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DEVELOPMENT OF A TECHNOLOGY FOR OBTAINING CHEMICALLY SAFE  

WOOD TILES ON THE EXAMPLE OF FORMALDEHYDE  

 
Abstract: A method for the production of chemically safe wood boards using formaldehyde as an 

example, through the modification of existing methods for the manufacture of chipboard and fibreboard, is 

presented. 

Keywords: formaldehyde, wood plates, environmental, determination methods, dry method of pro-

duction 

 

ʃʝʪʫʯʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ (ʃʆʉ) ʚʣʠʷʶʪ ʥʘ ʢʘʯʝʩʪʚʦ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʠ. ʂ 

ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʚʝʱʝʩʪʚʘ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʜʨʝʚʝʩʠʥʳ ʠ ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʝ yʭʘʨʘʢʪʝʨʥʳʡ ʟʘ-

ʧʘʭ, ʘ ʪʘʢʞʝ ʘʣʴʜʝʛʠʜʳ ʠ ʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ [6]. ɼʨʝʚʝʩʠʥʘ ʠ ʜʨʝʚʝʩʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʦ 

ʫʨʦʚʥʶ ʵʤʠʩʩʠʠ ʃʆʉ ʚʦ ʤʥʦʛʦʤ ʩʭʦʞʠ. ʇʨʝʩʩʦʚʘʥʠʝ ʜʨʝʚʝʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 200 ʦʉ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʤʦʞʝʪ ʧʦʚʳʰʘʪʴʩʷ ʢʦʣʠʯʝʩʪʚʦ ʘʣʴʜʝʛʠʜʦʚ ʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʬʦʨʤʘʣʴʜʝʛʠʜʘ (ʩ ʢʘʨʙʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ), ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʚʳʜʝʣʝʥʠʶ 

ʥʝʣʝʪʫʯʠʭ ʠʣʠ ʤʘʣʦ ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʜʨʝʚʝʩʠʥʝ. ʋ ʦʙʨʘʙʦʪʘʥʥʦʡ ʜʨʝ-

ʚʝʩʠʥʳ ʠʩʪʦʯʥʠʢʘʤʠ ʵʤʠʩʩʠʠ ʃʆʉ ʤʦʛʫʪ ʪʘʢ ʞʝ ʩʪʘʪʴ ʥʘʥʦʩʠʤʳʝ ʚʧʦʩʣʝʜʩʪʚʠʠ ʚʦʩʢʦʚʳʝ 

ʧʦʢʨʳʪʠʷ, ʢʣʝʝʚʳʝ ʠ ʣʘʢʦʢʨʘʩʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ [6]. 

ʆʜʥʠʤ ʠʟ ʢʨʠʪʝʨʠʘʣʴʥʳʭ ʧʦʣʣʶʪʘʥʪʦʚ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʬʦʨʤʘʣʴʜʝ-

ʛʠʜ, ʷʚʣʷʶʱʝʡʩʷ ʭʘʨʘʢʪʝʨʥʳʤ ʃʆʉ. ɺʩʝʤʠʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʬʦʨʤʘʣʴʜʝ-

ʛʠʜ ʦʪʥʝʩʸʥ ʢ ʢʣʘʩʩʫ ʦʧʘʩʥʳʭ ʢʘʥʮʝʨʦʛʝʥʦʚ, ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʛʦ ʚ ʚʦʟʜʫʭʝ 

ʞʠʣʳʭ ʧʦʤʝʱʝʥʠʡ ʩʧʦʩʦʙʥʦ ʚʳʟʳʚʘʪʴ ʨʘʢʦʚʳʝ ʟʘʙʦʣʝʚʘʥʠʷ ʛʦʨʪʘʥʠ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʫ 

ʜʝʪʝʡ ʠ ʧʦʜʨʦʩʪʢʦʚ, ʘ ʪʘʢ ʞʝ ʦʙʣʘʜʘʝʪ ʪʦʢʩʠʯʥʦʩʪʴʶ, ʥʝʛʘʪʠʚʥʦ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʛʝʥʝʪʠʯʝ-

ʩʢʠʡ ʤʘʪʝʨʠʘʣ, ʨʝʧʨʦʜʫʢʪʠʚʥʳʝ ʦʨʛʘʥʳ, ʜʳʭʘʪʝʣʴʥʳʝ ʧʫʪʠ, ʛʣʘʟʘ, ʢʦʞʥʳʡ ʧʦʢʨʦʚ. ʂʨʦʤʝ 

ʪʦʛʦ, CH2O ʦʢʘʟʳʚʘʝʪ ʩʠʣʴʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʮʝʥʪʨʘʣʴʥʫʶ ʥʝʨʚʥʫʶ ʩʠʩʪʝʤʫ [5]. 
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ʇʦ ʜʘʥʥʳʤ ʈʦʩʩʪʘʪʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʜʨʝʚʝʩʥʦ-ʩʪʨʫʞʝʯʥʳʭ ʧʣʠʪ (ɼʉʇ) ʠ ʜʨʝʚʝʩʥʦ-

ʚʦʣʦʢʥʠʩʪʳʭ ʧʣʠʪ (ɼɺʇ) ʨʘʩʪʪy ʚ ʈʌ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ [4]. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʈʦʩʩʠʠ, ʥʘʯʠʥʘʷ 

1984 ʛʦʜʘ, ʦʙʩʫʞʜʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʨʝʚʝʩʥʳʭ ʧʣʠʪ, ʦʙʫʩʣʦʚʣʝʥ-

ʥʘʷ ʧʨʠʤʝʥʝʥʠʝʤ ʬʦʨʤʘʣʴʜʝʛʠʜʦʩʦʜʝʨʞʘʱʠʭ ʩʚʷʟʫʶʱʠʭ. ʋʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʦʥʝʯʥʦʡ 

ʜʨʝʚʝʩʥʦʧʣʠʪʥʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʘʚʘ ʩʚʷʟʫʶʱʠʭ ʠ ʢʦʤʧʦʟʠʮʠʡ ʧʨʦʧʠ-

ʪʦʯʥʳʭ ʩʦʩʪʘʚʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʣʠʪ ʠ ʙʫʤʘʞʥʦ-ʩʤʦʣʷʥʳʭ ʧʣʥyʦʢ [14]. 

ʉʧʦʩʦʙ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʧʣʠʪ, ʯʘʩʪʦ ʧʦ ɻʢʦʥʦʤʠʯʝʩʢʠʤ ʧʨʠʯʠ-

ʥʘʤ ʥʠʟʢʦ ʵʬʬʝʢʪʠʚʝʥ. ʕʪʦ ʩʚʷʟʘʥʥʦ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʝʙʝʩʪʦʠʤʦʩʪʠ 

ʧʨʦʜʫʢʮʠʠ ʚʚʠʜʫ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʘʩʭʦʜʦʚ ʥʘ ʩʳʨʴʝʚʳʝ ʢʦʤʧʦʥʝʥʪʳ (ʩʚʷʟʫʶʱʠʝ, ʜʦʙʘʚʢʠ ʠ 

ʪ.ʜ.), ʘ ʪʘʢʞʝ ʩʦ ʩʥʠʞʝʥʠʝʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʣʠʥʠʡ ʠʟ-ʟʘ ʙʦʣʝʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʧʨʝʩ-

ʩʦʚʘʥʠʷ ʠʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʝʨʝʜʝʣʦʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ʠ ʧʦʜʭʦʜʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʥʠʞʝʥʠʝ ʵʤʠʩʩʠʠ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʢʘʢ ʚ ʧʨʦ-

ʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʨʝʚʝʩʥʦ-ʩʪʨʫʞʝʯʥʳʭ ʧʣʠʪ, ʪʘʢ ʠ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʜʘʣʴʥʝʡʰʝʛʦ ʞʠʟʥʝʥʥʦʛʦ 

ʮʠʢʣʘ, ʘʢʪʫʘʣʴʥʳ ʠ ʷʚʣʷʶʪʩʷ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʅʘʤʠ, ʥʘ ʦʩʥʦʚʝ ʩʦʙʨʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚʦʟʤʦʞʥʳʡ ʤʝʪʦʜ ʠʟʛʦʪʦʚ-

ʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠ (ʵʢʦʣʦʛʠʯʝʩʢʠ) ʙʝʟʦʧʘʩʥʳʭ ʜʨʝʚʝʩʥʳʭ ʧʣʠʪ. ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʫʩʣʦʚʠʡ 

ʤʝʪʦʜʘ ï ʵʪʦ ʢʦʥʪʨʦʣʴ ʩʦʜʝʨʞʘʥʠʷ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʦʪʜʝʣʴʥʦʡ 

ʣʘʙʦʨʘʪʦʨʠʠ, ʢʦʪʦʨʘʷ ʩʧʝʮʠʘʣʠʟʠʨʫʝʪʩʷ ʪʦʣʴʢʦ ʥʘ ʧʨʦʚʝʨʢʝ ʵʤʠʩʩʠʠ ʬʦʨʤʘʣʴʜʝʛʠʜʘ.  

ʅʘ ʵʤʠʩʩʠʶ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʠʟ ʛʦʪʦʚʦʡ ʢʣʝʝʚʦʡ ʧʨʦʜʫʢʮʠʠ ʚʣʠʷʶʪ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦ-

ʨʦʚ, ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʧʦʨʦʜʘ ʜʨʝʚʝʩʠʥʳ, ʠʟ ʢʦʪʦʨʦʡ ʠʟʛʦʪʦʚʣʝʥ ʢʣʝʝʥʳʡ ʵʣʝʤʝʥʪ 

[13]. ʅʘʧʨʠʤʝʨ, ʢʦʤʧʘʥʠʷ Akzo Nobel ʧʨʦʚʝʣʘ ʮʝʣʳʡ ʢʦʤʧʣʝʢʩ ʠʩʧʳʪʘʥʠʡ ʵʣʝʤʝʥʪʦʚ ʢʣʝʝ-

ʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʥʘ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʩʪʘʥʜʘʨʪʥʦʡ ʢʣʝʝʚʦʡ ʩʠʩʪʝʤʳ, ʩʦʜʝʨʞʘ-

ʱʝʡ ʩʚʦʙʦʜʥʳʡ ʬʦʨʤʘʣʴʜʝʛʠʜ, ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ, ʥʦ ʥʘ ʨʘʟʥʳʭ ʧʦʨʦʜʘʭ. ʇʦ ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʳʤ ʚ [6] ʜʘʥʥʳʤ ʚʠʜʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʵʤʠʩʩʠʠ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʨʝʘʣʴʥʦ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ 

ʦʪ ʧʨʠʤʝʥʷʝʤʦʡ ʢʣʝʝʚʦʡ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʨʦ-

ʜʘʭ ʜʨʝʚʝʩʠʥʳ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ, ʤʳ ʧʨʝʜʣʘʛʘʝʤ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʱʝʧʫ (ʧʨʠʤʝʥʷʝʤʫʶ ʚ ʧʨʦ-

ʠʟʚʦʜʩʪʚʝ ɼʉʇ) ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʬʦʨʤʘʣʴʜʝʛʠʜʘ, ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʘʞʜʦʡ ʧʘʨʪʠʠ ʧʨʦʜʫʢʮʠʠ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʜʣʷ ʢʘʞ-

ʜʦʡ ʠʟ ʧʨʠʤʝʥʷʝʤʳʭ ʧʦʨʦʜ ʜʝʨʝʚʘ. ʕʪʦ ʧʦʤʦʞʝʪ ʩʦʟʜʘʪ ɹʩʧʝʮʠʬʠʢʘʮʠ,ʁ ʚ ʢʦʪʦʨʦʡ ʙʫʜʝʪ 

ʧʨʦʧʠʩʘʥʦ, ʢʘʢʫʶ ʜʨʝʚʝʩʠʥʫ ʥʫʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʛʦʪʦʚʘʷ ʧʣʠʪʘ ʦʪʚʝʯʘʣʘ 

ʪʨʝʙʦʚʘʥʠʷʤ ʵʤʠʩʩʠʠ ʬʦʨʤʘʣʴʜʝʛʠʜʘ (E0, E1 ʠ ʪ.ʜ.). ɸ ʪʘʢ ʞʝ, ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʛʦ ʩʦʩʪʘʚʘ ʩʤʦʣʳ ʜʣʷ ʨʘʟʥʳʭ ʧʦʨʦʜ ʜʨʝʚʝʩʠʥʳ. ʇʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʥʦʨʤʳ ʩʦ-

ʜʝʨʞʘʥʠʷ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʚ ʧʣʠʪʝ, ʧʦ ʚʳʜʝʣʝʥʠ ʁʬʦʨʤʘʣʴʜʝʛʠʜʘ ʠʟ ʧʣʠʪʳ ʚ ʚʦʟʜʫʭ, ʜʣʷ ʧʣʠʪ 

ʢʣʘʩʩʦʚ ʵʤʠʩʩʠʠ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ɽ0,5, ɽ1 ʠ ɽ2 ʥʝ ʜʦʣʞʥʳ ʧʨʝʚʳʰʘʪʴ ʟʥʘʯʝʥʠʡ, ʫʢʘʟʘʥʥʳʭ ʚ 

ʪʘʙʣ.1 [8].  

 

ʊʘʙʣʠʮʘ 1. ʇʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʥʦʨʤʳ ʩʦʜʝʨʞʘʥʠʷ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʚ ʧʣʠʪʝ 

 

ʂʣʘʩʩ ʵʤʠʩʩʠʠ 

ʬʦʨʤʘʣʴʜʝʛʠʜʘ 

ʇʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʥʦʨʤʳ 

ʩʦʜʝʨʞʘʥʠʷ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʚ 

ʧʣʠʪʝ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʧʝʨʬʦ-

ʨʘʪʦʨʥʳʤ ʤʝʪʦʜʦʤ, ʤʛ/100 ʛ 

ʘʙʩ. ʩʫʭʦʡ ʧʣʠʪʳ 

ʇʨʠʤʝʥʝʥʠʝ ʧʣʠʪ 

ɽ 0,5 ɼʦ 4,0 ʚʢʣʶʯ. 

ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʝʪʩʢʦʡ ʤʝʙʝʣʠ, ʤʝʙʝʣʠ ʜʣʷ 

ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ, ʤʝʙʝʣʠ ʜʣʷ ʜʦʰʢʦʣʴʥʳʭ 

ʫʯʨʝʞʜʝʥʠʡ ʠ ʜʨʫʛʦʡ ʤʝʙʝʣʠ 

ɽ 1 ʉʚ. 4,0 ʜʦ 8,0 ʚʢʣʶʯ. 

ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʳʪʦʚʦʡ ʤʝʙʝʣʠ, ʤʝʙʝʣʠ ʜʣʷ 

ʦʙʱʝʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʡ ʠ ʠʟʜʝʣʠʡ, ʧʨʝʜʥʘ-

ʟʥʘʯʝʥʥʳʭ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʥʫʪʨʠ ʞʠʣʳʭ ʠ 

ʦʙʱʝʩʪʚʝʥʥʳʭ ʟʜʘʥʠʡ ʠ ʧʦʤʝʱʝʥʠʡ 

ɽ 2 ʉʚ. 8,0 ʜʦ 20,0 ʚʢʣʶʯ. 
ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʨʫʛʠʭ ʠʟʜʝʣʠʡ, ʢʨʦʤʝ ʤʝʙʝ-

ʣʠ 



ʈʘʟʜʝʣ 1. ʌʋʅɼɸʄɽʅʊɸʃʔʅʓɽ ʀ ʇʈʀʂʃɸɼʅʓɽ ɺʆʇʈʆʉʓ ʌʀɿʀʂʀ ʀ ʍʀʄʀʀ 

5 

 

ʇʦʩʢʦʣʴʢʫ ʧʨʦʙʣʝʤʘ ʭʠʤʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʨʝʚʝʩʥʳʭ ʧʣʠʪ ʧʦ ʬʦʨʤʘʣʴʜʝʛʠʜʫ, 

ʦʙʫʩʣʦʚʣʝʥʘ ʧʨʠʤʝʥʝʥʠʝʤ ʬʦʨʤʘʣʴʜʝʛʠʜʦʩʦʜʝʨʞʘʱʠʭ ʩʚʷʟʫʶʱʠʭ [15] ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʭʠʤʠ-

ʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʧʣʠʪ ʥʫʞʥʳ ʥʠʟʢʦʤʦʣʴʥʳʝ ʢʘʨʙʘʤʠʜʥʳʝ ʩʤʦʣʳ (ʩ ʤʦʣʴʥʳʤ ʩʦʦʪʥʦʰʝʥʠ-

ʝʤ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʢ ʢʘʨʙʘʤʠʜʫ ʥʝ ʙʦʣʝʝ 1,1). ʇʨʠʯʸʤ ʥʝʦʙʭʦʜʠʤʘ ʤʦʜʠʬʠʢʘʮʠʷ ʵʪʠʭ ʢʘʨʙʘ-

ʤʠʜʥʳʭ ʩʤʦʣ ʤʝʣʘʤʠʥʦʤ. ʊʘʢʠʝ ʩʤʦʣʳ ʠʤʝʶʪ ʤʘʣʳʡ ʩʨʦʢ ʭʨʘʥʝʥʠʷ (ʥʝ ʙʦʣʝʝ 3-4 ʥʝʜʝʣʴ) ʠ 

ʧʦʪʦʤʫ ʠʟʛʦʪʘʚʣʠʚʘʪʴʩʷ ʜʦʣʞʥʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʠʣʠ ʚʙʣʠʟʠ ʜʨʝʚʝʩʥʦʧʣʠʪʥʳʭ ʟʘʚʦʜʦʚ [14]. 

ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʩʪʚ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʤʦʣʳ ʚ ʚʠʜʝ ʧʦʨʦʰʢʘ ʥʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ, 

ʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ (ʥʘʧʨʠʤʝʨ, ʪʘʢʦʝ ʢʘʢ ʤʝʰʘʣʢʠ, ʮʠʩʪʝʨʥʳ), ʪʨʝʙʫʝʪ-

ʩʷ ʦʪʜʝʣʴʥʦʝ ʧʦʤʝʱʝʥʠʝ, ʦʧʝʨʘʪʦʨʳ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʱʠʪʳ, ʦʪ-

ʜʝʣʴʥʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ʜʣʷ ʢʦʥʪʨʦʣʷ ʨʘʟʚʝʜʝʥʠʷ ʩʤʦʣʳ ʚ ʚʦʜʝ ʠ ʪ.ʜ. ʆʜʥʘʢʦ ʟʘʢʫʧʢʘ ʩʤʦʣʳ ʚ 

ʚʠʜʝ ʧʦʨʦʰʢʘ, ʘ ʥʝ ʵʤʫʣʴʩʠʠ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʤʦʞʝʪ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʚʚʝʜʝʥʠʝʤ ʚ 

ʩʤʦʣʫ ʠʥʛʠʙʠʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʙʣʦʢʠʨʦʚʘʪʴ ʚʳʙʨʦʩʳ ʛʘʟʦʚ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʚ ʦʢʨʫʞʘʶ-

ʱʫʶ ʩʨʝʜʫ. ʇʦʵʪʦʤʫ, ʧʨʝʜʣʘʛʘʝʤ ʚʘʨʠʪʴ ʩʤʦʣʫ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʟʘʚʦʜʘ, ʘ 

ʠʟʛʦʪʦʚʣʝʥʥʫʶ ʧʘʨʪʠʶ ʩʤʦʣʳ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚ ʣʘʙʦʨʘʪʦʨʠʠ. 

ʂʦʨʦʪʢʦ ʦʪʤʝʪʠʤ ʦʩʥʦʚʥʳʝ ʩʧʦʩʦʙ rʧʨʦʠʟʚʦʜʩʪʚʘ ʜʨʝʚʝʩʥʳʭ ʧʣʠʪ: ʤʦʢʨʳʡ ʠ ʩʫʭʦʡ 

ʩʧʦʩʦʙ. 

ʄʦʢʨʳʡ ʩʧʦʩʦʙ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʳʜʝʣʝʥʠʷ 

ʬʦʨʤʘʣʴʜʝʛʠʜʘ. ʆʜʥʘʢʦ ʥʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʦʩʣʝ 

ʥʝʛʦ ʦʩʪʘʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʪʦʯʥʳʭ ʚʦʜ. ʇʣʠʪʘ ʧʦʣʫʯʘʝʪʩʷ ʥʝʨʦʚʥʘʷ ʩ ʨʠʩʫʥʢʦʤ ʩʝʪ-

ʢʠ, ʢʦʪʦʨʳʡ ʥʫʞʥʦ ʩʧʠʣʠʚʘʪʴ. ɽʱʝ ʦʜʠʥ ʩʫʱʝʩʪʚʝʥʥʳʡ ʤʠʥʫʩ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʝʥʦʣʦ-

ʬʦʨʤʘʣʴʜʝʛʠʜʥʦʡ ʩʤʦʣʳ, ʪʘʢ ʢʘʢ ʬʝʥʦʣ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʨʝʘʣʴʥʦ ʚʳʚʝʩʪʠ ʠʟ ʛʦʪʦʚʳʭ ʣʠʩʪʦʚ 

ɼɺʇ.  

ʉʫʭʦʡ ʩʧʦʩʦʙ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʝʪʦʜʦʚ. ʇʨʠ ʩʫʭʦʤ ʩʧʦ-

ʩʦʙʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʣʠʩʪʳ ɼɺʇ ʧʦʣʫʯʘʶʪʩʷ ʛʣʘʜʢʠʤʠ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ ʠ ʦʙʣʘʜʘʶʪ ʩʧʝʮʠʬʠʯʝ-

ʩʢʠʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ï ʦʛʥʝʩʪʦʡʢʦʩʪʴʶ, ʚʣʘʛʦʩʪʦʡʢʦʩʪʴʶ ʠ ʜʨ. ʀʤʝʥʥʦ ʧʦ-

ʵʪʦʤʫ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʟʛʦʪʦʚʣʝʥʠʝ ʧʣʠʪʳ ʩʫʭʠʤ ʩʧʦʩʦʙʦʤ. 
ʆʜʥʘʢʦ ʢʦʣʠʯʝʩʪʚʦ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʤʝʪʦʜʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʨʝʚʝʩ-

ʥʳʭ ʧʣʠʪ, ʥʦ ʠ ʦʪ ʠʭ ʢʦʥʪʨʦʣʷ. ʄʳ ʩʨʘʚʥʠʣʠ [7] ʧʷʪʴ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʬʦʨ-

ʤʘʣʴʜʝʛʠʜʘ ʚ ʩʤʦʣʘʭ: ʧʝʨʬʦʨʘʪʦʨʥʳʡ [9] ʠ [1], ʢʘʤʝʨʥʳʡ [10], ʛʘʟʦʚʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʡ [11] ʠ 

[2], ʵʢʩʠʢʘʪʦʨʥʳʡ [3] ʠ ʙʘʥʦʯʥʳʡ ʤʝʪʦʜ WKI [6]. ɺ [12] ʧʨʠʚʝʜʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘ-

ʪʳ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʠʩʧʳʪʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʝʡ ʠ ʤʝʞʣʘʙʦʨʘʪʦʨʥʳʝ ʩʣʠʯʠ-

ʪʝʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ. ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʪʦʜʠʢ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʚʳʜʝʣʝʥʠʷ ʠʣʠ ʩʦʜʝʨʞʘʥʠʷ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʚ ʜʨʝʚʝʩʥʳʭ ʧʣʠʪʘʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʞ-

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ (ɻʆʉʊ) ʥʝ ʷʚʣʷʪʁʩʷ ʠʩʪʦʯʥʠʢʘʤʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʥʘʯʠʪʝʣʴ-

ʥʳʭ ʨʘʩʭʦʞʜʝʥʠʡ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʠʩʧʳʪʘʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʧʳʪʘʥʠʡ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ʝʚʨʦʧʝʡʩʢʠʤʠ ʨʝʛʠʦʥʘʣʴʥʳʤʠ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ. ʇʨʠ ʠʩʧʳʪʘʥʠʠ 

ʜʨʝʚʝʩʥʳʭ ʧʣʠʪ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʝʨʬʦʨʘʪʦʨʥʳʤ ʤʝʪʦʜʦʤ ʩʦʛʣʘʩʥʦ [9] ʠ [1], ʤʦʛʫʪ 

ʙʳʪʴ ʧʨʠʟʥʘʥʳ ʩʦʧʦʩʪʘʚʠʤʳʤʠ [12]. ɼʘʥʥʳʝ ʤʝʪʦʜʳ ʠʤʝʶʪ ʨʷʜ ʜʦʩʪʦʠʥʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ 

(ʪʘʙʣ.2).  

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʩʨʘʚʥʝʥʠʝ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʙʦʣʝʝ 

ʧʦʜʨʦʙʥʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ [4]. 

ʀʟʛʦʪʦʚʣʝʥʥʳʝ ʧʦʣʫʬʦʨʤʘʪʳ, ʪʘʢʠʝ ʢʘʢ ʥʝʦʙʣʠʮʦʚʘʥʥʳʝ, ʰʣʠʬʦʚʘʥʥʳʝ ɼʉʇ, ʜʨʝ-

ʚʝʩʥʦʚʦʣʦʢʥʠʩʪʳʝ ʧʣʠʪʳ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ (ʘʥʛʣ. Medium Density Fibreboard, MDF; ʠʥʦʛʜʘ 

ʧʨʠʤʝʥʷʶʪ ʪʨʘʥʩʣʠʪ: ʄɼʌ) ʠ ʜʨʝʚʝʩʥʦʚʦʣʦʢʥʠʩʪʳʝ ʧʣʠʪʳ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ (ʘʥʛʣ. High 

Density Fiberboard, HDF; ʠʥʦʛʜʘ ʧʨʠʤʝʥʷʶʪ ʪʨʘʥʩʣʠʪ: ʍɼʌ), ʪʘʢ ʞʝ ʧʦʜʚʝʨʛʘʶʪʩʷ ʢʦʥʪʨʦʣʶ 

ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʧʝʨʬʦʨʘʪʦʨʥʳʤ [9] ʤʝʪʦʜʦʤ. 

ʇʦʩʣʝ ʩʪʘʜʠʠ ʠʤʧʨʝʛʥʠʨʦʚʘʥʠʷ ʧʣʠʪʳ ʦʪʧʨʘʚʣʷʶʪʩʷ ʥʘ ʧʦʚʪʦʨʥʫʶ ʠ ʟʘʢʣʶʯʠʪʝʣʴ-

ʥʫʶ ʧʨʦʚʝʨʢʫ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʛʘʟʦʚʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʤ [11] ʤʝʪʦʜʦʤ. 

ʆʙʣʠʮʦʚʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʢʨʦʤʦʢ ʧʣʠʪ ʧʨʝʜʦʪʚʨʘʱʘʶʪ ʚʳʜʝʣʝʥʠʝ ʦʩ-

ʥʦʚʥʦʡ ʯʘʩʪʠ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʠ ʧʦʪʦʤʫ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʠʤʠ ʠʟʦʣʠʨʫʶʱʠʤʠ ʩʚʦʡ-

ʩʪʚʘʤʠ [14].  ʄʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʚ ʧʣʠʪʝ ʧʨʠʚʝʜʪy ʢ ʪʦʤʫ, ʯʪʦ ʧʣʠʪʘ ʙʫʜʝʪ ʥʝ 

ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʯʥʦʡ, ʠ ʧʦʪʦʤʫ ʙʳʩʪʨʦ ʩʣʦʤʘʝʪʩʷ. ɼʣʷ ʵʪʦʛʦ ʧʨʝʜʣʘʛʘʝʤ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚʚʝ-



IV ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

ɸʂʊʋɸʃʔʅʓɽ ɺʆʇʈʆʉʓ ɽʉʊɽʉʊɺʆɿʅɸʅʀʗ 

 

6 

 

ʩʪʠ ʩʧʝʮʠʬʠʢʘʮʠʠ ʜʣʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʧʣʠʪ (ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʩʢʦʡ ʤʝʙʝʣʠ ʠ 

ʜʨ. ʪʦʚʘʨʦʚ ʜʣʷ ʜʝʪʝʡ) ʠ ʜʣʷ ʧʨʦʯʥʳʭ ʧʣʠʪ (ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ).  

 

ʊʘʙʣʠʮʘ 2. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʬʦʨʤʘʣʴʜʝʛʠʜʘ 

 

 
ʇʝʨʬʦʨʘʪʦʨ-

ʥʳʡ ʤʝʪʦʜ 

ɻʘʟʦʘʥʘʣʠʪʠʯʝ-

ʩʢʠʡ ʤʝʪʦʜ 
ʂʘʤʝʨʥʳʡ ʤʝʪʦʜ 

ʕʢʩʠʢʘʪʦʨʥʳʡ 

ʤʝʪʦʜ 
WKI ʤʝʪʦʜ 

ʕʢʦʣʦʛʠʯʝʩʢʠʡ 

ʘʩʧʝʢʪ 

ʅʝʜʦʩʪʘʪʦʢ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʨʝʜʥʳʭ ʨʝʘʛʝʥ-

ʪʦʚ (ʪʦʣʫʦʣ) 

ɼʦʩʪʦʠʥʩʪʚʦ 

ɺʨʝʜʥʳʝ ʨʝʘʛʝʥ-

ʪʳ ʥʝ ʠʩʧʦʣʴʟʫ-

ʶʪʩʷ 

ɼʦʩʪʦʠʥʩʪʚʦ 

ɺʨʝʜʥʳʝ ʨʝʘʛʝʥ-

ʪʳ ʥʝ ʠʩʧʦʣʴʟʫ-

ʶʪʩʷ 

ɼʦʩʪʦʠʥʩʪʚʦ 

ɺʨʝʜʥʳʝ ʨʝʘʛʝʥʪʳ 

ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ɼʦʩʪʦʠʥʩʪʚʦ 

ɺʨʝʜʥʳʝ ʨʝʘʛʝʥ-

ʪʳ ʥʝ ʠʩʧʦʣʴʟʫ-

ʶʪʩʷ 

ʊʠʧ ʧʣʠʪʳ 

ʅʝʜʦʩʪʘʪʦʢ 

ʀʩʧʦʣʴʟʫʝʪʩʷ 

ʪʦʣʴʢʦ ʜʣʷ ʥʝ-

ʦʙʣʠʮʦʚʘʥʥʳʭ 

ʧʣʠʪ. 

ʅʝʜʦʩʪʘʪʦʢ 

ʀʩʧʦʣʴʟʫʝʪʩʷ 

ʪʦʣʴʢʦ ʜʣʷ ʦʙʣʠ-

ʮʦʚʘʥʥʳʭ ʧʣʠʪ. 

ɸ ʪʘʢ ʞʝ ʧʦʣʦʚʦ-

ʛʦ ʧʦʢʨʳʪʠʷ. 

ɼʦʩʪʦʠʥʩʪʚʦ 

ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʦʙʣʠʮʦʚʘʥ-

ʥʳʭ/ʥʝʦʙʣʠʮʦʚʘʥ

ʥʳʭ ʧʣʠʪ. ɸ ʪʘʢ 

ʞʝ ʧʦʣʦʚʦʛʦ ʧʦ-

ʢʨʳʪʠʷ. 

ʅʝʜʦʩʪʘʪʦʢ 

ʀʩʧʦʣʴʟʫʝʪʩʷ 

ʪʦʣʴʢʦ ʜʣʷ ʥʝʦʙ-

ʣʠʮʦʚʘʥʥʳʭ ʧʣʠʪ. 

 

ʅʝʜʦʩʪʘʪʦʢ 

ɸ ʪʘʢ ʞʝ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʪʦʣʴʢʦ 

ʜʣʷ ʥʝʦʙʣʠʮʦ-

ʚʘʥʥʳʭ ʧʣʠʪ. 

ʅʦʨʤʘʪʠʚʥʘʷ 

ʜʦʢʫʤʝʥʪʘʮʠʷ 

ɼʦʩʪʦʠʥʩʪʚʦ 

ɻʆʉʊ 27678-

2014, EN 120 

ɼʦʩʪʦʠʥʩʪʚʦ 

ɻʆʉʊ 53867-

2010, EN 717-2 

ɼʦʩʪʦʠʥʩʪʚʦ 

ɻʆʉʊ 30255-

2014, EN 717-1 

ɼʦʩʪʦʠʥʩʪʚʦ 

JIS A 1460 

ʅʝʜʦʩʪʘʪʦʢ 

ʅʝ ʠʤʝʝʪ ʥʦʨʤʘ-

ʪʠʚʥʦʡ ʜʦʢʫʤʝʥ-

ʪʘʮʠʠ, ʩʯʠʪʘʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʦʡ 

ʫʥʠʚʝʨʩʠʪʝʪʘ. 

ɺʨʝʤʷ 
ɼʦʩʪʦʠʥʩʪʚʦ 

ʆʪ 3 ʜʦ 4 ʯʘʩʦʚ. 
ɼʦʩʪʦʠʥʩʪʚʦ 

ʆʪ 5,5 ʜʦ 6 ʯʘʩʦʚ. 

ʅʝʜʦʩʪʘʪʦʢ 

ʆʪ 24,5 ʜʦ 25 

ʯʘʩʦʚ. 

ʅʝʜʦʩʪʘʪʦʢ 

ʆʪ 24,5 ʜʦ 25 ʯʘ-

ʩʦʚ. 

ɼʦʩʪʦʠʥʩʪʚʦ 

ʆʪ 24,5 ʜʦ 25 

ʯʘʩʦʚ, ʝʩʪʴ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʩʦ-

ʢʨʘʱʝʥʠʷ ʚʨʝʤʝ-

ʥʠ ʦʪ 3 ʜʦ 4 ʯʘ-

ʩʦʚ. 

ʕʢʦʥʦʤʠʯʝʩʢʠʡ 

ʘʩʧʝʢʪ 

ɼʦʩʪʦʠʥʩʪʚʦ 

ʅʝʜʦʨʦʛʦʩʪʦʷ-

ʱʝʝ ʦʙʦʨʫʜʦʚʘ-

ʥʠʝ 

 

ʅʝʜʦʩʪʘʪʦʢ 

ɼʦʨʦʛʦʩʪʦʷʱʝʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ, ʩ 

ʧʦʩʪʦʷʥʥʦʡ ʟʘ-

ʢʫʧʢʦʡ ʢʦʤʧʣʝʢ-

ʪʫʶʱʠʭ. 

ʅʝʜʦʩʪʘʪʦʢ 

ɼʦʨʦʛʦʩʪʦʷʱʝʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ, ʩ 

ʧʦʩʪʦʷʥʥʦʡ ʟʘ-

ʢʫʧʢʦʡ ʢʦʤʧʣʝʢ-

ʪʫʶʱʠʭ. 

ɼʦʩʪʦʠʥʩʪʚʦ 

ʅʝʜʦʨʦʛʦʩʪʦʷʱʝʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ 

 

ɼʦʩʪʦʠʥʩʪʚʦ 

ʅʝʜʦʨʦʛʦʩʪʦʷ-

ʱʝʝ ʦʙʦʨʫʜʦʚʘ-

ʥʠʝ 

 

ʆʪʢʣʦʥʝʥʠʝ ʨʝ-

ʟʫʣʴʪʘʪʦʚ 

ɼʦʩʪʦʠʥʩʪʚʦ 

ʆʜʠʥ ʠʟ ʩʘʤʳʭ 

ʪʦʯʥʳʭ ʤʝʪʦʜʦʚ 

ʦʧʨʝʜʝʣʝʥʠʷ 

ɼʦʩʪʦʠʥʩʪʚʦ 

ʆʜʠʥ ʠʟ ʩʘʤʳʭ 

ʪʦʯʥʳʭ ʤʝʪʦʜʦʚ 

ʦʧʨʝʜʝʣʝʥʠʷ 

ɼʦʩʪʦʠʥʩʪʚʦ 

ʆʜʠʥ ʠʟ ʩʘʤʳʭ 

ʪʦʯʥʳʭ ʤʝʪʦʜʦʚ 

ʦʧʨʝʜʝʣʝʥʠʷ 

ʅʝʜʦʩʪʘʪʦʢ 

ʆʪʢʣʦʥʝʥʠʝ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʚʳʰʝ 

ʯʝʤ ʟʥʘʯʝʥʠʷ ʧʦ 

ʛʘʟʦʘʥʘʣʠʪʠʯʝʩʢʦ-

ʤʫ ʠ ʧʝʨʬʦʨʘʪʦʨ-

ʥʦʤʫ ʤʝʪʦʜʫ. 

ɼʦʩʪʦʠʥʩʪʚʦ 

ʍʦʨʦʰʦ 

ʢʦʨʨʝʣʠʨʫʝʪ ʩ 

ʧʝʨʬʦʨʘʪʦʨʥʳʤ 

ʤʝʪʦʜʦʤ 

ʂʦʣʠʯʝʩʪʚʦ ʦʙ-

ʨʘʟʮʦʚ 

ɼʦʩʪʦʠʥʩʪʚʦ 

ɺʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠ-

ʯʝʩʪʚʦ ʦʙʨʘʟʮʦʚ 

(ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʢʦʣʠʯʝʩʪʚʘ 

ʧʝʨʬʦʨʘʪʦʨʦʚ) 

ʅʝʜʦʩʪʘʪʦʢ 

ʄʘʣʦʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʦʙʨʘʟʮʦʚ ʟʘ 

1 ʨʘʟ 

ʅʝʜʦʩʪʘʪʦʢ 

ʄʘʣʦʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʦʙʨʘʟʮʦʚ ʟʘ 1 

ʨʘʟ 

ɼʦʩʪʦʠʥʩʪʚʦ 

ɺʦʟʤʦʞʥʦʩʪʴ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝ-

ʩʪʚʦ ʦʙʨʘʟʮʦʚ (ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʣʠʯʝʩʪʚʘ ʵʢʩʠʢʘ-

ʪʦʨʦʚ) 

ɼʦʩʪʦʠʥʩʪʚʦ 

ɺʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠ-

ʯʝʩʪʚʦ ʦʙʨʘʟʮʦʚ 

(ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʢʦʣʠʯʝʩʪʚʘ 

ʩʪʝʢʣʷʥʥʳʭ ʙʘ-

ʥʦʢ) 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʦʩʪʦʠʥʩʪʚʦ 

110,6 oC (ʪʝʤʧʝ-

ʨʘʪʫʨʘ ʢʠʧʝʥʠʷ 

ʪʦʣʫʦʣʘ) 

ɼʦʩʪʦʠʥʩʪʚʘ  

60 ʆʉ 
ɼʦʩʪʦʠʥʩʪʚʘ  

ʆʪ 20 ʜʦ 40 ʆʉ 

ʅʝʜʦʩʪʘʪʦʢ  

ʆʪ 15 ʜʦ 25 ʆʉ 

(ʢʦʤʥʘʪʥʘʷ ʪʝʤʧʝ-

ʨʘʪʫʨʘ) 

ɼʦʩʪʦʠʥʩʪʚʦ  

ʆʪ 20 ʜʦ 60 ʆʉ  

 

ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʧʣʠʪ, ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʣʠʪʝ ʙʫʜʫʪ: ʧʣʠʪʘ 

ʢʣʘʩʩʘ ʵʤʠʩʩʠʠ ɽ0,5 (ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʣʘʤʠʥʦʬʦʨʤʘʣʴʜʝʛʠʜʥʦʡ ʩʤʦʣʳ ʩ ʦʯʝʥʴ ʥʠʟʢʠʤ ʧʦʢʘ-

ʟʘʪʝʣʝʤ ʬʦʨʤʘʣʴʜʝʛʠʜʘ), ʙʫʤʘʞʥʦ-ʩʤʦʣʷʥʳʝ ʧʣʝʥʢʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʣʘʤʠʥʘ ʥʝ ʤʝʥʝʝ 25 

ʛ/ʤ2, ʧʦʣʥʘʷ ʦʙʣʠʮʦʚʢʘ ʟʘʜʥʠʭ ʩʪʝʥʦʢ ʠ ʦʪʚʝʨʩʪʠʡ [15]. 



ʈʘʟʜʝʣ 1. ʌʋʅɼɸʄɽʅʊɸʃʔʅʓɽ ʀ ʇʈʀʂʃɸɼʅʓɽ ɺʆʇʈʆʉʓ ʌʀɿʀʂʀ ʀ ʍʀʄʀʀ 

7 

 

ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʦʯʥʳʭ ʧʣʠʪ, ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʣʠʪʝ ʙʫʜʫʪ: ʧʣʠʪʘ ʢʣʘʩʩʘ ʵʤʠʩʩʠʠ ɽ1 

(ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʣʘʤʠʥʦʬʦʨʤʘʣʴʜʝʛʠʜʥʦʡ ʩʤʦʣʳ ʩ ʥʠʟʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʬʦʨʤʘʣʴʜʝʛʠʜ ʠʣʠ 

ʢʘʨʙʦʥʦʬʦʨʤʘʣʴʜʝʛʠʜʥʫʶ ʩʤʦʣʫ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʬʦʨʤʘʣʴʜʝʛʠʜʘ), ʙʫʤʘʞʥʦ-ʩʤʦʣʷʥʳʝ 

ʧʣʝʥʢʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʣʘʤʠʥʘ ʥʝ ʤʝʥʝʝ 35 ʛ/ʤ2, ʧʦʣʥʘʷ ʦʙʣʠʮʦʚʢʘ ʟʘʜʥʠʭ ʩʪʝʥʦʢ ʠ ʦʪʚʝʨ-

ʩʪʠʡ [15].  

ʇʦ ʩʦʙʨʘʥʥʳʤ ʜʘʥʥʳʤ, ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʢʦʥʪʨʦʣʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʝʜʧʦ-

ʣʘʛʘʝʤʦʛʦ ʚʘʨʠʘʥʪʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʄɼʌ, ʍɼʌ ʠ ɼʉʇ (ʨʠʩ. 1 ʠ ʨʠʩ. 2). 

ʂʦʥʪʨʦʣʴ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʤʦʞʝʪ ʚʳʷʚʠʪʴ ʥʘ ʢʘʢʠʭ ʠʤʝʥʥʦ ʵʪʘʧʘʭ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ ʠʟʤʝʥʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʠ ʛʜʝ ʤʦʞʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʜʣʷ 

ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʥʝʩʦʦʪʚʝʪʩʪʚʠʡ ʧʦ ʵʤʠʩʩʠʠ ʬʦʨʤʘʣʴʜʝʛʠʜʘ.   

ʉ ʢʦʥʮʘ 2014 ʛʦʜʘ ʜʣʷ ʜʝʨʝʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʡ ʠʥʜʫʩʪʨʠʠ ʩʪʘʣ ʜʦʩʪʫʧʝʥ ʥʦʚʳʡ ʚʠʜ 

ʩʤʦʣ. ʂʦʤʧʘʥʠʷ Akzo Nobel ʥʘʯʘʣʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʦʚʳʭ ʢʣʝʝʚʳʭ ʩʠʩʪʝʤ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʘʤʠʥʥʳʭ ʠ ʤʝʣʘʤʠʥʦʚʳʭ ʩʤʦʣʘʭ. ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʥʦʚʘʷ ʣʠʥʝʡʢʘ ʢʣʝʝʚ ʥʝ 

ʢʣʘʩʩʠʬʠʮʠʨʫʝʪʩʷ ʢʘʢ ʬʦʨʤʘʣʴʜʝʛʠʜ ʩʦʜʝʨʞʘʱʘʷ ʧʨʦʜʫʢʮʠʷ, ʘ ʵʤʠʩʩʠʷ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʠʟ 

ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʤʠʩʩʠʠ ʠʟ ʯʠʩʪʦʡ ʜʨʝʚʝʩʠʥʳ [13]. ʆʜʥʘʢʦ ʥʝʪ ʜʦʢʫʤʝʥʪʘʣʴ-

ʥʳʭ ʧʦʜʪʚʝʨʞʜʝʥʠʡ ʜʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʢʨʦʤʝ ʩʪʘʪʴʠ ʠʟ ʩʙʦʨʥʠʢʘ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ [13].   

