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Abstract 

Studies of three types of climatic effects on carbon fiber specimens were 

carried out: the effects of low temperatures, periodic moisture saturation ï 

freezing and prolonged stay in a marine climate. 

Keywords:  

carbon fiber reinforced plastic, climate impact, strength, durability, 

fatigue, inelasticity 

 

ɺʚʝʜʝʥʠʝ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʫʛʣʝʧʣʘʩʪʠʢʝ ʩʚʷʟʫʶʱʝʛʦ, ʧʦʜʚʝʨʞʝʥʥʦʛʦ, ʢʘʢ ʠ 

ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʧʦʣʠʤʝʨʳ, ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʚʣʠʷʥʠʶ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ, ʩʦʟʜʘʸʪ ʮʝʣʳʡ ʨʷʜ ʧʨʦʙʣʝʤ. ʉʘʤʦ ʧʦ ʩʝʙʝ ʩʚʷʟʫʶʱʝʝ 

çʨʘʙʦʪʘʝʪè ʢʘʢ ʧʦʣʫʧʨʦʥʠʮʘʝʤʘʷ ʤʝʤʙʨʘʥʘ, ʧʦʛʣʦʱʘʷ ʚʣʘʛʫ ʠ 

ʨʘʩʪʚʦʨʸʥʥʳʝ ʚ ʥʝʡ ʚʝʱʝʩʪʚʘ. ʈʝʟʫʣʴʪʘʪʦʤ ʵʪʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʠʟʤʝʥʝʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʟʠʪʘ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʫʩʣʦʚʠʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʘʪʝʨʠʘʣʘ ʚ ʩʦʩʪʘʚʝ ʪʝʭ ʠʣʠ ʠʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʂʦʥʩʪʨʫʢʮʠʠ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʫʩʣʦʚʠʷʭ ʜʣʠʪʝʣʴʥʦʛʦ ʭʨʘʥʝʥʠʷ ʠʣʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ. ɺ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ 

ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʠʟʤʝʥʷʶʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʭ ʥʘʟʥʘʯʝʥʠʶ. ʕʪʦ ʦʪʥʦʩʠʪʩʷ ʢʘʢ ʢ ʪʝʤʧʝʨʘʪʫʨʥʦ-

ʚʣʘʞʥʦʩʪʥʦʤʫ ʨʝʞʠʤʫ, ʚ ʢʦʪʦʨʦʤ ʨʘʙʦʪʘʶʪ ʢʦʥʩʪʨʫʢʮʠʠ, ʪʘʢ ʠ ʢ 

ʚʦʟʜʝʡʩʪʚʠʶ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʠʟʣʫʯʝʥʠʡ ʚ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦʤ ʯʘʩʪʦʪʥʦʤ 

ʜʠʘʧʘʟʦʥʝ. ʅʘʧʨʠʤʝʨ, ʥʘ ʧʦʣʠʤʝʨ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ ʠʟʣʫʯʝʥʠʝ, ʫʩʢʦʨʷʶʱʝʝ ʩʢʦʨʦʩʪʴ ʝʛʦ ʧʦʣʟʫʯʝʩʪʠ ʚ 

ʜʝʩʷʪʢʠ ʨʘʟ, ʘ ʚʦʟʜʝʡʩʪʚʠʷ ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʳ ʥʘ ʥʘʧʨʷʞʸʥʥʳʝ ʘʪʦʤʥʳʝ 

ʩʚʷʟʠ ʧʦʜʦʙʥʳʤ ʞʝ ʦʙʨʘʟʦʤ ʫʩʢʦʨʷʶʪ ʧʨʦʮʝʩʩ ʨʘʟʨʫʰʝʥʠʷ [1]. 

ʉʦʧʫʪʩʪʚʫʶʱʝʝ ʵʪʦʤʫ ʠʥʬʨʘʢʨʘʩʥʦʝ ʠʟʣʫʯʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ 

ʪʝʤʧʝʨʘʪʫʨʫ ʤʘʪʝʨʠʘʣʘ. ʇʨʠʯʸʤ, ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʘʛʨʫʟʦʢ, ʨʘʟʣʠʯʥʳʭ ʧʦ ʩʚʦʝʤʫ ʭʘʨʘʢʪʝʨʫ. ʇʦʵʪʦʤʫ 

ʨʘʩʩʤʦʪʨʠʤ ʠ ʩʦʧʦʩʪʘʚʠʤ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʛʣʝʧʣʘʩʪʠʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʚʠʜʘ ʵʪʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. 
ʉʨʘʚʥʠʚʘʶʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʛʣʝʧʣʘʩʪʠʢʦʚ, 

ʧʦʜʚʝʨʛʘʚʰʠʭʩʷ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʢʘʢ ʚ ʨʝʞʠʤʝ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʧʨʝʙʳʚʘʥʠʷ ʚ ʦʧʨʝʜʝʣʸʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʪʘʢ ʠ ʧʨʠ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʠʭ 

ʠʟʤʝʥʝʥʠʠ, ʩʚʦʡʩʪʚʝʥʥʦʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʣʝʪʘʪʝʣʴʥʦʛʦ 

ʘʧʧʘʨʘʪʘ (ʃɸ). 
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

 

VIII ˏ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 9 

ʇʝʨʚʳʡ ʚʘʨʠʘʥʪ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ½ ʥʝʧʨʝʨʳʚʥʦʝ 

ʧʨʝʙʳʚʘʥʠʝ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʠʩʧʳʪʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʪʨʝʤʘʣʴʥʦ ʭʦʣʦʜʥʦʛʦ ʢʣʠʤʘʪʘ ʗʢʫʪʩʢʘ ʠ ʚ 

ʫʩʣʦʚʠʷʭ ʪʸʧʣʦʛʦ ʚʣʘʞʥʦʛʦ ʢʣʠʤʘʪʘ ʧʦʙʝʨʝʞʴʷ ʏʸʨʥʦʛʦ ʤʦʨʷ. ɺ ʧʝʨʚʦʤ 

ʩʣʫʯʘʝ ï ʵʪʦ 30 ʩʫʪʦʢ ʧʨʝʙʳʚʘʥʠʷ ʥʘ ʦʪʢʨʳʪʦʤ ʧʦʣʠʛʦʥʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʦʪ ī11 ʜʦ ī44 C̄, ʚʦ ʚʪʦʨʦʤ ½ ʢʨʫʛʣʦʛʦʜʠʯʥʦʝ ʧʨʝʙʳʚʘʥʠʝ ʚ ʪʝʯʝʥʠʝ 7 ʣʝʪ 

ʥʘ ʦʪʢʨʳʪʦʤ ʧʦʣʠʛʦʥʝ ʠ ʧʦʜ ʥʘʚʝʩʦʤ, ʟʘʱʠʱʘʶʱʠʤ ʦʪ ʩʦʣʥʝʯʥʦʡ 

ʨʘʜʠʘʮʠʠ. 

ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ï ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʚʣʘʛʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʭʣʘʞʜʝʥʠʝʤ ʜʦ 

ʤʠʥʫʩʦʚʳʭ ʪʝʤʧʝʨʘʪʫʨ, ʠʤʠʪʠʨʫʶʱʠʤ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʧʦʣʸʪʘ ʃɸ 

[2, 3]. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʗʢʫʪʩʢʝ, ʛʜʝ ʜʣʷ 

ʩʦʧʦʩʪʘʚʠʤʦʩʪʠ ʩ ʥʝʧʨʝʨʳʚʥʦʡ ʵʢʩʧʦʟʠʮʠʝʡ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ 30 ʩʫʪʦʯʥʳʭ 

ʮʠʢʣʦʚ ʚʣʘʛʦʥʘʩʳʱʝʥʠʷ ʚ ʚʦʜʝ ʠ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʥʘ ʦʪʢʨʳʪʦʤ ʧʦʣʠʛʦʥʝ. 

ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʚ ʅʦʚʦʩʠʙʠʨʩʢʝ ʩ ʠʤʠʪʘʮʠʝʡ 30-

ʪʠ ʧʦʣʸʪʥʳʭ ʮʠʢʣʦʚ ʚʣʘʛʦʥʘʩʳʱʝʥʠʷ ʚ ʚʦʜʝ ʠ ʩʦʣʷʥʦʤ ʨʘʩʪʚʦʨʝ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʧʦʣʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʨʦʬʠʣʷ ʧʦʣʸʪʘ ʃɸ: ʧʦʜʲʸʤ 

ʥʘ ʚʳʩʦʪʫ 10 ʢʤ, ʧʦʣʸʪ ʥʘ ʵʪʦʡ ʚʳʩʦʪʝ 4 ʯʘʩʘ ʠ ʩʥʠʞʝʥʠʝ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʟʝʤʣʝ. 

ʄʝʪʦʜʳ ʠʩʧʳʪʘʥʠʡ ʠ ʠʭ ʨʝʟʫʣʴʪʘʪʳ. ʄʝʭʘʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʛʣʝʧʣʘʩʪʠʢʦʚ ʦʧʨʝʜʝʣʷʣʠʩʴ ʥʝʩʢʦʣʴʢʠʤʠ ʚʠʜʘʤʠ 

ʠʩʧʳʪʘʥʠʡ. ʊ. ʥ. çʧʨʦʯʥʦʩʪʴè ʦʧʨʝʜʝʣʷʣʘʩʴ ʤʝʪʦʜʦʤ ʩʪʫʧʝʥʯʘʪʦʛʦ 

ʥʘʨʘʩʪʘʥʠʷ ʮʠʢʣʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʥʘ ʯʘʩʪʦʪʝ 0,5 ɻʮ ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ 

ʜʠʘʛʥʦʩʪʠʢʦʡ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʦ ʥʝʫʧʨʫʛʦʩʪʠ. ʅʘ 

ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʚʳʙʠʨʘʣʠʩʴ ʨʝʞʠʤʳ ʠ ʧʨʦʚʦʜʠʣʠʩʴ 

ʫʩʪʘʣʦʩʪʥʳʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʯʘʩʪʦʪʝ 3ï5 ɻʮ. ɼʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʫʶʱʝʛʦ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʧʳʪʘʥʠʷ ʥʘ ʤʝʞʩʣʦʡʥʳʡ 

ʩʜʚʠʛ. 

ʇʨʦʛʨʘʤʤʘ ʥʘʛʨʫʞʝʥʠʷ ʧʨʠ ʜʠʘʛʥʦʩʪʠʢʝ ʠ ʦʧʨʝʜʝʣʷʝʤʳʝ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ ʧʦʢʘʟʘʥʳ ʥʘ ʈʠʩ. 1. ʇʦ 

ʜʘʥʥʳʤ ʵʪʠʭ ʠʟʤʝʨʝʥʠʡ ʩʪʨʦʠʣʘʩʴ ʘʤʧʣʠʪʫʜʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʩʢʨʳʪʠʷ 

ʧʝʪʣʠ ʥʝʫʧʨʫʛʦʩʪʠ, ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʥʫʪʨʝʥʥʠʭ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʤʘʪʝʨʠʘʣʝ. ɸ ʦʥʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʳʟʳʚʘʶʪ ʧʨʠ 

ʧʝʨʝʤʝʥʥʳʭ ʥʘʛʨʫʟʢʘʭ ʣʦʢʘʣʴʥʳʝ ʧʣʘʩʪʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʝ ʝʛʦ ʫʩʪʘʣʦʩʪʥʦʝ ʨʘʟʨʫʰʝʥʠʝ [4, 5]. 

ʅʘʨʘʩʪʘʥʠʝ ʘʤʧʣʠʪʫʜʳ ʥʘʛʨʫʞʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʦʢʦʥʯʘʪʝʣʴʥʦʤʫ 

ʨʘʟʨʫʰʝʥʠʶ ʦʙʨʘʟʮʘ, ʠ ʧʦ ʚʨʝʤʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʥʘʛʨʫʞʝʥʠʷ ʜʝʣʘʝʪʩʷ 

ʨʘʩʯʸʪ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʚʨʝʤʝʥʠ ʨʘʟʨʫʰʝʥʠʷ, ʧʨʠʚʝʜʸʥʥʦʛʦ ʢ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ ʧʨʠ ʠʟʣʦʤʝ ʦʙʨʘʟʮʘ. ɺ ʦʩʥʦʚʝ ʤʝʪʦʜʠʢʠ ï 

ʪʝʨʤʦʘʢʪʠʚʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʧʨʦʮʝʩʩʘ ʨʘʟʨʫʰʝʥʠʷ ʢʦʤʧʦʟʠʪʘ, 
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

 

VIII ˏ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 10 

ʧʨʦʠʩʭʦʜʷʱʝʛʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʞʠʤʘʶʱʠʭ ʥʘʛʨʫʟʦʢ. ʕʪʦ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʘʝʪ ʭʦʜ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʦʪ ʧʦʚʝʜʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʩʧʣʘʚʦʚ ʧʨʠ ʪʘʢʦʤ ʞʝ ʥʘʛʨʫʞʝʥʠʠ [4, 5]. ʇʦ ʨʠʩʫʥʢʫ 1 ʚʠʜʥʦ, ʯʪʦ 

ʫʜʣʠʥʝʥʠʝ ʦʙʨʘʟʮʘ ʚ ʧʦʣʫʮʠʢʣʝ ʨʘʩʪʷʞʝʥʠʷ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝ (ʥʝʢʦʪʦʨʘʷ 

ʚʳʪʷʞʢʘ ʚʦʣʦʢʦʥ), ʥʦ ʧʨʦʮʝʩʩ ʨʘʟʨʫʰʝʥʠʷ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʚ ʧʦʣʫʮʠʢʣʝ 

ʩʞʘʪʠʷ. 

 

 

ʈʠʩ. 1 ï ʊʠʧʦʚʘʷ ʧʨʦʛʨʘʤʤʘ ʥʘʛʨʫʞʝʥʠʷ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʩʪʨʫʢʪʫʨʳ  

ʦʙʨʘʟʮʦʚ ʤʘʪʝʨʠʘʣʘ ʧʦ ʥʝʫʧʨʫʛʦʩʪʠ. D ½ʧʝʨʝʤʝʱʝʥʠʝ ʥʘ ʜʣʠʥʝ ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʦʙʨʘʟʮʘ 

 

ʀʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʠʪʝʣʴʥʦʝ ʧʨʝʙʳʚʘʥʠʝ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʠʟʣʫʯʝʥʠʷ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʠʭ 

ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʮʝʩʩʳ ʜʦʦʪʚʝʨʞʜʝʥʠʷ ʠʭ ʜʘʞʝ 

ʧʦʚʳʰʘʶʪ. ɸ ʝʩʣʠ ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʷʚʣʷʶʪʩʷ ʧʦʥʠʞʝʥʥʳʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʪʦ 

ʵʪʦ ʪʦʣʴʢʦ ʫʣʫʯʰʘʝʪ ʩʪʨʫʢʪʫʨʫ ʤʘʪʝʨʠʘʣʘ ʠ ʧʦʚʳʰʘʝʪ ʝʛʦ ʨʝʩʫʨʩʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʅʦ ʩʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʚʩʝ 

ʫʣʫʯʰʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʘʢʪʠʯʝʩʢʠ ʩʚʦʜʠʪ ʢ ʥʫʣʶ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʛʣʝʧʣʘʩʪʠʢʘ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʘʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ 

ʧʘʨʘʤʝʪʨ ʧʨʦʯʥʦʩʪʠ (ʦʙʨʘʪʥʘʷ ʚʝʣʠʯʠʥʘ ʘʢʪʠʚʘʮʠʦʥʥʦʛʦ ʦʙʲʸʤʘ [2]) ʠ 

ʩʪʘʥʜʘʨʪʥʳʤ ʦʪʢʣʦʥʝʥʠʝʤ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʨʘʟʨʫʰʝʥʠʷ ʦʪʜʝʣʴʥʳʭ 

ʦʙʨʘʟʮʦʚ ʦʪ ʝʸ ʫʩʨʝʜʥʸʥʥʦʡ ʩʠʣʦʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʳ 

ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʦʙʨʘʟʮʦʚ, ʵʢʩʧʦʥʠʨʦʚʘʚʰʠʭʩʷ 

ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʪʸʧʣʦʛʦ ʚʣʘʞʥʦʛʦ ʢʣʠʤʘʪʘ ʚ ʪʝʯʝʥʠʝ 7 ʣʝʪ. 

