʦ ʪʠʧʫ ʮʝ 

ʩʪʘʥʦʚʠʪʴ 5-10 Áʉ. 
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4.3. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ  ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʪʝʧʣʦʪʠ 

ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ˇʨʫʥʪʫ 

 

4.3.1. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʥʘʪʫʨʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚ ʩʠʩʪʝʤʽ çʚʝʨʭʥʽ ʰʘʨʠ ʟʝʤʥʦʾ ʢʦʨʠ ï ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ 

ï ʪʝʧʣʦʚʠʡ ʘʢʫʤʫʣʷʪʦʨ ï ʢʦʥʚʝʢʪʦʨè 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʥʘʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʝʧʣʦʚʠʭ 

ʧʨʦʮʝʩʽʚ ʚ ʩʠʩʪʝʤʘʭ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʝʧʣʦʪʠ ʜʦʚʢʽʣʣʷ ʫ ʚʝʨʭʥʽʭ ʰʘʨʘʭ ɿʝʤʣʽ ʥʘ 

ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ  ʜʣʷ ʧʦʪʨʝʙ  ʦʧʘʣʝʥʥʷ, ʢʦʥʜʠʮʽʶʚʘʥʥʷ, ʛʘʨʷʯʦʛʦ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʦʪʨʝʙ ʩʧʦʞʠʚʘʯʽʚ ʩʪʚʦʨʝʥʘ 

ʥʘ ʪʝʨʠʪʦʨʽʾ ɯʥʩʪʠʪʫʪʫ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ (ɯɺɽ ʅɸʅʋ), 

ʟʘ ʘʜʨʝʩʦʶ ʤ. ʂʠʾʚ, ʚʫʣ. ʄʝʪʨʦʣʦʛʽʯʥʘ, ʙʫʜ. 50. 

ʅʘ ʨʠʩ. 4.14 ʧʦʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʢʦʤʧʣʝʢʪʫ ʣʘʙʦʨʘʪʦʨʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ.  

ɼʦ ʩʢʣʘʜʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ  ʜʦʩʣʽʜʞʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʧʣʦʥʘʩʦʩʥʦʛʦ ʪʝʧʣʦʭʦʣʦʜʦʧʦʩʪʘʯʘʥʥʷ ɯʥʩʪʠʪʫʪʫ 

ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ ʚʭʦʜʷʪʴ: ʪʝʧʣʦ ʥʘʩʦʩʥʘ ʩʠʩʪʝʤʘ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʩʚʝʨʜʣʦʚʠʥ ʛʣʠʙʠʥʦʶ 20 ʤ  ʟ ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʚ ʥʠʭ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘʤʠ (ʦʜʥʠʤ ʢʦʘʢʩʽʘʣʴʥʠʤ ʪʘ ʦʜʥʠʤ U-ʧʦʜʽʙʥʠʤ ʫ ʢʦʞʥʽʡ), 

ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ ʪʘ ʢʦʥʚʝʢʪʦʨ ï ʬʘʥʢʦʡʣʠ, ʘ ʪʘʢʦʞ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ʫ ʩʚʝʨʜʣʦʚʠʥʘʭ: 16 ʜʘʪʯʠʢʽʚ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʛʨʫʥʪʽ; 16 ʜʘʪʯʠʢʽʚ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ 

ʧʨʠʤʽʱʝʥʥʽ, 6 ʣʽʯʠʣʴʥʠʢʽʚ  ʚʠʪʨʘʪ ʪʝʧʣʦʥʦʩʽʷ, ʩʠʩʪʝʤʘ ʤʦʥʽʪʦʨʠʥʛʫ  ʘʨʭʽʚʘʮʽʾ 

ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʻ ʪʝ, ʱʦ ʩʚʝʨʜʣʦʚʠʥʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ 

ʚʦʜʦʪʨʠʚʢʦʤʫ ʰʘʨʽ ˇʨʫʥʪʫ (ʛʣʠʥʘ ʪʘ ʩʫʛʣʠʥʦʢ) ʚʠʱʝ ʧʝʨʰʦʛʦ ʚʽʜ ʧʦʚʝʨʭʥʽ 

ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ. ɺ ʢʦʞʥʽʡ ʩʚʝʨʜʣʦʚʠʥʽ ʨʦʟʪʘʰʦʚʘʥʦ ʧʦ ʜʚʘ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʨʽʟʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʪʝʭʥʽʯʥʦʶ ʤʦʞʣʠʚʽʩʪʶ ʧʽʜʢʣʶʯʘʪʠ ʾʭ ʜʦ 

ʩʠʩʪʝʤʠ ʚ ʨʽʟʥʽʡ ʢʦʥʬʽʛʫʨʘʮʽʾ. ʊʘʢʦʞ ʪʝʤʧʝʨʘʪʫʨʥʽ ʜʘʪʯʠʢʠ ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ 
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ʨʽʟʥʽʡ ʛʣʠʙʠʥʽ ʟ ʰʘʛʦʤ ʧôʷʪʴ ʤʝʪʨʽʚ ʚ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʩʚʝʨʜʣʦʚʠʥ ʪʘ ʟ ʰʘʛʦʤ 

0,3 ʤ ʚ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʩʚʝʨʜʣʦʚʠʥ. 

 

ʈʠʩ. 4.14. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʥʘʪʫʨʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ       

ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʫ ʩʠʩʪʝʤʽ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʪʝʧʣʦʪʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ 

ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʚ ʩʠʩʪʝʤʽ: 1, 2 ï ʩʚʝʨʜʣʦʚʠʥʠ; 3 ï 

ʛʨʝʙʽʥʢʘ ; 4 ï  U-ʧʦʜʽʙʥʠʡ ʪʝʧʣʦʦʙʤʽʥʥʠʢ; 5 ï ʢʦʘʢʩʽʘʣʴʥʠʡ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢ; 6 ï ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ; 7 ï ʬʘʥʢʦʡʣʠ; 8 ï 

ʚʦʜʦʪʨʠʚʢʠʡ ʰʘʨ ˇʨʫʥʪʫ, 9 ï ʧʝʨʰʠʡ ʚʽʜ ʚʝʨʭʥʽ ʚʦʜʦʥʦʩʥʠʡ 

ʛʦʨʠʟʦʥʪ 

 

ʄʝʪʦʜʠʢʘ ʤʦʥʪʘʞʫ ˇʨʫʥʪʦʚʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ ʚ ʛʝʦʪʝʨʤʘʣʴʥʠʡ ʟʦʥʜ ʪʘ 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʥʘ ʥʠʭ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 4.15. 

ɼʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʥʘʟʝʤʥʽʡ ʯʘʩʪʠʥʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ 

ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ ʚʧʫʩʢʥʠʭ ʽ ʥʘ ʚʠʧʫʩʢʥʠʭ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʚʩʽʭ ʢʦʥʪʫʨʽʚ, ʥʘ 

ʘʢʫʤʫʣʷʪʦʨʽ ʪʝʧʣʦʪʠ ʽ ʥʘ ʚʭʦʜʽ ʽ ʥʘ ʚʠʭʦʜʽ ʜʘʪʯʠʢʽʚ ʚʠʪʨʘʪʠ ʪʝʧʣʦʥʦʩʽʷ. 

ɯʥʬʦʨʤʘʮʽʷ ʟ ʜʘʪʯʠʢʽʚ ʟʥʽʤʘʣʘʩʷ ʘʚʪʦʤʘʪʠʯʥʦ, ʟ ʯʘʩʦʚʠʤ ʽʥʪʝʨʚʘʣʦʤ ʫ 5 

ʩʝʢʫʥʜ. 
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                              ʘ)                                                         ʙ)                                   

      

                 ʚ)                                                         ʛ)                                   

ʈʠʩ. 4.15. ʄʝʪʦʜ ʤʦʥʪʘʞʫ ˇʨʫʥʪʦʚʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ ʚ                  

ʛʝʦʪʝʨʤʘʣʴʥʠʡ ʟʦʥʜ: ʘ) ï ʤʝʪʦʜ ʦʜʥʦʯʘʩʥʦʛʦ                                                         

ʨʦʟʤʽʱʝʥʥʷ ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ ʜʚʦʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʚ ʩʚʝʨʜʣʦʚʠʥʽ ʪʘ ʤʦʥʪʘʞʫ ʥʘ ʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʜʘʪʯʠʢʽʚ; ʙ) ï ˇʨʫʥʪʦʚʠʡ ʪʝʧʣʦʦʙʤʽʥʥʠʢ ʚ 

ʟʤʦʥʪʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ ʧʝʨʝʜ ʤʦʥʪʘʞʝʤ ʫ ʩʚʝʨʜʣʦʚʠʥʫ;   

ʚ) ï ʚʝʨʭʥʷ ʯʘʩʪʠʥʘ ˇʨʫʥʪʦʚʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ; ʛ) ï 

ʥʠʞʥʷ ʯʘʩʪʠʥʘ ˇʨʫʥʪʦʚʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ 

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʪʨʘʪ ʪʝʧʣʦʥʦʩʽʷ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʣʽʯʠʣʴʥʠʢʠ ʚʦʜʠ 

ʬʽʨʤʠ çSENSUSè. ʅʦʤʽʥʘʣʴʥʘ ʚʠʪʨʘʪʘ ʩʢʣʘʜʘʻ 10 ʤ
3
/ʛʦʜ ʽ ʚʠʪʨʠʤʫʻ ʨʦʙʦʯʠʡ 

ʪʠʩʢ ʚ 16 ʙʘʨ [61]. 

ɼʦ ʩʠʩʪʝʤʠ ʧʽʜʢʣʶʯʝʥʦ ʰʽʩʪʴ ʜʘʪʯʠʢʽʚ ʚʠʪʨʘʪʠ ʪʝʧʣʦʥʦʩʽʷ: ʯʦʪʠʨʠ ʥʘ 

ʢʦʞʥʽʡ ʣʽʥʽʾ ʧʦʜʘʯʽ ʪʝʧʣʦʥʦʩʽʷ ʚ ʪʝʧʣʦʦʙʤʽʥʥʠʢʠ ʽ ʜʚʘ ʥʘ ʟʘʛʘʣʴʥʠʭ 
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ʤʘʛʽʩʪʨʘʣʷʭ ʧʨʦʪʦʢʫ ʪʝʧʣʦʥʦʩʽʷ ʧʦ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʢʦʥʪʫʨʘʤ ʥʘʟʝʤʥʦʾ ʯʘʩʪʠʥʠ ʩʠʩʪʝʤʠ. 

ɼʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʢʦʩʘʭ ʨʽʟʥʦʾ 

ʜʦʚʞʠʥʠ ʪʘ ʨʦʟʤʽʱʝʥʽ ʚ ʧʽʜʟʝʤʥʽʡ ʯʘʩʪʠʥʽ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʩʠʩʪʝʤʠ ʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʤʽʨʶʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ˇʨʫʥʪʫ ʥʘ ʛʣʠʙʠʥʘʭ: 0,02 ʤ; 

0,30 ʤ; 0,70 ʤ; 1,20 ʤ; 2,00 ʤ; 5,00 ʤ; 15,00 ʤ; 20,00 ʤ ʽ ʪʝʤʧʝʨʘʪʫʨʫ 

ʪʝʧʣʦʥʦʩʽʷ,  ʷʢ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ˇʨʫʥʪʦʚʦʛʦ ʢʦʣʝʢʪʦʨʘ ʥʘ ʚʽʜʩʪʘʥʽ, ʪʘʢ ʽ 

ʚ ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʢʘʭ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ˇʨʫʥʪʦʚʦʛʦ ʢʦʣʝʢʪʦʨʘ ʥʘ 

ʜʽʣʷʥʮʽ ʤʽʞ ʛʝʦʪʝʨʤʘʣʴʥʦʶ ʩʚʝʨʜʣʦʚʠʥʦʶ ʽ ʚʭʦʜʦʤ ʚ ʙʫʜʽʚʣʶ, ʨʠʩ. 4.16. 

  

 

ʈʠʩ. 4.16. ʉʭʝʤʘ ʨʦʟʤʽʱʝʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʢʦʩ ʟ ʜʘʪʯʠʢʘʤʠ                  

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʛʣʠʙʠʥʽ 5, 10, 15 ʪʘ 20 ʤ ʥʘ ʛʝʦʪʝʨʤʘʣʴʥʠʭ 

ʟʦʥʜʘʭ 
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ɺ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ ʫʩʪʘʥʦʚʮʽ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʝʨʤʦʧʝʨʝʪʚʦʨʶʚʘʯʽ ʦʧʦʨʫ ʊʉʇ-204 [62].   

ʈʦʙʦʯʠʡ ʜʽʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ ï 40 Áʉ ʜʦ + 270 Áʉ, 

ʧʦʢʘʟʥʠʢ ʪʝʧʣʦʚʦʾ ʽʥʝʨʮʽʾ ʥʝ ʙʽʣʴʰʝ 6 ʩ., ʢʣʘʩ ʜʦʧʫʩʢʫ ï 1, ʪʠʧ ïʊ, 

ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʘ ʧʦʭʠʙʢʘ ï 0,5 Áʉ ʘʙʦ 0,004 (t). 

ɿ ʤʝʪʦʶ ʚʽʟʫʘʣʽʟʘʮʽʾ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʟ 

ʜʘʪʯʠʢʽʚ, ʟʘʧʠʩʠ ʾʭ ʚ ʘʨʭʽʚ ʪʘ ʚʽʜʦʙʨʘʞʝʥʥʷ ʮʠʭ ʜʘʥʠʭ ʫ ʚʠʛʣʷʜʽ ʪʘʙʣʠʮʴ ʘʙʦ 

ʛʨʘʬʽʢʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʙʣʦʢʠ  ʽʥʜʠʢʘʪʦʨʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʽ  ʀ8 8ʊʉ/10-

RS485-ɹʇ-12- ʀʇʂ-ʑ ʫ ʢʽʣʴʢʦʩʪʽ ʧôʷʪʠ ʰʪʫʢ, ʟʽʙʨʘʥʠʭ ʫ ʻʜʠʥʠʡ ʙʣʦʢ ʪʘ 

ʨʦʟʤʽʱʝʥʠʭ ʫ ʰʘʬʽ ʫʧʨʘʚʣʽʥʥʷ. ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ (ʩʠʩʪʝʤʘ ʟʙʦʨʫ 

ʜʘʥʠʭ) ʈʝʛʄʽʢ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʝ ʥʘ ʧʝʨʩʦʥʘʣʴʥʠʡ ʢʦʤʧôʶʪʝʨ.  ʂʦʤʧʴʶʪʝʨ 

ʧʦʻʜʥʫʚʘʚʩʷ ʟ ʙʣʦʢʦʤ ʽʥʜʠʢʘʪʦʨʽʚ ʪʝʤʧʝʨʘʪʫʨʠ USB ʽ RS-485 

ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ (ʨʠʩ. 4.17), ʧʨʠʟʥʘʯʝʥʠʤ ʜʣʷ ʧʨʠʡʦʤʫ, ʧʝʨʝʪʚʦʨʝʥʥʷ ʡ 

ʧʝʨʝʜʘʯʽ ʮʠʬʨʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʤʽʞ ʮʠʬʨʦʚʠʤʠ ʣʽʥʽʷʤʠ ʧʦ ʽʥʪʝʨʬʝʡʩʫ RS-485 

ʪʘ ʧʨʦʪʦʢʦʣʫ Modbus-RTU.  

     

ʈʠʩ. 4.17. ɹʣʦʢ  ʽʥʜʠʢʘʪʦʨʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʇɿ  ʈʝʛʄʽʢ 

 

ʇʨʦʮʝʩ ʤʦʥʪʘʞʫ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʟ ʚʠʤʽʨʶʚʘʣʴʥʦʶ 

ʢʦʩʦʶ, ʦʙʣʘʜʥʘʥʦʶ ʜʘʪʯʠʢʘʤʠ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʩʚʝʨʜʣʦʚʠʥʫ, ʟʦʙʨʘʞʝʥʦ ʥʘ   

ʨʠʩ. 4.18. 
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ʈʠʩ. 4.18. ʇʨʦʮʝʩ ʤʦʥʪʘʞʫ ˇʨʫʥʪʦʚʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʟ                  

ʚʠʤʽʨʶʚʘʣʴʥʦʶ ʢʦʩʦʶ, ʦʙʣʘʜʥʘʥʦʶ ʜʘʪʯʠʢʘʤʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʩʚʝʨʜʣʦʚʠʥʫ 

  

4.3.2. ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʘʥʘʣʽʟ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʟ ʛʝʦʪʝʨʤʘʣʴʥʠʤʠ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘʤʠ, ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʫ ˇʨʫʥʪʽ ʚʠʱʝ ʥʝʡʪʨʘʣʴʥʦʛʦ ʰʘʨʫ 

ʪʝʤʧʝʨʘʪʫʨ   

 

ʄʝʪʦʶ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ 

ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʛʣʠʙʠʥʠ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʥʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ ʥʘ ʛʣʠʙʠʥʽ ʚʠʱʝ ʥʝʡʪʨʘʣʴʥʦʛʦ ʰʘʨʫ ʪʘ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ ʊ(z,t).  