ʉʧʨʦʩ ʥʘ ʧʨʦʜʫʢʮʠʶ ʩ ʥʠʟʢʦʡ ʵʤʠʩʩʠʝʡ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʥʝ ʩʪʘʙʠʣʝʥ, ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝ-

ʥʠʷ ʧʦʥʠʤʘʥʠʷ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʪʘʢ ʠ ʚ ʩʚʷʟʠ ʩ ʬʘʢʪʦʨʦʤ 

ʧʦʚʳʰʝʥʥʦʡ ʩʪʦʠʤʦʩʪʠ ʧʣʠʪ (ʥʘʧʨʠʤʝʨ, ʩʪʦʠʤʦʩʪʴ ʧʣʠʪ ʢʣʘʩʩʘ ɽ0,5 ʚʳʰʝ ʚ 2 ʨʘʟʘ ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩ ʧʣʠʪʘʤʠ ʢʣʘʩʩʘ ɽ2). ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʭʠʤʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʨʝʚʝʩʥʳʭ 

ʧʣʠʪ, ʤʦʜʠʬʠʢʘʮʠʷ ʢʘʨʙʘʤʠʜʥʳʭ ʩʤʦʣ ʤʝʣʘʤʠʥʦʤ ʫʚʝʣʠʯʠʚʘʝʪ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʜʨʝʚʝʩʥʦʧ-

ʣʠʪʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʈʘʩʯʪyʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ [14].  

 

 
 

ʈʠʩ. 1. ɹʣʦʢ ʩʭʝʤʘ ʢʦʥʪʨʦʣʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʚʘʨʠʘʥʪʘ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʭʠʤʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʛʦ ɼʉʇ ʩʫʭʠʤ ʩʧʦʩʦʙʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ 

 

ɼʨʝʚʝʩʠʥʘ ʀʟʛ. ʱʝʧʳ 
ʉʦʦʪ. 

ʪʨʝʙʦʚʘ-

ʥʠʷʤ 

ʀʟʛʦʪʦʚʣʝʥʠʝ 
ʩʪʨʫʞʢʠ 

 

ʉʫʰʢʘ ʉʦʨʪʠʨʦʚʢʘ 

ʉʤʦʣʘ ʚ 

ʚʠʜʝ 

ʧʦʨʦʰʢʘ  
ʈʘʟʙʘʚʣʝʥʠʝ 

ʅʝ ʠʩʧʦʣʴʟʫʶʪ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʉʦʦʪʚ. 

ʪʨʝʙ. 

ʇʨʦʧʠʪʢʘ 

ʌʦʨʤʠʨʦʚʘʥʠʝ 
 

ʇʨʝʩʩʦʚʘʥʠʝ 
 

ʉʦʦʪʚ. 

ʪʨʝʙ. 

ʋʪʠ-

ʣʠʟʘ-

ʮʠʷ 

ʈʘʩʧʠʣ 

ʅʝʦʙʣʠʮʦʚʘʥʥʘʷ 

ɼʉʇ 

ɼʘ 

ɼʘ 

ɼʘ 

ʅʝʪ 

ʅʝʪ 

ʅʝʪ 

ʆʙʨʘʙʦʪʢʘ 

ʢʨʦʤʢʠ 
ʐʣʠʬʦʚʘʥʠʝ 

ʇʨʦʧʠʪʢʘ ɹʫʤʘʛʘ 

ʀʤʧʨʝʛʥʠ-

ʨʦʚʘʥʠʝ 

ʐʣʠʬʦʚʘʥʠʝ 

ʈʘʩʧʠʣ 

ʉʦʦʪʚ. 

ʪʨʝʙ. 

ʆʙʣʠʮʦʚʘʥʥʘʷ 

ɼʉʇ 

ʋʪʠʣʠʟʘʮʠʷ 

ɼʘ 

ɼʘ 

ʅʝʪ 



IV ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

ɸʂʊʋɸʃʔʅʓɽ ɺʆʇʈʆʉʓ ɽʉʊɽʉʊɺʆɿʅɸʅʀʗ 
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ʈʠʩ. 2. ɹʣʦʢ ʩʭʝʤʘ ʢʦʥʪʨʦʣʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʚʘʨʠʘʥʪʘ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʭʠʤʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʛʦ ʄɼʌ ʠ ʍɼʌ ʩʫʭʠʤ ʩʧʦʩʦʙʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ 

 

ɺʳʚʦʜʳ. ʇʨʠʚʝʜʥyʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʭʠʤʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʜʨʝʚʝʩʥʳʭ ʧʣʠʪ ʟʘ-

ʢʣʶʯʘʝʪʩʷ ʚ ʧʦʣʥʦʤ ʢʦʥʪʨʦʣʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʣʠʪʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʝʜʣʦʞʝʥʳ ʨʘʟʨʘʙʦʪʢʘ ʩʦʙʩʪʚʝʥʥʦʡ ʩʧʝʮʠʬʠʢʘʮʠʠ ʠ ʚʚʝʜʝʥʠʝ ʩʪʘʪʠ-

ʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʨʦʜʳ ʜʝʨʝʚʘ. ʂʨʦʤʝ 

ʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʟʘʢʫʧʘʪ ɹʢʦʤʧʦʥʝʥʪʳ ʩʤʦʣʳ (ʧʦʨʦʰʦʢ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʘʨʙʘʤʠʜʬʦʨ-

ʤʘʣʴʜʝʛʠʜʥʦʛʦ ʠ/ʠʣʠ ʤʝʣʘʤʠʥʬʦʨʤʘʣʴʜʝʛʠʜʥʦʛʦ) ʠ ʠʟʛʦʪʦʚʣʝʥʠʝ ʝy ʥʘ ʤʝʩʪʝ ʩ ʠʥʛʠʙʠʪʦʨʘ-

ʤʠ, ʥʝʡʪʨʘʣʠʟʫʶʱʠʤʠ ʧʦʧʘʜʘʥʠʝ ʧʘʨʦʚ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʇʨʝʜʣʦʞʝʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʬʦʨʘʪʦʨʥʦʛʦ ʠ ʛʘʟʦʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ 

ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʚ ʦʙʣʠʮʦʚʘʥʥʳʭ ʠ ʥʝʦʙʣʠʮʦʚʘʥʥʳʭ ʧʣʠʪʘʭ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʣyʥʢʠ ʥʘ 

ʦʩʥʦʚʝ ʙʫʤʘʛʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʣʘʤʠʥʘ.  

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

 

1. EN 120:1992 Wood based panels. Determination of formaldehyde content. Extraction 

method called the perforator method. 

2. EN 717-2:1994 Wood-based panels - Determination of formaldehyde release - Part 2: 

Formaldehyde release by the gas analys method. 

3. JIS A 1460 Building boards Determination of formaldehyde emission. Desicator method; 

4. RL:http://www.gks.ru/wps/wcm/connect/rosstat_main/rosstat/ru/statistics/environment/# - 

ʉʘʡʪ ʌʝʜʝʨʘʣʴʥʦʡ ʩʣʫʞʙʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ.  

5. URL: http://www.lessertika.ru/stats_2.html - ʉʘʡʪ ʮʝʥʪʨʘ ʧʦ ʩʝʨʪʠʬʠʢʘʮʠʠ ʧʨʦʜʫʢʮʠʠ 

ʜʝʨʝʚʦʦʙʨʘʙʦʪʢʠ çʃʝʩʩʝʨʪʠʢʘè. ʇʨʦʙʣʝʤʳ ʥʦʨʤʠʨʦʚʘʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʵʤʠʩʩʠʠ ʬʦʨʤʘʣʴʜʝʛʠ-

ʜʘ ʠʟ ʜʨʝʚʝʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʝʙʝʣʠ - ʤʠʨʦʚʦʡ ʘʩʧʝʢʪ. 

ɼʨʝʚʝʩʠʥʘ ʀʟʛ. ʱʝʧʳ 
ʉʦʦʪʚ. 

ʪʨʝʙ. 
ʀʟʛʦʪʦʚʣʝʥʠʝ 

ʚʦʣʦʢʥʘ 
 

ʇʨʦʧʠʪʢʘ ʉʫʰʢʘ 

ʉʤʦʣʘ ʚ 

ʚʠʜʝ 

ʧʦʨʦʰʢʘ  
ʈʘʟʙʘʚʣʝʥʠʝ 

ʅʝ ʠʩʧʦʣʴʟʫʶʪ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʉʦʦʪʚ. 

ʪʨʝʙ. 

ʉʝʧʘʨʘʪʦʨ 

ʌʦʨʤʠʨʦʚʘ-

ʥʠʝ 
 

ʇʨʝʩʩʦʚʘʥʠʝ 
 

ʉʦʦʪʚ. 

ʪʨʝʙ. 

ʋʪʠ-

ʣʠʟʘ-

ʮʠʷ 

ʈʘʩʧʠʣ 

ʅʝʦʙʣʠʮʦʚʘʥʥʘʷ 

ʄɼʌ/ʍɼʌ 

ɼʘ 

ɼʘ 

ɼʘ 

ʅʝʪ 

ʅʝʪ 

ʅʝʪ 

ʆʙʨʘʙʦʪʢʘ 

ʢʨʦʤʢʠ 
ʐʣʠʬʦʚʘʥʠʝ 

ʇʨʦʧʠʪʢʘ ɹʫʤʘʛʘ 

ʀʤʧʨʝ-

ʛʥʠʨʦʚʘ-

ʥʠʝ 

ʐʣʠʬʦʚʘʥʠʝ 

ʈʘʩʧʠʣ 

ʉʦʦʪʚ. 

ʪʨʝʙ. 

ʆʙʣʠʮʦʚʘʥʥʘʷ 

ʄɼʌ/ʍɼʌ 

ʋʪʠʣʠʟʘʮʠʷ 

ɼʘ 

ɼʘ 

ʅʝʪ 

http://www.lessertika.ru/stats_2.html
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6. URL: www.wki.fraunhofer.de - Fraunhofer Institute for Wood Research Wilhelm-

Klauditz-Institut WKI 

7. ɹʫʙʥʦʚ ɸ.ɻ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʚ ʥʝʦʙʣʠʮʦʚʘʥʥʳʭ ʜʨʝʚʝʩʥʳʭ ʧʣʠʪʘʭ / ɸ.ɻ. ɹʫʙʥʦʚ, ɽ.ʉ. ɽʣʠʩʪʨʘʪʦʚʘ // 

ʇʦʞʘʨʥʘʷ ʠ ʘʚʘʨʠʡʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ: ʩʙʦʨʥʠʢ ʤʘʪʝʨʠʘʣʦʚ XIII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, ʧʦʩʚʷʱʝʥʥʦʡ ɻʦʜʫ ʢʫʣʴʪʫʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʀʚʘʥʦʚʦ, 29 - 30 ʥʦ-

ʷʙʨʷ 2018 ʛ. ʏʘʩʪʴ II. - ʀʚʘʥʦʚʦ: ʌɻɹʆʋ ɺʆ ʀʚʘʥʦʚʩʢʘʷ ʧʦʞʘʨʥʦ-ʩʧʘʩʘʪʝʣʴʥʘʷ ʘʢʘʜʝʤʠʷ 

ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ, 2018. ï C. 15 ï 18. 

8. ɻʆʉʊ 10632-2014 ʇʣʠʪʳ ʜʨʝʚʝʩʥʦ-ʩʪʨʫʞʝʯʥʳʝ. ʊʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ 

9. ɻʆʉʊ 27678-2014 ʇʣʠʪʳ ʜʨʝʚʝʩʥʳʝ ʠ ʬʘʥʝʨʘ. ʇʝʨʬʦʨʘʪʦʨʥʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ ʬʦʨʤʘʣʴʜʝʛʠʜʘ. 

10. ɻʆʉʊ 30255-2014 ʄʝʙʝʣʴ, ʜʨʝʚʝʩʥʳʝ ʠ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ. ʄʝʪʦʜ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʚʳʜʝʣʝʥʠʷ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʠ ʜʨʫʛʠʭ ʚʨʝʜʥʳʭ ʣʝʪʫʯʠʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʢʣʠʤʘʪʠʯʝ-

ʩʢʠʭ ʢʘʤʝʨʘʭ. 

11. ɻʆʉʊ 32155-2013 ʇʣʠʪʳ ʜʨʝʚʝʩʥʳʝ ʠ ʬʘʥʝʨʘ. ʆʧʨʝʜʝʣʝʥʠʝ ʚʳʜʝʣʝʥʠʷ ʬʦʨʤʘʣʴ-

ʜʝʛʠʜʘ ʤʝʪʦʜʦʤ ʛʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ. 

12. ʀʚʘʥʦʚ, ɹ.ʂ. ʆʩʦʙʝʥʥʦʩʪʠ ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʜʝʣʝʥʠʷ (ʩʦʜʝʨʞʘʥʠʷ) ʬʦʨ-

ʤʘʣʴʜʝʛʠʜʘ ʚ ʜʨʝʚʝʩʥʳʭ ʧʣʠʪʘʭ ʠ ʬʘʥʝʨʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʚʳʤʠ ʤʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ 

ʩʪʘʥʜʘʨʪʘʤʠ (ɻʆʉʊ) / ɹ.ʂ. ʀʚʘʥʦʚ // ɼʨʝʚʝʩʥʳʝ ʤʘʪʝʨʠʘʣʳ: ʪʨʝʙʦʚʘʥʠʷ ʠ ʩʝʨʪʠʬʠʢʘʮʠʷ ʚ 

ɽʚʨʦʧʝ, ʈʦʩʩʠʠ, ʉʐɸ. ʇʦʜ ʦʙʱʝʡ ʨʝʜʘʢʮʠʝʡ ɺ.ɸ. ɹʘʨʜʦʥʦʚʘ. ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ ʧʦ 
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ʀ. ɺ. ɹʘʛʘʞʢʦʚ1, ʄ. ɺ. ʂʣʶʝʚ22 
1ʌɻɹʆʋ ɺʆ ʀʚʘʥʦʚʩʢʘʷ ʧʦʞʘʨʥʦ-ʩʧʘʩʘʪʝʣʴʥʘʷ ʘʢʘʜʝʤʠʷ ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ 
2ʌɻɹʆʋ ɺʆ ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ʇʆɾɸʈʆʆʇɸʉʅʆʉʊʔ ʆʊɼɽʃʆʏʅʓʍ ʇʆʃʀʄɽʈʅʓʍ ʄɸʊɽʈʀɸʃʆɺ,  

ʇʈʀʄɽʅʗɽʄʓʍ ɺ ʇʆʄɽʑɽʅʀʗʍ ʉ ʄɸʉʉʆɺʓʄ ʇʈɽɹʓɺɸʅʀɽʄ ʃʖɼɽʁ 

 
ɸʥʥʦʪʘʮʠʷ: ʇʨʦʚʝʜʝʥ ʦʙʟʦʨ ʩʦʜʝʨʞʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʨʦʜʫʢʪʘʭ ʛʦ-

ʨʝʥʠʷ ʠ ʧʨʠʯʠʥʳ, ʚʳʟʳʚʘʶʱʠʝ ʛʠʙʝʣʴ ʣʶʜʝʡ ʥʘ ʧʦʞʘʨʝ. ʈʘʩʩʤʦʪʨʝʥʳ ʥʝʦʙʨʘʪʠʤʳʝ ʧʦʩʣʝʜʩʪʚʠʷ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʦʪʨʘʚʣʝʥʠʠ ʯʝʣʦʚʝʢʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʦʜʫʢʪʘʤʠ ʛʦʨʝʥʠʷ. ʉʜʝʣʘʥ ʚʳʚʦʜ, 

ʯʪʦ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ ʞʠʣʳʭ ʧʦʤʝʱʝ-

                                           
É ɹʘʛʘʞʢʦʚ ʀ. ɺ., ʂʣʶʝʚ ʄ. ɺ., 2019 

http://www.wki.fraunhofer.de/


IV ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

ɸʂʊʋɸʃʔʅʓɽ ɺʆʇʈʆʉʓ ɽʉʊɽʉʊɺʆɿʅɸʅʀʗ 
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ʥʠʡ, ʷʚʣʷʶʪʩʷ ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʦʣʠʤʝʨʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʠ ʦʪʜʝʣʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ. ʆʧʨʝʜʝʣʝʥʘ ʦʧʘʩ-

ʥʦʩʪʴ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʦʨʝʥʠʷ ʧʦʣʠʤʝʨʦʚ, ʚʩʣʝʜ-

ʩʪʚʠʝ ʨʦʩʪʘ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʢʦʨʦʩʪʠ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʞʘʨʦʦʧʘʩʥʦʩʪʴ, ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʪʦʢʩʠʯʥʳʝ ʚʝʱʝʩʪʚʘ, ʦʪʨʘʚʣʝʥʠʝ, ʛʠ-

ʙʝʣʴ, ʩʪʨʦʠʪʝʣʴʥʳʝ ʠ ʦʪʜʝʣʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʭʠʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʧʦʣʠʤʝʨʳ, ʦʧʘʩʥʳʝ ʚʨʝʜʥʳʝ ʚʝ-

ʱʝʩʪʚʘ. 

 

I . V. Bagazhkov, M. V. Klyuev 

 

FIRE HAZARD OF DECORATIVE POLYMER MATERIALS APPLIED  

IN THE PREMISES WITH THE MASS STAY OF PEOPLE  

 
Abstract: A review of the content of various chemical compounds in the products of combustion and 

the causes of death in a fire. Irreversible consequences arising from the poisoning of a person as a result of 

exposure to combustion products are considered. It is concluded that the main source of chemicals found in 

the air environment of residential premises, are used polymeric construction and finishing materials. The 

hazard of intermediate toxic substances formed as a result of burning of polymers due to an increase in tem-

perature and rate of chemical reactions is determined. 

Keywords: fire hazard, intermediate toxic substances, poisoning, death, building and finishing mate-

rials, chemicals, polymers, hazardous harmful substances. 

 

ʇʦʞʘʨʳ ʚʩʝʛʜʘ ʧʨʝʜʩʪʘʚʣʷʣʠ ʙʦʣʴʰʫʶ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʞʠʟʥʠ, ʟʜʦʨʦʚʴʷ ʠ ʠʤʫʱʝʩʪʚʘ 

ʣʶʜʝʡ. ɽʱʝ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ ʥʘʟʘʜ ʥʝ ʤʦʛʣʠ ʠ ʧʦʜʫʤʘʪʴ, ʯʪʦ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦ-

ʣʦʛʠʠ ʪʘʢ ʛʣʫʙʦʢʦ ʧʨʦʥʠʢʥʫʪ ʚ ʯʝʣʦʚʝʯʝʩʢʫʶ ʞʠʟʥʴ. ʀʤʝʥʥʦ ʙʣʘʛʦʜʘʨʷ ʠʤ, ʤʳ ʧʦʣʫʯʘʝʤ ʨʝ-

ʘʣʴʥʳʝ ʮʠʬʨʳ ʧʨʠ ʘʥʘʣʠʟʝ ʩʣʫʯʠʚʰʠʭʩʷ ʧʦʞʘʨʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ. ʊʘʢ ʩ 1 ʷʥʚʘʨʷ 

2009 ʛʦʜʘ ʧʨʠʢʘʟʦʤ ʄʏʉ ʈʦʩʩʠʠ ʦʪ 21 ʥʦʷʙʨʷ 2008 ʛʦʜʘ ˉ 714 ʫʪʚʝʨʞʜʝʥ çʇʦʨʷʜʦʢ ʫʯʸʪʘ 

ʧʦʞʘʨʦʚ ʠ ʠʭ ʧʦʩʣʝʜʩʪʚʠʡè ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʧʨʦʩʤʦʪʨʝʪʴ ʩʪʘʪʠʩʪʠʢʫ ʟʘ ʪʨʠ ʛʦ-

ʜʘ. ʈʝʟʫʣʴʪʘʪʳ ʚʳʛʣʷʜʷʪ ʩʦʚʩʝʤ ʥʝ ʦʧʪʠʤʠʩʪʠʯʥʦ: ʧʨʠ ʩʥʠʞʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʟʘʨʝʛʠʩʪʨʠʨʦ-

ʚʘʥʥʳʭ ʧʦʞʘʨʦʚ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʢʦʣʠʯʝʩʪʚʦ ʧʦʛʠʙʰʠʭ ʚ ʥʠʭ ʣʶʜʝʡ ʥʝʧʨʦʧʦʨʮʠʦ-

ʥʘʣʴʥʦ ʨʘʩʪʝʪ (ʪʘʙʣ.1). 

 

ʊʘʙʣʠʮʘ 1. ʂʦʣʠʯʝʩʪʚʦ ʧʦʛʠʙʰʠʭ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ ʧʦʞʘʨʦʚ ʠ ʠʭ ʧʦʩʣʝʜʩʪʚʠʡ 

 

 2015 2016 2017 

ʇʦʞʘʨʳ 145900 139703 132406 

ʇʦʛʠʙʰʠʝ ʥʘ ʧʦʞʘʨʘʭ 3280 8760 7782 

 

ʂʘʢʦʚʳ ʞʝ ʧʨʠʯʠʥʳ, ʚʳʟʳʚʘʶʱʠʝ ʛʠʙʝʣʴ ʣʶʜʝʡ ʥʘ ʧʦʞʘʨʘʭ? ʆʪʚʝʪʦʤ ʥʘ ʜʘʥʥʳʡ ʚʦ-

ʧʨʦʩ ʧʦʩʣʫʞʘʪ ʨʝʟʫʣʴʪʘʪʳ ʩʪʘʪʠʩʪʠʢʠ ʟʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ (ʪʘʙʣ. 2). 

 

ʊʘʙʣʠʮʘ 2. ʇʨʠʯʠʥʳ ʛʠʙʝʣʠ ʣʶʜʝʡ ʥʘ ʧʦʞʘʨʘʭ 

 

1.  ʆʪʨʘʚʣʝʥʠʝ ʪʦʢʩʠʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʛʦʨʝʥʠʷ ʧʨʠ ʧʦʞʘʨʝ 

2.  ɺʦʟʜʝʡʩʪʚʠʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʧʦʞʘʨʝ 

3.  ʋʜʫʰʝʥʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʥʠʞʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ ʧʨʠ ʧʦʞʘʨʝ 

4.  ʆʪʨʘʚʣʝʥʠʝ ʪʦʢʩʠʯʥʳʤʠ ʛʘʟʘʤʠ ʠ ʷʜʦʚʠʪʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʧʨʠ ʧʦʞʘʨʝ 

5.  ʇʦʣʫʯʝʥʠʝ ʪʨʘʚʤʳ ʥʝ ʩʦʚʤʝʩʪʠʤʦʡ ʩ ʞʠʟʥʴʶ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʨʳʚʘ, ʦʙʨʫʰʝʥʠʷ, ʧʘ-

ʜʝʥʠʷ ʩ ʚʳʩʦʪʳ, ʧʘʥʠʢʠé 

6.  ʇʨʦʯʠʝ ʧʨʠʯʠʥʳ 

 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʥʘ ʧʝʨʚʳʝ ʜʚʘ ʧʫʥʢʪʘ, ʵʪʦ ʦʪʨʘʚʣʝʥʠʝ ʪʦʢʩʠʯʥʳʤʠ 

ʧʨʦʜʫʢʪʘʤʠ ʛʦʨʝʥʠʷ ʠ ʚʦʟʜʝʡʩʪʚʠʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʧʦʞʘʨʝ. ɺʣʠʷʥʠʝ ʛʘʟʦʦʙʤʝʥʘ 

https://fireman.club/normative-documents/prikaz-mchs-rossii-714-ot-21-11-2008-ob-utverzhdenii-poryadka-ucheta-pozharov-i-ix-posledstvij/


ʈʘʟʜʝʣ 1. ʌʋʅɼɸʄɽʅʊɸʃʔʅʓɽ ʀ ʇʈʀʂʃɸɼʅʓɽ ɺʆʇʈʆʉʓ ʌʀɿʀʂʀ ʀ ʍʀʄʀʀ 
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ʥʘ ʧʦʞʘʨʝ ʠ ʧʦʞʘʨʥʘʷ ʥʘʛʨʫʟʢʘ ï ʜʚʝ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʪʝʤʧʝʨʘʪʫʨʫ. ʉ ʪʦʢʩʠʯ-

ʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʛʦʨʝʥʠʷ ʚʩʝ ʥʝ ʪʘʢ ʧʨʦʩʪʦ. ɺ ʧʨʦʜʫʢʪʘʭ ʛʦʨʝʥʠʷ ʥʘʭʦʜʷʪ ʜʦ 100 ʨʘʟʣʠʯʥʳʭ 

ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɺʩʝ ʦʥʠ ʦʢʘʟʳʚʘʶʪ ʪʦʢʩʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʯʝʣʦʚʝʢʘ. ʆʜʥʘʢʦ 

ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʛʠʙʝʣʠ ʣʶʜʝʡ ʧʨʠ ʧʦʞʘʨʘʭ ʷʚʣʷʝʪʩʷ ʦʪʨʘʚʣʝʥʠʝ ʫʛʘʨʥʳʤ ʛʘʟʦʤ (ʦʢʠʩʴʶ 

ʫʛʣʝʨʦʜʘ ʉʆ). ʆʪʨʘʚʣʝʥʠʝ ʫʛʘʨʥʳʤ ʛʘʟʦʤ ʩʦʩʪʘʚʣʷʝʪ 18-25 % ʩʣʫʯʘʝʚ ʠʥʪʦʢʩʠʢʘʮʠʠ ʩʦ ʩʤʝʨ-

ʪʝʣʴʥʳʤ ʠʩʭʦʜʦʤ. ʆʧʘʩʥʦʩʪʴ ʫʛʘʨʥʦʛʦ ʛʘʟʘ ʦʙʫʩʣʦʚʣʝʥʘ ʚ ʣʝʛʢʦʩʪʠ ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʶʱʝʡ ʩ 

ʛʝʤʦʛʣʦʙʠʥʦʤ ʢʨʦʚʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʨʙʦʢʩʠʛʝʤʦʛʣʦʙʠʥʘ. ɼʘʥʥʘʷ ʨʝʘʢʮʠʷ ʩ ʢʨʘʩʥʳʤʠ ʢʨʦ-

ʚʷʥʳʤʠ ʪʝʣʴʮʘʤʠ ʢʨʦʚʠ ʠʜʝʪ ʚ 200-300 ʨʘʟ ʙʳʩʪʨʝʝ, ʯʝʤ ʩ ʢʠʩʣʦʨʦʜʦʤ, ʜʘ ʠ ʩʨʦʜʩʪʚʦ ʫʛʘʨʥʦ-

ʛʦ ʛʘʟʘ ʩ ʛʝʤʦʛʣʦʙʠʥʦʤ ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʧʨʦʯʥʦʡ ʩʚʷʟʠ ʚ 250 ï 300 ʨʘʟ ʚʳʰʝ, ʯʝʤ ʢʠʩʣʦʨʦʜʘ. 

ʇʦʵʪʦʤʫ ʧʨʠ ʚʜʳʭʘʥʠʠ ʚ ʪʝʯʝʥʠʠ 2-3 ʤʠʥʫʪ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʚʩʝʛʦ 

1% ʉʆ, 50 % ʛʝʤʦʛʣʦʙʠʥʘ ʢʨʦʚʠ ʫ ʯʝʣʦʚʝʢʘ ʩʪʘʥʦʚʠʪʩʷ ʩʚʷʟʘʥʥʳʤ. 

ʅʘʣʠʯʠʝ ʢʘʨʙʦʢʩʠʛʝʤʦʛʣʦʙʠʥʘ ʚ ʢʨʦʚʠ ʧʨʦʚʦʮʠʨʫʝʪ ʧʦʪʝʨʶ ʩʧʦʩʦʙʥʦʩʪʠ ʢʨʦʚʠ ʧʝʨʝ-

ʥʦʩʠʪʴ ʢʠʩʣʦʨʦʜ, ʠ ʚ ʦʨʛʘʥʠʟʤʝ ʚʦʟʥʠʢʘʝʪ ʩʦʩʪʦʷʥʠʝ ʝʛʦ ʜʝʬʠʮʠʪʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʢʠʩʣʦ-

ʨʦʜʥʳʤ ʛʦʣʦʜʘʥʠʝʤ. ʏʝʣʦʚʝʢ ʪʝʨʷʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʩʩʫʞʜʘʪʴ, ʩʪʘʥʦʚʠʪʩʷ ʙʝʟʫʯʘʩʪʥʳʤ, ʨʘʚ-

ʥʦʜʫʰʥʳʤ ʢ ʦʧʘʩʥʦʩʪʠ. ʃʝʪʘʣʴʥʳʡ ʵʬʬʝʢʪ ʤʦʞʝʪ ʨʘʟʚʠʪʴʩʷ ʜʘʞʝ ʧʨʠ ʚʜʳʭʘʥʠʠ ʚʦʟʜʫʭʘ, ʩʦ-

ʜʝʨʞʘʱʝʛʦ ʚʩʝʛʦ 0,3 % ʉʆ.  

ɺʳʩʦʢʫʶ ʦʧʘʩʥʦʩʪʴ ʫʛʘʨʥʦʛʦ ʛʘʟʘ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʥʝ ʪʦʣʴʢʦ ʝʛʦ ʪʦʢʩʠʯʥʦʩʪʴʶ, ʥʦ ʠ 

ʙʦʣʴʰʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚ ʧʨʦʜʫʢʪʘʭ ʛʦʨʝʥʠʷ. ʅʘ ʧʦʞʘʨʘʭ ʉʆ ʦʙʨʘʟʫʝʪʩʷ ʚ ʜʝʩʷʪʢʠ ʨʘʟ 

ʙʦʣʴʰʝ, ʯʝʤ ʙʦʣʝʝ ʪʦʢʩʠʯʥʦʛʦ ʮʠʘʥʠʩʪʦʛʦ ʚʦʜʦʨʦʜʘ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʛʠʙʝʣʴ ʣʶʜʝʡ 

ʥʘ ʧʦʞʘʨʘʭ ʚʦʟʥʠʢʘʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʪʨʘʚʣʝʥʠʷ ʦʢʠʩʴʶ ʫʛʣʝʨʦʜʘ, ʣʠʙʦ ʚʦʟʥʠʢʰʝʡ ʥʝʭʚʘʪʢʦʡ 

ʢʠʩʣʦʨʦʜʘ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʦʪʜʝʣʢʝ ʧʦʤʝʱʝʥʠʡ ʚʩʝ ʙʦʣʴʰʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦ-

ʣʠʤʝʨʳ, ʢʦʪʦʨʳʝ ʚʳʪʝʩʥʷʶʪ ʧʨʠʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩʧʦʩʦʙʥʳʝ ʩʛʦʨʘʪʴ ʜʦ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ 

ʚʦʜʳ. ʇʨʦʚʝʜʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʭʠʤʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ ʞʠʣʳʭ ʧʦʤʝʱʝʥʠʡ, ʷʚʣʷʶʪʩʷ ʠʩʧʦʣʴʟʫʝʤʳʝ 

ʩʪʨʦʠʪʝʣʴʥʳʝ ʠ ʦʪʜʝʣʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ. ʇʨʠ ʧʦʞʘʨʝ ʨʘʟʚʠʚʘʝʪʩʷ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʩʢʦ-

ʨʦʩʪʠ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʚʳʨʘʩʪʘʶʪ ʚ ʜʝʩʷʪʢʠ ʨʘʟ, ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʪʝʨʤʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ ʠ ʚ ʘʪʤʦʩʬʝʨʫ ʧʦʤʝʱʝʥʠʷ ʚʳʜʝʣʷʶʪʩʷ ʪʦʢʩʠʯʥʳʝ ʚʝʱʝʩʪʚʘ, ʯʘʩʪʴ 

ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʛʦʨʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʯʘʩʪʴ ï 

ʢʦʥʝʯʥʳʤʠ [1]. 

ʆʙʱʝʠʟʚʝʩʪʥʦ, ʯʪʦ ʪʦʢʩʠʯʥʦʩʪʴ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʪʨʦʠʪʝʣʴ-

ʩʪʚʝ, ʫʩʪʨʘʥʷʝʪʩʷ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʚ ʠʭ ʩʦʩʪʘʚ ʨʘʟʣʠʯʥʳʭ ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ ʠ ʤʦʜʠʬʠʢʘʪʦʨʦʚ, 

ʩʧʦʩʦʙʥʳʭ ʙʣʦʢʠʨʦʚʘʪʴ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʡʩʷ ʟʘʧʘʭ ʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ. ʇʨʠ ʨʝʰʝʥʠʠ ʜʘʥʥʦʡ 

ʧʨʦʙʣʝʤʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʚʘ ʥʘʧʨʘʚʣʝʥʠʷ: ʫʚʝʣʠʯʠʚʘʪʴ ʩʪʦʡʢʦʩʪʴ ʩʘʤʠʭ ʧʦʣʠʤʝʨʦʚ ʠ 

ʫʤʝʥʴʰʘʪʴ ʘʢʪʠʚʥʦʩʪʴ ʠʣʠ ʠʟʤʝʥʷʪʴ ʜʝʟʠʥʬʠʮʠʨʫʶʱʠʝ ʚʝʱʝʩʪʚʘ. 

ʇʨʦʚʝʜʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ (ʨʘʟʣʠʯʥʳʝ 

ʜʨʝʚʝʩʥʦ-ʩʪʨʫʞʝʯʥʳʝ ʠ ʜʨʝʚʝʩʥʦ-ʚʦʣʦʢʥʠʩʪʳʝ ʧʣʠʪʳ) ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʦʩʦʙʦ ʦʧʘʩʥʳʝ ʚʨʝʜ-

ʥʳʝ ʚʝʱʝʩʪʚʘ, ʚʭʦʜʷʱʠʝ ʚ ʠʭ ʩʦʩʪʘʚ ï ʵʪʦ ʢʘʨʙʘʤʠʜʥʳʝ, ʵʧʦʢʩʠʜʥʳʝ ʠ ʬʝʥʦʣʬʦʨʤʘʣʴʜʝʛʠʜ-

ʥʳʝ ʩʤʦʣʳ, ʢʦʪʦʨʳʝ ʚʳʜʝʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʜʥʳʭ ʠ ʦʧʘʩʥʳʭ ʚʝʱʝʩʪʚ ʚ ʚʦʟ-

ʜʫʭ. ʕʪʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʬʦʨʤʘʣʴʜʝʛʠʜ ʠ ʬʝʥʦʣʳ, ʢʦʪʦʨʳʝ ʚʳʜʝʣʷʶʪʩʷ ʚ ʚʦʟʜʫʭ ʠʟ ʤʘʩʩʠʚʘ 

ʧʣʠʪ. ʇʨʠ ʛʦʨʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʪʠʭ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚʳʨʘʩʪʘʝʪ ʚ ʩʦʪʥʠ ʨʘʟ.  

ʅʝ ʤʝʥʝʝ ʚʨʝʜʥʳ ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜʥʳʝ ʧʣʘʩʪʠʢʠ ʠ ʩʪʠʨʦʣ, ʩʦʜʝʨʞʘʱʠʝ ʨʝʟʠʥʦʚʳʝ 

ʣʠʥʦʣʝʫʤʳ ʠ ʥʠʪʨʦʣʠʥʦʣʝʫʤʳ (ʪʘʙʣ. 3). ʇʦʜʦʙʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩʦʜʝʨʞʘʪ ʥʘʩʪʦʣʴʢʦ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʣʝʪʫʯʠʭ ʢʘʥʮʝʨʦʛʝʥʦʚ, ʯʪʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪ ʠʭ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ 

ʞʠʣʳʭ ʧʦʤʝʱʝʥʠʷʭ [2].  

ʃʘʢʦʢʨʘʩʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʠʤʝʶʱʠʝ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʩʚʠʥʝʮ, ʤʝʜʴ ʠ ʢʘʜʤʠʡ ʪʦʞʝ ʥʠ-

ʢʘʢ ʥʝ ʦʪʥʦʩʷʪʩʷ ʢ ʙʝʟʦʧʘʩʥʳʤ. ʊʝ ʧʦʢʨʳʪʠʷ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ 

ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʋʌ-ʠʟʣʫʯʝʥʠʶ ʦʯʝʥʴ ʯʘʩʪʦ ʚʳʜʝʣʷʶʪ ʪʦʣʫʦʣ, ʢʩʠʣʦʣ ʠ 

ʧʨʦʯʠʝ ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʚʳʟʳʚʘʶʱʠʝ ʥʝʦʙʨʘʪʠʤʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʞʠʚʦʤ ʦʨʛʘʥʠʟ-

ʤʝ. 
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ʊʘʙʣʠʮʘ 3. ʇʦʣʠʤʝʨʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

 

ˉ 

ʧ/ʧ 

ʇʨʦʤʳʰ-

ʣʝʥʥʘʷ 

ʤʘʨʢʘ 

ʍʠʤʠʯʝʩʢʦʝ 

ʥʘʟʚʘʥʠʝ 

ʊʝʤʧʝʨʘ-

ʪʫʨʘ 

ʧʣʘʚʣʝ-

ʥʠʷ, ʦʉ 

ʊʝʤʧʝʨʘ-

ʪʫʨʘ ʨʘʟ-

ʣʦʞʝʥʠʷ, 
ʦʉ 

ʉʪʨʦʠʪʝʣʴʥʳʝ ʤʘ-

ʪʝʨʠʘʣʳ 

1. PET (PETE), ʇʦʣʠʵʪʠʣʝʥ-ʪʝʨʝʬʪʘʣʘʪ 250-260 425-440 

ʇʣʝʥʢʘ, ʢʦʥʩʪʨʫʢ-

ʮʠʦʥʥʳʝ ʵʣʝʤʝʥʪʳ 

ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳ  

2.  
HDPE ʠʣʠ 

PE HD, 

ʇʦʣʠʵʪʠʣʝʥ ʚʳʩʦʢʦʡ ʧʣʦʪ-

ʥʦʩʪʠ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ 
109-110 487-498 

ʊʨʫʙʳ: ʜʣʷ ʚʦʜʦ-

ʧʨʦʚʦʜʘ, ʢʘʥʘʣʠʟʘ-

ʮʠʠ, ʛʘʟʦʧʨʦʚʦʜʥʳʭ 

ʩʠʩʪʝʤ, ʩʠʩʪʝʤ ʜʨʝ-

ʥʘʞʘ. 

3.  LDPE 
ʇʦʣʠʵʪʠʣʝʥ ʥʠʟʢʦʡ ʧʣʦʪʥʦ-

ʩʪʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ 
125-135 487-498 

ʉ ʤʝʪʘʣʣʠʯʝʩʢʠʤ 

ʘʨʤʠʨʦʚʘʥʠʝʤ, ʚ 

ʢʘʯʝʩʪʚʝ ʢʦʥʩʪʨʫʢ-

ʮʠʦʥʥʦʛʦ ʩʪʨʦʠ-

ʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘ-

ʣʘ. 

4.  PVC ʇʦʣʠʚʠʥʠʣ-ʭʣʦʨʠʜ - 290-460 

ʊʨʫʙʳ, ʢʦʥʚʝʡʝʨ-

ʥʳʝ ʣʝʥʪʳ, ʪʝʥʪʳ, 

ʬʠʪʠʥʛʠ, ʛʠʜʨʦʠʟʦ-

ʣʷʮʠʦʥʥʳʝ ʤʝʤ-

ʙʨʘʥʳ, ʧʦʣʠʫʨʝʪʘ-

ʥʦʚʳʝ ʛʝʨʤʝʪʠʢʠ, 

ʧʨʦʚʦʣʦʯʥʳʝ 

ʦʛʨʘʞʜʝʥʠʷ, ʦʛʨʘʞ-

ʜʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʠ ʟʘʙʦʨʳ 

5.  PP ʇʦʣʠʧʨʦʧʠʣʝʥ 160-165 447 

ʊʝʧʣʦʠʟʦʣʷʮʠʦʥ-

ʥʳʝ ʧʣʠʪʳ, ʩʘʡ-

ʜʠʥʛ, ʦʙʣʠʮʦʚʦʯʥʘʷ 

ʧʣʠʪʢʘ, ʪʨʫʙʳ, ʩʧʝ-

ʮʠʘʣʴʥʳʝ ʸʤʢʦʩʪʠ ʠ 

ʨʝʟʝʨʚʫʘʨʳ. 

6.  PS ʇʦʣʠʩʪʠʨʦʣ - 443 

ʊʝʧʣʦʠʟʦʣʷʮʠʦʥ-

ʥʳʝ ʧʣʠʪʳ, ʩʵʥʜʚʠʯ 

ʧʘʥʝʣʠ, ʬʘʩʘʜʥʳʝ 

ʧʘʥʝʣʠ. 

7.  PC ʇʦʣʠʢʘʨʙʦʥʘʪ - 480-485 

ɸʨʦʯʥʳʝ, ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʳʝ, ʚʝʨʪʠ-

ʢʘʣʴʥʳʝ ʠ ʥʘʢʣʦʥ-

ʥʳʝ ʧʝʨʝʢʨʳʪʠʷ 

8.  PF 
ʌʝʥʦʣ-ʬʦʨʤʘʣʴʜʝʛʠʜʥʳʝ 

ʩʤʦʣʳ 
- 450-480 

ɼʨʝʚʝʩʥʦ-ʩʣʦʠʩʪʳʝ 

ʧʣʘʩʪʠʢʠ (ɼʉʇ), 

ʜʨʝʚʝʩʥʦ-

ʚʦʣʦʢʥʠʩʪʳʝ ʧʣʘ-

ʩʪʠʢʠ (ɼɺʇ) 

9.  O, OTHER 

ʇʦʣʠʘʤʠʜ, ʩʤʝʩʴ ʨʘʟʣʠʯʥʳʭ 

ʚʠʜʦʚ ʧʣʘʩʪʠʢʦʚ ʠʣʠ ʧʦʣʠ-

ʤʝʨʳ, ʥʝ ʫʢʘʟʘʥʥʳʝ ʚʳʰʝ 

150-260 300-600 
ʊʨʫʙʳ, ʢʣʝʡ, ʣʘʢ, 

ʢʦʚʨʦʚʳʝ ʧʦʢʨʳʪʠʷ 

https://www.tehnology-pro.ru/drevesno-sloistye-plastiki-dsp.html
https://www.tehnology-pro.ru/drevesno-sloistye-plastiki-dsp.html
https://www.tehnology-pro.ru/drevesno-sloistye-plastiki-dsp.html
https://www.tehnology-pro.ru/drevesno-sloistye-plastiki-dsp.html
https://www.tehnology-pro.ru/drevesno-sloistye-plastiki-dsp.html
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ʇʦʜʚʦʜʷ ʠʪʦʛ ʥʘʰʝʛʦ ʦʙʟʦʨʘ, ʭʦʯʝʪʩʷ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʧʦʣʠʤʝʨʥʳʭ ʩʦʩʪʘʚʣʷ-

ʶʱʠʭ ʚ ʥʘʰ ʙʳʪ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʧʦʚʩʝʜʥʝʚʥʳʡ ʢʦʥʪʘʢʪ ʩ ʥʠʤʠ ʚʦʧʨʦʩ ʨʝʰʝʥʥʳʡ, ʥʦ ʦʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʥʘ ʙʝʟʦʧʘʩʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 
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ʅɸ ʊʈɸʅʉʌʆʈʄɸʊʆʈʅʓʍ ʇʆɼʉʊɸʅʎʀʗʍ 

 
ɸʥʥʦʪʘʮʠʷ: ʠʟʣʦʞʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʦʚ ʠ ʘʚʘʨʠʡ ʥʘ ʪʨʘʥʩʬʦʨʤʘ-

ʪʦʨʥʳʭ ʧʦʜʩʪʘʥʮʠʷʭ, ʧʨʠʚʝʜʝʥʘ ʩʪʘʪʠʩʪʠʢʘ ʧʦʞʘʨʦʚ ʥʘ ʧʦʜʩʪʘʥʮʠʷʭ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʤʝʨʦ-

ʧʨʠʷʪʠʷ ʧʦ ʧʨʦʬʠʣʘʢʪʠʢʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʠ ʥʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʭ ʧʦʜʩʪʘʥʮʠʷʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʘʨʠʠ, ʪʨʝʙʦʚʘʥʠʷ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʝ ʧʦʜʩʪʘʥ-

ʮʠʠ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ, ʤʝʨʦʧʨʠʷʪʠʷ. 
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OVERVIEW AND ANALYSIS OF FIRE SAFETY REQUIREMENTS  

AT TRANSFORMER SUBSTATIONS 

 
Abstract: the main causes of fires and accidents at transformer substations are stated, the statistics of 

fires at substations is given. Presents the main measures for the prevention of emergency situations at trans-

former substations. 

