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ɿʙʽʨʥʠʢ ʤʘʪʝʨʽʘʣʽʚ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ on-line ʢʦʥʬʝʨʝʥʮʽʾ çʇʈʆɹʃɽʄʀ 

ɹʋɼɯɺɽʃʔʅʆɻʆ ʊɸ ʊʈɸʅʉʇʆʈʊʅʆɻʆ ʂʆʄʇʃɽʂʉɯɺè. - ʂʨʦʧʠʚʥʠʮʴʢʠʡ: ʎʅʊʋ 

2023.ï170 ʩ. 

 

ʆʈɻɸʅɯɿɸʎɯʁʅʀʁ ʂʆʄɯʊɽʊ ʂʆʅʌɽʈɽʅʎɯɰɰ 

ɻʦʣʦʚʘ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʢʦʤʽʪʝʪʫ: 

ʃʝʚʯʝʥʢʦ ʆ.ʄ., ʜ-ʨ ʝʢʦʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, ʧʨʦʨʝʢʪʦʨ ʟ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ  ʪʘ ʤʽʞʥʘʨʦʜʥʠʭ ʟʚôʷʟʢʽʚ 

ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʤ. ʂʨʦʧʠʚʥʠʮʴʢʠʡ, ʋʢʨʘʾʥʘ. 

ɿʘʩʪʫʧʥʠʢʠ ʛʦʣʦʚʠ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʢʦʤʽʪʝʪʫ: 

ʅʘʩʪʦʷʱʠʡ ɺ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʙʫʜʽʚʝʣʴʥʠʭ, ʜʦʨʦʞʥʽʭ ʤʘʰʠʥ ʽ 

ʙʫʜʽʚʥʠʮʪʚʘ, ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʨʦʧʠʚʥʠʮʴʢʠʡ, 

ʋʢʨʘʾʥʘ. 

ɸʫʣʽʥ ɺ.ɺ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʨʝʤʦʥʪʫ ʤʘʰʠʥ 

ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʤ. ʂʨʦʧʠʚʥʠʮʴʢʠʡ, ʋʢʨʘʾʥʘ. 

ʏʣʝʥʠ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʢʦʤʽʪʝʪʫ: 

Darko Lovrec, Professor, Maribor, Slovenija; 

Kinasz Roman, Professor (Full), PhD, D.Sc. Eng., AGH University of Science and Technology, Polska; 

Ğukasz Kaczmarek, Professor, ʃʦʜʟʠʥʩʴʢʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, Lodz, Polska; 

Mareks Mezitis, Dr. sc. ing. Transport Academy, Head of Scientific Institute, Latvia; 

Olfa Moroz, Dr., Professor, Technische Hochschuhle Ostwestfalie Lippe, Deutschland; 

Roman Rabenseifer, Dr. techn. Ing. arch., Assoc. Prof., Slovak University of Technology, Bratislava, 

Slovakia; 

ɸʥʜʞʝʡ ʅʻʚʯʘʩ, PhD, ʧʨʦʬʝʩʦʨ, ʃʶʙʣʽʥʩʴʢʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʃʶʙʣʽʥ, ʇʦʣʴʰʘ; 

ɹʘʙʠʯ ɭ.ʄ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, ʟʘʩʣʫʞʝʥʠʡ ʧʨʘʮʽʚʥʠʢ ʥʘʨʦʜʥʦʾ ʦʩʚʽʪʠ ʋʢʨʘʾʥʠ, 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʚʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ, ʤ. ʈʽʚʥʝ, ʋʢʨʘʾʥʘ; 

ɺʦʡʪʦʚ ɺ.ɸ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, ɼʝʨʞʘʚʥʠʡ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʍʘʨʢʽʚ, 

ʋʢʨʘʾʥʘ; 

ɻʘʩʽʡ ɻ.ʄ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ; 

ɻʦʨʙʘʯʦʚ ʇ.ʌ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ 

ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ; 

ɼʦʚʯʝʥʢʦ ʇ.ɯ., ʟʘʩʣʫʞʝʥʠʡ ʙʫʜʽʚʝʣʴʥʠʢ ʋʢʨʘʾʥʠ, ʛʝʥʝʨʘʣʴʥʠʡ ʜʠʨʝʢʪʦʨ ʇʨʦʝʢʪʥʦ ʚʠʰʫʢʫʚʘʣʴʥʦʛʦ 

ʽʥʩʪʠʪʫʪʫ çɸʛʨʦʧʨʦʝʢʪè, ʤ. ʂʨʦʧʠʚʥʠʮʴʢʠʡ, ʋʢʨʘʾʥʘ; 

ɼʦʤʠʥʠʢ ɿʠʤʦʥ, ʜʦʢʪʦʨ, ʜʦʮʝʥʪ, ɾʝʰʫʚʩʴʢʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʇʦʣʴʱʘ; 

ɽʣʴʞʙʝʪʘ ʄʘʮʴʦʰʝʢ, ʜ.ʪ.ʥ., ʜʦʮ. ʧʨʦʬ., ʉʽʣʝʟʴʢʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʇʦʣʴʱʘ; 

ɿʦʮʝʥʢʦ ʄ.ʃ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ "ʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ 

ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘ", ʤ. ʇʦʣʪʘʚʘ, ʋʢʨʘʾʥʘ; 

ʂʠʨʠʯʝʥʢʦ ɯ.ɻ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ 

ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ; 

ʂʣʠʤʝʥʢʦ ɭ.ɺ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, ʟʘʩʣʫʞʝʥʠʡ ʜʽʷʯ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ ʋʢʨʘʾʥʠ, ʆʜʝʩʴʢʘ 

ɼʝʨʞʘʚʥʘ ɸʢʘʜʝʤʽʷ ɹʫʜʽʚʥʠʮʪʚʘ ʪʘ ɸʨʭʽʪʝʢʪʫʨʠ, ʤ. ʆʜʝʩʘ, ʋʢʨʘʾʥʘ; 

ʂʫʣʻʰʢʦʚ ʖ.ɺ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʨʦʧʠʚʥʠʮʴʢʠʡ, ʋʢʨʘʾʥʘ; 

ʃʘʥʝʮʴ ʆ.ʉ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. 

ʃʴʚʽʚ, ʋʢʨʘʾʥʘ; 

ʄʘʛʦʧʝʮʴ ʉ.ʆ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʨʦʧʠʚʥʠʮʴʢʠʡ, ʋʢʨʘʾʥʘ; 

ʄʘʨʯʽʥ ʂʽʯʽʥʩʴʢʠʡ, ʜʦʢʪʦʨ ʬʽʣʦʩʦʬʽʾ, ʜʦʮʝʥʪ, ʇʦʟʥʘʥʩʴʢʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʇʦʣʴʱʘ; 

ʄʦʨʦʟ ʄ.ʄ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, ʂʨʝʤʝʥʯʫʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʽʤʝʥʽ ʄʠʭʘʡʣʘ ʆʩʪʨʦʛʨʘʜʩʴʢʦʛʦ, ʤ. ʂʨʝʤʝʥʯʫʢ, ʋʢʨʘʾʥʘ; 

ʅʘʛʣʶʢ ɯ.ʉ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ- ʜʦʨʦʞʥʽʡ 

ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ; 

ʆʣʝʢʩʘʥʜʨ ɻʨʘʢʦʚʩʢʽ, PhD, ʧʨʦʬʝʩʦʨ, ɯʥʩʪʠʪʫʪ ʪʨʘʥʩʧʦʨʪʫ ʽ ʟʚ'ʷʟʢʫ, ʤ. ʈʠʛʘ, ʃʘʪʚʽʷ; 

ʇʘʰʠʥʩʴʢʠʡ ɺ.ɸ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʨʦʧʠʚʥʠʮʴʢʠʡ, ʋʢʨʘʾʥʘ; 



ʇʽʜʛʫʨʩʴʢʠʡ ʄ.ɯ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, ʊʝʨʥʦʧʽʣʴʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʽʤʝʥʽ ɯ. ʇʫʣʶʷ, ʤ. ʊʝʨʥʦʧʽʣʴ, ʋʢʨʘʾʥʘ; 

ʇʽʯʫʛʽʥ ʉ.ʌ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, ʟʘʩʣʫʞʝʥʠʡ ʜʽʷʯ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ ʋʢʨʘʾʥʠ, ʣʘʫʨʝʘʪ 

ɼʝʨʞʘʚʥʦʾ ʧʨʝʤʽʾ ʋʢʨʘʾʥʠ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ "ʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ ʽʤʝʥʽ ʖʨʽʷ 

ʂʦʥʜʨʘʪʶʢʘ", ʤ. ʇʦʣʪʘʚʘ, ʋʢʨʘʾʥʘ; 

ʇʦʣʷʥʩʴʢʠʡ ʆ.ʉ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ 

ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ; 

ʈʘʤʫʥʘʩ ʇʘʣʴʰʘʪʽʩ, PhD, ʧʨʦʬʝʩʦʨ, ɺʽʣʴʥʶʩʴʢʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɻʝʜʠʤʽʥʘʩʘ, ʤ. 

ɺʽʣʴʥʶʩ, ʃʠʪʚʘ; 

ʈʦʡʢʦ ʖ.ʗ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. 

ʃʴʚʽʚ, ʋʢʨʘʾʥʘ 

ʉʘʚʫʣʷʢ ɺ.ɯ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. 

ɺʽʥʥʠʮʷ, ʋʢʨʘʾʥʘ; 

ʉʘʭʥʦ ɺ.ʇ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʠʾʚ, 

ʋʢʨʘʾʥʘ; 

ʉʝʤʢʦ ɺ.ʆ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʨʦʧʠʚʥʠʮʴʢʠʡ, ʋʢʨʘʾʥʘ; 

ʊʠʤʦʬʝʻʚʘ ʃ.ɸ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʟʘʣʽʟʥʠʯʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ, ʤ. ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ; 

ʌʘʨʝʥʶʢ ɻ.ɻ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, ʜʠʨʝʢʪʦʨ ɼʇ "ɼʝʨʞʘʚʥʠʡ ʥʘʫʢʦʚʦ- ʜʦʩʣʽʜʥʠʡ ʽʥʩʪʠʪʫʪ 

ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ", ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ; 

ʌʽʣʽʤʦʥʽʭʽʥ ɻ.ɹ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʨʦʧʠʚʥʠʮʴʢʠʡ, ʋʢʨʘʾʥʘ; 

ʍʘʨʯʝʥʢʦ ɭ.ɺ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ "ʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ", ʤ. 

ʃʴʚʽʚ, ʋʢʨʘʾʥʘ; 

ʏʝʨʥʦʚʦʣ ʄ.ɯ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, ʘʢʘʜʝʤʽʢ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʘʛʨʘʨʥʠʭ ʥʘʫʢ ʋʢʨʘʾʥʠ, 

ʟʘʩʣʫʞʝʥʠʡ ʜʽʷʯ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ ʋʢʨʘʾʥʠ, ʧʦʯʝʩʥʠʡ ʨʝʢʪʦʨ ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʤ. ʂʨʦʧʠʚʥʠʮʴʢʠʡ, ʋʢʨʘʾʥʘ; 

ʐʝʧʝʣʝʥʢʦ ɯ.ɺ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʨʦʧʠʚʥʠʮʴʢʠʡ, ʋʢʨʘʾʥʘ; 

ʗʮʫʥ ɺ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʜʝʢʘʥ ʬʘʢʫʣʴʪʝʪʫ ʙʫʜʽʚʥʠʮʪʚʘ, ʪʨʘʥʩʧʦʨʪʫ ʪʘ    

ʝʥʝʨʛʝʪʠʢʠ,    ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʠʡ   ʥʘʮʽʦʥʘʣʴʥʠʡ   ʪʝʭʥʽʯʥʠʡ   ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. 

ʂʨʦʧʠʚʥʠʮʴʢʠʡ, ʋʢʨʘʾʥʘ. 

ɺʽʜʧʦʚʽʜʘʣʴʥʽ ʩʝʢʨʝʪʘʨʽ ʩʝʢʮʽʡ ʢʦʥʬʝʨʝʥʮʽʾ: 

ɼʘʨʽʻʥʢʦ ɺʽʢʪʦʨ ɺʽʢʪʦʨʦʚʠʯ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʙʫʜʽʚʝʣʴʥʠʭ, ʜʦʨʦʞʥʽʭ ʤʘʰʠʥ ʽ 

ʙʫʜʽʚʥʠʮʪʚʘ ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ï (ʩʝʢʮʽʷ 1); ʪʝʣ.: 

+38-066-303-8586, ɽ-mʘʽl: vvdarienko@gmail.com 

ʃʠʩʝʥʢʦ ʉʝʨʛʽʡ ɺʦʣʦʜʠʤʠʨʦʚʠʯ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʨʝʤʦʥʪʫ 

ʤʘʰʠʥ ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ï (ʩʝʢʮʽʷ 2); ʪʝʣ.: +38-

066-772-7645, ɽ-mʘʽl: sv07091976@gmail.com 

ʍʘʯʘʪʫʨʷʥ ʉʝʨʛʽʡ ʃʝʦʥʽʜʦʚʠʯ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʙʫʜʽʚʝʣʴʥʠʭ, ʜʦʨʦʞʥʽʭ ʤʘʰʠʥ ʽ 

ʙʫʜʽʚʥʠʮʪʚʘ ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ï (ʩʝʢʮʽʷ 3); ʪʝʣ.: 

+38-050-457-2337, ɽ-mʘʽl: serg130354@gmail.com 

 

 

ʇʦʰʪʦʚʘ ʘʜʨʝʩʘ: ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ. ʆʨʛʢʦʤʽʪʝʪ 

ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ on-line ʢʦʥʬʝʨʝʥʮʽʾ 

çʇʨʦʙʣʝʤʠ ʙʫʜʽʚʝʣʴʥʦʛʦ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʽʚè. ʇʨʦʩʧʝʢʪ ʋʥʽʚʝʨʩʠʪʝʪʩʴʢʠʡ 8, ʤ. 

ʂʨʦʧʠʚʥʠʮʴʢʠʡ, 25030, ʋʢʨʘʾʥʘ 
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ɿɿʄʄɯɯʉʉʊʊ  
ʅʘʩʪʦʷʰʠʡ ɺ, ʧʨʦʬ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 
ʂɸʌɽɼʈɯ ɹʋɼɯɺɽʃʔʅʀʍ, ɼʆʈʆɾʅɯʍ ʄɸʐʀʅ ɯ ɹʋɼɯɺʅʀʎʊɺɸ ï 50 ʈʆʂɯɺééééééééééééééééééééé.4 
 

ɼʘʨʽʻʥʢʦ ɺ., ɼʞʠʨʤʘ ʉ., ʂʘʨʧʫʰʠʥ ʉ., ʅʘʩʪʦʷʱʠʡ ɺ.,ʇʘʰʠʥʩʴʢʠʡ ɺ.,ʇʘʰʠʥʩʴʢʠʡ ʄ., ʇʦʨʪʥʦʚ ɻ., ʉʽʜʝʡ ɺ.,  

ʉʢʨʠʥʥʽʢ ɯ., ʍʘʯʘʪʫʨʷʥ ʉ., ʊʠʭʠʡ ɸ.,ʗʮʫʥ ɺ. 

ʆɻʃʗɼ ɼʆʉʃɯɼɾɽʅʔ ʅɽʉʋʏʀʍ ɹʋɼɯɺɽʃʔʅʀʍ ʂʆʅʉʊʈʋʂʎɯʁ, ɺʀʂʆʅɸʅʀʍ ʂɸʌɽɼʈʆʖ ɹɼʄɹééééééééé.7 

 
ʇʘʰʠʥʩʴʢʠʡ ʄ., ɼʞʠʨʤʘ ʉ., ʂʘʨʧʫʰʠʥ ʉ., ʇʘʰʠʥʩʴʢʠʡ ɺ., ʇʣʦʪʥʽʢʦʚ ʆ., ʉʝʤʢʦ ɺ., ʉʢʨʠʥʥʽʢ ɯ., ʊʠʭʠʡ ɸ.,  

ʌʽʣʽʤʦʥʽʭʽʥ ɻ. 

ʈɽɿʋʃʔʊɸʊʀ ʊɸ ʇɽʈʉʇɽʂʊʀɺʀ ɼʆʉʃɯɼɾɽʅʅʗ ʁ ʅʆʈʄʋɺɸʅʅʗ ʅɸɺɸʅʊɸɾɽʅʔ ɯ ɺʇʃʀɺɯɺ ʅɸ ɹʋɼɯɺɽʃʔʅɯ 

ʂʆʅʉʊʈʋʂʎɯɰééééééééééééééééééééééééééééééééééééééééé..éééééééé.é..13 

 
ʇʘʰʠʥʩʴʢʠʡ ɺ., ɼʞʠʨʤʘ ʉ., ʂʘʨʧʫʰʠʥ ʉ., ʇʘʰʠʥʩʴʢʠʡ ʄ., ʇʣʦʪʥʽʢʦʚ ʆ., ʉʝʤʢʦ ɺ.,ʉʢʨʠʥʥʽʢ ɯ.,ʊʠʭʠʡ ɸ.,  ɼʦʚʯʝʥʢʦ ʇ.  

ʈɽɿʋʃʔʊɸʊʀ ʊɸ ʇɽʈʉʇɽʂʊʀɺʀ ɼʆʉʃɯɼɾɽʅʔ ʊɽʇʃʆɺʆɰ ʅɸɼɯʁʅʆʉʊɯ ʆɻʆʈʆɼɾʋɺɸʃʔʅʀʍ 

ʂʆʅʉʊʈʋʂʎɯʁéééééééééééééééééééééééééééééééééééééééééééééééé...éé.19 

 
Gorbatyuk Ievgenii  

DETERMINATION OF DYNAMIC LOADS DURING OPERATION OF TOWER CRANESééééééééééééééééé.é23 

 
Maksym Balaka, Dmytro Palamarchuk, Dmytro Mishchuk  

FEATURES OF TIRE TREAD WEAR BY ROLLINGéééééééééééééééééééééééééééééééé.ééé.25 

 

Semko Volodymyr, Oleg Yurin  

TO THE ISSUE OF STUDYING THE MOISTURE CONDITION OF THE CORNER OF  

THE BRICK WALLééééééééééééééééééééééééééééééééééééééééééééééééé.é28 

 

Semko Volodymyr, Olena Hranko  

REPAIR WAR-DAMAGED LARGE-PANEL BUILDINGS USING WALL PANELS WITH FRAMES MADE FROM COLD-FORMED 

STEEL ELEMENTSééééééééééééééééééééé.éééééééééééééééééééééééééééé..31 

 

Semko Volodymyr, Rudolf Ćroch  

THE INFLUENCE OF STEEL STRIPS COATING COST ON ROOF STEEL DECKS' CROSS-

SECTIONCHOICEéééééééééééééééééééééééééééééééééééééééééééééééééé.35 

 

Skiba Karol , Roman Kinasz  

DECISION SUPPORT IN THE SELECTION OF MATERIAL SOLUTIONS FOR BUILDING 

PARTITIONSéééééééééééééééééééééééééééééééééééééééééééééééééééé.39 

 

Zharova ɸ., Anosova Z., Tykhyi ɸ., Pashynskyi, ʄ.  

USING THE SCAD SOFTWARE TO CREATE A BUILDING MODEL WITH A MONOLITHIC REINFORCED  

CONCRETE FRAMEééééééééééééééééééééééééééééééééééééééééééééééééé.41 

 

ɹʘʙʠʯ  ɭ., ʂʘʨʘʚʘʥ ɹ.  

ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɯ ɼʆʉʃɯɼɾɽʅʅʗ ɿɸʃɯɿʆɹɽʊʆʅʅʆɰ ɸʈʂʀ ɿ ɺʀʉʆʂʆʄɯʎʅʆɻʆ ɹɽʊʆʅʋ ʅɸ ɼɯʖ 

ʄɸʃʆʎʀʂʃʆɺʀʍ ʇʆɺʊʆʈʅʀʍ ʅɸɺɸʅʊɸɾɽʅʔééééééééééééééééééééééééééééééééé....44 

 

ɹʫʣʴʙʘʭʘ ʆ.,  

ɺɽʈʊʀʂɸʃʔʅʀʁ ʉʊʀʂ ʄɯɾ ɿɸʃɯɿʆɹɽʊʆʅʅʀʄʀ ʉʊɯʅʆɺʀʄʀ ʇɸʅɽʃʗʄʀ ʅɸ  

ɻʅʋʏʂʀʍ ʇɽʊʃʗʍéééééééééééééééééééééééééééééééééééééééééé...éééééé.49 

 

ɻʣʘʚʘʮʴʢʠʡ ʂ.  

ɸʂʊʋɸʃʔʅɯ ʇʀʊɸʅʅʗ ʋɼʆʉʂʆʅɸʃɽʅʅʗ ʈʆɹʆʏʀʍ ʆʈɻɸʅɯɺ ɹʋʃʔɼʆɿɽʈɯɺ  ʊɸ  

ɻʈʋʅʊʆʋʑɯʃʔʅʖɺɸʃʔʅʀʍ ʄɸʐʀʅééééééééééééééééééééééééééééééééééééé...é.52 

 

ɻʦʣʫʙʯʝʥʢʦ ʆ.,  ʐʘʪʦʚ ʉ., ʄʘʮʝʚʠʯ ɯ.   

ʈʆɿʈʆɹʂɸ ʊɸ ɼʆʉʃɯɼɾɽʅʅʗ ʂʆʅɺɽɭʈɸ-ʄɽʊɸʃʔʅʀʂɸ ɼʃʗ ɿɽʄʃɽʈʀʁʅʀʍ 

ʄɸʐʀʅéééééééééééééééééééééééééééééééééééééééééééééééééééééé56 

 

ɻʦʤʦʥ ʉ. ʉʚ., ɻʦʤʦʥ ʉ. ʉʪ.  

ʈʆɹʆʊɸ ɼɽʈɽɺʀʅʀ ɺ ɼʆʂʈʀʊʀʏʅɯʁ ʊɸ ɿɸʂʈʀʊʀʏʅɯʁ ʉʊɸɼɯʗʍ ɼɽʌʆʈʄʋɺɸʅʅʗ ɿɸ ʆʉʔʆɺʆɻʆ ʉʊʀʉʂʋ 

ɺɿɼʆɺɾ ɺʆʃʆʂʆʅéééééééééééééééééééééééééééééééééééééééééééééééé60 

 

ɼʘʨʽʻʥʢʦ ɺ., ʊʘʣʧʘ ʉ., ʉʣʦʥʴ ɺ.  

ʇɽʈʉʇɽʂʊʀɺʅɯ ʄɽʊʆɼʀ ɸʈʄʋɺɸʅʅʗ ɹɽʊʆʅʅʀʍ ʂʆʅʉʊʈʋʂʎɯʁ ʅɸɼʈʋʂʆɺɸʅʀʍ ɿɸ  

ʊɽʍʅʆʃʆɻɯɭʖ 3DPCééééééééééééééééééééééééééééééééééééééééééééééé.62 

 
ɼʦʚʞʝʥʢʦ ʆ., ɻʘʤʬʽ ɸʜʜʘʽ ʂʫʩʽ ʊʝʜʜʽ  

ʂʆʅʊɸʂʊʅʀʁ ʉʊʀʂ ʇʃʀʊ ʇɽʈɽʂʈʀʊʊʗ ɿɯ ʉʊɯʅʆɺʀʄʀ ʇɸʅɽʃʗʄʀ ʋ ɺɽʃʀʂʆʇɸʅɽʃʔʅʀʍ 

ɹʋɼɯɺʃʗʍééééééééééééééééééééééééééééééééééééééééééééééééééééé66 



 

 

ɿʙʽʨʥʠʢ ʤʘʪʝʨʽʘʣʽʚ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ on-line ʢʦʥʬʝʨʝʥʮʽʾ 

 çʇʈʆɹʃɽʄʀ ɹʋɼɯɺɽʃʔʅʆɻʆ ʊɸ ʊʈɸʅʉʇʆʈʊʅʆɻʆ ʂʆʄʇʃɽʂʉɯɺè. 

2                                                             x ̝̩̝̆̎̓̑́̌̎̏̔̋̑́̎̒̋̉̊ ̨̗̝̎́̏̎́̌̎̉̊ ̨̖̘̓̆̎̎̉̊ ̨̔̎̃̆̑̒̉̓ ̆̓ 

 
ɼʦʚʞʝʥʢʦ ʆ., ʇʝʥʮ ʄ.  
ɼʆʉʃɯɼʅʀʁ ɿʈɸɿʆʂ ɼʃʗ ɺʀɿʅɸʏɽʅʅʗ ʄɯʎʅʆʉʊɯ ʂɸʄôʗʅʆɰ ʂʃɸɼʂʀ ʇʈʀ 
ʉʊʀʉʂʆɺɯééééééééééééééééééééééééééééééééééééééééééééééééééééé.68 
 
ɼʫʪʦʚ ʆ., ʎʠʛʘʥʝʥʢʦ ɻ.  
ʇʈʆɹʃɽʄʅɯ ʇʀʊɸʅʅʗ ɾʀʊʃʆɺʀʍ ɹʋɼɯɺɽʃʔééééééééééééééééééééééééééééééé..ééé.71 
 
ɼʫʰʠʥ ʆ., ɼʫʰʠʥ ɺ.  
ɼʆʉʃɯɼɾɽʅʅʗ ɾʆʈʉʊʂʆʉʊɯ ʂɸʈʂɸʉʅʆɰ ɹʋɼɯɺʃɯééééééééééééééééééééééééééééé..éé..73 

 
ɿʠʛʫʥ ɸ., ʇʣʝʰʠʥʝʮʴ ɸ.  
ʈʆɿɺʀʊʆʂ ʈɽʂʈɽɸʎɯʁʅʀʍ ʊɽʈʀʊʆʈɯɰ ɺ ʉʋʏɸʉʅɯʁ ɿɸɹʋɼʆɺɯ ʄɯʉʊɸéééééééééééééééééééééé.75 
 
ɯʣʴʯʝʥʢʦ ɺ., ɻʦʣʽʢ ʆ. 
ʆʉʆɹʃʀɺʆʉʊɯ ɺɯɼʅʆɺʃɽʅʅʗ ɸɺʊʆʄʆɹɯʃʔʅʀʍ ɼʆʈɯɻ, ʇʆʐʂʆɼɾɽʅʀʍ ɺʅɸʉʃɯɼʆʂ  
ɺɯʁʉʔʂʆɺʀʍ ɼɯʁééééééééééééééééééééééééééééééééééééééééééééééééé.77 
 
ʂʘʨʶʢ ɸ., ʄʘʣʷʨʯʠʢ ɺ.  
ɯʅɾɽʅɽʈʅʆ-ɻɽʆɼɽɿʀʏʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ  ʊʈɸʅʉʇʆʈʊʅʆɻʆ ɹʋɼɯɺʅʀʎʊɺɸéééééééééééééééééé80 
 
ʂʨʠʚʝʥʢʦ ʆ., ʃʽʟʫʥʦʚ ʇ. ɺʦʨʦʥʘ  ʖ., ʂʘʣʘʰʥʽʢʦʚ ʆ.  
ʉʂɯʅʏɽʅʅʆ-ɽʃɽʄɽʅʊʅʀʁ ɸʅɸʃɯɿ ʂʆʃʀɺɸʅʔ ɯ ʉʊɯʁʂʆʉʊɯ ʇʈʋɾʅʀʍ ʆɹʆʃʆʅʆʂ ʇʈʀ ɼɯɰ ʊɽʈʄʆʉʀʃʆɺʀʍ 
ʅɸɺɸʅʊɸɾɽʅʔééééééééééééééééééééééééééééééééééééééééééééé.ééééé..82 
 
ʃʝʚʢʦʚ ɼ., ʄʽʱʝʥʢʦ ʈ.  
ɿɸʉʊʆʉʋɺɸʅʅʗ ʊʈɸʉʆʐʋʂɸʏɯɺ ʋ ɹʋɼɯɺʅʀʎʊɺɯéééééééééééééééééééééééééé..éééééé86 
 
ʄʘʩʶʢ  ɻ., ʂʫʟʴʤʽʥʘ  ʂ. 
ɺʀɿʅɸʏɽʅʅʗ ʐʀʈʀʅʀ ʈʆɿʂʈʀʊʊʗ ʊʈɯʑʀʅ ɺ ɿɸʃɯɿʆɹɽʊʆʅʅʀʍ ʂʆʅʉʊʈʋʂʎɯʗʍ, ʑʆ ɿɸɿʅɸʖʊʔ ɼɯɰ 
ʄɸʃʆʎʀʂʃʆɺʀʍ ɿʅɸʂʆɿʄɯʅʅʀʍ ʅɸɺɸʅʊɸɾɽʅʔééééééééééééééééééééééééééééééé.é88 
 
ʄʦʣʦʜʽʜ ʆ., ɹʝʥʜʝʨʩʴʢʠʡ ʉ.  
ɺɯɼʅʆɺʃɽʅʅʗ ʂɸʄʗʅʀʍ ʂʆʅʉʊʈʋʂʎɯʁ ʇʆʐʂʆɼɾɽʅʀʍ ʋ ʅɸʉʃɯɼʆʂ ʇʆɿɸʇʈʆɽʂʊʅʀʍ 
ɺʇʃʀɺɯɺééééééééééééééééééééééééééééééééééééééééééééééééééé...éé.92 

 
ʄʫʢʦʩʻʻʚ ɺ., ʉʘʭʥʦ ɹ.  
ʄɯʎʅɯʉʊʔ ɯ ɾʆʈʉʊʂɯʉʊʔ ʂɸʄ'ʗʅʀʍ ʉʊɯʅ ɼʃʗ ʄʆɼɽʃʖɺɸʅʅʗ ʂʆʄʇʆɿʀʊʅʀʍ ʉʊɯʅʆ-ɹɸʃʂʆɺʀʍ 
ʂʆʅʉʊʈʋʂʎɯʁ ɿ ɻɽʅɽʊʀʏʅʆʖ ʅɽʃɯʅɯʁʅɯʉʊʖééééééééééééééééééééééééééééééé.éé.94 
 
ʄʫʢʦʩʻʻʚ ɺ., ʉʢʦʨʠʥʘ  ʂ., ʉʫʭʠʭ ɼ.. ʉʘʭʥʦ ɹ.  
ɸʅɸʃɯɿ ʋʄʆɺ ʈʆɿʈɸʍʋʅʂʋ ʄɯʉʎɽɺʆɻʆ ʉʊʀʉʂʋ ʇɯɼ ʆʇʆʈɸʄʀ ɹɸʃʆʂ ɼʃʗ ʄʆɼɽʃʖɺɸʅʅʗ ʈʆɹʆʊʀ ɺʋɿʃɸ 
ʆɹʇʀʈɸʅʅʗ ɺ ʇʂ   çLIRA-SAPRèéééééééééééééééééééééééééééééééééééé.ééééé..96 
 
ʅʘʩʪʦʷʱʠʡ ɺ., ɼʞʠʨʤʘ ʉ.  
ʆɹɻʈʋʅʊʋɺɸʅʅʗ ʇɸʈɸʄɽʊʈɯɺ ɻʋʄʆɺʀʍ ʌʋʊɽʈʆɺʆʂ ɿ ɻɽʈʄɽʊʀʏʅʀʄʀ ʇʆɺɯʊʈʗʅʅʀʄʀ ʇʆʈʆɾʅʀʅɸʄʀ 
ɼʃʗ ɺʀʂʆʈʀʉʊɸʅʅʗ ɺ ɹɸʈɸɹɸʅʅʀʍ ʄʃʀʅɸʍ ʇɯɼʇʈɭʄʉʊɺ ɹʋɼɯɺɽʃʔʅʆɰ ɯʅɼʋʉʊʈɯɰ ʊɸ ɻɯʈʅʀʏʆɻʆ 
ʂʆʄʇʃɽʂʉʋééééééééééééééééééééééééééééééééééééééééééééééééééé...99 
 
ʅʘʩʪʦʷʱʠʡ ɺ., ɼʞʠʨʤʘ ʉ., ʈʫʜʝʥʢʦ ʆ.  
ʇɯɼɺʀʑɽʅʅʗ ʇʈʆɼʋʂʊʀɺʅʆʉʊɯ ʂʋʃʔʆɺʀʍ ʄʃʀʅɯɺ ʅɸ ʆʉʅʆɺɯ ɿɸʉʊʆʉʋɺɸʅʅʗ ɹʋʌɽʈʅʆɰ ɻʋʄʆɺʆɰ 
ʌʋʊɽʈʆɺʂʀééééééééééééééééééééééééééééééééééééééééééééé..éééé.é102 

 
ʇʘʚʣʽʢʦʚ ɸ., ɻʘʨʴʢʘʚʘ ʆ.  
ʈɽɿʋʃʔʊɸʊʀ ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅʀʍ ɼʆʉʃɯɼɾɽʅʔ  ʅɽʉʋʏʆɰ ɿɼɸʊʅʆʉʊɯ ʂʆʉʆʉɿɯɻʅʋʊʀʍ ʂʆʃʆʅ  ɯɿ 
ɼʈɯɹʅʆɿɽʈʅʀʉʊʆɻʆ ɹɽʊʆʅʋééééééééééééééééééééééééééééééééééééé..ééééé105 
 
ʇʘʥʪʝʣʝʻʥʢʦ ɺ., ʂʘʨʧʫʰʠʥ ʉ., ʏʝʨʚʦʥʦʰʪʘʥ ɸ., ɺʦʣʦʰʠʥ ʉ.  
ɺʇʃʀɺ ʆɹôɭʄʋ ʋʑɯʃʔʅɽʅʆɰ ɿʆʅʀ ʅɸ ʅɽʉʋʏʋ ɿɼɸʊʅɯʉʊʔ ʇʋʉʊʆʊɯʃʆɻʆ ɹɽʊʆʅʅʆɻʆ 
ɹʃʆʂʋéééééééééééééééééééééééééééééééééééééééééééééééééééééé..108 
 
ʇʽʯʫʛʽʥ ʉ.  
ɼɽʗʂɯ ɸʉʇɽʂʊʀ ɽɺʆʃʖʎɯɰ ʅʆʈʄ ɹʋɼɯɺɽʃʔʅʆɻʆ ʇʈʆɭʂʊʋɺɸʅʅʗééééééééééééééééééé...éé..110 
 
ʇʽʯʫʛʽʥ ʉ., ʆʢʩʝʥʝʥʢʦ ʂ.  
ʄɽʊɸʃɽɺɽ ʉʍʆɺʀʑɽ ʉʇɯʈɸʃʔʅʆ-ʌɸʃʔʎɽɺʆɻʆ ʊʀʇʋéééééééééééééééééééééééééééé...114 
 
ʇʽʯʫʛʽʥ ʉ., ʐʫʣʴʛʽʥ ɺ., ʆʢʩʝʥʝʥʢʦ ʂ.  
ɼʆʉʃɯɼɾɽʅʅʗ ʈʆɹʆʊʀ ʅɸ ɿɻʀʅ ʄɯɾʌɸʃʔʎɽɺʆɰ ɿʆʅʀ ʉʊɯʅʂʀ  
ʉʇɯʈɸʃʔʅʆ-ʌɸʃʔʎɽɺʆɻʆ ʉʀʃʆʉʋéééééééééééééééééééééééééééééééééééé...éé..116 

 
ʇʦʛʨʽʙʥʠʡ ɺ., ʐʚʘʡʢʦʚʩʴʢʠʡ ɺ.  
ʄɽʊʆɼʀʂɸ ʈʆɿʈɸʍʋʅʂʋ ʅɽʉʋʏʆɰ ɿɼɸʊʅʆʉʊɯ ɿɸʃɯɿʆɹɽʊʆʅʅʀʍ ɹɸʃʂʆɺʀʍ ʂʆʅʉʊʈʋʂʎɯʁ ɿɸ ʇʆʍʀʃʀʄʀ 

ʇɽʈɽʈɯɿɸʄʀ ʅɸ ʆʉʅʆɺɯ çʌɽʈʄʆɺʆɰ ɸʅɸʃʆɻɯɰè ʊɸ çɼʀʉʂʆɺʆɰ 

ʄʆɼɽʃɯèééééééééééééééééééééééééééééééééééééééééééééééééé.éé...é.118  
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ʇʦʛʨʽʙʥʠʡ ɺ., ʄʠʱʝʥʢʦ ʄ.,  

ʈʆɿʈɸʍʋʅʆʂ ʅɽʉʋʏʆɰ ɿɼɸʊʅʆʉʊɯ ʂʆʈʆʊʂʀʍ ɿɸʃɯɿʆɹɽʊʆʅʅʀʍ ʂʆʅʉʆʃɽʁéééééééééééééééé....122 

 

ʇʦʨʪʥʦʚ ɻ., ɼʘʨʽʻʥʢʦ ɺ.  

ʂʆʄʇʆʅʆɺʂɸ ʇʈʆʄɯɾʅʀʍ ɺʋɿʃɯɺ ʌɽʈʄ ɿ ʇʈʗʄʆʂʋʊʅʀʍ ʊʈʋɹéééééééééééééééééééé...éé.124 

 

ʇʦʯʫʞʝʚʩʴʢʠʡ ʆ., ʈʘʜʢʻʚʽʯ ʄ., ʄʘʣʦʭʘʪ ɸ., ɸʙʜʫʩʘʤʽʥ ɻ.  

ɸʂʊʋɸʃʔʅɯ ʇʀʊɸʅʅʗ ʈʆɿɺʀʊʂʋ ɸɺʊʆʄʆɹɯʃʔʅʆɻʆ ʊʈɸʅʉʇʆʈʊʋ ʋ ʉɺɯʊɯéééééééééééééééééé127 

 

ʈʦʛʦʚʠʡ ʉ., ʉʨʽʙʥʷʢ ʅ., ʎʠʛʘʥʝʥʢʦ ʃ., ʎʠʛʘʥʝʥʢʦ ɻ., ɻʘʣʫʰʢʘʉ.  

ʅɽʃɯʅɯʁʅɸ ʈʆɿʈɸʍʋʅʂʆɺɸ ʄʆɼɽʃʔ ɿɸʃɯɿʆɹɽʊʆʅʋéééééééééééééééééééééééééééé...é.130 

 
ʉʝʤʢʦ ʆ., ɸʚʨʘʤʝʥʢʦ ʖ., ʇʝʪʨʽʢʝʡ  ɯ.  

ʈɸʎɯʆʅɸʃʔʅɯ ʅɽʉʋʏɯ ʂʆʅʉʊʈʋʂʎɯɰ ʇɯɼʉʀʃɽʅʅʗ ɺɽʅʊʀʃʔʆɺɸʅʀʍ ʌɸʉɸɼɯɺééééééééééééééé.é134 

 

ʉʝʤʢʦ ʆ., ɻʘʩʝʥʢʦɸ., ɼʨʦʙʦʪʷ ʆ.  

ʇʃɸʅʋɺɸʅʅʗ ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅʀʍ ɼʆʉʃɯɼɾɽʅʔ ʇʆʇɽʈɽɼʅʔʆ ʅɸʇʈʋɾɽʅʀʍ ʉʊɸʃɽɹɽʊʆʅʅʀʍ ʉʊɯʅʆɺʀʍ 

ʇʈʆɻʆʅɯɺééééééééééééééééééééééééééééééééééééééééééééééééééé..é.136 

 

ʉʝʤʢʦ ʆ.ɺ., ɯʣʴʯʝʥʢʦ ʊ.ʄ.  

ʊɽʄʇɽʈɸʊʋʈʅʆ-ɺʆʃʆɻɯʉʅɯ ɺʇʃʀɺʀ ʗʂ ʏʀʅʅʀʂ ʋʊɺʆʈɽʅʅʗ ʇʆʐʂʆɼɾɽʅʔ  

ʎɽɻʃʗʅʀʍ ʉʊɯʅééééééééééééééééééééééééééééééééééééééééééééééééé..138 

 

ʉʢʨʠʥʥʽʢ ɯ. ɼʦʚʯʝʥʢʦ  ʇ.  

ɺʀʂʆʈʀʉʊɸʅʅʗ ʉʋʏɸʉʅʆɰ ʆʇɸʃʋɹʂʀ ɺ ʊɽʍʅʆʃʆɻɯɰ ɿɺɽɼɽʅʅʗ ʄʆʅʆʃɯʊʅʀʍ ɾʀʊʃʆɺʀʍ 

ɹʋɼɯɺɽʃʔéééééééééééééééééééééééééééééééééééééééééééééééééé...éé.140 

 

ʉʢʨʠʥʥʽʢ ɯ., ɼʘʨʽʻʥʢʦ ɺ., ʊʦʤʘʯʝʥʢʦ ɭ.  

ɼʆʉɺɯɼ ɺʀʂʆʈʀʉʊɸʅʅʗ ʂɽʉʆʅʅʆɻʆ ʇɽʈɽʂʈʀʊʊʗ ʇʈʀ ɿɺɽɼɽʅʅɯ ʄʆʅʆʃɯʊʅʀʍ 

ɹʋɼɯɺɽʃʔééééééééééééééééééééééééééééééééééééééééééééééééé...ééé.143 

 
ʉʦʣʦʜʝʡ  ɯ., ʇʘʚʣʝʥʢʦ ɺ.  

ʆʉʆɹʃʀɺʆʉʊɯ ʄʆɼɽʃʖɺɸʅʅʗ ɿʉʋɺʅʀʍ ʇʈʆʎɽʉɯɺ ʋ ʄɸʃʆɿɺôʗɿʅʀʍ ʇʃɸʉʊʀʏʅʀʍ 

ˆʈʋʅʊɸʍééééééééééééééééééééééééééééééééééééééééééééééééééééé..145 

 

ʉʫʰʢʦ ɸ., ʂʠʩʣʫʥ ʆ.  

ʆɻʃʗɼ ʄʆɾʃʀɺʆʉʊɽʁ ʂʆʄʇʃɽʂʉʋ ɸɺʂ5  ɼʃʗ ʈʆɿʈɸʍʋʅʂʋ ɹʋɼɯɺɽʃʔʅʀʍ 

ʂʆʐʊʆʈʀʉɯɺééééééééééééééééééééééééééééééééééééééééééééé..ééééé.148 

 

ʊʠʭʠʡ ɸ., ɹʦʨʠʩ ʆ.  

ʆʉʅʆɺʅɯ ɸʉʇɽʂʊʀ ʇʃɸʅʋɺɸʅʅʗ ʊɽʈʀʊʆʈɯɰ ɺ ɹʋɼɯɺɽʃʔʅʆʄʋ ʊɸ ʊʈɸʅʉʇʆʈʊʅʆʄʋ 

ʂʆʄʇʃɽʂʉɯéééééééééééééééééééééééééééééééééééééééééééééééééé...é150 

 

ʌʝʥʢʦ ʆ., ʄʠʪʨʦʬʘʥʦʚ ʇ., ʌʝʥʢʦ ɼ., ʂʨʫʧʯʝʥʢʦ ʆ., ʖʨʢʦ ʇ.  

ɺʇʃʀɺ ʅɽʈɯɺʅʆʄɯʈʅʆ ʈʆɿʇʆɼɯʃɽʅʀʍ ʇʆ ʇʆʇɽʈɽʏʅʆʄʋ ʇɽʈɽʈɯɿʋ ʅɸʇʈʋɾɽʅʔ ʅɸ ʄɯʎʅɯʉʊʔ ɹɽʊʆʅʋ ʇʈʀ 

ʉʊʀʉʂɸʅʅɯéééééééééééééééééééééééééééééééééééééééééééééééééé..é..154 

 

ʌʝʩʝʥʢʦ ɸ., ʎʠʛʘʥʝʥʢʦ ʃ.  

ɼʆ ʇʀʊɸʅʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯ ɾʀʊʃʆɺʀʍ ɹʋɼɯɺɽʃʔéééééééééééééééééééééééééé156 

 

ʍʘʯʘʪʫʨʷʥ ʉ., ʉʫʧʦʥʻʚ ɺ., ʑʝʨʙʘʢ ʆ.  

ɹɽɿʊʈɸʅʐɽʁʅɸ ʇʈʆʂʃɸɼʂɸ ʂʆʄʋʅɯʂɸʎɯʁ: ʈɽɿʋʃʔʊɸʊʀ ʊɸ ʇɽʈʉʇɽʂʊʀɺʀ 

ɼʆʉʃɯɼɾɽʅʔééééééééééééééééééééééééééééééééééééééééééééééé...ééé.158 

 

ʗʮʫʥ ɺ. ɺʘʩ., ʇʦʥʦʤʘʨʝʥʢʦ ʉ.  

ɼʆʉʃɯɼɾɽʅʅʗ ʄɽʍɸʅɯʂʀ ʈʋʍʋ ʎɽʄɽʅʊʅʆɰ ɸɽʈʆʉʋʄɯʐɯ ɺ ɽɾɽʂʊʆʈʅʀʍ ʇʅɽɺʄʆʊʈɸʅʉʇʆʈʊʅʀʍ 

ɺɯɹʈɸʎɯʁʅʀʍ ʋʉʊɸʅʆɺʂɸʍ ɿ ʋʈɸʍʋɺɸʅʅʗʄ ɯʅʊɽɻʈɸʃʔʅʆɻʆ ʂʆɽʌɯʎɯɭʅʊʋ ʆʇʆʈʋ ʇʈʀ 

ʈʆɿɺɸʅʊɸɾɽʅʅɯééééééééééééééééééééééééééééééééééééééééééééééé...é.161 

 
ʗʮʫʥ ɺ.ɺʦʣ.  
ɼɽʗʂɯ ɸʉʇɽʂʊʀ ɸʈʍɯʊɽʂʊʋʈʅʆɻʆ ʇʈʆɽʂʊʋɺɸʅʅʗ ʊɸ ɿɺɽɼɽʅʅʗ ɺʀʉʆʊʅʀʍ 
ɹʋɼɯɺɽʃʔééééééééééééééééééééééééééééééééééééééééééééééééééééé163 
 
ʗʮʫʥ ɺ. ɺʦʣ.   
ɼʀʅɸʄɯʂɸ ɹʋɼɯɺɽʃʔʅʀʍ ɺɯɹʈʆʄɸʐʀʅ, ʑʆ ʇʈɸʎʖʖʊʔ ɺ ʈɽɿʆʅɸʅʉʅʆʄʋ 
ʈɽɾʀʄɯééééééééééééééééééééééééééééééééééééééééééééééééé..éééé.166 
 
ʗʮʫʥ ɺ. ɺʘʩ.  
ʆʉʅʆɺʅɯ ʇɽʈɽɼʋʄʆɺʀ ʈɽʂʆʅʉʊʈʋʂʎɯɰ ʇʈʆʄʀʉʃʆɺʀʍ ɹʋɼɯɺɽʃɼʔ ɯ ʉʇʆʈʋɼééééééééééééééé168 



 

 

ɿʙʽʨʥʠʢ ʤʘʪʝʨʽʘʣʽʚ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ on-line ʢʦʥʬʝʨʝʥʮʽʾ 

 çʇʈʆɹʃɽʄʀ ɹʋɼɯɺɽʃʔʅʆɻʆ ʊɸ ʊʈɸʅʉʇʆʈʊʅʆɻʆ ʂʆʄʇʃɽʂʉɯɺè. 

4                                                             x ̝̩̝̆̎̓̑́̌̎̏̔̋̑́̎̒̋̉̊ ̨̗̝̎́̏̎́̌̎̉̊ ̨̖̘̓̆̎̎̉̊ ̨̔̎̃̆̑̒̉̓ ̆̓ 

ʂɸʌɽɼʈɯ ɹʋɼɯɺɽʃʔʅʀʍ, ɼʆʈʆɾʅɯʍ ʄɸʐʀʅ ɯ ɹʋɼɯɺʅʀʎʊɺɸ ï  

50 ʈʆʂɯɺ 

ɺʣʘʜʠʩʣʘʚ ʅʘʩʪʦʷʰʠʡ, ʧʨʦʬ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ  

ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʋ 1973 ʨʦʮʽ ʥʘʢʘʟʦʤ ʤʽʥʽʩʪʨʘ ʚʠʱʦʾ ʽ ʩʝʨʝʜʥʴʦʾ ʩʧʝʮʽʘʣʴʥʦʾ ʦʩʚʽʪʠ ʋʈʉʈ ʚʽʜ 15 ʪʨʘʚʥʷ 

1973 ʨʦʢʫ ʫ ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʤʫ ʽʥʩʪʠʪʫʪʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʫ 

ʟʚ'ʷʟʢʫ ʟ ʙʫʨʭʣʠʚʠʤ ʨʦʟʚʠʪʢʦʤ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʛʘʣʫʟʝʚʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʚ ʨʝʛʽʦʥʽ ʙʫʣʦ 

ʩʪʚʦʨʝʥʦ ʚʠʧʫʩʢʦʚʫ ʢʘʬʝʜʨʫ çɹʫʜʽʚʝʣʴʥʽ ʽ ʜʦʨʦʞʥʽ ʤʘʰʠʥʠè, ʷʢʘ ʟ 1 ʚʝʨʝʩʥʷ 1973 ʨʦʢʫ 

ʽʩʥʫʻ ʷʢ ʩʘʤʦʩʪʽʡʥʠʡ ʧʽʜʨʦʟʜʽʣ. 

ʂʘʬʝʜʨʘ ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʥʘ ʙʘʟʽ ʽʩʥʫʶʯʦʾ ʢʘʬʝʜʨʠ çɼʝʪʘʣʽ 

ʤʘʰʠʥ ʪʘ ʧʽʜʡʦʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʝ ʫʩʪʘʪʢʫʚʘʥʥʷè, ʧʝʨʰʠʤ 

ʟʘʚʽʜʫʚʘʯʝʤ ʢʘʬʝʜʨʠ ʩʪʘʚ ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʈʷʙʢʦʚ 

ɸ. ɯ. 

ʇʝʨʰʠʤʠ ʚʠʢʣʘʜʘʯʘʤʠ ʢʘʬʝʜʨʠ ʚ 1973 ʨʦʮʽ ʙʫʣʠ ɸ. ɯ. ʈʷʙʢʦʚ, 

ɻ. ʆ. ʑʝʢʦʪʽʭʽʥʘ, ʄ. ɻ. ʃʫʥʴʦʚ. ʇʝʨʰʠʡ ʚʠʧʫʩʢ ʽʥʞʝʥʝʨʽʚ-

ʤʝʭʘʥʽʢʽʚ ʟʽ ʩʧʝʮʽʘʣʴʥʦʩʪʽ çɹʫʜʽʚʝʣʴʥʽ, ʜʦʨʦʞʥʽ ʤʘʰʠʥʠ ʽ 

ʦʙʣʘʜʥʘʥʥʷè ʚʽʜʙʫʚʩʷ ʫ 1975 ʨʦʮʽ. ʎʴʦʛʦ ʞ ʨʦʢʫ ʢʘʬʝʜʨʘ 

ʧʝʨʝʙʘʟʫʚʘʣʘʩʴ ʫ ʧʨʠʤʽʱʝʥʥʷ ʧʨʠ ʢʦʨʧʫʩʽ ʧʦ ʧʨʦʩʧʝʢʪʫ 

ʋʥʽʚʝʨʩʠʪʝʪʩʴʢʦʤʫ, ʜʝ ʟʘʨʘʟ ʽ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʦʩʥʦʚʥʽ ʢʘʬʝʜʨʘʣʴʥʽ ʘʫʜʠʪʦʨʽʾ ʪʘ ʣʘʙʦʨʘʪʦʨʽʾ, 

ʜʦ ʩʢʣʘʜʫ ʢʘʬʝʜʨʠ ʚʭʦʜʠʣʠ ʢʘʥʜʠʜʘʪʠ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ɻ.ʖ. ʅʘʜʦʣʴʥʠʡ, ʆ.ʆ. ʄʘʪʚʽʻʥʢʦ, 

ʘʩʠʩʪʝʥʪ ʂʘʣʝʥʯʫʢ ɺ.ɻ., ʘ  ʦʯʦʣʠʚ ʢʘʬʝʜʨʫ ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʊʘʨʘʩʝʥʢʦ ʆ. ɸ. 

ʉʘʤʝ ʧʨʠ ʥʴʦʤʫ ʙʫʣʠ ʟʘʢʣʘʜʝʥʽ ʦʩʥʦʚʠ ʤʘʪʝʨʽʘʣʴʥʦʾ ʙʘʟʠ, ʩʬʦʨʤʦʚʘʥʠʡ ʩʢʣʘʜ ʢʘʬʝʜʨʠ, ʚ 

ʧʝʨʰʫ ʯʝʨʛʫ ʟ ʚʠʧʫʩʢʥʠʢʽʚ ʩʧʝʮʽʘʣʴʥʦʩʪʽ çɹʫʜʽʚʝʣʴʥʽ, ʜʦʨʦʞʥʽ ʤʘʰʠʥʠ ʪʘ ʦʙʣʘʜʥʘʥʥʷè, ʷʢʠʡ 

ʧʨʦʪʷʛʦʤ 1975ï1977 ʨʨ. ʧʦʧʦʚʥʠʣʠ ɺ. ɸ. ʅʘʩʪʦʷʱʠʡ, ʖ. ɯ. ɸʣʝʢʩʝʝʚ, ʉ. ʃ. ʍʘʯʘʪʫʨʷʥ, ʆ. ʇ. 

ʉʢʽʙʠʮʴʢʠʡ, ɺ. ʂ. ʇʝʨʝʜʝʨʝʡ. 

ʇʨʘʢʪʠʢʘ ʟʘʣʫʯʝʥʥʷ ʢʨʘʱʠʭ ʚʠʧʫʩʢʥʠʢʽʚ ʜʦ ʚʠʢʣʘʜʘʮʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʽʩʥʫʚʘʣʘ ʽ ʜʘʣʽ. 

ʋ 1978ï1985 ʨʨ. ʥʘ ʢʘʬʝʜʨʽ ʧʨʘʮʶʚʘʣʠ ʍʦʤʘʥʴʢʦ ʉ. ɺ., ɼʚʦʨʥʽʯʝʥʢʦ ɸ. ʄ., 

ʉʘʤʦʡʣʝʥʢʦ ʆ. ʄ., ɻʨʠʮʫʥ ɻ. ɸ.,  ʇʦʧʦʚ ɻ. ɸ, ɻʨʠʮʝʥʢʦ ʉ. ɯ., ʗʮʫʥ ɺ.ɺ., ʄʠʢʠʪʝʥʢʦ ʖ. ɺ., 

ʉʪʘʚʝʥʢʦ ɺ. ɸ., ɼʨʽʙʽʥ ɸ. ʆ., ʘ ʪʘʢʦʞ ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ. ɸ. ɸ. ɺʟʦʨʦʚ, ɺ. ɭ. ʄʦʨʦʟ, 

ʉ. ʉ. ʅʦʩʘʣʴ, ʘʩʠʩʪʝʥʪʠ ɹ. ɼ. ʄʘʢʦʪʘ, ɺ. ɻ. ʂʦʯʝʨʛʘ, ɸ. ʁ. ʄʦʞʝʡʢʘ, ɸ. ɺ. ɻʘʩʣʝʥʢʦ. 

ɿ 1986 ʨʦʢʫ ʧʦ 1991 ʨʽʢ ʢʘʬʝʜʨʫ ʦʯʦʣʶʚʘʚ ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ ʅʘʜʦʣʴʥʠʡ ɻ. ʖ., 

ʧʨʠ ʷʢʦʤʫ ʟʤʽʮʥʠʣʘʩʴ ʤʘʪʝʨʽʘʣʴʥʘ ʙʘʟʘ ʢʘʬʝʜʨʠ, ʟ'ʷʚʠʣʦʩʴ ʧʝʨʰʝ ʢʦʤʧ'ʶʪʝʨʥʝ ʦʙʣʘʜʥʘʥʥʷ. 

ʇôʷʪʥʘʜʮʷʪʠʨʽʯʯʷ ʢʘʬʝʜʨʘ ʟʫʩʪʨʽʯʘʣʘ ʫ ʪʘʢʦʤʫ ʚʠʢʣʘʜʘʮʴʢʦʤʫ ʩʢʣʘʜʽ: ʟʘʚʽʜʫʚʘʯ 

ʢʘʬʝʜʨʠ ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ ʅʘʜʦʣʴʥʠʡ ɻ. ʖ., ʢʘʥʜʠʜʘʪʠ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪʠ 

ʍʘʯʘʪʫʨʷʥ ʉ. ʃ., ʄʝʣʴʥʽʯʝʥʢʦ ʆ. ɺ., ʄʦʨʦʟ ɺ. ɭ., ʅʘʩʪʦʷʱʠʡ ɺ. ɸ., ʉʢʽʙʽʮʴʮʴʢʠʡ ʆ. ʇ., 

ɼʨʽʙʽʥ ɸ. ʆ., ɺʣʘʩʝʥʢʦ ʄ. ɺ., ʚʠʢʣʘʜʘʯʽ ɸʣʝʢʻʻʚ ʖ. ɯ, ɼʚʦʨʥʽʯʝʥʢʦ ɸ. ʇ., ʄʠʢʠʪʝʥʢʦ ʖ. ɺ., 

ʇʦʧʦʚ ɻ. ɸ., ʉʪʘʚʝʥʢʦ ɺ.ɸ., ʗʮʫʥ ɺ.ɺ. 



 

ñ ʇʨʦʙʣʝʤʠ ʙʫʜʽʚʝʣʴʥʦʛʦ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʽʚò 
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ɿ 1989 ʨʦʢʫ ʥʘʟʚʘ ʩʧʝʮʽʘʣʴʥʦʩʪʽ ʟʤʽʥʠʣʘʩʴ ʥʘ çʇʽʜʡʦʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʽ, ʙʫʜʽʚʝʣʴʥʽ, 

ʜʦʨʦʞʥʽ ʤʘʰʠʥʠ ʽ ʦʙʣʘʜʥʘʥʥʷè. 

ʋ 1985 ʨʦʮʽ ʚʽʜʙʫʚʩʷ ʧʝʨʰʠʡ ʚʠʧʫʩʢ ʩʧʝʮʽʘʣʽʩʪʽʚ ʟ ʯʠʩʣʘ ʛʨʦʤʘʜʷʥ ʟʘʨʫʙʽʞʥʠʭ ʢʨʘʾʥ. ɿʘ 

ʥʘʩʪʫʧʥʽ ʨʦʢʠ ʧʽʜʛʦʪʦʚʣʝʥʦ ʙʽʣʴʰʝ 50 ʬʘʭʽʚʮʽʚ ʜʣʷ ʂʫʙʠ, ɸʬʛʘʥʽʩʪʘʥʫ, ɸʥʛʦʣʠ, ʃʽʚʘʥʫ, 

ʁʦʨʜʘʥʽʾ, ʉʠʨʽʾ. 

ɿ 1991 ʧʦ 1994 ʨʦʢʠ ʢʘʬʝʜʨʫ ʦʯʦʣʶʚʘʚ ʜʦʮʝʥʪ ɺʣʘʩʝʥʢʦ ʄ. ɺ., ʷʢʠʡ ʚ ʪʽ ʥʝʣʝʛʢʽ ʯʘʩʠ 

ʙʘʛʘʪʦ ʟʨʦʙʠʚ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʢʘʜʨʦʚʦʛʦ ʩʢʣʘʜʫ. ʋ 1994 ʨʦʮʽ ʥʘ ʙʘʟʽ ʢʘʬʝʜʨʠ ʙʫʚ ʩʪʚʦʨʝʥʠʡ 

ʜʝʧʘʨʪʘʤʝʥʪ ʙʫʜʽʚʝʣʴʥʠʭ ʽ ʜʦʨʦʞʥʽʭ ʤʘʰʠʥ, ʷʢʠʡ ʦʯʦʣʠʚ ʢʘʥʜ. ʪʝʭʥ. ʅʘʫʢ, ʜʦʮʝʥʪ ɺ. ɭ. 

ʄʦʨʦʟ. ʋ 1996 ʨʦʮʽ ʙʫʣʦ ʧʦʥʦʚʣʝʥʦ ʩʪʨʫʢʪʫʨʫ ʥʘʰʦʛʦ ʥʘʚʯʘʣʴʥʦʛʦ ʟʘʢʣʘʜʫ, ʽ ʚ ʡʦʛʦ ʩʢʣʘʜʽ 

ʟʥʦʚʫ ʟ'ʷʚʠʣʘʩʴ ʢʘʬʝʜʨʘ ʙʫʜʽʚʝʣʴʥʠʭ ʽ ʜʦʨʦʞʥʽʭ ʤʘʰʠʥ, ʷʢʫ ʦʯʦʣʠʚ ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɺʦʣʦʜʠʤʠʨ ɺʘʩʠʣʴʦʚʠʯ ʗʮʫʥ.  

ʉʘʤʝ ʟ ʡʦʛʦ ʽʥʽʮʽʘʪʠʚʠ ʫ 1996 ʨʦʮʽ ʙʫʣʘ ʨʦʟʧʦʯʘʪʘ ʧʽʜʛʦʪʦʚʢʘ ʬʘʭʽʚʮʽʚ ʟʽ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 

çʇʨʦʤʠʩʣʦʚʝ ʽ ʮʠʚʽʣʴʥʝ ʙʫʜʽʚʥʠʮʪʚʦè, ʘ ʚ 1998 ʨʦʮ ̔ʢʘʬʝʜʨʘ ʦʪʨʠʤʘʣʘ ʥʘʟʚʫ ï ʢʘʬʝʜʨʘ 

ʙʫʜʽʚʝʣʴʥʠʭ, ʜʦʨʦʞʥʽʭ ʤʘʰʠʥʠ ʽ ʙʫʜʽʚʥʠʮʪʚʘ.  

ʋ 1996 ʨʦʮʽ ʧʨʠ ʢʘʬʝʜʨʽ ʚʽʜʢʨʠʪʦ ʘʩʧʽʨʘʥʪʫʨʫ ʟʽ ʩʧʝʮʽʘʣʴʥʦʩʪʽ çʄʘʰʠʥʠ ʜʣʷ 

ʟʝʤʣʷʥʠʭ ʪʘ ʜʦʨʦʞʥʽʭ ʨʦʙʽʪè, ʧʝʨʰʠʤ ʘʩʧʽʨʘʥʪʦʤ ʩʪʘʚ ʚʠʧʫʩʢʥʠʢ ʉ.ʆ. ɼʞʠʨʤʘ, ʷʢʠʡ 

ʫʩʧʽʰʥʦ ʟʘʭʠʩʪʠʚ ʫ 2002 ʨʦʮʽ ʢʘʥʜʠʜʘʪʩʴʢʫ ʜʠʩʝʨʪʘʮʽʶ. ʋ 1996ï1997 ʥ. ʨ. ʩʧʝʮʽʘʣʴʥʽʩʪʴ 

çʇʽʜʡʦʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʽ, ʙʫʜʽʚʝʣʴʥʽ, ʜʦʨʦʞʥʽ ʤʝʣʽʦʨʘʪʠʚʥʽ ʤʘʰʠʥʠ ʪʘ ʦʙʣʘʜʥʘʥʥʷè 

ʘʢʨʝʜʠʪʦʚʘʥʘ ʟʘ ɯY ʨʽʚʥʝʤ ʘʢʨʝʜʠʪʘʮʽʾ. 

ʋ 2001 ʨʦʮʽ ʢʘʬʝʜʨʘ ʧʨʦʡʰʣʘ ʘʢʨʝʜʠʪʘʮʽʶ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʧʽʜʛʦʪʦʚʢʠ ʩʧʝʮʽʘʣʽʩʪʽʚ ʟʘ 

ʬʘʭʦʤ çʇʨʦʤʠʩʣʦʚʝ ʽ ʮʠʚʽʣʴʥʝ ʙʫʜʽʚʥʠʮʪʚʦè, ʫ 2011 ʨʦʮʽ ʧʨʦʡʰʣʘ ʧʦʚʪʦʨʥʫ ʘʢʨʝʜʠʪʘʮʽʶ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ ʩʧʝʮʽʘʣʴʥʦʩʪʽ çʇʨʦʤʠʩʣʦʚʝ ʽ ʮʠʚʽʣʴʥʝ ʙʫʜʽʚʥʠʮʪʚʦè 

ʦʩʚʽʪʥʴʦ-ʢʚʘʣʽʬʽʢʘʮʽʡʥʠʭ ʨʽʚʥʽʚ çʙʘʢʘʣʘʚʨè ʪʘ çʩʧʝʮʽʘʣʽʩʪè. 

ɿ 2002 ʨʦʢʫ ʢʘʬʝʜʨʫ ʦʯʦʣʶʻ ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ ɺ. ɸ. ʅʘʩʪʦʷʱʠʡ. 

ʋ 2007 ʨʦʮʽ ʢʘʬʝʜʨʘ ʧʨʦʡʰʣʘ ʘʢʨʝʜʠʪʘʮʽʶ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʧʽʜʛʦʪʦʚʢʠ ʤʘʛʽʩʪʨʽʚ ʟʘ ʬʘʭʦʤ 

çʇʽʜʡʦʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʽ, ʙʫʜʽʚʝʣʴʥʽ, ʜʦʨʦʞʥʽ, ʤʝʣʽʦʨʘʪʠʚʥʽ ʤʘʰʠʥʠ ʪʘ ʦʙʣʘʜʥʘʥʥʷè. 

ʋ 2011 ʨʦʮʽ ʚʠʢʣʘʜʘʮʴʢʠʡ ʩʢʣʘʜ ʢʘʬʝʜʨʠ ʧʦʧʦʚʥʠʚ ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ɺ. ɸ. ʇʘʰʠʥʩʴʢʠʡ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʫ 2012 ʨʦʮʽ ʧʨʦʡʪʠ ʣʽʮʝʥʟʫʚʘʥʥʷ ʱʦʜʦ ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ 

ʩʧʝʮʽʘʣʴʥʦʩʪʽ çʇʨʦʤʠʩʣʦʚʝ ʽ ʮʠʚʽʣʴʥʝ ʙʫʜʽʚʥʠʮʪʚʦè ʦʩʚʽʪʥʴʦ-ʢʚʘʣʽʬʽʢʘʮʽʡʥʦʛʦ ʨʽʚʥʷ 

çʤʘʛʽʩʪʨè. 

ʋ 2013 ʨʦʮʽ ʢʘʬʝʜʨʘ ʧʨʦʡʰʣʘ ʘʢʨʝʜʠʪʘʮʽʶ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʧʽʜʛʦʪʦʚʢʠ ʤʘʛʽʩʪʨʽʚ ʟʘ ʬʘʭʦʤ 

çʇʨʦʤʠʩʣʦʚʝ ʽ ʮʠʚʽʣʴʥʝ ʙʫʜʽʚʥʠʮʪʚʦè. ʅʘ ʪʦʡ ʯʘʩ ʜʦ ʚʠʢʣʘʜʘʮʴʢʦʛʦ ʩʢʣʘʜʫ ʢʘʬʝʜʨʠ ʚʭʦʜʠʣʠ 

ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ ʇʘʰʠʥʩʴʢʠʡ ɺ. ɸ., ʜʦʢʪʦʨ ʬ̔ʟ.-ʤʘʪ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ʇʝʪʨʝʥʶʢ ɸ. ʗ., ʢʘʥʜʠʜʘʪʠ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪʠ ʗʮʫʥ ɺʦʣ. ɺʘʩ., ʍʘʯʘʪʫʨʷʥ ʉ ʃ., 

ʃʽʟʫʥʢʦʚ ʆ. ɺ., ʂʘʨʧʫʰʠʥ ʉ. ʆ., ɼʞʠʨʤʘ ʉ. ʆ., ʇʦʨʪʥʦʚ ɻ. ɼ., ɼʘʨʽʻʥʢʦ ɺ. ɺ., ʉʢʨʠʥʥʽʢ ɯ. ʆ., 

ʗʮʫʥ ɺʦʣ. ɺʦʣ., ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʩʪ. ʚʠʢʣʘʜʘʯ ʊʠʭʠʡ ɸ. ɸ., ʩʪ. ʚʠʢʣʘʜʘʯ ʇʦʧʦʚ ɻ.ɸ., 

ʚʠʢʣ. ʉʽʜʝʡ ɺ.ʄ.  

ʋ 2015 ʨʦʮʽ ʧʨʠ ʢʘʬʝʜʨʽ ʚʽʜʢʨʠʪʦ ʘʩʧʽʨʘʥʪʫʨʫ ʟʽ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 05.23.01 çɹʫʜʽʚʝʣʴʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʙʫʜʽʚʣʽ ʪʘ ʩʧʦʨʫʜʠè, ʘ ʧʝʨʰʠʤ ʘʩʧʽʨʘʥʪʦʤ ʩʪʘʚ ʄʠʢʦʣʘ ʇʘʰʠʥʩʴʢʠʡ, ʷʢʠʡ 

ʫʩʧʽʰʥʦ ʟʘʭʠʩʪʠʚ ʫ 2019 ʨʦʮʽ ʢʘʥʜʠʜʘʪʩʴʢʫ ʜʠʩʝʨʪʘʮʽʶ.  

ʋ 2018 ʨʦʮʽ ʢʘʬʝʜʨʘ ʧʨʦʡʰʣʘ ʘʢʨʝʜʠʪʘʮʽʶ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʧʽʜʛʦʪʦʚʢʠ ʤʘʛʽʩʪʨʽʚ ʟʘ 

ʦʩʚʽʪʥʴʦ-ʧʨʦʬʝʩʽʡʥʠʤʠ ʧʨʦʛʨʘʤʘʤʠ çɹʫʜʽʚʥʠʮʪʚʦ ʪʘ ʮʠʚʽʣʴʥʘ ʽʥʞʝʥʝʨʽʷè ʽ çʇʽʜʡʦʤʥʦ-



 

 

ɿʙʽʨʥʠʢ ʤʘʪʝʨʽʘʣʽʚ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ on-line ʢʦʥʬʝʨʝʥʮʽʾ 

 çʇʈʆɹʃɽʄʀ ɹʋɼɯɺɽʃʔʅʆɻʆ ʊɸ ʊʈɸʅʉʇʆʈʊʅʆɻʆ ʂʆʄʇʃɽʂʉɯɺè. 

6                                                             x ̝̩̝̆̎̓̑́̌̎̏̔̋̑́̎̒̋̉̊ ̨̗̝̎́̏̎́̌̎̉̊ ̨̖̘̓̆̎̎̉̊ ̨̔̎̃̆̑̒̉̓ ̆̓ 

ʪʨʘʥʩʧʦʨʪʥʽ, ʙʫʜʽʚʝʣʴʥʽ, ʜʦʨʦʞʥʽ, ʤʝʣʽʦʨʘʪʠʚʥʽ ʤʘʰʠʥʠ ʪʘ ʦʙʣʘʜʥʘʥʥʷè ʩʧʝʮʽʘʣʴʥʦʩʪʽ 

çɻʘʣʫʟʝʚʝ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷè. 

ʂʘʬʝʜʨʘ ʙʫʜʽʚʝʣʴʥʠʭ, ʜʦʨʦʞʥʽʭ ʤʘʰʠʥ ʽ ʙʫʜʽʚʥʠʮʪʚʘ ï ʩʪʨʫʢʪʫʨʥʠʡ ʧʽʜʨʦʟʜʽʣ 

ʬʘʢʫʣʴʪʝʪʫ ʙʫʜʽʚʥʠʮʪʚʘ, ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʝʥʝʨʛʝʪʠʢʠ, ʷʢʠʡ ʦʯʦʣʶʻ ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʗʮʫʥ ɺʦʣʦʜʠʤʠʨ ɺʘʩʠʣʴʦʚʠʯ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʜʦ ʩʢʣʘʜʫ ʢʘʬʝʜʨʠ ʚʭʦʜʷʪʴ ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 

ʧʨʦʬ. ʅʘʩʪʦʷʥʠʡ ɺ. ɸ., ʜʦʢʪʦʨʠ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨʠ ʇʘʰʠʥʩʴʢʠʡ ɺ. ɸ., ʉʝʤʢʦ ɺ. ʆ., 

ʢʘʥʜʠʜʘʪʠ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪʠ ɼʘʨʽʻʥʢʦ ɺ. ɺ., ɼʞʠʨʤʘ ʉ. ʆ., ʂʘʨʧʫʰʠʥ ʉ. ʆ., 

ʃʽʟʫʥʢʦʚ ʆ. ɺ., ʇʘʰʠʥʩʴʢʠʡ ʄ. ɺ., ʇʦʨʪʥʦʚ ɻ. ɼ., ʉʢʨʠʥʥʽʢ ɯ. ʆ., ʊʠʭʠʡ ɸ. ɸ., 

ʍʘʯʘʪʫʨʷʥ ʉ. ʃ., ʗʮʫʥ ɺʦʣ.ɺʦʣ. 

ɺʠʧʫʩʢʥʠʢʠ ʢʘʬʝʜʨʠ ʛʽʜʥʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʪʘ ʩʫʩʧʽʣʴʥʠʭ ʦʨʛʘʥʘʭ 

ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ: 

ʃʝʚʯʝʥʢʦ ʆʣʝʢʩʘʥʜʨ ʄʠʢʦʣʘʡʦʚʠʯ ï ʧʨʦʨʝʢʪʦʨ ʟ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ ʪʘ ʤʽʞʥʘʨʦʜʥʠʭ 

ʟʚôʷʟʢʽʚ; 

ʗʮʫʥ ɺʦʣʦʜʠʤʠʨ ɺʘʩʠʣʴʦʚʠʯ ï ʜʝʢʘʥ ʬʘʢʫʣʴʪʝʪʫ ʙʫʜʽʚʥʠʮʪʚʘ, ʪʨʘʥʩʧʦʨʪʫ ʪʘ 

ʝʥʝʨʛʝʪʠʢʠ; 

ʃʽʟʫʥʢʦʚ ʆʣʝʢʩʘʥʜʨ ɺʽʢʪʦʨʦʚʠʯ ï ʢʝʨʽʚʥʠʢ ʮʝʥʪʨʫ ʟʘʦʯʥʦʾ ʪʘ ʜʠʩʪʘʥʮʽʡʥʦʾ ʦʩʚʽʪʠ 

ʎʅʊʋ; 

ʊʠʭʠʡ ɸʥʜʨʽʡ ɸʥʘʪʦʣʽʡʦʚʠʯ ï ʢʝʨʽʚʥʠʢ ʮʝʥʪʨʫ ʜʦʚʫʟʽʚʩʴʢʦʾ ʧʽʜʛʦʪʦʚʢʠ ʎʅʊʋ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʽʷʣʴʥʦʩʪʽ ʥʘ ʢʘʬʝʜʨʽ ʦʪʨʠʤʘʣʠ ʟʚʘʥʥʷ ʟʘʩʣʫʞʝʥʦʛʦ ʧʨʘʮʽʚʥʠʢʘ ʦʩʚʽʪʠ 

ʋʢʨʘʾʥʠ ɺʣʘʩʝʥʢʦ ʄʠʢʦʣʘ ɺʽʢʪʦʨʦʚʠʯ ʪʘ ʗʮʫʥ ɺʦʣʦʜʠʤʠʨ ɺʘʩʠʣʴʦʚʠʯ. 

ʂʘʬʝʜʨʘ ʤʘʻ ʦʢʨʝʤʠʡ ʥʘʚʯʘʣʴʥʦ-ʣʘʙʦʨʘʪʦʨʥʠʡ ʢʦʨʧʫʩ ʪʘ ʘʫʜʠʪʦʨʽʾ ʚ ʢʦʨʧʫʩʘʭ ʎʅʊʋ ʟ 

ʨʦʟʚʠʥʝʥʦʶ ʣʘʙʦʨʘʪʦʨʥʦʶ, ʤʝʪʦʜʠʯʥʦʶ ʪʘ ʢʦʤʧ'ʶʪʝʨʥʦʶ ʙʘʟʦʶ. 

ʎʝ ʩʧʨʠʷʻ ʧʦʜʘʣʴʰʽʡ ʧʽʜʛʦʪʦʚʮʽ ʚʠʧʫʩʢʥʠʢʽʚ, ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʷʢʠʭ ʟʽ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 

çʇʽʜʡʦʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʽ, ʙʫʜʽʚʝʣʴʥʽ, ʜʦʨʦʞʥʽ, ʤʝʣʽʦʨʘʪʠʚʥʽ ʤʘʰʠʥʠ ʪʘ ʦʙʣʘʜʥʘʥʥʷè ʟʘ 50 

ʨʦʢʽʚ ʧʝʨʝʚʠʱʫʻ 3000, ʘ ʟʽ ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ çʇʨʦʤʠʩʣʦʚʝ ʽ ʮʠʚʽʣʴʥʝ ʙʫʜʽʚʥʠʮʪʚʦè ʪʘ 

çɹʫʜʽʚʥʠʮʪʚʦ ʪʘ ʮʠʚʽʣʴʥʘ ʽʥʞʝʥʝʨʽʷè ʧʝʨʝʚʠʱʫʻ 1500 ʬʘʭʽʚʮʽʚ. ʉʝʨʝʜ ʚʠʧʫʩʢʥʠʢʽʚ ï ʜʝʧʫʪʘʪ 

ɺʝʨʭʦʚʥʦʾ ʨʘʜʠ ʋʢʨʘʾʥʠ ʦʩʪʘʥʥʴʦʛʦ ʩʢʣʠʢʘʥʥʷ ʚʽʜ ʬʨʘʢʮʽʾ çʉʣʫʛʘ ʥʘʨʦʜʫè ɯʛʦʨ ʄʫʨʜʽʡ, 

ʟʘʩʪʫʧʥʠʢ ʛʦʣʦʚʠ ʦʙʣʘʩʥʦʾ ʜʝʨʞʘʚʥʦʾ ʘʜʤʽʥʽʩʪʨʘʮʽʾ ʉʝʨʛʽʡ ʇʦʣʽʱʫʢ, ʟʘʩʪʫʧʥʠʢ ʤʽʩʴʢʦʛʦ 

ʛʦʣʦʚʠ ʤ. ʂʨʦʧʠʚʥʠʮʴʢʠʡ ʆʣʝʢʩʘʥʜʨ ʄʦʩʽʥ, ʙʘʛʘʪʦ ʢʝʨʽʚʥʠʢʽʚ ʪʘ ʧʨʦʚʽʜʥʠʭ ʩʧʝʮʽʘʣʽʩʪʽʚ 

ʧʽʜʧʨʠʻʤʩʪʚ ʽ ʧʨʦʝʢʪʥʠʭ ʟʘʢʣʘʜʽʚ ʚ ʛʘʣʫʟʽ ʙʫʜʽʚʥʠʮʪʚʘ, ʜʦʨʦʞʥʴʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ 

ʛʘʣʫʟʝʚʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʧʨʘʮʽʚʥʠʢʽʚ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʫʩʪʘʥʦʚ, ʜʚʘ ʜʦʢʪʦʨʠ ʥʘʫʢ 

ʃʝʚʯʝʥʢʦ ʆ. ʄ. ʪʘ . ʪʘ ʅʝʩʪʝʨʝʥʢʦ ʄ.ʇ., ʧʦʥʘʜ 20 ʢʘʥʜʠʜʘʪʽʚ ʥʘʫʢ. ɺʩʽ ʚʦʥʠ ʧʨʘʮʶʶʪʴ ʚ 

ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʝʢʦʥʦʤʽʢʠ ʥʘʰʦʛʦ ʨʝʛʽʦʥʫ, ʋʢʨʘʾʥʠ, ʢʨʘʾʥ ɭʚʨʦʩʦʶʟʫ, ɸʟʽʾ, ɸʬʨʠʢʠ. 



 

ñ ʇʨʦʙʣʝʤʠ ʙʫʜʽʚʝʣʴʥʦʛʦ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʽʚò 
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ʋɼʂ 624.01 

 

ʆɻʃʗɼ ɼʆʉʃɯɼɾɽʅʔ ʅɽʉʋʏʀʍ ɹʋɼɯɺɽʃʔʅʀʍ ʂʆʅʉʊʈʋʂʎɯʁ, 

ɺʀʂʆʅɸʅʀʍ ʂɸʌɽɼʈʆʖ ɹɼʄɹ 

 
ɺʽʢʪʦʨ ɼʘʨʽʻʥʢʦ, ʜʦʮʝʥʪ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ʉʪʘʥʽʩʣʘʚ ɼʞʠʨʤʘ, ʜʦʮʝʥʪ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ʉʝʨʛʽʡ ʂʘʨʧʫʰʠʥ, ʜʦʮʝʥʪ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ɺʣʘʜʠʩʣʘʚ ʅʘʩʪʦʷʱʠʡ, ʧʨʦʬ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ɺʽʢʪʦʨ ʇʘʰʠʥʩʴʢʠʡ, ʧʨʦʬ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ 

ʄʠʢʦʣʘ ʇʘʰʠʥʩʴʢʠʡ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ɻʝʥʥʘʜʽʡ ʇʦʨʪʥʦʚ, ʜʦʮʝʥʪ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ɺʘʣʝʨʽʡ ʉʽʜʝʡ, ʽʥʞʝʥʝʨ 

ɯʚʘʥ ʉʢʨʠʥʥʽʢ, ʜʦʮʝʥʪ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ʉʝʨʛʽʡ ʍʘʯʘʪʫʨʷʥ, ʜʦʮʝʥʪ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ɸʥʜʨʽʡ ʊʠʭʠʡ, ʜʦʮʝʥʪ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ɺʦʣʦʜʠʤʠʨ ʗʮʫʥ, ʜʦʮʝʥʪ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʇʨʦʪʷʛʦʤ ʦʩʪʘʥʥʴʦʛʦ ʜʝʩʷʪʠʣʽʪʪʷ ʥʘʫʢʦʚʮʷʤʠ ʢʘʬʝʜʨʠ ʙʫʜʽʚʝʣʴʥʠʭ, ʜʦʨʦʞʥʽʭ ʤʘʰʠʥ 

ʽ ʙʫʜʽʚʥʠʮʪʚʘ ʧʨʦʚʝʜʝʥʽ ʨʽʟʥʦʧʣʘʥʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʩʫʯʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʚʠʨʦʙʽʚ 

ʪʘ ʤʘʪʝʨʽʘʣʽʚ, ʟʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʨʦʟʨʦʙʣʝʥʥʷ, ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʘ ʚʠʚʯʝʥʥʷ ʨʦʙʦʪʠ ʥʦʚʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʙʫʜʽʚʝʣʴʥʠʭ ʚʠʨʦʙʽʚ, ʘʥʘʣʽʟ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʷʢʦʩʪʝʡ ʽ ʪʝʭʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʮʠʭ ʜʦʩʣʽʜʞʝʥʦ ʦʧʫʙʣʽʢʦʚʘʥʦ ʧʦʥʘʜ 40 ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ, ʫ 

ʪʦʤʫ ʯʠʩʣʽ ʦʜʥʘ ʤʦʥʦʛʨʘʬʽʷ, 8 ʩʪʘʪʝʡ ʫ ʟʘʨʫʙʽʞʥʠʭ ʚʠʜʘʥʥʷʭ, ʷʢʽ ʽʥʜʝʢʩʫʶʪʴʩʷ 

ʥʘʫʢʦʤʝʪʨʠʯʥʠʤʠ ʙʘʟʘʤʠ Scopus ʪʘ Web of Science, ʘ ʪʘʢʦʞ ʙʽʣʴʰʝ 25 ʩʪʘʪʝʡ ʫ ʬʘʭʦʚʠʭ 

ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ. ʅʘʡʚʘʛʦʤʽʰʽ ʟ ʮʠʭ ʧʨʘʮʴ ʚʢʘʟʘʥʽ ʫ ʩʧʠʩʢʫ ʣʽʪʝʨʘʪʫʨʠ, ʘ ʾʭ ʨʝʟʫʣʴʪʘʪʠ 

ʩʪʠʩʣʦ ʦʧʠʩʘʥʽ ʡ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʥʠʞʯʝ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʚʠʨʦʙʽʚ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʦʨʽʻʥʪʫʚʘʣʠʩʷ ʥʘ 

ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʽʤʦʚʽʨʥʽʩʥʝ ʧʦʜʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʽʚʝʣʴʥʦʾ ʢʝʨʘʤʽʢʠ ʟ ʤʝʪʦʶ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʮʝʛʣʷʥʠʭ ʩʪʽʥ ʟʘ ʢʨʠʪʝʨʽʻʤ ʚʪʨʘʪʠ ʤʦʨʦʟʦʩʪʽʡʢʦʩʪʽ. ɺ ʨʦʙʦʪʘʭ 

[1, 2] ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ ʧʦʥʘʜ 400 ʤʘʣʠʭ ʟʨʘʟʢʽʚ ʫ ʚʠʛʣʷʜʽ ʢʫʙʘ ʟ ʨʝʙʨʦʤ 2 ʩʤ 

ʩʝʨʝʜʥʷ ʛʫʩʪʠʥʘ, ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ, ʛʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʩʫʭʠʭ ʪʘ ʥʘʩʠʯʝʥʠʭ ʚʦʜʦʶ ʟʨʘʟʢʽʚ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʬʦʨʤʽ ʥʦʨʤʘʣʴʥʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ. ʄʘʨʢʘ ʢʝʨʘʤʽʢʠ ʟʘ 

ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʶ ʚʠʟʥʘʯʝʥʘ ʟʘ ʢʨʠʪʝʨʽʻʤ ʚʪʨʘʪʠ ʤʽʮʥʦʩʪʽ ʟʨʘʟʢʽʚ, ʘ ʾʾ ʨʝʩʫʨʩ (ʢʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ 

ʟʘʤʦʨʦʞʫʚʘʥʥʷ-ʚʽʜʪʘʚʘʥʥʷ ʜʦ 15% ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ) ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʚʠʛʣʷʜʽ ʚʠʧʘʜʢʦʚʦʾ 

ʚʝʣʠʯʠʥʠ ʟ ʥʦʨʤʘʣʴʥʠʤ ʟʘʢʦʥʦʤ ʨʦʟʧʦʜʽʣʫ. ʋ ʩʪʘʪʪʽ [3] ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ 

ʦʪʨʠʤʘʥʘ ʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʚʠʧʘʜʢʦʚʦʛʦ ʧʦʣʷ ʟ ʥʦʨʤʘʣʴʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʦʨʜʠʥʘʪʠ 

ʟʘʣʝʞʥʽʩʪʴ ʛʨʘʥʠʮʽ ʤʽʮʥʦʩʪʽ ʢʝʨʘʤʽʢʠ ʧʨʠ ʩʪʠʩʢʫ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʮʠʢʣʽʚ ʟʘʤʦʨʦʞʫʚʘʥʥʷ-

ʚʽʜʪʘʚʘʥʥʷ ʪʘ ʩʪʫʧʝʥʶ ʥʘʩʠʯʝʥʥʷ ʧʦʨ ʚʦʜʦʶ. ɿʘʣʝʞʥʽʩʪʴ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ ʮʴʦʛʦ 

ʧʦʣʷ ʚʽʜ ʚʢʘʟʘʥʠʭ ʬʘʢʪʦʨʽʚ ʦʧʠʩʘʥʘ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʤ ʚʠʨʘʟʦʤ. ʆʪʨʠʤʘʥʽ ʩʪʘʪʠʩʪʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʨʝʩʫʨʩʫ ʢʝʨʘʤʽʢʠ ʧʨʠ ʨʽʟʥʠʭ ʩʪʫʧʝʥʷʭ ʥʘʩʠʯʝʥʥʷ ʧʦʨ 

ʚʦʜʦʶ. ʇʦʢʘʟʘʥʦ, ʱʦ ʽʩʪʦʪʥʝ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʥʘ ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʴ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʩʪʫʧʝʥʷʭ ʥʘʩʠʯʝʥʥʷ ʧʦʨ ʚʦʜʦʶ ʧʦʥʘʜ 90%. 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʣʠʭ ʟʨʘʟʢʽʚ ʢʝʨʘʤʽʢʠ ʫ ʚʠʛʣʷʜʽ ʢʫʙʽʚ ʟ 

ʨʝʙʨʦʤ 2 ʩʤ ʟʜʽʡʩʥʝʥʝ ʚ ʨʦʙʦʪʘʭ [4, 5]. ʊʘʤ ʞʝ ʦʪʨʠʤʘʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʚʠʙʦʨʫ ʟʘʩʦʙʽʚ 

ʚʠʤʽʨʶʚʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʨʝʞʠʤʽʚ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ 

ʪʘʢʠʭ ʟʨʘʟʢʽʚ ʥʘ ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʴ.  

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ [2, 3] ʪʘ ʤʝʪʦʜʠʢʠ ʦʮʽʥʶʚʘʥʥʷ ʩʦʨʙʮʽʡʥʦʾ 

ʚʦʣʦʛʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʮʝʛʣʠ ʟʘ ʚʦʣʦʛʽʩʪʶ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ [6] ʫ ʩʪʘʪʪʽ [7] 

ʚʠʢʦʥʘʥʝ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʮʝʛʣʷʥʠʭ ʩʪʽʥ ʟʘ ʢʨʠʪʝʨʽʻʤ ʚʪʨʘʪʠ 

ʤʦʨʦʟʦʩʪʽʡʢʦʩʪʽ ʚ ʨʽʟʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚʘʭ ʋʢʨʘʾʥʠ. ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʚʪʨʘʪʠ 

ʤʽʮʥʦʩʪʽ ʢʝʨʘʤʽʢʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʽʾ ʮʠʢʣʽʚ ʟʘʤʦʨʦʞʫʚʘʥʥʷ-ʚʽʜʪʘʚʘʥʥʷ ʟʜʽʡʩʥʝʥʝ ʤʝʪʦʜʦʤ 



 

 

ɿʙʽʨʥʠʢ ʤʘʪʝʨʽʘʣʽʚ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ on-line ʢʦʥʬʝʨʝʥʮʽʾ 

 çʇʈʆɹʃɽʄʀ ɹʋɼɯɺɽʃʔʅʆɻʆ ʊɸ ʊʈɸʅʉʇʆʈʊʅʆɻʆ ʂʆʄʇʃɽʂʉɯɺè. 

8                                                             x ̝̩̝̆̎̓̑́̌̎̏̔̋̑́̎̒̋̉̊ ̨̗̝̎́̏̎́̌̎̉̊ ̨̖̘̓̆̎̎̉̊ ̨̔̎̃̆̑̒̉̓ ̆̓ 

ʄʦʥʪʝ-ʂʘʨʣʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ [3, 6, 7] ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʽʚ ʟʤʽʥʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʡ ʚʦʣʦʛʦʩʪʽ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ, ʚʠʟʥʘʯʝʥʠʭ ʟʘ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʤʠ ʜʘʥʠʤʠ. 

ɻʘʨʘʥʪʦʚʘʥʠʡ ʩʪʨʦʢ ʩʣʫʞʙʠ ʮʝʛʣʠ ʤʘʨʢʠ F 25 ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʦʩʪʽ 0,99 ʚ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚʘʭ 

ʙʽʣʴʰʦʩʪʽ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 25 ʜʦ 150 ʨʦʢʽʚ, ʘ ʧʨʠ ʚʠʱʠʭ ʤʘʨʢʘʭ ʟʘ 

ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʶ ʚʽʥ ʟʨʦʩʪʘʻ ʧʨʠʙʣʠʟʥʦ ʧʨʦʧʦʨʮʽʡʥʦ ʤʘʨʮʽ. ʋ ʨʦʙʦʪʽ [8] ʦʪʨʠʤʘʥʘ ʟʘʣʝʞʥʽʩʪʴ 

ʥʝʦʙʭʽʜʥʦʾ ʤʘʨʢʠ ʟʘ ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʶ ʣʠʮʴʦʚʦʾ ʮʝʛʣʠ ʚʽʜ ʛʝʦʛʨʘʬʽʯʥʦʛʦ ʨʘʡʦʥʫ ʋʢʨʘʾʥʠ ʪʘ 

ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʩʪʨʦʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʜʽʚʣʽ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚ ʫʤʦʚʘʭ ʤ'ʷʢʦʛʦ ʢʣʽʤʘʪʫ ʧʽʚʜʥʷ 

ʋʢʨʘʾʥʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʝʨʘʤʽʯʥʫ ʮʝʛʣʫ ʟ ʤʘʨʢʘʤʠ ʟʘ ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʶ F 10éF 25, 

ʪʦʙʪʦ ʤʝʥʰʦʶ ʚʽʜ ʚʠʤʦʛ ʯʠʥʥʠʭ ʥʦʨʤ ʧʨʦʝʢʪʫʚʘʥʥʷ. 

ʈʦʙʦʪʠ [9é12] ʟʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʫʧʨʦʚʘʜʞʝʥʥʷ ʚ ʙʫʜʽʚʥʠʮʪʚʦ ʤʦʥʦʣʽʪʥʦʛʦ ʧʽʥʦʙʝʪʦʥʫ 

ʷʢ ʝʬʝʢʪʠʚʥʦʛʦ ʢʦʥʩʪʨʫʢʮʽʡʥʦ-ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʩʪʽʥ. ʋ ʩʪʘʪʪʷʭ [9, 10] 

ʚʽʜʦʙʨʘʞʝʥʦ ʧʨʘʢʪʠʯʥʠʡ ʜʦʩʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʘʚʪʦʢʣʘʚʥʦʛʦ ʧʽʥʦʙʝʪʦʥʫ ʧʨʠ ʟʚʝʜʝʥʥʽ 

ʙʫʜʽʚʝʣʴʥʠʭ ʦʙ'ʻʢʪʽʚ. ʈʦʙʦʪʘ [11] ʤʽʩʪʠʪʴ ʤʝʪʦʜʠʢʫ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʾ ʤʘʨʢʠ ʥʽʟʜʨʶʚʘʪʦʛʦ 

ʙʝʪʦʥʫ ʟʘ ʩʝʨʝʜʥʴʦʶ ʛʫʩʪʠʥʦʶ ʟ ʫʤʦʚʠ ʨʽʚʥʦʩʪʽ ʪʦʚʱʠʥʠ ʩʪʽʥ ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʪʝʧʣʦʽʟʦʣʷʮʽʾ ʪʘ 

ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ. ʋ ʩʪʘʪʪʽ [12] ʥʘʜʘʥʽ ʢʦʥʢʨʝʪʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʙʦʨʫ 

ʤʘʨʢʠ ʥʽʟʜʨʶʚʘʪʦʛʦ ʙʝʪʦʥʫ ʟʘ ʩʝʨʝʜʥʴʦʶ ʛʫʩʪʠʥʦʶ ʟʘʣʝʞʥʦ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʦʥʠ ʋʢʨʘʾʥʠ 

ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʨʦʩʪʽʥʦʢ. ʇʦʢʘʟʘʥʦ, ʱʦ ʟ ʥʽʟʜʨʶʚʘʪʦʛʦ ʙʝʪʦʥʫ ʤʘʨʢʠ D 500 ʤʦʞʥʘ 

ʟʚʦʜʠʪʠ ʩʪʽʥʠ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ ʚʠʩʦʪʦʶ ʜʦ ʧ'ʷʪʠ ʧʦʚʝʨʭʽʚ. 

ʉʪʘʪʪʽ [13, 14] ʤʽʩʪʷʪʴ ʧʠʪʘʥʥʷ ʨʝʤʦʥʪʫ ʡ ʪʝʭʥʽʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʛʦ 

ʜʦʨʦʞʥʴʦʛʦ ʦʜʷʛʫ. ɺ [13] ʦʧʠʩʘʥʦ ʜʦʩʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʨʫʤʝʥʝʚʦ-ʽʥ'ʻʢʮʽʡʥʦ ʾʪʝʭʥʦʣʦʛʽʾ 

ʷʤʢʦʚʦʛʦ ʨʝʤʦʥʪʫ ʟ̔ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʭʦʣʦʜʥʠʭ ʙʽʪʫʤʥʠʭ ʝʤʫʣʴʩʽʡ, ʘ ʨʦʙʦʪʘ [14] ʤʽʩʪʠʪʴ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʤʝʪʦʜʠʢʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʦʨʦʞʥʴʦʛʦ 

ʦʜʷʛʫ ʟʘ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʤʠ ʜʘʥʠʤʠ ʧʨʦ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʽʪʨʷ ʪʘ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ. ʈʦʟʨʦʙʣʝʥʘ 

ʤʝʪʦʜʠʢʘ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʢʽʣʴʢʦʩʪʽ ʥʝʙʝʟʧʝʯʥʦ ʭʦʣʦʜʥʠʭ ʜʥʽʚ, ʧʨʦʪʷʛʦʤ ʷʢʠʭ ʤʦʞʝ 

ʚʽʜʙʫʚʘʪʠʩʷ ʢʨʠʭʢʝ ʨʫʡʥʫʚʘʥʥʷ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʛʦ ʜʦʨʦʞʥʴʦʛʦ ʦʜʷʛʫ, ʪʘ ʥʝʙʝʟʧʝʯʥʦ 

ʩʧʝʢʦʪʥʠʭ ʜʥʽʚ, ʢʦʣʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʣʘʩʪʠʯʥʝ ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʜʦʨʦʛʠ ʫʥʘʩʣʽʜʦʢ 

ʨʦʟʤ'ʷʢʰʝʥʥʷ ʜʦʨʦʞʥʴʦʛʦ ʙʽʪʫʤʫ. 

ɹʫʜʽʚʝʣʴʥʽ ʚʠʨʦʙʠ ʥʘ ʦʩʥʦʚʽ ʩʢʣʘ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʚ ʨʦʙʦʪʘʭ [15é17]. ʋ ʩʪʘʪʪʽ [15] 

ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʽʚ ʤʽʮʥʦʩʪʽ ʪʘ ʞʦʨʩʪʢʦʩʪʽ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʘ ʧʦʭʠʣʠʭ ʜʘʭʘʭ ʙʫʜʽʚʝʣʴ. ʈʦʙʦʪʘ [16] ʚʠʢʦʥʘʥʘ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʠʢʠ [15] ʪʘ 

ʨʘʥʽʰʝ ʦʪʨʠʤʘʥʠʭ ʘʚʪʦʨʘʤʠ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʡ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦ-ʪʝʨʠʪʦʨʽʘʣʴʥʦʛʦ 

ʨʘʡʦʥʫʚʘʥʥʷ ʋʢʨʘʾʥʠ ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʩʥʽʛʦʚʦʛʦ ʪʘ ʚʽʪʨʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʈʝʟʫʣʴʪʘʪʦʤ 

ʜʦʩʣʽʜʞʝʥʥʷ [16] ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʙʦʨʫ ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʥʷ ʧʨʦʣʴʦʪʫ (ʤʝʥʰʦʛʦ ʨʦʟʤʽʨʫ) 

ʩʦʥʷʯʥʦʾ ʧʘʥʝʣʽ ʜʣʷ ʢʦʞʥʦʾ ʟ ʦʙʣʘʩʪʝʡ ʋʢʨʘʾʥʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʫʪʘ ʥʘʭʠʣʫ ʧʦʢʨʽʚʣʽ. ɺ ʨʦʙʦʪʽ 

[17] ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʤʧ'ʶʪʝʨʥʘ ʤʦʜʝʣʴ ʩʪʝʥʜʫ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʣʠʩʪʦʚʦʛʦ 

ʩʢʣʘ ʧʽʜ ʜʽʻʶ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺʠʢʦʥʘʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʽʜʪʚʝʨʜʠʣʦ 

ʤʦʞʣʠʚʽʩʪʴ ʘʜʝʢʚʘʪʥʦʛʦ ʫʨʘʭʫʚʘʥʥʷ ʫʤʦʚ ʦʙʧʠʨʘʥʥʷ ʩʢʣʷʥʦʛʦ ʝʣʝʤʝʥʪʘ, ʷʢʽ ʟʘʜʘʶʪʴʩʷ 

ʧʘʨʘʤʝʪʨʘʤʠ ʛʫʤʦʚʦʾ ʧʨʦʢʣʘʜʢʠ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ [17] ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʥʘʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ ʙʫʜʽʚʝʣʴ ʷʢ ʩʢʣʦʧʘʢʝʪʠ, ʚʽʪʨʠʥʠ ʪʘ ʚʽʪʨʘʞʽ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʤʝʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚ ʦʩʥʦʚʥʦʤʫ ʟʚʦʜʠʣʠʩʷ ʜʦ ʘʥʘʣʽʟʫ ʚʘʛʦʚʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟ ʤʝʪʦʶ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʬʦʨʤ. ɺ ʨʦʙʦʪʽ [18] ʥʘ ʦʩʥʦʚʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʦʤʠʭ ʢʨʠʪʝʨʽʾʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʝʨʝʨʽʟʽʚ ʨʦʟʚ'ʷʟʘʥʘ ʟʘʜʘʯʘ ʢʦʤʧʦʥʫʚʘʥʥʷ 

ʦʧʪʠʤʘʣʴʥʠʭ ʧʝʨʝʨʽʟʽʚ ʟʚʘʨʥʠʭ ʩʪʘʣʝʚʠʭ ʙʘʣʦʢ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʦʜʫʣʴʥʦʾ ʚʠʩʦʪʠ, 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʙʤʝʞʝʥʴ ʪʘ ʩʪʘʥʜʘʨʪʥʠʭ ʨʦʟʤʽʨʽʚ ʣʠʩʪʦʚʦʛʦ ʧʨʦʢʘʪʫ. 