ʇʘʨʘʤʝʪʨ ʧʨʦʯʥʦʩʪʠ ʫʯʠʪʳʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʚʝʣʠʯʠʥʫ ʥʘʧʨʷʞʝʥʠʡ, ʢʦʪʦʨʫʶ 
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

 

VIII ˏ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 11 

ʚʳʜʝʨʞʘʣʠ ʦʙʨʘʟʮʳ ʧʣʘʩʪʠʥ, ʥʦ ʠ ʚʨʝʤʷ ʥʘʭʦʞʜʝʥʠʷ ʧʦʜ ʥʘʧʨʷʞʝʥʠʝʤ, ʠ 

ʪʝʤʧʝʨʘʪʫʨʫ ʠʩʧʳʪʘʥʠʡ. 

 

ʈʠʩ. 2 ï ʉʦʦʪʥʦʰʝʥʠʝ ʟʥʘʯʝʥʠʡ ʩʨʝʜʥʝʛʦ ʧʘʨʘʤʝʪʨʘ ʧʨʦʯʥʦʩʪʠ ʦʙʨʘʟʮʦʚ Pst, ʚʳʨʝʟʘʥʥʳʭ ʠʟ 

ʧʣʘʩʪʠʥ, ʭʨʘʥʠʚʰʠʭʩʷ ʚ ʣʘʙʦʨʘʪʦʨʠʠ (1), ʥʘʭʦʜʠʚʰʠʭʩʷ ʧʦʜ ʥʘʚʝʩʦʤ (2) ʠ ʥʘ ʦʪʢʨʳʪʦʡ 

ʧʣʦʱʘʜʢʝ (3), ʘ ʪʘʢʞʝ ʨʘʟʙʨʦʩʘ ʠʭ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ SD 

 

ɺʦʟʜʝʡʩʪʚʠʝ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʧʨʦʯʥʦʩʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ, ʧʨʠʦʙʨʝʪʸʥʥʳʝ ʟʘ ʩʯʸʪ ʜʣʠʪʝʣʴʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʧʝʨʝʤʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʆʜʥʘʢʦ ʵʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ 

ʠ ʨʘʟʙʨʦʩ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʪʨʘʞʘʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʦʪʜʝʣʴʥʳʝ ʟʦʥʳ ʧʣʘʩʪʠʥ. 

ʏʝʨʝʜʦʚʘʥʠʝ ʧʝʨʠʦʜʦʚ ʚʣʘʛʦʥʘʩʳʱʝʥʠʷ ʠ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʨʦʩʪʫ ʚʣʘʛʦʧʦʛʣʦʱʝʥʠʷ ʠ ʩʥʠʞʘʝʪ ʨʝʩʫʨʩʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ, 

ʦʩʦʙʝʥʥʦ ʧʨʠ ʙʦʣʴʰʠʭ ʥʘʛʨʫʟʢʘʭ. ʇʨʠ ʥʘʣʠʯʠʠ ʚʦ ʚʣʘʞʥʦʡ ʘʪʤʦʩʬʝʨʝ 

ʨʘʩʪʚʦʨʸʥʥʳʭ ʚʝʱʝʩʪʚ ʧʨʦʠʩʭʦʜʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʨʠʨʦʩʪ ʤʘʩʩʳ 

ʤʘʪʝʨʠʘʣʘ ʟʘ ʩʯʸʪ ʥʘʢʦʧʣʝʥʠʷ ʵʪʠʭ ʚʝʱʝʩʪʚ ʚ ʥʝʩʧʣʦʰʥʦʩʪʷʭ ʩʚʷʟʫʶʱʝʛʦ, 

ʢʦʪʦʨʳʝ ʧʨʠ ʧʝʨʝʭʦʜʝ ʯʝʨʝʟ ʪʝʤʧʝʨʘʪʫʨʫ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚʦʜʳ 

ʫʚʝʣʠʯʠʚʘʶʪ ʩʚʦʠ ʨʘʟʤʝʨʳ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʳʟʳʚʘʝʪ ʥʘʨʘʩʪʘʥʠʝ 

ʚʣʘʛʦʧʦʛʣʦʱʝʥʠʷ. 

ɺʣʠʷʥʠʝ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʨʝʩʫʨʩʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʫʛʣʝʧʣʘʩʪʠʢʘ ʦʮʝʥʠʚʘʣʦʩʴ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʫʩʪʘʣʦʩʪʥʳʭ ʠʩʧʳʪʘʥʠʡ. 

ʅʘʛʨʫʞʘʣʠ ʩʠʤʤʝʪʨʠʯʥʳʤ ʮʠʢʣʦʤ ʧʨʠ ʥʝʩʢʦʣʴʢʠʭ ʟʥʘʯʝʥʠʷʭ ʘʤʧʣʠʪʫʜʳ ʠ 

ʦʮʝʥʠʚʘʣʠ ʧʦʚʨʝʞʜʸʥʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʟʘ ʦʜʠʥ ʮʠʢʣ ʥʘʛʨʫʞʝʥʠʷ. ʅʘ ʨʠʩ. 3 

ʧʦʢʘʟʘʥʘ ʫʩʨʝʜʥʸʥʥʘʷ ʘʤʧʣʠʪʫʜʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʚʨʝʞʜʸʥʥʦʩʪʠ ʟʘ ʮʠʢʣ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʨʘʟʥʦʛʦ ʚʠʜʘ. ʊʘʢʦʡ ʩʧʦʩʦʙ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʤʧʣʠʪʫʜʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʥʝʫʧʨʫʛʦʩʪʠ [6]. ɺʦʟʜʝʡʩʪʚʠʝ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʚʳʥʦʩʣʠʚʦʩʪʠ ʫʛʣʝʧʣʘʩʪʠʢʘ ʚ ʦʙʣʘʩʪʠ 

ʥʠʟʢʠʭ ʘʤʧʣʠʪʫʜ ʥʘʛʨʫʞʝʥʠʷ. ʅʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʫʨʦʚʥʷ ʥʘʛʨʫʟʦʢ 
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

 

VIII ˏ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 12 

ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʚʣʘʛʦʥʘʩʳʱʝʥʠʝ ï ʟʘʤʦʨʘʞʠʚʘʥʠʝ ʨʝʟʢʦ ʝʸ ʩʥʠʞʘʝʪ. 

ʇʦʥʠʞʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʫʣʫʯʰʘʝʪ ʩʪʨʫʢʪʫʨʫ ʤʘʪʝʨʠʘʣʘ, ʩʥʠʞʘʷ ʨʘʟʙʨʦʩ 

ʫʩʪʘʣʦʩʪʥʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ. 

 

 

ʈʠʩ. 3 ï ɸʤʧʣʠʪʫʜʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʚʨʝʞʜʸʥʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʣʘʩʪʠʥ  

ʟʘ ʮʠʢʣ ʧʨʠ ʩʨʝʜʥʠʭ ʥʘʧʨʷʞʝʥʠʷʭ ʮʠʢʣʘ ům = 0 ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ (1), ʧʦʩʣʝ ʚʳʜʝʨʞʠʚʘʥʠʷ 

ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 30 ʩʫʪʦʢ (2) ʠ ʧʦʩʣʝ 30-ʪʠ ʮʠʢʣʦʚ ʚʣʘʛʦʥʘʩʳʱʝʥʠʷ ï 

ʟʘʤʦʨʘʞʠʚʘʥʠʷ (3). ʉʧʣʦʰʥʳʤʠ ʢʨʫʞʢʘʤʠ ʦʪʤʝʯʝʥʳ ʥʝʨʘʟʨʫʰʠʚʰʠʝʩʷ ʦʙʨʘʟʮʳ ʧʣʘʩʪʠʥʳ 1 

 

ɺ ʩʣʫʯʘʝ ʩʦʜʝʨʞʘʥʠʷ ʚʦ ʚʣʘʞʥʦʡ ʩʨʝʜʝ ʨʘʩʪʚʦʨʸʥʥʳʭ ʚʝʱʝʩʪʚ, 

ʥʘʧʨʠʤʝʨ, ʩʦʣʠ ʫʛʣʝʧʣʘʩʪʠʢ ʚʥʘʯʘʣʝ ʨʘʙʦʪʘʝʪ ʢʘʢ ʧʦʣʫʧʨʦʥʠʮʘʝʤʘʷ 

ʤʝʤʙʨʘʥʘ, ʬʠʣʴʪʨʫʷ ʝʸ. ʅʦ ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʧʝʨʝʭʦʜ ʯʝʨʝʟ ʪʝʤʧʝʨʘʪʫʨʫ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚʦʜʳ ʧʨʠʚʦʜʠʪ ʨʦʩʪʫ ʚʣʘʛʦʧʦʛʣʦʱʝʥʠʷ ʩʦʣʷʥʦʛʦ ʨʘʩʪʚʦʨʘ, 

ʫʚʝʣʠʯʠʚʘʷ ʝʛʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʣʘʛʦʧʦʛʣʦʱʝʥʠʝʤ ʚ ʯʠʩʪʦʡ ʚʦʜʝ. 

ʀʩʧʳʪʘʥʠʷ ʥʘ ʤʝʞʩʣʦʡʥʳʡ ʩʜʚʠʛ ʧʦʢʘʟʘʣʠ ʚ ʠʟʣʦʤʝ ʦʙʨʘʟʮʦʚ ʧʨʠʩʫʪʩʪʚʠʝ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʚʢʣʶʯʝʥʠʡ ʩʦʣʠ. ʅʘ ʨʠʩ. 4 ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʦʪʣʦʞʝʥʠʡ ʩʦʣʠ ʚ ʠʟʣʦʤʝ ʩʚʷʟʫʶʱʝʛʦ ʧʨʠ ʤʝʞʩʣʦʡʥʦʤ ʨʘʟʨʫʰʝʥʠʠ 

ʢʦʤʧʦʟʠʪʘ. 
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

 

VIII ˏ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 13 

 

ʈʠʩ. 4 ï ɺʠʜ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʚʢʣʶʯʝʥʠʡ ʩʦʣʠ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ ʠʟʣʦʤʝ ʦʜʥʦʛʦ 

ʠʟ ʦʙʨʘʟʮʦʚ, ʠʩʧʳʪʳʚʘʚʰʝʛʦʩʷ ʥʘ ʤʝʞʩʣʦʡʥʳʡ ʩʜʚʠʛ 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʠʪʦʛʝ ʩʣʝʜʫʝʪ, ʯʪʦ ʇʂʄ ʥʫʞʜʘʝʪʩʷ ʚ ʟʘʱʠʪʝ ʦʪ ʚʥʝʰʥʠʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʠʩʢʣʶʯʘʶʱʝʡ ʢʦʥʪʘʢʪ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ. ʕʪʦ 

ʦʪʥʦʩʠʪʩʷ ʢʘʢ ʢ ʟʘʱʠʪʝ ʦʪ ʚʣʘʛʠ, ʪʘʢ ʠ ʦʪ ʚʦʟʜʝʡʩʪʚʠʡ ʩʦʣʥʝʯʥʦʡ 

ʨʘʜʠʘʮʠʠ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ 

ʩʪʦʡʢʦʩʪʠ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢ ʩʪʘʨʝʥʠʶ ʠ ʙʠʦʧʦʚʨʝʞʜʝʥʠʶ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʤʦʛʫʪ 

ʦʙʣʘʜʘʪʴ ʥʝʢʦʪʦʨʦʡ ʵʣʝʢʪʨʝʪʥʦʩʪʴʶ - ʩʦʜʝʨʞʘʪʴ ʟʘʨʷʜʳ 

ʩʪʘʪʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʢʦʪʦʨʳʝ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʦʧʨʝʜʝʣʷʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʘʜʩʦʨʙʠʨʦʚʘʪʴ ʥʘ  ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʭʠʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʛʘʟʳ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ ʠ 

ʢʣʝʪʢʠ ʙʘʢʪʝʨʠʡ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʜʩʦʨʙʮʠʷ, ʙʠʦʧʦʚʨʝʞʜʝʥʠʝ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ, ʧʦʣʠʤʝʨ, ʩʪʘʪʠʯʝʩʢʠʡ ʟʘʨʷʜ, ʩʪʘʨʝʥʠʝ, ʵʣʝʢʪʨʝʪ 

 

Abstract 

The report considers the possibilities of preliminary assessment of the 

resistance of polymer materials to aging and bio-damage. It is shown that 

dielectric polymer materials can have some electreteness - they contain static 

electricity charges, which largely determine the ability to adsorb chemicals, 
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gases, mechanical particles and bacterial cells on the surface of polymer 

materials. 

Keywords: adsorption, bio-damage, dielectric properties, polymer, static 

charge, aging, electret 

 

ɺʚʝʜʝʥʠʝ 

ʈʘʟʨʘʙʦʪʢʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʫʩʪʨʦʡʩʪʚ ʩʬʦʢʫʩʠʨʦʚʘʥʘ ʥʘ ʚʩʝʩʪʦʨʦʥʥʝʡ ʦʮʝʥʢʝ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʥʝ 

ʪʦʣʴʢʦ ʚ ʩʦʩʪʦʷʥʠʠ ʥʦʚʦʛʦ, ʥʦ ʠ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʝʛʦ ʤʥʦʛʦʣʝʪʥʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ [1]. ʆʧʨʝʜʝʣʝʥʠʝ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʜʦʣʞʥʦ ʧʨʦʭʦʜʠʪʴ ʩ 

ʫʯʝʪʦʤ ʚʩʝʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [2], ʚ ʩʣʫʯʘʝ ʞʝ ʨʘʟʙʨʦʩʘ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ [3] ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ: çʏʪʦ ʞʝ ʙʳʣʦ ʥʝ ʫʯʪʝʥʦ ʚ 

ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ?è. ʀʩʯʝʨʧʳʚʘʶʱʝ ʦʪʚʝʪʠʪʴ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ 

ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦ, ʥʦ ʤʘʢʩʠʤʘʣʴʥʦ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʨʘʟʣʠʯʠʷ ʚ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʦʙʨʘʟʮʦʚ ʤʘʪʝʨʠʘʣʘ ʠ ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʥʝʛʦ ʬʘʢʪʦʨʦʚ 

ʥʝʦʙʭʦʜʠʤʦ.  

ʇʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʷʚʣʷʶʪʩʷ ʜʠʵʣʝʢʪʨʠʢʘʤʠ  ʠ ʧʨʠ ʣʶʙʳʭ 

ʤʘʥʠʧʫʣʷʮʠʷʭ ʩ ʥʠʤʠ ʥʘʢʘʧʣʠʚʘʶʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʟʘʨʷʜ, ʢʦʪʦʨʳʡ 

ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦ ʥʝʡʪʨʘʣʠʟʦʚʘʪʴ [4]. 

 

ʀʩʪʦʨʠʯʝʩʢʘʷ ʩʧʨʘʚʢʘ 

ɺ 1919 ʛʦʜʫ ʷʧʦʥʩʢʠʡ ʫʯʝʥʳʡ ï ʬʠʟʠʢ ʄ. ɪʛʫʪʠ ʧʦʤʝʩʪʠʣ 

ʨʘʩʧʣʘʚʣʝʥʥʳʡ ʚʦʩʢ ʤʝʞʜʫ ʜʚʫʤʷ ʵʣʝʢʪʨʦʜʘʤʠ ʠ ʧʨʠʩʦʝʜʠʥʠʣ ʠʭ ʢ 

ʠʩʪʦʯʥʠʢʫ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʇʦʩʣʝ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʩʢʘ ʠ 

ʝʛʦ ʦʪʚʝʨʞʜʝʥʠʷ, ʧʦʜʘʯʘ ʥʘʧʨʷʞʝʥʠʷ ʧʨʝʢʨʘʱʘʣʘʩʴ ʠ ʵʣʝʢʪʨʦʜʳ 

ʫʜʘʣʷʣʠʩʴ. ʇʨʠ ʵʪʦʤ ʥʘ ʛʨʘʥʷʭ ʟʘʩʪʳʚʰʝʛʦ ʚʦʩʢʘ ʦʙʥʘʨʫʞʠʚʘʣʩʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʧʦ ʟʥʘʢʫ ʵʣʝʢʪʨʦʜʘʤ. ʕʪʦʪ ʟʘʨʷʜ 

ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ ʛʝʪʝʨʦʟʘʨʷʜ ʵʣʝʢʪʨʝʪʘ 

 

 
ʈʠʩ. 1 ï ʇʦʣʫʯʝʥʠʝ ʧʦʣʠʤʝʨʥʳʭ ʵʣʝʢʪʨʝʪʦʚ 

 

ɪʛʫʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʙʥʘʨʫʞʠʣ ʠ ʪʘʢʦʝ ʷʚʣʝʥʠʝ, ʢʘʢ ʧʝʨʝʭʦʜ ʦʪ 

ʛʝʪʝʨʦʟʘʨʷʜʘ ʢ ʛʦʤʦʟʘʨʷʜʫ ʚ ʧʨʦʮʝʩʩʝ ʭʨʘʥʝʥʠʷ ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ 

ʵʣʝʢʪʨʝʪʘ. 

