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ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʪʝʣʣʫʨʠʜʘ ʛʝʨʤʘʥʠʷ ʚ ʩʝʛʥʝʬʘʪʦʟʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠ ʨʘʟ-

ʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘéééééééééé. 884 

ɽ.ɸ. ʉʫʭʦʨʫʢʦʚʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʨʘʝʢʪʦʨʠʠ ʮʝʥʪʨʘ ʦʢʨʫʞʥʦʩʪʠ, ʜʚʠʞʫʱʝʡʩʷ ʚʜʦʣʴ 

ʧʣʦʩʢʦʡ ʢʨʠʚʦʡééééééééééééééééééééééééééééé. 891 

ʄ.ʊ. ʊʫʨʛʫʥʙʘʝʚ,
 
ʄ.ʄ. ʉʘʬʘʨʦʚ, ʍ.ʍ. ʆʡʤʘʪʦʚʘ,

 
ʄʘʭʤʘʜʘʣʠʠ ʂʫʨʙʦʥʘʣʠ, ɿ.ʂ. 

ʍʫʩʝʡʥʦ, ʐ.ʈ. ʉʘʬʘʨʦʚ, ʐ.ʅ. ɿʘʨʜʘʢʦʚ. ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʥʘ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʚʷʟʢʦʩʪʴ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʘʵʨʦʟʠʥʘ 

ʠ ʜʠʤʝʪʠʣʛʠʜʨʘʟʠʥʘééééééééééééééééééééééééééé. 897 
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ʉʝʢʮʠʷ 8 ʕʢʦʥʦʤʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʚ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ 
 

ʋ.ɸ. ɸʙʜʫʣʣʘʝʚ. ʅʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʪʦʨʛʦʚʣʝééééééééééééééééééééééééé.. 901 

ʀ.ʈ. ɸʥʪʠʙʘʩ, ɸ.ɻ. ɼʴʷʯʝʥʢʦ, ʊ.ʇ. ʉʘʚʦʩʪʠʥʘ. ʅʦʚʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʠʥʪʝʛʨʘʮʠʠ 

ʩʪʘʥʜʘʨʪʘ ʐʝʩʪʴ ʉʠʛʤʘ ʠ ʩʪʘʥʜʘʨʪʘ ʤʝʥʝʜʞʤʝʥʪʘ ʢʘʯʝʩʪʚʘ ISO 9000 ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩʦ ʩʪʘʥʜʘʨʪʘʤʠ 13053 ʠ ʩʧʦʩʦʙʳ ʧʦʚʳʰʝʥʠʷ ʝʸ ʦʧʝʨʘʪʠʚʥʦʩʪʠééééééééé. 903 

ʆ.ɺ. ɸʩʢʘʥʦʚʘ. ʉʪʨʘʪʝʛʠʯʝʩʢʠʝ ʠʥʜʠʢʘʪʦʨʳ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʤʘ-

ʰʠʥʦʩʪʨʦʝʥʠʷ ʠ ʩʪʝʧʝʥʴ ʠʭ ʜʦʩʪʠʞʝʥʠʷééééééééééééééééé... 907 

ʊ.ɸ. ɹʫʨʢʦʚʘ. ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ʧʣʘʥʘ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘ-

ʮʠʠ ʧʝʨʩʦʥʘʣʘ ʥʘ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠéééééééé... 914 

ɼ.ʖ. ɺʠʥʦʢʫʨʦʚʘ. ʋʧʨʘʚʣʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶéééééééé... 918 

ʆ.ɺ. ɺʦʣʢʦʚʘ. ʄʝʨʦʧʨʠʷʪʠʷ ʧʦ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʦ-

ʨʦʪʥʦʛʦ ʢʘʧʠʪʘʣʘ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʥʘ ʧʨʠʤʝʨʝ ʆɸʆ çʄʦʛʠʣʝʚ-

ʩʢʠʡ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʟʘʚʦʜèéééééééééééééééééé.. 921 

ʆ.ʆ. ɻʘʧʝʝʚʘ-ʉʝʨʛʝʡʯʠʢ, ʉ.ʄ. ʂʘʨʘʥʝʚʠʯ. ʇʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤʳ KPI ʚ ʫʧʨʘʚʣʝ-

ʥʠʠ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʤééééééééééééééééééééé. 927 

ʃ.ʄ. ɼʘʚʠʜʝʥʢʦ. ʄʝʞʦʪʨʘʩʣʝʚʳʝ ʘʩʧʝʢʪʳ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠʥʪʝʛʨʘʮʠʠ: 

ʚʳʟʦʚʳ ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠééééééééééééééééééééééé.. 932 

ɸ.ɹ. ɼʘʡʥʙʘʝʚʘ, ɻ.ɹ. ʇʝʩʪʫʥʦʚʘ. ʀʥʪʝʨʥʘʮʠʦʥʘʣʠʟʘʮʠʷ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ 

ʟʘʚʝʜʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʠʟʘʮʠʠ.......................................................................... 936 

ʊ.ʈ. ɿʳʨʷʥʦʚʘ, ɽ.ɸ. ʂʦʣʦʩ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʤʦ-

ʜʝʣʝʡ ʫʧʨʘʚʣʝʥʠʷ ʚʳʩʰʠʤ ʦʙʨʘʟʦʚʘʥʠʝʤééééééééééééééééé. 942 

ɽ.ɸ. ʀʚʘʱʝʥʢʦ, ɸ.ʉ. ʀʚʘʱʝʥʢʦ. ɼʘʪʯʠʢ ʦʩʚʝʱʝʥʥʦʩʪʠ ʩ ʯʘʩʪʦʪʥʳʤ ʚʳʭʦʜʦʤ. ɺʳ-

ʚʦʜ ʥʘ ʨʳʥʦʢ ʠ ʧʨʠʤʝʥʝʥʠʝééééééééééééééééééééééé 945 

ɼ.ʀ. ʀʩʘʝʚ, ʃ.ɸ. ʂʣʠʤʦʚʘ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʩʪʨʘʪʝʛʠʡ ʨʘʟʚʠʪʠʷ ʧʨʝʜʧʨʠʷʪʠʷééé 952 

ʅ.ɹ. ʂʘʡʩʘʥʦʚʘ, ɸ.ʊ. ʂʘʟʳʢʝʰʦʚʘ. ʄʝʪʦʜʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ.............................................................. 956 

ʅ.ʉ. ʂʘʨʘʚʘʝʚʘ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʨʘʟʨʘʙʦʪʢʠ ʠ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ ʚ ʣʦʛʠʩʪʠʢʝéééééééééééééééééééé 962 

ʀ.ʃ. ʂʦʚʘʣʸʚ. ʎʠʬʨʦʚʠʟʘʮʠʷ ʢʘʢ ʚʘʞʥʝʡʰʠʡ ʜʨʘʡʚʝʨ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷé. 973 

ʄ.ɺ. ʂʦʟʣʦʚʘ, ʉ.ʄ. ʂʫʛʘʪʦʚʘ. ʇʨʦʙʣʝʤʳ ʙʫʭʛʘʣʪʝʨʩʢʦʛʦ ʫʯʝʪʘ ʠʤʧʦʨʪʥʳʭ ʦʧʝʨʘ-

ʮʠʡ ʚ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʡ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʥʘ 

ʧʨʠʤʝʨʝ ɸʆ çɸʟʠʷ ɸʚʪʦè)ééééééééééééééééééééééé 978 

ɺ.ʅ. ʂʫʟʴʤʠʥ, ɸ.ɺ. ɻʦʨʷʯʝʚʘ. ʌʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʚʳʙʦʨ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥ-

ʥʦʡ ʪʝʭʥʠʢʠéééééééééééééééééééééé... 982 

ʂ.ʄ. ʂʫʩʤʘʨʮʝʚ. ɺʥʝʜʨʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʠʟʦʙʨʝʪʘ-

ʪʝʣʴʩʪʚʘ ʢʘʢ ʫʩʣʦʚʠʝ ʫʩʢʦʨʝʥʥʦʛʦ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡééééééééééééééééééééé 985 

ɸ.ɸ. ʄʠʰʠʥʘ. ʄʘʨʢʝʪʠʥʛ ʠʥʥʦʚʘʮʠʡééééééééééééééééééé... 987 

ʂ.ʉ. ʅʝʰʠʥʘ, ɺ.ʄ. ʃʘʨʝʮʢʘʷ. ʆʩʫʱʝʩʪʚʣʝʥʠʝ ʩʪʨʘʪʝʛʠʠ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ ʠʥʥʦ-

ʚʘʮʠʦʥʥʦʛʦ ʧʨʦʜʫʢʪʘéééééééééééééééééééééééé... 990 

ʂ.ʉ. ʅʝʰʠʥʘ, ɺ.ʄ. ʃʘʨʝʮʢʘʷ. ʉʫʪʴ ʠ ʩʪʨʘʪʝʛʠʷ ʤʫʣʴʪʠʤʝʜʠʡʥʦʡ ʧʣʘʪʬʦʨʤʳ ʚ 

ʝʜʠʥʦʤ ʮʠʬʨʦʚʦʤ ʬʦʨʤʘʪʝéééééééééééééééééééééééé.. 992 

ʂ.ɸ. ʅʠʢʠʪʠʥ. ʊʝʦʨʠʷ çBernard and Melitzè ʢʘʢ ʧʨʷʤʘʷ ʩʚʷʟʴ ʵʢʩʧʦʨʪʘ ʠ ʠʥʥʦʚʘʮʠʡ 

ʚ ʦʙʣʘʩʪʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷéééééééééééééééééééééééé.. 994 

ʂ.ɸ. ʅʠʢʠʪʠʥ. ʕʤʠʩʩʠʷ ʮʝʥʥʳʭ ʙʫʤʘʛ ʢʘʢ ʬʠʥʘʥʩʦʚʳʡ ʠʥʩʪʨʫʤʝʥʪ ʧʨʝʜʧʨʠʷʪʠʷ ʚ 

ʦʙʣʘʩʪʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷééééééééééééééééééééééééé. 996 

ɿ.ʈ. ʅʫʜʘʨʦʚʘ. ʈʝʘʣʠʟʘʮʠʷ ʧʠʣʦʪʥʦʛʦ ʧʨʦʝʢʪʘ ʧʦ ʨʘʟʜʝʣʴʥʦʤʫ ʫʯʝʪʫ ʚ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʠʥʩʪʠʪʫʪʝééééééééééééééééééééééé.  
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ɸ.ɸ. ʇʝʨʝʣʳʛʠʥʘ. ʄʝʪʦʜʠʢʘ ʘʥʘʣʠʟʘ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʩʦʪʨʫʜʥʠʢʘʭ ʤʘʰʠʥʦʩʪʨʦʠ-

ʪʝʣʴʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷéééééééééééééééééééé... 1001 

ɸ.ɸ. ʇʝʨʝʣʳʛʠʥʘ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʯʝʣʦʚʝʯʝ-

ʩʢʠʭ ʨʝʩʫʨʩʘʭ ʥʘ ʆɸʆ çʂʫʨʛʘʥʤʘʰʟʘʚʦʜèéééééééééééééé. 1008 

ɸ.ʄ. ʇʦʣʷʥʩʢʠʡ, ɽ.ɸ. ʉʤʠʨʥʦʚʘ. ɺʳʙʦʨ ʩʨʝʜʳ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ ʧʦ ʚʝʜʝʥʠʶ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʤʦʜʝʣʠ ʧʨʝʜʧʨʠʷʪʠʷéééééééééé... 1011 

ʄ.ʋ. ʈʘʭʠʤʙʝʨʜʠʥʦʚʘ, ɽ.ɺ. ʐʘʪʫʨʥʘʷ. ɺʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʟʥʘʥʠʷʤʠ 

ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭéééééééééééééééééééééééééééé... 1015 

ʄ.ʉ. ʉʝʤʙʠʥ, ʐ.ɾ. ʉʫʨʘʥʢʫʣʦʚ. ʄʝʩʪʥʳʡ ʦʧʳʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʳ 

ʨʘʟʚʠʪʠʷ ʘʛʨʦ-ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʝʛʠʦʥʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʉʝʚʝʨʥʦʛʦ 

ʂʘʟʘʭʩʪʘʥʘééééééééééééééééééééééééééééééé. 1020 

ʄ.ɺ. ʉʠʟʦʚ. ʇʨʦʙʣʝʤʳ ʠ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʤʘʨʢʝʪʠʥʛʘ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʝ 

ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥéééééééééééééééééééééééééé.. 1029 

ʉ.ʅ. ʉʤʠʨʥʳʭ. ʄʝʭʘʥʠʟʤʳ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ ʚ ʨʝʛʠʦʥʘʭ (ʥʘ 

ʧʨʠʤʝʨʝ ʋʨʘʣʴʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʦʢʨʫʛʘ)ééééééééééééééééé... 1034 

ʀ.ʉ. ʏʝʨʪʦʣʷʩ, ɽ.ɺ. ɹʦʛʦʤʦʣʦʚʘ. ʌʠʥʘʥʩʦʚʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʜʣʷ ʤʘʰʠʥʦʩʪʨʦʠ-

ʪʝʣʴʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷéééééééééééééééééééé... 1042 
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ʉɽʂʎʀʗ 4. ʉʊʈʆʀʊɽʃʔʅʓɽ ʊɽʍʅʆʃʆɻʀʀ, ʄɸʐʀʅʓ, 

ʄɽʍɸʅʀɿʄʓ  

ʇʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ: ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʠ.ʦ. ʟʘʚʝʜʫʶʱʝʛʦ  

ʢʘʬʝʜʨʦʡ çʉʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʤʝʭʘʥʠʢʘè ʄʠʭʘʡʣʝʥʢʦ ʆʣʝʛ ɸʥʘʪʦʣʴʝʚʠʯ 

 

ʉʈɸɺʅɽʅʀɽ ɼʀʅɸʄʀʏɽʉʂʆɻʆ ʇʆɺɽɼɽʅʀʗ ɹɸʃʆʂ  

ʉ ʇʈʆɼʆʃʔʅʓʄʀ ʀ ʇʆʇɽʈɽʏʅʓʄʀ ʅɸɼʇʀʃɸʄʀ 

ʀ.ʈ. ɸʥʪʠʙʘʩ, ɸ.ɻ. ɼʴʷʯʝʥʢʦ, ʊ.ʇ. ʉʘʚʦʩʪʠʥʘ 

ɼʦʥʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 
ɸʥʥʦʪʘʮʠʷ ʄʘʪʝʨʠʘʣ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʧʦʩʚʷʱʸʥ ʩʨʘʚʥʠʪʝʣʴʥʦʤʫ ʘʥʘʣʠʟʫ ʚʣʠʷʥʠʷ ʤʝʩʪʘ 

ʨʘʩʧʦʣʦʞʝʥʠʷ, ʬʦʨʤʳ ʠ ʛʣʫʙʠʥʳ ʨʘʟʨʝʟʦʚ ʥʘ ʜʠʥʘʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʙʘʣʦʯʥʳʭ ʢʦʥʩʪʨʫʢ-

ʮʠʡ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʶ ʪʦʯʢʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʧʘʩʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʦʢʘʟʳʚʘʶʱʠʭ ʟʥʘʯʠ-

ʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʠʭ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʘʣʢʘ, ʥʘʜʧʠʣ, ʜʠʥʘʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ.  

 

COMPARISON OF THE DYNAMIC BEHAVIOR OF BEAMS WITH LO N-

GITUDINAL AND TRANSVERSE NAPISAMI  

I.R. Antibus, A.G. Dyachenko, T.P. Savostina 

Don state technical University 

 
Abstract the Material of this article is devoted to the comparative analysis of the influence of 

the location, shape and depth of sections on the dynamic behavior of beam structures, as well as the 

determination of the point of occurrence of dangerous stresses that have a significant impact on 

their strength characteristics. 

Keywords: beam, label, dynamic behavior. 

 

ʀʟʫʯʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʙʘʣʦʢ ʠ ʩʚʦʡʩʪʚ ʪʨʝʱʠʥ, ʚʦʟʥʠʢʘʶ-

ʱʠʭ ʚ ʥʠʭ, ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʛʨʘʞʜʘʥʩʢʦʛʦ ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʘ, ʘ ʪʘʢʞʝ ʘʚʠʘʮʠʠ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʨʫʢʪʫʨ, ʛʜʝ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʧʦ-

ʚʨʝʞʜʝʥʠʷ ʙʘʣʦʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʚʠʙʨʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʳʭ ʚʳ-

ʪʝʢʘʶʪ ʠʟ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʳʭ ʟʘʜʘʯ [1]. ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʨʝʰʝʥʠʷ ʧʦ ʠʭ ʨʝʘʣʠʟʘ-

ʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʧʨʷʤʦʡ ʚʦʧʨʦʩ, ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʯʪʦʙʳ 

ʦʧʨʝʜʝʣʠʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʙʘʣʦʢ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʠʟʤʝʥʝʥʠʷʤʠ, ʧʨʦ-

ʠʩʭʦʜʷʱʠʤʠ ʚ ʪʨʝʱʠʥʘʭ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʦʚ, ʛʣʫʙʠʥʳ ʠ ʤʝʩʪʘ ʠʭ ʨʘʩ-

ʧʦʣʦʞʝʥʠʷ. 

ʉhondros ʠ ʜʨʫʛʠʝ [2] ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʨʘʟʨʘʙʦʪʘʣʠ ʪʝʦʨʠʶ ʚʠʙʨʘʮʠʠ, ʢʦʪʦ-

ʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʥʝʧʨʝʨʳʚʥʦʡ ʠ ʩʯʠʪʘʣʠ, ʯʪʦ ʥʘʜʧʠʣ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʟʤʝʥʝʥʠʷ ʚ 

ʛʠʙʢʦʩʪʠ ʢʨʘʷ ʙʘʣʢʠ, ʚ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʨʘʩʧʠʣʘ ʜʚʫʭ 

ʯʘʩʪʝʡ ʢʦʣʝʮ, ʩʦʝʜʠʥʝʥʥʳʭ ʧʦʩʨʝʜʩʪʚʦʤ ʨʦʪʘʮʠʦʥʥʦʡ ʧʨʫʞʠʥʳ ʥʫʣʝʚʦʡ ʤʘʩʩʳ, 

ʛʜʝ ʦʪʥʦʰʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʢ ʜʣʠʥʝ ʥʘʜʨʝʟʘ ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʫʪʸʤ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʪʝʦʨʠʠ ʨʝʬʨʘʢʮʠʠ. ʊʘʢʞʝ ʚʝʩʴʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʤʦʜʝʣʠ ʧʦʜʯʠʥʷʶʱʠʝʩʷ ʪʝʦ-

ʨʠʠ ʕʡʣʝʨʘ-ɹʝʨʥʫʣʣʠ ʠ ʦʯʝʥʴ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ ʨʘʩʯʸʪʝ ʙʘʣʦʢ ʩ ʫʯʸ-

ʪʦʤ ʨʘʟʣʠʯʥʳʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ [3]. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʤʝʩʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʥʘʜʧʠʣʘ ʥʘ ʜʠʥʘʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʙʘʣʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚ ʚʠʜʝ ʩʦʙʩʪʚʝʥ-
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ʥʳʭ ʯʘʩʪʦʪ ʢʦʣʝʙʘʥʠʡ ʠ ʚʠʙʨʘʮʠʡ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ, ʨʘʟʚʠʚʘʶʪ ʠ ʜʦʧʦʣʥʷ-

ʶʪ ʜʨʫʛ ʜʨʫʛʘ, ʠʟʫʯʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʪʨʝʱʠʥ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʚʦʟ-

ʥʠʢʥʦʚʝʥʠʷ ʪʦʯʢʠ ʦʧʘʩʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘʜʧʠʣʦʚ ʚ ʙʘʣʢʘʭ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʂʦʥʮʝʥʪʨʘʪʦʨʦʤ ʥʘʧʨʷʞʝʥʠʡ ʚ ʪʦʯʢʝ ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʥʘʥʝʩʸʥʥʳʡ ʩ ʧʦ-

ʤʦʱʴʶ ʤʦʣʦʪʢʘ ʫʜʘʨ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʟʤʝʨʝʥʠʝʤ ʚʝʣʠʯʠʥʳ ʫʜʘʨʥʦʡ ʨʝʘʢʮʠʠ 

ʠ ʧʨʠʥʷʪʦʡ ʚ ʜʨʫʛʦʡ ʪʦʯʢʝ ʚʦʟʙʫʞʜʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʜʘʪʯʠʢʦʚ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ 

ʫʩʢʦʨʝʥʠʷ. 

ʇʦʣʫʯʘʝʤʳʝ ʦʪ ʜʘʪʯʠʢʦʚ ʩʠʛʥʘʣʳ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʜʠʥʘʤʠʯʝ-

ʩʢʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ ʩʠʛʥʘʣʦʚ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘ-

ʥʦʚʢʘ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʠʙʨʘʮʠʡ ʚ ʙʘʣʢʘʭ, ʠʤʝʶʱʠʭ ʦʜʠʥ ʩʚʦʙʦʜ-

ʥʳʡ ʠ ʦʜʠʥ ʟʘʢʨʝʧʣʸʥʥʳʡ ʢʦʥʝʮ, ʘ ʥʘ ʨʠʩʫʥʢʝ 2 - ʤʝʩʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʬʦʨʤʳ 

ʧʨʦʜʦʣʴʥʦʛʦ ʠ ʧʦʧʝʨʝʯʥʦʛʦ ʥʘʜʧʠʣʘ ʚ ʧʝʨʝʜʥʝʡ ʯʘʩʪʠ ʙʘʣʢʠ. 

 

 
 

ʈʠʩ. 1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ 

 

 
a) ʙ) 

 

ʈʠʩ. 2. ʘ) ʧʦʧʝʨʝʯʥʳʡ, ʙ) ʧʨʦʜʦʣʴʥʳʡ ʥʘʜʧʠʣ ʥʘ ʙʘʣʢʝ 

 

ɺ ʥʘʯʘʣʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʠʣʠ ʩʣʝʜʫʶʱʝʝ: 

- ʚʳʙʨʘʥʥʳʝ ʪʦʯʢʠ ʠʟʤʝʨʝʥʠʷ ʠ ʪʦʯʢʘ ʫʜʘʨʘ ʥʝ ʥʘʭʦʜʷʪʩʷ ʥʘ ʫʟʣʝ ʚʠʙʨʘ-

ʮʠʠ; 

- ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ ʜʣʷ ʫʙʝʞʜʝʥʠʷ ʚ ʪʦʤ, ʯʪʦ ʥʝ 

ʧʨʝʥʝʙʨʝʛʘʣʦʩʴ ʥʠʢʘʢʠʤʠ ʠʟ ʭʘʨʘʢʪʝʨʥʳʭ ʯʘʩʪʦʪ [4-5]. 
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ʈʠʩ. 3. ʂʨʠʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʢʣʠʢʘ, ʦʪʨʘʞʘʶʱʠʝ ʟʥʘʯʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘ-

ʩʪʦʪ ʜʣʷ ʧʦʧʝʨʝʯʥʦʛʦ ʥʘʜʧʠʣʘ ʥʘ ʙʘʣʢʝ 

 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʙʘʣʢʠ  

ʐʘʛʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʮʠʬʨʦʚʦʛʦ ʨʝʰʝʥʠʷ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥ-

ʪʦʚ ʜʣʷ ʦʙʦʠʭ ʩʧʦʩʦʙʦʚ ʥʘʜʧʠʣʦʚ, ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

ʆʪʜʝʣʴʥʳʝ ʥʶʘʥʩʳ ʧʦʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʣʠʰʴ ʧʨʠ ʨʘʟʙʠʝʥʠʠ ʙʘʣʦʢ ʥʘ ʩʝʪʝʚʳʝ 

ʵʣʝʤʝʥʪʳ, ʵʪʦʪ ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʙʳʪʴ ʦʯʝʥʴ ʩʣʦʞʥʳʤ ʠ ʜʦʣʞʝʥ ʙʳʪʴ ʚʳʧʦʣʥʝʥ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʥʘʜʧʠʣ ʨʘʩ-

ʧʦʣʦʞʝʥ ʥʘ ʨʝʙʨʝ ʠ ʦʙʣʘʩʪʠ ʚʦʢʨʫʛ ʥʝʛʦ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʪʦʯʥʳʭ ʨʝʟʫʣʴʪʘ-

ʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʤʳ ʠʤʝʝʤ ʩʚʦʙʦʜʥʫʶ ʩʝʪʝʚʫʶ ʩʪʨʫʢʪʫʨʫ ʚ 

ʨʘʡʦʥʝ, ʧʨʠʣʝʛʘʶʱʠʤ ʢ ʥʘʜʧʠʣʫ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 4 [5,6,8]. 

 

 
 

ʈʠʩ.4. ʋʯʘʩʪʦʢ, ʠʤʝʶʱʠʡ ʬʦʨʤʫ ʩʝʪʢʠ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʥʘʜʧʠ-

ʣʘ 

 

ʉʨʘʚʥʠʚʘʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʣʫʯʘʝʤ, ʯʪʦ: 

 - ʜʦʧʫʩʪʠʤʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʠʟʫʯʘʝʤʳʭ ʩʪʘʣʴʥʳʭ ʙʘʣʦʢ ʚʳʛʣʷ-

ʜʷʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʜʣʠʥʘ L = 200-400 ʤʤ, ʰʠʨʠʥʘ ʤʦʞʝʪ ʙʳʪʴ B = 200 

ʤʤ, ʚʳʩʦʪʘ ʩʝʯʝʥʠʷ t = 20 ʤʤ, ʫʩʣʦʚʠʣʠʩʴ, ʯʪʦ ʨʘʩʩʪʦʷʥʠʝ ʥʘʜʧʠʣʘ ʦʪ ʤʝʩʪʘ ʟʘ-

ʜʝʣʢʠ ʝʩʪʴ ʚʝʣʠʯʠʥʘ ʧʦʩʪʦʷʥʥʘʷ ʠ ʨʘʚʥʘ Xc = 70 ʤʤ. 
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- ʫʯʠʪʳʚʘʝʤ ʠʥʞʝʥʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ ʙʘʣʦʢ, ʚʳʧʦʣʥʝʥʥʳʭ 

ʠʟ ʩʪʘʣʠ, ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

- ʪʚʝʨʜʦʩʪʴ ʩʜʚʠʛʘ: G = 79x109 ʅ/ʤ
2
; ʫʜʝʣʴʥʘʷ ʤʘʩʩʘ: ɟ = 7860 ʢʛ/ʤ

3
; ʤʦ-

ʜʫʣʴ ʫʧʨʫʛʦʩʪʠ: ɽ = 2,07x10
11

 ʅ/ʤ
2
; ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ɜ = 0,3. 

ɹʳʣʠ ʠʟʫʯʝʥʳ ʠ ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʚ ʮʠʬʨʦʚʦʤ ʚʠʜʝ ʥʘʜʧʠʣʝʥʥʳʝ ʙʘʣʢʠ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʧʝʨʚʳʭ ʯʝʪʳʨʝʭ ʨʝʞʠʤʦʚ ʚʠʙʨʘʮʠʠ. 

ʇʫʪʸʤ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʮʠʬʨʦʚʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʜʧʠʣʝʥ-

ʥʳʭ ʙʘʣʦʢ ʩ ʨʘʟʤʝʨʘʤʠ 200x20x20 ʤʤ ʠ 400x20x20 ʤʤ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʢʦʥʝʯ-

ʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ F (ɻʮ) 

ʜʣʷ ʯʝʪʳʨʝʭ ʨʝʞʠʤʦʚ ʚʠʙʨʘʮʠʡ ʩ ʫʯʸʪʦʤ ʫʪʚʝʨʞʜʝʥʠʷ ʪʦʛʦ, ʯʪʦ ʵʬʬʝʢʪ ʨʫʯʥʦʛʦ 

ʥʘʜʧʠʣʘ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʯʘʩʪʦʪʫ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʧʨʠʯʸʤ ʚʝʣʠʯʠ-

ʥʫ ʛʣʫʙʠʥʳ ʥʘʜʧʠʣʘ ʫʩʪʘʥʦʚʠʣʠ ʧʦʩʪʦʷʥʥʦʡ: C = 5 ʤʤ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʚʳʧʦʣʥʝʥ ʨʠʩʫʥʦʢ 5, ʢʨʠʚʳʝ ʢʦʪʦʨʦʛʦ 

ʦʪʨʘʞʘʶʪ ʵʬʬʝʢʪ ʟʥʘʯʝʥʠʡ ʯʘʩʪʦʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦʛʦ ʥʘʜʧʠʣʘ ʠ ʚ ʮʠʬʨʦʚʦʡ ʬʦʨʤʝ ʧʦʢʘʟʳʚʘʶʱʠʡ ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʢʘʞʜʫʶ 

ʠʟ ʯʝʪʳʨʝʭ ʤʦʜʝʣʝʡ. 

- ʫʩʠʣʝʥʠʝ ʚʣʠʷʥʠʷ ʧʦʧʝʨʝʯʥʦʛʦ ʥʘʜʧʠʣʘ ʥʘ ʙʦʢʦʚʦʡ ʩʪʦʨʦʥʝ ʜʝʧʦʥʠʨʦʚʘ-

ʥʳ ʚ ʧʘʟ ʠ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʩʘʤʦʡ ʙʦʣʴʰʦʡ ʪʚʝʨʜʦʩʪʴʶ ʚ ʦʙʣʘʩʪʠ ʧʨʦ-

ʜʦʣʴʥʦʛʦ ʥʘʜʨʝʟʘ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʠʥʘʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʙʦ-

ʣʝʝ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʯʘʩʪʦʪ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ. 

ʅʘ ʨʠʩʫʥʢʝ 5-ʘ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʨʚʳʝ ʯʝʪʳʨʝ ʤʦʜʝʣʠ ʨʝʞʠʤʘ ʚʠʙʨʘʮʠʠ ʜʣʷ 

ʧʦʧʝʨʝʯʥʦʛʦ ʥʘʜʧʠʣʘ, ʘ ʥʘ ʨʠʩʫʥʢʝ 5-ʙ) ʜʣʷ ʧʨʦʜʦʣʴʥʦʛʦ ʥʘʜʧʠʣʘ, ʧʦʣʫʯʝʥʥʳʝ 

ʧʨʠ ʧʦʤʦʱʠ ʄʂʕ [9,11].  

 

 
ʘ)                                                                          ʙ) 

 

ʈʠʩ. 5. ʏʝʪʳʨʝ ʤʦʜʝʣʠ ʨʝʞʠʤʘ ʚʠʙʨʘʮʠʠ ʜʣʷ: ʘ) - ʧʦʧʝʨʝʯʥʦʛʦ ʥʘʜʧʠʣʘ, ʙ) - 

ʧʨʦʜʦʣʴʥʦʛʦ ʥʘʜʧʠʣʘ ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʧʦʤʦʱʠ ʄʂʕ 

 

ʀʩʭʦʜʷ ʠʟ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʛʨʘʬʠʢʦʚ ʚʳʷʩʥʠʣʠ, ʯʪʦ ʩʦʙʩʪʚʝʥʥʘʷ ʯʘʩʪʦ-

ʪʘ ʢʦʣʝʙʘʥʠʡ ʙʘʣʦʢ ʩ ʥʘʜʧʠʣʘʤʠ ʤʝʥʴʰʝ, ʯʝʤ ʥʝʧʦʚʨʝʞʜʸʥʥʳʭ ʠʟ-ʟʘ ʧʦʥʠʞʝ-

ʥʠʷ ʞʸʩʪʢʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʥʘʜʧʠʣʦʚ. 

ʇʨʦʜʦʣʴʥʳʡ ʥʘʜʧʠʣ ʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʙʘʣʢʫ, ʯʝʤ ʧʦʧʝʨʝʯ-

ʥʳʡ, ʠʟ-ʟʘ ʧʦʥʠʞʝʥʠʷ ʞʸʩʪʢʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʥʘʜʧʠʣʘ, ʯʪʦ ʜʘʸʪ ʧʦʥʠʞʝʥʠʝ ʝʸ 

ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ. 



17 

 

ʆʙʩʫʞʜʝʥʠʝ ʠ ʚʳʚʦʜʳ: 

ʀʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ 

ʯʠʩʣʝʥʥʦ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʚʳʚʦʜʳ: 

- ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ 

ʙʘʣʦʢ ʩ ʧʦʧʝʨʝʯʥʳʤʠ ʠ ʧʨʦʜʦʣʴʥʳʤʠ ʥʘʜʧʠʣʘʤʠ ʚʩʝʛʜʘ ʤʝʥʴʰʝ, ʯʝʤ ʩʦʙʩʪʚʝʥ-

ʥʳʝ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʥʝʧʦʚʨʝʞʜʸʥʥʳʭ ʙʘʣʦʢ ʜʣʷ ʚʩʝʭ ʤʦʜʝʣʝʡ ʠ ʧʨʠʯʠʥʦʡ 

ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ ʞʝʩʪʢʦʩʪʴ ʚ ʦʢʨʫʞʘʶʱʝʡ ʥʘʜʧʠʣ ʦʙʣʘʩʪʠ; 

- ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʦʧʘʩʥʦʩʪʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘʜʧʠʣʘ ʥʘ ʜʠʥʘʤʠʯʝʩʢʦʝ ʧʦʚʝ-

ʜʝʥʠʠ ʙʘʣʢʠ ʚʳʷʩʥʠʣʠ, ʯʪʦ ʥʘʜʧʠʣ, ʨʘʟʤʝʱʸʥʥʳʡ ʧʨʦʜʦʣʴʥʦ, ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 

ʦʧʘʩʥʳʤ, ʯʝʤ ʨʘʟʤʝʱʸʥʥʳʡ ʧʦʧʝʨʝʯʥʦ ʠʟ-ʟʘ ʤʝʥʴʰʝʡ ʪʚʝʨʜʦʩʪʠ ʠ ʚ ʩʚʷʟʠ ʩ 

ʙʦʣʴʰʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʠʙʨʘʮʠʠ ʥʘ ʥʘʜʧʠʣ. 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʦ ʩʦʩʪʦʷʥʠʝ ʚʦʧʨʦʩʘ ʠ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ ʚ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʝʟʠʥʪʝʛʨʘʪʦʨʦʚ ʠ ʪʝʨʤʦʜʠʩʧʝʨʛʘʪʦʨʦʚ ï ʤʝʣɹ-

ʥʠʮ ʩʫʭʦʛʦ ʠ ʤʦʢʨʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʘʢʪʠʚʘʮʠʠ. ʇʨʝʜʩʪʘʚʣʝʥ ʧʣʘʥ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʘʢʪʠʚʘʮʠʠ ʥʘ ʫʢʘʟʘʥʥʦʤ ʦʙʦʨʫʜʦʚʘ-

ʥʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʥʘʤʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʚʝʱʝʩʪʚʘ, ʠʟʤʝʣʴʯʝʥʠʷ, ʤʝʭʘʥʠ-

ʯʝʩʢʘʷ ʘʢʪʠʚʘʮʠʷ, ʜʝʟʠʥʪʝʛʨʘʪʦʨ, ʪʝʨʤʦʜʠʩʧʝʨʛʘʪʦʨ-ʘʢʪʠʚʘʪʦʨ, ʘʚʪʦʢʣʘʚ-

ʥʦʡ ʧʝʥʦʙʝʪʦʥ.   
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ʧʦʜʚʝʨʛʘʶʪʩʷ ʤʝʭʘʥʠʯʝʩʢʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘ-

ʪʝʨʠʘʣʦʚ, ʥʘ ʭʠʤʠʯʝʩʢʠʭ, ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ, ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ, ʧʠʱʝʚʳʭ ʠ 

ʜʨʫʛʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ. ʇʨʠʤʝʥʝʥʠʝ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʷʚʣʷʝʪ-

ʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʵʪʘʧʦʤ ʧʦʜʛʦʪʦʚʢʠ ʚʝʱʝʩʪʚʘ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʦʩʣʝʜʫʶʱʠʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ. ʋʚʝʣʠʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʠʟʤʝʣʴʯʠʪʝʣʴ-

ʥʳʭ ʤʘʰʠʥ ʠ ʨʦʩʪʦʤ ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʫʜʘʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʠʟʤʝʣʴʯʠʪʝʣʴ-

ʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʚʤʝʰʠʚʘʪʴʩʷ ʚ ʩʪʨʫʢʪʫʨʫ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʠʟʤʝʥʷʪʴ ʠʭ ʩʚʦʡʩʪʚʘ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʘʢʪʠʚʠʨʦ-

ʚʘʥʥʳʝ ʚʝʱʝʩʪʚʘ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦ ʨʘʩʪʚʦʨʠʤʦʩʪʠ, ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦ-

ʩʦʙʥʦʩʪʠ ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. ɺ ʪʦʞʝ ʚʨʝʤʷ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ ʚ ʦʙʣʘʩʪʠ ʤʝʭʘʥʦʭʠʤʠʠ, ʧʨʦʮʝʩʩʳ ʘʢʪʠʚʘʮʠʠ ʠ ʦʙ-

ʨʘʙʦʪʢʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʤʝʥʝʥʠʝ ʘʢʪʠʚʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ 

ʧʨʘʢʪʠʢʝ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʇʨʦʛʨʝʩʩ ʚ ʫʢʘʟʘʥʥʦʡ ʦʙʣʘʩʪʠ ʚʦʟʤʦʞʝʥ ʧʨʠ ʧʨʦʚʝʜʝ-

ʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʘ-

ʮʠʠ, ʧʨʦʪʝʢʘʶʱʝʡ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʜʝʟʠʥʪʝʛʨʘʪʦ-

ʨʝ, ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʩʘʤʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʥʷʪʠʡ ʠ ʤʝʪʦʜʦʚ ʠʟ ʩʤʝʞʥʳʭ ʦʙʣʘ-

ʩʪʝʡ: ʭʠʤʠʠ, ʬʠʟʠʢʠ, ʤʝʭʘʥʠʢʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ.  

ʅʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʩʪʨʦʝʥʠʠ ʚʝ-

ʱʝʩʪʚʘ ʠ ʝʛʦ ʩʚʦʡʩʪʚʘʭ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʥʘʤʠ ʨʘʟʚʠʚʘʝʪʩʷ ʪʝʦʨʠʷ ɼʠʥʘʤʠʯʝʩʢʦ-

ʛʦ ʩʪʨʦʝʥʠʷ ʚʝʱʝʩʪʚ (ɼʉɺ). ʏʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʵʪʦʡ ʪʝʦʨʠʠ ʷʚʣʷʝʪʩʷ ʢʠʥʝʪʠʯʝ-

ʩʢʘʷ ʪʝʦʨʠʷ ʧʨʦʯʥʦʩʪʠ. ɺ ʦʩʥʦʚʫ ʪʝʦʨʠʠ ʧʦʣʦʞʝʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʛʠʧʦʪʝʟʘ ʦ 

ʚʠʭʨʝʚʦʤ ʩʪʨʦʝʥʠʠ ʬʠʟʠʯʝʩʢʠʭ ʪʝʣ. ʌʠʟʠʯʝʩʢʦʝ ʪʝʣʦ ʚ ʵʪʦʡ ʪʝʦʨʠʠ ʷʚʣʷʝʪʩʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʧʦʪʦʢʦʤ ʚʝʱʝʩʪʚʝʥʥʳʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʝʜʠʥʠʮ, ʜʚʠʛʘʶʱʠʭʩʷ ʧʦ ʦʙʲʝʤʥʦʡ ʩʧʠʨʘʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. ʇʨʠ 

ʩʭʦʞʜʝʥʠʠ ʚʝʱʝʩʪʚʝʥʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʝʜʠʥʠʮ ʠʟʤʝʥʷʝʪʩʷ ʧʣʦʪʥʦʩʪʴ ʚʝʱʝʩʪʚʘ 

ʠ ʦʙʨʘʟʫʝʪʩʷ ʷʜʨʦ ʬʠʟʠʯʝʩʢʦʛʦ ʪʝʣʘ. ɺ ʷʜʨʝ ʧʨʦʪʝʢʘʝʪ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʠʡ 

ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʪʝʣʘ ï ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ. ʇʨʦʜʫʢʪʳ ʬʘʟʦʦʙ-

ʨʘʟʦʚʘʥʠʷ ʚʳʜʝʣʷʶʪʩʷ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʜʝʩʪʨʫʢʪʠʚʥʳʤ ʧʨʦ-

ʮʝʩʩʦʤ. ɺ ʮʝʣʦʤ ʦʙʘ ʧʨʦʮʝʩʩʘ ʦʙʨʘʟʫʶʪ ʢʚʘʟʠʦʙʨʘʪʠʤʳʡ ʤʘʩʩʦʦʙʤʝʥʥʳʡ ʧʨʦ-

ʮʝʩʩ ʠʟ ʜʚʫʭ ʩʪʘʜʠʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʧʦʜʚʠʞʥʦʤ ʨʘʚʥʦʚʝʩʠʠ. ʊʘʢʠʝ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʷ ʧʨʝʜʦʧʨʝʜʝʣʷʶʪ ʢʠʥʝʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʚʩʝʭ ʩʚʦʡʩʪʚ ʚʝʱʝʩʪʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʠ ʧʨʦʯʥʦʩʪʥʳʭ. ʀʩʭʦʜʷ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʵʪʦʡ ʪʝʦʨʠʠ, ʤʝʭʘʥʠʯʝʩʢʦʝ ʚʦʟʜʝʡ-

ʩʪʚʠʝ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʧʨʦʮʝʩʩʘʤʠ ʨʘʟʨʫʰʝʥʠʷ, ʠʟʤʝʣʴʯʝʥʠʷ, ʧʣʘʩʪʠʯʝʩʢʦʡ 

ʠ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʷʤʠ, ʠʟʤʝʥʷʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ʩʪʘʜʠʡ ʧʦʜʚʠʞʥʦʛʦ ʨʘʚʥʦʚʝ-

ʩʠʷ, ʪ.ʝ. ʭʘʨʘʢʪʝʨ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʝʛʦ ʧʨʦʮʝʩʩʘ. ʇʨʠ ʵʪʦʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʝʣʠʯʠʥʳ ʚʦʟʜʝʡʩʪʚʠʷ, ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʪʝʢʘʝʪ ʠ ʦʙʨʳʚʘʝʪʩʷ ʥʘ ʨʘʟ-

ʥʳʭ ʩʪʫʧʝʥʷʭ ʦʙʨʘʟʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʯʪʦ ʠ ʦʧʨʝʜʝʣʷʝʪ ʭʘʨʘʢʪʝʨ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʩʪʨʫʢʪʫʨʳ ʚʝʱʝʩʪʚʘ ʠ ʚʠʜ ʥʦʚʦʡ ʬʘʟʳ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʦʨʠʠ ɼʉɺ, ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʜʝʬʦʨʤʘʮʠʠ 

ʚʦʟʥʠʢʘʶʪ ʧʦʪʦʤʫ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ 

ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ ʧʝʨʝʩʪʨʦʡʢʠ ʩʪʨʫʢ-

ʪʫʨʥʳʭ ʫʨʦʚʥʝʡ ʦʙʲʝʤʥʳʭ ʩʧʠʨʘʣʝʡ-ʪʨʘʝʢʪʦʨʠʡ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚʝʱʝʩʪʚʘ. ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚʝʱʝʩʪʚʦ ʯʘʩʪʠʯʥʦ ʨʘʟʨʫʰʘʝʪʩʷ, ʜʝʬʦʨ-

ʤʠʨʫʝʪʩʷ, ʘʢʪʠʚʠʨʫʝʪʩʷ. ɿʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʨʦʮʝʩʩʘ ʘʢʪʠʚʘʮʠʠ, ʚʦ ʚʩʝʭ ʧʝʨʝʯʠʩ-
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ʣʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ ʤʝʭʘʥʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʨʘʩʭʦʜʫʝʪʩʷ ʥʝʦʙʨʘʪʠʤʦ. ʇʦʜ ʘʢʪʠʚʘ-

ʮʠʝʡ ʤʳ ʧʦʥʠʤʘʝʤ ʪʘʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ ʚʦʟʜʝʡʩʪʚʠʡ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʝʨʝʜʘʥʥʘʷ 

ʵʥʝʨʛʠʷ ʧʝʨʝʥʦʩʠʪʩʷ ʦʪ ʯʘʩʪʠʮ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʝʝ ʧʦʣʫʯʠʚʰʠʭ, ʢ ʜʨʫʛʠʤ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʢ ʯʘʩʪʠʮʘʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ.  

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʚʝʣʠʯʠʥʘ ʠʭ ʘʢʪʠʚʘʮʠʠ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʦʯʥʦʩʪ-

ʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʟʤʝʣʴʯʘʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʟʤʝʣʴ-

ʯʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʚ 

ʧʨʦʮʝʩʩʘʭ ʠʟʤʝʣʴʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʫʜʘʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʦʥʦ ʧʦʟ-

ʚʦʣʷʝʪ ʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʤʝʭʘʥʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʦʙ-

ʨʘʙʘʪʳʚʘʝʤʦʛʦ ʪʝʣʘ ʚ ʢʦʣʠʯʝʩʪʚʘʭ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʝʛʦ ʨʘʟʨʫʰʝʥʠʷ. ʂʣʘʩʩʠ-

ʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʫʜʘʨʘ ʩʚʷʟʘʥʦ ʩ çʚʦʣʥʦʚʳʤè ʧʦʜʭʦʜʦʤ, ʧʨʝʜʣʦ-

ʞʝʥʥʳʤ ʉʝʥ-ɺʝʥʘʥʦʤ ʠ çʣʦʢʘʣʴʥʳʤè, ʧʨʝʜʣʦʞʝʥʥʳʤ ɻʝʨʮʝʤ. ɺʩʝ ʩʦʚʨʝʤʝʥ-

ʥʳʝ ʧʦʜʭʦʜʳ ʷʚʣʷʶʪʩʷ ʣʠʙʦ ʨʘʟʚʠʪʠʝʤ ʵʪʠʭ ʚʟʛʣʷʜʦʚ, ʣʠʙʦ ʠʭ ʢʦʤʙʠʥʘʮʠʝʡ. 

ʇʨʠʤʝʥʠʤʦʩʪʴ ʢ ʧʨʦʮʝʩʩʘʤ ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ çʣʦʢʘʣʴ-

ʥʦʛʦè ʧʦʜʭʦʜʘ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʩʢʦʨʦʩʪʷʤʠ ʩʦʫʜʘʨʝʥʠʡ ʧʦʨʷʜʢʘ 1-5 ʤ/ʩ, ʘ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ çʚʦʣʥʦʚʦʛʦè ʧʦʜʭʦʜʘ ʢ ʦʧʠʩʘʥʠʶ ʧʦʩʣʝʜʩʪʚʠʡ ʫʜʘʨʘ ʚ ʯʘʩʪʠʮʘʭ 

ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ.  

ʄʝʭʘʥʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʫʜʘʨʥʦʛʦ ʪʠʧʘ ʨʝʘʣʠʟʫʶʪʩʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʢʦʥʩʪʨʫʢʮʠʡ ʩʦʚʨʝʤʝʥʥʳʭ ʠʟʤʝʣʴʯʠʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ: ʜʝʟʠʥʪʝʛʨʘʪʦʨʘʭ, ʰʘ-

ʨʦʚʳʭ, ʩʪʨʫʡʥʳʭ, ʚʠʙʨʘʮʠʦʥʥʳʭ, ʤʦʣʦʪʢʦʚʳʭ, ʧʣʘʥʝʪʘʨʥʳʭ, ʫʜʘʨʥʦ-ʜʠʩʢʦʚʳʭ 

ʠ ʜʨ. ʪʠʧʘʭ ʤʝʣʴʥʠʮ. ʇʝʨʝʜʘʯʘ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠʟʤʝʣʴʯʘʝʤʦʤʫ ʚʝʱʝʩʪʚʫ 

ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʤʝʣʴʥʠʮʳ ʠ ʫʩʣʦʚʠʡ ʠʟʤʝʣʴʯʝʥʠʷ: ʩʢʦʨʦʩʪʠ, ʘʤʧʣʠʪʫ-

ʜʳ ʠ ʯʘʩʪʦʪʳ ʜʚʠʞʝʥʠʷ ʫʜʘʨʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʉʨʝʜʠ ʩʦʚʨʝʤʝʥʥʳʭ ʠʟʤʝʣʴʯʠʪʝʣʴ-

ʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʩ ʥʘʠʙʦʣʝʝ ʥʠʟʢʠʤʠ ʫʜʝʣʴʥʳʤʠ ʵʥʝʨʛʦʟʘʪʨʘʪʘʤʠ, ʷʚʣʷʶʪʩʷ ʜʝʟ-

ʠʥʪʝʛʨʘʪʦʨʳ ʠ ʮʝʥʪʨʦʙʝʞʥʳʝ ʤʝʣʴʥʠʮʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʝʣʴʥʠʮʳ ʩʘʤʦʠʟʤʝʣʴʯʝ-

ʥʠʷ. ʆʥʠ ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, ʜʦ ʜʝʩʷʪʢʦʚ 

ʪʦʥʥ ʚ ʯʘʩ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ. ɺʤʝʩʪʝ 

ʩ ʪʝʤ, ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʙʦʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠ-

ʚʘʮʠʠ ʚʝʱʝʩʪʚ ʚ ʚʳʩʦʢʦʥʘʛʨʫʞʝʥʥʳʭ ʤʘʰʠʥʘʭ, ʥʘʧʨʠʤʝʨ ʜʝʟʠʥʪʝʛʨʘʪʦʨʘʭ, ʠʩ-

ʩʣʝʜʦʚʘʥʳ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʟʠʥʪʝʛʨʘʪʦʨʘ, ʠʤʝʶʪ 

ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʩʦʫʜʘʨʝʥʠʡ (ʧʦʨʷʜʢʘ 100-400 ʤ/ʩ), ʯʝʤ ʜʦʩʪʠʛʘʝʪʩʷ ʚʳʩʦʢʘʷ 

ʵʥʝʨʛʦʥʘʧʨʷʞʝʥʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ (ʧʦʨʷʜʢʘ 0,01-0,1 ʩʝʢʫʥ-

ʜʳ) ï ʯʝʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʙʦʣʴʰʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. ʀʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʚʝ-

ʱʝʩʪʚ, ʧʦʜʚʝʨʛʰʠʭʩʷ ʦʙʨʘʙʦʪʢʝ ʚ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʧʨʝʜʩʪʘʚʣʷʝʪ, ʢʘʢ ʧʨʘʢʪʠ-

ʯʝʩʢʠʡ, ʪʘʢ ʠ ʥʘʫʯʥʳʡ ʠʥʪʝʨʝʩ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʮʝʣʴʶ ʧʨʠʜʘʥʠʷ ʠʤ ʟʘʜʘʥʥʳʭ 

ʩʚʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʪʴ ʧʨʝʜʝʣʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ 

ʚʝʱʝʩʪʚ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʣʠʯʥʳʭ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ. 

ʉ ʥʘʫʯʥʦʡ ʩʪʦʨʦʥʳ, ʠʟʫʯʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʨʝʟʫʣʴ-

ʪʘʪʝ ʫʜʘʨʘ, ʜʘʝʪ ʫʥʠʢʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʷʩʥʝʥʠʷ: 

ï ʧʨʠʨʦʜʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʥ-

ʪʝʥʩʠʚʥʳʤ ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ; 
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ï ʫʩʪʘʥʦʚʣʝʥʠʷ ʨʦʣʠ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ʠ ʛʝʦʤʝʪʨʠʠ ʨʝʰʝʪʢʠ; 

ï ʦʧʨʝʜʝʣʠʪʴ ʧʨʘʚʠʣʴʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʳʭ ʛʠʧʦʪʝʟ ʪʝʦʨʠʠ ɼʉɺ, ʤʦʜʝʣʝʡ 

ʦʙʨʘʟʦʚʘʥʠʷ ʚʝʱʝʩʪʚʘ ʠ ʩʪʨʦʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʪʝʣ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʷʚʣʝʥʠʷ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʦ ʢʘʢ ʜʣʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʢʦʥʩʪʨʫʠ-

ʨʦʚʘʥʠʷ ʠʟʤʝʣʴʯʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʪʘʢ ʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦ-

ʣʦʛʠʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʚʝʱʝʩʪʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʪʨʦʠ-

ʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ, ʚ ʧʨʦʮʝʩʩʘʭ 

ʧʝʨʝʨʘʙʦʪʢʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ, ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ ʠ ʜʨ. 

ɺʳʚʦʜʳ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʷʚʣʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʦʩʥʦʚʳʚʘʝʪʩʷ 

ʥʘ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʥʘʤʠ, ʪʝʦʨʠʠ ɼʉɺ, ʠ ʚʳʪʝʢʘʶʱʝʡ ʠʟ ʥʝʝ ʪʝʦʨʠʠ ʜʠʥʘʤʠ-

ʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ, ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʪʝʦʨʠʝʡ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʪʝʦʨʠʝʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ, ʧʦʵʪʦʤʫ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʜʨʫʛʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʘʧʧʘʨʘʪʫʨʳ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ, ʥʘ ʙʘʟʝ ʪʝʦʨʠʠ ɼʉɺ, 

ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʈʘʟʨʘʙʦʪʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʫʶ ʜʠʥʘʤʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʢʦʤʧʦ-

ʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʘʢ ʩʠʩʪʝʤʳ ʯʘʩʪʠʮ ʦʢʠʩʣʠʪʝʣʷ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ, ʥʘʭʦ-

ʜʷʱʠʭʩʷ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʘʚʥʦʚʝʩʠʠ; 

2. ʇʦʩʪʨʦʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʤʦʜʝʣʠ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʚʝʱʝ-

ʩʪʚʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʯʘʩʪʠʮ ʦʢʠʩʣʠʪʝʣʷ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʩʪʘʮʠ-

ʦʥʘʨʥʦʤ ʨʘʚʥʦʚʝʩʠʠ ʠ ʦʧʨʝʜʝʣʠʪʴ ʩʭʝʤʫ ʨʘʩʯʝʪʘ ʩʦʩʪʘʚʘ; 

3. ʉʦʟʜʘʪʴ ʬʠʟʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʤʘʪʝʤʘʪʠ-

ʯʝʩʢʫʶ ʤʦʜʝʣʴ ʨʘʩʯʝʪʘ ʝʛʦ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ; 

4. ʇʦʩʪʨʦʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʚʝʱʝʩʪʚ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʠʩ-

ʧʦʣʴʟʫʝʤʳʭ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ; 

5. ʉʦʟʜʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʚʝʱʝʩʪʚʘ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʩʪʨʦʠʪʝʣʴ-

ʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʨʘʟʣʠʯʥʳʤ ʪʠʧʦʤ ʚʷʞʫʱʠʭ ʠ ʟʘʧʦʣʥʠʪʝʣʝʡ; 

6. ʈʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʳʝ ʤʝʭʘʥʠʟʤʳ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʨʝʞʠʤʝ ʩʚʦʙʦʜʥʦʛʦ ʫʜʘʨʘ; 

7. ʀʩʩʣʝʜʦʚʘʪʴ ʧʨʦʮʝʩʩ ʠʥʪʝʥʩʠʚʥʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʟʘ 

ʩʯʝʪ ʤʥʦʛʦʢʨʘʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ; 

8. ʇʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʡ ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʧʦʛʣʦʱʝʥʥʦʡ 

ʚʝʱʝʩʪʚʦʤ ʵʥʝʨʛʠʠ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ; 

9. ʀʩʩʣʝʜʦʚʘʪʴ ʚʦʟʤʦʞʥʳʝ ʢʦʨʨʝʣʷʮʠʠ ʩʪʨʫʢʪʫʨʥʳʭ, ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ 

ʜʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʭʘʥʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʘʢʪʠʚʘʮʠʠ ʚʝʱʝʩʪʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʧʝ-

ʥʦʙʝʪʦʥʘ ʚ ʤʦʜʫʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ, ʚʢʣʶʯʘʶʱʝʡ ʦʨʠʛʠʥʘʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ï ʜʝʟ-

ʠʥʪʝʛʨʘʪʦʨ ʠ ʪʝʨʤʦʜʠʩʧʝʨʛʘʪʦʨ. 

ʀʩʩʣʝʜʦʚʘʥʠʶ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ ʤʥʦʛʠʭ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʫʯʝʥʳʭ: ɹ.ɺ. ɸʚʘʢʫʤʦʚʘ, ɺ.ɺ. ɹʦʣʜʳʨʝʚʘ, ʇ.ʖ. 

ɹʫʪʷʛʠʥʘ, ɹ.ɺ. ɼʝʨʷʛʠʥʘ, ʇ.ɸ. ʈʝʙʠʥʜʝʨʘ, ɻ.ʉ. ʍʦʜʘʢʦʚʘ, ɻ. ʍʘʡʥʠʢʝ, ʇ.ʉ. ɻʠʣ-
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ʤʘʥʘ ʠ ʖ.ʉ. ɹʝʥʜʞʘʤʠʥʘ, ʊ. ʂʫʙʦ, ʇ.ɻ. ʌʦʢʩʘ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ.  

ʄʝʭʘʥʦʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʝʡ ʥʘʟʳʚʘʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʪʚʝʨ-

ʜʳʭ ʪʝʣ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʢʦʨʝʥʥʦʤʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʩʪʨʫʢʪʫʨʳ, ʩ ʚʦʟʤʦʞʥʳʤ 

ʠʟʤʝʥʝʥʠʝʤ ʩʦʩʪʘʚʘ ʠ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʇʨʠ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠ-

ʷʭ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʥʘ ʢʦʥʪʘʢʪʝ ʪʨʫ-

ʱʠʭʩʷ ʪʚʝʨʜʳʭ ʪʝʣ - ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʧʦ-

ʩʣʝʜʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʯʝʥʳʭ - ʚʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʨʝʰʘʶʱʠʤ ʚ ʘʢʪʠʚʘʮʠʠ. ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʠ ʜʘʚʣʝʥʠʡ ʩʦ ʩʜʚʠʛʦʤ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʙʣʘʩʪʷʭ 

ʪʚʝʨʜʦʛʦ ʚʝʱʝʩʪʚʘ ʩʦʟʜʘʝʪʩʷ ʧʦʣʝ ʥʘʧʨʷʞʝʥʠʡ, ʨʝʣʘʢʩʘʮʠʷ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦ-

ʜʠʪ ʧʦ ʨʘʟʥʳʤ ʢʘʥʘʣʘʤ: ʚʳʜʝʣʝʥʠʝ ʪʝʧʣʘ, ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʢʦ-

ʨʦʪʢʦʞʠʚʫʱʠʭ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ, ʦʙʨʘʟʦʚʘʥʠʝ ʧʣʘʩʪʠʯʝʩʢʠʭ ʚʦʣʥ, ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʝ ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʚ ʩʪʨʫʢʪʫʨʝ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷ-

ʥʠʡ ʠ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʜʝʬʝʢʪʦʚ. ʕʪʦ ʤʦʛʫʪ ʙʳʪʴ ʜʝʬʝʢʪʳ, ʣʦʢʘʣʠʟʫʶʱʠʝʩʷ ʚ 

ʧʨʝʜʝʣʘʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ (ʩʤʝʱʝʥʥʳʝ ʠʟ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʘʪʦʤʳ, 

ʥʘʧʨʷʞʝʥʥʳʝ ʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʝ ʩʚʷʟʠ, ʪʦʯʝʯʥʳʝ ʜʝʬʝʢʪʳ ʠ ʪ. ʜ.), ʠʣʠ ʜʠʩʣʦ-

ʢʘʮʠʠ ʠ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʜʝʬʝʢʪʳ ʪʠʧʘ ʤʠʢʨʦʪʨʝʱʠʥ ʠ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ ʤʝʞʜʫ 

ʵʣʝʤʝʥʪʘʤʠ ʩʪʨʫʢʪʫʨʳ (ʦʜʥʦʤʝʨʥʳʝ ʠ ʜʚʫʤʝʨʥʳʝ ʜʝʬʝʢʪʳ). ʊʠʧʠʯʥʦ ʜʚʫʤʝʨ-

ʥʳʤʠ ʜʝʬʝʢʪʘʤʠ ʷʚʣʷʶʪʩʷ ʦʙʣʘʩʪʠ ʥʝʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʚ ʤʝʩʪʘʭ ʩʦʧʨʠʢʦʩʥʦʚʝ-

ʥʠʷ ʩʦʩʝʜʥʠʭ ʟʝʨʝʥ.  

ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʛʣʫʙʦʢʠʭ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ 

ʧʝʨʝʜʘʪʴ ʪʚʝʨʜʳʤ ʨʝʘʛʝʥʪʘʤ ʜʦʟʫ ʵʥʝʨʛʠʠ, ʩʦʠʟʤʝʨʠʤʫʶ ʩ ʵʥʝʨʛʠʝʡ ʢʨʠʩʪʘʣʣʠ-

ʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʝ ʜʝʟʠʥʪʝʛʨʘ-

ʪʦʨʳ (ʟʘʱʠʱʝʥʳ ʘʚʪʦʨʩʢʠʤʠ ʩʚʠʜʝʪʝʣʴʩʪʚʘʤʠ), ʚ ʢʦʪʦʨʳʭ ʨʝʘʣʠʟʫʝʪʩʷ ʫʜʘʨʥʳʡ 

ʨʝʞʠʤ ʠʟʤʝʣʴʯʝʥʠʷ (ʈʠʩ. 1).  

 

       
 

ʈʠʩ. 1. ʇʨʦʤʳʰʣʝʥʥʳʝ ʜʝʟʠʥʪʝʛʨʘʪʦʨʳ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʜʦ 6 ʪ/ʯʘʩ 

 

ʋʜʘʨʥʳʡ ʨʝʞʠʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ ʜʠʩʢʦʚ ʠ ʚʝʣʠʯʠʥʦʡ 

ʟʘʛʨʫʟʢʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʤʘʪʝʨʠʘʣ 

ʚ ʚʠʜʝ ʫʜʘʨʘ ʠ ʫʜʘʨʘ ʩʦ ʩʜʚʠʛʦʤ. 

ʅʘ ʨʠʩ. 2 ʩʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʬʠʟʠʢʦ -  ʭʠʤʠʯʝ-

ʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʭ ʩʤʝʩʷʭ ʚʝʱʝʩʪʚ ʚ ʫʩʣʦʚʠʷʭ ʦʙʨʘʙʦʪʢʠ ʚ 

ʘʧʧʘʨʘʪʘʭ ʫʜʘʨʥʦʛʦ ʜʝʡʩʪʚʠʷ.  
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ʈʠʩ. 2. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʬʠʟʠʢʦ- ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚʝʱʝʩʪʚ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʤʝʩʠ ʪʚʝʨʜʳʭ ʚʝʱʝʩʪʚ ʦʙʨʘʟʫʝʪʩʷ 

ʯʝʪʳʨʝ ʚʠʜʘ ʧʨʦʜʫʢʪʦʚ: 

1. ʂʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʘʛʨʝʛʘʪʳ ʯʘʩʪʠʮ); 

2. çʊʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳè ʭʠʤʠʯʝʩʢʠ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ; 

3. ʍʠʤʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʪʚʝʨʜʳʤʠ ʨʝʘʛʝʥʪʘʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠ-

ʝʤ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ; 

4. ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʬʘʟʳ ʩ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʜʝʬʝʢʪʦʚ, ʧʦʚʳʰʝʥʠʝ 

ʠʭ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ. 

ʀʥʪʝʥʩʠʚʥʳʝ ʫʜʘʨʥʳʝ ʠ ʫʜʘʨʥʳʝ ʩʦ ʩʜʚʠʛʦʤ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠʚʦʜʷʪ ʥʘ ʧʝʨ-

ʚʦʤ ʵʪʘʧʝ ʢ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʶ ʯʘʩʪʠʮ. ɿʘʪʝʤ, ʧʨʠ ʧʨʦʜʦʣʞʝʥʠʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʠʤʝʝʪ ʤʝʩʪʦ ʘʛʨʝʛʘʮʠʷ ʠʟʤʝʣʴʯʝʥʥʳʭ ʯʘʩʪʠʮ. ʕʪʠ ʜʠʩʧʝʨʩʥʳʝ ʩʠ-

ʩʪʝʤʳ ʪʚʝʨʜʳʭ ʨʝʘʛʝʥʪʦʚ ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʦʜʛʦʪʦʚʣʝʥʥʫʶ ʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩʠʩʪʝʤʫ. ɼʘʣʴʥʝʡʰʘʷ ʤʝʭʘ-

ʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ 

ʦʪ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʜʦ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʤʝʞʜʫ ʚʝʱʝʩʪʚʘʤʠ.  ʀʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʦʜʫʢʪʦʚ ʧʦʟʚʦʣʷʝʪ ʠʥʪʝʥ-

ʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦʩʣʝʜʫʶʱʠʝ ʩʪʘʜʠʠ (ʭʠʤʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʩʧʝʢʘʥʠʝ ʠ 

ʧʨ.) ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʤʝʭʘʥʦʘʢ-

ʪʠʚʘʮʠʠ ʚʝʱʝʩʪʚ ʚ ʪʚʝʨʜʦʤ ʠ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʷʭ ʥʘʤʠ ʨʘʟʨʘʙʦʪʘʥʳ ʜʚʘ ʪʠʧʘ 

ʤʝʣʴʥʠʮ ʪʝʨʤʦʜʠʩʧʝʨʛʘʪʦʨ-ʘʢʪʠʚʘʪʦʨ  ʠʥʩʪʨʫʤʝʥʪ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʵʤʫʣʴʩʠʡ ʠ ʧʝʥʦʙʝʪʦʥʦʚ.  

ʀʟʤʝʣʴʯʝʥʠʝ, ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ, ʘʢʪʠʚʘʮʠʶ ʠ ʩʤʝʰʝʥʠʝ ʢʦʤ-

ʧʦʥʝʥʪʦʚ ʩ ʧʦʣʫʯʝʥʠʝʤ ʵʤʫʣʴʩʠʡ ʠ ʩʫʩʧʝʥʟʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʛʠʜ-

ʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʪʝʨʤʦʜʠʩʧʝʨʛʘʪʦʨʦʚ-ʘʢʪʠʚʘʪʦʨʦʚ (ʊɼɸ). ɺ ʵʪʠʭ ʫʩʪʨʦʡʩʪʚʘʭ 

ʵʥʝʨʛʠʷ ʪʝʯʝʥʠʷ ʞʠʜʢʦʡ ʩʨʝʜʳ ʧʨʝʦʙʨʘʟʫʝʪʩʷ, ʩ ʧʦʤʦʱʴʶ ʷʚʣʝʥʠʷ ʢʘʚʠʪʘʮʠʠ, ʚ 

ʧʨʦʮʝʩʩʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʦʤʧʦʥʝʥʪʳ ʠ ʞʠʜ-

ʢʫʶ ʩʨʝʜʫ. ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘ, ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 
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ʵʥʝʨʛʠʠ, ʥʘʤʠ ʨʘʟʨʘʙʦʪʘʥʳ ʢʦʥʩʪʨʫʢʮʠʠ ʧʘʩʩʠʚʥʳʭ ʠ ʘʢʪʠʚʥʳʭ ʊɼɸ (ʈʠʩ. 3). 

 

 

    ʘ)                                                      ʙ)  

 

 

 

 

 

 

 

 

 

ʈʠʩ. 3. ɺʠʜ ʧʘʩʩʠʚʥʦʛʦ (ʘ) ʊɼɸ ʠ ʘʢʪʠʚʥʦʛʦ (ʙ) ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʧʘʩʩʠʚʥʳʤ  

 

ɺ ʘʧʧʘʨʘʪʝ ʧʘʩʩʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝ-

ʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʥʝʨʛʠʷ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʥʘʩʦʩʘ. ɸʢʪʠʚʥʳʡ ʪʝʨ-

ʤʦʜʠʩʧʝʨʛʘʪʦʨ-ʘʢʪʠʚʘʪʦʨ ʦʩʫʱʝʩʪʚʣʷʝʪ ʦʧʝʨʘʮʠʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, 

ʘʢʪʠʚʘʮʠʠ, ʥʘʛʨʝʚʘ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʞʠʜʢʦʡ ʩʨʝʜʳ, ʘ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʷʝʪ ʥʘʩʦʩ-

ʥʫʶ ʬʫʥʢʮʠʶ. ʅʘ ʦʩʥʦʚʝ ʊɼɸ (ʟʘʱʠʱʝʥʳ ʘʚʪʦʨʩʢʠʤʠ ʩʚʠʜʝʪʝʣʴʩʪʚʘʤʠ) ʨʘʟʨʘ-

ʙʦʪʘʥʳ: 

1. ʉʭʝʤʘ ʠ ʫʩʪʘʥʦʚʢʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʚʦʜʦʮʝʤʝʥʪʥʦʡ ʩʤʝʩʠ, 

ʧʦʟʚʦʣʷʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʦʜʥʦʨʦʜʥʳʝ ʩʫʩʧʝʥʟʠʠ, ʜʠʩʧʝʨʛʠʨʦʚʘʪʴ ʢʦʤʧʦʥʝʥʪʳ 

ʩʫʩʧʝʥʟʠʡ (ʧʝʩʦʢ, ʮʝʤʝʥʪ) ʠ ʢʨʦʤʝ ʪʦʛʦ ʧʦʚʳʰʘʝʪ ʘʢʪʠʚʥʦʩʪʴ ʮʝʤʝʥʪʘ ʠ ʧʝʩʢʘ. 

ʆʙʨʘʙʦʪʢʘ ʚʦʜʥʦ-ʮʝʤʝʥʪʥʦʡ ʩʤʝʩʠ ʠ ʧʝʩʦʯʥʦʡ ʩʫʩʧʝʥʟʠʠ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ 

ʨʘʩʭʦʜ ʮʝʤʝʥʪʘ ʥʘ 25-30 %. 

2. ʈʘʟʨʘʙʦʪʘʥ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʙʠʪʫʤʥʳʭ ʵʤʫʣʴ-

ʩʠʡ ʢʣʘʩʩʦʚ ʕɹʂ-1 ʕɹʂ-3 ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʚʚʝʜʝʥʠʝʤ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʜʦʙʘʚʦʢ ʧʦʣʠʤʝʨʦʚ ʠ ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʩʤʝʩʝʡ 

ʦʙʨʘʙʦʪʘʥʥʳʭ ʙʠʪʫʤʥʦʡ ʵʤʫʣʴʩʠʝʡ. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ 

ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʫʩʪʘʥʦʚʢʝ ʧ.1 ʠ ʠʩʧʦʣʥʝʥʘ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʠʣʠ ʤʦ-

ʙʠʣʴʥʦʤ ʚʘʨʠʘʥʪʘʭ ʥʘ ʣʶʙʫʶ ʟʘʜʘʥʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩ ʨʝʛʫʣʠʨʫʝʤʳʤ 

ʩʦʩʪʘʚʦʤ ʢʦʤʧʦʥʝʥʪʦʚ ʵʤʫʣʴʩʠʠ ʠ ʤʠʥʝʨʘʣʴʥʦʡ ʩʤʝʩʠ. ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʙʠʪʫʤ-

ʥʦʡ ʵʤʫʣʴʩʠʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʪʝʨʤʦʜʠʩʧʝʨʛʘʪʦʨʝ-ʘʢʪʠʚʘʪʦʨʝ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥ-

ʥʦʤ ʩʤʝʰʝʥʠʠ, ʜʠʩʧʝʨʛʘʮʠʠ ʠ ʫʩʨʝʜʥʝʥʠʠ, ʘʢʪʠʚʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʪʫʤʥʦʡ 

ʵʤʫʣʴʩʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʘ ʘʢʪʠʚʘʮʠʠ ʯʘʩʪʠʮ ʜʦʩʪʠʛʘʝʪʩʷ ʚʳʩʦʢʘʷ ʘʜʛʝʟʠʷ 

ʙʠʪʫʤʥʦʡ ʵʤʫʣʴʩʠʠ, ʯʪʦ ʩʥʠʞʘʝʪ ʝʝ ʨʘʩʭʦʜ ʜʦ 20% ʙʝʟ ʩʥʠʞʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙ-

ʨʘʙʦʪʢʠ. 

3. ʋʩʪʨʦʡʩʪʚʦ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʮʝʤʝʥʪʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠʣʠ ʠʟ-

ʚʝʩʪʢʦʚʦʛʦ ʤʦʣʦʢʘ (ʈʠʩ. 4).  
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1  ʚʭʦʜ ʚʦʜʳ; 2 ï ʚʭʦʜ ʜʣʷ ʮʝʤʝʥʪʘ; 3 ï ʮʠʨʢʫʣʷʮʠʦʥʥʘʷ ʸʤʢʦʩʪʴ;  

4  ʨʝʛʫʣʷʪʦʨ ʨʘʩʭʦʜʘ; 5 ï ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʩʧʝʨʛʘʪʦʨ-ʘʢʪʠʚʘʪʦʨ;  

6 ï ʚʩʪʘʚʢʘ ʩʫʧʝʨ-ʢʘʚʠʪʘʪʦʨʘ;7 ï ʜʘʪʯʠʢ ʰʫʤʘ; 8 ï ʚʳʭʦʜ ʨʘʩʪʚʦʨʘ ʠʣʠ ʠʟʚʝʩʪ-

ʢʦʚʦʡ ʩʤʝʩʠ; 9 ï ʨʝʛʫʣʷʪʦʨ ʨʘʩʭʦʜʘ; 10 ï ʨʘʟʜʝʣʠʪʝʣʴʥʘʷ ʧʣʘʩʪʠʥʘ;  

11 ï ʦʪʨʘʞʘʪʝʣʴ ʙʨʳʟʛ;12 ï ʚʭʦʜ ʦʪ ʚʘʢʫʫʤʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ 

 

ʈʠʩ. 4. ʉʭʝʤʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʮʝʤʝʥʪʥʦʛʦ ʨʘʩʪʚʦʨʘ  

ʠʣʠ ʠʟʚʝʩʪʢʦʚʦʛʦ ʤʦʣʦʢʘ 

 

ɺ ʪʝʭʥʦʣʦʛʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʨʠʛʠʥʘʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʩʦʚʤʝʩʪʥʦʛʦ ʩʫ-

ʭʦʛʦ ʧʦʤʦʣʘ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʷʞʫʱʝʛʦ ʠ ʤʦʢʨʦʛʦ ʧʦʤʦʣʘ ʦʩʥʦʚʥʦʛʦ ʥʘʧʦʣ-

ʥʠʪʝʣʷ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʝʩʦʢ, ʩʫ-

ʭʘʷ ʟʦʣʘ ʫʥʦʩʘ ʊʕʎ ʠ ʪ.ʧ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʟʣʘ ʜʠʩʧʝʨʛʘʮʠʠ ʠ 

ʘʢʪʠʚʘʮʠʠ (ʧʦʟʠʮʠʷ 5): ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ  2-18 ʤ
3
/ʯʘʩ; ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱ-

ʥʦʩʪʴ ï 18-22 ʢʚʪ; ʫʜʝʣʴʥʳʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ï 0,65 ʢʚʪ ʥʘ ʯʘʩ/ʪʦʥʥʫ ʩʫʭʦʛʦ ʤʘʪʝ-

ʨʠʘʣʘ. 

4. ʉʦʟʜʘʥʠʝ ʪʝʧʣʦʛʦ ʞʠʣʦʛʦ ʬʦʥʜʘ, ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʘ ʚ ʩʦʚʨʝʤʝʥʥʦʝ 

ʚʨʝʤʷ ʜʣʷ ʚʩʝʡ ʥʘʰʝʡ çʩʝʚʝʨʥʦʡè ʩʪʨʘʥʳ, ʠ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʜʝʰʝʚʦʤ, ʥʝʛʦʨʶʯʝʤ 

ʠ ʜʦʣʛʦʚʝʯʥʦʤ ʫʪʝʧʣʠʪʝʣʝ ʧʨʠʚʝʣʘ ʢ ʨʝʰʝʥʠʶ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʚʝ-

ʣʠʢʦʣʝʧʥʳʝ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʢʘʯʝʩʪʚʘ ʷʯʝʠʩʪʦʛʦ ʙʝʪʦʥʘ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʩʚʦʡʩʪʚ ʠ ʩʧʦʩʦʙʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʯʝʠʩʪʳʭ ʙʝʪʦʥʦʚ ʠʜʝʪ ʧʦʩʪʦʷʥʥʦ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʈʦʩʩʠʠ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʯʠʩʣʦ ʧʨʝʜʧʨʠʷ-

ʪʠʡ, ʦʪʜʘʶʱʠʭ ʧʨʝʜʧʦʯʪʝʥʠʝ ʥʝʘʚʪʦʢʣʘʚʥʳʤ ʧʝʥʦʙʝʪʦʥʘʤ. ʕʪʦʪ ʧʫʪʴ, ʠʤʝʝʪ 

ʪʨʫʜʥʦ ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʠ ʜʘʝʪ ʥʠʟʢʦʢʘʯʝʩʪʚʝʥʥʳʡ 

ʧʝʥʦʙʝʪʦʥ, ʠ ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʥʝ ʠʤʝʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʢʘʞʫʱʫʶʩʷ ʜʝʰʝʚʠʟʥʫ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʧʦʣʫʯʘʝʤʳʡ ʧʨʦʜʫʢʪ ʥʘʤʥʦ-

ʛʦ ʫʩʪʫʧʘʝʪ ʘʚʪʦʢʣʘʚʥʦʤʫ ʧʝʥʦʙʝʪʦʥʫ ʧʦ ʢʘʯʝʩʪʚʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ, ʘ ʟʘʚʦʜʳ ï 
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ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʷʯʝʠʩʪʦʛʦ ʙʝʪʦʥʘ ʘʚʪʦʢʣʘʚʥʦʛʦ ʪʚʝʨʜʝʥʠʷ ʧʦ ʫʜʘʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʜʦʢʘʟʘʥʘ 

ʤʥʦʛʦʣʝʪʥʠʤ ʦʧʳʪʦʤ, ʘ ʜʦʩʪʠʛʥʫʪʳʝ ʚ ʤʘʩʩʦʚʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦ-

ʜʫʢʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʠʨʦʚʦʤʫ ʫʨʦʚʥʶ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʮʘ, ʧʨʠʚʝʜʝʤ ʧʨʠʤʝʨ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʚʪʦʢʣʘʚʥʦʛʦ ʧʝʥʦʙʝʪʦʥʘ ʚ ʨʝʩʧʫʙʣʠʢʝ ɹʝʣʘʨʫʩʴ. 

