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ʆʙʫʭʦʚʩʴʢʽ ʯʠʪʘʥʥʷ: XVII ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ, 

ʤ. ʂʠʾʚ, 30 ʙʝʨʝʟʥʷ 2023 ʨʦʢʫ: ʪʝʟʠ ʢʦʥʬʝʨʝʥʮʽʾ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʙʽʦʨʝʩʫʨʩʽʚ  ̔ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ. ʂʠʾʚ. 2023. 237 ʩ. 

 

ɺ ʟʙʽʨʥʠʢʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʪʝʟʠ ʜʦʧʦʚʽʜʝʡ ʥʘʫʢʦʚʦ-ʧʝʜʘʛʦʛʽʯʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ, 

ʥʘʫʢʦʚʠʭ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ, ʘʩʧʽʨʘʥʪʽʚ  ̔ʜʦʢʪʦʨʘʥʪʽʚ ʫʯʘʩʥʠʢʽʚ XVII ʄʽʞʥʘʨʦʜʥʦʾ 

ʥʘʫʢʦʚʦ- ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ çʆʙʫʭʦʚʩʴʢʽ ʯʠʪʘʥʥʷè, ʚ ʷʢʠʭ ʨʦʟʛʣʷʜʘʶʪʴʩʷ 

ʥʠʥʽʰʥʽʡ ʩʪʘʥ ʪʘ ʰʣʷʭʠ ʨʦʟʚʠʪʢʫ ʧʨʠʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʽʾ ʪʘ ʽʥʞʝʥʝʨʥʦʾ ʛʨʘʬʽʢʠ, 

ʜʠʟʘʡʥʫ, ʧʠʪʘʥʥʷ ʚʠʢʣʘʜʘʥʥʷ ʛʨʘʬʽʯʥʠʭ ʜʠʩʮʠʧʣʽʥ, ʧʨʠʢʣʘʜʥʦʾ ʤʝʭʘʥʽʢʠ ʪʘ 

ʛʘʣʫʟʝʚʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. 

 

ʆʈɻɸʅɯɿɸʎɯʁʅʀʁ ʂʆʄɯʊɽʊ: 

ʈʫʞʠʣʦ ɿ. ɺ. ï ʢ.ʪ.ʥ., ʜʦʮ., ʜʝʢʘʥ ʬʘʢʫʣʴʪʝʪʫ ʢʦʥʩʪʫʶʚʘʥʥʷ ʪʘ ʜʠʟʘʡʥʫ 

ʅʋɹʽʇ ʋʢʨʘʾʥʠ ï ʛʦʣʦʚʘ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʢʦʤʽʪʝʪʫ; 

ʇʠʣʠʧʘʢʘ ʉ. ʌ. ï ʜ.ʪ.ʥ., ʧʨʦʬ., ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʥʘʨʠʩʥʦʾ ʛʝʦʤʝʪʨʽʾ, 

ʢʦʤʧôʶʪʝʨʥʦʾ ʛʨʘʬʽʢʠ ʪʘ ʜʠʟʘʡʥʫ ʅʋɹʽʇ ʋʢʨʘʾʥʠ ï ʩʧʽʚʛʦʣʦʚʘ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ 

ʢʦʤʽʪʝʪʫ; 

ʅʝʩʚʽʜʦʤʽʥ ɺ. ʄ. ï ʜ.ʪ.ʥ., ʧʨʦʬ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʥʘʨʠʩʥʦʾ ʛʝʦʤʝʪʨʽʾ, 

ʢʦʤʧôʶʪʝʨʥʦʾ ʛʨʘʬʽʢʠ ʪʘ ʜʠʟʘʡʥʫ ʅʋɹʽʇ ʋʢʨʘʾʥʠ; 

ɺʦʡʪʶʢ ɺ. ɼ. ï ʜ.ʪ.ʥ., ʧʨʦʬ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʪʝʭʥʽʯʥʦʛʦ ʩʝʨʚʽʩʫ ʪʘ 

ʽʥʞʝʥʝʨʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ ʽʤʝʥʽ ʄ. ʇ. ʄʦʤʦʪʝʥʢʘ ʅʋɹʽʇ ʋʢʨʘʾʥʠ; 

ɹʫʣʛʘʢʦʚ ɺ. ʄ.- ʜ.ʪ.ʥ., ʧʨʦʬ., ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʤʝʭʘʥʽʢʠ ʅʋɹʽʇ ʋʢʨʘʾʥʠ 

ʘʢʘʜʝʤʽʢ ʅɸɸʅ ʋʢʨʘʾʥʠ; 

ɺʘʥʽʥ ɺ. ɺ. ï ʜ.ʪ.ʥ., ʧʨʦʬ., ʜʝʢʘʥ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʬʘʢʫʣʴʪʝʪʫ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè (ʟʘ ʟʛʦʜʦʶ); 

ʂʦʚʘʣʴʦʚ ʉ. ʄ. ï ʜ.ʪ.ʥ., ʧʨʦʬ., ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʙʫʜʽʚʥʠʮʪʚʘ  ̔ʘʨʭʽʪʝʢʪʫʨʠ (ʟʘ ʟʛʦʜʦʶ); 

ʂʫʮʝʥʢʦ ʃ. ʄ. ï ʜ.ʪ.ʥ., ʧʨʦʬ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʽʥʞʝʥʝʨʥʦʾ ʪʘ ʘʚʘʨʽʡʥʦ-

ʨʷʪʫʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʮʠʚʽʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʋʢʨʘʾʥʠ (ʟʘ 

ʟʛʦʜʦʶ); 

ʊʫʣʫʯʝʥʢʦ ɻ. ʗ. ï ʜ.ʪ.ʥ., ʧʨʦʬ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʚʠʱʦʾ ʤʘʪʝʤʘʪʠʢʠ  ̔

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʍʝʨʩʦʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ (ʟʘ ʟʛʦʜʦʶ); 

ʈʦʛʦʚʩʴʢʠʡ ɯ. ʃ. ï ʜ.ʪ.ʥ., ʧʨʦʬ., ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʪʝʭʥʽʯʥʦʛʦ ʩʝʨʚʽʩʫ ʪʘ 

ʽʥʞʝʥʝʨʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ ʽʤʝʥʽ ʄ. ʇ. ʄʦʤʦʪʝʥʢʘ ʅʋɹʽʇ ʋʢʨʘʾʥʠ; 

ʈʦʤʘʩʝʚʠʯ ʖ. ʆ. ï ʜ.ʪ.ʥ., ʧʨʦʬ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʤʘʰʠʥ 

 ̔ʦʙʣʘʜʥʘʥʥʷ ʅʋɹʽʇ ʋʢʨʘʾʥʠ. 

 

 

É ʅʋɹʽʇ ʋʢʨʘʾʥʠ, 2023  
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ʆʙʫʭʦʚʘ ɺʽʦʣʝʪʪʘ ʉʝʨʛʽʾʚʥʘ 

(1926-2005) 

ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, 

ʘʢʘʜʝʤʽʢ ɸʢʘʜʝʤʽʾ ʥʘʫʢ ʚʠʱʦʾ ʰʢʦʣʠ ʋʢʨʘʾʥʠ 

 

ʅʘʨʦʜʠʣʘʩʷ ʚ 23 ʣʶʪʦʛʦ 1926 ʨ. ʚ ʤ. ʊʦʤʩʴʢʫ (ʈʦʩʽʡʩʴʢʘ ʌʝʜʝʨʘʮʽʷ).  

ɺ 1949 ʨʦʮʽ ʟʘʢʽʥʯʠʣʘ ʋʨʘʣʴʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ (ʜʘʣʽ ï ʋʇɯ) ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ Ăɽʣʝʢʪʨʦ-ʫʩʪʘʪʢʫʚʘʥʥʷ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚò. ɼʦ 1952 ʨʦʢʫ 

ʧʨʘʮʶʚʘʣʘ ʘʩʠʩʪʝʥʪʦʤ ʢʘʬʝʜʨʠ ʥʘʨʠʩʥʦʾ ʛʝʦʤʝʪʨʽʾ ʋʇɯ. ɺ 1955 ʨʦʮʽ ʟʘʢʽʥʯʠʣʘ 

ʘʩʧʽʨʘʥʪʫʨʫ ʧʨʠ ʂʠʾʚʩʴʢʦʤʫ ʽʥʞʝʥʝʨʥʦ-ʙʫʜʽʚʝʣʴʥʦʤʫ ʽʥʩʪʠʪʫʪʽ. 

ɿ 1955 ʜʦ 2005 ʨʦʢʫ ʧʨʘʮʶʚʘʣʘ ʥʘ ʢʘʬʝʜʨʽ ʥʘʨʠʩʥʦʾ ʛʝʦʤʝʪʨʽʾ ʪʘ 

ʤʘʰʠʥʦʙʫʜʽʚʥʦʛʦ ʢʨʝʩʣʝʥʥʷ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʘʛʨʘʨʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. ɺ 1955 ʨʦʮʽ 

ʟʘʭʠʩʪʠʣʘ ʢʘʥʜʠʜʘʪʩʴʢʫ ʜʠʩʝʨʪʘʮʽʶ, ʚ 1991 ʨʦʮʽ ï ʜʦʢʪʦʨʩʴʢʫ. 

ɹʫʣʘ ʯʣʝʥʦʤ ʨʝʜʢʦʣʝʛʽʾ ʨʝʩʧʫʙʣʽʢʘʥʩʴʢʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʟʙʽʨʢʠ 

ñʇʨʠʢʣʘʜʥʘ ʛʝʦʤʝʪʨʽʷ ʪʘ ʽʥʞʝʥʝʨʥʘ ʛʨʘʬʽʢʘò, ʧʨʝʜʤʝʪʥʦʾ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʦʾ 

ʢʦʤʽʩʽʾ ʧʨʠ ʄʽʥʦʩʚʽʪʠ ʋʢʨʘʾʥʠ, ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʜʦʢʪʦʨʩʴʢʦʾ ʈʘʜʠ ̔ ʟ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 

05.01.01 ñʇʨʠʢʣʘʜʥʘ ʛʝʦʤʝʪʨʽʷ, ʽʥʞʝʥʝʨʥʘ ʛʨʘʬʽʢʘò, ɺʩʝʩʚʽʪʥʴʦʾ ʦʨʛʘʥʽʟʘʮʽʾ 

ʛʝʦʤʝʪʨʽʚ  ̔ʛʨʘʬʽʢʽʚ (ISGG), ʩʝʤʽʥʘʨʫ ʟʘʛʘʣʴʥʦʪʝʭʥʽʯʥʦʛʦ ʚʽʜʜʽʣʝʥʥʷ ɸʅ ɺʐʋ, 

ʇʨʝʟʠʜʽʾ ʋʢʨʘʾʥʩʴʢʦʾ ʘʩʦʮʽʘʮʽʾ ʟ ʧʨʠʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʽʾ. ʇʽʜʛʦʪʫʚʘʣʘ 9 ʢʘʥʜʠʜʘʪʽʚ 

ʪʘ 2 ʜʦʢʪʦʨʽʚ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ. ɸʚʪʦʨ ʧʦʥʘʜ 150 ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ, ʩʝʨʝʜ ʷʢʠʭ 2 

ʤʦʥʦʛʨʘʬʽʾ ʪʘ ʥʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ (ʚ ʩʧʽʚʘʚʪʦʨʩʪʚʽ)  ̔13 ʘʚʪʦʨʩʴʢʠʭ ʩʚʽʜʦʮʪʚ ʥʘ 

ʚʠʥʘʭʦʜʠ. ʅʘʛʦʨʦʜʞʝʥʘ ʤʝʜʘʣʷʤʠ ñɺʝʪʝʨʘʥ ʧʨʘʮʽò, ñɺ ʧʘʤôʷʪʴ 1500-ʨʽʯʯʷ 

ʂʠʻʚʘò, ʥʘʛʨʫʜʥʠʤ ʟʥʘʢʦʤ ʄɺʆ ʉʈʉʈ ñɿʘ ʚʽʜʤʽʥʥʽ ʫʩʧʽʭʠ ʚ ʨʦʙʦʪʽò, ʧʦʯʝʩʥʦʶ 

ʛʨʘʤʦʪʦʶ ʄʽʥʦʩʚʽʪʠ ʋʢʨʘʾʥʠ. 

ʇʦʤʝʨʣʘ 26 ʣʶʪʦʛʦ 2005 ʨʦʢʫ. 
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ʎʴʦʛʦʨʽʯʥʽ çʆʙʫʭʦʚʩʴʢʽ ʯʠʪʘʥʥʷè ʚʽʜʙʫʚʘʶʪʴʩʷ ʙʝʟ ʚʠʜʘʪʥʦʛʦ ʚʯʝʥʦʛʦ 
ʇʽʜʛʦʨʥʦʛʦ ʆʣʝʢʩʽʷ ʃʝʦʥʪʽʡʦʚʠʯʘ, ʯʦʣʦʚʽʢʘ ʆʙʫʭʦʚʦʾ ɺ.ʉ. 

 
ʇʽʜʛʦʨʥʠʡ ʆʣʝʢʩʽʡ ʃʝʦʥʪʽʡʦʚʠʯ 

(1929-2023) 
ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, 

ʘʢʘʜʝʤʽʢ ʋʢʨʘʾʥʩʴʢʦʾ ʘʢʘʜʝʤʽʾ ʘʨʭʽʪʝʢʪʫʨʠ ʋʢʨʘʾʥʠ, 
ʘʢʘʜʝʤʽʢ ʘʢʘʜʝʤʽʾ ʙʫʜʽʚʥʠʮʪʚʘ ʋʢʨʘʾʥʠ 

 
ʅʘʨʦʜʠʚʩʷ 30 ʙʝʨʝʟʥʷ 1929 ʨʦʢʫ ʚ ʩʝʣʽ ʏʝʯʝʣʽʾʚʢʘ ʇʝʪʨʦʚʩʴʢʦʛʦ ʨʘʡʦʥʫ 

ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʾ ʦʙʣʘʩʪʽ ʚ ʩʽʤôʾ ʚʯʠʪʝʣʽʚ ʧʦʯʘʪʢʦʚʦʾ ʰʢʦʣʠ. ɺ 1953 ʨʦʮʽ ʟʘʢʽʥʯʠʚ 
ʘʨʭʽʪʝʢʪʫʨʥʠʡ ʬʘʢʫʣʴʪʝʪ ʂʠʾʚʩʴʢʦʛʦ ʽʥʞʝʥʝʨʥʦ-ʙʫʜʽʚʝʣʴʥʦʛʦ ʽʥʩʪʠʪʫʪʫ. ɼʦ 
1956 ʨʦʢʫ ʥʘʚʯʘʚʩʷ ʚ ʘʩʧʽʨʘʥʪʫʨʽ ʧʨʠ ʢʘʬʝʜʨʽ ʥʘʨʠʩʥʦʾ ʛʝʦʤʝʪʨʽʾ  ̔ʢʨʝʩʣʝʥʥʷ 
ʂɯɹɯ, ʧʨʘʮʶʚʘʚ ʥʘ ʪʽʡ ʞʝ ʢʘʬʝʜʨʽ ʥʘ ʧʦʩʘʜʘʭ ʘʩʠʩʪʝʥʪʘ, ʜʦʮʝʥʪʘ, ʩʪʘʨʰʦʛʦ 
ʥʘʫʢʦʚʦʛʦ ʩʧʽʚʨʦʙʽʪʥʠʢʘ, ʪʠʤʯʘʩʦʚʦ ʚ.ʦ. ʟʘʚʽʜʫʚʘʯʘ ʢʘʬʝʜʨʠ. ɿ 1971 ʜʦ 2009 ʨʦʢʫ 
ï ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʂɯɹɯ (ʂʅʋɹɸ), ʧʨʦʬʝʩʦʨ 
ʢʘʬʝʜʨʠ. ʂʘʥʜʠʜʘʪʩʴʢʫ ʜʠʩʝʨʪʘʮʽʶ ʟʘʭʠʩʪʠʚ ʫ 1959 ʨʦʮʽ, ʜʦʢʪʦʨʩʴʢʫ ʫ 1975 ʨʦʮʽ. 
ɿʚʘʥʥʷ ʜʦʮʝʥʪʘ ʦʪʨʠʤʘʚ ʫ 1960 ʨʦʮʽ, ʧʨʦʬʝʩʦʨʘ ï ʫ 1977 ʨʦʮʽ. ɿ 1962 ʨʦʢʫ ʚʽʚ 
ʧʽʜʛʦʪʦʚʢʫ ʥʘʫʢʦʚʠʭ ʢʘʜʨʽʚ ʯʝʨʝʟ ʘʩʧʽʨʘʥʪʫʨʫ  ̔ ʜʦʢʪʦʨʘʥʪʫʨʫ. ʇʽʜʛʦʪʫʚʘʚ 
45 ʢʘʥʜʠʜʘʪʽʚ ʪʘ 8 ʜʦʢʪʦʨʽʚ ʥʘʫʢ. ɺ 1993 ʨʦʮʽ ʇʽʜʛʦʨʥʦʛʦ ʆ. ʃ. ʦʙʨʘʣʠ ʯʣʝʥʦʤ-
ʢʦʨʝʩʧʦʥʜʝʥʪʦʤ, ʘ ʚ 1995 ʜʽʡʩʥʠʤ ʯʣʝʥʦʤ ʋʢʨʘʾʥʩʴʢʦʾ ʘʢʘʜʝʤʽʾ ʘʨʭʽʪʝʢʪʫʨʠ, 
ʘʢʘʜʝʤʽʾ ʙʫʜʽʚʥʠʮʪʚʘ ʋʢʨʘʾʥʠ ʧʦ ʚʽʜʜʽʣʝʥʥʶ çɹʫʜʽʚʝʣʴʥʘ ʤʝʭʘʥʽʢʘ  ̔ʙʫʜʽʚʝʣʴʥʘ 
ʬʽʟʠʢʘè. ʏʣʝʥ ʤʽʞʥʘʨʦʜʥʦʛʦ ʪʦʚʘʨʠʩʪʚʘ ʛʝʦʤʝʪʨʽʚ  ̔ ʛʨʘʬʽʢʽʚ (ISGG). ɺʽʮʝ-
ʧʨʝʟʠʜʝʥʪ ʋʢʨʘʾʥʩʴʢʦʾ ʘʩʦʮʽʘʮʽʾ ʟ ʧʨʠʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʽʾ (ʋɸʇɻ) ʟ ʜʥʷ ʾʾ 
ʟʘʩʥʫʚʘʥʥʷ (1998 ʨ̔ ʢ), ʧʨʠʡʤʘʚ ʘʢʪʠʚʥʫ ʫʯʘʩʪʴ ʫ ʩʪʚʦʨʝʥʥʽ ʮʽʻʾ ɺʩʝʫʢʨʘʾʥʩʴʢʦʾ 
ʛʨʦʤʘʜʩʴʢʦʾ ʦʨʛʘʥʽʟʘʮʽʾ. ʇʽʜʛʦʨʥʠʡ ʆ. ʃ. ʙʨʘʚ ʫʯʘʩʪʴ ʫ ʚʠʜʘʥʥʽ ʬʘʭʦʚʠʭ ʟʙʽʨʥʠʢʽʚ 
ʷʢ ʚʽʜʧʦʚʽʜʘʣʴʥʠʡ ʩʝʢʨʝʪʘʨ ʨʝʜʢʦʣʝʛʽʾ çʇʨʠʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʽʾ ʪʘ ʽʥʞʝʥʝʨʥʦʾ 
ʛʨʘʬʽʢʠè (ʧʨʦʪʷʛʦʤ ʧʦʥʘʜ 50 ʨʦʢʽʚ) ʪʘ ʷʢ ʯʣʝʥ ʨʝʜʢʦʣʝʛʽʡ ʱʝ 4 ʟʙʽʨʥʠʢʽʚ. 
ʇʨʘʮʶʚʘʚ ʚ ʜʚʦʭ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʚʯʝʥʠʭ ʨʘʜʘʭ ̫ ʢ ʟʘʩʪʫʧʥʠʢ ʛʦʣʦʚʠ ʪʘ ʯʣʝʥ ʨʘʜʠ.  

ʅʘʛʦʨʦʜʞʝʥʠʡ ʆʨʜʝʥʦʤ çɿʘ ʟʘʩʣʫʛʠè ʪʨʝʪʴʦʛʦ ʩʪʫʧʝʥʷ, ʜʚʦʤʘ ʤʝʜʘʣʷʤʠ ʪʘ 
ʟʥʘʢʘʤʠ çɺʠʥʘʭʽʜʥʠʢ ʉʈʉʈè, çɺʽʜʤʽʥʥʠʢ ʦʩʚʽʪʠ ʋʢʨʘʾʥʠè, ɿʦʣʦʪʦʶ ʤʝʜʘʣʣʶ 
ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʤʠʩʪʝʮʪʚ ʋʢʨʘʾʥʠ, ɿʥʘʢʦʤ ʧʦʰʘʥʠ ʫʥʽʚʝʨʩʠʪʝʪʫ, 
ʥʘʛʨʫʜʥʠʤ ʟʥʘʢʦʤ çʇʝʪʨʦ ʄʦʛʠʣʘ. ʋ 1996 ʨʦʮʽ ʟʘ ʩʪʚʦʨʝʥʥʷ ʥʘʫʢʦʚʦʾ ʰʢʦʣʠ ʟ 
ʧʨʠʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʽʾ ʘʨʭʽʪʝʢʪʫʨʥʦ-ʙʫʜʽʚʝʣʴʥʦʛʦ ʥʘʧʨʷʤʢʫ ʪʘ ʧʽʜʛʦʪʦʚʢʫ 
ʥʘʫʢʦʚʠʭ ʢʘʜʨʽʚ ʧʨʦʬʝʩʦʨʘ ʇʽʜʛʦʨʥʦʛʦ ʆ. ʃ. ʫʜʦʩʪʦʻʥʦ ʧʦʯʝʩʥʦʛʦ ʟʚʘʥʥʷ 
çɿʘʩʣʫʞʝʥʠʡ ʜʽʷʯ ʥʘʫʢʠ  ̔ʪʝʭʥʽʢʠ ʋʢʨʘʾʥʠè. ʄʘʚ ʙʽʣʷ 300 ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʧʨʘʮʴ, 
ʚ ʪʦʤʫ ʯʠʩʣʽ ʧʽʜʨʫʯʥʠʢʠ, ʧʦʩʽʙʥʠʢʠ, ʤʦʥʦʛʨʘʬʽʾ ʪʘ 14 ʘʚʪʦʨʩʴʢʠʭ ʩʚʽʜʦʮʪʚ. 

ʇʦʤʝʨ 19 ʩʽʯʥʷ 2023 ʨʦʢʫ.  
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ʇɸʈʂɽʊʋɺɸʅʅʗ ʉʌɽʈʀ ʇʃʆʉʂʀʄʀ ɽʃɽʄɽʅʊɸʄʀ ʂɺɸɼʈɸʊʅʆɰ 

ʌʆʈʄʀ 

 

ʇʠʣʠʧʘʢʘ ʉ. ʌ., ʅʝʩʚʽʜʦʤʽʥ ɸ. ɺ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ  ̔ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʇʦʚʝʨʭʥʶ ʢʫʣʽ ʟ ʧʝʚʥʦʶ ʪʦʯʥʽʩʪʶ ʤʦʞʥʘ ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʧʣʦʩʢʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ ʘʙʦ ʩʤʫʛʘʤʠ ʨʦʟʛʦʨʪʥʠʭ ʧʦʚʝʨʭʦʥʴ. ʊʘʢʘ ʟʘʜʘʯʘ ʚʠʥʠʢʘʻ ʧʨʠ 

ʧʘʨʢʝʪʫʚʘʥʥʽ ʩʬʝʨʠʯʥʠʭ ʢʫʧʦʣʽʚ ʚ ʙʫʜʽʚʝʣʴʥʽʡ  ̔ʘʨʭʽʪʝʢʪʫʨʥʽʡ ʧʨʘʢʪʠʮʽ. ʆʜʠʥ ʽʟ 

ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ï ʧʘʨʢʝʪʫʚʘʥʥʷ ʢʚʘʜʨʘʪʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. ɼʣʷ ʮʴʦʛʦ ʥʘ ʩʬʝʨʽ 

ʧʦʪʨʽʙʥʦ ʧʦʙʫʜʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʫ ʩʽʪʢʫ. ʆʜʠʥ ʽʟ ʪʘʢʠʭ ʚʘʨʽʘʥʪʽʚ ï ʚʽʜʥʝʩʝʥʥʷ 

ʧʦʚʝʨʭʥʽ ʩʬʝʨʠ ʜʦ ʽʟʦʤʝʪʨʠʯʥʦʾ ʩʽʪʢʠ ʢʦʦʨʜʠʥʘʪʥʠʭ ʣʽʥʽʡ [1, 2]. ʇʨʷʤʦʢʫʪʥʫ 

ʩʽʪʢʫ ʤʦʞʥʘ ʫʪʚʦʨʶʚʘʪʠ  ̔ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʰʠʭ ʩʬʝʨʠʯʥʠʭ ʢʨʠʚʠʭ.  

ʉʽʪʢʠ ʙʫʜʝʤʦ ʫʪʚʦʨʶʚʘʪʠ ʥʘ ʦʩʥʦʚʽ ʩʧʽʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʣʦʩʢʠʭ  ̔

ʩʬʝʨʠʯʥʠʭ ʢʨʠʚʠʭ. ʎ ̔ʚʣʘʩʪʠʚʦʩʪʽ ʙʫʜʫʶʪʴʩʷ ʥʘ ʪʦʤʫ, ʱʦ ʢʨʠʚʽ ʥʘ ʩʬʝʨʽ ʧʨʠ 

ʟʨʦʩʪʘʥʥʽ ʾʾ ʨʘʜʽʫʩʘ ʜʦ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʫ ʧʣʦʩʢʽ. ʅʘʧʨʠʢʣʘʜ, 

ʣʦʢʩʦʜʨʦʤʘ ʧʝʨʝʪʠʥʘʻ ʚʩʽ ʤʝʨʠʜʽʘʥʠ ʧʽʜ ʟʘʜʘʥʠʤ ʩʪʘʣʠʤ ʢʫʪʦʤ ɓ. ʇʨʠ ʟʨʦʩʪʘʥʥʽ 

ʨʘʜʽʫʩʘ ʩʬʝʨʠ ʜʦ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ ʾʾ ʜʽʣʷʥʢʘ ʙʽʣʷ ʧʦʣʶʩʘ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʫ 

ʧʣʦʱʠʥʫ, ʘ ʤʝʨʠʜʽʘʥʠ ï ʫ ʨʘʜʽʘʣʴʥʽ ʧʨʷʤʽ, ɦ ʦ ʧʝʨʝʪʠʥʘʶʪʴʩʷ ʫ ʧʦʣʶʩʽ. ʂʨʠʚʘ ʥʘ 

ʧʣʦʱʠʥʽ, ʷʢʘ ʧʝʨʝʪʠʥʘʻ ʮ ̔ʨʘʜʽʘʣʴʥʽ ʧʨʷʤʽ ʧʽʜ ʩʪʘʣʠʤ ʢʫʪʦʤ,  ̒ʣʦʛʘʨʠʬʤʽʯʥʦʶ 

ʩʧʽʨʘʣʣʶ. ɰʾ ʧʘʨʘʤʝʪʨʠʯʥʽ ʨʽʚʥʷʥʥʷ ʤʘʶʪʴ ʚʠʛʣʷʜ: 

 
( )[ ]
( )[ ],coslntgcoscos

;coslntgcoscos

bbb

bbb

ssy

ssx

=

=
   (1) 

ʜʝ s ï ʥʝʟʘʣʝʞʥʘ ʟʤʽʥʥʘ ï ʜʦʚʞʠʥʘ ʜʫʛʠ ʣʦʛʘʨʠʬʤʽʯʥʦʾ ʩʧʽʨʘʣʽ. 

ʗʢʱʦ ʜʫʛʫ ʣʦʛʘʨʠʬʤʽʯʥʦʾ ʩʧʽʨʘʣʽ, ʷʢʘ ʟʘʢʨʫʯʫʻʪʴʩʷ ʟʘ ʛʦʜʠʥʥʠʢʦʚʦʶ 

ʩʪʨʽʣʢʦʶ  ̔ʧʝʨʝʪʠʥʘʻ ʚʩʽ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʠ ʧʽʜ ʢʫʪʦʤ ɓ=45Á, ʧʦʚʝʨʪʘʪʠ ʥʘʚʢʦʣʦ 

ʧʦʣʶʩʘ ʯʝʨʝʟ ʧʝʚʥʽ ʢʫʪʦʚʽ ʧʨʦʤʽʞʢʠ, ʪʦ ʙʫʜʝ ʫʪʚʦʨʝʥʘ ʩʽʤô̫ ʢʨʠʚʠʭ ʣʽʥʽʡ. ʊʘʢʠʤ 

ʞʝ ʯʠʥʦʤ ʫʪʚʦʨʠʤʦ ʜʨʫʛʫ ʩʽʤôʁ ʣʦʛʘʨʠʬʤʽʯʥʠʭ ʩʧʽʨʘʣʝʡ, ʷʢʽ ʟʘʢʨʫʯʫʶʪʴʩʷ 

ʧʨʦʪʠ ʛʦʜʠʥʥʠʢʦʚʦʾ ʩʪʨʽʣʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʢʨʠʚʽ ʦʙʦʭ ʩʽʤʝʡ ʙʫʜʫʪʴ ʧʝʨʝʪʠʥʘʪʠʩʷ 

ʧʽʜ ʧʨʷʤʠʤ ʢʫʪʦʤ ̔  ʫʪʚʦʨʷʪʴ ʩʽʪʢʫ, ʦʢʨʝʤʠʡ ʝʣʝʤʝʥʪ ̫ ʢʦʾ ʥʘʟʚʝʤʦ ʢʨʠʚʦʣʽʥʽʡʥʠʤ 

ʢʚʘʜʨʘʪʦʤ (ʨʠʩ. 1,ʘ). ʂʨʠʚʦʣʽʥʽʡʥʫ ʧʨʷʤʦʢʫʪʥʫ ʩʽʪʢʫ, ʫʪʚʦʨʝʥʫ ʩʽʤô̫ ʤʠ 

ʣʦʛʘʨʠʬʤʽʯʥʠʭ ʩʧʽʨʘʣʝʡ, ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʧʦ-ʽʥʰʦʤʫ: ʚʟʷʪʠ ʦʜʥʫ ʩʽʤôʁ ʩʧʽʨʘʣʝʡ 

ʽʟ ʢʫʪʦʤ, ʥʘʧʨʠʢʣʘʜ, ɓ=30Á, ʪʦʜʽ ʜʣʷ ʜʨʫʛʦʾ ʩʽʤôʾ ʩʧʽʨʘʣʝʡ ɓ=60Á. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʦʪʨʠʤʘʻʤʦ ʩʽʪʢʫ, ʟʦʙʨʘʞʝʥʫ ʥʘ ʨʠʩ. 1,ʙ. 

ɯʟ ʨʠʩʫʥʢʽʚ ʚʠʜʥʦ, ɦ ʦ ʚʝʣʠʯʠʥʘ ʧʨʷʤʦʢʫʪʥʠʭ ʢʦʤʽʨʦʢ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʦ ʤʽʨʽ 

ʚʽʜʜʘʣʝʥʥʷ ʚʽʜ ʧʦʣʶʩʘ. ʅʘ ʩʬʝʨʽ ʚʦʥʠ ʪʝʞ ʟʙʽʣʴʰʫʶʪʴʩʷ ʧʦ ʤʽʨʽ ʥʘʙʣʠʞʝʥʥʷ ʜʦ 

ʝʢʚʘʪʦʨʘ, ʘ ʧʦʪʽʤ ʟʥʦʚʫ ʟʤʝʥʰʫʶʪʴʩʷ ʧʦ ʤʽʨʽ ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʧʨʦʪʠʣʝʞʥʦʛʦ 

ʧʦʣʶʩʘ. 
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    ʘ      ʙ 

ʈʠʩ. 1. ʂʨʠʚʦʣʽʥʽʡʥʘ ʧʨʷʤʦʢʫʪʥʘ ʩʽʪʢʘ, ʫʪʚʦʨʝʥʘ ʩʽʤô̫ ʤʠ ʣʦʛʘʨʠʬʤʽʯʥʠʭ 

ʩʧʽʨʘʣʝʡ: ʘ) ʩʧʽʨʘʣʽ ʦʙʦʭ ʩʽʤʝʡ ʤʘʶʪʴ ʢʫʪ ɓ=45Á;  ʙ) ʩʧʽʨʘʣʽ ʦʜʥʽʻʾ ʩʽʤôʾ ʤʘʶʪʴ 

ʢʫʪ ɓ=30Á, ʽʥʰʦʾ ï ɓ=60Á 

 

ʇʘʨʘʤʝʪʨʠʯʥʽ ʨʽʚʥʷʥʥʷ ʣʦʢʩʦʜʨʦʤʠ, ʷʢʘ ʣʝʞʠʪʴ ʥʘ ʩʬʝʨʽ ʦʜʠʥʠʯʥʦʛʦ 

ʨʘʜʽʫʩʘ, ʤʘʶʪʴ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

   

( )

( )

( ),coscos

;cos
2

tgtglnsincossin
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2

tgtglncoscossin
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bbb
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s
sy

s
sx

=

ù
ú

ø
é
ê

è
ö
÷

õ
æ
ç

å
=

ù
ú

ø
é
ê

è
ö
÷

õ
æ
ç

å
=

     (2) 

ʗʢ ̔  ʫ ʨʽʚʥʷʥʥʷʭ ʣʦʛʘʨʠʬʤʽʯʥʦʾ ʩʧʽʨʘʣʽ (1) ʟʤʽʥʥʘ s ̔  ʢʫʪ ɓ ʤʘʶʪʴ ʘʥʘʣʦʛʽʯʥʽ 

ʟʥʘʯʝʥʥʷ ʟ ʪʽʻʶ ʚʽʜʤʽʥʥʽʩʪʶ, ʱʦ ʚ ʨʦʣʽ ʨʘʜʽʘʣʴʥʠʭ ʧʨʷʤʠʭ ʥʘ ʧʣʦʱʠʥʽ 

ʚʠʩʪʫʧʘʶʪʴ ʜʣʷ ʣʦʢʩʦʜʨʦʤʠ ʚʠʩʪʫʧʘʶʪʴ ʤʝʨʠʜʽʘʥʠ ʥʘ ʩʬʝʨʽ. ɸʥʘʣʦʛʠ ʩʬʝʨʠʯʥʠʭ 

ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʧʨʷʤʦʢʫʪʥʠʭ ʩʽʪʦʢ ʧʦʙʫʜʦʚʘʥʦ ʟʘ ʨʽʚʥʷʥʥʷʤʠ (2) ʥʘ ʨʠʩ. 2, ʜʝ 

ʟʥʘʯʝʥʥʷ ʢʫʪʽʚ ɓ ʩʽʤʝʡ ʣʦʢʩʦʜʨʦʤ ʪʘʢʝ ʞ, ʷʢ  ̔ʜʣʷ ʩʽʤʝʡ ʣʦʛʘʨʠʬʤʽʯʥʠʭ ʩʧʽʨʘʣʝʡ 

ʥʘ ʨʠʩ. 1. 

          
    ʘ      ʙ 

ʈʠʩ. 2. ʂʨʠʚʦʣʽʥʽʡʥʘ ʧʨʷʤʦʢʫʪʥʘ ʩʽʪʢʘ, ʫʪʚʦʨʝʥʘ ʩʽʤô̫ ʤʠ ʣʦʢʩʦʜʨʦʤ: 

ʘ) ʦʙʠʜʚʽ ʩʽʤôʾ ʤʘʶʪʴ ʢʫʪ ɓ=45Á;    ʙ) ʩʽʤôʾ ʤʘʶʪʴ ʢʫʪ ɓ=30Á  ̔ɓ=60Á 
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ɯʥʰʘ ʩʬʝʨʠʯʥʘ ʢʨʠʚʘ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʫʪʚʦʨʶʚʘʪʠ ʢʨʠʚʦʣʽʥʽʡʥʽ ʧʨʷʤʦʢʫʪʥʽ 

ʩʽʪʢʠ ï ʘʥʘʣʦʛ ʝʚʦʣʴʚʝʥʪʠ ʢʦʣʘ ʥʘ ʧʣʦʱʠʥʽ. ɽʚʦʣʴʚʝʥʪʘ ʢʦʣʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ 

ʜʦ ʧʨʷʤʠʭ, ʜʦʪʠʯʥʠʭ ʜʦ ʮʴʦʛʦ ʢʦʣʘ (ʨʠʩ. 3,ʘ). 

    
    ʘ      ʙ 

ʈʠʩ. 3. ɽʚʦʣʴʚʝʥʪʘ ʢʦʣʘ ʥʘ ʧʣʦʱʠʥʽ ʪʘ ʾʾ ʩʬʝʨʠʯʥʠʡ ʘʥʘʣʦʛ: 

ʘ) ʧʣʦʩʢʘ ʝʚʦʣʴʚʝʥʪʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʜʦ ʧʨʷʤʠʭ, ʜʦʪʠʯʥʠʭ ʜʦ ʢʦʣʘ; ʙ) 

ʩʬʝʨʠʯʥʘ ʝʚʦʣʴʚʝʥʪʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʜʦ ʢʽʣ ʦʜʠʥʠʯʥʦʛʦ ʨʘʜʽʫʩʘ (ʘʥʘʣʦʛʽʚ 

ʧʨʷʤʠʭ ʥʘ ʧʣʦʱʠʥʽ), ʜʦʪʠʯʥʠʭ ʜʦ ʢʦʣʘ ʥʘ ʩʬʝʨʽ 

 

ɸʥʘʣʦʛʦʤ ʜʦʪʠʯʥʠʭ ʧʨʷʤʠʭ ʜʦ ʢʦʣʘ ʫ ʧʣʦʱʠʥʽ  ̒ʜʦʪʠʯʥʽ ʢʦʣʘ ʦʜʠʥʠʯʥʦʛʦ 

ʨʘʜʽʫʩʘ ʜʦ ʢʦʣʘ ʥʘ ʩʬʝʨʽ, ʷʢʝ ʤʝʥʰʝ ʦʜʠʥʠʮʽ (ʨʠʩ. 3,ʙ). ɺʩʽ ʚʦʥʠ ʟʘ ʘʥʘʣʦʛʽʻʶ 

ʧʝʨʝʪʠʥʘʶʪʴ ʩʬʝʨʠʯʥʫ ʝʚʦʣʴʚʝʥʪʫ ʧʽʜ ʧʨʷʤʠʤ ʢʫʪʦʤ. ɻʦʣʦʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʤʽʞ 

ʧʣʦʩʢʦʶ  ̔ʩʬʝʨʠʯʥʦʶ ʝʚʦʣʴʚʝʥʪʘʤʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʽʪʢʠ ʧʣʦʩʢʦʾ ʤʦʞʫʪʴ 

ʧʨʦʜʦʚʞʫʚʘʪʠʩʷ ʫ ʥʝʩʢʽʥʯʝʥʥʽʩʪʴ, ʪʦʜʽ ʷʢ ʚʽʪʢʠ ʩʬʝʨʠʯʥʦʾ ʝʚʦʣʴʚʝʥʪʠ ʧʨʷʤʫʶʪʴ 

ʜʦ ʢʦʥʛʨʫʝʥʪʥʦʛʦ ʢʦʣʘ ʚ ʧʨʦʪʠʣʝʞʥʽʡ ʧʽʚʢʫʣʽ. ʇʘʨʘʤʝʪʨʠʯʥʽ ʨʽʚʥʷʥʥʷ ʩʬʝʨʠʯʥʦʾ 

ʝʚʦʣʴʚʝʥʪʠ ʤʘʶʪʴ ʚʠʛʣʷʜ: 

    

,cos1

;sinsincoscos

;sincoscossin

2 g

gggg

gggg

aaz

aaay

aaax

-=

--=

-=

   (3) 

ʜʝ  ï ʥʝʟʘʣʝʞʥʘ ʟʤʽʥʥʘ ʷʢʘ ʯʠʩʝʣʴʥʦ ʜʦʨʽʚʥʶʻ ʢʫʪʦʚʽ ʧʦʚʦʨʦʪʫ ʪʦʯʢʠ 

ʣʦʢʩʦʜʨʦʤʠ ʥʘʚʢʦʣʦ ʦʩʽ ; 

     ʘ<1 ï ʨʘʜʽʫʩ ʢʦʣʘ ʥʘ ʧʦʚʝʨʭʥʽ ʩʬʝʨʠ ʦʜʠʥʠʯʥʦʛʦ ʨʘʜʽʫʩʘ; 

     ɓ ï ʢʫʪ, ʷʢʠʡ ʤʘʻ ʽʥʰʝ ʟʥʘʯʝʥʥʷ, ʷʢ ʫ ʣʦʢʩʦʜʨʦʤʠ, ʘ ʩʘʤʝ ʢʫʪ ʾʾ ʧʽʜʡʦʤʫ, 

ʦʩʢʽʣʴʢʠ ʩʬʝʨʠʯʥʘ ʝʚʦʣʴʚʝʥʪʘ  ̒ʣʽʥʽʻʶ ʫʢʦʩʫ ʜʣʷ ʩʬʝʨʠ. 

ɺ ʟʚô̫ ʟʢʫ ʽʟ ʮʠʤ ʢʨʠʚʘ ʤʦʞʝ ʨʦʟʪʘʰʦʚʫʚʘʪʠʩʷ ʪʽʣʴʢʠ ʥʘ ʦʙʤʝʞʝʥʽʡ ʜʽʣʷʥʮʽ 

ʩʬʝʨʠ, ʨʦʟʪʘʰʦʚʘʥʽʡ ʤʽʞ ʩʠʤʝʪʨʠʯʥʠʤʠ ʢʦʣʘʤʠ ʨʘʜʽʫʩʘ ʘ ʥʘ ʩʬʝʨʽ. ʇʨʠ ɓ=45Á 

ʩʽʤô̫ ʤʠ ʩʬʝʨʠʯʥʠʭ ʝʚʦʣʴʚʝʥʪ ʤʦʞʥʘ ʫʪʚʦʨʠʪʠ ʧʨʷʤʦʢʫʪʥʫ ʢʨʠʚʦʣʽʥʽʡʥʫ ʩʽʪʢʫ, 

ʧʦʜʽʙʥʫ ʜʦ ʩʽʪʢʠ ʥʘ ʨʠʩ. 2,ʘ. ɻʦʣʦʚʥʦʶ ʚʽʜʤʽʥʥʽʩʪʶ ʪʘʢʦʾ ʩʽʪʢʠ ̔  ʾ ʾ ʧʝʨʝʚʘʛʦʶ ̒  ʪʝ, 

ʱʦ ʾ ʾ ʝʣʝʤʝʥʪʠ, ʪʦʙʪʦ ʢʨʠʚʦʣʽʥʽʡʥʽ ʢʚʘʜʨʘʪʠ ̒  ʨʽʚʥʠʤʠ (ʨʠʩ. 4). ɰʭ ʤʦʞʥʘ ʟʨʦʙʠʪʠ 
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ʙʽʣʴʰʠʤʠ ʘʙʦ ʤʝʥʰʠʤʠ (ʨʠʩ. 4,ʘ  ̔4,ʙ), ʘʣʝ ʚʦʥʠ ʥʝ ʚʠʭʦʜʷʪʴ ʟʘ ʤʝʞʽ ʦʢʨʝʩʣʝʥʦʾ 

ʦʙʣʘʩʪʽ. 

    
    ʘ      ʙ 

ʈʠʩ. 4. ʉʽʪʢʘ ʥʘ ʩʬʝʨʽ ʫ ʚʠʛʣʷʜʽ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʢʚʘʜʨʘʪʽʚ 

 

ʂʨʠʚʦʣʽʥʽʡʥʫ ʧʨʷʤʦʢʫʪʥʫ ʩʽʪʢʫ ʽʟ ʩʽʤʝʡ ʩʬʝʨʠʯʥʠʭ ʝʚʦʣʴʚʝʥʪ ʤʦʞʥʘ 

ʫʪʚʦʨʠʪʠ  ̔ʧʨʠ ʨʽʟʥʠʭ ʢʫʪʘʭ ɓ ʜʣʷ ʮʠʭ ʩʽʤʝʡ ʟʘ ʘʥʘʣʦʛʽʻʶ ʽʟ ʨʠʩ. 2,ʙ. ʆʜʥʘʢ ʧʨʠ 

ʮʴʦʤʫ ʟʚʫʞʫʻʪʴʩʷ ʦʙʣʘʩʪʴ ʩʬʝʨʠ, ʥʘ ʷʢʽʡ ʮ  ʁ ʩʽʪʢʫ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ. ɰʾ 

ʤʘʢʩʠʤʘʣʴʥʘ ʚʠʩʦʪʘ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ɓ=45Á  ̔ ʩʪʘʥʦʚʠʪʴ 1,4 ʜʽʘʤʝʪʨʘ ʩʬʝʨʠ 

ʦʜʠʥʠʯʥʦʛʦ ʨʘʜʽʫʩʘ, ʜʽʘʤʝʪʨ ʷʢʦʾ ʨʽʚʥʠʡ 2 ʣʽʥ. ʦʜ. ɿʚʽʜʩʠ ʚʠʭʦʜʠʪʴ, ʱʦ ʨʽʚʥʠʤʠ 

ʢʚʘʜʨʘʪʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʧʣʦʱʽ ʟʘ ʨʦʟʨʦʙʣʝʥʠʤ ʚʧʦʨʷʜʢʦʚʘʥʠʤ ʘʣʛʦʨʠʪʤʦʤ 

ʤʦʞʥʘ ʘʧʨʦʢʩʠʤʫʚʘʪʠ 70% ʢʫʣʽ ʧʦ ʚʠʩʦʪʽ, ʱʦ ʨʽʚʥʦʟʥʘʯʥʦ 70% ʾʾ ʧʣʦʱʽ.  

ɺʠʩʥʦʚʢʠ. ʇʦʚʝʨʭʥʶ ʢʫʣʽ ʤʦʞʥʘ ʧʦ ʨʽʟʥʦʤʫ ʚʽʜʥʝʩʪʠ ʜʦ ʢʨʠʚʦʣʽʥʽʡʥʠʭ 

ʧʨʷʤʦʢʫʪʥʠʭ ʩʽʪʦʢ, ʦʢʨʝʤʠʤ ʝʣʝʤʝʥʪʦʤ ʷʢʦʾ  ̒ʧʨʦʩʪʦʨʦʚʘ ʬʽʛʫʨʘ, ʙʣʠʟʴʢʘ ʜʦ 

ʢʚʘʜʨʘʪʘ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʢʨʠʚʘʪʠ ʧʦʚʝʨʭʥʶ ʩʬʝʨʠ ʧʣʦʩʢʠʤʠ ʝʣʝʤʝʥʪʘʤʠ 

ʢʚʘʜʨʘʪʥʦʾ ʬʦʨʤʠ. ʆʜʥʘʢ ʮ ̔ ʝʣʝʤʝʥʪʠ ʤʘʶʪʴ ʨʽʟʥʫ ʚʝʣʠʯʠʥʫ. ɿʘʚʜʷʢʠ 

ʟʘʩʪʦʩʫʚʘʥʥ  ʁʩʬʝʨʠʯʥʦʾ ʝʚʦʣʴʚʝʥʪʠ, ʷʢ ʪʚʽʨʥʦʾ ʢʨʠʚʦʾ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʩʽʪʢʠ, 

ʤʦʞʥʘ ʯʘʩʪʠʥʫ ʢʫʣʽ ʚʢʨʠʪʠ ʢʚʘʜʨʘʪʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʦʜʥʘʢʦʚʦʾ ʚʝʣʠʯʠʥʠ. ʎ  ̫

ʯʘʩʪʠʥʘ ʨʦʟʪʘʰʦʚʘʥʘ ʤʽʞ ʩʠʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʣʝʣʷʤʠ ʚʽʜʥʦʩʥʦ ʝʢʚʘʪʦʨʘ ʥʘ 

ʚʽʜʩʪʘʥʽ ʚʽʜ ʥʴʦʛʦ 0,7 ʨʘʜʽʫʩʘ ʩʬʝʨʠ  ̔ʩʪʘʥʦʚʠʪʴ 70% ʧʣʦʱʽ ʩʬʝʨʠ. 

ʃʽʪʝʨʘʪʫʨʘ 

1. ʇʠʣʠʧʘʢʘ ʉ. ʌ., ɻʨʠʱʝʥʢʦ ɯ. ʖ., ʅʝʩʚʽʜʦʤʽʥʘ ʆ. ɺ. ʂʦʥʩʪʨʫʶʚʘʥʥʷ 

ʽʟʦʤʝʪʨʠʯʥʠʭ ʩʽʪʦʢ ʥʘ ʧʦʚʝʨʭʥʽ ʢʫʣʽ. ʇʨʠʢʣʘʜʥʘ ʛʝʦʤʝʪʨʽʷ ʪʘ ʽʥʞʝʥʝʨʥʘ ʛʨʘʬʽʢʘ. 

ʂʠʾʚ. ʂʅʋɹɸ. 2018. ɺʠʧ. 94. ʉ. 82ï87. 

2. ʂʨʝʤʝʮʴ ʊ. ʉ., ɻʨʠʱʝʥʢʦ ɯ. ʖ., ʅʝʩʚʽʜʦʤʽʥʘ ʆ. ɺ. ɺʽʜʥʝʩʝʥʥʷ ʢʫʣʽ ʜʦ 

ʽʟʦʤʝʪʨʠʯʥʠʭ ʢʦʦʨʜʠʥʘʪ ʥʘ ʦʩʥʦʚʽ ʩʬʝʨʠʯʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʤʽʥʽʤʘʣʴʥʠʭ 

ʧʦʚʝʨʭʦʥʴ. ʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʤʦʜʝʣʶʚʘʥʥʷ. ʄɼʇʋ ʽʤʝʥʽ ɹʦʛʜʘʥʘ 

ʍʤʝʣʴʥʠʮʴʢʦʛʦ. ʄʝʣʽʪʦʧʦʣʴ. ʄɼʇʋ. 2016. ɺʠʧ. 7. ʉ. 74ï80. 
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ʋɼʂ 514.18 

 

ʂʈʀɺɯ ʃɯʅɯɰ ʅɸ ʇʆɺɽʈʍʅɯ ʏɽʈɽɿ ʅɸʇɽʈɽɼ ɿɸɼɸʅɯ ɰɰ ʊʆʏʂʀ ʋ 

ɺʅʋʊʈɯʐʅɯʍ ʂʆʆʈɼʀʅɸʊɸʍ 

 

ʅʝʩʚʽʜʦʤʽʥ ɺ. ʄ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʇʦʙʫʜʦʚʫ ʢʨʠʚʠʭ ʥʘ ʜʦʚʽʣʴʥʽʡ ʧʦʚʝʨʭʥʽ Ὑόȟὺ ʤʦʞʥʘ ʟʜʽʡʩʥʶʚʘʪʠ ʟʘ 

ʨʽʟʥʠʤʠ ʫʤʦʚʘʤʠ, ʥʘʧʨʠʢʣʘʜ, ʟʘʜʘʥʥʷʤ ʘʥʘʣʽʪʠʯʥʠʭ ʬʫʥʢʮʽʡ ʚʥʫʪʨʽʰʥʽʭ 

ʢʦʦʨʜʠʥʘʪ όὸȟὺὸ. ɺ ʪʘʙʣ. 1 ʧʦʙʫʜʦʚʘʥʦ ʢʨʠʚʽ ʣʽʥʽʾ ʥʘ ʧʣʦʱʠʥʽ, ʮʠʣʽʥʜʨʽ, 

ʩʬʝʨʽ ʪʘ ʢʦʥʦʾʜʽ ʜʣʷ ʭʘʨʘʢʪʝʨʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ όὸ ̨ ὺὸ. 

 

ʊʘʙʣʠʮʷ 1 

όὸȟὺὸ  ʎʠʣʽʥʜʨ ʉʬʝʨʘ ʂʦʥʦʾʜ 

ςὸȟρ 

    

ςȟὸ 

    

ςὸȟὸ 

  
 

 

ςὸȟςίὭὲὸ  

    

 

ʇʨʠ ʧʘʨʘʤʝʪʨʠʯʥʦʤʫ ʩʧʦʩʦʙʽ ʟʘʜʘʥʥʷ ʧʦʚʝʨʭʥʽ Ὑόȟὺ ʾʾ ʥʝʟʘʣʝʞʥʽ 

ʧʘʨʘʤʝʪʨʠ όȟὺ ʢʦʦʨʜʠʥʘʪʥʠʭ ʣʽʥʽʡ ʬʦʨʤʫʶʪʴ ʟʘʜʘʥʫ ʯʘʩʪʠʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 
ʫʧʨʘʚʣʽʥʥʷ ʤʝʞʘʤʠ ʾʭ ʟʤʽʥʠ: ό ό όȟὺ ὺ ὺ. ɿʘʜʘʶʯʠ ʯʠʩʣʦʚʽ 
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ʟʥʘʯʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʢʦʦʨʜʠʥʘʪ όȟόȟȢȢȟὺȟὺȟȢȢ  ʟ ʧʦʜʘʣʴʰʦʶ 

ʧʘʨʘʙʦʣʽʯʥʦʶ ʽʥʪʝʨʧʦʣʷʮʽʻʶ ʧʨʠʭʦʜʠʤʦ ʜʦ ʟʘʜʘʥʥʷ ʢʨʠʚʦʾ ʥʘ ʧʦʚʝʨʭʥʽ (ʪʘʙʣ.2) 

ʫ ʚʠʛʣʷʜʽ ό ὸȟὺὸ . 

 

ʊʘʙʣʠʮʷ 2 

όȟόȟȢȢȟὺȟὺȟȢȢ  ʎʠʣʽʥʜʨ ʉʬʝʨʘ ʂʦʥʦʾʜ 

πȟς“ȟ“ȟπ  

 

  
  

πȟ“ȟς“ȟ“ȟπȟ“  

  
 

 

πȟ“ȟς“ȟρȟρȟ“ȟπȟ“  

    
 

ʅʘ ʨʠʩ.1 ʧʦʙʫʜʦʚʘʥʽ ʪʨʫʙʯʘʩʪʽ ʧʦʚʝʨʭʥʽ, ʷʢʽ ʜʦʪʠʢʘʶʪʴʩʷ ʧʦ ʟʘʜʘʥʽʡ ʢʨʠʚʽʡ 

ʚʽʜʧʦʚʽʜʥʦ ʟ: ʘ) ʧʣʦʱʠʥʦʶ; ʙ) ʮʠʣʽʥʜʨʦʤ; ʚ) ʩʬʝʨʦʶ; ʛ) ʢʦʥʦʾʜʦʤ. 

ʘ    ʙ    

ʚ    ʛ    

ʈʠʩ. 1. ʊʨʫʙʯʘʩʪʽ ʧʦʚʝʨʭʥʽ ʚʟʜʦʚʞ ʢʨʠʚʦʾ ʥʘ ʧʦʚʝʨʭʥʽ  
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ʋɼʂ 514.18 

 

ʄʆɼɽʃʖɺɸʅʅʗ ʌʆʈʄʀ ʇʈʋɾʅʆɰ ʆʉɯ ʉʊʆʗʂɸ ʃɸʇʀ 

ʂʋʃʔʊʀɺɸʊʆʈɸ 

 

ʇʠʣʠʧʘʢʘ ʉ. ʌ., ʍʨʦʧʦʩʪ ɺ. ɯ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ  ̔ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʇʨʠ ʨʦʙʦʪʽ ʢʫʣʴʪʠʚʘʪʦʨʘ ʥʘ ʣʘʧʫ, ʷʢʘ ʧʽʜʨʽʟʘʻ ʢʦʨʽʥʥʷ ʙʫʨô̫ ʥʽʚ  ̔ʨʠʭʣʠʪʴ 

ˇʨʫʥʪ, ʜʽʶʪʴ ʧʫʣʴʩʫʶʯʽ ʜʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʮʴʦʛʦ ʩʪʦʷʢ, ʜʦ 

ʷʢʦʛʦ ʢʨʽʧʠʪʴʩʷ ʣʘʧʘ, ʤʦʞʝ ʟʤʽʥʶʚʘʪʠ ʬʦʨʤʫ ʧʨʫʞʥʦʾ ʦʩʽ. ʗʢ ʚʽʜʦʤʦ, ʧʨʠ 

ʟʛʠʥʘʥʥʽ ʩʪʝʨʞʥʷ ʢʨʠʚʠʥʘ k ʡʦʛʦ ʧʨʫʞʥʦʾ ʦʩʽ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʦʥʘʣʴʥʘ 

ʧʨʠʢʣʘʜʝʥʦʤʫ ʤʦʤʝʥʪʫ ʄ  ̔ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʦʥʘʣʴʥʘ ʞʦʨʩʪʢʦʩʪʽ ʩʪʝʨʞʥʷ EI. 

ɾʦʨʩʪʢʽʩʪʴ  ̒ ʜʦʙʫʪʢʦʤ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ I ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʩʪʝʨʞʥʷ ʥʘ 

ʤʦʜʫʣʷ ʖʥʛʘ ɽ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʣʘʩʪʠʚʽʩʪʴ ʤʘʪʝʨʽʘʣʫ: 

 ()
()

EI

sM
sk = , (1) 

ʜʝ s ï ʜʦʚʞʠʥʘ ʩʪʝʨʞʥʷ ʚʽʜ ʪʦʯʢʠ ʧʨʠʢʣʘʜʝʥʦʾ ʩʠʣʠ ʜʦ ʧʦʪʦʯʥʦʾ ʪʦʯʢʠ. 

ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʩʪʦʷʢʘ ʟʘ ʡʦʛʦ ʧʨʫʞʥʫ ʚʽʩʴ ʫ ʚʽʣʴʥʦʤʫ ʩʪʘʥʽ ʙʨʘʣʠ ʜʫʛʫ 

ʢʦʣʘ, ʨʘʜʽʫʩ r=1/kʦ ʷʢʦʛʦ ʫʟʛʦʜʞʫʚʘʚʩʷ ʽʟ ʚʠʩʦʪʦʶ h ʚʽʜ ʣʘʧʠ ʜʦ ʤʽʩʮʷ ʢʨʽʧʣʝʥʥʷ 

ʩʪʦʷʢʘ (ʨʠʩ. 1,ʙ). 

             
ʘ ʙ 

ʈʠʩ. 1. ɻʨʘʬʽʯʥʽ ʽʣʶʩʪʨʘʮʽʾ ʜʦ ʟʛʠʥʘʥʥʷ ʩʪʦʷʢʘ ʢʫʣʴʪʠʚʘʪʦʨʥʦʾ ʣʘʧʠ ʚ ʧʨʦʮʝʩʽ 

ʨʠʭʣʝʥʥʷ ˇʨʫʥʪʫ: ʘ) ʚʠʭʽʜʥʝ ʧʦʣʦʞʝʥʥʷ ʩʪʦʷʢʘ ʽʟ ʣʘʧʦʶ ʜʦ ʧʦʯʘʪʢʫ ʨʦʙʦʪʠ; 

ʙ) ʩʭʝʤʘ ʧʨʫʞʥʦʾ ʦʩʽ ʩʪʦʷʢʘ ʟ ʣʘʧʦʶ: 1 ï ʩʪʦʷʢ; 2 ï ʤʽʩʮʝ ʢʨʽʧʣʝʥʥʷ ʩʪʦʷʢʘ ʜʦ 

ʨʘʤʠ; 3 ï ʣʘʧʘ 

 

ɹʫʣʦ ʟʥʘʡʜʝʥʦ ʥʘʪʫʨʘʣʴʥʝ ʨʽʚʥʷʥʥʷ  ʧʨʫʞʥʦʾ ʦʩʽ ʩʪʦʷʢʘ ʣʘʧʠ ʧʨʠ EI=1: 

    Psk
ds

d
-= 0

a
,      (2) 

ʜʝ dŬ/ds=k(s) ï ʢʨʠʚʠʥʘ ʧʨʫʞʥʦʾ ʦʩʽ; ʈ ï ʧʨʠʢʣʘʜʝʥʘ ʩʠʣʘ. 

ʇʨʠ ʈ=0 ʢʨʠʚʠʥʘ ʧʨʫʞʥʦʾ ʦʩʽ ʨʽʚʥʘ kʦ, ʪʦʙʪʦ ʧʨʫʞʥʘ ʚʽʩʴ  ̒ʜʫʛʦʶ ʢʦʣʘ 

ʨʘʜʽʫʩʘ r=1/kʦ. ʇʝʨʝʭʽʜ ʚʽʜ ʥʘʪʫʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ (2) ʜʦ ʢʦʦʨʜʠʥʘʪʥʦʾ ʬʦʨʤʠ 
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ʟʘʧʠʩʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʜʚʘ ʝʪʘʧʠ. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʽʥʪʝʛʨʫʚʘʥʥʷʤ ʚʠʨʘʟʫ (2) 

ʟʥʘʭʦʜʷʪʴ ʟʘʣʝʞʥʽʩʪʴ ʢʫʪʘ Ŭ=Ŭ(s): 

    
2

0
2

s
P

sk -=a .      (3) 

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʠʩʝʣʴʥʝ ʽʥʪʝʛʨʫʚʘʥʥʷ ʥʘʩʪʫʧʥʠʭ ʚʠʨʘʟʽʚ: 

dss
P

skydss
P

skx ññ ö
÷

õ
æ
ç

å
-=ö

÷

õ
æ
ç

å
-= 2

0

2

0
2

sin;
2

cos

. (4) 

ɿʘ ʨʽʚʥʷʥʥʷʤʠ (4) ʙʫʣʘ ʧʦʙʫʜʦʚʘʥʘ ʧʨʫʞʥʘ ʚʽʩʴ ʩʪʦʷʢʘ ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ 

ʩʠʣʠ ʈ. ɾʦʨʩʪʢʽʩʪʴ EI ʩʪʦʷʢʘ  ̒ʚʝʣʠʯʠʥʘ ʩʪʘʣʘ. ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʾʾ 

ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʟʘ ʦʜʠʥʠʮʶ. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ ʚʝʣʠʯʠʥʫ ʩʠʣʠ ʙʨʘʣʠ ʚ ʫʤʦʚʥʠʭ 

ʦʜʠʥʠʮʷʭ. ʇʨʠ ʪʘʢʦʤʫ ʧʽʜʭʦʜʽ ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ, ʷʢ ʟʤʽʥʶʻʪʴʩʷ ʬʦʨʤʘ ʣʘʧʠ 

ʧʨʠ ʟʙʽʣʴʰʝʥʥʷ ʩʠʣʠ ʫ ʨʘʟʠ. ʄʦʞʥʘ ʟʤʝʥʰʠʪʠ ʧʣʦʱʫ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʣʘʧʠ, 

ʟʤʝʥʰʠʚʰʠ ʪʠʤ ʩʘʤʦ ʞʦʨʩʪʢʽʩʪʴ  ̔ʦʪʨʠʤʘʪʠ ʦʜʥʘʢʦʚʠʡ ʨʝʟʫʣʴʪʘʪ ʟʛʠʥʘʥʥʷ ʣʘʧʠ 

ʫʞʝ ʧʨʠ ʤʝʥʰʠʭ ʟʥʘʯʝʥʥʷʭ ʩʠʣʠ ʈ. ɼʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ 

ʟʛʠʥʫ ʩʪʦʷʢʘ ʣʘʧʠ ʧʦʪʨʽʙʥʦ ʟʥʘʪʠ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʫʣʴʩʫʶʯʦʾ ʩʠʣʠ, ʷʢʘ 

ʜʽʻ ʥʘ ʣʘʧʫ. ʎʴʦʤʫ ʟʥʘʯʝʥʥʶ ʩʠʣʠ ʚʽʜʧʦʚʽʜʘʪʠʤʝ ʤʘʢʩʠʤʘʣʴʥʘ ʜʝʬʦʨʤʘʮʽʷ 

ʩʪʦʷʢʘ. ɼʣʷ ʧʨʠʡʥʷʪʥʦʛʦ ʟʥʘʯʝʥʥʷ ʮʽʻʾ ʜʝʬʦʨʤʘʮʽʾ ʚʠʙʠʨʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʡ 

ʧʝʨʝʨʽʟ ʩʪʦʷʢʘ, ʪʦʙʪʦ ʡʦʛʦ ʞʦʨʩʪʢʽʩʪʴ. 

ʅʘ ʨʠʩ. 2, ʘ ʧʦʢʘʟʘʥʦ ʧʦʯʘʪʢʦʚʫ ʬʦʨʤʫ ʧʨʫʞʥʦʾ ʦʩʽ ʩʪʦʷʢʘ ʙʝʟ ʧʨʠʢʣʘʜʝʥʦʾ 

ʩʠʣʠ (ʈ=0)  ̔ʧʨʠ ʾʾ ʟʨʦʩʪʘʥʥʽ ʥʘ 2 ʦʜʠʥʠʮʽ, ʘ ʥʘ ʨʠʩ. 2,ʙ,ʚ ï 3-D ʤʦʜʝʣʴ ʩʪʦʷʢʘ ʽʟ 

ʬʨʘʛʤʝʥʪʦʤ ʨʘʤʠ  ̔ʣʘʧʦʶ ʥʘ ʢʽʥʮʽ. 

 

       
                   ʘ     ʙ    ʚ 

ʈʠʩ. 2. ɻʨʘʬʽʯʥʽ ʽʣʶʩʪʨʘʮʽʾ ʜʦ ʜʝʬʦʨʤʘʮʽʾ ʧʨʫʞʥʦʾ ʦʩʽ ʩʪʦʷʢʘ:  ʘ) ʬʦʨʤʘ ʧʨʫʞʥʦʾ 

ʦʩʽ ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʧʨʠʢʣʘʜʝʥʦʾ ʩʠʣʠ; ʙ) 3-D ʤʦʜʝʣʴ ʩʪʦʷʢʘ ʙʝʟ ʧʨʠʢʣʘʜʝʥʦʾ 

ʩʠʣʠ; ʚ) 3-D ʤʦʜʝʣʴ ʩʪʦʷʢʘ ʧʽʩʣʷ ʧʨʠʢʣʘʜʝʥʦʾ ʩʠʣʠ 
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ʋɼʂ 53.8 

 

ʇɽʈɽʄɯʑɽʅʅʗ ʏɸʉʊʀʅʂʀ ʇʆ ʈʋʍʆʄɯʁ ʍɺʀʃʗʉʊɯʁ ʇʆɺɽʈʍʅɯ 

 

ɺʦʣʽʥʘ ʊ.ʄ.  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ, 

ʉʫʤʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʐʦʨʩʪʢʘ ʧʣʦʱʠʥʘ ʻ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤ ʝʣʝʤʝʥʪʦʤ ʙʘʛʘʪʴʦʭ 

ʤʘʰʠʥ ʽ ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʧʨʦʩʽʶʚʘʥʥʷ ʽ ʩʝʧʘʨʘʮʽʾ ʯʘʩʪʠʥ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʅʘʡʙʽʣʴʰ ʜʦʩʣʽʜʞʝʥʠʤ ʻ ʨʫʭ ʯʘʩʪʠʥʦʢ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ, ʷʢʘ ʟʜʽʡʩʥʶʻ 

ʢʦʣʠʚʘʣʴʥʠʡ ʧʨʷʤʦʣʽʥʽʡʥʠʡ ʘʙʦ ʢʨʫʛʦʚʠʡ ʨʫʭʠ. ʍʚʠʣʷʩʪʘ ʧʦʚʝʨʭʥʷ ʽʟ 

ʧʦʧʝʨʝʯʥʠʤ ʧʝʨʝʨʽʟʦʤ ʫ ʚʠʛʣʷʜʽ ʩʠʥʫʩʦʾʜʠ ʚ ʨʦʣʽ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʩʫʪʪʻʚʦ 

ʤʽʥʷʪʠʤʝ ʪʨʘʻʢʪʦʨʽʾ ʢʦʚʟʘʥʥʷ ʯʘʩʪʠʥʦʢ. ɺʽʜʧʦʚʽʜʥʦ ʟʤʽʥʠʪʴʩʷ ʽ ʤʘʪʝʤʘʪʠʯʥʠʡ 

ʦʧʠʩ ʪʘʢʦʛʦ ʨʫʭʫ. ʂʦʚʟʘʥʥʷ ʯʘʩʪʠʥʢʠ ʧʦ ʧʣʦʱʠʥʽ ʙʫʜʝ ʯʘʩʪʢʦʚʠʤ ʚʠʧʘʜʢʦʤ 

ʢʦʚʟʘʥʥʷ ʧʦ ʭʚʠʣʷʩʪʽʡ ʧʦʚʝʨʭʥʽ ʢʦʣʠ ʘʤʧʣʽʪʫʜʘ ʩʠʥʫʩʦʾʜʠ ʙʫʜʝ ʨʽʚʥʦʶ ʥʫʣʶ. 

ʇʨʠ ʢʦʣʠʚʘʥʥʷʭ ʭʚʠʣʷʩʪʦʾ ʧʦʚʝʨʭʥʽ, ʢʦʣʠ ʚʩʽ ʾʾ ʪʦʯʢʠ ʦʧʠʩʫʶʪʴ ʢʦʣʘ, ʨʫʭ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʩʫʪʪʻʚʦ ʟʤʽʥʶʻʪʴʩʷ. 

ʅʝʭʘʡ ʮʠʣʽʥʜʨʠʯʥʘ ʭʚʠʣʷʩʪʘ ʧʦʚʝʨʭʥʷ ʟʜʽʡʩʥʶʻ ʧʦʩʪʫʧʘʣʴʥʽ ʢʦʣʠʚʘʥʥʷ 

ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʚʩʽ ʾʾ ʪʦʯʢʠ ʦʧʠʩʫʶʪʴ ʢʦʣʘ ʨʘʜʽʫʩʘ r (ʥʘ ʨʠʩʫʥʢʫ 1 ʧʦʢʘʟʘʥʽ 

ʪʨʘʻʢʪʦʨʽʾ ʧʝʨʝʤʽʱʝʥʥʷ ʯʦʪʠʨʴʦʭ ʪʦʯʦʢ ʧʦʚʝʨʭʥʽ). ɸʙʩʦʣʶʪʥʠʡ ʨʫʭ ʯʘʩʪʠʥʢʠ 

ʨʦʟʛʣʷʜʘʚʩʷ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʥʝʨʫʭʦʤʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ OXYZ.  

 
ʈʠʩ. 1. ʉʭʝʤʘ ʢʦʣʦʚʠʭ ʢʦʣʠʚʘʥʴ ʭʚʠʣʷʩʪʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʧʨʠʢʣʘʜʝʥʽ ʜʦ ʯʘʩʪʠʥʢʠ 

ʩʠʣʠ 

 

ʗʢʱʦ ʧʦʚʝʨʭʥʶ ʧʨʠʚôʷʟʘʪʠ ʜʦ ʨʫʭʦʤʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ, ʪʦ ʧʨʠ ʾʾ 

ʢʦʣʠʚʘʥʥʽ ʦʩʽ ʨʫʭʦʤʦʾ ʽ ʥʝʨʫʭʦʤʦʾ ʩʠʩʪʝʤ ʚʝʩʴ ʯʘʩ ʙʫʜʫʪʴ ʧʘʨʘʣʝʣʴʥʠʤʠ. ʎʝ 

ʦʟʥʘʯʘʻ, ʱʦ ʘʙʩʦʣʶʪʥʫ ʪʨʘʻʢʪʦʨʽʶ ʯʘʩʪʠʥʢʠ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʷʢ ʩʫʤʫ 

ʧʝʨʝʥʦʩʥʦʛʦ ʨʫʭʫ ʧʦʚʝʨʭʥʽ, ʪʦʯʢʠ ʷʢʦʾ ʦʧʠʩʫʶʪʴ ʢʦʣʘ, ʽ ʚʽʜʥʦʩʥʦʛʦ ʨʫʭʫ ʪʦʯʢʠ 

ʧʦ ʭʚʠʣʷʩʪʽʡ ʧʦʚʝʨʭʥʽ. 
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ʇʦ ʧʦʚʝʨʭʥʽ ʪʦʯʢʘ ʢʦʚʟʘʪʠʤʝ ʧʦ ʧʝʚʥʽʡ ʪʨʘʻʢʪʦʨʽʾ. ʈʽʚʥʷʥʥʷ ʪʨʘʻʢʪʦʨʽʾ 

ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ, ʷʢʱʦ ʟʚôʷʟʘʪʠ ʤʽʞ ʩʦʙʦʶ ʥʝʟʘʣʝʞʥʽ ʟʤʽʥʥʽ v  ̔u ʧʦʚʝʨʭʥʽ. ʎʝʡ 

ʟʚ'ʷʟʦʢ ʤʦʞʝ ʙʫʪʠ ʟʘʜʘʥʦ ʯʝʨʝʟ ʯʘʩ t. ɿʘʣʝʞʥʦʩʪʽ v=v(t)  ̔u=u(t), ʷʢʽ ʦʧʠʩʫʶʪʴ 

ʪʨʘʻʢʪʦʨʽʶ ʚʽʜʥʦʩʥʦʛʦ ʨʫʭʫ (ʢʦʚʟʘʥʥʷ ʯʘʩʪʠʥʢʠ ʧʦ ʭʚʠʣʷʩʪʽʡ ʧʦʚʝʨʭʥʽ), ʻ 

ʥʝʚʽʜʦʤʠʤʠ ʬʫʥʢʮʽʷʤʠ, ʷʢʽ ʤʘʶʪʴ ʙʫʪʠ ʟʥʘʡʜʝʥʽ. 

ʈʽʚʥʷʥʥʷ ʨʫʭʫ ʤʘʻ ʚʠʛʣʷʜ: Fwm = , ʜʝ m ï ʤʘʩʘ ʯʘʩʪʠʥʢʠ, w  ï ʚʝʢʪʦʨ 

ʘʙʩʦʣʶʪʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ, Fï ʨʝʟʫʣʴʪʫʶʯʠʡ ʚʝʢʪʦʨ ʧʨʠʢʣʘʜʝʥʠʭ ʜʦ ʯʘʩʪʠʥʢʠ 

ʩʠʣ. ʊʘʢʠʤʠ ʩʠʣʘʤʠ ʻ: ʩʠʣʘ ʚʘʛʠ mg (g=9,81 ʤ/ʩ2), ʨʝʘʢʮʽʷ N ʧʦʚʝʨʭʥʽ ʪʘ ʩʠʣʘ 

ʪʝʨʪʷ fN ʧʨʠ ʢʦʚʟʘʥʥʽ ʯʘʩʪʠʥʢʠ ʧʦ ʧʦʚʝʨʭʥʽ (f ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ). ɺʩʽ ʩʠʣʠ 

ʧʦʪʨʽʙʥʦ ʩʧʨʦʝʢʮʽʶʚʘʪʠ ʥʘ ʦʩʽ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ OXYZ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʙʯʠʩʣʝʥʴ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʥʘʩʪʫʧʥʽ ʚʠʨʘʟʠ: 
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   (1) 

ʜʝ ʩ ï ʘʤʧʣʽʪʫʜʘ ʧʦʚʝʨʭʥʽ, ʘ ï ʯʘʩʪʦʪʘ (ʩʪʘʣʽ ʚʝʣʠʯʠʥʠ); 

u, v ï ʥʝʟʘʣʝʞʥʽ ʟʤʽʥʥʽ ʧʦʚʝʨʭʥʽ, ʜʝ u ï ʜʦʚʞʠʥʘ ʧʨʷʤʦʣʽʥʽʡʥʦʾ ʪʚʽʨʥʦʾ, v ï 

ʚʽʜʩʪʘʥʴ ʚʟʜʦʚʞ ʦʩʽ OY; 

r ï ʨʘʜʽʫʩ ʢʽʣ, ʧʦ ʷʢʠʭ ʨʫʭʘʶʪʴʩʷ ʪʦʯʢʠ ʮʠʣʽʥʜʨʘ; 

ɤ ï ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʪʦʯʦʢ ʧʦʚʝʨʭʥʽ ʧʦ ʢʦʣʘʭ. 

ʉʠʩʪʝʤʘ (1) ʥʝ ʤʦʞʝ ʙʫʪʠ ʧʨʦʽʥʪʝʛʨʦʚʘʥʘ ʚ ʘʥʘʣʽʪʠʯʥʦʤʫ ʚʠʛʣʷʜʽ. ɰʾ 

ʧʦʪʨʽʙʥʦ ʨʦʟʚôʷʟʫʚʘʪʠ ʯʠʩʝʣʴʥʠʤʠ ʤʝʪʦʜʘʤʠ. ɿʥʘʡʜʝʥʽ ʟʘʣʝʞʥʦʩʪʽ v=v(t) ̔  u=u(t) 

ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʦʜʝʨʞʘʪʠ ʚʽʜʥʦʩʥʫ ʪʨʘʻʢʪʦʨʽʶ ʨʫʭʫ ʯʘʩʪʠʥʢʠ ʧʦ ʭʚʠʣʷʩʪʽʡ 

ʧʦʚʝʨʭʥʽ, ʪʦʙʪʦ ʪʨʘʻʢʪʦʨʽʶ ʢʦʚʟʘʥʥʷ. 

ʏʠʩʝʣʴʥʠʤʠ ʤʝʪʦʜʘʤʠ ʤʦʞʝ ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʦ ʪʨʘʻʢʪʦʨʽʶ ʢʦʚʟʘʥʥʷ 

ʯʘʩʪʠʥʢʠ ʧʦ ʧʣʦʱʠʥʽ. ʇʽʩʣʷ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʪʨʘʻʢʪʦʨʽʻʶ ʢʦʚʟʘʥʥʷ ʯʘʩʪʠʥʢʠ 

ʻ ʢʦʣʦ, ʨʘʜʽʫʩ ʷʢʦʛʦ ʤʝʥʰʠʡ ʚʽʜ ʢʦʣʘ, ʷʢʝ ʦʧʠʩʫʶʪʴ ʚʩʽ ʪʦʯʢʠ ʧʣʦʱʠʥʠ. ɻʨʘʬʽʢ 

ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʢʦʚʟʘʥʥʷ ʧʦʢʘʟʘʚ, ʱʦ ʧʨʠ ʮʴʦʤʫ ʰʚʠʜʢʽʩʪʴ ʢʦʚʟʘʥʥʷ ʩʪʘʻ 

ʩʪʘʣʦʶ.  

ɹʫʣʦ ʟʥʘʡʜʝʥʦ ʧʘʨʘʤʝʪʨʠʯʥʽ ʨʽʚʥʷʥʥʷ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʪʨʘʻʢʪʦʨʽʶ ʢʦʚʟʘʥʥʷ 

ʯʘʩʪʠʥʢʠ ʧʦ ʧʣʦʱʠʥʽ ʫ ʚʽʜʥʦʩʥʦʤʫ ʨʫʩʽ ʧʽʩʣʷ ʡʦʛʦ ʩʪʘʙʽʣʽʟʘʮʽʾ: 
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ɯʟ ʨʽʚʥʷʥʴ (2) ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʠʡ ʨʘʜʽʫʩ rr ʢʦʣʘ, ʷʢʝ ʦʧʠʩʫʻ ʯʘʩʪʠʥʢʘ, 

ʢʦʚʟʘʶʯʠ ʧʦ ʧʣʦʱʠʥʽ ʧʽʩʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʨʫʭʫ: 
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ʈʘʜʽʫʩ rr ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʨʘʜʽʫʩʘ r ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʘ f ʪʝʨʪʷ ʘʙʦ 

ʞ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ɤ ʢʦʣʠʚʘʥʴ ʧʣʦʱʠʥʠ. 

ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʬʦʨʤʘ ʧʦʚʝʨʭʥʽ ʧʦʚʠʥʥʘ ʙʫʪʠ ʧʝʚʥʠʤ ʯʠʥʦʤ 

ʦʙʤʝʞʝʥʘ ʯʝʨʝʟ ʧʘʨʘʤʝʪʨʠ ʾʾ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ. 

ɼʦʩʣʽʜʞʫʚʘʣʠʩʷ ʪʨʠ ʚʠʧʘʜʢʠ: ʢʦʣʠ ʜʽʘʤʝʪʨ ʧʝʨʝʥʦʩʥʦʛʦ ʨʫʭʫ ʧʦʚʝʨʭʥʽ 

ʜʦʨʽʚʥʶʻ, ʤʝʥʰʝ ʘʙʦ ʙʽʣʴʰʝ ʟʘ ʧʝʨʽʦʜ. ʇʝʨʰʠʡ ʚʠʧʘʜʦʢ ʻ ʭʘʨʘʢʪʝʨʥʠʤ, ʦʩʢʽʣʴʢʠ 

ʪʨʘʻʢʪʦʨʽʷ ʢʦʚʟʘʥʥʷ ʯʘʩʪʠʥʢʠ ʧʦ ʧʦʚʝʨʭʥʽ ʥʝ ʻ ʟʘʤʢʥʝʥʦʶ ʣʽʥʽʻʶ. ʊʨʘʻʢʪʦʨʽʻʶ 

ʢʦʚʟʘʥʥʷ ʻ ʧʝʨʽʦʜʠʯʥʘ ʧʨʦʩʪʦʨʦʚʘ ʢʨʠʚʘ, ʧʨʠ ʮʴʦʤʫ ʢʨʠʚʦʣʽʥʽʡʥʝ ʢʦʚʟʘʥʥʷ 

ʯʘʩʪʠʥʢʠ ʧʦʰʠʨʶʻʪʴʩʷ ʚ ʥʘʧʨʷʤʽ, ʙʣʠʟʴʢʦʤʫ ʜʦ ʥʘʧʨʷʤʫ ʦʩʽ ʆY,  ʽ ʯʘʩʪʠʥʢʘ ʧʨʠ 

ʩʚʦʻʤʫ ʨʫʩʽ ʜʦʣʘʻ ʚʧʘʜʠʥʠ ʽ ʛʨʝʙʝʥʽ ʧʦʚʝʨʭʥʽ. ʅʘʧʨʷʤ ʧʦʰʠʨʝʥʥʷ ʪʘʢʦʛʦ ʨʫʭʫ 

ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʷʢ ʫ ʥʘʧʨʷʤʽ ʦʩʽ ʆY, ʪʘʢ ʽ ʚ ʧʨʦʪʠʣʝʞʥʫ ʩʪʦʨʦʥʫ. ʇʦʚʝʜʽʥʢʘ 

ʯʘʩʪʠʥʢʠ ʧʨʠ ʮʴʦʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʯʢʠ ʧʦʧʘʜʘʥʥʷ ʥʘ ʧʦʚʝʨʭʥʶ.  

ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʜʽʘʤʝʪʨ ʢʽʣ ʧʝʨʝʥʦʩʥʦʛʦ ʨʫʭʫ ʧʦʚʝʨʭʥʽ ʤʝʥʰʠʡ ʟʘ ʧʝʨʽʦʜ, 

ʧʽʩʣʷ ʧʝʨʝʭʽʜʥʦʛʦ ʧʝʨʽʦʜʫ ʪʨʘʻʢʪʦʨʽʷ ʢʦʚʟʘʥʥʷ ʯʘʩʪʠʥʢʠ ʩʪʘʻ ʟʘʤʢʥʝʥʦʶ. ɺ 

ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʜʽʘʤʝʪʨ ʢʽʣ ʧʝʨʝʥʦʩʥʦʛʦ ʨʫʭʫ ʧʦʚʝʨʭʥʽ ʙʽʣʴʰʠʡ ʟʘ 

ʧʝʨʽʦʜ, ʧʝʨʝʭʽʜʥʠʡ ʧʝʨʽʦʜ ʤʦʞʝ ʪʨʠʚʘʪʠ ʜʦʩʠʪʴ ʜʦʚʛʦ ʘʙʦ ʞ ʰʚʠʜʰʝ ʧʝʨʝʭʦʜʠʪʠ 

ʜʦ ʟʘʤʢʥʝʥʦʾ ʪʨʘʻʢʪʦʨʽʾ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʢʦʣʠʚʘʥʴ. ʇʨʠ 

ʧʦʜʘʣʴʰʦʤʫ ʟʨʦʩʪʘʥʥʽ ʨʘʜʽʫʩʘ r ʯʘʩʪʠʥʢʘ ʧʽʩʣʷ ʧʝʨʝʭʽʜʥʦʛʦ ʧʝʨʽʦʜʫ ʨʫʭʘʻʪʴʩʷ ʧʦ 

ʟʘʤʢʥʝʥʽʡ ʢʨʠʚʽʡ, ʧʨʠʯʦʤʫ ʮʷ ʟʘʤʢʥʝʥʘ ʢʨʠʚʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʫ ʨʦʟʤʽʨʘʭ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʘʜʽʫʩʘ r ʢʦʣʦʚʠʭ ʢʦʣʠʚʘʥʴ. ʗʢʱʦ ʟʤʝʥʰʫʚʘʪʠ ʘʤʧʣʽʪʫʜʫ 

ʩʠʥʫʩʦʾʜʠ, ʪʦ ʭʚʠʣʷʩʪʘ ʧʦʚʝʨʭʥʷ ʥʘʙʣʠʞʘʪʠʤʝʪʴʩʷ ʜʦ ʧʣʦʱʠʥʠ, ʘ ʟʘʤʢʥʝʥʘ ʢʨʠʚʘ 

ʢʦʚʟʘʥʥʷ ï ʜʦ ʢʦʣʘ.  

ʈʦʟʛʣʷʥʫʪʽ ʚʠʧʘʜʢʠ ʜʦʩʠʪʴ ʧʦʚʥʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʤʦʞʣʠʚʽ ʪʨʘʻʢʪʦʨʽʾ 

ʚʽʜʥʦʩʥʦʛʦ ʨʫʭʫ ʯʘʩʪʠʥʢʠ ʧʦ ʭʚʠʣʷʩʪʽʡ ʧʦʚʝʨʭʥʽ ʧʨʠ ʾʾ ʢʦʣʦʚʠʭ ʢʦʣʠʚʘʥʥʷʭ. ɺ 

ʜʦʩʣʽʜʞʝʥʥʽ ʥʝ ʧʦʢʘʟʘʥʦ ʚʧʣʠʚ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ ʥʘ ʪʨʘʻʢʪʦʨʽʶ ʢʦʚʟʘʥʥʷ 

ʯʘʩʪʠʥʢʠ, ʦʜʥʘʢ ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʥʝ ʚʥʦʩʠʪʴ ʩʫʪʪʻʚʠʭ ʟʤʽʥ ʥʘ ʭʘʨʘʢʪʝʨ ʢʨʠʚʠʭ 

ʢʦʚʟʘʥʥʷ ʯʘʩʪʠʥʢʠ ʽ ʦʙʤʝʞʫʻʪʴʩʷ ʨʦʟʛʣʷʥʫʪʠʤʠ ʚʠʧʘʜʢʘʤʠ. 

ʆʪʞʝ, ʧʨʠ ʢʦʣʦʚʠʭ ʢʦʣʠʚʘʥʥʷʭ ʭʚʠʣʷʩʪʦʾ ʣʽʥʽʡʯʘʪʦʾ ʧʦʚʝʨʭʥʽ ʟ ʧʦʧʝʨʝʯʥʠʤ 

ʧʝʨʝʨʽʟʦʤ ʫ ʚʠʛʣʷʜʽ ʩʠʥʫʩʦʾʜʠ ʚʽʜʥʦʩʥʦʶ ʪʨʘʻʢʪʦʨʽʻʶ ʯʘʩʪʠʥʢʠ ʧʽʩʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ 

ʨʫʭʫ ʤʦʞʝ ʙʫʪʠ ʟʘʤʢʥʝʥʘ ʘʙʦ ʧʝʨʽʦʜʠʯʥʘ ʧʨʦʩʪʦʨʦʚʽ ʢʨʠʚʽ. ɼʣʷ ʫʥʠʢʥʝʥʥʷ 

ʚʽʜʨʠʚʫ ʯʘʩʪʠʥʢʠ ʚʽʜ ʧʦʚʝʨʭʥʽ ʧʦʪʨʽʙʥʦ ʟʘʜʘʚʘʪʠ ʨʝʞʠʤ ʢʦʣʠʚʘʥʴ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ 

ʬʦʨʤʫ ʧʦʚʝʨʭʥʽ ʪʘ ʢʽʥʝʤʘʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʢʦʣʠʚʘʥʴ. ʇʨʠ ʜʽʘʤʝʪʨʽ ʢʦʣʘ, ʷʢʝ 

ʦʧʠʩʫʶʪʴ ʚʩʽ ʪʦʯʢʠ ʧʦʚʝʨʭʥʽ ʧʨʠ ʾʾ ʢʦʣʠʚʘʥʥʽ, ʨʽʚʥʦʤʫ ʧʝʨʽʦʜʫ ʩʠʥʫʩʦʾʜʠ, 

ʪʨʘʻʢʪʦʨʽʻʶ ʚʽʜʥʦʩʥʦʛʦ ʨʫʭʫ ʯʘʩʪʠʥʢʠ ʤʦʞʝ ʙʫʪʠ ʧʝʨʽʦʜʠʯʥʘ ʢʨʠʚʘ. ɺ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʯʘʩʪʠʥʢʘ ʨʫʭʘʻʪʴʩʷ ʚ ʥʘʧʨʷʤʽ, ʙʣʠʟʴʢʦʤʫ ʜʦ ʧʦʧʝʨʝʯʥʦʛʦ, ʜʦʣʘʶʯʠ 

ʚʧʘʜʠʥʠ ʽ ʛʨʝʙʥʽ ʧʦʚʝʨʭʥʽ. ʋ ʽʥʰʠʭ ʚʠʧʘʜʢʘʭ ʪʨʘʻʢʪʦʨʽʻʶ ʢʦʚʟʘʥʥʷ ʻ ʟʘʤʢʥʝʥʘ 

ʧʨʦʩʪʦʨʦʚʘ ʢʨʠʚʘ, ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʧʨʦʝʢʮʽʷ ʷʢʦʾ ʙʣʠʟʴʢʘ ʜʦ ʢʦʣʘ. 
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ʋɼʂ 514.18 

 

ʉʌɽʈʀʏʅʀʁ ɽʃɯʇʉ 

 

ʂʨʝʩʘʥ1ʊ.ɸ., ʇʠʣʠʧʘʢʘ2ʉ.ʌ., ʇʝʪʨʠʢ3ɸ.ʄ.  

1ɺʇ ʅʋɹʽʇ ʋʢʨʘʾʥʠ çʅʽʞʠʥʩʴʢʠʡ ʘʛʨʦʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, 
2ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ, 

3ɺʉʇ çʅʽʞʠʥʩʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʅʋɹʽʇ ʋʢʨʘʾʥʠ è 

 

ʉʬʝʨʠʯʥʠʡ ʝʣʽʧʩ ʙʫʜʫʻʪʴʩʷ ʟʘ ʘʥʘʣʦʛʽʻʶ ʽʟ ʝʣʽʧʩʦʤ ʚ ʧʣʦʱʠʥʽ: ʩʫʤʘ 

ʚʽʜʩʪʘʥʝʡ ʚʽʜ ʙʫʜʴ-ʷʢʦʾ ʪʦʯʢʠ ʝʣʽʧʩʘ ʜʦ ʡʦʛʦ ʬʦʢʫʩʽʚ ʻ ʚʝʣʠʯʠʥʘ ʩʪʘʣʘ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʩʬʝʨʠʯʥʦʛʦ ʝʣʽʧʩʘ ʻ ʪʝ, ʱʦ ʚʽʜʩʪʘʥʽ ʚʠʤʽʨʶʶʪʴʩʷ ʥʝ ʚ ʣʽʥʽʡʥʠʭ 

ʚʝʣʠʯʠʥʘʭ, ʘ ʚ ʢʫʪʦʚʠʭ. ʅʘ ʨʠʩ. 1,ʘ ʟʦʙʨʘʞʝʥʦ ʩʬʝʨʠʯʥʠʡ ʝʣʽʧʩ, ʫ ʷʢʦʛʦ ʧʝʨʰʠʡ 

ʬʦʢʫʩ ʻ ʪʦʯʢʘ ʧʝʨʝʪʠʥʫ ʦʩʽ OZ ʟ ʧʦʚʝʨʭʥʝʶ ʩʬʝʨʠ, ʘ ʜʨʫʛʠʡ F1 ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ 

ʤʝʨʠʜʽʘʥʽ ʥʘ ʚʽʜʩʪʘʥʽ FF1 ʚʽʜ ʧʝʨʰʦʛʦ. ɺʽʜʩʪʘʥʴ FF1 ʥʘ ʧʦʚʝʨʭʥʽ ʩʬʝʨʠ ʤʦʞʥʘ 

ʚʠʤʽʨʷʪʠ ʢʫʪʦʤ q (ʨʠʩ. 1,ʙ), ʷʢʠʡ ʫ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʩʬʝʨʠ ʥʦʩʠʪʴ 

ʥʘʟʚʫ ʰʠʨʦʪʠ. ɺʽʜʩʪʘʥʽ ʚʽʜ ʙʫʜʴ-ʷʢʦʾ ʪʦʯʢʠ ʝʣʽʧʩʘ ʜʦ ʡʦʛʦ ʬʦʢʫʩʽʚ ʻ ʜʫʛʘʤʠ ʢʽʣ 

ʚʝʣʠʢʦʛʦ ʜʽʘʤʝʪʨʘ, ʦʪʞʝ ʪʝʞ ʚʠʤʽʨʶʶʪʴʩʷ ʢʫʪʘʤʠ.  ʅʘ ʨʠʩ. 1,ʘ ʜʣʷ ʥʘʦʯʥʦʩʪʽ ʥʘ 

ʝʣʽʧʩʽ ʚʟʷʪʦ ʪʦʯʢʫ ɸ, ʚʽʜʩʪʘʥʽ ʜʦ ʷʢʦʾ ʚʽʜ ʬʦʢʫʩʽʚ F  ̔F1 ʟʙʽʛʘʶʪʴʩʷ ʽʟ ʜʫʛʘʤʠ 

ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʢʦʦʨʜʠʥʘʪ: ʚʽʜʩʪʘʥʴ Fɸ ʻ ʰʠʨʦʪʦʶ, ʘ ʚʽʜʩʪʘʥʴ F1ɸ ʻ ʜʦʚʛʦʪʦʶ. 

ʉʫʤʘ ʮʠʭ ʢʫʪʽʚ ɣ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʪʦʯʢʠ ʝʣʽʧʩʘ ʻ ʚʝʣʠʯʠʥʦʶ ʩʪʘʣʦʶ ʽ ʻ ʘʥʘʣʦʛʦʤ 

ʚʝʣʠʢʦʾ ʦʩʽ ʝʣʽʧʩʘ (ʨʠʩ. 1,ʙ). 

           
ʘ ʙ 

ʈʠʩ. 1. ɻʨʘʬʽʯʥʽ ʽʣʶʩʪʨʘʮʽʾ ʪʘ ʧʦʟʥʘʯʝʥʥʷ ʢʫʪʽʚ ʜʦ ʧʦʙʫʜʦʚʠ ʩʬʝʨʠʯʥʦʛʦ ʝʣʽʧʩʘ: 

ʘ) ʟʦʙʨʘʞʝʥʥʷ ʩʬʝʨʠʯʥʦʛʦ ʝʣʽʧʩʘ ʽʟ ʬʦʢʫʩʘʤʠ F  ̔F1 ʽ ʪʦʯʢʦʶ ɸ ʥʘ ʥʴʦʤʫ; ʙ) 

ʚʠʛʣʷʜ ʟʙʦʢʫ 

 

ʇʦʟʥʘʯʠʤʦ ʰʠʨʦʪʫ ʯʝʨʝʟ Ů, ʘ ʜʦʚʛʦʪʫ ï ʯʝʨʝʟ ɔ. ɿʘʣʝʞʥʽʩʪʴ ʤʽʞ ʮʠʤʠ 

ʢʨʠʚʦʣʽʥʽʡʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʫ ʚʠʛʣʷʜʽ Ů=Ů(ɔ) ʟʘʜʘʻ ʩʬʝʨʠʯʥʫ ʣʽʥʽʶ ʥʘ ʩʬʝʨʽ. 

ɸʚʪʦʨʘʤʠ ʩʪʘʪʪʽ ʪʘʢʘ ʟʘʣʝʞʥʽʩʪʴ ʟʥʘʡʜʝʥʘ ʜʣʷ ʩʬʝʨʠʯʥʦʛʦ ʝʣʽʧʩʘ, ʫ ʷʢʦʛʦ ʦʜʠʥ 

ʬʦʢʫʩ ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʦʩʽ OZ: 

   öö
÷

õ
ææ
ç

å

-

-
=

qgy

yq
e

sincossin

coscos
arctg .     (1) 
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ʈʽʚʥʷʥʥʷ (1) ʻ ʚʥʫʪʨʽʰʥʽʤ ʨʽʚʥʷʥʥʷʤ ʩʬʝʨʠʯʥʦʛʦ ʝʣʽʧʩʘ ʫ ʢʨʠʚʦʣʽʥʽʡʥʠʭ 

ʢʦʦʨʜʠʥʘʪʘʭ ʩʬʝʨʠ. ɼʣʷ ʡʦʛʦ ʧʦʙʫʜʦʚʠ ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʧʘʨʘʤʝʪʨʠʯʥʠʤʠ 

ʨʽʚʥʷʥʥʷʤʠ ʩʬʝʨʠ ʨʘʜʽʫʩʘ R: 

 egege cos;sinsin;cossin RZRYRX === . (2) 

ʐʠʨʦʪʘ Ů ʽ ʜʦʚʛʦʪʘ ɔ ʻ ʥʝʟʘʣʝʞʥʠʤʠ ʟʤʽʥʥʠʤʠ ʨʽʚʥʷʥʴ ʩʬʝʨʠ (2). ʇʨʠ 

ʧʽʜʩʪʘʥʦʚʮʽ ʟʘʣʝʞʥʦʩʪʽ (1) ʫ (2) ʮʽ ʨʽʚʥʷʥʥʷ ʩʪʘʶʪʴ ʟʘʣʝʞʥʠʤʠ ʪʽʣʴʢʠ ʚʽʜ ʦʜʥʽʻʾ 

ʟʤʽʥʥʦʾ ï ʜʦʚʛʦʪʠ ɔ. ʇʨʠ ʮʴʦʤʫ ʚʦʥʠ ʦʧʠʩʫʶʪʴ ʫʞʝ ʥʝ ʧʦʚʝʨʭʥʶ ʩʬʝʨʠ, ʘ ʣʽʥʽʶ 

ʥʘ ʥʽʡ (ʩʬʝʨʠʯʥʠʡ ʝʣʽʧʩ). ʅʘ ʨʠʩ. 2,ʘ ʟʘ ʨʽʚʥʷʥʥʷʤʠ (2) ʽ (1) ʧʦʙʫʜʦʚʘʥʦ 

ʩʬʝʨʠʯʥʠʡ ʝʣʽʧʩ ʧʨʠ R=1, q=45Á, ɣ=60Á (ʧʦʟʥʘʯʝʥʦ ʮʠʬʨʦʶ 1). ʄʘʶʯʠ ʥʘ ʫʚʘʟʽ, 

ʱʦ ʚ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʨʽʚʥʷʥʥʷ (2) ʻ ʨʽʚʥʷʥʥʷʤʠ ʥʝ ʧʦʚʝʨʭʥʽ, ʘ ʣʽʥʽʾ, ʧʝʨʝʡʜʝʤʦ 

ʚʽʜ ʧʦʟʥʘʯʝʥʴ ʨʽʚʥʷʥʴ ʧʨʦʧʠʩʥʠʤʠ ʣʽʪʝʨʘʤʠ ʜʦ ʧʦʟʥʘʯʝʥʴ ʩʪʨʦʯʥʠʤʠ. ɼʣʷ 

ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘʤ ʧʦʪʨʽʙʥʦ ʟʥʘʡʪʠ ʧʦʭʽʜʥʫ ʜʦʚʞʠʥʠ ʜʫʛʠ s ʩʬʝʨʠʯʥʦʛʦ 

ʝʣʽʧʩʘ. ɼʣʷ ʮʴʦʛʦ ʟʥʘʭʦʜʠʤʦ ʧʦʭʽʜʥʽ ʨʽʚʥʷʥʴ (2) ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ, ʱʦ Ů=Ů(ɔ): 

   

.sin

;sincoscossin

;coscossinsin

ee

geege

geege

¡-=¡

¡+=¡

¡+-=¡

Rz

RRy

RRx

.   (3) 

ɿʘ ʚʽʜʦʤʦʶ ʬʦʨʤʫʣʦʶ ʟʥʘʭʦʜʠʤʦ: 

   .sin 22222 ee ¡+=¡+¡+¡=¡ Rzyxs   (4) 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʝʣʽʧʩʠ ʧʝʨʝʙʫʚʘʣʠ ʫ ʢʦʥʪʘʢʪʽ, ʧʦʪʨʽʙʥʦ ʜʨʫʛʠʡ 

ʢʦʥʛʨʫʝʥʪʥʠʡ ʝʣʽʧʩ ʧʦʚʝʨʥʫʪʠ ʚʽʜʥʦʩʥʦ ʧʝʨʰʦʛʦ ʥʘʚʢʦʣʦ ʦʩʽ OY ʥʘ ʢʫʪ ɣ (ʨʠʩ. 

2,ʙ). ʇʨʠ ʦʙʝʨʪʘʥʥʽ ʥʘʚʢʦʣʦ ʦʩʝʡ, ʱʦ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʬʦʢʫʩʠ ʝʣʽʧʩʽʚ, ʚʦʥʠ 

ʤʘʶʪʴ ʢʦʪʠʪʠʩʷ ʙʝʟ ʢʦʚʟʘʥʥʷ ʦʜʠʥ ʧʦ ʦʜʥʦʤʫ ʽ ʟʙʝʨʽʛʘʪʠ ʪʦʯʢʦʚʠʡ ʢʦʥʪʘʢʪ.  

    
    ʘ       ʙ 

ʈʠʩ. 2. ʉʬʝʨʠʯʥʽ ʝʣʽʧʩʠ ʥʘ ʧʦʚʝʨʭʥʽ ʩʬʝʨʠ: ʘ) ʧʦʯʘʪʢʦʚʝ ʧʦʣʦʞʝʥʥʷ ʜʚʦʭ 

ʝʣʽʧʩʽʚ; ʙ) ʧʦʣʦʞʝʥʥʷ ʝʣʽʧʩʽʚ ʟ ʪʦʯʢʦʚʠʤ ʢʦʥʪʘʢʪʦʤ 

 

ʇʨʠ ʢʦʯʝʥʥʽ ʝʣʽʧʩʽʚ ʪʦʯʢʘ ʢʦʥʪʘʢʪʫ ʟʤʽʥʶʚʘʪʠʤʝ ʩʚʦʻ ʧʦʣʦʞʝʥʥʷ, ʦʪʞʝ ʢʫʪ 

Ů ʧʝʨʰʦʛʦ ʝʣʽʧʩʘ ʪʝʞ ʟʤʽʥʶʚʘʪʠʤʝʪʴʩʷ. ʁʦʛʦ ʚʝʣʠʯʠʥʫ ʤʦʞʥʘ ʟʥʘʡʪʠ ʟʘ 

ʬʦʨʤʫʣʦʶ (1) ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ɔ. ɸʣʝ ʜʨʫʛʠʡ ʝʣʽʧʩ ʜʣʷ ʢʦʞʥʦʾ 
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ʪʦʯʢʠ ʢʦʥʪʘʢʪʫ ʤʘʪʠʤʝ ʩʚʽʡ ʢʫʪ Ů1. ʉʫʤʘ ʮʠʭ ʢʫʪʽʚ ʧʦʚʠʥʥʘ ʙʫʪʠ ʩʪʘʣʦʶ: Ů+Ů1=ɣ. 

ɿʚʽʜʩʠ ʟʥʘʭʦʜʠʤʦ ʚʠʨʘʟ ʜʣʷ ʢʫʪʘ Ů1=ɣ-Ů. ʇʨʠ ʧʦʚʦʨʦʪʽ ʧʝʨʰʦʛʦ ʝʣʽʧʩʘ ʥʘʚʢʦʣʦ 

ʦʩʽ OZ ʥʘ ʢʫʪ ɔ ʤʦʞʥʘ ʟʥʘʡʪʠ ʢʦʦʨʜʠʥʘʪʫ Ů ʪʦʯʢʠ ʜʦʪʠʢʫ ʟʘ ʬʦʨʤʫʣʦʶ (1). ʅʘ 

ʜʨʫʛʦʤʫ ʝʣʽʧʩʽ ʚʽʜʧʦʚʽʜʥʘ ʢʦʦʨʜʠʥʘʪʘ ʪʝʞ ʚʽʜʦʤʘ: Ů1=ɣ-Ů. ɸ ʦʪ ʜʨʫʛʘ ʢʦʦʨʜʠʥʘʪʘ 

ű, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʢʫʪʦʚʽ ɔ ʧʝʨʰʦʛʦ ʝʣʽʧʩʘ, ʥʝʚʽʜʦʤʘ. ɰʾ ʤʦʞʥʘ ʟʥʘʡʪʠ, ʚʠʭʦʜʷʯʠ ʽʟ 

ʪʦʛʦ, ʱʦ ʢʦʯʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʝʟ ʢʦʚʟʘʥʥʷ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʜʦʚʞʠʥʠ ʜʫʛ s ̔  s1 

ʧʝʨʰʦʛʦ ʽ ʜʨʫʛʦʛʦ ʝʣʽʧʩʽʚ ʤʘʶʪʴ ʙʫʪʠ ʨʽʚʥʠʤʠ. ʑʦʙ ʟʥʘʡʪʠ ʜʦʚʞʠʥʫ ʜʫʛʠ 

ʜʨʫʛʦʛʦ ʝʣʽʧʩʘ, ʧʦʪʨʽʙʥʦ ʤʘʪʠ ʡʦʛʦ ʨʽʚʥʷʥʥʷ. ɼʨʫʛʫ ʢʨʠʚʫ (ʷʢʦʶ ʤʘʻ ʙʫʪʠ 

ʢʦʥʛʨʫʝʥʪʥʠʡ ʝʣʽʧʩ) ʪʝʞ ʰʫʢʘʪʠʤʝʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤʠ (2), ʫ ʷʢʠʭ Ů1=ɣ-Ů, ʘ ʢʫʪʦʚʽ ɔ 

ʚʽʜʧʦʚʽʜʘʪʠʤʝ ʢʫʪ ű, ʧʨʠʯʦʤʫ ʟʨʦʙʠʤʦ ʡʦʛʦ ʟʘʣʝʞʥʠʤ ʚʽʜ ɔ, ʪʦʙʪʦ ű=ű(ɔ). ɿʛʽʜʥʦ 

(2) ʧʘʨʘʤʝʪʨʠʯʥʽ ʨʽʚʥʷʥʥʷ ʜʨʫʛʦʾ ʢʨʠʚʦʾ ʟʘʧʠʰʫʪʴʩʷ: 
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 ɿʥʘʡʜʝʤʦ ʧʦʭʽʜʥʽ ʨʽʚʥʷʥʴ (5), ʤʘʶʯʠ ʥʘ ʫʚʘʟʽ, ʱʦ Ů=Ů(ɔ) ʽ ű=ű(ɔ): 
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 ɸʥʘʣʦʛʽʯʥʦ (4) ʟʥʘʭʦʜʠʤʦ ʧʦʭʽʜʥʫ ʜʫʛʠ ʢʨʠʚʦʾ (5): 
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11 eeyj ¡+-¡=¡+¡+¡=¡ Rzyxs  (7) 

ɽʣʽʧʩʠ ʥʘ ʧʣʦʱʠʥʽ ʩʣʫʞʘʪʴ ʮʝʥʪʨʦʾʜʘʤʠ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʮʠʣʽʥʜʨʠʯʥʠʭ 

ʟʫʙʯʘʪʠʭ ʧʝʨʝʜʘʯ ʟ ʥʝʢʨʫʛʣʠʤʠ ʢʦʣʝʩʘʤʠ, ʫ ʷʢʠʭ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ 

ʬʦʢʫʩʠ ʝʣʽʧʩʽʚ. ʉʬʝʨʠʯʥʽ ʝʣʽʧʩʠ ʚʠʩʪʫʧʘʶʪʴ ʫ ʨʦʣʽ ʩʬʝʨʠʯʥʠʭ ʮʝʥʪʨʦʾʜ ʜʣʷ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʘʥʘʣʦʛʽʯʥʠʭ ʢʦʥʽʯʥʠʭ ʧʝʨʝʜʘʯ. 
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ʇʈɸʂʊʀʏʅɽ ɿɸʉʊʆʉʋɺɸʅʅʗ ɻʈɸʌɯʏʅʆɻʆ ɯʅʉʊʈʋʄɽʅʊɸʈɯʖ 

ʇʆɹʋɼʆɺʀ ʂɺɸɼʈʀʂ ɿɸʉʆɹɸʄʀ ʂʆʄʇôʖʊɽʈʅʆɰ ɻʈɸʌɯʂʀ 

 

ɹʦʪʚʽʥʦʚʩʴʢʘ ʉ. ɯ., ɿʦʣʦʪʦʚʘ ɸ. ɺ., ʉʫʣʽʤʝʥʢʦ ɸ. ɻ. 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ  ̔ʘʨʭʽʪʝʢʪʫʨʠ 

 

ʂʨʠʚʽ ʣʽʥʽʾ ʪʘ ʧʦʚʝʨʭʥʽ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʟʥʘʡʰʣʠ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ 

ʩʫʯʘʩʥʽʡ ʘʨʭʽʪʝʢʪʫʨʽ ʪʘ ʜʠʟʘʡʥ-ʧʨʦʻʢʪʘʭ. ɿʘʮʽʢʘʚʣʝʥʽʩʪʴ ʚʠʢʣʠʢʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʧʦʚʝʨʭʦʥʴ ʜʨʫʛʦʛʦ 

ʧʦʨʷʜʢʫ ʥʘ ʙʘʟʽ ʽʩʥʫʶʯʠʭ ʘʣʛʦʨʠʪʤʽʚ ʧʨʠʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʽʾ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, 

ʱʦ ʧʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤ 3D-

ʛʨʘʬʽʢʠ ʦʪʨʠʤʫʻʤʦ ʧʝʨʩʧʝʢʪʠʚʥʽ ʟʦʙʨʘʞʝʥʥʷ, ʩʝʨʝʜ ʽʥʰʠʭ ʚʠʥʠʢʘʻ ʟʘʜʘʯʘ 

ʧʦʙʫʜʦʚʠ ʢʦʥʽʢ ʟʘ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʣʽʥʽʷʤʠ ʦʙʨʠʩʫ. ʅʘ ʧʝʨʰʠʡ ʧʣʘʥ ʧʨʠ 

ʤʦʜʝʣʶʚʘʥʥʽ ʧʦʜʽʙʥʠʭ ʦʙôʻʢʪʽʚ ʚʠʩʪʫʧʘʻ ʦʮʽʥʢʘ ʾʭʥʽʭ ʝʩʪʝʪʠʯʥʦ-ʭʫʜʦʞʥʽʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. ʋ ʩʚʦʶ ʯʝʨʛʫ ʮ ̫ʦʮʽʥʢʘ ʤʦʞʝ ʚʠʟʥʘʯʘʪʠʩʴ ʚʠʜʠʤʠʤ ʢʦʥʪʫʨʦʤ 

ʦʙôʻʢʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ, ʘ ʩʘʤʝ ʣʽʥʽʻʶ ʦʙʨʠʩʫ. ɿ ʪʦʯʢʠ ʟʦʨʫ ʧʨʠʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʽʾ 

ʪʘʢʘ ʣʽʥʽʷ ʦʙʨʠʩʫ ʚʠʩʪʫʧʘʻ ʣʽʥʽʻʶ ʧʝʨʝʪʠʥʫ ʢʘʨʪʠʥʥʦʾ ʧʣʦʱʠʥʠ ʚ ʧʝʨʩʧʝʢʪʠʚʽ ʟ 

ʢʦʥʫʩʦʤ, ʦʧʠʩʘʥʠʤ ʥʘʚʢʦʣʦ ʧʦʚʝʨʭʥʽ, ʱʦ ʤʦʜʝʣʶʻʪʴʩʷ. ɼʦʩʣʽʜʞʝʥʦ, ʱʦ ʩʝʨʝʜ 

ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʦʾ ʤʥʦʞʠʥʠ ʤʦʜʝʣʴʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʜʣʷ ʷʢʠʭ ʢʦʥʫʩ ʙʫʜʝ 

ʦʛʠʥʘʶʯʦʶ ʧʦʚʝʨʭʥʝʶ, ʢʦʥʢʨʝʪʥʘ ʧʦʚʝʨʭʥʷ ʤʥʦʞʠʥʠ ʦʙʠʨʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʟʘʜʘʥʠʭ ʫʤʦʚ ʧʨʦʝʢʪʫʚʘʥʥʷ. 

ɺ ʦʩʥʦʚʫ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʣʘʜʝʥʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʛʝʦʤʝʪʨʠʯʥʫ ̔ ʥʪʝʨʧʦʣʷʮʽʶ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʚʘʜʨʠʢ, ʱʦ ʤʦʜʝʣʶʶʪʴʩʷ, ʪʘ ʚʠʢʦʥʘʥʦ ʧʘʨʘʤʝʪʨʠʯʥʠʡ ʘʥʘʣʽʟ 

ʟʘʜʘʯʽ ʧʦʙʫʜʦʚʠ ʢʚʘʜʨʠʢʠ ʟʘ ʦʛʠʥʘʶʯʠʤ ʢʦʥʫʩʦʤ. ʇʨʦʧʦʥʫʻʪʴʩʷ, ʫ ʷʢʦʩʪʽ 

ʧʨʠʢʣʘʜʫ, ʨʦʟʛʣʷʥʫʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʛʽʧʝʨʙʦʣʽʯʥʦʛʦ ʧʘʨʘʙʦʣʦʾʜʫ ʜʣʷ ʷʢʦʛʦ ʣʽʥʽʷ 

ʢʦʥʪʘʢʪʫ ʟ ʦʛʠʥʘʶʯʠʤ ʢʦʥʫʩʦʤ ʙʫʜʝ ʛʽʧʝʨʙʦʣʦʶ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ 

ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʙʫʣʦ ʟôʷʩʦʚʘʥʦ, ʱʦ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʘʛʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ 

ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʛʽʧʝʨʙʦʣʽʯʥʠʡ ʧʘʨʘʙʦʣʦʾʜ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʩʴʤʦʤʘ ʧʘʨʘʤʝʪʨʘʤʠ. 

ʊʦʤʫ, ʧʦʙʫʜʫʚʘʪʠ ʜʚʘ ʛʽʧʝʨʙʦʣʽʯʥʽ ʧʘʨʘʙʦʣʦʾʜʠ ʩʧʨʷʞʝʥʽ ʧʦ ʛʽʧʝʨʙʦʣʽ, ʥʘ ʚʽʜʤʽʥʫ 

ʚʽʜ ʩʧʨʷʞʝʥʥʷ ʧʦ ʧʘʨʘʙʦʣʽ, ʥʝ ʤʦʞʥʘ. ɸʣʝ, ʦʜʠʥ ʛʽʧʝʨʙʦʣʽʯʥʠʡ ʧʘʨʘʙʦʣʦʾʜ ʤʦʞʝ 

ʙʫʪʠ ʩʧʨʷʞʝʥʠʤ ʧʦ ʛʽʧʝʨʙʦʣʽ ʟ ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʥʦʶ ʤʥʦʞʠʥʦʶ ʦʜʥʦʧʦʨʦʞʥʠʥʠʭ 

ʛʽʧʝʨʙʦʣʦʾʜʽʚ. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʛʽʧʝʨʙʦʣʘ, ʷʢʘ ʩʧʨʠʡʤʘʻʪʴʩʷ ʷʢ ʣʽʥʽʷ ʢʦʥʪʘʢʪʫ, 

ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʴ ʷʢ ʦʜʠʥ ʽʟ ʩʪʘʥʜʘʨʪʥʠʭ ʚʠʟʥʘʯʥʠʢʽʚ ʛʽʧʝʨʙʦʣʽʯʥʦʛʦ 

ʧʘʨʘʙʦʣʦʾʜʘ, ʧʦʙʫʜʦʚʘʥʦʛʦ ʟʘ ʦʧʠʩʘʥʠʤ ʢʦʥʫʩʦʤ ʟ ʜʦʚʽʣʴʥʦʶ ʚʝʨʰʠʥʦʶ ʡ 

ʥʘʧʨʷʤʣʷʶʯʦʶ ʛʽʧʝʨʙʦʣʦʶ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʘʣʛʦʨʠʪʤʽʯʥʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʫʚʘʪʠ ʩʧʨʷʞʝʥʥʷ ʛʽʧʝʨʙʦʣʽʯʥʦʛʦ ʧʘʨʘʙʦʣʦʾʜʘ ʪʘ 

ʦʜʥʦʧʦʨʦʞʥʠʥʦʛʦ ʛʽʧʝʨʙʦʣʦʾʜʘ ʡ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʽ 

ʘʣʛʦʨʠʪʤʠ ʫ ʧʨʦʮʝʩʽ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʦʙôʻʢʪʽʚ 

ʜʠʟʘʡʥʫ. ʋ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʨʦʧʦʥʫʻʪʴʩʷ ʨʦʟʛʣʷʥʫʪʠ ʟʘʜʘʯʫ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ, ʫ ʚʠʟʥʘʯʥʠʢ ̫ ʢʠʭ ʚʭʦʜʠʪʴ ʣʽʥʽʷ ʦʙʨʠʩʫ 

ʮʠʭ ʧʦʚʝʨʭʦʥʴ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ.  
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ʋɼʂ 621.43.056 

 

ʌʈɸʂʎɯʆʅʋɺɸʅʅʗ ɿɽʈʅʆɺʀʍ ʄɸʊɽʈɯɸʃɯɺ ʋ ɺɽʈʊʀʂɸʃʔʅʆʄʋ 

ʂɯʃʔʎɽɺʆʄʋ ʇʆɺɯʊʈʗʅʆʄʋ ʂɸʅɸʃɯ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ 

ʊɺɽʈɼʆʊɯʃʔʅʆɻʆ ʄʆɼɽʃʖɺɸʅʅʗ ɺ AUTODESK INVENTOR  

 

ɻʨʠʱʝʥʢʦ ɯ. ʖ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʈʦʟʜʽʣʝʥʥʷ ʟʝʨʥʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʚʽʪʨʷʥʠʤʠ ʟʝʨʥʦʩʝʧʘʨʫʶʯʠʤʠ 

ʤʘʰʠʥʘʤʠ, ʬʫʥʢʮʽʦʥʫʶʯʠʤʠ ʟʘ ʬʨʘʢʮʽʡʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ [1-4]. ʇʝʨʝʚʘʛʠ 

ʧʦʚʽʪʨʷʥʦʾ ʩʝʧʘʨʘʮʽʾ ʦʯʝʚʠʜʥʽ: ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʽʡ; ʚʽʜʩʫʪʥʽʩʪʴ ʨʫʭʦʤʠʭ 

ʜʝʪʘʣʝʡ; ʚʠʩʦʢʘ ʥʘʜʽʡʥʽʩʪʴ; ʧʨʦʮʝʩ ʩʝʧʘʨʘʮʽʾ ʤʘʣʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʦʣʦʛʦʩʪʽ 

ʟʝʨʥʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɸʣʝ ʽʩʥʫʶʯʠ ʢʦʥʩʪʨʫʢʮʽʾ ʧʥʝʚʤʦʩʝʧʘʨʫʶʯʠʭ ʤʘʰʠʥ ʽʟ 

ʚʝʨʪʠʢʘʣʴʥʠʤʠ, ʛʦʨʠʟʦʥʪʘʣʴʥʠʤʠ ʪʘ ʥʘʭʠʣʝʥʠʤʠ ʧʦʚʽʪʨʷʥʠʤʠ (ʘʩʧʽʨʘʮʽʥʠʡʤʠ) 

ʢʘʥʘʣʘʤʠ ʤʘʶʪʴ ʥʝʜʦʩʪʘʪʥʶ ʪʝʭʥʦʣʦʛʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʙʦ ʧʨʠ ʾʭ ʨʦʟʨʦʙʮʽ ʪʘ 

ʧʨʦʝʢʪʫʚʘʥʥʽ ʥʝ ʚʨʘʭʦʚʫʚʘʣʠʩʴ ʪʘʢʽ ʦʩʦʙʣʠʚʦʩʪʽ: ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ 

ʧʦʚʽʪʨʷ ʚ ʧʝʨʝʪʠʥʽ ʢʘʥʘʣʽʚ; ʚʟʘʻʤʦʜʽʷ ʯʘʩʪʠʥʦʢ ʤʽʞ ʩʦʙʦʶ; ʦʙʝʨʪʘʥʥʷ ʯʘʩʪʠʥʦʢ ʚ 

ʟʘʚʠʭʨʝʥʥʷʭ ʧʦʚʽʪʨʷ; ʥʝʩʪʘʙʽʣʴʥʘ ʦʨʽʻʥʪʘʮʽʷ ʯʘʩʪʠʥʦʢ ʜʦʚʛʘʩʪʦʾ ʬʦʨʤʠ, ʷʢʘ 

ʥʦʩʠʪʴ ʚʠʧʘʜʢʦʚʠʡ ʭʘʨʘʢʪʝʨ. 

ɺ ʨʦʙʦʪʘʭ [1-4] ʜʦʩʣʽʜʞʝʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦʜʽʣʫ ʟʝʨʥʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ 

ʬʨʘʢʮʽʾ ʫ ʚʝʨʪʠʢʘʣʴʥʠʭ ʢʽʣʴʮʝʚʠʭ ʢʘʥʘʣʘʭ. ɺ ʨʦʙʦʪʽ [2] ʜʦʩʣʽʜʞʝʥʦ ʧʨʦʮʝʩ 

ʨʦʟʜʽʣʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʟʝʨʥʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʢʽʣʴʮʝʚʦʛʦ 

ʢʘʥʘʣʫ. ɸʣʝ ʚ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʷʭ ʥʝ ʚʨʘʭʦʚʘʥʦ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ 

ʧʦʪʦʢʫ. ɹʽʣʴʰ ʜʦʩʢʦʥʘʣʦ ʧʥʝʚʤʦʛʨʘʚʽʪʘʮʽʡʥʠʡ ʧʨʦʮʝʩ ʨʦʟʜʽʣʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ 

ʟʝʨʥʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦʩʣʽʜʞʝʥʦ ʚ ʨʦʙʦʪʘʭ [3], ʧʨʠ ʮʴʦʤʫ ʫʜʦʩʢʦʥʘʣʝʥʦ 

ʘʝʨʦʜʠʥʘʤʽʯʥʫ ʩʭʝʤʫ ʧʥʝʚʤʦʩʝʧʘʨʘʪʦʨʘ. ɸʣʝ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʨʠʡʥʷʪʦ ʬʦʨʤʫ 

ʟʝʨʥʽʚʦʢ ʫ ʚʠʛʣʷʜʽ ʢʫʣʽ, ʷʢʘ ʥʘʚʽʪʴ ʧʨʠ ʦʙʝʨʪʘʥʥʽ ʥʝ ʟʤʽʥʶʻ ʤʽʜʝʣʝʚ ʧʝʨʝʪʠʥ ʽ 

ʚʽʜʧʦʚʽʜʥʦ, ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʩʠʣʘ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʦʨʽʻʥʪʘʮʽʾ ʟʝʨʥʽʚʦʢ ʜʦʚʛʘʩʪʦʾ ʬʦʨʤʠ. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʨʘʻʢʪʦʨʽʡ ʨʫʭʫ ʢʦʤʧʦʥʝʥʪʽʚ ʟʝʨʥʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʥʝʦʙʭʽʜʥʦ ʩʬʦʨʤʫʣʶʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ (ʤʦʜʝʣʴ) ʜʠʥʘʤʽʢʠ ʧʝʨʝʤʽʱʝʥʥʷ 

ʦʢʨʝʤʠʭ ʟʝʨʥʽʚʦʢ ʧʽʜ ʜʽʻʶ ʩʠʣ ʚʠʟʥʘʯʝʥʠʭ ʥʘ ʦʩʥʦʚʽ ʽʩʥʫʶʯʠʭ ʬʽʟʠʯʥʠʭ ʫʷʚʣʝʥʴ 

ʧʨʦ ʚʟʘʻʤʦʜʽʶ ʯʘʩʪʠʥʢʠ ʟ ʧʦʚʽʪʨʷʥʠʤ ʧʦʪʦʢʦʤ (ʨʠʩ. 1). 

ɼʠʥʘʤʽʢʫ ʧʣʦʩʢʦʛʦ ʨʫʭʫ ʢʦʤʧʦʥʝʥʪʽʚ ʟʝʨʥʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʫ 

ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʚʠʩʭʽʜʥʦʤʫ ʧʦʚʽʪʨʷʥʦʤʫ ʧʦʪʦʮʽ ʨʦʟʧʦʜʽʣʝʥʦʶ ʰʚʠʜʢʽʩʪʶ 

ʚʠʟʥʘʯʠʤʦ ʧʨʦʝʢʪʫʶʯʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʨʫʭ ʮʝʥʪʨʘ ʤʘʩ 

ʟʝʨʥʽʚʢʠ ʚ ʧʦʚʽʪʨʷʥʦʤʫ ʚʠʩʭʽʜʥʦʤʫ ʧʦʪʦʮʽ ʫ ʚʝʢʪʦʨʥʽʡ ʬʦʨʤʽ ʥʘ ʚʽʩʽ ʧʨʷʤʦʢʫʪʥʠʭ 

ʢʦʦʨʜʠʥʘʪ ʍʆʋ: 

bsinx
x R

dt

dv
m -=

, (1) 

bcosy

y
Rmg

dt

dv
m -=

, (2) 
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ʜʝ g  ï ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ; m ï ʤʘʩʘ ʟʝʨʥʽʚʢʠ ʩʧʨʷʤʦʚʘʥʘ 

ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ ʽ ʧʨʠʢʣʘʜʝʥʘ ʚ ʮʝʥʪʨʽ ʤʘʩ; yx RR ,  ï ʧʨʦʝʢʮʽʾ ʩʠʣ ʦʧʦʨʫ ʥʘ ʚʽʩʽ 

ʆʍ ʪʘ ʆʋ;  
()
( )yxu

dttdx

,
sin =b ; 

()
( )yxu

dttdy

,
cos =b ; 

ʜʝ ( )yxu ,  ï ʚʽʜʥʦʩʥʘ ʰʚʠʜʢʽʩʪʴ ʟʝʨʥʽʚʢʠ (ʰʚʠʜʢʽʩʪʴ ʦʙʪʽʢʘʥʥʷ), ʚʝʣʠʯʠʥʘ ʷʢʦʾ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 ( )
() ()

()
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, ö
÷

õ
æ
ç

å
++ö

÷

õ
æ
ç

å
= xv

dt

tdy

dt

tdx
yxu a

, (2) 

ʜʝ ()xva  ï ʰʚʠʜʢʽʩʪʴ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ; v  ï ʘʙʩʦʣʶʪʥʘ ʰʚʠʜʢʽʩʪʴ ʟʝʨʥʽʚʢʠ 

ʧʨʠʢʣʘʜʝʥʘ ʜʦ ʪʦʯʢʠ ʩʠʤʝʪʨʽʾ ʟʝʨʥʽʚʢʠ (ʚʝʢʪʦʨ ʰʚʠʜʢʦʩʪʽ ʥʘ ʣʽʥʽʾ ʜʦʪʠʯʥʽʡ ʜʦ 

ʢʨʠʚʦʾ ʪʨʘʻʢʪʦʨʽʾ). 

 
ʈʠʩ. 1. ʂʦʥʩʪʨʫʢʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʧʥʝʚʤʦ-ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ 

ʢʣʘʩʠʬʽʢʘʪʦʨʘ: 1 ï ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʠʡ ʙʫʥʢʝʨ; 2 ï ʨʦʟʧʦʜʽʣʴʥʠʢ ʟʝʨʥʦʚʦʛʦ 

ʧʦʪʦʢʫ; 3 ï ʮʠʣʽʥʜʨʠʯʥʠʡ ʟʘʟʝʤʣʝʥʠʡ ʢʦʨʧʫʩ; 4 ï ʝʣʝʤʝʥʪ ʬʨʘʢʮʽʶʚʘʥʥʷ;  

5 ï ʪʨʫʙʘ ʚʩʤʦʢʪʫʚʘʥʥʷ ʧʦʚʽʪʨʷ; 6 ï ʟʙʽʨʥʠʢ -ʚʠʚʘʥʪʘʞʫʚʘʯ ʚʘʞʢʦʾ ʬʨʘʢʮʽʾ;  

7 ï ʟʙʽʨʥʠʢ -ʚʠʚʘʥʪʘʞʫʚʘʯ ʩʝʨʝʜʥʴʦʾ ʬʨʘʢʮʽʾ; 8 ï ʚʠʭʽʜ ʣʝʛʢʦʾ ʬʨʘʢʮʽʾ ʚ ʦʩʘʜʦʚʫ 

ʢʘʤʝʨʫ ʟ ʚʝʥʪʠʣʷʪʦʨʦʤ. 

 

ʇʦʜʘʣʴʰʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʬʨʘʢʮʽʶʚʘʥʥʷ 

ʧʦʪʨʝʙʫʻ ʨʦʟʨʦʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʨʘʟʢʘ ʨʦʟʧʦʜʽʣʴʥʠʢʘ ʟʝʨʥʦʚʦʛʦ ʧʦʪʦʢʫ. 

ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʘʥʦ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʫ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʘʛʨʝʛʘʪʽʚ ʧʨʦʛʨʘʤʫ Autodesk Inventor. ʊʝʭʥʦʣʦʛʽʷ 

ʮʠʬʨʦʚʠʭ ʧʨʦʪʦʪʠʧʽʚ, ʨʝʘʣʽʟʦʚʘʥʘ ʚ ʩʠʩʪʝʤʽ ʤʘʰʠʥʦʙʫʜʽʚʝʣʴʥʦʛʦ 3D-

ʧʨʦʝʢʪʫʚʘʥʥʷ Autodesk Inventor, ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʥʠʟʢʫ ʧʝʨʝʚʘʛ. ʎʠʬʨʦʚʠʡ 

ʧʨʦʪʦʪʠʧ ï ʟʨʫʯʥʠʡ ʟʘʩʽʙ ʧʝʨʝʚʽʨʢʠ ʬʦʨʤʠ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʚʠʨʦʙʽʚ ʧʝʨʝʜ 

ʩʪʚʦʨʝʥʥʷʤ ʾʭ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ 3D-ʤʦʜʝʣʝʡ ʚʠʨʦʙʽʚ 
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ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʠʭʽʜʥʽ ʜʘʥʽ ʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ï ʚʝʣʠʯʠʥʠ ʨʦʟʤʽʨʽʚ, 

ʰʚʠʜʢʦʩʪʝʡ (ʜʣʷ ʜʠʥʘʤʽʯʥʠʭ ʦʙôʻʢʪʽʚ). ɿʘ ʨʘʭʫʥʦʢ ʪʘʢʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʦʪʨʠʤʘʥʽ ʮʠʬʨʦʚʽ ʧʨʦʪʦʪʠʧʠ ʚʽʜʨʘʟʫ ʧʝʨʝʚʽʨʷʶʪʴ ʥʘ ʢʦʨʝʢʪʥʽʩʪʴ ʾʭ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽ ʟôʷʩʦʚʫʶʪʴ ʥʘʷʚʥʽʩʪʴ ʧʦʪʝʥʮʽʡʥʠʭ ʧʦʤʠʣʦʢ ʜʦ ʪʦʛʦ, ʷʢ ʚʠʨʽʙ 

ʙʫʜʝ ʚʧʨʦʚʘʜʞʝʥʠʡ ʫ ʚʠʨʦʙʥʠʮʪʚʦ. ʊʘʢʽ ʚʠʜʠ ʢʨʝʩʣʝʥʴ ʧʦʚôʷʟʘʥʽ ʽʟ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʤʦʜʝʣʽ, ʪʦʤʫ ʚʩʽ ʟʤʽʥʠ ʜʝʪʘʣʝʡ ʽ ʚʠʨʦʙʽʚ ʘʚʪʦʤʘʪʠʯʥʦ 

ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʥʘ ʢʨʝʩʣʝʥʥʷʭ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʟʘʛʘʣʴʥʘ ʪʨʠʚʘʣʽʩʪʴ ʚʽʜ 

ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʾ ʽʜʝʾ ʜʦ ʩʪʚʦʨʝʥʥʷ ʛʦʪʦʚʦʛʦ ʝʣʝʤʝʥʪʘ ʢʦʥʩʪʨʫʢʮʽʾ  ʟʘʛʘʣʦʤ ʙʫʜʝ 

ʟʚʝʜʝʥʘ ʜʦ ʤʽʥʽʤʫʤʫ. ʇʨʠ ʚʥʝʩʝʥʥʽ ʟʤʽʥ ʟʜʽʡʩʥʶʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʝ ʦʥʦʚʣʝʥʥʷ 

ʫʩʴʦʛʦ ʧʨʦʝʢʪʫ, ʱʦ ʚʠʢʣʶʯʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʫʯʥʠʭ ʧʝʨʝʨʘʭʫʥʢʽʚ ʢʽʣʴʢʦʩʪʽ 

ʜʝʪʘʣʝʡ, ʾʭ ʧʦʚʪʦʨʥʦʛʦ ʤʘʨʢʫʚʘʥʥʷ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ. ʆʪʨʠʤʘʥʫ ʤʦʜʝʣʴ (ʨʠʩ.2) 

ʪʘʢʦʞ ʤʦʞʥʘ ʚʽʟʫʘʣʽʟʫʚʘʪʠ. 

 
ʈʠʩ. 2. ʊʚʝʨʜʦʪʽʣʴʥʘ ʤʦʜʝʣʴ ʨʦʟʧʦʜʽʣʴʥʠʢʘ ʟʝʨʥʦʚʦʛʦ ʧʦʪʦʢʫ ʨʦʟʨʦʙʣʝʥʘ ʚ 
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ɻʨʠʱʝʥʢʦ ɺ. ʆ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʅʘʡʙʽʣʴʰ ʧʨʦʩʪʠʤ ʩʧʦʩʦʙʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʦʛʘʟʫ ʻ ʡʦʛʦ ʙʝʟʧʦʩʝʨʝʜʥʻ 

ʩʧʘʣʶʚʘʥʥʷ ʫ ʚʦʜʦʛʨʽʡʥʠʭ ʢʦʪʣʘʭ ʘʙʦ ʢʦʥʪʘʢʪʥʠʭ ʚʦʜʦʥʘʛʨʽʚʘʯʘʭ, ʘ ʥʘʛʨʽʪʘ ʚʦʜʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʩʘʤʦʛʦ ʙʽʦʨʝʘʢʪʦʨʘ, ʩʫʤʽʩʥʦʛʦ 

ʫʩʪʘʪʢʫʚʘʥʥʷ ʽ ʚʠʨʦʙʥʠʯʠʭ ʧʨʠʤʽʱʝʥʴ. 

ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ, ʥʘʜʽʡʥʽʰʠʤ ʽ ʜʝʰʝʚʰʠʤ ʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ ʜʘʥʠʡ 

ʯʘʩ ʻ ʢʦʥʪʘʢʪʥʽ ʚʦʜʦʥʘʛʨʽʚʘʯʽ ʧʨʦʪʦʯʥʦʛʦ ʪʠʧʫ, ʥʘʛʨʽʚʘʥʥʷ ʚʦʜʠ ʚ ʷʢʠʭ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦʤʫ ʢʦʥʪʘʢʪʽ ʟ ʧʨʦʜʫʢʪʘʤʠ ʩʧʘʣʶʚʘʥʥʷ ʙʽʦʛʘʟʫ. 

ɿʘ ʨʘʭʫʥʦʢ ʚʠʩʦʢʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʢʦʥʪʘʢʪʥʦʛʦ ʪʝʧʣʦ ʽ ʤʘʩʦʦʙʤʽʥʫ ʚ 

ʫʩʪʘʥʦʚʮʽ ʤʘʣʠʭ ʛʘʙʘʨʠʪʽʚ, ʜʦʩʷʛʘʻʪʴʩʷ ʚʠʩʦʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʝʧʣʦʪʠ ʩʧʘʣʝʥʦʛʦ ʛʘʟʫ [1]. ɺ ʪʘʢʠʭ ʘʧʘʨʘʪʘʭ ʪʝʤʧʝʨʘʪʫʨʘ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʽʚ 

ʤʘʻ ʪʝʤʧʝʨʘʪʫʨʫ ʥʠʞʯʝ ʟʘ ʪʝʤʧʝʨʘʪʫʨʫ çʪʦʯʢʠ ʨʦʩʠè. ʇʨʠ ʮʴʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʯʘʩʪʢʦʚʘ ʢʦʥʜʝʥʩʘʮʽʷ ʚʦʜʷʥʦʾ ʧʘʨʠ ʽ ʚʠʜʽʣʷʻʪʴʩʷ ʜʦʜʘʪʢʦʚʘ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ. 

ʌʽʟʠʯʥʘ ʤʦʜʝʣʴ (ʦʩʦʙʣʠʚʦʩʪʽ ʪʝʧʣʦ- ʽ ʤʘʩʦʦʙʤʽʥʫ) ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʚʦʜʠ ʟ 

ʧʨʦʜʫʢʪʘʤʠ ʩʧʘʣʶʚʘʥʥʷ ʙʽʦʛʘʟʫ ʚ ʢʦʥʪʘʢʪʥʽʡ ʢʘʤʝʨʽ. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ 

ʪʝʧʣʦʚʠʭ ʽ ʤʘʪʝʨʽʘʣʴʥʠʭ ʧʦʪʦʢʽʚ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. 

 
ʈʠʩ. 1. ʊʝʭʥʦʣʦʛʽʯʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʢʦʥʪʘʢʪʥʦʛʦ ʚʦʜʦʥʘʛʨʽʚʘʯʘ 
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ɹʽʦʛʘʟ ʽ ʧʦʚʽʪʨʷ ʧʦʜʘʻʪʴʩʷ ʚ ʧʘʣʴʥʠʭ ʨʦʟʤʽʱʝʥʠʡ ʚ ʢʘʤʝʨʽ ʟʛʦʨʷʥʥʷ (ʞʘʨʦʚʘ 

ʪʨʫʙʘ) ʜʝ ʫʪʚʦʨʶʻʪʴʩʷ ʛʘʟʦʧʦʚʽʪʨʷʥʘ ʩʫʤʽʰ, ʷʢʘ ʧʨʠ ʩʧʘʣʶʚʘʥʽ ʫʪʚʦʨʶʻ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʽ (1000 Áʉ) ʧʨʦʜʫʢʪʠ ʟʛʦʨʷʥʥʷ (ʪʦʧʢʦʚʽ ʛʘʟʠ). ʊʦʧʢʦʚʽ ʛʘʟʠ 

ʧʦʩʪʫʧʘʶʪʴ ʚ ʢʘʤʝʨʫ ʟʨʦʰʫʚʘʥʥʷ ʜʝ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ ʢʨʘʧʣʠʥʘʤʠ (ʩʪʨʫʤʝʥʷʤʠ) 

ʨʦʟʧʠʣʝʥʦʾ ʚʦʜʠ ʪʝʧʣʦʪʘ ʚʽʜ ʥʘʛʨʽʪʠʭ ʛʘʟʽʚ ʧʝʨʝʜʘʻʪʴʩʷ ʚʦʜʽ ï ʚʦʜʘ ʥʘʛʨʽʚʘʻʪʴʩʷ, 

ʘ ʛʘʟʠ ʦʭʦʣʦʜʞʫʶʪʴʩʷ. ʄʝʭʘʥʽʟʤ ʥʘʛʨʽʚʫ ʚʦʜʠ ʽ ʦʭʦʣʦʜʞʝʥʥʷ ʛʘʟʽʚ ʥʘʜʪʦ 

ʩʢʣʘʜʥʠʡ, ʦʩʦʙʣʠʚʦ ʚ ʨʝʞʠʤʽ ʧʨʦʪʠʪʝʯʽʾ, ʦʩʢʽʣʴʢʠ ʨʘʟʦʤ ʟ ʪʝʧʣʦʦʙʤʽʥʦʤ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʽ ʦʙʤʽʥ ʤʘʩʦʶ, ʩʧʨʷʤʦʚʘʥʽʩʪʴ ʷʢʦʛʦ ʤʘʻ ʥʝʦʜʥʦʟʥʘʯʥʠʡ ʭʘʨʘʢʪʝʨ. 