ɻʦʤʦʟʘʨʷʜ ï ʵʪʦ ʟʘʨʷʜ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʵʣʝʢʪʨʠʢʘ, ʩʦʚʧʘʜʘʶʱʠʡ ʧʦ 

ʟʥʘʢʫ ʩ ʟʘʨʷʜʦʤ ʧʨʠʣʝʛʘʶʱʝʛʦ ʢ ʥʝʡ ʵʣʝʢʪʨʦʜʘ. ʗʚʣʝʥʠʝ ʦʢʘʟʳʚʘʝʪ ʥʘ 
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

 

VIII ˏ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 17 

ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʠʥʞʝʢʮʠʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʠʟ ʵʣʝʢʪʨʦʜʦʚ ʚ ʧʨʦʮʝʩʩʝ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʵʣʝʢʪʨʝʪʘ. 

 

 
ʈʠʩ. 2 ï ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʘʷ ʢʨʠʚʘʷ ʠʟʤʝʥʝʥʠʷ ʟʘʨʷʜʦʚ ʚ ʵʣʝʢʪʨʝʪʝ 

 

ɺ 40-ʝ ʛʛ. ʍʍ ʚ. ʠʥʪʝʨʝʩ ʢ ʵʣʝʢʪʨʝʪʥʦʤʫ ʵʬʬʝʢʪʫ ʫʚʝʣʠʯʠʣʩʷ ʚ ʩʚʷʟʠ 

ʩ ʠʟʦʙʨʝʪʝʥʠʝʤ ʢʩʝʨʦʛʨʘʬʠʠ ï ʩʧʦʩʦʙʘ ʢʦʧʠʨʦʚʘʥʠʷ ʜʦʢʫʤʝʥʪʦʚ ʤʝʪʦʜʦʤ 

ʵʣʝʢʪʨʦʛʨʘʬʠʠ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪ ʧʣʘʩʪʠʥʳ, ʧʦʢʨʳʪʳʝ ʩʣʦʝʤ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ, ʢʦʪʦʨʳʡ ʚ ʪʝʤʥʦʪʝ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤ ʫʜʝʣʴʥʳʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʥʝ ʦʪʣʠʯʘʷʩʴ ʧʦ ʩʫʱʝʩʪʚʫ ʦʪ ʜʠʵʣʝʢʪʨʠʢʘ. ʇʦʚʝʨʭʥʦʩʪʴ 

ʨʘʚʥʦʤʝʨʥʦ ʟʘʨʷʞʘʶʪ ʚ ʪʝʤʥʦʪʝ, ʧʦʣʫʯʘʷ ʪʝʤ ʩʘʤʳʤ ʵʣʝʢʪʨʝʪ, ʢʦʪʦʨʳʡ 

ʜʦʩʪʘʪʦʯʥʦ ʜʦʣʛʦ ʫʜʝʨʞʠʚʘʝʪ ʩʦʦʙʱʸʥʥʳʡ ʝʤʫ ʟʘʨʷʜ. ɿʘʪʝʤ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʦʝʮʠʨʫʶʪ ʠʟʦʙʨʘʞʝʥʠʝ ʢʦʧʠʨʫʝʤʦʛʦ ʜʦʢʫʤʝʥʪʘ.  

ɺ ʤʝʩʪʘʭ, ʛʜʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢ ʦʩʚʝʱʸʥ, ʩʚʝʪʦʚʳʝ ʢʚʘʥʪʳ ʛʝʥʝʨʠʨʫʶʪ 

ʥʦʩʠʪʝʣʠ ʟʘʨʷʜʘ (ʷʚʣʝʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʬʦʪʦʵʬʬʝʢʪʘ) ï ʵʣʝʢʪʨʦʥʳ ʠ ʜʳʨʢʠ, 

ʢʦʪʦʨʳʝ, ʜʚʠʛʘʷʩʴ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʵʣʝʢʪʨʝʪʘ, ʢʦʤʧʝʥʩʠʨʫʶʪ 

ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʟʘʨʷʜ ʚ ʦʩʚʝʱʸʥʥʳʭ ʤʝʩʪʘʭ. ɺ ʪʝʭ ʞʝ ʤʝʩʪʘʭ, ʢʫʜʘ ʩʚʝʪ ʥʝ 

ʧʦʧʘʜʘʝʪ, ʟʘʨʷʜ ʦʩʪʘʸʪʩʷ. ʇʦʣʫʯʘʝʪʩʷ çʵʣʝʢʪʨʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝè. ɽʛʦ 

ʧʨʦʷʚʣʷʶʪ, ʨʘʩʧʳʣʷʷ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʧʝʮʠʘʣʴʥʳʡ ʧʦʨʦʰʦʢ, 

ʧʨʠʣʠʧʘʶʱʠʡ ʢ ʟʘʨʷʞʝʥʥʳʤ ʫʯʘʩʪʢʘʤ ʧʣʘʩʪʠʥʳ. ʇʨʠʞʠʤʘʷ ʣʠʩʪ ʙʫʤʘʛʠ ʢ 

ʧʣʘʩʪʠʥʝ, ʧʝʨʝʥʦʩʷʪ ʧʦʨʦʰʦʢ ʥʘ ʙʫʤʘʛʫ. ɼʣʷ ʟʘʢʨʝʧʣʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʦʩʳʧʘʥʠʷ ʧʦʨʦʰʢʘ. ɼʣʷ ʵʪʦʛʦ ʣʠʩʪ ʥʘʛʨʝʚʘʶʪ, 

ʧʦʨʦʰʦʢ ʧʣʘʚʠʪʩʷ ʠ ʧʨʦʯʥʦ ʩʢʨʝʧʣʷʝʪʩʷ ʩ ʙʫʤʘʛʦʡ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʜʦ ʩʠʭ 

ʧʦʨ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʨʘʙʦʪʳ ʤʥʦʛʠʭ ʢʦʧʠʨʦʚʘʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʣʘʟʝʨʥʳʭ 

ʧʨʠʥʪʝʨʦʚ. 

ʇʦʜʲʸʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʵʣʝʢʪʨʝʪʘʤ ʥʘʯʘʣʩʷ ʚ 60-ʝ ʛʦʜʳ ʍʍ ʚ. 

ʇʦʪʨʝʙʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʠʥʪʝʨʝʩ ʚʝʜʫʱʠʭ ʬʠʨʤ, ʚʳʧʫʩʢʘʶʱʠʭ 

ʟʚʫʢʦʟʘʧʠʩʳʚʘʶʱʫʶ ʠ ʟʚʫʢʦʚʦʩʧʨʦʠʟʚʦʜʷʱʫʶ ʘʧʧʘʨʘʪʫʨʫ ʩʪʠʤʫʣʠʨʦʚʘʣʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʷʜʘ ʟʘʨʫʙʝʞʥʳʭ ʫʯʝʥʳʭ.  

ɺ 60ï70-ʝ ʛʛ. ʧʦʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʝ ʨʘʙʦʪʳ ɹ. ɻʨʦʩʩʘ, 

ɻ. ʉʝʩʩʣʝʨʘ, ʄ. ʇʝʨʣʤʘʥʘ, ʀ. ɺʘʥ ʊʶʨʥʭʘʫʪʘ. ʂ. ʀʢʝʟʘʢʠ, X. ʬʦʥ ɿʝʛʛʝʨʥʘ 

ʠ ʤʥ. ʜʨ. ʉʪʘʣʠ ʚʝʩʪʠʩʴ ʨʘʙʦʪʳ ʠ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ. ʇʦʷʚʣʷʶʪʩʷ ʩʪʘʪʴʠ ʠ 

ʤʦʥʦʛʨʘʬʠʠ ɸ.ʅ. ɻʫʙʢʠʥʘ, ɻ.ɸ. ʃʫʱʝʡʢʠʥʘ, ʆ.ɸ. ʄʷʟʜʨʠʢʦʚʘ ʠ 

ɺ.ɽ. ʄʘʥʦʡʣʦʚʘ, ɺ.ʄ. ʌʨʠʜʢʠʥʘ, ʇ.ʅ. ʂʦʚʘʣʴʩʢʦʛʦ ʠ ɸ.ɼ. ʐʥʝʡʜʝʨʘ, 

ɽ.ʊ. ʂʫʣʠʥʘ ʠ ʜʨ.  
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ɺ 70ï80-ʝ ʛʛ. ʩʢʣʘʜʳʚʘʝʪʩʷ ʰʢʦʣʘ ʵʣʝʢʪʨʝʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʃɻʇʀ ʠʤ. ɸ.ʀ. ɻʝʨʮʝʥʘ (ɺ.ɻ. ɹʦʡʮʦʚ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ), ʄʀʕʄ 

(ɸ.ʅ. ɻʫʙʢʠʥ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ). ɺ ʵʪʠ ʞʝ ʛʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ 

ʪʘʢʞʝ ʠ ʜʨʫʛʠʭ ʚʫʟʘʭ ʩʪʨʘʥʳ. ʈʝʟʫʣʴʪʘʪʳ ʚʥʝʜʨʷʣʠʩʴ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʵʣʝʢʪʨʝʪʥʳʭ ʤʠʢʨʦʬʦʥʦʚ ʥʘ ʪʫʣʴʩʢʦʤ ʧʨʝʜʧʨʠʷʪʠʠ çʆʢʪʘʚʘè. 

ʈʦʩʪ ʠʥʪʝʨʝʩʘ ʢ ʵʣʝʢʪʨʝʪʘʤ ʩʚʷʟʘʥ ʩ ʙʫʨʥʳʤ ʨʘʟʚʠʪʠʝʤ ʬʠʟʠʢʠ ʠ 

ʭʠʤʠʠ ʧʦʣʠʤʝʨʦʚ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʧʨʠʤʝʥʷʝʤʳʝ ʥʘ ʧʨʘʢʪʠʢʝ ʵʣʝʢʪʨʝʪʳ 

ʠʟʛʦʪʦʚʣʷʶʪʩʷ ʠʟ ʧʦʣʠʤʝʨʥʳʭ ʜʠʵʣʝʢʪʨʠʢʦʚ. ʅʘʠʙʦʣʝʝ ʫʜʘʯʥʳʤʠ 

ʦʢʘʟʘʣʠʩʴ ʬʪʦʨʧʦʣʠʤʝʨʳ - ʧʦʣʠʪʝʪʨʘʬʪʦʨʵʪʠʣʝʥ (ʇʊʌʕ), ʩʦʧʦʣʠʤʝʨ 

ʪʝʪʨʘʬʪʦʨʵʪʠʣʝʥʘ ʩ ʛʝʢʩʘʬʪʦʨʧʨʦʧʠʣʝʥʦʤ ʑʊʌʕ-ɻʌʇ). ʀʟʫʯʘʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʵʣʝʢʪʨʝʪʦʚ ʧʦʣʠʦʣʝʬʠʥʦʚ, ʦʩʦʙʝʥʥʦ ʧʦʣʠʧʨʦʧʠʣʝʥʘ, ʢʦʪʦʨʳʡ ʟʥʘʯʠʪʝʣʴʥʦ 

ʜʝʰʝʚʣʝ ʬʪʦʨʧʦʣʠʤʝʨʦʚ. ɺʝʜʝʪʩʷ ʧʦʠʩʢ ʜʨʫʛʠʭ ʧʦʣʠʤʝʨʥʳʭ ʜʠʵʣʝʢʪʨʠʢʦʚ 

ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʵʣʝʢʪʨʝʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

 

ɺʣʠʷʥʠʝ ʵʣʝʢʪʨʝʪʥʦʩʪʠ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʘʜʩʦʨʙʘʪʦʤ (a) ʠ ʘʜʩʦʨʙʝʥʪʦʤ (b) ʯʘʩʪʠʮ (ʩ) 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʠ ʷʚʣʷʝʪʩʷ 

ʧʨʦʷʚʣʝʥʠʝʤ ʬʠʟʠʯʝʩʢʠʭ ʩʠʣ (ʠʥʜʫʢʮʠʦʥʥʦʝ, ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ) ʥʘʟʳʚʘʶʪ ʬʠʟʠʯʝʩʢʦʡ ʘʜʩʦʨʙʮʠʝʡ 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʭʠʤʠʯʝʩʢʠʭ ʩʠʣ (ʦʙʨʘʟʦʚʘʥʠʝ 

ʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (1), ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ (2),  

ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ (3)) ʚ ʧʨʦʮʝʩʩʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘʟʳʚʘʶʪ 

ʭʠʤʠʯʝʩʢʦʡ ʘʜʩʦʨʙʮʠʝʡ. 

ʇʨʦʮʝʩʩʳ ʘʜʩʦʨʙʮʠʠ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʟʘʱʠʪʳ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʢʘʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ 

ʚʝʱʝʩʪʚ ï ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ [5]. ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʳ ʦʪʣʠʯʠʷ 

ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʪʦʤ ʠʣ ʠʥʦʤ ʪʠʧʝ ʘʜʩʦʨʙʮʠʠ. 
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ʈʠʩ. 3 ï ʄʝʭʘʥʠʟʤ ʬʠʟʠʯʝʩʢʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ ʘʜʩʦʨʙʮʠʠ 

 

 

 

 

ʈʦʙʦʪʠʟʠʨʦʚʘʥʥʳʡ ʢʦʤʧʣʝʢʩ Coriolis 

Composites ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʚʳʢʣʘʜʢʠ ʫʛʣʝʚʦʣʦʢʥʘ 

ʋʧʨʦʱʝʥʥʘʷ ʩʭʝʤʘ ʧʨʦʮʝʩʩʘ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʚʳʢʣʘʜʢʠ ʣʝʥʪʳ 

 

 

ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʡ 

ʠʟ ʇʂʄ ʤʝʪʦʜʦʤ ʚʘʢʫʫʤʥʦʡ ʠʥʬʫʟʠʠ 

(ʪʝʭʥʦʣʦʛʠʷ VARTM) 

ʉʭʝʤʘ ʫʢʣʘʜʢʠ ʩʣʦʝʚ ʜʣʷ ʬʦʨʤʦʚʘʥʠʷ ʤʝʪʦʜʦʤ 

ʠʥʬʫʟʠʠ (ʪʝʭʥʦʣʦʛʠʷ VARTM) 

 

ʈʠʩ. 4 ï ʊʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

 

 

 
ʈʠʩ. 5 ï ʀʥʜʠʢʘʮʠʷ ʟʘʨʷʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʢʣʦʧʣʘʩʪʠʢʘ 

 с



ʂʣʠʤʘʪ-2023: ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʤʘʪʝʨʠʘʣʳ ʠ 

ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

 

VIII ˏ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 20 

 

ʀʥʜʠʢʘʮʠʷ ʩʪʘʪʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʵʣʝʢʪʨʦʤʝʪʨʘ (ʨʠʩ. 5) ʧʦʢʘʟʘʣʘ, ʯʪʦ ʚ ʩʝʨʝʜʠʥʝ ʣʠʩʪʘ ʩʪʝʢʣʦʧʣʘʩʪʠʢʘ 

(ʩʣʝʚʘ) ï ʥʘʣʠʯʠʝ ʢʨʘʩʥʦʛʦ ʩʠʛʥʘʣʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʣʦʞʠʪʝʣʴʥʦʤ 

ʟʘʨʷʜʝ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘ ʢʨʘʶ ʣʠʩʪʘ ʩʪʝʢʣʦʧʣʘʩʪʠʢʘ (ʚʥʠʟʫ). ʅʘ ʦʙʨʘʪʥʦʡ 

ʩʪʦʨʦʥʝ ʩʪʝʢʣʦʧʣʘʩʪʠʢʘ (ʩʣʝʚʘ ʚʥʠʟʫ) 