ʉʝʡʯʘʩ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʩʝʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʷʯʝʠʩʪʳʡ ʙʝʪʦʥ ʧʦ 

ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ 500-600 ʢʛ/ʤ
3
, ʧʦ ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʠ F35. ɹʝʣʦʨʫʩʩʢʠʝ ʫʯʝʥʳʝ 

ʨʘʟʨʘʙʦʪʘʣʠ ʪʝʭʥʦʣʦʛʠʶ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʧʣʠʪ ʠʟ ʷʯʝʠʩʪʦʛʦ 

ʙʝʪʦʥʘ ʤʘʣʦʡ ʧʣʦʪʥʦʩʪʠ  D150-250. ɼʣʷ ʩʥʠʞʝʥʠʷ ʚʝʣʠʯʠʥʳ ʨʘʩʯʝʪʥʦʡ ʪʝʧʣʦ-

ʧʨʦʚʦʜʥʦʩʪʠ ʠ ʫʚʝʣʠʯʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʥʠʭ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʭʠʤʠʯʝʩʢʠʝ ʜʦʙʘʚʢʠ ʉʇʂ 200-400. ɹʣʘʛʦʜʘʨʷ ʫʥʠʢʘʣʴʥʦʤʫ ʩʦʯʝʪʘʥʠʶ ʬʠʟʠʢʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʫʪʝʧʣʠʪʝʣʴ ʠʟ ʧʣʠʪ ʤʦʞʝʪ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʫʪʝʧ-

ʣʝʥʠʷ ʥʘʨʫʞʥʳʭ ʩʪʝʥ ʠ ʧʝʨʝʢʨʳʪʠʡ, ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʤʘʥʩʘʨʜ ʞʠ-

ʣʳʭ ʠ ʦʙʱʝʩʪʚʝʥʥʳʭ ʟʜʘʥʠʡ ʧʨʠ ʠʭ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ. ʇʨʦʠʟʚʦʜ-

ʩʪʚʦ ʘʚʪʦʢʣʘʚʥʦʛʦ ʧʝʥʦʙʝʪʦʥʘ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʤʘʨʦʯʥʫʶ ʧʣʦʪʥʦʩʪʴ ʫʪʝʧʣʠ-

ʪʝʣʷ ʜʦ 100 ʢʛ/ʤ
3
 ʠ ʚʳʧʫʩʢʘʪʴ ʙʣʦʢʠ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ, ʠʩʢʣʶʯʘʶʱʠʝ ʥʘʣʠʯʠʝ 

ʚ ʩʪʝʥʘʭ çʤʦʩʪʠʢʦʚ ʭʦʣʦʜʘè ʠ ʧʦʚʳʰʘʶʱʠʝ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʪʝʥʦ-

ʚʳʭ ʢʦʥʩʪʨʫʢʮʠʠ, ʯʪʦ ʜʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʚʳʛʦʜʳ. ʅʦ ʥʘ ʦʪʝʯʝ-

ʩʪʚʝʥʥʳʭ ʟʘʚʦʜʘʭ ʜʦʩʪʠʯʴ ʪʘʢʦʛʦ ʢʘʯʝʩʪʚʘ ʚʦ ʤʥʦʛʦʤ ʥʝ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʨʝʚʰʝʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʘ ʝʛʦ ʢʦʨʝʥʥʘʷ ʤʦʜʝʨʥʠʟʘʮʠʷ. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭ ʪʠʧʦʚ ʊɼɸ ʩʦʟʜʘʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʯʝʠʩʪʦʛʦ ʙʝʪʦʥʘ, ʚ ʢʦʪʦʨʦʡ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʚʠʜʘ ʩʳʨʴʷ, ʦʩʫʱʝʩʪʚ-

ʣʷʶʪʩʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ: 

    ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʜʨʦʙʣʝʥʠʷ; 

    ʩʤʝʰʠʚʘʥʠʝ ʠ ʵʤʫʣʴʛʠʨʦʚʘʥʠʝ  ʢʦʤʧʦʥʝʥʪʦʚ; 

    ʘʢʪʠʚʘʮʠʠ ʩʳʨʴʷ ʠ ʝʛʦ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ; 

    ʥʘʛʨʝʚ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʩʨʝʜʳ; 

    ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ ʠ ʜʝʟʠʥʬʠʢʘʮʠʷ (ʥʝ ʪʝʨʤʠʯʝʩʢʘʷ). 

ʆʩʫʱʝʩʪʚʣʝʥʠʝ ʚʩʝʭ ʵʪʠʭ ʦʧʝʨʘʮʠʡ ʚ ʦʜʥʦʤ ʤʘʰʠʥʥʦʤ ʘʛʨʝʛʘʪʝ ʦʧʨʝʜʝʣʷ-

ʝʪ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ. ʆʞʠʜʘʝʤʳʝ ʪʝʭʥʠʢʦ - ʵʢʦʥʦʤʠ-

ʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʠʝ, ʢʘʢ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʮʠʠ, ʟʘʥʠʤʘʝʤʘʷ ʧʣʦ-

ʱʘʜʴ, ʥʠʞʝ ʥʝ ʤʝʥʝʝ ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʳʰʝ ʥʝ ʤʝʥʝʝ ʯʝʤ ʚ 

ʪʨʠ ʨʘʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ. 

 

ʄɽʊʆɼ ʇʆɺʓʐɽʅʀʗ ɼʆʃɻʆɺɽʏʅʆʉʊʀ ɹɽʊʆʅʅʓʍ  

ʂʆʅʉʊʈʋʂʎʀʁ ʅɸɿɽʄʅʓʍ ʊʈɸʅʉʇʆʈʊʅʓʍ ʉʆʆʈʋɾɽʅʀʁ 

ʖ.ʄ. ɹʘʞʝʥʦʚ, ʉ.ʀ. ɹʘʞʝʥʦʚʘ, ɺ.ɸ. ɸʣʝʢʩʝʝʚ, ʄ.ɸ. ɻʣʝʡʟʝʨ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ  

ʩʪʨʦʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 
ɸʥʥʦʪʘʮʠʷ.  ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʘʢʪʫʘʣʴʥʳʝ ʩʧʦʩʦʙʳ ʧʦʚʳʰʝʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʙʝ-

ʪʦʥʘ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ: ʤʦʩʪʦʚ ʠ ʪʦʥʥʝʣʝʡ, ʧʫʪʝʤ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʦʜʥʦʨʦʜʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʥʘ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʫʨʦʚʥʝ. ʈʘʩʩʤʦʪʨʝʥʳ ʩʧʦʩʦʙʳ 

ʧʦʚʳʰʝʥʥʘʷ ʚʦʜʦ- ʠ ʧʘʨʦʥʝʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʠ ʠ ʭʠʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, 

ʢʦʪʦʨʳʝ ʥʘ ʧʨʷʤʫʶ ʟʘʚʠʩʷʪ ʦʪ ʚʠʜʘ, ʢʦʣʠʯʝʩʪʚʘ ʠ ʢʘʯʝʩʪʚʘ ʧʦʨʠʩʪʦʩʪʠ ʙʝʪʦʥʘ. ʋʜʝʣʝʥʦ ʚʥʠ-
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ʤʘʥʠʝ ʚʚʝʜʝʥʠʶ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʠ ʢʘʯʝʩʪʚʝʥʥʦ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʭ ʤʠʢʨʦʥʘʧʦʣʥʠʪʝʣʝʡ ʚ 

ʩʦʩʪʘʚ ʚʷʞʫʱʝʛʦ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʠʢʨʦʥʘʧʦʣʥʠʪʝʣʝʡ, ʦʙʣʘʜʘʶʱʠʭ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʛʠʜʨʘʚʣʠ-

ʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʩʪ, ʪʦʥʥʝʣʴ, ʙʝʪʦʥ, ʢʦʤʧʦʟʠʮʠʦʥʥʦʝ ʚʷʞʫʱʝʝ ʚʝʱʝ-

ʩʪʚʦ, ʤʠʢʨʦʥʘʧʦʣʥʠʪʝʣʴ, ʘʢʪʠʚʥʘʷ ʤʠʥʝʨʘʣʴʥʘʷ ʜʦʙʘʚʢʘ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ, ʧʦʨʠ-

ʩʪʦʩʪʴ, ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʝ.  
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Abstract. The paper deals with the current ways to increase the durability of concrete for 

construction of bridges and tunnels, by stabilizing the uniformity of the structure of cement stone on 

the macro- and microlevel. The methods of increasing the water tightness, steam tightness, freeze 

thaw resistance and chemical resistance that depend on the type, quantity and quality of the concrete 

porosity are considered. Attention is paid to the adding of fine and qualitatively dispersed micro-

fillers in the binder, including micro-fillers with independent hydraulicity.  

Keywords: bridge, tunnel, concrete, composite binder, micro-filler, active min-
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ʊʨʘʥʩʧʦʨʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ, ʩʦʦʨʫʞʘʝʤʳʝ, ʘ ʜʘʣʝʝ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʝ ʚ ʈʦʩ-

ʩʠʡʩʢʦʡ ʬʝʜʝʨʘʮʠʠ, ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʢʦʥ-

ʩʪʨʫʢʮʠʠ, ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʝʪʦʥ ʥʘ ʤʝʩʪʥʳʭ ʟʘʧʦʣʥʠʪʝʣʷʭ. ʊʨʝʙʦʚʘʥʠʷ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʩʪʨʦʠʪʝʣʴʥʳʤ ʦʙʲʝʢʪʘʤ ʚ 

ʫʩʣʦʚʠʷʭ ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʠ, ʜʠʢʪʫʶʪ ʪʨʝʙʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʝʪʦʥʘ. ʆʥ 

ʞʝ, ʩʨʝʜʠ ʧʨʦʯʝʛʦ, ʜʦʣʞʝʥ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʜʦʣʛʦ-

ʚʝʯʥʦʩʪʠ ʩ ʮʝʣʴʶ ʙʦʣʝʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʙʝʟʘʚʘʨʠʡʥʦʛʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ 

ʩʨʦʢʘ ʩʣʫʞʙʳ, ʩʥʠʞʝʥʠʷ ʠʟʜʝʨʞʝʢ ʠ ʨʝʘʣʠʟʘʮʠʠ ʙʦʣʝʝ ʢʦʨʦʪʢʦʛʦ ʮʠʢʣʘ ʢʘʧʠ-

ʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ ʢʦʥʩʪʨʫʢʮʠʡ.  ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʚʝ-

ʜʝʪʩʷ ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʟʘʧʘʩʘ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʜʝʡʩʪʚʫʶʱʠʤʠ ʥʦʨʤʘʪʠʚʥʳʤʠ 

ʜʦʢʫʤʝʥʪʘʤʠ, ʢʦʪʦʨʳʝ ʨʝʛʣʘʤʝʥʪʠʨʫʶʪ ʩʨʦʢʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩ ʫʯʝʪʦʤ ʜʝʡʩʪʚʫ-

ʶʱʠʭ ʥʘʛʨʫʟʦʢ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʨʝʛʠʦʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ.  

ʂ ʩʦʞʘʣʝʥʠʶ, ʬʘʢʪʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ, ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ, ʚ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʦʪʨʘʩʣʠ ʪʘʢʦʚʘ, ʯʪʦ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʩʦʦʨʫʞʝʥʠʷ ʧʦʜʚʝʨʛʘʶʪʩʷ ʜʝʩʪʨʫʢʮʠʠ, ʠʤʝ-

ʶʪ ʪʝʥʜʝʥʮʠʶ ʢ ʨʘʟʨʫʰʝʥʠʶ ʠ ʪʨʝʙʫʝʪ ʨʝʤʦʥʪʘ ʜʦ ʥʘʩʪʫʧʣʝʥʠʷ ʝʛʦ ʨʘʩʯʝʪʥʦʛʦ 

ʩʨʦʢʘ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʧʨʦʝʢʪʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʠ ʥʠʟʢʠ-

ʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʙʝʪʦʥʘ, ʟʘʯʘʩʪʫʶ ʩʦʧʨʦʚʦʞʜʘʶʱʠʤʠʩʷ ʦʙʰʠʨ-

ʥʳʤʠ ʦʯʘʛʘʤʠ ʢʦʨʨʦʟʠʠ ʢʦʥʩʪʨʫʢʮʠʡ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʦʧʘʩʥʦ ʜʣʷ ʵʢʩʧʣʫʘʪʠʨʫʝ-

ʤʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʪ.ʢ. ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʘʚʘʨʠʡʥʳʤ ʩʠʪʫʘʮʠʷʤ ʠ 

ʯʝʣʦʚʝʯʝʩʢʠʤ ʞʝʨʪʚʘʤ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʜʦʧʫʩʪʠʤʳʤ ʬʘʢʪʦʨʦʤ ʠ ʪʨʝʙʫʝʪ ʥʝʤʝʜ-

ʣʝʥʥʦʛʦ ʫʩʪʨʘʥʝʥʠʷ.  

ɼʦʣʛʦʚʝʯʥʦʩʪʴ ʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʚʦʡʩʪʚʘʤʠ ʠ ʢʘ-

ʯʝʩʪʚʦʤ ʫʣʦʞʝʥʥʦʛʦ ʙʝʪʦʥʘ, ʪʘʢ ʠ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʨʦʪʠʚʦʜʝʡʩʪʚʦʚʘʪʴ ʥʝʛʘ-

ʪʠʚʥʦʤʫ ʚʥʝʰʥʝʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ: ʥʘʛʨʫʟʢʝ, ʪʝʤʧʝʨʘʪʫʨʥʳʤ 
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ʚʦʟʜʝʡʩʪʚʠʷʤ ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʝʬʦʨʤʘʮʠʷʤ, ʚʣʘʞʥʦʩʪʥʦʤʫ ʨʝʞʠʤʫ, ʭʠʤʠʯʝʩʢʦʡ 

ʢʦʨʨʦʟʠʠ, ʩʝʡʩʤʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʠ ʪ.ʧ.  

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʨʦʚʦʜʠʤʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʢʘʬʝʜʨʝ ʊɺɺʠɹ ʅʀʋ 

ʄɻʉʋ ʦʧʨʝʜʝʣʠʣʠ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʬʘʢʪʦʨʘ ʧʦʚʳʰʝʥʥʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ 

ʙʝʪʦʥʘ ʪʘʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʢ ʩʪʘʙʠʣʴʥʘʷ ʛʦʤʦʛʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʥʘ ʤʘʢʨʦ- ʠ ʤʠʢ-

ʨʦʫʨʦʚʥʝ, ʧʦʚʳʰʝʥʥʘʷ ʥʝʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʴ ʠ ʭʠʤʠʯʝʩʢʘʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʟʘʚʠʩʷʪ ʦʪ ʦʙʱʝʡ ʧʦʨʠʩʪʦʩʪʠ ʠ ʝʸ ʢʘʯʝ-

ʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

ʇʦʚʳʰʝʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʙʝʪʦʥʘ, ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʣʥʘʷ ʩʪʝʧʝʥʴ 

ʟʘʧʦʣʥʝʥʠʝ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʦʙʲʝʢʪʘʤʠ ʛʠʜʨʘʪʘʮʠʠ, 

ʢʘʢ ʠ ʩʘʤʘ ʩʪʝʧʝʥʴ ʛʠʜʨʘʪʘʮʠʠ, ʧʨʝʚʘʣʠʨʫʶʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʟʘʤʢʥʫʪʳʭ ʧʦʨ ʠ 

ʧʦʥʠʞʝʥʥʘʷ ʢʘʧʠʣʣʷʨʥʘʷ ʧʦʨʠʩʪʦʩʪʴ ï ʚʩʸ ʵʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʳʩʦʢʦʡ ʜʦʣʛʦʚʝʯ-

ʥʦʩʪʠ ʙʝʪʦʥʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʜʫʢʪʳ ʛʠʜʨʘʪʘʮʠʠ ʮʝʤʝʥʪʘ, ʟʘʧʦʣʥʷʷ ʧʦʨʦʚʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ, ʫʤʝʥʴʰʘʶʪ ʩʨʝʜʥʠʡ ʨʘʜʠʫʩ ʢʘʧʠʣʣʷʨʦʚ.  

ʊʘʢʞʝ ʜʣʷ ʧʦʚʳʰʝʥʥʦʡ ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʠ ʚʘʞʥʦ ʥʘʣʠʯʠʝ ʚ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ 

ʙʝʪʦʥʘ çʨʝʟʝʨʚʥʳʭ ʧʦʨè, ʥʝ ʟʘʧʦʣʥʷʝʤʳʭ ʚʦʜʦʡ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʨʝʟʝʨʚʥʳʤ 

ʦʙʲʝʤʦʤ ʜʣʷ ʯʘʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʲʝʤʘ ʚʦʜʳ ʧʨʠ ʧʨʦʮʝʩʩʝ ʟʘʤʦʨʘʞʠʚʘʥʠʷ 

ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʜʘʚʣʝʥʠʠ, ʚʦʟʥʠʢʘʶʱʝʤ ʧʨʠ ʨʦʩʪʝ ʢʨʠʩʪʘʣʣʦʚ ʣʴʜʘ. ɹʣʘʛʦ-

ʜʘʨʷ ʩʦʚʨʝʤʝʥʥʳʤ ʤʝʪʦʜʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʙʣʘʛʦʧʨʠʷʪʥʘʷ ʤʠʢʨʦ-

ʩʪʨʫʢʪʫʨʘ ʙʝʪʦʥʘ ʠ ʦʧʪʠʤʘʣʴʥʘʷ ʧʦʨʠʩʪʦʩʪʴ, ʩʧʦʩʦʙʩʪʚʫʶʱʘʷ ʧʦʚʳʰʝʥʥʦʡ 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ, ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʧʦʥʠʞʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ɺ/ʎ ʠ ʫʩʢʦʨʝʥʥʦʤ ʬʦʨ-

ʤʠʨʦʚʘʥʠʠ çʢʘʨʢʘʩʘè ʙʝʪʦʥʥʦʛʦ ʢʘʤʥʷ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʙʦʣʝʝ ʙʳʩʪʨʳʝ ʪʝʤʧʳ ʦʙ-

ʨʘʟʦʚʘʥʠʷ ʪʘʢʦʡ ʞʝʩʪʢʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʚ ʙʝʪʦʥʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʦʧʪʠʤʘʣʴ-

ʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʢʦʤʧʦʥʝʥʪʦʚ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʭʠʤʠʯʝʩʢʠʭ ʠ 

ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʭ ʜʦʙʘʚʦʢ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʧʦʚʳʰʝʥʥʦʡ ʢʠʥʝʪʠʢʝ ʠ ʢʘʯʝ-

ʩʪʚʝʥʥʦʤʫ ʨʦʩʪʫ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʚ ʧʨʦʮʝʩʩʝ ʪʚʝʨʜʝʥʠʷ. 

ʆʩʦʙʝʥʥʦ ʧʝʨʩʧʝʢʪʠʚʥʦ ʚʚʝʜʝʥʠʝ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʠ ʢʘʯʝʩʪʚʝʥʥʦ ʜʠʩʧʝʨ-

ʛʠʨʦʚʘʥʥʳʭ ʤʠʢʨʦʥʘʧʦʣʥʠʪʝʣʝʡ ʚ ʩʦʩʪʘʚ ʚʷʞʫʱʠʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʚʳʩʠʪʴ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʙʝʪʦʥʘ, ʘ ʩʦʦʪʚʝʪʩʪʚʝʥ-

ʥʦ ʧʦʚʳʩʠʪʴ ʩʨʦʢʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ.  

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʥʘ ʨʳʥʢʝ ʈʌ ʠʟʚʝʩʪʥʦ ʤʥʦʞʝʩʪʚʦ ʤʠʥʝʨʘʣʴʥʳʭ 

ʥʘʧʦʣʥʠʪʝʣʝʡ. ʉʨʝʜʠ ʥʠʭ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʥʝʢʦʪʦʨʳʝ, ʦʩʦʙʦ ʫʣʫʯʰʘʶʱʠʭ ʢʘ-

ʯʝʩʪʚʦ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʠ ʙʝʪʦʥʘ, ʪʘʢʠʝ ʢʘʢ ʤʠʢʨʦʩʠʣʠʢʘʪʥʘʷ ʧʳʣʴ, ʪʦʥʢʦʜʠʩ-

ʧʝʨʩʥʘʷ ʢʘʨʙʦʥʘʪʥʘʷ ʤʫʢʘ ʠ ʤʠʢʨʦʮʝʤʝʥʪ, ʦʙʣʘʜʘʶʱʠʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʩʘʤʦ-

ʩʪʦʷʪʝʣʴʥʦʤʫ ʛʠʜʨʘʚʣʠʯʝʩʢʦʤʫ ʪʚʝʨʜʝʥʠʶ. ʅʘʣʠʯʠʝ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʤʠʢʨʦʥʘ-

ʧʦʣʥʠʪʝʣʝʡ ʚ ʩʦʩʪʘʚ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʢʘʯʝʩʪʚʝʥʥʦʝ ʟʘʧʦʣ-

ʥʝʥʠʝ ʤʝʞʟʝʨʥʦʚʳʭ ʧʫʩʪʦʪ ʮʝʤʝʥʪʥʦʡ ʤʘʪʨʠʮʳ, ʘ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ 

ʢʦʥʪʘʢʪʥʫʶ ʟʦʥʫ ʤʝʞʜʫ ʮʝʤʝʥʪʥʳʤ ʢʘʤʥʝʤ ʠ ʟʘʧʦʣʥʠʪʝʣʝʤ.  [1] 

ɺ ʩʣʫʯʘʝ ʜʦʙʘʚʣʝʥʠʷ ʤʠʢʨʦʥʘʧʦʣʥʠʪʝʣʝʡ, ʦʙʣʘʜʘʶʱʠʭ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʥʘʩʳʱʝʥʠʝ ʜʠʩ-

ʧʝʨʩʥʳʤ ʤʠʢʨʦʥʘʧʦʣʥʠʪʝʣʝʤ ʤʝʞʟʝʨʥʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ ʚʷ-

ʞʫʱʝʛʦ, ʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʚʳʰʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤ-

ʥʷ ʟʘ ʩʯʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʮʝʥʪʨʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʛʠʜʨʘʪʥʳʭ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ. 



29 

 

 

 
 

ʈʠʩ.1. ɿʘʧʦʣʥʝʥʠʝ ʤʝʞʟʝʨʥʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ  

ʙʘʟʦʚʦʛʦ ʮʝʤʝʥʪʘ ʤʠʢʨʦʥʘʧʦʥʠʪʝʣʷʤʠ 
 

ɼʘʥʥʘʷ ʢʦʥʮʝʧʮʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦ-

ʥʘ ʟʘ ʩʯʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʥʝ ʪʦʣʴʢʦ ʢʦʤʧʦʥʝʥʪʦʚ ʟʘʧʦʣʥʠʪʝʣʷ, ʥʦ ʠ ʛʨʘʥʫʣʦʤʝʪ-

ʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʚʷʞʫʱʝʛʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʚʳʩʦʢʦʧʦʜʚʠʞʥʳʝ ʧʝʩʯʘʥʳʝ 

(ʙʝʟʱʝʙʸʥʦʯʥʳʝ) ʙʝʪʦʥʳ ʢʘʢ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦʤ ʤʝʣʢʦʤ ʟʘʧʦʣʥʠʪʝʣʝ, ʘ ʪʘʢʞʝ ʥʘ 

ʧʝʩʢʝ, ʟʝʨʥʦʚʦʡ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʚʳʭʦʜʠʪ ʟʘ ʛʨʘʥʠʮʳ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ɻʆʉʊ 

8736-2014, ʪ.ʝ. ʜʘʞʝ ʥʘ ʥʝʢʦʥʜʠʮʠʦʥʥʦʤ ʤʦʣʦʢʦʤ ʟʘʧʦʣʥʠʪʝʣʝ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ, 

ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ ʨʝʛʠʦ-

ʥʘʭ, ʥʝ ʠʤʝʶʱʠʭ ʟʘʧʘʩʦʚ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʟʘʧʦʣʥʠʪʝʣʝʡ. [2-7] 

ɺ ʨʘʤʢʘʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʢʘʬʝʜʨʝ ʊɺɺʠɹ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʩʚʦʡʩʪʚ ʚʷʞʫʱʝʛʦ ʚʝʱʝʩʪʚʘ ʚ ʙʝʪʦʥʥʫʶ ʩʤʝʩʴ ʚʚʦʜʠʣʠʩʴ ʤʠʢʨʦʥʘʧʦʣʥʠʪʝʣʠ ʩ 

ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʜʠʩʧʝʨʩʥʦʩʪʠ ʠ ʤʠʥʝʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ [3,4,7]. ɺ ʢʘʯʝʩʪʚʝ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠ ʘʢʪʠʚʥʦʛʦ ʤʠʢʨʦʥʘʧʦʣʥʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʤʘʨʢʠ 

ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʛʦ ʤʠʢʨʦʥʘʧʦʥʘʧʦʣʠʪʝʣʷ ʄʉɻʊ, ʦʙʣʘʜʘʶʱʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤʫ ʛʠʜʨʘʚʣʠʯʝʩʢʦʤʫ ʪʚʝʨʜʝʥʠʶ. ʄʉɻʊ ʠʤʝʝʪ ʧʦʩʪʦʷʥʥʳʡ ʠ 

ʧʣʘʚʥʦ ʠʟʤʝʥʷʶʱʠʡʩʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʩʪʘʙʠʣʴʥʳʡ ʭʠʤʠʢʦ-

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʄʉɻʊ 

ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ (ʚ ʪ.ʯ. ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʛʠʜʨʦʩʠʣʠʢʘʪʳ ʢʘʣʴʮʠʷ ʧʨʠ ʨʝʘʢʮʠʠ ʩ ʚʦʜʦʡ ʙʝʟ ʥʘʣʠʯʠʷ ʛʠʜʨʦʢʩʠʜʘ ʢʘʣʴʮʠʷ ʚ 

ʚʦʜʥʦʡ ʬʘʟʝ), ʧʦʣʥʦʩʪʴʶ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʠʤʝʨʦʚ, 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʡ ʩʦʩʪʘʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʫʩʪʘʥʦʚʣʝ-

ʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ɺ/ʎ ʦʪ ʚʠʜʘ ʠ ʢʦʣʠʯʝʩʪʚʘ ʤʠʢʨʦʥʘʧʦʣʥʠʪʝʣʷ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʦ-

ʟʠʮʠʦʥʥʦʛʦ ʚʷʞʫʱʝʛʦ (ʈʠʩ.2). 
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ʈʠʩ.2. ɺʣʠʷʥʠʝ ʤʠʢʨʦʥʘʧʦʣʥʠʪʝʣʷ ʥʘ ɺ/ɺʷʞ ʧʨʠ ʨʘʚʥʦʡ ʧʦʜʚʠʞʥʦʩʪʴ ʩʤʝʩʠ. 
 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 2,  ʙʝʪʦʥʥʳʝ ʩʤʝʩʠ ʥʘ ʦʩʥʦʚʝ  ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʚʷʞʫʱʠʭ 

ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʥʠʟʢʦʝ ʚʦʜʦʩʦʜʝʨʞʘʥʠʝ ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩʦ ʩʤʝʩʷʤʠ ʥʘ ʙʘʟʦʚʦʤ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʝ. ʋʯʠʪʳʚʘʷ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʩʦ-

ʩʪʘʚʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʚʷʞʫʱʠʭ ʤʠʥʝʨʘʣʴʥʦʛʦ ʤʠʢʨʦʥʘʧʦʣʥʠʪʝʣʷ, ʦʙʣʘʜʘʶʱʝ-

ʛʦ ʚʳʩʦʢʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʙʝʪʦʥʳ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ-

ʩʷ ʠʥʪʝʥʩʠʚʥʳʤ ʥʘʙʦʨʦʤ ʧʨʦʯʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʜʦʩʪʠʛʘʝʪ 70% ʤʘʨʦʯʥʦʡ ʧʨʦʯʥʦ-

ʩʪʠ ʚ ʧʝʨʠʦʜ ʜʦ 3 ʩʫʪ., ʘ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʚʳʰʝʥʥʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʴʶ. 

[7,8] 

ɺʳʚʦʜʳ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʚ ʙʝʪʦʥ-

ʥʫʶ ʩʤʝʩʴ ʤʠʢʨʦʥʘʧʦʣʥʠʪʝʣʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʚʦʜʦʚʷʞʫʱʝʛʦ ʦʪʥʦʰʝ-

ʥʠʷ ʚ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ, ʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʙʝʪʦʥʘ ʥʘ ʝʛʦ 

ʦʩʥʦʚʝ.  
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ʄʅʆɻʆʎɽʃɽɺʆʁ ʄɸʅʀʇʋʃʗʊʆʈ ɼʃʗ ʉʊʈʆʀʊɽʃʔʉʊɺɸ  

ɿɸʂʈʓʊʓʍ ʊʈʋɹʆʇʈʆɺʆɼʆɺ 

ɼ.ɺ. ɹʝʣʝʥʝʮ, ʂ.ʇ. ʇʦʟʳʥʠʯ 

ʊʠʭʦʦʢʝʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 
ɸʥʥʦʪʘʮʠʷ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʲʝʤʘ ʛʠʜʨʦʤʝʣʠʦʨʘʪʠʚʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʚ ʢʦʪʦʨʦʤ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʪʷʞʝʣʦʚʝʩʥʳʝ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʠʟʜʝʣʠʷ ʢʘʢ ʜʣʷ ʩʦʦʨʫʞʝʥʠʷ ʦʨʦʩʠ-

ʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʪʘʢ ʠ ʜʣʷ ʦʩʫʰʝʥʠʷ ʧʝʨʝʫʚʣʘʞʥʝʥʥʳʭ ʠ ʟʘʙʦʣʦʯʝʥʥʳʭ ʟʝʤʝʣʴ, ʚʦʟʨʘʩʪʘʝʪ ʠ 

ʦʙʲʝʤ ʧʦʛʨʫʟʦʯʥʦ-ʨʘʟʛʨʫʟʦʯʥʳʭ ʨʘʙʦʪ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʪʨʫʜʦʝʤʢʦʩʪʴ ʧʦʛʨʫʟʦʯʥʦ-ʨʘʟʛʨʫʟʦʯʥʳʭ 

ʨʘʙʦʪ ʪʨʝʙʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʝʭʘʥʠʟʘʮʠʠ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ, ʩʦʟʜʘʥʠʷ ʟʜʦʨʦʚʳʭ ʠ ʙʝʟʦʧʘʩʥʳʭ 

ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʘʚʘʨʠʡ ʠ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʥʘ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʩʪʨʦ-

ʠʪʝʣʴʩʪʚʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʥʠʧʫʣʷʪʦʨ, ʪʨʫʙʳ, ʪʨʘʥʰʝʷ, ʫʢʣʘʜʢʘ, ʩʪʳʢʦʚʢʘ, 

ʥʘʚʝʩʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. 

 

MULTIPURPOSE MANIPULATOR FOR THE CONSTRUCTION OF A 

CLOSED PIPELINE  

D.V. Belenets, K.P. Pozynich 

Pacific national University 

 
Abstract. With the increase in the volume of irrigation and drainage construction, which uses 

mainly heavy concrete products for the construction of irrigation systems,and for the drainage of 

wetlands and wetlands, and increases the volume of loading and unloading. Significant labor intensi-

ty of loading and unloading operations requires maximum mechanization of these processes, crea-

tion of healthy and safe working conditions to prevent accidents and accidents in water construction. 

Keywords: manipulator, pipes, trench, laying, docking, attachments. 
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ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʨʘʙʦʪ ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʦʙʦʪʦʚ, 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʤʘʰʠʥ ʩ ʤʥʦʛʦʮʝʣʝʚʳʤ ʨʘʙʦʯʠʤ ʦʙʦʨʫʜʦ-

ʚʘʥʠʝʤ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʩ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ ʫʧʨʘʚʣʝ-

ʥʠʝʤ ʦʧʝʨʘʪʦʨʦʤ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ, ʢʦʛʜʘ ʪʝʭʥʦʣʦʛʠʷ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʪʝʭʥʦʣʦʛʠʶ, ʧʦʣʥʦʩʪʴʶ ʫʯʠʪʳʚʘʶʱʫʶ ʚʦʟʤʦʞʥʦʩʪʠ 

ʨʦʙʦʪʠʟʘʮʠʠ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʰʠʨʦʢʦʝ ʠ ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʦʙʦʪʦʚ. 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʤʥʦʛʦʮʝʣʝʚʳʝ ʤʘʰʠʥʳ ʠ ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʥʠʧʫʣʷʪʦ-

ʨʳ ʩ ʨʫʯʥʳʤ ʠʣʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʧʦʟʚʦʣʷʶʪ ʫʩʧʝʰʥʦ ʨʝʰʠʪʴ 

ʨʷʜ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʘʜʘʯ. ʄʘʰʠʥʳ ʪʘʢʦʛʦ ʪʠʧʘ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʨʦʱʝ ʚ ʢʦʥʩʪʨʫʢʮʠʠ, ʟʥʘʯʠʪʝʣʴʥʦ ʜʝʰʝʚʣʝ ʨʦʙʦʪʦʚ, ʧʦʟʚʦʣʷʶʪ ʨʝʰʘʪʴ ʚʩʝ ʧʝʨ-

ʚʦʦʯʝʨʝʜʥʳʝ ʟʘʜʘʯʠ ʩʝʛʦʜʥʷʰʥʝʛʦ ʜʥʷ: ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ, 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʤʘʪʝʨʠʘʣʴʥʳʝ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠ ʪʨʫʜʦʚʳʝ ʟʘʪʨʘʪʳ, ʩʦ-

ʢʨʘʪʠʪʴ ʪʨʘʚʤʘʪʠʟʤ, ʩʥʷʪʴ ʣʶʜʝʡ ʩ ʚʳʧʦʣʥʝʥʠʷ ʫʪʦʤʠʪʝʣʴʥʳʭ, ʪʨʫʜʦʸʤʢʠʭ ʠ ʥʝ 

ʧʨʝʩʪʠʞʥʳʭ ʨʫʯʥʳʭ ʦʧʝʨʘʮʠʡ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ 

ʤʘʥʠʧʫʣʷʪʦʨʘ ʜʣʷ ʧʦʜʘʯʠ, ʫʢʣʘʜʢʠ ʠ ʩʪʳʢʦʚʢʠ ʪʨʫʙ, ʢʦʪʦʨʳʡ ʚʭʦʜʠʪ ʚ ʢʦʤʧʣʝʢʪ 

ʤʘʰʠʥ ʠ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʟʘʢʨʳʪʳʭ ʜʨʝʥʘʞʥʳʭ ʩʠʩʪʝʤ, ʦʨʦ-

ʩʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʥʘʧʦʨʥʳʭ ʤʘʛʠʩʪʨʘʣʝʡ ʠ ʪ.ʜ. ʠ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʨʘʟ-

ʛʨʫʟʢʠ ʪʨʫʙ ʠʟ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʠ ʠʭ ʩʢʣʘʜʠʨʦʚʘʥʠʷ, ʧʦʜʘʯʠ ʚ ʪʨʘʥʰʝʶ, 

ʫʢʣʘʜʢʠ, ʩʪʳʢʦʚʢʠ ʠ ʨʘʩʩʪʳʢʦʚʢʠ. 

ʅʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳ ʜʣʷ ʧʦʜʘʯʠ ʪʨʫʙ ʚ ʪʨʘʥʰʝʶ ʧʦʚʦʨʦʪʥʳʝ ʢʨʘʥʳ ʥʘ ʙʘʟʝ 

ʛʫʩʝʥʠʯʥʳʭ ʪʨʘʢʪʦʨʦʚ ʠ ʜʨʫʛʠʝ ʧʦʜʲʸʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʝ ʤʘʰʠʥʳ, ʠʤʝʶʱʠʝ ʭʦ-

ʨʦʰʫʶ ʧʨʦʭʦʜʠʤʦʩʪʴ, ʤʘʥʸʚʨʝʥʥʦʩʪʴ ʠ ʜʦʩʪʘʪʦʯʥʫʶ ʛʨʫʟʦʧʦʜʲʸʤʥʦʩʪʴ, ʘ ʪʘʢʞʝ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʧʦʛʨʫʟʯʠʢʠ-ʵʢʩʢʘʚʘʪʦʨʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʪʨʳ-

ʚʘʪʴ ʧʨʠʷʤʢʠ ʜʣʷ ʨʘʩʪʨʫʙʥʳʭ ʠʣʠ ʤʫʬʪʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʨʫʙ. 

ʇʨʦʚʝʜʸʥʥʳʡ ʥʘʤʠ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʧʦʜʘʯʠ ʪʨʫʙ ʠʩʧʦʣʴʟʫʶʪ ʩʧʝʮʠ-

ʘʣʴʥʳʝ ʩʪʨʦʧʳ (çʧʦʣʦʪʝʥʮʘè), ʢʨʶʢʠ ʟʘʭʚʘʪʳ, ʪʨʘʚʝʨʩʳ, ʤʘʥʠʧʫʣʷʪʦʨʳ (ʨʠʩ.1). 

çʇʦʣʦʪʝʥʮʘè ʠ ʟʘʭʚʘʪʳ, ʬʠʢʩʠʨʫʶʱʠʝ ʪʨʫʙʫ ʟʘ ʦʙʘ ʢʦʥʮʘ, ʤʝʥʝʝ ʫʜʦʙʥʳ, ʯʝʤ 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʧʦʜʘʯʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʦʪʢʠʭ ʪʨʫʙ ʢʨʶʢʠ ʠʣʠ ʢʣʝʱʝʚʳʝ ʟʘ-

ʭʚʘʪʳ ʣʠʙʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʧʦʜʘʯʠ ʜʣʠʥʥʳʭ ʪʨʫʙ ʪʨʘʚʝʨʩʳ ʩ ʜʚʫʤʷ ʢʣʝʱʝʚʳ-

ʤʠ ʟʘʭʚʘʪʘʤʠ. ʂʣʝʱʝʚʳʝ ʟʘʭʚʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʨʝʛʫʣʠʨʫʝʤʳʤʠ ʥʘ ʨʘʟʥʳʝ ʜʠʘʤʝʪ-

ʨʳ ʪʨʫʙ ʠ ʠʤʝʪʴ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ. ʋʧʨʘʚʣʷʝʤʳʝ ʢʣʝʱʝʚʳʝ ʟʘʭʚʘʪʳ, 

ʧʦʚʦʨʘʯʠʚʘʝʤʳʝ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʷʭ (ʤʘʥʠʧʫʣʷʪʦʨʳ), 

ʧʦʟʚʦʣʷʶʪ ʧʨʦʠʟʚʦʜʠʪʴ ʧʦʜʘʯʫ ʪʨʫʙ ʙʝʟ ʧʦʤʦʱʠ ʩʪʨʦʧʘʣʴʱʠʢʘ. 

ʇʦʜʘʥʥʳʝ ʚ ʪʨʘʥʰʝʶ ʪʨʫʙʳ ʩʪʳʢʫʶʪʩʷ. ʇʨʠ ʩʪʳʢʦʚʢʝ ʪʨʫʙʳ ʧʦʜʞʠʤʘʶʪ 

ʜʨʫʛ ʢ ʜʨʫʛʫ; ʩʪʳʢ ʫʧʣʦʪʥʷʶʪ ʧʨʦʩʤʦʣʝʥʥʳʤ ʧʝʥʴʢʦʚʳʤ ʞʛʫʪʦʤ ʠʣʠ ʨʝʟʠʥʦʚʳʤ 

ʢʦʣʴʮʦʤ ʠ ʮʝʤʝʥʪʥʦʡ ʦʙʤʘʟʢʦʡ ʣʠʙʦ ʩ ʧʦʤʦʱʴʶ ʣʝʥʪʦʯʥʦʛʦ ʙʘʥʜʘʞʘ; ʧʨʦʚʦʜʷʪ 

ʢʦʥʪʨʦʣʴ ʠ ʨʠʭʪʦʚʢʫ ʧʦʣʦʞʝʥʠʷ ʪʨʫʙ; ʧʨʠʷʤʦʢ ʠ ʧʘʟʫʭʠ ʫ ʥʠʞʥʝʡ ʯʘʩʪʠ ʪʨʫʙ 

ʟʘʧʦʣʥʷʶʪ ʛʨʫʥʪʦʤ ʠ ʫʧʣʦʪʥʷʶʪ. 
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ʈʠʩ. 1. ʇʨʠʩʧʦʩʦʙʣʝʥʠʷ ʜʣʷ ʧʦʜʲʸʤʘ ʪʨʫʙ: ʘ ï ʪʨʘʚʝʨʩʘ ʩ ʜʚʫʤʷ çʧʦʣʦʪʝʥʮʘʤʠè; 

ʙ ï ʢʨʶʢ, ;
2

l
l1  ʚ, ʛ, ʜ ï ʢʣʝʱʝʚʳʝ ʟʘʭʚʘʪʳ. 

 

ʊʠʧʦʚʳʝ ʩʭʝʤʳ ʩʪʳʢʦʚʢʠ ʪʨʫʙ ʨʘʩʪʨʫʙʥʦʛʦ ʪʠʧʘ ʙʝʟʥʘʧʦʨʥʳʭ ʪʨʫʙʦʧʨʦ-

ʚʦʜʦʚ ʧʦʩʣʝ ʧʦʜʘʯʠ ʠʭ ʚ ʪʨʘʥʰʝʶ, ʘ ʪʘʢʞʝ ʥʘʪʷʞʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʪʦʨʮʦʚʦʛʦ 

ʧʦʜʞʠʤʘ ʪʨʫʙ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2.  

  
 

ʈʠʩ. 2. ʉʭʝʤʳ ʩʪʳʢʦʚʢʠ ʪʨʫʙ: ʘ ï ʨʳʯʘʞʥʦ-ʪʨʦʩʦʚʘʷ; ʙ, ʚ ï ʨʳʯʘʞʥʦ-ʨʝʝʯʥʘʷ; ʛ 

ï ʚʠʥʪʦʚʘʷ; ʜ ï ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʧʝʮʠʘʣʴʥʦʡ ʪʨʘʚʝʨʩʳ ʠ ʫʧʨʫʛʦʡ ʪʷʛʠ; ʝ ï ʧʨʠ 

ʧʦʤʦʱʠ ʢʦʚʰʘ ʵʢʩʢʘʚʘʪʦʨʘ; 1 ï ʫʣʦʞʝʥʥʘʷ ʪʨʫʙʘ; 2 ï ʫʢʣʘʜʳʚʘʝʤʘʷ   ʪʨʫʙʘ;  

3 ï ʜʝʨʝʚʷʥʥʳʡ ʙʨʫʩ; 4 ï ʨʝʝʯʥʳʡ ʜʦʤʢʨʘʪ; 5 ï ʨʝʟʠʥʦʚʦʝ ʢʦʣʴʮʦ 
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ʇʦʛʨʫʟʢʫ ʠ ʚʳʛʨʫʟʢʫ ʪʨʫʙ, ʫʢʣʘʜʢʫ ʠʭ ʥʘ ʜʥʦ ʪʨʘʥʰʝʠ ʠ ʩʪʳʢʦʚʢʫ ʧʨʝʜʣʘ-

ʛʘʝʪʩʷ ʚʳʧʦʣʥʷʪʴ ʩ ʧʦʤʦʱʴʶ ʦʙʦʨʫʜʦʚʘʥʠʷ ʢ ʩʝʨʠʡʥʦ ʚʳʧʫʩʢʘʝʤʦʤʫ ʵʢʩʢʘʚʘʪʦ-

ʨʫ (ʨʠʩ. 3), ʩʦʩʪʦʷʱʝʛʦ  ʠʟ ʥʘʚʝʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʛʠʜʨʦʩʠʩʪʝʤʳ ʠ ʧʨʦʪʠʚʦʚʝ-

ʩʘ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʥʠʧʫʣʷʪʦʨʘ: 

ʊʝʭʥʠʯʝʩʢʘʷ ʯʘʩʦʚʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʤ /ʯ     50 

ʋʢʣʘʜʳʚʘʝʤʳʝ ʪʨʫʙʳ     ʯʫʛʫʥʥʳʝ ɻʆʉʊ 21053-75 

ʋʩʣʦʚʥʳʡ ʧʨʦʭʦʜ ʪʨʫʙʳ, ʤʤ       150-326 

ɼʣʠʥʘ ʪʨʫʙʳ, ʤ                  4-6 

ɻʣʫʙʠʥʘ ʫʢʣʘʜʢʠ ʪʨʫʙ, ʤ           ʜʦ 2,6 

ɺʳʣʝʪ ʪʨʫʙʳ ʦʪ ʦʩʠ ʚʨʘʱʝʥʠʷ ʵʢʩʢʘʚʘʪʦʨʘ, ʤ             6,5 

ʄʘʩʩʘ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʛ               800 

ʆʙʩʣʫʞʠʚʘʶʱʠʡ ʧʝʨʩʦʥʘʣ, ʯʝʣʦʚʝʢ        3 

ʅʘʚʝʩʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʤʘʥʠʧʫʣʷʪʦʨʘ ʩʣʫʞʠʪ ʨʘʟʛʨʫʟʢʠ ʪʨʫʙ ʠʟ ʪʨʘʥʩ-

ʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʠ ʠʭ ʩʢʣʘʜʠʨʦʚʘʥʠʷ, ʧʦʜʘʯʠ ʚ ʪʨʘʥʰʝʶ, ʫʢʣʘʜʢʠ, ʩʪʳʢʦʚʢʠ ʠ 

ʨʘʩʩʪʳʢʦʚʢʠ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʥʘʚʝʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʨʠʩ. 4) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʝʨʭ-

ʥʶʶ ʪʨʘʚʝʨʩʫ ʩʦʩʪʦʷʱʫʶ ʠʟ ʤʝʭʘʥʠʟʤʘ ʧʦʚʦʨʦʪʘ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʥʠʞʥʶʶ ʪʨʘʚʝʨʩʫ ʩ ʜʚʫʤʷ ʟʘʭʚʘʪʘʤʠ, ʧʨʠʯʸʤ ʦʜʠʥ ʟʘʭʚʘʪ ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʢʦʥʮʝ 

ʢʦʥʩʦʣʠ ʪʨʘʚʝʨʩʳ ʥʝʧʦʜʚʠʞʥʦ, ʘ ʚʪʦʨʦʡ ʩʤʦʥʪʠʨʦʚʘʥ ʥʘ ʧʦʣʟʫʥʝ, ʧʝʨʝʤʝʱʘʶ-

ʱʝʤʩʷ ʧʦ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʘʚʝʨʩʳ ʧʦʩʨʝʜʩʪʚʦʤ ʛʠʜʨʦʮʠʣʠʥʜʨʘ. 
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ʈʠʩ.3. ʆʙʱʠʡ ʚʠʜ ʠ ʧʘʨʘʤʝʪʨʳ ʤʥʦʛʦʮʝʣʝʚʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨʘ (ʚ ʨʘʙʦʯʝʤ ʧʦʣʦ-

ʞʝʥʠʠ) 

 

ʅʠʞʥʷʷ ʪʨʘʚʝʨʩʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʝʣʝʩʢʦʧʠʯʝʩʢʫʶ ʨʘʤʫ, ʥʘ ʦʙʦʠʭ 

ʢʦʥʮʘʭ ʢʦʪʦʨʦʡ ʞʸʩʪʢʦ ʧʨʠʢʨʝʧʣʝʥʳ ʢʣʝʱʝʚʳʝ ʟʘʭʚʘʪʳ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘʭʚʘʪ, ʩʪʳʢʦʚʢʘ ʠ ʨʘʩʩʪʳʢʦʚʢʘ ʪʨʫʙ. ʇʝʨʝʤʝʱʝʥʠʝʤ ʧʦʜʚʠʞʥʦ-
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ʛʦ ʟʘʭʚʘʪʘ ʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʪʳʢʦʚʢʘ (ʨʘʩʩʪʳʢʦʚʢʘ) ʪʨʫʙ. ɿʘʭʚʘʪ ʧʦʩʣʝʜʥʠʭ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʜʚʫʭ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ. 

 

 
 

ʈʠʩ. 4. ʅʘʚʝʩʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʧʦʜʘʯʠ, ʫʢʣʘʜʢʠ ʠ ʩʪʳʢʦʚʢʠ ʪʨʫʙ: 1 ï ʘʤʦʨ-

ʪʠʟʘʪʦʨ; 2 ï ʧʦʚʦʨʦʪʥʘʷ ʛʦʣʦʚʢʘ; 3 ï ʛʠʜʨʦʮʠʣʠʥʜʨ ʧʝʨʝʢʦʩʘ ʪʨʘʚʝʨʩʳ; 4 ï ʥʝʧʦ-

ʜʚʠʞʥʳʡ ʟʘʭʚʘʪ; 5 ï ʪʨʘʚʝʨʩʘ; 6 ï ʛʠʜʨʦʮʠʣʠʥʜʨ ʤʝʭʘʥʠʟʤʘ ʩʪʳʢʦʚʢʠ;  

7 ï ʧʦʜʚʠʞʥʳʡ ʟʘʭʚʘʪ; 8 ï ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʨʦʣʠʢʠ 

 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʷʚʣʷʝʪʩʷ ʨʘʩʧʦʣʦʞʝʥʠʝ ʥʠʞʥʝʡ ʪʨʘʚʝʨ-

ʩʳ ʩʠʤʤʝʪʨʠʯʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʨʭʥʝʡ ʪʨʘʚʝʨʩʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʘʢʪʠʯʝʩʢʠ 

ʠʩʢʣʶʯʠʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʢʨʫʪʷʱʠʭ ʤʦʤʝʥʪʦʚ ʥʘ ʨʫʢʦʷʪʴ ʠ ʩʪʨʝʣʫ ʵʢʩʢʘʚʘʪʦʨʘ, 

ʦʙʝʩʧʝʯʠʚ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʥʦʧʦʚʦʨʦʪʥʫʶ ʨʘʙʦʪʫ ʤʘʥʠʧʫʣʷʪʦʨʘ. 

ʇʘʨʘʤʝʪʨʳ ʤʥʦʛʦʮʝʣʝʚʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨʘ, ʚʢʣʶʯʘʷ ʚʳʙʦʨ ʙʘʟʦʚʦʡ ʤʘʰʠʥʳ, 

ʥʘʟʥʘʯʝʥʳ ʥʘʤʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʨʢʠ ʝʛʦ ʛʨʫʟʦʚʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. ɻʨʫʟʦʚʘʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʨʠ ʨʘʙʦʪʝ ʵʢʩʢʘʚʘʪʦʨʘ ʩ ʛʨʫʟʦʤ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʤ 

ʚʳʣʝʪʝ ʧʨʠ ʩʪʨʝʣʝ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʨʝʙʨʫ ʦʧʨʦʢʠʜʳʚʘʥʠʷ (ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ 

ʵʢʩʢʘʚʘʪʦʨʘ, ʨʠʩ. 3). ʇʨʠ ʵʪʦʤ ʫʢʣʦʥ ʤʝʩʪʥʦʩʪʠ ʠ ʚʝʪʨʦʚʘʷ ʥʘʛʨʫʟʢʘ ʨʘʙʦʯʝʛʦ 

ʩʦʩʪʦʷʥʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʧʨʦʢʠʜʳʚʘʥʠʶ ʵʢʩʢʘʚʘʪʦʨʘ. ʋʯʠʪʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʦʚʤʝʱʝʥʠʷ ʦʧʝʨʘʮʠʡ ʧʦʜʲʸʤʘ ʠʣʠ ʦʧʫʩʢʘʥʠʷ ʛʨʫʟʘ ʩ ʧʦʚʦʨʦʪʦʤ ʵʢʩʢʘʚʘʪʦʨʘ. 

 

ʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ ʀʅɾɽʅɽʈʅʓʍ 

ʉʀʉʊɽʄ ʆɹʑɽʉʊɺɽʅʅʓʍ ɿɼɸʅʀʁ 

ʉ.ɺ. ɺʘʢʫʣʝʥʢʦ, ɸ.ɸ. ɻʨʠʙʘʥʦʚ 

ɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘ 

 
ɸʥʥʦʪʘʮʠʷ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤ ʦʙʱʝʩʪʚʝʥʥʳʭ ʟʜʘʥʠʡ ï ʵʪʦ ʚʘʞʥʳʡ 

ʠ ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʵʪʘʧ çʞʠʟʥʠè ʦʙʲʝʢʪʘ. ʆʪ ʪʦʛʦ ʢʘʢ ʜʝʪʘʣʴʥʦ, ʧʨʦʜʫʤʘʥʥʦ ʠ ʢʘʯʝʩʪʚʝʥʥʦ ʙʫ-

ʜʝʪ ʚʳʧʦʣʥʝʥ ʧʨʦʝʢʪ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʢʘʯʝʩʪʚʦ ʜʘʣʴʥʝʡʰʝʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ/ʨʝʢʦʥʩʪʨʫʢʮʠʠ, 

ʥʦ ʠ ʥʘʜʝʞʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ. 
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ɻʦʚʦʨʷ ʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤ, ʥʝʦʙʭʦʜʠʤʦ ʫʪʦʯʥʠʪʴ ʦ ʢʘʢʦʡ ʠʤʝʥʥʦ 

ʠʜʝʪ ʨʝʯʴ. ɼʘʣʝʝ ʧʦʡʜʝʪ ʨʝʯʴ ʦ ʩʠʩʪʝʤʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʝʝ ʚʦʟʤʦʞʥʳʝ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʩ ʜʨʫʛʠʤʠ ʠ ʠʥʪʝʛʨʘʮʠʷ ʚ ʦʙʲʝʢʪ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʉɸʇʈ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤ ʟʘ ʧʦʩʣʝʜ-

ʥʝʝ ʚʨʝʤʷ ʫʞʝ ʙʳʣ ʩʜʝʣʘʥ ʩʝʨʴʝʟʥʳʡ ʰʘʛ. ʊʘʢʦʚʳʤ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʦʟʜʘʥʠʝ ʠ ʚʥʝʜʨʝʥʠʝ ʚ 

ʧʨʦʝʢʪʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ ʪʘʢʠʭ ʧʨʦʛʨʘʤʤ ʢʘʢ NanoCAD Electro ʠ Revit. ʅʦ ʧʨʠʤʝʥʝʥʠʝ ʜʘʞʝ 

ʪʘʢʦʛʦ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʜʘʣʝʝ ʇʆ) ʥʝ ʜʘʝʪ ʪʦʛʦ ʨʝʟʫʣʴʪʘʪʘ, ʢʦʪʦ-

ʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʝ ʫʞʝ ʩʫʱʝʩʪʚʫʶʪ ʥʘ ʩʝʛʦ-

ʜʥʷʰʥʠʡ ʜʝʥʴ. ʉʦʚʨʝʤʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ (ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ) ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ï ʥʝʩʦ-

ʚʝʨʰʝʥʝʥ ʠ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ ʝʛʦ ʢʘʯʝʩʪʚʦ ʤʦʞʝʪ ʙʳʪʴ ʫʣʫʯʰʝʥʦ ʥʘ ʧʦʨʷʜʦʢ ʧʨʠ ʧʨʠ-

ʤʝʥʝʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʆ ʪʦʤ, ʢʘʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʠ ʢʘʢ ʵʪʦ 

ʩʜʝʣʘʪʴ ʠ ʧʦʡʜʝʪ ʨʝʯʴ ʜʘʣʝʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʧʨʦʮʝʩʩ, ʦʙʣʘʢʘ ʪʦʯʝʢ, ʚʠʨʪʫʘʣʴʥʘʷ ʨʝʘʣʴʥʦʩʪʴ, ʜʦʧʦʣʥʝʥʥʘʷ ʨʝʘʣʴʥʦʩʪʴ. 

 

PROSPECTS OF PUBLIC BUILDINGS ENGINEERING SYSTEMS PRO-

JECT ENGINEERING DEVELOPMENT  
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Annotation:  Public buildings engineering systems project engineering is a very important 

and responsible phase of building ñlifeò. The quality of project influences not only on the quality of 

further building or reconstruction of the object but also the safety of the future building and exploi-

tation depends on project quality.  

When we speak about engineering systems we should specify about what exact system we are 

talking. My article is about the power supply system and its interactions between other systems and 

integration into building. 

Nowadays a serious step has been taken in using of CAD systems. I mean that NanoCAD 

Electro and Revit programs has been created and integrated in the technological process in project 

organizations. But using also such high-technological programs doesn`t give the highest result that 

can be reached today using actual technologies. 

Present technological process of project engineering is imperfect and its quality can be im-

proved using actual technologies.  In this article I will speak about these technologies and how we 

can use them in process of engineering systems project engineering. 

Keywords: engineering systems project engineering, technological process, 

cloud of points, virtual reality, augmented reality. 

 

1 ʊʝʭʥʦʣʦʛʠʠ 

ʊʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʨʦ-

ʝʢʪʠʨʦʚʘʥʠʷ ʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤ ʦʙʱʝʩʪʚʝʥʥʳʭ ʟʜʘʥʠʡ: 

ï ʆʙʣʘʢʘ ʪʦʯʝʢ; 

ï 3D-ʩʢʘʥʠʨʦʚʘʥʠʝ; 

ï ʊʝʭʥʦʣʦʛʠʷ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ (VR); 

ï ʊʝʭʥʦʣʦʛʠʷ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ (AR); 

ï ʈʝʞʠʤ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ. 

  

http://context.reverso.net/%D0%BF%D0%B5%D1%80%D0%B5%D0%B2%D0%BE%D0%B4/%D0%B0%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9-%D1%80%D1%83%D1%81%D1%81%D0%BA%D0%B8%D0%B9/a+serious+step
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1.1 ʆʙʣʘʢʘ ʪʦʯʝʢ 

ʆʙʣʘʢʦ ʪʦʯʝʢ ð ʥʘʙʦʨ ʚʝʨʰʠʥ ʚ ʪʨʸʭʤʝʨʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ʕʪʠ ʚʝʨ-

ʰʠʥʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʦʨʜʠʥʘʪʘʤʠ X, Y ʠ Z ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʜ-

ʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʘ.  

ʆʙʣʘʢʘ ʪʦʯʝʢ ʩʦʟʜʘʶʪʩʷ 3D-ʩʢʘʥʝʨʘʤʠ ʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ 

ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ. 3D-ʩʢʘʥʝʨʳ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʟʘʤʝʨʷʶʪ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʘʥʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʠ ʟʘʯʘʩʪʫʶ 

ʛʝʥʝʨʠʨʫʶʪ ʥʘ ʚʳʭʦʜʝ ʦʙʣʘʢʦ ʪʦʯʝʢ ʚ ʚʠʜʝ ʮʠʬʨʦʚʦʛʦ ʬʘʡʣʘ ʜʘʥʥʳʭ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʦʙʣʘʢʦ ʪʦʯʝʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʞʝʩʪʚʦ ʪʦʯʝʢ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ 3D-ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʘ ʪʨʸʭʤʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʙʣʘʢʘ ʪʦʯʝʢ ʠʩʧʦʣʴʟʫ-

ʶʪʩʷ ʜʣʷ ʤʥʦʛʠʭ ʮʝʣʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʨʸʭʤʝʨʥʳʭ CAD-ʤʦʜʝʣʝʡ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʥʝʩʪʠ ʦʪʩʢʘʥʠʨʦʚʘʥʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʟʜʘʥʠʷ ʚ ʪʨʸʭʤʝʨʥʫʶ 

CAD-ʤʦʜʝʣʴ [1]. 

1.2  3D-ʩʢʘʥʠʨʦʚʘʥʠʝ 

3D-ʩʢʘʥʝʨ ð ʧʝʨʠʬʝʨʠʡʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʘʥʘʣʠʟʠʨʫʶʱʝʝ ʬʦʨʤʫ ʧʨʝʜʤʝʪʘ ʠ 

ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩʦʟʜʘʶʱʝʝ ʝʛʦ 3D-ʤʦʜʝʣʴ.  

3D-ʩʢʘʥʝʨʳ ʜʝʣʷʪʩʷ ʥʘ ʜʚʘ ʪʠʧʘ ʧʦ ʤʝʪʦʜʫ ʩʢʘʥʠʨʦʚʘʥʠʷ:  

ï ʂʦʥʪʘʢʪʥʳʡ, ʪʘʢʦʡ ʤʝʪʦʜ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʢʦʥʪʘʢʪʝ 

ʩʢʘʥʝʨʘ ʩ ʠʩʩʣʝʜʫʝʤʳʤ ʦʙʲʝʢʪʦʤ; 

ï ɹʝʩʢʦʥʪʘʢʪʥʳʡ; 

ï ɸʢʪʠʚʥʳʝ ʩʢʘʥʝʨʳ: ʠʟʣʫʯʘʶʪ ʥʘ ʦʙʲʝʢʪ ʥʝʢʦʪʦʨʳʝ ʥʘʧʨʘʚʣʝʥʥʳʝ ʚʦʣʥʳ 

ʠ ʦʙʥʘʨʫʞʠʚʘʶʪ ʝʛʦ ʦʪʨʘʞʝʥʠʝ ʜʣʷ ʘʥʘʣʠʟʘ: ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʚʝʪʦʜʠ-

ʦʜʥʳʡ ʠʣʠ ʣʘʟʝʨʥʳʡ ʣʫʯ, ʨʝʞʝ ð ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʣʫʯʠ, ʠʥʬʨʘʢʨʘʩʥʦʝ ʠʟʣʫʯʝʥʠʝ 

ʠʣʠ ʫʣʴʪʨʘʟʚʫʢ; 

ï ʇʘʩʩʠʚʥʳʝ ʩʢʘʥʝʨʳ: ʥʝ ʠʟʣʫʯʘʶʪ ʥʠʯʝʛʦ ʥʘ ʦʙʲʝʢʪ, ʘ ʧʦʣʘʛʘʶʪʩʷ ʥʘ ʦʙ-

ʥʘʨʫʞʝʥʠʝ ʦʪʨʘʞʸʥʥʦʛʦ ʦʢʨʫʞʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ. ɹʦʣʴʰʠʥʩʪʚʦ ʩʢʘʥʝʨʦʚ ʪʘʢʦ-

ʛʦ ʪʠʧʘ ʦʙʥʘʨʫʞʠʚʘʝʪ ʚʠʜʠʤʳʡ ʩʚʝʪ ð ʣʝʛʢʦʜʦʩʪʫʧʥʦʝ ʦʢʨʫʞʘʶʱʝʝ ʠʟʣʫʯʝ-

ʥʠʝ. 

ʇʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʩʢʘʥʠʨʦʚʘʥʠʷ 3D-ʤʦʜʝʣʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʛʫʪ ʙʳʪʴ 

ʦʙʨʘʙʦʪʘʥʳ ʩʨʝʜʩʪʚʘʤʠ ʉɸʇʈ ʠ, ʚ ʜʘʣʴʥʝʡʰʝʤ, ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʨʘʟ-

ʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ (CAM) ʠ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʸʪʦʚ (CAE) [2]. 

1.3  ʊʝʭʥʦʣʦʛʠʷ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ (VR) 

ɺʠʨʪʫʘʣʴʥʘʷ ʨʝʘʣʴʥʦʩʪʴ (VR) ð ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʩʨʝʜʘ, ʚʦʩʧʨʠʥʠʤʘʝʤʘʷ ʦʨ-

ʛʘʥʘʤʠ ʯʫʚʩʪʚ ʯʝʣʦʚʝʢʘ, ʚ ʢʦʪʦʨʦʡ ʚʠʟʫʘʣʴʥʘʷ, ʘʫʜʠʘʣʴʥʘʷ, ʪʘʢʪʠʣʴʥʘʷ, ʚʢʫʩʦ-

ʚʘʷ ʠʣʠ ʦʙʦʥʷʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʛʝʥʝʨʠʨʫʝʪʩʷ ʢʦʤʧʴʶʪʝʨʦʤ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝ-

ʤʝʥʠ ʠ ʟʘʤʝʥʷʝʪ ʠʥʬʦʨʤʘʮʠʶ ʠʟ ʤʘʪʝʨʠʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ. VR ʦʙʳʯʥʦ ʭʘʨʘʢ-

ʪʝʨʠʟʫʝʪʩʷ ʚʠʟʫʘʣʴʥʦʡ ʠʣʠ ʟʚʫʢʦʚʦʡ ʠʟʦʣʷʮʠʝʡ ʧʦʣʴʟʦʚʘʪʝʣʷ ʦʪ ʝʛʦ ʨʝʘʣʴʥʦʛʦ 

ʦʢʨʫʞʝʥʠʷ [3]. 

1.4  ʊʝʭʥʦʣʦʛʠʷ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ (AR) 

ɼʦʧʦʣʥʝʥʥʘʷ ʨʝʘʣʴʥʦʩʪʴ (AR) ð ʚʦʩʧʨʠʥʠʤʘʝʤʘʷ ʦʨʛʘʥʘʤʠ ʯʫʚʩʪʚ ʯʝʣʦ-

ʚʝʢʘ ʩʨʝʜʘ, ʚ ʢʦʪʦʨʦʡ ʚʠʟʫʘʣʴʥʘʷ, ʘʫʜʠʘʣʴʥʘʷ, ʪʘʢʪʠʣʴʥʘʷ, ʚʢʫʩʦʚʘʷ ʠʣʠ ʦʙʦʥ̫-

ʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʪ ʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʠ ʷʚʣʝʥʠʡ ʜʦʧʦʣʥʝʥʘ ʧʨʠʚʷʟʘʥ-

ʥʳʤʠ ʢ ʥʠʤ ʮʠʬʨʦʚʳʤʠ ʜʘʥʥʳʤʠ, ʛʝʥʝʨʠʨʫʝʤʳʤʠ ʢʦʤʧʴʶʪʝʨʦʤ ʚ ʨʝʘʣʴʥʦʤ 

https://ru.wikipedia.org/wiki/%D0%92%D0%B5%D1%80%D1%88%D0%B8%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D0%BA%D0%BE%D0%BE%D1%80%D0%B4%D0%B8%D0%BD%D0%B0%D1%82
https://ru.wikipedia.org/wiki/%D0%90%D0%B1%D1%81%D1%86%D0%B8%D1%81%D1%81%D0%B0
https://ru.wikipedia.org/wiki/%D0%9E%D1%80%D0%B4%D0%B8%D0%BD%D0%B0%D1%82%D0%B0
https://ru.wikipedia.org/wiki/%D0%90%D0%BF%D0%BF%D0%BB%D0%B8%D0%BA%D0%B0%D1%82%D0%B0
https://ru.wikipedia.org/wiki/3D-%D1%81%D0%BA%D0%B0%D0%BD%D0%B5%D1%80
https://ru.wikipedia.org/wiki/%D0%A4%D0%BE%D1%82%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B5%D1%82%D1%80%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D0%B0%D0%B2%D1%82%D0%BE%D0%BC%D0%B0%D1%82%D0%B8%D0%B7%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%BD%D0%BE%D0%B3%D0%BE_%D0%BF%D1%80%D0%BE%D0%B5%D0%BA%D1%82%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D0%B0%D0%B2%D1%82%D0%BE%D0%BC%D0%B0%D1%82%D0%B8%D0%B7%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%BD%D0%BE%D0%B3%D0%BE_%D0%BF%D1%80%D0%BE%D0%B5%D0%BA%D1%82%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D1%80%D0%B8%D1%84%D0%B5%D1%80%D0%B8%D0%B9%D0%BD%D0%BE%D0%B5_%D1%83%D1%81%D1%82%D1%80%D0%BE%D0%B9%D1%81%D1%82%D0%B2%D0%BE
https://ru.wikipedia.org/wiki/%D0%A4%D0%BE%D1%80%D0%BC%D0%B0_%D0%BF%D1%80%D0%B5%D0%B4%D0%BC%D0%B5%D1%82%D0%B0
https://ru.wikipedia.org/wiki/3D-%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D0%BF%D1%80%D0%B0%D0%B2%D0%BB%D0%B5%D0%BD%D0%BD%D1%8B%D0%B5_%D0%B2%D0%BE%D0%BB%D0%BD%D1%8B
https://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%B5%D1%82%D0%BE%D0%B4%D0%B8%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%B5%D1%82%D0%BE%D0%B4%D0%B8%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%9B%D0%B0%D0%B7%D0%B5%D1%80
https://ru.wikipedia.org/wiki/%D0%9B%D1%83%D1%87_(%D0%B2%D0%BE%D0%BB%D0%BD%D1%8B)
https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D0%BD%D1%82%D0%B3%D0%B5%D0%BD%D0%BE%D0%B2%D1%81%D0%BA%D0%B8%D0%B5_%D0%BB%D1%83%D1%87%D0%B8
https://ru.wikipedia.org/wiki/%D0%98%D0%BD%D1%84%D1%80%D0%B0%D0%BA%D1%80%D0%B0%D1%81%D0%BD%D0%BE%D0%B5_%D0%B8%D0%B7%D0%BB%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%A3%D0%BB%D1%8C%D1%82%D1%80%D0%B0%D0%B7%D0%B2%D1%83%D0%BA
https://ru.wikipedia.org/wiki/%D0%9E%D1%82%D1%80%D0%B0%D0%B6%D0%B5%D0%BD%D0%B8%D0%B5_(%D1%84%D0%B8%D0%B7%D0%B8%D0%BA%D0%B0)
https://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%B5%D1%82
https://ru.wikipedia.org/wiki/%D0%A1%D0%90%D0%9F%D0%A0
https://ru.wikipedia.org/wiki/CAM
https://ru.wikipedia.org/wiki/Computer-aided_engineering
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ʚʨʝʤʝʥʠ. ʏʘʱʝ ʚʩʝʛʦ ʧʦʜ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʴʶ ʧʦʥʠʤʘʝʪʩʷ ʩʨʝʜʘ, ʚ ʢʦʪʦ-

ʨʦʡ ʥʘ ʬʠʟʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʚ ʧʦʣʝ ʟʨʝʥʠʷ ʯʝʣʦʚʝʢʘ ʥʘʣʦʞʝʥʘ ʢʦʤʧʴʶʪʝʨʥʘʷ 

ʛʨʘʬʠʢʘ ʚ ʚʠʜʝ ʜʚʫʭʤʝʨʥʳʭ ʠ ʪʨʸʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ, ʚʳʜʝʣʝʥʠʷ ʦʙʲʝʢʪʦʚ ʣʶʙʳʤ 

ʛʨʘʬʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʠʣʠ ʙʫʢʚʝʥʥʦ-ʮʠʬʨʦʚʳʤʠ ʧʦʜʧʠʩʷʤʠ. ɼʦʧʦʣʥʝʥʥʘʷ ʨʝ-

ʘʣʴʥʦʩʪʴ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʩʤʘʨʪʬʦ-

ʥʳ, ʩʤʘʨʪ-ʦʯʢʠ, ʰʣʝʤʳ, ʥʘʫʰʥʠʢʠ, ʧʨʦʝʢʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ [3]. 

1.5  ʈʝʞʠʤ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

1.5.1 ʈʝʞʠʤ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʚ Revit 

ʇʨʦʮʝʜʫʨʘ ʦʨʛʘʥʠʟʘʮʠʠ ʩʦʚʤʝʩʪʥʦʛʦ ʜʦʩʪʫʧʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʦʟʜʘʥʠʝ ʥʘ 

ʦʩʥʦʚʝ ʩʫʱʝʩʪʚʫʶʱʝʡ ʤʦʜʝʣʠ ʛʣʘʚʥʦʛʦ ʬʘʡʣʘ ʧʨʦʝʢʪʘ, ʥʘʟʳʚʘʝʤʦʛʦ ʤʦʜʝʣʴʶ 

ʠʟ ʭʨʘʥʠʣʠʱʘ.  

ʄʦʜʝʣʴ ʠʟ ʭʨʘʥʠʣʠʱʘ ʭʨʘʥʠʪ ʚʩʶ ʪʝʢʫʱʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʣʘʜʝʣʴʮʘʭ 

ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʝʢʪʝ ʠ ʩʣʫʞʠʪ ʮʝʥʪʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʩʝʭ ʠʟʤʝʥʝʥʠʡ, 

ʚʥʝʩʝʥʥʳʭ ʚ ʤʦʜʝʣʴ. ɺʩʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʜʦʣʞʥʳ ʩʦʭʨʘʥʷʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʣʦʢʘʣʴ-

ʥʳʝ ʢʦʧʠʠ ʤʦʜʝʣʠ ʠʟ ʭʨʘʥʠʣʠʱʘ, ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʠʭ ʚ ʨʘʙʦʯʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʘ 

ʩʚʦʠʭ ʣʦʢʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʘʭ, ʘ ʟʘʪʝʤ ʚʳʧʦʣʥʷʪʴ ʦʧʝʨʘʮʠʶ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩ 

ʬʘʡʣʦʤ ʭʨʘʥʠʣʠʱʘ ʜʣʷ ʧʫʙʣʠʢʘʮʠʠ ʩʚʦʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʤʦʜʝʣʠ ʠʟ ʭʨʘʥʠʣʠʱʘ, 

ʯʪʦʙʳ ʜʨʫʛʠʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʣʠ ʚʠʜʝʪʴ ʠʭ ʨʘʙʦʪʫ [4]. 

1.5.2 BIMcloud ï Teamwork ʜʣʷ ʘʨʭʠʪʝʢʪʦʨʦʚ 

GRAPHISOFT BIMcloud ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʜʠʥ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʡ ʄʝʥʝ-

ʜʞʝʨ BIMcloud, ʣʶʙʦʝ ʢʦʣʠʯʝʩʪʚʦ BIMcloud ʉʝʨʚʝʨʦʚ ʠ ʣʶʙʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʂʣʠʝʥʪʦʚ BIMcloud (ARCHICAD, BIMx ʠ ʪ.ʜ.), ʧʦʜʢʣʶʯʘʶʱʠʭʩʷ ʯʝʨʝʟ ʄʝʥʝ-

ʜʞʝʨ BIMcloud. BIMcloud ʤʦʞʥʦ ʨʘʟʚʝʨʥʫʪʴ ʢʘʢ ʣʦʢʘʣʴʥʦ (ʥʘ ʦʩʥʦʚʝ ʣʶʙʳʭ 

ʧʫʙʣʠʯʥʳʭ ʠʣʠ ʯʘʩʪʥʳʭ ʩʝʪʝʡ), ʪʘʢ ʠ ʧʫʪʝʤ ʠʥʪʝʛʨʘʮʠʠ ʩ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʤʠ 

IT-ʩʠʩʪʝʤʘʤʠ ʦʨʛʘʥʠʟʘʮʠʡ (ʥʘʧʨʠʤʝʨ, "ɸʢʪʠʚʥʳʤʠ ɼʠʨʝʢʪʦʨʠʷʤʠ"). 

ʄʝʥʝʜʞʝʨ BIMcloud - ʵʪʦ ʮʝʥʪʨʘʣʴʥʳʡ ʢʦʤʧʦʥʝʥʪ ʈʝʰʝʥʠʷ GRAPHISOFT 

BIMcloud, ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʧʦʜʢʣʶʯʝʥʠʝ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʝʟʘʚʠ-

ʩʠʤʦ ʦʪ ʤʝʩʪ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʷ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʄʝʥʝʜʞʝʨʝ BIMcloud ʥʝ 

ʨʘʟʤʝʱʘʶʪʩʷ ʥʠʢʘʢʠʝ BIM-ʜʘʥʥʳʝ. ʆʥ ʩʦʜʝʨʞʠʪ ʪʦʣʴʢʦ ʝʜʠʥʳʡ ʠʥʪʝʛʨʠʨʦʚʘʥ-

ʥʳʡ ʩʧʠʩʦʢ ʚʩʝʭ BIMcloud ʉʝʨʚʝʨʦʚ, ʇʨʦʝʢʪʦʚ BIMcloud ʠ ʇʦʣʴʟʦʚʘʪʝʣʝʡ 

BIMcloud ʩ ʥʘʩʪʨʦʝʥʥʳʤʠ ʜʣʷ ʥʠʭ ʨʦʣʷʤʠ ʠ ʧʨʘʚʘʤʠ ʜʦʩʪʫʧʘ. 

ʅʘ BIMcloud ʉʝʨʚʝʨʘʭ ʨʘʟʤʝʱʘʶʪʩʷ BIM-ʧʨʦʝʢʪʳ, ʜʦʩʪʫʧʥʳʝ ʜʣʷ ʢʣʠʝʥ-

ʪʦʚ (ARCHICAD ʠʣʠ BIMx). 

BIM-ʧʨʦʝʢʪʳ ʤʦʞʥʦ ʩʚʦʙʦʜʥʦ ʧʝʨʝʤʝʱʘʪʴ ʤʝʞʜʫ BIMcloud ʉʝʨʚʝʨʘʤʠ, 

ʧʦʜʢʣʶʯʝʥʥʳʤʠ ʢ ʦʜʥʦʤʫ ʄʝʥʝʜʞʝʨʫ BIMcloud. 

ɸʧʧʘʨʘʪʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ BIMcloud ʉʝʨʚʝʨʘ ʤʦʞʥʦ ʙʳʩʪʨʦ ʟʘʤʝʥʠʪʴ ʙʝʟ 

ʨʠʩʢʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʩʙʦʝʚ ʚ ʨʘʙʦʯʝʤ ʧʨʦʮʝʩʩʝ. 

ɼʘʥʥʳʝ BIM-ʧʨʦʝʢʪʦʚ ʭʨʘʥʷʪʩʷ ʠ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʪʦʣʴʢʦ ʥʘ ʪʦʤ BIMcloud 

ʉʝʨʚʝʨʝ, ʥʘ ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʧʨʦʝʢʪ. 

ʂʣʠʝʥʪʳ BIMcloud ʤʦʛʫʪ ʧʦʜʢʣʶʯʘʪʴʩʷ ʢ ʨʘʟʤʝʱʝʥʥʳʤ ʥʘ BIMcloud ʉʝʨ-

ʚʝʨʘʭ ʧʨʦʝʢʪʘʤ ʠ ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʠʭ ʜʘʥʥʳʝ ʯʝʨʝʟ ʠʥʪʝʨʬʝʡʩ ʄʝʥʝʜʞʝʨʘ 

BIMcloud. ɺ ʨʦʣʠ ʂʣʠʝʥʪʦʚ BIMcloud ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʥʘʩʪʦʣʴʥʳʝ ʠ ʧʦʨʪʘʪʠʚ-

ʥʳʝ ʢʦʤʧʴʶʪʝʨʳ, ʘ ʪʘʢʞʝ ʤʦʙʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ (ʧʣʘʥʰʝʪʳ ʠʣʠ ʩʤʘʨʪʬʦʥʳ), 

ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʤʠʨʘ [5]. 
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2 ʆʙʲʝʜʠʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤ 

ɺ ʢʘʯʝʩʪʚʝ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʪʝʟʠʩʘ ʩʪʘʪʴʠ ʥʝʦʙʭʦʜʠʤʦ ʦʧʠʩʘʪʴ ʪʝʭʥʦʣʦ-

ʛʠʶ/ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦ ʧʨʠʤʝʥʷʣ ʜʦ-

ʩʪʫʧʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. 

ʈʘʟʙʝʨʝʤ ʜʚʘ ʚʘʨʠʘʥʪʘ: ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʟʜʘʥʠʷ ʠʣʠ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʦʚʦʛʦ. 

ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʚʳʛʣʷʜʝʣ ʙʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘ-

ʟʦʤ: 

1. ɸʥʘʣʠʟ ʠ ʩʢʘʥʠʨʦʚʘʥʠʝ ʟʜʘʥʠʷ ʧʨʠ ʧʦʤʦʱʠ 3D ʩʢʘʥʝʨʘ; 

2. ʉʦʟʜʘʥʠʝ ʦʙʣʘʢʘ ʪʦʯʝʢ; 

3. ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʝʛʦ ʚ CAD ʩʨʝʜʫ; 

4. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤ ʚ ʨʝʞʠʤʝ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴ-

ʥʦʩʪʠ (ʚ ʪʦʤ ʯʠʩʣʝ ʩʦʚʤʝʩʪʥʘʷ ʨʘʙʦʪʘ ʠʥʞʝʥʝʨʦʚ ʩʤʝʞʥʳʭ ʩʠʩʪʝʤ); 

5. ɸʥʘʣʠʟ ʚ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʥʘ ʧʨʝʜʤʝʪ ʦʰʠʙʦʢ ʦʪʚʝʪʩʪʚʝʥ-

ʥʳʤ ʠʥʞʝʥʝʨʦʤ; 

6. ʇʝʨʝʥʦʩ ʵʣʝʤʝʥʪʦʚ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʚ ʩʨʝʜʫ ʜʦʧʦʣʥʝʥʥʦʡ 

ʨʝʘʣʴʥʦʩʪʠ; 

7. ʅʘ ʦʙʲʝʢʪʝ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʠ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ: ʠʥʞʝ-

ʥʝʨ ʧʨʦʚʝʨʷʝʪ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʰʠʙʢʠ, ɿʘʢʘʟʯʠʢ ʧʨʦʚʝʨʷʝʪ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʧʨʦʝʢʪʘ ʚʩʝʤ ʫʩʣʦʚʠʷʤ ʜʦʛʦʚʦʨʘ. 

 

ɺ ʩʣʫʯʘʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʦʚʦʛʦ ʦʙʲʝʢʪʘ ʚʠʜʦʠʟʤʝʥʷʶʪʩʷ ʪʦʣʴʢʦ ʧʝʨʚʳʝ 

ʵʪʘʧʳ, ʚ ʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʠʡ ʘʣʛʦʨʠʪʤ: 

1. ɸʥʘʣʠʟ ʠ ʦʪʨʠʩʦʚʢʘ ʦʙʲʝʤʥʳʭ ʧʣʘʥʠʨʦʚʦʢ ʘʨʭʠʪʝʢʪʦʨʘʤʠ; 

2. ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʧʣʘʥʦʚ ʚ CAD ʩʨʝʜʫ; 

3. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤ ʚ ʨʝʞʠʤʝ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴ-

ʥʦʩʪʠ (ʚ ʪʦʤ ʯʠʩʣʝ ʩʦʚʤʝʩʪʥʘʷ ʨʘʙʦʪʘ ʠʥʞʝʥʝʨʦʚ ʩʤʝʞʥʳʭ ʩʠʩʪʝʤ); 

4. ɸʥʘʣʠʟ ʚ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʥʘ ʧʨʝʜʤʝʪ ʦʰʠʙʦʢ ʦʪʚʝʪʩʪʚʝʥ-

ʥʳʤ ʠʥʞʝʥʝʨʦʤ; 

5. ʇʝʨʝʥʦʩ ʵʣʝʤʝʥʪʦʚ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʚ ʩʨʝʜʫ ʜʦʧʦʣʥʝʥʥʦʡ 

ʨʝʘʣʴʥʦʩʪʠ; 

6. ʅʘ ʦʙʲʝʢʪʝ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʠ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ: ʠʥʞʝ-

ʥʝʨ ʧʨʦʚʝʨʷʝʪ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʰʠʙʢʠ, ɿʘʢʘʟʯʠʢ ʧʨʦʚʝʨʷʝʪ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʧʨʦʝʢʪʘ ʚʩʝʤ ʫʩʣʦʚʠʷʤ ʜʦʛʦʚʦʨʘ (ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʙʲʝʢʪ ʢ ʤʦʤʝʥʪʫ ʟʘʚʝʨʰʝʥʠʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʝʱʝ ʥʝ ʜʦʩʪʨʦʝʥ, ʪʦ ʧʦʩʣʝʜʥʠʡ ʧʫʥʢʪ ʪʘʢʞʝ ʚʳʧʦʣʥʷʝʪʩʷ ʚ VR-

ʩʨʝʜʝ). 