ʇʘʨʘʤʝʪʨʠ ʚʦʜʠ ʽ ʪʦʧʢʦʚʠʭ ʛʘʟʽʚ (ʧʨʦʜʫʢʪʠ ʩʧʘʣʶʚʘʥʥʷ ʙʽʦʛʘʟʫ) ʜʘʣʽ ï 

ʛʘʟʽʚ, ʚ ʢʦʥʪʘʢʪʥʠʭ ʚʦʜʦʥʘʛʨʽʚʘʯʘʭ ʟʤʽʥʶʶʪʴʩʷ ʧʦ ʜʦʚʞʠʥʽ ʟʨʦʰʫʚʘʣʴʥʦʾ 

ʢʘʤʝʨʠ. ʇʨʠ ʮʴʦʤʫ ʚ ʨʽʟʥʠʭ ʟʦʥʘʭ (ʧʦʚʟʜʦʚʞʥʴʦʛʦ ʧʝʨʝʨʽʟʫ ʢʘʤʝʨʠ) ʚ ʨʽʟʥʽ 

ʤʦʤʝʥʪʠ ʯʘʩʫ ʤʦʞʫʪʴ ʽʩʥʫʚʘʪʠ ʫʤʦʚʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʨʦʮʝʩʘʤ ʟʚʦʣʦʞʝʥʥʷ 

ʘʙʦ ʦʩʫʰʝʥʥʷ ʛʘʟʫ, ʪʘ ʚʠʧʘʨʫʚʘʥʥʷ ʘʙʦ ʢʦʥʜʝʥʩʘʮʽʾ ʚʦʣʦʛʠ. ʇʝʨʝʙʽʛ ʮʠʭ 

ʥʘʧʨʷʤʢʽʚ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦ- ʽ ʤʘʩʦʦʙʤʽʥʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʯʘʪʢʦʚʠʤʠ ʫʤʦʚʘʤʠ ʽ 

ʢʽʥʮʝʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚʦʜʠ. ɼʝʪʘʣʴʥʽʰʠʡ ʘʥʘʣʽʟ ʚʘʨʽʘʥʪʽʚ ʧʝʨʝʙʽʛʫ ʧʨʦʮʝʩʽʚ 

ʥʘʚʝʜʝʥʦ ʚ ʩʧʝʮʽʘʣʴʥʽʡ ʣʽʪʝʨʘʪʫʨʽ, ʥʠʞʯʝ ʨʦʟʛʣʷʥʫʪʠʡ ʪʽʣʴʢʠ ʧʨʦʮʝʩ 

ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʛʨʽʚʫ ʚʦʜʠ ʜʣʷ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʙʽʦʨʝʘʢʪʦʨʫ 

(ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʽʚʫ ʚʦʜʠ ʥʘ ʚʠʭʦʜʽ ʧʦʨʷʜʢʫ 60 Áʉ, ʟʚʦʨʦʪʥʦʾ ʚʦʜʠ 40 Áʉ). ʊʘʢʠʤ 

ʯʠʥʦʤ ʚʠʭʦʜʷʯʠ ʟ ʥʘʚʝʜʝʥʦʾ ʩʭʝʤʠ ʧʨʦʮʝʩʫ ʚ ʨʦʟʨʘʭʫʥʢʘʭ ʜʠʥʘʤʽʢʠ 

ʚʦʜʦʥʘʛʨʽʚʘʯʘ ʚʦʣʦʛʦʚʤʽʩʪ ʛʘʟʽʚ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʟʘ ʧʨʦʮʝʩ 

ʽ ʚʚʘʞʘʪʠ ʥʝʟʤʽʥʥʠʤ ʚ ʯʘʩʽ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦ- ̔  ʤʘʩʦʦʙʤʽʥʫ, 

ʚ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʽ ʧʨʠʡʤʘʻʤʦ ʥʝʟʤʽʥʥʠʤʠ, ʱʦ ʜʦʨʽʚʥʶʶʪʴ ʩʝʨʝʜʥʽʤ ʟʘ 

ʧʨʦʮʝʩ: ʤʘʩʦʚʽ ʚʠʪʨʘʪʠ ʚʦʜʠ ʽ ʛʘʟʫ ʧʨʠʡʤʘʻʤʦ ʩʝʨʝʜʥʽʤʠ ʟʘ ʧʨʦʮʝʩ ʥʘʛʨʽʚʫ ʚʦʜʠ 

t
w

w

m
G = ; 

t

g

g

m
G =  (ʜʝ gw mm ,  ï ʤʘʩʘ ʚʦʜʠ ʽ ʛʘʟʽʚ ʢʘʤʝʨʠ; t ï ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ 

ʚʦʜʠ ʚ ʢʘʤʝʨʽ). ʊʝʧʣʦʚʽ ʚʠʪʨʘʪʠ ʚ ʦʪʦʯʫʶʯʝ ʩʝʨʝʜʦʚʠʱʝ ʥʝ ʚʨʘʭʦʚʫʻʤʦ. 

ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʢʦʥʪʘʢʪʥʠʡ ʚʦʜʦʥʘʛʨʽʚʘʯ ʤʘʻ ʙʫʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʷʢ ʦʙôʻʢʪ ʽʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ; ʪʦʙʪʦ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ ʪʝʧʣʦʚʦʛʦ ʽ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ ʚ ʯʘʩʪʠʥʥʠʭ 

ʧʦʭʽʜʥʠʭ ʜʣʷ ʜʚʦʭ ʧʦʪʦʢʽʚ. 

ɿʘʧʠʰʝʤʦ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʜʣʷ: 

ʛʘʟʫ: 
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ʚʦʜʠ: 
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ʪʘ ʨʽʚʥʷʥʥʷ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ ʜʣʷ ʛʘʟʫ: 
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ʜʝ q,t  ï ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʽʚ ʽ ʚʦʜʠ; d  ï ʚʦʣʦʛʦʚʤʽʩʪ ʛʘʟʽʚ; wg cc ,  ï ʧʠʪʦʤʘ 

ʪʝʧʣʦʻʤʥʽʩʪʴ ʛʘʟʽʚ ʽ ʚʦʜʠ; H  ï ʚʠʩʦʪʘ ʨʦʙʦʯʦʾ ʟʦʥʠ ʢʘʤʝʨʠ ʥʘʛʨʽʚʫ; f  ï ʧʦʚʝʨʭʥʷ 

ʨʦʟʜʽʣʫ ʨʽʜʢʦʾ ʽ ʛʘʟʦʚʦʾ ʬʘʟʠ; a ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʦʙʤʽʥʫ; b ï ʢʦʝʬʽʮʽʻʥʪ 

ʤʘʩʦʦʙʤʽʥʫ; () cad +=¡¡ qq  ï ʥʘʩʠʯʝʥʠʡ ʚʦʣʦʛʦʚʤʽʩʪ ʛʘʟʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʚʦʜʠ; 

ca,  ï ʢʦʝʬʽʮʽʻʥʪʠ ʣʽʥʽʡʥʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ; r  ï ʧʠʪʦʤʘ ʪʝʧʣʦʪʘ ʧʘʨʦʫʪʚʦʨʝʥʥʷ. 

ʇʨʠ ʯʠʩʣʦʚʦʤʫ ʨʦʟʚôʷʟʢʫ ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ, ʨʦʙʦʯʠʡ ʧʨʦʩʪʽʨ ʢʘʤʝʨʠ 

ʨʦʟʜʽʣʷʶʪʴ ʥʘ ʜʽʣʷʥʢʠ, ʜʝ ʪʝʧʣʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ ʤʘʶʪʴ ʨʽʟʥʽ 

ʟʥʘʯʝʥʥʷ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʚ 

ʯʘʩʽ (ʧʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ) ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʧʨʦʪʦʯʥʦʛʦ 

ʘʧʘʨʘʪʘ ʽʜʝʘʣʴʥʦʛʦ ʟʤʽʰʫʚʘʥʥʷ: ʜʣʷ ʮʴʦʛʦ ʟʘʤʽʥʠʤʦ ʧʦʭʽʜʥʽ ʟʘ ʢʦʦʨʜʠʥʘʪʦʶ 

ʟʥʘʯʝʥʥʷʤʠ ʨʽʟʥʠʮʽ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʚʭʦʜʽ ʽ ʚʠʭʦʜʽ: 
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ʉʠʩʪʝʤʘ ʨʽʚʥʷʥʴ, ʱʦ ʦʧʠʩʫʻ ʟʤʽʥʫ ʧʘʨʘʤʝʪʨʽʚ ʚʦʜʠ ʽ ʛʘʟʽʚ ʥʘ ʚʠʭʦʜʽ ʟ 

ʚʦʜʦʥʘʛʨʽʚʘʯʘ ʚ ʯʘʩʽ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʠʩʪʝʤʦʶ ʟʚʠʯʘʡʥʠʭ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ: 
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ʜʝ ( )215.0 ttt += ; ( )215.0 qqq += ; ( )215.0 ddd += ï ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ (1, 2 ï ʽʥʜʝʢʩʠ, ʱʦ ʦʟʥʘʯʘʶʪʴ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʚʭʦʜʽ ʽ ʚʠʭʦʜʽ). 

ʆʪʨʠʤʘʥʫ ʩʠʩʪʝʤʫ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʘʥʘʣʽʟʫ 

ʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʙôʻʢʪʘ ʪʘ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ. 

ʃʽʪʝʨʘʪʫʨʘ 

1. ɺʘʨʣʘʤʦʚ ɻ. ɹ., ʈʦʤʘʥʦʚʘ ɽ. ɸ., ɼʘʱʝʥʢʦ ʆ. ʇ., ʂʘʩʷʥʯʫʢ ʉ. ʃ., 

ʆʯʝʨʝʪʷʥʢʦ ʅ. ɼ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʪʘʢʪʥʳʭ ʪʝʧʣʦʛʝʥʝʨʘʪʦʨʦʚ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ ʜʣʷ ʪʝʧʣʦʧʨʦʠʟʚʦʜʩʪʚʘ. ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʠʡ ʞʫʨʥʘʣ ʧʝʨʝʜʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. 2016. ɺʠʧ. 6. ˉ 1(84). ʉ. 52ï60. 
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ʋɼʂ 37.041:377.35:861.3 

 

ɼɯɸɻʅʆʉʊʀʂɸ ɯ ʉɸʄʆɼɯɸɻʅʆʉʊʀʂɸ ʈɯɺʅʗ ʉʌʆʈʄʆɺɸʅʆʉʊɯ 

ʂʆʄʇɽʊɽʅʊʅʆʉʊɯ ʇʈʆʌɽʉɯʁʅʆɻʆ ʉɸʄʆʈʆɿɺʀʊʂʋ 

 

ɹʦʥʜʘʨ ʄ. ʄ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ  ̔ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʋ ʚʠʱʽʡ ʘʛʨʘʨʥʽʡ ʦʩʚʽʪʽ ʥʘ ʧʝʨʰʠʡ ʧʣʘʥ ʚʠʩʫʚʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʝ ʟʘʚʜʘʥʥʷ ī 

ʩʪʚʦʨʝʥʥʷ ʫʤʦʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʬʝʢʪʠʚʥʠʡ ʧʨʦʬʝʩʽʡʥʠʡ ʩʘʤʦʨʦʟʚʠʪʦʢ 

ʪʚʦʨʯʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʦʩʦʙʠʩʪʦʩʪʽ ʩʪʫʜʝʥʪʘ. ɼʦʩʷʛʪʠ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʨʦʟʚʠʪʢʫ ʽ  

ʧʽʜʛʦʪʦʚʢʠ ʤʘʡʙʫʪʥʽʭ ʧʨʦʬʝʩʽʦʥʘʣʽʚ ʤʦʞʣʠʚʦ ʯʝʨʝʟ ʥʦʚʽ, ʧʝʨʝʦʩʤʠʩʣʝʥʽ ʧʽʜʭʦʜʠ 

ʜʦ ʟʤʽʩʪʫ ʪʘ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʜʽʘʛʥʦʩʪʠʢʠ ʽ ʩʘʤʦʜʽʘʛʥʦʩʪʠʢʠ ʥʘʚʯʘʣʴʥʠʭ 

ʜʦʩʷʛʥʝʥʴ ʩʪʫʜʝʥʪʽʚ. ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʦʙˇʨʫʥʪʦʚʫʶʪʴʩʷ ʪʝʟʠ ʩʪʦʩʦʚʥʦ ʪʦʛʦ, ʱʦ 

ʛʦʣʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʚʩʽʭ ʚʠʜʽʚ ʜʽʘʛʥʦʩʪʠʢʠ ʽ ʩʘʤʦʜʽʘʛʥʦʩʪʠʢʠ ʥʘʚʯʘʣʴʥʠʭ 

ʜʦʩʷʛʥʝʥʴ ʩʪʫʜʝʥʪʽʚ ʻ ʧʝʨʝʚʽʨʢʘ ʚʠʢʦʥʘʥʥʷ ʢʽʥʮʝʚʦʾ ʤʝʪʠ ʧʨʦʬʝʩʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ 

ï ʩʬʦʨʤʦʚʘʥʦʩʪʽ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʝʭʥʽʯʥʦʛʦ ʤʠʩʣʝʥʥʷ ʪʘ 

ʽʥʞʝʥʝʨʥʠʭ ʽ ʥʘʚʯʘʣʴʥʦ-ʧʽʟʥʘʚʘʣʴʥʠʭ ʫʤʽʥʴ, ʪʦʙʪʦ ʧʝʨʝʚʽʨʢʠ ʪʦʛʦ, ʯʠ ʜʦʩʷʛʣʦ 

ʪʝʭʥʽʯʥʝ ʤʠʩʣʝʥʥʷ, ʩʪʨʫʢʪʫʨʫ ʷʢʦʛʦ ʤʠ ʬʦʨʤʫʚʘʣʠ, ʨʽʚʥʷ ʛʦʪʦʚʥʦʩʪʽ ʜʦ 

ʤʘʡʙʫʪʥʴʦʾ ʽʥʞʝʥʝʨʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʟʘ ʦʙʨʘʥʠʤ ʬʘʭʦʤ. 

ʇʝʨʝʜʫʤʦʚʦʶ ʧʨʦʷʚʫ ʝʣʝʤʝʥʪʽʚ ʪʚʦʨʯʦʩʪʽ ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʧʽʜ ʯʘʩ 

ʚʠʚʯʝʥʥʷ ʟʘʛʘʣʴʥʦʽʥʞʝʥʝʨʥʠʭ ʜʠʩʮʠʧʣʽʥ ʻ ʦʙʦʚôʷʟʢʦʚʘ ʥʘʷʚʥʽʩʪʴ ʧʝʚʥʠʭ ʙʘʟʦʚʠʭ 

ʟʥʘʥʴ, ʩʧʦʩʦʙʽʚ ʜʽʡ, ʷʢʽ ʩʬʦʨʤʦʚʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʩʧʦʩʦʙʫ 

ʦʨʛʘʥʽʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦ-ʧʽʟʥʘʚʘʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʤʘʡʙʫʪʥʽʭ ʬʘʭʽʚʮʽʚ 

ʘʛʨʦʽʥʞʝʥʝʨʥʦʾ ʛʘʣʫʟʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ɿ ʤʝʪʦʶ ʢʦʥʪʨʦʣʶ 

ʩʬʦʨʤʦʚʘʥʦʩʪʽ ʙʘʟʦʚʠʭ ʟʥʘʥʴ ʤʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʪʝʩʪʦʚʠʡ ʢʦʥʪʨʦʣʴ 

(ʧʽʜ ʯʘʩ ʧʝʨʝʚʽʨʢʠ ʛʦʪʦʚʥʦʩʪʽ ʩʪʫʜʝʥʪʽʚ ʜʦ ʚʠʢʦʥʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ, 

ʧʨʘʢʪʠʯʥʠʭ ʟʘʥʷʪʴ, ʨʦʟʨʘʭʫʥʢʦʚʦ-ʛʨʘʬʽʯʥʠʭ ʨʦʙʽʪ, ʜʣʷ ʚʠʩʪʘʚʣʝʥʥʷ ʧʨʦʤʽʞʥʦʾ 

ʘʪʝʩʪʘʮʽʾ ʪʦʱʦ). ʊʝʩʪʫʚʘʥʥʷ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʦʨʤ ʧʨʦʚʝʜʝʥʥʷ 

ʢʦʥʪʨʦʣʶ ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʷʢʦʩʪʽ, ʷʢʠʤʠ ʤʦʞʥʘ ʫʧʨʘʚʣʷʪʠ. ʋ ʮʴʦʤʫ ʘʩʧʝʢʪʽ ʞʦʜʥʘ 

ʟ ʚʽʜʦʤʠʭ ʬʦʨʤ ʢʦʥʪʨʦʣʶ ʟʥʘʥʴ ʩʪʫʜʝʥʪʽʚ ʧʦʨʽʚʥʷʪʠʩʴ ʥʝ ʤʦʞʝ. 

ɺʠʩʥʦʚʦʢ. ʈʝʘʣʽʟʘʮʽʷ ʨʦʟʚʠʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʜʽʘʛʥʦʩʪʠʢʠ ʽ ʩʘʤʦʜʽʘʛʥʦʩʪʠʢʠ 

ʥʘʚʯʘʣʴʥʠʭ ʜʦʩʷʛʥʝʥʴ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʘʣʫʯʝʥʥʷ ʩʪʫʜʝʥʪʽʚ ʫ ʧʦʰʫʢʦʚʫ 

ʧʨʦʜʫʢʪʠʚʥʫ ʜʽʷʣʴʥʽʩʪʴ, ʱʦ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʚʠʨʽʰʝʥʥʷ ʨʝʘʣʴʥʠʭ ʽʥʞʝʥʝʨʥʠʭ 

ʧʨʦʙʣʝʤ ʽ ʧʨʦʙʣʝʤʥʠʭ ʩʠʪʫʘʮʽʡ. ɺʩʪʘʥʦʚʣʝʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʠʩʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʟʘ ʧʨʦʩʫʚʘʥʥʷʤ ʩʪʫʜʝʥʪʽʚ ʫ ʪʚʦʨʯʽʡ ʧʽʟʥʘʚʘʣʴʥʽʡ ʜʽʷʣʴʥʦʩʪʽ, ʧʨʠ 

ʮʴʦʤʫ ʦʩʥʦʚʥʠʤ ʢʨʠʪʝʨʽʻʤ ʦʮʽʥʶʚʘʥʥʷ ʻ ʩʫʙôʻʢʪʠʚʥʘ ʥʦʚʠʟʥʘ ʨʽʰʝʥʴ ʥʠʤʠ 

ʽʥʞʝʥʝʨʥʠʭ ʧʨʦʙʣʝʤ ʽ ʟʘʜʘʯ. 

ʃʽʪʝʨʘʪʫʨʘ 

1. ɹʦʥʜʘʨ ʄ. ʄ., ʇʣʘʚʠʥʩʴʢʘ ʆ. ɺ. ʈʦʟʚʠʚʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʢʦʥʪʨʦʣʶ 

ʥʘʚʯʘʣʴʥʠʭ ʜʦʩʷʛʥʝʥʴ ʩʪʫʜʝʥʪʽʚ ʫ ʬʦʨʤʫʚʘʥʥʽ ʾʭ ʛʦʪʦʚʥʦʩʪʽ ʜʦ ʤʘʡʙʫʪʥʴʦʾ 

ʜʽʷʣʴʥʦʩʪʽ ʚ ʛʘʣʫʟʽ ʘʛʨʦʽʥʞʝʥʝʨʽʾ. ɺʽʩʥʠʢ ʉʅɸʋ ʉʝʨʽʷ: ʤʝʭʘʥʽʟʘʮʽʷ ʪʘ 

ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ. 2019. ɺʠʧ. 1ï2. ʉ. 36ï42. 
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2. ɹʦʥʜʘʨ ʄ. ʄ., ɾʫʨʘʚʩʴʢʘ ʃ. ʄ., ʆʩʪʘʧʝʥʢʦ ɽ. ʆ. ʊʨʘʥʩʬʦʨʤʘʮʽʷ 

ʩʘʤʦʩʪʽʡʥʦʾ ʥʘʚʯʘʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʫ ʛʦʪʦʚʥʽʩʪʴ ʜʦ ʧʨʦʬʝʩʽʡʥʦʛʦ ʩʘʤʦʨʦʟʚʠʪʢʫ 

ʟʘʩʦʙʘʤʠ ʪʝʭʥʦʣʦʛʽʡ ʦʩʦʙʠʩʪʽʩʥʦ ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʥʘʚʯʘʥʥʷ : ʤʦʥʦʛʨʘʬʽʷ. ʅʽʞʠʥ. 

ɸʉʇɽʂʊ-ʇʦʣʽʛʨʘʬ. 2016. 752 ʩ. 

 

 

 

ʋɼʂ 514.18 

 

ʂʆʄʇôʖʊɽʈʅɯ ʄɽʊʆɼʀ ɼɽʌʆʈʄɸʊʀɺʅʆɻʆ ʌʆʈʄʆʊɺʆʈɽʅʅʗ 

ʋ ɼʀɿɸʁʅɯ ʊɸ ʋ ɼʀɿɸʁʅ-ʆʉɺɯʊɯ 

 

ɼʦʨʦʰʝʥʢʦ ʖ. ʆ. 

ʂʠʾʚʩʴʢʘ ʜʝʨʞʘʚʥʘ ʘʢʘʜʝʤʽʷ ʜʝʢʦʨʘʪʠʚʥʦ-ʧʨʠʢʣʘʜʥʦʛʦ ʤʠʩʪʝʮʪʚʘ ʽ ʜʠʟʘʡʥʫ 

ʽʤʝʥʽ ʄʠʭʘʡʣʘ ɹʦʡʯʫʢʘ 

 

ʉʫʪʥʽʩʪʶ ʬʦʨʤʦʪʚʦʨʝʥʥʷ ʻ ʮʽʣʝʩʧʨʷʤʦʚʘʥʠʡ ʩʠʥʪʝʟ (ʷʢ ʢʝʨʦʚʘʥʠʡ ʧʨʦʮʝʩ) 

ʧʝʚʥʦʾ ʬʦʨʤʠ ʜʝʷʢʦʛʦ ʦʙôʻʢʪʘ/ʧʨʝʜʤʝʪʘ ʽ ʫ ʮʴʦʤʫ ʨʦʟʫʤʽʥʥʽ ʤʘʻ ʛʝʦʤʝʪʨʠʯʥʫ 

ʧʨʠʨʦʜʫ. ʊʦʙʪʦ, ʚʠʩʪʫʧʘʻ ʫʟʘʛʘʣʴʥʝʥʠʤ ʛʝʦʤʝʪʨʠʯʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ. 

ʌʦʨʤʦʪʚʦʨʝʥʥʷ ï ʷʢ ʪʚʦʨʯʠʡ ʧʨʦʮʝʩ ʩʠʥʪʝʟʫ ʬʦʨʤʠ ʧʝʚʥʦʛʦ ʜʠʟʘʡʥ-ʦʙôʻʢʪʘ ï ʻ 

ʢʣʶʯʦʚʠʤ ʚʠʜʦʤ ʜʽʷʣʴʥʦʩʪʽ ʜʠʟʘʡʥʝʨʘ, ʩʧʨʷʤʦʚʘʥʦʾ ʛʦʣʦʚʥʦ ʥʘ ʟʘʜʦʚʦʣʝʥʥʷ 

ʢʽʥʮʝʚʠʤ ʧʨʦʜʫʢʪʦʤ ʪʘʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʷʢʽʩʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʾ ʪʨʠʻʜʥʦʩʪʽ 

çʢʦʨʠʩʥʽʩʪʴè ï çʤʽʮʥʽʩʪʴè ï çʢʨʘʩʘè. ʇʨʠ ʮʴʦʤʫ ʢʦʨʠʩʥʽʩʪʴ ʘʩʦʮʽʶʻʪʴʩʷ ʟ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʶ, ʤʽʮʥʽʩʪʴ ï ʟ ʘʨʭʽʪʝʢʪʦʥʽʢʦʶ, ʘ ʢʨʘʩʘ ï ʟ ʝʩʪʝʪʠʢʦʶ, ʫʥʘʩʣʽʜʦʢ 

ʯʦʛʦ ʫ ʬʦʨʤʽ ʽʥʪʝʛʨʘʣʴʥʦ ʟʘʢʣʘʜʘʶʪʴʩʷ-ʧʨʦʷʚʣʷʶʪʴʩʷ ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʚʦʨʝʥʦʛʦ 

ʜʠʟʘʡʥ-ʦʙôʻʢʪʘ ʟ ʚʽʜʧʦʚʽʜʥʠʤ ʾʭ ʷʢʽʩʥʠʤ ʪʘ ʢʽʣʴʢʽʩʥʠʤ ʦʮʽʥʥʠʤ ʚʠʨʘʞʝʥʥʷʤ.  

ʈʦʙʦʪʘ ʜʠʟʘʡʥʝʨʘ ʥʘʜ ʬʦʨʤʦʶ ʟ ʧʦʟʠʮʽʡ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʩʧʨʷʤʦʚʫʻʪʴʩʷ ʥʘ ʨʦʟʨʦʙʢʫ ʛʝʦʤʝʪʨʠʯʥʦʾ ʤʦʜʝʣʽ, ʷʢʘ ʻ ʪʨʠʚʠʜʦʚʦʶ ʡ 

ʚʽʜʧʦʚʽʜʥʠʤ ʯʠʥʦʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘ ʝʪʘʧʘʭ ʬʦʨʤʦʪʚʦʨʝʥʥʷ (ʧʨʦʻʢʪʫʚʘʥʥʷ), 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ (ʟʘʜʘʥʥʷ), ʬʦʨʤʫʚʘʥʥʷ (ʚʠʛʦʪʦʚʣʝʥʥʷ). ʇʨʠ ʮʴʦʤʫ 

ʥʘʡʩʢʣʘʜʥʽʰʠʤ ʽ ʙʘʛʘʪʦʘʩʧʝʢʪʥʠʤ ʚʠʷʚʣʷʻʪʴʩʷ ʝʪʘʧ ʬʦʨʤʦʪʚʦʨʝʥʥʷ, ʯʠʤ 

ʘʢʪʫʘʣʽʟʫʻʪʴʩʷ ʧʦʪʨʝʙʘ ʚ ʡʦʛʦ ʫʥʽʬʽʢʘʮʽʾ ʪʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʤʫ ʩʧʨʦʱʝʥʥʽ ʟ 

ʧʝʨʝʜʙʘʯʫʚʘʥʠʤ ʢʝʨʫʚʘʥʥʷʤ ʧʨʦʮʝʩʦʤ (ʥʘʩʣʽʜʢʘʤʠ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ) ʥʘ ʦʩʥʦʚʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʠʭ ʜʽʡ ʽ ʟʚʠʯʥʠʭ ʟʘʩʦʙʽʚ ʜʽʷʣʴʥʦʩʪʽ ʪʘ 

ʤʘʩʢʫʚʘʥʥʷ ʟʘʜʽʷʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ. 

ʅʘʡʜʽʻʚʽʰʠʤ ʨʝʘʣʽʟʘʪʦʨʦʤ ʟʘʟʥʘʯʝʥʦʛʦ ʚʠʱʝ ʚʠʷʚʣʷʻʪʴʩʷ ʧʽʜʭʽʜ, ʷʢʠʡ 

ʦʪʨʠʤʘʚ ʥʘʟʚʫ çʜʝʬʦʨʤʘʪʠʚʥʝ ʬʦʨʤʦʪʚʦʨʝʥʥʷè, ʱʦ ʢʦʥʮʝʧʪʫʘʣʴʥʦ ˇʨʫʥʪʫʻʪʴʩʷ 

ʥʘ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʥʷʭ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘʜ ʩʧʝʮʽʘʣʴʥʦ ʦʙʨʘʥʠʤ 

ʧʨʦʪʦʪʠʧʦʤ, ʤʘʻ ʛʝʦʤʝʪʨʠʟʦʚʘʥʠʡ ʽ ʛʨʘʬʽʯʥʦ ʫʥʘʦʯʥʝʥʠʡ ʢʝʨʫʶʯʠʡ ʘʧʘʨʘʪ, 

ʟʤʽʥʘ ʢʦʥʬʽʛʫʨʘʮʽʾ ʷʢʦʛʦ ʚʥʘʩʣʽʜʦʢ ʧʨʦʩʪʠʭ, ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʠʭ ʽ 

ʧʝʨʝʜʙʘʯʫʚʘʥʠʭ ʜʽʡ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʙʘʞʘʥʦʾ (ʧʦʪʨʽʙʥʦʾ) ʟʤʽʥʠ ʬʦʨʤʠ ʧʨʦʪʦʪʠʧʫ 

ʜʠʟʘʡʥ-ʦʙôʻʢʪʫ. ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ ʚʽʜʦʢʨʝʤʣʶʚʘʪʠ ʜʝʬʦʨʤʘʪʠʚʥʝ ʬʦʨʤʦʪʚʦʨʝʥʥʷ 

ʪʘ ʜʝʬʦʨʤʘʮʽʡʥʝ ʬʦʨʤʦʪʚʦʨʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʧʝʨʰʝ ʩʣʦʚʦʩʧʦʣʫʯʝʥʥʷ ʩʪʦʩʫʻʪʴʩʷ 

ʧʦʪʝʥʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʜʦ ʜʝʬʦʨʤʘʮʽʾ, ʟʘʢʣʘʜʝʥʦʾ ʫ ʛʝʦʤʝʪʨʠʯʥʽʡ ʤʦʜʝʣʽ, ʘ ʜʨʫʛʝ 
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ï ʧʨʦʮʝʩʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʚʘʨʽʘʪʠʚʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʝʦʤʝʪʨʠʯʥʦʾ 

ʤʦʜʝʣʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʪʝʨʤʽʥʦʣʦʛʽʷ ʥʝ ʻ ʘʙʩʦʣʶʪʥʦ ʦʨʠʛʽʥʘʣʴʥʦʶ ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ ʟʥʘʥʴ, ʟʦʢʨʝʤʘ, ʫ ʙʫʜʽʚʝʣʴʥʽʡ ʤʝʭʘʥʽʮʽ ʪʘ ʫ 

ʪʝʦʨʽʾ ʤʽʮʥʦʩʪʽ. ɼʝʬʦʨʤʘʪʠʚʥʝ ʬʦʨʤʦʪʚʦʨʝʥʥʷ ʤʘʻ ʜʦʩʠʪʴ ʜʘʚʥʻ ʧʨʘʢʪʠʯʥʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʽ ʡʦʛʦ ʤʝʪʦʜʠ ʨʝʘʣʽʟʦʚʘʥʦ ʫ ʙʘʛʘʪʴʦʭ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʧʨʦʛʨʘʤʥʠʭ 

ʟʘʩʦʙʘʭ (Paint. MS Office, Corel DRAW, Adobe Illustrator, Blender, AutoCAD, 

TrueSpace) ʫ ʜʠʥʘʤʽʯʥʠʭ ʧʨʠʤʽʪʠʚʘʭ, ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʠʭ ʦʙôʻʢʪʘʭ, ʦʙʦʣʦʥʢʘʭ, 

ʦʜʥʦʣʘʥʢʦʚʠʭ ʽ ʙʘʛʘʪʦʣʘʥʢʦʚʠʭ ʢʨʠʚʠʭ (ɹʝʟʴʻ) ʫ ʨʝʞʠʤʽ çʛʫʤʦʚʦʾ ʥʠʪʢʠ ʪʦʱʦ. ɯ 

ʻʜʠʥʘ ʉɸʇʈ, ʜʝ ʨʝʘʣʽʟʦʚʘʥʦ çʜʝʬʦʨʤʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷè ʫ çʯʠʩʪʦʤʫ ʚʠʛʣʷʜʽè 

ï ʉɸʇʈ BricsCAD ʢʦʤʧʘʥʽʾ Bricsys ʢʦʥʮʝʨʥʫ Nexagon (ɹʝʣʴʛʽʷ). 
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ɼɺʆʍ ʊʆʏʆʂ 

 

ɺʦʨʦʥʮʦʚ ʆ. ɺ.1, ɺʦʨʦʥʮʦʚʘ ɯ. ɺ.2 

1ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ ̔ ʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè. 
2ʇʦʣʪʘʚʩʴʢʠʡ ʢʦʣʝʜʞ ʥʘʬʪʠ  ̔ʛʘʟʫ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʇʦʣʪʘʚʩʴʢʘ 

ʧʦʣʽʪʝʭʥʽʢʘ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè 

 

ʊʚʝʨʜʞʝʥʥʷ. ʂʦʦʨʜʠʥʘʪʠ ʙʫʜʴ-ʷʢʦʾ ʪʦʯʢʠ ʯʠʩʣʦʚʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ n-ʛʦ 

ʩʪʝʧʝʥʷ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ ʩʫʧʝʨʧʦʟʠʮʽʶ ʢʦʦʨʜʠʥʘʪ ʜʚʦʭ ʜʦʚʽʣʴʥʠʭ ʪʦʯʦʢ 

ʜʘʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʧʨʠ ʚʽʜʦʤʽʡ ʚʝʣʠʯʠʥʽ ʩʢʽʥʯʝʥʦʾ ʨʽʟʥʠʮʽ.  

ɺʨʘʭʦʚʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ [1, 2], ʟʤʦʞʝʤʦ ʩʢʣʘʩʪʠ ʩʠʩʪʝʤʫ 

ʨʽʚʥʷʥʴ (1):  

                                                  

В Ὧ ρ

В ὯὭ Ὥ

В Ὧώ ὖ ώ

,                                      (1) 

ʜʣʷ ʚʠʚʝʜʝʥʥʷ ʬʦʨʤʫʣ ʦʙʯʠʩʣʝʥʥʷ ʚʝʣʠʯʠʥ ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʫʧʝʨʧʦʟʠʮʽʾ k1, k2 ʪʘ 

ʦʨʜʠʥʘʪʠ ʰʫʢʘʥʦʛʦ ʚʫʟʣʘ ώ  ʟʘ ʜʘʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʜʚʦʭ ʜʦʚʽʣʴʥʠʭ ʚʫʟʣʦʚʠʭ 

ʪʦʯʦʢ ʧʝʚʥʦʾ ʯʠʩʣʦʚʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʪʘ ʚʝʣʠʯʠʥʦʶ ʩʢʽʥʯʝʥʦʾ ʨʽʟʥʠʮʽ ὖ  ʫ 

ʰʫʢʘʥʦʤʫ ʚʫʟʣʽ, ʘ ʪʘʢʦʞ ʜʣʷ ʚʠʚʝʜʝʥʥʷ ʬʦʨʤʫʣ ʦʙʯʠʩʣʝʥʥʷ ʚʝʣʠʯʠʥ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʩʫʧʝʨʧʦʟʠʮʽʾ k1, k2 ʪʘ ʚʝʣʠʯʠʥʠ ʩʢʽʥʯʝʥʦʾ ὖ  ʨʽʟʥʠʮʽ ʫ h ʫʢʘʥʦʤʫ ʚʫʟʣʽ ʟʘ ʜʘʥʠʤʠ 

ʢʦʦʨʜʠʥʘʪʘʤʠ ʜʚʦʭ ʜʦʚʽʣʴʥʠʭ ʚʫʟʣʦʚʠʭ ʪʦʯʦʢ ʪʘ ʦʨʜʠʥʘʪʦʶ ώ . 

ʊʘʢʦʞ, ʚʨʘʭʦʚʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ [2, 3], ʟʤʦʞʝʤʦ ʩʢʣʘʩʪʠ ʩʠʩʪʝʤʫ 

ʨʽʚʥʷʥʴ (2): 

                                           
Ὥ ὯὭ ρ Ὧ Ὥ

ώ Ὧώ ρ Ὧ ώ ὖ
                                (2) 



çȺɍɟɡɚɎɝɨɖɱ ɣɔɞɌəəɫè 
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ʜʣʷ ʚʠʚʝʜʝʥʥʷ ʬʦʨʤʫʣ ʦʙʯʠʩʣʝʥʥʷ ʚʝʣʠʯʠʥʠ ʦʜʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʩʫʧʝʨʧʦʟʠʮʽʾ (k1  

ʯʠ k2) ʪʘ ʦʨʜʠʥʘʪʠ ʰʫʢʘʥʦʛʦ ʚʫʟʣʘ ώ  ʟʘ ʜʘʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʜʚʦʭ ʜʦʚʽʣʴʥʠʭ 

ʚʫʟʣʦʚʠʭ ʪʦʯʦʢ ʧʝʚʥʦʾ ʯʠʩʣʦʚʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʪʘ ʚʝʣʠʯʠʥʦʶ ʩʢʽʥʯʝʥʦʾ ʨʽʟʥʠʮʽ  

ὖ  ʫ ʰʫʢʘʥʦʤʫ ʚʫʟʣʽ, ʘ ʪʘʢʦʞ ʜʣʷ ʚʠʚʝʜʝʥʥʷ ʬʦʨʤʫʣ ʦʙʯʠʩʣʝʥʥʷ ʚʝʣʠʯʠʥʠ 

ʦʜʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʩʫʧʝʨʧʦʟʠʮʽʾ (k1 ʯʠ k2) ʪʘ ʚʝʣʠʯʠʥʠ ʩʢʽʥʯʝʥʦʾ ὖ  ʨʽʟʥʠʮʽ ʫ 

ʰʫʢʘʥʦʤʫ ʚʫʟʣʽ ʟʘ ʜʘʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʜʚʦʭ ʜʦʚʽʣʴʥʠʭ ʚʫʟʣʦʚʠʭ ʪʦʯʦʢ ʪʘ 

ʦʨʜʠʥʘʪʦʶ ώ  ʚʫʟʣʘ ʧʝʚʥʦʾ ʯʠʩʣʦʚʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ:  

ʈʦʟʚôʷʟʘʚʰʠ ʩʠʩʪʝʤʫ (2), ʟʥʘʡʜʝʤʦ ʚʠʨʘʟʠ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʚʝʣʠʯʠʥʠ 

ʢʦʝʬʽʮʽʻʥʪʫ ʩʫʧʝʨʧʦʟʠʮʽʾ ʪʘ ʦʨʜʠʥʘʪʠ ʰʫʢʘʥʦʛʦ ʚʫʟʣʘ:  

                                                      Ὧ ;                                                        (3) 

                                          ώ ὖ ;                                  (4) 

ʘ ʪʘʢʦʞ, ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʚʝʣʠʯʠʥʠ ʢʦʝʬʽʮʽʻʥʪʫ ʩʫʧʝʨʧʦʟʠʮʽʾ ʪʘ ʚʝʣʠʯʠʥʠ 

ʩʢʽʥʯʝʥʦʾ ʨʽʟʥʠʮʽ ʫ ʰʫʢʘʥʦʤʫ ʚʫʟʣʽ: 

                                            ὖ ώ.                                 (5) 

ɸʣʝ ʦʜʥʦʯʘʩʥʦ, ʚʨʘʭʦʚʫʶʯʠ ʚʠʚʝʜʝʥʽ ʫ ʨʦʙʦʪʽ [3] ʬʦʨʤʫʣʠ, ɦ ʦ ʚʠʟʥʘʯʘʶʪʴ 

ʚʟʘʻʤʦʟʚôʷʟʦʢ ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʫʧʝʨʧʦʟʠʮʽʾ  ̔ ʚʝʣʠʯʠʥʠ ʩʢʽʥʯʝʥʦʾ ʨʽʟʥʠʮʽ ʪʘ, ʽʟ 

ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (2) ʤʦʞʝʤʦ ʟʘʧʠʩʘʪʠ: 

                                                    Ὧ .                                         (6) 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʚʠʜʫ ʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ 

ʬʦʨʤʦʫʪʚʦʨʶʶʯʦʾ ʚʝʣʠʯʠʥʠ ʩʢʽʥʯʝʥʦʾ ʨʽʟʥʠʮʽ ʚʽʜ ʦʨʜʠʥʘʪʠ ʙʫʜʴ-ʷʢʦʾ ʚʫʟʣʦʚʦʾ 

ʪʦʯʢʠ ʤʦʜʝʣʴʦʚʘʥʦʾ ʢʨʠʚʦʾ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʚʠʚʝʜʝʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʜʠʩʢʨʝʪʥʠʭ ʚʝʣʠʯʠʥ ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʫʧʝʨʧʦʟʠʮʽʾ ʜʚʦʭ ʟʘʜʘʥʠʭ 

ʚʫʟʣʦʚʠʭ ʪʦʯʦʢ ʪʘ ʬʦʨʤʦʫʪʚʦʨʶʶʯʦʾ ʚʝʣʠʯʠʥʠ ʩʢʽʥʯʝʥʦʾ ʨʽʟʥʠʮʽ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʦʜʥʦʚʠʤʽʨʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙʨʘʟʽʚ. 

ʗʢʱʦ ʟʤʽʥʶʚʘʪʠ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʫ ʚʝʣʠʯʠʥʫ ʩʢʽʥʯʝʥʦʾ ʨʽʟʥʠʮʽ ʘʙʦ 

ʚʝʣʠʯʠʥʫ ʦʨʜʠʥʘʪʠ ʬʽʢʩʦʚʘʥʦʛʦ (ʦʜʥʦʛʦ ʽʟ ʜʚʦʭ ʟʘʜʘʥʠʭ ʚʫʟʣʽʚ), ʧʨʠ ʬʽʢʩʦʚʘʥʠʭ 

ʚʝʣʠʯʠʥʘʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʫʧʝʨʧʦʟʠʮʽʾ ʜʚʦʭ ʜʦʚʽʣʴʥʦ ʟʘʜʘʥʠʭ ʚʫʟʣʦʚʠʭ ʪʦʯʦʢ, 

ʟʤʦʞʝʤʦ ʫʧʨʘʚʣʷʪʠ ʬʦʨʤʦʶ ʢʨʠʚʦʾ, ʜʠʩʢʨʝʪʥʦ ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʚʫʟʣʦʚʠʤʠ 

ʪʦʯʢʘʤʠ ʾʾ ʯʠʩʣʦʚʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ. 

ʃʽʪʝʨʘʪʫʨʘ 
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ʄʝʣʽʪʦʧʦʣʴʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʧʝʜʘʛʦʛʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɹʦʛʜʘʥʘ 

ʍʤʝʣʴʥʠʮʴʢʦʛʦ. ʄʝʣʽʪʦʧʦʣʴ. ʄɼʇʋ. ɺʠʧ. 18. 2020. ʉ. 90ï98. 

3. ɺʦʨʦʥʮʦʚ ʆ. ɺ. ɼʠʩʢʨʝʪʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙʨʘʟʽʚ ʦʙôʻʢʪʽʚ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʫʧʝʨʧʦʟʠʮʽʷʤʠ ʦʜʥʦʚʠʤʽʨʥʠʭ ʯʠʩʣʦʚʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʟ 
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ʊʈɽʅɼʀ ɼʀɿɸʁʅʋ ɯʅʊɽʈʌɽʁʉɯɺ 

 

ɻʝʰʝʚʘ ɻ. ɺ. 

ʊʘʚʨʽʡʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʘʛʨʦʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɼʤʠʪʨʘ 

ʄʦʪʦʨʥʦʛʦ 

 

ɹʘʟʦʚʽ ʥʘʚʠʯʢʠ UI-ʜʠʟʘʡʥʝʨʘ, ʷʢʽ ʙʫʜʫʪʴ ʫ ʪʨʝʥʜʽ ʟʘʚʞʜʠ, ʚʢʣʶʯʘʶʯʠ 

ʨʦʙʦʪʠ ʟ ʢʦʤʧʦʟʠʮʽʻʶ, ʢʦʣʴʦʨʦʤ ʪʘ ʪʠʧʦʛʨʘʬʽʢʦʶ. 

ʂʦʤʧʦʟʠʮʽʷ. ʂʦʤʧʦʟʠʮʽʷ ʜʦʧʦʤʘʛʘʻ ʧʨʘʚʠʣʴʥʦ ʨʦʟʪʘʰʫʚʘʪʠ ʦʙ'ʻʢʪʠ ʫ 

ʧʨʦʩʪʦʨʽ, ʙʫʜʫʻ ʚʽʟʫʘʣʴʥʫ ʽʻʨʘʨʭʽʶ, ʚʽʜʦʢʨʝʤʣʶʻ ʛʦʣʦʚʥʝ ʚʽʜ ʜʨʫʛʦʨʷʜʥʦʛʦ, 

ʥʘʜʘʻ ʚʽʟʫʘʣʴʥʦʾ ʧʨʠʚʘʙʣʠʚʦʩʪʽ. ɺʩʝ ʮʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʤʘʥʽʧʫʣʶʚʘʪʠ ʫʚʘʛʦʶ  ̔

ʨʦʙʠʪʴ ʟʨʦʟʫʤʽʣʠʤ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʷʢʝ ʭʦʯʝʤʦ ʜʦʥʝʩʪʠ ʜʦ ʢʽʥʮʝʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ 

ʽʥʪʝʨʬʝʡʩʫ. ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ, ʟ ʷʢʠʤʠ ʤʠ ʧʨʘʮʶʻʤʦ ʧʽʜ ʯʘʩ ʚʽʟʫʘʣʽʟʘʮʽʾ 

ʽʥʪʝʨʬʝʡʩʫ, ð ʨʦʟʤʽʨ, ʢʦʣʽʨ ʪʘ ʬʦʨʤʘ ʦʙ'ʻʢʪʽʚ, ʘ ʪʘʢʦʞ ʥʝʛʘʪʠʚʥʠʡ ʧʨʦʩʪʽʨ. ʅʝ 

ʤʘʶʯʠ ʟʥʘʥʴ ʧʨʦ ʪʝ, ʷʢ ʟ ʮʠʤ ʫʩʽʤ ʧʨʘʮʶʚʘʪʠ,  ̒ ʨʠʟʠʢ ʪʦʛʦ, ʱʦ ʚʠ 

ʩʪʚʦʨʶʚʘʪʠʤʝʪʝ ʚʽʟʫʘʣʴʥʠʡ ʭʘʦʩ ʟʘʤʽʩʪʴ ʟʨʦʟʫʤʽʣʦʾ ʚʽʟʫʘʣʴʥʦʾ ʽʻʨʘʨʭʽʾ. ɯ ʢʣʽʻʥʪ 

ʮʝ ʪʦʯʥʦ ʧʦʤʽʪʠʪʴ - ʣʶʜʠʥʘ ʩʧʨʠʡʤʘʻ ʪʘʢʽ ʨʝʯʽ ʥʘ ʧʽʜʩʚʽʜʦʤʦʤʫ ʨʽʚʥʽ. 

ʇʨʠ ʨʦʟʛʣʷʜʽ ʤʘʢʝʪʽʚ ʥʘ Dribbble ʪʘ Behance ʟʚʝʨʪʘʪʠ ʫʚʘʛʫ ʥʝʦʙʭʽʜʥʦ ʥʘ 

ʪʝ, ʟ ʯʦʛʦ ʩʢʣʘʜʘʻʪʴʩʷ ʢʦʤʧʦʟʠʮʽʷ, ʜʠʥʘʤʽʯʥʘ ʚʦʥʘ ʯʠ ʩʪʘʪʠʯʥʘ, ʯʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʜʫʣʴʥʘ ʩʽʪʢʘ  ̔ʟʘ ʷʢʠʤʠ ʧʨʠʥʮʠʧʘʤʠ ʚʦʥʘ ʧʦʙʫʜʦʚʘʥʘ, ʷʢ 

ʟʛʨʫʧʦʚʘʥʽ ʦʙ'ʻʢʪʠ, ʯʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʦʧʦʨʮʽʾ ʟʦʣʦʪʦʛʦ ʧʝʨʝʨʽʟʫ ʯʠ ʙʫʜʴ-

ʷʢʽ ʽʥʰʽ, ʷʢ ʝʣʝʤʝʥʪʠ ʚʠʨʽʚʥʶʶʪʴʩʷ ʱʦʜʦ ʦʜʠʥ ʦʜʥʦʛʦ  ̔ ʪʘʢ ʜʘʣʽ. ʄʦʞʥʘ, 

ʟʚʠʯʘʡʥʦ, ʥʘʙʠʚʘʪʠ ʨʫʢʫ, ʧʝʨʝʤʘʣʴʦʚʫʶʯʠ ʨʝʬʝʨʝʥʩʠ  ̔ʥʝ ʟʥʘʶʯʠ ʪʝʦʨʽʾ, 

ʅʘʡʙʽʣʴʰʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʧʦʙʫʜʦʚʽ ʚʽʟʫʘʣʴʥʦʾ ʽʻʨʘʨʭʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʦʟʤʘʾʪʪʷ ʨʦʟʤʽʨʫ, ʢʦʣʴʦʨʫ ʪʘ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʘ ʪʘʢʦʞ ʩʪʚʦʨʝʥʥʷ ʤʦʜʫʣʴʥʠʭ 

ʩʽʪʦʢ, ʷʢʽ ʧʨʘʮʶʚʘʪʠʤʫʪʴ ʜʦʙʨʝ ʥʘ ʨʽʟʥʠʭ ʜʝʚʘʡʩʘʭ. 

ʑʦ ʞ ʜʦ ʪʨʝʥʜʽʚ, ʪʦ ʦʜʠʥ ʽʟ ʦʩʥʦʚʥʠʭ ð ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʙʩʪʨʘʢʪʥʽ ʪʘ 

ʧʨʦʩʪʽ ʛʝʦʤʝʪʨʠʯʥʽ ʢʦʤʧʦʟʠʮʽʾ. ɼʠʟʘʡʥʝʨʠ ʽʥʪʝʨʬʝʡʩʽʚ ʚʩʝ ʙʽʣʴʰʝ 

ʥʘʜʠʭʘʪʠʤʫʪʴʩʷ ʞʫʨʥʘʣʴʥʦʶ ʚʝʨʩʪʢʦʶ ʪʘ ʧʣʘʢʘʪʘʤʠ. ɺʽʜʤʽʥʥʘ ʨʠʩʘ 2021 ï 

ʤʦʜʫʣʴʥʽ ʩʽʪʢʠ, ʚ ʷʢʠʭ ʙʫʜʫʪʴ ʪʘʢ ʟʚʘʥʽ ʧʨʦʛʘʣʠʥʠ, ʱʦ ʧʨʠʚʝʨʪʘʻ ʫʚʘʛʫ  ̔ʜʦʜʘʻ 

ʚʽʟʫʘʣʴʥʦʛʦ ʧʦʚʽʪʨʷ ʪʘ ʣʝʛʢʦʩʪʽ. 
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ʂʦʣʽʨ. ʋ ʧʨʦʛʥʦʟʘʭ ʥʘ 2021 ʨʽʢ ʟʫʩʪʨʽʯʘʣʠʩʷ ʜʽʘʤʝʪʨʘʣʴʥʦ ʧʨʦʪʠʣʝʞʥʽ 

ʜʫʤʢʠ ʧʨʦ ʪʝ, ʷʢʽ ʢʦʣʴʦʨʠ ʜʦʤʽʥʫʚʘʪʠʤʫʪʴ ï ʚʽʜ ʤʦʥʦʭʨʦʤʥʠʭ ʜʦ ʩʪʨʦʢʘʪʠʭ 

ʧʘʣʽʪʨʠ ʢʦʣʴʦʨʽʚ. ʇʦ ʬʘʢʪʫ ʚʩʽ ʚʘʨʽʘʥʪʠ ʙʫʜʫʪʴ ʚʽʨʥʽ, ʦʩʢʽʣʴʢʠ ʧʘʣʽʪʨʘ ʢʦʣʴʦʨʫ 

ʜʠʢʪʫʻʪʴʩʷ ʢʦʥʪʝʢʩʪʦʤ ʾ ʾ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʅʘ ʥʴʦʛʦ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʧʦʩʠʣʘʥʥʷ ʪʘ 

ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʙʨʝʥʜʫ, ʢʫʣʴʪʫʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʚʠʤʦʛʠ ʜʦ ʜʦʩʪʫʧʥʦʩʪʽ 

ʽʥʪʝʨʬʝʡʩʫ ʪʘ ʙʘʛʘʪʦ ̔ ʥʰʠʭ ʬʘʢʪʦʨʽʚ, ̫ ʢʽ ʤʦʞʫʪʴ ʦʙʤʝʞʫʚʘʪʠ ʜʠʟʘʡʥʝʨʘ ʫ ʚʠʙʦʨʽ 

ʢʦʣʴʦʨʽʚ. 

ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʽʥʪʝʨʬʝʡʩʽʚ ʜʣʷ e-commerce ʨʽʰʝʥʴ ʚʘʨʪʦ ʧʘʤ'ʷʪʘʪʠ, ʱʦ 

ʬʦʪʦʛʨʘʬʽʾ ʧʨʦʜʫʢʪʽʚ ʚʽʟʫʘʣʴʥʦ ʜʦʤʽʥʫʚʘʪʠʤʫʪʴ, ʟʘʡʤʘʶʯʠ ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ 

ʝʢʨʘʥʘ,  ̔ʢʦʣʽʨ ʽʥʪʝʨʬʝʡʩʫ ʥʝ ʧʦʚʠʥʝʥ ʢʦʥʢʫʨʫʚʘʪʠ ʟ ʥʠʤʠ. 

ʊʘʢ, ʜʣʷ fashion-ʽʥʜʫʩʪʨʽʾ ʟʘʚʞʜʠ ʙʫʜʫʪʴ ʘʢʪʫʘʣʴʥʽ ʤʦʥʦʭʨʦʤʥʽ ʧʘʣʽʪʨʠ  ̔

ʧʨʠʛʣʫʰʝʥʽ ʢʦʣʴʦʨʠ, ʷʢʽ ʟʤʫʰʫʶʪʴ ʢʦʨʠʩʪʫʚʘʯʘ ʢʦʥʮʝʥʪʨʫʚʘʪʠʩʷ ʥʘ 

ʧʨʦʜʫʢʪʦʚʠʭ ʟʦʙʨʘʞʝʥʥʷʭ. ɿʘʚʜʘʥʥʷ ʜʠʟʘʡʥʝʨʘ ʟʨʦʙʠʪʠ ʘʨʛʫʤʝʥʪʦʚʘʥʠʡ ʚʠʙʽʨ  ̔

ʜʦʥʝʩʪʠ ʽʜʝʶ ʢʣʽʻʥʪʫ.  

ɼʨʫʢʘʨʥʷ. ɼʨʫʢʘʨʥʷ ʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚ UI, ʪʘʢ ʷʢ ʮʝ ʦʜʠʥ ʟ ʦʩʥʦʚʥʠʭ 

ʩʧʦʩʦʙʽʚ ʢʦʤʫʥʽʢʘʮʽʾ ʟ ʢʦʨʠʩʪʫʚʘʯʝʤ. ʗʢʽʩʥʘ ʨʦʙʦʪʘ ʟ ʪʠʧʦʛʨʘʬʽʢʦʶ ʟʘʣʝʞʠʪʴ ʥʝ 

ʪʽʣʴʢʠ ʚʽʜ ʚʠʙʦʨʫ ʜʦʨʝʯʥʠʭ h ʨʠʬʪʽʚ, ʘ ʡ ʚʽʜ ʨʦʟʫʤʽʥʥʷ ʢʦʥʪʝʢʩʪʫ ʚʘʰʦʛʦ ʜʠʟʘʡʥ-

ʧʨʦʝʢʪʫ. ʎʝ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʜʦʩʚʽʜ ʢʦʨʠʩʪʫʚʘʯʘ, ʪʘʢ ʷʢ ʢʦʨʠʩʪʫʚʘʯʽ 

ʩʧʦʯʘʪʢʫ ʩʢʘʥʫʶʪ ɹʽʥʬʦʨʤʘʮʽʶ, ʘ ʧʦʪʽʤ ʚʞʝ ʾʾ ʯʠʪʘʶʪʴ. ɿʘʚʜʘʥʥʷ ʜʠʟʘʡʥʝʨʘ 

ʧʦʣʷʛʘʻ ʫ ʧʦʙʫʜʦʚʽ ʪʘʢʦʾ ʜʨʫʢʘʨʩʴʢʦʾ ʩʠʩʪʝʤʠ, ̫ ʢʘ ʟʘʙʝʟʧʝʯʠʪʴ ̔ ʻʨʘʨʭʽʶ, ʯʠʪʘʥʥʷ 

ʪʘ ʜʦʩʪʫʧʥʽʩʪʴ ʚ ʽʥʪʝʨʬʝʡʩʽ. 

ʊʘʢ ʩʘʤʦ ʙʫʜʫʪʴ ʧʦʧʫʣʷʨʥʽ ʢʣʘʩʠʯʥʽ ʰʨʠʬʪʦʚʽ ʩʪʠʣʽ ʪʘ ʾʭ ʧʦʻʜʥʘʥʥʷ, ʘʣʝ  ̒

ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʘ ʪʝʥʜʝʥʮʽʷ ʜʦ ʩʪʚʦʨʝʥʥʷ ʙʽʣʴʰ ʜʠʥʘʤʽʯʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʠʧʦʛʨʘʬʽʢʠ ʪʘ ʘʥʽʤʦʚʘʥʦʛʦ ʪʝʢʩʪʫ. ɺʩʝ ʯʘʩʪʽʰʝ ʪʠʧʦʛʨʘʬʽʢʘ 

ʙʫʜʝ ʦʩʥʦʚʥʠʤ ʝʣʝʤʝʥʪʦʤ, ̫ ʢʠʡ ʟʘʜʘʻ ʚʽʟʫʘʣʴʥʠʡ ʩʪʠʣʴ ʪʘ ʧʝʨʝʜʘʻ ʝʤʦʮʽʶ. ʊʘʢʦʞ 

ʫ Web ʟʘʨʘʟ ʧʦʧʫʣʷʨʥʠʡ ʪʘʢʠʡ ʧʨʠʡʦʤ, ̫ ʢ çʯʝʨʚʦʥʠʡ ʨʷʜʦʢè (ʦʜʥʘ ʟ ʥʘʟʚ ʘʙʟʘʮʫ).  

3D ʚ ʽʥʪʝʨʬʝʡʩʘʭ. ɺʝʩʴ 2020-ʡ ʛʦʪʫʚʘʚ ʥʘʩ ʜʦ ʧʦʷʚʠ 3D ʪʘ ʧʩʝʚʜʦ-3D ʚ 

ʽʥʪʝʨʬʝʡʩʘʭ, ʘ ʚʠʭʽʜ ʥʦʚʦʾ MacOS Big Sur ʣʠʰʝ ʟʤʽʮʥʠʚ ʜʫʤʢʫ ʧʨʦ ʪʝ, ʱʦ ʝʨʘ 

ʘʙʩʦʣʶʪʥʦ ʧʣʦʩʢʦʛʦ ʜʠʟʘʡʥʫ ʟʘʢʽʥʯʠʣʘʩʷ. ʅʘ ʟʤʽʥʫ ʧʨʠʡʰʣʠ ʤʽʥʽʤʘʣʽʟʤ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ 3D-ʝʬʝʢʪʽʚ, ʷʢʽ ʥʝ ʧʨʝʪʝʥʜʫʶʪʴ ʥʘ ʨʝʘʣʽʟʤ, ʘʣʝ ʩʪʚʦʨʶʶʪʴ 

ʧʨʠʚʘʙʣʠʚʠʡ ʚʠʛʣʷʜ ʟʘ ʨʘʭʫʥʦʢ ʦʙʩʷʛʫ. ɺʠʩʚʽʪʣʝʥʥʷ ʪʘ ʤʘʪʝʨʽʘʣʠ ʧʨʠ ʮʴʦʤʫ 

ʛʨʘʥʠʯʥʦ ʩʧʨʦʱʝʥʽ. ʗʢ ʽʣʶʩʪʨʘʮʽʷ ʟʛʘʜʘʚʩʷ ʚʠʩʣʽʚ ɸʣʴʙʝʨʪʘ ɽʡʥʰʪʝʡʥʘ: çʈʦʙʠ 

ʧʨʦʩʪʦ, ʥʘʩʢʽʣʴʢʠ ʤʦʞʣʠʚʦ, ʘʣʝ ʥʝ ʧʨʦʩʪʽʰʝ ʟʘ ʮʝè. 

ʅʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʽ ʢʝʡʩʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 3D ʫ 2021: 

3D-ʽʢʦʥʢʠ 

3D-ʜʨʫʢʘʨʢʘ 

Hero-ʙʘʥʝʨʠ ʜʣʷ ʛʦʣʦʚʥʠʭ ʩʪʦʨʽʥʦʢ ʩʘʡʪʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʙʩʪʨʘʢʪʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡ ʪʘ ʥʝʟʚʠʯʘʡʥʠʭ ʧʦʻʜʥʘʥʴ ʤʘʪʝʨʽʘʣʽʚ. 

ʗʢʱʦ ʜʦʩʷʛʪʠ ʝʬʝʢʪʫ ʧʩʝʚʜʦʦʙ'ʻʤʫ ʚ ʽʥʪʝʨʬʝʡʩʽ ʥʝ ʪʘʢ ʩʢʣʘʜʥʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʽʥʝʡ  ̔ʛʨʘʜʽʻʥʪʽʚ, ʩʪʚʦʨʝʥʥʷ ʧʦʚʥʦʮʽʥʥʠʭ ʪʨʠʚʠʤʽʨʥʠʭ ʽʣʶʩʪʨʘʮʽʡ 

ʘʙʦ ʩʢʣʘʜʥʠʭ ʽʢʦʥʦʢ ʚʞʝ ʥʝʪʨʠʚʽʘʣʴʥʝ ʟʘʚʜʘʥʥʷ, ʱʦ ʚʠʤʘʛʘʻ ʟʥʘʥʥʷ ʷʢ ʤʽʥʽʤʫʤ 

ʦʜʥʦʛʦ 3D-ʨʝʜʘʢʪʦʨʘ.  

ɹʽʣʴʰʝ ʪʦʛʦ, ʜʣʷ ʪʠʭ, ʢʦʛʦ ʚʽʜʣʷʢʫʻ ʽʥʪʝʨʬʝʡʩ 3D-ʨʝʜʘʢʪʦʨʽʚ, ʥʘ ʨʠʥʢʫ 

ʟ'ʷʚʠʚʩʷ ʪʘʢʠʡ ʽʥʩʪʨʫʤʝʥʪ, ʷʢ Spline.design. ɭ ʧʽʜʪʨʠʤʢʘ Mac OS ʪʘ Windows. 
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ɯʥʪʝʨʬʝʡʩ ʜʫʞʝ ʩʭʦʞʠʡ ʥʘ Figma ʘʙʦ Sketch, ʧʨʠ ʮʴʦʤʫ ʚ ʥʴʦʤʫ ̒  ʚʩʽ ̔ ʥʩʪʨʫʤʝʥʪʠ 

ʜʣʷ ʨʦʙʦʪʠ ʽʟ ʧʨʦʩʪʦʶ ʛʝʦʤʝʪʨʽʻʶ ʪʘ ʙʘʟʦʚʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʘʪʝʨʽʘʣʽʚ. ɹʽʣʴʰ 

ʩʢʣʘʜʥʽ ʤʘʪʝʨʽʘʣʠ ʧʦʢʠ ʱʦ ʜʦʚʦʜʠʪʴʩʷ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʢʩʪʫʨ.  

ɼʠʟʘʡʥ-ʩʠʩʪʝʤʠ ʪʘ ʙʽʙʣʽʦʪʝʢʠ ʢʦʤʧʦʥʝʥʪʽʚ. ɼʠʟʘʡʥ-ʩʠʩʪʝʤʘ ð ʧʦʥʷʪʪʷ 

ʰʠʨʦʢʝ  ̔ ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʩʧʠʩʦʢ ʪʘʢʠʭ ʙʘʟʦʚʠʭ UI-ʝʣʝʤʝʥʪʽʚ, ʷʢ ʢʦʣʽʨ, 

ʪʠʧʦʛʨʘʬʽʢʘ, ʢʥʦʧʢʠ, ʝʣʝʤʝʥʪʠ ʬʦʨʤ, ʽʢʦʥʢʠ, ʘʥʽʤʘʮʽʷ, ʘ ʡ ʽʥʰʽ ʛʨʘʬʽʯʥʽ 

ʤʘʪʝʨʽʘʣʠ, ʧʦʩʽʙʥʠʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʧʨʠʢʣʘʜʠ ʢʦʜʫ ʪʦʱʦ. ʅʘʡʙʽʣʴʰ 

ʨʦʟʰʠʨʝʥʠʤʠ ʚʝʨʩʽʷʤʠ ʜʠʟʘʡʥ-ʩʠʩʪʝʤ ʤʦʞʥʘ ʥʘʟʚʘʪʠ Google,Apple,Microsoft. 

ɼʠʟʘʡʥ-ʩʠʩʪʝʤʠ ʩʪʚʦʨʶʶʪʴʩʷ ʜʣʷ ʧʨʠʩʢʦʨʝʥʥʷ ʨʦʙʦʪʠ ʢʦʤʘʥʜʠ, ʧʨʠ ʮʴʦʤʫ ʥʝ 

ʚʪʨʘʯʘʻʪʴʩʷ ʷʢʽʩʪʴ ʪʘ ʢʦʥʩʠʩʪʝʥʪʥʽʩʪʴ ʢʽʥʮʝʚʠʭ ʤʘʢʝʪʽʚ. 

ɺʠʩʥʦʚʦʢ. ɺʠʢʦʨʠʩʪʘʥʽ ʛʨʘʬʽʯʥʽ ʧʨʠʡʦʤʠ ʤʘʶʪʴ ʙʫʪʠ ʩʧʽʚʟʚʫʯʥʽ ʟ ʽʜʝʻʶ, 

ʷʢʫ ʚʠ ʭʦʯʝʪʝ ʜʦʥʝʩʪʠ ʜʦ ʢʦʨʠʩʪʫʚʘʯʘ. ʇʨʠʜʽʣʷʡʪʝ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ Accessibility ʚ 

ʽʥʪʝʨʬʝʡʩʽ ʚʽʜ ʧʦʯʘʪʢʫ ʨʦʟʨʦʙʢʠ ʧʨʦʝʢʪʫ. ʎʝ ʥʝ ʧʨʦʩʪʦ ʪʨʝʥʜ ð ʮʝ ʪʝ, ʱʦ 

ʚʠʤʘʛʘʻ ʚʽʜ ʥʘʩ ʩʫʯʘʩʥʘ ʨʝʘʣʴʥʽʩʪʴ. ɺʠʟʥʘʯʪʝ, ʷʢʽ ʚʽʟʫʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʚʘʰʦʛʦ 

ʽʥʪʝʨʬʝʡʩʫ ʙʫʜʫʪʴ ʢʦʥʩʪʘʥʪʦʶ, ʾ ʭ ʚʠ ʥʝ ʯʽʧʘʪʠʤʝʪʝ (ʥʘʧʨʠʢʣʘʜ, ʨʽʚʝʥʴ ʢʦʥʪʨʘʩʪʫ, 

ʨʦʟʤʽʨ ʰʨʠʬʪʫ, ʨʦʟʤʽʨ ʢʣʽʢʘʙʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʽʥʰʝ), ʘ ʟ ʷʢʠʤʠ ʤʦʞʥʘ 

çʧʦʛʨʘʪʠʩʷè. ʊʘʢʦʞ ʚʘʨʪʦ ʨʦʟʫʤʽʪʠ, ʱʦ ʪʝʭʥʽʯʥʽ ʚʠʤʦʛʠ ʜʦ ʧʨʦʝʢʪʫ  ̒ʥʝ ʤʝʥʰ 

ʚʘʞʣʠʚʠʤʠ, ʥʽʞ ʡʦʛʦ ʚʽʟʫʘʣʴʥʘ ʯʘʩʪʠʥʘ. ɿʘʚʞʜʠ ʥʘʤʘʛʘʡʪʝʩʷ ʟʥʘʡʪʠ ʙʘʣʘʥʩ ʤʽʞ 

ʪʝʭʥʽʯʥʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ ʪʘ ʧʦʣʴʦʪʦʤ ʚʘʰʦʾ ʜʠʟʘʡʥʝʨʩʴʢʦʾ ʬʘʥʪʘʟʽʾ.  

ʃʽʪʝʨʘʪʫʨʘ 

1. ɸʥʪʦʥʦʚʠʯ ɭ. ɸ., ɺʘʩʠʣʠʰʠʥ ʗ. ɺ., ʐʧʽʯʘʢ ɺ. ɸ. ʈʦʩʽʡʩʴʢʦ-ʫʢʨʘʾʥʩʴʢʠʡ 

ʩʣʦʚʥʠʢ ï ʜʦʚʽʜʥʠʢ ʟ ʽʥʞʝʥʝʨʥʦʾ ʛʨʘʬʽʢʠ, ʜʠʟʘʡʥʫ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ: ʥʘʚʯʘʣʴʥʠʡ 

ʧʦʩʽʙʥʠʢ ʜʣʷ ʟʚʦ. ʃʴʚʽʚ. ʉʚʽʪ, 2001. 240 ʩ. 

2. ʃʫʮʘʥ ʅ. ɯ. ɼʝʢʦʨʘʪʠʚʥʦ-ʧʨʠʢʣʘʜʥʝ ʤʠʩʪʝʮʪʚʦ ʪʘ ʦʩʥʦʚʠ ʜʠʟʘʡʥʫ: 

ʥʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ. 2-ʝ ʚʠʜʘʥʥʷ. ʂʠʾʚ. ʉʣʦʚʦ. 2010. 172 ʩ. 

3. ʗʚʦʨʠʢ ʖ. ɺ. ɿʘʩʚʦʻʥʥʷ ʧʨʦʬʝʩʽʡʥʦ ʦʨʽʻʥʪʦʚʘʥʠʭ ʦʩʥʦʚ ʜʠʟʘʡʥ-

ʧʨʦʝʢʪʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʧôʶʪʝʨʥʦʾ ʛʨʘʬʽʢʠ (ʟ ʜʦʩʚʽʜʫ ʧʽʜʛʦʪʦʚʢʠ 

ʭʫʜʦʞʥʠʢʽʚ-ʜʠʟʘʡʥʝʨʽʚ). 
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ʇʦʭʠʣʝʥʢʦ ɻ. ʄ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ  ̔ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ɿ ʧʦʯʘʪʢʫ 1990-ʭ ʨʦʢʽʚ, ʟ ʨʦʟʚʠʪʢʦʤ ʢʦʤʧôʶʪʝʨʽʚ  ̔ʮʠʬʨʦʚʠʭ ʩʝʨʝʜʦʚʠʱ, 

ʟʤʽʥʘ ʧʘʨʘʜʠʛʤʠ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʚʽʜ çʨʝʘʣʴʥʦʛʦè ʜʦ çʚʽʨʪʫʘʣʴʥʦʛʦè ʚʠʨʦʙʥʠʮʪʚʘ 

ʧʨʠʟʚʝʣʘ ʜʦ ʥʘʢʦʧʠʯʝʥʥʷ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʽʥʪʝʨʝʩʽʚ ʫ ʮʽʡ ʛʘʣʫʟʽ. ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʤʧôʶʪʝʨʽʚ ʩʠʤʫʣʷʮʽʷ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʬʽʟʠʯʥʦʾ ʚʠʨʦʙʥʠʯʦʾ ʩʠʩʪʝʤʠ ʩʪʘʻ 

ʤʦʞʣʠʚʠʤ ʫ ʚʽʨʪʫʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʄʝʪʦʶ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʨʦʙʥʠʯʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʫ ʩʠʩʪʝʤʘʭ ʚʽʨʪʫʘʣʴʥʦʾ ʨʝʘʣʴʥʦʩʪʽ  ̒ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʦʚʥʽʩʪʶ 

https://material.io/
https://developer.apple.com/design/human-interface-guidelines/
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ʮʠʬʨʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ɼʝʪʘʣʴ ʤʦʜʝʣʶʻʪʴʩʷ ʪʘ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʚ ʩʝʨʝʜʦʚʠʱʽ 

ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʧʨʦʛʥʦʟʦʚʘʥʠʤʠ ʧʦʤʠʣʢʘʤʠ, ʱʦʙ ʜʦʩʷʛʪʠ 

ʥʘʡʢʨʘʱʦʾ ʪʦʯʥʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʦʾ ʜʝʪʘʣʽ ʰʣʷʭʦʤ ʚʠʙʦʨʫ ʦʧʪʠʤʽʟʦʚʘʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ. ɺʽʨʪʫʘʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ  ̒ʧʦʪʫʞʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʘʥʘʣʽʟʫ ʜʝʪʘʣʝʡ ʫ ʮʠʬʨʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ɦ ʦʙ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ 

ʪʘ ʯʘʩ, ʪʦʙʪʦ ʟʤʝʥʰʠʪʠ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ  ̔ʩʦʙʽʚʘʨʪʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʚ 

ʮʽʣʦʤʫ. 

ʆʩʥʦʚʥʘ ʤʝʪʘ ʚʽʨʪʫʘʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ɦ ʦʙ ʟʨʦʟʫʤʽʪʠ ʪʘ 

ʽʤʽʪʫʚʘʪʠ ʧʦʚʝʜʽʥʢʫ ʢʦʥʢʨʝʪʥʦʾ ʚʠʨʦʙʥʠʯʦʾ ʩʠʩʪʝʤʠ ʚ ʢʦʤʧôʶʪʝʨʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʩʢʦʨʦʯʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʫ ʮʝʭʫ. ʊʦʯʥʽʩʪʴ ʦʙʨʦʙʢʠ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʂ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ 

ʧʦʤʠʣʦʢ, ʷʢʽ ʚʠʢʣʠʢʘʶʪʴ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʩʧʨʦʝʢʪʦʚʘʥʠʤʠ ʪʘ ʚʠʛʦʪʦʚʣʝʥʠʤʠ 

ʜʝʪʘʣʷʤʠ. ɼʦ ʥʠʭ ʥʘʣʝʞʘʪʴ ʩʠʣʘ ʪʘ ʥʘʧʨʫʛʘ, ʛʝʦʤʝʪʨʠʯʥʽ ʚʽʜʭʠʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ 

ʚʝʨʩʪʘʪʘ, ʪʝʤʧʝʨʘʪʫʨʥʽ ʢʦʣʠʚʘʥʥʷ, ʟʥʦʩ ʽʥʩʪʨʫʤʝʥʪʫ, ʘ ʪʘʢʦʞ ʧʦʤʠʣʢʠ 

ʩʝʨʚʦʧʨʠʚʦʜʫ. ʉʝʨʝʜ ʥʠʭ, ʛʝʦʤʝʪʨʠʯʥʽ ʧʦʭʠʙʢʠ ʢʦʤʧʦʥʝʥʪʽʚ ʚʝʨʩʪʘʪʽʚ ̔  ʧʦʭʠʙʢʠ 

ʚʽʜʭʠʣʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ  ̒ʥʘʡʙʽʣʴʰʠʤʠ ʜʞʝʨʝʣʘʤʠ ʥʝʪʦʯʥʦʩʪʽ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ 

ʙʽʣʴʰʝ ʫʚʘʛʠ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʽʨʪʫʘʣʴʥʘ ʩʠʩʪʝʤʘ ʦʙʨʦʙʢʠ, ̫ ʢʘ ʤʦʞʝ ʤʦʜʝʣʶʚʘʪʠ ʪʘ 

ʚʢʣʶʯʘʪʠ ʛʝʦʤʝʪʨʠʯʥʽ ʧʦʤʠʣʢʠ ʪʘ ʧʦʤʠʣʢʠ ʚʽʜʭʠʣʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ ʫ 

ʚʽʨʪʫʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ,  ̒ ʝʬʝʢʪʠʚʥʦʶ ʪʘ ʥʝʦʙʭʽʜʥʦʶ ʩʠʩʪʝʤʦʶ ʚ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

 
ʈʠʩ. 1. ʇʘʨʘʤʝʪʨʠ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʦʭʠʙʦʢ 3-ʦʩʴʦʚʦʛʦ ʬʨʝʟʝʨʥʦʛʦ ʚʝʨʩʪʘʪʘ 
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ʊʘʢʠʤ ʯʠʥʦʤ ʚʽʨʪʫʘʣʴʥʽ ʚʠʨʦʙʥʠʯʽ ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ ʥʘʜʘʪʠ ʢʦʨʠʩʥʽ ʟʘʩʦʙʠ 

ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʜʫʢʪʽʚ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʬʽʟʠʯʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ ʚ ʮʝʭʫ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʤʦʞʥʘ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ̔  ʚʘʨʪʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ. ɺʨʘʭʫʚʘʪʠ ʨʽʟʥʽ 

ʜʞʝʨʝʣʘ ʧʦʤʠʣʦʢ ʫ ʚʝʨʩʪʘʪʘʭ, ʪʘʢʽ ʷʢ ʚʽʜʭʠʣʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ, ʛʝʦʤʝʪʨʠʯʥʽ 

ʚʽʜʭʠʣʝʥʥʷ ʨʫʭʦʤʦʾ ʦʩʽ ʪʘ ʪʝʧʣʦʚʽ ʜʝʬʦʨʤʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʡ ʚʝʨʩʪʘʪʽʚ. ɼʝʷʢʽ ʟ ʮʠʭ 

ʧʦʤʠʣʦʢ ʤʦʞʥʘ ʟʤʝʥʰʠʪʠ, ʢʦʥʪʨʦʣʶʶʯʠ ʧʨʦʮʝʩ ʦʙʨʦʙʢʠ ʪʘ ʧʘʨʘʤʝʪʨʠ 

ʩʝʨʝʜʦʚʠʱʘ. ʆʜʥʘʢ ̔ ʥʰʽ ʧʦʤʠʣʢʠ, ʪʘʢʽ ̫ ʢ ʚʽʜʭʠʣʝʥʥʷ ̔ ʥʩʪʨʫʤʝʥʪʫ ʪʘ ʛʝʦʤʝʪʨʠʯʥʽ 

ʧʦʤʠʣʢʠ, ʷʢʽ ʩʪʘʥʦʚʣʷʪʴ ʚʝʣʠʢʫ ʯʘʩʪʢʫ ʟʘʛʘʣʴʥʦʾ ʧʦʤʠʣʢʠ, ʧʦʪʨʝʙʫʶʪʴ ʙʽʣʴʰʦʾ 

ʫʚʘʛʠ [1].  

ʇʦʤʠʣʢʠ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʚʝʨʩʪʘʪʽʚ, ʪʘʢʽ ʷʢ ʥʝʪʦʯʥʝ ʚʠʛʦʪʦʚʣʝʥʥʷ ʡʦʛʦ 

ʝʣʝʤʝʥʪʽʚ, ʘ ʪʘʢʦʞ ʥʝʧʨʘʚʠʣʴʥʝ ʩʢʣʘʜʘʥʥʷ ʝʣʝʤʝʥʪʽʚ; ʢʦʨʦʟʽʷ, ʣʶʬʪ  ̔ʚʠʧʘʜʢʦʚʝ 

ʟʽʪʢʥʝʥʥʷ ʨʫʭʦʤʦʛʦ ʦʩʴʦʚʦʛʦ ʩʪʦʣʫ ʘʙʦ ʟʘʛʦʪʦʚʢʠ  ̒ ʦʩʥʦʚʥʠʤʠ ʜʞʝʨʝʣʘʤʠ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʦʤʠʣʦʢ.  

ɺʦʥʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʣʝʥʠʭ ʜʝʪʘʣʝʡ, ʥʘʧʨʘʚʣʷʶʯʠ ʨʽʞʫʯʠʡ 

ʽʥʩʪʨʫʤʝʥʪ ʟʘ ʥʝʙʘʞʘʥʦʶ ʪʨʘʻʢʪʦʨʽʻʁ  ʦʙʨʦʙʢʠ. ɼʣʷ 3-ʦʩʴʦʚʦʛʦ ʬʨʝʟʝʨʥʦʛʦ 

ʚʝʨʩʪʘʪʘ  ̒ 21 ʢʦʤʧʦʥʝʥʪ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʦʤʠʣʦʢ, ʷʢ 3 ʧʦʤʠʣʢʠ ʣʽʥʽʡʥʦʛʦ 

ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ, 6 ʧʦʤʠʣʦʢ ʧʨʷʤʦʣʽʥʽʡʥʦʩʪʽ, 9 ʢʫʪʦʚʠʭ ʧʦʤʠʣʦʢ  ̔ 3 ʧʦʤʠʣʢʠ 

ʧʨʷʤʦʢʫʪʥʦʩʪʽ. ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʽ ʧʦʭʠʙʢʠ ʜʣʷ 3-ʦʩʴʦʚʦʛʦ ʬʨʝʟʝʨʥʦʛʦ ʚʝʨʩʪʘʪʘ. 

ɺʝʢʪʦʨ ʦʙ'ʻʤʥʦʾ ʧʦʭʠʙʢʠ - ʮʝ ʧʨʦʩʪʦʨʦʚʝ ʚʽʜʭʠʣʝʥʥʷ ʤʽʞ ʥʦʤʽʥʘʣʴʥʠʤ  ̔

ʨʝʘʣʴʥʠʤ ʧʦʣʦʞʝʥʥʷʤ ʽʥʩʪʨʫʤʝʥʪʫ. ʊʦʯʥʘ ʦʮʽʥʢʘ ʚʝʢʪʦʨʽʚ ʦʙôʻʤʥʠʭ ʧʦʭʠʙʦʢ ʫ 

ʢʽʥʮʝʚʠʭ ʧʦʣʦʞʝʥʥʷʭ ʪʨʘʻʢʪʦʨʽʾ ʦʙʨʦʙʢʠ  ̒ ʧʝʨʰʠʤ ʢʨʦʢʦʤ ʩʪʚʦʨʝʥʥʷ 

ʚʽʨʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʦʙʨʦʙʢʠ. ʑʦʙ ʦʪʨʠʤʘʪʠ ʚʝʢʪʦʨ ʦʙôʻʤʥʦʾ ʧʦʭʠʙʢʠ, ʤʦʜʝʣʴ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʧʦʭʠʙʢʠ ʙʫʜʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʽ ʪʚʝʨʜʦʛʦ ʪʽʣʘ, 

ʤʘʣʦʢʫʪʦʚʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʦʭʠʙʢʠ ʪʘ ʦʜʥʦʨʽʜʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ [2]. ɺʽʜʧʦʚʽʜʥʘ 

ʤʦʜʝʣʴ ʧʦʤʠʣʦʢ ʤʦʞʝ ʧʝʨʝʚʝʩʪʠ ʯʠʩʣʝʥʥʽ ʧʘʨʘʤʝʪʨʠ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʦʤʠʣʦʢ ʚ 

ʦʜʠʥ ʚʝʢʪʦʨ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʥʦʤʽʥʘʣʴʥʝ ʧʦʣʦʞʝʥʥʷ ʙʫʜʴ-ʷʢʦʾ ʪʦʯʢʠ ʚ 

ʧʨʦʩʪʦʨʽ, ʟʘʛʘʣʴʥʝ ʧʦʩʠʣʘʥʥʷ ʤʘʻ ʙʫʪʠ ʥʘʢʣʘʜʝʥʦ ʥʘ ʥʦʤʽʥʘʣʴʥʝ ʧʦʣʦʞʝʥʥʷ, ɦ ʦʙ 

ʯʽʪʢʘ ʢʦʥʮʝʧʮʽʷ ʦʙôʻʤʥʠʭ ʧʦʭʠʙʦʢ ʤʦʛʣʘ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʘ ʚ ʪʝʨʤʽʥʘʭ ʚʽʜʣʽʢʫ. 

ʃʽʪʝʨʘʪʫʨʘ 
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ʊɽʆʈɽʊʀʏʅɯ ɼʆʉʃɯɼɾɽʅʅʗ ɺɯɹʈɸʎɯʁʅʀʍ ʇʈʆʎɽʉɯɺ 

ɺɯɹʈɸʎɯʁʅʆɰ ʉʋʐɸʈʂʀ 

 

ɹʫʣʛʘʢʦʚ ɺ. ʄ., ɻʦʣʦʚʘʯ ɯ. ɺ., ʏʝʨʥʠʰ ʆ. ʄ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ  ̔ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʨʦʚʝʩʪʠ ʪʝʦʨʝʪʠʯʥʠʡ ʘʥʘʣʽʟ ʩʠʣʦʚʠʭ  ̔ʢʽʥʝʤʘʪʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʪʠ ʚʽʙʨʘʮʽʡʥʦʾ ʩʫʰʘʨʢʠ ʜʣʷ ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʧʦʜʚʽʡʥʠʤ 

ʤʘʷʪʥʠʢʦʚʠʤ ʤʝʭʘʥʽʟʤʦʤ ʚʽʣʴʥʦʛʦ ʭʦʜʫ ʧʨʠʚʦʜʘ ʣʦʧʘʪʝʡ-ʧʝʨʝʤʽʰʫʚʘʯʽʚ, 

ʧʦʙʫʜʫʚʘʪʠ ʾʾ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ  ̔ʦʙˇʨʫʥʪʫʚʘʪʠ ʨʘʮʽʦʥʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ  ̔

ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ɺʨʘʭʦʚʫʶʯʠ ʧʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʽʙʨʦʪʝʭʥʦʣʦʛʽʡ ʧʽʜ ʯʘʩ ʩʫʰʽʥʥʷ ʩʠʧʢʦʾ ʩʠʨʦʚʠʥʠ, ʪʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʚʽʙʨʘʮʽʡʥʦʾ ʩʫʰʘʨʢʠ, ʚ ʷʢʽʡ ʟ ʤʝʪʦʶ ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʚʠʪʨʘʪ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʟʘʩʪʦʩʦʚʘʥʦ ʧʦʜʚʽʡʥʠʡ ʤʘʷʪʥʠʢʦʚʠʡ ʤʝʭʘʥʽʟʤ 

ʚʽʣʴʥʦʛʦ ʭʦʜʫ ʧʨʠʚʦʜʘ ʣʦʧʘʪʝʡ-ʧʝʨʝʤʽʰʫʚʘʯʽʚ.  

ɼʣʷ ʦʧʠʩʘʥʥʷ ʩʠʣʦʚʠʭ  ̔ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʪʠ ʩʫʰʘʨʢʠ 

ʩʢʣʘʜʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ  ̔ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʩʫʰʘʨʢʠ (ʨʠʩ.1).  

ʆʩʥʦʚʥʠʤ ʨʦʙʦʯʠʤ ʦʨʛʘʥʦʤ ʚʽʙʨʘʮʽʡʥʦʾ ʩʫʰʘʨʢʠ ̒  ʩʫʰʠʣʴʥʘ ʢʘʤʝʨʘ 1, ̫ ʢʘ 

ʚʩʪʘʥʦʚʣʝʥʘ ʥʘ ʨʘʤʽ 6 ʯʝʨʝʟ ʝʣʘʩʪʠʯʥʽ ʦʧʦʨʠ 5. ʇʨʠ ʮʴʦʤʫ ʢʦʣʠʚʘʣʴʥʠʡ ʨʫʭ 

ʩʫʰʠʣʴʥʦʾ ʢʘʤʝʨʠ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʟʘʙʝʟʧʝʯʫʻ ʜʠʩʙʘʣʘʥʩ 4, ʷʢʠʡ 

ʢʨʽʧʠʪʴʩʷ ʜʦ ʾ ʾ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʢʠ. ʅʘ ʙʽʯʥʽʡ ʩʪʽʥʮʽ ʩʫʰʠʣʴʥʦʾ ʢʘʤʝʨʠ ʟʘʢʨʽʧʣʝʥʠʡ 

ʤʘʷʪʥʠʢ 2 ʟ ʚʘʥʪʘʞʝʤ ά , ʧʦʣʦʞʝʥʥʷ ʷʢʦʛʦ ʚ ʧʨʦʩʪʦʨʽ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʧʨʫʞʠʥʘʤʠ 7, ʷʢʽ ʟ'ʻʜʥʘʥʽ ʟ ʢʘʤʝʨʦʶ 1. ɻʘʨʤʦʥʽʯʥ ̔ʢʦʣʠʚʘʥʥʷ ʩʫʰʠʣʴʥʦʾ ʢʘʤʝʨʠ 

1, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʦʙʝʨʪʘʥʥʽ ʜʝʙʘʣʘʥʩʫ 4 ʢʽʥʝʤʘʪʠʯʥʦ ʟʙʫʨʶʶʪʴ ʤʘʷʪʥʠʢ 2  ̔

ʚʠʢʣʠʢʘʶʪʴ ʡʦʛʦ ʢʫʪʦʚʽ ʢʦʣʠʚʘʥʥʷ. ʅʘ ʦʩʽ ʧʫʩʪʦʪʽʣʦʛʦ ʮʠʣʽʥʜʨʘ 9, ʯʝʨʝʟ 

ʤʝʭʘʥʽʟʤ ʚʽʣʴʥʦʛʦ ʭʦʜʫ, ʚʩʪʘʥʦʚʣʝʥʠʡ ʤʘʷʪʥʠʢ 3 ʽʟ ʚʘʥʪʘʞʝʤ ʤʘʩʦʶ ά . ɼʣʷ 

ʧʝʨʝʜʘʯʽ ʢʦʣʠʚʘʣʴʥʦʛʦ ʨʫʭʫ ʚʽʜ ʤʘʷʪʥʠʢʘ 2 ʜʦ ʤʘʷʪʥʠʢʘ 3 ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʧʨʫʞʥʠʡ ʝʣʝʤʝʥʪ 8. 

ʅʘ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʩʭʝʤʽ ʥʘʚʝʜʝʥʽ ʥʘʩʪʫʧʥʽ ʢʫʪʦʚʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ: 

‌ ï ʢʫʪ ʤʽʞ ʚʽʩʩʶ ὕὼ  ̔ʧʨʦʤʝʥʝʤ ὕὕ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʧʦʣʦʞʝʥʥʷ ʮʝʥʪʨʫ ʤʘʩ ὕ 

ʩʫʰʠʣʴʥʦʾ ʢʘʤʝʨʠ 1 ʚʽʜʥʦʩʥʦ ʦʩʽ ὕὼ; ‌ ï ʢʫʪ ʥʘʭʠʣʫ ʤʘʷʪʥʠʢʘ 2 ʜʦ ʦʩʽ ὕὼ ʚ 
ʧʦʣʦʞʝʥʥʽ ʨʽʚʥʦʚʘʛʠ; ‌ ï ʢʫʪ ʥʘʭʠʣʫ ʤʘʷʪʥʠʢʘ 3 ʜʦ ʦʩʽ ὕὼ ʚ ʧʦʣʦʞʝʥʥʽ 

ʨʽʚʥʦʚʘʛʠ; ‌ ï ʢʫʪ ʤʽʞ ʚʽʩʩʶ ὕὼ  ̔ʧʨʦʤʝʥʝʤ ὕὕ , ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʧʦʣʦʞʝʥʥʷ 

ʪʦʯʢʠ ʧʽʜʚʽʩʫ ὕ  ʜʝʙʘʣʘʥʩʫ ʚʽʜʥʦʩʥʦ ʦʩʽ ὕὼ; ‍ , ‍  ï ʢʫʪʠ ʤʽʞ ʩʪʝʨʞʥʷʤʠ 

ʤʘʷʪʥʠʢʽʚ 2  ̔3 (ʽʥʜʝʢʩʠ 2  ̔3 ʚʠʟʥʘʯʘʶʪʴ ʧʦʨʷʜʦʢ ʚʽʜʣʽʢʫ ʮʠʭ ʢʫʪʽʚ). 
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ʈʠʩ. 1. 

 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʢʦʣʠʚʘʣʴʥʦʛʦ ʨʫʭʫ ʩʫʰʠʣʴʥʦʾ ʢʘʤʝʨʠ ̔  

ʤʘʷʪʥʠʢʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ ʚʽʣʴʥʦʛʦ ʭʦʜʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʤʝʪʦʜ ʩʢʣʘʜʘʥʥʷ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʨʫʭʫ ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʫ ʚʠʛʣʷʜʽ ʨʽʚʥʷʥʴ ʃʘʛʨʘʥʞʘ 

2-ʛʦ ʨʦʜʫ. ʇʨʠ ʮʴʦʤʫ ʢʦʥʩʪʨʫʢʮʽʷ ʚʽʙʨʘʮʽʡʥʦʾ ʩʫʰʘʨʢʠ  ̒ʤʝʭʘʥʽʯʥʦʶ ʩʠʩʪʝʤʦʶ 

ʽʟ ʰʽʩʪʴʤʘ ʩʪʫʧʝʥʷʤʠ ʚʽʣʴʥʦʩʪʽ.  

ʊʦʤʫ ʟʘʩʪʦʩʦʚʘʥʦ ʰʽʩʪʴ ʥʝʟʘʣʝʞʥʠʭ ʫʟʘʛʘʣʴʥʝʥʠʭ ʢʦʦʨʜʠʥʘʪ: ὼ, ώ, •  ï 

ʚʽʜʧʦʚʽʜʥʦ ʣʽʥʽʡʥʽ ʢʦʣʠʚʘʣʴʥʽ ʨʫʭʠ ʨʦʙʦʯʦʾ ʢʘʤʝʨʠ ʚʟʜʦʚʞ ʦʩʝʡ ὕὼ, ὕᾀ  ̔ʢʫʪʦʚʽ 

ʢʦʣʠʚʘʥʥʷ ʥʘʚʢʦʣʦ ʧʦʟʜʦʚʞʥʴʦʾ ʦʩʽ, ɦ ʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʮʝʥʪʨ ʤʘʩ ʢʘʤʝʨʠ (ʪʦʯʢʫ 

ὕ); • , • , •  ï ʢʫʪʦʚʽ ʢʦʣʠʚʘʣʴʥʽ ʨʫʭʠ ʚʽʜʧʦʚʽʜʥʦ ʤʘʷʪʥʠʢʽʚ 2, 3  ̔4 ʚʽʜ ʩʚʦʛʦ 

ʧʦʣʦʞʝʥʥʷ ʨʽʚʥʦʚʘʛʠ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʫʚʘʥʘ ʤʝʭʘʥʽʯʥʘ ʩʠʩʪʝʤʘ ʪʘʢʦʞ ʤʽʩʪʠʪʴ ʰʽʩʪʴ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʨʫʭʫ ʚʠʱʝʟʛʘʜʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʫ ʩʠʩʪʝʤʠ.  

ʉʢʣʘʜʝʥʘ ʩʠʩʪʝʤʘ ʽʟ ʰʝʩʪʠ ʥʝʣʽʥʽʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʜʨʫʛʦʛʦ 

ʧʦʨʷʜʢʫ ʚʽʜʥʦʩʥʦ ʰʝʩʪʠ ʥʝʚʽʜʦʤʠʭ ʜʘʻ ʦʧʠʩ ʢʦʣʠʚʘʣʴʥʦʛʦ ʨʫʭʫ ʩʫʰʠʣʴʥʦʾ 

ʢʘʤʝʨʠ 1, ʤʘʷʪʥʠʢʽʚ 2 ̔  3 ʤʝʭʘʥʽʟʤʽʚ ʚʽʣʴʥʦʛʦ ʭʦʜʫ ̔  ʦʙʝʨʪʘʣʴʥʦʛʦ ʨʫʭʫ ʜʝʙʘʣʘʥʩʫ 

ʚʽʙʨʘʪʦʨʘ, ʱʦ ʛʝʥʝʨʫʻ ʮ ̔ʢʦʣʠʚʘʥʥʷ.  

ɺʠʩʥʦʚʢʠ. ɸʥʘʣʽʪʠʯʥʠʡ  ̔ ʯʠʩʝʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʩʢʣʘʜʝʥʠʭ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʨʦʟʨʦʙʣʝʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʩʫʰʘʨʢʠ ʜʦʟʚʦʣʷʻ 

ʦʙˇʨʫʥʪʫʚʘʪʠ ʾʾ ʨʘʮʽʦʥʘʣʴʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ  ̔ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʜʣʷ 

ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ ʩʫʰʽʥʥʷ ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ.  
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ʋɼʂ 631.37 + 631.3.004.65 

 

ɼʆʉʃɯɼɾɽʅʅʗ ɺʇʃʀɺʋ ʉʍɽʄʀ ʅɸɺɯʉʅʆɻʆ ʄɽʍɸʅɯɿʄʋ 

ʊʈɸʂʊʆʈɸ ʅɸ ʇʆʂɸɿʅʀʂʀ ʈʆɹʆʊʀ ʆʈʅʆɻʆ ɸɻʈɽɻɸʊʋ 

 

ɹʫʣʛʘʢʦʚ ɺ. ʄ.1, ʅʘʜʠʢʪʦ ɺ. ʊ.2 

1ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 
2ʊʘʚʨʽʡʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʘʛʨʦʪʝʭʥʦʣʦʛʽʯʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɼʤʠʪʨʘ 

ʄʦʪʦʨʥʦʛʦ 

 

ʇʦʢʘʟʥʠʢʠ ̫ ʢʦʩʪʽ ʨʦʙʦʪʠ ʦʨʥʦʛʦ ʘʛʨʝʛʘʪʫ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʭʝʤʠ 

ʟ'ʻʜʥʘʥʥʷ ʥʘʚʽʩʥʦʛʦ ʧʣʫʛʘ ʟ ʪʨʘʢʪʦʨʦʤ. ʅʘʡʯʘʩʪʽʰʝ ʮʝ ʟô̒ ʜʥʘʥʥʷ, ɦ ʦ ʚʠʢʦʥʫʻʪʴʩʷ 

ʟʘ ʜʚʦʪʦʯʢʦʚʦʶ (ʨʠʩ. 1) ʘʙʦ ʪʨʠʪʦʯʢʦʚʦʶ (ʨʠʩ. 2) ʩʭʝʤʦʶ,  ̒ʘʩʠʤʝʪʨʠʯʥʠʤ. 

ʋʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʚʠʥʠʢʘʻ ʤʦʤʝʥʪ, ʷʢʠʡ ʥʘʤʘʛʘʻʪʴʩʷ ʧʦʚʝʨʥʫʪʠ ʪʨʘʢʪʦʨ ʫ 

ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ. ɿʘʣʝʞʥʦ ʚʽʜ ʦʙʨʘʥʦʾ ʩʭʝʤʠ ʟ'ʻʜʥʘʥʥʷ ʪʨʘʢʪʦʨʘ ʟ 

ʥʘʚʽʩʥʠʤ ʧʣʫʛʦʤ, ʮʝʡ ʨʦʟʚʝʨʪʘʣʴʥʠʡ ʤʦʤʝʥʪ ʙʫʜʝ ʙʽʣʴʰʠʤ ʘʙʦ ʤʝʥʰʠʤ, ʘ 

ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ ʦʨʥʦʛʦ ʘʛʨʝʛʘʪʫ  ʛʽʨʰʝ ʘʙʦ ʢʨʘʱʽ. 

ɿʘ ʜʚʦʪʦʯʢʦʚʦʾ ʩʭʝʤʠ ʥʘʣʘʛʦʜʞʝʥʥʷ ʟʘʜʥʴʦʛʦ ʥʘʚʽʩʥʦʛʦ ʤʝʭʘʥʽʟʤʫ (ɿʅʄ) 

ʪʨʘʢʪʦʨʘ ʨʦʟʚʝʨʪʘʣʴʥʠʡ ʤʦʤʝʥʪ, ʱʦ ʜʽʻ ʟ ʙʦʢʫ ʧʣʫʛʘ, ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʠʡ ʽʟ 

ʥʘʩʪʫʧʥʦʛʦ ʚʠʨʘʟʫ:  

ὓ ὖϽὨϽÃÏÓ‎ ‍ ίϽÓÉÎ‎ ‍ Ȣ ρ 

 

 

 

ɻ ςÁÒÃÃÏÓὄϽ
ὶ ὒ

ὒϽᾀ
πȢσψ ÒÁÄ 

ʈʠʩ. 1. ɼʚʦʪʦʯʢʦʚʘ ʩʭʝʤʘ ʧʨʠʻʜʥʘʥʥʷ 

ʧʣʫʛʘ ʜʦ ʪʨʘʢʪʦʨʘ 

ʈʠʩ. 2. ʊʨʠʪʦʯʢʦʚʘ ʩʭʝʤʘ ʧʨʠʻʜʥʘʥʥʷ 

ʧʣʫʛʘ ʜʦ ʪʨʘʢʪʦʨʘ 
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ɿʘ ʪʨʠʪʦʯʢʦʚʦʾ ʩʭʝʤʠ ʘʛʨʝʛʘʪʫʚʘʥʥʷ ʧʣʫʛʘ ʩʪʚʦʨʶʚʘʥʠʡ ʥʠʤ 

ʨʦʟʚʝʨʪʘʣʴʥʠʡ ʤʦʤʝʥʪ ʚʠʨʘʞʘʻʪʴʩʷ ʪʘʢʦʶ ʟʘʣʝʞʥʽʩʪʶ: 

ὓ ὖϽὰϽὧέί‎ ρ
ὒ

ὶ
Ͻ‍ Ὤ ὧϽίὭὲ‎ ρ

ὒ

ὶ
Ͻ‍ Ȣ ς 

ʋ ʨʽʚʥʷʥʥʷʭ (1) ʪʘ (2) ʧʨʠʡʥʷʪʽ ʥʘʩʪʫʧʥʽ ʧʦʟʥʘʯʝʥʥʷ: ὖ  ʩʠʣʘ ʦʧʦʨʫ ʧʣʫʛʘ, 

ʢʅ; Ὠ  ʚʝʣʠʯʠʥʘ ʧʨʘʚʦʩʪʦʨʦʥʥʴʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʟʤʽʱʝʥʥʷ ʧʣʫʛʘ ʚʽʜʥʦʩʥʦ 

ʧʦʟʜʦʚʞʥʴʦʾ ʦʩʽ ʩʠʤʝʪʨʽʾ ʪʨʘʢʪʦʨʘ, ʤ; ί  ʚʽʜʩʪʘʥʴ ʚʽʜ ʮʝʥʪʨʫ ʤʘʩ ʪʨʘʢʪʦʨʘ ʜʦ 

ʪʦʯʢʠ ʢʨʽʧʣʝʥʥʷ ʥʠʞʥʽʭ ʪʷʛ ɿʅʄ ʪʨʘʢʪʦʨʘ, ʤ; ὰȟὬ  ʚʽʜʧʦʚʽʜʥʦ ʧʦʧʝʨʝʯʥʘ  ̔

ʧʦʟʜʦʚʞʥʷ ʢʦʦʨʜʠʥʘʪʠ ʚʽʜʭʠʣʝʥʥʷ ʤʠʪʪʻʚʦʛʦ ʮʝʥʪʨʫ ʧʦʚʦʨʦʪʫ ʪʨʠʪʦʯʢʦʚʦʛʦ 

ɿʅʄ ʪʨʘʢʪʦʨʘ ʚʽʜ ʩʠʤʝʪʨʠʯʥʦʛʦ ʧʦʣʦʞʝʥʥʷ, ʤ; ὒȟὶ  ʚʽʜʩʪʘʥʴ ʤʽʞ ʪʦʯʢʘʤʠ 

ʢʨʽʧʣʝʥʥʷ ʥʠʞʥʽʭ ʪʷʛ ʪʘ  ʜʦʚʞʠʥʘ ʧʨʠʻʜʥʫʚʘʣʴʥʦʛʦ ʪʨʠʢʫʪʥʠʢʘ ɿʅʄ ʪʨʘʢʪʦʨʘ, 

ʤ; ‍  ʢʫʪ ʧʦʚʦʨʦʪʫ ʥʠʞʥʽʭ ʪʷʛ ʥʘʚʽʩʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʪʨʘʢʪʦʨʘ, ʛʨʘʜ.; ‎  ʢʫʪ 

(ʛʨʘʜ.), ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʝʣʠʯʠʥʫ ʚʽʜʭʠʣʝʥʥʷ ʮʝʥʪʨʫ ʦʧʦʨʫ ʧʣʫʛʘ ʚʽʜ ʡʦʛʦ 

ʧʦʟʜʦʚʞʥʴʦʾ ʦʩʽ ʩʠʤʝʪʨʽʾ. 

ʈʦʟʨʘʭʫʥʢʘʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʨʦʩʪʘʥʥʷ ʨʦʟʚʝʨʪʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦ ʟʘ ʜʚʦʪʦʯʢʦʚʦʾ ʩʭʝʤʠ ʧʨʠʻʜʥʘʥʥʷ ʧʣʫʛʘ ʜʦ 

ʪʨʘʢʪʦʨʘ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʾ ʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʮʽʣʴʥʝ ʣʠʰʝ ʟʘ ʧʝʚʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ 

ʤʽʞ ʰʠʨʠʥʦʶ ʟʘʭʚʘʪʫ ʧʣʫʛʘ ʪʘ ʧʘʨʘʤʝʪʨʘʤʠ ʭʦʜʦʚʦʾ ʩʠʩʪʝʤʠ ʪʨʘʢʪʦʨʘ: 

 
ὄ ὄ ὦ ςὃ ὦȢ σ 

ὄ ὄ ὦ ὦȟ τ 

ʜʝ ὄȟὄ   ʢʦʣʽʷ ʪʨʘʢʪʦʨʘ ʟʘ ʡʦʛʦ ʨʫʭʫ ʟ ʧʣʫʛʦʤ ʧʨʘʚʠʤʠ ʢʦʣʝʩʘʤʠ ʧʦʟʘ ʙʦʨʦʟʥʦʶ 

 ̔ʚ ʙʦʨʦʟʥʽ ʚʽʜʧʦʚʽʜʥʦ, ʤ; ὄ  ʰʠʨʠʥʘ ʟʘʭʚʘʪʫ ʧʣʫʛʘ, ʤ; ὦ  ʰʠʨʠʥʘ ʟʘʭʚʘʪʫ 

ʦʜʥʦʛʦ ʢʦʨʧʫʩʘ ʧʣʫʛʘ, ʤ; ὦ  ʰʠʨʠʥʘ ʰʠʥʠ ʢʦʣʝʩʘ ʪʨʘʢʪʦʨʘ, ʤ; ὃ  ʚʽʜʩʪʘʥʴ ʚʽʜ 

ʩʪʽʥʢʠ ʙʦʨʦʟʥʠ ʜʦ ʢʨʘʡʢʠ ʰʠʥʠ ʢʦʣʝʩʘ ʪʨʘʢʪʦʨʘ, ʤ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ ʧʨʘʚʠʣʴʥʦʛʦ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʥʘʚʽʩʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʪʨʘʢʪʦʨʘ ʟʘ ʪʨʠʪʦʯʢʦʚʦʶ ʩʭʝʤʦʶ ʥʫʣʴ-

ʛʽʧʦʪʝʟʘ ʧʨʦ ʨʽʚʥʽʩʪʴ ʜʠʩʧʝʨʩʽʡ h ʠʨʠʥʠ ʟʘʭʚʘʪʫ ʧʣʫʛʘ ʧʦʨʽʚʥʷʥʦ ʟ ʚʘʨʽʘʥʪʦʤ ʡʦʛʦ 

ʧʨʠʻʜʥʘʥʥʷ ʟʘ ʜʚʦʪʦʯʢʦʚʦʶ ʩʭʝʤʦʶ ʥʝ ʚʽʜʭʠʣʷʻʪʴʩʷ. ʇʨʘʢʪʠʯʥʦ ʦʜʥʘʢʦʚʠʤʠ  ̒

ʧʨʦʮʝʩʠ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʦʪ ʜʠʩʧʝʨʩʽʡ ʢʦʣʠʚʘʥʴ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʧʣʫʛʘ ʫ 

ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ. 

ʋ ʧʽʜʩʫʤʢʫ ʫ ʧʨʦʮʝʩʽ ʢʦʤʧʣʝʢʪʘʮʽʾ ʦʨʥʦʛʦ ʘʛʨʝʛʘʪʫ ʩʣʽʜ ʫʨʘʭʦʚʫʚʘʪʠ 

ʥʘʩʪʫʧʥʝ. ʗʢʱʦ ʧʘʨʘʤʝʪʨʠ ʭʦʜʦʚʦʾ ʩʠʩʪʝʤʠ ʪʨʘʢʪʦʨʘ ʫʥʝʤʦʞʣʠʚʣʶʶʪʴ 

ʩʠʤʝʪʨʠʯʥʝ ʧʨʠʻʜʥʘʥʥʷ ʧʣʫʛʘ, ʢʨʘʱʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʚʦʪʦʯʢʦʚʫ ʩʭʝʤʫ 

ʥʘʣʘʛʦʜʞʝʥʥʷ ʟʘʜʥʴʦʛʦ ʥʘʚʽʩʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʪʨʘʢʪʦʨʘ. ʇʨʠ ʮʴʦʤʫ 

ʧʝʨʰʦʯʝʨʛʦʚʽʩʪʴ ʧʨʘʚʦʩʪʦʨʦʥʥʴʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʟʤʽʱʝʥʥʷ ʧʣʫʛʘ ʥʘʣʝʞʠʪʴ 

ʘʥʘʣʦʛʽʯʥʦʤʫ ʧʝʨʝʤʽʱʝʥʥʶ ʥʠʞʥʽʭ ʪʷʛ ʥʘʚʽʩʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʪʨʘʢʪʦʨʘ. 

ʂʦʣʠ ʞ ʧʘʨʘʤʝʪʨʠ ʭʦʜʦʚʦʾ ʩʠʩʪʝʤʠ ʪʨʘʢʪʦʨʘ ʜʦʧʫʩʢʘʶʪʴ ʩʠʤʝʪʨʠʯʥʝ 

ʘʛʨʝʛʘʪʫʚʘʥʥʷ ʧʣʫʛʘ, ʪʦ ʝʥʝʨʛʝʪʠʯʥʠʡ ʟʘʩʽʙ ʤʦʞʝ ʤʘʪʠ ʣʠʰʝ ʦʜʥʫ ʩʭʝʤʫ 

ʥʘʣʘʛʦʜʞʝʥʥʷ ʟʘʜʥʴʦʛʦ ʥʘʚʽʩʥʦʛʦ ʤʝʭʘʥʽʟʤʫ  ʪʨʠʪʦʯʢʦʚʫ.  
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ʋɼʂ 004.925.8:631.3 

 

ʂʆʄʇ'ʖʊɽʈʅɽ ɻɽʆʄɽʊʈʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ 

ˆʈʋʅʊʆʆɹʈʆɹʅʀʍ ɿʅɸʈʗɼʔ ɿɸʉʆɹɸʄʀ ʉʊʈʋʂʊʋʈʅʆ-

ʇɸʈɸʄɽʊʈʀʏʅʆɻʆ ʌʆʈʄʆʋʊɺʆʈɽʅʅʗ 

 

ɺʽʨʯʝʥʢʦ ɻ.ɸ., ɺʦʣʦʭʘ ʄ.ʇ., ʗʙʣʦʥʩʴʢʠʡ ʇ.ʄ., ɺʦʨʦʙʡʦʚ ʆ.ʄ., ɻʦʣʦʚʘ ʆ.ʆ., 

ʃʘʟʘʨʯʫʢ-ɺʦʨʦʙʡʦʚʘ ʖ.ɺ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè  

 

ʅʠʥʽ ʜʣʷ ʝʢʦʥʦʤʽʢʠ ʋʢʨʘʾʥʠ ʜʦʚʦʣʽ ʚʘʞʣʠʚʝ ʩʽʣʴʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦ, 

ʦʩʢʽʣʴʢʠ ʮʷ ʛʘʣʫʟʴ ʚʽʜʽʛʨʘʻ ʧʨʦʚʽʜʥʫ ʨʦʣʴ ʫ ʩʪʘʙʽʣʽʟʘʮʽʾ ʩʫʯʘʩʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ. ʇʽʜʚʠʱʝʥʥʷ ʾʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʷʚʣʷʻ ʩʦʙʦʶ ʘʢʪʫʘʣʴʥʫ ʩʫʩʧʽʣʴʥʫ 

ʧʨʦʙʣʝʤʫ. ʆʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʫʩʧʽʰʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʦʢʨʝʩʣʝʥʦʛʦ ʧʠʪʘʥʥʷ ʻ 

ʧʦʜʘʣʴʰʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʪʝʭʥʽʯʥʠʭ ʟʥʘʨʷʜʴ, ʟʦʢʨʝʤʘ, 

ˇʨʫʥʪʦʦʙʨʦʙʥʠʭ. ʊʦʤʫ ʟʘʟʥʘʯʝʥʘ ʪʝʤʘʪʠʢʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʜʘʣʽ. 

ɹʘʛʘʪʦʦʙʽʮʷʶʯʠʡ ʥʘʧʨʷʤʦʢ ʫ ʜʘʥʦʤʫ ʧʣʘʥʽ ʩʪʘʥʦʚʠʪʴ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʟʦʢʨʝʤʘ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʧʨʦʻʢʪʫʚʘʥʥʷ. ɰʭ ʙʘʟʦʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʻ ʢʦʤʧôʶʪʝʨʥʝ ʛʝʦʤʝʪʨʠʯʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʩʢʣʘʜʦʚʦʶ ʷʢʦʛʦ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʤʝʪʦʜʦʣʦʛʽʶ 

ʩʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʥʘʧʨʘʮʴʦʚʘʥʦʶ ʥʘʫʢʦʚʦʶ 

ʰʢʦʣʦʶ ʧʨʠʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʽʾ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè. 

ʋ ʚʠʜʘʥʥʷʭ [1-5] ʥʘʚʝʜʝʥʦ ʚʽʜʦʤʦʩʪʽ ʱʦʜʦ ʢʦʥʩʪʨʫʢʮʽʾ ʩʽʣʴʩʴʢʦ-

ʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ, ʚʠʢʦʥʘʥʥʷ ʾʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʋ 

ʜʦʩʣʽʜʞʝʥʥʽ [6] ʧʦʜʘʥʦ ʙʘʟʦʚʽ ʧʦʣʦʞʝʥʥʷ ʩʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ. ʋ ʨʦʙʦʪʽ [7] ʟʜʽʡʩʥʝʥʦ ʡʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʥʘ ʧʽʜʩʪʘʚʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʨʠʥʮʠʧʫ ʽʥʪʝʛʨʘʮʽʾ. ʆʩʪʘʥʥʽʡ ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʧʦʻʜʥʘʥʥʷ 

ʪʘʢʠʭ ʩʪʘʜʽʡ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʧʨʦʤʠʩʣʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʷʢ ʧʨʦʝʢʪʫʚʘʥʥʷ, 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʷ ʟ ʥʘʣʝʞʥʠʤʠ ʟʘʩʦʙʘʤʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ 

ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʎʝ ʩʧʨʠʷʻ ʧʨʦʚʝʜʝʥʥʶ ʾʾ ʢʦʤʧʣʝʢʩʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ. 

ʋ ʩʪʘʪʪʽ [8] ʚʠʢʣʘʜʝʥʦ ʩʧʦʩʽʙ ʧʦʙʫʜʦʚʠ ʽʥʪʝʛʨʦʚʘʥʠʭ ʢʣʘʩʠʬʽʢʘʮʽʡ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʛʨʫʧ ʪʝʭʥʽʯʥʠʭ ʦʙôʻʢʪʽʚ, ʱʦ ʧʽʜʚʠʱʫʻ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʦʻʢʪʫʚʘʥʥʷ. 

ʄʝʪʘ ʜʘʥʦʾ ʧʫʙʣʽʢʘʮʽʾ ʧʦʣʷʛʘʻ ʫ ʚʠʩʚʽʪʣʝʥʥʽ ʤʝʪʦʜʠʢʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ 

ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ˇʨʫʥʪʦʦʙʨʦʙʥʠʭ ʟʥʘʨʷʜʴ ʥʘ ʧʨʠʢʣʘʜʽ ʣʘʧ-ʧʦʣʠʮʴ 

ʢʫʣʴʪʠʚʘʪʦʨʽʚ, ʦʢʨʝʩʣʝʥʥʽ ʥʘʧʨʷʤʢʽʚ ʾʾ ʧʦʰʠʨʝʥʥʷ ʥʘ ʽʥʰʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ 

ʤʘʰʠʥʠ. 

ɿʛʽʜʥʦ ʟ ʧʦʧʝʨʝʜʥʽʤʠ ʜʦʨʦʙʢʘʤʠ ʘʚʪʦʨʽʚ ˇʨʫʥʪʦʦʙʨʦʙʥʽ ʟʥʘʨʷʜʜʷ ɻɿ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʢʦʨʪʝʞʝʤ 

                                                  ,)()( 3

1

N

1 ii ɻɿɻɿɻɿ ɻɿ==                                            (1) 

ʜʝ ɻɿ1=ɻɿʆ ï ʦʩʥʦʚʥʦʛʦ, ɻɿ2=ɻɿʇ ï ʧʦʚʝʨʭʥʝʚʦʛʦ, ɻɿ3=ɻɿʉ ï ʩʧʝʮʽʘʣʴʥʦʛʦ 



ȳɍɱɜəɔɖ ɞɑɓ ɐɚɛɚɎɱɐɑɕ XVII  ȸɱɒəɌɜɚɐəɚɲ əɌɟɖɚɎɚ-ɛɜɌɖɞɔɣəɚɲ ɖɚəɠɑɜɑəɢɱɲ 

 

40 

ʦʙʨʦʙʽʪʢʫ. 

ɼʨʫʛʠʡ ʝʣʝʤʝʥʪ ʤʥʦʞʠʥʠ (1) 

                                             ,)()( 5

1

N

1 ii ɻɿʇɻɿʇɻɿʇ ɻɿʇ==                                      (2) 

ʜʝ ɻɿʇ1=ɹʈ ï ʙʦʨʦʥʠ, ɻɿʇ2=ʂʃ ï ʢʫʣʴʪʠʚʘʪʦʨʠ, ɻɿʇ3=ʂʊ ï ʢʦʪʢʠ, ɻɿʇ4 =ʌʈ ï 

ʬʨʝʟʠ, ɻɿʇ5=ʂʄ ï ʢʦʤʙʽʥʦʚʘʥʽ. 

ɿʛʽʜʥʦ ʟ ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʞʝʨʝʣʘʤʠ [1, 2] ʨʦʙʦʯʽ ʦʨʛʘʥʠ ʢʫʣʴʪʠʚʘʪʦʨʽʚ ʂʃ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1. 

 
ʈʠʩ. 1. ʈʦʙʦʯʽ ʦʨʛʘʥʠ ʢʫʣʴʪʠʚʘʪʦʨʽʚ [2]: 

ʘ ï ʦʜʥʦʙʽʯʥʘ ʣʘʧʘ; ʙ ï ʩʪʨʽʣʯʘʩʪʘ ʣʘʧʘ ʙʝʟ ʭʚʦʩʪʦʚʠʢʘ; ʚ ï ʧʣʦʩʢʦʨʽʟʘʣʴʥʘ ʣʘʧʘ; 

ʛ ï ʩʪʨʽʣʯʘʩʪʘ ʫʥʽʚʝʨʩʘʣʴʥʘ ʣʘʧʘ; ʜ ï ʜʦʣʦʪʦʧʦʜʽʙʥʘ ʣʘʧʘ; ʝ ï ʨʦʟʧʫʰʫʚʘʣʴʥʘ 

ʦʙʝʨʪʘʣʴʥʘ ʣʘʧʘ;  ̒ï ʩʧʠʩʦʧʦʜʽʙʥʘ ʣʘʧʘ; ʞ ï ʧʽʜʛʦʨʪʘʯ; ʟ ï ʣʘʧʘ-ʧʦʣʠʮʷ; 

 ̔ï ʛʦʣʯʘʩʪʠʡ ʜʠʩʢ; ʢ ï ʧʽʜʞʠʚʣʶʚʘʣʴʥʠʡ ʥʽʞ; ʣ ï ʧʦʣʦʣʴʥʠʡ ʟʫʙ 

 

ɼʣʷ ʜʝʤʦʥʩʪʨʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʛʝʦʤʝʪʨʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʦʙʨʘʥʦ ʣʘʧʠ-ʧʦʣʠʮʽ (ʨʠʩ. 1, ʟ). ɿʘʟʥʘʯʠʤʦ, ʱʦ ʥʝʟʚʘʞʘʶʯʠ ʥʘ 

ʚʝʣʠʢʝ ʨ̔ ʟʥʦʤʘʥʽʪʪʷ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʢʫʣʴʪʠʚʘʪʦʨʽʚ ʟʘʛʘʣʴʥʠʡ ʧʦʨʷʜʦʢ ʾʭ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʥʘ ʟʘʩʘʜʘʭ ʩʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʤʝʪʦʜʦʣʦʛʽʾ ʜʦʚʦʣʽ 

ʩʭʦʞʠʡ. ʇʨʦʪʝ, ʽʩʥʫʶʪʴ ʽ ʧʝʚʥʽ ʚʽʜʤʽʥʥʦʩʪʽ, ʷʢʽ ʧʦʪʨʽʙʥʦ ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ ʧʽʜ ʯʘʩ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʻʢʪʫʚʘʥʥʷ. 

ʉʧʦʯʘʪʢʫ ʚʠʢʦʥʫʻʪʴʩʷ ʜʝʬʽʥʽʮʽʷ ʩʢʣʘʜʫ ʤʦʜʝʣʴʦʚʘʥʦʛʦ ʦʙôʻʢʪʘ ʆ, ʚ 

ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʣʘʧʠ-ʧʦʣʠʮʽ ʃʇ, ʜʠʚ. ʨʠʩ. 2, ʘ, 

                                       ,ʣʧʣʧʃʇʦʆ i

N

i

N

i
ʃʇʆ 3

111 )()()( ====                                  (3) 

ʜʝ ʦ1 =ʣʧ1 =ʉʊ ï ʩʪʦʷʢ, ʦ2 =ʣʧ2 =ʇʃ ï ʧʦʣʠʮʷ, ʦ3 =ʣʧ3 =ʂʈ ï ʢʨʽʧʣʝʥʥʷ. 
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ɼʘʣʽ ʜʣʷ ʝʣʝʤʝʥʪʽʚ oi ʚʠʟʥʘʯʘʶʪʴʩʷ ʾʭ ʧʨʦʝʢʪʥʽ ʚʘʨʽʘʥʪʠ, ʷʢʽ ʦʧʠʩʫʶʪʴʩʷ 

ʢʦʨʪʝʞʘʤʠ 

                                                           ,oo io

j

N

ii 1)(=                                                     (4) 

ʜʝ Noi ï ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʦʚʠʜʽʚ oi, 

ʪʘ ʚʝʢʪʦʨʠ ʧʘʨʘʤʝʪʨʽʚ 

                                                         ,pP ji

kjj

Np

ii 1)(=                                                   (5) 

ʜʝ Npij ï ʯʠʩʣʦ ʧʘʨʘʤʝʪʨʽʚ j-ʛʦ ʚʘʨʽʘʥʪʘ i-ʛʦ ʝʣʝʤʝʥʪʘ. 

                    
                      ʘ                                                           ʙ 

ʈʠʩ. 2. ʃʘʧʘ-ʧʦʣʠʮʷ: 

ʘ ï ʩʢʣʘʜ ʝʣʝʤʝʥʪʽʚ (1 ï ʩʪʦʷʢ; 2 ï ʧʦʣʠʮʷ; 3 ï ʢʨʽʧʣʝʥʥʷ); 

ʙ ï ʧʨʦʻʢʪʥʽ ʚʘʨʽʘʥʪʠ  

 

ʋʷʚʣʝʥʥʷ ʧʨʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʦʨʤʫʣ (2) ... (5) ʜʘʻ ʨʠʩ. 2, ʙ. ɿ ʥʴʦʛʦ ʚʠʜʥʦ, 

ʱʦ ʦʧʨʘʮʴʦʚʫʻʪʴʩʷ ʤʥʦʞʠʥʘ ʩʪʦʷʢʽʚ 

                                                  ,ʩʪʩʪʉʊ i

N

i
ʉʊ 4

11 )()( ==                                           (6) 

ʜʝ ʩʪ1 ï ʰʚʝʣʝʨʥʽ, ʩʪ2 ï ʜʚʦʪʘʚʨʦʚʽ, ʩʪ3 ï ʢʚʘʜʨʘʪʥʽ, ʩʪ4 ï ʟ ʢʚʘʜʨʘʪʥʦʾ ʪʨʫʙʠ. 

ʊʘʢʦʞ ʘʥʘʣʽʟʫʶʪʴʩʷ ʩʪʨʫʢʪʫʨʥʽ ʚʘʨʽʘʥʪʠ ʧʦʣʠʮʴ  

                                                  3

11 )()( i

N

i ʧʣʧʣʇʃ ʇʃ==                                            (7) 

ʽ ʢʨʽʧʣʝʥʥʷ 

                                                  .ʢʨʢʨʂʈ i

N

i
ʂʈ 4

11 )()( ==                                            (8) 

ʄʦʞʣʠʚʠʡ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʽʩʥʫʶʯʠʤʠ ʚʘʨʽʘʥʪʘʤʠ n-ʛʦ ʪʘ m-ʛʦ ʝʣʝʤʝʥʪʘ 

ʣʘʧʠ-ʧʦʣʠʮʽ ʃʇ ʚʽʜʦʙʨʘʞʘʶʪʴ ʥʘʣʝʞʥʽ ʤʘʪʨʠʮʽ ʩʫʤʽʞʥʦʩʪʽ. ʆʩʪʘʥʥʽ ʨʘʟʦʤ ʽʟ 

ʢʦʨʪʝʞʘʤʠ (3) ... (5) ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ, ʜʠʚ. ʜʦʩʣʽʜʞʝʥʥʷ [6], ʛʨʘʬʦʚʫ 

ʩʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʥʫ ʤʦʜʝʣʴ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ, ʟʦʢʨʝʤʘ, ʧʨʦʚʝʜʝʥʥʷ 

ʢʦʤʧʣʝʢʩʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʦʧʨʘʮʴʦʚʫʚʘʥʦʛʦ ʦʙôʻʢʪʘ. 

ʎʝ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘʚʜʷʢʠ ʪʦʤʫ, ʱʦ ʜʦ ʩʢʣʘʜʫ ʤʘʪʝʤʘʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ (5) ʚʭʦʜʷʪʴ ʘʥʘʣʽʪʠʯʥʽ ʦʧʠʩʠ ʥʝ ʪʽʣʴʢʠ ʜʝʬʽʥʽʮʽʾ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʚʝʣʠʯʠʥ ʩʪʚʦʨʶʚʘʥʦʛʦ ʚʠʨʦʙʫ, ʘ ʡ ʪʠʭ, ʱʦ ʧʦʜʘʶʪʴ ʧʨʝʜʤʝʪʥʫ 

ʦʙʣʘʩʪʴ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ï ʣʘʧ-ʧʦʣʠʮʴ. 

ʇʦʜʽʙʥʽ, ʜʠʚ. ʨʠʩ. 1, ʪʘ ʽʥʰʽ ʚʠʨʦʙʠ ʤʦʞʫʪʴ ʬʦʨʤʫʚʘʪʠʩʷ ʩʭʦʞʠʤ ʯʠʥʦʤ. 

ʆʜʥʘʢ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʪʨʽʙʥʦʾ ʚʠʩʦʢʦʾ ʾʭ ʷʢʦʩʪʽ ʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 
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ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʻʢʪʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʽ ʥʦʚʽ 

ʧʨʠʩʪʦʩʦʚʘʥʽ ʩʧʦʩʦʙʠ, ʧʨʠʡʦʤʠ ʪʘ ʘʣʛʦʨʠʪʤʠ ʩʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ. 

ɼʣʷ ʫʩʧʽʰʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʢʦʤʧʣʝʢʩʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ ʚʘʞʣʠʚʠʤ, ʥʘ ʜʫʤʢʫ ʘʚʪʦʨʽʚ, ʻ ʰʠʨʦʢʝ ʧʨʘʢʪʠʯʥʝ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʢʦʤʧôʶʪʝʨʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʧʦʜʘʥʦʛʦ ʫ ʩʪʘʪʪʽ [7] 

ʧʨʠʥʮʠʧʫ ʽʥʪʝʛʨʘʮʽʾ. ʋ ʜʘʥʦʤʫ ʨʘʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʩʪʘʥʥʴʦʛʦ ʧʦʣʷʛʘʻ ʚ 

ʥʘʧʨʘʮʶʚʘʥʥ ̔ ʥʘʣʝʞʥʠʭ ʘʜʘʧʪʦʚʘʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʪʘ ʽʥʰʠʭ ʤʦʜʝʣʝʡ ʜʣʷ 

ʧʘʨʘʤʝʪʨʽʚ (5), ʱʦ ʦʧʠʩʫʶʪʴ ʧʨʦʮʝʩʠ ʨʦʟʨʦʙʣʷʥʥʷ, ʚʠʛʦʪʦʚʣʝʥʥʷ ʡ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʪʝʭʥʽʯʥʠʭ ʦʙô̒ ʢʪʽʚ. 

ɺʠʩʥʦʚʢʠ. ʋ ʜʘʥʽʡ ʧʫʙʣʽʢʘʮʽʾ ʨʦʟʛʣʷʥʫʪʦ ʪʝʦʨʝʪʠʯʥʽ ʟʘʩʘʜʠ ʪʘ ʦʩʥʦʚʥʽ 

ʝʪʘʧʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʚʘʨʽʘʥʪʥʦʛʦ ʛʝʦʤʝʪʨʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ˇʨʫʥʪʦʦʙʨʦʙʥʠʭ ʟʥʘʨʷʜʴ ʥʘ ʧʨʠʢʣʘʜʽ ʣʘʧ-ʧʦʣʠʮʴ ʢʫʣʴʪʠʚʘʪʦʨʽʚ. 

ʆʢʨʝʩʣʝʥʦ ʧʝʨʩʧʝʢʪʠʚʠ ʾʾ ʧʦʰʠʨʝʥʥʷ ʥʘ ʽʥʰʽ ʚʠʨʦʙʠ, ʚʠʟʥʘʯʝʥʦ ʥʘʧʨʷʤʢʠ 

ʧʨʦʚʝʜʝʥʥʷ ʥʘʩʪʫʧʥʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʚʠʟʥʘʯʝʥʦʾ ʪʝʤʘʪʠʢʠ. ɺʠʩʚʽʪʣʝʥʠʡ 

ʧʽʜʭʽʜ ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʧʦʜʘʣʴʰʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʟʥʘʨʷʜʴ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʱʦ ̒  ʜʦʚʦʣʽ ʚʘʞʣʠʚʠʤ ʥʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʥʘʰʦʾ ʜʝʨʞʘʚʠ.  
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ɼʆ ʇʀʊɸʅʅʗ ʇɽʈʉʇɽʂʊʀɺ ʈʆɿɺʀʊʂʋ ɻɽʆʄɽʊʈʀʏʅʆɻʆ 

ʄʆɼɽʃʖɺɸʅʅʗ ʋ ʇʈʀʃɸɼʆɹʋɼʋɺɸʅʅɯ ʅɸ ʇʈʀʂʃɸɼɯ 

ɯʅɽʈʎɯɸʃʔʅʀʍ ʅɸɺɯɻɸʎɯʁʅʀʍ ʉʀʉʊɽʄ 

 

ɯʚʘʥʦʚ ʉ. ɺ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè  

 

ʇʦʢʨʘʱʝʥʥʷ ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʻʢʪʫʚʘʥʥʷ 

ʩʢʣʘʜʥʠʭ ʚʠʨʦʙʽʚ ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʷ, ʟʦʢʨʝʤʘ ʽʥʝʨʮʽʘʣʴʥʠʭ ʥʘʚʽʛʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, 

ʩʪʘʥʦʚʠʪʴ ʘʢʪʫʘʣʴʥʫ ʥʘʫʢʦʚʫ ʧʨʠʢʣʘʜʥʫ ʧʨʦʙʣʝʤʫ. ʋʩʧʽʰʥʝ ʾʾ ʚʠʨʽʰʝʥʥʷ 

ʟʘʙʝʟʧʝʯʫʻ ʩʫʪʪʻʚʝ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʟʘʟʥʘʯʝʥʠʭ ʪʝʭʥʽʯʥʠʭ ʦʙôʻʢʪʽʚ. 

ʆʜʥʠʤ ʽʟ ʧʨʦʛʨʝʩʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʻʢʪʫʚʘʥʥʷ 

ʧʨʦʤʠʩʣʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʧʨʦʮʝʩʽʚ ʾ ʾʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʻ ʤʝʪʦʜʦʣʦʛʽʷ 

ʩʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʚʠʟʥʘʯʝʥʥʷ ʡ ʦʩʥʦʚʥʽ 

ʧʦʣʦʞʝʥʥʷ ʷʢʦʾ ʚʠʢʣʘʜʝʥʦ ʫ ʧʨʘʮʽ [1]. ʇʫʙʣʽʢʘʮʽʻʶ [2] ʦʙˇʨʫʥʪʦʚʘʥʦ ʜʦʮʽʣʴʥʽʩʪʴ 

ʧʦʰʠʨʝʥʥʷ ʮʠʭ ʤʝʪʦʜʽʚ ʫ ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʽ. ɹʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʦʩʪʘʥʥʻ ʚʠʤʘʛʘʻ 

ʧʨʦʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʚʨʘʭʫʚʘʥʥʷ ʽʩʥʫʶʯʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʘʥʦʾ ʛʘʣʫʟʽ. ʅʘʧʨʠʢʣʘʜ, ʩʢʣʘʜʥʦʩʪʽ ʙʘʛʘʪʴʦʭ ʧʨʠʩʪʨʦʾʚ, ʧʦʚôʷʟʘʥʦʾ 

ʟ ʧʦʻʜʥʘʥʥʷʤ ʫ ʾʭ ʢʦʥʩʪʨʫʢʮʽʾ ʬʽʟʠʯʥʦ ʨʽʟʥʦʨʽʜʥʠʭ ʯʘʩʪʠʥ (ʤʝʭʘʥʽʯʥʠʭ, 

ʝʣʝʢʪʨʠʯʥʠʭ, ʦʧʪʠʯʥʠʭ ʪʦʱʦ), ʚʝʣʠʢʦʛʦ ʾʭ ʯʠʩʣʘ ʽ ʪ. ʜ. ʊʝʦʨʝʪʠʯʥʽ ʟʘʩʘʜʠ 

ʩʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʤʝʪʦʜʦʣʦʛʽʾ ʚʜʦʩʢʦʥʘʣʝʥʦ ʧʨʠʥʮʠʧʦʤ ʫʟʘʛʘʣʴʥʝʥʠʭ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʦʢʨʝʩʣʝʥʦ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʟ ʦʧʠʩʘʥʦʾ 

ʪʝʤʘʪʠʢʠ. ʉʪʘʪʪʽ [3ï5] ʨʦʟʢʨʠʚʘʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʥʘʚʽʛʘʮʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, 

ʟʦʢʨʝʤʘ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʠʭ ʛʽʨʦʩʢʦʧʽʚ (ɺʆɻ). 

ʎʽʣʴ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʘʥʘʣʽʟʽ ʜʝʷʢʠʭ ʘʩʧʝʢʪʽʚ ʩʪʚʦʨʝʥʥʷ 

ʽʥʪʝʛʨʦʚʘʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʤʦʜʝʣʝʡ, ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʫ ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʽ ʥʘ ʧʨʠʢʣʘʜʽ ʨʦʟʨʦʙʣʷʥʥʷ 

ʢʦʤʧʦʥʝʥʪʽʚ ʽʥʝʨʮʽʘʣʴʥʠʭ ʥʘʚʽʛʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʧʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ ʧʨʠʩʪʨʦʾʚ ʭʘʨʘʢʪʝʨʥʘ ʥʘʷʚʥʽʩʪʴ ʙʘʛʘʪʴʦʭ 

ʚʘʨʽʘʥʪʽʚ ʾʭ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʪʘ ʚʘʞʣʠʚʽʩʪʴ ʦʙʨʘʥʥʷ ʥʘʡʢʨʘʱʦʛʦ ʟ ʥʠʭ. ɼʣʷ 

ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʠʩʪʝʤʥʦ-ʽʻʨʘʨʭʽʯʥʠʡ ʧʽʜʭʽʜ. ɺʠʜʘʥʥʷʤ [2] ʧʦʢʘʟʘʥʦ 

ʤʦʞʣʠʚʽʩʪʴ ʡʦʛʦ ʫʩʧʽʰʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʩʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʥʦʾ 

ʤʝʪʦʜʦʣʦʛʽʾ.  

ʋ ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʽ ʨʦʟʨʽʟʥʷʶʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʝ, ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʝ ʪʘ 

ʪʝʭʥʦʣʦʛʽʯʥʝ ʧʨʦʻʢʪʫʚʘʥʥʷ, ʜʣʷ ʷʢʠʭ ʰʠʨʦʢʦ ʚʞʠʚʘʥʽ ʨʽʟʥʦʤʘʥʽʪʥʽ ʟʘʩʦʙʠ 

ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʆʩʪʘʥʥʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʨʠʡʥʷʪʠ ʟʘ ʦʩʥʦʚʫ ʜʣʷ  

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʦʻʜʥʘʥʥʷ ʩʪʘʜʽʡ ʩʪʚʦʨʝʥʥʷ ʧʨʠʣʘʜʽʚ ʟ ʤʝʪʦʶ ʾʭ ʢʦʤʧʣʝʢʩʥʦʾ 

ʦʧʪʠʤʽʟʘʮʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʙôʻʢʪʠʚʥʦ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʫ ʚʽʜʧʦʚʽʜʥʠʭ 

ʽʥʪʝʛʨʦʚʘʥʠʭ ʫʟʘʛʘʣʴʥʝʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʤʦʜʝʣʷʭ. 

ʌʫʥʢʮʽʦʥʘʣʴʥʝ (ʩʭʝʤʥʝ) ʧʨʦʻʢʪʫʚʘʥʥʷ ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʣʦʛʽʯʥʠʡ, 

ʩʠʩʪʝʤʦʪʝʭʥʽʯʥʠʡ ʪʘ ʝʣʝʤʝʥʪʥʠʡ ʨʽʚʝʥʴ. ʅʘ ʚʠʱʦʤʫ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʣʦʛʽʯʥʦʤʫ 
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ʨʽʚʥʽ ʧʨʠʣʘʜ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʩʫʢʫʧʥʽʩʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʤʽʞ ʷʢʠʤʠ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʙʤʽʥ ʽʥʬʦʨʤʘʮʽʻʶ. ɿʘʜʘʯʘ ʧʨʦʻʢʪʫʚʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʜʝʬʽʥʽʮʽ ʾ

ʦʧʪʠʤʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠʣʘʜʫ. ʅʘʩʪʫʧʥʠʡ ʩʠʩʪʝʤʦʪʝʭʥʽʯʥʠʡ 

ʨʽʚʝʥʴ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʫʟʣʽʚ ʽ ʙʣʦʢʽʚ. ɼʣʷ ʢʦʞʥʦʛʦ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʾʭ ʨʘʮʽʦʥʘʣʴʥʘ ʥʦʤʝʥʢʣʘʪʫʨʘ ʪʘ 

ʥʘʣʝʞʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʨʠ ʮʴʦʤʫ ʫ ʚʫʟʣʘʭ ʙʣʦʢʠ ʧʦʜʘʶʪʴʩʷ ʷʢ ʧʝʨʝʪʚʦʨʶʚʘʯʽ 

ʩʠʛʥʘʣʽʚ, ʪʦʙʪʦ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʬʽʟʠʯʥʦʾ ʧʨʠʨʦʜʠ, ʘ ʜʘʣʽ ʥʘ ʝʣʝʤʝʥʪʥʦʤʫ ʨʽʚʥʽ 

ʚʞʝ ʨʦʟʢʨʠʚʘʻʪʴʩʷ ʾʭ ʚʥʫʪʨʽʰʥʷ ʙʫʜʦʚʘ. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʜʣʷ ʧʨʦʩʪʠʭ ʧʨʠʣʘʜʽʚ 

ʢʽʣʴʢʽʩʪʴ ʨʽʚʥʽʚ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʦʻʢʪʫʚʘʥʥʷ ʤʦʞʝ ʟʤʝʥʰʫʚʘʪʠʩʷ, ʘ ʜʣʷ 

ʩʢʣʘʜʥʠʭ ï ʟʙʽʣʴʰʫʚʘʪʠʩʷ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʧʽʜʨʽʚʥʽʚ. 

ʇʽʜ ʯʘʩ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʛʦ ʧʨʦʻʢʪʫʚʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʘ, ʨʦʟʤʽʨʠ, 

ʤʘʪʝʨʽʘʣ ʦʢʨʝʤʠʭ ʜʝʪʘʣʝʡ, ʾʭ ʤʽʩʮʝ ʫ ʩʢʣʘʜʘʣʴʥʠʭ ʦʜʠʥʠʮʷʭ (ʚʫʟʣʘʭ), ʦʩʪʘʥʥʽʭ ʫ 

ʚʩʴʦʤʫ ʚʠʨʦʙʽ ʪʦʱʦ. ʇʨʠ ʮʴʦʤʫ ʪʘʢʦʞ ʤʘʻ ʤʽʩʮʝ ʧʦʜʽʣ ʥʘ ʧʝʚʥʽ ʽʻʨʘʨʭʽʯʥʽ ʨʽʚʥʽ. 