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʘ ʟʘʜʽʷʥʘ 

ʩʚʝʨʜʣʦʚʠʥʘ ʛʣʠʙʠʥʦʶ 20 ʤʝʪʨʽʚ ʪʘ ʟʽʙʨʘʥʽ ʜʚʽ ʩʧʝʮʽʘʣʴʥʽ ʚʠʤʽʨʶʚʘʣʴʥʽ ʢʦʩʠ. 

ʇʝʨʰʫ ʢʦʩʫ ʜʦʚʞʠʥʦʶ 20 ʤʝʪʨʽʚ ʟ ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʥʘ ʥʽʡ ʪʝʤʧʝʨʘʪʫʨʥʠʤʠ 

ʜʘʪʯʠʢʘʤ,  ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʛʣʠʙʠʥʽ 2,00 ʤ; 5,00 ʤ; 15,00 ʤ; 20,00 ʤ, ʙʫʣʦ 

ʟʘʢʨʽʧʣʝʥʦ ʥʘ ʛʝʦʪʝʨʤʘʣʴʥʦʤʫ ʟʦʥʜʽ ʪʘ ʟʤʦʥʪʦʚʘʥʦ ʫ ʩʚʝʨʜʣʦʚʠʥʫ. ɼʨʫʛʫ 
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ʢʦʩʫ ʙʫʣʦ ʦʢʨʝʤʦ ʟʘʛʣʠʙʣʝʥʦ ʚʝʨʪʠʢʘʣʴʥʦ  ʥʘ ʛʣʠʙʠʥʫ 1,2 ʤ ʟ ʨʦʟʪʘʰʦʚʘʥʠʤʠ 

ʥʘ ʥʽʡ ʪʝʤʧʝʨʘʪʫʨʥʠʤʠ ʜʘʪʯʠʢʘʤʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʛʣʠʙʠʥʽ 0,02 ʤ; 0,30 ʤ; 

0,70 ʤ; 1,20 ʤ.  

ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ  ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʜʘʥʽ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʧʦʧʝʨʝʜʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 

ʛʣʠʙʠʥʠ ˇʨʫʥʪʫ ʥʘ ʨʽʟʥʠʭ ʯʘʩʦʚʠʭ ʜʽʣʷʥʢʘʭ ʚʽʜ ʜʦʙʠ ʜʦ ʨʦʢʫ ʪʘ ʚʠʟʥʘʯʠʪʠ 

ʟʘʣʝʞʥʽʩʪʴ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʊ ʟʘ ʛʣʠʙʠʥʦʶ h ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ 

ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʤ. ʂʠʻʚʘ. 

ɸʥʘʣʽʟ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʰʘʨʽʚ ˇʨʫʥʪʫ ʥʘ ʛʣʠʙʠʥʽ ʜʦ 20 

ʤʝʪʨʽʚ ʚ ʨʘʡʦʥʽ ʧʦʣʽʛʦʥʫ, ʜʝ ʧʨʦʚʦʜʠʣʠʩʷ ʜʦʩʣʽʜʞʝʥʥʷ, ʟʚʝʜʝʥʦ ʚ ʪʘʙʣ. 4.4.    

ɿ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʦʙʦʚʽ ʢʦʣʠʚʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ, ʚʠʢʣʠʢʘʥʽ ʟʤʽʥʦʶ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʦʥʷʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ˇʨʫʥʪʫ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ 

ʥʘ ʛʣʠʙʠʥʽ ʜʦ 0,30 ʤ. ɺʞʝ ʧʦʯʠʥʘʶʯʠ ʟ ʛʣʠʙʠʥʠ 0,70 ʤ ʪʘ ʛʣʠʙʰʝ, ʢʦʣʠʚʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʧʨʦʪʷʛʦʤ ʜʦʙʠ ʥʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʤʽʥʫ ʪʝʤʧʝʨʘʪʫʨʠ 

ˇʨʫʥʪʫ. ʆʜʥʘʢ, ʤʠ ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ ʥʘ ʧʦʟʥʘʯʮʽ 

0,70 ʤ ʪʘ 1,2 ʤ, ʘ ʟʥʘʯʥʠʭ ʟʤʽʥ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʽʜʤʽʪʢʘʭ 15.0  ʤ; 25,0 ʤ ʧʨʠ 

ʧʨʠʡʥʷʪʦʤʫ ʤʘʩʰʪʘʙʽ ʚʠʤʽʨʫ ʥʝʤʘʻ. 

ʊʘʙʣʠʮʷ 4.4.   

ʋʩʝʨʝʜʥʝʥʽ ʪʝʧʣʦʬʽʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʰʘʨʽʚ ˇʨʫʥʪʫ ʚ ʤʽʩʮʽ 

ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ [40] 

ʅʦʤʝʨ 

ʰʘʨʫ 

ʅʘʟʚʘ ʧʦʨʽʜ ʇʦʪʫʞʥʽʩʪʴ 

ʰʘʨʫ, 

(ʤ) 

ʆʙôʻʤʥʘ 

ʪʝʧʣʦʻʤʥʽʩʪʴ, 

VC ,  

(ɼʞ/ʤ3ÅÁʉ) 

ʊʝʧʣʦ- 

ʧʨʦʚʽʜʥʽʩʪʴ,,   

l 

(ɺʪ/ʤÅÁʉ) 

ʊʝʤʧʝʨʘʪʫʨʦ-

ʧʨʦʚʽʜʥʽʩʪʴ,  

ʘ, (ʤ
2
/ʩ) 

1 ʉʫʛʣʠʥʦʢ 

ʞʦʚʪʠʡ  

0,0-8,0 1920-2880 0,5 -1,5  0,4Å10
-6

 

2 ʇʽʩʦʢ 

ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʡ 

8,0-12,0 1600- 2200  0,25-0,35  0,3Å10
-6

 

3 ɻʣʠʥʘ ʙʫʨʘ 

ʱʽʣʴʥʘ 

12,0-20,0 1200 -2200  0,2 -2,0  0,7Å10
-6
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 ɿ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʧʨʦʪʷʛʦʤ ʞʦʚʪʥʷ ʤʽʩʮʷ,ʷ ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ, ʱʦ 

ʪʝʤʧʝʨʘʪʫʨʘ ˇʨʫʥʪʫ ʥʘ ʛʣʠʙʠʥʽ ʜʦ 2 ʤ ʧʨʦʪʷʛʦʤ ʤʽʩʷʮʷ ʤʘʻ ʪʝʥʜʝʥʮʽʶ ʜʦ 

ʧʦʩʪʽʡʥʦʛʦ ʟʥʠʞʝʥʥʷ ʧʨʠ ʟʘʛʘʣʴʥʽʡ ʜʠʥʘʤʽʮʽ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ.  

ɽʬʝʢʪ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʧʽʜʚʠʱʝʥʥʷ 

ʚʧʣʠʚʫ ʨʘʜʽʦʛʝʥʥʦʾ ʪʝʧʣʦʪʠ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʟ ʥʘʜʨ ʟʝʤʣʽ ʜʦ ʧʦʚʝʨʭʥʽ, ʤʠ 

ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʽ ʚ ʟʠʤʦʚʠʡ ʯʘʩ ʥʘ ʥʝʟʥʘʯʥʠʭ ʛʣʠʙʠʥʘʭ ˇʨʫʥʪʫ.  

ʈʝʟʫʣʴʪʘʪʠ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʱʦʜʦ ʚʠʤʽʨʶʚʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨ ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ, ʚʠʢʦʥʘʥʦʤʫ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʧʦʣʽʛʦʥʽ 

ɯɺɽ ʅɸʅʋ ʧʨʦʪʷʛʦʤ ʨʦʢʫ, ʙʫʣʠ ʟʚʝʜʝʥʽ ʜʦ ʪʘʙʣ. 4.5.  

 

ʊʘʙʣʠʮʷ 4.5.   

ɿʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʚʽʜ ʛʣʠʙʠʥʠ ʪʘ ʤʽʩʷʮʷ 

ʨʦʢʫ  (ʦʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ) 

ʄʽʩʷʮʴ ɻʣʠʙʠʥʘ (h,ʤ) 

  0,02 0,30 0,75 1,20 2,00 5,00 15,00 20,00 

ʞʦʚʪʝʥʴ 8,0 13,0 15,0 16,5 17,0 16,8 12,2 12,1 

ʣʠʩʪʦʧʘʜ 5,0 9,0 11,0 12,5 13,8 14,2 12,2 12,2 

ʛʨʫʜʝʥʴ 4,5 8,0 9,0 10,5 11,8 13,0 12,0 12,2 

ʩʽʯʝʥʴ 3,0 5,5 7,0 8,0 9,8 11,8 12,0 12,2 

ʣʶʪʠʡ 2,0 3,5 5,5 6,5 8,0 10,0 12,0 12,0 

ʙʝʨʝʟʝʥʴ 5,0 4,0 4,0 6,0 7,0 6,5 12,0 12,0 

ʢʚʽʪʝʥʴ 14,0 11,5 9,5 8,0 7,0 7,4 12,0 12,0 

ʪʨʘʚʝʥʴ 19,0 16,0 15,0 14,5 13,0 11,0 12,2 12,1 

ʯʝʨʚʝʥʴ 21,0 18,0 17,0 16,0 13,8 11,0 12,2 12,1 

ʣʠʧʝʥʴ 24,0 22,0 21,0 19,0 17,0 13,0 12,3 12,1 

ʩʝʨʧʝʥʴ 23,0 23,0 22,0 20,0 18,0 16,0 12,2 12,2 

ʚʝʨʝʩʝʥʴ 20,0 18,0 19,0 19,0 18,0 17,0 12,2 12,1 

(ʊ) (Áʉ): 12,4 12,6 12,9 13,0 12,9 12,3 12,1 12,1 

(ȹʊ) (Áʉ): 22,0 19,5 18,0 14,0 11,0 10,5 0,2 0,2 
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     ɸʥʘʣʽʟ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʥʝʟʘʣʝʞʥʽʩʪʴ 

ʩʝʨʝʜʥʴʦʨʽʯʥʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʊ) ʚʽʜ ʛʣʠʙʠʥʠ h ʜʣʷ ʢʦʞʥʦʛʦ ʤʘʩʠʚʫ 

ʚʠʤʽʨʶʚʘʥʴ. ʊʘʢ, ʜʣʷ ʟʘʟʥʘʯʝʥʠʭ ʚ ʪʘʙʣ. 4.5 ʜʘʥʠʭ ʟʤʽʥ ʪʝʤʧʝʨʘʪʫʨ ʚ ʤʽʨʫ 

ʧʨʠʡʥʷʪʦʛʦ ʥʘʤʠ ʟʙʽʣʴʰʝʥʥʷ ʛʣʠʙʠʥ ʤʘʻʤʦ ʪʘʢʽ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ: 12,38; 

12,63; 12,92; 13,04; 12,85; 12,31; 13,26; 12,98. 

      ʆʪʞʝ, ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ, ʱʦ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ hr ʽ 

ʚʽʜʧʦʚʽʜʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʊ(hr), ʦʩʪʘʥʥʶ ʤʦʞʥʘ ʟʥʘʭʦʜʠʪʠ ʷʢ 

ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʨʽʯʥʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʊ) [64]. 

      ɿʥʘʯʝʥʥʷ hr, ʟʘʜʦʚʦʣʴʥʷʻ ʫʤʦʚʽ: 

(ȹʊ) (hr) = 0. 
 

       ɯʟ ʜʘʥʠʭ, ʥʘʚʝʜʝʥʠʭ ʚ ʪʘʙʣ. 4.5 ʚʠʜʥʦ, ʱʦ ʟʥʘʯʝʥʥʷ ʛʣʠʙʠʥʠ 

ʥʝʡʪʨʘʣʴʥʦʛʦ ʰʘʨʫ ʪʝʤʧʝʨʘʪʫʨ hr, ʷʢʝ ʟʘʜʦʚʦʣʴʥʷʻ ʫʤʦʚʽ (ȹʊ) (hr) = 0, 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 15 ʤ. 

              ɺʠʥʠʢʘʻ ʧʠʪʘʥʥʷ ʥʝʦʙʭʽʜʥʦʩʪʽ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ ʷʢ ʜʦ 

ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ, ʪʘʢ ʽ ʜʦ ʾʭ ʨʦʟʨʘʭʫʥʢʫ ʰʣʷʭʦʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ.  

ʄʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ˇʨʫʥʪʽ Ὕᾀȟὸ ʟʘʣʝʞʥʦ ʚʽʜ 

ʛʣʠʙʠʥʠ ὤ π ʽ ʯʘʩʫ ὸ π ʥʘʚʝʜʝʥʦ ʚ ʨʦʟʜʽʣʽ 3.2. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʧʨʠ 

ʥʝʩʪʘʙʽʣʴʥʠʭ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʘʭ, ʧʦʚôʷʟʘʥʠʭ ʟ ʧʝʨʝʧʘʜʘʤʠ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 

ʚʭʦʜʽ ʜʦ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ [65].  

ɼʣʷ ʦʮʽʥʢʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʫʩʪʘʥʦʚʢʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʂ (ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʝʧʣʦʪʠ), ʷʢʠʡ 

ʷʚʣʷʻ ʩʦʙʦʶ ʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʝʥʝʨʛʽʾ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ ʪʝʧʣʦʚʠʤ ʥʘʩʦʩʦʤ, 

ʜʦ ʢʽʣʴʢʦʩʪʽ ʝʥʝʨʛʽʾ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʨʦʮʝʩ ʧʝʨʝʥʝʩʝʥʥʷ ʪʝʧʣʦʪʠ. ʏʠʤ 

ʙʽʣʴʰʠʡ ʂ, ʪʠʤ ʜʦʮʽʣʴʥʽʰʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʫʩʪʘʥʦʚʢʠ. 

ɺʠʟʥʘʯʘʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʟʘ ʬʦʨʤʫʣʦʶ: 
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inout

out

TT

T
K

-
=  ,                                                (4.6) 

ʜʝ: Tout  ï  ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʠʭʦʜʽ ʟ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ; 

      Tin ï ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʜʦ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ.  

      ɺʚʝʜʝʤʦ ʢʦʝʬʽʮʽʻʥʪ k, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʚʽʜʩʦʪʦʢ, ʥʘ ʷʢʠʡ ʟʤʝʥʰʫʻʪʴʩʷ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʘʜʽʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʫ ʚʠʧʘʨʥʠʢ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ. ʎʝʡ 

ʢʦʝʬʽʮʽʻʥʪ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
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-= ,                                         (4.7) 

ʜʝ: ki  ï ʢʦʝʬʽʮʽʻʥʪ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʫʩʪʘʥʦʚʢʠ ʧʨʠ i-ʪʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʫ ʚʠʧʘʨʥʠʢ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ; 

       ks  ï ʢʦʝʬʽʮʽʻʥʪ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ 

ʧʨʠ ʩʪʘʙʽʣʴʥʽʡ ʚʭʽʜʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʪʝʧʣʦʥʦʩʽʷ. ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʩʪʘʙʽʣʴʥʘ 

ʚʭʽʜʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʜʦʨʽʚʥʶʻ 10 Üʉ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ (4.7), ʢʦʝʬʽʮʽʻʥʪ k  ʥʘʙʫʚʘʻ ʟʥʘʯʝʥʥʷ:  
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ʜʝ: ʊ̔ out ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʠʭʦʜʽ ʟ ʢʦʥʜʝʥʩʘʪʦʨʫ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʧʨʠ i-ʪʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʫ ʚʠʧʘʨʥʠʢ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ; 

     ʊs out ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʠʭʦʜʽ ʟ ʢʦʥʜʝʥʩʘʪʦʨʫ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʧʨʠ 

ʩʪʘʙʽʣʴʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʫ ʚʠʧʘʨʥʠʢ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ; 

    ʊi in ï i-ʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʭʦʜʽ ʫ ʚʠʧʘʨʥʠʢ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ; 

     ʊs in ï ʩʪʘʙʽʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʭʦʜʽ ʫ ʚʠʧʘʨʥʠʢ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ (ʜʦʨʽʚʥʶʻ 10 Üʉ). 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʟʚʝʜʝʥʦ ʚ ʪʘʙʣ. 4.6. ʪʘ ʪʘʙʣ. 4.7. 
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ʊʘʙʣʠʮʷ 4.6.      