ʅʝʦʙʭʦʜʠʤʦ ʧʦʜʨʦʙʥʝʝ ʦʩʪʘʥʦʚʠʪʴʩʷ ʥʘ ʧʫʥʢʪʝ ʦ ʩʦʚʤʝʩʪʥʦʤ ʧʨʦʝʢʪʠʨʦ-

ʚʘʥʠʠ ʚ VR-ʩʨʝʜʝ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ, ʢʘʢ ʤʠʥʠʤʫʤ, ʧʝʨʝʨʘʙʦʪʘʥʥʦʝ ʧʦʜ 

VR ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʪʘʢʦʝ ʢʘʢ: Revit ʠʣʠ NanoCAD.  

ʇʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʠ ʵʪʦʤ ʚʳʛʣʷʜʠʪ ʪʘʢʠʤ ʦʙʨʘʟʦʤ: 

ï ʧʨʦʝʢʪ ʠ ʘʨʭʠʪʝʢʪʫʨʥʘʷ ʧʦʜʦʩʥʦʚʘ ʧʨʦʝʢʪʘ ʨʘʟʤʝʱʝʥʘ ʥʘ ʛʣʘʚʥʦʤ ʩʝʨʚʝ-

ʨʝ ʦʨʛʘʥʠʟʘʮʠʠ; 

ï ʧʨʦʝʢʪʠʨʦʚʱʠʢ ʠʣʠ ʠʥʞʝʥʝʨ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʘʚ, ʚʳʜʝʣʝʥʥʳʭ ʝʤʫ) 

ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʧʨʦʝʢʪʫ ʩ ʧʦʤʦʱʴʶ ʩʚʦʝʛʦ ʢʣʠʝʥʪʘ (ʢʣʠʝʥʪʳ ʠʤʝʶʪ ʩʪʨʦʛʫʶ 
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ʩʧʝʮʠʘʣʠʟʘʮʠʶ, ʥʘʧʨʠʤʝʨ ʕʣʝʢʪʨʦ, ʉʂʉ, ʆʇʉ ʠ ʪ.ʜ.; ʧʨʦʩʤʦʪʨ ʩʤʝʞʥʳʭ ʩʠ-

ʩʪʝʤ ʜʦʩʪʫʧʝʥ ʚʩʝʤ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ); 

ï ʧʨʦʝʢʪʠʨʦʚʱʠʢ ʧʝʨʝʤʝʱʘʝʪ ʢʘʤʝʨʫ ʚ ʩʚʦʙʦʜʥʦʤ ʨʝʞʠʤʝ ʠʣʠ ʨʝʞʠʤʝ 

ʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʦʤʝʱʝʥʠʷʤ ʟʜʘʥʠʷ, ʨʘʟʤʝʱʘʝʪ ʦʙʦʨʫʜʦʚʘʥʠʝ ʩʚʦʠʭ ʩʠʩʪʝʤ ʩ 

ʧʦʤʦʱʴʶ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʜʦʩʪʫʧʥʳʭ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʇʆ; 

ï ʦʨʛʘʥʠʟʫʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʠʢʨʝʧʣʝʥʥʦʛʦ (ʠʥʪʝʛʨʠʨʦ-

ʚʘʥʥʦʛʦ) ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʟʜʘʥʠʷ (ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʝʜʠʥʝʥʠʷ ʣʠʥʠʷʤʠ, ʧʨʦʨʘʙʦʪʢʦʡ 

ʫʟʣʦʚ); 

ï ʪʘʢ ʢʘʢ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘ ʦʜʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʩʧʝʮʠʘʣʠʩʪʳ 

ʨʘʟʥʳʭ ʩʠʩʪʝʤ, ʪʦ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʫʧʥʘ ʬʫʥʢʮʠʷ ʦʪʦʙʨʘʞʝʥʠʷ/ʥʝʦʪʦʙʨʘʞʝʥʠʷ 

ʜʨʫʛʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʢʦʥʪʨʦʣʠʨʫʝʤʦ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩʦ 

ʩʤʝʞʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʤʦʞʝʪ ʦʧʨʝʜʝʣʠʪʴ ʦʰʠʙʢʠ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ; 

ï ʪʘʢʞʝ ʧʨʠ ʥʘʣʠʯʠʠ ʧʨʦʨʘʙʦʪʘʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʙʫʜʝʪ ʜʦ-

ʩʪʫʧʝʥ ʧʨʦʛʨʘʤʤʥʳʡ ʘʥʘʣʠʟ ʨʝʞʠʤʦʚ ʨʘʙʦʪ ʠ ʩʦʩʪʦʷʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ ʨʘʟ-

ʣʠʯʥʳʭ ʨʝʞʠʤʘʭ, ʯʪʦ ʧʦʤʦʞʝʪ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʠʟ-

ʙʝʞʘʪʴ ʧʨʦʙʣʝʤ ʚ ʙʫʜʫʱʝʤ. 

3  ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʫʩʣʦʚʠʷ ʝʛʦ ʚʥʝʜʨʝʥʠʷ  

ʆʧʠʩʘʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʜʦʣʞʝʥ ʠʤʝʪʴ ʦʧʨʝʜʝʣʝʥʥʳʡ ʩʤʳʩʣ 

ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ, ʪʘʢ ʢʘʢ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʷ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʠ ʚʥʝʜʨʝʥʠʝ ʝʛʦ ʢʦ-

ʣʦʩʩʘʣʴʥʳ ʧʦ ʥʳʥʝʰʥʠʤ ʤʝʨʢʘʤ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʦʧʠʩʘʥʥʳʡ ʚ ʜʘʥʥʦʤ ʪʝʟʠʩʝ, ʥʝʦʙʭʦʜʠʤ ʜʣʷ: 

ï ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʥʘʜʝʞʥʦʩʪʠ ʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤ; 

ï ʘʥʘʣʠʟʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʟʜʘʥʠʷ; 

ï ʵʢʦʥʦʤʠʠ ʨʝʩʫʨʩʦʚ, ʢʘʢ ʜʝʥʝʞʥʳʭ, ʪʘʢ ʠ ʤʘʪʝʨʠʘʣʦʚ ï ʧʨʠ ʜʘʥʥʦʤ ʧʨʦʝʢ-

ʪʠʨʦʚʘʥʠʠ ʤʠʥʠʤʠʟʠʨʫʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ (ʚ ʪʦʤ ʯʠʩʣʝ ʝʩʣʠ ʩʯʠʪʘʪʴ ʦʪ-

ʩʫʪʩʪʚʠʝ ʨʝʟʝʨʚʘ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʟʜʘʥʠʷ ʟʘ ʦʰʠʙʢʫ); 

ï ʧʦʚʳʰʝʥʠʷ ʜʝʪʘʣʠʟʘʮʠʠ ʧʨʦʨʘʙʦʪʢʠ ʧʨʦʝʢʪʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʙʳʩʪʨʝʝ ʧʦ-

ʩʣʝʜʫʶʱʠʡ ʵʪʘʧ ʩʦʛʣʘʩʦʚʘʥʠʷ, ʤʦʥʪʘʞʘ, ʧʫʩʢʦ-ʥʘʣʘʜʢʠ, ʩʦʜʝʨʞʘʥʠʷ ʦʙʲʝʢʪʘ. 

ʋʩʣʦʚʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʦʷʚʣʝʥʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ: 

ï ʧʦʷʚʣʝʥʠʝ ʩʧʨʦʩʘ ʥʘ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʝʢʪʳ, ʥʘ ʵʢʦʥʦʤʠʶ ʨʝʩʫʨʩʦʚ; 

ï ʧʨʦʝʢʪʳ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʧʦ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʪʨʝʙʫʶʪ ʢʚʘʣʠʬʠʮʠʨʦ-

ʚʘʥʥʦʩʪʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ ʙʦʣʴʰʠʭ ʚʨʝʤʝʥʥʳʭ ʪʨʫʜʦʟʘʪʨʘʪ; 

ï ʧʝʨʝʦʙʫʯʝʥʠʝ ʩʧʝʮʠʘʣʠʩʪʦʚ; 

ï ʜʣʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʤʝʨʳ ʦʙʲʝʢʪʘ ʜʦʣʞʥʳ ʙʳʪʴ ʚʝʩʦ-

ʤʳʤʠ. 

ɺʳʚʦʜ  

ʇʦʜʚʦʜʷ ʠʪʦʛʠ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʥʦʶ ʧʨʝʜʣʦʞʝʥ ʥʝ ʫʪʦʧʠʯʝ-

ʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʘ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʡ ʩʮʝʥʘʨʠʡ ʧʨʠʤʝʥʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʡ, ʩʫʱʝʩʪʚʫʶʱʠʡ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ. ɽʩʪʴ ʨʷʜ ʛʣʦʙʘʣʴʥʳʭ ʧʨʝʧʷʪ-

ʩʪʚʠʡ ʥʘ ʧʫʪʠ ʚʥʝʜʨʝʥʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʥʦ, ʝʩʣʠ ʚʥʝʜʨʠʪʴ ʝʝ ʚ ʧʨʦʝʢʪʥʳʝ 

ʠ ʤʦʥʪʘʞʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ, ʪʦ ʵʪʦ ʦʜʥʦʟʥʘʯʥʦ ʚʳʚʝʜʝʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʥʘ ʥʦ-

ʚʝʡʰʠʡ ʫʨʦʚʝʥʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 
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ɺ ʉʊʈʆʀʊɽʃʔʅʓʍ ʊʈɸʅʉʇʆʈʊʅʓʍ ʉʀʉʊɽʄɸʍ  

ɸ.ɹ. ɺʠʥʦʛʨʘʜʦʚ, ʈ.ʉ. ʉʘʪʨʝʪʜʠʥʦʚʘ 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

(ʉʠʙʩʪʨʠʥ) 

 
ɸʥʥʦʪʘʮʠʷ.  ʇʨʠʚʦʜʠʤ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʣʦʙʦʠʜʥʦʡ ʧʝʨʝʜʘʯʠ ʩ ʧʦʚʳʰʝʥʥʦʡ 

ʥʘʛʨʫʟʦʯʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. ʇʦʚʝʨʭʥʦʩʪʴ ʚʠʪʢʦʚ ʯʝʨʚʷʢʘ ʚ ʪʘʢʦʤ ʟʘʮʝʧʣʝʥʠʠ ʬʦʨʤʦʦʙʨʘʟʫ-

ʝʪʩʷ ʧʣʦʩʢʦʩʪʴʶ ʘʙʨʘʟʠʚʥʦʛʦ ʢʨʫʛʘ ʧʨʠ ʥʦʤʠʥʘʣʴʥʳʭ ʩʪʘʥʦʯʥʳʭ ʥʘʣʘʜʢʘʭ. ʋʛʦʣ ʥʘʢʣʦʥʘ ʦʩʠ 

ʢʨʫʛʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʩʠ ʚʨʘʱʝʥʠʷ ʩʪʦʣʘ ʩʪʘʥʢʘ ʧʦʩʪʦʷʥʝʥ. ʂʦʣʝʩʦ ʥʘʨʝʟʘʝʪʩʷ ʛʣʦʙʦʠʜʥʦʡ 

ʬʨʝʟʦʡ ʩ ʧʨʦʠʟʚʦʜʷʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʠʜʝʥʪʠʯʥʦʡ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʠʪʢʦʚ ʯʝʨʚʷʢʘ. 

ʇʝʨʝʜʘʯʘ ʠʤʝʝʪ ʢʨʠʚʦʣʠʥʝʡʥʳʡ ʚʳʧʫʢʣʦ-ʚʦʛʥʫʪʳʡ ʢʦʥʪʘʢʪ ʥʘ ʦʜʥʦʡ ʧʦʣʦʚʠʥʝ ʟʫʙʘ ʠ ʧʨʷ-

ʤʦʣʠʥʝʡʥʳʡ, ʢʦʧʠʨʫʶʱʠʡ ʩʪʘʥʦʯʥʦʝ ʟʘʮʝʧʣʝʥʠʝ, ʥʘ ʜʨʫʛʦʡ. 

ʂʣʁʯʝʚʳʝ ʩʣʦʚʘ: ʛʣʦʙʦʠʜʥʘʷ ʧʝʨʝʜʘʯʘ,  ʜʚʝ ʟʦʥʳ ʟʘʮʝʧʣʝʥʠʷ, ʪʝʨʤʠʯʝʩʢʠʡ 

ʤʝʪʦʜ ʣʦʢʘʣʠʟʘʮʠʠ, ʥʘʛʨʫʟʦʯʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ. 
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TRANSMISSIONWITH IMPROVED LOADING CAPACITYIN  

CONSTRUCTION TRANSPORT SYSTEMS 

A.B. Vinogradov, R.S. Satretdinova 

Novosibirsk State University of Architecture and Civil Engineering 

(Sibstrin) 

 
Annotation. We present the results of studies of globoid transmission with increased load ca-

pacity. The surface of the turns of the worm in such an engagement is formed by the plane of the 

abrasive wheel at the nominal machine adjustments. The angle of the circle axis with respect to the 
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axis of rotation of the machine table is constant. The wheel is cut by a globoid cutter with a produc-

ing surface identical to the lateral surface of the turns of the worm. The transfer has a curved, con-

vex-concave contact on one half of the tooth and a straight-line, copying machine tool gearing, on 

the other. 

Keywords: globoid transfer, two zones of entanglement, thermal localization 

method, load capacity. 

 

ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʠʩʧʦʣʴʟʫʝʤʦʡ ʵʥʝʨʛʠʠ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʧʨʝʦʙʨʘʟʫ-

ʝʪʩʷ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ ʨʘʙʦʪʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ, ʧʨʠʤʝʥʷʝʤʳʭ 

ʚ ʧʨʠʚʦʜʘʭ. ɺʳʙʦʨ ʪʠʧʘ ʧʨʠʚʦʜʘ, ʝʛʦ ʨʘʮʠʦʥʘʣʴʥʘʷ ʢʦʤʧʦʥʦʚʢʘ ʠ ʧʨʦʝʢʪʠʨʦʚʘ-

ʥʠʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ 

ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʫʱʝʡ ʤʘʰʠʥʳ. 

ʂ ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʨʝʙʦʚʘʥʠʷʤ ʩʙʝʨʝʞʝ-

ʥʠʷ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʦʪʥʦʩʷʪ ʤʝʪʘʣʣʦʝʤʢʦʩʪʴ ʠ ʛʘʙʘʨʠʪʳ ʤʘʰʠʥ ʠ ʠʭ ʵʣʝʤʝʥʪʦʚ, 

ʚʠʙʨʦʘʢʫʩʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʙʝʟʦʪʢʘʟʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ, ʪʦʯʥʦʩʪʴ ʧʝʨʝ-

ʜʘʯʠ ʧʨʝʦʙʨʘʟʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʚʦʟʤʦʞʥʦʩʪʴ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʛʦ ʧʨʠʤʝʥʝ-

ʥʠʷ ʩʧʦʩʦʙʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʩʪʦʠʤʦʩʪʴ. ʇʦʵʪʦʤʫ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʟʫʙʯʘʪʳʭ 

ʧʝʨʝʜʘʯ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʥʘʨʦʜʥʦʭʦʟʷʡʩʪʚʝʥ-

ʥʳʭ ʟʘʜʘʯ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʤʝʭʘʥʠʟʤʘʭ ʠ ʤʘʰʠʥʘʭ ʜʦʤʠʥʠʨʫʶʱʝʝ ʧʦʣʦʞʝʥʠʝ 

ʩʨʝʜʠ ʛʣʦʙʦʠʜʥʳʭ ʟʘʮʝʧʣʝʥʠʡ ʟʘʥʠʤʘʶʪ ʢʣʘʩʩʠʯʝʩʢʘʷ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʧʝ-

ʨʝʜʘʯʠ. ʆʜʥʘʢʦ ʦʥʠ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʛʣʦʙʦʠʜʥʳʤ ʧʝʨʝʜʘʯʘʤ 

ʦʩʥʦʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʠʟ-ʟʘ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ ʟʘʮʝʧʣʝʥʠʷ ʠ 

ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʟʚʝʥʴʝʚ ʧʝʨʝʜʘʯ. ɺ ʪʘʢʠʭ ʧʝʨʝʜʘʯʘʭ ʚʤʝʩʪʦ ʪʨʝʙʫʝʤʦ-

ʛʦ ʨʘʙʦʯʝʛʦ ʫʯʘʩʪʢʘ ʟʫʙʘ 100 % ʧʣʦʱʘʜʠ ʝʛʦ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʥʘ ʩʦʩʪʘʚ-

ʣʷʝʪ ʪʦʣʴʢʦ 40-50 %. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʨʝʟʝʨʚʘ ʥʘʛʨʫʟʦʯʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ. 

ʅʘ ʢʘʬʝʜʨʝ çʊʝʭʥʦʣʦʛʠʷ ʠ ʦʨʛʘʥʠʟʘʮʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘè ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʧʨʦʚʝʜʝʥʳ ʪʝʦʨʝ-

ʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʛʣʦʙʦʠʜʥʦʡ ʧʝʨʝ-

ʜʘʯʠ ʩ ʧʦʚʳʰʝʥʦʡ ʥʘʛʨʫʟʦʯʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ  ʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʠʩʪʝʤʘʭ. ʇʝʨʝʜʘʯʘ ʩʦʩʪʘʚʣʝʥʘ ʠʟ ʟʘʢʘʣʝʥʥʦʛʦ ʠ ʧʨʦʰʣʠʬʦʚʘʥʥʦʛʦ ʧʣʦʩʢʦʩʪʴʶ 

ʯʝʨʚʷʢʘ ʠ ʩʦʧʨʷʞʝʥʥʦʛʦ ʩ ʥʠʤ ʢʦʣʝʩʘ ʩ ʥʦʤʠʥʘʣʴʥʳʤʠ ʩʪʘʥʦʯʥʳʤʠ ʥʘʣʘʜʢʘʤʠ. 

ɺ ʪʘʢʦʡ ʧʝʨʝʜʘʯʝ ʨʝʘʣʠʟʫʝʪʩʷ ʜʚʦʡʥʦʝ ʧʦʣʝ ʟʘʮʝʧʣʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ 

ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʤʘʟʢʠ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʟʫʙʴʝʚ ʠ ʨʘʮʠʦʥʘʣʴʥʳʡ ʧʦ ʪʝʧʣʦʧʝʨʝʜʘʯʝ ʩʠʣʦʚʦʡ ʢʦʥʪʘʢʪ. ʇʝʨʝʜʘʯʘ ʠʤʝʝʪ ʚʳ-

ʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ. 

ʀʩʧʳʪʘʥʠʝ ʨʝʜʫʢʪʦʨʘ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʚ ʜʚʘ ʵʪʘʧʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʦʩʫ-

ʱʝʩʪʚʣʷʣʘʩʴ ʧʨʠʨʘʙʦʪʢʘ ʧʝʨʝʜʘʯʠ, ʥʘʯʠʥʘʷ ʩ ʥʘʛʨʫʟʢʠ 1000 ʅʤ. ɺʝʣʠʯʠʥʘ 

ʥʘʛʨʫʟʢʠ ʧʦʩʣʝʜʫʶʱʝʡ ʩʪʫʧʝʥʠ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʥʘ 15-20 % ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ. 

ʇʦʩʣʝ ʩʪʘʙʠʣʠʟʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʤʘʟʢʠ ʠ ʂʇɼ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʝʨʝʭʦʜ ʢ ʩʣʝ-

ʜʫʶʱʝʡ ʩʪʫʧʝʥʠ. ʇʨʠʨʘʙʦʪʢʘ ʥʘ ʩʪʫʧʝʥʠ ʟʘʢʘʥʯʠʚʘʣʘʩʴ ʣʠʙʦ ʧʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ 

ʩʪʘʙʠʣʴʥʳʭ ʂʇɼ ʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʣʠʙʦ ʧʦʩʣʝ ʨʝʛʠʩʪʨʘʮʠʠ ʫʚʝʣʠʯʝʥʠʷ ʂʇɼ. 

ʇʨʦʮʝʩʩ ʧʨʠʨʘʙʦʪʢʠ ʧʨʝʢʨʘʱʘʣʩʷ ʧʨʠ ʥʘʛʨʫʟʢʝ, ʣʠʤʠʪʠʨʫʝʤʦʡ ʤʘʢʩʠʤʘʣʴʥʦ 

ʜʦʧʫʩʪʠʤʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʩʤʘʟʢʠ ʚ ʫʩʣʦʚʠʷʭ ʦʭʣʘʞʜʝʥʠʷ ʨʝʜʫʢʪʦʨʘ. ʉʥʠʞʝʥʠʝ 
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ʂʇɼ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ʆʪʤʝʯʝʥʦ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʠʞʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʨʝʜʝʣʘ ʩʤʘʟʢʠ, ʧʨʦʮʝʩʩ ʟʘʝʜʘʥʠʷ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʫʙʴʝʚ 

ʥʝ ʨʘʟʚʠʚʘʣʩʷ. ɺʠʟʫʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʣ ʥʝʠʟʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʟʦʥʳ ʢʦʥʪʘʢʪʘ. ʆʯʝʚʠʜʥʦ, ʚʳʩʦʢʘʷ ʥʘʛʨʫʟʦʯʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳ-

ʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʩʣʘ ʵʪʦ ʫʥʠʢʘʣʴʥʦʝ ʩʚʦʡʩʪʚʦ ʛʣʦʙʦʠʜʥʦʡ ʧʝʨʝʜʘʯʠ ʩʦ 

ʰʣʠʬʦʚʘʥʥʳʤ ʯʝʨʚʷʢʦʤ. ɺ ʮʝʣʦʤ ʧʝʨʚʳʡ ʵʪʘʧ ʜʣʠʣʩʷ 83 ʯʘʩʘ. ʅʘ ʨʠʩ. 1 ʧʨʠʚʝ-

ʜʝʥʘ ʢʘʨʪʠʥʘ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʥʘ ʦʜʥʦʡ ʠʟ ʢʦʥʪʨʦʣʴʥʳʭ ʩʪʫ-

ʧʝʥʝʡ. 

 

 
 

ʈʠʩ. 1. ʇʷʪʥʦ ʢʦʥʪʘʢʪʘ ʧʦʩʣʝ 34 ʯʘʩʦʚ ʧʨʠʨʘʙʦʪʢʠ 

 

ɺʪʦʨʦʡ ʵʪʘʧ ʠʩʧʳʪʘʥʠʡ ʧʨʦʠʟʚʦʜʠʣʩʷ ʚ ʪʦʡ ʞʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʯʪʦ ʠ 

ʧʝʨʚʳʡ. ʈʘʟʥʠʮʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʪʦʤ, ʯʪʦ ʧʦʩʣʝ ʩʪʘʙʠʣʠʟʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʩ-

ʣʘ ʥʘ ʢʘʞʜʦʡ ʩʪʫʧʝʥʠ ʥʘʛʨʫʞʝʥʠʷ, ʚʨʝʤʷ ʨʘʙʦʪʳ ʧʝʨʝʜʘʯʠ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʜʦ 4ï

6 ʯʘʩʦʚ (ʨʠʩ. 2).  

 

 
 

ʈʠʩ. 2. ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ:  

1 ï ʚ ʧʝʨʠʦʜ ʧʨʠʨʘʙʦʪʢʠ; 2 ï ʚ ʧʝʨʠʦʜ ʦʩʥʦʚʥʳʭ ʠʩʧʳʪʘʥʠʡ 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʂʇɼ ʦʧʳʪʥʦʡ ʧʝʨʝʜʘʯʠ ʧʨʠ 

ʥʦʤʠʥʘʣʴʥʦʤ ʥʘʛʨʫʞʝʥʠʠ ʚʳʰʝ ʂʇɼ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʩʪʘʥʜʘʨʪʥʦʡ ʧʝʨʝʜʘ-
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ʯʠ ʥʘ 12 %; ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʥʘ ʚʘʣʫ ʢʦʣʝʩʘ ʧʦʩʣʝ ʧʨʠʨʘʙʦʪʢʠ ʧʨʝʚʳʰʘʣ ʥʦ-

ʤʠʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚ 1,7 ʨʘʟʘ; ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʧʝʨʝʛʨʫʟʢʫ ʧʦʢʘ-

ʟʘʣʠ ʦʪʩʫʪʩʪʚʠʝ ʩʣʝʜʦʚ ʟʘʜʠʨʦʚ ʠ ñʟʘʝʜʘʥʠʡò ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʚʝʥʴʝʚ ʧʝ-

ʨʝʜʘʯʠ. 

ʇʨʝʚʳʰʝʥʠʝ ʂʇɼ ʠ ʥʘʛʨʫʟʦʯʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʙʫ-

ʩʣʦʚʣʝʥʳ ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʛʝʦʤʝʪʨʦ-ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʢʦʥʪʘʢʪʘ 

ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʛʣʦʙʦʠʜʥʦʡ ʧʝʨʝʜʘʯʠ. ʆʜʥʦʚʨʝʤʝʥʥʦʝ ʥʘʣʠʯʠʝ ʜʚʫʭ ʧʦʣʝʡ ʢʦʥ-

ʪʘʢʪʥʳʭ ʣʠʥʠʡ (ʟʦʥʳ ʢʦʥʪʘʢʪʘ ʌ1 ʠ ʌ2 ʨʠʩ. 3, ʘ), ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʥʘ ʚʩʶ 

ʰʠʨʠʥʫ ʟʫʙʘ ʢʦʣʝʩʘ, ʷʚʣʷʝʪʩʷ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʬʘʢʪʦʨʦʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʪʚʦʜʘ 

ʪʝʧʣʘ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʦʪ ʪʨʝʥʠʷ ʚ ʟʘʮʝʧʣʝʥʠʠ. ɺʩʪʨʝʯʥʦʝ ʜʚʠʞʝʥʠʝ ʜʚʫʭ ʢʠʥʝ-

ʤʘʪʠʯʝʩʢʠ ʙʣʘʛʦʧʨʠʷʪʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʢʦʥʪʘʢʪʥʳʭ ʣʠʥʠʡ ʧʦ ʟʫʙʫ ʢʦʣʝʩʘ ʦʪ 

ʝʛʦ ʪʦʨʮʝʚʳʭ ʢʨʦʤʦʢ ʢ ʩʝʨʝʜʠʥʝ (ʨʠʩ. 3, ʘ, ʙ) ʩʦʟʜʘʝʪ ʟʘʤʢʥʫʪʳʡ ʦʙʲʝʤ ʩʤʘʟʢʠ ʩ 

ʧʦʚʳʰʝʥʥʳʤ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʜʘʚʣʝʥʠʝʤ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʤʠʥʠʤʠʟʘʮʠʠ 

ʩʫʭʦʛʦ ʠ ʧʦʣʫʩʫʭʦʛʦ ʪʨʝʥʠʷ. ʇʦʩʢʦʣʴʢʫ ʠʟʛʠʙʥʘʷ ʞʝʩʪʢʦʩʪʴ ʫʯʘʩʪʢʦʚ ʟʫʙʘ ʢʦ-

ʣʝʩʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʫ ʪʦʨʮʦʚ ʤʝʥʴʰʝ ʞʝʩʪʢʦʩʪʠ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʟʫʙʘ, ʪʦ ʢʦʥ-

ʪʘʢʪʥʳʝ ʣʠʥʠʠ ʚ ʤʦʤʝʥʪ ʧʨʦʭʦʞʜʝʥʠʷ ʛʦʨʣʦʚʠʥʥʦʡ ʟʦʥʳ ʯʝʨʚʷʢʘ ʚʦʩʧʨʠʥʠʤʘ-

ʶʪ ʙɧʣʴʰʫʶ ʜʦʣʶ ʥʘʛʨʫʟʢʠ ʧʝʨʝʜʘʯʠ. ʊʘʢ ʢʘʢ ʧʨʠʚʝʜʝʥʥʘʷ ʢʨʠʚʠʟʥʘ ʚ ʪʦʯʢʘʭ 

ʢʦʥʪʘʢʪʘ ʛʦʨʣʦʚʠʥʳ ʠʤʝʝʪ ʥʘʠʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ (ʨʠʩ. 3, ʚ), ʪʦ ʩʦʧʨʷʞʝʥʥʦʩʪʴ 

ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʧʦʣʷ ʟʘʮʝʧʣʝʥʠʷ ʠʤʝʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ. ʆʙʝʩ-

ʧʝʯʝʥʠʝ çʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʛʦè ʢʦʥʪʘʢʪʘ ʚ ʛʦʨʣʦʚʠʥʥʦʡ ʟʦʥʝ ʧʦʣʷ ʟʘʮʝʧʣʝʥʠʷ 

ʘʥʘʣʦʛʠʯʥʦ ʧʨʝʜʥʘʤʝʨʝʥʥʦʤʫ ʩʤʝʱʝʥʠʶ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ ʜʣʷ çʟʘʪʷʛʠʚʘʥʠʷè 

ʩʤʘʟʢʠ ʢ ʚʳʭʦʜʫ ʚʠʪʢʘ ʠʟ ʟʘʮʝʧʣʝʥʠʷ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʯʝʨʚʷʯʥʦʡ ʧʝʨʝʜʘʯʝ, 

ʢʘʢ ʵʪʦ ʧʨʘʢʪʠʢʫʝʪ ʠʟʚʝʩʪʥʘʷ ʬʠʨʤʘ  çʍʘʨʣʦʡʜè. 

 

 
 

ʈʠʩ. 3. ɻʝʦʤʝʪʨʦ - ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʮʝʧʣʝʥʠʷ 
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ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʚʨʝʜʥʦʛʦ ʚʣʠʷʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʩʙʦʨʢʠ, ʘ 

ʪʘʢʞʝ ʫʩʢʦʨʝʥʠʷ ʧʨʠʨʘʙʘʪʳʚʘʝʤʦʩʪʠ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʫʙʴʝʚ ʧʨʠʤʝʥʝʥ 

ʥʦʚʳʡ, ʪʝʨʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʣʦʢʘʣʠʟʘʮʠʠ ʟʘʮʝʧʣʝʥʠʷ ʧʦ ʜʣʠʥʝ ʯʝʨʚʷʢʘ ʚ ʟʦʥʝ ʝʛʦ 

ʛʦʨʣʦʚʠʥʳ. ʇʦʩʪʘʚʣʝʥʥʘʷ ʮʝʣʴ ʜʦʩʪʠʛʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʟʫʙʯʘʪʦʛʦ 

ʢʦʣʝʩʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʯʝʨʚʷʯʥʘʷ ʬʨʝʟʘ, ʪʦʨʝʮ ʢʦʪʦʨʦʡ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʭʦʜʫ ʚ ʟʘ-

ʮʝʧʣʝʥʠʝ. ʅʘʛʨʝʚʘʝʪʩʷ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʭʣʘʞʜʘʝʪʩʷ ʜʨʫʛʦʡ ʪʦʨʝʮ. ʇʨʠ ʦʙʨʘ-

ʙʦʪʢʝ ʚʠʪʢʦʚ ʩʦʧʨʷʞʝʥʥʦʛʦ ʯʝʨʚʷʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘʛʨʝʚ ʪʦʨʮʘ, ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʝʛʦ ʚʳʭʦʜʫ ʠʟ ʟʘʮʝʧʣʝʥʠʷ, ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʭʣʘʞʜʘʝʪʩʷ ʜʨʫʛʦʡ ʪʦʨʝʮ. ɼʘʥ-

ʥʳʡ ʩʧʦʩʦʙ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚ ʧʝʨʝʜʘʯʝ ʨʘʟʣʠʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʠ ʨʘʟʥʫʶ ʩʪʝʧʝʥʴ 

ʣʦʢʘʣʠʟʘʮʠʠ ʢʦʥʪʘʢʪʘ ʧʦ ʜʣʠʥʝ ʯʝʨʚʷʢʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʥʘʛʨʝʚʘ ʠ ʦʭʣʘʞʜʝʥʠʷ ʪʦʨʮʦʚ ʯʝʨʚʷʢʘ ʠ ʬʨʝʟʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʦʯʝʯʥʦʝ ʟʘʮʝʧʣʝ-

ʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʫʧʨʘʚʣʷʝʤʳʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʦʙʨʘʟʦʚʘʥʠʷ ʧʝʨʝʜʘʯʠ ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʩʧʦʩʦʙʫ ʚʟʷ-

ʪʘ ʛʣʦʙʦʠʜʥʘʷ ʧʘʨʘ ʩ ʤʝʞʦʩʝʚʳʤ ʨʘʩʩʪʦʷʥʠʝʤ 160 ʤʤ. ʂʦʣʝʩʦ ʧʝʨʝʜʘʯʠ ʥʘʨʝʟʘ-

ʝʪʩʷ ʯʝʨʚʷʯʥʦʡ ʬʨʝʟʦʡ, ʧʨʦʠʟʚʦʜʷʱʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʪʦʨʦʡ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʦʜ-

ʥʠʭ ʠ ʪʝʭ ʞʝ ʩʪʘʥʦʯʥʳʭ ʥʘʣʘʜʢʘʭ, ʯʪʦ ʠ ʨʘʙʦʯʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʚʠʪʢʦʚ ʯʝʨʚʷʢʘ.  

ʈʝʟʫʣʴʪʘʪʳ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʠʪʢʦʚ ʯʝʨʚʷʢʘ ʠ ʬʨʝʟʳ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʪʦʨʮʳ ʚʠʪʢʦʚ ʜʣʷ ʧʨʝʜʝʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ 

ʪʝʤʧʝʨʘʪʫʨ, ʘ ʪʘʢʞʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 1. 

 

ʊʘʙʣʠʮʘ 1 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʙʨʘʙʦʪʢʠ ʬʨʝʟʳ ʠ ʟʚʝʥʴʝʚ ʛʣʦʙʦʠʜʥʳʭ ʧʝʨʝʜʘʯ 
 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

 

ʇʘʨʘʤʝʪʨ 

ɺʘʨʠʘʥʪʳ ʦʙʨʘʟʦʚʘʥʠʷ ʛʣʦʙʦʠʜʥʦʡ ʧʝʨʝʜʘʯʠ 

1 2 3 

ɺʭʦʜ ɺʳʭʦʜ ɺʭʦʜ ɺʳʭʦʜ ɺʭʦʜ ɺʳʭʦʜ 

ʌʨʝʟʘ 
C,t

o
 330 -215 330 -215 330 -16 

, ʤʤ 0,10 0,07 0,10 0,07 0,16 0 

ʏʝʨʚʷʢ 
C,t

o
 - - -215 330 -16 330 

, ʤʤ - - 0,04 0,13 0 0,17 

ʇʝʨʝʜʘʯʘ 
, ʤʤ 0,10 0,07 0,14 0,20 0,16 0,17 

,l ʤʤ 53 37 44 

 

ʇʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʛʣʦʙʦʠʜʥʦʡ ʧʝʨʝʜʘʯʠ ʧʦ ʚʘʨʠʘʥʪʫ 1 ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ 

ʪʦʣʴʢʦ ʬʨʝʟʘ. ɺʝʣʠʯʠʥʘ ʠ ʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ʢʦʥʪʘʢʪʘ ʚ ʧʝʨʝʜʘʯʝ ʦʧʨʝʜʝʣʝʥʳ 

ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʜʝʬʦʨʤʘʮʠʷʤʠ ʚʠʪʢʦʚ ʬʨʝʟʳ. 

ɺʘʨʠʘʥʪ 2 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʣʦʢʘʣʠʟʘʮʠʶ ʩ ʯʝʨʚʷʢʦʤ ʠ ʬʨʝ-

ʟʦʡ, ʦʙʨʘʙʦʪʘʥʥʳʤʠ ʩ ʧʨʝʜʝʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨ (ʨʠʩ. 4). 

ɺʘʨʠʘʥʪ 3 ʧʦʢʘʟʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ ʚ ʛʦʨʣʦʚʠʥʝ 

ʯʝʨʚʷʢʘ (l = 44 ʤʤ) ʧʨʠ ʟʘʤʝʥʝ ʢʨʠʦʛʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ, ʦʭʣʘʞʜʝʥʠʝʤ ʚʦʜʦʡ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ + 4 Áʉ (ʨʠʩ. 5). 
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ʈʠʩ. 4. ʇʨʦʚʝʨʢʘ ʢʘʯʝʩʪʚʘ                    ʈʠʩ. 5. ʇʷʪʥʦ ʢʦʥʪʘʢʪʘ ʥʘ ʟʫʙʝ 

  ʠʟʛʦʪʦʚʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʟʘʮʝʧʣʝʥʠʷ          ʢʦʣʝʩʘ ʧʝʨʝʜʘʯʠ ʧʦʩʣʝ ʤʠʥʫʪʥʦʡ 

    ʥʘ ñʢʨʘʩʢʫò                                ʨʘʙʦʪʳ ʣʠʬʪʦʚʦʛʦ ʨʝʜʫʢʪʦʨʘ 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʣʦʢʘʣʠʟʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʠʟ ʢʘʩʘʥʠʷ ʧʦ 

ʚʠʥʪʦʚʦʡ ʣʠʥʠʠ ʧʨʦʠʟʚʦʜʷʱʝʛʦ ʯʝʨʚʷʢʘ ʩ ʚʠʪʢʘʤʠ ʨʘʙʦʯʝʛʦ ʯʝʨʚʷʢʘ ʬʘʢʪʠʯʝ-

ʩʢʠ ʠʤʝʪʴ ʦʜʥʫ ʪʦʯʢʫ, ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʚ ʩʨʝʜʥʝʡ ʠʣʠ ʜʨʫʛʦʡ ʟʦʥʝ ʧʦʣʷ ʟʘʮʝʧ-

ʣʝʥʠʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʦʢʘʣʠʟʘʮʠʶ ʢʦʥʪʘʢʪʘ ʧʦ ʜʣʠʥʝ ʟʫʙʘ ʢʦʣʝʩʘ. ɻʣʦʙʦʠʜ-

ʥʘʷ ʧʝʨʝʜʘʯʘ, ʩʦʩʪʘʚʣʝʥʥʘʷ ʠʟ ʜʘʥʥʦʛʦ ʨʘʙʦʯʝʛʦ ʯʝʨʚʷʢʘ  ʠ ʢʦʣʝʩʘ, ʥʘʨʝʟʘʥʥʦʛʦ 

ʜʘʥʥʦʡ ʬʨʝʟʦʡ, ʥʝ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʤʦʥʪʘʞʥʳʤ ʧʦʛʨʝʰʥʦʩʪʷʤ. ʕʪʦ ʛʘʨʘʥʪʠʨʫʝʪ 

ʚʳʩʦʢʫʶ ʥʘʛʨʫʟʦʯʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʂʇɼ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʪʝʭʥʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʨʝʜʫʢ-

ʪʦʨʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʥʘ ʙʘʟʝ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʧʝʨʝʜʘʯʠ, ʚʳʩʰʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ (ʪʘʙʣʠʮʘ 2).  

ʊʘʙʣʠʮʘ 2 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʛʣʦʙʦʠʜʥʳʭ ʨʝʜʫʢʪʦʨʦʚ  
 

ɺʠʜ ʛʣʦʙʦʠʜʥʦʡ  

ʧʝʨʝʜʘʯʠ 

 

ʂʨʠʪʝʨʠʡ , 

ʢʛ/(ʅʤ) 

ʂʘʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʨʦʚ-

ʥʷ ʨʝʜʫʢʪʦʨʘ (ɻʆʉʊ16162 çʈʝʜʫʢʪʦʨʳ 

ʟʫʙʯʘʪʳʝ. ʆʙʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷè) 

ʂʣʘʩʩʠʯʝʩʢʘʷ > 0,2 ʅʠʟʢʠʡ; ʨʝʜʫʢʪʦʨ ʤʦʨʘʣʴʥʦ ʫʩʪʘʨʝʣ 

(0,1é0,2) 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ 0,17 ʉʨʝʜʥʠʡ; ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʦʠʟ-

ʚʦʜʩʪʚʦ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʦʧʨʘʚʜʘʥʥʦ 

(0,06é0,1) 

ʀʩʩʣʝʜʦʚʘʥʥʘʷ 0, 055 ɺʳʩʰʠʡ; ʨʝʜʫʢʪʦʨ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʢʦʨʜ-

ʥʳʤ ʦʙʨʘʟʮʘʤ (< 0,06) 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʘʧʨʦʙʘʮʠʷ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʛʣʦʙʦʠʜʥʦʡ ʧʝʨʝʜʘʯʠ ʧʨʦʠʟ-

ʚʦʜʠʪʩʷ ʚ ʨʝʜʫʢʪʦʨʘʭ ʛʨʫʟʦʚʳʭ ʣʠʬʪʦʚ ʠ ʙʘʰʝʥʥʳʭ ʢʨʘʥʘʭ. ʂʠʣʦʤʝʪʨʘʞ ʧʨʦʙʝ-

ʛʘ ʨʝʜʫʢʪʦʨʦʚ ʧʨʝʚʳʩʠʣ ʚʜʚʦʝ ʩʨʝʜʥʝʩʪʘʪʠʯʝʩʢʠʡ ʧʨʦʙʝʛ ʜʣʷ ʩʪʘʥʜʘʨʪʥʳʭ ʨʝ-

ʜʫʢʪʦʨʦʚ ʪʠʧʘ ʃɻ 160-50. ʉʦʩʪʦʷʥʠʝ ʛʣʦʙʦʠʜʥʳʭ ʧʘʨ ʭʦʨʦʰʝʝ ʠ ʦʥʠ ʧʨʦʜʦʣ-

ʞʘʶʪ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴʩʷ.  
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ʋɼʂ 681.5:621.22+625.76 

ʊɽʍʅʀʂʆ-ʕʂʆʅʆʄʀʏɽʉʂʆɽ ʆɹʆʉʅʆɺɸʅʀɽ ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ 

ɻʀɼʈʆʋɼɸʈʅʀʂɸ ɸʂʊʀɺʅʆɻʆ ʈɸɹʆʏɽɻʆ ʆʈɻɸʅɸ ʕʂʉʂɸɺɸʊʆʈɸ 
ɺ.ʅ. ɻʘʣʜʠʥ 

ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʚʪʦʤʦʙʠʣʴʥʦ-ʜʦʨʦʞʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

(ʉʠʙɸɼʀ) 

 
ɸʥʥʦʪʘʮʠʷ. ʊʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʛʠʜʨʦʫʜʘʨʥʳʭ ʫʩʪʨʦʡʩʪʚ ʦʩʫʱʝʩʪʚ-

ʣʷʝʪʩʷ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʜʦʩʪʠʞʝʥʠʷʤʠ ʚ 

ʤʠʨʦʚʦʡ ʠ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʝ. ɺʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ 

ʛʠʜʨʦʫʜʘʨʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠʤʝʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʭ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʠ-

ʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʨʝʜʳ. ʇʨʠʚʝʜʝʥʳ ʬʦʨʤʫʣʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʟʘʪʨʘʪ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʥʦʚʦʡ ʪʝʭʥʠʢʠ, ʩʝʙʝʩʪʦʠʤʦʩʪʠ, ʛʦʜʦʚʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʦʚʦ-

ʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʛʠʜʨʦʫʜʘʨʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʛʠʜʨʦʤʦ-

ʣʦʪ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 
 

THE FEASIBILITY REPORT ON ENGINEERING OF THE THE H Y-

DROIMPACT DEVICE  OF THE ACTIVE TOOL OF THE EXCAVATOR  

V.N.Galdin 

The Siberian state auto-road university  

(SibADI) 

 
Abstract. The Feasibility report on hydroimpact devices is carried out by comparison of their 

parametres and performances with analogous achievements in world and domestic practice. The 

great value for raise of overall performance of hydroimpact devices has forming of their key para-

metres depending on physicomechanical properties of the developed medium. Formulas for defini-

tion of expenses for engineering of new engineering, the cost price, annual production rate of the 

new device are resulted. 

Keywords: engineering, the hydroimpact device, a hydrorammer, output. 
 

ɼʣʷ ʨʘʟʨʫʰʝʥʠʷ ʤʝʨʟʣʳʭ, ʧʨʦʯʥʳʭ, ʩʢʘʣʴʥʳʭ ʛʨʫʥʪʦʚ, ʙʝʪʦʥʥʳʭ ʦʩʥʦʚʘ-

ʥʠʡ ʠ ʜʦʨʦʞʥʳʭ ʧʦʢʨʳʪʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʩʪʝʩʥʝʥʥʳʭ  ʤʝʩʪʘʭ, ʚ ʫʩʣʦʚʠʷʭ ʛʦ-

ʨʦʜʩʢʦʡ ʟʘʩʪʨʦʡʢʠ, ʘ ʪʘʢʞʝ ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʦʙʲʝʢʪʦʚ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʥʘʚʝʩʥʳʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʤʘʰʠʥʳ ʫʜʘʨʥʦʛʦ 

ʜʝʡʩʪʚʠʷ ʢ ʵʢʩʢʘʚʘʪʦʨʘʤ ʩ ʛʠʜʨʦʧʨʠʚʦʜʦʤ [5, 6, 8, 9]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʧʫʩʢʘʝʪʩʷ ʰʠʨʦʢʘʷ ʛʘʤʤʘ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʠ ʚʠʜʦʚ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʤʘʰʠʥ ʫʜʘʨʥʦʛʦ ʜʝʡʩʪʚʠʷ (ʛʠʜʨʦʤʦʣʦʪʦʚ), ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʟʘ-

ʨʫʙʝʞʥʳʤʠ ʬʠʨʤʘʤʠ JCB, KRUPP, Atlas Copco, RAMMER, Montabert, Furuka-

wa, Nippon Pneumatic (NPK), Caterpillar, Soosan, Hanwoo, Bobcat, Komatsu ʠ 

ʜʨʫʛʠʤʠ.  

ɺ ʈʦʩʩʠʠ ʧʨʦʠʟʚʦʜʷʪ ʛʠʜʨʦʤʦʣʦʪʳ ʉʘʨʘʥʩʢʠʡ ʵʢʩʢʘʚʘʪʦʨʥʳʡ ʟʘʚʦʜ (ɻʇʄ-

120), ʆʆʆ çɿʣʘʪʦʫʩʪʦʚʩʢʠʡ ʵʢʩʢʘʚʘʪʦʨʥʳʡ ʟʘʚʦʜ çɿʣʘʪʵʢʩè, ʊʚʝʨʩʢʦʡ ʵʢʩʢʘʚʘ-

ʪʦʨʥʳʡ ʟʘʚʦʜ, ʇʊʌ çʅʊ ʇʘʨʢ ɻʄè, ʆʆʆ ʂʦʤʧʘʥʠʷ çʊʨʘʜʠʮʠʷ-ʂè, ʊʚʝʨʩʢʦʡ 

ʤʘʰʟʘʚʦʜ çɻʠʜʨʦʤʦʣʦʪè (ʆɸʆ "ʊʚʝʨʴʪʝʭʦʩʥʘʩʪʢʘ") ʠ ʜʨʫʛʠʝ.  

ʅʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʦʚʦʡ ʪʝʭʥʠʢʠ, ʛʠʜʨʦʫʜʘʨʥʳʭ ʫʩʪʨʦʡʩʪʚ, 

ʛʠʜʨʦʤʦʣʦʪʦʚ ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʝʸ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʠ ʪʝʭʥʠ-
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ʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ, ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʦʙʣʘʩʪʝʡ ʵʬʬʝʢʪʠʚ-

ʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ [6]. 

ʎʝʣʴ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʦʙʦʩʥʦʚʘʥʠʡ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʦʚʦʡ 

ʪʝʭʥʠʢʠ (ʛʠʜʨʦʫʜʘʨʥʳʭ ʫʩʪʨʦʡʩʪʚ) ï ʚʳʙʦʨ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʘʨʠʘʥʪʘ 

ʥʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʆʮʝʥʢʘ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʥʦʚʦʛʦ ʛʠʜʨʦʤʦʣʦʪʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ 

ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʝʛʦ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩ ʘʥʘʣʦʛʠʯʥʳʤ.  

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʩʪʘʥʜʘʨʪʦʤ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʩʪʘʜʠʠ ʨʘʟʨʘ-

ʙʦʪʢʠ ʥʦʚʦʡ ʪʝʭʥʠʢʠ: 

- ʪʝʭʥʠʯʝʩʢʦʝ ʟʘʜʘʥʠʝ;  

- ʪʝʭʥʠʯʝʩʢʦʝ ʧʨʝʜʣʦʞʝʥʠʝ; 

- ʵʩʢʠʟʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ; 

- ʪʝʭʥʠʯʝʩʢʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ; 

- ʨʘʟʨʘʙʦʪʢʘ  ʨʘʙʦʯʝʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ. 

ʈʘʩʯʝʪ ʛʦʜʦʚʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʦʡ ʪʝʭʥʠʢʠ 

(ʛʠʜʨʦʫʜʘʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ) ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʧʦʨʷʜʢʝ: 

- ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʟʥʘʯʝʥʠʝ ʠ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʛʠʜʨʦʫʜʘʨʥʦʛʦ ʫʩʪʨʦʡ-

ʩʪʚʘ; 

- ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʘʟʠʩʥʦʝ (ʙʘʟʦʚʦʝ) ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ (ɹʊ); 

- ʩʦʙʠʨʘʶʪʩʷ ʠ ʩʠʩʪʝʤʘʪʠʟʠʨʫʶʪʩʷ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʘ (ʜʘʥʥʳʝ ʧʦ ʫʜʝʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʩʪʦʠʤʦʩʪʠ ʛʠʜʨʦʫʜʘʨ-

ʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʝʛʦ ʫʩʪʨʦʡʩʪʚ ʠ ʜʨʫʛʠʝ); 

- ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʦʜʦʚʘʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʜʣʷ ɹʊ ʠ 

ʅʊ; 

- ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ; 

- ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ  ʅʊ (ʪʝʢʫʱʠʝ ʟʘʪʨʘʪʳ ʠ ʜʨʫ-

ʛʠʝ). 

ɺʳʙʦʨ ɹʊ ʟʘʚʠʩʠʪ ʦʪ ʥʘʟʥʘʯʝʥʠʷ ʅʊ, ʦʙʣʘʩʪʠ ʝʝ ʧʨʠʤʝʥʝʥʠʷ, ʫʩʣʦʚʠʡ ʝʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʥʦ-

ʚʦʡ ʪʝʭʥʠʢʠ [1, 2, 3, 4, 7]. 

ʋʢʨʫʧʥʝʥʦ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʥʦʚʦʡ ʪʝʭʥʠʢʠ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ 

ʧʦ ʬʦʨʤʫʣʝ [4]: 
n

1i

m

1j

ijij21ʧʨ ,TNTTZ

                                 ( 1 ) 

ʛʜʝ Zʧʨ ï ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʥʦʚʦʡ ʪʝʭʥʠʢʠ;  T1 ï ʟʘʪʨʘʪʳ ʥʘ ʨʘʟʨʘ-

ʙʦʪʢʫ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ; T2 ï ʟʘʪʨʘʪʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʝʜʣʦ-

ʞʝʥʠʷ; ʊij ï ʥʦʨʤʠʨʦʚʘʥʥʘʷ ʪʨʫʜʦʸʤʢʦʩʪʴ j ï ʛʦ ʚʠʜʘ ʨʘʙʦʪ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦ-

ʝʢʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʧʨʠʭʦʜʷʱʝʡʩʷ ʥʘ i-ʦʝ ʥʘʠʤʝʥʦʚʘʥʠʝ ʜʝ-

ʪʘʣʝʡ (ʫʟʣʦʚ), ʚʭʦʜʷʱʠʭ ʚ ʧʨʦʝʢʪʠʨʫʝʤʦʝ ʫʩʪʨʦʡʩʪʚʦ; Nij ï ʢʦʣʠʯʝʩʪʚʦ ʣʠʩʪʦʚ 

ʯʝʨʪʝʞʝʡ (ʪʝʢʩʪʦʚʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʩʭʝʤ) ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʬʦʨʤʘʪʘ i ï ʦʡ ʜʝʪʘʣʠ 

ʧʨʠ j ï ʦʤ ʚʠʜʝ ʨʘʙʦʪ; j =1ém ï ʚʠʜʳ ʧʨʦʝʢʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ, ʨʘʩʯʝʪʥʳʭ 

ʨʘʙʦʪ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʘ ʥʦʚʫʶ ʪʝʭʥʠʢʫ; i=1én ï ʢʦʣʠʯʝʩʪʚʦ ʜʝ-



49 

 

ʪʘʣʝʡ; ï ʩʨʝʜʥʷʷ ʩʪʦʠʤʦʩʪʴ ʪʨʫʜʦʸʤʢʦʩʪʠ ʧʨʦʝʢʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ, ʨʘʩʯʝʪ-

ʥʳʭ ʨʘʙʦʪ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʤʝʪʦʜʘ ʦʮʝʥʢʠ ʣʫʯʰʝʛʦ ʚʘʨʠʘʥʪʘ ʠʟ ʨʷʜʘ ʧʨʦʝʢʪʥʳʭ 

ʨʝʰʝʥʠʡ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʥʘʫʢʘ ʧʨʝʜʣʘʛʘʝʪ ʦʮʝʥʢʫ ʧʦ ʤʠʥʠʤʫʤʫ ʧʨʠʚʝʜʝʥʥʳʭ 

ʟʘʪʨʘʪ. 

ɺʝʣʠʯʠʥʫ ʧʨʠʚʝʜʝʥʥʳʭ ʟʘʪʨʘʪ Zi ʧʦ i-ʤʫ ʚʘʨʠʘʥʪʫ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʬʦʨʤʫʣʝ 

iʥii KEʉZ ,                                               (2) 

ʛʜʝ  ʉi  ï ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʛʠʜʨʦʫʜʘʨʥʠʢʘ ʧʦ i-ʤʫ ʚʘʨʠʘʥʪʫ, 

ʨʫʙ.;  Ki ï ʢʘʧʠʪʘʣʴʥʳʝ ʚʣʦʞʝʥʠʷ ʧʦ i-ʤʫ ʚʘʨʠʘʥʪʫ, ʨʫʙ.; ɽʥ ï ʥʦʨʤʘʪʠʚʥʳʡ ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʘʧʠʪʘʣʴʥʳʭ ʚʣʦʞʝʥʠʡ, ɽʥ =0,15 ʜʣʷ 

ʩʪʨʦʠʪʝʣʴʥʦ-ʜʦʨʦʞʥʳʭ ʤʘʰʠʥ. 

ʕʬʬʝʢʪʠʚʥʳʡ ʚʘʨʠʘʥʪ ʢʦʥʩʪʨʫʢʮʠʠ ʛʠʜʨʦʫʜʘʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʧʦ ʤʠʥʠʤʘʣʴʥʦʤʫ ʫʨʦʚʥʶ ʧʨʠʚʝʜʝʥʥʳʭ ʟʘʪʨʘʪ, ʪ.ʝ. ʠʟ ʚʳʨʘʞʝʥʠʷ: 

n,...,2,1iʥiminiʥi )KEC()KEC(   ,                                (3) 

ʛʜʝ miniʥi )KEC(  ï ʤʠʥʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʧʨʠʚʝʜʝʥʥʳʭ ʟʘʪʨʘʪ, ʦʮʝʥʠʚʘ-

ʶʱʠʭ ʜʘʥʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ. 

ʈʘʟʥʦʩʪʴ ʧʨʠʚʝʜʝʥʥʳʭ ʟʘʪʨʘʪ ʜʣʷ ʙʘʟʠʩʥʦʡ (ɹʊ) ʠ i-ʛʦ ʚʘʨʠʘʥʪʘ ʥʦʚʦʡ ʪʝʭ-

ʥʠʢʠ (ʅʊ) ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʝʣʠʯʠʥʫ ʛʦʜʦʚʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ [3, 4, 7] ʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ: 

iʅʊɹʊ ZZʕ ,                                                     (4) 

ʛʜʝ  ʕ  ï ʛʦʜʦʚʦʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʥʘ ʦʜʥʫ ʤʘʰʠʥʫ ʥʦʚʦʡ ʪʝʭʥʠʢʠ, 

ʨʫʙ.; Zɹʊ ï ʛʦʜʦʚʳʝ ʧʨʠʚʝʜʝʥʥʳʝ ʟʘʪʨʘʪʳ ɹʊ, ʨʫʙ.; Zʅʊ i ï ʛʦʜʦʚʳʝ ʧʨʠʚʝʜʝʥʥʳʝ 

ʟʘʪʨʘʪʳ i-ʛʦ ʚʘʨʠʘʥʪʘ ʅʊ, ʨʫʙ. 

ʀʣʠ, ʩ ʫʯʝʪʦʤ ʛʦʜʦʚʦʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʛʦʜʦʚʦʡ 

ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 
)ZZ(ʇʕ ʫʜʅʊʫʜɹʊɻ ,                                               (5) 

ʛʜʝ ʇɻ ï ʛʦʜʦʚʘʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʦʚʦʡ ʪʝʭʥʠʢʠ 

(ʛʠʜʨʦʫʜʘʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ) (ʪ);  Zʫʜ ɹʊ , Zʫʜ ʅʊ ï ʫʜʝʣʴʥʳʝ ʧʨʠʚʝʜʝʥʥʳʝ ʟʘʪʨʘʪʳ 

ʜʣʷ ɹʊ ʠ ʅʊ. 

ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʘʰʠʥ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʢʨʠʪʝʨʠʷ ʦʧʪʠ-

ʤʘʣʴʥʦʩʪʠ. ʅʘʠʙʦʣʝʝ ʦʙʱʠʤ ʠ ʧʦʣʥʳʤ ʢʨʠʪʝʨʠʝʤ  ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʣʷ ʜʘʥʥʦʛʦ 

ʢʣʘʩʩʘ ʤʘʰʠʥ ʷʚʣʷʝʪʩʷ ʢʨʠʪʝʨʠʡ ʫʜʝʣʴʥʳʭ ʧʨʠʚʝʜʝʥʥʳʭ ʟʘʪʨʘʪ  Zʫʜ [4]. 

ʎʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʤʝʝʪ ʚʠʜ: 
minʇZZ ɻʫʜ                                      (6) 

ʛʜʝ  Z  ï ʛʦʜʦʚʳʝ ʧʨʠʚʝʜʝʥʥʳʝ ʟʘʪʨʘʪʳ, ʨʫʙ, ʇɻ ï ʛʦʜʦʚʘʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥ-

ʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʛʠʜʨʦʫʜʘʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ (ʤ
3
/ʛʦʜ). 

ɻʦʜʦʚʘʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʛʠʜʨʦʫʜʘʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

ʌɻ ʊʇʇ ,                                                   (7) 

ʛʜʝ  ʇ ï ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʩʨʝʜʥʝʯʘʩʦʚʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʛʠʜʨʦʤʦʣʦ-

ʪʘ, ʤ
3
/ʯ; ʊʌ ï ʛʦʜʦʚʘʷ ʬʘʢʪʠʯʝʩʢʘʷ ʟʘʛʨʫʟʢʘ ʛʠʜʨʦʫʜʘʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚ ʛʦʜʫ, 

ʯʘʩ. 
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ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʩʨʝʜʥʝʯʘʩʦʚʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʛʠʜʨʦʤʦʣʦʪʘ ʩ 

ʫʜʘʨʥʳʤ ʨʘʙʦʯʠʤ ʦʨʛʘʥʦʤ ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ ʛʨʫʥʪʘ  ʥʘʭʦʜʠʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʷ [6] 

ʇ = Vʈfkɺ ,                                                      (8) 

ʛʜʝ  Vʈ ï ʦʙʲʝʤ ʨʘʟʨʫʰʝʥʥʦʡ ʟʦʥʳ ʛʨʫʥʪʘ, ʤ
3
 ;  f ï ʯʘʩʪʦʪʘ ʫʜʘʨʦʚ ʛʠʜʨʦʤʦ-

ʣʦʪʘ;  kɺ ï ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʰʠʥʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʆʙʲʝʤ ʨʘʟʨʫʰʝʥʥʦʡ ʟʦʥʳ ʛʨʫʥʪʘ Vʈ (ʤ
3
) ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ [6]: 

2
Sɼ

P
Ck

ɽTk2

k

Tk2
V

.                                         (9) 

ʛʜʝ T ï ʵʥʝʨʛʠʷ ʝʜʠʥʠʯʥʦʛʦ ʫʜʘʨʘ; E ï ʜʠʥʘʤʠʯʝʩʢʠʡ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ 

ʛʨʫʥʪʘ;  k  ï ʙʝʟʨʘʟʤʝʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʫʛʦʣ ʟʘʦʩʪʨʝʥʠʷ ʠʥ-

ʩʪʨʫʤʝʥʪʘ, k   1,0;  V1 ï ʩʢʦʨʦʩʪʴ ʫʜʘʨʘ ʠʥʩʪʨʫʤʝʥʪʘ (ʙʦʡʢʘ) ʦ ʛʨʫʥʪ;  kS ï ʢʦ-

ʵʬʬʠʮʠʝʥʪ, kS = k0
2
kC

2
k  , ʟʜʝʩʴ k0 ï ʙʝʟʨʘʟʤʝʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ,  k0 = 1,36...1,60; 

kʉ ï ʢʦʵʬʬʠʮʠʝʥʪ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʧʨʦʬ. ʀ.ɸ.ʅʝʜʦʨʝʟʦʚʳʤ,  kʉ = 10
6
/30;   k  ï 

ʙʝʟʨʘʟʤʝʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ,                k  = 1-2 /(1- ) , ʟʜʝʩʴ   ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʦʧʝʨʝʯʥʦʡ ʫʧʨʫʛʦʩʪʠ ʛʨʫʥʪʘ (ʇʫʘʩʩʦʥʘ);   C  ï ʯʠʩʣʦ ʫʜʘʨʦʚ ʧʣʦʪʥʦʤʝʨʘ ɼʦʨ-

ʅʀʀ. 

ʆʙʲʝʤ ʨʘʟʨʫʰʝʥʥʦʡ ʟʦʥʳ ʛʨʫʥʪʘ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʫʨʘʚʥʝʥʠʷ (9), ʟʘʚʠʩʠʪ ʦʪ 

ʵʥʝʨʛʠʠ ʝʜʠʥʠʯʥʦʛʦ ʫʜʘʨʘ ʛʠʜʨʦʤʦʣʦʪʘ, ʢʦʥʩʪʨʫʢʮʠʠ ʠʥʩʪʨʫʤʝʥʪʘ, ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʨʫʥʪʘ. 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʨʘʬʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ 

ʩʨʝʜʥʝʯʘʩʦʚʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʛʠʜʨʦʤʦʣʦʪʘ ʩ ʫʜʘʨʥʳʤ ʨʘʙʦʯʠʤ ʦʨʛʘʥʦʤ 

ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ ʛʨʫʥʪʘ.   

ʀʟ ʛʨʘʬʠʢʘ (ʨʠʩ. 1) ʚʠʜʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʵʥʝʨʛʠʠ ʫʜʘʨʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʩʨʝʜʥʝʯʘʩʦʚʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʛʠʜʨʦʤʦʣʦʪʘ. ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʩʨʝʜʥʝʯʘ-

ʩʦʚʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʛʠʜʨʦʤʦʣʦʪʘ ʧʨʠ ʵʥʝʨʛʠʠ ʫʜʘʨʘ 3500 ɼʞ ʫʚʝʣʠʯʠʚʘ-

ʝʪʩʷ ʧʨʠʤʝʨʥʦ ʚ 4 ʨʘʟʘ (ʦʪ 4 ʤ
3
/ʯʘʩ ʜʦ 16 ʤ

3
/ʯʘʩ) ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʯʠʩʣʘ ʫʜʘʨʦʚ 

ʧʣʦʪʥʦʤʝʨʘ ɼʦʨʅʀʀ ʉ ʦʪ 300 ʜʦ 160 ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʨʘʟʣʠʯʥʳʭ ʛʨʫʥʪʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʠʩʥʦʛʦ ʚʘʨʠʘʥʪʘ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʵʢʩʢʘʚʘʪʦʨ 

ʪʠʧʘ ɽʂ ʥʘ ʧʥʝʚʤʦʢʦʣʝʩʥʦʤ ʭʦʜʫ ʩ ʛʠʜʨʦʤʦʣʦʪʦʤ Delta [8, 9].  

ɻʦʜʦʚʘʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʘʢʪʠʚʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ 

ʥʘ ʦʩʥʦʚʝ ʛʠʜʨʦʫʜʘʨʥʠʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

ʌɻ ʊʇʇ ,                                                          (7) 

ʛʜʝ  ʇ ï ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʩʨʝʜʥʝʯʘʩʦʚʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʛʠʜʨʦʤʦʣʦ-

ʪʘ, ʤ
3
/ʯʘʩ; ʊʌ ï ʛʦʜʦʚʘʷ ʬʘʢʪʠʯʝʩʢʘʷ ʟʘʛʨʫʟʢʘ ʛʠʜʨʦʫʜʘʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚ ʛʦʜʫ, 

ʯʘʩ. 
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ʈʠʩ. 1 ɿʘʚʠʩʠʤʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʩʨʝʜʥʝʯʘʩʦʚʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʛʠʜʨʦʤʦʣʦʪʘ ʦʪ ʯʠʩʣʘ 

ʫʜʘʨʦʚ ʧʣʦʪʥʦʤʝʨʘ ɼʦʨʅʀʀ ʉ ʠ ʵʥʝʨʛʠʠ ʝʜʠʥʠʯʥʦʛʦ ʫʜʘʨʘ T 

 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʩʨʝʜʥʝʯʘʩʦʚʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ 

ʛʠʜʨʦʤʦʣʦʪʘ (ʥʦʚʦʡ ʪʝʭʥʠʢʠ ï ʅʊ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ  

nɹʊʅʊ ʇʇ ,                                            (10) 

ʛʜʝ  ʇʅʊ ï ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʩʨʝʜʥʝʯʘʩʦʚʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʘʟʨʘʙʘ-

ʪʳʚʘʝʤʦʛʦ ʛʠʜʨʦʤʦʣʦʪʘ (ʅʊ), ʤ
3
/ʯʘʩ; ʇɹʊ ï ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʩʨʝʜʥʝʯʘʩʦʚʘʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʙʘʟʦʚʦʛʦ ʛʠʜʨʦʤʦʣʦʪʘ (ɹʊ), ʤ
3
/ʯʘʩ; n  ï ʢʦʵʬʬʠʮʠʝʥʪ, 

ʫʯʠʪʳʚʘʶʱʠʡ ʠʟʤʝʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ, ʚʭʦʜʷʱʠʭ ʚ ʬʦʨʤʫʣʫ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ 

ʩʨʝʜʥʝʯʘʩʦʚʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʙʘʟʦʚʦʡ ʪʝʭʥʠʢʠ. 

ɺ ʬʦʨʤʫʣʫ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʩʨʝʜʥʝʯʘʩʦʚʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʦʚʦʡ 

ʪʝʭʥʠʢʠ ʚʭʦʜʷʪ ʜʚʘ ʧʦʢʘʟʘʪʝʣʷ, ʠʟʤʝʥʷʶʱʠʝʩʷ ʫ ʥʦʚʦʡ ʪʝʭʥʠʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʙʘʟʦʚʦʡ: ʯʘʩʪʦʪʘ ʫʜʘʨʦʚ ʛʠʜʨʦʤʦʣʦʪʘ ʠ ʵʥʝʨʛʠʷ ʫʜʘʨʘ, ʪʦʛʜʘ ʢʦʵʬʬʠʮʠʝʥʪ n  

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ [3]: 

ɹʊ

ʅʊ

ɹʊ

ʅʊ
n

T

T
,                                               (11) 

ʛʜʝ  ɓʅʊ ï ʯʘʩʪʦʪʘ ʫʜʘʨʦʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʛʠʜʨʦʤʦʣʦʪʘ, ɻʮ; ɓɹʊ ï ʯʘʩʪʦʪʘ 

ʫʜʘʨʦʚ ʙʘʟʦʚʦʛʦ ʛʠʜʨʦʤʦʣʦʪʘ ɻʮ; Tʅʊ ï ʵʥʝʨʛʠʷ ʫʜʘʨʦʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʛʠʜ-

ʨʦʤʦʣʦʪʘ, ɼʞ; Tɹʊ ï ʵʥʝʨʛʠʷ ʫʜʘʨʘ ʙʘʟʦʚʦʛʦ ʛʠʜʨʦʤʦʣʦʪʘ ɼʞ. 

ɺʳʚʦʜʳ 

ʎʝʣʴ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʦʙʦʩʥʦʚʘʥʠʡ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʦʚʦʡ 

ʪʝʭʥʠʢʠ (ʛʠʜʨʦʫʜʘʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ) ï ʚʳʙʦʨ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʘʨʠʘʥʪʘ 

ʥʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ʊʨʫʜʦʟʘʪʨʘʪʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ, ʪʝʭʥʠ-
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ʯʝʩʢʦʛʦ ʧʨʝʜʣʦʞʝʥʠʷ, ʵʩʢʠʟʥʦʛʦ, ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʦʚ, ʨʘʙʦʯʝʡ ʜʦʢʫʤʝʥʪʘ-

ʮʠʠ ʛʠʜʨʦʫʜʘʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʟʘʚʠʩʷʪ ʦʪ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʩʣʦʞʥʦʩʪʠ ʠ ʥʦʚʠʟ-

ʥʳ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʤʝʪʦʜʘ ʦʮʝʥʢʠ ʣʫʯʰʝʛʦ 

ʚʘʨʠʘʥʪʘ ʠʟ ʨʷʜʘ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʮʝʥʢʘ ʧʦ ʤʠʥʠʤʫʤʫ ʧʨʠʚʝ-

ʜʝʥʥʳʭ ʟʘʪʨʘʪ. 
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ʨʘʟʨʘʙʦʪʢʦʡ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʭʝʤʳ, ʚʳʙʦʨʦʤ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʛʠʜʨʦ-

ʧʨʠʚʦʜʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʙʠʣʴʥʳʝ ʤʘʰʠʥʳ, ʛʠʜʨʦʧʨʠʚʦʜ, ʘʣʛʦʨʠʪʤ, ʤʝʪʦʜʠʢʘ 

ʨʘʩʯʝʪʘ. 

 

CALCULATION OF THE VOLUM E HYDRAULIC DRIVE  

MOBILE CARS ON THE COMPUTER  
N.S. Galdin, I.A. Semenova  

The Siberian state auto-road university (SibADI) 

 
The abstract. The description of a design procedure of the hydraulic drive of mobile cars on 

the computer is resulted. Calculation of the volume hydraulic drive of the car represents difficult 

multiphasic process which is connected with a substantiation of nominal pressure of hydrosystem, 

working out of the basic hydraulic circuit design, sampling of basic elements of the hydraulic drive.  

Keywords: mobile cars, the hydraulic drive, algorithm, a design procedure. 

 

ɸʣʛʦʨʠʪʤ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʘʪʴ ʦʩʥʦʚʥʳʝ ʧʘ-

ʨʘʤʝʪʨʳ ʦʙʲʝʤʥʦʛʦ ʛʠʜʨʦʧʨʠʚʦʜʘ ʤʦʙʠʣʴʥʳʭ ʤʘʰʠʥ (ʧʦʣʝʟʥʫʶ ʤʦʱʥʦʩʪʴ ʛʠʜ-

ʨʦʜʚʠʛʘʪʝʣʷ; ʥʘʩʦʩʘ; ʚʥʫʪʨʝʥʥʠʝ ʜʠʘʤʝʪʨʳ ʛʠʜʨʦʣʠʥʠʡ (ʚʩʘʩʳʚʘʶʱʝʡ, ʥʘʧʦʨ-

ʥʦʡ, ʩʣʠʚʥʦʡ); ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʛʠʜʨʦʣʠʥʠʷʭ; ʧʨʦʠʟʚʦʜʠʪ ʛʠʜ-

ʨʘʚʣʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʨʘʩʯʝʪ ʛʠʜʨʦʜʚʠʛʘʪʝʣʝʡ (ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ 

ʠʣʠ ʛʠʜʨʦʤʦʪʦʨʦʚ)). 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʩʯʝʪʘ ʦʙʲʝʤʥʦʛʦ ʛʠʜʨʦʧʨʠʚʦʜʘ ʤʦʙʠʣʴʥʳʭ 

ʤʘʰʠʥ ʨʘʟʨʘʙʦʪʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ FORTRAN.  

ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʛʠʜʨʦʧʨʠʚʦʜʘ ʥʘ ʨʘʟʣʠʯʥʳʭ ʤʦʙʠʣʴʥʳʭ ʤʘʰʠʥʘʭ, 

ʪʘʢʠʭ ʢʘʢ ʩʪʨʦʠʪʝʣʴʥʘʷ, ʜʦʨʦʞʥʘʷ, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʠ ʪʨʘʥʩʧʦʨʪʥʘʷ ʪʝʭ-

ʥʠʢʘ ʧʨʦʠʩʭʦʜʠʪ ʙʣʘʛʦʜʘʨʷ ʝʛʦ ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʧʝʨʝʜ ʜʨʫʛʠʤʠ 

ʪʠʧʘʤʠ ʧʨʠʚʦʜʦʚ ʠ ʧʨʝʞʜʝ ʚʩʝʛʦ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʣʫʯʝʥʠʷ ʙʦʣʴʰʠʭ ʫʩʠʣʠʡ ʠ 

ʤʦʱʥʦʩʪʝʡ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʳʭ ʨʘʟʤʝʨʘʭ ʛʠʜʨʦʜʚʠʛʘʪʝʣʝʡ.  

ɻʠʜʨʦʧʨʠʚʦʜʳ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʵʥʝʨʛʦʝʤʢʦʩʪʴʶ, ʢʦʤʧʘʢʪʥʦʩʪʴʶ, ʥʝ-

ʙʦʣʴʰʦʡ ʠʥʝʨʮʠʦʥʥʦʩʪʴʶ, ʫʜʦʙʩʪʚʦʤ ʠ ʣʝʛʢʦʩʪʴʶ ʫʧʨʘʚʣʝʥʠʷ, ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʮʠʦʥʘʣʴʥʦʡ ʢʦʤʧʦʥʦʚʢʠ, ʙʦʣʴʰʠʭ ʧʝʨʝʜʘʪʦʯʥʳʭ ʦʪʥʦʰʝʥʠʡ ʠ 

ʜʨ. [1 ï 13]. ʆʙʲʝʤʥʳʡ ʛʠʜʨʦʧʨʠʚʦʜ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʢ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʤʘ-

ʰʠʥ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʛʠʜʨʦʠʤ-

ʧʫʣʴʩʥʦʡ ʠ ʜʨʫʛʦʡ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʪʝʭʥʠʢʠ. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʛʠʜʨʦʧʨʠʚʦʜʦʚ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ  ʠ ʥʘʟʥʘʯʝ-

ʥʠʶ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ ʚʦʟʤʦʞʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʠʧʦʚʳʭ, ʫʥʠʬʠʮʠʨʦ-

ʚʘʥʥʳʭ ʠ ʩʪʘʥʜʘʨʪʥʳʭ ʫʟʣʦʚ ʠ ʵʣʝʤʝʥʪʦʚ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʥʘʩʦʩʳ, ʛʠʜʨʦ-

ʜʚʠʛʘʪʝʣʠ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠ ʜʨʫʛʠʝ ʵʣʝʤʝʥʪʳ ʛʠʜʨʦʧʨʠʚʦʜʘ. ʀʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʪʠʧʦʚʳʭ, ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ ʠ ʩʪʘʥʜʘʨʪʥʳʭ ʫʟʣʦʚ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ 

ʩʨʦʢʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʛʠʜʨʦʧʨʠʚʦʜʘ ʠ ʤʘʰʠʥʳ ʚ ʮʝʣʦʤ, ʫʧʨʦ-

ʱʘʝʪʩʷ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʨʝʤʦʥʪ. 

ʈʘʩʯʝʪ ʦʙʲʝʤʥʦʛʦ ʛʠʜʨʦʧʨʠʚʦʜʘ ʤʘʰʠʥʳ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦ-

ʙʦʡ ʩʣʦʞʥʳʡ ʤʥʦʛʦʩʪʘʜʠʡʥʳʡ ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʩʚʷʟʘʥ ʩ ʦʙʦʩʥʦʚʘʥʠʝʤ ʥʦʤʠ-

ʥʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʛʠʜʨʦʩʠʩʪʝʤʳ, ʨʘʟʨʘʙʦʪʢʦʡ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʛʠʜʨʘʚʣʠʯʝ-



54 

 

ʩʢʦʡ ʩʭʝʤʳ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤ ʫʯʝʪ ʦʩʥʦʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ (ʧʦ ʥʘʜʝʞʥʦʩʪʠ, 

ʩʪʦʠʤʦʩʪʠ, ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, ʫʥʠʬʠʢʘʮʠʠ ʠ ʪ.ʜ.), ʜʠʨʝʢʪʠʚʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ, 

ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʧʘʪʝʥʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʧʦʣʥʝʥʥʳʭ 

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʚʳʙʦʨʫ ʧʘʨʘʤʝʪʨʦʚ ʠ ʨʘʩʯʝʪʫ ʛʠʜʨʦʧʨʠʚʦʜʘ ʠ ʝʛʦ 

ʵʣʝʤʝʥʪʦʚ. 

ʉʪʘʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʦʙʲʝʤʥʦʛʦ ʛʠʜʨʦʧʨʠʚʦʜʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʵʪʘʧʦʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʛʠʜʨʦʧʨʠʚʦʜʘ ʠ ʚʳʧʦʣʥʷʝʪʩʷ ʦʙʳʯʥʦ ʚ ʜʚʘ ʵʪʘʧʘ: ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʳʡ ʨʘʩʯʝʪ ʠ ʦʩʥʦʚʥʦʡ ʨʘʩʯʝʪ. 

ʎʝʣʴʶ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʘʩʯʝʪʘ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʛʠʜʨʦ-

ʧʨʠʚʦʜʘ, ʪʠʧʦʨʘʟʤʝʨʦʚ ʠ ʥʦʤʝʥʢʣʘʪʫʨʳ ʧʨʠʤʝʥʷʝʤʦʛʦ ʛʠʜʨʦʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʩ-

ʥʦʚʥʳʤ ʨʘʩʯʝʪʦʤ ʫʪʦʯʥʷʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʛʠʜʨʦʧʨʠʚʦʜʘ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʝʧʝʥʴ 

ʨʘʩʭʦʞʜʝʥʠʷ ʤʝʞʜʫ ʧʦʣʫʯʝʥʥʳʤʠ ʠ ʟʘʜʘʥʥʳʤʠ ʚʳʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʛʠʜ-

ʨʦʧʨʠʚʦʜʘ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʦʙʲʝʤʥʦʛʦ ʛʠʜʨʦʧʨʠʚʦʜʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1. 