ʅʘ ʚʝʨʭʥʴʦʤʫ, ʢʦʤʧʦʥʫʚʘʣʴʥʦʤʫ, ʦʧʨʘʮʴʦʚʫʻʪʴʩʷ ʚʟʘʻʤʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʫʟʣʽʚ 

ʧʨʠʣʘʜʫ. ɼʘʣʽ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʻʢʪʦʚʘʥʦʛʦ ʦʙôʻʢʪʘ, ʤʦʞʝ ʙʫʪʠ 

ʢʽʣʴʢʘ ʨʽʚʥʽʚ ʩʢʣʘʜʘʣʴʥʠʭ ʦʜʠʥʠʮʴ  ̔ʨʽʚʝʥʴ ʜʝʪʘʣʝʡ. 

ɿʘʚʜʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʻʢʪʫʚʘʥʥʷ ʻ ʨʦʟʨʦʙʣʷʥʥʷ ʧʨʦʮʝʩʽʚ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʠʣʘʜʫ, ʧʦʪʨʽʙʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʡ ʦʩʥʘʱʝʥʥʷ. ʅʘ ʥʠʞʯʠʭ  

ʽʻʨʘʨʭʽʯʥʠʭ ʨʽʚʥʷʭ ʮʴʦʛʦ ʧʨʦʻʢʪʫʚʘʥʥʷ ʩʪʚʦʨʶʶʪʴʩʷ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʦʢʨʝʤʠʭ 

ʜʝʪʘʣʝʡ, ʘ ʥʘ ʚʝʨʭʥʽʭ ï ʚʠʨʽʰʫʶʪʴʩʷ ʧʠʪʘʥʥʷ ʩʢʣʘʜʘʥʥʷ, ʥʘʣʘʰʪʫʚʘʥʥʷ ʪʘ 

ʚʠʧʨʦʙʫʚʘʥʥʷ. 

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʦ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʩʭʝʤʫ ɺʆɻ ʟʛʽʜʥʦ ʟ ʧʫʙʣʽʢʘʮʽʻ  ʁ[3], ʜʝ 

SLD ï ʩʫʧʝʨ-ʣʶʤʽʥʽʩʮʝʥʪʥʠʡ ʜʽʦʜ, PINFET ï ʩʧʝʢʪʨʘʣʴʥʦ ʪʘ ʧʦʣʷʨʠʟʘʮʽʡʥʦ 

ʥʝʯʫʪʣʠʚʠʡ ʢʚʘʜʨʘʪʠʯʥʠʡ ʬʦʪʦʧʨʠʡʤʘʯ. ʋ ʮʽʡ ʧʨʘʮʽ ʦʧʠʩʘʥʦ ʪʘʢʦʞ ʚʽʜʧʦʚʽʜʥʽ 

ʘʥʘʣʽʪʠʯʥʽ ʡ ʘʣʛʦʨʠʪʤʽʯʥʽ ʤʦʜʝʣʽ. 

 
ʈʠʩ. 1. ɺʆɻ ʟ ʚʽʜʢʨʠʪʦʶ ʧʝʪʣʝʶ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ 

 

ʋʷʚʣʝʥʥʷ ʧʨʦ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʝ ʧʨʦʻʢʪʫʚʘʥʥʷ ʢʦʪʫʰʢʠ ɺʆɻ ʟʘ ʤʘʪʝʨʽʘʣʘʤʠ 

ʨʦʙʦʪʠ [4] ʜʘʻ ʨʠʩ. 2. 

ɻʝʦʤʝʪʨʠʯʥʠʤ ʧʨʠʢʣʘʜʦʤ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʻʢʪʫʚʘʥʥʷ 

ʩʣʫʛʫʻ, ʟʦʢʨʝʤʘ, ʥʘʤʦʪʫʚʘʣʴʥʘ ʤʘʰʠʥʘ, ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 3. ʎʝ ʦʙʣʘʜʥʘʥʥʷ  

ʟʘʙʝʟʧʝʯʫʻ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʪʫʰʦʢ ʟ ʢʽʣʴʢʦʤʘ ʪʠʧʘʤʠ ʥʘʤʦʪʦʢ, ʪʘʢʠʭ ʷʢ 

ʢʚʘʜʨʫʧʦʣʴʥʘ, ʤʦʜʠʬʽʢʦʚʘʥʘ ʢʚʘʜʨʫʧʦʣʴʥʘ ʪʘ ʽʥʰʠʤʠ. ɼʣʷ ʥʘʤʦʪʢʠ ʚʦʣʦʢʥʘ 
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ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʚʘ ʥʘʤʦʪʫʚʘʣʴʥʠʭ ʤʦʜʫʣʽ 2 ʟ ʚʦʜʠʣʘʤʠ 4. ɿʘ ʨʘʭʫʥʦʢ ʢʝʨʫʚʘʥʥʷ 

ʨʫʭʦʤ ʮʠʭ ʤʦʜʫʣʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʣʽʥʽʡʥʠʭ ʥʘʧʨʘʚʣʷʶʯʠʭ ʪʘ ʚʦʜʠʣ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʨʽʚʥʦʤʽʨʥʝ ʚʢʣʘʜʘʥʥʷ ʚʦʣʦʢʥʘ ʥʘ ʢʦʪʫʰʢʫ ɺʆɻ ʪʘ ʩʪʘʙʽʣʽʟʘʮʽʷ 

ʡʦʛʦ ʥʘʪʷʛʫ. ɼʦ ʩʢʣʘʜʫ ʤʘʰʠʥʠ ʚʭʦʜʠʪʴ ʝʣʝʢʪʨʦʥʥʠʡ ʙʣʦʢ ʪʘ ʧʫʣʴʪ ʢʝʨʫʚʘʥʥʷ. 

 
ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʥʽ ʚʘʨʽʘʥʪʠ ʥʘʤʦʪʢʠ ʢʦʪʫʰʢʠ ɺʆɻ: 

1 ï ʦʜʥʦʧʦʣʶʩʥʘ ʧʨʦʩʪʘ; 2 ï ʦʜʥʦʧʦʣʶʩʥʘ ʮʝʥʪʨʦʚʘʥʘ; 3 ï ʜʠʧʦʣʴʥʘ; 

4 ï ʢʚʘʜʨʫʧʦʣʴʥʘ; 5 ï ʤʦʜʠʬʽʢʦʚʘʥʘ ʢʚʘʜʨʫʧʦʣʴʥʘ; 6 ï ʢʚʘʜʨʫʧʦʣʴʥʘ 

ʮʝʥʪʨʦʚʘʥʘ; 7 ï ʦʢʪʫʧʦʣʴʥʘ; 8 ï ʙʽʬʽʣʷʨʥʘ; 9 ï ʙʝʟ ʧʝʨʝʭʨʝʱʫʚʘʥʥʷ ʚʠʪʢʽʚ 

 

ʆʪʞʝ, ʥʘʚʝʜʝʥʽ ʬʘʢʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʚʘʞʣʠʚʽʩʪʴ ʛʝʦʤʝʪʨʠʯʥʠʭ ʤʦʜʝʣʝʡ ʧʨʠ 

ʧʨʦʻʢʪʫʚʘʥʥʽ ʧʨʠʣʘʜʽʚ, ʟʦʢʨʝʤʘ ʩʢʣʘʜʦʚʠʭ ʽʥʝʨʮʽʘʣʴʥʠʭ ʥʘʚʽʛʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. ʎʝ 

ʩʪʦʩʫʻʪʴʩʷ ʷʢ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʩʭʝʤ, ʱʦ ʩʪʚʦʨʶʶʪʴʩʷ, ʟʘʟʚʠʯʘʡ, ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʜʚʦʚʠʤʽʨʥʠʭ ʧʦʙʫʜʦʚ, ʪʘʢ ʽ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʥʘʧʨʘʮʶʚʘʥʴ, ʜʝ ʚʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʦʤʧôʶʪʝʨʥʽ ʪʚʝʨʜʦʪʽʣʴʥʽ ʢʦʤʧʦʥʝʥʪʠ. ɹʽʣʴʰ ʪʦʛʦ, ʦʩʪʘʥʥʽ 

ʤʦʞʫʪʴ ʤʘʪʠ ʥʝ ʪʽʣʴʢʠ ʩʪʘʪʠʯʥʠʡ, ʘ ʡ ʜʠʥʘʤʽʯʥʠʡ ʭʘʨʘʢʪʝʨ. 

ɺʠʩʥʦʚʢʠ. ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʦʙˇʨʫʥʪʦʚʘʥʦ ʜʦʮʽʣʴʥʽʩʪʴ ʨʦʟʨʦʙʣʷʥʥʷ ʧʽʜ ʯʘʩ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʻʢʪʫʚʘʥʥʷ ʫ ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʽ ʽʥʪʝʛʨʦʚʘʥʠʭ 
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ʬʫʥʢʮʽʦʥʘʣʴʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʤʦʜʝʣʝʡ. ʗʢ 

ʤʘʪʝʤʘʪʠʯʥʫ ʦʩʥʦʚʫ ʜʣʷ ʮʴʦʛʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʝʪʦʜʦʣʦʛʽʶ 

ʩʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ.  

 
ʈʠʩ. 3. ʄʘʰʠʥʘ ʜʣʷ ʥʘʤʦʪʢʠ ʦʧʪʠʯʥʦʛʦ ʚʦʣʦʢʥʘ: 

 1 ï ʦʩʥʦʚʘ; 2 ï ʥʘʤʦʪʫʚʘʣʴʥʠʡ ʤʦʜʫʣʴ; 3 ï ʢʦʪʫʰʢʘ ɺʆɻ; 4 ï ʚʦʜʠʣʦ; 

5 ï ʨʦʙʦʯʘ ʢʦʪʫʰʢʘ; 6 ï ʚʫʟʦʣ ʢʨʽʧʣʝʥʥʷ ʦʩʽ ʚʦʜʠʣʘ; 7 ï ʨʝʜʫʢʪʦʨ; 

8 ï ʣʽʥʽʡʥʽ ʥʘʧʨʘʚʣʷʶʯʽ 

 

ʆʜʥʘʢ ʦʢʨʝʩʣʝʥʽ ʥʘʧʨʷʤʢʠ ʧʦʪʨʝʙʫʶʪʴ ʧʨʦʚʝʜʝʥʥʷ ʥʘʣʝʞʥʠʭ ʧʦʜʘʣʴʰʠʭ 

ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ.  
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ʋɼʂ 004.925.8:726.5 

 

ɼʆ ʇʀʊɸʅʅʗ ʉʊʈʋʂʊʋʈʅʆ-ʇɸʈɸʄɽʊʈʀʏʅʆɻʆ 

ʌʆʈʄʆʋʊɺʆʈɽʅʅʗ ʂʋʇʆʃɯɺ ʇʈɸɺʆʉʃɸɺʅʀʍ ʍʈɸʄɯɺ 

 

ʊʝʨʝʱʫʢ ʄ. ʆ.  

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ  

 

ʋ ʟʚôʷʟʢʫ ʟʽ ʩʢʣʘʜʥʦʶ ʩʠʪʫʘʮʽʻʶ ʚ ʋʢʨʘʾʥʽ ʥʠʥʽ ʚʩʝ ʙʽʣʴʰʝ ʣʶʜʝʡ 

ʟʚʝʨʪʘʶʪʴʩʷ ʜʦ ʭʨʠʩʪʠʷʥʩʴʢʠʭ ʮʽʥʥʦʩʪʝʡ. ʎʝ ʩʧʨʠʯʠʥʷʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʙʫʜʽʚʥʠʮʪʚʘ ʥʝ ʪʽʣʴʢʠ ʥʦʚʠʭ, ʘ ʡ ʚʽʜʥʦʚʣʝʥʥʷ ʟʨʫʡʥʦʚʘʥʠʭ ʫ ʨʝʟʫʣʴʪʘʪʽ ʙʦʡʦʚʠʭ 

ʜʽʡ ʧʨʘʚʦʩʣʘʚʥʠʭ ʭʨʘʤʽʚ. ʆʙôʻʤʥʦ-ʧʨʦʩʪʦʨʦʚʽ ʬʦʨʤʠ ʦʩʪʘʥʥʽʭ ʜʦʚʦʣʽ ʚʘʞʣʠʚʽ ʟ 

ʨʝʣʽʛʽʡʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʪʘ ʚʠʤʘʛʘʶʪʴ ʷʩʢʨʘʚʦʾ ʽʥʜʠʚʽʜʫʘʣʴʥʦʩʪʽ. ʂʫʧʦʣʠ 

ʫʦʩʦʙʣʶʶʪʴ ʥʝʙʝʩʥʽ ʦʙʨʘʟʠ, ʤʘʶʪʴ ʚʝʣʠʢʝ ʩʠʤʚʦʣʽʯʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʚʽʨʫʶʯʠʭ. 

ʅʘʚʝʜʝʥʽ ʬʘʢʪʠ ʦʙʫʤʦʚʣʶʶʪʴ ʘʢʪʫʘʣʴʥʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʟʘʟʥʘʯʝʥʠʭ 

ʦʙôʻʢʪʽʚ ʽ ʟʤʝʥʰʝʥʥʷ ʧʨʠ ʮʴʦʤʫ ʚʠʪʨʘʪ ʥʘ ʾʭ ʧʨʦʻʢʪʫʚʘʥʥʷ, ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ 

ʧʦʜʘʣʴʰʫ ʝʢʩʧʣʫʘʪʘʮʽʶ. 

ʋ ʩʪʘʪʪʽ [1] ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧʠʪʘʥʥʷ ʥʘʮʽʦʥʘʣʴʥʦʾ ʽʜʝʥʪʠʯʥʦʩʪʽ ʫʢʨʘʾʥʩʴʢʠʭ 

ʭʨʘʤʽʚ, ʽʩʥʫʶʯʠʭ ʪʨʘʜʠʮʽʡ ʽ ʚʽʜʧʦʚʽʜʥʦʛʦ ʥʦʚʘʪʦʨʩʪʚʘ. ʇʨʠʢʣʘʜʠ ʚʽʪʯʠʟʥʷʥʠʭ 

ʧʨʘʚʦʩʣʘʚʥʠʭ ʩʧʦʨʫʜ ʧʦʜʘʥʦ ʚ ʧʫʙʣʽʢʘʮʽʾ [2]. ʇʨʘʮʝʶ [3] ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʙʘʥʝʚʠʭ (ʢʫʧʦʣʴʥʠʭ) ʟʘʚʝʨʰʝʥʴ ʮʝʨʢʦʚʥʠʭ ʙʫʜʽʚʝʣʴ. ɺʠʜʘʥʥʷ 

[4] ʥʘʚʦʜʠʪʴ ʨʽʟʥʽ ʬʦʨʤʠ ʢʫʧʦʣʽʚ (ʢʦʥʫʩʥʫ, ʷʡʮʝʧʦʜʽʙʥʫ, ʤʘʢʽʚʢʫ, ʮʠʙʫʣʴʯʘʩʪʫ, 

ʛʨʫʰʦʧʦʜʽʙʥʫ, ʛʨʘʥʯʘʩʪʫ ʪʦʱʦ), ʽʩʥʫʶʯʽ ʾʭ ʷʨʫʩʥʦʩʪʽ (ʦʜʥʦ-, ʜʚʦ- ʽ ʪʨʠʷʨʫʩʥʽ) ʪʘ 

ʢʽʣʴʢʽʩʪʴ ʫ ʭʨʘʤʽ. ʋ ʨʦʙʦʪʽ [5] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʟʥʘʯʝʥʥʷ ʪʚʽʨʥʦʾ ʣʽʥʽʾ ʜʣʷ 

ʧʦʚʝʨʭʥʽ ʦʙʝʨʪʘʥʥʷ ʮʠʙʫʣʴʯʘʩʪʦʛʦ ʢʫʧʦʣʘ ʫ ʚʠʛʣʷʜʽ ʢʦʨʦʙʦʚʦʾ ʢʨʠʚʦʾ ʟ ʪʨʴʦʭ ʜʫʛ 

ʢʽʣ. ʇʨʠ ʮʴʦʤʫ ʧʦʙʫʜʦʚʫ ʨʝʰʪʠ ʬʦʨʤ ʢʫʧʦʣʽʚ ʪʘ ʾʭ ʷʨʫʩʥʽʩʪʴ ʥʝ ʜʦʩʣʽʜʞʝʥʦ. ʋ 

ʜʘʥʦʤʫ ʧʣʘʥʽ ʜʦʚʦʣʽ ʜʦʨʝʯʥʠʤ ʻ ʩʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʥʝ ʛʝʦʤʝʪʨʠʯʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʧʨʝʜʩʪʘʚʣʝʥʝ ʫ ʧʫʙʣʽʢʘʮʽʾ [6]. ʆʩʪʘʥʥʻ ʩʣʫʛʫʻ ʪʝʦʨʝʪʠʯʥʦʶ 

ʦʩʥʦʚʦʶ ʜʣʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʩʧʦʩʦʙʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʢʫʧʦʣʽʚ, ʜʦʮʽʣʴʥʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢʦʛʦ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʧʨʠʢʣʘʜʠ ʚʠʜʘʥʥʷ [7] ʱʦʜʦ ʦʙôʻʤʥʦ-

ʧʨʦʩʪʦʨʦʚʠʭ ʨʽʟʥʦʚʠʜʽʚ ʙʘʥʝʚʠʭ ʟʘʚʝʨʰʝʥʴ ʧʨʘʚʦʩʣʘʚʥʠʭ ʭʨʘʤʽʚ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʧʽʜʭʦʜʫ ʦʧʨʘʮʴʦʚʫʚʘʪʠʤʝʤʦ 

ʥʘʩʪʫʧʥʫ ʤʥʦʞʠʥʫ ʬʦʨʤ ʢʫʧʦʣʽʚ 

                                                ,5
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1 )()( i
ʌʂ

i ʌʂʌʂʌʂ ==                                          (1) 

ʜʝ ʌʂ1=ʂʌ ï ʢʦʥʫʩʥʘ, ʌʂ2=ʗʌ ï ʷʡʮʝʧʦʜʽʙʥʘ, ʌʂ3=ʄʌ ï ʤʘʢʽʚʢʘ, ʌʂ4=ʎʌ ï 

ʮʠʙʫʣʴʯʘʩʪʘ, ʌʂ5=ɻʌ ï ʛʨʫʰʦʧʦʜʽʙʥʘ. 

ʇʨʠ ʮʴʦʤʫ ʢʦʞʝʥ ʝʣʝʤʝʥʪ (1) ʧʦʜʘʻʪʴʩʷ ʫ ʜʚʦʭ ʚʘʨʽʘʥʪʘʭ: ʛʣʘʜʢʦʤʫ ʪʘ 

ʛʨʘʥʯʘʩʪʦʤʫ. 

ɼʣʷ ʧʨʦʻʢʪʦʚʘʥʠʭ ʢʫʧʦʣʽʚ ʟʘʩʪʦʩʦʚʫʚʘʪʠʤʝʤʦ ʩʢʣʘʜʝʥʠʡ ʪʚʽʨʥʠʡ ʢʦʥʪʫʨ 

ʥʘ ʙʘʟʽ ʚʝʢʪʦʨʥʠʭ ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʢʨʠʚʠʭ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ 
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ɼʘʥʠʡ ʢʦʥʪʫʨ ʤʦʞʝ ʤʽʩʪʠʪʠ ʟʤʽʥʥʫ ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ, ʤʘʢʩʠʤʘʣʴʥʝ 

ʯʠʩʣʦ ʷʢʠʭ ʜʦʨʽʚʥʶʻ ʪʨʴʦʤ. ʊʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʜʘʪʥʽʩʪʴ ʙʘʟʦʚʦʾ ʢʨʠʚʦʾ 

ʧʝʨʝʪʚʦʨʶʚʘʪʠʩʷ ʫ ʚʽʜʨʽʟʦʢ ʧʨʷʤʦʾ ʣʽʥʽʾ.  

ɺ ʦʩʥʦʚʽ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʙʘʥʝʚʠʭ ʟʘʚʝʨʰʝʥʴ ʧʨʘʚʦʩʣʘʚʥʠʭ 

ʭʨʘʤʽʚ ʣʝʞʠʪʴ ʥʝʧʝʨʝʨʚʥʝ (ʜʣʷ ʛʣʘʜʢʠʭ ʬʦʨʤ) ʘʙʦ ʜʠʩʢʨʝʪʥʝ (ʜʣʷ ʛʨʘʥʯʘʩʪʠʭ) 

ʦʙʝʨʪʘʥʥʷ ʢʦʥʪʫʨʫ (2) ʥʘʚʢʦʣʦ ʚʝʨʪʠʢʘʣʴʥʦʾ ʦʩʽ. 

ʅʘ ʨʠʩ. 1 ʾʾ ʟʦʙʨʘʞʝʥʦ ʥʘʣʝʞʥʦʶ ʣʽʥʽʻʶ ʪʘ ʥʘʚʝʜʝʥʦ ʜʝʷʢʽ ʨʽʟʥʦʚʠʜʠ 

ʪʚʽʨʥʠʭ ʽʟ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʤʠ ʚʝʨʰʠʥʘʤʠ ʜʣʷ ʧʝʚʥʠʭ ʢʫʧʦʣʽʚ. 

    
                 ʘ                     ʙ                          ʚ                          ʛ                          ʜ 

ʈʠʩ 1. ʉʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʥʽ ʚʘʨʽʘʥʪʠ ʪʚʽʨʥʦʛʦ ʢʦʥʪʫʨʫ (2):  

ʘ  ï ʢʦʥʽʯʥʠʡ; ʙ ï ʷʡʮʝʧʦʜʽʙʥʠʡ; ʚ ï ʤʘʢʽʚʢʘ; ʛ ï ʮʠʙʫʣʴʯʘʩʪʠʡ;  

ʜ ï ʛʨʫʰʦʧʦʜʽʙʥʠʡ 

 

ʈʠʩ. 2 ʽʣʶʩʪʨʫʻ ʢʽʣʴʢʘ ʧʦʚʝʨʭʦʥʴ ʢʫʧʦʣʽʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʧʝʨʝʜʥʽʤ 

ʟʦʙʨʘʞʝʥʥʷʤ. 

                                              
                                     ʘ                                    ʙ                                   ʚ 

                                    
                                                      ʛ                                                       ʜ 

ʈʠʩ 2. ʇʦʚʝʨʭʥʽ ʢʫʧʦʣʽʚ:  

ʘ ï ʢʦʥʽʯʥʘ; ʙ ï ʷʡʮʝʧʦʜʽʙʥʘ; ʚ ï ʤʘʢʽʚʢʘ; 

ʛ ï ʮʠʙʫʣʴʯʘʩʪʘ ʛʣʘʜʢʘ ʪʘ ʛʨʘʥʯʘʩʪʘ; ʜ ï ʛʨʫʰʦʧʦʜʽʙʥʘ  

 

ʅʘ ʨʠʩ. 3, ʘ ʧʦʢʘʟʘʥʦ ʧʦʻʜʥʘʥʥʷ ʛʨʘʥʯʘʩʪʦʛʦ ʙʘʨʘʙʘʥʘ ʡ ʪʘʢʦʛʦ ʞ  

ʮʠʙʫʣʴʯʘʩʪʦʛʦ ʢʫʧʦʣʘ, ʘ ʥʘ ʨʠʩ 3, ʙ ʜʦʜʘʪʢʦʚʦ ʥʘʚʝʜʝʥʦ ʱʝ ʦʜʠʥ ʷʨʫʩ, ʜʦ ʷʢʦʛʦ 

ʚʭʦʜʠʪʴ ʢʨʫʛʦʚʠʡ ʮʠʣʽʥʜʨʠʯʥʠʡ ʙʘʨʘʙʘʥ ʪʘ ʷʡʮʝʧʦʜʽʙʥʠʡ ʢʫʧʦʣ. 

ʄʦʞʣʠʚʠʤʠ ʻ ʪʘʢʦʞ ʡ ʽʥʰʽ ʢʦʤʙʽʥʘʮʽʾ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʚʠʱʝ ʬʦʨʤ. 

ʅʘʧʨʠʢʣʘʜ, ʤʘʢʽʚʢʠ ʟ ʮʠʣʽʥʜʨʠʯʥʠʤ ʘʙʦ ʛʨʘʥʯʘʩʪʠʤ ʙʘʨʘʙʘʥʦʤ, ʦʩʪʘʥʥʽʭ ʟ 

ʛʨʫʰʦʧʦʜʽʙʥʦʶ ʧʦʚʝʨʭʥʝʶ ʽ ʪ. ʜ. ʆʧʠʩʘʥʠʡ ʤʝʭʘʥʽʟʤ ʤʘʪʝʤʘʪʠʯʥʦ ʟʨʫʯʥʦ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʩʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʥʦʶ ʤʝʪʦʜʦʣʦʛʽʻʶ. 



çȺɍɟɡɚɎɝɨɖɱ ɣɔɞɌəəɫè 

 

49 

ɿʘʫʚʘʞʠʤʦ ʪʘʢʦʞ, ʱʦ ʨʦʟʛʣʷʥʫʪʽ ʬʽʛʫʨʠ, ʷʢ ʧʨʘʚʠʣʦ, ʨʽʟʥʷʪʴʩʷ ʧʦʤʽʞ 

ʩʦʙʦʶ ʥʝ ʪʽʣʴʢʠ ʬʦʨʤʦʶ, ʘ ʡ ʩʚʦʾʤʠ ʨʦʟʤʽʨʘʤʠ. 

                                           
ʘ                                                        ʙ 

ʈʠʩ 3. ʇʦʻʜʥʘʥʥʷ ʙʘʨʘʙʘʥʽʚ ʽ ʢʫʧʦʣʽʚ:  

ʘ ï ʛʨʘʥʯʘʩʪʠʭ ʧʦʚʝʨʭʦʥʴ; ʙ ï ʜʚʦʷʨʫʩʥʝ ʙʘʥʥʝ ʟʘʚʝʨʰʝʥʥʷ 

 

ɺʠʩʥʦʚʢʠ. ʋ ʜʘʥʽʡ ʧʫʙʣʽʢʘʮʽʾ ʧʦʜʘʥʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʧʦʩʽʙ ʩʪʨʫʢʪʫʨʥʦ-

ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʢʫʧʦʣʽʚ ʧʨʘʚʦʩʣʘʚʥʠʭ ʭʨʘʤʽʚ, ʷʢʠʡ 

ʜʦʮ̔ʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʩʝʨʝʜʦʚʠʱʽ ʩʫʯʘʩʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤ ʘʨʭʽʪʝʢʪʫʨʥʦ-ʙʫʜʽʚʝʣʴʥʦʛʦ ʩʧʨʷʤʫʚʘʥʥʷ. ʎʝ ʩʧʨʠʷʪʠʤʝ ʧʽʜʚʠʱʝʥʥʶ 

ʷʢʦʩʪʽ ʦʪʨʠʤʫʚʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʟʤʝʥʰʫʚʘʪʠʤʝ ʚʠʪʨʘʪʠ ʥʘ ʚʠʢʦʥʘʥʥʷ 

ʟʘʟʥʘʯʝʥʠʭ ʧʨʦʮʝʩʽʚ. 
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ʋɼʂ 631.333 

 

ɺʀɿʅɸʏɽʅʅʗ ɸɹʉʆʃʖʊʅʆɰ ʐɺʀɼʂʆʉʊɯ ʉʍʆɼʋ ʏɸʉʊʀʅʂʀ 

ɼʆɹʈʀɺɸ ɿ ɼʀʉʂɸ, ʅɸʍʀʃɽʅʆɻʆ ʇɯɼ ʂʋʊʆʄ ɼʆ ɻʆʈʀɿʆʅʊʋ ɿ 

ʋʈɸʍʋɺɸʅʅʗʄ ʐɺʀɼʂʆʉʊɯ ʇʆʉʊʋʇɸʃʔʅʆɻʆ ʈʋʍʋ ɸɻʈɽɻɸʊʋ 

 

ɻʦʣʦʚʘʯ ɯ. ɺ.1, ɸʜʘʤʯʫʢ ʆ. ɺ.2 

1ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ  ̔ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 
2ɯʥʩʪʠʪʫʪ ʤʝʭʘʥʽʢʠ ʪʘ ʘʚʪʦʤʘʪʠʢʠ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʅɸɸʅ 

 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʘʙʩʦʣʶʪʥʦʾ ʰʚʠʜʢʦʩʪʽ ʩʭʦʜʫ ʯʘʩʪʠʥʦʢ ʜʦʙʨʠʚ ʟ ʜʠʩʢʘ 

(ʢʽʥʮʷ ʣʦʧʘʪʢʠ), ʥʘʭʠʣʝʥʦʛʦ ʧʽʜ ʢʫʪʦʤ ʜʦ ʛʦʨʠʟʦʥʪʫ, ʧʨʠ ʨʦʟʢʠʜʘʥʥʽ ʤʽʥʝʨʘʣʴʥʠʭ 

ʜʦʙʨʽʚ ʧʦ ʧʦʚʝʨʭʥʽ ʧʦʣʷ, ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʰʚʠʜʢʽʩʪʴ GOV  ʩʭʦʜʫ ʯʘʩʪʠʥʢʠ 

ʜʦʙʨʠʚ ʫ ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ t  ʩʭʦʜʫ ʯʘʩʪʠʥʢʠ ʟ ʣʦʧʘʪʢʠ ̒  ʚʝʢʪʦʨʥʦʶ ʩʫʤʦʶ  

ʚʽʜʥʦʩʥʦʾ h ʚʠʜʢʦʩʪʽ BCV  ʨʫʭʫ ʯʘʩʪʠʥʢʠ ʧʦ ʣʦʧʘʪʮʽ ʥʘ ʢʽʥʮʽ ʣʦʧʘʪʢʠ ̔  ʧʝʨʝʥʦʩʥʦʾ 

ʰʚʠʜʢʦʩʪʽ NCV  ʣʦʧʘʪʢʠ ʧʨʠ ʦʙʝʨʪʘʥʥʽ ʜʠʩʢʘ. 

ʆʩʢʽʣʴʢʠ ʚʝʢʪʦʨ BCV  ʣʝʞʠʪʴ ʫ ʧʣʦʱʠʥʽ ʜʠʩʢʘ  ̔ʩʧʨʷʤʦʚʘʥʠʡ ʧʦ ʨʘʜʽʫʩʫ 

ʜʠʩʢʘ, ʘ ʚʝʢʪʦʨ NCV  ʪʘʢʦʞ ʣʝʞʠʪʴ ʫ ʧʣʦʱʠʥʽ ʜʠʩʢʘ  ̔ʩʧʨʷʤʦʚʘʥʠʡ ʧʦ ʜʦʪʠʯʥʽʡ 

ʜʦ ʜʠʩʢʘ, ʪʦ  ̔ʚʝʢʪʦʨ GOV  ʪʘʢʦʞ ʣʝʞʠʪʴ ʫ ʧʣʦʱʠʥʽ ʜʠʩʢʘ, ʷʢ ʚʝʢʪʦʨʥʘ ʩʫʤʘ ʜʚʦʭ 

ʚʝʢʪʦʨʽʚ, ʱʦ ʣʝʞʘʪʴ ʫ ʧʣʦʱʠʥʽ ʜʠʩʢʘ. 

ʆʜʥʘʢ ʛʦʣʦʚʥʘ ʩʢʣʘʜʥʽʩʪʴ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʢʫʪ ʤʽʞ ʚʝʢʪʦʨʦʤ GOV   ̔

ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ ʧʣʦʱʠʥʦʶ ʧʨʠ ʮʴʦʤʫ ʚ ʜʦʚʽʣʴʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ t  ʩʭʦʜʫ 

ʯʘʩʪʠʥʢʠ ʟ ʣʦʧʘʪʢʠ ʙʫʜʝ ʟʤʽʥʥʠʤ. ɸ ʷʢʱʦ ʱʝ ʟʚʘʞʠʪʠ ʥʘ ʧʦʩʪʫʧʘʣʴʥʝ 

ʧʝʨʝʤʽʱʝʥʥʷ ʥʘʭʠʣʝʥʦʛʦ ʪʫʢʦʨʦʟʩʽʚʥʦʛʦ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ, ʪʦ ʟʘʚʜʘʥʥʷ ɦ ʝ ʙʽʣʴʰʝ 

ʫʩʢʣʘʜʥʶʻʪʴʩʷ. 

ʊʦʤʫ ʟʘʩʪʦʩʫʚʘʪʠ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʚʠʯʘʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʢʣʘʜʘʥʥʷ 

ʚʝʢʪʦʨʽʚ ʟʘ ʧʨʘʚʠʣʦʤ ʧʘʨʘʣʝʣʦʛʨʘʤʘ ̔  ʪʝʦʨʝʤʫ ʢʦʩʠʥʫʩʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʦʜʫʣʽʚ 

ʮʠʭ ʚʝʢʪʦʨʽʚ ʥʝʤʦʞʣʠʚʦ. ɿʥʘʯʥʦ ʧʨʦʩʪʽʰʠʤ  ̔ ʟʨʫʯʥʽʰʠʤ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʩʢʣʘʜʘʥʥʷ ʚʝʢʪʦʨʽʚ, ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʤʦʜʫʣʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʢʫʪʽʚ ʤʽʞ ʚʝʢʪʦʨʘʤʠ  ̒

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʮʠʭ ʚʝʢʪʦʨʽʚ ʯʝʨʝʟ ʾʭ ʧʨʦʝʢʮʽʾ ʚ ʜʝʢʘʨʪʦʚʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ. 

ɼʦʩʠʪʴ ʧʨʦʩʪʦ ʧʨʠ ʮʴʦʤʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʘʢʦʞ ʩʢʘʣʷʨʥʽ ʪʘ ʚʝʢʪʦʨʥʽ ʜʦʙʫʪʢʠ 

ʚʝʢʪʦʨʽʚ. 

ʅʝʦʙʭʽʜʥʦ ʪʽʣʴʢʠ ʪʘʢ ʦʙʨʘʪʠ ʜʝʢʘʨʪʦʚʫ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ, ʱʦʙ ʧʨʦʝʢʮʽʾ 

ʧʦʪʨʽʙʥʠʭ ʥʘʤ ʚʝʢʪʦʨʽʚ ʚʠʟʥʘʯʠʪʠ ʦʯʝʚʠʜʥʠʤ ʯʠʥʦʤ ʫ ʜʦʚʽʣʴʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ t  

ʩʭʦʜʫ ʯʘʩʪʠʥʢʠ ʟ ʣʦʧʘʪʢʠ. 

ʆʩʢʽʣʴʢʠ ʚ ʢʽʥʮʝʚʦʤʫ ʧʽʜʩʫʤʢʫ ʥʘʤ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʢʫʪ ʤʽʞ ʚʝʢʪʦʨʦʤ 

aV  ʘʙʩʦʣʶʪʥʦʾ ʰʚʠʜʢʦʩʪʽ ʯʘʩʪʠʥʢʠ ʜʦʙʨʠʚ ʚ ʤʦʤʝʥʪ ʾʾ ʩʭʦʜʫ ʟ ʢʽʥʮʷ ʣʦʧʘʪʢʠ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʨʫʭʫ ʘʛʨʝʛʘʪʫ  ̔ ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ ʧʣʦʱʠʥʦʶ, ʪʦ 

ʦʙʝʨʝʤʦ ʩʧʦʯʘʪʢʫ ʜʝʢʘʨʪʦʚʫ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ xOyz, ʧʦʯʘʪʦʢ ʷʢʦʾ (ʪʦʯʢʘ ʆ) 
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ʨʦʟʪʘʰʦʚʘʥʘ ʚ ʮʝʥʪʨʽ ʜʠʩʢʘ, ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ, ʚʽʩʴ Oy  ʣʝʞʠʪʴ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ 

ʧʣʦʱʠʥʽ ʪʘ ʩʧʨʷʤʦʚʘʥʘ ʧʨʦʪʠʣʝʞʥʦ ʥʘʧʨʷʤʢʫ ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʨʫʭʫ ʘʛʨʝʛʘʪʫ, ʚʽʩʴ 
Ox  ʪʘʢʦʞ ʣʝʞʠʪʴ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʪʘ ʩʧʨʷʤʦʚʘʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʽ 
Oy  ʧʨʘʚʦʨʫʯ ʚʽʜ ʟʘʟʥʘʯʝʥʦʾ ʦʩʽ (ʣʽʚʦʨʫʯ ʚʽʜ ʥʘʧʨʷʤʢʫ ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʨʫʭʫ 

ʘʛʨʝʛʘʪʫ), ʚʽʩʴ Oz  ʩʧʨʷʤʦʚʘʥʘ ʚʝʨʪʠʢʘʣʴʥʦ ʚʛʦʨʫ. 

ɼʘʣʽ, ʚʨʘʭʦʚʫʶʯʠ ʪʫ ʦʙʩʪʘʚʠʥʫ, ʱʦ ʜʠʩʢ ʥʘʭʠʣʝʥʠʡ ʧʽʜ ʢʫʪʦʤ a ʜʦ 

ʛʦʨʠʟʦʥʪʫ, ʚʠʙʝʨʝʤʦ ʽʥʰʫ ʜʝʢʘʨʪʦʚʫ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ 1 1 1x Oy z , ʷʢʘ 

ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʦʚʦʨʦʪʫ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ xOyz ʥʘʚʢʦʣʦ ʪʦʯʢʠ ʆ ʥʘ 

ʢʫʪ a (ʢʫʪ ʥʘʭʠʣʫ ʜʠʩʢʘ, ɦ ʦ ʦʙʝʨʪʘʻʪʴʩʷ, ʜʦ ʛʦʨʠʟʦʥʪʫ) ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ 
yOz ʧʨʦʪʠ ʭʦʜʫ ʛʦʜʠʥʥʠʢʦʚʦʾ ʩʪʨʽʣʢʠ. ʇʨʠ ʮʴʦʤʫ ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʧʣʦʱʠʥʘ xOy  

ʦʧʠʥʠʪʴʩʷ ʚ ʧʣʦʱʠʥʽ ʜʠʩʢʘ, ʫʪʚʦʨʶʶʯʠ ʧʣʦʱʠʥʫ 1 1x Oy  ʜʝʢʘʨʪʦʚʦʾ ʩʠʩʪʝʤʠ 

ʢʦʦʨʜʠʥʘʪ 1 1 1x Oy z , ʚʽʩʴ Oz  ʧʦʚʝʨʥʝʪʴʩʷ ʥʘ ʢʫʪ a, ʫʪʚʦʨʶʶʯʠ ʚʽʩʴ 1Oz , ̫ ʢʘ ʙʫʜʝ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʶ ʜʦ ʧʣʦʱʠʥʠ ʜʠʩʢʘ (ʨʠʩ. 1). 

 

 
ʈʠʩ. 1. ɽʢʚʽʚʘʣʝʥʪʥʘ ʩʭʝʤʘ ʩʭʦʜʞʝʥʥʷ ʯʘʩʪʠʥʢʠ ʜʦʙʨʠʚʘ ʟ ʜʠʩʢʘ ʥʘʭʠʣʝʥʦʛʦ 

ʪʫʢʦʨʦʟʩʽʚʥʦʛʦ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʩʪʫʧʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ 

ʘʛʨʝʛʘʪʫ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʠʩʢ ʦʙʝʨʪʘʻʪʴʩʷ ʥʘʚʢʦʣʦ ʦʩʽ, ʱʦ ʟʙʽʛʘʻʪʴʩʷ ʟ ʚʽʩʩʶ 1Oz  ʟ 

ʧʦʩʪʽʡʥʦʶ ʢʫʪʦʚʦʶ ʰʚʠʜʢʽʩʪʶ w ʟʘ ʛʦʜʠʥʥʠʢʦʚʦʶ ʩʪʨʽʣʢʦʶ. ʈʫʭ ʯʘʩʪʠʥʢʠ 

ʜʦʙʨʠʚ ʧʦ ʜʠʩʢʫ ʙʫʜʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʚ ʧʣʦʱʠʥʽ 1 1x Oy , ʘ ʪʦʤʫ ʚʠʟʥʘʯʠʪʠ ʧʨʦʝʢʮʽʾ 

ʚʝʢʪʦʨʽʚ ʰʚʠʜʢʦʩʪʝʡ ʧʝʨʝʤʽʱʝʥʥʷ ʟʘʟʥʘʯʝʥʦʾ ʯʘʩʪʢʠ ʫ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ 

1 1 1x Oy z  ʙʫʜʝ ʜʦʩʠʪʴ ʥʝ ʩʢʣʘʜʥʦ. 

ʉʧʨʘʚʜʽ, ʷʢ ʚʠʜʥʦ ʟ ʨʠʩ., ʫ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ 1 1 1x Oy z  ʚʽʜʥʦʩʥʘ ʰʚʠʜʢʽʩʪʴ 

BCV  ʧʝʨʝʤʽʱʝʥʥʷ ʯʘʩʪʠʥʢʠ ʧʦ ʧʣʦʱʠʥʽ ʜʠʩʢʘ (ʚʟʜʦʚʞ ʣʦʧʘʪʢʠ) ʚ ʤʦʤʝʥʪ 

ʟʥʘʭʦʜʞʝʥʥʷ ʥʘ ʢʨʘʶ ʜʠʩʢʘ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʘʢʠʤ ʚʝʢʪʦʨʦʤ: 
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{ }sin , cos , 0BC BC BCV V t V tw w=

.      (1) 

ʇʝʨʝʥʦʩʥʘ (ʢʦʣʦʚʘ) ʰʚʠʜʢʽʩʪʴ NCV  ʯʘʩʪʠʥʢʠ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʪʘʢʠʤ ʚʝʢʪʦʨʦʤ: 

 
{ }cos , sin , 0NC NC NCV V t V tw w= -

.      (2) 

ʊʦʜʽ ʚʝʢʪʦʨ ʘʙʩʦʣʶʪʥʦʾ ʰʚʠʜʢʦʩʪʽ aV  ʯʘʩʪʠʥʢʠ ʜʦʙʨʠʚʘ ʧʽʜ ʯʘʩ ʾʾ 

ʩʭʦʜʞʝʥʥʷ ʟ ʜʠʩʢʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʨʫʭʫ ʘʛʨʝʛʘʪʫ ʙʫʜʝ 

ʜʦʨʽʚʥʶʚʘʪʠ: 

{ }sin cos , cos sin cos , sina BC NC BC NC ʇ ʇV V t V t V t V t V Vw w w w a a= + - -
    (3) 

ʄʦʜʫʣʴ ʚʝʢʪʦʨʘ aV  (ʪʦʙʪʦ ʚʝʣʠʯʠʥʘ ʘʙʩʦʣʶʪʥʦʾ ʰʚʠʜʢʦʩʪʽ) ʙʫʜʝ 

ʚʠʟʥʘʯʘʪʠʩʴ ʪʘʢ: 

( ) ( )

( )

2 2

1
2 2

sin cos cos sin cos

sin .

a BC NC BC NC ʇ

ʇ

V V t V t V t V t V

V

w w w w a

a

è= + + - - +
ê

ø+
ú  (4) 

ʂʫʪ ʤʽʞ ʚʝʢʪʦʨʦʤ ʘʙʩʦʣʶʪʥʦʾ ʰʚʠʜʢʦʩʪʽ  ̔ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ ʧʣʦʱʠʥʦʶ ʧʨʠ 

ʮʴʦʤʫ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ: 

( ){ (

) } ( ){
( )

( ) ]}

2

22 2

2
2

1
2 2

arccos sin cos cos sin

cos cos sin sin cos

cos sin cos cos sin

cos sin cos sin sin cos

sin co

BC NC BC NC

ʇ ʇ BC NC

BC NC ʇ ʇ

BC NC ʇ ʇ

BC NC

V t V t V t V t

V V V t V t

V t V t V V

V t V t V V

V t V

j w w w w

a a a w w

w w a a a

w w a a a a

w

-

ë
î

= + + - -èì ê
îí

ø- - Ö + +ú

è ø+ - - - +ê ú

+ - - + Ö ³èê

³ +( ){ ( )

}

2

1
2 22

s cos sin cos

cos sin .

BC NC ʇ

ʇ

t V t V t V

V

w w w a

a a
-

+ - - ³èê

ûî
ø³ - üú

îý   (5) 

ʆʪʞʝ, ʦʪʨʠʤʘʥʦ ʚʠʨʘʟ (5) ʚʠʟʥʘʯʝʥʥʷ ʢʫʪʘ j ʤʽʞ ʚʝʢʪʦʨʦʤ aV   ̔

ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ ʧʣʦʱʠʥʦʶ ʚ ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ t  ʩʭʦʜʞʝʥʥʷ ʯʘʩʪʠʥʢʠ ʟ 

ʣʦʧʘʪʢʠ. ʎʝʡ ʢʫʪ ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʥʘ ʜʘʣʴʥʽʩʪʴ ʧʦʣʴʦʪʫ ʯʘʩʪʠʥʢʠ ʜʦʙʨʠʚʘ ʧʽʩʣʷ ʾʾ 

ʩʭʦʜʞʝʥʥʷ ʟ ʜʠʩʢʘ ʥʘʭʠʣʝʥʦʛʦ ʪʫʢʦʨʦʟʩʽʚʥʦʛʦ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ, ʘ, ʦʪʞʝ,  ̔ʥʘ 

ʟʙʽʣʴʰʝʥʥʷ ʨʦʙʦʯʦʾ ʰʠʨʠʥʠ ʟʘʭʚʘʪʫ ʤʘʰʠʥʠ ʜʣʷ ʚʥʝʩʝʥʥʷ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ.  
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ʋɼʂ 539.3 

 

ɼʆʉʃɯɼɾɽʅʅʗ ʆʉʔʆɺʆɻʆ ʈʆɿʊʗɻʋ ʇʃɸʉʊʀʅʀ, ʇʆʉʃɸɹʃɽʅʆɰ 

ɼɺʆʗʂʆ-ʇɽʈɯʆɼʀʏʅʆʖ ʉʀʉʊɽʄʆʖ ʂʈʋɻʃʀʍ ʆʊɺʆʈɯɺ, 

ʄɽʊʆɼʆʄ ʉʂɯʅʏɽʅʅʀʍ ɽʃɽʄɽʅʊɯɺ 

 

ʂʫʮʝʥʢʦ ɸ. ɻ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ  ̔ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʋ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʤʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʜʚʦʷʢʦ-ʧʝʨʽʦʜʠʯʥʽ 

ʧʝʨʬʦʨʦʚʘʥʽ ʧʣʘʩʪʠʥʢʠ ʯʠ ʦʙʦʣʦʥʢʠ ʜʦʩʪʘʪʥʴʦ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ. ʗʢ 

ʧʨʘʚʠʣʦ, ʮʝ ʦʙʫʤʦʚʣʝʥʦ ʜʚʦʤʘ ʧʨʠʯʠʥʘʤʠ: ʧʦ-ʧʝʨʰʝ, ʥʘʤʘʛʘʥʥʷʤ ʢʦʥʩʪʨʫʢʪʦʨʽʚ 

ʟʤʝʥʰʠʪʠ ʚʘʛʫ ʢʦʥʩʪʨʫʢʮʽʾ ʚ ʮʽʣʦʤʫ, ʘ ʧʦ-ʜʨʫʛʝ, ʽʥʢʦʣʠ ʦʪʚʦʨʠ ʤʘʶʪʴ 

ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ï ʯʝʨʝʟ ʥʠʭ ʧʨʦʭʦʜʷʪʴ ʧʦʪʦʢʠ ʨʽʟʥʠʭ ʩʫʤʽʰʝʡ. ɸ 

ʪʦʤʫ  ̒ ʥʝʦʙʭʽʜʥʽʩʪʴ ʝʬʝʢʪʠʚʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʚ ʪʘʢʠʭ 

ʝʣʝʤʝʥʪʘʭ. 

ɯʥʢʦʣʠ ʧʨʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦʤʫ ʨʦʟʨʘʭʫʥʢʫ ʜʚʦʷʢʦ-ʧʝʨʽʦʜʠʯʥʦ ʧʝʨʬʦʨʦʚʘʥʠʭ 

ʧʣʘʩʪʠʥʦʢ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚʠʥʠʢʘʶʪʴ ʟʘʜʘʯʽ ʚʝʣʠʢʦʾ ʨʦʟʤʽʨʥʦʩʪʽ, 

ʨʦʟʚôʷʟʘʥʥʷ ʷʢʠʭ ʚʠʤʘʛʘʻ ʟʥʘʯʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʪʘ ʯʘʩʦʚʠʭ ʨʝʩʫʨʩʽʚ. ɸ ʪʦʤʫ 

ʫ ʨʦʙʦʪʽ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ, ʷʢ ʤʦʞʣʠʚʠʡ, ʧʽʜʭʽʜ ʫ ʚʠʨʽʰʝʥʥʽ ʚʢʘʟʘʥʦʾ 

ʧʨʦʙʣʝʤʠ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʫ ʟʘʤʽʥʽ ʜʚʦʷʢʦ-ʧʝʨʽʦʜʠʯʥʦʾ ʧʣʘʩʪʠʥʠ ʦʜʥʦʨʽʜʥʦʶ, ʟ 

ʧʨʠʚʝʜʝʥʠʤʠ (ʝʢʚʽʚʘʣʝʥʪʥʠʤʠ) ʧʨʫʞʥʠʤʠ ʩʪʘʣʠʤʠ. ʋ ʨʦʙʦʪʽ ʚʽʥ ʙʫʚ 

ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʠʡ ʥʘ ʧʨʠʢʣʘʜʽ ʟʘʜʘʯʽ ʧʨʦ ʦʩʴʦʚʠʡ ʨʦʟʪʷʛ ʧʣʘʩʪʠʥʠ, 

ʧʦʩʣʘʙʣʝʥʦʾ ʜʚʦʷʢʦ-ʧʝʨʽʦʜʠʯʥʦʶ ʩʠʩʪʝʤʦʶ ʢʨʫʛʣʠʭ ʦʪʚʦʨʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ 

ʰʘʭʦʚʦʤʫ ʧʦʨʷʜʢʫ. 

ʇʦʯʘʪʢʦʚʫ ʟʘʜʘʯʫ ʙʫʣʦ ʧʨʠʚʝʜʝʥʦ ʜʦ ʜʨʫʛʦʾ ʟʘʜʘʯʽ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ ʜʣʷ 

ʦʜʥʦʛʦ ʧʝʨʽʦʜʫ, ʷʢʘ ʨʦʟʚôʷʟʫʚʘʣʘʩʷ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʧʘʢʝʪʫ CalculiX [1, 2]. ʋ ʨʝʟʫʣʴʪʘʪʽ ʾ ʾ ʨʦʟʚôʷʟʘʥʥʷ 

ʙʫʣʠ ʟʥʘʡʜʝʥʽ ʧʨʠʚʝʜʝʥʽ ʧʨʫʞʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʦʜʥʦʨʽʜʥʦʾ 

ʦʨʪʦʪʨʦʧʥʦʾ ʧʣʘʪʽʚʢʠ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʾʭ ʧʦʚʝʜʽʥʢʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʙʝʟʨʦʟʤʽʨʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʆʙʣʘʩʪʴ ʟʤʽʥʠ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʚʠʷʚʠʣʘʩʷ ʨʦʟʙʠʪʦʶ ʥʘ ʜʚʽ ʧʽʜʦʙʣʘʩʪʽ. ʇʦʚʝʜʽʥʢʘ ʧʨʠʚʝʜʝʥʠʭ ʧʨʫʞʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʮʠʭ ʦʙʣʘʩʪʷʭ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ. ɺʠʢʦʥʘʥʠʡ ʧʦʨʽʚʥʷʣʴʥʠʡ 

ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʚʽʜʦʤʠʤʠ ʟ ʣʽʪʝʨʘʪʫʨʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʽʜʪʚʝʨʜʠʚ 

ʾʭ ʘʜʝʢʚʘʪʥʽʩʪʴ. 

ʃʽʪʝʨʘʪʫʨʘ 
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ɿʆʅʋɺɸʅʅʗ ʄɯʉʎʔ ɺ ʊɽɸʊʈɯ ɿ ʈʗɼɸʄʀ ʋ ɺʀɻʃʗɼɯ 

ɼɺʆʍʃɸʅʂʆɺʀʍ ʃɸʄɸʅʀʍ ɿɸ ʆɹôɭʄʆʄ ɿɸʊʋʃʗʅʅʗ ʉʎɽʅʀ 

 

ɿʜʘʥʝʚʠʯ ɺ. ɸ., ʂʫʥʜʨʘʪ ʊ. ʄ., ʃʽʪʥʽʮʴʢʠʡ ʉ. ɯ., ʇʫʛʘʯʦʚ ɭ. ɺ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʚʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ 

 

ʇʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ ʚʠʜʠʤʦʩʪʽ ʟʘ ʜʚʦʚʠʤʽʨʥʦʶ ʤʦʜʝʣʣʶ, ʢʦʣʠ ʢʦʦʨʜʠʥʘʪʠ 

ʤʦʥʦʢʫʣʷʨʥʠʭ ʦʯʝʡ ʛʣʷʜʘʯʽʚ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʥʘ ʧʦʟʜʦʚʞʥʴʦʤʫ ʨʦʟʨʽʟʽ ʟʘʣʫ, 

ʤʦʞʝ ʚʠʥʠʢʘʪʠ ʟʘʪʫʣʷʥʥʷ ʯʘʩʪʠʥʠ ʩʮʝʥʠ ʛʣʷʜʘʯʘʤʠ ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʷʜʫ, 

ʦʙʫʤʦʚʣʝʥʝ ʬʦʨʤʦʶ ʨʷʜʽʚ ʚ ʧʣʘʥʽ ʪʘ ʬʦʨʤʦʶ ʬʦʢʫʩʥʦʾ ʣʽʥʽʾ. ɿʘʪʫʣʷʥʥ ̫ʤʦʞʥʘ 

ʦʮʽʥʠʪʠ ʟʘ ʦʙô̒ ʤʦʤ ʧʨʦʩʪʦʨʫ ʥʘʜ ʟʘʪʫʣʝʥʦʶ ʯʘʩʪʠʥʦʶ ʩʮʝʥʠ ʜʣʷ ʢʦʞʥʦʛʦ 

ʛʣʷʜʘʯʘ. ʆʙô̒ ʤ ʟʘʪʫʣʷʥʥʷ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʟʦʥʫʚʘʥʥʷ ʥʦʨʤʘʪʠʚʥʦʾ ʟʦʥʠ 

[1] ʨʦʟʤʽʱʝʥʥʷ ʛʣʷʜʘʯʽʚ. 

ɼʣʷ ʥʘʚʝʜʝʥʦʛʦ ʥʘ ʨʠʩ. 1 ʨʦʟʤʽʱʝʥʥʷ ʨʷʜʽʚ ʚ ʧʣʘʥʽ (ʜʚʦʭʣʘʥʢʦʚʽ ʣʘʤʘʥʽ) 

ʟʛʘʜʘʥʠʡ ʦʙôʻʤ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʛʣʷʜʘʯʘ ʥʘʩʪʫʧʥʦʛʦ ʨʷʜʫ ʦʙʤʝʞʝʥʠʡ [2] ʟʚʝʨʭʫ 

ʧʣʦʱʠʥʦʶ, ʟʘʜʘʥʦʶ ʜʚʦʤʘ ʧʘʨʘʣʝʣʴʥʠʤʠ ʧʨʷʤʠʤʠ ï ʧʨʷʤʦʶ ʤʘʢʽʚʦʢ ʛʣʷʜʘʯʽʚ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʷʜʫ  ̔ ʧʨʷʤʦʶ ʦʯʝʡ ʛʣʷʜʘʯʽʚ ʥʘʩʪʫʧʥʦʛʦ ʨʷʜʫ. ɿ ʙʦʢʽʚ ʦʙôʻʤ 

ʟʘʪʫʣʷʥʥʷ ʦʙʤʝʞʫʻʪʴʩʷ ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʧʣʦʱʠʥʘʤʠ: ʽʥʮʠʜʝʥʪʥʠʤʠ ʧʝʨʝʜʥʽʡ ʪʘ 

ʙʦʢʦʚʽʡ ʢʨʦʤʢʘʤ ʘʚʘʥʩʮʝʥʠ (FC ʪʘ BC), ʧʣʦʱʠʥʦʶ Aɺ, ʷʢʘ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ 

ʤʦʥʦʢʫʣʷʨʥʝ ʦʢʦ ʢʦʥʢʨʝʪʥʦʛʦ ʛʣʷʜʘʯʘ ʥʘʩʪʫʧʥʦʛʦ ʨʷʜʫ  ̔ʧʝʨʝʜʥʽʡ ʢʨʘʡ ʧʦʨʪʘʣʫ 

(ʫʤʦʚʥʦ ʧʦʨʪʘʣ ʧʨʠʡʤʘʚʩʷ ʥʫʣʴʦʚʦʾ ʪʦʚʱʠʥʠ) ʪʘ ʧʝʨʝʜʥʴʦʶ ʛʨʘʥʥʶ ʧʦʨʪʘʣʫ. 

ɿʥʠʟʫ ï ʧʣʘʥʰʝʪʦʤ ʩʮʝʥʠ. ɺʝʨʭʥʷ  ̔ʥʠʞʥʷ ʧʣʦʱʠʥʘ ʚ ʧʝʨʝʪʠʥʽ  ̔ʟʘʜʘʶʪʴ ʧʨʷʤʫ 

AF ï ʦʜʥʝ ʟ ʨʝʙʝʨ ʤʥʦʛʦʛʨʘʥʥʠʢʘ, ʷʢʠʡ ʦʙʤʝʞʫʻ ʦʙôʻʤ ʟʘʪʫʣʷʥʥʷ.  

 
ʈʠʩ. 1. ʅʦʨʤʘʪʠʚʥʘ ʟʦʥʘ ʨʦʟʤʽʱʝʥʥʷ ʤʽʩʮʴ, ʩʮʝʥʘ ʪʘ ʨʷʜʠ ʚ ʧʣʘʥʽ ʫ ʚʠʛʣʷʜʽ 

ʜʚʦʭʣʘʥʢʦʚʠʭ ʣʘʤʘʥʠʭ 
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ʈʠʩ. 2. ɿʘʣʝʞʥʽʩʪʴ ʦʙô̒ ʤʫ ʟʘʪʫʣʷʥʥʷ (ʤ3) ʚʽʜ ʥʦʤʝʨʘ ʤʽʩʮʷ ʚ ʨʷʜʽ ʜʣʷ 2-ʛʦ ʨʷʜʫ 
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ʈʠʩ. 3. ɿʘʣʝʞʥʽʩʪʴ ʦʙôʻʤʫ ʟʘʪʫʣʷʥʥʷ (ʤ3) ʚʽʜ ʥʦʤʝʨʘ ʤʽʩʮʷ ʚ ʨʷʜʽ ʜʣʷ 21-ʛʦ ʨʷʜʫ 

 

ɺ ʨʦʙʦʪʽ [2] ʜʣʷ ʨʷʜʽʚ ʚ ʧʣʘʥʽ ʫ ʚʠʛʣʷʜʽ ʜʚʦʭʣʘʥʢʦʚʠʭ ʣʘʤʘʥʠʭ (ʨʠʩ. 1) 

ʦʙôʻʤ ʟʘʪʫʣʷʥʥʷ ʚʠʟʥʘʯʘʚʩʷ ʷʢ ʦʙôʻʤ ʟʛʘʜʘʥʦʛʦ ʤʥʦʛʦʛʨʘʥʥʠʢʘ. ɿʨʦʟʫʤʽʣʦ, ʱʦ 

ʜʣʷ ʛʣʷʜʘʯʽʚ ʧʝʨʰʦʛʦ ʨʷʜʫ ʟʘʪʫʣʷʥʥʷ ʥʝ ʚʠʥʠʢʘʻ. ɼʣʷ ʛʣʷʜʘʯʽʚ ʨʝʰʪʠ ʨʷʜʽʚ 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʦʙôʻʤ ʟʘʪʫʣʷʥʥʷ ʚ ʨʷʜʽ ʟʨʦʩʪʘʻ ʟ ʚʽʜʜʘʣʝʥʥʷʤ ʨʷʜʫ ʚʽʜ ʝʢʨʘʥʘ  ̔ʚ 

ʤʝʞʘʭ ʢʦʞʥʦʛʦ ʨʷʜʫ ʨʦʟʧʦʜʽʣʝʥʠʡ ʥʝʨʽʚʥʦʤʽʨʥʦ ï ʟʨʦʩʪʘʻ ʚʽʜ ʡʦʛʦ ʢʨʘʾʚ ʜʦ 

ʩʝʨʝʜʠʥʠ. ʅʘ ʨʠʩ. 2 ʪʘ 3 ʥʘʚʝʜʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʦʙôʻʤʫ ʟʘʪʫʣʷʥʥʷ ʚʽʜ ʥʦʤʝʨʘ ʤʽʩʮʷ 

ʚ ʨʷʜʽ ʜʣʷ  2-ʛʦ ʪʘ 21-ʛʦ (ʦʩʪʘʥʥʴʦʛʦ) ʨʷʜʽʚ ʚʽʜʧʦʚʽʜʥʦ. 
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ʈʠʩ. 4. ʇʦʚʝʨʭʥʷ ʦʙôʻʤʫ ʟʘʪʫʣʷʥʥʷ (ʤ3) ʜʣʷ ʛʣʷʜʘʯʽʚ, ʨʦʟʤʽʱʝʥʠʭ  ʚ 

ʥʦʨʤʘʪʠʚʥʽʡ ʟʦʥʽ 

 

ʇʦʚʝʨʭʥʷ ʦʙôʻʤʫ ʟʘʪʫʣʷʥʥʷ [2] ʜʣʷ ʛʣʷʜʘʯʽʚ, ʨʦʟʤʽʱʝʥʠʭ ʚ ʤʝʞʘʭ 

ʥʦʨʤʘʪʠʚʥʦʾ ʟʦʥʠ, ʧʦʢʘʟʘʥʘ ʨʠʩ. 3. 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 2, ʨʠʩ. 3, ʨʠʩ. 4 ʜʣʷ ʛʣʷʜʘʯʽʚ, ʨʦʟʤʽʱʝʥʠʭ ʫʟʜʦʚʞ ʦʩʽ ʭ 

(ʪʦʙʪʦ ʚ ʧʝʨʝʨʽʟʽ ʟʘʣʫ, ʚ ̫ʢʦʤʫ ʨʦʟʨʘʭʦʚʫʚʘʣʘʩʴ ʙʝʟʧʝʨʝʰʢʦʜʥʘ ʚʠʜʠʤʽʩʪʴ), ʦʙôʻʤ 

ʟʘʪʫʣʷʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʡ. ʇʦʚʝʨʭʥʷ ʩʠʤʝʪʨʠʯʥʘ ʚʽʜʥʦʩʥʦ ʚʝʨʪʠʢʘʣʴʥʦʾ ʧʣʦʱʠʥʠ 

ʩʠʤʝʪʨʽʾ ʥʦʨʤʘʪʠʚʥʦʾ ʟʦʥʠ. ʄʘʢʩʠʤʘʣʴʥʘ ʧʣʦʱʘ ʟʘʪʫʣʷʥʥʷ ʩʷʛʘʻ ʧʨʠʙʣʠʟʥʦ 

0,99 ʤ3. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʘʶʯʠ ʧʦʚʝʨʭʥʶ ʦʙôʻʤʫ ʟʘʪʫʣʷʥʥʷ, ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʟʦʥʠ 

ʨʦʟʤʽʱʝʥʥʷ ʛʣʷʜʘʯʽʚ ʚ ʥʦʨʤʘʪʠʚʥʽʡ ʟʦʥʽ,  ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʜʘʥʠʭ ʛʨʘʜʘʮʽʡ ʧʣʦʱʽ 

ʟʘʪʫʣʷʥʥʷ. ɸʙʦ ï ʽʥʰʠʡ ʚʘʨʽʘʥʪ ï ʚʠʭʦʜʷʯʠ ʽʟ ʟʘʜʘʥʦʾ ʢʽʣʴʢʦʩʪʽ ʟʦʥ. 

ɺ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ,  ʢʦʣʠ ʟʘʜʘʥʽ ʛʨʘʜʘʮʽʾ ʦʙôʻʤʫ ʟʘʪʫʣʷʥʥʷ (ʟʚʽʩʥʦ, ʚ 

ʤʝʞʘʭ ʚʽʜ ʥʫʣʷ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʦʪʨʠʤʘʥʦʛʦ ʜʣʷ ʢʦʥʢʨʝʪʥʦʾ ʩʠʪʫʘʮʽʾ 

ʨʦʟʤʽʱʝʥʥʷ ʨʷʜʽʚ), ʟʘʜʘʯʘ ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʣʽʥʽʡ ʧʝʨʝʪʠʥʫ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʧʣʦʱʠʥ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘʜʘʥʠʤ ʛʨʘʜʘʮʽʷʤ, ʟ ʧʦʚʝʨʭʥʝʶ 

ʦʙôʻʤʫ ʟʘʪʫʣʷʥʥʷ. ʊʦʙʪʦ ʧʦʙʫʜʦʚʠ ʢʦʥʢʨʝʪʥʠʭ ʽʟʦʣʽʥʽʡ ʧʦʚʝʨʭʥʽ ʦʙôʻʤʫ 

ʟʘʪʫʣʷʥʥʷ, ʷʢʽ ʚʽʜʜʽʣʷʪʠʤʫʪ ɹʟʦʥʠ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ. ɺʽʜʧʦʚʽʜʥʦ, ʟʘ ʢʦʦʨʜʠʥʘʪʘʤʠ 

ʤʦʥʦʢʫʣʷʨʥʦʛʦ ʦʢʘ ʢʦʞʥʦʛʦ ʛʣʷʜʘʯʘ ʤʦʞʥʘ ʚʠʟʥʘʯʘʪʠ ʟʦʥʫ, ʚ ̫ ʢʫ ʧʦʪʨʘʧʣʷʻ ʡʦʛʦ 

ʢʨʽʩʣʦ.  

ɺ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʟʘʜʘʥʘ ʢʽʣʴʢʽʩʪʴ ʟʦʥ, ʾʭ ʛʨʘʥʠʮʽ ʣʝʛʢʦ 

ʚʽʟʫʘʣʽʟʫʚʘʪʠ, ʟʘʜʘʶʯʠ ʢʽʣʴʢʽʩʪʴ ʽʟʦʣʽʥʽʡ (ʥʘ ʦʜʥʫ ʤʝʥʰʝ ʥʽʞ ʟʘʜʘʥʘ ʢʽʣʴʢʽʩʪʴ 

ʟʦʥ) ʧʨʠ ʧʦʙʫʜʦʚʽ ʢʦʥʪʫʨʥʦʛʦ ʛʨʘʬʽʢʘ ʧʦʚʝʨʭʥʽ ʦʙôʻʤʫ ʟʘʪʫʣʷʥʥʷ ʚ ʩʝʨʝʜʦʚʠʱʽ 

MathCad. 
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ʅʘʧʨʠʢʣʘʜ, ʥʘ ʨʠʩ. 5. ʧʦʢʘʟʘʥʦ ʟʦʥʫʚʘʥʥʷ ʥʦʨʤʘʪʠʚʥʦʾ ʟʦʥʠ ʨʦʟʤʽʱʝʥʥʷ 

ʛʣʷʜʘʯʽʚ ʜʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʟʘʜʘʥʦ ʜʚʽ ʽʟʦʣʽʥʽʾ  ̔ʦʪʨʠʤʘʥʦ ʪʨʠ ʟʦʥʠ. ɻʨʘʥʠʮʽ ʟʦʥ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʷʤ ʧʣʦʱʽ ʟʘʪʫʣʷʥʥʷ 0,00; 0,33; 0,66 ʪʘ 0,99 ʤ3. 

 
ʈʠʩ. 5. ɿʦʥʫʚʘʥʥʷ ʥʦʨʤʘʪʠʚʥʦʾ ʟʦʥʠ ʟʘ ʦʙôʻʤʦʤ ʟʘʪʫʣʷʥʥʷ (ʪʨʠ ʟʦʥʠ, ʜʚʽ ʽʟʦʣʽʥʽʾ) 

 

ʆʪʞʝ, ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 3 ʧʨʠʢʣʘʜ ʟʦʥʫʚʘʥʥʷ, ʜʝʤʦʥʩʪʨʫʻ, ʱʦ ʥʘʡʢʨʘʱʽ 

ʤʽʩʮʷ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʧʝʨʰʠʭ ʨʷʜʘʭ,  ̔ʷʢʽʩʪʴ ʩʧʨʠʡʥʷʪʪʷ ʪʝʘʪʨʘʣʴʥʦʛʦ ʜʽʡʩʪʚʘ ʚ 

ʦʩʥʦʚʥʦʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʽʜʜʘʣʝʥʥʷ ʤʽʩʮʷ ʚʽʜ ʩʮʝʥʠ. 
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ʋɼʂ 514.18:728.8 

 

ɿʆʅʋɺɸʅʅʗ ʄɯʉʎʔ ɺ ʂɯʅʆʊɽɸʊʈɯ ɿɸ ʇʃʆʑɽʖ ɿɸʊʋʃʗʅʅʗ 

ɽʂʈɸʅɸ 

 

ɿʜʘʥʝʚʠʯ ɺ. ɸ., ʂʫʥʜʨʘʪ ʊ. ʄ., ʃʽʪʥʽʮʴʢʠʡ ʉ. ɯ., ʇʫʛʘʯʦʚ ɭ. ɺ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʚʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ 

 

ʇʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ ʚʠʜʠʤʦʩʪʽ ʟʘ ʜʚʦʚʠʤʽʨʥʦʶ ʤʦʜʝʣʣʶ, ʢʦʣʠ ʢʦʦʨʜʠʥʘʪʠ 

ʤʦʥʦʢʫʣʷʨʥʠʭ ʦʯʝʡ ʛʣʷʜʘʯʽʚ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʥʘ ʧʦʟʜʦʚʞʥʴʦʤʫ ʨʦʟʨʽʟʽ ʟʘʣʫ, 

ʤʦʞʝ ʚʠʥʠʢʘʪʠ ʟʘʪʫʣʷʥʥʷ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥʠ ʢʽʥʦʝʢʨʘʥʫ ʛʣʷʜʘʯʘʤʠ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʨʷʜʫ, ʦʙʫʤʦʚʣʝʥʝ ʬʦʨʤʦʶ ʨʷʜʽʚ ʚ ʧʣʘʥʽ ʪʘ ʬʦʨʤʦʶ ʬʦʢʫʩʥʦʾ ʣʽʥʽʾ. ɿʘʪʫʣʷʥʥʷ 

ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʟʘ ʧʣʦʱʝʶ ʟʘʪʫʣʝʥʦʾ ʜʣʷ ʢʦʞʥʦʛʦ ʛʣʷʜʘʯʘ ʯʘʩʪʠʥʠ ʝʢʨʘʥʫ. ʇʣʦʱʘ 

ʟʘʪʫʣʷʥʥʷ ʤʦʞʝ ʙʫʪʠ ʢʨʠʪʝʨʽʻʤ ʜʣʷ ʟʦʥʫʚʘʥʥʷ ʤʽʩʮʴ ʚ ʥʦʨʤʘʪʠʚʥʽʡ ʟʦʥʽ [1]. 

ɺ [2, 3] ʜʣʷ ʨʷʜʽʚ ʚ ʧʣʘʥʽ ʫ ʚʠʛʣʷʜʽ ʢʦʥʮʝʥʪʨʠʯʥʠʭ ʢʽʣ  ̔ʧʣʦʩʢʦʛʦ ʝʢʨʘʥʘ 

(ʨʠʩ. 1) ʧʣʦʱʘ ʟʘʪʫʣʷʥʥʷ ʚʠʟʥʘʯʘʣʘʩʴ ʷʢ ʧʣʦʱʘ ʮʝʥʪʨʘʣʴʥʦʾ ʧʨʦʻʢʮʽʾ ʥʘ ʝʢʨʘʥ ʟ 

ʤʦʥʦʢʫʣʷʨʥʦʛʦ ʦʢʘ ʢʦʞʥʦʛʦ ʛʣʷʜʘʯʘ ʣʽʥʽʾ ʤʘʢʽʚʦʢ ʛʣʷʜʘʯʽʚ ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʷʜʫ. 

ɿʨʦʟʫʤʽʣʦ, ʱʦ ʜʣʷ ʛʣʷʜʘʯʽʚ ʧʝʨʰʦʛʦ ʨʷʜʫ ʟʘʪʫʣʷʥʥʷ ʥʝ ʚʠʥʠʢʘʻ. ɼʣʷ 

ʛʣʷʜʘʯʽʚ ʨʝʰʪʠ ʨʷʜʽʚ ʧʣʦʱʘ ʟʘʪʫʣʷʥʥʷ ʟʨʦʩʪʘʻ ʟ ʚʽʜʜʘʣʝʥʥʷʤ ʨʷʜʫ ʚʽʜ ʝʢʨʘʥʘ ʽ ʚ 

ʤʝʞʘʭ ʢʦʞʥʦʛʦ ʨʷʜʫ ʨʦʟʧʦʜʽʣʝʥʘ ʥʝʨʽʚʥʦʤʽʨʥʦ. ʇʦʚʝʨʭʥʷ ʧʣʦʱʽ ʟʘʪʫʣʷʥʥʷ [2, 3] 

ʜʣʷ ʛʣʷʜʘʯʽʚ, ʨʦʟʤʽʱʝʥʠʭ ʚ ʤʝʞʘʭ ʥʦʨʤʘʪʠʚʥʦʾ ʟʦʥʠ [1], ʧʦʢʘʟʘʥʘ ʨʠʩ. 2. 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ.2, ʜʣʷ ʛʣʷʜʘʯʽʚ, ʨʦʟʤʽʱʝʥʠʭ ʫʟʜʦʚʞ ʦʩʽ ʭ (ʪʦʙʪʦ ʚ ʧʝʨʝʨʽʟʽ 

ʟʘʣʫ, ʷ ʷʢʦʤʫ ʨʦʟʨʘʭʦʚʫʚʘʣʘʩʴ ʙʝʟʧʝʨʝʰʢʦʜʥʘ ʚʠʜʠʤʽʩʪʴ), ʧʣʦʱʘ ʟʘʪʫʣʷʥʥʷ 

ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ʇʦʚʝʨʭʥʷ ʩʠʤʝʪʨʠʯʥʘ ʚʽʜʥʦʩʥʦ ʚʝʨʪʠʢʘʣʴʥʦʾ ʧʣʦʱʠʥʠ ʩʠʤʝʪʨʽʾ 

ʥʦʨʤʘʪʠʚʥʦʾ ʟʦʥʠ. ɼʣʷ ʦʩʪʘʥʥʴʦʛʦ 29-ʛʦ ʨʷʜʫ ʟʘʣʝʞʥʽʩʪʴ ʧʣʦʱʽ ʟʘʪʫʣʷʥʥʷ ʚʽʜ 

ʥʦʤʝʨʘ ʤʽʩʮʷ ʚ ʨʷʜʫ (225 ʤʽʩʮʴ) ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ 3. ʄʘʢʩʠʤʘʣʴʥʘ ʧʣʦʱʘ ʟʘʪʫʣʷʥʥʷ 

ʩʷʛʘʻ ʧʨʠʙʣʠʟʥʦ 1,34 ʤ2. 

 
ʈʠʩ. 1. ʅʦʨʤʘʪʠʚʥʘ ʟʦʥʘ ʨʦʟʤʽʱʝʥʥʷ ʤʽʩʮʴ, ʧʣʦʩʢʠʡ ʢʽʥʦʝʢʨʘʥ ʪʘ ʨʷʜʠ ʚ ʧʣʘʥ ̔ʫ 

ʚʠʛʣʷʜʽ ʢʦʥʮʝʥʪʨʠʯʥʠʭ ʢʽʣ 
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ʈʠʩ. 2. ʇʦʚʝʨʭʥʷ ʧʣʦʱʽ ʟʘʪʫʣʷʥʥʷ (ʤ2) ʜʣʷ ʛʣʷʜʘʯʽʚ, ʨʦʟʤʽʱʝʥʠʭ  ʚ ʥʦʨʤʘʪʠʚʥʽʡ 

ʟʦʥʽ 
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ʈʠʩ. 3. ɿʘʣʝʞʥʽʩʪʴ ʧʣʦʱʽ ʟʘʪʫʣʷʥʥʷ (ʤ2) ʚʽʜ ʥʦʤʝʨʘ ʤʽʩʮʷ ʜʣʷ ʦʩʪʘʥʥʴʦʛʦ 29-ʛʦ 

ʨʷʜʫ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʘʶʯʠ ʧʦʚʝʨʭʥʶ ʧʣʦʱʽ ʟʘʪʫʣʷʥʥʷ, ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʟʦʥʠ 

ʨʦʟʤʽʱʝʥʥʷ ʛʣʷʜʘʯʽʚ ʚ ʥʦʨʤʘʪʠʚʥʽʡ ʟʦʥʽ,  ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʜʘʥʠʭ ʛʨʘʜʘʮʽʡ ʧʣʦʱʽ 

ʟʘʪʫʣʷʥʥʷ. ɸʙʦ ï ʽʥʰʠʡ ʚʘʨʽʘʥʪ ï ʚʠʭʦʜʷʯʠ ʽʟ ʟʘʜʘʥʦʾ ʢʽʣʴʢʦʩʪʽ ʟʦʥ. 

ɺ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ,  ʢʦʣʠ ʟʘʜʘʥʽ ʛʨʘʜʘʮʽʾ ʧʣʦʱʽ ʟʘʪʫʣʷʥʥʷ (ʟʚʽʩʥʦ, ʚ ʤʝʞʘʭ 

ʚʽʜ ʥʫʣʷ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʦʪʨʠʤʘʥʦʛʦ ʜʣʷ ʢʦʥʢʨʝʪʥʦʾ ʩʠʪʫʘʮʽʾ 
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ʨʦʟʤʽʱʝʥʥʷ ʨʷʜʽʚ ʪʘ ʢʽʥʦʝʢʨʘʥʘ), ʟʘʜʘʯʘ ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʣʽʥʽʡ ʧʝʨʝʪʠʥʫ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʧʣʦʱʠʥ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘʜʘʥʠʤ ʛʨʘʜʘʮʽʷʤ, ʟ ʧʦʚʝʨʭʥʝʶ 

ʧʣʦʱʽ ʟʘʪʫʣʷʥʥʷ. ʊʦʙʪʦ ʧʦʙʫʜʦʚʠ ʢʦʥʢʨʝʪʥʠʭ ̔ ʟʦʣʽʥʽʡ ʧʦʚʝʨʭʥʽ ʧʣʦʱʽ ʟʘʪʫʣʷʥʥʷ, 

ʷʢʽ ʚʽʜʜʽʣʷʪʠʤʫʪʴ ʟʦʥʠ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ. ɺʽʜʧʦʚʽʜʥʦ, ʟʘ ʢʦʦʨʜʠʥʘʪʘʤʠ 

ʤʦʥʦʢʫʣʷʨʥʦʛʦ ʦʢʘ ʢʦʞʥʦʛʦ ʛʣʷʜʘʯʘ ʤʦʞʥʘ ʚʠʟʥʘʯʘʪʠ ʟʦʥʫ, ʚ ̫ ʢʫ ʧʦʪʨʘʧʣʷʻ ʡʦʛʦ 

ʢʨʽʩʣʦ. ɺ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʟʘʜʘʥʘ ʢʽʣʴʢʽʩʪʴ ʟʦʥ, ʾʭ ʛʨʘʥʠʮʽ ʣʝʛʢʦ 

ʚʽʟʫʘʣʽʟʫʚʘʪʠ, ʟʘʜʘʶʯʠ ʢʽʣʴʢʽʩʪʴ ʽʟʦʣʽʥʽʡ (ʥʘ ʦʜʥʫ ʤʝʥʰʝ ʥʽʞ ʟʘʜʘʥʘ ʢʽʣʴʢʽʩʪʴ 

ʟʦʥ) ʧʨʠ ʧʦʙʫʜʦʚʽ ʢʦʥʪʫʨʥʦʛʦ ʛʨʘʬʽʢʘ ʧʦʚʝʨʭʥʽ ʧʣʦʱʽ ʟʘʪʫʣʷʥʥʷ ʚ ʩʝʨʝʜʦʚʠʱʽ 

MathCad. ʅʘʧʨʠʢʣʘʜ, ʥʘ ʨʠʩ. 3. ʧʦʢʘʟʘʥʦ ʟʦʥʫʚʘʥʥʷ ʥʦʨʤʘʪʠʚʥʦʾ ʟʦʥʠ 

ʨʦʟʤʽʱʝʥʥʷ ʛʣʷʜʘʯʽʚ ʜʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʟʘʜʘʥʦ ʪʨʠ ʽʟʦʣʽʥʽʾ  ̔ʦʪʨʠʤʘʥʦ ʯʦʪʠʨʠ 

ʟʦʥʠ. ɻʨʘʥʠʮʽ ʟʦʥ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʷʤ ʧʣʦʱʽ ʟʘʪʫʣʷʥʥʷ 0,00; 0,331; 0,661; 

0,991 ʪʘ 1,34 ʤ2. 

 
ʈʠʩ. 3. ɿʦʥʫʚʘʥʥʷ ʥʦʨʤʘʪʠʚʥʦʾ ʟʦʥʠ ʟʘ ʧʣʦʱʝʶ ʟʘʪʫʣʷʥʥʷ (ʯʦʪʠʨʠ ʟʦʥʠ, ʪʨʠ 

ʽʟʦʣʽʥʽʾ) 

 

ʆʪʞʝ, ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 3 ʧʨʠʢʣʘʜ ʟʦʥʫʚʘʥʥʷ, ʜʝʤʦʥʩʪʨʫʻ, ʱʦ ʥʘʡʢʨʘʱʽ 

ʤʽʩʮʷ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʧʝʨʰʠʭ ʨʷʜʘʭ ʪʘ ʤʽʩʮʷʭ ʚʟʜʦʚʞ ʦʩʽ ʭ ʧʦʩʝʨʝʜʠʥʽ ʟʘʣʫ. ɯ ʮʝ 

ʚʽʜʧʦʚʽʜʘʻ ʽʥʪʫʾʪʠʚʥʦʤʫ ʚʠʙʦʨʫ ʤʽʩʮʴ ʧʝʨʝʩʽʯʥʠʤʠ ʛʣʷʜʘʯʘʤʠ. 

ʃʽʪʝʨʘʪʫʨʘ 

1. ɼɹʅ ɺ.2.2-16-2005. ʂʫʣʴʪʫʨʥʦ-ʚʠʜʦʚʠʱʥʽ ʪʘ ʜʦʟʚʽʣʣʻʚʽ ʟʘʢʣʘʜʠ. ʂʠʾʚ. 

ɼʝʨʞʙʫʜ ʋʢʨʘʾʥʠ. 2005. 64 ʩ. 

2. ʂʦʢʦʯ ʄ. ɺ., ʇʫʛʘʯʦʚ ɭ. ɺ. ʄʦʜʝʣʶʚʘʥʥʷ ʬʘʢʪʠʯʥʦʛʦ ʟʘʪʫʣʷʥʥʷ ʚ ʟʘʣʽ 

ʢʽʥʦʪʝʘʪʨʫ. ʊʝʭʥʽʯʥʘ ʝʩʪʝʪʠʢʘ  ̔ʜʠʟʘʡʥ. 2012. ɺʠʧ. 10. ʉ. 93ï97. 

3. ʇʫʛʘʯʦʚ ɭ. ɺ., ɿʜʘʥʝʚʠʯ ɺ. ɸ. ɺʠʜʠʤʽʩʪʴ  ̔ʟʦʨʦʚʝ ʩʧʨʠʡʥʷʪʪʷ ʚ ʙʫʜʽʚʣʷʭ 

 ̔ʩʧʦʨʫʜʘʭ ʜʣʷ ʛʣʷʜʘʯʽʚ. ʈʽʚʥʝ. ʅʋɺɻʇ. 2014. 150 ʩ.  
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ʇɯɼʍɯɼ ɼʆ ɺʀɿʅɸʏɽʅʅʗ ʅɸʃɽɾʅʆʉʊɯ ʊʆʏʆʂ ɼʆ ʆɹôɭʂʊɯɺ 

ʋ ʄɽʊʈʀʏʅʀʍ ʇʈʆʉʊʆʈɸʍ 

 

ɼʘʰʢʝʚʠʯ ɸ. ʆ., ʐʦʤʘʥ ʆ. ɺ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè 

 

ʆʙʨʦʙʢʘ ʚʝʣʠʢʠʭ ʦʙôʻʤʽʚ ʜʘʥʠʭ ʻ ʚʘʞʣʠʚʦʶ ʩʫʯʘʩʥʦʶ ʧʨʦʙʣʝʤʦʶ, ʚ ʷʢʽʡ 

ʢʣʶʯʦʚʦʶ ʚʠʤʦʛʦʶ ʻ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʩʢʣʘʜʥʽʩʪʴ ʟʘ ʯʘʩʦʤ. ɺ ʩʫʯʘʩʥʠʭ ʟʘʜʘʯʘʭ 

ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʢʦʞʝʥ ʝʣʝʤʝʥʪ ʜʘʥʠʭ ʽ ʚ ʮʽʣʦʤʫ ʩʘʤʽ ʜʘʥʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʚʝʣʠʢʦʶ ʨʦʟʤʽʨʥʽʩʪʶ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʧʨʦʷʚʽʚ ʧʨʦʙʣʝʤʠ çʧʨʦʢʣʷʪʪʷ 

ʨʦʟʤʽʨʥʦʩʪʽè. ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ ʧʦʪʨʝʙʘ ʫ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʪʘ 

ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʝʬʝʢʪʠʚʥʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ. 

ʆʜʥʽʻʶ ʟ ʘʢʪʫʘʣʴʥʠʭ ʟʘʜʘʯ ʻ ʚʠʟʥʘʯʝʥʥʷ ʥʘʣʝʞʥʦʩʪʽ ʪʦʯʦʢ ʜʦ ʜʝʷʢʦʾ ʦʙʣʘʩʪʽ, ʷʢʘ 

ʤʦʞʝ ʧʨʝʜʩʪʘʚʣʷʪʠ ʩʢʣʘʜʥʠʡ ʟʘ ʬʦʨʤʦʶ ʛʝʦʤʝʪʨʠʯʥʠʡ ʦʙôʻʢʪ, ʚ ʪʦʤʫ ʯʠʩʣʽ 

ʚ ʙʘʛʘʪʦʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ. ʊʘʢʘ ʟʘʜʘʯʘ ʤʦʞʝ ʚʠʥʠʢʘʪʠ ʧʽʜ ʯʘʩ ʦʙʨʦʙʢʠ 

ʮʠʬʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ, ʦʨʛʘʥʽʟʘʮʽʾ ʰʚʠʜʢʦʛʦ ʧʦʰʫʢʫ ʫ ʚʝʣʠʢʠʭ ʙʘʟʘʭ ʜʘʥʠʭ ʪʦʱʦ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʩʪʚʦʨʝʥʥʷ ʧʽʜʭʦʜʫ ʜʦ ʰʚʠʜʢʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʥʘʣʝʞʥʦʩʪʽ 

ʪʦʯʢʠ ʜʦ ʜʝʷʢʦʾ ʦʙʣʘʩʪʽ ʤʝʪʨʠʯʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʷʢʠʡ ʟʘʜʘʥʦ ʜʠʩʢʨʝʪʥʦʶ 

ʤʥʦʞʠʥʦʶ ʪʦʯʦʢ P={p1, ..., pN}, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʮʽʡ ʦʙʣʘʩʪʽ, ʽ ʢʦʞʥʘ ʪʦʯʢʘ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʤʥʦʞʠʥʦʶ ʟʥʘʯʝʥʴ ʩʚʦʾʭ ʢʦʦʨʜʠʥʘʪ pi=(x1, ..., xi, ..., xd). ɺ ʨʦʙʦʪʽ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʪʘʢʠʡ ʫʟʘʛʘʣʴʥʝʥʠʡ ʧʽʜʭʽʜ ʜʦ ʨʦʟʚôʷʟʘʥʥʷ ʚʢʘʟʘʥʦʾ ʟʘʜʘʯʽ: 

1. ʇʨʦʚʝʜʝʤʦ ʧʨʦʩʪʦʨʦʚʫ ʽʥʜʝʢʩʘʮʽʶ ʪʦʯʦʢ ʤʥʦʞʠʥʠ P ʥʘ ʮʽʣʦʯʠʩʝʣʴʥʫ 

ʦʜʥʦʚʠʤʽʨʥʫ ʩʽʪʢʫ G Zɴ. ʂʽʣʴʢʽʩʪʴ ʢʦʤʽʨʦʢ ʩʽʪʢʠ t ʻ ʦʜʥʠʤ ʽʟ ʧʘʨʘʤʝʪʨʽʚ ʧʽʜʭʦʜʫ. 

ɼʣʷ ʽʥʜʝʢʩʘʮʽʾ ʪʦʯʦʢ ʟ ʥʠʟʴʢʦʶ ʨʦʟʤʽʨʥʽʩʪʶ (d<6) ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʣʽʥʽʡʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʜʣʷ ʪʦʯʦʢ ʚʠʩʦʢʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʙʽʣʴʰ ʜʦʮʽʣʴʥʠʤ ʙʫʜʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʝʰ-ʬʫʥʢʮʽʡ ʥʘ ʦʩʥʦʚʽ ʧʽʜʭʦʜʫ locality sensitive hashing (LSH) ʘʙʦ 

ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʤʝʪʦʜʽʚ ʧʨʦʩʪʦʨʦʚʦʛʦ ʭʝʰʫʚʘʥʥʷ 

(learning-to-hash). 

2. Cʬʦʨʤʫʻʤʦ ʦʜʥʦʚʠʤʽʨʥʠʡ ʮʽʣʦʯʠʩʝʣʴʥʠʡ ʤʘʩʠʚ-ʘʢʫʤʫʣʷʪʦʨ A ʪʘʢʦʛʦ ʞ 

ʨʦʟʤʽʨʫ, ʱʦ ʡ G, ʢʦʞʥʘ ʢʦʤʽʨʢʘ ʷʢʦʛʦ ʥʘ ʧʦʯʘʪʢʫ ʻ ʧʫʩʪʦʶ ʽ ʥʦʤʝʨ ʢʦʤʽʨʢʠ 

ʟʙʽʛʘʪʠʤʝʪʴʩʷ ʟ ʾʾ ʽʥʜʝʢʩʦʤ ʟʘ ʬʫʥʢʮʽʻʶ ʭʝʰʫʚʘʥʥʷ. ɺ ʢʦʤʽʨʢʠ ʤʘʩʠʚʫ ʚʥʝʩʝʤʦ 

ʥʦʤʝʨʠ ʪʦʯʦʢ ʤʥʦʞʠʥʠ P; ʥʦʤʝʨ ʢʦʤʽʨʢʠ ʚʠʟʥʘʯʘʪʠʤʝʪʴʩʷ ʟʥʘʯʝʥʥʷʤ ʭʝʰ-

ʬʫʥʢʮʽʾ ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʾ ʪʦʯʢʠ. 

3. ʇʨʦʚʝʜʝʤʦ ʽʥʜʝʢʩʘʮʽʶ ʫʩʽʭ ʪʦʯʦʢ-ʟʘʧʠʪʽʚ ʪʘ ʚʠʟʥʘʯʠʤʦ ʾʭ ʽʥʜʝʢʩʠ 

ʫ ʤʘʩʠʚʽ A. ɿʘ ʽʥʜʝʢʩʘʤʠ ʚʠʟʥʘʯʠʤʦ ʪʦʯʢʠ ʤʥʦʞʠʥʠ P, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʮʽʡ 

ʦʙʣʘʩʪʽ ʧʨʦʩʪʦʨʫ. ɼʦʜʘʪʢʦʚʦ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʚʽʜʩʪʘʥʴ ʤʽʞ ʪʦʯʢʦʶ-ʟʘʧʠʪʦʤ ʪʘ 

ʪʦʯʢʦʶ ʙʘʟʦʚʦʾ ʤʥʦʞʠʥʠ ʜʣʷ ʚʽʜʢʠʜʘʥʥʷ ʭʠʙʥʦ-ʧʦʟʠʪʠʚʥʠʭ ʩʧʨʘʮʶʚʘʥʴ. 

ʅʘʚʝʜʝʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʟʘ ʣʽʥʽʡʥʠʡ ʯʘʩ ʚʠʟʥʘʯʠʪʠ ʥʘʣʝʞʥʽʩʪʴ ʪʦʯʢʠ-

ʟʘʧʠʪʫ ʜʦ ʚʠʟʥʘʯʝʥʦʾ ʜʽʣʷʥʢʠ ʧʨʦʩʪʦʨʫ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʡ ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ. ʇʽʜʭʽʜ 

ʧʨʠʨʦʜʥʽʤ ʯʠʥʦʤ ʨʦʟʰʠʨʶʻʪʴʩʷ ʥʘ ʚʠʧʘʜʦʢ ʚʠʟʥʘʯʝʥʥʷ ʥʘʣʝʞʥʦʩʪʽ ʪʦʯʢʪ 

ʜʦ ʜʝʢʽʣʴʢʦʭ ʦʙôʻʢʪʽʚ, ʜʣʷ ʮʴʦʛʦ ʟʙʝʨʽʛʘʪʠʤʝʤʦ ʫ A ʜʦʜʘʪʢʦʚʦ ʥʦʤʝʨʠ ʦʙôʻʢʪʽʚ. 
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ʆʇʊʀʄɯɿɸʎɯʗ ʈɽɾʀʄʋ ʈʋʍʋ ʄɸʅɯʇʋʃʗʊʆʈɸ ɿ 

ʇʆʉʊʋʇɸʃʔʅʆʖ ʊɸ ʆɹɽʈʊɸʃʔʅʆʖ ʃɸʅʂɸʄʀ ɺ ʇʃʆʑʀʅɯ 

ʇʆɺʆʈʆʊʋ 

 

ʃʦʚʝʡʢʽʥ ɺ. ʉ., ʈʦʤʘʩʝʚʠʯ ʖ. ʆ., ʃʷʰʢʦ ɸ. ʇ., ɿʘʢʨʝʚʩʴʢʠʡ ɹ. ɺ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ  ̔ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ɼʦʩʣʽʜʞʝʥʦ ʨʫʭ ʤʘʥʽʧʫʣʷʪʦʨʘ ʟ ʧʦʩʪʫʧʘʣʴʥʦʶ ʪʘ ʦʙʝʨʪʘʣʴʥʦʶ ʣʘʥʢʘʤʠ ʚ 

ʧʣʦʱʠʥʽ ʧʦʚʦʨʦʪʫ ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʟʘʭʚʘʪʥʦʛʦ ʧʨʠʩʪʨʦʶ ʟ ʚʘʥʪʘʞʝʤ ʚʽʜ ʪʦʯʢʠ 

ɸ ʜʦ ʪʦʯʢʠ ɺ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ ʚʽʜʧʦʚʽʜʥʦ (ὼȟy0) ʪʘ (ὼȟy1). ɿʘ ʪʨʘʻʢʪʦʨʽʶ ʨʫʭʫ 

ʟʘʭʚʘʪʥʦʛʦ ʧʨʠʩʪʨʦʶ ʟ ʚʘʥʪʘʞʝʤ ʦʙʨʘʥʦ ʧʨʷʤʫ ʣʽʥʽʶ, ̫ ʢʘ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʪʦʯʢʠ 

ɸ  ̔ɺ, ʦʩʢʽʣʴʢʠ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʙʫʜʝ ʥʘʡʢʦʨʦʪʰʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʮʠʤʠ ʪʦʯʢʘʤʠ. 

ʇʦʟʥʘʯʠʤʦ ʥʘʧʨʷʤʦʢ ʮʽʻʾ ʧʨʷʤʦʾ ʣʽʥʽʾ ʢʦʦʨʜʠʥʘʪʦʶ ”. ɺʠʟʥʘʯʠʤʦ ʦʧʪʠʤʘʣʴʥʠʡ 

ʨʝʞʠʤ ʨʫʭʫ ʟʘʭʚʘʪʥʦʛʦ ʧʨʠʩʪʨʦʶ ʟ ʚʘʥʪʘʞʝʤ ʚʟʜʦʚʞ ʮʽʻʾ ʢʦʦʨʜʠʥʘʪʠ ʥʘ ʜʽʣʷʥʮʽ 

ʨʫʭʫ ʚʽʜ ʪʦʯʢʠ ɸ ʜʦ ʪʦʯʢʠ ɺ. ɿʘ ʢʨʠʪʝʨʽʡ ʦʧʪʠʤʽʟʘʮʽʾ ʦʙʝʨʝʤʦ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 

ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʟ ʚʘʥʪʘʞʝʤ, ʷʢʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʦʶ ʟʘʣʝʞʥʽʩʪʶ 

 Ὕ ᷿ ὝὨὸOάὭὲ,   (1) 

ʜʝ ὸ  ʯʘʩ; ὸ  ʪʨʠʚʘʣʽʩʪʴ ʨʫʭʫ ʟʘʭʚʘʪʥʦʛʦ ʧʨʠʩʪʨʦʶ ʟ ʚʘʥʪʘʞʝʤ; Ὕ  ʢʽʥʝʪʠʯʥʘ 

ʝʥʝʨʛʽʷ ʟʘʭʚʘʪʥʦʛʦ ʧʨʠʩʪʨʦʶ ʟ ʚʘʥʪʘʞʝʤ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʦʶ 

ʟʘʣʝʞʥʽʩʪʶ 

 Ὕ ά”/2.  (2) 

ʊʫʪ ά  ʤʘʩʘ ʚʘʥʪʘʞʫ. ʆʩʢʽʣʴʢʠ ʟʙʽʣʴʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ, ʪʦʤʫ ʦʙʨʘʥʠʡ ʢʨʠʪʝʨʽʡ ʦʧʪʠʤʽʟʘʮʽʾ 

ʥʝʦʙʭʽʜʥʦ ʤʽʥʽʤʽʟʫʚʘʪʠ.  

ʋʤʦʚʦʶ ʤʽʥʽʤʫʤʫ ʢʨʠʪʝʨʽʶ ʢʨʠʪʝʨʽʶ (1) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʨʘʟʫ (2)  ̒

ʨʽʚʥʷʥʥʷ ɽʡʣʝʨʘ, ʷʢʽ ʤʘʶʪʴ ʪʘʢʠʡ ʚʠʛʣʷʜ 

 π.   (3) 

ʇʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ ʚʠʨʘʟʫ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ (2) ʚ ʨʽʚʥʷʥʥʷ (3) ʦʪʨʠʤʘʻʤʦ 

ʫʤʦʚʫ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʤʽʥʽʤʽʟʘʮʽʶ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ (1) 

 ” πȢ  (4) 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʚôʷʟʢʫ ʨʽʚʥʷʥʥʷ (4) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʨʘʡʦʚʠʭ ʫʤʦʚ ὸ πȟ”
πȠ ὸ ὸȟ” ” ʦʪʨʠʤʘʻʤʦ: 

 ” ”ὸȾὸ; (5) 

 ” ὧέὲίὸ.  (6) 

ʊʫʪ ” ὼ ὼ ώ ώ . ɯʟ ʟʘʣʝʞʥʦʩʪʝʡ (5) ʪʘ (6) ʚʠʜʥʦ, ʱʦ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʝʞʠʤʫ ʨʫʭʫ ʟʘʭʚʘʪʥʦʛʦ ʧʨʠʩʪʨʦʶ ʟ 

ʚʘʥʪʘʞʝʤ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʾʭʥʷ ʰʚʠʜʢʽʩʪʴ ʥʘ ʚʩʽʡ ʜʽʣʷʥʮʽ ʨʫʭʫ ʙʫʣʘ ʧʦʩʪʽʡʥʦʶ 

ʚʝʣʠʯʠʥʦʶ. ʆʜʥʘʢ ʪʘʢʠʡ ʨʝʞʠʤ ʥʘ ʚʩʽʡ ʜʽʣʷʥʮʽ ʨʫʭʫ ʥʝ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʡ 

ʥʘ ʧʨʘʢʪʠʮʽ, ʙʦ ʚ ʥʴʦʤʫ ʚʽʜʩʫʪʥʽ ʜʽʣʷʥʢʫ ʧʫʩʢʫ ʪʘ ʟʫʧʠʥʢʠ ʟʘʭʚʘʪʥʦʛʦ ʧʨʠʩʪʨʦʶ 

ʟ ʚʘʥʪʘʞʝʤ. ʆʧʪʠʤʘʣʴʥʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʨʝʞʠʤ ʨʫʭʫ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ 
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ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘ ʜʽʣʷʥʮʽ ʫʩʪʘʣʝʥʦʛʦ ʨʫʭʫ, ʘ ʥʘ ʜʽʣʷʥʢʘʭ ʧʫʩʢʫ ʪʘ ʟʫʧʠʥʢʠ 

ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʦʧʪʠʤʘʣʴʥʽ  ʨʝʞʠʤʠ ʨʫʭʫ ʚʠʟʥʘʯʝʥʽ ʟʘ ʽʥʰʠʤʠ 

ʽʥʪʝʛʨʘʣʴʥʠʤʠ ʜʠʥʘʤʽʯʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ. ʊʘʢʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠʚʦʜʥʦʛʦ ʤʝʭʘʥʽʟʤʫ, 

ʝʥʝʨʛʽʾ ʧʨʠʰʚʠʜʰʝʥʴ ʪʘ ʨʠʚʢʽʚ, ʘ ʪʘʢʦʞ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʜʽʶʯʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʧʦʪʫʞʥʦʩʪʽ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʨʫʭʫ 

ʟʘʭʚʘʪʥʦʛʦ ʧʨʠʩʪʨʦʶ ʟ ʚʘʥʪʘʞʝʤ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʫʟʘʛʘʣʴʥʝʥʽ ʢʦʦʨʜʠʥʘʪʠ 

ʧʦʚʦʨʦʪʫ ʨʫʢʠ ʤʘʥʽʧʫʣʷʪʦʨʘ •  ʪʘ ʾʾ ʚʠʩʫʚʘʥʥʷ ί, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʚʦʜʥʠʭ ʜʚʠʛʫʥʽʚ. ɼʣʷ ʮʴʦʛʦ ʩʧʦʯʘʪʢʫ ʚʠʟʥʘʯʠʤʦ ʧʨʦʝʢʮʽʾ 

ʧʝʨʝʤʽʱʝʥʥʷ, ʰʚʠʜʢʦʩʪʽ ʪʘ ʧʨʠʩʢʦʨʝʥʥʷ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʪʘ ʚʝʨʪʠʢʘʣʴʥʫ ʦʩʽ 

ʢʦʦʨʜʠʥʘʪ ʟʘʭʚʘʪʥʦʛʦ ʧʨʠʩʪʨʦʶ ʟ ʚʘʥʪʘʞʝʤ: 

 ὼ ὼ ὸȠ      ὼ Ƞ       ὼ πȠ   (7) 

 ώ ώ ὸȠ       ώ Ƞ        ώ πȢ  (8) 

ɿʘ ʧʨʦʝʢʮʽʷʤʠ ʥʘ ʦʩʽ ʢʦʦʨʜʠʥʘʪ ʧʝʨʝʤʽʱʝʥʴ, ʰʚʠʜʢʦʩʪʝʡ  ̔ʧʨʠʰʚʠʜʰʝʥʴ 

(7) ʪʘ (8) ʟʥʘʡʜʝʤʦ ʫʟʘʛʘʣʴʥʝʥʽ ʢʦʦʨʜʠʥʘʪʠ ʤʘʥʽʧʫʣʷʪʦʨʘ ʪʘ ʾʭʥʽ ʰʚʠʜʢʦʩʪʽ. 

ʃʽʥʽʡʥʘ ʢʦʦʨʜʠʥʘʪʘ ʪʘ ʰʚʠʜʢʽʩʪʴ ʚʠʩʫʚʘʥʥʷ ʨʫʢʠ ʟʘʭʚʘʪʘ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʥʘʩʪʫʧʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ: 

 ί ὼ ώ = ώ ὸ ὼ ὸȠ   (9) 

 ί
 

Ƞ
Ȣ   (10) 

ʊʝʧʝʨ ʟʥʘʡʜʝʤʦ ʢʫʪʦʚʫ ʢʦʦʨʜʠʥʘʪʫ ʪʘ ʰʚʠʜʢʽʩʪʴ ʧʦʚʦʨʦʪʫ ʨʫʢʠ ʟʘʭʚʘʪʫ: 

• ὥὶὧὸὲ ;  • ὼ

ὸȢ 

ɿ ʦʪʨʠʤʘʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʚʠʜʥʦ, ʱʦ ί ʪʘ •  ̒ʟʤʽʥʥʠʤʠ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ”Ȣ 
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ʆʇʊʀʄɯɿɸʎɯʗ ʈɽɾʀʄʋ ʈʋʍʋ ʄɸʅɯʇʋʃʗʊʆʈɸ ɿ ɼɺʆʄɸ 

ʇʆʉʊʋʇɸʃʔʅʀʄʀ ʃɸʅʂɸʄʀ ɺ ʇʃʆʑʀʅɯ ɿʄɯʅʀ ɺʀʃʔʆʊʋ 

 

ʃʦʚʝʡʢʽʥ ɺ. ʉ., ʈʦʤʘʩʝʚʠʯ ʖ. ʆ., ʂʘʜʠʢʘʣʦ ɯ. ʆ., ʂʘʣʝʥʽʯʝʥʢʦ ɹ. ɺ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ  ̔ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʈʦʟʛʣʷʥʫʪʦ ʨʫʭ ʤʘʥʽʧʫʣʷʪʦʨʘ ʟ ʜʚʦʤʘ ʧʦʩʪʫʧʘʣʴʥʠʤʠ ʣʘʥʢʘʤʠ ʚ ʧʣʦʱʠʥʽ 

ʟʤʽʥʠ ʚʠʣʴʦʪʫ ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʚʘʥʪʘʞʫ ʚʽʜ ʪʦʯʢʠ ɸ ʜʦ ʪʦʯʢʠ ɺ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ 

ʚʽʜʧʦʚʽʜʥʦ (y0, z0) ʪʘ (y1, z1). ʆʩʢʽʣʴʢʠ ʥʘʡʢʦʨʦʜʰʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʮʠʤʠ ʪʦʯʢʘʤʠ 

ʣʝʞʠʪʴ ʥʘ ʧʷʤʽʡ ʣʽʥʽʾ, ʪʦʤʫ ʟʘ ʪʨʘʻʢʪʦʨʽʶ ʨʫʭʫ ʚʘʥʪʘʞʫ ʽʟ ʟʘʭʚʘʪʥʠʤ ʧʨʠʩʪʦʻʤ 
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ʦʙʨʘʥʦ ʧʨʷʤʫ ʣʽʥʽʶ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʮ ̔ʪʦʯʢʠ. ɺʠʟʥʘʯʠʤʦ ʦʧʪʠʤʘʣʴʥʠʡ 

ʨʝʞʠʤ ʨʫʭʫ ʟʘʭʚʘʪʥʦʛʦ ʧʨʠʩʪʨʦʶ ʟ ʚʘʥʪʘʞʝʤ ʚʟʜʦʚʞ ʮʽʻʾ ʧʨʷʤʦʾ  ̔ʧʦʟʥʘʯʝʤʦ ʾʾ 

ʥʘʧʨʷʤʦʢ ʢʦʦʨʜʠʥʘʪʦʶ ‘. ɿʘ ʢʨʠʪʝʨʽʡ ʦʧʪʠʤʽʟʘʮʽʾ ʦʙʨʘʥʦ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 

ʜʠʥʘʤʽʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʘʧʥʦʶ ʟʘʣʝʞʥʽʩʪʶ [1] 

 ὖ ᷿ ὠὨὸO άὭὲȢ    (1) 

ʊʫʪ t ï ʯʘʩ; ὸ- ʪʨʠʚʘʣʽʩʪʴ ʨʫʭʫ ʟʘʭʚʘʪʥʦʛʦ ʧʨʠʩʪʨʦʶ ʚʽʜ ʪʦʯʢʠ ɸ ʜʦ ʪʦʯʢʠ ɺ; ὠ  

ʝʥʝʨʛʽʷ ʧʨʠʰʚʠʜʰʝʥʴ ʟʘʭʚʘʪʫ ʟ ʚʘʥʪʘʞʝʤ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ 

 ὠ ά‘, (2) 

ʜʝ ά ʤʘʩʘ ʟʘʭʚʘʪʫ ʟ ʚʘʥʪʘʞʝʤ. 

ʋʤʦʚʦʶ ʤʽʥʽʤʫʤʫ ̔ ʥʪʝʛʨʘʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ (1) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʨʘʟʫ (2) 

 ̒ʨʽʚʥʷʥʥʷ ɽʡʣʝʨʘ-ʇʫʘʩʩʦʥʘ 

 πȢ   (3) 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʽʜʩʪʘʥʦʚʢʠ ʚʠʨʘʟʫ (2) ʚ ʨʽʚʥʷʥʥʷ (3) ʦʪʨʠʤʘʻʤʦ ʫʤʦʚʫ, ʷʢʘ 

ʟʘʙʝʟʧʝʯʫʻ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ (1) 

 ‘ πȢ  (4) 

ʈʦʟʚôʷʟʘʚʰʠ ʨʽʚʥʷʥʥʷ (4) ʜʣʷ ʢʨʘʡʦʚʠʭ ʫʤʦʚ ʨʫʭʫ ὸ πȡ ‘ ‘ȟ‘ πȠὸ
ὸȡ ‘ ‘ȟ ‘ πȟ̏ ̤̓̑̉̍́̍̏ȡ  

‘ ‘
‘ ‘

ὸ
ὸ σ ς

ὸ

ὸ
Ƞ 

 ‘ φ ὸρ Ƞ   (5) 

‘ φ
‘ ‘

ὸ
ρ ς

ὸ

ὸ
Ȣ 

ɺ ʟʘʣʝʞʥʦʩʪʷʭ (5) ʧʦʯʘʪʢʦʚʝ ʪʘ ʢʽʥʮʝʚʝ ʧʦʣʦʞʝʥʥʷ ʟʘʭʚʘʪʫ ʟ ʚʘʥʪʘʞʝʤ 

ʧʨʠʡʤʘʶʪʴ ʚʽʜʧʦʚʽʜʥʦ ʟʥʘʯʝʥʥʷ: ‘ ώ ώ ᾀ ᾀ  = 0; ‘

 ώ ώ ᾀ ᾀ Ȣ 
ɯʟ ʟʘʣʝʞʥʦʩʪʝʡ (5) ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʨʫʭʫ ʟ ʚʘʥʪʘʞʝʤ, ʷʢʠʡ ʤʽʥʽʤʽʟʫʻ ʜʠʥʘʤʽʯʥʫ ʩʢʣʘʜʦʚʫ 

ʧʦʪʫʞʥʦʩʪʽ, ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʾʭʥʷ ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʶʚʘʣʘʩʴ ʟʘ ʧʘʨʘʙʦʣʽʯʥʠʤ 

ʟʘʢʦʥʦʤ, ʘ ʧʨʠʰʚʠʜʰʝʥʥʷ ï ʟʘ ʣʽʥʽʡʥʠʤ. ʊʘʢʠʡ ʨʝʞʠʤ ʨʫʭʫ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʟʘʭʚʘʪʥʠʡ ʧʨʠʩʪʨʽʡ ʟ ʚʘʥʪʘʞʝʤ 

ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʥʘ ʥʝʟʥʘʯʥʽ ʚʽʜʩʪʘʥʽ. ʇʨʠ ʟʥʘʯʥʠʭ ʧʝʨʝʤʽʱʝʥʥʷʭ ʪʘʢʠʡ ʨʝʞʠʤ 

ʨʫʭʫ ʜʦʮʽʣʴʥʦ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʥʘ ʜʽʣʷʥʢʘʭ ʧʫʩʢʫ ʪʘ ʛʘʣʴʤʫʚʘʥʥʷ ʟʘʭʚʘʪʥʦʛʦ 

ʧʨʠʩʪʨʦʶ ʟ ʚʘʥʪʘʞʝʤ. ʅʘ ʜʽʣʷʥʮʽ ʫʩʪʘʣʝʥʦʛʦ ʨʫʭʫ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʦʧʪʠʤʘʣʴʥʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʨʝʞʠʤ, ʜʝ ʟʘʭʚʘʪ ʟ ʚʘʥʪʘʞʝʤ ʨʫʭʘʻʪʴʩʷ ʟ ʧʦʩʪʽʡʥʦʶ 

ʰʚʠʜʢʽʩʪʶ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʨʫʭʫ ʟʘʭʚʘʪʥʦʛʦ ʧʨʠʩʪʨʦʶ ʟ 

ʚʘʥʪʘʞʝʤ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʫʟʘʛʘʣʴʥʝʥʽ ʢʦʦʨʜʠʥʘʪʠ ʧʽʜʡʦʤʫ ʨʫʢʠ 

ʤʘʥʽʧʫʣʷʪʦʨʘ ί ʪʘ ʾʾ ʚʠʩʫʚʘʥʥʷ ί, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʚʦʜʥʠʭ 

ʜʚʠʛʫʥʽʚ. ɺʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ‘= 0  ̔ʢʦʦʨʜʠʥʘʪʠ ί  ̔ί ʧʘʨʘʣʝʣʴʥʽ ʚʽʜʧʦʚʽʜʥʦ 

ʦʩʷʤ ʢʦʦʨʜʠʥʘʪ ᾀ  ̔ώ, ʪʦ ʜʣʷ ʾʭʥʴʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʣʠ ʥʘʩʪʫʧʥʽ ʟʘʣʝʞʥʦʩʪʽ: 

 ί ᾀ  ὸ σ ς ;  (6) 
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 ί ώ ὸ σ ς .   (7) 

ɺʟʷʚʰʠ ʧʦʭʽʜʥʽ ʟʘ ʯʘʩʦʤ ʚʽʜ ʚʠʨʘʟʽʚ (6) ʪʘ (7), ʟʥʘʡʜʝʤʦ ʰʚʠʜʢʦʩʪʽ ʪʘ 

ʧʨʠʩʢʦʨʝʥʥʷ ʫʟʘʛʘʣʴʥʝʥʠʭ ʢʦʦʨʜʠʥʘʪ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʧʪʠʤʘʣʴʥʦʤʫ ʨʝʞʠʤʫ 

ʨʫʭʫ ʧʨʠʚʦʜʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʱʦ ʤʽʥʽʤʽʟʫʶʪʴ ʜʠʥʘʤʽʯʥʫ ʩʢʣʘʜʦʚʫ ʧʦʪʫʞʥʦʩʪʽ: 

 ί  ὸρ Ƞ (8) 

 ί  ὸρ Ƞ (9) 

 ί= φ ρ ς Ƞ (11) 

 ί φ ρ ς Ȣ  (12) 

ɿʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʫʟʘʛʘʣʴʥʝʥʠʭ ʢʦʦʨʜʠʥʘʪ (6), é, (12) ʚʠʙʠʨʘʶʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʚʦʜʥʠʭ ʤʝʭʘʥʽʟʤʽʚ  ̔ʩʠʩʪʝʤʠ ʾʭʥʴʦʛʦ ʢʝʨʫʚʘʥʥʷ.  

ʃ̔ ʪʝʨʘʪʫʨʘ 

1. ʃʦʚʝʡʢʽʥ ɺ. ʉ. ɸʥʘʣʽʟ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʨʫʭʫ ʧʽʜʥʽʤʘʣʴʥʠʭ ʤʘʰʠʥ. 

ɺʽʙʨʘʮʽʾ ʚ ʪʝʭʥʽʮʽ ʪʘ ʪʝʭʥʦʣʦʛʽʷʭ. ˉ2 (34). 2004. ʉ. 1ï5. 
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ɺʘʥʽʥ ɺ. ɺ., ʗʙʣʦʥʩʴʢʠʡ ʇ. ʄ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

 

ʇʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ 10-15 ʨʦʢʽʚ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʨʦʙʥʠʮʪʚʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ ʚʽʪʯʠʟʥʷʥʽ ʘʛʨʘʨʽʾ ʚʩʝ ʯʘʩʪʽʰʝ ʩʪʘʣʠ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʶ ʧʨʷʤʦʾ, ʪʦʙʪʦ ʟʘʢʨʠʪʦʾ ʩʠʩʪʝʤʠ ʩʽʚʙʠ, ʟʘ ʷʢʦʾ ʰʣʷʭʦʤ 

ʧʦʚʪʦʨʝʥʥʷ ʜʽʡ ʧʨʠʨʦʜʠ ʟʙʝʨʽʛʘʻʪʴʩʷ ʮʽʣʽʩʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ ̌ ʨʫʥʪʫ, ʚʽʜʥʦʚʣʶʻʪʴʩʷ 

ʡʦʛʦ ʨʦʜʶʯʽʩʪʴ, ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʚʦʣʦʛʘ, ʟʤʝʥʰʫʶʪʴʩʷ ʨʠʟʠʢʠ ʟʝʤʣʝʨʦʙʩʪʚʘ. 

ʇʦʨʷʜ ʟ ʮʠʤ, ʜʣʷ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥ ʥʘ ʨʽʟʥʠʭ ʢʦʥʪʠʥʝʥʪʘʭ ʘʢʪʫʘʣʴʥʦʶ  ̒

ʙʦʨʦʪʴʙʘ ʟ ʝʨʦʟʽʻʶ ˇʨʫʥʪʫ. ɺ ʋʢʨʘʾʥʽ, ʥʘʧʨʠʢʣʘʜ, ʱʝ ʟʘ ʨʘʜʷʥʩʴʢʦʾ ʜʦʙʠ ʧʦʣʷ 

ʟʘʢʨʠʚʘʣʠʩʴ ʣʽʩʦʩʤʫʛʘʤʠ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʟʜʫʚʘʥʥʷʤ ˇʨʫʥʪʫ ʚʽʪʨʦʤ. ʋ ʇʽʚʜʝʥʥʽʡ 

ɸʤʝʨʠʮʽ ʚ ʤʠʥʫʣʦʤʫ ʩʪʦʣʽʪʪʽ ʟʘʨʦʜʠʣʘʩʴ ʪʝʭʥʦʣʦʛʽʷ ʥʫʣʴʦʚʦʛʦ ʦʙʨʦʙʽʪʢʫ No-till,  

ʷʢʘ ʧʨʠʡʰʣʘ ʥʘ ʟʤʽʥʫ ʚʽʜʚʘʣʴʥʽʡ ʦʨʘʥʮʽ ʪʘ ʤʽʥʽʤʘʣʴʥʦʤʫ ʦʙʨʦʙʽʪʢʫ ̌ ʨʫʥʪʫ ̔  ʨʷʪʫʻ 

ˇʨʫʥʪ ʚʽʜ ʝʨʦʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ, ʟʘʚʜʷʯʫʶʯʠ ʟʘʣʠʰʝʥʽʡ ʥʘ ʧʦʣʽ ʩʪʝʨʥʽ  ̔ʤʫʣʴʯʽ ʟ 

ʧʦʜʨʽʙʥʝʥʠʭ ʨʦʩʣʠʥʥʠʭ ʟʘʣʠʰʢʽʚ [1, 2]. ɺʘʛʦʤʦʶ ʧʝʨʝʚʘʛʦʶ ʥʘ ʢʦʨʠʩʪʴ No-till   ̒

ʦʯʝʚʠʜʥʘ ʝʢʦʥʦʤʽʯʥʘ ʚʠʛʦʜʘ, ʘʜʞʝ ʧʨʠ ʚʽʜʚʘʣʴʥʽʡ ʦʨʘʥʮʽ ʧʝʨʰ ʥʽʞ ʧʨʠʩʪʫʧʠʪʠ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʩʽʚʙʠ ʪʨʝʙʘ ʧʨʦʚʝʩʪʠ ʢʫʣʴʪʠʚʘʮʽʶ, ʧʝʨʝʜʧʦʩʽʚʥʠʡ ʦʙʨʦʙʽʪʦʢ 

ˇʨʫʥʪʫ, ʘ ʟʘ ʩʠʩʪʝʤʦʶ No-till  ʤʦʞʥʘ ʩʽʷʪʠ ʧʦ ʩʪʝʨʥʽ ʦʜʨʘʟʫ, ʚʠʢʣʶʯʠʚʰʠ ʚʩʽ 
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ʧʽʜʛʦʪʦʚʯʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ. ɿʘ ʧʨʷʤʦʾ ʩʽʚʙʠ ʩʦʰʥʠʢ  ̒ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʪʘ 

ʥʘʡʙʽʣʴʰ ʟʘʚʘʥʪʘʞʝʥʠʤ ʝʣʝʤʝʥʪʦʤ ʩʽʚʘʣʢʠ, ʘʜʞʝ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʽʟʘʪʠ ʨʦʩʣʠʥʥʽ 

ʟʘʣʠʰʢʠ ʟʘ ʫʤʦʚʠ ʤʽʥ̔ʤʘʣʴʥʦʛʦ ʟʩʫʚʫ ʤʫʣʴʯʫʚʘʣʴʥʦʛʦ ʰʘʨʫ ʪʘ ʫʢʣʘʩʪʠ  ̔

ʟʘʨʦʙʠʪʠ ʥʘʩʽʥʥʷ ʥʘ ʟʘʜʘʥʽʡ ʛʣʠʙʠʥʽ ʫ ˇʨʫʥʪʽ. ʅʘʨʘʟʽ ʜʣʷ ʧʨʷʤʦʾ ʩʽʚʙʠ 

ʚʽʪʯʠʟʥʷʥʠʤʠ ʘʛʨʘʨʽʷʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʠʩʢʦʚʽ, ʘʥʢʝʨʥʽ ʪʘ ʣʘʧʦʚʽ ʩʦʰʥʠʢʠ 

ʚʽʜʦʤʠʭ  ̔ʨʝʢʣʘʤʦʚʘʥʠʭ ʚʠʨʦʙʥʠʢʽʚ ʩʽʚʘʣʦʢ. 

ɯʩʥʫʻ ʯʠʤʘʣʦ ʨʽʟʥʠʭ ʚʠʜʽʚ ʜʠʩʢʦʚʠʭ ʩʦʰʥʠʢʽʚ, ʷʢ  ̔ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. ɿʦʢʨʝʤʘ, ʜʦ ʾʭ 

ʛʦʣʦʚʥʠʭ ʧʝʨʝʚʘʛ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʤʽʥʽʤʘʣʴʥʽ ʧʦʰʢʦʜʞʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ ˇʨʫʥʪʫ, ʜʣʷ 

ʯʦʛʦ ʜʝʷʢʽ ʢʦʥʩʪʨʫʢʪʦʨʠ ʚ ʟʦʥʽ ʚʠʭʦʜʫ ʩʦʰʥʠʢʘ ʟ ˇʨʫʥʪʫ ʨʦʟʪʘʰʦʚʫʶʪʴ ʢʦʣʝʩʦ-

ʨʝʛʫʣʷʪʦʨ ʛʣʠʙʠʥʠ, ʱʦ ʧʝʨʝʰʢʦʜʞʘʻ ʩʧʫʯʫʚʘʥʥʶ ˇʨʫʥʪʫ ʧʽʜ ʜʽʻʶ ʜʠʩʢʘ [3]. 

ɼʦʚʝʜʝʥʦ ɦ ʦ ʯʠʤ ʤʝʥʰʠʡ ʢʫʪ ʥʘʭʠʣʫ ʨʦʟʧʫʰʫʚʘʣʴʥʦʛʦ ʜʠʩʢʘ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʥʘʧʨʷʤʢʫ ʨʫʭʫ, ʪʠʤ ʤʝʥʰʽ ʧʦʰʢʦʜʞʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ˇʨʫʥʪʫ [4]. 

ɺʽʜʦʤʽ ʩʪʝʨʥʝʚʽ ʩ̔ ʚʘʣʢʘʤʠ ʟ ʜʠʩʢʦʚʠʤʠ ʩʦʰʥʠʢʘʤʠ: Salford 520 (ʂʘʥʘʜʘ); 

John Deere 730 (ʉʐɸ); CPH-2000F (ʉʐɸ); SD7200 (ʂʘʟʘʭʩʪʘʥ) ʪʘ ʽʥ. 

ɼʚʦʜʠʩʢʦʚʠʡ ʩʦʰʥʠʢ ʩʽʚʘʣʢʠ Salford 520 (ʨʠʩ. 1) ʜʦʙʨʝ ʢʦʧʽʶʻ ʥʝʨʽʚʥʦʩʪʽ 

ʧʦʚʝʨʭʥʽ ʧʦʣʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʨʘʣʝʣʦʛʨʘʤʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʧʨʠʻʜʥʘʥʥʷ ʜʦ ʨʘʤʠ 2 

ʪʘ ʜʦʪʨʠʤʫʻʪʴʩʷ ʚʩʪʘʥʦʚʣʝʥʦʾ ʛʣʠʙʠʥʠ ʟʘʨʦʙʢʠ ʥʘʩʽʥʥʷ ʥʘ ʧʽʜʚʠʱʝʥʠʭ 

ʰʚʠʜʢʦʩʪʷʭ. ɿʤʽʱʝʥʽ ʚʽʜʥʦʩʥʦ ʦʜʠʥ ʦʜʥʦʛʦ ʚʠʩʽʚʥʽ ʜʠʩʢʠ 1 ʣʝʛʢʦ ʧʨʦʥʠʢʘʶʪʴ ʫ 

ʛʨʫʥʪ, ʘ ʨʦʟʪʘʰʦʚʘʥʠʡ ʤʽʞ ʥʠʤʠ ʧʣʘʩʪʠʢʦʚʠʡ ʫʱʽʣʴʥʶʚʘʯ ʨʦʟʨʽʚʥʶʻ ʥʘʩʽʥʥʷ ʚ 

ʙʦʨʦʟʥʽ  ̔ ʧʦʢʨʘʱʫʻ ʡʦʛʦ ʢʦʥʪʘʢʪ ʟ ˇʨʫʥʪʦʤ. ʇʨʫʞʥʠʡ ʧʘʨʘʣʝʣʦʛʨʘʤʥʠʡ 

ʚʘʞʽʣʴʥʠʡ ʤʝʭʘʥʽʟʤ 2 ʩʪʚʦʨʶʻ ʪʠʩʢ ʥʘ ʩʦʰʥʠʢ, ʷʢʠʡ ʢʦʥʮʝʥʪʨʫʻʪʴʩʷ ʥʘ 

ʧʨʠʢʦʯʫʚʘʣʴʥʦʤʫ ʛʫʤʦʚʦʤʫ ʢʦʪʢʫ 3, ʟʘʚʜʷʢʠ ʯʦʤʫ ʟʘʛʣʠʙʣʝʥʥʷ ʜʠʩʢʽʚ  ̔

ʚʽʜʧʦʚʽʜʥʦ ʛʣʠʙʠʥʘ ʚʠʩʽʚʫ ʥʘʩʽʥʥʷ ʨʝʛʫʣʶʻʪʴʩʷ ʰʣʷʭʦʤ ʟʤʽʥʠ ʧʦʣʦʞʝʥʥʷ ʢʦʪʢʘ. 

ʐʘʨʥʽʨʥʝ ʟô̒ʜʥʘʥʥʷ ʩʦʰʥʠʢʘ  ̔ʢʦʪʢʘ ʟʘʙʝʟʧʝʯʫʻ ʪʦʯʥʝ ʧʨʠʢʦʯʫʚʘʥʥʷ ʥʘʚʽʪʴ ʥʘ 

ʧʦʣʷʭ ʟʽ ʩʢʣʘʜʥʠʤ ʢʦʥʪʫʨʦʤ ʪʘ ʟʘ ʫʤʦʚʠ ʯʘʩʪʠʭ ʧʦʚʦʨʦʪʽʚ [5]. ʉʧʝʨʝʜʫ ʢʦʞʥʦʛʦ 

ʩʦʰʥʠʢʘ ʚʩʪʘʥʦʚʣʝʥʠʡ ʜʠʩʢʦʚʠʡ ʥʽʞ (ʭʚʠʣʷʩʪʠʡ ʜʠʩʢ) 4. ɺʽʥ ʧʨʦʨʽʟʘʻ ʚ ʩʪʝʨʥʽ 

ʱʽʣʠʥʫ, ʨʫʡʥʫʻ ʫʱʽʣʴʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ˇʨʫʥʪʫ, ʧʦʜʨʽʙʥʶʻ ʨʦʩʣʠʥʥʽ 

ʟʘʣʠʰʢʠ, ʟʘʧʦʙʽʛʘʶʯʠ ʾʭ ʧʦʧʘʜʘʥʥʶ ʥʘ ʜʥʦ ʙʦʨʦʟʥʠ, ʪʦʙʪʦ ʥʘ ʥʘʩʽʥʥʻʚʝ ʣʦʞʝ. 

ɿʘʛʣʠʙʣʝʥʥʷ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ ʤʘʻ ʙʫʪʠ ʥʘ 2,5 ʩʤ ʙʽʣʴʰʠʤ ʛʣʠʙʠʥʠ ʚʠʩʽʚʫ, 

ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʢʦʨʝʥʝʚʘ ʩʠʩʪʝʤʘ ʨʦʩʣʠʥ ʨʦʟʚʠʚʘʻʪʴʩʷ ʚʝʨʪʠʢʘʣʴʥʦ, ʾʡ 

ʜʦʩʪʫʧʥʽʰʘ ʚʦʣʦʛʘ ʪʘ ʧʦʞʠʚʥʽ ʨʝʯʦʚʠʥʠ ʥʠʞʯʠʭ ʰʘʨʽʚ ˇʨʫʥʪʫ.  

ɸʤʝʨʠʢʘʥʩʴʢʘ ʩʽʚʘʣʢʠ John Deere 730 ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʝʥʘ ʜʚʦʜʠʩʢʦʚʠʤ 

ʩʦʰʥʠʢʦʤ (ʨʠʩ. 1), ʧʨʠʯʦʤʫ ʚʠʩʽʚʥʽ ʜʠʩʢʠ 1 ʜʣʷ ʢʨʘʱʦʛʦ ʧʨʦʥʠʢʥʝʥʥʷ ʚ ˇʨʫʥʪ 

ʟʤʽʱʝʥʽ ʦʜʠʥ ɦ ʦʜʦ ʦʜʥʦʛʦ ʥʘ 6,35 ʤʤ. ɿʘ ʚʠʩʽʚʥʠʤʠ ʘʧʘʨʘʪʘʤʠ ʨʫʭʘʶʪʴʩʷ ʢʦʣʝʩʘ 

2, ʷʢʽ ʧʨʠʢʦʯʫʶʪʴ ʧʦʚʝʨʭʥʶ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʦʩʠʣʝʥʥʷ ʢʦʥʪʘʢʪʫ ʥʘʩʽʥʥʷ ʟ 

ˇʨʫʥʪʦʤ, ʪʘ ʜʦʟʚʦʣʷʶʪʴ ʢʦʥʪʨʦʣʶʚʘʪʠ ʛʣʠʙʠʥʫ ʡʦʛʦ ʟʘʨʦʙʢʠ ʚ ʙʦʨʦʟʥʽ. ɿʘʚʜʷʢʠ 

ʯʝʨʛʫʚʘʥʥʶ ʢʨʦʤʦʢ ʧʨʘʚʦʛʦ ʪʘ ʣʽʚʦʛʦ ʜʠʩʢʽʚ 1 ʚʨʽʚʥʦʚʘʞʫʶʪʴʩʷ ʙʽʯʥʽ ʟʫʩʠʣʣʷ. 
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ʈʠʩ. 1. ʉʦʰʥʠʢʠ ʩʽʚʘʣʦʢ Salford 520 (ʟʣʽʚʘ), John Deere 730 (ʩʧʨʘʚʘ) 

1-ʜʚʦʜʠʩʢʦʚʠʡ ʩʦʰʥʠʢ; 2-ʧʨʠʢʦʯʫʚʘʣʴʥʝ ʢʦʣʝʩʦ; 3-ʜʠʩʢʦʚʠʡ ʥʽʞ; 

4-ʧʘʨʘʣʝʣʦʛʨʘʤʥʠʡ ʚʘʞʽʣʴʥʠʡ ʤʝʭʘʥʽʟʤ 

 

ʅʝʜʦʣʽʢʦʤ ʜʠʩʢʦʚʠʭ ʩʦʰʥʠʢʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʧʦʩʦʙʫ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ 

ʧʦʧʝʨʝʜʥʴʦʾ ʢʫʣʴʪʫʨʠ, ʷʢʘ ʚʠʨʦʱʫʚʘʣʘʩʴ ʫ ʜʘʥʽʡ ʩʽʚʦʟʤʽʥʽ, ʤʦʞʝ ʙʫʪʠ 

ʧʨʦʥʠʢʥʝʥʥʷ ʩʪʝʨʥʽ ʯʠ ʽʥʰʠʭ ʨʦʩʣʠʥʥʠʭ ʟʘʣʠʰʢʽʚ ʫ ʥʘʩʽʥʥʻʚʝ ʣʦʞʝ, ʱʦ 

ʧʦʛʽʨʰʫʻ ʢʦʥʪʘʢʪ ʥʘʩʽʥʥʷ ʟ ˇʨʫʥʪʦʤ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ 

ʧʦʣʴʦʚʦʾ ʩʭʦʞʦʩʪʽ. ʂʨʽʤ ʮʴʦʛʦ, ʪʘʢʽ ʩʦʰʥʠʢʠ ʧʽʜʚʠʱʫʶʪʴ ʚʘʨʪʽʩʪʴ ʩʽʚʘʣʢʠ  ̔

ʚʠʪʨʘʪʠ ʥʘ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ɸʥʢʝʨʥʽ ʩʦʰʥʠʢʠ (ʦʩʦʙʣʠʚʦ ʜʦʣʦʪʦʧʦʜʽʙʥʽ) ʟʜʘʪʥʽ ʧʝʨʝʤʽʱʘʪʠ ʧʦʞʥʠʚʥʽ 

ʨʝʰʪʢʠ  ̔ˇʨʫʥʪ ʽʟ ʟʦʥʠ ʨʷʜʢʘ ʚ ʤʽʞʨʷʜʜʷ. ʇʨʠ ʮʴʦʤʫ ʜʦʣʦʪʦʧʦʜʽʙʥʠʡ ʩʦʰʥʠʢ 

ʢʨʘʱʝ ʫʱʽʣʴʥʶʻ ʥʘʩʽʥʥʻʚʝ ʣʦʞʝ, ʱʦ ʩʧʨʠʷʻ ʦʜʥʦʯʘʩʥʦʤʫ  ̔ ʰʚʠʜʢʦʤʫ 

ʧʨʦʨʦʩʪʘʥʥʶ ʥʘʩʽʥʥʷ [6]. ɼʦ ʩʽʚʘʣʦʢ ʟ ʘʥʢʝʨʥʠʤʠ ʩʦʰʥʠʢʘʤʠ ʚʽʜʥʦʩʷʪʴʩʷ 

Amazone Primera DMC, Amazone AD3 Special (ʅʽʤʝʯʯʠʥʘ), Elvorti Cɿʉ-2,1 

(ʋʢʨʘʾʥʘ), Seed Master (ʌʨʘʥʮʽʷ) ʪʘ ʽʥ.  

ɸʥʢʝʨʥʠʡ ʩʦʰʥʠʢ ʩʽʚʘʣʢʠ Primera DMC [7] ʨʦʟʨʦʙʣʝʥʠʡ ʜʣʷ ʧʨʷʤʦʾ ʪʘ 

ʤʫʣʴʯʫʚʘʣʴʥʦʾ ʩʽʚʙʠ ʫ ʧʦʩʫʰʣʠʚʠʭ ʨʝʛʽʦʥʘʭ. ʇʨʠʥʮʠʧʦʚʦʶ ʨʽʟʥʠʮʝʶ  ̒ʪʝ, ʱʦ 

ʥʘʩʽʥʥʷ ʟʘʢʣʘʜʘʻʪʴʩʷ ʧʽʜ ʧʦʞʥʠʚʥʽ ʨʝʰʪʢʠ, ʯʠʤ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʭʦʨʦʰʠʡ ʢʦʥʪʘʢʪ 

ʟ ˇʨʫʥʪʦʤ  ̔ʩʪʚʦʨʶʶʪʴʩʷ ʫʤʦʚʠ ʜʣʷ ʧʨʦʨʦʩʪʘʥʥʷ ʥʘʩʽʥʥʷ. ɺʠʩʽʚʥʠʡ ʘʧʘʨʘʪ (ʨʠʩ. 

2) ʢʦʧʽʶʻ ʥʝʨʽʚʥʦʩʪʽ ʧʦʚʝʨʭʥʽ ʧʦʣʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʨʘʣʝʣʦʛʨʘʤʥʦʾ ʧʽʜʚʽʩʢʠ 3  ̔

ʤʦʞʝ ʚʽʜʭʠʣʷʪʠʩʴ ʧʨʠ ʥʘʾʟʜʽ ʥʘ ʢʘʤʽʥʴ ʯʠ ʽʥʰʫ ʧʝʨʝʰʢʦʜʫ. 

 
ʈʠʩ. 2. ʉʦʰʥʠʢʠ Amazone: Primera DMC (ʟʣʽʚʘ), AD3 Special (ʩʧʨʘʚʘ) 

1-ʜʦʣʦʪʦʧʦʜʽʙʥʠʡ ʩʦʰʥʠʢ; 2-ʧʨʠʢʦʯʫʚʘʣʴʥʽ ʢʦʪʢʠ; 3-ʧʘʨʘʣʝʣʦʛʨʘʤʥʘ ʧʽʜʚʽʩʢʘ;  

4-ʩʪʽʡʢʘ-ʟʘʧʦʙʽʞʥʠʢ 
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ɼʦʣʦʪʦʧʦʜʽʙʥʠʡ ʩʦʰʥʠʢ 1 ʣʠʰʘʻ ʟʘ ʩʦʙʦʶ ʯʠʩʪʫ ʙʦʨʦʟʥʫ ʜʣʷ ʚʠʩʽʚʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ, ʘ ʧʦʜʚʽʡʥʽ ʢʦʪʢʠ 2 ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʽʚʥʦʤʽʨʥʫ ʛʣʠʙʠʥʫ ʭʦʜʫ  ̔ʧʦʢʨʠʪʪʷ 

ˇʨʫʥʪʦʤ ʚʠʩʽʷʥʦʛʦ ʥʘʩʽʥʥʷ. ʉʦʰʥʠʢ ʩʽʚʘʣʢʠ Amazone AD3 Special (ʨʠʩ. 2) 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠ ʥʝʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʩʦʣʦʤʠ, ʥʘʧʨʠʢʣʘʜ, ʧʽʩʣʷ ʙʫʨʷʢʽʚ ʯʠ 

ʨʽʧʘʢʫ. ɼʦʩʪʘʪʥʽʡ ʧʦʚʟʜʦʚʞʥʽʡ ʢʨʦʢ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʩʦʰʥʠʢʘʤʠ ʩʽʚʘʣʢʠ ʟʘʭʠʱʘʻ 

ʾʭ ʚʽʜ ʟʘʙʠʚʘʥʥʷ ʨʦʩʣʠʥʥʠʤʠ ʨʝʰʪʢʘʤʠ. ʉʪʽʡʢʘ 4 ʟʘʧʦʙʽʛʘʻ ʟʘʩʤʽʯʝʥʥʶ 

ʚʠʧʫʩʢʥʦʛʦ ʦʪʚʦʨʫ ʩʦʰʥʠʢʘ ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ ʤʘʰʠʥʠ ʥʘ ʟʝʤʣʶ. 

ʉʦʰʥʠʢʠ ʢ̫ ʚʽʪʯʠʟʥʷʥʦʾ ʩʽʚʘʣʢʠ ʢʦʤʧʘʥʽʾ Elvorti Cɿʉ-2,1 (ʤ. 

ʂʨʦʧʠʚʥʠʮʴʢʠʡ), ʪʘʢ  ̔ʥʽʤʝʮʴʢʦʾ Sprinter ST (ʨʠʩ. 3) ʩʪʚʦʨʶʶʪʴ ʙʦʨʦʟʝʥʢʫ ʚ 

ˇʨʫʥʪʽ ʟʽ ɦ ʽʣʴʥʠʤ ʣʦʞʝ ʜʣʷ ʥʘʩʽʥʥʷ ʥʝ ʧʦʨʫʰʫʶʯʠ ʩʪʨʫʢʪʫʨʫ ʧʦʚʝʨʭʥʝʚʦʛʦ h ʘʨʫ 

ˇʨʫʥʪʫ  ̔ʤʫʣʴʯʽ, ʟʘ ʨʘʭʫʥʦʢ ʯʦʛʦ ʜʦʙʨʝ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚʦʣʦʛʘ [8]. 

 
ʈʠʩ. 3. ɸʥʢʝʨʥʽ ʩʦʰʥʠʢʠ ʩʽʚʘʣʦʢ Horsch Sprinter ST (ʟʣʽʚʘ), 

Elvorti Cɿʉ-2,1 (ʧʦ ʩʝʨʝʜʠʥʽ-ʣʘʧʦʚʠʡ, ʩʧʨʘʚʘ-ʜʦʣʦʪʦʧʦʜʽʙʥʠʡ) 

1-ʣʘʧʘ; 1ʘ-ʜʦʣʦʪʦ; 2-ʩʪʽʡʢʘ; 3-ʥʘʩʽʥʥʻʧʨʦʚʽʜ; 4-ʧʨʫʞʠʥʥʠʡ ʧʨʠʩʪʨʽʡ 

 

ɼʦ ʩʽʚʘʣʦʢ ʟ ʣʘʧʦʚʠʤʠ ʩʦʰʥʠʢʘʤʠ ʚʽʜʥʦʩʷʪʴʩʷ ʪʘʢʦʞ ʋʉʂ-2 (ʂʘʟʘʭʩʪʘʥ), 

LD 3000 ï AS QUASAR (ɯʪʘʣʽʷ), ʉʂʉ-2 (ɹʽʣʦʨʫʩʴ) ʪʘ ʽʥ. ʃʘʧʦʚʠʡ ʩʦʰʥʠʢ ʢʨʘʱʝ 

ʢʦʥʪʨʦʣʶʻ ʛʣʠʙʠʥʫ, ʥʽʞ ʜʦʣʦʪʦʧʦʜʽʙʥʠʡ, ʭʦʯʘ ʟʘ ʧʝʚʥʠʭ ʫʤʦʚ ʨʦʙʦʪʠ ʦʙʠʜʚʘ 

ʩʭʠʣʴʥʽ ʜʦ ʥʘʛʨʽʙʘʥʥʷ ʨʦʩʣʠʥʥʠʭ ʨʝʰʪʦʢ ʪʘ ʧʦʰʢʦʜʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪʠ ʚʦʣʦʛʠ. ɹʽʣʴʰ ʟʥʘʯʥʽ ʧʦʰʢʦʜʞʝʥʥʷ ˇʨʫʥʪʫ ʪʘ ʟʘʙʠʚʘʥʥʷ 

ʨʦʩʣʠʥʥʽʩʪʶ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʥʢʝʨʥʠʤʠ ʩʦʰʥʠʢʘʤʠ ʚʠʢʣʠʢʘʻ ʢʫʣʴʪʠʚʘʪʦʨʥʘ 

ʩʪʨʽʣʴʯʘʩʪʘ ʣʘʧʘ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʶ ʛʣʠʙʠʥʠ ʭʦʜʫ. ʗʢ 

ʥʝʜʦʣʽʢ ʩʣʽʜ ʚʽʜʤʽʪʠʪʠ ʪʝ, ʱʦ ʩʽʚʘʣʢʠ ʟ ʢʫʣʴʪʠʚʘʪʦʨʥʠʤʠ ʣʘʧʘʤʠ ʯʘʩʪʦ ʚʠʥʦʩʷʪʴ 

ʢʘʤʽʥʥʷ ʪʘ ʙʨʠʣʠ ʥʘ ʧʦʚʝʨʭʥʶ ˇʨʫʥʪʫ, ʯʠʤ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʥʘʩʪʫʧʥʠʡ ʦʙʨʦʙʽʪʦʢ 

ʧʦʩʽʚʽʚ [9, 10]. 

ɺʠʩʥʦʚʢʠ. ʊʝʭʥʦʣʦʛʽʷ ʧʨʷʤʦʾ ʩʽʚʙʠ, ʷʢʘ ʚʩʝ ʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʚʽʪʯʠʟʥʷʥʠʤʠ ʚʠʨʦʙʥʠʢʘʤʠ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʧʨʦʜʫʢʮʽʾ, ʧʦʪʨʝʙʫʻ 

ʜʦʩʢʦʥʘʣʠʭ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ, ʟʦʢʨʝʤʘ ʩʽʚʘʣʦʢ. ɸʥʘʣʽʟ ʩʦʰʥʠʢʽʚ ʜʣʷ ʧʨʷʤʦʾ 

ʩʽʚʙʠ ʧʦʢʘʟʘʚ, ʱʦ ʥʠʥʽ ʽʩʥʫʻ ʟʥʘʯʥʘ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʾʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʆʜʥʘʢ, ʧʨʠ 

ʚʠʙʦʨʽ ʩʽʚʘʣʢʠ ʟ ʘʥʢʝʨʥʠʤʠ ʯʠ ʜʠʩʢʦʚʠʤʠ ʩʦʰʥʠʢʘʤʠ ʚʘʞʣʠʚʦ, ʱʦʙʠ ʟʘ ʧʝʚʥʠʭ 

ʫʤʦʚ ʨʦʙʦʪʠ ʚʦʥʘ ʥʝ ʟʘʙʠʚʘʣʘʩʴ ˇʨʫʥʪʦʤ ʪʘ ʨʦʩʣʠʥʥʠʤʠ ʟʘʣʠʰʢʘʤʠ, ʤʦʛʣʘ 

ʟʘʙʝʟʧʝʯʠʪʠ ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʚʠʩʽʚʫ ʷʢ ʟʘ ʛʣʠʙʠʥʦʶ ʟʘʨʦʙʢʠ ʥʘʩʽʥʥʷ ʪʘʢ ʽ ʧʦ 

ʜʦʚʞʠʥʽ ʨʷʜʢʘ. 
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ɼʘʥʠʣʝʥʢʦ ɺ. ʗ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè 

 

ɻʝʦʤʝʪʨʠʯʥʽ ʧʦʥʷʪʪʷ ʯʘʩʪʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʟʤʽʥʥʠʤʠ ʧʨʠ ʪʠʭ ʯʠ ʽʥʰʠʭ ʧʝʨʝʪʚʦʨʝʥʥʷʭ,  ̔

ʥʘʷʚʥʽʩʪʶ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʷʢʽ ʮʠʤʠ ʧʝʨʝʪʚʦʨʝʥʥʷʤʠ ʧʦʨʫʰʫʶʪʴʩʷ. ʑʦʜʦ 

ʧʨʦʻʢʪʠʚʥʦʾ ʛʝʦʤʝʪʨʽʾ, ʪʦ ʚʦʥʘ ʚʠʚʯʘʻ ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢʽ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʟʤʽʥʥʠʤʠ 

ʧʨʠ ʧʨʦʻʢʪʠʚʥʠʭ ʧʝʨʝʪʚʦʨʝʥʥʷʭ. ʊʘʢʠʤʠ ʻ, ʥʘʧʨʠʢʣʘʜ, ʧʨʷʤʦʣʽʥʽʡʥʽʩʪʴ, 

ʧʦʜʚʽʡʥʝ ʚʽʜʥʦʰʝʥʥʷ ʯʦʪʠʨʴʦʭ ʪʦʯʦʢ ʦʜʥʽʻʾ ʧʨʷʤʦʾ ʪʘ ʽʥ. ɺʽʜʦʤʦ, ʱʦ ʧʨʠ 

ʧʨʦʻʢʪʠʚʥʠʭ ʧʝʨʝʪʚʦʨʝʥʥʷʭ ʟʤʽʥʶʶʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʜʦʚʞʠʥʠ ʪʘ ʢʫʪʠ, ʘʣʝ ʥʘʚʽʪʴ 

ʧʘʨʘʣʝʣʴʥʽ ʧʨʷʤʽ ʤʦʞʫʪʴ ʧʝʨʝʡʪʠ ʚ ʧʝʨʝʪʠʥʥʽ. ʉʚʦʻʨʽʜʥʠʤʠ ʚʠʛʣʷʜʘʶʪʴ 

ʩʪʦʩʫʥʢʠ ʤʽʞ ʧʝʨʝʪʚʦʨʝʥʥʷʤʠ ʪʨʠʚʠʤʽʨʥʦʛʦ R3 ʪʘ ʜʚʦʚʠʤʽʨʥʦʛʦ (ʢʘʨʪʠʥʥʘ 

ʧʦʚʝʨʭʥʷ) R2 ʧʨʦʩʪʦʨʽʚ, ʘ ʪʘʢʦʞ ʚʽʜʥʦʩʠʥʠ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ ʪʨʠʚʠʤʽʨʥʦʛʦ 

ʧʨʦʩʪʦʨʫ ʪʘ ʰʘʨʘʤʠ ʮʴʦʛʦ ʞ ʧʨʦʩʪʦʨʫ (ʨʝʣʴʻʬʘʤʠ). ʈʝʣʴʻʬ ï ʯʘʩʪʠʥʘ ʧʨʦʩʪʦʨʫ 

R3, ʷʢʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʟʥʘʯʘʪʠ R2-3. ʇʨʠ ʧʦʙʫʜʦʚʽ ʢʨʫʛʦʚʠʭ ʨʝʣʴʻʬʥʠʭ ʧʘʥʦʨʘʤ 

ʚ ʧʨʦʩʪʦʨʽ, ʦʙʤʝʞʝʥʦʤʫ ʮʠʣʽʥʜʨʠʯʥʠʤʠ, ʢʦʥʽʯʥʠʤʠ ʘʙʦ ʩʬʝʨʠʯʥʠʤʠ 

ʧʦʚʝʨʭʥʷʤʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʮʝʥʪʨʘʣʴʥʽ ʚʽʜʦʙʨʘʞʝʥʥʷ. ʆʙôʻʜʥʫʶʯʠʤʠ ʮ ̔

ʚʠʜʠ ʨʝʣʴʻʬʽʚ  ̒ʘʥʘʣʦʛʽʯʥʽ ʜʣʷ ʚʩʽʭ ʪʨʴʦʭ ʚʠʜʽʚ ʚʽʜʦʙʨʘʞʝʥʥʷ F ʚ ʧʣʦʱʠʥʘʭ P, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʜʦ ʦʩʝʡ ʩʠʤʝʪʨʽʾ ʥʘʟʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ. ʑʦʜʦ ʧʨʘʢʪʠʯʥʦʾ 

ʩʪʦʨʦʥʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʥʦʨʘʤʥʠʭ ʨʝʣʴʻʬʽʚ, ʪʦ ʝʬʝʢʪʠʚʥʠʤ ʤʦʞʝ ʚʠʛʣʷʜʘʪʠ 

ʬʦʨʤʫʚʘʥʥʷ ʢʘʨʪʠʥ ʦʛʣʷʜʦʚʦʩʪʽ ʟʦʚʥʽʰʥʴʦʛʦ ʧʨʦʩʪʦʨʫ ʟ ʤʽʩʮʴ ʚʦʜʽʾʚ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ (ʦʧʝʨʘʪʦʨʽʚ), ʘ ʪʘʢʦʞ ʟ ʤʽʩʮʴ ʧʘʩʘʞʠʨʽʚ. 

 ɺʩʪʘʥʦʚʣʝʥʥʷ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʢʦʜʫ ï ʧʨʦʻʢʮʽʡʥʦʛʦ 

ʘʧʘʨʘʪʘ ï ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʘʪʠ ʧʝʚʥʠʡ ʚʠʜ ʧʨʦʻʢʮʽʡʥʠʭ ʟʦʙʨʘʞʝʥʴ ̫ ʢ ʥʘ ʧʦʚʝʨʭʥʷʭ 

ʧʨʦʩʪʦʨʫ (ʥʘ ʢʘʨʪʠʥʘʭ), ʪʘʢ  ̔ ʚ ʰʘʨʘʭ ʧʨʦʩʪʦʨʫ (ʚ ʨʝʣʴʻʬʘʭ). ʉʧʝʮʠʬʽʢʘ 

ʨʝʣʴʻʬʥʠʭ ʟʦʙʨʘʞʝʥʴ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʨʦʩʪʦʨʦʚʽ ʦʙôʻʢʪʠ ʚʽʜʦʙʨʘʞʫʶʪʴʩʷ 

ʟʥʦʚʫ ʞ ʪʘʢʠ ʚ ʧʨʦʩʪʦʨʽ, ʭʦʯʘ ʡ ʟʽ ʟʤʽʥʦʶ ʚʽʜʥʦʩʥʠʭ ʨʦʟʤʽʨʽʚ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, 

ʧʨʦʩʪʦʨʦʚʽ ʦʙôʻʢʪʠ ʚʽʜʦʙʨʘʞʫʶʪʴʩʷ ʚ ʰʘʨ ʧʨʦʩʪʦʨʫ ï  ̔ ʥʘʚʧʘʢʠ. ʎʝ ʥʘʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʦʜʝʨʞʫʚʘʪʠ ʨʝʣʴʻʬʥʽ ʟʦʙʨʘʞʝʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ: ʝʣʽʧʪʠʯʥʦʛʦ Fʝ; 

ʧʘʨʘʙʦʣʽʯʥʦʛʦ Fʧ; ʛʽʧʝʨʙʦʣʽʯʥʦʛʦ Fʛ. ʇʽʜ ʯʘʩ ʟʦʨʦʚʦʛʦ ʘʥʘʣʽʟʫ ʧʨʦʩʪʦʨʦʚʠʭ 

ʦʙôʻʢʪʽʚ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʮʠʣʽʥʜʨʠʯʥʦʛʦ, ʢʦʥʽʯʥʦʛʦ ʪʘ 

ʩʬʝʨʠʯʥʦʛʦ ʨʝʣʴʻʬʽʚ. ɺʽʜʦʤʦ, ʱʦ ʩʫʪʪʻʚʦʶ ʩʢʣʘʜʦʚʦʶ ʦʛʣʷʜʦʚʦʩʪʽ ʧʨʦʩʪʦʨʦʚʠʭ 

ʦʙôʻʢʪʽʚ ʽʟ ʢʘʙʽʥ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ [1, 2]  ̒ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʝʨʘʪʦʨʘ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʟʦʨʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ. ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʮʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚʘʞʣʠʚʠʤ 

ʩʪʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʚ ʰʘʨʘʭ ʧʨʦʩʪʦʨʫ, ʪʦʙʪʦ ʚ ʧʘʥʦʨʘʤʥʠʭ (ʢʨʫʛʦʚʠʭ) 

ʨʝʣʴʻʬʘʭ. 

ɿʘʟʚʠʯʘʡ ʛʝʦʤʝʪʨʠʯʥʠʡ ʬʘʢʪ ʤʦʞʥʘ ʚʠʢʣʘʜʘʪʠ  ̔ʟʘ ʤʝʪʦʜʦʤ ʢʦʦʨʜʠʥʘʪ,  ̔

ʙʝʟ ʜʦʧʦʤʦʛʠ ʮʴʦʛʦ ʤʝʪʦʜʫ. ɼʣʷ ʚʠʚʯʝʥʥʷ ʬʘʢʪʽʚ ʥʝ ʦʙʦʚôʷʟʢʦʚʦ ʜʦʪʨʠʤʫʚʘʪʠʩʴ 
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ʦʜʥʦʛʦ ʷʢʦʛʦ-ʥʝʙʫʜʴ ʤʝʪʦʜʫ ï ʱʦʨʘʟʫ ʩʣʽʜ ʦʙʠʨʘʪʠ ʪʦʡ ʩʧʦʩʽʙ, ʷʢʠʡ ʫ ʧʝʚʥʠʡ 

ʤʦʤʝʥʪ  ̒ ʥʘʡʟʨʫʯʥʽʰʠʤ  ̔ ʰʚʠʜʰʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʤʝʪʠ. ɯʩʪʦʨʽʷ ʜʦʩʣʽʜʞʝʥʴ 

ʧʘʥʦʨʘʤʥʠʭ ʨʝʣʴʻʬʽʚ ʜʝʤʦʥʩʪʨʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʩʠʥʪʝʪʠʯʥʦʛʦ [3]  ̔

ʘʥʘʣʽʪʠʯʥʦʛʦ [4] ʧʽʜʭʦʜʽʚ ʜʦ ʨʦʟʛʣʷʜʫ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʪʠʧʫ 

ʨʝʣʴʻʬʽʚ. ʋʩʢʣʘʜʥʝʥʥʷ ʟʘʜʘʯ ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʦʙôʻʢʪʽʚ ʘʢʪʠʚʽʟʫʻ 

ʨʦʟʚʠʪʦʢ ʩʧʦʩʦʙʽʚ ʦʙôʻʤʥʦ-ʛʨʘʬʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʆʜʥʽʻʶ ʟ ʩʫʪʪʻʚʠʭ ʧʨʦʙʣʝʤ 

ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ  ̒ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʦʛʣʷʜʦʚʦʩʪʽ 

ʧʨʠʜʦʨʦʞʥʴʦʛʦ ʧʨʦʩʪʦʨʫ ʚʦʜʽʷʤʠ ̔  ʧʘʩʘʞʠʨʘʤʠ. ɼʣʷ ʮʴʦʛʦ ̔ ʩʥʫʻ ʥʠʟʢʘ ʩʧʦʩʦʙʽʚ: 

ʛʨʘʬʽʯʥʽ, ʝʣʝʢʪʨʦʛʨʘʬʽʯʥʽ, ʬʦʪʦʛʨʘʬʽʯʥʽ ʪʘ ʽʥ. ʉʧʽʣʴʥʠʤ ʥʝʜʦʣʽʢʦʤ ʥʘʟʚʘʥʠʭ 

ʩʧʦʩʦʙʽʚ  ̒ʪʝ, ʱʦ ʚʦʥʠ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʪʽʣʴʢʠ ʚ ʧʝʨʽʦʜ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʤʘʰʠʥʠ  ̔ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʦʚʥʦʶ ʤʽʨʦʶ ʥʘ ʩʪʘʜʽʾ ʧʨʦʻʢʪʫʚʘʥʥʷ. 

ɿʘʟʥʘʯʝʥʦʛʦ ʥʝʜʦʣʽʢʫ ʜʦʧʦʤʘʛʘʶʪʴ ʧʦʟʙʫʪʠʩʷ ʧʘʥʦʨʘʤʥʽ ʨʝʣʴʻʬʠ. ɺʦʥʠ 

ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʘʪʠ ʦʛʣʷʜʦʚʽʩʪʴ ʤʘʰʠʥ  ̔ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ ʥʘ ʦʩʥʦʚʽ 

ʛʨʘʬʽʯʥʠʭ ʪʘ ʘʥʘʣʽʪʠʯʥʠʭ ʧʨʦʻʢʪʥʠʭ ʜʘʥʠʭ. 

ʈʦʟʛʣʷʜʘʶʯʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʨʠʯʠʥʘ ï ʥʘʩʣʽʜʦʢ, ʚʩʽ ʟʘʜʘʯʽ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʥʘ ʫʤʦʚʥʦ ʨʦʟʧʦʜʽʣʠʪʠ ʥʘ ʜʚʘ ʚʝʣʠʢʽ ʢʣʘʩʠ: 

ʧʨʷʤʽ ʟʘʜʘʯʽ (ʚʽʜʦʤʽ ʧʨʠʯʠʥʠ, ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʥʘʩʣʽʜʢʠ)  ̔ʦʙʝʨʥʝʥʽ (ʚʽʜʦʤʽ 

ʥʘʩʣʽʜʢʠ, ʪʨʝʙʘ ʟʥʘʡʪʠ ʧʨʠʯʠʥʠ) [5]. ʆʙʝʨʥʝʥʽ ʟʘʜʘʯʽ ʤʘʶʪʴ ʜʝʷʢʽ ʥʝʧʨʠʻʤʥʽ (ʟ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʧʦʟʠʮʽʡ) ʦʩʦʙʣʠʚʦʩʪʽ. ʇʦ-ʧʝʨʰʝ, ʚʦʥʠ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝʣʽʥʽʡʥʽ. ʇʦ-

ʜʨʫʛʝ, ʨʦʟʚôʷʟʢʠ ʦʙʝʨʥʝʥʠʭ ʟʘʜʘʯ ʟʘʟʚʠʯʘʡ ʥʝʻʜʠʥʽʩʥʽ. ʊʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʻʜʠʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʯʘʩʪʦ ʧʦʪʨʝʙʫʻ ʥʘʜʣʠʰʢʦʚʦʾ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ʇʦ-ʪʨʝʪʻ, ʦʙʝʨʥʝʥʽ ʟʘʜʘʯʽ ʥʝ ʟʘʚʞʜʠ  ̒ʢʦʨʝʢʪʥʠʤʠ. ɺ ʥʠʭ ʚʽʜʩʫʪʥʷ ʥʝʧʝʨʝʨʚʥʘ 

ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ (ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʨʷʤʠʤʠ ʟʘʜʘʯʘʤʠ). ɿʘ ʪʘʢʠʭ ʫʤʦʚ 

ʥʘ ʧʝʨʰʠʡ ʧʣʘʥ ʧʨʠ ʨʦʟʚôʷʟʫʚʘʥʥʽ ʦʙʝʨʥʝʥʠʭ ʟʘʜʘʯ ʚʠʭʦʜʷʪʴ ʩʧʦʩʦʙʠ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʚʠʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ɿôʷʩʫʻʤʦ ʭʘʨʘʢʪʝʨ ʬʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʥʘ ʢʘʨʪʠʥʥʠʭ ʧʦʚʝʨʭʥʷʭ  ̔ ʚ 

ʨʝʣʴʻʬʘʭ. ʅʘ ʢʘʨʪʠʥʥʽʡ ʧʦʚʝʨʭʥʽ S¡ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʻʢʮʽʾ M¡ ʪʦʯʢʠ M (ʧʨʷʤʘ 

ʟʘʜʘʯʘ) ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʜʥʦʟʥʘʯʥʦ (ʨʠʩ. 1).  

 

ʈʠʩ. 1. ʉʭʝʤʘ ʚʽʜʥʦʰʝʥʥʷ ʪʨʴʦʭ ʪʦʯʦʢ S, M¡, M ʦʜʥʽʻʾ ʧʨʷʤʦʾ 

 

ɿʥʘʭʦʜʞʝʥʥʷ ʞ M, ʤʘʶʯʠ M¡ (ʦʙʝʨʥʝʥʘ ʟʘʜʘʯʘ), ʧʦʪʨʝʙʫʻ ʥʘʷʚʥʦʩʪʽ 

ʧʨʦʩʪʦʛʦ ʚʽʜʥʦʰʝʥʥʷ 

,
MS

SM
v

¡
=

 
(1) 

ʱʦ ʧʦʚôʷʟʫʻ ʪʨʠ ʪʦʯʢʠ S, M¡, M ʦʜʥʽʻʾ ʧʨʷʤʦʾ (ʨʠʩ. 2). 
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ʑʦʜʦ ʧʘʥʦʨʘʤʥʠʭ ʨʝʣʴʻʬʽʚ, ʪʦ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʷʤʦʾ ʪʘ ʦʙʝʨʥʝʥʦʾ ʟʘʜʘʯ 

ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʜʚʽʡʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʯʦʪʠʨʴʦʭ ʪʦʯʦʢ A, B¡, C, D. 

 

ʈʠʩ. 2. ʇʨʠʢʣʘʜ ʛʨʘʬʽʢʘ ʣʽʥʽʡʥʦʛʦ ʟʚôʷʟʢʫ ʢʦʝʬʽʮʽʻʥʪʘ v (ʚʽʜʥʦʰʝʥʥʷ ʪʨʴʦʭ 

ʪʦʯʦʢ ʧʨʷʤʦʾ) ʟ ʮʝʥʪʨʦʤ ʧʨʦʻʢʮʽʶʚʘʥʥʷ S  ̔ʪʦʯʢʘʤʠ M¡ ʪʘ M (M1, M2, ...) 

 

ʆʯʝʚʠʜʥʦ, ʱʦ ʮʝʥʪʨʘʣʴʥʝ ʧʨʦʻʢʮʽʶʚʘʥʥʷ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʟʤʽʥʶʻ ʥʝ 

ʪʽʣʴʢʠ ʜʦʚʞʠʥʠ ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʚʽʜʨʽʟʢʽʚ, ʘ ʡ ʧʨʦʩʪʽ ʚʽʜʥʦʰʝʥʥʷ ʪʨʽʡʦʢ ʪʦʯʦʢ. 

ʇʨʦʪʝ ʚʦʥʦ ʟʙʝʨʽʛʘʻ ʩʢʣʘʜʥʽ ʚʽʜʥʦʰʝʥʥʷ ʯʝʪʚʽʨʦʢ ʪʦʯʦʢ. 

ʅʝʭʘʡ A, B¡, C, D ï ʜʦʚʽʣʴʥʘ ʯʝʪʚʽʨʢʘ ʪʦʯʦʢ ʥʘ ʧʨʷʤʽʡ l, ʥʘ ʷʢʽʡ ʧʝʚʥʠʡ 

ʥʘʧʨʷʤ ʧʨʠʡʥʷʪʦ ʟʘ ʜʦʜʘʪʥʠʡ. ʅʘʟʚʝʤʦ ʪʦʯʢʠ A, B¡ ʙʘʟʠʩʥʠʤʠ, C, D ï 

ʨʦʟʜʽʣʷʶʯʠʤʠ (ʧʦʜʽʣʴʥʠʤʠ). ʇʨʠ ʮʴʦʤʫ ʚʚʘʞʘʪʠʤʝʤʦ A, C ʧʝʨʰʠʤʠ, B¡, D ï 

ʜʨʫʛʠʤʠ ʚ ʢʦʞʥʽʡ ʧʘʨʽ. ʅʘʟʚʝʤʦ ʩʢʣʘʜʥʠʤ ʚʽʜʥʦʰʝʥʥʷʤ ʯʝʪʚʽʨʢʠ A, B¡, C, D 

(ʧʦʟʥʘʯʘʪʠʤʝʤʦ w, ʘʙʦ (AB¡CD)) ʯʠʩʣʦ 

).(:)( BCDA
ADBC

BDAC

BD

AD

BC

AC
CDBAw ¡=

Ö¡

¡Ö
=
¡¡

=¡=
 

(2) 

ʏʝʨʝʟ AC, CB¡, AD, DB¡ ʧʦʟʥʘʯʠʤʦ ʜʦʚʞʠʥʠ ʚʽʜʨʽʟʢʽʚ. 

ʂʦʣʠ ʟʘʜʘʥʦ ʩʢʣʘʜʥʝ ʚʽʜʥʦʰʝʥʥʷ w ̔  ʪʨʠ ʪʦʯʢʠ ʥʘ ʧʨʷʤʽʡ, ʧʨʠʯʦʤʫ ʚʢʘʟʘʥʦ, 

ʷʢʽ ʟ ʥʠʭ ̒  ʙʘʟʠʩʥʠʤʠ, ʪʦ ʯʝʪʚʝʨʪʘ ʪʦʯʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʜʥʦʟʥʘʯʥʦ (ʧʨʠ ʚʢʘʟʘʥʦʤʫ 

ʧʦʨʷʜʢʫ ʪʦʯʦʢ). 

ʅʝʭʘʡ ʟʘʜʘʥʦ ʪʦʯʢʠ A, B¡, C, ʘ ʰʫʢʘʥʦʶ  ̒ ʪʦʯʢʘ D. ʊʦʜʽ ʟ ʨʽʚʥʦʩʪʽ 

w
BD

AD

BC

AC
=
¡¡

:  ʚʠʧʣʠʚʘʻ, ʱʦ (ʦʙʝʨʥʝʥʘ ʟʘʜʘʯʘ) ʟʘ ʫʤʦʚʠ DBBAAD ¡+¡=  ʤʘʻʤʦ 
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1
1
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¡
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(3) 

ʗʢʱʦ ʞ ʟʘʜʘʥʦ ʥʘ ʦʜʥʽʡ ʧʨʷʤʽʡ ʪʨʠ ʪʦʯʢʠ A, C, D (ʧʨʷʤʘ ʟʘʜʘʯʘ), 

ʦʜʝʨʞʫʻʤʦ ʟʘ ʫʤʦʚʠ DCBDBʉ -¡=¡  

.
1

1
AD

AC

w

DC
BD

Ö-

=¡

 

(4) 
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ʆʩʢʽʣʴʢʠ ʜʦʚʞʠʥʠ ʚʽʜʨʽʟʢʽʚ ʙʝʨʝʤʦ ʟ ʟʥʘʢʘʤʠ )( BDDB ¡=¡- , ʪʦ ʨʽʚʥʦʩʪʷʤʠ 

(3)  ̔(4) ʪʦʯʢʠ D  ̔B¡ ʚʠʟʥʘʯʘʶʪʴʩʷ ʦʜʥʦʟʥʘʯʥʦ. ʇʽʜ ʯʘʩ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʷʤʦʾ ʪʘ 

ʦʙʝʨʥʝʥʦʾ ʟʘʜʘʯ ʙʘʞʘʥʦ ʦʙʠʨʘʪʠ ʚʝʣʠʯʠʥʫ w (2) ʚ ʤʝʞʘʭ 1,25 · 2,00 (ʨʠʩ. 3). 

 

ʈʠʩ. 3. ʇʨʠʢʣʘʜ ʛʨʘʬʽʢʘ ʥʝʣʽʥʽʡʥʦʛʦ ʟʚôʷʟʢʫ ʢʦʝʬʽʮʽʻʥʪʘ w (ʧʦʜʚʽʡʥʝ 

ʚʽʜʥʦʰʝʥʥʷ ʯʦʪʠʨʴʦʭ ʪʦʯʦʢ ʧʨʷʤʦʾ) ʟ ʮʝʥʪʨʦʤ ʧʨʦʻʢʮʽʶʚʘʥʥʷ A  ̔ʦʙôʻʢʪʦʤ D 

(D1, D2, ...)  

 

ɺʽʜʦʤʦ, ʱʦ ʩʧʨʠʡʥʷʪʪʷ ʣʶʜʠʥʦʶ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʦʙôʻʢʪʘ ʘʙʦ ʧʨʦʮʝʩʫ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʠʟʢʠ ʝʪʘʧʽʚ ï ʛʨʫʙʦʛʦ ʨʦʟʨʽʟʥʝʥʥʷ ʟʘʛʘʣʴʥʠʭ ʢʦʥʪʫʨʽʚ ̔  ʧʨʦʧʦʨʮʽʡ, 

ʫʪʦʯʥʝʥʥʷ ʬʦʨʤʠ, ʧʦʩʣʽʜʦʚʥʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʢʨʝʤʠʭ ʜʝʪʘʣʝʡ, ʧʦʯʠʥʘʶʯʠ ʟ 

ʢʨʫʧʥʠʭ, ̔ , ʥʘʨʝʰʪʽ, ʦʩʪʘʪʦʯʥʦʛʦ ̔  ʧʦʚʥʦʛʦ ʩʧʨʠʡʥʷʪʪʷ. ʇʦʛʣʷʜ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʥʘ 

ʥʘʩʪʫʧʥʠʡ ʦʙôʻʢʪ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʧʽʩʣʷ ʪʦʛʦ, ʷʢ ʦʩʷʛʥʫʪʦ ʩʪʫʧʽʥʴ ʚʧʣʠʚʫ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘ ʫʤʦʚʠ ʨʫʭʫ. ɺʦʜʽʡ ʦʨʛʘʥʽʟʦʚʫʻ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘʢʠʤ ʯʠʥʦʤ, 

ʱʦʙ ʦʮʽʥʠʪʠ ʚʩʽ ʬʘʢʪʦʨʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʤʦʞʣʠʚʠʡ ʨʝʞʠʤ ʨʫʭʫ ʧʦ ʜʦʨʦʟʽ. ʉʘʤʝ 

ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʢʦʤʬʦʨʪʥʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚʘʞʣʠʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʜʦʧʦʤʦʛʠ 

ʢʦʥʩʪʨʫʢʪʦʨʘʤ  ̔ʧʨʦʻʢʪʫʚʘʣʴʥʠʢʘʤ ʤʘʻ ʩʪʘʪʠ ʧʦʙʫʜʦʚʘ ʥʘʦʯʥʠʭ [6] ʧʘʥʦʨʘʤʥʠʭ 

ʨʝʣʴʻʬʽʚ ï ʦʜʥʦʛʦ ʟʽ ʩʧʦʩʦʙʽʚ ʝʬʝʢʪʠʚʥʦʾ ʦʮʽʥʢʠ ʤʘʡʙʫʪʥʽʭ ʦʙôʻʢʪʽʚ ʟʘ ʾ ʭ ʟʦʨʦʚʠʤ 

ʩʧʨʠʡʥʷʪʪʷʤ. 
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ɻɽʆʄɽʊʈʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ɺ ʇʈʆɭʂʊʅʀʍ ʈʆɹʆʊɸʍ 

ɿɼʆɹʋɺɸʏɯɺ ɺʀʑʆɰ ʆʉɺɯʊʀ 

 

ʐʦʤʘʥ ʆ. ɺ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè 

 

ʈʦʙʦʪʘ ʟ ʛʨʘʬʽʯʥʦʶ ʪʘ ʛʝʦʤʝʪʨʠʯʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ, ʩʫʯʘʩʥʠʤʠ 

ʧʨʦʛʨʘʤʥʠʤʠ ʟʘʩʦʙʘʤʠ, ʛʨʘʬʽʯʥʦ-ʘʥʘʣʽʪʠʯʥʠʤ ʧʦʜʘʥʥʷʤ ʜʘʥʠʭ ʧʨʦ ʤʦʜʝʣʽ 

ʦʙôʻʢʪʽʚ  ̔ ʧʨʦʮʝʩʽʚ, ʘʣʛʦʨʠʪʤʘʤʠ ʢʦʤʧôʶʪʝʨʥʦʾ ʛʨʘʬʽʢʠ ʩʢʣʘʜʘʶʪʴ ʟʤʽʩʪʦʚʫ 

ʯʘʩʪʠʥʫ ʧʨʦʬʝʩʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʬʘʭʽʚʮʷ ʚ ʛʘʣʫʟʽ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʛʨʘʬʽʯʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʉʝʨʝʜ ʥʘʧʨʷʤʢʽʚ, ʜʝ ʚ ʧʨʦʮʝʩʽ ʧʽʜʛʦʪʦʚʢʠ 

 ̔ʥʘʚʯʘʥʥʷ ʤʘʡʙʫʪʥʽ ʬʘʭʽʚʮʽ ʤʦʞʫʪʴ ʨʝʘʣʽʟʫʚʘʪʠ ʩʚʦʾ ʧʨʦʻʢʪʠ, ʚʽʜʟʥʘʯʠʤʦ:  

- ʩʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ (ʨʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ, 

ʦʙʨʦʙʢʘ ʛʨʘʬʽʯʥʦʾ ̔ ʥʬʦʨʤʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʤʦʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘ ̔ ʥ.); 

- ʛʝʦʤʝʪʨʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʦʙôʻʢʪʽʚ, ʷʚʠʱ, ʧʨʦʮʝʩʽʚ  ̔ʩʠʩʪʝʤ (ʨʦʟʨʦʙʢʘ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʤʦʜʝʣʝʡ ʦʙôʻʢʪʽʚ ʪʝʭʥʽʢʠ  ̔ʜʠʟʘʡʥʫ, ʧʨʦʮʝʩʽʚ  ̔ʷʚʠʱ ʬʽʟʠʯʥʦʾ 

ʧʨʠʨʦʜʠ, ʘʥʽʤʘʮʽʷ  ̔ʚʽʟʫʘʣʽʟʘʮʽʷ); 

- ʢʦʤʧôʶʪʝʨʥʘ ʛʨʘʬʽʢʘ (ʩʪʚʦʨʝʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʦʙʨʦʙʢʠ ʛʨʘʬʽʯʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ  ̔ ʩʧʝʮʽʘʣʴʥʠʭ ʝʬʝʢʪʽʚ ʘʥʽʤʘʮʽʾ, ʨʦʟʨʦʙʢʘ ʩʢʣʘʜʥʠʭ ʪʨʠʚʠʤʽʨʥʠʭ 

ʤʦʜʝʣʝʡ ʪʘ ʧʦʚʝʨʭʦʥʴ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʘʭ); 

ɯʥʪʝʨʥʝʪ-ʪʝʭʥʦʣʦʛʽʾ (ʨʦʟʨʦʙʢʘ  ̔ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʣʽʻʥʪ-ʩʝʨʚʝʨʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʩʪʚʦʨʝʥʥʷ ɯʥʪʝʨʥʝʪ-ʜʦʜʘʪʢʽʚ ʪʘ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʟʤʽʩʪʦʤ, ʨʦʟʨʦʙʢʘ 

ʚʝʙ-ʽʥʪʝʨʬʝʡʩʽʚ  ̔ʧʨʦʻʢʪʽʚ): 

- ʪʝʭʥʦʣʦʛʽʾ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʟʦʙʨʘʞʝʥʴ (ʨʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʽʚ ʨʝʢʦʥʩʪʨʫʢʮʽʾ 

ʟʦʙʨʘʞʝʥʴ ʪʨʠʚʠʤʽʨʥʠʭ ʦʙôʻʢʪʽʚ ʟʘ ʾʭʥʽʤʠ ʧʨʦʻʢʮʽʷʤʠ); 

- ʩʠʩʪʝʤʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ (ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ 

ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʨʦʟʨʦʙʢʘ ʙʘʟ ʟʥʘʥʴ ʪʘ ʝʢʩʧʝʨʪʥʠʭ ʩʠʩʪʝʤ, ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ 

ʤʝʨʝʞ ʪʘ ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ); 

- ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙʨʘʟʽʚ  ̔ʩʠʩʪʝʤʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ 

ʟʦʨʫ (ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙôʻʢʪʽʚ ʪʘ ʩʮʝʥ); 

- ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ (ʩʪʚʦʨʝʥʥʷ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ ʪʘ 

ʽʛʦʨ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʜʣʷ ɯʥʪʝʨʥʝʪ); 

- ʢʦʤʧôʶʪʝʨʥʽ ʩʠʤʫʣʷʪʦʨʠ ʪʘ ʽʛʨʠ (ʨʦʟʨʦʙʢʘ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʤʫʣʷʪʦʨʽʚ ʪʘ 

ʪʨʝʥʘʞʝʨʽʚ, ʢʦʤʧôʶʪʝʨʥʠʭ ʽʛʦʨ). 

ɺʚʝʜʝʥʥʷ ʚ ʧʽʜʛʦʪʦʚʢʫ ʙʘʢʘʣʘʚʨʽʚ ̔  ʤʘʛʽʩʪʨʽʚ ʟ ʢʦʤʧôʶʪʝʨʥʠʭ ʥʘʫʢ ʨʦʟʜʽʣʽʚ 

ʧʨʠʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʽʾ, ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʦʙôʻʢʪʽʚ, ʷʚʠʱ  ̔ʧʨʦʮʝʩʽʚ, 

ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʟʦʙʨʘʞʝʥʴ, ʤʦʜʝʣʶʚʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ 

ʝʬʝʢʪʽʚ ʚ ʢʦʤʧôʶʪʝʨʥʽʡ ʛʨʘʬʽʮʽ, ʤʝʪʦʜʽʚ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʚ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ  ʨʦʟʰʠʨʠʣʦ ʧʨʝʜʤʝʪʥʫ ʦʙʣʘʩʪʴ ʧʨʦʻʢʪʥʠʭ  ̔ʜʠʧʣʦʤʥʠʭ 

ʨʦʙʽʪ ʟʜʦʙʫʚʘʯʽʚ ʚʠʱʦʾ ʦʩʚʽʪʠ ʧʦ ʢʘʬʝʜʨʽ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʢʦʤʧôʶʪʝʨʥʦʾ ʛʨʘʬʽʢʠ ʅʊʋ çʍʇɯè ʪʘ ʜʦʜʘʣʦ ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ ʧʦʩʪʽʡʥʦʛʦ 

ʦʥʦʚʣʝʥʥʷ ʟʤʽʩʪʫ ʧʽʜʛʦʪʦʚʢʠ ʯʝʨʝʟ ʥʘʫʢʦʚʫ ʢʦʤʧʦʥʝʥʪʫ.  
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ʊʨʦʭʘʥʷʢ ʆ. ʄ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ  ̔ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʐʥʝʢʦʚʽ ʢʦʥʚʝʻʨʠ ʟʥʘʡʰʣʠ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 

ʟʝʨʥʦʚʠʭ, ʥʘʩʽʥʥʻʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʛʨʘʥʫʣʴʦʚʘʥʠʭ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ, ʷʢʽ ʧʨʠ 

ʧʝʨʝʤʽʱʝʥʥʽ ʟʘʟʥʘʶʪʴ ʟʥʘʯʥʠʭ ʧʦʰʢʦʜʞʝʥʴ, ʱʦ  ̒ʥʝʜʦʧʫʩʪʠʤʠʤ. 

ʆʩʥʦʚʥʠʤʠ ʧʨʠʯʠʥʘʤʠ ʪʨʘʚʤʫʚʘʥʥʷ ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ  ̒ ʧʦʧʘʜʘʥʥʷ ʾʭ 

ʯʘʩʪʠʥʦʢ ʫ ʟʘʟʦʨ ʤʽʞ ʦʙʝʨʪʦʚʠʤ ʰʥʝʢʦʤ  ̔ʥʝʨʫʭʦʤʦʶ ʚʥʫʪʨʽʰʥʴʦʶ ʧʦʚʝʨʭʥʝʶ 

ʥʘʧʨʘʚʣʷʶʯʦʾ ʪʨʫʙʠ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʚʥʝ ʘʙʦ ʯʘʩʪʢʦʚʝ 

ʧʦʰʢʦʜʞʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʝ ʟʘʢʣʠʥʶʚʘʥʥʷ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʡʦʛʦ ʧʦʣʦʤʦʢ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʚʠʪʨʘʪ. 

ɿʤʽʥʘ ʟʘʟʦʨʽʚ ʤʽʞ ʧʝʨʠʬʝʨʽʻʶ ʰʥʝʢʘ ʪʘ ʧʦʚʝʨʭʥʝʶ ʪʨʫʙʠ, ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʨʽʟʥʠʭ ʧʨʦʬʽʣʽʚ ʟʦʚʥʽʰʥʽʭ ʢʨʦʤʦʢ ʛʚʠʥʪʦʚʠʭ ʧʦʚʝʨʭʦʥʴ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʘ ʨʝʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʝ ʚ ʧʦʚʥʽʡ ʤʽʨʽ 

ʤʦʞʝ ʚʠʨʽʰʠʪʠ ʜʘʥʫ ʧʨʦʙʣʝʤʫ. 

ɺʠʨʽʰʝʥʥʶ ʜʘʥʠʭ ʧʠʪʘʥʴ, ʘ ʩʘʤʝ ʨʦʟʨʦʙʮʽ ʦʨʠʛʽʥʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʛʚʠʥʪʦʚʠʭ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʪʘ ʚʠʙʦʨʫ ʾʭ ʨʘʮʽʦʥʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ  ̔ ʨʝʞʠʤʽʚ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʠʩʚʷʯʝʥʽ ʧʨʘʮʽ [1, 2, 3]. ʆʜʥʘʢ, ʪʘʢʽ ʨʦʟʨʦʙʢʠ ʥʝ ʚ ʧʦʚʥʽʡ ʤʽʨʽ 

ʚʠʨʽʰʫʶʪʴ ʜʘʥʫ ʧʨʦʙʣʝʤʫ, ʦʩʢʽʣʴʢʠ ʚʽʜʦʤʽ ʢʦʥʩʪʨʫʢʮʽʾ ʰʥʝʢʽʚ  ̔ ʤʝʪʦʜʠ ʾʭ 

ʚʠʛʦʪʦʚʣʝʥʥʷ  ̒ ʪʨʫʜʦʤʽʩʪʢʠʤʠ, ʘ ʨʦʙʦʯʽ ʦʨʛʘʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʠʟʴʢʦʶ 

ʥʘʜʽʡʥʽʩʪʶ ʪʘ ʨʝʤʦʥʪʦʟʜʘʪʥʽʩʪʶ. 

ʄʝʪʦʶ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ  ̒ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʰʥʝʢʘ ʟʽ 

ʟʤʽʥʥʦʶ ʝʣʘʩʪʠʯʥʦʶ ʛʚʠʥʪʦʚʦʶ ʧʦʚʝʨʭʥʝʶ, ʨʦʟʨʦʙʢʘ ʩʧʦʩʦʙʫ ʡʦʛʦ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʩʪʝʥʜʽʚ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ. 

ʂʦʥʩʪʨʫʢʮʽʷ ʰʥʝʢʘ ʟ ʝʣʘʩʪʠʯʥʦʶ ʛʚʠʥʪʦʚʦʶ ʧʦʚʝʨʭʥʝʶ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 1.  

 
ʈʠʩ. 1. ʂʦʥʩʪʨʫʢʮʽʷ ʰʥʝʢʘ ʟ ʝʣʘʩʪʠʯʥʦʶ ʛʚʠʥʪʦʚʦʶ ʧʦʚʝʨʭʥʝʶ 

 

ɺʽʥ ʤʽʩʪʠʪʴ ʮʝʥʪʨʘʣʴʥʠʡ ʚʘʣ 1, ʥʘ ʷʢʦʤʫ ʚʩʪʘʥʦʚʣʝʥʘ ʥʝʩʫʯʘ ʩʤʫʛʦʚʘ 

ʛʚʠʥʪʦʚʘ ʩʧʽʨʘʣʴ 2, ʧʦ ʧʝʨʠʬʝʨʽʾ ʷʢʦʾ ʟʘʢʨʽʧʣʝʥʘ ʨʦʙʦʯʘ ʝʣʘʩʪʠʯʥʘ ʩʧʽʨʘʣʴ 3. ʅʘ 

ʥʝʩʫʯʽʡ ʩʤʫʛʦʚʽʡ ʩʧʽʨʘʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʝʢʮʽʡʥʠʭ ʛʚʠʥʪʦʚʠʭ ʧʣʘʩʪʠʥ 4, ʘ ʪʘʢʦʞ 
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ʙʦʣʪʦʚʠʭ ʟôʻʜʥʘʥʴ ʟ ʥʘʧʽʚʢʨʫʛʣʠʤʠ ʛʦʣʦʚʢʘʤʠ 5 ʪʘ ʛʘʡʦʢ 6 ʟ ʧʨʫʞʠʥʥʠʤʠ 

ʰʘʡʙʘʤʠ ʟʘʢʨʽʧʣʝʥʘ ʨʦʙʦʯʘ ʝʣʘʩʪʠʯʥʘ ʩʧʽʨʘʣʴ 3. 

ʈʦʙʦʯʘ ʝʣʘʩʪʠʯʥʘ ʩʧʽʨʘʣʴ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʘ ̫ ʢ ʩʫʮʽʣʴʥʦʶ, ʪʘʢ ̔ ʟ ʦʢʨʝʤʠʭ 

ʩʝʢʮʽʡ. ʉʝʢʮʽʾ ʨʦʙʦʯʦʾ ʝʣʘʩʪʠʯʥʦʾ ʩʧʽʨʘʣʽ ʢʨʽʧʣʷʪʴʩʷ ʜʦ ʥʝʩʫʯʦʾ ʛʚʠʥʪʦʚʦʾ ʩʧʽʨʘʣʽ 

ʱʦʥʘʡʤʝʥʰʝ ʯʝʨʝʟ ʜʚʘ ʦʪʚʦʨʠ, ʘ ʧʝʨʠʬʝʨʽʡʥʘ ʧʦʚʝʨʭʥʷ ʨʦʙʦʯʦʾ ʝʣʘʩʪʠʯʥʦʾ 

ʩʧʽʨʘʣʽ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʘ ʫ ʚʠʛʣʷʜʽ ʨʦʟʨʽʟʥʠʭ ʧʣʘʩʪʠʥ ʨʽʟʥʦʾ ʰʠʨʠʥʠ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʘ ʨʝʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʨʘʥʩʧʦʨʪʦʚʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ. 

ɺ ʧʨʦʮʝʩʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʚ ʥʘʧʨʘʚʣʷʶʯʽʡ ʪʨʫʙʽ 7 ʚʦʥʠ ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʨʦʙʦʯʦʶ ʝʣʘʩʪʠʯʥʦʶ 

ʛʚʠʥʪʦʚʦʶ ʧʦʚʝʨʭʥʝʶ. ʋ ʚʠʧʘʜʢʫ ʟʘʱʝʤʣʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʟʝʨʥʠʥʠ ʤʽʞ 

ʧʦʚʝʨʭʥʝʶ ʥʘʧʨʘʚʣʷʶʯʦʾ ʪʨʫʙʠ ʪʘ ʨʦʙʦʯʦʶ ʝʣʘʩʪʠʯʥʦʶ ʛʚʠʥʪʦʚʦʶ ʧʦʚʝʨʭʥʝʶ 

ʨʦʟʨʽʟʥʽ ʧʣʘʩʪʠʥʠ ʧʨʦʛʠʥʘʶʪʴʩʷ, ʱʦ ʚʠʢʣʶʯʘʻ ʧʦʰʢʦʜʞʝʥʥʷ ʟʝʨʥʠʥʠ. ʐʠʨʠʥʘ 

ʪʘ ʞʦʨʩʪʢʽʩʪʴ ʧʣʘʩʪʠʥ ʨʦʙʦʯʦʾ ʝʣʘʩʪʠʯʥʦʾ ʛʚʠʥʪʦʚʦʾ ʧʦʚʝʨʭʥʽ ʚʠʙʠʨʘʶʪʴ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʨʘʥʩʧʦʨʪʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʧʣʠʚʫ ʥʘ ʚʝʣʠʯʠʥʫ ʜʝʬʦʨʤʘʮʽʾ ñȹò ʚʽʣʴʥʦʛʦ ʢʽʥʮʷ ʩʝʢʮʽʾ 

ʝʣʘʩʪʠʯʥʦ ʾʧʣʘʩʪʠʥʠ (ʨʠʩ. 1) ʾ ʾ h ʠʨʠʥʠ ñɺò ʪʘ ʚʝʣʠʯʠʥʠ ʢʦʥʩʦʣʴʥʦʛʦ ʚʠʩʪʫʧʫ ñhò 

ʨʦʟʨʦʙʣʝʥʦ ʪʘ ʚʠʛʦʪʦʚʣʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʩʪʝʥʜ. ɺ ʧʨʦʮʝʩʽ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʩʝʢʮʽʾ ʝʣʘʩʪʠʯʥʦʾ ʧʣʘʩʪʠʥʠ ʾʾ ʚʽʣʴʥʠʡ ʢʽʥʝʮʴ ʧʨʦʛʠʥʘʚʩʷ, ʘ ʚʝʣʠʯʠʥʘ ʜʘʥʦʾ 

ʜʝʬʦʨʤʘʮʽʾ ʬʽʢʩʫʚʘʣʘʩʴ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʘʩʠ ʤʽʨʥʠʭ ʚʘʥʪʘʞʽʚ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʤʘʪʝʨʽʘʣʫ ʝʣʘʩʪʠʯʥʦʾ ʧʣʘʩʪʠʥʠ 

ñʧʦʣʽʫʨʝʪʘʥ PU-60ò ʟ ʪʦʚʱʠʥʦʶ 2,5 ʤʤ. ɺʝʣʠʯʠʥʫ ʢʦʥʩʦʣʴʥʦʛʦ ʚʠʩʪʫʧʫ 

ʝʣʘʩʪʠʯʥʦʾ ʧʣʘʩʪʠʥʠ ʜʠʩʢʨʝʪʥʦ ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʟ ʚʽʜʩʪʘʥʥʶ: h = 25; 20; 15; 10 ʤʤ, 

ʧʨʠ ʜʠʩʢʨʝʪʥʠʭ ʚʝʣʠʯʠʥʘʭ ʰʠʨʠʥʠ ʪʘʢʠʭ ʧʣʘʩʪʠʥ: ɺ = 25; 20; 15; 10; 5 ʤʤ. 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʜʝʬʦʨʤʘʮʽʾ ʢʦʥʩʦʣʴʥʦ ʟʘʢʨʽʧʣʝʥʦʾ ʝʣʘʩʪʠʯʥʦʾ ʧʣʘʩʪʠʥʠ ʚʽʜ ʚʝʣʠʯʠʥʠ ʾʾ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. 
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ʈʠʩ. 2. ɻʨʘʬʽʢ ʟʤʽʥʠ ʜʝʬʦʨʤʘʮʽʾ ʢʦʥʩʦʣʴʥʦ ʟʘʢʨʽʧʣʝʥʦʾ ʝʣʘʩʪʠʯʥʦʾ ʧʣʘʩʪʠʥʠ ʚʽʜ 

ʚʝʣʠʯʠʥʠ ʾʾ ʥʘʚʘʥʪʘʞʝʥʥʷ 
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ɿ ʘʥʘʣʽʟʫ ʛʨʘʬʽʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ, ʷʢʽ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 3 ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʜʣʷ ʚʝʣʠʯʠʥʠ ʢʦʥʩʦʣʴʥʦʛʦ ʚʠʩʪʫʧʫ ʝʣʘʩʪʠʯʥʦʾ ʧʣʘʩʪʠʥʠ h = 10 ʤʤ 

ʟʙʽʣʴʰʝʥʥʷ ʾʾ ʰʠʨʠʥʠ ʚ ʤʝʞʘʭ ʚʽʜ ɺ = 5 ʤʤ ʜʦ ɺ = 25 ʤʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʝʣʠʯʠʥʠ ʜʝʬʦʨʤʘʮʽʾ ʚʽʣʴʥʦʛʦ ʢʽʥʮʷ ʝʣʘʩʪʠʯʥʦʾ ʧʣʘʩʪʠʥʠ ȹ = 8 ʤʤ ʤʘʩʘ ʚʘʥʪʘʞʫ 

ʧʦʚʠʥʥʘ ʟʨʦʩʪʠ ʫ 2,8 ʨʘʟʠ ʚʽʜ 180 ʜʦ 500 ʛʨ, ʜʣʷ h = 15 ʤʤ ʫ 4,8 ʨʘʟʠ, ʜʣʷ h = 20 

ʤʤ ʫ 4,2 ʨʘʟʠ, ʜʣʷ h = 25 ʤʤ ʫ 4,3 ʨʘʟʠ. 
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Currently, the bigger share of devices in industrial enterprises consuming 

reactive electrical power. Reactive power characterizes the electrical energy that is not 

consumed in the external circuit, but rather that fluctuates between the external circuit 

and the source, i.e. the capacitive and inductive energy that accumulates temporarily 

and is returned to the source after accumulation [1]. To produce reactive energy fuel is 

practically not consumed. However, this "exchange" of energy loads electrical 

networks, taking away some of their capacity and causing additional losses of active 

energy. 

One of the methods to eliminate this problem is the rational placement of sources 

of reactive energy (asynchronous motors, transformers, rectifiers, etc.), which leads to 

the unloading of networks from reactive current and completely eliminates the negative 

impact of reactive energy, which is the goal of compensating for inductive reactive 

power. Reactive energy can be easily generated using capacitor banks directly where 

it is needed. The practice of producing reactive energy in this way is widely used 

worldwide and is known as reactive power compensation. 
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Correct compensation of reactive power allows for: reducing overall electricity 

costs; reducing the load on distribution network elements (feeders, transformers, and 

distribution devices), thereby prolonging their service life; reducing thermal losses of 

current; reducing the impact of higher harmonics; suppressing network obstacles, 

reducing phase asymmetry; achieving greater reliability and cost-effectiveness of 

distribution networks [3, 6, 10]. In addition, in existing electrical networks: eliminating 

the generation of reactive energy into the network during hours of minimum load; 

reducing costs for repairing and upgrading the fleet of electrical equipment; increasing 

the capacity of the consumer power supply system, which will allow additional loads 

to be connected without increasing network costs; providing information on network 

parameters and conditions, and in newly created networks ï reducing the power of 

substations and cable line cross-section, which will reduce their cost [3, 6, 10]. 

Compensation of reactive power is one of the most accessible, effective, and 

simple ways to reduce electrical energy losses for both consumers and power supply 

companies, as well as to reduce the cost of production for its manufacturers. Reactive 

power consumption and therefore active power losses can be reduced using the 

following methods: without using compensating devices (CD); with the use of CD; and 

those which are allowed as exceptions [7, 10]. 

To compensate for reactive power in power systems, the following equipment is 

used: capacitor equipment (CE); synchronous motors (SM); synchronous 

compensators (SC); active power correctors (APC). 

Due to the dynamic nature of electrical energy consumption, which can vary 

significantly over a relatively short period of time, the ratio of active energy 

consumption to total energy consumption, i.e. cos ű, will also change accordingly. 

Moreover, cos ű is lesser the less is the active load of any inductive consumer 

(asynchronous motor, transformer) [8, 9]. This implies that a certain set of equipment 

is necessary for compensating reactive power, which can provide adequate real-time 

regulation of cos ű [2, 3]. 

CE can be either regulated or unregulated. Unregulated equipment is cheaper 

and simpler to implement, but due to the change in the power factor depending on the 

load, it can cause excessive increases in cos ű and voltage on the capacitors. Regulated 

equipment allows the reactive power produced to be regulated in dynamic mode. 

This drawback is corrected by forming a capacitor bank (CB) from several 

sections connected to the network, each through its own switch and each of which is 

controlled by a voltage and/or power regulator, increasing the total capacitance of the 

battery. This reduces voltage and increases the total power of the battery. Thus, the 

power of the CE increases in steps Q1, Q1+Q2, Q1+Q2+Q3 as shown in Fig. 1 for a CE 

consisting of three CB sections. High-voltage CE consists of single-phase capacitors C 

connected in series and parallel. Current transformers TA and voltage transformers TV 

are connected to the circuit for measuring current and voltage. The high-voltage switch 

Q is designed to disconnect the circuit from the power system (Fig. 1). 
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Fig. 1. The schematic diagram of one three-phase section of the capacitor bank 

intended for 6-10 kV networks [7]. 

 

Capacitor banks have drawbacks such as: 

Å inability to smoothly regulate reactive power and therefore, the voltage of the 

equipment; 

Å insufficient electrical strength; 

Å the power of capacitor banks depends quadraticaly on the network voltage; 

Å short service life. 

Among other disadvantages are: high fire hazard, the presence of residual 

discharge and susceptibility to short circuits and overvoltage can be mentioned, as well 

as the dependence of the reactive power delivered on the supplied voltage. The 

presence of higher harmonics in the network also strongly affects the capacitor unit. In 

the presence of such harmonics, it is necessary to check the likelihood of overloading 

the capacitor bank with current at resonances or near such modes, and measures to 

eliminate resonance phenomena should be provided. The main advantage of the 

capacitor bank is its simplicity of installation and operation, and low capital costs. 

Synchronous motors (SM) produce reactive power when the excitation current 

exceeds the nominal value. For this reason, they can be used as a mean of compensating 

reactive power. The main difference between SM and an asynchronous motor (AM) is 

that the magnetic field necessary for the operation of the SM is created mostly by a 

separate source of direct current (exciter). Therefore, in the normal operating mode of 

the SM (at cos ű=1), there is practically no consumption of reactive power from the 

network, which is needed to create the main magnetic flux, and in the overexcitation 

mode, i.e., when the electric machine operates with a leading power factor, the 

generation of capacitive power occurs in the network [3, 5]. 

The main advantage of synchronous motors used for reactive power 

compensation compared to capacitor banks is the ability to smoothly regulate the 

generated reactive power. The disadvantage is that the active losses in generating 
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reactive power for synchronous motors are greater than for capacitor banks, due to the 

dependence on the square of the power produced by the synchronous motor. 

Most often, in power supply systems, the reactive power of the main load is 

compensated by CB, while synchronous motors are used to reduce load peaks. 

Synchronous compensators (SC) are a type of synchronous motor, but their 

application is limited to industrial networks and is very rarely used to improve voltage 

quality for high-power electricity consumers with sudden and variable loads (rolling 

mills, arc furnaces, etc.), especially in cases of severe reactive power shortage at the 

point of consumer connection, when smooth and fast voltage regulation is needed, as 

well as a reserve of reactive power [4, 5]. 

The disadvantages of SC include: 

Å increased active power losses; large size and vibration, which requires SCs to 

be installed on massive foundations; 

Å the need for hydrogen or air cooling with water coolers; 

Å the need for constant operation personnel presence at substations with SCs; 

Å the inability (unlike CE) to increase power during load growth [4, 5]. 

Active Power Factor Correction (APFC) systems are an intermediate link 

between the pulse power supply and voltage converter. Their purpose is active filtering 

of the pulsating current of the network. APFC reduces the phase shift between the 

voltage and current from the source and forms a sinusoidal current consumed from the 

network [8, 10]. 

APFC systems are widely used in single-phase power supplies for household and 

industrial equipment. However, they are not used in multi-phase industrial installations 

as they do not provide energy recuperation [5]. 

Conclusion. Currently, there are several ways to compensate for reactive power. 

The simplest and most universal method is the use of capacitor equipment. 

Manufacturers offer a wide range of complete capacitor equipment that, when operated 

correctly, perform their task. The use of synchronous compensators is justified in rare 

cases. 
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ɺʇʃʀɺ ʋɼɸʈʅʆ-ʂʆʃʀɺɸʃʔʅʆɻʆ ʅɸɺɸʅʊɸɾɽʅʅʗ ʅɸ ɿʄɯʅʋ 

ʄɽʍɸʅɯʏʅʆɻʆ ʊɸ ʉʊʈʋʂʊʋʈʅʆɻʆ ʉʊɸʅʋ ʊʀʊɸʅʆɺʆɻʆ ʉʇʃɸɺʋ 

ɺʊ23 ɺ ʈɯɿʅʀʍ ʅɸʇʈʗʄʂɸʍ ʇʈʆʂɸʊʂʀ 

 

ʏʘʫʩʦʚ ʄ. ɻ., ʇʠʣʠʧʝʥʢʦ ɸ. ʇ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʇʦʜʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʚʧʣʠʚʫ ʫʜʘʨʥʦ-

ʢʦʣʠʚʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʽʟʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘ ʟʤʽʥʫ ʤʝʭʘʥʽʯʥʠʭ  ̔

ʩʪʨʫʢʪʫʨʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʣʠʩʪʦʚʦʛʦ ʚʠʩʦʢʦʤʽʮʥʦʛʦ ʜʚʦʬʘʟʥʦʛʦ ʩʧʣʘʚʫ ɺʊ23 ʚ 

ʨʽʟʥʠʭ ʥʘʧʨʷʤʢʘʭ ʧʨʦʢʘʪʢʠ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʽʤʧʫʣʴʩʥʦʛʦ ʚʚʝʜʝʥʥʷ ʝʥʝʨʛʽʾ ʚ ʩʧʣʘʚ 

ʧʨʠ ʫʜʘʨʥʦ-ʢʦʣʠʚʘʣʴʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʷʢ  ̔ʚ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʘʚʪʦʨʽʚ 

ʦʮʽʥʶʚʘʣʠ ʟʘ ʚʝʣʠʯʠʥʦʶ ʧʨʦʩʢʦʢʽʚ ʜʠʥʘʤʽʯʥʽʡ ʜʝʬʦʨʤʘʮʽʾ Ů̔ʤʧ  ʚ ʧʨʦʮʝʩʽ 

ʨʝʘʣʽʟʘʮʽʾ ʫʜʘʨʥʦ-ʢʦʣʠʚʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʦ, ɦ ʦ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʽʤʧʫʣʴʩʥʦʛʦ ʚʚʝʜʝʥʥʷ ʝʥʝʨʛʽʾ ʚ ʩʧʣʘʚ ʟʘ ʨʘʭʫʥʦʢ ʫʜʘʨʥʦ-
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ʢʦʣʠʚʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʽʘʛʨʘʤʠ ʜʝʬʦʨʤʘʮʽʡ ʩʧʣʘʚʫ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ 

ʩʪʘʪʠʯʥʦʤʫ ʨʦʟʪʷʛʫ ʢʘʨʜʠʥʘʣʴʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʜʽʘʛʨʘʤʠ ʜʝʬʦʨʤʘʮʽʡ ʩʧʣʘʚʫ 

ʫ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ ʟ ʜʽʣʷʥʢʦʶ ʟʤʽʮʥʝʥʥʷ. ʎʝʡ ʬʘʢʪ ʩʚʽʜʯʠʪʴ ʧʨʦ ʝʬʝʢʪʠ 

ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʩʪʨʫʢʪʫʨʠ ʩʧʣʘʚʫ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʜʠʥʘʤʽʯʥʠʭ ʥʝʟʨʽʚʥʦʚʘʞʝʥʠʭ 

ʧʨʦʮʝʩʽʚ (ɼʅʇ) ʟʘ ʨʘʭʫʥʦʢ ʫʜʘʨʥʦ-ʢʦʣʠʚʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ.  

ʅʘʡʙʽʣʴʰ ʮʽʢʘʚʽ ʝʬʝʢʪʠ ʚʠʷʚʣʷʶʪʴʩʷ ʜʣʷ ʟʨʘʟʢʽʚ ʫ ʧʦʟʜʦʚʞʥʴʦʤʫ 

ʥʘʧʨʷʤʢʫ ʧʨʦʢʘʪʢʠ ʧʨʠ Ů̔ʤʧ = 4%, ʢʦʣʠ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʩʪʘʪʠʯʥʦʤʫ ʨʦʟʪʷʛʫ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʘʛʘʣʴʥʘ ʜʝʬʦʨʤʘʮʽʷ ʜʦ 35 %, ʘ ʜʣʷ ʟʨʘʟʢʽʚ ʫ ʧʦʧʝʨʝʯʥʦʤʫ 

ʥʘʧʨʷʤʢʫ ʧʨʦʢʘʪʢʠ ʧʨʠ Ů̔ʤʧ = 1,44%, ʢʦʣʠ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʩʪʘʪʠʯʥʦʤʫ ʨʦʟʪʷʛʫ 

ʥʘ ʜʽʘʛʨʘʤʽ ʜʝʬʦʨʤʘʮʽʡ ʧʨʦʷʚʣʷʶʪʴʩʷ ʧʣʦʱʘʜʢʠ ʪʝʢʫʯʦʩʪʽ ʧʨʦʪʷʞʥʽʩʪʶ ʜʦ 

6,5 %. ʇʨʦ ʩʫʪʪʻʚʽ ʟʤʽʥʠ ʤʝʭʘʥʽʯʥʦʛʦ  ̔ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʪʘʥʫ ʩʧʣʘʚʫ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ 

ʫʜʘʨʥʦ-ʢʦʣʠʚʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʽʟʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʚʽʜʯʘʪʴ  ̔ʨʝʟʫʣʴʪʘʪʠ 

ʧʨʦʚʝʜʝʥʦʛʦ ʬʨʘʢʪʦʛʨʘʬʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʣʘʤʽʚ ʟʨʘʟʢʽʚ.  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫʜʘʨʥʦ-ʢʦʣʠʚʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʧʣʘʚʫ ʫ ʧʦʧʝʨʝʯʥʦʤʫ 

ʥʘʧʨʷʤʢʫ ʧʨʦʢʘʪʢʠ ʩʧʣʘʚʫ ʙʽʣʴʰ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʟʤʽʥʫ ʤʝʭʘʥʽʯʥʠʭ  ̔

ʩʪʨʫʢʪʫʨʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʧʣʘʚʫ. ɺʠʷʚʣʝʥʦ ʦʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ̔ ʥʪʝʥʩʠʚʥʦʩʪʽ 

ʽʤʧʫʣʴʩʥʦʛʦ ʚʚʝʜʝʥʥʷ ʝʥʝʨʛʽʾ ʚ ʩʧʣʘʚ Ů̔ʤʧ  ͯ1,5 %, ʧʨʠ ʷʢʦʤʫ ʫʜʘʨʥʝ-ʢʦʣʠʚʘʣʴʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʷʢʦʩʪʽ ʝʬʝʢʪʠʚʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʩʧʦʩʦʙʫ ʧʣʘʩʪʠʬʽʢʘʮʽʾ ʩʧʣʘʚʫ ɺʊ23 ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʥʘʧʨʷʤʢʫ ʧʨʦʢʘʪʢʠ. ʎʝ ʤʘʻ 

ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʚ ʧʨʦʮʝʩʘʭ ʰʪʘʤʧʦʚʢʠ ʚʠʩʦʢʦʤʽʮʥʠʭ ʪʠʪʘʥʦʚʠʭ ʩʧʣʘʚʽʚ. 
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ʌɽʈʄʀ 

 

ʈʝʙʝʥʢʦ ɺ. ɯ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ  ̔ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʇʝʨʝʚʝʜʝʥʥʷ ʪʚʘʨʠʥʥʠʮʪʚʘ ʥʘ ʽʥʜʫʩʪʨʽʘʣʴʥʫ ʦʩʥʦʚʫ ʥʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʧʝʨʝʭʦʜʫ ʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʽʟʥʝʥʠʭ ʟʘʩʦʙʽʚ ʤʝʭʘʥʽʟʘʮʽʾ 

ʜʦ ʨʦʟʚʠʥʝʥʠʭ, ʪʝʭʥʦʣʦʛʽʯʥʦ ʪʘ ʪʝʭʥʽʯʥʦ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʤʘʰʠʥ ʪʘ 

ʦʧʪʠʤʘʣʴʥʠʭ ʩʠʩʪʝʤ ʫʪʨʠʤʘʥʥʷ ʪʘ ʛʦʜʽʚʣʽ ʪʚʘʨʠʥ. ʈʽʟʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ, ɦ ʦ 

ʚʠʢʦʥʫʚʘʣʠʩʴ ʨʘʥʽʰʝ ʚʨʫʯʥʫ ʘʙʦ ʧʨʦʩʪʠʤʠ ʟʥʘʨʷʜʜʷʤʠ, ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʥʘ 

ʽʥʪʝʥʩʠʚʥʽ ʚʠʩʦʢʦʤʝʭʘʥʽʟʦʚʘʥʽ ʪʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʪʝʭʥʦʣʦʛʽʾ. ɹʽʦʣʦʛʽʯʥʦʶ, 

ʽʥʞʝʥʝʨʥʦʶ ʪʘ ʝʢʦʥʦʤʽʯʥʦʶ ʥʘʫʢʘʤʠ ʩʪʚʦʨʶʻʪʴʩʷ ʥʝʦʙʭʽʜʥʘ ʪʝʭʥʽʯʥʘ, 

ʪʝʭʥʦʣʦʛʽʯʥʘ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡʥʘ ʦʩʥʦʚʘ ʜʣʷ ʨʦʟʚʠʪʢʫ, ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽʥʜʫʩʪʨʽʘʣʴʥʦʛʦ ʪʠʧʫ, ʱʦ 

ʜʦʢʦʨʽʥʥʦ ʧʽʜʚʠʱʫʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʪʚʘʨʠʥ, ʱʦ 

ʟʥʠʞʫʶʪʴ ʚʠʪʨʘʪʠ ʧʨʘʮʽ, ʝʥʝʨʛʝʪʠʯʥʠʭ ʪʘ ʤʘʪʝʨʽʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʥʘ ʦʜʠʥʠʮʶ 

ʧʨʦʜʫʢʮʽʾ, ʱʦ ʩʢʦʨʦʯʫʶʪʴ ʯʠʩʝʣʴʥʽʩʪʴ ʧʨʘʮʽʚʥʠʢʽʚ. ɺʩʝ ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʬʦʨʤʫʚʘʥʥʷ ʙʽʦʪʝʭʥʽʯʥʦʾ ʩʠʩʪʝʤʠ (ɹʊʉ) ʷʢ ʚʠʨʦʙʥʠʯʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ 
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ʥʦʚʦʛʦ ʪʠʧʫ, ʱʦ ʦʨʛʘʥʽʯʥʦ ʧʦʻʜʥʫʶʪʴ ʞʠʚʽ ʦʙ'ʻʢʪʠ ʷʢ ʟʘʩʦʙʠ ʚʠʨʦʙʥʠʮʪʚʘ, 

ʪʚʘʨʠʥʥʠʮʴʢʽ ʙʫʜʽʚʣʽ ʪʘ ʪʝʭʥʽʢʫ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ, ʢʝʨʦʚʘʥʽ ʣʶʜʠʥʦʶ. 

ʆʩʥʦʚʥʠʤʠ ʭʘʨʘʢʪʝʨʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʙʽʦʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ ʫ 

ʪʚʘʨʠʥʥʠʮʪʚʽ ʻ: ʦʨʛʘʥʽʯʥʝ ʧʦʻʜʥʘʥʥʷ ʚʩʝ ʙʽʣʴʰ ʟʘʢʽʥʯʝʥʦʾ ʩʠʩʪʝʤʠ ʤʘʰʠʥ, 

ʜʦʩʢʦʥʘʣʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʭ ʩʪʘʜ ʪʚʘʨʠʥ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʚʠʨʦʙʥʠʮʪʚʘ; ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʨʝʨʚʥʦʩʪʽ ʪʘ ʨʠʪʤʽʯʥʦʩʪʽ 

ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ, ʾʭ ʛʥʫʯʢʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʨʠʩʪʦʩʦʚʥʦʩʪʽ ʜʦ ʟʤʽʥʥʠʭ 

ʙʽʦʣʦʛʽʯʥʠʭ ʚʠʤʦʛ ʪʚʘʨʠʥ ʪʘ ʧʨʠʨʦʜʥʦ-ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚ; ʫʢʨʫʧʥʝʥʥʷ ʤʘʩʰʪʘʙʽʚ 

ʪʘ ʽʥʪʝʥʩʠʬʽʢʘʮʽʷ ʚʠʨʦʙʥʠʮʪʚʘ ʪʚʘʨʠʥʥʠʮʴʢʦʾ ʧʨʦʜʫʢʮʽʾ; ʧʨʠʚʝʜʝʥʥʷ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʝʨʤ ʪʘ ʢʦʤʧʣʝʢʩʽʚ ʫ 

ʚʽʜʧʦʚʽʜʥʽʩʪ ɹʜʦ ʟʨʦʩʪʘʶʯʦʛʦ ʨʽʚʥʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ, ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʪʘ 

ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʧʨʠʩʪʦʩʦʚʘʥʦʩʪʽ ʜʦ ʧʨʦʛʨʝʩʠʚʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ 

ʬʦʨʤ; ʟʨʦʩʪʘʥʥʷ ʟʥʘʯʫʱʦʩʪʽ ʬʘʢʪʦʨʽʚ ʚʟʘʻʤʥʦʾ ʘʜʘʧʪʘʮʽʾ ʪʚʘʨʠʥ  ̔ ʪʝʭʥʽʢʠ, 

ʢʦʥʪʨʦʣʶ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʪʘ ʚʠʨʦʙʥʠʯʠʤʠ ʧʨʦʮʝʩʘʤʠ. 

ɿʘʟʥʘʯʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ  ̒ʚʠʨʦʙʥʠʯʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʙʘʟʠʩʦʤ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʦʩʥʦʚʥʠʭ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫʪʨʠʤʘʥʥʷ ʪʚʘʨʠʥ ʪʘ ʚʠʷʚʣʷʶʪʴʩʷ ʫ ʪʽʩʥʽʡ 

ʚʟʘʻʤʦʜʽʾ ʙʽʦʣʦʛʽʯʥʠʭ, ʬʽʟʠʯʥʠʭ, ʚʠʨʦʙʥʠʯʠʭ ʪʘ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʬʘʢʪʦʨʽʚ. 

ʆʪʞʝ, ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʥʝʦʙʭʽʜʥʽ ʚʧʣʠʚʫ ʥʘ 

ʩʝʨʝʜʦʚʠʱʝ ʧʨʦʞʠʚʘʥʥʷ ʪʘ ʬʘʢʪʦʨʠ ʞʠʪʪʻʟʘʙʝʟʧʝʯʝʥʥʷ ʪʚʘʨʠʥ,  ̒ʧʝʨʚʠʥʥʦʶ 

ʣʘʥʢʦʶ ɹʊʉ. ɺʦʥʠ ʨʝʘʣʽʟʫʶʪʴʩʷ ʦʧʝʨʘʪʦʨʦʤ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʧʝʚʥʠʤ ʯʠʥʦʤ 

ʧʦʚ'ʷʟʘʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ï ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ, ʪʝʭʥʽʯʥʠʭ  ̔

ʚʠʨʦʙʥʠʯʠʭ ʦʙ'ʻʢʪʽʚ ʫ ʧʝʚʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʪʘ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ, ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʨʽʟʥʠʭ ʧʨʦʜʫʢʪʽʚ ʧʝʚʥʦʾ ʷʢʦʩʪʽ. 

ɹʫʜʴ-ʷʢʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʦʩʣʽʜʦʚʥʦ ʚʠʢʦʥʫʚʘʥʠʭ 

ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʦʧʝʨʘʮʽʡ, ʱʦ ʚʠʧʣʠʚʘʶʪʴ ʽʟ ʟʦʦʪʝʭʥʽʯʥʠʭ ʚʠʤʦʛ ʪʘ 

ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ, ʱʦ ʨʝʘʣʽʟʫʶʪʴʩʷ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʧʨʦʜʫʢʪʽʚ ʽʟ ʟʘʜʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʈʦʙʦʯʠʡ ʧʨʦʮʝʩ ʷʚʣʷʻ ʩʦʙʦʶ ʩʫʢʫʧʥʽʩʪʴ 

ʧʦʚ'ʷʟʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʟʘ ʯʘʩʦʤ ʪʘ ʫʤʦʚʘʤʠ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ, ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʷʢʠʭ ʚʠʭʽʜʥʠʡ ʧʨʝʜʤʝʪ ʧʨʘʮʽ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʧʨʦʤʽʞʥʠʡ ʘʙʦ ʢʽʥʮʝʚʠʡ 

ʧʨʦʜʫʢʪ ʽʟ ʟʘʜʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʆʧʝʨʘʮʽʷ ï ʯʘʩʪʠʥʘ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ, ʱʦ 

ʚʝʜʝ ʜʦ ʟʤʽʥʠ ʩʪʘʥʫ, ʚʣʘʩʪʠʚʦʩʪʽ ʯʠ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʧʨʝʜʤʝʪʘ ʧʨʘʮʽ ï ʪʚʘʨʠʥʠ, 

ʤʘʰʠʥʠ ʯʠ ʟʙʨʦʾ. 

ʋ ʟʚ'ʷʟʢʫ ʟ ʫʩʢʣʘʜʥʝʥʥʷʤ ʤʘʰʠʥ, ʦʙ'ʻʜʥʘʥʥʷʤ ʾʭ ʫ ʪʝʭʥʦʣʦʛʽʯʥʽ ʣʽʥʽʾ ʪʘ 

ʢʦʤʧʣʝʢʩʠ ʟ ʧʨʠʛʦʪʫʚʘʥʥʷ ʢʦʨʤʽʚ, ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʚʘʨʠʥ ʪʘ ʧʝʨʚʠʥʥʦʾ ʦʙʨʦʙʢʠ 

ʦʪʨʠʤʘʥʦʾ ʧʨʦʜʫʢʮʽʾ, ʧʨʠ ʨʦʟʛʣʷʜʽ ʧʨʦʮʝʩʽʚ ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʠʡʥʷʪʦ 

ʧʦʻʜʥʫʚʘʪʠ ʨʦʙʦʯʽ ʧʨʦʮʝʩʠ ʪʘ ʦʧʝʨʘʮʽʾ ʟʘʛʘʣʴʥʠʤ ʧʦʥʷʪʪʷʤ çʪʝʭʥʦʣʦʛʽʯʥʠʡ 

ʧʨʦʮʝʩè. ɺʩ̫ ʩʫʢʫʧʥʽʩʪʴ ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ, ʦʧʝʨʘʮʽʡ ʪʘ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ 

ʩʢʣʘʜʘʻ ʧʨʦʮʝʩ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʙʫʜʴ-ʷʢʦʾ ɹʊʉ. ɿ ʧʦʰʠʨʝʥʥʷʤ ʩʠʩʪʝʤʥʠʭ 

ʧʦʛʣʷʜʽʚ ʧʦʥʷʪʪʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʧʨʦʮʝʩʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙ'ʻʢʪʘ 

(ʩʠʩʪʝʤʠ) ʚʟʘʛʘʣʽ ʨʦʟʰʠʨʠʣʦʩʷ  ̔ ʥʘʙʣʠʟʠʣʦʩʷ ʜʦ ʧʦʥʷʪʪʷ ʧʨʦʮʝʩʫ, 

ʟʘʧʨʦʚʘʜʞʝʥʦʛʦ ʩʚʦʛʦ ʯʘʩʫ ʄ. ɺʽʥʝʨʦʤ ʷʢ çʧʝʨʝʜʘʯʽ, ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʧʝʨʝʨʦʙʢʠ 

ʽʥʬʦʨʤʘʮʽʾè. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʥʰʠʭ ʚʠʜʽʚ ʚʠʨʦʙʥʠʮʪʚʘ, ʜʝ ʣʶʜʠʥʘ ʚ ʧʨʦʮʝʩʽ ʧʨʘʮʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʟʘʩʦʙʽʚ ʧʨʘʮʽ (ʢʦʨʤʠ, ʪʝʭʥʽʢʘ, ʙʫʜʽʚʣʽ, ʩʧʦʨʫʜʠ) ʚʧʣʠʚʘʻ 
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ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʧʨʝʜʤʝʪʠ ʧʨʘʮʽ (ʩʠʨʦʚʠʥʘ, ʤʘʪʝʨʽʘʣʠ), ʫ ʪʚʘʨʠʥʥʠʮʪʚʽ ʚʦʥʘ 

ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʥʘ ʪʚʘʨʠʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʰʠʥ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʣʠʰʝ ʯʝʨʝʟ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʫʤʦʚ ʛʦʜʽʚʣʽ ʪʘ ʫʪʨʠʤʘʥʥʷ. ɺʦʥʠ ʚ ʜʘʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ 

ʚʠʢʦʥʫʶʪʴ ʦʜʥʦʯʘʩʥʦ ʜʚʽ ʬʫʥʢʮʽʾ, ʙʫʜʫʯʠ ʚ ʪʦʡ ʞʝ ʯʘʩ ʧʨʝʜʤʝʪʦʤ ʧʨʘʮʽ 

(ʚʠʨʦʱʫʚʘʥʥʷ, ʚʽʜʛʦʜʽʚʣʶ) ʪʘ ʟʘʩʦʙʦʤ ʧʨʘʮʽ (ʚʠʨʦʙʥʠʮʪʚʦ ʤʦʣʦʢʘ, ʤ'ʷʩʘ, 

ʟʙʽʣʴʰʝʥʥʷ ʞʠʚʦʾ ʤʘʩʠ). ʎ  ̫ʚʽʜʤʽʥʥʽʩʪʴ ɹʊʉ ʤʘʻ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ̔  ʜʘʻ ʧʽʜʩʪʘʚʫ 

ʫʤʦʚʥʦ ʨʦʟʜʽʣʠʪʠ ʪʝʭʥʦʣʦʛʽʶ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʜʫʢʪʽʚ ʪʚʘʨʠʥʥʠʮʪʚʘ ʥʘ ʜʚʽ 

ʯʘʩʪʠʥʠ ï ʟʦʦʽʥʞʝʥʝʨʥʫ (ʙʽʦʣʦʛʽʯʥʫ) ʪʘ ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʫ (ʤʘʰʠʥʥʫ). 

ɿʦʦʽʥʞʝʥʝʨʥʠʡ ʘʩʧʝʢʪ ʚʠʟʥʘʯʘʻ ʩʧʦʩʽʙ ʦʪʨʠʤʘʥʥʷ ʧʨʦʜʫʢʪʽʚ ʟʘ 

ʤʽʥʽʤʘʣʴʥʠʭ ʚʠʪʨʘʪ ʩʠʨʦʚʠʥʠ (ʢʦʨʤʽʚ), ʧʨʘʮʽ ʪʘ ʤʘʪʝʨʽʘʣʴʥʠʭ ʟʘʩʦʙʽʚ ʟ 

ʦʧʪʠʤʘʣʴʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʽʦʣʦʛʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʪʚʘʨʠʥʠ. ɺʽʥ ʚʠʟʥʘʯʘʻ 

ʪʘʢʦʞ ʚʠʙʽʨ ʩʠʩʪʝʤʠ ʫʪʨʠʤʘʥʥʷ, ʩʧʦʩʦʙʽʚ ʛʦʜʫʚʘʥʥʷ ʪʘ ʜʦʛʣʷʜʫ ʟʘ ʪʚʘʨʠʥʘʤʠ, 

ʚʢʣʶʯʘʻ ʧʠʪʘʥʥʷ ʚʽʜʪʚʦʨʝʥʥʷ ʩʪʘʜʘ ʪʘ ʩʘʥʽʪʘʨʥʦ-ʚʝʪʝʨʠʥʘʨʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ɿʦʦʪʝʭʥʽʷ, ʟʦʦʛʽʛʽʻʥʘ ʪʘ ʚʝʪʝʨʠʥʘʨʽʷ ʩʢʣʘʜʘʶʪʴ ʙʽʦʣʦʛʽʯʥʫ ʦʩʥʦʚʫ ʪʝʭʥʦʣʦʛʽʾ 

ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʜʫʢʪʽʚ ʪʚʘʨʠʥʥʠʮʪʚʘ. 

ɯʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʠʡ ʘʩʧʝʢʪ ʪʝʭʥʦʣʦʛʽʾ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʚʠʢʦʥʘʥʥʷ ʟʘʜʘʥʠʭ 

ʟʦʦʪʝʭʥʽʯʥʠʤʠ ʚʠʤʦʛʘʤʠ ʦʧʝʨʘʮʽʡ ʪʘ ʧʨʦʮʝʩʽʚ, ʨʝʘʣʽʟʫʻ ʚʠʨʦʙʥʠʮʪʚʦ ʥʝʦʙʭʽʜʥʠʭ 

ʧʨʦʜʫʢʪʽʚ ʥʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʾ. ɺʦʥʘ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʤʧʣʝʢʩʫ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʽʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʷʢʽ ʦʙ'ʻʜʥʫʶʪʴʩʷ ʫ ʧʝʚʥʽ ʤʦʤʝʥʪʠ 

ʯʘʩʫ ʫ ʚʠʨʦʙʥʠʯʠʡ ʧʨʦʮʝʩ, ʱʦ ʟʘʣʫʯʘʻ ʚʝʣʠʢʽ ʢʦʥʪʠʥʛʝʥʪʠ ʪʚʘʨʠʥ ʪʘ ʦʧʝʨʘʪʦʨʽʚ. 

 

 
ʈʠʩ. 1. ɹʣʦʢ-ʩʭʝʤʘ ʙʽʦʪʝʭʥʽʯʥʦʾ ʩʠʩʪʝʤʠ: ʍʚ, ʍʪ, F, G ï ʟʙʫʨʶʶʯʽ ʪʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʬʘʢʪʦʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʤʘʰʠʥʠ ʯʠ ʪʚʘʨʠʥʠ,  

U ï ʢʝʨʫʶʯʽ ʜʽʾ ʥʘ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʤʘʰʠʥ ʪʘ ʫʤʦʚʠ ʫʪʨʠʤʘʥʥʷ ʪʚʘʨʠʥ, Y ï 

ʚʠʭʽʜʥʽ ʟʦʦʪʝʭʥʽʯʥʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʪʚʘʨʠʥ, R ï ʟʚʦʨʦʪʥʽʡ ʟʚ'ʷʟʦʢ, P ï 

ʚʭʽʜʥʽ ʨʝʩʫʨʩʠ, Q ï ʚʠʭʽʜʥʽ ʚʠʨʦʙʥʠʯʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʩʠʩʪʝʤʠ 

 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʛʘʣʴʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʥʘʡʧʨʦʩʪʽʰʦʾ ɹʊʉ - ʩʫʢʫʧʥʦʩʪʽ 

ʚʟʘʻʤʦʟʘʣʝʞʥʠʭ ʪʘ ʚʟʘʻʤʦʟʘʣʝʞʥʠʭ ʦʙ'ʻʢʪʽʚ ʪʝʭʥʽʯʥʦʾ ʪʘ ʙʽʦʣʦʛʽʯʥʦʾ ʧʨʠʨʦʜʠ, ʥʘ 

ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʚʥʫʪʨʽʰʥʽ ʪʘ ʟʦʚʥʽʰʥʽ ʬʘʢʪʦʨʠ, ʟʚʦʨʦʪʥʽ ʟʚ'ʷʟʢʠ ʪʘ ʢʝʨʫʶʯʽ 
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ʚʧʣʠʚʠ, ʚʚʦʜʷʪʴʩʷ ʥʝʦʙʭʽʜʥʽ ʨʝʩʫʨʩʠ, ʘ ʥʘ ʚʠʭʦʜʽ ʦʪʨʠʤʫʶʪʴ ʥʝʦʙʭʽʜʥʫ 

ʧʨʦʜʫʢʮʽʶ. 

ʉʠʩʪʝʤʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʙʽʦʣʦʛʽʯʥʠʭ ʪʘ ʤʝʭʘʥʽʟʦʚʘʥʠʭ ʨʦʙʦʯʠʭ ʪʘ 

ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʟʦʦʙʽʦʣʦʛʽʯʥʦʛʦ ʪʘ ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʱʦ 

ʧʨʦʪʽʢʘʶʪʴ ʫ ɹʊʉ, ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʦʛʦ ʥʘʧʨʷʤʫ ʧʨʠ ʘʥʘʣʽʟʽ ʪʘ 

ʩʠʥʪʝʟʽ ɹʊʉ ʫ ʩʢʣʘʜʽ ʚʠʨʦʙʥʠʯʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ. ʇʽʜ ʚʠʨʦʙʥʠʯʦ-

ʪʝʭʥʦʣʦʛʽʯʥʦʶ ʩʠʩʪʝʤʦʶ (ʇʊʉ) ʨʦʟʫʤʽʻʪʴʩʷ ʩʫʢʫʧʥʽʩʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʦ 

ʧʦʚ'ʷʟʘʥʠʭ ʟʘʩʦʙʽʚ - ʤʘʰʠʥ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʩʦʙʽʚ, ʙʫʜʽʚʝʣʴ, ʧʨʝʜʤʝʪʽʚ 

ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʚʽʜʧʦʚʽʜʥʠʭ ʤʘʪʝʨʽʘʣʴʥʠʭ ʟʘʩʦʙʽʚ, ʟʘʩʦʙʽʚ ɸʉʋ ʪʘ ʦʧʝʨʘʪʦʨʽʚ. ʋ 

ʨʘʤʢʘʭ ʇʊʉ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚʠʢʦʥʘʥʥʷ ʫ ʨʝʘʣʴʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ ʟʘʜʘʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʥʦʨʤʘʪʠʚʥʦ-

ʪʝʭʥʽʯʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ (ʘʛʨʦʟʦʦʪʝʭʥʽʯʥʠʭ ʚʠʤʦʛ, ʛʘʣʫʟʝʚʠʭ ʩʠʩʪʝʤ 

ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ, ʛʘʣʫʟʝʚʠʭ ʪʘ ʜʝʨʞʘʚʥʠʭ ʩʪʘʥʜʘʨʪʽʚ). 

ɺʩʝ ʙʽʣʴʰ ʧʦʚʥʝ ʪʝʭʥʽʯʥʝ ʧʝʨʝʦʟʙʨʦʻʥʥʷ ʪʚʘʨʠʥʥʠʮʪʚʘ ʽʟ ʟʘʤʽʥʦʶ ʨʫʯʥʦʾ 

ʧʨʘʮʽ ʤʘʰʠʥʥʠʤ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʟʰʠʨʝʥʥʷ ʝʢʦʥʦʤʽʯʥʠʭ ʤʝʞ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʪʝʭʥʽʢʠ ʪʘ ʟʘʩʦʙʽʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʰʠʨʦʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʜʫʢʮʽʾ ʙʘʛʘʪʴʦʭ 

ʛʘʣʫʟʝʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɺʩʝ ʮʝ ʤʘʻ ʩʧʨʠʯʠʥʠʪʠ ʥʝ ʣʠʰʝ ʢʽʣʴʢʽʩʥʽ ʟʤʽʥʠ 

ʩʪʨʫʢʪʫʨʠ ʪʘ ʩʢʣʘʜʫ ʟʘʩʦʙʽʚ ʤʝʭʘʥʽʟʘʮʽʾ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʘ ʡ ʢʦʨʽʥʥʽ ̫ ʢʽʩʥʽ ʟʤʽʥʠ 

ʚ ʪʝʭʥʦʣʦʛʽʾ, ʦʨʛʘʥʽʟʘʮʽʾ, ʙʫʜʽʚʥʠʮʪʚʽ, ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʽ, ʫʧʨʘʚʣʽʥʥʽ ʪʘ ʝʢʦʥʦʤʽʮʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɹʊʉ. 

 

 

 

ʋɼʂ 514.18 

 

ʊʆʏʂʆɺɯ ʂʆʄʇʆɿʀʎɯʁʅɯ ʄɸʊʈʀʎɯ 

 

ʃʠʩʝʥʢʦ ʂ. ʖ. 

ʄʝʣʽʪʦʧʦʣʴʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʧʝʜʘʛʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɹʦʛʜʘʥʘ 

ʍʤʝʣʴʥʠʮʴʢʦʛʦ 

ʄʝʣʽʪʦʧʦʣʴʩʴʢʘ ʰʢʦʣʘ ʧʨʠʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʽʾ ʽʤʝʥʽ ɺʦʣʦʜʠʤʠʨʘ ʅʘʡʜʠʰʘ 

 

ʊʦʯʢʦʚʽ ʢʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʨʠʮʽ (ʢʦʤʧʦʤʘʪʨʠʮʽ) ʤʘʶʪʴ ʩʚʦʾʤʠ ʝʣʝʤʝʥʪʘʤʠ 

ʫʧʦʨʷʜʢʦʚʘʥʽ ʙʘʟʠʩʥʽ ʪʦʯʢʠ ʘʙʦ ʾʭ ʩʫʤʠ, ʘʙʦ ʙʘʟʠʩʥʽ ʪʦʯʢʠ ʧʦʤʥʦʞʝʥʽ ʥʘ ʯʠʩʣʦ, 

ʙʫʜ-ɹʷʢʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʽʛʫʨʠ ʪʘ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʾʾ ʦʮʠʬʨʦʚʘʥʦʾ 

ʬʦʨʤʘʣʽʟʘʮʽʾ ʟ ʤʝʪʦʶ ʫʪʚʦʨʝʥʥʷ ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ ʮʽʻʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʽʛʫʨʠ 

ʤʝʪʦʜʘʤʠ ʪʦʯʢʦʚʦʛʦ ʯʠʩʣʝʥʥʷ ɹʘʣʶʙʠ-ʅʘʡʜʠʰʘ (ʪʦʯʢʦʚʦʛʦ ɹʅ-ʯʠʩʣʝʥʥʷ). 

ʊʦʙʪʦ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʽʛʫʨʠ ʜʦʚʽʣʴʥʦʾ ʬʦʨʤʠ 

ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʘʥʘʣʽʪʠʯʥʦʾ ʛʝʦʤʝʪʨʽʾ. ʄʦʜʝʣʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʬʽʛʫʨ 

ʦʮʠʬʨʦʚʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʦʯʢʦʚʦʛʦ ɹʅ-ʯʠʩʣʝʥʥʷ ʥʘʟʠʚʘʪʠʤʝʤʦ 

ʢʦʤʧʦʟʠʮʽʡʥʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʤʦʜʝʣʷʤʠ ʘʙʦ ʩʢʦʨʦʯʝʥʦ ï ʢʦʤʧʦʤʦʜʝʣʽ. 

ʆʪʞʝ, ʛʦʣʦʚʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ ʪʦʯʢʦʚʦʾ ʢʦʤʧʦʤʘʪʨʠʮʽ  ̒ ʬʦʨʤʘʣʽʟʘʮʽʷ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʽʛʫʨʠ. ʏʝʨʝʟ ʮʝ ʢʦʞʝʥ ʝʣʝʤʝʥʪ-ʪʦʯʢʘ ʢʦʤʧʦʤʘʪʨʠʮʽ ʤʘʻ 

ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʫ ʥʽʡ, ̫ ʢʝ ʫ ʧʦʚʥʽʡ ʤʽʨʽ ʚʽʜʧʦʚʽʜʘʻ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʶ ʙʘʟʠʩʥʦʾ 
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ʪʦʯʢʠ ʥʘ ʛʝʦʤʝʪʨʠʯʥʽʡ ʬʽʛʫʨʽ. ʇʨʠ ʮʴʦʤʫ ʫʩʷ ʤʥʦʞʠʥʘ ʙʘʟʠʩʥʠʭ ʪʦʯʦʢ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʽʛʫʨʠ ʤʘʻ ʙʫʪʠ ʨʦʟʧʦʜʽʣʝʥʘ ʧʦʤʽʞ ʧʽʜʤʥʦʞʠʥʘʤʠ, ʷʢʠʤʠ  ̒ʨʝʙʨʘ 

(ʯʠ ʪʦ ʢʨʠʚʽ, ʯʠ ʪʦ ʧʨʷʤʽ ʣʽʥʽʾ) ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʽʛʫʨʠ. ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʨʝʙʝʨ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʽʛʫʨʠ ʩʢʣʘʜʘʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʽ ʨʷʜʢʠ ʘʙʦ ʩʪʦʚʧʮʽ ʢʦʤʧʦʤʘʪʨʠʮʽ. 

ɿʤʽʥʘ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʙʘʟʠʩʥʦʾ ʪʦʯʢʠ ʥʘ ʨʝʙʨʽ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʽʛʫʨʠ 

ʟʤʫʰʫʻ ʚʥʝʩʪʠ ʚʽʜʧʦʚʽʜʥʽ ʟʤʽʥʠ ʜʦ ʢʦʤʧʦʤʘʪʨʠʮʽ. ʇʨʠ ʮʴʦʤʫ, ʷʢʱʦ ʾʾ 

ʧʝʨʝʤʽʱʝʥʥʷ ʚʽʜʙʫʣʦʩʷ ʫ ʤʝʞʘʭ ʤʽʞ ʜʚʦʤʘ ʩʫʤʽʞʥʠʤʠ ʪʦʯʢʘʤʠ, ʪʦ ʚʽʜʧʦʚʽʜʥʠʡ 

ʝʣʝʤʝʥʪ ʢʦʤʧʦʤʘʪʨʠʮʽ  ̔ʨʝʰʪʘ ʽʥʰʠʭ ʾʾ ʝʣʝʤʝʥʪʽʚ ʥʝ ʨʫʭʘʶʪʴʩʷ, ʪʦʙʪʦ ʾʭ ʟʘʧʠʩʠ 

ʫ ʢʦʤʧʦʤʘʪʨʠʮʽ ʣʠʰʘʶʪʴʩʷ ʙʝʟ ʟʤʽʥ. 

ʆʪʞʝ, ʢʦʤʧʦʤʘʪʨʠʮʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʬʽʛʫʨ  ̔

ʯʝʨʝʟ ʮʝ ʜʣʷ ʾʭʥʴʦʛʦ ʫʪʚʦʨʝʥʥʷ ʥʝ ʧʦʪʨʽʙʥʦ ʩʢʣʘʜʘʪʠ ʣʽʥʽʡʥʽ ʨʽʚʥʷʥʥʷ, ʘ ʪʨʝʙʘ 

ʟʜʽʡʩʥʠʪʠ ʚʽʜʧʦʚʽʜʥʽ ʟʘʤʽʨʠ ʚʠʭʽʜʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʽʛʫʨʠ. 

ɯ ʥʘʚʧʘʢʠ, ʪʨʘʜʠʮʽʡʥʽ ʤʘʪʨʠʮʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʘʣʛʝʙʨʘʾʯʥʠʭ 

ʫʪʚʦʨʝʥʴ ï ʩʠʩʪʝʤ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ, ʩʢʦʨʦʯʝʥʦʛʦ ʾʭʥʴʦʛʦ ʟʘʧʠʩʫ  ̔ʫʟʘʛʘʣʴʥʝʥʦʛʦ 

ʨʦʟʚôʷʟʫʚʘʥʥʷ. ɿʤʽʥʘ ʙʫʜʴ-ʷʢʦʛʦ ʝʣʝʤʝʥʪʫ ʘʣʛʝʙʨʘʾʯʥʦʾ ʤʘʪʨʠʮʽ ʟʘʚʞʜʠ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʚʠʭʽʜʥʠʭ ʫʤʦʚ ʨʦʟʚôʷʟʫʚʘʥʦʾ ʟʘʜʘʯʽ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʜʦ ʟʤʽʥʠ 

ʫʩʽʭ ʾʾ ʝʣʝʤʝʥʪʽʚ. 

ɹʘʟʠʩʥʠʤʠ ʪʦʯʢʘʤʠ ʚʠʭʽʜʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʽʛʫʨʠ  ̒ʤʽʥʽʤʘʣʴʥʘ ʤʥʦʞʠʥʘ 

ʪʦʯʦʢ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʟʥʘʯʝʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʜʦ ʷʢʠʭ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʜʥʦʚʣʝʥʥʷ, 

ʟ ʥʝʦʙʭʽʜʥʦʶ ʪʦʯʥʽʩʪʶ, ʫʩʽʻʾ ʢʦʥʪʠʥʫʘʣʴʥʦʾ ʤʥʦʞʠʥʠ ʪʦʯʦʢ ʮʽʻʾ ʛʝʦʤʝʪʨʠʯʥʦʾ 

ʬʽʛʫʨʠ. 

ʂʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʨʠʮʽ ʢʦʤʧʘʢʪʥʦ ʫ ʩʪʠʩʣʽʡ ʬʦʨʤʽ ʧʦʜʘʶʪʴ ʚʠʭʽʜʥʫ 

ʛʝʦʤʝʪʨʠʯʥʫ ʬʽʛʫʨʫ. ʅʘ ʾʭʥʽʡ ʦʩʥʦʚʽ ʩʪʚʦʨʶʻʪʴʩʷ ʥʝʧʝʨʝʨʚʥʘ ʢʦʤʧʦʟʠʮʽʡʥʘ 

ʤʦʜʝʣʴ ʮʽʻʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʽʛʫʨʠ ʫ ʚʠʛʣʷʜʽ ʪʦʯʢʦʚʦʛʦ ʧʦʣʽʥʦʤʫ. 

ʆʧʝʨʘʮʽʷʤʠ ʥʘʜ ʢʦʤʧʦʤʘʪʨʠʮʷʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʝʚʥʽ ʛʝʦʤʝʪʨʠʯʥʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʭʽʜʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʽʛʫʨʠ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʦʟʥʘʯʝʥʴ ʘʣʛʝʙʨʘʾʯʥʠʭ ʤʘʪʨʠʮʴ ʢʦʤʧʦʤʘʪʨʠʮʽ 

ʧʦʟʥʘʯʘʶʪʴʩʷ ʧʦʜʚʽʡʥʠʤʠ ʢʚʘʜʨʘʪʥʠʤʠ ʜʫʞʢʘʤʠ, ʧʨʠ ʮʴʦʤʫ, ʝʣʝʤʝʥʪʠ ʪʦʯʢʦʚʦʾ 

ʢʦʤʧʦʤʘʪʨʠʮʽ, ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ, ʤʘʶʪʴ ʽʥʜʝʢʩ ""ʊ . 

[ ][ ]
l
ʊɸ , [ ][ ]

ʪ
ʊɸ  ï ʮʝ ʦʜʥʦʨʦʟʤʽʨʥʽ ʢʦʤʧʦʤʘʪʨʠʮʽ ʪʦʯʢʦʚʽ, ʟʘ ʜʦʧʦʤʦʛʠ ʷʢʠʭ 

ʦʧʠʩʫʶʪʴʩʷ ʜʠʩʢʨʝʪʥʦ ʧʦʜʘʥʽ ʣʽʥʽʾ, ̔  ʤʘʶʪʴ ʚʠʛʣʷʜ ʪʦʯʢʦʚʦʾ ʢʦʤʧʦʤʘʪʨʠʮʽ-ʨʷʜʢʘ 

ʘʙʦ ʢʦʤʧʦʤʘʪʨʠʮʽ-ʩʪʦʚʧʮʷ. ʅʘ ʪʝ, ɦ ʦ ʮʝ ʦʜʥʦʨʦʟʤʽʨʥʽ ʢʦʤʧʦʤʘʪʨʠʮʽ, ʚʢʘʟʫʻ ʦʜʠʥ 

ʧʽʜʤʘʪʨʠʯʥʠʡ ʽʥʜʝʢʩ "" l  ʯʠ ʪʦ ""ʪ . 

[ ][ ]
ʪl
ʊɸ
³

 ï ʜʚʦʨʦʟʤʽʨʥʽ ʢʦʤʧʦʤʘʪʨʠʮʽ ʪʦʯʢʦʚʽ ʨʦʟʤʽʨʫ ʪl³ , ʟʘ ʜʦʧʦʤʦʛʠ ̫ ʢʠʭ 

ʦʧʠʩʫʶʪʴʩʷ ʜʠʩʢʨʝʪʥʦ ʧʦʜʘʥʽ ʧʦʚʝʨʭʥʽ. 

[ ][ ]
ʧʪl
ʊɸ
³³

 ï ʪʨʠʨʦʟʤʽʨʥʽ ʢʦʤʧʦʤʘʪʨʠʮʽ ʪʦʯʢʦʚʽ ʨʦʟʤʽʨʫ ʧʪl ³³ , ̫ ʢʽ ʧʨʠʟʥʘʯʝʥʽ 

ʜʣʷ ʦʧʠʩʫ ʜʠʩʢʨʝʪʥʦ ʧʦʜʘʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʽʣ. 

ʂʦʤʧʦʤʘʪʨʠʮʽ ʪʦʯʢʦʚʽ, ʟ ʧʦʟʥʘʯʝʥʥʷʤ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʾʾ ʝʣʝʤʝʥʪʽʚ, 

ʤʘʶʪʴ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: [][ ]ɸ̔  ï ʦʜʥʦʨʦʟʤʽʨʥʽ, ʜʣʷ lʽ ,1= ; [ ][ ]ʽjɸ  ï ʜʚʦʨʦʟʤʽʨʥʽ, 

ʜʣʷ lʽ ,1= ; mj ,1= ; [ ][ ]ʽjkɸ  ï ʪʨʠʨʦʟʤʽʨʥʽ, ʜʣʷ lʽ ,1= ; mj ,1= ; nk ,1= . 
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ɼʣʷ ʜʚʦ- ʪʘ ʪʨʠʨʦʟʤʽʨʥʠʭ ʢʦʤʧʦʤʘʪʨʠʮʽ ʪʦʯʢʦʚʠʭ ʦʙʦʚôʷʟʢʦʚʦʶ ̒  ʥʘʩʪʫʧʥʘ 

ʚʠʤʦʛʘ, ʱʦ ʙʘʟʠʩʥʽ ʪʦʯʢʠ ʤʘʶʪʴ ʦʙʠʨʘʪʠʩʷ ʣʠʰʝ ʫ ʤʽʩʮʷʭ ʧʝʨʝʪʠʥʫ ʨʝʙʝʨ 

ʚʠʭʽʜʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʽʛʫʨʠ, ʘ ʝʣʝʤʝʥʪʠ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʤʧʦʤʘʪʨʠʮʴ ʪʦʯʢʦʚʠʭ 

ʤʘʶʪʴ ʚʽʜʦʙʨʘʞʘʪʠ ʩʘʤʝ ʪʘʢʽ ʙʘʟʠʩʥʽ ʪʦʯʢʠ. 

ʂʦʞʥʘ ʟ ʨʦʟʛʣʷʥʫʪʠʭ ʢʦʤʧʦʤʘʪʨʠʮʴ ʪʦʯʦʢ ʚʠʟ ʤʦʞʝ ʚʽʜʦʙʨʘʞʘʪʠ 

ʛʝʦʤʝʪʨʠʯʥʽ ʬʽʛʫʨʠ ʫ ʜʚʦ-, ʪʨʠ-, ʪʘ kʧ-ʧʨʦʩʪʦʨʽ, ʢʽʣʴʢʽʩʪʴ ʢʦʦʨʜʠʥʘʪ nk  ʫ ʷʢʠʭ ʻ, 

ʚʽʜʧʦʚʽʜʥʦ, 2,12 =k ; 3,13 =k ; 4,14 =k é 1,11 -=- kn nk
k

; kn nk
k

,1= . ʋ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʮʴʦʛʦ, ʢʦʤʧʦʤʘʪʨʠʮʷ ʢʨʠʚʦʾ ʣʽʥʽʾ ʫ kʧ-ʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ 

ʤʘʪʠʤʝ ʤʥʦʞʠʥʫ kʧ ʢʦʤʧʦʤʘʪʨʠʮʴ ʢʦʦʨʜʠʥʘʪʥʠʭ: 

[ ][ ] ()[ ][ ] ()[ ][ ] ( )[ ][ ]
ý
ü
û

í
ì
ë

Ý
=== lʽ

kʽ
lʽ

ʽ
lʽ

ʽ
l
ʊ nɸɸɸɸ

,1,1,1

...,,2,1 . 

ʂʦʤʧʦʤʘʪʨʠʮʷ ʧʦʚʝʨʭʥʽ ʜʦʚʽʣʴʥʦʾ ʬʦʨʤʠ ʫ kʧ-ʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ ʤʘʪʠʤʝ 

ʤʥʦʞʠʥʫ kʧ ʢʦʤʧʦʤʘʪʨʠʮʴ ʢʦʦʨʜʠʥʘʪʥʠʭ: 

[ ][ ] ()[ ][ ] ()[ ][ ] ( )[ ][ ]
îý

î
ü
û

îí

î
ì
ë

Ý
======³ mjlʽ

kʽj

mjlʽ

ʽj

mjlʽ

ʽj
ʪl
ʊ nɸɸɸɸ

,1;,1,1;,1,1;,1

...,,2,1 . 

ʂʦʤʧʦʤʘʪʨʠʮʷ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʪʽʣʘ ʜʦʚʽʣʴʥʦʾ ʬʦʨʤʠ ʫ kʧ-ʚʠʤʽʨʥʦʤʫ 

ʧʨʦʩʪʦʨʽ ʤʘʪʠʤʝ ʤʥʦʞʠʥʫ kʧ ʢʦʤʧʦʤʘʪʨʠʮʴ ʢʦʦʨʜʠʥʘʪʥʠʭ: 

[ ][ ] ()[ ][ ] ()[ ][ ] ( )[ ][ ]
îý

î
ü
û

îí

î
ì
ë

Ý
=========³³ nkmjlʽ

kʽjk

nkmjlʽ

ʽjk

nkmjlʽ

ʽjk
ʧʪl
ʊ nɸɸɸɸ

,1;,1;,1,1;,1;,1,1;,1;,1

...,,2,1 . 

ʂʦʞʥʘ ʟ ʥʘʚʝʜʝʥʠʭ ʢʦʤʧʦʤʘʪʨʠʮʴ ʢʦʦʨʜʠʥʘʪʥʠʭ ʷʚʣʷʻ ʩʦʙʦʶ ʧʘʨʘʣʝʣʴʥʫ 

ʧʨʦʻʢʮʽʶ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʦʙôʻʢʪʫ ʫ kʧ-ʧʨʦʩʪʦʨʽ ʥʘ ʚʽʜʧʦʚʽʜʥʫ 

ʚʽʩʴ ʢʦʦʨʜʠʥʘʪ ʮʴʦʛʦ kʧ-ʧʨʦʩʪʦʨʫ. 

ɿʘʛʘʣʴʥʦʚʽʜʦʤʦ, ʱʦ ʦʧʝʨʘʮʽʾ ʥʘʜ ʘʣʛʝʙʨʘʾʯʥʠʤʠ ʤʘʪʨʠʮʷʤʠ ʟʜʽʡʩʥʶʶʪʴʩʷ 

ʯʝʨʝʟ ʚʽʜʧʦʚʽʜʥʽ ʦʧʝʨʘʮʽʾ ʥʘʜ ʾʭʥʽʤʠ ʝʣʝʤʝʥʪʘʤʠ. ʎʝ ʧʦʣʦʞʝʥʥʷ  ̒ʧʨʘʚʜʠʚʠʤ  ̔

ʜʣʷ ʢʦʤʧʦʤʘʪʨʠʮʴ ʪʦʯʢʦʚʠʭ. ʆʜʥʘʢ, ʧʨʘʚʠʣʘ ʟʜʽʡʩʥʝʥʥʷ ʦʧʝʨʘʮʽʡ ʥʘʜ 

ʢʦʤʧʦʤʘʪʨʠʮʷʤʠ ʪʦʯʢʦʚʠʤʠ  ̔ ʘʣʛʝʙʨʘʾʯʥʠʤʠ ʤʘʪʨʠʮʷʤʠ ʜʦʢʦʨʽʥʥʦ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʜʥʝ ʚʽʜ ʦʜʥʦʛʦ. ʊʘʢʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʪʝ, ʱʦ ʦʧʝʨʘʮʽʾ ʥʘʜ 

ʘʣʛʝʙʨʘʾʯʥʠʤʠ ʤʘʪʨʠʮʷʤʠ ʟʜʽʡʩʥʶʶʪʴʩʷ ʥʘ ʧʨʘʚʠʣʘʤʠ ʣʽʥʽʡʥʦʾ ʘʣʛʝʙʨʠ ʟ ʤʝʪʦʶ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʣʽʥʽʡʥʠʭ ʩʠʩʪʝʤ ʨʽʚʥʷʥʴ, ʘ ʦʧʝʨʘʮʽʾ ʥʘʜ ʢʦʤʧʦʤʘʪʨʠʮʷʤʠ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙôʻʢʪʽʚ, ʢʨʽʤ ʪʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʘ 

ʛʝʦʤʝʪʨʽʷ ʚʟʘʛʘʣʽ ʚʠʢʣʶʯʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʣʽʥʽʡʥʦʾ ʘʣʛʝʙʨʠ. 

ʏʝʨʝʟ ʪʝ, ʱʦ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʦʤʧʦʤʦʜʝʣʽ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʦʙôʻʢʪʫ ʙʘʟʠʩʥʽ 

ʪʦʯʢʠ ʦʙʠʨʘʶʪʴʩʷ ʫ ʤʽʩʮʷʭ ʧʝʨʝʪʠʥʫ ʡʦʛʦ ʢʘʨʢʘʩʽʚ ʣʽʥʽʡ, ʘ ʚʽʜʧʦʚʽʜʥʽ ʙʘʟʠʩʥʠʤ 

ʪʦʯʢʘʤ ʝʣʝʤʝʥʪʠ ʢʦʤʧʦʤʘʪʨʠʮʴ ʤʘʶʪʴ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʥʘ ʧʝʨʝʪʠʥʘʭ, 

ʚʽʜʧʦʚʽʜʥʠʭ ʜʦ ʮʠʭ ʨʝʙʝʨ, ʨʷʜʢʘʭ ʪʘ ʩʪʦʚʧʮʷʭ, ʪʦ ʦʧʝʨʘʮʽʾ ʥʘʜ ʢʦʤʧʦʤʘʪʨʠʮʷʤʠ 

ʟʚʦʜʷʪʴʩʷ ʜʦ ʚʽʜʧʦʚʽʜʥʠʭ ʦʧʝʨʘʮʽʡ ʥʘʜ ʾʭʥʽʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʷʢʽ ʤʘʶʪʴ ʦʜʥʘʢʦʚʽ 

ʽʥʜʝʢʩʠ ʯʠ ʪʦ ʦʜʠʥʘʨʥʽ, ʯʠ ʪʦ ʧʦʜʚʽʡʥʽ, ʯʠ ʪʦ ʧʦʪʨʽʡʥʽ. 
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ɺʟʘʛʘʣʽ, ʫ ʪʽʡ ʯʘʩʪʠʥʽ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʫ ʤʠ ʥʘʨʘʟʽ 

ʜʦʩʣʽʜʞʫʻʤʦ, ʦʧʝʨʘʮʽʷʤ ʥʘʜ ʢʦʤʧʦʤʘʪʨʠʮʷʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʝʨʝʤʽʱʝʥʥʷ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙôʻʢʪʽʚ, ʩʠʤʝʪʨʽʷ ʘʙʦ ʞ ʛʦʤʦʪʝʪʽʷ. 

ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʦʧʝʨʘʮʽʡ ʥʘʜ ʢʦʤʧʦʤʘʪʨʠʮʷʤʠ, ʥʘʤʠ ʥʘʜʘʥʦ 

ʚʠʟʥʘʯʝʥʥʷ ʥʫʣʴʦʚʦʾ, ʦʜʠʥʠʯʥʦʾ, ʦʜʥʘʢʦʚʦ ʯʠʩʣʦʚʦʾ ʪʘ ʨʽʟʥʦʯʠʩʣʦʚʦʾ 

ʢʦʤʧʦʤʘʪʨʠʮʴ ʪʦʯʢʦʚʠʭ. ʋʩʽ ʮ ̔ʥʘʟʚʘʥʽ ʢʦʤʧʦʤʘʪʨʠʮ ̔ʤʦʞʫʪʴ ʙʫʪʠ ʷʢ ʮʽʣʢʦʚʠʪʽ 

ʪʘʢ  ̔ʯʘʩʪʠʥʥʽ. 

ʅʘʜʘʤʦ ʚʠʟʥʘʯʝʥʥʷ ʮʽʣʢʦʚʠʪʠʤ  ̔ʯʘʩʪʠʥʥʠʤ ʢʦʤʧʦʤʘʪʨʠʮʷʤ. ʎʽʣʢʦʚʠʪʽ 

ʢʦʤʧʦʤʘʪʨʠʮʽ ʪʦʯʢʦʚʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʢʦʣʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʭʽʜʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ 

ʬʽʛʫʨʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʫʩʽʤʘ ʢʦʦʨʜʠʥʘʪʘʤʠ ʾʾ ʙʘʟʠʩʥʠʭ ʪʦʯʦʢ, ʘ ʯʘʩʪʠʥʥʽ 

ʢʦʤʧʦʤʘʪʨʠʮʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʢʦʣʠ ʾʾ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʦʢʨʝʤʦ 

ʚʟʷʪʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʨʠʮʴ ʪʦʯʢʦʚʠʭ ʜʦʟʚʦʣʷʻ ʫ ʩʪʠʩʣʦʤʫ 

ʚʠʛʣʷʜʽ ʧʦʜʘʚʘʪʠ ʦʮʠʬʨʦʚʘʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʬʽʛʫʨʠ, ʟʜʽʡʩʥʶʚʘʪʠ ʦʧʝʨʘʮʽʾ ʥʘʜ ʮʠʤʠ 

ʬʽʛʫʨʘʤʠ. ʂʨʽʤ ʪʦʛʦ ʢʦʤʧʦʤʘʪʨʠʮʽ ʪʦʯʢʦʚʽ ̒  ʦʩʥʦʚʦʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʝʧʝʨʝʨʚʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʦʙôʻʢʪʽʚ ʫ ʚʠʛʣʷʜʽ ʪʦʯʢʦʚʠʭ ʧʦʣʽʥʦʤʽʚ. 
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ɼʆʉʃɯɼɾɽʅʅʗ ʂʈʀɺʀʍ ʆɹɺʆɼɯɺ ʊɽʍʅɯʏʅʀʍ ʆɹôɭʂʊɯɺ 

ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʊʈʀʈɯɺʅɽɺʀʍ ʇʃɸʅɯɺ 

 

ɹʽʜʥʽʯʝʥʢʦ ʆ. ɻ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤʝʥʽ ʘʜʤʽʨʘʣʘ ʄʘʢʘʨʦʚʘ 

 

ʇʨʦʝʢʪʫʚʘʥʥʷ ʧʨʦʪʦʯʥʠʭ ʯʘʩʪʠʥ ʪʝʭʥʽʯʥʠʭ ʦʙôʻʢʪʽʚ ʟʦʢʨʝʤʘ ʝʣʝʤʝʥʪʽʚ 

ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʚʽʜʮʝʥʪʨʦʚʠʭ ʢʦʤʧʨʝʩʦʨʽʚ ʻ ʙʘʛʘʪʦ ʧʘʨʘʤʝʪʨʠʯʥʦʶ ʟʘʜʘʯʝʶ, 

ʨʦʟʚôʷʟʘʥʥʷ ʷʢʦʾ ʚʠʤʘʛʘʻ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʨʦʙʢʠ ʧʝʚʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʘʨʽʘʥʪʽʚ. ʌʦʨʤʠ 

ʦʙʚʦʜʽʚ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʧʨʦʝʢʪʫʶʪʴʩʷ, ʦʧʠʩʫʶʪʴʩʷ ʨʽʟʥʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ 

ʢʨʠʚʠʤʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʫʤʦʚ ʧʨʦʝʢʪʫʚʘʥʥʷ: ʢʦʣʦ, ʦʚʘʣʠ ʃʘʤʝ, ʢʦʥʭʦʾʜʘ, ʝʣʽʧʩ, 

ʢʨʠʚʽ ɹʝʟʴʻ ʪʦʱʦ. ɺ ʨʦʙʦʪʽ [1] ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠʯʥʽ ʢʫʙʽʯʥʽ ʢʨʠʚʽ ʩ 

ʜʚʦʤʘ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʠ. ɼʣʷ ʧʦʙʫʜʦʚʠ ʪʘʢʦʾ ʢʨʠʚʦʾ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ Ŭ 

ʽ ɓ, ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚ ʧʨʦʝʢʪʫʚʘʥʥʷ ʣʦʧʘʪʢʦʚʦʛʦ 

ʘʧʘʨʘʪʫ, ʜʣʷ ʯʦʛʦ ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʘʜʘʥʠʤʠ ʛʝʦʤʝʪʨʠʯʥʽ ʢʫʪʠ ʚʭʦʜʫ Ŭ0 ʽ ʚʠʭʦʜʫ 

ʧʦʪʦʢʫ Ŭ1, ʚʝʣʠʯʠʥʘ xf ʨʦʟʤʽʱʝʥʥʷ ʤʘʢʩʠʤʫʤʫ ʢʨʠʚʦʾ, ʘ ʪʘʢʦʞ ʩʪʨʽʣʢʘ ʧʨʦʛʠʥʫ f. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʘʨʘʤʝʪʨʠ Ŭ ʽ ɓ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʢʫʙʽʯʥʦʾ ʢʨʠʚʦʾ ʽʟ ʜʚʦʤʘ ʩʪʝʧʝʥʷʤʠ 

ʩʚʦʙʦʜʠ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʬʫʥʢʮʽʦʥʘʣʴʥʽʡ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʦʪʠʨʴʦʭ ʟʤʽʥʥʠʭ. ʎʷ 

ʟʘʣʝʞʥʽʩʪʴ ʦʧʠʩʫʻ ʜʝʷʢʫ ʛʽʧʝʨʧʦʚʝʨʭʥʶ ʫ ʙʘʛʘʪʦʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ. ɼʣʷ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ ʪʘʢʦʾ ʧʦʚʝʨʭʥʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʪʝʦʨʽʶ ʧʣʘʥʫʚʘʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʫ, ʧʝʨʝʚʘʛʘ ʷʢʦʾ ʧʦʣʷʛʘʻ ʫ ʤʦʞʣʠʚʦʩʪʽ ʦʪʨʠʤʘʥʥʷ ʘʥʘʣʽʪʠʯʥʦʾ 

ʟʘʣʝʞʥʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʷʚʠʱʘ ʚʽʜ ʬʘʢʪʦʨʽʚ ʧʨʦʮʝʩʫ. ʄʝʪʦʜʠ ʧʣʘʥʫʚʘʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʦʟʚʦʣʷʶʪʴ ʨʘʮʽʦʥʘʣʴʥʠʤ ʦʙʨʘʟʦʤ ʨʦʟʪʘʰʫʚʘʪʠ ʨʦʟʨʘʭʫʥʢʦʚʽ 
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ʪʦʯʢʠ ʚ ʙʘʛʘʪʦʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ ʥʝʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ. ʂʨʽʤ ʪʦʛʦ ʜʘʶʪʴ ʟʤʦʛʫ 

ʢʦʤʧʣʝʢʩʥʦ ʚʠʚʯʘʪʠ ʚʧʣʠʚ ʚʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʬʘʢʪʦʨʽʚ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʾʭʥʴʦʛʦ 

ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ. 

ʈʽʰʝʥʥʶ ʟʘʜʘʯʽ ʩʢʣʘʜʘʥʥʶ ʨʽʚʥʷʥʴ, ʱʦ ʦʧʠʩʫʶʪʴ ʛʽʧʝʨʧʦʚʝʨʭʥʽ 

ʧʘʨʘʤʝʪʨʽʚ Ŭ ʽ ɓ ʥʘʡʙʽʣʴʰʝ ʧʦʚʥʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʨʠʨʽʚʥʝʚʽ ʧʣʘʥʠ ɹʦʢʩʘ-ɹʝʥʢʠʥʘ. 

ʇʨʠ ʪʨʴʦʭ ʨʽʚʥʷʭ ʚʘʨʽʶʚʘʥʥʷ (-1; 0; +1) ʜʝʷʢʦʾ ʢʽʣʴʢʦʩʪʽ ʟʤʽʥʥʠʭ ʮʽ ʧʣʘʥʠ 

ʚʠʤʘʛʘʶʪʴ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʧʦʣʽʥʦʤʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ. 

ʄʘʪʨʠʮʷ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʣʷ ʯʦʪʠʨʴʦʭ ʟʤʽʥʥʠʭ ʤʘʻ ʪʘʢʠʡ 

ʚʠʛʣʷʜ: 

ù
ù
ù
ù
ù
ù
ù
ù
ù
ù
ù
ù

ú

ø

é
é
é
é
é
é
é
é
é
é
é
é

ê

è

°°

°°

°°

°°

°°

°°

0000

1010

0101

0000

0110

1001

0000

1100

0011

î
ý

î
ü

û

î
ý

î
ü

û

î
ý

î
ü

û

1

8

1

8

1

8

 

 

ʈʦʟʛʦʨʥʫʪʘ ʟʘʧʠʩ ʧʝʨʰʦʛʦ ʨʷʜʢʘ ʧʣʘʥʫ ʤʘʻ ʚʠʛʣʷʜ:  

ù
ù
ù
ù

ú

ø

é
é
é
é

ê

è

++

+-

-+

--

0011

0011

0011

0011

 

ɯʥʰʽ ʨʷʜʢʠ ʚʠʭʦʜʷʪʴ ʧʝʨʝʩʪʘʥʦʚʢʦʶ ʨʷʜʢʽʚ ʟ ʥʝʥʫʣʴʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. 

ɿʚô̫ ʟʦʢ ʚʽʜʥʦʩʥʠʭ ʪʘ ʜʽʡʩʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʠʨʘʞʘʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʶ: 
( )
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i
i

xx
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a
0-= , ʜʝ ix  ï ʚʽʜʥʦʩʥʝ ʟʥʘʯʝʥʥʷ i-ʪʦʛʦ ʧʘʨʘʤʝʪʨʘ; xi ï ʘʙʩʦʣʶʪʥʝ ʟʥʘʯʝʥʥʷ 

-̔ʪʦʛʦ ʧʘʨʘʤʝʪʨʘ; xi0 ï ʘʙʩʦʣʶʪʥʝ ʟʥʘʯʝʥʥʷ -̔ʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ ʮʝʥʪʨʘʣʴʥʽʡ ʪʦʯʮʽ; 

Ŭ̔ ï ʰʘʛ ʟʤʽʥʝʥʥʷ -̔ʪʦʛʦ ʧʘʨʘʤʝʪʨʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʥʦ ʜʘʥʽ ʜʣʷ ʧʦʙʫʜʦʚʠ ʧʦʣʽʥʦʤʽʘʣʴʥʠʭ ʤʦʜʝʣʝʡ 

ʧʘʨʘʤʝʪʨʽʚ Ŭ ʽ ɓ ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʢʫʙʽʯʥʠʭ ʢʨʠʚʠʭ ʽʟ ʜʚʦʤʘ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʠ:  
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ʉʝʨʝʜʥʴʦʟʚʘʞʝʥʽ ʧʦʛʨʽʰʥʦʩʪʽ ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ Ŭ ʽ ɓ ʫ ʥʘʚʝʜʝʥʠʭ 

ʚʠʨʘʟʘʭ ʩʢʣʘʜʘʶʪʴ ʚʽʜʧʦʚʽʜʥʦ1,24 ʪʘ 1,45 ʚʽʜʩʦʪʢʘ. 

ɸʥʘʣʽʟ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʾ ʤʦʜʝʣʽ ʜʣʷ ʧʘʨʘʤʝʪʨʽʚ Ŭ ʪʘ ɓ ʧʦʢʘʟʫʻ,ʱʦ 

ʣ̔ ʥʽʡʥʽ ʝʬʝʢʪʠ ʻ ʚʧʣʠʚʦʚʠʤʠ, ʘ ʢʚʘʜʨʘʪʠʯʥʽ ʝʬʝʢʪʠ ʩʣʘʙʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʦʨʤʫ 

ʢʨʠʚʦʾ, ʱʦ ʤʦʜʝʣʶʻʪʴʩʷ. 

ʇʦʪʨʽʙʥʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʟʤʽʥʥʽ 
0
a , 

1
a , fx , f  ʧʦ-ʨʽʟʥʦʤʫ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʢʦʞʝʥ ʽʟ ʧʘʨʘʤʝʪʨʽʚ Ŭ ʽ ɓ, ʱʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʨʘʚʠʣʘʤʠ ʚʽʜʥʦʩʥʦ 

ʭʘʨʘʢʪʝʨʫ ʢʨʠʚʠʭ, ʱʦ ʜʦʩʣʽʜʞʫʶʪʴʩʷ. 

ʆʪʨʠʤʘʥʽ ʚ ʨʦʙʦʪʽ ʧʦʣʽʥʦʤʽʘʣʴʥʽ ʤʦʜʝʣʽ ʢʦʝʬʽʮʽʻʥʪʽʚ Ŭ ʽ ɓ ʧʘʨʘʤʝʪʨʠʯʥʦʾ 

ʢʫʙʽʯʥʦʾ ʢʨʠʚʦʾ ʟ ʜʚʦʤʘ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʜʦʩʣʽʜʠʪʠ ʭʘʨʘʢʪʝʨ ʟʤʽʥ 

ʢʨʠʚʦʾ ʧʽʜ ʯʘʩ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʣʦʧʘʪʢʦʚʠʭ ʘʧʘʨʘʪʽʚ 

ʚʽʜʮʝʥʪʨʦʚʠʭ ʢʦʤʧʨʝʩʦʨʽʚ. 

ʃʽʪʝʨʘʪʫʨʘ 

1. ɹʽʜʥʽʯʝʥʢʦ ʆ. ɻ., ʂʫʢʣʽʥʘ ʆ. ʖ. ʄʦʜʠʬʽʢʘʮʽʷ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʢʫʙʽʯʥʦʾ 

ʢʨʠʚʦʾ ʜʣʷ ʨʽʰʝʥʥʷ ʟʘʜʘʯ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʇʨʠʢʣʘʜʥʘ ʛʝʦʤʝʪʨʽʷ ʪʘ 

ʽʥʞʝʥʝʨʥʘ ʛʨʘʬʽʢʘ. ʂʠʾʚ. ʂʅʋɹɸ. 2008. ɺʠʧ. 79. ʉ. 170ï174. 

 

 

 

 

ʋɼʂ 514.18 

 

ʆʇʊʀʄɯɿɸʎɯʗ ʈʆɿʇʆɼɯʃʋ  ʋʊɽʇʃʖɺɸʏɸ ʇʆ 

ʊɽʇʃʆɯɿʆʃʗʎɯʁʅɯʁ ʆɹʆʃʆʅʎɯ ɹʋɼɯɺɽʃʔ ʇʈʀ 

ʊɽʈʄʆʄʆɼɽʈʅɯɿɸʎɯɰ ɹʋɼɯɺɽʃʔ 

 

ʄʘʨʪʠʥʦʚ ɺ. ʃ. 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜ̔ʚʥʠʮʪʚʘ  ̔ʘʨʭʽʪʝʢʪʫʨʠ 

 

ɯʩʥʫʶʯʽ ʥʦʨʤʘʪʠʚʥʽ ʜʦʢʫʤʝʥʪʠ ʚ ʋʢʨʘʾʥʽ ʨʝʛʣʘʤʝʥʪʫʶʪʴ ʤʽʥʽʤʘʣʴʥʠʡ 

ʨʽʚʝʥʴ ʦʧʦʨʫ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʯʝʨʝʟ ʦʛʦʨʦʜʞʫʚʘʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʙʫʜʽʚʝʣʴ, ʘʣʝ ʧʨʠ 

ʮʴʦʤʫ ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ ʪʘʢʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʦʛʦ ʚʧʣʠʚʫ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʷʢ ʨʽʚʝʥʴ ʥʘʜʭʦʜʞʝʥʥʷ ʪʝʧʣʘ ʚʽʜ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ  ̔ 

ʚʧʣʠʚ ʚʽʪʨʫ. ʊʘʢ, ʧʨʘʚʦʤʽʨʥʠʤ ʟʘʣʠʰʘʻʪʴʩʷ  ʧʠʪʘʥʥʷ ʟ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʥʦʨʤʘʪʠʚʥʦʾ ʢʽʣʴʢʦʩʪʽ ʫʪʝʧʣʶʚʘʯʘ ʤʽʞ ʛʨʘʥʷʤʠ  ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʾ  

ʦʙʦʣʦʥʢʠ  ʙʫʜʽʚʣʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʧʣʦʚʦʛʦ ʚʧʣʠʚʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʟ ʤʝʪʦʶ ʤʽʥʽʤʽʟʘʮʽʾ ʪʝʧʣʦʚʪʨʘʪ ʯʝʨʝʟ ʦʛʦʨʦʜʞʫʚʘʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ, ɦ ʦ ʩʧʨʠʷʪʠʤʝ 

ʧʽʜʚʠʱʝʥʥʶ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ. 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʚʠʱʝʟʘʟʥʘʯʝʥʦʛʦ ʧʠʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʧʦʩʦʙʠ 

ʦʧʪʠʤʽʟʘʮʽʾ ʦʧʦʨʫ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʩʚʽʪʣʦʧʨʦʟʦʨʠʭ  ̔ʥʝʧʨʦʟʦʨʠʭ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ ʪʘ  ʩʪʨʫʢʪʫʨʫ ʦʧʪʠʤʽʟʘʮʽʾ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʫʪʝʧʣʶʚʘʯʘ 

ʤʽʞ ʛʨʘʥʷʤʠ  ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ (ʨʠʩ. 1).  
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ʇɸʈɸʄɽʊʈʀʏʅɯ ʂʆʄʇʆɿʀʎɯʁʅɯ ʄɸʊʈʀʎɯ 

 

ʇʘʚʣʝʥʢʦ ʆ. ʄ. 

ʄʝʣʽʪʦʧʦʣʴʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʧʝʜʘʛʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  

ʽʤʝʥʽ ɹʦʛʜʘʥʘ ʍʤʝʣʴʥʠʮʴʢʦʛʦ 

ʄʝʣʽʪʦʧʦʣʴʩʴʢʘ ʰʢʦʣʘ ʧʨʠʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʽʾ ʽʤʝʥʽ ɺʦʣʦʜʠʤʠʨʘ ʅʘʡʜʠʰʘ 

 

ʂʦʤʧʦʟʠʮʽʡʥʘ ʛʝʦʤʝʪʨʽʷ ʮʝ ʤʘʪʝʤʘʪʠʯʥʦ ʬʦʨʤʘʣʽʟʦʚʘʥʘ, ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʤʝʪʦʜʽʚ ʪʦʯʢʦʚʦʛʦ ʯʠʩʣʝʥʥʷ ɹʘʣʶʙʠ-ʅʘʡʜʠʰʘ (ʪʦʯʢʦʚʦʛʦ ɹʅ-ʯʠʩʣʝʥʥʷ), 

ʛʝʦʤʝʪʨʽʷ, ʪʦʯʢʦʚʽ ʨʽʚʥʷʥʥʷ ʷʢʦʾ, ʫ ʧʘʨʘʤʝʪʨʠʯʥʽʡ ʬʦʨʤʽ, ʫʪʚʦʨʝʥʽ ʥʝ ʚʽʜʥʦʩʥʦ 

ɻʨʘʥʥʽ ʙʫʜʽʚʣʽ  ʪʘ ʢʨʠʚʦʣʽʥʽʡʥʽ 
(ʘʧʨʦʢʩʠʤʦʚʘʥʽ ʧʣʦʱʠʥʘʤʠ)

ʈʘʮʽʦʥʘʣʴʥʠʡ ʧʝʨʝʨʦʟʧʦʜʽʣ 

ʫʪʝʧʣʶʚʘʯʘ

ʆʧʪʠʤʘʣʴʥʠʡ ʧʝʨʝʨʦʟʧʦʜʽʣ 

ʫʪʝʧʣʶʚʘʯʘ

ʉʚʽʪʣʦʧʨʦʟʦʨʽ ʢʦʥʩʪʨʫʢʮʽʾ

ʅʝʧʨʦʟʦʨʽ ʢʦʥʩʪʨʫʢʮʽʾ
ʅʝʧʨʦʟʦʨʽ ʢʦʥʩʪʨʫʢʮʽʾ

ʉʚʽʪʣʦʧʨʦʟʦʨʽ ʢʦʥʩʪʨʫʢʮʽʾ

ʇʣʦʱʘ ʛʨʘʥʝʡ ʨʽʟʥʘ

ʂʫʪ ʥʘʭʠʣʫ ɤ= 90 ʪʘ ʧʨʦʩʪʦʨʦʚʘ

ʊʝʧʣʦʚʪʨʘʪ

ʊʝʧʣʦʚʪʨʘʪʠ + 

ʊʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ ʚʽʜ ʉʈ

ɽʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ ʥʘ 

ʦʧʘʣʝʥʥʷ

ʆʧʪʠʤʘʣʴʥʝ ʫʪʝʧʣʝʥʥʷ  ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʪʝʨʤʽʥʫ ʦʢʫʧʥʦʩʪʽ

ʇʣʦʱʘ ʛʨʘʥʝʡ ʦʜʥʘʢʦʚʘ, ʨʽʟʥʘ

ʊʝʧʣʦʚʪʨʘʪ + ʊʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ ʚʽʜ 

ʉʈ

ʂʫʪ ɤ=90 ʇʨʦʩʪʦʨʦʚʘ 

n - ʬʘʢʪʦʨʽʚ1 ʬʘʢʪʦʨ

ʊʠʧ ʧʦʚʝʨʭʥʽ ʙʫʜʽʚʣʽ

ɺʠʜ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʫʪʝʧʣʶʚʘʯʘ

ʊʠʧ ʢʦʥʩʪʨʫʢʮʽʾ

ʂʽʣʴʢʽʩʪʴ ʬʘʢʪʦʨʽʚ ʦʧʪʠʤʽʟʘʮʽʾ

ʇʣʦʱʘ ʛʨʘʥʝʡ

ʆʨʽʻʥʪʘʮʽʷ ʛʨʘʥʝʡ

ʆʧʪʠʤʽʟʘʮʽʷ 

ʟʘ ʚʠʜʘʤʠ ʧʦʢʘʟʥʠʢʽʚ

ʉʧʦʩʽʙ ʨʦʟʚ'ʷʟʘʥʥʷɸʥʘʣʽʪʠʯʥʠʡɻʨʘʬʽʯʥʠʡ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʣʷʨʥʠʭ ʜʽʘʛʨʘʤ
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ʚʠʭʽʜʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ, ʘ ʚʽʜʥʦʩʥʦ ʫʩʽʭ ʙʘʟʠʩʥʠʭ ʪʦʯʦʢ ʚʠʭʽʜʥʦʾ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʢʦʤʧʦʟʠʮʽʾ. 

ʇʘʨʘʤʝʪʨʠʟʘʮʽʷ ʙʫʜʴ-ʷʢʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʢʦʤʧʦʟʠʮʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʽʜʥʦʰʝʥʴ ʤʽʞ ʯʘʩʪʠʥʥʠʤʠ ʾʾ ʝʣʝʤʝʥʪʘʤʠ  ̔ ʜʦʚʽʣʴʥʦ ʦʙʨʘʥʠʤ 

ʮʽʣʠʤ ʝʣʝʤʝʥʪʦʤ ʟ ʜʦʪʨʠʤʘʥʥʷʤ ʚʠʤʦʛ ʱʦʜʦ ʧʨʦʩʪʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʪʨʴʦʭ ʪʦʯʦʢ. 