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʜʩʦʪʢʫ, ʥʘ ʷʢʠʡ ʤʦʞʝ 

ʟʤʝʥʰʫʚʘʪʠʩʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʛʣʠʙʠʥʠ ʚʩʪʘʥʦʚʣʝʥʥʷ ˇʨʫʥʪʦʚʦʛʦ ʢʦʣʝʢʪʦʨʘ ʪʝʧʣʦʥʩʦʩʥʦʾ ʩʠʩʪʝʤʠ[ 

 ɻʣʠʙʠʥʘ (h,ʤ) 

 0,2 0,35 0,7 1,2 2 5 15 25 

ȹʊ, Áʉ 22,0 19,5 18,0 14,0 11,0 10,5 0,2 0,2 

K,% 33,3 29,5 27,3 21,2 16,7 15,9 0,3 0,3 

 

ɼʘʥʽ ʱʦʜʦ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʨʽʟʥʽʡ ʛʣʠʙʠʥʽ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʢʦʣʝʢʪʦʨʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʢʦʨʝʣʶʶʪʴ ʟ 

ʜʘʥʠʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʥʘ ʦʩʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

 ʈʦʟʙʽʞʥʦʩʪʽ ʤʦʞʣʠʚʽ ʫ ʥʘʩʣʽʜʦʢ ʛʝʦʣʦʛʽʯʥʠʭ, ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ, 

ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʽ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʫʤʦʚ ʤʽʩʮʝʚʦʩʪʽ, ʜʝ ʧʨʦʚʦʜʠʣʠʩʴ 

ʜʦʩʣʽʜʞʝʥʥʷ.  

ʅʘʡʙʽʣʴʰʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʤʘʻ ʩʠʩʪʝʤʘ ʟ ʢʦʣʝʢʪʦʨʦʤ 

ʚʩʪʘʥʦʚʣʝʥʠʤ ʥʠʞʯʝ ʥʝʡʪʨʘʣʴʥʦʛʦ ʰʘʨʫ. ɯʟ ʟʤʝʥʰʝʥʥʷʤ ʛʣʠʙʠʥʠ  

ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʦʣʝʢʪʦʨʘ ʢʦʝʬʽʮʽʻʥʪ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʟʤʝʥʰʫʻʪʴʩʷ [65].  

 

ʊʘʙʣʠʮʷ 4.7.      

ʈʝʟʫʣʴʪʘʪʠ ʪʝʦʨʝʪʠʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʚʽʜʩʦʪʢʫ, ʥʘ ʷʢʠʡ ʤʦʞʝ 

ʟʤʝʥʰʫʚʘʪʠʩʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʛʣʠʙʠʥʠ ʚʩʪʘʥʦʚʣʝʥʥʷ ˇʨʫʥʪʦʚʦʛʦ ʢʦʣʝʢʪʦʨʘ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ  

 ɻʣʠʙʠʥʘ (h,ʤ) 

 0,2 0,35 0,7 1,2 2 5 15 25 

ȹʊ, Áʉ 22,8 20,4 16,8 14,6 10,5 3,4 0 0 

K,% 34,5 31,8 25,5 22,1 15,9 5,2 0 0 

 

ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʠʩʪʝʤ ʜʘʥʦʛʦ ʪʠʧʫ ʥʘ ʝʪʘʧʽ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʧʪʠʤʘʣʴʥʝ ʧʦʻʜʥʘʥʥʷ ʩʢʣʘʜʦʚʠʭ ʚʘʨʪʦʩʪʽ ʪʘ 
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ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ. ʇʝʨʰʘ ʩʢʣʘʜʦʚʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʢʣʘʜʥʦʩʪʽ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʢʦʣʝʢʪʦʨʘ, ʘ ʜʨʫʛʘ ï ʚʽʜ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʝʧʣʦʥʘʩʦʩʥʦʾ 

ʩʠʩʪʝʤʠ. ʇʨʠʯʦʤʫ ʦʙʠʜʚʽ ʩʢʣʘʜʦʚʽ ʧʨʦʧʦʨʮʽʡʥʽ ʛʣʠʙʠʥʽ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ˇʨʫʥʪʦʚʦʛʦ ʢʦʣʝʢʪʦʨʘ.  

 

4.3.3. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʚʽʜʙʦʨʫ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʛʝʦʪʝʨʤʘʣʴʥʠʤʠ 

ʪʝʧʣʦʥʘʩʦʩʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʚʽʜ ʨʝʛʝʥʝʨʘʮʽʡʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʧʦʣʷ 

 

ɼʦʩʚʽʜ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘʷʚʥʠʭ ɻʊʉ ʧʦʢʘʟʫʻ, ʱʦ ʥʝʤʘʻ ʜʦʩʪʘʪʥʴʦʾ 

ʽʥʬʦʨʤʘʮʽʾ, ʱʦʜʦ: ʚʧʣʠʚʫ ʚʽʜʙʦʨʫ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʟ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ 

ɿʝʤʣʽ ʛʝʦʪʝʨʤʘʣʴʥʦʶ ʩʚʝʨʜʣʦʚʠʥʦʶ ʥʘ ʨʝʛʝʥʝʨʘʮʽʡʥʽ ʧʨʦʮʝʩʠ ʚ 

ʥʘʚʢʦʣʦʩʚʝʨʜʣʦʚʠʥʥʦʤʫ ʧʨʦʩʪʦʨʽ ʥʘ ʜʦʚʛʦʩʪʨʦʢʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ (5 ï 7 

ʨʦʢʽʚ); ʟʘʣʝʞʥʦʩʪʽ ʪʨʠʚʘʣʦʩʪʽ ʪʘ ʩʝʟʦʥʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʩʪʝʤʠ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʥʽ ʢʦʣʠʚʘʥʥʷ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʧʦʣʷ; ʟʚ'ʷʟʢʫ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʨʦʙʦʪʠ 

ɻʊʉ ʟ ʧʨʠʧʠʥʝʥʥʷʤ ʧʨʦʮʝʩʫ ʪʝʧʣʦʦʙʤʽʥʫ ʩʚʝʨʜʣʦʚʠʥʠ ʟ ʛʝʦʪʝʨʤʘʣʴʥʠʤ 

ʧʦʣʝʤ; ʟʘʣʝʞʥʦʩʪʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʽʜʙʦʨʫ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʛʝʦʪʝʨʤʘʣʴʥʠʤʠ 

ʪʝʧʣʦʥʘʩʦʩʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʥʘ ʨʝʛʝʥʝʨʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ 

ʧʦʣʷ [64]. 

ʊʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ ʻ ʩʢʣʘʜʥʠʤ ʦʙ'ʻʢʪʦʤ ʜʣʷ ʥʘʪʫʨʥʦʛʦ 

(ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ) ʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʟʤʽʥʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ, ʱʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʣʽʤʘʪʠʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʨʝʛʽʦʥʫ, ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʦʙ'ʻʢʪʘ, ʧʦʨʠ ʨʦʢʫ, ʟʤʽʥʠ ʪʝʧʣʦʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʫ ʽ ʪ. ʧ [66]. 

ʋ ʭʦʜʽ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʜʘʥʽ, ʱʦ ʜʦʟʚʦʣʠʣʠ 

ʚʠʢʦʥʘʪʠ ʘʥʘʣʽʟ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ ʚʽʜ ʛʣʠʙʠʥʠ ʥʘ ʨʽʟʥʠʭ 

ʯʘʩʦʚʠʭ ʜʽʣʷʥʢʘʭ ʚʽʜ ʜʦʙʠ ʜʦ ʨʦʢʫ ʽ ʚʩʪʘʥʦʚʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʊ ʚʽʜ ʛʣʠʙʠʥʽ h ʜʣʷ ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʚ ʤʽʩʪʽ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʟʦʥʜʽʚ (ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʧʦʣʷ). 
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ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʦʙʦʚʽ ʢʦʣʠʚʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ, ʚʠʢʣʠʢʘʥʽ ʟʤʽʥʦʶ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʦʥʷʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ˇʨʫʥʪʫ, ʷʢʠʡ 

ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʛʣʠʙʠʥʽ ʜʦ 0,30 ʤ. ɺʞʝ ʧʦʯʠʥʘʶʯʠ ʟ ʛʣʠʙʠʥʠ 0,70 ʤ ʽ ʛʣʠʙʰʝ 

ʜʦʙʦʚʝ ʢʦʣʠʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʟʤʽʥʫ ʪʝʤʧʝʨʘʪʫʨʠ 

ˇʨʫʥʪʫ. ʅʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ˇʨʫʥʪʫ ʥʘ ʛʣʠʙʠʥʽ ʜʦ 2 ʤ ʥʘ 

ʧʨʦʪʷʟʽ ʤʽʩʷʮʷ ʤʘʻ ʪʝʥʜʝʥʮʽʶ ʜʦ ʧʦʩʪʽʡʥʦʛʦ ʟʥʠʞʝʥʥʷ ʧʨʠ ʟʘʛʘʣʴʥʽʡ ʜʠʥʘʤʽʮʽ 

ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ. ʇʨʠ ʮʴʦʤʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽʩʪʦʪʥʘ 

ʟʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ ʥʘ ʛʣʠʙʠʥʽ ʜʦ 0,70 ʤ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʦʚʽʪʨʷ ʚ ʪʦʡ ʯʘʩ, ʷʢ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ˇʨʫʥʪʫ 

ʥʘ ʛʣʠʙʠʥʽ ʧʦʥʘʜ 5 ʤ (ʧʨʦʪʷʛʦʤ ʤʽʩʷʮʷ). ʄʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʤʦʤʝʥʪ, ʢʦʣʠ 

ʪʝʤʧʝʨʘʪʫʨʘ ˇʨʫʥʪʫ ʥʘ ʛʣʠʙʠʥʽ 2 ʤʝʪʨʠ, ʟʤʝʥʰʫʶʯʠʩʴ ʚʽʜ ʟʥʘʯʝʥʥʷ ʥʘ 

ʧʦʯʘʪʢʫ ʤʽʩʷʮʷ  18 Áʉ ʜʦ ʟʥʘʯʝʥʥʷ 15 Áʉ ʫ ʢʽʥʮʽ ʤʽʩʷʮʷ, ʧʝʨʝʪʠʥʘʻ ʽʟʦʪʝʨʤʫ 

ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ ʥʘ ʛʣʠʙʠʥʽ 5 ʤ. 

ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨʥʠʭ 

ʢʦʣʠʚʘʥʴ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʧʦʣʷ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʽʜʙʦʨʫ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ 

ʛʝʦʪʝʨʤʘʣʴʥʦʶ ʪʝʧʣʦʥʘʩʦʩʥʦʶ ʩʠʩʪʝʤʦʶ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʙʦʨʫ ʪʝʧʣʦʚʦʾ 

ʝʥʝʨʛʽʾ ʟ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʧʦʣʷ ʟʤʽʥʶʚʘʣʘʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʝʪʦʜʠʢʠ 

ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ  ʰʣʷʭʦʤ ʟʤʽʥʠ ʷʢ ʢʽʣʴʢʦʩʪʽ ʟʘʣʫʯʝʥʠʭ ʫ ʚʽʜʙʦʨʽ 

ʪʝʧʣʦʪʠ ɿʝʤʣʽ ʩʚʝʨʜʣʦʚʠʥ ʟ ʛʝʦʪʝʨʤʘʣʴʥʠʤʠ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘʤʠ, ʪʘʢ ʽ 

ʢʽʣʴʢʦʩʪʽ ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ, ʟʤʦʥʪʦʚʘʥʠʭ ʫ ʩʚʝʨʜʣʦʚʠʥʘʭ [62]. 

ʊʘʢʦʞ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʨʦʙʦʪʠ ɻʊʉ ʧʨʠ ʢʨʠʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʥʘ ʛʝʦʪʝʨʤʘʣʴʥʠʡ ʪʝʧʣʦʦʙʤʽʥʥʠʢ 

ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʪʨʠʚʘʣʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʩʠʩʪʝʤʠ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʢʦʣʠʚʘʥʴ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʧʦʣʷ. 

 ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʟʘʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʥʘ ʚʭʦʜʽ ʫ ʢʦʥʜʝʥʩʘʪʦʨ 

ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ 40 Áʉ, ʷʢʘ ʟʘ  ʧʽʜʪʨʠʤʢʠ ʛʽʩʪʝʨʝʟʠʩʫ ʫ 

8 Áʉ  ʟʘʙʝʟʧʝʯʫʻ ʧʦʜʘʯʫ ʪʝʧʣʦʥʦʩʽʷ ʜʦ ʩʧʦʞʠʚʘʯʽʚ ʟʽ ʟʥʘʯʝʥʥʷʤ 48 Áʉ. 

ʊʝʤʧʝʨʘʪʫʨʘ ˇʨʫʥʪʫ ʫ ʥʘʚʢʦʣʦʩʚʝʨʜʣʦʚʠʥʥʦʤʫ ʧʨʦʩʪʦʨʽ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʥʘ 

ʥʝʪʨʠʚʘʣʦʤʫ ʧʝʨʽʦʜʽ ʯʘʩʫ (ʜʦ ʦʜʥʦʛʦ ʤʽʩʷʮʷ) ʤʦʞʝ ʟʤʝʥʰʫʚʘʪʠʩʴ ʚʽʜ 3Áʉ ʜʦ 
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12 Áʉ (ʨʠʩ. 4.19). ʇʨʠ ʮʴʦʤʫ ʯʘʩ ʨʝʛʝʥʝʨʘʮʽʾ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ˇʨʫʥʪʫ ʫ ʤʽʩʮʽ 

ʚʽʜʙʦʨʫ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʤʦʞʝ ʩʢʣʘʜʘʪʠ ʚʽʜ 20 ʭʚʠʣʠʥ ʜʦ 1 ʛʦʜʠʥʠ. 

 

 

ʈʠʩ. 4.19. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʚʭʦʜʽ ʡ ʚʠʭʦʜʽ ʟ                  

ʢʦʥʜʝʥʩʘʪʦʨʘ ʪʘ ʚʠʧʘʨʥʠʢʘ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʛʝʦʪʝʨʤʘʣʴʥʦʾ                  

ʩʠʩʪʝʤʠ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ˇʨʫʥʪʦʚʠʡ ʢʦʣʝʢʪʦʨ [62] 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʚʝʜʝʥʦ, ʱʦ ʥʘ ʪʨʠʚʘʣʦʤʫ ʧʝʨʽʦʜʽ ʯʘʩʫ, ʘ ʩʘʤʝ ʟʘ 

ʧôʷʪʴ ʨʦʢʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʩʪʝʤʠ, ʪʝʤʧʝʨʘʪʫʨʘ ˇʨʫʥʪʫ ʚ 

ʥʘʚʢʦʣʦʩʚʝʨʜʣʦʚʠʥʥʦʤʫ ʧʨʦʩʪʦʨʽ ʟʤʝʥʰʠʣʘʩʷ ʥʘ 2,5 Áʉ (ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 0,5 

Áʉ ʢʦʞʥʦʛʦ ʨʦʢʫ). ɿʘʤʽʨʠ ʙʫʣʠ ʚʠʢʦʥʘʥʽ ʧʨʦʪʷʛʦʤ ʚʝʨʝʩʥʷ ʤʽʩʷʮʷ ʥʘ ʧʦʯʘʪʢʫ 

ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʩʝʟʦʥʫ ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʚʝʨʜʣʦʚʠʥʠ ʥʘ ʛʣʠʙʠʥʘʭ 

15, 35 ʪʘ 30 ʤ ʧʨʠ ʱʦʨʽʯʥʦʤʫ ʪʝʧʣʦʚʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʧʦʣʷ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʫʣʦ ʜʦʚʝʜʝʥʦ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ˇʨʫʥʪʫ ʥʘ ʰʦʩʪʦʤʫ ʨʦʮʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʩʪʝʤʠ ʩʪʘʙʽʣʽʟʫʚʘʣʘʩʷ ʪʘ ʟʫʧʠʥʠʣʘʩʷ ʥʘ ʧʦʢʘʟʥʠʢʫ 10,5 Áʉ. ɸ 

ʥʘ ʧʦʯʘʪʢʫ ʩʴʦʤʦʛʦ ʨʦʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʙʽʣʴʰʠʣʘʩʷ ʥʘ 1,2 Áʉ, ʪʦʙʪʦ 
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ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʝʬʝʢʪ ʧʨʠʪʦʢʫ ʪʝʧʣʦʪʠ ʜʦ ʥʘʚʢʦʣʦʩʚʝʨʜʣʦʚʠʥʥʦʛʦ ʧʨʦʩʪʦʨʫ 

ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʧʦʣʷ (ʨʠʩ. 4.20). 