ɼʣʷ ʨʘʩʯʝʪʘ ʛʠʜʨʦʧʨʠʚʦʜʘ ʥʝʦʙʭʦʜʠʤʳ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʠʩʭʦʜʥʳʝ 

ʜʘʥʥʳʝ: 

ʘ) ʥʦʤʠʥʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʛʠʜʨʦʩʠʩʪʝʤʝ; 

ʙ) ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʩʭʝʤʘ; 

ʚ) ʚʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʛʠʜʨʦʜʚʠʛʘʪʝʣʝʡ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ (ʚʝ-

ʣʠʯʠʥʳ ʢʨʫʪʷʱʠʭ ʤʦʤʝʥʪʦʚ ʠ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ (ʯʘʩʪʦʪ) ʚʨʘʱʝʥʠʷ ʚʘʣʘ ï ʜʣʷ 

ʛʠʜʨʦʧʨʠʚʦʜʦʚ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ; ʚʝʣʠʯʠʥʳ ʫʩʠʣʠʡ ʥʘ ʰʪʦʢʘʭ ʠ ʩʢʦʨʦ-

ʩʪʝʡ ʧʝʨʝʤʝʱʝʥʠʷ ʰʪʦʢʦʚ ï ʜʣʷ ʛʠʜʨʦʧʨʠʚʦʜʦʚ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ); 

ʛ) ʪʝʭʥʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʘʰʠʥʳ; 

ʜ) ʨʝʞʠʤ ʨʘʙʦʪʳ, ʮʠʢʣʦʛʨʘʤʤʘ ʨʘʙʦʪʳ ʛʠʜʨʦʧʨʠʚʦʜʘ; 

ʝ) ʛʨʘʥʠʯʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ. 

ɿʥʘʯʝʥʠʷ ʢʨʫʪʷʱʠʭ ʤʦʤʝʥʪʦʚ ʥʘ ʚʘʣʫ ʛʠʜʨʦʤʦʪʦʨʦʚ ʠ ʫʩʠʣʠʡ ʥʘ ʰʪʦʢʘʭ 

ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʠʣʦʚʦʛʦ ʨʘʩʯʝʪʘ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ, ʤʝʭʘʥʠʟʤʦʚ ʧʦʚʦʨʦʪʘ, ʭʦʜʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʜʨʫʛʠʭ ʠʩʧʦʣʥʠʪʝʣʴ-

ʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʤʘʰʠʥ. 

ɿʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʧʝʨʝʤʝʱʝʥʠʷ ʰʪʦʢʦʚ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ ʠ ʫʛʣʦʚʳʭ ʩʢʦ-

ʨʦʩʪʝʡ (ʯʘʩʪʦʪ) ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʛʠʜʨʦʤʦʪʦʨʦʚ ʧʨʠʥʠʤʘʶʪʩʷ ʠʩʭʦʜʷ ʠʟ ʢʠʥʝʤʘ-

ʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʤʘʰʠʥ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʦʧʳʪ ʧʨʦʝʢʪʠʨʦʚʘ-

ʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʘʰʠʥ ʘʥʘʣʦʛʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 
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ʈʠʩ. 1. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʩʭʝʤʘ  

ʦʙʲʝʤʥʦʛʦ ʛʠʜʨʦʧʨʠʚʦʜʘ 

ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ  

 
ɼʣʷ ʨʘʩʯʝʪʘ ʛʠʜʨʦʧʨʠʚʦʜʘ ʟʘʜʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʠʩʭʦʜʥʳʝ ʜʘʥ-

ʥʳʝ: 

ï ʫʩʠʣʠʝ ʥʘ ʰʪʦʢʝ ʛʠʜʨʦʮʠʣʠʥʜʨʘ F (ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʥʘ ʚʘʣʫ ʛʠʜʨʦʤʦʪʦ-

ʨʘ ʄ); 

ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʰʪʦʢʘ V (ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʛʠʜʨʦʤʦʪʦʨʘ 
ʤn ); 

ï ʥʦʤʠʥʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʛʠʜʨʦʧʨʠʚʦʜʘ 
ʥʦʤʨ ; 

ï ʜʣʠʥʳ ʛʠʜʨʦʣʠʥʠʡ (ʚʩʘʩʳʚʘʶʱʝʡ 
ʚʩ?, ʥʘʧʦʨʥʦʡ ʥʘʧ? , ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ 

ʠʩʧ?  ʠ ʩʣʠʚʥʦʡ 
ʩʣ? ); 

ï ʚʠʜ ʠ ʢʦʣʠʯʝʩʪʚʦ ʤʝʩʪʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʚ ʛʠʜʨʦʣʠʥʠʷʭ; 

ï ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ; 

ʈʘʩʯʝʪ ʛʠʜʨʦʧʨʠʚʦʜʘ ʧʨʦʠʟʚʦʜʷʪ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: 

ï ʦʧʨʝʜʝʣʷʶʪ ʧʦʣʝʟʥʫʶ ʤʦʱʥʦʩʪʴ ʛʠʜʨʦʜʚʠʛʘʪʝʣʷ; 

ï ʦʧʨʝʜʝʣʷʶʪ ʧʦʣʝʟʥʫʶ ʤʦʱʥʦʩʪʴ ʥʘʩʦʩʘ; 

ï ʚʳʙʠʨʘʶʪ ʥʘʩʦʩ ʧʦ ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ [2, 4, 8]. , ʚʳʯʠʩʣʷʶʪ ʜʝʡ-

ʩʪʚʠʪʝʣʴʥʫʶ ʧʦʜʘʯʫ ʥʘʩʦʩʘ; 

ï ʦʧʨʝʜʝʣʷʶʪ ʚʥʫʪʨʝʥʥʠʝ ʜʠʘʤʝʪʨʳ ʛʠʜʨʦʣʠʥʠʡ (ʚʩʘʩʳʚʘʶʱʝʡ, ʥʘʧʦʨʥʦʡ, 

ʩʣʠʚʥʦʡ); 

ï ʚʳʙʠʨʘʶʪ ʪʨʫʙʦʧʨʦʚʦʜʳ, ʫʪʦʯʥʷʶʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ  ʞʠʜʢʦʩʪʠ ʚ ʥʠʭ; 

ï ʚʳʙʠʨʘʶʪ ʛʠʜʨʦʘʧʧʘʨʘʪʫʨʫ, ʢʦʥʜʠʮʠʦʥʝʨʳ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ; 

ï ʚʳʙʠʨʘʶʪ ʨʘʙʦʯʫʶ ʞʠʜʢʦʩʪʴ; 

ï ʧʨʦʠʟʚʦʜʷʪ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʪʨʫʙʦʧʨʦʚʦʜʦʚ (ʦʧʨʝʜʝʣʷʶʪ ʨʝʞʠʤʳ 

ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ, ʧʦʪʝʨʠ ʜʘʚʣʝʥʠʷ ʧʦ ʜʣʠʥʝ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʚ ʤʝʩʪʥʳʭ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷʭ, ʩʫʤʤʘʨʥʳʝ ʧʦʪʝʨʠ ʜʘʚʣʝʥʠʷ); 

ï ʧʨʦʠʟʚʦʜʷʪ ʨʘʩʯʝʪ ʛʠʜʨʦʜʚʠʛʘʪʝʣʝʡ (ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ ʠʣʠ ʛʠʜʨʦʤʦʪʦʨʦʚ); 

- ʚʳʧʦʣʥʷʶʪ ʪʝʧʣʦʚʦʡ ʨʘʩʯʝʪ ʛʠʜʨʦʧʨʠʚʦʜʘ. 
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ɸʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʦʙʲʝʤʥʦʛʦ ʛʠʜʨʦʧʨʠʚʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 2. ʇʨʠʤʝʨ 

ʨʘʩʯʝʪʘ ʦʙʲʝʤʥʦʛʦ ʛʠʜʨʦʧʨʠʚʦʜʘ ʥʘ ʕɺʄ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 3. 

 

 
 

ʈʠʩ. 2. ɸʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʦʙʲʝʤʥʦʛʦ ʛʠʜʨʦʧʨʠʚʦʜʘ 
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ʈʠʩ. 3. ʇʨʠʤʝʨ ʨʘʩʯʝʪʘ ʦʙʲʝʤʥʦʛʦ ʛʠʜʨʦʧʨʠʚʦʜʘ ʥʘ ʕɺʄ 

 

ʅʘʩʪʦʷʱʠʡ ʘʣʛʦʨʠʪʤ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʧʨʦ-

ʛʨʘʤʤʥʦ-ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʙʲʝʤʥʦʛʦ ʛʠʜʨʦʧʨʠʚʦʜʘ 
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ʤʦʙʠʣʴʥʳʭ ʤʘʰʠʥ. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ  ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʦʩʥʦʚʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʦʙʲʝʤʥʦʛʦ ʛʠʜʨʦʧʨʠʚʦʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʛʠʜʨʦʧʨʠʚʦʜʘ, ʪʠʧʘ ʛʠʜʨʦʜʚʠʛʘʪʝʣʷ (ʛʠʜʨʦʮʠʣʠʥʜʨʘ, ʛʠʜʨʦʤʦʪʦʨʘ), ʚʳʭʦʜʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʛʠʜʨʦʜʚʠʛʘʪʝʣʷ (ʩʠʣʦʚʳʭ ʠ ʩʢʦʨʦʩʪʥʳʭ), ʦʧʨʝʜʝʣʷʝʪ ʨʝʞʠʤʳ ʜʚʠ-

ʞʝʥʠʷ ʞʠʜʢʦʩʪʠ, ʧʦʪʝʨʠ ʜʘʚʣʝʥʠʷ ʧʦ ʜʣʠʥʝ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʚ ʤʝʩʪʥʳʭ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷʭ, ʩʫʤʤʘʨʥʳʝ ʧʦʪʝʨʠ ʜʘʚʣʝʥʠʷ.  
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ʉʆʉʊɸɺ ʈɽʎʀʈʂʋʃʀʈʋɽʄʆɻʆ ɹɽʊʆʅɸ 

ɼʫʘʥʴ ʖʝʭʘʥ, ʅ.ʄ. ʂʘʥʜʘʫʨʦʚʘ, ɻ.ʇ. ʀʚʘʥʦʚʘ 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

(ʉʠʙʩʪʨʠʥ) 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʩʪʘʚ ʠ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʨʝʮʠʨʢʫʣʠʨʫʝʤʦʛʦ 

ʙʝʪʦʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʝʡ ʟʘʤʝʱʝʥʠʷ ʢʨʫʧʥʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ. ʇʨʠʚʦʜʷʪ-

ʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʦʙʨʘʙʘʪʳʚʘʝʤʦʩʪʠ ʨʝʮʠʨʢʫʣʠʨʫʝʤʦʛʦ ʙʝʪʦʥʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʨʦʠʪʝʣʴʥʳʝ ʦʪʭʦʜʳ; ʧʝʨʝʨʘʙʦʪʘʥʥʳʡ ʟʘʧʦʣʥʠʪʝʣʴ; 

ʧʝʨʝʨʘʙʦʪʘʥʥʳʡ ʙʝʪʦʥ. 

 

COMPOSITION OF RECYCLED CONCRETE  

Duan Yuehang, H.M. Kandaurova, G.P. Ivanova,  

Novosibirsk State University of Architecture and Civil Engineering (Sibstrin) 

 
Annotation. The article deals with the composition and basic properties of recycled concrete 

using different rates of substitution of large aggregate. Experimental results on the workability of 

recycled concrete are presented. 

Keywords: construction waste; recovered aggregate; recycled concrete. 

 

ʊʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠ ʙʝʪʦʥʘ ʤʦʞʝʪ ʢʦʨʝʥʥʳʤ ʦʙʨʘʟʦʤ ʨʝʰʠʪʴ ʧʨʦʙʣʝ-

ʤʫ ʫʪʠʣʠʟʘʮʠʠ ʨʘʟʨʫʰʝʥʥʦʛʦ  ʙʝʪʦʥʘ, ʩʥʠʟʠʪʴ ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʩʦʭʨʘʥʠʪʴ ʧʨʠʨʦʜʥʳʝ ʨʝʩʫʨʩʳ ʠ ʵʥʝʨʛʠʶ.   

ʇʝʨʝʨʘʙʦʪʘʥʥʳʤ ʥʘʟʳʚʘʝʪʩʷ ʙʝʪʦʥ, ʚ ʢʦʪʦʨʦʤ ʚʤʝʩʪʦ ʧʨʠʨʦʜʥʦʛʦ ʟʘʧʦʣʥʠ-

ʪʝʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʟʤʝʣʴʯʸʥʥʳʡ, ʨʘʟʜʨʦʙʣʝʥʥʳʡ ʙʝʪʦʥ ʠʟ ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʪʭʦ-

ʜʦʚ.  ɼʦʣʷ ʨʝʮʠʨʢʫʣʠʨʫʝʤʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ ʚʤʝʩʪʦ ʧʨʠʨʦʜʥʦʛʦ ʥʘʟʳʚʘʝʪʩʷ ʢʦ-

ʵʬʬʝʮʠʝʥʪʦʤ ʟʘʤʝʱʝʥʠʷ ʚʪʦʨʠʯʥʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ. ɹʳʣ ʧʨʦʚʝʜʸʥ ʵʢʩʧʝʨʠʤʝʥʪ, 

ʚ ʢʦʪʦʨʦʤ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʧʝʨʝʨʘʙʦʪʘʥʥʦʛʦ ʙʝʪʦʥʘ ʠʟʫʯʘʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʝʡ ʟʘʤʝʱʝʥʠʷ ʢʨʫʧʥʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʳʡ ʤʝʪʦʜ ʧʨʦʚʦʜʠʣʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʦʤ ʠʩʧʳʪʘʥʠʡ ʤʝ-

ʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʙʳʯʥʦʛʦ ʙʝʪʦʥʘ.[1] 

https://elibrary.ru/item.asp?id=35227921
https://elibrary.ru/item.asp?id=35227921
https://elibrary.ru/contents.asp?id=34930849
https://elibrary.ru/contents.asp?id=34930849&selid=35227921
https://elibrary.ru/item.asp?id=30284388
https://elibrary.ru/item.asp?id=30284388
https://elibrary.ru/item.asp?id=30284388
https://elibrary.ru/item.asp?id=30283727
https://elibrary.ru/item.asp?id=30284377
https://elibrary.ru/item.asp?id=30284377
https://elibrary.ru/item.asp?id=30284377
https://elibrary.ru/item.asp?id=30283727
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ʉʳʨʴʝ  

(1) ɽʩʪʝʩʪʚʝʥʥʳʡ ʢʨʫʧʥʳʡ ʟʘʧʦʣʥʠʪʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʨʘʚʠʡ, ʘ ʤʘʢ-

ʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʩʦʩʪʘʚʣʷʝʪ 31,5 ʤʤ. 

 (2) ʇʝʨʝʨʘʙʦʪʘʥʥʳʡ ʢʨʫʧʥʳʡ ʟʘʧʦʣʥʠʪʝʣʴ: ʢʘʤʝʥʴ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʵʢʩ-

ʧʝʨʠʤʝʥʪʝ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʨʘʙʦʪʘʥʥʳʝ ʙʝʪʦʥʥʳʝ ʙʣʦʢʠ (ʢʫʩʢʠ), ʢʦʪʦʨʳʝ 

ʠʩʢʫʩʩʪʚʝʥʥʦ ʠʟʤʝʣʴʯʘʶʪʩʷ, ʧʨʦʩʝʠʚʘʶʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʮʠʨʢʫʣʠʨʦʚʘʥʥʦʛʦ 

ʟʘʧʦʣʥʠʪʝʣʷ. 

(3) ʄʝʣʢʠʡ ʟʘʧʦʣʥʠʪʝʣʴ: ʞʝʣʪʳʡ ʨʝʯʥʦʡ ʧʝʩʦʢ, ʤʦʜʫʣʴ ʯʠʩʪʦʪʳ 2,6, ʩʨʝʜ-

ʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ 0,5-0,35 ʤʤ. 

(4) ɺʦʜʘ ʜʣʷ ʩʤʝʰʠʚʘʥʠʷ: ʚʦʜʦʧʨʦʚʦʜʥʘʷ ʚʦʜʘ. 

 (5) ʎʝʤʝʥʪ: P032.5 ʦʙʳʢʥʦʚʝʥʥʳʡ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ. 

ʊʝʭʥʦʣʦʛʠʷ ʩʤʝʰʠʚʘʥʠ ̫

ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʬʣʫʢʪʫʘʮʠʠ ʧʨʦʯʥʦʩʪʠ ʧʝʨʝʨʘʙʦʪʘʥʥʦʛʦ ʙʝʪʦʥʘ, 

ʚʳʟʚʘʥʥʦʛʦ ʙʦʣʴʰʠʤ ʚʦʜʦʧʦʛʣʦʱʝʥʠʝʤ ʨʝʮʠʨʢʫʣʠʨʫʝʤʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ, ʩʦ-

ʜʝʨʞʘʥʠʝ ʚʦʜʳ ʚ ʙʝʪʦʥʦʩʤʝʩʠʪʝʣʝ ʜʝʣʠʪʩʷ ʥʘ ʜʚʝ ʯʘʩʪʠ: ʦʜʥʘ ʯʘʩʪʴ - ʚʦʜʘ, ʧʦʣ-

ʥʦʩʪʴʶ ʧʦʛʣʦʱʘʝʤʘʷ ʟʘʧʦʣʥʠʪʝʣʝʤ, ʠ ʵʪʘ ʯʘʩʪʴ ʚʦʜʳ ʥʝ ʤʦʞʝʪ ʠʛʨʘʪʴ ʩʫʱʝ-

ʩʪʚʝʥʥʦʡ ʨʦʣʠ ʚ ʩʤʝʩʠ.  ʆʥʘ ʩʤʷʛʯʘʝʪ, ʫʣʫʯʰʘʝʪ ʪʝʢʫʯʝʩʪʴ ʠ ʥʘʟʳʚʘʝʪʩʷ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʦʡ ʚʦʜʦʡ, ʵʪʦ ʨʘʩʭʦʜ ʚʦʜʳ, ʢʦʛʜʘ ʟʘʧʦʣʥʠʪʝʣʴ ʧʦʛʣʦʱʘʝʪ ʚʦʜʫ ʥʘ ʥʘʩʳ-

ʱʘʝʤʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʘ ʜʨʫʛʘʷ ʯʘʩʪʴ - ʵʪʦ ʚʦʜʘ ʜʣʷ ʩʤʝʰʠʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʨʘʩ-

ʧʨʝʜʝʣʷʝʪʩʷ ʚ ʮʝʤʝʥʪʥʦʤ ʨʘʩʪʚʦʨʝ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʩʤʝʩʠ.  ʉʢʦʨʦʩʪʴ, ʠ ʢʦʛʜʘ ʙʝ-

ʪʦʥ ʟʘʪʚʝʨʜʝʚʘʝʪ ʢʦʥʜʝʥʩʘʪʦʤ, ʵʪʘ ʯʘʩʪʴ ʚʦʜʳ ʯʘʩʪʠʯʥʦ ʫʯʘʩʪʚʫʝʪ ʚ ʚʳʧʘʨʠʚʘ-

ʥʠʠ, ʘ ʦʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʘʢʮʠʠ ʛʠʜʨʘʪʘʮʠʠ ʮʝʤʝʥʪʘ. 

ʂʦʥʢʨʝʪʥʳʝ ʰʘʛʠ  

(1) ʆʪʧʨʘʚʥʳʤ ʚʦʟʴʤʸʤ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʯʥʦʩʪʠ ʉ25 ʦʙʳʯʥʦʛʦ ʙʝʪʦʥʘ. 

(2) ʆʧʨʝʜʝʣʠʤ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʤʝʱʝʥʠʷ ʧʝʨʝʨʘʙʦʪʘʥʥʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ  (r) ʚ  

0ḯ30ḭ50ḭ70ḭ100Ṿ. 

(3) ɺʦʟʴʤʸʤ ʩʢʦʨʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʚʦʜʦʧʦʛʣʦʱʝʥʠʷ ʚʪʦʨʠʯʥʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ 

6.0% ʜʣʷ  ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ. 

NC ʦʙʦʟʥʘʯʘʝʪ ʦʙʳʯʥʳʡ ʙʝʪʦʥ, ʘ RC ï ʙʦʣʝʝ ʩʪʦʡʢʠʡ ʜʣʷ ʨʝʮʠʨʢʫʣʠʨʦʚʘʥ-

ʥʦʛʦ ʙʝʪʦʥʘ, ʟʘ ʢʦʪʦʨʳʤ ʩʣʝʜʫʝʪ ʢʦʣʠʯʝʩʪʚʦ ʨʝʮʠʨʢʫʣʠʨʦʚʘʥʥʦʡ ʩʪʝʧʝʥʠ ʟʘʤʝ-

ʱʝʥʠʷ ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ (%), ʘ ʩʦʦʪʥʦʰʝʥʠʝ ʚʦʜʘ-ʮʝʤʝʥʪ ʷʚʣʷʝʪʩʷ 

ʵʬʬʝʢʪʠʚʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʚʦʜʘ-ʮʝʤʝʥʪ (ʢʦʣʠʯʝʩʪʚʦ ʩʤʝʩʠ ʚʦʜʳ / ʮʝʤʝʥʪʘ). 
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ʊʘʙʣʠʮʘ 1  

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʦʩʪʘʚʘ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ 
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ʠ
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ʠ
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NCO-1 0 0.40 185 0 462 1227 0 525 

NCO-2 0.45 185 0 411 1264 0 540 

NCO-3 0.50 185 0 370 1290 0 555 

NCO-4 0.55 185 0 336 1314 0 565 

RC30-1 30 0.40 185 22 462 860 368 525 

RC30-2 0.45 185 23 411 884 380 540 

RC30-3 0.50 185 24 370 903 387 555 

RC30-4 0.55 185 25 336 920 394 565 

RC50-1 50 0.40 185 37 462 614 614 525 

RC50-2 0.45 185 38 411 632 632 540 

RC50-3 0.50 185 39 370 645 645 555 

RC50-4 0.55 185 39 336 657 657 565 

RC70-1 70 0.40 185 52 462 368 860 525 

RC70-2 0.45 185 53 411 379 885 540 

RC70-3 0.50 185 54 370 387 903 555 

RC70-4 0.55 185 55 336 394 920 565 

RC100-1 100 0.40 185 74 462 0 1227 525 

RC100-2 0.45 185 76 411 0 1264 540 

RC100-3 0.50 185 77 370 0 1290 555 

RC100-4 0.55 185 79 336 0 1314 565 

 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʦʙʨʘʙʘʪʳʚʘʝʤʦʩʪʠ ʨʝʮʠʨʢʫʣʠʨʫʝʤʦʛʦ ʙʝʪʦʥʘ 

ʠ ʧʨʠʨʦʜʥʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ ʙʝʪʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2 ʠ ʥʘ ʨʠʩʫʥʢʝ 1[2]. 

 

ʊʘʙʣʠʮʘ 2 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 
ʅʦʤʝʨ ʉʦʦʪʥʦʰʝ-

ʥʠʝ ʚʦʜʳ ʠ 

ʮʝʤʝʥʪʘ 

ʋʨʦʚʝʥʴ ʟʘʤʝ-

ʱʝʥʠʷ (%) 

ʆʙʨʘʙʘʪʳʚʘʝʤʦʩʪʴ 

ʙʝʪʦʥʘ 

ʂʦʛʝʟʠʦʥʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ 

ʋʜʝʨʞʘʥʠʝ 

ʚʦʜʳ 

N1 0.40 0 40 ʣʫʯʰʝ ʣʫʯʰʝ 

N3 0.50 0 45 ʣʫʯʰʝ ʣʫʯʰʝ 

RC30-1 0.40 30 35 ʣʫʯʰʝ ʣʫʯʰʝ 

RC30-2 0.45 30 35 ʣʫʯʰʝ ʣʫʯʰʝ 

RC30-3 0.50 30 40 ʣʫʯʰʝ ʣʫʯʰʝ 

RC30-4 0.55 30 40 ʣʫʯʰʝ ʣʫʯʰʝ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2 
ʅʦʤʝʨ ʉʦʦʪʥʦʰʝ-

ʥʠʝ ʚʦʜʳ ʠ 

ʮʝʤʝʥʪʘ 

ʋʨʦʚʝʥʴ ʟʘʤʝ-

ʱʝʥʠʷ (%) 

ʆʙʨʘʙʘʪʳʚʘʝʤʦʩʪʴ 

ʙʝʪʦʥʘ 

ʂʦʛʝʟʠʦʥʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ 

ʋʜʝʨʞʘʥʠʝ 

ʚʦʜʳ 

RC50-1 0.40 50 30 ʭʦʨʦʰʦ ʭʦʨʦʰʦ 

RC50-2 0.45 50 30 ʭʦʨʦʰʦ ʭʦʨʦʰʦ 

RC50-3 0.50 50 35 ʭʦʨʦʰʦ ʭʦʨʦʰʦ 

RC50-4 0.55 50 35 ʭʦʨʦʰʦ ʭʦʨʦʰʦ 

RC70-1 0.40 70 30 ʭʦʨʦʰʦ ʭʦʨʦʰʦ 

RC70-2 0.45 70 30 ʭʦʨʦʰʦ ʭʦʨʦʰʦ 

RC70-3 0.50 70 30 ʭʦʨʦʰʦ ʭʦʨʦʰʦ 

RC70-4 0.55 70 30 ʭʦʨʦʰʦ ʭʦʨʦʰʦ 

RC100-1 0.40 100 20 ʭʦʨʦʰʦ ʭʦʨʦʰʦ 

RC100-2 0.45 100 20 ʭʦʨʦʰʦ ʭʦʨʦʰʦ 

RC100-3 0.50 100 25 ʭʦʨʦʰʦ ʭʦʨʦʰʦ 

RC100-4 0.55 100 25 ʭʦʨʦʰʦ ʭʦʨʦʰʦ 

 

 
 

ʈʠʩʫʥʦʢ 1.  ɺʣʠʷʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʤʝʱʝʥʠʷ ʨʝʮʠʨʢʫʣʠʨʫʝʤʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ 

ʥʘ ʙʝʪʦʥʥʫʶ ʫʩʘʜʢʫ ʧʨʠ W / C = 0,4 ʠ 0,5 

 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʦʪʥʦʰʝ-

ʥʠʠ ʩʤʝʰʠʚʘʥʠʷ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʟʘʤʝʥʳ ʨʝʮʠʨʢʫʣʠʨʫʝʤʦʛʦ ʟʘʧʦʣʥʠ-

ʪʝʣʷ, ʪʝʢʫʯʝʩʪʴ ʧʝʨʝʨʘʙʦʪʘʥʥʦʛʦ ʙʝʪʦʥʘ ʤʝʥʴʰʝ, ʯʝʤ ʪʝʢʫʯʝʩʪʴ ʦʙʳʯʥʦʛʦ ʙʝʪʦ-

ʥʘ, ʥʦ ʩʮʝʧʣʝʥʠʝ ʠ ʫʜʝʨʞʘʥʠʝ ʚʦʜʳ ʣʫʯʰʝ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʨʝʮʠʢʣʠʨʦʚʘʥʥʳʤ 

ʟʘʧʦʣʥʠʪʝʣʝʤ.  ʆʥ ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʩʢʦʨʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ ʚʦʜʳ, ʘ ʪʘʢʞʝ ʵʬʬʝʢʪ 

ʛʨʫʙʦʡ ʬʦʨʤʳ ʟʝʨʥʘ ʠ ʫʛʣʦʚʦʡ ʵʬʬʝʢʪ ʟʘʧʦʣʥʠʪʝʣʷ. 

ʈʝʮʠʨʢʫʣʠʨʦʚʘʥʥʳʡ ʘʛʨʝʛʘʪʥʳʡ ʙʝʪʦʥ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦ-

ʨʦʩʪʠ ʟʘʤʝʥʳ ʧʝʨʝʨʘʙʦʪʘʥʥʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ.  ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʝʨʝʨʘʙʦ-

ʪʘʥʥʳʡ ʟʘʧʦʣʥʠʪʝʣʴ ʠʤʝʝʪ ʙʦʣʴʰʝ ʧʫʩʪʦʪ, ʯʝʤ ʧʨʠʨʦʜʥʳʡ ʘʛʨʝʛʘʪ, ʠ ʠʤʝʝʪ 

ʙʦʣʴʰʫʶ ʩʢʦʨʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ ʚʦʜʳ. ʇʦʵʪʦʤʫ ʯʝʤ ʚʳʰʝ ʩʢʦʨʦʩʪʴ ʟʘʤʝʱʝʥʠʷ 

ʨʝʮʠʨʢʫʣʠʨʫʝʤʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ ʧʨʠ ʪʦʤ ʞʝ ʩʦʦʪʥʦʰʝʥʠʠ ʚʦʜʘ-ʮʝʤʝʥʪ, ʪʝʤ ʥʠ-

ʞʝ ʫʩʘʜʢʘ ʧʝʨʝʨʘʙʦʪʘʥʥʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ.  ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʴ ʛʨʫʙʘʷ 
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ʠ ʠʤʝʝʪ ʤʥʦʞʝʩʪʚʦ ʫʛʣʦʚ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʪʨʝʥʠʝ ʩʤʝʩʠ ʚʦ ʚʨʝʤʷ ʩʤʝʰʠʚʘʥʠʷ 

ʠ ʟʘʣʠʚʢʠ ʠ ʫʤʝʥʴʰʘʝʪ ʙʝʪʦʥʥʫʶ ʦʩʘʜʢʫ ʨʝʮʠʨʢʫʣʠʨʫʝʤʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ. 

ʋʩʘʜʢʘ ʨʝʮʠʨʢʫʣʠʨʫʝʤʦʛʦ ʘʛʨʝʛʘʪʥʦʛʦ ʙʝʪʦʥʘ ʧʦʚʳʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʚʦʜʦʮʝʤʝʥʪʥʦʛʦ ʦʪʥʦʰʝʥʠʷ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʦʙʳʯʥʳʤ ʙʝʪʦʥʦʤ, ʧʦʵʪʦʤʫ ʜʣʷ 

ʪʦʛʦ, ʯʪʦʙʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʝʨʝʨʘʙʦʪʘʥʥʦʛʦ 

ʙʝʪʦʥʘ ʥʘ ʦʩʥʦʚʝ ʟʘʧʦʣʥʠʪʝʣʷ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʚʳʩʠʪʴ W / C ʧʝʨʝʨʘʙʦʪʘʥʥʦʛʦ 

ʙʝʪʦʥʘ.  ʕʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʟʘʧʦʣʥʠʪʝʣʝʤ ʚ ʧʝʨʝ-

ʨʘʙʦʪʘʥʥʦʤ ʙʝʪʦʥʝ, ʯʪʦ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʫʚʝʣʠʯʝʥʠʠ ʧʨʦʯʥʦʩʪʠ ʙʝ-

ʪʦʥʘ.  ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʳ ʚ ʂʠʪʘʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʙʣʝʤʘ ʦʩʘ-

ʞʜʝʥʠʷ ʨʝʮʠʨʢʫʣʠʨʦʚʘʥʥʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ ʙʝʪʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʧʫʪʝʤ ʜʦ-

ʙʘʚʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʳʣʝʚʠʜʥʦʛʦ ʫʛʣʷ ʠʣʠ ʩʫʧʝʨʧʣʘʩʪʠʬʠ-

ʢʘʪʦʨʘ ʢ ʧʝʨʝʨʘʙʦʪʘʥʥʦʤʫ ʟʘʧʦʣʥʠʪʝʣʶ ʙʝʪʦʥʘ. [3] 
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ʀʅɼʀɺʀɼʋɸʃʔʅʓɽ ɾʀʃʓɽ ɼʆʄɸ 

ʊ.ʊ. ɾʝʨʝʙʮʦʚʘ 

ʂʘʤʩʢʠʡ ʩʪʨʦʠʪʝʣʴʥʳʡ ʢʦʣʣʝʜʞ ʠʤʝʥʠ ɽ.ʅ. ɹʘʪʝʥʯʫʢʘ 

 
ɸʥʥʦʪʘʮʠʷ. ʅʘʰʘ ʧʨʠʚʳʯʥʘʷ ʛʦʨʦʜʩʢʘʷ ʩʨʝʜʘ ʠʤʝʝʪ ʧʣʦʪʥʦʩʪʠ, ʥʝʤʳʩʣʠʤʳʝ ʜʣʷ ʧʨʠ-

ʨʦʜʥʳʭ ʧʦʧʫʣʷʮʠʡ. ʆʧʠʨʘʷʩʴ ʥʘ ʚʳʩʦʢʠʝ ʜʦʩʪʠʞʝʥʠʷ ʥʘʫʢʠ, ʪʝʭʥʠʢʠ ʠ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʘʨʭʠʪʝʢʪʫʨʥʘʷ ʩʨʝʜʘ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʰʠʨʝʥʘ ʚ ʥʝʢʦʪʦʨʳʭ ʧʨʝʜʝʣʘʭ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʞʠʣʳʝ ʜʦʤʘ, ʞʠʣʠʱʥʳʡ ʢʨʠʟʠʩ, ʤʦʜʝʨ-

ʥʠʟʘʮʠʷ ʞʠʣʠʱʘ,  ʧʨʠʜʦʤʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. 

 

INDIVID UAL HOUSE 

ʊ.ʊ.  Zherebtsova 

Kama construction college named aften Batenchuck, Russia 

 
Abstract. our usual urban environment has densities unthinkable for natural populations. 

Based on the high achievements of science, technology and new technologies in construction, the 

architectural environment can be expanded to some extent. 

Keywords: individual residential houses, the housing crisis, modernization of 

the home and adjoining space. 

 

ɻʨʘʥʠʮʳ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʩʨʝʜʳ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʝ ʥʝ ʦʧʨʝʜʝʣʝʥʳ, ʚʩʣʝʜ-

ʩʪʚʠʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʫʭʫʜʰʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ, ʚʦʟʨʘʩʪʘʥʠʝ ʩʦʮʠ-

ʘʣʴʥʦʡ ʠ ʧʦʣʠʪʠʯʝʩʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ. ɼʠʥʘʤʠʯʥʳʡ ʦʙʨʘʟ ʞʠʟʥʠ ʣʶʜʝʡ ʠ ʧʦ-

http://bbs.zhulong.com/102010_group_200521/detail20690458.
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ʩʪʦʷʥʥʘʷ ʠʥʪʝʥʩʠʚʥʘʷ ʤʠʛʨʘʮʠʷ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʘʩʝʣʝʥʠʷ ʪʨʝʙʫʝʪ ʨʘʟʨʘ-

ʙʦʪʢʠ ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʳʭ ʪʠʧʦʚ ʞʠʣʠʱʘ, ʦʪʚʝʯʘʶʱʝʛʦ ʩʦʚʨʝʤʝʥʥʳʤ ʫʩʣʦʚʠʷʤ, 

ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʧʨʠʥʮʠʧʘʤ ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʠ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʈʦʩʩʠʠ ʚ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʧʦʣʠʪʠʯʝʩʢʠʭ 

ʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʦʪʥʦʰʝʥʠʷʭ, ʦʙʦʟʥʘʯʝʥʥʳʭ ʧʝʨʝʭʦʜʦʤ ʥʘʰʝʛʦ ʦʙ-

ʱʝʩʪʚʘ ʦʪ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ, ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʤʦʜʝʣʠ, ʯʪʦʙʳ ʫʧʨʘʚʣʷʪʴ ʵʢʦ-

ʥʦʤʠʢʦʡ ʚ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ, ʨʳʥʦʯʥʦʡ ʩʠʩʪʝʤʝ, ʟʜʝʩʴ ʧʨʦʙʣʝʤʘ ʦʙʝʩʧʝʯʝ-

ʥʠʷ ʛʨʘʞʜʘʥ ʩʪʨʘʥʳ ʩʦʚʨʝʤʝʥʥʳʤ ʞʠʣʴʝʤ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞ-

ʥʦʩʪʠ. 

ʍʘʨʘʢʪʝʨʥʦʡ ʯʝʨʪʦʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʨʘʟʘ ʞʠʟʥʠ ʜʣʷ ʯʝʣʦʚʝʢʘ ʷʚʣʷʝʪʩʷ 

ʥʘʨʘʱʠʚʘʥʠʝ ʪʝʤʧʦʚ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ, ʢʘʨʜʠʥʘʣʴʥʳʡ 

ʧʨʠʨʦʩʪ ʯʠʩʣʝʥʥʦʩʪʠ ʚʩʝʛʦ ʥʘʩʝʣʝʥʠʷ ʤʠʨʘ, ʛʣʦʙʘʣʠʟʘʮʠʷ ʠ ʚʩʝ ʩʚʷʟʘʥʥʦʝ ʩ 

ʵʪʠʤʠ ʚʥʝʰʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʫʚʝʣʠʯʠʚʘʶʱʝʝʩʷ ʜʘʚʣʝʥʠʝ ʥʘ ʚʥʝʰ-

ʥʶʶ ʦʢʨʫʞʘʶʱʫʶ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʥʝʩʪʘʙʠʣʴʥʦʤʫ ʙʘʣʘʥʩʫ 

ʦʙʱʝʩʪʚʦ. 

ʅʘʟʨʝʚʰʠʡ ʞʠʣʠʱʥʳʡ ʢʨʠʟʠʩ, ʢʦʪʦʨʳʡ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʦʷʚʠʣʩʷ ʚ ʥʘʰʝʡ 

ʩʪʨʘʥʝ ʚ ʥʝʜʦʩʪʘʪʢʝ ʢʦʣʠʯʝʩʪʚʘ ʞʠʣʴʷ ʜʣʷ ʨʦʩʩʠʡʩʢʠʭ ʛʨʘʞʜʘʥ, ʘ ʪʘʢʞʝ ʚ ʢʘʯʝ-

ʩʪʚʝ, ʢʦʪʦʨʦʝ ʦʪʩʪʘʝʪ ʦʪ ʪʨʝʙʦʚʘʥʠʡ ʠ ʫʩʣʦʚʠʡ ʨʘʟʣʠʯʥʳʭ ʩʦʮʠʘʣʴʥʳʭ ʛʨʫʧʧ 

ʥʘʩʝʣʝʥʠʷ. ʋʩʪʘʨʝʚʰʠʝ ʚʠʜʳ, ʪʠʧʳ ʠ ʥʦʨʤʳ ʞʠʣʴʷ, ʢʦʪʦʨʳʝ ʧʨʝʜʣʘʛʘʶʪʩʷ ʩʦ-

ʚʨʝʤʝʥʥʦʡ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ, ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʦʮʠʘʣʴʥʦʡ, 

ʜʝʤʦʛʨʘʬʠʯʝʩʢʦʡ, ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʥʘʰʝʛʦ ʩʦʚʨʝ-

ʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ. 

ɺ ʤʘʣʳʭ ʛʦʨʦʜʘʭ ʦʩʥʦʚʥʳʤ ʚʠʜʦʤ ʞʠʣʠʱʥʦʛʦ ʛʦʨʦʜʩʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, 

ʧʨʠʤʝʨʥʦ ʥʘʯʠʥʘʷ ʩ ʥʘʯʘʣʘ 1970 ʛʦʜʘ ʠ ʜʦ ʢʦʥʮʘ 1990 ʛʦʜʘ, ʙʳʣʦ ʚʥʝʜʨʝʥʦ ʠʥ-

ʜʫʩʪʨʠʘʣʴʥʦʝ ʧʘʥʝʣʴʥʦʝ ʤʥʦʛʦʵʪʘʞʥʦʝ ʜʦʤʦʩʪʨʦʝʥʠʝ, ʚʦʟʚʦʜʠʤʦʝ ʧʦ ʪʠʧʦʚʳʤ 

ʩʪʘʥʜʘʨʪʥʳʤ ʧʨʦʝʢʪʘʤ. ɺ ʤʘʣʳʭ ʛʦʨʦʜʘʭ ʙʳʣʦ ʩʦʟʜʘʥʦ ʤʦʱʥʦʝ ʩʪʨʦʠʪʝʣʴʥʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ï ʜʦʤʦʩʪʨʦʠʪʝʣʴʥʳʝ ʢʦʤʙʠʥʘʪʳ (ɼʉʂ) ʠ ʥʝʙʦʣʴʰʠʝ ʚʩʧʦʤʦʛʘ-

ʪʝʣʴʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʣʠ ʨʘʙʦʪʫ ɼʉʂ [2]. 

ʀʥʜʠʚʠʜʫʘʣʴʥʳʡ ʞʠʣʦʡ ʜʦʤ ʚ ʤʘʣʳʭ ʛʦʨʦʜʘʭ ï ʵʪʦ ʦʩʦʙʦʝ ʷʚʣʝʥʠʝ ʢʫʣʴ-

ʪʫʨʳ ʠ ʘʨʭʠʪʝʢʪʫʨʳ. ɾʠʣʦʡ ʜʦʤ ʢʘʢ ʤʘʪʝʨʠʘʣʴʥʳʡ ʦʙʲʝʢʪ ʩʣʫʞʠʪ ʯʝʣʦʚʝʢʫ 

ʟʘʱʠʪʦʡ ʦʪ ʚʥʝʰʥʠʭ ʩʠʣ ʧʨʠʨʦʜʳ ʠ ʦʣʠʮʝʪʚʦʨʷʝʪ ʝʛʦ ʤʠʨ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʦʥ ʷʚ-

ʣʷʝʪʩʷ ʩʨʝʜʩʪʚʦʤ ʚʳʨʘʞʝʥʠʷ ʜʫʭʦʚʥʦʡ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ, ʧʦʩʢʦʣʴʢʫ ʩ ʧʦʥʷʪʠʝʤ 

çʜʦʤè ʩʦʦʪʥʦʩʷʪʩʷ ʚʩʝ ʚʘʞʥʝʡʰʠʝ ʢʘʪʝʛʦʨʠʠ ʢʘʨʪʠʥʳ ʤʠʨʘ [3]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʫ ʥʘʩʝʣʝʥʠʷ ʚʳʟʳʚʘʝʪ ʩʪʨʦʠʪʝʣʴʩʪʚʦ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʞʠʣʴʷ ʚ ʤʘʣʦʤ ʛʦʨʦʜʝ ʩ ʝʛʦ ʨʘʟʚʠʪʦʡ ʧʦʣʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫ-

ʨʦʡ. ʊʘʢʠʝ ʞʠʣʳʝ ʜʦʤʘ ʩʦʚʤʝʱʘʶʪ ʚ ʩʝʙʝ ʦʙʳʯʥʳʝ ʜʣʷ ʛʦʨʦʞʘʥʠʥʘ ʧʨʠʚʳʯʥʳʝ 

ʬʫʥʢʮʠʠ ʛʦʨʦʜʩʢʦʡ ʢʚʘʨʪʠʨʳ, ʫʩʘʜʴʙʳ, ʛʘʨʘʞʘ ʠ ʜʘʯʠ. ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʫʩʘʜʝʙ-

ʥʦʛʦ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʞʠʣʴʷ ʧʦʣʫʯʠʣʦ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʨʘʟʚʠʪʠʠ 

ʟʘʩʪʨʦʡʢʠ ʤʘʣʳʭ ʛʦʨʦʜʦʚ, ʙʣʠʞʘʡʰʠʭ ʧʨʠʛʦʨʦʜʥʳʭ ʟʦʥ ʛʦʨʦʜʦʚ, ʘ ʪʘʢʞʝ ʵʪʦ 

ʜʦʧʦʣʥʝʥʠʝ ʢ ʤʥʦʛʦʵʪʘʞʥʦʡ ʟʘʩʪʨʦʡʢʝ. ɺ ʥʘʰʝ ʚʨʝʤʷ ʚ ʤʘʣʳʭ ʛʦʨʦʜʘʭ ʚ ʧʨʠʛʦ-

ʨʦʜʥʦʡ ʟʦʥʝ ʚʦʟʚʦʜʠʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʞʠʣʴʷ. ʋʨʦʚʝʥʴ 

ʢʦʤʬʦʨʪʘ ʚ ʪʘʢʠʭ ʞʠʣʳʭ ʜʦʤʘʭ ʥʘ ʧʦʨʷʜʦʢ ʚʳʰʝ, ʯʝʤ ʚ ʦʙʳʯʥʳʭ ʛʦʨʦʜʩʢʠʭ 

ʢʚʘʨʪʠʨʘʭ. ɺʩʝ ʵʪʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʙʦʟʥʘʯʝʥʦ, ʩʚʷʟʴʶ ʩ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʦʡ ï 

ʧʨʠʨʦʜʥʳʤʠ ʧʘʨʢʘʤʠ, ʟʦʥʘʤʠ. (ɼʦʣʷ ʯʘʩʪʥʦʡ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʩʪʨʦʡʢʠ ʩʦ-



65 

 

ʩʪʘʚʣʷʝʪ 65-75% ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʞʠʣʠʱʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʦ ʜʘʥʥʳʤ 2013 ʛʦ-

ʜʘ, ʈʦʩʩʪʘʪ). ʀʥʜʠʚʠʜʫʘʣʴʥʦʝ ʞʠʣʴʝ ʫʩʘʜʝʙʥʦʛʦ ʪʠʧʘ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʠʪʴ 

ʢʦʤʬʦʨʪʥʦʝ ʞʠʣʠʱʝ, ʢʦʪʦʨʦʝ ʦʪʚʝʯʘʝʪ ʧʦʪʨʝʙʥʦʩʪʷʤ ʠ ʚʢʫʩʘʤ ʩʝʤʴʠ, ʫʯʠʪʳʚʘʷ 

ʤʘʪʝʨʠʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʫʜʦʙʥʦʝ ʜʣʷ ʧʨʦʞʠʚʘʥʠʷ ʯʝʣʦʚʝʢʘ, ʦʥʦ ʤʦʞʝʪ 

ʧʨʠʙʣʠʟʠʪʴ ʝʛʦ ʢ ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʝ. ʀʥʜʠʚʠʜʫʘʣʴʥʦʝ ʞʠʣʠʱʝ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʦʨʛʘʥʠʟʘʮʠʠ ʩʝʤʝʡʥʦʛʦ ʦʪʜʳʭʘ, ʪʨʫʜʦʚʦʤʫ ʚʦʩʧʠʪʘʥʠʶ ʜʝʪʝʡ, ʫʢʨʝʧʣʷʝʪ ʩʚʷʟʠ 

ʤʝʞʜʫ ʧʦʢʦʣʝʥʠʷʤʠ ʚ ʦʜʥʦʡ ʙʦʣʴʰʦʡ ʩʝʤʴʝ, ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʧʨʦʠʟʚʦʜʩʪʚʫ 

ʘʛʨʘʨʥʦʡ ʧʨʦʜʫʢʮʠʠ (ʵʪʦ ʜʦʤʘʰʥʠʝ ʞʠʚʦʪʥʳʝ ʠ ʧʪʠʮʘ, ʬʨʫʢʪʳ ʠ ʦʚʦʱʠ, ʨʳʙʘ). 

ʆʙʱʫʶ ʧʨʦʙʣʝʤʫ ʞʠʣʴʷ ʚ ʤʘʣʳʭ ʛʦʨʦʜʘʭ ʥʝ ʧʦʣʫʯʘʝʪʩʷ ʨʝʰʠʪʴ ʪʦʣʴʢʦ ʟʘ 

ʩʯʝʪ ʩʨʝʜʩʪʚ ʛʦʩʙʶʜʞʝʪʘ, ʪʘʢʞʝ ʢʘʢ ʠ ʚʦ ʚʩʝʭ ʩʪʨʘʥʘʭ ʤʠʨʘ. ɺ ʤʘʣʳʭ ʛʦʨʦʜʘʭ 

ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʞʠʣʴʷ ʯʘʱʝ ʚʩʝʛʦ ʧʝʨʝʥʦʩʷʪ ʥʘ ʧʣʝʯʠ ʩʘʤʠʭ ʛʨʘʞʜʘʥ. ʅʝ-

ʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʞʠʣʠʱʥʘʷ ʧʦʣʠʪʠʢʘ ʦʩʪʘʝʪʩʷ ʚʘʞʥʝʡʰʝʡ ʟʘʜʘʯʝʡ, ʪʘʢ ʢʘʢ ʦʙʝʩ-

ʧʝʯʝʥʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʳʤ ʞʠʣʴʝʤ ʥʘʩʝʣʝʥʠʷ ʩʪʨʘʥʳ ï ʦʜʥʘ ʠʟ ʛʣʘʚʥʳʭ ʧʨʦʙʣʝʤ 

ʩʦʮʠʘʣʴʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʥʘʰʝʛʦ ʦʙʱʝʩʪʚʘ. 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʜʝʩʷʪʠʣʝʪʠʡ ʍʍ ʚʝʢʘ, ʢʘʢ ʚ ʩʘʤʠʭ ʤʘʣʳʭ ʛʦʨʦʜʘʭ 

ʨʘʩʰʠʨʷʣʦʩʴ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʞʠʣʴʷ, ʪʘʢ ʠ ʚʦʢʨʫʛ ʚʩʝʭ ʛʦʨʦʜʦʚ 

ʩʪʨʘʥʳ ʚʦʟʚʦʜʠʣʦʩʴ ʚʨʝʤʝʥʥʦʝ ʞʠʣʠʱʝ ʢʨʫʧʥʳʤʠ ʨʘʡʦʥʘʤʠ ï ʵʪʦ ʩʘʜʦʚʦ-

ʦʛʦʨʦʜʥʳʝ ʠ ʜʘʯʥʳʝ ʧʦʩʝʣʢʠ, ʚʩʝ ʵʪʦ ʚʦʟʚʦʜʠʣʦʩʴ ʩʘʤʦʜʝʷʪʝʣʴʥʳʤ ʦʙʨʘʟʦʤ. ɺ 

80-ʝ ʠ 90-ʝ ʛʦʜʳ ʍʍ ʚʝʢʘ ʵʪʠ ʪʝʨʨʠʪʦʨʠʠ ʙʳʩʪʨʦ ʫʚʝʣʠʯʠʚʘʣʠʩʴ. ɺʩʝ ʵʪʦ ʧʨʦʠʟ-

ʚʦʜʠʣʦʩʴ ʠʟ-ʟʘ ʨʦʩʪʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʛʦʨʦʜʩʢʠʭ ʨʘʡʦʥʦʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘ-

ʩʪʨʦʡʢʠ ʚ ʫʩʣʦʚʠʷʭ ʩʘʤʦʜʝʷʪʝʣʴʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ çʯʘʩʪʥʦʛʦ 

ʩʝʢʪʦʨʘè, ʘ ʪʘʢ ʞʝ ʠ ʧʦʩʝʣʢʦʚ ʚ ʧʨʠʛʦʨʦʜʝ, ʙʣʘʛʦʜʘʨʷ ʚʳʜʝʣʝʥʥʳʤ ʟʝʤʝʣʴʥʳʤ 

ʫʯʘʩʪʢʘʤ ʚ ʧʨʠʛʦʨʦʜʥʦʡ ʟʦʥʝ ʜʣʷ ʩʘʜʦʚʦ-ʦʛʦʨʦʜʥʦʛʦ ʠ ʜʘʯʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʩʪʨʦʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʩʪʨʦʡʢʠ, ʢʘʢ ʚʨʝʤʝʥʥʳʝ, ʪʘʢ ʠ 

ʢʘʧʠʪʘʣʴʥʳʝ ʧʦʩʪʨʦʡʢʠ ʛʦʨʦʜʩʢʠʭ ʨʘʡʦʥʦʚ, ʧʦʩʪʦʷʥʥʦ ʤʦʜʝʨʥʠʟʠʨʫʶʪʩʷ, ʠʟ-

ʤʝʥʷʶʪʩʷ (ʚ ʥʠʭ ʜʝʣʘʶʪʩʷ ʫʪʝʧʣʝʥʠʷ, ʧʨʠʩʪʨʦʡʢʠ, ʥʘʜʩʪʨʦʡʢʠ, ʠ ʪ.ʜ.). ʊʘʢʠʝ 

ʠʟʤʝʥʝʥʠʷ ʘʢʪʠʚʥʦ ʧʨʦʚʦʜʷʪʩʷ ʩʘʤʠʤʠ ʟʘʩʪʨʦʡʱʠʢʘʤʠ ʛʜʝ-ʪʦ ʩ ʢʦʥʮʘ 70-ʭ ʛʦ-

ʜʦʚ ʍʍ ʚʝʢʘ, ʪʦ ʝʩʪ, ʧʨʦʠʟʚʦʜʷʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʩʘʤʦʜʝʷʪʝʣʴʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, 

ʙʝʟ ʫʯʘʩʪʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʘʨʭʠʪʝʢʪʦʨʦʚ ʠ ʜʠʟʘʡʥʝʨʦʚ. 

ʄʦʜʝʨʥʠʟʘʮʠʷ ʞʠʣʠʱʘ ʠ ʶʨʠʜʠʯʝʩʢʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʠ ʠʟʤʝʥʝʥʠʷ 

ʩʪʘʪʫʩʘ ʜʘʯʥʦʛʦ ʩʪʨʦʝʥʠʷ ʟʘʢʨʝʧʣʝʥʘ ʚ ʟʘʢʦʥʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ çʆʙ ʦʩ-

ʥʦʚʘʭ ʬʝʜʝʨʘʣʴʥʦʡ ʞʠʣʠʱʥʦʡ ʧʦʣʠʪʠʢʠè ʦʪ 24.12.1992 - ˉ 4219-1 [54]. ɼʘʥʥʦʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʦʚʤʝʩʪʥʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʨʫʛʠʭ ʤʝʨ ʤʦʜʝʨʥʠʟʘʮʠʠ ʙʫʜʝʪ ʩʧʦ-

ʩʦʙʩʪʚʦʚʘʪʴ ʫʚʝʣʠʯʝʥʠʶ ʨʳʥʢʘ ʞʠʣʴʷ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʫʤʝʥʴʰʝʥʠʶ ʩʧʨʦʩʘ ʥʘ 

ʥʝʛʦ, ʘ ʪʘʢ ʞʝ ʧʦʩʪʝʧʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʩʦʮʠʘʣʴʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʚ ʥʘʧʨʘʚʣʝ-

ʥʠʠ ʧʨʠʦʙʨʝʪʝʥʠʷ ʞʠʣʴʷ ʚ ʤʘʣʳʭ ʛʦʨʦʜʘʭ. 

ʇʦʩʪʦʷʥʥʘʷ ʨʝʢʦʥʩʪʨʫʢʮʠʷ, ʧʨʦʭʦʜʷʱʘʷ ʩʪʠʭʠʡʥʦ ʚ ʫʩʣʦʚʠʷʭ ʩʘʤʦʜʝʷ-

ʪʝʣʴʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ ʧʨʠʛʦʨʦʜʝ ʚ ʜʘʯʥʳʭ ʨʘʡʦʥʘʭ ʤʘʣʳʭ ʛʦʨʦʜʦʚ, ʘʥʘʣʦ-

ʛʠʯʥʘ ʧʨʦʮʝʩʩʘʤ, ʧʨʦʠʩʭʦʜʷʱʠʤ ʚ ʛʦʨʦʜʩʢʠʭ ʨʘʡʦʥʘʭ ï ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʞʠ-

ʣʦʤ ʩʝʢʪʦʨʝ (çʯʘʩʪʥʦʤ ʩʝʢʪʦʨʝè). ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʥʘʢʦʧʣʝʥʥʦʤ ʤʥʦʛʦʣʝʪʥʝʤ 

ʦʧʳʪʝ, ʥʝʦʙʭʦʜʠʤʦ ʛʦʚʦʨʠʪʴ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʢʠʭ-ʪʦ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʚ ʫʣʫʯʰʝʥʠʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʞʠʣʴʷ ʥʝʦʙʭʦʜʠʤʘ ʢʦʤʧʣʝʢʩʥʘʷ ʨʘʟ-

ʨʘʙʦʪʢʘ ʦʙʱʝʡ ʢʦʥʮʝʧʮʠʠ, ʩʠʥʪʝʟʘ ʤʝʪʦʜʦʚ ʠ ʧʨʠʝʤʦʚ ʨʘʟʚʠʪʠʷ ʠ ʩʪʘʥʦʚʣʝʥʠʷ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʞʠʣʴʷ ʚ ʛʦʨʦʜʩʢʠʭ ʨʘʡʦʥʘʭ ʠ ʧʨʠʛʦʨʦʜʝ [1]. 
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ɺʩʝ ʙʦʣʴʰʝ ʢʦʣʠʯʝʩʪʚʦ ʣʶʜʝʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʞʝʣʘʶʱʠʭ ʧʨʦʞʠʚʘʪʴ ʚ ʛʦ-

ʨʦʜʩʢʦʤ ʞʠʣʠʱʝ ʫʩʘʜʝʙʥʦʛʦ ʪʠʧʘ, ʘ ʪʘʢʞʝ ʚ ʧʨʠʛʦʨʦʜʥʳʭ ʟʦʥʘʭ, ʛʜʝ ʩʪʨʦʷʪʩʷ 

ʢʦʪʪʝʜʞʥʳʝ ʧʦʩʝʣʢʠ ʠ ʢʦʤʧʣʝʢʩʳ ʢʦʪʪʝʜʞʥʦʡ ʟʘʩʪʨʦʡʢʠ. 

ɺʩʷ ʩʪʨʫʢʪʫʨʘ, ʤʝʣʢʦ ʨʘʩʯʣʝʥʝʥʥʘʷ ʧʨʠʜʦʤʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʢʦʪʦʨʘʷ ʩʦ-

ʟʜʘʝʪʩʷ ʤʘʣʦʵʪʘʞʥʦʡ ʠ ʩʨʝʜʥʝʵʪʘʞʥʦʡ ʟʘʩʪʨʦʡʢʘʤʠ, ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʩʦʨʘʟ-

ʤʝʨʥʫʶ ʜʣʷ ʯʝʣʦʚʝʢʘ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ. ʕʪʘ ʩʨʝʜʘ, ʦʙʣʘʜʘʷ ʩʚʦʝʡ ʦʧʨʝʜʝʣʝʥʥʦ-

ʩʪʴʶ ʠ ʩʦʩʪʦʷʱʘʷ ʠʟ ʥʝʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ, ʣʝʛʢʦ ʦʩʚʘʠʚʘʝʪʩʷ ʞʠʪʝʣʷʤʠ ʙʣʠʟʣʝ-

ʞʘʱʠʭ ʞʠʣʳʭ ʜʦʤʦʚ ʠ ʧʨʠʟʥʘʝʪʩʷ çʩʚʦʝʡ ʪʝʨʨʠʪʦʨʠʝʡè, ʚʳʩʪʫʧʘʶʱʘʷ ʚ ʚʠʜʝ 

çʧʫʙʣʠʯʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘè, çʤʷʛʢʦʡ ʛʨʘʥʠʮʝʡè ʤʝʞʜʫ ʜʦʤʦʤ ʠ ʫʣʠʮʝʡ. ɽʩʣʠ 

ʞʠʪʝʣʠ ʜʦʤʘ ʚʦʩʧʨʠʥʠʤʘʶʪ ʪʝʨʨʠʪʦʨʠʶ ʜʚʦʨʘ, ʦʪʥʦʩʷʱʫʶʩʷ ʢ ʩʝʙʝ (ʢʘʢ ʩʚʦʶ), 

ʪʦ ʦʥʠ ʥʘʯʠʥʘʶʪ ʟʘʙʦʪʠʪʴʩʷ ʦ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʝ ʠ ʟʘʱʠʱʘʪʴ ʝʝ. ʇʦʵʪʦʤʫ ʫ ʥʠʭ 

ʚʦʟʥʠʢʘʶʪ ʯʫʚʩʪʚʘ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʝʬʦʨʤʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ 

ʪʝʨʨʠʪʦʨʠʠ, ʯʪʦ, ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʨʦʷʚʣʝʥʠʷ ʘʥʪʠʩʦʮʠʘʣʴʥʳʭ ʧʨʦʩʪʫʧ-

ʢʦʚ. ɽʩʪʝʩʪʚʝʥʥʦʝ ʷʚʣʝʥʠʝ ʚʩʝʛʦ ʵʪʦʛʦ ʝʩʪʴ ʯʫʚʩʪʚʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʧʨʠʚʷʟʘʥ-

ʥʦʩʪʴ ʢ ʢʦʥʢʨʝʪʥʦʤʫ ʤʝʩʪʫ, ʢ ʩʚʦʝʤʫ ʜʦʤʫ [3]. 

ɺ ʧʨʠʜʦʤʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʘʞʥʝʡʰʝʤ ʬʘʢʪʦʨʦʤ ʝʩʪʴ ʝʛʦ ʨʘʟʤʝʨ, ʥʦ 

ʪʘʢʞʝ ʠ ʝʛʦ ʩʦʮʠʘʣʴʥʘʷ ʝʤʢʦʩʪʴ ï ʣʶʜʠ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʦʩʝʜʩʢʦʝ ʩʦʦʙʱʝʩʪʚʦ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʩʯʠʪʘʶʪ, ʯʪʦ ʩʦʩʝʜʩʢʦʝ ʩʦʦʙʱʝʩʪʚʦ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʯʠʩʣʦʤ 50-300 ʯʝʣʦʚʝʢ. ʉʧʝʮʠʘʣʠʩʪʳ ʎʅʀʀʕʇ ʞʠʣʠʱʘ ʦʧʨʝʜʝʣʠʣʠʩʴ ʩ ʦʧʪʠ-

ʤʘʣʴʥʳʤ ʨʘʟʤʝʨʦʤ ʩʦʩʝʜʩʢʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ï 20-25 ʩʝʤʝʡ, ʠʣʠ 60-80 ʯʝʣʦʚʝʢ [1]. 

ɺʳʩʢʘʟʳʚʘʥʠʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʛʦʚʦʨʠʪ, ʯʪʦ ʥʝʙʦʣʴʰʠʝ ʚʝʣʠʯʠʥʳ ʩʦʩʝʜʩʢʠʭ ʩʦ-

ʦʙʱʝʩʪʚ ʩʦʟʜʘʶʪ ʜʦʩʪʘʪʦʯʥʳʭ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʘʢʪʠʚʥʦʩʪʠ ʠ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʢʘʞʜʦʛʦ ʞʠʪʝʣʷ ʜʦʤʘ, ʧʨʠʦʙʱʝʥʠʝ ʢ ʩʦʮʠʘʣʠʟʘʮʠʠ ʜʝʪʝʡ, ʧʨʠʦʙʱʝ-

ʥʠʝ ʢ ʩʦʩʝʜʩʢʦʡ ʩʦʣʠʜʘʨʥʦʩʪʠ. 

ɺ ʪʘʢʦʤ ʦʙʨʘʟʝ, ʩʪʘʥʦʚʠʪʩʷ ʧʦʥʷʪʥʦ, ʯʪʦ ʚ ʩʠʣʫ ʩʚʦʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʥʦʛʦ-

ʵʪʘʞʥʳʡ ʪʠʧ ʜʦʤʘ, ʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨ ʩʦʟʜʘʚʘʝʤʦʡ ʪʘʢʠʤʠ ʜʦʤʘʤʠ ʞʠʣʫʶ ʩʨʝʜʫ 

ʠ ʤʥʦʛʦʵʪʘʞʥʘʷ ʞʠʣʘʷ ʟʘʩʪʨʦʡʢʘ ʥʝ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʥʦʨʤʘʣʴʥʳʝ ʫʩʣʦʚʠʡ ʜʣʷ 

ʧʨʦʞʠʚʘʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʛʦʨʦʜʩʢʠʭ ʞʠʪʝʣʝʡ, ʵʪʦ ʚʩʝ ʚʝʜʝʪ ʢ ʧʨʦʷʚʣʝʥʠʶ ʥʝ-

ʞʝʣʘʪʝʣʴʥʳʭ ʩʦʮʠʘʣʴʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ, ʢ ʙʝʩʭʦʟʷʡʩʪʚʝʥʥʦʩʪʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʠ ʪʝʨʨʠʪʦʨʠʡ. ʌʘʢʪʳ ʤʥʦʛʦʢʨʘʪʥʦ ʧʦʜʪʚʝʨʞʜʝʥʥʳʝ, ʦʪʜʘʶʱʠʝ ʧʨʝʜʧʦʯʪʝʥʠʷ 

ʤʘʣʦʵʪʘʞʥʦʛʦ ʠ ʦʜʥʦʩʝʤʝʡʥʦʛʦ ʞʠʣʠʱʘ ʜʨʫʛʠʤ ʪʠʧʘʤ ʞʠʣʴʷ, ʘ ʪʘʢ ʞʝ ʚʳʩʦʢʘʷ 

ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʴ ʞʠʪʝʣʝʡ ʵʪʦʛʦ ʞʠʣʠʱʘ, ʦʙʲʷʩʥʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʠʝʤ ʪʘʢʦʛʦ 

ʪʠʧʘ ʞʠʣʴʷ ʦʙʨʘʟʫ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʞʠʟʥʠ ʩʝʤʝʡ, ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʤ ʬʘʢʪʦ-

ʨʘʤ ʵʪʠʭ ʞʠʪʝʣʝʡ ʠ ʙʦʣʝʝ ʢʦʤʬʦʨʪʥʳʝ ʫʩʣʦʚʠʷ ʠʭ ʧʨʦʞʠʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʙʳʪʴ ʦʨʛʘʥʠʟʦʚʘʥʥʳ ʚ ʞʠʣʠʱʝ ʪʘʢʦʛʦ ʪʠʧʘ. 
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Abstract. The article shows the advantages, the shortcomings of pneumatic bearings are indi-

cated. Describes inventions that reduce the impact of the disadvantages associated with pneumatic 

bearings. An example of using the mechatronic system in pneumatic bearings is given. 

Keywords: pneumatic, petal, gas-dynamic, mechatronic, bearing. 

 

ʈʘʟʚʠʪʠʝ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝ-

ʥʠʷ ʨʦʪʦʨʦʚ, ʧʦʩʢʦʣʴʢʫ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʘ-

ʰʠʥ, ʩʥʠʞʝʥʠʶ ʠʭ ʤʘʩʩʳ ʠ ʛʘʙʘʨʠʪʦʚ. ʅʦ ʵʪʦ ʪʘʢʞʝ ʚʝʜʝʪ ʠ ʢ ʨʦʩʪʫ ʚʠʙʨʦʘʢ-

ʪʠʚʥʦʩʪʠ ʤʘʰʠʥ [1]. ʉʥʠʞʝʥʠʝ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʤʘ-

ʰʠʥ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ʕʪʘ ʟʘʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʟʘ ʩʯʝʪ ʵʬ-

ʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʰʠʧʥʠʢʦʚ ʩ ʛʘʟʦʚʦʡ ʩʤʘʟʢʦʡ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʷʝʪʩʷ ʧʦʜʰʠʧʥʠʢʦʚʳʤ ʫʟʣʘʤ ʥʝʙʦʣʴʰʠʭ ʤʘʰʠʥ.  

ʇʥʝʚʤʘʪʠʯʝʩʢʠʝ ʧʦʜʰʠʧʥʠʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʪʫʨʙʦʤʘʰʠʥʘʭ, ʨʘʟʣʠʯʥʳʭ 

ʩʪʘʥʢʘʭ, ʫʩʪʘʥʦʚʢʘʭ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʧʨʠʙʦʨʘʭ,  ʠ ʧʨʦʯʠʭ ʠʟʜʝʣʠʷʭ. ʆʩʦ-

ʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʧʦʜʰʠʧʥʠʢʦʚ ʚ ʥʠʟʢʦʪʝʤʧʝʨʘ-

ʪʫʨʥʦʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʦʯʝʚʠʜʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʥʝʚʤʘ-

ʪʠʯʝʩʢʠʭ ʧʦʜʰʠʧʥʠʢʦʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ ʧʦʜʰʠʧʥʠʢʦʚ [2]. ʕʪʦ 

ʪʘʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʢʘʢ: ʥʠʟʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ, ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʝʨʝʧʘʜʘʭ ʪʝʤʧʝʨʘʪʫʨ, ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʰʫʤʘ ʜʣʷ ʟʘʤʢʥʫʪʳʭ ʩʠ-

ʩʪʝʤ ʩʤʘʟʢʠ ʛʘʟʦʤ, ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚʘʣʘ. 

ʆʜʥʘʢʦ, ʧʨʠ ʨʝʞʠʤʘʭ ʧʫʩʢʘ ʠ ʦʩʪʘʥʦʚʢʠ ʧʥʝʚʤʘʪʠʯʝʩʢʠʡ ʧʦʜʰʠʧʥʠʢ ʠʤʝ-

ʝʪ ʧʦʚʳʰʝʥʥʳʡ ʠʟʥʦʩ, ʚʩʣʝʜʩʪʚʠʝ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘ ʵʪʠʭ ʨʝʞʠʤʘʭ ʨʦʪʦʨʘ ʠ 

ʥʘʣʠʯʠʷ ʢʦʥʪʘʢʪʘ, ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʨʝʙʫʝʤʦʡ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ. 
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ʉʫʱʝʩʪʚʫʶʪ ʠʟʦʙʨʝʪʝʥʠʷ, ʥʘ ʧʥʝʚʤʘʪʠʯʝʩʢʠʝ ʧʦʜʰʠʧʥʠʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʩʥʠʟʠʪʴ ʚʣʠʷʥʠʝ ʠʭ ʦʩʥʦʚʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ. 

ʀʟʚʝʩʪʝʥ ʨʘʜʠʘʣʴʥʳʡ ʣʝʧʝʩʪʢʦʚʳʡ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʜʰʠʧʥʠʢ [3], 

ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩʫʥʦʢ 1. - ʈʘʜʠʘʣʴʥʳʡ ʣʝʧʝʩʪʢʦʚʳʡ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʜʰʠʧʥʠʢ 
 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʜʘʥʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ. ʃʝʧʝʩʪʢʠ 5, 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚʥʘʭʣʝʩʪ ʜʨʫʛ ʜʨʫʛʫ, ʦʙʨʘʟʦʚʳʚʘʶʪ ʥʝʧʨʝʨʳʚʘʶʱʠʡʩʷ ʨʷʜ 

ʢʣʠʥʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʇʨʠ ʨʝʞʠʤʘʭ ʧʫʩʢʘ ʠ ʦʩʪʘʥʦʚʳ, ʣʝʧʝʩʪʢʠ 5 ʟʘʮʝʧʣʷʶʪ 

ʮʘʧʬʫ ʚʘʣʘ 2 ʩʪʨʝʤʷʩʴ ʮʝʥʪʨʠʨʦʚʘʪʴ ʝʸ ʚ ʧʦʜʰʠʧʥʠʢʝ. ʇʨʠ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ 

ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʚʦʟʜʫʭ ʥʘʯʠʥʘʝʪ ʩʪʨʝʤʠʪʴʩʷ ʧʝʨʝʪʝʯʴ ʠʟ ʟʦʥʳ ʩ ʙʦʣʴʰʝʡ ʪʦʣʱʠ-

ʥʦʡ ʚʦʟʜʫʰʥʦʛʦ ʟʘʟʦʨʘ ʚ ʟʦʥʫ ʩ ʤʝʥʴʰʝʡ ʪʦʣʱʠʥʦʡ. ʇʨʠ ʵʪʦʤ ʚ ʜʘʥʥʦʤ ʟʘʟʦʨʝ 

ʥʘʯʠʥʘʝʪ ʨʘʩʪʠ ʜʘʚʣʝʥʠʝ. ʇʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 

ʚʘʣʦʤ, ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʩʪʘʥʦʚʠʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʣʝʧʝʩʪʢʠ 5 ʦʪ-

ʜʝʣʠʣʠʩʴ ʦʪ ʮʘʧʬʳ ʚʘʣʘ 2. ʄʝʞʜʫ ʣʝʧʝʩʪʢʘʤʠ 5ʠ ʮʘʧʬʦʡ ʚʘʣʘ 2 ʦʙʨʘʟʫʝʪʩʷ ʥʝ-

ʩʫʱʠʡ ʛʘʟʦʚʳʡ ʩʣʦʡ, ʚʦʩʧʨʠʥʠʤʘʶʱʠʡ ʥʘʛʨʫʟʢʫ, ʠʩʭʦʜʷʱʫʶ ʦʪ ʚʘʣʘ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʣʝʧʝʩʪʢʠ 7 ʧʦʟʚʦʣʷʶʪ ʫʚʝʣʠʯʠʪʴ ʜʝʤʧʬʠʨʫʶʱʫʶ ʩʧʦ-

ʩʦʙʥʦʩʪʴ ʧʦʜʰʠʧʥʠʢʘ, ʫʩʪʘʥʦʚʣʝʥʳ ʤʝʞʜʫ ʣʝʧʝʩʪʢʘʤʠ 5 ʠ ʢʦʨʧʫʩʦʤ ʧʦʜʰʠʧ-

ʥʠʢʘ 1. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʣʝʧʝʩʪʢʠ ʧʦʟʚʦʣʷʶʪ ʛʘʩʠʪʴ ʢʦʣʝʙʘʥʠʷ ʚʘʣʘ, ʪʘʢ ʢʘʢ 

ʦʥʠ ʦʙʨʘʟʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʟʦʥʳ ʪʨʝʥʠʷ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ʀʟʦʙʨʝʪʝʥʠʝ ʚʩʝ ʝʱʝ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʪʘʜʠʠ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʩʧʳʪʘ-

ʥʠʡ. 

ʉʫʱʝʩʪʚʫʝʪ ʣʝʧʝʩʪʢʦʚʳʡ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʜʰʠʧʥʠʢ ʩ ʘʢʪʠʚʥʳʤ 

ʫʧʨʘʚʣʝʥʠʝʤ [4,5], ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. ʋʢʘʟʘʥʥʳʡ ʧʦʜʰʠʧʥʠʢ ʨʘʙʦʪʘʝʪ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʦʩʣʝ ʧʦʜʘʯʠ  ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʧʨʦʚʦʜʘ ʧʴʝʟʦʘʢʪʫʘʪʦʨʦʚ 3, 

ʧʴʝʟʦʵʣʝʤʝʥʪʳ 6 ʥʘʯʠʥʘʶʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʚ ʨʘʟʤʝʨʘʭ, ʧʨʠ ʵʪʦʤ ʧʦʜʚʠʞʥʳʝ 

ʵʣʝʤʝʥʪʳ 9 ʧʝʨʝʤʝʱʘʶʪʩʷ ʧʦʜ  ʛʦʬʨʳ ʢʨʫʛʦʚʦʛʦ ʛʦʬʨʠʨʦʚʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ 10. 

ʇʨʠ ʚʨʘʱʝʥʠʠ ʚʘʣʘ ʧʦʜʚʠʞʥʳʝ ʵʣʝʤʝʥʪʳ 9 ʥʘʯʠʥʘʶʪ ʚʦʩʧʨʠʥʠʤʘʪʴ ʥʘʛʨʫʟʢʠ, 

ʢʦʪʦʨʳʝ ʜʝʡʩʪʚʫʶʪ ʥʘ ʛʦʬʨʳ ʢʨʫʛʦʚʦʛʦ ʛʦʬʨʠʨʦʚʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ 10, ʠ ʧʝʨʝ-

ʜʘʶʪ ʠʭ ʯʝʨʝʟ ʰʪʠʬʪʳ 7 ʥʘ ʧʴʝʟʦʵʣʝʤʝʥʪʳ 6, ʢʦʪʦʨʳʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʘʛʨʫʟʢʠ 

ʚʳʜʘʶʪ ʪʦʢ ʚ ʩʝʪʴ. ʇʨʦʛʠʙʳ ʛʦʬʨʠʨʦʚʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ 10 ʟʘʚʠʩʷʪ ʦʪ ʠʟʤʝʥʝʥʠʷ 

ʚʝʣʠʯʠʥʳ ʩʠʣʳ ʪʦʢʘ ʚ ʮʝʧʠ, ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʦʪʤʝʯʘʪʴ ʧʨʦʛʠʙʳ, ʘ ʪʘʢʞʝ ʧʫʪʝʤ ʨʝ-
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ʛʫʣʷʮʠʠ ʧʦʜʚʦʜʠʤʦʛʦ ʪʦʢʘ ʨʝʛʫʣʠʨʦʚʘʪʴ ʞʝʩʪʢʦʩʪʴ ʢʨʫʛʦʚʦʛʦ ʛʦʬʨʠʨʦʚʘʥʥʦʛʦ 

ʵʣʝʤʝʥʪʘ 10. ʂʦʛʜʘ ʩʠʣʘ ʪʦʢʘ ʚ ʮʝʧʠ ʦʪʩʫʪʩʪʚʫʝʪ, ʜʘʥʥʳʡ ʧʦʜʰʠʧʥʠʢ ʨʘʙʦʪʘʝʪ 

ʢʘʢ ʦʙʳʯʥʳʡ ʣʝʧʝʩʪʢʦʚʳʡ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʜʰʠʧʥʠʢ.  

ɼʘʥʥʦʝ ʠʟʦʙʨʝʪʝʥʠʝ ʪʘʢʞʝ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʪʘʜʠʠ ʠʩʧʳʪʘʥʠʡ. 

 

 
 

ʈʠʩʫʥʦʢ 2. - ʃʝʧʝʩʪʢʦʚʳʡ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʜʰʠʧʥʠʢ ʩ ʘʢʪʠʚʥʳʤ 

ʫʧʨʘʚʣʝʥʠʝʤ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʚʳʰʝʧʨʠʚʝʜʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ:  

1. ʃʝʧʝʩʪʢʦʚʳʝ ʧʦʜʰʠʧʥʠʢʠ ʠʤʝʶʪ ʨʷʜ ʥʝʦʩʧʦʨʠʤʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ 

ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ ʧʦʜʰʠʧʥʠʢʦʚ;  

2. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʝʧʝʩʪʢʦʚʳʭ ʧʦʜʰʠʧʥʠʢʦʚ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʤʝʭʘʪʨʦʥʥʳʭ ʩʠʩʪʝʤʘʭ; 

3. ʅʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʛʘʟʦ-

ʜʠʥʘʤʠʯʝʩʢʠʭ ʣʝʧʝʩʪʢʦʚʳʭ ʧʦʜʰʠʧʥʠʢʦʚ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1.ʏʝʨʥʘʚʩʢʠʡ ʉ.ɸ., ʂʫʨʩʦʚʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʜʝʪʘʣʝʡ ʤʘʰʠʥ. ï ʄ: ʄʘʰʠ-

ʥʦʩʪʨʦʝʥʠʝ, 1988. 

2.ʏʝʨʥʘʚʩʢʠʡ ʉ.ɸ. ʇʦʜʰʠʧʥʠʢʠ ʩʢʦʣʴʞʝʥʠʷ, ʄʦʩʢʚʘ, ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʠʟʜʘʪʝʣʴʩʪʚʦ, 1963. 239 ʩ. 

3. ʇʘʪ. 2231694 ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ, ʄʇʂ  F16C 19/02 (2000.01),  F16C 

17/00 (2000.01).    ʆʧʦʨʘ ʩʢʦʣʴʞʝʥʠʷ / ʉʘʚʠʥ ʃ.ɸ., ɸʣʝʭʠʥ ɸ.ɺ., ʉʦʣʦʤʠʥ ʆ.ɺ., 

ʇʘʥʯʝʥʢʦ ɸ.ʀ., ʂʝʨʩʥʦʚʩʢʠʡ ʆ.ɺ.; ʟʘʷʚʠʪʝʣʴ ʠ ʧʘʪʝʥʪʦʦʙʣʘʜʘʪʝʣʴ: ʆʨʣʦʚʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ. ï ˉ 2003110901/11; ʟʘʷʚʣ: 16, 

04.2003; ʦʧʫʙʣ: 27.06.20042.  