ɻʝʦʤʝʪʨʠʯʥʘ ʢʦʤʧʦʟʠʮʽʷ ʫʪʚʦʨʶʻʪʴʩʷ ʽʟ ʚʠʭʽʜʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʽʛʫʨʠ 

ʰʣʷʭʦʤ ʧʦʜʘʥʥʷ ʯʝʨʝʟ ʙʘʟʠʩʥʽ ʪʦʯʢʠ ʫʩʽʭ ʾʾ ʪʨʠʚʽʘʣʴʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙôʻʢʪʽʚ 

(ʧʨʷʤʠʭ, ʧʣʦʱʠʥ, ʪʦʱʦ). ɹʫʜʴ-ʷʢʘ ʛʝʦʤʝʪʨʠʯʥʘ ʢʦʤʧʦʟʠʮʽʷ ʤʘʻ ʩʚʦʾʤʠ 

ʝʣʝʤʝʥʪʘʤʠ ʧʝʚʥʠʤ ʯʠʥʦʤ ʫʧʦʨʷʜʢʦʚʘʥʫ ʥʝ ʧʦʨʦʞʥʶ ʬʽʥʽʪʥʫ ʜʠʩʢʨʝʪʥʫ 

ʤʥʦʞʠʥʫ ʪʦʯʦʢ, ʩʝʨʝʜ ʷʢʠʭ ʦʙʠʨʘʻʪʴʩʷ ʧʽʜʤʥʦʞʠʥʘ ʙʘʟʠʩʥʠʭ ʪʦʯʦʢ. ʙʘʟʠʩʥʠʤʠ 

ʪʦʯʢʘʤʠ ʛʝʦʤʝʪʨʠʯʥʦʾ ʢʦʤʧʦʟʠʮʽʾ  ̒ʪʽ, ʱʦ ʦʙʠʨʘʶʪʴʩʷ ʩʝʨʝʜ ʾʾ ʤʥʦʞʠʥʠ ʪʦʯʦʢ  ̔

ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʧʦʨʦʜʞʝʥʥʷ ʮʽʻʾ ʢʦʥʪʠʥʫʘʣʴʥʦʾ ʤʥʦʞʠʥʠ ʪʦʯʦʢ ʰʫʢʘʥʦʛʦ 

ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʦʙôʻʢʪʫ. ʙʘʟʠʩʥʽ ʪʦʯʢʠ ʦʙʠʨʘʶʪʴʩʷ ʥʘ ʧʝʨʝʪʠʥʽ 

ʢʘʨʢʘʩʽʚ ʣʽʥʽʡ ʜʠʩʢʨʝʪʥʦ ʧʦʜʘʥʦʛʦ ʚʠʭʽʜʥʦʛʦ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʦʙôʻʢʪʫ. 

ʂʦʤʧʦʟʠʮʽʡʥʘ ʛʝʦʤʝʪʨʽʷ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʦʮʠʬʨʦʚʫʚʘʥʥʷ ʢʨʝʩʣʝʥʠʢʽʚ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʬʽʛʫʨ ʟ ʤʝʪʦʶ ʟʘʤʽʥʠ ʛʨʘʬʽʯʥʠʭ ʩʧʦʩʦʙʽʚ ʾʭʥʴʦʾ ʧʦʙʫʜʦʚʠ ʥʘ 

ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʘʣʛʦʨʠʪʤʠ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʤʝʪʨʠʯʥʠʭ ʪʘ ʧʦʟʠʮʽʡʥʠʭ ʟʘʜʘʯ. ʇʨʠ 

ʮʴʦʤʫ, ʛʝʪʴ ʚʠʢʣʶʯʘʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʘʥʘʣʽʪʠʯʥʦʾ ʛʝʦʤʝʪʨʽʾ ʷʢ ʪʘʢʠʭ, 

ʱʦ ̒  ʙʽʣʴʰ ʨʝʩʫʨʩʦʚʠʪʨʘʪʥʠʤʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʝʪʦʜʘʤʠ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʛʝʦʤʝʪʨʽʾ. 

ʇʘʨʘʤʝʪʨʠʯʥʽ ʢʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʨʠʮʽ (ʢʦʤʧʦʤʘʪʨʠʮʽ) ʤʘʶʪʴ ʩʚʦʾʤʠ 

ʝʣʝʤʝʥʪʘʤʠ ʧʝʚʥʠʤ ʯʠʥʦʤ ʫʧʦʨʷʜʢʦʚʘʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʽ ʬʫʥʢʮʽʾ, ʷʢʽ 

ʫʪʚʦʨʶʶʪʴʩʷ ʦʢʨʝʤʦ ʜʣʷ ʢʦʞʥʦʾ ʙʘʟʠʩʥʦʾ ʪʦʯʢʠ ʚʠʭʽʜʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ 

ʢʦʤʧʦʟʠʮʽʾ. 

ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʧʝʨʰ ʥʽʞ ʩʢʣʘʜʘʪʠ ʢʦʤʧʦʤʘʪʨʠʮʶ ʧʘʨʘʤʝʪʨʠʯʥʫ, 

ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʠʪʠ ʢʦʤʧʦʤʘʪʨʠʮʶ ʪʦʯʢʦʚʫ, ʘ ʧʦʪʽʤ, ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʥʝʾ, 

ʫʪʚʦʨʶʚʘʪʠ ʢʦʤʧʦʤʘʪʨʠʮʶ ʧʘʨʘʤʝʪʨʠʯʥʫ. ɺ ʩʚʦʶ ʯʝʨʛʫ, ʢʦʤʧʦʤʘʪʨʠʮʽ ʪʦʯʢʦʚʽ 

ʩʢʣʘʜʘʶʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʢʘʨʢʘʩʫ ʣʽʥʽʡ ʚʠʭʽʜʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʽʛʫʨʠ. 

ʅʘʡʟʘʛʘʣʴʥʽʰʝ ʧʦʟʥʘʯʝʥʥʷ ʢʦʤʧʦʤʘʪʨʠʮʴ ʪʦʯʢʦʚʠʭ ʤʘʻ ʚʠʛʣʷʜ: 

[ ][ ]
l
ʊɸ  ʘʙʦ [][ ]

lʽ

ɸ̔
,1=  

ï ʦʜʥʦʨʦʟʤʽʨʥʽ ʪʦʯʢʦʚʽ ʢʦʤʧʦʤʘʪʨʠʮʽ; 

[ ][ ]
ʪl
ʊɸ
³

 ʘʙʦ [ ][ ]
mj

lʽ

ʽjɸ

,1

;,1

=

=

 ï ʜʚʦʨʦʟʤʽʨʥʽ ʪʦʯʢʦʚʽ ʢʦʤʧʦʤʘʪʨʠʮʽ; 

[ ][ ]
ʧʪl
ʊɸ
³³

 ʘʙʦ [ ][ ]

nk

mj

lʽ

ʽjkɸ

,1

;,1

;,1

=

=

=

 ï ʪʨʠʨʦʟʤʽʨʥʽ ʢʦʤʧʦʤʘʪʨʠʮʽ ʪʦʯʢʦʚʽ. 

ʅʘ ʪʝ, ʱʦ ʮʝ  ̒ʢʦʤʧʦʤʘʪʨʠʮʽ ʪʦʯʢʦʚʽ, ʫ ʧʝʨʰʦʤʫ ʧʦʟʥʘʯʝʥʥʽ, ʚʢʘʟʫʻ ʽʥʜʝʢʩ 

""ʊ , ʘ ʫ ʜʨʫʛʦʤʫ ï ʧʨʦʧʠʩʥʘ ""ɸ. 

ʊʦʜʽ ʥʘʡʟʘʛʘʣʴʥʽʰʽ ʧʦʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʤʧʦʤʘʪʨʠʮʴ ʧʘʨʘʤʝʪʨʠʯʥʠʭ 

ʤʘʪʠʤʝ ʚʠʛʣʷʜ: 

[ ][ ]
l
ʇɸ  ʘʙʦ [][ ]

lʽ

ʘ̔
,1=  

ï ʦʜʥʦʨʦʟʤʽʨʥʽ ʧʘʨʘʤʝʪʨʠʯʥʽ ʢʦʤʧʦʤʘʪʨʠʮʽ; 
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[ ][ ]
ʪl
ʇɸ
³

 ʘʙʦ [ ][ ]

mj

lʽ

ʽjʘ

,1

;,1

=

=

 ï ʜʚʦʨʦʟʤʽʨʥʽ ʧʘʨʘʤʝʪʨʠʯʥʽ ʢʦʤʧʦʤʘʪʨʠʮʽ; 

[ ][ ]
ʧʪl
ʇɸ
³³

 ʘʙʦ [ ][ ]

nk

mj

lʽ

ʽjkʘ

,1

;,1

;,1

=

=

=

 ï ʪʨʠʨʦʟʤʽʨʥʽ ʢʦʤʧʦʤʘʪʨʠʮʽ ʧʘʨʘʤʝʪʨʠʯʥʽ. 

ʅʘ ʪʝ, ʱʦ ʮʝ  ̒ʢʦʤʧʦʤʘʪʨʠʮʽ ʧʘʨʘʤʝʪʨʠʯʥʽ, ʫ ʧʝʨʰʦʤʫ ʧʦʟʥʘʯʝʥʥʽ, ʚʢʘʟʫʻ 

ʽʥʜʝʢʩ ""ʇ , ʘ ʫ ʜʨʫʛʦʤʫ ï ʨʷʜʢʦʚʘ ""ʘ, ̫ ʢʦʶ ʧʦʟʥʘʯʘʶʪʴʩʷ ʯʠ ʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʽ 

ʬʫʥʢʮʽʾ, ʯʠ ʪʦ ʾʭ ʜʦʙʫʪʦʢ. 

ɿʘ ʧʘʨʘʤʝʪʨʠʯʥʠʤʠ ʥʘʧʨʷʤʘʤʠ ʢʦʤʧʦʤʘʪʨʠʮʽ ʧʘʨʘʤʝʪʨʠʯʥʽ ʧʦʟʥʘʯʘʶʪʴʩʷ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

[][ ] [ ][ ]
lʽ
ʽ

U

lʽ
ʽ pʘ

,1,1 ==

= ; [][ ] [][ ]
mj

j

V

mj

j qʘ
,1,1 ==

= ; [ ][ ] [][ ]
nk

k

W

nk
k rʘ

,1,1 ==

=  ï ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʥʽ. 

ɼʚʦʧʘʨʘʤʝʪʨʠʯʥʽ ʢʦʤʧʦʤʘʪʨʠʮʽ ʧʘʨʘʤʝʪʨʠʯʥʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ ʜʦʙʫʪʢʠ 

ʚʽʜʧʦʚʽʜʥʠʭ ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʥʠʭ: 

[][ ] [ ][ ][][ ] [ ][ ]
mjlʽ

ijʽjijʽjʽj qpqpʘ
,1;,1 ==

Ö=Ö=  ï ʟʘ ʥʘʧʨʷʤʘʤʠ U ʪʘ V; 

[ ][ ] [ ][ ][][ ] [ ][ ]
nklʽ

ikʽkikʽkʽk rprpʘ
,1;,1 ==

Ö=Ö=  ï ʟʘ ʥʘʧʨʷʤʘʤʠ U ʪʘ W; 

[ ][ ] [ ][ ][ ][ ] [ ][ ]
nkmj

jkjkjkjkjk rqrqʘ
,1;,1 ==

Ö=Ö=  ï ʟʘ ʥʘʧʨʷʤʘʤʠ V ʪʘ W. 

ʋ ʥʘʚʝʜʝʥʠʭ ʚʘʨʽʘʥʪʘʭ, ʢʦʞʝʥ ʝʣʝʤʝʥʪ ʢʦʤʧʦʤʘʪʨʠʮʴ-ʜʦʙʫʪʢʽʚ 

ʫʪʚʦʨʶʻʪʴʩʷ ʷʢ ʨʝʟʫʣʴʪʘʪ ʤʥʦʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʬʫʥʢʮʽʡ ʨʽʟʥʠʭ 

ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʥʘʧʨʷʤʽʚ ʟ ʦʜʥʘʢʦʚʠʤʠ ʧʦʜʚʽʡʥʠʤʠ ʽʥʜʝʢʩʘʤʠ. 

ʊʨʠʧʘʨʘʤʝʪʨʠʯʥʽ ʢʦʤʧʦʤʘʪʨʠʮʽ ʧʘʨʘʤʝʪʨʠʯʥʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ ʜʦʙʫʪʦʢ 

ʚʽʜʧʦʚʽʜʥʠʭ ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʢʦʤʧʦʤʘʪʨʠʮʴ ʧʘʨʘʤʝʪʨʠʯʥʠʭ: 

[ ][ ] [ ][ ][ ][ ][ ][ ] [ ][ ]
nkmjlʽ

ijkijkijkijkijkʽjkʽjk rqprqpʘ
,1;,1;,1 ===

ÖÖ=ÖÖ= . 

ʊʫʪ ʢʦʞʝʥ ʝʣʝʤʝʥʪ ʢʦʤʧʦʤʘʪʨʠʮʽ ʫʪʚʦʨʶʻʪʴʩʷ ʷʢ ʨʝʟʫʣʴʪʘʪ ʤʥʦʞʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʬʫʥʢʮʽʡ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʥʘʧʨʷʤʽʚ ʟ ʦʜʥʘʢʦʚʠʤʠ 

ʧʦʪʨʽʡʥʠʤʠ ʽʥʜʝʢʩʘʤʠ. 

ʊʫʪ ʚ ʫʩʽʭ ʥʘʚʝʜʝʥʠʭ ʧʦʟʥʘʯʝʥʥʷʭ p, q, r  ̒ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʽ ʬʫʥʢʮʽʾ ʟʘ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʠʯʥʠʤʠ ʥʘʧʨʷʤʘʤʠ  ̔ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʙʘʟʠʩʥʠʭ ʪʦʯʢʘʭ. 

ʗʢ ʙʘʯʠʤʦ, ʫ ʢʦʤʧʦʟʠʮʽʡʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʦʢʨʝʤʦ ʩʪʚʦʨʶʶʪʴʩʷ 

ʢʦʤʧʦʤʘʪʨʠʮʽ ʪʦʯʢʦʚʽ  ̔ ʧʘʨʘʤʝʪʨʠʯʥʽ. ɰʭ ʝʣʝʤʝʥʪʠ ʣʠʰʘʶʪʴʩʷ ʦʢʨʝʤʠʤʠ, ʫ 

ʚʠʛʣʷʜʽ ʜʦʙʫʪʢʽʚ, ̔  ʫ ʢʦʤʧʦʤʘʪʨʠʮʽ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʽʛʫʨʠ, ̔  ʫ ʪʦʯʢʦʚʦʤʫ ʧʦʣʽʥʦʤʽ. 

ʊʘʢʘ ʨʦʟʜʽʣʴʥʽʩʪʴ ʟʘʧʠʩʽʚ ʪʦʯʦʢ  ̔ ʧʘʨʘʤʝʪʨʽʚ ʫ ʚʠʨʘʟʘʭ ʝʣʝʤʝʥʪʽʚ ʪʦʯʢʦʚʠʭ 

ʧʦʣʽʥʦʤʽʚ ʜʦʟʚʦʣʷʻ ʟʤʽʥʶʚʘʪʠ ʬʦʨʤʫ ʛʨʘʬʽʢʫ ʪʦʯʢʦʚʦʛʦ ʧʦʣʽʥʦʤʫ ʣʠʰʝ ʟʤʽʥʦʶ 

ʧʦʣʦʞʝʥʥʷ ʡʦʛʦ ʙʘʟʠʩʥʠʭ ʪʦʯʦʢ ʥʝ ʟʤʽʥʶʶʯʠ, ʧʨʠ ʮʴʦʤʫ, ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʽ 

ʬʫʥʢʮʽʾ. ʎʝ ̒  ʯʠ ʥʝ ʥʘʡʛʦʣʦʚʥʽʰʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʪʦʯʢʦʚʠʭ ʧʦʣʽʥʦʤʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ 

ʟ ʨʝʰʪʦʶ ʽʥʰʠʭ ʢʨʠʚʠʭ ʣʽʥʽʡ ʪʘ ʧʦʚʝʨʭʦʥʴ. 
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ʇʦʟʥʘʯʘʻʪʴʩʷ ʢʦʤʧʦʤʘʪʨʠʮʽ ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʽʛʫʨʠ ï 

[ ][ ]
l
ʌɻ  ʘʙʦ [ ][ ]

l
ʌɸ   ̔ ʫʪʚʦʨʶʶʪʴʩʷ ʷʢ ʜʦʙʫʪʦʢ ʪʦʯʢʦʚʦʾ ʪʘ ʧʘʨʘʤʝʪʨʠʯʥʦʾ 

ʢʦʤʧʦʤʘʪʨʠʮʽ: 

[ ][ ] [][ ] ()[ ][ ] ()[ ][ ]
lʽ
ʽʽʽʽʌ tpAtpAɻ

,1=

Ö=Ö= , ltt¢¢0 . 

ʊʫʪ ʧʝʨʝʤʥʦʞʫʶʪʴʩʷ ʝʣʝʤʝʥʪʠ-ʧʦʤʥʦʞʫʚʘʯʽ ʣʠʰʝ ʟ ʦʜʥʘʢʦʚʠʤʠ 

ʽʥʜʝʢʩʘʤʠ. 

ʂʦʤʧʦʤʘʪʨʠʮʷ ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʽʛʫʨʠ ʤʘʻ ʥʘʩʪʫʧʥʠʡ 

ʚʠʛʣʷʜ: 

[ ][ ] [ ][ ] () ()[ ][ ] () ()[ ][ ] ( )[ ][ ]
mjlʽ

ʽjʽj

mjlʽ

ʽjʽjʽjʽjʽjʽj
ʪl
ʌ VUaAVqUpAVqUpAɸ

,1;,1,1;,1

,
====³

Ö=ÖÖ=ÖÖ= , 

lUU ¢¢0 , mVV¢¢0 . 

ʊʫʪ ʧʝʨʝʤʥʦʞʫʶʪʴʩʷ ʝʣʝʤʝʥʪʠ-ʧʦʤʥʦʞʫʚʘʯʽ ʣʠʰʝ ʟ ʦʜʥʘʢʦʚʠʤʠ 

ʧʦʜʚʽʡʥʠʤʠ ʽʥʜʝʢʩʘʤʠ. 

ʂʦʤʧʦʤʘʪʨʠʮʷ ʪʨʠʧʘʨʘʤʝʪʨʠʯʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʽʛʫʨʠ ʤʘʪʠʤʝ ʥʘʩʪʫʧʥʠʡ 

ʚʠʛʣʷʜ: 

[ ][ ] [ ][ ] () () ()[ ][ ] () () ()[ ][ ]=ÖÖÖ=ÖÖÖ=
===³³ nkmjlʽ

ʽjkʽjkʽjkʽjkʽjkʽjkʽjkʽjk
ʧʪl
ʌ WrVqUpBWrVqUpBɺ

,1;,1;,1

 

( )[ ][ ]
nkmjlʽ

ʽjkʽjk WVUbB
,1;,1;,1

,,
===

Ö= , lUU ¢¢0 , mVV¢¢0 , nWW¢¢0 . 

ʗʢ ʙʘʯʠʤʦ, ʫ ʧʝʨʝʜʦʩʪʘʥʥʴʦʤʫ ʪʘ ʦʩʪʘʥʥʴʦʤʫ ʟʘʧʠʩʘʭ ʧʦʟʥʘʯʝʥʥʷ 

ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʾ ʬʫʥʢʮʽʾ ï ( )VUaʽj ,  ʪʘ ʪʨʠʧʘʨʘʤʝʪʨʠʯʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʾ ʬʫʥʢʮʽʾ ï ( )WVUb̔ jk ,,  ʟʘʧʠʩʘʥʽ ʨʷʜʢʦʚʠʤʠ ʣʽʪʝʨʘʤʠ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʨʦʧʠʩʥʠʤ ʣʽʪʝʨʘʤ ""ɸ  ̔ ""ɺ, ʷʢʠʤʠ ʧʦʟʥʘʯʝʥʦ ʙʘʟʠʩʥʽ ʪʦʯʢʠ. 

ʉʫʤʘ ʫʩʽʭ ʝʣʝʤʝʥʪʽʚ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʨʠʮʴ ʛʝʦʤʝʪʨʠʯʥʠʭ ʬʽʛʫʨ ʷʚʣʷʻ 

ʩʦʙʦʶ ʪʦʯʢʦʚʠʡ ʧʦʣʽʥʦʤ. 

ʆʜʥʦʧʘʨʘʤʝʪʨʠʯʥʠʡ ʪʦʯʢʦʚʠʡ ʧʦʣʽʥʦʤ, ̫ ʢʠʡ ʥʝʧʝʨʝʨʚʥʦ ʦʧʠʩʫʻ ʨʝʛʫʣʷʨʥʫ 

ʢʨʠʚʫ ʣʽʥʽʶ: 

()ä
=

=
l

i
iil tpAM

1

, ltt¢¢0 . 

ɼʚʦʧʘʨʘʤʝʪʨʠʯʥʠʡ ʪʦʯʢʦʚʠʡ ʧʦʣʽʥʦʤ, ʷʢʠʡ ʥʝʧʝʨʝʨʚʥʦ ʦʧʠʩʫʻ ʨʝʛʫʣʷʨʥʫ 

ʧʦʚʝʨʭʥʶ ʜʦʚʽʣʴʥʦʾ ʬʦʨʤʠ: 

( )ä
=

Ö=
ml

ji
ijijlm VUaAM

,

1,

, , lUU ¢¢0 , mVV¢¢0 . 

ʊʨʠʧʘʨʘʤʝʪʨʠʯʥʠʡ ʪʦʯʢʦʚʠʡ ʧʦʣʽʥʦʤ, ʷʢʠʡ ʦʜʥʠʤ ʨʽʚʥʷʥʥʷʤ ʥʝʧʝʨʝʨʚʥʦ 

ʦʧʠʩʫʻ ʷʢ ʧʦʚʝʨʭʥʶ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʪʽʣʘ ʜʦʚʽʣʴʥʦʾ ʬʦʨʤʠ, ʪʘʢ  ̔ ʫʩʽ, ʙʝʟ 

ʚʠʢʣʶʯʝʥʥʷ, ʪʦʯʢʠ ʚ ʡʦʛʦ ʩʝʨʝʜʠʥʽ: 

( )ä
=

Ö=
nml

kji
ijkijklmn WVUbAM

,,

1,,

,, , lUU ¢¢0 , mVV¢¢0 , nWW¢¢0 . 
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ʗʢ ʙʘʯʠʤʦ, ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʽ ʬʫʥʢʮʽʾ ()tpi  ʘʙʦ ʾʭ ʜʦʙʫʪʢʠ ( )VUaʽj ,  ʪʘ 

( )WVUb̔ jk ,,  ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʝʣʝʤʝʥʪʠ ʢʦʤʧʦʤʘʪʨʠʮʴ ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʪʘ ʚʭʦʜʷʪʴ 

ʤʥʦʞʥʠʢʘʤʠ ʜʦ ʢʦʞʥʦʾ ʩʢʣʘʜʦʚʦʾ ʪʦʯʢʦʚʠʭ ʧʦʣʽʥʦʤʽʚ. ɯ ʩʘʤʝ ʚʦʥʠ, ʯʝʨʝʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʝʮʽʘʣʴʥʦʛʦ ʤʝʪʦʜʫ ʾʭʥʴʦʛʦ ʫʪʚʦʨʝʥʥʷ, ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʢʦʤʧʦʟʠʮʽʡʥʫ ̔ ʥʪʝʨʧʦʣʷʮʽʶ ʚʠʭʽʜʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙôʻʢʪʽʚ ʜʦʚʽʣʴʥʦʾ ʬʦʨʤʠ ʯʠ 

ʪʦ ʦʜʥʦ-, ʯʠ ʪʦ ʜʚʦ-, ʯʠ ʪʦ ʪʨʠʧʘʨʘʤʝʪʨʠʯʥʠʭ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʦʯʢʦʚʠʭ ʧʦʣʽʥʦʤʽʚ ʜʣʷ ʢʦʤʧʦʽʥʪʝʨʧʦʣʷʮʽʾ ʥʝ ʧʦʪʨʝʙʫʻ 

ʩʢʣʘʜʘʥʥʷ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʭʽʜʥʠʭ ʫʤʦʚ  ̔ʥʝ ʧʦʪʨʝʙʫʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʣʽʥʽʡʥʦʾ ʘʣʛʝʙʨʠ ʜʣʷ ʾʭʥʴʦʛʦ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ 

ʮʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʽ ʬʫʥʢʮʽʾ ʚʽʜʦʙʨʘʞʘʶʪʴ ʧʘʨʘʤʝʪʨʠʟʘʮʽʶ ʚʠʭʽʜʥʦʾ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʢʦʤʧʦʟʠʮʽʾ, ʪʦʙʪʦ ʫʪʚʦʨʶʶʪʴʩʷ, ʚʨʘʭʦʚʫʶʯʠ ʫʩʽ ʾʾ ʛʝʦʤʝʪʨʠʯʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ, ʪʘ ̫ ʚʣʷʶʪʴ ʩʦʙʦʶ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʙʘʟʠʩ ʪʦʯʢʦʚʦʛʦ ʧʦʣʽʥʦʤʫ. ɿʤʽʥʘ 

ʧʦʣʦʞʝʥʥʷ ʭʦʯʘ ʙ ʦʜʥʽʻʾ ʪʦʯʢʠ ʛʝʦʤʝʪʨʠʯʥʦʾ ʢʦʤʧʦʟʠʮʽʾ ʚʽʜʥʦʩʥʦ ʨʝʰʪʠ ̔ ʥʰʠʭ ʾ ʾ 

ʪʦʯʦʢ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʤʽʥʠ ʫʩʽʭ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʬʫʥʢʮʽʾ, ʪʦʙʪʦ 

ʫʩʴʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʙʘʟʠʩʫ ʪʦʯʢʦʚʦʛʦ ʧʦʣʽʥʦʤʫ. 

ʉʘʤʝ ʯʝʨʝʟ ʪʝ, ʱʦ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʽ ʬʫʥʢʮʽʾ ʫʪʚʦʨʶʶʪʴʩʷ ʚʨʘʭʦʚʫʶʯʠ ʫʩʽ 

ʛʝʦʤʝʪʨʠʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʭʽʜʥʦʛʦ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʦʙôʻʢʪʫ, ʪʦʯʢʦʚʽ ʧʦʣʽʥʦʤʠ, ɦ ʦ 

 ̒ ʩʪʚʦʨʝʥʠʤʠ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʤʫ ʙʘʟʠʩʽ ʮʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʬʫʥʢʮʽʡ, 

ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʧʦʚʥʽʡ ʟʣʘʛʦʜʽ ʟ ʮʠʤ ʛʝʦʤʝʪʨʠʯʥʠʤ ʦʙôʻʢʪʦʤ  ̔ ʪʦʤʫ ʥʘ ʮʠʭ 

ʪʦʯʢʦʚʠʭ ʧʦʣʽʥʦʤʘʭ ʥʝ ʚʠʥʠʢʘʶʪʴ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʽ ʦʩʮʠʣʷʮʽʾ. ɯ ʥʘʚʧʘʢʠ, 

ʙʝʨʥʰʪʝʡʥʽʚʩʴʢʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʙʘʟʠʩʠ ʪʨʘʜʠʮʽʡʥʠʭ ʧʦʣʽʥʦʤʽʚ (ʘʣʛʝʙʨʘʾʯʥʠʭ, 

ʪʨʠʛʦʥʦʤʝʪʨʠʯʥʠʭ, ʣʦʛʘʨʠʬʤʽʯʥʠʭ, ʪʦʱʦ) ʽʩʥʫʶʪʴ ʩʘʤʽ ʧʦ ʩʦʙʽ  ̔ʥʽʷʢʠʤ ʯʠʥʦʤ 

ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʛʝʦʤʝʪʨʠʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʭʽʜʥʦʛʦ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʦʙôʻʢʪʫ. ʏʝʨʝʟ 

ʮʝ, ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʚʠʭʽʜʥʠʭ ʫʤʦʚ ʪʨʘʜʠʮʽʡʥʠʤʠ ʧʦʣʽʥʦʤʘʤʠ, ʥʘ ʥʠʭ ʚʠʥʠʢʘʶʪʴ 

ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʽ ʦʩʮʠʣʷʮʽʾ. 

ʈʦʟʛʣʷʥʝʤʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫʪʚʦʨʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʬʫʥʢʮʽʡ. ɼʣʷ 

ʾʭʥʴʦʛʦ ʫʪʚʦʨʝʥʥʷ ʩʧʦʯʘʪʢʫ ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʠʪʠ ʧʘʨʘʤʝʪʨʠʟʘʮʽʶ ʫʟʜʦʚʞ 

ʜʦʚʞʠʥʠ ʦʢʨʝʤʦ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʨʝʙʝʨ ʚʠʭʽʜʥʦʛʦ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʦʙôʻʢʪʫ, 

ʦʙʯʠʩʣʠʚʰʠ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʜʣʷ ʢʦʞʥʦʾ ʽʟ ʡʦʛʦ ʪʦʯʦʢ. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʽ ʬʫʥʢʮʽʾ ʜʣʷ ʧʨʦʩʪʦʨʦʚʦʾ ʢʨʠʚʦʾ 

ʜʦʚʽʣʴʥʦʾ ʬʦʨʤʠ ʤʘʪʠʤʫʪʴ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 
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1

, ltt¢¢0 , ʜʝ 

t ï ʧʦʪʦʯʥʠʡ ʧʘʨʘʤʝʪʨ ʫʟʜʦʚʞ ʢʨʠʚʦʾ ʣʽʥʽʾ; 

it  ï ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʫ ʙʘʟʠʩʥʠʭ ʪʦʯʢʘʭ; 

()it  ï ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ ʫ ʙʘʟʠʩʥʽʡ ʪʦʯʮʽ, ʜʣʷ ʷʢʦʾ ʩʪʚʦʨʶʻʪʴʩʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʬʫʥʢʮʽʷ. 
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ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʽ ʬʫʥʢʮʽʾ ʜʣʷ 

ʧʦʚʝʨʭʥʽ ʜʦʚʽʣʴʥʦʾ ʬʦʨʤʠ ʫʪʚʦʨʶʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ʉʧʦʯʘʪʢʫ ʚʦʥʠ 

ʫʪʚʦʨʶʶʪʴʩʷ ʦʢʨʝʤʦ ʟʘ ʢʦʞʥʠʤ ʽʟ ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʥʘʧʨʷʤʽʚ U ʪʘ V, ʘ ʧʦʪʽʤ 

ʟʥʘʭʦʜʠʪʴʩʷ ʾʭ ʜʦʙʫʪʦʢ. 
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, mVV¢¢0 . 

ɺʠʟʥʘʯʘʻʤʦ ʢʦʞʥʠʡ ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʠʡ ʝʣʝʤʝʥʪ ( )VUaʽj ,  ʢʦʤʧʦʤʘʪʨʠʮʽ 

ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʷʢ ʜʦʙʫʪʦʢ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʬʫʥʢʮʽʡ ʟʘ ʧʘʨʘʤʝʪʨʠʯʥʠʤʠ 

ʥʘʧʨʷʤʘʤʠ: 

 

( ) () ()VqUpVUa ʽjʽjʽj Ö=, , lʽ ,1= ; mj ,1= ; lUU ¢¢0 , mVV¢¢0 . 

 

ʇʨʠ ʮʴʦʤʫ, ʚʠʨʘʟʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʬʫʥʢʮʽʡ ʟʘ ʥʘʧʨʷʤʘʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʛʣʷʜʽ ʧʝʨʝʤʥʦʞʫʚʘʪʠ ʥʝ ʧʦʪʨʽʙʥʦ, ʪʨʝʙʘ ʟʥʘʭʦʜʠʪʠ ʾʭ ʜʦʙʫʪʦʢ ʟʘ ʦʙʨʘʥʠʭ 

ʧʦʪʦʯʥʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ U ʪʘ V ʫ ʪʠʭ ʤʝʞʘʭ, ʷʢʽ ʚʢʘʟʘʥʽ. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʪʨʠʧʘʨʘʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʽ ʬʫʥʢʮʽʾ ʜʣʷ 

ʥʝʧʝʨʝʨʚʥʦʛʦ ʦʧʠʩʫ ʪʦʯʦʢ ʷʢ ʥʘ ʧʦʚʝʨʭʥʽ, ʪʘʢ  ̔ʚʩʝʨʝʜʠʥʽ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʪʽʣʘ 

ʜʦʚʽʣʴʥʦʾ ʬʦʨʤʠ, ʫʪʚʦʨʶʶʪʴʩʷ ʷʢ ʜʦʙʫʪʦʢ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʬʫʥʢʮʽʡ ʟʘ ʪʨʴʦʤʘ 

ʧʘʨʘʤʝʪʨʠʯʥʠʤʠ ʥʘʧʨʷʤʘʤʠ U, V ʪʘ W. 
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ɺʠʟʥʘʯʘʻʤʦ ʢʦʞʥʠʡ ʪʨʠʧʘʨʘʤʝʪʨʠʯʥʠʡ ʝʣʝʤʝʥʪ ( )WVUʘ̔jk ,,  

ʢʦʤʧʦʤʘʪʨʠʮʽ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʷʢ ʜʦʙʫʪʦʢ ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ 

ʬʫʥʢʮʽʡ ʟʘ ʥʘʧʨʷʤʘʤʠ U, V ʪʘ W. 

( ) () () ()WrVqUpWVUa ʽjkʽjkʽjkʽjk ÖÖ=,, , lʽ ,1= ; mj ,1= , nk ,1= ; lUU ¢¢0 , 

mVV¢¢0 , nWW¢¢0 . 

ʎʝʡ ʜʦʙʫʪʦʢ ʪʘʢʦʞ ʟʥʘʭʦʜʠʪʴ ʜʣʷ ʢʦʥʢʨʝʪʥʦ ʦʙʨʘʥʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ. 
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ʋɼʂ 514.18 

 

ʊʆʏʂʆɺɯ ʂʆʄʇʆɿʀʎɯʁʅɯ ʄɸʊʈʀʎɯ 

 

ʃʠʩʝʥʢʦ ʂ. ʖ. 

ʄʝʣʽʪʦʧʦʣʴʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʧʝʜʘʛʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  

ʽʤʝʥʽ ɹʦʛʜʘʥʘ ʍʤʝʣʴʥʠʮʴʢʦʛʦ 

ʄʝʣʽʪʦʧʦʣʴʩʴʢʘ ʰʢʦʣʘ ʧʨʠʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʽʾ ʽʤʝʥʽ ɺʦʣʦʜʠʤʠʨʘ ʅʘʡʜʠʰʘ 

 

ʊʦʯʢʦʚʽ ʢʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʨʠʮʽ (ʢʦʤʧʦʤʘʪʨʠʮʽ) ʤʘʶʪʴ ʩʚʦʾʤʠ ʝʣʝʤʝʥʪʘʤʠ 

ʫʧʦʨʷʜʢʦʚʘʥʽ ʙʘʟʠʩʥʽ ʪʦʯʢʠ ʘʙʦ ʾʭ ʩʫʤʠ, ʘʙʦ ʙʘʟʠʩʥʽ ʪʦʯʢʠ ʧʦʤʥʦʞʝʥʽ ʥʘ ʯʠʩʣʦ, 

ʙʫʜʴ-ʷʢʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʽʛʫʨʠ ʪʘ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʾʾ ʦʮʠʬʨʦʚʘʥʦʾ 

ʬʦʨʤʘʣʽʟʘʮʽʾ ʟ ʤʝʪʦʶ ʫʪʚʦʨʝʥʥʷ ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ ʮʽʻʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʽʛʫʨʠ 

ʤʝʪʦʜʘʤʠ ʪʦʯʢʦʚʦʛʦ ʯʠʩʣʝʥʥʷ ɹʘʣʶʙʠ-ʅʘʡʜʠʰʘ (ʪʦʯʢʦʚʦʛʦ ɹʅ-ʯʠʩʣʝʥʥʷ). 

ʊʦʙʪʦ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʽʛʫʨʠ ʜʦʚʽʣʴʥʦʾ ʬʦʨʤʠ 

ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʘʥʘʣʽʪʠʯʥʦʾ ʛʝʦʤʝʪʨʽʾ. ʄʦʜʝʣʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʬʽʛʫʨ 

ʦʮʠʬʨʦʚʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʦʯʢʦʚʦʛʦ ɹʅ-ʯʠʩʣʝʥʥʷ ʥʘʟʠʚʘʪʠʤʝʤʦ 

ʢʦʤʧʦʟʠʮʽʡʥʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʤʦʜʝʣʷʤʠ ʘʙʦ ʩʢʦʨʦʯʝʥʦ ï ʢʦʤʧʦʤʦʜʝʣʽ. 

ʆʪʞʝ, ʛʦʣʦʚʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ ʪʦʯʢʦʚʦʾ ʢʦʤʧʦʤʘʪʨʠʮʽ  ̒ ʬʦʨʤʘʣʽʟʘʮʽʷ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʽʛʫʨʠ. ʏʝʨʝʟ ʮʝ ʢʦʞʝʥ ʝʣʝʤʝʥʪ-ʪʦʯʢʘ ʢʦʤʧʦʤʘʪʨʠʮʽ ʤʘʻ 

ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʫ ʥʽʡ, ̫ ʢʝ ʫ ʧʦʚʥʽʡ ʤʽʨʽ ʚʽʜʧʦʚʽʜʘʻ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʶ ʙʘʟʠʩʥʦʾ 

ʪʦʯʢʠ ʥʘ ʛʝʦʤʝʪʨʠʯʥʽʡ ʬʽʛʫʨʽ. ʇʨʠ ʮʴʦʤʫ ʫʩʷ ʤʥʦʞʠʥʘ ʙʘʟʠʩʥʠʭ ʪʦʯʦʢ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʽʛʫʨʠ ʤʘʻ ʙʫʪʠ ʨʦʟʧʦʜʽʣʝʥʘ ʧʦʤʽʞ ʧʽʜʤʥʦʞʠʥʘʤʠ, ʷʢʠʤʠ  ̒ʨʝʙʨʘ 

(ʯʠ ʪʦ ʢʨʠʚʽ, ʯʠ ʪʦ ʧʨʷʤʽ ʣʽʥʽʾ) ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʽʛʫʨʠ. ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʨʝʙʝʨ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʽʛʫʨʠ ʩʢʣʘʜʘʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʽ ʨʷʜʢʠ ʘʙʦ ʩʪʦʚʧʮʽ ʢʦʤʧʦʤʘʪʨʠʮʽ. 

ɿʤʽʥʘ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʙʘʟʠʩʥʦʾ ʪʦʯʢʠ ʥʘ ʨʝʙʨʽ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʽʛʫʨʠ 

ʟʤʫʰʫʻ ʚʥʝʩʪʠ ʚʽʜʧʦʚʽʜʥʽ ʟʤʽʥʠ ʜʦ ʢʦʤʧʦʤʘʪʨʠʮʽ. ʇʨʠ ʮʴʦʤʫ, ʷʢʱʦ ʾʾ 

ʧʝʨʝʤʽʱʝʥʥʷ ʚʽʜʙʫʣʦʩʷ ʫ ʤʝʞʘʭ ʤʽʞ ʜʚʦʤʘ ʩʫʤʽʞʥʠʤʠ ʪʦʯʢʘʤʠ, ʪʦ ʚʽʜʧʦʚʽʜʥʠʡ 

ʝʣʝʤʝʥʪ ʢʦʤʧʦʤʘʪʨʠʮʽ  ̔ʨʝʰʪʘ ʽʥʰʠʭ ʾʾ ʝʣʝʤʝʥʪʽʚ ʥʝ ʨʫʭʘʶʪʴʩʷ, ʪʦʙʪʦ ʾʭ ʟʘʧʠʩʠ 

ʫ ʢʦʤʧʦʤʘʪʨʠʮʽ ʣʠʰʘʶʪʴʩʷ ʙʝʟ ʟʤʽʥ. 

ʆʪʞʝ, ʢʦʤʧʦʤʘʪʨʠʮʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʬʽʛʫʨ  ̔

ʯʝʨʝʟ ʮʝ ʜʣʷ ʾʭʥʴʦʛʦ ʫʪʚʦʨʝʥʥʷ ʥʝ ʧʦʪʨʽʙʥʦ ʩʢʣʘʜʘʪʠ ʣʽʥʽʡʥʽ ʨʽʚʥʷʥʥʷ, ʘ ʪʨʝʙʘ 

ʟʜʽʡʩʥʠʪʠ ʚʽʜʧʦʚʽʜʥʽ ʟʘʤʽʨʠ ʚʠʭʽʜʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʽʛʫʨʠ. 

ɯ ʥʘʚʧʘʢʠ, ʪʨʘʜʠʮʽʡʥʽ ʤʘʪʨʠʮʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʘʣʛʝʙʨʘʾʯʥʠʭ 

ʫʪʚʦʨʝʥʴ ï ʩʠʩʪʝʤ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ, ʩʢʦʨʦʯʝʥʦʛʦ ʾʭʥʴʦʛʦ ʟʘʧʠʩʫ  ̔ʫʟʘʛʘʣʴʥʝʥʦʛʦ 

ʨʦʟʚôʷʟʫʚʘʥʥʷ. ɿʤʽʥʘ ʙʫʜʴ-ʷʢʦʛʦ ʝʣʝʤʝʥʪʫ ʘʣʛʝʙʨʘʾʯʥʦʾ ʤʘʪʨʠʮʽ ʟʘʚʞʜʠ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʚʠʭʽʜʥʠʭ ʫʤʦʚ ʨʦʟʚôʷʟʫʚʘʥʦʾ ʟʘʜʘʯʽ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʜʦ ʟʤʽʥʠ 

ʫʩʽʭ ʾʾ ʝʣʝʤʝʥʪʽʚ. 

ɹʘʟʠʩʥʠʤʠ ʪʦʯʢʘʤʠ ʚʠʭʽʜʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʽʛʫʨʠ  ̒ʤʽʥʽʤʘʣʴʥʘ ʤʥʦʞʠʥʘ 

ʪʦʯʦʢ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʟʥʘʯʝʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʜʦ ʷʢʠʭ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʜʥʦʚʣʝʥʥʷ, 

ʟ ʥʝʦʙʭʽʜʥʦʶ ʪʦʯʥʽʩʪʶ, ʫʩʽʻʾ ʢʦʥʪʠʥʫʘʣʴʥʦʾ ʤʥʦʞʠʥʠ ʪʦʯʦʢ ʮʽʻʾ ʛʝʦʤʝʪʨʠʯʥʦʾ 

ʬʽʛʫʨʠ. 
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ʂʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʨʠʮʽ ʢʦʤʧʘʢʪʥʦ ʫ ʩʪʠʩʣʽʡ ʬʦʨʤʽ ʧʦʜʘʶʪʴ ʚʠʭʽʜʥʫ 

ʛʝʦʤʝʪʨʠʯʥʫ ʬʽʛʫʨʫ. ʅʘ ʾʭʥʽʡ ʦʩʥʦʚʽ ʩʪʚʦʨʶʻʪʴʩʷ ʥʝʧʝʨʝʨʚʥʘ ʢʦʤʧʦʟʠʮʽʡʥʘ 

ʤʦʜʝʣʴ ʮʽʻʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʽʛʫʨʠ ʫ ʚʠʛʣʷʜʽ ʪʦʯʢʦʚʦʛʦ ʧʦʣʽʥʦʤʫ. 

ʆʧʝʨʘʮʽʷʤʠ ʥʘʜ ʢʦʤʧʦʤʘʪʨʠʮʷʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʝʚʥʽ ʛʝʦʤʝʪʨʠʯʥʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʭʽʜʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʽʛʫʨʠ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʦʟʥʘʯʝʥʴ ʘʣʛʝʙʨʘʾʯʥʠʭ ʤʘʪʨʠʮʴ ʢʦʤʧʦʤʘʪʨʠʮʽ 

ʧʦʟʥʘʯʘʶʪʴʩʷ ʧʦʜʚʽʡʥʠʤʠ ʢʚʘʜʨʘʪʥʠʤʠ ʜʫʞʢʘʤʠ, ʧʨʠ ʮʴʦʤʫ, ʝʣʝʤʝʥʪʠ ʪʦʯʢʦʚʦʾ 

ʢʦʤʧʦʤʘʪʨʠʮʽ, ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ, ʤʘʶʪʴ ʽʥʜʝʢʩ ""ʊ . 

[ ][ ]
l
ʊɸ , [ ][ ]

ʪ
ʊɸ  ï ʮʝ ʦʜʥʦʨʦʟʤʽʨʥʽ ʢʦʤʧʦʤʘʪʨʠʮʽ ʪʦʯʢʦʚʽ, ʟʘ ʜʦʧʦʤʦʛʠ ʷʢʠʭ 

ʦʧʠʩʫʶʪʴʩʷ ʜʠʩʢʨʝʪʥʦ ʧʦʜʘʥʽ ʣʽʥʽʾ, ̔  ʤʘʶʪʴ ʚʠʛʣʷʜ ʪʦʯʢʦʚʦʾ ʢʦʤʧʦʤʘʪʨʠʮʽ-ʨʷʜʢʘ 

ʘʙʦ ʢʦʤʧʦʤʘʪʨʠʮʽ-ʩʪʦʚʧʮʷ. ʅʘ ʪʝ, ɦ ʦ ʮʝ ʦʜʥʦʨʦʟʤʽʨʥʽ ʢʦʤʧʦʤʘʪʨʠʮʽ, ʚʢʘʟʫʻ ʦʜʠʥ 

ʧʽʜʤʘʪʨʠʯʥʠʡ ʽʥʜʝʢʩ "" l  ʯʠ ʪʦ ""ʪ . 

[ ][ ]
ʪl
ʊɸ
³

 ï ʜʚʦʨʦʟʤʽʨʥʽ ʢʦʤʧʦʤʘʪʨʠʮʽ ʪʦʯʢʦʚʽ ʨʦʟʤʽʨʫ ʪl³ , ʟʘ ʜʦʧʦʤʦʛʠ ̫ ʢʠʭ 

ʦʧʠʩʫʶʪʴʩʷ ʜʠʩʢʨʝʪʥʦ ʧʦʜʘʥʽ ʧʦʚʝʨʭʥʽ. 

[ ][ ]
ʧʪl
ʊɸ
³³

 ï ʪʨʠʨʦʟʤʽʨʥʽ ʢʦʤʧʦʤʘʪʨʠʮʽ ʪʦʯʢʦʚʽ ʨʦʟʤʽʨʫ ʧʪl ³³ , ̫ ʢʽ ʧʨʠʟʥʘʯʝʥʽ 

ʜʣʷ ʦʧʠʩʫ ʜʠʩʢʨʝʪʥʦ ʧʦʜʘʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʽʣ. 

ʂʦʤʧʦʤʘʪʨʠʮʽ ʪʦʯʢʦʚʽ, ʟ ʧʦʟʥʘʯʝʥʥʷʤ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʾʾ ʝʣʝʤʝʥʪʽʚ, 

ʤʘʶʪʴ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: [][ ]ɸ̔  ï ʦʜʥʦʨʦʟʤʽʨʥʽ, ʜʣʷ lʽ ,1= ; [ ][ ]ʽjɸ  ï ʜʚʦʨʦʟʤʽʨʥʽ, 

ʜʣʷ lʽ ,1= ; mj ,1= ; [ ][ ]ʽjkɸ  ï ʪʨʠʨʦʟʤʽʨʥʽ, ʜʣʷ lʽ ,1= ; mj ,1= ; nk ,1= . 

ɼʣʷ ʜʚʦ- ʪʘ ʪʨʠʨʦʟʤʽʨʥʠʭ ʢʦʤʧʦʤʘʪʨʠʮʽ ʪʦʯʢʦʚʠʭ ʦʙʦʚôʷʟʢʦʚʦʶ ̒  ʥʘʩʪʫʧʥʘ 

ʚʠʤʦʛʘ, ʱʦ ʙʘʟʠʩʥʽ ʪʦʯʢʠ ʤʘʶʪʴ ʦʙʠʨʘʪʠʩʷ ʣʠʰʝ ʫ ʤʽʩʮʷʭ ʧʝʨʝʪʠʥʫ ʨʝʙʝʨ 

ʚʠʭʽʜʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʽʛʫʨʠ, ʘ ʝʣʝʤʝʥʪʠ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʤʧʦʤʘʪʨʠʮʴ ʪʦʯʢʦʚʠʭ 

ʤʘʶʪʴ ʚʽʜʦʙʨʘʞʘʪʠ ʩʘʤʝ ʪʘʢʽ ʙʘʟʠʩʥʽ ʪʦʯʢʠ. 

ʂʦʞʥʘ ʟ ʨʦʟʛʣʷʥʫʪʠʭ ʢʦʤʧʦʤʘʪʨʠʮʴ ʪʦʯʦʢ ʚʠʟ ʤʦʞʝ ʚʽʜʦʙʨʘʞʘʪʠ 

ʛʝʦʤʝʪʨʠʯʥʽ ʬʽʛʫʨʠ ʫ ʜʚʦ-, ʪʨʠ-, ʪʘ kʧ-ʧʨʦʩʪʦʨʽ, ʢʽʣʴʢʽʩʪʴ ʢʦʦʨʜʠʥʘʪ nk  ʫ ʷʢʠʭ ʻ, 

ʚʽʜʧʦʚʽʜʥʦ, 2,12 =k ; 3,13 =k ; 4,14 =k é 1,11 -=- kn nk
k

; kn nk
k

,1= . ʋ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʮʴʦʛʦ, ʢʦʤʧʦʤʘʪʨʠʮʷ ʢʨʠʚʦʾ ʣʽʥʽʾ ʫ kʧ-ʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ 

ʤʘʪʠʤʝ ʤʥʦʞʠʥʫ kʧ ʢʦʤʧʦʤʘʪʨʠʮʴ ʢʦʦʨʜʠʥʘʪʥʠʭ: 

[ ][ ] ()[ ][ ] ()[ ][ ] ( )[ ][ ]
ý
ü
û

í
ì
ë

Ý
=== lʽ

kʽ
lʽ

ʽ
lʽ

ʽ
l
ʊ nɸɸɸɸ

,1,1,1

...,,2,1 . 

ʂʦʤʧʦʤʘʪʨʠʮʷ ʧʦʚʝʨʭʥʽ ʜʦʚʽʣʴʥʦʾ ʬʦʨʤʠ ʫ kʧ-ʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ ʤʘʪʠʤʝ 

ʤʥʦʞʠʥʫ kʧ ʢʦʤʧʦʤʘʪʨʠʮʴ ʢʦʦʨʜʠʥʘʪʥʠʭ: 

[ ][ ] ()[ ][ ] ()[ ][ ] ( )[ ][ ]
îý

î
ü
û

îí

î
ì
ë

Ý
======³ mjlʽ

kʽj

mjlʽ

ʽj

mjlʽ

ʽj
ʪl
ʊ nɸɸɸɸ

,1;,1,1;,1,1;,1

...,,2,1 . 

ʂʦʤʧʦʤʘʪʨʠʮʷ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʪʽʣʘ ʜʦʚʽʣʴʥʦʾ ʬʦʨʤʠ ʫ kʧ-ʚʠʤʽʨʥʦʤʫ 

ʧʨʦʩʪʦʨʽ ʤʘʪʠʤʝ ʤʥʦʞʠʥʫ kʧ ʢʦʤʧʦʤʘʪʨʠʮʴ ʢʦʦʨʜʠʥʘʪʥʠʭ: 
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[ ][ ] ()[ ][ ] ()[ ][ ] ( )[ ][ ]
îý

î
ü
û

îí

î
ì
ë

Ý
=========³³ nkmjlʽ

kʽjk

nkmjlʽ

ʽjk

nkmjlʽ

ʽjk
ʧʪl
ʊ nɸɸɸɸ

,1;,1;,1,1;,1;,1,1;,1;,1

...,,2,1 . 

 

ʂʦʞʥʘ ʟ ʥʘʚʝʜʝʥʠʭ ʢʦʤʧʦʤʘʪʨʠʮʴ ʢʦʦʨʜʠʥʘʪʥʠʭ ʷʚʣʷʻ ʩʦʙʦʶ ʧʘʨʘʣʝʣʴʥʫ 

ʧʨʦʻʢʮʽʶ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʦʙôʻʢʪʫ ʫ kʧ-ʧʨʦʩʪʦʨʽ ʥʘ ʚʽʜʧʦʚʽʜʥʫ 

ʚʽʩʴ ʢʦʦʨʜʠʥʘʪ ʮʴʦʛʦ kʧ-ʧʨʦʩʪʦʨʫ. 

ɿʘʛʘʣʴʥʦʚʽʜʦʤʦ, ʱʦ ʦʧʝʨʘʮʽʾ ʥʘʜ ʘʣʛʝʙʨʘʾʯʥʠʤʠ ʤʘʪʨʠʮʷʤʠ ʟʜʽʡʩʥʶʶʪʴʩʷ 

ʯʝʨʝʟ ʚʽʜʧʦʚʽʜʥʽ ʦʧʝʨʘʮʽʾ ʥʘʜ ʾʭʥʽʤʠ ʝʣʝʤʝʥʪʘʤʠ. ʎʝ ʧʦʣʦʞʝʥʥʷ  ̒ʧʨʘʚʜʠʚʠʤ  ̔

ʜʣʷ ʢʦʤʧʦʤʘʪʨʠʮʴ ʪʦʯʢʦʚʠʭ. ʆʜʥʘʢ, ʧʨʘʚʠʣʘ ʟʜʽʡʩʥʝʥʥʷ ʦʧʝʨʘʮʽʡ ʥʘʜ 

ʢʦʤʧʦʤʘʪʨʠʮʷʤʠ ʪʦʯʢʦʚʠʤʠ  ̔ ʘʣʛʝʙʨʘʾʯʥʠʤʠ ʤʘʪʨʠʮʷʤʠ ʜʦʢʦʨʽʥʥʦ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʜʥʝ ʚʽʜ ʦʜʥʦʛʦ. ʊʘʢʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʪʝ, ʱʦ ʦʧʝʨʘʮʽʾ ʥʘʜ 

ʘʣʛʝʙʨʘʾʯʥʠʤʠ ʤʘʪʨʠʮʷʤʠ ʟʜʽʡʩʥʶʶʪʴʩʷ ʥʘ ʧʨʘʚʠʣʘʤʠ ʣʽʥʽʡʥʦʾ ʘʣʛʝʙʨʠ ʟ ʤʝʪʦʶ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʣʽʥʽʡʥʠʭ ʩʠʩʪʝʤ ʨʽʚʥʷʥʴ, ʘ ʦʧʝʨʘʮʽʾ ʥʘʜ ʢʦʤʧʦʤʘʪʨʠʮʷʤʠ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙôʻʢʪʽʚ, ʢʨʽʤ ʪʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʘ 

ʛʝʦʤʝʪʨʽʷ ʚʟʘʛʘʣʽ ʚʠʢʣʶʯʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʣʽʥʽʡʥʦʾ ʘʣʛʝʙʨʠ. 

ʏʝʨʝʟ ʪʝ, ʱʦ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʦʤʧʦʤʦʜʝʣʽ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʦʙôʻʢʪʫ ʙʘʟʠʩʥʽ 

ʪʦʯʢʠ ʦʙʠʨʘʶʪʴʩʷ ʫ ʤʽʩʮʷʭ ʧʝʨʝʪʠʥʫ ʡʦʛʦ ʢʘʨʢʘʩʽʚ ʣʽʥʽʡ, ʘ ʚʽʜʧʦʚʽʜʥʽ ʙʘʟʠʩʥʠʤ 

ʪʦʯʢʘʤ ʝʣʝʤʝʥʪʠ ʢʦʤʧʦʤʘʪʨʠʮʴ ʤʘʶʪʴ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʥʘ ʧʝʨʝʪʠʥʘʭ, 

ʚʽʜʧʦʚʽʜʥʠʭ ʜʦ ʮʠʭ ʨʝʙʝʨ, ʨʷʜʢʘʭ ʪʘ ʩʪʦʚʧʮʷʭ, ʪʦ ʦʧʝʨʘʮʽʾ ʥʘʜ ʢʦʤʧʦʤʘʪʨʠʮʷʤʠ 

ʟʚʦʜʷʪʴʩʷ ʜʦ ʚʽʜʧʦʚʽʜʥʠʭ ʦʧʝʨʘʮʽʡ ʥʘʜ ʾʭʥʽʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʷʢʽ ʤʘʶʪʴ ʦʜʥʘʢʦʚʽ 

ʽʥʜʝʢʩʠ ʯʠ ʪʦ ʦʜʠʥʘʨʥʽ, ʯʠ ʪʦ ʧʦʜʚʽʡʥʽ, ʯʠ ʪʦ ʧʦʪʨʽʡʥʽ. 

ɺʟʘʛʘʣʽ, ʫ ʪʽʡ ʯʘʩʪʠʥʽ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʫ ʤʠ ʥʘʨʘʟʽ 

ʜʦʩʣʽʜʞʫʻʤʦ, ʦʧʝʨʘʮʽʷʤ ʥʘʜ ʢʦʤʧʦʤʘʪʨʠʮʷʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʝʨʝʤʽʱʝʥʥʷ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙôʻʢʪʽʚ, ʩʠʤʝʪʨʽʷ ʘʙʦ ʞ ʛʦʤʦʪʝʪʽʷ. 

ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʦʧʝʨʘʮʽʡ ʥʘʜ ʢʦʤʧʦʤʘʪʨʠʮʷʤʠ, ʥʘʤʠ ʥʘʜʘʥʦ 

ʚʠʟʥʘʯʝʥʥʷ ʥʫʣʴʦʚʦʾ, ʦʜʠʥʠʯʥʦʾ, ʦʜʥʘʢʦʚʦ ʯʠʩʣʦʚʦʾ ʪʘ ʨʽʟʥʦʯʠʩʣʦʚʦʾ 

ʢʦʤʧʦʤʘʪʨʠʮʴ ʪʦʯʢʦʚʠʭ. ʋʩʽ ʮ ̔ʥʘʟʚʘʥʽ ʢʦʤʧʦʤʘʪʨʠʮʽ ʤʦʞʫʪʴ ʙʫʪʠ ʷʢ ʮʽʣʢʦʚʠʪʽ 

ʪʘʢ  ̔ʯʘʩʪʠʥʥʽ. ʅʘʜʘʤʦ ʚʠʟʥʘʯʝʥʥʷ ʮʽʣʢʦʚʠʪʠʤ  ̔ʯʘʩʪʠʥʥʠʤ ʢʦʤʧʦʤʘʪʨʠʮʷʤ. 

ʎʽʣʢʦʚʠʪʽ ʢʦʤʧʦʤʘʪʨʠʮʽ ʪʦʯʢʦʚʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʢʦʣʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʭʽʜʥʦʾ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʽʛʫʨʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʫʩʽʤʘ ʢʦʦʨʜʠʥʘʪʘʤʠ ʾʾ ʙʘʟʠʩʥʠʭ ʪʦʯʦʢ, ʘ 

ʯʘʩʪʠʥʥʽ ʢʦʤʧʦʤʘʪʨʠʮʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʢʦʣʠ ʾʾ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ 

ʦʢʨʝʤʦ ʚʟʷʪʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʨʠʮʴ ʪʦʯʢʦʚʠʭ ʜʦʟʚʦʣʷʻ ʫ ʩʪʠʩʣʦʤʫ 

ʚʠʛʣʷʜʽ ʧʦʜʘʚʘʪʠ ʦʮʠʬʨʦʚʘʥ ̔ʛʝʦʤʝʪʨʠʯʥʽ ʬʽʛʫʨʠ, ʟʜʽʡʩʥʶʚʘʪʠ ʦʧʝʨʘʮʽʾ ʥʘʜ ʮʠʤʠ 

ʬʽʛʫʨʘʤʠ. ʂʨʽʤ ʪʦʛʦ ʢʦʤʧʦʤʘʪʨʠʮʽ ʪʦʯʢʦʚʽ ̒  ʦʩʥʦʚʦʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʝʧʝʨʝʨʚʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʦʙôʻʢʪʽʚ ʫ ʚʠʛʣʷʜʽ ʪʦʯʢʦʚʠʭ ʧʦʣʽʥʦʤʽʚ. 
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ʋɼʂ 637.133.1 

 

ɽʅɽʈɻʆɿɹɽʈɯɻɸʖʏɸ ʋʉʊɸʅʆɺʂɸ ɼʃʗ ʆʍʆʃʆɼɾɽʅʅʗ ʄʆʃʆʂɸ 

 

ʈʝʥʜʘʢ ɹ.ʆ., ʇʦʪʘʧʦʚʘ ʉ.ɭ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʅʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʠʤʠ ʩʧʦʩʦʙʘʤʠ ʦʭʦʣʦʜʞʝʥʥʷ ʤʦʣʦʢʘ ʥʘ 

ʪʚʘʨʠʥʥʠʮʴʢʠʭ ʬʝʨʤʘʭ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʥʢʽʚ-ʦʭʦʣʦʜʥʠʢʽʚ. ɸʣʝ ʜʣʷ ʝʢʦʥʦʤʽʾ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʧʽʜʤʦʨʦʞʫʚʘʥʥʶ ʤʦʣʦʢʘ ʧʝʨʝʜ ʧʦʜʘʯʝʶ ʚ 

ʪʘʥʢ-ʦʭʦʣʦʜʥʠʢ ʤʦʣʦʢʦ ʜʦʮʽʣʴʥʦ ʧʦʧʝʨʝʜʥʴʦ ʦʭʦʣʦʜʠʪʠ ʚ ʧʣʘʩʪʠʥʯʘʩʪʦʤʫ 

ʦʭʦʣʦʜʥʠʢʫ. 

ʇʣʘʩʪʠʥʯʘʩʪʽ ʦʭʦʣʦʜʥʠʢʠ ʤʦʣʦʢʘ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʪʝʧʣʦʦʙʤʽʥʥʠʤʠ 

ʘʧʘʨʘʪʘʤʠ ʥʘʡʙʽʣʴʰ ʜʦʩʢʦʥʘʣʽ ʩʪʦʩʦʚʥʦ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. 

ʊʝʧʣʦʦʙʤʽʥʥʽ ʧʣʘʩʪʠʥʠ ʤʘʶʪʴ ʨʠʬʣʝʥʫ ʧʦʚʝʨʭʥʶ, ʜʷʢʫʶʯʠ ʮʴʦʤʫ 

ʫʪʚʦʨʶʶʪʴ ʚʠʭʨʦʚʽ ʨʝʞʠʤʠ ʨʫʭʫ ʤʦʣʦʢʘ ʧʦʨʽʚʥʷʥʦ ʟ ʥʝʚʝʣʠʢʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ 

(0,3-0,5ʤ/ʩ). ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʽʣʴʰʝ ʦʭʦʣʦʜʞʝʥʽ ʧʦʪʦʢʠ ʤʦʣʦʢʘ ʙʽʣʷ ʩʪʽʥʦʢ ʧʣʘʩʪʠʥ 

ʽʥʪʝʥʩʠʚʥʦ ʧʝʨʝʤʽʰʫʶʪʴʩʷ ʟ ʱʝ ʥʘʛʨʽʪʠʤʠ ʯʘʩʪʠʥʘʤʠ ʚ ʩʝʨʝʜʠʥʽ ʧʦʪʦʢʫ ʽ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʧʣʦʦʙʤʽʥʫ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʊʘʢ ʷʢ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʨʽʜʠʥʠ ʚ ʢʘʥʘʣʘʭ 

ʤʽʞ ʧʣʘʩʪʠʥʘʤʠ ʥʝ ʚʝʣʠʢʘ, ʪʦ ʽ ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʥʝʟʥʘʯʥʠʡ, ʪʦʤʫ ʧʣʘʩʪʠʥʯʘʩʪʠʡ 

ʦʭʦʣʦʜʥʠʢ ʤʦʞʥʘ ʟʙʠʨʘʪʠ ʟ ʚʝʣʠʢʠʤ ʯʠʩʣʦʤ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʧʣʘʩʪʠʥ ʙʝʟ 

ʜʦʜʘʪʢʦʚʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʥʘʧʦʨʫ ʜʣʷ ʨʫʭʫ ʨʽʜʠʥʠ. 

ʇʣʘʪʠʥʯʘʩʪʽ ʦʭʦʣʦʜʥʠʢʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʤʦʣʦʢʘ 

ʧʨʠ ʙʫʜʴ-ʷʢʦʤʫ  ʩʧʦʩʦʙʽ ʜʦʾʥʥʷ ʢʦʨʽʚ. 

ʇʨʦʧʦʥʫʻʪʴʩʷ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʘ ʫʩʪʘʥʦʚʢʘ (ʨʠʩ.1) ʜʣʷ ʦʭʦʣʦʜʞʝʥʥʷ 

ʤʦʣʦʢʘ, ʱʦ ʚʢʣʶʯʘʻ ʥʘʩʪʫʧʥʽ ʝʣʝʤʝʥʪʠ: ʚʽʜʮʝʥʪʨʦʚʠʡ ʦʯʠʩʥʠʢ; ʜʚʦʭʩʝʢʮʽʡʥʠʡ 

ʧʣʘʩʪʠʥʯʘʩʪʠʡ ʦʭʦʣʦʜʥʠʢ ʤʦʣʦʢʘ 2, ʚ ʷʢʦʤʫ ʚ ʷʢʦʩʪʽ ʭʦʣʦʜʦʥʦʩʽʷ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʦʜʦʧʨʦʚʽʜʥʫ (ʘʨʪʝʟʽʘʥʩʴʢʫ ʽ ʣʴʦʜʷʥʫ ʚʦʜʫ, ʷʢʘ ʦʭʦʣʦʜʞʝʥʘ ʟ 

ʜʦʧʦʤʦʛʦʶ ʭʦʣʦʜʠʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ) ʪʨʴʦʭʭʦʜʦʚʠʡ ʢʨʘʥ 1; ʝʣʝʢʪʨʦʚʦʜʦʥʘʛʨʽʚʘʯ 

3; ʪʝʨʤʦʤʝʪʨ 4; ʥʘʢʦʧʠʯʫʚʘʣʴʥʠʡ ʨʝʟʝʨʚʫʘʨ ʜʣʷ ʟʙʦʨʫ ʧʽʜʽʛʨʽʪʦʾ ʚʦʜʠ 5; 

ʚʽʜʮʝʥʪʨʦʚʠʡ ʚʦʜʷʥʠʡ ʥʘʩʦʩ 6; ʘʚʪʦʥʘʧʫʚʘʣʢʠ 7; ʙʘʢ ʣʴʦʜʷʥʦʾ ʚʦʜʠ; 

ʚʽʜʮʝʥʪʨʦʚʠʡ ʚʦʜʷʥʠʡ ʥʘʩʦʩ ʜʣʷ ʧʦʜʘʯʽ ʣʴʦʜʷʥʦʾ ʚʦʜʠ. 

ɺʢʘʟʘʥʘ ʫʩʪʘʥʦʚʢʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʦʜʦʧʨʦʚʽʜʥʦʾ ʚʦʜʠ ʥʝ ʩʢʠʜʘʻ ʾʾ ʚ 

ʢʘʥʘʣʽʟʘʮʽʶ, ʘ ʥʘʧʨʘʚʣʷʻ ʚ ʥʘʢʦʧʠʯʫ ʚʘʣʴʥʠʡ ʨʝʟʝʨʚʫʘʨ. 

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʧʨʠʚʝʜʝʥʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʭʝʤʠ ʚʦʜʦʧʨʦʚʽʜʥʘ ʚʦʜʘ, 

ʧʽʩʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʩʚʽʞʦʚʠʜʦʻʥʦʛʦ ʤʦʣʦʢʘ ʽ ʚʽʜʧʦʚʽʜʥʦ ʥʘʛʨʽʚʫ ʾʾ ʟʘ ʨʘʭʫʥʦʢ 

ʮʴʦʛʦ ʥʘ 3-4Áʉ, ʧʦʚʝʨʪʘʻʪʴʩʷ ʫ ʚʦʜʦʧʨʦʚʽʜʥʫ ʩʠʩʪʝʤʫ ʜʣʷ ʘʚʪʦʥʘʧʫʚʘʥʥʷ ʪʚʘʨʠʥ. 

ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʜʝʱʦ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʚʘʨʠʥ, ʪʘʢ ʷʢ ʚʦʥʠ 

ʚʠʪʨʘʯʘʶʪʴ ʤʝʥʰʝ Ăʙʽʦʣʦʛʽʯʥʦʛʦ ʪʝʧʣʘò ʽʟ ʚʣʘʩʥʦʛʦ ʪʽʣʘ ʜʣʷ ʚʠʨʽʚʥʶʚʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʠ ʧʨʠ ʥʘʧʫʚʘʥʥʽ. 

ɺ ʧʝʨʽʦʜ, ʢʦʣʠ ʧʦ ʷʢʽʡʩʴ ʧʨʠʯʠʥʽ ʥʝ ʧʨʘʮʶʻ ʦʭʦʣʦʜʥʠʢ ʤʦʣʦʢʘ, 

ʢʦʤʧʣʝʢʩʥʦʶ ʪʝʭʥʦʣʦʛʽʯʥʦʶ ʩʭʝʤʦʶ ʧʝʨʝʜʙʘʯʝʥʦ ʧʽʜʽʛʨʽʚʘʥʥʷ ʚʦʜʦʧʨʦʚʽʜʥʦʾ 

ʚʦʜʠ, ʷʢʘ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʥʘʧʫʚʘʥʥʷ ʪʚʘʨʠʥ ʟ ʘʚʪʦʤʘʪʠʯʥʠʤ ʚʤʠʢʘʥʥʷʤ 

ʝʣʝʢʪʨʦʧʽʜʽʛʨʽʚʘʯʘ ʚ ʨʦʙʦʪʫ. 
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ʈʠʩ.1. ʂʦʤʧʣʝʢʩʥʘ ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʦʧʨʦʚʽʜʥʦʾ ʚʦʜʠ, 

ʥʘʛʨʽʪʦʾ ʚ ʦʭʦʣʦʜʥʠʢʫ ʤʦʣʦʢʘ: 1 ï ʪʨɹʦʭʭʦʜʦʚʠʡ ʢʨʘʥ; 2 ï ʧʣʘʩʪʠʥʯʘʩʪʠʡ 

ʦʭʦʣʦʜʥʠʢ; 3 ï ʧʨʦʪʦʯʥʠʡ ʝʣʝʢʪʨʦʧʽʜʽʛʨʽʚʘʯ; 4 ï ʪʝʨʤʦʤʝʪʨ; 5 ï 

ʥʘʢʦʧʠʯʫʚʘʣʴʥʠʡ ʨʝʟʝʨʚʫʘʨ ʜʣʷ ʥʘʢʦʧʠʯʝʥʥʷ ʥʘʛʨʽʪʦʾ ʚʦʜʠ; 6 ï ʚʽʜʮʝʥʪʨʦʚʠʡ 

ʚʦʜʷʥʠʡ ʥʘʩʦʩ; 7 ï ʘʚʪʦʥʘʧʫʚʘʣʢʘ. 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʛʨʽʪʘ ʧʽʜʯʘʩ ʦʭʦʣʦʜʞʝʥʥʷ ʫ ʧʣʘʩʪʠʥʯʘʩʪʦʤʫ  

ʪʝʧʣʦʦʙʤʽʥʥʠʢʫ ʤʦʣʦʢʘ ʚʦʜʘ ʥʘʜʭʦʜʠʪʴ ʫ ʚʦʜʦʧʨʦʚʽʜʥʫ ʤʝʨʝʞʫ  ʜʣʷ ʥʘʧʫʚʘʥʥʷ 

ʢʦʨʽʚ. ʎʝ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʟʘʧʦʙʽʛʪʠ ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ ʪʚʘʨʠʥ ʫ ʭʦʣʦʜʥʫ ʧʦʨʫ 

ʨʦʢʫ ʪʘ ʩʧʦʥʫʢʘʪʠʤʝ ʢʦʨʽʚ ʯʘʩʪʽʰʝ ʩʧʦʞʠʚʘʪʠ ʚʦʜʫ. 
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ʋɼʂ 514.18 

 

ɸʃɻʆʈʀʊʄ ʋʊɺʆʈɽʅʅʗ ʉʄʋɻʀ ɼʀʌʇʈʆɭʂʎɯʁ ʊɸ ɺʀɿʅɸʏɽʅʅʗ 

ʂʆʄʇʆɿʀʎɯʁʅʀʍ ʇʆʍɯɼʅʀʍ ʋ ɹɸɿʀʉʅʀʍ ʊʆʏʂɸʍ 

 

ʄʫʨʪʘʟʽʻʚ ɽ. ɻ. 

ʄʝʣʽʪʦʧʦʣʴʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʧʝʜʘʛʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  

ʽʤʝʥʽ ɹʦʛʜʘʥʘ ʍʤʝʣʴʥʠʮʴʢʦʛʦ 

ʄʝʣʽʪʦʧʦʣʴʩʴʢʘ ʰʢʦʣʘ ʧʨʠʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʽʾ ʽʤʝʥʽ ɺʦʣʦʜʠʤʠʨʘ ʅʘʡʜʠʰʘ 

 

ʂʦʤʧʦʟʠʮʽʡʥʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʦʙôʻʢʪʘʤʠ (ʣʽʥʽʾ, ʧʦʚʝʨʭʥʽ, ʛʝʦʤʝʪʨʠʯʥʽ 

ʪʽʣʘ) ʻ ʪʦʯʢʦʚʽ ʧʦʣʽʥʦʤʠ (ʦʜʥʦ-, ʜʚʦ- ʘʙʦ ʪʨʠʧʘʨʘʤʝʪʨʠʯʥʽ), ʨʽʚʥʷʥʥʷ ʷʢʠʭ 

ʟʜʦʙʫʚʘʶʪʴʩʷ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʣʽʥʽʡʥʦʾ ʘʣʛʝʙʨʠ, ʘ ʢʦʤʧʦʟʠʮʽʡʥʘ 

ʽʥʪʝʨʧʦʣʷʮʽʷ ʚʠʭʽʜʥʠʭ ʙʘʟʠʩʥʠʭ ʪʦʯʦʢ ʥʠʤʠ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʰʣʷʭʦʤ ʫʪʚʦʨʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʬʫʥʢʮʽʡ ʜʣʷ ʢʦʞʥʦʾ ʙʘʟʠʩʥʦʾ ʪʦʯʢʠ ʯʝʨʝʟ ʧʘʨʘʤʝʪʨʠʟʘʮʽʶ, 

ʫʟʜʦʚʞ ʜʦʚʞʠʥʠ ʢʦʞʥʦʾ ʽʟ ʣʘʥʦʢ, ʩʫʧʨʦʚʽʜʥʦʾ ʣʘʤʘʥʦʾ ʣʽʥʽʾ (ʉʃʃ), ʧʦʙʫʜʦʚʘʥʦʾ 

ʥʘ ʮʠʭ ʙʘʟʠʩʥʠʭ ʪʦʯʢʘʭ. 

ʇʽʜ ʢʦʤʧʦʟʠʮʽʡʥʠʤ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷʤ ʙʫʜʝʤʦ ʨʦʟʫʤʽʪʠ ʛʨʘʬʽʯʥʽ ʤʝʪʦʜʠ 

ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ, ʷʢʽ ʦʮʠʬʨʦʚʘʥʽ ʤʝʪʦʜʘʤʠ ʪʦʯʢʦʚʦʛʦ ʯʠʩʣʝʥʥʷ ɹʘʣʶʙʠ-

ʅʘʡʜʠʰʘ (ɹʅ-ʯʠʩʣʝʥʥʷ), ʪʦʙʪʦ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʥʘʣʽʪʠʯʥʦʾ ʛʝʦʤʝʪʨʽʾ, ʽ ʧʦʜʘʥʽ 

ʫ ʚʠʛʣʷʜʽ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʫ. 

ʊʫʪ ʽ ʥʘʜʘʣʽ ʫ ʥʘʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʛʨʘʬʽʯʥʠʡ 

ʤʝʪʦʜ ʟʥʘʭʦʜʞʝʥʥʷ ʧʦʭʽʜʥʠʭ, ʷʢʠʡ ʦʩʥʦʚʘʥʠʡ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ʩʤʫʛʠ 

ʜʠʬʧʨʦʻʢʮʽʡ, ʷʢʠʡ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ɺʝʨʝʱʘʛʦʶ ɺ.ʄ. (1979 ʨ.). 

ʈʦʟʛʣʷʜʘʪʠʤʝʤʦ ʘʣʛʦʨʠʪʤ ʫʪʚʦʨʝʥʥʷ ʩʤʫʛʠ ʜʠʬʧʨʦʻʢʮʽʡ ʪʘ ʚʠʟʥʘʯʝʥʥʷ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʭʽʜʥʠʭ ʫ ʙʘʟʠʩʥʠʭ ʪʦʯʢʘʭ ʜʠʩʢʨʝʪʥʦ ʧʦʜʘʥʦʾ ʢʨʠʚʦʾ, 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ, ʥʘ ʪʝʩʪʦʚʦʤʫ ʧʨʠʢʣʘʜʽ (ʨʠʩ. 1). 

ʅʝʭʘʡ ʧʣʦʩʢʘ ʜʠʩʢʨʝʪʥʦ ʧʦʜʘʥʘ ʢʨʠʚʘ (ɼʇʂ) ʟʘʜʘʥʘ ʜʚʘʥʘʜʮʷʪʴʤʘ ʪʦʯʢʘʤʠ 

1ɸ, 2ɸ, é, 11ɸ , 12ɸ, ʘʙʦ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ɸ̔ ʜʣʷ ʧʽ ,1= , ʢʦʦʨʜʠʥʘʪʠ ʷʢʠʭ 

ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ.1. 

ʊʘʙʣʠʮʷ 1 

ʂʦʦʨʜʠʥʘʪʠ ʙʘʟʠʩʥʠʭ ʪʦʯʦʢ ʚʠʭʽʜʥʦʾ ɼʇʂ 

ɸ̔ 1ɸ 2ɸ 3ɸ 4ɸ 5ɸ 6ɸ 7ɸ 8ɸ 9ɸ 10ɸ  11ɸ  12ɸ  

ʽx  1 2 4 6 10 12 14 16 18 21 24 25 

ʽy  2 5 8 10 9 5 -1 -5 -8 -9 -5 -1 

 

ɼʦʚʽʣʴʥʠʤ ʯʠʥʦʤ ʦʙʠʨʘʻʤʦ ʩʠʤʧʣʝʢʩ CAB, ʚʽʜʥʦʩʥʦ ʷʢʦʛʦ ʧʘʨʘʤʝʪʨʠʟʫʻʤʦ 

ʚʝʨʰʠʥʠ ɸ̔ ʜʣʷ 12,1=̔ , ʩʫʧʨʦʚʽʜʥʦʾ ʣʘʤʘʥʦʾ ʣʽʥʽʾ (ʉʃʃ). ʅʝʭʘʡ ʚʝʨʰʠʥʠ 

ʩʠʤʧʣʝʢʩʫ ʤʘʶʪʴ ʢʦʦʨʜʠʥʘʪʠ ( )0,0ʉ , ( )0,10ɸ , ( )2,0ɺ , ʪʦʙʪʦ ʩʠʤʧʣʝʢʩ ʉɸɺ 

ʦʙʨʘʥʦ ʪʘʢʠʤ, ʱʦ ʟʙʽʛʘʻʪʴʩʷ ʟ ʚʠʭʽʜʥʦʶ ʩʠʩʪʝʤʦʶ ʢʦʦʨʜʠʥʘʪ. ʎʝ ʥʘʤʠ ʟʨʦʙʣʝʥʦ 

ʥʘʚʤʠʩʥʦ ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʧʦʜʘʣʴʰʠʭ ʦʙʯʠʩʣʝʥʴ. 
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ʆʙʯʠʩʣʠʤʦ ʧʘʨʘʤʝʪʨʠ ʽp  ʪʘ ̔q  ʜʣʷ ʫʩʽʭ ʚʝʨʰʠʥ ɸ̔ ʜʣʷ 12,1=̔ , ʉʃʃ ʽʟ 

ʥʘʩʪʫʧʥʠʭ ʚʽʜʥʦʰʝʥʴ: 

ɸ

ʽ
ʽ
ʭ

ʭ
p = , 

ɺ

ʽ
ʽ

ʫ

ʫ
q == , ʜʣʷ 12,1=̔ . 

ʈʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ ʥʘʜʘʥʦ ʫ ʪʘʙʣ. 2. 

ʊʘʙʣʠʮʷ 2 

ʇʘʨʘʤʝʪʨʠʟʘʮʽʷ ʪʦʯʦʢ ɸ̔ ʫ ʩʠʤʧʣʝʢʩʽ ʉɸɺ 

ɸ̔ 1ɸ 2ɸ 3ɸ 4ɸ 5ɸ 6ɸ 7ɸ 8ɸ 9ɸ 10ɸ  11ɸ  12ɸ  

ʽp  0.1 0.2 0.4 0.6 1 1.2 1.4 1.6 1.8 2.1 2.4 2.5 

ʽq  1 2.5 4 5 5.5 2.5 -0.5 -2.5 -4 -4.5 -2.5 -0.5 

 

ʆʙʠʨʘʻʤʦ ʥʘ ʦʩʽ ʆʭ ʮʝʥʪʨ ʧʨʦʻʢʪʫʚʘʥʥʷ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ ( )0,4-S  ʘʙʦ ʟ 

ʧʘʨʘʤʝʪʨʘʤʠ ( )0,4.0-S  ʟ ʷʢʦʛʦ ʧʨʦʚʦʜʠʪʝʤʦ ʧʨʦʤʝʥʽ, ʱʦ ʻ ʧʘʨʘʣʝʣʴʥʠʤʠ ʜʦ 

ʢʦʞʥʦʾ ʟ ʦʜʠʥʘʜʮʷʪʠ ʣʘʥʦʢ ʉʃʃ. 

ɼʣʷ ʢʦʞʥʦʾ ʟ ʣʘʥʦʢ ʉʃʃ ( )1+̔ɸ̔ɸ , 1,1 -= ʧʽ  ʘʙʦ ʜʣʷ ʪʝʩʪʦʚʦʛʦ ʧʨʠʢʣʘʜʫ 

11,1=̔ , ʟʥʘʭʦʜʠʤʦ ʢʦʦʨʜʠʥʘʪʠ 
iKx  ʪʘ ̔Ky  ʽ ʪʘʢʦʞ ʧʘʨʘʤʝʪʨʠ 

iKp  ʪʘ ̔Kq  ʰʣʷʭʦʤ 

ʧʦʙʫʜʦʚʠ ʧʘʨʘʣʝʣʦʛʨʘʤʫ (ʨʠʩ. 1), ʫ ʷʢʦʛʦ ʚʝʨʰʠʥʠ S, ɸ̔, 1+̔ɸ  ʻ ʚʽʜʦʤʠʤʠ, ʘ 

ʰʫʢʘʥʦʶ ʻ ʚʝʨʰʠʥʘ ʽK . ʋ ʪʦʯʢʦʚʦʤʫ ɹʅ-ʯʠʩʣʝʥʥʽ ʚʝʨʰʠʥʘ ʽK  ʟʥʘʭʦʜʠʪʴʩʷ ʷʢ 

ʩʫʤʘ ʚʝʨʰʠʥ ʚʽʜʦʤʦʾ ʜʽʘʛʦʥʘʣʽ ʧʘʨʘʣʝʣʦʛʨʘʤʘ, ʪʦʙʪʦ S ʪʘ 2ɸ, ʤʽʥʫʩ ʚʝʨʰʠʥʫ 1ɸ

, ʷʢʘ ʻ ʧʨʦʪʠʣʝʞʥʦʶ ʜʦ ʰʫʢʘʥʦʾ 1K : 12 ɸɸSKʽ -+=  ʘʙʦ ʫ ʢʦʦʨʜʠʥʘʪʥʽʡ ʬʦʨʤʽ: 

121
xxxx SK -+= ; 121

yyyy SK -+= , ʘʙʦ ʫ ʧʘʨʘʤʝʪʨʠʯʥʽʡ ʬʦʨʤʽ 

iiSK pppp
i

-+= +1 ; iiSK qqqq
i

-+= +1 . ʇʽʜʩʪʘʚʠʤʦ ʟʥʘʯʝʥʥʷ ʽʟ ʪʘʙʣ. 1 ʽ ʪʘʙʣ. 2 

ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʪʦʯʢʠ 1K : 3124
1

-=-+-=Kx ; 3250
1

=-+=Ky ; 

3.01.02.04.0
1

-=-+-=Kp ; 5.115.20
1

=-+=Kq .  

ʗʢ ʙʘʯʠʤʦ ʨʦʟʨʘʭʫʥʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʟʙʽʛʘʶʪʴʩʷ ʟ ʧʦʙʫʜʦʚʘʥʦʶ (ʨʠʩ. 1) ʥʘ 

ʧʘʨʘʣʝʣʦʛʨʘʤʽ ʪʦʯʢʦʶ 1K . ʇʦʙʫʜʦʚʫ ʨʝʰʪʠ ʪʦʯʦʢ ʽK , 11,2=̔  ʥʘ ʨʠʩ. 1, ʟ ʤʝʪʦʶ 

ʡʦʛʦ ʨʦʟʚʘʥʪʘʞʝʥʥʷ, ʟʜʽʡʩʥʶʚʘʪʠ ʥʝ ʙʫʜʝʤʦ. ʈʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ ʢʦʦʨʜʠʥʘʪ ʽ 

ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʨʝʰʪʠ ʣʘʥʦʢ 1+̔ɸ̔ɸ  ʉʃʃ ʥʘʚʝʜʝʤʦ ʫ ʪʘʙʣ. 3. 

ʊʘʙʣʠʮʷ 3 

ʆʙʯʠʩʣʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʽ ʧʘʨʘʤʝʪʨʽʚ ʪʦʯʦʢ ʽK  ʪʘ ̔ʄ  

1+̔ɸ̔ɸ  21ɸɸ  32ɸɸ  43ɸɸ  54ɸɸ  65ɸɸ  76ɸɸ  87ɸɸ  98ɸɸ  109ɸɸ  1110ɸɸ  1211ɸɸ  

iKx  -3 -2 -2 0 -2 -2 -2 -2 -1 -1 -3 

ʽKy  3 3 2 -1 -4 -6 -4 -3 -1 4 4 

iKp  -0.3 -0.2 -0.2 0 -0.2 -0.2 -0.2 -0.2 -0.1 -0.1 -0.3 

ʽKq  1.5 1.5 1 -0.5 -2 -3 -2 -1.5 -0.5 2 2 

ʽʄ
ʫ  12 6 4 -1 -8 -12 -8 -6 -1.(3) 5.(3) 16 
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ɺʠʟʥʘʯʠʤʦ ʪʦʯʢʠ ʧʝʨʝʪʠʥʫ ʟ ʚʽʩʩʶ ʆʫ ʧʨʦʤʝʥʽʚ ʽSK , 11,1=̔ , ʪʦʙʪʦ 

OySKʄʽ Æ= . ʆʩʢʽʣʴʢʠ ʜʣʷ ʫʩʽʭ ʪʦʯʦʢ ʽʄ , 11,1=̔  ʢʦʦʨʜʠʥʘʪʘ 0=
ʽʄ

ʭ , ʪʦ 

ʚʠʟʥʘʯʘʪʠʤʝʤʦ ʣʠʰʝ ʟʥʘʯʝʥʥʷ 
ʽʄ

ʫ , 11,1=̔ . ʈʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ ʥʘʚʝʜʝʤʦ ʫ 

ʪʘʙʣ. 3. ɿ ʤʝʪʦʶ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʨʠʩ. 1, ʥʘ ʥʴʦʤʫ ʧʦʢʘʟʘʥʦ ʧʦʙʫʜʦʚʫ ʣʠʰʝ ʦʜʥʦʛʦ 

ʧʘʨʘʣʝʣʦʛʨʘʤʫ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʪʦʯʦʢ 1K  ʽ 1ʄ . ɼʣʷ ʨʝʰʪʠ, ʜʝʩʷʪʠ ʪʦʯʦʢ ʪʘʢʦʞ 

ʥʝʦʙʭʽʜʥʦ ʙʫʜʫʚʘʪʠ ʪʘʢʽ ʧʘʨʘʣʝʣʦʛʨʘʤʠ, ʦʜʥʘʢ ʤʠ ʟʘʤʽʥʶʻʤʦ ʾʭ ʧʦʙʫʜʦʚʫ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ. 

ʅʝ ʙʫʜʝʤʦ ʧʦʷʩʥʶʚʘʪʠ ʪʝʦʨʝʪʠʯʥʦ ʧʦʭʦʜʞʝʥʥʷ ʬʦʨʤʫʣ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʢʦʦʨʜʠʥʘʪʠ 
ʽʄ

ʫ , ʘ ʥʘʜʘʤʦ ʾʾ ʫ ʢʽʥʮʝʚʦʤʫ ʚʠʛʣʷʜʽ: 

( )

( )

( )

( )
i

i

i

i

i

i

ʽ

K

K

K

K

KS

KS

Bʄ
p

q

p

q

pp

qp
yʫ

--

Ö-
=

--

Ö-
=

-

Ö
=

4.0

8.0

4.0

4.0
2 , 11,1=̔  ( ʧʽ ,1= ). 

ʈʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ ʢʦʦʨʜʠʥʘʪʠ 
ʽʄ

ʫ  ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 3, ʘ ʜʣʷ ʪʦʯʢʠ 1ʄ  

ʟʜʽʡʩʥʝʥʽ ʧʦʙʫʜʦʚʠ ʥʘ ʨʠʩ. 1. 

ʊʦʯʢʘ 1ʄ  ʽ ʜʚʽ ʚʽʜʧʦʚʽʜʥʽ ʜʠʬʧʨʦʻʢʮʽʾ 1LD  ʪʘ 2RD  ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʦʜʥʽʡ 

ʧʨʷʤʽʡ, ʷʢʘ ʧʘʨʘʣʝʣʴʥʦ ʦʩʽ ʆʭ, ʪʦʙʪʦ 12
211
===

RL DDM yyy , ʘʙʦ ʫ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʛʣʷʜʽ: 
1, +

==
ʽRLʽʽ DDM yyy . ʊʦʜʽ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʜʠʬʧʨʦʻʢʮʽʾ LiD  ʪʘ 1,+iRD  

ʤʘʪʠʤʫʪʴ ʪʘʢʽ ʢʦʦʨʜʠʥʘʪʠ: ( )
ii MALi yxD , , ( )

ii MAiR yxD ,
11, ++ . ʉʢʣʘʜʝʤʦ ʚʽʜʧʦʚʽʜʥʽ 

ʪʘʙʣʠʮʽ. 

ʊʘʙʣʠʮʷ 4 

ʂʦʦʨʜʠʥʘʪʠ ʣʽʚʠʭ ʜʠʬʧʨʦʻʢʮʽʡ LiD  

LiD  1LD  2LD  3LD  4LD  5LD  6LD  7LD  8LD  9LD  10LD  11LD  12LD  

Lʽx  1 2 4 6 10 12 14 16 18 21 24 25 

Lʽy  12 6 4 -1 -8 -12 -8 -6 -1.(3) 5.(3) 16  

 

ʊʘʙʣʠʮʷ 5 

ʂʦʦʨʜʠʥʘʪʠ ʧʨʘʚʠʭ ʜʠʬʧʨʦʻʢʮʽʡ RiD  

LiD  1RD  2RD  3RD  4RD  5RD  6RD  7RD  8RD  9RD  10RD  11RD  12RD  

R̔x  1 2 4 6 10 12 14 16 18 21 24 25 

R̔y   12 6 4 -1 -8 -12 -8 -6 -1.(3) 5.(3) 16 

 

ʗʢ ʙʘʯʠʤʦ, ʫ ʪʘʙʣ. 4 ʻ ʚʽʜʩʫʪʥʽʤ ʟʥʘʯʝʥʥʷ 12LD , ʘ ʫ ʪʘʙʣ. 5 ï ʚʽʜʩʫʪʥʻ 

ʟʥʘʯʝʥʥʷ 1RD , ʟʥʘʡʜʝʤʦ ʾʭ. 

ʆʙʯʠʩʣʶʻʤʦ ʟʥʘʯʝʥʥʷ 1RD  ʰʣʷʭʦʤ ʧʨʦʚʝʜʝʥʥʷ ʚʽʜʨʽʟʢʫ 12 RR DD || 21 LL DD  

(ʨʠʩ. 1): 

1861212122112211 =-+=Ý-+=Ý-+= RLRLRLRLR yyyyyDDDD . 

ʆʙʯʠʩʣʶʻʤʦ ʟʥʘʯʝʥʥʷ 12LD  ʰʣʷʭʦʤ ʧʨʦʚʝʜʝʥʥʷ ʚʽʜʨʽʟʢʫ 1211 LL DD ||

1211 RR DD  (ʨʠʩ. 1): 



çȺɍɟɡɚɎɝɨɖɱ ɣɔɞɌəəɫè 
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)6.(26)3.(51616121112111211121112 =-+=Ý-+=Ý-+= LRRLLRRLL yyyyyDDDD . 

ʆʙʯʠʩʣʶʻʤʦ ʜʣʷ ʢʦʞʥʦʾ ʟ ʙʘʟʠʩʥʠʭ ʪʦʯʦʢ ɸ̔, 11,1=̔ , ʜʠʩʢʨʝʪʥʦ ʧʦʜʘʥʦʾ 

ʢʨʠʚʦʾ ʟʥʘʯʝʥʥʷ ʾʾ ʧʝʨʰʠʭ ʧʦʭʽʜʥʠʭ ɸ̔¡, 11,1=̔ , ʘʙʦ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʧʽ ,1= . 

2

RiLi
ʽ

DD
ɸ

+
=¡  ʘʙʦ ʫ ʢʦʦʨʜʠʥʘʪʥʽʡ ʬʦʨʤʽ 

2

RiLi
ʽ

ʫʫ
ʫ

+
=¡ . 

ʈʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ ʧʝʨʰʦʾ ʧʦʭʽʜʥʦʾ ʫ ʙʘʟʠʩʥʠʭ ʪʦʯʢʘʭ ɼʇʂ ʤʦʞʥʘ 

ʧʨʦʯʠʪʘʪʠ ʥʘ ʨʠʩ. 1. 

 

 
  

ʈʠʩ. 1. ʇʦʙʫʜʦʚʘ ʩʤʫʛʠ ʜʠʬʧʨʦʻʢʮʽʡ ʽ ʚʠʟʥʘʯʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʧʦʭʽʜʥʠʭ ʫ ʙʘʟʠʩʥʠʭ ʪʦʯʢʘʭ ɼʇʂ. 
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ʋɼʂ 519.6 

 

ʇʆʐʀʈɽʅɯ ʌʋʅʂʎɯɰ ɼʃʗ ʊɽʉʊʋɺɸʅʅʗ ɸʃɻʆʈʀʊʄɯɺ 

ʈʆɿɺôʗɿɸʅʅʗ ɿɸɼɸʏ ʆʇʊʀʄɯɿɸʎɯɰ 

 

ʈʦʤʘʩʝʚʠʯ ʖ. ʆ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ  ̔ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʋ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ ʥʘʫʢʠ  ̔ʪʝʭʥʽʢʠ ʜʦʚʦʜʠʪʴʩʷ ʨʦʟʚôʷʟʫʚʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʦʧʪʠʤʽʟʘʮʽʡʥʽ ʟʘʜʘʯʽ. ɯʩʪʦʨʠʯʥʠʡ ʦʛʣʷʜ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʽʚ ʨʦʟʚôʷʟʫʚʘʥʥʷ 

ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʟʘʜʘʯ, ʷʢʠʡ ʩʷʛʘʻ ʚʽʜʦʤʦʾ ʟʘʜʘʯʽ ɼʽʜʦʥʠ, ʧʦʢʘʟʫʻ ʧʦʩʪʽʡʥʫ 

ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʣʶʜʩʪʚʘ ʫ ʨʦʟʨʦʙʮʽ ʥʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʷʢʽ ʙ ʙʫʣʠ ʧʨʠʜʘʪʥʠʤʠ 

ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʽʜʰʫʢʫʚʘʥʥʷ ʝʢʩʪʨʝʤʫʤʽʚ ʨʽʟʥʠʭ ʮʽʣʴʦʚʠʭ ʬʫʥʢʮʽʡ.  

ʋ ʜʘʥʠʡ ʯʘʩ ʦʧʪʠʤʽʟʘʮʽʡʥʽ ʟʘʜʘʯʽ ʚʠʢʣʠʢʘʶʪʴ ʦʩʦʙʣʠʚʦ ʟʥʘʯʥʠʡ ʽʥʪʝʨʝʩ ʫ 

ʛʘʣʫʟʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. ʎ  ̫ ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʚʠʢʣʠʢʘʥʘ, ʧʝʨʝʜʫʩʽʤ, 

ʧʨʘʢʪʠʯʥʠʤʠ ʤʽʨʢʫʚʘʥʥʷʤʠ. ʅʘʧʨʠʢʣʘʜ, ʨʦʟʨʦʙʥʠʢʘʤ ʟʘʩʪʦʩʫʥʢʽʚ ʥʝʦʙʭʽʜʥʦ 

ʢʦʨʠʩʪʫʚʘʪʠʩʴ ʝʬʝʢʪʠʚʥʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʥʘʚʯʘʥʥʷ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ 

ʤʝʨʝʞ, ʷʢʽ ʣʝʞʘʪʴ ʚ ʦʩʥʦʚʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʤʦʚʠ, ʛʨʘʬʽʯʥʠʭ ʦʙʨʘʟʽʚ, ʚʽʜʝʦʨʷʜʫ 

ʪʦʱʦ. ɿʘʜʘʯʽ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʨʦʟʚôʷʟʫʚʘʪʠ ʧʨʠ ʥʘʚʯʘʥʥʽ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ 

ʤʝʨʝʞ, ʤʘʶʪʴ ʚʽʜ ʩʦʪʝʥʴ ʜʦ ʤʽʣʴʷʨʜʽʚ ʥʝʚʽʜʦʤʠʭ ʘʨʛʫʤʝʥʪʽʚ, ʷʢʽ ʧʦʪʨʽʙʥʦ 

ʚʠʟʥʘʯʠʪʠ. ʉʘʤʘ ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ,  ̒ ʥʝʣʽʥʽʡʥʦʶ, ʟʽ ʟʥʘʯʥʠʤʠ ʪʦʧʦʣʦʛʽʯʥʠʤʠ 

ʩʢʣʘʜʥʦʱʘʤʠ (ʥʘʧʨʠʢʣʘʜ, ʟʦʥʠ ʧʣʘʪʦ ʧʝʨʝʤʝʞʦʚʫʶʪʴʩʷ ʽʟ ʩʪʨʽʤʢʠʤʠ 

ʧʝʨʝʧʘʜʘʤʠ ʬʫʥʢʮʽʾ; ʘʪʪʨʘʢʪʦʨʠ ʤʽʥʽʤʫʤʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʜʫʞʝ ʚʫʟʴʢʠʤʠ; 

ʤʽʥʽʤʫʤʠ ʟʥʘʭʦʜʷʪʴʩʷ ʜʦʩʠʪʴ ʜʘʣʝʢʦ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ; ʛʣʦʙʘʣʴʥʠʡ ʤʽʥʽʤʫʤ ʤʦʞʝ 

ʟʥʘʭʦʜʠʪʠʩʴ ʥʘ ʤʝʞʽ ʦʙʣʘʩʪʽ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ ʪʦʱʦ). ʎ ̔ʪʘ ʽʥʰʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʮʽʣʴʦʚʠʭ ʬʫʥʢʮʽʡ ʨʦʙʣʷʪʴ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʤʠ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ.  

ʂʨʽʤ ʪʦʛʦ, ʨʽʟʥʽ ʥʘʙʦʨʠ ʜʘʥʠʭ ʜʣʷ ʥʘʚʯʘʥʥʷ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, 

ʨʽʟʥʘ ʩʪʨʫʢʪʫʨʘ ʤʝʨʝʞ, ʘʢʪʠʚʘʮʽʡʥʽ ʬʫʥʢʮʽʾ, ʥʘʷʚʥʽʩʪʴ ʘʙʦ ʚʽʜʩʫʪʥʽʩʪʴ ʙʽʘʩʽʚ ʫ 

ʤʦʜʝʣʷʭ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʽʚ, ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ ʪʘ ʥʘʷʚʥʽʩʪʴ ʫ ʥʽʡ ʯʣʝʥʘ 

ʨʝʛʫʣʷʨʠʟʘʮʽʾ ʨʦʙʣʷʪʴ ʢʦʞʥʫ ʟʘʜʘʯʫ ʫʥʽʢʘʣʴʥʦʶ. ʊʦʤʫ ʧʦʩʪʘʻ ʥʘʫʢʦʚʘ ʧʨʦʙʣʝʤʘ 

ʨʦʟʨʦʙʢʠ ʨʦʙʘʩʥʠʭ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ, ̫ ʢʽ ʙ ʜʦʟʚʦʣʷʣʠ ʚʽʜʰʫʢʫʚʘʪʠ ʣʦʢʘʣʽʟʘʮʽʶ 

ʛʘʨʥʦʛʦ (ʫ ʩʝʥʩʽ ʚʝʣʠʯʠʥʠ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ) ʤʽʥʽʤʫʤʫ, ʥʝʭʘʡ ʥʘʚʽʪʴ  ̔ ʥʝ 

ʛʣʦʙʘʣʴʥʦʛʦ. 

ɼʣʷ ʢʣʘʩʫ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ 

ʦʮʽʥʶʶʪʴ ʟʘ ʜʝʢʽʣʴʢʦʤʘ ʽʥʜʠʢʘʪʦʨʘʤʠ. ʗʢ ʧʨʘʚʠʣʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʤʘʢʩʠʤʘʣʴʥʝ, ʤʽʥʽʤʘʣʴʥʝ, ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʪʘ ʤʝʜʽʘʥʫ ʽʟ ʤʘʩʠʚʫ ʨʦʟʚôʷʟʢʽʚ, ʷʢʽ 

ʦʪʨʠʤʘʥʽ ʰʣʷʭʦʤ ʙʘʛʘʪʦʢʨʘʪʥʦʛʦ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʦʜʥʽʻʾ  ̔ʪʽʻʾ ʞ ʟʘʜʘʯʽ. 

ʂʣʶʯʦʚʠʤ ʬʘʢʪʦʨʦʤ ʫ ʮʴʦʤʫ ʚʽʜʥʦʰʝʥʥʽ  ̒ ʩʘʤʘ ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ, ʷʢʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ ʨʦʙʦʪʠ ʦʧʪʠʤʽʟʘʮʽʡʥʦʛʦ ʘʣʛʦʨʠʪʤʫ. ɺʦʥʘ ʧʦʚʠʥʥʘ 

ʟʘʜʦʚʦʣʴʥʷʪʠ ʧʝʚʥʠʤ ʚʠʤʦʛʘʤ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʽʟ ʩʫʢʫʧʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʟʘʜʘʯ, ʷʢʽ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʥʘ ʧʨʘʢʪʠʮʽ. ɻʦʣʦʚʥʘ ʩʝʨʝʜ ʥʠʭ ï ʩʢʣʘʜʥʽʩʪʴ 

ʚʽʜʰʫʢʫʚʘʥʥʷ ʛʣʦʙʘʣʴʥʦʛʦ ʤʽʥʽʤʫʤʫ. ʅʝʦʙʭʽʜʥʦ ʜʦʜʘʪʠ  ̔ʪʝ, ʱʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʪʦʛʦ ʥʘʩʢʽʣʴʢʠ ʘʣʛʦʨʠʪʤ ʜʦʙʨʝ ʥʘʙʣʠʟʠʚʩʷ ʜʦ ʛʣʦʙʘʣʴʥʦʛʦ ʤʽʥʽʤʫʤʫ ʥʝʦʙʭʽʜʥʦ 
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ʟʥʘʪʠ ʪʦʯʥʝ ʡʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ. ʎ  ̫ʽʥʬʦʨʤʘʮʽʷ ʪʘʢʦʞ ʧʦʚʠʥʥʘ ʙʫʪʠ ʜʦʩʪʫʧʥʦʶ 

ʨʦʟʨʦʙʥʠʢʫ ʽ/ʘʙʦ ʪʝʩʪʫʚʘʣʴʥʠʢʫ ʘʣʛʦʨʠʪʤʫ. 

ʋ ʧʨʘʢʪʠʮʽ ʦʮʽʥʢʠ ʨʦʙʦʪʠ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʟʥʘʡʰʣʠ ʧʦʰʠʨʝʥʥʷ 

ʜʝʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ ʪʝʩʪʦʚʠʭ ʮʽʣʴʦʚʠʭ ʬʫʥʢʮʽʡ. ɻʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʝʷʢʠʭ ʟ 

ʥʠʭ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1. ɺʩʽ ʛʨʘʬʽʢʠ ʧʦʙʫʜʦʚʘʥʽ ʜʣʷ ʢʽʣʴʢʦʩʪʽ ʘʨʛʫʤʝʥʪʽʚ ʨʽʚʥʽʡ 

ʜʚʦʤ. ɼʣʷ ʟʘʜʘʯ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʘʨʛʫʤʝʥʪʽʚ ʩʢʣʘʜʥʽʩʪʴ ʚʽʜʰʫʢʫʚʘʥʥʷ 

ʛʣʦʙʘʣʴʥʦʛʦ ʤʽʥʽʤʫʤʫ ʟʨʦʩʪʘʻ ʫ ʨʘʟʠ. 

 

ʘ) ʙ) 

 

ʚ) ʛ) 

ʈʠʩ. 1. ɻʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʪʝʩʪʦʚʠʭ ʬʫʥʢʮʽʡ: ʘ) ɺʝʡʻʨʰʪʨʘʩʩʘ;  

ʙ) ʑʘʩʣʠʚʦʛʦ ʂʦʪʘ; ʚ) ʄʠʭʘʡʣʝʚʠʯʘ; ʛ) ʈʽʜʞʘ 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 1, ʬʦʨʤʠ ʮʠʭ ʬʫʥʢʮʽʡ  ̒ ʘʙʩʦʣʶʪʥʦ ʨʽʟʥʠʤʠ ʟʘ 

ʪʦʧʦʣʦʛʽʯʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ. ʆʜʥʘʢ, ʚʩʽ ʚʦʥʠ  ̒ ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʤʠ ʜʣʷ 

ʚʽʜʰʫʢʫʚʘʥʥʷ ʛʣʦʙʘʣʴʥʦʛʦ ʤʽʥʽʤʫʤʫ. ʄʦʞʥʘ ʩʧʦʜʽʚʘʪʠʩʴ, ʱʦ ʘʣʛʦʨʠʪʤ, ʷʢʠʡ 

ʜʦʙʨʝ ʚʧʦʨʘʻʪʴʩʷ ʽʟ ʚʽʜʰʫʢʫʚʘʥʥʷʤ ʛʣʦʙʘʣʴʥʠʭ ʤʽʥʽʤʫʤʽʚ ʪʘʢʠʭ ʬʫʥʢʮʽʡ, ʙʫʜʝ 

ʝʬʝʢʪʠʚʥʠʤ ʜʣʷ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯ, ʱʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʥʘ ʧʨʘʢʪʠʮʽ.  
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ʋɼʂ 514.18 

 

ʇʈʆ ʅɽʆɹʍɯɼʅɯʉʊʔ ʈʆɿʈʆɹʂʀ ʄɽʊʆɼɯɺ ʂʆʄʇʆɿʀʎɯʁʅʆɻʆ 

ɼʀʌɽʈɽʅʎɯʖɺɸʅʅʗ ʊɸ ʂʆʄʇʆɿʀʎɯʁʅʆɻʆ ɯʅʊɽɻʈʋɺɸʅʅʗ 

 

ɺʝʨʝʱʘʛʘ ɺ. ʄ. 

ʄʝʣʽʪʦʧʦʣʴʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʧʝʜʘʛʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  

ʽʤʝʥʽ ɹʦʛʜʘʥʘ ʍʤʝʣʴʥʠʮʴʢʦʛʦ 

ʄʝʣʽʪʦʧʦʣʴʩʴʢʘ ʰʢʦʣʘ ʧʨʠʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʽʾ ʽʤʝʥʽ ɺʦʣʦʜʠʤʠʨʘ ʅʘʡʜʠʰʘ 

 

ʂʦʤʧʦʟʠʮʽʡʥʘ ʛʝʦʤʝʪʨʽʷ ʥʘʨʦʜʠʣʘʩʷ ʽʟ ʽʜʝʾ ɺʦʣʦʜʠʤʠʨʘ ʅʘʡʜʠʰʘ (1976 ʨ.) 

ʱʦʜʦ ʢʝʨʫʚʘʥʥʷ ʬʦʨʤʦʶ ʘʥʘʣʽʪʠʯʥʠʭ ʢʨʠʚʠʭ ʰʣʷʭʦʤ ʟʤʽʥʠ ʧʦʣʦʞʝʥʥʷ ʾʾ 

ʚʫʟʣʦʚʠʭ ʪʦʯʦʢ, ʱʦ ʧʦʧʝʨʝʜʥʴʦ ʾʾ ʜʠʩʢʨʝʪʥʦ ʟʘʜʘʶʪʴ. ʇʨʠ ʮʴʦʤʫ, 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʙʘʟʠʩ  ̔ ʧʘʨʘʤʝʪʨʠ, ʟʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʷʢʠʭ ʙʫʣʦ ʟʜʦʙʫʪʦ 

ʘʥʘʣʽʪʠʯʥʝ ʨʽʚʥʷʥʥʷ ʮʽʻʾ ʢʨʠʚʦʾ, ʤʘʶʪʴ ʣʠʰʘʪʠʩʷ ʙʝʟ ʟʤʽʥ. 

ʆʩʥʦʚʦʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʛʝʦʤʝʪʨʽʾ ʩʪʘʣʦ ʪʦʯʢʦʚʝ ʯʠʩʣʝʥʥʷ 

ɹʘʣʶʙʠ-ʅʘʡʜʠʰʘ (ɹʅ-ʯʠʩʣʝʥʥʷ), ʢ̫ʝ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʨʦʤʽʟʜʢʠʭ ʤʝʪʦʜʽʚ 

ʘʥʘʣʽʪʠʯʥʦʾ ʛʝʦʤʝʪʨʽʾ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʦʨʽʾ ʚʽʜʥʦʰʝʥʴ ʜʦʟʚʦʣʠʣʦ ʩʪʚʦʨʶʚʘʪʠ 

ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʘʣʛʦʨʠʪʤʠ ʜʣʷ ʦʮʠʬʨʦʚʫʚʘʥʥʷ ʢʨʝʩʣʝʥʠʢʽʚ, ʪʦʙʪʦ ʾʭ ʘʥʘʣʽʪʠʯʥʦʾ 

ʬʦʨʤʘʣʽʟʘʮʽʾ ʫ ʧʘʨʘʤʝʪʨʠʯʥʽʡ ʬʦʨʤʽ. 

ɻʦʣʦʚʥʦʾ ʚʘʜʦʶ ʪʦʯʢʦʚʦʛʦ ɹʅ-ʯʠʩʣʝʥʥʷ  ̒ ʪʝ, ʱʦ ʡʦʛʦ ʥʝʤʦʞʣʠʚʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʦ ʜʠʩʢʨʝʪʥʦ ʧʦʜʘʥʠʭ ʢʨʠʚʠʭ (ɼʇʂ) ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʾʾ 

ʚʠʭʽʜʥʠʭ ʪʦʯʦʢ. ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʾʭʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʫʩʢʣʘʜʥʶʶʪʴʩʷ ʛʨʘʬʽʯʥʽ 

ʧʦʙʫʜʦʚʠ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʩʪʚʦʨʶʚʘʥʠʡ, ʥʘ ʾʭʥʽʡ ʦʩʥʦʚʽ, ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʙʘʟʠʩ, 

ʷʢʠʡ ʢʦʞʥʦʛʦ ʨʘʟʫ  ̒ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ  ̔ʥʝ ʧʽʜʜʘʻʪʴʩʷ ʫʟʘʛʘʣʴʥʝʥʥʶ ʟ ʤʝʪʦʶ ʡʦʛʦ 

ʧʨʦʛʨʘʤʥʦʾ ʨʝʘʣʽʟʘʮʽʾ. ʂʨʽʤ ʪʦʛʦ, ʪʦʯʢʦʚʝ ɹʅ-ʯʠʩʣʝʥʥʷ  ̔ ʢʦʤʧʦʟʠʮʽʡʥʝ 

ʛʝʦʤʝʪʨʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʫ ʩʧʨʷʤʫʚʘʥʥʷʭ. ʗʢʱʦ ʫ ʪʦʯʢʦʚʦʤʫ ɹʅ-

ʯʠʩʣʝʥʥʽ ʧʨʦʮʝʩ ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʘʻʪʴʩ ̫ʚʽʜ ʧʨʦʩʪʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʪʨʴʦʭ ʪʦʯʦʢ 

ʜʦ ʫʪʚʦʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʙʘʟʠʩʫ ʤʦʜʝʣʴʦʚʘʥʦʛʦ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʦʙôʻʢʪʫ, ʪʦ 

ʫ ʢʦʤʧʦʟʠʮʽʡʥʦʤʫ ʛʝʦʤʝʪʨʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʧʨʦʮʝʩ ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʘʻʪʴʩʷ 

ʚʽʜ ʩʪʚʦʨʝʥʥʷ, ʥʘ ʩʦʥʦʚʽ ɼʇʂ, ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʙʘʟʠʩʫ ʪʦʯʢʦʚʦʛʦ ʧʦʣʽʥʦʤʫ, ̫ ʢʠʡ 

ʧʦʪʽʤ ʧʨʠʚʦʜʠʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ɦ ʦʜʦ ʚʠʤʦʛ ʧʨʦʩʪʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʪʨʴʦʭ ʪʦʯʦʢ. 

ʉʢʣʘʜʦʚʠʤʠ ʪʦʯʢʦʚʠʭ ʧʦʣʽʥʦʤʽʚ  ̒ʜʦʙʫʪʢʠ ʢʦʞʥʦʾ ʟ ʙʘʟʠʩʥʠʭ ʪʦʯʦʢ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʫ ʬʫʥʢʮʽʶ, ̫ ʢʫ ʫʪʚʦʨʝʥʦ ʩʘʤʝ ʜʣʷ ʮʽʻʾ ʙʘʟʠʩʥʦʾ ʪʦʯʢʠ. ʧʨʠ ʮʴʦʤʫ, 

ʜʦʙʫʪʢʠ ʙʘʟʠʩʥʠʭ ʪʦʯʦʢ ʥʘ ʚʽʜʧʦʚʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʽ ʬʫʥʢʮʽʾ ʫ ʪʦʯʢʦʚʦʤʫ 

ʧʦʣʽʥʦʤʽ ʥʽʢʦʣʠ ʥʝ ʧʦʻʜʥʫʶʪʴʩʷ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʙʫʜʴ-ʷʢʠʭ ʦʧʝʨʘʮʽʡ ʟ ʮʠʤ 

ʪʦʯʢʦʚʠʤ ʧʦʣʽʥʦʤʦʤ, ʘ ʟʘʚʞʜʠ ʣʠʰʘʶʪʴʩʷ ʡʦʛʦ ʦʢʨʝʤʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. ʏʝʨʝʟ ʮʝ 

ʬʦʨʤʫ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙôʻʢʪʽʚ (ʣʽʥʽʾ, ʧʦʚʝʨʭʥʽ, ʛʝʦʤʝʪʨʠʯʥʽ ʪʽʣʘ) 

ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ, ʨʫʭʘʶʯʠ ʡʦʛʦ ʙʘʟʠʩʥʽ ʪʦʯʢʠ, ʥʝ ʯʽʧʘʶʯʠ, ʧʨʠ ʮʴʦʤʫ, 

ʧʘʨʘʤʝʪʨʠʯʥʽʡ ʙʘʟʠʩ ʪʦʯʢʦʚʦʛʦ ʧʦʣʽʥʦʤʫ, ʟʘ ʜʦʧʦʤʦʛʠ ̫ ʢʦʛʦ ʮʝʡ ʦʙôʻʢʪ ʦʧʠʩʘʥʦ. 

ʂʽʣʴʢʽʩʪʴ ʙʘʟʠʩʥʠʭ ʪʦʯʦʢ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʢʦʤʧʦʟʠʮʽʡʥʦ ʽʥʪʝʨʧʦʣʴʦʚʘʥʽ 

ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʥʠʤ ʯʠ ʪʦ ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʠʤ, ʯʠ ʪʦ ʪʨʠʧʘʨʘʤʝʪʨʠʯʥʠʤ 

ʪʦʯʢʦʚʠʤ ʧʦʣʽʥʦʤʦʤ, ʪʝʦʨʝʪʠʯʥʦ  ̒ʥʝʦʙʤʝʞʝʥʦʶ. ɼʦ ʪʦʛʦ ʞ, ʫ ʢʦʤʧʦʟʠʮʽʡʥʦʤʫ 

ʛʝʦʤʝʪʨʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ ʪʦʯʢʦʚʦʛʦ ɹʅ-ʯʠʩʣʝʥʥʷ, 
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ʱʦ ʜʦʟʚʦʣʷʻ ʢʦʤʧʦʟʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ ʪʘʢʦʞ ʦʮʠʬʨʦʚʫʚʘʪʠ ʢʨʝʩʣʝʥʠʢʠ. ʂʨʽʤ 

ʪʦʛʦ, ʫ ʢʦʤʧʦʟʠʮʽʡʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʪʘʢʦʞ ʥʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ 

ʘʥʘʣʽʪʠʯʥʦʾ ʛʝʦʤʝʪʨʽʾ. 

ʆʪʞʝ, ʛʦʣʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʛʝʦʤʝʪʨʽʾ  ̒ ʤʦʞʣʠʚʽʩʪʴ 

ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ ʙʘʟ ʜʘʥʠʭ ʪʘ ʦʮʠʬʨʦʚʫʚʘʥʥʷ ʢʨʝʩʣʝʥʠʢʽʚ, ʱʦ ʨʦʟʚôʷʟʫʶʪʴ 

ʟʘʜʘʯʽ ʥʘ ʮʠʭ ʚʝʣʠʢʠʭ ʙʘʟʘʭ. 

ʊʦʯʢʦʚʽ ʧʦʣʽʥʦʤʠ, ʱʦ  ̒ʢʦʤʧʦʟʠʮʽʡʥʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʦʙôʻʢʪʘʤʠ, ʜʣʷ 

ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʪʨʝʙʫʶʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ. 

ɼʣʷ ʧʨʠʢʣʘʜʫ, ʨʦʟʛʣʷʥʝʤʦ ʪʦʯʢʦʚʠʡ ʧʦʣʽʥʦʤ ʪʨʝʪʴʦʛʦ ʩʪʝʧʝʥʷ, ʷʢʠʡ 

ʽʥʪʝʨʧʦʣʶʻ ʯʦʪʠʨʠ ʪʦʯʢʠ ʽ, ʷʢʠʡ  ̒ʢʦʤʧʦʟʠʮʽʡʥʦʶ ʢʨʠʚʦʶ: 
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AM

---

---
+

---

---
+

+
---

---
+

---

---
=

 

ʊʫʪ ʚʠʨʘʟʠ ʙʽʣʷ ʙʘʟʠʩʥʠʭ ʪʦʯʦʢ ɸ̔, 4,1=̔ ,  ̒ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʤʠ 

ʬʫʥʢʮʽʷʤʠ, ʪʦʙʪʦ ʮ ̫ʢʨʠʚʘ  ̒ʢʦʤʧʦʟʠʮʽʡʥʦʶ. 

ʇʝʨʰʘ ʧʦʭʽʜʥʘ ʮʽʻʾ ʢʨʠʚʦʾ ʤʘʪʠʤʝ ʚʠʛʣʷʜ: 

( )( )[ ] ( )[
( )] ( )( )[ ]

( )( )[ ],23

23

2323

323121321

2

44

424121421

2

33434131

431

2

22434232432

2

113

tttttttttttA

tttttttttttAtttttt

tttttAtttttttttttAM
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-+++-+++-+++-=¡

l

l
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ʜʝ 
( ) ( ) 4324342321432

2

1

3

1

1

1

ttttttttttttttt +++-+++-
=l ;

( ) ( ) 4314341312431

2

2

3

2

2

1

ttttttttttttttt +++-+++-
=l ;

( ) ( ) 4214241213421

2

3

3

3

3

1

ttttttttttttttt +++-+++-
=l ; 

( ) ( ) 3213231214321

2

4

3

4

4

1

ttttttttttttttt +++-+++-
=l . 

ʈʦʟʛʣʷʥʝʤʦ ʧʦʤʥʦʞʫʚʘʯʽ ʙʽʣʷ ʪʦʯʦʢ ɸ̔, 4,1=̔ , ʧʽʜʩʪʘʚʠʚʰʠ ʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʽtt= , 4,1=̔ , ʜʽʩʪʘʥʝʤʦ ʚʠʨʘʟʠ: 

() ( )( )[ ]123 4342324321

2

1111 ¸++-+++-= ttttttttttttp l ; 

() ( )( )[ ]123 4341314312

2

2222 ¸++-+++-= ttttttttttttp l ; 

() ( )( )[ ]123 4241214213

2

3333 ¸++-+++-= ttttttttttttp l ; 

() ( )( )[ ]123 3231213214

2

4444 ¸++-+++-= ttttttttttttp l . 

ʆʪʞʝ, ʯʝʨʝʟ ʪʝ, ʱʦ () 111 ¸tp ; ()122 ¸tp ; ()133 ¸tp ; ()144 ¸tp  ʫʩʽ ʚʽʜʧʦʚʽʜʥʽ 

ʚʠʨʘʟʠ ()tp1 , ()tp2 , ()tp3 , ()tp4  ʥʝ  ̒ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʤʠ ʬʫʥʢʮʽʷʤʠ, ʘ ʧʦʭʽʜʥʘ 

() () () ()tpAtpAtpAtpAM 443322113 +++=¡  ʥʝ  ̒ ʢʦʤʧʦʟʠʮʽʡʥʦʶ ʢʨʠʚʦʶ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʧʦʭʽʜʥʘ 3M¡ ʚʪʨʘʯʘʻ ʧʝʨʝʚʘʛʠ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʢʨʠʚʠʭ  ̔ ʥʝ ʤʦʞʝ 
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ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʫ ʢʦʤʧʦʟʠʮʽʡʥʦʤʫ ʛʝʦʤʝʪʨʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ. ʈʦʙʠʤʦ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʜʣʷ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ 

ʨʦʟʨʦʙʣʷʪʠ ʤʝʪʦʜ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ, ʟʘ ʷʢʦʛʦ ʧʦʭʽʜʥʘ ʪʦʯʢʦʚʦʛʦ ʧʦʣʽʥʦʤʫ 

ʟʘʣʠʰʘʣʘʩʷ ʙʠ ʢʦʤʧʦʟʠʮʽʡʥʦʶ ʢʨʠʚʦʶ. 

ʈʦʟʛʣʷʥʝʤʦ ʪʦʡ ʞʝ ʪʦʯʢʦʚʠʡ ʧʦʣʽʥʦʤ 3M , ʱʦ  ̒ʢʦʤʧʦʟʠʮʽʡʥʦʶ ʢʨʠʚʦʶ. 

ɿʥʘʡʜʝʤʦ ʡʦʛʦ ʽʥʪʝʛʨʘʣ: 
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ʈʦʟʛʣʷʥʝʤʦ ʧʦʤʥʦʞʫʚʘʯʽ ʙʽʣʷ ʙʘʟʠʩʥʠʭ ʪʦʯʦʢ ɸ̔, 4,1=̔ , ʧʽʜʩʪʘʚʠʚʰʠ ʚ 

ʥʠʭ ʚʽʜʧʦʚʽʜʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ  ʽtt= , 4,1=̔ , ʜʽʩʪʘʥʝʤʦ ʚʠʨʘʟʠ: 
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ʏʝʨʝʟ ʪʝ, ʱʦ ()111 ¸tq ; () 122 ¸tq ; ()133 ¸tq ; () 144 ¸tq  ʫʩʽ ʚʽʜʧʦʚʽʜʥʽ ʚʠʨʘʟʠ 

()tq1 , ()tq2 , ()tq3 , ()tq4  ʥʝ  ̒ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʤʠ ʬʫʥʢʮʽʷʤʠ, ʘ ʧʝʨʚʽʩʥʘ 

() () () ()CtqAtqAtqAtqAM ++++= 443322114  ʥʝ  ̒ʢʦʤʧʦʟʠʮʽʡʥʦʶ ʢʨʠʚʦʶ. ʆʪʞʝ, 

ʧʝʨʚʽʩʥʘ 4M  ʚʪʨʘʯʘʻ ʧʝʨʝʚʘʛʠ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʢʨʠʚʠʭ  ̔ ʪʦʤʫ ʥʝ ʤʦʞʝ ʙʫʪʠ 

ʟʘʩʪʦʩʦʚʘʥʦʶ ʫ ʢʦʤʧʦʟʠʮʽʡʥʦʤʫ ʛʝʦʤʝʪʨʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ. ɯʟ ʩʢʘʟʘʥʦʛʦ 

ʚʠʧʣʠʚʘʻ, ʱʦ ʜʣʷ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ 

ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ̔ ʥʪʝʛʨʫʚʘʥʥʷ, ʟʘ ̫ ʢʦʛʦ ʧʝʨʚʽʩʥʘ ʪʦʯʢʦʚʦʛʦ ʧʦʣʽʥʦʤʫ ʟʘʣʠʰʘʣʘʩʴ 

ʙʠ ʢʦʤʧʦʟʠʮʽʡʥʦʶ ʢʨʠʚʦʶ. 

ɼʦʩʣʽʜʞʝʥʥʷʤ  ̔ ʨʦʟʨʦʙʢʦʶ ʮʠʭ ʧʠʪʘʥʴ ʪʘ ʽʥʰʠʭ ʱʦʜʦ ʢʦʤʧʦʟʠʮʽʡʥʦʾ 

ʛʝʦʤʝʪʨʽʾ ʧʣʘʥʫʶ ʫ ʧʦʜʘʣʴʰʦʤʫ ʟʘʡʤʘʪʠʩʷ ʟʽ ʩʚʦʾʤʠ ʫʯʥʷʤʠ-ʧʦʩʣʽʜʦʚʥʠʢʘʤʠ 

ʇʘʚʣʝʥʢʦʤ ʆ.ʄ., ʃʠʩʝʥʢʦ ʂ.ʖ. ʪʘ ʄʫʨʪʘʟʽʻʚʠʤ ɽ.ɻ. 
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ʋɼʂ 637.115.03 

 

ʇɯɼɺʀʑɽʅʅʗ ɽʂʉʇʃʋɸʊɸʎɯʁʅʀʍ ʇɸʈɸʄɽʊʈɯɺ ɼɯʁʂʆɺʆɰ ɻʋʄʀ 

ɼʃʗ ɼʆɰʅʅʗ ʂɯɿ 

 

ɿʘʙʦʣʦʪʴʢʦ ʆ. ʆ., ʊʨʝʤʙʦʚʝʮʴʢʘ ɯ. ɸ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ  ̔ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʗʢ ʚʽʜʦʤʦ, ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚʟʘʻʤʦʜʽʾ ʣʘʥʦʢ ʙʽʦʪʝʭʥʽʯʥʦʛʦ 

ʤʝʭʘʥʽʟʤʫ çʣʶʜʠʥʘ-ʤʘʰʠʥʘ-ʪʚʘʨʠʥʘ-ʢʦʤʬʦʨʪè, ʧʦʢʣʘʜʝʥʦ ʚ ʦʩʥʦʚʫ ʨʦʟʨʘʭʫʥʢʫ 

ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ  ̔ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ 

ʨʝʞʠʤʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʾʣʴʥʦʾ ʪʝʭʥʽʢʠ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ [1,11,18], ʪʘ 

ʟʙʝʨʝʞʝʥʥʷ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʉʫʯʘʩʥʽ ʧʨʦʤʠʩʣʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʤʦʣʦʢʘ, ʦʜʥʘ ʟ ʦʩʥʦʚʥʠʭ 

ʧʨʦʙʣʝʤ ʚʟʘʻʤʦʜʽʾ ʦʨʛʘʥʽʟʤʫ ʪʚʘʨʠʥ (ʜʽʡʢʠ) ʽʟ çʤʘʰʠʥʦʶè (ʜʦʾʣʴʥʠʡ ʘʧʘʨʘʪ) ʪʘ 

ʣʶʜʠʥʦʶ (ʦʧʝʨʘʪʦʨ ʟ ʤʘʰʠʥʥʦʛʦ ʜʦʾʥʥʷ). ʆʜʥʠʤ ʽʟ ʛʦʣʦʚʥʠʭ ʪʘ ʚʘʞʣʠʚʠʭ 

ʯʠʥʥʠʢʽʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʦʣʦʯʥʦʛʦ ʪʚʘʨʠʥʥʠʮʪʚʘ ʻ: 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ, ʧʽʜʚʠʱʝʥʥʷ ʟʙʝʨʝʞʝʥʦʩʪʽ  ̔ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʢʽʟ ʪʘ 

ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʤʦʣʦʯʥʦʾ ʧʨʦʜʫʢʮʽʾ.  

ʇʨʠ ʤʘʰʠʥʥʦʤʫ ʜʦʾʥʥʽ ʪʚʘʨʠʥ ʽʩʥʫʻ ʟʥʘʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʟʙʽʣʴʰʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʚʠʚʝʜʝʥʥʷ ʤʦʣʦʢʘ ʟ ʚʠʤʝʥʽ ʪʚʘʨʠʥ.  

ɼʣʷ ʜʦʾʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʫʯʘʩʥʽ ʜʦʾʣʴʥʽ ʤʘʰʠʥʠ. ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ  

ʢʦʞʥʦʛʦ ʜʦʾʣʴʥʦʛʦ ʘʧʘʨʘʪʫ  ̒ʡʦʛʦ ʧʽʜʚʽʩʥʘ ʯʘʩʪʠʥʘ (ʜʠʚ. ʨʠʩʫʥʦʢ 1). 

ʘ    ʙ 
ʈʠʩ. 1. ɿʘʛʘʣʴʥʠʡ ʚʠʜ ʧʽʜʚʽʩʥʦʾ ʯʘʩʪʠʥʠ ʜʦʾʣʴʥʦʛʦ ʘʧʘʨʘʪʫ (ʘ) ʪʘ ʜʽʡʢʦʚʘ ʛʫʤʘ 

(ʙ): ʨʦʟʧʦʜʽʣʴʥʠʢ; 2 ï ʚʘʢʫʫʤʥʘ/ʘʪʤʦʩʬʝʨʥʘ ʪʨʫʙʢʘ; 3 ï ʜʽʡʢʦʚʘ ʛʫʤʘ;   

4 ï ʜʽʡʢʦʚʠʡ ʩʪʘʢʘʥ; 5 ï ʟôʻʜʥʫʚʘʯ; 6 ï ʤʦʣʦʢʦʚʘʢʫʤʥʠʡ ʰʣʘʥʛ; 7- ʟʙʽʨʥʠʢ 

ʤʦʣʦʢʘ; 8 - ʢʨʘʥ 
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ɼʽʡʢʦʚʘ ʛʫʤʘ ʜʣʷ ʜʦʾʥʥʷ ʢʽʟ (ʚʠʨʦʙʥʠʢʠ: DaMilk, Kurtsan, Melasty DYKC 2 

- PS) ʙʫʚʘʻ ʫ ʜʚʦʭ ʚʠʜʘʭ: ʩʠʣʽʢʦʥʦʚʘ ʪʘ ʛʫʤʦʚʘ (ʢʘʫʯʫʢ). ɻʫʤʦʚʘ ʜʝʰʝʚʰʘ ʚ 4 

ʨʘʟʠ, ʪʝʨʤʽʥ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʣʷ 6 ʤʽʩʷʮʽʚ, ʩʠʣʽʢʦʥʦʚʘ ʤʘʻ ʙʽʣʴʰ ʢʦʤʬʦʨʪʥʠʡ 

ʚʧʣʠʚ ʥʘ ʜʽʡʢʫ (ʥʘ ʜʦʪʠʢ), ʪʝʨʤʽʥ ʥʘʧʨʘʮʶʚʘʥʴ ʚʽʜ 1 ʨʦʢʫ ʜʦ 2-ʭ. ɻʫʤʦʚʘ 

ʚʚʘʞʘʻʪʴʩʷ ʛʨʫʙʽʰʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʤʦʞʝ ʧʦʰʢʦʜʠʪʠ ʤ'ʷʢʽ ʪʢʘʥʠʥʠ ʪʚʘʨʠʥʠ. ɼʣʷ 

ʢʽʟ ʚʽʥ ʤʦʞʝ ʩʪʚʦʨʶʚʘʪʠ ʜʠʩʢʦʤʬʦʨʪ, ʪʦʤʫ ʪʝʭʥʦʣʦʛʠ ʨʘʜʷʪʴ ʜʣʷ ʜʦʾʥʥʷ ʣʠʰʝ 

ʩʠʣʽʢʦʥʦʚʫ ʜʽʡʢʦʚʫ ʛʫʤʫ, ʷʢʘ ʢʨʽʤ ʪʦʛʦ, ʟʘʙʝʟʧʝʯʫʻ ʤʦʣʦʢʫ ʞʦʜʥʦʛʦ ʧʨʠʩʤʘʢʫ ʪʘ 

ʟʘʧʘʭʫ [2-5]. 

ɼʣʷ ʜʦʾʥʥʷ ʜʨʽʙʥʦʾ ʨʦʛʘʪʦʾ ʭʫʜʦʙʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʦʣʦʯʥʫ ʣʽʥʽʶ ʟ 

ʙʝʟʢʦʣʝʢʪʦʨʥʦʶ ʩʠʩʪʝʤʦʶ. ʄʦʣʦʢʦ ʥʝ ʟʙʠʨʘʻʪʴʩʷ ʟ ʜʦʾʣʴʥʠʭ ʩʪʘʢʘʥʽʚ ʫ ʟʙʽʨʥʠʢʫ-

ʧʨʠʡʤʘʯʽ, ʱʦʙ ʧʦʪʽʤ ʧʦʧʨʷʤʫʚʘʪʠ ʜʦ ʤʦʣʦʯʥʦʛʦ ʙʽʜʦʥʫ. ʊʫʪ ʤʦʣʦʢʦ ʧʨʷʤʫʻ - 

ʜʦʾʣʴʥʽ ʩʪʘʢʘʥʠ, ʤʦʣʦʯʥʘ ʪʨʫʙʢʘ, ʟʙʽʨʥʠʢ, ʤʦʣʦʯʥʠʡ ʰʣʘʥʛ, ʤʦʣʦʯʥʠʡ ʙʽʜʦʥ. 

ɼʽʡʢʦʚʘ ʛʫʤʘ ʜʣʷ ʢʽʟ (ʜʠʚ. ʨʠʩʫʥʦʢ  - ʙ) ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʛʫʤʠ ʜʣʷ ʜʦʾʥʥʷ 

ʢʦʨʽʚ. ɼʦʚʞʠʥʘ ʛʫʤʠ - 125 ʤʤ, ʜʽʘʤʝʪʨ ʧʽʜ ʜʽʡʢʫ - 17 ʤʤ. ɿʘʛʘʣʴʥʘ ʜʦʚʞʠʥʘ 

ʚʠʨʦʙʫ - 19 ʩʤ. ʉʠʣʽʢʦʥʦʚʘ ʜʽʡʢʦʚʘʘ ʛʫʤʘ ʬʽʢʩʫʻʪʴʩʷ ʚ ʩʪʘʢʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʦʜʥʽʻʾ ʣʠʩʢʠ, ʪʘʢʠʤ ʯʠʥʦʤ ʥʝʤʘʻ ʤʦʞʣʠʚʦʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ ʥʘʪʷʛʫ ʛʫʤʠ ʧʽʜ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ [4 ]. 

ɼʦʾʣʴʥʠʡ ʘʧʘʨʘʪ ʧʦʚʠʥʝʥ ʩʪʠʤʫʣʶʚʘʪʠ ʙʝʟʫʤʦʚʥʠʡ ʨʝʬʣʝʢʩ ʫ ʢʽʟ. ɼʽʡʢʦʚʘ 

ʛʫʤʘ ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʮʝʩ ʜʦʾʥʥʷ, ʪʘʢ ʷʢ ʚʦʥʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʢʦʥʪʘʢʪʫʻ ʟ 

ʚʠʤ'ʷʤ ʪʚʘʨʠʥʠ. ɺ ʧʨʦʮʝʩʽ ʜʦʾʥʥʷ ʜʽʡʢʦʚʘ ʛʫʤʘ ʤʘʻ ʟʥʘʯʥʽ ʚʧʣʠʚʠ: ʚʽʜʙʫʚʘʶʪʴʩʷ 

ʧʦʩʪʽʡʥʽ ʩʢʦʨʦʯʝʥʥʷ (ʩʪʠʩʢʫʚʘʥʥʷ/ʧʦʩʣʘʙʣʝʥʥʷ), ʚʧʣʠʚ ʤʦʣʦʢʘ ʪʘ  ʥʘʩʠʯʫʻʪʴʩʷ 

ʞʠʨʦʤ, ʚʧʣʠʚ ʭʽʤʽʯʥʠʭ ʟʘʩʦʙʽʚ ʧʽʜ ʯʘʩ ʩʘʥʽʪʘʨʥʦʾ ʦʙʨʦʙʢʠ ʧʽʜʚʽʩʥʦʾ ʯʘʩʪʠʥʠ 

ʘʧʘʨʘʪʫ ʚ ʢʽʥʮʽ ʜʦʾʥʥʷ, ʚʦʥʘ ʚʪʨʘʯʘʻ ʝʣʘʩʪʠʯʥʽʩʪʴ, ʨʦʟʪʷʛʫʻʪʴʩʷ, ʾʾ ʧʦʚʝʨʭʥʷ 

ʛʨʫʙʽʻ  ̔ʧʦʢʨʠʚʘʻʪʴʩʷ ʪʨʽʱʠʥʘʤʠ. ɺʩʝ ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪʠ ʾʾ ʚʣʘʩʪʠʚʦʩʪʝʡ  ̔

ʥʝʛʘʪʠʚʥʠʭ ʷʚʠʱ, ʱʦ ʚʠʷʚʣʷʻʪʴʩʷ ʚ ʟʥʠʞʝʥʥʽ ʾʾ ʤʘʩʘʞʥʦʛʦ ʜʽʾ, ʟʙʽʣʴʰʝʥʥʷ 

ʪʨʠʚʘʣʦʩʪʽ ʜʦʾʥʥʷ, ʥʘʢʦʧʠʯʝʥʥʷ ʤʦʣʦʯʥʦʛʦ ʞʠʨʫ  ̔ ʥʝʙʘʞʘʥʦʾ ʤʽʢʨʦʬʣʦʨʠ ʚ 

ʤʽʢʨʦʪʨʽʱʠʥʘʭ ʜʽʡʢʦʚʦʾ ʛʫʤʠ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʷʢʦʩʪʽ ʤʦʣʦʢʘ [15].  

ɼʣʷ ʟʥʠʞʝʥʥʷ ʮʠʭ ʥʝʛʘʪʠʚʥʠʭ ʷʚʠʱ, ʟʙʽʣʴʰʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ 

ʪʝʭʥʦʣʦʛʽʷ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʝʨʝʜʙʘʯʘʻ ʷʢʽʩʥʝ 

ʧʨʦʤʠʚʘʥʥʷ ʜʽʡʢʦʚʦʾ ʛʫʤʠ, ʧʽʜʙʽʨ ʛʫʤʠ ʧʦ ʞʦʨʩʪʢʦʩʪʽ ʜʦ ʧʽʜʚʽʩʥʦʾ ʯʘʩʪʠʥʠ 

ʜʦʾʣʴʥʦʛʦ ʘʧʘʨʘʪʫ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʝʚʥʦʛʦ ʾʾ ʥʘʪʷʛʫ ʚ ʜʦʾʣʴʥʦʤʫ ʩʪʘʢʘʥʽ  ̔

ʩʚʦʻʯʘʩʥʝ ʟʥʷʪʪʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ [6]. ɿ ʤʝʪʦʶ ʚʠʢʦʥʘʥʥʷ ʮʠʭ ʚʠʤʦʛ ʪʝʭʥʦʣʦʛʽʷ 

ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʽʡʢʦʚʦʾ ʛʫʤʠ ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʙʠʨʘʥʥʷ ʜʦʾʣʴʥʠʭ 

ʩʪʘʢʘʥʽʚ, ʜʝʬʝʢʪʦʚʢʫ ʜʽʡʢʦʚʦʾ ʛʫʤʠ, ʧʨʦʤʠʚʘʥʥʷ ʾʾ ʚ ʛʘʨʷʯʦʤʫ (60 - 65Áʉ) 

ʤʠʶʯʦʤʫ ʨʦʟʯʠʥʽ, ʢʦʤʧʣʝʢʪʫʚʘʥʥʷ ʛʫʤʠ ʟ ʦʜʥʘʢʦʚʦʶ ʞʦʨʩʪʢʽʩʪʶ ʜʦʾʣʴʥʽ 

ʘʧʘʨʘʪʠ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʜʥʘʢʦʚʦʛʦ ʥʘʪʷʛʫ ʾʾ ʚ ʜʦʾʣʴʥʠʭ ʩʪʘʢʘʥʘʭ ʢʦʞʥʦʛʦ 

ʜʦʾʣʴʥʦʛʦ ʘʧʘʨʘʪʫ, ʚʠʪʨʠʤʫʚʘʥʥʷ ʙʝʟ ʥʘʚʘʥʪʘʞʝʥʥʷ çʚʽʜʧʦʯʠʥʦʢ ʛʫʤʠè. ʎ ̔

ʦʧʝʨʘʮʽʾ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚʠʢʦʥʫʚʘʪʠ ɦ ʦʤʽʩʷʮʷ [9,10].  