Keywords: accidents, fire safety requirements, transformer substations, transformers, events. 

 

ʇʝʨʚʦʩʪʝʧʝʥʥʦʡ ʟʘʜʘʯʝʡ ʛʦʩʫʜʘʨʩʪʚʘ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʨʘʙʦʪʳ ʩʠ-

ʩʪʝʤ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ, ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʸʪ ʧʨʠʥʷʪʳʭ ʤʝʨ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʪ 

ʦʧʘʩʥʦʩʪʝʡ ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʥʝʤʘʣʦʚʘʞʥʦʡ ʯʘʩʪʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ 

ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʙʦʨʫʜʦʚʘʥʠʝ ʨʦʩʩʠʡʩʢʠʭ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠ-

ʢʠ ʚ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʠʟʥʦʰʝʥʦ, ʉʪʘʪʠʩʪʠʢʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʦʚ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʧʦ-

ʧʦʣʥʷʝʪʩʷ. ɿʘʤʝʪʠʤ, ʯʪʦ ʪʦʣʴʢʦ ʚ ʧʝʨʠʦʜ ʩ 2005 ʛ. ʧʦ 2015 ʛ. ʚ ʩʠʩʪʝʤʘʭ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝ-

ʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʦʩʩʠʠ ʧʨʦʠʟʦʰʣʦ 11485 ʧʦʞʘʨʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʧʦʛʠʙʣʠ 242 ʯʝʣʦʚʝʢʘ, ʧʦʣʫ-

ʯʠʣʠ ʪʨʘʚʤʳ 472 ʯʝʣʦʚʝʢʘ, ʘ ʧʨʷʤʦʡ ʤʘʪʝʨʠʘʣʴʥʳʡ ʫʱʝʨʙ ʩʦʩʪʘʚʠʣ ʦʢʦʣʦ 3 ʤʣʨʜ ʨʫʙʣʝʡ [1]. 

ʂʨʦʤʝ ʧʨʷʤʦʛʦ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʫʱʝʨʙʘ, ʧʦʞʘʨʳ ʧʨʝʜʰʝʩʪʚʫʶʪ ʧʨʠʯʠʥʝʥʠʝʤ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʢʦʩʚʝʥʥʦʛʦ ʫʱʝʨʙʘ, ʢʦʪʦʨʳʡ ʧʦʷʚʣʷʝʪʩʷ ʧʦ ʧʨʠʯʠʥʝ ʜʣʠʪʝʣʴʥʳʭ ʧʝʨʝʙʦʝʚ ʚ ʵʣʝʢʪʨʦʩʥʘʙʞʝ-

ʥʠʠ. 
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IV ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

ɸʂʊʋɸʃʔʅʓɽ ɺʆʇʈʆʉʓ ɽʉʊɽʉʊɺʆɿʅɸʅʀʗ 

 

14 

 

ɼʣʷ ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʩʧʦʩʦʙʦʚ ʣʠʢʚʠʜʘʮʠʠ ʥʘʨʫʰʝʥʠʡ ʧʨʠʤʝʥʷʝʪʩʷ ʦʜʠʥ 

ʪʝʨʤʠʥ çʘʚʘʨʠʷè, ʪʘʢ ʢʘʢ ʫʩʪʨʘʥʝʥʠʝ ʥʘʨʫʰʝʥʠʡ (ʷʚʣʷʶʪʩʷ ʣʠ ʦʥʠ ʘʚʘʨʠʷʤʠ ʠʣʠ ʦʪʢʘʟʘʤʠ) ʚ 

ʢʦʥʝʯʥʦʤ ʩʯʸʪʝ ʩʚʦʜʠʪʩʷ ʢ ʜʝʡʩʪʚʠʷʤ ʩ ʢʦʤʤʫʪʘʮʠʦʥʥʳʤʠ ʘʧʧʘʨʘʪʘʤʠ, ʫʩʪʨʦʡʩʪʚʘʤʠ ʨʝʣʝʡ-

ʥʦʡ ʟʘʱʠʪʳ, ʧʝʨʝʚʦʜʘʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʟ ʦʜʥʦʛʦ ʦʧʝʨʘʪʠʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʜʨʫʛʦʝ ʠ ʪ.ʜ. [2].  

ɸʚʘʨʠʠ ʥʘ ʧʦʜʩʪʘʥʮʠʷʭ ʚʦʟʥʠʢʘʶʪ ʠʟ-ʟʘ ʥʝʚʝʨʥʳʭ ʜʝʡʩʪʚʠʡ ʧʝʨʩʦʥʘʣʘ, ʧʦʚʨʝʞʜʝʥʠʷ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ ʠ ʚʦʟʜʝʡʩʪʚʠʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʫʛʠ, ʦʪʢʘʟʦʚ ʚ ʨʘʙʦʪʝ ʨʝʣʝʡ-

ʥʦʡ ʟʘʱʠʪʳ, ʘʚʪʦʤʘʪʠʢʠ, ʘʧʧʘʨʘʪʦʚ ʚʪʦʨʠʯʥʦʡ ʢʦʤʤʫʪʘʮʠʠ. 

1. ʅʝʙʝʟʦʧʘʩʥʳ ʥʦ ʦʜʥʦʬʘʟʥʳʝ ʟʘʤʳʢʘʥʠʷ ʥʦ ʥʘ ʟʝʤʣʶ ʥʦ ʚ ʩʝʪʠ ʥʦ 6-35 ʢɺ. ʥʦ ɺ ʵʪʦʤ ʥʦ ʩʣʫʯʘʝ 

ʥʦ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʥʦ ʜʘʥʥʫʶ ʥʦ ʬʘʟʫ ʩʥʠʞʘʝʪʩʷ ʥʦ ʜʦ ʥʫʣʷ, ʥʦ ʘ ʥʘ ʥʦ ʜʨʫʛʠʝ ʥʦ ʬʘʟr ʥʦ ʧʦʚʳʰʘʝʪʩʷ ʜʦ ʥʦ ʣʠʥʝʡʥʦʛʦ 

ʟʥʘʯʝʥʠʷ. ʥʦ ʇʨʠ ʵʪʦʤ ʥʦ ʧʦʷʚʣʷʝʪʩʷ ʥʦ ʧʝʨʝʥʘʧʨʷʞʝʥʠʝ ʠ ʧʦʷʚʣʷʝʪʩʷ ʥʦ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʜʫʛʘ, ʥʦ ʢʦʪʦʨʘʷ 

ʧʦʚʨʝʞʜʘʝʪ ʥʦ ʠʟʦʣʷʮʠʶ ʰʠʥʳ, ʥʦ ʠ ʚ ʥʦ ʵʪʦʤ ʩʣʫʯʘʝ ʠʟʦʣʷʮʠʷ ʥʦ ʠ ʧʨʦʚʦʜʘ ʥʦ ʧʣʘʚʷʪʩʷ. ʕʪʠ ʥʦ ʧʝʨʝʧʘʜʳ 

ʥʘʧʨʷʞʝʥʠʷ ʥʦ ʚʝʜʫʪ ʢ ʥʦ ʥʘʨʫʰʝʥʠʶ ʠʟʦʣʷʮʠʠ ʥʦ ʠ ʧʦʞʘʨʘʤ. ʥʦ ʇʦʵʪʦʤʫ ʧʦʜʩʪʘʥʮʠʠ ʥʦ ʦʙʦʨʫʜʫʶʪ 

ʫʩʪʨʦʡʩʪʚʘʤʠ ʥʦ ʤʦʣʥʠʝʟʘʱʠʪʳ. 

2. ʅʘʨʫʰʝʥʠʷ ʚ ʨʘʙʦʪʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʭ ʧʦʜʩʪʘʥʮʠʡ (ʊʇ) ʚʳʟʚʘʥʳ ʧʝʨʝʥʘʧʨʷʞʝʥʠ-

ʷʤʠ ʵʣʝʢʪʨʦʩʝʪʠ, ʧʨʠ ʵʪʦʤ ʤʦʞʝʪ ʧʦʚʨʝʜʠʪʴʩʷ ʠʟʦʣʷʮʠʷ ʊʇ, ʚʳʢʣʶʯʘʪʝʣʝʡ, ʨʘʟʲʝʜʠʥʠʪʝʣʝʡ 

ʠ ʜʨ. ɿʘʛʨʷʟʥʝʥʠʝ ʠ ʫʚʣʘʞʥʝʥʠʝ ʠʟʦʣʷʮʠʠ ʚʣʝʯʝʪ ʢ ʝʝ ʧʝʨʝʢʨʳʪʠʶ ʠʣʠ ʧʨʦʙʦʶ. 

3. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʥʘʨʫʰʝʥʠʷ ʠʥʦʛʜʘ ʚʦʟʥʠʢʘʶʪ ʠʟ-ʟʘ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʬʘʢʪʦʨʘ. ʈʘ-

ʙʦʪʥʠʢʠ ʜʦʣʞʥʳ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʡ ʧʦʜ-

ʩʪʘʥʮʠʠ. 

4. ʥʦ ʂʦʤʧʣʝʢʪʥʘʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʘʷ ʥʦ ʧʦʜʩʪʘʥʮʠʷ ʦʙʦʨʫʜʦʚʘʥʘ ʥʦ ʩʨʝʜʩʪʚʘʤʠ ʟʘʱʠʪʳ. 

ʥʦ ʅʦʨʤʳ ʢʦʤʧʣʝʢʪʦʚʘʥʠʷ ʥʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʡ ʧʦʜʩʪʘʥʮʠʠ ʥʦ ʩʨʝʜʩʪʚʘʤʠ ʟʘʱʠʪʳ ʥʦ ʧʨʦʧʠʩʘʥʳ ʚ 

ʥʦ ʇʨʠʣʦʞʝʥʠʠ 8 ʥʦ ʢ ʇʨʠʢʘʟʫ ʥʦ ʄʠʥʵʥʝʨʛʦ ʈʌ ʥʦ ʦʪ 30-06-2003 ʥʦ 261 [3]. ʥʦ ʂ ʥʝʧʦʣʘʜʢʘʤ ʥʦ ʟʘʱʠʪʥʦʡ ʩʠ-

ʩʪʝʤʳ ʥʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʥʦ ʥʝʧʨʘʚʠʣʴʥʦ ʥʘʩʪʨʦʝʥʥʘʷ ʥʦ ʩʝʪʝʚʘʷ ʦʪʩʝʯʢʘ. ʥʦ ɺ ʵʪʦʤ ʥʦ ʩʣʫʯʘʝ ʟʘʱʠʪʘ 

ʥʦ ʩʚʦʝʚʨʝʤʝʥʥʦ ʥʝ ʥʦ ʩʨʘʙʦʪʘʝʪ ʚʦ ʥʦ ʚʨʝʤʷ ʢʦʨʦʪʢʦʛʦ ʥʦ ʟʘʤʳʢʘʥʠʷ. 

5. ʇʦʚʨʝʞʜʝʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʦʟʥʠʢʘʝʪ, ʢʘʢ ʧʨʘʚʠʣʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʣʦʭʦʛʦ ʨʝʤʦʥʪʘ ʠ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʜʩʪʘʥʮʠʠ, ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʝ-

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ ʫʭʦʜʘ ʟʘ ʩʦʩʪʘʚʣʷʶʱʝʡ ʊʇ, ʧʝʨʝʛʨʝʚʘ, ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ, ʠʟʥʦʩʘ 

ʠʟʦʣʷʮʠʠ. 

ɺʩʝ ʵʪʠ ʬʘʢʪʦʨʳ ʷʚʣʷʶʪʩʷ ʦʧʘʩʥʳʤʠ ʠ ʚʣʝʢʫʪ ʟʘ ʩʦʙʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʡ ʘʚʘʨʠʠ ʥʘ ʊʇ. 

ʆʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ ʚ ʨʘʙʦʪʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʡ ʧʦʜʩʪʘʥʮʠʠ ʥʠʢʪʦ ʥʝ ʟʘʩʪʨʘʭʦ-

ʚʘʥ. ʅʦ ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʘʨʠʡ ʠ ʠʥʮʠʜʝʥʪʦʚ ʧʦʥʠʞʘʝʪʩʷ ʥʘ 80 %, ʚ ʪʦʤ ʩʣʫʯʘʝ ʝʩʣʠ ʚʳ ʦʙʝʩʧʝ-

ʯʠʚʘʝʪʝ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʡ ʩʝʨʚʠʩ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʂ ʧʨʠʤʝʨʫ, 7 ʦʢʪʷʙʨʷ 2018 ʛʦʜʘ ʚ ʂʘʣʫʛʝ ʥʘ ʫʣʠʮʝ ʃʠʪʚʠʥʦʚʩʢʦʡ ʧʨʦʠʟʦʰʝʣ ʧʦʞʘʨ ʥʘ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʡ ʧʦʜʩʪʘʥʮʠʠ. ʇʦʞʘʨ ʥʘʯʘʣʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʰʠʙʦʯʥʳʭ ʜʝʡʩʪʚʠʡ ʧʝʨʩʦʥʘʣʘ 

ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʝʨʝʢʣʶʯʝʥʠʡ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʥʘʨʫʰʝʥʠʷ ʦʧʝʨʘʪʠʚʥʦʡ ʜʠʩʮʠʧʣʠʥʳ, ʧʨʝ-

ʥʝʙʨʝʞʠʪʝʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ ʢ ʪʨʝʙʦʚʘʥʠʷʤ ʇʊʕ, ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʟʥʘʥʠʝ ʠʥʩʪʨʫʢʮʠʡ, ʥʝʚʥʠ-

ʤʘʪʝʣʴʥʦʩʪʴ, ʦʪʩʫʪʩʪʚʠʝ ʢʦʥʪʨʦʣʷ ʟʘ ʩʦʙʩʪʚʝʥʥʳʤʠ ʜʝʡʩʪʚʠʷʤʠ. ʇʨʠ ʟʘʛʦʨʘʥʠʠ ʙʨʠʛʘʜʘ ʥʝ-

ʤʝʜʣʝʥʥʦ ʚʳʟʚʘʣʘ ʧʦʞʘʨʥʫʶ ʦʭʨʘʥʫ ʠ ʧʨʠʩʪʫʧʠʣʘ ʢ ʪʫʰʝʥʠʶ ʧʦʞʘʨʘ ʚʩʝʤʠ ʠʤʝʶʱʠʤʠʩʷ 

ʩʨʝʜʩʪʚʘʤʠ.  

ɺ ʧʨʦʮʝʥʪʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʜʦʣʷ ʧʦʞʘʨʦʚ, ʧʨʦʠʟʦʰʝʜʰʠʭ ʥʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʭ ʧʦʜ-

ʩʪʘʥʮʠʷʭ, ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʞʘʨʦʚ ʩʦʩʪʘʚʣʷʝʪ 36,5%. ʗʨʢʠʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʩʠ-

ʩʪʝʤʥʘʷ ʘʚʘʨʠʷ ʚ ʈʦʩʩʠʠ, ʧʨʦʠʟʦʰʝʜʰʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʞʘʨʘ ʥʘ ʧʦʜʩʪʘʥʮʠʠ ˉ510 çʏʘʛʠʥʦè 

ʚ ʛ. ʄʦʩʢʚʘ. ʇʦʞʘʨ ʦʩʪʘʚʠʣ ʙʝʟ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʇʦʜʤʦʩʢʦʚʴʝ, ʊʫʣʴʩʢʫʶ, ʂʘʣʫʞʩʢʫʶ ʠ ʈʷ-

ʟʘʥʩʢʫʶ ʦʙʣʘʩʪʠ. ɹʳʣʠ ʦʪʢʣʶʯʝʥʳ ɸʣʝʢʩʠʥʩʢʘʷ ʊʕʎ, ʅʦʚʦʤʦʩʢʦʚʩʢʘʷ ɻʈʕʉ, ɽʬʨʝʤʦʚʩʢʘʷ 

ʊʕʎ, ʑⱪʢʠʥʩʢʘʷ ɻʈʕʉ. ɺ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʙʝʟ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʦʩʪʘʣʠʩʴ 34 ʨʘʡʦʥʘ. ʆʙ-

ʱʠʡ ʫʱʝʨʙ ʦʪ ʵʥʝʨʛʦʢʨʠʟʠʩʘ, ʧʦ ʜʘʥʥʳʤ ʥʘ 1 ʠʶʥʷ 2005 ʛ., ʚ ʄʦʩʢʚʝ ʩʦʩʪʘʚʠʣ ʙʦʣʝʝ 1,7 

ʤʣʨʜ ʨʫʙʣʝʡ, ʘ ʚ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ï ʙʦʣʝʝ 500 ʤʣʥ ʨʫʙʣʝʡ [1]. 

ʊʫʰʝʥʠʝ ʧʦʞʘʨʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʫʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʧʨʠ ʩʥʷʪʦʤ 

ʥʘʧʨʷʞʝʥʠʠ. ʇʨʠ ʟʘʛʦʨʘʥʠʠ ʤʘʩʣʦʥʘʧʦʣʥʝʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʥʫʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʠʝ ʩʨʝʜ-

ʩʪʚʘ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʢʘʢ: ʦʛʥʝʪʫʰʠʪʝʣʠ ʠ ʚʦʟʜʫʰʥʦ-ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʝʥʫ. ʊʫʰʠʪʴ ʢʦʤʧʘʢʪ-



ʈʘʟʜʝʣ 1. ʌʋʅɼɸʄɽʅʊɸʃʔʅʓɽ ʀ ʇʈʀʂʃɸɼʅʓɽ ɺʆʇʈʆʉʓ ʌʀɿʀʂʀ ʀ ʍʀʄʀʀ 
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ʥʳʤʠ ʩʪʨʫʷʤʠ ʚʦʜʳ ʛʦʨʷʱʝʝ ʤʘʩʣʦ ʥʝ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʚʦ ʠʟʙʝʞʘʥʠʝ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʱʘʜʠ 

ʧʦʞʘʨʘ. 

ɹʝʟʦʧʘʩʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ ʛʘʨʘʥʪʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʷʜʘ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʧʦʩʦʙʦʚ ʠ ʩʨʝʜʩʪʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ ʠʣʠ ʞʝ ʚ ʩʦʯʝʪʘʥʠʠ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ. ʇʨʠ ʦʙʳʯʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʵʪʠʤʠ ʩʧʦʩʦʙʘʤʠ ʷʚʣʷʶʪʩʷ: ʚʳʨʘʚʥʠʚʘʥʠʝ ʧʦʪʝʥʮʠʘ-

ʣʦʚ, ʩʦʢʨʘʱʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʜʝʣʝʥʠʝ ʩʝʪʝʡ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʙʦʯʝʡ ʠʟʦʣʷʮʠʠ 

ʪʦʢʦʚʝʜʫʱʠʭ ʯʘʩʪʝʡ, ʢʦʤʧʝʥʩʘʮʠʷ ʝʤʢʦʩʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʦʚ ʟʘʤʳʢʘʥʠʷ ʥʘ ʟʝʤʣʶ, ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʦʛʨʘʜʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʘʷ ʩʠʛʥʘʣʠʟʘʮʠʷ, ʙʣʦʢʠʨʦʚʢʘ, ʧʦʣʴ-

ʟʦʚʘʥʠʝ ʟʥʘʢʘʤʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʠ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʭ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ. ɺ 

ʘʚʘʨʠʡʥʦʤ ʨʝʞʠʤʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʘʱʠʪʥʦʝ ʟʘʟʝʤʣʝʥʠʝ, ʟʘʥʫʣʝʥʠʝ, ʟʘʱʠʪʥʦʝ 

ʦʪʢʣʶʯʝʥʠʝ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ (ʜʚʦʡʥʘʷ) ʠʟʦʣʷʮʠʷ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʙʠʚʥʳʭ ʧʨʝʜʦ-

ʭʨʘʥʠʪʝʣʝʡ. ɼʣʷ ʟʘʱʠʪʳ ʦʪ ʧʦʨʘʞʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ, ʚʣʠʷʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʫʛʠ ʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʣʝʢʪʨʦʟʘʱʠʪʥʳʝ ʩʨʝʜʩʪʚʘ. 
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SCIENCE çFIRE SAFETYè AND HUMAN KNOWLEDGE 

 
Abstracts: Science çFire safetyè - a new word in human knowledge. Physics - knowledge of the 

physical phenomena of system of fire safety. Physics - programming and minimisation in the closed sets of 

number of the elements providing calculation of open set of indicators in the phenomena of system of fire 

safety. 
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ʌʠʟʠʢʘ ï ʠʥʩʪʨʫʤʝʥʪ ʧʦʟʥʘʥʠʷ ʷʚʣʝʥʠʷ. ʕʪʫ ʤʳʩʣʴ ʯʸʪʢʦ ʚʳʨʘʟʠʣ ʅʠʣʴʩ ɹʦʨ ʚ ʢʥʠʛʝ 

çɸʪʦʤʥʘʷ ʬʠʟʠʢʘ ʠ ʯʝʣʦʚʝʯʝʩʢʦʝ ʧʦʟʥʘʥʠʝè [1]. ʅʘʰʝ ʧʦʢʦʣʝʥʠʝ ï ʩʚʠʜʝʪʝʣʴ ʨʦʞʜʝʥʠʷ ʥʦʚʦʡ 
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ɸʂʊʋɸʃʔʅʓɽ ɺʆʇʈʆʉʓ ɽʉʊɽʉʊɺʆɿʅɸʅʀʗ 
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ʥʘʫʢʠ: çʇʦʞʘʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴè. ʀʟʜʘʸʪʩʷ ʵʥʮʠʢʣʦʧʝʜʠʷ çʇʦʞʘʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴè. ʇʦ ʵʪʦʡ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʟʘʱʠʪʘ ʫʯʸʥʳʭ ʩʪʝʧʝʥʝʡ ʠ ʧʨʠʩʚʦʝʥʠʝ ʫʯʸʥʳʭ ʟʚʘʥʠʡ. 24 ʤʘʷ 

1996 ʛ. ʫʯʨʝʞʜʝʥʘ ʅɸʎʀʆʅɸʃʔʅɸʗ ɸʂɸɼɽʄʀʗ ʅɸʋʂ ʇʆɾɸʈʅʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ.  

ɹʦʛ ï ʝʜʠʥ ʚ ʪʨʸʭ ʣʠʮʘʭ. ʕʪʦ ʚʳʨʘʞʝʥʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʧʦʟʥʘʥʠʷ ʚ ʧʨʘʚʦʩʣʘʚʥʦʡ ʨʝʣʠ-

ʛʠʠ.  

ʗʟʳʢ ï ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʧʦʟʥʘʥʠʷ ʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘ-

ʮʠʠ. ɺ ʥʸʤ ʩʣʦʚʦ ï ʟʘʤʢʥʫʪʦʝ ʤʥʦʞʝʩʪʚʦ, ʩʦʩʪʦʷʱʝʝ ʪʦʣʴʢʦ ʠʟ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʥʦ ʥʝʩʫʱʝʝ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʥʦʞʝʩʪʚʝ ʵʣʝʤʝʥʪʦʚ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʪʨʘʞʘʝʤʦʤ ʵʪʠʤ ʩʣʦʚʦʤ ʧʦʥʷʪʠʠ. ɼʣʷ 

ʢʘʞʜʦʛʦ ʯʝʣʦʚʝʢʘ ʦʩʥʦʚʥʳʤ ʩʣʦʚʦʤ ʷʚʣʷʝʪʩʷ ʝʛʦ ʩʦʙʩʪʚʝʥʥʦʝ ʠʤʷ. ʆʥʦ ʦʪʨʘʞʘʝʪ ʠʥʬʦʨʤʘʮʠʶ 

ʦ ʩʘʤʦʤ ʩʝʙʝ ï ʘʥʘʣʦʛ ʵʣʝʢʪʨʦʥʥʦʡ ʧʘʧʢʠ ʚ ʢʦʤʧʴʶʪʝʨʝ. ʇʦʵʪʦʤʫ ʚ ʦʙʱʝʥʠʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʯʘʱʝ ʫʧʦʪʨʝʙʣʷʪʴ ʩʦʙʩʪʚʝʥʥʦʝ ʠʤʷ ʯʝʣʦʚʝʢʘ, ʩ ʢʦʪʦʨʳʤ ʦʙʱʘʝʰʴʩʷ.  

ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʥʘʧʠʩʘʥʘ ʚ ʧʨʦʛʨʘʤʤʝ çMicrosoft Wordè ʥʘ ʜʚʦʠʯʥʦʤ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠ-

ʨʦʚʘʥʠʷ ʠʟ ʩʦʯʝʪʘʥʠʡ çʜʘè ʠ çʥʝʪè. ʉʪʘʪʴʷ ʟʘʮʠʬʨʦʚʘʥʘ ʠ ʯʝʨʝʟ ʚʩʝʤʠʨʥʫʶ ʩʝʪʴ, ʯʝʨʝʟ ʠʥʪʝʨ-

ʥʝʪ, ʜʦʩʪʫʧʥʘ ʚʩʝʤʫ ʤʠʨʫ.  

ʂʘʞʜʘʷ ʥʘʫʢʘ ʩʢʣʘʜʳʚʘʝʪʩʷ ʢʘʢ ʚʩʝʤʠʨʥʦʝ ʜʦʩʪʦʷʥʠʝ. ʅʘʫʢʘ çʇʦʞʘʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴè 

ʚ ʈʦʩʩʠʠ ʩʢʣʘʜʳʚʘʣʘʩʴ ʠ ʧʨʦʜʦʣʞʘʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʜʨʫʛʠʤʠ ʩʪʨʘʥʘʤʠ ʯʝʨʝʟ 

ʫʯʘʩʪʠʝ ʈʦʩʩʠʠ ʚ ʨʘʙʦʪʝ ʨʷʜʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ. ɺ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ 

ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʨʫʩʩʢʠʡ ʷʟʳʢ ʥʘʨʷʜʫ ʩ ʘʥʛʣʠʡʩʢʠʤ ʠ ʬʨʘʥʮʫʟʩʢʠʤ ʷʟʳʢʘʤʠ ʷʚʣʷʝʪʩʷ ʨʘʙʦ-

ʯʠʤ ʷʟʳʢʦʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʋʩʪʘʚʘʤʠ ʀʉʆ ʠ ʄʕʂ. ʇʦ ʠʥʠʮʠʘʪʠʚʝ ʉʝʢʨʝʪʘʨʠʘʪʘ ʈʦʩʩʠʡʩʢʦ-

ʛʦ ʅʂ ʧʦ ʫʯʘʩʪʠʶ ʚ ʄʕʂ (ʈʦʩʄʕʂ) ʨʘʟʚʸʨʥʫʪʘ ʨʘʟʨʘʙʦʪʢʘ ʨʫʩʩʢʦʷʟʳʯʥʳʭ ʚʝʨʩʠʡ ʧʫʙʣʠʢʘʮʠʡ 

ʄʕʂ/ʀʉʆ, ʚʢʣʶʯʘʷ ʧʫʙʣʠʢʘʮʠʠ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʚ ʦʙʣʘʩʪʠ ʧʦʞʘʨʥʦʡ ʙʝʟ-

ʦʧʘʩʥʦʩʪʠ. ʕʪʘ ʨʘʙʦʪʘ ʠʛʨʘʝʪ ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ ʟʘʱʠʪʝ ʥʘʮʠʦʥʘʣʴʥʳʭ ʠʥʪʝʨʝʩʦʚ ʥʘ ʤʝʞʜʫʥʘ-

ʨʦʜʥʦʤ ʫʨʦʚʥʝ ʠ ʚ ʧʨʦʜʚʠʞʝʥʠʠ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʥʘʨʘʚʥʝ ʩ 

ʜʨʫʛʠʤʠ ʷʟʳʢʘʤʠ.  

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʨʘʟʨʘʙʦʪʘʥʳ ʩʦʪʥʠ ʨʫʩʩʢʦʷʟʳʯʥʳʭ ʚʝʨʩʠʡ ʧʫʙʣʠʢʘʮʠʡ 

ʄʕʂ/ʀʉʆ, ʜʦʩʪʫʧʥʳʭ ʜʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚ ʈʦʩʩʠʠ, ʚʢʣʶʯʘʷ ʧʫʙʣʠʢʘʮʠʠ ʪʝʭʥʠ-

ʯʝʩʢʠʭ ʢʦʤʠʪʝʪʦʚ: ʄʕʂ ʊʂ 31 çɺʟʨʳʚʦʦʧʘʩʥʳʝ ʩʨʝʜʳè, ʄʕʂ ʊʂ 81 çʄʦʣʥʠʝʟʘʱʠʪʘè, ʄʕʂ 

ʊʂ 89 çʀʩʧʳʪʘʥʠʷ ʥʘ ʧʦʞʘʨʥʫʶ ʦʧʘʩʥʦʩʪʴè, ʄʕʂ ʊʂ 101 çʕʣʝʢʪʨʦʩʪʘʪʠʢʘè ʠ ʜʨ. 

ɼʦʢʫʤʝʥʪʳ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʜʝʡʩʪʚʫʶ-

ʱʝʤ ʚ ʈʦʩʩʠʠ ʪʝʭʥʠʯʝʩʢʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʠ. ɺ ʢʦʥʪʝʢʩʪʝ ʩʪʘʪʴʠ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʜʝʡʩʪʚʫʶʱʠʡ 

ɻʆʉʊ ʈ ʄʕʂ 60695-1-1-2003: ʀʩʧʳʪʘʥʠʷ ʥʘ ʧʦʞʘʨʥʫʶ ʦʧʘʩʥʦʩʪʴ [2]. ʉʪʘʥʜʘʨʪ ʨʘʟʨʘʙʦʪʘʥ ʩ 

ʫʯʘʩʪʠʝʤ ʌɻɹʋ ɺʅʀʀʇʆ ʄʏʉ ʈʦʩʩʠʠ ʥʘ ʦʩʥʦʚʝ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʉʪʘʥʜʘʨʪʘ IEC IS 60695-

1-1-1999, ʚʭʦʜʠʚʰʝʛʦ ʚ ʜʝʡʩʪʚʫʶʱʫʶ ʥʘ ʪʦ ʚʨʝʤʷ ʩʠʩʪʝʤʫ ʙʘʟʦʚʳʭ ʧʫʙʣʠʢʘʮʠʝʡ ʧʦ ʙʝʟʦʧʘʩ-

ʥʦʩʪʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʤ ʢʦʤʠʪʝʪʦʤ ʄʕʂ ʊʂ 89 çʀʩʧʳʪʘʥʠʷ ʥʘ ʧʦʞʘʨʥʫʶ ʦʧʘʩ-

ʥʦʩʪʴè. ɼʘʥʥʳʡ ʩʪʘʥʜʘʨʪ ʷʚʣʷʣʩʷ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ ʜʦʢʫʤʝʥʪʦʤ ʩʠʩʪʝʤʳ ʩʪʘʥʜʘʨʪʦʚ ʄʕʂ 

ʚ ʦʙʣʘʩʪʠ ʠʩʧʳʪʘʥʠʡ ʥʘ ʧʦʞʘʨʥʫʶ ʦʧʘʩʥʦʩʪʴ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ IEC IS 60695-1-1-1999 ʦʪʤʝʥʸʥ, ʠ ʟʘʤʝʥʸʥ ʩʠʩʪʝʤʦʡ ʧʫʙʣʠʢʘʮʠʡ IEC 60695-1 (ʚʩʝ ʧʫʙ-

ʣʠʢʘʮʠʠ), ʚʢʣʶʯʘʷ IEC 60695-1-10,-11,-20,-21,-30,-40 ʠ ʜʨ. ʈʘʟʨʘʙʦʪʘʥʳ ʠʭ ʨʫʩʩʢʦʷʟʳʯʥʳʝ 

ʚʝʨʩʠʠ. 

ʊʘʢ ʯʪʦ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʩʪʘʥʜʘʨʪʘ [2] ʚ ʛʘʨʤʦʥʠʟʘʮʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠʩ-

ʧʳʪʘʥʠʷ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʜʦ ʨʘʟʨʘʙʦʪʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʘʥʜʘʨʪʦʚ ʮʝʣʝ-

ʩʦʦʙʨʘʟʥʦ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ ʫʧʦʤʷʥʫʪʳʤʠ ʚʳʰʝ ʨʫʩʩʢʦʷʟʳʯʥʳʤʠ ʚʝʨʩʠʷʤʠ, ʢʘʞʜʘʷ ʠʟ ʢʦ-

ʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʥʷʪʘ ʟʘ ʦʩʥʦʚʫ ʨʘʟʨʘʙʦʪʢʠ ʘʫʪʝʥʪʠʯʥʦʛʦ ʝʡ ʩʪʘʥʜʘʨʪʘ. 

ʅʝʣʴʟʷ ʥʝʜʦʦʮʝʥʠʚʘʪʴ ʜʣʷ ʨʘʙʦʪʳ ʚ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʟʥʘʯʠʤʦʩʪʠ ʨʫʩʩʢʦʡ ʚʝʨʩʠʠ ʩʣʦʚʘ-

ʨʷ ʧʦ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ [3]. ɿʘ ʦʩʥʦʚʫ ʨʫʩʩʢʦʡ ʚʝʨʩʠʠ ʧʨʠʥʷʪ ʜʝʡʩʪʚʦʚʘʚʰʠʡ ʘʫʪʝʥʪʠʯ-

ʥʳʡ ʧʝʨʝʚʦʜ ʩ ʘʥʛʣʠʡʩʢʦʡ ʚʝʨʩʠʠ ʩʪʘʥʜʘʨʪʘ çISO/IEC 13943 ʀʟʜ. 2: 2008-10. ʇʦʞʘʨʥʘʷ ʙʝʟ-

ʦʧʘʩʥʦʩʪʴ ï ʉʣʦʚʘʨʴè. 

ɼʘʥʥʳʡ ʩʣʦʚʘʨʴ ʷʚʣʷʝʪʩʷ ʜʦʢʫʤʝʥʪʦʤ ʩʠʩʪʝʤʳ ʩʪʘʥʜʘʨʪʦʚ ʄʕʂ ʚ ʦʙʣʘʩʪʠ ʠʩʧʳʪʘʥʠʷ 

ʥʘ ʧʦʞʘʨʥʫʶ ʦʧʘʩʥʦʩʪʴ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ. ɺ ʥʸʤ ʦʧʨʝʜʝʣʝʥʳ ʪʝʨʤʠʥʳ, ʢʘʩʘ-

ʶʱʠʝʩʷ ʧʦʞʘʨʘ ʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʞʘʨʥʳʭ ʠʩʧʳʪʘʥʠʡ. ʉʣʦʚʘʨʴ ʨʘʟʨʘʙʦʪʘʥ ʊʝʭʥʠʯʝ-

ʩʢʠʤ ʂʦʤʠʪʝʪʦʤ ʀʉʆ Tʂ 92 çʇʦʞʘʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴè ʩʦʚʤʝʩʪʥʦ ʩ ʊʝʭʥʠʯʝʩʢʠʤ ʂʦʤʠʪʝ-



ʈʘʟʜʝʣ 1. ʌʋʅɼɸʄɽʅʊɸʃʔʅʓɽ ʀ ʇʈʀʂʃɸɼʅʓɽ ɺʆʇʈʆʉʓ ʌʀɿʀʂʀ ʀ ʍʀʄʀʀ 

17 

 

ʪʦʤ ʄʕʂ Tʂ 89 çʀʩʧʳʪʘʥʠʷ ʥʘ ʧʦʞʘʨʥʫʶ ʦʧʘʩʥʦʩʪʴè. ɺʪʦʨʦʝ ʠʟʜʘʥʠʝ ʦʪʤʝʥʷʝʪ ʠ ʟʘʤʝʥʷʝʪ 

ʧʝʨʚʦʝ ʠʟʜʘʥʠʝ ʩʣʦʚʘʨʷ 2000 ʛ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʥʘʙʣʶʜʘʣʩʷ ʩʫʱʝʩʪʚʝʥʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʦʙʣʘʩʪʠ ʧʦʞʘʨʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʦʙʱʝʤ ʦʧʨʝʜʝʣʝʥʠʠ ʧʦʥʷʪʠʡ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʭʦʪʷ ʪʨʘʜʠʮʠʦʥʥʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʪʝʨʤʠʥʦʚ ʦʛʨʘʥʠʯʠʚʘʣʘʩʴ ʦʙʣʘʩʪʴʶ 

ʠʩʧʳʪʘʥʠʡ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ. 

ʇʝʨʚʦʝ ʠʟʜʘʥʠʝ ʀʉʆ 13943 ʩʦʜʝʨʞʘʣʦ ʦʧʨʝʜʝʣʝʥʠʷ 177 ʪʝʨʤʠʥʦʚ. ʆʜʥʘʢʦ ʦʙʣʘʩʪʴ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʜʦʣʞʠʣʘ ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʪʴʩʷ, ʠ ʚʪʦʨʦʝ ʠʟʜʘʥʠʝ 

ʚʢʣʶʯʘʝʪ 354 ʧʦʟʠʮʠʠ.  

ɺ ʨʫʩʩʢʦʡ ʚʝʨʩʠʠ ʜʘʥʳ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʪʝʨʤʠʥʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʣʦʚʘʨʴ ʧʦʞʘʨ-

ʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʚʢʣʶʯʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʧʨʠ ʧʨʦʚʝ-

ʜʝʥʠʠ ʠʥʞʝʥʝʨʥʳʭ ʨʘʙʦʪ ʠ ʚ ʵʣʝʤʝʥʪʘʭ ʩʪʨʦʠʪʝʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʉʣʦʚʘʨʴ ʧʦʧʦʣʥʷʝʪ 

ʦʙʲʸʤ ʪʝʨʤʠʥʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʡ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʘʣʴʥʝʡʰʝʤʫ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʢʦʥ-

ʮʝʧʮʠʡ ʠ ʨʘʟʚʠʪʠʶ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʪʝʨʤʠʥʳ, ʚʳʨʘʞʘʶʱʠʝ: 

- ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʦʥʷʪʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʜʣʷ ʜʨʫʛʠʭ, ʙʦʣʝʝ 

ʩʧʝʮʠʬʠʯʥʳʭ ʦʧʨʝʜʝʣʝʥʠʡ; 

- ʙʦʣʝʝ ʩʧʝʮʠʬʠʯʥʳʝ ʢʦʥʮʝʧʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʥʝʢʦʪʦʨʳʭ ʘʩʧʝʢʪʘʭ ʪʝʭʥʠʢʠ ʧʦʞʘʨ-

ʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʚ ʦʛʥʝʚʳʭ ʠʩʧʳʪʘʥʠʷʭ ʠʣʠ ʚ ʩʪʘʥʜʘʨʪʘʭ ʀʉʆ ʠ ʄʕʂ; 

- ʢʦʥʮʝʧʮʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʨʤʠʥʦʚ, ʟʘʠʤʩʪʚʦʚʘʥʥʳʭ ʠʟ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ʊʝʨʤʠʥʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʧʦʨʷʜʢʝ ʘʥʛʣʠʡʩʢʦʛʦ ʘʣʬʘʚʠʪʘ ʠ ʧʦ ʦʙʣʘʩʪʷʤ ʠʭ ʧʨʠʤʝʥʝ-

ʥʠʷ. ʇʨʝʜʩʪʘʚʣʝʥ ʪʘʢʞʝ ʧʝʨʝʯʝʥʴ ʪʝʨʤʠʥʦʚ, ʥʝ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʢ ʧʨʠʤʝʥʝʥʠʶ. 

ʈʫʩʩʢʘʷ ʚʝʨʩʠʷ ʥʝ ʧʨʦʩʪʦ ʦʬʠʮʠʘʣʴʥʳʡ ʘʫʪʝʥʪʠʯʥʳʡ ʧʝʨʝʚʦʜ ʜʘʥʥʦʛʦ ʜʦʢʫʤʝʥʪʘ ʥʘ 

ʨʫʩʩʢʠʡ ʷʟʳʢ, ʥʦ ʨʝʟʫʣʴʪʘʪ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʪʚʦʨʯʝʩʪʚʘ ʤʥʦʛʠʭ ʩʦʪʨʫʜʥʠʢʦʚ ʌɻɹʋ ɺʅʀʀʇʆ, 

ʘ ʪʘʢʞʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʘʥʛʣʠʡʩʢʦʡ ʚʝʨʩʠʠ ʪʝʤ, ʯʪʦ ʚ ʥʝʸ ʚʢʣʶʯʝʥʳ ʫʢʘʟʘʪʝʣʠ ʪʝʨʤʠʥʦʚ, ʢʘʢ 

ʥʘ ʘʥʛʣʠʡʩʢʦʤ, ʪʘʢ ʠ ʥʘ ʨʫʩʩʢʦʤ ʷʟʳʢʝ. 