4. ʇʘʪ. 2658260 ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ, ʄʇʂ  F16C 17/02 (2006.01), F16C 

27/02 (2006.01), F16C 32/06 (2006.01). ʈʘʜʠʘʣʴʥʳʡ ʣʝʧʝʩʪʢʦʚʳʡ ʛʘʟʦʜʠʥʘʤʠʯʝ-

ʩʢʠʡ ʧʦʜʰʠʧʥʠʢ / ʉʠʛʘʯʝʚ ʉ.ʀ.; ʟʘʷʚʠʪʝʣʴ ʠ ʧʘʪʝʥʪʦʦʙʣʘʜʘʪʝʣʴ: ʉʠʛʘʯʝʚ ʉ.ʀ. ï 

ˉ 2015103661; ʟʘʷʚʣ: 27.08.2016 ɹʶʣ. ˉ 24; ʦʧʫʙʣ: 19.06.2018 ɹʶʣ. ˉ 17 



70 

 

5. ʇʘʪ. 2568005 ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ, ʄʇʂ  F16C 27/02, F16C 32/02 

(2015 ʛ.), ʃʝʧʝʩʪʢʦʚʳʡ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʜʰʠʧʥʠʢ ʩ ʘʢʪʠʚʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ 

/ ʉʘʚʠʥ ʃ.ɸ. (ʈʌ), ʉʳʪʠʥ ɸ.ɺ. (ʈʌ), ʊʶʨʠʥ ɺ.ʆ. (ʈʌ), ʐʫʪʠʥ ɼ.ɺ.; ʟʘʷʚʠʪʝʣʴ ʠ 

ʧʘʪʝʥʪʦʦʙʣʘʜʘʪʝʣʴ: ʆʨʣʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ. ï ˉ 

2003110901/11; ʟʘʷʚʣ: 16, 04.2015; ʦʧʫʙʣ: 27.06.2017 

 

ʆʎɽʅʂɸ ʇɽʈʉʇɽʂʊʀɺ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʅʆɺʓʍ ʄɸʊɽʈʀɸʃʆɺ  

ɺ ʉʊʈʆʀʊɽʃʔʅʆʁ ʆʊʈɸʉʃʀ ʂʀʊɸʗ 

ɸ.ɺ. ʀʢʦʥʥʠʢʦʚʘ, ʄ.ɸ. ɻʨʠʛʦʨʴʝʚʘ, ʏʞʘʥ ʏʞʠʮʷʥ 
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(ʉʠʙʩʪʨʠʥ) 

 
ɸʥʥʦʪʘʮʠʷ. ʚ ʩʪʘʪʴʝ ʜʘʸʪʩʷ ʦʮʝʥʢʘ ʧʝʨʩʧʝʢʪʠʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʚʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘ-

ʪʝʨʠʘʣʦʚ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʂʠʪʘʷ, ʦʧʠʩʳʚʘʶʪʩʷ ʥʝʤʝʮʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʚʦʟʚʝʜʝʥʠʷ ʟʜʘ-

ʥʠʡ, ʘ ʪʘʢʞʝ ʪʘʢʠʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ, ʢʘʢ çɻ ʬʬʝʢʪ ʣʦʪʦʩʘè, ʵʬʬʝʢʪ çʪʝʨʤʦʩʘè. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʂʠʪʘʡ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʥʦʚʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘ-

ʣʳ, ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ. 
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Annotation:  the article assesses the prospects of the use of new building materials in the con-

struction industry in China, and describes the German technology on the construction of buildings, 

as well as nanotechnologies as the ñlotus effectò and the ñthermosò effect. 
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ɺ ʩʦʚʨʝʤʝʥʥʫʶ ʵʧʦʭʫ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʂʠʪʘʷ ʨʘʟʚʠʚʘʝʪʩʷ ʙʳʩʪʨʳʤʠ ʪʝʤ-

ʧʘʤʠ. ɸʥʘʣʠʟʠʨʫʷ ʩʦʩʪʦʷʥʠʝ ʨʳʥʢʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʫʩʣʫʛ ʚ ʤʠʨʝ, ʤʦʞʥʦ ʚʳʜʝ-

ʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʚʝʜʫʱʠʭ ʩʪʨʘʥ, ʪʘʢʠʭ ʢʘʢ ʂʠʪʘʡ, ʉʐɸ, ʊʫʨʮʠʷ, ʩʪʨʘʥʳ ɽʉ. ʆʙ 

ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʜʠʥʘʤʠʢʘ ʜʦʣʠ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʩʝʢʪʦʨʘ ʚ 

ɺɺʇ ʚ ʵʪʠʭ ʩʪʨʘʥʘʭ (ʨʠʩ. 1). 

ɼʦʣʷ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʩʝʢʪʦʨʘ ʦʪ ɺɺʇ ʚ ʩʪʨʘʥʘʭ ʤʠʨʘ ʥʘ 2016 ʛʦʜ., ʚ %. [1; 104]. 

 

 

ʈʠʩ. 1. - ɼʠʥʘʤʠʢʘ ʜʦʣʠ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʩʝʢʪʦʨʘ ʚ ɺɺʇ 
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ɺ ʂʅʈ ʩʪʨʦʷʪʩʷ ʥʦʚʳʝ ʘʚʪʦʜʦʨʦʛʠ, ʘʵʨʦʧʦʨʪʳ, ʞʝʣʝʟʥʳʝ ʜʦʨʦʛʠ ʠ, ʢʦʥʝʯʥʦ 

ʞʝ, ʞʠʣʴʸ. ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʛʦʜʘ ʚ ʂʅʈ ʧʨʦʠʟʚʝʜʝʥʦ ʙʦʣʴʰʝ ʙʝʪʦʥʘ, ʯʝʤ ʚ ʣʶ-

ʙʦʡ ʜʨʫʛʦʡ ʩʪʨʘʥʝ. ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʠʟʚʝʜʝʥʥʦʛʦ ʚ ʂʠʪʘʝ ʙʝʪʦʥʘ ʛʦʚʦʨʠʪ 

ʦʙ ʦʛʨʦʤʥʳʭ ʦʙʲʸʤʘʭ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʉʝʡʯʘʩ ʚ ʂʅʈ ʘʢʪʠʚʥʦ ʩʪʨʦʷʪʩʷ ʢʫʣʴʪʫʨ-

ʥʳʝ, ʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʳʝ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʫʯʨʝʞʜʝʥʠʷ, ʧʨʦʤʳʰʣʝʥʥʳʝ ʦʙʲʝʢ-

ʪʳ ʠ, ʢʦʥʝʯʥʦ, ʞʠʣʴʸ ï ʵʪʦ ʠ ʥʝʙʦʩʢʨʸʙʳ, ʠ ʤʘʣʦʵʪʘʞʥʳʝ ʜʦʤʘ. ɸ ʪʘʢʦʝ ʤʘʩ-

ʰʪʘʙʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʞʠʣʴʷ ʥʫʞʜʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʡ ʩʪʨʦʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʝ. 

ʂʠʪʘʡ ï ʵʪʦ ʦʜʥʘ ʠʟ ʥʝʤʥʦʛʠʭ ʩʪʨʘʥ, ʢʦʪʦʨʘʷ ʚʝʜʸʪ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʮʝʣʳʤʠ 

ʛʦʨʦʜʘʤʠ. ɿʘʯʘʩʪʫʶ, ʥʘʩʝʣʸʥʥʳʝ ʧʫʥʢʪʳ ʚʦʟʚʦʜʷʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʤ ʧʣʘʥʦʤ ʚʦʟʣʝ ʥʝʜʘʚʥʦ ʦʙʥʘʨʫʞʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦ-

ʧʘʝʤʳʭ ʠʣʠ ʚ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʨʘʡʦʥʘʭ. ʉʝʡʯʘʩ ʚ ʂʠʪʘʝ ʫʞʝ 220 

ʛʦʨʦʜʦʚ ʩ ʥʘʩʝʣʝʥʠʝʤ ʙʦʣʴʰʝ 1 ʤʠʣʣʠʦʥʘ. ɺ ʇʝʢʠʥʝ ʠ ʐʘʥʭʘʝ ʧʨʦʞʠʚʘʝʪ ʙʦʣʝʝ 

ʯʝʤ 10 ʤʠʣʣʠʦʥʦʚ ʯʝʣʦʚʝʢ [2].  

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʂʠʪʘʝ ʚʩʸ ʙʦʣʴʰʝ ʠ ʙʦʣʴʰʝ ʧʨʦʩʪʳʭ ʛʨʘʞʜʘʥ ʤʦʛʫʪ ʧʦʟʚʦ-

ʣʠʪʴ ʩʝʙʝ ʩʦʙʩʪʚʝʥʥʫʶ ʢʚʘʨʪʠʨʫ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʝʸ ʤʦʞʝʪ ʧʨʠʦʙʨʝʩʪʠ ʚ ʢʨʝʜʠʪ 

ʢʘʞʜʘʷ ʩʝʤʴʷ ʚ ʂʠʪʘʝ ʩʦ ʩʪʘʙʠʣʴʥʳʤ ʟʘʨʘʙʦʪʢʦʤ, ʚʝʜʴ ʮʝʥʳ ʥʘ ʥʝʜʚʠʞʠʤʦʩʪʴ ï 

ʥʝʙʦʣʴʰʠʝ, ʘ ʧʦʣʫʯʠʪʴ ʟʘʸʤ ï ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʩʣʦʞʥʦ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʚʠ-

ʜʘʥʥʦ ʚʳʩʦʢʠʤʠ ʪʝʤʧʘʤʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ ʂʅʈ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʂʠʪʘʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʥʝʤʝʮʢʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʙʦʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʅʝʤʝʮʢʫʶ ʪʝʭʥʦʣʦʛʠʶ ʠʥʜʫ-

ʩʪʨʠʘʣʴʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʦʩʥʦʚʥʳʝ ʩʠʩʪʝʤʳ: 

 ʩʙʦʨʥʘʷ ʙʝʪʦʥʥʘʷ ʩʪʨʦʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ; 

 ʩʠʩʪʝʤʘ ʩʙʦʨʢʠ ʩʙʦʨʥʳʭ ʩʪʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ; 

 ʩʠʩʪʝʤʘ ʩʙʦʨʢʠ ʩʙʦʨʥʳʭ ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʇʨʝʠʤʫʱʝʩʪʚʦ ʧʨʦʤʳʰʣʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʙʦʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʟʘʢʣʶʯʘ-

ʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʘ ʟʘʚʦʜʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʪʨʦʠʪʝʣʴ-

ʥʳʭ ʨʘʙʦʪ, ʥʘ ʢʦʪʦʨʳʝ ʥʝ ʚʣʠʷʝʪ ʧʦʛʦʜʘ. ʇʝʨʠʦʜ ʤʦʥʪʘʞʘ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʘ 

ʤʝʩʪʝ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʝʪʩʷ, ʯʪʦ ʦʯʝʥʴ ʧʦʜʭʦʜʠʪ ʜʣʷ ʩʫʨʦʚʳʭ ʭʦʣʦʜʥʳʭ 

ʨʘʡʦʥʦʚ ʂʠʪʘʷ, ʛʜʝ ʚʨʝʤʷ ʜʣʷ ʤʦʥʪʘʞʘ ʥʘʨʫʞʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʢʦ-

ʨʦʪʢʠʤ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʝʠʤʫʱʝʩʪʚʦ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ 

ʙʦʣʴʰʠʥʩʪʚʦ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʠ ʧʨʦʠʟʚʦʜʷʪʩʷ ʥʘ ʟʘ-

ʚʦʜʝ, ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʩ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʴʶ ʨʘʙʦʪʳ, ʪʦʯʥʦʩʪʴʶ ʠ ʢʘʯʝʩʪʚʦʤ. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʙʦʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʦʪʥʦ-

ʩʠʪʩʷ, ʚʦ-ʧʝʨʚʳʭ, ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʩʙʦʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʩʪʦʠʤʦʩʪʴ ʩʙʦʨʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥ-

ʩʪʨʫʢʮʠʡ ʚ ʂʠʪʘʝ ʙʳʣʘ ʥʠʞʝ ʩʪʦʠʤʦʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʦ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦ-

ʣʦʛʠʠ. ʉʝʛʦʜʥʷ ʞʝ ʩʪʦʠʤʦʩʪʴ ʞʠʣʳʭ ʠ ʦʬʠʩʥʳʭ ʟʜʘʥʠʡ, ʧʦʩʪʨʦʝʥʥʳʭ ʚ ʚʠʜʝ 

ʩʙʦʨʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʧʣʠʪ, ʦʙʳʯʥʦ ʚʳʰʝ, ʘ ʧʨʠʯʠʥʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʞʝ-

ʣʝʟʦʙʝʪʦʥʥʳʝ ʩʪʝʥʳ ʜʦʨʦʞʝ ʢʘʤʝʥʥʳʭ ʩʪʝʥ. ɽʩʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʟʦʣʠʨʦʚʘʥʥʘʷ 

ʢʦʥʩʪʨʫʢʮʠʷ ʩʵʥʜʚʠʯ-ʧʘʥʝʣʝʡ, ʫʟʣʳ ʙʦʣʝʝ ʩʣʦʞʥʳ, ʠ ʫʧʣʦʪʥʝʥʠʝ ʙʦʣʴʰʠʭ ʧʘ-

ʥʝʣʴʥʳʭ ʟʘʟʦʨʦʚ ʧʨʠʚʦʜʷʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʨʘʩʭʦʜʘʤ. ʊʨʘʥʩʧʦʨʪʠʨʦʚʢʘ 
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ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʙʦʨʥʳʭ ʧʘʥʝʣʝʡ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʨʘʩʭʦʜʦʚ. 

ɺʦ-ʚʪʦʨʳʭ, ʦʪʩʫʪʩʪʚʠʝ ʧʝʨʩʦʥʘʣʠʟʘʮʠʠ. ʅʝʜʦʩʪʘʪʢʦʤ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʤʳʰ-

ʣʝʥʥʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʣʶʙʦʡ ʩʪʨʦʠʪʝʣʴʥʳʡ ʧʨʦʝʢʪ, ʚʢʣʶʯʘʷ 

ʩʪʨʦʠʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʪʨʫʙʦʧʨʦʚʦʜʳ, ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʠ ʚʩʪʨʦʝʥʥʳʝ ʜʝ-

ʪʘʣʠ, ʜʦʣʞʝʥ ʙʳʪʴ ʟʘʨʘʥʝʝ ʩʧʨʦʝʢʪʠʨʦʚʘʥʳ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʳ ʚ 

ʙʝʪʦʥʥʳʭ ʧʣʠʪʘʭ ʥʘ ʟʘʚʦʜʝ, ʘ ʵʪʦ ʧʦʜʭʦʜʠʪ ʪʦʣʴʢʦ ʜʣʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦ-

ʚʪʦʨʷʶʱʠʭʩʷ ʩʪʘʥʜʘʨʪʥʳʭ ʝʜʠʥʠʮ. ʕʪʦʪ ʥʝʜʦʩʪʘʪʦʢ ʤʦʞʥʦ ʨʝʰʠʪʴ ʟʘ ʩʯʸʪ ʧʨʠ-

ʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ, ʢʨʘʩʠʚʳʭ, ʧʨʘʢʪʠʯʥʳʭ ʠ ʧʨʦʯʥʳʭ 

ʢʦʤʧʣʝʢʩʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ ʧʦʣʴʟʦ-

ʚʘʪʝʣʝʡ. ɹʣʘʛʦʜʘʨʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʤʫ ʜʠʟʘʡʥʫ ʠ ʤʦʜʫʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʥʘ ʟʘʚʦʜʝ ʤʦʞʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʪʨʦʠʪʝʣʴʥʳʭ ʜʝʪʘʣʝʡ. ʊʝʭ-

ʥʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʧʦʩʪʦʷʥʥʦ ʦʧʪʠʤʠʟʠʨʫʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪ-

ʢʠ ʚʪʦʨʩʳʨʴʷ, ʪʝʭʥʦʣʦʛʠʷ ʩʦʝʜʠʥʝʥʠʷ, ʩʙʦʨʥʳʝ ʣʝʩʪʥʠʮʳ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. 

ʉʦʚʨʝʤʝʥʥʳʡ ʂʠʪʘʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʪʨʝʤʠʪʩʷ ʩʜʝʣʘʪʴ ʞʠʣʴʸ ʢʨʘʩʠ-

ʚʳʤ, ʧʨʦʯʥʳʤ ʠ ʫʜʦʙʥʳʤ. ʈʘʩʩʤʦʪʨʠʤ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʂʠʪʘʷ. 

ʇʝʨʚʦʝ ʪʝʭʥʦʣʦʛʠʷ ï ʵʪʦ çɻ ʬʬʝʢʪ ʣʦʪʦʩʘè. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʚ ʂʠʪʘʝ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʩʧʝʮʠʘʣʴʥʦʝ ʧʦʢʨʳʪʠʝ ʜʣʷ ʩʪʨʦʡʤʘʪʝʨʠʘʣʦʚ, ʢʦ-

ʪʦʨʦʝ ʩʧʦʩʦʙʥʦ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʟʘʛʨʷʟʥʷʶʱʝʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʚʦʜʥʳʭ ʠ ʥʝʬʪʷʥʳʭ 

ʢʘʧʝʣʴ. ɺ ʠʪʦʛʝ ʜʦʩʪʠʛʘʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ çɻ ʬʬʝʢʪ ʣʦʪʦʩʘè: ʢʘʧʣʠ, ʢʘʢ ʰʘʨʠ-

ʢʠ ʨʪʫʪʠ, ʩʢʘʪʳʚʘʶʪʩʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʩʪʘ, ʩʦʭʨʘʥʷʷ ʝʛʦ ʚʩʝʛʜʘ ʯʠʩʪʳʤ ʠ ʩʫ-

ʭʠʤ, ʩʤʳʚʘʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʩʶ ʛʨʷʟʴ ʠ ʥʠʢʦʛʜʘ ʥʝ ʦʩʪʘʚʣʷʷ ʩʣʝʜʦʚ [3].  

ɺ ʇʝʢʠʥʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ çɻ ʬʬʝʢʪ ʣʦʪʦʩʘè ʙʳʣ ʧʦʩʪʨʦʝʥ ɹʦʣʴʰʦʡ ʥʘʮʠ-

ʦʥʘʣʴʥʳʡ ʪʝʘʪʨ. ʅʘ ʧʦʩʪʨʦʡʢʫ ʝʛʦ ʧʨʦʟʨʘʯʥʦʛʦ ʧʦʣʫʰʘʨʠʷ ʙʳʣʦ ʧʦʪʨʘʯʝʥʦ ʦʢʦ-

ʣʦ $588,24 ʤʣʥ. ʇʦʢʨʳʪʠʝ ʩʪʝʢʣʷʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 6000 ʤĮ. ʕʪʦʪ 

ʢʫʧʦʣ ʧʦʩʪʨʦʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʠ ʭʦʪʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʚ ʧʨʦ-

ʝʢʪʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʪʘʢʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ, ʩʦʟʜʘʪʝʣʷʤ ʧʨʠ-

ʰʣʦʩʴ ʦʙʨʘʪʠʪʴʩʷ ʟʘ ʧʦʤʦʱʴʶ ʢ ʩʧʝʮʠʘʣʠʩʪʘʤ ʇʝʢʠʥʩʢʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʧʘʨʢʘ ʏʞʫʥʛʫʘʥʴʮʫʥʴ (ʠʟʚʝʩʪʥʦʛʦ ʢʘʢ ʂʠʪʘʡʩʢʘʷ ʩʠʣʠʢʦʥʦʚʘʷ ʜʦʣʠʥʘ), ʛʜʝ ʠ 

ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʠ ʚʥʝʜʨʝʥʘ ʪʝʭʥʦʣʦʛʠʷ ʧʨʠʤʝʥʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʚ ʧʦʢʨʳʪʠʠ 

ʩʪʝʢʣʷʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʃʠʩʪ ʣʦʪʦʩʘ ʥʠʢʦʛʜʘ ʥʝ ʥʘʤʦʢʘʝʪ, ʚʩʝʛʜʘ ʦʩʪʘʝʪʩʷ ʯʠ-

ʩʪʳʤ ʟʘ ʩʯʝʪ ʦʩʦʙʦʛʦ ʩʪʨʦʝʥʠʷ ʣʠʩʪʘ, ʢʘʧʝʣʴʢʠ ʚʦʜʳ ʠ ʛʨʷʟʠ ʩʢʘʪʳʚʘʶʪʩʷ ʩ ʥʝ-

ʛʦ, ʥʝ ʦʩʪʘʚʣʷʷ ʥʠʢʘʢʠʭ ʩʣʝʜʦʚ. 

ʉʣʝʜʫʶʱʘʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʷ ï ʵʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʥʝʯʥʦʛʦ ʘʢʢʫʤʫʣʷʪʦʨʘ 

ï ʵʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ, ʥʘʢʘʧʣʠʚʘʶʱʠʭ ʩʦʣʥʝʯʥʫʶ ʵʥʝʨʛʠʶ. 

ʊʝʭʥʦʣʦʛʠʷ ʙʳʣʘ ʠʟʦʙʨʝʪʝʥʘ ʚ ʐʘʥʭʘʡʩʢʦʤ ʮʝʥʪʨʝ ʥʘʫʢʠ ʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ 

(Shanghai Nano Science and Technology Center). ʊʘʢʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴʩʷ ʥʘ ʣʝʩʪʥʠʮʘʭ ʟʜʘʥʠʡ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʩʚʝʱʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʚ ʢʘʯʝʩʪʚʝ ʘʚʘʨʠʡʥʦʡ ʠʣʣʶʤʠʥʘʮʠʠ ʥʘ ʩʣʫʯʘʡ ʵʚʘʢʫʘʮʠʠ (ʫʢʘʟʳʚʘʝʪ ʧʫʪʴ ʢ ʚʳ-

ʭʦʜʫ). ʊʝʭʥʦʣʦʛʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʟʚʣʝʢʘʪʝʣʴʥʳʭ ʟʘʚʝʜʝʥʠʷʭ. ɺʩʸ 

ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʜʦ-

ʤʘʰʥʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʵʢʩʢʣʶʟʠʚʥʳʡ ʜʝʢʦʨ, ʥʦ ʠ ʢʘʢ ʵʥʝʨʛʦʩʙʝʨʝ-

ʛʘʶʱʠʡ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ. ɺ ʢʘʯʝʩʪʚʝ çʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡè ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 
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ʦʢʥʘ ʧʦʤʝʱʝʥʠʷ. ɻʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ïʙʦʣʝʝ ʥʠʟʢʘʷ ʮʝʥʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʦʨʦʛʦʩʪʦʷʱʠʤʠ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʦʣʥʝʯʥʳʤʠ ʙʘʪʘʨʝʷʤʠ. 

ɽʱʸ ʦʜʥʦʡ ʥʦʚʦʡ ʥʘʥʦʪʝʭʥʦʣʦʛʠʝʡ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪ çʪʝʨʤʦʩʘè ï ʵʪʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʥʘʥʦʧʦʨʠʩʪʦʛʦ ʧʦʢʨʳʪʠʷ ʜʣʷ ʩʪʝʥ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʩʦʭʨʘʥʷʪʴ ʪʝʧʣʦ 

ʚ ʧʦʤʝʱʝʥʠʠ ʟʠʤʦʡ ʠ ʢʦʥʜʠʮʠʦʥʝʨʥʫʶ ʧʨʦʭʣʘʜʫ ʣʝʪʦʤ. ʋʩʪʨʦʡʩʪʚʦ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʩʦʙʦʡ ʧʦʣʫʧʨʦʟʨʘʯʥʫʶ ʧʣʝʥʢʫ, ʦʙʣʘʜʘʶʱʫʶ ʚʳʩʦʢʠʤʠ ʠʟʦʣʷʮʠʦʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʠ ʩʧʦʩʦʙʥʫʶ ʦʙʝʩʧʝʯʠʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ çɻ ʬʬʝʢʪ ʪʝʨʤʦʩʘè. ʊʘʢʦʝ 

ʠʟʦʙʨʝʪʝʥʠʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʧʦʜʦʙʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʧʦʢʨʳʪʳ ʩʪʝʥʳ ʐʘʥʭʘʡʩʢʦʛʦ ʤʫʟʝʷ ʥʘʫʢʠ ʠ 

ʪʝʭʥʦʣʦʛʠʠ, ʧʣʦʱʘʜʴ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ 3000 ʢʚ. ʤ. ʇʣʘʥʠʨʫʝʪʩʷ ʪʘʢʞʝ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʵʪʠ ʤʝʪʦʜʠʢʠ ʚ ʚʳʩʪʘʚʦʯʥʦʤ ʟʘʣʝ ʅʝʤʝʮʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʧʘʚʠʣʴ-

ʦʥʘ.  

ʉʧʝʮʠʘʣʠʩʪʳ ʩʯʠʪʘʶʪ, ʯʪʦ ʫʞʝ ʚ ʩʘʤʦʤ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ ʥʘʥʦʠʟʦʣʷʮʠ-

ʦʥʥʳʝ ʧʦʢʨʳʪʠʷ çʧʨʠʜʫʪè ʚ ʞʠʣʳʝ ʨʘʡʦʥʳ, ʦʙʝʩʧʝʯʠʚʘʷ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʵʢʦ-

ʥʦʤʠʶ ʵʥʝʨʛʠʠ ʠ ʟʘʱʠʪʫ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [3]. 

ʅʘʥʦʪʝʭʥʦʣʦʛʠʠ ʫʞʝ ʥʘʰʣʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʦʙʲʝʢʪʦʚ ʜʣʷ 

ʆʣʠʤʧʠʡʩʢʠʭ ʠʛʨ ʚ ʇʝʢʠʥʝ. ɺ ʧʝʢʠʥʩʢʦʤ ʜʚʦʨʮʝ ʩʧʦʨʪʘ Capital Gymnasium ʥʘ-

ʥʦʯʘʩʪʠʮʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʢʨʳʪʠʷ ʧʦʪʦʣʢʦʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʣʦ ʟʚʫʢʦ-

ʠʟʦʣʠʨʫʶʱʫʶ ʬʫʥʢʮʠʶ ʧʦʤʝʱʝʥʠʡ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʥʦʩʪʴ ʙʦʣʝʝ ʩʠʣʴʥʦʛʦ ʧʨʦ-

ʪʠʚʦʩʪʦʷʥʠʷ ʜʝʬʦʨʤʘʮʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʚ ʧʦʢʨʳʪʠʠ ʩʪʝʥ ʟʘ-

ʱʠʱʘʝʪ ʠʭ ʦʪ ʛʨʷʟʠ ʠ ʚʦʜʳ. 

ʅʘʥʦʧʣʘʩʪʠʢʦʚʳʝ ʜʚʝʨʠ, ʦʢʥʘ ʠ ʪʨʫʙʳ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ ʠʟʥʦʩʦʩʪʦʡʢʠʤʠ ʠ 

ʫʩʪʦʡʯʠʚʳʤʠ ʢ ʢʦʨʨʦʟʠʠ. ʅʘʥʦʤʝʪʦʜʠʢʠ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʂʠʪʘʝ ʫʞʝ ʥʘʰʣʠ ʰʠ-

ʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʧʦʨʪʠʚʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʠ ʠʥʚʝʥʪʘʨʝ: ʠʭ ʠʩʧʦʣʴʟʫʶʪ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʣʳʞʥʳʭ ʧʘʣʦʢ, ʪʨʘʤʧʣʠʥʦʚ ʜʣʷ ʧʨʳʞʢʦʚ, ʪʝʥʥʠʩʥʳʭ ʨʘʢʝʪʦʢ ʠ 

ʪ.ʧ. ʅʘʧʨʠʤʝʨ, ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʧʦʚʝʨʭʥʦʩʪʴ ʧʷʪʠʤʝʪʨʦʚʦʛʦ 

ʪʨʘʤʧʣʠʥʘ ʰʠʨʠʥʦʡ ʚʩʝʛʦ ʧʦʣʤʝʪʨʘ ʥʝʩʢʦʣʴʟʢʦʡ, ʯʪʦ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʳʛʫ-

ʥʫ ʚ ʚʦʜʫ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʠ ʤʘʢʩʠʤʘʣʴʥʦ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴʩʷ. ɺ ʨʘʢʝʪʢʘʭ ʜʣʷ 

ʙʘʜʤʠʥʪʦʥʘ ʠ ʪʝʥʥʠʩʘ ʪʘʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʘʢ ʣʝʛʢʦʩʪʴ ʠ ʧʨʦʯʥʦʩʪʴ, ʜʦʩʪʠ-

ʛʘʶʪʩʷ ʟʘ ʩʯʸʪ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʉʝʛʦʜʥʷ 80% ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʦʜʠʤʳʭ ʚ ʂʠʪʘʝ, ʚ ʦʙʣʘʩʪʠ ʥʘʥʦʪʝʭʥʦʣʦ-

ʛʠʡ ʢʘʩʘʶʪʩʷ ʤʝʪʘʣʣʦʚ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʙʦʣʴʰʦʝ ʚʥʠʤʘ-

ʥʠʝ ʪʘʢʞʝ ʫʜʝʣʷʝʪʩʷ ʧʦʣʠʤʝʨʘʤ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʘʤ. ɺ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ, 

ʢʘʢ ʵʣʝʢʪʨʦʥʠʢʘ, ʙʠʦʤʝʜʠʮʠʥʘ, ʧʨʠʤʝʥʝʥʠʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʧʦʢʘ ʦʛʨʘʥʠʯʝʥʦ. 

ʉʦʛʣʘʩʥʦ ʨʷʜʫ ʦʪʯʸʪʦʚ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʢʦʤʧʘʥʠʡ, ʚ ʙʣʠʞʘʡʰʠʝ ʧʷʪʴ ʣʝʪ 

ʩʧʨʦʩ ʥʘ ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʘʥʦʪʝʭʥʦʣʦ-

ʛʠʡ, ʫʚʝʣʠʯʠʪʩʷ ʥʘ 44%. ʕʪʦ ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪʦ ʟʘ ʩʯʸʪ ʩʘʤʦʦʯʠʱʘʶʱʝʛʦʩʷ ʧʦ-

ʢʨʳʪʠʷ. ʍʦʪʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʚ ʩʪʨʦ-

ʠʪʝʣʴʩʪʚʝ ʧʦʢʘ ʥʝ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʘ, ʪʝʤ ʥʝ ʤʝʥʝʝ ʫʯʸʥʳʝ ʜʦʢʘʟʘʣʠ, ʯʪʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʳʭ ʤʝʪʦʜʠʢ ʚ ʪʘʢʠʭ ʚʝʱʝʩʪʚʘʭ, ʢʘʢ ʙʝʪʦʥ, ʢʨʘʩʢʘ, ʩʪʝʢʣʦ, ʢʣʝʡ, 

ʜʝʣʘʝʪ ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʧʦ ʩʚʦʝʤʫ ʥʘʟʥʘ-

ʯʝʥʠʶ. ʅʘʠʙʦʣʴʰʠʤ ʩʧʨʦʩʦʤ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ 

ʥʘʯʥʫʪ ʧʦʣʴʟʦʚʘʪʴʩʷ ʪʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʩ ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʤʠ, ʢʘʢ ʬʘʩʘʜʥʳʝ ʚʦʜʦ-
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ʥʝʧʨʦʥʠʮʘʝʤʳʝ ʢʨʘʩʢʠ. ʋʞʝ ʢ 2020 ʛʦʜʫ ʥʘ ʨʳʥʢʝ ʢʨʘʩʦʢ ʠʤ ʙʫʜʝʪ ʧʨʠʥʘʜʣʝ-

ʞʘʪʴ ʜʦʣʷ ʚ 60%. 

ʈʘʟʣʠʯʥʳʝ ʥʘʥʦʜʦʙʘʚʢʠ, ʢʦʪʦʨʳʝ ʜʦʙʘʚʣʝʥʳ ʚ ʨʘʩʪʚʦʨ ʜʣʷ ʢʠʨʧʠʯʥʦʡ 

ʢʣʘʜʢʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʩʪʠ, ʤʦʛʫʪ ʵʢʦʥʦ-

ʤʠʪʴ ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʩʥʠʞʘʪʴ ʟʘʪʨʘʪʳ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʠʭ ʨʘʟʨʘʙʦʪʢʘ 

ʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʂʠʪʘʝ ʥʘʭʦʜʠʪʩʷ ʧʦʢʘ ʥʘ ʥʝʚʳʩʦʢʦʤ ʫʨʦʚʥʝ, ʘ ʦʙʲʸʤ ʠʭ ʧʨʠʤʝ-

ʥʝʥʠʷ ʚ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ ʜʦʩʪʠʛʘʝʪ ʦʪ 80% ʜʦ 100%.  

ʅʝʢʦʪʦʨʳʝ ʨʘʟʚʠʪʳʝ ʩʪʨʘʥʳ ʪʘʢʞʝ ʧʨʝʜʣʦʞʠʣʠ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʡ ʙʝʪʦʥ, 

ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʦʚʫʶ ʢʦʥʮʝʧʮʠʶ ʩ ʧʨʝʚʦʩʭʦʜʥʦʡ ʧʨʦʯʥʦʩʪʴʶ, 

ʚʳʩʦʢʦʡ ʦʙʨʘʙʘʪʳʚʘʝʤʦʩʪʴʶ ʠ ʪ. ʧ., ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʙʝʪʦʥʦʤ. ʆʥ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʜʦʨʦʞʥʳʭ ʠ ʤʦʩʪʦʚʳʭ ʧʨʦʝʢʪʘʭ ʚ ʂʠʪʘʝ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ.  

ʅʦ, ʢ ʩʦʞʘʣʝʥʠʶ, ʥʘʫʢʘ ʠ ʪʝʭʥʦʣʦʛʠʠ ʚ ʂʠʪʘʝ ʧʦʢʘ ʝʱʸ ʥʘʭʦʜʠʪʩʷ ʥʘ ʥʝʜʦ-

ʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʠ ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʝ 

ʦʩʦʙʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ. 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʧʨʦʤʳʰʣʝʥʥʦ ʨʘʟʚʠʪʳʤʠ ʩʪʨʘʥʘʤʠ, ʦʙʲʝʤ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʂʠʪʘʝ, 

ʥʝʚʝʣʠʢ. ɺʦ ʤʥʦʛʠʭ ʥʘʩʝʣʸʥʥʳʭ ʧʫʥʢʪʘʭ ʂʠʪʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʦʪʩʪʘʣʦʝ, ʪʝʭʥʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʣʦʭʠʝ, ʘ ʦʩʚʝʜʦʤʣʸʥʥʦʩʪʴ ʦʙ ʦʭʨʘʥʝ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʘ.  

ʂʨʘʭ ʜʞʠʫʮʟʷʥʩʢʦʡ ʜʦʨʦʛʠ, ʰʦʩʩʝ ʂʫʥʣʫ ʚ ʧʨʦʚʠʥʮʠʠ ʖʥʴʥʘʥʴ ʙʳʣ ʨʘʟ-

ʨʫʰʝʥʦ ʚʩʝʛʦ ʟʘ 18 ʜʥʝʡ, ʘ ʩʢʦʨʦʩʪʥʘʷ ʘʚʪʦʤʘʛʠʩʪʨʘʣʴ ʐʵʥʴʩʠ ʚ ʧʨʦʚʠʥʮʠʠ 

ʃʷʦʥʠʥ ʠʟ-ʟʘ ʯʘʩʪʠʯʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʧʦʢʨʳʪʠʷ ʤʦʩʪʘ. ʕʪʦ ʚʳʟʚʘʣʦ ʨʘʟʨʫʰʝ-

ʥʠʷ, ʛʠʙʝʣʴ ʣʶʜʝʡ ʠ ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʢʘʪʘʩʪʨʦʬʳ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʩʪʨʦʠ-

ʪʝʣʴʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ ʂʠʪʘʷ ʥʝ ʩʦʙʣʶʜʘʣʠ ʪʨʝʙʦʚʘʥʠʷ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʠ ʧʨʦ-

ʠʟʚʝʣʠ ʨʘʙʦʪʳ ʥʝ ʥʘʜʣʝʞʘʱʝʛʦ ʢʘʯʝʩʪʚʘ ʩ ʮʝʣʴʶ ʟʘʨʘʙʦʪʘʪʴ ʙʦʣʴʰʝ ʜʝʥʝʛ ʠ 

ʧʨʠʙʳʣʠ, ʥʝʢʦʪʦʨʳʝ ʥʝʜʦʙʨʦʩʦʚʝʩʪʥʳʝ ʘʨʭʠʪʝʢʪʦʨʳ ʥʝʙʨʝʞʥʦ ʟʘʥʠʤʘʣʠʩʴ 

ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʧʨʦʝʢʪʘʤʠ, çʤʝʥʷʣʠ ʤʘʪʝʨʠʘʣʳ ʠ ʢʦʥʩʪʨʫʢʮʠʶ ʟʜʘʥʠʷè ʠ ʠʩ-

ʧʦʣʴʟʦʚʘʣʠ ʥʝʢʘʯʝʩʪʚʝʥʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʤʥʦʛʦ 

ʘʚʘʨʠʡ. 

ɺ ʮʝʣʦʤ, ʫʨʦʚʝʥʴ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʚ ʂʠʪʘʝ ʚʩʸ ʝʱʝ ʥʝʚʝʣʠʢ, ʠ ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʩʪʦʷʥʥʦ ʠʟʫʯʘʪʴ ʧʝʨʝʜʦʚʳʝ ʟʘʨʫʙʝʞʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʚʥʝʜʨʷʪʴ ʧʝʨʝʜʦʚʦʝ ʟʘ-

ʨʫʙʝʞʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. ʉʝʛʦʜʥʷ ʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʷ, ʤʦʜʝʨ-

ʥʠʟʘʮʠʷ ʠ ʫʨʙʘʥʠʟʘʮʠʷ ʂʠʪʘʷ ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʶʪʩʷ, ʘ ʨʳʥʦʢ ʥʝʜʚʠʞʠʤʦʩʪʴ 

ʙʳʩʪʨʦ ʨʘʩʰʠʨʷʝʪʩʷ, ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʦʙʱʠʡ ʦʙʲʸʤ ʨʝʩʫʨʩʦʚ ʦʛʨʘʥʠʯʝʥ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʂʠʪʘʝ ʚʘʞʥʳʤʠ ʩʝʛʦʜʥʷ ʷʚʣʷʶʪʩʷ ʧʨʦʙʣʝʤʳ ʦʭʨʘʥʳ ʦʢʨʫ-

ʞʘʶʱʝʡ ʩʨʝʜʳ. ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʜ-

ʨʷʪʴ ʥʦʚʳʝ ʪʠʧʳ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʂʠʪʘʝ ʥʝʦʙʭʦʜʠʤʦ ʣʠʢʚʠʜʠʨʦʚʘʪʴ 

ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʚʳʩʦʢʠʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ ʠ ʥʝʫʢʣʦʥʥʦ ʨʝʘʣʠʟʦ-

ʚʳʚʘʪʴ ʠʥʥʦʚʘʮʠʠ ʚ ʦʙʣʘʩʪʠ ʥʦʚʳʭ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ, ʥʠʟʢʦʫʛʣʝʨʦʜʥʳʭ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʘʚʠʪʝʣʴ-

ʩʪʚʦ ʂʠʪʘʷ ʧʦʜʜʝʨʞʠʚʘʝʪ ʵʪʦ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ, ʘ ʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʳʝ ʚʝʜʦʤ-

ʩʪʚʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʵʬʬʝʢʪʠʚʥʳʡ ʥʘʜʟʦʨ ʠ ʧʦʤʦʱʴ ʩʪʨʦʠʪʝʣʴʥʳʤ ʦʨʛʘʥʠ-

ʟʘʮʠʷʤ. 
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ʈʦʩʩʠʷ 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʠ ʠʩʧʳʪʘʥʠʡ ʥʦʚʳʭ ʫʟʣʦʚ ʩʦ-

ʧʨʷʞʝʥʠʷ ʩʪʝʥʦʚʳʭ ʧʘʥʝʣʝʡ ʧʨʦʝʢʪʘ ʂʇɼ 97-2015. ʀʩʧʳʪʘʥʠʷ ʫʟʣʦʚ ʩʦʧʨʷʞʝʥʠʷ ʥʘʪʫʨʥʳʭ 

ʩʪʝʥʦʚʳʭ ʧʘʥʝʣʝʡ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ 8 ʩʭʝʤʘʤ ʩ ʨʘʟʣʠʯʥʦʡ ʚʘʨʠʘʮʠʝʡ ʚʥʝʰʥʝʡ ʩʪʘʪʠʯʝʩʢʦʡ 

ʥʘʛʨʫʟʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʳ ʩʭʝʤʳ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ ʫʟʣʦʚ, ʨʘʟʨʫʰʘ-

ʶʱʠʝ ʥʘʛʨʫʟʢʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʜʘʪʣʠʚʦʩʪʠ ʫʟʣʦʚ ʩʦʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʨʘʩʯʝʪʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʢʦʥʝʯʥʦ ʵʣʝʤʝʥʪʥʦʡ ʤʦʜʝʣʠ ʟʜʘʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʘʥʝʣʴʥʦʝ ʟʜʘʥʠʝ; ʫʟʝʣ ʩʦʧʨʷʞʝʥʠʷ; ʩʦʝʜʠʥʠʪʝʣʴʥʘʷ 

ʧʣʘʩʪʠʥʘ; ʩʪʘʪʠʯʝʩʢʦʝ ʠʩʧʳʪʘʥʠʝ; ʧʦʜʘʪʣʠʚʦʩʪʴ ʩʪʳʢʦʚ. 

 

STATIC TESTING OF NEW ASSEMBLIES OF WALL PANELS AND A R-

CHITECTURAL BUILDING SYSTEMS EFFICIENCY 97 -2015 
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Abstract. The article presents the results of calculations and tests of new interfaces of wall 

panels of the project efficiency 97-2015. Tests of the interfaces of full-scale wall panels were car-

ried out according to 8 schemes with different variations of external static load. As a result, the 

schemes of cracking and destruction of nodes, breaking loads, characteristics of compliance of in-

terfaces, which are used in the calculations of spatially finite element model of the building. 

Keywords: prefabricated building; a node; an adapter plate; a static test; flexi-

bility of joints. 

 

ɺ ʛʨʘʞʜʘʥʩʢʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚʦʟʚʝʜʝʥʠʝ ʢʨʫʧʥʦʧʘ-

ʥʝʣʴʥʳʭ ʟʜʘʥʠʡ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʩʪʝʧʝʥʴ ʠʥʜʫʩʪʨʠʘ-

ʣʠʟʘʮʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ, ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʘ ʠ ʩʦʢʨʘʪʠʪʴ ʩʨʦʢʠ ʚʦʟʚʝʜʝʥʠʷ ʟʜʘʥʠʡ. ʎʝʣʴ ʨʘʙʦʪʳ ï ʠʩʧʳʪʘʥʠʷ ʥʦʚʳʭ 

ʫʟʣʦʚ ʩʦʝʜʠʥʝʥʠʷ ʩʪʝʥʦʚʳʭ ʧʘʥʝʣʝʡ ʩ ʪʨʘʧʝʮʠʝʚʠʜʥʦʡ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʧʣʘʩʪʠ-

ʥʦʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʭʝʤʘʭ ʧʨʠʣʦʞʝʥʠʷ ʩʪʘʪʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʠʩʧʳʪʘʥʠʡ ʫʟʣʦʚ 

ʩʦʧʨʷʞʝʥʠʷ ʩʪʝʥʦʚʳʭ ʧʘʥʝʣʝʡ ʧʨʠ ʜʝʡʩʪʚʠʠ ʩʪʘʪʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ. ʇʨʦʚʝʜʝʥʳ 

https://moluch.ru/archive/190/48032/
http://elport.ru/articles/nanotehnologii_v_stroitelstve_stroitelnyie_%20nanomaterialyi_-_opyit_kitaya
http://elport.ru/articles/nanotehnologii_v_stroitelstve_stroitelnyie_%20nanomaterialyi_-_opyit_kitaya
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ʠʩʧʳʪʘʥʠʷ ʫʟʣʦʚ ʩʦʝʜʠʥʝʥʠʷ ʩʪʝʥʦʚʳʭ ʧʘʥʝʣʝʡ ʩ ʪʨʘʧʝʮʠʝʚʠʜʥʦʡ ʩʦʝʜʠʥʠʪʝʣʴ-

ʥʦʡ ʧʣʘʩʪʠʥʦʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥʳ ʨʘʟʨʫʰʘʶʱʠʝ ʥʘʛʨʫʟʢʠ ʠ ʩʭʝ-

ʤʳ ʨʘʟʨʫʰʝʥʠʷ ʫʟʣʦʚ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʜʘʪʣʠʚʦʩʪʠ ʩʪʳʢʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʦʧʨʝʜʝʣʝʥʘ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠʩʧʳʪʘʥʥʳʭ ʫʟʣʦʚ ʩʦʧʨʷʞʝʥʠʷ. 

ʉʦʛʣʘʩʥʦ ʧʨʦʝʢʪʘ ʩʝʨʠʠ ʂʇɼ 97-2015 ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʩʪʝʥʦʚʳʭ ʧʘʥʝʣʝʡ 

ʤʝʞʜʫ ʩʦʙʦʡ ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʫʟʝʣ ʩ ʪʨʘʧʝʮʠʝʚʠʜʥʦʡ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʧʣʘʩʪʠ-

ʥʦʡ. ɺ ʩʪʝʥʦʚʳʭ ʧʘʥʝʣʷʭ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʟʘʢʣʘʜʥʳʝ ʜʝʪʘʣʠ ʩ ʘʥʢʝʨʘʤʠ, ʛʜʝ ʚ 

ʦʜʥʦʡ ʧʘʥʝʣʠ ʟʘʢʣʘʜʥʘʷ ʜʝʪʘʣʴ ʫʩʪʨʘʠʚʘʝʪʩʷ ʚ ʧʣʦʩʢʦʩʪʠ ʧʘʥʝʣʠ, ʘ ʚ ʜʨʫʛʦʡ ʧʦʜ 

ʫʛʣʦʤ 45
0
. ʇʨʠ ʤʦʥʪʘʞʝ ʟʜʘʥʠʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʦʝʜʠʥʠʪʝʣʴʥʘʷ ʪʨʘʧʝʮʝʠʜʘʣʴ-

ʥʘʷ ʧʣʘʩʪʠʥʘ ʧʦʜ ʫʛʣʦʤ 30
0
 ʢ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʢʦʪʦʨʘʷ ʧʨʠʚʘʨʠʚʘʝʪʩʷ 

ʢ ʟʘʢʣʘʜʥʳʤ ʜʝʪʘʣʷʤ ʧʘʥʝʣʝʡ [1].  ʈʘʟʤʝʨʳ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʨʘʧʝʮʝʠʜʘʣʴʥʦʡ 

ʧʣʘʩʪʠʥʳ ʩʦʩʪʘʚʣʷʶʪ, ʚʝʨʭʥʷʷ ʩʪʦʨʦʥʘ 90 ʤʤ, ʥʠʞʥʷʷ 125 ʤʤ, ʚʳʩʦʪʘ 125 ʤʤ, 

ʪʦʣʱʠʥʘ ï 8 ʤʤ. ɿʘʪʝʤ ʩʪʳʢ ʟʘʜʝʣʳʚʘʝʪʩʷ ʮʝʤʝʥʪʥʦ-ʧʝʩʯʘʥʳʤ ʨʘʩʪʚʦʨʦʤ. ʆʜ-

ʥʘʢʦ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʧʨʠʥʷʪ ʥʘʠʙʦʣʝʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʡ ʚʘʨʠʘʥʪ ʨʘʙʦʪʳ ʩʪʳʢʘ ï 

ʙʝʟ ʟʘʧʦʣʥʝʥʠʷ ʮʝʤʝʥʪʥʦ-ʧʝʩʯʘʥʳʤ ʨʘʩʪʚʦʨʦʤ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʠʩʧʳʪʘʥʠʷ ʦʜ-

ʥʦʛʦ ʠʟ ʫʟʣʦʚ ʠʩʧʳʪʳʚʘʝʤʦʛʦ ʥʘ ʩʞʘʪʠʝ. 

ʆʙʱʠʡ ʚʠʜ ʫʛʣʦʚʦʛʦ ʩʪʳʢʘ ʩʪʝʥʦʚʳʭ ʧʘʥʝʣʝʡ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 1.   

 

 
 

ʈʠʩ. 1. ʆʙʱʠʡ ʚʠʜ ʫʛʣʦʚʦʛʦ ʩʪʳʢʘ ʩʪʝʥʦʚʳʭ ʧʘʥʝʣʝʡ 

 

ʀʩʧʳʪʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʫʛʣʦʚʳʭ ʫʟʣʦʚ ʩʦʧʨʷʞʝʥʠʷ ʩʪʝ-

ʥʦʚʳʭ ʧʘʥʝʣʝʡ ʥʘ ʜʝʡʩʪʚʠʝ ʩʪʘʪʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʣʘʙʦʨʘʪʦʨʠʠ 

ʠʩʧʳʪʘʥʠʡ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʢʘʬʝʜʨʳ çɾʝʣʝʟʦʙʝʪʦʥʥʳʝ ʠ ʢʘʤʝʥʥʳʝ 

ʢʦʥʩʪʨʫʢʮʠʠè ʊʦʤʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʫʥʠ-

ʚʝʨʩʠʪʝʪʘ. ʆʙʱʠʝ ʚʠʜʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʬʨʘʛʤʝʥʪʦʚ ʥʘʪʫʨʥʳʭ 

ʩʪʝʥʦʚʳʭ ʧʘʥʝʣʝʡ ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩ. 2 (ʘ, ʙ, ʚ, ʛ). 
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            ʘ)                                                        ʙ) 

 

 

 

 

 

 

 

            
   ʚ)                                                        ʛ) 

 

 

 

 

 

 

 

ʈʠʩ. 2. ʆʙʱʠʝ ʚʠʜʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʬʨʘʛʤʝʥʪʦʚ ʥʘʪʫʨʥʳʭ ʩʪʝʥʦ-

ʚʳʭ ʧʘʥʝʣʝʡ ʧʨʠ ʩʞʘʪʠʝ (ʘ), ʧʨʠ ʩʜʚʠʛʝ (ʙ), ʧʨʠ ʨʘʩʪʷʞʝʥʠʝ (ʚ), ʘ ʪʘʢʞʝ ʧʨʠ ʠʟ-

ʛʠʙʘʶʱʝʤ ʤʦʤʝʥʪʝ (ʛ) 

 

ʀʩʧʳʪʘʥʠʷ ʫʟʣʦʚ ʩʦʧʨʷʞʝʥʠʷ ʩʪʝʥʦʚʳʭ ʧʘʥʝʣʝʡ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʩʭʝʤʘʤ: 

1. ʅʘ ʜʝʡʩʪʚʠʝ ʠʟʛʠʙʘʶʱʝʛʦ ʤʦʤʝʥʪʘ (ʥʘʛʨʫʟʢʘ ʧʨʠʢʣʘʜʳʚʘʝʪʩʷ ʚ ʚʝʨʭʥʝʡ 

ʟʦʥʝ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʘʥʝʣʠ); 

2.  ʅʘ ʜʝʡʩʪʚʠʝ ʧʦʧʝʨʝʯʥʦʡ ʩʠʣʳ, ʧʨʠʣʦʞʝʥʥʦʡ ʠʟ ʧʣʦʩʢʦʩʪʠ ʧʘʥʝʣʠ (ʥʘ 

ʩʜʚʠʛ, ʥʘʛʨʫʟʢʘ ʧʨʠʢʣʘʜʳʚʘʝʪʩʷ ʚ ʫʨʦʚʥʝ ʫʟʣʦʚ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʘʥʝ-

ʣʠ); 

3. ʅʘ ʜʝʡʩʪʚʠʝ ʠʟʛʠʙʘʶʱʝʛʦ ʤʦʤʝʥʪʘ (ʥʘʛʨʫʟʢʘ ʧʨʠʢʣʘʜʳʚʘʝʪʩʷ ʚ ʚʝʨʭʥʝʡ 

ʟʦʥʝ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʘʥʝʣʠ); 

4. ʅʘ ʜʝʡʩʪʚʠʝ ʧʦʧʝʨʝʯʥʦʡ ʩʠʣʳ, ʧʨʠʣʦʞʝʥʥʦʡ ʠʟ ʧʣʦʩʢʦʩʪʠ ʧʘʥʝʣʠ (ʥʘ 

ʩʜʚʠʛ, ʥʘʛʨʫʟʢʘ ʧʨʠʢʣʘʜʳʚʘʝʪʩʷ ʚ ʫʨʦʚʥʝ ʫʟʣʦʚ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʘʥʝʣʠ); 

5. ʅʘ ʜʝʡʩʪʚʠʝ ʧʦʧʝʨʝʯʥʦʡ ʩʠʣʳ, ʧʨʠʣʦʞʝʥʥʦʡ ʚ ʧʣʦʩʢʦʩʪʠ ʧʘʥʝʣʠ ʚ 

ʫʨʦʚʥʝ ʫʟʣʘ (ʥʘ ʩʜʚʠʛ); 

6. ʅʘ ʜʝʡʩʪʚʠʝ ʨʘʩʪʷʛʠʚʘʶʱʝʡ ʩʠʣʳ (ʥʘ ʦʪʨʳʚ); 

7. ʅʘ ʜʝʡʩʪʚʠʝ ʧʦʧʝʨʝʯʥʦʡ ʩʠʣʳ, ʧʨʠʣʦʞʝʥʥʦʡ ʚ ʧʣʦʩʢʦʩʪʠ ʧʘʥʝʣʠ ʚ ʚʝʨʭ-

ʥʝʡ ʯʘʩʪʠ (ʥʘ ʩʜʚʠʛ ʩ ʦʪʨʳʚʦʤ); 

8. ʅʘ ʩʞʘʪʠʝ ʦʤʦʥʦʣʠʯʝʥʥʦʛʦ ʠʣʠ ʥʝʦʤʦʥʦʣʠʯʝʥʥʦʛʦ ʩʪʳʢʘ. 

ʅʘ ʨʠʩ. 3 ʠʟʦʙʨʘʞʝʥʳ ʩʭʝʤʳ ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟʦʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙ-

ʨʘʟʮʦʚ ʩʪʝʥʦʚʳʭ ʧʘʥʝʣʝʡ.  
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ʈʠʩ.3. ʉʭʝʤʘ ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟʦʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʩʪʝʥʦʚʳʭ ʧʘ-

ʥʝʣʝʡ  

 

ʉʦʛʣʘʩʥʦ ʧʨʦʛʨʘʤʤʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʰʝʩʪʥʘʜʮʘʪʠ ʫʟʣʦʚ 

ʥʘʪʫʨʥʳʭ ʩʪʳʢʦʚ ʩʪʝʥʦʚʳʭ ʧʘʥʝʣʝʡ ʥʘ ʩʪʘʪʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʧʦ ʚʦʩʴʤʠ ʩʭʝʤʘʤ 

(ʥʘ ʜʝʡʩʪʚʠʝ ʠʟʛʠʙʘʶʱʝʛʦ ʤʦʤʝʥʪʘ, ʥʘ ʜʝʡʩʪʚʠʝ ʧʦʧʝʨʝʯʥʦʡ ʩʠʣʳ ʚ ʧʣʦʩʢʦʩʪʠ 

ʠ ʠʟ ʧʣʦʩʢʦʩʪʠ ʧʘʥʝʣʠ (ʥʘ ʩʜʚʠʛ ʠ ʩʜʚʠʛ ʩ ʦʪʨʳʚʦʤ), ʥʘ ʨʘʩʪʷʞʝʥʠʝ (ʦʪʨʳʚ), ʥʘ 

ʩʞʘʪʠʝ ʦʤʦʥʦʣʠʯʝʥʥʦʛʦ ʠ ʥʝʦʤʦʥʦʣʠʯʝʥʥʦʛʦ ʩʪʳʢʘ). ɺʩʝ ʩʪʝʥʦʚʳʝ ʧʘʥʝʣʠ ʙʳ-

ʣʠ ʜʦʚʝʜʝʥʳ ʜʦ ʨʘʟʨʫʰʝʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ 4 ʠʟʦʙʨʘʞʝʥʦ ʦʙʱʠʝ ʚʠʜʳ ʨʘʟʨʫʰʝʥʠʷ 

ʫʟʣʦʚ. 
 

 

 

 

 

 

 

 

 

 

 
 

 

ʘ)                                              ʙ) 
  

ʈʠʩ.4. ʆʙʱʠʡ ʚʠʜ ʨʘʟʨʫʰʝʥʠʷ ʫʟʣʦʚ (ʘ, ʙ) 
 

ʇʨʠ ʧʨʠʣʦʞʝʥʠʠ ʨʘʩʯʝʪʥʦʡ ʥʘʛʨʫʟʢʠ, ʚʠʜʠʤʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʥʝ ʦʙʥʘʨʫ-

ʞʝʥʦ. ʊʘʢʞʝ ʧʦʩʣʝ ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʘʷ ʚ 1,6 ʨʘʟ ʙʦʣʴʰʝ ʨʘʩʯʝʪʥʦʡ 

ʥʘʛʨʫʟʢʠ (ʧʨʠ ʉ=1,6 ʧʦ ɻʆʉʊ 8829-94), ʚʠʜʠʤʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʪʘʢʞʝ ʥʝ ʦʙʥʘ-

ʨʫʞʝʥʦ. ʇʨʠ ʧʨʠʣʦʞʝʥʠʠ ʨʘʟʨʫʰʘʶʱʠʭ ʥʘʛʨʫʟʢʘʭ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ, ʯʪʦ 

ʧʨʦʠʩʭʦʜʠʣ ʦʪʨʳʚ ʟʘʢʣʘʜʥʳʭ ʜʝʪʘʣʝʡ ʦʪ ʘʥʢʝʨʦʚ, ʨʘʟʨʫʰʝʥʠʝ ʙʝʪʦʥʘ ʚ ʚʝʨʭʥʝʡ 

ʠ ʥʠʞʥʝʡ ʩʪʝʥʦʚʦʡ ʧʘʥʝʣʠ ʚ ʤʝʩʪʝ ʫʩʪʘʥʦʚʢʠ ʟʘʢʣʘʜʥʳʭ ʜʝʪʘʣʝʡ, ʘ ʪʘʢʞʝ ʧʨʦ-

ʠʩʭʦʜʠʣ ʠʟʛʠʙ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʧʣʘʩʪʠʥ.  
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ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʦʧʨʝʜʝʣʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʜʘʪʣʠʚʦʩʪʠ ʫʟ-

ʣʦʚʳʭ ʩʦʧʨʷʞʝʥʠʡ ʩʪʝʥʦʚʳʭ ʧʘʥʝʣʝʡ ʧʨʠ ʩʜʚʠʛʝ, ʠʟʛʠʙʝ, ʩʞʘʪʠʠ ʠ ʨʘʩʪʷʞʝʥʠʠ. 

ʇʦʜʘʪʣʠʚʦʩʪʴ ʫʟʣʦʚ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʣʘʩʴ ʩ ʫʯʝʪʦʤ çʈʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʨʘʩ-

ʯʝʪʫ ʢʘʨʢʘʩʦʚ ʤʥʦʛʦʵʪʘʞʥʳʭ ʟʜʘʥʠʡ ʩ ʫʯʝʪʦʤ ʧʦʜʘʪʣʠʚʦʩʪʠ ʫʟʣʦʚʳʭ ʩʦʧʨʷʞʝ-

ʥʠʡ ʩʙʦʨʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡè [2, 3, 4]. 

ɺ ʪʘʙʣ. 1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ, ʫʟʣʦʚ ʩʦ-

ʧʨʷʞʝʥʠʷ ʩʪʝʥʦʚʳʭ ʧʘʥʝʣʝʡ ʩ ʪʨʘʧʝʮʠʝʚʠʜʥʦʡ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʧʣʘʩʪʠʥʦʡ. 
 

ʊʘʙʣʠʮʘ 1  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ 
ˉ ʠʩʧʳ-

ʪʘʥʠʷ 

ɺʠʜ 

ʥʘʛʨʫʟʢʠ 

(ʫʩʠʣʠʷ) 

ʈʘʩʯʝʪʥʘʷ 

ʥʘʛʨʫʟʢʘ 

ʂʦʥʪʨʦʣʴʥʘʷ 

ʥʘʛʨʫʟʢʘ ʧʦ 

ʧʨʦʚʝʨʢʝ 

ʧʨʦʯʥʦʩʪʠ 

ʈʘʟʨʫʰʘʶʱʘʷ 

ʥʘʛʨʫʟʢʘ 

ɼʝʬʦʨʤʘʮʠʠ 

ʧʨʠ ʨʘʩʯʝʪ-

ʥʦʡ ʥʘʛʨʫʟ-

ʢʝ, ʤʤ 

ɼʝʬʦʨʤʘʮʠʠ 

ʧʨʠ ʢʦʥ-

ʪʨʦʣʴʥʦʡ 

ʥʘʛʨʫʟʢʝ, ʤʤ 

1 ʄ ʢʅ*ʤ 1,01 1,616 6,2 1,145 5,23 

2 Qy ʢʅ 15,7 25,12 59,28 0,63 1,335 

3 ʄ ʢʅ*ʤ 1,01 1,616 10,296 3,285 6,545 

4 Qy ʢʅ 15,7 25,12 32,76 0,8 1,61 

5 Qz ʢʅ 9,9 15,84 121,68 0,25 0,45 

6 N ʢʅ 15,0 24,0 63,18 0,48 0,92 

7 Qz ʢʅ 9,9 15,84 74,88 0,55 1,46 

8 ʦʤʦʥʦ-

ʣʠʯʝʥʥʳʡ 

ʩʪʳʢ 

N ʢʅ 100 160 1770 0,12 0,18 

8 ʥʝʦʤʦ-

ʥʦʣʠʯʝʥ-

ʥʳʡ ʩʪʳʢ 

N ʢʅ 100 160 700 4,23 8,52 

 

ɼʣʷ 16-ʪʠ ʵʪʘʞʥʦʛʦ ʧʘʥʝʣʴʥʦʛʦ ʟʜʘʥʠʷ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʚʩʝʛʦ ʟʜʘʥʠʷ ʚ ʧʨʦʛʨʘʤʤʥʦʤ  ʢʦʤʧʣʝʢʩʝ ç SCAD Officeè[5]  

(ʨʠʩ. 5), ʚ ʢʦʪʦʨʦʤ ʫʯʪʝʥʳ ʧʦʜʘʪʣʠʚʦʩʪʴ ʫʟʣʦʚ ʩʦʧʨʷʞʝʥʠʷ ʩʪʝʥʦʚʳʭ ʧʘʥʝʣʝʡ ʩ 

ʪʨʘʧʝʮʠʝʚʠʜʥʦʡ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʧʣʘʩʪʠʥʦʡ [6]. 

 



80 

 

 
 

ʈʠʩ. 5. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ 

 

ʈʘʩʯʝʪʥʳʝ ʫʩʠʣʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ, ʩ ʫʯʝʪʦʤ ʚʩʝʭ ʧʦ-

ʩʪʦʷʥʥʳʭ ʠ ʚʨʝʤʝʥʥʳʭ ʥʘʛʨʫʟʦʢ. ʂʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʬʘʢʪʠʯʝʩʢʦʝ 

ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʥʝʩʫʱʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʟʜʘʥʠʷ. 
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ɺʆʉʉʊɸʅʆɺʃɽʅʀɽ, ʈɽʄʆʅʊ ʇʆʃʆɺ ʀ ʇɽʈɽʂʈʓʊʀʁ ɹɽɿʇʆɼ-

ɺɸʃʔʅʓʍ ɿɼɸʅʀʁ ʀ ʉʆʆʈʋɾɽʅʀʁ ʇʆ ʈɽɿʋʃʔʊɸʊɸʄ ʆɹʉʃɽɼʆ-

ɺɸʅʀʗ 

ʊ.ɺ. ʂʫʮʝʥʢʦ, ɼ.ɸ. ɹʲʷʜʦʚʩʢʠʡ, ɸ.ɽ. ʈʫʜʝʥʢʦ, ʅ.ʖ. ɺʦʣʢʦʚ 

ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʚʦʝʥʥʦ-ʩʠʩʪʝʤʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʘʪʝ-

ʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ɺʦʦʨʫʞʸʥʥʳʭ ʉʠʣ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ) 

ɺʦʝʥʥʦʡ ʘʢʘʜʝʤʠʠ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠʤʝʥʠ ʛʝʥʝʨʘʣʘ  

ʘʨʤʠʠ ɸ.ɺ. ʍʨʫʣʸʚʘ 

 
ɸʥʥʦʪʘʮʠʷ.: ʏʘʩʪʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʩʣʝʜʦʚʘʥʠʷ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʨʦʚʝʜʝ-

ʥʠʠ ʪʝʢʫʱʝʛʦ, ʘ ʠʥʦʛʜʘ ʠ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ ʟʜʘʥʠʷ. ʇʦʵʪʦʤʫ ʚ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʨʘʟ-

ʣʠʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʫʪʝʧʣʝʥʠʷ ʧʦʣʦʚ ʠ ʧʝʨʝʢʨʳʪʠʡ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʣʠʯʥʳʝ ʩʭʝʤʳ ʫʩʪʨʦʡʩʪʚ ʧʦ ʫʪʝʧʣʝʥʠʶ ʧʦʣʦʚ ʧʦ ʛʨʫʥʪʫ, ʘ ʪʘʢʞʝ ʩʭʝʤʳ 

ʫʪʝʧʣʝʥʠʷ ʧʝʨʝʢʨʳʪʠʡ ʧʦ ʜʝʨʝʚʷʥʥʳʤ ʙʘʣʢʘʤ ʠ ʞ/ʙ ʧʣʠʪ. ʆʧʠʩʘʥʳ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦ-

ʛʠʠ ʧʦ ʫʪʝʧʣʝʥʠʶ ʙʝʟʧʦʜʚʘʣʴʥʳʭ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʠ ʧʫʪʠ ʠʭ ʨʝʰʝʥʠʷ. ʇʨʠʚʝʜʝʥʳ ʧʨʠ-

ʤʝʨʳ ʧʦ ʫʩʪʨʦʡʩʪʚʫ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʪʝʭʥʦʣʦʛʠʡ ʫʪʝʧʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʠʤʝ-

ʥʷʶʪʩʷ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʪʝʧʣʝʥʠʝ ʧʦʣʦʚ, ʫʪʝʧʣʝʥʠʝ ʧʝʨʝʢʨʳʪʠʡ, ʪʝʭʥʦʣʦʛʠʷ 

ʫʪʝʧʣʝʥʠʷ, ʢʦʥʩʪʨʫʢʮʠʷ ʫʪʝʧʣʝʥʠʷ, ʜʝʨʝʚʷʥʥʘʷ ʙʘʣʢʘ, ʫʩʪʨʦʡʩʪʚʦ ʧʦʣʦʚ. 

 

RESTORATION, REPAIR FLOORS AND CEILINGS OF THE DEMON OF 

BUILDINGS AND STRUCTURES ON THE SURVEY RESULTS 

T.V. Koutsenko, D.A. Bjyadovsky, A.E. Rudenko, N.Y. Volkov 

Research Institute (Military-System Studies of Material and Technical Support of the 

Armed Forces of the Russian Federation) of the Military Academy of Material and 

Technical Support named after Army General Khrulyov 
 

Annotation. Often, the results of the survey there is a need for ongoing and sometimes major 

repairs of the building. Therefore, the article describes various technologies and designs of insula-

tion of floors and floors of buildings and structures. Presents different schemes of devices for insu-

lation of floors on the ground and the circuit insulation of overlappings on wooden beams and rein-

forced concrete slabs. Described promising technologies for insulation of baseless buildings and 

structures and their solutions. Examples on the device of various types of designs and technologies 

of warming which are applied in modern construction are given. 

Keywords: insulation of floors, insulation of floors, insulation technology, con-

struction of insulation, wooden beam, floor device. 

 

ʎʝʣʴʶ ʦʙʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ, ʦʙʥʘʨʫʞʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʜʝ-

ʬʝʢʪʦʚ ʟʜʘʥʠʷ ʠ ʩʦʦʨʫʞʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠʣʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʦʙʩʣʝʜʦʚʘʥʠʷ ʦʛʨʘʞʜʘ-

ʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʀ ʦʜʥʠʤ ʠʟ ʧʫʥʢʪʦʚ ʧʨʦʚʝʜʝʥʠʷ ʦʙʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʨʘʩʩʤʦʪʨʝʥʠʝ ʜʝʬʝʢʪʦʚ ʦʛʨʘʞʜʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦʜʚʘʣʦʚ ʠ ʧʝʨʝʢʨʳʪʠʡ. ɺ 

ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʦʜʚʘʣʴ-

ʥʳʭ ʧʦʤʝʱʝʥʠʡ ʠ ʧʝʨʝʢʨʳʪʠʡ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʚʦʟʚʝʜʝʥʠʶ ʙʝʟ-

ʧʦʜʚʘʣʴʥʳʭ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. ɸ ʵʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ 

ʨʷʜʘ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʫʪʝʧʣʝʥʠʶ ʧʦʣʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʝ ʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ 
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ʛʨʫʥʪʝ. ʅʦ ʥʝ ʪʦʣʴʢʦ ʩʦʚʨʝʤʝʥʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʪʨʝʙʫʝʪ ʜʘʥʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚ-

ʥʳʭ ʨʝʰʝʥʠʡ, ʵʪʦ ʪʘʢ ʞʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʦʜʚʘʣʴ-

ʥʳʭ ʧʦʤʝʱʝʥʠʡ ʩʪʘʨʦʛʦ ʬʦʥʜʘ, ʪʘʢ ʢʘʢ ʝʩʪʴ ʥʝʭʚʘʪʢʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʣʦʱʘʜʝʡ 

ʧʦʤʝʱʝʥʠʡ. ʅʝʢʦʪʦʨʳʝ ʧʦʤʝʱʝʥʠʷ ʨʘʩʩʦʣʦʞʝʥʳ ʥʘʜ ʧʨʦʝʟʜʘʤʠ ʠ ʧʦʵʪʦʤʫ ʪʨʝ-

ʙʫʝʪʩʷ ʢʦʤʧʣʝʢʩ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʫʪʝʧʣʝʥʠʶ ʧʝʨʝʢʨʳʪʠʡ. 

ʉʦʙʣʶʜʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʯʠʩʣʦ ʠʩ-

ʧʦʣʴʟʫʝʤʳʭ ʧʣʦʱʘʜʝʡ, ʩʥʠʟʠʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʥʘ ʵʢʩʧʣʫʘʪʠʨʦʚʘʥʠʝ 

ʧʦʤʝʱʝʥʠʡ ʠ ʩʦʟʜʘʪʴ ʚ ʥʠʭ ʥʦʨʤʘʣʴʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʦ - ʚʣʘʞʥʦʩʪʥʳʡ ʨʝʞʠʤ 

[1].  

ʇʨʠ ʫʩʪʨʦʡʩʪʚʝ ʧʦʣʦʚ ʧʦ ʛʨʫʥʪʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʠʭ ʫʪʝʧʣʝʥʠʝ ʠ 

ʦʙʝʩʧʝʯʠʪʴ ʟʘʱʠʪʫ ʵʣʝʤʝʥʪʦʚ ʧʦʣʘ ʦʪ ʢʘʧʠʣʣʷʨʥʦʛʦ ʧʦʜʩʦʩʘ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʫʭʠʭ ʛʨʫʥʪʘʭ ʠ ʦʪ ʚʣʘʛʠ ʥʘ ʛʨʫʥʪʘʭ ʧʨʠ ʚʳʩʦʢʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. 

ʇʨʠ ʫʩʪʨʦʡʩʪʚʝ ʧʦʣʦʚ ʥʘ ʧʦʜʛʦʪʦʚʣʝʥʥʳʡ ʛʨʫʥʪ ʢʣʘʜʫʪ 15-ʪʠ ʩʘʥʪʠʤʝʪʨʦʚʳʡ 

ʩʣʦʡ ʧʝʩʢʘ. ʇʦ ʪʨʘʤʙʦʚʘʥʥʦʤʫ ʧʝʩʢʫ ʫʩʪʨʘʠʚʘʶʪ ʙʝʪʦʥʥʫʶ ʩʪʷʞʢʫ ʪʦʣʱʠʥʦʡ 5 

ʩʤ, ʧʦʚʝʨʭ ʢʦʪʦʨʦʡ ʫʢʣʘʜʳʚʘʶʪ ʩʣʦʡ ʤʦʱʥʦʡ ʛʠʜʨʦʠʟʦʣʷʮʠʠ ʠʟ ʜʚʫʭ ʩʣʦʝʚ ʨʫ-

ʙʝʨʦʠʜʘ, ʛʠʜʨʦʠʟʦʣʘ, ʧʨʦʪʠʚʦʢʘʧʠʣʣʷʨʥʦʡ ʤʝʤʙʨʘʥʳ. ɿʘʪʝʤ ʥʘ ʜʝʨʝʚʷʥʥʳʭ 

ʧʨʦʢʣʘʜʢʘʭ ʠʣʠ ʢʠʨʧʠʯʥʳʭ ʩʪʦʣʙʠʢʘʭ ʩ ʜʝʨʝʚʷʥʥʳʤʠ ʧʨʦʢʣʘʜʢʘʤʠ ʫʩʪʘʥʘʚʣʠ-

ʚʘʶʪ ʣʘʛʠ, ʧʦʚʝʨʭ ʢʦʪʦʨʳʭ ʫʩʪʨʘʠʚʘʶʪ ʧʦʢʨʳʪʠʝ ʧʦʣʘ. ɺ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ 

ʣʘʛʘʤʠ ʫʢʣʘʜʳʚʘʶʪ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʝ ʧʣʠʪʳ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 

ʈʠʩ. 1- ʉʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʧʦʣʦʚ ʧʦ ʛʨʫʥʪʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʝʨʝʚʷʥʥʳʭ ʙʘʣʦʢ: 

1 - ʧʦʢʨʳʪʠʝ ʧʦʣʘ ʠʟ ʜʦʩʦʢ ʠʣʠ ʱʠʪʦʚ, 2 - ʙʘʣʢʠ, 3 - ʘʥʪʠʩʝʧʪʠʨʦʚʘʥʥʘʷ ʧʨʦ-

ʢʣʘʜʢʘ, 4 - ʛʠʜʨʦʠʟʦʣʷʮʠʷ, 5 - ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʝ ʧʣʠʪʳ, 6 - ʙʝʪʦʥʥʘʷ ʧʦʜʛʦ-

ʪʦʚʢʘ ʠʣʠ ʮʝʤʝʥʪʥʦ-ʧʝʩʯʘʥʘʷ ʩʪʷʞʢʘ ʪʦʣʱʠʥʦʡ 50 ʤʤ, 7 - ʧʝʩʯʘʥʘʷ ʧʦʜʩʳʧʢʘ, 8 

- ʛʨʫʥʪ 

 

ʆʩʥʦʚʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʤʫ ʤʘʪʝʨʠʘʣʫ, ʢʦʪʦʨʳʡ ʠʩ-

ʧʦʣɹʟʫʝʪʩʷ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ ʧʦʣʘ, ʷʚʣʷʶʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʚʳʜʝʨʞʠʚʘʪʴ 

ʩʪʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ, ʦʙʣʘʜʘʪʴ ʭʦʨʦʰʠʤ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʝʤ ʪʝʧʣʦʧʦʪʝʨʷʤ.  
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ʈʠʩ. 2- ʉʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʧʦʣʦʚ ʧʦ ʛʨʫʥʪʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʝʨʝʚʷʥʥʳʭ ʙʘʣʦʢ: 

1 - ʮʝʤʝʥʪʥʦ-ʧʝʩʯʘʥʘʷ ʩʪʷʞʢʘ, 2 - ʛʠʜʨʦʠʟʦʣʷʮʠʷ, 3 - ʙʝʪʦʥʥʦʝ ʦʩʥʦʚʘʥʠʝ ʧʦʜ 

ʧʦʣ,4 - ʧʦʣʠʵʪʠʣʝʥʦʚʘʷ ʧʣʝʥʢʘ, 5 - ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʝ ʧʣʠʪʳ, 6 - ʱʝʙʝʥʴ, 7 - 

ʧʝʩʦʢ, 8 - ʬʫʥʜʘʤʝʥʪ, 9 - ʩʪʝʥʘ ʧʦʜʚʘʣʘ, 10 - ʦʙʨʘʪʥʘʷ ʟʘʩʳʧʢʘ 
 

ʇʨʠ ʫʪʝʧʣʝʥʠʠ ʧʦʣʦʚ ʧʦ ʛʨʫʥʪʫ ʠʟ ʱʝʙʥʷ ʠ ʧʝʩʢʘ ʫʩʪʨʘʠʚʘʝʪʩʷ ʛʠʜʨʦʠʟʦ-

ʣʷʮʠʷ, ʠʩʢʣʶʯʘʶʱʘʷ ʫʚʣʘʞʥʝʥʠʝ ʧʦʣʘ ʚ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʣʠʪʳ ʫʪʝʧʣʠ-

ʪʝʣʷ ʫʢʣʘʜʳʚʘʶʪʩʷ ʧʦ ʙʝʪʦʥʥʦʤʫ ʦʩʥʦʚʘʥʠʶ ʠʣʠ ʧʝʩʯʘʥʦʡ ʧʦʜʛʦʪʦʚʢʝ ʧʦʢʘ-

ʟʘʥʥʳʝ ʥʘ ʨʠʩʫʥʢʘʭ 2 ʠ 3. ʇʝʨʝʜ ʫʩʪʨʦʡʩʪʚʦʤ ʩʪʷʞʢʠ ʠʣʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ 

ʙʝʪʦʥʥʦʡ ʧʣʠʪʳ ʧʦ ʫʪʝʧʣʠʪʝʣʶ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʩʣʦʡ ʠʟ ʧʦ-

ʣʠʵʪʠʣʝʥʦʚʦʡ ʧʣʝʥʢʠ, ʧʨʝʧʷʪʩʪʚʫʶʱʝʡ ʧʦʧʘʜʘʥʠʶ ʮʝʤʝʥʪʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʩʪʳ-

ʢʠ ʧʣʠʪ [2]. 

 

ʈʠʩ. 3 - ʉʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʧʦʣʦʚ ʧʦ ʛʨʫʥʪʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʝʨʝʚʷʥʥʳʭ ʙʘʣʦʢ: 

1 - ʧʦʢʨʳʪʠʝ ʧʦʣʘ, 2 - ʘʨʤʠʨʦʚʘʥʥʘʷ ʮʝʤʝʥʪʥʦ-ʧʝʩʯʘʥʘʷ ʩʪʷʞʢʘ, 3 - ʛʠʜʨʦʠʟʦʣʷ-

ʮʠʷ,4 - ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʝ ʧʣʠʪʳ ʠʟ ʧʝʥʦʧʦʣʠʩʪʠʨʦʣʘ, 5 - ʧʝʩʦʢ, 6 - ʱʝʙʝʥʴ, 7 

ï ʛʨʫʥʪ 
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ʇʨʠ ʥʘʣʠʯʠʠ ʧʦʜ ʜʦʤʦʤ ʭʦʣʦʜʥʦʛʦ ʧʦʜʧʦʣʴʷ ʠʣʠ ʧʦʜʚʘʣʘ ʧʝʨʝʢʨʳʪʠʷ ʥʘʜ 

ʥʠʤʠ ʪʘʢ ʞʝ ʫʪʝʧʣʷʶʪ. 

ʋʪʝʧʣʝʥʠʝ ʧʝʨʝʢʨʳʪʠʷ ʧʦ ʜʝʨʝʚʷʥʥʳʤ ʙʘʣʢʘʤ ʥʘʜ ʚʝʥʪʠʣʠʨʫʝʤʳʤ ʧʦʜʧʦ-

ʣʴʝʤ ʠʣʠ ʧʦʜʚʘʣʦʤ. ʅʝʩʫʱʠʝ ʜʝʨʝʚʷʥʥʳʝ ʙʘʣʢʠ ʧʝʨʝʢʨʳʪʠʷ ʦʧʠʨʘʶʪʩʷ ʥʘ ʮʦ-

ʢʦʣʴ. ɺ ʤʝʩʪʘʭ ʠʭ ʦʧʠʨʘʥʠʷ ʧʦʜ ʙʘʣʢʠ ʩʣʝʜʫʝʪ ʧʦʜʣʦʞʠʪʴ ʨʫʙʝʨʦʠʜ ʠʣʠ ʜʨʫʛʦʡ 

ʛʠʜʨʦʠʟʦʣʷʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ. ɼʣʷ ʟʘʱʠʪʳ ʧʦʜʧʦʣʴʷ ʠ ʧʦʜʚʘʣʘ ʦʪ ʦʪʩʳʨʝʚʘʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʠʭ ʚʝʥʪʠʣʷʮʠʶ ʯʝʨʝʟ ʩʧʝʮʠʘʣʴʥʳʝ ʧʨʦʜʫʭʠ ʨʘʟʤʝʨʦʤ 

(10 ʭ 10) - (15 ʭ 15) ʩʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʮʦʢʦʣʝ ʯʝʨʝʟ ʢʘʞʜʳʝ 4 - 5 ʤ ʧʦʢʘʟʘʥ-

ʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 4. 