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʟʦʦʪʝʭʥʽʯʥʠʤʠ ʚʠʤʦʛʘʤʠ ʚ ʧʽʜʚʽʩʥʽʡ ʯʘʩʪʠʥʽ ʜʦʾʣʴʥʦʛʦ 

ʘʧʘʨʘʪʘ ʚʩʷ ʜʽʡʢʦʚʘ ʛʫʤʘ ʧʦʚʠʥʥʘ ʤʘʪʠ ʦʜʥʘʢʦʚʫ ʞʦʨʩʪʢʽʩʪʴ. ʇʨʠ 

ʢʦʤʧʣʝʢʪʫʚʘʥʥʽ ʜʦʾʣʴʥʦʛʦ ʘʧʘʨʘʪʫ ʜʽʡʢʦʚʦʶ ʛʫʤʦʶ ʟ ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ 

ʞʦʨʩʪʢʦʩʪʽ ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʥʝʦʜʥʦʯʘʩʥʝ ʚʠʜʦʶʚʘʥʥʷ ʜʽʡʦʢ ʚʠʤʝʥʽ. ʏʠʤ ʚʠʱʝ 

ʧʨʫʞʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʫʤʠ, ʪʠʤ ʰʚʠʜʢʽʩʪʴ ʜʦʾʥʥʷ ʚʠʱʝ  ̔ʪʠʤ ʨʘʥʽʰʝ ʚʽʜʙʫʜʝʪʴʩʷ 

ʤʦʣʦʚʠʚʝʜʝʥʥʷ ʟ ʚʽʜʧʦʚʽʜʥʠʭ ʜʽʡʦʢ ʚʠʤʝʥʽ. ʇʦʢʠ ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʧʨʦʮʝʩ 
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ʤʦʣʦʢʦʚʠʚʝʜʝʥʥʷ ʟ ʽʥʦh ʾʜʽʡʢʠ ʚʠʤʝʥʽ, ʫ ʮʽʡ ʜʽʡʮʽ ʙʫʜʝ ʚʽʜʙʫʚʘʪʠʩʷ çʩʫʭʝè 

ʜʦʾʥʥʷ, ɦ ʦ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʟʘʭʚʦʨʶʚʘʥʥʷ ʚʠʤʝʥʽ ʥʘ ʤʘʩʪʠʪ, ʫʪʚʦʨʝʥʥʷ ʤʦʟʦʣʽʚ 

ʥʘ ʢʽʥʯʠʢʘʭ ʩʦʩʢʽʚ, ʷʢʽ ʟ ʯʘʩʦʤ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʛʠʧʝʨʢʝʨʘʪʦʟʘʤ  ̔ʘʪʨʦʬʽʾ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʴ. ʇʨʦʚʝʩʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʜʽʡʢʦʚʦʾ ʛʫʤʠ ʚ ʤʽʞ ʜʦʾʣʴʥʠʡ ʧʝʨʽʦʜ ʰʣʷʭʦʤ ʟʥʷʪʪʷ ʥʘʪʷʛʫ ʛʫʤʠ ʚ ʜʦʾʣʴʥʦʤʫ 

ʩʪʘʢʘʥʽ, ʪʦʙʪʦ ʨʦʟʚʘʥʪʘʞʝʥʥʷ - çʚʽʜʧʦʯʠʥʦʢ ʛʫʤʠè. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ʅʘ ʩʫʯʘʩʥʦʤʫ ʨʠʥʢʫ ʜʣʷ ʜʦʾʥʥʷ ʢʽʟ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʟʘ ʢʦʥʩʪʨʫʢʮʽʻʶ ʜʽʡʢʦʚʽ ʛʫʤʠ: ʮʠʣʽʥʜʨʠʯʥʦʶ ʬʦʨʤʠ ʟ ʦʜʥʦ 

ʩʪʫʧʝʥʝʚʠʤ ʾʾ ʥʘʪʷʛʦʤ ʚ ʜʦʾʣʴʥʦʤʫ ʩʪʘʢʘʥʽ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʨʝʛʣʘʤʝʥʪʦʚʘʥʝ 

ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʽʡʢʦʚʦʾ ʛʫʤʠ (ʨʘʟ ʚ 6 ʤʽʩʷʮʽʚ) [5].  

ʇʨʠ ʜʦʾʥʥʽ ʥʘʪʷʛʥʫʪʘ ʜʽʡʢʦʚʘ ʛʫʤʘ ʧʽʜ ʜʽʻʶ ʧʝʨʽʦʜʠʯʥʦʛʦ ʚʘʢʫʫʤʫ, ʱʦ 

ʚʠʥʠʢʘʻ ʚ ʜʦʾʣʴʥʦʤʫ ʩʪʘʢʘʥʽ, ʨʦʟʪʷʛʫʻʪʴʩʷ  ̔ʩʪʠʩʢʘʻʪʴʩʷ ʚʽʜ 1 ʜʦ 1,2 ʩ-1 ʨʘʟʽʚ ʥʘ 

ʭʚʠʣʠʥʫ ʧʨʦʪʷʛʦʤ 6...10 ʭʚ. ʦʜʥʦʛʦ ʜʦʾʥʥʷ ʢʦʟʠ (ʧʨʠ 2-ʭ ʨʘʟʦʚʦʤʫ ʜʦʾʥʥʽ 

ʧʨʦʪʷʛʦʤ ʜʥʷ). 

ɸʥʘʣʽʟ ʜʠʥʘʤʽʢʠ ʟʤʽʥʠ ʧʨʫʞʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ̔  ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʜʽʡʢʦʚʦʾ ʛʫʤʠ, ʚʞʝ ʧʽʩʣʷ 10 ʜʥʽʚ ʨʦʙʦʪʠ ʚʦʥʘ ʧʦʜʦʚʞʫʻʪʴʩʷ ʥʘ 2...3 ʤʤ, 

ʟʤʽʥʶʻʪʴʩʷ ʪʦʚʱʠʥʘ ʩʪʽʥʦʢ, ʧʦʛʽʨʰʫʶʪʴʩʷ ʧʨʫʞʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʪʠʩʢ ʟʤʠʢʘʥʥʷ 

ʟʤʽʥʶʻʪʴʩʷ ʥʘ 0,5...0,7 ʢʇʘ ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ, ʘ ʮʝ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ h ʚʠʜʢʽʩʪʴ 

 ̔ ʪʨʠʚʘʣʽʩʪʴ ʜʦʾʥʥʷ. ɺʢʘʟʘʥʽ ʟʤʽʥʠ ʤʦʞʫʪʴ  ̔ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʝʨʽʚʥʦʤʽʨʥʦ ʚ 

ʜʦʾʣʴʥʠʭ ʩʪʘʢʘʥʘʭ ʧʽʜʚʽʩʥʦʾ ʯʘʩʪʠʥʠ ʦʜʥʦʛʦ ʘʧʘʨʘʪʫ. ʊʦʤʫ, ʱʦʙ ʧʨʦʮʝʩ ʜʦʾʥʥʷ 

ʚʽʜʙʫʚʘʚʩʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʟʦʦʪʝʭʥʽʯʥʠʭ ʚʠʤʦʛ, ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʜʝʬʝʢʪʦʚʢʫ 

ʜʽʡʢʦʚʦʾ ʛʫʤʠ ʧʦ ʣʽʥʽʡʥʠʤ ʨʦʟʤʽʨʘʤ (ʚʠʜʦʚʞʝʥʥʶ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ) ʛʫʤʠ. 

ʇʨʦʮʝʩ ʧʨʦʪʷʛʫʚʘʥʥʷ ʜʽʡʢʦʚʦʾ ʛʫʤʠ ʧʝʨʝʜʙʘʯʝʥʠʡ ʨʝʛʣʘʤʝʥʪʦʤ ʪʝʭʥʽʯʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʦʾʣʴʥʠʭ ʘʧʘʨʘʪʽʚ  ̔ʢʦʥʩʪʨʫʢʮʽʻʶ ʜʽʡʢʦʚʦʾ ʛʫʤʠ, ʘʣʝ ʮ ̫ʦʧʝʨʘʮʽʷ 

ʧʨʦʚʦʜʠʪʴʩʷ ʩʪʨʠʙʢʦʧʦʜʽʙʥʦ (ʨʠʩ. 2, ʢʨʠʚʘ 1), ʨʽʟʢʦ ʟʤʽʥʶʶʯʠ ʥʘʪʷʛ  ̔ʧʨʫʞʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʜʽʡʢʦʚʦʡ ʛʫʤʠ, ɦ ʦ ʩʪʚʦʨʶʻ ʩʪʨʝʩʦʚʽ ʩʠʪʫʘʮʽʾ ʜʣʷ ʪʚʘʨʠʥ ̔  ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʧʦʨʫʰʝʥʥʷ ʩʪʝʨʝʦʪʠʧʫ ʜʦʾʥʥʷ ʪʘ ʟʥʠʞʝʥʥʷ ʤʦʣʦʢʦʚʽʜʜʘʯʽ ʪʚʘʨʠʥʠ. 

 
ʈʠʩ. 2. ɻʨʘʬʽʢ ʟʤʽʥʠ ʞʦʨʩʪʢʦʩʪʽ ʜʽʡʢʦʚʦʾ ʛʫʤʠ ʧʽʜ ʯʘʩ ʨʝʞʠʤʫ ʨʦʙʦʪʘ - 

çʚʽʜʧʦʯʠʥʦʢ ʛʫʤʠè: 1 ʽʩʥʫʶʯʘ; 2 ʧʨʦʧʦʥʦʚʘʥʘ. 

 

ʅʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʝ ʫʜʦʩʢʦʥʘʣʝʥʥʷ, ̫ ʢʝ ʜʦʟʚʦʣʷʻ ʨʦʟʚʘʥʪʘʞʫʚʘʪʠ ʜʽʡʢʦʚʫ 

ʛʫʤʫ. ʇʽʜ ʯʘʩ ʧʨʦʤʽʞʢʽʚ ʤʽʞ ʜʦʾʥʥʷʤʠ (ʦʜʠʥ ʨʘʟ ʥʘ ʤʽʩʷʮʴ ʧʨʦʪʷʛʦʤ 72-ʭ ʛʦʜʠʥ), 
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ʥʘʪʷʛ ʜʽʡʢʦʚʦʾ ʛʫʤʠ ʧʦʩʣʘʙʣʶʻʪʴʩʷ, ʪʘʢʠʤ ʯʠʥʦʤ ʥʘʩʪʫʧʘʻ ʧʝʨʽʦʜ ʜʣʷ ʜʽʡʢʦʚʦʾ 

ʛʫʤʠ çʚʽʜʧʦʯʠʥʦʢè. 

ʇʨʦʚʦʜʠʪʠ ʧʦʚʥʫ ʟʙʽʨʢʫ ̔  ʨʦʟʙʠʨʘʥʥʷ ʜʦʾʣʴʥʠʭ ʩʪʘʢʘʥʽʚ ʧʝʨʝʜ ̔  ʧʽʩʣʷ ʮʠʢʣʫ 

ʤʘʰʠʥʥʦʛʦ ʜʦʾʥʥʷ - ʮʝ ʜʦʚʛʠʡ  ̔ʪʨʫʜʦʤʽʩʪʢʝ ʟʘʥʷʪʪʷ, ʨʘʟʦʤ ʟ ʪʠʤ ʮ ̫ʜʦʜʘʪʢʦʚʘ 

ʦʧʝʨʘʮʽʷ ʜʦʟʚʦʣʠʪʴ ʟʥʘʯʥʦ ʟʙʽʣʴʰʠʪʠ ʨʝʩʫʨʩ ʜʽʡʢʦʚʦʾ ʛʫʤʠ (tʜʦʜ), ʟʘ ʨʘʭʫʥʦʢ 

ʙʽʣʴʰ ʧʦʚʽʣʴʥʦʛʦ ʟʥʠʞʝʥʥʷ ʾʾ ʞʦʨʩʪʢʦʩʪʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ ʧʨʦ ʨʦʟʨʦʙʢʫ ʪʘʢʦʛʦ ʧʨʠʩʪʦʩʫʚʘʥʥʷ, ʷʢʝ 

ʤʦʛʣʦ ʙ ʜʦʟʚʦʣʠʪʠ ʰʚʠʜʢʦ  ̔ ʙʝʟ ʦʩʦʙʣʠʚʠʭ ʚʠʪʨʘʪ ʢʦʥʪʨʫʣʶʚʘʪʠ ʥʘʪʷʛ ʪʘ 

ʧʝʨʝʚʦʜʠʪʠ ʜ̔ ʡʢʦʚʫ ʛʫʤʫ ʟ ʨʝʞʠʤʫ çʚʽʜʧʦʯʠʥʦʢ ʛʫʤʠè ʚ ʨʦʙʦʯʝ  ̔ʥʘʟʘʜ. ɼʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʦʨʤʘʣʴʥʦʾ ʨʦʙʦʪʠ ʜʦʾʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ʥʝʦʙʭʽʜʥʦ ʱʦʙ ʞʦʨʩʪʢʽʩʪʴ 

ʧʘʨʠ ʜʽʡʢʦʚʦʾ ʛʫʤʠ ʢʦʞʥʦʛʦ ʜʦʾʣʴʥʦʛʦ ʘʧʘʨʘʪʫ ʙʫʣʘ ʚ ʦʜʥʠʭ ʤʝʞʘʭ. 
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʆʩʪʘʥʥʽ ʜʦʩʷʛʥʝʥʥʷ ʥʘʫʢʠ  ̔ ʚʠʨʦʙʥʠʮʪʚʘ ʚʢʘʟʫʶʪʴ ʥʘ ʨʘʮʽʦʥʘʣʴʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʨʤʦʚʠʭ ʨʝʩʫʨʩʽʚ ʷʢ ʦʩʥʦʚʠ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʜʫʢʮʽʾ 

ʪʚʘʨʠʥʥʠʮʪʚʘ. 

ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʟʦʢʨʝʤʘ, ʛʘʣʫʟʽ  

ʪʚʘʨʠʥʥʠʮʪʚʘ ʚʠʤʘʛʘʻ ʥʝ ʪʽʣʴʢʠ ʟʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʫ, ʘ ʡ ʟʥʠʞʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ 

ʧʨʦʜʫʢʮʽʾ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʾʾ ʢʦʥʢʫʨʝʥʪʥʦʟʜʘʪʥʦʩʪʽ. ʆʩʥʦʚʥʠʤʠ ʫʤʦʚʘʤʠ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʴʦʛʦ, ʧʦʨʷʜ ʟ ʥʘʷʚʥʽʩʪʶ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʦʛʦ ʩʪʘʜʘ,  ̒ʟʤʽʮʥʝʥʥʷ 

ʢʦʨʤʦʚʦʾ ʙʘʟʠ. 
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ɺʽʜʦʤʦ, ʱʦ ʟʘʪʨʘʪʠ ʥʘ ʧʨʠʛʦʪʫʚʘʥʥʷ ʢʦʨʤʽʚ ʩʢʣʘʜʘʶʪʴ 50-60% ʚʽʜ 

ʟʘʛʘʣʴʥʦʾ ʪʨʫʜʦʤʽʩʪʢʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʜʫʢʮʽʾ ʪʚʘʨʠʥʥʠʮʪʚʘ, ʘ ʝʢʦʥʦʤʽʯʥʽ 

ʚʠʪʨʘʪʠ, ʧʦʚôʷʟʘʥʽ ʟ ʢʦʨʤʘʤʠ, ʩʪʘʥʦʚʣʷʪʴ ʙʣʠʟʴʢʦ 40-80 % ʾʾ ʩʦʙʽʚʘʨʪʦʩʪʽ. ʊʦʤʫ 

ʥʝʦʙʭʽʜʥʦ ʚ ʧʦʚʥʽʡ ʤʽʨʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʫʯʘʩʥʽ ʜʦʩʷʛʥʝʥʥʷ ʟ ʪʝʭʥʦʣʦʛʽʾ 

ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʧʨʠʛʦʪʫʚʘʥʥʷ ʢʦʨʤʽʚ  ̔ʛʦʜʽʚʣʽ ʪʚʘʨʠʥ, ʚʨʘʭʦʚʫʶʯʠ ʧʨʠ ʮʴʦʤʫ 

ʬʽʟʽʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʨʘʚʣʝʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʙʽʦʣʦʛʽʯʥʦʛʦ ʚʠʜʫ, ʚʽʢʦʚʠʭ, 

ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʪʘ ʧʨʦʜʫʢʪʠʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʚʘʨʠʥ. 

ʆʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʪʘʢʠʡ ʧʽʜʭʽʜ ʥʘʙʫʚʘʻ ʧʨʠ ʛʦʜʽʚʣʽ ʪʚʘʨʠʥ ʚʠʩʦʢʦʾ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚ ʪʝʭʥʦʣʦʛʽʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʽ ʪʝʨʤʽʥʠ. ɺʦʥʠ ʧʦʪʨʝʙʫʶʪʴ 

ʟʙʘʣʘʥʩʦʚʘʥʠʭ ʨʘʮʽʦʥʽʚ ʟ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʝʥʝʨʛʽʾ ʪʘ ʯʽʪʢʦ 

ʚʠʟʥʘʯʝʥʦʛʦ ʨʝʞʠʤʫ ʛʦʜʽʚʣʽ. ʇʦʚʥʦʮʽʥʥʘ ʟʙʘʣʘʥʩʦʚʘʥʘ ʛʦʜʽʚʣʷ, ʷʢʘ ʜʦʟʚʦʣʷʻ 

ʧʽʜʚʠʱʠʪʠ ʨʽʚʝʥʴ ʟʘʩʚʦʻʥʥʷ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʢʦʨʤʦʚʦʛʦ ʨʘʮʽʦʥʫ  ̔ʟʤʝʥʰʠʪʠ 

ʚʠʪʨʘʪʠ ʢʦʨʤʽʚ ʥʘ ʦʜʠʥʠʮʶ ʚʠʨʦʙʣʶʚʘʥʦʾ ʧʨʦʜʫʢʮʽʾ, ʨʝʘʣʽʟʫʻʪʴʩʷ ʰʣʷʭʦʤ 

ʧʨʠʛʦʪʫʚʘʥʥʷ ʧʦʚʥʦʨʘʮʽʦʥʥʠʭ ʢʦʨʤʦʚʠʭ ʩʫʤʽʰʦʢ [1]. 

ɼʦʤʽʥʫʶʯʝ ʧʦʩʪʘʣʦ ʧʠʪʘʥʥʷ ʧʨʦ ʨʦʟʨʦʙʢʫ ʤʝʭʘʥʽʟʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʧʨʠʛʦʪʫʚʘʥʥʷ ʢʦʨʤʦʩʫʤʽʰʦʢ ï ʧʦʚʥʦʮʽʥʥʠʭ ʢʦʨʤʦʚʠʭ ʩʫʤʽʰʦʢ ʜʣʷ ʪʚʘʨʠʥ ʚ 

ʫʤʦʚʘʭ ʬʝʨʤʝʨʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ çʙʣʝʥʜʽʚè (ʛʦʪʦʚʠʭ 

ʩʫʤʽʰʦʢ ʤʘʢʨʦ-ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ) ʜʣʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʛʨʫʧ ʚʠʛʦʪʦʚʣʝʥʠʭ ʥʘ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʘʙʦ ɹʄɺɼ (ʙʽʣʢʦʚʦ-ʤʽʥʝʨʘʣʴʥʠʭ-ʚʽʪʘʤʽʥʥʠʭ 

ʜʦʙʘʚʦʢ). 

ɺ ʋʢʨʘʾʥʽ ʜʦʩʣʽʜʞʝʥʥʶ ʦʢʨʝʤʠʭ  ʧʨʦʙʣʝʤ  ʛʦʜʽʚʣʽ  ʚʝʣʠʢʦʾ ʨʦʛʘʪʦʾ ʭʫʜʦʙʠ 

ʘʙʦ ʞ ʫʜʦʩʢʦʥʘʣʝʥʥʶ ʘʥʘʣʽʟʫ ʢʦʨʤʽʚ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ  ʨʘʮʽʦʥʽʚ  ʛʦʜʽʚʣʽ  ʧʨʠʩʚʷʪʠʣʠ 

ʩʚʦʾ ʧʨʘʮʽ ʙʘʛʘʪʦ ʚʯʝʥʠʭ, ʟʦʢʨʝʤʘ: ɹʦʛʜʘʥʦʚ ɻ.ʆ., ʂʫʣʠʢ ʄ.ʌ., ʇʝʪʨʠʯʝʥʢʦ ɺ.ʌ., 

ʎʶʧʢʦ ɺ.ɺ., ʇʦʜʦʙʻʜ ʃ.ɯ., ʉʚʻʞʻʥʮʦʚ ɸ.ɯ., ɯʙʘʪʫʣʣʽʥ ɯ.ɯ. ʇʨʦʪʝ ʚʩʽ ʜʦʩʷʛʥʝʥʥʷ 

ʚʽʪʯʠʟʥʷʥʦʾ ʥʘʫʢʠ ʧʦʪʨʝʙʫʶʪʴ ʨʝʪʝʣʴʥʦʛʦ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ, ʤʦʞʣʠʚʦʛʦ 

ʟʚʝʜʝʥʥʷ ʚ ʦʧʪʠʤʽʟʘʮʽʡʥʫ ʤʦʜʝʣʴ  ̔ʫʟʛʦʜʞʝʥʥʷ ʫ ʥʽʡ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʷʢʦʩʪʽ ʢʦʨʤʽʚ ʪʘ ʧʦʪʨʝʙ ʪʚʘʨʠʥ ʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʬʽʟʽʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ. 

ɸʥʘʣʽʟ ʧʫʙʣʽʢʘʮʽʡ, ʧʨʠʩʚʷʯʝʥʠʭ ʧʠʪʘʥʥʷʤ ʟʤʽʰʫʚʘʥʥʷ ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʧʦʢʘʟʫʻ ʚʩʶ ʩʢʣʘʜʥʽʩʪʴ ʮʴʦʛʦ ʤʝʭʘʥʽʯʥʦʛʦ ʧʨʦʮʝʩʫ.  

ɯʩʪʦʪʥʠʡ ʚʥʝʩʦʢ ʫ ʨʦʟʚʠʪʦʢ ʪʝʦʨʽʾ ̔  ʧʨʘʢʪʠʢʠ ʟʤʽʰʫʚʘʥʥʷ ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʚʥʝʩʣʠ: ʖ. ʄʘʢʘʨʦʚ, ʌ. ʉʪʨʝʥʢ, ɹ. ʂʦʥʦʥʦʚ, ɼ. ʉʘʚʢʝʚʠʯ, ɼ. ɼʦʤʘʱʝʥʢʦ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʮʝʩʫ 

ʟʤʽʰʫʚʘʥʥʷ ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʦʛʣʷʜʫ ʢʦʥʩʪʨʫʢʮʽʡ ʟʤʽʰʫʚʘʯʽʚ, ʢʨʠʪʠʯʥʦʛʦ 

ʘʥʘʣʽʟʫ ʾʭ ʧʝʨʝʚʘʛ ʪʘ ʥʝʜʦʣʽʢʽʚ ʩʣʽʜ ʚʚʘʞʘʪʠ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʩʧʦʩʦʙʠ 

ʟʤʽʰʫʚʘʥʥʷ ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ  ̔ ʢʦʥʩʪʨʫʢʮʽʾ ʟʤʽʰʫʚʘʯʽʚ ʥʝ ʚ ʧʦʚʥʽʡ ʤʽʨʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʫʯʘʩʥʠʤ ʟʦʦʪʝʭʥʽʯʥʠʤ  ʚʠʤʦʛʘʤ. ʆʩʥʦʚʥʠʤ  ʥʝʜʦʣʽʢʦʤ  ̔ ʩʥʫʶʯʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʟʤʽʰʫʚʘʯʽʚ  ̒ ʪʝ, ʱʦ ʟʤʽʰʫʶʪʴʩʷ ʢʦʤʧʦʥʝʥʪʠ, ʱʦ ʨʫʭʘʶʪʴʩʷ 

ʧʘʨʘʣʝʣʴʥʠʤʠ ʧʦʪʦʢʘʤʠ, ʧʽʜʜʘʶʪʴʩʷ ʨʽʚʥʦʟʥʘʯʥʦʤʫ ʚʧʣʠʚʫ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ, 

ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʭʘʦʪʠʯʥʠʡ ʧʝʨʝʨʦʟʧʦʜʽʣ ʯʘʩʪʦʢ ʤʽʞ ʧʦʪʦʢʘʤʠ, ʷʢʝ 

ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʟʘʜʘʥʦʾ ʦʜʥʦʨʽʜʥʦʩʪʽ ʩʫʤʽʰʽ [3]. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʴ,  ̒ʘʥʘʣʽʟ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʭʝʤ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʥʘʧʨʷʤʫ 

ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʤʙʽʢʦʨʤʽʚ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʨʠʛʦʪʦʚʣʝʥʠʭ ʚ ʬʝʨʤʝʨʩʴʢʦʤʫ 

ʛʦʩʧʦʜʘʨʩʪʚʽ ʩʫʤʽʰʦʢ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʽʢʨʦ- ʪʘ ʤʽʢʨʦʜʦʙʘʚʦʢ. ʆʙˇʨʫʥʪʫʚʘʪʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʰʠʥ ʨʽʟʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʥʮʝʥʪʨʦʚʘʥʠʭ 
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ʢʦʨʤʽʚ ʚ ʫʤʦʚʘʭ ʬʝʨʤʠ ʛʦʩʧʦʜʘʨʩʪʚʘ. ʇʨʦʚʝʩʪʠ ʦʮʽʥʢʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʪʝʭʥʽʢʦ-

ʝʢʦʥʦʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʠʥʠ ʢʦʤʙʽʢʦʨʤʦʚʠʭ ʘʛʨʝʛʘʪʽʚ.  

ʉʫʪʪʻʚʝ ʟʨʦʩʪʘʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʤʙʽʢʦʨʤʽʚ ʥʘ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʢʦʤʙʽʢʦʨʤʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʥʘ ʱʦ ʚʧʣʠʚʘʻ ʷʢ ʧʽʜʚʠʱʝʥʥʷ 

ʚʘʨʪʦʩʪʽ ʟʝʨʥʘ ʪʘ ʢʦʤʧʦʥʝʥʪʽʚ ʜʦʙʘʚʦʢ, ʪʘʢ  ̔ʟʥʘʯʥʽ ʚʠʪʨʘʪʠ ʥʘ ʧʝʨʝʚʝʟʝʥʥʷ 

ʩʠʨʦʚʠʥʠ ʽʟ ʛʦʩʧʦʜʘʨʩʪʚ ʪʘ ʟʚʦʨʦʪʥʫ ʜʦʩʪʘʚʢʫ ʛʦʪʦʚʠʭ ʢʦʤʙʽʢʦʨʤʦʚʠʭ ʩʫʤʽʰʦʢ.  

ɸʥʘʣʽʟ ʩʫʯʘʩʥʦʾ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʝʭʥʽʢʠ,  

ʩʚʽʜʯʘʪʴ, ʱʦ ʚ ʋʢʨʘʾʥʽ ʪʘ ʟʘʭʽʜʥʽʡ ɭʚʨʦʧʽ ʬʽʨʤʠ ʚʠʧʫʩʢʘʶʪʴ ʤʘʣʦʛʘʙʘʨʠʪʥʽ 

ʢʦʤʙʽʢʦʨʤʦʚʽ ʘʛʨʝʛʘʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʚʽʜ 50 ʜʦ 2500 ʢʛ/ʛʦʜ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʤʙʽʢʦʨʤʽʚ ʫ ʤʽʩʮʷʭ ʟ ʚʠʨʦʱʫʚʘʥʥʷ ʟʝʨʥʘ. ʊʘʢʽ ʘʛʨʝʛʘʪʠ ʤʦʞʥʘ 

ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʦʩʥʦʚʥʽ ʛʨʫʧʠ:  

1) ʩʪʘʮʽʦʥʘʨʥʽ ʢʦʤʙʽʢʦʨʤʦʚʽ ʘʛʨʝʛʘʪʠ ʟ ʧʨʠʚʦʜʦʤ ʚʽʜ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ; 

2) ʤʦʙʽʣʴʥʽ ʢʦʤʙʽʢʦʨʤʦʚʽ ʫʩʪʘʥʦʚʢʠ ʥʘ ʰʘʩʽ ʤʦʙʽʣʴʥʦʛʦ ʟʘʩʦʙʫ. 

ʂʦʤʙʽʢʦʨʤʦʚʽ ʫʩʪʘʥʦʚʢʠ ʮʝ ʚʠʩʦʢʦʨʝʥʪʘʙʝʣʴʥʝ, ʥʘʜʽʡʥʝ, ʢʦʤʙʽʥʦʚʘʥʝ, 

ʫʥʽʚʝʨʩʘʣʴʥʝ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʤʙʽʢʦʨʤʽʚ ʜʣʷ ɺʈʍ, 

ʩʚʠʥʝʡ, ʧʪʠʮʽ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʢʨʦ-  ̔ʤʽʢʨʦʜʦʙʘʚʦʢ.  

ʊʘʢʠʡ ʩʪʘʥ ʩʧʨʠʷʻ ʨʦʟʰʠʨʝʥʥʶ ʪʝʥʜʝʥʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʤʙʽʢʦʨʤʽʚ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʛʦʩʧʦʜʘʨʩʪʚʘʭ ʽʟ ʚʣʘʩʥʦʛʦ ʟʝʨʥʘ ʪʘ ʟʘʢʫʧʣʝʥʠʭ ʢʦʥʮʝʥʪʨʘʪʽʚ 

ʙʽʣʢʦʚʠʭ ʪʘ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ. ʇʨʠ ʮʴʦʤʫ ʚʘʨʪʽʩʪʴ ʢʦʤʙʽʢʦʨʤʽʚ, ʧʨʠ ʾʭ 

ʦʜʥʘʢʦʚʽʡ ʧʦʞʠʚʥʽʡ ʮʽʥʥʦʩʪʽ, ʦʙʭʦʜʠʪʴʩʷ ʥʘ 15-35% ʥʠʞʯʝ. 

ʌʝʨʤʩʴʢʽ ʢʦʤʙʽʢʦʨʤʦʚʽ ʘʛʨʝʛʘʪʠ ʚʠʧʫʱʝʥʽ ʧʨʦʤʠʩʣʦʚʽʩʪʶ ʋʢʨʘʾʥʠ ʥʘʙʫʣʠ 

ʰʠʨʦʢʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʚ ʛʦʩʧʦʜʘʨʩʪʚʘʭ. ɿôʷʚʣʷʶʪʴʩʷ ʥʦʚʽ ʢʦʥʩʪʨʫʢʮʽʾ 

ʢʦʤʙʽʢʦʨʤʦʚʠʭ ʘʛʨʝʛʘʪʽʚ, ʚ ʷʢʠʭ ʟʘʩʪʦʩʦʚʘʥʽ ʙʽʣʴʰ ʚʜʦʩʢʦʥʘʣʝʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʪʘ 

ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ ʷʢ ʟ ʧʨʦʮʝʩʽʚ ʟʘʙʦʨʫ ʩʠʨʦʚʠʥʠ ʪʘ ʾʾ ʧʦʜʨʽʙʥʝʥʥʷ, ʪʘʢ  ̔ʩʪʦʩʦʚʥʦ 

ʜʦʟʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ ʾʭ ʟʤʽʰʫʚʘʥʥʷ [1-3]. ɹʽʣʴʰʽʩʪʶ ʤʝʭʘʥʽʟʦʚʘʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʧʝʨʝʜʙʘʯʝʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʦʪʦʚʠʭ (ʟʘʢʫʧʣʝʥʠʭ) 

ʥʠʟʴʢʦʢʦʥʮʝʥʪʨʘʪʥʠʭ ʩʫʤʽʰʦʢ ʙʽʣʢʦʚʦ-ʚʽʪʘʤʽʥʥʦ-ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ (ɹɺʄɼ), 

ʘʣʝ ʚ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠʛʦʪʫʚʘʥʥ ̫ʩʧʨʦʱʝʥʠʭ ʩʫʤʽʰʦʢ ʜʦʙʘʚʦʢ ʥʘ 

ʤʽʩʮʽ ʟ ʥʘʩʪʫʧʥʠʤ ʚʚʝʜʝʥʥʷʤ ʾʭ ʜʦ ʟʝʨʥʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ɺʽʜʩʦʪʦʢ ɹɺʄɼ ʚ 

ʨʘʮʽʦʥʘʭ ʪʚʘʨʠʥ ʩʪʘʥʦʚʠʪʴ 10-20%. ɺʢʘʟʘʥʘ ʢʽʣʴʢʽʩʪʴ ʩʫʤʽʰʦʢ ɹɺʄɼ ʪʘ ʾʭ 

ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ̫ ʢʽ ʜʦʩʠʪʴ ʙʣʠʟʴʢʽ ʟʘ ʬʨʠʢʮʽʡʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʪʘ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʤ ʩʢʣʘʜʦʤ ʜʦ ʧʦʜʨʽʙʥʝʥʦʛʦ ʟʝʨʥʘ, ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ 

ʧʨʦʮʝʩʠ ʧʦ ʦʜʝʨʞʘʥʥʶ ʢʽʥʮʝʚʠʭ ʩʫʤʽʰʦʢ ʢʦʤʙʽʢʦʨʤʽʚ ʥʘ ʤʘʢʨʦʨʽʚʥʽ, 

ʟʘʩʪʦʩʦʚʫʶʯʠ ʦʜʥʦʩʪʘʜʽʡʥʝ ʟʤʽʰʫʚʘʥʥʷ ʚʩʽʭ ʢʦʤʧʦʥʝʥʪʽʚ ʨʘʟʦʤ. ʇʨʠ ʮʴʦʤʫ ʩʘʤ 

ʧʨʦʮʝʩ ʟʤʽʰʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʦʨʛʘʥʽʟʦʚʘʥʠʡ ʦʜʥʽʻʶ ʦʧʝʨʘʮʽʻʶ, ʘʙʦ ʧʦʩʣʽʜʦʚʥʠʤ 

ʧʨʦʚʝʜʝʥʥʷ ʜʝʢʽʣʴʢʦʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʢʦʤʙʽʥʦʚʘʥʠʭ ʦʧʝʨʘʮʽʡ (ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʫʧʫʪʥʴʦʛʦ ʟʤʽʰʫʚʘʥʥʷ ʧʨʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ ʤʘʩʠ, ʧʦʜʨʽʙʥʝʥʥʽ ʟʝʨʥʦʚʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʜʨʦʙʘʨʢʘʤʠ-ʟʤʽʰʫʚʘʯʘʤʠ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ 

ʟʤʽʰʫʚʘʯʽʚ ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ). 

ʇʨʦʙʣʝʤʘ ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʤʙʽʢʦʨʤʦʚʦʾ ʩʫʤʽʰʢʠ ʚ ʛʦʩʧʦʜʘʨʩʪʚʘʭ, ʷʢʘ ʤʘʻ 

ʥʘʡʚʠʱʫ ʧʦʪʝʥʮʽʡʥʫ ʢʦʨʤʦʚʫ ʮʽʥʥʽʩʪʴ, ʟʘʚʞʜʠ ʫʧʠʨʘʣʘʩʴ ʚ ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʦʜʝʨʞʘʥʦʛʦ ʧʨʦʜʫʢʪʫ ʦʙʫʤʦʚʣʝʥʦʤʫ ʩʪʘʥʜʘʨʪʦʤ ʨʘʮʽʦʥʫ ʜʣʷ ʧʝʚʥʦʾ ʚʽʢʦ-ʚʠʜʦʚʦʾ 

ʛʨʫʧʠ ʪʚʘʨʠʥ, ʪʘ ʟʜʘʪʥʽʩʪʴ ʜʦʩʷʛʪʠ ʥʝʦʙʭʽʜʥʦʾ ʦʜʥʦʨʽʜʥʦʩʪʽ ʩʫʤʽʰʢʠ. 

ʍʘʨʘʢʪʝʨʥʦʶ ʪʨʫʜʥʽʩʪʶ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʚʥʦʮʽʥʥʠʭ ʢʦʤʙʽʢʦʨʤʦʚʠʭ ʜʦʙʘʚʦʢ  ̒ʪʝ, 
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ʱʦ ʧʨʠ ʚʠʤʦʛʘʭ ʪʦʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʢʦʞʥʦʛʦ ʟ ʢʦʤʧʦʥʝʥʪʽʚ ʚ ʟʘʛʘʣʴʥʽʡ ʩʫʤʽʰʮʽ 

ʢʦʤʙʽʢʦʨʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʾ ʭ ʚʤʽʩʪʫ ʜʫʞʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ. ʊʘʢ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʟʝʨʥʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʯʠ ʙʽʣʢʦʚʦʾ ʜʦʙʘʚʢʠ ʥʘʷʚʥʽʩʪʴ ʤʽʥʝʨʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʰʘ, ʘ ʧʨʝʤʽʢʩʽʚ ʤʝʥʰʘ ʥʘ ʜʚʘ-ʪʨʠ ʧʦʨʷʜʢʠ. ʊʦʤʫ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʛʦʪʫʚʘʪʠ ʢʦʤʙʽʢʦʨʤ ʧʦʩʪʘʜʽʡʥʦ ʟ ʨʝʪʝʣʴʥʠʤ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ.  

ʆʜʥʠʤ ʟ ʪʘʢʠʭ ʨʽʰʝʥʴ ̒  ʧʦʜʘʥʘ ʥʘ ʨʠʩ. ʪʝʭʥʦʣʦʛʽʷ ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʤʙʽʢʦʨʤʫ 

ʟ ʧʨʠʛʦʪʫʚʘʥʥʷʤ ʧʦʚʥʦʮʽʥʥʦʾ ʩʫʤʽʰʢʠ ʙʽʣʢʦʚʦ-ʚʽʪʘʤʽʥʥʦ-ʤʽʥʝʨʘʣʴʥʦʾ ʜʦʙʘʚʢʠ. 

ʇʝʨʰʦʶ ʛʨʫʧʦʶ ʦʧʝʨʘʮʽʡ  ̒ ʧʽʜʛʦʪʦʚʢʘ ʟʝʨʥʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ɺʦʥʘ 

ʚʢʣʶʯʘʻ ʜʦʩʪʘʚʢʫ ʜʦ ʤʽʩʮʷ ʧʝʨʝʨʦʙʢʠ ʬʫʨʘʞʥʦʛʦ ʟʝʨʥʘ, ̫ ʢʝ ʤʦʞʝ ʨʦʟʤʽʱʫʚʘʪʠʩʴ 

ʥʘ ʟʝʨʥʦʩʢʣʘʜʽ, ʘʙʦ ʚ ʧʨʠʤʽʱʝʥʥʽ ʢʦʨʤʦʮʝʭʫ; ʦʙʣʽʢ, ʧʨʠʡʤʘʥʥʷ  ̔ʥʘʢʦʧʠʯʝʥʥʷ 

ʟʝʨʥʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ ʦʯʠʱʝʥʥʷ ʩʠʨʦʚʠʥʠ ʚʽʜ ʢʨʫʧʥʠʭ ʩʪʦʨʦʥʥʽʭ ʚʢʣʶʯʝʥʴ, 

ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʜʦʤʽʰʦʢ, ʧʽʩʢʫ. 

 

 
ʈʠʩ. 1. ʊʝʭʥʦʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʟʙʘʣʘʥʩʦʚʘʥʠʭ ʢʦʤʙʽʢʦʨʤʽʚ 

 

ʆʯʠʱʝʥʝ ʟʝʨʥʦ ʢʦʞʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ ʚ ʚʽʜʜʦʟʦʚʘʥʽʡ ʢʽʣʴʢʦʩʪʽ ʟʛʽʜʥʦ 

ʧʨʠʡʥʷʪʦʛʦ ʨʘʮʽʦʥʫ ʪʘ ʦʙʩʷʛʫ ʨʘʟʦʚʦʾ ʜʦʟʠ ʧʨʠʛʦʪʫʚʘʥʥʷ ʧʦʩʣʽʜʦʚʥʦ ʘʙʦ 

ʦʜʥʦʯʘʩʥʦ ʧʦʜʘʻʪʴʩʷ ʥʘ ʧʦʜʨʽʙʥʝʥʥʷ. ʇʨʠ ʦʜʥʦʯʘʩʥʽʡ ʚʠʜʘʯʽ ʟʝʨʥʦʚʠʭ 
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ʢʦʤʧʦʥʝʥʪʽʚ ʽʟ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʜʦ ʜʨʦʙʘʨʢʠ ʜʦʮʽʣʴʥʦ ʪʨʘʥʩʧʦʨʪʫʚʘʪʠ ʟʝʨʥʦʚʽ 

ʧʦʪʦʢʠ ʰʥʝʢʦʚʠʤ ʢʦʥʚʝʻʨʦʤ, ʷʢʠʡ ʦʜʥʦʯʘʩʥʦ ʤʦʞʝ ʪʘʢʦʞ ʜʦʟʤʽʰʫʚʘʪʠ ʟʝʨʥʦʚʽ 

ʢʦʤʧʦʥʝʥʪʠ. ʇʨʠ ʮʴʦʤʫ ̫ ʢ ʦʜʠʥ ʟ ʢʦʤʧʦʥʝʥʪʽʚ ʤʦʞʝ ʚ h ʥʝʢ ʧʦʜʘʚʘʪʠʩʴ ʩʫʤʽʰʢʘ 

ɹɺʄɼ, ɦ ʦ ʛʦʪʫʻʪʴʩʷ ʦʢʨʝʤʦʶ ʪʝʭʥʦʣʦʛʽʯʥʦʶ ʣʽʥʽʻʶ. ɻʨʫʙʦ ʟʤʽʰʘʥʽ ʢʦʤʧʦʥʝʥʪʠ 

ʩʠʨʦʚʠʥʠ ʰʥʝʢʦʤ ʚʠʜʘʶʪʴʩʷ ʚ ʟʝʨʥʦʚʫ ʜʨʦʙʘʨʢʫ. ʇʽʜ ʯʘʩ ʧʦʜʨʽʙʥʝʥʥʷ ʩʫʤʽʰʢʠ 

ʜʨʦʙʘʨʢʘ ʩʫʧʫʪʥʴʦ ʚʠʢʦʥʫʻ ʧʦʜʘʣʴʰʝ ʟʤʽʰʫʚʘʥʥʷ ʩʢʣʘʜʦʚʠʭ ʚ ʤʝʞʘʭ ʤʘʩʠ 

ʧʦʨʮʽʾ, ʷʢʘ ʦʜʥʦʯʘʩʥʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʢʘʤʝʨʽ ʧʦʜʨʽʙʥʝʥʥʷ. ɺ ʧʦʜʘʣʴʰʦʤʫ ʚʽʜ 

ʜʨʦʙʘʨʢʠ ʩʫʤʽʰʢʘ ʢʦʤʙʽʢʦʨʤʫ ʥʘʧʨʘʚʣʷʻʪʴʩʷ ʚ ʧʨʦʤʽʞʥʠʡ ʥʘʢʦʧʠʯʫʚʘʯ, ʟʚʽʜʢʠ 

ʤʦʞʝ ʚʠʜʘʚʘʪʠʩʴ ʚ ʥʝʦʙʭʽʜʥʽʡ ʢʽʣʴʢʦʩʪʽ ʜʣʷ ʛʦʜʽʚʣʽ ʪʚʘʨʠʥ.  

ɹʽʣʢʦʚʦ-ʚʽʪʘʤʽʥʥʦ-ʤʽʥʝʨʘʣʴʥʽ ʜʦʙʘʚʢʠ ʛʦʪʫʶʪʴʩʷ ʥʘ ʙʘʟʽ ʙʽʣʢʦʚʦʛʦ 

ʢʦʤʧʦʥʝʥʪʫ (ʚʠʩʽʚʢʠ. ʞʤʠʭ, h ʨʦʪʠ, ʩʦʷ, ʛʦʨʦʭ), ɦ ʦ ʧʦʩʪʘʚʣʷʻʪʴʩʷ ʚ h ʤʘʪʢʦʚʦʤʫ 

ʩʪʘʥʽ  ̔ʢʽʣʴʢʽʩʪʴ ʷʢʦʛʦ ʚ ʩʫʤʽʰʮʽ ɹɺʄɼ ʧʝʨʝʚʠʱʫʻ ʚʩʽ ʽʥʰʽ ʩʢʣʘʜʦʚʽ ï ʧʨʝʤʽʢʩʠ, 

ʚʽʪʘʤʽʥʠ ʪʘ ʤʽʥʝʨʘʣʴʥʽ ʢʦʨʤʠ. ɹʽʣʢʦʚʠʡ ʢʦʤʧʦʥʝʥʪ ʩʧʦʯʘʪʢʫ ʧʦʜʨʽʙʥʶʻʪʴʩʷ ʜʦ 

ʨʦʟʤʽʨʫ 1-3 ʤʤ, ʦʯʠʱʘʻʪʴʩʷ ʚʽʜ ʤʝʪʘʣʝʚʠʭ ʜʦʤʽʰʦʢ ̔  ʧʦʜʘʻʪʴʩʷ ʚ ʥʘʢʦʧʠʯʫʚʘʯ. ɺ 

ʤʽʨʫ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟ ʥʘʢʦʧʠʯʫʚʘʯʘ ʙʽʣʢʦʚʠʡ ʢʦʤʧʦʥʝʥʪ ʜʦʟʫʻʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ ʟʘ 

ʦʙôʻʤʦʤ, ̔  ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʜʦ ʤʽʩʪʢʦʩʪʽ ʧʨʠʛʦʪʫʚʘʥʥʷ ʩʫʤʽʰʢʠ ɹɺʄɼ. ɿʚʘʞʘʶʯʠ 

ʥʘ ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʙʽʣʢʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʫ ʚʽʥ ʧʦʜʘʻʪʴʩʷ ʚ ʢʘʤʝʨʫ ʟʤʽʰʫʚʘʯʘ 

ʧʝʨʰʠʤ. ʇʨʝʤʽʢʩʠ ʚʚʦʜʷʪʴʩʷ ʜʦ ʩʢʣʘʜʫ ʢʦʤʙʽʢʦʨʤʽʚ ʚ ʥʝʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ  ̔

ʧʦʪʨʝʙʫʶʪʴ ʨʝʪʝʣʴʥʦʛʦ ʟʤʽʰʫʚʘʥʥʷ ʚ ʟʘʛʘʣʴʥʽʡ ʤʘʩʽ ʢʦʤʙʽʢʦʨʤʫ. ʊʦʤʫ ʜʣʷ ʾʭ 

ʜʦʟʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʚʘʛʦʚʝ ʜʦʟʫʚʘʥʥʷ ʪʘ ʜʚʦʩʪʘʜʽʡʥʝ ʟʤʽʰʫʚʘʥʥʷ: 

ʩʧʦʯʘʪʢʫ ʚ ʦʙʩʷʛʫ ʩʫʢʫʧʥʦʩʪʽ ʚʩʽʭ ʧʨʝʤʽʢʩʽʚ, ʧʦʪʽʤ ʦʜʝʨʞʘʥʘ ʩʫʤʽʰʢʘ ʜʦʟʫʻʪʴʩʷ 

 ̔ʚ ʧʝʚʥʽʡ ʢʽʣʴʢʦʩʪʽ ʟʘ ʚʘʛʦʶ ʧʦʜʘʻʪʴʩʷ ʥʘ ʟʤʽʰʫʚʘʥʥʷ ʟ ʙʽʣʢʦʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ 

ʪʘ ʤʽʥʝʨʘʣʴʥʠʤʠ ʢʦʨʤʘʤʠ. ɼʣʷ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʪʘʢʦʞ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʚʘʛʦʚʝ ʜʦʟʫʚʘʥʥʷ. ʆʜʝʨʞʘʥʘ ʩʫʤʽʰʢʘ ɹɺʄɼ ʚʚʦʜʠʪʴʩʷ ʜʦ ʩʢʣʘʜʫ ʟʝʨʥʦʚʦʾ 

ʯʘʩʪʠʥʠ ʢʦʤʙʽʢʦʨʤʫ ʷʢ ʦʢʨʝʤʠʡ ʢʦʤʧʦʥʝʥʪ. 

ʆʪʞʝ, ʟʘ ʪʘʢʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʥʘ ʢʦʤʙʽʢʦʨʤʦʚʦʤʫ ʦʙʣʘʜʥʘʥʥʽ ʤʦʞʫʪʴ 

ʛʦʪʫʚʘʪʠʩʴ ʢʦʤʙʽʢʦʨʤʠ ʜʣʷ ʨʽʟʥʠʭ ʛʨʫʧ ʪʚʘʨʠʥ. ɺʠʢʦʨʠʩʪʘʥʥʷ ɹʄɺɼ ʜʦʙʘʚʦʢ 

(ʤʘʢʨʦ- ʪʘ ʤʽʢʨʦʜʦʙʘʚʦʢ) ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʦʨʤʦʩʫʤʽʰʢʠ ʟʙʘʣʘʥʩʦʚʘʥʠʤʠ 

ʢʦʤʙʽʢʦʨʤʘʤʠ ʜʣʷ ʛʦʜʽʚʣʽ ʪʚʘʨʠʥ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʛʨʫʧ ʟʘ ʩʫʯʘʩʥʠʤʠ 

ʪʝʭʥʦʣʦʛʽʷʤʠ. ʗʢʽʩʪʴ ʩʚʽʞʝʧʨʠʛʦʪʦʚʣʝʥʠʭ ʢʦʤʙʽʢʦʨʤʽʚ ʟʤʝʥʰʫʻ ʟʘʪʨʘʪʠ ʥʘ 

ʟʙʝʨʽʛʘʥʥʷ ʛʦʪʦʚʠʭ ʢʦʨʤʽʚ ʪʘ ʧʦʢʨʘʱʫʻ ʾʭ ʟʛʦʜʦʚʘʥʽʩʪʴ ʪʚʘʨʠʥʘʤ. 
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ʋɼʂ 514.18 

 

ɻɽʆʄɽʊʈʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ɼʀʉʂʈɽʊʅʆ ʇʈɽɼʉʊɸɺʃɽʅʀʍ 

ʂʈʀɺʀʍ ʃɯʅɯʁ ɼʆɺɯʃʔʅʆɰ ʂʆʅʌɯɻʋʈɸʎɯɰ 

 

ʉʧʽʨʽʥʮʝʚ ɼ.ɺ.  

ʄʝʣʽʪʦʧʦʣʴʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʧʝʜʘʛʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɹʦʛʜʘʥʘ 

ʍʤʝʣʴʥʠʮʴʢʦʛʦ 

ʄʝʣʽʪʦʧʦʣʴʩʴʢʘ ʰʢʦʣʘ ʧʨʠʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʽʾ ʽʤʝʥʽ ɺʦʣʦʜʠʤʠʨʘ ʅʘʡʜʠʰʘ  

 

ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʜʠʩʢʨʝʪʥʦʛʦ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ (ɼɻʄ) 

ʦʙʫʤʦʚʣʝʥʠʡ ʥʝʦʙʭʽʜʥʽʩʪʶ ʨʦʟʨʦʙʢʠ ʧʨʠʢʣʘʜʥʠʭ ʤʝʪʦʜʽʚ ɼɻʄ, ʷʢʽ ʤʘʶʪʴ ʧʨʦʩʪʽ 

ʛʝʦʤʝʪʨʠʯʥʽ ʤʦʜʝʣʽ ʡ ʨʦʟʨʘʭʫʥʢʦʚʽ ʘʣʛʦʨʠʪʤʠ, ʚʨʘʭʦʚʫʶʪʴ ʚʥʫʪʨʽʰʥʶ 

ʛʝʦʤʝʪʨʽʶ ʚʠʭʽʜʥʦʾ ɼʇʂ, ʜʦʟʚʦʣʷʶʪʴ ʢʝʨʫʚʘʪʠ ʬʦʨʤʦʶ ʟʛʫʱʝʥʦʾ ɼʇʂ ʪʘ 

ʟʜʽʡʩʥʶʚʘʪʠ ʾʾ ʣʦʢʘʣʴʥʫ ʢʦʨʝʢʮʽʶ, ʘ ʪʘʢʦʞ ʟʘʜʦʚʦʣʴʥʷʪʠ ʟʨʦʩʪʘʶʯʠʤ ʧʦʪʨʝʙʘʤ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ. ɺʽʜʦʤʽ ʤʝʪʦʜʠ ɼɻʄ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʧʦʚʥʽʩʪʶ 

ʚʠʨʽʰʠʪʠ ʚʩʽ ʮʽ ʧʠʪʘʥʥʷ ʫ ʨʘʤʢʘʭ ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʽʚ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʟʛʫʱʝʥʥʷ ʥʘ 

ʦʩʥʦʚʽ ʚʘʨʽʘʪʠʚʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʨʽʟʥʠʮʝʚʠʭ ʩʭʝʤ ʢʫʪʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ. ɹʫʣʘ 

ʨʦʟʨʦʙʣʝʥʘ ʥʦʚʘ ʚʘʨʽʘʪʠʚʥʘ ʩʭʝʤʘ ʟʛʫʱʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʢʫʪʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʘ 

ʩʧʨʘʚʝʜʣʠʚʘ ʜʣʷ ʙʫʜʴï̫ ʢʠʭ ʜʽʣʷʥʦʢ ʤʦʜʝʣʴʦʚʘʥʦʾ ɼʇʂ ʽ ʻ ʦʩʥʦʚʥʦʶ ʧʨʠ 

ʚʩʪʘʥʦʚʣʝʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʤʽʞ ʢʫʪʘʤʠ ʩʫʤʽʞʥʦʩʪʽ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʘʥʦʾ 

ʩʭʝʤʠ, ʦʩʥʦʚʘʥʦ ʾʥʘ ʢʫʪʦʚʠʭ ʧʘʨʘʤʝʪʨʘʭ ʦʪʨʠʤʫʻʤʦ ʛʨʘʬʽʯʥʽ ʤʦʜʝʣʽ, ʧʘʨʘʤʝʪʨʠ 

ʷʢʠʭ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʤʘʩʰʪʘʙʫ ʟʦʙʨʘʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʤʘʻʤʦ ʪʫ ʧʝʨʝʚʘʛʫ, ʱʦ 

ʤʥʦʛʦʟʥʘʯʥʽʩʪʴ ɼʇʂ ʚʽʜʥʦʩʥʦ ʦʩʽ ʆʭ, ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʮʝʩ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʜʘʥʦʾ ʩʭʝʤʠ ʟʛʫʱʝʥʥ̫  ʪʘʢʦʞ ʻ ʪʦ, ɦ ʦ ʚ ʧʨʦʮʝʩ ̔ʟʛʫʱʝʥʥ̫  ʧʦʣʦʞʝʥʥ̫  

ʪʦʯʦʢ ʟʛʫʱʝʥʥ̫  ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʦʢʨʦʢʦʚʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʦʞʥʦʾ ʟ ʜʽʣʷʥʦʢ ʚʠʭʽʜʥʦʾ ɼʇʂ. 

ʆʪʨʠʤʘʥʠʡ ʚ ʨʦʙʦʪʽ ʦʩʥʦʚʥʠʡ ʘʣʛʦʨʠʪʤ ʤʝʪʦʜʫ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ 

ʟʛʫʱʝʥʥʷ ɼʇʂ ʜʦʚʽʣʴʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ. ɼʣʷ ʨʽʰʝʥʥʷ ʨʷʜʫ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ ʟ 

ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʚ ʛʝʦʤʝʪʨʽʾ, ʪʘʢʠʭ ʷʢ ɼʇʂ ʟ ʧʝʨʝʭʽʜʥʠʤʠ ʪʘ ʧʨʷʤʦʣʽʥʽʡʥʠʤʠ 

ʜʽʣʷʥʢʘʤʠ, ʘ ʪʘʢʦʞ ɼʇʂ ʟ ʦʩʦʙʣʠʚʠʤʠ ʪʦʯʢʘʤʠ, ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʚʽʜʧʦʚʽʜʥʽ 

ʩʧʦʩʦʙʠ ʟʛʫʱʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʦʩʥʦʚʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ, ʽ ʷʢʽ ʻ 

ʡʦʛʦ ʣʦʛʽʯʥʠʤʠ ʜʦʧʦʚʥʝʥʥʷʤʠ. 

ʈʦʟʨʦʙʣʝʥʽ ʩʧʦʩʦʙʠ ʟʛʫʱʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʨʽʰʝʥʥʷ ʨʽʟʥʠʮʝʚʠʭ ʩʭʝʤ, ʱʦ 

ʦʪʨʠʤʫʶʪʴʩʷ ʰʣʷʭʦʤ ʥʘʢʣʘʜʝʥʥʷ ʧʝʚʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʤʽʞ ʢʫʪʘʤʠ ʩʫʤʽʞʥʦʩʪʽ, 

ʎʝ ʜʦʟʚʦʣʷʻ ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʫ ʦʪʨʠʤʘʪʠ ʚʝʣʠʢʫ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʨʽʰʝʥʴ, ʩʝʨʝʜ 

ʷʢʠʭ ʤʦʞʥʘ ʚʠʙʨʘʪʠ ʦʧʪʠʤʘʣʴʥʝ ʘʙʦ ʧʦʙʫʜʫʚʘʪʠ ʡʦʛʦ ʧʦ ʧʝʚʥʦʤʫ ʢʨʠʪʝʨʽʶ.  

ɿʥʘʯʝʥʥʷ ʜʣʷ ʧʨʘʢʪʠʢʠ ʧʦʣʷʛʘʻ ʚ ʧʽʜʚʠʱʝʥʥʽ ʚʘʨʘ̔ʪʠʚʥʦʩʪ ̔ ʨʽʰʝʥʥʷ, 

ʷʢʥʘʡʰʚʠʜʰʦʛʦ ʜʦʩʷʛʥʝʥʥʷ ʙʘʞʘʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʥʘ ʦʩʥʦʚʽ ʰʠʨʦʢʦʾ ʢʦʨʝʢʮʽʾ 

ʨʽʰʝʥʥʷ, ʟʘʜʦʚʦʣʝʥʥʷ ʚʝʣʠʢʦʤʫ ʯʠʩʣʫ ʧʦʯʘʪʢʦʚʠʭ ʚʠʤʦʛ, ʩʢʦʨʦʯʝʥʥʷ ʪʝʨʤʽʥʽʚ 

ʧʦʰʫʢʫ ʽ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ. ʎʝʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʚʝʩʪʠ 

ʮʽʣʝʩʧʨʷʤʦʚʘʥʠʡ ʧʦʰʫʢ ʚʘʨʽʘʥʪʫ ʟʛʫʱʫʚʘʥʥʷ ʽ ʡʦʛʦ ʦʧʪʠʤʽʟʘʮʽʾ. 
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ʈʝʟʫʣʴʪʘʪʠ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʎʝʥʪʨʽ ʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʠʭ ʽ ʜʦʩʣʽʜʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ ʨʦʙʽʪ ñʄʘʰʧʨʦʝʢʪò ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ 

ʥʦʚʠʭ ʣʦʧʘʪʥʠʭ ʘʧʘʨʘʪʽʚ ʦʩʴʦʚʠʭ ʢʦʤʧʨʝʩʦʨʽʚ ʧʦʪʫʞʥʠʭ ʛʘʟʦʪʫʨʙʽʥʥʠʭ ʜʚʠʛʫʥʽʚ 

ʽ ʫʜʦʩʢʦʥʘʣʝʥʥʽ ʧʨʦʪʦʯʥʠʭ ʯʘʩʪʠʥ ʢʦʤʧʨʝʩʦʨʽʚ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʚʠʨʦʙʥʠʮʪʚʽ.  

ɺ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʫ ʥʘʚʝʜʝʤʦ ʯʦʪʠʨʠ ʢʨʦʢʠ ʟʛʫʱʝʥʥʷ ɼʇʂ , ʥʘʚʝʜʝʥʦʾ ʥʘ 

ʨʠʩ. 1. 

 

 
ʈʠʩ.1. ʈʝʟʫʣʴʪʘʪ ʟʛʫʱʝʥʥʷ ʪʝʩʪʦʚʦʾ ɼʇʂ ʟ ʥʘʚʝʜʝʥʥʷʤ ʤʥʦʛʦʢʫʪʥʠʢʽʚ ʚʠʙʦʨʫ 

ʫʧʨʘʚʣʷʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ 4 ʢʨʦʢʽʚ ʟʛʫʱʝʥʥʷ. 

 

ʇʦʜʘʣʴʰʽ ʨʦʙʦʪʠ ʫ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʙʫʜʫʪʴ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʠʟʥʘʯʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʝʨʫʶʯʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʜʝʢʽʣʴʢʦʭ 

ʜʦʜʘʪʢʦʚʠʭ ʫʤʦʚ ʤʦʜʝʣʶʚʘʥʥʷ ʦʜʥʦʯʘʩʥʦ. 
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ɺʦʣʽʥʘ ʊ. ʄ., ʌʫʨʩʘ ʆ. ʆ.  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ, 

ʉʫʤʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɼʦʪʨʠʤʘʥʥʷ ʘʛʨʦʪʝʭʥʽʯʥʠʭ ʚʠʤʦʛ ʜʦ ʚʥʝʩʝʥʥʷ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ ʻ 

ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʦʶ ʫʤʦʚʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʠʭ ʚʨʦʞʘʾʚ ʪʘ ʧʽʜʪʨʠʤʢʠ 

ʨʦʜʶʯʦʩʪʽ ˇʨʫʥʪʫ. ʄʽʥʝʨʘʣʴʥʽ ʜʦʙʨʠʚʘ ʤʽʩʪʷʪʴ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʨʦʩʣʠʥ ʧʦʞʠʚʥʽ 

ʨʝʯʦʚʠʥʠ: ʘʟʦʪ, ʬʦʩʬʦʨ, ʢʘʣʽʡ ʪʘ ʽʥʰʽ ʝʣʝʤʝʥʪʠ, ʷʢʽ ʤʘʶʪʴ ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʨʦʩʣʠʥ. ʅʝʧʨʘʚʠʣʴʥʝ ʚʥʝʩʝʥʥʷ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʥʠʞʝʥʥʷ ʨʦʜʶʯʦʩʪʽ ˇʨʫʥʪʫ ʪʘ ʧʦʨʫʰʝʥʥʷ ʙʘʣʘʥʩʫ ʚ ʧʦʞʠʚʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ, ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʫʨʦʞʘʡʥʦʩʪʽ ʪʘ 

ʟʘʧʦʙʽʛʘʥʥʷ ʥʝʛʘʪʠʚʥʠʤ ʥʘʩʣʽʜʢʘʤ ʚʘʞʣʠʚʦ ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʘʛʨʦʪʝʭʥʽʯʥʠʭ ʚʠʤʦʛ 

ʜʦ ʚʥʝʩʝʥʥʷ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ.  

ʄʽʥʝʨʘʣʴʥʽ ʜʦʙʨʠʚʘ ʩʣʽʜ ʚʥʦʩʠʪʠ ʫ ʚʩʪʘʥʦʚʣʝʥʽ ʘʛʨʦʪʝʭʥʽʯʥʽ ʩʪʨʦʢʠ, 

ʜʦʪʨʠʤʫʶʯʠʩʴ ʚʠʟʥʘʯʝʥʠʭ ʥʦʨʤ ʽ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʧʦ ʰʠʨʠʥʽ ʟʘʭʚʘʪʫ 

ʘʛʨʝʛʘʪʫ. ɼʦʧʫʩʢʘʻʪʴʩʷ ʚʽʜʭʠʣʝʥʥʷ ʬʘʢʪʠʯʥʦʾ ʥʦʨʤʠ ʚʥʝʩʝʥʥʷ ʚʽʜ ʟʘʜʘʥʦʾ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʛʨʘʜʘʮʽʾ ʥʦʨʤʘʪʠʚʫ ʷʢʦʩʪʽ ʚ ʤʝʞʘʭ 5é10 %. ʅʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʚʠʩʽʚʫ 

ʜʦʙʨʠʚ ʘʙʦ ʾʭ ʩʫʤʽʰʝʡ ʟʘ ʪʫʢʦʚʠʤʠ ʩʽʚʘʣʢʘʤʠ ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ 15 %, ʘ 

ʟʘ ʤʘʰʠʥʘʤʠ ʟ ʚʽʜʮʝʥʪʨʦʚʠʤʠ ʨʦʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ ï 25 %. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʤʘʰʠʥ ʚʦʣʦʛʽʩʪʴ ʤʽʥʝʨʘʣʴʥʠʭ 

ʜʦʙʨʠʚ, ʧʽʜʛʦʪʦʚʣʝʥʠʭ ʜʣʷ ʚʥʝʩʝʥʥʷ, ʤʘʻ ʚʽʜʧʦʚʽʜʘʪʠ ʩʪʘʥʜʘʨʪʫ ʽ ʙʫʪʠ ʥʝ ʙʽʣʴʰʝ: 

ʧʦʨʦʰʢʦʚʠʜʥʦʛʦ ʩʫʧʝʨʬʦʩʬʘʪʫ ï 15 %, ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ï 5 %, ʬʦʩʬʦʨʠʪʥʦʛʦ 

ʙʦʨʦʰʥʘ ï 3 %, ʥʘʪʨʽʻʚʦʾ ʩʝʣʽʪʨʠ ʽ ʢʘʣʽʡʥʦʾ ʩʦʣʽ ï 2 %, ʘʤʽʘʯʥʦʾ ʩʝʣʽʪʨʠ ï 1,5 %, 

ʭʣʦʨʠʩʪʦʛʦ ʢʘʣʽʶ ï 1,2 %. ʈʦʟʨʠʚʠ ʩʤʫʛ ʜʦʙʨʠʚ ʤʽʞ ʩʫʤʽʞʥʠʤʠ ʧʨʦʭʦʜʘʤʠ 

ʤʘʰʠʥ ʥʝ ʜʦʧʫʩʢʘʶʪʴʩʷ, ʘ ʧʝʨʝʢʨʠʪʪʷ ʚ ʟʦʥʽ ʩʪʠʢʫ ʩʫʤʽʞʥʠʭ ʧʨʦʭʦʜʽʚ ʤʘʻ ʙʫʪʠ 

ʥʝ ʤʝʥʰʝ 5 % ʰʠʨʠʥʠ ʟʘʭʚʘʪʫ ʘʛʨʝʛʘʪʫ. ʏʘʩ ʤʽʞ ʚʥʝʩʝʥʥʷʤ ʜʦʙʨʠʚ ʪʘ ʾʭ 

ʟʘʛʦʨʪʘʥʥʷʤ ï ʜʦ 12 ʛʦʜ. 

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʦʪʨʝʙʠ ʚ ʜʦʙʨʠʚʘʭ ʥʘ ʚʩʶ ʧʣʦʱʫ ʩʽʚʦʟʤʽʥʠ ʥʦʨʤʠ 

ʜʦʙʨʠʚ ʥʘ 1 ʛʘ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʤʥʦʞʘʪʴ ʥʘ ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʧʦʣʷ ʩʽʚʦʟʤʽʥʠ ʽ 

ʦʜʝʨʞʫʶʪʴ ʢʽʣʴʢʽʩʪʴ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʷʢʘ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʚʩʽʻʾ ʧʣʦʱʽ ʧʦʩʽʚʫ 

ʢʫʣʴʪʫʨʠ. ʇʦʪʽʤ ʚʠʟʥʘʯʘʶʪʴ ʟʘʛʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʜʦʙʨʠʚ, ʱʦ ʧʦʪʨʽʙʥʘ ʜʣʷ 

ʩʽʚʦʟʤʽʥʠ. 

ɿʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʚʘ ʩʧʦʩʦʙʠ ʚʥʝʩʝʥʥʷ ʜʦʙʨʠʚ ʫ ˇʨʫʥʪ: ʩʫʮʽʣʴʥʝ ʽ ʤʽʩʮʝʚʝ. 

ʇʨʠ ʩʫʮʽʣʴʥʦʤʫ ʚʥʝʩʝʥʥʽ ʜʦʙʨʠʚʘ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʷʶʪʴ (ʪʫʢʦʚʠʤʠ 

ʩʽʚʘʣʢʘʤʠ, ʛʥʦʻʨʦʟʢʠʜʘʯʘʤʠ ʪʦʱʦ) ʧʦ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ, ʘ ʧʦʪʽʤ ʟʘʛʦʨʪʘʶʪʴ ʫ 

ˇʨʫʥʪ. ɿʘʩʪʦʩʦʚʫʶʯʠ ʜʣʷ ʟʘʛʦʨʪʘʥʥʷ ʜʦʙʨʠʚ ʨʽʟʥʽ ˇʨʫʥʪʦʦʙʨʦʙʥʽ ʤʘʰʠʥʠ, ʤʦʞʥʘ 

ʜʦʩʷʛʪʠ ʨʽʟʥʦʾ ʛʣʠʙʠʥʠ ʟʘʛʦʨʪʘʥʥʷ ʜʦʙʨʠʚ ʫ ˇʨʫʥʪ, ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʷ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʜʦʙʨʠʚ ʟ ʛʨʫʥʪʦʤ ʽ ʨʽʟʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʨʦʟʤʽʱʝʥʥʷ ʜʦʙʨʠʚ ʫ 

ˇʨʫʥʪʽ. ʉʭʝʤʘ ʨʦʟʤʽʱʝʥʥʷ ʜʦʙʨʠʚ ʫ ˇʨʫʥʪʽ ʧʨʠ ʨʽʟʥʠʭ ʩʧʦʩʦʙʘʭ ʟʘʛʦʨʪʘʥʥʷ 

ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 1. 
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ʈʠʩ. 1. ʉʭʝʤʘ ʨʦʟʤʽʱʝʥʥʷ ʜʦʙʨʠʚ ʫ ˇʨʫʥʪʽ ʧʨʠ ʨʽʟʥʠʭ ʩʧʦʩʦʙʘʭ ʟʘʛʦʨʪʘʥʥʷ 

 

ʉʫʮʽʣʴʥʝ ʚʥʝʩʝʥʥʷ ʜʦʙʨʠʚ ʟʘʩʪʦʩʦʚʫʶʪʴ, ʷʢ ʧʨʘʚʠʣʦ, ʧʨʠ ʦʩʥʦʚʥʦʤʫ 

ʫʜʦʙʨʶʚʘʥʥʽ, ʘ ʪʘʢʦʞ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʧʽʜʞʠʚʣʝʥʴ ʢʫʣʴʪʫʨ ʛʫʩʪʦʛʦ (ʩʫʮʽʣʴʥʦʛʦ, 

ʨʷʜʢʦʚʦʛʦ, ʚʫʟʴʢʦ-ʨʷʜʢʦʚʦʛʦ, ʧʝʨʝʭʨʝʩʥʦʛʦ) ʩʪʦʷʥʥʷ ʨʦʩʣʠʥ ʫ ʧʦʩʽʚʽ: ʟʝʨʥʦʚʠʭ, 

ʪʨʘʚ, ʣʴʦʥʫ ʪʘ ʽʥ. ʇʨʠ ʤʽʩʮʝʚʦʤʫ ʚʥʝʩʝʥʥʽ ʜʦʙʨʠʚ ʫ ˇʨʫʥʪ ʾʭ ʨʦʟʤʽʱʫʶʪʴ ʚ ʨʷʜʢʘʭ, 

ʟʙʦʢʫ ʚʽʜ ʨʷʜʢʽʚ, ʛʥʽʟʜʘʤʠ ʙʽʣʷ ʨʷʜʢʽʚ ʪʦʱʦ. ʇʨʠ ʮʴʦʤʫ ʜʦʙʨʠʚʘ ʧʝʨʝʤʽʰʫʶʪʴʩʷ 

ʟ ʚʽʜʥʦʩʥʦ ʤʘʣʠʤ ʦʙ'ʻʤʦʤ ˇʨʫʥʪʫ. ʇʝʨʝʚʘʛʦʶ ʤʽʩʮʝʚʦʛʦ ʚʥʝʩʝʥʥʷ ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʨʦʟʤʽʩʪʠʪʠ ʜʦʙʨʠʚʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʙʣʠʟʫ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ ʨʦʩʣʠʥʠ, 

ʟʘʧʦʙʽʛʪʠ ʟʥʘʯʥʦʤʫ ʚʙʠʨʘʥʥʶ ʡʦʛʦ ˇʨʫʥʪʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʙʨʠʚ ʤʦʞʝ ʙʫʪʠ ʙʽʣʴʰʦʶ, ʥʽʞ ʧʨʠ ʩʫʮʽʣʴʥʦʤʫ ʚʥʝʩʝʥʥʽ. ʇʨʦʪʝ 

ʧʨʠ ʤʽʩʮʝʚʦʤʫ ʚʥʝʩʝʥʥʽ ʩʣʽʜ ʫʥʠʢʘʪʠ ʩʪʚʦʨʝʥʥʷ ʚ ˇʨʫʥʪʽ ʜʽʣʷʥʦʢ ʟ ʚʠʩʦʢʦʶ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʜʦʙʨʠʚ, ʦʩʢʽʣʴʢʠ ʚ ʮʴʦʤʫ ʨʘʟʽ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʧʦʰʢʦʜʞʝʥʥʷ 

ʢʦʨʝʥʝʚʠʭ ʩʠʩʪʝʤ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʧʦʙʣʠʟʫ. 

ʂʨʽʤ ʪʦʛʦ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʜʦʟʠ ʜʦʙʨʠʚ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ 

ʚʘʞʣʠʚʠʭ ʽ ʚ ʪʦʡ ʞʝ ʯʘʩ ʩʢʣʘʜʥʠʭ ʧʠʪʘʥʴ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʮʴʦʤʫ ʪʨʝʙʘ ʙʨʘʪʠ ʜʦ 

ʫʚʘʛʠ: 1) ʧʦʪʨʝʙʫ ʨʦʩʣʠʥ ʚ ʝʣʝʤʝʥʪʘʭ ʞʠʚʣʝʥʥʷ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʽʦʣʦʛʽʾ 

ʨʦʩʣʠʥʠ ʪʘ ʟʘʧʣʘʥʦʚʘʥʦʛʦ ʚʨʦʞʘʶ; 2) ʟʘʧʘʩʠ ʝʣʝʤʝʥʪʽʚ ʞʠʚʣʝʥʥʷ ʚ ˇʨʫʥʪʽ; 3) 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʟʘʧʘʩʽʚ ʨʦʩʣʠʥʦʶ; 4) ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʦʩʣʠʥʦʶ ʝʣʝʤʝʥʪʽʚ ʞʠʚʣʝʥʥʷ ʟ ʜʦʙʨʠʚ; 5) ʝʢʦʥʦʤʽʯʥʫ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʦʙʨʠʚ ʽ ʨʷʜ ʽʥʰʠʭ ʧʦʢʘʟʥʠʢʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦ ʘʛʨʦʪʝʭʥʽʯʥʠʭ ʚʠʤʦʛ ʚʽʜʥʦʩʷʪʴʩʷ ʧʨʘʚʠʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ 

ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʜʦʙʨʠʚ, ʘʜʝʢʚʘʪʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʾʭ ʥʘ ʚʝʩʴ ʩʝʟʦʥ 

ʚʠʨʦʱʫʚʘʥʥʷ, ʜʦʪʨʠʤʘʥʥʷ ʯʘʩʫ ʪʘ ʩʧʦʩʦʙʫ ʚʥʝʩʝʥʥʷ, ʘ ʪʘʢʦʞ ʨʘʮʽʦʥʘʣʴʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʽʥʰʠʤʠ ʘʛʨʦʪʝʭʥʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. ɼʦʪʨʠʤʘʥʥʷ 

ʘʛʨʦʪʝʭʥʽʯʥʠʭ ʚʠʤʦʛ ʜʦ ʚʥʝʩʝʥʥʷ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ ʻ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ 

ʫʩʧʽʰʥʦʛʦ ʚʠʨʦʱʫʚʘʥʥʷ ʚʠʩʦʢʦʷʢʽʩʥʠʭ ʢʫʣʴʪʫʨ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʚʨʦʞʘʡʥʦʩʪʽ. 
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ʋɼʂ 631.363.21 

 

ɺʀʂʆʈʀʉʊɸʅʅʗ ɼɺʆʉʊɸɼɯʁʅʆɻʆ ʇʆɼʈɯɹʅɽʅʅʗ ï 

ʇɽʈʉʇɽʂʊʀɺʅʀʁ ʅɸʇʈʗʄʆʂ ʇɯɼɻʆʊʆɺʂʀ ʂʆʅʎɽʅʊʈʆɺɸʅʀʍ 

ʂʆʈʄɯɺ ɼʆ ɿɻʆɼʆɺʋɺɸʅʅʗ 

 

ʇʦʪʘʧʦʚʘ ʉ. ɭ., ʄʦʭʦʥʴʢʦ ɸ. ʆ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ  ̔ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ɺ ʧʨʦʮʝʩʽ ʧʽʜʛʦʪʦʚʢʠ ʟʝʨʥʦʚʠʭ ʢʦʨʤʽʚ ʜʦ ʟʛʦʜʦʚʫʚʘʥʥʷ ʥʘʡʙʽʣʴʰ 

ʧʦʰʠʨʝʥʦʶ ʪʘ ʚʘʞʣʠʚʦʶ  ̒ʦʧʝʨʘʮʽʷ ʧʦʜʨʽʙʥʝʥʥʷ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʬʽʟʽʦʣʦʛʽʯʥʠʤʠ 

ʧʦʪʨʝʙʘʤʠ ʪʚʘʨʠʥ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʦʜʨʽʙʥʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʧʣʦʱʽ 

ʧʦʚʝʨʭʥʽ ʦʪʨʠʤʘʥʦʛʦ ʧʨʦʜʫʢʪʫ, ʱʦ ʩʧʨʠʷʻ ʧʨʠʩʢʦʨʝʥʥʶ ʧʨʦʮʝʩʽʚ ʪʨʘʚʣʝʥʥʷ ʪʘ 

ʧʽʜʚʠʱʝʥʥʶ ʟʘʩʚʦʶʚʘʥʦʩʪʽ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ. ɿʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʦʜʨʽʙʥʝʥʦʛʦ ʟʝʨʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʚʘʨʠʥ ʧʽʜʚʠʱʫʻʪʴʩʷ ʥʘ 10...15 %.  

ɿ ʪʝʭʥʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʧʦʜʨʽʙʥʝʥʥʷ ʢʦʨʤʽʚ  ̒ ʥʘʡʙʽʣʴʰ ʝʥʝʨʛʦʻʤʥʦʶ,  ̔ ʷʢ  

ʥʘʩʣʽʜʦʢ, ʜʦʨʦʛʦʶ ʦʧʝʨʘʮʽʻʶ. 

ɿʘʛʘʣʦʤ ʘʢʪʫʘʣʴʥʦʶ ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʦʙʣʝʤʘ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʧʨʦʜʫʢʪʽʚ 

ʧʦʜʨʽʙʥʝʥʥʷ. ɰʾ ʨʽʰʝʥʥʷ ʜʦʟʚʦʣʠʪʴ ʟʚʝʩʪʠ ʜʦ ʤʽʥʽʤʫʤʫ ʪʘʢʝ ʚ̫ʠʱʝ, ʷʢ 

ʧʝʨʝʧʦʜʨʽʙʥʝʥʥʷ ʟʝʨʥʘ ʪʘ ʧʽʜʚʠʱʠʪʠ ʾʭ ʟʘʩʚʦʶʚʘʥʽʩʪʴ. 

ʆʩʥʦʚʥʠʤʠ ʪʝʭʥʽʯʥʠʤ ʟʘʩʦʙʘʤʠ ʜʣʷ ʧʦʜʨʽʙʥʝʥʥʷ ʟʝʨʥʘ ʥʘ ʢʦʨʤʦʚʽ ʧʦʪʨʝʙʠ 

ʚ ʫʤʦʚʘʭ ʪʚʘʨʠʥʥʠʮʴʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ̒  ʤʦʣʦʪʢʦʚʽ ʜʨʦʙʘʨʢʠ. ʅʘ ʜʘʥʠʡ ʯʘʩ ʚʽʜʦʤʘ 

ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʤʦʣʦʪʢʦʚʠʭ ʜʨʦʙʘʨʦʢ ʨʽʟʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʪʘ ʢʦʤʙʽʢʦʨʤʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, 

ʩʫʪʪʻʚʠʤʠ ʥʝʜʦʣʽʢʘʤʠ ʷʢʠʭ  ̒ ʟʥʘʯʥʽ ʝʥʝʨʛʦʟʘʪʨʘʪʠ ʪʘ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʦʪʨʠʤʘʥʦʛʦ ʧʨʦʜʫʢʪʫ, ɦ ʦ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʟʦʦʪʝʭʥʽʯʥʠʤ 

ʚʠʤʦʛʘʤ. 

ʆʜʥʠʤ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʨʦʟʚʠʪʢʫ ʪʝʭʥʽʢʠ ʜʣʷ ʧʦʜʨʽʙʥʝʥʥʷ 

ʟʝʨʥʘ  ̒ʨʦʟʨʦʙʢʘ ʜʚʦʩʪʘʜʽʡʥʠʭ ʧʦʜʨʽʙʥʶʚʘʯʽʚ, ʫ ʷʢʠʭ ʤʽʥʽʤʽʟʫʶʪʴʩʷ ʥʝʜʦʣʽʢʠ 

ʦʜʥʦʩʪʫʧʽʥʯʘʩʪʠʭ ʤʦʣʦʪʢʦʚʠʭ ʜʨʦʙʘʨʦʢ. ʊʘʢʽ ʧʦʜʨʽʙʥʶʚʘʯʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʦʶ ʝʥʝʨʛʦ-  ̔ ʤʝʪʘʣʦʤʽʩʪʢʽʩʪʶ ʢʦʥʩʪʨʫʢʮʽʾ, ʙʽʣʴʰ ʚʠʩʦʢʦʶ 

ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ, ʤʝʥʰʠʤ ʨʽʚʥʝʤ ʰʫʤʫ ʪʘ ʚʽʙʨʘʮʽʾ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʩʚʽʜʯʠʪʴ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʟʥʘʯʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʚʦʶʚʘʥʦʩʪʽ ʢʦʥʮʝʥʪʨʦʚʘʥʦʛʦ ʢʦʨʤʫ ʟʘ ʨʘʭʫʥʦʢ ʬʨʘʢʮʽʦʥʫʚʘʥʥʷ 

ʡʦʛʦ ʜʣʷ ʢʦʞʥʦʛʦ ʚʠʜʫ ʪʚʘʨʠʥ.  

ʇʝʨʝʧʦʜʨʽʙʥʝʥʥʷ ʟʝʨʥʘ ʥʝ ʣʠʰʝ ʥʝʛʘʪʠʚʥʦ ʚʽʜʙʠʚʘʻʪʴʩʷ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʪʚʘʨʠʥ ʪʘ ʾʭ ʟʜʦʨʦʚ'ʾ, ʘ ʡ ʟʥʘʯʥʦ ʧʦʛʽʨʰʫʻ ʫʤʦʚʠ ʧʨʘʮʽ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʮʠʢʣʫ ʧʨʠʛʦʪʫʚʘʥʥʷ ʢʦʨʤʽʚ  ̔ ʧʽʜʚʠʱʫʻ ʧʦʞʝʞʦ- ʪʘ 

ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʽʩʪʴ ʟʘ ʨʘʭʫʥʦʢ ʥʘʢʦʧʠʯʝʥʥʷ ʟʝʨʥʦʚʦʛʦ ʧʠʣʫ ʫ ʧʨʠʤʽʱʝʥʥʽ, ʜʝ 

ʚʩʪʘʥʦʚʣʝʥʦ ʜʨʦʙʘʨʢʫ ʘ ʪʘʢʦʞ ʽʩʪʦʪʥʦ ʟʙʽʣʴʰʫʻ ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʧʨʦʮʝʩʫ 

ʧʦʜʨʽʙʥʝʥʥʷ. 

ʆʜʠʥ ʽʟ ʰʣʷʭʽʚ ʦʪʨʠʤʘʥʥʷ ʙʽʣʴʰ ʦʜʥʦʨʽʜʥʦʛʦ ʩʢʣʘʜʫ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ 

ʧʨʠ ʤʽʥʽʤʽʟʘʮʽʾ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʧʦʣʷʛʘʻ ʚ ʦʨʛʘʥʽʟʘʮʽʾ 

ʧʦʜʨʽʙʥʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʝʭʘʥʽʯʥʠʭ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʙʽʦʣʦʛʽʯʥʠʭ 
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ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʦʜʨʽʙʥʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʈʫʡʥʫʚʘʥʥʷ ʪʚʝʨʜʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ 

ʯʘʩʪʢʠ ʧʦʚ'ʷʟʘʥʝ ʟ ʡʦʛʦ ʜʝʬʦʨʤʘʮʽʻʶ ʪʘ ʫʪʚʦʨʝʥʥʷʤ ʥʦʚʠʭ ʧʦʚʝʨʭʦʥʴ. ʈʦʟʧʦʜʽʣ 

ʧʨʦʮʝʩʫ ʧʦʜʨʽʙʥʝʥʥʷ ʥʘ ʝʪʘʧʠ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʮ ̔ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʙʫʜʦʚʠ ʟʝʨʥʠʥʠ, ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʠʨʽʚʥʶʚʘʥʥʷ 

ʬʨʘʢʮʽʡʥʦʛʦ ʩʢʣʘʜʫ ʪʘ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ ʥʘ ʧʨʦʮʝʩ ʫ ʮʽʣʦʤʫ.  

ʉʝʨʝʜ ʜʚʦʩʪʫʧʽʥʯʘʩʪʠʭ ʧʦʜʨʽʙʥʶʚʘʯʽʚ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ ʪʘʢʽ ʧʦʻʜʥʘʥʥʷ 

ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ: ʚʘʣʴʮʴʦʚʽ ʪʘ ʞʦʨʥʦʚʽ, ʧʘʣʴʮʝʚʽ ʪʘ ʤʦʣʦʪʢʦʚʽ, ʚʘʣʴʮʴʦʚʽ ʪʘ 

ʤʦʣʦʪʢʦʚʽ. 

ʋ ʢʦʤʙʽʥʘʮʽʾ ʚʘʣʴʮʽʚ ʪʘ ʞʦʨʝʥ ʨʝʟʫʣʴʪʘʪ ʧʦʜʨʽʙʥʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ  ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʟʝʨʥʘ ʜʦ ʟʘʜʘʥʦʛʦ ʨʦʟʤʽʨʫ, ʪʘ ʦʩʪʘʪʦʯʥʦʛʦ 

ʨʦʟʤʝʣʁ ʚʘʥʥʷ ʧʨʠ ʥʝʟʥʘʯʥʠʭ ʨʦʙʦʯʠʭ h ʚʠʜʢʦʩʪʷʭ ʦʙʦʭ ʩʪʫʧʝʥʽʚ. ɹʽʣʴʰʝ ʪʦʛʦ, ʫ 

ʤʽʨʫ ʧʦʜʨʽʙʥʝʥʥʷ ʧʨʦʜʫʢʪʫ ʞʦʨʥʘʤʠ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʦʭʽʜʥʠʡ ʧʝʨʝʨʽʟ, ɦ ʦ ʩʧʨʠʷʻ 

ʡʦʛʦ ʝʚʘʢʫʘʮʽʾ ʙʝʟ ʟʘʪʦʨʽʚ ʪʘ ʚʠʢʣʶʯʘʻ ʧʦʷʚʫ ʧʠʣʦʚʠʜʥʦʾ ʬʨʘʢʮʽʾ. ʇʦʻʜʥʘʥʥʶ 

ʧʘʣʴʮʝʚʠʭ ʪʘ ʤʦʣʦʪʢʦʚʠʭ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʧʨʘʢʪʠʯʥʦ ʧʨʠʪʘʤʘʥʥʽ ʟʘʛʘʣʴʥʽ 

ʥʝʜʦʣʽʢʠ ʤʦʣʦʪʢʦʚʠʭ ʜʨʦʙʘʨʦʢ, ʭʦʯʘ ʨʦʙʦʯʽ h ʚʠʜʢʦʩʪʽ ʧʦʚʝʨʭʦʥʴ ʧʘʣʴʮʽʚ ʟʥʘʯʥʦ 

ʥʠʞʯʽ ʚʽʜ ʨʫʡʥʽʚʥʦʾ ʰʚʠʜʢʦʩʪʽ ʤʦʣʦʪʢʽʚ. 

ʅʘ ʥʘʰʫ ʜʫʤʢʫ, ʜʚʦʩʪʫʧʽʥʯʘʩʪʠʡ ʧʦʜʨʽʙʥʶʚʘʯ, ʱʦ ʤʘʻ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ 

ʚʘʣʴʮʴʦʚʠʡ ʪʘ ʤʦʣʦʪʢʦʚʠʡ ʨʦʪʦʨʠ, ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʟʥʠʞʝʥʥʷ 

ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʦʜʨʽʙʥʝʥʥʷ ʟʝʨʥʘ ʪʘ ʧʦʣʽʧʰʝʥʥʷ ʬʨʘʢʮʽʡʥʦʛʦ ʩʢʣʘʜʫ 

ʧʨʦʜʫʢʪʽʚ ʧʦʜʨʽʙʥʝʥʥʷ. ʇʨʦʪʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʩʭʝʤʠ ʪʘ 

ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʪʘʢʦʛʦ ʧʦʜʨʽʙʥʶʚʘʯʘ ʧʦʪʨʝʙʫʶʪʴ ʙʽʣʴʰ 

ʜʝʪʘʣʴʥʦʛʦ ʨʦʟʛʣʷʜʫ. 
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ɼʆʉʃɯɼɾɽʅʅʗ ʇʈʆʎɽʉʋ ʄɽʊɸʅʆɺʆɰ ɼɽʉʊʈʋʂʎɯɰ ɹʋʈʗʂʆɺʆɻʆ 

ɾʆʄʋ ɺ ɹɯʆɻɸɿʆɺʀʍ ʋʉʊɸʅʆɺʂɸʍ 

 

ɺʘʣʽʻʚ ʊ. ʆ., ʇʦʣʽʱʫʢ ɺ. ʄ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ  ̔ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʫʤʦʚʣʝʥʘ ʥʝʦʙʭʽʜʥʽʩʪʶ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʙʽʦʛʘʟʦʚʠʭ ʫʩʪʘʥʦʚʦʢ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʰʠʨʝʥʥʷ ʩʠʨʦʚʠʥʥʦʾ ʙʘʟʠ. 

ɹʫʨʷʢʦʚʠʡ ʞʦʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʢʦʨʤʦʚʠʭ ʮʽʣʷʭ. ɼʣʷ ʮʴʦʛʦ ʡʦʛʦ 

ʚʠʩʫʰʫʶʪʴ. ʆʜʥʘʢ ʮʝʡ ʧʨʦʮʝʩ ʝʥʝʨʛʦʟʘʪʨʘʪʥʠʡ. ʏʘʩʪʽʰʝ ʞʦʤ ʩʢʣʘʜʫʶʪʴ ʚ 

ʞʦʤʦʚʠʭ ̫ ʤʘʭ. ɾʦʤ, ̫ ʢʠʡ ʧʝʨʝʙʫʚʘʚ ʫ ʞʦʤʦʚʽʡ ̫ ʤʽ ʙʽʣʴʰʝ ʪʨʴʦʭ ʜʽʙ, ʥʘʟʠʚʘʻʪʴʩʷ 

ʢʠʩʣʠʤ, ʦʩʢʽʣʴʢʠ ʟʘ ʮʝʡ ʧʝʨʽʦʜ ʚʽʥ ʥʘʙʫʚʘʻ ʢʠʩʣʦʾ ʨʝʘʢʮʽʾ (ʨʅ¢5,0). ɿʛʦʜʦʚʫʚʘʥʥʷ 

ʪʘʢʦʛʦ ʞʦʤʫ ʢʦʨʦʚʘʤ ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ ʤʦʣʦʢʘ: ʤʦʣʦʢʦ ʰʚʠʜʰʝ ʩʢʠʩʘʻ, ʤʘʩʣʦ ʟ 

ʪʘʢʦʛʦ ʤʦʣʦʢʘ ʙʫʜʝ ʟʘʥʘʜʪʦ ʪʚʝʨʜʠʤ, ʘ ʩʠʨʠ ʥʝ ʚʠʟʨʽʚʘʶʪʴ ʚ ʥʘʣʝʞʥʠʡ ʯʘʩ. ʊʦʤʫ 

ʜʦʮʽʣʴʥʦ ʙʽʣʷ ʢʦʞʥʦʛʦ ʮʫʢʨʦʚʦʛʦ ʟʘʚʦʜʫ ʟʙʫʜʫʚʘʪʠ ʙʽʦʛʘʟʦʚʠʡ ʢʦʤʧʣʝʢʩ, ʚ ̫ ʢʦʩʪʽ 

ʩʠʨʦʚʠʥʠ ʜʣʷ ʮʠʭ ʢʦʤʧʣʝʢʩʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʠʩʣʠʡ ʞʦʤ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʣʘʙʦʨʘʪʦʨʥʽʡ ʙʽʦʛʘʟʦʚʽʡ ʫʩʪʘʥʦʚʮʽ ʧʨʠ 

ʧʝʨʽʦʜʠʯʥʦʤʫ ʟʘʚʘʥʪʘʞʝʥʥʽ ʤʝʪʘʥʪʝʥʢʘ. ʇʨʠ ʮʴʦʤʫ ʜʦ 20 ʣ ʜʠʛʝʩʪʘʪʫ ʜʦʜʘʚʘʣʦʩʴ 

2,1 ʢʛ, 1,5 ʢʛ, 1 ʢʛ, 0,5 ʢʛ  ̔0,25 ʢʛ ʞʦʤʫ. ɺʤʽʩʪ ʞʦʤʫ ʚ ʩʫʙʩʪʨʘʪʽ ʩʪʘʥʦʚʠʚ 10,5; 

7,5; 5,0 ̔  2,5%, 1,25%. ʇʦʨʽʚʥʶʚʘʣʘʩʴ ʜʠʥʘʤʽʢʘ ʚʠʭʦʜʫ ʙʽʦʛʘʟʫ ʧʨʠ ʚʤʽʩʪʽ ʞʦʤʫ ʚ 

ʩʫʙʩʪʨʘʪʽ 1,25%, 2,5%, 5%, 7,5%, 10,5%. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʥʘʚʝʜʝʥʽ ʥʘ 

ʨʠʩ. 1. 

ɺʤʽʩʪ ʞʦʤʫ ʚ ʩʫʙʩʪʨʘʪʽ, %:
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ʈʠʩ. 1. ɼʠʥʘʤʽʢʘ ʚʠʭʦʜʫ ʙʽʦʛʘʟʫ ʧʨʠ ʚʤʽʩʪʽ ʞʦʤʫ ʚ ʩʫʙʩʪʨʘʪʽ 1,25-10,5% 

 

ʇʨʦʤʠʩʣʦʚʝ ʚʠʨʦʙʥʠʮʪʚʦ ʙʽʦʛʘʟʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʠ ʢʚʘʟʽʙʝʟʧʝʨʝʨʚʥʦʤʫ 

ʟʘʚʘʥʪʘʞʝʥʥʽ ʩʫʙʩʪʨʘʪʫ ʫ ʤʝʪʘʥʪʝʥʢ. ʇʨʠ ʮʴʦʤʫ, ʚʠʭʽʜ ʙʽʦʛʘʟʫ ʧʨʠ 

ʢʚʘʟʽʙʝʟʧʝʨʝʨʚʥʽʡ ʩʠʩʪʝʤʽ ʟʘʚʘʥʪʘʞʝʥʥʷ ʙʣʠʟʴʢʠʡ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʠʭʦʜʫ 

ʙʽʦʛʘʟʫ ʧʨʠ ʧʝʨʽʦʜʠʯʥʽʡ ʩʠʩʪʝʤʽ ʟʘʚʘʥʪʘʞʝʥʥʷ ʤʝʪʘʥʪʝʥʢʘ. 

ɺʠʩʥʦʚʢʠ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʠʭʦʜʫ ʙʽʦʛʘʟʫ ʚʤʽʩʪ ʞʦʤʫ ʚ 

ʩʫʙʩʪʨʘʪʽ ʧʦʚʠʥʝʥ ʩʪʘʥʦʚʠʪʠ 2,5%.  
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ɼʚʦʨʥʠʢ ɭ. ʆ., ʇʦʣʽʱʫʢ ɺ. ʄ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ  ̔ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ɻʥʽʡ ɺʈʍ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʙʽʦʛʘʟʫ. ʎʝ ʜʦʩʪʫʧʥʠʡ 

ʩʫʙʩʪʨʘʪ, ʷʢʠʡ ʚʞʝ ʤʽʩʪʠʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʤʝʪʘʥʦʫʪʚʦʨʶʶʯʽ ʙʘʢʪʝʨʽʾ, ʱʦ 

ʧʦʢʨʘʱʫʻ ʧʨʦʮʝʩ ʤʝʪʘʥʦʛʝʥʝʟʫ. ʉʫʙʩʪʨʘʪʠ ʟ ʛʥʦʶ ɺʈʍ ʤʘʶʪʴ ̔ ʜʝʘʣʴʥʽ ʧʦʢʘʟʥʠʢʠ 

(ʨʅ, ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʘʟʦʪʫ ʪʘ ʚʫʛʣʝʮʶ ʪʘ ʽʥ.) ʜʣʷ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʩʠʤʙʽʦʟʫ 

ʤʝʪʘʥʦʫʪʚʦʨʶʶʯʠʭ ʙʘʢʪʝʨʽʡ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʣʘʙʦʨʘʪʦʨʥʽʡ 

ʙʽʦʛʘʟʦʚʽʡ ʫʩʪʘʥʦʚʮʽ ʢʦʨʠʩʥʠʤ ʦʙôʻʤʦʤ 30 ʣ ʧʨʠ ʧʝʨʽʦʜʠʯʥʦʤʫ ʟʘʚʘʥʪʘʞʝʥʥʽ 

ʤʝʪʘʥʪʝʥʢʘ. ʉʫʙʩʪʨʘʪ, ʱʦ ʟʘʚʘʥʪʘʞʫʚʘʚʩʷ ʚ ʤʝʪʘʥʪʝʥʢ, ʩʢʣʘʜʘʚʩʷ ʽʟ 3,5 ʢʛ ʛʥʦʶ 

ɺʈʍ, ̫ ʢʠʡ ʨʦʟʚʦʜʠʚʩʷ ʚ 5 ʢʛ ʚʦʜʠ ʜʦ ʛʦʤʦʛʝʥʥʦʛʦ ʩʪʘʥʫ. ɺʩʴʦʛʦ ʟʘʚʘʥʪʘʞʫʚʘʣʦʩʴ 

8,5 ʢʛ ʩʫʙʩʪʨʘʪʫ. ʇʨʠ ʮʴʦʤʫ ʩʫʙʩʪʨʘʪ ʚ ʤʝʪʘʥʪʝʥʢʫ ʦʥʦʚʣʶʚʘʚʩʷ ʥʘ ʪʨʝʪʠʥʫ ʜʣʷ 

ʟʙʝʨʝʞʝʥʥʷ ʢʫʣʴʪʫʨʠ ʤʝʪʘʥʦʫʪʚʦʨʶʶʯʠʭ ʙʘʢʪʝʨʽʡ. ʄʝʪʘʥʦʚʝ ʟʙʨʦʜʞʫʚʘʥʥʷ 

ʩʫʙʩʪʨʘʪʫ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 37°1 ʉ̄. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ ʚ 

ʪʨʴʦʭ ʧʦʚʪʦʨʘʭ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 1. 
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ʈʠʩ. 1. ɼʠʥʘʤʽʢʘ ʚʠʭʦʜʫ ʙʽʦʛʘʟʫ ʧʨʠ ʤʦʥʦʜʝʩʪʨʫʢʮʽʾ ʛʥʦʶ ɺʈʍ 

 

ʄʘʢʩʠʤʘʣʴʥʠʡ ʚʠʭʽʜ ʙʽʦʛʘʟʫ ʧʨʠ ʤʦʥʦʜʝʩʪʨʫʢʮʽʾ ʛʥʦʶ ɺʈʍ ʤʝʪʘʥʦʛʝʥʘʤʠ 

ʥʘʚʝʜʝʥʠʡ ʚ ʪʘʙʣ. 1. 
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ʊʘʙʣʠʮʷ 1. ʄʘʢʩʠʤʘʣʴʥʠʡ ʚʠʭʽʜ ʙʽʦʛʘʟʫ ʧʨʠ ʤʦʥʦʜʝʩʪʨʫʢʮʽʾ ʛʥʦʶ ɺʈʍ 

ʤʝʪʘʥʦʛʝʥʘʤʠ (ʚ ʣ/(ʛʦʜÖʢʛ ʉʆʈ)) 

ʇʦʚʪʦʨʥʦʩʪʽ ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 

1 2 3 

0,971 0,924 0,706 0,867 

 

ɺʠʩʥʦʚʢʠ. ʄʘʢʩʠʤʘʣʴʥʠʡ ʚʠʭʽʜ ʙʽʦʛʘʟʫ ʧʨʠ ʤʦʥʦʜʝʩʪʨʫʢʮʽʾ ʛʥʦʶ ɺʈʍ 

ʤʝʪʘʥʦʛʝʥʘʤʠ ʩʪʘʥʦʚʠʪʴ 0,867 ʣ/(ʛʦʜÖʢʛ ʉʆʈ). 

 

 

 

 

ʋɼʂ 656.053(100) 

 

ʉʋʏɸʉʅɯ ʉɺɯʊʆɺɯ ɿɸɺɼɸʅʅʗ ɯɿ ɿɸɹɽɿʇɽʏɽʅʅʗ ɹɽɿʇɽʂʀ 

ɼʆʈʆɾʅʔʆɻʆ ʈʋʍʋ 

 

ʂʦʣʦʩʦʢ ɯ. ʆ., ɸʥʪʦʥʶʢ ʄ. ʆ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ  ̔ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ɹʝʟʧʝʢʘ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ  ̒ ʥʝʚʽʜʢʣʘʜʥʠʤ ʧʠʪʘʥʥʷʤ, ʧʦʚ'ʷʟʘʥʠʤ ʽʟ 

ʦʭʦʨʦʥʦʶ ʟʜʦʨʦʚ'ʷ ʪʘ ʨʦʟʚʠʪʢʦʤ. ʏʠʩʣʦ ʩʤʝʨʪʝʡ ʥʘ ʜʦʨʦʛʘʭ ʩʚʽʪʫ ʟʘʣʠʰʘʻʪʴʩʷ 

ʥʝʧʨʠʡʥʷʪʥʦ ʚʠʩʦʢʠʤ: ʟʘ ʦʮʽʥʢʘʤʠ, 1,35 ʤʣʥ ʦʩʽʙ ʥʘ ʨʽʢ. ʂʨʽʤ ʪʦʛʦ, ʜʦ 50 ʤʣʥ 

ʣʶʜʝʡ ʟʘʟʥʘʶʪʴ ʪʨʘʚʤ. ɼʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʽ ʧʨʠʛʦʜʠ  ̒ʚʦʩʴʤʦʶ ʧʨʠʯʠʥʦʶ 

ʩʤʝʨʪʽ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ ʜʣʷ ʣʶʜʝʡ ʨʽʟʥʦʛʦ ʚʽʢʫ, ʘ ʪʘʢʦʞ ʧʨʠʯʠʥʦʶ ʩʤʝʨʪʽ ʩʝʨʝʜ 

ʜʽʪʝʡ ʪʘ ʤʦʣʦʜʠʭ ʣʶʜʝʡ ʚʽʢʦʤ ʚʽʜ 5 ʜʦ 29 ʨʦʢʽʚ. ʇʨʠ ʮʴʦʤʫ ʧʦʥʘʜ 90% ʮʠʭ ʞʝʨʪʚ 

ʧʨʠʧʘʜʘʻ ʥʘ ʢʨʘʾʥʠ ʟ ʥʠʟʴʢʠʤ ʪʘ ʩʝʨʝʜʥʽʤ ʨʽʚʥʝʤ ʜʦʭʦʜʽʚ. ɺʠʪʨʘʪʠ ʣʠʰʝ ʥʘ ʨʽʚʥʽ 

ʢʨʘʾʥ ʩʪʘʥʦʚʣʷʪʴ ʫ ʩʝʨʝʜʥʴʦʤʫ 3% ʚʽʜ ɺɺʇ. 

ʋ ʟʚôʷʟʢʫ ʟ ʜʘʥʦʶ ʩʠʪʫʘʮʽʻʶ ʥʘ ʜʦʨʦʛʘʭ ʥʘ ʪʨʝʪ̔ʡ ʚʩʝʩʚʽʪʥʽʡ ʤʽʥʽʩʪʝʨʩʴʢʽʡ 

ʢʦʥʬʝʨʝʥʮʽ ʾ ʟ ʙʝʟʧʝʢʠ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ, ʷʢʘ ʚʽʜʙʫʣʘʩʷ ʫ ʉʪʦʢʛʦʣʴʤʽ ʙʫʣʠ 

ʧʨʠʡʥʷʪʽ ʧʝʚʥʽ ʨʽʰʝʥʥʷ, ʟʦʢʨʝʤʘ [1]: 

- ʜʦʢʣʘʜʘʪʠ ʟʫʩʠʣʴ ʜʣ ̫ ʩʢʦʨʦʯʝʥʥʷ ʩʤʝʨʪʥʦʩʪʽ ʚʥʘʩʣʽʜʦʢ ʜʦʨʦʞʥʴʦ-

ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ ʷʢ ʤʽʥʽʤʫʤ ʥʘ 50% ʫ ʧʝʨʽʦʜ ʟ 2020 ʧʦ 2030 ʨ. ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʽʟ ʟʦʙʦʚô̫ ʟʘʥʥʷʤʠ ʇʦʣʽʪʠʯʥʦʛʦ ʬʦʨʫʤʫ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʆʨʛʘʥʽʟʘʮʽʾ 

ʆʙô̒ ʜʥʘʥʠʭ ʅʘʮʽʡ ʪʘ ʚʩʪʘʥʦʚʠʪʠ ʮʽʣʴʦʚʽ ʧʦʢʘʟʥʠʢʠ ʩʢʦʨʦʯʝʥʥʷ ʩʤʝʨʪʝʡ ʪʘ 

ʩʝʨʡʦʟʥʠʭ ʪʨʘʚʤ ʜʣʷ ʚʩʽʭ ʛʨʫʧ ʫʯʘʩʥʠʢʽʚ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ, ʦʩʦʙʣʠʚʦ ʥʘʡʙʽʣʴʰ 

ʚʨʘʟʣʠʚʠʭ, ʪʘʢʠʭ ʷʢ ʧʽʰʦʭʦʜʠ, ʚʝʣʦʩʠʧʝʜʠʩʪʠ, ʤʦʪʦʮʠʢʣʽʩʪʠ ʪʘ ʢʦʨʠʩʪʫʚʘʯʽ 

ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ; 

- ʚʢʣʶʯʠʪʠ ʙʝʟʧʝʢʫ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʪʘ ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʜʦ ʾʾ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦ ʯʠʩʣʘ ʥʝʚʽʜô̒ ʤʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ, ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʚʫʣʠʮʴ ʪʘ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʶ ʩʠʩʪʝʤʦʶ, ʱʦ ʦʩʦʙʣʠʚʦ 

ʚʘʞʣʠʚʦ ʜʣʷ ʥʘʡʙʽʣʴʰ ʫʨʘʟʣʠʚʠʭ ʫʯʘʩʥʠʢʽʚ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʪʘ ʫ ʤʽʩʴʢʠʭ 

ʨʘʡʦʥʘʭ, h ʣʷʭʦʤ ʟʤʽʮʥʝʥʥʷ ̔ ʥʩʪʠʪʫʮʽʡʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ɦ ʦʜʦ ʟʘʢʦʥʽʚ ʧʨʦ ʙʝʟʧʝʢʫ 
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ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʪʘ ʾʭ ʜʦʪʨʠʤʘʥʥʷ, ʙʝʟʧʝʢʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʧʦʢʨʘʱʝʥʥʷ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, ʥʘʜʘʥʥʷ ʜʦʧʦʤʦʛʠ ʧʽʩʣʷ ʘʚʘʨʽʡ; 

- ʧʨʠʩʢʦʨʠʪʠ ʧʝʨʝʭʽʜ ʜʦ ʙʽʣʴʰ ʙʝʟʧʝʯʥʠʭ, ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ, 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʪʘ ʜʦʩʪʫʧʥʠʭ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʧʨʦʧʘʛʫʚʘʪʠ ʙʽʣʴʰ ʬʽʟʠʯʥʦ 

ʘʢʪʠʚʥʽ ʩʧʦʩʦʙʠ ʧʝʨʝʩʫʚʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ ʭʦʜʴʙʫ ʪʘ ʾʟʜʫ ʥʘ ʚʝʣʦʩʠʧʝʜʽ, ʪʘ 

ʽʥʪʝʛʨʫʚʘʪʠ ʾʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʩʪʽʡʢʦʩʪʽ; 

- ʟʘʙʝʟʧʝʯʠʪʠ ʩʚʦʻʯʘʩʥʠʡ ʜʦʩʪʫʧ ʜʦ ʚʠʩʦʢʦʷʢʽʩʥʠʭ ʧʦʩʣʫʛ ʥʝʚʽʜʢʣʘʜʥʦʾ ʪʘ 

ʜʦʚʛʦʩʪʨʦʢʦʚʦʾ ʤʝʜʠʯʥʦʾ ʜʦʧʦʤʦʛʠ ʜʣʷ ʧʦʩʪʨʘʞʜʘʣʠʭ ʪʘ ʚʠʟʥʘʪʠ, ʱʦ ʝʬʝʢʪʠʚʥʝ 

ʨʝʘʛʫʚʘʥʥʷ ʥʘ ɼʊʇ ʚʢʣʶʯʘʻ ʪʘʢʦʞ ʧʩʠʭʦʣʦʛʽʯʥʫ, ʩʦʮʽʘʣʴʥʫ ʪʘ ʶʨʠʜʠʯʥʫ 

ʧʽʜʪʨʠʤʢʫ ʞʝʨʪʚʘʤ, ʧʦʩʪʨʘʞʜʘʣʠʤ ʪʘ ʾʭʥʽʤ ʩʽʤô̫ ʤ; 

- ʟʦʩʝʨʝʜʠʪʠ ʫʚʘʛʫ ʥʘ ʰʚʠʜʢʦʩʪʽ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʥʘ ʧʦʩʠʣʝʥʥʽ ʢʦʥʪʨʦʣʶ ʟ 

ʤʝʪʦʶ ʟʘʧʦʙʽʛʘʥʥ ʁʧʝʨʝʚʠʱʝʥʥ ̫ʣʽʤʽʪʽʚ, ʪʘ ʚʩʪʘʥʦʚʠʪʠ ʤʘʢʩʠʤʘʣʴʥʫ ʰʚʠʜʢʽʩʪʴ 

ʨʫʭʫ ʥʘ ʨʽʚʥʽ 30 ʢʤ/ʛʦʜ ʫ ʪʠʭ ʨʘʡʦʥʘʭ, ʜʝ ʚʨʘʟʣʠʚʽ ʫʯʘʩʥʠʢʠ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʪʘ 

ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ ʧʝʨʝʪʠʥʘʶʪʴʩʷ ʯʘʩʪʦ  ̔ʥʘ ʩʠʩʪʝʤʘʪʠʯʥʽʡ ʦʩʥʦʚʽ, ʟʘ ʚʠʥʷʪʢʦʤ 

ʚʠʧʘʜʢʽʚ, ʢʦʣʠ  ̒ ʧʝʨʝʢʦʥʣʠʚʽ ʜʦʢʘʟʠ ʪʦʛʦ, ʱʦ ʙʽʣʴʰ ʚʠʩʦʢʽ ʰʚʠʜʢʦʩʪʽ  ̒

ʙʝʟʧʝʯʥʠʤʠ; 

- ʩʣʽʜʢʫʚʘʪʠ ʟʘ ʪʠʤ, ʱʦʙ ʥʘ ʚʩʽʭ ʨʠʥʢʘʭ ʫʩʽ ʚʠʨʦʙʣʝʥʽ ʪʘ ʧʨʦʜʘʥʽ 

ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ ʙʫʣʠ ʦʙʣʘʜʥʘʥʽ ʥʘʣʝʞʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʙʝʟʧʝʢʠ ʜʦ 2030 ʨ., ʘ 

ʪʘʢʦʞ ʧʝʨʝʜʙʘʯʠʪʠ ʩʪʠʤʫʣʠ ʜʣʷ ʟʘʦʭʦʯʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ 

ʟ ʧʦʢʨʘʱʝʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʙʝʟʧʝʢʠ; 

- ʩʣʽʜʢʫʚʘʪʠ ʟʘ ʪʠʤ, ʱʦʙ ʽʥʪʝʛʨʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʙʝʟʧʝʢʠ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ 

ʪʘ ʤʽʥʽʤʘʣʴʥʽ ʩʪʘʥʜʘʨʪʠ ʙʝʟʧʝʢʠ ʜʣʷ ʚʩʽʭ ʫʯʘʩʥʠʢʽʚ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʙʫʣʠ 

ʢʣʶʯʦʚʠʤʠ ʚʠʤʦʛʘʤʠ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʨʦʙʽʪ ʟ ʧʦʢʨʘʱʝʥʥʷ ʜʦʨʦʞʥʴʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʚ ʽʥʚʝʩʪʠʮʽʷʭ. 

ʃʽʪʝʨʘʪʫʨʘ 

1. Stockholm Declaration. URL: https://www.government.se/information-

material/2020/02/stockholm-declaration. 
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ɺʀʉʆʂʆɽʌɽʂʊʀɺʅʀʁ ʊɸ ɽʂʆʅʆʄɯʏʅʀʁ ɯʅɾɽʅɽʈʅʀʁ 

ɯʅʉʊʈʋʄɽʅʊ ɼʃʗ ʇɯɼɺʀʑɽʅʅʗ ɹɽɿʇɽʂʀ ʅɸ ɼʆʈʆɻɸʍ 

 

ɺʘʩʠʣʴʻʚ ʅ. ɸ., ʂʦʣʦʩʦʢ ɯ. ʆ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ  ̔ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ɿʘʛʘʣʴʥʦʚʽʜʦʤʦ, ʱʦ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʽ ʧʨʠʛʦʜʠ (ɼʊʇ)  ̒ʩʝʨʡʦʟʥʦʶ 

ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʶ ʧʨʦʙʣʝʤʦʶ ʤʘʡʞʝ ʚ ʫʩʽʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʧʦʩʪʨʘʞʜʘʣʠʭ ʥʘ ʜʦʨʦʛʘʭ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʨʽʟʥʦʤʘʥʽʪʥʽ ʟʘʭʦʜʠ ʪʘ 

ʧʨʦʛʨʘʤʠ. ʅʘ ʤʽʞʥʘʨʦʜʥʦʤʫ ʨʽʚʥʽ ʆʆʅ, ɺʩʝʩʚʽʪʥʷ ʦʨʛʘʥʽʟʘʮʽʷ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ 

(ɺʆʆɿ), ʤʽʞʥʘʨʦʜʥʽ ʬʽʥʘʥʩʦʚʽ ʦʨʛʘʥʽʟʘʮʽʾ (ʥʘʩʘʤʧʝʨʝʜ ʉʚʽʪʦʚʠʡ ʙʘʥʢ), 
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ɭʚʨʦʧʝʡʩʴʢʠʡ ʽʥʚʝʩʪʠʮʽʡʥʠʡ ʙʘʥʢ (ɭɯɹ), ʄʽʞʥʘʨʦʜʥʠʡ ʙʘʥʢ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʪʘ 

ʨʦʟʚʠʪʢʫ (ʄɹʈʈ), ɭʚʨʦʧʝʡʩʴʢʠʡ ʙʘʥʢ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʨʦʟʚʠʪʢʫ (ɭɹʈʈ) ʪʦʱʦ), 

ʄʽʞʥʘʨʦʜʥʘ ʦʨʛʘʥʽʟʘʮʽʷ ʽʟ ʟʘʧʦʙʽʛʘʥʥʷ ɼʊʇ (PRI), ʎʝʥʪʨ ʤʦʥʽʪʦʨʠʥʛʫ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʦʢʽʚ ʫ ʇʽʚʜʝʥʥʦ-ʉʭʽʜʥʽʡ ɭʚʨʦʧʽ (SEETO)  ʪʘ ʽʥʰʽ ʩʪʨʫʢʪʫʨʠ  ̒

ʚʧʣʠʚʦʚʠʤʠ ʦʨʛʘʥʽʟʘʮʽʷʤʠ, ʷʢʽ ʚʝʜʫʪʴ ʝʬʝʢʪʠʚʥʫ ʨʦʙʦʪʫ ʥʘʜ ʧʽʜʚʠʱʝʥʥʷʤ 

ʙʝʟʧʝʢʠ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ ʫ ʛʣʦʙʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ. 

ʋʧʨʦʜʦʚʞ ʜʚʦʭ ʦʩʪʘʥʥʽʭ ʜʝʩʷʪʠʣʽʪʴ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʥʠʟʢʫ ʤʝʪʦʜʽʚ  ̔

ʧʨʦʮʝʜʫʨ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʧʦʢʨʘʱʝʥʥʷ ʜʦʨʦʞʥʴʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ, 

ʚʽʜʧʦʚʽʜʥʦ, ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ. ɼʦ ʮʠʭ ʤʝʪʦʜʽʚ ̔  ʧʨʦʮʝʜʫʨ, 

ʥʘʣʝʞʘʪʴ, ʟʦʢʨʝʤʘ, ʘʫʜʠʪ ʙʝʟʧʝʢʠ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ (ɸɹɸɼ) ʪʘ ʧʝʨʝʚʽʨʢʘ 

ʙʝʟʧʝʢʠ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ (ʇɹɸɼ), ʷʢʽ ʥʠʥʽ ʚʠʟʥʘʥʽ ʦʜʥʠʤʠ ʟ 

ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʭ ʪʝʭʥʽʯʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ. ɿ ʫʭʚʘʣʝʥʥʷʤ ɼʠʨʝʢʪʠʚʠ 

ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʇʘʨʣʘʤʝʥʪʫ ʪʘ ʈʘʜʠ  ̄ 2008/96 ʧʨʦ ʫʧʨʘʚʣʽʥʥʷ ʙʝʟʧʝʢʦʶ 

ʜʦʨʦʞʥʴʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʦʧʫʙʣʽʢʦʚʘʥʦʾ ʚ ʞʦʚʪʥʽ 2008 ʨʦʢʫ ʪʘ, ʽʟ ʚʥʝʩʝʥʠʤʠ 

ʟʤʽʥʘʤʠ, ɼʠʨʝʢʪʠʚʠ  ̄ 2019/1936, ɭʚʨʦʧʝʡʩʴʢʠʡ ʉʦʶʟ ʧʨʠʡʥʷʚ ʨʽʰʝʥʥʷ ʪʘ 

ʟʘʪʚʝʨʜʠʚ ʽʥʩʪʨʫʢʮʽʾ, ʷʢʠʤʠ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʜʦʨʦʞʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʤʘʻ ʩʪʘʪʠ 

ʚʘʞʣʠʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʜʦʨʽʛ. ɸʫʜʠʪ ʙʝʟʧʝʢʠ 

ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ ʫ ʢʦʤʧʣʝʢʩʽ ʟ ʽʥʰʠʤʠ ʟʘʩʦʙʘʤʠ ʫʧʨʘʚʣʽʥʥʷ ʙʝʟʧʝʢʦʶ ʜʦʨʽʛ 

ʤʘʻ ʙʫʪʠ ʦʙʦʚôʷʟʢʦʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʰʠʨʰʽʡ ʩʬʝʨʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʦʨʽʛ, ʥʽʞ ʮʝ ʙʫʣʦ ʨʘʥʽʰʝ, ʢʦʣʠ ʩʧʝʨʰʫ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʬʦʢʫʩʫʚʘʣʦʩʷ ʥʘ ʊʨʘʥʩôʻʚʨʦʧʝʡʩʴʢʽʡ ʜʦʨʦʞʥʽʡ ʤʝʨʝʞʽ ʪʘ ʚʩʽʭ ʜʦʨʦʞʥʽʭ ʧʨʦʝʢʪʘʭ 

ʤʽʞʥʘʨʦʜʥʠʭ ʬʽʥʘʥʩʦʚʠʭ ʦʨʛʘʥʽʟʘʮʽʡ (ʉʚʽʪʦʚʦʛʦ ʙʘʥʢʫ, ɭɯɹ, ʄɹʈʈ, ɭɹʈʈ ʪʦʱʦ). 

ɸʫʜʠʪ ʙʝʟʧʝʢʠ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ ʥʝʦʙʭʽʜʥʦ ʙʫʜʝ ʟʜʽʡʩʥʶʚʘʪʠ ʥʝ ʣʠʰʝ ʧʽʜ ʯʘʩ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʦʚʠʭ ʜʦʨʽʛ, ʘ ʡ ʧʝʨʝʜ ʨʝʢʦʥʩʪʨʫʢʮʽʻʶ ʘʙʦ ʢʘʧʽʪʘʣʴʥʠʤ ʨʝʤʦʥʪʦʤ 

ʽʩʥʫʶʯʠʭ ʜʦʨʽʛ, ʱʦʙ ʤʘʪʠ ʟʤʦʛʫ ʚʠʷʚʣʷʪʠ ʥʘʷʚʥʽ ʥʝʜʦʣʽʢʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʙʝʟʧʝʢʫ. 

ɸʫʜʠʪ ʙʝʟʧʝʢʠ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ ï ʮʝ ʜʦʙʨʝ ʚʽʜʦʤʠʡ ʤʽʞʥʘʨʦʜʥʦ 

ʚʞʠʚʘʥʠʡ ʪʝʨʤʽʥ, ʷʢʠʡ ʦʟʥʘʯʘʻ ʥʝʟʘʣʝʞʥʝ ʦʮʽʥʶʚʘʥʥʷ ʧʨʦʝʢʪʫ ʟ ʤʝʪʦʶ 

ʚʠʷʚʣʝʥʥʷ ʥʝʜʦʣʽʢʽʚ ʪʘ ʧʦʪʝʥʮʽʡʥʠʭ ʨʠʟʠʢʽʚ ʜʣʷ ʙʝʟʧʝʢʠ ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʜʦʨʦʛʠ 

ʘʙʦ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ. ʎʝ ʦʬʽʮʽʡʥʘ ʝʢʩʧʝʨʪʠʟʘ ʜʦʨʦʞʥʴʦʛʦ ʘʙʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʧʨʦʝʢʪʫ, ʷʢʫ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʯʘʩʪʠʥʫ ʢʦʤʧʣʝʢʩʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʷʢʽʩʪʶ. ʉʪʦʩʦʚʥʦ ʥʦʚʠʭ ʜʦʨʽʛ ʘʫʜʠʪ ʙʝʟʧʝʢʠ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʷʢ ʧʨʦʘʢʪʠʚʥʠʡ ʧʽʜʭʽʜ, ʦʩʥʦʚʥʦʶ ʤʝʪʦʶ ̫ ʢʦʛʦ ̒  ʚʠʷʚʣʝʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ ʧʨʦʙʣʝʤ 

ʟ ʙʝʟʧʝʢʦʶ ʷʢʦʤʦʛʘ ʨʘʥʽʰʝ, ʚ ʧʨʦʮʝʩʽ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʱʦʙ ʤʦʞʥʘ 

ʙʫʣʦ ʧʨʠʡʥʷʪʠ ʨʽʰʝʥʥʷ ʱʦʜʦ ʟʘʧʦʙʽʛʘʥʥʷ ʘʙʦ ʟʤʝʥʰʝʥʥʷ ʪʷʞʢʦʩʪʽ ʥʘʩʣʽʜʢʽʚ 

ʚʠʷʚʣʝʥʠʭ ʥʝʜʦʣʽʢʽʚ, ʙʘʞʘʥʦ ʜʦ ʪʦʛʦ, ʷʢ ʙʫʜʝ ʨʝʘʣʽʟʦʚʘʥʦ ʧʣʘʥ ʘʙʦ ʚʽʜʙʫʣʦʩʷ 

ɼʊʇ. ʆʜʥʘʢ ʚ ʧʨʦʮʝʩʽ ʘʫʜʠʪʫ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʪʘʢʦʞ ʤʝʪʦʜ ʧʨʦʩʪʦʛʦ 

ʨʝʘʛʫʚʘʥʥʷ, ʢʦʣʠ ʚʠʷʚʣʝʥʥʷ ʥʝʜʦʣʽʢʽʚ ʫ ʩʬʝʨʽ ʙʝʟʧʝʢʠ ʥʘ ʽʩʥʫʶʯʠʭ ʜʦʨʦʛʘʭ ʩʪʘʻ 

ʩʠʛʥʘʣʦʤ ʜʣʷ ʧʦʯʘʪʢʫ ʨʦʙʽʪ ʟ ʚʽʜʥʦʚʣʝʥʥʷ ʮʠʭ ʜʦʨʽʛ. 

ʇʨʦʚʝʜʝʥʥʷ ʘʫʜʠʪʽʚ  ̔ ʧʝʨʝʚʽʨʦʢ ʙʝʟʧʝʢʠ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ  ̒ ʜʫʞʝ 

ʚʘʞʣʠʚʠʤ ʜʣʷ ʙʝʟʧʝʢʠ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ, ʦʩʢʽʣʴʢʠ ʦʬʽʮʽʡʥʽ ʟʚʽʪʠ, ʱʦ ʛʦʪʫʶʪʴʩʷ 

ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʦʛʦ ʘʫʜʠʪʫ/ʧʝʨʝʚʽʨʢʠ ʙʝʟʧʝʢʠ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ, 

ʚʠʟʥʘʯʘʶʪʴ ʽʩʥʫʶʯʽ ʪʘ ʧʦʪʝʥʮʽʡʥʽ ʜʝʬʝʢʪʠ (ʥʝʜʦʣʽʢʠ), ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʙʝʟʧʝʢʫ 

ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ, ʪʘ, ʟʘ ʧʦʪʨʝʙʠ, ʤʽʩʪʷʪʴ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʾʭ ʫʩʫʥʝʥʥʷ ʘʙʦ 
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ʟʤʝʥʰʝʥʥʷ ʥʘʩʣʽʜʢʽʚ. ʇʨʦʚʝʜʝʥʥʷ ʘʫʜʠʪʫ ʜʘʻ ʟʤʦʛʫ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ɼʊʇ  ̔

ʧʦʣʝʛʰʠʪʠ ʾʭ ʥʘʩʣʽʜʢʠ ʟʘʚʜʷʢʠ ʧʦʢʨʘʱʝʥʥʶ ʧʦʢʘʟʥʠʢʽʚ ʙʝʟʧʝʢʠ ʜʦʨʽʛ [1]. 

ʃʽʪʝʨʘʪʫʨʘ 

1. Practical Guide for Road Safety Auditors and Inspectors in Ukraine. URL: 

https://www.roadsafetyfacility.org/publications/practical-guide-road-safety-auditors-

and-inspectors-ukraine?fbclid=IwAR143uH9MOk8BqJvJ4jT_PrzllU4THa7zQfj6z 
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ʉʌɽʈʀ ɿɸʉʊʆʉʋɺɸʅʅʗ ɸʋɼʀʊʋ ɹɽɿʇɽʂʀ ɸɺʊʆʄʆɹɯʃʔʅʀʍ 

ɼʆʈɯɻ 

 

ʃʠʪʦʚʯʝʥʢʦ ɭ. ɺ., ʂʦʣʦʩʦʢ ɯ. ʆ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ  ̔ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʚʠʟʥʘʯʝʥʥʷʤ ʘʫʜʠʪʫ ʙʝʟʧʝʢʠ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ  ̒

ʥʘʩʪʫʧʥʝ ʮʝ ʩʠʩʪʝʤʥʘ ʧʝʨʝʚʽʨʢʘ ʚʧʣʠʚʫ ʜʦʨʦʞʥʴʦʛʦ ʘʙʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʝʢʪʫ, 

ʘʙʦ ʙʫʜʴ-ʷʢʦʛʦ ʽʥʰʦʛʦ ʧʨʦʝʢʪʫ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʫʯʘʩʥʠʢʽʚ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ, ʷʢʘ 

ʧʨʦʚʦʜʠʪʴʩʷ ʥʝʟʘʣʝʞʥʠʤ, ʢʚʘʣʽʬʽʢʦʚʘʥʠʤ ʘʫʜʠʪʦʨʦʤ ʘʙʦ ʛʨʫʧʦʶ ʘʫʜʠʪʦʨʽʚ, ʷʢʽ 

ʟʚʽʪʫʶʪʴ ʧʨʦ ʧʦʪʝʥʮʽʘʣʴʥʫ ʘʚʘʨʽʡʥʽʩʪʴ ʧʨʦʝʢʪʫ ʪʘ ʧʦʢʘʟʥʠʢʠ ʙʝʟʧʝʢʠ ʜʣʷ ʚʩʽʭ 

ʢʘʪʝʛʦʨʽʡ ʫʯʘʩʥʠʢʽʚ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ, ʷʢ ʚʢʘʟʘʥʦ ʚ ʅʘʩʪʘʥʦʚʘʭ ʟ ʘʫʜʠʪʫ ʙʝʟʧʝʢʠ 

ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ ʉʚʽʪʦʚʦʾ ʜʦʨʦʞʥʴʦʾ ʘʩʦʮʽʘʮʽʾ (PIARC). 

ʋ ʩʬʝʨʽ ʙʝʟʧʝʢʠ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ ʚʩʪʘʥʦʚʣʝʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʚʠʷʚʣʝʥʠʭ 

ʥʝʜʦʣʽʢʽʚ, ʷʢʽ ʧʦʜʽʣʝʥʽ ʥʘ ʚʽʩʽʤ ʛʨʫʧ:  

1. ʌʫʥʢʮʽʷ ʜʦʨʦʛʠ (ʟʤʽʰʫʚʘʥʥʷ ʨʽʟʥʠʭ ʬʫʥʢʮʽʡ ʜʦʨʦʛʠ  ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʦʨʦʛʠ ʜʣʷ ʰʚʠʜʢʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʰʚʠʜʢʦʭʽʜʥʦʛʦ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ ʥʘ ʚʝʣʠʢʽ 

ʚʽʜʩʪʘʥʽ  ̔ʷʢ ʤʘʨʰʨʫʪʫ ʜʣʷ ʧʦʚʽʣʴʥʦʛʦ ʤʽʩʮʝʚʦʛʦ ʪʨʘʥʩʧʦʨʪʫ). 

2. ʇʦʧʝʨʝʯʥʠʡ ʧʨʦʬʽʣʴ. 

3. ʊʨʘʩʫʚʘʥʥʷ (ʚʝʨʪʠʢʘʣʴʥʽ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʢʨʠʚʽ, ʚʽʜʩʪʘʥʴ ʚʠʜʠʤʦʩʪʽ). 

4. ʇʝʨʝʭʨʝʩʪʷ. 

5. ɼʝʨʞʘʚʥʽ ʪʘ ʧʨʠʚʘʪʥʽ ʧʦʩʣʫʛʠ (ʧʦʩʣʫʛʠ, ʱʦ ʥʘʜʘʶʪʴʩʷ ʫʟʜʦʚʞ ʜʦʨʽʛ); 

ʟʦʥʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʚʽʜʧʦʯʠʥʢʫ, ʛʨʦʤʘʜʩʴʢʠʡ ʪʨʘʥʩʧʦʨʪ. 

6. ʇʦʪʨʝʙʠ ʫʨʘʟʣʠʚʠʭ ʫʯʘʩʥʠʢʽʚ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ (ʧʽʰʦʭʽʜʥʽ ʧʝʨʝʭʦʜʠ). 

7. ɼʦʨʦʞʥʽ ʟʥʘʢʠ, ʨʦʟʤʽʪʢʘ ʪʘ ʦʩʚʽʪʣʝʥʥʷ. 

8. ʆʩʦʙʣʠʚʦʩʪʽ ʧʨʠʜʦʨʦʞʥʴʦʾ ʟʦʥʠ ʪʘ ʝʣʝʤʝʥʪʠ ʧʘʩʠʚʥʦʾ ʙʝʟʧʝʢʠ, ʮʠʚʽʣʴʥʽ 

ʩʧʦʨʫʜʠ (ʧʝʨʝʰʢʦʜʠ ʚ ʧʨʠʜʦʨʦʞʥʽʡ ʩʤʫʟʽ  ʨʦʩʣʠʥʠ, ʜʝʨʝʚʘ, ʦʧʦʨʠ ʦʩʚʽʪʣʝʥʥʷ, 

ʙʽʛʙʦʨʜʠ, ʪʦʱʦ; ʙʘʨôʻʨʥʝ ʦʛʦʨʦʜʞʝʥʥʷ; ʰʪʫʯʥ ̔ ʩʧʦʨʫʜʠ, ʪʘʢ̔ ʷʢ ʤʦʩʪʠ, 

ʰʣʷʭʦʧʨʦʚʦʜʠ, ʪʫʥʝʣʴʥʽ ʰʣʷʭʦʧʨʦʚʦʜʠ). 

ɸʫʜʠʪ ʙʝʟʧʝʢʠ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ ʜʣʷ ʰʠʨʦʢʦʛʦ 

ʩʧʝʢʪʨʫ ʧʨʦʝʢʪʽʚ ʨʽʟʥʦʛʦ ʤʘʩʰʪʘʙʫ, ʤʽʩʮʷ ʚʠʢʦʥʘʥʥʷ, ʚʠʜʫ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ. ɺʠʜʠ 

https://www.roadsafetyfacility.org/publications/practical-guide-road-safety-auditors-and-inspectors-ukraine?fbclid=IwAR143uH9MOk8BqJvJ4jT_
https://www.roadsafetyfacility.org/publications/practical-guide-road-safety-auditors-and-inspectors-ukraine?fbclid=IwAR143uH9MOk8BqJvJ4jT_
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ʧʨʦʝʢʪʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʧʽʜʣʷʛʘʪʠ ʘʫʜʠʪʫ, ʤʦʞʥʘ ʟʛʨʫʧʫʚʘʪʠ ʟʘ ʪʘʢʠʤʠ ʥʘʧʨʷʤʢʘʤʠ 

[1]: 

- ʧʨʠʟʥʘʯʝʥʥʷ ʜʦʨʦʞʥʴʦʾ ʤʝʨʝʞʽ (ʤʽʞʥʘʨʦʜʥʽ ʜʦʨʦʛʠ, ʛʦʣʦʚʥʽ ʜʦʨʦʛʠ, 

ʨʝʛʽʦʥʘʣʴʥʽ ʜʦʨʦʛʠ ʪʘ ʜʦʨʦʛʠ ʤʽʩʮʝʚʦʛʦ ʟʥʘʯʝʥʥʷ) 

- ʨʫʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ (ʨʫʭ ʣʠʰʝ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʘʙʦ 

ʟʤʽʰʘʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, ʚʢʣʶʯʘʶʯʠ ʨʫʭ ʥʝʤʦʪʦʨʠʟʦʚʘʥʠʭ ʘʙʦ ʧʦʚʽʣʴʥʠʭ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ) 

- ʤʽʩʮʝ ʨʦʟʪʘʰʫʚʘʥʥʷ (ʟʘ ʤʝʞʘʤʠ ʘʙʦ ʚʩʝʨʝʜʠʥʽ ʟʘʙʫʜʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ). 

ɸʫʜʠʪ ʙʝʟʧʝʢʠ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʜʣʷ ʚʩʽʭ ʥʦʚʠʭ 

ʧʨʦʝʢʪʽʚ ʜʦʨʽʛ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʧʨʦʝʢʪʽʚ ʥʦʚʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ, ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʪʘ 

ʢʘʧʽʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʫ. 

ɸʫʜʠʪ ʙʝʟʧʝʢʠ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ ʤʦʞʥʘ ʟʜʽʡʩʥʶʚʘʪʠ: 

- ʜʣʷ ʥʦʚʠʭ ʜʦʨʽʛ, ʘʚʪʦʤʘʛʽʩʪʨʘʣʝʡ, ʰʚʠʜʢʽʩʥʠʭ ʰʦʩʝʡʥʠʭ ʜʦʨʽʛ 

ʧʨʠʜʦʨʦʞʥʴʦʾ ʦʙʩʪʘʥʦʚʢʠ ʪʘ ʜʦʨʦʞʥʽʭ ʩʧʦʨʫʜ; 

- ʜʦ ʪʘ ʧʽʜ ʯʘʩ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʢʘʧʽʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʫ ʜʦʨʦʛʠ; 

- ʚʩʝʨʝʜʠʥʽ ʪʘ ʟʘ ʤʝʞʘʤʠ ʟʘʙʫʜʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ. 