 

 
ʈʠʩ. 6 ï ʋʩʠʣʝʥʥʘʷ ʘʜʩʦʨʙʮʠʷ ʧʳʣʠ, ʘʵʨʦʟʦʣʷ ʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʯʘʩʪʠʮ 

 

ʋʭʫʜʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʳʟʚʘʥʦ ʧʨʠʣʠʧʰʠʤʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ, ʢʦʪʦʨʳʝ ʢʦʣʦʥʠʟʠʨʫʶʪ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʙʨʘʟʫʷ 

ʙʠʦʧʣʝʥʢʫ [6][7]. ʌʦʨʤʠʨʦʚʘʥʠʝ ʥʦʚʦʛʦ ʙʠʦʧʣʝʥʢʘ ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʩʳʣʢʦʡ 

ʜʣʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʢʦʨʨʦʟʠʠ ʠ ʫʭʫʜʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɹʠʦʧʣʝʥʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʠʟʠʩʪʳʡ ʩʣʦʡ, ʚ ʢʦʪʦʨʦʤ ʙʘʢʪʝʨʠʘʣʴʥʳʝ 

ʢʣʝʪʢʠ ʤʦʛʫʪ ʟʘʢʣʶʯʘʪʴ ʩʝʙʷ ʚ ʛʠʜʨʘʪʠʨʦʚʘʥʥʫʶ ʤʘʪʨʠʮʫ ʠʟ 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʠ ʙʝʣʢʘ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʚʦʜʳ (80ï95 %), ʚʥʝʢʣʝʪʦʯʥʳʭ 

ʧʦʣʠʤʝʨʥʳʭ ʚʝʱʝʩʪʚ (ʕʇʉ), ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ 85ï98 % ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ, ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʟʘʭʚʘʯʝʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

ʯʘʩʪʠʮ (ʥʘʧʨʠʤʝʨ, ʛʫʤʠʥʦʚʳʭ ʚʝʱʝʩʪʚ, ʤʫʩʦʨʘ, ʛʣʠʥʘ, ʢʨʝʤʥʝʟʝʤ, ʛʠʧʩ ʠ 

ʪ. ʜ.), ʚʝʱʝʩʪʚʘ, ʩʦʨʙʠʨʦʚʘʥʥʳʝ ʚ ʧʝʥʦʧʦʣʠʩʪʠʨʦʣ, ʢʣʝʪʢʠ ʠʣʠ ʯʘʩʪʠʮʳ, ʘ 

ʪʘʢʞʝ ʚʝʱʝʩʪʚʘ, ʨʘʩʪʚʦʨʝʥʥʳʝ ʚ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʚʦʜʝ [8]. ʇʨʦʮʝʩʩ 

ʦʙʨʘʟʦʚʘʥʠʷ ʩʣʦʞʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚ 

ʚʠʜʝ ʙʠʦʧʣʝʥʢʠ ʠʟʚʝʩʪʝʥ ʢʘʢ ʙʠʦʦʙʨʘʩʪʘʥʠʝ ʠʣʠ ʤʠʢʨʦʦʙʨʘʩʪʘʥʠʝ. ʇʷʪʴ 

ʦʩʥʦʚʥʳʭ ʧʦʚʨʝʞʜʘʶʱʠʭ ʤʝʭʘʥʠʟʤʦʚ (ʢʘʢ ʧʨʷʤʳʭ, ʪʘʢ ʠ ʢʦʩʚʝʥʥʳʭ), ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʩʪʨʫʢʪʫʨʘ ʠ ʬʫʥʢʮʠʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʤʦʛʫʪ ʙʳʪʴ ʧʦʚʨʝʞʜʝʥʳ ʙʠʦʧʣʝʥʢʘʤʠ, ʤʦʛʫʪ ʙʳʪʴ ʦʯʝʥʴ 

ʚʳʩʦʢʠʤʠ.  

ʅʘ ʨʠʩʫʥʢʝ 7 ʧʨʠʚʝʜʝʥʳ ʀʂ-ʩʧʝʢʪʨʘʣʴʥʳʝ ʜʠʘʛʨʘʤʤʳ, ʥʘ ʢʦʪʦʨʳʭ 

ʚʠʜʥʘ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʘʜʩʦʨʙʮʠʠ ʨʘʟʥʳʭ ʚʝʱʝʩʪʚ (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ 

ʩʧʝʢʪʨʦʤ) ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʘʭ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

 

VIII ˏ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 21 

ʛʝʪʝʨʦʛʝʥʥʦʩʪʴʶ ʧʦʚʝʨʭʥʦʩʪʠ ï ʠʟʤʝʥʝʥʠʝʤ ʟʥʘʯʝʥʠʷ ʟʘʨʷʜʘ ʧʦʚʝʨʭʥʦʩʪʠ 

[9]. 

 

 
ʈʠʩ. 7 ï ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʉʣʝʚʘ ʩʚʝʨʭʫ ï ʠʟʦʙʨʘʞʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʉʧʨʘʚʘ ʩʚʝʨʭʫ ï ʢʘʨʪʘ ʧʦʛʣʦʱʝʥʠʷ ʯʘʩʪʦʪ ʩ ʵʥʝʨʛʠʝʡ ~1050 ʩʤ-1 

ʉʣʝʚʘ ʩʥʠʟʫ ï ʢʘʨʪʘ ʧʦʛʣʦʱʝʥʠʷ ʯʘʩʪʦʪ ʩ ʵʥʝʨʛʠʝʡ ~1650 ʩʤ
-1

 

ʉʧʨʘʚʘ ʩʥʠʟʫ ï ʢʘʨʪʘ ʧʦʛʣʦʱʝʥʠʷ ʯʘʩʪʦʪ ʩ ʵʥʝʨʛʠʝʡ ~3400 ʩʤ-1. 

 

ʆʙʨʘʟʫʶʱʠʝ ʙʠʦʧʣʝʥʢʫ ʤʠʢʨʦʙʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʜʝʛʨʘʜʘʮʠʠ 

ʤʠʢʨʦʙʥʳʭ ʩʦʦʙʱʝʩʪʚ, ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʥʘ ʪʚʝʨʜʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʙʨʘʟʫʷ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʙʠʦʧʣʝʥʢʫ [10]. ɸʙʠʦʪʠʯʝʩʢʘʷ ʜʝʛʨʘʜʘʮʠʷ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʱʝʧʣʷʪʴ ʮʝʧʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʣʠʛʦʤʝʨʦʚ ʠ ʤʦʥʦʤʝʨʦʚ ʠ ʠʭ ʨʘʜʠʢʘʣʦʚ 

ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʭ ʙʠʦʜʝʛʨʘʜʘʮʠʝʡ [11]. ʍʦʪʷ ʭʠʤʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʧʦʣʠʤʝʨʘ ʦʧʨʝʜʝʣʷʶʪ ʩʪʝʧʝʥʴ ʜʝʛʨʘʜʘʮʠʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʧʣʘʚʘʶʱʠʡ ʧʣʘʩʪʠʢ ʟʘʛʨʷʟʥʷʝʪʩʷ ʠʟ-ʟʘ ʦʩʝʜʘʥʠʷ ʙʠʦʤʘʩʩʳ [12]. 

ɹʠʦʦʙʨʘʩʪʘʥʠʝ ʚʢʣʶʯʘʝʪ ʘʜʩʦʨʙʮʠʶ, ʠʤʤʦʙʠʣʠʟʘʮʠʶ ʙʠʦʤʘʩʩʳ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʤʠʢʨʦ- ʠ ʤʘʢʨʦʦʙʨʘʩʪʘʥʠʝʤ. ɹʘʢʪʝʨʠʠ ʩʣʫʞʘʪ ʧʝʨʚʠʯʥʳʤʠ 

ʢʦʣʦʥʠʟʘʪʦʨʘʤʠ [13] [14], ʢʦʪʦʨʳʝ ʟʘʭʚʘʪʳʚʘʶʪ ʜʨʫʛʠʝ ʦʨʛʘʥʠʟʤʳ, ʪʘʢʠʝ 

ʢʘʢ ʛʨʠʙʳ, ʜʠʘʪʦʤʦʚʳʝ ʚʦʜʦʨʦʩʣʠ ʠ ʪ. ʜ. [15]. ʄʝʪʘʙʦʣʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʧʨʠʩʦʝʜʠʥʝʥʥʦʡ ʙʠʦʤʘʩʩʳ ʧʨʠʚʦʜʠʪ ʢ ʜʝʩʦʨʙʮʠʠ, ʘʜʩʦʨʙʮʠʠ ʠ 

ʬʨʘʛʤʝʥʪʘʮʠʠ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ ʠʣʠ ʜʝʛʨʘʜʘʮʠʠ ʦʩʪʘʪʢʦʚ [16]. ɼʨʫʛʠʝ 

ʬʘʢʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ, ʛʠʜʨʦʬʦʙʥʦʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʘ, 

ʭʠʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ, ʵʣʘʩʪʠʯʥʦʩʪʴ, ʧʝʨʝʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʪ.ʜ., ʚʣʠʷʶʪ 

ʥʘ ʧʨʦʮʝʩʩ ʜʝʛʨʘʜʘʮʠʠ [17]. 
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

 

VIII ˏ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 22 

 
ʈʠʩ. 8 ï ʄʝʭʘʥʠʟʤ ʨʘʟʨʫʰʝʥʠʷ ʧʦʣʠʤʝʨʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [18] 

 

ɺ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʵʣʝʢʪʨʝʪʦʚ. 
ʉʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʵʣʝʢʪʨʝʪʦʚ 

ʄʝʪʦʜʳ ʉʦʩʪʦʷʥʠʝ ʇʨʝʠʤʫʱʝʩʪʚʦ ʅʝʜʦʩʪʘʪʦʢ 

ʂʦʨʦʥʥʘʷ ʟʘʨʷʜʢʘ ɺ ʚʦʟʜʫʭʝ 

ʂʦʨʦʪʢʦʝ ʚʨʝʤʷ 

ʜʦʩʪʠʞʝʥʠʷ ʞʝʣʘʝʤʦʛʦ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ 

ʇʣʦʭʘʷ ʙʦʢʦʚʘʷ 

ʦʜʥʦʨʦʜʥʦʩʪʴ 

ʄʷʛʢʦʝ 

ʨʝʥʪʛʝʥʦʚʩʢʦʝ 

ʦʙʣʫʯʝʥʠʝ 

ɺ ʚʦʟʜʫʭʝ 

ɿʘʨʷʜʢʘ ʵʣʝʢʪʨʝʪʥʳʭ 

ʧʣʝʥʦʢ ʥʘ ʙʦʢʦʚʳʭ 

ʩʪʝʥʢʘʭ ʠ ʧʦʩʣʝ 

ʧʨʦʮʝʩʩʦʚ ʫʧʘʢʦʚʢʠ 

ʊʨʝʙʫʝʪʩʷ ʚʳʩʦʢʘʷ 

ʵʥʝʨʛʠʷ (ʜʦ 

ʜʝʩʷʪʢʦʚ ʢʵɺ) 

ʂʦʥʪʘʢʪʥʘʷ 

ʟʘʨʷʜʢʘ 

ʄʝʞʜʫ 

ʞʠʜʢʦʩʪʷʤʠ 

ʇʨʦʩʪʦʡ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ 

ʤʝʪʦʜ 

ʊʦʥʢʠʝ ʩʣʦʠ ʚʦʜʳ 

(ʧʨʠʤʝʨʥʦ 1ï2 ʥʤ) 

ʊʝʨʤʠʯʝʩʢʘʷ 

ʟʘʨʷʜʢʘ 

ʅʘ ʚʦʟʜʫʭʝ ʠʣʠ 

ʚ ʚʘʢʫʫʤʝ 

ɺʳʧʦʣʥʷʪʴʩʷ ʢʘʢ ʧʨʠ 

ʥʘʣʠʯʠʠ, ʪʘʢ ʠ ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʚʦʟʜʫʰʥʳʭ 

ʟʘʟʦʨʦʚ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʧʦʣʷʨʠʟʘʮʠʠ 

ʜʦʣʞʥʘ ʭʦʨʦʰʦ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴʩʷ. 

ʀʥʞʝʢʮʠʷ ʧʫʯʢʦʚ 

ʯʘʩʪʠʮ 
ɺ ʚʘʢʫʫʤʝ 

ʃʫʯʰʠʡ ʢʦʥʪʨʦʣʴ ʥʘʜ 

ʧʣʦʪʥʦʩʪʴʶ ʟʘʨʷʜʘ, 

ʛʣʫʙʠʥʦʡ ʟʘʨʷʜʘ, 

ʙʦʢʦʚʳʤ ʧʦʣʦʞʝʥʠʝʤ 

ʟʘʨʷʜʘ ʠ 

ɿʘʨʷʜʠʪʝ 

ʵʣʝʢʪʨʝʪʥʳʡ ʩʣʦʡ 

ʪʦʣʱʠʥʦʡ Ó0,1 ʩʤ. 
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ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

 

ʀʟ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʪʨʝʥʠʷ, ʠʟʣʫʯʝʥʠʡ, 

ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ ʚ ʦʙʲʝʤʝ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʝʛʦ ʧʨʠʨʦʜʳ, ʠʥʜʫʮʠʨʫʶʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʟʘʨʷʜʳ, ʩʦʟʜʘʶʪʩʷ ʵʣʝʢʪʨʝʪʳ. 

ʊʦ ʝʩʪʴ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʪʝʭ ʞʝ ʬʘʢʪʦʨʦʚ ʚ ʤʝʥʴʰʠʭ ʜʦʟʘʭ, ʥʘʧʨʠʤʝʨ, ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ʤʦʞʝʪ 

ʚʦʟʥʠʢʥʫʪʴ ʪʦʪ ʞʝ ʵʬʬʝʢʪ.  

ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʦʢʘʟʘʥʦ [19], [20], ʯʪʦ ʧʦ ʩʪʝʧʝʥʠ ʵʣʝʢʪʨʝʪʥʦʩʪʠ 

ʤʦʞʥʦ ʦʮʝʥʠʚʘʪʴ ʜʠʥʘʤʠʢʫ ʜʝʩʪʨʫʢʮʠʠ ʧʦʣʠʤʝʨʦʚ ʚ ʧʨʦʮʝʩʩʝ 

ʤʠʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ. ʇʨʠ ʵʪʦʤ, ʚ ʣʶʙʦʤ ʩʣʫʯʘʝ, 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʚʝʣʠʯʠʥʳ ʟʘʨʷʜʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʪʘʢ ʢʘʢ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʫʩʣʦʚʠʷʭ ʘʜʩʦʨʙʮʠʠ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ ʠ ʦʨʛʘʥʠʟʤʦʚ ʤʦʛʫʪ ʩʠʣʴʥʦ 

ʨʘʟʣʠʯʘʪʴʩʷ, ʠʤʝʥʥʦ ʧʦ ʧʨʠʯʠʥʝ ʨʘʟʥʦʟʘʨʷʞʝʥʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ [21][22].  

ɿʘʢʣʶʯʝʥʠʝ 

ʀʟʤʝʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʟʘʨʷʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʤʝʨʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʷʝʪ ʫʩʣʦʚʠʷ ʘʜʩʦʨʙʮʠʠ ʠʦʥʦʚ, ʤʝʭʘʥʠʯʝʩʢʠʭ ʯʘʩʪʠʮ, 

ʘʵʨʦʟʦʣʝʡ, ʘ ʪʘʢʞʝ ʙʘʢʪʝʨʠʡ ʠ ʩʧʦʨ ʛʨʠʙʦʚ. 

ɸʜʩʦʨʙʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʠ ʟʥʘʢʘ ʟʘʨʷʜʘ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

ɿʘʛʨʷʟʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʝʨʦʷʪʥʦʩʪʠ 

ʨʘʟʚʠʪʠʷ ʙʠʦʣʦʛʠʠ, ʫʚʣʘʞʥʝʥʠʶ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ ʧʦʣʠʤʝʨʘ. 