 

 

ʈʠʩ. 4- ʋʪʝʧʣʝʥʠʝ ʧʝʨʝʢʨʳʪʠʷ ʧʦ ʜʝʨʝʚʷʥʥʳʤ ʙʘʣʢʘʤ ʥʘʜ ʚʝʥʪʠʣʠʨʫʝʤʳʤ ʧʦʜ-

ʧʦʣʴʝʤ ʠʣʠ ʧʦʜʚʘʣʦʤ: 

1 - ʧʦʢʨʳʪʠʝ ʧʦʣʘ, 2 - ʧʘʨʦʠʟʦʣʷʮʠʷ, 3 - ʜʝʨʝʚʷʥʥʳʝ ʙʘʣʢʠ, ʦʧʠʨʘʶʱʠʝʩʷ ʥʘ ʮʦ-

ʢʦʣʴ ʠʣʠ ʩʪʝʥʳ ʧʦʜʚʘʣʘ, 4 - ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʝ ʧʣʠʪʳ, 5 - ʧʦʜʰʠʚʢʘ ʠʟ ʜʦʩʦʢ, 

6 - ʚʝʥʪʠʣʷʮʠʦʥʥʳʡ ʧʨʦʜʫʭ, 7 - ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʝ ʧʣʠʪʳ, 8 ï ʛʠʜʨʦʠʟʦʣʷʮʠʷ 
 

ɹʘʣʢʠ ʧʝʨʝʢʨʳʪʠʡ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʩ ʰʘʛʦʤ 0,6 ʤ. ʇʣʠʪʳ ʫʪʝʧʣʠʪʝʣʷ ʦʙʳʯ-

ʥʦ ʫʢʣʘʜʳʚʘʶʪ ʥʘ ʜʦʩʢʠ ʠʣʠ ʱʠʪʳ, ʫʢʨʝʧʣʝʥʥʳʝ ʧʦ ʯʝʨʝʧʥʳʤ ʙʨʫʩʢʘʤ, ʥʘ ʜʦʩ-

ʢʠ ʠʣʠ ʩʪʘʣʴʥʫʶ ʧʨʦʚʦʣʦʢʫ, ʧʦʜʰʠʪʳʝ ʢ ʙʘʣʢʘʤ ʩʥʠʟʫ. ʋʪʝʧʣʠʪʝʣʴ ʟʘʱʠʱʘʶʪ 

ʦʪ ʫʚʣʘʞʥʝʥʠʷ ʩ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʳ ʜʦʤʘ (ʩ ʪʝʧʣʦʡ ʩʪʦʨʦʥʳ) ʩʣʦʝʤ ʧʘʨʦʠʟʦ-

ʣʷʮʠʠ ʠʟ ʧʝʨʛʘʤʠʥʘ, ʨʫʙʝʨʦʠʜʘ, ʧʦʣʠʵʪʠʣʝʥʦʚʦʡ ʧʣʝʥʢʠ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʣʫʯ-

ʰʝʡ ʧʘʨʦʥʝʧʨʦʥʠʮʘʝʤʦʩʪʠ ʜʝʣʘʶʪ ʧʝʨʝʭʣʝʩʪ ʧʦʣʦʪʥʠʱ ʧʘʨʦʠʟʦʣʷʮʠʠ ʥʘ 10-15 

ʩʤ. ʂʨʘʷ ʧʦʣʦʪʥʠʱ ʧʘʨʦʠʟʦʣʷʮʠʠ ʟʘʚʦʜʷʪ ʥʘ ʩʪʝʥʫ, ʥʘ ʚʳʩʦʪʫ 10 ʩʤ ʠ ʧʨʠʢʨʝʧ-

ʣʷʶʪ ʧʣʠʥʪʫʩʦʤ ʢ ʩʪʝʥʝ. ʇʦ ʜʝʨʝʚʷʥʥʳʤ ʣʘʛʘʤ ʫʢʣʘʜʳʚʘʶʪ ʧʦʣʦʚʳʝ ʜʦʩʢʠ ʠ 

ʧʦʢʨʳʪʠʝ ʧʦʣʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 5. 

ʏʘʩʪʦ ʧʦʣʳ ʥʘʜ ʧʦʜʧʦʣʴʝʤ ʫʩʪʨʘʠʚʘʶʪ ʧʦ ʜʝʨʝʚʷʥʥʳʤ ʣʘʛʘʤ, ʫʣʦʞʝʥʥʳʤ 

ʥʘ ʢʠʨʧʠʯʥʳʝ ʩʪʦʣʙʠʢʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘ ʩʪʦʣʙʠʢ ʧʦ ʩʣʦʶ ʨʫʙʝʨʦʠʜʘ ʥʘ ʜʝʨʝ-

ʚʷʥʥʫʶ ʧʨʦʢʣʘʜʢʫ ʫʢʣʘʜʳʚʘʶʪ ʣʘʛʠ. ɺ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʞʜʫ ʣʘʛʘʤʠ ʨʘʩʧʦʣʘʛʘ-

ʶʪ ʧʣʠʪʳ ʫʪʝʧʣʠʪʝʣʷ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 6. 
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ʈʠʩ. 5 - ʋʪʝʧʣʝʥʠʝ ʧʝʨʝʢʨʳʪʠʷ ʧʦ ʜʝʨʝʚʷʥʥʳʤ ʙʘʣʢʘʤ: 

1 - ʧʦʢʨʳʪʠʝ ʧʦʣʘ ʠʟ ʜʦʩʦʢ ʠʣʠ ʧʘʨʢʝʪʥʳʭ ʱʠʪʦʚ, 2 - ʧʘʨʦʠʟʦʣʷʮʠʷ, 3 - ʜʝʨʝ-

ʚʷʥʥʳʝ ʙʘʣʢʠ, ʦʧʠʨʘʶʱʠʝʩʷ ʥʘ ʮʦʢʦʣʴ ʠʣʠ ʩʪʝʥʳ ʧʦʜʚʘʣʘ,  4 - ʪʝʧʣʦʠʟʦʣʷʮʠ-

ʦʥʥʳʝ ʧʣʠʪʳ, 5 - ʦʙʰʠʚʢʘ ʠʟ ʜʦʩʦʢ ʠʣʠ ʧʨʦʚʦʣʦʯʥʦʡ ʩʝʪʢʠ, 6 - ʯʝʨʝʧʥʦʡ ʙʨʫ-

ʩʦʢ, 7 - ʙʫʤʘʛʘ ʤʝʰʦʯʥʘʷ, 8 - ʚʦʟʜʫʰʥʘʷ ʧʨʦʩʣʦʡʢʘ - 10 ʤʤ 

 

 

ʈʠʩ. 6 - ʋʪʝʧʣʝʥʠʝ ʧʝʨʝʢʨʳʪʠʷ ʧʦ ʜʝʨʝʚʷʥʥʳʤ ʙʘʣʢʘʤ: 

1- ʧʦʢʨʳʪʠʝ ʧʦʣʘ ʠʟ ʜʦʩʦʢ ʠʣʠ ʧʘʨʢʝʪʥʳʭ ʱʠʪʦʚ, 2 - ʧʘʨʦʠʟʦʣʷʮʠʷ (ʧʦʣʠʵʪʠʣʝ-

ʥʦʚʘʷ ʧʣʝʥʢʘ), 3 - ʜʝʨʝʚʷʥʥʳʝ ʙʘʣʢʠ, 4 - ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʝ ʧʣʠʪʳ ʪʨʝʙʫʝʤʦʡ 

ʪʦʣʱʠʥʳ, 5 - ʜʦʱʘʪʳʡ ʥʘʩʪʠʣ, 6 - ʦʙʰʠʚʢʘ ʠʟ ʜʦʩʦʢ, 7 - ʜʝʨʝʚʷʥʥʘʷ ʘʥʪʠʩʝʧʪʠ-

ʨʦʚʘʥʥʘʷ ʧʨʦʢʣʘʜʢʘ, 8 - ʛʠʜʨʦʠʟʦʣʷʮʠʷ, 9 - ʢʠʨʧʠʯʥʳʡ ʩʪʦʣʙʠʢ, 10 - ʙʝʪʦʥʥʘʷ 

ʧʦʜʛʦʪʦʚʢʘ, 11 - ʫʪʨʘʤʙʦʚʘʥʥʳʡ ʧʝʩʦʢ, 12 - ʯʝʨʝʧʥʳʝ ʙʨʫʩʢʠ 

 

ʅʝʩʫʱʝʡ ʯʘʩʪʴʶ ʧʝʨʝʢʨʳʪʠʷ ʥʘʜʧʨʦʝʟʜʘʤʠ, ʚʝʥʪʠʣʠʨʫʝʤʳʤ ʧʦʜʧʦʣʴʝʤ 

ʠʣʠ ʧʦʜʚʘʣʦʤ ʤʦʞʝʪ ʙʳʪʴ ʞʝʣʝʟʦʙʝʪʦʥʥʘʷ ʧʣʠʪʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʣ ʥʘʜ ʧʝʨʝ-

ʢʨʳʪʠʝʤ ʤʦʞʝʪ ʫʩʪʨʘʠʚʘʪʴʩʷ ʧʦ ʣʘʛʘʤ, ʘ ʝʛʦ ʫʪʝʧʣʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʪʝʧʣʦ-

ʠʟʦʣʠʨʦʚʦʯʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʫʣʦʞʝʥʥʳʤ ʧʦ ʧʣʠʪʝ ʤʝʞʜʫ ʣʘʛʘʤʠ ʧʦʢʘʟʘʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 7 ʠ 8. [3]. 
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ʃʘʛʠ ʫʢʣʘʜʳʚʘʶʪ ʥʘ ʞʝʣʝʟʦʙʝʪʦʥʥʫʶ ʧʣʠʪʫ, ʥʘ ʜʝʨʝʚʷʥʥʫʶ ʧʨʦʢʣʘʜʢʫ ʧʦ 

ʨʫʙʝʨʦʠʜʫ. ʇʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʣʘʛʘʤʠ ʟʘʧʦʣʥʷʶʪ ʧʣʠʪʘʤʠ ʫʪʝʧʣʠʪʝʣʷ. ʇʦ 

ʙʘʣʢʘʤ ʫʢʣʘʜʳʚʘʶʪ ʧʦʣʦʚʳʝ ʜʦʩʢʠ ʠʣʠ ʧʣʠʪʳ [4]. 

 

 
 

ʈʠʩ. 7 - ʋʪʝʧʣʝʥʠʝ ʧʝʨʝʢʨʳʪʠʷ ʧʦ ʜʝʨʝʚʷʥʥʳʤ ʙʘʣʢʘʤ: 

1 - ʧʦʢʨʳʪʠʝ ʧʦʣʘ, 2 - ʧʘʨʦʠʟʦʣʷʮʠʷ, 3 - ʣʘʛʘ, 4 - ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʝ ʧʣʠʪʳ, 5 - 

ʧʣʠʪʘ ʧʝʨʝʢʨʳʪʠʷ, 6 - ʚʝʥʪʠʣʷʮʠʦʥʥʳʡ ʧʨʦʜʫʭ, 7 - ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʝ ʧʣʠʪʳ 

 

 

ʈʠʩ. 8 - ʋʪʝʧʣʝʥʠʝ ʧʝʨʝʢʨʳʪʠʷ ʧʦ ʞ/ʙ ʧʣʠʪʝ: 

1 - ʧʦʢʨʳʪʠʝ ʧʦʣʘ, 2 - ʧʘʨʦʠʟʦʣʷʮʠʷ, 3 - ʣʘʛʘ, 4 - ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʝ ʧʣʠʪʳ, 5 - 

ʧʣʠʪʘ ʧʝʨʝʢʨʳʪʠʷ, 6 - ʧʨʦʢʣʘʜʢʠ ʠʟ ʨʫʙʝʨʦʠʜʘ, 7 - ʩʪʦʣʙʠʢ ʠʟ ʢʠʨʧʠʯʘ ʠʣʠ 

ʙʨʫʩʦʢ ʠʟ ʣʝʛʢʦʛʦ ʙʝʪʦʥʘ 

 

 

1 2 3 4 6 5 7 
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ʊɽʍʅʆʃʆɻʀʏɽʉʂʀɽ ʆʉʆɹɽʅʅʆʉʊʀ ʋʊɽʇʃɽʅʀʗ  

ʌʋʅɼɸʄɽʅʊʆɺ, ɻʈʋʅʊʆɺʓʍ ʆʉʅʆɺɸʅʀʁ ʀ ʉʊɽʅ ʇʆɼɺɸʃʆɺ, 

ʇʈʆɺʆɼʀʄʓʍ ʇʆ ɸʅɸʃʀɿʋ ʈɽɿʋʃʔʊɸʊʆɺ ʈɸɿʃʀʏʅʓʍ  

ʆɹʉʃɽɼʆɺɸʅʀʁ ʇʆɼɿɽʄʅʓʍ ʏɸʉʊɽʁ ɿɼɸʅʀʁ 

ʊ.ɺ. ʂʫʮʝʥʢʦ, ɼ.ɸ. ɹʲʷʜʦʚʩʢʠʡ, ʉ.ɸ. ɹʣʠʥʦʚ 

ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʚʦʝʥʥʦ-ʩʠʩʪʝʤʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʘʪʝ-

ʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ɺʦʦʨʫʞʸʥʥʳʭ ʉʠʣ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ) 

ɺʦʝʥʥʦʡ ʘʢʘʜʝʤʠʠ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠʤʝʥʠ ʛʝʥʝʨʘʣʘ  

ʘʨʤʠʠ ɸ.ɺ. ʍʨʫʣʸʚʘ 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʫʪʝʧʣʝʥʠʷ ʧʦ-

ʣʦʚ ʠ ʧʝʨʝʢʨʳʪʠʡ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʣʠʯʥʳʝ ʩʭʝʤʳ ʫʩʪʨʦʡʩʪʚ ʧʦ ʫʪʝʧ-

ʣʝʥʠʶ ʬʫʥʜʘʤʝʥʪʦʚ, ʛʨʫʥʪʦʚʳʭ ʦʩʥʦʚʘʥʠʡ ʠ ʩʪʝʥ ʧʦʜʚʘʣʦʚ. ʆʧʠʩʘʥʳ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʪʝʭʥʦ-

ʣʦʛʠʠ ʧʦ ʫʪʝʧʣʝʥʠʶ ʧʦʜʟʝʤʥʳʭ ʯʘʩʪʝʡ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʠ ʧʫʪʠ ʠʭ ʨʝʰʝʥʠʷ. ʇʨʠʚʝʜʝʥʳ 

ʧʨʠʤʝʨʳ ʧʦ ʫʩʪʨʦʡʩʪʚʫ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʪʝʭʥʦʣʦʛʠʡ ʫʪʝʧʣʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʪʝʧʣʝʥʠʝ ʬʫʥʜʘʤʝʥʪʦʚ, ʫʪʝʧʣʝʥʠʝ ʩʪʝʥ ʧʦʜʚʘʣʦʚ, ʪʝʭ-

ʥʦʣʦʛʠʷ ʫʪʝʧʣʝʥʠʷ. 

 

TECHNOLOGICAL FEATURES OF THERMAL INSULATION OF FOU N-

DATIONS, UNDERGROUND BASES AND WALLS OF CELLARS, CA R-

RIED OUT ANALYSIS OF THE RESULTS OF VARIOUS SURVEYS OF 

UNDERGROUND PARTS OF BUILDINGS 

T.V. Koutsenko, D.A. Bjyadovsky, S.A. Blinov 

Research Institute (Military-System Studies of Material and Technical Support of the 

Armed Forces of the Russian Federation) of the Military Academy of Material and 

Technical Support named after Army General Khrulyov 

 
Annotation. The article describes various technologies and designs of insulation of floors and 

floors of buildings and structures. Various schemes of devices on warming of the bases, soil bases 

and walls of cellars are presented. Promising technologies for insulation of underground parts of 

buildings and structures and their solutions are described. Examples on the device of various types 

of designs and technologies of warming which are applied in modern construction are given. 
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ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʧʦʜʟʝʤʥʳʭ ʯʘʩʪʝʡ ʟʜʘʥʠʷ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʩ-

ʧʳʪʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʬʘʢʪʦʨʦʚ, ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ, ʤʦʨʦʟʥʦʛʦ ʧʫʯʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʧʦʷʚʣʝʥʠʶ ʪʨʝʱʠʥ ʠ ʨʘʟʨʫʰʝʥʠʶ. 

ʇʨʠʤʝʥʝʥʠʝ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʪʝʤʧʝ-

ʨʘʪʫʨʫ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠ ʯʘʩʪʝʡ ʟʜʘʥʠʡ. ɿʘʱʠʪʘ ʦʪ ʧʝʨʝ-

ʫʚʣʘʞʥʝʥʠʷ ʠ ʧʨʦʤʝʨʟʘʥʠʷ ʞʝʣʝʟʦʙʝʪʦʥʘ ʬʫʥʜʘʤʝʥʪʘ ʠ ʩʪʝʥ ʧʦʜʚʘʣʦʚ ʧʦʟʚʦʣʷ-

ʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʩʨʦʢ ʠʭ ʩʣʫʞʙʳ, ʩʥʠʟʠʪʴ ʪʝʧʣʦʧʦʪʝʨʠ ʯʝʨʝʟ ʧʦʜʟʝʤ-

ʥʫʶ ʯʘʩʪʴ ʟʜʘʥʠʷ ʠ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʤʠʢʨʦʢʣʠʤʘʪʘ ʧʦʜʚʘʣʴ-

ʥʳʭ ʧʦʤʝʱʝʥʠʡ. ʉʧʣʦʰʥʘʷ ʫʩʪʘʥʦʚʢʘ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʩʣʦʷ ʧʦ ʧʝʨʠʤʝʪʨʫ 

ʧʦʜʟʝʤʥʦʡ ʯʘʩʪʠ ʟʘʱʠʱʘʝʪ ʛʠʜʨʦʠʟʦʣʷʮʠʦʥʥʦʝ ʧʦʢʨʳʪʠʝ ʦʪ ʧʦʚʨʝʞʜʝʥʠʡ ʧʨʠ 

ʦʙʨʘʪʥʦʡ ʟʘʩʳʧʢʝ ʛʨʫʥʪʘ. 

ʇʨʦʥʠʢʥʦʚʝʥʠʝ ʚʣʘʛʠ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʥʝ ʪʦʣʴʢʦ ʩʦʟʜʘʝʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ 

ʨʘʥʥʝʛʦ ʩʪʘʨʝʥʠʷ, ʥʦ ʠ ʩʥʠʞʘʝʪ ʝʝ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ (ʧʦ ʜʘʥʥʳʤ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʬʠʨʤ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʫʪʝʧʣʠʪʝʣʷ çʇʝʥʦʧʣʵʢʩè, çʋʨʩʘè ʥʘ ʟʦʥʫ 

ʧʦʜʚʘʣʘ ʧʨʠʭʦʜʠʪʩʷ ʜʦ 10-15% ʚʩʝʭ ʪʝʧʣʦʧʦʪʝʨʴ ʟʜʘʥʠʷ). ʅʘʠʙʦʣʝʝ ʥʘʜʝʞʥʦʡ ʠ 

ʵʢʦʥʦʤʠʯʥʦʡ ʧʨʠ ʫʩʪʨʦʡʩʪʚʝ ʟʘʛʣʫʙʣʝʥʥʳʭ ʬʫʥʜʘʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʩʧʣʦʰʥʘʷ 

ʥʘʨʫʞʥʘʷ ʪʝʧʣʦʠʟʦʣʷʮʠʷ.  

ʄʥʦʛʠʝ ʟʜʘʥʠʷ ʠ ʩʦʦʨʫʞʝʥʠʷ, ʧʦʩʪʨʦʝʥʥʳʝ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʡʦʥʘʭ ʟʝʤʥʦʛʦ 

ʰʘʨʘ, ʜʝʬʦʨʤʠʨʫʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʧʣʦʪʥʝʥʠʷ ʠʭ ʦʩʥʦʚʘʥʠʷ, ʥʦ ʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʫʯʝʥʠʷ ʛʨʫʥʪʦʚ [2]. 

ʇʫʯʝʥʠʝʤ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʤʝʩʪʥʦʝ ʧʦʜʥʷʪʠʝ ʛʨʫʥʪʘ, ʚʳʟʳʚʘʝʤʦʝ ʫʚʝʣʠ-

ʯʝʥʠʝʤ ʝʛʦ ʦʙʲʝʤʘ ʧʨʠ ʧʨʦʤʝʨʟʘʥʠʠ, ʥʘʙʫʭʘʥʠʠ ʠʣʠ ʧʨʠ ʜʝʡʩʪʚʠʠ ʛʦʨʥʦʛʦ ʜʘʚ-

ʣʝʥʠʷ. ʆʜʥʘʢʦ ʧʫʯʝʥʠʝ ʛʨʫʥʪʘ ʚ ʩʠʣʫ ʥʘʙʫʭʘʥʠʷ ʠ ʧʨʦʷʚʣʝʥʠʷ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʧʨʠʨʦʜʝ ʨʝʞʝ, ʯʝʤ ʧʫʯʝʥʠʝ ʛʨʫʥʪʘ, ʧʨʦʠʩʭʦʜʷʱʝʝ ʚʩʣʝʜʩʪʚʠʝ ʝʛʦ 

ʧʨʦʤʝʨʟʘʥʠʷ. 

ʄʦʨʦʟʥʦʝ ʧʫʯʝʥʠʝ ʛʨʫʥʪʘ ʚʳʟʳʚʘʝʪ ʥʘʨʫʰʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʛʨʫʥʪʘ ʠ ʫʚʝʣʠ-

ʯʝʥʠʝ ʝʛʦ ʦʙʲʝʤʘ ʥʝ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʟʘʤʝʨʟʘʶʱʝʡ ʚʦʜʳ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʧʦʨʘʭ 

ʛʨʫʥʪʘ, ʥʦ ʠ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʟʘʤʝʨʟʘʥʠʷ ʛʨʫʥʪʘ ʠʜʝʪ ʥʝʧʨʝʨʳʚʥʳʡ 

ʧʦʜʩʦʩ ʦʯʝʥʴ ʨʳʭʣʦʩʚʷʟʘʥʥʦʡ ʚʦʜʳ ʢ ʟʘʤʝʨʟʘʶʱʝʤʫ ʛʨʫʥʪʫ ʠʟ ʥʠʞʝʣʝʞʘʱʠʭ 

ʚʦʜʦʥʦʩʥʳʭ ʧʣʘʩʪʦʚ ʠʣʠ ʠʟ ʪʨʝʱʠʥʦʚʘʪʳʭ ʚʦʜʦʥʦʩʥʳʭ ʩʢʘʣʴʥʳʭ ʛʨʫʥʪʦʚ. ʇʦ-

ʵʪʦʤʫ ʦʙʲʝʤ ʣʴʜʘ ʚ ʟʘʤʝʨʟʘʶʱʝʤ ʛʨʫʥʪʝ ʥʝʧʨʝʨʳʚʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʇʝʨʝʤʝʱʝʥʠʝ ʚʣʘʛʠ ʚ ʤʦʤʝʥʪ ʧʨʦʤʝʨʟʘʥʠʷ ʛʨʫʥʪʦʚ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʛʣʠ-

ʥʠʩʪʳʭ, ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʷʜʦʤ ʣʘʙʦʨʘʪʦʨʥʳʭ ʦʧʳʪʦʚ ʠ ʧʦʣʝʚʳʭ ʥʘʙʣʶʜʝʥʠʡ. 

ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʨʦʷʚʣʷʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ ʜʦʚʦʣʴʥʦ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʟʘʚʠʩʠʪ ʦʪ ʮʝʣʦ-

ʛʦ ʨʷʜʘ ʬʘʢʪʦʨʦʚ ʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʪ ʩʢʦʨʦʩʪʠ ʧʨʦʤʝʨʟʘʥʠʷ ʩʘʤʦʛʦ ʛʨʫʥʪʘ. 

ʇʫʯʝʥʠʶ ʧʨʦʤʝʨʟʘʶʱʠʡ ʩʣʦʡ ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʦ ʛʣʫʙʠʥʝ ʥʝʨʘʚʥʦʤʝʨʥʦ. ʕʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚʝʨʭʥʠʡ ʩʣʦʡ ʛʨʫʥʪʘ ʜʦ ʛʣʫʙʠʥʳ 40 ʩʤ ʧʨʦʤʝʨʟʘʝʪ ʦʙʳʯʥʦ 

ʙʳʩʪʨʦ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʨʘʜʠʝʥʪʘʭ, ʚ ʩʠʣʫ ʯʝʛʦ ʦʛʨʘʥʠʯʠʚʘ-

ʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʢ ʥʝʤʫ ʚʣʘʛʠ ʟʘ ʩʯʝʪ ʤʠʛʨʘʮʠʠ. ʅʘ ʛʣʫʙʠʥʝ ʦʪ 40 

ʜʦ 90 ʩʤ ʛʨʫʥʪʳ ʟʘʤʝʨʟʘʶʪ ʧʨʠ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʠʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʨʘʜʠʝʥʪʘʭ 
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ʠ ʩʘʤ ʧʨʦʮʝʩʩ ʟʘʤʝʨʟʘʥʠʷ ʠʜʝʪ ʤʝʜʣʝʥʥʝʝ, ʩʦ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʤ ʧʦʜʩʦʩʦʤ 

ʦʯʝʥʴ ʨʳʭʣʦʩʚʷʟʘʥʥʦʡ ʚʦʜʳ ʠʟ ʥʠʞʝʣʝʞʘʱʠʭ ʚʦʜʦʥʦʩʥʳʭ ʪʘʣʳʭ ʧʣʘʩʪʦʚ. ɺ 

ʩʣʦʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʥʘ ʛʣʫʙʠʥʝ 1 ʤ ʠ ʙʦʣʝʝ, ʧʨʦʮʝʩʩ ʟʘʤʝʨʟʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʦʤ ʚʣʠʷʥʠʠ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ ʪʝʯʝʥʠʝ 

ʩʫʪʦʢ ʠ ʧʨʠ ʤʝʥʴʰʠʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʨʘʜʠʝʥʪʘʭ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʠ ʩʠʣʳ ʧʫ-

ʯʝʥʠʷ ʵʪʦʛʦ ʩʣʦʷ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ. 

ʎʠʢʣʠʯʥʦʩʪʴ ʟʘʤʝʨʟʘʥʠʷ ʠ ʦʪʪʘʠʚʘʥʠʷ ʛʨʫʥʪʦʚ ʧʦʚʪʦʨʷʝʪʩʷ ʝʞʝʛʦʜʥʦ, 

ʥʘʨʫʰʘʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʫʩʪʦʡʯʠʚʦʩʪʴ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʙʦʣʴʰʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʤʥʦʛʦʣʝʪʥʝʛʦ ʦʧʳʪʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʫʞʝ ʧʦʩʪʨʦʝʥ-

ʥʳʤʠ ʟʜʘʥʠʷʤʠ ʠ ʩʦʦʨʫʞʝʥʠʷʤʠ ʚ ʨʘʡʦʥʘʭ ʩ ʧʫʯʠʥʠʩʪʳʤʠ ʛʨʫʥʪʘʤʠ ʠ ʟʠʤʥʠʤ 

ʧʨʦʤʝʨʟʘʥʠʝʤ ʛʨʫʥʪʦʚ ʨʘʟʨʘʙʦʪʘʥʳ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʙʦʨʴʙʳ ʩ ʧʫʯʝʥʠʝʤ, 

ʧʦʜʨʘʟʜʝʣʷʝʤʳʝ ʥʘ ʚʦʜʦʟʘʱʠʪʥʳʝ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ [2]. 

ʂ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʩʧʦʩʦʙʘʤ ʦʪʥʦʩʷʪ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʟʘʤʝʥʳ ʧʫʯʠʥʠ-

ʩʪʦʛʦ ʛʨʫʥʪʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʩʩʠʚʥʳʭ ʬʫʥʜʘʤʝʥʪʦʚ ʠʣʠ ʤʝʪʦʜʳ ʫʪʝʧʣʝʥʠʷ 

ʛʨʫʥʪʦʚʦʛʦ ʦʩʥʦʚʘʥʠʷ. 

ʄʝʪʦʜ ʟʘʤʝʥʳ ʛʨʫʥʪʘ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʪʨʫʜʦʝʤʢʠʤ ʠ ʬʠʥʘʥʩʦʚʦ ʟʘʪʨʘʯʠʚʘ-

ʝʤʳʤ, ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʦʙʫʩʣʦʚʣʠʚʘʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʩʨʘʚʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʚʘʨʠʘʥʪʦʚ. ʄʘʩʩʠʚʥʳʡ ʬʫʥʜʘʤʝʥʪ ʥʝ ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ ʟʘʱʠʪʦʡ ʦʪ ʢʘʩʘʪʝʣʴʥʳʭ 

ʩʠʣ ʤʦʨʦʟʥʦʛʦ ʧʫʯʝʥʠʷ ʛʨʫʥʪʘ. ɺʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʵʪʦʤ ʥʝʨʘʚʥʦʤʝʨʥʳʝ ʜʝʬʦʨ-

ʤʘʮʠʠ ʚʝʜʫʪ ʢ ʧʦʚʨʝʞʜʝʥʠʶ ʠ ʜʘʞʝ ʨʘʟʨʫʰʝʥʠʶ ʥʝʢʦʪʦʨʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʟʜʘ-

ʥʠʷ ʫʞʝ ʚ ʧʝʨʚʳʡ ʛʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ʇʨʠʤʝʥʝʥʠʝ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʨʦʤʝʨʟʘʥʠʷ ʧʫʯʠʥʠʩʪʳʭ 

ʛʨʫʥʪʦʚ ʦʩʥʦʚʘʥʠʡ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʦʪʤʝʪʢʫ ʟʘʣʦʞʝʥʠʷ ʧʦʜʦʰʚʳ ʬʫʥʜʘʤʝʥ-

ʪʘ. ʋʩʪʨʦʡʩʪʚʦ ʬʫʥʜʘʤʝʥʪʘ ʥʝʛʣʫʙʦʢʦʛʦ ʟʘʣʦʞʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ 

ʥʘ ʤʘʪʝʨʠʘʣʳ, ʵʢʩʧʣʫʘʪʘʮʠʶ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ, ʫʤʝʥʴʰʠʪʴ ʪʨʫʜʦʝʤʢʦʩʪʴ, 

ʩʦʢʨʘʪʠʪʴ ʩʨʦʢʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ [2], ʠ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʢʦ-

ʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʤ. 

ɺʦʟʨʦʩʰʠʡ ʩʧʨʦʩ ʥʘ ʥʦʚʦʝ ʞʠʣʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʦʞʥʦ ʫʜʦʚʣʝʪʚʦʨʠʪʴ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ʥʦʚʳʭ ʟʜʘʥʠʡ ʣʠʰʴ ʯʘʩʪʠʯʥʦ. ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 

ʵʢʦʥʦʤʠʯʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʞʝ ʠʤʝʶʱʠʭʩʷ ʧʦʤʝʱʝʥʠʡ, ʥʘʧʨʠʤʝʨ, ʧʦʜʚʘʣʘ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʰʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʚʘʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥ-

ʩʪʚʘ ʚ ʨʘʟʣʠʯʥʳʭ ʮʝʣʷʭ: ʚ ʢʘʯʝʩʪʚʝ ʦʬʠʩʘ, ʩʧʦʨʪʟʘʣʘ, ʩʘʫʥʳ, ʫʪʝʧʣʝʥʥʳʡ ʛʘʨʘʞ, 

ʩʢʣʘʜʘ ʪʦʨʛʦʚʳʭ ʧʦʤʝʱʝʥʠʡ ʠ ʪ.ʜ. ʇʦʵʪʦʤʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚ ʢʘʯʝʩʪʚʝ ʤʝʨ ʧʦ 

ʫʪʝʯʢʝ ʪʝʧʣʘ ʧʨʠʤʝʥʷʪʴ ʪʝʧʣʦʠʟʦʣʷʮʠʶ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʦʜʚʘʣʘ, 

ʢʦʪʦʨʘʷ ʪʘʢ ʞʝ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ ʙʣʘʛʦʧʨʠʷʪʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʣʘʞʥʦʩʪʥʳʡ 

ʨʝʞʠʤ ʚ ʧʦʤʝʱʝʥʠʠ [2]. 

ʅʘʨʫʞʥʘʷ ʪʝʧʣʦʠʟʦʣʷʮʠʷ ʧʦʜʟʝʤʥʦʡ ʯʘʩʪʠ ʟʜʘʥʠʷ ʠʣʠ ʩʦʦʨʫʞʝʥʠʷ ʦʙʣʘʜʘ-

ʝʪ ʨʷʜʦʤ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʯʝʨʪ: 

- ʩʦʭʨʘʥʝʥʠʝ ʧʣʦʱʘʜʠ ʧʦʤʝʱʝʥʠʷ; 

- ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʟʘʱʠʪʘ ʪʝʣʘ ʬʫʥʜʘʤʝʥʪʘ ʦʪ ʛʨʫʥʪʦʚʳʭ ʚʦʜ; 

- ʥʠʟʢʘʷ ʪʨʫʜʦʝʤʢʦʩʪʴ ʧʦ ʫʩʪʨʦʡʩʪʚʫ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʡ ʢʦʥʩʪʨʫʢ-

ʮʠʠ, ʟʘ ʩʯʝʪ ʪʦʯʝʯʥʦʛʦ ʢʨʝʧʣʝʥʠʷ ʢ ʪʝʣʫ ʬʫʥʜʘʤʝʥʪʘ, ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʣʦʪʥʦʝ 
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ʧʨʠʤʳʢʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʧʨʠʞʠʤʥʦʛʦ ʜʝʡʩʪʚʠʷ ʛʨʫʥʪʘ ʦʙʨʘʪʥʦʡ ʟʘ-

ʩʳʧʢʠ. 

ɺ ʩʚʷʟʠ ʩ ʪʝʭʥʠʯʝʩʢʦʡ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʘʚʣʝʥʥʦʡ 

ʟʘʜʘʯʝʡ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʨʝʰʝʥʠʷ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʧʦʜʟʝʤʥʦʡ ʯʘ-

ʩʪʠ ʟʜʘʥʠʷ ʠʣʠ ʩʦʦʨʫʞʝʥʠʷ (ʨʠʩ. 1). 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʥʘʨʫʞʥʘʷ ʪʝʧʣʦʠʟʦʣʷʮʠʷ ʦʙʣʘʜʘʝʪ ʠ ʪʘʢʠʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʢʘʢ 

ʩʣʦʞʥʘʷ ʪʝʭʥʠʯʝʩʢʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʠ ʪʨʫʜʦʝʤʢʠʝ ʨʘʙʦʪʳ ʧʦ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʫʞʝ 

ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʟʜʘʥʠʷ ʠʣʠ ʩʦʦʨʫʞʝʥʠʠ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʠ ʥʝʚʦʟʤʦʞ-

ʥʦʩʪʴ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʪʘʢ ʟʜʘʥʠʝ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʩʪʝʩʥʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, 

ʠʣʠ ʨʷʜʦʤ ʥʘʭʦʜʷʪʩʷ ʪʝʨʨʠʪʦʨʠʠ ʥʘʭʦʜʷʱʠʝʩʷ ʧʦʜ ʟʘʱʠʪʦʡ ʛʦʩʫʜʘʨʩʪʚʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʫʪʝʧʣʠʪʝʣʷ ʥʘʙʣʶʜʘʝʪʩʷ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚʩʧʝʥʝʥʥʳʭ ʧʣʘʩʪʤʘʩʩ (ʧʝʥʦʧʣʘʩʪʦʚ) [1]. ʊʘʢ ʢʘʢ ʠʭ ʩʚʦʡʩʪʚʘ 

ʥʘʠʙʦʣʝʝ ʧʨʠʤʝʥʠʤʳ ʚ ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ: ʜʦʣʛʦʚʝʯʥʦʩʪʴ, ʥʝʧʦʜʚʝʨʞʝʥʥʦʩʪʴ 

ʢʦʨʨʦʟʠʠ, ʙʠʦʩʪʦʡʢʦʩʪʴ, ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ ʚʦʜʦ-

ʧʦʛʣʘʱʝʥʠʝ. 

 

 
 

ʈʠʩ. 1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʝʪʦʜʦʚ ʫʪʝʧʣʝʥʠʷ ʧʦʜʟʝʤʥʦʡ ʯʘʩʪʠ ʟʜʘʥʠʷ ʠʣʠ ʩʦʦʨʫ-

ʞʝʥʠʷ 

 

ʈʘʙʦʪʳ ʧʦ ʫʩʪʨʦʡʩʪʚʫ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʤʦʞʥʦ ʚʝʩʪʠ ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʛʠʜʨʦ-

ʠʟʦʣʷʮʠʦʥʥʳʤʠ ʨʘʙʦʪʘʤʠ ʤʝʪʦʜʦʤ ʦʪʩʪʘʶʱʝʡ ʟʘʭʚʘʪʢʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘ-

ʪʠʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʥʫʣʝʚʦʛʦ ʮʠʢʣʘ (ʨʠʩ. 2). 

ʏʪʦʙʳ ʥʝ ʥʘʨʫʰʘʪʴ ʮʝʣʦʩʪʥʦʩʪʠ ʛʠʜʨʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʩʣʦʷ, ʧʣʠʪʳ ʪʝʧʣʦ-

ʠʟʦʣʷʮʠʶ ʥʝʦʙʭʦʜʠʤʦ ʢʨʝʧʠʪʴ ʢ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʝʚʳʤʠ ʩʦʩʪʘʚʘ-

ʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʨʠʤʝʥʷʝʤʦʤʫ ʤʘʪʝʨʠʘʣʫ. ʂʣʝʝʚʳʝ ʩʦʩʪʘʚʳ ʜʦʩʪʘʪʦʯʥʦ 
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ʥʘʥʦʩʠʪʴ ʪʦʯʝʯʥʦ, ʧʦʩʢʦʣʴʢʫ ʧʨʠʢʣʝʠʚʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʪʦʣʴʢʦ ʜʦ ʤʦʤʝʥʪʘ ʦʙ-

ʨʘʪʥʦʡ ʟʘʩʳʧʢʠ (ʨʠʩ 3).  

 

 
 

ʈʠʩ. 2. ʊʝʧʣʦʠʟʦʣʷʮʠʷ ʧʦʜʟʝʤʥʦʡ ʯʘʩʪʠ ʟʜʘʥʠʷ: 

1 - ʛʠʜʨʦʠʟʦʣʷʮʠʦʥʥʘʷ ʤʝʤʙʨʘʥʘ, 2 - ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʡ ʩʣʦʡ, 

3 - ʪʝʧʣʦʠʟʦʣʠʨʦʚʱʠʢ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 3. ʊʝʧʣʦʠʟʦʣʷʮʠʷ ʬʫʥʜʘʤʝʥʪʘ: 

1 - ʦʙʣʠʮʦʚʢʘ ʮʦʢʦʣʷ, 2 - ʪʝʧʣʦʠʟʦʣʷʮʠʷ, 3 - ʫʧʣʦʪʥʝʥʥʳʡ ʧʝʩʦʢ, 

4 - ʛʠʜʨʦʠʟʦʣʷʮʠʷ, 5 - ʘʨʤʦʙʝʪʦʥ, 6 - ʧʦʢʨʳʪʠʝ ʧʦʣʘ, 7 - ʬʫʥʜʘʤʝʥʪ, 8 - ʩʪʝʥʘ 

 

ʇʨʠ ʛʠʜʨʦʠʟʦʣʷʮʠʠ ʬʫʥʜʘʤʝʥʪʦʚ ʠʟ ʨʫʣʦʥʥʳʭ ʥʘʧʣʘʚʣʷʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʚʦʟʤʦʞʥʘ ʧʨʠʢʣʝʡʢʘ ʫʪʝʧʣʠʪʝʣʷ ʧʫʪʝʤ ʧʦʜʧʣʘʚʣʝʥʠʷ ʚʥʝʰʥʝʛʦ ʙʠʪʫʤʥʦʛʦ ʩʣʦʷ 

ʛʠʜʨʦʠʟʦʣʷʮʠʠ (ʨʠʩ. 4).  

ʇʨʠ ʦʢʦʥʯʘʥʠʠ ʨʘʙʦʪʳ ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘ-

ʙʦʪ. ʂʦʥʪʨʦʣʠʨʫʶʪ ʩʪʳʢʦʚʦʯʥʳʝ ʰʚʳ, ʧʨʘʚʠʣʴʥʦʩʪʴ ʫʢʣʘʜʢʠ ʫʪʝʧʣʠʪʝʣʷ, 

ʧʣʦʪʥʦʩʪʴ ʧʨʠʤʳʢʘʥʠʷ. ʊʘʢ ʢʘʢ ʧʨʠ ʦʙʨʘʪʥʦʡ ʟʘʩʳʧʢʝ ʚʦʟʤʦʞʥʦ ʧʦʚʨʝʞʜʝʥʠʝ 

ʠʣʠ ʩʜʚʠʛ ʫʪʝʧʣʠʪʝʣʷ, ʧʦʵʪʦʤʫ ʚʳʧʦʣʥʝʥʠʝ ʜʘʥʥʦʛʦ ʚʠʜʘ ʨʘʙʦʪʳ ʪʘʢ ʞʝ ʜʦʣʞʥʦ 

ʙʳʪʴ ʚʟʷʪʦ ʥʘ ʢʦʥʪʨʦʣʴ. 
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ɼʦʩʪʦʠʥʩʪʚʘ ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩʣʝʜʫʶʱʠʝ: 

- ʩʣʦʡ ʫʪʝʧʣʠʪʝʣʷ ʟʘʢʨʳʚʘʝʪ ʚʝʩʴ ʩʣʦʡ ʛʠʜʨʦʠʟʦʣʷʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʩʥʠʞʝ-

ʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʝʨʝʧʘʜʦʚ, ʪʝʤ ʩʘʤʳʤ, ʫʚʝʣʠʯʠʚʘʷ ʝʝ ʩʨʦʢ ʩʣʫʞʙʳ; 

- ʧʨʦʩʪʦʪʘ ʚ ʨʘʙʦʪʝ; 

- ʧʘʨʘʣʣʝʣʴʥʦʝ, ʩ ʛʠʜʨʦʠʟʦʣʷʮʠʝʡ, ʚʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ 
ʩʨʦʢʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ; 

- ʩʥʠʞʝʥʠʝ ʪʝʧʣʦʧʦʪʝʨʴ ʯʝʨʝʟ ʩʪʝʥʳ ʧʦʜʚʘʣʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ; 

 

 
 

ʈʠʩ. 4. ʊʝʧʣʦʠʟʦʣʷʮʠʷ ʩʪʝʥ ʧʦʜʚʘʣʦʚ ʠ ʬʫʥʜʘʤʝʥʪʦʚ: 

1 - ʥʘʨʫʞʥʘʷ ʩʪʝʥʘ, 2 - ʛʠʜʨʦʠʟʦʣʷʮʠʦʥʥʳʡ ʩʣʦʡ, 3 - ʦʙʣʠʮʦʚʢʘ ʮʦʢʦʣʷ, 

4 - ʢʦʥʩʪʨʫʢʮʠʷ ʦʪʤʦʩʪʢʠ, 5 - ʩʪʝʥʘ ʬʫʥʜʘʤʝʥʪʘ, 6 - ʫʪʝʧʣʠʪʝʣʴ, 

7 - ʧʣʘʩʪʠʯʥʳʡ ʛʝʨʤʝʪʠʢ, 8 - ʥʘʧʦʣʴʥʘʷ ʧʣʠʪʢʘ, 9 - ʮʝʤʝʥʪʥʦ-ʧʝʩʯʘʥʘʷ ʩʪʷʞʢʘ, 

10 - ʙʝʪʦʥʥʦʝ ʦʩʥʦʚʘʥʠʝ, 11 - ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʩʣʦʡ (ʧʦʣʠʵʪʠʣʝʥ), 12 - ʛʨʘʚʠʡ-

ʥʦʝ ʦʩʥʦʚʘʥʠʝ, 13 - ʛʨʫʥʪ, 14 - ʧʝʩʯʘʥʦ-ʛʨʘʚʠʡʥʘʷ ʟʘʩʳʧʢʘ, 

15 - ʜʨʝʥʘʞʥʘʷ ʪʨʫʙʘ (ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ) 

 

ʅʝʜʦʩʪʘʪʢʠ ʢʦʥʩʪʨʫʢʮʠʠ: 

- ʥʝ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘ ʧʫʯʠʥʠʩʪʳʭ ʛʨʫʥʪʘʭ; 

- ʪʨʝʙʫʝʪ ʘʢʢʫʨʘʪʥʦʡ ʦʙʨʘʪʥʦʡ ʟʘʩʳʧʢʠ ʧʘʟʫʭ ʬʫʥʜʘʤʝʥʪʘ, ʪʘʢ ʢʘʢ ʛʨʫʥʪ 

ʤʦʞʝʪ ʩʤʝʩʪʠʪʴ ʫʪʝʧʣʠʪʝʣʴ ʠʣʠ ʝʛʦ ʧʦʚʨʝʜʠʪʴ. 

ɺ ʜʘʥʥʦʤ ʪʠʧʝ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʤʝʥʷʝʪʩʷ ʫʪʝʧʣʠʪʝʣʴ ʥʘ ʦʩʥʦʚʝ 

ʚʩʧʝʥʝʥʥʳʭ ʧʝʥʦʧʣʘʩʪʦʚ, ʪʘʢ ʢʘʢ ʦʥʠ ʥʝ ʧʦʜʚʝʨʛʘʶʪʩʷ ʙʠʦʣʦʛʠʯʝʩʢʦʤʫ ʨʘʟʨʫ-

ʰʝʥʠʶ, ʚʣʘʛʦʥʝʧʨʦʥʠʮʘʝʤʳ ʠ ʠʤʝʶʪ ʤʘʣʦʝ ʚʦʜʦʧʦʛʣʦʱʝʥʠʝ. 

ʅʘʯʘʣʦ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʨʘ-

ʙʦʪ ʧʦ ʛʠʜʨʦʠʟʦʣʷʮʠʠ ʬʫʥʜʘʤʝʥʪʘ. ɺʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦ-

ʚʝ ʨʘʙʦʯʝʛʦ ʧʨʦʝʢʪʘ. 

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʜʛʦʪʦʚʢʘ ʦʩʥʦʚʘʥʠʷ ʧʦʜ ʩʣʦʡ ʫʪʝʧʣʠʪʝ-

ʣʷ. ʆʥʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʦʙʨʘʪʥʫʶ ʧʦʩʣʦʡʥʫʶ ʟʘʩʳʧʢʫ ʛʨʫʥʪʘ ʜʦ ʦʪʤʝʪʢʠ ʟʘʣʦ-
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ʞʝʥʠʷ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʩ ʚʳʧʦʣʥʝʥʠʝʤ ʫʧʣʦʪʥʝʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʩʣʦʷ ʛʨʫʥʪʘ. 

ʇʦʜʩʪʠʣʘʶʱʠʡ ʩʣʦʡ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʫʢʣʦʥʦʤ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʦʪ ʟʜʘʥʠʷ (ʨʠʩ. 5). 

ɺʦ ʚʪʦʨʫʶ ʦʯʝʨʝʜʴ ʧʨʦʠʩʭʦʜʠʪ ʫʢʣʘʜʢʘ ʫʪʝʧʣʠʪʝʣʷ ʥʘ ʧʦʜʩʪʠʣʘʶʱʠʡ 

ʩʣʦʡ. ʊʝʧʣʦʟʘʱʠʪʥʳʡ ʩʣʦʡ ʪʦʣʱʠʥʦʡ, ʦʧʨʝʜʝʣʝʥʥʦʡ ʨʘʩʯʝʪʦʤ, ʚʙʣʠʟʠ ʥʘʨʫʞ-

ʥʳʭ ʬʫʥʜʘʤʝʥʪʦʚ (ʧʦʜ ʦʪʤʦʩʪʢʦʡ) ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʫʢʣʘʜʳʚʘʪʴ ʥʘ ʛʣʫʙʠʥʝ 

20é30 ʩʤ ʩ ʥʝʙʦʣʴʰʠʤ ʫʢʣʦʥʦʤ ʦʪ ʟʜʘʥʠʷ, ʰʠʨʠʥʦʡ ʥʝ ʤʝʥʝʝ 1 ʤʝʪʨʘ. ʊʝʧʣʦ-

ʠʟʦʣʷʮʠʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʦʪʚʦʜ ʧʦʚʝʨʭʥʦʩʪ-

ʥʳʭ ʚʦʜ ʦʪ ʦʩʥʦʚʘʥʠʷ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʨʘʩʢʣʘʜʢʠ ʚʳʧʦʣʥʷʝʪʩʷ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ 

ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ, ʧʨʦʚʝʨʷʝʪʩʷ ʪʦʣʱʠʥʘ ʫʪʝʧʣʠʪʝʣʷ, ʢʘʯʝʩʪʚʦ ʩʪʳʢʦʚʦʯʥʳʭ 

ʰʚʦʚ ʠʭ ʧʣʦʪʥʦʩʪʴ ʧʨʠʤʳʢʘʥʠʷ ʢ ʟʜʘʥʠʶ ʠʣʠ ʩʦʦʨʫʞʝʥʠʶ. 

ɺ-ʪʨʝʪʴʠʭ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʢʦʥʯʘʪʝʣʴʥʘʷ ʟʘʩʳʧʢʘ ʛʨʫʥʪʘ ʜʦ ʦʪʤʝʪʦʢ ʧʣʘʥʠ-

ʨʦʚʢʠ. ʊʨʝʪʠʡ ʵʪʘʧ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʝ ʯʘʩʪʠ: ʵʪʦ ʦʩʪʦʨʦʞʥʦʝ ʧʦʩʣʦʡʥʦʝ ʧʦ-

ʢʨʳʪʠʝ ʛʨʫʥʪʦʤ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʩʣʦʷ ʠ ʝʛʦ ʫʧʣʦʪʥʝʥʠʝ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙʳ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʦʪʩʫʪʩʪʚʠʝ ʩʤʝʱʝʥʠʷ ʰʚʦʚ ʫʪʝʧʣʠʪʝʣʷ ʠ ʚʳʚʦʜ ʦʙʨʘʪʥʦʡ 

ʟʘʩʳʧʢʠ ʥʘ ʫʨʦʚʝʥʴ ʧʣʘʥʠʨʦʚʢʠ. ɺ ʧʨʦʮʝʩʩʝ ʟʘʩʳʧʢʠ ʛʨʫʥʪʘ ʥʝʦʙʭʦʜʠʤʦ ʢʦʥ-

ʪʨʦʣʠʨʦʚʘʪʴ ʭʦʜ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ, ʯʪʦʙʳ ʥʠʞʝ ʣʝʞʘʱʠʡ ʩʣʦʡ ʥʝ ʧʦʜʚʝʨʛʘʣʩʷ 

ʨʘʟʨʫʰʝʥʠʶ.  
 

 
 

ʈʠʩ. 5. ʊʝʧʣʦʠʟʦʣʷʮʠʷ ʦʩʥʦʚʘʥʠʷ ʬʫʥʜʘʤʝʥʪʘ: 

1 - ʩʣʦʡ ʫʪʝʧʣʠʪʝʣʷ ʦʩʥʦʚʘʥʠʷ ʬʫʥʜʘʤʝʥʪʘ, 

2 - ʪʝʧʣʦʠʟʦʣʷʮʠʷ ʥʘʨʫʞʥʦʡ ʩʪʝʥʳ, 

3 - ʪʝʧʣʦʠʟʦʣʷʮʠʷ ʮʦʢʦʣʴʥʦʡ ʩʪʝʥʳ, 4 - ʪʝʧʣʦʠʟʦʣʷʮʠʷ ʧʦʣʘ 

 

ɼʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʢʘʯʝʩʪʚ 

- ʚʦʟʤʦʞʥʦʩʪʴ ʫʤʝʥʴʰʝʥʠʷ ʛʣʫʙʠʥʳ ʟʘʣʦʞʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘ, ʘ ʪʝʤ ʩʘʤʳʤ, 
ʩʦʢʨʘʱʝʥʠʝ ʩʨʦʢʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʫʤʝʥʴʰʝʥʠʝ ʪʨʫʜʦʝʤʢʦʩʪʠ ʠ ʤʘʪʝʨʠʘʣʴʥʳʭ 

ʟʘʪʨʘʪ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʧʦʜʟʝʤʥʦʡ ʯʘʩʪʠ ʟʜʘʥʠʷ; 

- ʤʘʣʘʷ ʪʨʫʜʦʝʤʢʦʩʪʴ ʫʩʪʘʥʦʚʢʠ; 



94 

 

- ʦʪʚʦʜ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʦʪ ʬʫʥʜʘʤʝʥʪʘ, ʩʚʦʝʛʦ ʨʦʜʘ ʦʪʤʦʩʪʢʘ ʠʟ ʫʪʝʧ-

ʣʠʪʝʣʷ; 

- ʧʨʝʧʷʪʩʪʚʠʝ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʜʝʬʦʨʤʘʮʠʡ ʚʩʣʝʜʩʪʚʠʝ ʧʫʯʝʥʠʷ ʛʨʫʥʪʘ; 

- ʣʫʯʰʘʷ ʨʝʤʦʥʪʦʩʧʦʩʦʙʥʦʩʪʴ, ʪʘʢ ʢʘʢ ʩʣʦʡ ʫʪʝʧʣʠʪʝʣʷ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʨʘʚ-

ʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʛʣʫʙʠʥʝ. 

ʇʦʤʠʤʦ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʢʘʯʝʩʪʚ ʫ ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʝʩʪʴ ʥʝʢʦʪʦʨʳʝ ʥʝ-

ʜʦʩʪʘʪʢʠ: 

- ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʧʦʭʦʜ ʢ ʨʘʩʢʣʘʜʢʝ ʫʪʝʧʣʠʪʝʣʷ, ʪʘʢ ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ ʟʘʩʳʧʢʠ 
ʛʨʫʥʪ ʤʦʞʝʪ ʩʜʚʠʥʫʪʴ ʫʪʝʧʣʠʪʝʣʴ ʠʣʠ ʝʛʦ ʧʦʚʨʝʜʠʪʴ; 

- ʬʫʥʜʘʤʝʥʪ ʦʩʪʘʝʪʩʷ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʟʘʱʠʪʳ ʦʪ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʘ ʛʠʜ-

ʨʦʠʟʦʣʠʨʫʶʱʠʡ ʩʣʦʡ ʙʝʟ ʟʘʱʠʪʳ ʦʪ ʛʨʫʥʪʦʚʳʭ ʧʦʚʨʝʞʜʝʥʠʡ. 

ʇʨʠʤʝʥʝʥʠʝ ʦʧʠʩʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʩʪʨʫʢʮʠʡ ʧʦʜʟʝʤʥʦʡ ʯʘʩʪʠ ʟʜʘʥʠʷ, ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ, ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ ʯʝʨʝʟ ʬʫʥʜʘʤʝʥʪʳ ʠ ʩʪʝʥʳ ʟʜʘʥʠʷ. 

ɺʩʝ ʵʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʟʚʦʣʷʝʪ ʚʚʝʩʪʠ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʨʘʥʝʝ ʥʝ ʠʩʧʦʣʴʟʦʚʘʥ-

ʥʳʝ ʧʣʦʱʘʜʠ ʧʦʤʝʱʝʥʠʡ ʧʦʜʚʘʣʘ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʧʨʠʚʣʝʢʘ-

ʪʝʣʴʥʦʩʪʠ ʚʩʝʛʦ ʟʜʘʥʠʷ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʦʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʤʥʦʛʦʮʝʣʝʚʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʵʢʩʢʘʚʘʪʦʨʘ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʥʝʩʢʦʣʴʢʦ ʦʧʝʨʘ-

ʮʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʢʩʢʘʚʘʪʦʨ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʤʥʦʛʦʮʝʣʝʚʦʝ ʦʙʦʨʫʜʦʚʘ-

ʥʠʝ, ʜʚʫʭʧʘʣʴʮʝʚʳʡ ʩʭʚʘʪ 
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MULTIPLE -PURPOSE EQUIPMENT FOR THE EXCAVATOR  

D.S. Likhachev, ʆ.D. Dudnik, H.Sh. Abdullaev, I.A.Semenova 

Siberian State Automobile and Highway University "SibADI" 

 
Abstract. The article provides general information about the design of multi-purpose equip-

ment for a hydraulic excavator, which can perform several operations. 
Keywords: excavator, construction, multipurpose equipment. 

 

ɿʘʯʘʩʪʫʶ ʤʘʰʠʥʳ ʜʝʡʩʪʚʫʶʪ ʚ ʩʪʝʩʥʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʨʠ ʢʦʪʦʨʳʭ ʚʦʟʥʠ-

ʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʯʘʩʪʦʡ ʟʘʤʝʥʳ ʦʜʥʦʛʦ ʚʠʜʘ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʨʫʛʠʤ 

ʠʣʠ ʦʜʥʦʡ ʟʝʤʣʝʨʦʡʥʦʡ ʤʘʰʠʥʦʡ ʜʨʫʛʦʡ, ʩ ʪʨʝʙʫʝʤʳʤ ʨʘʙʦʯʠʤ ʦʨʛʘʥʦʤ. ɺʩʝ 

ʵʪʦ ʧʦʚʳʰʘʝʪ ʪʨʫʜʦʝʤʢʦʩʪʴ ʠ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʨʘʙʦʪ, ʯʪʦ ʚ ʢʦʥʝʯʥʦ ʩʯʝʪʝ ʫʚʝʣʠ-

ʯʠʚʘʝʪ ʩʨʦʢʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ [1-3].  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʵʢʩʢʘʚʘʪʦʨʘ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʨʘʙʦʯʠʤ ʦʙʦ-

ʨʫʜʦʚʘʥʠʝʤ ʠʣʠ ʬʨʦʥʪʘʣʴʥʦʛʦ ʧʦʛʨʫʟʯʠʢʘ ʤʘʣʦ ʵʬʬʝʢʪʠʚʥʦ ʠʣʠ ʥʝʚʦʟʤʦʞʥʦ, ʘ 

ʧʦʛʨʫʟʢʘ ʢʨʘʥʦʤ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʘ ʠ ʧʦʨʦʡ ʚʝʩʴʤʘ ʦʧʘʩʥʘ.  

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʤʥʦʛʦʮʝʣʝʚʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʤʘʥʠʧʫʣʷʪʦʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚ ʚʠʜʝ 

ʜʚʫʭʧʘʣʴʮʝʚʦʛʦ ʩʭʚʘʪʘ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʪʴ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ  ʤʘʰʠʥʳ ʠ ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦ-

ʮʝʩʩʘ.  

ʈʘʙʦʯʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠʤʝʝʪ ʨʘʟʣʠʯʥʳʝ ʪʠʧʦʨʘʟʤʝʨ ʠ ʥʘʚʝʰʠʚʘʝʪʩʷ ʥʘ ʙʘ-

ʟʦʚʫʶ ʤʘʰʠʥʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʛʨʫʟʦʧʦʜʲʸʤʥʦʩʪʠ ʣʶʙʦʛʦ ʪʠʧʘ (ʵʢʩʢʘʚʘʪʦʨ, 

ʬʨʦʥʪʘʣʴʥʳʡ ʧʦʛʨʫʟʯʠʢ, ʙʫʣʴʜʦʟʝʨ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʰʠʨʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʰʠʥ ʟʘ ʩʯʸʪ ʧʨʠʤʝʥʝʥʠʷ ʤʥʦʛʦʮʝʣʝʚʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʚʠʜʝ ʜʚʫʭʧʘʣʴʮʝʚʦʛʦ ʩʭʚʘʪʘ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʪʨʫʜʦʝʤʢʦʩʪʴ ʩʤʝʥʳ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʠ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʚʳʧʦʣʥʷʝʤʳʭ ʨʘʙʦʪ. 

ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʜʝʣʘʝʪ ʥʝʦʙʭʦʜʠʤʳʤ 

ʧʦʵʪʘʧʥʦʝ ʨʝʰʝʥʠʝ ʨʦʙʦʪʠʟʘʮʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ.  

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ, ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʪʝʭʥʦʣʦʛʠʷ ʥʝ ʧʨʠʩʧʦʩʦʙʣʝʥʘ ʢ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʶ ʨʦʙʦʪʦʚ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʰʠʨʦʢʦʝ ʚʥʝʜʨʝʥʠʝ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʠ ʩʧʝʮʠʘ-

ʣʠʟʠʨʦʚʘʥʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʩ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ ʫʧʨʘʚʣʝʥʠ-

ʝʤ, ʥʘ ʚʪʦʨʦʤ, ʢʦʛʜʘ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʪʝʭʥʦʣʦʛʠʶ, 

ʧʦʣʥʦʩʪʴʶ ʫʯʠʪʳʚʘʶʱʫʶ ʚʦʟʤʦʞʥʦʩʪʠ ʨʦʙʦʪʠʟʘʮʠʠ, ʥʘʩʪʫʧʘʝʪ ʚʨʝʤʷ ʰʠʨʦʢʦ-

ʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʦʙʦʪʦʚ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. 

ʉ ʧʦʤʦʱʴʶ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʩ ʨʫʯʥʳʤ ʠʣʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʫʧʨʘʚʣʝʥʠʝʤ ʫʞʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʰʘʶʪ ʨʷʜ ʘʢʪʫʘʣʴʥʳʭ 

ʟʘʜʘʯ: ʧʦʚʳʰʘʶʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ, ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʱʘʶʪ ʤʘʪʝʨʠ-

ʘʣʴʥʳʝ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ, ʪʨʫʜʦʚʳʝ ʟʘʪʨʘʪʳ, ʩʥʠʞʘʝʪʩʷ ʪʨʘʚʤʘʪʠʟʤ, ʚʳʩʚʦʙʦʞ-

ʜʘʶʪ ʨʘʙʦʯʠʭ ʦʪ ʚʳʧʦʣʥʝʥʠʷ ʫʪʦʤʠʪʝʣʴʥʳʭ, ʪʨʫʜʦʝʤʢʠʭ ʠ ʥʝʧʨʝʩʪʠʞʥʳʭ ʨʫʯ-

ʥʳʭ ʦʧʝʨʘʮʠʡ.  

ɺ ʢʦʥʩʪʨʫʢʮʠʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʫʩʤʦʪʨʝʥʳ 

ʜʚʫʭʧʘʣʴʮʝʚʳʝ ʩʭʚʘʪʳ ʯʝʣʶʩʪʥʦʛʦ ʪʠʧʘ, ʜʚʫʭ ʠ ʤʥʦʛʦʮʝʣʝʚʳʝ ʠ ʜʨ. 
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 ʈʘʙʦʯʠʝ ʦʨʛʘʥʳ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʟʘʭʚʘʪ ʦʪʜʝʣʴʥʳʭ ʧʨʝʜʤʝʪʦʚ, ʩʪʨʦ-

ʠʪʝʣʴʥʳʭ ʛʨʫʟʦʚ  ʠ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʝ ʠʤʠ, ʚʳʧʦʣʥʝʥʠʝ ʧʦʛʨʫʟʦʯʥʦ-

ʨʘʟʛʨʫʟʦʯʥʳʭ ʨʘʙʦʪ ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʰʪʫʯʥʳʭ ʛʨʫʟʦʚ, ʨʳʭʣʝʥʠʝ ʧʨʦʯʥʳʭ ʠ 

ʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ, ʚʳʧʦʣʥʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʦʧʝʨʘʮʠʡ ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʦʪ-

ʜʝʣʴʥʳʭ ʧʨʝʜʤʝʪʦʚ ʠ ʛʨʫʟʦʚ, ʠʟʚʣʝʯʝʥʠʝ ʠ ʫʢʣʘʜʢʘ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʙʦʨʜʶʨʥʦ-

ʛʦ ʢʘʤʥʷ, ʦʯʠʩʪʢʘ ʪʝʨʨʠʪʦʨʠʠ ʦʪ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʤʫʩʦʨʘ (ʨʠʩʫʥʦʢ 1). 

ɻʠʜʨʘʚʣʠʯʝʩʢʠʡ ʵʢʩʢʘʚʘʪʦʨ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʩʥʘʩʪʠʪʴ ʤʥʦʛʦʮʝʣʝʚʳʤ ʤʘʥʠ-

ʧʫʣʷʪʦʨʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚ ʚʠʜʝ ʜʚʫʭʧʘʣʴʮʝʚʦʛʦ ʩʭʚʘʪʘ-ʨʳʭʣʠʪʝʣʷ ʧʨʝʜʩʪʘʚ-

ʣʷʶʱʝʛʦ ʪʨʝʭʟʚʝʥʥʫʶ ʩʠʩʪʝʤʫ ʘ ʠʤʝʥʥʦ ʚʝʨʭʥʶʶ ʛʫʙʫ ʰʘʨʥʠʨʥʦ ʩʚʷʟʘʥʥʫʶ ʩ 

ʨʫʢʦʷʪʴʶ ʠ ʥʠʞʥʶʶ ʛʫʙʫ, ʢʦʪʦʨʘʷ ʰʘʨʥʠʨʥʦ ʢʨʝʧʠʪʩʷ ʢ ʚʝʨʭʥʝʡ ʩ ʢʦʤʧʣʝʢʪʦʤ 

ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ ʫʧʨʘʚʣʝʥʠʷ ʵʢʩʢʘʚʘʪʦʨʥʦʛʦ ʪʠʧʘ. ʇʨʠʚʦʜ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ 

ʛʫʙʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ (ʨʠʩʫʥʦʢ 2).   

ʇʨʝʜʣʘʛʘʝʤʦʝ ʤʘʥʠʧʫʣʷʪʦʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ 

ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʨʘʙʦʪ:  

- ʫʢʣʘʜʢʘ ʥʘ ʜʥʦ ʪʨʘʥʰʝʠ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʥʝʬʪʝʛʘʟʦʧʨʦʚʦʜʘ; 

- ʫʢʣʘʜʢʘ ʙʦʨʜʶʨʥʦʛʦ ʢʘʤʥʷ; 

- ʧʦʛʨʫʟʦʯʥʦ-ʨʘʟʛʨʫʟʦʯʥʳʝ ʨʘʙʦʪʳ; 

- ʨʘʙʦʪʘ ʢʨʶʢʦʚʦʡ ʧʦʜʚʝʩʢʦʡ ʛʨʫʟʦʧʦʜʲʝʤʥʦʛʦ ʢʨʘʥʘ; 

- ʨʘʙʦʪʘ ʛʠʜʨʦʤʦʣʦʪʦʤ ï ʨʘʟʨʫʰʝʥʠʝ ʧʨʦʯʥʳʭ ʠ ʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ, 

ʘʩʬʘʣʴʪʘ, ʙʝʪʦʥʘ ʠ ʪ.ʧ.; 

- ʫʧʣʦʪʥʝʥʠʝ ʛʨʫʥʪʘ; 

- ʨʳʭʣʝʥʠʝ ʛʨʫʥʪʘ ʨʘʙʦʯʠʤ ʦʨʛʘʥʦʤ ʜʚʫʭʧʘʣʴʮʝʚʦʛʦ ʩʭʚʘʪʘ (ʨʠʩʫʥʢʠ 3.1 ʠ 

3.2). 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʵʢʩʢʘʚʘʪʦʨ ʚʪʦʨʦʡ ʨʘʟʤʝʨʥʦʡ ʛʨʫʧʧʳ. 
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ʘ) 

 
ʙ) 

 

ʈʠʩʫʥʦʢ 3.2. ʉʭʝʤʳ ʧʨʠʤʝʥʝʥʠʷ ʤʥʦʛʦʮʝʣʝʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʪ ʨʘʩʰʠʨʠʪʴ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʰʠʥ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʪʨʫʜʦʝʤʢʦʩʪʴ ʩʤʝʥʳ ʨʘʙʦʯʝʛʦ 

ʦʨʛʘʥʘ ʠ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʚʳʧʦʣʥʷʝʤʳʭ ʨʘʙʦʪ, ʯʪʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʫʚʝʣʠʯʠʚʘʝʪ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʣʘʛʘʝʤʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ. 

ʉʦʟʜʘʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʟʝʤʣʝʨʦʡʥʳʭ ʤʘʰʠʥ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʜʚʫʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ: ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʠ ʤʘʰʠʥ ʪʨʘʜʠʮʠʦʥʥʦʛʦ 

ʪʠʧʘ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʠʥʮʠ-

ʧʠʘʣʴʥʦ ʥʦʚʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʠ ʤʘʰʠʥ ʥʘ ʙʘʟʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʩʪʠʞʝʥʠʡ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʫʢ [1-3]. 

ʀʤʝʥʥʦ ʚ ʪʘʢʠʭ ʩʪʨʦʠʪʝʣʴʥʦ-ʜʦʨʦʞʥʳʭ ʤʘʰʠʥʘʭ ʫʯʘʩʪʚʫʶʱʠʭ ʧʨʠ ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʝ ʥʫʞʜʘʝʪʩʷ ʦʪʨʘʩʣʴ. ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ, ʫʥʠʚʝʨʩʘʣʴʥʳʭ 

ʟʝʤʣʝʨʦʡʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʘʰʠʥ, ʩʧʦʩʦʙʥʳʭ ʚʳʧʦʣʥʷʪʴ ʢʦʣʦʩʩʘʣʴʥʳʡ ʩʧʝʢʪʨ 

ʨʘʙʦʪ ʷʚʣʷʝʪʩʷ ʦʜʥʦʢʦʚʰʦʚʳʡ ʵʢʩʢʘʚʘʪʦʨ. ʆʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʠʥ-
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ʪʝʥʩʠʬʠʢʘʮʠʠ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʤʥʦʛʦʮʝʣʝʚʦʛʦ ʤʘ-

ʥʠʧʫʣʷʪʦʨʥʦʛʦ ʦʨʛʘʥʘ ʥʘ ʙʘʟʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʵʢʩʢʘʚʘʪʦʨʘ [4].  
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʫʟʦʚʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʢʨʘʥʦʚ-ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʚʳʜʚʠʞʥʳʤʠ ʦʧʦʨʘʤʠ. ʈʘʩʩʤʦʪ-

ʨʝʥʦ ʚʣʠʷʥʠʝ ʰʠʨʠʥʳ ʚʳʜʚʠʞʝʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʦʧʦʨ ʥʘ ʯʠʩʣʦʚʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥ-

ʪʘ ʛʨʫʟʦʚʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʢʨʘʥ-ʤʘʥʠʧʫʣʷʪʦʨ, ʢʨʘʥʦʤʘʥʠʧʫʣʷʪʦʨ-

ʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʛʨʫʟʦʚʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʚʳʜʚʠʞʥʘʷ ʦʧʦʨʘ. 
 

THE USE OF ADDITIONAL OUTRIGG ERS TO INCREASE THE LOAD 

STABILITY OF MOBILE CRANES -MANIPULATORS  

O.N. Mekhonin, K.G. Pugin 

Perm National Research Polytechnic University 

 
Abstract. The article discusses the features of determining the cargo stability of truck-

mounted cranes with additional outriggers. The influence of the range of hydraulic supports on the 

numerical value of the load stability coefficient is considered. 

Keywords: automobile crane manipulator, kranomanipulyatorny installation, 

load stability coefficient, retractable support. 
 

ɸʚʪʦʤʦʙʠʣʴʥʳʝ ʢʨʘʥʳ-ʤʘʥʠʧʫʣʷʪʦʨʳ ʧʦʣʫʯʠʣʠ ʤʘʩʩʦʚʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʙʣʘʛʦʜʘʨʷ ʰʠʨʦʢʠʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʚʦʟʤʦʞʥʦʩʪʷʤ ʠ ʩʚʦʝʡ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ. 

ʀʭ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʥʘʚʝʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ: ʢʨʶʢʘ-

ʤʠ, ʛʨʝʡʬʝʨʥʳʤʠ ʟʘʭʚʘʪʘʤʠ ʠ ʧʨʦʯʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. ɿʥʘʯʠʪʝʣʴʥʦ ʤʦʛʫʪ ʦʪʣʠ-
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ʯʘʪʴʩʷ ʫʩʣʦʚʠʷ ʠ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ 

ʢʘʞʜʘʷ ʢʦʥʢʨʝʪʥʘʷ ʧʨʦʝʢʪʠʨʫʝʤʘʷ ʤʘʰʠʥʘ ʜʦʣʞʥʘ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʨʷʜʫ ʨʘʟʣʠʯ-

ʥʳʭ ʪʨʝʙʦʚʘʥʠʡ, ʧʦʩʪʘʚʣʝʥʥʳʭ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʝʨʝʜ ʟʘʢʘʟʯʠ-

ʢʦʤ.  

ʅʝʠʟʤʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʇʨʦʝʢʪʠʨʫʝʤʘʷ ʤʘʰʠʥʘ 

ʜʦʣʞʥʘ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʜʝʡʩʪʚʫʶʱʠʤʠ ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ. ʇʨʠ ʵʪʦʤ ʚ ʢʘʞʜʦʤ ʢʦʥ-

ʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʜʩʪʨʦʡʢʠ ʠ ʜʘʣʴʥʝʡʰʝʡ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ ʂʄʋ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʨʘʩʯʸʪ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʢʨʘʥʘ-

ʤʘʥʠʧʫʣʷʪʦʨʘ ʥʘ ʛʨʫʟʦʚʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ. ʇʦʢʘʟʘʪʝʣʝʤ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ 

ʷʚʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʦʧʨʝʜʝʣʷʶʱʠʡʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

15,1
ʄʦʧ

ʄʫʜ
ʂʫ                                                 (1) 

ʛʜʝ ʄʫʜ ï ʤʦʤʝʥʪ ʫʜʝʨʞʠʚʘʶʱʠʭ ʩʠʣ, ʄʦʧ ï ʤʦʤʝʥʪ ʦʧʨʦʢʠʜʳʚʘʶʱʠʭ ʩʠʣ. 

 ɺ ʦʪʣʠʯʠʠ ʦʪ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʧʦʜʲʝʤʥʠʢʦʚ, ʜʣʷ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʢʨʘʥʦʚ-

ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʥʝʪ ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʪʨʝʙʦʚʘʥʠʷ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʟʘʜʥʠʭ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʭ ʚʳʜʚʠʞʥʳʭ ʦʧʦʨ (ʫʩʪʨʦʡʩʪʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʦʧʦʨ-

ʥʦʛʦ ʢʦʥʪʫʨʘ ʢʨʘʥʘ-ʤʘʥʠʧʫʣʷʪʦʨʘ ʚ ʨʘʙʦʯʝʤ ʩʦʩʪʦʷʥʠʠ). ʇʝʨʚʦʥʘʯʘʣʴʥʳʡ ʨʘʩ-

ʯʝʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʟ ʫʩʣʦʚʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʚʳʜʚʠʞ-

ʥʳʭ ʦʧʦʨ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢʨʘʥʦ-ʤʘʥʠʧʫʣʷʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ. ʇʨʠ ʧʦʣʫʯʝʥʠʠ 

ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʛʨʫʟʦʚʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʜʥʠʤʘʝʪʩʷ 

ʚʦʧʨʦʩ ʦ ʜʦʨʘʙʦʪʢʝ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʛʨʫʟʦʧʦʜʲʝʤʥʦʡ ʤʘʰʠʥʳ: ʫʩʪʘʥʦʚʢʠ ʙʦʣʝʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʦʩʥʦʚʥʳʭ ʚʳʜʚʠʞʥʳʭ ʦʧʦʨ ʣʠʙʦ ʫʩʪʘʥʦʚʢʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʦʧʦʨ.  

 
 

ʈʠʩ.1. ɸʚʪʦʤʦʙʠʣʴʥʳʡ ʢʨʘʥ-ʤʘʥʠʧʫʣʷʪʦʨ: 

1 ï ʙʘʟʦʚʦʝ ʰʘʩʩʠ; 2- ʢʨʘʥʦ-ʤʘʥʠʧʫʣʷʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ; 3-ʦʩʥʦʚʥʳʝ ʚʳʜʚʠʞʥʳʝ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʦʧʦʨʳ; 4-ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʳʜʚʠʞʥʳʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʦʧʦʨʳ. 

 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚʘʨʠʘʪʠʚʥʘʷ ʟʘʤʝʥʘ ʦʩʥʦʚʥʳʭ ʚʳʜʚʠʞʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ 

ʦʧʦʨ ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʟʘʚʦʜʦʤ-ʠʟʛʦʪʦʚʠʪʝʣʝʤ ʂʄʋ, ʣʠʙʦ ʥʝʚʦʟʤʦʞʥʘ ʧʦ ʨʷʜʫ 
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ʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ, ʫʩʪʘʥʦʚʢʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʧʦʨ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ 

ʛʨʫʟʦʚʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʛʨʫʟʦʧʦʜʲʝʤʥʦʡ ʤʘʰʠʥʳ. ʅʘ ʩʝʛʦʜʥʷʰ-

ʥʠʡ ʜʝʥʴ ʢʘʢ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ, ʪʘʢ ʠ ʟʘʨʫʙʝʞʥʳʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʛʨʫʟʦʧʦʜʲ-

ʝʤʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʰʠʨʦʢʠʡ ʤʦʜʝʣʴʥʳʡ ʨʷʜ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʚʳʜʚʠʞʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʦʧʦʨ. ʆʩʥʦʚʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ ʧʨʠ ʚʳʙʦʨʝ ʚʳ-

ʜʚʠʞʥʳʭ ʦʧʦʨ ʷʚʣʷʶʪʩʷ: ʤʘʢʩʠʤʘʣʴʥʘʷ ʰʠʨʠʥʘ ʚʳʜʚʠʞʝʥʠʷ ʦʧʦʨ, ʚʳʩʦʪʘ 

ʧʦʜʲʝʤʘ, ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʦʧʦʨʫ, ʩʧʦʩʦʙ ʤʦʥʪʘʞʘ, ʛʘʙʘ-

ʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʠ ʚʝʩ. 

ʅʘ ʧʨʠʤʝʨʝ ʰʘʩʩʠ ʂʘʤʘʟ 43118 ʩ ʢʦʣʝʩʥʦʡ ʙʘʟʦʡ 4400 ʤʤ ʠ ʫʩʪʘʥʦʚʣʝʥʥʦʡ 

ʂʄʋ Palfinger Epsilon ʨʘʩʩʤʦʪʨʠʤ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʛʨʫʟʦʚʦʡ ʫʩʪʦʡʯʠ-

ʚʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʧʨʠʤʝʥʷʝʤʳʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʧʦʨ. ɼʣʷ ʧʨʦʚʝʜʝ-

ʥʠʷ ʨʘʩʯʝʪʘ ʚʳʙʠʨʘʝʤ ʥʘʠʙʦʣʝʝ ʢʨʠʪʠʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʩʪʨʝʣʳ ʂʄʋ ʥʘ ʤʘʢʩʠ-

ʤʘʣʴʥʦʤ ʚʳʣʝʪʝ ʧʨʠ ʧʦʣʥʦʡ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʝ ʨʝʙʨʫ ʦʧʨʦ-

ʢʠʜʳʚʘʥʠʷ ʛʨʫʟʦʧʦʜʲʝʤʥʦʡ ʤʘʰʠʥʳ. 

ɺʳʯʠʩʣʝʥʠʝ ʤʘʩʩʳ ʛʨʫʟʘ ʧʨʠ ʧʦʣʥʦʤ ʚʳʣʝʪʝ ʩʪʨʝʣʳ ʜʣʷ ʂʄʋ: 

ʩʪ1,025,1 ʛʨ GQʄ                                            (2) 

 ʪ0432433010251ʛʨ ,,,Q,M  

ɺʳʯʠʩʣʝʥʠʝ ʦʧʨʦʢʠʜʳʚʘʶʱʝʛʦ ʠ ʫʜʝʨʞʠʚʘʶʱʝʛʦ ʤʦʤʝʥʪʦʚ ʩʪʨʝʣʳ ʧʨʠ 

ʧʦʜʲʝʤʝ ʛʨʫʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʙʨʘʥʥʦʛʦ ʨʝʙʨʘ ʦʧʨʦʢʠʜʳʚʘʥʠʷ ʨʘʩʩʤʦʪʨʠʤ ʥʘ 

ʧʨʠʤʝʨʝ ʪʨʝʭ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʥʝʥʠʷ: 1) ʰʘʩʩʠ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʜʥʠʭ ʦʧʦʨ 

2) ʰʘʩʩʠ ʩ ʟʘʜʥʠʤʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʦʧʦʨʘʤʠ ʰʠʨʠʥʦʡ ʚʳʜʚʠʞʝʥʠʷ 2308 ʤʤ 

3) ʰʘʩʩʠ ʩ ʟʘʜʥʠʤʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʦʧʦʨʘʤʠ ʰʠʨʠʥʦʡ ʚʳʜʚʠʞʝʥʠʷ 4440 ʤʤ. 