 

ʈʠʩ. 4.20. ɿʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʧʦʣʷ ʚʽʜ ʨʦʢʫ                   

ʝʢʩʧʣʫʘʪʘʮʽʾ 

 

ɼʘʥʽ, ʦʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ, ʧʦʚʥʽʩʪʶ ʢʦʨʝʣʶʶʪʴʩ ̫ ʟ 

ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯʽ ʤʦʜʝʣʶʚʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʧʨʠ ʙʘʛʘʪʦʨʘʟʦʚʦʤʫ ʮʠʢʣʽʯʥʦʤʫ ʚʢʣʶʯʝʥʥʽ ʡ 

ʚʽʜʢʣʶʯʝʥʥʽ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ [66]. 

 ʏʠʩʝʣʴʥʘ ʤʦʜʝʣʴ ʙʘʟʫʻʪʴʩʷ ʥʘ ʜʠʩʢʨʝʪʥʦʤʫ ʧʦʜʘʥʥʽ ʨʽʚʥʷʥʥʷ ʝʥʝʨʛʽʾ, 

ʛʨʘʥʠʯʥʠʭ ʽ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ ʧʨʠ ʨʽʟʥʠʭ ʱʽʣʴʥʦʩʪʷʭ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʪʘ 

ʨʝʘʣʽʟʦʚʘʥʘ ʥʘ ʙʘʟʽ ʧʨʠʢʣʘʜʥʦʛʦ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʠ MathLab.  

ʆʩʥʦʚʥʽ ʦʪʨʠʤʘʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʽʣʶʩʪʨʫʶʪʴ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 4.21 

ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʧʨʠ ʮʠʢʣʽʯʥʦʤʫ ʧʽʜʚʦʜʽ ʪʝʧʣʦʪʠ ʫ ʩʚʝʨʜʣʦʚʠʥʫ ʚ 

100 ɺʪ/ʤ
2
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                ʘ)                                                                 ʙ)  

ʈʠʩ. 4.21. ɿʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʩʪʘ, ʦʪʨʠʤʘʥʽ ʧʨʠ ʨʽʰʝʥʥʽ ʟʘʜʘʯʽ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ: ʘ) ï ʤʦʜʝʣʴ 

ʪʝʤʧʝʨʘʪʫʨʠ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʧʦʣʷ ʟʘ ʛʣʠʙʠʥʦʶ; ʙ) ï ʟʤʽʥʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʩʪʘ ʧʨʠ ʥʝʩʪʘʮʽʦʥʘʨʥʦʤʫ ʧʽʜʚʦʜʽ ʪʝʧʣʦʪʠ ʟ 

ʧʦʯʘʪʢʫ ʧʝʨʰʦʛʦ ʚʢʣʶʯʝʥʥʷ ʜʦ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʝʞʠʤʫ 

 

 ʇʨʠ ʟʘʜʘʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʪʝʧʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʚʝʨʜʣʦʚʠʥʠ ʡ ʧʣʘʩʪʘ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʠʙʦʾ ʩʚʝʨʜʣʦʚʠʥʠ ʧʽʩʣʷ ʩʝʟʦʥʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʫ ʨʝʞʠʤʽ 

ʧʽʜʚʝʜʝʥʥʷ ʪʝʧʣʦʪʠ ʟʨʦʩʣʘ ʙʽʣʴʰ, ʥʽʞ ʥʘ 20 Áʉ. ʋ ʨʝʞʠʤʽ çʧʨʦʩʪʦʶè 

ʧʨʦʪʷʛʦʤ ʧʽʚʨʦʢʫ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʩʪʘ ʚʠʨʽʚʥʶʚʘʣʘʩʷ, ʽ ʥʘ ʚʠʙʦʾ ʩʚʝʨʜʣʦʚʠʥʠ 

ʚʽʜʭʠʣʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ ʬʦʥʦʚʦʾ ʟʙʝʨʝʛʣʦʩʷ ʫ ʤʝʞʘʭ 2 Áʉ.  

ʎʠʢʣʽʯʥʝ ʧʦʚʪʦʨʝʥʥʷ ʨʝʞʠʤʽʚ ʧʽʜʚʝʜʝʥʥʷ ʪʝʧʣʦʪʠ ʟ ʧʨʦʩʪʦʷʤʠ (ʪʦʙʪʦ, 

ʢʦʣʠ ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ ʥʝ ʨʦʙʠʪʴ ʥʽʷʢʦʾ ʨʦʙʦʪʠ) ʚʠʢʣʠʢʘʻ ʝʬʝʢʪ ʘʢʫʤʫʣʶʚʘʥʥʷ 

ʪʝʧʣʦʪʠ, ʱʦ ʢʦʤʧʝʥʩʫʪ̒ʴʩʷ ʬʦʥʦʚʠʤʠ ʪʝʧʣʦʚʠʤʠ ʧʦʪʦʢʘʤʠ. 

ʂʚʘʟʽʩʪʘʮʽʦʥʘʨʥʠʡ ʩʪʘʥ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʮʠʢʣʽʯʥʦʤʫ ʨʝʞʠʤʫ ʙʝʟ ʧʦʜʘʣʴʰʦʛʦ 

ʟʨʦʩʪʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨ, ʟʘ ʨʦʟʨʘʭʫʥʢʘʤʠ ʥʘʩʪʘʻ ʥʘ ʝʪʘʧʽ ï 2,5 ʨʦʢʫ, ʚ ʨʝʞʠʤʽ 

çʧʨʦʩʪʦʶè ï 3 ʨʦʢʠ.   
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4.4. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ  ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʪʝʧʣʦʪʠ ʚʦʜʠ 

ʧʝʨʰʦʛʦ ʚʽʜ ʧʦʚʝʨʭʥʽ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ 

 

4.4.1. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʥʘʪʫʨʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʫ ʩʠʩʪʝʤʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ 

ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʚ ʩʠʩʪʝʤʽ çʚʦʜʘ ʧʝʨʰʦʛʦ ʚʽʜ ʧʦʚʝʨʭʥʽ ʚʦʜʦʥʦʩʥʦʛʦ 

ʛʦʨʠʟʦʥʪʫ ï ʪʝʧʣʦʚʠʡ ʘʢʫʤʫʣʷʪʦʨ ï ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ-ʢʦʥʚʝʢʪʦʨè 

 

ʈʦʟʛʣʷʥʝʤʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʩʠʩʪʝʤʫ ʚʠʜʦʙʫʚʘʥʥʷ ʛʝʦʪʝʨʤʘʣʴʥʠʭ 

ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʪʠʧʫ ɻʎʉ (ʛʝʦʪʝʨʤʘʣʴʥʘ ʮʠʨʢʫʣʷʮʽʡʥʘ ʩʠʩʪʝʤʘ). 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ ʻ ʪʝʧʣʦʦʙʤʽʥʥʠʤ ʧʨʠʩʪʨʦʻʤ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ 

ʽʟ ʜʚʦʭ ʩʚʝʨʜʣʦʚʠʥ, ʦʙʣʘʰʪʦʚʘʥʠʭ ʚʦʜʦʧʽʜʡʦʤʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ; 

ʟ'ʻʜʥʫʚʘʣʴʥʠʭ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʪʘ ʧʨʠʣʘʜʽʚ 

ʢʦʥʪʨʦʣʶ ʽ ʚʠʤʽʨʶʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʈʘʟʦʤ ʟ 

ʪʝʧʣʦʚʠʤ ʥʘʩʦʩʦʤ ʪʘ ʧʨʠʣʘʜʘʤʠ ʩʠʩʪʝʤʠ ʪʝʧʣʦʟʘʙʝʟʧʝʯʝʥʥʷ ʙʫʜʽʚʣʽ 

(ʬʘʥʢʦʡʣʘʤʠ, ʤʝʨʝʞʝʚʠʤʠ ʪʨʫʙʦʧʨʦʚʦʜʘʤʠ ʪʘ ʮʠʨʢʫʣʷʮʽʡʥʠʤʠ ʥʘʩʦʩʘʤʠ) 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ ʷʚʣʷʻ ʩʦʙʦʶ ʛʽʜʨʦʪʝʨʤʘʣʴʥʫ ʪʝʧʣʦʥʘʩʦʩʥʫ 

ʫʩʪʘʥʦʚʢʫ ʚʽʜʢʨʠʪʦʛʦ ʪʠʧʫ. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʜʦʩʣʽʜʥʦʾ ʫʩʪʘʥʦʚʢʠ 

ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 4.22. 

ɿʛʽʜʥʦ ʧʨʠʥʮʠʧʦʚʦʾ ʩʭʝʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʪʝʧʣʦʥʘʩʦʩʥʘ ʫʩʪʘʥʦʚʢʘ 

ʧʨʘʮʶʻ ʫ ʜʚʦʭ ʨʝʞʠʤʘʭ: ʚ ʦʧʘʣʶʚʘʣʴʥʠʡ ʩʝʟʦʥ ï ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʧʣʦʪʦʶ; 

ʫ ʣʽʪʥʠʡ ï ʜʣʷ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʨʠʤʽʱʝʥʴ. 

ʗʢ ʟʘʟʥʘʯʘʣʦʩʴ ʚʠʱʝ, ʦʩʥʦʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʭ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ ʚʽʜʢʨʠʪʦʛʦ ʪʠʧʫ, ʜʝ ʚ ʷʢʦʩʪʽ 

ʪʝʧʣʦʥʦʩʽʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʽʜʟʝʤʥʽ ʚʦʜʠ ʚʝʨʭʥʽʭ ʚʦʜʦʥʦʩʥʠʭ ʛʦʨʠʟʦʥʪʽʚ, 

 ̒ ʧʝʨʝʜʧʨʦʝʢʪʥʠʡ ʝʪʘʧ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʧʦʪʨʽʙʥʦ ʧʨʦʚʝʩʪʠ ʚʽʜʧʦʚʽʜʥʽ 

ʜʦʩʣʽʜʥʦ-ʬʽʣʴʪʨʘʮʽʡʥʽ ʨʦʙʦʪʠ ʪʘ ʚʠʟʥʘʯʠʪʠ ʧʨʠʨʦʜʥʠʡ ʨʝʞʠʤ ʧʨʦʜʫʢʪʠʚʥʦʛʦ 

ʛʦʨʠʟʦʥʪʫ, ʡʦʛʦ ʬʽʣʴʪʨʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʫʤʦʚʠ ʬʦʨʤʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ 

ʦʮʽʥʠʪʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʟʘʧʘʩʠ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ. ɹʝʟ 
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ʧʨʦʚʝʜʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʟʘʭʦʜʽʚ ʥʝʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʪʘʥʦʚʢʠ ʽ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʫ ʾʾ ʨʦʙʦʪʫ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ 

ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʊʘʢʦʞ ʮʽ ʜʘʥʽ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʥʘ ʪʝʧʣʦʚʠʡ, ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʡ ʽ ʝʢʦʣʦʛʽʯʥʠʡ 

ʩʪʘʥ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ ʪʘ ʥʘ ʦʪʦʯʫʶʯʝ ʩʝʨʝʜʦʚʠʱʝ 

ʜʽʣʷʥʢʠ ʜʦʩʣʽʜʞʝʥʥʷ [49]. 

 

ʈʠʩ. 4.22. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ                 

ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʚʽʜʢʨʠʪʦʛʦ ʪʠʧʫ [49]: 1 ï ʧʨʦʥʠʢʥʠʡ                 

ʧʽʜʟʝʤʥʠʡ ʰʘʨ; 2 ï ʚʠʜʦʙʫʚʥʘ ʩʚʝʨʜʣʦʚʠʥʘ; 3 ï 

ʧʦʛʣʠʥʘʣʴʥʘ ʩʚʝʨʜʣʦʚʠʥʘ; 4 ï ʙʘʢʠ-ʘʢʫʤʫʣʷʪʦʨʠ (7 ʰʪ.); 5 ï 

ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ;  6,7 ï ʮʠʨʢʫʣʷʮʽʡʥʽ ʥʘʩʦʩʠ;  8 ï ʬʘʥʢʦʡʣ (3 

ʰʪ.)  

 

ʅʘ ʪʝʨʠʪʦʨʽʾ ʜʽʣʷʥʢʠ ʙʫʣʦ ʧʨʦʙʫʨʝʥʦ 5 ʩʚʝʨʜʣʦʚʠʥ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

(ʩʚ. ˉˉ 1, 7, 8, 10, 11). ʋʩʽ ʩʚʝʨʜʣʦʚʠʥʠ (ʢʨʽʤ ʩʚ.ˉ10) ʟôʻʜʥʘʥʽ ʧʽʜʟʝʤʥʠʤʠ 

ʪʨʫʙʦʧʨʦʚʦʜʘʤʠ ʽ ʦʙʣʘʰʪʦʚʘʥʽ ʪʘʢ, ʱʦ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʷʢ ʫ ʨʝʞʠʤʽ 
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ʚʽʜʢʘʯʢʠ, ʪʘʢ ʽ ʫ ʨʝʞʠʤʽ ʥʘʛʥʽʪʘʥʥʷ. ʉʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʢʦʥʩʪʨʫʢʮʽʾ 

ʩʚʝʨʜʣʦʚʠʥ ʪʘ ʛʝʦʣʦʛʽʯʥʠʡ ʨʦʟʪʠʥ ʟʘ ʧʨʦʬʽʣʝʤ ɸɹ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.23  ʽ 

ʨʠʩ. 4.24 [59]. 

   

ˉ11

ˉ1

ˉ7

ˉ10
ˉ8

ʂʦʨʧʫʩ ˉ2

ˉ1ʇʘʨʢʘʥ ʉʚʝʨʜʣʦʚʠʥʘ, ʥʦʤʝʨ

ʇʥ

ʇʜ

39,68 ʤ

4 00,  ʤ

 

ʈʠʩ. 4.23.  ʉʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʚʝʨʜʣʦʚʠʥ ʥʘ ʜʽʣʷʥʮʽ                    

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ 

ʩʠʩʪʝʤʠ ʚʽʜʢʨʠʪʦʛʦ ʪʠʧʫ [59] 

 

ʉʚʝʨʜʣʦʚʠʥʘ ˉ 1 ʙʫʣʘ ʧʨʦʙʫʨʝʥʘ ʟ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʤʝʪʦʜʽʚ ʦʩʚʦʻʥʥʷ ʪʝʧʣʦʪʠ ˇʨʫʥʪʫ; ʩʚʝʨʜʣʦʚʠʥʘ ˉ7 ï ʷʢ ʜʦʜʘʪʢʦʚʘ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʜʝʙʽʪʫ ʟ ʙʫʯʘʢʩʴʢʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ;  ʩʚʝʨʜʣʦʚʠʥʘ ˉ10 ʻ 
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ʩʧʦʩʪʝʨʝʞʥʦʶ, ʚʦʥʘ ʦʙʣʘʰʪʦʚʘʥʘ ʜʘʪʯʠʢʘʤʠ ʪʝʤʧʝʨʘʪʫʨʠ. ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʫ 

ʨʦʙʦʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʟʘʜʽʷʥʽ ʚ ʷʢʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ  

ʩʚʝʨʜʣʦʚʠʥʠ ˉ8 ʽ ˉ11. 