ʈʦʟʨʦʙʣʝʥʦ ʩʢʦʨʦʯʝʥʠʡ ʩʦʨʪʘʤʝʥʪ ʽʟ 48 ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʧʨʦʬʽʣʽʚ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʝʢʪʫʚʘʥʥʷ ʙʘʣʦʢ ʜʣʷ ʰʠʨʦʢʦʛʦ ʜʽʘʧʘʟʦʥʫ ʧʨʦʣʴʦʪʽʚ ʪʘ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʤʦʞʝ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʫ ʷʢʦʩʪʽ ʙʽʙʣʽʦʪʝʢʠ ʧʝʨʝʨʽʟʽʚ ʜʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʙʘʣʦʢ. 

ʋ ʩʪʘʪʪʽ [19] ʚʩʪʘʥʦʚʣʝʥʽ ʦʙʣʘʩʪʽ ʤʦʞʣʠʚʦʛʦ ʪʘ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʣʝʚʠʭ 

ʙʘʣʦʢ ʪʨʴʦʭ ʪʠʧʽʚ: ʧʨʦʢʘʪʥʠʭ ʪʠʧʫ "ɹ", ʟʚʘʨʥʠʭ ʪʘ ʧʝʨʬʦʨʦʚʘʥʠʭ. ɺ ʢʦʦʨʜʠʥʘʪʘʭ ʧʨʦʣʽʪ-

ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʦʟʤʝʞʦʚʘʥʽ ʟʦʥʠ, ʚ ʷʢʠʭ ʧʽʜʙʽʨ ʧʝʨʝʨʽʟʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʢʨʠʪʝʨʽʻʤ ʤʽʮʥʦʩʪʽ 

ʯʠ ʟʘ ʢʨʠʪʝʨʽʻʤ ʞʦʨʩʪʢʦʩʪʽ, ʘ ʪʘʢʦʞ ʻ ʥʝʤʦʞʣʠʚʠʤ ʫ ʤʝʞʘʭ ʯʠʥʥʦʛʦ ʩʦʨʪʘʤʝʥʪʫ. ɿʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʦʪʨʠʤʘʥʽ ʬʦʨʤʫʣʠ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ ʧʦʛʦʥʥʦʾ ʤʘʩʠ ʙʘʣʦʢ ʪʘ ʚʽʜʥʦʩʥʦʾ ʤʘʩʠ (ʚʽʜʩʦʪʦʢ ʚʣʘʩʥʦʾ ʚʘʛʠ ʙʘʣʢʠ ʚʽʜ 



 

ñ ʇʨʦʙʣʝʤʠ ʙʫʜʽʚʝʣʴʥʦʛʦ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʽʚò 

23-ςτ  ̠̓̑́̃̎ 2023                                                                                                                                                      9 

ʛʨʘʥʠʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʜʽʶʯʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ) ʟʘʣʝʞʥʦ ʚʽʜ ʧʨʦʣʴʦʪʫ ʪʘ 

ʚʝʣʠʯʠʥʠ ʧʦʛʦʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʈʦʙʦʪʘ [20] ʧʨʠʩʚʷʯʝʥʘ ʚʠʟʥʘʯʝʥʥʶ ʤʝʞ ʤʦʞʣʠʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʚʘʛʦʚʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʝʥʪʨʘʣʴʥʦ ʩʪʠʩʥʫʪʠʭ ʢʦʣʦʥ ʟ ʧʝʨʝʨʽʟʘʤʠ ʰʝʩʪʠ ʪʠʧʽʚ: ʧʨʦʢʘʪʥʽ ʜʚʦʪʘʚʨʠ, 

ʟʚʘʨʥʽ ʜʚʦʪʘʚʨʠ, ʢʚʘʜʨʘʪʥʽ ʪʨʫʙʠ, ʜʚʘ ʰʚʝʣʝʨʠ ʥʘ ʧʣʘʥʢʘʭ, ʯʦʪʠʨʠ ʢʫʪʥʠʢʠ ʥʘ ʧʣʘʥʢʘʭ, 

ʯʦʪʠʨʠ ʢʫʪʥʠʢʠ ʥʘ ʨʝʰʽʪʢʘʭ. ɼʣʷ ʢʦʣʦʥ ʢʦʞʥʦʛʦ ʪʠʧʫ ʦʪʨʠʤʘʥʽ ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʧʦʛʦʥʥʦʾ ʤʘʩʠ ʩʪʝʨʞʥʷ ʢʦʣʦʥʠ ʚʽʜ ʾʾ ʚʠʩʦʪʠ ʪʘ ʜʽʶʯʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʦʨʽʻʥʪʦʚʥʦ ʧʨʦʛʥʦʟʫʚʘʪʠ ʚʠʪʨʘʪʠ ʩʪʘʣʽ ʥʘ ʮʽ ʢʦʣʦʥʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʤʙʽʥʘʮʽʾ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʚʠʩʦʪʠ ʢʦʣʦʥʠ ʥʘʡʤʝʥʰʫ ʤʝʪʘʣʦʻʤʥʽʩʪʴ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʢʦʣʦʥʠ ʽʟ 

ʟʚʘʨʥʠʭ ʜʚʦʪʘʚʨʽʚ, ʢʚʘʜʨʘʪʥʠʭ ʪʨʫʙ ʘʙʦ ʯʦʪʠʨɹʦʭ ʢʫʪʥʠʢʽʚ ʥʘ ʨʝʰʽʪʢʘʭ. ʆʢʨʽʤ ʪʦʛʦ, ʥʘʜʘʥʽ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʛʘʙʘʨʠʪʫ ʩʢʣʘʜʝʥʠʭ ʧʝʨʝʨʽʟʽʚ ʟʘʣʝʞʥʦ ʚʽʜ 

ʢʦʤʙʽʥʘʮʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʚʠʩʦʪʠ ʢʦʣʦʥʠ. 

ʉʪʘʪʪʽ [21, 22] ʧʨʠʩʚʷʯʝʥʽ ʘʥʘʣʽʟʫ ʩʪʘʣʝʚʠʭ ʢʘʨʢʘʩʽʚ ʚʠʨʦʙʥʠʯʠʭ ʙʫʜʽʚʝʣʴ. ɺ [21] 

ʰʣʷʭʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʠʷʚʣʝʥʦ ʝʬʝʢʪ ʚʽʜ ʫʨʘʭʫʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʥʘʧʨʷʤʢʫ ʚʽʪʨʫ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʚʽʪʨʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʘʨʢʘʩ ʟʘʣʝʞʥʦ ʚʽʜ 

ʦʨʽʻʥʪʘʮʽʾ ʧʦʧʝʨʝʯʥʠʭ ʨʘʤ ʟʘ ʩʪʦʨʦʥʘʤʠ ʩʚʽʪʫ. ʋʨʘʭʫʚʘʥʥʷ ʮʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʷʢʽ ʨʘʥʽʰʝ ʙʫʣʠ 

ʚʩʪʘʥʦʚʣʝʥʽ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ ʘʚʪʦʨʘ, ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʤʝʪʘʣʦʻʤʥʽʩʪʴ ʩʪʘʣʝʚʠʭ ʢʦʣʦʥ 

ʦʜʥʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʽʚʝʣʴ ʚ ʩʝʨʝʜʥʴʦʤʫ ʧʦ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʥʘ 4,2%. ɺ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ 

ʟʘʣʝʞʥʦ ʚʽʜ ʚʠʩʦʪʠ, ʛʝʦʛʨʘʬʽʯʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʙʫʜʽʚʣʽ ʪʘ ʦʨʽʻʥʪʘʮʽʾ ʧʦʧʝʨʝʯʥʠʭ ʨʘʤ ʤʘʩʘ 

ʢʦʣʦʥ ʤʦʞʝ ʟʤʝʥʰʫʚʘʪʠʩʷ ʜʦ 17,5%. ʅʘ ʪʝʨʠʪʦʨʽʾ ʙʽʣʴʰʦʩʪʽ ʦʙʣʘʩʪʝʡ ʋʢʨʘʾʥʠ ʤʘʢʩʠʤʘʣʴʥʫ 

ʝʢʦʥʦʤʽʶ ʩʪʘʣʽ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʧʨʠ ʦʨʽʻʥʪʘʮʽʷʭ ʧʦʧʝʨʝʯʥʠʭ ʨʘʤ ʙʫʜʽʚʣʽ ʫ ʥʘʧʨʷʤʢʘʭ ʧʽʚʥʽʯ ï 

ʧʽʚʜʝʥʴ ʪʘ ʧʽʚʥʽʯʥʠʡ ʩʭʽʜ ïʧʽʚʜʝʥʥʠʡ ʟʘʭʽʜ. 

ɺ ʨʦʙʦʪʽ [22] ʚʠʢʦʥʘʥʦ ʩʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ ʚʽʜʭʠʣʝʥʴ ʢʦʣʽʡ ʤʦʩʪʦʚʠʭ ʢʨʘʥʽʚ ʚʽʜ 

ʧʨʦʝʢʪʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʧʦ ʚʠʩʦʪʽ ʪʘ ʚ ʧʣʘʥʽ. ɼʘʥʽ ʧʨʦ ʬʘʢʪʠʯʥʝ ʧʦʣʦʞʝʥʥʷ ʢʨʘʥʦʚʠʭ ʢʦʣʽʡ 

ʦʪʨʠʤʘʥʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʛʝʦʜʝʟʠʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʷʢʽ ʚʠʢʦʥʫʚʘʣʠʩʷ ʧʨʦʪʷʛʦʤ ʯʦʪʠʨʴʦʭ 

ʨʦʢʽʚ ʫ ʜʝʢʽʣʴʢʦʭ ʮʝʭʘʭ ʤʘʰʠʥʦʙʫʜʽʚʥʦʛʦ ʟʘʚʦʜʫ. ɺʽʜʭʠʣʝʥʥʷ ʚʽʜʩʪʘʥʽ ʤʽʞ ʢʦʣʽʷʤʠ ʦʧʠʩʘʥʽ 

ʥʦʨʤʘʣʴʥʠʤ ʨʦʟʧʦʜʽʣʦʤ, ʘ ʧʝʨʝʧʘʜʠ ʚʠʩʦʪ ʛʦʣʦʚʦʢ ʢʨʘʥʦʚʠʭ ʨʝʡʦʢ ï ʦʜʥʦʩʪʦʨʦʥʥʽʤ 

ʥʦʨʤʘʣʴʥʠʤ ʨʦʟʧʦʜʽʣʦʤ. ʈʝʟʫʣʴʪʘʪʠ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʧʦʢʘʟʘʣʠ, ʱʦ ʥʘʡʯʘʩʪʽʰʝ 

ʨʝʘʣʽʟʫʶʪʴʩʷ ʧʦʟʘʥʦʨʤʘʪʠʚʥʽ ʧʝʨʝʧʘʜʠ ʚʠʩʦʪʠ ʛʦʣʦʚʢʠ ʨʝʡʦʢ ʥʘ ʩʫʤʽʞʥʠʭ ʢʦʣʦʥʘʭ ʦʜʥʦʛʦ 

ʨʷʜʫ, ʘ ʪʘʢʦʞ ʧʦʟʘʥʦʨʤʘʪʠʚʥʽ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜʩʪʘʥʽ ʤʽʞ ʢʦʣʽʷʤʠ. ʎʽ ʚʽʜʭʠʣʝʥʥʷ ʟʘʟʚʠʯʘʡ 

ʟʨʦʩʪʘʶʪʴ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʤʦʞʫʪʴ ʽʩʪʦʪʥʦ ʟʤʝʥʰʫʚʘʪʠʩʷ ʫ ʨʝʟʫʣʴʪʘʪʽ ʨʠʭʪʫʚʘʥʥʷ 

ʢʨʘʥʦʚʠʭ ʢʦʣʽʡ. ɺʠʷʚʣʝʥʽ ʧʦʟʘʥʦʨʤʘʪʠʚʥʽ ʚʽʜʭʠʣʝʥʥʷ ʢʨʘʥʦʚʠʭ ʢʦʣʽʡ ʚʽʜ ʧʨʦʝʢʪʥʦʛʦ 

ʧʦʣʦʞʝʥʥʷ ʧʦʛʽʨʰʫʶʪʴ ʨʦʙʦʪʫ ʤʦʩʪʦʚʠʭ ʢʨʘʥʽʚ ʪʘ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʽʩʪʦʪʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʙʽʯʥʠʭ 

ʩʠʣ, ʱʦ ʜʽʶʪʴ ʥʘ ʢʘʨʢʘʩ ʙʫʜʽʚʣʽ. 

ʅʘʜʽʡʥʽʩʪʴ ʤʝʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʘʥʘʣʽʟʫʚʘʣʘʩʷ ʽʤʦʚʽʨʥʽʩʥʠʤʠ ʤʝʪʦʜʘʤʠ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʜʦʤʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʮʥʦʩʪʽ ʩʪʘʣʝʡ ʪʘ ʽʤʦʚʽʨʥʽʩʥʠʭ ʤʦʜʝʣʝʡ 

ʥʘʚʘʥʪʘʞʝʥʴ, ʨʦʟʨʦʙʣʝʥʠʭ ʫ ʨʘʥʽʰʝ ʚʠʢʦʥʘʥʠʭ ʨʦʙʦʪʘʭ ʘʚʪʦʨʽʚ. ʋ ʩʪʘʪʪʽ [23] ʥʘʚʝʜʝʥʘ 

ʤʝʪʦʜʠʢʘ ʦʮʽʥʶʚʘʥʥʷ ʽʤʦʚʽʨʥʦʩʪʝʡ ʚʽʜʤʦʚʠ ʩʪʝʨʞʥʽʚ ʩʪʘʣʝʚʠʭ ʢʨʦʢʚʷʥʠʭ ʬʝʨʤ, ʷʢʘ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʦʜʘʥʥʽ ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ ʩʪʘʣʽ ʪʘ ʧʦʩʪʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʚʠʧʘʜʢʦʚʠʭ 

ʚʝʣʠʯʠʥ ʟ ʥʦʨʤʘʣʴʥʠʤʠ ʨʦʟʧʦʜʽʣʘʤʠ, ʘ ʨʽʯʥʠʭ ʤʘʢʩʠʤʫʤʽʚ ʩʥʽʛʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ï ʫ ʬʦʨʤʽ 

ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʟ ʨʦʟʧʦʜʽʣʦʤ ɻʫʤʙʝʣʷ. ʆʧʠʩ ʨʝʟʝʨʚʫ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʟʤʽʰʘʥʠʤ 

ʨʦʟʧʦʜʽʣʦʤ ɻʫʤʙʝʣʷ-ɻʘʫʩʘ ʜʦʟʚʦʣʠʚ ʚʠʟʥʘʯʠʪʠ ʽʤʦʚʽʨʥʦʩʪʽ ʚʽʜʤʦʚʠ ʩʪʝʨʞʥʽʚ ʬʝʨʤ ʪʘ 

ʚʽʜʦʙʨʘʟʠʪʠ ʨʽʚʝʥʴ ʾʭ ʥʘʜʽʡʥʦʩʪʽ ʚ ʙʝʣʘʭ. ʅʘ ʧʨʠʢʣʘʜʘʭ ʨʦʟʨʘʭʫʥʢʫ ʢʨʦʢʚʷʥʠʭ ʬʝʨʤ ʧʽʜ ʨʽʟʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʷʚʣʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʨʽʚʥʷ ʥʘʜʽʡʥʦʩʪʽ ʩʪʝʨʞʥʽʚ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʚʘʥʪʘʞʝʥʴ 

ʽ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʬʝʨʤ. 

ʈʦʙʦʪʠ [24é26] ʧʨʠʩʚʷʯʝʥʽ ʘʥʘʣʽʟʫ ʥʘʜʽʡʥʦʩʪʽ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʥʘʬʪʦʧʨʦʚʦʜʽʚ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʨʦʟʽʡʥʠʭ ʧʦʰʢʦʜʞʝʥʴ, ʦʪʨʠʤʘʥʠʭ ʫ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʋ ʩʪʘʪʪʷʭ [24, 25] 

ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʽʤʦʚʽʨʥʽʩʥʘ ʤʦʜʝʣʴ ʜʣʷ ʦʧʠʩʫ ʢʦʨʦʟʽʡʥʠʭ 

ʧʦʰʢʦʜʞʝʥʴ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʚʥʫʪʨʽʰʥʴʦʪʨʫʙʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ. ʄʘʢʩʠʤʘʣʴʥʘ 

ʛʣʠʙʠʥʘ ʢʦʨʦʟʽʾ ʥʘ ʩʝʢʮʽʷʭ ʪʨʫʙʦʧʨʦʚʦʜʫ ʦʧʠʩʘʥʘ ʨʦʟʧʦʜʽʣʦʤ ɻʫʤʙʝʣʷ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ [24, 25] ʫʟʘʛʘʣʴʥʝʥʽ ʪʘ ʨʦʟʚʠʥʫʪʽ ʚ ʤʦʥʦʛʨʘʬʽʾ [26], ʜʝ ʪʘʢʦʞ 

ʦʪʨʠʤʘʥʽ ʦʮʽʥʢʠ ʥʘʜʽʡʥʦʩʪʽ ʪʨʫʙʦʧʨʦʚʦʜʫ ʧʨʠ ʜʽʾ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʠʩʢʫ ʪʘ ʢʦʨʦʟʽʡʥʠʭ 

ʧʦʰʢʦʜʞʝʥʴ. ʆʪʨʠʤʘʥʽ ʚ [24, 25] ʩʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʣʠʙʠʥʠ ʢʦʨʦʟʽʡʥʠʭ 

ʧʦʰʢʦʜʞʝʥʴ ʜʦʟʚʦʣʠʣʠ ʦʮʽʥʠʪʠ ʽʤʦʚʽʨʥʦʩʪʽ ʚʽʜʤʦʚʠ ʚʦʩʴʤʠ ʜʽʣʷʥʦʢ ʥʘʬʪʦʧʨʦʚʦʜʫ, 



 

 

ɿʙʽʨʥʠʢ ʤʘʪʝʨʽʘʣʽʚ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ on-line ʢʦʥʬʝʨʝʥʮʽʾ 

 çʇʈʆɹʃɽʄʀ ɹʋɼɯɺɽʃʔʅʆɻʆ ʊɸ ʊʈɸʅʉʇʆʈʊʅʆɻʆ ʂʆʄʇʃɽʂʉɯɺè. 

10                                                             x ̝̩̝̆̎̓̑́̌̎̏̔̋̑́̎̒̋̉̊ ̨̗̝̎́̏̎́̌̎̉̊ ̨̖̘̓̆̎̎̉̊ ̨̔̎̃̆̑̒̉̓ ̆̓ 

ʚʩʪʘʥʦʚʠʪʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʝʤʦʥʪʫ ʰʣʷʭʦʤ ʣʦʢʘʣʴʥʠʭ ʧʽʜʩʠʣʝʥʴ ʧʦʰʢʦʜʞʝʥʠʭ ʟʦʥ ʯʠ ʟʘʤʽʥʠ 

ʦʢʨʝʤʠʭ ʩʝʢʮʽʡ ʪʨʫʙʦʧʨʦʚʦʜʫ ʪʘ ʨʦʟʨʦʙʠʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʦʧʪʠʤʘʣʴʥʦʾ ʩʪʨʘʪʝʛʽʾ  

ʚʠʢʦʥʘʥʥʷ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʤʘʣʠ ʥʘ ʤʝʪʽ ʚʠʟʥʘʯʝʥʥʷ ʨʽʟʥʠʭ ʘʩʧʝʢʪʽʚ 

ʧʦʚʝʜʽʥʢʠ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʽʜ ʜʽʻʶ ʟʦʚʥʽʰʥʽʭ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʚʠʟʥʘʯʝʥʥʶ ʾʭ 

ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʚʧʣʠʚʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʋ ʩʪʘʪʪʽ [27] ʥʘ ʧʨʠʢʣʘʜʽ ʙʝʪʦʥʥʠʭ ʰʧʦʥʦʢ ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʽʤʦʚʽʨʥʽʩʥʦʛʦ 

ʘʥʘʣʽʟʫ ʷʢʦʩʪʽ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʝʣʝʤʝʥʪʽʚ ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ 

ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʚʽʜʭʠʣʝʥʴ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʚʽʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ 

ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʥʘʷʚʥʽʩʪʴ ʩʠʩʪʝʤʘʪʠʯʥʠʭ ʧʦʭʠʙʦʢ ʪʘ ʟʘʙʝʟʧʝʯʝʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ 

ʤʝʪʦʜʫ, ʨʽʚʥʫ ʽʤʦʚʽʨʥʦʩʪʽ ʪʦʛʦ, ʱʦ ʚʽʥ ʟʘʥʠʞʫʻ ʥʝʩʫʯʫ ʟʜʘʪʥʽʩʪʴ ʧʦʨʽʚʥʷʥʦ ʟ ʜʦʩʣʽʜʥʠʤʠ 

ʜʘʥʠʤʠ. ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʦʨʠʛʫʶʯʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʙʽʞʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʤʝʪʦʜʫ ʟ ʬʘʢʪʠʯʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ 

ʜʘʥʠʤʠ ʪʘ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʘʥʘʣʽʟʫ ʷʢʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʽʥʰʠʭ 

ʝʣʝʤʝʥʪʽʚ ʥʝʩʫʯʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

ʉʪʘʪʪʽ [28, 29] ʧʨʠʩʚʷʯʝʥʽ ʘʥʘʣʽʟʫ ʨʦʙʦʪʠ ʩʪʘʣʝʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ɺ ʨʦʙʦʪʽ 

[28] ʨʦʟʛʣʷʜʘʚʩʷ ʨʦʟʨʘʭʫʥʦʢ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪ̔ ʢʦʨʦʪʢʠʭ ʩʪʘʣʝʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘ 

ʣʝʛʢʦʤʫ ʙʝʪʦʥʽ. ʈʝʟʫʣʴʪʘʪ ʧʦʨʽʚʥʷʥʥʷ ʜʝʬʦʨʤʘʮʽʡ ʚ ʯʠʩʝʣʴʥʦʤʫ ʪʘ ʬʽʟʠʯʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ 

ʧʦʢʘʟʘʚ, ʱʦ ʜʝʬʦʨʤʘʮʽʾ ʩʝʨʝʜʥʽʭ ʯʘʩʪʠʥ ʝʣʝʤʝʥʪʽʚ ʥʘʩʢʨʽʟʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ (ʚ ʤʽʩʮʷʭ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʝʥʟʦʨʝʟʠʩʪʦʨʽʚ) ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʧʨʫʞʥʠʤʠ ʥʘ ʧʨʘʢʪʠʯʥʦ ʚʩʽʭ ʩʪʘʜʽʷʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺ ʥʘʫʢʦʚʽʡ ʧʫʙʣʽʢʘʮʽʾ [29] ʘʥʘʣʽʟʫʚʘʣʦʩʷ ʧʽʜʚʠʱʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ 

ʚʣʘʰʪʫʚʘʥʥʷ ʤʦʥʦʣʽʪʥʦʛʦ ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ ʪʘ ʟʤʝʥʰʝʥʥʷ ʪʝʨʤʽʥʽʚ ʙʫʜʽʚʥʠʮʪʚʘ. 

ʄʦʥʦʣʽʪʥʫ ʟʘʣʽʟʦʙʝʪʦʥʥʫ ʧʣʠʪʫ ʚʣʘʰʪʦʚʫʶʪʴ ʧʦ ʥʝʟʥʽʤʥʽʡ ʦʧʘʣʫʙʮʽ ʽʟ ʧʨʦʬʽʣʴʦʚʘʥʦʛʦ 

ʥʘʩʪʠʣʫ. ʇʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ, ʤʦʥʦʣʽʪʥʦʾ ʟʘʣʽʟʦʙʝʪʦʥʥʦʾ ʧʣʠʪʠ ʽʟ ʩʪʘʣʝʚʠʤ 

ʧʨʦʬʽʣʴʦʚʘʥʠʤ ʥʘʩʪʠʣʦʤ ʥʝʟʥʽʤʥʦʾ ʦʧʘʣʫʙʢʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʠʬʣʝʥʦʾ ʧʦʚʝʨʭʥʽ ʧʨʦʬʥʘʩʪʠʣʫ, 

ʪʘʢʽ ʧʝʨʝʢʨʠʪʪʷ ʟʘ ʚʠʪʨʘʪʘʤʠ ʤʘʪʝʨʽʘʣʽʚ ʙʣʠʟʴʢʽ ʜʦ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ, ʪʘʢ ʷʢ ʧʨʦʬʽʣʴʦʚʘʥʠʡ 

ʣʠʩʪ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʷʢ ʦʧʘʣʫʙʢʘ, ʘ ʡ ʟʦʚʥʽʰʥʻ ʘʨʤʫʚʘʥʥʷ ʧʣʠʪʠ. ɿʘ ʨʝʟʫʣʴʪʘʪʦʤ 

ʜʦʩʣʽʜʞʝʥʥʷ ʦʪʨʠʤʘʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʨʠ ʨʽʚʥʦʤʽʨʥʦʤʫ ʢʨʦʮʽ ʦʧʦʨ 1900ï1900ï1900 ʤʤ 

ʧʨʦʛʠʥʠ ʧʨʦʬʣʠʩʪʘ ʚ ʢʨʘʡʥʽʭ ʧʨʦʣʴʦʪʘʭ ʙʽʣʴʰʽ ʟʘ ʧʨʦʛʠʥʠ ʚ ʩʝʨʝʜʥʴʦʤʫ ʧʨʦʣʴʦʪʽ ʧʨʠʙʣʠʟʥʦ 

ʫ 3,5 ʨʘʟʠ, ʘ ʥʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʚ ʢʨʘʡʥʽʭ ʪʦʯʢʘʭ ʚʢʘʟʘʥʠʭ ʧʝʨʝʨʽʟʽʚ ï ʚ 3 ʨʘʟʠ. ʇʨʠ ʮʴʦʤʫ 

ʥʘʧʨʫʞʝʥʥʷ ʚ ʢʨʘʡʥʽʭ ʪʦʯʢʘʭ ʧʝʨʝʨʽʟʫ ʩʝʨʝʜʥʴʦʛʦ ʧʨʦʣʴʦʪʫ ʤʝʥʰʽ ʟʘ ʦʧʦʨʥʽ ʤʘʡʞʝ ʚ 4 ʨʘʟʠ. 

ʆʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ ʟʥʘʯʝʥʥʷ ʦʧʪʠʤʽʟʦʚʘʥʠʭ ʜʦʚʞʠʥ ʧʨʦʣʴʦʪʽʚ ʧʨʘʢʪʠʯʥʦ 

ʩʧʽʚʧʘʜʘʶʪʴ ʽʟ ʪʝʦʨʝʪʠʯʥʠʤʠ. 

ʉʪʘʪʪʷ [30] ʧʨʠʩʚʷʯʝʥʘ ʜʦʩʣʽʜʞʝʥʥʶ ʚʧʣʠʚʫ ʨʦʟʤʽʨʽʚ ʨʫʡʥʫʚʘʥʥʷ ʙʝʪʦʥʥʦʛʦ ʪʽʣʘ 

ʢʦʣʦʥ ʥʘ ʥʝʩʫʯʫ ʟʜʘʪʥʽʩʪʴ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ɼʦʩʣʽʜʞʝʥʦ ʩʧʽʣʴʥʫ ʧʨʦʩʪʦʨʦʚʫ ʨʦʙʦʪʫ 

ʩʪʘʣʝʚʦʾ ʘʨʤʘʪʫʨʠ ʽʟ ʟʘʣʽʟʦʙʝʪʦʥʥʠʤʠ ʢʦʥʩʪʨʫʢʮʽʷʤʠ. ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʧʦʰʢʦʜʞʝʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʣʦʥ 

ʩʝʨʝʜʥʴʦʛʦ ʨʷʜʫ ʧʨʦʤʠʩʣʦʚʦʾ ʙʫʜʽʚʣʽ.  

ʄʝʪʦʶ ʨʦʙʦʪʠ [31] ʻ ʚʠʷʚʣʝʥʥʷ ʚʧʣʠʚʫ ʫʭʠʣʫ ʧʦʢʨʽʚʣʽ ʥʘ ʚʠʪʨʘʪʠ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʨʝʙʨʠʩʪʠʭ ʧʘʥʝʣʝʡ ʧʦʢʨʠʪʪʷ ʰʚʠʜʢʦʤʦʥʪʦʚʘʥʠʭ ʙʫʜʽʚʝʣʴ 

ʩʪʽʥʦʚʦʾ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʩʭʝʤʠ. ʋ ʷʢʦʩʪʽ ʧʘʥʝʣʽ ʧʦʢʨʠʪʪʷ ʧʨʠʡʥʷʪʠ ʪʨʠʢʫʪʥʫ ʟʘʣʽʟʦʙʝʪʦʥʥʫ 

ʘʨʢʫ ʽʟ ʩʘʤʦʥʘʧʨʫʞʝʥʦʶ ʩʪʘʣʝʚʦʶ ʟʘʪʷʞʢʦʶ. ʊʘʢʘ ʧʦʢʨʽʚʝʣʴʥʘ ʧʘʥʝʣʴ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʨʝʙʨʠʩʪʠʭ ʢʦʤʧʣʝʢʩʥʠʭ ʥʘʧʽʚʧʘʥʝʣʝʡ, ʦʙ'ʻʜʥʘʥʠʭ ʫ ʪʨʠʢʫʪʥʫ ʘʨʢʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʪʘʣʝʚʠʭ ʟʘʪʷʞʦʢ. ʋ ʩʪʘʪʪʽ ʦʧʠʩʘʥʠʡ ʚʧʣʠʚ ʛʘʙʘʨʠʪʥʠʭ ʨʦʟʤʽʨʽʚ, ʘ ʩʘʤʝ 

ʚʽʜʥʦʰʝʥʥʷ ʚʠʩʦʪʠ ʧʽʜʡʦʤʫ ʜʦ ʧʨʦʣʴʦʪʫ ʪʨʠʢʫʪʥʦʾ ʟʘʣʽʟʦʙʝʪʦʥʥʦʾ ʘʨʢʠ ʧʦʢʨʠʪʪʷ, ʥʘ ʟʤʽʥʫ 

ʚʥʫʪʨʽʰʥʽʭ ʟʫʩʠʣʴ ʚ ʾʾ ʧʝʨʝʨʽʟʘʭ ʪʘ ʚʠʪʨʘʪ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʾʾ ʚʠʛʦʪʦʚʣʝʥʥʷ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʬʫʥʜʘʤʝʥʪʽʚ ʪʘ ʧʽʜʟʝʤʥʠʭ ʩʧʦʨʫʜ. ʋ ʨʦʙʦʪʽ [32] ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʪʨʠ 

ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʧʣʠʪʥʠʭ ʬʫʥʜʘʤʝʥʪʽʚ ʧʽʜ ʩʠʣʦʩʠ ʟʝʨʥʦʩʭʦʚʠʱ: ʤʦʜʝʣʴ ɺʽʥʢʣʝʨʘ, 

ʤʦʜʝʣʴ ʦʙ'ʻʤʥʠʭ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʤʝʪʦʜ ʧʦʰʘʨʦʚʦʛʦ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ. ʈʦʟʨʘʭʫʥʢʠ 

ʚʠʢʦʥʘʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʟʫʣʴʪʘʪʽʚ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʚʠʰʫʢʫʚʘʥʴ ʥʘ ʪʝʨʠʪʦʨʽʾ 

ʨʦʟʤʽʱʝʥʥʷ ʦʙ'ʻʢʪʘ. ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʽʞ ʩʦʙʦʶ ʪʘ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʪʫʨʥʠʭ 

ʛʝʦʜʝʟʠʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʧʨʦʩʽʜʘʥʥʷʤ ʬʫʥʜʘʤʝʥʪʥʦʾ ʧʣʠʪʠ ʧʦʢʘʟʘʣʦ, ʱʦ ʤʝʪʦʜ 



 

ñ ʇʨʦʙʣʝʤʠ ʙʫʜʽʚʝʣʴʥʦʛʦ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʽʚò 
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ʧʦʰʘʨʦʚʦʛʦ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʽʩʪʦʪʥʦ ʟʘʚʠʫɦ ̒ ʟʥʘʯʝʥʥʷ ʧʨʦʩʽʜʘʥʴ. ʎʝ ʜʦʟʚʦʣʠʣʦ 

ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʽ ɺʽʥʢʣʝʨʘ, ʷʢ ʙʽʣʴʰ ʧʨʦʩʪʦʛʦ ʪʘ ʜʦʩʪʘʪʥʴʦ ʪʦʯʥʦʛʦ 

ʤʝʪʦʜʫ ʨʦʟʨʘʭʫʥʢʫ ʧʣʠʪʥʠʭ ʬʫʥʜʘʤʝʥʪʽʚ. 
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ʋɼʂ 624.042 

ʈɽɿʋʃʔʊɸʊʀ ʊɸ ʇɽʈʉʇɽʂʊʀɺʀ ɼʆʉʃɯɼɾɽʅʅʗ ʁ ʅʆʈʄʋɺɸʅʅʗ 

ʅɸɺɸʅʊɸɾɽʅʔ ɯ ɺʇʃʀɺɯɺ ʅɸ ɹʋɼɯɺɽʃʔʅɯ ʂʆʅʉʊʈʋʂʎɯɰ 

ʄʠʢʦʣʘ ʇʘʰʠʥʩʴʢʠʡ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ʉʪʘʥʽʩʣʘʚ ɼʞʠʨʤʘ, ʜʦʮʝʥʪ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ʉʝʨʛʽʡ ʂʘʨʧʫʰʠʥ, ʜʦʮʝʥʪ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ɺ̔ ʢʪʦʨ ʇʘʰʠʥʩʴʢʠʡ, ʧʨʦʬ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ 

ʆʣʝʛ ʇʣʦʪʥʽʢʦʚ, ʽʥʞʝʥʝʨ 

ɺʦʣʦʜʠʤʠʨ ʉʝʤʢʦ, ʧʨʦʬ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ 

ɯʚʘʥ ʉʢʨʠʥʥʽʢ, ʜʦʮʝʥʪ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ɸʥʜʨʽʡ ʊʠʭʠʡ, ʜʦʮʝʥʪ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ɻʝʥʥʘʜʽʡ ʌʽʣʽʤʦʥʽʭʽʥ, ʧʨʦʬ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ 

ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʅʘʚʘʥʪʘʞʝʥʥʷ ʽ ʚʧʣʠʚʠ ʻ ʥʘʡʙʽʣʴʰ ʤʽʥʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ ʧʨʠ 

ʧʨʦʻʢʪʫʚʘʥʥʽ ʥʝʩʫʯʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʊʦʯʥʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ 

ʟʥʘʯʝʥʴ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʡ. ʎʝ ʦʙʫʤʦʚʣʶʻ 

ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʫ ʛʘʣʫʟʽ ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʧʦʜʘʥʥʷ ʪʘ ʥʦʨʤʫʚʘʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ 

ʟʥʘʯʝʥʴ ʢʣʽʤʘʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʚʧʣʠʚʽʚ, ʷʢʽ ʚʠʢʦʥʫʚʘʣʠʩʷ ʽ ʚʠʢʦʥʫʶʪʴʩʷ ʥʘʫʢʦʚʮʷʤʠ 

ʢʘʬʝʜʨʠ ʙʫʜʽʚʝʣʴʥʠʭ, ʜʦʨʦʞʥʽʭ ʤʘʰʠʥ ʽ ʙʫʜʽʚʥʠʮʪʚʘ. ʇʨʦʪʷʛʦʤ ʦʩʪʘʥʥʴʦʛʦ ʜʝʩʷʪʠʣʽʪʪʷ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʢʦʥʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʧʫʙʣʽʢʦʚʘʥʦ ʙʣʠʟʴʢʦ 50 ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ, ʫ ʪʦʤʫ ʯʠʩʣʽ 

ʯʦʪʠʨʠ ʩʪʘʪʪʽ ʚ ʟʘʨʫʙʽʞʥʠʭ ʚʠʜʘʥʥʷʭ, ʷʢʽ ʽʥʜʝʢʩʫʶʪʴʩʷ ʥʘʫʢʦʤʝʪʨʠʯʥʠʤʠ ʙʘʟʘʤʠ Scopus ʪʘ 

Web of Science, 24 ʩʪʘʪʪʽ ʫ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ ʪʘ ʜʚʽ ʤʦʥʦʛʨʘʬʽʾ. ʅʠʞʯʝ ʚʠʢʦʥʘʥʦ 

ʦʛʣʷʜ ʨʝʟʫʣʴʪʘʪʽʚ ʦʩʥʦʚʥʠʭ ʨʦʙʽʪ, ʚʢʘʟʘʥʠʭ ʫ ʩʧʠʩʢʫ ʣʽʪʝʨʘʪʫʨʠ, ʪʘ ʥʘʤʽʯʝʥʽ ʧʝʨʩʧʝʢʪʠʚʥʽ 

ʥʘʧʨʷʤʢʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʛʘʣʫʟʽ ʚʠʚʯʝʥʥʷ ʡ ʥʦʨʤʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʚʧʣʠʚʽʚ ʥʘ 

ʙʫʜʽʚʣʽ, ʩʧʦʨʫʜʠ ʪʘ ʙʫʜʽʚʝʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ. 

ɿʘʛʘʣʴʥʽ ʧʨʠʥʮʠʧʠ ʥʦʨʤʫʚʘʥʥʷ ʢʣʽʤʘʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʚʧʣʠʚʽʚ, ʤʝʪʦʜʠ ʾʭ 

ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʧʦʜʘʥʥʷ ʪʘ ʦʙʯʠʩʣʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʟʥʘʯʝʥʴ, ʨʦʟʨʦʙʣʝʥʽ 

ʚ ʧʦʧʝʨʝʜʥʽ ʨʦʢʠ, ʩʪʠʩʣʦ ʚʠʩʚʽʪʣʝʥʽ ʚ ʩʪʘʪʪʷʭ [1, 2]. ʋ ʮʠʭ ʪʘ ʽʥʰʠʭ ʨʦʙʦʪʘʭ ʘʚʪʦʨʘ 

ʦʙˇʨʫʥʪʦʚʘʥʽ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʽʤʦʚʽʨʥʽʩʥʽ ʤʦʜʝʣʽ ʢʣʽʤʘʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʫ ʬʦʨʤʽ 

ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʠʭ ʪʘ ʽʤʧʫʣʴʩʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ, ʘ ʪʘʢʦʞ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʨʽʯʥʠʭ ʯʠ 

ʤʽʩʷʯʥʠʭ (ʜʣʷ ʚʽʪʨʦʚʦʛʦ ʪʠʩʢʫ) ʤʘʢʩʠʤʫʤʽʚ ʥʘʚʘʥʪʘʞʝʥʴ.  

ɺ ʨʦʙʦʪʘʭ [3, 4] ʨʦʟʚʠʥʫʪʽ ʤʝʪʦʜʠ ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʦʧʠʩʫ ʚʠʙʽʨʦʢ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ 

ʢʣʽʤʘʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʟʥʘʯʝʥʴ ʜʣʷ ʟʘʜʘʥʦʛʦ ʧʝʨʽʦʜʫ 

ʧʦʚʪʦʨʶʚʘʥʦʩʪʽ. ʅʘ ʙʘʟʽ ʨʝʟʫʣʴʪʘʪʽʚ ʪʨʠʚʘʣʠʭ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʚʘʛʦʶ 

ʩʥʽʛʦʚʦʛʦ ʧʦʢʨʠʚʫ, ʰʚʠʜʢʽʩʪʶ ʽ ʪʠʩʢʦʤ ʚʽʪʨʫ ʥʘ ʚʠʙʽʨʢʦʚʽʡ ʤʝʨʝʞʽ ʤʝʪʝʦʩʪʘʥʮʽʡ ʋʢʨʘʾʥʠ 

ʚʠʢʦʥʘʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʯʦʪʠʨʴʦʭ ʚʠʜʽʚ ʟʘʢʦʥʽʚ ʨʦʟʧʦʜʽʣʫ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ, 

ʥʘʚʝʜʝʥʽ ʘʣʛʦʨʠʪʤʠ ʪʘ ʨʦʙʦʯʽ ʬʦʨʤʫʣʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʟʥʘʯʝʥʴ ʥʘʚʘʥʪʘʞʝʥʴ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʘʭ ʚʘʨʽʘʮʽʾ, ʤʝʥʰʠʭ ʟʘ 0,85é1,0, ʜʣʷ ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʦʧʠʩʫ 

ʚʠʙʽʨʦʢ ʨʽʯʥʠʭ ʤʘʢʩʠʤʫʤʽʚ ʚʘʛʠ ʩʥʽʛʦʚʦʛʦ ʧʦʢʨʠʚʫ ʪʘ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ɻʫʤʙʝʣʷ, ʘ ʧʨʠ ʙʽʣʴʰʠʭ ʟʥʘʯʝʥʥʷʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʘʨʽʘʮʽʾ ʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʘʻ ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ɺʝʡʙʫʣʘ. 

ɺ ʨʦʙʦʪʽ [5] ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʚʠʧʘʜʢʦʚʽ ʧʦʭʠʙʢʠ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʽ 

ʛʨʘʥʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʟʥʘʯʝʥʴ ʢʣʽʤʘʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʟʘ ʚʠʙʽʨʢʘʤʠ ʨʽʯʥʠʭ ʤʘʢʩʠʤʫʤʽʚ 

ʩʢʽʥʯʝʥʥʦʛʦ ʦʙʩʷʛʫ. ʆʪʨʠʤʘʥʽ ʥʦʤʦʛʨʘʤʠ ʪʘ ʧʨʦʩʪʽ ʨʦʙʦʯʽ ʬʦʨʤʫʣʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʽʤʦʚʽʨʥʠʭ ʧʦʭʠʙʦʢ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʽ ʛʨʘʥʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʟʥʘʯʝʥʴ ʟʘʣʝʞʥʦ ʚʽʜ 

ʧʝʨʽʦʜʫ ʧʦʚʪʦʨʶʚʘʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ, ʘ ʪʘʢʦʞ ʦʙʩʷʛʫ ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘʮʽʾ 

ʚʠʙʽʨʢʠ ʤʘʢʩʠʤʫʤʽʚ, ʟʘ ʷʢʦʶ ʚʦʥʦ ʦʙʯʠʩʣʝʥʝ. 

ʈʦʟʨʘʭʫʥʢʦʚʝ ʯʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚʠʟʥʘʯʝʥʝ ʟʘ ʜʘʥʠʤʠ 

ʦʢʨʝʤʦʾ ʤʝʪʝʦʩʪʘʥʮʽʾ, ʚʽʜʦʙʨʘʞʘʻ ʨʝʟʫʣʴʪʘʪʠ ʩʧʦʩʪʝʨʝʞʝʥʴ ʥʘ ʮʽʡ ʤʝʪʝʦʩʪʘʥʮʽʾ, ʘʣʝ ʥʝ ʜʦʩʠʪʴ 

ʪʦʯʥʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʦʚʢʦʣʠʰʥʽʡ ʤʽʩʮʝʚʦʩʪʽ, ʜʝ ʤʦʞʝ ʙʫʪʠ ʨʦʟʪʘʰʦʚʘʥʠʡ 
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 çʇʈʆɹʃɽʄʀ ɹʋɼɯɺɽʃʔʅʆɻʆ ʊɸ ʊʈɸʅʉʇʆʈʊʅʆɻʆ ʂʆʄʇʃɽʂʉɯɺè. 

14                                                             x ̝̩̝̆̎̓̑́̌̎̏̔̋̑́̎̒̋̉̊ ̨̗̝̎́̏̎́̌̎̉̊ ̨̖̘̓̆̎̎̉̊ ̨̔̎̃̆̑̒̉̓ ̆̓ 

ʙʫʜʽʚʝʣʴʥʠʡ ʦʙ'ʻʢʪ. ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ 

ʜʦʮʽʣʴʥʦ ʫʨʘʭʫʚʘʪʠ ʜʘʥʽ ʜʝʢʽʣʴʢʦʭ ʥʘʡʙʣʠʞʯʠʭ ʤʝʪʝʦʩʪʘʥʮʽʡ, ʷʢ ʮʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚ [6é8]. 

ʋ ʨʦʙʦʪʽ [6] ʨʦʟʛʣʷʥʫʪʽ ʩʧʦʩʦʙʠ ʦʙ'ʻʜʥʘʥʥʷ ʚʠʙʽʨʦʢ ʤʘʢʩʠʤʫʤʽʚ, ʩʪʘʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʮʠʭ ʚʠʙʽʨʦʢ ʘʙʦ ʚʞʝ ʛʦʪʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʢʣʽʤʘʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, 

ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʘʥʠʤʠ ʥʘʡʙʣʠʞʯʠʭ ʜʦ ʙʫʜʽʚʝʣʴʥʦʛʦ ʦʙ'ʻʢʪʘ ʜʝʢʽʣʴʢʦʭ ʧʫʥʢʪʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. 

ʄʦʞʣʠʚʽʩʪʴ ʦʙ'ʻʜʥʘʥʥʷ ʜʘʥʠʭ ʪʘʢʦʾ ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ ʤʝʪʝʦʩʪʘʥʮʽʡ ʨʝʢʦʤʝʥʜʦʚʘʥʦ 

ʧʝʨʝʚʽʨʷʪʠ ʜʠʩʧʝʨʩʽʡʥʠʤ ʘʥʘʣʽʟʦʤ, ʧʨʦʮʝʜʫʨʠ ʧʨʦʚʝʜʝʥʥʷ ʷʢʦʛʦ ʨʦʟʨʦʙʣʝʥʽ ʚ [6].  

ʋ ʩʪʘʪʪʽ [7] ʦʙˇʨʫʥʪʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʢʣʽʤʘʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʚʧʣʠʚʽʚ ʚ ʟʘʜʘʥʽʡ ʧʨʦʻʢʪʥʽʡ ʪʦʯʮʽ (ʤʽʩʮʽ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʙʫʜʽʚʝʣʴʥʦʛʦ ʦʙ'ʻʢʪʘ) ʤʝʪʦʜʦʤ ʣʽʥʽʡʥʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ. ʉʫʪʴ ʮʴʦʛʦ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ 

ʟʤʽʥʠ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ ʦʢʦʣʽ ʧʨʦʻʢʪʥʦʾ ʪʦʯʢʠ ʦʧʠʩʫʶʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ʧʣʦʱʠʥʠ, 

ʧʘʨʘʤʝʪʨʠ ʷʢʦʛʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʟʘ ʜʘʥʠʤʠ ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ 

ʤʝʪʝʦʩʪʘʥʮʽʡ, ʨʦʟʤʽʱʝʥʠʭ ʫ ʨʘʜʽʫʩʽ 100é200 ʢʤ ʚʽʜ ʧʨʦʻʢʪʥʦʾ ʪʦʯʢʠ. ʆʙʯʠʩʣʝʥʠʡ ʟʘ ʮʠʤ 

ʨʽʚʥʷʥʥʷʤ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʧʘʨʘʤʝʪʨ ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʜʘʥʠʭ ʜʝʢʽʣʴʢʦʭ ʩʫʩʽʜʥʽʭ 

ʧʫʥʢʪʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʙʽʣʴʰ ʜʦʩʪʦʚʽʨʥʠʤ. 

ɺ ʨʦʙʦʪʽ [8] ʚʠʢʦʥʘʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʢʣʽʤʘʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʚʧʣʠʚʽʚ ʟʘ ʜʘʥʠʤʠ ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ ʧʫʥʢʪʽʚ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ: ʦʮʽʥʢʘ ʟʘ ʜʘʥʠʤʠ ʥʘʡʙʣʠʞʯʦʾ ʤʝʪʝʦʩʪʘʥʮʽʾ, ʦʙ'ʻʜʥʘʥʥʷ ʜʘʥʠʭ ʥʘʡʙʣʠʞʯʠʭ 

ʤʝʪʝʦʩʪʘʥʮʽʡ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ, ʽʥʪʝʨʧʦʣʶʚʘʥʥʷ ʧʦ ʧʣʦʱʠʥʽ ʟʘ ʜʘʥʠʤʠ 

ʪʨʴʦʭ ʤʝʪʝʦʩʪʘʥʮʽʡ, ʟʛʣʘʜʞʫʚʘʥʥʷ ʚʠʧʘʜʢʦʚʦʛʦ ʧʦʣʷ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʧʘʨʘʤʝʪʨʘ ʟ ʚʘʛʦʚʠʤ 

ʤʥʦʞʥʠʢʦʤ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʚʽʜʜʘʣʝʥʽʩʪʴ ʧʫʥʢʪʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚʽʜ ʧʨʦʻʢʪʥʦʾ ʪʦʯʢʠ. ɼʣʷ 

ʘʥʘʣʽʟʫ ʚʠʢʦʨʠʩʪʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʥʘ 172 ʨʽʚʥʠʥʥʠʭ 

ʤʝʪʝʦʩʪʘʥʮʽʷʭ ʋʢʨʘʾʥʠ ʟʘ ʰʚʠʜʢʽʩʪʶ ʚʽʪʨʫ, ʘ ʪʘʢʦʞ ʚʘʛʦʶ ʩʥʽʛʦʚʦʛʦ ʧʦʢʨʠʚʫ ʪʘ ʦʞʝʣʝʜʽ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ ʜʦʩʪʦʚʽʨʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʘʻ ʤʝʪʦʜ ʟʛʣʘʜʞʫʚʘʥʥʷ, ʷʢʠʡ ʽ ʨʝʢʦʤʝʥʜʦʚʘʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʯʠ ʽʥʰʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʢʣʽʤʘʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʚʧʣʠʚʽʚ ʚ ʟʦʥʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʙʫʜʽʚʝʣʴʥʦʛʦ ʦʙ'ʻʢʪʘ ʟʘ 

ʜʘʥʠʤʠ ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ ʧʫʥʢʪʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. 

ɺʠʚʯʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʤʽʥʣʠʚʦʩʪʽ ʪʘ ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜ̔ʚ ʪʝʨʠʪʦʨʽʘʣʴʥʦʛʦ 

ʨʘʡʦʥʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʢʣʽʤʘʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʚʧʣʠʚʽʚ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʘ 

ʨʦʙʦʪʘʭ [9é15]. ʇʨʦʚʝʜʝʥʠʡ ʫ [9] ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʚ ʯʠʥʥʠʭ ɼɹʅ ɺ.1.2-2:2006 

"ʅʘʚʘʥʪʘʞʝʥʥʷ ʽ ʚʧʣʠʚʠ" ʪʝʨʠʪʦʨʽʘʣʴʥʝ ʨʘʡʦʥʫʚʘʥʥʷ ʋʢʨʘʾʥʠ ʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʚʽʪʨʦʚʦʛʦ ʪʠʩʢʫ, ʪʦʚʱʠʥʠ ʩʪʽʥʢʠ ʦʞʝʣʝʜʽ ʪʘ ʚʽʪʨʦʚʦʛʦ ʪʠʩʢʫ ʧʽʜ ʯʘʩ ʦʞʝʣʝʜʽ 

ʚʠʢʦʥʘʥʝ ʚ ʟʘʧʘʩ ʥʘʜʽʡʥʦʩʪʽ ʜʣʷ 83é91% ʪʝʨʠʪʦʨʽʾ, ʘ ʢʘʨʪʘ ʨʘʡʦʥʫʚʘʥʥʷ ʚʘʛʠ ʩʥʽʛʦʚʦʛʦ 

ʧʦʢʨʠʚʫ ʟʘʥʠʞʫʻ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʜʣʷ 30% ʤʝʪʝʦʩʪʘʥʮʽʡ, ʘ ʪʦʤʫ ʚʠʤʘʛʘʻ ʧʝʨʝʛʣʷʜʫ. 

ɺ ʨʦʙʦʪʽ [10] ʦʙˇʨʫʥʪʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʡ ʪʝʭʥʦʣʦʛʽʷ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʧʦʙʫʜʦʚʫ ʙʽʣʴʰ 

ʜʝʪʘʣʽʟʦʚʘʥʠʭ ʢʘʨʪ ʪʝʨʠʪʦʨʽʘʣʴʥʦʛʦ ʨʘʡʦʥʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʢʣʽʤʘʪʠʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʽʟ ʟʘʜʘʥʠʤ ʨʽʚʥʝʤ ʟʘʙʝʟʧʝʯʝʥʦʩʪʽ.  

ʋ ʩʪʘʪʪʽ [11] ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʧʨʠʥʮʠʧʠ ʪʘ ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦ-

ʪʝʨʠʪʦʨʽʘʣʴʥʦʛʦ ʨʘʡʦʥʫʚʘʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʣʽʤʘʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʩʫʪʥʽʩʪʴ 

ʷʢʦʾ ʧʦʣʷʛʘʻ ʫ ʚʩʪʘʥʦʚʣʝʥʽ ʻʜʠʥʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʫʩʽʻʾ 

ʪʝʨʠʪʦʨʽʾ ʢʦʞʥʦʾ ʟ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʦʙʣʘʩʪʝʡ ʋʢʨʘʾʥʠ. ʇʦʢʘʟʘʥʦ, ʱʦ ʽʤʦʚʽʨʥʽ ʧʦʭʠʙʢʠ 

ʨʘʡʦʥʫʚʘʥʥʷ (ʥʘʜʤʽʨʥʽ ʟʘʧʘʩʠ ʘʙʦ ʟʘʥʠʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʟʥʘʯʝʥʴ) ʙʣʠʟʴʢʽ ʜʦ 

ʘʥʘʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʨʪ ʪʝʨʠʪʦʨʽʘʣʴʥʦʛʦ ʨʘʡʦʥʫʚʘʥʥʷ ɼɹʅ ɺ.1.2-2:2006. ʇʝʨʝʚʘʛʠ 

ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦ-ʪʝʨʠʪʦʨʽʘʣʴʥʦʛʦ ʨʘʡʦʥʫʚʘʥʥʷ ʧʦʣʷʛʘʶʪʴ ʫ ʢʦʤʧʘʢʪʥʦʩʪʽ ʧʦʜʘʥʥʷ ʨʘʡʦʥʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʟʥʘʯʝʥʴ (ʚ ʥʦʨʤʠ ʧʦʪʨʽʙʥʦ ʚʢʣʶʯʠʪʠ ʦʜʥʫ ʪʘʙʣʠʮʶ ʟʘʤʽʩʪʴ ʯʦʪʠʨʴʦʭ 

ʢʘʨʪ), ʘ ʪʘʢʦʞ ʫ ʧʨʦʩʪʦʪʽ ʡ ʙʝʟʧʦʤʠʣʢʦʚʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ ʟʘ ʥʘʣʝʞʥʽʩʪʶ 

ʙʫʜʽʚʝʣʴʥʦʛʦ ʤʘʡʜʘʥʯʠʢʘ ʜʦ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʦʙʣʘʩʪʽ ʋʢʨʘʾʥʠ. 

ɺ ʨʦʙʦʪʽ [12] ʚʠʢʦʥʘʥʝ ʢʘʨʪʦʛʨʘʬʽʯʥʝ ʪʘ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦ-ʪʝʨʠʪʦʨʽʘʣʴʥʝ ʨʘʡʦʥʫʚʘʥʥʷ 

ʋʢʨʘʾʥʠ ʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʚʘʛʠ ʩʥʽʛʦʚʦʛʦ ʧʦʢʨʠʚʫ, ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ 

ʚʽʪʨʫ, ʪʦʚʱʠʥʠ ʩʪʽʥʢʠ ʦʞʝʣʝʜʽ ʪʘ ʚʽʪʨʦʚʦʛʦ ʪʠʩʢʫ ʧʽʜ ʯʘʩ ʦʞʝʣʝʜʽ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʘʥʽ 

ʜʘʥʽ 172 ʨʽʚʥʠʥʥʠʭ ʤʝʪʝʦʩʪʘʥʮʽʡ ʋʢʨʘʾʥʠ. ʅʘʚʘʥʪʘʞʝʥʥʷ ʚ ʛʽʨʩʴʢʠʭ ʤʽʩʮʝʚʦʩʪʷʭ ʩʣʽʜ 

ʚʠʟʥʘʯʘʪʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʽʚ ʛʝʦʛʨʘʬʽʯʥʦʾ ʚʠʩʦʪʠ, ʥʘʚʝʜʝʥʠʭ ʫ ɼɹʅ ɺ.1.2-2:2006. 

ʈʦʟʨʦʙʣʝʥʽ ʢʘʨʪʠ ʨʘʡʦʥʫʚʘʥʥʷ ʻ ʙʽʣʴʰ ʜʝʪʘʣʽʟʦʚʘʥʠʤʠ ʪʘ ʪʦʯʥʠʤʠ, ʥʽʞ ʢʘʨʪʠ ʯʠʥʥʠʭ 



 

ñ ʇʨʦʙʣʝʤʠ ʙʫʜʽʚʝʣʴʥʦʛʦ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʽʚò 

23-ςτ  ̠̓̑́̃̎ 2023                                                                                                                                                      15 

ɼɹʅ ɺ.1.2-2:2006, ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʨʘʡʦʥʽʚ. ʇʦʨʽʚʥʷʣʴʥʠʡ 

ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʟʘ ʪʘʙʣʠʮʝʶ 

ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦ-ʪʝʨʠʪʦʨʽʘʣʴʥʦʛʦ ʨʘʡʦʥʫʚʘʥʥʷ ʜʝʱʦ ʥʠʞʯʘ, ʥʽʞ ʪʦʯʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʠʭ ʚ [12] 

ʢʘʨʪ, ʘʣʝ ʚʠʱʘ ʧʦʨʽʚʥʷʥʦ ʟ ʢʘʨʪʘʤʠ ʨʘʡʦʥʫʚʘʥʥʷ ʯʠʥʥʠʭ ɼɹʅ ɺ.1.2-2:2006. ʈʝʟʫʣʴʪʘʪʠ 

ʚʠʢʦʥʘʥʦʛʦ ʢʘʨʪʦʛʨʘʬʽʯʥʦʛʦ ʪʘ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦ-ʪʝʨʠʪʦʨʽʘʣʴʥʦʛʦ ʨʘʡʦʥʫʚʘʥʥʷ ʋʢʨʘʾʥʠ ʟʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʯʦʪʠʨʴʦʭ ʨʦʟʛʣʷʥʫʪʠʭ ʫ [12] ʢʣʽʤʘʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʙʫʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʄʽʞʥʘʨʦʜʥʽʡ ʚʠʩʪʘʚʮʽ "Research in Building Engineering EXCOô21" ʪʘ 

ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ ʢʘʪʘʣʦʛʫ ʚʠʩʪʘʚʢʠ [13]. 

ɺ ʨʦʙʦʪʽ [14] ʤʝʪʦʜʠʢʘ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦ-ʪʝʨʠʪʦʨʽʘʣʴʥʦʛʦ ʨʘʡʦʥʫʚʘʥʥʷ ʧʦʰʠʨʝʥʘ ʥʘ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʟʤʽʥ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʧʦʚʽʪʨʷ. ɿʘ ʜʘʥʠʤʠ 370 ʧʫʥʢʪʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʨʦʟʤʽʱʝʥʠʭ ʚ ʨʽʚʥʠʥʥʽʡ ʤʽʩʮʝʚʦʩʪʽ ʥʘ 

ʚʠʩʦʪʘʭ ʜʦ 500 ʤ ʥʘʜ ʨʽʚʥʝʤ ʤʦʨʷ, ʚʠʟʥʘʯʝʥʽ: ʩʝʨʝʜʥʴʦʨʽʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ, ʩʝʨʝʜʥʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʽʯʥʷ ʪʘ ʣʠʧʥʷ, ʨʦʟʨʘʭʫʥʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʡʭʦʣʦʜʥʽʰʦʾ ʪʘ ʥʘʡʪʝʧʣʽʰʦʾ ʜʦʙʠ. 

ʆʙʣʘʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʢʨʽʤ ʩʝʨʝʜʥʴʦʨʽʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ, ʜʣʷ ʢʦʞʥʦʛʦ ʟ 26 

ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ (ʦʢʨʝʤʦ ʚʠʜʽʣʝʥʠʡ ʇʽʚʜʝʥʥʠʡ ʙʝʨʝʛ ʂʨʠʤʫ ʟ ʥʘʙʘʛʘʪʦ ʪʝʧʣʽʰʠʤ 

ʩʫʙʪʨʦʧʽʯʥʠʤ ʢʣʽʤʘʪʦʤ) ʚʩʪʘʥʦʚʣʝʥʽ ʚ ʟʘʧʘʩ ʥʘʜʽʡʥʦʩʪʽ ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʦʩʪʽ 0,95. ɸʥʘʣʽʟ 

ʧʦʢʘʟʘʚ, ʱʦ ʦʪʨʠʤʘʥʽ ʦʙʣʘʩʥʽ ʟʥʘʯʝʥʥʷ ʤʦʞʫʪʴ ʚʽʜʭʠʣʷʪʠʩʷ ʚʽʜ ʬʘʢʪʠʯʥʠʭ ʜʘʥʠʭ ʜʣʷ 

ʦʢʨʝʤʠʭ ʧʫʥʢʪʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʜʦ 5% ʚ ʟʘʧʘʩ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʜʦ 3% ʫ ʙʽʢ ʟʘʥʠʞʝʥʥʷ.  

ʆʛʣʷʜ ʽ ʧʦʨʽʚʥʷʥʥʷ ʚʽʜʦʤʠʭ ʩʧʦʩʦʙʽʚ ʪʝʨʠʪʦʨʽʘʣʴʥʦʛʦ ʨʘʡʦʥʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ 

ʟʥʘʯʝʥʴ ʢʣʽʤʘʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʚʧʣʠʚʽʚ ʚʠʢʦʥʘʥʦ ʚ ʩʪʘʪʪʽ [15]. ʆʢʨʽʤ ʪʦʛʦ, ʫ ʮʽʡ ʨʦʙʦʪʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʽʜʝʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʢʦʤʧʣʝʢʩʫ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʢʣʽʤʘʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʚʧʣʠʚʽʚ ʰʣʷʭʦʤ ʟʚʝʨʥʝʥʥʷ ʜʦ ʩʧʝʮʽʘʣʴʥʦʛʦ ʩʘʡʪʫ, ʷʢʠʡ ʧʦʚʠʥʝʥ 

ʟʥʘʭʦʜʠʪʠʩʷ ʧʽʜ ʫʧʨʘʚʣʽʥʥʷʤ ʮʝʥʪʨʘʣʴʥʠʭ ʦʨʛʘʥʽʚ ʚʠʢʦʥʘʚʯʦʾ ʚʣʘʜʠ ʋʢʨʘʾʥʠ. ɺʠʢʣʘʜʝʥʽ 

ʟʘʛʘʣʴʥʽ ʧʨʠʥʮʠʧʠ ʨʦʟʨʦʙʣʝʥʥʷ, ʩʠʩʪʝʤʘʪʠʯʥʦʾ ʧʽʜʪʨʠʤʢʠ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʛʦ ʩʘʡʪʫ, 

ʦʩʥʦʚʥʘ ʧʝʨʝʚʘʛʘ ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʚ ʧʦʩʪʽʡʥʦʤʫ ʫʪʦʯʥʝʥʥʽ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʟʥʘʯʝʥʴ ʥʘʚʘʥʪʘʞʝʥʴ 

ʟʘ ʨʘʭʫʥʦʢ ʩʠʩʪʝʤʘʪʠʯʥʦʛʦ ʦʥʦʚʣʝʥʥʷ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʾʭ 

ʦʙʨʦʙʢʠ. ʈʝʟʫʣʴʪʘʪʘʤ, ʦʪʨʠʤʘʥʠʤ ʟ ʪʘʢʦʛʦ ʩʘʡʪʫ, ʤʦʞʥʘ ʥʘʜʘʪʠ ʩʪʘʪʫʩ ʦʬʽʮʽʡʥʦʾ ʜʦʚʽʜʢʠ ʪʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʧʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ ʙʫʜʽʚʝʣʴʥʠʭ ʦʙ'ʻʢʪʽʚ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʚʠʢʦʥʫʚʘʣʠʩʷ ʟ ʤʝʪʦʶ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ ʪʝʧʣʦʚʦʛʦ ʟʘʭʠʩʪʫ ʙʫʜʽʚʝʣʴ, ʫʨʘʭʫʚʘʥʥʷ ʩʠʣʦʚʠʭ ʚʧʣʠʚʽʚ ʥʘ 

ʥʝʩʫʯʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʘ ʪʘʢʦʞ ʦʪʨʠʤʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ 

ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʽʤʦʚʽʨʥʽʩʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʜʽʡʥʦʩʪʽ. ʈʝʟʫʣʴʪʘʪʠ ʨʘʥʽʰʝ 

ʚʠʢʦʥʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʫʟʘʛʘʣʴʥʝʥʽ ʪʘ ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ 

ʤʦʥʦʛʨʘʬʽʾ [16], ʜʝ ʚʠʩʚʽʪʣʝʥʽ ʪʘʢʽ ʧʠʪʘʥʥʷ: 

-  ʩʪʚʦʨʝʥʘ ʙʘʟʘ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʙʘʛʘʪʦʨʽʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ 
ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʦʚʽʪʨʷ ʥʘ 485 ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʩʪʘʥʮʽʷʭ ʽ ʧʦʩʪʘʭ; 

-  ʦʙˇʨʫʥʪʦʚʘʥʘ ʤʦʞʣʠʚʽʩʪʴ ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʧʦʜʘʥʥʷ ʟʤʽʥ ʪʝʤʧʝʨʘʪʫʨʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ 

ʫ ʬʦʨʤʽ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ʟ ʨʽʯʥʠʤ ʧʝʨʽʦʜʦʤ ʥʝʩʪʘʮʽʦʥʘʨʥʦʩʪʽ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʨʦʟʧʦʜʽʣʫ ʦʨʜʠʥʘʪʠ; 

-  ʜʦʚʝʜʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʦʧʠʩʫ ʨʦʟʧʦʜʽʣʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚ ʨʽʟʥʽ ʤʽʩʷʮʽ ʨʦʢʫ ʟʤʽʰʘʥʠʤ 

ʨʦʟʧʦʜʽʣʦʤ ɻʫʤʙʝʣʷ-ɻʘʫʩʘ ʪʘ ʥʦʨʤʘʣʴʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ï ʜʣʷ ʥʘʙʣʠʞʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ; 

-  ʟʘ ʜʘʥʠʤʠ ʫʩʽʭ ʥʘʷʚʥʠʭ ʧʫʥʢʪʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʦʪʨʠʤʘʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʪʘ ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʾʭ 

ʪʝʨʠʪʦʨʽʘʣʴʥʦʾ ʤʽʥʣʠʚʦʩʪʽ; 

-  ʟʘ ʨʦʟʨʦʙʣʝʥʦʶ ʤʝʪʦʜʠʢʦʶ ʚʠʟʥʘʯʝʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʠʭ ʟʠʤʦʚʠʭ 
ʪʝʤʧʝʨʘʪʫʨ ʧʦʚʽʪʨʷ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʪʘ ʚʠʢʦʥʘʥʝ ʾʭ ʨʘʡʦʥʫʚʘʥʥʷ ʧʦ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ. 

ɺ ʨʦʙʦʪʽ [17] ʩʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʟ [16] 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʬʦʨʤʽ, ʟʨʫʯʥʽʡ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʜʽʡʥʦʩʪʽ ʥʝʩʫʯʠʭ ʙʫʜʽʚʝʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʪʝʧʣʦʚʦʾ ʥʘʜʽʡʥʦʩʪʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʝʣʴ.  

ʋ ʩʪʘʪʪʽ [18] ʨʝʘʣʽʟʦʚʘʥʦ ʤʝʪʦʜ ʧʣʦʱʠʥʥʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ [7] ʜʣʷ ʦʧʠʩʫ ʟʤʽʥ 

ʢʣʽʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʥʘʚʝʜʝʥʠʭ ʚ ɼʉʊʋ-ʅ ɹ ɺ.1.1ï27:2010 "ɹʫʜʽʚʝʣʴʥʘ ʢʣʽʤʘʪʦʣʦʛʽʷ" ʥʘ 

ʪʝʨʠʪʦʨʽʾ ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʾ ʦʙʣʘʩʪʽ. ɿʘ ʜʘʥʠʤʠ ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ ʤʝʪʝʦʩʪʘʥʮʽʡ ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʾ 

ʦʙʣʘʩʪʽ ʪʘ ʥʘʡʙʣʠʞʯʠʭ ʤʝʪʝʦʩʪʘʥʮʽʡ ʟ ʽʥʰʠʭ ʦʙʣʘʩʪʝʡ ʋʢʨʘʾʥʠ ʟʘ ʤʝʪʦʜʠʢʦʶ [7] ʦʪʨʠʤʘʥʽ 
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16                                                             x ̝̩̝̆̎̓̑́̌̎̏̔̋̑́̎̒̋̉̊ ̨̗̝̎́̏̎́̌̎̉̊ ̨̖̘̓̆̎̎̉̊ ̨̔̎̃̆̑̒̉̓ ̆̓ 

ʚʠʨʘʟʠ ʧʣʦʱʠʥ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʟʤʽʥʠ ʫʩʽʭ 25 ʧʘʨʘʤʝʪʨʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ, ʥʘʚʝʜʝʥʠʭ ʫ 

ɼʉʊʋ-ʅ ɹ ɺ.1.1ï27:2010. ʎʽ ʨʽʚʥʷʥʥʷ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʟʥʘʯʝʥʴ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚ ʜʦʚʽʣʴʥʽʡ ʪʦʯʮʽ ʪʝʨʠʪʦʨʽʾ ʦʙʣʘʩʪʽ.  

ʈʦʙʦʪʘ [19] ʧʨʠʩʚʷʯʝʥʘ ʥʦʨʤʫʚʘʥʥʶ ʧʘʨʘʤʝʪʨʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʷʢ 

ʩʠʣʦʚʦʛʦ ʚʧʣʠʚʫ ʥʘ ʥʝʩʫʯʽ ʢʦʥʩʪʨʫʢʮʽʾ ʢʘʨʢʘʩʽʚ ʙʫʜʽʚʝʣʴ. ʆʩʦʙʣʠʚʽʩʪʴ ʪʘ ʥʦʚʠʟʥʘ ʮʴʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʩʧʨʦʱʝʥʦʤʫ ʧʦʜʘʥʥʽ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʧʣʠʚʫ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ɼɹʅ ɺ.1.2-2:2006 "ʅʘʚʘʥʪʘʞʝʥʥʷ ʽ ʚʧʣʠʚʠ", ʜʝ ʚʩʪʘʥʦʚʣʝʥʽ ʪʝʤʧʝʨʘʪʫʨʠ 

ʣʽʪʥʴʦʛʦ ʪʘ ʟʠʤʦʚʦʛʦ ʟʘʤʠʢʘʥʥʷ ʢʘʨʢʘʩʫ, ʘ ʪʘʢʦʞ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʡʭʦʣʦʜʥʽʰʦʾ ʪʘ ʥʘʡʪʝʧʣʽʰʦʾ 

ʜʦʙʠ ʨʦʢʫ, ʚ ʨʦʙʦʪʽ [19] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʦʨʤʫʚʘʪʠ ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ 

ʧʝʨʝʧʘʜʫ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠ ʣʽʪʥʴʦʤʫ ʪʘ ʧʨʠ ʟʠʤʦʚʦʤʫ ʟʘʤʠʢʘʥʥʽ ʢʘʨʢʘʩʫ ʙʫʜʽʚʣʽ. ʊʘʢʠʡ 

ʧʽʜʭʽʜ ʽʩʪʦʪʥʦ ʩʧʨʦʱʫʻ ʥʦʨʤʠ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʦʜʥʦʯʘʩʥʦ ʫʪʦʯʥʶʻ ʨʝʟʫʣʴʪʘʪʠ ʟʘ ʨʘʭʫʥʦʢ 

ʨʦʟʨʦʙʣʝʥʥʷ ʜʦʩʠʪʴ ʜʝʪʘʣʴʥʦʾ ʢʘʨʪʠ ʪʝʨʠʪʦʨʽʘʣʴʥʦʛʦ ʨʘʡʦʥʫʚʘʥʥʷ ʋʢʨʘʾʥʠ. 

ʋ ʩʪʘʪʪʽ [20] ʚʠʩʚʽʪʣʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʧʨʠʤʦʨʩʴʢʠʭ ʪʝʨʠʪʦʨʽʡ 

ʋʢʨʘʾʥʠ. ɿʘ ʜʘʥʠʤʠ 74 ʤʝʪʝʦʩʪʘʥʮʽʡ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʚʽʜʩʪʘʥʽ ʜʦ 100 ʢʤ ʚʽʜ ʙʝʨʝʛʘ ʤʦʨʷ, 

ʚʠʷʚʣʝʥʝ ʧʦʤʽʪʥʝ ʧʦʤôʷʢʰʝʥʥʷ ʢʣʽʤʘʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʫ ʧʨʠʙʝʨʝʞʥʽʡ ʩʤʫʟʽ ʪʝʨʠʪʦʨʽʾ 

ʰʠʨʠʥʦʶ ʜʦ 10 ʢʤ. ʎʝʡ ʝʬʝʢʪ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʠʤ ʚʧʣʠʚʦʤ ʟʥʘʯʥʠʭ ʤʘʩ 

ʤʦʨʩʴʢʦʾ ʚʦʜʠ. 

ʇʘʨʘʤʝʪʨʠ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘ ʢʨʠʪʝʨʽʻʤ ʚʪʨʘʪʠ ʤʦʨʦʟʦʩʪʽʡʢʦʩʪʽ, ʚʠʟʥʘʯʝʥʽ ʡ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʚ ʨʦʙʦʪʽ [21]. ɿʘ ʜʘʥʠʤʠ 20 ʤʝʪʝʦʩʪʘʥʮʽʡ, ʨʦʟʤʽʱʝʥʠʭ ʫ ʨʽʟʥʠʭ ʨʘʡʦʥʘʭ 

ʋʢʨʘʾʥʠ, ʦʪʨʠʤʘʥʽ: ʽʤʦʚʽʨʥʦʩʪʽ ʧʝʨʝʙʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʥʠʞʯʝ 0 Üʉ ʪʘ ï18 Üʉ, 

ʯʘʩʪʦʪʠ ʧʝʨʝʭʦʜʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʥʠʞʯʝ ʚʢʘʟʘʥʠʭ ʤʝʞ ʪʘ ʩʝʨʝʜʥ ̔ʪʨʠʚʘʣʦʩʪʽ ʦʜʥʦʛʦ 

ʚʠʧʘʜʢʫ ʧʝʨʝʭʦʜʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʠʞʯʝ ʮʠʭ ʤʝʞ. ʎʽ ʧʦʢʘʟʥʠʢʠ ʚʠʷʚʠʣʠʩʷ ʙʣʠʟʴʢʠʤʠ ʜʣʷ ʫʩʽʻʾ 

ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ, ʦʢʨʽʤ ʧʨʠʤʦʨʩʴʢʠʭ ʤʝʪʝʦʩʪʘʥʮʽʡ ʂʨʠʤʫ ʟ ʙʽʣʴʰ ʤôʷʢʠʤ ʢʣʽʤʘʪʦʤ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ [21] ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʚ ʷʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦ ʾʙʘʟʠ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʚʠʨʦʙʽʚ ʟʘ ʢʨʠʪʝʨʽʻʤ ʚʪʨʘʪʠ ʤʦʨʦʟʦʩʪʽʡʢʦʩʪʽ. 

ʋ ʩʪʘʪʪʽ [22] ʥʘ ʧʨʠʢʣʘʜʽ ʤʝʪʝʦʩʪʘʥʮʽʡ ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʾ ʦʙʣʘʩʪʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ 

ʜʦʚʛʦʪʨʠʚʘʣʽ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʡ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ 65 ʨʦʢʽʚ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʟʨʦʩʪʘʥʥʷ ʩʝʨʝʜʥʴʦʨʽʯʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʟʘʛʘʣʦʤ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʚʽʜʦʤʦʶ 

ʪʝʥʜʝʥʮʽʻʶ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʽʥʥʷ. ʉʝʨʝʜʥʴʦʨʽʯʥʽ ʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ ʻ ʧʨʘʢʪʠʯʥʦ 

ʥʝʟʤʽʥʥʠʤʠ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʠʩʪʝʤʘʪʠʯʥʝ ʟʨʦʩʪʘʥʥʷ ʤʽʥʽʤʘʣʴʥʠʭ ʪʘ 

ʟʤʝʥʰʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʭ ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʟʥʘʯʝʥʴ ʚʦʣʦʛʦʩʪʽ. ɸʥʘʣʽʟ ʚʠʷʚʣʝʥʠʭ ʪʨʝʥʜʽʚ 

ʜʦʚʛʦʪʨʠʚʘʣʠʭ ʟʤʽʥ ʪʘ ʟʘʢʦʥʽʚ ʨʦʟʧʦʜʽʣʫ ʧʘʨʘʤʝʪʨʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʜʦʟʚʦʣʠʚ 

ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 10-ʨʽʯʥʠʡ ʧʝʨʽʦʜ 

ʧʝʨʝʛʣʷʜʘʥʥʷ ʥʦʨʤ ʧʨʦʻʢʪʫʚʘʥʥʷ ʘʙʦ ʥʘ ʩʪʨʦʢ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʜʽʚʝʣʴ. 

ʆʢʨʝʤʽ ʟʘʜʘʯʽ ʚʠʚʯʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʙʫʜʽʚʣʽ ʪʘ ʢʦʥʩʪʨʫʢʮʽʾ ʨʦʟʛʣʷʜʘʣʠʩʷ ʪʘʢʦʞ ʚ 

ʨʦʙʦʪʘʭ [23é28]. ʋ ʩʪʘʪʪʽ [23] ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʪʨʠʚʘʣʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʚʘʛʦʶ 

ʩʥʽʛʦʚʦʛʦ ʧʦʢʨʠʚʫ, ʚʠʷʚʣʝʥʽ ʮʠʢʣʽʯʥʽ ʟʤʽʥʠ ʚʠʩʦʪʠ ʡ ʚʘʛʠ ʩʥʽʛʦʚʦʛʦ ʧʦʢʨʠʚʫ ʟ ʨʝʘʣʽʟʘʮʽʻʶ 

ʩʝʨʽʡ ʤʘʣʦʩʥʽʞʥʠʭ ʪʘ ʙʘʛʘʪʦʩʥʽʞʥʠʭ ʟʠʤ. ʆʙˇʨʫʥʪʦʚʘʥʘ ʤʦʞʣʠʚʽʩʪʴ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʦʛʦ (ʥʘ 

1é3 ʨʦʢʠ) ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʝʣʠʯʠʥʠ ʩʥʽʛʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʇʨʠʙʣʠʟʥʦ ʫ ʧʦʣʦʚʠʥʽ 

ʚʠʧʘʜʢʽʚ, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʧʝʨʽʦʜʫ ʤʘʣʦʩʥʽʞʥʠʭ ʟʠʤ, ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʠʡ ʧʨʦʛʥʦʟ ʜʘʻ ʤʝʥʰʽ 

ʟʥʘʯʝʥʥʷ, ʥʽʞ ʧʨʠ ʟʚʠʯʘʡʥʦʤʫ ʧʽʜʨʘʭʫʥʢʫ ʩʥʽʛʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʋ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʤʦʞʥʘ 

ʧʨʦʜʦʚʞʠʪʠ ʙʝʟʧʝʯʥʫ ʝʢʩʧʣʫʘʪʘʮʽʶ ʢʨʦʢʚʷʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʥʝʜʦʩʪʘʪʥʴʦʶ ʥʝʩʫʯʦʶ 

ʟʜʘʪʥʽʩʪʶ ʥʘ 1é3 ʨʦʢʠ ʜʦ ʾʭ ʟʘʤʽʥʠ ʯʠ ʧʽʜʩʠʣʝʥʥʷ.  

ʋ ʩʪʘʪʪʷʭ [24, 25] ʨʦʟʚ'ʷʟʘʥʘ ʟʘʜʘʯʘ ʫʪʦʯʥʝʥʥʷ ʩʥʽʛʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʪʝʧʣʦʚʠʜʽʣʷʶʯʽ ʧʦʢʨʽʚʣʽ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʚʽʜʢʣʘʜʝʥʥʷ 

ʪʘ ʧʽʜʪʘʚʘʥʥʷ ʩʥʽʛʫ ʥʘ ʧʦʢʨʽʚʣʷʭ ʟ ʥʠʟʴʢʠʤ ʦʧʦʨʦʤ ʪʝʧʣʦʧʝʨʝʜʘʯʽ [24] ʚ ʨʦʙʦʪʽ [25] ʦʪʨʠʤʘʥʽ 

ʧʦʥʠʞʫʶʯʽ ʢʦʝʬʽʮʽʻʥʪʠ ʨʝʞʠʤʫ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʧʽʜʪʘʚʘʥʥʷ ʩʥʽʛʦʚʦʛʦ ʧʦʢʨʠʚʫ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ˇʨʫʥʪʦʚʠʭ ʤʘʩʠʚʽʚ [26] ʚʠʢʦʥʘʥʝ ʟʘ ʜʘʥʠʤʠ 

ʚʠʤʽʨʶʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ ʥʘ ʛʣʠʙʠʥʘʭ 0,2é3,2 ʤ ʥʘ 11 ʤʝʪʝʦʩʪʘʥʮʽʷʭ ʟ ʨʽʟʥʠʭ ʨʘʡʦʥʽʚ 

ʋʢʨʘʾʥʠ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʽ ʟʤʽʥʠ ʩʪʘʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʤʽʥʽʤʘʣʴʥʠʭ ʽ ʤʘʢʩʠʤʘʣʴʥʠʭ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ ʧʦ ʛʣʠʙʠʥʽ ʪʘ ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʪʘ ʚʠʷʚʣʝʥʽ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, ʟʘʛʘʣʴʥʽ ʜʣʷ ʫʩʽʭ ʤʝʪʝʦʩʪʘʥʮʽʡ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟ ʨʦʩʪʦʤ ʛʣʠʙʠʥʠ 



 

ñ ʇʨʦʙʣʝʤʠ ʙʫʜʽʚʝʣʴʥʦʛʦ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʽʚò 
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ʤʽʥʽʤʘʣʴʥʽ ʪʘ ʤʘʢʩʠʤʘʣʴʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʟʙʣʠʞʫʶʪʴʩʷ, ʘ ʥʘ ʛʣʠʙʠʥʘʭ 8é13 ʤ ʪʝʤʧʝʨʘʪʫʨʘ 

ˇʨʫʥʪʫ ʩʪʘʻ ʧʨʘʢʪʠʯʥʦ ʥʝʟʤʽʥʥʦʶ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʨʦʢʫ ʽ ʜʣʷ ʨʽʟʥʠʭ ʤʝʪʝʦʩʪʘʥʮʽʡ ʧʨʠʡʤʘʻ 

ʟʥʘʯʝʥʥʷ +12é+18ʉ̄. ʊʘʢʽ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʛʘʣʦʤ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʝʤʧʝʨʘʪʫʨʽ ʧʦʚʽʪʨʷ ʚ 

ʛʣʠʙʦʢʠʭ ʧʝʯʝʨʘʭ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ [26] ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʧʨʦʻʢʪʫʚʘʥʥʷ 

ʪʝʧʣʦʚʦʾ ʽʟʦʣʷʮʽʾ ʪʘ ʦʮʽʥʶʚʘʥʥʷ ʨʽʚʥʷ ʪʝʧʣʦʚʦʾ ʥʘʜʽʡʥʦʩʪʽ ʩʪʽʥ ʟʘʛʣʠʙʣʝʥʠʭ ʧʨʠʤʽʱʝʥʴ. 

ʉʪʘʪʪʽ [27, 28] ʚʽʜʦʙʨʘʞʘʶʪʴ ʤʝʪʦʜʠʢʫ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʚʧʣʠʚʫ ʩʠʣʴʥʠʭ ʚʽʪʨʽʚ ʥʘ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʤʦʥʪʘʞʥʠʭ ʨʦʙʽʪ. ɿʘ ʽʤʦʚʽʨʥʽʩʥʦʶ ʤʦʜʝʣʣʶ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʦʛʦ 

ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʚʠʟʥʘʯʝʥʽ ʩʝʨʝʜʥʽ ʪʘ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʽ ʪʨʠʚʘʣʦʩʪʽ 

ʜʽʾ ʩʠʣʴʥʠʭ ʚʽʪʨʽʚ ʟʽ ʰʚʠʜʢʦʩʪʷʤʠ ʧʦʥʘʜ 10 ʤ/ʩ (ʥʝ ʜʦʟʚʦʣʷʻʪʴʩʷ ʤʦʥʪʘʞ ʢʦʥʩʪʨʫʢʮʽʡ ʟ 

ʚʝʣʠʢʦʶ ʧʘʨʫʩʥʽʩʪʶ) ʪʘ ʧʦʥʘʜ 15 ʤ/ʩ (ʧʦʚʥʽʩʪʶ ʟʘʙʦʨʦʥʷʻʪʴʩʷ ʨʦʙʦʪʘ ʤʦʥʪʘʞʥʠʭ ʢʨʘʥʽʚ). 

ʊʨʠʚʘʣʦʩʪʽ ʪʘʢʠʭ ʧʨʦʩʪʦʾʚ ʚʠʟʥʘʯʝʥʽ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʤʽʩʷʮʽʚ ʨʦʢʫ ʪʘ ʢʦʞʥʦʾ ʦʙʣʘʩʪʽ ʋʢʨʘʾʥʠ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʾʭ ʧʨʠ ʧʣʘʥʫʚʘʥʥʽ ʙʫʜʽʚʥʠʮʪʚʘ ʰʣʷʭʦʤ ʚʽʜʧʦʚʽʜʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ 

ʧʣʘʥʦʚʠʭ ʪʝʨʤʽʥʽʚ ʚʠʢʦʥʘʥʥʷ ʤʦʥʪʘʞʥʠʭ ʨʦʙʽʪ. 

ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʢʣʽʤʘʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʚʧʣʠʚʽʚ ʥʘ ʙʫʜʽʚʣʽ, ʩʧʦʨʫʜʠ ʪʘ 

ʙʫʜʽʚʝʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʥʝʦʙʭʽʜʥʦ ʦʨʽʻʥʪʫʚʘʪʠ ʥʘ ʚʠʢʦʥʘʥʥʷ ʪʘʢʠʭ ʟʘʚʜʘʥʴ: 

¶ ʨʦʟʰʠʨʝʥʥʷ ʙʘʟ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʟʫʣʴʪʘʪʽʚ ʩʧʦʩʪʝʨʝʞʝʥʴ ʦʩʪʘʥʥʽʭ 

ʨʦʢʽʚ ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʫʪʦʯʥʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʣʽʤʘʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ; 

¶ ʪʝʨʠʪʦʨʽʘʣʴʥʝ ʨʘʡʦʥʫʚʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʧʘʨʘʤʝʪʨʽʚ ʽʤʦʚʽʨʥʽʩʥʠʭ 

ʤʦʜʝʣʝʡ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʚʧʣʠʚʽʚ ʜʣʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʜʽʡʥʦʩʪʽ; 

¶ ʫʧʨʦʚʘʜʞʝʥʥʷ ʚ ɼɹʅ "ʅʘʚʘʥʪʘʞʝʥʥʷ ʽ ʚʧʣʠʚʠ" ʤʝʪʦʜʫ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦ-ʪʝʨʠʪʦʨʽʘʣʴʥʦʛʦ 

ʨʘʡʦʥʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʢʣʽʤʘʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʚʧʣʠʚʽʚ; 

¶ ʧʦʜʘʣʴʰʘ ʛʘʨʤʦʥʽʟʘʮʽʷ ʧʨʠʥʮʠʧʽʚ ʥʦʨʤʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʚʧʣʠʚʽʚ ʪʘ ʤʝʪʦʜʽʚ 

ʫʨʘʭʫʚʘʥʥʷ ʾʭ ʩʧʽʣʴʥʦʾ ʜʽʾ ʟ ɭʚʨʦʢʦʜʘʤʠ. 
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ʈɽɿʋʃʔʊɸʊʀ ʊɸ ʇɽʈʉʇɽʂʊʀɺʀ ɼʆʉʃɯɼɾɽʅʔ ʊɽʇʃʆɺʆɰ 

ʅɸɼɯʁʅʆʉʊɯ ʆɻʆʈʆɼɾʋɺɸʃʔʅʀʍ ʂʆʅʉʊʈʋʂʎɯʁ 

ɺ̔ ʢʪʦʨ ʇʘʰʠʥʩʴʢʠʡ, ʧʨʦʬ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ 

ʉʪʘʥʽʩʣʘʚ ɼʞʠʨʤʘ, ʜʦʮʝʥʪ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ʉʝʨʛʽʡ ʂʘʨʧʫʰʠʥ, ʜʦʮʝʥʪ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ʄʠʢʦʣʘ ʇʘʰʠʥʩʴʢʠʡ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ʆʣʝʛ ʇʣʦʪʥʽʢʦʚ, ʽʥʞʝʥʝʨ 

ɺʦʣʦʜʠʤʠʨ ʉʝʤʢʦ, ʧʨʦʬ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ 

ɯʚʘʥ ʉʢʨʠʥʥʽʢ, ʜʦʮʝʥʪ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ɸʥʜʨʽʡ ʊʠʭʠʡ, ʜʦʮʝʥʪ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʇʝʪʨʦ ɼʦʚʯʝʥʢʦ, ʟʘʩʣʫʞʝʥʠʡ ʙʫʜʽʚʝʣʴʥʠʢ ʋʢʨʘʾʥʠ 

ʇɺɯ çɸʛʨʦʧʨʦʝʢʪè 

ɺʘʛʦʤʠʤ ʯʠʥʥʠʢʦʤ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʦʩʪʘʪʥʴʦʛʦ ʨʽʚʥʷ ʪʝʧʣʦʚʦʾ ʥʘʜʽʡʥʦʩʪʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʅʘʫʢʦʚʮʷʤʠ ʢʘʬʝʜʨʠ 

ʙʫʜʽʚʝʣʴʥʠʭ, ʜʦʨʦʞʥʽʭ ʤʘʰʠʥ ʽ ʙʫʜʽʚʥʠʮʪʚʘ ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʴʦʛʦ ʜʝʩʷʪʠʣʽʪʪʷ ʧʨʦʚʦʜʠʣʠʩʷ 

ʢʦʤʧʣʝʢʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦʚʦʾ ʥʘʜʽʡʥʦʩʪʽ ʩʪʽʥ ʮʠʚʽʣʴʥʠʭ ʙʫʜʽʚʝʣʴ, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʷʢʠʭ 

ʦʧʫʙʣʽʢʦʚʘʥʦ ʧʦʥʘʜ 40 ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʦʜʥʘ ʤʦʥʦʛʨʘʬʽʷ, 5 ʩʪʘʪʝʡ ʫ ʟʘʨʫʙʽʞʥʠʭ 

ʚʠʜʘʥʥʷʭ, ʷʢʽ ʽʥʜʝʢʩʫʶʪʴʩʷ ʥʘʫʢʦʤʝʪʨʠʯʥʠʤʠ ʙʘʟʘʤʠ Scopus ʪʘ Web of Science, ʘ ʪʘʢʦʞ 12 

ʩʪʘʪʝʡ ʫ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ. ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʽ ʡ ʫʟʘʛʘʣʴʥʝʥʽ ʤʘʪʝʨʽʘʣʠ 

ʮʠʭ ʧʫʙʣʽʢʘʮʽʡ, ʦʩʥʦʚʥʽ ʟ ʷʢʠʭ ʥʘʚʝʜʝʥʽ ʚ ʩʧʠʩʢʫ ʣʽʪʝʨʘʪʫʨʠ, ʪʘ ʥʘʤʽʯʝʥʽ ʧʝʨʩʧʝʢʪʠʚʥʽ 

ʥʘʧʨʷʤʢʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʛʘʣʫʟʽ ʦʮʽʥʶʚʘʥʥʷ ʡ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʧʣʦʚʦʾ ʥʘʜʽʡʥʦʩʪʽ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʝʣʴ. 

ɯʤʦʚʽʨʥʽʩʥʘ ʤʦʜʝʣʴ ʪʝʤʧʝʨʘʪʫʨʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʨʦʟʨʦʙʣʝʥʘ ʟʘ ʜʘʥʠʤʠ 485 

ʧʫʥʢʪʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʋʢʨʘʾʥʠ. ʋ ʤʦʥʦʛʨʘʬʽʾ [1] ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʬʦʨʤʽ 

ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ʟ ʨʽʯʥʠʤ ʧʝʨʽʦʜʦʤ ʥʝʩʪʘʮʽʦʥʘʨʥʦʩʪʽ. ʈʦʟʧʦʜʽʣ 

ʦʨʜʠʥʘʪʠ ʚ ʜʦʚʽʣʴʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʦʧʠʩʫʻʪʴʩʷ ʟʤʽʰʘʥʠʤ ʟʘʢʦʥʦʤ ɻʫʤʙʝʣʷ-ɻʘʫʩʘ. 

ʄʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʜʘʻʪʴʩʷ ʛʘʨʤʦʥʽʯʥʦʶ ʬʫʥʢʮʽʻʶ ʘʙʦ ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʟ 

12-ʪʠ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʠʭ ʟʥʘʯʝʥʴ, ʘ ʟʥʘʯʝʥʥʷ ʩʪʘʥʜʘʨʪʫ ʡ ʢʦʝʬʽʮʽʻʥʪʘ ʘʩʠʤʝʪʨʽʾ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʟʘ ʤʝʪʝʦʜʘʥʠʤʠ ʘʙʦ ʥʘʙʣʠʞʝʥʦ ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ, ʥʘʚʝʜʝʥʠʤʠ ʚ [1, 2]. ɼʣʷ 

ʽʤʦʚʽʨʥʽʩʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʪʝʧʣʦʚʦʾ ʥʘʜʽʡʥʦʩʪʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʦʜʝʣʴ ʫ ʬʦʨʤʽ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ 12-ʪʠ ʥʦʨʤʘʣʴʥʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ. ʈʦʙʦʪʠ [3é5] ʧʨʠʩʚʷʯʝʥʽ 

ʘʥʘʣʽʟʫ ʪʘ ʦʧʠʩʫ ʪʝʨʠʪʦʨʽʘʣʴʥʦʾ ʤʽʥʣʠʚʦʩʪʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʨʦʟʨʘʭʫʥʢʦʚʠʭ 

ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʾ ʦʙʣʘʩʪʽ [3] ʪʘ ʋʢʨʘʾʥʠ [4, 5]. ʋ 

ʩʪʘʪʪʽ [5] ʨʝʘʣʽʟʦʚʘʥʝ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦ-ʪʝʨʠʪʦʨʽʘʣʴʥʝ ʨʘʡʦʥʫʚʘʥʥʷ, ʧʨʠ ʷʢʦʤʫ ʜʣʷ ʢʦʞʥʦʾ ʟ 

ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʦʙʣʘʩʪʝʡ ʋʢʨʘʾʥʠ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʻʜʠʥʽ ʜʣʷ ʫʩʽʻʾ ʪʝʨʠʪʦʨʽʾ ʦʙʣʘʩʪʽ 

ʟʥʘʯʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʤʧʝʨʘʪʫʨʠ. ɺʠʢʦʥʘʥʠʡ ʫ ʩʪʘʪʪʽ [6] ʘʥʘʣʽʟ 

ʜʦʚʛʦʩʪʨʦʢʦʚʠʭ ʟʤʽʥ ʩʝʨʝʜʥʴʦʨʽʯʥʠʭ, ʤʽʥʽʤʘʣʴʥʠʭ ʽ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʡ 

ʚʦʣʦʛʦʩʪʽ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʧʽʜʪʚʝʨʜʠʚ ʟʨʦʩʪʘʥʥʷ ʩʝʨʝʜʥʽʭ ʪʝʤʧʝʨʘʪʫʨ, ʷʢʝ ʟʘʛʘʣʦʤ 

ʫʟʛʦʜʞʫʪ̒ʴʩʷ ʟ ʚʽʜʦʤʦʶ ʪʝʥʜʝʥʮʽʻʶ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʽʥʥʷ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ 

ʚʠʷʚʣʝʥʠʭ ʪʨʝʥʜʽʚ ʪʘ ʟʘʢʦʥʽʚ ʨʦʟʧʦʜʽʣʫ ʚ [6] ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧʝʨʽʦʜ, ʨʽʚʥʠʡ ʩʪʨʦʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʜʽʚʝʣʴ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʪʽʥ 
ʚʠʢʦʥʘʥʽ ʥʘ ʧʨʠʢʣʘʜʽ ʪʨʴʦʭ ʞʠʪʣʦʚʠʭ ʙʫʜʽʚʝʣʴ ʟ ʘʚʪʦʥʦʤʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʦʧʘʣʶʚʘʥʥʷ ʫ 

ʤ. ʂʨʦʧʠʚʥʠʮʴʢʠʡ. ʇʨʦʪʷʛʦʤ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʧʝʨʽʦʜʫ ʪʨʠʯʽ ʥʘ ʜʦʙʫ ʚʠʤʽʨʶʚʘʣʠʩʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟʦʚʥʽʰʥʴʦʛʦ ʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʟʦʚʥʽʰʥʴʦʾ ʪʘ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʩʪʽʥʠ. 