ɸʜʩʦʨʙʮʠʷ ʠʦʥʦʚ ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʣʝʡ (ʭʣʦʨʠʜʦʚ, ʩʫʣʴʬʘʪʦʚ, 

ʥʠʪʨʘʪʦʚ ʠ ʜʨ.) ʩʦʟʜʘʝʪ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʫʶ ʩʨʝʜʫ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʨʠʚʦʜʠʪ ʢ ʝʝ 

ʢʣʠʤʘʪʠʯʝʩʢʦʤʫ ʩʪʘʨʝʥʠʶ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʤʠʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ 

ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʥʘʣʠʯʠʝ ʟʘʨʷʜʦʚ ʚ ʦʙʲʝʤʝ 

ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ - ʵʣʝʢʪʨʝʪʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. 
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mechanical loads, aggressive environments, limited maintenance and repair, is 

given. 

Keywords: 

system-structural approach, complex engineering system, reliability, 
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ɺʚʝʜʝʥʠʝ 

ʆʙʝʩʧʝʯʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʣʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ɸʨʢʪʠʢʠ ʠ ʉʫʙʘʨʢʪʠʢʠ, 

ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʩʝʚʝʨʥʳʭ ʠ ʮʝʥʪʨʘʣʴʥʳʭ ʨʘʡʦʥʦʚ ʈʝʩʧʫʙʣʠʢʠ ʉʘʭʘ 

(ʗʢʫʪʠʷ), ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʩ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠ 

ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʠʢ ʥʘʪʫʨʥʳʭ 

ʠʩʧʳʪʘʥʠʡ ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʢʦʤʧʣʝʢʩʘ ʤʝʪʦʜʦʚ 

ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʫʟʣʦʚ ʤʘʰʠʥ, 

ʘʣʛʦʨʠʪʤʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʨʘʩʯʝʪʥʳʭ ʩʨʝʜʩʪʚ ʦʮʝʥʢʠ ʠ 

ʧʨʦʜʣʝʥʠʷ ʨʝʩʫʨʩʘ. 

ɺʘʞʥʦʩʪʴ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ, ʥʘʜʝʞʥʦʩʪʠ, 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʨʦʜʣʝʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ʩʣʦʞʥʳʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʪʘʢʠʭ ʢʘʢ ʦʙʲʝʢʪʳ ʪʝʧʣʦʚʦʡ ʠ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, 

ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʥʘʟʝʤʥʦʛʦ, ʥʘʜʚʦʜʥʦʛʦ, ʚʦʟʜʫʰʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ, ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ, ʧʨʦʤʳʰʣʝʥʥʦʡ ʠ ʛʨʘʞʜʘʥʩʢʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʨʝʟʝʨʚʫʘʨʦʚ ʥʝʬʪʠ ʠ ʛʘʟʘ ʚ ʨʝʛʠʦʥʘʭ ʩ 

ʵʢʩʪʨʝʤʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʫʩʣʦʚʣʝʥʘ ʪʘʢʞʝ ʚʳʩʦʢʦʡ 

ʚʝʨʦʷʪʥʦʩʪʴʶ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʨʘʟʨʫʰʝʥʠʡ, ʚʳʟʚʘʥʥʳʭ ʧʨʦʮʝʩʩʘʤʠ 

ʧʦʩʪʝʧʝʥʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ 

ʥʘ ʉʝʚʝʨʝ ʠ ʚ ɸʨʢʪʠʢʝ. 

ʂʘʢ ʯʘʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ʩʣʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʥʳʭ ʩʠʩʪʝʤ ʠ 

ʨʝʟʝʨʚʫʘʨʥʳʭ ʧʘʨʢʦʚ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ 

ʘʨʢʪʠʯʝʩʢʠʭ ʠ ʩʝʚʝʨʥʳʭ ʨʝʛʠʦʥʘʭ, ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʜʣʷ 

ʩʪʨʘʥʳ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʟʘʜʘʯ. ʆʙʝʩʧʝʯʠʪʴ ʛʘʨʘʥʪʠʨʦʚʘʥʥʫʶ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ (ʚʳʩʦʢʠʡ 

ʫʨʦʚʝʥʴ ʨʘʙʦʯʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʳʩʦʢʠʡ ʟʘʧʘʩ ʫʧʨʫʛʦʡ 

ʵʥʝʨʛʠʠ ʜʝʬʦʨʤʘʮʠʠ ʠ ʜʨ.) ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʠ ʩʦʟʜʘʥʠʷ ʝʜʠʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʮʝʧʮʠʠ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ 

ʥʘʜʝʞʥʦʩʪʠ ʠ ʭʣʘʜʦʩʪʦʡʢʦʩʪʠ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ, ʚʢʣʶʯʘʷ ʠʭ ʩʚʘʨʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ. 

ʆʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʤʥʦʛʦʫʨʦʚʥʝʚʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʨʫʰʝʥʠʷ 

ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʤʘʪʝʨʠʘʣʦʚ ʩ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ ʠ ʬʘʟʦʚʳʤʠ 

ʧʝʨʝʭʦʜʘʤʠ 
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ʄʥʦʛʦʤʘʩʰʪʘʙʥʳʝ ʤʝʪʦʜʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ [1-4] ʩʪʘʣʠ 

ʧʦʧʫʣʷʨʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʦʧʝʨʠʨʦʚʘʥʠʷ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʤʘʩʰʪʘʙʘʭ, ʠ 

ʧʦʟʚʦʣʠʣʠ ʫʤʝʥʴʰʠʪʴ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʥʘ ʦʩʥʦʚʝ ʦʨʛʘʥʠʟʘʮʠʠ ʣʦʢʘʣʴʥʳʭ 

ʘʚʪʦʥʦʤʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. ɹʦʣʝʝ ʪʦʛʦ, ʵʪʠ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ 

ʩʪʨʦʛʠʝ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʤʥʦʛʦʤʘʩʰʪʘʙʥʳʭ ʟʘʜʘʯ ʙʝʟ 

ʨʘʟʜʝʣʝʥʠʷ ʨʝʰʝʥʠʷ ʠ ʩʪʨʦʛʠʭ ʦʛʨʘʥʠʯʝʥʠʡ. ʉʘʤʘ ʢʦʥʮʝʧʮʠʷ 

ʤʥʦʛʦʤʘʩʰʪʘʙʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʷʚʠʣʘʩʴ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʟʘʜʘʯ ʩʠʤʫʣʷʮʠʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ, ʬʠʟʠʯʝʩʢʦʛʦ ʠʣʠ ʭʠʤʠʯʝʩʢʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ʚ ʫʨʦʚʥʝ ʩʧʣʦʰʥʦʛʦ ʪʝʣʘ ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʘʝʤʦʡ ʠʟ 

ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʝʡ ʥʘ ʙʦʣʝʝ ʪʦʥʢʠʭ ʤʘʩʰʪʘʙʥʳʭ ʫʨʦʚʥʷʭ ʚ ʩʠʩʪʝʤʝ, ʥʝ 

ʧʨʠʙʝʛʘʷ ʢ ʵʤʧʠʨʠʯʝʩʢʠʤ ʢʦʥʩʪʠʪʫʪʠʚʥʳʤ ʤʦʜʝʣʷʤ. ɹʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʦʜʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʤʥʦʞʝʩʪʚʦ ʧʦʜʭʦʜʦʚ ʜʣʷ 

ʩʚʷʟʳʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʠ ʚʨʝʤʝʥʥʳʭ ʰʢʘʣ [5-8].  

ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʢʦʥʮʝʧʮʠʡ ʤʥʦʛʦʤʘʩʰʪʘʙʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʩʦʢʨʘʱʝʥʠʷ 

ʩʣʦʞʥʦʩʪʠ ʪʘʢʠʭ ʤʦʜʝʣʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʠʤʝʥʝʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ 

ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʩʥʠʞʝʥʠʷ ʩʣʦʞʥʦʩʪʠ ʨʝʰʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʟʘʜʘʯ ʠ 

ʟʘʜʘʚʘʝʤʳʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʩʜʝʣʘʪʴ ʥʝʢʦʪʦʨʳʝ 

ʪʝʨʤʠʥʦʣʦʛʠʯʝʩʢʠʝ ʟʘʤʝʯʘʥʠʷ. ʄʥʦʛʦʫʨʦʚʥʝʚʳʡ ʧʦʜʭʦʜ ʧʨʠʤʝʥʷʝʪʩʷ ʚ 

ʩʠʩʪʝʤʥʦʤ ʘʥʘʣʠʟʝ, ʠ ʩʚʷʟʘʥ ʩ ʧʦʥʷʪʠʝʤ ʫʨʦʚʥʝʡ (ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʯʸʪʢʦ 

ʨʘʟʛʨʘʥʠʯʝʥʥʳʭ ʧʦ ʤʘʩʰʪʘʙʘʤ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠʣʠ ʚʨʝʤʝʥʠ) ʩʠʩʪʝʤʳ (ʦʪ 

ʛʨʝʯ. ʮʝʣʦʝ, ʩʦʩʪʘʚʣʝʥʥʦʝ ʠʟ ʯʘʩʪʝʡ; ʩʦʝʜʠʥʝʥʠʝ), ʠʣʠ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʵʣʝʤʝʥʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʦʪʥʦʰʝʥʠʷʭ ʠ ʩʚʷʟʷʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, 

ʦʙʨʘʟʫʶʱʠʭ ʦʧʨʝʜʝʣʸʥʥʫʶ ʮʝʣʦʩʪʥʦʩʪʴ, ʝʜʠʥʩʪʚʦ [8]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʠʤʝʝʪʩʷ ʚʚʠʜʫ ʩʣʦʞʥʘʷ ʪʝʭʥʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ (ʉʊʉ), ʠʣʠ ʯʝʣʦʚʝʢʦ-

ʤʘʰʠʥʥʘʷ ʩʠʩʪʝʤʘ, ʥʘʧʨʠʤʝʨ, ʪʨʘʥʩʧʦʨʪʥʘʷ, ʩʦʩʪʦʷʱʘʷ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, 

ʩʪʘʥʮʠʡ, ʨʝʟʝʨʚʫʘʨʦʚ, ʦʧʝʨʘʪʦʨʦʚ, ʠ ʪ.ʜ., ʠʣʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ, 

ʪʝʧʣʦʚʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ. 

ʆʪʩʶʜʘ ʚʠʜʥʳ ʠ ʨʘʟʣʠʯʠʷ ʤʝʪʦʜʦʚ ʤʥʦʛʦʤʘʩʰʪʘʙʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʩʠʩʪʝʤʥʦ-ʩʪʨʫʢʪʫʨʥʦʛʦ ʤʥʦʛʦʫʨʦʚʥʝʚʦʛʦ ʧʦʜʭʦʜʘ. 

ʇʦʩʣʝʜʥʠʡ ʢʘʢ ʙʦʣʝʝ ʦʙʱʠʡ ʦʙʦʩʥʦʚʳʚʘʝʪ ʨʘʟʨʘʙʦʪʢʫ ʤʝʪʦʜʦʚ ʠ ʤʦʜʝʣʝʡ, 

ʦʙʣʝʛʯʘʶʱʠʭ ʘʥʘʣʠʟ ʠ ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʯʝʣʦʚʝʢʦ-

ʤʘʰʠʥʥʳʭ ʩʠʩʪʝʤ, ʩʣʘʙʦ ʧʦʜʚʝʨʞʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʶ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʷ ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʝʟʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ 

ʢʣʠʤʘʪʘ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʶʱʠʭ ʦʙʝʩʧʝʯʠʪʴ ʮʝʣʦʩʪʥʦʩʪʴ ʠ ʝʜʠʥʩʪʚʦ, 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ ʨʝʩʫʨʩ ʩʣʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʢʦʥʩʪʨʫʢʮʠʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʠ ʚʦʟʨʘʩʪʘʥʠʷ 

ʨʦʣʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ. 

ʉʣʝʜʫʶʱʠʤ ʧʨʠʥʮʠʧʦʤ, ʪʨʝʙʫʶʱʠʤʩʷ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʝʡ 

ʥʘʢʦʧʣʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʡ ʠ ʨʘʟʨʫʰʝʥʠʷ ʚ ʨʘʤʢʘʭ ʩʠʩʪʝʤʥʦ-ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʧʦʜʭʦʜʘ, ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʢʦʣʠʯʝʩʪʚʘ ʚ ʢʘʯʝʩʪʚʦ. ʆʥ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠ 

ʪʝʦʨʠʶ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ I, II  ʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʧʦʨʷʜʢʦʚ (ʩʤ. ʨʠʩ.1).  
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ʈʠʩ.1. ʉʭʝʤʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʘ) I ʨʦʜʘ; ʙ) II  ʨʦʜʘ  

 

ʉʦʛʣʘʩʥʦ ʪʝʦʨʠʠ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʃʘʥʜʘʫ ʠ ʬʣʫʢʪʫʘʮʠʦʥʥʦʡ ʪʝʦʨʠʠ, 

ʧʨʠ ʬʘʟʦʚʦʤ ʧʝʨʝʭʦʜʝ I ʨʦʜʘ ʵʥʪʘʣʴʧʠʷ ʠ ʫʜʝʣʴʥʳʡ ʦʙʲʸʤ (ʧʣʦʪʥʦʩʪʴ) 

ʠʟʤʝʥʷʶʪʩʷ ʩʢʘʯʢʘʤʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʝʨʝʭʦʜʘ Tʇ. ʈʘʟʥʠʮʘ ʚ ʵʥʪʘʣʴʧʠʠ 

ʜʚʫʭ ʬʘʟ DH ï ʪʝʧʣʦʪʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ. ʇʨʠ ʬʘʟʦʚʦʤ ʧʝʨʝʭʦʜʝ II  ʨʦʜʘ 

ʩʢʘʯʢʘʤʠ ʠʟʤʝʥʷʶʪʩʷ ʪʦʣʴʢʦ ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʵʥʪʘʣʴʧʠʠ 

(ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ) ʠ ʫʜʝʣʴʥʦʛʦ ʦʙʲʸʤʘ (ʪʝʧʣʦʸʤʢʦʩʪʴ). 

ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʦʤ ʚʪʦʨʦʛʦ ʠʣʠ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ 

ʧʦʨʷʜʢʘ ʷʚʣʷʝʪʩʷ ʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʚʷʟʢʦ-ʭʨʫʧʢʠʡ ʧʝʨʝʭʦʜ (ɺʍʇ), 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʩʤʝʥʫ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʟʤʘ ʨʘʟʨʫʰʝʥʠʷ ʩ 

ʚʷʟʢʦʛʦ ʥʘ ʭʨʫʧʢʠʡ ʚ ʤʝʪʘʣʣʘʭ ʠ ʩʧʣʘʚʘʭ ʚ ʦʩʥʦʚʥʦʤ ʩ ʆʎʂ ʠ ɻʇʋ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʨʝʰʝʪʢʘʤʠ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ/ʠʣʠ 

ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʠʩʧʳʪʘʥʠʡ. ʊʘʢʞʝ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʤʝʭʘʥʠʟʤ 

ʚʦʜʦʨʦʜʥʦʛʦ (ʟʘʤʝʜʣʝʥʥʦʛʦ ʢʦʨʨʦʟʠʦʥʥʦʛʦ) ʦʭʨʫʧʯʠʚʘʥʠʷ ʚʝʩʴʤʘ ʩʭʦʜʝʥ ʩ 

ɺʍʇ ʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥ ʩʭʦʜʥʳʤʠ ʢʠʥʝʪʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ [9]. 