ɺ ʦʢʪʷʙʨʝ 2016 ʛʦʜʘ ʊʝʭʥʠʯʝʩʢʠʤ ʂʦʤʠʪʝʪʦʤ ISO/TC 92 ʇʦʞʘʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʪʨʝʪʴʝ ʠʟʜʘʥʠʝ ʩʣʦʚʘʨʷ. ɼʘʥʥʦʝ ʪʨʝʪʴʝ ʠʟʜʘʥʠʝ ʦʪʤʝʥʷʝʪ ʠ ʟʘʤʝʥʷʝʪ ʚʪʦ-

ʨʦʝ ʠʟʜʘʥʠʝ ʩʣʦʚʘʨʷ (ISO 13943 Ed. 2:2008) ʠ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʝʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʝʨʝ-

ʩʤʦʪʨʘ. ʊʨʝʪʴʝ ʠʟʜʘʥʠʝ ʚʢʣʶʯʘʝʪ ʫʞʝ 426 ʪʝʨʤʠʥʦʚ. ʉʨʝʜʠ ʥʠʭ ʤʥʦʛʦ ʥʦʚʳʭ ʪʝʨʤʠʥʦʚ ʠ ʥʦ-

ʚʳʭ ʦʧʨʝʜʝʣʝʥʠʡ. ʇʨʝʜʩʪʦʠʪ ʨʘʟʨʘʙʦʪʢʘ ʨʫʩʩʢʦʡ ʚʝʨʩʠʠ ʪʨʝʪʴʝʛʦ ʠʟʜʘʥʠʷ ʩʣʦʚʘʨʷ. 

ʈʫʩʩʢʠʝ ʚʝʨʩʠʠ ʨʷʜʘ ʧʫʙʣʠʢʘʮʠʡ ʚ ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʦʩʪʘʪʠʢʠ [4-6] ʚʟʷʪʳ ʟʘ ʦʩʥʦʚʫ ʨʘʟʨʘ-

ʙʦʪʢʠ ʥʳʥʝ ʫʞʝ ʜʝʡʩʪʚʫʶʱʠʭ ʩʪʘʥʜʘʨʪʦʚ [7-9]. ɼʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ 

ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʠʥʪʝʨʝʩ ʦʙʟʦʨʳ ʧʫʙʣʠʢʘʮʠʡ [10-12] ʚʳʰʝ ʫʧʦʤʷ-

ʥʫʪʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʠʪʝʪʦʚ: ʄʕʂ ʊʂ 31 çɺʟʨʳʚʦʦʧʘʩʥʳʝ ʩʨʝʜʳè, ʄʕʂ ʊʂ 81  çʄʦʣʥʠʝ-

ʟʘʱʠʪʘè, ʄʕʂ ʊʂ 89 çʀʩʧʳʪʘʥʠʷ ʥʘ ʧʦʞʘʨʥʫʶ ʦʧʘʩʥʦʩʪʴè ʠ ʄʕʂ ʊʂ 101 çʕʣʝʢʪʨʦʩʪʘʪʠʢʘè. 

ʇʨʦʙʣʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʚʷʟʘʥʳ ʩ 

ʩʦʚʤʝʩʪʠʤʦʩʪʴʶ ʦʙʲʝʢʪʦʚ ʟʘʱʠʪʳ ʩ ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʥʦʡ ʠ ʪʝʭʥʦʛʝʥʥʦʡ ʩʨʝʜʦʡ, ʚʢʣʶʯʘʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ ʩʦʚʤʝʩʪʠʤʦʩʪʴ, ʤʦʣʥʠʝʟʘʱʠʪʫ ʠ ʵʣʝʢʪʨʦʩʪʘʪʠʢʫ [13]. ɺ ʘʧʨʝʣʝ 2016 ʛ. ʚ 

ʄʦʩʢʚʝ ʩʦʩʪʦʷʣʘʩʴ ʊʨʝʪʴʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʊʝʭʥʦʣʦʛʠʠ, ʠʟʤʝʨʝʥʠʷ ʠ ʠʩʧʳʪʘ-

ʥʠʷ ʚ ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠè [14] ʧʨʠ ʘʢʪʠʚʥʦʤ ʠʥʠʮʠʘʪʠʚʥʦʤ ʫʯʘʩʪʠʠ 

ʧʨʝʜʩʝʜʘʪʝʣʷ ʈʦʩʩʠʡʩʢʦʛʦ ʊʂ 72 çʕʣʝʢʪʨʦʩʪʘʪʠʢʘè ʜ.ʪ.ʥ., ʧʨʦʬ. ʂʨʠʚʦʚʘ ɸ.ʉ. 

çʕʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴè ʚ ʥʘʫʯʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ ʠ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ 

ʄʏʉ ʈʦʩʩʠʠ ʧʦʢʘ ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʤʘʣʦ ʟʥʘʯʠʤʦʡ ʠ ʥʝ ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʥʠ ʧʨʘʢʪʠʯʝʩʢʠ, 

ʥʠ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ. ʅʦ ʦʨʛʘʥʠʟʘʪʦʨʳ ʢʦʥʬʝʨʝʥʮʠʠ ʩʦʯʣʠ ʥʝʦʙʭʦʜʠʤʳʤ ʧʦʜʯʝʨʢʥʫʪʴ ʘʢ-

ʪʫʘʣʴʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʥʦʚʦʛʦ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʩʫʱʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ 

ʙʳʣʦ ʙʳ ʚʳʨʘʟʠʪʴ, ʢʘʢ çʕʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʚ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠè. ʕʪʦ 

ʧʨʦʷʚʠʣʦʩʴ ʚ ʪʦʤ, ʯʪʦ ʚ ʢʦʥʬʝʨʝʥʮʠʠ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ ʩʦʪʨʫʜʥʠʢʠ ʌɻɹʋ ɺʅʀʀʇʆ ʠ ɸʢʘ-

ʜʝʤʠʠ ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ, ʘ ʥʘ ʧʣʝʥʘʨʥʦʤ ʟʘʩʝʜʘʥʠʠ ʢʦʥʬʝʨʝʥʮʠʠ ʙʳʣ ʩʜʝʣʘʥ ʜʦʢʣʘʜ çʊʝʭ-

ʥʠʯʝʩʢʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʘʪʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ï ʩʠʩʪʝʤʘ ʵʣʝʢ-

ʪʨʦʩʪʘʪʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠè [15]. ʉʠʩʪʝʤʘ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡ ʠʩʢʨʦʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʘʣʘ 



IV ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

ɸʂʊʋɸʃʔʅʓɽ ɺʆʇʈʆʉʓ ɽʉʊɽʉʊɺʆɿʅɸʅʀʗ 

 

18 

 

ʫʞʝ ʥʝʦʪʲʝʤʣʝʤʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʥʦʛʦ ʨʘʥʴʰʝ, ʯʪʦ ʚʳʨʘʟʠʣʦʩʴ ʭʦ-

ʪʷ ʙʳ ʚ ʪʦʤ, ʯʪʦ ʩʪʘʪʴʷ [16] ʚʦʰʣʘ ʚ ʧʝʨʚʳʡ ʚʳʧʫʩʢ ʵʥʮʠʢʣʦʧʝʜʠʠ. 

ʆʩʥʦʚʳ ʦʙʝʩʧʝʯʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʚ ʪʝʭʥʠʢʝ ʦʙʩʪʦʷʪʝʣʴʥʦ ʠ ʚ 

ʜʦʩʪʫʧʥʦʡ ʬʦʨʤʝ ʦʪʨʘʞʝʥʳ, ʥʘʧʨʠʤʝʨ, ʚ ʢʥʠʛʝ ʕʨʥʩʪʘ ʍʘʙʠʛʝʨʘ [17] ʠ ʚ ʜʨ. ʠʩʪʦʯʥʠʢʘʭ. 

ʅʘʧʨʠʤʝʨ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ (ʊʉ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ 

ʩʪʘʥʜʘʨʪʦʤ [18] ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʊʉ ʢ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ ʨʘʟʨʷʜʘʤ. ʇʨʠ ʠʩ-

ʧʳʪʘʥʠʠ ʥʘ ʠʩʧʳʪʫʝʤʳʡ ʦʙʨʘʟʝʮ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠʟʜʝʣʠʷ ʠʣʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʦʟʜʝʡʩʪʚʫʶʪ 

ʨʘʟʨʷʜʦʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʸʤʢʦʩʪʴʶ 150 ʧʌ. ʇʨʠ ʵʪʦʤ ʠʤʠʪʠʨʫ-

ʝʪʩʷ ʢʘʢ ʙʳ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʨʘʟʨʷʜ ʩ ʦʧʝʨʘʪʦʨʘ ʚʙʣʠʟʠ ʊʉ ʠʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʊʉ. 

ʋʩʪʘʥʦʚʣʝʥʦ 5 ʩʪʝʧʝʥʝʡ ʞʝʩʪʢʦʩʪʠ ʠʩʧʳʪʘʥʠʡ. ɾʝʩʪʢʦʩʪʴ ʠʩʧʳʪʘʥʠʷ ʟʘʜʘʶʪ ʥʘʧʨʷʞʝʥʠʝʤ, ʜʦ 

ʢʦʪʦʨʦʛʦ ʟʘʨʷʞʘʶʪ ʢʦʥʜʝʥʩʘʪʦʨ. ʉʪʝʧʝʥʠ ʞʝʩʪʢʦʩʪʠ ʧʨʠ ʢʦʥʪʘʢʪʥʦʤ/ʚʦʟʜʫʰʥʦʤ ʨʘʟʨʷʜʝ ʢʦʥ-

ʜʝʥʩʘʪʦʨʘ ʩʣʝʜʫʶʱʠʝ: 

1-ʷ ï 2 ʢɺ; 2-ʷ ï 4 ʢɺ; 3-ʷ ï 4 ʢɺ; 3-ʷ ï 6 ʢɺ/8 ʢɺ; 4-ʷ ï 8 ʢɺ/15 ʢɺ; 5-ʷ ï ʦʪʢʨʳʪʘʷ. 

ʇʨʠ ʦʪʢʨʳʪʦʡ ʩʪʝʧʝʥʠ ʞʝʩʪʢʦʩʪʠ ʧʨʠʤʝʥʷʶʪ ʩʧʝʮʠʘʣʴʥʦʝ ʠʩʧʳʪʘʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘ-

ʥʠʝ. 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʪʝʭʥʠʯʝʩʢʠʤ ʩʨʝʜʩʪʚʘʤ ʟʘʱʠʪʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʤ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʠʣʠ 

ʦʛʨʘʥʠʯʝʥʠʷ ʜʦ ʜʦʧʫʩʪʠʤʦʛʦ ʫʨʦʚʥʷ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʚ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʝ ʜʦ 1 ʢɺ ʚʦ ʚʨʝʤʷ ʛʨʦʟʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠʣʠ ʚʩʣʝʜʩʪʚʠʝ ʢʦʤ-

ʤʫʪʘʮʠʡ ʚ ʮʝʧʷʭ ʩ ʙʦʣʴʰʠʤʠ ʧʫʩʢʦʚʳʤʠ ʪʦʢʘʤʠ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʚ ʩʪʘʥʜʘʨʪʝ [19]. ʇʦ ʩʪʦʡʢʦ-

ʩʪʠ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʛʨʦʟʦʚʳʭ ʠ ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ ʨʘʟʣʠʯʘʶʪ 4 

ʢʘʪʝʛʦʨʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʥʫʪʨʝʥʥʝʡ ʩʠʩʪʝʤʳ ʤʦʣʥʠʝʟʘʱʠʪʳ. 

ʆʙʦʨʫʜʦʚʘʥʠʝ ʩ ʠʤʧʫʣʴʩʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʢʘʪʝʛʦʨʠʠ I ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʧʦʜ-

ʢʣʶʯʝʥʠʷ ʢ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʘʤ ʟʜʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʛʨʘʥʠʯʠʪʝʣʝʡ 

ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ (ʆʇʅ), ʠʩʢʣʶʯʘʶʱʠʭ ʧʦʷʚʣʝʥʠʝ ʥʘ ʥʘʛʨʫʟʢʝ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʟʜʘʥʠʷ) ʠʤʧʫʣʴʩʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩʚʳʰʝ ʟʥʘʯʝʥʠʡ ʦʪ 0,8 ʜʦ 2,5 

ʢɺ. ʆʇʅ ʨʘʩʧʦʣʘʛʘʶʪ ʠʣʠ ʚ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʝ ʟʜʘʥʠʷ, ʠʣʠ ʤʝʞʜʫ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʦʡ ʟʜʘ-

ʥʠʷ ʠ ʟʘʱʠʱʘʝʤʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. 

ʆʙʦʨʫʜʦʚʘʥʠʝ ʩ ʠʤʧʫʣʴʩʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʢʘʪʝʛʦʨʠʠ II ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʧʦʜʢʣʶ-

ʯʝʥʠʷ ʢ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʘʤ ʟʜʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʰʪʝʧʩʝʣʴʥʳʭ ʨʦʟʝʪʦʢ ʠʣʠ ʜʨʫʛʠʭ ʨʘʟʲʸʤʥʳʭ 

ʢʦʥʪʘʢʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʂ ʦʙʦʨʫʜʦʚʘʥʠʶ ʩ ʠʤʧʫʣʴʩʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʢʘʪʝʛʦʨʠʠ II, ʥʘʧʨʠ-

ʤʝʨ, ʦʪʥʦʩʷʪ ʙʳʪʦʚʳʝ ʵʣʝʢʪʨʦʧʨʠʙʦʨʳ, ʧʝʨʝʥʦʩʥʦʡ ʵʣʝʢʪʨʦʠʥʩʪʨʫʤʝʥʪ ʠ ʪ.ʧ. ʆʙʦʨʫʜʦʚʘʥʠʝ ʩ 

ʠʤʧʫʣʴʩʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʢʘʪʝʛʦʨʠʠ II ʜʦʣʞʥʦ ʚʳʜʝʨʞʠʚʘʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʠʤʧʫʣʴʩʥʦʛʦ ʠʩ-

ʧʳʪʘʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʟʜʘʥʠʷ) ʦʪ 1,5 ʜʦ 

4 ʢɺ. 

ʀʤʧʫʣʴʩʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʢʘʪʝʛʦʨʠʠ III ʜʦʣʞʥʦ ʦʙʣʘʜʘʪʴ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝ, ʚʭʦ-

ʜʷʱʝʝ ʚ ʩʦʩʪʘʚ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ ʟʜʘʥʠʷ ʠ ʦʪʣʠʯʘʶʱʝʝʩʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʜʦʩʪʫʧʥʦʩʪʠ. ʂ 

ʦʙʦʨʫʜʦʚʘʥʠʶ ʩ ʠʤʧʫʣʴʩʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʢʘʪʝʛʦʨʠʠ III, ʥʘʧʨʠʤʝʨ, ʦʪʥʦʩʷʪ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴ-

ʥʳʝ ʱʠʪʳ, ʚʳʢʣʶʯʘʪʝʣʠ, ʢʘʙʝʣʠ, ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʢʦʨʦʙʢʠ, ʧʝʨʝʢʣʶʯʘʪʝʣʠ, ʨʦʟʝʪʢʠ, ʜʚʠʛʘʪʝ-

ʣʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʆʙʦʨʫʜʦʚʘʥʠʝ ʩ ʠʤʧʫʣʴʩʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 

ʢʘʪʝʛʦʨʠʠ III ʜʦʣʞʥʦ ʚʳʜʝʨʞʠʚʘʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʠʤʧʫʣʴʩʥʦʛʦ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʟʜʘʥʠʷ) ʦʪ 2,5 ʜʦ 6 ʢɺ. 

ʀʤʧʫʣʴʩʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʢʘʪʝʛʦʨʠʠ IV ʜʦʣʞʥʦ ʦʙʣʘʜʘʪʴ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝ, 

ʢʦʪʦʨʦʝ ʤʦʥʪʠʨʫʝʪʩʷ ʧʝʨʝʜ ʛʣʘʚʥʳʤ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʤ ʱʠʪʦʤ. ʂ ʦʙʦʨʫʜʦʚʘʥʠʶ ʩ ʠʤʧʫʣʴ-

ʩʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʢʘʪʝʛʦʨʠʠ IV, ʥʘʧʨʠʤʝʨ, ʦʪʥʦʩʷʪ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʯʝʪʯʠʢʠ, ʧʨʠʙʦʨʳ 

ʟʘʱʠʪʳ ʦʪ ʩʚʝʨʭʪʦʢʘ ʠ ʆʇʅ. ʆʙʦʨʫʜʦʚʘʥʠʝ ʩ ʠʤʧʫʣʴʩʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʢʘʪʝʛʦʨʠʠ IV 

ʜʦʣʞʥʦ ʚʳʜʝʨʞʠʚʘʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʠʤʧʫʣʴʩʥʦʛʦ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʟʜʘʥʠʷ) ʦʪ 4 ʜʦ 8 ʢɺ. 

ʄʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʚʩʝʭ ʦʙʲʝʢʪʦʚ, ʧʦʧʘʜʘʶʱʠʭ ʚ ʦʙʣʘʩʪʴ ʜʝʡʩʪʚʠʷ ʧʫʙʣʠʢʘʮʠʡ 

ʄʕʂ, ʫʨʦʚʝʥʴ ʦʧʘʩʥʦʩʪʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʤʦʜʝʣʠʨʫʝʪʩʷ ʚʦʟʜʝʡ-

ʩʪʚʠʝʤ ʨʘʟʨʷʜʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʢʦʪʦʨʳʡ ʥʦʨʤʘʪʠʚʥʦ ʦʪʦʞʜʝʩʪʚ-

ʣʷʝʪʩʷ ʩ çʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ ʨʘʟʨʷʜʦʤè.  



ʈʘʟʜʝʣ 1. ʌʋʅɼɸʄɽʅʊɸʃʔʅʓɽ ʀ ʇʈʀʂʃɸɼʅʓɽ ɺʆʇʈʆʉʓ ʌʀɿʀʂʀ ʀ ʍʀʄʀʀ 

19 

 

ʅʘʠʙʦʣʝʝ ʦʧʘʩʥʳ ʪʘʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʜʣʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʫʩʪʨʦʡʩʪʚ, ʚ ʠʩʧʳʪʘʥʠʷʭ ʢʦʪʦʨʳʭ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʄʕʂ ʊʂ 101 çʕʣʝʢʪʨʦʩʪʘʪʠʢʘè, çʵʣʝʢʪʨʦ-

ʩʪʘʪʠʯʝʩʢʠʡ ʨʘʟʨʷʜè ʪʘʢʞʝ ʤʦʜʝʣʠʨʫʝʪʩʷ ʨʘʟʨʷʜʦʤ ʢʦʥʜʝʥʩʘʪʦʨʘ.  

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʩʝʨʠʷ ʜʦʢʫʤʝʥʪʦʚ IEC 61340 ʩʦʩʪʦʠʪ ʠʟ 5 ʯʘʩʪʝʡ, 

ʚʢʣʶʯʘʶʱʠʭ 31 ʧʫʙʣʠʢʘʮʠʶ. ʇʨʠ ʵʪʦʤ ʧʝʨʚʘʷ ʯʘʩʪʴ, ʢʘʩʘʶʱʘʷʩʷ ʬʠʟʠʢʠ ʷʚʣʝʥʠʷ ʠ 

ʠʟʤʝʨʝʥʠʡ, ʘ ʪʘʢʞʝ ʦʪʨʘʞʘʶʱʘʷ ʧʦʟʠʮʠʶ ʚ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʚʩʝʛʦ ʄʕʂ ʚ ʮʝʣʦʤ, 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʝʜʠʥʩʪʚʝʥʥʦʡ ʧʫʙʣʠʢʘʮʠʝʡ [20]. ɺʩʷ ʩʝʨʠʷ ʥʘʧʨʘʚʣʝʥʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʥʘ 

ʟʘʱʠʪʫ ʫʩʪʨʦʡʩʪʚ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ (ʋʏʕɺ).  

ʆʙʳʯʥʦ ʠʩʪʦʯʥʠʢʘʤʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʤʦʛʫʪ ʙʳʪʴ: ʟʘʨʷʜʠʚʰʠʡʩʷ 

ʧʝʨʩʦʥʘʣ, ʟʘʨʷʞʝʥʥʳʝ ʧʨʦʚʦʜʥʠʢʠ ʠ ʧʨʠʤʝʥʷʝʤʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ [21]. ʇʦʚʨʝʞʜʝʥʠʷ ʤʦʛʫʪ 

ʚʦʟʥʠʢʥʫʪʴ, ʢʦʛʜʘ: 

- ʟʘʨʷʞʝʥʥʳʡ ʯʝʣʦʚʝʢ ʠʣʠ ʦʙʲʝʢʪ ʩʦʧʨʠʢʦʩʥʸʪʩʷ ʩ ʫʩʪʨʦʡʩʪʚʦʤ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʢ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ (ʋʏʕɺ); 

- ʧʨʦʠʟʦʡʜʝʪ ʢʦʥʪʘʢʪ ʋʏʕɺ ʩ ʧʨʦʚʦʜʷʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤ ʧʦʣʝ; 

- ʧʨʦʠʟʦʡʜʝʪ ʢʦʥʪʘʢʪ ʟʘʨʷʞʝʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʋʏʕɺ ʩ ʧʨʦʚʦʜʷʱʝʡ ʟʘʟʝʤʣʸʥʥʦʡ ʠʣʠ 

ʥʝʟʘʟʝʤʣʸʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚ ʫʩʣʦʚʠʷʭ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʘʟʥʦʩʪʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ 

ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʥʠʤʠ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʩʧʦʣʴʟʫʝʤʦʡ ʤʦʜʝʣʴʶ ʋʏʕɺ ʥʝ ʜʦʣʞʥʳ ʧʦʜʚʝʨʛʘʪʴʩʷ 

ʚʦʟʜʝʡʩʪʚʠʷʤ, ʧʨʝʚʳʰʘʶʱʠʤ [21]:  

-100 ɺ ʚ ʤʦʜʝʣʠ ʪʝʣʘ ʯʝʣʦʚʝʢʘ;  

-200 ɺ ʚ ʤʦʜʝʣʠ ʟʘʨʷʞʝʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ; 

-35 ɺ ʚ ʤʘʰʠʥʥʦʡ ʤʦʜʝʣʠ ʟʘʨʷʞʝʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʵʣʝʤʝʥʪʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʜʨʫʛʠʭ ʧʨʦʚʦʜʷʱʠʭ ʦʙʲʝʢʪʦʚ. 

ɺ ʤʦʜʝʣʠ ʪʝʣʘ ʯʝʣʦʚʝʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʠʤʧʫʣʴʩʦʤ, 

ʚʦʟʥʠʢʘʶʱʠʤ ʧʨʠ ʢʦʥʪʘʢʪʝ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʦʜʘ, ʤʦʜʝʣʠʨʫʶʱʝʛʦ ʧʘʣʝʮ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠ ʟʘʨʷʞʝʥʥʦʛʦ ʯʝʣʦʚʝʢʘ, ʥʘ ʧʦʣʶʩ ʟʘʟʝʤʣʸʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʇʨʠ ʵʪʦʤ ʯʝʨʝʟ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ 3 ʢʆʤ ʨʘʟʨʷʞʘʝʪʩʷ ʸʤʢʦʩʪʴ 300 ʧʌ, ʟʘʨʷʞʝʥʥʘʷ ʜʦ 100 ɺ. ɺʦʟʜʝʡʩʪʚʫʝʪ ʟʘʨʷʜ 

ʚ ʠʤʧʫʣʴʩʝ ʪʦʢʘ 30 ʥʂʣ ʠʣʠ 0,03 ʤʢʂʣ. 

ɺ ʤʦʜʝʣʠ ʟʘʨʷʞʝʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʠʤʠʪʘʮʠʷ ʚʦʟʜʝʡʩʪʚʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʧʨʠ ʢʦʥʪʘʢʪʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠ ʟʘʨʷʞʝʥʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩ ʟʘʟʝʤʣʸʥʥʳʤ ʵʣʝʢʪʨʦʜʦʤ. ʇʨʠ ʵʪʦʤ ʨʘʟʨʷʞʘʝʪʩʷ 

ʸʤʢʦʩʪʴ 30 ʧʌ ʯʝʨʝʟ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 10 ʆʤ ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʤʝʥʝ 10 ʥɻʥ. ʇʨʠ 200 ɺ 

ʚʦʟʜʝʡʩʪʚʫʝʪ ʟʘʨʷʜ ʚ ʠʤʧʫʣʴʩʝ ʪʦʢʘ ʜʦ 6 ʥʂʣ. 

ɺ ʤʘʰʠʥʥʦʡ ʤʦʜʝʣʠ (ʄʄ) ʠʤʠʪʠʨʫʶʪʩʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʚʦʟʤʦʞʥʳʝ 

ʧʨʠ ʦʙʨʘʱʝʥʠʠ ʩ ʋʏʕɺ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠ ʟʘʨʷʞʝʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, 

ʵʣʝʤʝʥʪʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʜʨʫʛʠʭ ʧʨʦʚʦʜʷʱʠʭ ʦʙʲʝʢʪʦʚ. ɺ ʄʄ 

ʨʘʟʨʷʞʘʝʪʩʷ ʸʤʢʦʩʪʴ 200 ʧʌ. ʇʨʠ 35 ɺ ʚʦʟʜʝʡʩʪʚʫʝʪ ʟʘʨʷʜ ʚ ʠʤʧʫʣʴʩʝ ʪʦʢʘ ʜʦ 7 ʥʂʣ. 

ɺ ʮʝʣʷʭ ʦʙʝʩʧʝʯʝʥʠʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡ ʠʩʢʨʦʙʝʟʦʧʘʩʥʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪ 

ʤʠʥʠʤʘʣʴʥʫʶ ʵʥʝʨʛʠʶ ʟʘʞʠʛʘʥʠʷ (ʄʕɿ), ʢʦʪʦʨʘʷ ʚʭʦʜʠʪ ʚ ʥʦʤʝʥʢʣʘʪʫʨʫ ʧʦʢʘʟʘʪʝʣʝʡ 

ʧʦʞʘʨʦʚʟʨʳʚʦʦʧʘʩʥʳʭ ʩʚʦʡʩʪʚ ʛʘʟʦʚ, ʞʠʜʢʦʩʪʝʡ ʠ ʧʳʣʝʡ. ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ (ʄʕɿ) ʧʨʠʤʝʥʷʶʪ 

ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʨʦʧʨʠʷʪʠʡ, ʢʦʪʦʨʳʝ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʚʳʙʦʨ ʠ ʦʙʦʩʥʦʚʘʥʠʝ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʠʥʞʝʥʝʨʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʧʦʞʘʨʦ- ʠ 

ʚʟʨʳʚʦʙʝʟʦʧʘʩʥʦʩʪʠ ʠʟʜʝʣʠʡ, ʟʜʘʥʠʡ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʦʙʲʝʢʪʦʚ. ʄʕɿ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʷʶʪ, ʢʘʢ ʵʥʝʨʛʠʶ ʟʘʨʷʞʝʥʥʦʛʦ ʧʝʨʝʜ ʨʘʟʨʷʜʦʤ ʢʦʥʜʝʥʩʘʪʦʨʘ, 

ʚʳʟʳʚʘʶʱʫʶ ʩ ʟʘʜʘʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʟʘʛʦʨʘʥʠʝ ʠʩʧʳʪʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʚ ʩʪʘʥʜʘʨʪʥʳʭ 

ʫʩʣʦʚʠʷʭ ʠʩʧʳʪʘʥʠʷ. 

ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚ ʩʪʘʪʴʝ ʢʨʘʪʢʦʛʦ ʦʙʟʦʨʘ ʤʳ ʚʠʜʠʤ, ʯʪʦ ʨʘʟʨʷʜʦʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʦʧʨʝʜʝʣʷʶʪ:  

- ʩʪʝʧʝʥʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ (ʊʉ) ʢ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ ʨʘʟʨʷʜʘʤ, 

ʧʨʠʤʝʥʷʝʤʫʶ ʚ ʢʘʯʝʩʪʚʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʊʉ; 
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- ʢʘʪʝʛʦʨʠʶ ʠʤʧʫʣʴʩʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʠʤʝʥʷʝʤʦʛʦ ʧʨʠ 

ʨʝʘʣʠʟʘʮʠʠ ʟʦʥʦʚʦʡ ʢʦʥʮʝʧʮʠʠ ʤʦʣʥʠʝʟʘʱʠʪʳ; 

- ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ (ʋʏʕɺ) ʢ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ 

ʚʦʟʜʝʡʩʪʚʠʷʤ 

- ʄʕɿ, ʢʘʢ ʧʦʢʘʟʘʪʝʣʴ ʧʦʞʘʨʦʚʟʨʳʚʦʦʧʘʩʥʳʭ ʩʚʦʡʩʪʚ ʚʝʱʝʩʪʚ ʠ ʤʘʪʝʨʠʘʣʦʚ.  

ɺ ʄʕʂ: çʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴè, çʤʦʣʥʠʝʟʘʱʠʪʘè, çʵʣʝʢʪʨʦʩʪʘʪʠʢʘè ʠ 

çʚʟʨʳʚʦʦʧʘʩʥʳʝ ʩʨʝʜʳè, - ʨʘʟʚʠʚʘʶʪʩʷ ʢʘʢ ʦʪʜʝʣʴʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ, ʩʣʘʙʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʠʣʠ ʩʦʚʩʝʤ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ɺ ʥʘʫʢʝ çʇʦʞʘʨʥʘʷ 

ʙʝʟʦʧʘʩʥʦʩʪʴè ʝʩʪʴ ʚʩʝ ʧʨʝʜʧʦʩʳʣʢʠ ʠ ʥʘʟʨʝʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ, ʯʪʦʙʳ ʦʥʠ ʩʣʠʚʘʣʠʩʴ ʚ 

ʝʜʠʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ: çʕʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʦʙʲʝʢʪʦʚ ʟʘʱʠʪʳ ʩ ʧʨʠʨʦʜʥʦʡ ʠ 

ʪʝʭʥʦʛʝʥʥʦʡ ʩʨʝʜʦʡ (ʕʉʆɿʇʊʉ)è.  

ɺ ʨʘʤʢʘʭ ʄʕʂ ʪʘʢʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʨʝʘʣʠʟʫʝʪʩʷ, ʭʦʪʷ ʙʳ 

ʩʠʥʭʨʦʥʥʦʩʪʴʶ ʨʘʙʦʪʳ ʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʠʪʝʪʦʚ, ʦʙʱʥʦʩʪʴʶ ʠʭ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ. ɺ ʪʝʭʥʠʯʝʩʢʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʚ ʈʦʩʩʠʠ ʫʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ 

ʧʨʠʦʨʠʪʝʪʫ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʧʨʠ ʠʭ ʚʥʝʜʨʝʥʠʠ ʯʝʨʝʟ ʩʠʩʪʝʤʳ ɻʆʉʊ ʠ 

ɻʆʉʊ ʈ. ʇʨʠ ʵʪʦʤ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʪʝʭʨʝʛʫʣʠʨʦʚʘʥʠʷ ʈʦʩʩʠʠ ʠ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʪʝʨʷʝʪʩʷ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʟʝʨʢʘʣʴʥʦʡ ʠʜʝʥʪʠʯʥʦʩʪʠ ʨʦʩʩʠʡʩʢʠʭ ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʠʪʝʪʦʚ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʠ ʠʟ-ʟʘ ʨʘʟʣʠʯʠʡ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʩʪʨʘʥ. ʀ ʵʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʕʉʆɿʇʊʉ. 

ʀʟʚʝʩʪʝʥ ʩʣʫʯʘʡ ʚʟʨʳʚʘ ʨʝʟʝʨʚʫʘʨʘ ʩ ʢʝʨʦʩʠʥʦʤ, ʤʦʣʥʠʝʟʘʱʠʪʘ ʢʦʪʦʨʦʛʦ 

ʦʙʝʩʧʝʯʠʚʘʣʘʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʈɼ [23]. ʄʦʣʥʠʷ ʫʜʘʨʠʣʘ ʚ ʜʝʨʝʚʦ 

ʥʘʭʦʜʠʚʰʝʝʩʷ ʨʷʜʦʤ. ʈʘʩʪʝʢʘʥʠʝ ʪʦʢʘ ʤʦʣʥʠʠ, ʦʙʫʩʣʦʚʠʚʰʝʝ ʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣ ʫʯʘʩʪʢʘ ʩ 

ʨʝʟʝʨʚʫʘʨʦʤ, ʘ ʪʘʢʞʝ ʝʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʧʨʠʚʝʣʠ ʢ ʨʘʟʨʷʜʫ ʚ ʧʘʨʦʚʦʟʜʫʰʥʦʡ 

ʩʨʝʜʝ ʢʝʨʦʩʠʥʘ ʚ ʥʘʭʦʜʷʱʝʤʩʷ ʚ ʨʝʟʝʨʚʫʘʨʝ ʨʘʟʨʷʜʥʦʤ ʧʨʦʤʝʞʫʪʢʝ ʤʝʞʜʫ ʩʝʥʩʦʨʦʤ ʠ 

ʚʚʦʜʥʳʤ ʧʘʪʨʫʙʢʦʤ. ʐʫʥʪʠʨʦʚʘʥʠʝ ʨʘʟʨʷʜʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʫʩʪʨʦʡʩʪʚʦʤ ʟʘʱʠʪʳ ʦʪ 

ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ (ʋɿʇ) ʠ ʧʦʣʥʦʝ ʩʦʙʣʶʜʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʤʦʣʥʠʝʟʘʱʠʪʳ, ʪʝʭʥʠʯʝʩʢʠ 

ʨʝʘʣʠʟʫʶʱʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʦʙʲʝʢʪʦʚ ʟʘʱʠʪʳ ʩ ʛʨʦʟʦʚʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, 

ʩʧʦʩʦʙʥʳ ʧʨʝʜʫʧʨʝʜʠʪʴ ʧʦʜʦʙʥʳʡ ʩʣʫʯʘʡ. 

ʅʘʫʢʘ çʇʦʞʘʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴè ʯʝʨʝʟ ʪʨʝʙʦʚʘʥʠʷ ʩʦʙʣʶʜʝʥʠʷ ʧʦʞʘʨʥʳʭ ʨʠʩʢʦʚ 

ʚʳʜʚʠʛʘʝʪ ʪʨʝʙʦʚʘʥʠʷ ʩʦʙʣʶʜʝʥʠʷ ʝʜʠʥʦʛʦ ʠʥʞʝʥʝʨʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ, ʤʦʣʥʠʝʟʘʱʠʪʝ, ʟʘʱʠʪʝ ʦʪ ʦʧʘʩʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʩʪʘʪʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʵʣʝʢʪʨʦʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʅʦ ʚʦ ʚʩʝʡ ʩʝʨʠʠ ʧʫʙʣʠʢʘʮʠʡ ʄʕʂ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʷʚʣʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʵʥʝʨʛʠʷ ʠ 

ʟʘʨʷʜ ʚ ʤʦʜʝʣʠʨʫʶʱʠʭ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʨʘʟʨʷʜ ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʪʦʣʴʢʦ 

ʨʘʩʭʦʜʫʝʪʩʷ. ʕʪʦʛʦ ʦʪʯʘʩʪʠ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʠʩʢʣʶʯʝʥʠʷ ʦʧʘʩʥʳʭ 

ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ ʠ ʨʘʟʨʷʜʦʚ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʷʭ ʧʨʠ ʦʙʨʘʱʝʥʠʠ ʩ ʋʏʕɺ, ʊʉ ʠ ʪ.ʜ. ʅʦ 

ʦʩʥʦʚʳ ʬʠʟʠʢʠ ʩʪʘʪʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʚ ʧʨʦʮʝʩʩʘʭ ʠ ʘʧʧʘʨʘʪʘʭ 

ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚ ʪʝʭʥʠʢʝ, ʚ ʙʳʪʫ ʠ ʚ ʧʨʠʨʦʜʝ, ʚ [4, 7 ʠ ʜʨ.] ʦʩʪʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʟʘʪʨʦʥʫʪʳʤʠ, ʭʦʪʷ ʦʥʠ ʦʯʝʥʴ ʚʘʞʥʳ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʚ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ.  

ʕʪʦ ʦʩʦʙʝʥʥʦ ʧʦʢʘʟʘʪʝʣʴʥʦ, ʢʦʛʜʘ ʚ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʘʭ ʠ ʩʪʘʪʴʷʭ, ʢʘʩʘʶʱʠʭʩʷ 

ʟʘʱʠʪʳ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʝʟʝʨʚʫʘʨʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʠ ʦʙʨʘʱʝʥʠʠ ʩ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ, ʚʩʸ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʠʭ ʟʘʟʝʤʣʝʥʠʶ, ʘ ʚʥʫʪʨʠ ʨʝʟʝʨʚʫʘʨʘ ʝʜʠʥʩʪʚʝʥʥʦʡ ʯʝʨʪʦʡ ʠʟʦʙʨʘʞʘʶʪ 

ʣʠʥʠʶ, ʨʘʟʜʝʣʷʶʱʫʶ ʥʝʬʪʝʧʨʦʜʫʢʪ ʠ ʧʘʨʦʚʦʟʜʫʰʥʫʶ ʩʨʝʜʫ. ʍʦʪʷ ʠʤʝʥʥʦ ʟʦʥʳ 

ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ ʚ ʵʪʦʡ ʩʨʝʜʝ ʠ ʩʣʫʞʘʪ ʠʩʪʦʯʥʠʢʦʤ ʟʘʞʠʛʘʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʟʘʚʠʩʠʤʳʤ ʦʪ 

ʚʥʝʰʥʝʛʦ ʟʘʟʝʤʣʝʥʠʷ.  

ʆʪʤʝʪʠʤ, ʯʪʦ ʯʘʩʪʴ IEC 61340 [4, 7, 20] ʦʪʨʘʞʘʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʦʩʥʦʚʳ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, ʚʢʣʶʯʘʷ ʛʝʥʝʨʠʨʦʚʘʥʠʝ, ʥʘʢʦʧʣʝʥʠʝ ʠ ʫʪʝʯʢʫ ʟʘʨʷʜʦʚ, ʘ ʪʘʢʞʝ 

ʨʘʟʨʷʜʳ ʩʪʘʪʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ. ɺ ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ ʪʝʨʤʠʥ çʛʝʥʝʨʠʨʦʚʘʥʠʝè ʦʪʥʦʩʠʪʩʷ 

ʪʦʣʴʢʦ ʢ ʟʘʨʷʜʘʤ. ʅʦ ʦʙʱʝʧʨʠʥʷʪʦ, ʯʪʦ ʜʘʥʥʳʡ ʪʝʨʤʠʥ ʦʙʳʯʥʦ ʦʪʥʦʩʠʪʩʷ ʢ ʛʝʥʝʨʠʨʦʚʘʥʠʶ 

ʵʥʝʨʛʠʠ. ɺ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʚ ʦʙʲʸʤʘʭ ʠʟʦʣʠʨʫʶʱʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 



ʈʘʟʜʝʣ 1. ʌʋʅɼɸʄɽʅʊɸʃʔʅʓɽ ʀ ʇʈʀʂʃɸɼʅʓɽ ɺʆʇʈʆʉʓ ʌʀɿʀʂʀ ʀ ʍʀʄʀʀ 

21 

 

ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʥʝʡʪʨʘʣʴʥʳʭ ʩʨʝʜ ʧʨʦʪʝʢʘʶʪ ʧʨʦʮʝʩʩʳ ʤʠʢʨʦ- ʠ ʤʘʢʨʦʨʘʟʜʝʣʝʥʠʷ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ, ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʵʥʝʨʛʠʠ 

ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʵʥʝʨʛʠʶ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʧʦʣʝʡ, ʦʙʨʘʟʫʶʪʩʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ 

ʛʝʥʝʨʘʪʦʨʳ, ʯʪʦ ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʩʥʦʚʥʫʶ ʧʨʝʦʙʣʘʜʘʶʱʫʶ ʩʫʱʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʵʣʝʢʪʨʠʟʘʮʠʠ. 

ʕʥʝʨʛʠʷ ʦʙʨʘʟʫʝʤʦʛʦ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʝʩʪʴ ʤʝʨʘ ʨʘʙʦʪʳ, ʟʘʪʨʘʯʠʚʘʝʤʦʡ ʥʘ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ (ʚ ʦʩʥʦʚʥʦʤ ʤʝʭʘʥʠʯʝʩʢʦʡ) ʵʥʝʨʛʠʠ ʚ ʵʥʝʨʛʠʶ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ. ɺ ʵʪʦʤ ʩʦʩʪʦʠʪ ʚʘʞʥʘʷ ʬʠʟʠʯʝʩʢʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ 

ʵʣʝʢʪʨʠʟʘʮʠʠ. 

ʕʥʝʨʛʦʨʝʩʫʨʩ ʨʘʟʨʷʜʦʚ ʩʪʘʪʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʦʛʨʘʥʠʯʝʥ ʦʙʲʸʤʘʤʠ ʘʧʧʘʨʘʪʦʚ, 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʜʝʞʜʳ, ʙʳʪʦʚʦʡ ʦʙʩʪʘʥʦʚʢʠ. ʀʤʝʥʥʦ ʪʘʤ, ʚʥʫʪʨʠ ʧʦʣʦʩʪʝʡ ʦʜʝʞʜʳ, ʚ 

ʦʙʲʸʤʘʭ ʘʧʧʘʨʘʪʦʚ ʠ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ çʩʪʨʦʷʪʩʷè ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. ʇʦʵʪʦʤʫ ʬʠʟʠʢʘ ʩʪʘʪʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʚʦ ʤʥʦʛʠʭ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ 

ʷʚʣʝʥʠʷʭ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʬʠʟʠʢʠ ʷʚʣʝʥʠʡ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʷʭ ʩ ʚʥʝʰʥʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ 

ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ.  

ɺ ʵʪʠʭ ʜʦʢʫʤʝʥʪʘʭ ʪʘʢʞʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʪʨʘʞʝʥʳ ʬʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ, ʢʘʩʘʶʱʠʝʩʷ 

ʨʦʣʠ ʛʘʟʦʚ ʚ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʷʚʣʝʥʠʷʭ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʦʪʤʝʯʘʝʪʩʷ [4]: 

ʏʠʩʪʳʝ ʛʘʟʳ, ʧʦʜʦʙʥʳʝ ʚʦʟʜʫʭʫ, ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʷʚʣʷʶʪʩʷ ʥʝʧʨʦʚʦʜʷʱʠʤʠ ʠ 

ʚʟʚʝʰʝʥʥʳʝ ʯʘʩʪʠʮʳ ʠʣʠ ʢʘʧʣʠ ʚ ʦʙʣʘʢʘʭ ʧʳʣʠ, ʚ ʪʫʤʘʥʝ ʠʣʠ ʚ ʨʘʩʧʳʣʸʥʥʳʭ ʩʠʩʪʝʤʘʭ ʯʘʩʪʦ 

ʤʦʛʫʪ ʩʦʭʨʘʥʷʪʴ ʩʚʦʠ ʟʘʨʷʜʳ ʦʯʝʥʴ ʜʣʠʪʝʣʴʥʦ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʩʘʤʠʭ 

ʯʘʩʪʠʮ. 