ʄʝʪʦʜʠʢʘ ʽ ʨʝʟʫʣʴʪʘʪʠ ʮʴʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ ʩʪʘʪʪʷʭ [7, 8]. ʊʝʤʧʝʨʘʪʫʨʠ 

ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʪʘ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʩʪʽʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʥʝʩʪʘʮʽʦʥʘʨʥʽ 

ʚʠʧʘʜʢʦʚʽ ʧʨʦʮʝʩʠ, ʜʦʩʠʪʴ ʙʣʠʟʴʢʽ ʤʽʞ ʩʦʙʦʶ. ʊʝʤʧʝʨʘʪʫʨʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʽ 



 

 

ɿʙʽʨʥʠʢ ʤʘʪʝʨʽʘʣʽʚ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ on-line ʢʦʥʬʝʨʝʥʮʽʾ 

 çʇʈʆɹʃɽʄʀ ɹʋɼɯɺɽʃʔʅʆɻʆ ʊɸ ʊʈɸʅʉʇʆʈʊʅʆɻʆ ʂʆʄʇʃɽʂʉɯɺè. 

20                                                             x ̝̩̝̆̎̓̑́̌̎̏̔̋̑́̎̒̋̉̊ ̨̗̝̎́̏̎́̌̎̉̊ ̨̖̘̓̆̎̎̉̊ ̨̔̎̃̆̑̒̉̓ ̆̓ 

ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʩʪʽʥʠ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʩʪʘʮʽʦʥʘʨʥʠʤʠ ʚʠʧʘʜʢʦʚʠʤʠ ʧʨʦʮʝʩʘʤʠ ʟ 

ʥʦʨʤʘʣʴʥʠʤ ʟʘʢʦʥʦʤ ʨʦʟʧʦʜʽʣʫ ʦʨʜʠʥʘʪʠ. ʉʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʧʦʚʽʪʨʷ ʚ ʨʽʟʥʠʭ ʢʚʘʨʪʠʨʘʭ ʦʪʨʠʤʘʥʽ ʨʽʚʥʠʤʠ 23,1é24,6Áʉ, ʘ ʩʪʘʥʜʘʨʪʠ ʾʾ ʨʦʟʧʦʜʽʣʽʚ 

ʜʦʨʽʚʥʶʶʪʴ 0,34é0,59Áʉ. ʉʝʨʝʜʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʩʪʽʥʠ ʜʦʨʽʚʥʶʶʪʴ 

22,3é23,8Áʉ, ʘ ʩʪʘʥʜʘʨʪʠ ʦʪʨʠʤʘʥʽ ʨʽʚʥʠʤʠ 0,36é0,94Áʉ. ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʚʝʨʠʬʽʢʘʮʽʾ ʪʝʦʨʝʪʠʯʥʠʭ ʧʨʦʛʥʦʟʽʚ ʟʤʽʥʠ ʩʪʘʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʥʫʪʨʽʰʥʽʭ ʧʦʚʝʨʭʦʥʴ ʩʪʽʥ ʮʠʚʽʣʴʥʠʭ ʙʫʜʽʚʝʣʴ, ʘ ʪʘʢʦʞ ʫ ʷʢʦʩʪʽ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʜʣʷ 

ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʪʝʧʣʦʚʦʾ ʥʘʜʽʡʥʦʩʪʽ. 

ʋ ʨʦʙʦʪʽ [9] ʚʠʢʣʘʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʩʝʨʝʜʥʴʦʾ ʛʫʩʪʠʥʠ ʪʘ ʦʧʦʨʫ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʧʣʠʪ ʟ ʤʽʥʝʨʘʣʴʥʦʾ ʚʘʪʠ ʪʘ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʫ. ɿʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ ʩʝʨʝʜʥʴʦʾ ʛʫʩʪʠʥʠ 

ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʫ ʤʘʨʦʢ 15 ʽ 25 ʙʣʠʟʴʢʠʡ ʜʦ 3%, ʘ ʧʣʠʪ ʟ ʤʽʥʝʨʘʣʴʥʦʾ ʚʘʪʠ ʤʘʨʦʢ 75 ʽ 125 

ʩʪʘʥʦʚʠʪʴ 12% ʽ 6%. ʂʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʥʦʨʤʘʣʴʥʦ 

ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʚʠʧʘʜʢʦʚʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʟ ʩʝʨʝʜʥʽʤʠ ʟʥʘʯʝʥʥʷʤʠ 0,032é0,047 ɺʪ/(ʤĬʂ) ʽ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʚʘʨʽʘʮʽʾ 9é14%. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʧʦʜʘʥʥʷ 

ʦʧʦʨʫ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʧʨʠ ʦʮʽʥʶʚʘʥʥʽ ʪʝʧʣʦʚʦʾ ʥʘʜʽʡʥʦʩʪʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ.  

ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʟʘʭʠʩʪʫ ʙʫʜʽʚʝʣʴ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʥʘ ʦʩʥʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʮʝʩʽʚ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʯʝʨʝʟ ʦʛʦʨʦʜʞʝʥʥʷ, ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ ʫ 

ʚʫʟʣʘʭ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʋ ʨʦʙʦʪʽ [10] ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʘʨʪʦʩʪʽ ʨʦʙʽʪ ʟ 

ʬʘʩʘʜʥʦʛʦ ʫʪʝʧʣʝʥʥʷ ʪʘ ʚʘʨʪʦʩʪʽ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʜʣʷ ʦʧʘʣʶʚʘʥʥʷ ʙʫʜʽʚʝʣʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʦʧʽʨ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʩʪʽʥ ʪʘ ʧʦʢʨʽʚʝʣʴ ʜʦʮʽʣʴʥʦ ʽʩʪʦʪʥʦ ʟʙʽʣʴʰʠʪʠ ʧʦʨʽʚʥʷʥʦ ʟ ʚʠʤʦʛʘʤʠ 

ʯʠʥʥʠʭ ʥʦʨʤ ʪʝʧʣʦʚʦʛʦ ʟʘʭʠʩʪʫ ʙʫʜʽʚʝʣʴ. ʆʧʽʨ ʪʝʧʣʦʧʝʨʝʜʘʯʽ, ʦʧʪʠʤʘʣʴʥʠʡ ʟʘ ʢʨʠʪʝʨʽʻʤ 

ʤʽʥʽʤʫʤʫ ʧʨʠʚʝʜʝʥʠʭ ʚʠʪʨʘʪ ʥʘ ʦʧʘʣʝʥʥʷ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʚʘʨʪʦʩʪʽ ʪʝʧʣʦʚʦʾ 

ʝʥʝʨʛʽʾ. ɿʦʢʨʝʤʘ, ʦʧʽʨ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʜʦʮʽʣʴʥʦ ʟʙʽʣʴʰʠʪʠ ʜʦ ʟʥʘʯʝʥʴ 

4é6 ʤ2Ĭʂ/ɺʪ, ʘ ʩʫʤʽʱʝʥʠʭ ʧʦʢʨʽʚʝʣʴ ʜʦ 7é9 ʤ2Ĭʂ/ɺʪ. 

ʋ ʩʪʘʪʪʷʭ [11, 12] ʧʦʢʘʟʘʥʦ, ʱʦ ʥʘ ʧʣʦʩʢʠʭ ʜʽʣʷʥʢʘʭ ʩʪʽʥ ʽ ʧʦʢʨʽʚʝʣʴ, ʦʧʽʨ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʷʢʠʭ ʚʽʜʧʦʚʽʜʘʻ ʥʦʨʤʘʪʠʚʥʠʤ ʚʠʤʦʛʘʤ, ʪʝʧʣʦʚʘ ʚʽʜʤʦʚʘ ʟʘ ʢʨʠʪʝʨʽʷʤʠ 

ʢʦʤʬʦʨʪʥʦʩʪʽ (ʧʝʨʝʚʠʱʝʥʥʷ ʜʦʧʫʩʪʠʤʦʾ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ ʚʥʫʪʨʽʰʥʽʤ ʧʦʚʽʪʨʷʤ ʪʘ 

ʚʥʫʪʨʽʰʥʴʦʶ ʧʦʚʝʨʭʥʝʶ ʦʛʦʨʦʜʞʝʥʥʷ) ʪʘ ʫʪʚʦʨʝʥʥʷ ʢʦʥʜʝʥʩʘʪʫ (ʧʘʜʽʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʦʛʦʨʦʜʞʝʥʥʷ ʥʠʞʯʝ ʪʦʯʢʠ ʨʦʩʠ) ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʘ. ʊʦʤʫ ʚ 

ʨʦʙʦʪʘʭ [12é17] ʦʩʥʦʚʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʘʥʘʣʽʟʫ ʚʫʟʣʽʚ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, 

ʷʢʽ ʻ ʟʦʥʘʤʠ ʧʽʜʚʠʱʝʥʦʾ ʪʝʧʣʦʧʝʨʝʜʘʯʽ. ʄʦʜʝʣʶʚʘʥʥʷ ʜʚʦʤʽʨʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ ʫ 

ʚʫʟʣʘʭ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟʜʽʡʩʥʝʥʝ ʚ ʩʝʨʝʜʦʚʠʱʽ ʧʨʦʛʨʘʤʠ THERM, ʨʦʟʨʦʙʣʝʥʦʾ 

ʚ ʂʘʣʽʬʦʨʥʽʡʩʴʢʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʽʥʩʪʠʪʫʪʽ. ɺ ʨʦʙʦʪʘʭ [12, 14, 15] ʚʠʷʚʣʝʥʽ ʧʨʦʙʣʝʤʥʽ 

ʟʦʥʠ ʚʫʟʣʽʚ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʜʝ ʤʦʞʝ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʫʪʚʦʨʝʥʥʷ ʢʦʥʜʝʥʩʘʪʫ, ʪʘ 

ʥʘʜʘʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʜʦʜʘʪʢʦʚʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʫʪʝʧʣʝʥʥʷ ʮʠʭ ʚʫʟʣʽʚ. 

ɿʦʢʨʝʤʘ, ʚ ʨʦʙʦʪʘʭ [14é17] ʟʥʘʯʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʝʥʘ ʟʦʥʽ ʧʨʠʤʠʢʘʥʥʷ ʚʽʢʦʥʥʠʭ ʙʣʦʢʽʚ 

ʜʦ ʩʪʽʥ ʨʽʟʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ (ʮʝʛʣʷʥʽ ʪʘ ʢʝʨʘʤʟʠʪʦʙʝʪʦʥʥʽ, ʟ ʬʘʩʘʜʥʠʤ ʫʪʝʧʣʝʥʥʷʤ ʪʘ ʙʝʟ 

ʥʴʦʛʦ). ʇʦʢʘʟʘʥʦ, ʱʦ ʰʣʷʭʦʤ ʟʤʽʱʝʥʥʷ ʚʽʢʥʘ ʧʦ ʪʦʚʱʠʥʽ ʩʪʽʥʠ ʚʩʝʨʝʜʠʥʫ ʧʨʠʤʽʱʝʥʥʷ ʤʦʞʥʘ 

ʧʽʜʚʠʱʠʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʝʨʭʥʽ ʚʥʫʪʨʽʰʥʴʦʛʦ ʚʽʢʦʥʥʦʛʦ ʚʽʜʢʦʩʫ ʪʘ ʥʘʜʘʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ 

ʱʦʜʦ ʚʝʣʠʯʠʥʠ ʪʘʢʦʛʦ ʟʤʽʱʝʥʥʷ. 

ɯʤʦʚʽʨʥʽʩʥʝ ʦʮʽʥʶʚʘʥʥʷ ʨʽʚʥʷ ʪʝʧʣʦʚʦʾ ʥʘʜʽʡʥʦʩʪʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʚʠʢʦʥʫʚʘʣʦʩʷ ʟʘ ʪʨʴʦʤʘ ʢʨʠʪʝʨʽʷʤʠ: ʥʘʜʤʽʨʥʽ ʚʪʨʘʪʠ ʪʝʧʣʘ, ʧʦʨʫʰʝʥʥʷ ʢʦʤʬʦʨʪʥʦʩʪʽ 

ʚʥʘʩʣʽʜʦʢ ʧʝʨʝʚʠʱʝʥʥʷ ʜʦʧʫʩʪʠʤʦʾ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ ʚʥʫʪʨʽʰʥʽʤ ʧʦʚʽʪʨʷʤ ʪʘ 

ʚʥʫʪʨʽʰʥʴʦʶ ʧʦʚʝʨʭʥʝʶ ʦʛʦʨʦʜʞʝʥʥʷ, ʫʪʚʦʨʝʥʥʷ ʢʦʥʜʝʥʩʘʪʫ ʚʥʘʩʣʽʜʦʢ ʧʘʜʽʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʦʛʦʨʦʜʞʝʥʥʷ ʥʠʞʯʝ ʪʦʯʢʠ ʨʦʩʠ. ɺ ʨʦʙʦʪ ̔[18] ʦʪʨʠʤʘʥʽ ʬʦʨʤʫʣʠ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʧʦʨʫ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, 

ʘ ʚ [19] ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ʟʤʽʥ ʪʝʤʧʝʨʘʪʫʨʠ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʩʪʽʥʠ ʟ ʚʽʜʦʤʠʤʠ ʪʝʧʣʦʚʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʟʘ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʝʤʧʝʨʘʪʫʨʠ ʟʦʚʥʽʰʥʴʦʛʦ ʽ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ. ʈʝʟʫʣʴʪʘʪʠ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʦʟʚʦʣʠʣʠ ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ 

ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʨʽʚʥʷ ʪʝʧʣʦʚʦʾ ʥʘʜʽʡʥʦʩʪʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 



 

ñ ʇʨʦʙʣʝʤʠ ʙʫʜʽʚʝʣʴʥʦʛʦ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʽʚò 
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ʋ ʩʪʘʪʪʽ [18] ʦʙˇʨʫʥʪʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʦʮʽʥʶʚʘʥʥʷ ʽʤʦʚʽʨʥʦʩʪʽ ʪʝʧʣʦʚʦʾ ʚʽʜʤʦʚʠ ʟʘ 

ʢʨʠʪʝʨʽʻʤ ʥʘʜʤʽʨʥʠʭ ʚʪʨʘʪ ʪʝʧʣʘ, ʪʦʙʪʦ ʧʝʨʝʚʠʱʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʯʝʨʝʟ 

ʦʛʦʨʦʜʞʝʥʥʷ. ɺ ʨʦʙʦʪʽ [20] ʧʦʢʘʟʘʥʦ, ʱʦ ʫ ʷʢʦʩʪʽ ʧʦʢʘʟʥʠʢʘ ʪʝʧʣʦʚʦʾ ʥʘʜʽʡʥʦʩʪʽ ʟʘ 

ʢʨʠʪʝʨʽʷʤʠ ʧʦʨʫʰʝʥʥʷ ʢʦʤʬʦʨʪʥʦʩʪʽ ʪʘ ʫʪʚʦʨʝʥʥʷ ʢʦʥʜʝʥʩʘʪʫ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʪʨʠʚʘʣʽʩʪʴ ʜʽʾ ʪʝʧʣʦʚʦʾ ʚʽʜʤʦʚʠ (ʫ ʭʚʠʣʠʥʘʭ ʥʘ ʨʽʢ) ʯʠ ʚʽʜʥʦʩʥʫ ʪʨʠʚʘʣʽʩʪʴ ʜʽʾ ʪʝʧʣʦʚʦʾ 

ʚʽʜʤʦʚʠ (ʯʘʩʪʢʘ ʩʪʨʦʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʧʨʦʪʷʛʦʤ ʷʢʦʾ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʝʧʣʦʚʘ ʚʽʜʤʦʚʘ). 

ɿʘ ʤʝʪʦʜʠʢʦʶ, ʨʦʟʨʦʙʣʝʥʦʶ ʚ [21] ʚ ʨʦʙʦʪʽ [22] ʚʠʟʥʘʯʝʥʽ ʪʨʠʚʘʣʦʩʪʽ ʜʽʾ ʪʝʧʣʦʚʠʭ 

ʚʽʜʤʦʚ ʟʘ ʢʨʠʪʝʨʽʻʤ ʫʪʚʦʨʝʥʥʷ ʢʦʥʜʝʥʩʘʪʫ ʫ ʰʝʩʪʠ ʭʘʨʘʢʪʝʨʥʠʭ ʚʫʟʣʘʭ ʮʝʛʣʷʥʠʭ ʩʪʽʥ, ʷʢʽ ʻ 

ʟʦʥʘʤʠ ʧʽʜʚʠʱʝʥʦʾ ʪʝʧʣʦʧʝʨʝʜʘʯʽ, ʚ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚʘʭ ʤ. ʂʨʦʧʠʚʥʠʮʴʢʠʡ. ʋ ʧʦʯʘʪʢʦʚʦʤʫ 

ʩʪʘʥʽ (ʮʝʛʣʷʥʘ ʩʪʽʥʘ ʪʦʚʱʠʥʦʶ 51 ʩʤ) ʪʨʠʚʘʣʽʩʪʴ ʜʽʾ ʪʝʧʣʦʚʦʾ ʚʽʜʤʦʚʠ ʚ ʢʨʠʪʠʯʥʠʭ ʟʦʥʘʭ 

ʨʽʟʥʠʭ ʚʫʟʣʽʚ ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ 85é56720 ʭʚʠʣʠʥ/ʨʽʢ. ɿʦʚʥʽʰʥʻ ʬʘʩʘʜʥʝ ʫʪʝʧʣʝʥʥʷ ʟʤʝʥʰʫʻ 

ʪʨʠʚʘʣʽʩʪʴ ʜʽʾ ʪʝʧʣʦʚʦʾ ʚʽʜʤʦʚʠ ʜʦ 0,3é13167 ʭʚʠʣʠʥ/ʨʽʢ, ʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʦʜʘʪʢʦʚʦʛʦ 

ʣʦʢʘʣʴʥʦʛʦ ʫʪʝʧʣʝʥʥʷ ʪʨʠʚʘʣʽʩʪʴ ʜʽʾ ʪʝʧʣʦʚʦʾ ʚʽʜʤʦʚʠ ʫ ʥʘʡʙʽʣʴʰ ʧʨʦʙʣʝʤʥʦʤʫ ʚʫʟʣʽ 

ʧʨʠʤʠʢʘʥʥʷ ʟʘʣʽʟʦʙʝʪʦʥʥʦʾ ʙʘʣʢʦʥʥʦʾ ʧʣʠʪʠ ʩʪʘʥʦʚʠʪʴ 470 ʭʚʠʣʠʥ/ʨʽʢ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʙʦʪʠ [18é22] ʧʦʢʘʟʘʣʠ, ʱʦ ʽʤʦʚʽʨʥʽʩʥʝ ʦʮʽʥʶʚʘʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʜʽʾ 

ʪʝʧʣʦʚʦʾ ʚʽʜʤʦʚʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ, ʢʦʥʩʪʨʫʢʮʽʾ ʦʛʦʨʦʜʞʝʥʥʷ ʪʘ ʥʦʨʤʘʪʠʚʥʠʭ 

ʚʠʤʦʛ ʜʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʚ ʧʨʠʤʽʱʝʥʥʷʭ ʻ ʜʦʩʠʪʴ ʟʨʫʯʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ 

ʨʽʚʥʷ ʪʝʧʣʦʚʦʾ ʥʘʜʽʡʥʦʩʪʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

ɿʘʚʜʘʥʥʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʝʧʣʦʚʦʾ ʥʘʜʽʡʥʦʩʪʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʧʦʣʷʛʘʶʪʴ ʚ ʥʘʩʪʫʧʥʦʤʫ: 

1. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʩʪʘʪʠʩʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʽʚʝʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʟ ʤʝʪʦʶ ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʧʦʜʘʥʥʷ ʩʝʨʝʜʥʴʦʾ ʛʫʩʪʠʥʠ ʡ ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʫ ʬʦʨʤʽ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ. 

2. ɸʥʘʣʽʟ ʚʽʜʦʤʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʚʫʟʣʽʚ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʤʝʪʦʶ 
ʨʦʟʨʦʙʣʝʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʾʭ ʪʝʧʣʦʚʦʾ ʥʘʜʽʡʥʦʩʪʽ. 

3. ʈʦʟʨʦʙʣʝʥʥʷ ʩʧʦʩʦʙʽʚ ʜʦʜʘʪʢʦʚʦʛʦ ʫʪʝʧʣʝʥʥʷ ʟʦʥ ʧʽʜʚʠʱʝʥʦʾ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʟ ʤʝʪʦʶ 

ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʪʝʧʣʦʚʦʾ ʥʘʜʽʡʥʦʩʪʽ ʜʦ ʧʨʠʡʥʷʪʥʦʛʦ ʨʽʚʥʷ. 
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Loading and unloading works are an integral part of the technological process of 

construction. Cranes of different types are mainly used to perform these works [1]. 

Cranes as lifting machines are widely used in construction for the movement of goods and 

installation of structures. 

The scientific and technological progress taking place in all countries of the world strongly 

requires an increase in productivity, load lifting and an increase in the working speeds of lifting 

machines, which leads to a reduction in transients, that is, to a decrease in the time of acceleration 

and braking of machines. 

All this leads to an increase in the intensity of the load-lifting machine, causes additional 

forces on all elements of the machine, received in the technique the name ï external dynamic 

loads [2]. 

On the other hand, any machine has structural features of its kinematics, deviations in the 

size of individual parts within the established tolerance, clearance in gear gears and couplings, 

deformability of the system ï all this causes vibrational processes in the machine transmission and 

refers to phenomena ï internal dynamics of the machine 

For safe operation of cranes, it is important to take into account the value of all types of 

dynamic loads operating when calculating their structures and selecting component elements [3, 4]. 

Therefore, at present, the actual problem is the development of a technique for determining 

dynamic loads in the mechanism of lifting the cargo of cranes in case of lack of movement in order 

to simplify complex calculations. 

Therefore, to ensure trouble-free operation and improve the reliability of cranes when 

calculating the structures and components of their working equipment, it is important to take into 

account dynamic loads that are several times higher than static ones. 

Elements of dynamic loads of the crane load lifting mechanism are its elastic components ï 

ropes and shafts, which are deformed under the influence of loads. The value of this deformation of 

the elements is taken into account by the coefficients of elasticity or compliance with linear and 

steep or their inverse value ï stiffness coefficients. These coefficients depend respectively on linear 

or angular strains. 

Due to the fact that the lifting mechanism consists of a large number of elastic elements, the 

assembly and solution of equations for determining these coefficients is difficult. In order to 

simplify the equations and these calculations, the given calculation scheme according to which the 

remaining elements of the mechanism are brought to its first element (engine) is recommended. 

This allows you to greatly simplify the equation for solving and determine the values of the 

elasticity factors or stiffness of the elements of the dynamic loads of the crane lifting mechanism. 

Therefore, it is necessary to develop a methodology for determining dynamic loads in the 

mechanism of lifting the crane load in case of non-stop movement with the use of the given design 

schemes in order to simplify complex calculations. 

Any mechanism or any machine has elements or assemblies of massive or rigid bodies, 

which in the course of the transition process move as a whole. Such elements can be considered 

absolutely rigid bodies, and their entire mass can be concentrated at a point coinciding with the 

center of weight of this element or node. 

Thus, the mechanism or machine consists of "point masses" which include: transported 

cargo, rotating parts of the engine, brake pulley, drum, gear wheels, etc. [5]. 

These "point masses" are connected by elastic elements ï shafts, ropes and other elements 

that determine, mainly, the deformation of the mechanism. These elastic elements have a relatively 

small mass, compared to "point masses," so they can, in the first approximation, be considered 
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massless or absolutely elastic elements. 

The elastic elements of the machine under its load are appropriately deformed. The amount 

of this deformation of the element is taken into account by the coefficient of elasticity or 

compliance. 

The coefficient of elasticity or compliance is defined as the ratio of the value of linear 

deformation or the angle of twist of this element to the value of the force or torque acting on it. 

In practice, more often use the value of the inverse coefficient of elasticity, which is called 

the stiffness coefficient. 

Thus, the design scheme can be represented by a number of "point masses" connected by 

weightless absolutely elastic bonds. 

To illustrate the dynamic action of individual masses, depending on the task, they are led to 

some one elastic link located on one elastic link. Due to the fact that each mechanism has both 

rotating and progressively moving masses, two design drive schemes are possible. 

If the drive is made to some shaft of the mechanism, then the given scheme of rotational 

motion is applied. 

For such a scheme, external loads (torques), inertial forces (moments of inertia or 

fl ywheels), elasticity of kinematic elements (coefficients of torsion stiffness), backlash or 

clearances are specified. 

If brought to the translational moving elastic element - rope, chain, rod, then the given 

scheme of translational stroke is applied. 

For such a scheme, external loads (starting or moving forces of the engine, brake forces, 

supports of motion), inertial properties (masses), elastic kinematic elements (rigidity factors), 

backlash (linear gaps) are specified. 

It follows from the analysis of data of calculation schemes that if we take into account all the 

elements of the machine in the design scheme, then the scheme is very difficult, and the definition 

of dynamic loads is an intractable task. Therefore, in order to study dynamic processes in a 

mechanism or machine, it is advisable to use the so-called given calculation schemes that reflect the 

actual operation of the mechanism or machine and allow non-difficult decisions to obtain and 

analyze dynamic loads. 
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The durability improvement of the wheeled mover for transport and technological vehicles 

is the actual problem, since the tire set cost can reach 30 % of the wheeled machine cost, and the 

operating costs of tires are 10é15 % of the total costs on the operation of machines. At the same 

time, tire durability is characterized by the ability to maintain performance until the onset of the 

limit state during the performance of established maintenance and repair work. It is determined 

either by the lifetime until unacceptable wear of the tire tread, or before the tire fails [1] due to the 

side rupture, delamination of the tread or cord, the appearance of tread cracks, dynamic rupture or 

another defect during the operation of wheeled transport and technological vehicles. 

One of the most important purposes for the tire is to ensure the specified traction forces and 

high traffic safety. Moreover, the main functions of the tire to ensure the transfer of traction and 

braking forces are performed by the tread, which in ordinary tube tires is made together with the 

sidewalls. The tire tread according to its functional purpose must provide the traction coefficient 

necessary for driving safety, which is stable during operation. To do this the tire tread must have, on 

the one hand, properties to ensure the conditions of its interaction with the supporting surface of the 

movement remain constant, and on the other hand, maintain its working characteristics during the 

time specified by the technical standards. 

The operation experience of pneumatic tires, which are used on self-propelled scrapers of 

various designs and work in extremely difficult and diverse operation conditions on road and 

reclamation construction objects, has shown sufficiently high traction-clutch and speed properties, 

but insufficient actual lifetime [1ï3]. In 65é75 % of cases, unacceptable wear of the tire tread was 

obtained as a result of intensive sliding motion relative to the supporting surface (ground, soil, 

snow) on the traction mode of operation. The tread of a pneumatic tire wears out under the 

influence of effort and sliding motion, which occur in the contact band with the road [4]. 

Mechanical energy is dissipated in the case of sliding motion in contact. Its certain part goes to the 

detachment of rubber particles from the tread massif. Sliding motion and loss of mechanical energy, 

and therefore the wear intensity, depend significantly both on the operation mode of the wheeled 

mover with pneumatic tires and on the properties of the supporting surface. 

In its essence, wear is a more complex process than external friction and is the result of the 

combined effect of physicochemical and mechanical processes that occur in the surface layer of the 

tire in contact with the supporting surface of the movement. The prevention task of premature wear 

and tear of tires is complex and involves the ability to determine their types, as well as 

unmistakably define the cause of each tire tear.  

Tire tread wear can occur by different mechanisms depending on the operation conditions: 

abrasive, fatigue, by rolling [5, 6]. At the same time, the total intensity of wear is determined by the 

ratio of individual types. Wear indices can change significantly when operating conditions change. 

A specific abrasion mechanism for highly elastic rubber materials was established ï wear by 

rolling, when studying the characteristics of rubber abrasion during friction on relatively smooth 

surfaces. This wear mechanism is realized at a relatively high value of the friction coefficient 

between the rubber and the worn surface. Rolling wear occurs at a high friction coefficient but on 

relatively smooth surfaces. Bands perpendicular to the direction of sliding motion appear on the 

rubber surface with such wear.  

To identify the features of the wear mechanism by rolling, it is advisable to consider the 

interaction of some protrusion on the rubber surface with the surface of a smooth opposite element, 

which is pressed against the protrusion with a normal force N and moves parallel to the rubber 

surface with speed v (Figure 1) [6]. If the friction between the rubber protrusion and the worn 
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surface is large enough, then at the first stage, the movement of the opposite element does not lead 

to sliding motion in contact but causes a protrusion complex deformation. The development of 

protrusion deformations may be the reason for the growth of elastic forces that prevent this 

deformation with further movement. 

 

 
Figure 1 ï Serial stages IïIV of the roll formations when rubber friction at the smooth opposite element 

 

Sliding motion begins when the tangential component of elastic forces in contact is equal to 

the friction force. But if the rubber does not have the necessary strength, and the frictional force is 

large enough, then the destruction in the largest deformations band may occur earlier than the 

sliding motion begins in the contact band [1, 4]. The probable nature of this destruction can be 

imagined, based on the fact that when rubber is under complex stress, the destruction usually begins 

where the surface layers of the rubber material are more stretched. 

It is also known that failure begins with the appearance of a crack perpendicular to the 

action of the tensile force. If a crack has already appeared, its further growth occurs under the 

influence of a relatively small force. The crack direction of growth depends in a complex way on 

the nature of the stress state and on factors related to the presence of micro inhomogeneities in the 

material structure [7]. The non-uniform temperature distribution near the contact band also has a 

significant impact. The growth of cracks will lead to the immediate separation of rubber particles 

from the surface layer. Immediate separation, which is unlikely, rather the rubber gradual tearing, in 

which there is a relative movement in the contact band without sliding motion. Such a movement is 

possible if the rubber layer rolls down, separated during tearing (Figure 1, IV). The further 

movement of the opposite element takes place already under the conditions of rolling friction, 

which is accompanied by continuous tearing of the rubber and the folding of the piece on the 

resulting roll surface. The rolled piece is in the tense state. The force that causes its stretching 

depends on the resistance provided by the rubber to tearing at the place of the piece separation. The 

piece stretches in the band, where its stretches is critical, leads to the separation of the ridge formed. 

Thus, completes the considered stage of frictional wear. 

The rolling wear mechanism can only occur under a certain combination of external 

conditions and properties of the rubber being worn. Obviously, this abrasion type is most likely for 

rubber with low tear resistance. The surface layer heat due to friction in sliding contact can affect 

the wear process, since the strength properties of rubber depend significantly on temperature [1, 2]. 

Heat leads to the tarnishing of the rubber surface layer and the sticky appearance, which sharply 

increases the effective friction. 

The rolling wear pattern can be explored in more detail on the basis of an approximate 

quantitative analysis for an idealized case. If that, all contacts between the rubber and the opposite 

element (solid and smooth) are made through the roll, and wear occurs only by rolling. 

Wear resistance will be characterized by an indicator b, which is the ratio of the friction 

power frN  to the abrasion intensity J . 

We will define the friction power as: 

 fr tear str rollN N N N= + + , (1) 

where tearN  ï power spent on tearing the piece from the rubber surface layer; strN  ï power spent 

on stretching the piece; rollN  ï power spent on hysteresis losses accompanying the pitch rolling. 

The main condition that determines the formation possibility of slopes and the realization of 

the considered wear mechanism can be presented in the form: 

 fr LN N v¢mÖ Ö, (2) 
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where Lv  ï motion speed of the opposite element. 

We write down the expression for determining wear resistance, using the idea of the 

characteristic rupture energy and the results of studies on the work evaluation dissipated when tires 

roll on the solid support surface [6, 7]: 
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1/3

(1 ) ( 1)
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( )
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N H N

J a ʘb E r b

Ö -x Ö e+
b= = +w+ Ö

Ö Ö Ö
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where H  ï characteristic rupture energy; w ï average value of the specific stretching energy; x ï 

rubber elasticity; e ï relative elongation; rollr  ï pitch radius; a , b  ï thickness and width of the 

separated piece of rubber. 

Despite the fact that a number of assumptions were made when deriving dependence (3), it 

shows the existence of a relationship between the wear intensity by rolling and the elastic-relaxation 

and strength properties of rubber. The critical conditions for the wear realization in the form of 

rolling have been established, using this dependence. Ideas about the tire wear mechanism by 

rolling were experimentally confirmed with the device help in which rubber friction was carried out 

with smooth plexiglass, and the phenomena occurring in the contact band were observed under a 

microscope [7]. The formation of characteristic transverse folds and furrows transitioning into 

ridges during wear was clearly identified. 

Rolling wear is of particular interest, since this mechanism is realized for highly elastic 

materials and, in principle, cannot be observed in the friction of solid elements or solid rubbers. The 

wear mechanism by rolling is the highly intensive type. The pneumatic tire turns out to be short-

lived if such a wear mechanism is realized. 
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Buildings using brick walls as load-bearing and enclosing structures are quite common in 

residential construction. Moreover, the composition of such structures can be quite diverse. For 

example, these can be single-layer walls made of solid bricks; multilayer walls using natural 

materials covered with bricks; walls with cavities filled with thermal insulation. For the efficient 

operation of such buildings, it is necessary to develop energy efficiency measures that should 

increase the resistance to heat transfer of the buildings enclosing structure. When developing such 

measures, it is necessary to take into account the existing humidity condition of the buildings 

enclosing structure, especially in places where there are cold bridges. One of these places is the 

corner of the building. The paper considers how the thickness of the thermal insulation located in 

the cavity between the brick layers affects the moisture state of the thermal insulation. 

The studies were performed for the climatic conditions of Poltava. Indoor air parameters 

were taken from [1] for residential buildings , . The outdoor air 

parameters were taken from [3] for January , . The design scheme of the corner adopted for the 

study is shown in Fig. 1. The characteristics of the structural layers are taken from [2] and are given 

in Table 1. 

 
   a)      b) 

a) The cavity between the brick layers is completely filled with thermal insulation, b) The cavity between the 

brick layers is partially filled with thermal insulation with a decrease in the thickness of the thermal insulation and the 

formation of a closed air gap 

Figure 1 ï Calculation scheme of the corner of the brick wall 
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Table 1 - Characteristics of structural layers of the enclosing structure 

 ̄ Name 

Thermal 

conductivity,  

W/(m K) 

Vapor permeability 

coefficient, 

  
1 Lime-sand mortar 0,81 0,12 

2 Brick 0,81 0,11 

3 
Mineral wool with a density of  

0,048 0,52 

The studies were carried out using calculations of flat temperature and humidity fields [4]. 

The temperature field was used to obtain temperature values at the surface of the thermal insulation. 

These values were used to determine the partial pressure of saturated water vapor (E) on this 

surface. The humidity field was used to obtain values of the partial pressure of water vapor (e). The 

graphs start at point 1, the direction in which the graph is drawn is clockwise (Fig. 2a). 

   
   a)      b) 

   
   c)      d) 

  
   e)      f) 

a) The beginning of the e and E graphs and the direction in which the graphs are drawn; Graphs of changes in 

the partial pressure of water vapor e and partial pressure of saturated water vapor E at the thickness of the mineral wool 

b) 140 mm, c) 130 mm d) 120 mm e) 110 mm f) 100 mm. 

Figure 2 ï Graphs of changes in the partial pressure of water vapor e and partial pressure of saturated water vapor E on 

the surfaces of mineral wool when it is located near the inner surface of the cavity 



 

 

ɿʙʽʨʥʠʢ ʤʘʪʝʨʽʘʣʽʚ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ on-line ʢʦʥʬʝʨʝʥʮʽʾ 

 çʇʈʆɹʃɽʄʀ ɹʋɼɯɺɽʃʔʅʆɻʆ ʊɸ ʊʈɸʅʉʇʆʈʊʅʆɻʆ ʂʆʄʇʃɽʂʉɯɺè. 

30                                                             x ̝̩̝̆̎̓̑́̌̎̏̔̋̑́̎̒̋̉̊ ̨̗̝̎́̏̎́̌̎̉̊ ̨̖̘̓̆̎̎̉̊ ̨̔̎̃̆̑̒̉̓ ̆̓ 

As can be seen from the graphs in Fig. 2 

(b- f), the value of the partial pressure of saturated 

water vapor (E) is less than the partial pressure (e) 

on some surfaces of the thermal insulation. That is, 

water vapor condensation occurs in this area. 

Using the example of complete filling of the cavity 

between the brick layers with thermal insulation 

(the calculation scheme is shown in Fig. 1a), let's 

consider the results of the modeling. Condensation 

begins at a distance of 709 mm from point 1. The 

length of the condensation area is 1610 mm. The 

location of the condensation area is shown in Fig. 

3. Length of the water vapor condensation plane 

on the surfaces of mineral wool when it is located 

near the inner surface of the cavity at the different 

thickness of the mineral wool are given in Table 2. 

Table 2 - Length of the water vapor condensation plane on the surfaces of mineral wool when it is located near the inner 

surface of the cavity 

 ̄ Closed air gap width, mm 
Thermal insulation 

thickness, mm 

Length of the water vapor 

condensation plane on the thermal 

insulation surfaces, mm 

1 0 140 1629 

2 10 130 1601 

3 20 120 1579 

4 30 110 1555 

5 40 100 1531 

As can be seen from Table 2, the length of the condensation plane on the surfaces of mineral 

wool, when it is located near the inner surface of the cavity, decreases with decreasing thickness of 

the thermal insulation.  

The obtained results serve as a basis for further research on the existing moisture state of the 

corner of brick walls, which should be taken into account when developing measures to improve the 

energy efficiency of buildings enclosing structure. 
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ʈʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʚʠʚʯʝʥʥʶ ʧʠʪʘʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʚʽʜʥʦʚʣʝʥʥʷ ʢʨʫʧʥʦʧʘʥʝʣʴʥʠʭ 

ʙʫʜʠʥʢʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʥʝʣʝʡ ʟ ʢʘʨʢʘʩʦʤ ʟʽ ʩʪʘʣʝʚʠʭ ʪʦʥʢʦʩʪʽʥʥʠʭ ʝʣʝʤʝʥʪʽʚ.  

ɺʝʣʠʢʦʧʘʥʝʣʴʥʽ ʙʫʜʠʥʢʠ ʙʫʜʫʚʘʣʠʩʴ ʧʝʨʝʚʘʞʥʦ ʚ ʢʨʘʾʥʘʭ ɭʚʨʦʧʠ. ʅʘʡʙʽʣʴʰʝ ʧʨʘʮʴ, 

ʱʦʜʦ ʜʘʥʦʛʦ ʪʠʧʫ ʙʫʜʠʥʢʽʚ, ʧʨʠʩʚʷʯʝʥʦ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ ʙʫʜʠʥʢʽʚ ʜʘʥʦʛʦ ʢʣʘʩʫ, ʥʘʧʨʠʢʣʘʜ 

[1-3]. ɺʝʣʠʢʠʡ ʘʥʘʣʽʟ ʱʦʜʦ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʍʍɯ ʩʪʦʨʽʯʯʽ ʚʝʣʠʢʦʧʘʥʝʣʴʥʠʭ 

ʙʫʜʠʥʢʽʚ ʚʠʢʦʥʘʥʦ ʨʦʙʦʪʽ Malazdrewicz S, Ostrowski KA, Sadowski Ğ. [14]. ɺ 1990 ʨʦʮʽ ʙʫʣʠ 

ʨʦʟʨʦʙʣʝʥʽ çʈʝʢʦʤʝʥʜʘʮʽʾ ʟ ʚʽʜʥʦʚʣʝʥʥʷ ʪʘ ʧʽʜʩʠʣʝʥʥʷ ʧʦʚʥʦʟʙʽʨʥʠʭ ʙʫʜʠʥʢʽʚ 

ʧʦʣʽʤʝʨʨʦʟʯʠʥʘʤʠè [4] ʚ ʷʢʠʭ ʥʘʷʚʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ, ʱʦʜʦ ʧʽʜʩʠʣʝʥʥʷ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ 

ʚʝʣʠʢʦʧʘʥʝʣʴʥʠʭ ʙʫʜʠʥʢʽʚ, ʘʣʝ ʚʽʜʩʫʪʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʨʝʤʦʥʪʫ ʤʝʭʘʥʽʯʥʠʭ 

ʧʦʰʢʦʜʞʝʥʴ. ɺ ʪʦʤʫ ʞ ʨʦʮʽ ʚ ʊʦʤʩʴʢʫ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ çɸʪʣʘʩ ʩʭʝʤ ʪʘ ʢʨʝʩʣʝʥʴè ʜʣʷ 

ʚʽʜʥʦʚʣʝʥʥʷ ʪʘ ʧʽʜʩʠʣʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ [5]. ɺ ʘʪʣʘʩʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʝʢʽʣʴʢʘ ʪʠʧʽʚ 

ʧʽʜʩʠʣʝʥʴ ʚʝʣʠʢʦʧʘʥʝʣʴʥʠʭ ʙʫʜʠʥʢʽʚ, ʘʣʝ ʞʦʜʝʥ ʥʝ ʩʪʦʩʫʻʪʴʩʷ ʟʘʤʽʥʠ ʧʘʥʝʣʽ ʚ ʮʽʣʦʤʫ, ʘʙʦ 

ʜʝʢʽʣʴʢʦʭ ʧʘʥʝʣʝʡ. ɿʫʩʪʨʽʯʘʶʪʴʩʷ ʨʦʙʦʪʠ ʧʨʠʩʚʷʯʝʥʽ ʣʽʢʚʽʜʘʮʽʾ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʜʝʬʝʢʪʽʚ ʪʘ 

ʧʦʰʢʦʜʞʝʥʴ ʚ ʙʫʜʠʥʢʘʭ, ʦʧʫʙʣʽʢʦʚʘʥʽ ʧʝʨʝʚʘʞʥʦ ʧʦʣʴʩʴʢʠʤ ʥʘʫʢʦʚʮʷʤʠ [11-13]. ʇʨʘʮʴ, ʱʦ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʜʦʩʣʽʜʞʝʥʥʷ, ʤʝʪʦʶ ʷʢʠʭ ʻ ʚʽʜʥʦʚʣʝʥʥʷ ʚʝʣʠʢʦʧʘʥʝʣʴʥʠʭ ʙʫʜʠʥʢʽʚ ʧʽʩʣʷ 

ʚʠʙʫʭʽʚ ʜʦʚʦʣʽ ʤʘʣʦ, ʽ ʪʠʤ ʮʽʥʥʽʰʘ ʻ ʽʥʬʦʨʤʘʮʽʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʥʠʭ. 

ɺ ʨʦʙʦʪʽ [6] ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʧʦʰʢʦʜʞʝʥʥʷ ʜʝʚôʷʪʠʧʦʚʝʨʭʦʚʦʛʦ ʙʫʜʠʥʢʫ ʟ ʟʦʚʥʽʰʥʽʤʠ 

ʩʪʽʥʘʤʠ ʟ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʚʝʣʠʢʦʧʘʥʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ. ɺ ʥʘʩʣʽʜʦʢ ʚʠʙʫʭʫ ʧʦʙʫʪʦʚʦʛʦ ʛʘʟʫ ʥʘ 

ʚʦʩʴʤʦʤʫ ʧʦʚʝʨʩʽ ʙʫʣʠ ʟʨʫʡʥʦʚʘʥʽ ʥʝʩʫʯʽ ʢʦʥʩʪʨʫʢʮʽʾ ʚʠʱʝ ʨʦʟʪʘʰʦʚʘʥʠʭ ʧʦʚʝʨʭʽʚ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʧʨʦ ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʰʢʦʜʞʝʥʦʛʦ 

ʬʨʘʛʤʝʥʪʫ ʙʫʜʠʥʢʫ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʥʦʣʽʪʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ɸʥʘʣʦʛʽʯʥʠʡ 

ʚʠʧʘʜʦʢ, ʘʣʝ ʜʣʷ ʜʝʩʷʪʠʧʦʚʝʨʭʦʚʦʛʦ ʙʫʜʠʥʢʫ, ʦʧʠʩʘʥʦ ʚ ʨʦʙʦʪʽ [7]. ɺʥʘʩʣʽʜʦʢ ʚʠʙʫʭʫ 

ʛʘʟʦʚʦʛʦ ʙʘʣʦʥʫ ʙʫʣʦ ʟʨʫʡʥʦʚʘʥʽ ʥʝʩʫʯʽ ʢʦʥʩʪʨʫʢʮʽʾ ʧʝʨʝʢʨʠʪʪʽʚ ʪʘ ʟʦʚʥʽʰʥʽ ʧʘʥʝʣʽ ʥʘ ʜʚʦʭ 

ʦʩʪʘʥʥʽʭ ʧʦʚʝʨʭʘʭ. ɹʫʜʠʥʦʢ ʙʫʣʦ ʚʽʜʥʦʚʣʝʥʦ. ʉʧʦʯʘʪʢʫ ʜʝʤʦʥʪʦʚʘʥʦ ʬʨʘʛʤʝʥʪ ʛʦʨʠʱʥʦʛʦ, 

ʜʝʩʷʪʦʛʦ ʪʘ ʜʝʚôʷʪʦʛʦ ʧʦʚʝʨʭʫ, ʽ ʚ ʧʦʜʘʣʴʰʦʤʫ ʚʽʜʥʦʚʣʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʦʛʽʯʥʠʭ 

ʥʝʩʫʯʠʭ ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʚʝʣʠʢʦʧʘʥʝʣʴʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ.  

ɺ ʨʦʙʦʪʽ [8] ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʽʜʭʦʜʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷ BIM-ʤʦʜʝʣʽ ʜʣʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʱʦʜʦ ʚʽʜʥʦʚʣʝʥʥʷ ʙʫʜʠʥʢʽʚ ʧʦʰʢʦʜʞʝʥʠʭ ʧʽʜ ʯʘʩ ʙʦʡʦʚʠʭ ʜʽʡ. ʇʽʜʭʽʜ 

ʙʫʣʦ ʘʧʨʦʙʦʚʘʥʦ ʧʽʜʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʚʝʣʠʢʦʧʘʥʝʣʴʥʦʛʦ ʙʫʜʠʥʢʫ ʚ ʂʠʻʚʽ, 

ʱʦ ʙʫʚ ʯʘʩʪʢʦʚʦ ʟʨʫʡʥʦʚʘʥʠʡ ʯʝʨʝʟ ʚʠʙʫʭ ʛʘʟʫ. ʆʢʨʝʤʦʾ ʫʚʘʛʠ ʧʨʠʚʝʨʪʘʻ ʪʠʤʯʘʩʦʚʘ ʩʪʘʣʝʚʘ 

ʢʦʥʩʪʨʫʢʮʽʷ ʧʽʜʩʠʣʝʥʥʷ (ʨʠʩ. 1), ʱʦ ʚʠʢʦʥʫʚʘʣʘ ʥʝʩʫʯʽ ʬʫʥʢʮʽʾ. ʏʝʨʝʟ ʟʥʘʯʥʽ ʧʦʰʢʦʜʞʝʥʥʷ 

ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʦʰʢʦʜʞʝʥʘ ʩʝʢʮʽʷ ʙʫʣʘ ʜʝʤʦʥʪʦʚʘʥʘ.   

ɺ ʪʦʡ ʞʝ ʯʘʩ ʚʽʜʦʤʠʡ ʧʦʟʠʪʠʚʥʠʡ ʜʦʩʚʽʜ ʟ ʚʽʜʥʦʚʣʝʥʥʷ ʚʝʣʠʢʦʧʘʥʝʣʴʥʦʛʦ ʙʫʜʠʥʢʫ ʚ 

ʍʘʨʢʦʚʽ, ʱʦ ʧʦʩʪʨʘʞʜʘʚ ʚʽʜ ʚʠʙʫʭʫ ʧʦʙʫʪʦʚʦʛʦ ʛʘʟʫ ʚ 2012 ʨʦʮʽ [9]. ʋ ʨʘʤʢʘʭ ʨʦʙʽʪ ʟ 

ʚʽʜʥʦʚʣʝʥʥʷ ʙʫʣʦ ʧʝʨʝʜʙʘʯʝʥʦ ʯʘʩʪʢʦʚʫ ʟʘʤʽʥʫ ʩʪʽʥʦʚʠʭ ʧʘʥʝʣʝʡ ʥʘ ʢʘʨʢʘʩʥʽ ʧʦʣʝʛʰʝʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʟʘʤʽʥʫ ʟʨʫʡʥʦʚʘʥʠʭ ʟʙʽʨʥʠʭ ʧʘʥʝʣʝʡ ʧʝʨʝʢʨʠʪʪʷ ʥʘ ʥʦʚʽ ʤʦʥʦʣʽʪʥʽ ʧʣʠʪʠ (9-11 

ʧʦʚʝʨʭʠ), ʘ ʪʘʢʦʞ ʧʦʩʠʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʧʘʥʝʣʝʡ ʧʝʨʝʢʨʠʪʪʷ ʽ ʚʥʫʪʨʽʰʥʽʭ ʥʝʩʫʯʠʭ ʩʪʽʥʦʚʠʭ 

ʧʘʥʝʣʝʡ (ʨʠʩʫʥʦʢ 2). 



 

 

ɿʙʽʨʥʠʢ ʤʘʪʝʨʽʘʣʽʚ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ on-line ʢʦʥʬʝʨʝʥʮʽʾ 

 çʇʈʆɹʃɽʄʀ ɹʋɼɯɺɽʃʔʅʆɻʆ ʊɸ ʊʈɸʅʉʇʆʈʊʅʆɻʆ ʂʆʄʇʃɽʂʉɯɺè. 

32                                                             x ̝̩̝̆̎̓̑́̌̎̏̔̋̑́̎̒̋̉̊ ̨̗̝̎́̏̎́̌̎̉̊ ̨̖̘̓̆̎̎̉̊ ̨̔̎̃̆̑̒̉̓ ̆̓ 

  
ʈʠʩʫʥʦʢ 1 ï ʊʠʤʯʘʩʦʚʘ ʢʦʥʩʪʨʫʢʮʽʷ ʧʽʜʩʠʣʝʥʥʷ ʙʫʜʠʥʢʫ ʚ ʂʠʻʚʽ, ʧʦʰʢʦʜʞʝʥʦʛʦ ʚʥʘʩʣʽʜʦʢ ʚʠʙʫʭʫ ʛʘʟʫ (2020 

ʨʽʢ, [8]) 

 

ʈʠʩʫʥʦʢ 2 ï ʅʘʩʣʽʜʢʠ ʚʠʙʫʭʫ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʚ ʰʽʩʪʥʘʜʮʷʪʠʧʦʚʝʨʭʦʚʦʤʫ ʧʘʥʝʣʴʥʦʤʫ ʙʫʜʠʥʢʫ ʽ ʟʘʛʘʣʴʥʠʡ 

ʚʠʛʣʷʜ ʚʽʜʥʦʚʣʝʥʦʛʦ ʬʘʩʘʜʫ [9] 

ɺ ʨʦʙʦʪʽ [10] ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʦ ʩʭʝʤʫ ʚʽʜʥʦʚʣʝʥʥʷ ʟʦʚʥʽʰʥʽʭ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ. ʇʨʠ ʚʽʜʥʦʚʣʝʥʥʽ ʟʦʚʥʽʰʥʴʦʛʦ ʦʛʦʨʦʜʞʝʥʥʷ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʞʦʨʩʪʢʽ ʩʪʘʣʝʚʽ 

ʨʘʤʠ ʟʘʧʦʚʥʝʥʽ ʧʽʥʦʛʘʟʦʩʠʣʽʢʘʪʥʠʤʠ ʙʣʦʢʘʤʠ. ɿʟʦʚʥʽ ʩʪʽʥʦʚʽ ʢʦʥʩʪʨʫʢʮʽʾ ʙʫʣʦ ʫʪʝʧʣʝʥʦ 

ʤʽʥʝʨʘʣʴʥʠʤ ʫʪʝʧʣʶʚʘʯʝʤ ʟ ʦʟʜʦʙʣʝʥʥʷʤ ʪʦʥʢʦʰʘʨʦʚʦʶ ʰʪʫʢʘʪʫʨʢʦʶ. ɸʚʪʦʨʠ ʨʦʙʦʪʠ [9] 

ʪʘʢʦʞ ʥʘʛʦʣʦʰʫʶʪʴ ʥʘ ʧʨʦʙʣʝʤʽ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʨʽʰʝʥʴ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʚʝʣʠʢʦʧʘʥʝʣʴʥʠʭ 

ʙʫʜʠʥʢʽʚ, ʘʜʞʝ ʥʘ ʾʭ ʜʫʤʢʫ ʚʽʜʩʫʪʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ ʟ ʚʠʨʦʙʥʠʮʪʚʘ ʚʝʣʠʢʠʭ ʧʘʥʝʣʝʡ ʥʝ 

ʜʦʟʚʦʣʠʪʴ ʚʽʜʥʦʚʣʶʚʘʪʠ ʜʘʥʠʡ ʪʠʧ ʙʫʜʠʥʢʽʚ ʟʘ ʪʝʭʥʦʣʦʛʽʷʤʠ, ʟʘ ʷʢʠʤʠ ʾʭ ʙʫʣʦ ʟʚʝʜʝʥʦ.  

ɯʟ ʤʝʜʽʡʥʠʭ ʜʞʝʨʝʣ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʬʦʪʦʛʨʘʬʽʾ ʧʨʦʮʝʩʫ ʚʽʜʥʦʚʣʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʙʫʜʠʥʢʽʚ ʟ ʚʝʣʠʢʦʧʘʥʝʣʴʥʠʭ ʩʪʽʥʦʚʠʭ ʝʣʝʤʝʥʪʽʚ (ʨʠʩ. 3ʙ). ʅʘ 

ʜʘʥʦʤʫ ʬʦʪʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʨʦʮʝʩ ʚʽʜʥʦʚʣʝʥʥʷ ʙʫʜʠʥʢʫ (ʨʠʩ. 3ʘ) ʰʣʷʭʦʤ ʟʚʝʜʝʥʥʷ 

ʩʘʤʦʥʝʩʫʯʠʭ ʩʪʽʥ ʽʟ ʣʝʛʢʦʙʝʪʦʥʥʠʭ ʙʣʦʢʽʚ. ɼʘʥʠʡ ʤʝʪʦʜ ʤʦʞʝ ʤʘʪʠ ʝʢʦʥʦʤʽʯʥʫ ʜʦʮʽʣʴʥʽʩʪʴ, 

ʘʣʝ ʚʽʥ ʥʝ ʻ ʽʥʜʫʩʪʨʽʘʣʴʥʠʤ. ʇʦʜʽʙʥʠʤʠ ʤʝʪʦʜʘʤʠ ʚʽʜʥʦʚʣʝʥʥʷ ï ʥʝʤʦʞʣʠʚʦ ʚʽʜʥʦʚʠʪʠ ʚ 

ʢʦʨʦʪʢʽ ʩʪʨʦʢʠ ʚʩʶ ʧʦʰʢʦʜʞʝʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʷʢʘ ʥʘʣʽʯʫʻ ʪʠʩʷʯʽ ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʠʭ 

ʙʫʜʠʥʢʽʚ. ʉʘʤʝ ʪʦʤʫ ʧʠʪʘʥʥʷ ʨʦʟʨʦʙʢʠ ʽʥʜʫʩʪʨʽʘʣʴʥʠʭ ʚʘʨʽʘʥʪʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʥʘʪʠ 

ʤʘʢʩʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪ ʥʘ çʥʫʣʽè, ʟʜʽʡʩʥʠʪʠ ʤʦʥʪʘʞ ʥʘ ʙʫʜʴ-ʷʢʦʤʫ ʧʦʚʝʨʩʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʘʡʧʨʦʩʪʽʰʽ ʧʽʜʡʦʤʥʽ ʤʝʭʘʥʽʟʤʠ ʻ ʙʝʟʟʘʧʝʨʝʯʥʦ ʘʢʪʫʘʣʴʥʠʤ.  



 

ñ ʇʨʦʙʣʝʤʠ ʙʫʜʽʚʝʣʴʥʦʛʦ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʽʚò 
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ʘ) 

 
ʙ) 

ʈʠʩʫʥʦʢ 3 ï ɺʽʜʥʦʚʣʝʥʥʷ ʙʫʜʠʥʢʫ ʽʟ ʚʝʣʠʢʦʧʘʥʝʣʴʥʠʤʠ ʟʦʚʥʽʰʥʽʤʠ ʩʪʽʥʘʤʠ (ʜʞʝʨʝʣʘ: a ï www.unian.ua, ʙ ï ʟ 

ʩʘʡʪʫ suspilne.media) 

 

ɺʠʩʥʦʚʦʢ: 

1. ɹʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʧʨʘʮʽ ʧʦʚôʷʟʘʥʽ ʟʽ ʟʚʝʜʝʥʥʷʤ ʚ ʋʢʨʘʾʥʽ ʚʝʣʠʢʦʧʘʥʝʣʴʥʠʭ 

ʙʫʜʠʥʢʽʚ. ɺʠʟʥʘʯʝʥʽ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ ʪʠʧʠ ʟʦʚʥʽʰʥʽʭ ʥʝʩʫʯʠʭ ʩʪʽʥʦʚʠʭ ʧʘʥʝʣʝʡ, ʾʭ 

ʪʦʚʱʠʥʠ ʪʘ ʨʦʟʤʽʨʠ. ɼʦʩʣʽʜʞʝʥʦ ʚʫʟʣʠ ʢʨʽʧʣʝʥʥʷ ʟʦʚʥʽʰʥʽʭ ʧʘʥʝʣʝʡ ʜʦ ʚʝʨʪʠʢʘʣʴʥʠʭ ʪʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʠʥʢʫ.  

2. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʚʠʤʦʛʘʭ ʜʦ ʜʘʥʦʛʦ ʪʠʧʫ ʙʫʜʠʥʢʫ ʚʽʜʩʫʪʥʽ 

ʦʙʤʝʞʝʥʥʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʽʥʦʚʠʭ ʧʘʥʝʣʝʡ ʟ ʽʥʰʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

3. ɼʦʩʚʽʜ ʚʽʜʥʦʚʣʝʥʥʷ ʚʝʣʠʢʦʧʘʥʝʣʴʥʠʭ ʙʫʜʠʥʢʽʚ ʧʽʩʣʷ ʚʠʙʫʭʽʚ ʛʘʟʫ, ʜʦʟʚʦʣʷʻ 

ʚʽʜʥʦʚʣʶʚʘʪʠ ʙʫʜʠʥʢʠ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʥʝʣʝʡ ʟʽ ʩʪʘʣʝʚʠʤ 

ʢʘʨʢʘʩʦʤ.  



 

 

ɿʙʽʨʥʠʢ ʤʘʪʝʨʽʘʣʽʚ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ on-line ʢʦʥʬʝʨʝʥʮʽʾ 

 çʇʈʆɹʃɽʄʀ ɹʋɼɯɺɽʃʔʅʆɻʆ ʊɸ ʊʈɸʅʉʇʆʈʊʅʆɻʆ ʂʆʄʇʃɽʂʉɯɺè. 

34                                                             x ̝̩̝̆̎̓̑́̌̎̏̔̋̑́̎̒̋̉̊ ̨̗̝̎́̏̎́̌̎̉̊ ̨̖̘̓̆̎̎̉̊ ̨̔̎̃̆̑̒̉̓ ̆̓ 

ɺʠʭʦʜʷʯʠ ʟ ʚʠʱʝʩʢʘʟʘʥʦʛʦ ʚ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ 

ʧʨʠʥʮʠʧʽʘʣʴʥʽ ʩʭʝʤʠ ʧʘʥʝʣʝʡ ʟʽ ʩʪʘʣʝʚʠʤ ʢʘʨʢʘʩʦʤ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʚʝʣʠʢʦʧʘʥʝʣʴʥʠʭ 

ʙʫʜʠʥʢʽʚ ʪʘ ʧʽʜʪʚʝʨʜʠʪʠ ʾʭ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʜʦ ʚʠʤʦʛ ʤʝʭʘʥʽʯʥʦʛʦ ʦʧʦʨʫ, ʩʪʽʡʢʦʩʪʽ ʪʘ ʝʢʦʥʦʤʽʾ 

ʝʥʝʨʛʽʾ (ʪʝʧʣʦʪʝʭʥʽʢʠ). 
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ɺʩʪʫʧ. ɺ ʧʝʨʽʦʜ ʟ 2011 ʧʦ 2021 ʨʦʢʠ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʪʘ ʟʘ ʫʯʘʩʪʽ ɺ. ʉʝʤʢʘ ʙʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʨʷʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʤʽʮʥʦʩʪʽ ʩʪʘʣʝʚʠʭ ʥʘʩʪʠʣʽʚ. ɺʠʧʨʦʙʫʚʘʥʥʷ 

ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʩʠʣʘʤʠ ʬʘʭʽʚʮʽʚ ʇʦʣʪʘʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ 

ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘ ʪʘ ʧʨʠʚʘʪʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ çʇʦʣʪʘʚʘ-ʧʨʦʝʢʪè. ʋ ʚʠʧʨʦʙʫʚʘʥʥʷʭ 

ʧʨʠʡʤʘʣʠ ʫʯʘʩʪʴ ʢ.ʪ.ʥ. ʉʝʨʛʽʡ ʉʢʣʷʨʝʥʢʦ, ʢ.ʪ.ʥ. ʖʨʽʡ ɸʚʨʘʤʝʥʢʦ, ʢ.ʪ.ʥ. ɼʤʠʪʨʦ ʇʨʦʭʦʨʝʥʢʦ, 

ʢ.ʪ.ʥ. ʇʘʚʣʦ ʉʝʤʢʦ, ʤʘʛʽʩʪʨ ɺʦʣʦʜʠʤʠʨ ʆʭʨʽʤʝʥʢʦ, ʤʘʛʽʩʪʨ ɼʝʥʠʩ ɸʚʨʘʤʝʥʢʦ, ʤʘʛʽʩʪʨ ɭʚʛʝʥ 

ʌʽʩʫʥ, ʤʘʛʽʩʪʨ ɹʦʛʜʘʥ ʐʝʩʪʦʧʘʣ, ʤʘʛʽʩʪʨ ɯʛʦʨ ʋʨʩʫʣʷʢ. ɺ ʯʝʨʚʥʽ-ʣʠʧʥʽ 2011 ʨʦʢʫ ʙʫʣʠ 

ʚʠʧʨʦʙʫʚʘʥʽ ʥʘʩʪʠʣʠ ʊ57 ʥʘ ʚʠʨʦʙʥʠʯʽʡ ʙʘʟʽ ʢʦʤʧʘʥʽʾ PruszyŒski (ʋʢʨʘʾʥʘ). ʇʦʜʘʣʴʰʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʝʣʠʢʦʾ ʛʨʫʧʠ ʥʘʩʪʠʣʽʚ ʙʫʣʠ ʚʠʢʦʥʘʥʽ ʚ 2013 ʨʦʮʽ ʜʣʷ ʪʦʛʦ ʞ ʟʘʤʦʚʥʠʢʘ. ɺ 

ʙʝʨʝʟʥʽ 2013 ʧʨʦʡʰʣʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʩʪʘʣʝʚʠʭ ʧʝʨʬʦʨʦʚʘʥʠʭ ʥʘʩʪʠʣʽʚ ʊ135, ʘ ʟʛʦʜʦʤ ʙʫʣʠ 

ʚʠʧʨʦʙʫʚʘʥʽ ʥʘʩʪʠʣʠ ʤʘʨʦʢ ʊ92, ʊ150 ʪʘ ʊ160. ɼʚʽ ʦʩʪʘʥʥʽ ʤʘʨʢʠ ʙʫʣʠ ʚʠʛʦʪʦʚʣʝʥʽ ʥʘ ʟʘʚʦʜʽ 

ʚ ʇʦʣʴʱʽ ʪʘ ʜʦʩʪʘʚʣʝʥʽ ʚ ʋʢʨʘʾʥʫ. ɺ ʮʽʡ ʛʨʫʧʽ ʟʨʘʟʢʽʚ, ʦʢʨʽʤ ʪʨʘʜʠʮʽʡʥʠʭ ʦʜʥʦ-, ʜʚʦ- ʪʘ 

ʪʨʠʧʨʦʣʽʪʥʠʭ ʩʭʝʤ ʙʫʣʠ ʚʠʧʨʦʙʫʚʘʥʽ ʥʘʩʪʠʣʠ ʧʽʜʩʠʣʝʥʽ ʥʘʢʣʘʜʢʦʶ ʪʘ ʫʪʚʦʨʝʥʽ ʰʣʷʭʦʤ 

ʧʝʨʝʭʣʝʩʪʫ ʥʘ ʧʨʦʤʽʞʥʠʭ ʦʧʦʨʘʭ ʨʽʟʥʠʭ ʣʠʩʪʽʚ. ɺ ʣʠʧʥʽ 2014 ʨʦʮʽ ʜʣʷ ʢʦʤʧʘʥʽʾ PruszyŒski 

ʙʫʣʦ ʚʠʧʨʦʙʫʚʘʥʦ ʟʨʘʟʢʠ ʧʨʦʬʽʣʴʦʚʘʥʦʛʦ ʭʚʠʣʷʩʪʦʛʦ ʥʘʩʪʠʣʫ. ʈʝʟʫʣʴʪʘʪʠ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ [1]. ɺ ʛʨʫʜʥʽ 2021 ʨʦʢʫ ʙʫʣʠ ʚʠʧʨʦʙʫʚʘʥʽ ʟʨʘʟʢʠ ʜʚʦ- ʪʘ ʪʨʠʧʨʦʣʽʪʥʠʭ 

ʥʘʩʪʠʣʽʚ ʜʣʷ ʢʦʤʧʘʥʽʾ ʊʆɺ çɺʠʨʦʙʥʠʯʘ ʢʦʤʧʘʥʽʷ çɯʥʜʘʩʪʨʽè. ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʘʣʠ 

ʟʤʦʛʫ ʙʽʣʴʰ ʛʣʠʙʦʢʦ ʜʦʩʣʽʜʠʪʠ ʨʦʙʦʪʫ ʧʨʦʬʽʣʴʦʚʘʥʠʭ ʥʘʩʪʠʣʽʚ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. ɺ 

ʥʘʩʪʫʧʥʽ ʨʦʢʠ ʨʘʟʦʤ ʟ ʜ.ʪ.ʥ. ʄʘʭʽʥʴʢʦ ɸ.ɺ. ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʪʘʙʣʠʮʴ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʩʪʘʣʝʚʠʭ ʪʨʘʧʝʮʽʻʧʦʜʽʙʥʠʭ ʧʨʦʬʽʣʴʦʚʘʥʠʭ ʥʘʩʪʠʣʽʚ ʟʛʽʜʥʦ ʟ EN 

1993-1-1. ʍʦʪʽʣʦʩʴ ʙʠ ʧʦʷʩʥʠʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʪʝʨʤʽʥ çʨʦʟʨʦʙʣʝʥʠʡè ʚ ʧʦʻʜʥʘʥʥʽ ʟ 

ʧʦʩʠʣʘʥʥʷʤ ʥʘ ʥʦʨʤʘʪʠʚʥʠʡ ʜʦʢʫʤʝʥʪ. ʗʢ ʧʨʘʚʠʣʦ, ɭʚʨʦʢʦʜʠ ʥʝ ʜʘʶʪʴ ʟʚʠʢʣʠʭ ʜʣʷ 

ʽʥʞʝʥʝʨʽʚ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʦʛʦ ʪʠʧʫ ʥʝʩʫʯʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʪʦʤʫ 

ʽʥʞʝʥʝʨ-ʧʨʦʝʢʪʫʚʘʣʴʥʠʢ ʧʦʚʠʥʝʥ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʧʠʩʘʥʽ ʥʦʨʤʘʪʠʚʥʽ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ 

ʪʘ ʧʦʻʜʥʫʚʘʪʠ ʾʭ ʚ ʻʜʠʥʠʡ ʘʣʛʦʨʠʪʤ ʥʘ ʦʩʥʦʚʽ ʧʨʦʝʢʪʥʦʛʦ ʜʦʩʚʽʜʫ, ʨʝʢʦʤʝʥʜʘʮʽʡ ʩʧʽʣʦʢ ʪʘ 

ʘʩʦʮʽʘʮʽʡ ʧʨʦʬʝʩʽʡʥʠʭ ʽʥʞʝʥʝʨʽʚ, ʱʦ ʤʦʞʝ ʚʥʦʩʠʪʠ ʜʝʷʢʽ ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʘʣʛʦʨʠʪʤ, ʪʘʢ ʽ 

ʚʽʜʧʦʚʽʜʥʦ ʫ ʨʝʟʫʣʴʪʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɸʣʝ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʽʥʞʝʥʝʨʠ ʥʝ 

ʧʨʦʚʦʜʷʪʴ ʨʦʟʨʘʭʫʥʢʽʚ ʩʪʘʣʝʚʠʭ ʧʨʦʬʽʣʴʦʚʘʥʠʭ ʥʘʩʪʠʣʽʚ, ʘ ʢʦʨʠʩʪʫʶʪʴʩʷ ʪʘʙʣʠʮʷʤʠ ʥʝʩʫʯʦʾ 

ʟʜʘʪʥʦʩʪʽ, ʷʢ ̔ʨʦʟʨʦʙʣʝʥʽ ʬʘʭʽʚʮʷʤʠ ʜʣʷ ʧʨʦʢʘʪʥʠʭ ʢʦʤʧʘʥʽʡ (ʚ ʜʦʨʦʙʢʫ ʘʚʪʦʨʽʚ ʙʣʠʟʴʢʦ 10 

ʫʢʨʘʾʥʩʴʢʠʭ ʢʦʤʧʘʥʽʡ, ʷʢʠʤ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʪʘʙʣʠʮʽ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʧʨʦʬʽʣʴʦʚʘʥʠʭ 

ʥʘʩʪʠʣʽʚ). ɺ ʪʦʡ ʞʝ ʯʘʩ ʚ ʥʘʚʯʘʣʴʥʠʭ ʢʫʨʩʘʭ ʪʘ ʜʦʚʽʜʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʥʝʜʦʩʪʘʪʥʴʦ ʷʢʽʩʥʦ, 

ʧʦʚʥʦ ʪʘ ʟʨʦʟʫʤʽʣʦ ʦʧʠʩʘʥʠʡ ʘʣʛʦʨʠʪʤ ʚʠʙʦʨʫ ʧʝʨʝʨʽʟʫ ʩʪʘʣʝʚʦʛʦ ʧʨʦʬʽʣʴʦʚʘʥʦʛʦ ʥʘʩʪʠʣʫ. 

ʗʢ ʧʨʘʚʠʣʦ ʩʪʘʣʝʚʠʡ ʧʨʦʬʥʘʩʪʠʣ ʦʙʠʨʘʶʪʴ ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʢʨʦʢ ʧʨʦʛʦʥʽʚ ʪʘ ʚʝʣʠʯʠʥʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʧʝʨʰʦʾ ʪʘ ʜʨʫʛʦʾ ʛʨʫʧʠ ʛʨʘʥʠʯʥʠʭ ʩʪʘʥʽʚ. ʇʦʩʪʘʻ ʧʠʪʘʥʥʷ: ʷʢʽ ʢʨʠʪʝʨʽʾ 

ʙʫʜʫʪʴ ʥʘʡʙʽʣʴʰʝ ʚʧʣʠʚʘʪʠ ʥʘ ʝʢʦʥʦʤʽʯʥʫ ʩʢʣʘʜʦʚʫ, ʘ ʩʘʤʝ ʥʘ ʚʘʨʪʽʩʪʴ ʩʪʘʣʝʚʦʛʦ 

ʧʨʦʬʽʣʴʦʚʘʥʦʛʦ ʥʘʩʪʠʣʫ.  

ʂʨʠʪʝʨʽʾ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʘʨʪʽʩʪʴ ʩʪʘʣʝʚʦʛʦ ʧʨʦʬʽʣʴʦʚʘʥʦʛʦ ʥʘʩʪʠʣʫ. ʇʝʨʰ ʟʘ 

ʚʩʝ ʧʦʪʨʽʙʥʦ ʨʦʟʨʽʟʥʷʪʠ ʚʘʨʪʽʩʪʴ 1 ʤ2 ʧʨʦʬʥʘʩʪʠʣʫ ʪʘ ʚʘʨʪʽʩʪʴ 1 ʤ2 ʧʦʢʨʽʚʣʽ ʽʟ ʧʨʦʬʥʘʩʪʠʣʫ. 

ʊʘʢʦʞ ʚ ʷʢʦʩʪʽ ʚʭʽʜʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʙʫʜʝ ʟʘʚʞʜʠ ʬʽʛʫʨʫʚʘʪʠ ʚʘʨʪʽʩʪʴ 1 ʤ2 ʣʠʩʪʘ (ʰʪʨʽʧʩʘ, 

ʨʫʣʦʥʘ) ʟ ʷʢʦʛʦ ʚʠʛʦʪʦʚʣʷʶʪʴ ʤʝʪʦʜʦʤ ʭʦʣʦʜʥʦʛʦ ʧʨʦʢʘʪʫʚʘʥʥʷ ʩʪʘʣʝʚʠʭ ʧʨʦʬʥʘʩʪʠʣ. ʊʘʢʠʤ 

ʯʠʥʦʤ ʥʘ ʚʭʦʜʽ ʤʘʻʤʦ ʨʫʣʦʥʠ ʩʪʘʣʽ ʰʠʨʠʥʦʶ, L, 1250 ʤʤ ʪʘ 1500 ʤʤ (ʥʘʡʙʽʣʴʰ 

ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʰʠʨʠʥʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʫʣʦʥʫ). ɿ ʮʴʦʛʦ ʨʫʣʦʥʫ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʢʘʪʢʠ 

ʦʪʨʠʤʫʻʪʴʩʷ ʧʨʦʬʽʣʴʦʚʘʥʠʡ ʥʘʩʪʠʣ ʟʘʛʘʣʴʥʦʶ ʰʠʨʠʥʦʶ Wd, ʤʤ (ʷʢ ʧʨʘʚʠʣʦ ʡʦʛʦ ʮʽʥʘ ʙʫʜʝ 

ʮʽʥʦʶ ʥʘʩʪʠʣʫ ʚ ʢʦʰʪʦʨʠʩʽ ʥʘ ʙʫʜʽʚʝʣʴʥʽ ʨʦʙʦʪʠ). ʇʽʜʯʘʩ ʤʦʥʪʘʞʫ ʧʨʦʬʽʣʴʦʚʘʥʽ 



 

 

ɿʙʽʨʥʠʢ ʤʘʪʝʨʽʘʣʽʚ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ on-line ʢʦʥʬʝʨʝʥʮʽʾ 

 çʇʈʆɹʃɽʄʀ ɹʋɼɯɺɽʃʔʅʆɻʆ ʊɸ ʊʈɸʅʉʇʆʈʊʅʆɻʆ ʂʆʄʇʃɽʂʉɯɺè. 

36                                                             x ̝̩̝̆̎̓̑́̌̎̏̔̋̑́̎̒̋̉̊ ̨̗̝̎́̏̎́̌̎̉̊ ̨̖̘̓̆̎̎̉̊ ̨̔̎̃̆̑̒̉̓ ̆̓ 

ʪʨʘʧʝʮʽʻʧʦʜʽʙʥʽ ʥʘʩʪʠʣʠ ʚʢʣʘʜʘʶʪʴʩʷ ʟ ʥʘʧʫʩʢʦʤ ʢʨʘʡʦʚʠʭ ʜʽʣʷʥʦʢ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ 

ʥʘʩʪʠʣʫ ʦʜʠʥ ʥʘ ʦʜʥʦʛʦ ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ, ʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʤʘʻʤʦ ʰʠʨʠʥʫ ʟʘʢʨʠʪʦʾ ʧʦʢʨʽʚʣʽ Leff, 

ʤʤ. ʆʢʨʽʤ ʚʘʨʪʦʩʪʽ ʩʪʘʣʝʚʦʾ ʰʪʨʠʧʩʠ ʫ ʚʘʨʪʽʩʪʴ ʟʤʦʥʪʦʚʘʥʦʛʦ ʧʦʢʨʠʪʪʷ ʚʭʦʜʷʪʴ ʨʽʟʥʽ 

ʧʘʨʘʤʝʪʨʠ ï ʚʘʨʪʽʩʪʴ ʧʨʦʬʽʣʶʚʘʥʥʷ, ʜʦʭʽʜ ʧʨʦʬʽʣʶʶʯʦʾ ʢʦʤʧʘʥʽʾ, ʚʘʨʪʽʩʪʴ ʜʦʩʪʘʚʢʠ ʪʘ 

ʩʢʣʘʜʫʚʘʥʥʷ, ʚʘʨʪʽʩʪʴ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʤʦʥʪʘʞʫ ʪʦʱʦ. ɸʣʝ ʷʢ ʧʨʘʚʠʣʦ ʚʩʽ 

ʜʦʜʘʪʢʦʚʽ ʬʘʢʪʦʨʠ ʟʘʣʝʞʘʪʴ ʩʘʤʝ ʚʽʜ ʧʣʦʱʽ (ʽʥʢʦʣʠ ʚʘʛʠ) ʥʘʩʪʠʣʫ. ɺʠʭʦʜʷʯʠ ʟ 

ʚʠʱʝʦʧʠʩʘʥʦʛʦ, ʜʣʷ ʦʮʽʥʢʠ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʠʧʫ ʥʘʩʪʠʣʫ ʙʫʜʝ 

ʮʽʣʢʦʤ ʜʦʩʪʘʪʥʴʦ ʢʨʠʪʝʨʽʶ ʚʘʨʪʦʩʪʽ ʩʠʨʦʚʠʥʠ ʜʣʷ ʧʨʦʬʽʣʶʶʯʦʾ ʢʦʤʧʘʥʽʾ, ʪʦʙʪʦ ʮʽʥʠ 

ʰʪʨʠʧʩʠ. ʅʘʡʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʠʤʠ (ʜʝʰʝʚʠʤʠ) ʙʫʜʫʪʴ ʧʦʢʨʠʪʪʷ ʜʣʷ ʷʢʠʭ ʚʽʜʥʦʰʝʥʥʷ Leff/L 

ʙʫʜʝ ʤʘʢʩʠʤʘʣʴʥʠʤ. ʅʘʟʚʝʤʦ ʮʝ ʚʽʜʥʦʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʦʤ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʧʝʨʝʨʽʟʫ 

ʧʨʦʬʽʣʴʦʚʘʥʦʛʦ ʥʘʩʪʠʣʫ ʘʙʦ ʩʢʦʨʦʯʝʥʦ ʚ ʢʦʥʪʝʢʩʪʽ ʧʨʘʮʽ ï ʢʦʝʬʽʮʽʻʥʪʦʤ ʝʢʦʥʦʤʽʯʥʦʩʪʽ. ʅʘ 

ʧʝʨʰʠʡ ʧʦʛʣʷʜ ʢʦʝʬʽʮʽʻʥʪ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʙʫʜʝ ʢʦʨʝʣʶʚʘʪʠʩʷ ʟ ʚʠʩʦʪʦʶ ʥʘʩʪʠʣʫ, ʘ ʩʘʤʝ, ʯʠʤ 

ʙʽʣʴʰʘ ʚʠʩʦʪʘ ʭʚʠʣʽ (ʘʙʦ ʛʦʬʨʠ) ʧʨʦʬʽʣʴʦʚʘʥʦʛʦ ʥʘʩʪʠʣʫ ï ʪʠʤ ʤʝʥʰʠʤ ʙʫʜʝ ʢʦʝʬʽʮʽʻʥʪ 

ʝʢʦʥʦʤʽʯʥʦʩʪʽ. ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʘʙʦ ʩʧʨʦʩʪʫʚʘʥʥʷ ʜʘʥʦʛʦ ʪʚʝʨʜʞʝʥʥʷ ʚ ʜʦʩʣʽʜʞʝʥʽ ʙʫʣʦ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ 76 ʪʠʧʽʚ ʧʝʨʝʨʽʟʽʚ ʩʪʘʣʝʚʠʭ ʥʘʩʪʠʣʽʚ ʚʽʜ ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʢʽʚ ʢʨʘʾʥ ɭʚʨʦʧʠ. ʅʘ 

ʨʠʩʫʥʢʫ 1 ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʦʧʝʨʝʯʥʽ ʧʝʨʝʨʽʟʠ ʥʘʩʪʠʣʽʚ ʽʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʝʢʦʥʦʤʽʯʥʦʩʪʽ 0,732. ɺʩʽ 

ʣʠʩʪʠ ʚʠʢʦʥʘʥʽ ʽʟ ʰʪʨʠʧʩʘ ʰʠʨʠʥʦʶ 1250 ʤʤ, ʷʢʱʦ ʚʟʷʪʠ ʚ ʨʦʟʛʣʷʜ ʥʘʩʪʠʣʠ ʟ ʰʪʨʠʧʩʠ 1500 

ʤʤ ʪʦ ʜʦ ʮʽʻ ʛʨʫʧʠ ʤʦʞʥʘ ʜʦʜʘʪʠ ʧʨʦʬʥʘʩʪʠʣ ʊ84 ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʤʧʘʥʽʾ PruszyŒski 

(ʇʦʣʴʱʘ). ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʘʻʤʦ ʛʨʫʧʫ ʥʘʩʪʠʣʽʚ ʽʟ ʚʠʩʦʪʦʶ ʛʦʬʨʠ ʚʽʜ 40 ʜʦ 92 ʤʤ, ʱʦ 

ʩʧʨʦʩʪʦʚʫʻ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʫ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʚʽʜ ʚʠʩʦʪʠ ʛʦʬʨʠ. ʊʘʢʦʞ ʟ 

ʨʠʩʫʥʢʫ 1 ʩʪʘʻ ʟʨʦʟʫʤʽʣʠʤ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʥʝ ʢʦʨʝʣʶʻʪʴʩʷ ʟ ʚʝʣʠʯʠʥʦʶ 

ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʥʘʩʪʠʣʫ, ʘ ʦʪʞʝ ʟʘʣʝʞʠʪʴ ʩʘʤʝ ʚʽʜ ʢʦʥʢʨʝʪʥʦʾ ʬʦʨʤʠ ʧʝʨʝʨʽʟʫ, ʘ ʥʝ ʚʽʜ ʡʦʛʦ 

ʢʦʥʢʨʝʪʥʦʾ ʩʢʣʘʜʦʚʦʾ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʩʘʤʝ ʬʦʨʤʠ ʧʝʨʝʨʽʟʫ ʥʘ ʥʝʩʫʯʫ ʟʜʘʪʥʽʩʪʴ ʻ ʦʜʥʽʻʶ 

ʟ ʮʽʣʝʡ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʮʝ ʧʠʪʘʥʥʷ ʙʫʜʝ ʚʠʩʚʽʪʣʝʥʦ ʚ ʥʘʩʪʫʧʥʠʭ ʧʫʙʣʽʢʘʮʽʷʭ.  

  

  

 

 
ʈʠʩʫʥʦʢ 1 ï ʇʝʨʝʨʽʟʠ ʧʨʦʬʥʘʩʪʠʣʫ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʝʢʦʥʦʤʽʯʥʦʩʪʽ 0,732 (ʘ ï T92 PruszyŒski (ʋʢʨʘʾʥʘ), ʙ ï T92 

PruszyŒski (ʇʦʣʴʱʘ), ʚ ï T60 Rauta, ʛ ï SAB 40, ʜ ï SAB 89 , ʝ ï H40 Hoffman , ʻ ï APL) 

 

ʇʦʚʝʨʪʘʶʯʠʩʴ ʜʦ ʚʘʨʪʦʩʪʽ ʩʠʨʦʚʠʥʠ ʚʘʨʪʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʮʽʥʠ ʥʘ ʨʫʣʦʥʥʫ ʩʪʘʣʴ. ɼʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʩʪʘʣʝʚʠʭ ʧʨʦʬʽʣʴʦʚʘʥʠʭ ʥʘʩʪʠʣʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʫʣʦʥʥʘ ʩʪʘʣʴ ʟ ʮʠʥʢʦʚʠʤ 

ʧʦʢʨʠʪʪʷʤ ʪʘ ʧʦʣʽʤʝʨʥʠʤ ʧʦʢʨʠʪʪʷʤ. ʇʦʣʽʤʝʨʥʝ ʧʦʢʨʠʪʪʷ ʥʘʥʦʩʠʪʴʩʷ ʧʦʚʝʨʭ ʮʠʥʢʦʚʦʛʦ. 

ɺʽʜʧʦʚʽʜʥʦ ʮʽʥʘ ʨʫʣʦʥʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʚʱʠʥʠ ʩʪʘʣʽ, ʛʫʩʪʠʥʠ ʮʠʥʢʦʚʦʛʦ ʧʦʢʨʠʪʪʷ ʪʘ 

ʥʘʷʚʥʦʩʪʽ ʧʦʣʽʤʝʨʥʦʛʦ ʧʦʢʨʠʪʪʷ. ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʚʧʣʠʚʫ ʥʘ ʚʘʨʪʽʩʪʴ ʨʫʣʦʥʫ ʪʦʚʱʠʥʠ ʩʪʘʣʽ ʪʘ 
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ʮʠʥʢʦʚʦʛʦ ʧʦʢʨʠʪʪʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʤʘʪʝʤʘʪʠʯʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ. ʆʧʠʰʝʤʦ ʜʘʥʽ ʪʘʙʣʠʮʽ 1 ʚ 

ʜʽʘʧʘʟʦʥʽ ʪʦʚʱʠʥ 0,5é0,8 ʤʤ ʣʽʥʽʡʥʦʶ ʬʫʥʢʮʽʻʶ. ʉʢʦʨʠʩʪʘʻʤʦʩʷ ʤʦʜʝʣʣʶ ʜʚʫʭʬʘʢʪʦʨʥʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʫ. ʇʝʨʰʠʤ ʬʘʢʪʦʨʦʤ ʙʫʜʝ ʪʦʚʱʠʥʘ ʩʪʘʣʝʚʦʛʦ ʣʠʩʪʘ ʊ ʚ ʯʦʪʠʨʴʦʭ ʪʦʚʱʠʥʘʭ 0,5 

ʤʤ (-1), 0,6 ʤʤ (0), 0,7 ʤʤ (+1) ʪʘ 0,8 ʤʤ (+2). ɼʨʫʛʠʤ ʬʘʢʪʦʨʦʤ ʙʫʜʝ ʛʫʩʪʠʥʘ ʮʠʥʢʦʚʦʛʦ 

ʧʦʢʨʠʪʪʷ Z, ʱʦ ʪʘʢʦʞ ʟʤʽʥʶʻʪʴʩʷ ʚ ʯʦʪʠʨʴʦʭ ʚʝʣʠʯʠʥʘʭ ï Z100 (-3), Z140 (-1), Z180 (+1) ʪʘ 

Z200 (+2). ɺ ʜʫʞʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʽ ʟʘʢʦʜʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʠʭ. ɺ ʪʘʙʣʠʮʽ 1 ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʧʣʘʥ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʨʝʟʫʣʴʪʘʪ ʜʣʷ ʢʦʞʥʦʾ ʧʘʨʠ ʟʤʽʥʥʠʭ ʧʘʨʘʤʝʪʨʽʚ.  

ʊʘʙʣʠʮʷ 1 ï ʇʣʘʥ ʜʚʦʭʬʘʢʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʉʪʘʥʜʘʨʪʥʠʡ 

ʧʦʨʷʜʦʢ 

ʌʘʢʪʦʨ 

ʊ 

ʌʘʢʪʦʨ 

Z 

ʈʝʟʫʣʴʪʘʪ 

ʈ 

ʉʪʘʥʜʘʨʪʥʠʡ 

ʧʦʨʷʜʦʢ 

ʌʘʢʪʦʨ 

ʊ 

ʌʘʢʪʦʨ 

Z 

ʈʝʟʫʣʴʪʘʪ 

ʈ 

1 -1 -3 253,41 9 -1 1 264,45 

2 0 -3 301,15 10 0 1 312,18 

3 1 -3 347,56 11 1 1 358,89 

4 2 -3 394,46 12 2 1 405,26 

5 -1 -1 258,80 13 -1 2 267,39 

6 0 -1 306,74 14 0 2 314,98 

7 1 -1 353,05 15 1 2 362,15 

8 2 -1 399,76 16 2 2 408,20 

ʆʧʠʰʝʤʦ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʚʦʤʘ ʬʫʥʢʮʽʷʤʠ ï ʣʽʥʽʡʥʦʶ ʪʘ ʢʚʘʜʨʘʪʠʯʥʦʶ. 

ʃʽʥʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʘʨʪʦʩʪʽ ʰʪʨʠʧʩʘ ʟ ʮʠʥʢʦʚʠʤ ʧʦʢʨʠʪʪʷ ʚʽʜ ʪʦʚʱʠʥʠ ʩʪʘʣʽ ʪʘ ʛʫʩʪʠʥʠ 

ʧʦʢʨʠʪʪʷ: 

ʈ=311+46,94Ŀʊ+3,6ĿZ-0,0017ĿTĿZ                 (1) 

ʂʚʘʜʨʘʪʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʘʨʪʦʩʪʽ ʰʪʨʠʧʩʘ ʟ ʮʠʥʢʦʚʠʤ ʧʦʢʨʠʪʪʷ ʚʽʜ ʪʦʚʱʠʥʠ ʩʪʘʣʽ ʪʘ 

ʛʫʩʪʠʥʠ ʧʦʢʨʠʪʪʷ: 

ʈ=311,04+47,25Ŀʊ+4,11ĿZ-0,31Ŀʊ2+0,24ĿZ2-0,0017ĿTĿZ    (2) 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʟʘʣʝʞʥʦʩʪʽ (1), (2) ʪʘ ʛʨʘʬʽʢʠ ʇʘʨʝʪʦ ʜʣʷ ʮʠʭ ʟʘʣʝʞʥʦʩʪʝʡ (ʥʝ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʤʘʪʝʨʽʘʣʽ)  ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʟʤʽʥʘ ʚʘʨʪʦʩʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʣʽʥʽʡʥʠʤ 

ʟʘʢʦʥʦʤ ʪʘ ʙʝʟ ʚʧʣʠʚʫ ʩʫʤʽʩʥʦʾ ʜʽʾ ʜʚʦʭ ʟʤʽʥʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʘ ʦʪʞʝ ʮʽʣʢʦʤ ʤʦʞʣʠʚʦ 

ʨʦʟʛʣʷʜʠʪʠ ʚʧʣʠʚ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʢʨʝʤʠʤʠ ʬʫʥʢʮʽʷʤʠ. ɼʣʷ ʦʮʽʥʢʠ ʯʘʩʪʢʠ ʚʘʨʪʦʩʪʽ 

ʮʠʥʢʦʚʦʛʦ ʧʦʢʨʠʪʪʷ ʫ ʧʦʚʥʽʡ ʚʘʨʪʦʩʪʽ ʣʠʩʪʘ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʩʧʨʦʱʝʥʫ ʬʦʨʤʫʣʫ 

ʈ=311+47Ŀʊ+3,6ĿZ      (3) 

ʇʽʜʚʠʱʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʘʩʪʠʣʫ ʤʦʞʥʘ ʜʚʦʤʘ ʦʩʥʦʚʥʠʤʠ ʩʧʦʩʦʙʘʤʠ (ʩʧʦʩʦʙʠ 

ʣʦʢʘʣʴʥʦʛʦ ʧʽʜʩʠʣʝʥʥʷ ʥʝ ʨʦʟʛʣʷʜʘʻʤʦ) ï ʟʙʽʣʴʰʝʥʥʷʤ ʪʦʚʱʠʥʠ ʪʘ ʟʤʽʥʦʶ ʧʝʨʝʨʽʟʫ. ʇʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʪʦʚʱʠʥʠ ʣʠʩʪʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʷʤʝ ʧʽʜʚʠʱʝʥʥʷ ʚʘʨʪʦʩʪʽ ʚʠʭʽʜʥʦʛʦ ʰʪʨʠʧʩʘ ʯʝʨʝʟ 

ʟʙʽʣʴʰʝʥʥʷ ʪʦʚʱʠʥʠ (ʚʘʛʠ ʩʪʘʣʽ). ɺ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʜʘʪʠ ʜʦʜʘʪʢʦʚʠʡ 

ʬʘʢʪʦʨ ʮʠʥʢʦʚʦʛʦ ʧʦʢʨʠʪʪʷ. ɺ ʪʘʙʣʠʮʽ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʦʣʷ ʚʘʨʪʦʩʪʽ ʮʠʥʢʦʚʦʛʦ ʧʦʢʨʠʪʪʷ ʫ 

ʚʘʨʪʦʩʪʽ 1ʤʧ ʰʪʨʠʧʩʫ.  

 

ʇʦʜʽʙʥʠʡ ʝʬʝʢʪ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʨʷʜ ʟ ʮʠʥʢʦʤ ʧʦʣʽʤʝʨʥʦʛʦ 

ʧʦʢʨʠʪʪʷ.  ʈʦʟʰʠʨʠʤʦ ʝʢʩʧʝʨʠʤʝʥʪ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ ʪʘʙʣʠʮʽ 1 ʜʦʜʘʪʢʦʚʠʤ ʬʘʢʪʦʨʦʤ ï 

ʥʘʷʚʥʽʩʪʶ ʧʦʢʨʠʪʪʷ ʟ ʧʦʣʽʤʝʨʫ. ʅʘʟʚʝʤʦ ʮʝʡ ʬʘʢʪʦʨ PE ï ʢʦʣʠ ʥʘʷʚʥʠʡ (+1), ʢʦʣʠ ʚʽʜʩʫʪʥʽʡ 

(0). ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʻʤʦ ʣʽʥʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ ʚʘʨʪʦʩʪʽ ʰʪʨʠʧʩʘ ʟ ʧʦʢʨʠʪʪʷ ʚʽʜ ʪʦʚʱʠʥʠ 

ʩʪʘʣʽ, ʛʫʩʪʠʥʠ ʮʠʥʢʦʚʦʛʦ ʧʦʢʨʠʪʪʷ ʪʘ ʥʘʷʚʥʦʩʪʽ ʧʦʣʽʤʝʨʥʦʛʦ ʧʦʢʨʠʪʪʷ: 

ʈ=311+81,89ĿPE+46,94Ŀʊ+3,6ĿZ-0,0017ĿTĿZ+13,57ĿTĿPE+0,000057ĿZĿPE-0,00026ĿTĿZĿPE   (4) 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʮʠʥʢʦʚʦʛʦ ʧʦʢʨʠʪʪʷ, ʟ ʛʨʘʬʽʢʫ ʇʘʨʝʪʦ (ʨʠʩ. 2) ʜʣʷ ʟʘʣʝʞʥʦʩʪʽ (4) ʚʠʜʥʦ, 

ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʚʘʨʪʽʩʪʴ ʣʠʩʪʘ ʰʪʨʠʧʩʘ ʽʟ ʧʦʣ̔ʤʝʨʥʠʤ ʧʦʢʨʠʪʪʷ ʙʫʜʝ ʚʧʣʠʚʘʪʠ 

ʚʟʘʻʤʦʜʽʷ ʜʚʦʭ ʬʘʢʪʦʨʽʚ ï ʪʦʚʱʠʥʠ ʣʠʩʪʘ ʪʘ ʥʘʷʚʥʦʩʪʽ ʧʦʣʽʤʝʨʥʦʛʦ ʧʦʢʨʠʪʪʷ. ʊʦʙʪʦ ʽʥʰʠʤʠ 

ʩʣʦʚʘʤʠ, ʚʘʨʪʽʩʪʴ ʧʦʣʽʤʝʨʥʦʛʦ ʧʦʢʨʠʪʪʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʚʱʠʥʠ ʩʪʘʣʝʚʦʛʦ ʣʠʩʪʘ ʥʘ ʷʢʝ ʚʦʥʦ 

ʥʘʥʦʩʠʪʴʩʷ. ʇʨʠʙʨʘʚʰʠ ʚʟʘʻʤʦʜʽʾ, ʷʢʽ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʘʨʪʽʩʪʴ ʤʦʞʝʤʦ ʦʪʨʠʤʘʪʠ 

ʩʧʨʦʱʝʥʫ ʬʦʨʤʫʣʫ (5). 

ʈ=311+81,89ĿPE+46,94Ŀʊ+3,6ĿZ +13,57ĿTĿPE       (5) 
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ʈʠʩʫʥʦʢ 2 ï ɼʽʘʛʨʘʤʘ ʚʧʣʠʚʫ ʪʦʚʱʠʥʠ ʩʪʘʣʝʚʦʛʦ ʣʠʩʪʘ (ʊ), ʛʫʩʪʠʥʠ ʮʠʥʢʦʚʦʛʦ ʧʦʢʨʠʪʪʷ (Z) ʪʘ ʥʘʷʚʥʦʩʪʽ 

ʧʦʣʽʤʝʨʥʦʛʦ ʧʦʢʨʠʪʪʷ (PE) ʥʘ ʚʘʨʪʽʩʪʴ ʣʠʩʪʘ ʟ ʧʦʢʨʠʪʪʷʤ 

ʆʪʨʠʤʘʥʘ ʟʘʣʝʞʥʽʩʪʴ (5) ʪʘ ʜʽʘʛʨʘʤʘ ʥʘ ʨʠʩʫʥʢʫ 2 ʚʢʘʟʫʶʪʴ ʥʘ ʟʥʘʯʥʫ ʜʦʣʶ ʫ ʚʘʨʪʦʩʪʽ 

1 ʤʧ ʰʪʨʠʧʩʫ ʧʦʣʽʤʝʨʥʦʛʦ ʧʦʢʨʠʪʪʷ. ʊʘʢʦʞ ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʜʦʨʦʞʯʘʥʥʷ ʨʫʣʦʥʫ ʟ 

ʧʦʣʽʤʝʨʥʠʤ ʧʦʢʨʠʪʪʷ ʙʫʜʝ ʚʽʜʙʫʚʘʪʠʩʷ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʦʚʱʠʥʠ ʩʪʘʣʽ ʥʘʩʪʠʣʫ, ʚ ʪʦʡ ʯʘʩ ʢʦʣʠ 

ʟʙʽʣʴʰʝʥʥʷ ʚʘʨʪʦʩʪʽ ʰʪʨʠʧʩʫ ʽʟ ʮʠʥʢʦʚʠʤ ʧʦʢʨʠʪʪʷ ʥʝ ʚʽʜʙʫʚʘʣʦʩʴ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʦʚʱʠʥʠ 

ʩʪʘʣʝʚʦʾ ʯʘʩʪʠʥʠ.  