ʉʚʝʨʜʣʦʚʠʥʘ ˉ 8 ʙʫʣʘ ʧʨʦʙʫʨʝʥʘ ʥʘ ʚʽʜʩʪʘʥʽ 11,5 ʤ ʚʽʜ ʩʚʝʨʜʣʦʚʠʥʠ ˉ 

1, ʾʾ ʛʣʠʙʠʥʘ ï 49,5 ʤ, ʘ ʜʽʘʤʝʪʨ ʙʫʨʽʥʥʷ ï 215 ʤʤ. ʉʚʝʨʜʣʦʚʠʥʘ ʧʦ ʚʩʽʡ 

ʛʣʠʙʠʥʽ ʟʘʢʨʽʧʣʝʥʘ ʦʙʩʘʜʥʠʤʠ ʪʨʫʙʘʤʠ ʜʽʘʤʝʪʨʦʤ 125 ʤʤ, ʚ ʽʥʪʝʨʚʘʣʽ ʛʣʠʙʠʥ 

40,5 ï 49,5 ʤ ʚʩʪʘʥʦʚʣʝʥʠʡ ʧʦʣʽʧʨʦʧʽʣʝʥʦʚʠʡ ʬʽʣʴʪʨ ʪʘʢʦʛʦ ʞ ʜʽʘʤʝʪʨʫ. 

ʅʠʞʥʷ ʯʘʩʪʠʥʘ ʩʚʝʨʜʣʦʚʠʥʠ ʦʙʣʘʜʥʘʥʘ ʚʽʜʩʪʽʡʥʠʢʦʤ ʟʘʚʜʦʚʞʢʠ 0,5 ʤ ʽʟ 

ʟʘʛʣʫʰʢʦʶ ʟ ʇɺʍ. ʋ ʩʝʨʝʜʠʥʽ ʩʚʝʨʜʣʦʚʠʥʠ ʥʘ ʚʦʜʦʧʽʜʡʦʤʥʠʭ ʪʨʫʙʘʭ 

ʜʽʘʤʝʪʨʦʤ 32 ʤʤ ʥʘ ʛʣʠʙʠʥʽ 43 ʤ ʚʩʪʘʥʦʚʣʝʥʠʡ ʟʘʥʫʨʶʚʘʣʥʠʡ ʥʘʩʦʩ ʤʘʨʢʠ 

çɺʦʜʦʣʽʡ 80è. ʇʨʦʜʫʢʪʠʚʥʠʡ ʚʦʜʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ ʚʽʜʢʣʘʜʝʥʴ ʤʝʞʠʛʽʨʩʴʢʦʾ, 

ʙʝʨʝʢʩʴʢʦʾ ʪʘ ʥʦʚʦʧʝʪʨʽʚʩʴʢʦʾ ʩʚʽʪ ʦʣʽʛʦʮʝʥ-ʤʽʦʮʝʥʫ ʫ ʩʚʝʨʜʣʦʚʠʥʽ ˉ 8 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʛʣʠʙʠʥʽ 32-50 ʤ. ɺʦʜʦʚʤʽʩʥʽ ʧʦʨʦʜʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʽʩʢʦʤ 

ʪʦʥʢʦ- ʪʘ ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʤ ʩʚʽʪʣʦʩʽʨʠʤ. ʉʪʘʪʠʯʥʠʡ ʨʽʚʝʥʴ ʚ ʭʦʜʽ ʙʫʨʽʥʥʷ ʙʫʚ 

ʚʩʪʘʥʦʚʣʝʥʠʡ ʥʘ ʛʣʠʙʠʥʽ 32,0 ʤ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʩʪʘʥʦʚʠʣʘ 

 10 Üʉ. 

100

110

120

10

20

30

40

50

60

70

80

90

10

20

30

40

50

60

70

80

90

100

110

120

40,5

49,5

43 ʤ

105 ʤ

ʩʚ.ˉ8

d=125 ʤʤd=125 ʤʤ

P + +N3mz br 1np

d=  32ʤʤ

d=  32ʤʤ

a,vdP II- III

ɻʣʠʥʘ ʙʫʨʘ

ʄʝʨʛʝʣʴ ʟʝʣʝʥʫʚʘʪʦ-ʙʣʘʢʠʪʥʠʡ

P2bc+kn

52,0

57,5

34,0

ʩʚ.ˉ1d=215 ʤʤ

107,0

116,0

ʩʚ.ˉ7

d=125 ʤʤ

ʩʚ.ˉ11 d=  32ʤʤ

50,0

53,0

d=215 ʤʤ

45 ʤ

ɸ ɹ

 

ʈʠʩ. 4.24.  ɻʝʦʣʦʛʦ-ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʡ ʨʦʟʪʠʥ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ                 

ʜʽʣʷʥʢʠ ʫʟʜʦʚʞ ʧʨʦʬʽʣʶ ɸɹ ʪʘ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʚʝʨʜʣʦʚʠʥ [59] 
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4.4.2. ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʘʥʘʣʽʟ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʚʽʜʢʨʠʪʦʛʦ ʪʠʧʫ 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ 

ʩʠʩʪʝʤʠ ʚʽʜʢʨʠʪʦʛʦ ʪʠʧʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʥʘʣʦʛʽʯʥʦʶ ʛʝʦʪʝʨʤʘʣʴʥʦʶ ʪʝʧʣʦ 

ʥʘʩʦʩʥʦʶ ʩʠʩʪʝʤʦʶ ʟʘʢʨʠʪʦʛʦ ʪʠʧʫ, ʚ ʷʢʦʩʪʽ ʩʠʩʪʝʤʠ ʘʥʘʣʦʛʘ ʙʫʣʘ 

ʚʠʢʦʨʠʩʪʘʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʛʽʜʨʦʪʝʨʤʘʣʴʥʘ ʪʝʧʣʦʥʘʩʦʩʥʘ ʩʠʩʪʝʤʘ 

ʟʘʢʨʠʪʦʛʦ ʪʠʧʫ. ʆʙʠʜʚʽ ʩʠʩʪʝʤ ʤʘʶʪʴ ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ ʦʜʥʘʢʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ.  

ʂʦʣʝʢʪʦʨ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ 

ʟʘʢʨʠʪʦʛʦ ʪʠʧʫ (ʨʠʩ. 4.10) ʷʚʣʷʻ ʩʦʙʦʶ ʜʚʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʧʦʚ'ʷʟʘʥʠʭ 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʭ ʟʦʥʜʘ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʧʣʘʩʪʠʢʦʚʠʭ ʪʨʫʙ, 

ʧʦʢʣʘʜʝʥʠʭ ʢʽʣʴʮʷʤʠ ʟ ʜʚʦʭ ʩʪʦʨʽʥ ʤʝʪʘʣʝʚʦʾ ʨʝʰʽʪʢʠ. ɺʩʷ ʢʦʥʩʪʨʫʢʮʽʷ 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʢʦʣʝʢʪʦʨʘ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ ʜʥʦ ʚʦʜʦʡʤʠ. 

ʗʢ ʽ ʧʦʧʝʨʝʜʥʷ, ʜʘʥʘ ʩʠʩʪʝʤʘ ʧʨʘʮʶʻ ʫ ʜʚʦʭ ʨʝʞʠʤʘʭ: ʧʦ-ʧʝʨʰʝ ï

ʪʝʧʣʦʟʘʙʝʟʧʝʯʝʥʥʷ; ʧʦ-ʜʨʫʛʝ ï ʢʦʥʜʠʮʽʶʚʘʥʥʷ.  

ʋ ʨʝʞʠʤʽ ʪʝʧʣʦʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʧʣʦʥʦʩʽʡ (ʨʦʟʯʠʥ ʧʨʦʧʽʣʝʥʛʣʽʢʦʣʶ),  ʱʦ 

ʮʠʨʢʫʣʶʻ ʧʦ ʢʦʥʪʫʨʫ  çʢʦʣʝʢʪʦʨ ï ʪʝʧʣʦʚʠʡ ʥʘʩʦʩè, ʧʦʪʨʘʧʣʷʻ ʟ ʢʦʣʝʢʪʦʨʘ 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ, ʟʘʥʫʨʝʥʦʛʦ ʥʘ ʜʥʦ ʚʦʜʦʡʤʠ, ʜʦ 

ʢʦʥʜʝʥʩʘʪʦʨʘ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʚʽʜʧʦʚʽʜʥʦʶ ʪʝʤʧʝʨʘʪʫʨʽ 

ʚʦʜʠ ʫ ʚʦʜʦʡʤʽ.   ʊʝʧʣʦʥʦʩʽʡ ʚʽʜʜʘʻ ʯʘʩʪʠʥʫ ʩʚʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʝʥʮʽʘʣʫ (2-3 

Áʉ) ʧʽʩʣʷ ʯʦʛʦ ʟʥʦʚʫ ʧʦʪʨʘʧʣʷʻ ʫ ʢʦʣʝʢʪʦʨ, ʟʘʥʫʨʝʥʠʡ ʥʘ ʜʥʦ ʚʦʜʦʡʤʠ, ʜʝ 

ʚʽʜʥʦʚʣʶʻ ʩʚʽʡ ʪʝʧʣʦʚʠʡ ʧʦʪʝʥʮʽʘʣ. ʋ ʢʦʥʜʝʥʩʘʪʦʨʽ ʬʨʝʦʥ, ʱʦ ʮʠʨʢʫʣʶʻ ʧʦ 

ʟʘʤʢʥʫʪʦʤʫ ʚʥʫʪʨʽʰʥʴʦʤʫ ʢʦʥʪʫʨʫ ʟʘ ʨʘʭʫʥʦʢ ʥʠʟʴʢʦʧʦʪʝʥʽʡʥʦʾ ʪʝʧʣʦʪʠ 

ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʚʠʧʘʨʦʚʫʻʪʴʩʷ, ʪʘ ʩʪʠʩʢʘʻʪʴʩʷ ʢʦʤʧʨʝʩʦʨʘʤ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ. 

ʇʽʩʣʷ ʩʪʠʩʢʘʥʥʷ ʬʨʝʦʥ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ 60-120 Áʉ ʧʦʪʨʘʧʣʷʻ ʫ ʢʦʥʜʝʥʩʘʪʦʨ, 

ʜʝ ʧʝʨʝʜʘʻ ʩʚʦ ʁʪʝʧʣʦ ʚ ʩʠʩʪʝʤʫ ʦʧʘʣʝʥʥʷ ʙʫʜʽʚʣʽ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʬʘʥʢʦʡʣʽʚ. 

ʇʽʩʣʷ ʯʦʛʦ ʮʠʢʣ ʧʦʚʪʦʨʶʻʪʴʩʷ.  

ʋ ʨʝʞʠʤʽ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʪʝʧʣʦʥʦʩʽʡ (ʨʦʟʯʠʥ ʧʨʦʧʽʣʝʥʛʣʽʢʦʣʶ),  ʱʦ 

ʮʠʨʢʫʣʶʻ ʧʦ ʢʦʥʪʫʨʫ ï  çʢʦʣʝʢʪʦʨïʪʝʧʣʦʚʠʡ ʥʘʩʦʩè, ʧʦʜʘʻʪʴʩʷ ʟ ʢʦʣʝʢʪʦʨʘ 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ, ʟʘʥʫʨʝʥʦʛʦ ʥʘ ʜʥʦ ʚʦʜʦʡʤʠ, 
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ʤʠʥʘʶʯʠ ʢʦʥʜʝʥʩʘʪʦʨ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʬʘʥʢʦʡʣʠ, ʜʝ 

ʟʘʙʠʨʘʻ ʥʘʜʣʠʰʢʦʚʫ ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ ʟ ʧʨʠʤʽʱʝʥʥʷ, ʧʽʩʣʷ ʯʦʛʦ ʟ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʙʽʣʴʰʦʶ ʥʘ 2 ï 3 Áʉ ʟʥʦʚʫ ʧʦʪʨʘʧʣʷʻ ʫ ʢʦʣʝʢʪʦʨ, ʟʘʥʫʨʝʥʠʡ ʥʘ 

ʜʥʦ ʚʦʜʦʡʤʠ, ʜʝ ʚʽʜʥʦʚʣʶʻ ʩʚʽʡ ʪʝʧʣʦʚʠʡ ʧʦʪʝʥʮʽʘʣ. ʇʽʩʣʷ ʯʦʛʦ ʮʠʢʣ 

ʧʦʚʪʦʨʶʻʪʴʩʷ, ʯʠʤ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʽʜʪʨʠʤʘʥʥʷ ʢʦʤʬʦʨʪʥʠʭ ʫʤʦʚ 

ʧʝʨʝʙʫʚʘʥʥʷ ʣʶʜʝʡ ʪʘ ʨʦʙʦʪʠ ʪʝʭʥʽʢʠ ʚ ʣʽʪʥʽʡ ʧʝʨʽʦʜ. 

ʅʘʟʝʤʥʘ ʯʘʩʪʠʥʘ ʦʙʦʭ ʩʠʩʪʝʤ ʤʘʻ ʦʜʥʘʢʦʚʽ ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʚ ʥʠʭ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʝʧʣʦʚʽ ʥʘʩʦʩʠ ʦʜʥʘʢʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ. ɻʽʜʨʦʪʝʨʤʘʣʴʥʘ 

ʪʝʧʣʦʥʘʩʦʩʥʘ ʩʠʩʪʝʤʘ ʚʽʜʢʨʠʪʦʛʦ ʪʠʧʫ  ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ 

ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʟʘʢʨʠʪʦʛʦ ʪʠʧʫ ʪʽʣʴʢʠ ʢʦʥʩʪʨʫʢʮʽʻʶ ʢʦʣʝʢʪʦʨʘ. ʋ 

ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ - ʮʝ ʚʦʜʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ, ʘ ʫ ʜʨʫʛʦʤʫ ï ʮʝ ʟʦʥʜ, ʟʘʥʫʨʝʥʠʡ 

ʥʘ ʜʥʦ ʚʦʜʦʡʤʠ. ʅʘʟʝʤʥʘ ʯʘʩʪʠʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʪʘ ʝʣʝʤʝʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʟ 

ʩʠʩʪʝʤʦʶ ʘʚʪʦʤʘʪʠʢʠ. 

ʆʪʨʠʤʘʥʘ ʧʝʨʚʠʥʥʘ ʪʝʧʣʦʚʘ ʝʥʝʨʛʽʷ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʚʦʜʠ 

ʧʝʨʝʢʘʯʫʻʪʴʩʷ ʪʝʧʣʦʚʠʤ ʥʘʩʦʩʦʤ ʫ ʩʠʩʪʝʤʫ ʪʝʧʣʦʟʘʙʝʟʧʝʯʝʥʥʷ ʙʫʜʽʚʣʽ ʟ 

ʪʝʤʧʝʨʘʪʫʨʦʶ, ʥʝʦʙʭʽʜʥʦʶ ʜʣʷ ʢʦʤʬʦʨʪʥʠʭ ʫʤʦʚ ʧʨʦʞʠʚʘʥʥʷ ʣʶʜʝʡ ʽ 

ʨʦʙʦʪʠ ʪʝʭʥʽʢʠ. 

ɿ ʤʝʪʦʶ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʜʦ ʩʢʣʘʜʫ ʢʦʤʧʣʝʢʩʫ ʚʢʣʶʯʝʥʦ 

ʚʠʤʽʨʶʚʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ ʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ. 

ɺʠʤʽʨʶʚʘʣʴʥʽ ʧʨʠʣʘʜʠ, ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ ʚʭʦʜʷʪʴ ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʽ 

ʜʘʪʯʠʢʠ ʚʠʪʨʘʪ ʪʝʧʣʦʥʦʩʽʷ, ʚʩʪʘʥʦʚʣʝʥʽ ʷʢ ʫ ʥʘʟʝʤʥʽʡ, ʪʘʢ ʽ ʫ ʧʽʜʟʝʤʥʽʡ 

ʯʘʩʪʠʥ ̔ʢʦʤʧʣʝʢʩʫ. 

ɼʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʩʪʘʥʦʚʣʝʥʽ ʫ ʩʚʝʨʜʣʦʚʠʥ ̔ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ 

ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʚʽʜʢʨʠʪʦʛʦ ʪʠʧʫ, ʜʦʟʚʦʣʷʶʪʴ 

ʚʠʤʽʨʶʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʽʪʨʷ ʚ ʟʘʪʨʫʙʥʦʤʫ ʧʨʦʩʪʦʨʽ ʩʚʝʨʜʣʦʚʠʥʠ ʥʘ 

ʛʣʠʙʠʥʽ 29 ʤ, 34 ʤ, 39 ʤ, ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʜʠ ʚ ʩʚʝʨʜʣʦʚʠʥʽ ʥʘ ʛʣʠʙʠʥʽ 42 ʤ. 

ɼʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʨʽʚʥʷ ʚʦʜʠ, ʚʩʪʘʥʦʚʣʝʥʽ ʚ ʩʚʝʨʜʣʦʚʠʥ ̔ ˉ11 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʚʽʜʢʨʠʪʦʛʦ ʪʠʧʫ, 

ʜʦʟʚʦʣʷʶʪʴ ʚʠʤʽʨʶʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʜʠ ʪʘ ʾʾ ʨʽʚʝʥʴ ʥʘ ʛʣʠʙʠʥʽ 44 ʤ 
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ɼʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʩʪʘʥʦʚʣʝʥʽ ʫ ʧʽʜʚʦʜʥʽʡ ʯʘʩʪʠʥ ̔ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ 

ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʟʘʢʨʠʪʦʛʦ ʪʠʧʫ ʜʦʟʚʦʣʷʶʪʴ ʚʠʤʽʨʶʚʘʪʠ 

ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʜʠ ʫ ʚʦʜʦʡʤʽ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʽ ʚʠʭʦʜʽ ʟ 

ʢʦʞʥʦʛʦ ʟʦʥʜʘ ʢʦʣʝʢʪʦʨʘ ʩʠʩʪʝʤʠ, ʚʩʪʘʥʦʚʣʝʥʦʾ ʥʘ ʜʥʽ ʚʦʜʦʡʤʠ ʛʣʠʙʠʥʦʶ 3 

ʤʝʪʨʠ. 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʩʠʩʪʝʤ ʙʫʣʠ ʧʨʠʡʥʷʪʽ ʢʨʠʪʝʨʽʾ, ʚ ʷʢʠʭ ʚʨʘʭʦʚʘʥʽ ʷʢ ʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʪʘʢ ʽ 

ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ (ʊʅ) [2]. 

1. ʊʝʧʣʦʚʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ (ʘʥʛʣ. Coefficient of Perfomance, ʉʆʈ). 

2. ʂʦʝʬʽʮʽʻʥʪ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ. 

3. ɼʽʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ. 

4. ʇʠʪʦʤʘ ʚʘʨʪʽʩʪʴ ʥʘ 1 ʢɺʪ ʚʠʨʦʙʣʝʥʦʾ ʪʝʧʣʦʪʠ. 

ɽʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʚʩʷ ʥʘ ʧʨʦʪʷʟʽ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʩʝʟʦʥʫ. ɺ ʭʦʜʽ 

ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʫ ʚʢʘʟʘʥʠʡ ʧʝʨʽʦʜ ʧʦʧʝʨʝʜʥʴʦ ʟʘʜʘʥʽ ʧʘʨʘʤʝʪʨʠ 

ʢʦʥʪʫʨʫ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʥʝ 

ʟʤʽʥʶʚʘʣʠʩʷ (ʪʘʙʣ. 4.8). 

ʊʘʙʣʠʮʷ 4.8 

ʇʘʨʘʤʝʪʨʠ ʢʦʥʪʫʨʫ ʢʦʥʜʝʥʩʘʪʦʨʘ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʭ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ ʚʽʜʢʨʠʪʦʛʦ ʪʘ ʟʘʢʨʠʪʦʛʦ ʪʠʧʫ ʫ 

ʧʝʨʽʦʜ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ [59] 

ʉʠʩʪʝʤʘ 

 

ɺʠʪʨʘʪ

ʠ 

ʪʝʧʣʦʥ

ʦʩʽʷ 

ʤ
3
/ʛʦʜ 

 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʥʘ ʚʭʦʜʽ ʚ 

ʢʦʥʜʝʥʩʘʪʦʨ 

ʪʝʧʣʦʚʦʛʦ 

ʥʘʩʦʩʫ 

Áʉ 

ʊʝʤʧʝʨʘʪʫʨʘ  

ʥʘ ʚʠʭʦʜʽ ʟ 

ʢʦʥʜʝʥʩʘʪʦʨ

ʘ ʪʝʧʣʦʚʦʛʦ 

ʥʘʩʦʩʫ 

Áʉ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʧʦʜʘʯʽ 

ʪʝʧʣʦʥʦʩʽʷ ʚ 

ʩʠʩʪʝʤʫ ʪ/ʟ 

ʙʫʜʽʚʣʽ 

Áʉ 

ʇʦʪʫʞʥʽʩ

ʪʴ 

ʩʠʩʪʝʤʠ 

(ʢɺʪ/ʛʦʜ) 

 

1 2 3 4 5 6 

ɻʽʜʨʦʪʝʨʤʘʣʴʥʘ 

ʪʝʧʣʦʥʘʩʦʩʥʘ 

ʩʠʩʪʝʤʘ ʚʽʜʢʨʠʪʦʛʦ 

ʪʠʧʫ 

3,2 41-50 45-55 50 14,2 

ɻʽʜʨʦʪʝʨʤʘʣʴʥʘ  

ʪʝʧʣʦʥʘʩʦʩʥʘ 

ʩʠʩʪʝʤʘ ʟʘʢʨʠʪʦʛʦ 

ʪʠʧʫ 

3,2 41-50 45-55 50 14,2 
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ɺ ʧʨʦʮʝʩʽ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʦʙʦʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʪʘʥʦʚʢʘʭ 

ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʨʽʯʥʠʭ ʟʤʽʥ ʪʝʤʧʝʨʘʪʫʨ ʫ ʚʦʜʦʡʤʽ ʽ ʚ ʩʚʝʨʜʣʦʚʠʥʽ ʥʘ 

ʨʽʟʥʠʭ ʛʣʠʙʠʥʘʭ, ʘ ʪʘʢ ʩʘʤʦ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʭʦʜʽ ʽ ʚʠʭʦʜʽ ʟ ʚʠʧʘʨʥʠʢʘ ʽ 

ʢʦʥʜʝʥʩʘʪʦʨʘ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ 

ʩʠʩʪʝʤʠ ʚʽʜʢʨʠʪʦʛʦ ʪʠʧʫ ʟ ʟʘʙʦʨʦʤ ʚʦʜʠ ʟ ʩʚʝʨʜʣʦʚʠʥʠ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ ʥʘ 

ʛʣʠʙʠʥʽ 50 ʤ ʻ ʜʦʩʠʪʴ ʩʪʘʙʽʣʴʥʦʶ ʫ ʯʘʩʽ ʪʘ ʩʪʘʥʦʚʠʪʴ ʚ ʩʝʨʝʜʥʴʦʤʫ 10 Áʉ.  

ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʚʩʪʘʥʦʚʣʝʥʽ ʥʝʟʥʘʯʥʽ ʩʝʟʦʥʥʽ ʢʦʣʠʚʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʠ (0,5 ï 2Áʉ)  ʥʘ ʚʠʭʦʜʽ ʟ ʩʚʝʨʜʣʦʚʠʥʠ. ʊʝʦʨʝʪʠʯʥʦ 

ʦʙˇʨʫʥʪʦʚʘʥʦ, ʱʦ ʜʘʥʽ ʢʦʣʠʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʠ (ʪʝʧʣʦʥʦʩʽʷ) ʤʦʞʣʠʚʽ ʟʘ 

ʨʘʭʫʥʦʢ ʪʝʧʣʦʦʙʤʽʥʫ ʤʽʞ ʩʪʽʥʢʘʤʠ ʪʨʫʙʠ ʧʦ ʷʢʽʡ ʧʽʜʽʡʤʘʻʪʴʩʷ ʚʦʜʘ ʪʘ 

ˇʨʫʥʪʦʤ ʚʠʱʝ ʛʨʘʥʠʮʽ ʧʨʦʤʝʨʟʘʥʥʷ (1 ï 2ʤ.). 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ 

ʩʠʩʪʝʤʠ ʟʘʢʨʠʪʦʛʦ ʪʠʧʫ ʟ ʪʝʧʣʦʦʙʤʽʥʥʠʢʦʤ ʚʩʪʘʥʦʚʣʝʥʠʤ ʫ ʚʦʜʦʡʤʫ 

ʛʣʠʙʠʥʦʶ 2,5 ʤ, ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʚ ʢʦʥʜʝʥʩʘʪʦʨ ʪʝʧʣʦʚʦʛʦ 

ʥʘʩʦʩʫ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 2 ï 5 Áʉ ʫ ʩʽʯʥʽ-ʣʶʪʦʤʫ, ʫ ʙʝʨʝʟʥʽ-ʢʚʽʪʥʽ 

ʩʪʘʥʦʚʠʪʴ 10 ï 14 Áʉ, ʘ ʫ ʯʝʨʚʥʽ-ʩʝʨʧʥʽ (ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʚʦʜʠ ʫ ʚʦʜʦʡʤʽ 24 ï 

27 Áʉ) ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʫ ʚʠʧʘʨʥʠʢ ʥʝ ʧʽʜʽʡʤʘʻʪʴʩʷ ʚʠʱʝ  

20 Áʉ. 

ʅʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʚʠʪʨʘʪ ʪʝʧʣʦʥʦʩʽʷ ʧʦ 

ʢʦʥʪʫʨʫ ʢʦʥʜʝʥʩʘʪʦʨʘ ʽ ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʚʭʦʜʽ ʽ ʚʠʭʦʜʽ ʟ ʢʦʥʜʝʥʩʘʪʦʨʘ 

ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʨʦʟʨʘʭʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʩʽʻʾ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ, ʷʢʘ ʩʢʣʘʣʘ 14 ʂɺʪ ʧʦ ʪʝʧʣʦʪʽ ʜʣʷ ʢʦʞʥʦʾ ʟ 

ʩʠʩʪʝʤ [67].  

ɹʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʜʣʷ ʢʦʞʥʦʾ ʟ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʩʠʩʪʝʤ ʜʣʷ ʪʨʴʦʭ ʟʠʤʦʚʠʭ ʤʽʩʷʮʽʚ ʨʦʢʫ. ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʦʙʦʭ 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʭ ʩʠʩʪʝʤ ʟ ʛʝʦʪʝʨʤʘʣʴʥʦʶ ʪʝʧʣʦʥʘʩʦʩʥʦʶ ʩʠʩʪʝʤʦʶ 

ʟʘʢʨʠʪʦʛʦ ʪʠʧʫ, ʜʝ ʷ ʷʢʦʩʪʽ ʩʠʩʪʝʤʠ ʟʘʙʦʨʫ ʧʝʨʚʠʥʥʦʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʝʨʪʠʢʘʣʴʥʽ ʪʝʧʣʦʦʙʤʽʥʥʠʢʠ,  ʚʩʪʘʥʦʚʣʝʥʽ ʫ ʩʚʝʨʜʣʦʚʠʥʠ, 

ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʘʥʽ, ʦʪʨʠʤʘʥʽ ʧʨʠ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʥʷʭ [67].  
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ɼʽʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʧʦ ʢʦʥʪʫʨʫ 

ʢʦʥʜʝʥʩʘʪʦʨʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʦʧʘʣʝʥʥʷ ʙʫʜʽʚʣʽ.  

ɽʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʘ ʪʝʤʧʝʨʘʪʫʨʽ ʪʝʧʣʦʥʦʩʽʷ ʥʘ 

ʚʠʭʦʜʽ ʟ ʢʦʥʜʝʥʩʘʪʦʨʘ ʊʅ. ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚ ʦʙʦʭ ʩʠʩʪʝʤʘʭ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʠʭʦʜʽ ʟ ʢʦʥʜʝʥʩʘʪʦʨʘ ʙʫʣʘ ʦʜʥʘʢʦʚʦʶ ʽ ʩʪʘʥʦʚʠʣʘ  45Áʉ ï 

55 Áʉ. 

ɼʽʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʧʦ ʢʦʥʪʫʨʫ 

ʚʠʧʘʨʥʠʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʞʝʨʝʣʦʤ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ ʽ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʩʝʨʝʜʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʫ ʚʠʧʘʨʥʠʢ. ɼʣʷ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ 

ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ  ʚʽʜʢʨʠʪʦʛʦ ʪʠʧʫ ʪʘ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ 

ʩʠʩʪʝʤʠ ʟʘʢʨʠʪʦʛʦ ʪʠʧʫ 8Áʉ ï 13 Áʉ, ʘ ʜʣʷ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ 

ʩʠʩʪʝʤʠ ʟʘʢʨʠʪʦʛʦ ʪʠʧʫ 5Áʉ ï 10 Áʉ. 

ʇʠʪʦʤʘ ʚʘʨʪʽʩʪʴ ʩʠʩʪʝʤʠ ʥʘ 1 ʢɺʪ ʚʠʨʦʙʣʝʥʦʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʘʨʪʽʩʪʶ ʤʦʥʪʘʞʫ ʢʦʣʝʢʪʦʨʘ ʜʣʷ ʟʙʦʨʫ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ. ɼʣʷ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʚʽʜʢʨʠʪʦʛʦ ʪʠʧʫ 

ʚʘʨʪʽʩʪʴ ʤʦʥʪʘʞʫ ʚ ʮʽʥʘʭ 2021 ʨʦʢʫ ʩʪʘʥʦʚʠʪʴ 50-70 ʪʠʩ. ʛʨʥ, ʜʣʷ 

ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʟʘʢʨʠʪʦʛʦ ʪʠʧʫ 100 ï 140 ʪʠʩ. ʛʨʥ, ʘ ʜʣʷ 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʟʘʢʨʠʪʦʛʦ ʪʠʧʫ 10 ï 20 ʪʠʩ. ʛʨʥ.  

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʚʘʨʪʦʩʪʽ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ, ʱʦ ʩʢʣʘʜʘʻ ʟʘ ʮʽʥʘʤʠ 2021 

ʨʦʢʫ 210 ʪʠʩ. ʛʨʥ, ʚʽʜʧʦʚʽʜʥʦ ʚʘʨʪʽʩʪʴ ʩʠʩʪʝʤʠ ʥʘ 1 ʢɺʪ ʚʠʨʦʙʣʝʥʦʾ ʪʝʧʣʦʚʦʾ 

ʝʥʝʨʛʽʾ ʙʫʜʝ ʩʢʣʘʜʘʪʠ ʚ ʩʝʨʝʜʥʴʦʤʫ: 19,3; 23,4 ʪʘ 16 ʪʠʩ. ʛʨʥ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣ. 4.9. 