ʗʚʣʝʥʠʝ ɺʍʇ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʩ ʥʘʯʘʣʘ XX ʚʝʢʘ, ʢʦʛʜʘ ʭʨʫʧʢʦʝ 

ʨʘʟʨʫʰʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʩʪʘʣʦ ʦʩʥʦʚʥʳʤ ʧʨʝʧʷʪʩʪʚʠʝʤ ʫʚʝʣʠʯʝʥʠʷ 

ʛʘʙʘʨʠʪʦʚ ʠʟʜʝʣʠʡ. ɸ.ʌ. ʀʦʬʬʝ ʩʯʠʪʘʣ ʧʨʠʯʠʥʦʡ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ɺʍʇ ʧʦʚʳʰʝʥʠʝ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʤʘʪʝʨʠʘʣʘ sʪ ʧʨʠ ʥʝʠʟʤʝʥʥʦʤ ʠʣʠ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʧʦʚʳʰʝʥʠʠ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ sʢʨ ʧʨʠ ʧʦʥʠʞʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʳʪʘʥʠʡ, ʠ ʚʚʸʣ ʧʝʨʚʫʶ ʢʨʠʪʠʯʝʩʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ 

ʭʨʫʧʢʦʩʪʠ, ʠʣʠ ʧʦʨʦʛ ʭʣʘʜʥʦʣʦʤʢʦʩʪʠ Tʢʨ (ʨʠʩ.2ʘ). ɸʥʘʣʠʟʠʨʫʷ 

ʤʠʢʨʦʤʝʭʘʥʠʟʤʳ ʨʘʟʨʫʰʝʥʠʷ ʧʨʠ ɺʍʇ, ʅ.ʅ. ɼʘʚʠʜʝʥʢʦʚ ʜʣʷ ʚʳʜʝʣʝʥʠʷ 

ʦʙʣʘʩʪʝʡ ʭʨʫʧʢʦʛʦ ʠ ʚʷʟʢʦʛʦ ʠʟʣʦʤʘ ʥʘ ʦʙʨʘʟʮʘʭ ʚʳʜʝʣʷʝʪ ʥʘ ʜʠʘʛʨʘʤʤʝ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʣʘʩʪʠ ʭʨʫʧʢʦʛʦ ʠ ʚʷʟʢʦʛʦ ʦʪʨʳʚʘ, ʦʛʨʘʥʠʯʝʥʥʳʝ 

ʢʨʠʚʳʤʠ fd ʠ db, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ.2ʙ). ʗ.ɹ. ʌʨʠʜʤʘʥ ʚʥʦʩʠʪ ʚʢʣʘʜ ʚ 

ʪʝʦʨʠʶ ɺʍʇ, ʨʘʟʜʝʣʷʷ ʭʨʫʧʢʫʶ ʜʝʬʦʨʤʘʮʠʶ ʩʨʝʟʦʤ ʦʪ ʚʷʟʢʦʛʦ ʦʪʨʳʚʘ, 

ʩʪʨʦʷ ʜʠʘʛʨʘʤʤʫ ʥʘʛʨʫʞʝʥʠʷ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʠʥʚʘʨʠʘʥʪʦʚ ʢʘʩʘʪʝʣʴʥʳʭ t1 ʠ 

ʥʦʨʤʘʣʴʥʳʭ s1 ʥʘʧʨʷʞʝʥʠʡ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʢʨʠʚʦʡ ʥʘʛʨʫʞʝʥʠʷ 1 ʣʠʥʠʠ 

bd ʨʘʟʨʫʰʝʥʠʝ ʥʦʩʠʪ ʭʨʫʧʢʠʡ ʭʘʨʘʢʪʝʨ (ʨʠʩ.2ʚ).  

͊ύ ͋ύ 
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ʈʠʩ.2. ʉʭʝʤʳ ʚʷʟʢʦ-ʭʨʫʧʢʦʛʦ ʧʝʨʝʭʦʜʘ: ʘ) ʧʦ ɸ.ʌ. ʀʦʬʬʝ (1924 ʛ.), ʙ) ʧʦ 

ʅ.ʅ. ɼʘʚʠʜʝʥʢʦʚʫ, ʚ) ʧʦ ʗ.ɹ. ʌʨʠʜʤʘʥʫ. 

 

ʂʨʠʚʘʷ ʥʘʛʨʫʞʝʥʠʷ 2 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʷʟʢʦʤʫ ʭʘʨʘʢʪʝʨʫ ʠʟʣʦʤʘ. ʂ 

ʩʤʝʰʘʥʥʦʤʫ ʪʠʧʫ ʠʟʣʦʤʦʚ ʧʨʠʚʦʜʷʪ ʢʨʠʚʳʝ 3 ʠ 3ô. ʆʜʥʘʢʦ ʦʙʥʘʨʫʞʠʣʦʩʴ 

ʧʨʦʪʠʚʦʨʝʯʠʝ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʢʦʪʦʨʦʝ ʥʝ 

ʤʦʛʣʦ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʚ ʨʘʤʢʘʭ ʤʝʭʘʥʠʢʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʪʦʯʥʝʥʘ ʧʨʠʨʦʜʘ ʠ ʚʳʷʚʣʝʥʘ ʢʠʥʝʪʠʢʘ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ɺʍʇ. ɻʠʧʦʪʝʟʘ ʦ ɺʍʇ ʢʘʢ ʠʟʤʝʥʝʥʠʠ ʭʘʨʘʢʪʝʨʘ 

ʨʝʰʝʪʦʯʥʳʭ ʩʚʷʟʝʡ ʩ ʠʦʥʥʳʭ ʥʘ ʢʦʚʘʣʝʥʪʥʳʝ ʩʤʝʥʠʣʘʩʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʦ 

ʩʪʨʫʢʪʫʨʥʦʤ ʬʘʟʦʚʦʤ ʧʝʨʝʭʦʜʝ II ʠʣʠ III ʨʦʜʘ, ʚ ʮʝʣʦʤ ʧʨʠʚʦʜʷʱʝʤ ʢ 

ʠʟʤʝʥʝʥʠʶ ʚʥʫʪʨʝʥʥʝʡ ʩʠʤʤʝʪʨʠʠ ʬʦʥʦʥʥʦ-ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʠ 

ʩʥʠʞʝʥʠʶ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʧʨʦʮʝʩʩʘ ʨʘʟʨʫʰʝʥʠʷ [10].  

ʀʟ ʧʨʠʥʮʠʧʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʠʣʠ ʤʥʦʛʦʫʨʦʚʥʝʚʦʩʪʠ, ʠ ʧʝʨʝʭʦʜʘ 

ʢʦʣʠʯʝʩʪʚʘ ʚ ʢʘʯʝʩʪʚʦ ʚʳʪʝʢʘʝʪ ʠ ʪʨʝʪʠʡ, ʠʝʨʘʨʭʠʯʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʠ 

ʩʚʦʡʩʪʚ, ʠʣʠ ʩʠʩʪʝʤʥʳʡ, ʣʝʞʘʱʠʡ ʚ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʩʠʩʪʝʤ ʠ ʩʠʩʪʝʤʥʦʛʦ 

ʧʦʜʭʦʜʘ ʚ ʮʝʣʦʤ. ʅʘ ʥʠʞʥʝʤ, ʘʪʦʤʘʨʥʦʤ ʠʣʠ ʤʦʣʝʢʫʣʷʨʥʦʤ, ʫʨʦʚʥʝ 

ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʦʚ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʠʥʮʠʧ ʪʦʞʜʝʩʪʚʝʥʥʦʩʪʠ ʯʘʩʪʠʮ 

ʚ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʝ. ʊʘʢʞʝ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ 

ʫʯʠʪʳʚʘʶʪʩʷ ʟʘʢʦʥʳ ʩʦʭʨʘʥʝʥʠʷ ʚ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʫʣʠʨʦʚʢʘʭ ï ʦʪ 

ʩʘʤʦʡ ʧʨʦʩʪʦʡ ʚ ʬʦʨʤʫʣʠʨʦʚʢʝ ʃʦʤʦʥʦʩʦʚʘ-ʃʘʚʫʘʟʴʝ-ʄʘʡʝʨʘ ʜʦ ʥʘʠʙʦʣʝʝ 

ʦʙʱʝʡ ʚ ʪʝʦʨʝʤʝ ʅʸʪʝʨ: ʣʶʙʦʡ ʩʠʤʤʝʪʨʠʠ ʩʠʩʪʝʤʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʚʦʡ 

ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ (ʤʘʩʩʳ, ʵʥʝʨʛʠʠ, ʜʚʠʞʝʥʠʷ, ʠʤʧʫʣʴʩʘ, ʟʘʨʷʜʘ ʠ ʜʨ.).  

ʉʪʦʭʘʩʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʦʩʪʘ ʪʨʝʱʠʥ ʥʘ ʨʘʟʣʠʯʥʳʭ ʤʘʩʰʪʘʙʘʭ 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ 

ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ ʠ ʧʨʦʛʥʦʟʘ 

ʠʭ ʜʣʠʪʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʨʝʩʫʨʩʘ ʠʟʜʝʣʠʡ ʠʟ ʥʠʭ, 

ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭʩʷ ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ, ʪʨʝʙʫʝʪ ʟʥʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʤʝʭʘʥʠʟʤʦʚ ʥʘʢʦʧʣʝʥʠʷ 

ʧʦʚʨʝʞʜʝʥʠʡ ʥʘ ʨʘʟʣʠʯʥʳʭ ʤʘʩʰʪʘʙʥʳʭ ʫʨʦʚʥʷʭ.  
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ʍʦʪʷ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʧʦʣʫʯʠʣʠ ʂʕ-ʤʦʜʝʣʠ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ, ʥʘʛʣʷʜʥʦ 

ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʨʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ ʠ 

ʨʘʟʨʫʰʝʥʠʠ ʦʙʨʘʟʮʦʚ, ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ [11-13], ʘ ʪʘʢʞʝ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʳʝ ʤʦʜʝʣʠ, ʚ ʦʩʥʦʚʥʦʤ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʠ ʤʫʣʴʪʠʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ [14-16], ʠʭ ʦʩʥʦʚʥʳʤ 

ʥʝʜʦʩʪʘʪʢʦʤ ʦʩʪʘʸʪʩʷ ʪʨʫʜʦʸʤʢʦʩʪʴ ʫʯʸʪʘ ʨʝʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʦʚ, 

ʛʨʘʥʠʮ ʨʘʟʜʝʣʦʚ, ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ, ʧʨʦʙʣʝʤʳ ʥʝʚʦʟʤʦʞʥʦʩʪʠ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʝʨʝʩʯʝʪʘ ʨʝʰʝʥʠʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʬʦʨʤʳ.  

ʇʦʵʪʦʤʫ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʦʧʨʘʚʜʘʥʥʳʤ ʧʨʠʤʝʥʝʥʠʝ 

ʜʠʩʢʨʝʪʥʳʭ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ [2,3,17,18], ʦʩʥʦʚʘʥʥʳʭ ʣʠʙʦ ʥʘ ʪʝʭ 

ʞʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ, ʣʠʙʦ ʥʘ ʠʭ ʜʠʩʢʨʝʪʥʳʭ ʘʥʘʣʦʛʘʭ ʩ 

ʫʯʝʪʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʩʪʨʫʢʪʫʨʘ ʤʘʪʝʨʠʘʣʘ [19,20] 

ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʚʭʦʜʠʪ ʚ ʦʩʥʦʚʫ ʨʘʩʯʝʪʘ. ɺ ʦʩʥʦʚʥʦʤ ʪʘʢʠʝ ʤʦʜʝʣʠ 

ʧʨʠʤʝʥʷʶʪʩʷ ʥʘ ʤʝʟʦ- ʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ [21], ʚ ʚʝʨʰʠʥʘʭ 

ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʠ ʚʪʦʨʠʯʥʳʭ ʤʠʢʨʦʪʨʝʱʠʥ, ʥʘ ʫʨʦʚʥʝ ʤʠʢʨʦʧʦʨ ʠ 

ʜʠʩʣʦʢʘʮʠʡ. 

ɼʣʷ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ ʠʟ ʧʦʚʨʝʞʜʝʥʥʦʛʦ ʤʝʪʘʣʣʘ, ʙʝʪʦʥʘ ʩ 

ʦʨʛʘʥʠʯʝʩʢʠʤ ʥʘʧʦʣʥʠʪʝʣʝʤ, ʪʚʝʨʜʦʛʦ ʜʝʨʝʚʘ, ʢʠʨʧʠʯʘ (ʨʝʛʦʣʠʪʘ), 

ʧʨʠʤʝʥʷʣʦʩʴ ʩʪʘʥʜʘʨʪʥʦʝ ʤʝʭʘʥʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚʠʜʝʦʟʘʧʠʩʠ. ʆʮʝʥʢʘ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʨʦʠʟʚʦʜʠʣʘʩʴ 

ʤʝʪʘʣʣʦʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʘʥʘʣʠʟʦʤ ʤʦʨʬʦʣʦʛʠʠ ʠʟʣʦʤʘ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ çʅʝʦʬʦʪè, ʵʣʝʢʪʨʦʥʥʳʭ 

ʨʘʩʪʨʦʚʦʛʦ ñHitachi TM-3030ò ʠ ʤʫʣʴʪʠʤʠʢʨʦʩʢʦʧʘ ʉʄʄ-2000. ʊʘʢʠʝ 

ʤʘʪʝʨʠʘʣʳ, ʢʘʢ ʙʝʪʦʥ ʠ ʜʝʨʝʚʦ, ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʰʠʨʦʢʦʤ 

ʢʣʠʤʘʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ, ʚʢʣʶʯʘʷ ʨʝʛʠʦʥʳ ɸʨʢʪʠʢʠ, ʘ ʪʠʧʘ ʨʝʛʦʣʠʪʘ ï 

ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʣʫʥʥʳʭ ʙʘʟ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʚʷʟʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʤʝʪʘʣʣʳ ʠ ʧʦʣʠʤʝʨʳ, ʚ 

ʭʨʫʧʢʠʭ ʢʦʤʧʦʟʠʪʘʭ ʥʘ ʦʩʥʦʚʝ ʙʝʪʦʥʘ ʠʣʠ ʚ ʢʘʤʝʥʠʩʪʦʡ ʧʦʨʦʜʝ ʨʦʩʪ 

ʪʨʝʱʠʥ ʧʦʜʯʠʥʷʝʪʩʷ ʜʨʫʛʠʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ. ʅʘʧʨʠʤʝʨ, ʨʷʜʦʤ ʘʚʪʦʨʦʚ 

ʧʦʩʪʨʦʝʥʳ ʤʦʜʝʣʠ ʨʘʟʨʫʰʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʭʨʫʧʢʠʭ ʤʘʪʝʨʠʘʣʦʚ  

ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʥʘʢʦʧʣʝʥʠʷ ʤʠʢʨʦʪʨʝʱʠʥ, 

ʚʢʣʶʯʘʶʱʝʡ ʫʩʣʦʚʠʝ ʥʝʦʙʨʘʪʠʤʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ɹʝʡʣʠ ʠ ʢʨʠʪʝʨʠʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʱʠʥ, ʦʩʥʦʚʘʥʥʦʤ ʥʘ 

ʪʝʦʨʠʠ ʧʝʨʢʦʣʷʮʠʠ [25]: 

ééééééé. (1) 

 ,ééééééééééééé (2) 

ʛʜʝ N*  - ʩʨʝʜʥʷʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʠʢʨʦʪʨʝʱʠʥ, ʥʘʢʦʧʣʝʥʥʘʷ ʚ ʦʙʨʘʟʮʝ ʧʨʠ 

ʝʛʦ ʨʘʟʨʫʰʝʥʠʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʦʧʠʩʳʚʘʪʴ ʥʘʢʦʧʣʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ 

ʧʦʚʨʝʞʜʝʥʠʡ, ʜʝʡʩʪʚʠʝ ʥʘʧʨʷʞʝʥʠʷ ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 

ὔᴂ(ὸ) = ὔᶻ/t, ὔᴂ ὸH

“

0

=  ὔᶻ, 

1

ὰ Ѝὔ
3 =  I
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ʚʨʝʤʝʥʠ, ʤ
-3
; l - ʩʨʝʜʥʠʡ ʣʠʥʝʡʥʳʡ ʨʘʟʤʝʨ ʤʠʢʨʦʪʨʝʱʠʥʳ, ʤ; e = 2,718 - 

ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʨʝʱʠʥʘʤʠ ʚ ʦʙʨʘʟʮʝ ʝʜʠʥʠʯʥʦʛʦ ʦʙʲʝʤʘ, 

ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ l (ʩʦʛʣʘʩʥʦ ʧʝʨʢʦʣʷʮʠʦʥʥʦʡ ʪʝʦʨʠʠ).  

ʅʘ ʨʠʩ.3 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʦʩʪʘ 

ʪʨʝʱʠʥʳ ʧʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʩʦʛʣʘʩʥʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ (1)-(2) 

ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʘʟʨʫʰʝʥʠʷ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʠʙʨʳ. ʉʢʦʨʦʩʪʴ ʪʨʝʱʠʥʳ, ʧʦʣʫʯʝʥʥʘʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʬʠʙʨʳ, ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʧʨʠ ʨʦʩʪʝ ʩʦʜʝʨʞʘʥʠʷ ʚʦʣʦʢʥʘ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ (ʊʘʙʣ.1) [8,25]. 