ɻʘʟʘʤ ʦʪʚʦʜʠʪʩʷ ʨʦʣʴ ʩʪʘʪʠʯʥʦʡ ʥʝʧʨʦʚʦʜʷʱʝʡ ʧʘʩʩʠʚʥʦʡ ʠʟʦʣʠʨʫʶʱʝʡ ʩʨʝʜʳ. ʅʦ 

ʛʘʟʳ ʚʩʝʛʜʘ ʚ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ ʠʦʥʠʟʦʚʘʥʳ. ʀ ʧʦʵʪʦʤʫ ʠʭ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʠ 

ʵʣʝʢʪʨʦʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʥʘʠʙʦʣʝʝ ʠʟʤʝʥʯʠʚʳ. ɻʘʟʳ ʚ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʜʠʥʘʤʠʯʥʳʭ 

ʩʠʩʪʝʤʘʭ ʧʨʦʷʚʣʷʶʪ ʩʚʦʡʩʪʚʘ, ʩʙʣʠʞʘʶʱʠʝ ʠʭ ʩ ʨʘʩʩʝʠʚʘʶʱʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ʆʩʦʙʝʥʥʦ 

ʚʘʞʥʘ ʠ ʮʝʥʪʨʘʣʴʥʘ ʚ ʧʦʞʘʨʦʚʟʨʳʚʦʦʧʘʩʥʳʭ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʷʚʣʝʥʠʷʭ ʨʦʣʴ ʚʦʟʜʫʭʘ. 

ɺʦʟʜʫʭ ʣʝʛʢʦ ʠʦʥʠʟʠʨʫʝʪʩʷ ʚ ʧʨʦʮʝʩʩʘʭ ʪʨʠʙʦʵʣʝʢʪʨʠʟʘʮʠʠ, ʢʦʛʜʘ ʨʘʟʜʝʣʷʶʪʩʷ ʜʚʦʡʥʳʝ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʣʦʠ. ʇʣʦʪʥʦʩʪʴ ʟʘʨʷʜʦʚ ʚ ʨʘʟʜʝʣʷʝʤʳʭ ʩʣʦʷʭ ʩʧʦʩʦʙʥʘ ʦʙʝʩʧʝʯʠʪʴ 

ʥʘʧʨʷʞʸʥʥʦʩʪʴ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʦʨʷʜʢʘ (109õ1010) ɺ/ʤ ʠ ʧʦʪʝʥʮʠʘʣʳ ʚ ʩʦʪʥʠ ʢɺ. 

ʀʦʥʠʟʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʪʘʢʞʝ ʚ ʣʦʢʘʣʴʥʳʭ ʧʝʨʝʥʘʧʨʷʞʸʥʥʳʭ ʟʦʥʘʭ, ʛʨʘʥʠʯʘʱʠʭ ʩ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠʟ ʧʨʦʚʦʜʷʱʠʭ, ʨʘʩʩʝʠʚʘʶʱʠʭ 

ʠʣʠ ʠʟʦʣʠʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʀʦʥʠʟʘʮʠʷ ʚʦʟʜʫʭʘ ʚ ʧʝʨʝʥʘʧʨʷʞʸʥʥʳʭ ʟʦʥʘʭ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʚʳʨʘʚʥʠʚʘʥʠʶ ʧʦʪʝʥʮʠʘʣʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ.  

ɺʦʟʜʫʭ - ʥʝ ʧʫʩʪʦʪʘ! ʆʥ ʚʳʩʪʫʧʘʝʪ ʧʦʩʪʘʚʱʠʢʦʤ ʠʦʥʦʚ. ʕʥʝʨʛʠʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʧʦʣʷ ʧʝʨʝʥʘʧʨʷʞʸʥʥʳʭ ʢʦʨʦʥʠʨʫʶʱʠʭ ʟʦʥ ʩʣʦʸʚ ʚʦʟʜʫʭʘ, ʚʥʝʰʥʠʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʪʝʥʢʘʤ 

ʘʧʧʘʨʘʪʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʟʘʢʘʯʠʚʘʝʪʩʷ ʚ ʩʪʝʥʢʠ ʵʪʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʝʩʣʠ ʦʥʠ ʚʳʧʦʣʥʝʥʳ 

ʠʟ ʠʟʦʣʠʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʠʣʴʥʦ ʵʣʝʢʪʨʠʟʫʶʪʩʷ ʚ ʭʦʜʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʊʝʤ ʩʘʤʳʤ ʜʦʩʪʠʛʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʘ ʩʪʝʥʢʘʭ ʠʩʢʨʦʚʳʭ 

ʟʝʨʢʘʣʴʥʳʭ ʢʘʥʘʣʦʚ, ʚʟʘʠʤʥʦ ʥʝʡʪʨʘʣʠʟʫʶʱʠʭ ʧʣʦʪʥʦʩʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʟʘʨʷʜʦʚ, ʘ ʪʘʢʞʝ ʥʘʩʪʫʧʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʩʢʚʦʟʥʦʛʦ ʧʨʦʙʦʷ, ʧʝʨʬʦʨʠʨʦʚʘʥʠʷ ʠ 

ʜʚʫʭʩʪʦʨʦʥʥʝʛʦ ʢʦʨʦʥʠʨʦʚʘʥʠʷ ʚ ʤʝʩʪʘʭ ʧʨʦʙʦʝʚ.  

ʂʨʠʪʝʨʠʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡ ʠʩʢʨʦʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ [16], ʦʪʨʘʞʘʶʪ 

ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʚ ʧʨʦʮʝʩʩʘʭ ʩʣʘʙʦʡ ʵʣʝʢʪʨʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʝ ʚʦ ʚʟʨʳʚʦʦʧʘʩʥʳʭ ʛʘʟʦ-, 

ʧʘʨʦ- ʧʳʣʝʚʦʟʜʫʰʥʳʭ ʩʨʝʜʘʭ ʟʦʥ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ ʝʱʸ ʥʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ 

ʩʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʣʘʤʸʥ, ʩʧʦʩʦʙʥʳʭ ʧʨʠʚʝʩʪʠ ʢ ʟʘʞʠʛʘʥʠʶ. ɼʘʥʥʳʝ 

ʢʨʠʪʝʨʠʠ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʦʮʝʥʢʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ʘʧʧʘʨʘʪʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ 

ʝʛʦ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡ ʠʩʢʨʦʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʩʪʘʜʠʷʭ ʝʛʦ ʨʘʟʨʘ-

ʙʦʪʢʠ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʠʩʧʳʪʘʥʠʷ. 

ʅʘʫʢʘ çʇʦʞʘʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴè ʯʝʨʝʟ ʪʨʝʙʦʚʘʥʠʷ ʩʦʙʣʶʜʝʥʠʷ ʧʦʞʘʨʥʳʭ ʨʠʩʢʦʚ 

ʚʳʜʚʠʛʘʝʪ ʪʨʝʙʦʚʘʥʠʷ ʩʦʙʣʶʜʝʥʠʷ ʝʜʠʥʦʛʦ ʠʥʞʝʥʝʨʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ, ʤʦʣʥʠʝʟʘʱʠʪʝ, ʟʘʱʠʪʝ ʦʪ ʦʧʘʩʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʩʪʘʪʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʵʣʝʢʪʨʦʙʝʟʦʧʘʩʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʟʨʝʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ, ʯʪʦʙʳ ʵʪʠ 

ʥʘʧʨʘʚʣʝʥʠʷ - çʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴè, çʤʦʣʥʠʝʟʘʱʠʪʘè, çʵʣʝʢʪʨʦʩʪʘʪʠʢʘè ʠ 



IV ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

ɸʂʊʋɸʃʔʅʓɽ ɺʆʇʈʆʉʓ ɽʉʊɽʉʊɺʆɿʅɸʅʀʗ 
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çʚʟʨʳʚʦʦʧʘʩʥʳʝ ʩʨʝʜʳè, ʢʦʪʦʨʳʝ ʧʦʢʘ ʨʘʟʚʠʚʘʶʪʩʷ ʢʘʢ ʦʪʜʝʣʴʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ, ʩʣʘʙʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʠʣʠ ʩʦʚʩʝʤ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, - ʩʣʠʚʘʣʠʩʴ ʠ 

ʨʘʟʚʠʚʘʣʠʩʴ ʢʘʢ ʝʜʠʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ: çʕʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʦʙʲʝʢʪʦʚ ʟʘʱʠʪʳ ʩ 

ʧʨʠʨʦʜʥʦʡ ʠ ʪʝʭʥʦʛʝʥʥʦʡ ʩʨʝʜʦʡ (ʕʉʆɿʇʊʉ)è.  
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ɻɸɿʆɺʓʍ ʉʈɽɼ 

 
ɸʥʥʦʪʘʮʠʷ: ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʧʦʜʭʦʜʳ ʢ ʨʝʘʣʠʟʘʮʠʠ ʦʧʪʠʢʦ-ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʦʥ-

ʪʨʦʣʷ ʩʦʜʝʨʞʘʥʠʷ ʦʧʘʩʥʳʭ ʛʘʟʦʚ (ʥʘ ʧʨʠʤʝʨʝ ʭʣʦʨʘ) ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʛʘʟʦʚʳʭ ʩʨʝʜʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʢʦʥʪʨʦʣʴʥʦʛʦ ʛʘʟʦʨʘʟʨʷʜʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʦ-

ʣʝʢʫʣʷʨʥʦʛʦ ʠ ʘʪʦʤʘʨʥʦʛʦ ʭʣʦʨʘ ʤʝʪʦʜʘʤʠ ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʠ ʵʤʠʩʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ ʫʩʣʦʚʠʷʭ 

ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. 
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OPTICAL SPECTRAL DIAGNOSTICS OF TECHNOLOGICAL GAS ENVIRONMENTS  

 
Abstract: Possibilities and approaches for optical spectral diagnostic to determine the densities of 

dangerous gases (using the example of chlorine) in technological gas environments using the gas-discharge 

control device were observed. The measurement results of both molecular and atomic chlorine by the meth-

ods of absorption and emission spectroscopy under the conditions of direct current glow discharge were re-

ported. 

Keywords: dangerous gases, chlorine, diagnostics, absorption spectroscopy, emission spectroscopy. 

 

ʄʥʦʛʠʝ ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʘʤʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ʚʝʱʝʩʪʚ, ʦʙ-

ʣʘʜʘʶʱʠʭ ʧʦʚʳʰʝʥʥʦʡ ʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʴʶ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʧʨʦʮʝʩʩʘʭ ʭʣʦʨʠ-

ʨʦʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʩʠʥʪʝʟʘ ʧʣʘʩʪʠʯʝʩʢʠʭ ʤʘʩʩ ʠ ʧʦʣʠʤʝʨ-

ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʨʝʘʛʝʥʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʣʝʢʫʣʷʨʥʳʡ ʭʣʦʨ [4, 9].  

ʏʘʩʪʴ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʭʣʦʨʘ ʚʩʝʛʜʘ ʦʢʘʟʳʚʘʝʪʩʷ ʚ ʦʪʭʦʜʷʱʠʭ ʛʘʟʘʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢ-

ʪʦʨʦʚ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʩʪʨʦʡʩʪʚ ʫʣʘʚʣʠʚʘʥʠʷ ʠʣʠ ʦʯʠʩʪʢʠ ʥʘ ʚʳʭʦʜʝ ʠʟ 

ʨʝʘʢʪʦʨʘ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʤʝʪʦʜʘʭ ʢʦʥʪʨʦʣʷ ʩʦʜʝʨʞʘʥʠʷ ʭʣʦ-

ʨʘ ʢʘʢ ʥʘ ʚʳʭʦʜʝ ʠʟ ʨʝʘʢʪʦʨʘ (ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʤʝʪʦʜʘ ʫʣʘʚʣʠʚʘʥʠʷ), ʪʘʢ ʠ ʥʘ ʚʳʭʦʜʝ ʠʟ 

ʫʣʘʚʣʠʚʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ (ʜʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʫʣʘʚʣʠʚʘʥʠʷ ʠ ʪʦʢʩʠʯʥʦʩʪʠ ʦʪʭʦʜʷʱʝʛʦ ʛʘ-

ʟʘ).  
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ɸʂʊʋɸʃʔʅʓɽ ɺʆʇʈʆʉʓ ɽʉʊɽʉʊɺʆɿʅɸʅʀʗ 

 

24 

 

ʂʘʞʫʱʝʝʩʷ ʤʥʦʛʦʦʙʨʘʟʠʝ ʚʦʟʤʦʞʥʳʭ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʨʷʜʦʤ ʦʙʷʟʘ-

ʪʝʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ, ʦʩʥʦʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ: 1) ʧʨʦʩʪʦʪʘ ʨʝʘʣʠʟʘʮʠʠ; 2) ʤʠʥʠ-

ʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 3) ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝ-

ʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʘʚʝ ʛʘʟʘ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ; ʠ 4) ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʛʨʠʨʦʚʘ-

ʥʠʷ ʚ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʝʛʦ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ɺʩʝʤ ʵʪʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʦʪʚʝʯʘʶʪ ʤʝʪʦʜʳ ʦʧʪʠʢʦ-ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʨʝʛʠʩʪʨʘʮʠʠ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʠʣʠ ʠʟʣʫʯʝʥʠʷ ʯʘʩʪʠʮ ʛʘʟʘ. ʉʘʤʦ ʫʩʪʨʦʡʩʪʚʦ ʢʦʥʪʨʦʣʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʟʨʷʜʥʫʶ ʷʯʝʡʢʫ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʫʶ ʚ ʨʘʟʨʳʚ ʠʣʠ ʚ ʧʘʨʘʣʣʝʣʴ ʦʩʥʦʚʥʦʛʦ 

ʛʘʟʦʧʨʦʚʦʜʘ. ʅʝʦʙʭʦʜʠʤʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʫʩʪʨʦʡʩʪʚʘ ʢʦʥʪʨʦʣʷ ʷʚʣʷʶʪʩʷ: 1) ʚʘʢʫʫʤʥʘʷ ʩʠ-

ʩʪʝʤʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʩʦʟʜʘʥʠʝ ʚ ʨʘʟʨʝʞʝʥʠʷ ʚ ʨʘʟʨʷʜʥʦʡ ʷʯʝʡʢʝ ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ ʟʘʞʠʛʘʥʠʷ 

ʨʘʟʨʷʜʘ; 2) ʠʩʪʦʯʥʠʢ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʘʟʨʷʜʘ; 

3) ʠʩʪʦʯʥʠʢ ʚʥʝʰʥʝʛʦ ʟʦʥʜʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢ-

ʪʨʦʩʢʦʧʠʠ; ʠ 4) ʩʧʝʢʪʨʦʤʝʪʨ (ʤʦʥʦʭʨʦʤʘʪʦʨ), ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʨʝʛʠʩʪʨʘʮʠʶ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʩʦʩʪʘʚʘ ʧʦʛʣʦʱʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʨʘʟʨʷʜʘ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʩʷ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʠ 

ʵʤʠʩʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʩʦʜʝʨʞʘʥʠʷ ʤʦʣʝʢʫʣ ʠ ʘʪʦʤʦʚ 

ʭʣʦʨʘ ʚ ʛʘʟʝ ʚ ʫʩʣʦʚʠʷʭ ʩʪʘʮʠʦʥʘʨʥʦ ʛʦʨʷʱʝʛʦ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʡ ʨʘʟʨʷʜʥʦʡ ʷʯʝʡʢʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʪʝʢʣʷʥʥʘʷ ʨʘʟʨʷʜʥʘʷ ʪʨʫʙʢʘ 

(ʨʘʜʠʫʩ r = 1.4 ʩʤ, ʜʣʠʥʘ ʟʦʥʳ ʨʘʟʨʷʜʘ l = 36 ʩʤ). ɺ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʠʭ (ʟʘʜʘʚʘʝʤʳʭ) ʧʘʨʘʤʝʪ-

ʨʦʚ ʨʘʟʨʷʜʘ ʚʳʩʪʫʧʘʣʠ ʪʦʢ ʨʘʟʨʷʜʘ (ip = 10ï35 ʤɸ), ʜʘʚʣʝʥʠʝ ʛʘʟʘ (p = 20ï400 ʇʘ) ʠ ʦʙʲʝʤ-

ʥʳʡ ʨʘʩʭʦʜ ʛʘʟʘ (q = 2ï8 ʩʤ3/ʩ ʧʨʠ ʥʦʨʤ. ʫʩʣ.). ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʭʣʦʨʘ ʠʩ-

ʧʦʣʴʟʦʚʘʣʘʩʴ ʩʪʝʢʣʷʥʥʘʷ ʘʤʧʫʣʘ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʢʘʣʝʥʥʦʡ ʩʦʣʴʶ CuCl2. ʅʘʛʨʝʚʘʥʠʝ 

ʘʤʧʫʣʳ ʜʦ ʪʝʤʧʝʨʘʪʫʨ ʙʦʣʝʝ 250 ʦʉ ʦʙʝʩʧʝʯʠʚʘʣʦ ʚʳʜʝʣʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʭʣʦʨʘ ʧʦ ʨʝʘʢ-

ʮʠʠ 2CuCl2 Ÿ 2CuCl + Cl2. Cʧʝʢʪʨʳ ʠʟʣʫʯʝʥʠʷ ʠʣʠ ʧʨʦʧʫʩʢʘʥʠʷ ʨʘʟʨʷʜʘ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʩ 

ʧʦʤʦʱʴʶ ʤʦʥʦʭʨʦʤʘʪʦʨʘ AvaSpec-2048-2 ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ 200ï1000 ʥʤ. ɼʣʷ ʵʪʦʡ ʮʝ-

ʣʠ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʪʦʨʮʝʚʳʭ ʯʘʩʪʷʭ ʨʘʟʨʷʜʥʦʡ ʪʨʫʙʢʠ ʙʳʣʠ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʢʚʘʨʮʝʚʳʝ 

ʦʧʪʠʯʝʩʢʠʝ ʦʢʥʘ. ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠ-

ʢʦʚ ʚʥʝʰʥʝʛʦ ʠʟʣʫʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʜʥʘʷ ʰʘʨʠʢʦʚʘʷ ʣʘʤʧʘ (l = 324.7 ʥʤ),  ʨʪʫʪʥʘʷ 

ʣʘʤʧʘ ɼʈʊ-230 (l = 365 ʥʤ, 313.2 ʥʤ) ʠ ʣʘʤʧʘ ʩ ʧʦʣʳʤ ʢʘʪʦʜʦʤ ʥʘ ʩʝʨʝʙʨʝ ʃʉʇ-1 (l = 328 

ʥʤ). ɺʳʙʦʨ ʠʩʪʦʯʥʠʢʦʚ ʦʙʫʩʣʦʚʣʝʥ ʙʣʠʟʦʩʪʴʶ ʨʘʙʦʯʠʭ ʜʣʠʥ ʚʦʣʥ ʢ ʤʘʢʩʠʤʫʤʫ ʬʦʪʦʧʦʛʣʦ-

ʱʝʥʠʷ ʤʦʣʝʢʫʣ Cl2 (330 ʥʤ [6]), ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʠʟʣʫʯʝʥʠʷ.  

ʄʝʪʦʜ ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʨʠʩ. 1) ʦʩʥʦʚʘʥ ʥʘ ʠʟʙʠʨʘʪʝʣʴʥʦʤ ʧʦʛʣʦʱʝʥʠʠ 

ʯʘʩʪʠʮʘʤʠ ʛʘʟʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʠʟ ʚʥʝʰʥʝʛʦ (ʪʦ ʝʩʪʴ ʥʝ 

ʩʚʷʟʘʥʥʦʛʦ ʩ ʩʘʤʠʤ ʨʘʟʨʷʜʦʤ) ʠʩʪʦʯʥʠʢʘ [3, 7, 8, 12].  

 

 
ʈʠʩ. 1. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʤʝʪʦʜʘ ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʟʘʢʦʥʘ ʃʘʤʙʝʨʪʘ-ɹʫʛʝʨʘ-ɹʝʨʘ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʦʣʝʢʫʣ ʭʣʦʨʘ ʤʦʞʝʪ 

ʙʳʪʴ ʥʘʡʜʝʥʘ ʢʘʢ  
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25 

 

[ ] ö
÷

õ
æ
ç

å
=

I

I

l
Cl

ʬ

0
2 ln

1

s
,                                                             (1) 

 

ʛʜʝ I0 ï ʧʘʜʘʶʱʠʡ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ, I ï ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ, ʚʳʭʦʜʷʱʠʡ ʠʟ ʟʦʥʳ ʧʦʛʣʦʱʝʥʠʷ ʜʣʠ-

ʥʦʡ l, sʬ ɀ ʩʝʯʝʥʠʝ ʬʦʪʦʧʦʛʣʦʱʝʥʠʷ ʤʦʣʝʢʫʣ Cl2 ʥʘ ʚʳʙʨʘʥʥʦʡ ʜʣʠʥʝ ʚʦʣʥʳ [6]. ʌʘʢʪʦʨʘʤʠ, 

ʩʧʦʩʦʙʥʳʤʠ ʧʨʠʚʝʩʪʠ ʢ ʥʘʨʫʰʝʥʠʶ ʩʦʦʪʥʦʰʝʥʠʷ (1) ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ: ʘ) ʬʦʪʦʜʠʩʩʦʮʠʘʮʠʷ 

ʤʦʣʝʢʫʣ ʉl2 ʠ/ʠʣʠ ʙ) ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʜʨʫʛʠʭ ʧʦʛʣʦʱʘʶʱʠʭ ʥʘ ʜʘʥʥʦʡ ʜʣʠʥʝ ʚʦʣ-

ʥʳ ʯʘʩʪʠʮ. ʆʮʝʥʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʨʘʙʦʪ [2, 6] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʦʙʣʘʩʪʠ ʜʘʚʣʝʥʠʡ 

ʦʪ ʜʝʩʷʪʢʦʚ ʜʦ ʩʦʪʝʥ ʧʘʩʢʘʣʴ ([Cl2] ~ 1015ï1016 ʩʤ-3) ʩʪʝʧʝʥʴ ʬʦʪʦʜʠʩʩʦʮʠʘʮʠʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 

105. ɺʣʠʷʥʠʝ ʚʪʦʨʦʛʦ ʬʘʢʪʦʨʘ ʤʦʞʥʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʨʘʣʣʝʣʴʥʳʭ ʠʟʤʝ-

ʨʝʥʠʡ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʜʣʠʥʘʭ ʚʦʣʥ. ʃʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʝʡ ln(I0/I) = f(pl) (ʨʠʩ. 2) 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʧʦʣʥʝʥʠʠ ʟʘʢʦʥʘ ʃʘʤʙʝʨʪʘ-ɹʫʛʝʨʘ-ɹʝʨʘ ʚ ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ 

ʫʩʣʦʚʠʡ. 

 

ʕʤʠʩʩʠʦʥʥʳʡ ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ 

(ʨʠʩ. 3) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʘ 

ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʛʘʟʦʨʘʟʨʷʜʥʦʡ ʧʣʘʟʤʳ [2, 5, 

11, 14]. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʟʣʫ-

ʯʝʥʠʝ ʩʪʘʮʠʦʥʘʨʥʦ ʛʦʨʷʱʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʨʘʟʨʷʜʘ ʚ ʯʠʩʪʦʤ ʭʣʦʨʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʘʪʦ-

ʤʘʨʥʳʤʠ ʠ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

(ʨʠʩ. 4). ʊʘʢ, ʚ ʩʧʝʢʪʨʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʚʝ 

ʛʨʫʧʧʳ ʣʠʥʠʡ ʘʪʦʤʘʨʥʦʛʦ ʭʣʦʨʘ: l = 430ï

460 ʥʤ (ʚʦʟʙʫʞʜʝʥʠʝ ʩʦʩʪʦʷʥʠʷ 5p, eth = 

11.8ï11.9 ʵɺ) ʠ l = 700ï900 ʥʤ (ʠʟʣʫʯʘʪʝʣʴ-

ʥʘʷ ʜʝʟʘʢʪʠʚʘʮʠʷ ʩʦʩʪʦʷʥʠʷ 4p, eth ~ 10.4 ʵɺ) 

[1, 2]. ʀʟʣʫʯʝʥʠʝ ʤʦʣʝʢʫʣ Cl2 ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʧʦʣʦʩʘʤʠ 256.4 ʥʤ (23Pg  Ÿ 13Pu, eth ~ 8.2 

ʵɺ) ʠ 307 ʥʤ (33Pg  Ÿ 1
3Pu, eth ~ 9.4 ʵɺ) [1].  

 

 

 

 
 

ʈʠʩ. 3. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʤʝʪʦʜʘ ʵʤʠʩʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

 

 
 

ʈʠʩ. 2. ʇʨʠʤʝʨ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʛʨʘʬʠʢʦʚ ʜʣʷ 

ʧʨʦʚʝʨʢʠ ʚʳʧʦʣʥʝʥʠʷ ʟʘʢʦʥʘ ʃʘʤʙʝʨʪʘ-

ɹʫʛʝʨʘ-ɹʝʨʘ. ʏʠʩʪʳʡ ʭʣʦʨ, ʠʩʪʦʯʥʠʢ ʠʟʣʫʯʝ-

ʥʠʷ ï ʤʝʜʥʘʷ ʰʘʨʠʢʦʚʘʷ ʣʘʤʧʘ (l = 324.7 

ʥʤ). 
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ʈʠʩ. 4. ʉʧʝʢʪʨ ʠʟʣʫʯʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʘʟʨʷʜʘ ʚ ʭʣʦʨʝ ʧʨʠ ip = 25 ʤɸ, p = 100 ʇʘ. 

 

ʅʘʠʙʦʣʝʝ ʦʜʥʦʟʥʘʯʥʳʝ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʠʟʣʫʯʝʥʠʷ ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʥʝʚʦʟʙʫʞʜʝʥʥʳʭ ʯʘʩʪʠʮ ʥʘʙʣʶʜʘʶʪʩʷ, ʢʦʛʜʘ ʦʙʨʘʟʦʚʘʥʠʝ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʦʠʩ-

ʭʦʜʠʪ ʧʨʷʤʳʤ ʵʣʝʢʪʨʦʥʥʳʤ ʫʜʘʨʦʤ, ʘ ʜʝʟʘʢʪʠʚʘʮʠʷ ʷʚʣʷʝʪʩʷ ʯʠʩʪʦ ʠʟʣʫʯʘʪʝʣʴʥʦʡ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ (I) ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʢʦʨʦʩʪʠ ʚʦʟʙʫʞʜʝʥʠʷ (Rex): I ~ Rex = 

kexneN, ʛʜʝ kex ï ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʚʦʟʙʫʞʜʝʥʠʷ, ne ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʥʦʚ, N ï ʢʦʥʮʝʥ-

ʪʨʘʮʠʷ ʯʘʩʪʠʮ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʀʟ ʧʦʩʣʝʜʥʝʛʦ ʫʨʘʚʥʝʥʠʷ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʣʫʯʝʥʠʝ N ʠʟ 

ʵʤʠʩʩʠʦʥʥʳʭ ʩʧʝʢʪʨʦʚ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʧʨʠ ʠʟʚʝʩʪʥʦʤ ʧʘʨʘʤʝʪʨʝ kexne, ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʝʪʩʷ 

ʬʫʥʢʮʠʝʡ ʚʦʟʙʫʞʜʝʥʠʷ. ʊʘʢ ʢʘʢ ʢʦʨʨʝʢʪʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʬʫʥʢʮʠʠ ʚʦʟʙʫʞʜʝʥʠʷ ʥʝ ʚʩʝʛʜʘ 

ʚʦʟʤʦʞʥʦ, ʥʘ ʧʨʘʢʪʠʢʝ ʫʜʦʙʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʤʝʪʦʜʦʤ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ (ʤʝʪʦ-

ʜʦʤ ʘʢʪʠʥʦʤʝʪʨʠʠ) [10, 13]. ʉʫʪʴ ʝʛʦ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʠʟʤʝʨʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦ-

ʩʪʝʡ ʠʟʣʫʯʝʥʠʷ ʠʩʢʦʤʦʛʦ ʢʦʤʧʦʥʝʥʪʘ (I) ʠ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ-ʘʢʪʠʥʦʤʝʪʨʘ (IA), ʢʦʪʦʨʳʡ ʚʚʦʜʠʪ-

ʩʷ ʚ ʨʘʟʨʷʜ ʚ ʢʦʣʠʯʝʩʪʚʝ NA (ʦʙʳʯʥʦ 3ï5% ʧʦ ʦʙʲʝʤʫ). ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʤʘʢʩʠʤʫʤʳ ʚʳʙʠʨʘ-

ʶʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʝʡ ʚʦʟʙʫʞʜʝʥʠʷ ʙʳʣʠ ʢʘʢ ʤʦʞʥʦ ʙʦʣʝʝ ʙʣʠʟʢʠ. 

ʊʦʛʜʘ ʙʫʜʫʪ ʩʧʨʘʚʝʜʣʠʚʳ ʩʦʦʪʥʦʰʝʥʠʷ 
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ʛʜʝ KA º const ï ʘʢʪʠʥʦʤʝʪʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ. ɺ ʢʘʯʝʩʪʚʝ ʘʢʪʠʥʦʤʝʪʨʠʯʝʩʢʦʡ ʜʦʙʘʚʢʠ 

ʥʘʤʠ ʙʳʣ ʧʨʦʪʝʩʪʠʨʦʚʘʥ ʘʟʦʪ (4% ʦʙ.). ɸʥʘʣʠʪʠʯʝʩʢʠʤʠ ʤʘʢʩʠʤʫʤʘʤʠ ʩʣʫʞʠʣʠ ʧʦʣʦʩʳ ʠʟ-

ʣʫʯʝʥʠʷ ʚʪʦʨʦʡ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ N2 C
3Pu  Ÿ B

3Pg 380.5 ʥʤ (ʧʝʨʝʭʦʜ 0 Ÿ 2, eth ~ 11.2 

ʵɺ) ʠ 371.1 ʥʤ (ʧʝʨʝʭʦʜ 2 Ÿ 4, eth ~ 11.4 ʵɺ), ʘ ʪʘʢʞʝ ʣʠʥʠʷ ʘʪʦʤʦʚ ʭʣʦʨʘ Cl 452.6 ʥʤ (5p2p3/2 

Ÿ 4s3p3/2, eth ~ 11.9 ʵɺ). ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʦʪ-

ʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʠʟʣʫʯʝʥʠʷ ʣʠʥʠʠ ʘʪʦʤʘʨʥʦʛʦ ʭʣʦʨʘ ʠ ʧʦʣʦʩ ʘʟʦʪʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʪʦʤʦʚ ʭʣʦʨʘ ʚ ʨʘʟʨʷʜʝ (ʨʠʩ. 5). ʀʟ ʜʘʥʥʳʭ ʨʠʩ. 5 ʩʣʝʜʫʝʪ, ʯʪʦ KA  ʷʚʣʷʝʪʩʷ ʧʦ-

ʩʪʦʷʥʥʳʤ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʫʩʣʦʚʠʡ (KA  = 152Ñ10 ʜʣʷ ʧʦʣʦʩʳ N2 380.5 ʥʤ ʠ 29Ñ3 ʜʣʷ 

ʧʦʣʦʩʳ N2 371.1 ʥʤ). ʇʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʘ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʨʷʜʘ 

ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʨʠʩ. 6). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʘ 

ʤʝʪʦʜʘ ʤʦʛʫʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʜʣʷ ʢʦʥʪʨʦʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʘ. 

 



ʈʘʟʜʝʣ 1. ʌʋʅɼɸʄɽʅʊɸʃʔʅʓɽ ʀ ʇʈʀʂʃɸɼʅʓɽ ɺʆʇʈʆʉʓ ʌʀɿʀʂʀ ʀ ʍʀʄʀʀ 
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ʈʠʩ. 5. ʂʦʨʨʝʣʷʮʠʷ ʦʪʥʦʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦ-

ʩʪʝʡ ʠʟʣʫʯʝʥʠʷ ʠ ʦʪʥʦʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʘʪʦʤʦʚ ʭʣʦʨʘ ʠ ʤʦʣʝʢʫʣ N2: 1ïN2 380.5 ʥʤ, p 

= 60 ʇʘ; 2ï N2 380.5 ʥʤ, p = 140 ʇʘ; 3ïN2 

371.1 ʥʤ, p = 60 ʇʘ; 4ï N2 371.1 ʥʤ, p = 140 

ʇʘ. 

 

ʈʠʩ. 6. ʉʨʘʚʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʭʣʦʨʘ (ʚ ʧʝ-

ʨʝʩʯʝʪʝ ʥʘ ʘʪʦʤʳ) ʚ ʛʘʟʦʨʘʟʨʷʜʥʦʡ ʧʣʘʟʤʝ 

ʯʠʩʪʦʛʦ Cl2: 1 ï ʘʢʪʠʥʦʤʝʪʨʠʷ ʧʦ N2 380.5 ʥʤ; 

2 ï ʘʢʪʠʥʦʤʝʪʨʠʷ ʧʦ N2 371.1 ʥʤ; 3 ï ʘʙʩʦʨʙ-

ʮʠʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 
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CALCULATION DEGREE DECOMPOSITIONS PHOSPHATE CHEESE  

WITH PROVISION FOR STRUCTURES OF THE FLOW IN DEVICE  

 
Abstract: Is considered calculation degree decompositions phosphate cheese in cascade reactor with 

provision for their structures of the flow. It is shown that traditional similar calculation on conditional (aver-

age) of time of stay give the uprated results. 

Keywords: degree of the decomposition, time of stay, structure of the flow. 

 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʵʢʩʪʨʘʢʮʠʦʥʥʦʡ ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ ʦʩʥʦʚʘʥʦ ʥʘ ʨʘʟʣʦʞʝʥʠʝ ʬʦʩʬʘʪ-

ʥʦʛʦ ʩʳʨʴʷ ʬʦʩʬʦʨʥʦʡ ʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ [1].  
 

ʉʘ5(ʈʆ4)3F + 5ʅ2Sʆ4 + m ʅ3ʈʆ4 + 5n ʅ2ʆ ð> 5ʉʘSʆ4Ŀnʅ2ʆ + (m+3)ʅ3ʈʆ4 + ʅF. 
 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʩʪʝʧʝʥʠ ʨʘʟʣʦʞʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʦʨʛʘʥʠʟʦʚʘʥ, ʪʘʢ ʯʪʦ 

ʠʩʭʦʜʥʳʡ ʬʦʩʬʘʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʝʘʛʠʨʫʝʪ ʩ ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʦʡ ʧʦ ʨʝʘʢʮʠʠ: 
 

Ca5F(PO4)3 + mʅ3ʈʆ4 Ÿ 5ʉʘ(ʅ2ʈʆ4)2 + (m-7)H3PO4 + HF. 
 

ɿʘʪʝʤ, ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʤʦʥʦʢʘʣʴʮʠʡʬʦʩʬʘʪ ï ʉʘ(ʅ2ʈʆ4)2, ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʩʝʨʥʦʡ 

ʢʠʩʣʦʪʦʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ ʩ ʚʳʧʘʜʝʥʠʝʤ ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʦʛʦ ʬʦʩʬʦʛʠʧʩʘ: 
 

Ca(H2PO4)2+H2SO4+mH3PO4 Ÿ ʉʘSʆ4Ŀnʅ2ʆŹ +(m+2)H3PO4. 
 

ʆʙʦʨʫʜʦʚʘʥʠʝ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ ʬʦʩʬʘʪʥʦʛʦ ʩʳʨʴʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʢʩ-

ʪʨʘʢʮʠʦʥʥʦʡ ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʘʩʢʘʜ ʝʤʢʦʩʪʥʳʭ ʘʧʧʘʨʘʪʦʚ ʩ ʤʝʭʘ-

ʥʠʯʝʩʢʠʤʠ ʤʝʰʘʣʢʘʤʠ. ʉ ʮʝʣʴʶ ʧʦʣʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʛʦ ʬʦʩʬʦʨʘ (ʈ2ʆ5) ʠʟ 

ʪʚʝʨʜʦʡ ʬʘʟʳ ʚ ʵʪʠʭ ʘʧʧʘʨʘʪʘʭ ʩʪʨʝʤʷʪʩʷ ʦʙʝʩʧʝʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʪʝʧʝʥʴ ʨʘʟʣʦʞʝʥʠʷ: 
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ʈʘʟʜʝʣ 1. ʌʋʅɼɸʄɽʅʊɸʃʔʅʓɽ ʀ ʇʈʀʂʃɸɼʅʓɽ ɺʆʇʈʆʉʓ ʌʀɿʀʂʀ ʀ ʍʀʄʀʀ 
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ʛʜʝ: ʄʥ ʠ ʄ(Ű) ï ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ ʚ ʘʧʧʘʨʘʪʝ ʚ ʥʘʯʘʣʴʥʳʡ ʠ ʚ ʧʨʦʠʟʚʦʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝ-

ʤʝʥʠ. ʆʜʥʘʢʦ ʦʧʨʝʜʝʣʝʥʠʝ ʦʙʲʝʤʘ ʪʘʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʩʨʝʜʥʝʤʫ, ʪ.ʝ. ʫʩʣʦʚ-

ʥʦʤʫ ʚʨʝʤʝʥʠ ʧʨʝʙʳʚʘʥʠʷ (t). ʊʘʢʦʡ ʧʦʜʭʦʜ ʥʝ ʫʯʠʪʳʚʘʝʪ ʨʝʘʣʴʥʫʶ ʛʠʜʨʦʜʠʥʘʤʠʢʫ ʘʧʧʘ-

ʨʘʪʘ, ʧʨʠʚʦʜʠʪ ʢ ʟʘʚʳʰʝʥʠʶ ʠʟʤʝʥʷʶʱʝʡʩʷ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʪʚʦʨʝʥʠʷ, ʢʦʪʦʨʘʷ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʢʠʥʝʪʠʢʫ ʧʨʦʮʝʩʩʘ ï ʩʢʦʨʦʩʪʴ ʨʘʩʪʚʦʨʝʥʠʷ ʪʚʝʨʜʦʡ ʬʘʟʳ. 

ɺ ʨʘʙʦʪʝ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʬʦʩʬʘʪʥʦʛʦ ʩʳʨʴʷ ʧʨʝʜ-

ʣʘʛʘʝʪʩʷ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʘʩʯʝʪ ʩʪʝʧʝʥʠ ʨʘʟʣʦʞʝʥʠʷ ʠ ʥʝʦʙʭʦʜʠʤʦʛʦ ʦʙʲʝʤʘ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩ 

ʫʯʝʪʦʤ ʠʥʪʝʛʨʘʣʴʥʦʡ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʧʨʝʙʳʚʘʥʠʷ (ʈɺʇ) I(ɗ), ʭʘʨʘʢʪʝʨʠʟʫ-

ʶʱʝʡ ʜʦʣʠ ʵʣʝʤʝʥʪʦʚ ʧʦʪʦʢʘ, ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ʢʦʪʦʨʳʭ ʚʥʫʪʨʠ ʘʧʧʘʨʘʪʘ ʥʘʭʦʜʠʪʩʷ ʚ ʦʧʨʝ-

ʜʝʣʝʥʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʚʨʝʤʝʥʠ (ʨʠʩ.1): 

ʊʦʛʜʘ ʤʘʩʩʘ ʚʝʱʝʩʪʚʘ ʩ ʚʨʝʤʝʥʝʤ ʧʨʝʙʳʚʘʥʠʷ ʚ ʘʧʧʘʨʘʪʝ ʦʪ Ű ʜʦ Ű+dŰ ʩ ʫʯʝʪʦʤ ʨʘʟʣʦ-

ʞʝʥʠʷ ʦʧʨʝʜʝʣʠʪʩʷ ʧʦ ʚʳʨʘʞʝʥʠʶ (2) 

                             ( )
d

ʥʄ , d ʄ I( )d W( ) d

q+ q

q

t t+ t = Ö q q- t Ö tñ ,                                                (2)  

ʘ ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ ʚ ʧʨʦʠʟʚʦʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʦ ʫʨʘʚʥʝʥʠʶ (3) 
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ʥ
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ʄ ʄ W( ) dt = - t Ö tä ,                                                            (3) 

 

 
 

ʈʠʩ. 1. ʆʙʱʠʡ ʚʠʜ ʠʥʪʝʛʨʘʣʴʥʦʡ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʧʨʝʙʳʚʘʥʠʷ 

 

ʛʜʝ: I( )d

q+q

q

q qñ - ʜʦʣʷ ʚʝʱʝʩʪʚʘ, ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ʢʦʪʦʨʦʛʦ ʚ ʘʧʧʘʨʘʪʝ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

(ɗ,ɗ+dɗ);  ɗ=Ű/ t- ʙʝʟʨʘʟʤʝʨʥʦʝ ʚʨʝʤʷ; W(Ű) - ʩʢʦʨʦʩʪʴ ʨʘʩʪʚʦʨʝʥʠʷ, ʢʛ/ʩ, N ï ʢʦʣʠʯʝʩʪʚʦ ʠʥ-

ʪʝʨʚʘʣʦʚ ʬʫʥʢʮʠʠ I(ɗ)=f(ɗ)  ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʚʨʝʤʝʥʠ ʦʪ 0 ʜʦ 1.  
              ʉʢʦʨʦʩʪʴ ʨʘʩʪʚʦʨʝʥʠʷ ʬʦʩʬʘʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʫʨʘʚʥʝʥʠʶ [2]: 

 

                                                       ()
H

W k(t) F( ) C +t = Ö t Ö,                                                           (4) 

 

ʛʜʝ: 
H

C + - ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʦʜʦʨʦʜʥʳʭ ʠʦʥʦʚ, ʤʦʣʴ/ʣ; F(Ű) ï ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʩʪʚʦʨʝʥʠʷ, ʤ2; k(t) -  

ʢʦʥʩʪʘʥʪʘ ʨʘʩʪʚʦʨʝʥʠʷ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʮʝʩʩʘ t (0C),   ʢʛ/(cĿʤ2Ŀʤʦʣʴ/ʣ). 

ɼʣʷ ʤʦʥʦʜʠʩʧʝʨʩʥʦʛʦ ʦʩʘʜʢʘ ʩ ʜʠʘʤʝʪʨʦʤ dʯ (ʤ) ʠ ʧʣʦʪʥʦʩʪʴʶ ʯʘʩʪʠʮ ɟʪ (ʢʛ/ʤ
3) ʪʝʢʫ-

ʱʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʚʥʘ 

                                                            ()
ʪ ʯ

6M( )
F

d

t
t =
r Ö

.                                                                 (5) 

 



IV ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

ɸʂʊʋɸʃʔʅʓɽ ɺʆʇʈʆʉʓ ɽʉʊɽʉʊɺʆɿʅɸʅʀʗ 
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ʂʦʥʮʝʥʪʨʘʮʠʷ ʚʦʜʦʨʦʜʥʳʭ ʠʦʥʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʢʠʩʣʦʪʳ ʉ1 ʠ ʩʦʣʠ ʉ2 (ʤʦʣʴ/ʣ) [2]. ɿʥʘʯʝʥʠʝ ʢʦʥʩʪʘʥʪʳ ʜʠʩʩʦʮʠʘʮʠʠ ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʘ ʧʦ 

ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ ʂ1 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʪʚʦʨʝʥʠʷ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪʩʷ ʚ ʣʠʪʝʨʘʪʫ-

ʨʝ [2]: 

                                                     1 2 1 2
1 1H

ʂ ʉ ʂ ʉ
C ʂ ʉ

2 2
+

+ +å õ
=- + + Öæ ö

ç ÷
                                       (6) 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪʳ ʨʘʩʪʚʦʨʝʥʠʷ ʬʦʩʬʘʪʥʦʛʦ ʩʳʨʴʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʦʧʳʪʥʳʝ ʜʘʥʥʳʝ ʨʘʙʦʪʳ [2] ʧʦ ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʝʧʝʥʠ ʨʘʩʪʚʦʨʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ ʧʨʦʮʝʩʩʘ ʜʣʷ 

ʯʘʩʪʠʮ ʘʧʘʪʠʪʘ ʨʘʟʤʝʨʦʤ 0,1 ʤʤ, ʨʠʩ.2. 