ɼʣʷ ʰʘʩʩʠ ʙʝʟ ʟʘʜʥʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʧʦʨ ʦʧʦʨʥʳʡ ʢʦʥʪʫʨ ʙʫʜʝʪ ʧʨʦʭʦ-

ʜʠʪʴ ʯʝʨʝʟ ʮʝʥʪʨʘʣʴʥʳʝ ʪʦʯʢʠ ʢʨʝʧʣʝʥʠʷ ʨʝʩʩʦʨ ʢ ʰʘʩʩʠ (ʨʠʩ.2). 
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ʈʠʩ. 2. ʈʘʩʯʝʪʥʦʝ ʧʦʣʦʞʝʥʠʝ ʜʣʷ ʰʘʩʩʠ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʜʥʠʭ ʦʧʦʨ 

 
ʤʪʘʄʛʨʄʦʧ 862,19764,7543,2  

ʤʪdMʥcMʰbʄʢʤʫʄʫʜ 395,27075,15,1474,2820,8886,11,2

15,139,1
862,19

395,27

ʄʦʧ

ʄʫʜ
ʂʫ  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʳʜʚʠʞʥʳʭ ʦʧʦʨ ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝ-

ʥʷʝʪʩʷ ʦʧʦʨʥʳʡ ʢʦʥʪʫʨ ʛʨʫʟʦʧʦʜʲʝʤʥʦʡ ʤʘʰʠʥʳ. ʋʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʣʝʟʥʘʷ 

ʧʣʦʱʘʜʴ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʫʜʝʨʞʠʚʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʚ ʧʨʦʪʠʚʦʚʝʩ 

ʦʧʨʦʢʠʜʳʚʘʶʱʝʤʫ ʤʦʤʝʥʪʫ, ʩʦʟʜʘʚʘʝʤʦʤʫ ʧʨʠ ʧʦʜʲʝʤʝ ʛʨʫʟʘ. ʆʧʦʨʥʳʡ ʢʦʥ-

ʪʫʨ ʧʨʦʭʦʜʠʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʯʝʨʝʟ ʮʝʥʪʨʘʣʴʥʳʝ ʦʩʝʚʳʝ ʪʦʯʢʠ ʦʧʦʨʥʳʭ ʧʣʘ-

ʩʪʠʥ ʚʳʜʚʠʞʥʳʭ ʦʧʦʨ (ʨʠʩ.3). 
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ʈʠʩ. 3. ʈʘʩʯʝʪʥʦʝ ʧʦʣʦʞʝʥʠʝ ʜʣʷ ʰʘʩʩʠ c ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʟʘʜʥʠʤʠ ʦʧʦʨʘʤʠ 

ʨʘʟʤʘʭʦʤ 2308 ʤʤ. 

 
ʤʪʘʄʛʨʄʦʧ 472,18264,7543,2  

ʤʪ

ʝʄʜʦdMʥcMʰbʄʢʤʫʄʫʜ

557,311086.11.0

002,25,1657,2820,8386,21,2
 

15,171,1
472,18

557,31

ʄʦʧ

ʄʫʜ
ʂʫ  

ʉ ʠʟʤʝʥʝʥʠʝʤ ʦʧʦʨʥʦʛʦ ʢʦʥʪʫʨʘ ʠʟʤʝʥʷʝʪʩʷ ʠ ʥʘʠʙʦʣʝʝ ʢʨʠʪʠʯʥʦʝ ʧʦʣʦ-

ʞʝʥʠʝ ʜʣʷ ʧʦʜʲʝʤʘ ʛʨʫʟʘ ï ʩʪʨʝʣʘ ʥʘʭʦʜʠʪʩʷ ʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʧʦʣʦʞʝʥʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʨʝʙʨʘ ʦʧʨʦʢʠʜʳʚʘʥʠʷ (ʨʠʩ.4). 
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ʈʠʩ. 4. ʈʘʩʯʝʪʥʦʝ ʧʦʣʦʞʝʥʠʝ ʜʣʷ ʰʘʩʩʠ c ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʟʘʜʥʠʤʠ ʦʧʦʨʘʤʠ 

ʰʠʨʠʥʦʡ ʚʳʜʚʠʞʝʥʠʷ 4440 ʤʤ. 

 
ʤʪʘʄʛʨʄʦʧ 335,18210,7543,2  

ʤʪ

ʝʄʜʦdMʥcMʰbʄʢʤʫʄʫʜ

666,31224,248,0

375,25,1484,2820,844,21,2
 

15,173,1
335,18

666,31

ʄʦʧ

ʄʫʜ
ʂʫ  

ʊʘʙʣʠʮʘ 1 

ʀʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʛʨʫʟʦʚʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ɺʘʨʠʘʥʪ ʠʩʧʦʣʥʝʥʠʷ ʂʦʵʬʬʠʮʠʝʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ 
ʋʚʝʣʠʯʝʥʠʝ ʟʥʘʯʝʥʠʷ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘ ʚ % 

ɹʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʧʦʨ 1,39 - 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʧʦʨʳ   ʩ 

ʰʠʨʠʥʦʡ ʚʳʜʚʠʞʝʥʠʷ 2308 

ʤʤ 

1,71 23 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʧʦʨʳ   ʩ 

ʰʠʨʠʥʦʡ ʚʳʜʚʠʞʝʥʠʷ 4440 

ʤʤ 

1,73 24 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʳʜʚʠʞ-

ʥʳʝ ʦʧʦʨʳ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʶʪ ʯʠʩʣʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʛʨʫʟʦʚʦʡ ʫʩʪʦʡʯʠ-

ʚʦʩʪʠ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʢʨʘʥʦʚ-ʤʘʥʠʧʫʣʷʪʦʨʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝ-
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ʪʠʪʴ, ʯʪʦ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʨʘʩʯʝʪʦʚ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʰʠʨʦʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʘʢʪʦ-

ʨʦʚ: ʥʘʧʨʘʚʣʝʥʠʝ ʚʳʜʚʠʞʝʥʠʷ ʦʧʦʨ, ʤʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʝ ʥʘ ʰʘʩʩʠ, ʤʘʩʩʘ ʢʦʥ-

ʩʪʨʫʢʮʠʠ. ʅʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʠ ʥʝʜʦʩʪʘʪʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʦʧʦʨ ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʦʤ ʰʘʩʩʠ: ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʛʠʜʨʦʬʠʢʘʮʠʷ, ʫʚʝʣʠʯʝʥʠʝ ʦʙ-

ʱʝʡ ʩʪʦʠʤʦʩʪʠ ʤʘʰʠʥʳ, ʩʥʠʞʝʥʠʝ ʧʦʣʝʟʥʦʡ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʘʚʪʦʤʦʙʠʣʷ. 

ʋʩʪʘʥʦʚʢʘ ʦʧʦʨ ʤʦʞʝʪ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʘʪʴʩʷ ʥʘ ʫʤʝʥʴʰʝʥʠʠ ʫʛʣʘ ʩʲʝʟʜʘ ʘʚʪʦʤʦ-

ʙʠʣʷ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʘʚʪʦʤʦʙʠʣʝʡ, ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʚ ʫʩʣʦʚʠʷʭ 

ʙʝʟʜʦʨʦʞʴʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʧʦʨ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚ-

ʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʚʳʰʝʥʠʷ ʛʨʫʟʦʚʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʢʨʘʥʦʚ-

ʤʘʥʠʧʫʣʷʪʦʨʦʚ. ɿʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪʩʷ ʧʣʦʱʘʜʴ ʦʧʦʨʥʦʛʦ ʢʦʥʪʫʨʘ ʤʘʰʠʥʳ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʨʫʟʦʧʦʜʲʝʤʥʦʛʦ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ, ʯʪʦ ʫʩʪʘʥʦʚʢʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʳʜʚʠʞʥʳʭ 

ʦʧʦʨ ʷʚʣʷʝʪʩʷ ʢʦʤʧʝʪʝʥʮʠʝʡ ʟʘʚʦʜʘ-ʠʟʛʦʪʦʚʠʪʝʣʷ ʛʨʫʟʦʧʦʜʲʝʤʥʦʡ ʪʝʭʥʠʢʠ. 

ɺʝʜʴ ʪʦʣʴʢʦ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʧʨʦʯʥʦʩʪʥʳʭ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʨʘʩ-

ʯʝʪʦʚ ʠ ʨʘʩʯʝʪʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʠʭ 

ʥʘ ʢʦʥʢʨʝʪʥʦʡ ʤʦʜʝʣʠ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ. 
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ʋɼʂ 624.011.2 

ʅɽʂʆʊʆʈʓɽ ʂʆʅʉʊʈʋʂʊʀɺʅʓɽ ʇʈɽɼʃʆɾɽʅʀʗ  

ʇʆ ʇʆɺʓʐɽʅʀʖ ʉɽʁʉʄʆʉʊʆʁʂʆʉʊʀ ɼɽʈɽɺʗʅʅʓʍ ɿɼɸʅʀʁ 

ʆ.ɸ. ʄʠʭʘʡʣʝʥʢʦ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʬʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥ-

ʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ  

çɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 

 
ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʣʦʞʝʥʳ ʥʝʢʦʪʦʨʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʧʦ ʧʦʚʳʰʝʥʠʶ ʩʝʡʩʤʦ-

ʩʪʦʡʢʦʩʪʠ ʟʜʘʥʠʡ ʥʘ ʦʩʥʦʚʝ ʜʨʝʚʝʩʠʥʳ (ʠʟ ʙʨʝʚʝʥ, ʙʨʫʩʴʝʚ, ʢʣʝʝʥʦʡ ʜʨʝʚʝʩʠʥʳ). ʇʨʝʜʩʪʘʚ-

ʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʜʝʣʝʡ ʟʜʘʥʠʡ ʧʨʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʝʨʝʚʷʥʥʳʝ ʟʜʘʥʠʷ ʠʟ ʙʨʝʚʝʥ (ʙʨʫʩʴʝʚ), ʟʜʘʥʠʷ ʠʟ ʢʣʝʝʥʦʡ 

ʜʨʝʚʝʩʠʥʳ, ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʴ ʜʝʨʝʚʷʥʥʳʭ ʟʜʘʥʠʡ, ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘ-

ʙʦʪʳ ʟʜʘʥʠʷ ʧʨʠ ʟʝʤʣʝʪʨʷʩʝʥʠʠ. 

 

SOME CONSTRUCTIVE PROPOSALS FOR IMPROVING THE SEISMIC 

RESISTANCE OF WOODEN BUILDINGS  

O.A. Mikhailenko  

Rubtsovsky Industrial Institute (branch) of the federal governmentôs budget educa-

tional institution of higher education "Altai State Technical University named after 

I.I. Polzunova" 

 
Abstract. Some constructive solutions have been proposed to improve the seismic resistance 

of buildings based on wood (from logs, bars, glulam). The results of a numerical study of models of 

buildings under seismic effects are presented. 

Keywords: wooden buildings of logs (boards), buildings of laminated wood, 

seismic resistance of wooden buildings, numerical simulation of the building during 

an earthquake. 

 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʠʨʧʠʯʥʳʤʠ, ʧʘʥʝʣʴʥʳʤʠ, ʜʝʨʝʚʷʥʥʳʝ ʨʫʙʣʝʥʳʝ ʟʜʘʥʠʷ 

ʠʟ ʙʨʝʚʝʥ (ʙʨʫʩʴʝʚ, ʢʣʝʝʥʦʡ ʜʨʝʚʝʩʠʥʳ) ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥʥʦʡ ʩʝʡʩʤʦʩʪʦʡʢʦ-

ʩʪʴʶ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʨʘʙʦʪʳ ʧʨʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ ʩʦʧʨʷʞʝʥʠʡ 

ʵʣʝʤʝʥʪʦʚ ʥʘʨʫʞʥʳʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʩʪʝʥ ʚ ʫʛʣʘʭ ʟʜʘʥʠʷ, ʩ ʥʘʜʝʞʥʳʤ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʳʤ ʨʘʩʢʨʝʧʣʝʥʠʝʤ ʩʪʨʦʧʠʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʥʝʩʤʝʱʘ-

ʝʤʦʩʪʠ ʚʝʥʮʦʚ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʟʘ ʩʯʝʪ ʰʪʳʨʝʡ, ʰʢʘʥʪʦʚ, ʧʘʟʦʚ), ʩ 

ʢʨʝʧʣʝʥʠʝʤ ʩʪʝʥ ʩ ʧʝʨʝʢʨʳʪʠʷʤʠ ʠ ʪ.ʧ. ʊʘʢʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʨʠʝʤʳ ʦʙʳʯʥʦ 

ʦʢʘʟʳʚʘʶʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤʠ ʧʨʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʥʝ ʙʦʣʝʝ ʯʝ-

ʪʳʨʝʭ ʙʘʣʦʚ. ɿʝʤʣʝʪʨʷʩʝʥʠʷ ʙʦʣʴʰʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʢʘʢ ʧʦʢʘʟʘʣʘ ʧʨʘʢʪʠʢʘ 

(ʨʠʩ. 1), ʚʳʷʚʠʣʠ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ ʵʪʠʭ ʤʝʨʦʧʨʠʷʪʠʡ [1]. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʧʨʠ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ ʚ ʧʷʪʴ ʠ ʰʝʩʪʴ ʙʘʣʣʦʚ ʦʙʨʫʰʘʝʪʩʷ ʰʪʫʢʘʪʫʨʢʘ ʩʪʝʥ ʠ ʧʦʪʦʣʢʦʚ, 

ʦʩʦʙʝʥʥʦ ʥʘʜ ʦʢʦʥʥʳʤʠ ʠ ʜʚʝʨʥʳʤʠ ʧʨʦʝʤʘʤʠ (ʨʠʩ. 1, ʘ), ʚʦʟʥʠʢʘʶʪ ʪʨʝʱʠʥʳ ʚ 

ʧʦʧʝʨʝʯʥʳʭ ʢʠʨʧʠʯʥʳʭ ʩʪʝʥʘʭ (ʙʨʘʥʜʤʘʫʵʨʘʭ) (ʨʠʩ. 1, ʙ). ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʩʝʡʩʤʠʯʥʦʩʪʠ ʚʦʟʤʦʞʥʳ ʩʤʝʱʝʥʠʷ ʠ ʭʨʫʧʢʠʝ ʨʘʟʨʫʰʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʵʣʝʤʝʥ-

ʪʦʚ ʩʪʨʦʧʠʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ: ʧʦʜʢʦʩʳ ʩʤʝʱʘʶʪʩʷ ʚʦ ʚʨʫʙʢʘʭ, ʘ ʩʪʦʡʢʠ ʠ ʧʨʦ-
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ʛʦʥʳ ï ʩ ʦʧʦʨ; ʧʨʦʠʩʭʦʜʠʪ ʩʢʘʣʳʚʘʥʠʝ ʜʨʝʚʝʩʠʥʳ ʚ ʦʧʦʨʥʳʭ ʫʟʣʘʭ ʩʪʨʦʧʠʣʴ-

ʥʳʭ ʥʦʛ ʠ ʪ. ʧ. ɺʳʩʦʢʠʝ ʩʝʡʩʤʠʯʝʩʢʠʝ ʪʦʣʯʢʠ ʚʳʟʳʚʘʶʪ ʧʦʪʝʨʶ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʧʨʦʩʪʝʥʢʦʚ (ʨʠʩ. 1, ʚ), ʚʳʩʢʘʢʠʚʘʥʠʝ ʰʢʘʥʪʦʚ ʚʝʨʭʥʠʭ ʚʝʥʮʦʚ ʠʟ ʛʥʝʟʜ, ʨʘʟʨʫ-

ʰʝʥʠʝ ʦʩʪʝʢʣʝʥʠʷ ʦʢʦʥ, ʟʘʢʣʠʥʠʚʘʥʠʝ ʜʚʝʨʝʡ (ʚʩʣʝʜʩʪʚʠʝ ʠʩʢʘʞʝʥʠʷ ʧʨʦʝʤʦʚ). 

ɺ ʜʚʫʭʵʪʘʞʥʳʭ ʟʜʘʥʠʷʭ ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʘʩʴ ʧʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʥʪʨʬʦʨʩʦʚ 

ʧʨʦʜʦʣʴʥʳʭ ʩʪʝʥ (ʨʠʩ. 1, ʛ). ɺ ʣʝʥʪʦʯʥʳʭ ʬʫʥʜʘʤʝʥʪʘʭ ʦʪʤʝʯʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ 

ʪʨʝʱʠʥ (ʨʠʩ.1, ʜ). ʆʪʤʝʯʝʥʥʳʝ ʥʘ ʨʠʩ.1 ʧʨʠʤʝʨʳ ʘʚʘʨʠʡʥʳʭ ʩʦʩʪʦʷʥʠʡ ʟʜʘʥʠʡ 

ʚ ʈʝʩʧʫʙʣʠʢʝ ɸʣʪʘʡ, ʦʯʝʚʠʜʥʦ, ʪʨʝʙʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʧʨʝʜʣʦʞʝʥʠʡ ʧʦ ʧʦʚʳʰʝʥʠʶ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʟʜʘʥʠʡ. 

 

ʘ)          ʙ)  

 

ʚ)       ʛ)  ʜ)  

 

ʈʠʩ. 1. ʇʨʠʤʝʨʳ ʘʚʘʨʠʡʥʳʭ ʩʦʩʪʦʷʥʠʡ ʟʜʘʥʠʡ ʚ ʈʝʩʧʫʙʣʠʢʝ ɸʣʪʘʡ: 

ʘ) ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ ʠ ʦʪʩʣʘʠʚʘʥʠʝ ʰʪʫʢʘʪʫʨʢʠ ʩʪʝʥ ʦʜʥʦʵʪʘʞʥʦʛʦ ʟʜʘʥʠʷ ʠʟ ʙʨʫ-

ʩʘ (ʩ. ʆʨʪʦʣʳʢ); ʙ) ʪʨʝʱʠʥʘ ʚ ʧʦʧʝʨʝʯʥʦʡ ʢʠʨʧʠʯʥʦʡ ʩʪʝʥʝ (ʙʨʘʥʜʤʘʫʨʝ) ʦʜʥʦ-

ʵʪʘʞʥʦʛʦ ʟʜʘʥʠʷ (ʩ. ʆʥʛʫʜʘʡ); ʚ) ʜʝʬʦʨʤʘʮʠʠ ʧʨʦʩʪʝʥʢʦʚ ʥʘʨʫʞʥʦʡ ʧʨʦʜʦʣʴʥʦʡ 

ʩʪʝʥʳ ʟʜʘʥʠʷ ʩʨʝʜʥʝʡ ʰʢʦʣʳ (ʩ. ʏʘʛʘʥ-ʋʟʫʥ); ʛ) ʜʝʬʦʨʤʘʮʠʠ ʢʦʥʪʨʬʦʨʩʘ 

ʥʘʨʫʞʥʦʡ ʧʨʦʜʦʣʴʥʦʡ ʩʪʝʥʳ ʜʚʫʭʵʪʘʞʥʦʛʦ ʟʜʘʥʠʷ ʩʨʝʜʥʝʡ ʰʢʦʣʳ (ʩ. ʄʫʭʦʨ-

ʊʘʨʭʘʪʘ); ʜ) ʪʨʝʱʠʥʳ ʚ ʬʫʥʜʘʤʝʥʪʝ ʦʜʥʦʵʪʘʞʥʦʛʦ ʟʜʘʥʠʷ ʩʨʝʜʥʝʡ ʰʢʦʣʳ (ʩ. 

ɼʞʘʟʘʪʦʨ) 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʠʥʝʨʮʠʦʥʥʳʭ ʫʩʠʣʠʡ ʥʘ ʟʜʘʥʠʷ ʧʨʠ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʩʥʠʟʠʪʴ ʩʦʙʩʪʚʝʥʥʫʶ ʤʘʩʩʫ ʢʦʥʩʪʨʫʢʮʠʡ. ʅʘ ʨʠʩ. 2 ʧʨʝʜ-
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ʩʪʘʚʣʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʩʝʡʩʤʦʩʪʦʡʢʦʛʦ ʨʫʙʣʝʥʦʛʦ ʟʜʘʥʠʷ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʦʩʦ-

ʙʝʥʥʦʩʪʷʤʠ: 

- ʚʦ-ʧʝʨʚʳʭ, ʚʟʘʤʝʥ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʪʨʦʧʠʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʥʘʩʣʦʥʥʳ-

ʤʠ ʩʪʨʦʧʠʣʘʤʠ ʠ ʩʧʣʦʰʥʦʛʦ ʥʘʩʪʠʣʘ ʠʩʧʦʣʴʟʦʚʘʥʳ ʣʝʛʢʠʝ ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʝ 

ʣʠʩʪʳ, ʦʧʠʨʘʶʱʠʝʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʢʦʥʴʢʦʚʳʡ ʧʨʦʛʦʥ ʠ ʥʘʨʫʞʥʳʝ ʙʨʫʩʴʷ 

(ʦʙʚʷʟʢʠ); 

- ʚʦ-ʚʪʦʨʳʭ, ʪʘʢʫʶ ʦʙʣʝʛʯʝʥʥʫʶ ʢʨʳʰʫ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʧʠʨʘʪʴ ʥʘ ʦʪʜʝʣʴ-

ʥʳʝ ʧʦʩʪʘʚʣʝʥʥʳʝ ʧʦ ʧʝʨʠʤʝʪʨʫ ʩʪʦʡʢʠ, ʞʝʩʪʢʦ ʟʘʱʝʤʣʝʥʥʳʝ ʚ ʫʨʦʚʥʝ ʬʫʥʜʘ-

ʤʝʥʪʦʚ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʙʚʷʟʢʘʤʠ ʧʦʚʝʨʭʫ ʠ ʟʘʤʢʥʫʪʳʝ ʧʦ ʫʛʣʘʤ ʚ ʛʦʨʠʟʦʥʪʘʣʴ-

ʥʫʶ ʨʘʤʫ. 

ʇʨʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ, ʩʪʦʡʢʠ ʠʛʨʘʶʪ ʨʦʣʴ ʤʘʷʪʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʨʘʩʢʘʯʠʚʘ-

ʷʩʴ, ʜʝʡʩʪʚʫʶʪ ʥʘ ʥʘʨʫʞʥʳʝ ʩʪʝʥʳ ʚ ʫʛʣʘʭ ʠ ʚʥʫʪʨʝʥʥʠʝ ʩʪʝʥʳ ʚ ʧʨʠʤʳʢʘʥʠʷʭ 

(ʢ ʥʘʨʫʞʥʳʤ) ʯʝʨʝʟ ʜʝʤʧʬʝʨʳ, ʩʤʷʛʯʘʶʱʠʝ ʩʝʡʩʤʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ. ʈʦʣʴ 

ʜʝʤʧʬʝʨʦʚ ʤʦʛʫʪ ʠʛʨʘʪʴ ʧʨʦʢʣʘʜʢʠ ʠʟ ʪʚʝʨʜʦʡ ʨʝʟʠʥʳ (ʧʦʣʠʩʫʣʴʬʠʜ ʢʘʫʯʫʢʘ), 

ʧʨʫʞʠʥʳ (ʪʘʨʝʣʴʯʘʪʳʝ ʠʣʠ ʨʝʩʩʦʨʥʳʝ), ʘ ʪʘʢʞʝ ʜʝʨʝʚʷʥʥʳʝ ʧʨʦʢʣʘʜʢʠ ʩ ʨʘʙʦ-

ʪʦʡ ʜʨʝʚʝʩʠʥʳ ʥʘ ʩʤʷʪʠʝ ʧʦʧʝʨʝʢ ʚʦʣʦʢʦʥ [2]. 

 
 

ʈʠʩ. 2. ʂʦʥʩʪʨʫʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʦʜʥʦʵʪʘʞʥʦʛʦ ʨʫʙʣʝʥʦʛʦ ʟʜʘʥʠʷ ʩ ʦʙʣʝʛʯʝʥʥʦʡ 

ʢʨʳʰʝʡ, ʦʧʝʨʪʦʡ ʥʘ ʦʪʜʝʣʴʥʦ ʧʦʩʪʘʚʣʝʥʥʳʝ ʧʦ ʧʝʨʠʤʝʪʨʫ ʩʪʦʡʢʠ, ʠ ʧʨʦʢʣʘʜ-

ʢʘʤʠ-ʜʝʤʧʬʝʨʘʤʠ (ʚ ʤʝʩʪʘʭ ʧʨʠʤʳʢʘʥʠʷ ʩʪʦʝʢ ʢ ʩʪʝʥʘʤ) 

 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʥʘ ʧʨʠʤʝʨʘʭ ʤʦʜʝʣʝʡ ʦʜʥʦʵʪʘʞʥʦʛʦ ʨʫʙʣʝʥʦʛʦ 
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ʟʜʘʥʠʷ ʠʟ ʙʨʫʩʴʝʚ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʨʝʰʝʥʠʷ (ʨʘʟʤʝʨʦʤ ʚ ʧʣʘʥʝ: 6ʭ12 ʤʝʪʨʦʚ) ʩ 

ʧʨʦʜʦʣʴʥʦʡ ʠ ʧʦʧʝʨʝʯʥʦʡ ʩʪʝʥʘʤʠ (ʨʠʩ. 3), ʠ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ çʢʘʯʘʶʱʠʤʠ-

ʩʷè ʩʪʦʡʢʘʤʠ (ʨʠʩ. 4), ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʧʨʝʜʣʦʞʝʥʠʝʤ, ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʳʤ ʥʘ ʨʠʩʫʥʢʝ 2.  

ʈʘʩʯʝʪʳ ʥʘ ʩʝʡʩʤʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʥʘ ʙʘʟʝ ʚʳʯʠʩʣʠʪʝʣʴ-

ʥʦʛʦ ʢʦʤʧʣʝʢʩʘ çʃʀʈɸ-ʉɸʇʈè. 

ɺ ʤʦʜʝʣʷʭ, ʙʨʫʩʴʷ ʩʪʝʥ ʟʜʘʥʠʡ (ʩʝʯʝʥʠʝʤ 200ʭ200 ʤʤ) ʟʘʜʘʚʘʣʠʩʴ ʧʣʘʩʪʠʥ-

ʯʘʪʳʤʠ ʢʦʥʝʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʦʙʦʣʦʯʢʠ ʩ ʥʘʟʥʘʯʝʥʠʝʤ ʫʩʣʦʚʠʡ ʰʘʨʥʠʨʥʦʩʪʠ 

ʩʦʧʨʷʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ (ʩ ʧʦʤʦʱʴʶ ʧʨʦʮʝʜʫʨʳ ʨʘʩʰʠʚʢʠ ʫʟʣʦʚ 

ʧʣʘʩʪʠʥ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ). ʂʨʦʤʝ ʪʦʛʦ, ʞʝʩʪʢʦʩʪʥʳʝ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʜʣʷ ʜʝʨʝʚʷʥʥʳʭ ʩʪʝʥʦʚʳʭ ʙʨʫʩʴʝʚ ʙʳʣʠ ʟʘʜʘʥʳ ʢʘʢ ʜʣʷ ʦʨʪʦʪʨʦʧʥʦʛʦ 

ʪʝʣʘ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʨʤʘʤʠ [3]:  ʄʇʘE 100000 ; ʄʇʘE 40090 ; 

ʄʇʘG 500 ; 45,00.90 ; 018,090.0 .  ʕʣʝʤʝʥʪʳ ʩʪʨʦʧʠʣʴʥʦʡ ʩʠʩʪʝʤʳ 

(ʩʪʨʦʧʠʣʴʥʳʝ ʥʦʛʠ, ʩʪʦʡʢʠ, ʣʝʞʥʠ, ʢʦʥʴʢʦʚʳʝ ʙʨʫʩʴʷ, ʦʙʚʷʟʢʠ), ʘ ʪʘʢʞʝ çʢʘʯʘ-

ʶʱʠʝʩʷè ʩʪʦʡʢʠ (ʨʠʩ. 4) ʤʦʜʝʣʠʨʦʚʘʣʠʩʴ ʩʪʝʨʞʥʝʚʳʤʠ ʢʦʥʝʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. 

ɼʝʤʧʬʝʨʳ ʤʝʞʜʫ ʩʪʦʡʢʘʤʠ ʠ ʩʪʝʥʘʤʠ ʙʳʣʠ ʟʘʜʘʥʳ ʚ ʚʠʜʝ ʧʨʦʢʣʘʜʦʢ ʠʟ ʪʚʝʨ-

ʜʦʡ ʨʝʟʠʥʳ  ʩ ʞʝʩʪʢʦʩʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʄʇʘE 10 ; 45,0 (ʢʘʢ, ʚ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷʭ [2]). ʌʫʥʜʘʤʝʥʪʳ ʚ ʟʜʘʥʠʷʭ ʤʦʜʝʣʠʨʦʚʘʣʠʩʴ ʣʝʥʪʦʯʥʳʤʠ ʞʝʣʝʟʦ-

ʙʝʪʦʥʥʳʤʠ, ʫʩʪʨʘʠʚʘʝʤʳʤʠ ʥʘ ʛʨʫʥʪʦʚʦʤ ʦʩʥʦʚʘʥʠʠ ʩ ʥʘʟʥʘʯʝʥʠʝʤ ʢʦʵʬʬʠʮʠ-

ʝʥʪʦʚ ʧʦʩʪʝʣʠ, ʚʳʯʠʩʣʝʥʥʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʨʤʘʤʠ [4]. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʠʣʘʤʠ [5], ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʤʝʥʴʰʝʡ ʞʝʩʪʢʦʩʪʠ (ʧʦʧʝ-

ʨʝʢ ʟʜʘʥʠʷ) ʚ ʤʦʜʝʣʷʭ ʩʦʟʜʘʚʘʣʠʩʴ ʩʝʡʩʤʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚ 7-9 ʙʘʣʣʦʚ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʦʚ ʤʦʜʝʣʠ ʟʜʘʥʠʷ ʪʨʘʜʠʮʠʦʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʦʪʤʝ-

ʯʘʣʠʩʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠ ʠʥʪʝʥʩʠʚʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʪʝʥ, ʦʩʦʙʝʥʥʦ ʙʨʫʩʴʝʚ ʚʝʨʭʥʠʭ 

ʚʝʥʮʦʚ; ʦʥʠ ʩʫʱʝʩʪʚʝʥʥʦ ʩʤʝʱʘʣʠʩʴ ʠʟ ʧʣʦʩʢʦʩʪʠ ʩʪʝʥ (ʨʠʩ. 3). ʂʨʦʤʝ ʪʦʛʦ, 

ʤʦʞʥʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʷʚʥʳʝ ʠʩʢʘʞʝʥʠʷ ʦʢʦʥʥʳʭ ʠ ʜʚʝʨʥʳʭ ʧʨʦʝʤʦʚ, ʘ 

ʪʘʢʞʝ ʥʘ ʠʟʤʝʥʝʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʦʤʝʱʝʥʠʡ ʚ ʧʣʘʥʝ. ɺʩʝ ʵʪʦ ʦʙʲʷʩʥʷʝʪ ʚʦʟ-

ʤʦʞʥʳʝ ʘʚʘʨʠʡʥʳʝ ʩʦʩʪʦʷʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʤʦʜʝʣʠ ʟʜʘʥʠʷ ʩ çʢʘʯʘʶʱʠʤʠʩʷè ʩʪʦʡʢʘʤʠ ʠ ʩ ʜʝʤʧ-

ʬʝʨʘʤʠ (ʧʦ ʨʠʩ. 2) ʧʦʜʪʚʝʨʜʠʣʠ ʧʦʚʳʰʝʥʥʫʶ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʴ ʵʪʦʛʦ ʢʦʥʩʪʨʫʢ-

ʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʣʝʙʘʥʠʷ ʩʪʝʥ ʟʜʘʥʠʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʤʝʥʴʰʝ, ʘ ʠʥʝʨʮʠʦʥʥʳʝ ʫʩʠʣʠʷ, ʧʝʨʝʜʘʚʘʝʤʳʝ ʯʝʨʝʟ çʢʘʯʘʶʱʠʝʩʷè ʩʪʦʡʢʠ: ʚʦ-

ʧʝʨʚʳʭ, ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʛʘʰʝʥʠʶ ʜʠʥʘʤʠʢʠ (ʟʘ ʩʯʝʪ ʘʤʦʨʪʠʟʘʪʦʨʦʚ-

ʜʝʤʧʬʝʨʦʚ), ʘ ʚʦ-ʚʪʦʨʳʭ, ʪʘʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʦʠʩʭʦʜʠʣʠ ʚ ʥʘʠʙʦʣʝʝ ʞʝʩʪʢʠʭ 

ʤʝʩʪʘʭ, - ʚ ʫʛʣʘʭ ʩʦʧʨʷʞʝʥʠʷ ʩʪʝʥ (ʨʠʩ. 4). 

ʆʙʨʘʱʘʷ ʚʥʠʤʘʥʠʝ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʤʦʜʝʣʠ ʟʜʘʥʠʷ ʪʨʘʜʠʮʠʦʥʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʘ ʠʤʝʥʥʦ ʥʘ ʩʤʝʱʝʥʠʷ ʙʨʫʩʴʝʚ ʚʝʨʭʥʠʭ ʚʝʥʮʦʚ ʠʟ ʧʣʦʩʢʦʩʪʠ ʩʪʝʥ, 

ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ, ʚʟʘʤʝʥ ʦʙʳʯʥʳʭ ʰʢʘʥʪʦʚ, - ʫʩʪʨʦʡʩʪʚʦ ʩʪʘʣʴʥʳʭ ʚʠʥʪʦʚʳʭ 

ʰʪʳʨʝʡ ʩ ʧʦʚʳʰʝʥʥʦʡ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴʶ ʧʨʠ ʚʳʜʝʨʛʠʚʘʥʠʠ (ʨʠʩ. 5). 
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ʘ)  ʙ)  

ʚ)  ʛ)  

 

ʈʠʩ. 3. ʈʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ (ʘ), 3D-ʚʠʜ (ʙ), ʜʝʬʦʨʤʠʨʦʚʘʥʥʘʷ ʩʭʝʤʘ (ʚ) ʠ ʦʜʥʘ ʠʟ 

ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ (ʛ) ʨʫʙʣʝʥʦʛʦ ʟʜʘʥʠʷ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʨʝʰʝʥʠʷ  

 

ʘ)  ʙ)  

ʚ)  ʛ)  

 

ʈʠʩ. 4. ʈʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ (ʘ), 3D-ʚʠʜ (ʙ), ʜʝʬʦʨʤʠʨʦʚʘʥʥʘʷ ʩʭʝʤʘ (ʚ) ʠ ʦʜʥʘ ʠʟ 

ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ (ʛ) ʨʫʙʣʝʥʦʛʦ ʟʜʘʥʠʷ ʩ ʢʨʳʰʝʡ, ʦʧʝʨʪʦʡ ʥʘ ʦʪʜʝʣʴʥʦ ʧʦʩʪʘʚ-

ʣʝʥʥʳʝ ʧʦ ʧʝʨʠʤʝʪʨʫ ʩʪʦʡʢʠ 
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ɼʣʷ ʠʟʙʝʞʘʥʠʷ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʩʪʝʥʢʦʚ ʠʟ ʩʚʦʝʡ ʧʣʦʩʢʦʩʪʠ (ʨʠʩ.1, 

ʚ, ʨʠʩ. 3), ʠʭ ʤʦʞʥʦ ʩʥʘʙʜʠʪʴ ʩʪʘʣʴʥʳʤʠ ʪʷʞʘʤʠ, ʧʨʦʧʫʱʝʥʥʳʤʠ ʚ ʦʪʚʝʨʩʪʠʷ 

ʙʨʫʩʴʝʚ (ʙʨʝʚʝʥ) ʧʦ ʚʩʝʡ ʚʳʩʦʪʝ, ʩ ʟʘʢʨʝʧʣʝʥʠʝʤ ʚʥʠʟʫ ʠ ʚʚʝʨʭʫ, ʠ ʩ ʧʦʩʪʘʥʦʚ-

ʢʦʡ ʥʘ ʚʝʨʭʥʝʤ ʚʝʥʮʝ ʘʤʦʨʪʠʟʘʪʦʨʦʚ (ʚ ʚʠʜʝ ʨʝʟʠʥʦʚʳʭ ʧʨʦʢʣʘʜʦʢ ʠʣʠ ʧʨʫ-

ʞʠʥ), ʰʘʡʙ ʠ ʛʘʝʢ (ʨʠʩ.5). ɼʣʷ ʜʚʫʭʵʪʘʞʥʳʭ ʟʜʘʥʠʡ (ʠʣʠ ʟʜʘʥʠʡ ʩ ʚʳʩʦʢʠʤʠ 

ʩʪʝʥʘʤʠ), ʪʘʢʠʝ ʪʷʞʠ ʤʦʞʥʦ ʫʩʪʨʘʠʚʘʪʴ ʠ ʧʦ ʫʛʣʘʤ ʧʦʤʝʱʝʥʠʡ. 

 

 
 

ʈʠʩ. 5. ʋʩʪʨʦʡʩʪʚʦ ʚ ʧʨʦʩʪʝʥʢʘʭ ʩʪʘʣʴʥʳʭ ʪʷʞʝʡ ʩ ʜʝʤʧʬʝʨʘʤʠ ʠ ʩʥʘʙʞʝʥʠʝ 

ʩʪʝʥ ʩʪʘʣʴʥʳʤʠ ʰʪʳʨʷʤʠ  

 

ʉ ʮʝʣʴʶ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʦʤʝʱʝʥʠʡ ʚ ʧʣʘʥʝ, ʧʦ 

ʚʝʨʭʫ ʧʝʨʝʢʨʳʪʠʡ ʤʦʞʥʦ ʫʩʪʨʘʠʚʘʪʴ ʢʨʝʩʪʦʚʳʝ ʩʚʷʟʠ (ʨʠʩ. 4). 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʤʘʩʩʳ ʩʪʝʥ ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʦʙʣʝʛʯʝʥʥʫʶ ʩʪʝʥʦʚʫʶ 

ʢʦʥʩʪʨʫʢʮʠʶ ʠʟ ʜʦʱʘʪʦʢʣʝʝʥʳʭ ʙʣʦʢʦʚ, ʫʪʝʧʣʝʥʥʳʭ ʵʬʬʝʢʪʠʚʥʳʤ ʫʪʝʧʣʠʪʝ-
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ʣʝʤ, ʩ ʦʙʰʠʚʢʘʤʠ ʠʟ ʩʘʡʜʠʥʛʘ, ʨʝʝʢ, ʜʦʱʘʪʳʭ ʱʠʪʦʚ [6]. ʂʨʦʤʝ ʪʦʛʦ, ʟʘ ʩʯʝʪ 

ʧʦʚʳʰʝʥʥʦʡ ʠʟʛʠʙʥʦʡ ʞʝʩʪʢʦʩʪʠ ɻ-ʦʙʨʘʟʥʳʭ ʠ ʊ-ʦʙʨʘʟʥʳʭ ʜʦʱʘʪʦʢʣʝʥʳʭ ʙʣʦ-

ʢʦʚ, ʨʘʟʤʝʱʘʝʤʳʭ ʚ ʫʛʣʘʭ ʟʜʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʪʝʥ ʧʨʠ ʟʝʤ-

ʣʝʪʨʷʩʝʥʠʷʭ. 

ɺ ʩʝʡʩʤʦʩʪʦʡʢʠʭ ʟʜʘʥʠʷʭ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʨʘʠʚʘʪʴ ʣʝʛʢʠʝ ʬʫʥʜʘʤʝʥʪʳ ʩ 

ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ ʩ ʘʤʦʨʪʠʟʘʮʠʝʡ ʩʝʡʩʤʠʯʝʩʢʠʭ ʪʦʣʯʢʦʚ, ʥʘʧʨʠʤʝʨ, 

ʬʫʥʜʘʤʝʥʪʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʢʦʨʦʪʢʠʤʠ ʩʚʘʷʤʠ, ʨʘʟʤʝʱʘʝʤʳʤʠ ʧʦ ʦʩʷʤ ʥʘʨʫʞ-

ʥʳʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʩʪʝʥ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ, ʩʚʘʠ ʤʦʞʥʦ ʨʘʩʢʨʝʧ-

ʣʷʪʴ ɻ-ʦʙʨʘʟʥʳʤʠ ʢʝʨʘʤʟʠʪʦʙʝʪʦʥʥʳʤʠ ʮʦʢʦʣʴʥʳʤʠ ʧʘʥʝʣʷʤʠ, ʢʦʪʦʨʳʝ ʦʙʨʘ-

ʟʫʶʪ ʨʘʤʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ, ʞʝʩʪʢʫʶ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʠ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚ-

ʣʝʥʠʷʭ [7]. 

ɺ ʤʦʥʦʛʨʘʬʠʠ [7] ʧʨʝʜʣʘʛʘʶʪʩʷ ʠ ʜʨʫʛʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʧʦ ʧʦ-

ʚʳʰʝʥʠʶ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʜʝʨʝʚʷʥʥʳʭ ʟʜʘʥʠʡ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚ ʩʪʘʪʴʝ ʢʦʥʩʪʨʫʢ-

ʪʠʚʥʳʝ ʧʨʝʜʣʦʞʝʥʠʷ ʪʨʝʙʫʶʪ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʨʤʘ-

ʤʠ [5], ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʦʤʦʱʠ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʙʘʟʝ 

ʄʂʕ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɼʤʠʪʨʠʝʚ, ʇ.ɸ. ʆ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʤʝʨʘʭ, ʧʦʚʳʰʘʶʱʠʭ ʩʝʡʩʤʦʩʪʦʡ-

ʢʦʩʪʴ ʤʘʣʦʵʪʘʞʥʳʭ ʟʜʘʥʠʡ ʠʟ ʮʝʣʴʥʦʡ ʠʣʠ ʤʘʩʩʠʚʥʦʡ ʢʣʝʝʥʦʡ ʜʨʝʚʝʩʠʥʳ / ʇ. 

ɸ. ɼʤʠʪʨʠʝʚ, ʆ. ɸ. ʄʠʭʘʡʣʝʥʢʦ, ɸ.ɻ. ʂʦʥʜʘʢʦʚ // ʀʟʚ. ʚʫʟʦʚ. ʉʪʨʦʠʪʝʣʴʩʪʚʦ. ï 

2014. - ˉ5. - ʉ. 5-12. 

2. ʄʠʭʘʡʣʝʥʢʦ, ʆ. ɸ. ʅʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʜʨʝʚʝʩʠʥʳ 

ʧʦʜ ʰʘʡʙʦʡ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʪʦʨʮʝ ʩʪʝʨʞʥʷ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ, ʧʨʠ 

ʫʜʘʨʝ ʚʜʦʣʴ ʚʦʣʦʢʦʥ / ʆ. ɸ. ʄʠʭʘʡʣʝʥʢʦ, ʇ.ɸ. ɼʤʠʪʨʠʝʚ // ʀʟʚ. ʚʫʟʦʚ. ʉʪʨʦʠ-

ʪʝʣʴʩʪʚʦ ï 2013. - ˉ11-12. ï ʉ. 58-65. 

3. ʉʇ 64.13330.2017. ʉʚʦʜ ʧʨʘʚʠʣ. ɼʝʨʝʚʷʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ. ɸʢʪʫʘʣʠʟʠ-

ʨʦʚʘʥʥʘʷ ʨʝʜʘʢʮʠʷ ʉʅʠʇ II-25-80. - ʄ.: ʄʠʥʩʪʨʦʡ ʈʦʩʩʠʠ, 2017. ï 97ʩ. 

4. ʉʇ 22.13330.2016. ʉʚʦʜ ʧʨʘʚʠʣ. ʆʩʥʦʚʘʥʠʷ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. ɸʢʪʫ-

ʘʣʠʟʠʨʦʚʘʥʥʘʷ ʨʝʜʘʢʮʠʷ ʉʅʠʇ 2.02.01-83. - ʄ.: ʄʠʥʩʪʨʦʡ ʈʦʩʩʠʠ, 2017. ï 220ʩ. 

5. ʉʇ 14.13330-2014. ʉʚʦʜ ʧʨʘʚʠʣ. ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʚ ʩʝʡʩʤʠʯʝʩʢʠʭ ʨʘʡʦʥʘʭ. 

ɸʢʪʫʘʣʠʟʠʨʦʚʘʥʥʘʷ ʨʝʜʘʢʮʠʷ ʉʅʠʇ II-7-81*. - ʄ.: ʄʠʥʩʪʨʦʡ ʈʦʩʩʠʠ, 2014. ï 

125ʩ. 

6. ʇʘʪ. 2499106 RU, E 04ɺ 2/70. ʉʪʝʥʦʚʘʷ ʢʦʥʩʪʨʫʢʮʠʷ / ɼʤʠʪʨʠʝʚ ʇ. ɸ., 

ɾʘʜʘʥʦʚ ɺ.ʀ., ʋʢʨʘʠʥʯʝʥʢʦ ɼ.ɸ., ʀʥʞʫʪʦʚ ʀ.ʉ.; ɿʘʷʚʣʝʥʦ 26.04.2012; ʆʧʫʙʣ. 

20.11.2013, ɹʶʣ. ˉ 32. 

7. ɼʤʠʪʨʠʝʚ ʇ.ɸ. ɹʘʰʥʠ. ʄʘʯʪʳ. ɹʝʟʤʝʪʘʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ. ʃʝʩʘ ʠ ʧʦʜ-

ʤʦʩʪʠ. ʆʧʦʨʳ ʚʦʟʜʫʰʥʳʭ ʃʕʇ. ʉʝʡʩʤʦʩʪʦʡʢʠʝ ʟʜʘʥʠʷ ʠ ʩʦʦʨʫʞʝʥʠʷ: ʤʦʥʦ-

ʛʨʘʬʠʷ ï ʂʨʘʩʥʦʷʨʩʢ: ʂʨʘʩɻɸʉɸ, 2006. ï 170 ʩ. 

 

 

  



113 

 

ʋɼʂ 624.011.2 

ʈɸɹʆʊɸ ʂɸʈʅʀɿʅʓʍ ʋɿʃʆɺ ʊʈɽʍʐɸʈʅʀʈʅʓʍ ɼɽʈɽɺʗʅʅʓʍ 

ʈɸʄ ʇʈʀ ɼʀʅɸʄʀʏɽʉʂʀʍ ʅɸɻʈʋɿʂɸʍ 

ʆ.ɸ. ʄʠʭʘʡʣʝʥʢʦ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʬʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥ-

ʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ  

çɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 

 
ɸʥʥʦʪʘʮʠʷ. ʄʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʩʩʣʝʜʦʚʘʥʦ ʩʣʦʞʥʦʝ ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷ-

ʥʠʝ ʚ ʢʘʨʥʠʟʥʳʭ ʫʟʣʘʭ ʪʨʝʭʰʘʨʥʠʨʥʳʭ ʜʝʨʝʚʷʥʥʳʭ ʨʘʤ ʧʨʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʢʘʭ. ʈʘʩ-

ʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʢʘʨʥʠʟʥʳʭ ʫʟʣʦʚ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʝʪʦʚ ʤʦʜʝʣʝʡ  ʨʘʤ ʩ ʫʯʝʪʦʤ ʘʥʠʟʦʪʨʦʧʠʠ ʜʨʝʚʝʩʠʥʳ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʝʭʰʘʨʥʠʨʥʳʝ ʜʝʨʝʚʷʥʥʳʝ ʨʘʤʳ, ʢʘʨʥʠʟʥʳʝ ʫʟʣʳ ʨʘʤ, 

ʜʠʥʘʤʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ, ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʘʥʠʟʦʪʨʦʧʠʷ ʜʨʝʚʝʩʠʥʳ. 

 

WORK OF EARNESTIC KNOTS OF THREE -SHEARED WOODEN 

FRAMES WITH DYNAMIC LOADS  

O.A. Mikhailenko  

Rubtsovsky Industrial Institute (branch) of the federal governmentôs budget educa-

tional institution of higher education "Altai State Technical University named after 

I.I. Polzunova" 

 
Abstract. The finite element method has been used to study the complex stress state in the 

eaves of three-hinged wooden frames under dynamic loads. Various design solutions of eaves nodes 

are considered. The results of calculations of frame models taking into account the anisotropy of 

wood are given. 

Keywords: three-hinged wooden frames, cornice frames, wooden buildings of 

logs (bars), buildings of laminated wood, dynamic load, numerical simulation, wood 

anisotropy. 

 

ʂʘʨʥʠʟʥʳʝ ʫʟʣʳ ʪʨʝʭʰʘʨʥʠʨʥʳʭ ʜʝʨʝʚʷʥʥʳʭ ʨʘʤ ʷʚʣʷʶʪʩʷ ʦʩʦʙʦ ʦʪʚʝʪ-

ʩʪʚʝʥʥʳʤʠ.  ʉʪʘʪʠʯʝʩʢʠʝ, ʠ ʯʪʦ ʦʩʦʙʝʥʥʦ, ʜʠʥʘʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ (ʥʘʧʨʠʤʝʨ, 

ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ), ʩʦʟʜʘʶʪ ʚ ʪʘʢʠʭ ʫʟʣʘʭ ʤʘʢʩʠʤʘʣʴʥʳʝ ʠʟʛʠʙʘʶʱʠʝ 

ʤʦʤʝʥʪʳ ʠ ʩʣʦʞʥʦʝ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʀʟʚʝʩʪʝʥ ʮʝʣʳʡ 

ʨʷʜ ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʪʘʢʠʭ ʫʟʣʦʚ [1]. ʅʘ ʦʪʜʝʣʴʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝ-

ʰʝʥʠʷ ʧʦʣʫʯʝʥʳ ʧʘʪʝʥʪʳ ʈʌ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ [2, 3]. ʆʩʥʦʚʥʦʡ ʠʜʝʝʡ ʵʪʠʭ ʨʝʰʝ-

ʥʠʡ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʨʥʠʟʥʳʭ ʫʟʣʘʭ ʨʘʟʥʦʛʦ ʨʦʜʘ ʜʝʤʧʬʝʨʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʚ ʚʠʜʝ ʪʚʝʨʜʳʭ ʨʝʟʠʥ, ʧʨʫʞʠʥ ʠ ʪ.ʜ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʪʜʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʜʨʝʚʝʩʠʥʝ ʢʘʨʥʠʟʥʳʭ ʫʟʣʦʚ ʜʣʷ ʥʝʢʦʪʦ-

ʨʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ. ʉʪʘʪʠʯʝʩʢʠʝ, ʘ ʚʧʦʩʣʝʜʩʪʚʠʠ, ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ 

(ʥʘ ʠʤʧʫʣʴʩʥʫʶ ʥʘʛʨʫʟʢʫ) ʨʘʩʯʝʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ 

çʃʀʈɸ-ʉɸʇʈè ʥʘ ʧʨʠʤʝʨʝ ʣʠʥʝʡʥʦʡ ʧʣʦʩʢʦʡ ʤʦʜʝʣʠ ʪʨʸʭʰʘʨʥʠʨʥʦʡ ʜʦʱʘʪʦ-

ʢʣʝʸʥʦʡ ʨʘʤʳ ʧʨʦʣʝʪʦʤ 18 ʤ (ʨʠʩ. 1): ʩ ʚʳʩʦʪʦʡ ʜʦ ʢʘʨʥʠʟʘ 3 ʤ ʠ ʜʦ ʢʦʥʴʢʘ ï 

6,5 ʤ, ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʨʘʟʤʝʨʦʤ ʩʝʯʝʥʠʷ 160ʭ700 ʤʤ (ʚ ʢʘʨʥʠʟʝ), ʠ ʤʠʥʠʤʘʣʴ-
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ʥʳʤ ï 160ʭ200 ʤʤ (ʥʘ ʦʧʦʨʝ ʠ ʚ ʢʦʥʴʢʝ).  ʅʘʛʨʫʟʢʘ ʟʘʜʘʚʘʣʘʩʴ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ 

ʥʘʛʨʫʟʢʦʡ P=36 ʢʅ ʚ ʰʝʩʪʠ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʪʦʯʢʘʭ. ɺ ʢʘʨʥʠʟʥʦʤ 

ʫʟʣʝ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʨʷʜ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʙʳʣʘ ʜʠʩ-

ʢʨʝʪʠʟʠʨʦʚʘʥʘ ʥʘ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʦʙʦʣʦʯʢʠ. ɾʝʩʪʢʦʩʪʥʳʝ  ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʜʨʝʚʝʩʠʥʳ ʙʳʣʠ ʟʘʜʘʥʳ ʢʘʢ ʜʣʷ ʦʨʪʦʪʨʦʧʥʦʛʦ ʪʝʣʘ: ʄʇʘE 100000 ; 

ʄʇʘE 40090 ; ʄʇʘG 500 ; 45,00.90 ; 018,090.0 , ʩʦʛʣʘʩʥʦ [4]. 

ɼʠʥʘʤʠʯʝʩʢʠʝ ʟʘʛʨʫʞʝʥʠʷ (ʛʨʫʟʳ P=36 ʢʅ ʧʘʜʘʣʠ ʥʘ ʨʠʛʝʣʴ ʨʘʤʳ ʚ ʰʝʩʪʠ 

ʪʦʯʢʘʭ ʩ ʨʘʟʥʦʡ ʚʳʩʦʪʳ) ʩʦʟʜʘʚʘʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʦʡ ʨʘʩʯʝʪʘ ʥʘ 

ʠʤʧʫʣʴʩʠʚʥʫʶ ʠ ʫʜʘʨʥʫʶ ʥʘʛʨʫʟʢʫ ʩ ʥʘʭʦʞʜʝʥʠʝʤ ʠ ʟʘʜʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʫʜʘʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ [5]. 

 

 
 

ʈʠʩ. 1. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʨʘʤʳ ʧʨʠ ʥʘʛʨʫʟʢʘʭ ʚ ʰʝʩʪʠ ʪʦʯʢʘʭ (ʛʨʫʟ P = 36ʢʅ; ʧʨʠ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘʛʨʫʞʝʥʠʷʭ, - ʧʘʜʘʶʱʠʡ ʩ ʨʘʟʥʦʡ ʚʳʩʦʪʳ) 

 

ʇʨʠ ʨʘʩʯʝʪʘʭ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚ ʜʨʝʚʝʩʠʥʝ ʥʘ ʨʘʩ-

ʩʪʦʷʥʠʠ 70 ʤʤ ʦʪ ʙʠʩʩʝʢʪʨʠʩʥʦʛʦ ʩʝʯʝʥʠʷ ʢʘʨʥʠʟʥʦʛʦ ʫʟʣʘ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʷʭ (ʨʠʩ. 2): ʩ ʢʣʝʝʚʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʥʘ ʟʫʙʯʘʪʳʡ ʰʠʧ (ʘ); ʩ 

ʚʢʣʝʝʥʥʳʤʠ ʩʪʝʨʞʥʷʤʠ (ʙ); ʩ ʢʣʝʝʚʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʥʘ ʟʫʙʯʘʪʳʡ ʰʠʧ ʠ ʩ ʞʝʩʪ-

ʢʦ ʩʚʷʟʘʥʥʳʤ ʧʦʜʢʦʩʦʤ (ʚ); ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʝʤʧʬʝʨʦʚ ʚ ʚʠʜʝ ʞʝʩʪʢʦʡ ʨʝʟʠ-

ʥʳ, ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʳ ʠ ʚʢʣʝʝʥʥʳʭ ʩʪʝʨʞʥʝʡ (ʛ). 

ʂʣʝʝʚʦʝ ʩʦʝʜʠʥʝʥʠʝ ʥʘ ʟʫʙʯʘʪʳʡ ʰʠʧ ʤʦʜʝʣʠʨʦʚʘʣʦʩʴ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʮʝ-

ʜʫʨʳ ʦʙʲʝʜʠʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʝʨʝʤʝʱʝʥʠʡ ʫʟʣʦʚ ʧʦ ʢʦʥʪʘʢʪʫ ʵʣʝʤʝʥ-

ʪʦʚ  ʩʪʦʡʢʠ ʠ ʨʠʛʝʣʷ ʨʘʤʳ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ, ʢʦʥʪʘʢʪ ʫʩʪʨʘʠ-

ʚʘʣʩʷ ʧʦ ʢʨʘʡʥʠʤ ʟʦʥʘʤ ʙʠʩʩʝʢʪʨʠʩʥʦʛʦ ʩʝʯʝʥʠʷ ʠ ʩʦʩʪʘʚʣʷʣ 90 ʤʤ). ʇʨʠ ʨʘʩ-

ʯʝʪʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʢʣʝʝʥʥʳʭ ʩʪʝʨʞʥʝʡ ʜʠʘʤʝʪʨʦʤ 30 ʤʤ, ʛʣʫʙʠʥʘ ʠʭ ʚʢʣʝ-

ʠʚʘʥʠʷ ʧʨʠʥʠʤʘʣʘʩʴ ʤʤl 7503025 , ʩʦʛʣʘʩʥʦ [4]. ɺ ʨʘʩʯʝʪʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʞʝʩʪʢʦʡ ʨʝʟʠʥʳ, ʝʸ ʫʧʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʥʠʤʘʣʠʩʴ ʄʇʘE 20 ; 

45,0 .  
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ʘ) ʙ)  

ʚ) ʛ)  

 

ʈʠʩ. 2. ʌʨʘʛʤʝʥʪʳ ʤʦʜʝʣʝʡ ʢʘʨʥʠʟʥʳʭ ʫʟʣʦʚ: ʩ ʢʣʝʝʚʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʥʘ ʟʫʙʯʘ-

ʪʳʡ ʰʠʧ (ʘ); ʩ ʚʢʣʝʝʥʥʳʤʠ ʩʪʝʨʞʥʷʤʠ (ʙ); ʩ ʢʣʝʝʚʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʥʘ ʟʫʙʯʘʪʳʡ 

ʰʠʧ ʠ ʩ ʞʝʩʪʢʦ ʩʚʷʟʘʥʥʳʤ ʧʦʜʢʦʩʦʤ (ʚ); ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʝʤʧʬʝʨʦʚ ʚ ʚʠʜʝ 

ʞʝʩʪʢʦʡ  ʨʝʟʠʥʳ, ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʳ ʠ ʚʢʣʝʝʥʥʳʭ ʩʪʝʨʞʥʝʡ (ʛ) 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʦʚ ʥʘ ʩʪʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʫʩʪʘʥʦʚʣʝ-

ʥʦ, ʯʪʦ ʚ ʜʨʝʚʝʩʠʥʝ ʙʠʩʩʝʢʪʨʠʩʥʦʛʦ ʩʝʯʝʥʠʷ ʫʟʣʦʚ ʚʦʟʥʠʢʘʝʪ ʩʣʦʞʥʦʝ ʥʘʧʨʷ-

ʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʚ ʯʘʩʪʥʦʩʪʠ, - ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʦʨʤʘʣʴʥʳʭ ʠ ʩʢʘʣʳʚʘʶʱʠʭ 

ʥʘʧʨʷʞʝʥʠʡ. ʅʘʠʙʦʣʝʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʘʷ ʩʠʪʫʘʮʠʷ ʥʘʙʣʶʜʘʣʘʩʴ ʧʨʠ ʨʝʰʝʥʠʠ 

ʫʟʣʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʣʝʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʟʫʙʯʘʪʳʡ ʰʠʧ (ʧʦ ʨʠʩ. 2, ʘ). ɺ ʟʦ-

ʥʘʭ ʢʦʥʪʘʢʪʘ ʨʠʛʝʣʷ ʠ ʩʪʦʡʢʠ ʚʦʟʥʠʢʘʣʠ ʟʥʘʯʠʪʝʣʴʥʳʝ çʚʩʧʣʝʩʢʠè ʥʦʨʤʘʣʴʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʜʝʡʩʪʚʫʶʱʠʭ ʚʜʦʣʴ ʠ ʧʦʧʝʨʝʢ ʚʦʣʦʢʦʥ, ʘ ʪʘʢʞʝ ʩʢʘʣʳʚʘʶʱʠʭ 

ʥʘʧʨʷʞʝʥʠʡ.  ɺʢʣʝʠʚʘʥʠʝ ʘʨʤʘʪʫʨʥʳʭ ʩʪʝʨʞʥʝʡ (ʧʦ ʨʠʩ. 2, ʙ) ʧʦʟʚʦʣʠʣʦ  ʩʥʠ-

ʟʠʪʴ ʚ ʜʨʝʚʝʩʠʥʝ ʥʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚʜʦʣʴ ʚʦʣʦʢʦʥ. 

ʇʦʣʦʞʠʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʙʳʣ ʦʪʤʝʯʝʥ ʚ ʨʝʰʝʥʠʠ ʫʟʣʘ ʩ ʢʣʝʝʚʳʤ ʩʦʝʜʠ-

ʥʝʥʠʝʤ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʞʝʩʪʢʦ ʩʚʷʟʘʥʥʳʤ ʧʦʜʢʦʩʦʤ (ʧʦ ʨʠʩ. 2, ʚ). ɺ ʮʝʣʦʤ, ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʥʦʩʠʣʦ ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʡ ʭʘʨʘʢʪʝʨ. ʆʜʥʘʢʦ ʥʦʨ-

ʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʩʤʷʪʠʷ ʚʜʦʣʴ ʚʦʣʦʢʦʥ 0ʠ ʩʢʘʣʳʚʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʩʢ

ʧʨʠʙʣʠʞʘʣʠʩʴ ʢ ʚʝʣʠʯʠʥʘʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʩʯʝʪʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ (ʨʠʩ. 

3). 
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ʈʠʩ. 3. ʕʧʶʨʳ ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚʜʦʣʴ ʚʦʣʦʢʦʥ (0), ʧʦʧʝʨʝʢ ʚʦʣʦʢʦʥ (

90) ʠ ʩʢʘʣʳʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ  (ʩʢ) ʚ ʜʨʝʚʝʩʠʥʝ (ʥʘ ʨʘʩʩʪʦʷʥʠʠ 70 ʤʤ ʦʪ 

ʙʠʩʩʝʢʪʨʠʩʥʦʛʦ ʩʝʯʝʥʠʷ) ʢʘʨʥʠʟʥʦʛʦ ʫʟʣʘ ʧʦ ʨʠʩ. 2, ʚ 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʞʝ ʚ ʢʘʨʥʠʟʥʦʤ ʫʟʣʝ ʜʝʤʧʬʝʨʦʚ ʚ ʚʠʜʝ ʞʝʩʪʢʦʡ  ʨʝʟʠʥʳ, 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʳ ʠ ʚʢʣʝʝʥʥʳʭ ʩʪʝʨʞʥʝʡ (ʧʦ ʨʠʩ. 2, ʛ), ʧʦʟʚʦʣʠʣʦ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʚ ʜʨʝʚʝʩʠʥʝ ʙʠʩʩʝʢʪʨʠʩʥʦʛʦ ʩʝʯʝʥʠʷ ʢʘʢ ʥʦʨʤʘʣʴʥʳʝ (0 , 90  ), 

ʪʘʢ ʠ ʩʢʘʣʳʚʘʶʱʠʝ (ʩʢ) ʥʘʧʨʷʞʝʥʠʷ (ʨʠʩ. 4).  

 

 
 

ʈʠʩ. 4. ʕʧʶʨʳ ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚʜʦʣʴ ʚʦʣʦʢʦʥ (0), ʧʦʧʝʨʝʢ ʚʦʣʦʢʦʥ (

90) ʠ ʩʢʘʣʳʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ  (ʩʢ) ʚ ʜʨʝʚʝʩʠʥʝ (ʥʘ ʨʘʩʩʪʦʷʥʠʠ 70 ʤʤ ʦʪ 

ʙʠʩʩʝʢʪʨʠʩʥʦʛʦ ʩʝʯʝʥʠʷ) ʢʘʨʥʠʟʥʦʛʦ ʫʟʣʘ ʧʦ ʨʠʩ. 2, ʛ 

 

ɹʦʣʴʰʝʛʦ ʵʬʬʝʢʪʘ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ, ʝʩʣʠ ʫʢʣʘʜʳʚʘʪʴ ʧʦʜ ʧʨʦʛʦʥʳ, ʦʧʠʨʘ-

ʶʱʠʝʩʷ ʥʘ ʨʠʛʝʣʴ ʨʘʤʳ, ʧʨʦʢʣʘʜʢʠ ʠʟ ʪʚʝʨʜʦʡ ʨʝʟʠʥʳ, ʚʳʧʦʣʥʷʶʱʠʝ ʨʦʣʴ 
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ʜʝʤʧʬʝʨʦʚ ʧʨʠ ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʢʘʭ. ʕʧʶʨʳ ʥʘʧʨʷʞʝʥʠʡ ʚ ʜʨʝʚʝʩʠʥʝ, ʧʦʣʫʯʝʥ-

ʥʳʝ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 5.  

 

 
 

ʈʠʩ. 5. ʕʧʶʨʳ ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚʜʦʣʴ ʚʦʣʦʢʦʥ (0), ʧʦʧʝʨʝʢ ʚʦʣʦʢʦʥ (

90) ʠ ʩʢʘʣʳʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ  (ʩʢ) ʚ ʜʨʝʚʝʩʠʥʝ (ʥʘ ʨʘʩʩʪʦʷʥʠʠ 70 ʤʤ ʦʪ 

ʙʠʩʩʝʢʪʨʠʩʥʦʛʦ ʩʝʯʝʥʠʷ) ʢʘʨʥʠʟʥʦʛʦ ʫʟʣʘ ʧʦ ʨʠʩ. 2, ʚ 

 

ʂʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʵʬʬʝʢʪ  ʦʪ ʧʨʝʜʣʘʛʘʝʤʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʤʝʨʦ-

ʧʨʠʷʪʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʫʩʪʨʦʡʩʪʚʘ ʚʢʣʝʝʥʥʳʭ ʚ ʜʨʝʚʝʩʠʥʫ ʩʪʝʨʞʥʝʡ ʠ ʨʘʟʤʝʱʝ-

ʥʠʷ ʜʝʤʧʬʝʨʦʚ (ʚ ʪʦʯʢʘʭ ʩʦʧʨʷʞʝʥʠʷ ʩ ʧʦʜʢʦʩʦʤ), ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʪʘʙʣʠʮʳ 

1. 

ʊʘʙʣʠʮʘ 1 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʥʘʧʨʷʞʝʥʠʡ ʚ ʜʨʝʚʝʩʠʥʝ (ʥʘ ʨʘʩʩʪʦʷʥʠʠ 70 ʤʤ ʦʪ ʙʠʩ-

ʩʝʢʪʨʠʩʥʦʛʦ ʩʝʯʝʥʠʷ) ʢʘʨʥʠʟʥʳʭ ʫʟʣʦʚ 

 ʂʦʥʩʪʨʫʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʢʘʨʥʠʟʥʦʛʦ 

ʫʟʣʘ 

ʅʘʧʨʷʞʝʥʠʷ, % 

0  90  ʩʢ 

ʩ ʢʣʝʝʚʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʥʘ ʟʫʙʯʘʪʳʡ ʰʠʧ 

ʠ ʩ ʞʝʩʪʢʦ ʩʚʷʟʘʥʥʳʤ ʧʦʜʢʦʩʦʤ (ʨʠʩ. 2, ʚ) 

100 100 100 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʝʤʧʬʝʨʦʚ ʚ ʚʠʜʝ 

ʞʝʩʪʢʦʡ  ʨʝʟʠʥʳ, ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʳ ʠ 

ʚʢʣʝʝʥʥʳʭ ʩʪʝʨʞʥʝʡ (ʨʠʩ. 2, ʛ) 

38 57 57 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʝʤʧʬʝʨʦʚ ʚ ʚʠʜʝ 

ʞʝʩʪʢʦʡ  ʨʝʟʠʥʳ, ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʳ ʠ 

ʚʢʣʝʝʥʥʳʭ ʩʪʝʨʞʥʝʡ (ʨʠʩ. 2, ʛ) (ʧʨʠ ʦʧʠʨʘʥʠʠ 

ʧʨʦʛʦʥʦʚ ʥʘ ʨʠʛʝʣʴ ʨʘʤʳ ʯʝʨʝʟ ʧʨʦʢʣʘʜʢʠ ʠʟ 

ʪʚʝʨʜʦʡ ʨʝʟʠʥʳ) 

35 53 55 

 

ɺʳʚʦʜ. 

ɺ ʜʨʝʚʝʩʠʥʝ ʢʘʨʥʠʟʥʳʭ ʫʟʣʦʚ ʪʨʝʭʰʘʨʥʠʨʥʳʭ ʨʘʤ ʚʦʟʥʠʢʘʝʪ ʦʧʘʩʥʦʝ 

ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʚʳʟʚʘʥʥʦʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʤ ʜʝʡʩʪʚʠʝʤ ʥʦʨʤʘʣʴʥʳʭ 

ʠ ʩʢʘʣʳʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʙʠʩʩʝʢʪʨʠʩʥʳʭ ʩʝʯʝʥʠʷʭ. ʉʠʪʫʘʮʠʷ ʫʩʫʛʫʙʣʷʝʪʩʷ 
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ʧʨʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʢʘʭ ʨʘʟʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʚʳʟʚʘʥʥʳʭ, ʥʘʧʨʠʤʝʨ, ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʝʤ. ʕʬʬʝʢʪʠʚʥʳʤ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʦʢʘʟʳʚʘʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ ʢʦʤʧʣʝʢ-

ʩʘ ʤʝʨ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʯʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʪʘʢʠʭ ʫʟʣʦʚ (ʦʩʦʙʝʥʥʦ 

ʧʨʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʢʘʭ), ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʚʳʰʝʥʠʝ ʘʤʦʨʪʠʟʘʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ (ʟʘ ʩʯʝʪ ʫʩʪʨʦʡʩʪʚʘ ʜʝʤʧʬʝʨʦʚ) ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʠʟʚʝʩʪʥʳʤʠ ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʳʤʠ ʧʨʠʝʤʘʤʠ (ʥʘʧʨʠʤʝʨ, ʚʢʣʝʠʚʘʥʠʝ ʘʨʤʘʪʫʨʥʳʭ ʩʪʝʨʞʥʝʡ). 

ʆʜʥʘʢʦ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʩʪʘʪʴʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ 

ʧʨʠʝʤʳ ʥʝ ʦʩʚʦʙʦʞʜʘʶʪ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ ʦʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʭ ʨʘʩʯʝʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʚʝʩʪʠ ʧʨʠ ʧʦʤʦʱʠ ʩʦʚʨʝʤʝʥʥʳʭ ʘʚʪʦ-

ʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʨʝʜʩʪʚ. 
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ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʜʦʤ ʙʳʣ ʪʝʧʣʳʤ ʦʛʨʘʞʜʘʶʱʠʤ ʢʦʥʩʪʨʫʢʮʠʷʤ ʥʝʦʙʭʦʜʠʤʘ 

ʢʘʯʝʩʪʚʝʥʥʘʷ ʪʝʧʣʦʟʘʱʠʪʘ, ʚʳʧʦʣʥʝʥʥʘʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʜʣʷ 

ʜʘʥʥʦʛʦ ʨʝʛʠʦʥʘ [2].  

ɼʣʷ ʢʦʤʬʦʨʪʥʦʛʦ ʧʨʦʞʠʚʘʥʠʷ ʚ ʜʦʤʝ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʥʝʤ ʜʦʣʞʥʘ 

ʙʳʪʴ ʚ ʧʨʝʜʝʣʘʭ +18...+22 Áʉ [1]. ɼʣʷ ʟʘʱʠʪʳ ʦʪ ʯʨʝʟʤʝʨʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ 

ʟʠʤʦʡ ʠ ʧʝʨʝʛʨʝʚʘ ʚ ʞʘʨʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʢʘʯʝʩʪʚʝʥʥʫʶ 

ʪʝʧʣʦʠʟʦʣʷʮʠʶ ʚʩʝʭ ʥʘʨʫʞʥʳʭ ʩʪʝʥ. 

ʇʨʦʚʝʜʝʤ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʪʨʝʭ ʩʦʚʨʝʤʝʥʥʳʭ ʫʪʝʧʣʠʪʝʣʝʡ: 

ʇɽʅʆʇʃʕʂʉ ʉʊɽʅɸ (ʨʠʩ. 1), KNAUF Therm ʌʘʩʘʜ (ʨʠʩ. 2), ʊɽʍʅʆʅʀʂʆʃʔ 

ʊɽʍʅʆʌɸʉ (ʨʠʩ. 3).  

ʊʝʧʣʦʪʝʭʥʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʧʨʦʠʟʚʦʜʠʣʩʷ ʧʦ ʬʦʨʤʫʣʝ 1: 

R0
ʧʨ

=R0
ʫʩʣ

 Ār Ó Ro
ʥʦʨʤ
, ʛʜʝ 

R0
ʧʨ

 ï ʧʨʠʚʝʜʝʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʧʣʦʧʝʨʝʜʘʯʝ, 

R0
ʫʩʣ

 ï ʫʩʣʦʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʧʣʦʧʝʨʝʜʘʯʝ,  

Ro
ʥʦʨʤ

 ï ʥʦʨʤʘʪʠʚʥʦʝ (ʪʨʝʙʫʝʤʦʝ) ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʧʣʦʧʝʨʝʜʘʯʝ. 

 

 
 

ʈʠʩ. 1. ʇʝʨʚʳʡ ʚʘʨʠʘʥʪ ʦʛʨʘʞʜʘʶʱʝʡ ʩʪʝʥʳ ʩ ʫʪʝʧʣʠʪʝʣʝʤ  ʇɽʅʆʇʃʕʂʉ 

ʉʊɽʅɸ 
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ʈʠʩ. 2. ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ ʦʛʨʘʞʜʘʶʱʝʡ ʩʪʝʥʳ ʩ ʫʪʝʧʣʠʪʝʣʝʤ  KNAUF Therm ʌʘ-

ʩʘʜ 

 

 
 

ʈʠʩ. 3. ʊʨʝʪʠʡ ʚʘʨʠʘʥʪ ʦʛʨʘʞʜʘʶʱʝʡ ʩʪʝʥʳ ʩ ʫʪʝʧʣʠʪʝʣʝʤ ʊɽʍʅʆʅʀʂʆʃʔ 

ʊɽʍʅʆʌɸʉ 

 

ʇʦʩʢʦʣʴʢʫ ʥʘʩʝʣʝʥʥʳʡ ʧʫʥʢʪ ʃʠʧʝʮʢ ʦʪʥʦʩʠʪʩʷ ʢ ʟʦʥʝ ʚʣʘʞʥʦʩʪʠ - ʥʦʨ-

ʤʘʣʴʥʦʡ, ʧʨʠ ʵʪʦʤ ʚʣʘʞʥʦʩʪʥʳʡ ʨʝʞʠʤ ʧʦʤʝʱʝʥʠʷ - ʥʦʨʤʘʣʴʥʳʡ, ʪʦ ʚ ʩʦʦʪʚʝʪ-
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ʩʪʚʠʠ ʩ ʪʘʙʣʠʮʝʡ 2 [3] ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʦʚ ʦʛʨʘʞʜʘ-

ʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʙʫʜʫʪ ʧʨʠʥʷʪʳ, ʢʘʢ ʜʣʷ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ɹ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʦʛʨʘʞʜʘʶʱʝʡ ʩʪʝʥʳ ʩ ʪʨʝʤʷ ʚʘʨʠʘʥʪʘʤʠ ʫʪʝʧʣʠʪʝʣʷ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 1 - 3. 

ʈʘʩʯʝʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ 
 ̄ ʅʘʠʤʝʥʦʚʘʥʠʝ ʫʪʝʧʣʠʪʝʣʷ R0

ʧʨ 
,ʤ

2
ĀÁʉ/ɺʪ

 
Ro
ʥʦʨʤ

,
 
ʤ

2
ĀÁʉ/ɺʪ

 

1 ʇɽʅʆʇʃʕʂʉ ʉʊɽʅɸ 3,5 

1,71 2 KNAUF Therm ʌʘʩʘʜ 2,7 

3 ʊɽʍʅʆʅʀʂʆʃʔ ʊɽʍʅʆʌɸʉ 2,78 

 

ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚʩʝ ʫʪʝʧʣʠʪʝʣʠ ʫʜʦ-

ʚʣʝʪʚʦʨʷʶʪ ʟʘʜʘʥʥʦʤʫ ʫʩʣʦʚʠʶ, ʥʦ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʤ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝ ʫʪʝʧʣʠʪʝʣʷ KNAUF Therm ʌʘʩʘʜ ʠʣʠ ʊɽʍʅʆʅʀʂʆʃʔ ʊɽʍʅʆʌɸʉ.  

ʉʨʘʚʥʠʤ ʪʨʠ ʫʪʝʧʣʠʪʝʣʷ ʧʦ ʩʪʦʠʤʦʩʪʠ. ɼʣʷ ʵʪʦʛʦ ʧʨʦʘʥʘʣʠʟʠʨʫʝʤ ʩʪʦʠ-

ʤʦʩʪʴ ʢʘʞʜʦʛʦ ʰʪʫʯʥʦʛʦ ʫʪʝʧʣʠʪʝʣʷ ʪʦʣʱʠʥʦʡ 100 ʤʤ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʦʤ ʨʳʥʢʝ 

(ʨʠʩ. 4). 

 

 
 

ʈʠʩ. 4. ʉʨʘʚʥʝʥʠʝ ʫʪʝʧʣʠʪʝʣʷ ʧʦ ʩʪʦʠʤʦʩʪʠ  

 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʩʪʦʠʤʦʩʪʴ ʢʘʞʜʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʚʳʧʫʩʢʘʝʤʳʝ ʨʘʟʤʝʨʳ, 

ʤr  ʤʦʞʝʤ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʳʤ ʙʫʜʝʪ ʫʪʝʧʣʠʪʝʣʴ 

KNAUF Therm ʌʘʩʘʜ. 

ɺʳʚʦʜ: ʩʨʘʚʥʠʚʘʷ ʜʚʘ ʧʦʢʘʟʘʪʝʣʷ ʫʪʝʧʣʠʪʝʣʝʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 
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ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʙʝʪʦʥ ï ʩʘʤʳʡ ʧʦʧʫʣʷʨʥʳʡ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʤʘʪʝʨʠ-

ʘʣ. ʆʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʝʟʜʝ, ʦʪ ʥʘʨʫʞʥʦʡ ʜʦ ʚʥʫʪʨʝʥʥʝʡ ʦʪʜʝʣʢʠ ʟʜʘʥʠʡ ʠ ʧʦʤʝ-

ʱʝʥʠʡ, ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʱʝʣʝʡ ʚ ʤʝʩʪʘʭ ʩʪʳʢʦʚ ʩʪʝʥ, ʦʜʥʘʢʦ ʛʣʘʚʥʦʝ ʝʛʦ ʧʨʠʤʝ-

ʥʝʥʠʝ ʚʩʸ-ʪʘʢʠ, ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʥʝʩʫʱʝʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʘ ʠʤʝʥʥʦ ʬʫʥʜʘʤʝʥʪʘ ʠ 

ʧʝʨʝʢʨʳʪʠʡ. 

ʎʝʣʴ ʨʘʙʦʪʳ. ɺ ʭʦʜʝ ʤʦʝʛʦ ʥʘʫʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʷ ʩʪʘʚʣʶ ʟʘʜʘʯʫ ʠʟʫ-

ʯʠʪʴ ʚʦʧʨʦʩ ʩʚʷʟʘʥʥʳʡ ʠ ʩ ʧʨʦʮʝʩʩʦʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʙʝʪʦʥʘ. ɹʝʪʦʥ ï ʠʩʢʫʩ-

ʩʪʚʝʥʥʳʡ ʢʘʤʝʥʴ, ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʦʪ ʩʤʝʩʠ ʠ ʚʭʦʜʷʱʠʭ 

ʚ ʥʝʛʦ ʢʦʤʧʦʥʝʥʪʦʚ, ʘ ʠʤʝʥʥʦ ʚʷʞʫʱʝʛʦ, ʥʘʧʨʠʤʝʨ ï ʮʝʤʝʥʪ, ʠ ʥʘʧʦʣʥʠʪʝʣʷ, 

ʥʘʧʨʠʤʝʨ ʧʝʩʦʢ. ʏʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʢ ʞʝ ʚʦʜʘ, ʥʦ ʙʳʚʘʶʪ ʩʣʫʯʘʠ ʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʜʨʫʛʠʭ ʞʠʜʢʦʩʪʝʡ [1]. 

ʂ ʦʩʥʦʚʥʳʤ ʧʣʶʩʘʤ ʙʝʪʦʥʘ ʦʪʥʦʩʷʪ: 

1. ɼʦʣʛʦʚʝʯʥʦʩʪʴ; 

2. ʇʨʦʯʥʦʩʪʴ; 

3. ʆʛʥʝʩʪʦʡʢʦʩʪʴ; 

4. ɼʝʰʝʚʠʟʥʘ. 