ɿʘ ʧʽʜʩʫʤʢʘʤʠ ʚʠʢʦʥʘʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʛʽʜʨʦʪʝʨʤʘʣʴʥʘ ʪʝʧʣʦʥʘʩʦʩʥʘ 

ʩʠʩʪʝʤʘ ʚʽʜʢʨʠʪʦʛʦ ʪʠʧʫ, ʜʝ ʚ ʷʢʦʩʪʽ ʪʝʧʣʦʥʦʩʽʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʽʜʟʝʤʥʽ 

ʚʦʜʠ ʚʝʨʭʥʴʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʘʥʘʣʦʛʽʯʥʠʤʠ 

ʩʠʩʪʝʤʘʤʠ ʤʘʻ ʥʘʡʢʨʘʱʫ ʽʥʚʝʩʪʠʮʽʡʥʫ ʧʨʠʚʘʙʣʠʚʽʩʪʴ, ʟʘʚʜʷʢʠ ʚʠʩʦʢʠʤ 

ʝʢʦʥʦʤʽʯʥʠʤ ʪʘ ʪʝʭʥʽʯʥʠʤ ʧʦʢʘʟʥʠʢʘʤ. 
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ʊʘʙʣʠʮʷ 4.9 

ʇʽʜʩʫʤʢʠ ʘʥʘʣʽʟʫ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ ʟʘ 

ʢʨʠʪʝʨʽʷʤʠ, ʚ ʷʢʠʭ ʚʨʘʭʦʚʘʥʽ ʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʪʘ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ 

ʧʦʢʘʟʥʠʢʠ [59] 

ʉʠʩʪʝʤʘ 

 

COP 

 

P 

(ʢWh) 

 

ʊʝʨʤʽʥ 

ʝʢʩʧʣʫʘʪʘʮʽʾ 

(ʨʦʢʠ) 

ʇʠʪʦʤʘ 

ʚʘʨʪʽʩʪʴ ʥʘ 

1 ʂɺʪ (ʛʨʥ) 

ɼʽʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ 

ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ 

ʪʝʧʣʦʥʘʩʦʩʥʦʾ 

ʩʠʩʪʝʤʠ 
1 2 3 4 5 6 

ɻʽʜʨʦʪʝʨʤʘʣʴʥʘ 

ʩʠʩʪʝʤʘ ʚʽʜʢʨʠʪʦʛʦ 

ʪʠʧʫ 

4,5 14,2 30 19 300 8-13 

ɻʝʦʪʝʨʤʘʣʴʥʘ 

ʩʠʩʪʝʤʘ ʟʘʢʨʠʪʦʛʦ 

ʪʠʧʫ 

4,5 14,2 30 23 500 8-13 

ɻʽʜʨʦʪʝʨʤʘʣʴʥʘ 

ʩʠʩʪʝʤʘ ʟʘʢʨʠʪʦʛʦ 

ʪʠʧʫ 

3,8 14,2 30 16 000 5-10 

 

ʈʘʟʦʤ ʟ ʪʠʤ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʧʦʚʝʨʥʝʥʥʷ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ 

ʧʨʠʨʦʜʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ ʥʘʟʘʜ ʫ ʧʨʦʜʫʢʪʠʚʥʠʡ ʚʦʜʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ ʟʤʽʥʶʻ 

ʡʦʛʦ ʧʨʠʨʦʜʥʠʡ ʪʝʧʣʦʚʠʡ ʽ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʡ ʨʝʞʠʤ ʽ ʤʦʞʝ ʩʧʨʠʯʠʥʷʪʠ 

ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʡʦʛʦ ʩʪʘʥ. 

ʇʽʜʟʝʤʥʘ ʚʦʜʘ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ ʫʩʪʘʥʦʚʮʽ, 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʟʘʤʢʥʫʪʦʤʫ ʢʦʥʪʫʨʽ, ʱʦ ʚʠʢʣʶʯʘʻ ʧʦʪʨʘʧʣʷʥʥʷ ʟʘʙʨʫʜʥʶʶʯʠʭ 

ʨʝʯʦʚʠʥ ʽ ʢʦʥʪʘʢʪ ʟ ʧʦʚʽʪʨʷʤ, ʦʪʞʝ ʚʧʣʠʚ ʥʘ ʧʨʦʜʫʢʪʠʚʥʠʡ ʛʦʨʠʟʦʥʪ ʙʫʜʝ 

ʥʝʟʥʘʯʥʠʤ. ʊʦʤʫ ʦʮʽʥʢʘ ʝʢʦʣʦʛʽʯʥʦʛʦ ʚʧʣʠʚʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʦʥʦʩʥʠʭ 

ʛʦʨʠʟʦʥʪʽʚ ʟ ʝʥʝʨʛʝʪʠʯʥʦʶ ʤʝʪʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ï ʮʝ ʟʘʜʘʯʘ 

ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

 

ɺʀʉʅʆɺʂʀ ɼʆ ʈʆɿɼɯʃʋ 4 

 

1. ʈʦʟʨʦʙʣʝʥʦ,  ʩʪʚʦʨʝʥʦ  ʪʘ ʜʦʦʧʨʘʮʴʦʚʘʥʦ ʥʘʪʫʨʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʘʭ, 

ʚʝʨʭʥʽʭ ʰʘʨʘʭ ɿʝʤʣʽ ʪʘ ʧʝʨʰʦʤʫ ʚʽʜ ʧʦʚʝʨʭʥʽ ʚʦʜʦʥʦʩʥʦʤʫ ʛʦʨʠʟʦʥʪʽ, ʘ ʩʘʤʝ: 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʪʝʧʣʦʥʘʩʦʩʥʘ ʩʠʩʪʝʤʘ ʚʽʜʙʦʨʫ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʪʝʧʣʦʚʦʾ 
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ʝʥʝʨʛʽʾ ʟ ʚʦʜʠ ʚʽʜʢʨʠʪʦʾ ʚʦʜʦʡʤʠ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʟʘʤʢʥʫʪʦʛʦ ʢʦʣʝʢʪʦʨʘ, 

ʟʘʥʫʨʝʥʦʛʦ ʫ ʚʦʜʦʡʤʫ; ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʪʝʧʣʦʥʘʩʦʩʥʘ ʩʠʩʪʝʤʘ ʚʽʜʙʦʨʫ 

ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʽʟ ˇʨʫʥʪʫ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ˇʨʫʥʪʦʚʦʛʦ 

ʢʦʣʝʢʪʦʨʘ;  ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʪʝʧʣʦʥʘʩʦʩʥʘ ʩʠʩʪʝʤʘ ʚʽʜʙʦʨʫ 

ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʟ ʚʦʜʠ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʧʦʻʜʥʘʥʠʭ ʩʚʝʨʜʣʦʚʠʥ, ʙʫʬʝʨʥʦʛʦ 

ʥʘʢʦʧʠʯʫʚʘʯʘ ʪʝʧʣʦʥʦʩʽʷ, ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ, ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʪʘ 

ʬʘʥʢʦʡʣʽʚ. 

2. ʆʙˇʨʫʥʪʦʚʘʥʽ ʪʘ ʚʧʨʦʚʘʜʞʝʥʽ ʤʝʪʦʜʠʯʥʽ ʪʘ ʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ 

ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʚ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ  

ʚʠʤʽʨʶʚʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʩʧʝʮʽʘʣʴʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ 

ʢʦʥʪʨʦʣʶ, ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʘ ʘʨʭʽʚʘʮʽʾ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʪʝʧʣʦʚʠʭ ʪʘ ʜʠʥʘʤʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʧʨʠʨʦʜʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʪʘ ʢʦʣʝʢʪʦʨʽ 

ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ. 

3. ʇʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʘʥʘʣʽʪʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʽ 

ʪʝʧʣʦʚ ̔ʧʨʦʮʝʩʠ ʚ ʩʠʩʪʝʤʽ çʧʨʠʨʦʜʥʻ ʩʝʨʝʜʦʚʠʱʝ ï ʢʦʣʝʢʪʦʨ ï ʪʝʧʣʦʚʠʡ 

ʥʘʩʦʩè.  

3.1. ɽʬʝʢʪʠʚʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʪʠʧʫ çʧʦʚʽʪʨʷ ï ʚʦʜʘè ʟʥʘʯʥʦʶ 

ʤʽʨʦʶ  ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ. ʂʨʽʤ ʪʦʛʦ ʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʜʘʥʦʛʦ ʪʠʧʫ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʤʘʻ ʪʝʤʧʝʨʘʪʫʨʘ, 

ʥʘ ʷʢʫ ʨʦʟʨʘʭʦʚʘʥʘ ʩʠʩʪʝʤʘ ʦʧʘʣʝʥʥʷ. ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʜʣʷ ʨʦʙʦʪʠ ʟ 

ʊʅ ʻ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʽ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ: ʪʝʧʣʘ ʧʽʜʣʦʛʘ, ʪʝʧʣʽ ʩʪʽʥʠ, 

ʬʘʥʢʦʡʣʠ ʪʘ  ʽʥ. 

3.2.  ʊʝʧʣʦʚʠʡ ʨʝʞʠʤ ˇʨʫʥʪʫ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ɿʝʤʣʽ ʤʘʻ ʚʽʢʦʚʫ, 

ʙʘʛʘʪʦʨʽʯʥʫ, ʨʽʯʥʫ ʽ ʜʦʙʦʚʫ ʮʠʢʣʽʯʥʽʩʪʴ, ʧʦʚ'ʷʟʘʥʫ ʟʽ ʟʤʽʥʦʶ ʨʝʞʠʤʽʚ 

ʽʥʩʦʣʷʮʽʾ ʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɻʦʣʦʚʥʝ ʜʞʝʨʝʣʦ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʱʦ ʥʘʜʭʦʜʠʪʴ 

ʚ ˇʨʫʥʪ ʻ ʩʦʥʷʯʥʘ ʨʘʜʽʘʮʽʷ. 

3.3. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʱʦʜʦ ʪʝʨʤʽʯʥʦʛʦ ʨʝʞʠʤʫ ˇʨʫʥʪʫ 

ʥʘ ʛʝʦʪʝʨʤʘʣʴʥʦʤʫ ʧʦʣʽʛʦʥʽ ɯɺɽ ʅɸʅ ʋʢʨʘʾʥʠ ʢʦʨʝʣʶʶʪʴʩʷ  ʟ  ʨʝʟʫʣʴʪʘʪʘʤʠ, 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ɻʣʠʙʠʥʘ ʨʽʯʥʠʭ ʟʤʽʥ ʪʝʤʧʝʨʘʪʫʨ ʫ ˇʨʫʥʪʽ h, ʷʢʫ 
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ʚʠʟʥʘʯʘʻ ʰʘʨ ɿʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʱʦ ʘʢʪʠʚʥʦ ʚʟʘʻʤʦʜʽʻ ʟ ʘʪʤʦʩʬʝʨʦʶ ɿʝʤʣʽ ʚ 

ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʧʦʟʥʘʯʮʽ 15 ʤ. 

3.4. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʪʘ ʘʥʘʣʽʪʠʯʥʦ ʜʦʚʝʜʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʘʶʪʴ ʛʝʦʪʝʨʤʘʣʴʥʽ ʪʝʧʣʦʥʘʩʦʩʥʽ ʩʠʩʪʝʤʠ ʟ ʢʦʣʝʢʪʦʨʦʤ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʟʤʦʥʪʦʚʘʥʠʤ ʥʠʞʯʝ ʥʝʡʪʨʘʣʴʥʦʛʦ ʰʘʨʫ ʪʝʤʧʝʨʘʪʫʨ. 

3.5. ʆʙˇʨʫʥʪʦʚʘʥʦ, ʱʦ ʧʨʠ ʤʦʥʪʘʞʽ ʢʦʣʝʢʪʦʨʘ ʛʝʦʪʝʨʤʘʣʴʥʦʾ 

ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʛʣʠʙʠʥʽ ʤʝʥʰʝ 1,2 ʤ, ʢʦʝʬʽʮʽʻʥʪ ʪʨʘʥʩʬʦʨʤʘʮʽʾ 

ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʧʦʚʽʪʨʷʥʠʭ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ, 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʷʢʠʭ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ.   

3.6. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʚʝʜʝʥʦ, ʱʦ ʤʦʞʣʠʚʽ ʘʥʦʤʘʣʽʾ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ 

ʧʦʣʷ ʥʠʞʯʝ ʥʝʡʪʨʘʣʴʥʦʛʦ ʰʘʨʫ ʦʙʫʤʦʚʣʝʥʽ ʬʽʣʴʪʨʘʮʽʻʶ ʧʽʜʟʝʤʥʠʭ ʚʦʜ.  

3.7. ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʜʦʟʚʦʣʠʚ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʨʘʭʫʚʘʥʥʷ ʟʤʽʥ ʪʝʤʧʝʨʘʪʫʨ ˇʨʫʥʪʫ ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʧʽʜ ʯʘʩ 

ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʚʠʣʫʯʝʥʥʷ ʪʝʧʣʦʪʠ ʛʝʦʪʝʨʤʘʣʴʥʠʤʠ ʪʝʧʣʦʥʘʩʦʩʥʠʤʠ 

ʩʠʩʪʝʤʘʤʠ.  

3.8. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʪʘ ʪʝʦʨʝʪʠʯʥʦ ʧʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʧʨʠʧʦʚʝʨʭʥʝʚʽ 

ʚʦʜʠ ʻ ʝʬʝʢʪʠʚʥʠʤ ʜʞʝʨʝʣʦʤ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʪʝʧʣʦʪʠ ʜʣʷ  ʪʝʧʣʦʚʠʭ  

ʥʘʩʦʩʽʚ,  ʦʩʢʽʣʴʢʠ  ʾʭ  ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʪʷʛʦʤ ʚʩʴʦʛʦ ʨʦʢʫ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʜʽʘʧʘʟʦʥʽ ʚʽʜ +4 ʜʦ +25Áʉ, ʘ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʪʚʦʨʝʥʥʷ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ 

ʩʠʩʪʝʤʠ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 3,5. 

3.9. ʆʙˇʨʫʥʪʦʚʘʥʦ, ʱʦ ʥʘʷʚʥʽ ʛʽʜʨʦʪʝʨʤʘʣʴʥʽ ʩʠʩʪʝʤʠ ʥʝ ʟʘʚʞʜʠ 

ʘʜʘʧʪʦʚʘʥʽ ʜʦ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʙ'ʻʢʪʘ.  ɸʢʪʫʘʣʴʥʠʤ 

ʟʘʣʠʰʘʻʪʴʩʷ ʧʠʪʘʥʥʷ ʥʘʫʢʦʚʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʨʦʟʨʦʙʢʠ ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʢʦʣʝʢʪʦʨʘ, ʤʝʪʦʜʦʣʦʛʽʾ ʦʧʪʠʤʘʣʴʥʦʛʦ ʡʦʛʦ 

ʨʦʟʤʽʱʝʥʥʷ ʡ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

3.10. ɸʥʘʣʽʪʠʯʥʦ ʜʦʚʝʜʝʥʦ, ʱʦ ʩʪʨʦʢ ʦʢʫʧʥʦʩʪʽ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ 

ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʟʘʢʨʠʪʦʛʦ ʪʠʧʫ ʩʢʣʘʜʘʻ 2,2 ʨʦʢʠ ʧʨʠ ʨʦʙʦʪʽ ʥʘ ʧʨʦʪʷʟʽ 

ʨʦʢʫ,  ʷʢ ʚ ʨʝʞʠʤʽ ʦʧʘʣʝʥʥʷ ʚʟʠʤʢʫ, ʪʘʢ ʽ ʦʭʦʣʦʜʞʝʥʥʷ ʚʣʽʪʢʫ, ʘ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʠʩʪʝʤʠ ʪʽʣʴʢʽ ʥʘ ʦʭʦʣʦʜʞʝʥʥʷ (ʙʝʟ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ) ï  ʩʪʨʦʢ 
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ʦʢʫʧʥʦʩʪʽ ʩʢʣʘʜʘʻ ʦʜʠʥ ʨʽʢ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʩʥʦʚʥʠʡ ʬʘʢʪʦʨ ʚʠʪʨʘʪ 

ʧʦʚ'ʷʟʘʥʠʡ ʟ ʧʽʜʚʦʜʥʦʶ ʯʘʩʪʠʥʦʶ ʩʠʩʪʝʤʠ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʫʙ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ ï 39%, ʪʘ ʚʠʪʨʘʪʘʤʠ ʥʘ ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ ʽ ʡʦʛʦ ʤʦʥʪʘʞ ï 

35%, ʨʘʟʦʤ ʚʦʥʠ ʩʢʣʘʜʘʶʪʴ 75% ʚʽʜ ʟʘʛʘʣʴʥʠʭ ʢʘʧʽʪʘʣʴʥʠʭ ʚʠʪʨʘʪ. 

3.11. ʆʙˇʨʫʥʪʦʚʘʥʦ, ʱʦ ʧʽʜ ʯʘʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʭ 

ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʫʩʪʘʥʦʚʦʢ  ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʾ 

ʧʨʠʚʘʙʣʠʚʦʩʪʽ ʜʘʥʠʭ ʩʠʩʪʝʤ ʧʦʪʨʽʙʥʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʟʤʝʥʰʝʥʥʷ 

ʤʘʪʝʨʽʘʣʦʻʤʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʪʘ 

ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ ʡʦʛʦ ʤʦʥʪʘʞʫ. ʎʠʤ ʤʠ ʚʠʨʽʰʫʻʤʦ ʧʠʪʘʥʥʷ ʟʤʝʥʰʝʥʥʷ 

ʚʘʨʪʦʩʪʽ ʩʠʩʪʝʤʠ  ʽ ʟʤʝʥʰʫʻʤʦ ʚʘʨʪʽʩʪʴ ʨʦʙʽʪ ʧʨʠ ʽʥʩʪʘʣʷʮʽʾ.    