 
ʈʠʩ.3. ɼʚʫʤʝʨʥʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʨʦʩʪʘ ʤʝʟʦʩʢʦʧʠʯʝʩʢʦʡ ʪʨʝʱʠʥʳ ʚ 

ʧʦʨʠʩʪʦʤ ʙʝʪʦʥʝ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʠʙʨʳ 1.5%. 

ʊʘʙʣʠʮʘ 1. ʉʢʦʨʦʩʪʴ ʪʨʝʱʠʥʳ ʩʦʛʣʘʩʥʦ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʤ/ʩ 

ʆʙʨʘʟʝʮ S1 S2 S3 S4 S5 S6 S7 

V, m/s 12.0 17.6 24.8 30.5 33.7 42.4 46 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʝʟʠʥʪʝʛʨʘʮʠʠ ʣʫʥʥʦʛʦ ʛʨʫʥʪʘ (ʨʝʛʦʣʠʪʘ) 

ʫʣʴʪʨʘʟʚʫʢʦʚʳʤ ʫʜʘʨʥʠʢʦʤ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʦʜʝʣʴ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʦʩʪʘ 

ʪʨʝʱʠʥ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʟʘʜʘʯ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʚʷʟʢʦ-ʭʨʫʧʢʠʭ 

ʛʝʪʝʨʦʛʝʥʥʳʭ ʩʨʝʜ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʟʨʫʰʝʥʠʷ ʭʨʫʧʢʠʭ 

ʧʦʨʦʜ ʥʝʦʙʭʦʜʠʤʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʦ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʠ ʜʣʷ 

ʨʘʟʨʫʰʝʥʠʷ ʩʢʘʣʴʥʳʭ ʧʦʨʦʜ ʠ ʛʨʫʥʪʦʚ ʩ ʪʨʝʱʠʥʘʤʠ ʠʣʠ ʧʦʨʘʤʠ, ʢʘʢ 

ʧʨʝʜʝʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʝʪʝʨʦʛʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʦʯʝʥʴ ʥʠʟʢʦʡ 

ʚʷʟʢʦʩʪʴʶ (ʨʠʩ.4) [26]. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʘʟʨʫʰʝʥʠʷ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʨʝʟʢʦʝ ʧʘʜʝʥʠʝ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʪʨʝʱʠʥʳ ʧʨʠ ʩʥʠʞʝʥʠʠ 

ʫʨʦʚʥʷ ʥʘʧʨʷʞʝʥʠʡ (ʂʀʅ) ʥʠʞʝ ʢʨʠʪʠʯʝʩʢʦʛʦ (ʪʘʙʣ.2). ɼʣʷ ʜʘʥʥʦʛʦ ʪʠʧʘ 

ʧʦʨʦʜʳ ʥʠʞʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʨʦʩʪʘ ʪʨʝʱʠʥʳ ʥʝ 

ʧʨʦʠʩʭʦʜʠʪ (ʠʣʠ ʧʨʦʠʩʭʦʜʠʪ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦ, ʢʘʢ ʥʘ ʈʠʩ.4ʙ), ʘ ʩʪʘʙʠʣʴʥʳʡ 

ʨʦʩʪ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ, 
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ʧʨʝʚʳʰʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʥʦʤʫ ʭʨʫʧʢʦʤʫ ʨʘʟʨʫʰʝʥʠʶ 

ʩʪʨʫʢʪʫʨʳ ʪʨʝʱʠʥ. 

 

 

 

ʈʠʩ.4. ʈʝʟʫʣʴʪʘʪʳ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʦʩʪʘ ʪʨʝʱʠʥʳ ʚ ʨʝʛʦʣʠʪʝ ʧʨʠ KI, ʄʇʘÖʤ
ï

0,5
: ʘ) 7.5, ʩʣʝʚʘ - ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ, ʩʧʨʘʚʘ - ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ; ʙ) 4.0. 

 

ʊʘʙʣʠʮʘ 2. ʈʘʩʯʝʪʥʘʷ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʪʨʝʱʠʥʳ  

ʚ ʨʝʛʦʣʠʪʝ ʩʦʛʣʘʩʥʦ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ  

KI, ʄʇʘĿʤ
ï

0,5
 

7,93 7,5 7,0 6,5 6,0 5,5 5,0 4,5 4,0 

vcr, ʤ/ʩ 0,42 0,29 0,24 0,12 0,076 0,04 0,011 0,002 <0,0001 

 

ɺʳʚʦʜʳ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ 

ʅʘʜʝʞʥʦʩʪʴ ʠ ʨʝʩʫʨʩ ʩʣʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʧʨʦʮʝʩʩʳ 

ʥʘʢʦʧʣʝʥʠʷ ʚ ʥʠʭ ʧʦʚʨʝʞʜʝʥʠʡ ʠ ʨʘʟʨʫʰʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ, 

ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭʩʷ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʨʘʩʩʤʦʪʨʝʥʳ ʥʘ ʦʩʥʦʚʝ ʤʥʦʛʦʫʨʦʚʥʝʚʦʛʦ ʩʠʩʪʝʤʥʦ-ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʦʜʭʦʜʘ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʥʦʛʦʤʘʩʰʪʘʙʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʤʥʦʛʦʫʨʦʚʥʝʚʳʡ ʤʝʪʦʜ 

ʧʦʟʚʦʣʷʝʪ ʘʙʩʪʨʘʛʠʨʦʚʘʪʴʩʷ ʦʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʤʘʩʰʪʘʙʘ ʠ ʦʧʝʨʠʨʦʚʘʪʴ 

ʩ ʤʥʦʞʝʩʪʚʘʤʠ, ʚʢʣʶʯʘʷ ʨʘʟʥʦʚʨʝʤʝʥʥʳʝ ʠ ʤʫʣʴʪʠʬʠʟʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʠ 

ʥʝ ʪʦʣʴʢʦ ʩʪʨʦʠʪʴ ʝʜʠʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ, ʥʦ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ 

 ͊

 ͋
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ʩʰʠʚʢʠ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʝʡ ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʄʥʦʛʦʫʨʦʚʥʝʚʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʠʤʝʥʝʥʦ ʜʣʷ ʬʠʟʠʯʝʩʢʦʛʦ ʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʢʠʥʝʪʠʢʠ ʨʘʟʨʫʰʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʧʨʠʤʝʨ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʬʠʙʨʦʡ ʙʝʪʦʥʘ, ʫʩʪʦʡʯʠʚʦʛʦ ʢ ʩʝʡʩʤʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʠ ʜʣʷ ʧʣʦʪʥʳʭ 

ʛʨʫʥʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʦʪʩʫʪʩʪʚʠʷ ʚʣʘʛʠ, ʥʘʧʨʠʤʝʨ, ʣʫʥʥʦʛʦ ʨʝʛʦʣʠʪʘ. 

ʋʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʩʦʛʣʘʩʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦʟʚʦʣʷʝʪ 

ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʧʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʤʥʦʛʦʫʨʦʚʥʝʚʦʛʦ ʩʠʩʪʝʤʥʦ-

ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʩʣʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʢʦʥʩʪʨʫʢʮʠʡ, 

ʦʧʦʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭʩʷ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 
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ɸʥʥʦʪʘʮʠʷ 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʠʪʝʣʴʥʳʭ ʥʘʪʫʨʥʳʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʘʚʠʘʮʠʦʥʥʳʭ ʧʦʣʠʩʫʣʴʬʠʜʥʳʭ ʠ 

ʧʦʣʠʩʠʣʦʢʩʘʥʦʚʳʭ ʛʝʨʤʝʪʠʟʠʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʤʘʨʦʢ ɺʀʊʕʌ-1ɹ, ɺɻʄ-

ʃ, ɺʀʂʉʀʅʊ ʋ-20-99 ʠ ɺɻʌ-2M. ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʚ ʦʪʢʨʳʪʳʭ 

ʫʩʣʦʚʠʷʭ ʚʣʘʞʥʦʛʦ ʪʨʦʧʠʯʝʩʢʦʛʦ ʢʣʠʤʘʪʘ ʛ. ɺʘʥʴʥʠʥ (ʦ. ʍʘʡʥʘʥʴ, ʂʅʈ) ʠ 

ʫʤʝʨʝʥʥʦ ʪʸʧʣʦʤ ʢʣʠʤʘʪʝ ɻʝʣʝʥʜʞʠʢʘ. ɼʣʷ ʘʥʘʣʠʟʘ ʧʨʠʯʠʥ ʩʥʠʞʝʥʠʷ 

ʵʣʘʩʪʠʯʥʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʦʛʠʯʥʳʭ 

ʠʩʧʳʪʘʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʄʦʩʢʚʳ, ʌʣʦʨʠʜʳ, ɸʨʠʟʦʥʳ, ɺʴʝʪʥʘʤʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:  
ʛʝʨʤʝʪʠʢʠ, ʧʨʦʯʥʦʩʪʴ, ʵʣʘʩʪʠʯʥʦʩʪʴ, ʪʚʝʨʜʦʩʪʴ, ʚʫʣʢʘʥʠʟʘʮʠʷ, 

ʜʝʩʪʨʫʢʮʠʷ, ʢʣʠʤʘʪʠʯʝʩʢʦʝ ʩʪʘʨʝʥʠʝ, ʩʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ 

 

Abstract 
Experimental results of long-term full-scale climatic tests of aviation 

polysulfide and polysiloxane sealing materials of VITEF-1B, VGM-L, 

VIKSINT U-20-99 and VGF-2M grades are presented. The tests were carried 

out in open conditions in the humid tropical climate of Wanning (Hainan Island, 

China) and in the moderately warm climate of Gelendzhik. To analyze the 

reasons for the decrease in elasticity and strength, the results of similar tests in 
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the conditions of Moscow, Florida, Arizona, and the Vietnamese tropics were 

used. 

Keywords: 
sealers, strength, elasticity, hardness, vulcanization, degradation, climatic 

aging, solar radiation 

 

ɺʚʝʜʝʥʠʝ 

ɻʝʨʤʝʪʠʟʠʨʫʶʱʠʝ ʤʘʪʝʨʠʘʣʳ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʜʣʷ ʨʷʜʘ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʘʚʠʘʮʠʦʥʥʦʡ, ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʡ ʠ ʜʨʫʛʦʡ 

ʪʝʭʥʠʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʥʝʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ ʦʪʜʝʣʴʥʳʭ ʫʟʣʦʚ 

ʠʣʠ ʚʩʝʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʨʘʙʦʪʘʶʱʝʡ ʚ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʘʭ ʠ ʧʨʠ ʨʘʟʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ [1]. ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʥʝʥʠʡ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʧʨʦʮʝʩʩʝ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʨʘʟʥʳʭ ʩʪʘʥʮʠʡ, ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʠʟʜʝʣʠʷʭ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʘʚʠʘʮʠʦʥʥʳʝ ʛʝʨʤʝʪʠʢʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʚ ʣʶʙʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ [2]. 

ʅʝʦʙʭʦʜʠʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʩʪʦʡʢʦʩʪʠ ʥʘʠʙʦʣʝʝ 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʤʘʨʦʢ ʛʝʨʤʝʪʠʟʠʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʝ ʪʦʣʴʢʦ ʢ ʥʠʟʢʠʤ ʠ 

ʚʳʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ, ʪʦʧʣʠʚʘʤ, ʘʛʨʝʩʩʠʚʥʳʤ ʞʠʜʢʦʩʪʷʤ [3ï5], ʥʦ ʠ ʢ 

ʚʣʘʞʥʦʩʪʠ, ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʘʪʤʦʩʬʝʨʥʳʤ ʘʵʨʦʟʦʣʷʤ ʠ ʦʩʘʜʢʘʤ [6, 7]. 

ʇʦʵʪʦʤʫ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ ʚʥʠʤʘʥʠʝ ʢ 

ʦʧʨʝʜʝʣʝʥʠʶ ʠʭ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʜʣʷ 

ʧʦʣʠʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥʦʚʳʭ ʛʝʨʤʝʪʠʢʦʚ ʩʝʨʠʠ ɺʀʂʉʀʅʊ ʠʟʫʯʝʥʦ 10-

ʣʝʪʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚʣʘʞʥʳʭ ʩʫʙʪʨʦʧʠʢʦʚ ʧʨʠ ʵʢʩʧʦʥʠʨʦʚʘʥʠʠ ʦʙʨʘʟʮʦʚ ʥʘ 

ʦʪʢʨʳʪʳʭ ʘʪʤʦʩʬʝʨʥʳʭ ʩʪʝʥʜʘʭ ʠ ʚ ʥʝʦʪʘʧʣʠʚʘʝʤʦʤ ʩʢʣʘʜʝ [8]. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʧʨʦʯʥʦʩʪʴ ʠ ʵʣʘʩʪʠʯʥʦʩʪʴ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ 

ʚʦʟʜʝʡʩʪʚʠʠ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʫʭʫʜʰʘʶʪʩʷ. ʆʜʥʘʢʦ ʧʨʠ ʫʜʘʯʥʦʤ ʧʦʜʙʦʨʝ 

ʠʭ ʨʝʮʝʧʪʫʨʳ ʠ ʩʦʩʪʘʚʘ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ. 

 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʙʦʪʝ ʙʳʣʠ ʚʳʙʨʘʥʳ ʛʝʨʤʝʪʠʢʠ 

ʤʘʨʦʢ ɺʀʊʕʌ-1ɹ, ɺɻʄ-ʃ, ɺʀʂʉʀʅʊ ʋ-20-99 ʠ ɺɻʌ-2M. 

ʇʦʣʠʩʫʣʴʬʠʜʥʳʡ ʛʝʨʤʝʪʠʢ ɺʀʊʕʌ-1ɹ ʧʦ ʜʘʥʥʳʤ [9] ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʛʨʠʙʦʩʪʦʡʢʠʡ ʤʘʪʝʨʠʘʣ, ʩʣʘʙʦ ʥʘʙʫʭʘʶʱʠʡ ʚ ʚʦʜʝ ʠ ʘʚʠʘʮʠʦʥʥʦʤ 

ʪʦʧʣʠʚʝ, ʩʧʦʩʦʙʥʳʡ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʠ ʚʥʫʪʨʠʰʦʚʥʫʶ 

ʛʝʨʤʝʪʠʟʘʮʠʶ ʟʘʢʣʝʧʦʯʥʳʭ, ʩʚʘʨʥʳʭ ʠ ʙʦʣʪʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ ʦʪ ï60 ʜʦ 130 Áʉ ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ ʠ ʚ ʢʝʨʦʩʠʥʝ. 

ʇʦʣʠʩʫʣʴʬʠʜʥʳʡ ʣʝʥʪʦʯʥʳʡ ʛʝʨʤʝʪʠʢ ɺɻʄ-ʃ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ 

ʚʥʫʪʨʠʰʦʚʥʦʡ ʛʝʨʤʝʪʠʟʘʮʠʠ ʢʣʝʧʘʥʳʭ ʠ ʙʦʣʪʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, 
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

 

VIII ˏ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 39 

ʨʘʙʦʪʘʶʱʠʭ ʚ ʩʨʝʜʝ ʚʦʟʜʫʭʘ, ʘʚʠʘʮʠʦʥʥʦʛʦ ʪʦʧʣʠʚʘ, ʤʠʥʝʨʘʣʴʥʦʛʦ ʤʘʩʣʘ 

ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ ï60 ʜʦ 120 ÁC [7, 10].  

ʉʠʣʦʢʩʘʥʦʚʳʡ ʛʝʨʤʝʪʠʢ ɺʀʂʉʀʅʊ ʋ-20-99 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʛʝʨʤʝʪʠʢ ʨʘʙʦʪʘʶʱʠʡ ʚʦ ʚʩʝʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʚ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ ʦʪ ï60 ʜʦ 300 Áʉ [6]. ʕʪʦʪ ʤʘʪʝʨʠʘʣ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 

ʛʝʨʤʝʪʠʟʘʮʠʠ ʠ ʟʘʱʠʪʳ ʵʣʝʤʝʥʪʦʚ ʵʣʝʢʪʨʦʥʠʢʠ, ʨʝʟʴʙʦʚʳʭ ʠ 

ʪʝʣʝʩʢʦʧʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 

250 ÁC; ʘ ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʨʝʤʦʥʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʠʟʜʝʣʠʡ, 

ʟʘʱʠʱʝʥʥʳʭ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʤʠ ʛʝʨʤʝʪʠʢʘʤʠ ʪʠʧʘ ɺʀʂʉʀʅʊ, 

ʕʣʘʩʪʦʩʠʣ ʠ ɺɻʆ [5]. 