ʊʘʙʣʠʮʷ 2 ï ɼʦʣʷ ʚʘʨʪʦʩʪʽ ʮʠʥʢʦʚʦʛʦ ʧʦʢʨʠʪʪʷ ʪʘ ʧʦʣʽʤʝʨ-ʮʠʥʢʦʚʦʛʦ ʧʦʢʨʠʪʪʷ ʫ ʚʘʨʪʦʩʪʽ 

1ʤʧ ʨʫʣʦʥʫ 

ʊʦʚʱʠʥʘ 

ʨʫʣʦʥʫ, ʤʤ 

Z100 Z140 Z180 Z200 Z100+PE Z140+PE Z180+PE Z200+PE 

0,45 6,4% 9,0% 11,5% 12,9% 34,9% 37,5% 40,0% 41,4% 

0,48 6,0% 8,4% 10,8% 12,1% 34,4% 36,8% 39,2% 40,4% 

0,5 5,8% 8,1% 10,5% 11,7% 34,4% 36,7% 39,0% 40,3% 

0,55 5,5% 7,7% 9,9% 11,1% 34,0% 36,2% 38,3% 39,5% 

0,6 4,8% 6,8% 8,7% 9,6% 33,4% 35,3% 37,2% 38,2% 

0,65 4,6% 6,5% 8,3% 9,2% 32,9% 34,7% 36,5% 37,5% 

0,7 4,4% 6,0% 7,8% 8,8% 32,9% 34,5% 36,3% 37,2% 

0,8 3,6% 5,0% 6,4% 7,2% 32,3% 33,7% 35,1% 35,9% 

1,2 2,9% 4,1% 5,3% 5,8% 32,5% 33,7% 34,9% 35,4% 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʦʣʷ ʚʘʨʪʦʩʪʽ ʧʦʢʨʠʪʪʷ ʚ ʮʽʥʽ 1ʤʧ ʰʪʨʠʧʩʫ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʬʽʣʴʦʚʘʥʦʛʦ ʥʘʩʪʠʣʫ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 3 ʜʦ 13% ʜʣʷ ʮʠʥʢʦʚʦʛʦ ʧʦʢʨʠʪʪʷ 

Z100éZ200 ʪʘ 33-42% ʜʣʷ ʧʦʣʽʤʝʨ-ʮʠʥʢʦʚʦʛʦ ʧʦʢʨʠʪʪʷ. ʇʨʠ ʚʠʙʦʨʽ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ 

ʥʘʩʪʠʣʫ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʧʨʦʚʦʜʠʪʠ ʦʮʽʥʢʫ ʚʘʨʪʦʩʪʽ ʨʽʰʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʬʦʨʤʫʣʠ (5).  
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The decision-making problems at the building design stage are some of the most significant 

challenges faced by the designers. Along with the growing importance of energy efficiency in 

buildings, there are decision-making issues in the selection of building material solutions. To 

improve energy efficiency in the construction sector, the legislature tightens the requirements for 

building insulation. Many solutions in the building materials market can actually meet  these 

technical requirements. The idea of sustainable development in construction comes down to 

increasing the efficiency of the entire project in economic, environmental, and social aspects. The 

presented paper discusses which solutions are optimal from the point of view of sustainable 

development. 

The work aims to create a ranking of material solutions for the external wall partition in 

sustainable development aspects. The results were also subjected to comparative analysis 

concerning the technical requirements in Poland. 

The most common material solutions for the external wall in single-family housing were 

analyzed. The choice of external wall components is one of the first design decisions for a new 

building. According to the technical requirements of the Polish legislator, the minimum required 

heat transfer coefficient for an external wall is 0.2 [W/m2 ΞK]. Many material solutions on the 

marketcan meet the requirements in appropriate configurations with a layer of insulation. The work 

includes an environmental, economic, and social analysis of various configurations of the 

construction element and the thermal insulation layer. The most common building materials for 

construction elements used in traditional masonry technology are ceramic blocks, cellular concrete 

blocks, and silicate blocks. To carry out calculations of possible connections with the insulation 

layer, the insulation material was selected: expanded polystyrene foam with a thermal conductivity 

coefficient of 0.033 [W/mΞK] and all thicknesses found in the manufacturer's catalogues ranging 

from 8 [cm] to 20 [cm]. Approximately 160 different configurations of the external wall partition 

were created and analyzed in terms of sustainability aspects. 

The economic analysis of the studied variants was based on the calculation of the price of 

building materials needed to make 1 [m2] of the external wall. The price of the construction 

component also includes the cost of mortar suitable for a given variant. Then, depending on the 

specific thickness of thermal insulation, the cost of 1 [m2] of expandedpolystyrene foam was 

included. The analysis was based on price lists and catalogues of construction materials provided by 

manufacturers. 

The analysis of the social aspects was based on the heat transfer coefficient of the external 

wall. This parameter affects the thermal comfort of the building user. The coefficient is also related 

to the energy efficiency of the building. Its value determines the operating costs of heating the 

building, which affects the costs of the entire life cycle of the building. The value of the coefficient 

is related to the costs of building materials. The greater the economic costs incurred at the 

construction stage of the facility in the form of the purchase of building materials with a diminished 

thermal coefficient, the lower were the operating costs at the stage of using the facility. Better 

insulation of the building has an impact on lower consumption of primary energy carriers. The 

value of the coefficient was calculated by substituting equation (1): 
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(1) 

 

U ï heat transfer coefficient of the external wall [W/m2ΞK], 

ï thickness of the ith element of the external wall [m], 

ï thermal conductivity coefficient ofithelement of the external wall [W/mΞK]. 

 

  Environmental aspects were based on the calculation of the Ecopoint indicator (. The 

assessment of the environmental impact of building materials was based on the calculation of the 

impact from the first phase of the construction product life, covering the production stage (raw 

material supply, transport, manufacturing of products). The assessment is based on the calculation 

of eleven characteristic environmental indicators ( [1], e.g. global warming potential (GWP) or 

depletion potential of the stratospheric ozone layer (ODP) determined based on environmental 

product declarations (EPD). These values were normalized by referring them to reference values 

reflecting the annual environmental impact per 1 European citizen ( and the weights of each 

indicator ( [2]. The Ecopoint indicator was calculated based on equation (2): 

 

 
(2) 

 

ï characteristic indicator describing eth category of environmental impact per 1[m2], 

ï reference value for eth category of environmental impacts, 

ï weight of ethenvironmental impact category. 

 

The aspects of sustainable development are important criteria in the decision-making 

process regarding the choice of material solutions for external walls in single-family housing. In the 

analyzed case, all values are destimulants and their ideal solutions tend to be a minimum. All 

aspects were normalized to rank them using the Technique for Order of Preference by Similarity to 

Ideal Solution(TOPSIS) [3]. The distance method consists in determining the distance of considered 

variants to ideal solutions and their opposites. The best variant is expressed by the smallest distance 

from the ideal variant and at the same time the greatest distance from the anti-ideal solution. 

Determination of the ranking value is described by the formula (3): 

 

 
(3) 

ï distance of the tthvariant fromthe ideal solution, 

ï distance of the tth variant from the anti-ideal solution. 

 

Based on the results of the TOPSIS analysis, a ranking list of all possible configurations of 

the components of the building partition of the external wall was created. Carrying out the analysis 

provides a method to support decision-making in the construction process. It could be a primary 

tool to support the designer at the stage of the building design. 
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Constructions of buildings and structures must be reliable under all loads and actions and transfer 

them to the soil. Reliability and durability of structures, which is ensured in the process of construction by 

using high-quality materials and observing the technology of work, may decrease during operation under the 

influence of various factors. Since most factors are random, the reliability and durability of structures are 

determined by the laws of probability theory. 

The influence of operating conditions (the time factor, different loading regimes, the development of 

non-uniform deformations of the foundation) on the stress-strain state (STS) of structures and buildings as a 

whole is related to the problems of reconstruction. In this case, it is necessary to establish the technical 

condition of the structures, to justify the possibility of extending their service life, and to make a decision on 

the possibility of their further operation or the need to perform strengthening works. 

Complex studies of concrete, reinforced concrete and composite steel and concrete have been 

conducted on the basis of the research institute "Agroproekt" LLC in recent years. The deformation diagrams 

under uniform and non-uniform loading were investigated, the influence on the parameters of the concrete 

compression diagram and STS of reinforced concrete (RCC) structures of repeated short-term and sign-

changing load regimes was established. 

Based on the results of the research, methods of calculating RCC structures have been 

developed, based on the use of real material deformation diagrams. These methods make it possible 

to take into account the change in cross-section stiffness both when calculating individual structures 

and buildings and structures as a whole. 
Despite the adoption of DBN V. 2.6-160: 2010 [1], practical methods of calculating composite steel 

and concrete structures (CSCS) under different types of loads (short-term or long-term) and regimes (one-

time, repeated, sign-changing) require further development. In recent years, buildings with a monolithic 

reinforced concrete frame or with a steel frame and monolithic reinforced concrete floors have been widely 

used. The calculation of such structures should be performed using the finite element method (FEM). An 

adequate design model of the FEM must take into account all the properties of the structural elements that 

make up the structure.  

Since it is necessary to perform calculations for two groups of limit states when choosing design 

solutions, it is necessary to create two calculation models: 

Å Simplified model for calculating reinforced concrete slabs when designing new structures or 

checking the amount of existing reinforcement (model 1); 

Å Full model, that is practically same as the existing structure, for determining deflections and 

movements (model 2). 

When calculating model 1, the limit values of the loads are obtained in accordance with the 

requirements [2-3]. As a result of the calculation, we get the reinforcement parameters (when using the 

SCAD complex). 
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Model 2 is used with characteristic values of load. As a result of the calculation, we get the 

numerical values of the structural deformations. 

Let's analyze some calculation results of the composite steel and concrete floor of the "Foxtrot" 

shopping center in Kropyvnytskyi. The building is a three-story, rectangular in plan multi-span frame 

structure in both directions. The span of the columns in the longitudinal and transverse directions is 9 m, the 

height of the floor is 5.25 m. 

The frame is a spatial frame system consisting of rigidly interconnected steel columns and crossbars. 

The crossbars are located in two directions (Fig. 1, 2). Columns are rigidly connected to monolithic 

reinforced concrete foundations. 

  

Fig. 1. View of a steel-reinforced concrete floor fragment Fig. 2. The joint of the steel beams on the column 

Spatial rigidity of the frame is provided by the joint work of rigidly interconnected elements 

(columns and crossbars), horizontal disks of floors and roofing. 

The fragment of the ceiling is calculated taking into account the joint work of steel crossbars, 

auxiliary beams and a continuous reinforced concrete slab with a thickness of 160 mm. 

Model 1 and Model 2 were developed to determine the STS, slab reinforcement and stress in steel 

beams. The calculation results of Model 1 made it possible to determine the slab reinforcement. As a result of 

the model 2 calculation, isofields of vertical movements of crossbars and beams were obtained. 

The practical use of the method was determined by the need to conduct an inspection of the floor 

structures above the first floor in the built-in non-residential premises of a residential building at the address 

of the street. Vokzalna, 66 in the Fortechnyi district of the city of Kropyvnytskyi in axes 21-25/AA-B that 

arose due to the need to arrange openings for the installation of elevators and placement of commercial 

equipment on the floor. 

The building consists of two, complex in plan, two-story parts, separated by a deformation seam 

along axis 21. The building is a complex structural system made of monolithic reinforced concrete. Columns 

and diaphragms are the vertical supporting elements, which are connected to each other in a single spatial 

system by slabs of the ceiling and roofing. 

The spatial rigidity and stability of the building is ensured by the joint work of the columns, 

diaphragms, horizontal discs of the floor and the walls embedded in the foundations. 

It is planned to place a cafe and a flower shop in the building with a characteristic value of the load 

of 5...8 kPa (500...800 kg/m2). Due to the fact that the project did not initially provide for the placement of 
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freight elevators, in order to justify the possibility of arranging the openings, an inspection of the structures 

was performed with an opening to determine the compliance of the actual reinforcement with the design, as 

well as the necessary calculations of the structures taking into account the arrangement of the openings. On 

the basis of the performed work, assessment of the technical condition and substantiation of the possibility of 

arranging the holes, the working documentation for the arrangement of the holes in the ceiling above the first 

floor was developed. 

According to the results of the performed examination, it was established that the structures of the 

floor, columns and diaphragms at the level of the first floor have no defects and damage that would indicate 

the beginning of destruction. 

Determination of the reinforcement parameters was carried out by a destructive method by cutting 

out fragments of slabs in the places where the holes are arranged. It was established that the applied 

reinforcing meshes mainly correspond to the project. The diameter of the working rods corresponds to the 

project, the location of the nets in plan and additional reinforcement at the points of contact with the columns 

as a whole also corresponded to the project. The location of the grids within the height of the slab turned out 

to be inconsistent with the project (the height offset of the grids was observed). The obtained data were taken 

into account when performing verification calculations of the floor above the first floor, taking into account 

the arrangement of the openings. 

The calculation scheme was modeled taking into account reinforcement by metal elements, the 

connecting pins for the elements in axes 21-24/ɸɸ-ɸ ß24 mm are set to CE-55 with stiffness for steel 

09ɻ2ʉ, since the pins perceive stretching and shear (Fig. 3). The loads in the calculation scheme were set 

according to the design data (from the weight of the structures) and in accordance with the customer's task. 

 

Fig. 3. Fragment of the calculation scheme in axes 21-24 (3d image) 

According to the results of the examination and FEM calculations, a project was developed to 

strengthen the structures in the places where the holes were arranged. The nature of the deformation of the 

floor slab in the place of the intended location of the holes is determined taking into account the presence of 

supporting steel structures. The results of the calculations show that the deformations of the floor structures 

do not exceed the values determined by the current regulatory documents. 
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ɿʘʣʽʟʦʙʝʪʦʥʥʽ ʘʨʦʯʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʙʫʜʽʚʥʠʮʪʚʽ, ʧʦʯʠʥʘʶʯʠ 

ʚʽʜ ʧʝʨʝʤʠʯʦʢ ʚʽʢʦʥʥʠʭ ʧʨʦʡʦʤʽʚ, ʜʦ ʢʦʥʩʪʨʫʢʮʽʡ ʧʦʢʨʠʪʪʷ ʧʨʦʤʠʩʣʦʚʠʭ ʪʘ ʮʠʚʽʣʴʥʠʭ 

ʙʫʜʽʚʝʣʴ (ʫ ʪʦʤʫ ʯʠʩʣʽ ʫ ʩʢʣʘʜʽ ʜʽʘʬʨʘʛʤ ʦʙʦʣʦʥʦʢ), ʩʧʦʨʫʜ ʩʧʦʨʪʠʚʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, 

ʥʝʩʫʯʠʭ ʧʨʦʛʦʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʤʦʩʪʽʚ ʽ ʧʝʨʝʭʦʜʽʚ, ʘʢʚʝʜʫʢʽʚ.  

ʄʽʮʥʽʩʪʴ ʙʝʪʦʥʽʚ, ʤʦʞʝ ʜʦʩʷʛʘʪʠ 80õ150 ʄʇʘ, ʘ ʥʦʨʤʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚ ʋʢʨʘʾʥʽ ʜʣʷ 

ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʪʘʢʠʭ ʙʝʪʦʥʽʚ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʩʪʘʜʽʾ ʨʦʟʨʦʙʢʠ [2, 4, 5]. ɺʨʘʭʦʚʫʶʯʠ ʥʝʟʥʘʯʥʫ 

ʢʽʣʴʢʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʘʨʦʯʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʚʽʜʩʫʪʥʽʩʪʴ 

ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʴ ʘʨʦʢ ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ ʚʠʩʦʢʦʤʽʮʥʠʭ ʙʝʪʦʥʽʚ, ʻ ʘʢʪʫʘʣʴʥʠʤ ʚʠʚʯʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʘʨʦʢ ʟ ʚʠʩʦʢʦʤʽʮʥʠʭ ʙʝʪʦʥʽʚ 

ʥʘ ʜʽʶ ʩʠʣʦʚʠʭ ʚʧʣʠʚʽʚ ʨʽʟʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ.  

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʛʦʪʦʚʠʣʠ ʦʩʥʦʚʥʠʡ ʜʦʩʣʽʜʥʠʡ ʟʨʘʟʦʢ 

ʫ ʚʠʛʣʷʜʽ ʧʦʣʦʛʦʾ ʜʚʦʰʘʨʥʽʨʥʦʾ ʟʘʣʽʟʦʙʝʪʦʥʥʦʾ ʘʨʢʠ ʽʟ ʟʘʪʷʞʢʦʶ ʟ ʚʠʩʦʢʦʤʽʮʥʦʛʦ ʙʝʪʦʥʫ 

ʢʣʘʩʫ ʉ75 ʪʘ ʜʦʧʦʤʽʞʥʽ ʟʨʘʟʢʠ ï ʢʫʙʠ ʽ ʧʨʠʟʤʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʝʪʦʥʫ [1]. ɸʨʢʘ ʤʘʣʘ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʧʨʦʣʽʪ L = 200 ʩʤ, ʧʦʚʥʫ ʚʠʩʦʪʫ H = 52 

ʩʤ, ʩʪʨʽʣʫ ʧʽʜʡʦʤʫ f = 40 ʩʤ ʪʘ ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʢʨʠʚʦʣʽʥʽʡʥʦʛʦ ʧʦʷʩʫ 10(b)Ĭ14(h) ʩʤ 

(ʨʠʩ.1). ʄʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʪʦʥʫ (ʢʫʙʦʚʘ ʽ ʧʨʠʟʤʦʚʘ ʤʽʮʥʦʩʪʽ) ʧʨʠ ʦʜʥʦʨʘʟʦʚʦʤʫ 

ʢʦʨʦʪʢʦʯʘʩʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʚʠʟʥʘʯʘʣʠʩʴ ʟʘ ʩʪʘʥʜʘʨʪʥʠʤʠ ʤʝʪʦʜʠʢʘʤʠ. 

ɹʝʪʦʥ ʚʠʛʦʪʦʚʣʷʚʩʷ ʟʘ ʩʢʣʘʜʦʤ ʎ:ʑ:ʇ=1:1,70:1,36 ʧʨʠ ɺ/ʎ =0,22 ʟ ʜʦʙʘʚʢʦʶ 10% ʚʽʜ 

ʢʽʣʴʢʦʩʪʽ ʚʦʜʠ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ. ɺ ʷʢʦʩʪʽ ʢʨʫʧʥʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ 

ʛʨʘʥʽʪʥʠʡ ʱʝʙʽʥʴ ʬʨʘʢʮʽʾ 5é20 ʤʤ, ʘ ʜʨʽʙʥʦʛʦ ï ʢʚʘʨʮʦʚʠʡ ʧʽʩʦʢ ʽʟ ʤʦʜʫʣʝʤ ʢʨʫʧʥʦʩʪʽ 1,8. 

ɺôʷʞʫʯʠʤ ʤʘʪʝʨʽʘʣʦʤ ʩʣʫʛʫʚʘʚ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʤʘʨʢʠ ʄ500. ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʩʢʣʘʜʫ ʙʝʪʦʥʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʨʝʢʦʤʝʥʜʘʮʽʾ ʥʘʚʝʜʝʥʽ ʚ ʨʦʙʦʪʽ [3]. ɸʨʤʫʚʘʥʥʷ ʘʨʦʢ ï ʩʠʤʝʪʨʠʯʥʝ, 

ʚʠʢʦʥʫʚʘʣʦʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʣʦʩʢʦʛʦ ʚôʷʟʘʥʦʛʦ ʢʘʨʢʘʩʫ, ʩʪʝʨʞʥʽ ʨʦʙʦʯʦʾ ʧʦʟʜʦʚʞʥʴʦʾ 

ʘʨʤʘʪʫʨʠ ï Ï10 ɸ500ʉ, ʧʦʧʝʨʝʯʥʘ ʘʨʤʘʪʫʨʘ ʢʘʨʢʘʩʫ ï ʟ ʜʨʦʪʫ ʜʽʘʤʝʪʨʦʤ 4 ʤʤ ɺʨ-1 ʽʟ ʢʨʦʢʦʤ 

70 ʤʤ. ɺ ʷʢʦʩʪʽ ʟʘʪʷʞʢʠ ʧʨʠʡʥʷʣʠ ʘʨʤʘʪʫʨʥʠʡ ʩʪʝʨʞʝʥʴ ʜʽʘʤʝʪʨʦʤ 16 ʤʤ ɸ500ʉ. ɸʨʢʠ 

ʚʠʛʦʪʦʚʣʷʣʠ ʚ ʜʝʨʝʚôʷʥʦ-ʧʣʘʩʪʠʢʦʚʽʡ ʦʧʘʣʫʙʮʽ, ʙʝʪʦʥʥʫ ʩʫʤʽʰ ʫʱʽʣʴʥʶʚʘʣʠ ʛʣʠʙʠʥʥʠʤ 

ʚʽʙʨʘʪʦʨʦʤ (ʨʠʩ.2). 

 
ʈʠʩʫʥʦʢ 1. ʆʧʘʣʫʙʥʝ ʢʨʝʩʣʝʥʥʷ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ ʘʨʢʠ (ʨʦʟʤʽʨʠ ʚ ʤʤ). 
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ʈʠʩʫʥʦʢ 2. ɼʦʩʣʽʜʥʠʡ ʟʨʘʟʦʢ ʘʨʢʠ ʚ ʧʨʦʮʝʩʽ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ɸʨʢʘ ʚʠʧʨʦʙʦʚʫʚʘʣʘʩʴ ʚ ʫʩʪʘʥʦʚʮʽ, ʟʤʦʥʪʦʚʘʥʽʡ ʥʘ ʙʘʟʽ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʝʩʘ ʋʀʄ-200. 

ʅʘʚʘʥʪʘʞʝʥʥʷ ʘʨʢʠ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʽʜʨʘʚʣʽʯʥʦʾ ʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ ʩʪʫʧʝʥʷʤʠ, 

ʚʝʣʠʯʠʥʘ ʷʢʠʭ ʩʢʣʘʜʘʣʘ 5 ʢʅ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʞʦʨʩʪʢʫ ʪʨʘʚʝʨʩʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠʢʣʘʜʘʣʠ 

ʜʦ ʧʦʷʩʫ ʘʨʢʠ ʫ ʚʠʛʣʷʜʽ ʜʚʦʭ ʟʦʩʝʨʝʜʞʝʥʠʭ ʩʠʣ. ʅʘ ʢʦʞʥʦʤʫ ʩʪʫʧʝʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʚʣʘʰʪʦʚʫʚʘʣʠ ʚʠʪʨʠʤʢʫ ʧʨʦʪʷʛʦʤ 5-15 ʭʚ ʜʣʷ ʟʥʷʪʪʷ ʚʽʜʣʽʢʽʚ ʟʘ ʧʨʠʣʘʜʘʤʠ, ʩʪʘʙʽʣʽʟʘʮʽʾ 

ʜʝʬʦʨʤʘʮʽʡ ʫ ʙʝʪʦʥʽ ʪʘ ʬʽʢʩʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʡ ʰʠʨʠʥʠ ʨʦʟʢʨʠʪʪʷ ʪʨʽʱʠʥ ʫ 

ʧʦʷʩʽ ʘʨʢʠ. ʅʘ ʩʪʫʧʝʥʷʭ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʝʬʦʨʤʘʮʽʾ ʨʦʟʪʷʛʫ ʽ ʩʪʠʩʢʫ ʘʨʤʘʪʫʨʠ ʡ ʟʘʪʷʞʢʠ 

ʚʠʤʽʨʶʚʘʣʠ ʟʘ ʪʝʥʟʦʤʝʪʨʘʤʠ ɻʫʛʝʥʙʝʨʛʝʨʘ ʥʘ ʙʘʟʽ 20 ʤʤ ʟ ʮʽʥʦʶ ʧʦʜʽʣʢʠ 0,001 ʤʤ. 

ɼʝʬʦʨʤʘʮʽʾ ʙʝʪʦʥʫ ʨʦʟʪʷʛʫ ʽ ʩʪʠʩʢʫ ʬʽʢʩʫʚʘʣʠ ʤʝʭʘʥʽʯʥʠʤʠ ʽʥʜʠʢʘʪʦʨʘʤʠ ʛʦʜʠʥʥʠʢʦʚʦʛʦ 

ʪʠʧʫ 1(2)ʄʀɻ ʟ ʮʽʥʦʶ ʧʦʜʽʣʢʠ 0,001(2) ʤʤ ʥʘ ʙʘʟʽ ʚ ʩʝʨʝʜʥʴʦʤʫ 100 ʤʤ, ʷʢʽ ʬʽʢʩʫʚʘʣʠʩʷ ʥʘ 

ʘʨʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʘʣʝʚʠʭ ʪʨʠʤʘʯʽʚ, ʧʨʠʢʣʝʻʥʠʭ ʜʦ ʙʝʪʦʥʥʦʾ ʧʦʚʝʨʭʥʽ ʝʧʦʢʩʠʜʥʠʤ ʢʣʝʻʤ. 

ʇʨʦʛʠʥ ʘʨʢʠ ʚʠʤʽʨʶʚʘʣʠ ʚ ʩʝʨʝʜʠʥʽ ʧʨʦʣʴʦʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʠʥʦʤʽʨʘ 6ʇɸʆ ʟ ʮʽʥʦʶ 

ʧʦʜʽʣʢʠ 0,01 ʤʤ. ʊʘʢʦʞ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʠʥʦʤʽʨʘ 6ʇɸʆ ʪʘ ʽʥʜʠʢʘʪʦʨʘ ʛʦʜʠʥʥʠʢʦʚʦʛʦ ʪʠʧʫ 

ʀʏ-10ʤ ʟ ʮʽʥʦʶ ʧʦʜʽʣʢʠ 0,01 ʤʤ ʚʠʤʽʨʶʚʘʣʠ ʧʝʨʝʤʽʱʝʥʥʷ ʘʨʢʠ ʥʘ ʜʚʦʭ ʾʾ ʦʧʦʨʘʭ. ɿʘʛʘʣʴʥʠʡ 

ʚʠʛʣʷʜ ʜʦʩʣʽʜʥʦʾ ʘʨʢʠ ʚ ʫʩʪʘʥʦʚʮʽ ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 3 

 
ʜʝ:ʊ-4, ʊ-5ï ʪʝʥʟʦʤʝʪʨ ɻʫʛʝʥʙʝʨʛʝʨʘ; ɯ-1, ɯ-2, ɯ-3, ɯ-4, ɯ-5, I-7 ï ʽʥʜʠʢʘʪʦʨ ʛʦʜʠʥʥʠʢʦʚʦʛʦ ʪʠʧʫ 1(2)ʄɯɻ; 

 ɯ-6 ï ʽʥʜʠʢʘʪʦʨ ʀʏ-10ʤ; ʇ-1, ʇ-2 ï ʧʨʦʛʠʥʦʤʽʨ 6ʇɸʆ; ɼ-1ï ʜʠʥʘʤʦʤʝʪʨ. 

ʈʠʩʫʥʦʢ 3. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ ʘʨʢʠ ʚ ʫʩʪʘʥʦʚʮʽ 

ɼʦʩʣʽʜʥʘ ʟʘʣʽʟʦʙʝʪʦʥʥʘ ʘʨʢʘ ʟ ʟʘʪʷʞʢʦʶ ʚʠʧʨʦʙʦʚʫʚʘʣʘʩʴ ʥʘ ʜʽʶ ʩʪʘʪʠʯʥʦʛʦ 

ʢʦʨʦʪʢʦʯʘʩʥʦʛʦ ʤʘʣʦʮʠʢʣʦʚʦʛʦ ʧʦʚʪʦʨʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦ ʨʫʡʥʫʚʘʥʥʷ (ʨʠʩ.4). ɿʘ 



 

 

ɿʙʽʨʥʠʢ ʤʘʪʝʨʽʘʣʽʚ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ on-line ʢʦʥʬʝʨʝʥʮʽʾ 

 çʇʈʆɹʃɽʄʀ ɹʋɼɯɺɽʃʔʅʆɻʆ ʊɸ ʊʈɸʅʉʇʆʈʊʅʆɻʆ ʂʆʄʇʃɽʂʉɯɺè. 

46                                                             x ̝̩̝̆̎̓̑́̌̎̏̔̋̑́̎̒̋̉̊ ̨̗̝̎́̏̎́̌̎̉̊ ̨̖̘̓̆̎̎̉̊ ̨̔̎̃̆̑̒̉̓ ̆̓ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʘʨʢʠ ʚʠʟʥʘʯʠʣʠ ʨʫʡʥʽʚʥʫ ʩʠʣʫ Fu, ʷʢʘ ʚ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ 

ʧʨʠʡʤʘʣʘʩʴ ʚ ʷʢʦʩʪʽ ʢʨʠʪʠʯʥʦʛʦ ʨʫʡʥʽʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

 

ʈʠʩʫʥʦʢ 4. ʉʭʝʤʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦʩʣʽʜʥʦʾ ʘʨʢʠ ʧʦ ʮʠʢʣʘʤ 

ɺʠʧʨʦʙʫʚʘʥʽ ʫ ʚʽʮʽ 28 ʜʽʙ ʚ ʛʽʜʨʘʚʣʽʯʥʦʤʫ ʧʨʝʩʽ ʇ-250 ʙʝʪʦʥʥʽ ʢʫʙʠ ʤʘʣʠ ʩʝʨʝʜʥʶ 

ʤʽʮʥʽʩʪʴ fcm,cube = 88,5 ʄʇʘ. ʉʝʨʝʜʥʷ ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʥʠʭ ʧʨʠʟʤ ʫ ʚʽʮʽ 28 ʜʽʙ ʽ ʩʪʘʥʦʚʠʣʘ fcm,prism 

= 75 ʄʇʘ. ʅʘ ʜʽʘʛʨʘʤʽ (ůʩïŮʩ) ʤʽʞ ʥʘʧʨʫʞʝʥʥʷʤʠ ʪʘ ʜʝʬʦʨʤʘʮʽʷʤʠ ʚʠʩʦʢʦʤʽʮʥʦʛʦ ʙʝʪʦʥʫ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʣʽʥʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʘʞ ʜʦ ʨʫʡʥʫʚʘʥʥʷ. ɻʨʘʥʠʯʥʝ ʟʥʘʯʝʥʥʷ 

ʚʽʜʥʦʩʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʙʝʪʦʥʫ ʩʪʠʩʢʫ ʩʪʘʥʦʚʠʣʦ Ůcu = 180é200Ĭ10-5. ʄʝʭʘʥʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʝʨʞʥʽʚ ʨʦʙʦʯʦʾ ʧʦʟʜʦʚʞʥʴʦʾ ʘʨʤʘʪʫʨʠ ʜʽʘʤʝʪʨʦʤ 10 ʤʤ ɸ500ʉ 

ʚʠʟʥʘʯʘʣʠʩʷ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ ʪʨʴʦʭ ʟʨʘʟʢʽʚ ʜʦʚʞʠʥʦʶ ʧʦ 50 ʩʤ ʚ ʨʦʟʨʠʚʥʽʡ 

ʤʘʰʠʥʽ ʋʀʄ-50. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʝʞʘ ʪʝʢʫʯʦʩʪʽ ʩʪʝʨʞʥʽʚ 

ʘʨʤʘʪʫʨʠ ʩʢʣʘʜʘʻ ůy = 522,3 ʄʇʘ, ʘ ʤʝʞʘ ʤʽʮʥʦʩʪʽ  ůu = 634,4 ʄʇʘ. 

 

ʈʠʩʫʥʦʢ 5. ɺʽʜʥʦʩʥʽ ʜʝʬʦʨʤʘʮʽʾ ʙʝʪʦʥʫ ʫ ʩʪʠʩʥʫʪʽʡ ʟʦʥʽ ʧʦʷʩʫ ʘʨʢʠ ʧʦ ʽʥʜʠʢʘʪʦʨʫ I-7 



 

ñ ʇʨʦʙʣʝʤʠ ʙʫʜʽʚʝʣʴʥʦʛʦ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʽʚò 
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ʈʠʩʫʥʦʢ 6. ɺʽʜʥʦʩʥʽ ʜʝʬʦʨʤʘʮʽʾ ʚ ʟʘʪʷʞʮʽ ʘʨʢʠ 

 

ʈʠʩʫʥʦʢ 7. ɿʘʣʝʞʥʽʩʪʴ ʧʨʦʛʠʥʫ ʘʨʢʠ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ 

ʚʠʩʥʦʚʢʠ: 

¶ ɺ ʜʚʦʰʘʨʥʽʨʥʽʡ ʟʘʣʽʟʦʙʝʪʦʥʥʽʡ ʘʨʮʽ ʟ ʟʘʪʷʞʢʦʶ ʚʠʛʦʪʦʚʣʝʥʦʾ ʽʟ ʚʠʩʦʢʦʤʽʮʥʦʛʦ 

ʙʝʪʦʥʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʫ ʙʝʪʦʥʽ, ʟʤʽʥʘ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʟ ʧʝʨʝʨʦʟʧʦʜʽʣʦʤ ʚʥʫʪʨʽʰʥʽʭ ʟʫʩʠʣʴ ʫ ʧʝʨʝʨʽʟʘʭ ʚʝʨʭʥʴʦʛʦ ʧʦʷʩʫ ʧʦ 

ʡʦʛʦ ʜʦʚʞʠʥʽ. ʇʦʷʩ ʘʨʢʠ ʧʨʘʮʶʻ ʷʢ ʩʪʠʩʥʫʪʦ-ʟʽʛʥʫʪʠʡ ʝʣʝʤʝʥʪ. 

¶ ɺʽʜʥʦʩʥʽ ʜʝʬʦʨʤʘʮʽʾ ʙʝʪʦʥʫ ʩʪʠʩʢʫ ʧʨʠ ʨʫʡʥʫʚʘʥʥʽ ʘʨʢʠ ʜʦʩʷʛʣʠ ʛʨʘʥʠʯʥʠʭ 

ʟʥʘʯʝʥʴ. ʅʘ ʮʠʢʣʘʭ ʧʦʚʪʦʨʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʙʝʟ ʟʙʽʣʴʰʝʥʥʷ ʡʦʛʦ ʨʽʚʥʷ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʩʪʘʙʽʣʽʟʘʮʽʷ ʜʝʬʦʨʤʘʮʽʡ ʫ ʩʪʠʩʥʫʪʦʤʫ ʙʝʪʦʥʽ ʽ ʚʽʥ ʧʨʘʮʶʻ ʧʨʘʢʪʠʯʥʦ ʧʨʫʞʥʦ ʟ ʥʝʟʥʘʯʥʠʤ 

ʧʨʠʨʦʩʪʦʤ ʯʘʩʪʢʠ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ. 



 

 

ɿʙʽʨʥʠʢ ʤʘʪʝʨʽʘʣʽʚ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ on-line ʢʦʥʬʝʨʝʥʮʽʾ 

 çʇʈʆɹʃɽʄʀ ɹʋɼɯɺɽʃʔʅʆɻʆ ʊɸ ʊʈɸʅʉʇʆʈʊʅʆɻʆ ʂʆʄʇʃɽʂʉɯɺè. 

48                                                             x ̝̩̝̆̎̓̑́̌̎̏̔̋̑́̎̒̋̉̊ ̨̗̝̎́̏̎́̌̎̉̊ ̨̖̘̓̆̎̎̉̊ ̨̔̎̃̆̑̒̉̓ ̆̓ 

¶ ɺʽʜʥʦʩʥʽ ʜʝʬʦʨʤʘʮʽʾ ʫ ʩʪʠʩʥʫʪʽʡ ʪʘ ʨʦʟʪʷʛʥʫʪʽʡ ʨʦʙʦʯʽʡ ʘʨʤʘʪʫʨʽ ʧʦʷʩʫ ʘʨʢʠ ʟʘ 

ʨʫʡʥʽʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʫʣʠ ʤʝʥʰʠʤʠ ʟʘ ʟʥʘʯʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡ ʥʘ ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ ʩʪʘʣʽ. 

ɼʝʬʦʨʤʘʮʽʾ ʨʦʟʪʷʛʫ ʘʨʤʘʪʫʨʠ ʟʘʪʷʞʢʠ ʣʽʥʽʡʥʦ ʟʙʽʣʴʰʫʚʘʣʠʩʴ ʟʘʣʝʞʥʦ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʴ. 

¶ ɿʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʧʨʦʛʠʥʫ ʚ ʩʝʨʝʜʠʥʽ ʧʨʦʣʴʦʪʫ ʘʨʢʠ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʴ ʜʦ 

ʨʫʡʥʫʚʘʥʥʷ ʤʘʻ ʣʽʥʽʡʥʠʡ ʭʘʨʘʢʪʝʨ. ʇʝʨʰʽ ʪʨʽʱʠʥʠ ʚ ʧʦʷʩʽ ʘʨʢʠ ʟ ʚʠʩʦʢʦʤʽʮʥʦʛʦ ʙʝʪʦʥʫ 

ʫʪʚʦʨʶʶʪʴʩʷ ʟʘ ʨʽʚʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ F=0,75Fu, ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʨʽʚʥʽ (ʤʝʥʰʝ ʟʘ 0,75Fu) 

ʧʦʚʪʦʨʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʦʚʽ ʪʨʽʱʠʥʠ ʥʝ ʫʪʚʦʨʶʶʪʴʩʷ, ʘ ʨʦʟʚʠʪʦʢ ʽʩʥʫʶʯʠʭ ʪʨʽʱʠʥ 

ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ. 
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè 

 

ɺ ʽʩʥʫʶʯʽʡ ʩʪʨʫʢʪʫʨʽ ʙʫʜʽʚʥʠʮʪʚʘ  ʚʝʣʠʢʦʧʘʥʝʣʴʥʽ ʙʫʜʠʥʢʠ ʻ ʜʝʰʝʚʰʠʤʠ, ʥʽʞ 

ʢʘʨʢʘʩʥʽ ʤʦʥʦʣʽʪʥʽ ʘʙʦ ʟʙʽʨʥʦ-ʤʦʥʦʣʽʪʥʽ, ʘ ʪʘʢʦʞ ʽʟ ʥʝʩʫʯʠʤʠ ʮʝʛʣʷʥʠʤʠ ʩʪʽʥʘʤʠ. ʎʝ 

ʧʦʚôʷʟʘʥʦ ʟ ʾʭ ʧʽʜʚʠʱʝʥʦʶ ʽʥʜʫʩʪʨʽʘʣʽʟʘʮʽʻʶ, ʟʥʠʞʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʤʦʥʪʘʞʥʠʭ ʨʦʙʽʪ, 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʠʧʦʚʠʭ ʨʽʰʝʥʴ, ʟʤʝʥʰʝʥʥʷʤ ʪʝʨʤʽʥʽʚ ʙʫʜʽʚʥʠʮʪʚʘ. ɿʘʚʦʜʩʴʢʽ ʫʤʦʚʠ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʪʽʥʦʚʠʭ ʧʘʥʝʣʝʡ ʜʦʟʚʦʣʷʶʪʴ ʢʦʥʪʨʦʣʶʚʘʪʠ ʪʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʠʤʦʛʠ ʱʦ ʜʦ ʾʭ 

ʷʢʦʩʪʽ. ɽʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʘʥʝʣʴʥʦʛʦ ʙʫʜʠʥʢʫ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʧʨʠʡʥʷʪʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʽʰʝʥʥʷ ʩʪʠʢʽʚ, ʟʦʢʨʝʤʘ ʚʝʨʪʠʢʘʣʴʥʠʭ ʤʽʞʧʘʥʝʣʴʥʠʭ. 

ʋ ʧʨʘʢʪʠʮʽ  ʚʝʣʠʢʦʧʘʥʝʣʴʥʦʛʦ  ʜʦʤʦʙʫʜʽʚʥʠʮʪʚʘ  ʟʘʩʪʦʩʦʚʫʶʪʴ ʚʝʨʪʠʢʘʣʴʥʽ ʷʢ 

ʙʝʟhʧʦʥʢʦʚʽ, ʪʘʢ ʽ ʰʧʦʥʢʦʚʽ ʩʪʠʢʠ, ʦʩʪʘʥʥʽ ʤʘʶʪʴ ʙʽʣʴʰʫ ʞʦʨʩʪʢʽʩʪʴ ʽ ʢʨʘʱʽ ʽʟʦʣʷʮʽʡʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ. ɺʝʨʪʠʢʘʣʴʥʽ ʟʘʣʽʟʦʙʝʪʦʥʥʽ ʰʧʦʥʢʦʚʽ ʩʪʠʢʠ ʚʣʘʰʪʦʚʫʶʪʴ ʰʣʷʭʦʤ ʟôʻʜʥʘʥʥʷ 

ʚʠʧʫʩʢʽʚ ʘʨʤʘʪʫʨʠ ʟ ʪʦʨʮʽʚ ʧʘʥʝʣʝʡ ʟ ʧʦʜʘʣʴʰʠʤ ʟʘʤʦʥʦʣʽʯʫʚʘʥʥʷʤ ʧʦʨʦʞʥʠʥʠ ʩʪʠʢʫ.  

ʊʨʘʜʠʮʽʡʥʠʡ ʚʘʨʽʘʥʪ ï ʩʪʠʢ çʇʝʨʝʜʝʨʽʷè [1]ʧʝʨʝʜʙʘʯʘʻ ʟôʻʜʥʘʥʥʷ ʧʘʥʝʣʝʡ ʰʣʷʭʦʤ 

ʥʘʧʫʩʢʫ ʧʝʪʣʴʦʚʠʭ ʚʠʧʫʩʢʽʚ ʩʪʝʨʞʥʝʚʦʾ ʘʨʤʘʪʫʨʠ ʥʘ ʪʦʨʮʷʭ ʩʫʩʽʜʥʽʭ ʧʘʥʝʣʝʡ, ʧʨʦʧʫʩʢʫ ʯʝʨʝʟ 

ʥʠʭ ʘʥʢʝʨʥʦʛʦ ʩʪʝʨʞʥʷʟ ʥʘʩʪʫʧʥʠʤ ʟʘʤʦʥʦʣʽʯʫʚʘʥʥʷʤ (ʨʠʩ. 1, ʘ).  ʅʝʜʦʣʽʢʘʤʠ ʜʘʥʦʛʦ ʪʠʧʫ 

ʚôʷʟʝʡ ʻ, ʧʝʨʰ ʟʘ ʚʩʝ: ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʝʢʪʥʦʛʦ ʢʣʘʩʫ ʙʝʪʦʥʫ ʟʘʤʦʥʦʣʽʯʫʚʘʥʥʷ 

ʩʪʠʢʫ; ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʫʙʣʶʶʯʠʭ ʟʚôʷʟʢʽʚ ʘʙʦ ʜʦʜʘʪʢʦʚʠʭ ʤʦʥʪʘʞʥʠʭ ʧʨʠʩʪʦʩʫʚʘʥʴ ʥʘ ʧʝʨʽʦʜ 

ʥʘʙʦʨʫ ʥʠʤ ʤʽʮʥʦʩʪʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʞʦʨʩʪʢʦʩʪʽ; ʩʢʣʘʜʥʽʩʪʴ ʚʝʜʝʥʥʷ ʨʦʙʽʪ ʫ 

ʟʠʤʦʚʠʡ ʯʘʩ; ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʣʘʰʪʫʚʘʥʥʷ ʧʝʪʣʴʦʚʠʭ ʚʠʧʫʩʢʽʚ ʫ ʪʦʨʮʷʭ ʧʘʥʝʣʝʡ, ʱʦ ʟʥʘʯʥʦ 

ʫʩʢʣʘʜʥʶʻ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ (ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʜʙʘʯʘʪʠ ʦʪʚʦʨʠ ʚ ʦʧʘʣʫʙʮʽ ʜʣʷ ʧʨʦʧʫʩʢʫ ʧʝʪʝʣʴ, 

ʷʢʽ ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʟʥʠʡ ʢʨʦʢ) ʪʘ ʤʦʥʪʘʞ (ʧʝʪʣʽ ʧʦʪʨʽʙʥʦ ʟʘʛʠʥʘʪʠ, ʚʦʥʠ ʤʦʞʫʪʴ ʧʦʰʢʦʜʠʪʠ 

ʪʦʨʮʽ ʧʘʥʝʣʝʡ).  

 

 

 

 

 

 
ʘ                                                              ʙ 

ʈʠʩʫʥʦʢ 1  ʂʦʥʩʪʨʫʢʮʽʷ ʪʨʘʜʠʮʽʡʥʦʛʦ (ʘ) ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʦʛʦ (ʙ) ʩʪʠʢʫ ʩʪʽʥʦʚʠʭ ʧʘʥʝʣʝʡ  

ʟ ʧʝʪʝʣʴʥʠʤʠ ʚʠʧʫʩʢʘʤʠ 

 
ʇʨʠʢʣʘʜʦʤ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʩʪʠʢʽʚ ʽʟ ʘʨʤʘʪʫʨʥʠʤʠ ʧʝʪʣʷʤʠ ʷʚʣʷʻʪʴʩʷ 

ʢʦʥʩʪʨʫʢʮʽʷ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʚ [2]. ɻʦʣʦʚʥʘ ʾʾ ʚʽʜʤʽʥʥʽʩʪʴ ʧʦʣʷʛʘʻ ʚ ʦʨʽʻʥʪʘʮʽʾ ʪʘ ʨʦʟʪʘʰʫʚʘʥʥʽ 

ʘʨʤʘʪʫʨʥʠʭ ʧʝʪʝʣʴ, ʢʦʪʨʽ ʨʦʟʤʽʱʫʶʪʴʩʷ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʽʟ ʨʽʟʥʦʶ ʚʽʜʩʪʘʥʥʶ ʤʽʞ 

ʥʠʤʠ ʜʣʷ ʩʫʤʽʞʥʠʭ ʧʘʥʝʣʝʡ (ʨʠʩ. 1, ʙ). ɸʥʘʣʦʛʽʯʥʦ ʢʣʘʩʠʯʥʦʤʫ ʨʽʰʝʥʥʶ ʥʘʷʚʥʘ ʚʝʨʪʠʢʘʣʴʥʘ 

ʘʨʤʘʪʫʨʘ, ʢʨʽʤ ʪʦʛʦ ʧʝʨʝʜʙʘʯʝʥʝ ʜʦʜʘʪʢʦʚʝ ʘʥʢʝʨʫʚʘʥʥʷ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ 

ʩʪʝʨʞʥʷʤʠ ʜʚʦʪʘʚʨʦʚʦʛʦ ʧʨʦʬʽʣʶ (ʨʠʩ. 1, ʙ).  

ʂʦʤʧʘʥʽʻʶ çPeikkoè (ʌʽʥʣʷʥʜʽʷ) [3]ʨʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʫʣʘʰʪʫʚʘʥʥʷ ʚʝʨʪʠʢʘʣʴʥʠʭ 

ʤʦʥʦʣʽʪʥʠʭ ʰʧʦʥʢʦʚʠʭ ʩʪʠʢʽʚ ʽʟ ʧʝʪʣʴʦʚʠʤ ʧʦʧʝʨʝʯʥʠʤ ʘʨʤʫʚʘʥʥʷʤ, ʚ ʷʢʦʤʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʨʦʩʦʚʽ ʧʝʪʣʽ ʟʘʤʽʩʪʴ ʞʦʨʩʪʢʠʭ(ʨʠʩ. 2), ʱʦ ʩʧʨʦʱʫʻ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ 

ʤʦʥʪʘʞ ʧʘʥʝʣʝʡ. ʂʦʥʩʪʨʫʢʮʽʷ PVL ʷʚʣʷʻ ʩʦʙʦʶ ʤʝʪʘʣʝʚʫ ʢʦʨʦʙʢʫ ʟ ʪʦʥʢʦʾ ʞʝʨʩʪʽ, ʚʩʝʨʝʜʠʥʽ 

ʷʢʦʾ ʟʥʘʭʦʜʠʪʴʩʷ ʪʨʦʩʦʚʘ ʧʝʪʣʷ ʟ ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ ʜʽʘʤʝʪʨʦʤ 6 ʤʤ. ʇʽʩʣʷ ʚʽʜʢʨʠʚʘʥʥʷ 

ʢʦʨʦʙʢʠ ʧʝʪʣʷ ʟʘʡʤʘʻ ʧʨʦʝʢʪʥʝ ʧʦʣʦʞʝʥʥʷ: ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʧʦʨʥʽʡ ʧʣʦʱʠʥʽ. ʂʽʥʮʽ ʪʨʦʩʘ 



 

 

ɿʙʽʨʥʠʢ ʤʘʪʝʨʽʘʣʽʚ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ on-line ʢʦʥʬʝʨʝʥʮʽʾ 

 çʇʈʆɹʃɽʄʀ ɹʋɼɯɺɽʃʔʅʆɻʆ ʊɸ ʊʈɸʅʉʇʆʈʊʅʆɻʆ ʂʆʄʇʃɽʂʉɯɺè. 

50                                                             x ̝̩̝̆̎̓̑́̌̎̏̔̋̑́̎̒̋̉̊ ̨̗̝̎́̏̎́̌̎̉̊ ̨̖̘̓̆̎̎̉̊ ̨̔̎̃̆̑̒̉̓ ̆̓ 

ʧʝʪʣʽ ʟ ʾʾ ʟʦʚʥʽʰʥʴʦʾ (ʟʘʜʥʴʦʾ) ʩʪʦʨʦʥʠ ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʡ ʦʙʪʠʩʥʫʪʽ ʩʪʘʣʝʚʦʶ ʚʪʫʣʢʦʶ. 

ʇʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʧʘʥʝʣʝʡ ʟʘʢʨʠʪʽ ʢʦʨʦʙʢʠ ʟ ʚʢʣʘʜʝʥʠʤʠ ʚ ʥʠʭ ʛʥʫʯʢʠʤʠ ʧʝʪʣʷʤʠ, 

ʚʩʪʘʥʦʚʣʶʶʪʴ ʫ ʪʦʨʮʽ ʥʝʩʫʯʦʛʦ ʰʘʨʫ ʧʘʥʝʣʽ ʘʥʢʝʨʦʤ ʚʩʝʨʝʜʠʥʫ. ʇʽʩʣʷ ʟʚʽʣʴʥʝʥʥʷ ʽ 

ʚʠʧʨʘʚʣʝʥʥʷ ʚʩʽʭ ʧʝʪʝʣʴ ʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʩʪʠʢʫ ʢʨʽʟʴ ʥʠʭ ʧʨʦʧʫʩʢʘʻʪʴʩʷ ʘʥʢʝʨʥʠʡ ʩʪʝʨʞʝʥʴ 

ʜʦʚʞʠʥʦʶ, ʱʦ ʜʦʨʽʚʥʶʻ  ʜʦʚʞʠʥʽ ʰʚʘ (ʚʠʩʦʪʽ ʧʦʚʝʨʭʫ).   

 

 
ʈʠʩʫʥʦʢ 2 ï ʂʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ʚʠʨʦʙʫ PVL ʪʘ ʩʪʠʢ:SL  ʜʦʚʞʠʥʘ ʧʝʪʣʽ;  

D  ʛʘʙʘʨʠʪ ʰʧʦʥʢʦʚʦʛʦ ʩʪʠʢʫ;L2  ʜʦʚʞʠʥʘʘʥʢʝʨʫʚʘʥʥʷ; L  ʥʘʧʫʩʢ ʧʝʪʝʣʴ;  

L1ĬBĬH   ʛʘʙʘʨʠʪʠ ʢʦʨʧʫʩʫ ʧʝʪʣʽ 

 

ʉʪʠʢʫʚʘʥʥʷ ʧʘʥʝʣʝʡ ʥʘ ʪʨʦʩʦʚʠʭ ʧʝʪʣʷʭ ʧʦʪʨʝʙʫʻ ʜʦʪʨʠʤʘʥʥʷ ʧʝʚʥʠʭ ʧʨʘʚʠʣ 

ʤʦʥʪʘʞʫ,ʦʙʤʝʞʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡ ʧʝʪʝʣʴ, ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʢʣʘʩʫ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʥʝ ʥʠʞʯʝ 

ʉ25/30. ʇʨʠ ʤʦʥʪʘʞʫ ʧʘʥʝʣʝʡ ʜʦʧʫʩʢʘʻʪʴʩʷ ʾʭ ʜʝʬʦʨʤʘʮʽʷ, ʘʣʝ ʥʝ ʙʽʣʴʰʝ ʥʽʞ ʥʘ ʢʫʪ 50ʦ, ʪʘ 

ʟʤʽʱʝʥʥʷ ʧʦ ʛʦʨʠʟʦʥʪʘʣʽ ʚʽʜ ʧʨʦʝʢʪʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʥʝ ʙʽʣʴʰʝ ʥʽʞ 12 ʤʤ (ʨʠʩ. 3, ʨʠʩ. 4). 

ʗʢʱʦ ʚʽʜʭʠʣʝʥʥʷ ʧʦ ʛʦʨʠʟʦʥʪʘʣʽ ʧʝʨʝʚʠʱʫʻ ʟʘʟʥʘʯʝʥʝ,  ʪʦ ʚʽʜʙʫʚʘʻʪʴʩʷ   ʟʤʝʥʰʝʥʥʷ    

ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʟ  250 ï 300 ʢʅ  (ʚʽʜʭʠʣʝʥʥʷ  12  ʤʤ)  ʜʦ  150 ʢH   (ʚʽʜʭʠʣʝʥʥʷ 32 ʤʤ),  ʽ  

ʥʘʚʽʪʴ 140 ʢH ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʚʽʜʭʠʣʝʥʥʽ 40 ʤʤ(ʨʠʩ. 4). ʆʪʞʝ ʮʝ ʜʦʟʚʦʣʷʻ ʯʘʩʪʢʦʚʦ 

ʥʽʚʝʣʶʚʘʪʠ  ʣʶʜʩʴʢʠʡ ʬʘʢʪʦʨ ʧʨʠ ʟʚʝʜʝʥʥʽ ʙʫʜʽʚʣʽ. 

ʈʠʩʫʥʦʢ  3  ʉʭʝʤʘ ʨʦʙʦʪʠ ʧʝʪʣʽ ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ ʟ ʫʭʠʣʦʤ  

ɻʨʘʬʽʢ (ʨʠʩ.4) ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʟʛʽʜʥʦ ʧʨʦʛʨʘʤʠ 

ʚʠʧʨʦʙʫʚʘʥʴ ʢʦʤʧʘʥʽʾ Peikko, ʜʦʩʣʽʜʠ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʚ ʣʘʙʦʨʘʪʦʨʽʾ ʅʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ 

ʽʥʩʪʠʪʫʪʫ VTT ʚ ʌʽʥʣʷʥʜʽʾ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʧʝʮʽʘʣʴʥʦʛʦ ʮʝʤʝʥʪʥʦʛʦ ʨʦʟʯʠʥʫ ʟ ʙʽʣʴʰ 

ʚʠʩʦʢʦʶ ʤʽʮʥʽʩʪʶ ʧʨʠ ʩʪʠʩʢʫ, ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰ ʚʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ.  

ʂʨʽʤ ʪʨʦʩʦʚʠʭ ʧʝʪʝʣʴ PVL, ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʝʪʣʽ HLB [4]. ɰʭ ʢʦʥʩʪʨʫʢʪʠʚ ʧʦʜʽʙʥʠʡ ʪʘ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ (ʨʠʩ. 5): ʧʝʪʣʽ ʧʨʠ ʚʽʜʢʨʠʚʘʥʥʽ ʢʨʠʰʢʠ ʘʚʪʦʤʘʪʠʯʥʦ 

ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʚ ʨʦʙʦʯʝ ʧʦʣʦʞʝʥʥʷ; ʜʝʢʽʣʴʢʘ ʢʦʨʦʙʦʢ ʟ ʪʨʦʩʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʦʙôʻʜʥʘʥʥʽ ʚ 

ʦʜʥʫ ʩʠʩʪʝʤʫ, ʱʦ ʩʧʨʦʱʫʻ ʤʦʥʪʘʞ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʧʘʥʝʣʽ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰʫ ʤʽʮʥʽʩʪʴ. 
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ʈʠʩʫʥʦʢ4 ï ɿʘʣʝʞʥʽʩʪʴ ʟʫʩʠʣʣʷ   ʟʩʫʚʫ 

ʚʽʜ ʟʤʽʱʝʥʥʷ ʧʝʪʣʽʚʽʜ ʧʨʦʝʢʪʥʦʛʦ 

ʧʦʣʦʞʝʥʥʷ ʚ 

ʦʜʥʦʰʧʦʥʢʦʚʦʤʫ ʩʪʠʢʫ ʟ ʜʽʘʤʝʪʨʦʤ ʪʨʦʩʫ 6 ʤʤ 

ʈʠʩʫʥʦʢ5ï ʊʠʧʠ ʩʪʠʢʽʚ HLB 

ʄʝʪʦʜ ʟôʻʜʥʘʥʥʷ ʥʘ ʪʨʦʩʦʚʠʭ ʧʝʪʣʷʭ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʧʘʣʫʙʢʫ ʩʪʽʥʦʚʦʾ 

ʧʘʥʝʣʽ ʙʘʛʘʪʦʨʘʟʦʚʦ, ʽʥʜʠʚʽʜʫʘʣʴʥʦ ʟʤʽʥʶʚʘʪʠ ʢʨʦʢ ʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʰʧʦʥʦʢ, ʩʫʪʪʻʚʦ 

ʩʧʨʦʱʫʻʪʴʩʷ ʤʦʥʪʘʞ ʧʘʥʝʣʝʡ  ̔ʧʽʜʚʠʱʫʻ ʷʢʽʩʪʴ ʩʪʠʢʽʚ. 

 ɿʘʜʘʯʘ ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʥʘʜʘʥʥʽ ʧʨʦʧʦʟʠʮʽʡ ʱʦʜʦ ʤʝʪʦʜʠʢʠ 

ʨʦʟʨʘʭʫʥʢʫ ʟʘʟʥʘʯʝʥʠʭ ʩʪʠʢʽʚ. 
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ʉʫʯʘʩʥʠʡ ʨʽʚʝʥʴ ʷʢʦʩʪʽ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʤʘʰʠʥ ʜʣʷ ʟʝʤʣʷʥʠʭ ʨʦʙʽʪ ʚʠʤʘʛʘʻ 

ʥʦʚʠʭ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʨʦʟʨʦʙʢʠ ʾʭ ʨʦʙʦʯʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚʽʜʦʤʽ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʨʽʰʝʥʥʷ ʧʣʦʩʢʠʭ ʥʦʞʦʚʠʭ 

ʩʠʩʪʝʤ (ʅʉ) ʙʫʣʴʜʦʟʝʨʽʚ: ʪʨʘʜʠʮʽʡʥʦʛʦ ʪʠʧʫ ʽʟ ʨʦʟʤʽʱʝʥʥʷʤ ʨʽʞʫʯʠʭ ʢʨʘʾʚ ʥʦʞʽʚ ʥʘ ʦʜʥʽʡ 

ʣʽʥʽʾ; ʟ ʚʠʩʪʫʧʥʠʤ ʩʝʨʝʜʥʽʤ ʥʦʞʝʤ (ɺʉʅ); ʟ ʚʠʩʪʫʧʥʠʤʠ ʥʦʞʘʤʠ ʽ ʙʽʯʥʠʤʠ ʢʦʩʠʥʢʘʤʠ (ɺʅ ʽ 

ɹʂ), ʘ ʪʘʢʦʞ ʧʨʦʩʪʦʨʦʚʠʭ ʅʉ ʟ ʨʦʟʤʽʱʝʥʥʷʤ ʥʦʞʦʚʠʭ ʧʣʘʩʪʠʥ ʧʦ ʧʨʷʤʦʢʫʪʥʦʤʫ ʧʨʦʬʽʣʶ, ʘ 

ʪʘʢʦʞ ʅʉ ʟ ʥʦʞʦʚʠʤʠ ʧʣʘʩʪʠʥʘʤʠ ʪʨʘʧʝʮʽʻʧʦʜʽʙʥʦʾ ʬʦʨʤʠ. ɰʭ ʧʨʦʚʝʜʝʥʥʷ ʥʘ ʨʽʚʥʽ ʥʘʫʢʦʚʠʭ 

ʨʦʙʽʪ ʩʚʽʜʯʠʪʴ ʧʨʦ ʘʢʪʫʘʣʴʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʚʠʜʽʚ ʅʉ ʜʣʷ ʙʫʣʴʜʦʟʝʨʽʚ.  

ɸʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʽ ʨʦʟʨʦʙʢʠ ʙʫʣʴʜʦʟʝʨʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦʙ 

ʧ̔ ʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʧʦʚʦʨʦʪʥʦʛʦ ʙʫʣʴʜʦʟʝʨʥʦʛʦ 

ʚʽʜʚʘʣʘ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʥʴʦʤʫ ʅʉ ʥʦʚʦʛʦ ʪʠʧʫ, ʘ ʩʘʤʝ, ʧʨʦʩʪʦʨʦʚʦʾ ʥʦʞʦʚʦʾ 

ʩʠʩʪʝʤʠ (ʇʅʉ). 

ʆʩʢʽʣʴʢʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʚʘʨʽʘʥʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʅʉ ʥʘ ʙʫʣʴʜʦʟʝʨʘʭ ʫ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʚʽʜʩʫʪʥʽ, ʪʦ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ ʟʘʧʘʪʝʥʪʦʚʘʥʽ. ʊʘʢʠʤ ʯʠʥʦʤ 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʪʝʤʘ ʜʦʩʣʽʜʞʝʥʴ ʻ ʘʢʪʫʘʣʴʥʦʶ. ʂʨʽʤ ʪʦʛʦ, ʘʢʪʫʘʣʴʥʽʩʪʴ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ 

ʰʠʨʦʢʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʫʣʴʜʦʟʝʨʽʚ ʫ ʙʫʜʽʚʥʠʮʪʚʽ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ˇʨʫʥʪʦʚʠʭ 

ʩʧʦʨʫʜ (ʜʦʨʽʛ, ʥʘʩʠʧʽʚ, ʜʘʤʙ, ʪʦʱʦ). 

ʆʩʥʦʚʥʘ ʤʝʪʘ ʜʦʩʣʽʜʞʝʥʴ ʫ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ - ʨʦʟʨʦʙʢʘ ʝʬʝʢʪʠʚʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʇʅʉ 

ʜʣʷ ʥʝʧʦʚʦʨʦʪʥʦʛʦ ʙʫʣʴʜʦʟʝʨʥʦʛʦ ʚʽʜʚʘʣʘ ʥʘ ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʩʦʛʦ ʨʽʟʘʥʥʷ, ʷʢʫ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽ ʥʘ ʽʥʰʠʭ ʤʘʰʠʥʘʭ ʛʨʫʧʠ ɿʊʄ. 

ʊʝʦʨʝʪʠʯʥʽ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʚʟʘʻʤʦʜʽʾ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ (ʈʆ) 

ʙʫʣʴʜʦʟʝʨʽʚ ʟ ˇʨʫʥʪʦʤ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʧʨʦʮʝʩʫ ʢʦʧʘʥʥʷ ˇʨʫʥʪʫ ʪʘ 

ʟʤʝʥʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʢʦʧʘʥʥʷ. 

ʊʝʭʥʽʯʥʘ ʟʘʜʘʯʘ, ʱʦ ʚʠʨʽʰʫʻʪʴʩʷ ʇʅʉ, ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʦʻʤʥʦʩʪʽ 

ʢʦʧʘʥʥʷ ˇʨʫʥʪʫ ʙʫʣʴʜʦʟʝʨʥʠʤ ʚʽʜʚʘʣʦʤ, ʧʦʣʽʧʰʝʥʥʷ ʥʘʛʨʦʤʘʜʞʝʥʥʷ ʪʘ ʧʝʨʝʤʽʱʝʥʥʷ ˇʨʫʥʪʫ 

ʧʦ ʚʽʜʚʘʣʫ ʽ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ˇʨʫʥʪʫ ʚ ʙʦʢʦʚʽ ʚʘʣʠʢʠ ï ʚʠʨʽʰʫʻʪʴʩʷ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʠʢʣʶʯʥʦ ʢʦʩʦʛʦ ʢʦʧʘʥʥʷ ˇʨʫʥʪʫ, ʩʪʚʦʨʝʥʥʷ ʫʤʦʚ ʩʧʨʷʤʫʚʘʥʥʷ ʚʽʜʜʽʣʝʥʦʾ ʚʽʜ ʤʘʩʠʚʫ 

ˇʨʫʥʪʦʚʦʾ ʩʪʨʫʞʢʠ ʚʩʝʨʝʜʠʥʫ ʧʨʠʟʤʠ ˇʨʫʥʪʫ ʧʝʨʝʜ ʚʽʜʚʘʣʦʤ, ʟʘʤʽʥʠ ʙʣʦʢʦʚʘʥʦʛʦ ʢʦʧʘʥʥʷ 

ˇʨʫʥʪʫ ʥʘʧʽʚʚʽʣʴʥʠʤ ʯʠ ʚʽʣʴʥʠʤ ʽ ʫʪʚʦʨʝʥʥʷ ʧʣʦʩʢʦʾ ʯʠ ʥʝʧʣʦʩʢʦʾ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ 

ʙʫʣʴʜʦʟʝʨʥʠʤ ʚʽʜʚʘʣʦʤ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚʽʜʚʘʣ ʙʫʣʴʜʦʟʝʨʘ ʟ ʇʅʉ (ʨʠʩ. 1) ʚʢʣʶʯʘʻ ʪʨʘʜʠʮʽʡʥʠʡ ʥʝʧʦʚʦʨʦʪʥʠʡ 

ʚʽʜʚʘʣ 1, ʨʽʞʫʯʽ ʥʦʞʽ 2 ʟ ʨʽʞʫʯʠʤʠ ʢʨʘʷʤʠ 3 ʪʘ ʙʽʯʥʽ ʢʦʩʠʥʢʠ 4. ʈʽʞʫʯʽ ʥʦʞʽ 2 ʚʠʢʦʥʘʥʽ ʟ 

ʦʢʨʝʤʠʭ ʧʣʘʩʪʠʥ ʽ ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʧʦʧʘʨʥʦ ʽ ʟ ʚʽʜʚʘʣʦʤ 1. ʈʽʞʫʯʽ ʢʨʘʾ 3, ʚʽʜʨʽʟʢʠ ʷʢʠʭ 

ʧʦʟʥʘʯʝʥʽ ʪʦʯʢʘʤʠ ɸ, ɺ, ʉ, ʥʦʞʽʚ 2, ʤʦʞʫʪʴ ʟʥʘʭʦʜʠʪʠʩʷ ʚ ʦʜʥʽʡ ʯʠ ʚ ʨʽʟʥʠʭ ʧʣʦʱʠʥʘʭ, 

ʨʦʟʪʘʰʦʚʘʥʽ ʩʠʤʝʪʨʠʯʥʦ ʚʽʜʥʦʩʥʦ ʧʦʜʦʚʞʥʴʦʾ ʚʝʨʪʠʢʘʣʴʥʦʾ ʧʣʦʱʠʥʠ ʩʠʤʝʪʨʽʾ ʚʽʜʚʘʣʘ 1 ʧʽʜ 

ʟʘʜʘʥʠʤ ʢʫʪʦʤ ʤʽʞ ʩʦʙʦʶ ʫ ʬʨʦʥʪʘʣʴʥʽʡ ʽ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʨʦʝʢʮʽʾ, ʤʦʞʫʪʴ ʙʫʪʠ 

ʧʨʷʤʦʣʽʥʽʡʥʠʤʠ ʯʠ ʢʨʠʚʦʣʽʥʽʡʥʠʤʠ, ʢʽʣʴʢʽʩʪʴ ʧʘʨ ʤʦʞʝ ʙʫʪʠ ʟʘʜʘʥʘ, ʘ ʢʫʪ ʥʘʭʠʣʫ ʧʣʘʩʪʠʥ 

ʥʦʞʽʚ 2 ʜʦ ʛʦʨʠʟʦʥʪʘʣʽ ʟʘʜʘʻʪʴʩʷ ʨʦʟʤʽʱʝʥʥʷʤ ʥʦʞʦʚʦʾ ʩʠʩʪʝʤʠ ʚ ʤʝʞʘʭ ʛʣʠʙʠʥʠ ʢʦʧʘʥʥʷ 

ʪʨʘʜʠʮʽʡʥʦʛʦ ʥʦʞʘ, ʘʙʦ ʜʦʨʽʚʥʶʻ ʡʦʛʦ ʨʘʮʽʦʥʘʣʴʥʦʤʫ ʟʥʘʯʝʥʥʶ ʜʣʷ ʙʫʣʴʜʦʟʝʨʽʚ. ɺʽʜʚʘʣ ʟ 

ʇʅʉ ʤʘʻ ʧʝʨʝʚʘʛʫ ʪʦʤʫ, ʱʦ ʧʨʠ ʡʦʛʦ ʨʦʙʦʪʽ ʩʪʚʦʨʶʻʪʴʩʷ ʙʝʟʩʪʫʧʽʥʯʘʩʪʠʡ ʨʦʟʧʦʜʽʣ ʟʫʩʠʣʴ ʚ 

ʤʝʞʘʭ ʬʨʘʛʤʝʥʪʫ ʅʉ. ʇʅʉ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʬʨʘʛʤʝʥʪ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʘʨʠ ʟʫʩʪʨʽʯʥʦ 

ʥʘʧʨʘʚʣʝʥʠʭ ʥʦʞʽʚ.  

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʇʅʉ ʤʦʞʥʘ ʨʦʟʤʽʩʪʠʪʠ ʟ ʙʦʢʫ ʣʦʙʦʚʦʾ ʧʣʦʱʠʥʠ ʚʽʜʚʘʣʘ ʙʫʣʴʜʦʟʝʨʘ, 

ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʪʦʶ ʚʽʜʚʘʣʘ ʅɺ, ʥʝ ʚʨʘʭʦʚʫʶʯʠ ʚʠʩʦʪʫ ʢʦʟʠʨʢʘ ʅʂ. 
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ʇʨʠ ʮʴʦʤʫ ʨʦʟʤʽʱʝʥʥʷ ʇʅʉ ʟ ʙʦʢʫ ʣʦʙʦʚʦʾ ʧʣʦʱʠʥʠ ʚʽʜʚʘʣʘ ʙʫʣʴʜʦʟʝʨʘ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʦʟʤʽʨʘʤʠ ʅ1, ʅ2, ʅ3. ʈʦʟʤʽʨʠ ʅ1 ʽ ʅ2 ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʨʦʧʦʨʮʽʡʥʠʡ 

ʨʦʟʧʦʜʽʣ ʟʘʛʘʣʴʥʦʾ ʪʦʚʱʠʥʠ ʩʪʨʫʞʢʠ Hʢʦʧ, ʚʠʨʽʟʘʥʦʾ ʚʠʩʪʫʧʥʠʤʠ ʪʦʯʢʘʤʠ ɸ ʽ ɺ ʚʧʝʨʝʜ ʥʘ 

ʚʝʣʠʯʠʥʫ L ʽ ʚʠʱʝ ʥʘ ʚʝʣʠʯʠʥʫ ʅ2 ʪʦʯʢʠ ʉ ʨʽʞʫʯʦʛʦ ʢʨʘʶ ʇʅʉ. ʈʦʟʤʽʨ ʅ3 ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʨʦʟʤʽʱʝʥʥʷ ʪʦʯʦʢ ɸ ʽ ɺ ʧʦʧʝʨʝʜʫ ʽ ʥʠʞʯʝ ʪʦʯʢʠ ʉ. 

 
ʘ)                                              ʙ)                                             ʚ)                                          ʛ) 

 
ʜ)                                              ʝ)                                             ʻ)                                          ʞ) 

ɸ, ɺ, ʉ ï ʭʘʨʘʢʪʝʨʥʽ ʪʦʯʢʠ ʨʽʞʫʯʠʭ ʢʨʘʾʚ; ʘ ï ʛ ï ʟ ʦʜʥʽʻʶ, ʜʚʦʤʘ, ʪʨʴʦʤʘ, ʯʦʪʠʨʤʘ ʧʘʨʘʤʠ ʨʽʞʫʯʠʭ 

ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʥʦʞʽʚ; ʜ ï ʞ ï ʪʝ ʞ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʥʦʞʽʚ; 1 - ʪʨʘʜʠʮʽʡʥʠʡ ʥʝʧʦʚʦʨʦʪʥʠʡ ʚʽʜʚʘʣ;  

2 - ʨʽʞʫʯʽ ʥʦʞʽ; 3 - ʨʽʞʫʯʽ ʢʨʘʾ; 4 - ʙʽʯʥʽ ʢʦʩʠʥʢʠ; 

ʈʠʩʫʥʦʢ 1 - ɺʽʜʚʘʣʠ ʙʫʣʴʜʦʟʝʨʘ ʟ ʇʅʉ 

 

ɯʥʪʝʥʩʠʬʽʢʘʮʽʷ ʧʨʦʮʝʩʫ ʫʱʽʣʴʥʝʥʥʷ ʥʘʩʠʧʥʦʛʦ ˇʨʫʥʪʫ ʤʦʞʣʠʚʘ, ʟʦʢʨʝʤʘ, ʟʘ ʨʘʭʫʥʦʢ 

ʧʨʠʩʢʦʨʝʥʥʷ ʡʦʛʦ ʫʱʽʣʴʥʝʥʥʷ ʰʣʷʭʦʤ ʟʙʽʣʴʰʝʥʥʷ ʨʦʙʦʯʠʭ ʥʘʧʨʫʞʝʥʴ ʥʘ ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʫ 

ʈʆ ʟ ˇʨʫʥʪʦʤ. ɼʣʷ ʫʩʫʥʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʚʠʩʣʠʟʘʥʥʷ ˇʨʫʥʪʫ ʟ-ʧʽʜ ʈʆ ʚʥʘʩʣʽʜʦʢ ʡʦʛʦ 

ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʧʨʦʧʦʥʫʻʪʴʩʷ ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʈʆ 

ˇʨʫʥʪʦʫʱʽʣʴʥʶʚʘʣʴʥʠʭ ʤʘʰʠʥ (ɻʋʄ) ʟʽ ʩʧʝʮʽʘʣʴʥʠʤʠ ʧʨʦʬʽʣʴʥʠʤʠ ʨʦʙʦʯʠʤʠ ʧʦʚʝʨʭʥʷʤʠ 

ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʝʜʝʥʥʷ ʨʦʙʽʪ. ʉʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʈʆ ʚʽʜʩʪʘʻ ʚʽʜ ʩʫʯʘʩʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʠʤʦʛ, ʱʦ ʧʨʝʜ'ʷʚʣʷʶʪʴʩʷ ʜʦ ʤʘʰʠʥ, ʟʘʜʽʷʥʠʭ ʫ ʧʦʦʧʝʨʘʮʽʡʥʽʡ ʪʝʭʥʦʣʦʛʽʾ 

ʫʱ̔ ʣʴʥʝʥʥʷ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʤʝʪʦʜʠʢ, ʟʦʢʨʝʤʘ ʜʣʷ ʢʦʪʢʽʚ ʽ 

ʚʽʙʨʦʧʣʠʪ. 

ɯʩʥʫʶʯʘ ʪʝʭʥʦʣʦʛʽʷ ʫʱʽʣʴʥʝʥʥʷ ˇʨʫʥʪʽʚ ʟʘʩʥʦʚʘʥʘ ʥʘ ʤʝʪʦʜʠʢʘʭ ʨʦʟʨʘʭʫʥʢʫ 

ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʈʆ ɻʋʄ ʟ ʛʣʘʜʝʥʴʢʦʶ ʨʦʙʦʯʦʶ ʧʦʚʝʨʭʥʝʶ, ʷʢ ʧʨʘʚʠʣʦ, ʨʝʢʦʤʝʥʜʫʻ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʪʘʪʠʯʥʠʡ ʤʝʪʦʜ ʫʱʽʣʴʥʝʥʥʷ ˇʨʫʥʪʫ, ʧʨʠ ʷʢʦʤʫ ʥʝʦʙʭʽʜʥʘ ʚʝʣʠʯʠʥʘ 

ʢʽʥʮʝʚʦʾ ʱʽʣʴʥʦʩʪʽ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʧʨʦʭʦʜʞʝʥʥʷ ʢʦʪʢʘʤʠ ʯʠ 

ʚʽʙʨʦʧʣʠʪʘʤʠ, ʧʨʠ ʮʴʦʤʫ ʰʘʨ ʫʱʽʣʴʥʶʚʘʥʦʛʦ ˇʨʫʥʪʫ ʪʨʘʜʠʮʽʡʥʦ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʤʝʞʘʭ 

0,1é0,15 ʤ. 

ʆʩʥʦʚʥʘ ʤʝʪʘ ʜʦʩʣʽʜʞʝʥʴ ʫ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ï ʚʠʟʥʘʯʠʪʠ ʛʨʫʧʠ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʨʦʮʝʩ ʫʱʽʣʴʥʝʥʥʷ ˇʨʫʥʪʫ ʪʝʦʨʝʪʠʯʥʠʤ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ. 

ʉʠʪʫʘʮʽʷ, ʱʦ ʩʢʣʘʣʘʩʷ, ʧʦʢʘʟʫʻ, ʱʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʫʱʽʣʴʥʝʥʥʷ ʧʨʠ 

ʟʥʠʞʝʥʥʽ ʢʽʣʴʢʦʩʪʽ ʧʨʦʭʦʜʽʚ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʜʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʊʘʢ ʩʘʤʦ ʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʦʪʨʠʤʘʥʥʽ ʥʦʚʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʧʨʦʮʝʩ ʫʱʽʣʴʥʝʥʥʷ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ. 

ɺ ʷʢʦʩʪʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʫʱʽʣʴʥʶʶʯʦʛʦ ʧʨʠʩʪʨʦʶ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʨʦʬʽʣʴʥʘ 

ʫʱʽʣʴʥʶʚʘʣʴʥʘ ʧʦʚʝʨʭʥʷ ʢʦʪʢʘ ʯʠ ʚʽʙʨʦʧʣʠʪʠ ʟʽ ʩʧʨʷʤʦʚʘʥʠʤʠ ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʢʦʣʠʚʘʥʥʷʤʠ. 

ʇʨʦʮʝʩ ʫʱʽʣʴʥʝʥʥʷ ˇʨʫʥʪʫ ʢʦʪʢʦʤ ʯʠ ʚʽʙʨʘʮʽʡʥʦʶ ʧʣʠʪʦʶ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʪʨʴʦʤʘ ʛʨʫʧʘʤʠ 

ʧʘʨʘʤʝʪʨʽʚ: ʢʦʥʩʪʨʫʢʮʽʡʥʠʤʠ, ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʽ ʟʥʘʯʫʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 



 

 

ɿʙʽʨʥʠʢ ʤʘʪʝʨʽʘʣʽʚ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ on-line ʢʦʥʬʝʨʝʥʮʽʾ 
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54                                                             x ̝̩̝̆̎̓̑́̌̎̏̔̋̑́̎̒̋̉̊ ̨̗̝̎́̏̎́̌̎̉̊ ̨̖̘̓̆̎̎̉̊ ̨̔̎̃̆̑̒̉̓ ̆̓ 

ɼʦ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʦʧʣʠʪ ʽ ʢʦʪʢʽʚ ʚʽʜʥʦʩʷʪʴʩʷ: ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ 

ʦʧʦʨʥʦʾ ʧʦʚʝʨʭʥʽ ʚʘʣʴʮʷ ʢʦʪʢʘ (ʡʦʛʦ ʟʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ D ʽ ʰʠʨʠʥʘ B), ʜʦʚʞʠʥʘ ʦʧʦʨʥʦʾ Lʦ ʽ 

ʧʦʭʠʣʦʾ ʧʦʚʝʨʭʥʽ Lʧ ʧʦʚʝʨʭʥʽ ʚʽʙʨʦʧʣʠʪʠ, ʤʘʩʘ G ʚʘʣʴʮʷ ʢʦʪʢʘ ʯʠ ʚʽʙʨʦʧʣʠʪʠ ʽ ʰʠʨʠʥʘ 

ʚʽʙʨʦʧʣʠʪʠ b, ʚʠʜ ʧʨʦʬʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ. 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ʫʱʽʣʴʥʝʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ 

ʚʝʣʠʯʠʥʘʤʠ (ʨʠʩ. 1): ʜʦʚʞʠʥʘ ʢʦʥʪʘʢʪʥʦʾ ʯʘʩʪʠʥʠ ʧʦʭʠʣʦʾ ʧʦʚʝʨʭʥʽ ʚʽʙʨʦʧʣʠʪʠ Lʢ, ʩʝʨʝʜʥʷ 

ʚʠʩʦʪʘ ʚʽʜʩʠʧʘʥʦʛʦ ʰʘʨʫ ˇʨʫʥʪʫ H, ʩʝʨʝʜʥʷ ʚʠʩʦʪʘ ʰʘʨʫ ʦʩʘʜʫ ˇʨʫʥʪʫ ʧʽʩʣʷ ʚʽʙʨʘʮʽʡʥʦʛʦ 

ʫʱʽʣʴʥʝʥʥʷ ȹH, ʢʫʪ ʘʪʘʢʠ Ŭ, ʟʙʽʣʴʰʝʥʥʷ ʱʽʣʴʥʦʩʪʽ æɟ, ʟʘʛʘʣʴʥʘ ʥʝʦʙʭʽʜʥʘ ʚʠʩʦʪʘ ˇʨʫʥʪʦʚʦʾ 

ʦʩʥʦʚʠ h, ʪʝʭʥʦʣʦʛʽʯʥʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʘ .ᵻ ʉʝʨʝʜ ʥʠʭ ʤʦʞʣʠʚʦ ʚʠʜʽʣʠʪʠ 

ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ, ʪʘʢʽ ʷʢ ȹH, Ŭ, ᶧ, ʷʢʽ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʘʥ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʫʱʽʣʴʥʝʥʦʛʦ ˇʨʫʥʪʫ. ʑʽʣʴʥʽʩʪʴ ʫʱʽʣʴʥʶʚʘʥʦʛʦ ˇʨʫʥʪʫ ɟ0, ʚʦʣʦʛʽʩʪʴ ɗ ʽ ʢʽʥʮʝʚʘ ʱʽʣʴʥʽʩʪʴ ɟʢʽʥ 

ʻ ʟʥʘʯʫʱʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʚʽʜʦʤʠʤʠ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʽ ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʧʨʦʮʝʩ ʫʱʽʣʴʥʝʥʥʷ ˇʨʫʥʪʫ. 

 
ʈʠʩʫʥʦʢ 2 - ʇʘʨʘʤʝʪʨʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʮʝʩ ʫʱʽʣʴʥʝʥʥʷ ˇʨʫʥʪʫ ʚʽʙʨʦʧʣʠʪʦʶ 

 

ɻʨʫʧʘ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦ, ʦʙˇʨʫʥʪʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʻʶ 

ʫʱʽʣʴʥʝʥʥʷ ʪʘ ʦʩʥʦʚʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʙʘʟʦʚʦʾ ʚʽʙʨʦʧʣʠʪʠ, ʘ ʥʝʧʨʷʤʽ ʧʘʨʘʤʝʪʨʠ ʮʽʻʾ ʞ 

ʛʨʫʧʠ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟʘ ʽʩʥʫʶʯʠʤʠ ʤʝʪʦʜʠʢʘʤʠ ʨʦʟʨʘʭʫʥʢʫ ʙʫʜʽʚʝʣʴʥʦ-ʜʦʨʦʞʥʽʭ ʤʘʰʠʥ. 

ʇʨʠ ʦʧʪʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʽʚ ʜʦʩʷʛʘʻʪʴʩʷ ʥʘʡʙʽʣʴʰʠʡ ʝʬʝʢʪ ʫʱʽʣʴʥʝʥʥʷ ʧʨʠ 

ʤʝʥʰʠʭ ʚʠʪʨʘʪʘʭ. ɿʥʘʯʝʥʥʷ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʽ ʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʠʧʫ ˇʨʫʥʪʫ, 

ʪʦʚʱʠʥʠ ʫʱʽʣʴʥʶʚʘʥʦʛʦ ʰʘʨʫ ʪʘ ʥʝʦʙʭʽʜʥʦʾ ʢʽʥʮʝʚʦʾ ʱʽʣʴʥʦʩʪʽ. 

 ɺʘʨʽʘʥʪʠ ʬʽʟʠʯʥʠʭ ʤʦʜʝʣʝʡ ʨʝʙʨʠʩʪʠʭ ʢʦʪʢʽʚ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 2. 

 

             
        ʘ)                                  ʙ)                               ʚ)                                          ʛ) 

ʘ) ï ʮʠʣʽʥʜʨʠʯʥʘ ʩʪʫʧʝʥʝʚʘ ʬʦʨʤʘ ʙʝʟ ʙʽʯʥʠʭ ʪʦʥʢʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʠʩʢʽʚ; ʙ) - ʮʠʣʽʥʜʨʠʯʥʘ ʩʪʫʧʝʥʝʚʘ ʬʦʨʤʘ ʟ 

ʙʽʯʥʠʤʠ ʪʦʥʢʠʤʠ ʮʠʣʽʥʜʨʠʯʥʠʤʠ ʜʠʩʢʘʤʠ; ʚ) ï ʢʦʥʽʯʥʦ-ʮʠʣʽʥʜʨʠʯʥʘ ʨʦʙʦʯʘ ʧʦʚʝʨʭʥ ̫ʙʝʟ ʙʽʯʥʠʭ ʪʦʥʢʠʭ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʠʩʢʽʚ; ʛ) - ʢʦʥʽʯʥʦ-ʮʠʣʽʥʜʨʠʯʥʘ ʨʦʙʦʯʘ ʧʦʚʝʨʭʥ ̫ʟ ʙʽʯʥʠʤʠ ʪʦʥʢʠʤʠ ʮʠʣʽʥʜʨʠʯʥʠʤʠ ʜʠʩʢʘʤʠ;  

ʈʠʩʫʥʦʢ 3 - ʌʽʟʠʯʥʽ ʤʦʜʝʣʽ ʨʝʙʨʠʩʪʠʭ ʢʦʪʽʚ 

 

ɼʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʘʙʦ ʩʧʨʦʩʪʫʚʘʥʥʷ ʚʠʱʝ ʩʢʘʟʘʥʦʛʦ ʧʨʦʚʝʜʝʥʦ ʨʷʜ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɿʦʢʨʝʤʘ, ʧʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ 

ʟôʷʩʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʢʦʪʢʽʚ ʟ ʚʘʣʴʮʷʤʠ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʦʬʽʣʶ (ʨʝʙʨʠʩʪʠʭ ʚʘʣʴʮʽʚ 

ʟ ʧʨʷʤʦʢʫʪʥʠʤʠ ʽ ʢʦʥʽʯʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ). 

ʇʦʩʪʽʡʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠʡʥʷʪʽ ʥʘʩʪʫʧʥʽ: ʢʘʪʝʛʦʨʽʷ 

ˇʨʫʥʪʫ, ʰʚʠʜʢʽʩʪʴ ʫʱʽʣʴʥʝʥʥʷ, ʪʦʚʱʠʥʘ ʚʽʜʩʠʧʢʠ ˇʨʫʥʪʫ, ʚʘʛʘ ʚʘʣʴʮʷ ʢʦʪʢʘ, ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ. 

ɿʤʽʥʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠʡʥʷʪʽ ʥʘʩʪʫʧʥʽ: ʢʽʣʴʢʽʩʪʴ 

ʧʨʦʭʦʜʽʚ n, ʢʽʣʴʢʽʩʪʴ ʚʠʩʪʫʧʥʠʭ ʯʘʩʪʠʥ, ʪʘ ʧʨʦʬʽʣʴ ʨʦʙʦʯʦʾ ʯʘʩʪʠʥʘ ʚʘʣʴʮʷ ʢʦʪʢʘ. 

ɺʝʨʪʠʢʘʣʴʥʘ ʜʝʬʦʨʤʘʮʽʷ ʛʨʫʥʪʫ ʦʪʨʠʤʘʥʘ ʚʠʤʽʨʶʚʘʥʥʷʤ ʪʦʚʱʠʥʠ ʰʘʨʫ ʛʨʫʥʪʫ ʜʦ ʪʘ 

ʧʽʩʣʷ ʫʱʽʣʴʥʝʥʥʷ. ɾʦʨʩʪʢʽʩʪʴ ʚʠʟʥʘʯʝʥʘ ʷʢ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʘʛʠ ʢʦʪʢʘ ʜʦ ʚʝʨʪʠʢʘʣʴʥʦʾ 



 

ñ ʇʨʦʙʣʝʤʠ ʙʫʜʽʚʝʣʴʥʦʛʦ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʽʚò 
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ʜʝʬʦʨʤʘʮʽʾ. ɺʝʨʪʠʢʘʣʴʥʘ ʩʠʣʘ ʫʱʽʣʴʥʝʥʥʷ ʛʨʫʥʪʫ ʦʪʨʠʤʘʥʘ ʰʣʷʭʦʤ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʠ 

ʚʪʠʩʢʘʥʥʽ ʫ ʡʦʛʦ ʧʦʚʝʨʭʥʶ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʟʨʘʟʢʘ ʟʘʜʘʥʦʛʦ ʦʙôʻʤʫ. ɻʦʨʠʟʦʥʪʘʣʴʥʘ ʩʢʣʘʜʦʚʘ 

ʦʧʦʨʫ ʢʦʯʝʥʥʶ ʚʘʣʴʮʷ ʢʦʪʢʘ ʚʠʟʥʘʯʝʥʘ ʚʠʤʽʨʶʚʘʣʴʥʦʶ ʩʠʩʪʝʤʦʶ. 

ʅʘʧʨʫʞʝʥʥʷ ʚʠʟʥʘʯʝʥʦ ʷʢ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʘʛʠ ʢʦʪʢʘ ʜʦ ʧʣʦʱʽ ʢʦʥʪʘʢʪʫ ʡʦʛʦ ʨʦʙʦʯʦʾ 

ʧʦʚʝʨʭʥʽ ʟ ˇʨʫʥʪʦʤ, ʷʢʘ, ʚ ʩʚʦʶ ʯʝʨʛʫ ʚʠʟʥʘʯʝʥʘ ʟʘ ʨʦʟʤʽʨʘʤʠ ʬʽʟʠʯʥʠʭ ʤʦʜʝʣʝʡ ʢʦʪʢʽʚ. 

ɺʠʩʥʦʚʦʢ 1. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽ ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʢʦʧʘʥʥʷ ˇʨʫʥʪʫ 

ʥʝʧʦʚʦʨʦʪʥʠʤ ʚʽʜʚʘʣʦʤ ʙʫʣʴʜʦʟʝʨʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʘ ʢʦʥʩʪʨʫʢʮʽʷ ʇʅʉ, ʷʢʘ 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʨʝʘʣʽʟʘʮʽʾ ʢʦʩʦʛʦ ʨʽʟʘʥʥʷ ʽ ʢʦʧʘʥʥʷ ˇʨʫʥʪʫ ʧʘʨʘʤʠ ʟʫʩʪʨʽʯʥʦ ʥʘʧʨʘʚʣʝʥʠʭ 

ʥʦʞʽʚ, ʨʦʟʤʽʱʝʥʠʭ ʚ ʤʝʞʘʭ ʪʨʘʜʠʮʽʡʥʦʾ ʅʉ ʥʝʧʦʚʦʨʦʪʥʦʛʦ ʚʽʜʚʘʣʘ ʙʫʣʴʜʦʟʝʨʘ. ʈʦʟʛʣʷʥʫʪʽ 

ʰʣʷʭʠ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʨʦʟʨʦʙʢʠ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʭ ʅʉ ʜʣʷ ʥʝʧʦʚʦʨʦʪʥʦʛʦ ʙʫʣʴʜʦʟʝʨʥʦʛʦ 

ʚʽʜʚʘʣʘ. 

ʆʮʽʥʶʶʯʠ ʚʠʱʝʟʛʘʜʘʥʫ ʧʨʦʧʦʟʠʮʽʶ ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʙʫʣʴʜʦʟʝʨʠ ʟ ʥʝʧʦʚʦʨʦʪʥʠʤ 

ʚʽʜʚʘʣʦʤ, ʚ ʷʢʠʭ ʧʣʘʥʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʇʅʉ, ʧʦʚʠʥʥʽ ʤʘʪʠ ʟʥʘʯʥʫ ʧʝʨʝʚʘʛʫ ʧʦʨʽʚʥʷʥʦ ʟ 

ʪʨʘʜʠʮʽʡʥʠʤʠ ʙʫʣʴʜʦʟʝʨʘʤʠ ʟ ʥʝʧʦʚʦʨʦʪʥʠʤ ʚʽʜʚʘʣʦʤ, ʚ ʷʢʠʭ ʢʦʧʘʥʥʷ ˇʨʫʥʪʽʚ ʚʠʢʦʥʫʻʪʴʩʷ 

ʧʣʦʩʢʦʶ ʅʉ ʪʦʤʫ, ʱʦ ʦʯʽʢʫʶʪʴʩʷ ʙʽʣʴʰ ʚʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʟʘ ʨʘʭʫʥʦʢ: 

ʟʤʝʥʰʝʥʥʷ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ˇʨʫʥʪʫ ʢʦʧʘʥʥʶ, ʩʢʦʨʦʯʝʥʥʷ ʰʣʷʭʫ ʢʦʧʘʥʥʷ ʜʦ ʩʪʚʦʨʝʥʥʷ ʽ 

ʥʘʙʦʨʫ ʧʦʚʥʦʮʽʥʥʦʾ ʧʨʠʟʤʠ ˇʨʫʥʪʫ ʪʘ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ˇʨʫʥʪʫ ʫ ʙʽʯʥʠʭ ʚʘʣʠʢʘʭ, ʟʙʽʣʴʰʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ. 

ɿ ʥʘʫʢʦʚʦʾ ʪʦʯʢʠ ʟʦʨʫ ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʚʟʘʻʤʦʜʽʾ ʙʫʣʴʜʦʟʝʨʥʠʭ 

ʥʝʧʦʚʦʨʦʪʥʠʭ ʚʽʜʚʘʣʽʚ ʟ ʇʅʉ ʟ ˇʨʫʥʪʦʤ ʜʦʧʦʚʥʠʪʴ ʪʝʦʨʝʪʠʯʥʫ ʙʘʟʫ ʱʦʜʦ ʨʦʟʨʘʭʫʥʢʫ ʽ 

ʦʮʽʥʢʠ ʜʘʥʦʛʦ ʧʨʦʮʝʩʫ, ʘ ʩʪʚʦʨʝʥʥʷ ʬʽʟʠʯʥʠʭ ʤʦʜʝʣʝʡ ʇʅʉ ʥʘ ʙʘʟʽ ʥʝʧʦʚʦʨʦʪʥʦʛʦ ʚʽʜʚʘʣʘ 

ʙʫʣʴʜʦʟʝʨʘ ʟʘʙʝʟʧʝʯʠʪʴ ʥʘʛʣʷʜʥʽʩʪʴ ʜʘʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʧʝʨʝʚʽʨʢʫ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʪʝʦʨʝʪʠʯʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʧʨʠʧʫʱʝʥʴ. 

ɺʠʩʥʦʚʦʢ 2. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠ ʩʧʽʚʩʪʘʚʣʝʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ 

ʨʝʙʨʠʩʪʠʭ ʚʘʣʴʮʽʚ ʢʦʪʢʽʚ ʟ ʛʣʘʜʝʥʴʢʠʤʠ ʚʘʣʴʮʷʤʠ ʦʯʝʚʠʜʥʦ, ʱʦ: 

- ʚʝʨʪʠʢʘʣʴʥʘ ʜʝʬʦʨʤʘʮʽʷ ʛʨʫʥʪʫ ʜʣʷ ʚʘʣʴʮʷ ʢʦʪʢʘ ʟ ʮʠʣʽʥʜʨʠʯʥʦʶ ʪʘ ʮʠʣʽʥʜʨʠʯʥʦʶ 

ʩʪʫʧʝʥʝʚʦʶ ʬʦʨʤʦʶ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʙʝʟ ʙʽʯʥʠʭ ʪʦʥʢʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʠʩʢʽʚ ʤʘʻ ʙʽʣʴʰʝ 

ʟʥʘʯʝʥʥʷ ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʪʢʘʤʠ ʟ ʢʦʥʽʯʥʦ-ʮʠʣʽʥʜʨʠʯʥʦʶ ʨʦʙʦʯʦʶ ʧʦʚʝʨʭʥʝʶ ʙʝʟ ʙʽʯʥʠʭ 

ʪʦʥʢʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʠʩʢʽʚ ʪʘ ʟ ʙʽʯʥʠʤʠ ʪʦʥʢʠʤʠ ʮʠʣʽʥʜʨʠʯʥʠʤʠ ʜʠʩʢʘʤʠ; 

- ʥʘʡʙʽʣʴʰʘ ʞʦʨʩʪʢʽʩʪʴ ʩ ʚʽʜʧʦʚʽʜʘʻ ʢʦʥʽʯʥʦ-ʮʠʣʽʥʜʨʠʯʥʽʡ ʨʦʙʦʯʽʡ ʧʦʚʝʨʭʥʽ ʙʝʟ 

ʙʽʯʥʠʭ ʪʦʥʢʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʠʩʢʽʚ, ʘ ʥʘʡʤʝʥʰʘ - ʮʠʣʽʥʜʨʠʯʥʽʡ ʩʪʫʧʝʥʝʚʽʡ ʬʦʨʤʽ ʙʝʟ ʙʽʯʥʠʭ 

ʪʦʥʢʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʠʩʢʽʚ; 

- ʚʝʨʪʠʢʘʣʴʥʘ ʩʠʣʘ ʫʱʽʣʴʥʝʥʥʷ ʛʨʫʥʪʫ ʧʦʧʝʨʝʜʥʴʦ ʚʠʟʥʘʯʝʥʘ ʜʣʷ ʚʘʣʴʮʷ ʢʦʪʢʘ ʟ 

ʮʠʣʽʥʜʨʠʯʥʦʶ ʩʪʫʧʝʥʝʚʦʶ ʬʦʨʤʦʶ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʙʝʟ ʙʽʯʥʠʭ ʪʦʥʢʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ 

ʜʠʩʢʽʚ, ʷʢʘ ʧʦʨʽʚʥʷʥʦ ʟ ʮʠʣʽʥʜʨʠʯʥʦʶ ʪʨʘʜʠʮʽʡʥʦʶ ʬʦʨʤʦʶ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʜʝʱʦ ʥʠʞʯʘ 

(ʥʘ 30é35%); 

- ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʦʧʦʨʫ ʢʦʯʝʥʥʶ ʚʘʣʴʮʷ ʢʦʪʢʘ ʥʘʡʤʝʥʰʘ ʜʣʷ ʚʘʣʴʮʷ ʟ 

ʮʠʣʽʥʜʨʠʯʥʦʶ ʩʪʫʧʝʥʝʚʦʶ ʬʦʨʤʦʶ ʙʝʟ ʙʽʯʥʠʭ ʪʦʥʢʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʠʩʢʽʚ, ʽ ʟʥʘʭʦʜʠʪʴʩʷ 

ʜʣʷ ʫʩʽʭ ʜʦʩʣʽʜʞʝʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟʥʘʯʥʦ ʥʠʞʯʝ, ʥʽʞ ʫ ʪʨʘʜʠʮʽʡʥʦʛʦ ʢʦʪʢʘ ʟ ʛʣʘʜʝʥʴʢʦʶ 

ʮʠʣʽʥʜʨʠʯʥʦʶ ʧʦʚʝʨʭʥʝʶ ʧʽʩʣʷ ʧʝʨʰʦʛʦ ʧʨʦʭʦʜʫ; 

- ʥʘʧʨʫʞʝʥʥʷ ʥʘ ʤʝʞʽ ʢʦʥʪʘʢʪʫ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʟ ˇʨʫʥʪʦʤ ʜʣʷ ʫʩʽʭ ʜʦʩʣʽʜʞʝʥʠʭ 

ʧʨʦʬʽʣʽʚ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʚʘʣʴʮʽʚ ʢʦʪʢʽʚ ʧʝʨʝʚʠʱʫʻ ʚʽʜʧʦʚʽʜʥʝ ʥʘʧʨʫʞʝʥʥʷ ʜʣʷ 

ʪʨʘʜʠʮʽʡʥʦʛʦ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʢʦʪʢʘ ʥʘ 50é90%, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʽʥʪʝʥʩʠʬʽʢʘʮʽʶ ʧʨʦʮʝʩʫ 

ʫʱʽʣʴʥʝʥʥʷ ʛʨʫʥʪʫ ʟʘ ʨʘʭʫʥʦʢ ʩʧʝʮʽʘʣʴʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʪʘʢʦʛʦ ʧʨʦʬʽʣʶ, 

ʷʢʠʡ ʦʙʤʝʞʫʻ ʚʠʩʣʠʟʘʥʥʷ ʛʨʫʥʪʫ ʟ-ʧʽʜ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʢʦʪʢʘ, ʪʦʙʪʦ ʙʣʦʢʫʻ ʡʦʛʦ ʧʽʜ ʢʦʪʢʦʤ. 