ʃʽʪʝʨʘʪʫʨʘ 

1. Practical Guide for Road Safety Auditors and Inspectors in Ukraine. URL: 

https://www.roadsafetyfacility.org/publications/practical-guide-road-safety-auditors-

and-inspectors-ukraine?fbclid=IwAR143uH9MOk8BqJvJ4jT_PrzllU4THa7zQfj6zY 

yHAYqB4YzmitMaAZpuDc 
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ʄʝʣʴʥʠʢ ɺ. ɯ., ʈʝʥʜʘʢ ɹ. ʄ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ  ̔ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ɸʛʨʘʨʥʘ ʩʬʝʨʘ ʥʠʥʽ ʧʦʪʨʝʙʫʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʽʪʥʽʭ ʧʽʜʭʦʜʽʚ ʱʦʜʦ 

ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ, ʘ ʪʘʢʦʞ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʊʦʯʥʝ 

ʟʝʤʣʝʨʦʙʩʪʚʦ ʧʦʚʥʦʶ ʤʽʨʦʶ ʚʽʜʧʦʚʽʜʘʻ ʮʠʤ ʟʘʧʠʪʘʤ ʟʘ ʩʚʦʻʶ ʩʫʪʪʶ, ʦʩʢʽʣʴʢʠ 

ʧʝʨʝʜʙʘʯʘʻ ʦʙʨʦʙʣʝʥʥʷ ʧʦʣʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʝʘʣʴʥʠʭ ʧʦʪʨʝʙ ʢʫʣʴʪʫʨ, 

ʚʠʨʦʱʫʚʘʥʠʭ ʚ ʜʘʥʦʤʫ ʤʽʩʮʽ. ʎ ̔ʧʦʪʨʝʙʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʫʯʘʩʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʚʢʣʶʯʘʶʯʠ ʢʦʩʤʽʯʥʝ ʟʥʽʤʘʥʥʷ. ɿʘʛʘʣʴʥʦʚʽʜʦʤʦ, ʱʦ 

ʜʦʙʨʠʚʘ  ̒ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʣʠʰʝ ʟʘ ʫʤʦʚʠ ʟʙʘʣʘʥʩʦʚʘʥʦʩʪʽ ʟʘ ʝʣʝʤʝʥʪʘʤʠ 

ʞʠʚʣʝʥʥʷ ʜʣʷ ʨʦʩʣʠʥ. ɺʠʭʽʜʥʠʤʠ ʫʤʦʚʘʤʠ  ̒ʧʝʚʥʠʡ ʚʠʜ ʢʫʣʴʪʫʨʠ, ʾʾ ʧʣʘʥʦʚʘʥʘ 

ʫʨʦʞʘʡʥʽʩʪʴ ʪʘ ʦʧʪʠʤʘʣʴʥʝ ʧʦʻʜʥʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ˇʨʫʥʪʽʚ ʜʘʥʦʛʦ ʧʦʣʷ ʥʘ ʧʽʜʩʪʘʚʽ ʜʘʥʠʭ ʢʘʨʪʦʛʨʘʤʠ. ʅʘʷʚʥʽʩʪʴ ʘʢʪʫʘʣʴʥʦʾ 

ʢʘʨʪʦʛʨʘʤʠ, ʷʢʘ ʙ ʧʦʚʥʦʶ ʤʽʨʦʶ ʚʽʜʦʙʨʘʞʘʣʘ ʩʢʣʘʜ  ̔ ʷʢʽʩʪʴ ˇʨʫʥʪʽʚ ʜʣʷ 

ʚʠʨʦʙʥʠʢʘ  ̒ʧʝʨʰʦʯʝʨʛʦʚʦʶ ʥʝʦʙʭʽʜʥʽʩʪʶ. 

https://www.roadsafetyfacility.org/publications/practical-guide-road-safety-auditors-and-inspectors-ukraine?fbclid=IwAR143uH9MOk8BqJvJ4jT_PrzllU4THa
https://www.roadsafetyfacility.org/publications/practical-guide-road-safety-auditors-and-inspectors-ukraine?fbclid=IwAR143uH9MOk8BqJvJ4jT_PrzllU4THa
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ʅʠʥʽʰʥʽ ʜʦʩʷʛʥʝʥʥʷ ʫ ʩʬʝʨʽ ʢʦʩʤʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʘʤʝ ̔  ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʘʛʨʦʚʠʨʦʙʥʠʢʦʚʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʘʥʽ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʦʧʝʨʘʪʠʚʥʦʾ ̔ ʥʬʦʨʤʘʮʽʾ ʟ ʢʦʩʤʦʩʫ. ʂʦʰʪʠ ʦʙʨʦʙʣʝʥʥʷ ʜʠʬʝʨʝʥʮʽʶʶʪʴʩʷ ʚ ʤʝʞʘʭ 

ʨʽʟʥʠʭ ʜʽʣʷʥʦʢ ʧʦʣʷ, ʱʦ ʚʦʜʥʦʯʘʩ ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʘʣʴʥʠʡ ʝʬʝʢʪ ʟʘ 

ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʧʨʠʯʠʥʝʥʥʷ ʟʙʠʪʢʽʚ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʫ  ̔ ʟʥʠʞʝʥʥʷ 

ʟʘʛʘʣʴʥʦʾ ʚʠʪʨʘʪʠ ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʨʝʯʦʚʠʥ. ʄʦʥʽʪʦʨʠʥʛ ʟʝʤʝʣʴʥʠʭ ʫʛʽʜʴ ʯʝʨʝʟ 

ʩʫʧʫʪʥʠʢʠ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʘʛʨʘʨʽʷʤ ʚʨʘʭʫʚʘʪʠ ʨʽʟʥʦʤʘʥʽʪʪʷ ʫʩʽʭ ʚʠʜʽʚ ʨʦʩʣʠʥ ʪʘ 

ʾʭʥʴʦʛʦ ʩʪʘʥʫ ʚ ʢʦʞʥʽʡ ʦʢʨʝʤʽʡ ʜʽʣʷʥʮʽ ʧʦʣʷ. ɿʥʽʤʢʠ  ̒ ʜʦʩʪʫʧʥʠʤʠ ʯʝʨʝʟ 

ʙʽʙʣʽʦʪʝʢʠ ʢʦʩʤʽʯʥʠʭ ʩʚʽʪʣʠʥ, ʷʢʽ ʨʦʙʣʷʪʴʩʷ ʟ ʯʘʩʪʦʪʦʶ ʚ ʩʝʨʝʜʥʴʦʤʫ 3-7 ʜʥʽʚ 

ʧʨʦʪʷʛʦʤ ʢʽʣʴʢʦʭ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ. ʊʦʤʫ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʚʝʣʠʢʠʡ ʤʘʩʠʚ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʘʥ ʚʠʟʥʘʯʝʥʦʛʦ ʧʦʣʷ. ʅʘʧʨʠʢʣʘʜ, ʫ ʨʘʤʢʘʭ ʨʽʰʝʥʥʷ EOS Crop 

Monitoring (ʮʠʬʨʦʚʘ ʘʛʨʦʧʣʘʪʬʦʨʤʘ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʩʽʣʴʛʦʩʧʧʽʜʧʨʠʻʤʩʪʚʦʤ) ʩʪʚʦʨʝʥʦ ʧʦʚʥʫ ʝʣʝʢʪʨʦʥʥʫ ʢʘʨʪʫ ʋʢʨʘʾʥʠ ʟ 

ʚʠʟʥʘʯʝʥʠʤʠ ʤʝʞʘʤʠ ʧʦʣʽʚ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʢʫʣʴʪʫʨ, ʱʦ ʟʨʦʙʠʣʦ ʩʫʧʫʪʥʠʢʦʚʽ 

ʜʘʥʽ ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʠʤʠ, ʘʜʘʧʪʦʚʘʥʠʤʠ ʜʦ ʧʦʪʨʝʙ ʘʛʨʘʨʽʾʚ  ̔ ʣʝʛʢʠʤʠ ʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ. ʊʦʤʫ ʥʝʤʘʻ ʧʦʪʨʝʙʠ ʦʩʦʙʠʩʪʦ ʰʫʢʘʪʠ ʩʫʧʫʪʥʠʢʦʚʽ ʟʥʽʤʢʠ ʚ 

ʘʨʭʽʚʘʭ ʢʦʩʤʽʯʥʠʭ ʤʽʩʽʡ  ̔ʧʣʘʪʠʪʠ ʟʘ ʩʚʽʪʣʠʥʠ ʚʝʣʠʢʦʛʦ ʨʦʟʰʠʨʝʥʥʷ, ʚ ʷʢʠʭ 

ʥʘʩʧʨʘʚʜʽ ʥʝʤʘ ʧʦʪʨʝʙʠ. 

ɿʘʚʜʷʢʠ ʟʥʽʤʢʘʤ ʩʫʧʫʪʥʠʢʽʚ, ʩʝʨʚʽʩʠ ʜʣʷ ʦʥʣʘʡʥ-ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʩʽʚʽʚ 

ʜʘʶʪʴ ʟʤʦʛʫ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʟʤʽʥʥʽ ʥʦʨʤʠ ʚʥʝʩʝʥʥʷ ʜʦʙʨʠʚ ʜʣʷ ʤʘʣʠʭ  ̔ʩʝʨʝʜʥʽʭ 

ʘʛʨʘʨʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʣʘʩʥʠʢ ʤʦʞʝ ʚʥʦʩʠʪʠ ʜʦʙʨʠʚʘ 

ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦ, ʨʦʙʣʷʯʠ ʘʢʮʝʥʪ ʥʘ ʧʨʦʙʣʝʤʥʽ ʜʽʣʷʥʢʠ, ʦʩʢʽʣʴʢʠ ʦʜʥʽ ʨʦʩʣʠʥʠ 

ʧʦʪʨʝʙʫʶʪʴ ʙʽʣʴʰʝ ʜʦʙʨʠʚ, ʘ ʽʥʰʽ ï ʥʘʚʧʘʢʠ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʟʘʚʜʷʢʠ ʭʤʘʨʥʽʡ 

ʢʘʨʪʦʛʨʘʬʽʾ, ʚʠʚʝʜʝʥʽʡ ʫ NDVI, ʤʦʞʥʘ ʚʥʦʩʠʪʠ ʘʟʦʪʥ ̔ʜʦʙʨʠʚʘ ʤʘʢʩʠʤʘʣʴʥʦ 

ʝʢʦʥʦʤʥʦ ʪʘ ʝʬʝʢʪʠʚʥʦ. ʊʘʢʝ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʝ ʚʥʝʩʝʥʥʷ ʩʝʣʽʪʨʠ ʥʘ 10 % 

ʧʽʜʚʠʱʫʻ ʫʨʦʞʘʡʥʽʩʪʴ ʢʫʣʴʪʫʨ ʽʟ ʛʝʢʪʘʨʘ ʟʝʤʣʽ. ɽʬʝʢʪ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʚʜʷʢʠ 

ʧʨʦʩʪʦʤʫ ʟʥʠʞʝʥʥʶ ʜʦʟʫʚʘʥʥʷ ʜʦʙʨʠʚ ʥʘ ʪʠʭ ʜʽʣʷʥʢʘʭ, ʜʝ ʧʦʩʽʚʠ ʨʦʟʚʠʚʘʶʪʴʩʷ 

ʢʨʘʱʝ ʡ, ʥʘʚʧʘʢʠ, ʟʙʽʣʴʰʝʥʥʶ ʥʦʨʤʠ ʪʘʤ, ʜʝ ʢʫʣʴʪʫʨʠ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʛʽʨʰʦʤʫ 

ʩʪʘʥʽ.  

ʊʘʢʘ ʞ ʩʠʪʫʘʮʽʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʱʦʜʦ ʟʨʦʰʫʚʘʥʥʷ: ʥʘʜʤʽʨʥʘ ʚʦʣʦʛʽʩʪʴ 

ʩʠʣʴʥʦ ʰʢʦʜʠʪʴ ʧʦʩʽʚʘʤ, ʧʦʩʠʣʶʶʯʠ ʨʦʟʚʠʪʦʢ ʭʚʦʨʦʙ. ɿʘ ʪʦʯʥʦʛʦ ʨʦʟʫʤʽʥʥʷ 

ʩʪʘʥʫ ʢʫʣʴʪʫʨ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʽʜʝʘʣʴʥʦ ʚʠʚʽʨʝʥʫ ʢʽʣʴʢʽʩʪʴ ʚʦʜʠ ʥʘ ʢʦʞʥʽʡ 

ʢʦʥʢʨʝʪʥʽʡ ʜʽʣʷʥʮʽ ʧʦʣʷ. ʈʘʟʦʤ ʽʟ ʧʦʛʦʜʥʠʤʠ ʜʘʥʠʤʠ ʩʫʧʫʪʥʠʢʦʚʽ ʟʥʽʤʢʠ ʜʘʶʪʴ 

ʪʦʯʥʫ ʦʮʽʥʢʫ ʧʦʩʽʚʽʚ ʽʟ ʨʝʘʣʽʩʪʠʯʥʠʤʠ ʧʨʦʛʥʦʟʘʤʠ ʤʘʡʙʫʪʥʽʭ ʫʨʦʞʘʾʚ. ʄʦʞʥʘ 

ʢʦʤʧʣʝʢʩʥʦ ʧʦʨʽʚʥʶʚʘʪʠ ʩʪʘʥ ʨʽʟʥʠʭ ʧʦʣʽʚ ʤʽʞ ʩʦʙʦʶ, ʘ ʪʘʢʦʞ ʧʦʢʘʟʥʠʢʠ 

ʧʦʧʝʨʝʜʥʽʭ ʨʦʢʽʚ ʥʘ ʧʨʦʪʠʚʘʛʫ ʪʝʧʝʨʽʰʥʽʤ. ʋʩʽ ʮ ̔ ʜʘʥʽ ʜʘʶʪʴ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʠʯʝʨʧʥʫ ʦʮʽʥʢʫ ʧʦʣʷ, ʟ ʷʢʦʶ ʤʦʞʥʘ ʩʬʦʨʤʫʚʘʪʠ ʢʘʨʪʫ ʟʘʚʜʘʥʥʷ ʜʣʷ ʚʥʝʩʝʥʥʷ 

ʜʦʙʨʠʚ, ʟʨʦʰʫʚʘʥʥʷ ʪʘ ʽʥʰʠʭ ʘʛʨʦʟʘʭʦʜʽʚ. ʊʘʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʤʽʥʥʠʭ ʥʦʨʤ  ̒

ʤʘʢʩʠʤʘʣʴʥʦ ʝʬʝʢʪʠʚʥʠʤ.  

ʉʫʧʫʪʥʠʢʠ ʩʪʚʦʨʶʶʪʴ ʘʣʴʪʝʨʥʘʪʠʚʫ ʜʣʷ ʜʨʦʥʽʚ, ʭʦʯʘ ʦʩʪʘʥʥʽ  ̒ ʙʽʣʴʰ 

ʤʦʙʽʣʴʥʠʤʠ ʪʘ ʪʦʯʥʠʤʠ ʚʥʘʩʣʽʜʦʢ ʦʪʨʠʤʘʥʥʷ ʟʥʽʤʢʽʚ ʟ ʜʫʞʝ ʚʠʩʦʢʦʶ ʨʦʟʜʽʣʴʥʦʶ 

ʟʜʘʪʥʽʩʪʶ. ʊʘʢʦʞ ʨʦʙʦʪʽ ʜʨʦʥʽʚ ʥʝ ʧʝʨʝʰʢʦʜʞʘʻ ʭʤʘʨʥʽʩʪʴ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʥʝ 

ʚʠʣʽʪʘʶʪʴ ʟʘ ʤʝʞʽ ʘʪʤʦʩʬʝʨʠ ɿʝʤʣʽ. ʅʘʪʦʤʽʩʪʴ ʝʢʩʧʣʫʘʪʫʚʘʥʥʶ ɹʇʃɸ ʥʘ ʟʘʚʘʜʽ 

ʩʪʘʶʪʴ ʚʽʪʝʨ, ʦʧʘʜʠ ʪʘ ʙʝʟʧʦʣʽʪʥʽ ʟʦʥʠ ʧʦʨʷʜ ʟ ʘʝʨʦʧʦʨʪʘʤʠ ʪʘ ʚʽʡʩʴʢʦʚʠʤʠ 
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ʦʙôʻʢʪʘʤʠ. ɼʦ ʥʝʜʦʣʽʢʽʚ ʜʨʦʥʽʚ ʪʘʢʦʞ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʚʠʩʦʢʫ ʩʦʙʽʚʘʨʪʽʩʪʴ 

ʟʥʽʤʢʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʟʥʽʤʢʦʤ ʩʫʧʫʪʥʠʢʘ, ʱʦ  ̒ʚʠʱʦʶ ʫ 4ï5 ʨʘʟʽʚ. ʗʢʱʦ ʞ 

ʧʦʪʨʽʙʥʦ ʚʠʣʝʪʽʪʠ 4 ʨʘʟʠ, ʪʦ ʮʽʥʘ ʟʨʦʩʪʘʻ ʚ 15ï20 ʨʘʟʽʚ. ʊʦʤʫ ʩʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ 

ʨʦʙʣʷʪʴ ʤʦʥʽʪʦʨʠʥʛ ʩʪʘʥʫ ʧʦʣʽʚ ʟʥʘʯʥʦ ʜʝʰʝʚʰʠʤ. ɿ ʥʠʤʠ ʘʛʨʘʨʽʾ ʤʦʞʫʪʴ 

ʩʣʽʜʢʫʚʘʪʠ ʟʘ ʟʘʛʘʣʴʥʠʤ ʩʪʘʥʦʤ ʙʘʛʘʪʴʦʭ ʧʦʣʽʚ ʪʘ ʚʝʣʠʢʠʭ ʧʦʩʽʚʥʠʭ ʧʣʦʱ.  

ʆʜʥʘ ʟ ʦʩʥʦʚʥʠʭ ʧʨʦʙʣʝʤ ʘʛʨʘʨʥʦʾ ʩʬʝʨʠ ʧʦʣʷʛʘʻ ʫ ʧʦʪʨʝʙʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʧʦʛʦʜʠ ʪʘ ʟʜʽʡʩʥʝʥʥʽ ʢʦʥʪʨʦʣʶ ʟʘ ʢʣʽʤʘʪʠʯʥʠʤʠ ʫʤʦʚʘʤʠ. ʂʦʩʤʽʯʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʜʦʟʚʦʣʷʶʪʴ ʟʽʙʨʘʪʠ ʪʘ ʦʙʨʦʙʠʪʠ ʚʝʣʠʢʽ ʦʙʩʷʛʠ ʜʘʥʠʭ ʟ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʪʘ ʟ 

ʢʦʩʤʦʩʫ, ʱʦ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʚʯʝʥʥʷ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ ʪʘ ʾʭ ʥʘʩʣʽʜʢʽʚ, 

ʟʦʢʨʝʤʘ ʟʤʽʥʠ ʢʣʽʤʘʪʫ ʚ ʨʽʟʥʠʭ ʨʝʛʽʦʥʘʭ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʛʦʜʥʠʭ ʫʤʦʚ ʥʘ 

ʤʘʡʙʫʪʥʻ. ʎʝ ʜʦʧʦʤʘʛʘʻ ʟʤʝʥʰʠʪʠ ʨʠʟʠʢʠ ʜʣʷ ʚʨʦʞʘʶ ʪʘ ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ 

ʚʠʨʦʱʝʥʠʭ ʧʨʦʜʫʢʪʽʚ. 

ʊʨʝʥʜʦʤ ʩʴʦʛʦʜʝʥʥʷ ʚ ʘʛʨʘʨʥʽʡ ʩʬʝʨʽ  ̒ʾʾ ʝʢʦʣʦʛʽʯʥʽʩʪʴ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ 

ʟʙʝʨʝʞʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ. ʂʦʩʤʽʯʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʤʦʞʫʪʴ ʜʦʧʦʤʦʛʪʠ ʚʠʚʯʘʪʠ ʝʢʦʩʠʩʪʝʤʠ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʤʦʥʽʪʦʨʠʥʛ ʟʤʽʥ ʚ 

ʧʨʠʨʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ, ʟʤʝʥʰʠʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʽʤʽʯʥʠʭ ʜʦʙʨʠʚ ʪʘ 

ʧʝʩʪʠʮʠʜʽʚ, ʱʦ ʧʦʟʠʪʠʚʥʦ ʧʦʟʥʘʯʠʪʴʩʷ ʥʘ ʜʦʚʢʽʣʣʽ ʪʘ ʟʜʦʨʦʚ'ʾ ʣʶʜʝʡ. 

ʂʦʩʤʽʯʥʽ ʪʝʭʥʦʣʦʛʽʾ ʤʦʞʫʪʴ ʜʦʧʦʤʦʛʪʠ ʚʧʨʦʚʘʜʞʝʥʥʶ ʝʬʝʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ 

ʪʝʣʝʤʘʪʠʢʠ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʱʦ ʥʘʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʦʢʨʘʱʠʪʠ 

ʫʧʨʘʚʣʽʥʥʷ ʘʛʨʘʨʥʠʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʫ ʩʠʩʪʝʤʫ 

ʧʦʩʪʘʯʘʥʥʷ ʡ ʧʨʦʜʘʞʽʚ ʧʨʦʜʫʢʪʽʚ ʟʘ ʫʤʦʚʠ ʚʽʜʜʘʣʝʥʦʩʪʽ ʜʝʷʢʠʭ ʩʽʣʴʩʴʢʠʭ ʨʘʡʦʥʽʚ 

ʚʽʜ ʦʩʥʦʚʥʠʭ ʮʝʥʪʨʽʚ ʨʦʟʚʠʪʢʫ ʪʘ ʤʘʨʢʝʪʠʥʛʫ. 

ʄʝʪʦʜʠʢʠ ʪʦʯʥʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ ʥʘʙʫʚʘʶʪʴ h ʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʩʚʽʪʽ. 

ʊʘʢ, 80 % ʚʠʨʦʙʥʠʢʽʚ ʘʛʨʦʧʨʦʜʫʢʮʽʾ ʉʐɸ ʧʝʨʝʙʫʚʘʶʪʴ ʥʘ ʨʽʟʥʠʭ ʩʪʘʜʽʷʭ ʾʭ 

ʫʧʨʦʚʘʜʞʝʥʥʷ. ɿʘ ʜʘʥʠʤʠ InVenture, ʥʘ ʞʘʣʴ, ʣʠʰʝ 10 % ʘʛʨʘʨʥʠʭ ʢʦʤʧʘʥʽʡ 

ʋʢʨʘʾʥʠ ʚʧʨʦʚʘʜʞʫʻ ʥʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ. ʎʝ ʩʧʨʠʯʠʥʝʥʦ ʘʙʦ ʬʽʥʘʥʩʦʚʦʶ 

ʥʝʩʧʨʦʤʦʞʥʽʩʪʶ, ʘʙʦ ʥʝʦʙʽʟʥʘʥʽʩʪʶ ʟ ʪʘʢʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ, ʪʘʢʦʞ ʩʠʪʫʘʮʽʷ 

ʧʦʛʽʨʰʫʻʪʴʩʷ  ̔ʚʽʡʥʦʶ.  

ʇʦʧʫʣʷʨʠʟʘʮʽʷ ʢʦʩʤʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʘʛʨʘʨʥʽʡ ʩʬʝʨʽ ʤʦʞʝ ʙʫʪʠ 

ʟʘʙʝʟʧʝʯʝʥʘ ʥʘʩʘʤʧʝʨʝʜ ʨʦʟʚʠʪʢʦʤ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʜʦʩʪʫʧʥʽʩʪʶ ʜʦ ʩʫʯʘʩʥʠʭ 

ʟʘʩʦʙʽʚ ʟʙʦʨʫ ʪʘ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ, ʤʦʞʣʠʚʽʩʪʶ ʥʘʚʯʘʥʥʷ ʜʣʷ ʬʘʭʽʚʮʽʚ ʫ ʛʘʣʫʟʽ 

ʘʛʨʘʨʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʉʠʪʫʘʮʽʷ ʤʦʞʝ ʙʫʪʠ ʧʦʢʨʘʱʝʥʘ, ʥʘʧʨʠʢʣʘʜ, ʚʥʘʩʣʽʜʦʢ 

ʟʤʽʥʠ ʚʽʢʦʚʦʾ ʩʪʨʫʢʪʫʨʠ, ʟʘʡʥʷʪʠʭ ʚ ʘʛʨʘʨʥʽʡ ʛʘʣʫʟʽ, ʷʢʽ ʙʽʣʴʰ ʫʤʦʪʠʚʦʚʘʥʽ ʜʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʦ ʯʝʨʝʟ 

ʨʦʟʨʦʙʣʝʥʥʷ ʧʨʦʛʨʘʤʠ ʧʽʜʪʨʠʤʢʠ ʫʨʷʜʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʦʩʤʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ 

ʘʛʨʘʨʥʽʡ ʩʬʝʨʽ, ʚʢʣʶʯʘʶʯʠ ʬʽʥʘʥʩʫʚʘʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʨʦʟʨʦʙʦʢ. ʆʜʥʠʤ ʟ 

ʤʦʞʣʠʚʠʭ ʰʣʷʭʽʚ ʨʦʟʚôʷʟʘʥʥʷ ʮʠʭ ʧʨʦʙʣʝʤ  ̒ ʩʧʽʚʧʨʘʮʷ ʤʽʞ ʚʠʨʦʙʥʠʢʘʤʠ 

ʢʦʩʤʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʘʛʨʘʨʥʠʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ. 

ʊʘʢʦʞ, ʚʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ  ̒ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʫʧʫ ʜʦ ʢʦʩʤʽʯʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʥʝʚʝʣʠʢʠʭ ʪʘ ʩʝʨʝʜʥʽʭ ʘʛʨʘʨʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. ʅʘʧʨʠʢʣʘʜ, ʜʝʷʢʽ 

ʢʦʤʧʘʥʽʾ ʚʞʝ ʧʨʦʧʦʥʫʶʪʴ ʧʦʩʣʫʛʠ ʟʽ ʟʙʦʨʫ ʪʘ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ ʜʣʷ ʬʝʨʤʝʨʽʚ ʟʘ 

ʜʦʩʪʫʧʥʠʤʠ ʮʽʥʘʤʠ, ʩʪʚʦʨʝʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʧʨʦʛʨʘʤ ʜʣʷ ʬʝʨʤʝʨʽʚ ʪʘ ʩʘʜʽʚʥʠʢʽʚ, 

ʷʢʽ ʜʦʧʦʤʘʛʘʶʪʴ ʚʽʜʩʪʝʞʫʚʘʪʠ ʨʦʟʚʠʪʦʢ ʨʦʩʣʠʥ, ʚʠʷʚʣʷʪʠ ʭʚʦʨʦʙʠ ʪʘ ʰʢʽʜʥʠʢʽʚ 

ʪʘ ʧʣʘʥʫʚʘʪʠ ʟʙʽʨ ʚʨʦʞʘʶ. 
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ʈʆɿʈʆɹʂɸ ʂʆʄɹɯʅʆɺɸʅʆɻʆ ʆʏʀʉʅʀʂɸ ɺʆʈʆʍʋ ʎʋʂʈʆɺʀʍ 

ɹʋʈʗʂɯɺ ʄɸʐʀʅ ɼʃʗ ɿɹʀʈɸʅʅʗ ʂʆʈɽʅɽʇʃʆɼɯɺ 

 

ɹʘʨʘʥʦʚʩʴʢʠʡ ɺ. ʄ.1, ʆʥʠʱʝʥʢʦ ɺ. ɹ.2, ʆʥʠʱʝʥʢʦ ɹ. ɺ.2 

1ʊʝʨʥʦʧʽʣʴʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʇʫʣʶʷ 
2ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʅʘʡʚʘʞʣʠʚʽʰʘ ʬʫʥʢʮʽʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʦʯʠʩʥʠʢʘ ʚʦʨʦʭʫ ʢʦʨʝʥʝʧʣʦʜʽʚ 

ʧʽʜʚʠʱʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʥʘʣʠʧʣʦʛʦ ʛʨʫʥʪʫ ʪʘ ʨʦʩʣʠʥʥʠʭ 

ʜʦʤʽʰʦʢ ʚʽʜ ʚʠʢʦʧʘʥʠʭ ʢʦʨʝʥʝʧʣʦʜʽʚ. ɺʽʥ ʩʢʣʘʜʘʻʪʴʩʷ (ʨʠʩ. 1, ʨʠʩ. 2), ʽʟ 

ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʝʨʘ 1, ʦʯʠʩʥʦʾ ʛʽʨʢʠ 2 ʟ ʧʘʣʴʯʠʢʦʚʦʶ ʧʦʚʝʨʭʥʝʶ, 

ʚʩʪʘʥʦʚʣʝʥʦʶ ʧʽʜ ʢʫʪʦʤ a ʜʦ ʛʦʨʠʟʦʥʪʫ. 

ʋ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʩʭʦʜʫ ʦʯʠʩʥʦʾ ʛʽʨʢʠ ʨʦʟʤʽʱʝʥʽ ʪʨʘʥʩʧʦʨʪʫʶʯʦ-ʦʯʠʩʥʽ 

ʦʨʛʘʥʠ, ʚʠʢʦʥʘʥʽ ʫ ʚʠʛʣʷʜʽ ʧʨʘʚʦʾ 3 ʪʘ ʣʽʚʦʾ 4 ʩʠʩʪʝʤʠ h ʥʝʢʽʚ 5 ʢʨʫʛʣʦʛʦ ʧʝʨʝʨʽʟʫ, 

ʦʩʽ 6 ʦʙʝʨʪʘʥʥʷ ʷʢʠʭ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʥʠʞʥʽʡ ʛʽʣʮʽ ʝʣʽʧʩʘ 7 ʪʘ ʫʪʚʦʨʶʶʪʴ ʞʦʣʦʙ 

ʨʦʙʦʯʦʛʦ ʨʫʩʣʘ 8. ʐʥʝʢʠ ʚʩʪʘʥʦʚʣʝʥʽ ʢʦʥʩʦʣʴʥʦ ʥʘ ʩʚʦʾʭ ʦʧʦʨʘʭ. ʆʯʠʩʥʘ ʛʽʨʢʘ 

ʚʩʪʘʥʦʚʣʝʥʘ ʚʟʜʦʚʞ ʦʩʝʡ ʦʙʝʨʪʘʥʥʷ h ʥʝʢʽʚ ʢʨʫʛʣʦʛʦ ʧʝʨʝʨʽʟʫ ʚʽʜʧʦʚʽʜʥʦʾ ʧʨʘʚʦʾ 

ʘʙʦ ʣʽʚʦʾ ʩʠʩʪʝʤʠ h ʥʝʢʽʚ. ʋ ʧʨʦʩʪʦʨʽ ʞʦʣʦʙʘ ʨʦʙʦʯʦʛʦ ʨʫʩʣʘ ʚʟʜʦʚʞ ʧʨʘʚʦʾ ̔  ʣʽʚʦʾ 

ʩʠʩʪʝʤ ʰʥʝʢʽʚ ʢʨʫʛʣʦʛʦ ʧʝʨʝʨʽʟʫ ʪʘ ʟʚʝʨʭʫ ʥʘʜ ʰʥʝʢʘʤʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦ 

ʚʩʪʘʥʦʚʣʝʥʦ ʚʘʣ 9, ʥʘ ʙʘʨʘʙʘʥʽ 10 ʷʢʦʛʦ ʨʦʟʤʽʱʝʥʦ ʦʯʠʩʥʽ ʧʨʫʞʥʽ ʝʣʝʤʝʥʪʠ 11, 

ʥʘʙʨʘʥʽ ʟ ʧʫʯʢʽʚ ʚʦʨʩʫ 12. ʆʯʠʩʥʽ ʧʨʫʞʥʽ ʝʣʝʤʝʥʪʠ ʨʦʟʤʽʱʝʥʽ ʥʘ ʙʘʨʘʙʘʥʽ ʚʘʣʘ 

ʧʦ ʛʚʠʥʪʦʚʽʡ ʣʽʥʽʾ, ʧʨʠʯʦʤʫ ʥʘʧʨʷʤʦʢ ʥʘʚʠʚʘʥʥʷ ʛʚʠʥʪʦʚʦʾ ʣʽʥʽʾ ʧʨʦʪʠʣʝʞʥʠʡ 

http://agro-business.com.ua/agro/idei-trendy/item/15670-yakyi-kosmos-potriben-ahrarnii-ukraini.html
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ʨʫʩʣʘ.  

 
ʈʠʩ. 1. 

 

 
ʈʠʩ. 2. ʂʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʦʯʠʩʥʠʢʘ ʚʦʨʦʭʫ ʢʦʨʝʥʝʧʣʦʜʽʚ, 

ʚʠʛʣʷʜ ʟʚʝʨʭʫ 

 

ʂʦʤʙʽʥʦʚʘʥʠʡ ʦʯʠʩʥʠʢ ʚʦʨʦʭʫ ʢʦʨʝʥʝʧʣʦʜʽʚ ʧʨʘʮʶʻ ʪʘʢʠʤ ʯʠʥʦʤ. 

ɺʠʢʦʧʘʥʠʡ ʚʦʨʦʭ ʢʦʨʝʥʝʧʣʦʜʽʚ ʧʦʜʘʻʪʴʩʷ ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʠʤ 

ʪʨʘʥʩʧʦʨʪʝʨʦʤ 1 ʥʘ ʦʯʠʩʥʫ ʛʽʨʢʫ 2, ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʧʝʨʝʜʥʻ ʯʘʩʪʢʦʚʝ 

ʚʽʜʜʽʣʝʥʥʷ ʚʽʣʴʥʦʾ ʟʝʤʣʽ  ̔ ʨʦʩʣʠʥʥʠʭ ʟʘʣʠʰʢʽʚ. ʅʝʜʦʦʯʠʱʝʥʠʡ ʚʦʨʦʭ 

ʢʦʨʝʥʝʧʣʦʜʽʚ ʟ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥʠ ʩʭʦʜʫ ʦʯʠʩʥʦʾ ʛʽʨʢʠ ʥʘʜʭʦʜʠʪʴ ʫ ʧʨʦʩʪʽʨ ʞʦʣʦʙʘ 

ʨʦʙʦʯʦʛʦ ʨʫʩʣʘ 8, ʪʦʙʪʦ ʥʘ ʧʨʘʚʫ 3 ʪʘ ʣʽʚʫ 4 ʩʠʩʪʝʤʠ ʦʯʠʩʥʠʭ ʰʥʝʢʽʚ 5 ʢʨʫʛʣʦʛʦ 



ȳɍɱɜəɔɖ ɞɑɓ ɐɚɛɚɎɱɐɑɕ XVII  ȸɱɒəɌɜɚɐəɚɲ əɌɟɖɚɎɚ-ɛɜɌɖɞɔɣəɚɲ ɖɚəɠɑɜɑəɢɱɲ 

 

136 

ʧʝʨʝʨʽʟʫ. ʇʨʠ ʮʴʦʤʫ ʜʦʤʽʰʢʠ ʧʨʦʭʦʜʷʪʴ ʫ ʧʨʦʤʽʞʦʢ ʤʽʞ ʨʦʙʦʯʦʶ ʧʦʚʝʨʭʥʝʶ 

ʰʥʝʢʽʚ  ̔ ʥʠʞʥʽʤ ʪʦʨʮʝʤ ʦʯʠʩʥʠʭ ʧʨʫʞʥʠʭ ʝʣʝʤʝʥʪʽʚ 11. ʂʦʨʝʥʝʧʣʦʜʠ, 

ʧʝʨʝʤʽʱʫʶʯʠʩʴ ʫʟʜʦʚʞ ʦʩʝʡ 6 ʦʙʝʨʪʘʥʥʷ ʰʥʝʢʽʚ, ʟʘ ʨʘʭʫʥʦʢ ʢʦʥʪʘʢʪʫ ʟ 

ʦʯʠʩʥʠʤʠ ʧʨʫʞʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ 11 ʦʯʠʱʫʶʪʴʩʷ ʚʽʜ ʥʘʣʠʧʣʦʛʦ ʥʘ ʾʭ ʧʦʚʝʨʭʥʽ 

ʛʨʫʥʪʫ ʟʘ ʨʘʭʫʥʦʢ ʦʙʝʨʪʘʣʴʥʠʭ ʨʫʭʽʚ ʧʨʠʚʦʜʥʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʚʘʣʘ 9  ̔

ʰʥʝʢʽʚ. ʏʘʩʪʠʥʘ ʜʦʤʽʰʦʢ ʧʨʦʩʽʶʻʪʴʩʷ ʚ ʟʘʟʦʨ ʤʽʞ ʰʥʝʢʘʤʠ, ʘ ʽʥʰʘ ʥʝʧʨʦʩʽʷʥʘ 

ʯʘʩʪʠʥʘ ʜʦʤʽʰʦʢ, ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʤʽʱʝʥʥʷ ʦʯʠʩʥʠʭ ʧʨʫʞʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʦ 

ʛʚʠʥʪʦʚʽʡ ʣʽʥʽʾ, ʥʘʧʨʷʤʦʢ ʥʘʚʠʚʘʥʥʷ ʷʢʦʾ ʧʨʦʪʠʣʝʞʥʠʡ ʥʘʧʨʷʤʢʫ ʦʩʴʦʚʦʛʦ 

ʧʝʨʝʤʽʱʝʥʥʷ ʢʦʨʝʥʝʧʣʦʜʽʚ, ʚʠʥʦʩʠʪʴʩʷ ʛʚʠʥʪʦʚʦʶ ʥʘʚʠʚʢʦʶ ʧʨʠʚʦʜʥʦʛʦ ʚʘʣʘ 

ʚʟʜʦʚʞ ʞʦʣʦʙʘ ʨʦʙʦʯʦʛʦ ʨʫʩʣʘ ʟʘ ʤʝʞʽ ʦʯʠʩʥʠʢʘ. ʆʯʠʱʝʥʽ ʢʦʨʝʥʝʧʣʦʜʠ h ʥʝʢʘʤʠ 

3 ʧʦʜʘʶʪʴʩʷ ʜʘʣʽ ʥʘ ʥʘʩʪʫʧʥʽ ʊʊʉ ʂʄ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʨʘʭʫʥʦʢ ʚʩʪʘʥʦʚʣʝʥʥʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʚʘʣʘ 9 ʟ ʦʯʠʩʥʠʤʠ 

ʧʨʫʞʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ 11 ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʷ ʧʨʦʮʝʩʫ ʚʽʜʦʢʨʝʤʣʝʥʥʷ 

ʜʦʤʽʰʦʢ ʚʽʜ ʢʦʨʝʥʝʧʣʦʜʽʚ. 
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1. ʈʘʤʰ ɺ. ʖ., ɹʘʨʘʥʦʚʩʴʢʠʡ ɺ. ʄ., ʇʘʥʴʢʽʚ ʄ. ʈ. ɸʥʘʣʽʟ ʪʝʥʜʝʥʮʽʡ 

ʨʦʟʚʠʪʢʫ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʜʣʷ ʩʝʧʘʨʘʮʽʾ ʚʦʨʦʭʫ ʢʦʨʝʥʝʧʣʦʜʽʚ. ʅʘʫʢʦʚʽ ʥʦʪʘʪʢʠ. 

ʃʫʮʴʢ: ʃʅʊʋ, 2011. ɺʠʧ. 31. ʉ. 298ï305. 

2. ɹʘʨʘʥʦʚʩʴʢʠʡ ɺ. ʆʩʥʦʚʥʽ ʝʪʘʧʠ ʪʘ ʟʘʛʘʣʴʥʽ ʧʨʠʥʮʠʧʠ ʩʫʯʘʩʥʠʭ 

ʪʝʥʜʝʥʮʽʡ ʨʦʟʚʠʪʢʫ ʢʦʨʝʥʝʟʙʠʨʘʣʴʥʠʭ ʤʘʰʠʥ. ɺʽʩʥʠʢ ʊɼʊʋ. ʊʝʨʥʦʧʽʣʴ, 2006. 

ʊ. 11,  ̄2. ʉ. 67ï75. 

 

 

 

 

ʋɼʂ 631.36.001.66 

 

ʈɽɿʋʃʔʊɸʊʀ ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅʀʍ ɼʆʉʃɯɼɾɽʅʔ 

ʉʊɸʎɯʆʅɸʈʅʆɻʆ ɺɸʃʔʎɽɺʆɻʆ ʇʆɼʈɯɹʅʖɺɸʏɸ ʂɸʏɸʅɯɺ 

ʂʋʂʋʈʋɼɿʀ 

 

ʂʫʟʴʤʝʥʢʦ ɺ. ʌ.1, ʆʥʠʱʝʥʢʦ ɺ. ɹ.2, ʆʥʠʱʝʥʢʦ ɹ. ɺ.2 

1ɯʥʩʪʠʪʫʪ ʤʝʭʘʥʽʢʠ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ɸʇɺ 
2ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ  ̔ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ɺʘʣʴʮʴʦʚʠʡ ʧʦʜʨʽʙʥʶʚʘʯ ʢʘʯʘʥʽʚ ʢʫʢʫʨʫʟʠ ʜʦʮʽʣʴʥʦ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʚ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʣʽʥʽʷʭ ʧʨʠʛʦʪʫʚʘʥʥʷ ʢʦʥʜʠʮʽʡʦʚʘʥʦʛʦ ʩʠʣʦʩʫ ʜʣʷ ʧʦʜʨʽʙʥʝʥʥʷ 

ʤʘʩʠ ʢʫʢʫʨʫʜʟʠ ʧʨʠ ʟʙʠʨʘʥʥʽ ʾʾ ʫ ʬʘʟʽ ʚʦʩʢʦʚʦʾ ʩʪʠʛʣʦʩʪʽ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʢʘʯʘʥʠ ʢʦʤʙʘʡʥʦʚʦʛʦ 

ʟʙʠʨʘʥʥʷ ʤʘʩʦʶ 50é250 ʛ. ɿʨʦʩʪʘʥʥʷ ʜʦʚʞʠʥʠ ʢʘʯʘʥʥʘ ʚ 2 ʨʘʟʠ (ʟ 100 ʜʦ 200 ʤʤ) 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʡʦʛʦ ʤʘʩʠ ʚ 3 ʨʘʟʠ (ʟ 70 ʜʦ 210 ʛ). ɼʽʘʤʝʪʨ ʢʘʯʘʥʘ ʧʨʠ 

ʮʴʦʤʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʣʠʰʝ ʚ 1,26 ʨʘʟʠ (ʟ 33 ʜʦ 41,5 ʤʤ). ʅʝ ʤʝʥʰ ʮʽʢʘʚʠʤ  ̒ʟʤʽʥʘ 

ʚʤʽʩʪʫ ʜʦʣʽ ʟʝʨʥʘ ʚ ʢʘʯʘʥʽ ʢʫʢʫʨʫʜʟʠ ʧʨʠ ʟʤʽʥʽ ʡʦʛʦ ʚʦʣʦʛʦʩʪʽ (ʨʠʩ. 1). ɹʘʯʠʤʦ, 

ʱʦ ʚ ʧʨʦʮʝʩʽ ʜʦʟʨʽʚʘʥʥʷ ʜʦʣʷ ʟʝʨʥʽ ʚ ʢʘʯʘʥʽ ʢʫʢʫʨʫʜʟʠ ʟʙʽʣʴʰʫʻʪʴʩʷ. 
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ʈʠʩ. 1. ɿʤʽʥʘ ʚʤʽʩʪʫ ʟʝʨʥʘ ʢʫʢʫʨʫʜʟʠ ʚ ʢʘʯʘʥʽ ʧʨʠ ʟʤʽʥʽ ʡʦʛʦ ʚʦʣʦʛʦʩʪʽ 

 

ɺ ʧʨʦʮʝʩʽ ʜʦʟʨʽʚʘʥʥʷ ʟʤʽʥʶʻʪʴʩʷ ʪʘʢʦʞ  ̔ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʚʦʣʦʛʽʩʪʶ  

ʢʘʯʘʥʘ ʪʘ ʡʦʛʦ ʩʢʣʘʜʦʚʠʤʠ (ʨʠʩ.2). ʇʨʠ ʪʝʭʥʽʯʥʽʡ ʩʪʠʛʣʦʩʪʽ ʚʦʣʦʛʽʩʪʴ 

ʢʦʤʧʦʥʝʥʪʽʚ ʨʽʟʥʠʪʴʩʷ ʤʘʣʦ, ʧʨʠ ʯʦʤʫ ʥʘʡʤʝʥʰ ʚʦʣʦʛʠʤ ï ʩʪʝʨʞʝʥʴ, ʤʘʩʘ 

ʢʘʯʘʥʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʬʘʟʠ ʩʪʠʛʣʦʩʪʽ ʟʤʽʥʶʻʪʴʩʷ ʟ 670 ʜʦ 755 ʢʛ/ʤ3 (ʪʘʙʣ. 1) 

 

 
ʈʠʩ. 2. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʚʦʣʦʛʽʩʪʶ ʚʩʴʦʛʦ ʢʘʯʘʥʘ ʪʘ ʡʦʛʦ ʢʦʤʧʦʥʝʥʪʘʤʠ: 1 ï 

ʦʙʛʦʨʪʢʘ, 2 ï ʟʝʨʥʦ, 3 ï ʩʪʝʨʞʝʥʴ 
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ʅʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʩʠʪʦʚʦʛʦ ʘʥʘʣʽʟʫ ʟʝʨʥʘ ʟ 15 ʢʘʯʘʥʽʚ 

ʢʫʢʫʨʫʜʟʠ. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʥʝʜʦʨʦʟʚʠʥʝʥʝ, ʜʨʽʙʥʝ ʟʝʨʥʦ ʟʥʘʭʦʜʠʪʴʩʷ ʫ 

ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ, ʥʘʡʙʽʣʴʰ ʚʝʣʠʢʝ, ʧʨʘʚʠʣʴʥʦʾ ʬʦʨʤʠ ï ʥʘ ʚʽʜʩʪʘʥʽ 15é20 ʤʤ ʚʽʜ 

ʥʠʞʥʴʦʾ  ʯʘʩʪʠʥʠ ʢʘʯʘʥʘ. 

 
ʈʠʩ. 3. ʈʦʟʧʦʜʽʣ ʧʦ ʨʦʟʤʽʨʘʤ ʟʝʨʥʘ ʢʫʢʫʨʫʜʟʠ 

 

ʃ̔ ʪʝʨʘʪʫʨʘ 

1. ɹʦʡʢʦ ɯ. ɻ., ɻʨʽʜʘʩʦʚ ɺ. ɯ., ɼʟʶʙʘ ɸ. ɯ. ʇʨʘʢʪʠʢʫʤ ʧʦ ʤʘʰʠʥʘʭ  ̔

ʦʙʣʘʜʥʘʥʥʶ ʜʣʷ ʪʚʘʨʠʥʥʠʮʪʚʘ. ʍʘʨʢʽʚ. ʅʄʎ ʍʅʊʋʉɻ. 2004. 275 ʩ. 

2. ɹʦʡʢʦ ɯ. ɻ., ɻʨʽʜʘʩʦʚ ɺ. ɯ., ɼʟʶʙʘ ɸ. ɯ. ʊʝʦʨʽʷ ʪʘ ʨʦʟʨʘʭʫʥʦʢ ʤʘʰʠʥ ʜʣʷ 

ʪʚʘʨʠʥʥʠʮʪʚʘ. ʍʘʨʢʽʚ. ʅʄʎ ʍʅʊʋʉɻ. 2002. 216 ʩ. 

 

 

 

 

ʋɼʂ 631.333 

 

ɸʅɸʃɯɿ ʂʆʅʉʊʈʋʂʎɯʁ ʈʆɹʆʏʀʍ ʆʈɻɸʅɯɺ ʄɸʐʀʅ  

ɼʃʗ ɺʅɽʉɽʅʅʗ ʊɺɽʈɼʀʍ ʄɯʅɽʈɸʃʔʅʀʍ ɼʆɹʈʀɺ 

 

ʆʥʠʱʝʥʢʦ ɺ. ɹ., ʆʥʠʱʝʥʢʦ ɹ. ɺ., ʊʝʨʝʥʷ ʆ. ɭ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ  ̔ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʂʦʥʩʪʨʫʢʪʠʚʥʽ ʡ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʤaʰʠʥ ʜʣʷ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʚʥʝʩʝʥʥʷ ʪʚʝʨʜʠʭ ʤʽʥʝʨaʣʴʥʠʭ ʜʦʙʨʠʚ ʚ ʟʥaʯʥʽʡ ʤʽʨʽ ʚʠʟʥaʯaʻʪʴʩʷ ʢʦʥʩʪʨʫʢʮʽʻʶ 

ʨʦʟʩʽʚaʣʴʥʦʛʦ ʨʦʙʦʯʦʛʦ ʦʨʛaʥʫ.  

ɿa ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʠʥʮʠʧʦʤ ʨʦʟʩʽʚaʣʴʥʦʛʦ ʨʦʙʦʯʦʛʦ ʦʨʛaʥʫ ʤʦʞʥa 

ʧʦʜʽʣʠʪʠ ʥa ʜʚʽ ʦʩʥʦʚʥʽ ʛʨʫʧʠ: ʤʝʪaʣʴʥʽ ʪa ʪʨaʥʩʧʦʨʪʫʶʯʽ (ʨʠʩ. 1). 

ɼʦ ʧʝʨʰʦʾ ʛʨʫʧʠ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʨʦʙʦʯʽ ʦʨʛʘʥʠ, ʚ ʷʢʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥa 

ʰʠʨʠʥa ʤaʰʠʥʠ ʤʝʥʰa, ʥʽʞ ʾ ʾ ʨʦʙʦʯa h ʠʨʠʥa ʟaʭʚaʪʫ ʚ ʜʝʢʽʣʴʢa ʨaʟʽʚ. ɺʥʝʩʝʥʥʷ 
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ʜʦʙʨʠʚ ʧʦ ʨʦʙʦʯʽʡ ʰʠʨʠʥʽ ʟaʭʚaʪʫ ʚʦʥʠ ʟʜʽʡʩʥʶʶʪʴ ʰʣʷʭʦʤ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʨʦʟʛʦʥʫ ʯaʩʪʠʥʦʢ ʜʦʙʨʠʚ ʟ ʥaʩʪʫʧʥʠʤ ʚʠʢʠʜaʥʥʷʤ ʾʭ ʚ aʪʤʦʩʬʝʨʫ. ʇʽʩʣʷ ʮʴʦʛʦ, 

ʜʦʙʨʠʚa ʧʨʦʣʝʪʽʚʰʠ ʧʝʚʥʫ ʚʽʜʩʪaʥʴ ʟa ʨaʭʫʥʦʢ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʚʠʩʽʚaʶʪʴʩʷ 

ʥa ʧʦʚʝʨʭʥʶ ʧʦʣʷ ʩʫʮʽʣʴʥʠʤ ʰaʨʦʤ. 

 
ʈʠʩ. 1. ɿʘʛʘʣʴʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʤʘʰʠʥ ʜʣʷ ʚʥʝʩʝʥʥʷ ʩʠʧʢʠʭ ʤʽʥʝʨʘʣʴʥʠʭ  

 

ɼʨʫʛʫ ʛʨʫʧʫ ʩʢʣaʜaʶʪʴ ʤaʰʠʥʠ, ʦʩʥaʱʝʥʽ ʨʦʟʩʽʚʘʣʴʥʠʤʠ ʨʦʙʦʯʠʤʠ 

ʦʨʛʘʥʘʤʠ ʰʪaʥʛʦʚʦʛʦ ʪʠʧʫ ʫ ʥʠʭ, ʢʦʥʩʪʨʫʢʪʠʚʥa ʰʠʨʠʥa ʟaʭʚaʪʫ, ʧʨʠʙʣʠʟʥʦ 

ʨʽʚʥa ʨʦʙʦʯʽʡ ʰʠʨʠʥʽ ʟaʭʚaʪʫ ʤaʰʠʥʠ. ɼʦʙʨʠʚa ʟ ʢʫʟʦʚa ʪʨaʥʩʧʦʨʪʫʶʪʴʩʷ 

ʢʦʥʚʝʻʨʦʤ ʧʦ ʨʦʙʦʯʽʡ ʰʠʨʠʥʽ ʟaʭʚaʪʫ, a ʧʦʪʽʤ ʚʠʩʽʚaʶʪʴʩʷ ʥa ʧʦʚʝʨʭʥʶ ʧʦʣʷ. ɺ 

ʪʨaʥʩʧʦʨʪʥʦʤʫ ʧʦʣʦʞʝʥʥʽ, ʢʦʥʚʝʻʨʠ ʫʢʣaʜaʶʪʴʩʷ ʚʟʜʦʚʞ ʢʫʟʦʚa ʤaʰʠʥʠ. 

ʄʝʪaʣʴʥʽ ʨʦʟʩʽʚʘʣʴʥʽ ʨʦʙʦʯʽ ʦʨʛʘʥʠ  ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʧʨʦʩʪʽ, ʥaʜʽʡʥʽ ʚ 

ʝʢʩʧʣʫaʪaʮʽʾ. ɯʩʪʦʪʥʠʤ ʾʭ ʥʝʜʦʣʽʢʦʤ  ̒ ʧʽʜʚʠʱʝʥa ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʚʥʝʩʝʥʥʷ 

ʜʦʙʨʠʚ, ʜʦ 70%. Aʣʝ, ʥʝʟʚaʞaʶʯʠ ʥa ʜaʥʠʡ ʥʝʜʦʣʽʢ, ʮ ̔ʨʦʙʦʯʽ ʦʨʛʘʥʠ   ʰʠʨʦʢʦ 

ʟaʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʙaʛaʪʴʦʭ ʤaʰʠʥaʭ ʧʨʦʚʽʜʥʠʭ ʟʘʢʦʨʜʦʥʥʠʭ ʪʘ ʚʽʪʯʠʟʥʷʥʠʭ ʬʽʨʤ, 

ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜaʨʩʴʢʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʚʝʜʫʯʠʭ ʢʨaʾʥ 

ʩʚʽʪʫ. 

ʄɸʐʀʅʀ ɼʃʗ ɺʅɽʉɽʅʅʗ ʉʀ-

ʇʋʏʀʍ ʄɯʅɽʈɸʃʔʅʀʍ ɼʆɹʈʀɺ 

ʉɯɺɸʃʂʀ ʄɸʐʀʅʀ ɿ 
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ʄʝʪʘʣʴʥʽ ʨʦʟʩʽʚʘʣʴʥʽ ʨʦʙʦʯʽ ʦʨʛʘʥʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥa ʚʽʜʮʝʥʪʨʦʚʽ, 

ʧʥʝʚʤaʪʠʯʥʽ ʪa ʧʥʝʚʤʦʚʽʜʮʝʥʪʨʦʚʽ. 

ɺʽʜʮʝʥʪʨʦʚʽ ʨʦʟʩʽʚʘʣʴʥʽ ʨʦʙʦʯ ̔ ʦʨʛʘʥʠ ʥaʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʽ, ʚʦʥʠ 

ʤaʶʪʴ ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʫ ʢʦʥʩʪʨʫʢʮʽʶ, ʭaʨaʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʥaʜʽʡʥʽʩʪʶ 

ʨʦʙʦʪʠ.  ɺ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʪʘʢʠʭ ʤʘʰʠʥʠ, ʜʦʙʨʠʚa ʜʦʟʫʶʪʴʩʷ  ̔ʧʦʜaʶʪʴʩʷ ʥa 

ʜʠʩʢʠ ʟ ʣʦʧaʪʢaʤʠ, ɦ ʦ ʦʙʝʨʪaʶʪʴʩʷ, ̫ ʢʽ ̔  ʨʦʟʩʽʚaʶʪʴ ʯaʩʪʠʥʢʠ ʜʦʙʨʠʚ ʧʦ ʨʦʙʦʯʽʡ 

ʰʠʨʠʥʽ ʟaʭʚaʪʫ ʤaʰʠʥʠ. 

ʇʨʠ ʚʥʝʩʝʥʥʽ ʜʦʙʨʠʚ ʟ ʧʽʜʚʠʱʝʥʥʦʶ ʚʦʣʦʛʽʩʪʶ ʚ ʜʠʩʢʦʚʠʭ ʨʦʟʩʽʚʘʣʴʥʠʭ 

ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʚʽʜʙʫʚaʻʪʴʩʷ ʥaʣʠʧaʥʥʷ ʯʘʩʪʠʥʦʢ ʜʦʙʨʠʚ ʥa ʚʥʫʪʨʽʰʥʶ 

ʧʦʚʝʨʭʥʶ ʣʦʧaʪʢʠ, ʱʦ ʩʫʪʪʻʚʦ ʚʧʣʠʚaʻ ʥa ʷʢʽʩʪʴ ʨʦʟʩʽʚaʥʥʷ ʜʦʙʨʠʚ. ɼʣʷ 

ʫʩʫʥʝʥʥʷ ʮʴʦʛʦ ʥʝʜʦʣʽʢʫ ʥʘʫʢʦʚʮʽ ʨʘʟʦʤ ʟ ʢʦʥʩʪʨʫʢʪʦʨʘʤʠ ʨʦʟʨʦʙʣʝʥʽ 

ʨʦʟʩʽʚʘʣʴʥʽ ʨʦʙʦʯʽ ʦʨʛʘʥʠ  ʟ ʣʦʧaʪʢaʤʠ, ʱʦ ʩaʤʦʦʯʠʱʫʶʪʴʩʷ. 
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ʋɼʂ 631.333 

 

ɸʅɸʃɯɿ ʈʆɹʆʊʀ ʌʈʀʂʎɯʁʅʆɻʆ ʂʆʄɹɯʅʆɺɸʅʆɻʆ ʆʏʀʉʅʀʂɸ 

ɺʆʈʆʍʋ ʎʋʂʈʆɺʀʍ ɹʋʈʗʂɯɺ ʄɸʐʀʅ ɼʃʗ ɿɹʀʈɸʅʅʗ 

ʂʆʈɽʅɽʇʃʆɼɯɺ 

 

ɹʘʨʘʥʦʚʩʴʢʠʡ ɺ. ʄ.1, ʆʥʠʱʝʥʢʦ ɺ. ɹ.2, ʆʥʠʱʝʥʢʦ ɹ. ɺ.2 

1ʊʝʨʥʦʧʽʣʴʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʇʫʣʶʷ 
2ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ  ̔ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʋ ʬʨʠʢʮʽʡʥʠʭ ʦʯʠʩʥʠʢʘʭ ʜʣʷ ʨʦʟʜʽʣʝʥʥʷ ʚʦʨʦʭʫ ʥʘ ʩʢʣʘʜʦʚʽ ʢʦʤʧʦʥʝʥʪʠ ï 

ʚʽʣʴʥʦʾ ʟʝʤʣʽ ʪʘ ʛʠʯʢʠ, ʨʦʩʣʠʥʥʠʭ ʟʘʣʠʰʢʽʚ, ʢʦʨʝʥʝʧʣʦʜʽʚ ʪʦʱʦ, 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʽʟʥʠʮʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʨʪʷ ʢʦʨʝʥʝʧʣʦʜʽʚ ̔  ʜʦʤʽʰʦʢ. ʌʨʠʢʮʽʡʥʽ 

ʦʯʠʩʥʠʢʠ ʚ ʦʩʥʦʚʥʦʤʫ ̫ ʚʣʷʶʪʴ ʩʦʙʦʶ ʨʽʟʥʽ ʢʦʤʙʽʥʘʮʽʾ ʛʽʨʦʢ, ʚʠʢʦʥʘʥʠʭ ʫ ʚʠʛʣʷʜʽ 

ʩʪʨʽʯʢʦʚʠʭ ʪʨʘʥʩʧʦʨʪʝʨʽʚ. ɺʽʜʦʤʽ ʛʽʨʢʠ ʜʽʣʷʪʴʩʷ ʥʘ ʜʚʽ ʛʨʫʧʽ ï ʧʦʟʜʦʚʞʥʽ ʪʘ 

ʧʦʧʝʨʝʯʥʽ [1]. ʋ ʧʝʨʰʠʭ ʚʽʜʦʢʨʝʤʣʝʥʽ ʬʨʘʢʮʽʾ ʨʫʭʘʶʪʴʩʷ ʚʟʜʦʚʞ ʚʦʨʦʭʫ, ʱʦ 

ʥʘʜʭʦʜʠʪʴ, ʘ ʫ ʜʨʫʛʠʭ ï ʦʜʥʘ ʽʟ ʬʨʘʢʮʽʡ ʨʫʭʘʻʪʴʩʷ ʧʦʧʝʨʝʢ ʚʦʨʦʭʫ. ʇʦʟʜʦʚʞʥʽ 

ʛʽʨʢʠ ʚʽʜʦʤʽ ʜʚʦʭ ʪʠʧʽʚ ï ʧʨʷʤʦʧʦʪʦʢʦʚʽ (ʨʫʭ ʩʪʨʽʯʢʠ  ̔ʚʦʨʦʭʫ ʦʜʥʦʩʪʦʨʦʥʥʽʡ)  ̔

ʟʚʦʨʦʪʥʦʧʦʪʦʢʦʚʽ (ʩʪʨʽʯʢʘ ʨʫʭʘʻʪʴʩʷ ʥʘʟʫʩʪʨʽʯ ʨʫʭʫ ʚʦʨʦʭʫ). 

ʂʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʦʟʜʦʚʞʥʴʦʾ ʛʽʨʢʠ ʚ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ 

ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. ʊʘʢʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʛʽʨʢʠ  ̒ʪʠʧʦʚʠʤ. ɺʦʥʦ 
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ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʭʝʤʘʭ ʙʽʣʴʰʦʩʪʽ ʢʦʨʝʥʝʟʙʠʨʘʣʴʥʠʭ ʤʘʰʠʥ. 

ʇʨʦʪʝ ʛʽʨʢʠ ʤʦʞʫʪʴ ʚʠʜʽʣʷʪʠ ʟ ʚʦʨʦʭʫ, ʱʦ ʥʘʜʭʦʜʠʪʴ, ʧʝʨʝʚʘʞʥʦ ʧʣʦʩʢʽ ʡ 

ʙʘʛʘʪʦʛʨʘʥʥʽ ʜʦʤʽʰʢʠ, ʧʨʠ ʮʴʦʤʫ ʾʭ ʩʝʧʘʨʫʶʯʘ ʤʦʞʣʠʚʽʩʪʴ ʥʝ ʧʝʨʝʚʠʱʫʻ 40 %. 

ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʜʨʽʙʥʠʡ ʛʨʫʥʪ, ʷʢʠʡ ʧʦʩʪʽʡʥʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʟʦʥʽ 

ʩʝʧʘʨʘʮʽʾ, ʟʤʝʥʰʫʻ ʨʽʟʥʠʮʶ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʨʪʷ ʢʦʨʝʥʝʧʣʦʜʽʚ  ̔ʜʦʤʽʰʦʢ [1]. 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʪʨʘʥʩʧʦʨʪʝʨʥʠʭ ʦʯʠʩʥʠʢʘʭ ʤʦʞʣʠʚʦ ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʝ 

ʚʽʜʜʽʣʝʥʥʷ ʩʠʧʫʯʦʛʦ ʛʨʫʥʪʫ. ʅʝʜʦʣʽʢʠ ʮʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘʢʽ: ʥʝʟʘʜʦʚʽʣʴʥʘ ʩʝʧʘʨʘʮʽʷ 

ʚʦʣʦʛʦʛʦ, ʚʘʞʢʦʛʦ ʛʨʫʥʪʫ, ʚʝʣʠʢʠʭ ʟʘ ʨʦʟʤʽʨʘʤʠ ʨʦʩʣʠʥʥʠʭ ʜʦʤʽʰʦʢ  ̔ʛʨʫʜʦʢ 

ʛʨʫʥʪʫ. ɿʘ ʜʘʥʠʤʠ ʜʦʩʣʽʜʞʝʥʴ [2] ʧʨʠ ʚʦʣʦʛʦʩʪʽ ʛʨʫʥʪʫ 25...27,5 % ʩʝʧʘʨʘʮʽʾ 

ˇʨʫʥʪʫ ʥʘ ʪʨʘʥʩʧʦʨʪʝʨʥʠʭ ʦʯʠʩʥʠʢʘʭ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ. 
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ʊ. 11.  ̄2. ʉ. 67ï75. 

  

ʈʠʩ. 1. ʂʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʛʽʨʢʠ ʚ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ 

ʢʦʨʝʥʝʟʙʠʨʘʣʴʥʦʾ ʤʘʰʠʥʠ: 1 ï ʧʦʚʟʜʦʚʞʥʽʡ ʪʨʘʥʩʧʦʨʪʝʨ; 2 ï ʚʽʜʙʽʡʥʠʡ 

ʙʽʪʝʨ; 3 ï ʧʦʣʦʪʥʦ ʛʽʨʢʠ; 4 ï ʧʨʠʡʤʘʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪʝʨ 
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ʈʆɿɺʀʊʂʋ ɯʅʅʆɺɸʎɯʁʅʀʍ ʇʈʆʎɽʉɯɺ 

 

ʅʦʚʠʮʴʢʠʡ ɸ. ɺ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʟʥʘʯʫʱʠʭ ʩʝʛʤʝʥʪʽʚ ʝʢʦʥʦʤʽʢʠ ʋʢʨʘʾʥʠ ʻ 

ʘʛʨʦʧʨʦʤʠʩʣʦʚʠʡ ʢʦʤʧʣʝʢʩ, ʦʜʥʠʤ ʽʟ ʟʘʚʜʘʥʴ ʷʢʦʛʦ ʻ ʧʦʩʪʽʡʥʝ ʟʙʽʣʴʰʝʥʥʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʜʫʢʮʽʾ ʨʦʩʣʠʥʥʠʮʪʚʘ ʽ ʪʚʘʨʠʥʥʠʮʪʚʘ, ʥʘʨʦʱʫʚʘʥʥʷ ʦʙʩʷʛʽʚ 

ʧʨʦʜʦʚʦʣʴʯʠʭ ʨʝʩʫʨʩʽʚ. ɸʛʨʘʨʥʠʡ ʩʝʢʪʦʨ ʬʦʨʤʫʻ ʧʨʦʜʦʚʦʣʴʯʫ, ʝʢʦʥʦʤʽʯʥʫ, 

ʝʢʦʣʦʛʽʯʥʫ ʪʘ ʝʥʝʨʛʝʪʠʯʥʫ ʙʝʟʧʝʢʫ ʢʨʘʾʥʠ, ʟʘʙʝʟʧʝʯʫʻ ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʯʥʦ 

ʧʦʚôʷʟʘʥʠʭ ʛʘʣʫʟʝʡ ʥʘʮʽʦʥʘʣʴʥʦʾ ʝʢʦʥʦʤʽʢʠ ʪʘ ʩʪʚʦʨʶʻ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʽ 

ʫʤʦʚʠ ʩ ʨʦʟʚʠʪʢʫ ʩʽʣʴʩʴʢʦʾ ʤʽʩʮʝʚʦʩʪʽ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʬʦʨʤ, ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ ʜʦʩʣʽʜʞʝʥʴ 

ʜʦʟʚʦʣʷʪʴ ʛʘʨʤʦʥʽʟʫʚʘʪʠ ʩʪʘʥ ʧʦʢʨʘʱʝʥʥʷ ʤʘʪʝʨʽʘʣʴʥʦ-ʪʝʭʥʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʥʘʜʽʡʥʦʩʪʽ ʪʝʭʥʽʢʠ ʘʛʨʘʨʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʷʢ 

ʩʦʮʽʦʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʦʣʦʛʽʡ ʩʠʩʪʝʤʥʦʛʦ 

ʘʥʘʣʽʟʫ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʤʝʪʦʜʽʚ ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʚʢʘʟʘʥʠʭ ʩʢʣʘʜʦʚʠʭ, ʥʝʦʙʭʽʜʥʽ ʪʽʩʥʘ ʩʧʽʚʧʨʘʮʷ ʟ ʝʢʦʥʦʤʽʯʥʦ ʽ 

ʪʝʭʥʦʣʦʛʽʯʥʦ ʨʦʟʚʠʥʫʪʠʤʠ ʢʨʘʾʥʘʤʠ ʰʣʷʭʦʤ ʨʝʘʣʽʟʘʮʽʾ ʥʝ ʣʠʰʝ ʥʦʚʽʪʥʽʭ 

ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʜʦʩʚʽʜʫ, ʘʣʝ ʡ ʩʠʩʪʝʤʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʝʭʥʽʢʠ 

ʘʛʨʘʨʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʷʢ ʩʢʣʘʜʥʠʭ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ. ɸʢʪʫʘʣʴʥʠʤʠ ʚ ʮʴʦʤʫ 

ʧʣʘʥʽ ʻ ʮʽʣʠʡ ʨʷʜ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ, ʷʢʽ ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʜʦʩʣʽʜʞʝʥʥʷ, ʨʦʟʨʘʭʫʥʦʢ ʪʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʤʘʰʠʥ ʷʢ ʩʢʣʘʜʥʠʭ ʩʦʮʽʦʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ [1-3]: 

çʣʶʜʠʥʘ-ʤʘʰʠʥʘè; çʣʶʜʠʥʘ-ʤʘʰʠʥʘ-ʨʦʩʣʠʥʘè, çʣʶʜʠʥʘ-ʤʘʰʠʥʘ-ʪʚʘʨʠʥʘè. 

ɺ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʛʣʦʙʘʣʽʟʘʮʽʾ ʝʢʦʥʦʤʽʯʥʦʛʦ ʞʠʪʪʷ, ʋʢʨʘʾʥʽ ʩʣʽʜ 

ʦʨʽʻʥʪʫʚʘʪʠʩʴ ʥʘ ʩʪʨʘʪʝʛʽʾ ʨʦʟʚʠʪʢʫ ʧʝʨʝʜʦʚʠʭ ʢʨʘʾʥ ʩʚʽʪʫ, ʚ ʷʢʠʭ ʥʘʫʢʦʚʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʽʥʥʦʚʘʮʽʡʥʽ ʧʨʦʮʝʩʠ ʚʠʢʦʥʫʶʪʴ ʬʫʥʢʮʽʾ ʛʦʣʦʚʥʠʭ ʝʢʦʥʦʤʽʢʦ-

ʚʽʜʪʚʦʨʶʚʘʣʴʥʠʭ ʬʘʢʪʦʨʽʚ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʩʚʽʡ ʨʦʟʚʠʪʦʢ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷʤ ʚʞʝ ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʪʝʭʥʽʢʠ, ʧʽʜʛʦʪʦʚʢʦʶ ʽʥʞʝʥʝʨʥʦ-

ʪʝʭʥʽʯʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ ʪʘ ʦʧʝʨʘʪʦʨʽʚ ʤʘʰʠʥ, ʧʦʩʣʽʜʦʚʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʭ ʟʥʘʥʴ [1, 2]. 

ʇʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʧôʷʪʠ ï ʜʝʩʷʪʠ ʨʦʢʽʚ, ʙʽʣʴʰʽʩʪʴ ʩʚʽʪʦʚʠʭ ʚʠʨʦʙʥʠʢʽʚ ʪʘ 

ʧʨʦʜʘʚʮʽʚ ʪʝʭʥʽʢʠ ʜʣʷ ʘʛʨʘʨʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʽʩʪʦʪʥʦ ʩʢʦʨʦʯʫʶʪʴ ʧʝʨʝʣʽʢ ʩʚʦʾʭ 

ʙʨʝʥʜʽʚ ʥʘ ʢʦʨʠʩʪʴ ʙʽʣʴʰ ʷʢʽʩʥʠʭ ʧʝʨʝʜʧʨʦʜʘʞʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʪʘ ʧʽʩʣʷ 

ʧʨʦʜʘʞʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʊʘʢ, ʦʜʥʽʻʶ ʽʟ ʩʪʨʘʪʝʛʽʡ ʚʩʝʩʚʽʪʥʴʦ ʚʽʜʦʤʠʭ 

ʢʦʤʧʘʥʽʡ, ʚʢʣʶʯʘʶʯʠ ʊʆɺ çɸʄɸʂʆ ʋʢʨʘʾʥʘè, ʊʆɺ çʄʘʥʥ+ʍʫʤʤʝʣʴ ʌʊ 

ʋʢʨʘʾʥʘè ʪʘ ʽʥʰʠʭ, ʻ ʧʝʨʝʭʽʜ ʚʽʜ ʧʨʦʜʘʞʫ ʦʢʨʝʤʠʭ ʧʨʦʜʫʢʪʽʚ, ʪʦʙʪʦ ʪʝʭʥʽʢʠ ʘʙʦ 

ʞ ʦʢʨʝʤʠʭ ʚʠʨʦʙʽʚ, ʜʦ ʨʝʘʣʽʟʘʮʽʾ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʜʦʜʘʪʢʦʚʝ 

ʩʝʨʚʽʩʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʧʦʩʪʘʯʘʥʥʷ ʟʘʧʘʩʥʠʭ ʯʘʩʪʠʥ, ʥʘʚʯʘʥʥʷ [1, 4, 6]. 



çȺɍɟɡɚɎɝɨɖɱ ɣɔɞɌəəɫè 
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ɺʽʜʩʫʪʥʽʩʪʴ ʧʦ ʨʷʜʫ ʧʦʟʠʮʽʡ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʾ ʪʝʭʥʽʢʠ ʚʽʪʯʠʟʥʷʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʜʝʬʽʮʠʪ ʢʘʜʨʽʚ ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ ʪʘ ʦʧʝʨʘʪʦʨʽʚ 

ʟʤʫʰʫʻ ʥʘʡʙʽʣʴʰʽ ʽ ʝʢʦʥʦʤʽʯʥʦ ʨʦʟʚʠʥʝʥʽ ʘʛʨʘʨʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʢʫʧʫʚʘʪʠ ʙʽʣʴʰ 

ʜʦʨʦʛʽ, ʘʣʝ ʥʘʜʽʡʥʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʤʘʰʠʥʠ. ʊʦʤʫ, ʧʨʠ ʧʨʠʜʙʘʥʥʽ ʥʦʚʠʭ 

ʟʘʩʦʙʽʚ ʜʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʪʘ ʨʦʟʜʘʚʘʥʥʷ ʢʦʨʤʽʚ, ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʩʪʦʷʪʴ ʧʝʨʝʜ ʚʠʙʦʨʦʤ ʥʝ ʪʽʣʴʢʠ ʥʘʡʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʠʭ, ʘʣʝ 

ʝʬʝʢʪʠʚʥʠʭ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʥʘʜʽʡʥʦʩʪʽ, ʟ ʤʝʪʦʶ ʧʦʜʘʣʴʰʦʛʦ ʢʦʤʧʣʝʢʪʫʚʘʥʥʷ ʪʘ 

ʦʥʦʚʣʝʥʥʷ ʾʭ ʧʘʨʢʫ [7]. 

ɯʩʥʫʶʯʽ ʤʝʪʦʜʠʢʠ ʚʠʙʦʨʫ ɿʇʈʂ ʥʝ ʣʠʰʝ ʥʝʜʦʩʪʘʪʥʴʦ ʚʨʘʭʦʚʫʶʪʴ 

ʧʦʢʘʟʥʠʢʠ ʥʘʜʽʡʥʦʩʪʽ, ʘʣʝ ʡ ʦʩʦʙʣʠʚʦʩʪʽ ʧʽʜʪʨʠʤʘʥʥʷ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʚʢʘʟʘʥʠʭ ʤʘʰʠʥ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʘʢʪʫʘʣʴʥʠʤ ʩʪʘʻ ʚʠʨʽʰʝʥʥʷ 

ʟʘʜʘʯ, ʷʢʽ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʦʮʽʥʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ɿʇʈʂ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʥʘʜʽʡʥʦʩʪʽ 

ʯʝʨʝʟ ʙʝʟʚʽʜʤʦʚʥʽʩʪʴ ʦʢʨʝʤʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ, 

ʩʚʦʻʯʘʩʥʝ ʧʦʩʪʘʯʘʥʥʷ ʟʘʧʘʩʥʠʭ ʯʘʩʪʠʥ, ʨʝʤʦʥʪʦʧʨʠʜʘʪʥʽʩʪʴ ʜʝʪʘʣʝʡ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ. 

ʊʦʙʪʦ, ʝʬʝʢʪʠʚʥʽʩʪʴ ɿʇʈʂ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʽ 

ʨʦʟʜʘʚʘʥʥʷ ʢʦʨʤʽʚ ʥʘ ʪʚʘʨʠʥʥʠʮʴʢʠʭ ʬʝʨʤʘʭ ʤʦʞʥʘ ʧʽʜʚʠʱʠʪʠ ʰʣʷʭʦʤ 

ʚʨʘʭʫʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʥʘʜʽʡʥʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʘʥʘʣʽʟʫ ʪʘ ʩʠʥʪʝʟʫ 

ʤʦʜʝʣʝʡ ʧʨʠ ʾʭ ʬʦʨʤʫʚʘʥʥʽ. ʎʽʢʘʚʠʤʠ ʚ ʮʴʦʤʫ ʧʣʘʥʽ ʻ ʩʪʘʪʪʽ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʥʝ 

ʣʠʰʝ ʚʠʚʯʝʥʥʷ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʪʘ ʨʘʥʽʰʝ ʚʠʢʦʥʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʘʣʝ ʡ ʜʦʩʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ɿʇʈʂ, ʫʤʦʚʠ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ [1, 3], ʦʩʦʙʣʠʚʦʩʪʽ 

ʩʝʨʚʽʩʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʷʢ ʩʢʣʘʜʥʠʭ 

ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ [3, 4, 7]. 
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1ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 
2ʊʘʨʘʱʘʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʽʯʥʠʡ ʪʘ ʝʢʦʥʦʤʽʢʦ-ʧʨʘʚʦʚʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɺʘʞʣʠʚʠʤ ʨʝʟʝʨʚʦʤ ʟʙʽʣʴʰʝʥʥʷ ʚʘʣʦʚʠʭ ʟʙʦʨʽʚ 

ʟʝʨʥʦʙʦʙʦʚʠʭ, ʪʝʭʥʽʯʥʠʭ ʪʘ ʽʥʰʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ ʻ ʨʽʩʪ 

ʦʩʥʘʱʝʥʦʩʪʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʤʠ 

ʤʘʰʠʥʘʤʠ, ʽ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʚʠʤʘʛʘʻ 

ʪʝʭʥʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʙʠʨʘʥʥʷ ʢʦʨʝʥʝʧʣʦʜʽʚ ʢʦʨʤʦʚʠʭ ʙʫʨʷʢʽʚ. ʊʦʤʫ 

ʚʠʨʽʰʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʧʠʪʘʥʴ ʟ ʤʦʜʝʨʥʽʟʘʮʽʾ ʤʘʰʠʥʠ, ʘʜʘʧʪʘʮʽʷ ʜʦ ʢʦʥʢʨʝʪʥʠʭ 

ʫʤʦʚ ʚʠʨʦʱʫʚʘʥʥʷ ʢʦʨʝʥʝʧʣʦʜʽʚ ʢʦʨʤʦʚʠʭ ʙʫʨʷʢʽʚ ʻ ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ 

ʪʝʭʥʦʣʦʛʽʚ ʽ ʢʦʥʩʪʨʫʢʪʦʨʽʚ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ. ʇʠʪʘʥʥʶ ʪʝʭʥʽʢʦ-

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʨʦʱʫʚʘʥʥʷ ʢʦʨʝʥʝʧʣʦʜʽʚ ʙʫʨʷʢʽʚ ʧʨʠʩʚʷʯʝʥʦ 

ʙʘʛʘʪʦ ʜʦʩʣʽʜʞʝʥʴ. ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʧʦʢʘʟʫʻ, ʱʦ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ 

ʪʝʭʥʽʯʥʠʭ ʢʫʣʴʪʫʨ ʚ ʢʨʘʾʥʽ ʣʠʰʝ ʥʘ 1% ʨʽʚʥʦʟʥʘʯʥʦ ʟʙʽʣʴʰʝʥʥʶ ʧʦʩʽʚʥʠʭ ʧʣʦʱ 

ʥʘ 5 ʚʽʜʩʦʪʢʽʚ. 

ɿʘ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʜʘʥʠʤʠ ʚʪʨʘʪʠ ʢʦʨʤʦʚʠʭ ʙʫʨʷʢʽʚ ʧʽʜ ʯʘʩ ʟʙʠʨʘʥʥʷ 

ʢʦʣʠʚʘʶʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 4 ʜʦ 13% ʽ ʾʭ ʚʝʣʠʯʠʥʘ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʪʠʧʫ ʟʙʠʨʘʣʴʥʠʭ ʤʘʰʠʥ ʪʘ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʨʦʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʟʙʠʨʘʥʥʷ ʢʦʨʝʥʝʧʣʦʜʽʚ ʢʦʨʤʦʚʠʭ 

ʙʫʨʷʢʽʚ ʚʽʜ ʧʦʰʢʦʜʞʝʥʥʷ ʰʣʷʭʦʤ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʧʽʨʘ ʚʦʜʽʷ.  

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʆʜʥʠʤʠ ʟ ʥʘʡʙʽʣʴʰ ʚʘʛʦʤʠʭ ʻ ʚʪʨʘʪʠ 

ʚʥʘʩʣʽʜʦʢ ʤʝʭʘʥʽʯʥʦʛʦ ʧʦʰʢʦʜʞʝʥʥʷ ʢʦʨʝʥʝʧʣʦʜʽʚ ʚ ʧʨʦʮʝʩʽ ʾʭ ʚʠʢʦʧʫʚʘʥʥʷ 

ʚʥʘʩʣʽʜʦʢ ʥʝʩʧʨʘʚʥʦʩʪʽ, ʘʙʦ ʥʝʜʦʩʪʘʪʥʴʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʚʪʦʤʘʪʘ ʢʝʨʫʚʘʥʥʷ. 

ʊʦʤʫ ʚ ʢʦʥʩʪʨʫʢʮʽʷʭ ʢʦʨʝʥʝʟʙʠʨʘʣʴʥʠʭ ʤʘʰʠʥ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʦʧʫʩʪʠʤʦʛʦ ʨʽʚʥʷ ʧʦʰʢʦʜʞʝʥʴ ʽ ʚʪʨʘʪ, ʟʘʡʤʘʻ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ (ʉʂ), ʷʢʘ 

ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʦʙʭʽʜʥʫ ʪʦʯʥʽʩʪʴ ʚʝʜʝʥʥʷ ʢʦʤʙʘʡʥʘ ʧʦ ʨʷʜʢʘʭ ʧʨʠ 

ʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʷʭ ʟʙʠʨʘʥʥʷ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʤʘʰʠʥʠ, ʟʤʝʥʰʠʪʠ ʚʪʨʘʪʠ ʢʦʨʝʥʽʚ, ʘ ʪʘʢʦʞ ʧʦʣʝʛʰʠʪʠ ʫʤʦʚʠ ʧʨʘʮʽ ʤʝʭʘʥʽʟʘʪʦʨʘ, 
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ʦʩʢʽʣʴʢʠ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʟʚʽʣʴʥʷʻ ʡʦʛʦ ʚʽʜ ʚʘʞʢʦʾ ʤʦʥʦʪʦʥʥʦʾ ʨʦʙʦʪʠ ʧʨʠ 

ʢʝʨʫʚʘʥʥʽ ʤʘʰʠʥʦʶ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. 

ʉʝʨʽʡʥʠʡ ʘʚʪʦʤʘʪ ʢʝʨʫʚʘʥʥʷ ʢʦʨʝʥʝʟʙʠʨʘʣʴʥʦʾ ʤʘʰʠʥʠ ʄʂʂ-6 ʚ 

ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʟʙʠʨʘʥʥʷ ʢʦʨʤʦʚʠʭ ʙʫʨʷʢʽʚ ʟʘʜʦʚʽʣʴʥʦ ʚʠʢʦʥʫʻ ʩʚʦʾ ʬʫʥʢʮʽʾ. 

ʆʜʥʘʢ ʡʦʛʦ ʢʦʥʩʪʨʫʢʮʽʷ ʥʝ ʧʨʠʩʪʦʩʦʚʘʥʘ ʜʣʷ ʟʙʠʨʘʥʥʷ ʢʦʨʤʦʚʠʭ ʙʫʨʷʢʽʚ, ʷʢʽ 

ʙʫʣʠ ʚʠʙʠʪʽ ʛʠʯʢʦʟʙʠʨʘʣʴʥʦʶ ʤʘʰʠʥʦʶ ʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʽʞʨʷʜʜʷʭ, ʱʦ ʟʥʠʞʫʻ 

ʡʦʛʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʨʦʙʦʪʠ ʢʦʧʽʨʘ ʘʚʪʦʤʘʪʘ ʢʝʨʫʚʘʥʥʷ ʢʦʨʝʥʝʟʙʠʨʘʣʥɹʦ ʾ

ʤʘʰʠʥʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʝ ʚʠʨʽʰʝʥʥʷ ʪʝʭʥʽʯʥʦʾ ʟʘʜʘʯʽ, ʷʢʝ ʧʦʣʷʛʘʻ ʚ 

ʫʜʦʩʢʦʥʘʣʝʥʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʘʚʪʦʤʘʪʘ ʢʝʨʫʚʘʥʥʷ ʢʦʨʝʥʝʟʙʠʨʘʣʴʥʠʭ ʤʘʰʠʥ, 

ʰʣʷʭʦʤ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʧʽʨʘ. 

ɺʠʩʥʦʚʢʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʢʦʧʽʨʘ ʘʚʪʦʤʘʪʘ ʢʝʨʫʚʘʥʥʷ 

ʢʦʨʝʥʝʟʙʠʨʘʣʴʥʦʾ ʤʘʰʠʥʠ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʙʫʨʷʢʦʟʙʠʨʘʣʴʥʦʾ ʪʝʭʥʽʢʠ. ʈʽʯʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʚʪʦʤʘʪʘ ʚʦʜʽʥʥʷ ʥʘ ʦʜʥʫ ʤʘʰʠʥʫ ʩʢʣʘʚ 5962,8 ʛʨʥ. 
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ʊɽʍʅɯʂʆ-ʊɽʍʅʆʃʆɻɯʏʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʄɯʅɯʄɸʃɯɿɸʎɯɰ 

ʇɽʈɽɼʇʆʉɯɺʅʆɻʆ ʆɹʈʆɹɯʊʂʋ ɻʈʋʅʊʋ ʇɯɼ ʉɯɺɹʋ ʎʋʂʈʆɺʀʍ 

ɹʋʈʗʂɯɺ 

 

ʊʝʩʣʶʢ ɺ. ɺ.1, ɹʘʨʘʥʦʚʩʴʢʠʡ ɺ. ʄ.2, ʇʦʢʠʜʴʢʦ ʄ. ʄ.2 

1ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 
2ʊʝʨʥʦʧʽʣʴʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʇʫʣʶʷ 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʊʝʭʥʦʣʦʛʽʷ ʚʠʨʦʱʫʚʘʥʥʷ ʮʫʢʨʦʚʠʭ ʙʫʨʷʢʽʚ 

ʚʢʣʶʯʘʻ ʧʦʩʣʽʜʦʚʥʦ ʚʠʢʦʥʫʚʘʥʽ ʦʧʝʨʘʮʽʾ ʦʙʨʦʙʢʠ ʛʨʫʥʪʫ, ʚʥʝʩʝʥʥʷ ʜʦʙʨʠʚ, 

ʚʝʩʥʷʥʦʾ ʧʝʨʝʜʧʦʩʽʚʥʦʾ ʦʙʨʦʙʢʠ, ʩʽʚʙʠ ʪʘ ʜʦʛʣʷʜʫ ʟʘ ʧʦʩʽʚʘʤʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʥʝʦʙʭʽʜʥʽ ʫʤʦʚʠ ʜʣʷ ʧʨʦʨʦʩʪʘʥʥʷ ʥʘʩʽʥʥʷ, ʨʦʩʪʫ ʽ ʨʦʟʚʠʪʢʫ ʢʦʨʝʥʝʧʣʦʜʽʚ ʪʘ 

ʥʘʢʦʧʠʯʝʥʥʷ ʚ ʥʠʭ ʮʫʢʨʫ ʘ ʪʘʢʦʞ ʟʙʠʨʘʥʥʷ ʫʨʦʞʘʶ. 
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ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ. ʇʝʨʝʜʧʦʩʽʚʥʠʡ ʦʙʨʦʙʽʪʦʢ 

ʛʨʫʥʪʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʚʦʻʯʘʩʥʠʤ ʽ ʷʢʽʩʥʠʤ ʚʠʢʦʥʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʦʧʝʨʘʮʽʡ ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʚʧʣʠʚʦʤ ʥʘ ʩʪʚʦʨʝʥʠʡ ʘʛʨʦʬʦʥ. ɹʘʛʘʪʦʨʽʯʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʴ ʥʘʫʢʦʚʠʭ ʫʩʪʘʥʦʚ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʮʫʢʨʦʚʽ ʙʫʨʷʢʠ ʜʦʩʠʪʴ ʚʠʤʦʛʣʠʚʽ 

ʜʦ ʷʢʦʩʪʽ ʧʝʨʝʜʧʦʩʽʚʥʦ ʾʧʽʜʛʦʪʦʚʢʠ ʛʨʫʥʪʫ. ʊʦʤʫ ʜʣʷ ʾʭ ʚʠʨʦʱʫʚʘʥʥʷ, ʧʦʚʠʥʥʽ 

ʙʫʪʠ ʨʦʟʨʦʙʣʝʥʽ ʽ ʚʧʨʦʚʘʜʞʝʥʽ ʟʦʥʘʣʴʥʽ ʧʨʠʡʦʤʠ ʽ ʪʝʭʥʦʣʦʛʽ,ʾ ʷʢʽ ʧʝʨʝʜʙʘʯʘʣʠ ʙ 

ʤʽʥʽʤʘʣʽʟʘʮʽʶ ʧʝʨʝʜʧʦʩʽʚʥʦʛʦ ʦʙʨʦʙʽʪʢʫ ʛʨʫʥʪʫ, ʦʩʦʙʣʠʚʦ ʚʘʞʢʦʛʦ ʟʘ 

ʤʝʭʘʥʽʯʥʠʤ ʩʢʣʘʜʦʤ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʱʫʚʘʥʥʷ ʦʨʛʘʥʽʯʥʦʾ 

ʧʨʦʜʫʢʮʽʾ ʨʦʩʣʠʥʥʠʮʪʚʘ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɸʥʘʣʽʟ ʨʦʟʚʠʪʢʫ ʥʘʫʢʠ ʽ ʧʨʘʢʪʠʢʠ ʚ 

ʥʘʧʨʷʤʢʫ ʩʪʚʦʨʝʥʥʷ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʡ ˇʨʫʥʪʦʟʘʭʠʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʚʠʨʦʙʥʠʮʪʚʘ ʮʫʢʨʦʚʠʭ ʙʫʨʷʢʽʚ ʜʘʚ ʥʘʤ ʧʽʜʩʪʘʚʠ ʜʣʷ ʨʦʟʨʦʙʢʠ, ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʧʦʩʦʙʫ ʾʭ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ ʛʨʫʥʪʘʭ ʚʘʞʢʠʭ ʟʘ ʤʝʭʘʥʽʯʥʠʤ 

ʩʢʣʘʜʦʤ, ʷʢʠʡ ʧʽʜʚʠʱʫ ̒ ʭʾ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʟʥʠʞʫʻ ʤʘʪʝʨʽʘʣʴʥʽ ʪʘ ʝʥʝʨʛʝʪʠʯʥʽ 

ʟʘʪʨʘʪʠ. ʉʫʪʴ ʾʾ ʧʦʣʷʛʘʻ ʚ ʩʣʽʜʫʶʯʦʤʫ: ʚʦʩʝʥʠ ʥʘ ʬʦʥʽ ʥʘʧʽʚʧʘʨʦʚʦʛʦ ʘʙʦ 

ʧʦʣʽʧʰʝʥʦʛʦ ʦʙʨʦʙʽʪʢʫ ʛʨʫʥʪʫ ʥʘ ʚʠʨʽʚʥʝʥʽʡ ʧʦʚʝʨʭʥʽ ʧʦʣʷ ʢʫʣʴʪʠʚʘʪʦʨʦʤ 

(ʥʘʧʨʠʢʣʘʜ ʋʂʈʇ-5,4 ʘʙʦ ʋʉʄʂ-5,4), ʦʙʣʘʜʥʘʥʠʤ ʪʫʢʦʚʠʩʽʚʥʠʤʠ ʘʧʘʨʘʪʘʤʠ, 

ʣʦʢʘʣʴʥʦ ʚʥʦʩʷʪʴ ʤʽʥʝʨʘʣʴʥʽ ʜʦʙʨʠʚʘ, ʷʢʽ  ʨʦʟʤʽʱʫʶʪʴ ʧʦ ʣʽʥʽʾ ʤʘʡʙʫʪʥʽʭ ʨʷʜʢʽʚ 

ʥʘ ʽʥʪʝʨʚʘʣʘʭ ʟʘʜʘʥʦ ʾ ʰʠʨʠʥʠ ʤʽʞʨʷʜʴ 45 ʩʤ, ʚ ʟʦʥʽ ʥʘʡʢʨʘʱʦʛʦ ʨʦʟʚʠʪʢʫ 

ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ ʨʦʩʣʠʥ ʥʘ ʛʣʠʙʠʥʫ 16-20 ʩʤ ʟ ʦʜʥʦʯʘʩʥʠʤ ʬʦʨʤʫʚʘʥʥʷʤ 

ʛʨʝʙʝʥʽʚ ʩʧʝʮʽʘʣʴʥʠʤʠ ʨʦʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ ʥʘʜ ʩʪʨʽʯʢʘʤʠ ʚʥʝʩʝʥʠʭ ʜʦʙʨʠʚ. 

ʌʦʨʤʫʚʘʥʥʷ ʛʨʝʙʝʥʽʚ ʚʦʩʝʥʠ ʩʧʨʠʷ ̒ʽʥʪʝʥʩʠʚʥʦʤʫ ʥʘʢʦʧʠʯʝʥʥʶ ʚʦʣʦʛʠ, ʘ 

ʚʝʩʥʦʶ ʰʚʠʜʢʦʤʫ ʜʦʟʨʽʚʘʥʥʶ ʛʨʫʥʪʫ ʚ ʟʦʥʽ ʛʨʝʙʝʥʽʚ,ʱʦ ʜʦʟʚʦʣʷ ̒ʚ ʙʽʣʴʰ ʨʘʥʥʽ 

ʩʪʨʦʢʠ ʧʨʦʚʦʜʠʪʠ ʩʽʚʙʫ ʽ ʟʙʽʣʴʰʠʪʠ ʚʝʛʝʪʘʮʽʡʥʠʡ ʧʝʨʽʦʜ. ʈʘʥʥʴʦʶ ʚʝʩʥʦʶ 

ʛʨʝʙʝʥʽ ʟʨʽʟʘʶʪʴ ʜʦ ʚʠʩʦʪʠ 3-4 ʩʤ ʚʽʜʥʦʩʥʦ  ʧʦʚʝʨʭʥʽ ʟ ʦʜʥʦʯʘʩʥʠʤ ʩʪʨʽʯʢʦʚʠʤ 

ʚʥʝʩʝʥʥʷʤ ʛʝʨʙʽʮʠʜʽʚ ʚ ʟʦʥʫ ʨʷʜʢʘ ʟ ʥʘʩʪʫʧʥʠʤ ʚʠʩʽʚʦʤ ʥʘʩʽʥʥʷ ʮʫʢʨʦʚʠʭ 

ʙʫʨʷʢʽʚ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ ʫʤʦʚ ʙʽʣʴʰ ʨʘʥʥʽʭ 

ʩʪʨʦʢʽʚ ʩʽʚʙʠ ʚʽʜʤʽʯʝʥʦ ʟʥʠʞʝʥʥʷ ʫʨʘʞʝʥʥʷ ʨʦʩʣʠʥ ʮʫʢʨʦʚʠʭ ʙʫʨʷʢiʚ ʢʦʨʝʥʝʾʜʦʤ 

ʚ 1,8 ʨʘʟʠ ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤ, ʦʪʨʠʤʘʥʦ ʜʦʩʪʦʚʽʨʥʠʡ ʧʨʠʨʽʩʪ ʫʨʦʞʘʡʥʦʩʪi 

ʢʦʨʝʥʝʧʣʦʜʽʚ i ʟʙiʨ ʮʫʢʨʫ ʚiʜʧʦʚiʜʥʦ ʥʘ 4,8 ʪ/ʛʘ i 0,7 ʪ/ʛʘ, ʚ ʪʦʡ ʞʝ ʯʘʩ ʚʠʢʣʶʯʝʥʥʷ 

ʧʨʠʡʦʤʽʚ ʚʝʩʥʷʥʦʛʦ ʙʦʨʦʥʫʚʘʥʥʷ, ʰʣʝʡʬʫʚʘʥʥʷ, ʛʣʠʙʦʢʦʛʦ ʦʙʨʦʙʽʪʢʫ, 

ʩʫʮʽʣʴʥʦʛʦ ʚʥʝʩʝʥʥʷ ʛʝʨʙʽʮʠʜʽʚ, ʧʝʨʝʜʧʦʩʽʚʥʦʛʦ ʦʙʨʦʙʽʪʢʫ ʟʫʤʦʚʠʣʦ ʟʥʠʞʝʥʥʷ 

ʚʠʪʨʘʪ ʧʨʘʮi ʚ 1,5 ʨʘʟʠ, ʧʘʣʴʥʦʛʦ ï ʚ 2,5 ʨʘʟʠ, ʛʨʦʰʦʚʠʭ ʚʠʪʨʘʪ ï ʚ 1,9 ʨʘʟʠ. 

ɺʠʩʥʦʚʢʠ. ʅʘʫʢʦʚʝ ʽ ʧʨʘʢʪʠʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ 

ʧʝʨʝʜʧʦʩʽʚʥʦʛʦ ʦʙʨʦʙʽʪʢʫ ʛʨʫʥʪʫ ʰʣʷʭʦʤ ʦʩʽʥʥʴʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʛʨʝʙʝʥʽʚ 

ʧʦʢʘʟʘʣʦ ʧʦʟʠʪʠʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʽ ʻ ʘʢʪʫʘʣʴʥʠʤ ʜʣʷ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ 

ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. 
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ɸʅɸʃɯɿ ʂʆʅʉʊʈʋʂʎɯɰ ʇʃʆʉʂʆʅʆɾɽɺʀʍ ʇʆɼʈɯɹʅʖʖʏʀʍ 

ɹɸʈɸɹɸʅɯɺ ʂʆʈʄʆɿɹʀʈɸʃʔʅʀʍ ʄɸʐʀʅ 

 

ʂʫʟʴʤʝʥʢʦ ɺ. ʌ.1, ʆʥʠʱʝʥʢʦ ɺ. ɹ.2, ʆʥʠʱʝʥʢʦ ɹ. ɺ.2 

1ɯʥʩʪʠʪʫʪ ʤʝʭʘʥʽʢʠ ʪʘ ʘʚʪʦʤʘʪʠʢʠ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʅɸɸʅ 
2ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ɺiʜoʤi ʢoʨʤoʟʙʠʨaʣʴʥi ʢoʤʙaʡʥʠ ʟaʢoʨʜoʥʥʠx ʬiʨʤ oʩʥaʱyʶʪʴ 

ʧʣoʩʢoʥoʞʝʚʠʤʠ ʙaʨaʙaʥaʤʠ, ʱo ʤaʶʪʴ ʰʠʨʠʥy ʥʝ ʙiʣʴʰʝ 600 ʤʤ. ʊaʢa 

ʥʝʟʥaʯʥa ʰʠʨʠʥa ʙaʨaʙaʥa oʙyʤoʚʣʝʥa ʥʝ ʧʨaʛʥʝʥʥʷʤ oʙʤʝʞʠʪʠ ʧʨoʧyʩʢʥy 

ʟʜaʪʥiʩʪʴ ʢoʤʙaʡʥa ʚiʜʥoʩʥo ʥʝʚʠʩoʢʠʤʠ ʧoʢaʟʥʠʢaʤʠ, a yʤoʚaʤʠ, ɦ o ʣiʤiʪyʶʪʴ 

ʜoʚʞʠʥy ʥoʞiʚ ʮix ʙaʨaʙaʥiʚ. 

ɼiaʧaʟoʥ ʟʤiʥʠ ʪaʢʠx ʧaʨaʤʝʪʨiʚ ʧo ʜoʚʞʠʥi (oʩi x) ʥoʞa, ʷʢ ɓ, ʢʨa , 
ʬl  i 

ʧʝʨʝʜʥʴoʛo ʢyʪa ű ʟʥaʯʥʠʡ i ʪoʤy oʙoʚ'ʷʟʢoʚo ʚʠʤaʛaʻ oʙˇʨyʥʪoʚaʥoʛo ʚʠʙoʨy 

ʚʠxiʜʥʠx ʧaʨaʤʝʪʨiʚ 0a  i 
0

0

0 90 bj -= , ʱoʙ oʙʤʝʞʠʪʠ oʜʝʨʞyʚaʥi ʧʨʠ oʙʨoʙʮi 

ʙaʨaʙaʥa ʧo ʮʠʣiʥʜʨy ʟʥaʯʝʥʥʷ ʭb y ʤʝʞax, ʧʨʠʧyʩʪʠʤʠx ʟ ʧoʛʣʷʜy 

ʨaʮioʥaʣʴʥoʩʪi ʧʨoʮʝʩy ʨiʟaʥʥʷ, i ʭj ʟ ʧoʛʣʷʜy ʚʠʢʠʜaʶʯoʛo ʝʬʝʢʪy ʥoʞa. 

ɿaʢoʥoʤiʨʥoʩʪi ʟʤiʥʠ ʥaʚʝʜʝʥʠx ʧaʨaʤʝʪʨiʚ, oʙyʤoʚʣʝʥʠx ʚʠʨaʟaʤʠ  ʟ 

ʧiʜʩʪaʥoʚʢoʶ ʟʥaʯʝʥʥʷ 0cosbʙRz= , ʤaʶʪʴ ʚʠʛʣʷʜ: 
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 ̒ʬyʥʢʮiʷʤʠ x. ɻʨaʥʠʯʥʝ ʟʥaʯʝʥʥʷ x ʜoʨiʚʥʶʻ ʜoʚʞʠʥi ʥl  ʥoʞa ( ʥlx=lim ). 

ɼoʚʞʠʥa ʙaʨaʙaʥa ʚʠʟʥaʯaʻ ʰʠʨʠʥy 2l  ʛoʨʣoʚʠʥʠ ʢoʤʙaʡʥa, y ʪoʡ ʯaʩ ʷʢ ʾʾ 

ʚʠʩoʪa ʥh  ʟaʣʝʞʠʪʴ ʚiʜ ʤaʢʩʠʤaʣʴʥo ʧʨʠʧyʩʪʠʤoʾ ʪoʚʱʠʥʠ ʰaʨy ʨoʩʣʠʥʥoʛo 

ʤaʪʝʨiaʣy, ʱo ʧʝʨʝʨiʟaʻ. 

ʇʣoʱa ʛoʨʣoʚʠʥʠ ʛʛʛ hlF =   ̒oʜʥʠʤ ʟ ʥaʡʙiʣʴʰ ʚaʞʣʠʚʠx ʧaʨaʤʝʪʨiʚ, ʱo 

ʚʠʟʥaʯaʻ ʧʨoʧyʩʢʥy ʟʜaʪʥiʩʪʴ ʢoʤʙaʡʥa. ɿʚiʜʩʠ ʡ ʧʨaʛʥʝʥʥʷ ʟʙiʣʴʰʠʪʠ ʚ 

ʤoʞʣʠʚʠx ʤʝʞax ʧʣoʱy ʛoʨʣoʚʠʥʠ, ʱo ʧʨoʩʪiʰʝ ʟʜiʡʩʥʶʻʪʴʩʷ ʟa ʨaxyʥoʢ 

ʟʙiʣʴʰʝʥʥʷ ʰʠʨʠʥʠ. Oʜʥaʢ, ʷʢ ʚiʜʟʥaʯʝʥo ʚʠʱʝ, ʰʠʨʠʥa ʛoʨʣoʚʠʥʠ ʣiʤiʪoʚaʥa 

ʜoʚʞʠʥoʶ ʥoʞiʚ. ʅʝ ʟʙiʣʴʰyʶʯʠ ʜoʚʞʠʥy ʥoʞiʚ ʧoʥaʜ ʧʨʠʧyʩʪʠʤʠʡ, ʤoʞʥa 

ʟʙiʣʴʰʠʪʠ ʜoʚʞʠʥy ʙaʨaʙaʥa ʣʠʰʝ ʰʣʷxoʤ ʚʠʛoʪoʚʣʝʥʥʷ ʡoʛo ʙaʛaʪoʩʝʢʮiʡʥʠʤ 

(ʥaʧʨʠʢʣaʜ, ʜʚoʩʝʢʮiʡʥʠʤ ʜoʚʞʠʥoʶ 1000 ʤʤ ʧʨʠ ʜoʚʞʠʥi ʥoʞiʚ ʣʠʰʝ 500 ʤʤ). 

ɺiʜ ʚʟa̒ ʤʥoʛo ʨoʟʪah yʚaʥʥʷ ʥoʞiʚ ʨaʟoʤ ʟ ʧiʜʥoʞʝʚʠʤʠ ʙaʣʢaʤʠ 

ʙaʛaʪoʩʝʢʮiʡʥoʤy ʙaʨaʙaʥi ʟaʣʝʞʠʪʴ xaʨaʢʪʝʨ ʩʪʚoʨʶʚaʥoʛo ʾʤ ʧoʚiʪʨʷʥoʛo 

ʧoʪoʢy ʡ ʥaʧʨʷʤoʢ ʚʠʢʠʜaʥʥʷ ʟʜʨiʙʥʝʥoʛo ʤaʪʝʨiaʣy. ʄoʞyʪʴ ʙyʪʠ ʚʠʧaʜʢʠ, 

ʢoʣʠ ʨoʟʪaʰyʚaʥʥʷ ʥoʞiʚ ʪaʢʝ, ʱo ʙaʨaʙaʥ ʥʝ ʚ ʟʤoʟi ʟaʜoʚiʣʴʥo  ʪʨaʥʩʧoʨ-

ʪyʚaʪʠ ʤaʪʝʨiaʣ i ʩʠʣoʩoʣʨoʚiʜ ʢoʤʙaʡʥa ʩʠʩʪʝʤaʪʠʯʥo ʟaʙʠʚaʻʪʴʩʷ. 

ɼʣʷ ʚʠʰyʢyʚaʥʥʷ ʡ oʙˇʨyʥʪyʚaʥʥʷ ʨaʮioʥaʣʴʥoʛo ʨoʟʧoʜiʣy ʥoʞiʚ ʥa 

ʙaʨaʙaʥi ʟ ʧoʛʣʷʜy ʚʠʢoʥaʥʥʷ ʥʠʤʠ ʧʨoʮʝʩy ʨiʟaʥʥʷ ʡ ʚʠʢʠʜaʥʥʷ ʧʦʜʨiʙʥʝʥoʛo 

ʤaʪʝʨiaʣy ʧʨoaʥaʣiʟoʚaʥo ʰiʩʪʴ ʚaʨiaʥʪiʚ ʨiʟʥʠx ʢoʥʩʪʨyʢʮiʡ ʧoʜʨiʙʥʶʶʯʠ 

ʙaʨaʙaʥiʚ ʩʪoʩoʚʥo ʜo ʛoʨʣoʚʠʥʠ ʧʝʨʩʧʝʢʪʠʚʥoʛo ʚʠʩoʢoʧʨoʜyʢʪʠʚʥoʛo 

ʢoʨʤoʟʙʠʨaʣʴʥoʛo ʢoʤʙaʡʥa iʟ ʧʣoʱʝʶ ʧʝʨʝʪʠʥy 217,017,01 ʤFʛ =Ö=  i ʧʨoʧyʩʢʥoʶ 

ʟʜaʪʥiʩʪʶ 50-55 ʢʛ/ʩ.  

ɼoʩʣiʜʞʝʥʥʷ ʧʣoʩʢoʥoʞʝʚʠx ʙaʨaʙaʥiʚ ʧoʢaʟaʣʠ, ʱo y ʜʚoʩʝʢʮiʡʥʠx 

ʙaʨaʙaʥax ʤoʞʥa ʜoʩʷʛʪʠ ʟʥaʯʥo ʤʝʥʰoʾ ʧʠʪoʤoʾ ʝʥʝʨʛoʻʤʥoʩʪi ʧʨoʮʝʩy 

ʟʜʨiʙʥʶʚaʥʥʷ ʨoʩʣʠʥʥoʛo ʤaʪʝʨiaʣy ʟaʚʜʷʢʠ ʜoʪʨʠʤaʥʥʶ ʜiaʧaʟoʥy ʢyʪiʚ 

ʟaʪoʯʝʥʥʷ ʥoʞiʚ ʧo ʜoʚʞʠʥi ʚ ʨaʮioʥaʣʴʥʠx ʤʝʞax. ɺʩʪaʥoʚʣʝʥo, ʱo ʧʠʪoʤa 

ʝʥʝʨʛoʻʤʥiʩʪʴ ʟʜʨiʙʥʶʚaʥʥʷ ʤaʪʝʨiaʣy oʜʥoʩʝʢʮiʡʥʠʤ ʙaʨaʙaʥoʤ  ʧʝʨʝʚʠ-ʱyʻ 

ʧʠʪoʤy ʝʥʝʨʛoʻʤʥiʩʪʴ ʜʚoʩʝʢʮiʡʥʠx ʙaʨaʙaʥiʚ ʚ 1,2ð1,3 ʨaʟiʚ, ʪoʤy ʟ ʧoʛʣʷʜy 

ʝʥʝʨʛoʻʤʥoʩʪi ʧʨoʮʝʩy ʨiʟaʥʥʷ ʜoʮiʣʴʥʠʤ  ̒ ʚʠʢoʨʠʩʪaʥʥʷ ʚ ʧʣoʩ-ʢoʥoʞʝʚʠx 

ʧoʜʨiʙʥʶʶʯʠx ʙaʨaʙaʥax ʱoʜo ʢoʨoʪʢʠx ʥoʞiʚ. 

ʗʢ ʚʠʟʥaʯaʣoʩʷ ʚʠʱʝ, ʥaʡʙiʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʟaʩoʙoʤ ʧiʜʚʠʱʝʥʥʷ ʧʨo-

ʧyʩʢʥoʾ ʟʜaʪʥoʩʪi ʧoʜʨiʙʥʶʶʯoʛo aʧaʨaʪa  ̒ ʟʙiʣʴʰʝʥʥʷ ʜoʚʞʠʥʠ ʙaʨaʙaʥa. 

Oʜʥaʢ ʧʨʠ ʮʴoʤy ʟaʚʜaʥʥʷ yʩʢʣaʜʥʶʻʪʴʩʷ ʪʨyʜʥoʱaʤʠ ʟʚyʞʝʥʥʷ ʧoʪoʢy 

ʧʦʜʨiʙʥʝʥoʛo ʤaʪʝʨiaʣy ʚ ʩʠʣoʩoʧʨoʚoʜi, ʪoʤy ʜʣʷ ʧiʜʚʠʱʝʥʥʷ ʧʨoʧyʩʢʥoʾ 

ʟʜaʪʥoʩʪi ʧoʜʨiʙʥʶʶʯoʛo aʧaʨaʪa ʥʝoʙxiʜʥo ʢʨiʤ ʟʙiʣʴʰʝʥʥʷ ʨoʙoʯoʾ ʜoʚ-ʞʠʥʠ 

ʙaʨaʙaʥa ʩʪʚoʨʶʚaʪʠ oʨiʻʥʪoʚaʥʠʡ ʧoʪiʢ ʟʜʨiʙʥʝʥoʛo ʤaʪʝʨiaʣy ʚ ʧʝ-ʨʝxiʜʥiʡ 

ʯaʩʪʠʥi ʩʠʣoʩoʧʨoʧoʜa. 
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ʋɼʂ 621.2.057 

 

ɼʀʅɸʄɯʂɸ ʇʋɹʃɯʂɸʎɯʁ ʑʆɼʆ ɺʀʂʆʈʀʉʊɸʅʅʗ ɯʄɯʊɸʎɯʁʅʆɻʆ 

ʄʆɼɽʃʖɺɸʅʅʗ ɺ ʉɯʃʔʉʔʂʆʄʋ ɻʆʉʇʆɼɸʈʉʊɺɯ 

 

ɼʥʝʩʴ ɺ. ɯ.1, ʂʫʜʨʥʝʮʴʢʠʡ ʈ. ɹ.1, ʂʨʫʧʠʯ ʉ. ʆ.1, ʉʢʽʙʯʠʢ ɺ. ɯ.2 

1ɯʥʩʪʠʪʫʪ ʤʝʭʘʥʽʢʠ ʪʘ ʘʚʪʦʤʘʪʠʢʠ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʅɸɸʅ 
2ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ɯʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʩʠʪʴ ʧʦʪʫʞʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʘʥʘʣʽʟʫ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ. ɸ ʚʨʘʭʦʚʫʶʯʠ, ʱʦ ʦʩʥʦʚʥʦʶ ʡʦʛʦ ʦʩʦʙʣʠʚʽʩʪʶ  ̒

ʤʦʞʣʠʚʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ ʡʤʦʚʽʨʥʽʩʥʠʭ ʯʠʥʥʠʢʽʚ, ʪʦ ʜʣʷ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, 

ʜʝ ʘʛʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʤʘʶʪʴ ʩʪʦʭʘʩʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ  ̔ ʯʠʥʷʪʴ 

ʚʠʨʽʰʘʣʴʥʠʡ ʚʧʣʠʚ ʥʘ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʜʫʢʮʽʾ ï ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʥʝ ʤʦʞʥʘ 

ʥʝʜʦʦʮʽʥʶʚʘʪʠ.   

ɸʥʘʣʽʟ ʧʫʙʣʽʢʘʮʽʡ ʧʨʦʚʦʜʠʚʩʷ ʚ ʦʜʥ̔ʡ ʟ ʥʘʡʙʽʣʴʰʠʭ ʦʥʣʘʡʥ ʢʦʣʝʢʮʽʡ 

ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ï ScienceDirect (www.sciencedirect.com). 

ɼʣʷ ʘʥʘʣʽʟʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʧʦʰʫʢʦʚʠʡ ʟʘʧʠʪ, ʷʢʠʡ ʚʢʣʶʯʘʚ ʧʦʻʜʥʘʥʥʷ ʜʚʦʭ 

ʢʣʶʯʦʚʠʭ ʩʣʽʚ: çʤʦʜʝʣʶʚʘʥʥʷ (simulation)è ʪʘ çʩʽʣʴʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦ 

(agriculture)è. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ ʧʝʨʽʦʜ 1970-2020 ʨʨ. ʚ ʢʦʣʝʢʮʽʾ 

ScienceDirect ʥʘʣʽʯʫʻʪʴʩʷ ʧʦʥʘʜ 120 ʪʠʩ. ʧʫʙʣʽʢʘʮʽʡ, ʘ ʪʘʢʦʞ ʦʪʨʠʤʘʥʦ ʜʠʥʘʤʽʢʫ 

ʟʤʽʥʠ ʾʭ ʢʽʣʴʢʦʩʪʽ ʟʘ ʨʦʢʘʤʠ (ʨʠʩ. 1). 

 

 
ʈʠʩ. 1. ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʽ ʧʫʙʣʽʢʘʮʽʡ ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʚ ʢʦʣʝʢʮʽʾ ScienceDirect 

 

ʊʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʫʙʣʽʢʘʮʽʡ ʟʘ ʪʝʤʘʪʠʯʥʠʤʠ ʦʙʣʘʩʪʷʤʠ, 

ʜʦ ʷʢʠʭ ʚʦʥʠ ʚʽʜʥʦʩʷʪʴʩʷ (ʨʠʩ. 2). 
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ʈʠʩ. 2. ʏʘʩʪʢʘ ʧʫʙʣʽʢʘʮʽʡ ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚ 

ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʚ ʢʦʣʝʢʮʽʾ ScienceDirect ʟʘ ʪʝʤʘʪʠʯʥʠʤʠ ʦʙʣʘʩʪʷʤʠ 

 

ʆʪʞʝ ʥʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʢʽʣʴʢʦʩʪʽ ʧʫʙʣʽʢʘʮʽʡ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ɦ ʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʥʘʙʫʚʘʻ 

ʟʥʘʯʥʦʛʦ ʧʦʰʠʨʝʥʥʷ, ʦʩʦʙʣʠʚʦ ʩʪʨʽʤʢʦ ʮʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʩʪʘʥʥʽ 10 ʨʦʢʽʚ. ʉʝʨʝʜ 

ʧʨʠʯʠʥʠ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʮʴʦʤʫ ʤʦʞʥʘ ʦʟʥʘʯʠʪʠ ʪʘʢʽ: ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ 

ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʚʧʣʠʚʫ ʧʦʛʦʜʥʠʭ ʫʤʦʚ; ʚʠʯʝʨʧʘʥʥʷ ʧʦʪʝʥʮʽʘʣʫ 

ʢʣʘʩʠʯʥʠʭ ʤʝʪʦʜʽʚ; ʨʽʩʪ ʜʦʩʪʫʧʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

 

 

 

 

ʋɼʂ 631.153.7:631.354:633.11 

 

ʊʈɸʅʉʇʆʈʊʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ɿɹʀʈɸʅʅʗ ɿɽʈʅʆɺʀʍ ʂʋʃʔʊʋʈ ɺ 

ɸɻʈʆʂʆʄʇɸʅɯɰ ʊʆɺçɸʊʂè 

 

ɼʴʦʤʽʥ ʆ. ɸ., ʄʦʚʯʘʥ ʄ. ʄ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ  ̔ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʅʘʟʚʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʊʆɺ çɸʊʂè ʦʟʥʘʯʘʻ çɸʛʨʘʨʥʘ 

ʪʝʭʥʦʣʦʛʽʯʥʘ ʢʦʤʧʘʥʽʷè. ʎʝ ʧʦʪʫʞʥʠʡ ʘʛʨʦʭʦʣʜʠʥʛ ʽʟ ʟʝʤʝʣʴʥʠʤ ʙʘʥʢʦʤ ʧʦʥʘʜ 

32 ʪʠʩ. ʛʘ, ʱʦ ʦʭʦʧʣʶʻ ɾʠʪʦʤʠʨʩʴʢʫ, ʍʤʝʣʴʥʠʮʴʢʫ ʪʘ ɺʽʥʥʠʮʴʢʫ ʦʙʣʘʩʪ.̔ 

ʆʩʥʦʚʥʠʤʠ ʚʠʜʘʤʠ ʜʽʷʣʴʥʦʩʪʽ ʊʆɺ çɸʊʂè ʻ: ʚʠʨʦʱʫʚʘʥʥʷ ʟʝʨʥʦʚʠʭ ʪʘ 

ʙʦʙʦʚʠʭ ʢʫʣʴʪʫʨ, ʦʚʦʯʽʚ, ʢʦʨʝʥʝʧʣʦʜʽʚ ʙʫʣʴʙʦʧʣʦʜʽʚ  ̔ʥʘʩʽʥʥʷ ʦʣʽʡʥʠʭ ʢʫʣʴʪʫʨ; 

ʧʽʩʣʷʟʙʠʨʘʣʴʥʘ ʦʙʨʦʙʢʘ ʚʨʦʞʘʶ; ʦʧʪʦʚʘ ʪʦʨʛʽʚʣʷ ʟʝʨʥʦʤ, ʥʝʦʙʨʦʙʣʝʥʠʤ 

ʪʶʪʶʥʦʤ, ʥʘʩʽʥʥʷʤ  ̔ʢʦʨʤʘʤʠ ʜʣʷ ʪʚʘʨʠʥ; ʚʘʥʪʘʞʥ ̔ʘʚʪʦʤʦʙʽʣʴʥ ̔ʧʝʨʝʚʝʟʝʥʥʷ; 

ʩʢʣʘʜʩʴʢʝ  ʛʦʩʧʦʜʘʨʩʪʚʦ 

ʉʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ 

ʪʘ ʙʽʦʣʦʛʽʯʥʽ ʥʘʫʢʠ

25%

ɽʢʦʣʦʛʽʷ

22%

ʅʘʫʢʠ ʧʨʦ 

ɿʝʤʣʶ ʽ ʧʣʘʥʝʪʠ

13%

ʊʝʭʥʽʢʘ

10%

ɽʥʝʨʛʽʷ

9%
ʉʦʮʽʘʣʴʥʽ ʥʘʫʢʠ

5%

ʂʦʤʧ'ʶʪʝʨʥʽ 

ʥʘʫʢʘ

4%

ɽʢʦʥʦʤʽʢʘ, 

ʝʢʦʥʦʤʝʪʨʠʢʘ ʪʘ 

ʬʽʥʘʥʩʠ

4%

ʍʽʤʽʯʥʘ 

ʽʥʞʝʥʝʨʽʷ

4%

ɹʽʦʭʽʤʽʷ, ʛʝʥʝʪʠʢʘ 

ʪʘ ʤʦʣʝʢʫʣʷʨʥʘ 

ʙʽʦʣʦʛʽʷ

4%
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ɺ ʤʝʞʘʭ ɾʠʪʦʤʠʨʩʴʢʦʾ ʦʙʣʘʩʪʽ ʊʆɺ ñɸʊʂò ʟʜʽʡʩʥʶʻ ʛʦʩʧʦʜʘʨʩʴʢʫ 

ʜʽʷʣʴʥʽʩʪʴ ʫ ʃʶʙʘʨʩʴʢʦʤʫ, ʏʫʜʥʽʚʩʴʢʦʤʫ ʪʘ ɹʝʨʜʠʯʽʚʩʴʢʦʤʫ ʨʘʡʦʥʘʭ, ʜʝ 

ʦʙʨʦʙʣʷʻ ʧʦʥʘʜ 20 ʪʠʩ. ʛʘ ʟʝʤʝʣʴ. ʇʽʜʧʨʠʻʤʩʪʚʦ ʽʥʚʝʩʪʫʚʘʣʦ ʢʦʰʪʠ ʥʘ ʦʩʚʦʻʥʥʷ 

ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ ʟʙʝʨʽʛʘʥʥʷ ʟʝʨʥʘ ʫ ñʙʽʛ-ʙʝʛʘʭò, ʱʦ ʚʢʘʟʫʻ ʥʘ ʩʧʝʮʽʘʣʽʟʘʮʽʶ ʫ 

ʚʠʨʦʱʫʚʘʥʥʽ ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ. 

ɸʛʨʦʧʽʜʧʨʠʻʤʩʪʚʦʤ çɸʊʂè ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʝʣʝʚʘʪʦʨʥʠʡ ʢʦʤʧʣʝʢʩʦʤ ʚ ʩʝʣʽ 

ʇʝʯʘʥʽʚʢʘ ɾʠʪʦʤʠʨʩʴʢʦ ʾʦʙʣʘʩʪʽ (ʨʠʩ. 1). ʅʘ ʝʣʝʚʘʪʦʨʽ ʚʩʪʘʥʦʚʣʝʥʦ 4 ʩʫʯʘʩʥʽ 

ʟʝʨʥʦʚʽ ʩʫʰʘʨʢʠ, ʱʦ ʜʘʶʪʴ ʟʤʦʛʫ ʦʙʨʦʙʣʷʪʠ ʫʩʽ ʚʠʜʠ ʟʝʨʥʦʚʠʭ ʪʘ ʦʣʽʡʥʠʭ 

ʢʫʣʴʪʫʨ. ʇʦʪʫʞʥʽʩʪʴ ʦʜʥʦʯʘʩʥʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʟʝʨʥʘ ï 85 ʪʠʩ. ʪ. 

ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʧʽʜʨʦʟʜʽʣʽʚ ʘʛʨʦʢʦʤʧʘʥʽʾ  ̒ ʃʶʙʘʨʩʴʢʘ ʬʽʣʽʷ. ʊʫʪ 

ʦʙʨʦʙʣʷʻʪʴʩʷ 9 540 ʛʝʢʪʘʨʽʚ ʟʝʤʣʽ. ʌʽʣʽʷ ʧʨʘʮʶʻ ʫ ʉʄʊ ʃʶʙʘʨ  ̔ʃʁ ʙʘʨʩʴʢʦʤʫ 

ʨʘʡʦʥʽ. ʅʘ ʾʾ ʪʝʨʠʪʦʨʽʾ ʥʘʨʘʭʦʚʫʻʪʴʩʷ 558 ʧʨʘʮʽʚʥʠʢʽʚ. ʇʽʜʧʨʠʻʤʩʪʚʦ 

ʩʧʝʮʽʘʣʽʟʫʻʪʴʩʷ, ʟʜʝʙʽʣʴʰʦʛʦ, ʥʘ ʚʠʨʦʱʫʚʘʥʥʽ ʟʝʨʥʦʚʠʭ ʪʘ ʪʝʭʥʽʯʥʠʭ ʢʫʣʴʪʫʨ, 

ʧʨʦ ʱʦ ʩʚʽʜʯʠʪʴ ʩʪʨʫʢʪʫʨʘ ʧʦʩʽʚʥʠʭ ʧʣʦʱ (ʪʘʙʣ. 1). 

ʋ ʥʘʰʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʤʠ ʚʠʨʽʰʠʣʠ ʚʠʟʥʘʯʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʠ ʟʙʠʨʘʥʥʽ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ ʫ 

ʃʁ ʙʘʨʩʴʢʦʤʫ ʚʽʜʜʽʣʝʥʥʽ ʘʛʨʦʢʦʤʧʘʥʽʾ ʊʆɺ çɸʊʂè. ɼʣʷ ʮʴʦʛʦ ʤʠ ʧʨʦʘʥʘʣʽʟʫʚʘʣʠ 

ʛʨʫʥʪʦʚʦ-ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ ʃʶʙʘʨʩʴʢʦʛʦ ʨʘʡʦʥʫ, ʩʢʣʘʜ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʦʛʦ 

ʧʘʨʢʫ ʚʽʜʜʽʣʝʥʥʷ (ʪʘʙʣ. 2) ʽ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʙʠʨʘʥʥʷ ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ. 

 

 
ʈʠʩ. 1. ɽʣʝʚʘʪʦʨʥʠʡ ʢʦʤʧʣʝʢʩ ʊʆɺ çɸʊʂè 
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ʊʘʙʣʠʮʷ 1 

ʉʪʨʫʢʪʫʨʘ ʧʦʩʽʚʥʠʭ ʧʣʦʱ ʃʶʙʘʨʩʴʢʦʾ ʬʽʣʽʾ ʊʆɺ çɸʊʂè 

ʉʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʘ ʢʫʣʴʪʫʨʘ ʇʦʩʽʚʥʘ ʧʣʦʱʘ, ʛʘ 

ʂʘʨʪʦʧʣʷ 194 

ʇʰʝʥʠʮʷ 890 

ʂʫʢʫʨʫʜʟʘ 4450 

ʂʚʘʩʦʣʷ  381 

ʉʦʷ 4320 

 

ʊʘʙʣʠʮʷ 2 

ʉʢʣʘʜ ʄʊʇ ʃʶʙʘʨʩʴʢʦʾ ʬʽʣʽʾ ʘʛʨʦʭʦʣʜʠʥʛʫ ʊʆɺ çɸʊʂè 

ɺʠʜ ʪʝʭʥʽʢʠ ʄʘʨʢʘ ʂʽʣʴʢʽʩʪʴ 

ʢʦʤʙʘʡʥ John Deere 9500 24 

ʢʦʤʙʘʡʥ John Deere 9780 10 

ʢʦʤʙʘʡʥ Massey Ferguson 3 

ʢʦʤʙʘʡʥ New Holland 2 

ʪʨʘʢʪʦʨ John Deere 15 

ʪʨʘʢʪʦʨ Massey Ferguson 13 

ʧʨʠʯʝʧ-ʧʝʨʝʚʘʥʪʘʞʫʚʘʯ KINZE 1050 11 

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʤʠ ʚʠʟʥʘʯʠʣʠ, ɦ ʦ ʧʽʜ ʦʟʠʤʘ ʧʰʝʥʠʮʷ 

ʚʠʨʦʱʫʻʪʴʩʷ ʥʘ ʧʣʦʱʽ 890 ʛʘ (ʜʠʚ. ʪʘʙʣ. 1) ʇʘʨʢ ʛʦʩʧʦʜʘʨʩʪʚʘ ʥʘʣʽʯʫʻ 38 

ʟʝʨʥʦʟʙʠʨʘʣʴʥʠʭ ʢʦʤʙʘʡʥʽʚ, 11 ʧʨʠʯʝʧʽʚ-ʧʝʨʝʚʘʥʪʘʞʫʚʘʯʽʚ, ʱʦ ʤʦʞʫʪʴ 

ʘʛʨʝʛʘʪʫʚʘʪʠʩʴ ʟ ʙʫʜʴ-ʷʢʠʤ ʟ 28 ʧʦʪʫʞʥʠʭ ʪʨʘʢʪʦʨʽʚ John Deere ʪʘ Massey 

Ferguson (ʜʠʚ. ʪʘʙʣ. 2). ʎʝ ʙʽʣʴʰ ʥʽʞ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʟʙʠʨʘʥʥʷ ʧʰʝʥʠʮʽ ʟʘ ʜʦʩʠʪʴ 

ʝʬʝʢʪʠʚʥʦʶ ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ, ʚʨʘʭʦʚʫʶʯʠ, ʱʦ ʢʫʢʫʨʫʜʟʘ ʪʘ 

ʩʦʷ ʟʙʠʨʘʻʪʴʩʷ ʚ ʽʥʰʠʡ ʢʘʣʝʥʜʘʨʥʠʡ ʧʝʨʽʦʜ.  

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʽʜʧʨʠʻʤʩʪʚʦ 

ʊʆɺ çɸʊʂè ʤʘʻ ʚʩʽ ʫʤʦʚʠ ʜʣʷ ʚʠʨʦʱʫʚʘʥʥʷ  ̔ʝʬʝʢʪʠʚʥʦʛʦ ʟʙʠʨʘʥʥʷ ʦʟʠʤʦʾ 

ʧʰʝʥʠʮʽ. ʎʴʦʤʫ ʩʧʨʠʷʶʪʴ ʪʘʢʽ ʬʘʢʪʦʨʠ: ʛʨʫʥʪʦʚʦ-ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ 

ʃʶʙʘʨʩʴʢʦʛʦ ʨʘʡʦʥʫ ʩʧʨʠʷʪʣʠʚʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʠʭ ʚʨʦʞʘʾʚ ʟʝʨʥʦʚʠʭ 

ʢʫʣʴʪʫʨ; ʨʘʡʦʥ, ʤʘʻ ʚʜʘʣʝ ʛʝʦʛʨʘʬʽʯʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʣʦʛʽʩʪʠʢʠ 

ʨʦʩʣʠʥʥʠʮʴʢʦʾ ʧʨʦʜʫʢʮʽʾ; ʤʘʰʠʥʦ-ʪʨʘʢʪʦʨʥʠʡ ʧʘʨʢ ʚ ʧʦʚʥʽʡ ʤʽʨʽ ʟʘʙʝʟʧʝʯʝʥʥʠʡ 

ʪʝʭʥʽʢʦʶ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʠ ʟʙʠʨʘʥʥʽ 

ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ. 
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ʋɼʂ 658.562.2:635.11:633.63 

 

ɼʀʌɽʈɽʅʎɯɸʃʔʅɽ ʈɯɺʅʗʅʅʗ ʂʆʃʀɺɸʃʔʅʀʍ ʈʋʍɯɺ ʋ 

ʇʆɺɿɼʆɺɾʅʔʆ-ɺɽʈʊʀʂɸʃʔʅɯʁ ʇʃʆʑʀʅɯ ɻʀʏʂʆɿɹʀʈɸʃʔʅʆɰ 

ʄɸʐʀʅʀ ɼʃʗ ʂʆʈɽʅɽʇʃɯɼʅʀʍ ʂʋʃʔʊʋʈ 

 

ɹʫʜʟʘʥʽʚʩʴʢʠʡ ʄ. ɯ. 

ɯʥʩʪʠʪʫʪ ʤʝʭʘʥʽʢʠ ʪʘ ʘʚʪʦʤʘʪʠʢʠ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʅɸɸʅ 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʢʦʣʠʚʘʣʴʥʠʭ ʨʫʭʽʚ ʛʠʯʢʦʟʙʠʨʘʣʴʥʦʾ ʤʘʰʠʥʠ ʜʣʷ 

ʢʦʨʝʥʝʧʣʽʜʥʠʭ ʢʫʣʴʪʫʨ ʫ ʧʦʚʟʜʦʚʞʥʴʦ-ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʥʘ 

ʧʽʜʩʪʘʚʽ ʨʦʟʨʦʙʣʝʥʦʾ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʩʭʝʤʠ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

 
ʈʠʩ. 1. ɽʢʚʽʚʘʣʝʥʪʥʘ ʩʭʝʤʘ ʛʠʯʢʦʟʙʠʨʘʣʴʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʢʦʨʝʥʝʧʣʽʜʥʠʭ ʢʫʣʴʪʫʨ 

ʫ ʧʦʚʟʜʦʚʞʥʴʦ-ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ 
 

ʇʨʠ ʮʴʦʤʫ, ʷʢ ʚʠʜʥʦ ʟ ʨʠʩ. 1, ʛʠʯʢʦʟʙʠʨʘʣʴʥʘ ʤʘʰʠʥʘ ʚʩʪʘʥʦʚʣʝʥʘ 

ʧʦʧʝʨʝʜʫ ʧʨʦʩʘʧʥʦʛʦ ʘʛʨʝʛʘʪʫʶʯʦʛʦ ʪʨʘʢʪʦʨʘ (ʥʘ ʩʭʝʤʽ ʥʝ ʧʦʢʘʟʘʥʠʡ) ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʡʦʛʦ ʧʝʨʝʜʥʴʦʛʦ ʥʘʯʽʧʥʦʛʦ ʤʝʭʘʥʽʟʤʫ. ʅʘ ʝʢʚʽʚʘʣʝʥʪʥʽʡ ʩʭʝʤʽ 

ʛʠʯʢʦʟʙʠʨʘʣʴʥʘ ʤʘʰʠʥʘ, ʱʦ ʤʘʻ ʜʚʘ ʦʧʦʨʥʦ-ʢʦʧʽʶʚʘʣʴʥʠʭ ʢʦʣʝʩʘ (ʫʤʦʚʥʦ 

ʟôʻʜʥʘʥʽ ʚ ʦʜʥʝ) ʡ ʨʦʪʦʨʥʠʡ ʤʝʭʘʥʽʟʤ ʜʣʷ ʟʨʽʟʘʥʥʷ ʛʠʯʢʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʚʦʭ 

ʥʠʞʥʽʭ PK ʪʘ ʦʜʥ̔̒ ʾ ʚʝʨʭʥʴʦʾ MD ʮʝʥʪʨʘʣʴʥʦʾ ʪʷʛ, ʚʩʪʘʥʦʚʣʝʥʘ ʥʘ ʪʨʘʢʪʦʨ.̔ 

ɻʠʯʢʦʟʙʠʨʘʣʴʥʘ ʤʘʰʠʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʚʦʾʭ ʢʦʧʽʶʚʘʣʴʥʠʭ ʧʥʝʚʤʘʪʠʯʥʠʭ ʢʦʣʽʩ, 

ʱʦ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʫ ʤʽʞʨʷʜʜʷʭ ʧʦʩʽʚʽʚ ʨʫʭʘʪ̒ʴʩʷ ʧʦ ʥʝʨʽʚʥʦʩʪʷʭ ʧʦʚʝʨʭʥʽ 

ˇʨʫʥʪʫ, ʷʢʽ ʤʦʜʝʣʶʶʪʴʩʷ ʛʘʨʤʦʥʽʡʥʦʶ ʬʫʥʢʮʽʻʶ, ʘ ʾʾ ʛʠʯʢʦʨʽʟʘʣʴʥʠʡ ʘʧʘʨʘʪ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ ʚʽʜʧʦʚʽʜʥʫ ʚʠʩʦʪʫ ʟʨʽʟʫ. ʆʩʢʽʣʴʢʠ ʚ ʜʘʥʽʡ ʢʦʥʩʪʨʫʢʮʽʾ 

ʛʠʯʢʦʟʙʠʨʘʣʴʥʦʾ ʤʘʰʠʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʥʝʚʤʘʪʠʯʥʽ ʦʧʦʨʥʦ-ʢʦʧʽʶʚʘʣʴʥʽ 

ʢʦʣʝʩʘ, ʪʦ ʚʦʥʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʧʨʫʞʥʦ-ʜʝʤʧʬʽʨʫʚʘʣʴʥʠʭ ʤʦʜʝʣʝʡ. ɺ 

ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʨʫʭ ʤʘʰʠʥʠ, ʘ ʪʘʢʦʞ ʚʩʽ ʧʨʠʢʣʘʜʝʥʽ ʜʦ ʥʝʾ ʟʦʚʥʽʰʥʽ ʩʠʣʠ ʪʘ 

ʨʝʘʢʮʽʾ, ʣʽʥʽʡʥʽ ʪʘ ʢʫʪʦʚʽ ʨʦʟʤʽʨʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚʠʢʣʶʯʥʦ ʫ ʧʦʚʟʜʦʚʞʥʴʦ-

ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ. ʅʘ ʧʽʜʩʪʘʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʭʽʜʥʠʭ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʫ ʬʦʨʤʽ 

ʃʘʛʨʘʥʞʘ 2-ʛʦ ʨʦʜʫ, ʟʘ ʫʤʦʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʜʥʽʻʾ ʫʟʘʛʘʣʴʥʝʥʦʾ ʢʦʦʨʜʠʥʘʪʠ ű ʪʘ 

ʧʨʦʚʝʜʝʥʠʭ ʥʝʦʙʭʽʜʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʙʫʣʦ ʦʪʨʠʤʘʥʝ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ 

ʢʦʣʠʚʘʣʴʥʦʛʦ ʨʫʭʫ ʛʠʯʢʦʟʙʠʨʘʣʴʥʦʾ ʤʘʰʠʥʠ ʫ ʪʘʢʦʤʫ ʚʠʛʣʷʜʽ [1]: 
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 2 1 1o oA A A B h B h Cj j jÖ + Ö + Ö = Ö + Ö +, (1) 

ʜʝ ʢʦʝʬʽʮʽʻʥʪʠ Ao, A1, A2, Bo, B1  ̒ ʧʦʩʪʽʡʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦʨʽʚʥʶʶʪʴ: 
2 oyA I=  ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʤʘʰʠʥʠ ʚʽʜʥʦʩʥʦ ʦʩʽ Oy  (ʥʘ ʩʭʝʤʽ ʨʠʩ. 1 

ʥʝ ʧʦʢʘʟʘʥʘ), ʷʢʘ  ̒ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʶ ʜʦ ʧʦʚʟʜʦʚʞʥʴʦ-ʚʝʨʪʠʢʘʣʴʥʦʾ ʧʣʦʱʠʥʠ 

zOx  ̔ ʧʨʦʭʦʜʠʪʴ ʢʨʽʟʴ ʪʦʯʢʫ O , ʢʛĀʤ2; 2

1 2A Lm= Ö, (m ï ʢʦʝʬʽʮʽʻʥʪ 

ʜʝʤʧʬʽʨʫʚʘʥʥʷ ʧʥʝʚʤʘʪʠʯʥʦʾ ʰʠʥʠ ʢʦʧʽʶʚʘʣʴʥʦʛʦ ʢʦʣʝʩʘ); 22oA c L= Ö, (ʩ ï 

ʢʦʝʬʽʮʽʻʥʪ ʞʦʨʩʪʢʦʩʪʽ ʧʥʝʚʤʘʪʠʯʥʦʾ ʰʠʥʠ ʢʦʧʽʶʚʘʣʴʥʦʛʦ ʢʦʣʝʩʘ); 
1 2B Lm= Ö; 

2oB c L= Ö. 

ʈʽʚʥʷʥʥʷ (1) ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʢʣʘʩʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʜʨʫʛʦʛʦ 

ʧʦʨʷʜʢʫ ʟ ʧʦʩʪʽʡʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʪʘ ʟ ʧʨʘʚʦʶ ʯʘʩʪʠʥʦʶ. ʇʨʠ ʮʴʦʤʫ ʜʦʜʘʥʦʢ 

C, ʷʢʠʡ ʚʭʦʜʠʪʴ ʫ ʨʽʚʥʷʥʥʷ (1) ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʦʛʦ ʚʠʨʘʟʫ: 

 
( ) k oC N L f r L d R l G l= Ö - + Ö - Ö - Öè øê ú , (2) 

ʜʝ N ï ʥʝʚʽʜʦʤʘ ʥʦʨʤʘʣʴʥʘ ʨʝʘʢʮʽʷ ʚôʷʟʽ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʠʨʘʟʠ (1) ʪʘ (2) ʙʫʣʠ ʟʜʽʡʩʥʝʥʽ ʚʽʜʧʦʚʽʜʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ (1), ʷʢʝ ʤʘʻ ʫ ʟʘʤʢʥʫʪʦʤʫ ʚʠʛʣʷʜʽ ʪʘʢʠʡ ʨʦʟʚôʷʟʦʢ. 
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ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʠʨʘʟ (3) ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧôʶʪʝʨʘ ʪʘ 

ʨʦʟʨʦʙʣʝʥʦ ʾ ʜʣʷ ʮʴʦʛʦ ʧʨʦʛʨʘʤʠ PTC Mathcad 15 ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʯʠʩʣʦʚʽ 

ʨʦʟʨʘʭʫʥʢʠ ʪʘ ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʾʭ ʦʩʥʦʚʽ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ 

ʨʠʩ. 2. 

ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʽʚ ʟʤʽʥʘ ʰʚʠʜʢʦʩʪʽ ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʨʫʭʫ ʛʠʯʢʦʟʙʠʨʘʣʴʥʦʾ 

ʤʘʰʠʥʠ ʜʣʷ ʢʦʨʝʥʝʧʣʽʜʥʠʭ ʢʫʣʴʪʫʨ ʤʘʻ ʜʚʘ ʥʘʩʣʽʜʢʠ. ʊʘʢ, ʩʫʪʪʶ ʧʝʨʰʦʛʦ 

ʥʘʩʣʽʜʢʫ ̒  ʪʝ, ɦ ʦ ʟʘ ʟʙʽʣʴʰʝʥʥʷ h ʚʠʜʢʦʩʪʽ V  ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʨʫʭʫ ʟ 1,5 ʜʦ 2,5 ʤĀʩï

1 ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ ʢʫʪʘ j ʧʦʚʦʨʦʪʫ ʬʨʦʥʪʘʣʴʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʟʨʽʟʘʥʥʷ ʛʠʯʢʠ 

ʢʦʨʝʥʝʧʣʽʜʥʠʭ ʢʫʣʴʪʫʨ ʫ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʧʣʦʱʠʥʽ ʥʝʙʘʞʘʥʦ ʟʨʦʩʪʘʻ. ʇʝʨʰʠʡ 

ʤʘʢʩʠʤʫʤ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʮʝ ʟʨʦʩʪʘʥʥʷ ʩʪʘʥʦʚʠʪʴ 0,3ʦ: ʟ 0,88ʦ 

ʧʨʠ h ʚʠʜʢʦʩʪʽ ʨʫʭʫ V  = 1,5 ʤĀʩï1 (ʥʘ ʛʨʘʬʽʢʫ ʮʝ ʢʨʠʚʘ 1) ʜʦ 1,18ʦ, ʢʦʣʠ h ʚʠʜʢʽʩʪʴ 
V  ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʨʫʭʫ ʤʘʰʠʥʠ ʜʣʷ ʟʨʽʟʘʥʥʷ ʛʠʯʢʠ ʢʦʨʝʥʝʧʣʽʜʥʠʭ ʢʫʣʴʪʫʨ 

ʜʦʨʽʚʥʶʻ ʚʞʝ 2,5 ʤĀʩï1 (ʥʘ ʛʨʘʬʽʢʫ ʮʝ ʢʨʠʚʘ 3). 