 

 
 

 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʨʘʩʪʚʦʨʝʥʠʷ ʯʘʩʪʠʮ ʘʧʘʪʠʪʘ ʦʪ ʚʨʝʤʝʥʠ [1] 

 

ʀʜʝʥʪʠʬʠʢʘʮʠʶ ʢʦʥʩʪʘʥʪʳ ʨʘʩʪʚʦʨʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʠ ʠʟ ʫʩʣʦʚʠʷ ʜʦʩʪʠʞʝʥʠʷ ʩʪʝʧʝ-

ʥʠ ʨʘʩʪʚʦʨʝʥʠʷ ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ 0,1 ʤʤ ʍ =0,98 ʟʘ 2 ʯʘʩʘ ʚ ʩʣʝʜʫʶʱʝʤ ʧʦʨʷʜʢʝ: 

- ʧʦ ʫʨʘʚʥʝʥʠʶ (6) ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʦʜʦʨʦʜʥʳʭ ʠʦʥʦʚ ʧʨʠ ʫʩʣʦʚʠʷʭ 

ʨʘʩʪʚʦʨʝʥʠʷ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʨʘʙʦʪʝ [2]; 

-  ʧʨʠ ʥʘʯʘʣʴʥʦʡ ʤʘʩʩʝ ʩʳʨʴʷ ʧʦ ʚʳʨʘʞʝʥʠʶ (5) ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʩʪʚʦʨʝ-

ʥʠʷ F(Ű); 

- ʧʦ ʫʨʘʚʥʝʥʠʶ (4) ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʩʢʦʨʦʩʪʴ ʨʘʩʪʚʦʨʝʥʠʷ; 

- ʧʦ ʚʳʨʘʞʝʥʠʶ (3) ʦʧʨʝʜʝʣʷʣʘʩʴ ʪʝʢʫʱʘʷ ʤʘʩʩʘ ʬʦʩʬʘʪʘ; 

- ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʩʪʝʧʝʥʴ ʨʘʟʣʦʞʝʥʠʷ (1); 

ʆʙʨʘʙʦʪʢʘ ʦʧʳʪʥʳʭ ʜʳʥʥʳʭ ʧʦ ʢʠʥʝʪʠʢʝ ʨʘʩʪʚʦʨʝʥʠʷ [2] ʧʦʟʚʦʣʠʣʘ ʧʨʦʚʝʩʪʠ ʨʘʩʯʝʪ 

ʢʘʩʢʘʜʘ ʨʝʘʢʪʦʨʦʚ ʨʘʟʣʦʞʝʥʠʷ, ʨʘʙʦʪʘʶʱʝʛʦ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 

ʜʚʫʭ ʘʧʧʘʨʘʪʦʚ ʩ ʨʘʙʦʯʠʤ ʦʙʲʝʤʦʤ 84 ʤ3 ʠ ʩ ʥʝʧʨʝʨʳʚʥʳʤ ʤʘʩʩʦʚʳʤ ʨʘʩʭʦʜʦʤ ʘʧʘʪʠʪʘ ʠ 

ʢʠʩʣʦʪʳ 30,5, ʠ 81,5 ʪ/ʯʘʩ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢ ʢʘʢ, ʵʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʘʧʧʘʨʘʪʦʚ ʨʘʙʦʪʘʶʪ ʚ 

ʨʝʞʠʤʘʭ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʥʳʭ ʢ ʨʝʘʢʪʦʨʫ ʠʜʝʘʣʴʥʦʛʦ ʩʤʝʰʝʥʠʷ, ʪʦ ʚ ʢʘʯʝʩʪʚʝ ʠʥʪʝ-

ʛʨʘʣʴʥʦʡ ʬʫʥʢʮʠʠ ʈɺʇ ʧʨʠ ʩʪʫʧʝʥʯʘʪʦʤ ʚʚʦʜʝ ʚʝʱʝʩʪʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʬʫʥʢʮʠʶ () t

t
-

=q
i

iI ? . 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.3 ʠ ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

- ʨʘʩʯʝʪʳ ʩʪʝʧʝʥʠ ʧʨʝʚʨʘʱʝʥʠʷ ʧʦ ʫʩʣʦʚʥʦʤʫ ʚʨʝʤʝʥʠ ʧʨʝʙʳʚʘʥʠʷ ʜʘʶʪ ʟʘʚʳʰʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʠ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʪʝʨʷʤ ʩʳʨʴʷ; 

- ʫʚʝʣʠʯʝʥʠʝ ʨʘʩʰʠʨʷʶʱʝʡʩʷ ʦʙʣʘʩʪʠ ʤʝʞʜʫ ʢʨʠʚʳʤʠ 1 ʠ 2 ʧʦʩʣʝ ʙʝʟʨʘʟʤʝʨʥʦʛʦ 

ʚʨʝʤʝʥʠ ɗ=1 (ʧʝʨʚʳʡ ʨʝʘʢʪʦʨ ʢʘʩʢʘʜʘ) ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʢʦʥʮʝ ʧʨʦʮʝʩʩʘ ʨʘʩʪʚʦʨʝʥʠʷ ʘʧʧʘʨʘʪʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʨʝʞʠʤʝ ʠʜʝʘʣʴʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. 

ɹʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤʠ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʘʢʪʦʨʦʚ ʩʦ ʩʪʨʫʢʪʫ-

ʨʦʡ ʧʦʪʦʢʦʚ ʧʨʠʙʣʠʞʝʥʥʦʡ ʢ ʨʝʞʠʤʫ ʠʜʝʘʣʴʥʦʛʦ ʚʳʪʝʩʥʝʥʠʷ.  



ʈʘʟʜʝʣ 1. ʌʋʅɼɸʄɽʅʊɸʃʔʅʓɽ ʀ ʇʈʀʂʃɸɼʅʓɽ ɺʆʇʈʆʉʓ ʌʀɿʀʂʀ ʀ ʍʀʄʀʀ 
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ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʧʨʝʚʨʘʱʝʥʠʷ ʘʧʘʪʠʪʘ ʦʪ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʚʨʝʤʝʥʠ: 

1 ï ʨʘʩʯʝʪ ʧʦ ʫʩʣʦʚʥʦʤʫ (ʩʨʝʜʥʝʤʫ) ʚʨʝʤʝʥʠ ʧʨʝʙʳʚʘʥʠʷ; 

2 ï ʨʘʩʯʝʪ ʩ ʫʯʝʪʦʤ ʠʥʪʝʛʨʘʣʴʥʦʡ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʧʨʝʙʳʚʘʥʠʷ 
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ɸʥʥʦʪʘʮʠʷ: ʈʘʩʩʤʦʪʨʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ ʦʪ ʩʪʨʫʢʪʫʨʳ ʤʦʣʝ-

ʢʫʣ. ʇʦʢʘʟʘʥʘ ʩʚʷʟʴ ʦʢʪʘʥʦʚʦʛʦ ʠ ʮʝʪʘʥʦʚʦʛʦ ʯʠʩʣʘ ʪʦʧʣʠʚ ʩ ʚʝʣʠʯʠʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩʘʤʦʚʦʩʧʣʘʤʝ-

ʥʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʤʧʝʨʘʪʫʨʘ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ, ʦʢʪʘʥʦʚʦʝ ʯʠʩʣʦ, ʮʝʪʘʥʦʚʦʝ ʯʠʩʣʦ 

 

E. G. Korobejnikova, N. Y. Kozhevnikova 

 

FUEL AUTO -IGNITION TEMPERATURE AND ANTI -KNOCK QUALITY  

 
Abstract:  The dependence of the auto-ignition temperature on the structure of molecules is ana-

lyzed. The correlation between the octane and cetane number of fuels and the value of auto-ignition tempera-

ture is demonstrated. 

Keywords: auto-ignition temperature, octane number and cetane number 

 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʪʝʦʨʠʠ ʩʪʨʦʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʠʟʣʦʞʝʥʥʳʝ ɸ.ʄ. 

ɹʫʪʣʝʨʦʚʳʤ ʚ 1861 ʛʦʜʫ ʚ ʜʦʢʣʘʜʝ çʆ ʪʝʦʨʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷè, ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʨʘʟ-

ʚʠʪʠʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ.  

                                           
É ʂʦʨʦʙʝʡʥʠʢʦʚʘ ɽ. ɻ., ʂʦʞʝʚʥʠʢʦʚʘ ʅ. ʖ., 2019 
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IV ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

ɸʂʊʋɸʃʔʅʓɽ ɺʆʇʈʆʉʓ ɽʉʊɽʉʊɺʆɿʅɸʅʀʗ 

 

32 

 

ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʤʦʣʝʢʫʣ ʠ ʝʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ 

ʘʪʦʤʦʚ ʚ ʤʦʣʝʢʫʣʝ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʢʫʨʩʝ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ. ʇʦʜʦʙʥʳʝ ʟʘʢʦ-

ʥʦʤʝʨʥʦʩʪʠ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʠ ʜʣʷ ʧʦʞʘʨʦʦʧʘʩʥʳʭ ʩʚʦʡʩʪʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ [2]. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ ʜʣʷ ʚʩʝʭ ʛʨʫʧʧ ʚʝʱʝʩʪʚ ʷʚʣʷ-

ʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ [1]. ʅʘ ʚʝʣʠʯʠʥʫ ʪʝʤʧʝʨʘʪʫʨʳ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ 

ʚʣʠʷʝʪ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʬʘʢʪʦʨʦʚ, ʩʫʱʝʩʪʚʝʥʥʦ ʦʥʘ ʟʘʚʠʩʠʪ ʦʪ ʩʪʨʫʢʪʫʨʳ ʤʦʣʝʢʫʣ. ʄʦʞʥʦ 

ʩʢʘʟʘʪʴ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ - ʵʪʦ ʤʠʥʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʛʘʟʦ-ʧʘʨʦʚʦʟʜʫʰʥʘʷ ʩʤʝʩʴ ʚʦʩʧʣʘʤʝʥʠʪʩʷ ʙʝʟ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʩ ʠʩʪʦʯʥʠʢʦʤ ʟʘʞʠʛʘʥʠʷ, ʧʨʠ 

ʵʪʦʤ ʨʘʟʨʫʰʘʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʚʝʱʝʩʪʚʘ. ʏʝʤ ʣʝʛʯʝ ʨʘʟʨʫʰʘʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʚʝʱʝʩʪʚʘ, ʪʝʤ 

ʤʝʥʴʰʝ t0 ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ ʚ ʛʦʤʦʣʦʛʠʯʝʩʢʠʭ ʨʷʜʘʭ ʘʣʢʘʥʦʚ ʠ ʥʝ-

ʧʨʝʜʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʘʭ 1 ʠ 2. ɿʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʘʤʦʚʦʩʧʣʘ-

ʤʝʥʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʧʨʠʚʝʜʝʥʳ ʚ [3]. 
 

ʊʘʙʣʠʮʘ 1. ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ ʘʣʢʘʥʦʚ  

ʦʪ ʜʣʠʥʳ ʫʛʣʝʨʦʜʥʦʡ ʮʝʧʠ 
 

ʋʛʣʝʚʦʜʦʨʦʜʳ ɸʛʨʝʛʘʪʥʦʝ ʩʦʩʪʦʷʥʠʝ tʩʘʤʦʚʦʩʧʣ 0ʉ 

ʄʝʪʘʥ ʉʅ4 ʛʘʟ 537 

ʕʪʘʥ ʉ2ʅ6 ʛʘʟ 472 

ʇʨʦʧʘʥ ʉ3ʅ8 ʛʘʟ 466 

ɹʫʪʘʥ ʉ4ʅ10 ʛʘʟ 405 

ʇʝʥʪʘʥ ʉ5ʅ12 ʞʠʜʢʦʩʪʴ 309 

ɻʝʢʩʘʥ ʉ6ʅ14 ʞʠʜʢʦʩʪʴ 247 

ɻʝʧʪʘʥ ʉ7ʅ16 ʞʠʜʢʦʩʪʴ 223 

ʆʢʪʘʥ ʉ8ʅ18 ʞʠʜʢʦʩʪʴ 215 

ʅʦʥʘʥ ʉ9ʅ20 ʞʠʜʢʦʩʪʴ 205 
 

ʊʘʙʣʠʮʘ 2. ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʥʝʢʦʪʦʨʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ  

ʥʝʢʦʪʦʨʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ 
 

ʌʦʨʤʫʣʘ t ʢʠʧ.,Áʉ tʩʘʤʦʚʦʩʧʣ 
0ʉ 

ʕʪʘʥ Cʅ
3
- CH

3
 ï 88,6 595 

ʕʪʠʣʝʥ Cʅ
2
=CH

2
 -104 435 

ɸʮʝʪʠʣʝʥ ʅʉ¹ʉʅ ï 83,6 335 

ʇʨʦʧʘʥ ʉʅ
3
ʉʅ

2
ʉʅ

3
 ï 42,1 470 

ʇʨʦʧʝʥ ʉʅ
3
ʉʅ=ʉʅ

3
 -47 455 

ʇʨʦʧʠʥ ʅʉ¹ʉʉʅ
3
 -83,6 335 

ʇʝʥʪʘʥ ʉ5ʅ12 36 285 

ʇʝʥʪʝʥ-1 ʉ5ʅ10 29,9 270 

ʇʝʥʪʠʥ-1 ʉ5ʅ8 40,0  

ʇʝʥʪʘʜʠʝʥ-1,3 42 360 

ɻʝʢʩʘʥ ʉ6ʅ14 68,7 240 

ɻʝʢʩʝʥ-1 ʉ6ʅ12 63,5 254 

ɻʝʢʩʝʥ-2 ʉ6ʅ12 68,5 245 

ɻʝʢʩʠʥ-1 ʉ6ʅ10 71,0 290 

ʆʢʪʘʥ ʉ8ʅ18 125,7 215 

ʆʢʪʝʥ-1 ʉ8ʅ16 121,3 245 

ʆʢʪʝʥ-2 ʉ8ʅ16 125,2 255 

ɹʝʥʟʦʣ  ʉ6ʅ6 80,2 835 

 



ʈʘʟʜʝʣ 1. ʌʋʅɼɸʄɽʅʊɸʃʔʅʓɽ ʀ ʇʈʀʂʃɸɼʅʓɽ ɺʆʇʈʆʉʓ ʌʀɿʀʂʀ ʀ ʍʀʄʀʀ 
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ʆʯʝʚʠʜʥʦ, ʯʪʦ ʣʝʛʯʝ ʨʘʟʨʫʰʘʶʪʩʷ ʩʪʨʫʢʪʫʨʳ ʩ ʙʦʣʝʝ ʜʣʠʥʥʦʡ ʫʛʣʝʨʦʜʥʦʡ ʮʝʧʴʶ, 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ ʠʤʝʝʪ ʧʝʨʚʳʡ ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʨʷʜʘ 

ʘʣʢʘʥʦʚ ï ʤʝʪʘʥ, ʪʘ ʞʝ ʟʘʚʠʩʠʤʦʩʪʴ ʠ ʜʣʷ ʥʝʧʨʝʜʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʛʦʤʦʣʦʛʠʯʝʩʢʦʤ ʨʷʜʫ 

ʣʶʙʦʛʦ ʢʣʘʩʩʘ ʩʦʝʜʠʥʝʥʠʡ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʘʤʦʚʦʩʧʣʘ-

ʤʝʥʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ. 

ɽʩʣʠ ʩʨʘʚʥʠʪʴ ʨʘʟʥʳʝ ʢʣʘʩʩʳ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʪʦ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʘʤʦʚʦʩʧʣʘ-

ʤʝʥʝʥʠʷ ʠʟʤʝʥʷʝʪʩʷ ʥʝʦʜʥʦʟʥʘʯʥʦ. 

ʊʘʢ, ʜʣʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʩʦʜʝʨʞʘʱʠʭ 2 ʠ 3 ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ, ʯʝʪʢʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʟʘ-

ʚʠʩʠʤʦʩʪʴ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ:  
 

tʩʚ ʘʣʢʘʥʦʚ  > tʩʚ ʘʣʢʝʥʦʚ  > tʩʚ ʘʣʢʠʥʦʚ. 
 

ʊʘʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʨʷʜʫ ʵʪʘʥ ï ʵʪʠʣʝʥ ï ʘʮʝʪʠʣʝʥ ʠ ʧʨʦʧʘʥ ï ʧʨʦʧʝʥ ï 

ʧʨʦʧʠʥ. 

ɼʣʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʪʥʘʷ ʟʘʚʠ-

ʩʠʤʦʩʪʴ: ʫ ʘʣʢʠʥʦʚ ʠ ʘʣʢʘʜʠʝʥʦʚ ʪʝʤʧʝʨʘʪʫʨʘ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʘʣʢʘʥʦʚ ʠ 

ʘʣʢʝʥʦʚ.  ʄʦʞʥʦ ʩʨʘʚʥʠʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ ʧʝʥʪʘʥʘ ʠ ʧʝʥʪʘʜʠʝʥʘ-1,3, ʛʝʢ-

ʩʘʥʘ ʠ ʛʝʢʩʠʥʘ. 

ʏʝʤ ʙʦʣʴʰʝ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʚ ʮʝʧʠ, ʪʝʤ ʤʝʥʴʰʝ ʚʣʠʷʥʠʝ ʢʨʘʪʥʳʭ ʩʚʷʟʝʡ ʥʘ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʢʠʧʝʥʠʷ ʠ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ. ʍʘʨʘʢʪʝʨʝʥ ʧʨʠʤʝʨ ʦʢʪʘʥʘ ʠ ʦʢʪʝʥʘ. 

ʋ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʘ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, 

ʯʝʤ ʫ ʚʩʝʭ ʜʨʫʛʠʭ ʢʣʘʩʩʦʚ ʫʛʣʝʚʦʜʦʨʦʜʦʚ: ʄʘʢʩʠʤʘʣʴʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ 

ʠʤʝʝʪ ʙʝʥʟʦʣ. ɹʝʥʟʦʣʴʥʦʝ ʢʦʣʴʮʦ ï ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʫʩʪʦʡʯʠʚʳʭ ʩʪʨʫʢʪʫʨ. ʋʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ 

ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʩʦʝʜʠʥʝʥʠʠ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫ-

ʨʳ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ. 

ʅʘʣʠʯʠʝ ʨʘʟʚʝʪʚʣʝʥʠʡ ʚ ʮʝʧʠ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ 

(ʪʘʙʣʠʮʘ 3). 

 

ʊʘʙʣʠʮʘ 3. ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʥʝʢʦʪʦʨʳʝ ʧʦʢʘʟʘʪʝʣʠ  

ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ ʠʟʦʤʝʨʦʚ ʧʝʥʪʘʥʘ 

 

ʀʟʦʤʝʨʳ ʧʝʥʪʘʥʘ 
ɸʛʨʝʛʘʪʥʦʝ  

ʩʦʩʪʦʷʥʠʝ 
tʩʘʤʦʚʦʩʧʣ 

0ʉ 

ʥ-ʧʝʥʪʘʥ ʞʠʜʢʦʩʪʴ 286 

2-ʤʝʪʠʣ-ʙʫʪʘʥ ʞʠʜʢʦʩʪʴ 432 

2,2-ʜʠʤʝʪʠʣ-ʧʨʦʧʘʥ ʛʘʟ 450 

 

ɹʦʣʝʝ ʨʘʟʚʝʪʚʣʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ (2,2-ʜʠʤʝʪʠʣʧʨʦʧʘʥ) ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ, ʘ ʟʥʘʯʠʪ, ʪʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʘ. ɸʥʘʣʦʛʠʯʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʜʣʷ ʜʨʫʛʠʭ ʢʣʘʩʩʦʚ ʩʦʝʜʠʥʝʥʠʡ. 

ʇʦʢʘʟʘʪʝʣʴ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ ï ʪʝʤʧʝʨʘʪʫʨʫ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ ï ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ 

ʙʝʟʨʘʟʤʝʨʥʦʡ ʫʩʣʦʚʥʦʡ ʚʝʣʠʯʠʥʦʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʜʝʪʦʥʘʮʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʪʦʧʣʠʚʘ ï 

ʦʢʪʘʥʦʚʳʤ ʯʠʩʣʦʤ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʘʥʪʠʜʝʪʦʥʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʙʝʥʟʠʥʦʚ ʚ 1930-ʭ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ 

ʩʧʝʮʠʘʣʴʥʘʷ ʰʢʘʣʘ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʦʡ ʩʪʦʡʢʦʩʪʴ ʜʘʥʥʦʛʦ ʙʝʥʟʠʥʘ ʢ ʜʝʪʦʥʘʮʠʠ ʩʨʘʚ-

ʥʠʚʘʝʪʩʷ ʩʦ ʩʪʦʡʢʦʩʪʴʶ ʩʪʘʥʜʘʨʪʥʳʭ ʩʤʝʩʝʡ [4].  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ʚʝʱʝʩʪʚʘ: ʛʝʧʪʘʥ ʥʦʨʤʘʣʴʥʦʛʦ 

ʩʪʨʦʝʥʠʷ ʠ ʦʜʠʥ ʠʟ ʠʟʦʤʝʨʦʚ ʦʢʪʘʥʘ ï 2,2,4-ʪʨʠʤʝʪʠʣʧʝʥʪʘʥ.  

ʇʨʝʜʩʪʘʚʠʪʝʣʝʤ ʥʝʧʨʠʛʦʜʥʦʛʦ ʪʦʧʣʠʚʘ ʷʚʣʷʝʪʩʷ ʥ-ʛʝʧʪʘʥ ʉʅ3 - (ʉʅ2)5 - ʉʅ3. ʂʘʯʝ-

ʩʪʚʦ ʛʝʧʪʘʥʘ ʢʘʢ ʪʦʧʣʠʚʘ ʩʯʠʪʘʝʪʩʷ ʥʫʣʝʚʳʤ, ʧʦʩʢʦʣʴʢʫ ʩʤʝʩʴ ʧʘʨʦʚ ʛʝʧʪʘʥʘ ʩ ʚʦʟʜʫʭʦʤ ʧʨʠ 

ʩʠʣʴʥʦʤ ʩʞʘʪʠʠ ʣʝʛʢʦ ʜʝʪʦʥʠʨʫʝʪ, ʩʛʦʨʘʥʠʝ ʧʘʨʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʧʨʦʪʝʢʘʝʪ ʩ ʦʯʝʥʴ ʙʦʣʴ-

ʰʦʡ ʩʢʦʨʦʩʪʴʶ ʜʦ 2500 ʤ/ʩ ʚʤʝʩʪʦ ʩʧʦʢʦʡʥʦʛʦ ʛʦʨʝʥʠʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 15 ï 60 ʤ/ʩ. ʇʦʵʪʦʤʫ 

ʦʢʪʘʥʦʚʦʝ ʯʠʩʣʦ ʥ-ʛʝʧʪʘʥʘ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ 0.  



IV ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

ɸʂʊʋɸʃʔʅʓɽ ɺʆʇʈʆʉʓ ɽʉʊɽʉʊɺʆɿʅɸʅʀʗ 

 

34 

 

ɺʪʦʨʦʝ ʚʝʱʝʩʪʚʦ - 2, 2, 4-ʪʨʠʤʝʪʠʣʧʝʥʪʘʥ ï ʨʘʟʚʝʪʚʣʝʥʥʳʡ ʫʛʣʝʚʦʜʦʨʦʜ (ʥʝʧʨʘʚʠʣʴʥʦ 

ʥʘʟʳʚʘʝʤʳʡ çʠʟʦʦʢʪʘʥʦʤè)  

ʉʅ3                  ʉʅ3 

é                 é 

ʉʅ3- ʉ - ʉʅ2 - ʉʅ - ʉʅ3 

é 
ʉʅ3 

 

ʫʩʪʦʡʯʠʚ ʢ ʜʝʪʦʥʘʮʠʠ, ʠ ʝʛʦ ʦʢʪʘʥʦʚʦʝ ʯʠʩʣʦ ʧʨʠʥʠʤʘʶʪ ʨʘʚʥʳʤ 100.  

ʏʝʤ ʚʳʰʝ ʦʢʪʘʥʦʚʦʝ ʯʠʩʣʦ ʙʝʥʟʠʥʘ, ʪʝʤ ʚʳʰʝ ʝʛʦ ʢʘʯʝʩʪʚʦ.   

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʝʪʦʥʘʮʠʷ ʦʯʝʥʴ ʟʥʘʯʠʪʝʣʴʥʘ ʜʣʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʩ ʧʨʷʤʦʡ ʮʝ-

ʧʴʶ (ʩ ʥʠʟʢʠʤ ʦʢʪʘʥʦʚʳʤ ʯʠʩʣʦʤ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʨʘʟʚʝʪʚʣʝʥʥʳʭ, 

ʥʝʥʘʩʳʱʝʥʥʳʭ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʩʥʠʞʘʝʪ ʜʝʪʦʥʘʮʠʶ. 

ʕʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʦʢʪʘʥʦʚʦʛʦ ʯʠʩʣʘ ʦʪ ʩʪʨʫʢʪʫʨʳ ʚʝʱʝʩʪʚʘ ʩ ʪʦʯʥʦʩʪʴʶ ʚʦʩ-

ʧʨʦʠʟʚʦʜʠʪ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ ʦʪ ʩʪʨʦʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ.  

ʉʨʘʚʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʪʝʤʧʝʨʘʪʫʨʳ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ 

ʟʥʘʯʝʥʠʷ ʠʭ ʦʢʪʘʥʦʚʳʭ ʯʠʩʝʣ ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʝ 4. 

 

ʊʘʙʣʠʮʘ 4. ɿʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ  

ʠ ʦʢʪʘʥʦʚʳʭ ʯʠʩʝʣ ʥʝʢʦʪʦʨʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ 

 

ʋʛʣʝʚʦʜʦʨʦʜʳ 
tʩʘʤʦʚʦʩʧʣ 

0ʉ 
ʆʢʪʘʥʦʚʦʝ ʯʠʩʣʦ 

ʥ-ʙʫʪʘʥ 405 91 

ʥ-ʧʝʥʪʘʥ 309 61,7 

ʥ-ʛʝʧʪʘʥ 223 0 

   

ʀʟʦʤʝʨʳ   

ʥ-ʙʫʪʘʥ 405 91 

2-ʤʝʪʠʣʧʨʦʧʘʥ 460 99 

   

ʥ-ʧʝʥʪʘʥ 309 61,7 

2-ʤʝʪʠʣʙʫʪʘʥ 432 90,3 

   

ʥ-ʛʝʧʪʘʥ 230 0 

2,2,3-ʪʨʠʤʝʪʠʣʙʫʪʘʥ 430 101 

   

ʧʝʥʪʝʥ-1 270 77,1 

2-ʤʝʪʠʣʙʫʪʝʥ-1 365 81,9 

2-ʤʝʪʠʣʙʫʪʝʥ-2 380 84,7 

   

ʙʝʥʟʦʣ 540 111,6 

 

ɼʘʥʥʳʝ ʪʘʙʣʠʮʳ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʧʦʚʳʰʝʥʠʶ ʦʢʪʘʥʦʚʦʛʦ ʯʠʩʣʘ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟ-

ʚʝʪʚʣʝʥʠʝ ʮʝʧʠ ʠ ʧʦʷʚʣʝʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ.  

ʊʝʤʧʝʨʘʪʫʨʘ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ ʪʘʢʞʝ ʚ ʵʪʠʭ ʩʣʫʯʘʷʭ ʚʦʟʨʘʩʪʘʝʪ. 

ʉʧʦʩʦʙ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʪʦʧʣʠʚʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʚ ʙʝʥʟʠʥʦʚʦʤ ʠ ʜʠ-

ʟʝʣʴʥʦʤ ʜʚʠʛʘʪʝʣʷʭ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʣʠʯʘʶʪʩʷ.  

ɺ ʙʝʥʟʠʥʦʚʦʤ ʜʚʠʛʘʪʝʣʝ ʪʦʧʣʠʚʦ ʩʤʝʰʠʚʘʝʪʩʷ ʩ ʚʩʘʩʳʚʘʝʤʳʤ ʚʦʟʜʫʭʦʤ ʜʦ ʧʦʧʘʜʘʥʠʷ 

ʚ ʮʠʣʠʥʜʨ, ʧʦʣʫʯʘʝʤʘʷ ʩʤʝʩʴ ʧʦʜʞʠʛʘʝʪʩʷ ʚ ʥʝʦʙʭʦʜʠʤʳʡ ʤʦʤʝʥʪ ʩʚʝʯʦʡ ʟʘʞʠʛʘʥʠʷ. ɺ ʜʠʟʝ-

ʣʝ ʞʝ ʪʦʧʣʠʚʦ ʚʦʩʧʣʘʤʝʥʷʝʪʩʷ ʥʝ ʦʪ ʠʩʢʨʳ, ʘ ʚʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ ʮʠ-

ʣʠʥʜʨʝ.  



ʈʘʟʜʝʣ 1. ʌʋʅɼɸʄɽʅʊɸʃʔʅʓɽ ʀ ʇʈʀʂʃɸɼʅʓɽ ɺʆʇʈʆʉʓ ʌʀɿʀʂʀ ʀ ʍʀʄʀʀ 

35 

 

ɼʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʮʝʪʘʥʦʚʳʤ ʯʠʩʣʦʤ - ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʚʦʩʧʣʘʤʝ-

ʥʷʝʤʦʩʪʠ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ ʧʝʨʠʦʜ ʟʘʜʝʨʞʢʠ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʩʤʝʩʠ 

(ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʦʪ ʚʧʨʳʩʢʘ ʪʦʧʣʠʚʘ ʚ ʮʠʣʠʥʜʨ ʜʦ ʥʘʯʘʣʘ ʝʛʦ ʛʦʨʝʥʠʷ).  

ʏʝʤ ʚʳʰʝ ʮʝʪʘʥʦʚʦʝ ʯʠʩʣʦ, ʪʝʤ ʤʝʥʴʰʝ ʟʘʜʝʨʞʢʘ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʠ ʪʝʤ ʙʦʣʝʝ ʩʧʦʢʦʡ-

ʥʦ ʠ ʧʣʘʚʥʦ ʛʦʨʠʪ ʪʦʧʣʠʚʥʘʷ ʩʤʝʩʴ. 

ɺ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʥʳʭ ʚʝʱʝʩʪʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʮʝʪʘʥʦʚʦʛʦ ʯʠʩʣʘ ʠʩʧʦʣʴʟʫʶʪ ʛʝʢ-

ʩʘʜʝʢʘʥ ʉ16ʅ34 (ʮʝʪʘʥ) ʠ Ŭ-ʤʝʪʠʣʥʘʬʪʘʣʠʥ, ʮʝʪʘʥʦʚʳʝ ʯʠʩʣʘ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳ 

100 ʠ 0. 

ʎʝʪʘʥʦʚʦʝ ʯʠʩʣʦ (ʪʘʢ ʞʝ ʢʘʢ ʠ ʦʢʪʘʥʦʚʦʝ) - ʙʝʟʨʘʟʤʝʨʥʘʷ ʫʩʣʦʚʥʘʷ ʚʝʣʠʯʠʥʘ, ʩʚʷʟʘʥ-

ʥʘʷ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʟʘʚʠʩʠʤʦʩʪʴ ʦʙʨʘʪʥʘ ʦʢʪʘʥʦʚʦʤʫ ʯʠʩʣʫ: 

ʯʝʤ ʥʠʞʝ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ, ʪʝʤ ʚʳʰʝ ʟʥʘʯʝʥʠʝ ʮʝʪʘʥʦʚʦʛʦ ʯʠʩʣʘ 

(ʪʘʙʣʠʮʘ 5). 

 

ʊʘʙʣʠʮʘ 5. ɿʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ 

 ʠ ʮʝʪʘʥʦʚʳʭ ʯʠʩʝʣ ʥʝʢʦʪʦʨʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ 
 

ʋʛʣʝʚʦʜʦʨʦʜʳ 
tʩʘʤʦʚʦʩʧʣ 

0ʉ 
ʎʝʪʘʥʦʚʦʝ ʯʠʩʣʦ 

ʥ-ʛʝʧʪʘʥ 230 56,3 

ʥ-ʦʢʪʘʥ 227 63,8 

ʥ-ʜʝʢʘʥ 215 76,9 

ʥ-ʜʦʜʝʢʘʥ  207 87,6 

ʥ-ʛʝʢʩʘʜʝʢʘʥ (ʮʝʪʘʥ) 202 100 

ʥ-ʦʢʪʘʜʝʢʘʥ 200 102,6 

ʙʝʥʟʦʣ 540 º 0 

a-ʤʝʪʠʣʥʘʬʪʘʣʠʥ 520 0 

 

ʇʨʦʚʝʜʝʤ ʩʨʘʚʥʝʥʠʝ ʦʢʪʘʥʦʚʦʛʦ ʯʠʩʣʘ ʙʝʥʟʠʥʦʚ ʠ ʮʝʪʘʥʦʚʦʛʦ ʯʠʩʣʘ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧ-

ʣʠʚʘ (ʪʘʙʣʠʮʘ 6).  

 

ʊʘʙʣʠʮʘ 6. ʆʢʪʘʥʦʚʳʝ ʠ ʮʝʪʘʥʦʚʳʝ ʯʠʩʣʘ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʙʝʥʟʠʥʦʚ 
 

ʄʘʨʢʘ ʙʝʥʟʠʥʘ ʆʏ/ʀ (ʥʝ ʤʝʥʝʝ) ʎʝʪʘʥʦʚʦʝ ʯʠʩʣʦ 

ɸ-76 ʥʝ ʥʦʨʤʠʨ. 35 

ɸʀ-80 80 35 

ɸʀ-92 92 22,5 

ɸʀ-95 95 15 

ɸʀ-98 98 11,5 

 

ɼʘʥʥʳʝ ʪʘʙʣʠʮʳ ʝʱʝ ʨʘʟ ʜʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʝʞʜʫ ʵʪʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʩʫʱʝʩʪʚʫʝʪ ʦʙ-

ʨʘʪʥʘʷ ʩʚʷʟʴ: ʯʝʤ ʙʦʣʴʰʝ ʦʢʪʘʥʦʚʦʝ ʯʠʩʣʦ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʘ, ʪʝʤ ʤʝʥʴʰʝ ʝʛʦ ʩʧʦ-

ʩʦʙʥʦʩʪʴ ʢ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʶ, ʠ ʥʘʦʙʦʨʦʪ.  

ʀʟʫʯʝʥʠʝ ʩʚʷʟʠ ʩʪʨʫʢʪʫʨʳ ʛʦʨʶʯʠʭ ʚʝʱʝʩʪʚ ʠ ʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ, 

ʥʝʩʦʤʥʝʥʥʦ, ʘʢʪʫʘʣʴʥʦʝ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʪʠʷ ʧʦʞʘʨʥʦʡ ʥʘʫʢʠ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

 

1. ɻʆʉʊ 12.1.044 ï 2018. ʉʠʩʪʝʤʘ ʩʪʘʥʜʘʨʪʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʫʜʘ. ʇʦʞʘʨʦʚʟʨʳʚʦ-

ʦʧʘʩʥʦʩʪʴ ʚʝʱʝʩʪʚ ʠ ʤʘʪʝʨʠʘʣʦʚ. ʅʦʤʝʥʢʣʘʪʫʨʘ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʤʝʪʦʜʳ ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ. 

2. ʂʦʨʦʙʝʡʥʠʢʦʚʘ ɽ.ɻ., ʂʦʞʝʚʥʠʢʦʚʘ ʅ.ʖ. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʧʦʞʘʨʦʦʧʘʩʥʳʝ 

ʩʚʦʡʩʪʚʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʜʣʷ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ 20.05.01 ï ʧʦʞʘʨ-

ʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, 20.03.01 ï ʪʝʭʥʦʩʬʝʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, 40.05.03 ï ʩʫʜʝʙʥʘʷ ʵʢʩʧʝʨʪʠʟʘ. 

ʉʇʙ.: ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ  ʫʥʠʚʝʨʩʠʪʝʪ ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ, 2017. ï  293 ʩ. 

http://ru.wikipedia.org/wiki/%D0%94%D0%B8%D0%B7%D0%B5%D0%BB%D1%8C%D0%BD%D0%BE%D0%B5_%D1%82%D0%BE%D0%BF%D0%BB%D0%B8%D0%B2%D0%BE
http://ru.wikipedia.org/wiki/%D0%94%D0%B8%D0%B7%D0%B5%D0%BB%D1%8C%D0%BD%D0%BE%D0%B5_%D1%82%D0%BE%D0%BF%D0%BB%D0%B8%D0%B2%D0%BE
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FIRE-RETARDANT TREATMENT OF TEXTILE MATERIAL  

 
Abstract: the effect of flame retardants on the mixed fabric was Studied. Their efficiency as fabric 

flame retardants and their influence on its strength characteristics are considered. 

Keywords: fabric, flame retardants, flame retardant coating, optimal concentration, loss of strength, 

wear resistance, length of charred fabric area. 

 

ʋʚʝʣʠʯʝʥʠʝ ʘʩʩʦʨʪʠʤʝʥʪʘ ʪʝʢʩʪʠʣʴʥʳʭ ʪʢʘʥʝʡ ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʞʠʣʳʭ, ʦʙʱʝʩʪʚʝʥʥʳʭ 

ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʟʜʘʥʠʷʭ, ʥʘ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʪʨʘʥʩʧʦʨʪʘ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʧʦʞʘʨʥʫʶ 

ʦʧʘʩʥʦʩʪʴ ʦʙʲʝʢʪʘ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʩʦʩʪʘʚʦʤ ʪʢʘʥʝʡ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʥʘʪʫʨʘʣʴʥʳʭ, ʠʩʢʫʩ-

ʩʪʚʝʥʥʳʭ ʠʣʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ, ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʢʦʪʦʨʳʭ ʩʧʦʩʦʙʥʳ ʚʦʩʧʣʘʤʝʥʷʪʴʩʷ ʦʪ 

ʠʩʪʦʯʥʠʢʘ ʟʘʞʠʛʘʥʠʷ. ʇʦʚʳʰʝʥʠʝ ʦʛʥʝʩʪʦʡʢʦʩʪʠ ʪʢʘʥʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʤʝʥʴʰʝʥʠʝ ʝʝ 

ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ, ʜʦʩʪʠʛʘʝʪʩʷ ʥʘʥʝʩʝʥʠʝʤ ʦʛʥʝʟʘʱʠʪʥʦʛʦ ʧʦʢʨʳʪʠʷ. ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʩʢʘ-

ʟʘʥʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʘʥʪʠʧʠʨʝʥʦʚ ʥʘ ʦʛʥʝʩʪʦʡ-

ʢʦʩʪʴ ʪʢʘʥʠ. 

ʋʣʫʯʰʝʥʠʝ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʩʚʦʡʩʪʚ ʪʢʘʥʝʡ: ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦ-

ʩʪʠ, ʫʤʝʥʴʰʝʥʠʝ ʫʩʘʜʢʠ, ʜʦʩʪʠʛʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʠʭ ʩʦʩʪʘʚʘ. ʇʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʮʘ 

ʩʨʘʚʥʝʥʠʷ ʙʳʣʘ ʚʳʙʨʘʥʘ ʩʤʝʩʦʚʘʷ ʪʢʘʥʴ ʧʣʦʪʥʦʩʪʴʶ 171Ñ9 ʛ/ʤ2, ʩʦʩʪʦʷʱʘʷ ʠʟ ʭʣʦʧʯʘʪʦʙʫ-

ʤʘʞʥʳʭ ʚʦʣʦʢʦʥ ʠ 33 % ʩʠʙʣʦʥʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʘʥʪʠʧʠʨʝʥʦʚ ʜʣʷ ʪʢʘʥʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʧʨʝʧʘʨʘʪʳ: ɺʀʄ-1, 

ɺɸʅʅ-1, ʬʦʛʠʥʦʣ ʠ ʪʝʟʘʛʨʘʥ. ʊʢʘʥʴ, ʦʙʨʘʙʦʪʘʥʥʘʷ ʜʠʘʤʤʦʥʠʡʬʦʩʬʘʪʦʤ ʠ ʙʦʨʥʦʡ ʢʠʩʣʦʪʦʡ 

ʠʣʠ ʤʦʯʝʚʠʥʦʡ, ʷʚʣʷʣʘʩʴ ʵʪʘʣʦʥʦʤ ʩʨʘʚʥʝʥʠʷ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʥʘʥʝʩʝʥʠʷ ʘʥʪʠ-

ʧʠʨʝʥʦʚ ʥʘ ʪʢʘʥʴ ʠ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʳʙʨʘʥʳ ʧʦ ʩʧʨʘʚʦʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʠ ʨʝʢʦʤʝʥʜʘʮʠʷʤ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʧʨʝʧʘʨʘʪʦʚ [1].  

ʆʧʪʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʛʥʝʟʘʱʠʪʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ɺʀʄ-1, ɺɸʅʅ-1 

ʠ ʬʦʛʠʥʦʣ, ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʦʧʳʪʦʚ. ʋʩʣʦʚʠʷ ʦʙʨʘʙʦʪʢʠ ʠʩʩʣʝʜʫ-

ʝʤʳʤʠ ʧʨʝʧʘʨʘʪʘʤʠ ʪʝʢʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

                                           
É ɺʦʨʦʙʴʝʚ ɸ.ɸ., ʉʥʝʛʠʨʝʚ ɼ.ɻ., 2019 



ʈʘʟʜʝʣ 1. ʌʋʅɼɸʄɽʅʊɸʃʔʅʓɽ ʀ ʇʈʀʂʃɸɼʅʓɽ ɺʆʇʈʆʉʓ ʌʀɿʀʂʀ ʀ ʍʀʄʀʀ 
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ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʪʢʘʥʠ ʠʩʩʣʝʜʫʝʤʳʤʠ ʧʨʝʧʘʨʘʪʘʤʠ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʪʝʨʝ ʝʝ ʧʨʦʯʥʦʩʪʠ ʥʘ 10,2 ï 58,5 %. ʅʘʠʙʦʣʴʰʘʷ ʧʦʪʝʨʷ ʧʨʦʯʥʦʩʪʠ 35-59 % ʦʪʤʝʯʘʝʪʩʷ ʥʘ 

ʦʙʨʘʟʮʘʭ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʩʦʩʪʘʚʘʤʠ ʥʘ ʦʩʥʦʚʝ ʜʠʘʤʤʦʥʠʡʬʦʩʬʘʪʘ. ʆʩʪʘʣʴʥʳʝ 

ʧʨʝʧʘʨʘʪʳ ʫʤʝʥʴʰʘʶʪ ʧʨʦʯʥʦʩʪʴ ʪʢʘʥʠ ʥʘ 10 - 22 %. 