 

 

ɿʙʽʨʥʠʢ ʤʘʪʝʨʽʘʣʽʚ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ on-line ʢʦʥʬʝʨʝʥʮʽʾ 

 çʇʈʆɹʃɽʄʀ ɹʋɼɯɺɽʃʔʅʆɻʆ ʊɸ ʊʈɸʅʉʇʆʈʊʅʆɻʆ ʂʆʄʇʃɽʂʉɯɺè. 

56                                                             x ̝̩̝̆̎̓̑́̌̎̏̔̋̑́̎̒̋̉̊ ̨̗̝̎́̏̎́̌̎̉̊ ̨̖̘̓̆̎̎̉̊ ̨̔̎̃̆̑̒̉̓ ̆̓ 

ʋɼʂ 621.878.6 

ʈʆɿʈʆɹʂɸ ʊɸ ɼʆʉʃɯɼɾɽʅʅʗ ʂʆʅɺɽɭʈɸ-ʄɽʊɸʃʔʅʀʂɸ ɼʃʗ 

ɿɽʄʃɽʈʀʁʅʀʍ ʄɸʐʀʅ 

ʆʣʝʢʩʘʥʜʨ ɻʆʃʋɹʏɽʅʂʆ ï ʢ.ʪ.ʥ. ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʙʫʜʽʚʝʣʴʥʠʭ ʽ ʜʦʨʦʞʥʽʭ ʤʘʰʠʥ, 

ʇʨʠʜʥʽʧʨʦʚʩʴʢʘ ʜʝʨʞʘʚʥʘ ʘʢʘʜʝʤʽʷ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ; 

ʉʝʨʛʽʡ ʐɸʊʆɺ - ʜ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʙʫʜʽʚʝʣʴʥʠʭ ʽ ʜʦʨʦʞʥʽʭ ʤʘʰʠʥ, ʇʨʠʜʥʽʧʨʦʚʩʴʢʘ 

ʜʝʨʞʘʚʥʘ ʘʢʘʜʝʤʽʷ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ; 

ɯʛʦʨ ʄɸʎɽɺʀʏ - ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʙʫʜʽʚʝʣʴʥʠʭ ʽ ʜʦʨʦʞʥʽʭ ʤʘʰʠʥ, ʇʨʠʜʥʽʧʨʦʚʩʴʢʘ 

ʜʝʨʞʘʚʥʘ ʘʢʘʜʝʤʽʷ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ 

ɺʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʽ ʟʝʤʣʝʨʠʡʥʦ-ʪʨʘʥʩʧʦʨʪʥʽ ʤʘʰʠʥʠ ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ ʧʦʚʠʥʥʽ ʤʘʪʠ 

ʨʦʟʜʽʣʴʥʽ ʨʦʙʦʯʽ ʦʨʛʘʥʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ˇʨʫʥʪʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ 

ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ [1-3]. ɿ ʤʝʪʦʶ ʘʢʪʠʚʽʟʘʮʽʾ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʧʨʠ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ ʟʥʘʯʥʠʭ ʤʘʩ ˇʨʫʥʪʫ ʥʘ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʽ (ʜʦ 50 ʤ) ʚʽʜʩʪʘʥʽ ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ  ʤʝʭʘʥʽʯʥʠʭ ʤʝʪʘʣʴʥʠʢʽʚ. ʇʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ˇʨʫʥʪʫ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʦʧʽʨ 

ʩʪʚʦʨʶʶʪʴ ʩʠʣʠ ʚʘʛʠ ʪʘ ʘʝʨʦʜʠʥʘʤʽʯʥʽ ʩʠʣʠ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʤʝʥʰʝ ʩʠʣ ʪʝʨʪʷ ˇʨʫʥʪʫ ʧʦ 

ˇʨʫʥʪʫ ʘʙʦ ʧʦ ʤʝʪʘʣʫ. ʇʨʦʮʝʩ ʟʚʝʜʝʥʥʷ ʥʘʩʠʧʽʚ ʧʨʠ ʮʴʦʤʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʩʘʤʦʫʱʽʣʴʥʝʥʥʷʤ ˇʨʫʥʪʫ ʟʘ ʨʘʭʫʥʦʢ ʨʝʘʣʽʟʘʮʽʾ ʟʘʧʘʩʫ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʦʢʨʝʤʠʭ ʬʨʘʛʤʝʥʪʽʚ 

ˇʨʫʥʪʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʟʝʤʣʝʨʠʡʥʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥʘʭ ʚ ʷʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʠʭ 

ʦʨʛʘʥʽʚ ʨʦʪʦʨʥʠʭ ʤʝʪʘʣʴʥʠʢʽʚ ˇʨʫʥʪʫ, ʷʢʽ ʜʦʙʨʝ ʢʦʤʧʦʥʫʶʪʴʩʷ ʟ ʨʽʟʥʠʤʠ 

ˇʨʫʥʪʦʨʦʟʨʦʙʣʶʚʘʣʴʥʠʤʠ ʦʨʛʘʥʘʤʠ ʪʘ ʜʦʟʚʦʣʷʶʪʴ ʧʨʠ ʚʽʜʥʦʩʥʦ ʤʘʣʦʾ ʤʘʩʠ ʪʘ ʥʝʚʝʣʠʢʠʭ 

ʛʘʙʘʨʠʪʘʭ ʫʩʫʥʫʪʠ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʛʨʫʥʪʦʨʦʟʨʦʙʣʶʚʘʣʴʥʠʭ ʪʘ 

ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʠʭ ʦʨʛʘʥʽʚ, ʱʦ ʻ ʦʜʥʠʤ ʟ ʰʣʷʭʽʚ ʟʥʠʞʝʥʥʷ ʧʠʪʦʤʦʾ ʤʝʪʘʣʦʻʤʥʦʩʪʽ ʪʘ 

ʟʚʝʜʝʥʠʭ ʧʠʪʦʤʠʭ ʚʠʪʨʘʪ [2, 3]. 

ʅʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʠʤʠ ʦʨʛʘʥʘʤʠ ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ ʻ ʨʦʪʦʨʥʽ 

ʤʝʪʘʣʴʥʠʢʠ ʤʘʪʝʨʽʘʣʫ. ʇʨʠʢʣʘʜ ʧʨʘʢʪʠʯʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʦʪʦʨʥʠʭ ʤʝʪʘʣʴʥʠʢʽʚ ʟʜʽʡʩʥʝʥʦ 

ʫ ʟʝʤʣʝʨʠʡʥʠʭ  ʤʘʰʠʥʘʭ ʄɼʂ-2ʄ, ʇɿʄ, ʚ ʷʢʠʭ ˇʨʫʥʪ ʚʽʜ ʨʽʟʘʣʴʥʦʛʦ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ  

ʪʨʘʥʩʧʦʨʪʫʻʪʴʩʷ ʨʦʪʦʨʥʠʤ ʣʦʧʘʪʝʚʠʤ ʤʝʪʘʣʴʥʠʢʦʤ (ʨʠʩ.1). ʉʫʪʪʻʚʠʡ ʥʝʜʦʣʽʢ ʮʠʭ ʧʨʠʩʪʨʦʾʚ 

ʧʦʣʷʛʘʻ ʫ ʥʠʟʴʢʦʤʫ ʂʂɼ ʟʘ ʨʘʭʫʥʦʢ ʚʝʣʠʢʠʭ ʚʠʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʜʦʣʘʥʥʷ ʩʠʣ ʪʝʨʪʷ ˇʨʫʥʪʫ 

ʧʦ ʥʝʨʫʭʦʤʦʤʫ ʢʦʞʫʭʫ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʜʦ 60% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ [4, 5]. ʊʘʢʦʞ, ʜʦ 

ʥʝʜʦʣʽʢʽʚ ʪʨʘʜʠʮʽʡʥʠʭ ʨʘʜʽʘʣʴʥʠʭ ʤʝʪʘʣʴʥʠʢʽʚ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʫʜʘʨʥʠʡ ʭʘʨʘʢʪʝʨ ʨʦʟʛʦʥʫ 

ʤʘʪʝʨʽʘʣʫ, ʥʘʣʠʧʘʥʥʷ ˇʨʫʥʪʫ ʚ ʦʙʤʝʞʝʥʦʤʫ ʤʽʞʣʦʧʘʪʝʚʦʤʫ ʧʨʦʩʪʦʨʽ. ʊʦʤʫ, ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʡ ʤʝʪʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʟʝʤʣʝʨʠʡʥʠʭ ʤʘʰʠʥ, ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʯʦʛʦ 

ʧʨʦʮʝʩʫ ʻ ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ.  

 

 
ʈʠʩʫʥʦʢ. 1. -  ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʦʪʦʨʥʦ-ʣʦʧʘʪʝʚʦʛʦ ʤʝʪʘʣʴʥʠʢʘ ʫ ʟʝʤʣʝʨʠʡʥʽʡ ʤʘʰʠʥʽ ʄɼʂ-2ʄ 
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ʋʥʠʢʥʫʪʠ ʥʘʚʝʜʝʥʠʭ ʥʝʜʦʣʽʢʽʚ ʨʦʪʦʨʥʦ-ʣʦʧʘʪʝʚʠʭ ʤʝʪʘʣʴʥʠʢʽʚ ʜʦʟʚʦʣʷʻ 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʢʦʥʚʝʻʨʘ-ʤʝʪʘʣʴʥʠʢʘ (ʨʠʩ. 2). ɺʦʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʘʤʠ 1, ʪʷʛʦʚʠʭ 

ʙʘʨʘʙʘʥʽʚ 3 ʟ ʧʨʠʚʦʜʘʤʠ 3, ʥʘʪʷʞʥʠʭ ʧʨʠʩʪʨʦʾ 4 ʪʘ ʢʦʥʚʝʻʨʥʦʾ ʩʪʨʽʯʢʠ 5  ʟ ʚʝʨʭʥʴʦʶ ʨʦʙʦʯʦʶ 

ʛʽʣʢʦʶ ʜʫʛʦʧʦʜʽʙʥʦʾ ʬʦʨʤʠ. ʋʟʜʦʚʞ ʦʙʦʭ ʢʨʘʾʚ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʩʪʨʽʯʢʠ 5 ʧʦ ʚʩʽʡ ʾʾ 

ʜʦʚʞʠʥʽ ʚʠʢʦʥʘʥʽ ʥʘʧʨʷʤʥʽ 6 ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʟ ʷʢʠʤʠ ʥʘ ʚʝʨʭʥʽʡ 

ʨʦʙʦʯʽʡ ʛʽʣʮʽ ʩʪʨʽʯʢʠ 5 ʚʟʘʻʤʦʜʽʶʪʴ ʨʦʣʠʢʠ 7 ʟ ʨʝʙʦʨʜʘʤʠ 8. ʅʠʞʥʷ ʧʦʚʝʨʭʥʷ ʨʦʙʦʯʦʾ ʛʽʣʢʠ 

ʩʪʨʽʯʢʠ 5 ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʧʣʘʩʢʽ ʦʧʦʨʥʽ ʨʦʣʠʢʦʦʧʦʨʠ 9, ʘ ʭʦʣʦʩʪʘ ʛʽʣʢʘ ï ʥʘ ʧʽʜʪʨʠʤʫʶʯʽ 

ʨʦʣʠʢʦʦʧʦʨʠ  10, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʤʽʞ ʥʘʧʨʷʤʥʠʤʠ 6.  

ɿʘ ʨʘʭʫʥʦʢ ʜʫʛʦʧʦʜʽʙʥʦʾ ʬʦʨʤʠ ʨʦʙʦʯʦʾ ʛʽʣʢʠ ʩʪʨʽʯʢʠ ʫ ʤʽʩʮʽ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʧʨʠʚʽʜʥʦʤʫ ʙʘʨʘʙʘʥʽ 3 ˇʨʫʥʪ ʤʘʻ ʥʘʧʨʷʤ ʰʚʠʜʢʦʩʪʽ ʧʽʜ ʢʫʪʦʤ ʜʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ. ʎʷ 

ʫʤʦʚʘ ʩʧʨʠʷʻ ʚʠʥʠʢʥʝʥʥʶ ʝʬʝʢʪʫ ʤʝʪʘʥʥʷ ˇʨʫʥʪʫ ʧʽʜ ʢʫʪʦʤ ʜʦ ʛʦʨʠʟʦʥʪʫ, ʷʢʠʡ ʟʙʽʣʴʰʫʻ 

ʚʽʜʩʪʘʥʴ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ˇʨʫʥʪʫ. ɿʤʽʥʦʶ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʧʨʠʚʽʜʥʠʭ ʙʘʨʘʙʘʥʽʚ 3 ʤʦʞʥʘ 

ʟʙʽʣʴʰʫʚʘʪʠ ʘʙʦ ʟʤʝʥʰʫʚʘʪʠ ʚʽʜʩʪʘʥʴ ʤʝʪʘʥʥʷ. ɿʤʽʥʘ ʥʘʧʨʷʤʫ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʘ ʨʘʭʫʥʦʢ ʨʝʚʝʨʩʫ ʦʙʝʨʪʘʥʥʷ ʙʘʨʘʙʘʥʽʚ 3.  

 

 
 

ʈʠʩʫʥʦʢ 2. - ʂʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ʢʦʥʚʝʻʨʘ-ʤʝʪʘʣʴʥʠʢʘ: 

1 ï ʨʘʤʘ; 2 ï ʙʘʨʘʙʘʥʠ ʪʷʛʦʚʽ; 3 ï ʧʨʠʚʦʜʠ; 4 ï ʧʨʠʩʪʨʽʡ ʥʘʪʷʞʥʠʡ; 5 ï ʩʪʨʽʯʢʘ ʢʦʥʚʝʻʨʘ; 6 ï ʥʘʧʨʷʤʥʽ; 7 ï ʨʦʣʠʢ; 

8 ï ʨʝʙʦʨʜʠ ʨʦʣʠʢʘ; 9 ï ʨʦʣʠʢʦʦʧʦʨʠ ʧʨʷʤʽ; 10 ï ʨʦʣʠʢʦʦʧʦʨʠ ʧʽʜʪʨʠʤʫʶʯʽ. 

 

ʇʝʨʝʚʘʛʠ ʢʦʥʚʝʻʨʘ-ʤʝʪʘʣʴʥʠʢʘ: 

- ʤʦʞʣʠʚʽʩʪʴ ʟʤʽʥʠ ʚʽʜʩʪʘʥʽ ʤʝʪʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʩʪʨʽʯʢʠ ʪʘ ʢʫʪʫ 

ʢʠʜʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʧʦʚʦʨʦʪʫ ʜʫʛʦʧʦʜʽʙʥʦʶ ʨʘʤʠ; 

- ʚʽʜʩʫʪʥʽʩʪʴ ʥʝʨʫʭʦʤʦʛʦ ʢʦʞʫʭʫ ʪʘ ʩʠʣ ʪʝʨʪʷ ʧʦ ʥʴʦʤʫ; 

- ʟʥʠʞʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʤʝʪʘʣʴʥʠʢ ʚʥʘʩʣʽʜʦʢ ʧʨʦʙʫʢʩʫʚʘʥʥʷ ʧʦ ʩʪʨʽʯʢʠ 

ʧʨʠ ʟʘʚʘʥʪʘʞʝʥʥʽ. 

ɿʘʛʘʣʴʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʢʦʥʚʝʻʨʘ-ʤʝʪʘʣʴʥʠʢʘ ʧʝʨʝʜʙʘʯʘʻ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʰʚʠʜʢʦʩʪʽ 

ʨʫʭʫ ʩʪʨʽʯʢʠ, ʘ ʪʘʢʦʞ ʧʘʨʘʤʝʪʨʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʘʥʪʘʞʫ. 

ʂʨʠʪʠʯʥʫ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʩʪʨʽʯʢʠ ʚʠʟʥʘʯʘʻʤʦ ʟ ʫʤʦʚʠ ʨʽʚʥʦʚʘʛʠ ʯʘʩʪʢʠ ˇʨʫʥʪʫ ʥʘ ʚʝʨʰʠʥʽ 

ʪʨʠʢʫʪʥʦʾ ʬʦʨʤʠ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʧʦʪʦʢʫ ˇʨʫʥʪʫ ʧʨʠ ʡʦʛʦ ʨʦʟʚʘʥʪʘʞʝʥʥʽ (ʨʠʩ.3). 
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ʈʠʩʫʥʦʢ 3. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦ ʾʰʚʠʜʢʦʩʪ̔ ʨʫʭʫ ʩʪʨʽʯʢʠ 

 

ʋʤʦʚʘ ʨʽʚʥʦʚʘʛʠ ʯʘʩʪʢʠ ˇʨʫʥʪʫ ʤʘʩʦʶ m ʚ ʢʦʦʨʜʠʥʘʪʥʠʭ ʦʩʷʭ x, y ʤʘʻ ʚʠʛʣʷʜ: 

; 

    
ɿ ʨʦʟʚôʷʟʘʥʥʷ ʨʽʚʥʷʥʴ ʫʤʦʚʠ ʨʽʚʥʦʚʘʛʠ ʢʨʠʪʠʯʥʘ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʧʨʠʚʦʜʥʦʛʦ ʙʘʨʘʙʘʥʫ 

    

                                        , 

ʘ ʢʨʠʪʠʯʥʘ ʣʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʩʪʨʽʯʢʠ 

. 

ʅʘ ʨʠʩ. 4 ʥʘʚʝʜʝʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʛʨʫʥʪʫ ʚ 

ʨʝʞʠʤʽ ʤʝʪʘʥʥʷ. 

ɺʽʜʩʪʘʥʽ ʤʝʪʘʥʥʷ ʚʽʜʥʦʩʥʦ ʚʽʩʽ ʧʨʠʚʦʜʥʦʛʦ ʙʘʨʘʙʘʥʫ:  

- ʤʘʢʩʠʤʘʣʴʥʘ  ; 

- ʤʽʥʽʤʘʣʴʥʘ  ; 
ɺʠʩʦʪʠ ʤʝʪʘʥʥʷ ʛʨʫʥʪʫ ʚʽʜʥʦʩʥʦ ʨʽʚʥʷ ʜʝʥʥʦʾ ʧʦʚʝʨʭʥʽ:  

- ʤʘʢʩʠʤʘʣʴʥʘ  ; 

- ʤʽʥʽʤʘʣʴʥʘ  ; 
ɺʽʜʧʦʚʽʜʥʽ ʚʽʜʩʪʘʥʽ:  

- ; 

- ; 

- ; 

- . 
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ʈʠʩʫʥʦʢ 4. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ˇʨʫʥʪʫ ʚ ʨʝʞʠʤʽ ʤʝʪʘʥʥʷ. 

 

ʆʙʣʘʩʪʽ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʚʝʻʨʽʚ-ʤʝʪʘʣʴʥʠʢʽʚ ʻ ʟʝʤʣʝʨʠʡʥʦ-ʪʨʘʥʩʧʦʨʪʥʽ 

ʤʘʰʠʥʠ ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ, ʙʘʛʘʪʦʢʽʚʰʝʚʽ ʝʢʩʢʘʚʘʪʦʨʠ ʜʝ ʧʦʪʨʽʙʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʙʽʯʥʝ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ˇʨʫʥʪʫ ʽʟ ʟʦʥʠ ʢʦʧʘʥʥʷ.  
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ɿʙʽʨʥʠʢ ʤʘʪʝʨʽʘʣʽʚ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ on-line ʢʦʥʬʝʨʝʥʮʽʾ 

 çʇʈʆɹʃɽʄʀ ɹʋɼɯɺɽʃʔʅʆɻʆ ʊɸ ʊʈɸʅʉʇʆʈʊʅʆɻʆ ʂʆʄʇʃɽʂʉɯɺè. 

60                                                             x ̝̩̝̆̎̓̑́̌̎̏̔̋̑́̎̒̋̉̊ ̨̗̝̎́̏̎́̌̎̉̊ ̨̖̘̓̆̎̎̉̊ ̨̔̎̃̆̑̒̉̓ ̆̓ 

ʋɼʂ 539.3 

ʈʆɹʆʊɸ ɼɽʈɽɺʀʅʀ ɺ ɼʆʂʈʀʊʀʏʅɯʁ ʊɸ ɿɸʂʈʀʊʀʏʅɯʁ ʉʊɸɼɯʗʍ 

ɼɽʌʆʈʄʋɺɸʅʅʗ ɿɸ ʆʉʔʆɺʆɻʆ ʉʊʀʉʂʋ ɺɿɼʆɺɾ ɺʆʃʆʂʆʅ 

ʉʚʷʪʦʩʣʘʚ ʉʚ. ɻʦʤʦʥ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, 

ʉʚʷʪʦʩʣʘʚ ʉʪ. ɻʦʤʦʥ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʚʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ, ʈʽʚʥʝ, ʋʢʨʘʾʥʘ 

 

ɼʝʨʝʚʠʥʘ ï ʮʝ ʩʠʨʦʚʠʥʥʠʡ ʤʘʪʝʨʽʘʣ, ʷʢʠʡ ʤʘʻ ʚʝʣʠʢʫ ʧʦʧʫʣʷʨʥʽʩʪʴ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ 

ʚʽʪʯʠʟʥʷʥʦʾ ʪʘ ʩʚʽʪʦʚʦʾ ʝʢʦʥʦʤʽʢ. ɿ ʽʥʰʦʾ ʩʪʦʨʦʥʠ ʜʝʨʝʚʠʥʘ ʧʨʠʨʦʜʥʠʡ ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʠʡ 

ʤʘʪʝʨʽʘʣ ʟʽ ʩʚʦʾʤʠ ʥʝʧʦʚʪʦʨʥʠʤʠ ʤʝʭʘʥʽʯʥʠʤʠ ʪʘ ʬʽʟʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʷʢʽ ʧʦʩʪʽʡʥʦ 

ʚʠʚʯʘʶʪʴʩʷ ʽ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʥʝ ʦʜʠʥ ʜʝʩʷʪʦʢ ʨʦʢʽʚ, ʘ ʪʦ ʽ ʩʪʦʣʽʪʴ. ɺʣʘʩʪʠʚʦʩʪʽ ʜʝʨʝʚʠʥʠ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽʥʰʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʪʘʢʠʭ ʷʢ ʤʝʪʘʣ, ʙʝʪʦʥ, ʧʦʣʽʤʝʨʠ. 

ʆʪʞʝ, ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʝʤʦ ʨʦʙʦʪʫ ʜʝʨʝʚʠʥʠ ʚ ʜʦʢʨʠʪʠʯʥʽʡ ʪʘ ʟʘʢʨʠʪʠʯʥʽʡ 

ʩʪʘʜʽʷʭ ʜʝʬʦʨʤʫʚʘʥʥʷ ʟʘ ʦʩʴʦʚʦʛʦ ʩʪʠʩʢʫ ʚʟʜʦʚʞ ʚʦʣʦʢʦʥ. 

ʊʘʢʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ-ʪʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦ ʧʨʦʚʦʜʠʪʠ ʪʽʣʴʢʠ ʥʘ 

ʩʫʯʘʩʥʠʭ ʚʠʧʨʦʙʫʚʘʣʴʥʠʭ ʤʘʰʠʥʘʭ ʟʘ ʞʦʨʩʪʢʦʛʦ ʨʝʞʠʤʫ ʧʨʠʢʣʘʜʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʅʘʤʠ 

ʫʩʧʽʰʥʦ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʚʝʣʠʯʝʟʥʫ ʢʽʣʴʢʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʫʮʽʣʴʥʦʾ, 

ʢʣʝʻʥʦʾ, ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʜʝʨʝʚʠʥʠ ʣʠʩʪʷʥʠʭ (ʙʝʨʝʟʠ, ʚʽʣʴʭʠ, ʷʩʝʥʘ) ʪʘ  ʭʚʦʡʥʠʭ (ʤʦʜʨʠʥʠ, 

ʩʦʩʥʠ, ʷʣʠʥʠ) ʟʘ ʦʩʴʦʚʦʛʦ ʩʪʠʩʢʫ ʚʟʜʦʚʞ ʚʦʣʦʢʦʥ ʟʨʘʟʢʽʚ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʨʦʟʤʽʨʽʚ ʧʝʨʝʨʽʟʦʤ 

30ʭ30ʭ120 ʤʤ. ʇʨʠʟʤʠ ʙʫʣʠ ʨʽʟʥʦʾ ʚʦʣʦʛʦʩʪʽ ʪʘ ʚʽʢʫ. ɿʨʘʟʢʠ ʚʠʧʨʦʙʦʚʫʚʘʣʠʩʴ ʥʘ 

ʩʝʨʚʦʛʽʜʨʘʚʣʽʯʥʽʡ ʚʠʧʨʦʙʫʚʘʣʴʥʽʡ ʤʘʰʠʥʽ ʉʊʄ-100 (ʈʠʩ.1) [1]. ʐʚʠʜʢʽʩʪʴ ʜʝʬʦʨʤʫʚʘʥʥʷ 1,5 

ʤʤ/ʭʚ. ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʚʠʧʨʦʙʫʚʘʥʠʭ ʧʨʠʟʤ ʙʫʣʘ ʙʣʠʟʴʢʦ 400 ʰʪ. 

 
ʈʠʩʫʥʦʢ.1 - ʉʝʨʚʦʛʽʜʨʘʚʣʽʯʥʘ ʚʠʧʨʦʙʫʚʘʣʴʥʘ ʤʘʰʠʥʘ ʉʊʄ-100 

 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʯʠʩʣʝʥʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʤʦʜʝʣʴ ʜʽʡʩʥʦʾ ʨʦʙʦʪʠ ʜʝʨʝʚʠʥʠ ʟʘ ʦʩʴʦʚʦʛʦ ʩʪʠʩʢʫ ʚʟʜʦʚʞ ʚʦʣʦʢʦʥ (ʈʠʩ.2), ʷʢʫ ʤʦʞʣʠʚʦ 

ʟʘʩʪʦʩʫʚʘʪʠ, ʷʢ ʜʣʷ ʩʫʮʽʣʴʥʦʾ ʜʝʨʝʚʠʥʠ ʨʽʟʥʠʭ ʧʦʨʽʜ, ʪʘʢ ʽ ʜʣʷ ʢʣʝʻʥʦʾ ʪʘ ʤʦʜʠʬʽʢʦʚʘʥʦʾ [2,3].  

 



 

ñ ʇʨʦʙʣʝʤʠ ʙʫʜʽʚʝʣʴʥʦʛʦ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʽʚò 
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ʈʠʩʫʥʦʢ 2 - ʇʦʚʥʘ ʜʽʘʛʨʘʤʘ ʜʝʬʦʨʤʫʚʘʥʥʷ çʥʘʧʨʫʞʝʥʥʷ ůc ï ʜʝʬʦʨʤʘʮʽʾ ucè ʜʝʨʝʚʠʥʠ ʦʩʴʦʚʠʤ ʩʪʠʩʢʦʤ 

ʚʟʜʦʚʞ ʚʦʣʦʢʦʥ: ůc ï ʥʘʧʨʫʞʝʥʥʷ ʜʝʨʝʚʠʥʠ ʦʩʴʦʚʠʤ ʩʪʠʩʢʦʤ ʚʟʜʦʚʞ ʚʦʣʦʢʦʥ; uc ï ʚʽʜʥʦʩʥʽ ʜʝʬʦʨʤʘʮʽʾ 

ʜʝʨʝʚʠʥʠ ʦʩʴʦʚʠʤ ʩʪʠʩʢʦʤ ʚʟʜʦʚʞ ʚʦʣʦʢʦʥ; fc,0,d ï ʤʘʢʩʠʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʜʝʨʝʚʠʥʠ; uc,0,d ï ʚʽʜʥʦʩʥʽ ʢʨʠʪʠʯʥʽ 

ʜʝʬʦʨʤʘʮʽʾ ʜʝʨʝʚʠʥʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʘʢʩʠʤʘʣʴʥʠʤ ʥʘʧʨʫʞʝʥʥʷʤ; uc,el ï ʧʨʫʞʥʘ ʩʢʣʘʜʦʚʘ ʚʽʜʥʦʩʥʠʭ 

ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ; uc,ʨl ï ʧʣʘʩʪʠʯʥʘ ʩʢʣʘʜʦʚʘ ʚʽʜʥʦʩʥʠʭ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ; uc,u ï ʚʽʜʥʦʩʥʽ ʛʨʘʥʠʯʥʽ 

ʜʝʬʦʨʤʘʮʽʾ ʜʝʨʝʚʠʥʠ; ůc,u ï ʥʘʧʨʫʞʝʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʛʨʘʥʠʯʥʠʤ ʜʝʬʦʨʤʘʮʽʷʤ; uc,fin ï ʚʽʜʥʦʩʥʽ ʟʘʣʠʰʢʦʚʽ 

ʜʝʬʦʨʤʘʮʽʾ ʜʝʨʝʚʠʥʠ; ůc,u ï ʥʘʧʨʫʞʝʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʽʜʥʦʩʥʠʤ ʟʘʣʠʰʢʦʚʠʤ ʜʝʬʦʨʤʘʮʽʷʤ ʜʝʨʝʚʠʥʠ; ɽ0 ï 

ʧʦʯʘʪʢʦʚʠʡ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʜʝʨʝʚʠʥʠ    

 

ʆʪʞʝ, ʜʘʥʘ ʜʽʘʛʨʘʤʘ ʟʘʚʞʜʠ ʤʘʻ ʜʚʽ ʚʽʪʢʠ: ʚʠʩʭʽʜʥʫ (ʜʦʢʨʠʪʠʯʥʘ ʩʪʘʜʽʷ ʨʦʙʦʪʠ 

ʤʘʪʝʨʽʘʣʫ) ʪʘ ʩʧʘʜʥʫ (ʟʘʢʨʠʪʠʯʥʘ ʩʪʘʜʽʷ ʨʦʙʦʪʘ ʤʘʪʝʨʽʘʣʫ). ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʜʝʨʝʚʠʥʘ 

ʧʨʘʮʶʻ ʥʝ ʪʽʣʴʢʠ ʜʦ ʪʦʯʢʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ, ʘ ʽ ʤʘʻ ʧʝʚʥʫ ʟʘʣʠʰʢʦʚʫ (ʟʘʢʨʠʪʠʯʥʫ) 

ʤʽʮʥʽʩʪʴ ʧʽʩʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʮʽʻʾ ʪʦʯʢʠ.  

ɺ ʤʠʥʫʣʠʭ ʥʘʰʠʭ ʨʦʙʦʪʘʭ ʤʠ ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʜʘʥʫ ʜʽʘʛʨʘʤʫ ʧʦʣʽʥʦʤʦʤ 

4-ʛʦ ʩʪʫʧʝʥʷ [4], ʘ ʪʘʢʦʞ ʜʘʣʠ ʪʝʦʨʝʪʠʯʥʝ ʦʙʛʨʫʥʪʫʚʘʥʥʷ ʟ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʾʾ 

ʧʦʢʘʟʥʠʢʽʚ: ʢʨʠʪʠʯʥʠʭ ʪʘ ʛʨʘʥʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ [5], ʤʘʢʩʠʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʘ ʪʘʢʦʞ 

ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʪʘ ʤʦʜʫʣʷ ʜʝʬʦʨʤʘʮʽʡ [6].  
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ɺʽʢʪʦʨ ɼʘʨʽʻʥʢʦ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, vvdarienko@gmail.com 

ʊʘʣʧʘ ʉʝʨʛʽʡ, ʙʘʢʘʣʘʚʨ, ʩʪʫʜʝʥʪ,  

ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʪʝʪ  

ɺʽʢʪʦʨ ʉʣʦʥʴ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ  

ʍʝʨʩʦʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʘʛʨʘʨʥʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʍʝʨʩʦʥ, ʋʢʨʘʾʥʘ 

 

3D-ʜʨʫʢ ʤʘʻ ʚʝʣʠʯʝʟʥʠʡ ʧʦʪʝʥʮʽʘʣ ʫ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ ʪʘʢʠʭ ʷʢ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, 

ʤʝʜʠʯʥʘ ʧʨʘʢʪʠʢʘ, ʙʫʜʽʚʝʣʴʥʘ ʪʘ ʘʝʨʦʢʦʩʤʽʯʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ. 

ʉʧʝʮʽʘʣʽʩʪʠ ʨʦʟʨʦʙʣʷʶʪʴ ʪʘ ʚʜʦʩʢʦʥʘʣʶʶʪʴ ʤʝʪʦʜʠ ʽ ʪʝʭʥʦʣʦʛʽʾ 3D-ʜʨʫʢʫ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʜʝʪʘʣʝʡ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʙʫʜʽʚʥʠʮʪʚʽ 

ʙʫʜʽʚʝʣʴ ʪʘ ʽʥʰʠʭ ʩʧʦʨʫʜ. ɺʠʢʦʨʠʩʪʘʥʥʷ 3D-ʜʨʫʢʫ ʚ ʙʫʜʽʚʥʠʮʪʚʽ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʟʥʠʞʝʥʥʷ 

ʚʠʪʨʘʪ ʥʘ ʙʫʜʽʚʥʠʮʪʚʦ, ʩʢʦʨʦʯʝʥʥʷ ʪʝʨʤʽʥʽʚ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʙʫʜʽʚʝʣʴʥʠʭ 

ʝʣʝʤʝʥʪʽʚ. ʊʘʢʦʞ ʮʷ ʪʝʭʥʦʣʦʛʽʷ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʶʚʘʪʠ ʩʢʣʘʜʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʬʦʨʤʠ ʪʘ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʨʘʥʽʰʝ ʙʫʣʦ ʜʫʞʝ ʩʢʣʘʜʥʦ ʘʙʦ ʥʘʚʽʪʴ ʥʝʤʦʞʣʠʚʦ ʟʨʦʙʠʪʠ. ʆʜʥʘʢ, ʥʘʨʘʟʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ 3D-ʜʨʫʢʫ ʫ ʙʫʜʽʚʥʠʮʪʚʽ ʚʩʝ ʱʝ ʤʘʻ ʩʚʦʾ ʦʙʤʝʞʝʥʥʷ ʪʘ ʚʠʢʣʠʢʠ, ʟ ʷʢʠʤʠ 

ʧʦʪʨʽʙʥʦ ʙʦʨʦʪʠʩʷ. 

ʏʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʫʮʽʣʴʥʝʥʥʷ ʜʨʫʢʦʚʘʥʠʡ ʙʝʪʦʥ ʤʦʞʝ ʤʘʪʠ ʥʠʞʯʫ ʱʽʣʴʥʽʩʪʴ, ʥʽʞ 

ʟʚʠʯʘʡʥʠʡ ʤʦʥʦʣʽʪʥʠʡ. ʂʨʽʤ ʪʦʛʦ ʚ ʤʽʩʮʽ ʟôʻʜʥʘʥʥʷ ʰʘʨʽʚ ʙʝʪʦʥʫ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ 

ʧʦʰʢʦʜʞʝʥʥʷ ʱʦ ʧʨʠʚʦʜʷʪʴ ʜʦ ʟʩʫʚʫ ʘʙʦ ʥʘʪʷʛʫ ʟʘʣʝʞʥʦ ʚʽʜ ʷʢʦʩʪʽ ʟô̒ ʜʥʘʥʥʷ ʰʘʨʽʚ. ʊʦʤʫ 

ʜʨʫʢʦʚʘʥʽ ʥʝʩʫʯʽ ʙʝʪʦʥʥʽ ʝʣʝʤʝʥʪʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʘʨʤʦʚʘʥʠʤʠ, ʱʦʙ ʟʙʽʣʴʰʠʪʠ ʤʽʮʥʽʩʪʴ ʥʘ 

ʨʦʟʪʷʛ ʽ ʟʤʝʥʰʠʪʠ ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ ʧʨʠ ʟʤʽʥʽ ʪʝʤʧʝʨʘʪʫʨ ʪʘ ʫʩʘʜʮʽ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ 

ʧʨʠʡʥʷʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʜʽʚʝʣʴ. 

ɯʩʥʫʶʯʽ ʜʦʩʣʽʜʞʝʥʥʷ ʘʨʤʫʚʘʥʥʷ ʚ 3DPC 
ʊʝʭʥʦʣʦʛʽʷ 3DPC ʻ ʚʽʜʥʦʩʥʦ ʥʦʚʦʶ, ʽ ʾʡ ʱʝ ʧʦʪʨʽʙʥʦ ʧʦʜʦʣʘʪʠ ʙʘʛʘʪʦ ʧʨʦʙʣʝʤ, ʷʢʱʦ 

ʚʦʥʘ ʟʙʠʨʘʻʪʴʩʷ ʟʘʤʽʥʠʪʠ, ʧʨʠʥʘʡʤʥʽ ʯʘʩʪʢʦʚʦ, ʟʚʠʯʘʡʥʫ ʙʝʪʦʥʥʫ ʢʦʥʩʪʨʫʢʮʽʶ. ʆʜʥʽʻʶ ʟ 

ʪʨʫʜʥʦʱʽʚ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʥʘʣʝʞʥʦʾ ʘʨʤʘʪʫʨʠ ʜʣʷ ʜʨʫʢʫ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʩʰʪʘʙʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

1. ʇʦʧʝʨʝʜʥʴʦ ʚʩʪʘʥʦʚʣʝʥʽ ʪʘ ʧʽʩʣʷʤʦʥʪʦʚʘʥʽ ʩʧʦʩʦʙʠ ʘʨʤʫʚʘʥʥʷ 

ʇʦʧʝʨʝʜʥʴʦ ʚʩʪʘʥʦʚʣʝʥʽ ʪʘ ʚʩʪʘʥʦʚʣʝʥʽ ʤʝʪʦʜʠ ʘʨʤʫʚʘʥʥʷ ʫʩʫʚʘʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʽʥʪʝʛʨʫʚʘʪʠ ʩʠʩʪʝʤʫ ʘʨʤʫʚʘʥʥʷ ʚ ʧʨʦʮʝʩ ʜʨʫʢʫ ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʽʣʴʰʫ ʩʚʦʙʦʜʫ ʚ ʨʦʟʤʽʱʝʥʥʽ 

ʘʨʤʘʪʫʨʠ, ʪʦʤʫ ʜʝʷʢʽ ʟ ʮʠʭ ʤʝʪʦʜʽʚ ʙʫʣʠ ʧʨʠʡʥʷʪʽ ʟʘʙʫʜʦʚʥʠʢʘʤʠ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ. ʎʽ ʤʝʪʦʜʠ ʚʚʘʞʘʶʪʴʩʷ ʙʽʣʴʰ ʜʦʮʽʣʴʥʠʤʠ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʜʦʜʘʪʢʦʚʝ 

ʧʦʩʠʣʝʥʥʷ, ʱʦʙ ʟʘʜʦʚʦʣʴʥʠʪʠ ʚʠʤʦʛʠ ʜʦ ʚʠʱʦʾ ʤʽʮʥʦʩʪʽ. 

2. ʄʝʪʦʜʠ ʘʨʤʫʚʘʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ ʧʨʘʢʪʠʮʽ ʟʘʙʫʜʦʚʥʠʢʘʤʠ 

2.1 ʄʝʪʦʜ ʨʦʟʨʦʙʣʝʥʠʡ ʢʦʤʧʘʥʽʻʶ Contour Crafting (CC), ʻ ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʪʝʭʥʽʢ ʜʨʫʢʫ 

ʙʝʪʦʥʦʤ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʨʫʢʫ ʙʝʪʦʥʥʦʾ ʦʙʦʣʦʥʢʠ ʷʢ ʦʧʘʣʫʙʢʠ ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʟʘʣʠʚʘʥʥʷ 

ʙʝʪʦʥʫ ʚ ʥʘʜʨʫʢʦʚʘʥʫ ʦʧʘʣʫʙʢʫ. ɺʝʨʪʠʢʘʣʴʥʽ ʘʨʤʘʪʫʨʥʽ ʩʪʨʠʞʥʽ ʘʙʦ ʧʦʚôʷʟʘʥʽ ʩʪʘʣʝʚʽ ʩʽʪʢʠ 

ʤʦʞʥʘ ʢʦʤʙʽʥʫʚʘʪʠ ʟ ʤʝʪʦʜʦʤ ʜʨʫʢʫ CC, ʚʩʪʘʥʦʚʠʚʰʠ ʾʭ ʫʩʝʨʝʜʠʥʫ ʜʨʫʢʦʚʘʥʦʾ ʦʧʘʣʫʙʢʠ 

ʧʝʨʝʜ ʟʘʣʠʚʘʥʥʷʤ ʙʝʪʦʥʫ ( ʈʠʩ. 1 a, b). ɻʦʨʠʟʦʥʪʘʣʴʥʽ ʘʨʤʘʪʫʨʥʽ ʩʪʝʨʞʥʽ ʪʘ ʬʘʩʦʥʥʽ ʟʚôʷʟʢʠ 

ʪʘʢʦʞ ʤʦʞʥʘ ʧʨʦʢʣʘʜʘʪʠ ʚʨʫʯʥʫ ʤʽʞ ʰʘʨʘʤʠ ʘʙʦ ʚʩʪʘʚʣʷʪʠ ʚ ʜʨʫʢʦʚʘʥʽ ʰʘʨʠ ʧʽʜ ʯʘʩ 

ʧʨʦʮʝʩʫ ʜʨʫʢʫ ( ʨʠʩ. 1 c). ʎʝʡ ʤʝʪʦʜ ʙʫʚ ʟʘʩʪʦʩʦʚʘʥʠʡ ʢʽʣʴʢʦʤʘ ʢʦʤʧʘʥʽʷʤʠ ʟ 3D-ʜʨʫʢʫ 

ʙʝʪʦʥʥʠʭ ʙʫʜʽʚʝʣʴ, ʚʢʣʶʯʘʶʯʠ ICON (ʉʐɸ), WinSun (ʂʠʪʘʡ), CyBe (ʅʽʜʝʨʣʘʥʜʠ). 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʮʽ ʢʦʤʧʘʥʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʭʥʦʣʦʛʽʶ 3D-ʜʨʫʢʫ ʣʠʰʝ ʜʣʷ ʜʨʫʢʫ 

ʥʝʟʤʽʥʥʦʾ çʦʧʘʣʫʙʢʠè  ʮʝʡ ʧʽʜʭʽʜ ʟʜʘʻʪʴʩʷ ʝʬʝʢʪʠʚʥʠʤ ʽ ʧʨʠʜʘʪʥʠʤ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʚʝʨʪʠʢʘʣʴʥʠʭ ʙʝʪʦʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʪʘʢʠʭ ʷʢ ʩʪʽʥʠ ʪʘ ʢʦʣʦʥʠ. 
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ʈʠʩʫʥʦʢ 1 ï ʄʝʪʦʜʠ ʘʨʤʫʚʘʥʥʷ ʜʨʫʢʦʚʘʥʦʛʦ ʙʝʪʦʥʫ, ʧʨʠʡʥʷʪʽ: ʘ ï WinSun; b ï CyBe; c ï CON;    

 d - ʇʝʯʘʪʥʽ ʙʝʪʦʥʥʽ ʙʫʜʽʚʝʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ 

 
ʈʠʩʫʥʦʢ 2 ï ʉʧʦʩʦʙʠ ʘʨʤʫʚʘʥʥʷ ʜʣʷ 3DPC, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʥʘ ʤʽʩʮʽ: 

 ʘ - ʚʝʨʪʠʢʘʣʴʥʽ ʘʨʤʘʪʫʨʥʽ ʩʪʝʨʞʥʽ, ʟʚôʷʟʘʥʽ ʚʠʛʥʫʪʦʶ ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ ʘʨʤʘʪʫʨʦʶ ʚ ʢʨʠʚʦʣʽʥʽʡʥʦʤʫ ʝʣʝʤʝʥʪʽ 

ʩʪʽʥʠ (ICON ), b -  ʚʝʨʪʠʢʘʣʴʥʽ ʘʨʤʘʪʫʨʥʽ ʩʪʝʨʞʥʽ ʟ ʬʘʩʦʥʥʠʤʠ ʟʚôʷʟʢʘʤʠ ʚ ʝʣʝʤʝʥʪʽ ʩʪʽʥʠ (CyBe),      c - 

ʟʦʩʝʨʝʜʞʝʥʘ ʘʨʤʘʪʫʨʘ ʚ ʝʣʝʤʝʥʪʽ ʩʪʽʥʠ (ICON); d - ʟʦʩʝʨʝʜʞʝʥʘ ʘʨʤʘʪʫʨʘ, ʟôʻʜʥʘʥʘ ʘʨʤʘʪʫʨʥʠʤʠ 

ʟôʻʜʥʫʚʘʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʚ ʝʣʝʤʝʥʪʽ ʢʦʣʦʥʠ (WinSun) 

ʂʦʥʮʝʧʮʽʷ Mesh Mold, ʨʦʟʨʦʙʣʝʥʘ ʚ ETH Zurich, ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʨʠʚʠʤʽʨʥʽ ʩʽʪʯʘʩʪʽ 

ʩʪʨʫʢʪʫʨʠ ʜʣʷ ʘʨʤʫʚʘʥʥʷ ʙʝʪʦʥʫ. ʋ ʮʴʦʤʫ ʤʝʪʦʜʽ ʙʝʪʦʥ ʨʦʟʧʠʣʶʶʪʴ ʥʘ ʧʝʨʬʦʨʦʚʘʥʫ 

ʦʧʘʣʫʙʢʫ, ʚʠʛʦʪʦʚʣʝʥʫ ʘʙʦ ʟ ʧʦʣʽʤʝʨʫ ʰʣʷʭʦʤ ʝʢʩʪʨʫʟʽʾ ( ʨʠʩ. 4 a, b), ʘʙʦ ʟʽ ʩʪʘʣʝʚʠʭ ʧʨʫʪʢʽʚ 

ʰʣʷʭʦʤ ʨʽʟʘʥʥʷ, ʟʛʠʥʘʥʥʷ ʪʘ ʟʚʘʨʶʚʘʥʥʷ ( ʨʠʩ. 4 c). ʎʷ ʟʙʽʨʥʘ ʩʽʪʯʘʩʪʘ ʢʦʥʩʪʨʫʢʮʽʷ ʚʠʢʦʥʫʻ 

ʨʦʣʴ ʘʨʤʘʪʫʨʠ ʪʘ ʩʪʽʡʢʦʾ ʦʧʘʣʫʙʢʠ, ʟʘʦʱʘʜʞʫʶʯʠ ʤʘʪʝʨʽʘʣ, ʦʩʢʽʣʴʢʠ ʦʜʥʦʨʘʟʦʚʘ ʦʧʘʣʫʙʢʘ ʥʝ 

ʧʦʪʨʽʙʥʘ. ʆʜʥʘʢ, ʦʩʢʽʣʴʢʠ ʮʷ ʩʽʪʯʘʩʪʘ ʩʪʨʫʢʪʫʨʘ ʥʝʜʦʩʪʘʪʥʴʦ ʤʽʮʥʘ, ʱʦʙ ʧʨʦʪʠʩʪʦʷʪʠ 

ʩʪʨʫʢʪʫʨʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʙʤʝʞʝʥʝ ʥʝ ʥʝʩʫʯʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. ʇʽʜʭʽʜ 

Branch Technology (Cellular Fabrication) ʜʦ ʙʫʜʽʚʥʠʮʪʚʘ ʚʥʫʪʨʽʰʥʽʭ ʩʪʽʥ ( ʈʠʩ. 4 d) ʩʣʽʜʫʻ 

ʢʦʥʮʝʧʮʽʾ Mesh Mold, ʘʣʝ ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʡ ʧʦʣʽʤʝʨ, ʘʨʤʦʚʘʥʠʡ ʚʫʛʣʝʮʝʚʠʤ 

ʚʦʣʦʢʥʦʤ, ʷʢ ʩʝʨʮʝʚʠʥʫ. 

 
ʈʠʩʫʥʦʢ 3 ï ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʦʥʮʝʧʮʽʾ Mesh Mold:  a - ʝʢʩʪʨʫʟʽʷ ʧʦʣʽʤʝʨʥʦʾ ʜʨʦʪʷʥʦʾ ʩʽʪʢʠ; b - ʟʘʣʽʟʦʙʝʪʦʥʥʘ ʩʪʽʥʘ 

ʟ ʧʦʣʽʤʝʨʥʦʾ ʜʨʦʪʷʥʦʾ ʩʽʪʢʠ;  c - ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʪʘʣʝʚʦʾ ʩʽʪʢʠ; d - ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʝʨʮʝʚʠʥʠ ʟʘʣʽʟʦʙʝʪʦʥʥʦʾ ʩʪʽʥʠ 

ʚʽʜ Branch Technology. 

3. ɯʥʰʽ ʤʝʪʦʜʠ, ʦʧʠʩʘʥʽ ʚ ʣʽʪʝʨʘʪʫʨʽ 

ʋ ʮʴʦʤʫ ( 3D printing of reinforced concrete elements: Technology and design approach) 

ʜʦʩʣʽʜʞʝʥʥʽ ʦʧʫʙʣʽʢʦʚʘʥʦʤʫ ʚ ʞʫʨʥʘʣʽ ScienceDirect ʧʦʨʦʞʥʽ ʩʝʛʤʝʥʪʠ ʙʘʣʦʢ ʟ ʙʝʪʦʥʫ ʙʫʣʠ 

ʥʘʜʨʫʢʦʚʘʥʽ ʥʝʟʘʣʝʞʥʦ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʫ ʥʘʧʨʷʤʢʫ ʪʦʚʱʠʥʠ. ʇʦʪʽʤ ʧʦʨʦʞʥʠʩʪʽ ʙʝʪʦʥʥʽ 

ʙʣʦʢʠ ʙʫʣʠ ʟʽʙʨʘʥʽ ʪʘ ʟʚôʷʟʘʥʽ ʩʪʘʣʝʚʠʤʠ ʘʨʤʘʪʫʨʥʠʤʠ ʧʨʫʪʘʤʠ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʙʘʣʢʦʚʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʘʨʤʘʪʫʨʘ ʚʽʜʽʛʨʘʻ ʜʚʽ ʨʦʣʽ: ʫʪʨʠʤʫʻ ʢʦʞʝʥ ʩʝʛʤʝʥʪ ʥʘ ʤʽʩʮʽ ʪʘ 

ʟʘʙʝʟʧʝʯʫʻ ʟʦʚʥʽʰʥʶ ʞʦʨʩʪʢʽʩʪʴ ʚ ʫʤʦʚʘʭ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɼʚʘ ʢʽʥʮʽ ʘʨʤʘʪʫʨʥʦʛʦ ʧʨʫʪʘ ʙʫʣʠ 

ʟʽʛʥʫʪʽ, ʱʦʙ ʚʩʪʘʚʠʪʠ ʾʭ ʚ ʦʪʚʦʨʠ, ʟʨʦʙʣʝʥʽ ʚ ʙʝʪʦʥʽ, ʘ ʧʦʪʽʤ ʟʘʧʦʚʥʝʥʽ ʨʦʟʯʠʥʦʤ, ʱʦʙ 

ʟʘʢʨʽʧʠʪʠ ʘʨʤʘʪʫʨʥʽ ʧʨʫʪʠ ʥʘ ʩʚʦʻʤʫ ʤʽʩʮʽ. ɿʘʚʜʷʢʠ ʩʪʝʨʞʥʷʤ ʟʛʠʥʫ ʪʘʢʘ ʘʨʤʘʪʫʨʘ ʤʦʞʝ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʦʧʽʨ ʫ ʧʣʦʱʠʥʽ ʪʘ ʧʦʟʘ ʧʣʦʱʠʥʦʶ. ʏʝʨʝʟ ʟʤʽʥʥʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʘ 
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ɿʙʽʨʥʠʢ ʤʘʪʝʨʽʘʣʽʚ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ on-line ʢʦʥʬʝʨʝʥʮʽʾ 

 çʇʈʆɹʃɽʄʀ ɹʋɼɯɺɽʃʔʅʆɻʆ ʊɸ ʊʈɸʅʉʇʆʈʊʅʆɻʆ ʂʆʄʇʃɽʂʉɯɺè. 

64                                                             x ̝̩̝̆̎̓̑́̌̎̏̔̋̑́̎̒̋̉̊ ̨̗̝̎́̏̎́̌̎̉̊ ̨̖̘̓̆̎̎̉̊ ̨̔̎̃̆̑̒̉̓ ̆̓ 

ʦʨʽʻʥʪʘʮʽʾ, ʟʦʚʥʽʰʥʽ ʩʪʘʣʝʚʽ ʘʨʤʘʪʫʨʥʽ ʩʪʨʠʞʥʽ ʧʦʢʨʘʱʫʶʪʴ ʦʧʽʨ ʩʪʠʩʢʘʶʯʠʤ, ʨʦʟʪʷʛʫʶʯʠʤ 

ʪʘ ʟʩʫʚʥʠʤ ʟʫʩʠʣʣʷʤ ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʜʨʫʢʦʚʘʥʠʭ ʙʝʪʦʥʥʠʭ ʙʘʣʢʘʭ, ʘ ʥʝ ʧʨʦʩʪʦ 

ʟʙʽʣʴʰʫʶʪʴ ʦʧʽʨ ʨʦʟʪʷʛʫʚʘʥʥʶ, ʷʢ ʫ ʟʚʠʯʘʡʥʦʤʫ ʙʝʪʦʥʽ. ʆʜʥʘʢ ʪʨʠʚʘʣʘ ʨʦʙʦʪʘ ʟ ʢʨʽʧʣʝʥʥʷ 

ʘʨʤʘʪʫʨʠ ʪʘ ʟʘʧʦʚʥʝʥʥʷ ʦʪʚʦʨʽʚ ʫʩʫʚʘʻ ʙʫʜʴ-ʷʢʫ ʧʝʨʝʚʘʛʫ ʧʝʨʝʜ ʟʚʠʯʘʡʥʠʤ ʙʝʪʦʥʦʤ ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʯʘʩʫ ʙʫʜʽʚʥʠʮʪʚʘ. 

  
ʈʠʩʫʥʦʢ 4 ï ʅʘʜʨʫʢʦʚʘʥʽ ʧʦʨʦʞʥʠʩʪʽ ʟʘʣʽʟʦʙʝʪʦʥʥʽ ʙʣʦʢʠ, ʟʽʙʨʘʥʽ ʪʘ ʧʦʩʠʣʝʥʽ ʟʦʚʥʽʰʥʴʦʶ ʩʪʘʣʝʚʦʶ ʘʨʤʘʪʫʨʦʶ 

ʄʝʪʦʜ ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʧʨʫʞʝʥʥʷ, ʪʘʢʦʞ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ 3DPC ʧʽʩʣʷ ʜʨʫʢʫʚʘʥʥʷ. ʅʘ 

ʦʩʥʦʚʽ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʙʝʪʦʥʥʽ ʝʣʝʤʝʥʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʜʨʫʢʦʚʘʥʽ ʷʢ ʧʦʨʦʞʥʽ 

ʩʪʨʫʢʪʫʨʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʥʰʦʾ ʢʽʣʴʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ. ʉʪʚʦʨʝʥʽ ʚ ʧʨʦʮʝʩʽ ʜʨʫʢʫ ʧʦʨʦʞʥʠʥʠ 

ʧʦʪʨʽʙʥʽ ʷʢ ʢʘʥʘʣʠ, ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʚ ʥʠʭ ʧʦʧʝʨʝʜʥʴʦ ʥʘʪʷʛʥʫʪʦʛʦ ʘʨʤʫʶʯʦʛʦ ʝʣʝʤʝʥʪʫ ʷʢʠʡ 

ʧʽʩʣʷ ʤʦʥʪʘʞʫ ʟʘʣʠʚʘʻʪʴʩʷ ʙʝʪʦʥʦʤ. ʑʝ ʫ 2011 ʨʦʮʽ ʮʝʡ ʤʝʪʦʜ ʘʨʤʫʚʘʥʥʷ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ 

ʚ ʫʥʽʚʝʨʩʠʪʝʪʽ ʃʘʬʙʦʨʦ, ɺʝʣʠʢʦʙʨʠʪʘʥʽʷ, ʜʣʷ ʜʨʫʢʫ ʙʝʪʦʥʥʦʾ ʣʘʚʢʠ (ʨʠʩʫʥʦʢ 13ʘ). ʇʝʨʰʠʡ ʚ 

ʩʚʽʪʽ 3D-ʥʘʜʨʫʢʦʚʘʥʠʡ ʟʘʣʽʟʦʙʝʪʦʥʥʠʡ ʤʽʩʪ (ʨʠʩʫʥʦʢ 13ʙ), ʥʘʜʨʫʢʦʚʘʥʠʡ ʚ ʊʝʭʥʽʯʥʦʤʫ 

ʫʥʽʚʝʨʩʠʪʝʪʽ Eindhoven, ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚ ʩʪʘʣʝʚʽ ʥʘʧʨʫʞʫʚʘʣʴʥʽ ʝʣʝʤʝʥʪʠ, ʥʘʪʷʛʥʫʪʽ 

ʚʟʜʦʚʞʥʦ ʽ ʟʘʢʨʽʧʣʝʥʽ ʥʘ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʙʣʦʢʘʭ ʟ ʘʨʤʦʚʘʥʦʛʦ ʣʠʪʦʛʦ ʙʝʪʦʥʫ. ʎʝʡ ʤʝʪʦʜ 

ʘʨʤʫʚʘʥʥʷ ʪʘʢʦʞ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʜʦ ʥʘʜʨʫʢʦʚʘʥʠʭ ʙʝʪʦʥʥʠʭ ʩʪʦʚʧʽʚ (ʨʠʩʫʥʦʢ 13ʩ) ʪʘ ʙʘʣʦʢ 

(ʨʠʩʫʥʦʢ 13ʜ) ʫ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʧʨʦʚʝʜʝʥʠʭ Silva et al.  ʪʘ Vantyghem et al. ʚʽʜʧʦʚʽʜʥʦ. ʋ ʮʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʙʝʪʦʥʥʽ ʝʣʝʤʝʥʪʠ ʜʨʫʢʫʚʘʣʠʩʷ ʰʘʨʘʤʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʤʠ ʜʦ ʥʘʧʨʷʤʢʫ 

ʧʨʦʜʦʣʴʥʦʾ ʦʩʽ, ʫ ʚʠʛʣʷʜʽ ʩʝʛʤʝʥʪʽʚ ʽ ʟʙʠʨʘʣʠʩʷ, ʟ ʚʠʨʽʚʥʶʚʘʥʥʷʤ ʧʦ ʮʝʥʪʨʘʣʴʥʠʭ ʦʪʚʦʨʘʭ. 

ʅʘʪʷʛʫʚʘʣʴʥʽ ʢʘʙʝʣʽ ʧʽʟʥʽʰʝ ʧʨʦʧʫʩʢʘʣʠʩʷ ʯʝʨʝʟ ʦʪʚʦʨʠ, ʷʢʽ ʬʫʥʢʮʽʦʥʫʚʘʣʠ ʷʢ ʢʘʥʘʣʠ. 

ɺʽʜʧʦʚʽʜʥʦ, ʤʝʪʦʜ ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʚ 3DPC ʤʘʻ ʧʝʨʩʧʝʢʪʠʚʠ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

 

 
ʈʠʩʫʥʦʢ 5 ï ʅʘʜʨʫʢʦʚʘʥʽ ʙʝʪʦʥʥʽ ʝʣʝʤʝʥʪʠ, ʧʦʩʠʣʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʦʜʘʪʢʦʚʦʛʦ ʥʘʪʷʛʫ: a - ʙʝʪʦʥʥʘ ʣʘʚʘ;     

       b - ʢʦʥʮʝʧʪʫʘʣʴʥʠʡ ʧʨʦʝʢʪ ʙʝʪʦʥʥʦʛʦ ʤʦʩʪʦʚʦʛʦ ʧʦʢʨʠʪʪʷ BAM; c - ʙʝʪʦʥʥʘ ʢʦʣʦʥʘ;   d - ʙʝʪʦʥʥʘ ʙʘʣʢʘ. 

ʄʝʪʦʜ ʘʨʤʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʝʧʣʝʨʘ. ɿʘʤʽʩʪʴ ʪʦʛʦ, ʱʦʙ ʙʫʪʠ ʥʘʜʨʫʢʦʚʘʥʠʤʠ 

ʨʘʟʦʤ ʟʽ ʩʚʽʞʠʤ ʙʝʪʦʥʦʤ, ʩʪʘʣʝʚʽ ʘʨʤʫʶʯʽ ʝʣʝʤʝʥʪʠ ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʢʨʽʧʣʝʥʽ ʚ 

ʥʘʜʨʫʢʦʚʘʥʦʤʫ ʙʝʪʦʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʛʦ ʩʪʝʧʣʝʨʘ. Geneidy ʪʘ Kumarji [1] 

ʝʢʩʧʝʨʠʤʝʥʪʫʚʘʣʠ ʟ ʮʽʻʶ ʽʥʥʦʚʘʮʽʡʥʦʶ ʽʜʝʻʶ, ʜʝ ʝʣʝʢʪʨʠʯʥʠʡ ʩʢʦʙʷʥʠʡ ʧʽʩʪʦʣʝʪ, ʷʢʠʡ 

ʟʘʢʨʽʧʣʶʻʪʴʩʷ ʥʘ ʨʦʙʦʪʠʟʦʚʘʥʦʤʫ ʧʣʝʯʽ, ʚʩʪʘʚʣʷʻ ʩʢʦʙʦʧʦʜʽʙʥʽ ʩʪʘʣʝʚʽ ʜʨʦʪʠ ʚ ʩʚʽʞʠʡ ʙʝʪʦʥ 

ʫ ʧʝʚʥʠʭ ʤʽʩʮʷʭ (ʨʠʩ. 18a,b). ʇʨʦʮʝʩ ʟʘʢʨʽʧʣʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʜʥʦʯʘʩʥʦ ʟ ʜʨʫʢʫʚʘʥʥʷʤ 

ʙʝʪʦʥʫ ʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʨʫʭʦʤ ʨʦʙʦʪʘ. ʈʽʟʥʦʤʘʥʽʪʥʽ ʬʦʨʤʠ ʩʪʘʣʝʚʦʛʦ ʜʨʦʪʫ ʜʦʩʪʫʧʥʽ ʜʣʷ 

ʨʽʟʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʩʠʪʫʘʮʽʡ. ʇʽʩʣʷ ʜʨʫʢʫʚʘʥʥʷ ʩʢʦʙʠ ʚʙʫʜʦʚʫʶʪʴʩʷ ʚ ʙʝʪʦʥ, ʫʪʚʦʨʶʶʯʠ 

3D ʤʝʪʘʣʝʚʫ ʩʽʪʢʫ, ʷʢʘ ʥʝ ʣʠʰʝ ʟʤʽʮʥʶʻ ʟʯʝʧʣʝʥʥʷ ʤʽʞ ʥʘʜʨʫʢʦʚʘʥʠʤʠ ʰʘʨʘʤʠ, ʘʣʝ ʡ 

ʟʙʽʣʴʰʫʻ ʟʘʛʘʣʴʥʫ ʩʪʨʫʢʪʫʨʥʫ ʮʽʣʽʩʥʽʩʪʴ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ ʤʝʪʦʜʫ ʩʪʘʣʝʚʽ ʜʨʦʪʠ ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʩʪʘʚʣʝʥʽ ʽ ʧʝʨʝʢʨʠʚʘʪʠʩʷ ʦʜʠʥ ʦʜʥʠʤ ʫ ʬʦʨʤʽ ʣʽʪʝʨʠ "X" (ʨʠʩ. 18b) ʤʽʞ ʧʘʨʘʣʝʣʴʥʠʤʠ 

ʰʘʨʘʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʯʝʧʣʝʥʥʷ, ʘʙʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʚ ʢʫʪʘʭ, ʱʦʙ ʧʽʜʩʠʣʠʪʠ ʩʣʘʙʢʫ 



 

ñ ʇʨʦʙʣʝʤʠ ʙʫʜʽʚʝʣʴʥʦʛʦ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʽʚò 
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ʟʦʥʫ. ʗʢ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʚʪʦʨʘʤʠ, ʤʘʡʙʫʪʥʷ ʨʦʙʦʪʘ ʤʘʻ ʚʢʣʶʯʘʪʠ ʚ ʩʝʙʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʧʨʦʮʝʩʫ ʚʠʷʚʣʝʥʥʷ ʩʣʘʙʢʠʭ ʤʽʩʮʴ ʢʦʥʩʪʨʫʢʮʽʡ. 

 
ʈʠʩʫʥʦʢ 6 ï ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʬʽʣʴʥʦʾ ʘʨʤʘʪʫʨʠ ʟʽ ʩʪʘʣʝʚʦʛʦ ʜʨʦʪʫ ʚ ʜʨʫʢʦʚʘʥʦʤʫ ʙʝʪʦʥʽ:  a - ʚʠʨʽʚʥʶʚʘʥʥʷ ʟ 

ʥʘʧʨʷʤʢʦʤ ʜʨʫʢʫ; b - ʥʘʥʝʩʝʥʝ ʫ ʬʦʨʤʽ çXè. 

 

4. ɺʠʩʥʦʚʦʢ 

ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʜʝʷʢʽ ʤʝʪʦʜʠ ʘʨʤʫʚʘʥʥʷ ʥʘʜʨʫʢʦʚʘʥʠʭ ʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, 

ʪʘʢʽ ʷʢ ʧʨʦʩʪʦʨʦʚʝ ʥʘʧʨʫʞʝʥʥʷ, ʘʨʤʘʪʫʨʥʽ ʚʩʪʘʚʢʠ, ʷʢʽ ʟʘʢʨʽʧʣʶʻʪʴʩʷ ʚ ʥʘʜʨʫʢʦʚʘʥʦʤʫ 

ʙʝʪʦʥʽ, ʪʘ ʧʦʧʝʨʝʜʥʻ ʥʘʧʨʫʞʝʥʥʷ. ʆʧʠʩʘʥʽ ʤʝʪʦʜʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ 3DPC ʻ ʧʝʨʩʧʝʢʪʠʚʥʦʶ 

ʪʝʭʥʦʣʦʛʽʻʶ ʜʣʷ ʙʫʜʽʚʥʠʮʪʚʘ ʝʬʝʢʪʠʚʥʠʭ ʽ ʩʪʽʡʢʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʈʽʟʥʽ ʤʝʪʦʜʠ 

ʘʨʤʫʚʘʥʥʷ ʪʘ ʢʦʤʙʽʥʘʮʽʾ ʮʠʭ ʤʝʪʦʜʽʚ, ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʪʘ 

ʜʦʜʘʪʢʦʚʦʛʦ ʧʦʢʨʘʱʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʜʨʫʢʦʚʘʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʂʦʞʝʥ ʤʝʪʦʜ ʤʘʻ ʩʚʦʾ 

ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ, ʽ ʾʭ ʚʠʙʽʨ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʢʨʝʪʥʠʭ ʚʠʤʦʛ ʜʦ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʫʤʦʚ 

ʜʨʫʢʫ. ʇʨʦʪʝ, ʥʝ ʟʚʘʞʘʶʯʠ ʥʘ ʾʭ ʦʯʝʚʠʜʥʫ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ, ʽʩʥʫʻ ʥʠʟʢʘ ʧʨʦʙʣʝʤ, ʧʦʚ'ʷʟʘʥʠʭ 

ʟ ʤʽʮʥʽʩʪʶ ʪʘ ʩʪʽʡʢʽʩʪʶ ʮʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʟʦʢʨʝʤʘ ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʜʨʫʢʫ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʜʝʷʢʽ ʟ ʤʝʪʦʜʽʚ ʘʨʤʫʚʘʥʥʷ ʻ ʚʞʝ ʜʦʩʠʪʴ ʜʦʙʨʝ ʜʦʩʣʽʜʞʝʥʠʤʠ, 

ʙʘʛʘʪʦ ʧʠʪʘʥʴ ʱʦʜʦ ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʣʠʰʘʶʪʴʩʷ 

ʚʽʜʢʨʠʪʠʤʠ. ɼʦʜʘʪʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʠ ʚ ʮʽʡ ʪʘ ʽʥʰʠʭ ʥʘʧʨʷʤʘʭ ʨʦʟʚʠʪʢʫ ʥʘʫʢʠ ʪʘ 

ʪʝʭʥʽʢʠ ʜʦʟʚʦʣʷʪʴ ʧʦʣʽʧʰʠʪʠ ʪʝʭʥʦʣʦʛʽʾ ʜʨʫʢʫ ʪʘ ʨʦʟʰʠʨʠʪʠ ʤʦʞʣʠʚʦʩʪʽ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʧʨʘʢʪʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʥʷʭ. 
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè 

 

ɺʝʣʠʢʦʧʘʥʝʣʴʥʝ ʙʫʜʽʚʥʠʮʪʚʦ ʧʝʨʝʞʠʚʘʻ ʝʪʘʧ ʚʽʜʨʦʜʞʝʥʥʷ, ʢʦʪʨʠʡ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʡʦʛʦ ʩʫʪʪʻʚʦʶ ʤʦʜʝʨʥʽʟʘʮʽʻʶ: ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʨʠʰʘʨʦʚʠʭ ʩʪʽʥʦʚʠʭ ʧʘʥʝʣʝʡ ʽʟ ʚʠʩʦʢʠʤʠ 

ʪʝʧʣʦʪʝʭʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʚʜʦʩʢʦʥʘʣʝʥʥʷʤ ʚʝʨʪʠʢʘʣʴʥʠʭ ʩʪʠʢʽʚ ʤʽʞ ʧʘʥʝʣʷʤʠ, 

ʟʙʽʣʴʰʝʥʥʷʤ ʚʽʜʩʪʘʥʽ ʤʽʞ ʥʝʩʫʯʠʤʠ ʩʪʽʥʘʤʠ ʟ ʤʝʪʦʶ ʧʦʢʨʘʱʝʥʥʷ ʦʙôʻʤʥʦ-ʧʣʘʥʫʚʘʣʴʥʠʭ 

ʨʽʰʝʥʴ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʷʢʦʩʪʽ ʧʝʨʝʢʨʠʪʪʷ ʙʘʛʘʪʦʧʫʩʪʦʪʥʠʭ ʧʣʠʪ ʙʝʟʦʧʘʣʫʙʥʦʛʦ 

ʬʦʨʤʫʚʘʥʥʷ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘʢʠʭ ʧʣʠʪ ʚʠʥʠʢʘʻ ʧʠʪʘʥʥʷ ʧʨʦ ʥʝʩʫʯʫ ʟʜʘʪʥʽʩʪʴ ʚʫʟʣʘ ʾʭ 

ʟôʻʜʥʘʥʥʷ ʟʽ ʩʪʽʥʦʚʦʶ ʧʘʥʝʣʣʶ.  

ɺ ʪʨʘʜʠʮʽʡʥʦʤʫ ʧʣʘʪʬʦʨʤʥʦʤʫ ʩʪʠʢʫ ʚ ʦʧʦʨʥʽʡ ʟʦʥʽ ʧʣʠʪʠ ʚʠʥʠʢʘʶʪʴ ʧʦʧʝʨʝʯʥʘ ʩʠʣʘ 

ʡ ʦʧʦʨʥʠʡ ʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ ʚʽʜ ʟʘʱʝʤʣʝʥʥʷ ʧʣʠʪʠ. ʆʩʢʽʣʴʢʠ ʚ ʮʽʡ ʟʦʥʽ ʧʦʟʜʦʚʞʥʷʡ 

ʧʦʧʝʨʝʯʥʘ ʘʨʤʘʪʫʨʘ ʚʽʜʩʫʪʥʷ, ʪʦ ʟʘ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʙʝʪʦʥʥʠʡ ʧʦʧʝʨʝʯʥʠʡ 

ʧʝʨʝʨʽʟ. ʁʦʛʦ ʨʦʟʨʘʭʫʥʦʢ ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʧʨʫʞʥʽʡ ʩʪʘʜʽʾ ʜʣʷ ʥʝʜʦʧʫʱʝʥʥʷ ʫʪʚʦʨʝʥʥʷ ʚ ʥʴʦʤʫ 

ʪʨʽʱʠʥ. ɼʣʷ ʤʘʣʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʽʚʝʣʴ ʚʝʣʠʯʠʥʘ ʤʦʤʝʥʪʫ ʚ ʦʧʦʨʥʦʤʫ ʧʝʨʝʨʽʟʽ ʧʣʠʪ ʥʝ 

ʧʝʨʝʚʠʱʫʻ ʤʦʤʝʥʪʫ ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ ʫ ʙʝʪʦʥʽ ʦʧʦʨʥʦʾ ʟʦʥʠ, ʱʦ ʧʦʚ'ʷʟʘʥʦ ʟ ʥʝʚʝʣʠʢʠʤ 

ʩʪʫʧʝʥʝʤ ʟʘʱʝʤʣʝʥʥʷ ʟʘʟʥʘʯʝʥʦʛʦ ʧʝʨʝʨʽʟʫ. ɼʣʷ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʽʚʝʣʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʪʦʨʮʽ ʧʣʠʪ ʽ ʢʦʝʬʽʮʽʻʥʪ ʟʘʱʝʤʣʝʥʥʷ ʟʙʽʣʴʰʫʶʪʴʩʷ, ʡʦʧʦʨʥʽ ʤʦʤʝʥʪʠ ʤʦʞʫʪʴ ʧʝʨʝʚʠʱʠʪʠ 

ʛʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʤʦʞʣʠʚʝ ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ ʚ ʙʝʪʦʥʽ ʦʧʦʨʥʦʾ ʟʦʥʠ, ʱʦ ʥʝ 

ʜʦʧʫʩʢʘʻʪʴʩʷ ʥʦʨʤʘʤʠ.  

ɺʠʷʚʣʝʥʽ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʙʘʛʘʪʦʧʫʩʪʦʪʥʠʭ ʧʣʠʪ ʙʝʟʦʧʘʣʫʙʥʦʛʦ 

ʬʦʨʤʫʚʘʥʥʷ ʫ ʟʦʥʽ ʧʣʘʪʬʦʨʤʥʦʛʦ ʩʪʠʢʫ ʥʦʨʤʘʣʴʥ ̔ʽ ʧʦʭʠʣ ̔ʜʦ ʧʦʟʜʦʚʞʥʴʦʾ ʦʩʽ ʪʨʽʱʠʥʠ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʥʝʙʝʟʧʝʢʫ ʨʫʡʥʫʚʘʥʥʷ ʥʘ ʦʧʦʨʽ ʚʽʜ ʚʽʜʨʠʚʫ ʪʘ ʟʨʽʟʫ. 

ɿʘʟʥʘʯʝʥʘ ʧʨʦʙʣʝʤʘ ʯʘʩʪʢʦʚʦ ʤʦʞʝ ʙʫʪʠ ʚʠʨʽʰʝʥʘ ʰʣʷʭʦʤ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ 

ʦʧʦʨʥʠʭ ʢʘʨʢʘʩʽʚ ʫʛʦʪʦʚʠʭ ʧʣʠʪʘʭ, ʘʙʦ ʟʘʧʦʚʥʝʥʥʷ ʧʦʨʦʞʥʠʥ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʽʚ 

ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ. 

ʂʘʨʜʠʥʘʣʴʥʝ ʨʦʟʚ'ʷʟʘʥʥʷ ʧʨʦʙʣʝʤʠ ʤʦʞʣʠʚʦ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʢʦʥʪʘʢʪʥʦ-

ʧʣʘʪʬʦʨʤʥʦʛʦ ʩʪʠʢʫ ʧʣʠʪ ʟ ʧʘʥʝʣʷʤʠ (ʨʠʩ. 1), ʚ ʷʢʦʤʫ ʪʦʨʮʽ ʧʝʨʝʢʨʠʪʪʷ ʚʠʥʝʩʝʥʽ ʟʘ ʤʝʞʽ 

ʩʪʽʥʠ[1]. ʄʦʥʪʘʞ ʧʣʠʪ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʪʠʤʯʘʩʦʚʽ ʤʦʥʪʘʞʥʽ ʦʧʦʨʥʽ ʩʪʦʣʠʢʠ, ʷʢʽ 

ʜʝʤʦʥʪʫʶʪʴʩʷ ʧʽʩʣʷ ʥʘʙʠʨʘʥʥʷ ʧʨʦʝʢʪʥʦʾ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʦʤ ʟʘʤʦʥʦʣʽʯʫʚʘʥʥʷ. ʇʣʠʪʠ 

ʧʽʜʚʽʰʫʶʪʴʩʷ ʥʘ ʰʧʦʥʢʠ, ʢʦʪʨʽ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʟʘʤʦʥʦʣʽʯʫʚʘʥʥʽ ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ 

ʩʫʮʽʣʴʥʦʛʦ ʧʦʷʩʫ ʚ ʤʝʞʘʭ ʰʠʨʠʥʠ ʩʪʽʥʦʚʦʾ ʧʘʥʝʣʽ, ʰʧʦʥʢʠ ʘʨʤʫʶʪʴʩʷ ʢʘʨʢʘʩʘʤʠ, ʱʦ 

ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʚ ʧʫʩʪʦʪʠ ʧʣʠʪʠ ʟʥʠʟʫ ʥʘ ʙʫʜʽʚʝʣʴʥʦʤʫ ʤʘʡʜʘʥʯʠʢʫ. ʂʘʨʢʘʩ ʬʽʢʩʫʻʪʴʩʷ ʚ 

ʧʣʘʩʪʠʢʦʚʽʡ ʟʘʛʣʫʰʮʽ, ʢʦʪʨʘ ʦʜʥʦʯʘʩʥʦ ʚʠʩʪʫʧʘʻ ʦʙʤʝʞʫʚʘʯʝʤ ʜʦʚʞʠʥʠ ʰʧʦʥʢʠ.  ɺ ʧʨʦʮʝʩʽ 

ʤʦʥʪʘʞʫ ʘʨʤʘʪʫʨʥʠʡ ʢʘʨʢʘʩ ʨʘʟʦʤ ʽʟ ʟʘʛʣʫʰʢʦʶ ʟʥʘʭʦʜʠʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʧʫʩʪʦʪʠ, ʘ ʧʽʩʣʷ 

ʬʽʢʩʘʮʽʾ ʧʣʠʪʠ ʚʽʥ ʚʩʪʘʥʦʚʣʶʶʻʪʴʩʷ ʚ ʧʨʦʝʢʪʥʝ ʧʦʣʦʞʝʥʥʷ, ʪʘʢ ʷʢ ʩʪʠʢ ʧʣʠʪ ʜʦʩʪʫʧʥʠʡ ʪʘ 

ʜʦʩʪʘʪʥʴʦ ʰʠʨʦʢʠʡ (ʚʽʜ 160 ʜʦ 240 ʤʤ).  

ʂʦʥʪʘʢʪʥʦ-ʧʣʘʪʬʦʨʤʥʠʡ ʩʪʠʢ ʤʘʻ ʙʽʣʴʰʫ ʥʝʩʫʯʫ ʟʜʘʪʥʽʩʪʴ ʥʽʞ ʧʣʘʪʬʦʨʤʥʠʡ, ʱʦ 

ʜʦʩʠʪʴ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʙʫʜʽʚʝʣʴ ʧʽʜʚʠʱʝʥʦʾ ʧʦʚʝʨʭʦʚʦʩʪʽ. ʈʘʟʦʤ ʽʟ ʮʠʤ ʤʦʥʪʘʞ ʧʝʨʝʢʨʠʪʪʷ 

ʥʘʩʫʭʦ ʥʘ ʚʠʚʽʨʝʥʽ ʧʦ ʚʝʨʪʠʢʘʣʽ ʤʦʥʪʘʞʥʽ ʢʫʪʠʢʠ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʜʦʩʪʘʪʥʴʦ ʨʽʚʥʫ 

ʧʦʚʝʨʭʥʶ ʩʪʝʣʴ. ʂʽʣʴʢʽʩʪʴ ʘʨʤʦʚʘʥʠʭ ʰʧʦʥʦʢ ʪʘ ʧʝʨʝʨʽʟ ʘʨʤʘʪʫʨʠ ʧʽʜʙʠʨʘʻʪʴʩʷ ʨʦʟʨʘʭʫʥʢʦʤ.  

ɺ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè 

ʤʦʜʝʨʥʽʟʦʚʘʥʦ ʢʦʥʩʪʨʫʢʮʽʶ ʩʪʠʢʘ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʘʨʤʫʚʘʥʥʷ ʰʧʦʥʦʢ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʢʘʨʢʘʩʽʚ, ʘ ʪʘʢʦʞ ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʾʭ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʥʘ 

ʦʩʥʦʚʽ ʚʘʨʽʘʮʽʡʥʦʛʦ ʤʝʪʦʜʫ ʚ ʪʝʦʨʽʾ ʧʣʘʩʪʠʯʥʦʩʪʽ ʙʝʪʦʥʫ[2]. 

 



 

ñ ʇʨʦʙʣʝʤʠ ʙʫʜʽʚʝʣʴʥʦʛʦ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʽʚò 
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ʈʠʩʫʥʦʢ 1  ʂʦʤʙʽʥʦʚʘʥʠʡ ʩʪʠʢ ʙʘʛʘʪʦʧʫʩʪʦʪʥʠʭ ʧʣʠʪ ʟʽ ʩʪʽʥʦʚʠʤʠ ʧʘʥʝʣʷʤʠ: 

1 ï ʩʪʽʥʦʚʘ ʧʘʥʝʣʴ; 2 ï ʧʣʠʪʘ ʧʝʨʝʢʨʠʪʪʷ; 3 ï ʤʦʥʦʣʽʪʥʠʡ ʙʝʪʦʥ; 4 ï ʨʦʟʯʠʥ; 5 ï ʢʘʨʢʘʩ ʘʨʤʫʚʘʥʥʷ ʰʧʦʥʢʠ;  

6 ï ʧʣʘʩʪʠʢʦʚʘ ʟʘʛʣʫʰʢʘ; 7 ï ʘʨʤʘʪʫʨʥʽ ʚʠʧʫʩʢʠ ʽʟ ʩʪʽʥʦʚʠʭ ʧʘʥʝʣʝʡ; lk ï ʜʽʣʷʥʢʘ ʧʽʜʚʽʰʫʚʘʥʥʷ ʧʝʨʝʢʨʠʪʪʷ 

(ʨʦʟʨʘʭʫʥʢʦʚʘ ʚʝʣʠʯʠʥʘ) 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʘʚʪʦʨʘʤʠ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʩʪʠʢʽʚ ʚʨʘʭʦʚʫʻ ʭʘʨʘʢʪʝʨ ʾʭ 

ʨʫʡʥʫʚʘʥʥʷ ʪʘ ʛʦʣʦʚʥʽ ʚʠʟʥʘʯʘʣʴʥʽ ʬʘʢʪʦʨʠ: ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ fcd ʪʘ fctd, 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʛʣʠʙʠʥʠ lk ʪʘ ʚʠʩʦʪʠ hk ʰʧʦʥʦʢ, ʬʦʨʤʫ ʾʭ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʬʦʨʤʫ 

ʧʨʦʬʽʣʶ, ʘʨʤʫʚʘʥʥʷ, ʢʽʣʴʢʽʩʪʴ ʰʧʦʥʦʢ. 

ɼʣʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ: ʜʦʚʞʠʥʘ ʧʣʠʪʠ 7,2 ʤ, ʰʠʨʠʥʘ 1,2 ʤ (6  ʧʦʨʦʞʥʠʥ), ʛʣʠʙʠʥʘ 

ʰʧʦʥʢʠ lk = 70 ʤʤ;  ʙʝʪʦʥ  ʟʘʤʦʥʦʣʫʯʫʚʘʥʥʷ ʢʣʘʩʘ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʉ20/25  (fcd =14,5 ʄʇʘ;  

fctd=  

1,0 ʄʇʘ); ʨʘʙʦʯʘ  ʘʨʤʘʪʫʨʘ  ʰʧʦʥʢʠ  4 6ɲɸ240ʉ  (fyd = 229 ʄʇʘ;  ɟw = 0,57 %),ʦʪʨʠʤʘʥʦ: ʦʧʽʨ 

ʟʨʽʟʫ ʰʧʦʥʢʠfk=3,1ʄʇʘ  (fk/fcd=0,214), ʟʘʟʥʘʯʝʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ɽʚʨʦʢʦʜ 2 

ʩʢʣʘʜʘʻ 0,115; ʟʫʩʠʣʣʷ, ʢʦʪʨʝ ʩʧʨʠʡʤʘʻ ʦʜʥʘ ʰʧʦʥʢʘ ʟʛʽʜʥʦ ʚʘʨʽʘʮʽʡʥʦʛʦ ʤʝʪʦʜʫ ʩʢʣʘʜʘʻ  

56 ʢʅ; ʧʨʠ ʨʦʟʨʘʭʫʥʢʦʚʦʤʫ ʟʥʘʯʝʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʣʠʪʫ14 ʢʇʘ ʧʦʧʝʨʝʯʥʘ ʩʠʣʘ ʥʘ ʦʧʦʨʽ 

VEd = 59 ʢʅ.  ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʾ ʨʦʙʦʪʠ ʟ'ʻʜʥʘʥʥʷ 

ʧʣʠʪ ʧʝʨʝʢʨʠʪʪʷ ʟʽ ʩʪʽʥʦʚʠʤʠ ʧʘʥʝʣʷʤʠ ʥʝʦʙʭʽʜʥʦ ʥʘ ʢʦʞʥʽʡ ʦʧʦʨʥʽʡ ʜʽʣʷʥʮʽ ʧʝʨʝʜʙʘʯʠʪʠ 

ʤʽʥʽʤʫʤ ʜʚʽ ʰʧʦʥʢʠ. ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʧʣʠʪ ʧʽʜ ʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʽʣʴʢʽʩʪʴ ʘʨʤʦʚʘʥʠʭ ʰʧʦʥʦʢ ʫ ʟ'ʻʜʥʘʥʥʽ ʟʙʽʣʴʰʫʻʪʴʩʷ. 

ɼʣʷ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʚʝʣʠʢʦʧʘʥʝʣʴʥʦʛʦ ʜʦʤʦʙʫʜʽʚʥʠʮʪʚʘ ʧʝʨʩʧʝʢʪʠʚʥʠʤ 

ʥʘʧʨʷʤʢʦʤ ʷʚʣʷʻʪʴʩʷ ʢʦʤʧʣʝʢʩʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʨʤʦʚʘʥʦʛʦ ʢʝʨʘʤʟʠʪʦʙʝʪʦʥʘ ʜʣʷ ʩʪʚʦʨʝʥʷ 

ʧʦʣʝʛʰʝʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè 

 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʮʝʛʣʷʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ (ʨʠʩ. 1) ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ 

ʚʽʜʽʛʨʘʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʽʮʥʦʩʪʽ ʢʣʘʜʢʠ ʧʨʠ ʩʪʠʩʢʦʚʽ.  

 

 
ʈʠʩʫʥʦʢ 1  ʌʘʢʪʦʨʠ, ʢʦʪʨʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʥʝʩʫʯʫ ʟʜʘʪʥʽʩʪʴ ʩʪʠʩʥʫʪʠʭ ʮʝʛʣʷʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

 

ʅʘʡʙʽʣʴʰ ʪʦʯʥʦ ʾʾ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʧʨʦʙʫʚʘʥʥʷ ʬʨʘʛʤʝʥʪʽʚ ʩʪʽʥ, ʱʦ 

ʟʚʠʯʘʡʥʦ ʥʝ ʻ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʠʤ. 

ɺ ʋʢʨʘʾʥʽ ʟʘʟʥʘʯʝʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʨʘʜʠʮʽʡʥʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʮʝʛʣʷʥʠʭ ʩʪʦʚʧʽʚ ʟ̔ ʢʚʘʜʨʘʪʥʠʤ ʧʦʧʝʨʝʯʥʠʤ ʧʝʨʝʨʽʟʦʤ, ʦʜʥʘʢ ʨʝʢʦʤʝʥʜʘʮʽʾ 

ʱʦʜʦ ʾʭ ʩʪʘʥʜʘʨʪʥʠʭ ʨʦʟʤʽʨʽʚ ʚʽʜʩʫʪʥʽ. 

ɿʘ ʢʦʨʜʦʥʦʤ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʟʘʟʥʘʯʝʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʠʧʨʦʙʦʚʫʶʪʴʩʷ ʷʢ ʜʽʣʷʥʢʠ ʩʪʽʥ (ʨʠʩ. 2), ʪʘʢ ʽ ʧʨʠʟʤʠ (ʨʠʩ. 3) ʟ ʨʽʟʥʦʶ ʢʽʣʴʢʽʩʪʶ ʨʷʜʽʚ 

ʢʣʘʜʢʠ[1]. ʆʜʥʘʢ, ʻʜʠʥʠʭ ʚʠʤʦʛ ʜʦ ʾʭ ʨʦʟʤʽʨʽʚ ʥʝ ʽʩʥʫʻ, ʥʘʷʚʥʽ ʧʨʦʧʦʟʠʮʽʾ ʱʦʜʦ ʚʽʜʥʦʰʝʥʥʷ 

ʚʠʩʦʪʠ ʟʨʘʟʢʘ ʜʦ ʡʦʛʦ ʪʦʚʱʠʥʠ ʚ ʤʝʞʘʭ ʚʽʜ 1,3 ʚ ʘʤʝʨʠʢʘʥʩʴʢʠʭ (2 ʚ ʢʘʥʘʜʽʡʩʴʢʠʭ, 

ʙʨʠʪʘʥʩʴʢʠʭ, ʘʚʩʪʨʘʣʽʡʩʴʢʠʭ) ʜʦ 5 (ʦʜʥʦʩʪʘʡʥʦ) ʧʨʠ ʤʽʥʽʤʘʣʴʥʽʡ ʚʠʩʦʪʽ ʫ ʨʘʟʽ ʧʨʠʚôʷʟʢʠ ʜʦ 

ʮʝʛʣʠ 5 ʮʝʛʣʠʥ ʫ ʘʤʝʨʠʢʘʥʩʴʢʠʭ ʽ 4 ʮʝʛʣʠʥʠ ʫ ʢʘʥʘʜʽʡʩʴʢʠʭ ʥʦʨʤʘʭ (ʪʘʙʣʠʮʷ 1)[2].  

ɺ ʋʢʨʘʾʥʽ ʜʽʻ ʥʦʨʤʘʪʠʚʥʠʡ ʜʦʢʫʤʝʥʪ ɼʉʊʋ ɹ EN 1052-1:2011 [3], ʷʢʠʡ ʻ 

ʧʝʨʝʢʣʘʜʦʤEN 1052-1:1998, ʟʛʽʜʥʦ ʥʴʦʛʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʘʟʥʘʯʝʥʦʾ ʤʽʮʥʦʩʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʮʝʛʣʷʥʠʭ ʟʨʘʟʢʽʚ ʜʦʚʞʠʥʦʶ ʥʝ ʤʝʥʰʝ 

ʜʦʚʞʠʥʠ 2 ʮʝʛʣʠʥ, ʚʠʩʦʪʦʶ ʥʝ ʤʝʥʰʝ 3-ʭ ʨʷʜʽʚ ʢʣʘʜʢʠ, ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʪʦʚʱʠʥʠ: ʦʜʥʘ 

ʮʝʛʣʠʥʘ, ʢʨʽʤ ʪʦʛʦ ʚʠʩʦʪʘ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ ʤʘʻ ʟʥʘʭʦʜʠʪʠʩʷ ʚ ʤʝʞʘʭ ʚʽʜ  3 ʜʦ 15 ʡʦʛʦ 

ʪʦʚʱʠʥ ʽ ʙʫʪʠ ʥʝ ʤʝʥʰʝ ʥʽʞ ʡʦʛʦ ʚʠʩʦʪʘ (ʨʠʩ. 4).  
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ʈʠʩʫʥʦʢ 2  ʌʨʘʛʤʝʥʪ ʩʪʽʥʠ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʩʪʠʩʢ 

 

 
 

ʈʠʩʫʥʦʢ 3 ʇʨʠʟʤʠ ʽʟ ʨʽʟʥʦʶ ʢʽʣʴʢʽʩʪʶ ʨʷʜʽʚ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʩʪʠʩʢ 

 

ʊʘʙʣʠʮʷ 1  ɺʠʤʦʛʠ ʜʦ ʨʦʟʤʽʨʽʚ ʮʝʛʣʷʥʠʭ ʧʨʠʟʤ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʢʣʘʜʢʠ ʥʘ ʩʪʠʩʢ 

ʅʦʨʤʠ 
ɸʤʝʨʠʢʘʥʩʴʢʠʡ ʂʘʥʘʜʩʴʢʠʡ 

CSA S304.1-04 

ɹʨʠʪʘʥʩʴʢʠʡ 

B5 5628-2:2000 

ɸʚʩʪʨʘʣʽʡʩʴʢʠʡ 

AS 3700-2001 UBC-1997 MSJC-2005 

ʉʪʘʥʜʘʨʪ ʥʘ 

ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʉʪʘʥʜʘʨʪ 21-17 

UBC 1997 

ASTM C 1314 

2002 

ɼʦʜʘʪʦʢ D 

CSA S304.1-04 

ɼʦʜʘʪʦʢ D 

B5 5628-2:2000 

ɼʦʜʘʪʦʢ C 

AS 3700-2001 

ɺʽʜʥʦʰʝʥʥʷ 

ʚʠʩʦʪʠ ʧʨʠʟʤʠ 

ʜʦ ʪʦʚʱʠʥʠ 

(h/t) 

5Óh/tÓ1.3 

hÓ5 ʮʝʛʣʠʥ 

5Óh/tÓ1.3 

hÓ5 ʮʝʛʣʠʥ 

h/tÓ2 

hÓ4ʮʝʛʣʠʥʠ 

5Óh/tÓ2 

 

5Óh/tÓ2 

 

 

ɺʨʘʭʦʚʫʶʯʠ ʚʠʱʝ ʚʠʢʣʘʜʝʥʝ, ʧʨʦʧʦʟʠʮʽʾ ʱʦʜʦ ʬʦʨʤʠ ʽ ʨʦʟʤʽʨʽʚ ʩʪʘʥʜʘʨʪʥʦʛʦ ʟʨʘʟʢʘ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʢʣʘʜʢʠ ʧʨʠ ʩʪʠʩʢʦʚʽ ʻ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ, ʢʦʪʨʝ ʧʦʪʨʝʙʫʻ 

ʨʦʟʚôʷʟʘʥʥʷ. 



 

 

ɿʙʽʨʥʠʢ ʤʘʪʝʨʽʘʣʽʚ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ on-line ʢʦʥʬʝʨʝʥʮʽʾ 

 çʇʈʆɹʃɽʄʀ ɹʋɼɯɺɽʃʔʅʆɻʆ ʊɸ ʊʈɸʅʉʇʆʈʊʅʆɻʆ ʂʆʄʇʃɽʂʉɯɺè. 

70                                                             x ̝̩̝̆̎̓̑́̌̎̏̔̋̑́̎̒̋̉̊ ̨̗̝̎́̏̎́̌̎̉̊ ̨̖̘̓̆̎̎̉̊ ̨̔̎̃̆̑̒̉̓ ̆̓ 

 
ʈʠʩʫʥʦʢ  4  ɼʦʩʣʽʜʥʽ ʧʨʠʟʤʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʮʝʛʣʷʥʦʾ ʢʣʘʜʢʠ ʥʘ ʩʪʠʩʢ ʟʛʽʜʥʦ [3] 

ɿʘʧʣʘʥʦʚʘʥʦ ʚʠʧʨʦʙʫʚʘʥʥʷ ʩʝʨʽʾ ʮʝʛʣʷʥʠʭ ʩʪʦʚʧʽʚ ʟ ʨʦʟʤʽʨʘʤʠ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ 

510ʭ510, 380ʭ380 ʽ 250ʭ250 ʤʤ ʽ ʧʨʠʟʤ (ʨʠʩ. 4) ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʘʟʥʘʯʝʥʦʾ ʤʽʮʥʦʩʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

 

 

 

ʈʠʩʫʥʦʢ 4 ɺʠʜʠ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1.ThaickavilN.N.Behaviour and strength assessment of masonry prisms/ N. N.Thaickavi, J.Thomas// Case Studies in 

Construction Materials. ï 2018. ïVol. 8. ï Pp. 23ï38. 

2. KoranyYa. ComparingMasonryCompressiveStrengthinVariousCodes/ Ya.Korany, J. 

Glanville//Concreteinternational. ï 2005. ï July. ï Pp. 35ï39. 

3/ ɼʉʊʋ ɹ EN 1052-1:2011 ʄʝʪʦʜʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʢʘʤ'ʷʥʦʾ ʢʣʘʜʢʠ ʏʘʩʪʠʥʘ 1. ɺʠʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʧʨʠ ʩʪʠʩʢʫ 

(EN 1052-1:1998, IDT). ï ʂ.: ʄʽʥʨʝʛʽʦʥ ʋʢʨʘʾʥʠ, 2012. ï 15 ʩ.  
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ʋɼʂ 624.07 

ʇʈʆɹʃɽʄʅɯ ʇʀʊɸʅʅʗ ɾʀʊʃʆɺʀʍ ɹʋɼɯɺɽʃʔ 

ʆʣʝʢʩʽʡ ɼʫʪʦʚ ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ 

ɻʝʥʥʘʜʽʡ ʎʠʛʘʥʝʥʢʦ ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ 

ʉʫʤʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ,ʬʘʢʫʣʴʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʪʨʘʥʩʧʦʨʪʫ, 

ʤ.ʉʫʤʠ,ʋʢʨʘʾʥʘ 

e-mail:tsyganenkogm@gmail.com 

 

ʎʝʛʣʷʥʽ ʪʘ ʧʘʥʝʣʴʥʽ ʙʘʛʘʪʦʧʦʚʝʨʭʽʚʢʠ ï ʧʝʨʝʚʘʞʥʘ ʩʢʣʘʜʦʚʘ ʞʠʪʣʦʚʦʛʦ ʬʦʥʜʫ ʥʘʰʦʾ 

ʢʨʘʾʥʠ. ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ ʟʘʧʨʦʝʢʪʦʚʘʥʘ ʪʘʢʠʤ ʯʠʥʦʤ, 

ʱʦ ʥʘ ʧʝʨʰʦʤʫ ʧʦʚʝʨʩʽ ʚʣʘʰʪʦʚʫʶʪʴ ʚʙʫʜʦʚʘʥʦ-ʧʨʠʙʫʜʦʚʘʥʽʧʨʠʤʽʱʝʥʥ ̫ ʢʦʤʝʨʮʽʡʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ (ʩʫʧʝʨʤʘʨʢʝʪʠ,  ʤʝʜʠʯʥ ̔ʮʝʥʪʨʠ, ʦʬʽʩʥʽʧʨʠʤʽʱʝʥʥʷ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʪ.ʽ), 

ʷʢʽ ʟʥʘʯʥʦ ʩʧʨʦʱʫʶʪʴ ʞʠʪʪʷ ʜʣʷ ʥʘʩʝʣʝʥʥʷ ʚʝʣʠʢʠʭ ʤʽʩʪ. ɸʣʝ ʚ ʜʘʥʦʤʫ çʩʫʩʽʜʩʪʚʽè ʤʦʞʫʪʴ 

ʙʫʪʠ ʧʝʚʥʽ ʧʨʦʙʣʝʤʠ. 