3.12. ɼʦʚʝʜʝʥʦ, ʱʦ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʢʨʠʪʦʾ ʚʦʜʦʡʤʠ, 

ʷʢ ʧʨʠʨʦʜʥʦʛʦ ʜʞʝʨʝʣʘ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʜʝʥʥʷ ʧʦʧʝʨʝʜʥʽʭ 

ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ.  

3.13. ɸʥʘʣʽʪʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ 

ʥʝʟʘʧʝʨʝʯʥʦʶ ʧʝʨʝʚʘʛʦʶ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʚʽʜʢʨʠʪʦʛʦ 

ʪʠʧʫ, ʜʝ ʚ ʷʢʦʩʪʽ ʪʝʧʣʦʥʦʩʽʷ ʚʠʢʦʨʠʩʪʦʚʫʶʴʩʷ ʧʽʜʟʝʤʥʽ ʚʦʜʠ ʻ ʩʪʘʙʽʣʴʥʘ 

ʨʦʙʦʪʘ ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʟʘ ʨʘʭʫʥʦʢ ʤʘʣʦʾ ʜʝʚʽʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʥʘ 

ʚʭʦʜʽ ʫ ʚʠʧʘʨʥʠʢ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ, ʢʨʽʤ ʪʦʛʦ ʛʽʜʨʦʪʝʨʤʘʣʴʥʘ ʪʝʧʣʦʥʘʩʦʩʥʘ 

ʝʥʝʨʛʝʪʠʯʥʘ ʩʠʩʪʝʤʘ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʥʘʣʦʛʽʯʥʠʤʠ ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʤʠ 

ʩʠʩʪʝʤʘʤʠ ʚʠʤʘʛʘʶʪʴ ʥʝʚʝʣʠʢʠʭ  ʧʦʯʘʪʢʦʚʠʭ ʽʥʚʝʩʪʠʮʽʡ, ʽ ʧʨʠ ʮʴʦʤʫ ʤʘʶʪʴ 

ʥʘʡʙʽʣʴʰʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ (ʢʦʝʬʽʮʽʻʥʪ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ), ʷʢʠʡ ʚ ʟʠʤʦʚʠʡ  ʧʝʨʽʦʜ ʜʦʨʽʚʥʶʻ ï 4,5. ɸʥʘʣʦʛʽʯʥʽ ʟʘ 

ʧʦʪʫʞʥʽʩʪʶ ʽ ʢʦʥʩʪʨʫʢʮʽʻʶ ʝʥʝʨʛʝʪʠʯʥʽ ʛʽʜʨʦʪʝʨʤʘʣʴʥʽ ʩʠʩʪʝʤʠ ʤʘʶʪʴ 

ʢʦʝʬʽʮʽʻʥʪ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʚ ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ ʚ ʩʝʨʝʜʥʴʦʤʫ 3,8. 

3.14. ʆʙˇʨʫʥʪʦʚʘʥʦ, ʱʦ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʦʥʦʩʥʦʛʦ 

ʛʦʨʠʟʦʥʪʫ ʚ ʷʢʦʩʪʽ ʧʨʠʨʦʜʥʴʦʛʦ ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʥʝʦʙʭʽʜʥʝ 

ʷʢʽʩʥʝ ʧʦʧʝʨʝʜʥʻ  ʚʠʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ, ʛʝʦʣʦʛʽʯʥʠʭ ʪʘ 

ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʥʘ ʜʽʣʷʥʮʽ ʧʨʦʚʝʜʝʥʥʷ ʙʫʨʦʚʠʭ ʨʦʙʽʪ. 

3.15. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ ʚ ʷʢʦʩʪʽ 

ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ  ʜʣʷ ʨʦʙʦʪʠ ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʭ ʩʠʩʪʝʤ ʚʽʜʢʨʠʪʦʛʦ 



 236 

ʪʠʧʫ ʥʝʦʙʭʽʜʥʦ ʫʥʝʤʦʞʣʠʚʠʪʠ ʢʦʥʪʘʢʪ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʟ ʟʦʚʥʽʰʥʽʤ ʧʦʚʽʪʨʷʤ 

ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʩʠʩʪʝʤʥʝ ʧʨʦʚʝʜʝʥʥʷ  ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʟ 

ʩʚʝʨʜʣʦʚʠʥʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʙʦʪʠ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ. 

3.16. ɹʝʟʧʝʨʝʨʚʥʠʡ ʚʽʜʙʽʨ ʘʙʦ ʩʢʠʜʘʥʥʷ ʪʝʧʣʦʪʠ ʜʦ ˇʨʫʥʪʫ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʟʤʽʥʠ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʧʦʣʷ ʚ ʤʽʩʮʷʭ ʨʦʟʤʽʱʝʥʥʷ 

ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʩʚʝʨʜʣʦʚʠʥ. ɿʘʟʥʘʯʝʥʽ ʟʤʽʥʠ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʛʝʦʣʦʛʽʯʥʠʭ ʽ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʧʣʘʩʪʘ, 

ʬʦʥʦʚʠʭ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ, ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ, ʘ ʪʘʢʦʞ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʪʠ 

ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʩʠʩʪʝʤ. 

3.17.  ʊʨʠʚʘʣʘ ʝʢʩʧʣʫʘʪʘʮʽʷ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʩʚʝʨʜʣʦʚʠʥ 

ʤʘʻ ʩʚʦʾ ʦʩʦʙʣʠʚʦʩʪʽ: ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʫʤʦʚʘʭ ʩʝʟʦʥʥʦʾ 

ʨʦʙʦʪʠ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟʘ ʧʝʨʰʠʭ 5 ʨʦʢʽʚ ʚʽʜʙʦʨʫ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʪʝʤʧʝʨʘʪʫʨʘ ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʟʤʝʥʰʫʻʪʴʩʷ ʚ ʩʝʨʝʜʥʴʦʤʫ 

ʥʘ 0,5 Áʉ  ʟʘ ʢʦʞʝʥ ʨʽʢ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʩʪʝʤʠ, ʘ ʧʦʯʠʥʘʶʯʠ ʟ 5-ʛʦ ʨʦʢʫ 

ʝʢʩʧʣʫʘʪʘʮʽʾ  ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ, ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ ʪʘ ʚʭʦʜʠʪʴ 

ʫ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʠʡ ʨʝʞʠʤ; ʩʪʘʙʽʣʽʟʘʮʽʷ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʧʦʣʷ ʚ ʫʤʦʚʘʭ ʨʽʯʥʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘʩʪʘʻ ʚʞʝ ʥʘ 2-ʡ ʨʽʢ ʝʢʩʧʣʫʘʪʘʮʽʾ; ʤʦʞʣʠʚʝ ʟʘʤʦʨʦʞʫʚʘʥʥʷ 

ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ, ʘʣʝ ʪʽʣʴʢʠ ʫ ʚʠʧʘʜʢʫ ʥʝʰʪʘʪʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ 

ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ. 

3.18. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʙʦʨʫ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʛʝʦʪʝʨʤʘʣʴʥʠʤʠ 

ʪʝʧʣʦʥʘʩʦʩʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ 

ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʧʦʣʷ. 

3.19. ʉʪʘʙʽʣʽʟʘʮʽʷ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʧʦʣʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝʟʘʣʝʞʥʦ ʚʽʜ 

ʧʝʨʽʦʜʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʪʝʧʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʠʤ, ʱʦ 

ʛʝʦʪʝʨʤʘʣʴʥʘ ʩʚʝʨʜʣʦʚʠʥʘ ʻ ʣʠʰʝ ʧʦʜʨʘʟʥʠʢʦʤ ʬʦʥʦʚʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ 

ɿʝʤʣʽ.  

3.20.  ɼʦʚʝʜʝʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʚʯʝʥʥʷ ʜʠʥʘʤʽʢʠ ʧʨʦʮʝʩʫ ʟʤʽʥʠ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ɿʝʤʣʽ ʧʨʠ ʚʠʣʫʯʝʥʥʽ ʪʝʧʣʦʪʠ 

ʛʝʦʪʝʨʤʘʣʴʥʠʤʠ ʪʝʧʣʦʥʘʩʦʩʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ 
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ʊʅʋ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʨʘʪʠʛʨʘʬʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʦʙʦʯʦʛʦ ʨʦʟʨʽʟʫ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʛʣʠʙʠʥʠ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ. 

3.21. ʊʝʭʥʦʛʝʥʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʥʘ ʧʨʠʨʦʜʫ ʽ 

ʣʶʜʠʥʫ ʻ ʥʝʟʥʘʯʥʠʤ, ʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ 

ʜʣʷ ʪʝʧʣʦʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʠʚʘʪʥʠʭ ʽ ʧʨʦʤʠʩʣʦʚʠʭ ʦʙ'ʻʢʪʽʚ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʽ 

ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʤ ʥʘʧʨʷʤʦʤ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ. 

3.22.  ʆʪʨʠʤʘʥʽ ʚ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʘʥʽ ʤʘʶʪʴ ʚʘʞʣʠʚʝ ʥʘʫʢʦʚʝ ʽ 

ʧʨʠʢʣʘʜʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʠʢʠ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʥʘ ʦʩʥʦʚʽ ʜʦʚʛʦʩʪʨʦʢʦʚʦʛʦ 

ʧʨʦʛʥʦʟʫ ʡ ʦʮʽʥʢʠ ʾʭ ʝʢʦʣʦʛʽʯʥʦʾ ʪʘ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. 
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ʈʆɿɼɯʃ 5 

ʈʆɿʈʆɹʂɸ ʇʈɸʂʊʀʏʅʀʍ ʈɽʂʆʄɽʅɼɸʎɯʁ ʑʆɼʆ 

ɺʇʈʆɺɸɼɾɽʅʅʗ ʅʆɺɯʊʅɯʍ ʊɽʍʅʆʃʆɻɯʁ  ɼʃʗ ɽʌɽʂʊʀɺʅʆɻʆ 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʉʀʉʊɽʄ ʇɽʈɽʊɺʆʈɽʅʅʗ ʅʀɿʔʂʆʇʆʊɽʅʎɯʅʆɰ 

ɻɽʆʊɽʈʄɸʃʔʅʆɰ ɽʅɽʈɻɯɰ ʊɸ ɽʅɽʈɻɯɰ ɼʆɺʂɯʃʃʗ 

 

5.1. ʂʦʤʧʣʝʢʩʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʥʠʟʴʢʦʧʦʪʝʥʮʽʥʦʾ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʪʝʧʣʦʪʠ ʜʦʚʢʽʣʣʷ ʚ ʦʜʥʽʡ 

ʪʝʧʣʦʥʘʩʦʩʥʽʡ ʩʠʩʪʝʤʽ 

 

5.1.1. ʄʝʪʦʜ ʪʝʧʣʦʚʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ 

ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʚ ʢʦʥʪʫʨʽ ʚʠʧʘʨʥʠʢʘ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ 

 

ʋ ʤʝʪʦʜʠʮʽ ʧʦʙʫʜʦʚʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʛʦʣʦʚʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʚʠʙʦʨʫ ɺɼɽ ʻ: ʟʘʛʘʣʴʥʘ 

ʧʦʪʫʞʥʽʩʪʴ ʩʠʩʪʝʤʠ; ʚʘʨʪʽʩʪʴ ʝʥʝʨʛʽʾ, ʷʢʘ ʚʠʨʦʙʣʷʻʪʴʩʷ; ʚʘʨʪʽʩʪʴ 

ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʝʥʝʨʛʦʫʩʪʘʥʦʚʦʢ; ʯʘʩʪʢʘ ʟʘʤʽʱʝʥʥʷ ʚʫʛʣʝʚʦʜʥʝʚʦʛʦ ʧʘʣʠʚʘ 

ʪʦʱʦ. 

ɺ ʨʦʙʦʪʽ ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʟ  ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʠʢ ʧʦʙʫʜʦʚʠ ʮʠʭ ʩʠʩʪʝʤ. 

ʅʘʩʘʤʧʝʨʝʜ ʪʠʭ, ʷʢʽ ʩʪʦʩʫʚʘʣʠʩʷ ʷʢ ʤʝʪʦʜʠʢʠ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʧʦʻʜʥʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʽ ʫʧʨʘʚʣʽʥʥʷ ʛʽʙʨʠʜʥʠʤʠ 

ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʽʾ [68]. 

ɽʥʝʨʛʝʪʠʯʥʠʡ ʢʣʘʩʪʝʨ ʬʦʨʤʫʻʪʴʩʷ ʟ  ʦʢʨʝʤʠʭ çʶʥʽʪʽʚè, ʷʢʽ ʤʘʶʪʴ 

ʩʘʤʦʩʪʽʡʥʽ ʝʣʝʤʝʥʪʠ ʪʘ ʟʤʽʥʥʫ ʩʪʨʫʢʪʫʨʫ ʘʚʪʦʥʦʤʥʦʾ ʪʘ ʢʦʤʙʽʥʦʚʘʥʦʾ ʬʦʨʤʠ 

ʞʠʚʣʝʥʥʷ  ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʞʣʠʚʦʩʪʝʡ ʨʦʟʦʩʝʨʝʜʞʝʥʦʾ ʛʝʥʝʨʘʮʽʾ ʪʘ 

ʪʝʭʥʦʣʦʛʽʡ çʨʦʟʫʤʥʠʭ ʤʝʨʝʞè ʽ ʙʫʜʫʻʪʴʩʷ ʟʘ ʤʦʜʫʣʴʥʠʤ ʧʨʠʥʮʠʧʦʤ ʟ 

ʤʦʞʣʠʚʽʩʪʶ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʜʦ ʧʦʪʨʝʙ ʩʧʦʞʠʚʘʯʘ (ʨʠʩ. 5.1). 

ɺ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʝʬʝʢʪʠʚʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʷʢʦʩʪʽ 

ʝʣʝʤʝʥʪʘ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʣʘʩʪʝʨʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʙôʻʢʪʽʚ ʙʘʛʘʪʦʮʽʣʴʦʚʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʦʶ ʝʥʝʨʛʽʻʶ ʤʘʣʦʻʤʥʽʩʥʦʾ ʩʠʩʪʝʤʠ ʦʪʨʠʤʘʥʥʷ  ʪʝʧʣʦʚʦʾ 
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ʝʥʝʨʛʽʾ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʙʫʬʝʨʥʦʛʦ ʥʘʢʦʧʠʯʫʚʘʯʘ ʪʝʧʣʦʥʦʩʽʷ, ʪʝʧʣʦʚʦʛʦ 

ʥʘʩʦʩʫ ʪʘ ʬʘʥʢʦʡʣʽʚ (ʖʥʽʪ - ʋ3).  

 

ʈʠʩ. 5.1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʣʘʩʪʝʨʫ ʛʝʥʝʨʫʚʘʥʥʷ                

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ (K), ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʙʝʟʣʽʯʽ ʩʪʨʫʢʪʫʨ 

(ʶʥʽʪʽʚ, ʋ1 - ʋm), ʜʦ ʩʢʣʘʜʫ ʢʦʞʥʦʛʦ ʟ ʷʢʠʭ ʚʭʦʜʠʪʴ ʙʝʟʣʽʯ 

ʝʣʝʤʝʥʪʽʚ (ʜʞʝʨʝʣ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʪʘ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ, ɽ1- 

ɽn)  [69] 

 

ʆʩʥʦʚʥʠʤʠ ʬʽʟʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʭ 

ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ ʻ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ ʥʘ ʛʠʨʣʽ ʩʚʝʨʜʣʦʚʠʥʠ, ʷʢʘ ʜʣʷ 

ʤʘʣʠʭ ʛʣʠʙʠʥ (ʜʦ 400 ʤ) ʜʦʨʽʚʥʶʻ ʪʝʤʧʝʨʘʪʫʨʽ ʚʦʜʠ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ, 

ʘ ʪʘʢʦʞ ʜʝʙʝʪ ʩʚʝʨʜʣʦʚʠʥʠ, ʷʢʠʡ ʧʦʚʠʥʝʥ ʙʫʪʠ ʧʦʩʪʽʡʥʠʤ (ʩʪʘʙʽʣʴʥʠʤ) ʧʨʠ 

ʚʩʪʘʥʦʚʣʝʥʦʤʫ ʟʥʠʞʝʥʥʽ [59]. 