ʂ ʦʩʥʦʚʥʳʤ ʤʠʥʫʩʘʤ ʙʝʪʦʥʘ ʦʪʥʦʩʷʪ: 

1. ʆʙʲʝʤʥʘʷ ʜʝʬʦʨʤʘʮʠʷ; 

2. ʄʘʣʘʷ ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʩʪʷʞʝʥʠʝ; 

3. ʇʦʜʚʝʨʞʝʥʥʦʩʪʴ ʢ ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʠ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʫʣʫʯʰʠʪʴ ʩʚʦʡʩʪʚʘ ʙʝʪʦʥʘ, ʚ ʝʛʦ ʩʦʩʪʘʚ ʜʦʙʘʚʣʷʶʪ ʨʘʟʣʠʯ-

ʥʳʝ ʜʦʙʘʚʢʠ, ʥʘʧʨʠʤʝʨ: 

1. ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ; 

2. ʆʨʛʘʥʠʯʝʩʢʠʝ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʜʦʙʘʚʢʦʡ ʩʣʫʞʠʪ ï ʧʨʦ-

ʪʠʚʦʤʦʨʦʟʥʘʷ ʢʦʤʧʦʥʝʥʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ. ʇʨʦʪʠʚʦʤʦʨʦʟʥʘʷ ʜʦʙʘʚʢʘ ʩʣʫʞʠʪ, 

ʜʣʷ ʪʦʛʦ, ʯʪʦ ʙʳ ʫʣʫʯʰʠʪʴ ʧʨʦʮʝʩʩ ʙʝʪʦʥʠʨʦʚʘʥʠʷ ʟʠʤʦʡ. ʊʘʢ ʢʘʢ ʧʨʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʙʝʪʦʥ ʠʤʝʝʤ ʩʚʦʡʩʪʚʘ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʢʦʨʦʩʪʠ ʪʚʝʨʜʝʥʠʷ, ʘ ʢʨʠ-

ʩʪʘʣʣʳ ʚʦʜʳ ʥʘʨʫʰʘʶʪ ʩʪʨʫʢʪʫʨʳ ʙʝʪʦʥʘ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʧʨʦʝʢʪʥʫʶ ʧʨʦʯʥʦʩʪʴ 

ʩʘʤʦʛʦ ʙʝʪʦʥʘ. ʇʨʦʱʝ ʛʦʚʦʨʷ, ʮʝʣʴ ʧʨʦʪʠʚʦʤʦʨʦʟʥʳʭ ʜʦʙʘʚʦʢ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʩʭʚʘʪʳʚʘʥʠʷ ʙʝʪʦʥʘ, ʘ ʪʘʢ ʞʝ ʚ ʚʦʟʤʦʞʥʦʩʪʠ, ʜʣʷ ʚʦʜʳ 

ʜʦʣʴʰʝ ʙʳʪʴ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ.  

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʜʦʙʘʚʢʠ: 

1. ʍʣʦʨʠʜ ʥʘʪʨʠʷ; 

2. ʍʣʦʨʠʜ ʢʘʣʴʮʠʷ; 

3. ʅʠʪʨʘʪ ʢʘʣʴʮʠʷ; 

4. ʅʠʪʨʠʪ ʢʘʣʴʮʠʷ; 

5. ʂʘʨʙʦʥʘʪ ʢʘʣʴʮʠʷ. 

ɺʩʝ ʵʪʠ ʜʦʙʘʚʢʠ, ʠʤʝʶʪ ʙʦʣʴʰʦʡ ʧʣʶʩ, ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʚ ʧʝʨʠʦʜ ʙʝʪʦʥʠʨʦ-

ʚʘʥʠʷ ʟʠʤʦʡ, ʥʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʜʦʛʨʝʚ. 

ʉʣʝʜʫʶʱʝʡ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʦʡ ʜʦʙʘʚʢʦʡ ʷʚʣʷʶʪʩʷ ʧʣʘʩʪʠʬʠʢʘʪʦʨʳ. 

ʇʣʘʩʪʠʬʠʢʘʪʦʨ ï ʵʪʦ ʜʦʙʘʚʢʘ, ʮʝʣʴʶ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ, ʫʚʝʣʠʯʝʥʠʝ ʧʣʘ-

ʩʪʠʯʥʦʩʪʠ ʩʤʝʩʠ ʙʝʪʦʥʘ, ʙʝʟ ʩʥʠʞʝʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʩʦʤʦʡ ʩʤʝʩʠ. ʏʘʱʝ 

ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʪʘʢʫʶ ʜʦʙʘʚʢʫ, ʢʘʢ ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨ ʉ-3, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 
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ʧʨʦʜʫʢʪʘʭ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʠ ʥʘʬʪʘʣʠʥʩʫʣʴʬʦʢʠʩʣʦʪʳ. ʊʘʢ ʞʝ ʧʨʠʤʝʥʷʶʪ ʠ ʥʝ-

ʦʨʛʘʥʠʯʝʩʢʫʶ ʜʦʙʘʚʢʫ, ʥʘʧʨʠʤʝʨ ï ʠʟʚʝʩʪʴ. 

ʊʘʢʠʝ ʜʦʙʘʚʢʠ ʚʳʧʦʣʥʷʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʠ ʫʢʣʘʜʢʝ ʙʝ-

ʪʦʥʘ, ʪʘʢ ʢʘʢ ʩʤʝʩʴ ʥʝ ʨʘʩʧʘʜʘʝʪʩʷ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʙʝʪʦʥʫ ʙʝʟ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨ ʠ ʧʨʠ ʵʪʦʤ 

ʩʥʠʟʠʪʴ ʨʘʩʭʦʜ ʚʦʜʳ, ʪʦ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʘ ʜʦ 45%, 

ʘ ʪʘʢ ʞʝ ʠ ʩʢʦʨʦʩʪʴ ʪʚʝʨʜʝʥʠʷ ʙʝʪʦʥʘ. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʪʘʢʫʶ ʧʨʦʙʣʝʤʫ, ʢʘʢ ʨʘʟʨʫʰʝʥʠʝ ʦʙʳʯʥʦʛʦ ʙʝʪʦʥʘ ʧʦʜ ʜʝʡ-

ʩʪʚʠʝʤ ʚʦʜʳ, ʧʨʦʥʠʢʘʶʱʝʡ ʚ ʦʙʣʘʩʪʠ ʪʨʝʱʠʥ ʤʘʪʝʨʠʘʣʘ, ʛʜʝ ʚʦʜʘ ʢʨʠʩʪʘʣʣʠʟʫ-

ʝʪʩʷ, ʨʘʩʰʠʨʷʝʪʩʷ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʠ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʪʨʝʱʠʥʳ. ɺ ʵʪʠ ʪʨʝʱʠʥʳ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʘʯʠʥʘʝʪ ʧʨʦʥʠʢʘʪʴ ʦʩʘʜʢʠ ʠʟ ʘʪʤʦʩʬʝʨʳ, ʢʦʪʦʨʳʝ ʩʦ ʚʨʝʤʝʥʝʤ 

ʨʘʟʨʫʰʘʶʪ ʘʨʤʘʪʫʨʫ, ʠ ʩʥʠʞʘʶʪ ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʙʝʪʦʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 
[2]. 

ʏʪʦ ʚʝʜʝʪ ʢ ʢʘʧʠʪʘʣʴʥʳʤ ʚʣʦʞʝʥʠʝʤ ʥʘ ʨʝʤʦʥʪ. 

ɼʘʥʥʫʶ ʧʨʦʙʣʝʤʫ ʧʦʧʳʪʘʣʠʩʴ ʨʝʰʠʪʴ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʠʟ ʉʦʝʜʠʥʝʥʥʳʭ 

ʐʪʘʪʦʚ ɸʤʝʨʠʢʠ, ʠʜʝʷ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʪʦʤ, ʯʪʦ ʙʳ, ʢʘʢ ʤʦʨʩʢʠʝ ʨʘʢʫʰʢʠ, ʠʤʝ-

ʶʱʠʝ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʦʩʦʙʳʡ ʤʠʥʝʨʘʣ ʜʣʷ ʠʭ ʨʦʩʪʘ, ʪʘʢ ʯʪʦ ʙʳ ʠ ʙʝʪʦʥ ʤʦʛ 

ʩʘʤ, ʟʘʪʷʛʠʚʘʪʴ ʩʚʦʠ ʪʨʝʱʠʥʳ.  

ʋʯʝʥʥʳʡ ʚʚʝʣʠ ʜʘʥʥʳʡ ʢʦʤʧʦʥʝʥʪ ʚ ʩʦʩʪʘʚ ʥʦʚʦʛʦ ʙʝʪʦʥʘ ʠ ʧʦʣʫʯʠʣʠ ʨʝ-

ʟʫʣʴʪʘʪ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʳʚʘʝʪ ʣʫʯʰʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʟʛʠʙʫ, ʯʝʤ ʫ ʦʙʳʯʥʦʛʦ ʙʝ-

ʪʦʥʘ. 

ʊʘʢʦʡ ʙʝʪʦʥ ʥʝ ʨʘʟʨʫʰʘʝʪʩʷ ʧʨʠ ʙʦʣʴʰʠʭ ʥʘʛʨʫʟʢʘʭ, ʭʦʪʴ ʥʘ ʥʝʤ ʠ ʦʙʨʘ-

ʟʫʶʪʩʷ ʤʝʣʢʠʝ ʥʘʩʝʯʢʠ ʚ ʚʠʜʝ ʪʨʝʱʠʥ, ʘ ʧʨʠ ʩʥʷʪʠʠ ʥʘʛʨʫʟʢʠ, ʪʘʢʦʡ ʙʝʪʦʥ ʩʧʦ-

ʩʦʙʝʥ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ. ʏʘʩʪʠʮʳ ʠʦʥʘ ʢʘʣʴʮʠʷ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʩʦʩʪʘʚʝ ʥʦʚʦʛʦ 

ʙʝʪʦʥʘ, ʨʝʘʛʠʨʫʶʪ ʩ ʚʦʜʦʡ  ʠ ʫʛʣʝʢʠʩʣʳʤ ʛʘʟʦʤ, ʚʠʜʫ ʯʝʛʦ ʧʦʷʚʣʷʝʪʩʷ ʢʘʨʙʦʥʘʪ 

ʢʘʣʠʷ, ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʟʘʧʦʣʥʠʪʝʣʷ ʧʦʷʚʠʚʰʠʭʩʷ ʪʨʝʱʠʥ. ʇʦʩʣʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʥʦʚʦʛʦ ʙʝʪʦʥʘ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʠʟ-

ʤʝʥʷʶʪʩʷ ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʆʜʥʘʢʦ ʪʘʢʦʡ ʤʘʪʝʨʠʘʣʘ ʦʪ 3-5 ʨʘʟ 

ʜʦʨʦʞʝ, ʯʝʤ ʦʙʳʯʥʳʡ ʙʝʪʦʥ, ʧʦʵʪʦʤʫ ʩʣʦʞʠʣʘʩʴ ʤʥʝʥʠʝ, ʯʪʦ ʜʘʥʥʳʡ ʚʠʜ ʤʘʪʝ-

ʨʠʘʣʘ ʥʝ ʨʝʥʪʘʙʝʣʝʥ. 

ɺʳʚʦʜ: ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʫʯʸʥʳʝ ʩʪʨʝʤʠʪʴʩʷ ʥʘʭʦʜʠʪʴ ʥʘʠʣʫʯʰʠʝ ʢʦʤ-

ʧʦʥʝʥʪʳ, ʘ ʪʘʢ ʞʝ ʩʦʩʪʘʚʳ ʙʝʪʦʥʘ, ʪʘʢ ʢʘʢ ʧʦʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ, ʢʘʢ ʚ 

ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʪʘʢ ʠ ʚ ʫʣʫʯʰʝʥʠʠ ʩʘʤʠʭ ʙʝʪʦʥʥʳʭ ʢʦʥ-

ʩʪʨʫʢʮʠʡ, ʧʦʵʪʦʤʫ ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ ʚʟʚʝʰʝʥʦ ʧʦʜʭʦʜʠʪʴ ʢ ʚʦʧʨʦʩʫ ʥʦʚʳʭ ʦʙʨʘ-

ʟʦʚ, ʠ ʥʝ ʦʪʤʝʪʘʪʴ ʠʭ, ʝʩʣʠ ʠʭ ʩʪʦʠʤʦʩʪʴ ʚʳʰʝ, ʠʤʝʶʱʠʭʩʷ ʘʥʘʣʦʛʦʚ, ʚʝʜʴ ʧʦ-

ʩʣʝʜʫʶʱʠʝ ʨʝʤʦʥʪʥʳʝ ʨʘʙʦʪʳ ʤʦʛʫʪ ʙʳʪʴ ʝʱʸ ʜʦʨʦʞʝ. 
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ʂ ɺʆʇʈʆʉʋ ɸʂʊʋɸʃʔʅʆʉʊʀ ʄʆʅʀʊʆʈʀʅɻɸ ɸɺɸʈʀʁ  

ʀ ʏʈɽɿɺʓʏɸʁʅʓʍ ʉʀʊʋɸʎʀʁ ʇʈʀ ʉʊʈʆʀʊɽʃʔʉʊɺɽ  

ʀ ʕʂʉʇʃʋɸʊɸʎʀʀ ɿɼɸʅʀʁ 

ʂ.ɸ. ʅʠʢʠʪʠʥ 

ʇʦʚʦʣʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʘʢʪʫʘʣʴʥʦʩʪʠ ʤʦʥʠʪʦʨʠʥʛʘ ʘʚʘʨʠʡ ʠ 

ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʜʘʥʠʡ. ʇʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʘʚʘ-

ʨʠʡ ʠ ʏʉ, ʜʘʥʥʳʤ ʩʧʦʩʦʙʳ ʧʦ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʘʚʘʨʠʡ ʚ ʙʫʜʫʱʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʘʨʠʷ, ʯʨʝʟʚʳʯʘʡʥʘʷ ʩʠʪʫʘʮʠʷ, ʤʦʥʠʪʦʨʠʥʛ, ʤʝʪʦʜʳ 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ, ʩʧʦʩʦʙʳ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ. 

 

TO THE QUESTION OF  THE ACTUALITY OF MONITORING OF ACC I-

DENTS AND EMERGENCY SITUATIONS IN CONSTRUCTION AND O P-

ERATION OF BUILDINGS  

K.A. Nikitin  

Volga State University of Technology 

 
Annotation. The article considers the issue of the relevance of monitoring accidents and 

emergency situations in the construction and operation of buildings. Examples of accidents and 

emergencies, given ways to prevent accidents in the future. 

Keywords: accident, emergency, monitoring, warning methods, ways to solve 

the problem. 

 

ʎʝʣʴ ʨʘʙʦʪʳ. ɺ ʭʦʜʝ ʤʦʝʛʦ ʥʘʫʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʷ ʩʪʘʚʣʶ ʟʘʜʘʯʫ ʠʟʫ-

ʯʠʪʴ ʚʦʧʨʦʩ ʘʚʘʨʠʡ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʜʘʥʠʡ. 

ʉʦʛʣʘʩʥʦ ʩʚʦʜʫ ʧʨʘʚʠʣ 12.135.-2003 çɹʝʟʦʧʘʩʥʦʩʪʴ ʪʨʫʜʘ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝè, 

ʠʟ ʢʦʪʦʨʦʛʦ ʤʳ ʤʦʞʝʤ ʧʦʣʫʯʠʪʴ ʦʧʨʝʜʝʣʝʥʠʝ ʘʚʘʨʠʠ, ʘ ʠʤʝʥʥʦ ʧʦʜ ʘʚʘʨʠʝʡ ʧʦ-

ʥʠʤʘʝʪʩʷ: 

1. ʇʦʚʨʝʞʜʝʥʠʝ ʟʜʘʥʠʷ: ʯʘʩʪʠʯʥʦ, ʧʦʣʥʦʩʪʴʶ; 

2. ʆʙʨʫʰʝʥʠʝ; 

3. ʇʦʚʨʝʞʜʝʥʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ; 

4. ɸ ʪʘʢʞʝ ʧʨʝʚʳʰʝʥʠʝ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʜʝʬʦʨʤʘʮʠʡ, ʫʛʨʦʞʘʶʱʠʭ 
ʙʝʟʦʧʘʩʥʦʤʫ ʚʝʜʝʥʠʶ ʨʘʙʦʪ ʠ ʧʦʚʣʝʢʰʠʝ ʧʨʠʦʩʪʘʥʦʚʢʫ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʙʲʝʢʪʘ 

ʠʣʠ ʝʛʦ ʯʘʩʪʠ [1]. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʘʚʘʨʠʡ ʧʦ ʤʘʩʰʪʘʙʫ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

1. ʂʘʪʘʩʪʨʦʬʘ ï ʢʨʫʧʥʘʷ ʘʚʘʨʠʷ, ʧʦʚʣʝʢʰʘʷ ʯʝʣʦʚʝʯʝʩʢʠʝ ʞʝʨʪʚʳ; 

2. ʅʝʩʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ï ʥʝʞʝʣʘʪʝʣʴʥʦʝ ʩʦʙʳʪʠʝ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʩʤʝʨʪʠ, 

ʫʭʫʜʰʝʥʠʶ ʟʜʦʨʦʚʴʷ; 

3. ʀʥʮʠʜʝʥʪ-ʩʦʙʳʪʠʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʚʦʟʥʠʢʘʝʪ ʠʣʠ ʤʦʞʝʪ ʚʦʟʥʠʢ-

ʥʫʪʴ ʥʝʩʯʘʩʪʥʳʡ ʩʣʫʯʘʡ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʨʦ ʩʪʦʠʪ ʧʨʦʙʣʝʤʘ ï ʥʘʜʝʞʥʦʩʪʴ ʩʪʨʦ-

ʠʪʝʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʩʦʦʨʫʞʝʥʠʷ. ʆʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʘʚʘʨʠʡ ʟʘʢʣʶʯʘʶʪʩʷ, 

ʢʘʢ ʚ ʚʦʟʜʝʡʩʪʚʠʝ ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʥʦʛʦ ʫʩʣʦʚʠʷʤʠ ʥʦʨʤʘʣʴʥʦʛʦ ʵʢʩʧʣʫʘʪʠʨʦ-
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ʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ, ʪʘʢ ʠ ʯʨʝʟʚʳʯʘʡʥʦʡ ʩʠʪʫʘʮʠʝʡ, ʘ ʪʘʢ ʞʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʣʦ-

ʚʝʯʝʩʢʦʡ ʦʰʠʙʢʠ.   

ʊʘʢ, ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʨʘʟʨʫʰʝʥʠʷ ʠʟ-ʟʘ: 

1. ʄʝʭʘʥʠʯʝʩʢʠʭ ʧʦʚʨʝʞʜʝʥʠʡ; 

2. ɺʠʙʨʘʮʠʠ; 

3. ʂʦʨʨʦʟʠʠ; 

4. ɺʟʨʳʚʘ; 

5. ʀ ʪ.ʜ. [2] 

ʇʨʠʚʝʜʝʤ ʧʨʠʤʝʨʳ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ 

1. 22 ʘʚʛʫʩʪʘ 2018 ʚ  ʜʦʤʝ ˉ 27 ʧʦ ʫʣʠʮʝ ɹʦʨʠʩʝʥʢʦ ʛ. ɺʣʘʜʠʚʦʩʪʦʢ, ʦʙʨʫ-

ʰʠʣʘʩʴ ʢʨʳʰʘ [3]. 

2. 21 ʤʘʨʪʘ 2018 ʚ ʄʦʩʢʚʝ ʦʙʨʫʰʠʣʘʩʴ ʢʨʦʚʣʷ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʛʦ ʟʜʘʥʠʷ 
ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʠ, ʧʦʩʪʨʘʜʘʚʰʠʭ ʥʝʪ [4]. 

3. 28 ʤʘʨʪʘ 2018 ʚ ʉʘʨʘʪʦʚʝ, ʚ  ʨʝʟʫʣʴʪʘʪʝ ʩʢʦʧʣʝʥʠʷ ʙʦʣʴʰʦʡ ʤʘʩʩʳ ʤʦʢ-

ʨʦʛʦ ʩʥʝʛʘ ʥʘ ʢʨʦʚʣʝ ʘʥʛʘʨʥʦʛʦ ʧʦʤʝʱʝʥʠʷ ʧʦ ʘʜʨʝʩʫ ɸʵʨʦʧʦʨʪ, 50 ʧʨʦʠʟʦʰʣʦ 

ʝʝ ʦʙʨʫʰʝʥʠʝ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʧʣʦʱʘʜʴ ʦʙʨʫʰʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 400 

ʢʚ.ʤ. [5]. 

4. 25 ʤʘʨʪʘ 2018 ʚ ʛʦʨʷʱʝʤ ʪʦʨʛʦʚʦʤ ʮʝʥʪʨʝ çɿʠʤʥʷʷ ʚʠʰʥʷè ʚ ʂʝʤʝʨʦʚʦ 

ʦʙʨʫʰʠʣʘʩʴ ʢʨʦʚʣʷ [6]. 

5. ʀ ʪ.ʜ. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʚʳʰʝ ʩʢʘʟʘʥʥʦʤ, ʩʣʝʜʫʝʪ ʣʦʛʠʯʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ 

ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʥʘʜʸʞʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʘʪʴ ʠ ʘʥʘʣʠ-

ʟʠʨʦʚʘʪʴ ʩʣʫʯʠʚʰʠʝʩʷ ʘʚʘʨʠʠ ʠ ʏʉ, ʜʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʠʭ ʚ ʙʫʜʫʱʝʤ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʣʫʯʰʠʤ ʩʧʦʩʦʙʦʤ ʘʥʘʣʠʟʘ ʏʉ ʷʚʣʷʝʪʩʷ ʠʭ ʤʦʥʠʪʦʨʠʥʛ, ʥʦ 

ʦʥ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ ʦʙʲʝʢʪʠʚʥʳʤ ʚʚʠʜʫ ʪʦʛʦ ʯʪʦ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʠʥ-

ʬʦʨʤʘʮʠʠ, ʧʦ ʩʦʦʙʱʝʥʠʶ çʅʘʮʠʦʥʘʣʴʥʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ ʩʪʨʦʠʪʝʣʝʡè, ʙʳʣʘ ʧʦ-

ʣʫʯʝʥʘ ʠʟ ʦʪʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʦʚ ï ʉʄʀ.  

ʇʨʠ ʠʟʫʯʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ,  ʤʥʦʶ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ, ʪʦʛʦ 

ʯʪʦ, ʥʘʠʙʦʣʝʝ ʯʨʝʟʚʳʯʘʡʥʦ ʦʧʘʩʥʳʝ ʧʝʨʠʦʜʳ ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʟʠʤʥʠʡ ʠ ʣʝʪʥʠʡ 

ʩʝʟʦʥ. ʕʪʦʤʫ ʝʩʪʴ ʥʝʩʢʦʣʴʢʦ ʦʙʲʷʩʥʝʥʠʡ: 

1. ʀʛʥʦʨʠʨʦʚʘʥʠʝ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ 

2. ʇʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ 

3. ʅʝʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʘʷ ʨʘʙʦʯʘʷ ʩʠʣʘ 

4. ʀ ʪ.ʜ. 

ɺʳʚʦʜ: ʇʨʠ ʤʦʥʠʪʦʨʠʥʛʝ ʘʚʘʨʠʡ  ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʠʭ ʨʦʩʪ ʧʨʠʭʦʜʠʪʩʷ 

ʥʘ ʟʠʤʥʠʡ ʠ ʣʝʪʥʠʡ ʩʝʟʦʥ. ʀʤʝʥʥʦ ʵʪʠ ʚʨʝʤʝʥʘ ʛʦʜʘ ʠʤʝʶʪ ʩʧʝʮʠʬʠʯʝʩʢʫʶ 

ʪʝʭʥʦʣʦʛʠʶ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʨʦʩʪ ʥʝʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʨʘʙʦʯʠʭ. 

ɼʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʷ ʧʨʝʜʣʘʛʘʶ ʩʣʝʜʫʶʱʠʝ ʤʝ-

ʨʳ: 

1. ʇʨʦʚʦʜʠʪʴ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩ ʟʘʩʪʨʦʡʱʠʢʘʤʠ 

2. ɺʝʩʪʠ ʢʘʯʝʩʪʚʝʥʥʳʡ ʢʦʥʪʨʦʣʴ ʚʳʧʦʣʥʷʝʤʳʭ ʨʘʙʦʪ ʠ ʧʨʠʤʝʥʷʝʤʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ. 

3. ʀʩʧʦʣʴʟʦʚʘʪʴ ʟʜʘʥʠʷ ʠ ʩʦʦʨʫʞʝʥʠʷ ʩʦʛʣʘʩʥʦ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʩʨʦ-

ʢʘʤʠ, ʠ ʥʝ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴ ʠʭ, ʝʩʣʠ ʵʪʠ ʩʨʦʢʠ ʧʨʝʚʳʰʝʥʳ. 
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ɺʃʀʗʅʀɽ ʂɸʏɽʉʊɺɸ ʇʆɺɽʈʍʅʆʉʊɽʁ ʉʊʈʆʀʊɽʃʔʅʓʍ  

ʂʆʅʉʊʈʋʂʎʀʁ ʅɸ ʈɸʉʍʆɼ ʐʊʋʂɸʊʋʈʅʓʍ ʉʄɽʉɽʁ 

ɽ.ɸ. ʆʩʪʘʧʝʥʢʦ, ʂ.ɸ. ʂʘʨʘʚʘʥʮʝʚʘ 

ɼʦʥʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʩʭʦʜʘ ʰʪʫʢʘʪʫʨʥʦʡ ʩʤʝʩʠ ʦʪ ʢʘʯʝʩʪʚʘ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘ ʢʦʪʦʨʫʶ ʦʥ ʥʘʥʦʩʠʪʩʷ. ʆʧʠʩʘʥʘ ʤʝʪʦʜʠʢʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʨʘʩʭʦʜʫ ʰʪʫʢʘʪʫʨʥʦʡ ʩʤʝʩʠ ʥʘ ʦʰʪʫʢʘʪʫʨʠʚʘʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʩʪʝʥ ʤʘʰʠʥʥʳʤ ʩʧʦʩʦʙʦʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʰʪʫʢʘʪʫʨʥʳʝ ʨʘʙʦʪʳ, ʰʪʫʢʘʪʫʨʥʳʝ ʩʤʝʩʠ, ʧʦʚʝʨʭ-

ʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

 

INFLU ENCE OF QUALITY OF THE SURFACE OF CONSTRUCTION 

STRUCTURES ON THE FLOW OF PLASTER MIXTURES  

E.A. Ostapenko, K.A. Karavantseva 

Don State Technical University 

 
Annotation. The article describes the dependence of the consumption of plaster mixture on 

the quality of the surface on which it is applied. The methodology and results of the study on the 

consumption of the mixture when performing the internal plaster walls using a mechanized method 

are described. 

Keywords: plastering, plaster mixes, the surface of building structures. 

 

ʂʘʯʝʩʪʚʦ ʠ ʩʨʦʢ ʩʣʫʞʙʳ ʟʜʘʥʠʡ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʪʝʭʥʠ-

ʯʝʩʢʦʡ ʩʣʦʞʥʦʩʪʠ ʟʥʘʯʠʤʦʛʦ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ - ʰʪʫʢʘʪʫʨʥʳʭ ʨʘʙʦʪ. 

ʇʦʚʝʨʭʥʦʩʪʴ ʩʪʝʥ ʥʝʦʙʭʦʜʠʤʦ ʪʱʘʪʝʣʴʥʦ ʧʦʜʛʦʪʦʚʠʪʴ ʧʝʨʝʜ ʦʪʜʝʣʢʦʡ 

ʢʨʘʩʢʦʡ, ʰʪʫʢʘʪʫʨʢʦʡ ʠʣʠ ʦʙʦʷʤʠ. ʉʚʝʩʪʠ ʢ ʤʠʥʠʤʫʤʫ ʰʧʘʢʣʝʚʦʯʥʳʝ ʨʘʙʦʪʳ 

ʧʦʤʦʛʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʛʠʧʩʦʚʳʭ ʰʪʫʢʘʪʫʨʦʢ, ʪʘʢʘʷ ʦʰʪʫʢʘʪʫʨʝʥʥʘʷ ʧʦʚʝʨʭ-

ʥʦʩʪʴ  ʧʦʯʪʠ ʛʦʪʦʚʘ ʢ ʥʘʥʝʩʝʥʠʶ ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʩʣʦʷ. 

ʅʘʠʙʦʣʴʰʫʶ ʚʳʛʦʜʫ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʥʦʩʠʪ ʚʳʧʦʣʥʝʥʠʝ ʚʩʝʭ ʚʠʜʦʚ 

ʰʪʫʢʘʪʫʨʥʳʭ ʨʘʙʦʪ ʦʜʥʦʡ ʙʨʠʛʘʜʦʡ ʰʪʫʢʘʪʫʨʦʚ, ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠ-

https://www.newsvl.ru/vlad/2018/11/02/175125/
https://ria.ru/incidents/20180321/1516970232.html
https://iz.ru/724525/2018-03-25/krovlia-obrushilas-v-goriashchem-kemerovskom-ttc
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ʪʝʣʴʥʦʡ ʥʠʟʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʡ ʨʘʙʦʯʝʡ ʩʠʣʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʵʣʝʢʪʨʠʢʦʚ ʠ 

ʛʨʫʟʯʠʢʦʚ, ʩʘʥʪʝʭʥʠʢʦʚ ʠ ʤʝʭʘʥʠʢʦʚ ʠ ʜʨ. ʕʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʤʦʛʘʝʪ ʜʦʙʠʪʴʩʷ 

ʚʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʘʰʠʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʦʩʪʦʪʘ ʝʛʦ ʧʨʠʤʝ-

ʥʝʥʠʷ [1].  

ʂ ʫʭʫʜʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʥʘʥʝʩʝʥʥʦʡ ʰʪʫʢʘʪʫʨʢʠ, ʘ ʪʘʢʞʝ ʢ ʫʚʝʣʠʯʝʥʠʶ ʟʘ-

ʪʨʘʪ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʨʫʜʘ ʧʨʠʚʦʜʷʪ ʨʘʟʣʠʯʥʳʝ ʥʝʨʦʚʥʦʩʪʠ ʩʪʝʥ, ʪʘʢʠʝ ʢʘʢ ʚʳ-

ʧʫʢʣʦʩʪʠ ʠ ʚʧʘʜʠʥʳ, ʪʨʝʱʠʥʳ ʠʣʠ ʦʪʢʣʦʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ, ʥʘ 

ʢʦʪʦʨʳʝ ʥʘʥʦʩʠʪʩʷ ʰʪʫʢʘʪʫʨʥʘʷ ʩʤʝʩʴ, ʦʪ ʛʦʨʠʟʦʥʪʘʣʠ ʠ ʚʝʨʪʠʢʘʣʠ. ʆʩʥʦʚʘʥʠ-

ʷʤʠ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʩʤʝʩʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟ ʢʘʤʥʝʡ, ʢʠʨʧʠʯʝʡ, ʙʝ-

ʪʦʥʘ ʠʣʠ ʞʝʣʝʟʦʙʝʪʦʥʘ ʩʙʦʨʥʳʭ ʠ ʤʦʥʦʣʠʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ [2]. 

ʇʨʠʝʤʢʫ ʟʘʢʦʥʯʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪ "ʉʇ 70.13330.2012. 

ʅʝʩʫʱʠʝ ʠ ʦʛʨʘʞʜʘʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ. ɸʢʪʫʘʣʠʟʠʨʦʚʘʥʥʘʷ ʨʝʜʘʢʮʠʷ ʉʅʠʇ 

3.03.01-87" [3]. ʊʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʟ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʩʚʦʜʝ ʧʨʘʚʠʣ, ʧʦʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 

 
 

ɼʘʞʝ ʝʩʣʠ ʩʦʙʣʶʜʘʪʴ ʥʦʨʤʘʪʠʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʠ ʥʝ ʧʨʝʚʳʰʘʪʴ ʜʘʥʥʳʭ 

ʜʦʧʫʩʢʦʚ, ʪʦ ʨʘʩʭʦʜ ʰʪʫʢʘʪʫʨʥʦʡ ʩʤʝʩʠ ʤʦʞʝʪ ʧʦʚʳʩʠʪʴʩʷ ʜʦ 30%, ʟʘ ʩʯʝʪ  

ʫʚʝʣʠʯʝʥʠʷ ʥʘʤʝʪʘ ʥʘ 10 ʤʤ ʚ ʦʪʜʝʣʴʥʳʭ ʤʝʩʪʘʭ [4]. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʧʨʦʚʝʨʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ 

ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʝʡ ʧʦ ʦʮʝʥʢʝ ʚʣʠʷʥʠʷ ʢʘʯʝʩʪʚʘ ʩʪʝʥʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘ ʨʘʩ-

ʭʦʜ ʰʪʫʢʘʪʫʨʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʨʠ ʤʘʰʠʥʥʦʡ ʦʪʜʝʣʢʝ ʩʪʝʥ. 

ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʦʩʥʦʚʘʥʠʷ ʧʦʜ ʰʪʫʢʘʪʫʨʥʫʶ ʦʪʜʝʣʢʫ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ 

ʥʝʤʝʮʢʦʛʦ ʩʪʘʥʜʘʨʪʘ DIN 18 202 ʤʝʪʦʜ (ʨʠʩ. 1) [5]. 
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ʘ) ʦʪ ʚʝʨʪʠʢʘʣʠ;    ʙ) ʥʝʨʦʚʥʦʩʪʝʡ ʧʫʪʝʤ ʥʠʚʝʣʠʨʦʚʘʥʠʷ 

 ʧʦʚʝʨʭʥʦʩʪʠ, 

  ʛʜʝ l` ï ʰʘʛ ʣʠʥʠʡ ʤʦʜʫʣʴʥʦʡ ʩʝʪʢʠ; 

    4é11 ï ʥʦʤʝʨʘ ʪʦʯʝʢ. 

 

ʈʠʩ. 1. ʆʧʨʝʜʝʣʝʥʠʝ ʦʪʢʣʦʥʝʥʠʡ 

 

ʆʪʢʣʦʥʝʥʠʷ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʥʠʚʝʣʠʨʦʚʘʥʠʶ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʟ ʨʘʟʥʳʭ ʤʘ-

ʪʝʨʠʘʣʦʚ, ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʦʙʲʝʤʳ ʰʪʫʢʘʪʫʨʥʦʛʦ ʨʘʩʪʚʦʨʘ. ʇʦʚʝʨʭʥʦʩʪʠ 

ʧʨʦʚʝʰʠʚʘʣʠ ʣʘʟʝʨʥʳʤ ʥʠʚʝʣʠʨʦʤ. 

ʇʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥ ʜʝʣʠʣʠʩʴ ʤʦʜʫʣʴʥʦʡ ʩʝʪʢʦʡ ʨʘʟʤʝʨʦʤ 500x500 ʤʤ. ɺ 

ʚʝʨʰʠʥʘʭ ʦʙʨʘʟʦʚʘʥʥʳʭ ʢʚʘʜʨʘʪʦʚ ʠʟʤʝʨʷʣʠʩʴ ʦʪʢʣʦʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘ 

ʢʘʞʜʦʤ ʫʯʘʩʪʢʝ, ʢʦʪʦʨʳʡ ʧʨʠ ʚʳʩʦʪʝ ʧʦʤʝʱʝʥʠʷ 3 ʤ ʩʦʩʪʦʷʣ ʠʟ 6 ʢʚʘʜʨʘʪʦʚ 

(ʨʠʩ. 2, 3), ʦʧʨʝʜʝʣʷʣʠʩʴ  ʦʪʢʣʦʥʝʥʠʷ ʧʣʦʩʢʦʩʪʝʡ ʩʪʝʥ ʦʪ ʚʝʨʪʠʢʘʣʠ. ʂʦʣʠʯʝʩʪʚʦ 

ʢʚʘʜʨʘʪʦʚ ʚ ʜʣʠʥʫ ʟʘʚʠʩʝʣʦ ʦʪ ʜʣʠʥʳ ʩʪʝʥʳ, ʢʦʪʦʨʫʶ ʩʦʙʠʨʘʣʠʩʴ ʠʟʤʝʨʷʪʴ. ɽʩ-

ʣʠ ʥʘ ʩʪʝʥʝ ʙʳʣʠ ʩʣʠʰʢʦʤ ʚʳʩʪʫʧʘʶʱʠʝ ʤʝʩʪʘ, ʢʦʪʦʨʳʝ ʥʝʣʴʟʷ ʫʜʘʣʠʪʴ, ʪʦ 

ʫʩʪʘʥʦʚʢʫ ʤʘʷʢʦʚ ʥʘʯʠʥʘʣʠ ʩ ʵʪʦʛʦ ʤʝʩʪʘ, ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʪʦʣʱʠʥʫ 

ʪhʫʢʘʪʫʨʥʦʛʦ ʩʣʦʷ. 
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ʈʠʩ. 2. ʆʪʢʣʦʥʝʥʠʷ ʩʪʝʥ ʦʪ ʚʝʨʪʠʢʘʣʠ 

 

 
 

ʈʠʩ. 3. ʆʪʢʣʦʥʝʥʠʷ ʩʪʝʥ ʦʪ ʚʝʨʪʠʢʘʣʠ 

 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ ʦʪʢʣʦʥʝʥʠʝ 28 ʤʤ ʚ ʚʝʨʰʠʥʝ 42 (ʨʠʩ. 4). ɼʦʧʫʩʪʠʤʳ 

ʦʪʢʣʦʥʝʥʠʷ ʪʦʣʱʠʥʳ ʦʪ ʧʨʦʝʢʪʥʳʭ ʪʦʣʴʢʦ ʚ ʙʦʣʴʰʫʶ ʩʪʦʨʦʥʫ. 
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ʈʠʩ. 4. ʆʪʢʣʦʥʝʥʠʝ ʚ ʚʝʨʰʠʥʝ 42 

 

ʆʙʲʝʤʳ ʰʪʫʢʘʪʫʨʥʦʛʦ ʨʘʩʪʚʦʨʘ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʩʪʝʥʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʠʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʢʣʦʥʝʥʠʡ 

ʦʪ ʥʦʨʤʳ. ʇʝʨʝʨʘʩʭʦʜ ʩʤʝʩʝʡ ʩʦʩʪʘʚʠʣ 30-60 % ʧʨʠ ʦʪʢʣʦʥʝʥʠʷʭ 15-25 ʤʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʢʘʯʝʩʪʚʫ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘ ʢʦʪʦʨʫʶ ʧʣʘʥʠʨʫ-

ʝʪʩʷ ʥʘʥʝʩʪʠ ʰʪʫʢʘʪʫʨʢʫ, ʥʘʜʦ ʫʜʝʣʷʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ. ʀʥʘʯʝ ʵʪʦ ʧʨʠʚʝʜʝʪ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʟʘʪʨʘʪ ʪʨʫʜʘ, ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʨʝʜʩʪʚ. 
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ʉɽʈʆʉʆɼɽʈɾɸʑʀɽ ʂʆʄʇʆɿʀʊʓ 

ɻ.ɸ. ʇʝʪʨʦʚ, ɺ.ʖ. ɸʥʜʨʝʝʚʘ, ɸ.ɸ. ɿʠʥʦʚʴʝʚʘ  

ʌɻɹʆʋ ɺʆ ʅʀʋ ʄɻʉʋ 

 
ɸʥʥʦʪʘʮʠʷ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʙʝʟʦʧʘʩ-

ʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʦʙʘʚʦʢ. ʆʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʠʩ-

ʧʦʣʴʟʦʚʘʥʘ ʩʝʨʘ, ʢʦʪʦʨʘʷ ʦʙʣʘʜʘʝʪ ʩʪʦʡʢʦʩʪʴʶ ʢ ʘʛʨʝʩʩʠʚʥʳʤ ʩʨʝʜʘʤ, ʛʠʜʨʦʬʦʙʥʦʩʪʴʶ, ʥʠʟ-

ʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʚʦʜʦʩʪʦʡʢʦʩʪʴʶ, ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʴʶ. ɺ 

ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʩʝʨʳ ʥʘ ʧʨʦʯʥʦʩʪʴ ʢʦʤʧʦʟʠʪʥʦʛʦ ʨʘʩʪʚʦʨʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʦʧʪʠ-

ʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ -0,3% ʢ ʤʘʩʩʝ ʮʝʤʝʥʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʧʦʟʠʪʥʳʝ ʨʘʩʪʚʦʨʳ, ʩʝʨʘ, ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʝ, 

ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʙʝʟʦʧʘʩʥʦʩʪʴ. 

 

SULFUR-CONTAINIG COMPOSITES  
G.A. Petrov, V.Yu. Andreyeva, A.A. Zinovyeva 

National Research University  

Moscow State University of Civil Engineering  

 
Abstract. The perspective direction of researches is development of safe composite materials 

with use of additives. One of which it is sulfur. It has resistance to hostile environment, water repel-

lency, low heat conductivity, mechanical durability, water resistance, frost resistance. In work in-

fluence of sulfur on durability of composite solution is investigated. It is established, the optimum 

content of sulfur of-0.3% to the mass of cement. 

Keywords: composite solutions, sulfur, structurization, strength characteristics, 

safety. 

 

ʉʦʚʨʝʤʝʥʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʚʩʝ ʙʦʣʴʰʝ ʠ ʙʦʣʴʰʝ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʥʦʚʳʭ 

ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʪʝʭʥʦʣʦʛʠʠ, ʧʦʣʫʯʝʥʠʷ ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥʳ ʥʘ ʜʦʩʪʠ-

ʞʝʥʠʷʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʦʙʱʝʠʥʞʝʥʝʨʥʳʭ ʥʘʫʢ. ʋʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʪʨʝʙʫʶʪ ʦʪ ʩʦʚʨʝʤʝʥʥʳʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʪʨʦʠ-

ʪʝʣʴʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʫʣʫʯʰʝʥʥʳʭ ʩʚʦʡʩʪʚ. 

ʀʤʝʷ ʵʪʦ ʚʚʠʜʫ, ʘʢʪʫʘʣʴʥʳʤ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʙʝʟʦʧʘʩʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʦʙʘ-

http://www.zlx.ru/sp-70-13330-2012.htm
http://www.zlx.ru/sp-70-13330-2012.htm
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ʚʦʢ, ʚʚʝʜʝʥʠʝ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ, ʪʨʝʱʠʥʦ-

ʩʪʦʡʢʦʩʪʴ, ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ [1]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʝʨʳ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʙʫ-

ʩʣʦʚʣʝʥʦ ʝʝ ʩʚʦʡʩʪʚʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʩʪʦʡʢʦʩʪʴ ʢ ʘʛʨʝʩʩʠʚʥʳʤ ʩʨʝʜʘʤ, ʛʠʜʨʦ-

ʬʦʙʥʦʩʪʴ, ʙʳʩʪʨʦʝ ʟʘʪʚʝʨʜʝʚʘʥʠʝ, ʥʠʟʢʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʤʝʭʘʥʠʯʝʩʢʘʷ 

ʧʨʦʯʥʦʩʪʴ, ʚʦʜʦʩʪʦʡʢʦʩʪʴ, ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʴ, ʩʨʦʢ ʩʣʫʞʙʳ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫ-

ʯʘʪʴ ʧʨʦʜʫʢʪ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʳʤ ʵʪʠ ʩʪʨʦʠʪʝʣʴʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʍʠʤʠ-

ʯʝʩʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʝʨʳ ʚ ʨʘʩʧʣʘʚʝ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʤʦʜʠʬʠʢʘʪʦʨʘʤʠ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ[2]. 

ʆʩʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʙʝʟʦʧʘʩʥʳʭ ʢʦʥʩʪʨʫʢ-

ʮʠʡ ʷʚʣʷʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʷ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʨʘʩʧʣʘʚʣʝʥʥʦʡ ʩʝʨʦʡ. ʉʝ-

ʨʘ, ʧʨʦʥʠʢʘʷ ʚ ʧʦʨʳ, ʟʘʧʦʣʥʷʷ ʧʫʩʪʦʪʳ, ʩʦʟʜʘʝʪ ʟʘʱʠʪʥʳʡ ʩʣʦʡ, ʪʝʤ ʩʘʤʳʤ 

ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ, ʚʦʜʦʩʪʦʡʢʠʝ ʩʚʦʡʩʪʚʘ. ʎʝʤʝʥʪʥʳʝ ʤʠʥʝ-

ʨʘʣʳ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʩʝʨʦʡ ʧʦʚʳʰʘʶʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʮʝ-

ʤʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʳʩʦʢʘʷ ʚʦʜʦʩʪʦʡʢʦʩʪʴ, ʧʨʦʯʥʦʩʪ-

ʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ. ʅʝʜʦʩʪʘʪʢʦʤ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷ-

ʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʫʩʢʘ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ, ʥʘʣʠʯʠʝ ʧʘʨʦʚ ʩʝʨʳ ʚ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʧʨʦʮʝʩʩ ʧʦʞʘʨʦ- ʠ ʚʟʨʳʚʦʦʧʘʩ-

ʥʳʤ. ɺ ʩʣʫʯʘʝ ʵʣʝʤʝʥʪʘʨʥʦʡ ʩʝʨʳ ʤʘʪʝʨʠʘʣ ʩʦ ʚʨʝʤʝʥʝʤ ʪʝʨʷʝʪ ʩʚʦʠ ʩʚʦʡʩʪʚʘ 

ʪʘʢʠʝ, ʢʘʢ ʧʨʦʯʥʦʩʪʴ ʠ ʛʠʜʨʦʬʦʙʥʦʩʪʴ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ 

ʙʝʟʦʧʘʩʥʳʡ ʨʘʩʪʚʦʨ. ɹʣʘʛʦʜʘʨʷ ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʩʝʨʳ ʵʪʠ ʥʝʜʦʩʪʘʪʢʠ 

ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʨʘʥʝʥʳ [3]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʨʘʩ-

ʪʚʦʨʘ, ʦʙʣʘʜʘʶʱʝʛʦ ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʯʥʦʩʪʴʶ. ʀʩʧʳʪʫʝʤʳʡ ʦʙʨʘʟʝʮ ʩʦʩʪʦʠʪ ʠʟ 

ʙʝʥʪʦʥʠʪʘ, ʩʝʨʳ, ʞʠʜʢʦʛʦ ʩʪʝʢʣʘ ʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ ʄ500.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʤʝʰʠʚʘʝʤ ʮʝʤʝʥʪ ʩ ʩʝʨʦʡ ʚ ʨʘʟʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ: ʦʪ 0,09% ʜʦ 3% ʢ ʤʘʩʩʝ ʮʝʤʝʥʪʘ. ʇʦʩʣʝ ʵʪʦʛʦ ʜʦʙʘʚʣʷʝʤ ʚʦʜʫ, 

ʢʦʪʦʨʫʶ ʙʝʨʸʤ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 2:1 ʠ ʧʝʨʝʤʝʰʠʚʘʝʤ. ɺ ʠʪʦʛʝ ʧʦʣʫʯʘʝʤ 5% ʩʫʩ-

ʧʝʥʟʠʶ. ɺʩʝ ʦʙʨʘʟʮʳ ʥʘʙʨʘʣʠ ʨʘʟʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʯʥʦʩʪʠ. ɹʳʣʦ ʟʘʤʝʯʝʥʦ, 

ʯʪʦ ʧʨʠ ʚʚʝʜʝʥʠʠ 0,3% ʩʝʨʳ ʢ ʤʘʩʩʝ ʮʝʤʝʥʪʘ, ʢ 28 ʩʫʪʢʘʤ ʧʨʦʯʥʦʩʪʴ ʦʙʨʘʟʮʘ 

ʚʦʟʨʘʩʪʘʝʪ ʥʘ 40%.  
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ʈʠʩ. 1 ʉʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʦʟʠʪʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩ ʜʦʙʘʚʢʘʤʠ ʩʝʨʳ 

 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʝʨʚʳʭ ʩʝʤʠ ʩʫʪʦʢ ʥʘʙʠʨʘʝʪʩʷ ʦʢʦʣʦ 

50% ʢʦʥʝʯʥʦʡ ʧʨʦʯʥʦʩʪʠ, ʘ ʯʝʨʝʟ 14 ʜʥʝʡ ʦʥʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʝʱʝ ʥʘ 20% ʠ ʜʦ-

ʩʪʠʛʘʝʪ 70% ʧʨʦʯʥʦʩʪʠ (ʨʠʩ. 1) [4], [5]. 

ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʦʣʫʯʝʥ-

ʥʳʡ ʥʘʤʠ ʢʦʤʧʦʟʠʪʥʳʡ ʨʘʩʪʚʦʨ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʢʠ ʩʝʨʳ ʧʦʟ-

ʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʙʦʣʝʝ ʧʨʦʯʥʳʡ ʠ ʥʘʜʸʞʥʳʡ ʢʦʤʧʦʟʠʪʥʳʡ ʤʘʪʝʨʠʘʣ.  
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ʇʈʆɹʃɽʄʓ ʂʆʅʉʊʈʋʂʎʀʀ ʉʆɺʈɽʄɽʅʅʓʍ ʉʀʉʊɽʄ  

ʉʇʋʊʅʀʂʆɺʆɻʆ ʇʆɿʀʎʀʆʅʀʈʆɺɸʅʀʗ 

ʋ.ɸ. ʇʠʨʘʤʘʪʦʚ
1
, ʂ.ɻ. ʇʫʛʠʥ

1,2 

1.ʇʝʨʤʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

2.ʌɻɹʆʋ ɺʆçʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠ-

ʪʝʪ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ɼ.ʅ. ʇʨʷʥʠʰʥʠʢʦʚʘè 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʙʦʪʘ ʩʠʩʪʝʤ ʩʧʫʪʥʠʢʦʚʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʥʘ ʘʚʪʦʛʨʝʡʜʝʨʝ. ʈʘʩʩʤʦʪʨʝʥ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʩʧʫʪʥʠʢʦʚʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. ʇʨʦ-

ʚʝʜʝʥʳ ʧʨʠʢʣʘʜʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʯʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʦʩʥʦʚʘʥʠʡ. ɺʳʷʚʣʝʥ ʥʝʜʦʩʪʘʪʦʢ ʚ ʩʫ-

ʱʝʩʪʚʫʶʱʝʤ ʫʟʣʝ ʢʨʝʧʣʝʥʠʷ ɻʅʉʉ ʘʥʪʝʥʥʳ. ʆʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʫʭʫʜʰʝʥʠʷ ʪʦʯʥʦʩʪʠ 

ʦʙʨʘʙʦʪʢʠ ʦʩʥʦʚʘʥʠʡ. ɺʳʷʚʣʝʥʘ ʧʨʠʯʠʥʘ ʫʭʫʜʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʚ ʩʚʷʟʠ ʩʦ ʩʤʝʱʝʥʠʝʤ ʚʠʙʨʦ-

ʫʩʪʦʡʯʠʚʦʡ ʤʘʯʪʳ ʚ ʢʨʝʧʣʝʥʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʳ ʥʠʚʝʣʠʨʦʚʘʥʠʷ, ʘʚʪʦʛʨʝʡʜʝʨ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ 

ʪʝʭʥʠʢʠ, GPS, ɻʅʉʉ, ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ. 
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Annotation. The article discusses the work of satellite positioning systems on the motor 

grader. The principle of operation of satellite positioning systems is considered. Conducted applied 

research accuracy base processing. Identified a flaw in the existing GNSS antenna mount. The pa-

rameters of the deterioration of the accuracy of processing bases are determined. The reason for the 

deterioration of accuracy due to the displacement of the vibration-proof mast in the mount. 
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ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʬʝʨʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʙʫʨʥʦ ʨʘʟʚʠʚʘʝʪʩʷ, ʟʘʪʨʘʛʠʚʘʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʦʪʨʘʩʣʠ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ[1]. ɼʦʨʦʞʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʝ ʩʪʘʣʦ 

ʠʩʢʣʶʯʝʥʠʝʤ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʝʘʣʠʟʦʚʘʥʦ ʤʥʦʞʝʩʪʚʦ ʨʝʰʝʥʠʡ, ʧʦʟʚʦ-

ʣʷʶʱʠʭ ʯʘʩʪʠʯʥʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʜʦʨʦʞʥʦ-ʩʪʨʦʠʪʝʣʴʥʫʶ ʪʝʭʥʠʢʫ[2]. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘ-

ʮʠʠ (ʥʠʚʝʣʠʨʦʚʘʥʠʷ) ʙʘʟʠʨʫʶʱʠʝʩʷ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤ GPS/ɻʃʆʅɸʉʉ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʧʫʪʥʠʢʦʚʦʝ ʧʦ-

ʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʧʦʛʨʝʰʥʦʩʪʴ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʩʠʛʥʘʣʘ 

ʜʦʩʪʠʛʘʶʱʫʶ ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʨʦʚ, ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ʥʝʜʦʧʫʩʪʠʤʳ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ 

ʚ ʜʦʨʦʞʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʜʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʨʝʘʣʠʟʦʚʘʥʘ ʢʦʨʨʝʢ-

ʪʠʨʦʚʢʘ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʪʨʠʘʥʛʫʣʷʮʠʠ, ʚʚʦʜʠʪʩʷ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʘʷ ʙʘʟʦʚʘʷ ʩʪʘʥʮʠʷ ʩ ʠʟʚʝʩʪʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦ-

ʨʦʡ ʧʨʦʠʟʚʦʜʷʪʩʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʜʘʥʥʳʭ ʩʧʫʪʥʠʢʦʚʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ[3].  
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ʈʠʩ 1 ï ʋʩʪʨʦʡʩʪʚʦ ʩʠʩʪʝʤʳ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 3D ɻʅʉʉ ʥʘ ʘʚʪʦʛʨʝʡʜʝʨʝ[4] 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʠʩʪʝʤʳ ʥʠʚʝʣʠʨʦʚʘʥʠʷ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʠʝ ʠ ʚ ʈʦʩʩʠʠ[5]. ɺ ʛʦʨʦʜʝ ʇʝʨʤʴ ʚʧʝʨʚʳʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʩʠʩʪʝʤʳ ʙʳʣʠ 

ʧʨʠʤʝʥʝʥʳ ʚ 2008 ʛʦʜʫ ʢʦʤʧʘʥʠʝʡ ñʇʝʨʤɼʦʨʉʪʨʦʡò, ʥʘ ʦʙʲʝʢʪʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʪʨʘʩʩʳ ʇʝʨʤʴ-ɽʢʘʪʝʨʠʥʙʫʨʛ. ʇʨʠʯʠʥʦʡ ʧʨʠʤʝʥʝʥʠʷ ʷʚʣʷʣʦʩʴ ʪʦ, ʯʪʦ ʥʘʣʠʯʠʝ 

ʜʘʥʥʳʭ ʩʠʩʪʝʤ ʙʳʣʦ ʦʙʷʟʘʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʫʯʘʩʪʥʠʢʘʤ 

ʪʝʥʜʝʨʘ, ʨʘʥʝʝ ʜʘʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʙʳʣʠ ʚʢʣʶʯʝʥʳ ʚ ʪʝʥʜʝʨʳ ʚ ʝʚʨʦʧʝʡʩʢʠʭ 

ʩʪʨʘʥʘʭ.  

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʇʝʨʤʩʢʦʤ ʢʨʘʝ ʨʷʜ ʜʦʨʦʞʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʤʧʘʥʠʡ 

ʠʤʝʝʪ ʚ ʩʚʦʝʤ ʧʘʨʢʝ ʪʝʭʥʠʢʫ, ʦʩʥʘʱʝʥʥʫʶ ʩʠʩʪʝʤʘʤʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. ɺ 

ʯʘʩʪʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʘʷ ʢʦʤʧʘʥʠʷ ñʍʠʤʉʧʝʮʉʪʨʦʡò ʠʤʝʝʪ ʚ ʩʚʦʝʤ ʨʘʩʧʦʨʷʞʝ-

ʥʠʠ ʘʚʪʦʛʨʝʡʜʝʨ HBM BG 190 TA4 ʦʩʥʘʱʝʥʥʳʡ ʩʠʩʪʝʤʦʡ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

Topcon 3D ɻʅʉʉ. ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʳʷʚʣʝʥʘ ʥʝʜʦʨʘʙʦʪʢʘ ʫʟʣʘ ʢʨʝʧʣʝ-

ʥʠʷ ɻʅʉʉ ʘʥʪʝʥʥʳ. ʀʟ-ʟʘ ʫʩʪʨʦʡʩʪʚʘ ʢʨʝʧʣʝʥʠʷ, ʧʨʝʜʧʦʣʘʛʘʶʱʝʛʦ ʟʘʱʠʪʫ ʦʪ 

ʧʦʣʦʤʢʠ ʚ ʩʣʫʯʘʝ ʩʪʦʣʢʥʦʚʝʥʠʷ ʩ ʧʨʝʧʷʪʩʪʚʠʝʤ ʚʠʙʨʦʫʩʪʦʡʯʠʚʦʡ ʤʘʯʪʳ. 
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ʈʠʩ.2 ï ʂʨʝʧʣʝʥʠʝ ʚʠʙʨʦʫʩʪʦʡʯʠʚʦʡ ʤʘʯʪʳ ʢ ʦʪʚʘʣʫ ʘʚʪʦʛʨʝʡʜʝʨʘ 

 

ʂʦʥʩʪʨʫʢʮʠʷ ʢʨʝʧʣʝʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʠʞʘʪʠʝ ʯʘʩʪʠ ʚʠʙʨʦʫʩʪʦʡʯʠʚʦʡ 

ʤʘʯʪʳ ʪʨʝʤʷ ʙʦʣʪʘʤʠ ʚ ʧʦʣʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʥʢʝ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʠʟ-ʟʘ 

ʢʦʣʝʙʘʥʠʡ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʱʝʥʠʝ ʤʘʯʪʳ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ɻʅʉʉ ʘʥʪʝʥʥʳ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʪʦʯʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʦʩʥʦʚʘʥʠʡ. ʉʤʝʱʝʥʠʝ, ʧʨʠʚʦʜʷʱʝʝ 

ʢ ʢʨʠʪʠʯʝʩʢʦʤʫ ʫʭʫʜʰʝʥʠʶ ʪʦʯʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʝʯʝʥʠʠ ʦʜʥʦʡ ʥʝʜʝʣʠ, ʚ 

ʩʣʫʯʘʝ ʨʘʙʦʪʳ ʩ ʱʝʙʝʥʦʯʥʳʤ ʦʩʥʦʚʘʥʠʝʤ, ʚʦʟʤʦʞʥʦ ʫʭʫʜʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʟʘ 12 

ʯʘʩʦʚʫʶ ʩʤʝʥʫ. ʇʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʦʩʣʝ ʩʤʝʱʝʥʠʷ ʤʘʯʪʳ ʥʝʦʙ-

ʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʶʩʪʠʨʦʚʢʫ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ, ʯʪʦ ʤʦʞʝʪ ʟʘʥʷʪʴ ʥʝʩʢʦʣʴʢʦ ʯʘ-

ʩʦʚ. ɺʨʝʤʷ ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʥʘ ʧʝʨʝʙʘʟʠʨʦʚʢʫ ʪʝʭʥʠʢʠ ʥʘ ʙʘʟʫ, ʪʘʢ ʢʘʢ ʜʣʷ ʶʩʪʠ-

ʨʦʚʢʠ ʥʝʦʙʭʦʜʠʤʘ ʨʦʚʥʘʷ ʘʩʬʘʣʴʪʠʨʦʚʘʥʥʘʷ ʧʣʦʱʘʜʢʘ, ʢʦʪʦʨʦʡ ʥʘ ʦʙʲʝʢʪʝ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʝ ʙʳʣʦ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʦ-

ʮʝʩʩ ʩʙʦʨʘ ʧʦʢʘʟʘʥʠʡ ʩʦ ʩʧʫʪʥʠʢʘ (ʥʝʦʙʭʦʜʠʤʦ ʧʦʨʷʜʢʘ 4000 ʠʟʤʝʨʝʥʠʡ)  ʟʘʥʠ-

ʤʘʝʪ ʨʘʟʥʦʝ ʚʨʝʤʷ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʩʧʫʪʥʠʢʦʚʦʛʦ ʩʠʛʥʘʣʘ, ʢʘʢ ʧʨʘʚʠʣʦ 

ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʟʘʥʠʤʘʣ ʦʢʦʣʦ ʜʚʫʭ ʯʘʩʦʚ. ʂʘʢ ʧʨʘʚʠʣʦ ʥʘ ʶʩʪʠʨʦʚʢʫ ʪʝʭʥʠʢʠ 

ʟʘʪʨʘʯʠʚʘʣʦʩʴ ʧʦʨʷʜʢʘ 4-5 ʯʘʩʦʚ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʛʦ ʜʦʨʦʞ-

ʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʢʨʘʡʥʝ ʥʝʜʦʧʫʩʪʠʤʦ. 
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ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪ ʦʙʨʘʙʦʪʢʠ ʧʝʩʯʘʥʦʛʦ ʦʩʥʦʚʘʥʠʷ ʘʚʪʦʛʨʝʡʜʝʨʦʤ HBMTG 190TA-4 

ʦʙʦʨʫʜʦʚʘʥʥʳʤ ʩʠʩʪʝʤʦʡ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 3D ɻʅʉʉ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠ-

ʣʦʩʴ ɻʅʉʉ ʧʨʠʝʤʥʠʢʦʤ SokkiaGRX1 ʠ ʧʦʣʝʚʳʤ ʢʦʥʪʨʦʣʣʝʨʦʤ SokkiaSHC336 

ʇʢ+ 
ʇʨʦʝʢʪ ʌʘʢʪ ʦʪʢʣʦʥʝʥʠʝ 

ʦʩʴ ʇʨʘʚʦ ʦʩʴ ʇʨʘʚʦ ʦʩʴ ʇʨʘʚʦ 

4000 160,53 160,17 160,53 160,16 0,00 0,01 

4020 161,32 160,95 161,31 160,95 0,01 0,00 

4040 162,08 161,71 162,09 161,70 -0,01 0,01 

4060 162,81 162,45 162,82 162,44 -0,01 0,01 

4080 163,52 163,18 163,51 163,18 0,01 0,00 

4100 164,20 163,87 164,20 163,86 0,00 0,01 

4120 164,86 164,54 164,85 164,53 0,00 0,01 

4140 165,48 165,18 165,47 165,19 0,01 -0,01 

4160 166,08 165,78 166,07 165,77 0,01 0,01 

4180 166,66 166,35 166,66 166,34 0,00 0,01 

4200 167,20 166,90 167,19 166,90 0,01 0,00 

 

ʊʘʙʣʠʮʘ 2  

ʈʝʟʫʣʴʪʘʪ ʦʙʨʘʙʦʪʢʠ ʦʩʥʦʚʘʥʠʷ ʇɻʉ ʘʚʪʦʛʨʝʡʜʝʨʦʤ HBMTG 190TA-4 ʦʙʦʨʫʜʦ-

ʚʘʥʥʳʤ ʩʠʩʪʝʤʦʡ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 3D ɻʅʉʉ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʚ ʪʝʯʝʥʠʠ ʩʤʝ-

ʥʳ ʱʝʙʝʥʦʯʥʦʛʦ ʦʩʥʦʚʘʥʠʷ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ɻʅʉʉ ʧʨʠʝʤʥʠʢʦʤ 

SokkiaGRX1 ʠ ʧʦʣʝʚʳʤ ʢʦʥʪʨʦʣʣʝʨʦʤ SokkiaSHC336 

ʇʢ+ 
ʇʨʦʝʢʪ ʌʘʢʪ ʦʪʢʣʦʥʝʥʠʝ 

ʦʩʴ ʇʨʘʚʦ ʦʩʴ ʇʨʘʚʦ ʦʩʴ ʇʨʘʚʦ 

4000 160,73 160,38 160,77 160,42 -0,04 -0,04 

4020 161,52 161,17 161,55 161,21 -0,03 -0,04 

4040 162,28 161,93 162,33 161,98 -0,05 -0,05 

4060 163,01 162,67 163,06 162,72 -0,05 -0,05 

4080 163,72 163,39 163,76 163,44 -0,04 -0,05 

4100 164,40 164,09 164,45 164,14 -0,04 -0,05 

4120 165,06 164,76 165,09 164,81 -0,03 -0,05 

4140 165,68 165,39 165,73 165,43 -0,05 -0,04 

4160 166,28 165,99 166,31 166,04 -0,03 -0,05 

4180 166,86 166,57 166,90 166,62 -0,04 -0,05 

4200 167,40 167,12 167,44 167,16 -0,04 -0,04 

 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʜʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʧʦʢʘʟʘʪʝʣʝʡ 

ʨʘʙʦʪʳ ʪʝʭʥʠʢʠ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʘʩʭʦʜ ʤʘʪʝʨʠʘʣʦʚ ʠʟ-ʟʘ ʧʦʩʪʝʧʝʥʥʦʛʦ ʫʭʫʜʰʝ-

ʥʠʷ ʪʦʯʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʩʣʦʞʠʚʰʝʡʩʷ ʧʨʦʙʣʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʫʟʝʣ ʢʨʝʧʣʝʥʠʷ, 

ʩʧʦʩʦʙʥʳʡ ʦʙʝʩʧʝʯʠʪʴ ʩʦʭʨʘʥʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʠ ʩ ʧʨʝʧʷʪ-

ʩʪʚʠʝʤ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪʴ ʩʦʭʨʘʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʩʪʨʦʠ-

ʪʝʣʴʥʦ-ʜʦʨʦʞʥʳʭ ʤʘʰʠʥ. 
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ʫʥʠʚʝʨʩʠʪʝʪè 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʦʙʣʝʤʳ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʢʘʨʢʘʩʥʳʭ ʟʜʘʥʠʡ ʩ ʩʘʤʦʥʝʩʫʱʠʤʠ ʩʪʝʥʘʤʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʥʝʨʛʦʧʦʪʝʨʠ 

ʚʳʟʚʘʥʳ ʥʘʣʠʯʠʝʤ çʤʦʩʪʠʢʦʚ ʭʦʣʦʜʘè ʚ ʤʥʦʛʦʩʣʦʡʥʳʭ ʩʪʝʥʘʭ, ʚʳʧʦʣʥʝʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʢʠʨʧʠʯʘ ʚ ʢʘʯʝʩʪʚʝ ʦʙʣʠʮʦʚʦʯʥʦʛʦ ʩʣʦʷ ʠ ʙʣʦʢʦʚ ʠʟ ʷʯʝʠʩʪʦʛʦ ʙʝʪʦʥʘ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʩʘʤʦʥʝʩʫʱʘʷ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʘʷ ʥʘʨʫʞʥʘʷ ʩʪʝʥʘ ʜʣʷ ʢʘʨʢʘʩʥʳʭ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʟʜʘʥʠʡ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ ʟʜʘʥʠʷ, ʦʛʨʘʞʜʘʶʱʠʝ ʢʦʥʩʪʨʫʢ-

ʮʠʠ, ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʪʝʧʣʦʚʘʷ ʟʘʱʠʪʘ ʟʜʘʥʠʡ, ʪʝʧʣʦʧʨʦʚʦʜ-

ʥʦʩʪʴ, ʚʣʘʞʥʦʩʪʴ, ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ. 
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Annotation. The article is about the problems of energy saving in the operation of frame 

buildings with self-supporting walls. It is shown that additional energy losses are caused by the 

presence of ñcold bridgesò in multi-layer walls, made with the use of bricks as a facing layer and 

blocks of cellular concrete. The article presents a self-supporting energy-saving exterior wall for 

frame energy-efficient buildings. 
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ʇʨʠ ʚʦʟʚʝʜʝʥʠʠ ʤʥʦʛʦʵʪʘʞʥʳʭ ʟʜʘʥʠʡ ʩ ʢʘʨʢʘʩʦʤ ʠʟ ʤʦʥʦʣʠʪʥʦʛʦ ʠʣʠ 

ʩʙʦʨʥʦʛʦ ʞʝʣʝʟʦʙʝʪʦʥʘ  ʥʘʨʫʞʥʳʝ ʩʪʝʥʳ ʠʤʝʶʪ ʨʘʟʣʠʯʥʦʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʨʝ-

ʰʝʥʠʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʪʝʧʣʦʟʘʱʠʪʳ ʟʜʘʥʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ  ʜʣʷ ʪʘ-

ʢʠʭ ʟʜʘʥʠʡ ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʤʝʥʷʶʪ ʤʥʦʛʦʩʣʦʡʥʳʝ ʩʪʝʥʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʩ ʧʨʠ-

ʤʝʥʝʥʠʝʤ ʢʠʨʧʠʯʘ ʚ ʢʘʯʝʩʪʚʝ ʦʙʣʠʮʦʚʦʯʥʦʛʦ ʩʣʦʷ ʠ ʧʝʥʦ- ʠʣʠ ʛʘʟʦʙʝʪʦʥʥʳʭ 

ʙʣʦʢʦʚ ʜʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʣʦʷ, ʜʣʷ ʧʝʨʝʚʷʟʢʠ ʢʦʪʦʨʳʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʤʝʥʷʶʪ-

ʩʷ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʝʪʢʠ (ʨʠʩʫʥʦʢ 1).  

 

 
 

ʈʠʩ.1.ɺʘʨʠʘʥʪ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʥʘʨʫʞʥʳʭ ʩʪʝʥ 

 

ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ  ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʦ 10-

15 % ʧʦʪʨʝʙʣʷʝʤʦʡ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʟʜʘʥʠʝ ʪʝʨʷʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʟ-ʟʘ ʥʘʣʠ-

ʯʠʷ çʤʦʩʪʠʢʦʚ ʭʦʣʦʜʘè. ʆʩʦʙʝʥʥʦ ʵʪʦ ʥʘʛʣʷʜʥʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʪʝʧʣʦʚʠʟʠʦʥ-

ʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʘʨʢʘʩʥʳʭ ʟʜʘʥʠʡ ʩ ʩʘʤʦʥʝʩʫʱʠʤʠ ʩʪʝʥʘʤʠ (ʨʠʩʫʥʦʢ 2).   
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ʈʠʩ.2. ʇʦʪʝʨʠ ʪʝʧʣʘ ʯʝʨʝʟ ʤʦʥʦʣʠʪʥʳʝ ʧʝʨʝʢʨʳʪʠʷ 

 

ʅʘʣʠʯʠʝ ʩʚʝʪʷʱʠʭʩʷ ʪʦʯʝʢ ʚ ʪʦʨʮʘʭ ʧʝʨʝʢʨʳʪʠʡ ʠʟ ʤʦʥʦʣʠʪʥʦʛʦ ʞʝʣʝʟʦʙʝ-

ʪʦʥʘ ʚʳʟʚʘʥʦ ʫʩʪʨʦʡʩʪʚʦʤ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʧʝʨʬʦʨʘʮʠʠ ʧʣʠʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚʢʣʘʜʳʰʝʡ ʠʟ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʪʝʧʣʠʪʝʣʷ (ʨʠʩʫʥʦʢ 3). 

 

 
 

ʈʠʩ.3. ʄʦʥʦʣʠʪʥʦʝ ʧʝʨʝʢʨʳʪʠʝ ʩ ʪʝʨʤʦʚʢʣʘʜʳʰʘʤʠ 

 

ʇʨʠ ʪʘʢʦʤ ʨʝʰʝʥʠʠ ʪʝʧʣʦ ʫʭʦʜʠʪ ʯʝʨʝʟ ʛʫʩʪʦʘʨʤʠʨʦʚʘʥʥʳʝ ʫʯʘʩʪʢʠ ʧʣʠʪ 

ʧʝʨʝʢʨʳʪʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʤʝʞʜʫ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʤʠ ʚʢʣʘʜʳʰʘʤʠ.  

ʂʨʦʤʝ ʪʦʛʦ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ ʪʝʧʣʘ ʚʳʟʚʘʥʳ ʘʨʤʠʨʦʚʘʥʠʝʤ ʯʝʨʝʟ 

ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʷʜʦʚ ʩ ʧʦʤʦʱʴʶ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʝ-

ʪʦʢ ʤʥʦʛʦʩʣʦʡʥʳʭ ʩʪʝʥ, ʚʳʧʦʣʥʝʥʥʳʭ ʠʟ ʢʠʨʧʠʯʘ ʠ  ʙʣʦʢʦʚ (ʨʠʩʫʥʦʢ 4). 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʪʝʥʳ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʤʝʩʪʘʭ ʠʟ-ʟʘ ʥʝʦʜʥʦʨʦʜʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʩʪʝʥ ʠ ʧʝʨʝʢʨʳʪʠʡ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ 
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ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʝʥʥʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʩʧʦʩʦʙ-

ʩʪʚʦʚʘʪʴ ʧʦʷʚʣʝʥʠʶ ʢʦʥʜʝʥʩʘʪʘ ʧʨʠ ʩʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʠʞʝ ʪʦʯʢʠ ʨʦʩʳ. 

ʕʪʦ ʧʨʠʚʦʜʠʪ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʢ ʧʦʷʚʣʝʥʠʶ ʧʣʝʩʝʥʠ, ʪʝʤ ʩʘʤʳʤ ʩʥʠʞʘʷ ʵʢʦʣʦ-

ʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʦʤʝʱʝʥʠʡ ʞʠʣʦʛʦ ʟʜʘʥʠʷ (ʨʠʩʫʥʦʢ 5). ɺʩʣʝʜʩʪʚʠʝ ʵʪʦ-

ʛʦ ʨʘʟʨʘʙʦʪʢʘ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʥʘʨʫʞʥʳʭ ʩʪʝʥ 

ʟʜʘʥʠʡ ʠ ʧʘʥʝʣʝʡ ʧʝʨʝʢʨʳʪʠʡ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʟʜʘʥʠʡ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʣʠʢʚʠʜʘʮʠʠ çʤʦʩʪʠʢʦʚ ʭʦʣʦʜʘè 

ʦʙʫʩʣʦʚʣʝʥʘ ʥʝ ʪʦʣʴʢʦ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʤʠ ʩʦʦʙʨʘʞʝʥʠʷʤʠ, ʥʦ ʠ ʪʨʝʙʦʚʘʥʠʝʤ 

ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʭ ʥʦʨʤ. 

 

 

 

 

 

 

 

 

 

 

 
 

ʈʠʩ.4.ʊʝʧʣʦʚʠʟʠʦʥʥʘʷ ʩʲʝʤʢʘ ʩʪʝʥ ʟʜʘʥʠʷ, ʦʪʨʘʞʘʶʱʘʷ ʧʦʪʝʨʠ ʪʝʧʣʘ ʯʝʨʝʟ ʘʨ-

ʤʠʨʦʚʘʥʥʳʝ ʫʯʘʩʪʢʠ ʩʪʝʥ 

 

 
 

ʈʠʩ.5. ʆʙʨʘʟʦʚʘʥʠʝ ʧʣʝʩʝʥʠ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥ 
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ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʛʨʘʥʠʮʝ ʢʠʨʧʠʯʥʦʡ ʢʣʘʜʢʠ ʠ ʢʣʘʜʢʠ ʠʟ ʙʣʦʢʦʚ ʠʟ ʷʯʝʠʩʪʦʛʦ 

ʙʝʪʦʥʘ ʚʦʟʥʠʢʘʝʪ ʟʦʥʘ ʥʘʢʦʧʣʝʥʠʷ ʢʦʥʜʝʥʩʘʪʘ ʠʟ-ʟʘ ʨʘʟʥʦʡ ʧʘʨʦʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʢʠʨʧʠʯʘ ʠ ʙʣʦʢʦʚ ʠʟ ʷʯʝʠʩʪʦʛʦ ʙʝʪʦʥʘ. ʊʘʢ ʢʘʢ  ʥʘʨʫʞʥʳʡ ʩʣʦʡ ʠʟ ʢʠʨʧʠʯʘ, ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʷʚʣʷʝʪʩʷ ʧʘʨʦʙʘʨʴʝʨʦʤ, ʘ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʢʠʨʧʠʯ ʙʳʩʪʨʦ ʧʨʦʤʝʨʟʘʝʪ, ʪʦ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ʠʟ ʷʯʝʠʩʪʦʛʦ 

ʙʝʪʦʥʘ ʥʘʢʘʧʣʠʚʘʝʪ ʚʣʘʛʫ ʠ ʨʘʟʨʫʰʘʝʪʩʷ ʧʨʠ ʟʘʤʝʨʟʘʥʠʠ ʚʦʜʳ. ʕʪʦ ʷʚʣʝʥʠʝ 

ʩʥʠʞʘʝʪ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʩʪʝʥʳ ʠ ʝʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ  ʩʚʦʡʩʪʚʘ.  

ʅʘ ʩʝʛʦʜʥʷ ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʩʦʟʜʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʵʥʝʨʛʦʩʙʝʨʝ-

ʛʘʶʱʝʡ ʩʪʝʥʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʚʳʩʦʢʠʝ ʪʝʧʣʦʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʜʣʷ ʣʶʙʦʡ 

ʯʘʩʪʠ ʟʜʘʥʠʷ ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʤʠʥʠʤʘʣʴʥʳʭ ʤʘ-

ʪʝʨʠʘʣʴʥʳʭ ʠ ʪʨʫʜʦʚʳʭ ʟʘʪʨʘʪ ʥʘ ʝʝ ʫʩʪʨʦʡʩʪʚʦ.  

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʩʘʤʦʥʝʩʫʱʝʡ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʝʡ ʥʘʨʫʞ-

ʥʦʡ ʩʪʝʥʳ, ʩʦʜʝʨʞʘʱʘʷ ʥʘʨʫʞʥʳʡ ʦʙʣʠʮʦʚʦʯʥʳʡ ʩʣʦʡ ʠʟ ʢʠʨʧʠʯʥʦʡ ʢʣʘʜʢʠ, 

ʚʥʫʪʨʝʥʥʠʡ ʩʣʦʡ ʠʟ ʙʣʦʢʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʚ ʟʘʚʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ ʠʟ ʷʯʝʠʩʪʦʛʦ 

ʙʝʪʦʥʘ ʩ ʚʘʨʠʦʪʨʦʧʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦ ʧʘʨʦʧʨʦʥʠʮʘʝʤʦʩʪʠ. ɺ ʫʟʣʘʭ ʩʦʝʜʠʥʝ-

ʥʠʷ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʘʨʢʘʩʘ ʟʜʘʥʠʷ ʩʦ ʩʪʝʥʦʡ ʥʘʨʫʞʥʳʡ ʦʙʣʠʮʦ-

ʚʦʯʥʳʡ ʩʣʦʡ, ʘʨʤʠʨʦʚʘʥʥʳʡ ʧʨʦʚʦʣʦʯʥʦʡ ʘʨʤʘʪʫʨʦʡ ʠ ʦʪʜʝʣʝʥʥʳʡ ʦʪ ʞʝʣʝʟʦ-

ʙʝʪʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʫʪʝʧʣʠʪʝʣʝʤ, ʢʨʝʧʠʪʩʷ ʢ ʚʥʫʪʨʝʥʥʝʤʫ ʩʣʦʶ ʚ ʢʘʞʜʦʤ ʦʙ-

ʱʝʤ ʜʣʷ ʥʘʨʫʞʥʦʛʦ ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʣʦʝʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʰʚʝ ʧʦʣʦʩʦʡ ʪʢʘʥʦʛʦ 

ʥʘ ʦʩʥʦʚʝ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ ʭʦʣʩʪʘ, ʰʠ-

ʨʠʥʦʡ ʥʝ ʙʦʣʝʝ ʪʦʣʱʠʥʳ ʥʘʨʫʞʥʦʛʦ ʦʙʣʠʮʦʚʦʯʥʦʛʦ ʩʣʦʷ, ʫʢʣʘʜʳʚʘʝʤʦʛʦ ʧʦʜ 

ʫʛʣʦʤ 45 ʛʨʘʜʫʩʦʚ ʢ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʳ ʩ ʧʝʨʝʛʠʙʦʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

ʥʝ ʤʝʥʝʝ 1 ʩʤ ʦʪ ʧʣʦʩʢʦʩʪʠ ʚʥʝʰʥʝʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʪʝʥʳ (ʨʠʩʫʥ-

ʢʠ 6,7). 

 

 
 

ʈʠʩ. 6.  ʂʦʥʩʪʨʫʢʮʠʷ ʩʘʤʦʥʝʩʫʱʝʡ ʥʘʨʫʞʥʦʡ ʩʪʝʥʳ: 1- ʥʘʨʫʞʥʳʡ ʩʣʦʡ ʠʟ ʢʠʨ-

ʧʠʯʘ; 2 - ʚʥʫʪʨʝʥʥʠʡ ʩʣʦʡ ʠʟ ʷʯʝʠʩʪʦʙʝʪʦʥʥʳʭ ʙʣʦʢʦʚ ʩ ʚʘʨʠʦʪʨʦʧʥʦʡ ʧʘʨʦ-

ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ 
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