ʇʨʠʜʙʘʚʰʠ ʢʦʤʝʨʮʽʡʥʫ ʥʝʨʫʭʦʤʽʩʪʴ ʚ ʙʘʛʘʪʦʧʦʚʝʨʭʽʚʮʽ, ʥʦʚʽ ʚʣʘʩʥʠʢʠ ʨʦʟʧʦʯʠʥʘʶʪʴ 

ʟ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ ʪʘ çʧʦʢʨʘʱʝʥʥʷè ʧʣʘʥʫʚʘʣʴʥʠʭ ʨʽʰʝʥʴ ʚʠʭʦʜʷʯʠ ʟ ʚʣʘʩʥʠʭ ʧʦʪʨʝʙ, ʘ ʩʘʤʝ: 

ʧʝʨʝʧʣʘʥʫʚʘʥʥʷ, ʚʣʘʰʪʫʚʘʥʥʷ ʥʦʚʠʭ ʚʘʞʢʠʭ ʧʝʨʝʛʦʨʦʜʦʢ ʥʘ ʧʝʨʝʢʨʠʪʪʽ ʟʘ ʚʣʘʩʥʠʤ 

ʙʘʯʝʥʥʷʤ, ʚʣʘʰʪʫʚʘʥʥʷ ʧʨʦʨʽʟʽʚ ʚ ʥʝʩʫʯʠʭ ʩʪʽʥʦʚʠʭ ʦʛʦʨʦʜʞʝʥʥʷʭ ʘʙʦ ʚʟʘʛʘʣʽ ʨʫʡʥʫʚʘʥʥʷ 

ʜʽʘʬʨʘʛʤ ʞʦʨʩʪʢʦʩʪʽ. ɯ ʛʦʣʦʚʥʝ ʪʝ, ʱʦ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʮʽ ʨʦʙʦʪʠ ʧʨʦʚʦʜʷʪʴʩʷ ʙʝʟ 

ʟʘʣʫʯʝʥʥʷ ʩʝʨʪʠʬʽʢʦʚʘʥʠʭ ʽʥʞʝʥʝʨʽʚ ʙʫʜʽʚʝʣʴʥʠʢʽʚ,  ʧʨʦʝʢʪʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ, ʙʝʟ ʨʦʟʨʦʙʢʠ 

ʧʨʦʝʢʪʥʦ-ʢʦʰʪʦʨʠʩʥʦ ʾʜʦʢʫʤʝʥʪʘʮʽ ʾʟʛʽʜʥʦ ʯʠʥʥʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ  ʪʘ ʜʦʟʚʽʣʴʥʠʭ 

ʜʦʢʫʤʝʥʪʽʚ ʜʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʧʦʜʘʣʴʰʦʾ ʝʢʩʧʝʨʪʠʟʠ ʧʨʦʝʢʪʫ. 

ʅʝʧʝʨʝʜʙʘʯʫʚʘʥʽ ʙʫʜʽʚʝʣʴʥʽ  ʨʦʙʦʪʠ ʧʦ ʟʤʽʥʽ   ʧʣʘʥʫʚʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ʙʫʜʽʚʣʽ, 

ʩʘʤʦʯʠʥʥʽ ʚʪʨʫʯʘʥʥʷ ʚ ʥʝʩʫʯʽ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘʢʠʭ ʙʫʜʽʚʝʣʴ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʥʝʟʘʜʦʚʽʣʴʥʠʭ ʯʠ 

ʥʘʚʽʪʴ ʘʚʘʨʽʡʥʠʭ ʩʪʘʥʽʚ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʙʫʜʽʚʝʣʴ ʚʮʽʣʦʤʫ. ʉʘʤʝ ʚ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ 

ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʧʦʟʘ ʧʣʘʥʦʚʠʭ ʦʙʩʪʝʞʝʥʥʷʭ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʙʫʜʽʚʝʣʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

[2].  

ʅʘ ʨʠʩʫʥʢʫ 1 ʥʘʚʝʜʝʥʦ ʬʦʪʦʛʨʘʬʽʶ ʟ ʦʙôʻʢʪʫ ʟ ʦʜʥʠʤ ʟ ʧʨʠʢʣʘʜʽʚ ʩʘʤʦʚʽʣʴʥʦʛʦ ʚʣʘʰʪʫʚʘʥʥʷ 

ʧʨʦʨʽʟʫ ʚ ʥʝʩʫʯʠʭ ʮʝʛʣʷʥʠʭ ʩʪʽʥʘʭ ʟ ʧʦʨʫʰʝʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ ʾʾ ʚʣʘʰʪʫʚʘʥʥʷʚʥʘʩʣʽʜʦʢ ʯʦʛʦ 

ʫʪʚʦʨʠʣʘʩʴ ʪʨʽʱʠʥʘ ʥʘ ʧʝʨʰʦʤʫ ʧʦʚʝʨʩʽ. 

 
ʘ)                                                                              ʙ)                                                                 ʚ)  

ʈʠʩʫʥʦʢ 1. ʉʘʤʦʚʽʣʴʥʝ ʚʣʘʰʪʫʚʘʥʥʷ ʧʨʦʨʽʟʽʚ ʚ ʥʝʩʫʯʠʭ ʮʝʛʣʷʥʠʭ ʩʪʽʥʘʭ 

ʘ) ʬʦʪʦʛʨʘʬʽʷ ʟʽ ʟʨʫʡʥʦʚʘʥʦʶ ʧʝʨʝʤʠʯʢʦʶ; ʙ) ʪʨʽʱʠʥʠ ʧʦ ʚʥʫʪʨʽʰʥʽʡ ʩʪʽʥʽ, ʧʝʨʝʤʠʯʮʽ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʦ 

ʫʩʫʥʝʥʥʶ ʧʨʦʙʣʝʤʠ ; ʚ) ʪʨʽʱʠʥʠ ʚ ʟʦʚʥʽʰʥʽʡ ʩʪʽʥʽ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʦ ʫʩʫʥʝʥʥʶ ʧʨʦʙʣʝʤʠ 

 

ʆʙôʻʢʪʦʤ ʻ 10-ʪʠ ʧʦʚʝʨʭʦʚʠʡ ʞʠʪʣʦʚʠʡ ʙʫʜʠʥʢʫ ʟ ʮʝʛʣʷʥʠʤʠ ʩʪʽʥʘʤʠ. ʇʨʦʨʽʟ  ʥʘ ʨʠʩʫʥʢʫ 1, 

ʘ), ʙ) ʚʣʘʰʪʦʚʘʥʦ ʩʘʤʦʯʠʥʥʦ ʚ ʩʝʨʝʜʥʽʡ ʥʝʩʫʯʽʡ ʩʪʽʥʽ, ʪʦʚʱʠʥʦʶ 510 ʤʤ. ʅʘ ʜʘʥʫ ʩʪʽʥʫ ʟ 

ʦʙʦʭ ʙʦʢʽʚ ʩʧʠʨʘʶʪʴʩʷ ʙʘʛʘʪʦʧʫʩʪʦʪʥʽ ʧʘʥʝʣʽ ʧʝʨʝʢʨʠʪʪʷ. ʇʨʦʨʽʟ ʚʣʘʰʪʦʚʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʙʨʫʩʢʦʚʠʭ ʧʝʨʝʤʠʯʦʢ 2ʇɹ 13-1 (ʨʦʟʨʘʭʫʥʢʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 100 ʢʛ/ʤ.ʧ.).  ʂʨʽʤ ʪʦʛʦ ʜʘʥʠʡ 

ʦʪʚʽʨ ʟʤʽʱʝʥʠʡ ʧʦ ʚʝʨʪʠʢʘʣʽ ʚʽʜʥʦʩʥʦ ʦʪʚʦʨʽʚ ʧʽʜʚʘʣʫ ʪʘ ʚʝʨʭʥʽʭ ʧʦʚʝʨʭʽʚ.  

ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʜʘʥʘ ʧʝʨʝʤʠʯʢʘ ʟʨʫʡʥʫʚʘʣʘʩʴ ʪʘ ʫʪʚʦʨʠʣʘʩʷ ʚʝʨʪʠʢʘʣʴʥʘ ʪʨʽʱʠʥʘ ʧʦ ʚʠʩʦʪʽ 

ʚʩʽʻʾ ʙʫʜʽʚʣʽ. ɼʦ ʪʦʛʦ ʞ, ʜʘʥʠʡ ʦʪʚʽʨ ʚʣʘʰʪʦʚʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʜʘʨʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʟ 

mailto:tsyganenkogm@gmail.com


 

 

ɿʙʽʨʥʠʢ ʤʘʪʝʨʽʘʣʽʚ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ on-line ʢʦʥʬʝʨʝʥʮʽʾ 

 çʇʈʆɹʃɽʄʀ ɹʋɼɯɺɽʃʔʅʆɻʆ ʊɸ ʊʈɸʅʉʇʆʈʊʅʆɻʆ ʂʆʄʇʃɽʂʉɯɺè. 

72                                                             x ̝̩̝̆̎̓̑́̌̎̏̔̋̑́̎̒̋̉̊ ̨̗̝̎́̏̎́̌̎̉̊ ̨̖̘̓̆̎̎̉̊ ̨̔̎̃̆̑̒̉̓ ̆̓ 

ʧʦʨʫʰʝʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ  ʾʭ ʚʣʘʰʪʫʚʘʥʥʷ.ʅʘ ʨʠʩʫʥʢʫ 1, ʚ)  ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʦʨʽʟ ʚʣʘʰʪʦʚʘʥʦ 

ʩʘʤʦʯʠʥʥʦ ʚ ʟʦʚʥʽʰʥʽʡ  ʥʝʩʫʯʽʡ ʩʪʽʥʽ, ʪʦʚʱʠʥʦʶ 770 ʤʤ, ʚʽʥ ʟʤʽʱʝʥʠʡ ʧʦ ʚʝʨʪʠʢʘʣʽ ʚʽʜʥʦʩʥʦ 

ʦʪʚʦʨʽʚ ʚʝʨʭʥʽʭ ʧʦʚʝʨʭʽʚ. ʅʘ ʜʘʥʫ ʩʪʽʥʫ  ʩʧʠʨʘʶʪʴʩʷ ʙʘʛʘʪʦʧʫʩʪʦʪʥʽ ʧʘʥʝʣʽ ʧʝʨʝʢʨʠʪʪʷ.  

ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʫʪʚʦʨʠʣʘʩʷ ʚʝʨʪʠʢʘʣʴʥʘ ʪʨʽʱʠʥʘ. 

ʑʝ ʛʽʨʰʘ ʩʠʪʫʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʘʥʝʣʴʥʠʤʠ ʙʫʜʽʚʣʷʤʠ,  ʚ ʷʢʠʭ ʬʫʥʢʮʽʾ ʥʝʩʫʯʠʭ ʽ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚʠʢʦʥʫʶʪʴ ʩʘʤʽ ʧʘʥʝʣʽʪʦʚʱʠʥʦʶ 120é150 ʤʤ. ʅʘʡʧʦʰʠʨʝʥʽʰʘ 

ʧʨʦʙʣʝʤʘ ʮʝ ʩʘʤʦʚʽʣʴʥʝ ʩʪʚʦʨʝʥʥʷʧʨʦʨʽʟʽʚ ʚ ʥʠʭ ʟ ʧʦʰʢʦʜʞʝʥʥʷʤ ʘʨʤʫʚʘʥʥʷʪʘʥʘʚʽʪʴ 

ʜʝʤʦʥʪʘʞ ʤʽʞʢʽʤʥʘʪʥʠʭʧʘʥʝʣʝʡ. ɯ ʷʢ  ʥʘʩʣʽʜʦʢïʘʚʘʨʽʡʥʠʡ ʩʪʘʥ ʙʫʜʽʚʣ.̔ 

 

 

ʈʠʩʫʥʦʢ 2. ʉʘʤʦʚʽʣʴʥʝ ʚʣʘʰʪʫʚʘʥʥʷ ʧʨʦʨʽʟʽʚ ʚ 5-ʪʠ ʧʦʚʝʨʭʦʚʦʤʫ ʧʘʥʝʣʴʥʦʤʫ ʙʫʜʠʥʢʫ 

ʅʘ ʨʠʩʫʥʢʫ 2 ʟʦʙʨʘʞʝʥʦ ʩʘʤʦʚʽʣʴʥʝ ʚʠʨʽʟʘʥʥʷ ʚ ʥʝʩʫʯʠʭ ʩʪʽʥʘʭ ʦʪʚʦʨʽʚ ʟ ʤʝʪʦʶ ʦʙôʻʜʥʘʥʥʷ 

ʜʝʢʽʣʴʢʦʭ ʢʚʘʨʪʠʨ ʚ ʦʜʥʫ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʚʽʜʙʫʚʩʷ ʧʝʨʝʨʦʟʧʦʜʽʣ ʟʫʩʠʣʴ ʚ ʥʝʩʫʯʠʭ 

ʢʦʥʩʪʨʫʢʮʽʷʭ ʟ ʧʦʷʚʦʶʪʨʽʱʠʥ ʚ ʤʽʩʮʷʭ ʩʪʠʢʽʚ ʧʘʥʝʣʝʡ ʟ ʚʠʧʘʜʘʥʥʷʤ ʮʝʤʝʥʪʥʦ-ʧʽʱʘʥʦʛʦ 

ʨʦʟʯʠʥʫ. ʉʘʤʦʚʽʣʴʥʝ ʚʪʨʫʯʘʥʥʷ ʚʣʘʩʥʠʢʽʚ ʧʨʠʤʽʱʝʥʴ ʚ ʦʙôʻʤʥʦ ʧʣʘʥʫʚʘʣʴʥʫ ʪʘ ʽʥʦʜʽ 

ʢʦʥʩʪʨʫʢʪʠʚʥʫ ʩʭʝʤʫʙʫʜʽʚʣʽʩʧʦʥʫʢʘʶʪʴ ʥʘʩ ʥʘ ʨʦʟʜʫʤʠ ʩʪʦʩʦʚʥʦ ʥʘʜʽʡʥʦʩʪʽ ʞʠʪʣʦʚʠʭ ʪʘ 

ʛʨʦʤʘʜʩʴʢʠʭ ʮʝʛʣʷʥʠʭ ʪʘ ʧʘʥʝʣʴʥʠʭ ʙʫʜʽʚʝʣʴ. ʆʩʦʙʣʠʚʦ ʛʦʩʪʨʦ ʮʝ ʧʠʪʘʥʥʷ ʚʠʥʠʢʘʻ ʩʘʤʝ 

ʟʘʨʘʟ, ʢʦʣʠ ʚ ʢʨʘʾʥʽʡʜʫʪʴ ʙʦʡʦʚ ̔ ʜʽʾ. ʗʢ ʚʠʷʚʠʣʦʩʴ ʥʘ ʧʨʘʢʪʠʮʽ, ʧʘʥʝʣʴʥʽ ʪʘ ʮʝʛʣʷʥʽ 

ʙʘʛʘʪʦʧʦʚʝʨʭʽʚʢʠ ʜʦʩʠʪʴ ʣʝʛʢʦ ʨʫʡʥʫʶʪʴʩʷ ʚʽʜ ʚʠʙʫʭʽʚ ʚʥʘʩʣʽʜʦʢʧʦʪʨʘʧʣʷʥʥʷ ʚ ʥʠʭ ʩʥʘʨʷʜʽʚ 

ʯʠ ʢʨʠʣʘʪʦʾ ʨʘʢʝʪʠ. ʈʫʡʥʫʚʘʥʥʷ ʧʘʥʝʣʴʥʠʭ ʙʫʜʠʥʢʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʣʘʚʠʥʦʧʦʜʽʙʥʦʶ 

ʩʭʝʤʦʶ. ʉʣʘʙʢʠʤ ʤʽʩʮʝʤ ʪʫʪ ʻ ʩʪʠʢʠ ʧʘʥʝʣʝʡ ʪʘ  ʪʝ, ʱʦ ʩʘʤʽ ʧʘʥʝʣʽ ʥʝ ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ 

ʜʦʜʘʪʢʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʝ ʚʠʥʠʢʘʻ ʧʽʜ ʯʘʩ ʧʨʦʛʨʝʩʫʶʯʦʛʦ ʦʙʚʘʣʝʥʥʷ.  ʅʘʩʣʽʜʢʠ ʚʽʜ ʪʘʢʦʛʦ 

ʚʣʫʯʘʥʥʷ ï ʪʨʘʛʽʯʥʽ.   

ɼʝʱʦ ʧʦ ʽʥʦhʤʫ ʚʠʛʣʷʜʘʻ  ʩʠʪʫʘʮʽʷ ʟ ʢʘʨʢʘʩʥʦ-ʤʦʥʦʣʽʪʥʠʤʠ ʙʫʜʽʚʣʷʤʠ. ʇʝʨʝʧʣʘʥʫʚʘʥʥʷ ʚ 

ʪʘʢʠʭ ʙʫʜʽʚʣʷʭ ʟʥʘʯʥʦ ʧʨʦʩʪʽʰʝ ʚʠʢʦʥʫʚʘʪʠ, ʦʩʢʽʣʴʢʠ ʥʘʙʘʛʘʪʦ ʣʝʛʰʝ ʚʠʟʥʘʯʠʪʠ ʥʝʩʫʯʽ 

ʝʣʝʤʝʥʪʠ ʜʘʥʦʾ ʙʫʜʽʚʣʽ. ʊʦʙʪʦ  ʤʘʡʞʝ ʚʠʢʣʶʯʘʻʪʴʩʷ ʣʶʜʩʴʢʠʡ ʬʘʢʪʦʨ. ɿʛʽʜʥʦ ɼɹʅ[1] 

ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʟʘʭʠʩʥʽ ʩʧʦʨʫʜʠ ʚʠʢʦʥʫʚʘʪʠ ʢʘʨʢʘʩʥʠʤʠ.ʅʘ ʪʽʡ ʞʝ ʧʨʘʢʪʠʮʽ ʤʠ ʙʘʯʠʤʦ, ʱʦ 

ʢʘʨʢʘʩʥʽ ʙʫʜʽʚʣʽ ʚʘʞʯʝ ʟʨʫʡʥʫʚʘʪʠ ʚʠʙʫʭʦʚʠʤʠ ʨʝʯʦʚʠʥʘʤʠ. ʎʽ ʩʪʘʪʠʯʥʦ ʥʝʚʠʟʥʘʯʝʥʽ 

ʩʠʩʪʝʤʠ ʤʘʶʪʴ ʟʥʘʯʥʦ ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʟʘʚôʷʟʢʽʚ ʤʽʞ ʥʝʩʫʯʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʱʦ ʽ ʜʘʻ ʾʤ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʩʪʦʷʪʠ ʧʨʠ ʚʪʨʘʪʽ ʥʝʩʫʯʦʛʦ ʝʣʝʤʝʥʪʫ. ɼʦ ʪʦʛʦ ʞ  ʚʽʜʧʦʚʽʜʥʦ ʜʦ ɼɹʅ [3] 

ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʽ ʚʠʩʦʪʥʽ ʙʫʜʽʚʣʽ ʦʙʦʚôʷʟʢʦʚʦ ʧʨʦʝʢʪʫʶʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʛʨʝʩʫʶʯʦʛʦ 

ʦʙʚʘʣʝʥʥʷ.  

ɼʘʥʽ ʧʨʦʙʣʝʤʠ ʻ ʥʘʨʘʟʽ  ʘʢʪʫʘʣʴʥʠʤʠ, ʦʩʢʽʣʴʢʠ ʚ ʥʝʜʘʣʝʢʦʤʫ ʤʘʡʙʫʪʥʴʦʤʫ  ʥʘʰʫ ʢʨʘʾʥʫ 

ʥʝʦʙʭʽʜʥʦ ʙʫʜʝ ʚʽʜʙʫʜʦʚʫʚʘʪʠ. ʊʦʤʫ ʥʦʚʠʡ ʧʽʜʭʽʜ ʜʦ ʦʙʨʘʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʩʭʝʤʠ ʙʫʜʽʚʣʽ 

ʧʦʚʠʥʝʥ ʙʫʪʠ ʥʘ ʧʝʨʰʦʤʫ ʤʽʩʮʽ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ɼɹʅ ɺ 2.2.5-97  çɿʘʭʠʩʥʽ ʩʧʦʨʫʜʠ ʮʠʚʽʣʴʥʦʛʦ ʟʘʭʠʩʪʫè

2. ɼʉʊʋ-ʅ ɹ ɺ.1.2-18:2016 çʅʘʩʪʘʥʦʚʘ ʱʦʜʦ ʦʙʩʪʝʞʝʥʥʷ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʦʮʽʥʢʠ 

ʾʭ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫè

3. ɼɹʅ ɺ.2.2-41:2019 çɺʠʩʦʪʥʽ ʙʫʜʽʚʣʽ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷè
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ɼʆʉʃɯɼɾɽʅʅʗ ɾʆʈʉʊʂʆʉʊɯ ʂɸʈʂɸʉʅʆɰ ɹʋɼɯɺʃɯ 

ʆʣʝʢʩʽʡ ɼʫʰʠʥ, ʤʘʛʽʩʪʨʘʥʪ 1 ʢʫʨʩʫ, 

ɺʣʘʜʠʩʣʘʚ ɼʫʰʠʥ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, 

ʉʫʤʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, 

vladislav78vd@gmail.com. 

 

ɹʫʜʽʚʣ ̫ʚ ʮʽʣʦʤʫ ʪʘ ʦʢʨʝʤʽ ʾʾ ʝʣʝʤʝʥʪʠ, ʱʦ ʧʽʜʜʘʶʪʴʩʷ ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, 

ʧʦʚʠʥʥʽ ʤʘʪʠ:  

ʤʽʮʥʽʩʪ,ɹ ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʜʘʪʥʽʩʪʶ ʙʫʜʽʚʣʽ ʪʘ ʾʾ ʝʣʝʤʝʥʪʽʚ ʥʝ ʨʫʡʥʫʚʘʪʠʩʷ ʚʽʜ ʜʽʾ 

ʥʘʚʘʥʪʘʞʝʥʴ; 

ʩʪʽʡʢʽʩʪ,ɹ ʦʙʫʤʦʚʣʝʥʦʶ ʟʜʘʪʥʽʩʪʶ ʙʫʜʽʚʣʽ ʯʠʥʠʪʠ ʦʧʽʨ ʧʝʨʝʢʠʜʘʥʥʶ ʧʨʠ ʜʽʾ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ;  

ʧʨʦʩʪʦʨʦʚʫ ʞʦʨʩʪʢʽʩʪ,ɹ ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʜʘʪʥʽʩʪʶ ʙʫʜʽʚʣʽ ʪʘ ʾʾ ʝʣʝʤʝʥʪʽʚ 

ʟʙʝʨʽʛʘʪʠ ʧʝʨʚʽʩʥʫ ʬʦʨʤʫ ʧʨʠ ʜʽʾ ʧʨʠʢʣʘʜʝʥʠʭ ʩʠʣ.  

ʋ ʢʘʨʢʘʩʥʠʭ ʙʫʜʠʥʢʘʭ ʧʨʦʩʪʦʨʦʚʘ ʞʦʨʩʪʢʽʩʪʴ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ:  

ʩʧʽʣʴʥʦʶ ʨʦʙʦʪʦʶ ʢʦʣʦʥ, ʨʠʛʝʣʽʚ ʪʘ ʧʝʨʝʢʨʠʪʪʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʛʝʦʤʝʪʨʠʯʥʦ 

ʥʝʟʤʽʥʥʫ ʩʠʩʪʝʤʫ;  

ʚʣʘʰʪʫʚʘʥʥʷʤ ʤʽʞ ʩʪʦʡʢʘʤʠ ʢʘʨʢʘʩʫ ʩʧʝʮʽʘʣʴʥʠʭ ʜʽʘʬʨʘʛʤ ʞʦʨʩʪʢʦʩʪʽ;  

ʩʪʽʥʘʤʠ ʩʭʦʜʦʚʠʭ ʢʣʽʪʦʢ, ʣʽʬʪʦʚʠʭ ʰʘʭʪ;  

ʫʢʣʘʜʘʥʥʷʤ ʫ ʧʝʨʝʢʨʠʪʪʽ ʥʘʩʪʠʣʽʚ-ʨʦʟʧʽʨʦʢ;  

ʥʘʜʽʡʥʠʤʠ ʟ'ʻʜʥʘʥʥʷʤʠ ʚʫʟʣʽʚ.  

ɿʘʟʥʘʯʝʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʨʽʰʝʥʥʷ ʜʘʶʪʴ ʣʠʰʝ ʟʘʛʘʣʴʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʫʷʚʣʝʥʥʷ ʧʨʦ 

ʟʘʭʦʜʠ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʞʦʨʩʪʢʦʩʪʽ ʙʫʜʽʚʣʽ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʣʽʜʠʪʠ  ʟʘʛʘʣʴʥʫ ʩʪʽʡʢʽʩʪʴ ʪʘ ʧʨʦʩʪʦʨʦʚʫ ʞʦʨʩʪʢʽʩʪʴ ʙʫʜʽʚʣʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʚʟʘʻʤʥʦʛʦ ʧʦʻʜʥʘʥʥʷ ʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ.  

ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʜʝʚ'ʷʪʠʧʦʚʝʨʭʦʚʦʛʦ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ ʩʦʮʽʘʣʴʥʦʛʦ ʞʠʪʣʘ ʚ ʩ. 

ɹʦʷʨʢʘ ʂʠʻʚʦ-ʉʚʷʪʦʰʠʥʩʴʢʦʛʦ ʨʘʡʦʥʫ ʂʠʾʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʽʘʬʨʘʛʤ 

ʞʦʨʩʪʢʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ çʄʦʥʦʤʘʭ-2013è. 

 

 
ʈʠʩʫʥʦʢ 1. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ 1. 
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ʈʠʩʫʥʦʢ 2. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ 2. 

  
ʈʠʩʫʥʦʢʢ 3. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ 3. 

ʅʘ ʨʠʩ 1-3  ʧʦʢʘʟʘʥʝ ʨʽʟʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʽʘʛʨʘʤ ʞʦʨʩʪʢʦʩʪʽ, ʷʢʽ ʧʦʢʘʟʘʥʦ ʩʠʥʽʤ 

ʢʦʣʴʦʨʦʤ. ʏʝʨʚʦʥʠʤ ʢʦʣʴʦʨʦʤ ʚʠʜʽʣʝʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʷʜʨʘ ʞʦʨʩʪʢʦʩʪʽ ʫ ʚʠʛʣʷʜʽ ʩʭʦʜʦʚʦʾ 

ʢʣʽʪʠʥʠ ʪʘ ʣʽʬʪʦʚʠʭ ʰʘʭʪ, ʷʢʝ ʦʩʪʘʻʪʴʩʷ ʥʝʟʤʽʥʥʠʤ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʣʠ ʜʦʩʪʘʪʥʶ ʨʽʟʥʠʮʶ ʥʘʧʨʫʞʝʥʴ ʚ ʝʣʝʤʝʥʪʘʭ ʢʘʨʢʘʩʫ ʪʘ 

ʚʽʜʯʫʪʥʦ ʩʫʪʪʻʚʫ ʨʽʟʥʠʮʶ ʚ ʢʽʣʴʢʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʟʚʝʜʝʥʥʷ ʙʫʜʽʚʣʽ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ: https://studfile.net/preview/1790828/ 
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ʈʆɿɺʀʊʆʂ ʈɽʂʈɽɸʎɯʁʅʀʍ ʊɽʈʀʊʆʈɯɰ ɺ ʉʋʏɸʉʅɯʁ ɿɸɹʋɼʆɺɯ 

ʄɯʉʊɸ 

ɸʣʽʥʘ ɿʠʛʫʥ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʮʠʚʽʣʴʥʦʾ ʽʥʞʝʥʝʨʽʾ 

ɸʨʪʝʤ ʇʣʝʰʠʥʝʮʴ, ʘʩʧʽʨʘʥʪ ʢʘʬʝʜʨʠ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʮʠʚʽʣʴʥʦʾ ʽʥʞʝʥʝʨʽʾ, 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè 

 

ɿʦʥʘ ʨʝʢʨʝʘʮʽʡʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʮʝ ʜʽʣʷʥʢʘʤʠ ʪʝʨʠʪʦʨʽʾ ʚ ʤʝʞʘʭ ʽ ʧʦʟʘ ʤʝʞʘʤʠ 

ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ, ʱʦ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʤʘʩʦʚʦʛʦ ʚʽʜʧʦʯʠʥʢʫ ʥʘʩʝʣʝʥʥʷ, ʪʫʨʠʟʤʫ, 

ʟʘʥ̫ʪʴ ʬʽʟʠʯʥʦʶ ʢʫʣʴʪʫʨʦʶ ʪʘ ʩʧʦʨʪʦʤ, ʢʫʨʦʨʪʥʽ ʫʩʪʘʥʦʚʠ, ʘ ʪʘʢʦʞ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ 

ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʪʘ ʚʢʣʶʯʘʻ ʧʘʨʢʠ, ʩʘʜʠ, ʤʽʩʴʢʽ ʣʽʩʠ, ʣʽʩʦʧʘʨʢʠ, ʧʣʷʞʽ, ʚʦʜʦʡʤʠ ʪʘ ʽʥʰʽ 

ʦʙô̒ ʢʪʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʝʢʨʝʘʮʽʡʥʠʭ ʮʽʣʷʭ ʪʘ ʬʦʨʤʫʶʪʴ ʩʠʩʪʝʤʫ ʚʽʜʢʨʠʪʠʭ 

ʧʨʦʩʪʦʨʽʚ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ[1,2]. 

ʇʣʘʥʫʚʘʣʴʥʘ ʦʨʛʘʥʽʟʘʮʽʷ ʪʝʨʠʪʦʨʽʾ ʨʝʢʨʝʘʮʽʡʥʦʾ ʟʦʥʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ 

ʪʘ ʘʨʭʽʪʝʢʪʫʨʥʦ-ʙʫʜʽʚʝʣʴʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ. ɿʘ ʘʨʭʽʪʝʢʪʫʨʥʦ-ʙʫʜʽʚʝʣʴʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʚʩʽ 

ʨʝʢʨʝʘʮʽʡʥʽ ʟʦʥʠ ʤʦʞʣʠʚʦ ʧʦʜʽʣʠʪʠ ʥʘ ʪʝʨʠʪʦʨʽʶ ʟʘʙʫʜʦʚʠ ʪʘ ʪʝʨʠʪʦʨʽʶ ʧʨʠʨʦʜʥʦʛʦ 

ʨʝʢʨʝʘʮʽʡʥʦʛʦ ʣʘʥʜʰʘʬʪʫ[3,4].  

ɿʘʣʝʞʥʦ ʚʽʜ ʬʦʨʤ ʪʘ ʚʠʜʽʚ ʨʝʢʨʝʘʮʽʡʥʠʭ ʟʘʥʷʪʴ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʾ ʜʦʩʪʫʧʥʦʩʪʽ 

ʨʝʢʨʝʘʮʽʡʥʠʭ ʪʝʨʠʪʦʨʽʡ, ʚ ʥʠʭ ʤʦʞʣʠʚʦ ʚʠʜʽʣʠʪʠ ʪʘʢʽ ʪʝʨʠʪʦʨʽʾ[5,6]: 

- ʱʦʜʝʥʥʦʛʦ ʚʽʜʚʽʜʫʚʘʥʥʷ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʚʥʫʪʨʽʰʥʴʦʤʽʩʴʢʽ ʧʘʨʢʠ, ʩʘʜʠ, ʩʧʦʨʪʠʚʥʽ 

ʮʝʥʪʨʠ ʪʦʱʦ, ʧʨʠʣʝʛʣʽ ʜʦ ʤʽʩʪʘ ʪʝʨʠʪʦʨʽʾ ʟʘʤʽʩʴʢʦʛʦ ʢʦʨʦʪʢʦʯʘʩʥʦʛʦ ʚʽʜʧʦʯʠʥʢʫ, ʧʘʨʢʠ ʚ 

ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʙʣʠʟʴʢʦʩʪʽ ʚʽʜ ʤʽʩʪʘ, ʣʽʩʦʧʘʨʢʠ, ʛʽʜʨʦʧʘʨʢʠ, ʦʙô̒ ʢʪʠ ʩʧʦʨʪʠʚʥʦʛʦ ʪʘ 

ʢʫʣʴʪʫʨʥʦ-ʤʘʩʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʇʽʰʦʭʽʜʥʘ ʜʦʩʪʫʧʥʽʩʪʴ ʮʠʭ ʦʙô̒ ʢʪʽʚ ʥʝ ʤʘʻ ʧʝʨʝʚʠʱʫʚʘʪʠ 

30 ʭʚʠʣʠʥ; 

- ʱʦʪʠʞʥʝʚʦʛʦ ʚʽʜʚʽʜʫʚʘʥʥʷ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʦʙô̒ ʢʪʠ ʟʘʤʽʩʴʢʦʛʦ ʢʦʨʦʪʢʦʯʘʩʥʦʛʦ 

ʚʽʜʧʦʯʠʥʢʫ ʙʝʟ ʥʦʯʽʚʣʽ ʪʘ ʟ ʥʦʯʽʚʣʝʶ, ʦʙô̒ ʢʪʠ ʙʣʠʞʥʴʦʛʦ ʪʫʨʠʟʤʫ, ʧʣʷʞʥʽ ʢʦʤʧʣʝʢʩʠ, 

ʤʠʩʣʠʚʩʴʢʽ ʪʘ ʨʠʙʘʣʴʩʴʢʽ ʙʘʟʠ, ʩʘʜʠ, ʮʝʥʪʨʠ ʜʘʯʥʦʛʦ ʚʽʜʧʦʯʠʥʢʫ, ʱʦ ʨʦʟʤʽʱʫʶʪʴʩʷ 

ʧʝʨʝʚʘʞʥʦ ʚ ʟʝʣʝʥʽʡ ʟʦʥʽ ʷʜʨʘ ʛʨʫʧʦʚʦʾ ʩʠʩʪʝʤʠ . ʄʘʢʩʠʤʘʣʴʥʽ ʚʠʪʨʘʪʠ ʯʘʩʫ ʧʝʨʝʩʫʚʘʥʥʷ 

ʚʽʜʧʦʯʠʚʘʶʯʠʭ ʧʨʠʡʤʘʶʪʴʩʷ 1 ʛʦʜʠʥʘ. 

- ʪʨʠʚʘʣʠʭ ʪʘ ʟʤʽʰʘʥʠʭ ʚʠʜʽʚ ʨʝʢʨʝʘʮʽʾ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʫʩʪʘʥʦʚʠ ʪʨʠʚʘʣʦʛʦ 

ʚʽʜʧʦʯʠʥʢʫ ʪʘ ʩʘʥʘʪʦʨʥʦʛʦ ʣʽʢʫʚʘʥʥʷ, ʤʽʩʮʷ ʢʦʨʦʪʢʦʯʘʩʥʦʛʦ ʚʽʜʧʦʯʠʥʢʫ ʘʚʪʦʪʫʨʠʩʪʽʚ, 

ʦʙô̒ ʢʪʠ ʜʘʣʝʢʦʛʦ ʪʫʨʠʟʤʫ, ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʤʝʞʘʭ ʟʦʚʥʽʰʥʴʦʾ ʟʦʥʠ ʛʨʫʧʦʚʦʾ ʩʠʩʪʝʤʠ ʥʘʩʝʣʝʥʠʭ 

ʤʽʩʮʴ. ʄʘʢʩʠʤʘʣʴʥʽ ʚʠʪʨʘʪʠ ʯʘʩʫ ʥʘ ʧʝʨʝʩʫʚʘʥʥʷ ʚʽʜʧʦʯʠʚʘʶʯʠʭ ʧʦʚʠʥʥʽ ʩʪʘʥʦʚʠʪʠ ʪʨʦʭʠ 

ʙʽʣʴʰʝ 2 ʛʦʜʠʥ. 

- ʪʨʠʚʘʣʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʢʫʨʦʨʪʥʦʛʦ ʣʽʢʫʚʘʥʥʷ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʫʩʪʘʥʦʚʠ ʪʘ 

ʢʦʤʧʣʝʢʩʠ ʫʩʪʘʥʦʚ ʩʘʥʘʪʦʨʥʦ-ʢʫʨʦʨʪʥʦʛʦ ʣʽʢʫʚʘʥʥʷ, ʪʨʠʚʘʣʦʛʦ ʚʽʜʧʦʯʠʥʢʫ, ʪʫʨʠʟʤʫ ʪʘ 

ʘʚʪʦʪʫʨʠʟʤʫ, ʱʦ ʨʦʟʤʽʱʫʶʪʴʩʷ ʟʘ ʤʝʞʘʤʠ ʟʦʚʥʽʰʥʴʦʾ ʟʦʥʠ ʛʨʫʧʦʚʦʾ ʩʠʩʪʝʤʠ ʥʘʩʝʣʝʥʠʭ 

ʤʽʩʮʴ. ɺʠʪʨʘʪʠ ʯʘʩʫ ʧʝʨʝʩʫʚʘʥʥʷ ʚʽʜʧʦʯʠʚʘʶʯʠʭ ʜʦ ʥʠʭ ʤʦʞʫʪʴ ʩʪʘʥʦʚʠʪʠ ʧʦʥʘʜ 2 ʛʦʜ. 

ʈʝʢʨʝʘʮʽʡʥʽ ʪʝʨʠʪʦʨʽʾ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʦʙô̒ ʜʥʫʶʪʴʩʷ ʩʠʩʪʝʤʦʫʪʚʦʨʶʶʯʠʤʠ 

ʟʚô̫ ʟʢʘʤʠ (ʧʽʰʦʭʽʜʥʠʤʠ ʪʘ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʜʦʨʦʛʘʤʠ, ʪʫʨʠʩʪʠʯʥʠʤʠ ʪʨʘʩʘʤʠ, ʤʝʨʝʞʝʶ 

ʢʫʣʴʪʫʨʥʦ-ʧʦʙʫʪʦʚʠʭ ʦʙô̒ ʢʪʽʚ ʪʦʱʦ) ʟ ʥʘʩʝʣʝʥʠʤʠ ʧʫʥʢʪʘʤʠ ʪʘ ʤʽʞ ʩʦʙʦʶ ʫ ʧʽʜʩʠʩʪʝʤʠ 

(ʢʦʤʧʣʝʢʩʠ, ʟʦʥʠ, ʧʣʘʥʫʚʘʣʴʥʽ ʨʘʡʦʥʠ) ʪʘ ʚ ʻʜʠʥʫ ʨʝʢʨʝʘʮʽʡʥʫ ʩʠʩʪʝʤʫ ʥʘʩʝʣʝʥʠʭ ʤʽʩʮʴ. ɿ 

ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʚʠʜʫ ʪʘ ʫʛʨʫʧʦʚʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʩʣʽʜ ʟʜʽʡʩʥʶʚʘʪʠ 

ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʟʦʥʫʚʘʥʥʷ ʨʝʢʨʝʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʟ ʚʠʜʽʣʝʥʥʷʤ (ʜʠʚ. ʨʠʩ. 1): 

- ʨʝʢʨʝʘʮʽʡʥʦʾ ʟʦʥʠ, ʧʨʠʟʥʘʯʝʥ ̔ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʟʦʥ ʚʽʜʧʦʯʠʥʢʫ, ʢʦʤʧʣʝʢʩʽʚ ʪʘ 

ʦʢʨʝʤʠʭ ʫʩʪʘʥʦʚ ʩʘʥʘʪʦʨʥʦʛʦ ʣʽʢʫʚʘʥʥʷ, ʚʽʜʧʦʯʠʥʢʫ ʪʘ ʪʫʨʠʟʤʫ, ʘ ʪʘʢʦʞ ʚʢʣʶʯʘʶʪʴ ʤʽʩʮʷ 

ʢʦʨʦʪʢʦʯʘʩʥʦʛʦ ʚʽʜʧʦʯʠʥʢʫ ʚ ʟʝʣʝʥʽʡ ʟʦʥʽ, ʥʘʩʝʣʝʥʽ ʧʫʥʢʪʠ ʨʝʢʨʝʘʮʽʡʥʦʛʦ ʧʨʦʬʽʣʶ ʪʦʱʦ; 

- ʟʦʥʠ ʧʨʠʨʦʜʥʠʭ ʣʘʥʜʰʘʬʪʽʚ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʧʨʠʨʦʜʥʽ ʧʘʨʢʠ, ʟʘʧʦʚʽʜʥʠʢʠ, ʟʘʢʘʟʥʠʢʠ, 

ʜʽʣʷʥʢʠ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ ʪʦʱʦ. ʋ ʟʦʥʫ ʧʨʠʨʦʜʥʠʭ ʣʘʥʜʰʘʬʪʽʚ ʜʦʮʽʣʴʥʦ 

ʚʢʣʶʯʘʪʠ ʪʘʢʦʞ ʪʝʨʠʪʦʨʽʾ, ʱʦ ʨʝʟʝʨʚʫʶʪʴʩʷ ʟ ʤʝʪʦʶ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʨʦʟʚʠʪʢʫ ʢʫʨʦʨʪʥʦʛʦ 



 

 

ɿʙʽʨʥʠʢ ʤʘʪʝʨʽʘʣʽʚ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ on-line ʢʦʥʬʝʨʝʥʮʽʾ 

 çʇʈʆɹʃɽʄʀ ɹʋɼɯɺɽʃʔʅʆɻʆ ʊɸ ʊʈɸʅʉʇʆʈʊʅʆɻʆ ʂʆʄʇʃɽʂʉɯɺè. 

76                                                             x ̝̩̝̆̎̓̑́̌̎̏̔̋̑́̎̒̋̉̊ ̨̗̝̎́̏̎́̌̎̉̊ ̨̖̘̓̆̎̎̉̊ ̨̔̎̃̆̑̒̉̓ ̆̓ 

ʣʽʢʫʚʘʥʥʷ, ʦʩʦʙʣʠʚʦ ʫ ʨʘʡʦʥʘʭ ʩʢʣʘʜʥʦʛʦ ʥʘʨʦʜʥʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʨʦʟʚʠʪʢʫ (ʢʫʨʦʨʪʥʦ-

ʧʨʦʤʠʩʣʦʚʠʭ, ʨʝʢʨʝʘʮʽʡʥʦ-ʘʛʨʘʨʥʠʭ ʪʦʱʦ); 

- ʟʦʥʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʱʦ ʚʢʣʶʯʘʻ ʤʽʩʮʷ ʨʦʟʩʝʣʝʥʥʷ ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ ʧʝʨʩʦʥʘʣʫ, 

ʦʙô̒ ʢʪʠ ʢʦʤʫʥʘʣʴʥʦ-ʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʜʽʣʷʥʢʠ ʧʘʨʥʠʢʦʚʠʭ ʛʦʩʧʦʜʘʨʩʪʚ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʪʨʝʙʠ ʚʽʜʧʦʯʠʚʘʶʯʠʭ ʪʦʱʦ. 

 
ʈʠʩʫʥʦʢ 1 ï ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʨʦʟʚʠʪʢʫ ʨʝʢʨʝʘʮʽʡʥʦʾ ʪʝʨʠʪʦʨʽʾ ʫ ʟʘʙʫʜʦʚʽ ʤʽʩʪʘ 

1 ï ʤʽʩʪʘ ʛʨʫʧʦʚʦʾ ʩʠʩʪʝʤʠ ʥʘʩʝʣʝʥʠʭ ʤʽʩʮʴ; 2 ï ʚʠʨʦʙʥʠʯʦ-ʛʦʩʧʦʜʘʨʩʴʢʽ ʟʦʥʠ; 3 ï ʟʦʥʠ ʪʨʠʚʘʣʦʛʦ ʪʘ 

ʢʦʨʦʪʢʦʯʘʩʥʦʛʦ ʚʽʜʧʦʯʠʥʢʫ; 4 ï ʤ̔ ʩʪʘ ï ʮʝʥʪʨʠ ʪʫʨʠʟʤʫ, ʢʫʨʦʨʪʠ; 5 ï ʨʝʢʨʝʘʮʽʡʥʽ ʣʽʩʠ; 6 ï ʣʽʩʠ ʪʘ ʤʠʩʣʠʚʩʴʢʽ 

ʛʦʩʧʦʜʘʨʩʪʚʘ; 7 ï ʧʨʠʨʦʜʥʽ ʧʘʨʢʠ, ʟʘʧʦʚʽʜʥʠʢʠ, ʟʘʢʘʟʥʠʢʠ; 8 ï ʤʝʞʽ ʟʦʥ ʽʥʪʝʥʩʠʚʥʦʛʦ ʤʽʩʴʢʦʛʦ ʪʘ ʩʽʣʴʩʴʢʦʛʦ 

ʨʦʟʩʝʣʝʥʥʷ; 9 ï ʤʝʞʽ ʟʝʣʝʥʠʭ ʟʦʥ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ 

 

ʌʫʥʢʮʽʦʥʘʣʴʥʝ ʟʦʥʫʚʘʥʥʷ ʨʝʢʨʝʘʮʽʡʥʦʾ ʪʝʨʠʪʦʨʽʾ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʜʠʬʝʨʝʥʮʽʘʮʽʾ 

ʪʝʨʠʪʦʨʽʾ ʟʘ ʟʘʛʘʣʴʥʠʤ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʥʘʧʨʷʤʦʤ ʨʦʟʚʠʪʢʫ ʨʘʡʦʥʫ ʪʘ ʧʝʨʝʜʙʘʯʘʻ ʚʥʫʪʨʽʰʥʶ 

ʜʠʬʝʨʝʥʮʽʘʮʽʶ ʚʠʜʽʣʝʥʠʭ ʫ ʨʘʡʦʥʽ ʨʝʢʨʝʘʮʽʡʥʠʭ ʟʦʥ ʟʘ ʚʠʜʘʤʠ ʨʝʢʨʝʘʮʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

 ʌʫʥʢʮʽʦʥʘʣʴʥʝ ʟʦʥʫʚʘʥʥʷ ʤʘʻ ʫʟʛʦʜʞʫʚʘʪʠʩʷ ʟ: 

 - ʧʨʠʥʮʠʧʘʤʠ ʣʘʥʜʰʘʬʪʥʦʛʦ ʟʦʥʫʚʘʥʥʷ; 

 - ʧʨʠʥʮʠʧʘʤʠ ʢʦʤʧʘʢʪʥʦʩʪʽ ʦʙô̒ ʤʥʦ-ʧʣʘʥʫʚʘʣʴʥʠʭ ʩʪʨʫʢʪʫʨ; 

 - ʧʨʠʥʮʠʧʘʤʠ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʟ ʘʨʭʽʪʝʢʪʫʨʥʦ-ʧʨʦʩʪʦʨʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʜʠʬʝʨʝʥʮʽʘʮʽʾ 

ʟ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʦʬʽʣʶ ʨʝʢʨʝʘʮʽʡʥʠʭ ʪʝʨʠʪʦʨʽʡ; 

 - ʧʨʠʥʮʠʧʘʤʠ ʜʠʥʘʤʽʯʥʦʩʪʽ ʪʘ ʨʦʟʚʠʪʢʫ ʨʝʢʨʝʘʮʽʡʥʦʾ ʘʛʣʦʤʝʨʘʮʽʾ; 

 - ʧʨʠʥʮʠʧʘʤʠ ʦʭʦʨʦʥʠ ʮʽʥʥʠʭ ʣʘʥʜʰʘʬʪʽʚ.  
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ʆʉʆɹʃʀɺʆʉʊɯ ɺɯɼʅʆɺʃɽʅʅʗ ɸɺʊʆʄʆɹɯʃʔʅʀʍ ɼʆʈɯɻ,  

ʇʆʐʂʆɼɾɽʅʀʍ ɺʅɸʉʃɯɼʆʂ ɺɯʁʉʔʂʆɺʀʍ ɼɯʁ 

ɻʦʣʽʢ ʆ.ɺ., ʤʘʛʽʩʪʨʘʥʪ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ïɯʣʴʯʝʥʢʦ ɺ.ɺ., ʜʦʮʝʥʪ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

znpbud@gmail.com 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè 

 

ʉʫʯʘʩʥʘ ʤʝʨʝʞʘ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ, ʷʢʘ ʙʫʣʘ 

ʩʬʦʨʤʦʚʘʥʘ ʚ 70-80 ʨʨ. ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ, ʤʘʻ ʟʘʛʘʣʴʥʫ ʧʨʦʪʷʞʥʽʩʪʴ ʤʘʡʞʝ 170 ʪʠʩ.ʢʤ, 

ʟʦʢʨʝʤʘ 52 ʪʠʩ.ʢʤ ʜʦʨʽʛ ʤʘʶʪʴ ʩʪʘʪʫʩ ʜʝʨʞʘʚʥʦʛʦ ʟʥʘʯʝʥʥʷ (ʧʦʥʘʜ 30% ʚʽʜ ʟʘʛʘʣʴʥʦʾ 

ʧʨʦʪʷʞʥʦʩʪʽ ʜʦʨʽʛ).  

ɺʥʘʩʣʽʜʦʢ ʤʘʩʰʪʘʙʥʦʾ ʨʦʩʽʡʩʴʢʦʾ ʚʽʡʩʴʢʦʚʦʾ ʘʛʨʝʩʽʾ ʫ 2022 ʨʦʮʽ ʟʘʟʥʘʣʠ ʧʦʰʢʦʜʞʝʥʴ 

ʧʦʥʘʜ 25 ʪʠʩ ʢʤ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ (15% ʚʽʜ ʟʘʛʘʣʴʥʦʾ 

ʧʨʦʪʷʞʥʦʩʪʽ ʜʦʨʽʛ), ʟʦʢʨʝʤʘ ʤʘʡʞʝ 9 ʪʠʩ.ʢʤ. ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ ʜʝʨʞʘʚʥʦʛʦ ʟʥʘʯʝʥʥʷ. 

ʅʘ ʘʚʪʦʜʦʨʦʛʘʭ ʙʫʣʦ ʯʘʩʪʢʦʚʦ ʯʠ ʧʦʚʥʽʩʪʶ ʟʨʫʡʥʦʚʘʥʦ ʙʣʠʟʴʢʦ 330 ʦʙôʻʢʪʽʚ ʜʦʨʦʞʥʴʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ (ʤʦʩʪʠ, ʰʣʷʭʦʧʨʦʚʦʜʠ ʪʦʱʦ), ʟ ʥʠʭ 140 ï ʥʘ ʜʦʨʦʛʘʭ ʜʝʨʞʘʚʥʦʛʦ ʟʥʘʯʝʥʥʷ 

[1].  

ʇʦʰʢʦʜʞʝʥʥʷ ʤʝʨʝʞʽ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ʪʘ ʦʙôʻʢʪʽʚ 

ʜʦʨʦʞʥʴʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚʥʘʩʣʽʜʦʢ ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ ʤʦʞʥʘ ʫʤʦʚʥʦ ʨʦʟʜʽʣʠʪʠ: 

ï ʟʘ ʤʘʩʰʪʘʙʥʽʩʪʶ: 

ï ʤʘʩʰʪʘʙʥʽ ʧʦʰʢʦʜʞʝʥʥ ̫ ʪʘ ʨʫʡʥʫʚʘʥʥ ̫ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ ʪʘ ʦʙôʻʢʪʽʚ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʥʘ ʪʝʨʠʪʦʨʽʷʭ, ʱʦ ʪʠʤʯʘʩʦʚʦ ʧʝʨʝʙʫʚʘʣʠ ʯʠ ʧʝʨʝʙʫʚʘʶʪʴ ʚ ʟʦʥʽ ʘʢʪʠʚʥʠʭ 

ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ; 

ï ʤʽʩʮʝʚʽ (ʣʦʢʘʣʴʥʽ) ʧʦʰʢʦʜʞʝʥʥ ̫ʪʘ/ʘʙʦ ʨʫʡʥʫʚʘʥʥ ̫ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ ʪʘ ʦʙôʻʢʪʽʚ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʥʘ ʪʝʨʠʪʦʨʽʷʭ, ʱʦ ʟʘʟʥʘʣʠ ʨʘʢʝʪʥʦ-ʙʦʤʙʦʚʠʭ ʫʜʘʨʽʚ ʟʘ ʤʝʞʘʤʠ ʘʢʪʠʚʥʠʭ 

ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ; 

ï ʥʝ ʚʠʟʥʘʯʝʥʽ ʤʘʩʰʪʘʙʠ ʧʦʰʢʦʜʞʝʥ ɹ ʤʘʶʪʴ ʘʚʪʦʤʦʙʽʣʴʥʽ ʜʦʨʦʛʠ ʪʘ ʦʙôʻʢʪʠ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʥʘ ʪʝʨʠʪʦʨʽʷʭ, ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʚ ʪʠʤʯʘʩʦʚ̔ʡ ʦʢʫʧʘʮʽʾ ʪʘ ʤʦʞʫʪʴ ʥʘʡʙʣʠʞʯʠʤ 

ʯʘʩʦʤ ʙʫʪʠ ʚ ʟʦʥʽ ʘʢʪʠʚʥʠʭ ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ; 

ï ʟʘ ʩʪʫʧʝʥʝʤ ʩʢʣʘʜʥʦʩʪʽ: 

ï ʩʣʘʙʢʠʡ ï ʧʦʰʢʦʜʞʝʥʥʷ ʚʝʨʭʥʽʭ ʰʘʨʽʚ ʧʦʢʨʠʪʪʷ ʜʦʨʦʞʥʴʦʛʦ ʦʜʷʛʫ, ʱʦ ʤʦʞʫʪʴ 

ʚʠʥʠʢʘʪʠ ʚʥʘʩʣʽʜʦʢ ʨʫʭʫ ʚʘʞʢʦʾ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ ʪʘ ʚʠʙʫʭʽʚ ʥʝʚʝʣʠʢʦʾ ʧʦʪʫʞʥʦʩʪʽ (ʨʠʩ. 

1ʘ); 

ï ʩʝʨʝʜʥʽʡ ï ʧʦʰʢʦʜʞʝʥʥʷ ʪʘ/ʘʙʦ ʨʫʡʥʫʚʘʥʥʷ ʚʩʽʭ ʰʘʨʽʚ ʧʦʢʨʠʪʪʷ ʪʘ ʚʝʨʭʥʽʭ ʰʘʨʽʚ 

ʦʩʥʦʚʠ ʜʦʨʦʞʥʴʦʛʦ ʦʜʷʛʫ, ʱʦ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʚʥʘʩʣʽʜʦʢ ʣʦʢʘʣʴʥʠʭ ʚʠʙʫʭʽʚ ʚʝʣʠʢʦʾ 

ʧʦʪʫʞʥʦʩʪʽ (ʨʠʩ. 1ʙ); 

ï ʩʠʣʴʥʠʡ ï ʧʦʰʢʦʜʞʝʥʥʷ ʪʘ ʨʫʡʥʫʚʘʥʥʷ ʚʩʽʻʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦʨʦʞʥʴʦʛʦ ʦʜʷʛʫ 

(ʤʦʞʣʠʚʦ ʟ ʧʦʰʢʦʜʞʝʥʥʷʤ ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ ʯʠ ʢʦʥʩʪʨʫʢʮʽʡ ʰʪʫʯʥʠʭ ʩʧʦʨʫʜ) ʚʥʘʩʣʽʜʦʢ 

ʤʥʦʞʠʥʥʠʭ ʚʠʙʫʭʽʚ ʚʝʣʠʢʦʾ ʧʦʪʫʞʥʦʩʪʽ (ʨʠʩ. 1ʚ). 

ɿʘ ʧʽʜʨʘʭʫʥʢʘʤʠ ʋʢʨʘʚʪʦʜʦʨʫ (ʚʽʜ ʩʽʯʥʷ 2023 ʨʦʢʫ ï ɼʝʨʞʘʚʥʝ ʘʛʝʥʪʩʪʚʦ ʚʽʜʥʦʚʣʝʥʥʷ 

ʪʘ ʨʦʟʚʠʪʢʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʋʢʨʘʾʥʠ) ʩʝʨʝʜʥʷ ʚʘʨʪʽʩʪʴ ʢʘʧʽʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʫ ʦʜʥʦʛʦ 

ʢʽʣʦʤʝʪʨʘ ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʜʦʨʦʛʠ ɯ ʢʘʪʝʛʦʨʽʾ ʩʪʘʥʦʚʠʪʴ 60 ʤʣʥ.ʛʨʥ, ɯɯ ʢʘʪʝʛʦʨʽʾ ï 30 ʤʣʥ.ʛʨʥ, ɯɯɯ 

ʢʘʪʝʛʦʨʽʾ ï 25 ʤʣʥ.ʛʨʥ, ɯV ʢʘʪʝʛʦʨʽʾ ï 15 ʤʣʥ.ʛʨʥ, V ʢʘʪʝʛʦʨʽʾ ï 10 ʤʣʥ.ʛʨʥ (ʚ ʮʽʥʘʭ 2020 ʨʦʢʫ) 

[2]. ʉʝʨʝʜʥ ̫ʚʘʨʪ̔ʩʪʴ ʜʦʨʦʞʥʽʭ ʨʦʙʽʪ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʘʪʝʛʦʨʽʾ ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʜʦʨʦʛʠ ʪʘ ʨʷʜʫ 

ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ, ʧʨʦʪʝ ʟʘʛʘʣʦʤ ʩʢʣʘʜʘʻʪʴʩʷ ʥʘ 60% ʟ ʚʘʨʪʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ, ʚʠʨʦʙʽʚ ʪʘ 

ʢʦʥʩʪʨʫʢʮʽʡ (ʦʨʛʘʥʽʯʥʝ ʪʘ ʤʽʥʝʨʘʣʴʥʝ ʚôʷʞʫʯʝ, ʢʘʤôʷʥʽ ʤʘʪʝʨʽʘʣʠ ʪʦʱʦ), 20% ï ʚʘʨʪʽʩʪʴ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʦʨʦʞʥʽʭ ʤʘʰʠʥ ʽ ʤʝʭʘʥʽʟʤʽʚ, 10% ï ʟʘʨʦʙʽʪʥʘ ʧʣʘʪʘ, 10% ï ʽʥʰʽ ʚʠʪʨʘʪʠ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʦʨʽʻʥʪʦʚʥʘ ʟʘʛʘʣʴʥʘ ʚʘʨʪʽʩʪʴ ʨʦʙʽʪ ʟ ʚʽʜʥʦʚʣʝʥʥʷ ʤʝʨʝʞʽ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ 

ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ʪʘ ʦʙôʻʢʪʽʚ ʜʦʨʦʞʥʴʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʱʦ ʟʘʟʥʘʣʠ ʧʦʰʢʦʜʞʝʥʴ 

ʚʥʘʩʣʽʜʦʢ ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ, ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 1 ʤʣʨʜ.ʛʨʥ [1]. 
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ʘ) 

 
 

ʙ) 

 
 

ʚ) 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʪʫʧʝʥʽ ʧʦʰʢʦʜʞʝʥʥʷ ʪʘ ʨʫʡʥʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ: 

ʘ) ʩʣʘʙʢʠʡ; ʙ) ʩʝʨʝʜʥʽʡ; ʚ) ʩʠʣʴʥʠʡ 

 

ɿʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʥʽ ʦʙʩʷʛʠ ʧʦʰʢʦʜʞʝʥʴ ʪʘ ʚʘʨʪʽʩʪʴ ʨʦʙʽʪ ʟ ʚʽʜʥʦʚʣʝʥʥʷ 

ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ʚ ʧʦʚʦʻʥʥʠʡ ʧʝʨʽʦʜ, ʧʨʠ ʩʢʣʘʜʘʥʥʽ ʧʨʦʝʢʪʥʦ-

ʢʦʰʪʦʨʠʩʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ ʩʣʽʜ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʘʣʴʙʦʤ ʪʠʧʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦʨʦʞʥʴʦʛʦ ʦʜʷʛʫ 

[3], ʷʢʽ ʨʦʟʨʦʙʣʝʥʦ ʜʣʷ ʨʝʤʦʥʪʫ ʜʦʨʽʛ ʨʽʟʥʠʭ ʢʘʪʝʛʦʨʽʡ ʟʘʣʝʞʥʦ ʚʽʜ ʩʪʫʧʝʥʽʚ ʧʦʰʢʦʜʞʝʥʥʷ ʪʘ 

ʨʫʡʥʫʚʘʥʥʷ (ʜʠʚ. ʥʘ ʨʠʩ. 2) ʟʛʽʜʥʦ ʜʽʶʯʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʚʠʤʦʛ ʥʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʝʞʦʨʩʪʢʠʭ 

ʪʘ ʞʦʨʩʪʢʠʭ ʜʦʨʦʞʥʽʭ ʦʜʷʛʽʚ [4-6]. 
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ʘ) 

 

ʙ) 

 

ʚ) 

 

ʛ) 

 

ʈʠʩʫʥʦʢ 2 ï ʇʨʠʢʣʘʜʠ ʚʽʜʥʦʚʣʝʥʥʷ ʨʽʟʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʜʦʨʦʞʥʽʭ ʦʜʷʛʽʚ: 

ʘ-ʙ) ʥʘ ʜʦʨʦʛʘʭ ɯ ʢʘʪʝʛʦʨʽʾ; ʚ-ʛ) ʥʘ ʜʦʨʦʛʘʭ ɯɯ ʢʘʪʝʛʦʨʽʾ [3] 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. ɿʙʠʪʢʠ ʤʝʨʝʞʽ ʘʚʪʦʜʦʨʽʛ ʚʽʜ ʚʽʡʥʠ ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ ʤʽʣʴʷʨʜʘ. ɽʢʦʥʦʤʽʯʥʘ ʧʨʘʚʜʘ [ɽʣʝʢʪʨʦʥʠʡ 

ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://www.epravda.com.ua 

2. ɺ "ʋʢʨʘʚʪʦʜʦʨʽ" ʨʦʟʧʦʚʽʣʠ, ʩʢʽʣʴʢʠ ʢʦʰʪʫʻ ʙʫʜʽʚʥʠʮʪʚʦ 1 ʢʽʣʦʤʝʪʨʘ ʜʦʨʦʛʠ, ɽʢʦʥʦʤʽʯʥʘ ʧʨʘʚʜʘ, 

[ɽʣʝʢʪʨʦʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://www.epravda.com.ua 

3. ɸʣʴʙʦʤ ʢʦʥʩʪʨʫʢʮʽʡ ʜʦʨʦʞʥʴʦʛʦ ʦʜʷʛʫ. [ɽʣʝʢʪʨʦʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://bit.ly/albom_KDO 

4. ɼɹʅ ɺ.2.3-4:2015. ʉʧʦʨʫʜʠ ʪʨʘʥʩʧʦʨʪʫ. ɸʚʪʦʤʦʙʽʣʴʥʽ ʜʦʨʦʛʠ. ï ʂʠʾʚ, 2016. 

5. ɻɹʅ ɺ.2.3-37641918-559:2019. ɼʦʨʦʞʥʽʡ ʦʜʷʛ ʥʝʞʦʨʩʪʢʠʡ. ʇʨʦʝʢʪʫʚʘʥʥʷ.ï ʂʠʾʚ, 2019. 
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè 

ɻʝʦʜʝʟʠʯʥʽ ʨʦʙʦʪʠ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʜʦʨʦʞʥʻ ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʘ ʙʫʜʽʚʥʠʮʪʚʦ ʥʘ ʫʩʽʭ 

ʝʪʘʧʘʭ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ, ʘ ʩʘʤʝ ʧʨʠ ʧʣʘʥʫʚʘʥʥʽ, ʽʥʞʝʥʝʨʥʠʭ 

ʚʠʰʫʢʫʚʘʥʥʷʭ, ʧʨʦʻʢʪʫʚʘʥʥʽ, ʙʫʜʽʚʥʠʮʪʚʽ, ʤʦʥʽʪʦʨʠʥʛʫ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʟʥʦʚʫ ʧʣʘʥʫʚʘʥʥʽ. 

ɻʝʦʜʝʟʠʯʥʽ ʨʦʙʦʪʠ ʫ ʜʦʨʦʞʥʴʦʤʫ ʙʫʜʽʚʥʠʮʪʚʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʨʦʻʢʪʥʽ, ʙʫʜʽʚʝʣʴʥʽ ʪʘ 

ʚʠʢʦʥʘʚʯʽ ʨʦʙʦʪʠ ʫ ʜʦʨʦʞʥʴʦʤʫ ʙʫʜʽʚʥʠʮʪʚʽ ʧʦʚʥʠʤʠ, ʷʢʽʩʥʠʤʠ ʪʘ ʘʢʪʫʘʣʴʥʠʤʠ ʚʠʭʽʜʥʠʤʠ 

ʜʘʥʠʤʠ ʧʨʦ ʩʠʪʫʘʮʽʶ ʪʘ ʨʝʣʴʻʬ ʤʽʩʮʝʚʦʩʪʽ, ʽʩʥʫʶʯʽ ʥʘʟʝʤʥʽ, ʧʽʜʟʝʤʥʽ ʡ ʥʘʜʟʝʤʥʽ ʙʫʜʽʚʣʽ ʪʘ 

ʩʧʦʨʫʜʠ, ʧʫʥʢʪʠ ʦʧʦʨʥʠʭ ʛʝʦʜʝʟʠʯʥʠʭ ʤʝʨʝʞ ʪʘ ʧʫʥʢʪʠ ʛʝʦʜʝʟʠʯʥʦʾ ʨʦʟʤʽʯʫʚʘʣʴʥʦʾ ʤʝʨʝʞʽ ʫ 

ʨʘʡʦʥʽ ʙʫʜʽʚʥʠʮʪʚʘ. 

ʋʩʧʽʰʥʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʢʦʞʥʦʛʦ ʝʪʘʧʫ ʞʠʪʪʻʚʦʛʦ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ ʚ ʪʽʡ ʯʠ ʽʥʰʽʡ 

ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʢʣʘʜʫ ʽ ʟʤʽʩʪʫ ʛʝʦʜʝʟʠʯʥʠʭ ʨʦʙʽʪ, ʷʢʦʩʪʽ ʾʭ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʚʠʢʦʥʘʥʥʷ. ʊʦʤʫ 

ʚʠʟʥʘʯʝʥʥʷ ʚʠʤʦʛ ʜʦ ʩʢʣʘʜʫ ʽ ʟʤʽʩʪʫ ʛʝʦʜʝʟʠʯʥʠʭ ʨʦʙʽʪ ʧʨʠ ʙʫʜʽʚʥʠʮʪʚʽ, ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʪʘ 

ʢʘʧʽʪʘʣʴʥʦʤʫ ʨʝʤʦʥʪʽ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ ʻ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʮʠʭ ʝʪʘʧʽʚ ʞʠʪʪʻʚʦʛʦ 

ʮʠʢʣʫ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ. ɿʛʽʜʥʦ ʩʪʘʥʜʘʨʪʫ [1] ʧʨʦʪʷʛʦʤ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʘʚʪʦʤʦʙʽʣʴʥʦʾ 

ʜʦʨʦʛʠ ʛʝʦʜʝʟʠʯʥʽ ʨʦʙʦʪʠ ʧʦʪʨʽʙʥʦ ʚʠʢʦʥʫʚʘʪʠ ʥʘ ʩʪʘʜʽʷʭ: 

ī ʽʥʞʝʥʝʨʥʦ-ʛʝʦʜʝʟʠʯʥʠʭ ʚʠʰʫʢʫʚʘʥʴ;  

ī ʨʦʟʨʦʙʣʝʥʥʷ ʝʩʢʽʟʥʦʛʦ ʧʨʦʻʢʪʫ ʪʘ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ;  

ī ʨʦʟʨʦʙʣʝʥʥʷ ʧʨʦʻʢʪʫ ʘʙʦ ʨʦʙʦʯʦʛʦ ʧʨʦʻʢʪʫ,  

ī ʨʦʟʨʦʙʣʝʥʥʷ ʨʦʙʦʯʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ ʧʨʠ ʧʦʥʦʚʣʝʥʥʽ ʙʫʜʽʚʥʠʮʪʚʘ, ʟʤʽʥʽ ʪʘ ʜʝʪʘʣʽʟʘʮʽʾ 

ʧʨʦʻʢʪʥʠʭ ʨʽʰʝʥʴ, ʘ ʪʘʢʦʞ ʧʨʠ ʧʦʪʨʝʙʽ ʫ ʜʦʜʘʪʢʦʚʠʭ ʚʠʰʫʢʫʚʘʥʥʷʭ; 

ī ʙʫʜʽʚʥʠʮʪʚʘ ʦʙôʻʢʪʘ (ʛʝʦʜʝʟʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʫʜʽʚʥʠʮʪʚʘ);  

ī ʧʨʠʡʥʷʪʪʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʟʘʚʝʨʰʝʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʦʤ ʦʙôʻʢʪʘ;  

ī ʝʢʩʧʣʫʘʪʘʮʽʾ ʰʪʫʯʥʠʭ ʩʧʦʨʫʜ (ʤʦʩʪʠ, ʰʣʷʭʦʧʨʦʚʦʜʠ ʪʦʱʦ). 

ʅʘʨʘʟʽ ʩʢʣʘʜ ʪʘ ʦʙʩʷʛ ʛʝʦʜʝʟʠʯʥʠʭ ʨʦʙʽʪ ʫ ʜʦʨʦʞʥʴʦʤʫ ʙʫʜʽʚʥʠʮʪʚʽ ʜʠʥʘʤʽʯʥʦ 

ʨʦʟʚʠʚʘʻʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʛʝʦʜʝʟʠʯʥʠʭ ʨʦʙʽʪ, ʩʫʯʘʩʥʽ 

ʛʝʦʜʝʟʠʯʥʽ ʧʨʠʣʘʜʠ ʪʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʛʝʦʜʝʟʠʯʥʠʭ ʜʘʥʠʭ. ɿʛʽʜʥʦ ʩʪʘʥʜʘʨʪʫ 

[1] ʛʝʦʜʝʟʠʯʥʽ ʨʦʙʦʪʠ ʫ ʜʦʨʦʞʥʴʦʤʫ ʙʫʜʽʚʥʠʮʪʚʽ ʤʦʞʥʘ ʫʤʦʚʥʦ ʧʦʜʽʣʠʪʠ ʥʘ ʦʩʥʦʚʥʽ ʪʘ 

ʧʽʜʛʦʪʦʚʯʽ. ɼʦ ʩʢʣʘʜʫ ʦʩʥʦʚʥʠʭ ʛʝʦʜʝʟʠʯʥʠʭ ʨʦʙʽʪ ʫ ʜʦʨʦʞʥʴʦʤʫ ʙʫʜʽʚʥʠʮʪʚʽ ʚʭʦʜʷʪʴ: 

ï ʽʥʞʝʥʝʨʥʦ-ʛʝʦʜʝʟʠʯʥʽ ʚʠʰʫʢʫʚʘʥʥʷ, ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʪʨʝʙ 

ʧʨʦʻʢʪʫʚʘʥʥʷ, ʨʦʟʨʦʙʣʝʥʥʷ ʨʦʙʦʯʦʾ ʪʘ ʚʠʢʦʥʘʚʯʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ; 

ï ʚʠʢʦʥʘʥʥʷ ʨʦʟʤʽʯʫʚʘʣʴʥʠʭ ʨʦʙʽʪ ʥʘ ʩʪʘʜʽʾ ʙʫʜʽʚʥʠʮʪʚʘ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ ʪʘ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʧʦʨʫʜ; 

ï ʛʝʦʜʝʟʠʯʥʠʡ ʢʦʥʪʨʦʣʴ ʪʘ ʚʠʢʦʥʘʚʯʝ (ʢʦʥʪʨʦʣʴʥʝ) ʟʥʽʤʘʥʥʷ ʟʘʚʝʨʰʝʥʠʭ ʙʫʜʽʚʥʠʮʪʚʦʤ 

ʝʣʝʤʝʥʪʽʚ ʪʘ ʦʙôʻʢʪʽʚ ʜʦʨʦʞʥʴʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ; 

ï ʛʝʦʜʝʟʠʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʦʙôʻʢʪʽʚ ʜʦʨʦʞʥʴʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ; 

ï ʨʦʟʨʦʙʣʝʥʥʷ ʨʽʰʝʥʴ ʱʦʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʛʝʦʜʝʟʠʯʥʠʭ ʨʦʙʽʪ ʫ ʩʢʣʘʜʽ ʧʨʦʻʢʪʫ ʦʨʛʘʥʽʟʘʮʽʾ 

ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʦʢʨʝʤʦʛʦ ʧʨʦʻʢʪʫ ʚʠʢʦʥʘʥʥʷ ʛʝʦʜʝʟʠʯʥʠʭ ʨʦʙʽʪ ʜʣʷ ʚʠʙʦʨʫ ʝʬʝʢʪʠʚʥʦʛʦ 

ʤʝʪʦʜʫ ʾʭ ʚʠʢʦʥʘʥʥʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ ʚʠʢʦʥʘʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʙʽʪ. 

ɯʥʞʝʥʝʨʥʦ-ʛʝʦʜʝʟʠʯʥʽ ʚʠʰʫʢʫʚʘʥʥʷ ʻ ʦʢʨʝʤʠʤ ʚʠʜʦʤ ʛʝʦʜʝʟʠʯʥʠʭ ʨʦʙʽʪ, ʤʝʪʦʶ ʷʢʠʭ ʻ 

ʦʪʨʠʤʘʥʥʷ ʧʦʚʥʠʭ ʪʘ ʜʦʩʪʦʚʽʨʥʠʭ ʪʦʧʦʛʨʘʬʦ-ʛʝʦʜʝʟʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ 

ʩʠʪʫʘʮʽʶ ʪʘ ʨʝʣʴʻʬ ʤʽʩʮʝʚʦʩʪʽ ʫ ʨʘʡʦʥʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ. ʇʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ ʽʥʞʝʥʝʨʥʦ-

ʛʝʦʜʝʟʠʯʥʠʭ ʚʠʰʫʢʫʚʘʥʴ ʨʝʛʣʘʤʝʥʪʫʻʪʩʷ ʟʘʢʦʥʦʤ ʋʢʨʘʾʥʠ [2], ʥʦʨʤʘʤʠ [3] ʪʘ ʽʥʰʠʤʠ 

ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʋʢʨʘʾʥʠ.  



 

ñ ʇʨʦʙʣʝʤʠ ʙʫʜʽʚʝʣʴʥʦʛʦ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʽʚò 
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ɼʦ ʩʢʣʘʜʫ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʜʝʟʠʯʥʠʭ ʚʠʰʫʢʫʚʘʥʴ, ʷʢ ʦʢʨʝʤʽ ʚʠʜʠ ʨʦʙʽʪ ʚʭʦʜʷʪʴ: 

ï ʛʝʦʜʝʟʠʯʥʠʡ ʥʘʛʣʷʜ ʟʘ ʥʝʙʝʟʧʝʯʥʠʤʠ ʧʨʠʨʦʜʥʠʤʠ ʷʚʠʱʘʤʠ, ʤʦʥʽʪʦʨʠʥʛ ʾʭ ʨʦʟʚʠʪʢʫ; 

ï ʩʢʣʘʜʘʥʥʷ ʪʘ ʦʥʦʚʣʝʥʥʷ ʽʥʞʝʥʝʨʥʦ-ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʧʣʘʥʽʚ ʥʘʟʝʤʥʠʭ, ʧʽʜʟʝʤʥʠʭ ʪʘ 

ʥʘʜʟʝʤʥʠʭ ʽʥʞʝʥʝʨʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ ʪʘ ʩʧʦʨʫʜ; 

ï ʩʢʣʘʜʘʥʥʷ ʮʠʬʨʦʚʦʾ ʤʦʜʝʣʽ ʤʽʩʮʝʚʦʩʪʽ; 

ï ʦʪʨʠʤʘʥʥʷ çʭʤʘʨʠ ʪʦʯʦʢè, ʷʢ ʨʝʟʫʣʴʪʘʪʫ ʩʢʘʥʫʚʘʥʥʷ ʤʽʩʮʝʚʦʩʪʽ; 

ï ʫʟʛʦʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʧʨʘʚʠʣʴʥʦʩʪʽ ʥʘʥʝʩʝʥʥʷ ʽʥʞʝʥʝʨʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ ʥʘ 

ʽʥʞʝʥʝʨʥʦ-ʪʦʧʦʛʨʘʬʽʯʥʽ ʧʣʘʥʠ; 

ï ʛʝʦʜʝʟʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʰʠʭ ʚʠʜʽʚ ʨʦʙʽʪ ʪʘ ʚʠʰʫʢʫʚʘʥʴ (ʧʨʠʚôʷʟʢʘ ʛʝʦʣʦʛʽʯʥʠʭ 

ʩʚʝʨʜʣʦʚʠʥ, ʛʝʦʬʽʟʠʯʥʠʭ ʪʘ ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʪʦʯʦʢ ʚʠʤʽʨʶʚʘʥʴ ʪʦʱʦ). 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʥʘ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʦʛʘʭ ʋʢʨʘʾʥʠ ʥʘʙʠʨʘʻ ʰʠʨʦʢʦʾ ʧʦʧʫʣʷʨʥʦʩʪʽ 

ʣʘʟʝʨʥʝ ʩʢʘʥʫʚʘʥʥʷ. ʊʘʢʠʡ ʤʝʪʦʜ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʢʦʤʧôʶʪʝʨʥʽʡ ʦʙʨʦʙʮʽ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʨʦʙʦʪʠ ʣʘʟʝʨʥʦʛʦ ʜʘʣʝʢʦʤʽʨʘ. ɼʘʪʯʠʢʠ ʨʝʻʩʪʨʫʶʪʴ ʩʠʛʥʘʣʠ ʣʘʟʝʨʘ, ʚʽʜʙʠʪʽ ʚʽʜ 

ʨʽʟʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʢʦʞʝʥ ʚʽʜʙʠʪʠʡ ʩʠʛʥʘʣ ʬʽʢʩʫʻʪʴʩʷ ʚ ʧʘʤôʷʪʽ ʩʠʩʪʝʤʠ ʷʢ ʪʦʯʢʘ ʚ 

ʪʨʠʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ. ʇʨʠʚôʷʟʢʘ ʪʦʯʦʢ ʜʦ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʥʘʚʽʛʘʮʽʡʥʦʾ ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ ʪʘ ʽʥʝʨʮʽʘʣʴʥʦʛʦ ʤʦʜʫʣʷ. ʇʨʦʮʝʩ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʫʚʘʥʥʷ 

ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʢʦʦʨʜʠʥʘʪʠ ʚʩʽʭ ʪʦʯʦʢ ʚ ʤʝʞʘʭ ʨʘʜʽʫʩʫ ʩʚʦʻʾ ʜʽʾ [4]. ʉʢʘʥʫʚʘʥʥʷ 

ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʚʪʦʤʦʙʽʣʷ, ʥʘ ʷʢʦʤʫ ʚʩʪʘʥʦʚʣʝʥʘ ʩʠʩʪʝʤʘ ʜʘʪʯʠʢʽʚ ʪʘ ʽʥʰʦʾ 

ʘʧʘʨʘʪʫʨʠ. ʈʫʭʘʶʯʠʩʴ ʧʦ ʪʨʘʩʽ ʟʽ ʰʚʠʜʢʽʩʪʶ ʦʩʥʦʚʥʦʛʦ ʧʦʪʦʢʫ ʘʚʪʦʤʦʙʽʣʽʚ, ʩʠʩʪʝʤʘ 

ʙʝʟʧʝʨʝʨʚʥʦ ʩʢʘʥʫʻ ʤʽʩʮʝʚʽʩʪʴ, ʢʫʪ ʦʛʣʷʜʫ ʧʨʠ ʮʴʦʤʫ ï 360 ʛʨʘʜʫʩʽʚ, ʘ ʯʘʩʪʦʪʘ ʩʢʘʥʫʚʘʥʥʷ ï 

ʜʦ ʤʽʣʴʡʦʥʘ ʽʤʧʫʣʴʩʽʚ ʚ ʩʝʢʫʥʜʫ. ʈʝʟʫʣʴʪʘʪʦʤ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʫʚʘʥʥʷ ʻ ʩʬʦʨʤʦʚʘʥʽ ʭʤʘʨʠ 

ʪʦʯʦʢ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʧʨʦʩʪʽʨ ʥʘ ʤʦʤʝʥʪ ʩʢʘʥʫʚʘʥʥʷ. ʑʽʣʴʥʽʩʪʴ ʟʡʦʤʢʠ ʤʦʞʝ ʙʫʪʠ ʨʽʟʥʦʶ 

ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ, ʘʞ ʜʦ ʜʝʢʽʣʴʢʦʭ ʪʠʩʷʯ ʧʽʢʝʪʽʚ ʥʘ ʢʚʘʜʨʘʪʥʠʡ ʤʝʪʨ. 

ʃʘʟʝʨʥʘ ʟʡʦʤʢʘ ʜʦʨʽʛ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʝʪʘʧʽʚ: ʩʘʤʦʛʦ ʩʢʘʥʫʚʘʥʥʷ ʽ ʢʦʤʧôʶʪʝʨʥʦʾ ʦʙʨʦʙʢʠ ʾʾ 

ʨʝʟʫʣʴʪʘʪʽʚ. ɯʟ ʩʫʢʫʧʥʦʩʪʽ ʪʦʯʦʢ ʚʠʙʠʨʘʶʪʴʩʷ ʪʽ, ʱʦ ʥʘʣʝʞʘʪʴ ʜʦ ʜʦʨʦʛʠ; ʥʘ ʾʭ ʦʩʥʦʚʽ 

ʙʫʜʫʻʪʴʩʷ 3D-ʤʦʜʝʣʴ ʜʦʨʦʛʠ ʽ ʧʨʠʣʝʛʣʦʾ ʤʽʩʮʝʚʦʩʪʽ. ʇʦʪʽʤ ʭʤʘʨʠ ʪʦʯʦʢ ʟʽʩʪʘʚʣʷʶʪʴʩʷ ʟ 

ʬʦʪʦʟʦʙʨʘʞʝʥʥʷʤ ʤʽʩʮʝʚʦʩʪʽ ʽ ʬʘʨʙʫʶʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʽ ʢʦʣʴʦʨʠ, ʱʦ ʥʘʜʘʻ ʟʦʙʨʘʞʝʥʥʶ 

ʧʦʚʥʫ ʨʝʘʣʽʩʪʠʯʥʽʩʪʴ. ʆʩʥʦʚʥʘ ʧʝʨʝʚʘʛʘ ʤʝʪʦʜʫ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʫʚʘʥʥʷ ï ʮʝ ʤʦʞʣʠʚʽʩʪʴ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʟʡʦʤʢʠ ʚ ʫʤʦʚʘʭ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ, ʙʝʟ ʧʦʨʫʰʝʥʥʷ 

ʨʦʙʦʪʠ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ.  

ʉʫʯʘʩʥʝ ʛʝʦʜʝʟʠʯʥʝ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʽʥʩʪʨʫʤʝʥʪʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʥʫʚʘʪʠ ʥʘʡʩʢʣʘʜʥʽʰʽ 

ʧʨʦʻʢʪʠ ʚ ʤʘʢʩʠʤʘʣʴʥʦ ʢʦʨʦʪʢʠʡ ʪʝʨʤʽʥ ʪʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʪʦʯʥʽʩʪʴ ʚʩʽʭ ʨʦʟʨʘʭʫʥʢʽʚ ʽ 

ʧʽʜʚʠʱʫʚʘʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʘʮʽ. ʇʦʨʷʜ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʠʢʘʤʠ ʚʠʢʦʥʘʥʥʷ 

ʛʝʦʜʝʟʠʯʥʠʭ ʨʦʙʽʪ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʤʝʪʦʜʠʢʠ, ʷʢʽ ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʫʯʘʩʥʠʭ ʧʨʠʣʘʜʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʽʩʪʦʪʥʠʡ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ. 
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ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ 

 

ʆʙʦʣʦʥʢʠ, ʷʢ ʛʥʫʯʢʽ ʪʦʥʢʦʩʪʽʥʥʽ ʝʣʝʤʝʥʪʠ ʧʽʜʚʠʱʝʥʦʾ ʤʽʮʥʦʩʪʽ, ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʽʥʞʝʥʝʨʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʝʡ. ɼʣʷ ʥʘʜʘʥʥʷ ʙʽʣʴʰʦʾ 

ʞʦʨʩʪʢʦʩʪʽ ʦʙʦʣʦʥʢʠ ʯʘʩʪʦ ʧʽʜʢʨʽʧʣʶʻʪʴʩʷ ʨʝʙʨʘʤʠ. ʅʘʚʽʪʴ ʷʢʱʦ ʨʝʙʨʘ ʤʘʶʪʴ ʤʘʣʫ ʚʠʩʦʪʫ, 

ʮʝ ʽʩʪʦʪʥʦ ʧʽʜʚʠʱʫʻ ʤʽʮʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠ ʥʝʟʥʘʯʥʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʾʾ  ʤʘʩʠ. ɿʘ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʚʠʤʦʛʘʤʠ ʦʙʦʣʦʥʢʠ ʤʦʞʫʪʴ ʤʘʪʠ ʚʠʾʤʢʠ, ʢʘʥʘʣʠ, ʚʠʨʽʟʠ. ɿʘ ʥʘʷʚʥʦʩʪʽ ʪʘʢʠʭ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʩʶ ʢʦʥʩʪʨʫʢʮʽʶ ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʦʙʦʣʦʥʢʫ 

ʩʪʫʧʽʥʯʘʩʪʦ-ʟʤʽʥʥʦʾ ʞʦʨʩʪʢʦʩʪʽ (ʯʠ ʩʪʫʧʽʥʯʘʩʪʦ-ʟʤʽʥʥʦʾ ʪʦʚʱʠʥʠ). ʋ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʦʙʦʣʦʥʢʠ ʤʦʞʫʪʴ ʟʥʘʭʦʜʠʪʠʩʴ ʧʽʜ ʜʽʻʶ ʩʪʘʪʠʯʥʠʭ ʪʝʨʤʦʩʠʣʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥ.ɹ ɺʽʜʦʤʦ, ʱʦ 

ʪʝʤʧʝʨʘʪʫʨʥʽ ʧʦʣʷ ʤʦʞʫʪʴ ʚʠʢʣʠʢʘʪʠ ʽʩʪʦʪʥʽ ʜʝʬʦʨʤʘʮʽʾ ʚ ʦʙʦʣʦʥʮʽ ʽ ʙʫʪʠ ʚʠʨʽʰʘʣʴʥʠʤ 

ʬʘʢʪʦʨʦʤ, ʚʽʜ ʷʢʦʛʦ ʟʘʣʝʞʠʪʴ ʬʦʨʤʘ ʪʘ ʤʦʤʝʥʪ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ. ʈʦʟʨʘʭʫʥʢʠ 

ʦʙʦʣʦʥʦʢ, ʷʢ ʩʠʩʪʝʤ ʟ ʫʩʢʣʘʜʥʝʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʚʠʢʣʠʢʘʶʪʴ ʥʝ ʪʽʣʴʢʠ ʦʙʯʠʩʣʶʚʘʣʴʥʽ, ʘʣʝ ʡ 

ʧʨʠʥʮʠʧʦʚʽ ʤʝʪʦʜʠʯʥʽ ʪʨʫʜʥʦʱʽ. ɰʭʥʻ ʚʠʨʽʰʝʥʥʷ ʧʨʠʚʦʜʠʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʨʦʟʨʦʙʢʠ 

ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʦʜʝʣʝʡ. ʈʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʧʨʦʙʣʝʤʽ ʨʦʟʰʠʨʝʥʥʷ ʥʘʷʚʥʦʛʦ 

ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ (ʅɼʉ) ʪʘ ʩʪʽʡʢʦʩʪʽ ʥʝʦʜʥʦʨʽʜʥʠʭ ʦʙʦʣʦʥʦʢ 

ʥʘ ʟʘʜʘʯʽ ʤʦʜʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʢʦʥʩʪʨʫʢʮʽʾ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʪʝʨʤʦʩʠʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ.  

ʉʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʠʡ ʤʝʪʦʜ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʩʪʘʪʠʯʥʠʭ ʟʘʜʘʯ ʛʝʦʤʝʪʨʠʯʥʦ ʥʝʣʽʥʽʡʥʦʛʦ 

ʜʝʬʦʨʤʫʚʘʥʥʷ, ʩʪʽʡʢʦʩʪʽ ʪʘ ʟʘʢʨʠʪʠʯʥʦʾ ʧʦʚʝʜʽʥʢʠ ʪʦʥʢʦʩʪʽʥʥʠʭ ʦʙʦʣʦʥʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʫʩʢʣʘʜʥʝʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜ ʜʽʻʶ ʪʝʨʤʦʩʠʣʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, 

ʩʪʚʦʨʝʥʦ ʥʘ ʦʩʥʦʚʽ ʻʜʠʥʠʭ ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ ʧʦʟʠʮʽʡ ʧʨʦʩʪʦʨʦʚʦʾ ʛʝʦʤʝʪʨʠʯʥʦ ʥʝʣʽʥʽʡʥʦʾ 

ʪʝʦʨʽʾ ʪʝʨʤʦʧʨʫʞʥʦʩʪʽ ʪʘ ʤʦʤʝʥʪʥʦʾ ʩʭʝʤʠ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʄʉʉɽ) [1,2,3]. 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʘ ʤʦʜʝʣ ɹ ʥʝʦʜʥʦʨʽʜʥʦʾ ʦʙʦʣʦʥʢʠ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʙʘʟʽ 

ʨʦʟʨʦʙʣʝʥʦʛʦ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʩʢʽʥʯʝʥʥʦʛʦ ʝʣʝʤʝʥʪʘ (ʉɽ), ʱʦ ʚʨʘʭʦʚʫʻ 

ʛʝʦʤʝʪʨʠʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʙʘʛʘʪʦʰʘʨʦʚʫ ʩʪʨʫʢʪʫʨʫ ʤʘʪʝʨʽʘʣʫ 

ʦʙʦʣʦʥʢʠ.  

ʋʥʽʚʝʨʩʘʣʴʥʠʡ ʉɽ ʨʦʟʨʦʙʣʝʥʦ ʥʘ ʦʩʥʦʚʽ ʚʽʜʦʤʦʛʦ ("ʩʪʘʥʜʘʨʪʥʦʛʦ") 8-ʤʠ ʚʫʟʣʦʚʦʛʦ 

ʽʟʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʩʢʽʥʯʝʥʥʦʛʦ ʝʣʝʤʝʥʪʘ ʟ ʧʦʣʽʣʽʥʽʡʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʬʦʨʤʠ 

ʜʣʷ ʢʦʦʨʜʠʥʘʪ ʽ ʧʝʨʝʤʽʱʝʥʴ. ɿʘ ʨʘʭʫʥʦʢ ʚʚʝʜʝʥʠʭ ʜʦʜʘʪʢʦʚʠʭ ʟʤʽʥʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

"ʩʪʘʥʜʘʨʪʥʠʡ" ʧʨʦʩʪʦʨʦʚʠʡ ʉɽ ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʪʚʦʨʝʥʠʡ ʥʘ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʩʢʽʥʯʝʥʥʠʡ 

ʝʣʝʤʝʥʪ. ɺʽʥ ʤʦʞʝ ʙʫʪʠ ʝʢʩʮʝʥʪʨʠʯʥʦ ʟʤʽʱʝʥʠʤ ʚʽʜʥʦʩʥʦ ʩʝʨʝʜʠʥʥʦʾ ʧʦʚʝʨʭʥʽ ʦʙʰʠʚʢʠ 

ʦʙʦʣʦʥʢʠ (ʧʽʜ ʦʙʰʠʚʢʦʶ ʦʙʦʣʦʥʢʠ ʨʦʟʫʤʽʻʪʴʩʷ ʦʙʦʣʦʥʢʘ ʙʝʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʘ ʪʦʚʱʠʥʦʶ) ʪʘ 

ʤʦʞʝ ʟʤʽʥʶʚʘʪʠ ʩʚʦʾ ʨʦʟʤʽʨʠ ʚ ʥʘʧʨʷʤʢʫ ʪʦʚʱʠʥʠ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʜʽʣʷʥʦʢ ʦʙʦʣʦʥʢʠ ʷʢ 

ʟʙʽʣʴʰʝʥʦʾ ʪʦʚʱʠʥʠ (ʟ ʨʝʙʨʘʤʠ, ʥʘʢʣʘʜʢʘʤʠ), ʪʘʢ ʽ ʟʤʝʥʰʝʥʦʾ ʪʦʚʱʠʥʠ (ʟ ʚʠʾʤʢʘʤʠ, 

ʢʘʥʘʣʘʤʠ). ʅʘ ʙʘʟʽ ʮʴʦʛʦ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʉɽ ʨʦʟʨʦʙʣʝʥʘ ʻʜʠʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ, ʱʦ 

ʚʨʘʭʦʚʫʻ ʨʽʟʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʥʝʦʜʥʦʨʽʜʥʦʾ ʦʙʦʣʦʥʢʠ. ʇʨʠʡʥʷʪʠʡ 

ʧʽʜʭʽʜ ʜʘʻ ʟʤʦʛʫ ʜʦʩʣʽʜʞʫʚʘʪʠ ʧʦʚʝʜʽʥʢʫ ʦʙʦʣʦʥʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʨʽʟʥʦʛʦ ʪʠʧʫ ʚ ʨʘʤʢʘʭ 

ʻʜʠʥʦʾ ʤʝʪʦʜʦʣʦʛʽʾ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʛʝʦʤʝʪʨʠʯʥʦ ʥʝʣʽʥʽʡʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʦʙʦʣʦʥʢʠ ʚʠʢʦʥʫʻʪʴʩʷ 

ʥʘ ʦʩʥʦʚʽ ʟʘʛʘʣʴʥʦʾ ʣʘʛʨʘʥʞʝʚʦʾ ʧʦʩʪʘʥʦʚʢʠ ʚʘʨʽʘʮʽʡʥʦʾ ʟʘʜʘʯʽ ʫ ʧʨʠʨʦʩʪʘʭ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ 

ʮʴʦʛʦ ʯʘʩʪʦʪʠ ʽ ʬʦʨʤʠ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ ʦʙʦʣʦʥʢʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚ ʤʦʤʝʥʪʠ ʾʾ ʢʨʦʢʦʚʦʛʦ 

ʪʝʨʤʦʩʠʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ [4,5,6]. ʅʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʨʘʭʦʚʫʶʪʴʩʷ ʥʦʚʠʡ 

ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʦʙʦʣʦʥʢʠ ʪʘ ʥʘʢʦʧʠʯʝʥʽ ʥʘ ʧʦʧʝʨʝʜʥʽʭ ʢʨʦʢʘʭ ʥʘʧʨʫʞʝʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, 



 

ñ ʇʨʦʙʣʝʤʠ ʙʫʜʽʚʝʣʴʥʦʛʦ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʽʚò 
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ʫ ʟʘʜʘʯʘʭ ʧʨʦ ʚʣʘʩʥʽ ʢʦʣʠʚʘʥʥʷ ʦʙʦʣʦʥʢʠ ʚʨʘʭʦʚʫʻʪʴʩʷ ʥʘʷʚʥʽʩʪʴ ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʧʨʫʞʝʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʾ ʚʽʜ ʜʽʾ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʪʘʪʠʯʥʠʭ ʪʝʨʤʦʩʠʣʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʥʘ ʥʠʟʮʽ ʢʣʘʩʠʯʥʠʭ ʪʝʩʪʦʚʠʭ 

ʧʨʠʢʣʘʜʘʭ, ʜʣʷ ʷʢʠʭ ʜʦʩʣʽʜʞʝʥʘ ʟʙʽʞʥʽʩʪʴ ʽ ʪʦʯʥʽʩʪʴ ʨʦʟʚôʷʟʢʽʚ, ʱʦ ʦʪʨʠʤʫʶʪʴʩʷ. 

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʦʟʚôʷʟʢʽʚ, ʱʦ ʦʪʨʠʤʘʥʽ ʟʘ ʄʉʉɽ, ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʱʦ ʦʜʝʨʞʘʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚ (ʇʂ) ʃɯʈɸ, SCAD, NASTRAN, ʘ ʪʘʢʦʞ ʚ ʨʦʙʦʪʘʭ ʽʥʰʠʭ 

ʘʚʪʦʨʽʚ, ʧʽʜʪʚʝʨʜʠʚ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʝʪʦʜʫ ʽ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʨʦʟʚôʷʟʢʽʚ. 

ʇʝʨʰʠʡ ʧʨʠʢʣʘʜ ʧʨʠʩʚʷʯʝʥʦ ʤʦʜʘʣʴʥʦʤʫ ʘʥʘʣʽʟʫ ʢʦʥʩʦʣʴʥʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ ʧʘʥʝʣʽ. ʎʷ 

ʟʘʜʘʯʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʦʩʣʽʜʥʠʢʘʤʠ ʜʣʷ ʪʝʩʪʦʚʦʾ ʘʧʨʦʙʘʮʽʾ ʨʽʟʥʠʭ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ 

ʟʘʜʘʯʘʭ ʜʠʥʘʤʽʢʠ.  

ɼʨʫʛʘ ʟʘʜʘʯʘ ʧʨʠʩʚʷʯʝʥʘ ʜʦʩʣʽʜʞʝʥʥʶ ʅɼʉ ʽ ʩʪʽʡʢʦʩʪʠ ʧʦʣʦʛʦ ʾ ʩʬʝʨʠʯʥʦ ʾ

ʦʩʝʩʠʤʝʪʨʠʯʥʦʾ ʧʘʥʝʣ,̔ ʧʨʠ ʜʚʦʭ ʩʧʦʩʦʙʘʭ ʟʘʢʨʽʧʣʝʥʥʷ ʢʦʥʪʫʨʫ: ʞʦʨʩʪʢʝ ʟʘʪʠʩʥʝʥʥʷ ʪʘ 

ʰʘʨʥʽʨʥʝ ʦʧʠʨʘʥʥʷ. ʊʝʨʤʦʩʠʣʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʩʪʘʜʽʡ. ʉʧʦʯʘʪʢʫ 

ʦʙʦʣʦʥʢʘ ʥʘʛʨʽʚʘʻʪʴʩʷ ʥʘ AT  ( C40200 AAA ,,=T ), ʧʦʪʽʤ ʜʦʥʘʚʘʥʪʘʞʫʻʪʴʩʷ ʪʠʩʢʦʤ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ɼʽʘʛʨʘʤʠ çʥʘʚʘʥʪʘʞʝʥʥʷïʧʨʦʛʠʥè ʫ ʮʝʥʪʨʽ ʧʘʥʝʣʽ 

 

ɸʣʛʦʨʠʪʤ ʄʉʉɽ ʜʣʷ ʧʘʥʝʣʽ ʟ ʰʘʨʥʽʨʥʠʤ ʦʧʠʨʘʥʥʷʤ () (ʚʘʨʽʘʥʪʠ ʥʘʛʨʽʚʫ 

C200 AA,=T ) ʚʠʷʚʠʚ ʤʦʞʣʠʚʫ ʪʦʯʢʫ ʨʦʟʛʘʣʫʞʝʥʥʷ (*) ʥʘ ʜʽʘʛʨʘʤʽ çʥʘʚʘʥʪʘʞʝʥʥʷïʧʨʦʛʠʥè 

ʫ ʜʦʢʨʠʪʠʯʥʽʡ ʦʙʣʘʩʪʽ (ʨʠʩ. 1). ʈʦʟʚôʷʟʦʢ, ʦʪʨʠʤʘʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʇʂ ʃɯʈɸ [7], ʚʠʟʥʘʯʠʚ ʪʫ 

ʩʘʤʫ ʪʦʯʢʫ ʟ ʥʝʟʥʘʯʥʦʶ ʨʦʟʙʽʞʥʽʩʪʶ ʟʘ ʥʘʚʘʥʪʘʞʝʥʥʷ 
*q , ʷʢ ʚʝʨʭʥʻ ʢʨʠʪʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɼʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʟʘ ʄʉʉɽ ʩʫʤʽʞʥʦʾ ʬʦʨʤʠ ʜʝʬʦʨʤʫʚʘʥʥʷ ʚ ʦʢʦʣʽ 
*q , ʚ ʧʦʯʘʪʢʦʚʫ ʽʜʝʘʣʴʥʫ 

ʬʦʨʤʫ ʩʝʨʝʜʠʥʥʦ ʾ ʧʦʚʝʨʭʥ ̔ ʦʙʦʣʦʥʢʠ ʙʫʣʦ ʚʥʝʩʝʥʝ ʟʙʫʨʝʥʥʷ ʟʘ ʬʦʨʤʫʣʦʶ 

)(cos)(sin jph ar , ʜʝ 0010.=h  ï ʤʘʣʠʡ ʧʘʨʘʤʝʪʨ, r   ̔ jï ʧʦʣʷʨʥʽ ʢʦʦʨʜʠʥʘʪʠ. ʎʝ ʜʘʣʦ 

ʟʤʦʛʫ ʪʦʯʥʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʪʦʯʢʫ (*) ʷʢ ʪʦʯʢʫ ʙʽʬʫʨʢʘʮʽʾ ʽʜʝʘʣʴʥʦʾ ʧʘʥʝʣʽ, ʨʦʟʚôʷʟʦʢ ʜʣʷ 

ʷʢʦʾ ʤʘʻ ʨʦʟʛʘʣʫʞʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʦʩʝʩʠʤʝʪʨʠʯʥʘ ʬʦʨʤʘ ʜʝʬʦʨʤʫʚʘʥʥʷ ʽʜʝʘʣʴʥʦʾ ʧʘʥʝʣʽ 

ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ ʚ ʩʫʤʽʞʥʫ ʥʝʦʩʝʩʠʤʝʪʨʠʯʥʫ ʬʦʨʤʫ. ʅʘ ʨʠʩʫʥʢʫ ʦʪʨʠʤʘʥʘ ʛʽʣʢʘ ʧʦʢʘʟʘʥʘ 

ʧʫʥʢʪʠʨʥʦʶ ʣʽʥʽʻʶ. 