 

ʊʘʙʣʠʮʘ 1. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʙʨʘʙʦʪʢʠ ʘʥʪʠʧʠʨʝʥʘʤʠ ʪʢʘʥʠ 

 

ˉ 

ʧ/ʧ 

ʅʘʠʤʝʥʦʚʘʥʠʝ  

ʘʥʪʠʧʠʨʝʥʘ 

ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʚ ʨʘʩʪʚʦʨʝ, ʛ/ʣ 

ʊʝʤʧʝʨʘʪʫʨʘ ʊʝʨʤʦʦʙʨʘʙʦʪʢʘ 

ʨʘʩʪʚʦʨʘ, 

ʉ̄ 

ʩʫʰʢʠ, 

ʉ̄ 

ʚʨʝʤʷ, 

ʤʠʥ. 

ʪʝʤʧʝʨʘʪʫʨʘ, 

ʉ̄ 

1 ɺʀʄ-1 100 25 120 - - 

2 ɺɸʅʅ-1 100 25 120 - - 

3 ʌʦʛʠʥʦʣ 300 25 120 2 150 

4 
ʊʝʟʘʛʨʘʥ 100 

65 120 5 160 
ʄʦʯʝʚʠʥʘ 220 

5 
ʄʦʯʝʚʠʥʘ 230 

60 70 13 160 
ɼʠʘʤʤʦʥʠʡʬʦʩʬʘʪ 120 

6 

ɹʫʨʘ 150 

50 70 - - ɹʦʨʥʘʷ ʢʠʩʣʦʪʘ 105 

ɼʠʘʤʤʦʥʠʡʬʦʩʬʘʪ 45 

 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʘʥʪʠʧʠʨʝʥʦʚ ʦʮʝʥʠʚʘʣʘʩʴ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʥʦʨʤʘʪʠʚʥʦʡ ʣʠʪʝʨʘʪʫʨʳ 

[2]. ɼʣʠʥʥʘ ʦʙʫʛʣʝʥʥʦʛʦ ʫʯʘʩʪʢʘ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 150 ʤʤ, ʚʨʝʤʷ ʦʩʪʘʪʦʯʥʦʛʦ ʛʦʨʝʥʠʷ 

ʤʝʥʴʰʝ 5 ʩ, ʪʣʝʥʠʝ ʥʝʜʦʧʫʩʪʠʤʦ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʩʪʦʷʥʥʳʡ ʦʛʥʝ-

ʟʘʱʠʪʥʳʡ ʵʬʬʝʢʪ ʪʢʘʥʠ (ʦʪʩʫʪʩʪʚʠʝ ʦʩʪʘʪʦʯʥʦʛʦ ʛʦʨʝʥʠʷ ʠ ʪʣʝʥʠʷ), ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʥʪʠʧʠʨʝʥʦʚ ɺʀʄ-1 ʠ ɺɸʅʅ-1 - 100 ʛ/ʣ, ʬʦʛʠʥʦʣʘ - 300 ʛ/ʣ (ʪʘʙʣʠʮʘ 1). ɼʘʥ-

ʥʳʝ ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʛʥʝʩʪʦʡʢʦʡ ʦʙʨʘʙʦʪʢʠ ʪʢʘʥʠ 

 

ˉ 

ʧ/ʧ 

ʅʘʠʤʝʥʦʚʘʥʠʝ  

ʘʥʪʠʧʠʨʝʥʘ 

ʕʬʬʝʢʪ ʦʛʥʝʩʪʦʡʢʦʩʪʠ 

ʜʣʠʥʘ ʦʙʫʛ-

ʣʝʥʥʦʛʦ 

ʫʯʘʩʪʢʘ, ʤʤ 

ʚʨʝʤʷ ʟʘʞʠʛʘ-

ʥʠʷ, ʩ 

ʚʨʝʤʷ ʦʩʪʘ-

ʪʦʯʥʦʛʦ ʛʦʨʝ-

ʥʠʷ, ʩ 

ʚʨʝʤʷ ʦʩʪʘ-

ʪʦʯʥʦʛʦ ʪʣʝ-

ʥʠʷ, ʩ 

1 ɺʀʄ-1 37 15 0 0 

2 ɺɸʅʅ-1 46,3 15 0 0 

3 ʌʦʛʠʥʦʣ 71 15 0 0 

4 
ʊʝʟʘʛʨʘʥ 

ʄʦʯʝʚʠʥʘ 
42 15 0 0 

5 
ʄʦʯʝʚʠʥʘ 

ɼʠʘʤʤʦʥʠʡʬʦʩʬʘʪ 
39 15 0 0 

6 

ɹʫʨʘ 

ɹʦʨʥʘʷ ʢʠʩʣʦʪʘ 

ɼʠʘʤʤʦʥʠʡʬʦʩʬʘʪ 

42 15 0 0 

7 
ʊʢʘʥʴ, ʥʝ ʦʙʨʘʙʦʪʘʥʥʘʷ 

ʘʥʪʠʧʠʨʝʥʘʤ 

ʩʛʦʨʝʣ ʚʝʩʴ ʦʙ-

ʨʘʟʝʮ 
4 54 31 

 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʚʩʝ ʠʩʩʣʝʜʫʝʤʳʝ ʧʨʝʧʘʨʘʪʳ ʦʙʣʘʜʘʶʪ ʦʛʥʝʟʘ-

ʱʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʦʩʪʘʪʦʯʥʦʛʦ ʛʦʨʝʥʠʷ ʠ ʪʣʝʥʠʷ, ʥʘʠʤʝʥʴʰʠʡ ʥʦʨʤʘ-

ʪʠʚʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʜʣʠʥʘ ʦʙʫʛʣʝʥʥʦʛʦ ʫʯʘʩʪʢʘ ʧʦʣʫʯʝʥ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʪʢʘʥʠ ʘʥʪʠʧʠʨʝʥʘʤ 

ɺʀʄ-1. ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʧʨʦʧʠʪʦʯʥʦʤ ʨʘʩʪʚʦʨʝ 100 ʛ/ʣ ʠ ʦʪʩʫʪʩʪʚʠʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ, ʧʦʪʝʨʷ ʧʨʦʯʥʦʩʪʠ ʪʢʘʥʠ ʥʝ ʧʨʝʚʳʰʘʣʘ 19 %. 

ɼʣʷ ʪʢʘʥʠ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʨʝʧʘʨʘʪʦʤ, ʚʢʣʶʯʘʶʱʠʤ ʚ ʩʚʦʡ ʩʦʩʪʘʚ ʪʝʟʘʛʨʘʥ ʠ ʤʦʯʝʚʠ-

ʥʫ, ʜʣʠʥʘ ʦʙʫʛʣʝʥʥʦʛʦ ʫʯʘʩʪʢʘ ʩʦʩʪʘʚʠʣʘ 42 ʤʤ, ʧʦʪʝʨʷ ʧʨʦʯʥʦʩʪʠ 10,2 %. ʇʨʠ ʵʪʦʤ ʢ ʥʝʜʦ-

ʩʪʘʪʢʘʤ ʧʨʠʤʝʥʝʥʠʷ ʘʥʪʠʧʠʨʝʥʘ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʧʦʚʳʰʝʥʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʢʦʤʧʦʥʝʥʪʦʚ ʠ 



IV ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

ɸʂʊʋɸʃʔʅʓɽ ɺʆʇʈʆʉʓ ɽʉʊɽʉʊɺʆɿʅɸʅʀʗ 
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ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʘʥʪʠʧʠʨʝʥʘ ʙʫʨʳ, 

ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʠ ʜʠʘʤʤʦʥʠʡʬʦʩʬʘʪʘ, ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʧʨʦʯʥʦʩʪʠ ʪʢʘʥʠ ʥʘ 58,8 %. 

 ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣ ʘʥʪʠʧʠʨʝʥ ʥʘ ʦʩʥʦʚʝ ʤʦʯʝʚʠʥʳ ʠ ʜʠʘʤʤʦʥʠʡ-

ʬʦʩʬʘʪʘ, ʦʜʥʘʢʦ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʝʙʫʝʪ ʧʦʚʳʰʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʨʘʩ-

ʪʚʦʨʝ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʪʢʘʥʠ. ʇʦʪʝʨʷ ʧʨʦʯʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʣʷ-

ʝʪ 34,7 %.  

ʀʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʠʩʩʣʝʜʫʝʤʳʝ ʧʨʝʧʘʨʘʪʳ ʦʙʣʘʜʘʶʪ 

ʦʛʥʝʟʘʱʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺʳʙʦʨ ʘʥʪʠʧʠʨʝʥʦʚ ʟʘʚʠʩʠʪ ʦʪ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʪʢʘʥʝʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ. 
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ɸʥʥʦʪʘʮʠʷ: ʨʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ (ʨʝʧʝʡʥʦʛʦ, ʦʣʠʚʢʦ-

ʚʦʛʦ, ʢʘʤʬʦʨʥʦʛʦ, ʣʴʥʷʥʦʛʦ, ʧʦʜʩʦʣʥʝʯʥʦʛʦ), ʞʠʚʦʪʥʦʛʦ ʠ ʞʠʚʦʪʥʳʭ ʞʠʨʦʚ (ʩʚʠʥʦʡ, ʪʝʣʷʯʠʡ, ʙʘʨʘ-

ʥʠʡ, ʛʦʚʷʞʠʡ ʠ ʨʳʙʠʡ ʞʠʨʳ) ʚ ʢʘʯʝʩʪʚʝ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʀʟʤʝʨʝʥ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʚ ʜʠʘ-

ʧʘʟʦʥʝ ʜʦ 180 ʅ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʜʘʥʥʳʭ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʤʝʜʠʮʠʥʩʢʠʤ ʚʘʟʝʣʠʥʦʤ ʠ 

ʚʘʟʝʣʠʥʦʚʳʤ ʤʘʩʣʦʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʣʫʯʰʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʙʣʘʜʘʶʪ ʦʣʠʚʢʦʚʦʝ ʤʘʩʣʦ ʩʨʝʜʠ 

ʞʠʜʢʠʭ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʣʷʯʠʡ ʞʠʨ ʩʨʝʜʠ ʢʦʥʩʠʩʪʝʥʪʥʳʭ ʩʤʘʟʦʢ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʞʠʚʦʪʥʳʝ ʞʠʨʳ, ʨʘʩʪʠʪʝʣʴʥʳʝ ʤʘʩʣʘ, ʪʨʠʙʦʣʦʛʠʷ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ. 

 

K. A. Sinkova, A. S. Tkachenko, M. A. Naumov, K. M. Kazaryan 

 

TRIBOLOGICAL PROPERTIES OF VEGETABLE OILS AND ANIMAL FATS  

 
Abstract: the possibility of using vegetable oils (burdock, olive, camphor, flaxseed, sunflower), an-

imal and animal fats (pork, calf, lamb, beef and fish oils) as lubricants was considered. The coefficient of 

friction was measured in the range up to 180 N. A comparison of these lubricants with medical petroleum 

jelly and petroleum jelly was carried out. It has been shown that olive oil among liquid lubricants and calf fat 

among grease lubricants have the best characteristics. 

Keywords: animal fats, vegetable oils, tribology, friction coefficient.  

 

ʇʦʚʳʰʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤ, ʩ ʢʦʪʦʨʦʡ ʩʪʘʣʢʠʚʘʝʪʩʷ ʯʝʣʦʚʝʯʝʩʪʚʦ. ʊʘʢ, ʩʦʛʣʘʩʥʦ ʜʠʨʝʢʪʠʚʘʤ 
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ʈʘʟʜʝʣ 1. ʌʋʅɼɸʄɽʅʊɸʃʔʅʓɽ ʀ ʇʈʀʂʃɸɼʅʓɽ ɺʆʇʈʆʉʓ ʌʀɿʀʂʀ ʀ ʍʀʄʀʀ 
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ɽʚʨʦʧʝʡʩʢʦʛʦ ʉʦʶʟʘ ʩ 2020 ʛ. ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʩʝʣʴʩʢʦʤ ʠ ʣʝʩʥʦʤ ʭʦʟʷʡʩʪʚʝ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʠ 

ʥʝʬʪʷʥʳʭ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʫʜʝʪ ʦʛʨʘʥʠʯʝʥʦ [1]. 

ʈʝʰʝʥʠʝʤ ʧʨʦʙʣʝʤʳ ʤʦʛʫʪ ʙʳʪʴ ʙʠʦʨʘʟʣʘʛʘʝʤʳʝ ʩʤʘʟʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʦʣʫʯʝʥʥʳʝ 

ʠʟ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ ʩʳʨʴʷ. ʈʘʩʪʠʪʝʣʴʥʳʝ ʤʘʩʣʘ ʠ ʞʠʚʦʪ-

ʥʳʝ ʞʠʨʳ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʠʥʜʫʩʪʨʠʘʣʴʥʳʤ ʤʠʥʝʨʘʣʴʥʳʤ 

ʩʤʘʟʢʘʤ. ʇʦ ʜʘʥʥʳʤ [2] ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʧʫʩʢʘʝʪʩʷ ʙʦʣʝʝ 150 ʪʳʩ. ʪʦʥʥ ʩʤʘʟʦʯʥʳʭ ʤʘ-

ʪʝʨʠʘʣʦʚ ʥʘ ʨʘʩʪʠʪʝʣʴʥʦʡ ʦʩʥʦʚʝ ʚ ʛʦʜ (ʜʣʷ ʩʨʘʚʥʝʥʠʷ, ʤʠʥʝʨʘʣʴʥʳʭ ʤʘʩʝʣ ʚʳʧʫʩʢʘʝʪʩʷ ʦʢʦ-

ʣʦ 20 ʤʣʥ ʪʦʥʥ ʚ ʛʦʜ).  

ʃʶʜʠ ʥʘʯʘʣʠ ʧʨʠʤʝʥʷʪʴ ʩʤʘʟʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʫʞʝ ʦʯʝʥʴ ʜʘʚʥʦ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʦʚ: ʩʤʘʟʢʘ ʧʦʟʚʦʣʷʣʘ ʩʥʠʟʠʪʴ ʪʨʝʥʠʝ ʠ ʠʟʥʘʰʠʚʘʥʠʝ ʚ 

ʟʦʥʝ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʦʪʚʝʩʪʠ ʪʝʧʣʦ, ʩʦʭʨʘʥʠʪʴ ʟʘʛʦʪʦʚʢʫ.  

ɽʱʝ ʚ ɼʨʝʚʥʝʤ ɽʛʠʧʪʝ ʠ ɼʨʝʚʥʝʡ ɻʨʝʮʠʠ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʣʦʩʴ ʦʣʠʚʢʦʚʦʝ ʤʘʩʣʦ ʜʣʷ 

ʩʤʘʟʳʚʘʥʠʷ ʩʦʧʨʠʢʘʩʘʶʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʘʤʥʝʡ ʧʨʠ ʠʭ ʧʝʨʝʤʝʱʝʥʠʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʧʣʘʩʪʠʯʥʳʝ ʩʤʘʟʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʥʘʧʨʠʤʝʨ ʞʠʚʦʪʥʳʝ ʞʠʨʳ, ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ 

ʩʤʘʟʢʠ ʚ ʦʩʷʭ ʢʦʣʝʩ ʪʝʣʝʛ ʠ ʧʦʚʦʟʦʢ.  

ɺ ʉʨʝʜʥʠʝ ʚʝʢʘ, ʚ ʩʚʷʟʠ ʩ ʫʩʣʦʞʥʝʥʠʝʤ ʢʦʥʩʪʨʫʢʮʠʡ ʠʩʧʦʣʴʟʫʝʤʦʡ ʪʝʭʥʠʢʠ, ʥʘʯʘʣʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʘʟʣʠʯʥʳʝ ʩʤʘʟʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʩʪʫʧʥʦʩʪʠ ʚ ʜʘʥʥʦʡ 

ʤʝʩʪʥʦʩʪʠ: ʘʨʘʭʠʩʦʚʦʝ, ʢʘʩʪʦʨʦʚʦʝ, ʨʘʧʩʦʚʦʝ ʠ ʜʨ. ʤʘʩʣʘ.  

ɺ IXX  ʚ., ʙʣʘʛʦʜʘʨʷ ʥʘʯʘʣʫ ʧʨʦʤʳʰʣʝʥʥʦʡ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ ʚ ʇʝʥʩʠʣʴʚʘʥʠʠ, ʘʢʪʠʚ-

ʥʦ ʥʘʯʘʣʠ ʧʨʠʤʝʥʷʪʴʩʷ ʩʤʘʟʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦ-

ʨʳʝ ʧʦʣʫʯʘʶʪ ʠʟ ʧʨʠʨʦʜʥʦʡ ʥʝʬʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʤʝʰʠʚʘʥʠʝ ʫʛʣʝʚʦʜʦʨʦ-

ʜʦʚ ʩ ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʤʘʩʣʘʤʠ ʧʦʚʳʰʘʝʪ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ.  

ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʟ 

ʥʝʬʪʷʥʳʭ ʧʨʦʜʫʢʪʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʶʪ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʠʭ ʧʨʝʜʧʦʣʘʛʘʝʪ ʙʦʣʴʰʠʝ ʙʶʜʞʝʪʳ ʥʘ ʧʦʩʣʝʜʫʶʱʫʶ ʫʪʠʣʠʟʘʮʠʶ ʠ ʧʝʨʝʨʘʙʦʪʢʫ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʧʨʦʠʩʭʦʞʜʝʥʠʶ ʩʳʨʴʷ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʠʭ ʛʨʫʧʧ: 

1. ʄʠʥʝʨʘʣʴʥʳʝ ʤʘʩʣʘ. ʇʦʣʫʯʘʶʪ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ, ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ, ʩʦʩʪʘʚʣʷʶʪ ʙʦʣʝʝ 90 % ʦʪ ʤʠʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʤʘʟʦʯʥʳʭ ʤʘ-

ʪʝʨʠʘʣʦʚ. 

2. ʈʘʩʪʠʪʝʣʴʥʳʝ ʤʘʩʣʘ. ʇʨʦʠʟʚʦʜʷʪʩʷ ʠʟ ʩʝʤʷʥ ʠ ʜʨʫʛʠʭ ʯʘʩʪʝʡ ʨʘʩʪʝʥʠʡ. 

3. ɾʠʚʦʪʥʳʝ ʞʠʨʳ. ʇʦʣʫʯʘʶʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʨʘʙʦʪʢʠ ʞʠʨʦʚ ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʞ-

ʜʝʥʠʷ (ʛʦʚʷʞʠʡ, ʩʚʠʥʦʡ, ʪʝʭʥʠʯʝʩʢʠʡ ʨʳʙʠʡ ʠ ʪ. ʧ.). 

4. ʉʠʥʪʝʪʠʯʝʩʢʠʝ ʩʤʘʟʢʠ. ʇʨʦʠʟʚʦʜʷʪ ʧʫʪʝʤ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʫʛʣʝʚʦ-

ʜʦʨʦʜʦʚ ʥʝʬʪʷʥʦʛʦ ʠ ʥʝ ʥʝʬʪʷʥʦʛʦ ʩʳʨʴʷ, ʩʠʥʪʝʟʦʤ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦ-

ʣʫʯʝʥʠʝʤ ʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʬʪʦʨʫʛʣʝʨʦʜʘ (ʪʝʬʣʦʥʘ, ʬʪʦʨʦʧʣʘʩʪʘ ʠ ʪ. ʧ.). ʉʠʥʪʝʪʠʯʝʩʢʠʝ 

ʤʘʩʣʘ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʦ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʘ.  

ʉʤʘʟʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʠʭ ʛʨʫʧʧ ʧʦ ʩʚʦʝʤʫ ʘʛʨʝ-

ʛʘʪʥʦʤʫ ʩʦʩʪʦʷʥʠʶ: 

1. ɾʠʜʢʠʝ ʩʤʘʟʦʯʥʳʝ ʤʘʩʣʘ. ɺ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʦʥʠ ʷʚʣʷʶʪʩʷ ʞʠʜʢʦʩʪʷʤʠ ʩ ʥʝ 

ʩʣʠʰʢʦʤ ʙʦʣʴʰʦʡ ʚʷʟʢʦʩʪʴʶ, ʵʪʦ ʤʘʩʣʘ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠ,̫ ʢ ʢʦʪʦʨʳʤ ʧʦʟʞʝ ʜʦ-

ʙʘʚʠʣʠʩʴ ʤʘʩʣʘ, ʧʦʣʫʯʝʥʥʳʝ ʧʝʨʝʨʘʙʦʪʢʦʡ ʥʝʬʪʠ. 

2. ʂʦʥʩʠʩʪʝʥʪʥʳʝ ʩʤʘʟʢʠ. ʉʫʙʩʪʘʥʮʠʠ ʩ ʙʦʣʴʰʦʡ ʚʷʟʢʦʩʪʴʶ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ 

ʤʘʩʣʦʦʙʨʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʂ ʪʘʢʠʤ ʩʤʘʟʢʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʞʠʚʦʪʥʳʝ ʞʠʨʳ, ʪʝʭʥʠʯʝʩʢʠʡ 

ʚʘʟʝʣʠʥ, ʩʦʣʠʜʦʣ ʠ ʪ.ʧ. 

3. ʊʚʝʨʜʦʬʘʟʥʳʝ ʩʤʘʟʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ. ʕʪʦ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʪʚʝʨ-

ʜʦʤ ʩʦʩʪʦʷʥʠʠ, ʥʦ ʠʟʤʝʣʴʯʝʥʳ ʜʦ ʩʦʩʪʦʷʥʠʷ ʧʦʨʦʰʢʘ. ʅʘʧʨʠʤʝʨ: ʩʫʣʴʬʠʜ ʤʦʣʠʙʜʝʥʘ, ʧʦʨʦ-

ʰʦʢ ʛʨʘʬʠʪʘ ʠ ʪ. ʧ.  

 

 

 



IV ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

ɸʂʊʋɸʃʔʅʓɽ ɺʆʇʈʆʉʓ ɽʉʊɽʉʊɺʆɿʅɸʅʀʗ 

 

40 

 

ʎʝʣʴ ʨʘʙʦʪʳ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢʘʢ ʘʣʴʪʝʨ-

ʥʘʪʠʚʳ ʤʠʥʝʨʘʣʴʥʳʤ ʩʤʘʟʦʯʥʳʤ ʤʘʪʝʨʠʘʣʘʤ. ʉʨʘʚʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʨʷʜʘ ʨʘʩʪʠ-

ʪʝʣʴʥʳʭ ʤʘʩʝʣ ʠ ʞʠʚʦʪʥʳʭ ʞʠʨʦʚ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥ ʨʷʜ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

(ʤʘʩʣʦ ʨʝʧʝʡʥʦʝ, ʦʣʠʚʢʦʚʦʝ, ʢʘʤʬʦʨʥʦʝ, ʣʴʥʷʥʦʝ, ʧʦʜʩʦʣʥʝʯʥʦʝ) ʠ ʞʠʚʦʪʥʦʛʦ (ʩʚʠʥʦʡ, ʪʝʣʷ-

ʯʠʡ, ʙʘʨʘʥʠʡ, ʛʦʚʷʞʠʡ ʠ ʨʳʙʠʡ ʞʠʨʳ) ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʤʝʜʠʮʠʥʩʢʠʡ ʚʘʟʝʣʠʥ ʠ ʚʘʟʝ-

ʣʠʥʦʚʦʝ ʤʘʩʣʦ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʶʪ ʧʫʪʝʤ ʧʝʨʝʨʘʙʦʪʢʠ ʬʨʘʢʮʠʡ ʥʝʬʪʠ. ɼʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʞʠʜʢʠʝ ʩʤʘʟʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʢʦʥʩʠʩʪʝʥʪʥʳʝ ʩʤʘʟʢʠ.  

ʊʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʤʘʰʠʥʝ ʪʨʝʥʠʷ ʄʊʋ-

01 (ʊʋ 4271-001-29034600-2004). ɺ ʢʘʯʝʩʪʚʝ ʧʘʨʳ ʪʨʝʥʠʷ ʙʳʣʘ ʚʳʙʨʘʥʘ ʩʠʩʪʝʤʘ çʧʘʣʝʮ ï 

ʜʠʩʢè. ʄʘʪʝʨʠʘʣ ʧʘʨʳ ʪʨʝʥʠʷ: ʩʪʘʣʴ ʐʍ15. ʋʩʣʦʚʠʷ ʪʨʝʥʠʷ: ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʰʧʠʥʜʝʣʷ ï 

200 ʦʙ/ʤʠʥ, ʩʢʦʨʦʩʪʴ ʩʢʦʣʴʞʝʥʠʷ ï 11,3 ʤ/ʤʠʥ. ʅʘʛʨʫʟʢʠ ʠʟʤʝʥʷʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0 ʜʦ 

180 ʅ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʳʪʘʥʠʡ ʧʦʣʫʯʘʣʠ ʜʘʥʥʳʝ ʦ ʥʘʛʨʫʟʢʝ ʠ ʚʨʘʱʘʶʱʝʤ ʤʦʤʝʥʪʝ, ʟʘʪʝʤ, ʩ 

ʫʯʝʪʦʤ ʛʝʦʤʝʪʨʠʠ ʧʘʨʳ ʪʨʝʥʠʷ, ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ.   

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʨʘʩʪʠʪʝʣʴʥʳʝ ʩʤʘʟʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʨʠʩ. 1). 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʠʚʝʜʝʥʥʦʛʦ ʛʨʘʬʠʢʘ, ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʥʘʛʨʫʟʢʘʭ ʧʦʚʝʜʝʥʠʝ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠ-

ʘʣʦʚ ʦʪʣʠʯʘʝʪʩʷ. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʜʠʘʧʘʟʦʥʘ ʥʘʛʨʫʟʦʢ: ʦʪ 0 ʜʦ 50 ʅ, ʦʪ 50 ʜʦ 100 ʅ ʠ ʦʪ 

100 ʜʦ 150 ʅ. ʇʨʠ ʵʪʦʤ ʚ ʢʘʞʜʦʡ ʠʟ ʦʙʣʘʩʪʝʡ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʩʤʘ-

ʟʦʯʥʳʡ ʤʘʪʝʨʠʘʣ. ʊʘʢ, ʚ ʜʠʘʧʘʟʦʥʝ ʜʦ 80 ʅ ʥʘʠʣʫʯʰʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʢʘʟʳʚʘʝʪ ʨʝʧʝʡʥʦʝ 

ʤʘʩʣʦ, ʦʜʥʘʢʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʥʘʛʨʫʟʢʠ ʩʚʳʰʝ 100 ʅ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʫ ʥʝʛʦ ʨʝʟʢʦ ʧʦ-

ʚʳʰʘʝʪʩʷ. ɺ ʜʠʘʧʘʟʦʥʝ ʥʘʛʨʫʟʦʢ ʦʪ 100 ʅ ʠ ʚʳʰʝ ʥʘʠʣʫʯʰʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʢʘʟʳʚʘʶʪ 

ʦʣʠʚʢʦʚʦʝ ʠ ʣʴʥʷʥʦʝ ʤʘʩʣʘ. ʇʨʠ ʵʪʦʤ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʨʘʩʪʠʪʝʣʴʥʳʝ ʤʘʩʣʘ, ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʚ 

ʨʘʙʦʪʝ, ʧʦʢʘʟʘʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʤʝʥʴʰʠʡ, ʯʝʤ ʫ ʤʠʥʝʨʘʣʴʥʦʛʦ ʚʘʟʝʣʠʥʦʚʦʛʦ ʤʘʩʣʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʧʨʠ ʪʨʝʭ ʟʥʘʯʝʥʠʷʭ ʥʘʛʨʫʟʢʠ (50, 100 ʠ 150 ʅ) 

ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʦʪ ʥʘʛʨʫʟʢʠ ʜʣʷ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʞʠʚʦʪʥʦʛʦ ʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

 
ʉʤʘʟʦʯʥʳʡ ʤʘʪʝʨʠʘʣ ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ/ʅʘʛʨʫʟʢʘ 

50 ʅ 100 ʅ 150 ʅ 

ɺʘʟʝʣʠʥ ʤʝʜʠʮʠʥʩʢʠʡ  0,089 0,103 0,123 

ʄʘʩʣʦ ʚʘʟʝʣʠʥʦʚʦʝ 0,101 0,106 0,116 

ʄʘʩʣʦ ʨʝʧʝʡʥʦʝ 0,068 0,089 0,096 

ʄʘʩʣʦ ʦʣʠʚʢʦʚʦʝ  0,077 0,086 0,084 

ʄʘʩʣʦ ʢʘʤʬʦʨʥʦʝ 0,090 0,098 0,102 

ʄʘʩʣʦ ʣʴʥʷʥʦʝ 0,079 0,089 0,090 

ʄʘʩʣʦ ʧʦʜʩʦʣʥʝʯʥʦʝ 0,080 0,091 0,094 

ʈʳʙʠʡ ʞʠʨ 0,099 0,097 0,097 

ʉʚʠʥʦʡ ʞʠʨ 0,059 0,078 0,085 

ʊʝʣʷʯʠʡ ʞʠʨ 0,057 0,073 0,083 

ɹʘʨʘʥʠʡ ʞʠʨ 0,054 0,074 0,103 

ɻʦʚʷʞʠʡ ʞʠʨ (ʚʥʫʪʨʝʥʥʠʡ) 0,058 0,082 0,101 

ɻʦʚʷʞʠʡ ʞʠʨ (ʚʥʝʰʥʠʡ) 0,063 0,085 0,101 

 



ʈʘʟʜʝʣ 1. ʌʋʅɼɸʄɽʅʊɸʃʔʅʓɽ ʀ ʇʈʀʂʃɸɼʅʓɽ ɺʆʇʈʆʉʓ ʌʀɿʀʂʀ ʀ ʍʀʄʀʀ 
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ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʦʪ ʥʘʛʨʫʟʢʠ ʜʣʷ ʨʷʜʘ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʤʘʟʦʯʥʳʭ  

ʤʘʪʝʨʠʘʣʦʚ (ʧʦʜʩʦʣʥʝʯʥʦʛʦ, ʨʝʧʝʡʥʦʛʦ, ʦʣʠʚʢʦʚʦʛʦ, ʢʘʤʬʦʨʥʦʛʦ ʠ ʣʴʥʷʥʦʛʦ ʤʘʩʝʣ) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʨʝʜʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʨʘʩʪʠʪʝʣʴʥʦʡ ʦʩʥʦʚʝ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʨʝʧʝʡʥʦʝ ʤʘʩʣʦ ʚ ʟʦʥʝ ʥʘʛʨʫʟʦʢ ʦʪ 0 ʜʦ 80 ʅ ʠ ʦʣʠʚʢʦʚʦʝ ʤʘʩʣʦ ʚ ʟʦʥʝ 

ʥʘʛʨʫʟʦʢ ʦʪ 100 ʜʦ 180 ʅ.  

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʠʟʤʝʨʝʥ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʩʨʝʜʠ ʢʦʥʩʠʩʪʝʥʪ-

ʥʳʭ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʇʦʚʝʜʝʥʠʝ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʪʘʢʞʝ ʤʝʥʷʣʦʩʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʣʦʞʝʥʥʦʡ ʥʘʛʨʫʟʢʠ (ʨʠʩ. 2). ʅʘ ʠʥʪʝʨʚʘʣʝ 

ʥʘʛʨʫʟʦʢ ʦʪ 0 ʜʦ 100 ʅ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣ ʩʚʠʥʦʡ ʞʠʨ, ʥʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʥʘʛʨʫʟʢʠ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʫ ʥʝʛʦ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ. ʇʨʠ ʥʘʛʨʫʟʢʘʭ ʩʚʳʰʝ 100 ʅ ʥʘʠʙʦʣʝʝ 

ʩʪʘʙʠʣʴʥʳʝ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠ ʥʠʟʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʧʦʢʘʟʳʚʘʝʪ ʪʝʣʷʯʠʡ ʞʠʨ, ʯʪʦ ʤʦʞʝʪ 

ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ ʫ ʥʝʛʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʚʠʥʳʤ ʞʠ-

ʨʦʤ.  

 
ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʦʪ ʥʘʛʨʫʟʢʠ ʜʣʷ ʨʷʜʘ ʞʠʚʦʪʥʳʭ ʞʠʨʦʚ  

(ʨʳʙʴʝʛʦ, ʪʝʣʷʯʴʝʛʦ, ʙʘʨʘʥʴʝʛʦ, ʩʚʠʥʦʛʦ, ʛʦʚʷʞʴʝʛʦ (ʚʥʫʪʨʝʥʥʝʛʦ ʠ ʚʥʝʰʥʝʛʦ)) 

 

ɺʳʚʦʜʳ 

1. ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʨʘʩʪʠʪʝʣʴʥʳʭ (ʨʝʧʝʡʥʦʝ, ʦʣʠʚʢʦʚʦʝ, ʢʘʤ-

ʬʦʨʥʦʝ, ʣʴʥʷʥʦʝ, ʧʦʜʩʦʣʥʝʯʥʦʝ) ʤʘʩʝʣ ʠ ʞʠʚʦʪʥʳʭ (ʩʚʠʥʦʡ, ʪʝʣʷʯʠʡ, ʙʘʨʘʥʠʡ, ʛʦʚʷʞʠʡ ʠ 

ʨʳʙʠʡ) ʞʠʨʦʚ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʩ ʙʘʟʦʚʳʤʠ ʩʤʘʟʦʯʥʳʤʠ ʤʘʪʝ-

ʨʠʘʣʘʤʠ ʥʘ ʤʠʥʝʨʘʣʴʥʦʡ ʦʩʥʦʚʝ (ʚʘʟʝʣʠʥʦʚʦʝ ʤʘʩʣʦ ʠ ʤʝʜʠʮʠʥʩʢʠʡ ʚʘʟʝʣʠʥ).  

2. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʣʫʯʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʪʨʝʥʠʷ ʩʨʝʜʠ ʞʠʜʢʠʭ 

ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʢʘʟʳʚʘʝʪ ʦʣʠʚʢʦʚʦʝ ʤʘʩʣʦ, ʘ ʩʨʝʜʠ ʢʦʥʩʠʩʪʝʥʪʥʳʭ ʧʣʘʩʪʠʯʥʳʭ 

ʩʤʘʟʦʢ ï ʪʝʣʷʯʠʡ ʞʠʨ. 

 



IV ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

ɸʂʊʋɸʃʔʅʓɽ ɺʆʇʈʆʉʓ ɽʉʊɽʉʊɺʆɿʅɸʅʀʗ 

 

42 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

 

1. Lindemann L. The Lubricants Industry in (E) Motion: E-Mobility, Technology, Sustaina-

bility // Proc. of 21 Int. Colloquim Tribology. ïEsslingen. ï 9-11.01.2018, P. 2ï4  

2. ɼʠʨʝʢʪʠʚʘ N 2009/28/EC ɽʚʨʦʧʝʡʩʢʦʛʦ ʧʘʨʣʘʤʝʥʪʘ ʠ ʉʦʚʝʪʘ ɽʚʨʦʧʝʡʩʢʦʛʦ ʉʦʶʟʘ 

"ʆ ʩʪʠʤʫʣʠʨʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʠʟ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʚʥʝʩʝʥʠʠ ʠʟʤʝ-

ʥʝʥʠʡ ʠ ʜʘʣʴʥʝʡʰʝʡ ʦʪʤʝʥʝ ɼʠʨʝʢʪʠʚ 2001/77/ɽʉ ʠ 2003/30/ɽʉ" 

3.ʆʩʥʦʚʳ ʪʨʠʙʦʪʝʭʥʠʢʠ: ʫʯʝʙ. ʇʦʩʦʙʠʝ / ʖ.ʄ. ʃʫʞʥʦʚ, ɺ.ɼ. ɸʣʝʢʩʘʥʜʨʦʚ; ʧʦʜ ʨʝʜ. 

ʖ.ʄ. ʃʫʞʥʦʚʘ. ï ʄ.: ʄɸɼʀ, 2013. ï136 ʩ. 

4. ʊʨʠʙʦʣʦʛʠʷ. ʌʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ, ʤʝʭʘʥʠʢʘ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʠʣʦʞʝʥʠʷ: ʋʯʝʙʥʠʢ 

ʜʣʷ ʚʫʟʦʚ/ʀ.ʀ. ɹʝʨʢʦʚʠʯ, ɼ.ɻ. ɻʨʦʤʘʢʦʚʩʢʠʡ; ʇʦʜ ʨʝʜ. ɼ.ɻ. ɻʨʦʤʘʢʦʚʩʢʦʛʦ; ʉʘʤʘʨ. ʛʦʩ. ʪʝʭʥ. 

ʫʥ-ʪ. ʉʘʤʘʨʘ, 2000. ï268 ʩ 

 

 

ʋɼʂ 6219.313 

 

ʂ. ʂ. ʂʠʤ1, ʉ. ʅ. ʀʚʘʥʦʚ29 

1ʌɻɹʆʋ ɺʆ ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ  
2ʌɻɹʆʋ ɺʆ ʂʦʤʩʦʤʦʣʴʩʢʠʡ-ʥʘ-ɸʤʫʨʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ɺʃʀʗʅʀɽ ʕʂʉʇʃʋɸʊɸʎʀʆʅʅʓʍ ʌɸʂʊʆʈʆɺ ʅɸ ɹɽɿʆʊʂɸɿʅʆʉʊʔ  

ʂɸʇʉʋʃʀʈʆɺɸʅʅʓʍ ʕʃɽʂʊʈʆʄɽʍɸʅʀʏɽʉʂʀʍ ʇʈɽʆɹʈɸɿʆɺɸʊɽʃɽʁ  

 
ɸʥʥʦʪʘʮʠʷ: ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʧʩʫʣʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʪʨʝʙʫʝʪ ʨʝʰʝʥʠʷ ʧʨʦ-

ʙʣʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ. ɼʣʷ ʫʩʪʨʦʡʩʪʚ ʜʘʥʥʦʛʦ ʪʠʧʘ ʭʘʨʘʢʪʝʨʥʦ ʙʦʣʴʰʦʝ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʠʩʧʦʣʥʝʥʠʡ. ʂʘʞʜʦʝ ʠʟ ʥʠʭ ʠʤʝʝʪ ʩʚʦʠ çʩʣʘʙʳʝ ʟʚʝʥʴʷè ʠ ʪʨʝʙʫʝʪ ʦʪʜʝʣʴʥʦʛʦ ʧʦʜʭʦʜʘ 

ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʦʜʝʣʠ ʥʘʜʝʞʥʦʩʪʠ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʢʦʥʩʪʨʫʢʮʠʠ ʜʘʣʝʢʠ ʦʪ ʩʦʙʣʶʜʝʥʠʷ 

ʧʨʠʥʮʠʧʘ ʨʘʚʥʦʧʨʦʯʥʦʩʪʠ. ʅʝ ʤʝʥʝʝ ʨʘʟʥʦʦʙʨʘʟʥʳ ʠ ʫʩʣʦʚʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʠ, ʩʦ-

ʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʨʝʙʦʚʘʥʠʷ ʢ ʥʠʤ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʦʙʲʝʢʪʦʚ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʥʘʠʙʦʣʝʝ ʩʫ-

ʱʝʩʪʚʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʷʚʣʷʝʪʩʷ ʙʝʟʦʪʢʘʟʥʦʩʪʴ, ʪ. ʝ. ʤʘʣʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʩʣʫʯʘʡʥʳʭ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ, 

ʜʣʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ - ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʝʩʫʨʩ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ. ʊʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘ-

ʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʪʦʣʴʢʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʨʠ ʵʪʦʤ 

ʢʦʤʧʣʝʢʩ ʬʘʢʪʦʨʦʚ, ʦʪ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʥʘʜʝʞʥʦʩʪʴ, ʪʘʢʞʝ ʜʦʣʞʝʥ ʙʳʪʴ ʚʳʨʘʞʝʥ ʚ ʚʠʜʝ ʢʦʣʠʯʝ-

ʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʬʘʢ-

ʪʦʨʦʚ ʥʘ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʙʝʟʦʪʢʘʟʥʦʩʪʴ ʵʣʝʢʪʨʦʪʝʭ-

ʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, ʙʝʟʦʪʢʘʟʥʦʩʪʴ, ʠʟʦʣʷʮʠʷ, ʜʝʬʝʢʪ, 

ʢʘʧʩʫʣʠʨʦʚʘʥʠʝ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ, ʥʘʛʨʝʚʦʩʪʦʡʢʦʩʪʴ. 
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THE INFLUENCE OF OPERATIONAL FACTORS ON RELIABILITY ENCAPSULATED 

ELECTROMECHANICAL CONVERTERS  

 
Abstract: Improving the efficiency of electromechanical energy conversion processes using encap-

sulated electrical devices requires solving the problem of ensuring their reliability and durability. For devices 

of this type is characterized by a wide variety of designs. Each of them has its own "weak links" and requires 

a separate approach when developing a reliability model. In most cases, the design is far from complying 
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with the principle of equal strength. No less diverse and conditions of use, modes of operation and, accord-

ingly, the requirements for them. In particular, for transport facilities the most essential requirement is relia-

bility, i.e. low probability of accidental malfunctions, for energy - a significant resource, durability. Exact 

values of quantitative reliability indicators can be obtained only for certain operating conditions. At the same 

time, the complex of factors on which reliability depends should also be expressed in the form of quantitative 

indicators. This article presents the results of the study of operational factors on the physical properties of 

insulation materials that determine the reliability of electrical devices. 

Keywords: electromechanical transducer, reliability, insulation, defect, encapsulation, operational 

factors, heat resistance. 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʙʝʟʦʪʢʘʟʥʦʩʪʠ ʪʝʭʥʠʯʝʩʢʦʡ ʩʠ-

ʩʪʝʤʳ ʣʶʙʦʡ ʩʣʦʞʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʦʩʥʦʚʘʥʦ ʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʘʥʘʣʠʟʝ ʠʟʤʝʥʝʥʠʷ 

ʩʚʦʡʩʪʚ ʦʙʨʘʟʫʶʱʠʭ ʝʝ ʤʘʪʝʨʠʘʣʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʨʘʟʨʫʰʘʶʱʠʭ 

ʬʘʢʪʦʨʦʚ. ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʥʝ ʪʦʣʴʢʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ, ʥʦ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝ-

ʤʳʭ ʚʦʧʨʦʩʦʚ ʩʚʷʟʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʧʩʫʣʠʨʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʧʨʠʯʠʥʦʡ 

ʜʣʠʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʪʝʧʣʦʘʢʢʫʤʫʣʠ-

ʨʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ʫʩʪʨʦʡʩʪʚʘ. ɺ ʨʘʙʦʪʘʭ [1,2] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʦʧʨʦʩʳ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʧʦʚʳ-

ʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʚʣʠʷʶʪ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʠʩʧʦʣʥʝʥʠʝ. ʊʘʢ, ʦʙʤʦʪʢʘ 

ʩʪʘʪʦʨʘ ʚʳʧʦʣʥʷʝʪʩʷ ʢʘʧʩʫʣʠʨʦʚʘʥʥʦʡ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʢʦʥʩʪʨʫʢʮʠʶ ʚʩʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʟʘ ʩʯʝʪ 

ʫʤʝʥʴʰʝʥʠʷ ʯʠʩʣʘ ʝʛʦ ʵʣʝʤʝʥʪʦʚ, ʧʦʚʳʰʘʝʪ ʢʣʘʩʩ ʵʣʝʢʪʨʦʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʩʪʨʫʢʪʫʨʥʫʶ 

ʥʘʜʝʞʥʦʩʪʴ. ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʳʭ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʣʠʤʝʨʥʦʛʦ ʢʦʤʧʦʟʠ-

ʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʢʘʧʩʫʣʠʨʦʚʘʥʠʷ ʦʙʤʦʪʢʠ, ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʵʧʦʢ-

ʩʠʜʥʘʷ ʩʤʦʣʘ, ʬʪʦʨʦʧʣʘʩʪ ʠ ʨʷʜ ʩʧʝʮʠʘʣʴʥʳʭ ʜʦʙʘʚʦʢ [2].  