 

 
ʈʠʩ. 2. ɿʤʽʥʘ ʢʫʪʘ j ʧʦʚʦʨʦʪʫ ʛʠʯʢʦʟʙʠʨʘʣʴʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʢʦʨʝʥʝʧʣʽʜʥʠʭ 

ʢʫʣʴʪʫʨ ʟʘ ʨʽʟʥʦʾ ʰʚʠʜʢʦʩʪʽ V  ʾʾ ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʨʫʭʫ: 1 ï 1,5 ʤĀʩï1; 2 ï 2,0 ʤĀʩï1; 

3 ï 2,5 ʤĀʩï1 

 

ɼʨʫʛʠʡ ʥʘʩʣʽʜʦʢ ʧʦʚôʷʟʘʥʠʡ ʟ ʜʠʥʘʤʽʢʦʶ ʟʤʽʥʠ ʪʘʢʦʛʦ ʦʮʽʥʶʚʘʣʴʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ, ʷʢ ʯʘʩ ʚʠʭʦʜʫ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʥʘ ʧʝʨʰʠʡ 

ʤʘʢʩʠʤʫʤ ʢʦʣʠʚʘʥʴ ʢʫʪʘ j. ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʮʝʡ ʯʘʩ ʟ ʧʝʚʥʠʤ ʧʨʠʧʫʱʝʥʥʷʤ 

ʤʦʞʥʘ ʧʨʠʡʤʘʪʠ ʟʘ ʪʨʠʚʘʣʽʩʪʴ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʭʦʜʫ ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʥʘ 

ʩʪʘʙʽʣʴʥʠʡ ʨʝʞʠʤ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ɸʥʘʣʽʟ ʢʨʠʚʠʭ, ɦ ʦ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 2 ʧʦʢʘʟʫʻ, 

ʱʦ ʟʘ ʨʫʭʫ ʤʘʰʠʥʠ ʜʣʷ ʟʨʽʟʘʥʥʷ ʛʠʯʢʠ ʢʦʨʝʥʝʧʣʽʜʥʠʭ ʢʫʣʴʪʫʨ ʟ ʧʦʩʪʫʧʘʣʴʥʦʶ 

ʰʚʠʜʢʽʩʪʶ V , ʱʦ ʜʦʨʽʚʥʶʻ 1,5 ʤĀʩï1 ʪʨʠʚʘʣʽʩʪʴ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʩʪʘʥʦʚʠʪʴ 

0,22 ʩ (ʥʘ ʛʨʘʬʽʢʫ ʮʝ ʢʨʠʚʘ 1). ɿʘ ʧʦʩʪʫʧʘʣʴʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʤʘʰʠʥʠ ʜʣʷ ʟʨʽʟʘʥʥʷ 

ʛʠʯʢʠ ʢʦʨʝʥʝʧʣʽʜʥʠʭ ʢʫʣʴʪʫʨ ʟʽ ʰʚʠʜʢʽʩʪʶ ʨʫʭʫ V , ʱʦ ʜʦʨʽʚʥʶʻ ʚʞʝ 2,5 ʤĀʩï1 
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ʟʥʘʯʝʥʥʷ ʦʮʽʥʶʚʘʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ ʧʦʟʥʘʯʢʠ 0,14 ʩ, ʪʦʙʪʦ 

ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 36%, ʱʦ  ̒ʙʘʞʘʥʠʤ. 

ʗʢ ʚʠʧʣʠʚʘʻ ʽʟ ʛʨʘʬʽʢʽʚ, ʧʦʟʠʪʠʚʥʘ ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ ʢʫʪʘ j ʧʦʚʦʨʦʪʫ 

ʤʘʰʠʥʠ ʜʣʷ ʟʨʽʟʘʥʥʷ ʛʠʯʢʠ ʢʦʨʝʥʝʧʣʽʜʥʠʭ ʢʫʣʴʪʫʨ ʫ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʧʣʦʱʠʥʽ ʥʝ 

ʙʽʣʴʰʝ ʥʽʞ 1,2Á, ʘ ʚʽʜôʻʤʥʘ ʘʤʧʣʽʪʫʜʘ ʥʝ ʜʦʩʷʛʘʻ ʥʘʚʽʪʴ 0,3Á. ɺ ʮʽʣʦʤʫ ʨʦʟʤʘʭ 

ʢʦʣʠʚʘʥʴ ʮʴʦʛʦ ʧʨʦʮʝʩʫ  ̒ʥʝʟʥʘʯʥʠʤ  ̔ʩʪʘʥʦʚʠʪʴ ʥʝ ʙʽʣʴʰʝ ʥʽʞ 1,4Á. ʉʘʤʝ ʮʝ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʫ ʜʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʰʚʠʜʢʦʩʪʝʡ ʨʫʭʫ ʤʘʰʠʥʠ ʜʣʷ ʟʨʽʟʘʥʥʷ 

ʛʠʯʢʠ ʢʦʨʝʥʝʧʣʽʜʥʠʭ ʢʫʣʴʪʫʨ, ʱʦ ʜʦʨʽʚʥʶʻ 1,5-2,5 ʤĀʩï1 ʧʝʨʝʚʘʛʫ ʩʣʽʜ ʥʘʜʘʚʘʪʠ 

ʙʽʣʴʰʠʤ ʟʥʘʯʝʥʥʷʤ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʫ. ɿʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʤʘʰʠʥʠ 

ʟʘʙʝʟʧʝʯʠʪʴ ʚʽʜʧʦʚʽʜʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʭʦʯʘ ʡ ʟʘ ʥʝʟʥʘʯʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ 

ʘʤʧʣʽʪʫʜʠ ʢʫʪʦʚʠʭ ʢʦʣʠʚʘʥʴ  ̔ ʥʝʚʝʣʠʢʦʛʦ (ʟʘ ʘʙʩʦʣʶʪʥʦʶ ʚʝʣʠʯʠʥʦʶ), 

ʩʢʦʨʦʯʝʥʥʷ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ, ʷʢʠʡ ʚʠʚʝʜʝ ʜʘʥʫ ʩʠʩʪʝʤʫ ʥʘ ʩʪʘʣʠʡ ʨʝʞʠʤ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ɺʽʜôʻʤʥʽ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʢʫʪʘ j (ʜʠʚʠʩʴ ʛʨʘʬʽʢʠ ʨʠʩ. 2) 

ʦʙʫʤʦʚʣʝʥʽ ʧʨʦʷʚʦʤ ʧʨʫʞʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʧʽʶʚʘʣʴʥʠʭ ʢʦʣʽʩ, ʷʢʽ ʢʽʣʴʢʽʩʥʦ 

ʚʠʨʘʞʘʶʪʴʩʷ ʟʥʘʯʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ c  ʞʦʨʩʪʢʦʩʪʽ ʾʭ ʧʥʝʚʤʘʪʠʯʥʠʭ ʰʠʥ. ʇʨʠ 

ʮʴʦʤʫ ʙʘʯʠʤʦ, ʱʦ ʯʠʤ ʚʦʥʠ ʤʝʥʰʝ, ʪʠʤ ʙʽʣʴʰ ʚʽʜʯʫʪʥʦʶ  ̒ʨʝʘʛʫʚʘʥʥʷ ʤʘʰʠʥʠ 

ʜʣʷ ʟʨʽʟʘʥʥʷ ʢʦʨʝʥʝʧʣʽʜʥʠʭ ʢʫʣʴʪʫʨ (ʯʝʨʝʟ ʾʾ ʦʧʦʨʥʽ ʢʦʣʝʩʘ) ʫ ʚʽʜʧʦʚʽʜʴ ʥʘ 

ʢʦʣʠʚʘʥʥʷ ʧʦʚʟʜʦʚʞʥʴʦʛʦ ʧʨʦʬʽʣʶ ʥʝʨʽʚʥʦʩʪʝʡ ʧʦʚʝʨʭʥʽ ʧʦʣʷ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ 

ʛʘʨʤʦʥʽʡʥʦʶ ʬʫʥʢʮʽʻʶ. 
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ɸʂʊʋɸʃʔʅɯʉʊʔ ʇʈʆɹʃɽʄʀ ʇɯɼɻʆʊʆɺʂʀ ʉʋʏɸʉʅʀʍ ʌɸʍɯɺʎɯɺ-

ʊʈɸʅʉʇʆʈʊʅʀʂɯɺ ɼʃʗ ɸɻʈɸʈʅʆɻʆ ʉɽʂʊʆʈʋ ʋʂʈɸɰʅʀ 

 

ɼʴʦʤʽʥ ʆ. ɸ., ʈʝʧʽʥʩʴʢʠʡ ɭ. ʄ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ  ̔ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʈʦʟʚʠʪʦʢ ʪʨʘʥʩʧʦʨʪʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʘʛʨʘʨʥʦʤʫ ʩʝʢʪʦʨʽ ʧʨʦʚʽʜʥʠʭ ʢʨʘʾʥ 

ʩʚʽʪʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʚʠʜʢʠʤʠ ʪʝʤʧʘʤʠ. ʆʩʦʙʣʠʚʦ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʉʐɸ  ̔ʢʨʘʾʥ 

ɭʚʨʦʩʦʶʟʫ. ʌʘʭʽʚʮʽ-ʪʨʘʥʩʧʦʨʪʥʠʢʠ ʫ ʪʽʩʥʽʡ ʩʧʽʚʧʨʘʮʽ ʟ ̔ʥʞʝʥʝʨʘʤʠ-ʘʛʨʘʨʥʠʢʘʤʠ 

ʮʠʭ ʩʚʽʪʦʚʠʭ ʣʽʜʝʨʽʚ ʩʧʨʦʤʦʞʥʽ ʥʝ ʣʠʰʝ ʝʬʝʢʪʠʚʥʦ ʚʧʨʦʚʘʜʞʫʶʯʠ ʩʫʯʘʩʥʽ 

ʪʨʘʥʩʧʦʨʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ʫ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ, ʘ ʡ ʩʪʚʦʨʶʚʘʪʠ ʥʦʚʽ ʟʨʘʟʢʠ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʝʭʥʽʢʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʤʽʞʦʧʝʨʘʮʽʡʥʠʭ 

ʢʦʤʧʝʥʩʘʪʦʨʽʚ ʤʽʞ ʣʘʥʢʘʤʠ ʪʨʘʥʩʧʦʨʪʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ (ʨʠʩ. 1).  
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ʈʠʩ. 1. ʇʨʦʜʫʢʮʽʷ ʛʣʦʙʘʣʴʥʦʛʦ ʢʦʥʮʝʨʥʫ CNH Global NV 

 

ɺʠʥʠʢʘʻ ʧʠʪʘʥʥʷ: ʷʢ ʚʜʘʻʪʴʩʷ ʟʘʨʫʙʽʞʥʠʤ ʚʠʱʠʤ ʥʘʚʯʘʣʴʥʠʤ ʟʘʢʣʘʜʘʤ 

ʘʛʨʘʨʥʦʛʦ ʧʨʦʬʽʣʶ ʟʘʙʝʟʧʝʯʠʪʠ ʪʘʢʠʡ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʬʘʭʦʚʦʾ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ 

ʩʚʦʾʭ ʚʠʧʫʩʢʥʠʢʽʚ ï ʬʘʭʽʚʮʽʚ ʟ ʪʨʘʥʩʧʦʨʪʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʽʥʞʝʥʝʨʽʚ ʘʛʨʘʨʥʦʾ 

ʛʘʣʫʟʽ? ʆʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʠʤ ʮʝ ʧʠʪʘʥʥʷ  ̒ ʜʣʷ ʋʢʨʘʾʥʠ, ʜʝ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʤʘʩʰʪʘʙʥʦʾ ʜʝʽʥʜʫʩʪʨʽʘʣʽʟʘʮʽʾ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ  ̔

ʨʽʟʢʦʛʦ ʩʢʦʨʦʯʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʫʩʪʘʥʦʚ ʘʛʨʘʨʥʦʛʦ ʩʝʢʪʦʨʫ, 

ʬʫʥʢʮʽʷ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʠʭ ʟʨʘʟʢʽʚ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ 

ʪʝʭʥʽʢʠ ʜʣʷ ʚʽʪʯʠʟʥʷʥʠʭ ʘʛʨʦʽʥʞʝʥʝʨʽʚ ʩʧʨʠʡʤʘʻʪʴʩʷ ʷʢ ʫʪʦʧʽʯʥʘ. ɸ ʦʪ ʞʝ  ̔

ʚʪʽʣʝʥʥʷ ʽʜʝʡ ʬʘʭʽʚʮʽʚ-ʪʨʘʥʩʧʦʨʪʥʠʢʽʚ ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʪʝʞ ʧʦʢʠ ʱʦ ʥʝ 

ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʤ. ɼʣʷ ʚʠʧʨʘʚʣʝʥʥʷ ʪʘʢʦʾ ʥʝʟʘʚʠʜʥʦʾ ʩʠʪʫʘʮʽʾ, ʙʘʞʘʥʦ ʚ 

ʧʝʨʰʫ ʯʝʨʛʫ ʦʟʥʘʡʦʤʠʪʠʩʷ ʽʟ ʟʘʢʦʨʜʦʥʥʠʤ ʜʦʩʚʽʜʦʤ ʧʨʦʬʝʩʽʡʥʦʾ ʽʥʞʝʥʝʨʥʦʾ ʪʘ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʧʽʜʛʦʪʦʚʢʠ  ̔ʧʦ ʤʦʞʣʠʚʦʩʪʽ ʧʦʯʘʪʠ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘ 

ʤʝʭʘʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʘʢʫʣʴʪʝʪʘʭ ʘʛʨʘʨʥʠʭ ɿɺʆ ʋʢʨʘʾʥʠ. 

ɺʠʚʯʝʥʥʷ ʜʦʩʚʽʜʫ ʚ ʩʠʩʪʝʤʽ ʚʠʱʦʾ ʦʩʚʽʪʠ ʫ ʉʐɸ ʧʨʠʚʘʙʣʶʻ ʙʘʛʘʪʴʦʭ 

ʫʢʨʘʾʥʩʴʢʠʭ ʜʦʩʣʽʜʥʠʢʽʚ. ɿʦʢʨʝʤʘ, ʦʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʆ. ɺʦʱʝʚʩʴʢʦʾ ʩʪʘʣʘ 

ʧʨʦʬʝʩʽʡʥʘ ʧʽʜʛʦʪʦʚʢʘ ʘʛʨʦʽʥʞʝʥʝʨʽʚ ʫ ʟʘʢʣʘʜʘʭ ʚʠʱʦʾ ʦʩʚʽʪʠ ʉʐɸ, ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʷʢʦʾ ʜʦʩʣʽʜʥʠʮʷ ʚʠʟʥʘʯʠʣʘ ʪʝʥʜʝʥʮʽʾ ʧʽʜʚʠʱʝʥʥʷ ʘʢʪʫʘʣʴʥʦʩʪʽ ʢʦʤʧʝʪʝʥʪʥʽʩʥʦʾ 

ʦʨʽʻʥʪʘʮʽʾ ʾʭ ʧʨʦʬʝʩʽʡʥʦʾ ʧʽʜʛʦʪʦʚʢʠ. ɺ ʦʟʥʘʯʝʥʠʭ ʪʝʥʜʝʥʮʽʷʭ ʯʽʪʢʦ 

ʧʨʦʩʣʽʜʢʦʚʫʶʪʴʩʷ ʩʧʽʣʴʥʽ ʨʠʩʠ ʜʣʷ ʋʢʨʘʾʥʠ  ̔ʉʐɸ: 

ï ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʥʘʫʢʦʻʤʥʠʭ ʚʠʨʦʙʥʠʮʪʚ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ 

ʨʦʙʦʪʠ ʷʢʠʭ, ʧʦʪʨʝʙʫʻ ʥʘʷʚʥʦʩʪʽ ʫ ʧʦʥʘʜ 50 % ʧʝʨʩʦʥʘʣʫ ʬʘʭʽʚʮʽʚ ʽʟ ʚʠʱʦʶ 

ʦʩʚʽʪʦʶ (ʟʘʚʦʜʠ ʌʦʨʜʘ ʫ ʉʐɸ ʤʘʶʪʴ 97 % ʬʘʭʽʚʮʽʚ ʟ ʚʠʱʦʶ ʧʦʯʠʥʘʶʯʠ ʟ ʢʽʥʮʷ 

ʍʍ ʩʪʦʣʽʪʪʷ); 

ï ʽʥʪʝʥʩʠʚʥʝ ʟʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʽʚ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʫ ʜʚʽʯʽ ʟʘ 

ʦʩʪʘʥʥʽ 7ï10 ʨʦʢʽʚ, ʱʦ ʩʪʘʚʠʪʴ ʧʝʨʝʜ ʬʘʭʽʚʮʷʤʠ ʚʠʤʦʛʠ ʩʠʩʪʝʤʘʪʠʯʥʦʛʦ 

ʩʘʤʦʨʦʟʚʠʪʢʫ ʪʘ ʟʘʣʫʯʝʥʥʷ ʜʦ ʩʠʩʪʝʤʠ ʧʽʜʚʠʱʝʥʥʷ ʢʚʘʣʽʬʽʢʘʮʽʾ; 

ï ʧʦʩʪʽʡʥʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʘ ʟʤʽʥʘ ʪʝʭʥʦʣʦʛʽʡ, ʚʥʘʩʣʽʜʦʢ ʷʢʦʛʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʦʮʝʩʠ ʰʚʠʜʢʦʛʦ ʩʪʘʨʽʥʥʷ ʪʝʭʥʽʢʠ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʫ ʧʦʨʽʚʥʷʥʦ 

ʥʝʚʝʣʠʢʽ ʪʝʨʤʽʥʠ (7ï10 ʨʦʢʽʚ). ʆʟʥʘʯʝʥʽ ʫʤʦʚʠ ʧʦʪʨʝʙʫʶʪʴ ʚʽʜ ʪʨʘʥʩʧʦʨʪʥʠʢʽʚ ʪʘ 
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ʘʛʨʦʽʥʞʝʥʝʨʽʚ ʟʜʘʪʥʦʩʪʽ ʰʚʠʜʢʦ ʦʩʚʦʶʚʘʪʠ ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʧʦʚʠʥʥʦ ʙʫʪʠ 

ʟʘʢʣʘʜʝʥʦ ʫ ʧʨʦʮʝʩ ʾʭ ʧʨʦʬʝʩʽʡʥʦʾ ʧʽʜʛʦʪʦʚʢʠ; 

ï ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʽʥʪʝʛʨʘʮʽʾ ʚʽʜʨʘʟʫ ʜʝʢʽʣʴʢʦʭ 

ʨʽʟʥʠʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ  ̔ʧʨʠʢʣʘʜʥʠʭ ʥʘʫʢ. ʋʩʧʽʭ ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʝʨʝʜʙʘʯʘʻ 

ʛʣʠʙʦʢʽ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʟʥʘʥʥʷ, ʦʨʛʘʥʽʯʥʦ ʧʦʻʜʥʘʥʽ ʽʟ ʚʤʽʥʥʷʤ ʩʧʽʚʧʨʘʮʶʚʘʪʠ 

ʢʦʣʝʢʪʠʚʥʦ; 

ï ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʬʘʭʽʚʮʽʚ ɦ ʦ, ʟʘʣʫʯʘʶʪʴʩʷ ʜʦ ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʦʾ, 

ʟʦʢʨʝʤʘ ʣʦʛʽʩʪʠʯʥʦʾ ʪʘ ʘʛʨʦʽʥʞʝʥʝʨʥʦʾ ʜʽʷʣʴʥʦʩʪʽ; 

ï ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʦʙʽʪʥʠʢʽʚ, ʟʘʜʽʷʥʠʭ ʚ ʘʛʨʘʨʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ 

ʟʘʚʜʷʢʠ ʧʽʜʚʠʱʝʥʥʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʘʮʽ (ʘʛʨʦʭʦʣʜʠʥʛʠ), ʟ ʦʜʥʦʯʘʩʥʠʤ 

ʟʙʽʣʴʰʝʥʥʷʤ ʯʠʩʝʣʴʥʽʩʪʴ ʬʘʭʽʚʮʽʚ, ʟʘʜʽʷʥʠʭ ʚ ʛʘʣʫʟʽ ʪʨʘʥʩʧʦʨʪʥʦ-ʪʝʭʥʽʯʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʛʨʘʨʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ; 

ï ʧʽʜʚʠʱʝʥʥʷ ʜʦʙʨʦʙʫʪʫ ̔  ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʩʪʘʥʦʚʠʱʘ ʥʘʩʝʣʝʥʥʷ, ̫ ʢ ʟʘʧʦʨʫʢʘ 

ʟʨʦʩʪʘʥʥʷ ʡʦʛʦ ʧʣʘʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʡ ʧʦʧʠʪʫ ʥʘ ʦʩʚʽʪʥʽ ʧʦʩʣʫʛʠ [1, ʩ. 9ï10]. 

ʃʽʪʝʨʘʪʫʨʘ 

1. ɺʦʱʝʚʩʴʢʘ ʆ. ɺ. ʄʝʪʦʜʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʩʚʽʜʫ ʩʠʩʪʝʤʠ 

ʚʠʱʦʾ ʦʩʚʽʪʠ ʉʐɸ ʫ ʧʽʜʛʦʪʦʚʮʽ ʽʥʞʝʥʝʨʽʚ-ʘʛʨʘʨʥʠʢʽʚ. ʂʠʾʚ. ʅɸʋ. 2007. 72 ʩ. 
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ɹɸʂɸʃɸɺʈɯɺ ɯɿ ʊʈɸʅʉʇʆʈʊʅʀʍ ʊɽʍʅʆʃʆɻɯʁ 

 

ɼʴʦʤʽʥ ʆ. ɸ., ɹʘʛʣʘʡ ɸ. ɺ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ  ̔ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʇʨʦʬʝʩʽʡʥʘ ʧʽʜʛʦʪʦʚʢʘ ʫ ɿɺʆ ʟ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ ʧʦʚʠʥʥʘ 

ʚʽʜʧʦʚʽʜʘʪʠ ʫʤʦʚʘʤ ʩʦʮʽʘʣʴʥʦ ʩʧʨʷʤʦʚʘʥʦʾ ʝʢʦʥʦʤʽʢʠ ʥʘ h ʣʷʭʫ ʚʭʦʜʞʝʥʥʷ ʥʘʰʦʾ 

ʢʨʘʾʥʠ ʜʦ ʩʚʽʪʦʚʦʾ ʦʩʚʽʪʥʴʦʾ ʩʧʽʣʴʥʦʪʠ. ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʦʮʝʩ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ  ̔ʧʦʰʫʢʫ ʥʦʚʠʭ ʽʜʝʡ ʧʦʢʨʘʱʘʥʥʷ ʷʢʦʩʪʽ ʧʨʦʬʝʩʽʡʥʦʾ 

ʧʽʜʛʦʪʦʚʢʠ ʙʘʢʘʣʘʚʨʽʚ ʟ ʪʨʘʥʩʧʦʨʪʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʩʝʨʝʜ ʧʨʦʬʝʩʽʡʥʠʭ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʝʡ ʷʢʠʭ ʟʚʝʨʪʘʶʪʴ ʥʘ ʩʝʙʝ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʢʦʤʫʥʽʢʘʮʽʡʥʠʡ ʢʦʤʧʣʝʢʩ ʟʥʘʥʴ ʪʘ ʫʤʽʥʴ. 

ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʦʟʨʦʙʢʠ ʚ ʟʘʟʥʘʯʝʥʦʤʫ ʥʘʧʨʷʤʽ ʟʜʽʡʩʥʶʶʪʴ ʥʘʩʪʫʧʥʽ 

ʚʯʝʥʽ: ʆ. ɻʣʘʟʫʥʦʚʘ, ʆ. ɿʘʛʫʨʩʴʢʠʡ, ɺ. ʇʨʦʰʢʽʥ, ʉ. ʇʠʣʠʧʘʢʘ, ɺ. ʅʝʩʚʽʜʦʤʽʥ,  

ʅ. ʄʦʨʟʝ, ʃ. ʉʘʚʯʝʥʢʦ ʪʘ ʽʥ.  

ʄʘʡʙʫʪʥʽʭ ʙʘʢʘʣʘʚʨʽʚ  ̔ ʤʘʛʽʩʪʨʽʚ ʟ ʪʨʘʥʩʧʦʨʪʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʋʢʨʘʾʥʽ 

ʯʝʢʘʻ ʜʦʩʠʪʴ ʚʘʞʢʘ, ʘʣʝ ʥʝʦʙʭʽʜʥʘ ʤʽʩʽʷ. ʆʥʦʚʠʪʠ ʚʽʪʯʠʟʥʷʥʝ ʪʨʘʥʩʧʦʨʪʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʟʦʢʨʝʤʘ ʚ ʘʛʨʘʨʥʦʤʫ ʩʝʢʪʦʨʽ  ̔ʭʦʯ ʪʨʦʭʠ ʩʢʦʨʦʪʠʪʠ ʚʝʣʠʯʝʟʥʝ 

ʚʽʜʩʪʘʚʘʥʥʷ ʚ ʮʽʡ ʛʘʣʫʟʽ ʚʽʜ ʧʨʦʚʽʜʥʠʭ ʩʚʽʪʦʚʠʭ ʣʽʜʝʨʽʚ ʘʛʨʘʨʥʦʾ ʛʘʣʫʟʽ. ʊʦʤʫ ʚ 

ʧʝʨʰʫ ʯʝʨʛʫ ʜʽʷʣʴʥʽʩʪʴ ʬʘʭʽʚʮʷ-ʪʨʘʥʩʧʦʨʪʥʠʢʘ ʍʍɯ ʩʪʦʣʽʪʪʷ ʧʦʚʠʥʥʘ ʙʫʪʠ ʪʽʩʥʦ 
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ʧʦʚôʷʟʘʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʧôʶʪʝʨʥʠʭ ʧʨʦʛʨʘʤ  ̔ ʨʝʩʫʨʩʽʚ ʛʨʘʬʽʯʥʦʛʦ 

ʭʘʨʘʢʪʝʨʫ, ʱʦ ʧʦʪʨʝʙʫʻ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʤʧʝʪʝʥʪʥʦʩʪʝʡ ʚ ʢʦʥʪʝʢʩʪʽ 

ʧʨʦʝʢʪʫʚʘʣʴʥʠʭ ʨʦʙʽʪ ʪʘ ʪʝʭʥʽʯʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ. ɿ ʮʴʦʛʦ ʧʨʠʚʦʜʫ ʜʦʩʠʪʴ ʩʣʫʰʥʦ 

ʚʠʩʣʦʚʣʶʻʪʴʩʷ ʊ. ɼʠʢʦʚʘ ʚʚʘʞʘʶʯʠ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧôʶʪʝʨʥʠʭ ʧʨʦʛʨʘʤ ʫ 

ʧʨʦʮʝʩʽ ʛʨʘʬʽʯʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʜʦʟʚʦʣʷʻ ʬʦʨʤʫʚʘʪʠ ʪʘʢʽ ̫ ʢʦʩʪʽ: ʫʤʽʥʥʷ ʩʘʤʦʩʪʽʡʥʦ 

ʤʠʩʣʠʪʠ; ʟʥʘʭʦʜʠʪʠ ʨʽʟʥʽ ʧʽʜʭʦʜʠ ʜʦ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦ-ʛʨʘʬʽʯʥʠʭ 

ʟʘʚʜʘʥʴ; ʩʘʤʦʩʪʽʡʥʦ ʟʘʩʚʦʶʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ ʭʘʨʘʢʪʝʨʫ; 

ʬʦʨʤʫʚʘʪʠ ʧʨʦʬʝʩʽʡʥʽ ʟʥʘʥʥʷ ʪʘ ʫʤʽʥʥʷ; ʨʦʟʚʠʚʘʪʠ ʟʜʘʪʥʽʩʪʴ ʦʨʽʻʥʪʫʚʘʪʠʩʷ ʚ 

ʥʝʩʪʘʥʜʘʨʪʥʠʭ ʩʠʪʫʘʮʽʷʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʜʘʯ ʜʽʷʣʴʥʦʩʪʽ. 
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ʊʝʩʣʶʢ ɺ.ɺ., ʂʽʥʽʯʝʥʢʦ ɸ.ʆ., ʇʫʛʘʯ ʆ. ʄ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ,  

ʊʘʨʘʱʘʥʩʴʢʠʡ ʪʝʭʥʽʯʥʠʡ ʪʘ ʝʢʦʥʦʤʽʢʦ-ʧʨʘʚʦʚʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ, ʤ. ʊʘʨʘʱʘ  

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɺʠʨʦʱʫʚʘʥʥʷ ʩʪʘʙʽʣʴʥʠʭ ʫʨʦʞʘʾʚ ʩʽʣʴʛʦʩʧʢʫʣʴʪʫʨ 

ʧʦʚ'ʷʟʘʥʝ ʽʟ ʚʯʘʩʥʠʤ ʷʢʽʩʥʠʤ ʧʨʦʚʝʜʝʥʥʷʤ ʧʦʚʝʨʭʥʝʚʦʛʦ ʦʙʨʦʙʽʪʢʫ ʛʨʫʥʪʫ ʪʘ 

ʩʪʚʦʨʝʥʥʷʤ ʩʧʨʠʷʪʣʠʚʠʭ ʫʤʦʚ ʜʣʷ ʨʦʟʚʠʪʢʫ ʢʫʣʴʪʫʨʥʠʭ ʨʦʩʣʠʥ ʫ ʧʝʨʽʦʜ 

ʚʝʛʝʪʘʮʽʾ. ɺʘʞʣʠʚʘ ʨʦʣʴ ʫ ʮʴʦʤʫ ʧʨʦʮʝʩʽ ʥʘʣʝʞʠʪʴ ʢʫʣʴʪʠʚʘʪʦʨʘʤ.  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ. ɿʘʚʜʷʢʠ ʤʝʭʘʥʽʯʥʦʤʫ 

ʦʙʨʦʙʽʪʢʫ ʨʽʣʣʽ ʢʫʣʴʪʠʚʘʪʦʨʘʤʠ ʧʦʚʝʨʭʥʷ ʧʦʣʷ ʤʘʻ ʜʨʽʙʥʦʛʨʫʜʢʦʚʫ ʩʪʨʫʢʪʫʨʫ, 

ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʦʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ ʚʦʜʥʦʛʦ, ʪʝʧʣʦʚʦʛʦ, ʧʦʚʽʪʨʷʥʦʛʦ ʪʘ ʧʦʞʠʚʥʦʛʦ 

ʨʝʞʠʤʽʚ ʛʨʫʥʪʫ, ʘʢʪʠʚʽʟʫʻ ʢʦʨʠʩʥʽ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʚ ʥʴʦʤʫ, ʩʪʚʦʨʶʻ 

ʦʜʥʘʢʦʚʫ ʛʣʠʙʠʥʫ ʟʘʛʦʨʪʘʥʥʷ ʥʘʩʽʥʥʷ, ʜʦʙʨʠʚ ʽ ʧʝʨʝʰʢʦʜʞʘʻ ʚʠʧʘʨʦʚʫʚʘʥʥʶ 

ʚʦʣʦʛʠ ʟ ʧʦʚʝʨʭʥʽ ʧʦʣʷ.  

ʆʙʦʚ'ʷʟʢʦʚʦʶ ʫʤʦʚʦʶ ʟʙʝʨʝʞʝʥʥʷ ʚʦʣʦʛʠ ʚ ʛʨʫʥʪʽ ʻ ʩʠʩʪʝʤʘʪʠʯʥʝ 

ʟʥʠʱʝʥʥʷ ʙʫʨ'ʷʥʽʚ ʫ ʤʽʨʫ ʾʭʥʴʦʛʦ ʧʨʦʨʦʩʪʘʥʥʷ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʭʘʥʽʯʥʦʛʦ ʦʙʨʦʙʽʪʢʫ 

ʛʨʫʥʪʫ ʜʣʷ ʚʠʨʦʱʫʚʘʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ.  

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʆʜʥʠʤ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʽʚ ʨʦʟʚʠʪʢʫ 

ʘʛʨʘʨʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʛʨʫʥʪʦʦʙʨʦʙʥʠʭ 

ʘʛʨʝʛʘʪʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʙ ʥʘʣʝʞʥʝ ʧʽʜʛʦʪʫʚʘʥʥʷ ʨʽʣʣʽ ʜʦ ʚʠʩʽʚʘʥʥʷ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ ʽ ʜʦʛʣʷʜ ʟʘ ʧʦʩʽʚʘʤʠ. ʆʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʧʨʠ 

ʮʴʦʤʫ ʥʘʙʫʚʘʻ ʧʦʻʜʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʤʝʭʘʥʽʯʥʦʛʦ ʦʙʨʦʙʽʪʢʫ ʛʨʫʥʪʫ. 

ʄʝʭʘʥʽʯʥʠʡ ʦʙʨʦʙʽʪʦʢ ˇʨʫʥʪʫ ʧʨʦʚʦʜʷʪʴ ʟ ʤʝʪʦʶ ʧʦʣʽʧʰʝʥʥʷ ʡʦʛʦ 

ʩʪʨʫʢʪʫʨʠ, ʨʦʟʧʫʰʝʥʥʷ ʘʙʦ ʫʱʽʣʴʥʝʥʥʷ, ʥʘʛʨʦʤʘʜʞʝʥʥʷ ʚʦʣʦʛʠ, ʙʦʨʦʪʴʙʠ ʟ 

ʙʫʨ'ʷʥʘʤʠ ʽ ʰʢʽʜʥʠʢʘʤʠ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ, ʟʘʛʦʨʪʘʥʥʷ ʨʦʩʣʠʥʥʠʭ 
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ʨʝʰʪʦʢ, ʜʦʙʨʠʚ ʪʦʱʦ. ˆʨʫʥʪ, ʷʢ ʦʙ'ʻʢʪ ʦʙʨʦʙʽʪʢʫ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʤʠ, ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʫʤʦʚʠ ʨʦʙʦʪʠ 

ˇʨʫʥʪʦʦʙʨʦʙʥʠʭ ʤʘʰʠʥ ʽ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʾʭʥʽ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ. 

ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ˇʨʫʥʪʫ ʚʨʘʭʦʚʫʶʪʴ ʧʨʠ ʚʠʙʦʨʽ 

ʩʧʦʩʦʙʫ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ ʽ ʪʠʧʽʚ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ˇʨʫʥʪʦʦʙʨʦʙʥʠʭ ʤʘʰʠʥ. 

ʆʩʥʦʚʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ˇʨʫʥʪʫ ʻ ʚʦʣʦʛʽʩʪʴ, ʱʽʣʴʥʽʩʪʴ, 

ʧʠʪʦʤʠʡ ʦʧʽʨ, ʪʚʝʨʜʽʩʪʴ, ʧʨʠʣʠʧʘʥʥʷ ˇʨʫʥʪʫ ʪʦʱʦ. ɿʘ ʧʠʪʦʤʠʤ ʦʧʦʨʦʤ ˇʨʫʥʪʠ 

ʧʦʜʽʣʷʶʪʴ ʥʘ ʣʝʛʢʽ (ʜʦ 0,03ʄʇʘ) ʩʝʨʝʜʥʽ (0,03 - 0,07ʄʇʘ) ʽ ʚʘʞʢʽ (0,07 - 

0,12ʄʇʘ). 

ʇʨʠ ʤʝʭʘʥʽʯʥʦʤʫ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ ʧʽʜ ʜʽʻʶ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ 

ˇʨʫʥʪʦʦʙʨʦʙʥʠʭ ʤʘʰʠʥ ʚʠʢʦʥʫʶʪʴʩʷ ʪʘʢʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ: ʧʝʨʝʚʝʨʪʘʥʥʷ, 

ʨʦʟʧʫʰʫʚʘʥʥʷ, ʢʨʠʰʽʥʥʷ, ʫʱʽʣʴʥʝʥʥʷ, ʧʝʨʝʤʽʰʫʚʘʥʥʷ. ɿʘʣʝʞʥʦ ʚʽʜ ʛʣʠʙʠʥʠ 

ʦʙʨʦʙʽʪʢʫ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʨʦʟʨʽʟʥʷʶʪʴ ʪʘʢʽ ʚʠʜʠ ʤʝʭʘʥʽʯʥʦʛʦ ʦʙʨʦʙʽʪʢʫ 

ˇʨʫʥʪʫ: ʛʣʠʙʦʢʠʡ ʥʘ ʛʣʠʙʠʥʫ 24-32ʩʤ, ʧʦʚʝʨʭʥʝʚʠʡ ʥʘ ʛʣʠʙʠʥʫ ʜʦ 0-8 ʩʤ, ʤʽʣʢʠʡ 

8 - 16 ʩʤ, ʩʝʨʝʜʥʽʡ 16-24. ʆʩʥʦʚʥʠʡ ʦʙʨʦʙʽʪʦʢ ˇʨʫʥʪʫ ʥʘ ʛʣʠʙʠʥʫ ʚʽʜ 22 ʜʦ 24ʩʤ 

ʥʘʟʠʚʘʶʪʴ ʟʚʠʯʘʡʥʠʤ (ʩʝʨʝʜʥʽʤ), ʥʘ ʛʣʠʙʠʥʫ 16 - 22 ʩʤ - ʤʽʣʢʠʤ, ʘ ʧʦʥʘʜ 24 ʩʤ - 

ʛʣʠʙʦʢʠʤ. 

ɺʠʩʥʦʚʢʠ. 

ʆʩʥʦʚʥʠʡ ʦʙʨʦʙʽʪʦʢ ˇʨʫʥʪʫ ʚʘʞʢʠʤʠ ʜʠʩʢʦʚʠʤʠ ʘʛʨʝʛʘʪʘʤʠ ʧʽʜ ʟʝʨʥʦʚʽ ʪʘ 

ʟʝʨʥʦʙʦʙʦʚʽ ʢʫʣʴʪʫʨʠ ʚ ʫʤʦʚʘʭ ʩʪʠʩʣʠʭ ʘʛʨʦʪʝʭʥʽʯʥʠʭ ʪʝʨʤʽʥʽʚ ʧʦʪʨʽʙʥʦ 

ʚʠʢʦʥʫʚʘʪʠ ʥʘ ʛʣʠʙʠʥʫ 16...24 ʩʤ. ɼʽʘʤʝʪʨ ʜʠʩʢʽʚ ʧʨʠ ʮʴʦʤʫ ʤʘʻ ʙʫʪʠ ʥʝ ʤʝʥʰʝ 

ʥʽʞ 500 ʤʤ. ʊʝʭʥʦʣʦʛʽʯʥʫ ʦʧʝʨʘʮʽʶ ʟʘʣʝʞʥʦ ʚʽʜ ˇʨʫʥʪʦʚʦ-ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ 

ʟʜʽʡʩʥʶʶʪʴ ʟʘ 1 - 2 ʧʨʦʭʦʜʞʝʥʥʷ ʜʠʩʢʫʚʘʣʴʥʦʛʦ ʘʛʨʝʛʘʪʫ, ʧʨʠ ʮʴʦʤʫ ʜʨʫʛʝ 

ʧʨʦʭʦʜʞʝʥʥʷ ʧʨʦʚʦʜʷʪʴ ʧʽʜ ʢʫʪʦʤ 30...45Á ʚʽʜʥʦʩʥʦ ʧʝʨʰʦʛʦ.  

ʂʦʤʙʽʥʦʚʘʥʠʡ ʜʠʩʢʦʚʠʡ ʘʛʨʝʛʘʪ ʤʘʻ ʧʨʘʮʶʚʘʪʠ ʥʘ ʰʚʠʜʢʦʩʪʷʭ 8...12 

ʢʤ/ʛʦʜ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʥʘ ʚʘʞʢʠʭ ʩʫʛʣʠʥʠʩʪʠʭ ˇʨʫʥʪʘʭ ʧʽʜʚʠʱʝʥʦʾ 

ʚʦʣʦʛʦʩʪʽ ʽʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʧʦʞʥʠʚʥʠʭ ʟʘʣʠʰʢʽʚ ʥʘ ʧʦʚʝʨʭʥʽ. ɼʣʷ 

ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʧʦʜʨʽʙʥʝʥʥʷ ʨʦʩʣʠʥʥʠʭ ʨʝʰʪʦʢ ʥʘ ʟʥʘʨʷʜʜʽ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ 

ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʚʠʨʽʟʥʽ ʩʬʝʨʠʯʥʽ ʜʠʩʢʠ. 
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ʋɼʂ 631.4; 631.31 

 

ɺʇʃʀɺ ʄɸʐʀʅʅʆ-ʊʈɸʂʊʆʈʅʀʍ ɸɻʈɽɻɸʊɯɺ ʅɸ ʌɯɿʀʂʆ-

ʄɽʍɸʅɯʏʅɯ ɺʃɸʉʊʀɺʆʉʊɯ ɻʈʋʅʊʋ 

 

ʊʝʩʣʶʢ ɺ.ɺ., ʉʘʥʯʫʢ ɹ.ʆ., ʇʦʥʦʤʘʨʝʥʢʦ ʆ.ɺ.,  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ, 

ʊʘʨʘʱʘʥʩʴʢʠʡ ʪʝʭʥʽʯʥʠʡ ʪʘ ʝʢʦʥʦʤʽʢʦ-ʧʨʘʚʦʚʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ, ʤ. ʊʘʨʘʱʘ 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʇʨʦʙʣʝʤʘ ʧʝʨʝʫʱʽʣʴʥʝʥʥʷ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʽʚ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʽ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʩʴʦʛʦʜʥʽ 

ʥʘʙʫʚʘʻ ʰʠʨʦʢʠʭ ʤʘʩʰʪʘʙʽʚ ʽ ʩʪʘʻ ʛʣʦʙʘʣʴʥʦʶ. ɸʜʞʝ ʽʥʪʝʥʩʠʚʥʝ ʚʠʨʦʙʥʠʮʪʚʦ, 

ʧʦʷʚʘ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʚʘʞʢʦʾ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʝʭʥʽʢʠ ʪʘ ʥʝʭʪʫʚʘʥʥʷ 

ʧʨʘʚʠʣʴʥʦʶ ʦʨʛʘʥʽʟʘʮʽʻʶ ʩʽʚʦʟʤʽʥ ʫ ʙʘʛʘʪʴʦʭ ʛʦʩʧʦʜʘʨʩʪʚʘʭ ʜʫʞʝ ʥʝʛʘʪʠʚʥʦ 

ʚʧʣʠʚʘʶʪʴ ʽ ʥʘ ʩʪʨʫʢʪʫʨʫ ˇʨʫʥʪʫ, ʽ ʥʘ ʡʦʛʦ ʨʦʜʶʯʽʩʪʴ ʫ ʢʽʥʮʝʚʦʤʫ ʧʽʜʩʫʤʢʫ. 

ʅʘʜʤʽʨʥʝ ʫʱʽʣʴʥʝʥʥʷ ˇʨʫʥʪʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʜʘʚʣʶʚʘʥʥʷ ʧʦʨ, ʷʢʽ ʧʦʚʠʥʥʽ ʣʝʛʢʦ 

ʧʨʦʧʫʩʢʘʪʠ ʢʨʽʟʴ ʩʝʙʝ ʚʦʜʫ ʽ ʧʦʚʽʪʨʷ. ʎʝ ʧʝʨʝʰʢʦʜʞʘʻ ʨʦʟʚʠʪʢʫ ʢʦʨʝʥʝʚʦʾ 

ʩʠʩʪʝʤʠ ʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʩʪʘʯʽ ʢʠʩʥʶ.  

ʐʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʥʘʙʫʚʘʻ 

ʧʦʪʫʞʥʠʭ ʚʘʞʢʠʭ ʢʦʣʽʩʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʘʩʦʙʽʚ, ɿ ʧʦʷʚʦʶ ʚʘʞʢʠʭ 

ʝʥʝʨʛʦʥʘʩʠʯʝʥʠʭ ʪʨʘʢʪʦʨʽʚ ʤʘʩʦʶ ʧʦʥʘʜ 4-8 ʪ (ʄʊɿ-82, ʊ-150, ʍʊɿ-120, ʍʊɿ-

170), ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʠʭ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʘʛʨʦʩʪʨʫʢʪʫʨʥʠʭ ʘʛʨʝʛʘʪʽʚ 

ˇʨʫʥʪʫ ʾʭ ʧʝʨʝʫʱʽʣʴʥʝʥʥʷ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʜʦ ʟʥʘʯʥʦʛʦ ʧʦʛʽʨʰʝʥʥʷ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʫ. 

ʊʦʤʫ, ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʭʦʜʦʚʠʭ 

ʯʘʩʪʠʥ ʢʦʣʽʩʥʠʭ ʪʨʘʢʪʦʨʽʚ, ʪʘ ʨʦʟʨʦʙʢʘ ʟʘʭʦʜʽʚ, ʷʢʽ ʟʘʧʦʙʽʛʘʪʠʤʫʪʴ ʥʝʛʘʪʠʚʥʠʤ 

ʥʘʩʣʽʜʢʘʤ, ʩʧʨʠʷʪʠʤʫʪʴ ʟʙʝʨʽʛʘʥʥʶ ʘʛʨʝʛʘʪʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʨʦʜʶʯʦʩʪʽ ˇʨʫʥʪʽʚ ʻ 

ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. ɿʤʝʥʰʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʠʭ 

ʘʛʨʝʛʘʪʽʚ ʥʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ˇʨʫʥʪʫ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɿʥʠʞʝʥʥʷ ʨʽʚʥʽʚ ʪʝʭʥʦʛʝʥʥʦʛʦ ʪʠʩʢʫ 

ʩʘʤʦʭʽʜʥʦʾ ʽ ʧʨʠʯʽʧʥʦʾ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʝʭʥʽʢʠ ʚ ʩʢʣʘʜʽ ʤʘʥʘ ˇʨʫʥʪʠ ʤʦʞʝ 

ʙʫʪʠ ʜʦʩʷʛʥʫʪʝ ʟʘʚʜʷʢʠ ʢʦʤʧʣʝʢʩʥʽʡ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʦʧʦʨʥʦ-

ʧʨʠʚʦʜʥʠʭ ʢʦʣʽʩ ʤʦʙʽʣʴʥʠʭ ʟʘʩʦʙʽʚ ʪʘ ʚʽʜʧʦʚʽʜʥʠʤ ʥʦʨʤʫʚʘʥʥʷʤ ʾʭ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʦʜʝʨʥʽʟʦʚʘʥʽ ʦʧʦʨʥʦ-ʧʨʠʚʦʜʥʽ 

ʢʦʣʝʩʘ ʪʨʘʢʪʦʨʘ ʊ-150ʂ, ʦʙʣʘʜʥʘʪʠ ʰʠʥʘʤʠ 28,1R26 ʟʘʤʽʩʪʴ ʩʝʨʽʡʥʠʭ ʰʠʥ 

21,3R24 . 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʜʝʨʞʘʥʦ, ʱʦ ʦʙô̒ ʤʥʘ 

ʜʝʬʦʨʤʘʮʽʷ ʛʨʫʥʪʫ ʧʽʜ ʦʧʦʨʥʦ-ʧʨʠʚʦʜʥʠʤʠ ʢʦʣʝʩʘʤʠ ʧʨʦʧʦʥʦʚʘʥʦʛʦ ʚʘʨʽʘʥʪʫ  ʚ 

2,73...3,1 ʨʘʟʠ ʤʝʥʰʘ ʥʽʞ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʩʝʨʽʡʥʠʭ ʭʦʜʦʚʠʭ ʯʘʩʪʠʥ 

ʟʘʛʘʣʴʥʦʚʞʠʚʘʥʠʭ ʪʨʘʢʪʦʨʽʚ ʽ ʣʠʰʝ ʚ 1,3...1,5 ʨʘʟʽʚ ʙʽʣʴʰʘ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʘʙʩʦʣʶʪʥʠʤ ʢʦʥʪʨʦʣʝʤ, ʚ ʪʦʡ ʯʘʩ, ʷʢ ʜʣʷ ʩʝʨʽʡʥʠʭ ʚʘʨʽʘʥʪʽʚ ʮʝʡ ʧʦʢʘʟʥʠʢ ʚʘʨʽʶʻ 

ʚ ʤʝʞʘʭ 3,9...4,2. ʇʦʣʴʦʚʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʚʩʪʘʥʦʚʣʝʥʦ ʧʽʜʚʠʱʝʥʥʷ ʩʭʦʞʦʩʪʽ 

ʥʘʩʽʥʥʷ ʪʘ ʨʽʩʪ ʽ ʨʦʟʚʠʪʦʢ ʨʦʩʣʠʥ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ. 



ȳɍɱɜəɔɖ ɞɑɓ ɐɚɛɚɎɱɐɑɕ XVII  ȸɱɒəɌɜɚɐəɚɲ əɌɟɖɚɎɚ-ɛɜɌɖɞɔɣəɚɲ ɖɚəɠɑɜɑəɢɱɲ 

 

162 

ɺʠʩʥʦʚʢʠ. 

1. ɼʝʛʨʘʜʘʮʽʷ ˇʨʫʥʪʽʚ ʧʽʜ ʚʧʣʠʚʦʤ ʨʫʰʽʾʚ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʘʩʦʙʽʚ ʽ 

ˇʨʫʥʪʦʦʙʨʦʙʥʠʭ ʟʥʘʨʷʜʴ ʩʧʨʠʷʻ ʧʝʨʝʫʱʽʣʴʥʝʥʥʶ ˇʨʫʥʪʽʚ, ʩʠʩʪʝʤʥʦʤʫ ʟʥʠʞʝʥʥʶ 

ʨʦʜʶʯʦʩʪʽ ʪʘ ʟʘʛʦʩʪʨʝʥʥʶ ʧʨʦʷʚʽʚ ʚʦʜʥʦʾ ʽ ʚʽʪʨʦʚʦʾ ʝʨʦʟʽʾ. 

 2. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʫʥʠʢʥʝʥʥʷ ʨʫʡʥʫʚʘʥʥʷ ʙʽʦʣʦʛʽʯʥʦ ʮʽʥʥʠʭ ʘʛʨʝʛʘʪʽʚ 

ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʝʪʦʜʠ ʙʝʟʚʽʜʚʘʣʴʥʦʛʦ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ. 

3. ʈʦʟʨʘʭʫʥʢʦʚʠʡ ʨʽʯʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʦʛʦ ʘʛʨʝʛʘʪʫ ʫ ʩʢʣʘʜʽ ʊ-150ʂ 

(ʤʦʜʝʨʥʽʟʦʚʘʥʠʡ)+ɸɻ-6, ʦʪʨʠʤʘʥʠʡ ʟʘ ʨʘʭʫʥʦʢ ʟʨʦʩʪʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ (ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʙʘʟʦʚʠʤ ʘʛʨʝʛʘʪʦʤ ʊ-150ʂ+ɸɻ-6), ʩʪʘʥʦʚʠʪʴ 4953 ʛʨʥ. ʥʘ ʘʛʨʝʛʘʪ ʚ 

ʨʽʢ.  
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ʆɹɻʈʋʅʊʋɺɸʅʅʗ ʂʆʅʉʊʈʋʂʊʀɺʅʆɻʆ ʋɼʆʉʂʆʅɸʃɽʅʅʗ 

ʂʆʄɹɯʅʆɺɸʅʆɻʆ ˆʈʋʅʊʆʆɹʈʆɹʅʆɻʆ ɿʅɸʈʗɼɼʗ  

 

ʊʝʩʣʶʢ ɺ.ɺ.1, ʑʝʨʙʘʢ ɺ.ɸ. 2, ʐʚʦʨʘ ɺ.ʆ.3 

1 ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 
2 ʊʘʨʘʱʘʥʩʴʢʠʡ ʪʝʭʥʽʯʥʠʡ ʪʘ ʝʢʦʥʦʤʽʢʦ-ʧʨʘʚʦʚʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ, ʤ. ʊʘʨʘʱʘ 

3 ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɺ ʘʛʨʘʨʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʥʘʡʚʘʞʣʠʚʽʰʠʤʠ 

ʧʨʦʙʣʝʤʘʤʠ ʤʝʭʘʥʽʟʦʚʘʥʦʛʦ ʧʝʨʝʜʧʦʩʽʚʥʦʛʦ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ ʻ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ 

ʥʘ ʡʦʛʦ ʦʙʨʦʙʽʪʦʢ, ʟʙʝʨʝʞʝʥʥʷ ʨʦʜʶʯʦʩʪʽ ʪʘ ʨʝʛʫʣʴʦʚʘʥʝ ʨʫʡʥʫʚʘʥʥʷ ʧʨʠʨʦʜʥʦʾ 

ʩʪʨʫʢʪʫʨʠ. ʄʝʭʘʥʽʯʥʠʡ ʦʙʨʦʙʽʪʦʢ ˇʨʫʥʪʫ ʙʘʟʫʻʪʴʩʷ ʥʘ ʯʦʪʠʨʴʦʭ ʦʩʥʦʚʥʠʭ 

ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʭ ʧʨʠʡʦʤʘʭ: ʦʨʘʥʮʽ, ʨʦʟʧʫʰʫʚʘʥʥʽ, ʢʫʣʴʪʠʚʘʮʽʾ, ʧʨʠʢʦʯʫʚʘʥʥʽ.  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ. ɿ ʘʛʨʦʪʝʭʥʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ 

ʧʦʩʣʽʜʦʚʥʝ ʚʠʢʦʥʘʥʥʷ ʚʢʘʟʘʥʠʭ ʦʧʝʨʘʮʽʡ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʯʠʩʣʘ ʧʨʦʭʦʜʽʚ 
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ʘ̌ʨʝ̌ʘʪʽʚ ʧʦ ʧʦʣʶ. ɿʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʘʢʠʭ ʧʨʦʭʦʜʽʚ, ʯʘʩʫ ʥʘ ʚʠʢʦʥʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʘ ʪʘʢʦʞ ʟʤʝʥʰʝʥʥʷ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚʦʣʦʛʠ ï ʙʘʟʦʚʽ ʽʜʝʾ ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʦʤʙʽʥʦʚʘʥʠʭ ˇʨʫʥʪʦʦʙʨʦʙʥʠʭ ʘ̌ʨʝ̌ʘʪ̔ʚ [1]. ɺ ʫʤʦʚʘʭ 

ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʟʝʤʣʝʨʦʙʩʪʚʘ ʧʝʨʝʜʧʦʩʽʚʥʠʡ ʦʙʨʦʙʽʪʦʢ ʫ ʩʽʚʦʟʤʽʥʘʭ ʤʘʻ ʙʫʪʠ 

ʧʨʦʪʠʝʨʦʟʽʡʥʠʡ ʪʘ ʨʽʟʥʦʛʣʠʙʠʥʥʠʡ, ʧʨʠ ʷʢʦʤʫ ʯʝʨʛʫʶʪʴʩʷ ʛʣʠʙʦʢʽ, ʩʝʨʝʜʥʽ, 

ʤʽʣʢʽ, ʧʦʚʝʨʭʥʝʚʽ, ʧʦʣʠʮʝʚʽ ʪʘ ʙʝʟʧʦʣʠʮʝʚʽ ʦʙʨʦʙʽʪʢʠ. ɺ ʫʤʦʚʘʭ ʇʦʣʽʩʩʷ ʋʢʨʘʾʥʠ, 

ʜʝ ʥʘʡʙʽʣʴʰ ʨʦʜʶʯʽ ˇʨʫʥʪʠ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʽ ʧʝʨʝʜʧʦʩʽʚʥʠʡ ʦʙʨʦʙʽʪʦʢ ˇʨʫʥʪʫ 

ʧʣʦʩʢʦʨʽʟʥʠʤʠ ʟʥʘʨʷʜʜʷʤʠ, ʻ ʦʩʥʦʚʦʶ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʟʝʤʣʝʨʦʙʩʪʚʘ. ʅʘʫʢʦʶ ʽ 

ʧʨʘʢʪʠʢʦʶ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʥʘʩʣʽʜʦʢ ʧʣʦʩʢʦʨʽʟʥʦʛʦ ʦʙʨʦʙʽʪʢʫ ʥʘ ʧʦʚʝʨʭʥʽ ʧʦʣʷ 

ʟʘʣʠʰʘʻʪʴʩʷ ʚʽʜ 80 ʜʦ 90 % ʨʦʩʣʠʥʥʠʭ ʨʝʰʪʦʢ, ʱʦ ʟʘʧʦʙʽʛʘʶʪʴ ʚʽʪʨʦʚʽʡ ʪʘ ʚʦʜʥʽʡ 

ʝʨʦʟʽʷʤ ˇʨʫʥʪʫ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʥʽʛʦʟʘʪʨʠʤʘʥʥʷ, ʟʙʝʨʽʛʘʶʪʴ ʚʦʣʦʛʫ, ʩʧʨʠʷʶʯʠ 

ʦʜʝʨʞʘʥʥʶ ʚʠʱʠʭ ʚʨʦʞʘʾʚ. ɸʢʪʫʘʣʴʥʠʤ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʤ ʟʘʚʜʘʥʥʷʤ ʧʽʜ ʯʘʩ 

ʧʨʦʚʝʜʝʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʦʙʨʦʙʽʪʢʫ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʘ̌ʨʝ̌ʘʪ̔ʚ, ʷʢʽ ʙ 

ʚʠʢʦʥʫʚʘʣʠ ʧʝʨʝʜʧʦʩʽʚʥʠʡ ʦʙʨʦʙʽʪʦʢ ʽ ʟʙʝʨʽʛʘʣʠ ʩʪʨʫʢʪʫʨʥʽʩʪʴ ˇʨʫʥʪʫ, ʱʦ 

ʚʧʣʠʚʘʻ ʥʘ ʧʨʠʨʦʜʥʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ, ʭʽʤʽʯʥʽ ʡ ʙʽʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ʉʪʨʫʢʪʫʨʥʠʤ ʚʚʘʞʘʻʪʴʩʷ ʛʨʫʜʢʫʚʘʪʦ-ʟʝʨʥʠʩʪʠʡ ˇʨʫʥʪ ʟ ʚʤʽʩʪʦʤ ʘˇʨʝˇʘʪʽʚ 

ʨʦʟʤʽʨʦʤ ʚʽʜ 0,25 ʜʦ 20 ʤʤ ʧʦʥʘʜ 50 %, ʪʘ ˇʨʫʥʪʦʚʠʭ ʘˇʨʝˇʘʪʽʚ ʟʘʚʙʽʣʴʰʢʠ ʤʝʥʰʝ 

ʥʽʞ 0,25 ʤʤ ʥʝ ʙʽʣʴʰʝ 15 % [2]. 

ʆʛʣʷʜ ʽʩʥʫʶʯʠʭ ʢʦʤʙʽʥʦʚʘʥʠʭ ˇʨʫʥʪʦʦʙʨʦʙʥʠʭ ʘˇʨʝˇʘʪʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʤʘʣʦ 

ʚʠʚʯʝʥʦʶ ʦʩʥʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʧʨʠ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ ʻ ʟʤʝʥʰʝʥʥʷ ʨʫʡʥʫʚʘʥʥʷ 

ˇʨʫʥʪʫ, ʥʘʜʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʟʙʝʨʝʞʝʥʥʷ ʚʦʣʦʛʠ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʝʨʝʜʧʦʩʽʚʥʦʛʦ ʦʙʨʦʙʽʪʢʫ 

ʛʨʫʥʪʫ ʰʣʷʭʦʤ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ˇʨʫʥʪʦʦʙʨʦʙʥʦʛʦ ʟʥʘʨʷʜʜʷ 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɼʣʷ ʫʤʦʚ ʇʦʣʽʩʩʷ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʣʘʥʯʘʩʪʽ ʢʦʪʢʠ. ɼʽʘʤʝʪʨ ʪʘʢʦʛʦ ʢʦʪʢʘ ʧʝʨʝʙʫʚʘʻ ʚ ʤʝʞʘʭ 

230...380, ʪʦʚʱʠʥʘ ʧʨʫʪʢʘ 8...16, ʚʽʜʩʪʘʥʴ ʤʽʞ ʧʨʫʪʢʘʤʠ 60...120 ʤʤ, ʢʽʣʴʢʽʩʪʴ ʾʭ 

ʧʦ ʢʦʣʫ ʢʦʪʢʘ 6...12. ʆʩʦʙʣʠʚʦ ʧʨʦʭʦʜʫ ʢʫʣʴʪʠʚʘʪʦʨʘ ʘʙʦ ʧʨʫʞʠʥʥʦʾ ʙʦʨʦʥʠ, 

ʦʙʣʘʜʥʘʥʦʾ ʩʝʢʮʽʷʤʠ ʧʣʘʥʯʘʩʪʠʭ ʢʦʪʢʽʚ, ˇʨʫʥʪ ʤʘʻ ʜʨʽʙʥʦ ʬʨʘʢʮʽʡʥʫ ʩʪʨʫʢʪʫʨʫ ʽ 

ʱʽʣʴʥʽʩʪʴ 1ā1...1ā2 ʪ/ʤ3. ʌʨʦʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʽ ʧʣʘʥʢʠ ʧʦ ʩʧʽʨʘʣʽ ʚ ʩʢʣʘʜʽ ʢʦʪʢʘ 

ʫʱʽʣʴʥʶʶʪʴ ʧʽʜʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ˇʨʫʥʪʫ ʥʘ ʛʣʠʙʠʥʽ 50...100 ʤʤ, ʧʨʦʪʝ 

ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʨʽʚʥʶʶʪʴ ʧʦʚʝʨʭʥʶ ʧʦʣʷ. ʂʨʽʤ ʪʦʛʦ, ʧʣʘʥʯʘʩʪʽ ʢʦʪʢʠ ʚʥʘʩʣʽʜʦʢ 

ʞʦʨʩʪʢʦʛʦ ʢʨʽʧʣʝʥʥʷ ʧʨʫʪʢʽʚ ʟʘʙʠʚʘʶʪʴʩʷ ʨʦʩʣʠʥʥʠʤʠ ʟʘʣʠʰʢʘʤʠ ʽ ˇʨʫʥʪʦʤ ʧʨʠ 

ʡʦʛʦ ʧʽʜʚʠʱʝʥʽʡ ʚʦʣʦʛʦʩʪʽ. ʎʝ ʦʙʤʝʞʫʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʪʘʢʠʭ ʧʦʣʷʭ 

ʢʦʤʙʽʥʦʚʘʥʠʭ ʤʘʰʠʥ, ʷʢʽʩʥʘ ʨʦʙʦʪʘ ʷʢʠʭ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʚʦʣʦʛʦʩʪʽ 18...22%. 

ʊʘʢʠʤ ʯʠʥʦʤ ʥʝʦʙʭʽʜʥʽ ʨʦʙʦʪʠ ʧʦ ʧʦʜʘʣʴʰʦʤʫ ʫʟʛʦʜʞʝʥʥʶ ʩʫʤʽʩʥʦʾ ʨʦʙʦʪʠ 

ʢʦʪʢʽʚ ʚ ʩʢʣʘʜʽ ʄʊɸ, ʟ ʫʟʛʦʜʞʝʥʥʷʤ ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ ʢʦʪʢʽʚ ʥʘ ʦʩʥʦʚʥʽ 

ʘʛʨʦʪʝʭʥʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ. 

ʇʨʦʚʽʚʰʠ ʨʦʟʨʘʭʫʥʦʢ ʚʧʣʠʚʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʪʢʘ (ʜʽʘʤʝʪʨʘ d, 

ʤʤ; ʪʘ ʨʝʟʫʣʴʪʫʶʯʦʾ ʩʠʣʠ ʈ, ʅ) ʥʘ ʥʦʨʤʘʣʴʥʫ ʩʠʣʫ (ʪʠʩʢ) ʟʛʽʜʥʦ ʤʦʜʝʣʽ (1), 

ʦʪʨʠʤʘʻʤʦ ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʷʢʽ ʤʦʞʥʘ ʚʽʜʦʙʨʘʟʠʪʠ ʛʨʘʬʽʯʥʦ ʪʘ ʟʥʘʡʜʝʤʦ 

ʜʽʘʧʘʟʦʥʠ ʜʦʧʫʩʪʠʤʠʭ ʜʽʘʤʝʪʨʽʚ ʢʦʪʢʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʧʘʨʘʤʝʪʨʠ ʢʦʪʢʘ ʧʨʝʜʩʪʘʚʣʝʥʥʽ ʚ ʪʘʙʣ.1. ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʥʝʦʙʭʽʜʥʫ ʱʽʣʴʥʽʩʪʴ ˇʨʫʥʪʫ ʫ ʚʠʧʘʜʢʫ ʧʦʯʘʪʢʦʚʦʾ ʱʽʣʴʥʦʩʪʽ 
0r=900é1000ʢʛ/ʤ3. 
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ʇʦʜʘʣʴʰʽ ʢʦʥʩʪʨʫʢʮʽʡʥʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ (ʚʘʛʫ ʢʦʪʢʘ G, ʢʨʦʢ 

ʧʣʘʥʦʢ l, ʰʠʨʠʥʫ ʧʣʘʥʢʠ b, ʢʦʥʩʪʨʫʢʮʽʡʥʠʡ ʜʽʘʤʝʪʨ ʢʦʪʢʘ Dʢ, ʢʫʪ ʟʘʢʨʫʯʫʚʘʥʥʷ 

ʧʣʘʥʢʠ Ŭ, ʰʠʨʠʥʫ ʢʦʪʢʘ Bʢ) ʤʦʞʥʘ ʚʩʪʘʥʦʚʠʪʠ ʚʨʘʭʦʚʫʶʯʠ ʨʦʙʦʯʫ ʰʚʠʜʢʽʩʪʴ 

ˇʨʫʥʪʦʦʙʨʦʙʥʦʛʦ ʘˇʨʝˇʘʪʘ ɡ ʪʘ ʟ ʦʛʣʷʜʫ ʥʘ ʩʫʮʽʣʴʥʽʩʪʴ ʦʙʨʦʙʽʪʢʫ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʦʙʨʦʙʽʪʢʫ ʛʨʫʥʪʫ ʢʦʤʙʽʥʦʚʘʥʠʤ ʘʛʨʝʛʘʪʦʤ, ʚʽʩʽ ʢʦʪʢʽʚ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʩʪʘʥʦʚʠʪʠ ʥʘ ʧʣʘʚʘʶʯʽʡ ʧʽʜʚʽʩʮʽ. ʈʽʚʥʦʤʽʨʥʽʩʪʴ ʭʦʜʫ ʨʘʤʠ ʧʦ 

ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʘʣʘʥʩʠʨʥʦʾ ʧʽʜʚʽʩʢʠ, 

ʷʢʘ ʢʦʧʽʶʻ ʨʝʣʴʻʬ ʧʦʚʝʨʭʥʽ ʧʦʣʷ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ˇʨʫʥʪʦʦʙʨʦʙʥʠʭ ʟʥʘʨʷʜʴ 

ʦʮʽʥʶʚʘʣʘʩʴ ʯʝʨʝʟ ʧʦʢʨʘʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʧʝʨʝʜʧʦʩʽʚʥʦʛʦ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʫʡʥʫʚʘʥʥʷ 

ʩʪʨʫʢʪʫʨʠ ˇʨʫʥʪʫ ʟʤʝʥʰʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʩʣʽʜʦʚʥʦ 

ʨʦʟʪʘʰʦʚʘʥʦʾ ʧʘʨʠ ʢʦʪʢʽʚ. ʂʽʣʴʢʽʩʪʴ ʬʨʘʢʮʽʡ ˇʨʫʥʪʫ ʟ ʩʝʨʝʜʥʽʤ ʨʦʟʤʽʨʦʤ d < 

0,25ʤʤ ʽ d > 10ʤʤ, ʟʤʝʥʰʠʣʘʩʴ ʥʘ 7,0 % ʽ 2,5 % ʜʦ ʙʘʟʦʚʦʛʦ ʘʛʨʝʛʘʪʘ ʪʘ ʚʽʜʧʦʚʽʜʥʦ 

ʥʘ 23,1 % ʽ 29,6 %, ʜʦ ʘʛʨʦʬʦʥʫ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫʱʽʣʴʥʝʥʥʷ ˇʨʫʥʪʫ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʧʦʥʘʜ  3,6 

ʤ/ʩ (12,96 ʢʤ/ʛʦʜ) ʧʣʘʥʯʘʩʪʠʤ ʧʘʨʥʠʤ ʢʦʪʢʦʤ ʟʤʝʥʰʫʻʪʴʩʷ; ʜʽʘʧʘʟʦʥ 

ʨʝʟʫʣʴʪʫʶʯʦʾ ʩʠʣʠ ʨʘʮʽʦʥʘʣʴʥʦ ʫʪʨʠʤʫʚʘʪʠ ʚ ʤʝʞʘʭ 15é75 ʢʇʘ. ʇʨʠ ʮʴʦʤʫ 

ʢʦʝʬʽʮʽʻʥʪ ʦʙôʻʤʥʦʛʦ ʟʤʠʥʘʥʥʷ ʧʨʦʧʦʥʦʚʘʥʦʛʦ ʚʘʨʽʘʥʪʫ ʘˇʨʝˇʘʪʘ ʥʘ 20 % 

ʤʝʥʰʠʡ ʧʦʨʽʚʥʷʥʦ ʟ ʘʛʨʦʬʦʥʦʤ ʪʘ ʥʘ 21% ʙʽʣʴʰʠʡ ʟʘ ʧʦʢʘʟʥʠʢ ʙʘʟʦʚʦʛʦ ʘˇʨʝˇʘʪʘ 

ʱʦ ʫ ʩʚʦʶ ʯʝʨʛʫ, ʚʽʜʧʦʚʽʜʘʻ ʟʥʘʯʝʥʥʷʤ ʚ ʤʝʞʘʭ 1é5 ʅ/ʩʤ3 

ʈʦʟʨʦʙʣʝʥʠʡ ˇʨʫʥʪʦʦʙʨʦʙʥʠʡ ʘʛʨʝʛʘʪ ʧʦʨʽʚʥʷʥʦ ʟ ʙʘʟʦʚʠʤ ʫ ʩʝʨʝʜʥʴʦʤʫ 

ʟʘʙʝʟʧʝʯʫʻ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ʚʦʣʦʛʠ ʧʽʜ ʯʘʩ ʦʙʨʦʙʽʪʢʫ ʜʦ 13 %, ʟʙʽʣʴʰʝʥʥʷ 

ʱʽʣʴʥʦʩʪʽ ʜʦ 25 % ʧʦʨʽʚʥʷʥʦ ʟ ʙʘʟʦʚʠʤ ʘʛʨʝʛʘʪʦʤ. ɸʙʩʦʣʶʪʥʘ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ ʫ 

ʰʘʨʽ 0é40 ʤʤ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʦʙʨʦʙʽʪʢʫ ʧʨʠ ʧʦʨʽʚʥʷʥʥʽ ʟ ʙʘʟʦʚʠʤ ʚʘʨʽʘʥʪʦʤ 

ʙʫʣʘ ʚʠʱʦʶ ʥʘ 62 % 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ˇʨʫʥʪʦʦʙʨʦʙʥʦʛʦ ʘʛʨʝʛʘʪʘ 

ʟʤʝʥʰʫʻ ʚʠʪʨʘʪʠ ʧʨʘʮʽ ʟʘ ʨʘʭʫʥʦʢ ʩʢʦʨʦʯʝʥʥʷ ʯʠʩʣʘ ʦʧʝʨʘʮʽʡ ʥʘ 23,6 %, ʩʫʢʫʧʥʦʾ 

ʝʥʝʨʛʽʾ ʥʘ 13,9 %  ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʴʥʠʤ ʚʘʨʽʘʥʪʦʤ. ʈʽʯʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ 

ʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘˇʨʝˇʘʪʘ ʦʩʥʘʱʝʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʫʱʽʣʴʥʶʚʘʯʘʤʠ ʚ 

ʧʦʨʽʚʥʷʥʦ ʟ ʙʘʟʦʚʠʤ ʘʛʨʝʛʘʪʦʤ ʩʪʘʥʦʚʠʪʴ 1056 ʛʨʥ. ʜʣʷ ʧʣʦʱʽ 100 ʛʘ. 

ɺʠʩʥʦʚʢʠ. 

ɸʥʘʣʽʟ ʩ̔ʥʫʶʯʠʭ ʢʦʤʙʽʥʦʚʘʥʠʭ ʘʛʨʝʛʘʪʽʚ ʢʫʣʴʪʠʚʘʪʦʨʥʦʛʦ ʪʠʧʫ ʧʦʢʘʟʘʚ, 

ʱʦ ʾʭ ʥʝʜʦʣʽʢʦʤ ʻ ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʨʫʡʥʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ˇʨʫʥʪʫ, ʷʢʠʡ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʨʽʰʫʚʘʪʠ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʨʠ ʧʣʘʥʯʘʩʪʠʭ ʢʦʪʢʽʚ.  

ɿʘ ʫʤʦʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʫʡʥʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ˇʨʫʥʪʫ ʟʤʝʥʰʫʻʪʴʩʷ. ʂʽʣʴʢʽʩʪʴ ʬʨʘʢʮʽʡ 

ˇʨʫʥʪʫ ʟ ʨʦʟʤʽʨʘʤʠ ʛʨʫʜʦʯʦʢ d < 0,25ʤʤ ʽ d > 10ʤʤ ʟʤʝʥʰʠʣʘʩʴ ʥʘ 7,0 % ʽ 2,5 % 

ʧʦʨʽʚʥʷʥʦ ʟ ʦʙʨʦʙʽʪʢʦʤ ʙʘʟʦʚʠʤ ʘʛʨʝʛʘʪʦʤ ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʥʘ 23,1 % ʽ 29,6 %, ʜʦ 

ʘʛʨʦʬʦʥʫ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ˇʨʫʥʪʦʦʙʨʦʙʥʦʛʦ 

ʘʛʨʝʛʘʪʘ ʟʤʝʥʰʫʻ ʚʠʪʨʘʪʠ ʧʨʘʮʽ ʟʘ ʨʘʭʫʥʦʢ ʩʢʦʨʦʯʝʥʥʷ ʯʠʩʣʘ ʦʧʝʨʘʮʽʡ ʥʘ 23,6 %, 

ʩʫʢʫʧʥʦʾ ʝʥʝʨʛʽʾ ʥʘ 13,9 %  ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʴʥʠʤ ʚʘʨʽʘʥʪʦʤ. 
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ʆɹɻʈʋʅʊʋɺɸʅʅʗ ʇʈʆʎɽʉʋ ʇʆɼʈɯɹʅɽʅʗ ɻʈʀɹʅʆɰ ʉʀʈʆɺʀʅʀ 

ʄɯʂʆɹɯʆʇʈɽʇɸʈɸʊɯɺ  

 

ʊʝʩʣʶʢ ɺ.ɺ., ʂʠʨʠʣʶʢ ɺ.ɯ., ʗʨʦʱʫʢ ɼ.ɻ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ  

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʉɹ ʦʛʦʜʥʽ ʚ ʩʚʽʪʦʚʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʨʦʩʣʠʥʥʠʮʴʢʦʾ 

ʧʨʦʜʫʢʮʽʾ ʥʘʙʫʚʘʻ ʧʦʰʠʨʝʥʥʷ ʚʠʨʦʱʫʚʘʥʥʷ ʦʨʛʘʥʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ. ʉʧʦʞʠʚʘʯʘʤʠ 

ʧʨʦʜʫʢʮʽʾ ʚʠʨʦʱʝʥʦʾ ʚ ʫʤʦʚʘʭ ʦʨʛʘʥʽʯʥʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ ʚ ʨʽʟʥʠʭ ʢʨʘʾʥʘʭ ʻ ʚʽʜ 3 

ʜʦ 5 % ʥʘʩʝʣʝʥʥʷ. ʆʜʥʠʤ ʽʟ ʨʝʟʝʨʚʽʚ ʟʙʽʣʴʰʝʥʥʷ ʚʘʣʦʚʠʭ ʟʙʦʨʽʚ ʦʨʛʘʥʽʯʥʦʾ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʧʨʦʜʫʢʮʽʾ ʻ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ʫʨʦʞʘʶ ʨʦʩʣʠʥ ʚʽʜ 

ʰʢʽʜʥʠʢʽʚ, ʭʚʦʨʦʙ ʽ ʙʫʨôʷʥʽʚ.  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ. ʂʫʣʴʪʫʨʥʽ ʨʦʩʣʠʥʠ ʚ ʧʝʨʽʦʜ 

ʨʦʩʪʫ ʧʦʩʪʽʡʥʦ ʧʝʨʝʙʫʚʘʶʪʴ ʚ ʫʤʦʚʘʭ ʩʪʨʝʩʫ, ʷʢʠʡ ʩʧʨʠʯʠʥʝʥʠʡ ʚʧʣʠʚʦʤ 

ʰʢʽʜʣʠʚʠʭ ʦʙôʻʢʪʽʚ, ʦʩʦʙʣʠʚʦ ʭʚʦʨʦʙ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʱʦʨʽʯʥʠʭ ʚʪʨʘʪ ʫʨʦʞʘʶ  

ʚʽʜ  30 ï 50%, ʚ ʨʦʢʠ ʾʭ ʝʧʽʬʽʪʦʪʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ ʤʘʡʞʝ ʚʩʴʦʛʦ. ʉʴʦʛʦʜʥʽ 

ʦʨʛʘʥʽʯʥʫ ʧʨʦʜʫʢʮʽʶ ʦʪʨʠʤʫʶʪʴ ʟʘ ʨʘʭʫʥʦʢ ʤʽʥʽʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʚ ʪ. ʯ. ʧʨʝʧʘʨʘʪʽʚ ʜʣʷ ʟʘʭʠʩʪʫ ʨʦʩʣʠʥ ʚʽʜ ʭʚʦʨʦʙ, ʧʦ ʧʨʠʯʠʥʽ 

ʥʝʟʥʘʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʾʭ ʝʬʝʢʪʠʚʥʦʾ ʜʽʾ.  

ɸʥʘʣʽʟ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʧʦʢʘʟʫʻ, ʱʦ ʧʦʣʽʩʘʭʘʨʠʜʠ, ʷʢʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʙʽʦʣʦʛʽʯʥʦʶ ʧʨʠʨʦʜʦʶ ʧʦʭʦʜʞʝʥʥʷ, ʻ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʤʠ, 

ʟʜʘʪʥʽ ʩʪʠʤʫʣʶʚʘʪʠ ʟʘʭʠʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʩʣʠʥ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. ʇ̔ ʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʽʦʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ 

ʤʽʢʦʙʽʦʧʨʝʧʘʨʘʪʽʚ. 
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ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʆʜʥʠʤ ʽʟ ʜʞʝʨʝʣ ʦʜʝʨʞʘʥʥʷ ʧʦʣʽʩʘʭʘʨʠʜʽʚ 

ʻ ʙʽʦʤʘʩʘ ʛʨʠʙʽʚ, ʷʢʘ ʤʽʩʪʠʪʴ ʡ ʽʥʰʽ ʽʤʫʥʦʤʦʜʝʣʶʶʯʽ ʨʝʯʦʚʠʥʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʘʥʘʣʽʟʫ ʙʽʦʪʝʭʥʦʣʦʛʽʡ ʦʜʝʨʞʘʥʥʷ ʛʨʠʙʥʠʭ ʧʦʣʽʩʘʭʘʨʠʜʽʚ ʥʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʽ 

ʜʦʩʣʽʜʞʝʥʘ ʤʦʜʝʣʴʥʘ ʙʽʦʪʝʭʥʦʣʦʛʽʷ ʦʜʝʨʞʘʥʥʷ ʤʽʢʦʙʽʦʧʨʝʧʘʨʘʪʽʚ ʜʣʷ 

ʦʨʛʘʥʽʯʥʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ ʜʣʷ ʟʘʭʠʩʪʫ ʨʦʩʣʠʥ ʚʽʜ ʭʚʦʨʦʙ, ʷʢʘ ʚʢʣʶʯʘ ̒ʦʩʥʦʚʥi ʪʘ 

ʜʦʧʦʤʽʞʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ. ʆʩʥʦʚʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʦʧʝʨʘʮʽʷʤʠ ʻ 

ʟʘʛʦʪʽʚʣʷ ʽ ʧʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ ʩʠʨʦʚʠʥʠ, ʧʦʜʨʽʙʥʝʥʥʷ ʧʣʦʜʦʚʠʭ ʪʽʣ ʛʨʠʙʽʚ, 

ʙʽʦʪʝʭʥʦʣʦʛʽʷ ʚʠʣʫʯʝʥʥʷ ʧʦʣʽʩʘʭʘʨʠʜʽʚ ʽʟ ʢʣʽʪʠʥʥʦʾ ʩʪʽʥʢʠ ʛʨʠʙʘ. ʆʜʥʽʻʶ ʽʟ 

ʦʩʥʦʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʚʠʨʦʙʥʠʮʪʚʘ ʤʽʢʦʙʽʦʧʨʝʧʘʨʘʪʫ ʻ ʧʦʜʨʽʙʥʝʥʥʷ 

ʧʣʦʜʦʚʠʭ ʪʽʣ ʟʘʟʥʘʯʝʥʠʭ ʛʨʠʙʽʚ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʝʢʩʪʨʘʢʮʽʾ ʦʩʥʦʚʥʦʾ ʜʽʶʯʦʾ ʨʝʯʦʚʠʥʠ ʤʽʢʦʙʽʦʧʨʝʧʘʨʘʪʽʚ.  

ɼʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʩʥʦʚ ʦʧʝʨʘʮʽʾ ʧʨʦʮʝʩʫ ʽ ʤʘʰʠʥ ʜʣʷ 

ʧʦʜʨʽʙʥʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʥʘʤʠ ʜʦʩʣʽʜʞʝʥʦ ʨʷʜ ʜʨʦʙʘʨʦʢ ʧʨʦʤʠʩʣʦʚʦʛʦ ʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ɼʣʷ ʜʦʩʣʽʜʥʦ-ʧʨʦʤʠʩʣʦʚʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʤʽʢʦʙʽʦʧʨʝʧʘʨʘʪʽʚ ʜʦʩʣʽʜʞʝʥʦ ʽ ʘʜʘʧʪʦʚʘʥʦ ʧʨʦʤʠʩʣʦʚʫ ʜʨʦʙʘʨʢʫ 

Ăʂʦʪʠʛʦʨʦʰʢʦò.   

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʪʝ, ʱʦ ʟʘ ʫʤʦʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʰʝʪʘ ʟ ʜʽʘʤʝʪʨʦʤ ʢʘʣʽʙʨʫʚʘʣʴʥʠʭ ʦʪʚʦʨʽʚ 6 ʤʤ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʜʨʦʙʘʨʢʠ ʩʪʘʥʦʚʠʪʴ ï 12,7 ʢʛ/ʛʦʜ.,  ʬʨʘʢʮʽʡʥʠʡ ʩʢʣʘʜ ʯʘʩʪʠʥʦʢ 

ʨʦʟʤʽʨʘʤʠ ʚʽʜ 3 ʜʦ 6 ʤʤ ʩʢʣʘʜʘʻ 88,1 %, ʱʦ ʟʘʜʦʚʦʣʴʥʷʻ ʪʝʭʥʦʣʦʛʽʯʥʽ ʚʠʤʦʛʠ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʟʤʽʥʥʦʛʦ ʨʝʰʝʪʘ ʟ ʜʽʘʤʝʪʨʦʤ ʢʘʣʽʙʨʫʚʘʣʴʥʠʭ ʦʪʚʦʨʽʚ 4 ʤʤ ʥʘ 35,4 

% ʟʤʝʥʰʫʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʜʨʦʙʘʨʢʠ  ʧʦʨʽʚʥʷʥʦ ʽʟ ʨʝʰʝʪʦʤ ʟ ʦʪʚʦʨʘʤʠ 

ʜʽʘʤʝʪʨʦʤ 6 ʤʤ, ʘʣʝ ʥʘʷʚʥʽʩʪʴ ʥʝʧʦʜʨʽʙʥʝʥʠʭ ʯʘʩʪʠʥʦʢ ʨʦʟʤʽʨʦʤ ʙʽʣʴʰʝ 3 ʤʤ 

ʩʢʣʘʜʘʻ ʤʝʥʰʝ 3 %.  

ɺʠʩʥʦʚʢʠ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʜʝʨʞʘʥʠʭ ʜʘʥʠʭ ʜʣʷ ʜʦʩʣʽʜʥʦ-ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʨʦʙʘʨʢʠ Ăʂʦʪʠʛʦʨʦʰʢʦò ʽʟ 

ʧʦʧʝʨʝʜʥʽʤ ʨʫʯʥʠʤ ʨʦʟʨʫʙʫʚʘʥʥʷʤ ʧʣʦʜʦʚʠʭ ʪʽʣ ʛʨʠʙʽʚ ʥʘ ʢʫʩʦʯʢʠ ʨʦʟʤʽʨʘʤʠ ʜʦ 

6 ʩʤ, ʷʢʽ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʝ ʚʽʢʥʦ ʜʨʦʙʘʨʢʠ ʟʤʽʥʥʦʛʦ ʨʝʰʝʪʘ ʽʟ 

ʜʽʘʤʝʪʨʦʤ ʢʘʣʽʙʨʫʚʘʣʴʥʠʭ ʦʪʚʦʨʽʚ 6 ʤʤ.  
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ʋɼʂ:631.363.2 

 

ɹɯʆʊɽʍʅʆʃʆɻɯʏʅɯ ʆʉʅʆɺʀ ʇɯɼɺʀʑɽʅʅʗ  

ʉʊɯʁʂʆʉʊɯ  ʉ.ɻ. ʂʋʃʔʊʋʈ ɼʆ ʍɺʆʈʆɹ 

 

ʊʝʩʣʶʢ ɺ.ɺ., ɹʨʝʯʢʦ ʄ.ʄ., ɯʢʘʣʴʯʠʢ ʄ.ɯ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

ɺʇ ʅʋɹʽʇ ʋʢʨʘʾʥʠ "ʅʽʞʠʥʩʴʢʠʡ ʘʛʨʦʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ" 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. 

ɺʪʨʘʪʠ ʧʨʦʜʫʢʮʽʾ ʨʦʩʣʠʥʥʠʮʪʚʘ ʚʽʜ ʰʢʽʜʣʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ ʩʪʘʥʦʚʣʷʪʴ 30 ï 

50 %, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʟʙʠʪʢʽʚ. ɿʙʽʣʴʰʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʨʦʩʣʠʥʥʠʮʴʢʦʾ ʧʨʦʜʫʢʮʽʾ ʚʠʨʽʰʫʶʪʴ ʰʣʷʭʦʤ ʨʦʟʨʦʙʢʠ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʢʦʤʧʣʝʢʩʥʠʭ ʟʘʭʦʜʽʚ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ [1]. ɿʘʭʠʩʪ 

ʢʫʣʴʪʫʨʥʠʭ ʨʦʩʣʠʥ ʚʽʜ ʙʽʦʪʠʯʥʠʭ ʩʪʨʝʩ-ʯʠʥʥʠʢʽʚ, ʦʩʦʙʣʠʚʦ ʭʚʦʨʦʙ, ʚ 

ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʚʠʨʦʱʫʚʘʥʥʷ ʧʦʣʴʦʚʠʭ ʢʫʣʴʪʫʨ ʙʫʚ ʽ ʟʘʣʠʰʘʻʪʴʩʷ 

ʦʜʥʽʻʶ ʽʟ ʢʘʨʜʠʥʘʣʴʥʠʭ ʧʨʦʙʣʝʤ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʜʝʨʞʘʥʥʷ ʷʢʽʩʥʦʛʦ ʽ 

ʩʪʘʙʽʣʴʥʦʛʦ ʫʨʦʞʘʶ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʭ, 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʟʘʭʦʜʽʚ ʟʘʭʠʩʪʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ ʚʽʜ ʭʚʦʨʦʙ. 

ʊʦʤʫ ʨʦʟʨʦʙʢʘ ʽ ʩʪʚʦʨʝʥʥʷ ʥʦʚʽʪʥʽʭ ʙʽʦʪʝʭʥʦʣʦʛʽʡ ʟʘʭʠʩʪʫ ʢʫʣʴʪʫʨʥʠʭ ʨʦʩʣʠʥ ʚʽʜ 

ʭʚʦʨʦʙ ʻ ʘʢʪʫʘʣʴʥʠʤ ʥʘʫʢʦʚʠʤ ʽ ʧʨʘʢʪʠʯʥʠʤ ʥʘʧʨʷʤʦʤ.  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʠʯʥʠʭ ʧʽʜʭʦʜʽʚ 

ʜʦ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʛʣʦʙʘʣʴʥʦʾ ʧʨʦʙʣʝʤʠ, ʙʽʦʣʦʛʠ ʚʩʝ ʙʽʣʴʰʝ ʫʚʘʛʠ ʧʨʠʜʽʣʷʶʪʴ 

ʛʝʥʝʪʠʯʥʦʤʫ ʧʦʪʝʥʮʽʘʣʫ ʩʪʽʡʢʦʩʪʽ, ʷʢʠʡ ʧʦʚʥʦʶ ʤʽʨʦʶ ʥʝ ʨʝʘʣʽʟʫʻʪʴʩʷ 

ʢʫʣʴʪʫʨʥʦʶ ʨʦʩʣʠʥʦʶ ʚ ʫʤʦʚʘʭ ʜʽʾ ʰʢʽʜʣʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ ʪʘ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʨʝʩʫ. 

ɸʥʘʣʽʟ ʪʝʭʥʦʣʦʛʽʡ ʟʘʩʚʽʜʯʫʻ, ʱʦ ʥʘ ʧʨʘʢʪʠʮʽ ʩʴʦʛʦʜʥʽ ʰʠʨʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʭʽʤʽʯʥʽ ʟʘʩʦʙʠ, ʘ ʧʝʩʪʠʮʠʜʠ ʧʨʠʨʦʜʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʫʞʝ 

ʦʙʤʝʞʝʥʦ, ʪʦʤʫ ʱʦ ʙʽʦʪʝʭʥʦʣʦʛʽʷ ʾʭ ʦʜʝʨʞʘʥʥʷ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʩʠʪʴ 

ʬʨʘʛʤʝʥʪʘʨʥʠʡ ʭʘʨʘʢʪʝʨ, ʥʝ ʬʦʨʤʘʣʽʟʦʚʘʥʘ ʽ ʥʝ ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʘ [2].  

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʇʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʨʦʩʣʠʥ ʧʨʦʪʠ ʥʝʛʘʪʠʚʥʠʭ ʚʧʣʠʚʽʚ ʰʣʷʭʦʤ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʽʥʜʫʢʮʽʾ ʟʘʭʠʩʥʠʭ ʤʝʭʘʥʽʟʤʽʚ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʆʧʨʘʮʴʦʚʘʥʽ ʥʘʤʠ ʥʘʫʢʦʚʽ ʤʘʪʝʨʽʘʣʠ ʟʘʩʚʽʜʯʫʶʪʴ, ʱʦ ʥʠʥʽ ʘʢʪʫʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʻ ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʫ ʚʠʚʯʝʥʥʽ ʥʦʚʽʪʥʴʦʛʦ ʩʧʦʩʦʙʫ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʠʨʦʜʥʦʾ ʩʪʽʡʢʦʩʪʽ ʨʦʩʣʠʥ ʜʦ ʭʚʦʨʦʙ ʰʣʷʭʦʤ ʩʪʠʤʫʣʷʮʽʾ ʟʘʭʠʩʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʟ ʝʣʽʩʠʪʦʨʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ʊʦʤʫ ʧʦʰʫʢ ʝʬʝʢʪʠʚʥʠʭ ʙʽʦʪʝʭʥʦʣʦʛʽʡ ʦʜʝʨʞʘʥʥʷ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ  ʧʨʝʧʘʨʘʪʽʚ 

ʧʨʠʨʦʜʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ  ʜʣʷ ʽʥʜʫʢʫʚʘʥʥʷ ʟʘʭʠʩʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʨʦʩʣʠʥ ʻ 

ʘʢʪʫʘʣʴʥʠʤ ʫ ʥʘʫʢʦʚʦʤʫ ʽ ʧʨʘʢʪʠʯʥʦʤʫ ʘʩʧʝʢʪʘʭ [3,4].  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʦʣʽʩʘʭʘʨʠʜʠ ʭʽʪʠʥ, ʭʽʪʦʟʘʥ ʡ ʛʣʶʢʘʥʠ ʚʦʣʦʜʽʶʪʴ 

ʝʣʽʩʠʪʦʨʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ ʟʘʭʠʩʪʽ ʢʫʣʴʪʫʨʥʠʭ ʨʦʩʣʠʥ ʚʽʜ 
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ʭʚʦʨʦʙ ʰʣʷʭʦʤ ʚʤʠʢʘʥʥʷ ʛʝʥʽʚ ʟʘʭʠʩʪʫ ʪʘ ʙʽʦʩʠʥʪʝʟʫ ʘʥʪʠʧʘʪʦʛʝʥʥʠʭ 

ʬʽʪʦʘʥʪʠʙʽʦʪʠʢʽʚ ï ʬʽʪʦʘʣʝʢʩʠʥʽʚ.  

ɺʠʩʥʦʚʢʠ. 

ʆʪʨʠʤʘʥʽ ʪʝʦʨʝʪʠʯʥʽ ʽ ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʮʠʭ 

ʧʦʣʽʩʘʭʘʨʠʜʽʚ ʜʦʟʚʦʣʠʣʠ ʥʘʤ ʨʦʟʨʦʙʠʪʠ ʙʽʦʪʝʭʥʦʣʦʛʽʶ ʦʜʝʨʞʘʥʥʷ 

ʤʽʢʦʙʽʦʧʨʝʧʘʨʘʪʽʚ ʡ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʥʦʚʽʪʥʽ ʧʨʝʧʘʨʘʪʠ ʥʘ ʦʩʥʦʚʽ ʭʽʪʠʥʫ, ʭʽʪʦʟʘʥʫ 

ʽ ʛʣʶʢʘʥʽʚ. 
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ʋɼʂ 631.4; 631.31 

 

ɸʅɸʃɯɿ ɼɯɰ ʈʋʐɯɰɺ ʄɸʐʀʅ ʅɸ ʉʀʉʊɽʄʋ çʄɸʐʀʅɸ-

ɹɯʆʉɽʈɽɼʆɺʀʑɽè 

 

ʊʝʩʣʶʢ ɺ.ɺ., ɼʨʘʛʘʥʝʨ ɻ.ʖ., ɯʢʘʣʴʯʠʢ ʄ.ɯ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ  

ɺʇ ʅʋɹʽʇ ʋʢʨʘʾʥʠ "ʅʽʞʠʥʩʴʢʠʡ ʘʛʨʦʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ" 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʉʠʩʪʝʤʘ çʤʘʰʠʥʘ-ʙʽʦʩʝʨʝʜʦʚʠʱʝè ʟʘ ʫʤʦʚ 

ʪʝʭʥʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʢʦʥʘʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʦʧʝʨʘʮʽʡ ʽʥʪʝʥʩʠʚʥʦʛʦ ʚʠʨʦʱʫʚʘʥʥʷ ʨʦʩʣʠʥʥʠʮʴʢʦʾ ʧʨʦʜʫʢʮʽʾ ʧʦʢʘʟʫʻ, ʱʦ 

ʥʘʜʤʽʨʥʝ ʫʱʽʣʴʥʝʥʥʷ ˇʨʫʥʪʽʚ ʢʦʣʽʩʥʠʤʠ ʨʫʰʽʷʤʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʽ ʤʘʰʠʥʦ-

ʪʨʘʢʪʦʨʥʠʭ ʘʛʨʝʛʘʪʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʝʛʨʘʜʘʮʽʾ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ, ʧʦʛʽʨʰʝʥʥʷ 

ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʘʛʨʦʝʢʦʣʘʥʜʰʘʬʪʽʚ, ʱʦ ̒ ʦʜʥʽʻʶ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ 

ʘʛʨʦʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ ʚ ʫʤʦʚʘʭ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ.  
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ʇʝʨʩʧʝʢʪʠʚʫ ʨʦʟʚʠʪʢʫ ʪʝʭʥʽʯʥʦʾ ʢʦʥʮʝʧʮʽʾ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ 

ʪʨʘʢʪʦʨʘ ʩʣʽʜ ʧʨʦʛʥʦʟʫʚʘʪʠ, ʛʨʫʥʪʫʶʯʠʩʴ, ʥʘʩʘʤʧʝʨʝʜ, ʥʘ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʠʭ ʘʛʨʝʛʘʪʽʚ (ʄʊɸ) 

ʟʘʛʘʣʦʤ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ. ɸʥʘʣʽʟ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ 

ʘʛʨʦʪʝʭʥʽʯʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʢʦʥʮʝʧʮʽʶ ʨʦʟʚʠʪʢʫ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʟʘʩʦʙʽʚ, ʧʦʢʘʟʫʶʪʴ, ʱʦ ʾʭ ʰʣʷʭʠ ʥʝʦʜʥʦʟʥʘʯʥʽ, ʘ ʽʥʦʜʽ ʽ ʩʫʧʝʨʝʯʣʠʚʽ, ʪʦʤʫ 

ʧʨʘʛʥʝʥʥʷ ʧʽʜʚʠʱʠʪʠ ʦʜʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʟʥʠʞʝʥʥʷ ʽʥʰʠʭ. ʊʘʢ, ʦʩʥʦʚʥʽ ʚʠʤʦʛʠ - ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʡ 

ʝʥʝʨʛʦʦʩʥʘʱʝʥʦʩʪʽ ʄʊɸ, ʩʢʦʨʦʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ ʧʝʨʩʦʥʘʣʫ - 

ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʪʽʣʴʢʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʽʜʚʠʱʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʘ ʡ 

ʟʙʽʣʴʰʝʥʥʷ ʩʠʣʠ ʪʷʛʠ, ʘ ʮʝ ʚʠʤʘʛʘʻ ʧʽʜʚʠʱʝʥʥʷ ʚʘʛʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʽ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. ɿʤʝʥʰʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʢʦʣʽʩʥʠʭ ʨʫʰʽʾʚ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʘʩʦʙʽʚ ʥʘ ˇʨʫʥʪʦʚʝ ʩʝʨʝʜʦʚʠʱʝ.  

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʈʘʜʠʢʘʣʴʥʠʡ ʩʧʦʩʽʙ ʟʙʽʣʴʰʝʥʥʷ ʚʽʜʥʦʩʥʦʾ 

ʯʘʩʪʢʠ ʟʯʽʧʥʦʾ ʚʘʛʠ ʚ ʘʛʨʝʛʘʪʽ, ʘʙʦ ʘʢʪʠʚʽʟʘʮʽʾ ʚʘʛʠ ʄʊɸ - ʦʩʥʘʱʝʥʥʷ ʡʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʯʘʩʪʠʥʠ ʚʝʜʫʯʠʤʠ ʢʦʣʝʩʘʤʠ, ʱʦ ʧʨʠʚʦʜʷʪʴʩʷ ʫ ʨʫʭ ʚʽʜ ʩʠʩʪʝʤʠ 

ʚʽʜʙʦʨʫ ʧʦʪʫʞʥʦʩʪʽ ʘʚʪʦʤʦʙʽʣʷ ʡ ʪʨʘʢʪʦʨʘ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʪʽʣʴʢʠ ʯʘʩʪʠʥʘ 

ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʘ ʨʝʘʣʽʟʫʻʪʴʩʷ ʯʝʨʝʟ ʭʦʜʦʚʫ ʩʠʩʪʝʤʫ ʪʨʘʢʪʦʨʘ (ʚʽʜʧʦʚʽʜʥʦ, 

ʡʦʤʫ ʥʝ ʧʦʪʨʽʙʥʘ ʟʥʘʯʥʘ ʚʘʛʘ), ʪʦʤʫ ʡʦʛʦ ʧʠʪʦʤʘ ʤʘʪʝʨʽʘʣʦʻʤʥʽʩʪʴ ʤʦʞʝ ʙʫʪʠ 

ʟʥʠʞʝʥʘ ʱʝ ʙʽʣʴʰʝ, ʥʽʞ ʧʨʠ ʧʘʩʠʚʥʠʭ ʦʧʦʨʥʠʭ ʢʦʣʝʩʘʭ ʟʯʽʧʢʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʨʘʢʪʠʯʥʠʡ ʜʦʩʚʽʜ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʽʩʥʠʡ 

ʢʦʨʝʣʷʮʽʡʥʠʡ ʟʚôʷʟʦʢ ʧʦʤʽʞ ʫʱʽʣʴʥʶʶʯʦʶ ʜʽʻʶ ʭʦʜʦʚʠʭ ʩʠʩʪʝʤ 

ʝʥʝʨʛʦʥʘʩʠʯʝʥʦʾ ʤʦʙʽʣʴʥʦʾ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʝʭʥʽʢʠ ʡ ʤʦʙʽʣʴʥʠʭ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʘʛʨʝʛʘʪʽʚ ʟ ʧʨʦʮʝʩʘʤʠ ʜʝʛʨʘʜʘʮʽʾ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ. ʐʠʨʦʢʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʘʛʨʦʚʠʨʦʙʥʠʮʪʚʽ ʥʘʙʫʚʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʘʞʢʠʭ ʚʝʣʠʢʦʚʘʥʪʘʞʥʠʭ 

ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʘʩʦʙʽʚ ʧʨʠʚʦʜʫ ʧʨʠʯʽʧʥʠʭ ʩʽʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʤʘʰʠʥ ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʚʽʪʯʠʟʥʷʥʽ ʽ ʟʘʨʫʙʽʞʥʽ ʪʨʘʢʪʦʨʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʠʭ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʘʛʨʦʩʪʨʫʢʪʫʨʥʠʭ ʘʛʨʝʛʘʪʽʚ ˇʨʫʥʪʫ ʾʭ ʧʝʨʝʫʱʽʣʴʥʝʥʥʷ 

ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʜʦ ʟʥʘʯʥʦʛʦ ʧʦʛʽʨʰʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʫ. 

ʊʦʤʫ, ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʣʽʩʥʠʭ ʨʫʰʽʾʚ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʘʩʦʙʽʚ, ʪʘ ʨʦʟʨʦʙʢʘ ʟʘʭʦʜʽʚ, ʷʢʽ ʟʘʧʦʙʽʛʘʪʠʤʫʪʴ ʥʝʛʘʪʠʚʥʠʤ 

ʥʘʩʣʽʜʢʘʤ, ʩʧʨʠʷʪʠʤʫʪʴ ʟʙʝʨʽʛʘʥʥʶ ʨʦʜʶʯʦʩʪʽ ˇʨʫʥʪʽʚ ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ. 

ɿʥʠʞʝʥʥʷ ʨʽʚʥʽʚ ʪʝʭʥʦʛʝʥʥʦʛʦ ʪʠʩʢʫ ʤʦʙʽʣʴʥʦʾ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ 

ʪʝʭʥʽʢʠ ʥʘ ˇʨʫʥʪʠ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʝ ʟʘʚʜʷʢʠ ʢʦʤʧʣʝʢʩʥʽʡ ʦʧʪʠʤʽʟʘʮʽ ʾ

ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʨʫʰʽʾʚ ʤʦʙʽʣʴʥʠʭ ʟʘʩʦʙʽʚ ʪʘ ʚʽʜʧʦʚʽʜʥʠʤ ʥʦʨʤʫʚʘʥʥʷʤ ʾʭ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɿ ʤʝʪʦʶ ʟʥʠʞʝʥʥʷ ʰʢʽʜʣʠʚʦʾ ʜʽʾ ʭʦʜʦʚʠʭ ʯʘʩʪʠʥ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʘʛʨʝʛʘʪʽʚ ʧʨʦʧʦʥʫʻʪʴʩʷ ʤʦʜʝʨʥʽʟʦʚʘʥʽ ʨʫʰʽʾ 

ʪʨʘʢʪʦʨʽʚ ʦʙʣʘʜʥʫʚʘʪʠ ʰʠʥʘʤʠ ʙʽʣʴʰʠʭ ʨʦʟʤʽʨʽʚ ʘʙʦ ʩʧʘʨʝʥʠʤʠ ʢʦʣʝʩʘʤʠ.  

ɺʠʩʥʦʚʢʠ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʙô̒ ʤʥʘ ʜʝʬʦʨʤʘʮʽʷ ʛʨʫʥʪʫ ʧʽʜ ʨʫʰʽʷʤʠ ʧʨʦʧʦʥʦʚʘʥʦʛʦ 

ʚʘʨʽʘʥʪʫ (ʪʨʘʢʪʦʨ ʊ-150ʂ, ʦʙʣʘʜʥʘʥʠʡ ʰʠʥʦʶ 28,1R26) ʚ 2,73...3,1 ʨʘʟʠ ʤʝʥʰʘ 

ʥʽʞ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʩʝʨʽʡʥʠʭ ʭʦʜʦʚʠʭ ʯʘʩʪʠʥ ʟʘʛʘʣʴʥʦʚʞʠʚʘʥʠʭ ʪʨʘʢʪʦʨʽʚ (ʊ-
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150ʂ ʟ ʰʠʥʘʤʠ 21,3R24) ʽ ʣʠʰʝ ʚ 1,3...1,5 ʨʘʟʽʚ ʙʽʣʴʰʘ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʙʩʦʣʶʪʥʠʤ 

ʢʦʥʪʨʦʣʝʤ, ʚ ʪʦʡ ʯʘʩ, ʷʢ ʜʣʷ ʩʝʨʽʡʥʠʭ ʚʘʨʽʘʥʪʽʚ ʮʝʡ ʧʦʢʘʟʥʠʢ ʚʘʨʽʶʻ ʚ ʤʝʞʘʭ 

3,9...4,2 

ʃʽʪʝʨʘʪʫʨʘ 
1. ɸʜʘʤʯʫʢ ɺ.ɺ. ʉʠʩʪʝʤʘ ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 
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ʈʆʉʃʀʅʅʀʎʔʂʆɰ ʇʈʆɼʋʂʎɯɰ 
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ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɽʢʦʣʦʛʽʯʥʦ  ʯʠʩʪʽ ʧʨʦʜʫʢʪʠ ï ʦʩʥʦʚʥʘ ʫʤʦʚʘ 

ʟʜʦʨʦʚʦʛʦ ʞʠʪʪʷ ʣʶʜʠʥʠ. ʇʨʦʙʣʝʤʫ ʦʪʨʠʤʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʦʾ ʧʨʦʜʫʢʮʽʾ  

ʣʶʜʠ ʧʨʦʙʫʶʪʴ ʚʠʨʽʰʫʚʘʪʠ ʨʽʟʥʠʤʠ ʰʣʷʭʘʤʠ. ʆʩʥʦʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʦʜʝʨʞʘʥʥʷ 

ʪʘʢʦʾ ʧʨʦʜʫʢʮʽʾ ʚ ʫʤʦʚʘʭ ʚʠʨʦʙʥʠʮʪʚʘ ʻ ʚʽʜʤʦʚʘ ʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʜʦʭʽʤʽʢʘʪʽʚ, 

ʘʣʝ ʚ ʨʦʢʠ ʝʧʽʬʽʪʦʪʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ ʭʚʦʨʦʙ ʪʘʢʽ ʪʝʭʥʦʣʦʛʽʾ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʥʘʯʥʦʾ 

ʚʪʨʘʪʠ ʫʨʦʞʘʶ [1,2].  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ. ɹʘʛʘʪʦ ʨʦʢʽʚ ʚ ʥʘʫʮʽ ʚʝʣʠʢʽ 

ʩʠʣʠ ʽ ʟʘʩʦʙʠ ʚʠʪʨʘʯʘʶʪʴʩʷ ʚ ʥʘʧʨʷʤʢʫ ʩʪʚʦʨʝʥʥʷ ʭʚʦʨʦʙʦʩʪʽʡʢʠʭ ʩʦʨʪʽʚ, ʱʦ ʜʘʻ 

ʧʦʟʠʪʠʚʥʽ ʨʝʟʫʣʴʪʘʪʠ. ʆʜʥʘʢ, ʥʘ ʞʘʣʴ  ʧʘʪʦʛʝʥʥʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ 

ʧʨʠʩʪʦʩʦʚʫʶʪʴʩʷ ʜʦ ʥʦʚʠʭ ʩʦʨʪʽʚ ʟʥʘʯʥʦ ʰʚʠʜʰʝ, ʥʽʞ ʚʦʥʠ ʩʪʚʦʨʶʶʪʴʩʷ.  

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʱʫʚʘʥʥʷ ʦʨʛʘʥʽʯʥʦʾ 

ʧʨʦʜʫʢʮʽʾ ʨʦʩʣʠʥʥʠʮʪʚʘ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʅʦʚʠʡ ʥʘʧʨʷʤʦʢ ʚ ʧʽʜʚʠʱʝʥʥʽ ʩʪʽʡʢʦʩʪʽ 

ʨʦʩʣʠʥ ʜʦ ʭʚʦʨʦʙ  ʚʠʥʠʢ ʧʽʩʣʷ ʧʦʛʣʠʙʣʝʥʦʛʦ ʚʠʚʯʝʥʥʷ ʚʟʘʻʤʦʚʽʜʥʦʩʠʥ ʤʽʞ 

ʨʦʩʣʠʥʦʶ ʽ ʧʘʨʘʟʠʪʦʤ. ʋ ʢʦʞʥʦʾ ʨʦʩʣʠʥʠ ʻ ʧʦʪʫʞʥʠʡ ʘʨʩʝʥʘʣ ʟʘʭʠʩʥʠʭ 

ʤʝʭʘʥʽʟʤʽʚ ʚʽʜ ʧʘʨʘʟʠʪʥʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʷʢʽ ʤʦʞʥʘ ʚʢʣʶʯʘʪʠ, ʦʙʨʦʙʠʚʰʠ ʾʭ 
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ʩʧʝʮʽʘʣʴʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʽʥʜʫʢʪʦʨʘʤʠ ʭʚʦʨʦʙʦʩʪʽʡʢʦʩʪʽ ï ʝʣʽʩʠʪʦʨʘʤʠ [2,3]. 

ɽʣʽʩʠʪʦʨʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚʦʣʦʜʽʶʪʴ ʜʝʷʢʽ ʙʽʦʣʦʛʽʯʥʽ ʤʦʣʝʢʫʣʠ ʛʨʠʙʥʦʛʦ ʪʘ 

ʙʘʢʪʝʨʽʘʣʴʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʩʝʨʝʜ ʷʢʠʭ ʻ ʧʦʣʽʩʘʭʘʨʠʜʠ: ʛʣʶʢʘʥʠ, ʤʝʣʘʥʽʥʠ, ʭʽʪʠʥ 

ʽ ʭʽʪʦʟʘʥ. 

ʍʽʪʦʟʘʥ ʽ ʭʽʪʠʥ ʚʠʷʚʠʣʠʩʷ ʽʜʝʘʣʴʥʠʤʠ ʚʠʭʽʜʥʠʤʠ ʨʝʛʫʣʷʨʥʠʤʠ 

ʤʦʣʝʢʫʣʘʤʠ, ʷʢʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ ʫʪʚʦʨʝʥʥʽ ʘʢʪʠʚʦʚʘʥʠʭ ʩʠʛʥʘʣʴʥʠʭ ʤʦʣʝʢʫʣ, 

ʦʩʢʽʣʴʢʠ, ʟ ʦʜʥʽʻʾ ʩʪʦʨʦʥʠ ʚʦʥʠ ʻ ʧʦʣʽʩʘʭʘʨʠʜʘʤʠ, ʘ ʟ ʽʥʰʦʾ ï ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʜʫʨ ʟ ʥʠʭ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʽ ʦʣʽʛʦʤʝʨʠ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʫ ʨʦʩʣʠʥ 

ʟʘʭʠʩʥʽ (ʽʤʫʥʥʽ) ʩʠʩʪʝʤʠ ʫʪʚʦʨʝʥʥʷ ʘʥʪʠʧʘʪʦʛʝʥʥʠʭ ʩʧʦʣʫʢ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ. 

ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʭʽʪʦʟʘʥʠ ʟʜʘʪʥʽ ʨʝʛʫʣʶʚʘʪʠ ʝʢʩʧʨʝʩʽʶ 

ʙʘʛʘʪʴʦʭ ʛʝʥʽʚ ʨʦʩʣʠʥʥʦʾ ʢʣʽʪʠʥʠ, ʢʦʥʪʨʦʣʶʚʘʪʠ ʫʪʚʦʨʝʥʥʷ ʘʥʪʠʧʘʪʦʛʝʥʥʠʭ 

ʨʝʯʦʚʠʥ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ, ʷʢʽ ʚʦʣʦʜʽʶʪʴ ʧʨʷʤʦʶ ʜʽʻʶ.   

ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ ʥʘʤʠ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʪʝʭʥʦʣʦʛʽʷ ʦʪʨʠʤʘʥʥʷ 

ʛʨʠʙʥʦʛʦ ʝʢʩʪʨʘʢʪʫ ʥʘ ʦʩʥʦʚʽ ʛʨʠʙʥʠʭ ʛʣʶʢʘʥʽʚ, ʷʢʽ ʧʦʢʘʟʫʶʪʴ ʚʠʩʦʢʫ 

ʝʣʽʩʠʪʦʨʥʫ ʘʢʪʠʚʥʽʩʪʴ, ʱʦ ʻ ʦʩʥʦʚʥʦʶ ʜʽʶʯʦʶ ʨʝʯʦʚʠʥʦʶ ʩʪʚʦʨʝʥʠʭ 

ʤʽʢʦʙʽʦʧʨʝʧʘʨʘʪʽʚ.  

ɹʘʛʘʪʦʨʽʯʥʽ  ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʽʢʦʙʽʦʧʨʝʧʘʨʘʪʽʚ 

ʤʘʻ ʢʦʤʧʣʝʢʩʥʫ ʜʽʶ ʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ  ʙʽʦʣʦʛʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʘ 

ʨʽʟʥʠʭ ʢʫʣʴʪʫʨʘʭ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ ʫʤʦʚ ʦʙʨʦʙʢʠ ʥʘʩʽʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩ-

ʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ ʧʽʜʚʠʱʫʻʪʴʩʷ ʝʥʝʨʛʽʷ ʧʨʦʨʦʩʪʘʥʥʷ ʽ ʩʭʦʞʽʩʪʴ ʥʘʩʽʥʥʷ 

ʧʦʨʽʚʥʷʥʦ ʟ ʥʘʩʽʥʥʷʤ ʦʙʨʦʙʣʝʥʠʤ ʭʽʤʽʯʥʠʤʠ ʧʨʝʧʘʨʘʪʘʤʠ.  

ɺʠʩʥʦʚʢʠ 

ʆʙʨʦʙʢʘ ʥʘʩʽʥʥʷ ʽ ʨʦʩʣʠʥ ʚ ʧʝʨʽʦʜ ʚʝʛʝʪʘʮʽʾ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʨʦʩʣʠʥ ʪʘ ʧʦʢʨʘʱʝʥʥʶ ʷʢʦʩʪʽ ʫʨʦʞʘʶ. ʄʽʢʦʙʽʦʧʨʝʧʘʨʘʪ ʥʘ 

ʦʩʥʦʚʽ ʛʨʠʙʥʠʭ ʛʣʶʢʘʥʽʚ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʧʨʦʜʫʢʪʦʤ ʩʫʯʘʩʥʠʭ ʥʘʫʢʦʚʠʭ ʟʥʘʥʴ ʚ 

ʙʽʦʪʝʭʥʦʣʦʛʽʾ ʦʜʝʨʞʘʥʥʷ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʨʠʙʥʠʭ ʛʣʶʢʘʥʽʚ ʜʣʷ ʟʘʭʠʩʪʫ ʨʦʩʣʠʥ ʚ 

ʦʨʛʘʥʽʯʥʦʤʫ ʟʝʤʣʝʨʦʙʩʪʚʽ. 
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ʭʚʦʨʦʙ / ʈ. ɺ. ʂʦʚʙʘʩʝʥʢʦ, ʂ. ʇ. ʂʦʚʙʘʩʝʥʢʦ ɺ. ʄ. ʂʦʚʙʘʩʝʥʢʦ, ɺ. ɺ. ʊʝʩʣʶʢ// 

ɸʛʨʦʝʢʦʣʦʛʽʯʥʠʡ ʞʫʨʥʘʣ. ʏʝʨʚʝʥʴ 2008.ʨ.ɯʥʩʪʠʪʫʪ ʘʛʨʦʝʢʦʣʦʛʽʾ ʋɸɸʅ. ï ʉ. 105 

ï 108. 
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ʆɹɻʈʋʅʊʋɺɸʅʅʗ ɿɸʉʊʆʉʋɺɸʅʅʗ ɸɺʊʆʊʈɸʅʉʇʆʈʊʋ ɿ 

ʅʋʃʔʆɺʀʄʀ ɺʀʂʀɼɸʄʀ 

 

ʊʝʩʣʶʢ ɺ.ɺ., ʉʘʥʯʫʢ ɹ.ʆ., ɹʘʨʘʣʦ ʉ.ɺ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ, 

ʊʘʨʘʱʘʥʩʴʢʠʡ ʪʝʭʥʽʯʥʠʡ ʪʘ ʝʢʦʥʦʤʽʢʦ-ʧʨʘʚʦʚʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ, ʤ. ʊʘʨʘʱʘ 

 

ʉʚʽʪ ʨʫʭʘʻʪʴʩʷ ʚ ʙʽʢ ʧʦʩʪʫʧʦʚʦʾ ʚʽʜʤʦʚʠ ʚʽʜ ʘʚʪʦʤʦʙʽʣʽʚ ʟ ʜʚʠʛʫʥʘʤʠ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ ʽ ʧʝʨʝʭʦʜʫ ʥʘ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ ʟ ʥʫʣʴʦʚʠʤ ʨʽʚʥʝʤ 

ʚʠʢʠʜʽʚ ï Zero Emission Vehicles (ZEV). 

ʆʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʚʠʢʦʥʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʦʧʝʨʘʮʽʡ ʙʝʟ ʚʠʢʠʜʽʚ ʫ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱ ʻ ʨʦʟʨʦʙʢʘ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ ʟ çʥʫʣʴʦʚʠʤ 

ʚʠʢʠʜʦʤè 

ɸʚʪʦʤʦʙʽʣʴ ʟ ʥʫʣʴʦʚʠʤ ʚʠʢʠʜʦʤ ʘʙʦ ZEV - ʮʝ ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ, ʷʢʠʡ ʥʝ 

ʚʠʧʫʩʢʘʻ ʚʠʭʣʦʧʥʠʭ ʛʘʟʽʚ ʟ ʙʦʨʪʦʚʦʛʦ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ [1]. ɺʽʜʦʤʦ, ʱʦ 

ʢhʽʜʣʠʚʽ ʚʠʢʠʜʠ ʜʣʷ ʟʜʦʨʦʚ'ʷ ʪʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʢʣʶʯʘʶʪʴ 

ʯʘʩʪʠʥʢʠ (ʩʘʞʘ), ʚʫʛʣʝʚʦʜʥʽ, ʦʢʠʩ ʚʫʛʣʝʮʶ, ʦʟʦʥ, ʩʚʠʥʝʮʴ ʪʘ ʨʽʟʥʽ ʦʢʩʠʜʠ ʘʟʦʪʫ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʚʦʥʠ ʥʝ ʚʚʘʞʘʶʪʴʩʷ ʟʘʙʨʫʜʥʶʚʘʯʘʤʠ ʚʠʢʠʜʽʚ ʟʘ 

ʚʠʟʥʘʯʝʥʥʷʤ ʂʘʣʽʬʦʨʥʽʡʩʴʢʦʛʦ ʘʚʽʘʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ (CARB) ʘʙʦ 

ɸʤʝʨʠʢʘʥʩʴʢʦʛʦ ʘʛʝʥʪʩʪʚʘ ʟ ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (EPA), 

ʥʘʡʧʦʰʠʨʝʥʽʰʝ ʟʘʛʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʪʝʨʤʽʥʫ ʪʘʢʦʞ ʚʢʣʶʯʘʻ ʣʝʪʢʽ 

ʦʨʛʘʥʽʯʥʽ ʩʧʦʣʫʢʠ, ʢʽʣʴʢʘ ʪʦʢʩʠʯʥʠʭ ʨʝʯʦʚʠʥ ʜʣʷ ʧʦʚʽʪʨʷ (ʦʩʦʙʣʠʚʦ 1,3-

ʙʫʪʘʜʽʻʥʫ) ʪʘ ʛʣʦʙʘʣʴʥʠʤʠ ʟʘʙʨʫʜʥʶʚʘʯʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʜʽʦʢʩʠʜ ʚʫʛʣʝʮʶ ʪʘ ʽʥʰʽ 

ʧʘʨʥʠʢʦʚʽ ʛʘʟʠ [2]. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʦ ʤʘʰʠʥ ʟ 

ʥʫʣʴʦʚʠʤʠ ʚʠʢʠʜʘʤʠ ʚʽʜʥʦʩʷʪʴ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ, ʱʦ ʧʨʠʚʦʜʷʪʴʩʷ ʚ ʜʽʶ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤ'ʷʟʽʚ (ʚʝʣʦʩʠʧʝʜʠ ʪʘ ʽʥʰʽ); ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ (ʝʣʝʢʪʨʠʯʥʽ ʚʝʣʦʩʠʧʝʜʠ; 

ʛʨʘʚʽʪʘʮʽʡʥʽ ʤʝʭʘʥʽʟʤʠ), ʝʣʝʢʪʨʠʯʥʽ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ, ʷʢʽ ʤʦʞʫʪʴ ʧʝʨʝʤʽʱʘʪʠ 

ʚʠʢʠʜʠ ʜʦ ʤʽʩʮ̫, ʜʝ ʚʠʨʦʙʣʷʻʪʴʩʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʷ (ʷʢʱʦ ʝʣʝʢʪʨʦʝʥʝʨʛʽʷ 

ʚʠʨʦʙʣʷʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʫʛʽʣʴʥʠʭ ʪʘ ʧʨʠʨʦʜʥʠʭ ʛʘʟʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʘ ʥʝ ʥʘ 

ʛʽʜʨʦʝʣʝʢʪʨʠʯʥʠʭ ʘʙʦ ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ) ʚʦʜʥʝʤ. ɺʠʢʠʜʠ ʚʽʜ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʤʧʣʝʢʪʫʶʯʠʭ (ʘʢʫʤʫʣʷʪʦʨʽʚ ʪʘ ʽʥʰʝ) ʥʝ ʚʭʦʜʷʪʴ ʫ 

ʚʠʟʥʘʯʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʚʠʢʠʜʽʚ, ʦʜʥʘʯʝ ʚʠʢʠʜʠ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʧʽʜ ʯʘʩ ʾʭ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʦʩʷʛʘʶʪʴ ʚʠʱʦʛʦ ʨʽʚʥʷ, ʧʦʨʽʚʥʷʥʦ ʟ ʪʠʤʠ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ 

ʧʨʦʪʷʛʦʤ ʧʝʨʽʦʜʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ. 

ɸʥʘʣʽʟ ʩʪʘʥʫ ʥʘʫʢʦʚʠʭ ʜʦʩʷʛʥʝʥʴ ʽ ʧʨʦʤʠʩʣʦʚʦʛʦ ʨʦʟʚʠʪʢʫ ʧʦʢʘʟʫʻ, ʱʦ 

ʝʬʝʢʪʠʚʥʽ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ ʾʭ ʨʦʟʚʠʪʢʫ, ʽ  

ʚʠʨʦʙʥʠʯʽ ʚʠʢʠʜʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʤʝʥʰʝʥʽ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ, 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʧʝʨʝʭʦʜʫ ʥʘ ʤʘʩʦʚʝ ʚʠʨʦʙʥʠʮʪʚʦ. 

ʂʨʽʤ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʟʘ ʨʘʭʫʥʦʢ ʤôʷʟʽʚ, ʚʽʜʦʤʦ 

ʘʢʫʤʫʣʷʪʦʨʥʽ ʝʣʝʢʪʨʦʤʦʙʽʣʽ (ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʘʚʪʦʤʦʙʽʣʽ, ʣʽʪʘʢʠ ʪʘ ʯʦʚʥʠ), ʷʢʽ 

ʪʘʢʦʞ ʥʝ ʚʠʜʽʣʷʶʪʴ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʪʘ ʥʽʷʢʠʭ CO2 ï ʛʘʟʫ ʧʽʜ ʯʘʩ 
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ʚʠʢʦʨʠʩʪʘʥʥʷ. ʎʝ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦ ʚ ʛʫʩʪʦʥʘʩʝʣʝʥʠʭ ʨʘʡʦʥʘʭ, ʜʝ ʦʩʦʙʣʠʚʦ 

ʤʘʩʦʚʦ ʤʦʞʝ ʚʽʜʯʫʚʘʪʠʩʷ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʰʢʽʜʣʠʚʠʭ ʚʠʢʠʜʽʚ ʥʘ ʞʠʪʪʷ ʽ 

ʟʜʦʨʦʚ'ʷ ʤʝʰʢʘʥʮʽʚ.  

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʧʦʢʘʟʫʻ, ʱʦ ʩʚʽʪʦʚʘ ʩʧʽʣʴʥʦʪʘ ʥʘʫʢʦʚʮʽʚ, 

ʧʨʠʨʦʜʦ ʟʘʭʠʩʥʠʢʽʚ ʪʘ ʝʢʦʣʦʛʽʚ ʜʘʥʦʤʫ ʥʘʧʨʷʤʫ ʧʨʠʜʽʣʷʶʪʴ ʟʥʘʯʥʫ ʫʚʘʛʫ. ʇʝʨʝʜ 

ʽʥʞʝʥʝʨʥʦʶ ʜʫʤʢʦʶ ʧʦʚʩʪʘʶʪʴ ʥʝʚʽʜʢʣʘʜʥʽ ʟʘʚʜʘʥʥʷ ʧʦ ʚʠʨʽʰʝʥʥʶ ʜʘʥʦʾ 

ʧʨʦʙʣʝʤʠ, ʥʘ ʷʢʫ ʚʠʜʽʣʷʶʪʴʩʷ ʟʥʘʯʥʽ ʢʦʰʪʠ ʪʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʜʫʞʝ ʙʘʛʘʪʦ ʯʘʩʫ.  

ʇʨʦʪʝ ʚʠʨʦʙʥʠʮʪʚʦ ʧʘʣʴʥʦʛʦ, ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʦʪʫʞʥʽʩʪʴ ZEV, 

ʥʘʧʨʠʢʣʘʜ, ʚʠʨʦʙʥʠʮʪʚʦ ʚʦʜʥʶ ʟ ʚʠʢʦʧʥʦʛʦ ʧʘʣʠʚʘ, ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʙʽʣʴʰʝ 

ʚʠʢʠʜʽʚ ʥʘ ʦʜʠʥʠʮʶ ʦʙôʻʤʫ, ʥʽʞ ʚʠʢʠʜʠ ʚʽʜ ʟʚʠʯʘʡʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ, ʱʦ ʧʨʘʮʶʻ 

ʥʘ ʚʠʢʦʧʥʦʤʫ ʧʘʣɹ ʥʦʤʫ. ʆʮʽʥʢʘ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ çʜʦʙʨʝ-ʜʦ-ʢʦʣʝʩʘè ʥʝʦʙʭʽʜʥʘ 

ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʚʧʣʠʚʫ ʚʠʢʠʜʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʝʢʩʧʣʫʘʪʘʮʽʻʶ ZEV. 

ʉʚʽʪʦʚʠʡ ʜʦʩʚʽʜ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ ʘʚʪʦʤʦʙʽʣʽʚ ʚʽʜʦʙʨʘʞʘʻ, ʱʦ ʤʘʰʠʥʠ 

ʟ ʥʫʣʴʦʚʦʶ ʝʤʽʩʽʻʶ ʚʢʣʶʯʘʶʪʴ ʛʽʙʨʠʜʠ ʟ ʚʙʫʜʦʚʘʥʠʤ ʩʧʦʞʠʚʘʥʥʷʤ (ʥʘʧʨʠʢʣʘʜ, 

ICE / ʝʣʝʢʪʨʠʯʥʠʡ ʘʢʫʤʫʣʷʪʦʨ), ʢʦʣʠ ʚ ʝʣʝʢʪʨʠʯʥʦʤʫ ʨʝʞʠʤʽ ʜʝʷʢʽ ʛʽʙʨʠʜʠ ʜʣʷ 

ʧʽʜʢʣʶʯʝʥʥʷ ʚ ʨʝʞʠʤʽ ʧʽʜʟʘʨʷʜʢʠ ʪʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʨʝʞʠʤʫ (ʥʘʧʨʠʢʣʘʜ, ʝʣʝʤʝʥʪ 

ʞʠʚʣʝʥʥʷ / ʝʣʝʢʪʨʠʯʥʠʡ ʘʢʫʤʫʣʷʪʦʨ, ʩʪʠʩʥʝʥʠʡ ʜʚʠʛʫʥ / ʝʣʝʢʪʨʠʯʥʠʡ 

ʘʢʫʤʫʣʷʪʦʨ), ʨʽʜʠʥʘ ʘʟʦʪʥʽ ʤʘʰʠʥʠ, ʚʦʜʥʝʚʽ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ 

(ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʘʣʠʚʥʽ ʝʣʝʤʝʥʪʠ ʘʙʦ ʧʝʨʝʪʚʦʨʝʥʽ ʜʚʠʛʫʥʠ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʟʛʦʨʷʥʥʷ) ʪʘ ʩʪʠʩʥʫʪʽ ʧʦʚʽʪʨʷʥʽ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ, ʟʘʟʚʠʯʘʡ ʟʘʚʘʥʪʘʞʝʥʽ 

ʧʦʚʽʣʴʥʠʤʠ (ʜʦʤʘʰʥʽʤʠ) ʘʙʦ ʰʚʠʜʢʠʤʠ (ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʤʠ) ʝʣʝʢʪʨʠʯʥʠʤʠ 

ʢʦʤʧʨʝʩʦʨʘʤʠ, ʘʧʘʨʘʪʘʤʠ ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ ʤʘʭʦʚʠʢʽʚ, ʤʘʰʠʥʘʤʠ, ʱʦ 

ʧʨʘʮʶʶʪʴ ʥʘ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʷʭ, ʪʘ ʪʨʠʙʨʽʜʠ.  

ʈʦʟʨʦʙʢʘ, ʚʠʨʦʙʥʠʮʪʚʦ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ ʩʪʚʦʨʝʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʪʘ ʧʨʦʤʠʩʣʦʚʠʭ ʦʙôʻʢʪʽʚ ʟ ʤʝʪʦʶ ʦʙʤʝʞʝʥʥʷ ʥʝʛʘʪʠʚʥʠʭ 

ʚʠʢʠʜʽʚ ʫ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʻ ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ ʧʦʜʘʣʴʰʦʛʦ 

ʨʦʟʚʠʪʢʫ ʣʶʜʩʴʢʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ.    

ʃʽʪʝʨʘʪʫʨʘ 

1. California Air Resources Board (2009-03-09). "Glossary of Air Pollution 

Terms: ZEV". Retrieved 2009-04-21.  

2. Christine & Scott Gable. "What is a ZEV - Zero Emissions Vehicle?". 

About.com: Hybrid Carts & Alt Fuels. Retrieved 2008-04-21. 
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ʂʆʄɹɸʁʅʋ TUCANO CLAAS  

 

ɻʣʦʙʘ ɺ. ɭ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ɯʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ CLAAS ʜʘʶʪʴ ʟʤʦʛʫ ʦʙʨʦʙʣʷʪʠ ʩʠʨʦʚʠʥʫ ʚʞʝ ʧʝʨʝʜ 

ʤʦʣʦʪʠʣʴʥʠʤ ʙʘʨʘʙʘʥʦʤ. ʇʨʠ ʮʴʦʤʫ, ʜʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʧʨʘʮʶʻ ʥʘ 20% 

ʧʨʦʜʫʢʪʠʚʥʽʰʝ ʧʨʠ ʥʝʟʤʽʥʥʽʡ ʚʠʪʨʘʪʽ ʧʘʣʠʚʘ [1]. ɿʥʘʯʥʝ ʧʨʠʩʢʦʨʝʥʥʷ ʧʦʪʦʢʫ 

ʟʝʨʥʦʚʦʾ ʤʘʩʠ ʚʽʜ 3 ʤ/c ʜʦ 20 ʤ/c ʟʘʙʝʩʧʝʯʫʻ ʤʘʢʩʠʤʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʩʽʭ 

ʥʘʩʪʫʧʥʠʭ ʧʨʦʮʝʩʽʚ: 

ʟʘʚʜʷʢʠ ʧʦʧʝʨʝʜʥʴʦʤʫ ʧʨʠʩʢʦʨʝʥʥʶ ʨʦʩʣʠʥʥʘ ʤʘʩʘ ʨʦʟʜʽʣʷʻʪʴʩʷ ʥʘʙʘʛʘʪʦ 

ʝʬʝʢʪʠʚʥʽʰʝ; 

ʧʦʪʽʢ ʨʦʩʣʠʥʥʦʾ ʤʘʩʠ ʨʫʭʘʻʪʴʩʷ ʨʽʚʥʦʤʽʨʥʦ ʪʘ ʰʚʠʜʰʝ ʥʘ 33%; 

ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʘ ʩʝʧʘʨʘʮʽʷ ʟʝʨʥʘ ʟʘʚʜʷʢʠ ʟʙʽʣʴʰʝʥʥʶ ʚʽʜʮʝʥʪʨʦʚʦʾ ʩʠʣʠ; 

ʜʦ 30% ʟʝʨʝʥ ʚʞʝ ʚʽʜʜʽʣʷʻʪʴʩʷ ʫ ʧʦʧʝʨʝʜʥʴʦʤʫ ʜʝʮʽ, ʷʢʝ ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ 

ʧʨʠʩʢʦʨʶʚʘʯʝʤ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʩʥʦʚʥʝ ʜʝʢʦ; 

 

 

1  ʇʨʠʩʢʦʨʶʚʘʯ 

 

2  ʄʦʣʦʪʠʣʴʥʠʡ ʙʘʨʘʙʘʥ 

 

3  ɺʽʜʙʽʡʥʠʡ ʙʽʪʝʨ 
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ʇʦʧʝʨʝʜʥʻ ʜʝʢʦ ʫ ʚʠʛʣʷʜʽ 

ʫʥʬʚʝʨʩʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

MULTICROP ʜʣʷ ʟʙʦʨʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʢʫʣʴʪʫʨ. ʃʝʛʢʘ ʪʘ ʰʚʠʜʢʘ ʟʤʽʥʘ 3-ʭ 

ʩʝʛʤʝʥʪʽʚ. ɼʣʷ ʦʧʪʠʤʘʣʴʥʦʾ ʦʯʠʩʪʢʠ 

ʟʝʨʥʘ ʚ APS ʜʦʩʪʫʧʥʽ ʙʘʛʘʪʦʨʽʚʥʝʚʽ 

ʥʘʣʘʰʪʫʚʘʥʥʷ. ɿʘʚʜʷʢʠ ʧʘʩʠʚʥʠʤ 

ʙʠʯʽʚ-ʰʘʩʪʘʣʦʢ ʦʩʥʦʚʥʦʛʦ 

ʧʽʜʙʘʨʘʙʘʥʥʷ ʽ ʧʣʘʩʪʠʥ-ʧʝʨʝʢʨʠʪʪʷ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʽʜʙʘʨʘʙʘʥʥʷ, ʷʢʽ 

ʤʦʞʥʘ ʘʢʪʠʚʫʚʘʪʠ ʩʧʝʮʽʘʣʴʥʠʤ ʚʘʞʝʣʝʤ ʥʘ 

ʧʦʜʘʶʯʦʤʫ ʢʘʥʘʣʽ, APS ʟʘʙʝʟʧʝʯʫʻ 

ʥʘʡʚʠʱʫ ʷʢʽʩʪʴ ʪʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ. 

ʇʨʠʩʢʦʨʶʚʘʯ ʽ ʤʦʣʦʪʠʣʴʥʠʡ ʙʘʨʘʙʘʥ 

ʧʨʠʚʦʜʷʪʴʩʷ ʚ ʜʽʶ ʯʝʨʝʟ ʮʝʥʪʨʘʣʴʥʠʡ 

ʚʘʨʽʘʪʦʨ. ʇʨʠ ʟʤʽʥʽ ʯʠʩʣʘ ʦʙʝʨʪʽʚ 

ʤʦʣʦʪʠʣʴʥʦʛʦ ʙʘʨʘʙʘʥʘ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ 

ʘʙʦ ʦʢʨʫʞʥʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʧʨʠʩʢʦʨʶʚʘʯʘ 

ʽ ʚʽʜʙʽʡʥʦʛʦ ʙʽʪʝʨʘ ʟʤʽʥʶʻʪʴʩʷ ʩʠʥʭʨʦʥʥʦ, ʱʦ ʜʦʟʚʦʣʷʻ ʜʙʘʡʣʠʚʦ ʦʙʤʦʣʦʯʫʚʘʪʠ 

ʟʝʨʥʦ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʜʨʦʙʣʝʥʥʷʤ ʧʨʠ ʨʽʚʥʦʤʽʨʥʽʡ ʧʦʜʘʯʽ. 

ʅʦʚʠʥʢʠ ʢʦʥʩʪʨʫʢʮʽʾ: ʛʽʜʨʘʚʣʽʯʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʜʝʢʘ. ʇʽʜʙʘʨʘʙʘʥʥʷ 

ʨʝʛʫʣʶʻʪʴʩʷ ʛʽʜʨʘʚʣʽʯʥʦ ʧʨʷʤʦ ʟ ʤʽʩʮʷ ʤʝʭʘʥʽʟʘʪʦʨʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʢʦʤʬʦʨʪʥʦ ʪʘ 

ʦʧʝʨʘʪʠʚʥʦ ʘʜʘʪʘʧʪʫʚʘʪʠ ʨʦʙʦʪʫ ʧʽʜ ʨʽʟʥʽ ʫʤʦʚʠ ʦʙʤʦʣʦʪʫ. ʇʨʠ ʮʴʦʤʫ 

ʧʘʨʘʣʝʣʴʥʝ ʚʝʜʽʥʥʷ ʧʝʨʝʜʙʘʨʘʙʘʥʥʷ ʟʘʙʝʩʧʝʯʫʻ ʦʧʪʠʤʘʣʴʥʫ ʷʢʽʩʪʴ ʦʙʤʦʣʦʪʫ. 

ʅʦʚʠʥʢʠ ʢʦʥʩʪʨʫʢʮʽʾ: ʟʘʭʠʩʪ ʚʽʜ ʧʝʨʝʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʜʦʙʦʚʦʾ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. 

ɺʙʫʜʦʚʘʥʠʡ ʛʽʜʨʘʚʣʽʯʥʠʡ ʟʘʭʠʩʪ ʚʽʜ ʧʝʨʝʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘʜʽʡʥʦ ʟʘʧʦʙʽʛʘʻ 

ʧʦʰʢʦʜʞʝʥʥʷʤ ʧʦʩʪʦʨʦʥʥʽʤʠ ʧʨʝʜʤʝʪʘʤʠ, ʟʘʙʝʩʧʝʯʫʶʯʠ ʙʝʟʧʝʯʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʤʝʞʘʭ ʤʦʞʣʠʚʦʩʪʝʡ ʤʘʰʠʥʠ. 

ʇʦʧʝʨʝʜʥʴʦ ʧʽʜʙʘʨʘʙʘʥʥʷ ʛʽʜʨʘʚʣʽʯʥʦ ʥʘʚʘʥʪʘʞʝʥʽ ʽ ʚʽʜʢʨʠʚʘʶʪʴʩʷ ʧʨʠ 

ʧʽʢʦʚʠʭ ʪʠʩʢʘʭ. ʇʽʩʣʷ ʯʦʛʦ ʚʦʥʠ ʘʚʪʦʤʘʪʠʯʥʦ ʧʦʚʝʨʪʘʶʪʴʩʷ ʚ ʨʦʙʦʯʝ ʧʦʣʦʞʝʥʥʷ. 

ʄʦʣʦʪʠʣʢʘ CLAAS: 

ɿʤʽʥʘ ʧʦʧʝʨʝʜʥʽʭ ʜʝʢ MULTICROP 