ʋ ʥʘʩʪʫʧʥʽʡ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʚʧʣʠʚ ʪʨʴʦʭ ʚʘʨʽʘʥʪʽʚ ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʛʨʽʚʫ 

( C20,0,20 AAA-=T ) ʥʘ ʩʪʽʡʢʽʩʪʴ ʽ ʢʦʣʠʚʘʥʥʷ ʢʚʘʜʨʘʪʥʦʾ ʩʬʝʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ ʟ ʦʪʚʦʨʦʤ ( ). 

ɼʽʘʛʨʘʤʠ çʥʘʚʘʥʪʘʞʝʥʥʷïʧʨʦʛʠʥè ʚ ʪʦʯʮʽ ɸ (ʨʠʩ. 2) ʜʦʙʨʝ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ, ʱʦ 

ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʇʂ ʃɯʈɸ, ʟʘ ʫʩʽʻʶ ʢʨʠʚʦ ,ʁ ʟ ʥʝʟʥʘʯʥʦʶ ʨʦʟʙʽʞʥʽʩʪʶ ʜʣʷ ʚʝʨʭʥʴʦʛʦ 

ʢʨʠʪʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʄʽʞ ʯʘʩʪʦʪʘʤʠ, ʱʦ ʦʪʨʠʤʘʥ ̔ʟʘ ʜʦʧʦʤʦʛʦʶ ʄʉʉɽ ʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʇʂ ʃɯʈɸ, ʻ ʭʦʨʦʰʘ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ. ʌʦʨʤʠ ʢʦʣʠʚʘʥʴ ʜʣʷ ʥʝʥʘʚʘʥʪʘʞʝʥʠʭ ʦʙʦʣʦʥʦʢ ( C0A=T , 0=q ) ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩ. 3. ʌʦʨʤʠ, ʱʦ ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʇʂ ʃɯʈɸ, ʜʣʷ ʥʘʦʯʥʦʩʪʽ ʧʦʢʘʟʘʥʽ ʥʘ ʤʘʣʶʥʢʘʭ ʫ 

ʚʠʛʣʷʜʽ ʤʫʘʨʦʚʠʭ ʩʤʫʛ. 
 



 

 

ɿʙʽʨʥʠʢ ʤʘʪʝʨʽʘʣʽʚ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ on-line ʢʦʥʬʝʨʝʥʮʽʾ 

 çʇʈʆɹʃɽʄʀ ɹʋɼɯɺɽʃʔʅʆɻʆ ʊɸ ʊʈɸʅʉʇʆʈʊʅʆɻʆ ʂʆʄʇʃɽʂʉɯɺè. 

84                                                             x ̝̩̝̆̎̓̑́̌̎̏̔̋̑́̎̒̋̉̊ ̨̗̝̎́̏̎́̌̎̉̊ ̨̖̘̓̆̎̎̉̊ ̨̔̎̃̆̑̒̉̓ ̆̓ 

    
 

ʈʠʩʫʥʦʢ 2 ï ɼʽʘʛʨʘʤʠ çʥʘʚʘʥʪʘʞʝʥʥʷ ï ʧʨʦʛʠʥè ʪʘ ʜʽʘʛʨʘʤʠ çʥʘʚʘʥʪʘʞʝʥʥʷ ï ʯʘʩʪʦʪʘè 

 

 

     

 
 

ʈʠʩʫʥʦʢ 3 ï ʇʝʨʰʽ ʪʨʠ ʬʦʨʤʠ ʢʦʣʠʚʘʥʴ ʦʙʦʣʦʥʢʠ ʫ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ 

 

ʊʘʙʣʠʮʷ 1 ï ɿʘʣʝʞʥʽʩʪʴ ʯʘʩʪʦʪ ʚʽʜ ʚʝʣʠʯʠʥʠ ʥʘʛʨʽʚʫ, 0=q  

CAT  1w  2w  3w  4w  5w  

0 516.04 519.38 519.38 609.26 714.34 

ʇʂ ʃɯʈɸ 515.17 519.63 519.63 610.02 713.51 

-20 499.77 508.29 508.38 602.11 712.05 

20
0
-D  -3.15 -2.13 -2.12 -1.17 -0.32 

+20 530.17 530.17 531.51 616.65 716.62 

20
0
+D  +2.37 +2.08 +2.33 +1.21 +0.32 

 

ʇʦʧʝʨʝʜʥʽʡ ʥʘʛʨʽʚ ʪʘ ʧʦʧʝʨʝʜʥʻ ʦʭʦʣʦʜʞʝʥʥʷ ʦʙʦʣʦʥʢʠ ʧʨʠʚʦʜʠʪʴ ʜʦ ʥʝʟʥʘʯʥʠʭ ʟʤʽʥ 

ʯʘʩʪʦʪ (ʪʘʙʣ. 1). ʋ ʚʠʧʘʜʢʫ ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ (C20A-=T ), ʷʢ ʽ ʜʣʷ ʥʝʥʘʛʨʽʪʦʾ 

ʧʘʥʝʣʽ (C0A=T ), ʢʨʘʪʥʠʤʠ ʻ ʯʘʩʪʦʪʠ 32 w=w . ʊʦʤʫ ʧʝʨʰʽ ʪʨʠ ʬʦʨʤʠ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ 

ʧʦʜʽʙʥʽ ʜʦ ʟʦʙʨʘʞʝʥʠʭ ʥʘ ʨʠʩ. 3. ʋ ʚʠʧʘʜʢʫ ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʛʨʽʚʫ (C20A+=T ) ʢʨʘʪʥʠʤʠ 

ʩʪʘʶʪʴ ʯʘʩʪʦʪʠ 21 w=w . ʊʦʤʫ ʬʦʨʤʠ ʢʦʣʠʚʘʥʴ ʧʦʜʽʙʥʽ ʜʦ ʬʦʨʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʯʘʩʪʦʪʘʤ 

132 www ,,  ʥʘ ʨʠʩ. 3. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʙʨʝ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʜʘʥʠʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʇʂ ʃɯʈɸ. 
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ʇʨʠ ʜʦʥʘʚʘʥʪʘʞʝʥʥʽ ʦʙʦʣʦʥʢʠ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʠʤ ʪʠʩʢʦʤ ʭʘʨʘʢʪʝʨ ʚʽʜʧʦʚʽʜʥʠʭ 

ʬʦʨʤ ʢʦʣʠʚʘʥʴ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʠʤ ʜʣʷ ʫʩʽʭ ʨʽʚʥʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʨʠ ʮʴʦʤʫ ʟʤʽʥʶʻʪʴʩʷ 

ʣʠʰʝ ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ. 

ɺʠʩʥʦʚʢʠ. ʈʦʟʛʣʷʥʫʪʦ ʢʦʤʧʣʝʢʩʥʠʡ ʤʝʪʦʜ ʜʦʩʣʽʜʞʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʦ ʥʝʣʽʥʽʡʥʦʛʦ 

ʜʝʬʦʨʤʫʚʘʥʥʷ, ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʪʘ ʢʦʣʠʚʘʥʴ ʪʦʥʢʠʭ ʥʝʦʜʥʦʨʽʜʥʠʭ ʦʙʦʣʦʥʦʢ ʧʽʜ ʜʽʻʶ 

ʩʪʘʪʠʯʥʠʭ ʪʝʨʤʦʩʠʣʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ʄʝʪʦʜ ʙʘʟʫʻʪʴʩʷ ʥʘ ʛʝʦʤʝʪʨʠʯʥʦ ʥʝʣʽʥʽʡʥʠʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʪʨʠʚʠʤʽʨʥʦʾ ʪʝʦʨʽʾ ʪʝʨʤʦʧʨʫʞʥʦʩʪʽ, ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʤʝʥʪʥʦʾ ʩʭʝʤʠ 

ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʪʨʠʚʠʤʽʨʥʦʛʦ ʽʟʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ 

ʩʢʽʥʯʝʥʥʦʛʦ ʝʣʝʤʝʥʪʘ ʟ ʜʦʜʘʪʢʦʚʠʤʠ ʟʤʽʥʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʄʦʜʘʣʴʥʠʡ ʘʥʘʣʽʟ ʦʙʦʣʦʥʢʠ 

ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʪʝʨʤʦʩʠʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʧʝʨʝʜʥʴʦ 

ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʜʝʬʦʨʤʦʚʘʥʦʾ ʦʙʦʣʦʥʢʠ. 

ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʤʦʤʝʥʪʥʦʶ ʩʭʝʤʦʶ ʩʢʽʥʯʝʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʟ ʜʘʥʠʤʠ, ʦʜʝʨʞʘʥʠʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʇʂ ʃɯʈɸ, ʩʚʽʜʯʠʪʴ ʧʨʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʝʪʦʜʫ. 
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè 

ʊʨʘʩʦʰʫʢʘʯ ̔ʝʬʝʢʪʠʚʥ ̔ʧʨʠʣʘʜʠ ʜʣʷ ʧʦʰʫʢʫ ʪʘ ʪʨʘʩʫʚʘʥʥʷ ʧʽʜʟʝʤʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ. 

ɺʦʥʠ ʚʽʜʥʦʩʪ̫ʴʩʷ ʜʦ ʦʙʣʘʜʥʘʥʥʷ ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ. ʇʨʠʣʘʜ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʽʩʮʷ 

ʨʦʟʪʘʰʫʚʘʥʥʷ  ̔ʛʣʠʙʠʥʠ ʟʘʣʷʛʘʥʥʷ ʧʽʜʟʝʤʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ (ʩʠʣʦʚ ̔ʢʘʙʝʣʽ, ʪʨʫʙʦʧʨʦʚʦʜʠ). 

ʊʨʘʩʦʰʫʢʘʯʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʦʙʩʪʝʞʝʥʥʷ ʜʽʣʷʥʦʢ ʤʽʩʮʝʚʦʩʪʽ ʧʝʨʝʜ ʚʠʢʦʥʘʥʥʷʤ ʟʝʤʣʷʥʠʭ 

ʨʦʙʽʪ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʤʽʩʮʴ ʫʰʢʦʜʞʝʥʥʷ ʢʘʙʝʣʴʥʠʭ ʣʽʥʽʡ. ʈʽʟʥʽ ʤʦʜʝʣʽ ʤʘʶʪʴ ʩʚʦʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʝʢʪʨ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʧʦʰʫʢʫ 

ʧʨʠʭʦʚʘʥʦʾ ʧʨʦʚʦʜʢʠ, ʘʙʦ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʪʨʫʙʦʧʨʦʚʦʜʽʚ. 

ʊʨʘʩʦʰʫʢʘʯʽ ʩʪʘʶʪʴ ʚʩʝ ʙʽʣʴʰ ʟʘʪʨʝʙʫʚʘʥʠʤʠ, ʪʘʢ ʷʢ ʟʨʦʩʪʘʻ ʢʽʣʴʢʽʩʪʴ ʧʽʜʟʝʤʥʠʭ 

ʢʦʤʫʥʽʢʘʮʽʡ. ʅʝ ʫ ʚʩʽʭ ʦʨʛʘʥʽʟʘʮʽʡ ʻ ʪʦʯʥʽ ʪʘ ʧʦʚʥʽ ʢʘʨʪʠ ʪʝʨʠʪʦʨʽʡ ʟ ʥʘʥʝʩʝʥʠʤʠ ʧʽʜʟʝʤʥʠʤʠ 

ʢʦʤʫʥʽʢʘʮʽʷʤʠ. ʂʘʙʝʣʴʥʠʡ ʪʨʘʩʦʰʫʢʘʯ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʥʝ ʧʦʰʢʦʜʠʪʠ 

ʪʨʫʙʦʧʨʦʚʦʜʠ ʪʘ ʢʘʙʝʣʽ, ʘʙʦ ʟʥʘʡʪʠ ʧʦʰʢʦʜʞʝʥʫ ʜʽʣʷʥʢʫ ʢʘʙʝʣʶ. 

ʆʩʥʦʚʥʠʤ ʥʘʧʨʷʤʢʦʤ Leica Geosystems ʻ ʨʦʟʨʦʙʢʘ ʽʥʞʝʥʝʨʥʠʭ ʨʽʰʝʥʴ ʜʣʷ 

ʛʝʦʜʝʟʠʯʥʠʭ ʟʘʜʘʯ. ʇʨʦʜʫʢʮʽʷ ʢʦʤʧʘʥʽʾ ʻ ʦʜʥʽʻʶ ʟ̔ ʥʘʡʙʽʣʴʰ ʧʝʨʝʜʦʚʠʭ ʥʘ ʩʫʯʘʩʥʦʤʫ ʨʠʥʢʫ 

ʧʨʦʬʝʩʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʐʚʝʡʮʘʨʩʴʢʽ ʪʝʭʥʦʣʦʛʽʾ, ʧʨʦʬʝʩʽʦʥʘʣʽʟʤ ʨʦʟʨʦʙʥʠʢʽʚ ʪʘ 

ʥʦʚʘʪʦʨʩʴʢʠʡ ʧʽʜʭʽʜ ʚʠʚʝʣʠ ʬʽʨʤʫ ʚ ʣʽʜʝʨʠ ʨʠʥʢʫ ʛʝʦʜʝʟʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

Leica Geosystems ʧʨʦʧʦʥʫʻ ʩʫʯʘʩʥʽ ʪʨʘʩʦʰʫʢʘʯʽ ʩʝʨʽʡ Leica DD ʽ DD SMART, ULTRA, 

ʪʨʘʩʫʚʘʣʴʥʠʢʠ ʢʦʤʫʥʽʢʘʮʽʡ Trace Rod ʽ ʛʝʦʨʘʜʘʨ DS2000. ʃʦʢʘʪʦʨʠ ʩʧʽʣʴʥʦ ʟ ʛʝʥʝʨʘʪʦʨʘʤʠ 

ʩʠʛʥʘʣʽʚ ʜʦʟʚʦʣʷʶʪʴ ʪʦʯʥʦ ʚʠʷʚʠʪʠ ʩʪʨʫʤʦʧʨʦʚʽʜʥʽ ʪʘ ʤʝʪʘʣʝʚʽ ʧʽʜʟʝʤʥʽ ʢʦʤʫʥʽʢʘʮʽʾ, ʘ ʪʘʢʦʞ 

ʚʽʜʩʪʝʞʠʪʠ ʾʭ ʥʘʧʨʷʤʦʢ. ɼʣʷ ʧʦʰʫʢʫ ʢʝʨʘʤʽʯʥʠʭ, ʧʣʘʩʪʠʢʦʚʠʭ, ʙʝʪʦʥʥʠʭ, ʜʝʨʝʚ'ʷʥʠʭ ʽʥʰʠʭ 

ʥʝʤʝʪʘʣʝʚʠʭ ʢʦʤʫʥʽʢʘʮʽʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʨʘʩʦʰʫʢʘʯ Trace Rod ʟ ʧʨʦʚʽʜʦʤ ʜʦʚʞʠʥʦʶ 50 

ʘʙʦ 80 ʤ. ɻʝʦʨʘʜʘʨʥʘ ʩʠʩʪʝʤʘ Leica DS2000 ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʧʦʰʫʢʫ ʚʩʽʭ ʤʦʞʣʠʚʠʭ, ʚ ʪʦʤʫ 

ʯʠʩʣʽ ʝʣʝʢʪʨʦʥʝʧʨʦʚʽʜʥʠʭ ʦʙ'ʻʢʪʽʚ (ʢʝʨʘʤʽʯʥʽ ʽ ʧʣʘʩʪʠʢʦʚʽ ʪʨʫʙʠ, ʣʽʥʽʾ ʦʧʪʦʚʦʣʦʢʥʘ) [1]. 

ʂʦʤʧʘʥʽʷ ʧʦʩʪʽʡʥʦ ʧʨʦʚʦʜʠʪʴ ʦʥʦʚʣʝʥʥʷ ʧʨʦʬʝʩʽʡʥʠʭ ʪʨʘʩʦʰʫʢʘʯʽʚ. ɿʘʤʽʥʠʚʰʠ 

ʣʦʢʘʪʦʨʠ-ʪʨʘʩʦʰʫʢʘʯʽ Digicat ʽ ʧʝʨʝʜʘʚʘʯʽ Digitex ʥʘ ʣʦʢʘʪʦʨʠ Leica DD200 SMART ʪʘ Leica 

DD100, ʧʝʨʝʜʘʯʽ Leica DA. ʎʽʥʦʚʘ ʧʦʣʽʪʠʢʘ ʧʨʠʣʘʜʽʚ ʪʨʘʩʦʰʫʢʘʯʽʚ Leica ʦʙʫʤʦʚʣʝʥʘ ʾʭ 

ʪʦʯʥʽʩʪʶ, ʥʘʜʽʡʥʽʩʪʶ, ʜʦʚʛʦʚʽʯʥʽʩʪʶ, ʟʨʫʯʥʽʩʪʶ ʪʘ ʰʚʠʜʢʽʩʪʶ ʨʦʙʦʪʠ [1]. 

ʊʨʘʩʦʰʫʢʘʯ ʢʘʙʝʣʴʥʠʭ ʣʽʥʽʡ Leica ʤʦʞʝ ʟʥʘʡʪʠ ʥʝʦʙʭʽʜʥʠʡ ʢʘʙʝʣʴ ʫ ʢʘʙʝʣʴʥʽʡ ʪʨʘʩʽ. 

ʊʨʘʩʦʰʫʢʘʯ ʢʦʤʫʥʽʢʘʮʽʡ, ʛʘʟʦʧʨʦʚʦʜʽʚ ʽ ʝʣʝʢʪʨʦʤʝʨʝʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʪʦʯʥʦʛʦ ʤʘʨʰʨʫʪʫ ʪʨʘʩʫʚʘʥʥʷ. ʄʫʣʴʪʠʤʝʪʨ ʪʨʘʩʦʰʫʢʘʯ ʜʫʞʝ ʧʦʧʫʣʷʨʥʠʡ ʫ ʧʨʦʚʝʜʝʥʥʽ 

ʟʝʤʣʷʥʠʭ ʨʦʙʽʪ ʪʘ ʚ ʧʦʰʫʢʫ ʧʨʠʭʦʚʘʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ. 

ʊʨʘʩʫʚʘʣʴʥʠʢ ʢʘʙʝʣʽʚ ʧʨʘʮʶʻ ʥʘ ʧʨʠʥʮʠʧʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʽʥʜʫʢʮʽʾ, ʷʢʘ ʩʪʚʦʨʶʻ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʧʦʣʝ. ʊʨʘʩʦʧʦʰʫʢʦʚʽ ʩʠʩʪʝʤʠ Leica ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʛʝʥʝʨʘʪʦʨʘ ʩʠʛʥʘʣʽʚ ʽ 

ʚʣʘʩʥʝ ʪʨʘʩʦʰʫʢʘʯʘ. ʊʨʘʩʦʰʫʢʘʯ ʟ ʛʝʥʝʨʘʪʦʨʦʤ ʧʦʜʘʻ ʥʘ ʢʘʙʝʣʴ ʪʦʢ ʟ ʧʝʚʥʦʶ ʯʘʩʪʦʪʦʶ. 

ʊʨʘʩʦʰʫʢʘʯ ʧʽʜʟʝʤʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ ʜʦʧʦʤʘʛʘʻ ʟʘʦʱʘʜʠʪʠ ʯʘʩ ʽ ʩʠʣʠ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ 

ʧʦʪʨʽʙʥʦʛʦ ʢʘʙʝʣʴʥʦʛʦ ʩʠʛʥʘʣʫ. 

ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʪʨʘʩʦʰʫʢʘʯ ʧʨʦʬʝʩʽʡʥʠʡ ʚʠʟʥʘʯʘʻ ʨʦʟʧʦʜʽʣʴʥʽ ʢʦʨʦʙʢʠ, ʨʦʟʝʪʢʠ, ʘ 

ʪʘʢʦʞ ʤʝʪʘʣʝʚʽ ʪʘ ʥʝʤʝʪʘʣʝʚʽ ʪʨʫʙʦʧʨʦʚʦʜʠ. 

ʃʦʢʘʪʦʨ Leica DD120 Locator ʚʠʷʚʣʷʶʪʴ ʧʽʜʟʝʤʥʽ ʢʦʤʫʥʽʢʘʮʽʾ ʥʘ ʛʣʠʙʠʥʽ ʜʦ 3 ʤ. 

ɯʥʜʠʢʘʮʽʷ ʥʝʙʝʟʧʝʯʥʠʭ ʟʦʥ ʩʧʦʚʽʱʘʻ ʧʨʦ ʢʘʙʝʣʽ ʧʽʜ ʥʘʧʨʫʛʦʶ, ʨʝʞʠʤ ʧʨʘʮʶʻ ʥʘ ʯʘʩʪʦʪʘʭ 

8ʢɻʮ ʽ 33ʢɻʮ. ʃʦʢʘʪʦʨ ʤʦʞʣʠʚʦ ʜʦʫʢʦʤʧʣʝʢʪʦʚʘʪʠ ʛʝʥʝʨʘʪʦʨʦʤ Leica DA220 ʜʣʷ ʧʦʰʫʢʫ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʝʪʘʣʝʚʠʭ ʢʦʤʫʥʽʢʘʮʽʡ (ʚʦʜʦʧʨʦʚʽʜʥʽ ʪʨʫʙʠ, ʛʘʟʦʧʨʦʚʽʜ, ʟʥʝʩʪʨʫʤʣʝʥʽ ʜʨʦʪʠ), 

ʘ ʪʘʢʦʞ ʥʝʤʝʪʘʣʝʚʠʭ ʢʦʤʫʥʽʢʘʮʽʡ, ʧʨʠ ʫʤʦʚʠ ʥʘʷʚʥʦʩʪʽ ʩʠʛʥʘʣʴʥʦʾ ʞʠʣʠ ʘʙʦ ʜʦʜʘʪʢʦʚʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ [1]. 



 

ñ ʇʨʦʙʣʝʤʠ ʙʫʜʽʚʝʣʴʥʦʛʦ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʽʚò 
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ʃʦʢʘʪʦʨ Leica DD130 Locator ʚʠʷʚʣʷʶʪʴ ʧʽʜʟʝʤʥʽ ʢʦʤʫʥʽʢʘʮʽʾ ʥʘ ʛʣʠʙʠʥʽ ʜʦ 10 ʤ. 

ɯʥʜʠʢʘʮʽʷ ʥʝʙʝʟʧʝʯʥʠʭ ʟʦʥ ʩʧʦʚʽʱʘʻ ʧʨʦ ʢʘʙʝʣʽ ʧʽʜ ʥʘʧʨʫʛʦʶ. ʇʨʘʮʶʻ ʚ ʨʝʞʠʤʘʭ ʥʘ ʯʘʩʪʦʪʘʭ 

8ʢɻʮ ʽ 33ʢɻʮ, ʘ ʪʘʢʦʞ 512ɻʮ ʽ 640ɻʮ [1]. 

ʃʦʢʘʪʦʨʠ ʩʝʨʽʾ Leica DD SMART ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ DX Shield 

ʚʽʜʢʨʠʚʘʶʪʴ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʪʨʘʩʦʧʦʰʫʢʦʚʠʭ ʩʠʩʪʝʤ. ʃʦʢʘʪʦʨ Leica DD220 Smart 

Locator ʚʠʷʚʣʷʻ ʧʽʜʟʝʤʥʽ ʢʦʤʫʥʽʢʘʮʽʾ ʥʘ ʛʣʠʙʠʥʽ ʜʦ 7 ʤ. ɿʘʚʜʷʢʠ ʚʙʫʜʦʚʘʥʠʤʠ GNSS-

ʧʨʠʡʤʘʯʘ, ʧʽʜʟʝʤʥʘ ʩʭʝʤʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʤʦʞʝ ʙʫʪʠ ʥʘʜʽʡʥʦ ʟʘʬʽʢʩʦʚʘʥʘ ʽʟ ʚʠʟʥʘʯʝʥʥʷʤ 

ʢʦʦʨʜʠʥʘʪ. ʊʝʭʥʦʣʦʛʽʾ Bluetooth ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʝʟʜʨʦʪʦʚʝ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʤʦʙʽʣʴʥʠʭ 

ʧʦʨʪʘʪʠʚʥʠʭ ʧʨʠʩʪʨʦʾʚ. ʃʦʢʘʪʦʨ Leica DD230 Smart Locator ʚʠʷʚʣʷʻ ʧʽʜʟʝʤʥʽ ʢʦʤʫʥʽʢʘʮʽʾ ʥʘ 

ʛʣʠʙʠʥʽ ʜʦ 10 ʤ [1]. 

ʊʨʘʩʦʰʫʢʘʯʽ Leica ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʘʡʚʠʱʠʤ ʩʪʘʥʜʘʨʪʘʤ ʪʦʯʥʦʩʪʽ ʽ ʷʢʦʩʪʽ. ʂʦʤʧʘʥʽʷ 

Leica Geosystems ʚʠʨʦʙʣʷʻ ʦʙʣʘʜʥʘʥʥʷ ʟ̔ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʡʦʩʪʘʥʥʽʰʠʭ ʨʦʟʨʦʙʦʢ. 

ʐʚʝʡʮʘʨʩʴʢʘ ʪʦʯʥʽʩʪʴ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʘʪʠ ʥʘʡʢʨʘʱʠʭ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫ ʩʚʦʻʤʫ ʢʣʘʩʽ 

ʩʫʯʘʩʥʠʭ ʪʨʘʩʦʧʦʰʫʢʦʚʠʭ ʩʠʩʪʝʤ. 

ʊʨʘʩʦʰʫʢʘʯ vLoc3-RTK-Pro ʚʽʜ Vivax-Metrotech ʻ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʣʦʢʘʪʦʨʦʤ ʽʟ 

ʚʙʫʜʦʚʘʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ RTK-GNSS, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʩʘʥʪʠʤʝʪʨʦʚʫ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥ[̫3]. 

RTK-GNSS ʜʦʟʚʦʣʷʻ ʟʙʽʛʘʪʠ ʪʦʯʥʝ ʤʘʨʢʫʚʘʥʥʷ ʣʽʥʽʡ ʽ ʚʽʜʦʙʨʘʞʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʚʠʤʽʨʶʚʘʥʥʷ. ʊʝʭʥʽʢʠ ʤʦʞʫʪʴ ʚʠʢʦʥʘʪʠ ʟʚʠʯʘʡʥʫ ʧʨʦʮʝʜʫʨʫ ʨʦʟʤʽʪʢʠ ʣʽʥʽʡ ʽʥʞʝʥʝʨʥʠʭ 

ʢʦʤʫʥʽʢʘʮʽʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʙʦʨʫ ʜʘʥʠʭ, ʥʘʪʠʩʥʫʚʰʠ ʦʜʥʫ ʢʥʦʧʢʫ. ɼʘʥʽ GPS ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ 

ʭʤʘʨʽ ʘʚʪʦʤʘʪʠʯʥʦ. 

ʊʝʭʥʽʢʠ ʚʠʟʥʘʯʘʶʪʴ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʪʘ ʧʦʟʥʘʯʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ GNSS ʽʥʞʝʥʝʨʥʽ 

ʪʨʫʙʠ ʪʘ ʢʘʙʝʣʽ, ʣʽʯʠʣʴʥʠʢʠ, ʣʶʢʠ, ʢʣʘʧʘʥʠ, ʛʽʜʨʘʥʪʠ ʪʘ ʙʫʜʴ-ʷʢʽ ʢʦʤʫʥʘʣʴʥʽ ʘʪʨʠʙʫʪʠ ʥʘ 

ʙʫʜʴ-ʷʢʦʤʫ ʨʦʙʦʯʦʤʫ ʤʽʩʮʽ. ʎʷ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʟʘʙʝʟʧʝʯʫʻ ʧʦʚʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʫ ʨʝʘʣʴʥʦʤʫ 

ʯʘʩʽ ʟ ʧʨʠʣʘʜʫ. ʇʨʘʚʠʣʴʥʦ ʥʘʣʘʰʪʦʚʘʥʠʡ ʧʨʠʣʘʜ ʽʟ ʩʝʨʚʽʩʥʠʤ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ ï ʮʝ ʚʩʝ, ʱʦ 

ʟʥʘʜʦʙʠʪʴʩʷ ʙʫʜʴ-ʷʢʦʤʫ ʚʠʢʦʥʘʚʮʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʘʨʪ ʽ ʧʣʘʥʽʚ ʽʥʞʝʥʝʨʥʠʭ ʤʝʨʝʞ ʫʩʴʦʛʦ ʟʘ 

ʢʽʣʴʢʘ ʭʚʠʣʠʥ ʧʽʩʣʷ ʧʨʠʙʫʪʪʷ ʥʘ ʨʦʙʦʯʝ ʤʽʩʮʝ [3]. 

ʊʨʘʩʦʰʫʢʘʯ RD 8200G ʚʜ̔ ʚʠʨʦʙʥʠʢʘ Radiodetection (ɺʝʣʠʢʦʙʨʠʪʘʥʽ̫ ) ʧʨʦʩʪʠʡ ʫ 

ʥʘʣʘʰʪʫʚʘʥʥʽ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʽ. ʈʦʟʨʦʙʣʝʥʠʡ ʜʣʷ ʨʦʙʦʪʠ ʚ ʩʢʣʘʜʥʠʭ ʫʤʦʚʘʭ, ʧʨʘʮʶʻ ʫ ʤʽʩʮʷʭ, 

ʜʝ ʙʘʛʘʪʦ ʧʝʨʝʰʢʦʜ. ʊʨʘʩʦʰʫʢʘʯ ʤʘʻ ʚʙʫʜʦʚʘʥʠʡ ʛʽʨʦʩʢʦʧ, ʷʢʠʡ ʧʦʧʝʨʝʜʞʘʻ ʢʦʨʠʩʪʫʚʘʯʘ ʧʨʦ 

ʥʘʜʤʽʨʥʽ ʢʦʣʠʚʘʥʥʷ ʪʘ ʥʘʭʠʣʠ. ʌʫʥʢʮʽʷ ʚʽʙʨʦʚʦʛʦ ʪʘ ʟʚʫʢʦʚʦʛʦ ʩʠʛʥʘʣʫ ʧʦʧʝʨʝʜʞʘʻ ʧʨʦ 

ʥʝʧʨʘʚʠʣʴʥʝ ʧʦʣʦʞʝʥʥʷ ʣʦʢʘʪʦʨʘ. ʇʨʠʣʘʜ ʽʜʝʘʣʴʥʦ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʧʝʨʝʚʘʥʪʘʞʝʥʠʭ ʧʽʜʟʝʤʥʠʭ 

ʢʦʤʫʥʽʢʘʮʽʡ. ʆʩʦʙʣʠʚʦ ʫ ʚʝʣʠʢʠʭ ʤʽʩʪʘʭ ʜʝ ʧʦʪʨʽʙʥʦ ʰʚʠʜʢʦ ʪʘ ʪʦʯʥʦ ʚʠʟʥʘʯʠʪʠ 

ʧʦʰʢʦʜʞʝʥʥʷ ʢʦʤʫʥʽʢʘʮʽʾ ʙʝʟ ʨʦʟʢʨʠʪʪʷ ˇʨʫʥʪʫ. ɿʚʫʢʦʚʠʡ ʩʠʛʥʘʣ ʜʦʧʦʤʘʛʘʻ ʧʨʠ ʟʥʘʭʦʜʞʝʥʥʽ 

ʢʦʤʫʥʽʢʘʮʽʾ ʫ ʤʽʩʮʷʭ ʟ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʟʦʚʥʽʰʥʴʦʛʦ ʰʫʤʫ. ʋ RD8200 22 ʘʢʪʠʚʥʠʭ ʯʘʩʪʦʪ ʪʘ 5 

ʧʘʩʠʚʥʠʭ ʯʘʩʪʦʪ. ʋ ʣʦʢʘʪʦʨʽ ʤʦʞʥʘ ʚʠʙʨʘʪʠ ʥʝʦʙʭʽʜʥʽ ʯʘʩʪʦʪʠ ʧʽʜ ʨʽʟʥʫ ʩʧʝʮʠʬʽʢʫ ʨʦʙʦʪʠ. 

ɿʘʚʜʷʢʠ ʛʝʥʝʨʘʪʦʨʫ ʧʣʦʱʘ ʣʦʢʘʮʽʾ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ ʨʘʟʠ. ʄʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʠʩʦʢʦʪʦʯʥʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ GNSS Trimble Catalyst RTK ʜʣʷ ʙʽʣʴʰ ʪʦʯʥʦʛʦ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ, 

ʩʘʥʪʠʤʝʪʨʦʚʘ ʧʨʠʚ'ʷʟʢʘ ʜʦ ʢʦʤʫʥʽʢʘʮʽʡ. [4]. 

ɯʥʪʝʨʬʝʡʩʠ ʩʫʯʘʩʥʠʭ ʪʨʘʩʦʰʫʢʘʯʽʚ ʧʨʦʩʪ ̔ʚ ʨʦʙʦʪʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʣʝʛʢʦ ʨʦʟʽʙʨʘʪʠʩʷ ʟ̔ 

ʦʩʥʦʚʥʠʤ ʬʫʥʢʮʽʷʤʠ. ɿʘʚʜʷʢʠ ʩʚʦʾʡ ʥʘʜʽʡʥʦʩʪʽ, ʧʦʪʫʞʥʦʩʪʽ, ʚʙʫʜʦʚʘʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ RTK-

GNSS ʪʨʘʩʦʰʫʢʘʯʽ ʙʝʟ ʪʨʫʜʥʦʱʽʚ ʚʧʦʨʘʶʪʴʩʷ ʟ ʧʦʰʫʢʦʤ ʧʽʜʟʝʤʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʚʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ 

ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ 

ʅʘʜʽʡʥʽʩʪʴ ʚ ʨʦʙʦʪʽ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʾʭ ʥʝʩʫʯʦʶ 

ʟʜʘʪʥʽʩʪʶ, ʘ ʡ ʜʦʧʫʩʪʠʤʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʨʫʛʦʾ ʛʨʫʧʠ ʛʨʘʥʠʯʥʠʭ ʩʪʘʥʽʚ ï ʰʠʨʠʥʦʶ 

ʨʦʟʢʨʠʪʪʷ ʪʨʽʱʠʥ, ʧʨʦʛʠʥʘʤʠ ʽ ʪ. ʧ. ʂʦʥʩʪʨʫʢʮʽʾ ʟʛʠʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʦʩʠʪʴ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʟʚʝʜʝʥʥʽ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

ɺ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʟʘʟʥʘʻ ʜʽʾ ʤʘʣʦʮʠʢʣʦʚʠʭ ʧʦʚʪʦʨʥʠʭ 

ʽ ʟʥʘʢʦʟʤʽʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʚʧʣʠʚ ʷʢʠʭ ʥʘ ʥʝʩʫʯʫ ʟʜʘʪʥʽʩʪʴ, ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʴ ʽ 

ʜʝʬʦʨʤʘʪʠʚʥʽʩʪʴ ʚʠʚʯʝʥʦ ʥʝʜʦʩʪʘʪʥʴʦ. ʇʦʚʪʦʨʥʽ ʽ ʟʥʘʢʦʟʤʽʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʮʠʢʣʽʯʥʦʛʦ 

ʭʘʨʘʢʪʝʨʫ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʚ ʤʝʞʘʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʨʽʚʥʷ, ʘʙʦ ʧʝʨʝʚʠʱʫʚʘʪʠ ʡʦʛʦ. 

ɺʨʘʭʫʚʘʥʥʷ ʨʝʞʠʤʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦʟʚʦʣʷʻ ʨʘʮʽʦʥʘʣʴʥʦ ʧʨʦʝʢʪʫʚʘʪʠ ʙʝʪʦʥʥʽ ʽ 

ʟʘʣʽʟʦʙʝʪʦʥʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʜʦʩʷʛʥʝʥʥʽ ʝʢʦʥʦʤʽʾ ʤʘʪʝʨʽʘʣʽʚ, ʟʘʙʝʟʧʝʯʠʪʠ ʾʭ 

ʥʝʩʫʯʫ ʟʜʘʪʥʽʩʪʴ, ʞʦʨʩʪʢʽʩʪʴ, ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʴ ʽ ʜʦʚʛʦʚʽʯʥʽʩʪʴ. ʏʠʥʥʽ ʥʦʨʤʘʪʠʚʥʽ ʜʦʢʫʤʝʥʪʠ 

ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʚʧʣʠʚ ʧʝʨʝʜʽʩʪʦʨʽʾ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʟʤʽʥʫ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʽ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʽ 

ʟʛʠʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʦʩʢʽʣʴʢʠ ʜʘʥʝ ʧʠʪʘʥʥʷ ʚʠʚʯʝʥʦ ʥʝ ʜʦʩʪʘʪʥʴʦ. 

ɺ ʪʦʡ ʯʘʩ ʟʤʽʥʘ ʟʥʘʢʫ, ʡʦʛʦ ʨʽʚʥʷ, ʙʘʛʘʪʦʨʘʟʦʚʝ ʧʦʚʪʦʨʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ ʚ ʧʨʦʮʝʩʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʡ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʘʩʣʽʜʢʽʚ, ʷʢʽʩʥʦ ʚʽʜʤʽʥʥʠʭ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʥʘ 

ʧʦʩʪʽʡʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʦʜʥʦʛʦ ʟʥʘʢʫ ʤʘʢʩʠʤʘʣʴʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ. ʊʦʤʫ ʘʢʪʫʘʣʴʥʠʤ ʻ 

ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʙʦʪʠ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʟʘʟʥʘʶʪʴ ʜʽʾ ʟʥʘʢʦʟʤʽʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ 

ʨʽʟʥʦʛʦ ʨʽʚʥʷ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʠʢʠ ʾʭ ʨʦʟʨʘʭʫʥʢʫ. 

ɺ ʣʘʙʦʨʘʪʦʨʽʾ ʢʘʬʝʜʨʠ ʧʨʦʤʠʩʣʦʚʦʛʦ, ʮʠʚʽʣʴʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʽʥʞʝʥʝʨʥʠʭ ʩʧʦʨʫʜ 

ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʨʷʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʙʦʪʠ ʟʛʠʥʘʣʴʥʠʭ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʟʘʟʥʘʶʪʴ ʜʽʾ ʤʘʣʦʮʠʢʣʦʚʠʭ ʧʦʚʪʦʨʥʠʭ ʽ ʟʥʘʢʦʟʤʽʥʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʨʽʟʥʠʭ ʨʽʚʥʽʚ ʽ ʨʝʞʠʤʽʚ ʷʢ ʦʜʥʦʧʨʦʣʽʪʥʠʭ ʪʘ ʽ ʥʝʨʦʟʨʽʟʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʨʘʟʢʠ ʚʠʛʦʪʦʚʣʷʣʠʩʴ ʫ ʚʠʛʣʷʜʽ ʙʘʣʦʢ 

ʽʟ ʙʝʪʦʥʽʚ ʢʣʘʩʽʚ ʉ16/20, ʉ20/25 ʽ ʉ25/30. ɸʨʤʫʚʘʣʠʩʴ ʫ ʚʠʛʣʷʜʽ ʧʨʦʩʪʦʨʦʚʠʭ ʢʘʨʢʘʩʽʚ ʟ 

ʧʦʜʚʽʡʥʠʤ ʘʨʤʫʚʘʥʥʷʤ ʘʨʤʘʪʫʨʦʶ ʢʣʘʩʽʚ ɸ400, ɸ400ʉ. ɺ ʷʢʦʩʪʽ ʧʦʧʝʨʝʯʥʦʾ ʘʨʤʘʪʫʨʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʘʨʤʘʪʫʨʘ ʢʣʘʩʫ ɺ500. 

ɿʨʘʟʢʠ ʚʠʧʨʦʙʦʚʫʚʘʣʠʩʴ ʟʘ ʩʪʘʪʠʯʥʦʶ ʩʭʝʤʦʶ ʦʜʥʦʧʨʦʣʽʪʥʦʾ ʚʽʣʴʥʦ ʦʧʝʨʪʦʾ ʙʘʣʢʠ, 

ʟʘʚʘʥʪʘʞʝʥʦʾ ʜʚʦʤʘ ʟʦʩʝʨʝʜʞʝʥʠʤʠ ʩʠʣʘʤʠ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʪʨʝʪʠʥʘʭ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ 

ʧʨʦʣʴʦʪʫ, ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʟʦʥʠ çʯʠʩʪʦʛʦ ʟʛʠʥʫè ʪʘ ʚʠʢʣʶʯʝʥʥʷ ʚʧʣʠʚʫ ʧʦʧʝʨʝʯʥʦʾ ʩʠʣʠ ʚ ʥʽʡ 

(ʈʠʩʫʥʦʢ 1). 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʥʘʚʘʥʪʘʞʝʥʴ ʚʠʧʨʦʙʦʚʫʚʘʣʠʩʴ ʙʘʣʢʠ-ʙʣʠʟʥʶʢʠ ʥʘ ʜʽʶ 

ʦʜʥʦʨʘʟʦʚʦʛʦ ʢʦʨʦʪʢʦʯʘʩʥʦʛʦ ʩʪʫʧʝʥʝʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦ ʨʫʡʥʫʚʘʥʥʷ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʟʨʘʟʢʠ ʙʘʣʦʢ ʧʨʦʪʷʛʦʤ ʚʠʧʨʦʙʫʚʘʥʴ ʟʘʟʥʘʚʘʣʠ ʚʧʣʠʚʫ ʤʘʣʦʮʠʢʣʦʚʦʛʦ ʟʥʘʢʦʟʤʽʥʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʽʟʥʦʛʦ ʨʽʚʥʷ ʚʽʜʥʦʩʥʦ ʨʫʡʥʽʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʊʘʙʣʠʮʷ 1). 

ʈʠʩʫʥʦʢ 1 ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʙʘʣʢʠ. 

mailto:kuzmina_ba17@nuwm.edu.ua
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ʊʘʙʣʠʮʷ 1 ï ʤʝʪʦʜʠʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʅʘʟʚʘ 

ʙʘʣʦʢ 

ʂ-

ʩʪʴ 

ʰʪ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʮʠʢʣʽʚ 

ʈʽʚʝʥʴ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʂ-ʩʪʴ 

ʮʠʢʣʽʚ 

ɹ-1, 2, 3 3 

 

0 ï 1,0 - 

ɹɿʅʎ-

0,65 
2 

 

Ñ0,65 10 

ɹɿʅʎ-

0,5/0,65 
2 

 

Ñ0,5/Ñ0,65 10 

ɹɿʅʎ-

0,65/0,8 
3 

 

Ñ0,65/Ñ0,8 10 

ɹɿʈʄʎ-1 1 

 

Ñ0,32/-0,16 

+0,5/-0,32 

+0,65/-0,5 

10 

ɹɿʈʄʎ-2 1 

 

+0,16/-0,32 

+0,5/-0,65 

+0,65 

10 

 

ʈʽʚʝʥʴ ʟʥʘʢʦʟʤʽʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ  ʚʽʜʧʦʚʽʜʘʻ ʩʝʨʝʜʥʴʦʤʫ ʨʽʚʥʶ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʟʘʟʥʘʶʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʨʽʚʝʥʴ  ï 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʶ ʥʘ ʜʦʩʣʽʜʥʽ ʟʨʘʟʢʠ, ʘ ʜʦʚʘʥʪʘʞʝʥʥʷ ʜʦ ʨʽʚʥʷ ï 

ʨʦʟʨʘʭʫʥʢʦʚʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʶ ʥʘ ʙʘʣʢʠ.  

ʋʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ ʚ ʨʦʟʪʷʛʥʫʪʽʡ ʟʦʥʽ ʥʘ ʧʝʨʰʦʤʫ ʥʘʧʽʚʮʠʢʣʽ ʟʥʘʢʦʟʤʽʥʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

                                                              (1) 



 

 

ɿʙʽʨʥʠʢ ʤʘʪʝʨʽʘʣʽʚ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ on-line ʢʦʥʬʝʨʝʥʮʽʾ 

 çʇʈʆɹʃɽʄʀ ɹʋɼɯɺɽʃʔʅʆɻʆ ʊɸ ʊʈɸʅʉʇʆʈʊʅʆɻʆ ʂʆʄʇʃɽʂʉɯɺè. 

90                                                             x ̝̩̝̆̎̓̑́̌̎̏̔̋̑́̎̒̋̉̊ ̨̗̝̎́̏̎́̌̎̉̊ ̨̖̘̓̆̎̎̉̊ ̨̔̎̃̆̑̒̉̓ ̆̓ 

ʜʝ ʄ ï ʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ ʚʽʜ ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ;  ï ʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ 

ʧʨʠ ʷʢʦʤʫ ʫʪʚʦʨʠʣʠʩʴ ʪʨʽʱʠʥʠ, ʷʢʱʦ ʚʽʥ ʙʽʣʴʰʠʡ ʚʽʜ ʤʦʤʝʥʪʫ ʄ, ʪʦ ʪʨʽʱʠʥ ʥʝ ʙʫʜʝ, ʷʢʱʦ ʞ 

ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ (1) ï ʪʨʽʱʠʥʠ ʟôʷʚʠʣʠʩʴ.  

                                                              (2) 

ʜʝ  ï ʤʦʤʝʥʪ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ, ʱʦ ʩʧʨʠʯʠʥʷʻ ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʟʛʠʥʘʣʴʥʦʛʦ 

ʝʣʝʤʝʥʪʘ ʧʨʠ ʟʤʽʥʽ ʟʥʘʢʫ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʥʘʧʽʚʮʠʢʣ çʙè) ʽ ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

                                                    (3) 

 ʜʝ  ï ʱʦ ʡ ʫ ʬʦʨʤʫʣʽ (1);  ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʟʥʠʞʝʥʥʷ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ 

ʟʛʠʥʘʣʴʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚʥʘʩʣʽʜʦʢ ʜʽʾ ʟʥʘʢʦʟʤʽʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɿʥʘʯʝʥʥʷ ʮʴʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ 

                                                    (4) 

ʜʝ k ï ʢʦʝʬʽʮʽʻʥʪ, ʦʪʨʠʤʘʥʠʡ ʟʽ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʽ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʣʘʩʫ ʙʝʪʦʥʫ. ɼʣʷ ʙʝʪʦʥʫ ʢʣʘʩʫ ʉ16/20, ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʜʦʨʽʚʥʶʻ 0,33, ʜʣʷ 

ʙʝʪʦʥʫ ʢʣʘʩʫ ʉ35/40 ï 0,65, ʪʦʙʪʦ ʟ ʚʠʱʠʤ ʢʣʘʩʦʤ ʮʝʡ ʢʦʝʬʽʮʽʻʥʪ ʟʙʽʣʴʰʫʻʪʴʩʷ. 

ʐʠʨʠʥʫ ʨʦʟʢʨʠʪʪʷ ʪʨʽʱʠʥ, ʥʦʨʤʘʣʴʥʠʭ ʜʦ ʧʦʟʜʦʚʞʥʴʦʾ ʦʩʽ, ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, 

ʱʦ ʟʛʠʥʘʶʪʴʩʷ, ʥʘ ʧʝʨʰʦʤʫ ʧʽʚʮʠʢʣʽ ʟʥʘʢʦʟʤʽʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʜʽʶʯʠʤʠ 

ʥʦʨʤʘʤʠ. 

ɺ ʟʘʛʘʣʴʥʦʤʫ, ʰʠʨʠʥʫ ʨʦʟʢʨʠʪʪʷ ʪʨʽʱʠʥ ʥʘ ʥʘʧʽʚʮʠʢʣʘʭ ʤʘʣʦʮʠʢʣʦʚʦʛʦ ʟʥʘʢʦʟʤʽʥʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷ ʜʦʚʘʥʪʘʞʝʥʴ ʟʛʠʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ nÒ10, ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ 

ʟʥʘʭʦʜʠʪʠ ʟʘ ʚʠʨʘʟʦʤ: 

                                                         (5) 

ʜʝ  ï ʰʠʨʠʥʘ ʨʦʟʢʨʠʪʪʷ ʪʨʽʱʠʥ ʥʘ ʽ-ʤʫ ʥʘʧʽʚʮʠʢʣʽ ʥʘʚʘʥʪʘʞʝʥʥʷ;  ï ʧʨʠʨʽʩʪ 

ʰʠʨʠʥʠ ʨʦʟʢʨʠʪʪʷ ʪʨʽʱʠʥ ʚʥʘʩʣʽʜʦʢ ʜʽʾ ʟʥʘʢʦʟʤʽʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʽ-ʤʫ ʥʘʧʽʚʮʠʢʣʽ. 

ʇʨʠʨʽʩʪ ʰʠʨʠʥʠ ʨʦʟʢʨʠʪʪʷ ʥʦʨʤʘʣʴʥʠʭ ʪʨʽʱʠʥ ʥʘ ʥʘʧʽʚʮʠʢʣʘ ʟʥʘʢʦʟʤʽʥʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦʩʪʽʡʥʦʛʦ ʨʽʚʥʷ ʪʘ ʫ ʚʠʧʘʜʢʫ ʟʙʽʣʴʰʝʥʥʷ ʨʽʚʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ; 

                                          (6) 

ʜʝ  ï ʥʘʧʨʫʞʝʥʥʷ ʚ ʩʪʝʨʞʥʷʭ ʨʦʙʦʯʦʾ ʧʦʚʟʜʦʚʞʥʴʦʾ ʥʘ ʜʘʥʦʤʫ ʥʘʧʽʚʮʠʢʣʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ; 

                                                             (7) 

ʜʝ  ï ʜʝʬʦʨʤʘʮʽʷ ʘʨʤʘʪʫʨʠ ʥʘ ʜʘʥʦʤʫ ʥʘʧʽʚʮʠʢʣʽ ʟʥʘʢʦʟʤʽʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ;  ï ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʘʨʤʘʪʫʨʠ;  ï ʢʽʣʴʢʽʩʪʴ ʥʘʧʽʚʮʠʢʣʽʚ 

ʟʥʘʢʦʟʤʽʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʍʘʨʘʢʪʝʨʥʦ, ʱʦ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʨʽʚʥʽ ʟʥʘʢʦʟʤʽʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʰʠʨʠʥʘ ʨʦʟʢʨʠʪʪʷ 

ʪʨʽʱʠʥ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ ʧʽʩʣʷ ʧôʷʪʦʛʦ ʮʠʢʣʫ, ʘ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʨʽʚʥʷ ʥʘʚʘʥʪʘʞʝʥʴ ï 

ʟʙʽʣʴʰʫʻʪʴʩʷ.  

ʍʘʨʘʢʪʝʨ ʨʦʟʚʠʪʢʫ ʪʨʽʱʠʥ ʽ ʾʭ ʟʥʘʯʝʥʥʷ ʚ ʙʘʣʢʘʭ ʽʟ ʟʥʘʢʦʟʤʽʥʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʨʽʚʥʷ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʧôʷʪʦʤʫ ʮʠʢʣʽ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 2 (ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʜʘʥʽ). 

ʊʘʙʣʠʮʷ 2 ï ʰʠʨʠʥʘ ʨʦʟʢʨʠʪʪʷ ʪʨʽʱʠʥ ʚ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʙʘʣʢʘʭ 

ʙ
ʘ
ʣ
ʢ
ʘ

 

ʮ
ʠ
ʢ
ʣ
ʠ

 

ʥ
ʘ
ʧ
ʽ
ʚ
ʮ
ʠ
ʢ
ʣ
ʠ

 

ʅʦʨʤʘʣʴʥʽ ʪʨʽʱʠʥʠ 
 

ʙ
ʘ
ʣ
ʢ
ʘ

 

ʮ
ʠ
ʢ
ʣ
ʠ

 

ʥ
ʘ
ʧ
ʽ
ʚ
ʮ
ʠ
ʢ
ʣ
ʠ

 

ʅʦʨʤʘʣʴʥʽ ʪʨʽʱʠʥʠ 

, ʤʤ , ʤʤ , ʤʤ , ʤʤ 

ɹ
ɿ

ʅ ʎ
-

0
,

6
5 1 ʘ 

ʩʝʨ.=70,1 

max.=105 
0,14 ɹ

ɿ

ʈ ʄ ʎ
- 2
 

1 ʘ 
ʩʝʨ.=46,9 

max.=82 
0,04 
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ʙ 
ʩʝʨ.=62,7 

max.=100 
0,14 ʙ 

ʩʝʨ.=60,77 

max.=103 
0,08 

2 

ʘ 
ʥʦʚʽ=25 

max.=105 
0,16 

2 

ʘ 
ʥʦʚʽ=17,5 

max.=90 
0,04 

ʙ 
ʥʦʚʽ=32 

max.=105 
0,16 ʙ 

ʩʝʨ.=20,2 

max.=103 
0,08 

3 

ʘ 
ʥʦʚʽ=43 

max.=110 
0,28 

3 

ʘ 
ʩʝʨ.=50,3 

max.=90 
0,04 

ʙ 
ʥʦʚʽ=40 

max.=120 
0,18 ʙ 

ʩʝʨ.=65,6 

max.=103 
0,08 

4 

ʘ 
ʩʝʨ.=72 

max.=110 
0,19 

4 

ʘ 
ʩʝʨ.=50,3 

max.=90 
0,04 

ʙ 
ʩʝʨ.=71,7 

max.=120 
0,19 ʙ 

ʩʝʨ.=65,6 

max.=103 
0,08 

5 

ʘ 
ʩʝʨ.=73,9 

max.=120 
0,2 

5 

ʘ 

ʥʦʚʽ=64,5 

ʩʝʨ.=75,4 

max.=114 

0,16 

ʙ 
ʩʝʨ.=81,4 

max.=120 
0,2 ʙ 

ʥʦʚʽ=68,3 

ʩʝʨ.=75,5 

max.=115 

0,18 

6
, 

7
, 
8

, 
9 

ʘ 
ʩʝʨ.=74,8 

max.=120 
0,2 

6
, 

7
, 
8

, 
9 

ʘ 
ʩʝʨ.=75,5 

max.=114 
0,18 

ʙ 
ʩʝʨ.=81,8 

max.=120 
0,2 ʙ 

ʩʝʨ.=78,5 

max.=115 
0,2 

10 

ʘ 
ʩʝʨ.=74,5 

max.=120 
0,2 

10 

ʘ 
ʩʝʨ.=76,75 

max.=114 
0,2 

ʙ 
ʩʝʨ.=84,1 

max.=120 
0,3 ʙ 

ʩʝʨ.=79,45 

max.=115 
0,2 

 

ʍʘʨʘʢʪʝʨʠʟʫʶʯʠ ʧʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ ʽ ʨʦʟʚʠʪʢʫ ʪʨʽʱʠʥ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʷʢʽ ʟʘʟʥʘʚʘʣʠ 

ʚʧʣʠʚʫ ʟʥʘʢʦʟʤʽʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʟʤʽʥʥʠʭ ʨʽʚʥʽʚ ʚ ʤʝʞʘʭ ʮʠʢʣʫ ʥʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʚʽʥ 

ʚʽʜʙʫʚʩʷ ʧʨʦʛʥʦʟʦʚʘʥʦ. 

ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʩʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʧʨʦʮʝʩ 

ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʪʘ ʨʦʟʚʠʪʢʫ ʪʨʽʱʠʥ ʟʘ ʜʽʾ ʦʜʥʦʨʘʟʦʚʦʛʦ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʟʘ 

ʜʽʾ ʤʘʣʦʮʠʢʣʦʚʦʛʦ ʟʥʘʢʦʟʤʽʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ. ʗʢʱʦ ʟʘ ʦʜʥʦʟʥʘʯʥʦʛʦ 

ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ ʪʘ ʨʦʟʚʠʪʢʫ ʪʨʽʱʠʥ ʧʦʚôʷʟʘʥʠʡ ʪʽʣʴʢʠ ʟʽ 

ʟʤʽʥʦʶ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʘʪʠʚʥʦʛʦ ʩʪʘʥʫ ʙʘʣʦʢ, ʪʦ ʟʘ ʜʽʾ ʤʘʣʦʮʠʢʣʦʚʦʛʦ ʟʥʘʢʦʟʤʽʥʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʤʽʥʠ ʞʦʨʩʪʢʦʩʪʽ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ, ʷʢʘ ʟ ʢʦʞʥʠʤ ʮʠʢʣʦʤ 

ʟʤʝʥʰʫʻʪʴʩʷ. ʂʨʽʤ ʪʦʛʦ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʻ ʪʨʠʚʘʣʠʤ ʧʨʦʮʝʩʦʤ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʽʚʥʷ 

ʥʘʚʘʥʪʘʞʝʥʴ, ʢʽʣʴʢʦʩʪʽ ʮʠʢʣʽʚ, ʘ ʪʘʢʦʞ, ʦʯʝʚʠʜʥʦ, ʚʽʜ ʘʨʤʘʪʫʨʠ (ʜʽʘʤʝʪʨʘ, ʚʟʘʻʤʥʦʛʦ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʦʧʝʨʝʯʥʠʭ ʩʪʝʨʞʥʽʚ ʽ ʪ. ʧ), ʧʝʨʝʨʽʟʫ ʝʣʝʤʝʥʪʘ ʪʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʝʪʦʥʫ. ʇʨʠ ʧʝʚʥʠʭ ʫʤʦʚʘʭ ʚʽʥ ʤʘʻ ʪʝʥʜʝʥʮʽʶ ʜʦ ʟʘʪʫʭʘʥʥʷ, ʘ ʧʨʠ ʟʤʽʥʽ ʨʽʚʥʷ 

ʥʘʚʘʥʪʘʞʝʥʴ, ʤʦʞʝ ʟʥʦʚʫ ʨʦʟʚʠʚʘʪʠʩʴ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʰʠʨʠʥʠ ʨʦʟʢʨʠʪʪʷ ʪʨʽʱʠʥ ʜʘʶʪʴ ʟʘʜʦʚʽʣʴʥʫ 

ʟʙʽʞʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ, ʱʦ ʛʦʚʦʨʠʪʴ ʧʨʦ ʧʨʠʡʥʷʪʥʽʩʪʴ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ, ʰʠʨʠʥʠ ʨʦʟʢʨʠʪʪʷ ʪʨʽʱʠʥ 

ʟʛʠʥʘʣʴʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʟʘʟʥʘʶʪʴ ʜʽʾ ʤʘʣʦʮʠʢʣʦʚʠʭ ʟʥʘʢʦʟʤʽʥʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʨʽʟʥʦʛʦ ʨʽʚʥʷ. 
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ʄʦʣʦʜʽʜ ʆ.ʉ. ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʙʫʜʽʚʝʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ɹʝʥʜʝʨʩʴʢʠʡ ʉ.ʆ. ʘʩʧʽʨʘʥʪ ʢʘʬʝʜʨʠ ʙʫʜʽʚʝʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 
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 ɺ ʥʘʩʣʽʜʦʢ ʧʦʟʘʧʨʦʝʢʪʥʠʭ ʚʧʣʠʚʽʚ, ʟʫʤʦʚʣʝʥʠʭ ʙʦʡʦʚʠʤʠ ʜʽʷʤʠ ʟôʷʚʠʣʘʩʷ ʚʝʣʠʢʘ 

ʢʽʣʴʢʽʩʪʴ ʨʫʡʥʫʚʘʥʴ ʪʘ ʫʰʢʦʜʞʝʥʴ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ ʚ ʮʽʣʦʤʫ ʪʘ ʢʘʤ'ʷʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʟʦʢʨʝʤʘ, ʷʢʽ ʟʘʟʥʘʣʠ ʫʜʘʨʥʦ-ʚʠʙʫʭʦʚʠʭ ʫʨʘʞʝʥʴ, ʥʝʧʨʠʪʘʤʘʥʥʠʭ ʜʣʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʫʤʦʚʘʭ 

ʤʠʨʥʦʛʦ ʯʘʩʫ. ʗʢ ʥʘʩʣʽʜʦʢ ʚ ʢʘʤôʷʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʟôʷʚʠʣʠʩʷ ʦʪʚʦʨʠ ʤʘʣʠʭ ʪʘ ʚʝʣʠʢʠʭ 

ʨʦʟʤʽʨʽʚ, ʪʨʽʱʠʥʠ, ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʧʨʦʝʢʪʥʦʛʦ ʧʦʣʦʞʝʥʥʷ, ʪʝʨʤʽʯʥʽ ʚʧʣʠʚʠ ʫ ʥʘʩʽʜʦʢ ʧʦʞʝʞ, 

ʯʘʩʪʢʦʚʝ ʘʙʦ ʧʦʚʥʝ ʨʫʡʥʫʚʘʥʥʷ ʪʘ ʽʥ.  

 ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʽʜʥʦʚʣʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʧʨʠʜʘʪʥʦʩʪʽ ʢʘʤ'ʷʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʙʫʣʦ ʘʢʪʫʘʣʴʥʠʤ ʽ ʫ ʤʠʨʥʠʡ ʯʘʩ. ʇʨʠ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʽ ʧʨʦʚʦʜʠʣʠʩʷ ʙʫʣʠ ʩʧʨʷʤʦʚʘʥʽ, 

ʚ ʧʝʨʝʚʘʞʥʽʡ ʙʽʣʴʰʦʩʪʽ, ʥʘ ʧʽʜʩʠʣʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʘʙʦ ʚʽʜʥʦʚʣʝʥʥʷ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʧʦʰʢʦʜʞʝʥʠʭ ʚʽʜ ʚʧʣʠʚʫ ʘʛʨʝʩʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ.  

ʇʝʨʝʚʘʞʥʫ ʙʽʣʴʰʽʩʪʴ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʙʫʜʽʚʝʣʴ, ʘ ʪʘʢʦʞ ʧʨʠʚʘʪʥʠʭ ʙʫʜʠʥʢʽʚ, ʱʦ 

ʧʦʙʫʜʦʚʘʥʽ ʜʚʘʜʮʷʪʴ ʨʦʢʽʚ ʪʦʤʫ ʽ ʙʽʣʴʰʝ, ʙʫʣʦ ʟʚʝʜʝʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʝʛʣʠ (ʢʝʨʘʤʽʯʥʦʾ ʯʠ 

ʩʠʣʽʢʘʪʥʦʾ). ʆʩʥʦʚʥʫ ʯʘʩʪʠʥʫ ʥʦʚʠʭ ʙʫʜʠʥʢʽʚ ʟʚʝʜʝʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʝʨʘʤʽʯʥʠʭ ʙʣʦʢʽʚ ʪʘ 

ʟ ʙʣʦʢʽʚ ʥʽʟʜʨʶʚʘʪʦʛʦ ʛʘʟʦʙʝʪʦʥʫ. 

ʋ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ ʙʫʜʽʚʣʷ ʚʠʟʥʘʥʘ ʪʘʢʦʶ, ʱʦ 

ʤʦʞʝ ʙʫʪʠ ʚʽʜʥʦʚʣʝʥʦʶ [1, 2], ʪʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʘ ʧʨʠʜʘʪʥʽʩʪʴ ʧʦʰʢʦʜʞʝʥʠʭ/ʟʨʫʡʥʦʚʘʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʧʦʚʠʥʥʘ ʙʫʪʠ ʚʽʜʥʦʚʣʝʥʘ [3, 4].  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʙʩʪʝʞʝʥʥʷ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ, ʱʦ ʧʦʩʪʨʘʞʜʘʣʠ ʚʥʘʩʣʽʜʦʢ 

ʧʦʟʘʧʨʦʝʢʪʥʠʭ ʚʧʣʠʚʽʚ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʧʦʰʢʦʜʞʝʥʴ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʥʝʧʨʠʪʘʤʘʥʥʽ ʜʣʷ ʮʠʚʽʣʴʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʧʦʪʨʝʙʫʶʪʴ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʨʝʤʦʥʪʥʦ-

ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʨʦʙʽʪ. 

ʆʩʥʦʚʥʽ ʧʦʰʢʦʜʞʝʥʥʷ ʢʘʤ'ʷʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ: ʚʠʙʠʚʘʥʥʷ (ʦʢʨʝʤʠʭ ʮʝʛʣʠʥ ʯʠ ʜʽʣʷʥʢʠ 

ʩʪʽʥʠ), ʥʘʩʢʨʽʟʥʽ ʦʪʚʦʨʠ ʫ ʩʪʽʥʘʭ, ʥʘʭʠʣʠ ʪʘ ʚʠʧʠʥʘʥʥʷ (ʚʤʠʥʘʥʥʷ) ʩʪʽʥ, ʟʤʽʱʝʥʥʷ ʝʣʝʤʝʥʪʽʚ 

ʢʣʘʜʢʠ, ʪʨʽʱʠʥʠ ʚ ʨʦʟʪʷʛʥʫʪʽʡ ʟʦʥʽ ʚ ʧʨʦʩʪʽʥʢʘʭ ʪʘ ʤʽʞʚʽʢʦʥʥʠʭ ʧʦʷʩʘʭ ʥʝʩʫʯʠʭ ʩʪʽʥ, 

ʚʝʨʪʠʢʘʣʴʥʽ ʪʘ ʧʦʭʠʣʽ ʩʠʣʦʚʽ ʪʨʽʱʠʥʠ ʚʽʜ ʩʪʠʩʢʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʚʠʩʠʧʘʥʥʷ ʰʚʽʚ ʤʽʞ 

ʝʣʝʤʝʥʪʘʤʠ ʙʫʜʽʚʣʽ, ʚʦʛʥʝʚʝ ʧʦʰʢʦʜʞʝʥʥʷ ʚʽʜ ʧʦʞʝʞʽ ʢʣʘʜʢʠ ʘʨʤʦʚʘʥʠʭ ʪʘ ʥʝʘʨʤʦʚʘʥʠʭ 

ʩʪʽʥ. ɿʘʟʥʘʯʝʥʽ ʧʦʰʢʦʜʞʝʥʥʷ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʽʩʪʦʪʥʠʤ ʧʦʛʽʨʰʝʥʥʷʤ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʥʩʪʨʫʢʮʽʡ.  

 ʋ ʚʠʧʘʜʢʫ ʥʝʟʥʘʯʥʠʭ ʧʦʰʢʦʜʞʝʥʴ ʢʦʥʩʪʨʫʢʮʽʡ, ʾʭ ʚʽʜʥʦʚʣʝʥʥʷ ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ 

ʰʣʷʭʦʤ ʨʝʤʦʥʪʫ, ʘ ʩʘʤʝ: ʽʥôʻʢʪʫʚʘʥʥʷ ʪʨʽʱʠʥ, ʟʘʧʦʚʥʝʥʥʷ ʧʦʨʦʞʥʠʥ, ʚʽʜʥʦʚʣʝʥʥʷ ʛʝʦʤʝʪʨʽʾ 

ʨʝʤʦʥʪʥʠʤʠ ʩʫʤʽʰʘʤʠ, ʧʝʨʝʢʣʘʜʘʥʥʷʤ ʥʝʟʥʘʯʥʠʭ ʜʽʣʷʥʦʢ ʢʣʘʜʢʠ ʽ ʪ. ʽʥ. 

ʆʜʠʥ ʽʟ ʩʧʦʩʦʙʽʚ ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʰʢʦʜʞʝʥʠʭ ʥʝʩʫʯʠʭ ʩʪʽʥ ʤʦʞʝ ʧʦʣʷʛʘʪʠ ʫ ʾʭ 

ʯʘʩʪʢʦʚʦʤʫ, ʘʙʦ ʧʦʚʥʦʤʫ ʜʝʤʦʥʪʘʞʽ ʟ ʧʦʜʘʣʴʰʦʶ ʚʽʜʙʫʜʦʚʦʶ ʜʝʤʦʥʪʦʚʘʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

ʇʨʦʪʝ ʟʘʟʥʘʯʝʥʠʡ ʩʧʦʩʽʙ ʟʘʥʘʜʪʦ ʪʨʫʜʦʤʽʩʪʢʠʡ ʪʘ ʤʘʻ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ ʽ ʪʨʠʚʘʣʽʩʪʴ ʨʦʙʽʪ, 

ʦʩʦʙʣʠʚʦ ʷʢʱʦ ʥʘ ʪʘʢʠʭ ʩʪʽʥʘʭ ʦʧʠʨʘʻʪʴʩʷ ʧʝʨʝʢʨʠʪʪʷ ʯʠ ʧʦʢʨʠʪʪʷ.  

ʂʦʤʧʣʝʢʩ ʟʘʭʦʜʽʚ ʟ ʨʝʤʦʥʪʫ ʮʝʛʣʷʥʦʾ ʢʣʘʜʢʠ ʷʢ ʧʨʘʚʠʣʦ, ʧʦʚǋʷʟʘʥʠʡ ʟ ʚʠʢʦʥʘʥʥʷʤ 

ʮʽʣʦʛʦ ʨʷʜʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʆʩʦʙʣʠʚʦʾ ʫʚʘʛʠ ʩʣʽʜ ʧʨʠʜʽʣʠʪʠ ʧʽʜʩʠʣʝʥʥʶ ʢʘʤǋʷʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ.  

ʇʽʜʩʠʣʝʥʥʷ ʩʪʽʥ ʤʦʞʣʠʚʝ ʚʫʛʣʝʮʝʚʠʤʠ ʩʪʨʽʯʢʘʤʠ [5], ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʧʦʥʦʢ, ʱʦ 

ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʟ ʚʽʜʨʽʟʢʽʚ ʩʪʘʣʝʚʦʛʦ ʧʨʦʢʘʪʫ ʘʙʦ ʘʨʤʘʪʫʨʥʠʭ ʩʪʨʠʞʥʽʚ [6]. ʐʧʦʥʢʠ 

ʧʨʘʮʶʶʪʴ ʥʘ ʨʦʟʪʷʛ ʽ ʟʨʽʟ, ʪʦʤʫ ʝʬʝʢʪʠʚʥʦ ʚʢʣʶʯʘʶʪʴʩʷ ʚ ʨʦʙʦʪʫ ʧʨʠ ʤʦʞʣʠʚʠʭ 

ʜʝʬʦʨʤʘʮʽʷʭ ʢʣʘʜʢʠ ʩʪʽʥ ʚ ʟʦʥʽ ʪʨʽʱʠʥ ʟ ʰʠʨʠʥʦʶ ʨʦʟʢʨʠʪʪʷ ʜʦ 10 ʤʤ. 
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ʉʫʯʘʩʥʘ ʥʦʨʤʘʪʠʚʥʘ [7] ʪʘ ʪʝʭʥʽʯʥʘ ʣʽʪʝʨʘʪʫʨʘ [8] ʧʨʦʧʦʥʫʻ ʥʘʩʪʫʧʥʽ ʩʧʦʩʦʙʠ 

ʧʽʜʩʠʣʝʥʥʷ ʘʙʦ ʚʽʜʥʦʚʣʝʥʥʷ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʮʝʛʣʷʥʠʭ ʩʪʽʥ:  

¶ ʧʦʚʥʘ ʯʠ ʯʘʩʪʢʦʚʘ ʟʘʤʽʥʘ ʽʩʥʫʶʯʦʾ ʢʣʘʜʢʠ;  

¶ ̔ ʥôʻʢʪʫʚʘʥʥʷ ʪʨʽʱʠʥ;  

¶ ʚʚʝʜʝʥʥʷ ʨʽʟʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʽʜʩʠʣʝʥʥʷ;  

¶ ʟʦʚʥʽʰʥʻ ʘʨʤʫʚʘʥʥʷ.  

ɺʣʘʰʪʫʚʘʥʥʷ ʦʙʦʡʤ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʪʘ ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʭ ʤʝʪʦʜʽʚ 

ʧʽʜʩʠʣʝʥʥʷ ʢʘʤôʷʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ.  

ʅʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤʠ ʻ ʩʪʘʣʝʚʘ, ʟʘʣʽʟʦʙʝʪʦʥʥʘ  ʪʘ ʘʨʤʦʰʪʫʢʘʪʫʨʥʘ 

(ʘʨʤʦʮʝʤʝʥʪʥʘ) ʦʙʦʡʤʠ. ɺ ʧʝʨʰʠʭ ʜʚʦʭ ʚʠʧʘʜʢʘʭ ʧʽʜʩʠʣʝʥʥʷ ʢʘʤôʷʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʚʽʜʙʫʚʘʻʪʴʩʷ, ʷʢ ʟʘ ʨʘʭʫʥʦʢ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʩʧʨʠʡʤʘʥʥʷ ʧʦʟʜʦʚʞʥʴʦʾ ʩʪʠʩʢʘʶʯʦʾ ʩʠʣʠ 

ʝʣʝʤʝʥʪʘʤʠ ʦʙʦʡʤʠ (ʤʝʪʘʣʝʚʠʤʠ ʢʫʪʠʢʘʤʠ ʚ ʩʪʘʣʝʚʽʡ ʦʙʦʡʤʽ ʯʠ ʟʘʣʽʟʦʙʝʪʦʥʥʦʶ ʩʦʨʦʯʢʦʶ 

(ʙʝʪʦʥʦʤ ʪʘ ʧʦʟʜʦʚʞʥʴʦʶ ʘʨʤʘʪʫʨʦʶ) ï ʚ ʟʘʣʽʟʦʙʝʪʦʥʥʽʡ), ʪʘʢ ʽ ʥʝʧʨʷʤʠʤ ʰʣʷʭʦʤ ï ʟʘ 

ʨʘʭʫʥʦʢ ʩʪʨʠʤʫʚʘʥʥʷ ʧʦʧʝʨʝʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʢʘʤôʷʥʦʾ ʢʣʘʜʢʠ, ʪʘʢ ʟʚʘʥʠʡ ʝʬʝʢʪ ʦʙʦʡʤʠ.  

ʆʜʥʦʯʘʩʥʦ ʟ ʚʣʘʰʪʫʚʘʥʥʷʤ ʦʙʦʡʤ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʽʥôʻʢʪʫʚʘʪʠ ʪʨʽʱʠʥʠ ʚ ʢʣʘʜʮʽ ʧʽʜ 

ʪʠʩʢʦʤ ʧʦʣʽʤʝʨʥʠʤʠ ʜʦʙʘʚʢʘʤʠ. 

ɸ ʱʦ ʨʦʙʠʪʠ ʟ ʢʝʨʘʤʽʯʥʦʶ ʧʦʨʦʞʥʠʩʪʦʶ ʮʝʛʣʦʶ (ʙʣʦʢʘʤʠ)? ɯʥôʻʢʪʫʚʘʪʠ ʪʨʽʱʠʥʠ ʚ 

ʪʘʢʽʡ ʢʣʘʜʮʽ ʧʽʜ ʪʠʩʢʦʤ ʧʦʣʽʤʝʨʥʠʤʠ ʜʦʙʘʚʢʘʤʠ, ʻ ʥʝʜʦʮʽʣʴʥʦ ʽ ʜʦʨʦʛʦ. ʇʨʠ ʮʴʦʤʫ 

ʧʽʜʩʠʣʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʘʣʝʚʠʭ ʦʙʦʡʤ/ʪʷʞʽʚ ʥʝ ʜʘʩʪʴ ʧʦʪʨʽʙʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʟʚôʷʟʢʫ 

ʟ ʥʝʤʦʞʣʠʚʽʩʪʶ ʥʘʜʽʡʥʦ ʾʭ ʟʘʬʽʢʩʫʚʘʪʠ ʘʥʢʝʨʘʤʠ. 

ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʠʭ ʩʧʦʩʦʙʽʚ ʧʽʜʩʠʣʝʥʥʷ ʩʪʽʥ ʟ ʢʝʨʘʤʽʯʥʦʾ ʧʦʨʦʞʥʠʩʪʦʾ 

ʮʝʛʣʠ (ʙʣʦʢʽʚ) ʤʦʞʝ ʙʘʟʫʚʘʪʠʩʷ ʥʘ ʥʘʢʣʝʶʚʘʥʥʽ ʥʘ ʥʠʭ ʩʪʘʣʝʚʠʭ ʩʤʫʞʦʢ, ʘʙʦ ʽʥʰʠʭ 

ʚʠʩʦʢʦʤʽʮʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʚʫʛʣʝʮʝʚʽ ʣʘʤʝʣʽ, ʘʙʦ ʪʢʘʥʠʥʠ) [9]. ɿʘʟʥʘʯʝʥʠʡ ʩʧʦʩʽʙ ʤʦʞʥʘ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʽ ʧʨʠ ʧʽʜʩʠʣʝʥʥʽ ʢʣʘʜʢʠ ʟ ʙʣʦʢʽʚ ʟ ʥʽʟʜʨʶʚʘʪʦʛʦ ʛʘʟʦʙʝʪʦʥʫ. ʇʨʦʪʝ, ʥʘʫʢʦʚʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʜʘʥʦʤʫ ʥʘʧʨʷʤʢʫ ʦʙʤʝʞʝʥʽ, ʱʦ ʥʝ ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʪʘʢʫ ʪʝʭʥʦʣʦʛʽʶ ʫ 

ʙʫʜʽʚʝʣʴʥʽʡ ʧʨʘʢʪʠʮʽ.  

ʆʪʞʝ, ʧʨʽʦʨʠʪʝʪʥʠʤ ʥʘʧʨʷʤʢʦʤ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ 

ʧʽʜʩʠʣʝʥʥʷ ʢʘʤôʷʥʦʾ ʢʣʘʜʢʠ ʟ ʧʦʨʦʞʥʠʩʪʦʾ ʢʝʨʘʤʽʯʥʦʾ ʮʝʛʣʠ (ʙʣʦʢʽʚ) ʪʘ ʟ ʙʣʦʢʽʚ ʟ 

ʥʽʟʜʨʶʚʘʪʦʛʦ ʛʘʟʦʙʝʪʦʥʫ ʥʘʢʣʝʶʚʘʥʥʷʤ ʥʘ ʥʠʭ ʚʠʩʦʢʦʤʽʮʥʠʭ ʝʣʝʤʝʥʪʽʚ.  
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ɹʦʛʜʘʥ ʉʘʭʥʦ ʩʪʫʜʝʥʪ 3-ʛʦ ʢʫʨʩʫ  

ʉʫʤʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

  

ʈʦʟʨʘʭʫʥʦʢ ʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʢʘʤ'ʷʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟʘ ʥʦʨʤʘʤʠ [1-5] ʚ ʦʩʥʦʚʥʦʤʫ 

ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʧʨʦʝʢʪʥʽ ʟʥʘʯʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʣʘʜʢʠ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʽʥʰʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʦʮʝʩ ʟʚʝʜʝʥʥʷ ʮʝʛʣʷʥʠʭ ʩʪʽʥ 

ʧʦʚ'ʷʟʘʥʠʡ ʟ ʯʘʩʦʤ ʬʦʨʤʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ, ʥʘ ʧʨʦʪʷʟʽ ʷʢʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ ʪʚʝʨʜʽʥʥʷ 

ʨʦʟʯʠʥʫ ʟʽ ʟʤʽʥʘʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʮʥʦʩʪʽ ʽ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʽ ʽ ʟʥʘʯʝʥʴ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ 

ʟʚʝʜʝʥʠʡ ʷʨʫʩ ʩʪʽʥʠ ʚʽʜ ʚʣʘʩʥʦʾ ʚʘʛʠ ʥʘʩʪʫʧʥʦʛʦ ʧʦʷʩʫ ʢʣʘʜʢʠ, ʞʦʨʩʪʢʽʩʪʴ ʷʢʦʛʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʤʽʮʥʽʩʪʴ ʨʦʟʯʠʥʫ . ɺ ɼʉʊʋ [6, ʩ.19] ʥʘʚʝʜʝʥʘ ʪʘʙʣʠʮʷ ʟʨʦʩʪʘʥʥʷ 

ʤʽʮʥʦʩʪʽ ʨʦʟʯʠʥʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʪʚʝʨʜʽʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ 

ʨʦʙʦʪʠ, ʦʩʦʙʣʠʚʦ, ʢʦʤʧʦʟʠʪʥʠʭ ʩʪʽʥʦ-ʙʘʣʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʤʦʞʣʠʚʦ ʚʠʨʽʰʠʪʠ ʛʝʥʝʪʠʯʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʚʜʘʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʮʥʦʩʪʽ ʽ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʽ ʷʨʫʩʽʚ ʢʣʘʜʢʠ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʚʽʢʫ ʥʘ ʤʦʤʝʥʪ ʥʘʩʪʫʧʥʦʛʦ ʝʪʘʧʫ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ. ɺ ʨʦʙʦʪʽ [7] ʥʘʚʝʜʝʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʩʪʽʥʦ-ʙʘʣʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʘʣʝ ʙʝʟ ʢʦʥʢʨʝʪʥʠʭ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʽʚ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʮʝʜʫʨʠ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʦʧʦʨʫ  ʽ ʤʦʜʫʣʷ 

ʜʝʬʦʨʤʘʮʽʾ ʮʝʛʣʷʥʦʾ ʢʣʘʜʢʠ  ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʽʮʥʦʩʪʽ ʨʦʟʯʠʥʫ ʚʽʢʦʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʚʽʜʧʦʚʽʜʥʠʤ ʧʝʨʝʭʽʜʥʠʤ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʩʠʪʫʘʮʽʷʤ. 

ʇʝʨʝʜʙʘʯʝʥʦ ʚʠʢʦʥʘʥʥʷ ʥʘʩʪʫʧʥʠʭ ʟʘʚʜʘʥʴ: 

1. ɺʠʢʦʥʘʥʥʷ ʘʥʘʣʽʟʫ ʨʝʛʣʘʤʝʥʪʦʚʘʥʠʭ ʥʦʨʤʘʤʠ ʧʦʣʦʞʝʥʴ ʟ ʚʠʟʥʘʯʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ 

ʤʽʮʥʦʩʪʽ ʨʦʟʯʠʥʫ  ʚʽʜ ʯʘʩʫ ʪʚʝʨʜʽʥʥʷ. 

2. ʆʮʽʥʠʪʠ ʤʽʮʥʽʩʪʴ ʢʣʘʜʢʠ ʥʘ ʝʪʘʧʘʭ ʪʚʝʨʜʽʥʥʷ  ʨʦʟʯʠʥʫ. 

3. ɺʠʟʥʘʯʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʤʦʜʫʣʷ ʜʝʬʦʨʤʘʮʽʾ ʧʦʷʩʽʚ ʢʣʘʜʢʠ ʥʘ ʝʪʘʧʘʭ ʟʤʽʥ ʧʝʨʝʭʽʜʥʠʭ 
ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʩʠʪʫʘʮʽʡ.   

ɼʣʷ ʨʦʟʯʠʥʽʚ ʚʽʢʦʤ ʜʦ 90 ʜʽʙ ʤʽʮʥʽʩʪʴ ʨʦʟʯʠʥʫ  ʚʽʢʦʤ  ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʟʥʘʯʘʪʠ ʟʘ 

ʬʦʨʤʫʣʦʶ ɯ.ʊ. ʂʦʪʦʚʘ ʥʘʚʝʜʝʥʦʾ  ʚ ʨʦʙʦʪʽ [8, ʩ.29]:  

                                                           (1) ,  

              

ʜʝ  ï ʧʨʦʝʢʪʥʘ ʤʽʮʥʽʩʪʴ ʨʦʟʯʠʥʫ ʚʽʢʦʤ 28 ʜʽʙ.  

ɺʠʨʽʰʝʥʥʷ (1) ʚʽʜʥʦʩʥʦ  ʜʦʟʚʦʣʠʣʦ ʧʝʨʝʚʽʨʠʪʠ ʪʘʙʣʠʯʥʽ ʜʘʥʥʽ (ʪʘʙʣʠʮʷ 1 ʜʦʜʘʪʢʫ ʈ 

[1, ʩ.95]) ʥʘ ʧʨʠʢʣʘʜʽ ʦʧʦʨʫ  ʢʣʘʜʢʠ ʟ ʮʝʛʣʽ ʤʽʮʥʽʩʪʶ  =10 ʄʇ ʟ ʧʨʦʝʢʪʥʦʶ ʤʽʮʥʽʩʪʶ 

ʨʦʟʯʠʥʫ =7.5 ʄʧʘ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 1.  
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ʈʠʩʫʥʦʢ 1 ï ɿʘʣʝʞʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʦʧʦʨʫ ʢʣʘʜʢʠ ʚʽʜ ʤʽʮʥʦʩʪʽ ʨʦʟʯʠʥʫ 

 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʢʘʟʘʚ ʱʦ ʤʽʮʥʽʩʪʴ  ʨʦʟʯʠʥʫ ʜʦʩʷʛʘʻ: 

0.2 ʄʧʘ ʯʝʨʝʟ 0.25 ʜʽʙ (6.1 ʛʦʜ), ʘ ʦʧʽʨ ʢʣʘʜʢʠ  = 0.8 ʄʇʘ;  

0.4 ʄʧʘ ʯʝʨʝʟ 0.51 ʜʽʙ (12.4 ʛʦʜ) - ʦʧʽʨ ʢʣʘʜʢʠ  = 0.9 ʄʇʘ;  

1.0 ʄʧʘ ʯʝʨʝʟ 1.37 ʜʽʙ (32.8 ʛʦʜ) - ʦʧʽʨ ʢʣʘʜʢʠ  = 1.0 ʄʇʘ; 

2.5 ʄʧʘ ʯʝʨʝʟ 4.00 ʜʦʙʫ (6.1ʛʦʜ) - ʦʧʽʨ ʢʣʘʜʢʠ  = 1.3 ʄʇʘ;;  

5.0 ʄʧʘ ʯʝʨʝʟ 11.2 ʜʽʙ (268.8ʛʦʜ) - ʦʧʨ̔ ʢʣʘʜʢʠ  = 1.5 ʄʇʘ;; 

7.5 ʄʧʘ ʯʝʨʝʟ 28.0 ʜʽʙ (672.0 ʛʦʜ) - ʦʧʽʨ ʢʣʘʜʢʠ  = 1.7 ʄʇʘ;. 

ʋʷʚʣʝʥʥʷ ʧʨʦ ʟʨʦʩʪʘʥʥʷ ʤʽʮʥʦʩʪʽ ʢʣʘʜʢʠ ʚʽʜʧʦʚʽʜʥʦ ʚʽʢʫ ʨʦʟʯʠʥʫ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʠʪʠ 

ʟʘʚʜʘʥʥʷ ʟ ʚʠʟʥʘʯʝʥʥʷ ʤʦʜʫʣʷ ʜʝʬʦʨʤʘʮʽʾ ʢʣʘʜʢʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʤʽʥʥʠʭ ʟʥʘʯʝʥʴ 

ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʦʧʦʨʫ ʢʣʘʜʢʠ ʽ ʧʨʫʞʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʣʘʜʢʠ , ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʪʘʙʣʠʮʝʶ 15 ʜʦʜʘʪʢʫ ʈ [1, ʩ.96] ʚ ʷʢʦʾ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʤʽʮʥʽʩʪʴ ʨʦʟʯʠʥʫ ʥʘ 

ʚʽʜʧʦʚʽʜʥʦʤʫ ʝʪʘʧʽ ʟʚʝʜʝʥʥʷ ʩʪʽʥʠ ʥʘ ʙʘʣʮʽ. 

ɺ ʟʘʛʘʣʽ ʜʣʷ ʢʦʞʥʦʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʠʪʫʘʮʽʾ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ 

ʧʨʦ ʧʨʦʝʢʪʥʫ ʤʽʮʥʽʩʪʴ ʨʦʟʯʠʥʫ, ʘʙʦ ʟʘ ʪʘʙʣʠʮʷʤʠ  ʜʦʜʘʪʢʫ ʈ [1, ʩ.96] ʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ 

ʛʨʘʥʠʯʥʫ ʤʽʮʥʽʩʪʴ ʢʣʘʜʢʠ ʟʘ ʬʦʨʤʫʣʦʶ (7.1) [6, ʩ.21] ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʜʣʷ 

ʢʦʞʥʦʛʦ ʝʪʘʧʫ ʟʚʝʜʝʥʥʷ ʢʣʘʜʢʠ ʧʦ ʙʘʣʮʽ ʟ ʛʝʥʝʪʠʯʥʦʶ ʥʝʣʽʥʽʡʥʽʩʪʶ. 
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ɸʅɸʃɯɿ ʋʄʆɺ ʈʆɿʈɸʍʋʅʂʋ ʄɯʉʎɽɺʆɻʆ ʉʊʀʉʂʋ ʇɯɼ ʆʇʆʈɸʄʀ 

ɹɸʃʆʂ ɼʃʗ ʄʆɼɽʃʖɺɸʅʅʗ ʈʆɹʆʊʀ ɺʋɿʃɸ ʆɹʇʀʈɸʅʅʗ ɺ ʇʂ   

çLIRA-SAPRè 

 ɺʦʣʦʜʠʤʠʨ ʄʫʢʦʩʻʻʚ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, muksvn@gmail.com 

ʂʦʩʪʷʥʪʠʥ ʉʢʦʨʠʥʘ ʩʪʫʜʝʥʪ 1-ʛʦ ʢʫʨʩʫ ʤʘʛʽʩʪʨʘʪʫʨʠ, 

ɼʝʥʠʩ ʉʫʭʠʭ ʩʪʫʜʝʥʪ 1-ʛʦ ʢʫʨʩʫ ʤʘʛʽʩʪʨʘʪʫʨʠ, 

ɹʦʛʜʘʥ ʉʘʭʥʦ ʩʪʫʜʝʥʪ 3-ʛʦ ʢʫʨʩʫ  

ʉʫʤʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

  

ʅʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʮʝʛʣʷʥʦʾ ʢʣʘʜʢʠ ʧʽʜ ʦʧʦʨʘʤʠ ʙʘʣʦʢ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 

ʩʪʠʩʢʫʶʯʠʭ ʥʘʧʨʫʞʝʥʴ ʧʽʜ ʦʧʦʨʘʤʠ. ʉʪʠʩʢʫʶʯʠ ʥʘʧʨʫʛʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʚʠʤʦʛʘʤʠ  [1-3], 

ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʛʣʠʙʠʥʠ ʤʦʜʝʣʶʚʘʥʥʷ. ɻʣʠʙʠʥʘ ʤʦʜʝʣʶʚʘʥʥʷ ï ʮʝ ʨʽʚʝʥʴ ʨʦʟʙʠʚʢʠ ʤʦʜʝʣʽ  ʥʘ 

ʚʽʜʧʦʚʽʜʥʽ ʩʢʽʥʯʝʥʽ ʝʣʝʤʝʥʪʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʥʝʦʙʭʽʜʥʠʭ ʽ ʜʦʩʪʘʪʥʽʭ ʜʣʷ 

ʧʨʠʡʥʷʪʪʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʦʙʦʪʠ ʧʝʨʝʨʽʟʫ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʙʫʜʽʚʣʽ ʘʙʦ ʩʧʦʨʫʜʠ ʚ ʮʽʣʦʤʫ. ʄʦʜʝʣʶʚʘʥʥʷ ʥʘ ʤʘʢʨʦʨʽʚʥʽ 

ʧʝʨʝʜʙʘʯʘʻ ʚʠʚʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʙʫʜʽʚʣʽ ʘʙʦ ʩʧʦʨʫʜʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʨʦʙʦʪʠ ʛʨʫʥʪʽʚ ʦʩʥʦʚʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʽʶʯʠʭ ʥʦʨʤ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ  ʥʘʜʽʡʥʦʩʪʽ ʪʘ 

ʙʝʟʧʝʢʠ ʙʫʜʽʚʝʣʴʥʠʭ ʦʙ'ʻʢʪʽʚ. ʄʦʜʝʣʶʚʘʥʥʷ ʬʨʘʛʤʝʥʪʫ ʙʫʜʽʚʝʣʴʥʦʛʦ ʦʙ'ʻʢʪʫ ʥʘ ʤʽʢʨʦʨʽʚʥʽ 

ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʚʽʩʥʠʭ ʫʟʘʛʘʣʴʥʝʥʠʭ ʚʧʣʠʚʽʚ ʥʘ ʬʨʘʛʤʝʥʪ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʚʽʜ 

ʚʩʴʦʛʦ ʦʙôʻʢʪʫ, ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʷʢʦʛʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʡ ʥʘ ʤʘʢʨʦʨʽʚʥʽ. ʗʢ 

ʧʨʘʚʠʣʦ, ʥʘʡʙʽʣʴʰʦʶ ʛʣʠʙʠʥʦʶ ʤʦʜʝʣʶʚʘʥʥʷ, ʻ ʤʦʜʝʣʽ ʚʫʟʣʽʚ ʟ'ʻʜʥʘʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʟ ʤʝʪʦʶ ʦʮʽʥʢʠ ʛʨʘʥʠʯʥʠʭ ʩʪʘʥʽʚ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʩʮʝʚʠʭ 

ʥʘʧʨʫʞʝʥʴ. ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜʠʢʘ ʛʫʩʪʦʾ ʩʽʪʢʠ ʨʦʟʙʠʚʢʠ ʤʦʜʝʣʽ ʥʘ ʧʣʦʩʢʽ 

ʘʙʦ ʧʨʦʩʪʦʨʦʚʽ ʩʢʽʥʯʝʥʽ ʝʣʝʤʝʥʪʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʫʞʥʦʾ ʘʙʦ ʥʝʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʥʘʧʨʫʞʝʥʥʷʤʠ ʽ ʜʝʬʦʨʤʘʮʽʷʤʠ. ʂʨʽʤ ʛʣʠʙʠʥʠ 

ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʟ ʜʦʩʪʘʪʥʴʦʶ ʪʦʯʥʽʩʪʶ ʤʦʜʝʣʶʚʘʥʥʷ ʟʤʽʥʠ ʜʽʡ 

ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ (ʧ.3.9 [1, ʩ.2]) ʽ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʝʬʝʢʪʽʚ  (ʧ.3.17 [1, ʩ.3]) ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʚʠʤʦʛ [2] ʧʨʠ ʚʠʟʥʘʯʝʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʩʠʪʫʘʮʽʷʭ (ʧ.1.5.2.2 [3, ʩ.10])  

ʆʩʥʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʦʧʦʨʥʠʭ ʚʫʟʣʽʚ ʙʘʣʦʢ, ʱʦ ʩʧʠʨʘʶʪʴʩʷ ʥʘ 

ʢʘʤ'ʷʥʫ ʢʣʘʜʢʫ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʚʽʜʨʠʚʫ ʯʘʩʪʠʥʠ ʧʣʦʱʽ ʦʙʧʠʨʘʥʥʷ 

ʙʘʣʢʠ ʚʽʜ ʢʣʘʜʢʠ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ ʨʦʟʪʷʛʫ  ̔ʚʠʙʽʨ ʤʦʜʝʣʽ ʨʦʙʦʪʠ ʚʫʟʣʘ ʦʙʧʠʨʘʥʥʷ, 

ʱʦ ʙʽʣʴʰ ʜʦʩʪʦʚʽʨʥʦ ʚʽʜʦʙʨʘʞʘʻ ʟʫʩʠʣʣʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʢʣʘʜʢʦʶ ʧʨʦʩʪʽʥʢʘ ʟ ʧʝʨʝʤʠʯʢʦʶ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʣʘʩʥʦʾ ʚʘʛʠ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ, ʾʾ ʞʦʨʩʪʢʦʩʪʽ ʽ ʢʦʨʠʩʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. 

ɺʨʘʭʦʚʫʶʯʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʜʦʪʨʠʤʘʥʥʷ ʚʠʤʦʛ ʜʽʶʯʠʭ ʥʦʨʤ 

ʨʦʟʨʘʭʫʥʢʫ ʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʦʧʦʨ ʙʘʣʦʢ ʥʘ ʮʝʛʣʷʥʫ ʢʣʘʜʢʫ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʥʘʪʠ ʢʨʠʪʠʯʥʠʡ ʘʥʘʣʽʟ ʚʠʤʦʛ ʧʝʨʝʚʽʨʢʠ ʤʽʮʥʦʩʪʽ ʢʣʘʜʢʠ ʧʨʠ ʟʤʠʥʘʥʥʽ [4-9], ʱʦ 

ʜʦʟʚʦʣʠʪʴ ʚʠʨʽʰʠʪʠ ʚʘʞʣʠʚʝ ʧʨʘʢʪʠʯʥʝ ʟʘʚʜʘʥʥʷ ʟ ʫʪʦʯʥʝʥʥʷʤ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ 

ʩʪʘʥʫ ʚʫʟʣʽʚ ʦʙʧʠʨʘʥʥʷ ʙʘʣʦʢ ʽ ʬʦʨʤʫʣʶʚʘʥʥʷʤ ʧʨʦʮʝʜʫʨʠ ʦʮʽʥʢʠ  ʤʽʮʥʦʩʪʽ ʢʣʘʜʢʠ ʥʘ 

ʟʤʠʥʘʥʥʷ. 

ɿ ʘʥʘʣʽʟʫ ʥʦʨʤ ʨʦʟʨʘʭʫʥʢʫ ʽ ʧʨʦʝʢʪʫʚʘʥʥʷ [4-9] ʚʠʷʚʣʝʥʦ: 

1. ʇʨʦʝʢʪʥʝ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʦʚʘʥʦʛʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʣʘʜʢʫ 

NEdc ʧʨʠʡʤʘʻʪʴʩʷ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʧʦʝʪʘʧʥʦʩʪʽ ʡʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʽ ʟʨʦʩʪʘʥʥʷ ʤʽʮʥʦʩʪʽ ʢʣʘʜʢʠ ʟ 

ʯʘʩʦʤ, ʪʦʙʪʦ ʥʝ ʚʨʘʭʦʚʘʥʽ ʤʦʞʣʠʚʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʩʠʪʫʘʮʽʾ ʚ ʪʦʤʫ ʯʠʩʣʽ ʧʝʨʝʭʽʜʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ 

ʩʠʪʫʘʮʽʾ ʧʽʜ ʯʘʩ ʟʚʝʜʝʥʥʷ ʙʫʜʽʚʣʽ.. 