ɸʥʘʣʠʟ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ çʩʣʘʙʝʡʰʝʛʦ ʟʚʝʥʘè ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʪʠʩʪʠʯʝ-

ʩʢʠʭ ʜʘʥʥʳʭ, ʥʘʢʦʧʣʝʥʥʳʭ ʥʘ ʵʣʝʢʪʨʦʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦ-

ʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʦʪʢʘʟʦʚ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ (ʕʄʇ) ʧʝʨʝʤʝʥʥʦʛʦ 

ʪʦʢʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ (70é90 %) ʦʙʫʩʣʦʚʣʝʥʦ ʦʪʢʘʟʘʤʠ ʠʟʦʣʷʮʠʠ ʦʙʤʦʪʦʢ. ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦ-

ʛʦ ʢʣʘʩʩʘ ʫʩʪʨʦʡʩʪʚ ʪʘʢʦʡ ʧʦʜʭʦʜ ʣʦʛʠʯʥʦ ʩʚʷʟʘʥ ʩ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ ʦʙʤʦʪʢʠ. 

ʀʟʦʣʷʮʠʷ ʦʙʤʦʪʦʢ ʕʄʇ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʥʠʟʢʦʚʦʣʴʪʥʦʡ. ʉʨʘʚʥʝʥʠʝ ʧʨʦ-

ʙʠʚʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠʟʦʣʷʮʠʠ ʩ ʫʨʦʚʥʷʤʠ ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘ-

ʪʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʧʨʠʯʠʥ ʦʪʢʘʟʦʚ ʥʠʟʢʦʚʦʣʴʪʥʳʭ ʦʙʤʦ-

ʪʦʢ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚ ʠʭ ʠʟʦʣʷʮʠʠ "ʜʝʬʝʢʪʦʚ", ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʩʢʚʦʟʥʳʝ ʧʦʚʨʝʞʜʝ-

ʥʠʷ. ɼʝʬʝʢʪ ʤʦʞʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʩʪʘʚʢʠ ʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚʦʟʥʠʢʥʫʪʴ 

ʚ ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʤʦʪʦʢ, ʦʙʨʘʟʦʚʘʪʴʩʷ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʪʘʨʝʥʠʷ ʠʟʦ-

ʣʷʮʠʠ. ɼʝʬʝʢʪʥʦʩʪʴ ʵʤʘʣʠʨʦʚʘʥʥʦʡ ʠʟʦʣʷʮʠʠ ʦʙʤʦʪʦʯʥʳʭ ʧʨʦʚʦʜʦʚ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʩʪʘʚʢʠ ʠ 

ʧʦʩʣʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠʩʩʣʝʜʦʚʘʥʘ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ. ɼʦʣʷ ʜʝʬʝʢʪʦʚ, ʧʦʷʚʣʷ-

ʶʱʠʭʩʷ ʚ ʠʟʦʣʷʮʠʠ ʦʙʤʦʪʦʢ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʩʦʩʪʘʚʣʷʝʪ ʧʦʯʪʠ 50é60 % ʦʪ ʦʙʱʝʛʦ ʢʦʣʠ-

ʯʝʩʪʚʘ ʜʝʬʝʢʪʦʚ ʠ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʫʨʦʚʥʷ ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʠʟʦʣʷʮʠʶ ʦʙʤʦʪʦʢ ʵʢʩ-

ʧʣʫʘʪʘʮʠʦʥʥʳʭ ʥʘʛʨʫʟʦʢ (ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʤʦʪʢʠ, ʫʨʦʚʝʥʴ ʚʠʙʨʘʮʠʠ, ʚʣʘʞʥʦʩʪʴ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ, ʢʦʤʤʫʪʘʮʠʦʥʥʳʝ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ), ʥʦ ʠ ʦʪ ʩʦʯʝʪʘʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʵʢʩʧʣʫʘʪʘ-

ʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ. ʇʦʵʪʦʤʫ ʜʣʷ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦ-

ʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠʟʦʣʷʮʠʠ ʦʙʤʦʪʦʢ ʢʘʧʩʫʣʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘ-

ʪʝʣʝʡ (ʂʕʄʇ) ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʜʘʥʥʳʝ ʦ ʤʝʭʘʥʠʟʤʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ʜʝʬʝʢʪʦʚ ʚ ʠʟʦʣʷʮʠʠ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʪʝʧʣʦʚʦʡ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʥʘʛʨʫʟʦʢ, 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʜʝʬʝʢʪʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʠʟʦʣʷʮʠʠ ʥʠʟʢʦʚʦʣʴʪʥʳʭ ʦʙʤʦʪʦʢ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʢʦʤʧʣʝʢʩʘ ʦʩʥʦʚʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʩ ʫʯʝʪʦʤ ʢʘʯʝʩʪʚʘ ʠʟʦʣʷʮʠʠ ʚ ʩʦʩʪʦʷʥʠʠ 

ʧʦʩʪʘʚʢʠ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʙʤʦʪʦʢ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. 

ɸʥʘʣʠʟ ʨʘʙʦʪ ʆ.ɼ. ɻʦʣʴʜʙʝʨʛʘ, ʖ.ʇ. ʇʦʭʦʣʢʦʚʘ, ʅ. ʃ. ʂʫʟʥʝʮʦʚʘ, ʅ. ʌ. ʂʦʪʝʣʝʥʮʘ 

ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʨʠʯʠʥʦʡ ʦʪʢʘʟʦʚ ʠʟʦʣʷʮʠʠ ʦʙʤʦʪʦʢ ʷʚʣʷʝʪʩʷ ʥʝ ʠʟʤʝʥʝʥʠʝ ʦʙʱʝʛʦ 

ʩʦʩʪʦʷʥʠʷ ʠʟʦʣʷʮʠʠ, ʘ ʤʝʩʪʥʳʝ ʜʝʬʝʢʪʳ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠʟʦʣʷʮʠʠ. ʂʘʯʝʩʪʚʦ ʠʟʦʣʷʮʠʠ ʦʙ-

ʤʦʪʢʠ, ʝʝ ʬʠʟʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʚ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ ʦʪ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ (ʢʦʵʬʬʠʮʠ-

ʝʥʪʘ ʟʘʧʦʣʥʝʥʠʷ ʧʘʟʘ, ʜʠʘʤʝʪʨʘ ʠ ʞʝʩʪʢʦʩʪʠ ʦʙʤʦʪʦʯʥʦʛʦ ʧʨʦʚʦʜʘ, ʪʦʣʱʠʥʳ ʠʟʦʣʷʮʠʠ, ʚʳ-
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ʣʝʪʘ ʣʦʙʦʚʳʭ ʯʘʩʪʝʡ) ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʪʝʤʧʝʨʘʪʫʨʘ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʪʝʨʤʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ, ʚʠʙʨʘʮʠʠ, ʚʣʘʞʥʦʩʪʠ).  

ʂʘʧʩʫʣʠʨʦʚʘʥʠʝ ʦʙʤʦʪʢʠ ʥʝ ʪʦʣʴʢʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ (ʩʪʘʪʠʯʝʩʢʦʝ 

ʜʘʚʣʝʥʠʝ ʥʘ ʠʟʦʣʷʮʠʶ, ʠʟʛʠʙʘʶʱʠʝ ʠ ʩʢʨʫʯʠʚʘʶʱʠʝ ʫʩʠʣʠʷ, ʫʜʘʨʳ ʠ ʚʠʙʨʘʮʠʠ) ʠ ʪʝʨʤʦʤʝ-

ʭʘʥʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ (ʨʝʟʫʣʴʪʘʪ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʥʘʛʨʝʚʦʚ ʠ ʦʭʣʘʞʜʝʥʠʡ ʦʙʤʦʪʢʠ), ʥʦ ʠ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪ ʜʝʡʩʪʚʠʝ ʚʣʘʛʠ, ʚʝʜʫʱʝʡ ʢ ʨʘʩʱʝʧʣʝʥʠʶ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʠ ʛʠʜʨʦʣʠ-

ʪʠʯʝʩʢʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʠʟʦʣʷʮʠʠ. 

ʆʜʥʦʡ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʙʤʦʪʦʢ ʂʕʄʇ ʷʚʣʷʝʪʩʷ ʠʭ ʥʝʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴ, ʧʦʵʪʦʤʫ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʳʡ ʦʙʲʝʢʪ, ʜʣʷ 

ʢʦʪʦʨʦʛʦ ʚʝʣʠʯʠʥʘ ʜʝʬʝʢʪʥʦʩʪʠ ʠʟʦʣʷʮʠʠ ʷʚʣʷʝʪʩʷ ʠʩʭʦʜʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʧʨʠ ʨʘʩʯʝʪʝ ʥʘ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʥʘʜʝʞʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ. ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʧʦ ʜʝʬʝʢʪʦʦʙʨʘʟʦʚʘʥʠʶ, 

ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦʢʘʟʘʪʝʣʠ ʙʝʟʦʪʢʘʟʥʦʩʪʠ (ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ (ɺɹʈ), ʩʨʝʜʥʶʶ 

ʥʘʨʘʙʦʪʢʫ ʥʘ ʦʪʢʘʟ) ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ (ʛʘʤʤʘ-ʧʨʦʮʝʥʪʥʳʡ ʨʝʩʫʨʩ ʜʦ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ). 

ʂʨʠʪʝʨʠʝʤ ʦʪʢʘʟʘ ʦʙʤʦʪʢʠ ʷʚʣʷʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʚʠʪʢʦʚʦʛʦ, ʢʦʨʧʫʩʥʦʛʦ ʠʣʠ ʤʝʞʜʫʬʘʟʥʦʛʦ 

ʟʘʤʳʢʘʥʠʷ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʦʢʘʟʘʪʝʣʝʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʝʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʧʨʠʥʠʤʘʝʪʩʷ ʚʝʣʠʯʠʥʘ ɺɹʈ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʟʘʢʘʟʯʠʢʦʤ ʚ ʥʦʨʤʘʪʠʚʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ.  

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʠʟʦʣʷʮʠʶ ʦʙʤʦʪʦʢ ʂʕʄʇ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʘ 

ʠʟʦʣʷʮʠʶ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʟʜʝʡʩʪʚʫʝʪ ʢʦʤʧʣʝʢʩ ʥʘʛʨʫʟʦʢ, ʢʦʪʦʨʳʝ ʧʦ ʬʠʟʠʯʝʩʢʦʡ 

ʧʨʠʨʦʜʝ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʧʷʪʴ ʦʩʥʦʚʥʳʭ ʢʣʘʩʩʦʚ: 

1. ʊʝʧʣʦʚʳʝ - ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ, ʚʳʜʝʣʷʶʱʝʛʦʩʷ ʚ ʦʙʤʦʪʢʝ, ʪʝʧʣʦʚʳʝ ʧʝʨʝʛʨʫʟʢʠ ʠ 

ʪʝʧʣʦʚʳʝ ʫʜʘʨʳ. 

2. ʊʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʝ - ʦʙʫʩʣʦʚʣʝʥʳ ʨʘʟʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝ-

ʥʠʷ ʠʟʦʣʷʮʠʠ ʠ ʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

3. ʄʝʭʘʥʠʯʝʩʢʠʝ - ʚʦʟʜʝʡʩʪʚʠʝ ʚʠʙʨʘʮʠʡ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ; ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʩʞʘʪʠʷ ʧʨʦʚʦʜʘ ʠ ʢʦʨʧʫʩʥʦʡ ʠʟʦʣʷʮʠʠ ʚ ʧʘʟʫ ʠ ʚ ʣʦʙʦʚʳʭ ʯʘʩʪʷʭ ʧʨʠ ʙʘʥʜʘ-

ʞʠʨʦʚʢʝ ʠ ʢʘʧʩʫʣʠʨʦʚʘʥʠʠ.  

4. ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ - ʘʤʧʣʠʪʫʜʘ ʠ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʤʤʫʪʘʮʠʦʥ-

ʥʳʝ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʬʘʢʪʦʨʳ. 

5. ʂʣʠʤʘʪʠʯʝʩʢʠʝ - ʚʣʘʛʘ, ʜʘʚʣʝʥʠʝ, ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʧʳʣʴ, ʨʘ-

ʜʠʘʮʠʷ ʠ ʪ.ʧ. 

ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʥʳʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʩʨʦʢ ʩʣʫʞʙʳ 

ʠʟʦʣʷʮʠʠ, ʷʚʣʷʝʪʩʷ ʪʝʧʣʦʚʦʝ ʩʪʘʨʝʥʠʝ. ʈʘʟʣʠʯʘʶʪ ʧʦʥʷʪʠʷ ʪʝʧʣʦʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʥʘʛʨʝʚʦ-

ʩʪʦʡʢʦʩʪʠ ʠʟʦʣʷʮʠʠ. ʊʝʧʣʦʫʩʪʦʡʯʠʚʦʩʪʴʶ ʥʘʟʳʚʘʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʩʦʭʨʘʥʷʪʴ ʩʚʦʠ ʩʚʦʡʩʪʚʘ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʫʨʦʚʥʝ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʘʪʢʦʚʨʝ-

ʤʝʥʥʦʤ ʥʘʛʨʝʚʝ. ʄʘʪʝʨʠʘʣ ʥʝ ʪʦʣʴʢʦ ʥʝ ʜʦʣʞʝʥ ʧʨʠ ʵʪʦʤ ʨʘʟʨʫʰʘʪʴʩʷ ʠ ʨʘʩʩʣʘʠʚʘʪʴʩʷ, ʠʟ-

ʤʝʥʷʪʴ ʩʚʦʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʥʦ ʪʘʢʞʝ ʥʝ ʜʦʣʞʥʦ ʚʦʟʥʠʢʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʣʘʩʪʠʯʝʩʢʠʭ 

ʜʝʬʦʨʤʘʮʠʡ ʤʘʪʝʨʠʘʣʘ, ʚʳʪʝʢʘʥʠʷ ʠʣʠ ʨʘʟʨʫʰʝʥʠʷ ʩʚʷʟʫʶʱʝʛʦ. 

ʅʘʛʨʝʚʦʩʪʦʡʢʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʭʫʜʰʝ-

ʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚʳʜʝʨʞʠʚʘʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʝʜʝʣʴʥʦʡ ʜʦʧʫʩʪʠʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʝʯʝ-

ʥʠʝ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʨʦʢʫ ʩʣʫʞʙʳ ʧʨʠ ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʚʝʣʠʯʠʥʘʭ ʜʨʫ-

ʛʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ. ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʮʝʣʝʡ ʥʘʛʨʝʚʦʩʪʦʡʢʦʩʪʴ ʷʚʣʷʝʪʩʷ ʙʦ-

ʣʝʝ ʚʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʠʟʦʣʷʮʠʠ, ʧʦʵʪʦʤʫ ʠʤʝʥʥʦ ʦʥʘ ʧʦʣʦʞʝʥʘ ʚ ʦʩʥʦʚʫ ʢʣʘʩʩʠʬʠʢʘ-

ʮʠʠ ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʊʘʢ ʢʘʢ ʥʘʛʨʝʚʦʩʪʦʡʢʦʩʪʴ ʠʟʦʣʷʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʢʦʨʦʩʪʴʶ ʩʪʘʨʝʥʠʷ ʠʟʦʣʷʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ, ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙ-

ʨʝʪʘʶʪ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʩʢʦʨʦʩʪʠ ʩʪʘʨʝʥʠʷ ʠ ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ ʩʨʦʢʘ ʩʣʫʞʙʳ ʂʕʄʇ.  

ʀʟʦʣʷʮʠʷ ʚ ʧʨʦʮʝʩʩʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʩʪʘʨʝʥʠʷ ʪʝʨʷʝʪ ʵʣʘʩʪʠʯʥʦʩʪʴ, ʩʪʘʥʦʚʠʪʩʷ ʭʨʫʧʢʦʡ, 

ʥʝʩʧʦʩʦʙʥʦʡ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʥʘ ʥʝʡ ʧʦʷʚʣʷʶʪʩʷ ʧʨʠʟʥʘʢʠ ʭʨʫʧ-

ʢʦʛʦ ʨʘʟʨʳʚʘ, ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʪʨʝʱʠʥ. ʂʨʦʤʝ ʵʪʦʛʦ, ʪʝʧʣʦʚʦʝ ʩʪʘʨʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʟʦʣʷʮʠʠ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ, ʩʥʠʞʝʥʠʶ 

ʘʜʛʝʟʠʠ ʧʣʝʥʦʢ ʧʨʦʧʠʪʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʢ ʧʨʦʚʦʜʘʤ ʚ ʩʠʩʪʝʤʘʭ ʠʟʦʣʷʮʠʠ, ʫʭʫʜʰʝʥʠʶ ʩʪʦʡ-



ʈʘʟʜʝʣ 1. ʌʋʅɼɸʄɽʅʊɸʃʔʅʓɽ ʀ ʇʈʀʂʃɸɼʅʓɽ ɺʆʇʈʆʉʓ ʌʀɿʀʂʀ ʀ ʍʀʄʀʀ 

45 

 

ʢʦʩʪʠ ʠʟʦʣʷʮʠʠ ʢ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤ ʩʨʝʜʘʤ. ʆʩʦʙʝʥʥʦ ʠʥʪʝʥʩʠʚʥʦ ʩʪʘʨʝʥʠʝ ʠʟʦʣʷʮʠʠ ʧʨʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʜʝʡʩʪʚʠʠ ʥʘʛʨʝʚʘ, ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʠʙʨʘʮʠʡ ʠ ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ. 

ʇʨʠ ʧʝʨʝʭʦʜʥʳʭ ʨʝʞʠʤʘʭ ʘʤʧʣʠʪʫʜʳ ʚʠʙʨʘʮʠʡ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʚ ʜʝʩʷʪʢʠ ʨʘʟ, ʯʪʦ ʦʢʘ-

ʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ ʨʘʟʨʫʰʝʥʠʷ ʠʟʦʣʷʮʠʠ. ɺ ʥʦʨʤʘʣʴʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦ-

ʪʳ ʂʕʄʇ ʚʠʙʨʘʮʠʷ ʦʙʳʯʥʦ ʥʝʟʥʘʯʠʪʝʣʴʥʘ ʧʦ ʘʤʧʣʠʪʫʜʝ (10é100 ʤʢʤ), ʥʦ ʢʦʣʠʯʝʩʪʚʦ ʮʠʢ-

ʣʦʚ ʟʘ ʚʨʝʤʷ ʩʣʫʞʙʳ ʤʦʞʝʪ ʜʦʩʪʠʛʥʫʪʴ ʧʦʨʷʜʢʘ 1010. ʇʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʦʙʣʘʜʘʶʪ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʡ ʫʩʪʘʣʦʩʪʥʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʧʦʵʪʦʤʫ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʝ ʚʠʙʨʘʮʠʠ ʦʙʫ-

ʩʣʘʚʣʠʚʘʶʪ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʪʨʝʱʠʥ, ʦʪʩʣʦʝʥʠʡ ʠ ʜʨʫʛʠʭ ʜʝʬʝʢʪʦʚ ʚ ʠʟʦʣʷʮʠʠ. ɼʝʡʩʪʚʠʝ 

ʚʠʙʨʘʮʠʡ ʥʘ ʠʟʦʣʷʮʠʶ ʚʳʨʘʞʘʝʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʝʝ ʨʘʩʩʣʦʝʥʠʠ ʠ ʦʙʨʘʟʦʚʘʥʠʠ ʤʝʣʢʠʭ 

ʪʨʝʱʠʥ, ʧʦʷʚʣʝʥʠʝ ʢʦʪʦʨʳʭ ʧʦ ʤʝʨʝ ʩʪʘʨʝʥʠʷ ʧʨʦʛʨʝʩʩʠʨʫʝʪ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʦʩʪʝʧʝʥʥʳʤ 

ʦʩʣʘʙʣʝʥʠʝʤ ʢʨʝʧʣʝʥʠʷ ʦʙʤʦʪʢʠ ʢʘʢ ʚ ʧʘʟʫ, ʪʘʢ ʠ ʚ ʣʦʙʦʚʳʭ ʯʘʩʪʷʭ. ʇʨʠ ʜʝʡʩʪʚʠʠ ʚʠʙʨʘʮʠʡ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʢʘʧʩʫʣʠʨʫʶʱʝʛʦ ʩʦʩʪʘʚʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘʨʫʰʘʝʪʩʷ 

ʮʝʤʝʥʪʘʮʠʷ ʦʙʤʦʪʢʠ, ʠ ʦʪʜʝʣʴʥʳʝ ʧʨʦʚʦʜʥʠʢʠ ʧʨʠʦʙʨʝʪʘʶʪ ʥʝʢʦʪʦʨʫʶ ʩʚʦʙʦʜʫ ʧʝʨʝʤʝʱʝ-

ʥʠʷ. ʇʨʦʮʝʩʩʳ ʨʘʟʨʫʰʝʥʠʷ ʠʟʦʣʷʮʠʡ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʷʪʴʩʷ, ʝʩʣʠ ʠʟʥʦʩ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʚʣʘʛʠ, ʭʦʪʷ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʧʨʠ ʥʘʛʨʝʚʝ ʚ ʨʘʙʦʯʝʤ ʩʦʩʪʦʷʥʠʠ ʚʣʘʛʘ ʫʜʘ-

ʣʷʝʪʩʷ (ʠʩʧʘʨʷʝʪʩʷ) ʠʟ ʦʙʤʦʪʢʠ. ʊʦʛʜʘ ʝʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʨʫʰʝʥʠʝ ʠʟʦʣʷʮʠʠ ʙʫʜʝʪ ʩʢʘʟʳʚʘʪʴʩʷ 

ʣʠʰʴ ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ ʂʕʄʇ ʚʦ ʚʣʘʞʥʦʡ ʩʨʝʜʝ ʚ ʥʝʨʘʙʦʯʝʤ ʩʦʩʪʦʷʥʠʠ. ɺʣʘʛʘ ʦʩʦʙʝʥʥʦ ʠʥ-

ʪʝʥʩʠʚʥʦ ʧʨʦʥʠʢʘʝʪ ʚʦ ʚʨʝʤʷ ʦʩʪʳʚʘʥʠʷ ʂʕʄʇ, ʪʘʢ ʢʘʢ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʜʘʚʣʝʥʠʝ ʚ ʧʦʨʘʭ ʠ 

ʢʘʧʠʣʣʷʨʘʭ ʢʘʧʩʫʣʳ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ ʘʪʤʦʩʬʝʨʥʦʛʦ. ʄʘʣʘʷ ʚʷʟʢʦʩʪʴ ʠ ʜʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʚʦʜʳ 

ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʝʝ ʚʳʩʦʢʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʚ ʤʝʣʴʯʘʡʰʠʝ ʧʦʨʳ ʠ ʩʦʟʜʘʥʠʶ 

ʧʨʦʚʦʜʷʱʠʭ ʫʯʘʩʪʢʦʚ, ʩʧʦʩʦʙʥʳʭ ʧʨʠʚʝʩʪʠ ʢ ʧʨʦʙʦʶ ʠʟʦʣʷʮʠʠ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʂʕʄʇ. ʊʘʢ-

ʞʝ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʝ ʨʘʟʨʫʰʝʥʠʝ ʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʟʘʢʣʶʯʘʶ-

ʱʝʝʩʷ ʚ ʨʘʩʱʝʧʣʝʥʠʠ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ. ʇʝʨʠʦʜʠʯʝʩʢʦʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʠ ʫʜʘʣʝʥʠʝ ʚʣʘʛʠ 

ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʨʠʩʪʦʩʪʴ ʠ ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴ ʠʟʦʣʷʮʠʠ.  

ɿʘʚʠʩʠʤʦʩʪʴ ʢʘʯʝʩʪʚʘ ʠʟʦʣʷʮʠʠ ʚ ʚʠʜʝ ʫʨʦʚʥʷ ʝʝ ʜʝʬʝʢʪʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʝʝ ʠʟʤʝʥʝʥʠʷ 

ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʠʙʨʘʮʠʠ ʠ ʚʣʘʞʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʫʩʢʦʨʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʦʧʳʪʥʳʭ ʤʘʢʝʪʦʚ ʢʘʧʩʫʣʠʨʦʚʘʥʥʳʭ ʦʙʤʦʪʦʢ ʧʨʠ ʧʦ-

ʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʇʨʠ ʵʪʦʤ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʪʨʘʧʦʣʠʨʫʶʪʩʷ ʚ ʦʙʣʘʩʪʴ ʨʘ-

ʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʋʩʢʦʨʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʠʟʦʣʷʮʠʠ ʥʘ ʩʨʦʢ ʩʣʫʞʙʳ ʧʦ ʩʪʝʧʝʥʠ ʧʨʠʙʣʠʞʝ-

ʥʠʷ ʢ ʨʝʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʥʘ ʪʨʠ ʛʨʫʧʧʳ: ʠʩʧʳʪʘʥʠʝ ʦʪʜʝʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʳʪʘʥʠʝ ʠʟʦʣʷʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʠʩʧʳʪʘʥʠʝ ʨʝʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʂʕʄʇ. 

ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʠʟʦʣʷʮʠʠ ʧʦ ʯʠʩʣʦ ʩʢʚʦʟʥʳʭ ʜʝʬʝʢʪʦʚ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʠʟʦʣʷʮʠʠ (ʜʝ-

ʬʝʢʪʥʦʩʪʠ) ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʨʘʩʯʝʪʝ ʥʘʜʝʞʥʦʩʪʠ ʠʟʦʣʷʮʠʠ ʦʙʤʦʪʦʢ ʠ  ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ 

ʧʦʷʚʣʝʥʠʝ ʜʝʬʝʢʪʦʚ ʥʦʩʠʪ ʩʣʫʯʘʡʥʳʡ ʭʘʨʘʢʪʝʨ, ʦʧʠʩʳʚʘʝʤʳʡ ʟʘʢʦʥʦʤ ʇʫʘʩʩʦʥʘ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠʟʦʣʷʮʠʠ ʦʙʤʦʪʦʢ ʂʕʄʇ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʚʦʟʜʝʡ-

ʩʪʚʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʠʙʨʘʮʠʡ. ʅʘʜʝʞʥʦʩʪʴ ʠʟʦʣʷʮʠʠ ʦʙʤʦʪʦʢ ʟʘʚʠʩʠʪ ʦʪ ʫʨʦʚʥʝʡ ʦʜʥʦ-

ʚʨʝʤʝʥʥʦ ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʥʦ ʚʣʠʷʥʠʝ ʦʪʜʝʣʴʥʳʭ ʬʘʢʪʦʨʦʚ, ʠʭ 

ʜʦʣʝʚʦʝ ʫʯʘʩʪʠʝ ʚ ʠʟʫʯʘʝʤʦʤ ʧʨʦʮʝʩʩʝ ʠʟʥʦʩʘ ʠʟʦʣʷʮʠʠ, ʥʘʣʠʯʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʥʠ-

ʤʠ ʚʝʩʴʤʘ ʥʝʦʧʨʝʜʝʣʝʥʥʳ, ʧʦʵʪʦʤʫ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʝʬʝʢʪʦʦʙʨʘʟʦ-

ʚʘʥʠʷ ʚ ʚʠʪʢʦʚʦʡ ʠ ʢʦʨʧʫʩʥʦʡ ʠʟʦʣʷʮʠʠ ʢʘʧʩʫʣʠʨʦʚʘʥʥʳʭ ʦʙʤʦʪʦʢ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʤʝʪʦʜ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ.  

ʆʩʥʦʚʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ ʚʳʙʠʨʘʶʪʩʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʪʩʝʠʚʘʶʱʠʭ ʵʢʩ-

ʧʝʨʠʤʝʥʪʦʚ ʠ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʤʘʪ-

ʨʠʮʳ ʧʣʘʥʠʨʦʚʘʥʠʷ ʚʳʙʠʨʘʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʤʦʪʢʠ, ʚʝʣʠʯʠʥʘ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʠ 

ʚʨʝʤʷ. ɺʳʙʦʨ ʫʨʦʚʥʝʡ ʠ ʠʥʪʝʨʚʘʣʦʚ ʚʘʨʴʠʨʦʚʘʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʩʭʦʜʷ ʠʟ 

ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʪʨʝʙʫʝʤʦʡ ʩʪʝʧʝʥʠ ʫʩʢʦʨʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʠ ʦʛʨʘʥʠʯʝʥʠʡ, ʥʘʢʣʘʜʳʚʘ-

ʝʤʳʭ ʫʩʣʦʚʠʷʤʠ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʊʝʤʧʝʨʘʪʫʨʘ Ū ʚʳʙʠʨʘʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚ ʠʟʦʣʷʮʠʦʥʥʦʤ ʤʘʪʝʨʠʘʣʝ ʥʝ ʧʨʦ-

ʠʩʭʦʜʠʣʠ ʥʝʦʙʨʘʪʠʤʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ, ʥʝʧʨʠʩʫʱʠʝ ʝʤʫ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʅʠʞʥʠʡ ʫʨʦʚʝʥʴ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʤʦʪʢʠ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʚʳʙʠʨʘʝʪʩʷ 

ʙʣʠʟʢʠʤ ʢ ʪʝʤʧʝʨʘʪʫʨʝ ʢʣʘʩʩʘ ʥʘʛʨʝʚʦʩʪʦʡʢʦʩʪʠ ʠʟʦʣʷʮʠʠ. ɺʝʨʭʥʠʡ ʫʨʦʚʝʥʴ ʚʠʙʨʘʮʠʦʥʥʦʛʦ 

ʫʩʢʦʨʝʥʠʷ ɤ ʚʳʙʠʨʘʝʪʩʷ ʚʳʰʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʦʛʦ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 



IV ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

ɸʂʊʋɸʃʔʅʓɽ ɺʆʇʈʆʉʓ ɽʉʊɽʉʊɺʆɿʅɸʅʀʗ 

 

46 

 

(ʚʠʙʨʘʮʠʦʥʥʳʝ ʫʩʢʦʨʝʥʠʷ ʜʦ 1 g ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʯʠʪʘʶʪʩʷ ʥʦʨʤʘʣʴʥʳʤʠ). ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʘʥʘʣʠʟʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʘʨʘʤʝʪʨ ʦʪʢʣʠʢʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʠʟʥʦʩ ʠʟʦʣʷʮʠʠ, 

ʙʫʜʝʪ ʥʝʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʝʡ ʫʨʦʚʥʝʡ ʬʘʢʪʦʨʦʚ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʠʥʦʤʘ 

ʥʝʦʙʭʦʜʠʤ ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʧʣʘʥ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʧʦʵʪʦʤʫ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʫʩʢʦʨʝʥʥʳʭ ʤʘ-

ʢʝʪʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʨʦʧʠʪʘʥʥʳʭ ʦʙʤʦʪʦʢ ʨʝʘʣʠʟʦʚʘʥ ʮʝʥʪʨʘʣʴʥʳʡ ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʨʦʪʦʪʘ-

ʙʝʣʴʥʳʡ ʧʣʘʥ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʜʣʷ ʪʨʝʭ ʬʘʢʪʦʨʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʚʳʭʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʢʦʣʠʯʝ-

ʩʪʚʝʥʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʜʝʬʝʢʪʦʦʙʨʘʟʦʚʘʥʠʝ ʚ ʠʟʦʣʷʮʠʠ, ʚʳʙʠʨʘʝʪʩʷ ʧʨʠʨʘʱʝʥʠʝ ʜʝ-

ʬʝʢʪʥʦʩʪʠ ʠʟʦʣʷʮʠʠ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʩʨʘʚʥʝʥʠʝʤ ʟʥʘʯʝʥʠʡ ʥʘʧʨʷʞʝʥʠʡ ʧʝʨʝʢʨʳʪʠʷ, ʧʦʣʫʯʝʥ-

ʥʳʭ ʥʘ ʦʙʨʘʟʮʘʭ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ ʜʝʬʝʢʪʘʤʠ ʠ ʥʘʧʨʷʞʝʥʠʡ ʧʝʨʝʢʨʳʪʠʷ, ʧʦʣʫʯʝʥʥʳʭ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʠʟʦʣʷʮʠʠ. ʀʩʧʳʪʘʥʠʝ ʠʟʦʣʷʮʠʠ ʥʘ ʧʨʦʙʦʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʩʣʝ 

ʥʘʨʘʙʦʪʢʠ ʤʘʢʝʪʦʚ ʚ ʟʘʧʣʘʥʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ ʢʦʣʠʯʝʩʪʚʘ ʯʘʩʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʦʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘ. ʀʩʧʳʪʘʥʠʝ ʚʠʪʢʦʚʦʡ ʠʟʦʣʷʮʠʠ ʚʝʜʝʪʩʷ ʧʫʪʝʤ ʧʨʦʙʦʷ ʧʘʨ ʩʦʩʝʜʥʠʭ ʚʠʪʢʦʚ. 

ʂʘʞʜʳʡ ʦʙʨʘʟʝʮ ʚʠʪʢʦʚʦʡ ʠ ʢʦʨʧʫʩʥʦʡ ʠʟʦʣʷʮʠʠ ʧʨʦʙʠʚʘʝʪʩʷ ʜʚʘʞʜʳ ʠ ʧʦ ʚʝʣʠʯʠʥʝ ʨʘʟʥʦ-

ʩʪʠ ʤʝʞʜʫ ʥʘʧʨʷʞʝʥʠʷʤʠ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʧʨʦʙʦʝʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʧʝʨʝʢʨʳ-

ʪʠʡ ʤʝʞʜʫ ʜʝʬʝʢʪʘʤʠ ʠ ʧʨʦʙʦʝʚ ʠʟʦʣʷʮʠʠ.  

ɿʘʚʠʩʠʤʦʩʪʠ ʧʨʠʨʘʱʝʥʠʷ ʜʝʬʝʢʪʥʦʩʪʠ ʚʠʪʢʦʚʦʡ ʠ ʢʦʨʧʫʩʥʦʡ ʠʟʦʣʷʮʠʠ ʦʪ ʠʩʩʣʝʜʫʝ-

ʤʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʥʘʛʨʫʟʦʢ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʨʠʩ. 1 ʘ, ʙ ʠ ʨʠʩ. 2 ʘ, ʙ.  

 

 
  

ʘ                                                                  ʙ 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʜʝʬʝʢʪʥʦʩʪʠ ʚʠʪʢʦʚʦʡ ʠʟʦʣʷʮʠʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʫʨʦʚʥʷ ʚʠʙʨʘʮʠʡ 

ʘ ï 1000 ʯʘʩ; ʙ ï 10000 ʯʘʩ 

 

  

ʘ                                                                                      ʙ 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʜʝʬʝʢʪʥʦʩʪʠ ʢʦʨʧʫʩʥʦʡ ʠʟʦʣʷʮʠʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʫʨʦʚʥʷ ʚʠʙʨʘʮʠʡ  

ʘ ï 1000 ʯʘʩ; ʙ ï 10000 ʯʘʩ 

 



ʈʘʟʜʝʣ 1. ʌʋʅɼɸʄɽʅʊɸʃʔʅʓɽ ʀ ʇʈʀʂʃɸɼʅʓɽ ɺʆʇʈʆʉʓ ʌʀɿʀʂʀ ʀ ʍʀʄʀʀ 

47 

 

ʀʭ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʩʝ ʚʳʙʨʘʥʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ ʦʢʘʟʳʚʘʶʪ ʩʪʘ-

ʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ ʜʝʬʝʢʪʦʦʙʨʘʟʦʚʘʥʠʷ, ʢʘʢ ʚ ʚʠʪʢʦʚʦʡ, ʪʘʢ ʠ ʚ ʢʦʨ-

ʧʫʩʥʦʡ ʠʟʦʣʷʮʠʠ. Cʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʠʙʨʘʮʠʡ ʚ ʧʨʦʮʝʩʩʝ 

ʩʪʘʨʝʥʠʷ ʠʟʦʣʷʮʠʠ ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʜʝʬʝʢʪʦʦʙʨʘʟʦʚʘʥʠʝ ʚ ʠʟʦʣʷʮʠʠ 

ʢʘʢ ʧʨʠ ʥʠʟʢʠʭ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 75 0C, ʪʘʢ ʠ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 115  0C, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʣʘʩʩʫ ʥʘʛʨʝʚʦʩʪʦʡʢʦʩʪʠ ʠʟʦʣʷʮʠʠ 155 0C, ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ 

ʫʨʦʚʥʷ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʦʪ 1 ʜʦ 6 g. ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʠʨʘʱʝʥʠʷ ʜʝʬʝʢʪʥʦʩʪʠ ʚʠʪʢʦ-

ʚʦʡ ʠ ʢʦʨʧʫʩʥʦʡ ʠʟʦʣʷʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʩʪʘʨʝʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʤʦʪʢʠ ʠʤʝʝʪ ʥʝʣʠʥʝʡʥʳʡ 

ʭʘʨʘʢʪʝʨ ʪʦʣʴʢʦ ʚʦ ʚʨʝʤʷ ʧʨʠʨʘʙʦʪʢʠ ʠ ʥʘʯʘʣʴʥʦʛʦ ʵʪʘʧʘ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʚ ʧʨʝʜʝʣʘʭ ʧʝʨʚʦʡ 

1000 ʯʘʩʦʚ). ʋʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʤʦʪʢʠ ʦʪ 60 Áʉ ʜʦ 300 Áʉ ʧʨʠ ʥʘʨʘʙʦʪʢʝ ʩʚʳʰʝ 

10000 ʯʘʩʦʚ ʧʨʠʚʦʜʠʪ ʢ ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʦʤʫ ʚʦʟʨʘʩʪʘʥʠʶ ʜʝʬʝʢʪʥʦʩʪʠ ʚʠʪʢʦʚʦʡ ʠʟʦʣʷ-

ʮʠʠ ʠ ʢʦʨʧʫʩʥʦʡ ʠʟʦʣʷʮʠʠ. ɺ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʦʪ 1 ʜʦ 

6 g ʠ ʚʨʝʤʝʥʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʪ 1000 ʜʦ 10000 ʯʘʩʦʚ ʧʨʠʨʘʱʝʥʠʝ ʜʝʬʝʢʪʥʦʩʪʠ ʚʠʪʢʦʚʦʡ ʠʟʦ-

ʣʷʮʠʠ ʠ ʢʦʨʧʫʩʥʦʡ ʠʟʦʣʷʮʠʠ ʠʟʤʝʥʷʝʪʩʷ ʣʠʥʝʡʥʦ ʚʦ ʚʨʝʤʝʥʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠʟʦʣʷʮʠʠ ʢʘʧʩʫʣʠʨʦʚʘʥʥʳʭ ʦʙʤʦʪʦʢ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ. ɺʣʘʞʥʦʩʪʴ ʪʘʢʞʝ ʦʪʥʦʩʠʪʩʷ ʢ ʦʩʥʦʚʥʳʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ 

ʬʘʢʪʦʨʘʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʠʟʥʦʩ ʠʟʦʣʷʮʠʠ ʥʠʟʢʦʚʦʣʴʪʥʳʭ ʦʙʤʦʪʦʢ, ʧʦʵʪʦʤʫ ʧʨʠ ʧʨʦʛʥʦʟʠʨʦ-

ʚʘʥʠʠ ʩʨʦʢʘ ʩʣʫʞʙʳ ʂʕʄʇ ʥʝʦʙʭʦʜʠʤʘ ʦʮʝʥʢʘ ʜʝʬʝʢʪʥʦʩʪʠ ʠʟʦʣʷʮʠʠ ʦʙʤʦʪʦʢ ʚ ʧʨʦʮʝʩʩʝ 

ʪʝʨʤʦʚʣʘʛʦʩʪʘʨʝʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʪʝʨʤʦʚʣʘʛʦʩʪʘʨʝʥʠʷ ʥʘ ʜʝʬʝʢʪʦʦʙʨʘʟʦʚʘʥʠʝ ʚ ʚʠʪʢʦʚʦʡ ʠ ʢʦʨʧʫʩʥʦʡ ʠʟʦʣʷ-

ʮʠʠ ʦʙʤʦʪʦʢ. ɺ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʤʘʪʨʠʮʳ ʧʣʘʥʠʨʦʚʘʥʠʷ ʚʳʙʠʨʘʶʪʩʷ ʪʝʤʧʝʨʘ-

ʪʫʨʘ ʦʙʤʦʪʢʠ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʦʪʥʦʰʝʥʠʝ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ 

ʚ ʩʨʝʜʝ ʩ ʟʘʜʘʥʥʦʡ ʚʣʘʞʥʦʩʪʴʶ ʢ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ ʧʨʠ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʮʠʢʣʝ ʩʪʘ-

ʨʝʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ ʪʝʨʤʦʚʣʘʛʦʩʪʘʨʝʥʠʷ. ɺʳʙʦʨ ʫʨʦʚʥʝʡ ʠ ʠʥʪʝʨʚʘʣʦʚ ʚʘʨʴʠʨʦʚʘʥʠʷ 

ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʟ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʂʕʄʇ ʠ ʪʨʝʙʫʝʤʦʡ ʩʪʝ-

ʧʝʥʠ ʫʩʢʦʨʝʥʠʷ ʠʩʧʳʪʘʥʠʡ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʙʨʘʥʥʳʤʠ ʚʦʟʜʝʡʩʪʚʫʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ ʧʨʠ 

ʧʦʩʪʨʦʝʥʠʠ ʧʣʘʥʘ ʧʨʦʚʝʜʝʥʠʷ ʫʩʢʦʨʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʧʣʘʥ 

ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʜʣʷ ʯʝʪʳʨʝʭ ʬʘʢʪʦʨʦʚ: ʪʝʤʧʝʨʘʪʫʨʘ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ.   

ɿʘʚʠʩʠʤʦʩʪʠ ʧʨʠʨʘʱʝʥʠʷ ʜʝʬʝʢʪʥʦʩʪʠ ʚʠʪʢʦʚʦʡ ʠ ʢʦʨʧʫʩʥʦʡ ʠʟʦʣʷʮʠʠ ʦʙʤʦʪʦʢ ʦʪ 

ʠʩʩʣʝʜʫʝʤʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 3 ʘ, ʙ  ʠ ʨʠʩ. 4 ʘ, ʙ.   
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ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʠ ʜʝʬʝʢʪʥʦʩʪʠ ʚʠʪʢʦʚʦʡ ʠʟʦʣʷʮʠʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ 

ʘ ï 80 ʮʠʢʣʦʚ, ʩʦʦʪʥʦʰʝʥʠʝ ʮʠʢʣʦʚ ʫʚʣʘʞʥʝʥʠʷ ʠ ʥʘʛʨʝʚʘ 1:2, 

ʛ ï 110 ʮʠʢʣʦʚ, ʩʦʦʪʥʦʰʝʥʠʝ ʮʠʢʣʦʚ ʫʚʣʘʞʥʝʥʠʷ ʠ ʥʘʛʨʝʚʘ 1:1 

 