2. ʇʨʦʝʢʪʥʝ ʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʢʦʥʮʝʥʪʨʦʚʘʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʪʽʥʠ  

NRdc ʟʘ ʬʦʨʤʫʣʦʶ (11.10) [4], (6.10) [5,6] ʧʨʠʟʥʘʯʘʻʪʴʩʷ ʜʣʷ ʧʦʩʪʽʡʥʦʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʠʪʫʘʮʽʾ 

ʟ ʧʨʦʝʢʪʥʠʤʠ  ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʣʘʜʢʠ. 

3. ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʢʣʘʜʢʠ ʧʨʠ ʟʤʠʥʘʥʥʽ ʧʽʜ ʦʧʦʨʘʤʠ ʙʘʣʦʢ ʚ ʥʦʨʤʘʭ [4-6] 

ʧʨʦʮʝʜʫʨʘ ʚʠʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʭ ʣʦʢʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ ʥʝ ʧʝʨʝʜʙʘʯʝʥʘ, ʘʣʝ ʟʘ ʧ.6.1.3.(3) 

mailto:muksvn@gmail.com
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ʜʣʷ ʢʣʘʜʢʠ ʟ ʢʘʤʝʥʽʚ 2,3,4 çʥʘʧʨʫʞʝʥʥʷ ʚ ʢʣʘʜʮʽ ʧʽʜ ʦʧʦʨʦʶ ʥʝ ʧʦʚʠʥʥʝ ʧʝʨʝʚʠʱʫʚʘʪʠ ʦʧʽʨ 

ʩʪʠʩʢʫ ʢʘʤôʷʥʦʾ ʢʣʘʜʢʠ fd ʧʨʠ ʦʙʤʝʞʝʥʥʽ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ emÒt/4 ʨʽʚʥʦʜʽʶʯʦʾ ʣʦʢʘʣʴʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜʥʦʩʥʦ ʪʦʚʱʠʥʠ ʩʪʽʥʠ t . 

4. ɿʘ ʥʦʨʤʘʤʠ ʂʘʥʘʜʠ  [7] ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ  ʪʨʠʢʫʪʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʣʦʢʘʣʴʥʦʛʦ ʩʪʠʩʢʫ, ʘʣʝ ʚʽʜʩʫʪʥʽ ʧʨʠʢʣʘʜʠ ʧʦʨʽʚʥʷʥʥʷ ʢʦʥʮʝʥʪʨʦʚʘʥʠʭ ʥʘʧʨʫʞʝʥʴ ʟ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʽʮʥʦʩʪʽ ʢʣʘʜʢʠ. 

5. ʋ ʥʦʨʤʘʭ ɹʨʠʪʘʥʽʾ [8] ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ ʜʣʷ 

ʦʮʽʥʢʠ ʤʘʢʩʠʤʘʣʴʥʠʭ ʤʽʩʮʝʚʠʭ ʥʘʧʨʫʞʝʥʴ (ʜʠʚ. ʨʠʩ. 4 ʽ 5, ʙ [8, ʩ.41,42]), ʱʦ ʥʝ ʧʦʚʠʥʥʽ 

ʧʝʨʝʚʠʱʫʚʘʪʠ 2fk/ɔm ʜʝ fk ï ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʤʽʮʥʽʩʪʴ ʢʣʘʜʢʠ, ʘ ɔm - ʢʦʝʬʽʮʽʻʥʪ ʙʝʟʧʝʢʠ ʜʣʷ 

ʢʣʘʜʢʠ. 

6. ɸʥʘʣʽʟ ʚʠʤʦʛ ɼʉʊʋ ɹ ɺ.2.6-207:2015 ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʢʣʘʜʢʠ ʥʘ ʟʤʠʥʘʥʥʷ (ʧ.8.4 

[9, ʩ.40] ʚʢʘʟʫʻ ʥʘ ʚʨʘʭʫʚʘʥʥʷ ʤʦʞʣʠʚʦʛʦ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʤʽʩʮʝʚʠʭ ʢʦʥʪʘʢʪʥʠʭ 

ʥʘʧʨʫʞʝʥʴ. ʅʘʚʝʜʝʥʠʡ ʘʣʛʦʨʠʪʤ (ʧ.8.4.6 [8, ʩ.45]) ʽ ʧʨʠʢʣʘʜ 6 [9, ʩ.63]  ʚʠʟʥʘʯʝʥʥʷ ʚʠʜʫ ʽ 

ʟʥʘʯʝʥʴ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʪʠʩʢʽʚ ʧʽʜ ʦʧʦʨʘʤʠ ʙʘʣʦʢ, ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʤʘʢʩʠʤʘʣʴʥ ̔

ʩʪʠʩʢʫʶʯʠ ʥʘʧʨʫʛʠ ʧʽʜ ʦʧʦʨʘʤʠ ʙʘʣʦʢ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʭ ʟʛʠʥʘʣʴʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʽ 

ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʩʪʝʣʽ c=35fu/b ʜʣʷ ʩʚʽʞʦʾ ʢʣʘʜʢʠ ʽ c=50fu/b ʜʣʷ ʟʘʪʚʝʨʜʽʣʦʾ ʢʣʘʜʢʠ. ɸʣʝ, 

ʚʠʥʠʢʘʶʪʴ ʥʘʩʪʫʧʥʽ ʧʠʪʘʥʥʷ: 

- ʚ ʣʽʪʝʨʘʪʫʨʽ ʚʽʜʩʫʪʥʻ ʦʙʛʨʫʥʪʫʚʘʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʦʩʪʝʣʽ c, ʱʦ ʟʘ 

ʚʠʟʥʘʯʝʥʥʷʤ ʧʦʚʠʥʥʽ ʨʦʟʨʘʭʦʚʫʚʘʪʠʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʛʣʠʙʠʥʠ ʫʱʽʣʴʥʝʥʥʷ ʢʣʘʜʢʠ Hc; 

- ʚ ʧ. 8.4.7 [9, ʩ.41] ʥʝ ʥʘʚʝʜʝʥʦ ʘʣʛʦʨʠʪʤ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʩʪʝʣʽ c ʚ 

ʥʘʧʨʷʤʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʧʦʚʟʜʦʚʞʥʴʦʾ ʦʩʽ ʙʘʣʢʠ; ʥʝʟʨʦʟʫʤʽʣʦ, ʷʢ ʚʠʟʥʘʯʘʪʠ ʢʫʪ 

ʦʙʝʨʪʘʥʥʷ ʦʧʦʨʠ ʙʘʣʢʠ ʥʘʚʢʦʣʦ ʦʩʽ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʾ ʧʦʚʟʜʦʚʞʥʴʦʾ ʦʩʽ ʙʘʣʢʠ. 

- ʚ ʧʨʠʢʣʘʜʽ 6 [9, ʩ.63] ʤʽʩʮʝʚʝ ʟʫʩʠʣʣʷ Nc (ʚ [4-6] - NEdc) ʧʨʠʡʥʷʪʦ ʦʜʥʘʢʦʚʠʤ 

ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʟʘʪʚʝʨʜʽʣʦʾ ʽ ʩʚʽʞʦʾ ʢʣʘʜʢʠ ʽ ʚʟʘʛʘʣʽ ʨʦʟʛʣʷʥʫʪʠʡ ʚʠʧʘʜʦʢ ʜʫʞʝ ʨʽʜʢʦ 

ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʚ ʧʨʘʢʪʠʮʽ ʙʫʜʽʚʥʠʮʪʚʘ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʢʘ ʯʠʩʝʣʴʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʽʥʞʝʥʝʨʥʦʛʦ ʤʝʪʦʜʫ ʨʦʟʨʘʭʫʥʢʫ 

ʢʦʥʪʘʢʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʧʽʜ ʦʧʦʨʦʶ ʙʘʣʦʢ ʟ ʘʥʘʣʽʟʦʤ ʦʙʣʘʩʪʽ ʤʦʞʣʠʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʘʣʛʦʨʠʪʤʫ ʧʨʠʢʣʘʜʫ 6 [9, ʩ.63] ʽ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʧʨʦʙʣʝʤ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ  

ʨʦʙʦʪʠ ʚʫʟʣʽʚ ʦʙʧʠʨʘʥʥʷ ʙʘʣʦʢ ʥʘ ʢʣʘʜʢʫ ʟʘ ʤʦʞʣʠʚʦʩʪʷʤʠ ʇʂ çʃʀʈɸ-ʉɸʇʈè.   

ɿʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʧʝʨʝʜʙʘʯʘʶʪʴ: 

- ɸʥʘʣʽʟ ʟʤʽʥ ʟʦʚʥʽʰʥʽʭ ʜʽʡ ʚ ʧʨʦʮʝʩʽ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʚʫʟʣʘ ʦʙʧʠʨʘʥʥʷ ʙʘʣʦʢ ʥʘ ʢʣʘʜʢʫ 
ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʮʥʦʩʪʽ ʽ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʽ ʢʣʘʜʢʠ ʚʽʜʧʦʚʽʜʥʠʭ ʯʘʩʫ ʙʫʜʽʚʥʠʮʪʚʘ ʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. 

- ʈʦʟʨʦʙʢʘ ʽʥʞʝʥʝʨʥʦʛʦ ʤʝʪʦʜʫ ʚʠʟʥʘʯʝʥʥʷ ʛʨʘʥʠʮʽ ʢʦʥʪʘʢʪʥʦʾ ʧʣʦʱʽ ʦʙʧʠʨʘʥʥʷ ʙʘʣʦʢ 
ʥʘ ʢʣʘʜʢʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʩʠʪʫʘʮʽʡ. 

- ʈʦʟʨʦʙʢʘ ʽʥʞʝʥʝʨʥʦʛʦ ʤʝʪʦʜʫ ʚʠʟʥʘʯʝʥʥʷ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ ʥʘ ʢʣʘʜʢʫ ʫ 
ʚʽʜʧʦʚʽʜʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʩʠʪʫʘʮʽʷʭ. 

- ʈʦʟʨʦʙʢʘ ʯʠʩʝʣʴʥʠʭ ʤʦʜʝʣʝʡ ʚʫʟʣʽʚ ʦʙʧʠʨʘʥʥʷ ʙʘʣʦʢ ʥʘ ʮʝʛʣʷʥʫ ʢʣʘʜʢʫ ʚ ʫʤʦʚʘʭ 
ʧʣʦʩʢʦʛʦ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʚʽʜʧʦʚʽʜʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʩʠʪʫʘʮʽʡ. 

ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʟʤʽʥʠ ʟʦʚʥʽʰʥʽʭ ʜʽʡ ʚ ʽʥʞʝʥʝʨʥʦʤʫ ʨʦʟʨʘʭʫʥʢʫ ʧʝʨʝʜʙʘʯʘʶʪʴ ʫʨʘʭʫʚʘʥʥʷ 

ʥʘʩʪʫʧʥʠʭ ʬʘʢʪʦʨʽʚ: 

ʅʘ ʤʦʤʝʥʪ ʚʩʪʘʥʦʚʣʝʥʥʷ ʙʘʣʢʠ ʚ ʧʨʦʝʢʪʥʝ ʧʦʣʦʞʝʥʥʷ ʢʦʥʪʘʢʪʥʽ ʥʘʧʨʫʞʝʥʥʷ ʥʝʦʙʭʽʜʥʦ 

ʚʠʟʥʘʯʘʪʠ ʚʽʜ ʨʝʘʢʮʽʾ ʙʘʣʢʠ ʧʨʠ ʟʘʚʘʥʪʘʞʝʥʥʽ ʚʣʘʩʥʦʶ ʚʘʛʦʶ. ʇʨʠ ʮʴʦʤʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʣʘʜʢʠ ʥʝʦʙʭʽʜʥʦ ʧʨʠʡʤʘʪʠ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʚʽʢʫ ʢʣʘʜʢʠ ʧʽʜ ʯʘʩ ʤʦʥʪʘʞʫ ʙʘʣʢʠ. ɿʘ 

ʬʦʨʤʫʣʘʤʠ (8.23) ʽ (8.24) ʧ.8.4.6 [8, ʩ.45] ʤʦʞʣʠʚʦ ʫʪʦʯʥʶʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪʠ ʧʦʩʪʝʣʽ ʢʣʘʜʢʠ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʨʦʩʪʘʶʯʦʾ ʤʽʮʥʦʩʪʽ ʨʦʟʯʠʥʫ ʽ ʚʽʜʧʦʚʽʜʥʦʛʦ ʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʢʣʘʜʢʠ ʥʘ 

ʟʤʠʥʘʥʥʷ ʟʘ ʧ. 8.4.1  [8, ʩ.34]. 

ʇʽʩʣʷ ʤʦʥʪʘʞʫ ʙʘʣʢʠ ʥʝʦʙʭʽʜʥʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʫʤʦʚʠ ʩʪʚʦʨʝʥʥʷ ʧʨʦʝʢʪʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ 

ʙʘʣʢʫ. ʆʩʦʙʣʠʚʽʩʪʶ ʮʴʦʛʦ ʤʦʤʝʥʪʫ ʨʦʙʦʪʠ ʚʫʟʣʘ ʻ ʪʝ, ʱʦ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʥʘ ʙʘʣʢʫ ʧʝʨʝʜʘʻʪʴʩʷ 

ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʝ ʻ ʪʠʧʦʚʠʤ, ʘʣʝ ʤʦʞʣʠʚʠʤ ʧʨʠ ʩʧʠʨʘʥʥʽ ʧʝʨʝʢʨʠʪʪʷ 

ʯʝʨʝʟ ʩʚʽʞʽʡ ʨʦʟʯʠʥ ʱʦ ʨʦʟʧʦʜʽʣʷʻ ʚʣʘʩʥʫ ʚʘʛʫ ʧʣʠʪʠ. 

ʇʨʠ ʫʢʣʘʜʘʥʥʽ ʥʘ ʧʝʨʝʤʠʯʢʫ ʧʦʷʩʫ ʮʝʛʣʷʥʦʾ ʢʣʘʜʢʠ ʜʦ ʨʽʚʥʷ ʦʙʧʠʨʘʥʥʷ ʧʝʨʝʢʨʠʪʪʷ, ʚʠʥʠʢʘʻ 

ʚʠʧʘʜʦʢ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʥʝʣʽʥʽʡʥʦʩʪʽ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʞʦʨʩʪʢʦʩʪʽ ʙʘʣʢʠ ʥʝ ʪʽʣʴʢʠ 



 

 

ɿʙʽʨʥʠʢ ʤʘʪʝʨʽʘʣʽʚ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ on-line ʢʦʥʬʝʨʝʥʮʽʾ 

 çʇʈʆɹʃɽʄʀ ɹʋɼɯɺɽʃʔʅʆɻʆ ʊɸ ʊʈɸʅʉʇʆʈʊʅʆɻʆ ʂʆʄʇʃɽʂʉɯɺè. 

98                                                             x ̝̩̝̆̎̓̑́̌̎̏̔̋̑́̎̒̋̉̊ ̨̗̝̎́̏̎́̌̎̉̊ ̨̖̘̓̆̎̎̉̊ ̨̔̎̃̆̑̒̉̓ ̆̓ 

ʚʽʜ ʟʙʽʣʴʰʝʥʥʷ ʚʠʩʦʪʠ ʧʝʨʝʨʽʟʫ ʥʝʩʫʯʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʥʦ ʽ ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʤʦʜʫʣʷ ʜʝʬʦʨʤʘʮʽʾ 

ʢʦʤʧʦʟʠʪʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʩʧʨʠʡʤʘʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʚʣʘʩʥʦʾ ʚʘʛʠ ʧʝʨʝʢʨʠʪʪʷ. 

ɿʤʦʥʪʦʚʘʥʝ ʧʝʨʝʢʨʠʪʪʷ ʪʘʢʦʞ ʟʤʽʥʶʻ ʞʦʨʩʪʢʽʩʪʴ ʟʘ ʨʘʭʫʥʦʢ ʧʦʷʚʠ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ ʫ 

ʧʝʨʝʨʽʟʽ ʥʝʩʫʯʦʛʦ ʧʦʷʩʫ ʚʽʜ ʥʠʟʫ ʧʝʨʝʤʠʯʢʠ ʜʦ ʚʝʨʭʥʴʦʛʦ ʨʽʚʥʷ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ. 

ʇʝʨʝʜʘʯʘ ʥʘ ʧʣʠʪʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʚʣʘʩʥʦʾ ʚʘʛʠ ʢʦʥʩʪʨʫʢʮʽʾ ʧʽʜʣʦʛ ʥʘ ʧʝʨʰʠʡ ʧʦʛʣʷʜ ʥʝ 

ʧʦʚ'ʷʟʘʥʝ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʞʦʨʩʪʢʦʩʪʽ ʢʦʤʧʦʟʠʪʥʦʛʦ ʥʝʩʫʯʦʛʦ ʧʦʷʩʫ, ʷʢʱʦ ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ ʯʘʩ 

ʧʨʠʢʣʘʜʝʥʥʷ ʮʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘʣʝ ʟʙʽʣʴʰʝʥʥʷ ʚʽʢʫ ʢʣʘʜʢʠ (ʩʪʽʥʠ ʘʙʦ ʧʨʦʩʪʽʥʢʫ, ʘ ʪʘʢʦʞ 

ʧʦʷʩʫ ʢʣʘʜʢʠ ʤʽʞ ʧʝʨʝʤʠʯʢʦʶ ʽ ʧʣʠʪʦʶ) ʧʦʪʨʝʙʫʶʪʴ ʢʦʨʠʛʫʚʘʥʥʷ ʤʽʮʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʚʽʢʫ ʢʣʘʜʢʠ ʩʪʽʥʠ ʘʙʦ ʧʨʦʩʪʽʥʢʫ, ʷʨʫʩʫ ʢʣʘʜʢʠ ʚʽʜ ʧʝʨʝʤʠʯʢʠ ʜʦ ʧʣʠʪʠ.  

ʅʘʚʝʜʝʥʘ ʧʦʝʪʘʧʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ ʚʫʟʣʽʚ ʦʙʧʠʨʘʥʥʷ ʙʘʣʦʢ ʥʘ ʢʣʘʜʢʫ ʩʪʽʥ ʽ ʧʨʦʩʪʽʥʢʽʚ 

ʧʦʪʨʝʙʫʻ ʢʦʨʠʛʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʽ ʬʦʨʤʫʣʶʚʘʥʥʷ ʥʦʨʤ ʟ ʧʨʦʝʢʪʫʚʘʥʥʷ ʢʘʤ'ʷʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʥʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʫʟʣʽʚ ʦʙʧʠʨʘʥʥʷ ʙʘʣʦʢ 

ʥʘ ʢʣʘʜʢʫ.  

ʎʝ ʜʦʟʚʦʣʠʪʴ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʩʪʘʣʽ ʜʣʷ ʧʝʨʝʤʠʯʦʢ, ʟ ʢʦʨʠʛʫʚʘʥʥʷʤ ʥʝʦʙʭʽʜʥʦʾ ʽ ʜʦʩʪʘʪʥʴʦʾ 

ʛʣʠʙʠʥʠ ʦʙʧʠʨʘʥʥʷ ʙʘʣʦʢ ʥʘ ʢʣʘʜʢʫ ʽ ʫʪʦʯʥʝʥʥʷʤ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʽʚ ʧʨʠʢʣʘʜʘʥʥʷ 

ʧʦʚʟʜʦʚʞʥʽʭ ʩʪʠʩʢʫʶʯʠʭ ʟʫʩʠʣʴ ʥʘ ʮʝʛʣʷʥʽ ʩʪʽʥʠ ʚ ʧʨʦʩʪʽʥʢʠ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʾʭ ʤʽʮʥʽʩʪʴ ʪʘ ʜʝʬʦʨʤʘʪʠʚʥʽʩʪʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʢʘ ʢʣʘʜʢʠ ʽ ʚʽʜʧʦʚʽʜʥʠʤ ʟʦʚʥʽʰʥʽʤ ʜʽʷʤ. 

ɺʠʨʽʰʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʟʘʚʜʘʥʴ ʘʢʪʫʘʣʴʥʝ ʪʦʤʫ, ʱʦ: 

1. ʦʩʥʦʚʥʽ ʚʠʤʦʛʠ ʟ ʧʨʦʝʢʪʫʚʘʥʥʷ ʢʘʤ'ʷʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʪʝʦʨʝʪʠʯʥʠʭ 
ʜʦʩʣʽʜʞʝʥʥʷ ʤʠʥʫʣʦʛʦ ʩʪʦʨʽʯʯʷ. 

2. ʥʘʚʠʪʴ ʟʚʽʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʟʨʦʩʪʘʥʥʷ ʤʽʮʥʦʩʪʽ ʽ ʞʦʨʩʪʢʦʩʪʽ ʢʣʘʜʢʠ ʟʘ ʚʽʢʦʤ 
ʥʦʨʤʘʤʠ [4-9] ʤʽʮʥʦʩʪʽ ʢʣʘʜʢʠ ʥʘ ʟʤʠʥʘʥʥʷ ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ. 

3. ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʽ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʚʫʟʣʽʚ ʜʦʟʚʦʣʠʪʴ 

ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʚʫʟʣʽʚ, ʙʘʣʦʢ ʽ ʾʭ ʤʽʮʥʽʩʪʴ ʪʘ ʞʦʨʩʪʢʽʩʪʴ. 
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ʆɹɻʈʋʅʊʋɺɸʅʅʗ ʇɸʈɸʄɽʊʈɯɺ ɻʋʄʆɺʀʍ ʌʋʊɽʈʆɺʆʂ ɿ 

ɻɽʈʄɽʊʀʏʅʀʄʀ ʇʆɺɯʊʈʗʅʅʀʄʀ ʇʆʈʆɾʅʀʅɸʄʀ ɼʃʗ 

ɺʀʂʆʈʀʉʊɸʅʅʗ ɺ ɹɸʈɸɹɸʅʅʀʍ ʄʃʀʅɸʍ ʇɯɼʇʈɭʄʉʊɺ 

ɹʋɼɯɺɽʃʔʅʆɰ ɯʅɼʋʉʊʈɯɰ ʊɸ ɻɯʈʅʀʏʆɻʆ ʂʆʄʇʃɽʂʉʋ 

ɺʣʘʜʠʩʣʘʚ ʅʘʩʪʦʷʱʠʡ  ʧʨʦʬ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 

ʉʪʘʥʽʩʣʘʚ ɼʞʠʨʤʘ ʜʦʮʝʥʪ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 

ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ɯʩʥʫʚʘʥʥʷ ʪʘ ʨʦʟʚʠʪʦʢ  ʪʝʭʥʦʢʨʘʪʠʯʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ ʚ ʪʨʝʪʴʦʤʫ ʪʠʩʷʯʦʣʽʪʪʽ ʚʠʤʘʛʘʻ  

ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʶʯʦʾ ʢʽʣʴʢʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʪʘ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʧʨʠ ʮʴʦʤʫ . 

ʥʝʚʽʜôʻʤʥʠʤʠ ʦʧʝʨʘʮʽʷʤʠ ʚ ʪʝʭʥʦʣʦʛʽʷʭ ʾʭ ʚʠʨʦʙʥʠʮʪʚʘ  ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʙʫʜʽʚʝʣʴʥʦʾ 

ʽʥʜʫʩʪʨʽʾ ʽ ʛʽʨʥʠʯʦʛʦ ʢʦʤʧʣʝʢʩʫ ʷʚʣʷʻʪʴʩʷ ʧʦʜʨʽʙʥʝʥʥʷ ʤʽʥʝʨʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɺʘʛʦʤʠʤ 

ʯʠʥʥʠʢʦʤ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʧʦʜʨʽʙʥʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ, ʟʦʢʨʝʤʘ 

ʙʘʨʘʙʘʥʥʠʭ ʤʣʠʥʽʚ,  ʷʚʣʷʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʫʤʦʚʦʾ ʬʫʪʝʨʽʚʢʠ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ. ɯʟ 

ʟʙʽʣʴʰʝʥʥʷʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʣʠʥʽʚ  ʽ ʚʽʜʧʦʚʽʜʥʦ ʟʨʦʩʪʘʥʥʷʤ ʜʽʘʤʝʪʨʽʚ  ʾʭ ʙʘʨʘʙʘʥʽʚ  ʜʦ 

6ʤ , ʟʙʽʣʴʰʠʣʘʩʴ ʚʠʩʦʪʘ ʧʘʜʽʥʥʷ ʽ ʢʽʥʝʪʠʯʥʠʭ ʝʥʝʨʛʽʷ ʤʦʣʦʣʴʥʠʭ ʢʫʣʴ. ʊʦʤʫ ʬʘʢʪʦʨʦʤ, ʱʦ 

ʚʠʟʥʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ  ʛʫʤʦʚʠʭ ʬʫʪʝʨʫʚʘʣʴʥʠʭ ʧʣʠʪ ʚ ʩʫʯʘʩʥʠʭ ʙʘʨʘʙʘʥʥʠʭ ʤʣʠʥʘʭ 

ʷʚʣʷʻʪʴʩʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʤʽʮʥʦʩʪʽ ʪʘ ʥʝʟʤʽʥʥʦʩʪʽ ʟʘʭʠʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʽʜ  ʜʽʻʶ 

ʫʜʘʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. 

 ɼʣʷ  ʧʽʜʚʠʱʝʥʥʷ ʧʨʫʞʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʦʧʦʨʫ  ʛʫʤʦʚʠʭ ʧʣʠʪ ʫʜʘʨʥʠʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʫʯʘʩʪʶ ʘʚʪʦʨʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ  [1,2]  ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ  ʛʫʤʦʚʽ  ʧʣʠʪʠ 

ʬʫʪʝʨʦʚʢʠ  ʛʝʨʤʝʪʠʯʥʠʭ ʧʦʚʽʪʨʷʥʠʭ ʧʦʨʦʞʥʠʥ. 

 ʂʦʥʩʪʨʫʢʮʽʷ (ʨʠʩ.1) ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʬʫʪʝʨʦʚʢʠ ʙʘʨʘʙʘʥʘ 1  ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʙʦʨʫ 

ʦʜʥʦʪʠʧʥʠʭ ʛʫʤʦʚʠʭ 2 ʟ ʛʝʨʤʝʪʠʯʥʠʤʠ ʧʦʚʽʪʨʷʥʠʤʠ ʧʦʨʦʞʥʠʥʘʤʠ 3.  

 

ʈʠʩʫʥʦʢ 1 - ʂʦʥʩʪʨʫʢʮʽ̫  ʛʫʤʦʚʦʾ ʬʫʪʝʨʦʚʢʠ ʟ ʛʝʨʤʝʪʠʯʥʠʤʠ ʧʦʚʽʪʨʷʥʠʤʠ ʧʦʨʦʞʥʠʥʘʤʠ 

ʂʦʞʥʘ ʧʣʠʪʘ ʟʘʙʝʟʧʝʯʝʥʘ ʤʝʪʘʣʝʚʦʶ ʧʣʘʥʢʦʶ ʜʣʷ ʢʨʽʧʣʝʥʥʷ ʧʣʠʪ ʜʦ ʙʘʨʘʙʘʥʘ. ʇʦ 

ʧʦʚʝʨʭʥʽ ʧʣʠʪ ʚʠʢʦʥʘʥʽ ʯʘʨʫʥʢʠ ʜʣʷ ʟʘʢʣʠʥʶʚʘʥʥʷ ʧʦʜʨʽʙʥʶʶʯʠʭ ʢʫʣʴ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ 

ʢʦʥʩʪʨʫʢʮʽʷ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʠ ʫʜʘʨʽ ʤʦʣʦʣʴʥʠʭ ʢʫʣʴ  ʧʦ 

ʧʦʚʝʨʭʥʽ ʬʫʪʝʨʽʚʢʠ, ʱʦ ʽʩʪʦʪʥʦ ʟʤʽʥʶʻ ʬʽʟʠʢʫ ʧʨʦʮʝʩʫ ʧʦʜʨʽʙʥʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʧʦʷʚʠ 

ʢʦʣʠʚʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʧʝʨʝʤʽʱʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ. 

ɿ ʤʝʪʦʶ ʧʦʨʽʚʥʷʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʤʽʮʥʦʩʪʽ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʣʘʙʦʨʘʪʦʨʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʤʦʜʝʣʝʡ    ʩʫʮʽʣʴʥʠʭ ʛʫʤʦʚʠʭ ʧʣʠʪ ʨʦʟʤʽʨʦʤ 280³200³80 ʤʤ  ʽ ʛʫʤʦʚʠʭ ʧʣʠʪ  ʚ ʷʢʠʭ ʧʨʠ  

ʪʘʢʠʭ ʞʝ ʛʘʙʘʨʠʪʥʠʭ ʨʦʟʤʽʨʘʭ ʚʠʢʦʥʫʚʘʣʠʩʴ ʛʝʨʤʝʪʠʯʥʽ ʧʦʚʽʪʨʷʥʽ ʧʦʨʦʞʥʠʥʠ,ʧʨʠ ʮʴʦʤʫ   

ʪʦʚʱʠʥʘ ʰʘʨʫ ʛʫʤʠ ʥʘʜ ʧʦʨʦʞʥʠʥʦʶ ʩʢʣʘʜʘʣʘ 36 ʤʤ [3]. ɸʙʩʦʣʶʪʥʠʡ ʪʠʩʢ ʧʦʚʽʪʨʷ ʚ 

ʧʦʨʦʞʥʠʥʘʭ ʩʢʣʘʜʘʚ  

0,1 ʄʇʘ. ʅʘ ʩʧʝʮʽʘʣʴʥʦʤʫ ʢʦʧʨʽ, ʷʢʠʡ  ʟʘʙʝʟʧʝʯʫʚʘʚ  ʦʜʠʥʠʯʥʠʡ ʫʜʘʨ, ʤʦʜʝʣʽ ʧʣʠʪ 

ʧʽʜʜʘʚʘʣʠʩʷ ʫʜʘʨʘʤ ʢʫʣʽ ʜʽʘʤʝʪʨʦʤ 100 ʤʤ, ʧʦʢʨʠʪʦʛʦ ʬʘʨʙʫʚʘʣʴʥʦʶ ʨʝʯʦʚʠʥʦʶ ʽ 

ʧʘʜʘʶʯʦʛʦ ʟ ʚʠʩʦʪʠ 1 ʤ. ʌʽʢʩʫʚʘʚʩʷ ʜʽʘʤʝʪʨ ʧʣʷʤʠ ʢʦʥʪʘʢʪʫ ʢʫʣʽ ʟ ʧʣʠʪʘʤʠ, ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʷʢʦʛʦ ʛʣʠʙʠʥʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʫʣʽ ʚʠʟʥʘʯʘʣʘʩʷ ʥʘʩʪʫʧʥʠʤ  ʯʠʥʦʤ: 



 

 

ɿʙʽʨʥʠʢ ʤʘʪʝʨʽʘʣʽʚ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ on-line ʢʦʥʬʝʨʝʥʮʽʾ 

 çʇʈʆɹʃɽʄʀ ɹʋɼɯɺɽʃʔʅʆɻʆ ʊɸ ʊʈɸʅʉʇʆʈʊʅʆɻʆ ʂʆʄʇʃɽʂʉɯɺè. 

100                                                             x ̝̩̝̆̎̓̑́̌̎̏̔̋̑́̎̒̋̉̊ ̨̗̝̎́̏̎́̌̎̉̊ ̨̖̘̓̆̎̎̉̊ ̨̔̎̃̆̑̒̉̓ ̆̓ 

 

( )2

max
11

2
K

D
w --= , (1) 

 ʜʝ D ï  ʜ̔ ʘʤʝʪʨ ʢʫʣʽ; 

ʂ ï ʚʽʜʥʦʰʝʥʥʷ ʜʽʘʤʝʪʨʘ ʧʣʷʤʠ ʢʦʥʪʘʢʪʫ ʜʦ ʜʽʘʤʝʪʨʘ ʢʫʣʽ. 

ɼʣʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʟʽʪʢʥʝʥʥʽ ʢʫʣʽ ʟ ʛʫʤʦʚʠʤʠ 

ʧʣʠʪʘʤʠ, ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʟʘʣʝʞʥʽʩʪʶ ʪʝʦʨʽʾ ʜʠʥʘʤʽʯʥʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ  ʩʪʠʩʢʘʥʥʷ ʧʨʫʞʥʠʭ ʪʽʣ 

[4,5]. 

ʄʘʢʩʠʤʘʣʴʥʘ ʩʠʣʘ, ʱʦ ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ  ʫʜʘʨʫ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʫ ʚʠʛʣʷʜʽ ʤʝʪʘʣʝʚʦʾ ʢʫʣʽ  

(ʽʥʜʝʢʩ 1) ʦʙ ʛʣʘʜʢʫ ʛʫʤʦʚʫ ʧʦʚʝʨʭʥʶ (ʽʥʜʝʢʩ 2) 
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ʛʣʠʙʠʥʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʫʣʽ ʚ ʧʣʦʱʠʥʫ 
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ʪʨʠʚʘʣʽʩʪʴ ʫʜʘʨʫ (ʚʽʜ ʤʦʤʝʥʪʫ ʢʦʥʪʘʢʪʫ ʜʦ ʤʦʤʝʥʪʫ ʥʘʡʙʽʣʴʰʦʛʦ ʩʪʠʩʢʘʥʥʷ) 
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ʜʝ ɽ1 ʽ ɽ2 ï ʤʦʜʫʣʽ ʧʨʫʞʥʦʩʪʽ ʪʽʣ, ʱʦ ʩʧʽʚʫʜʘʨʷʶʪʴʩʷ; 

R ï ʨʘʜʽʫʩ ʢʫʣʽ; 

r1 ï ʛʫʩʪʠʥʘ ʤʘʪʝʨʽʘʣʫ ʢʫʣʽ (ʩʪʘʣʴ); 

V1 ï ʰʚʠʜʢʽʩʪʴ ʢʫʣʽ ʧʨʠ ʚ ʤʦʤʝʥʪ ʢʦʥʪʘʢʪʫ  ʟ ʧʣʦʱʠʥʦʶ; 

n1 ̔  n2 ï ʢʦʝʬʽʮʽʻʥʪʠ ʇʫʘʩʩʦʥʘ ʜʣʷ ʤʘʪʝʨʽʘʣʫ ʢʫʣʽ ʽ ʧʣʦʱʠʥʠ (ʛʫʤʘ) ʚʽʜʧʦʚʽʜʥʦ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʟʥʘʡʜʝʥʦʾ ʛʣʠʙʠʥʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʫʣʽ ʚ ʧʣʦʱʠʥʫ 

ʚʠʟʥʘʯʘʻʤʦ ʟ ʬʦʨʤʫʣʠ (3) ʢʦʝʬʽʮʽʻʥʪʠ ʧʨʫʞʥʦʩʪʽ ʩʫʮʽʣʴʥʦʾ ʛʫʤʦʚʦʾ ʧʣʠʪʠ ʽ ʛʫʤʦʚʦʾ ʧʣʠʪʠ ʟ 

ʧʦʚʽʪʨʷʥʦʶ ʧʦʨʦʞʥʠʥʦʶ 
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ʘ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʙʯʠʩʣʝʥʽ ʧʦ ʬʦʨʤʫʣʘʭ (2) ʽ (3), ʚʠʟʥʘʯʠʤʦ ʩʠʣʫ ʫʜʘʨʫ ʽ 

ʯʘʩ ʢʦʥʪʘʢʪʫ.  

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʽ ʦʙʯʠʩʣʝʥʴ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ  1 ʽ ʥʘ ʨʠʩ.  2. 

 

ʊʘʙʣʠʮʷ 1 ï ʇʘʨʘʤʝʪʨʠ ʚʟʘʻʤʦʜʽʾ ʛʫʤʦʚʦʾ ʬʫʪʝʨʦʚʢʠ ʟ ʢʫʣʝ  ʁ

ʄʦʜʝʣʽ 

ɻʣʠʙʠʥʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʷ 

w, ʤʤ 

ʂʦʝʬʽʮʽʻʥʪ 

ʧʨʫʞʥʦʩʪʽ d 

ʏʘʩ ʢʦʥʪʘʢʪʫ t, 

ʩʝʢ 

 ʄʘʢʩʠʤʘʣʴʥʘ 

ʩʠʣʘ ʫʜʘʨʫ ʈ, ʅ 

ʉʫʮʽʣʴʥʘ ʛʫʤʦʚʘ 

ʧʣʠʪʘ 
10,77 1,818 10-3 1252 10-5 1065,2 

ɻʫʤʦʚʘ ʧʣʠʪʘ ʟ 

ʧʦʚʽʪʨʷʥʦʶ 

ʧʦʨʦʞʥʠʥʦʶ 

21,38 3,546 10-3 2440 10-5 546,1 



 

ñ ʇʨʦʙʣʝʤʠ ʙʫʜʽʚʝʣʴʥʦʛʦ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʽʚò 
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ʆʯʝʚʠʜʥʦ, ʟʘ ʨʽʚʥʠʭ ʫʤʦʚ ʥʘʚʘʥʪʘʞʝʥʥʷ  (ʢʫʣʷ ʜʽʘʤʝʪʨʦʤ 100 ʤʤ, ʚʠʩʦʪʘ ʧʘʜʽʥʥʷ 1 ʤ)  

ʯʘʩ ʢʦʥʪʘʢʪʫ ʢʫʣʽ ʟ ʧʣʠʪʦʶ,  ʚ ̫ʢʽʡ ʚʠʢʦʥʘʥʦ ʧʦʚʽʪʨʷʥʽ ʧʦʨʦʞʥʠʥʠ,  ʚʜʚʽʯʽ ʙʽʣʴʰʠʡ ʯʘʩʫ 

ʢʦʥʪʘʢʪʫ ʢʫʣʽ ʟ ʩʫʮʽʣʴʥʦʶ ʛʫʤʦʚʦʶ ʧʣʠʪʦʶ, ʱʦ ʚʽʜʧʦʚʽʜʥʦ ʚʜʚʽʯʽ ʟʥʠʞʫʻ ʤʘʢʩʠʤʘʣʴʥʫ ʩʠʣʫ 

ʫʜʘʨʫ ʽ ʢʦʥʪʘʢʪʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ  ʚʧʨʦʚʘʜʞʝʥʥʽ ʚ ʢʦʥʩʪʨʫʢʮʽʶ ʛʫʤʦʚʠʭ ʧʣʠʪ ʧʦʚʽʪʨʷʥʠʭ 

ʧʦʨʦʞʥʠʥ.  

ʤʤ ʢʛ
100

90

80

70

60

50

40

30

20

10

  4    8    12    16    20    24    28    32    36    40    44    48

2

4
3

1

5

10

15

20

25

  

 

1 ï ʩʠʣʘ ʫʜʘʨʫ ʧʨʠ ʢʦʥʪʘʢʪʽ ʢʫʣʽ ʟ  ʛʫʤʦʚʦʾ  ʧʣʠʪʦʶ; 2 ï ʛʣʠʙʠʥʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʫʣʽ ʚ ʛʫʤʦʚʫ 

ʧʣʠʪʫ; 3 ï ʩʠʣʘ ʫʜʘʨʫ ʧʨʠ ʢʦʥʪʘʢʪʽ ʢʫʣʽ ʟ  ʧʣʠʪʦʶ, ʚ ʷʢʽʡ ʚʠʢʦʥʘʥʦ ʧʦʚʽʪʨʷʥʽ ʧʦʨʦʞʥʠʥʠ ; 

4 ð ʛʣʠʙʠʥʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʫʣʽ  ʚ ʧʦʚʝʨʭʥʶ ʛʫʤʦʚʦʾ ʧʣʠʪʠ  ʟ  ʧʦʚʽʪʨʷʥʦʶ ʧʦʨʦʞʥʠʥʦʶ. 

ʈʠʩʫʥʦʢ 2 - ɿʤʽʥʝʥʥʷ ʩʠʣʠ ʫʜʘʨʫ ʈ ʽ  ʛʣʠʙʠʥʠ ʚʧʨʦʚʘʜʞʝʥʥʷ  W ʢʫʣʽ ʚ ʧʦʚʝʨʭʥʶ ʛʫʤʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʜʦʚʝʜʝʥʘ ʟʜʘʪʥʽʩʪʴ  ʛʫʤʦʚʠʭ ʧʣʠʪ ʟ ʧʦʚʽʪʨʷʥʠʤʠ ʧʦʨʦʞʥʠʥʘʤʠ ʩʧʨʠʡʤʘʪʠ 

ʫʜʘʨʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫʜʚʽʯʽ ʙʽʣʴʰʝ ʚ ʧʦʨʽʚʥʷʥʥʽ ʬʫʪʝʨʽʚʢʘʤʠ, ʚʠʢʦʥʘʥʠʤʠ ʟ ʩʫʮʽʣʴʥʠʭ 

ʛʫʤʦʚʠʭ ʧʣʠʪ ʜʘʻ ʧʽʜʩʪʘʚʫ ʜʣʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʥʷ ʾʭ ʚ  ʤʣʠʥʘʭ ʽʟ  ʜʽʘʤʝʪʨʦʤ  ʙʘʨʘʙʘʥʘ 4,5 ʤ ʽ 

ʙʽʣʴʰʝ. 
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ʛʫʤʦʚʠʭ ʬʫʪʝʨʫʚʘʣʴʥʠʭ ʧʣʠʪ ʟ ʧʦʚʽʪʨʷʥʠʤʠ ʧʦʨʦʞʥʠʥʘʤʠ. ɿʙʘʛʘʯʝʥʥʷ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ. ï ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ: 

ʅɻɸʋ  ï  1999, ˉ4, ï ʉ. 58-62. 

5. ɺ.ɸ.ʅʘʩʪʦʷʱʠʡ , ɺɺ ʗʮʫʥ.  ʇʦʨʽʚʥʷʣʴʥʘ ʦʮʽʥʢʘ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʩʪʘʣʝʚʠʭ ʽ ʛʫʤʦʚʠʭ ʧʦʢʨʠʪʪʽʚ ʧʦʚʝʨʭʦʥʴ 

ʢʦʥʩʪʨʫʢʮʽʡ ʧʽʜʧʨʠʻʤʩʪʚ ʛʽʨʥʠʯʦ-ʤʝʪʘʣʫʨʛʽʡʥʦʛʦʢʦʤʧʣʝʢʩʫ ʧʨʠ ʫʜʘʨʥʠʭ  ʥʘʚʘʥʪʘʞʝʥʥʷʭ. ɺʽʩʥʠʢ ʆʜʝʩʴʢʦʾ 

ʜʝʨʞʘʚʥʦʾ ʘʢʘʜʝʤʽʾ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ. ï 2017. ï ˉ67. ï ʉ. 43-47 
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ɿʙʽʨʥʠʢ ʤʘʪʝʨʽʘʣʽʚ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ on-line ʢʦʥʬʝʨʝʥʮʽʾ 

 çʇʈʆɹʃɽʄʀ ɹʋɼɯɺɽʃʔʅʆɻʆ ʊɸ ʊʈɸʅʉʇʆʈʊʅʆɻʆ ʂʆʄʇʃɽʂʉɯɺè. 

102                                                             x ̝̩̝̆̎̓̑́̌̎̏̔̋̑́̎̒̋̉̊ ̨̗̝̎́̏̎́̌̎̉̊ ̨̖̘̓̆̎̎̉̊ ̨̔̎̃̆̑̒̉̓ ̆̓ 

ʋɼʂ 621 926.5 

ʇɯɼɺʀʑɽʅʅʗ ʇʈʆɼʋʂʊʀɺʅʆʉʊɯ ʂʋʃʔʆɺʀʍ ʄʃʀʅɯɺ ʅɸ ʆʉʅʆɺɯ 

ɿɸʉʊʆʉʋɺɸʅʅʗ ɹʋʌɽʈʅʆɰ ɻʋʄʆɺʆɰ ʌʋʊɽʈʆɺʂʀ 

ɺʣʘʜʠʩʣʘʚ ʅʘʩʪʦʷʱʠʡ, ʧʨʦʬ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 

ʉʪʘʥʽʩʣʘʚ ɼʞʠʨʤʘ, ʜʦʮ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ʆʣʝʢʩʘʥʜʨ ʈʫʜʝʥʢʦ, ʤʘʛʽʩʪʨ ʛʨ. ɻʄ-22ʄ-2 

ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʉʫʯʘʩʥʝ ʙʫʜʽʚʥʠʮʪʚʦ ʧʦʪʨʝʙʫʻ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʷʢʽʩʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʦʩʥʦʚʫ ʷʢʠʭ ʩʢʣʘʜʘʶʪʴ ʪʦʥʢʦʜʠʩʧʝʨʩʥʽ ʽ ʧʦʨʦʰʢʦʧʦʜʽʙʥʽ ʩʫʤʽʰʽ, ʪʘʢʽ, ʷʢ ʮʝʤʝʥʪ, ʛʣʠʥʘ, ʛʽʧʩ 

ʚʘʧʥʦ, ʪʦʱʦ. 

ʗʢʽʩʪʴ ʙʘʛʘʪʴʦʭ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʥʢʦʩʪʽ ʧʦʤʦʣʫ 

ʚʠʭʽʜʥʦʾ ʩʠʨʦʚʠʥʠ. ʇʨʦʮʝʩ ʧʦʜʨʽʙʥʝʥʥʷ ʧʝʨʝʚʘʞʥʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʙʘʨʘʙʘʥʥʠʭ ʽ ʪʨʫʙʥʠʭ 

ʤʣʠʥʘʭ ʽ ʻ ʥʘʡʝʥʝʨʛʦʻʤʥʽʰʦʶ ʽ ʥʘʡʤʝʥʰ ʧʨʦʜʫʢʪʠʚʥʦʶ ʩʢʣʘʜʦʚʦʶ ʚ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ 

ʚʠʨʦʙʥʠʮʪʚʘ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʆʜʥʠʤ ʟ ʥʘʧʨʷʤʢʽʚ ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ ʧʠʪʘʥʥʷ ʩʪʦʩʦʚʥʦ ʙʘʨʘʙʘʥʥʠʭ ʽ ʪʨʫʙʥʠʭ ʤʣʠʥʽʚ ʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʫʤʦʚʠʭ ʬʫʪʝʨʦʚʦʢ ʜʣʷ ʟʘʭʠʩʪʫ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ. ʉʚʽʪʦʚʠʡ ʧʦʟʠʪʠʚʥʠʡ 

ʜʦʩʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʥʦʩʦʩʪʽʡʢʠʭ ʛʫʤ ʚ ʷʢʦʩʪʽ ʬʫʪʝʨʦʚʦʢ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʙʘʨʘʙʘʥʥʠʭ 

ʤʣʠʥʽʚ ʩʪʘʚ ʦʩʥʦʚʦʶ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʽʪ ʧʦ ʩʪʚʦʨʝʥʥʶ ʥʦʚʠʭ ʽ ʫʜʦʩʢʦʥʘʣʝʥʥʶ ʽʩʥʫʶʯʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʬʫʪʝʨʫʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʽʜʚʠʱʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʦʜʨʽʙʥʶʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ɿʜʘʪʥʽʩʪʴ ʛʫʤ ʜʦ ʚʝʣʠʢʠʭ ʦʙʦʨʦʪʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʩʪʘʣʦ ʦʩʥʦʚʦʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʾ ʛʫʤʦʚʦʾ ʬʫʪʝʨʦʚʢʠ, ʱʦ ʧʦʻʜʥʫʻ ʪʘʢʽ ʧʝʨʝʚʘʛʠ ʪʨʘʜʠʮʽʡʥʠʭ ʛʫʤʦʚʠʭ ʧʣʠʪ ʷʢ 

ʩʪʽʡʢʽʩʪʴ ʚ ʫʤʦʚʘʭ ʫʜʘʨʥʦ-ʘʙʨʘʟʠʚʥʦʛʦ ʟʥʦʩʫ, ʤʽʮʥʽʩʪʴ ʧʨʠ ʜʽʾ ʫʜʘʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʟ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʻʶ ʧʝʨʝʤʽʱʝʥʥʷ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʧʦʜʨʽʙʥʶʻʪʴʩʷ. 

ʇʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʣʠʥʽʚ ʪʘ ʪʦʥʢʦʩʪʽ ʧʦʤʦʣʫ ʤʘʪʝʨʽʘʣʫ ʤʦʞʥʘ ʜʦʩʷʛʪʠ 

ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ ʧʨʫʞʥʦʾ ʪʘ ʝʣʘʩʪʠʯʥʦʾ ʛʫʤʦʚʦʾ ʬʫʪʝʨʦʚʢʠ, ʷʢʘ ʙʫʜʝ ʩʧʨʠʷʪʠ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʝʨʝʤʽʱʝʥʥʷ ʢʫʣʴʦʚʦʛʦ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʛʫʤʦʚʘ ʬʫʪʝʨʦʚʢʘ ï ʮʝ ʥʘʙʽʨ ʦʜʥʦʪʠʧʥʠʭ ʛʫʤʦʚʠʭ ʧʣʠʪ 1, ʦʙʣʘʜʥʘʥʠʭ 

ʧʦ ʧʝʨʠʬʝʨʽʾ ʦʧʦʨʥʠʤʠ ʨʝʙʨʘʤʠ 2, ʱʦ ʫʪʚʦʨʶʶʪʴ ʧʦʚʽʪʨʷʥʠʡ ʟʘʟʦʨ 3 ʚʽʜʥʦʩʥʦ ʨʦʙʦʯʦʾ 

ʧʦʚʝʨʭʥʽ, ʦʪʨʠʤʘʣʘ ʥʘʟʚʫ ʙʫʬʝʨʥʘ ʛʫʤʦʚʘ ʬʫʪʝʨʦʚʢʘ (ʨʠʩ. 1). 

 

 

1 ï ʛʫʤʦʚʘ ʧʣʠʪʘ; 2 ï ʧʦʚʽʪʨʷʥʠʡ ʟʘʟʦʨ; 3 ï ʦʧʦʨʥʽ ʨʝʙʨʘ. 

ʈʠʩʫʥʦʢ 1 ï ɹʫʬʝʨʥʘ ʛʫʤʦʚʘ ʬʫʪʝʨʦʚʢʘ. 

 

ʈʦʟʛʣʷʜʘʻʤʦ ʢʦʞʝʥ ʝʣʝʤʝʥʪ ʬʫʪʝʨʦʚʢʠ, ʷʢ ʜʠʥʘʤʽʯʥʫ ʩʠʩʪʝʤʫ ʤʘʩʦʶ m ʽ ʯʘʩʪʦʪʦʶ 

ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ wc 
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m

C
c =ɤ                                                                (1) 

ʜʝ ʉ ï ʞʦʨʩʪʢʽʩʪʴ ʩʠʩʪʝʤʠ. 

ɾʦʨʩʪʢʽʩʪʴ ʙʫʬʝʨʥʦʾ ʬʫʪʝʨʦʚʢʠ ʤʽʩʪʠʪʴ ʪʨʠ ʩʢʣʘʜʦʚʠʭ. ʇʝʨʰʘ ʩʢʣʘʜʦʚʘ ʉʫʜ ï

 ʞʦʨʩʪʢʽʩʪʴ ʰʘʨʫ ʛʫʤʠ ʧʦ ʪʦʚʱʠʥʽ (ʫʜʘʨʥʘ ʞʦʨʩʪʢʽʩʪʴ ʛʫʤʠ). ɼʨʫʛʘ ʩʢʣʘʜʦʚʘ ï ʟʛʠʥʘʶʯʘ 

ʞʦʨʩʪʢʽʩʪʴ ʰʘʨʫ ʛʫʤʠ ʥʘʜ ʧʦʚʽʪʨʷʥʠʤ ʟʘʟʦʨʦʤ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʧʣʘʩʪʠʥʘ ʦʙʧʝʨʪʘ ʧʦ 

ʢʦʥʪʫʨʫ ʉʟʛ. ʊʨʝʪʷ ʩʢʣʘʜʦʚʘ ï ʞʦʨʩʪʢʽʩʪʴ ʧʨʫʞʥʦʾ ʦʩʥʦʚʠ ʧʣʘʩʪʠʥʠ ʉʦʩ ï ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʞʦʨʩʪʢʦʩʪʝʡ ʦʧʦʨʥʠʭ ʨʝʙʝʨ. 

ʇʨʠ ʧʦʩʣʽʜʦʚʥʦʤʫ ʟ'ʻʜʥʘʥʽ ʮʠʭ ʩʢʣʘʜʦʚʠʭ (ʨʠʩ. 2) ʩʫʤʘʨʥʘ ʞʦʨʩʪʢʽʩʪʴ ʚʠʟʥʘʯʠʪʴʩʷ 

ʟʘʣʝʞʥʽʩʪʶ 

ʦʩʟʛʫʜ ʉʉC
C

111
++=  .                                                        (2) 

 

ʉʫʜ ï ʞʦʨʩʪʢʽʩʪʴ ʰʘʨʫ ʛʫʤʠ ʧʦ ʪʦʚʱʠʥʽ; ʉʟʛ ï ʟʛʠʥʘʶʯʘ ʞʦʨʩʪʢʽʩʪʴ ʰʘʨʫ ʛʫʤʠ ʥʘʜ ʧʦʚʽʪʨʷʥʠʤ ʟʘʟʦʨʦʤ;  

ʉʨ ï ʞʦʨʩʪʢʽʩʪʴ ʦʧʦʨʥʠʭ ʨʝʙʝʨ. 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʚʟʘʻʤʦʜʽʾ ʧʘʜʘʶʯʦʛʦ ʪʽʣʘ ʟ ʙʫʬʝʨʥʦʶ ʛʫʤʦʚʦʶ ʬʫʪʝʨʦʚʢʦʶ. 

 

ɺʠʟʥʘʯʠʤʦ ʷʢʽ ʬʘʢʪʦʨʠ ʽ ʷʢʦʶ ʤʽʨʦʶ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʢʣʘʜʦʚʽ ʩʫʤʘʨʥʦʾ ʞʦʨʩʪʢʦʩʪʽ. 

ɾʦʨʩʪʢʽʩʪʴ ʰʘʨʫ ʛʫʤʠ ʧʦ ʪʦʚʱʠʥʽ ʉʫʜ (ʫʜʘʨʥʘ ʞʦʨʩʪʢʽʩʪʴ ʛʫʤʠ) ï ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʚʱʠʥʠ ʛʫʤʠ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʰʚʠʜʢʽʩʪʶ ʩʧʽʚʫʜʘʨʫ, ʟʤʽʥʶʻʪʴʩʷ ʚ 

ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʠʭ ʤʝʞʘʭ 0,15-0,3 ʄʅ/ʤ. 

ɿʛʠʥʘʶʯʘ ʞʦʨʩʪʢʽʩʪʴ ʉʟʛ ï ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʨʽʚʥʷʥʥʷ ʚʠʛʥʫʪʦʾ ʧʦʚʝʨʭʥʽ ʽ ʧʽʩʣʷ 

ʧʝʨʝʪʚʦʨʝʥʴ ʤʘʻ ʚʠʛʣʷʜ 
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ɾʦʨʩʪʢʽʩʪʴ ʧʨʫʞʥʦʾ ʦʩʥʦʚʠ ʧʣʘʩʪʠʥʠ ʉʦʩ ï ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʞʦʨʩʪʢʦʩʪʝʡ ʦʧʦʨʥʠʭ 

ʨʝʙʝʨ ʉʨ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʷʢ ʞʦʨʩʪʢʽʩʪʴ ʧʨʠʟʤʘʪʠʯʥʠʭ ʧʨʷʤʦʢʫʪʥʠʭ ʘʤʦʨʪʠʟʘʪʦʨʽʚ ʟ ʚʠʩʦʪʦʶ 

hp = h0 ï ʚʠʩʦʪʘ ʦʧʦʨʥʦʛʦ ʨʝʙʨʘ ʜʦʨʽʚʥʶʻ ʚʠʩʦʪʽ ʧʦʚʽʪʨʷʥʦʛʦ ʟʘʟʦʨʫ 
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== 21 ggb  .                                       (4) 

ʜʝ n = 4 ï ʢʽʣʴʢʽʩʪʴ ʦʧʦʨʥʠʭ ʨʝʙʝʨ. 

ʅʘ ʨʠʩʫʥʢʫ 3 ʧʨʝʜʩʪʘʚʣʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʟʛʠʥʘʶʯʦʾ ʞʦʨʩʪʢʦʩʪʽ ʧʣʘʩʪʠʥʠ ʛʫʤʠ ʤʘʨʢʠ 2529 

ʚʽʜ ʪʦʚʱʠʥʠ ʰʘʨʫ h ʜʣʷ ʨʦʟʤʽʨʽʚ ʧʣʠʪ ʘ³b: 0,5³0,5 ʤ; 1³0,5 ʤ, ʨʦʟʨʘʭʦʚʘʥʽ ʧʦ ʬʦʨʤʫʣʽ (3). ʅʘ 

ʨʠʩʫʥʢʫ 4 ʧʨʝʜʩʪʘʚʣʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʟʛʠʥʘʶʯʦʾ ʞʦʨʩʪʢʦʩʪʽ ʦʧʦʨʥʠʭ ʨʝʙʝʨ ʉʦʩ ʚʽʜ ʾʭ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ. 

 

ʉʨ 

ʉʟʛ 

ʉʨ 

ʉʫʜ 



 

 

ɿʙʽʨʥʠʢ ʤʘʪʝʨʽʘʣʽʚ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ on-line ʢʦʥʬʝʨʝʥʮʽʾ 

 çʇʈʆɹʃɽʄʀ ɹʋɼɯɺɽʃʔʅʆɻʆ ʊɸ ʊʈɸʅʉʇʆʈʊʅʆɻʆ ʂʆʄʇʃɽʂʉɯɺè. 

104                                                             x ̝̩̝̆̎̓̑́̌̎̏̔̋̑́̎̒̋̉̊ ̨̗̝̎́̏̎́̌̎̉̊ ̨̖̘̓̆̎̎̉̊ ̨̔̎̃̆̑̒̉̓ ̆̓ 

 
1 ï a x b = 0,5 ʤ ʭ 0,5 ʤ;   2 ï a x b = 1 ʤ ʭ 0,5 ʤ. 

ʈʠʩʫʥʦʢ 3 ï ɿʘʣʝʞʥʽʩʪʴ ʟʛʠʥʘʶʯʦʾ ʞʦʨʩʪʢʦʩʪʽ ʰʘʨʫ ʛʫʤʠ ʚʽʜ ʪʦʚʱʠʥʠ. 

 

 
1 ï ʰʠʨʠʥʘ ʨʝʙʨʘ 30 ʤʤ,   2 ï ʰʠʨʠʥʘ ʨʝʙʨʘ 20 ʤʤ,   3 ï ʰʠʨʠʥʘ ʨʝʙʨʘ 10 ʤʤ. 

ʈʠʩʫʥʦʢ 4 ï ɿʘʣʝʞʥʽʩʪʴ ʞʦʨʩʪʢʦʩʪʽ ʧʨʫʞʥʦʾ ʦʩʥʦʚʠ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʦʧʦʨʥʠʭ ʨʝʙʝʨ. 

 

ʏʘʩʪʦʪʘ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ ʜʣʷ ʬʫʪʝʨʫʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʧʦ ʬʦʨʤʫʣʽ (1) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʠʚʝʜʝʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʩʠʩʪʝʤʠ (2), ʦʢʨʝʤʽ ʩʢʣʘʜʦʚʽ ʷʢʦʾ 

ʧʨʠʡʥʷʪʽ ʚʽʜʧʦʚʽʜʥʦ ʟʘʣʝʞʥʦʩʪʷʤ (ʨʠʩ. 3 ʽ ʨʠʩ. 4) ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ   45...90 ʩ-1, ʱʦ 

ʧʨʘʢʪʠʯʥʦ ʩʧʽʚʧʘʜʘʻ ʟ ʯʘʩʪʦʪʦʶ ʚʠʤʫʰʝʥʠʭ ʢʦʣʠʚʘʥʴ, ʱʦ ʨʝʢʦʤʝʥʜʫʶʪʴʩʷ ʜʣʷ ʣʦʪʢʽʚ 

ʚʽʙʨʦʞʠʚʣʶʚʘʯʽʚ. ʈʦʙʦʪʘ ʬʫʪʝʨʫʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʨʝʟʦʥʘʥʩʥʦʤʫ ʨʝʞʠʤʽ ʟʘʙʝʟʧʝʯʫʻ 

ʟʙʽʣʴʰʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʛʫʤʦʚʠʭ ʧʣʠʪ ʙʝʟ ʟʙʽʣʴʰʝʥʥʷ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ 

ʚʘʥʪʘʞʦʥʝʩʫʯʦʛʦ ʦʨʛʘʥʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʽ 

ʚʽʜʧʦʚʽʜʥʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʽʙʨʦʞʠʚʣʶʚʘʯʘ. ʊʘʢʠʤ ʯʠʥʦʤ ʛʫʤʦʚʽ ʬʫʪʝʨʫʚʘʣʴʥʽ ʧʣʠʪʠ 

ʙʫʬʝʨʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʣʷ ʙʘʨʘʙʘʥʥʠʭ ʽ ʪʨʫʙʥʠʭ ʤʣʠʥʽʚ ʩʧʨʠʷʶʪʴ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʝʨʝʤʽʱʝʥʥʷ 

ʢʫʣʴʦʚʦʛʦ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ ʧʽʜʚʠʱʫʶʯʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʣʠʥʽʚ 

ʟʘ ʛʦʪʦʚʠʤ ʧʨʦʜʫʢʪʦʤ, ʪʘ ʷʢʽʩʪʴ ʛʦʪʦʚʦʾ ʩʠʨʦʚʠʥʠ. 



 

ñ ʇʨʦʙʣʝʤʠ ʙʫʜʽʚʝʣʴʥʦʛʦ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʽʚò 
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ʈɽɿʋʃʔʊɸʊʀ ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅʀʍ ɼʆʉʃɯɼɾɽʅʔ  

ʅɽʉʋʏʆɰ ɿɼɸʊʅʆʉʊɯ ʂʆʉʆʉɿɯɻʅʋʊʀʍ ʂʆʃʆʅ  

ɯɿ ɼʈɯɹʅʆɿɽʈʅʀʉʊʆɻʆ ɹɽʊʆʅʋ 

ɸʥʜʨʽʡ ʇʘʚʣʽʢʦʚ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ 

ʆʣʴʛʘ ɻʘʨʴʢʘʚʘ, ʢ.ʪ.ʥ., ʜʦʢʪʦʨʘʥʪ, olga - boiko@ukr.net 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè 

ɿʘʣʽʟʦʙʝʪʦʥʥʽ ʢʦʣʦʥʠ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʝʣʝʤʝʥʪʽʚ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ. ɰʭ 

ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʙˇʨʫʥʪʦʚʘʥʦ ʤʘʢʩʠʤʘʣʴʥʦ ʝʬʝʢʪʠʚʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʝʨʽʘʣʽʚ ʫ 

ʮʠʭ ʝʣʝʤʝʥʪʘʭ. ɿʥʘʯʥʘ ʥʝʩʫʯʘ ʟʜʘʪʥʽʩʪʴ ʢʦʣʦʥ ʧʨʠ ʩʪʠʩʢʫ ʟ ʤʘʣʠʤʠ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʘʤʠ 

ʦʙʫʤʦʚʣʝʥʘ ʚʠʩʦʢʦʶ ʤʽʮʥʽʩʪʶ ʙʝʪʦʥʫ ʥʘ ʩʪʠʢ, ʘ ʝʬʝʢʪʠʚʥʘ ʨʦʙʦʪʘ ʘʨʤʘʪʫʨʠ ʚ ʨʦʟʪʷʛʥʫʪʽʡ 

ʟʦʥʽ ʟʘʙʝʟʧʝʯʫʻ ʩʫʪʪʻʚʫ ʤʽʮʥʽʩʪʴ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʣʦʥ ʧʨʠ ʩʪʠʩʢʫ ʟ ʚʝʣʠʢʠʤʠ 

ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʘʤʠ. 

ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʜʦʩʠʪʴ ʯʘʩʪʦ ʘʨʤʫʚʘʥʥʷ ʢʦʣʦʥ ʟʜʽʡʩʥʶʻʪʴʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʟ ʦʛʣʷʜʫ ʥʘ 

ʟʥʘʯʥʠʡ ʦʧʽʨ ʙʝʪʦʥʫ ʩʪʠʩʢʫ. ʆʪʞʝ, ʧʨʠ ʥʝʚʝʣʠʢʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʥʘ ʟʘʣʽʟʦʙʝʪʦʥʥʽ ʢʦʣʦʥʠ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʽʚʥʦʤʽʮʥʦʩʪʽ ʤʽʞ ʙʝʪʦʥʦʤ ʪʘ ʘʨʤʘʪʫʨʥʠʤ ʢʘʨʢʘʩʦʤ ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʡ ʙʝʪʦʥ. ʇʝʨʝʚʘʛʘʤʠ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʫ ʩʝʨʝʜ ʽʥʰʠʭ ʻ 

ʚʠʩʦʢʘ ʷʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʛʦʪʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʥʝ ʧʨʘʢʪʠʯʥʦ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʦʛʦ 

ʦʧʦʨʷʜʞʝʥʥʷ, ʟʨʫʯʥʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʫʢʣʘʜʘʥʥʷ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ, ʚʘʨʪʽʩʪʴ ʙʝʪʦʥʫ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʛʨʘʥʽʪʥʦʛʦ ʚʽʜʩʽʚʫ ʚ ʷʢʦʩʪʽ ʷʢ ʢʨʫʧʥʦʛʦ, ʪʘʢ ʽ ʜʨʽʙʥʦʛʦ ʟʘʧʦʚʥʶʚʘʯʽʚ ʜʦʜʘʪʢʦʚʦ 

ʫʩʫʚʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʜʦʙʫʪʢʫ ʧʽʩʢʫ, ʪʠʤ ʩʘʤʠʤ ʟʙʝʨʽʛʘʶʯʠ ʟʝʤʝʣʴʥʽ ʨʝʩʫʨʩʠ. ʇʨʠ 

ʨʘʮʽʦʥʘʣʴʥʦʤʫ ʧʽʜʙʦʨʽ ʩʢʣʘʜʫ ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʡ ʙʝʪʦʥ ʟʘ ʤʽʮʥʽʩʪʶ ʥʝ ʧʦʩʪʫʧʘʻʪʴʩʷ 

ʟʚʠʯʘʡʥʦʤʫ ʚʘʞʢʦʤʫ ʙʝʪʦʥʫ, ʧʨʠʯʦʤʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ ʥʘ ʨʦʟʪʷʛ ʧʨʠ 

ʟʛʠʥʽ. ʊʘʢʽ ʙʝʪʦʥʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʧʽʜʚʠʱʝʥʦʶ ʦʜʥʦʨʽʜʥʽʩʪʶ, ʘ ʪʦʤʫ ʙʽʣʴʰ ʚʠʩʦʢʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʤʦʨʦʟʦʩʪʽʡʢʦʩʪʽ ʽ ʚʦʜʦʥʝʧʨʦʥʠʢʥʦʩʪʽ.  

ɺ ʙʘʛʘʪʴʦʭ ʜʞʝʨʝʣʘʭ, ʟʦʢʨʝʤʘ ʚ ʧʫʙʣʽʢʘʮʽʷʭ [1 ï 3], ʚʽʜʤʽʯʝʥʦ, ʱʦ ʟʘʣʽʟʦʙʝʪʦʥʥʽ ʢʦʣʦʥʠ, ʷʢ 

ʧʨʘʚʠʣʦ ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ ʢʦʩʦʛʦ ʩʪʠʩʢʘʥʥʷ, ʚʠʢʣʠʢʘʥʦʛʦ ʢʨʽʤ ʧʦʟʘʮʝʥʪʨʦʚʦʛʦ 

ʧʨʠʢʣʘʜʘʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʧʘʜʢʦʚʠʤʠ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʘʤʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚʽʜ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʬʘʢʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ ʥʝʪʦʯʥʦʩʪʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʘʨʤʘʪʫʨʠ, ʥʝʪʦʯʥʦʩʪʽ ʤʦʥʪʘʞʫ, 

ʣʦʢʘʣʴʥʽ ʧʦʰʢʦʜʞʝʥʥʷ ʪʘ ʽʥʰʠʭ. ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʢʦʣʦʥʠ, ʟʘʟʚʠʯʘʡ, ʨʦʟʨʘʭʦʚʫʶʪʴ ʥʘ ʜʽʶ 

ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʽʚ ʫ ʚʟʘʻʤʥʦ ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʧʣʦʱʠʥʘʭ ʦʢʨʝʤʦ. ɹʽʣʴʰ ʪʦʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʨʦʟʨʘʭʫʥʢʫ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʚʠʢʦʥʫʶʯʠ ʨʦʟʨʘʭʫʥʦʢ ʥʘ ʜʽʶ ʢʦʩʦʛʦ ʩʪʠʩʢʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ 

ʽʩʥʫʶʪʴ ʧʝʚʥʽ ʩʢʣʘʜʥʦʱʽ, ʦʙʫʤʦʚʣʝʥʽ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʶ ʬʦʨʤ ʩʪʠʩʥʫʪʦʾ ʟʦʥʠ ʙʝʪʦʥʫ, ʜʣʷ 

ʢʦʞʥʦʾ ʟ ʷʢʠʭ ʨʦʟʨʘʭʫʥʦʢ ʤʘʪʠʤʝ ʩʚʦʾ ʦʩʦʙʣʠʚʦʩʪʽ [3]. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʱʦʜʦ 

ʤʽʮʥʦʩʪʽ ʢʦʩʦʩʪʠʩʥʫʪʠʭ ʢʦʣʦʥ ʽʟ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʫ ʦʙʤʘʣʴ. ʊʦʤʫ ʜʣʷ ʘʧʨʦʙʘʮʽʾ 

ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʨʦʟʨʘʭʫʥʢʫ [3] ʪʘ ʚʠʚʯʝʥʥʷ ʨʦʙʦʪʠ ʢʦʣʦʥ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʘ ʪʘʢʦʞ 

ʦʪʨʠʤʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʢʦʣʦʥʠ ʧʽʜ ʯʘʩ ʨʫʡʥʫʚʘʥʥʷ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʢʦʩʦʩʪʠʩʥʫʪʠʭ ʢʦʣʦʥ. 

ɹʫʣʦ ʚʠʛʦʪʦʚʣʝʥʦ 6 ʟʨʘʟʢʽʚ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʣʦʥ ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʨʦʬʽʣʶ ʟ 

ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʫ. ʋʩʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʢʦʣʦʥʠ ʤʘʣʠ ʜʦʚʞʠʥʫ 1 ʤ ʪʘ ʧʨʦʝʢʪʥʽ 

ʨʦʟʤʽʨʠ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ 125ʭ125 ʤʤ. ʂʦʥʩʪʨʫʢʮʽʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʨʘʟʢʽʚ ʥʘʚʝʜʝʥʘ 

ʥʘ ʨʠʩʫʥʢʫ 1. 

ɼʦʩʣʽʜʥʽ ʢʦʣʦʥʠ ʧʦʜʽʣʝʥʽ ʥʘ ʜʚʽ ʩʝʨʽʾ ʟʘʣʝʞʥʦ ʚʽʜ ʜʽʘʤʝʪʨʘ ʧʦʟʜʦʚʞʥʴʦʾ ʨʦʙʦʯʦʾ 

ʘʨʤʘʪʫʨʠ. ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʘʨʢʘʩʽʚ ʚ ʷʢʦʩʪʽ ʨʦʙʦʯʦʾ ʧʦʚʟʜʦʚʞʥʴʦʾ ʘʨʤʘʪʫʨʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʘʨʤʘʪʫʨʘ ʢʣʘʩʫ ɸ240ʉ ʜʽʘʤʝʪʨʘʤʠ 8 ʪʘ 10 ʤʤ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʘ ʘʨʤʘʪʫʨʘ 

ʢʣʘʩʫ ɸ240ʉ ʜʽʘʤʝʪʨʦʤ 6 ʤʤ. 

ʈʦʙʦʯʘ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʘ ʘʨʤʘʪʫʨʘ ʟʨʘʟʢʽʚ ʟôʻʜʥʫʚʘʣʘʩʷ ʤʽʞ ʩʦʙʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚôʷʟʘʣʴʥʦʛʦ ʜʨʦʪʫ ʫ ʧʨʦʩʪʦʨʦʚʽ ʚôʷʟʘʥʽ ʢʘʨʢʘʩʠ. ʇʽʩʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʘʨʢʘʩʽʚ ʥʘ ʨʦʙʦʯʽ 



 

 

ɿʙʽʨʥʠʢ ʤʘʪʝʨʽʘʣʽʚ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ on-line ʢʦʥʬʝʨʝʥʮʽʾ 

 çʇʈʆɹʃɽʄʀ ɹʋɼɯɺɽʃʔʅʆɻʆ ʊɸ ʊʈɸʅʉʇʆʈʊʅʆɻʆ ʂʆʄʇʃɽʂʉɯɺè. 

106                                                             x ̝̩̝̆̎̓̑́̌̎̏̔̋̑́̎̒̋̉̊ ̨̗̝̎́̏̎́̌̎̉̊ ̨̖̘̓̆̎̎̉̊ ̨̔̎̃̆̑̒̉̓ ̆̓ 

ʧʦʟʜʦʚʞʥʽ ʘʨʤʘʪʫʨʥʽ ʩʪʝʨʞʥʽ ʚ ʩʝʨʝʜʥʽʡ ʾʭ ʯʘʩʪʠʥʽ ʟ ʜʽʘʤʝʪʨʘʣʴʥʦ ʧʨʦʪʠʣʝʞʥʠʭ ʩʪʦʨʽʥ 

ʥʘʢʣʝʶʚʘʣʠʩʷ ʝʣʝʢʪʨʦʪʝʥʟʦʜʘʪʯʠʢʠ ʦʧʦʨʫ ʟ ʙʘʟʦʶ 20 ʤʤ.  

 
ʈʠʩʫʥʦʢ 1 ï ʂʦʥʩʪʨʫʢʮʽʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʨʘʟʢʽʚ ʢʦʣʦʥ 

 

ɹʝʪʦʥʫʚʘʥʥʷ ʢʦʣʦʥ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ. ɿ ʦʜʥʦʛʦ ʟʘʤʽʩʫ ʚʠʛʦʪʦʚʣʷʣʦʩʴ 6 

ʢʦʣʦʥ, ʘ ʪʘʢʦʞ 3 ʧʨʠʟʤʠ ʨʦʟʤʽʨʘʤʠ 150ʭ150ʭ600 ʤʤ. ʇʨʠʟʤʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʚ 

ʧʦʜʘʣʴʰʦʤʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʝʪʦʥʫ. 

ɼʨʽʙʥʦʟʝʨʥʠʩʪʘ ʙʝʪʦʥʥʘ ʩʫʤʽʰ ʜʣʷ ʢʦʣʦʥ ʚʠʛʦʪʦʚʣʷʣʘʩʴ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʙʝʪʦʥʦʟʤʽʰʫʚʘʯʘ. ɺ ʷʢʦʩʪʽ ʚôʷʞʫʯʦʾ ʨʝʯʦʚʠʥʠ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ 

ʤʘʨʢʠ ʄ400 ʚʠʛʦʪʦʚʣʝʥʠʡ ʥʘ ʟʘʚʦʜʽ ʚ ʤ. ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ. ɺ ʷʢʦʩʪʽ ʜʨʽʙʥʦʛʦ ʪʘ ʢʨʫʧʥʦʛʦ 

ʟʘʧʦʚʥʶʚʘʯʘ ʚʠʢʦʨʠʩʪʘʥʠʡ ʛʨʘʥʚʽʜʩʽʚ ʬʨʘʢʮʽʾ 0 ï 5 ʤʤ. ʇʽʩʣʷ ʚʢʣʘʜʘʥʥʷ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʚ 

ʤʝʪʘʣʝʚʫ ʦʧʘʣʫʙʢʫ, ʚʦʥʘ ʫʱʽʣʴʥʶʚʘʣʘʩʴ ʛʣʠʙʠʥʥʠʤ ʚʽʙʨʘʪʦʨʦʤ. 

ɿʘʙʝʪʦʥʦʚʘʥʽ ʟʨʘʟʢʠ ʚʠʪʨʠʤʫʚʘʣʠʩʷ 28 ʜʽʙ ʚ ʤʝʪʘʣʝʚʽʡ ʦʧʘʣʫʙʮʽ ʚ ʫʤʦʚʘʭ ʧʨʠʨʦʜʥʦʛʦ 

ʪʚʝʨʜʽʥʥʷ ʫ ʚʦʣʦʛʦʤʫ ʩʪʘʥʽ. ʂʦʣʦʥʠ, ʱʦ ʜʦʩʷʛʣʠ ʚʽʢʫ 30 ï 40 ʜʽʙ, ʛʦʪʫʚʘʣʠʩʷ ʜʦ 

ʚʠʧʨʦʙʫʚʘʥʥʷ. ʇʽʩʣʷ ʧʨʦʩʫʰʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʢʦʣʦʥ ʥʘ ʙʝʪʦʥ ʫ ʟʦʥʽ ʤʦʞʣʠʚʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʧʦ 

ʚʩʴʦʤʫ ʧʝʨʠʤʝʪʨʫ ʧʝʨʝʨʽʟʫ ʢʦʣʦʥ ʥʘʢʣʝʶʚʘʣʠʩʴ ʪʝʥʟʦʨʝʟʠʩʪʦʨʠ ʟʘ ʙʘʟʦʶ 50 ʤʤ. ʇʦʧʝʨʝʜʥʴʦ 

ʧʦʚʝʨʭʥʷ ʙʝʪʦʥʫ ʙʫʣʘ ʚʽʜʰʣʽʬʦʚʘʥʘ, ʟʥʝʞʠʨʝʥʘ ʨʦʟʯʠʥʥʠʢʦʤ ʽ ʧʨʦˇʨʫʥʪʦʚʘʥʘ ʢʣʝʻʤ ɹʌ-2.  

ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʟʦʚʥʽʰʥʷ ʧʦʚʝʨʭʥʷ ʢʦʣʦʥ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ 

ʙʝʪʦʥʫ ʪʘ ʡʦʛʦ ʨʝʪʝʣʴʥʦʛʦ ʫʱʽʣʴʥʝʥʥʷ ʙʫʣʘ ʦʜʥʦʨʽʜʥʦʶ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ ʧʦʨ ʽ 

ʢʘʚʝʨʥ. ʆʪʞʝ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʛʦ ʙʝʪʦʥʫ ʚ ʢʦʥʩʪʨʫʢʮʽʷʭ ʤʽʥʽʤʽʟʫʻ ʚʠʪʨʘʪʠ ʥʘ ʾʭ 

ʦʧʦʨʷʜʞʝʥʥʷ. 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʨʘʟʢʽʚ ʢʦʣʦʥ ʥʘ ʜʽʶ ʢʦʩʦʛʦ ʩʪʠʩʢʫ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʥʘ 

ʛʽʜʨʘʚʣʽʯʥʦʤʫ ʧʨʝʩʽ ʇɻ-125. ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʥʷʤ ʚʠʧʨʦʙʫʚʘʥʴ ʢʦʣʦʥʘ ʫʩʪʘʥʦʚʣʶʚʘʚʩʷ ʥʘ 

ʨʦʙʦʯʫ ʧʣʠʪʫ ʧʨʝʩʘ, ʮʝʥʪʨʫʚʘʣʘʩʷ ʧʦ ʛʝʦʤʝʪʨʠʯʥʽʡ ʦʩʽ, ʘ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʢʦʣʦʥʠ 

ʚʩʪʘʥʦʚʣʶʚʘʚʩʷ ʰʘʨʥʽʨ, ʷʢʠʡ ʧʝʨʝʜʘʚʘʚ ʩʠʣʫ ʟ ʜʚʦʤʘ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʘʤʠ ʚʽʜʥʦʩʥʦ ʦʩʝʡ 

ʽʥʝʨʮʽʾ ʧʝʨʝʨʽʟʫ ʢʦʣʦʥʠ. ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʚʠʢʦʥʫʚʘʣʦʩʴ ʪʘʨʫʚʘʥʥʷ ʰʢʘʣʠ ʧʨʝʩʘ ʧʦʜʘʯʝʶ 

ʤʘʩʪʠʣʘ ʚ ʧʦʨʰʝʥʴ ʨʦʙʦʯʦʾ ʧʣʠʪʠ, ʜʦ ʪʠʭ ʧʽʨ ʢʦʣʠ ʩʪʨʽʣʢʘ ʥʘ ʰʢʘʣʽ ʧʨʝʩʘ ʥʝ ʟʘʡʥʷʣʘ ʥʫʣʴʦʚʝ 

ʧʦʣʦʞʝʥʥʷ. ʅʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʟʨʘʟʦʢ ʧʝʨʝʜʘʚʘʣʦʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʝʨʭʥʴʦʾ ʨʫʭʦʤʦʾ ʧʣʠʪʠ 

ʧʨʝʩʘ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʨʠʢʣʘʜʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʧʨʠʡʥʷʪʠʤʠ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʘʤʠ 

ʚʽʜʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2. ʅʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠʢʣʘʜʘʣʦʩʴ ʩʪʫʧʝʥʷʤʠ ʥʝ ʙʽʣʴʰʝ 10% ʚʽʜ 

ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʨʫʡʥʽʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʅʘ ʧʦʯʘʪʢʫ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʝʣʠʯʠʥʘ ʩʪʫʧʝʥʽʚ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʢʣʘʜʘʣʘ 5% ʚʽʜ ʨʫʡʥʽʚʥʦʛʦ. ɿʘʛʘʣʴʥʠʡ ʯʘʩ ʚʠʧʨʦʙʫʚʘʥʥʷ ʦʜʥʽʻʾ ʢʦʣʦʥʠ 

ʩʢʣʘʜʘʚ 1 ï 1,5 ʛʦʜʠʥʠ. 

ɼʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʢʦʣʦʥ ʽʟ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʫ ʥʘ ʛʨʘʥʽʪʥʦʤʫ 

ʚʽʜʩʽʚʽ ʙʫʣʠ ʧʦʨʽʚʥʷʥʽ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʫ ʤʽʮʥʦʩʪʽ ʢʦʣʦʥ ʥʘ ʢʦʩʠʡ ʩʪʠʩʢ ʟʘ 

ʤʝʪʦʜʠʢʦʶ, ʨʦʟʨʦʙʣʝʥʦʶ ʚ [3] ʜʣʷ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʚʘʞʢʦʛʦ ʙʝʪʦʥʫ. ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ 

ʟʘʩʪʦʩʦʚʘʥʽ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʽ ʧʝʨʝʜʫʤʦʚʠ ʟʘ ʯʠʥʥʠʤʠ ʥʦʨʤʘʪʠʚʥʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʟ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ [4] (ʪʘʙʣ. 1). 

 



 

ñ ʇʨʦʙʣʝʤʠ ʙʫʜʽʚʝʣʴʥʦʛʦ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʽʚò 
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a)                                                                                  ʙ) 

 
ʈʠʩʫʥʦʢ 2 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʟʨʘʟʢʘ ʚ ʧʨʦʮʝʩʽ ʚʠʧʨʦʙʫʚʘʥʥʷ (a) ʪʘ ʩʭʝʤʘ ʡʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ (ʙ): 1 ï ʧʣʠʪʠ 

ʧʨʝʩʘ; 2 ï ʰʘʨʥʽʨ; 3 ï ʜʦʩʣʽʜʥʠʡ ʟʨʘʟʦʢ 

 

ʊʘʙʣʠʮʷ 1 ï ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʤʽʮʥʦʩʪʽ ʢʦʩʦʩʪʠʩʥʫʪʠʭ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʣʦʥ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ 

 

ʉʪʘʪʠʩʪʠʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʂʫʪ ʥʘʭʠʣʫ 

ʥʝʡʪʨʘʣʴʥʦʾ ʣʽʥʽʾ, ɗÜ 

ɺʠʩʦʪʘ ʩʪʠʩʥʫʪʦʾ 

ʟʦʥʠ ʙʝʪʦʥʫ ʭ, ʤʤ 

ʈʫʡʥʽʚʥʘ ʧʦʟʜʦʚʞʥʷ 

ʩʠʣʘ N, ʢʅ 

ʄʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ 0,9318 1,1345 0,9047 

ʉʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ 0,1063  0,0557 0,0501 

ɼʠʩʧʝʨʩʽʷ 0,0158  0,0066 0,0046 

ʉʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ 0,1257  0,0812 0,0678 

ʂʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ 0,1349  0,0716 0,0749 

 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʢʦʣʦʥ ʽʟ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ 

ʙʝʪʦʥʫ ʥʘ ʢʦʩʠʡ ʩʪʠʩʢ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘʩʪʫʧʥʝ: 

1. ʇʨʦʚʝʜʝʥʠʡ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʜʦʩʣʽʜʥʠʭ ʢʦʩʦʟʽʛʥʫʪʠʭ ʢʦʣʦʥ ʚ ʤʦʤʝʥʪ ʨʫʡʥʫʚʘʥʥʷ ʧʽʜʪʚʝʨʜʞʫʻ 

ʤʦʞʣʠʚʽʩʪʴ ʽ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʦʚʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʤʽʮʥʦʩʪʽ ʥʘ 

ʢʦʩʠʡ ʩʪʠʩʢ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʢʦʣʦʥ ʽʟ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʫ. 

2. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʛʨʘʥʽʪʥʦʛʦ ʚʽʜʩʽʚʫ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʫ ʢʦʩʦʩʪʠʩʥʫʪʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʣʦʥ. ɺ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥ ɹʤʽʮʥʦʩʪʽ ʪʘ 

ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʽ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʫ ʥʝ ʚʠʷʚʣʝʥʦ ʦʩʦʙʣʠʚʦʩʪʝʡ, ʢʦʪʨʽ ʙ ʧʝʨʝʰʢʦʜʞʘʣʠ 

ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʶ ʚ ʷʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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ʉʝʨʛʽʡ ɺʦʣʦʰʠʥ, ʤʘʛʽʩʪʨʘʥʪ  

ʇʨʠʜʥʽʧʨʦʚʩʴʢʘ ʜʝʨʞʘʚʥʘ ʘʢʘʜʝʤʽʷ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʦʥʽʯʥʠʭ ʧʫʩʪʦʪʽʣʠʭ ʮʽʣʴʥʦʬʦʨʤʦʚʘʥʠʭ ʙʝʪʦʥʥʠʭ ʙʣʦʢʽʚ, ʧʨʠ ʟʚʝʜʝʥʥʽ 

ʙʫʜʽʚʝʣʴ ʥʝʚʝʣʠʢʦʾ ʝʪʘʞʥʦʩʪʽ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʣʘʩʠʯʥʠʤʠ ʚʠʜʘʤʠ ʪʘ ʩʧʦʩʦʙʘʤʠ ʚʣʘʰʪʫʚʘʥʥʷ 

ʬʫʥʜʘʤʝʥʪʽʚ ʜʦʟʚʦʣʷʻ ʚ 3é4 ʨʘʟʠ ʩʢʦʨʦʪʠʪʠ ʦʙôʻʤ ʟʝʤʣʷʥʠʭ ʨʦʙʽʪ ʪʘ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ 

ʚʠʪʨʘʪʠ ʙʝʪʦʥʫ, ʘʨʤʘʪʫʨʠ, ʪʨʫʜʦʚʠʪʨʘʪʠ, ʽ ʢʦʰʪʦʨʠʩʥʫ ʚʘʨʪʽʩʪʴ ʨʦʙʽʪ ʥʫʣʴʦʚʦʛʦ ʮʠʢʣʫ ʥʘ 

40%. [1 ï 4]. 

ʇʨʠ ʟʘʥʫʨʝʥʥʽ ʙʝʪʦʥʥʠʭ ʙʣʦʢʽʚ ʧʽʜ ʥʠʤʠ ʽ ʥʘʚʢʦʣʦ ʥʠʭ ʫʪʚʦʨʶʻʪʴʩʷ ʫʱʽʣʴʥʝʥʘ ʟʦʥʘ ʟ 

ʧʽʜʚʠʱʝʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʽʮʥʦʩʪʽ, ʟʘ ʨʘʭʫʥʦʢ ʯʦʛʦ ʽʩʪʦʪʥʦ ʧʽʜʚʠʱʫʻʪʴʩʷ ʾʭ ʥʝʩʫʯʘ 

ʟʜʘʪʥʽʩʪʴ [1 ï 4]. 

ɿ ʤʝʪʦʶ ʟʙʽʣʴʰʝʥʥʷ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʟʘʥʫʨʶʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʨʠ ʟʚʝʜʝʥʥʽ ʥʫʣʴʦʚʦʛʦ 

ʮʠʢʣʫ ʨʽʟʥʠʭ ʩʧʦʨʫʜ ʫ ˇʨʫʥʪʘʭ 1 ʽ 11 ʢʘʪʝʛʦʨʽʾ ʧʦ ʧʨʦʩʘʜʦʯʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʟʙʽʣʴʰʝʥʥʷ 

ʨʦʟʤʽʨʽʚ ʫʱʽʣʴʥʝʥʦʾ ʟʦʥʠ ʧʽʜ ʦʩʥʦʚʦʶ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʠ ʱʦʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʫʱʽʣʴʥʝʥʦʾ ʟʦʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʤʠʢʘʶʯʦʛʦ ʩʝʨʜʝʯʥʠʢʘ, ʷʢʠʡ ʷʚʣʷʻ ʩʦʙʦʶ 

ʚʝʨʪʠʢʘʣʴʥʫ ʪʨʫʙʫ ʟ ʪʨʘʤʙʫʶʯʦʾ ʧʣʠʪʦʶ, ʱʦ ʟʘʢʨʠʚʘʻ ʦʪʚʽʨ ʚ ʦʩʥʦʚʽ ʙʝʪʦʥʥʦʛʦ ʙʣʦʢʫ ʪʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʥʫʩʥʦʾ ʥʘʩʘʜʢʠ ʟ ʨʘʮʽʦʥʘʣʴʥʠʤ ʢʫʪʦʤ ʟʘʛʦʩʪʨʝʥʥʷ, ʷʢʘ ʨʦʟʩʫʚʘʶʯʠ ˇʨʫʥʪ ʚ 

ʙʦʢʠ ʤʦʞʝ ʧʽʜʚʠʱʠʪʠ ʥʝʩʫʯʫ ʟʜʘʪʥʽʩʪʴ ʙʝʪʦʥʥʦʛʦ ʙʣʦʢʫ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʟʘʥʫʨʝʥʥʷ ʢʦʥʽʯʥʠʭ ʙʣʦʢʽʚ ʫ ʨ̌ʫʥʪ, ʧʨʦʚʦʜʠʣʠʩʷ ʚ ʙʝʟʧʦʩʝʨʝʜʥʽʡ 

ʙʣʠʟʴʢʦʩʪʽ ʚʽʜ ʟʚʝʜʝʥʠʭ ʙʫʜʠʥʢʽʚ ʽ ʩʧʦʨʫʜ ʥʘ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʡʜʘʥʯʠʢʘʭ ʚ ʤʽʩʮʷʭ ʭʘʨʘʢʪʝʨʥʠʭ ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʛʝʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ ʽ ʦʩʥʦʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ˇʨʫʥʪʫ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ 

ʙʫʜʽʚʝʣʴʥʦʛʦ ʤʘʡʜʘʥʯʠʢʘ. ɼʣʷ ʟôʷʩʫʚʘʥʥʷ ʷʢʽʩʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʽ ʬʽʟʠʯʥʦʾ ʩʫʪʥʦʩʪʽ ʧʨʦʮʝʩʫ 

ʟʘʥʫʨʝʥʥʷ ʢʦʥʽʯʥʠʭ ʙʣʦʢʽʚ ʚ ʥʘʪʫʨʥʠʭ ʫʤʦʚʘʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʠʡ ʩʪʝʥʜ 

[5]. 

ɿʘʥʫʨʝʥʥʷ ʙʝʪʦʥʥʠʭ ʙʣʦʢʽʚ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʩʪʘʪʠʯʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʷʢʠʡ ʥʘ ʜʘʥʦʤʫ 

ʝʪʘʧʽ ʷʚʣʷʻʪʴʩʷ ʙʽʣʴʰ ʧʨʦʛʨʝʩʠʚʥʠʤ. ʇʨʠ ʮʴʦʤʫ ʟʫʩʠʣʣʷ, ʷʢʝ ʨʦʟʚʠʚʘʻ ʤʘʰʠʥʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʤʝʞʘʭ 100é120 ʪ ʽ ʙʽʣʴʰʝ. 

ʆʧʽʨ ˇʨʫʥʪʫ ʧʨʠ ʟʘʥʫʨʝʥʥʽ ʙʝʪʦʥʥʠʭ ʙʣʦʢʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʪʫʧʝʥʝʤ ʡʦʛʦ ʫʱʽʣʴʥʝʥʥʷ, 

ʨʦʟʤʽʨʘʤʠ ʫʱʽʣʴʥʝʥʦʾ ʟʦʥʠ, ʤʽʮʥʽʩʪʶ ʪʘ ʜʝʬʦʨʤʘʮʽʡʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ˇʨʫʥʪʫ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚ ʫʤʦʚʘʭ ʨʽʟʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʡʜʘʥʯʠʢʽʚ, 

ʚʠʚʯʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʣʽʩʦʚʠʜʥʠʭ ʽ ʛʣʠʥʠʩʪʠʭ ˇʨʫʥʪʽʚ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʧʣʦʱʽ ʥʠʞʥʴʦʾ 

ʦʩʥʦʚʠ, ʱʦ ʜʦʨʽʚʥʶʻ 0,2é0,3 ʤ2 ʫʱ̔ ʣʴʥʝʥʘ ʟʦʥʘ ʧʦʰʠʨʶʻʪʴʩʷ ʥʘ ʛʣʠʙʠʥʫ 0,8 ʤ ʚʽʜ ʥʠʞʥʴʦʛʦ 

ʟʨʽʟʫ ʙʣʦʢʫ. 

ɿʘ ʩʚʦʻʶ ʬʦʨʤʦʶ ʫʱʽʣʴʥʝʥʘ ʟʦʥʘ ʚ ʨʽʟʥʠʭ ˇʨʫʥʪʘʭ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʝʣʽʧʩʦʾʜʘ 

ʦʙʝʨʪʘʥʥʷ ʚʝʣʠʢʘ ʚʽʩʴ ʷʢʦʛʦ ʟʙʽʛʘʻʪʴʩʷ ʟ ʚʝʨʪʠʢʘʣʴʥʦʶ ʚʽʩʩʶ ʙʣʦʢʫ. ʇʨʠ ʮʴʦʤʫ ʽʩʪʦʪʥʘ 

ʯʘʩʪʠʥʘ ʫʱʽʣʴʥʝʥʦʾ ʟʦʥʠ ʬʦʨʤʫʻʪʴʩʷ ʧʽʜ ʦʩʥʦʚʦʶ ʙʣʦʢʫ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʟʘʤʠʢʘʶʯʦʛʦ ʩʝʨʜʝʯʥʠʢʘ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ 

ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʥʘ 10é15%. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʥʫʩʦʧʦʜʽʙʥʽ ʥʘʩʘʜʢʠ 

(ʨʠʩ. 1). ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʽʚ ʟ ʨʽʟʥʠʤʠ ʥʘʩʘʜʢʘʤʠ ʟ ʢʫʪʦʤ ʧʨʠ ʚʝʨʰʠʥʽ ʢʦʥʫʩʘ ʨʽʚʥʦʤʫ 600, 
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700, 800, 900 1000, 1100, 1200 (ʨʠʩ. 2) ʚʠʷʚʣʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰʠʡ ʧʨʠʨʽʩʪ ʦʙôʻʤʫ ʫʱʽʣʴʥʝʥʦʾ 

ʟʦʥʠ ʜʣʷ ʱʽʣʴʥʠʭ ˇʨʫʥʪʽʚ ʜʘʻ ʥʘʩʘʜʢʘ ʟ ʢʫʪʦʤ ʧʨʠ ʚʝʨʰʠʥʽ ʨʽʚʥʠʤ 900 é950, ʘ ʜʣʷ ʧʨʦʩʘʜʥʠʭ 

ˇʨʫʥʪʽʚ ʟ ʢʫʪʦʤ ʧʨʠ ʚʝʨʰʠʥʽ ʨʽʚʥʠʤ 1000 é1100 (ʨʠʩ. 2). ʇʨʠ ʟʥʘʯʝʥʥʷʭ ʢʫʪʘ ʤʝʥʰʝ 600 ʷʜʨʦ 

ʫʱʽʣʴʥʝʥʥʷ ʧʨʘʢʪʠʯʥʦ ʥʝ ʫʪʚʦʨʶʻʪʴʩʷ, ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʪʽʩʥʝʥʥʷ ʯʘʩʪʠʥʦʢ 

ˇʨʫʥʪʫ ʚ ʩʪʦʨʦʥʠ ʚʽʜ ʚʝʨʪʠʢʘʣʴʥʦʾ ʦʩʽ [2, 6]. 
 

 

ʈʠʩʫʥʦʢ. 1. ʂʦʥʩʪʨʫʢʮʽʾ ʢʦʥʫʩʦʧʦʜʽʙʥʠʭ ʥʘʩʘʜʦʢ 

 
ʈʠʩʫʥʦʢ 2. ɿʘʣʝʞʥʽʩʪʴ ʜʽʘʤʝʪʨʘ ʫʱʽʣʴʥʝʥʦʛʦ ʷʜʨʘ dʷ ʚʽʜ ʢʫʪʘ a ʧʨʠ ʚʝʨʰʠʥʽ ʢʦʥʫʩʦʧʦʜʽʙʥʦʾ ʥʘʩʘʜʢʠ, 1 ï ʜʣʷ 

ʱʽʣʴʥʠʭ ˇʨʫʥʪʽʚ; 2 ï ʜʣʷ ʧʨʦʩʘʜʥʠʭ ˇʨʫʥʪʽʚ 

ɺʠʩʥʦʚʢʠ 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʟʘʥʫʨʝʥʥʷ ʚ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʛʦ 

ʩʪʝʥʜʫ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʪʝ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʟʘʥʫʨʝʥʥʷ ʙʝʪʦʥʥʠʭ ʢʦʥʽʯʥʠʭ ʙʣʦʢʽʚ 

ʥʘʚʢʦʣʦ ʥʠʭ ʽ ʚ ʦʩʥʦʚʽ ʬʦʨʤʫʻʪʴʩʷ ʫʱʽʣʴʥʝʥʘ ʟʦʥʘ ʟ ʧʽʜʚʠʱʝʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʤʽʮʥʦʩʪʽ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʫʱʽʣʴʥʝʥʦʾ ʟʦʥʠ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʛʦ ʦʙôʻʤʫ 

ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʥʫʩʦʧʦʜʽʙʥʽ ʥʘʩʘʜʢʠ. ʆʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʢʫʪʘ ʧʨʠ ʚʝʨʰʠʥʽ 

ʢʦʥʫʩʦʧʦʜʽʙʥʦʾ ʥʘʩʘʜʢʠ ʜʦʨʽʚʥʶʻ: ʜʣʷ ʱʽʣʴʥʠʭ ˇʨʫʥʪʽʚ 90...950, ʜʣʷ ʧʨʦʩʘʜʥʠʭ 100...1100. 
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