ʌʪʦʨʩʠʣʦʢʩʘʥʦʚʳʡ ʛʝʨʤʝʪʠʢ ɺɻʌ-2ʄ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʘʥʘʣʦʛʘ ɺɻʌ-2, 

ʩʦʜʝʨʞʠʪ ʘʥʪʠʩʝʧʪʠʯʝʩʢʫʶ ʜʦʙʘʚʢʫ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʠʤʝʝʪ ʧʦʚʳʰʝʥʥʫʶ 

ʩʪʦʡʢʦʩʪʴ ʢ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤ ʚ ʚʦʟʜʫʭʝ, ʪʦʧʣʠʚʘʭ ʠ ʤʘʩʣʘʭ ʚ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ ʦʪ ï60 ʜʦ 250 Áʉ [10]. ɻʝʨʤʝʪʠʢ ʥʝ ʚʳʟʳʚʘʝʪ ʢʦʨʨʦʟʠʠ 

ʘʣʶʤʠʥʠʝʚʳʭ, ʤʘʛʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʠ ʥʝʨʞʘʚʝʶʱʠʭ ʩʪʘʣʝʡ [10]. 

ʆʙʨʘʟʮʳ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʳʜʝʨʞʠʚʘʣʠ 1 ʠ 3 ʛʦʜʘ 

ʥʘ ʦʪʢʨʳʪʳʭ ʩʪʝʥʜʘʭ ʚ ʧʨʠʤʦʨʩʢʦʡ ʘʪʤʦʩʬʝʨʝ ʫʤʝʨʝʥʥʦ ʪʸʧʣʦʛʦ ʢʣʠʤʘʪʘ 

ɻʝʣʝʥʜʞʠʢʩʢʦʛʦ ʮʝʥʪʨʘ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ɺʀɸʄ 

ʠʤ. ɻ.ɺ. ɸʢʠʤʦʚʘ (ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè ï ɺʀɸʄ (ɻʎʂʀ 

ɺʀɸʄ)) ʠ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʪʨʦʧʠʯʝʩʢʦʛʦ ʢʣʠʤʘʪʘ. ɼʣʷ ʵʪʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʣʠʤʘʪʠʯʝʩʢʘʷ ʩʪʘʥʮʠʷ ʚ ʛ. ɺʘʥʴʥʠʥ ʥʘ ʦʩʪʨʦʚʝ ʍʘʡʥʘʥʴ 

ʥʘ ʙʝʨʝʛʫ ʖʞʥʦ-ʂʠʪʘʡʩʢʦʛʦ ʤʦʨʷ. ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ɻʝʣʝʥʜʞʠʢʘ 

[11] ʠ ʛ. ɺʘʥʴʥʠʥ [12] ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1. 

 
ʊʘʙʣʠʮʘ 1  

ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ɻʝʣʝʥʜʞʠʢʘ [11]  

ʠ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ ʛ. ɺʘʥʴʥʠʥ [12] 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʧʦʢʘʟʘʪʝʣʷ 
ɿʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ 

ɻʝʣʝʥʜʞʠʢ* ɺʘʥʴʥʠʥ** 

ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, Áʉ 14,8 24,2 

ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ, % 73 86 

ɻʦʜʦʚʦʝ ʩʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ W, ʤʤ 665  1 515 

ɻʦʜʦʚʦʝ ʯʠʩʣʦ ʜʥʝʡ ʩ ʦʩʘʜʢʘʤʠ D, ʩʫʪ 108 124 

ɻʦʜʦʚʦʝ ʩʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʣʥʝʯʥʦʛʦ ʩʠʷʥʠʷ S, ʯ 2 375 2 026 

ɻʦʜʦʚʘʷ ʚʝʣʠʯʠʥʘ ʩʫʤʤʘʨʥʦʡ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ Q, 

ʄɼʞ/ʤ
2
 

4 960 4 826  

  * ʛ. ɻʝʣʝʥʜʞʠʢ: 45 ʛʨʘʜ. ʩʝʚʝʨʥʦʡ ʰʠʨʦʪʳ ʠ 38 ʛʨʘʜ. ʚʦʩʪʦʯʥʦʡ ʜʦʣʛʦʪʳ; 

** ʛ. ɺʘʥʴʥʠʥ: 19 ʛʨʘʜ. ʩʝʚʝʨʥʦʡ ʰʠʨʦʪʳ ʠ 110 ʛʨʘʜ ʚʦʩʪʦʯʥʦʡ ʜʦʣʛʦʪʳ. 

 

ɺ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʧʦʩʣʝ 1 ʠ 3 ʣʝʪ ʥʘʪʫʨʥʦʡ ʵʢʩʧʦʟʠʮʠʠ 

ʚ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʠʟʤʝʨʷʣʠ ʫʩʣʦʚʥʫʶ ʧʨʦʯʥʦʩʪʴ ʧʨʠ 

ʨʘʩʪʷʞʝʥʠʠ ůt, ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʧʨʠ ʨʘʟʨʳʚʝ Ůt ʧʦ ɻʆʉʊ 21751 

ʠ ʪʚʝʨʜʦʩʪʴ ʧʦ ʐʦʨʫ ɸ H ʧʦ ɻʆʉʊ 263. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʧʦ 5 ʧʘʨʘʣʣʝʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʠ ʦʧʨʝʜʝʣʷʣʠ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ, 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʘʨʠʘʮʠʠ ʢʦʪʦʨʳʭ ʥʝ ʧʨʝʚʳʰʘʣʠ 12 %. 



ʂʣʠʤʘʪ-2023: ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʤʘʪʝʨʠʘʣʳ ʠ 

ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

 

VIII ˏ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 40 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ 

ɺ ʪʘʙʣ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʚʝʜʝʥʠʷ ʦ ʢʦʵʬʬʠʮʠʝʥʪʝ ʩʦʭʨʘʥʝʥʠʷ 

ʫʩʣʦʚʥʦʡ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ kůt = ůt/ůt0 ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʛʝʨʤʝʪʠʢʦʚ 

ʧʦʩʣʝ ʵʢʩʧʦʟʠʮʠʠ ʚ ʛ. ɻʝʣʝʥʜʞʠʢʝ ʠ ʛ. ɺʘʥʴʥʠʥ ʚ ʪʝʯʝʥʠʝ 1 ʠ 3 ʣʝʪ. ɿʜʝʩʴ  

ůt ï ʫʩʣʦʚʥʘʷ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ, ʠʟʤʝʨʝʥʥʘʷ ʧʦʩʣʝ ʩʪʘʨʝʥʠʷ,  

ůt0 ï ʫʩʣʦʚʥʘʷ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

 
ʊʘʙʣʠʮʘ 2  

ʂʦʵʬʬʠʮʠʝʥʪʳ ʩʦʭʨʘʥʝʥʠʷ ʫʩʣʦʚʥʦʡ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʘʚʠʘʮʠʦʥʥʳʭ 

ʛʝʨʤʝʪʠʢʦʚ ʧʦʩʣʝ ʵʢʩʧʦʟʠʮʠʠ ʚ 8 ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʨʝʛʠʦʥʘʭ. 

ʄʝʩʪʦ 

ʵʢʩʧʦʟʠʮʠʠ 

ɺʨʝʤʷ 

ʩʪʘʨʝʥʠʷ, 

ʤʝʩ 

ʂʦʵʬʬʠʮʠʝʥʪ ʩʦʭʨʘʥʝʥʠʷ ʫʩʣʦʚʥʦʡ ʧʨʦʯʥʦʩʪʠ ʧʨʠ 

ʨʘʩʪʷʞʝʥʠʠ kůt = ůt / ůt0*  

ɺʀʊʕʌ-1ɹ ɺɻʄ-ʃ ɺʀʂʉʀʅʊ ʋ-20-99 ɺɻʌ-2ʄ 

ɻʝʣʝʥʜʞʠʢ 
12 1,08 1,19 0,94 0,72 

36 1,2 1,03 1,18 0,82 

ɺʘʥʴʥʠʥ 

(ʍʘʡʥʘʥʴ) 

12 1,0 0,94 1,10 0,88 

36 1,35 0,94 1,35 1,24 

ʄʦʩʢʚʘ 36 1,05 0,83 1,14 0,79 

ʌʣʦʨʠʜʘ 
12 0,96 1,11 1,19 0,80 

36 0,90 1,17 0,82 1,04 

ɸʨʠʟʦʥʘ 36 1,05 1,06 0,89 0,68 

ɼʘʤ ɹʘʡ 

(ʅʷʯʘʥʛ) 

12 1,2 1,40 1,21 0,79 

20 1,0 1,37 1,25 0,96 

ʂʦʥ ɿʦ 

(ʍʦʰʠʤʠʥ) 

12 1,25 1,4 1,25 0,64 

20 1,15 1,26 1,18 1,0 

ʍʦʘ ʃʘʢ 

(ʍʘʥʦʡ) 

12 1,15 1,37 1,11 1,11 

20 1,15 1,26 1,36 0,86 

* ʋʩʣʦʚʥʘʷ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʄʇʘ:  

2,5 (ɺʀʊʕʌ-1ɹ); 3,2 (ɺɻʄ-ʃ), 3,3 (ɺʀʂʉʀʅʊ ʋ-20-99), 2,6 (ɺɻʌ-2ʄ) 

 

ʇʦʩʣʝ ʵʢʩʧʦʟʠʮʠʠ ʛʝʨʤʝʪʠʢʦʚ ʥʘ ʦʪʢʨʳʪʳʭ ʩʪʝʥʜʘʭ ʚ 8 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ ʢʦʵʬʬʠʮʠʝʥʪ kůt ʛʝʨʤʝʪʠʢʘ ɺʀʊʕʌ-1ɹ ʫʚʝʣʠʯʠʣʩʷ 

ʥʘ 5ï35 %, ʠ ʪʦʣʴʢʦ ʚ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʌʣʦʨʠʜʳ ʠ ɸʨʠʟʦʥʳ 

ʫʤʝʥʴʰʠʣʩʷ ʥʘ 5ï10%. ɺ ʜʨʫʛʦʤ ʧʦʣʠʩʫʣʴʬʠʜʥʦʤ ʛʝʨʤʝʪʠʢʝ ɺɻʄ-ʃ ʪʘʢʞʝ 



ʂʣʠʤʘʪ-2023: ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʤʘʪʝʨʠʘʣʳ ʠ 

ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

 

VIII ˏ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 41 

ʧʨʦʠʟʦʰʣʦ ʚʦʟʨʘʩʪʘʥʠʝ kůt ʜʦ 40 %. ʃʠʰʴ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʡ ʚ ʄʦʩʢʚʝ 

ʧʨʦʠʟʦʰʣʦ ʫʤʝʥʴʰʝʥʠʝ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʥʘ 17%, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ 

ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʟʦʥʝ ʫʤʝʨʝʥʥʦ ʭʦʣʦʜʥʦʛʦ 

ʢʣʠʤʘʪʘ. 

ʋʩʣʦʚʥʘʷ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʩʠʣʦʢʩʘʥʦʚʦʛʦ ʛʝʨʤʝʪʠʢʘ 

ɺʀʂʉʀʅʊ ʋ-20-99 ʪʘʢʞʝ ʧʨʦʷʚʠʣʘ ʪʝʥʜʝʥʮʠʶ ʢ ʨʦʩʪʫ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

36-ʤʝʩʷʯʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʢʣʠʤʘʪʘ ʌʣʦʨʠʜʳ ʠ ɸʨʠʟʦʥʳ. ɼʣʷ 

ʬʪʦʨʩʠʣʦʢʩʘʥʦʚʦʛʦ ʛʝʨʤʝʪʠʢʘ ɺɻʌ-2ʄ ʦʪʤʝʯʝʥʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ 

ʩʥʠʞʝʥʠʝ kůt. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟʳ ʦ ʪʦʤ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʠʟʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚ ʛʝʨʤʝʪʠʢʦʚ ʚ ʦʪʢʨʳʪʳʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʷʚʣʷʝʪʩʷ ʩʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʙʳʣʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʟʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʧʨʠ ʨʘʟʨʳʚʝ Ůt ʠ 

ʪʚʝʨʜʦʩʪʠ ʧʦ ʐʦʨʫ ɸ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʟʳ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ Q 

(ʪʘʙʣ. 3), ʩʨʝʜʥʷʷ ʛʦʪʦʚʘʷ ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʡ ʜʣʷ ʠʟʫʯʝʥʥʳʭ ʤʝʩʪ 

ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʚʟʷʪʘ ʠʟ ʨʘʙʦʪ [13, 14]. 

 
ʊʘʙʣʠʮʘ 3  

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʧʨʠ ʨʘʟʨʳʚʝ ʠ ʪʚʝʨʜʦʩʪʴ ʧʦ ʐʦʨʫ ɸ ʘʚʠʘʮʠʦʥʥʳʭ 

ʛʝʨʤʝʪʠʢʦʚ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʧʦʩʣʝ ʵʢʩʧʦʟʠʮʠʠ ʚ 8 ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʨʝʛʠʦʥʘʭ 

ʄʝʩʪʦ 

ʵʢʩʧʦʟʠʮʠʠ 

ɺʨʝʤʷ 

ʩʪʘʨʝʥʠʷ, 

ʤʝʩ 

ɼʦʟʘ 

ʩʦʣʥʝʯʥʦʡ 

ʨʘʜʠʘʮʠʠ, 

ɻɼʞ/ʤ
2
 

ʆʪʥ. ʫʜʣ., % / ʪʚʝʨʜʦʩʪʴ ʧʦ ʐʦʨʫ ɸ, ʫʩʣ.ʝʜ 

ɺʀʊʕʌ-1ɹ ɺɻʄ-ʃ ɺʀʂʉʀʅʊ ʋ-20-99 ɺɻʌ-2ʄ 

ʀʩʭʦʜʥʳʡ 0 0 180/55 190/61 225/42 110/53 

ʄʦʩʢʚʘ 36 12,9 82/70 116/80 153/57 116/61 

ɻʝʣʝʥʜʞʠʢ 

12 5,0 162/64 192/74 225/42 ï 

12 5,0 83/74 195/66 203/63 82/60 

36 15,0 77/70 122/75 158/47 112/63 

36 15,0 108/67 110/62 157/58 200/45 

ɺʘʥʴʥʠʥ 

(ʍʘʡʥʘʥʴ) 

12 5,7 153/64 123/76 200/52 ï 

12 5,7 96/70 124/71 187/65 110/52 

36 17,1 139/63 156/72 100/62 137/54 

ʌʣʦʨʠʜʘ 
12 6,6 141/64 173/80 146/49 ï 

36 19,7 56/68 98/65 95/73 130/55 

ɸʨʠʟʦʥʘ 36 24,1 83/71 116/68 95/73 145/48 

ɼʘʤ ɹʘʡ 

(ʅʷʯʘʥʛ) 

12 6,4 149/66 136/72 155/45 ï 

12 6,4 76/72 138/72 155/60 60/75 

20 10,7 62/70 127/70 151/60 60/75 

ʂʦʥ ɿʦ 

(ʍʦʱʠʤʠʥ) 

12 6,2 82/73 141/74 154/57 60/76 

20 10,3 69/69 116/71 147/60 60/72 

ʍʦʘ ʃʘʢ 

(ʍʘʥʦʡ) 

12 4,6 65/75 130/70 190/61 102/76 

20 7,7 67/72 139/71 157/61 85/62 

 

ʋʚʝʣʠʯʝʥʠʝ ʜʦʟʳ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʚʦʟʜʝʡʩʪʚʫʶʱʝʡ ʥʘ 

ʧʦʣʠʩʫʣʴʬʠʜʥʳʝ ʛʝʨʤʝʪʠʢʠ ɺʀʊʕʌ 1ɹ (ʨʠʩ. 1) ʠ ɺɻʄ ʃ (ʨʠʩ. 2) ʩʥʠʞʘʝʪ 

ʠʭ ʵʣʘʩʪʠʯʥʦʩʪʴ ʠ ʧʦʚʳʰʘʝʪ ʪʚʝʨʜʦʩʪʴ. ʋʤʝʥʴʰʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 



ʂʣʠʤʘʪ-2023: ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʤʘʪʝʨʠʘʣʳ ʠ 

ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

 

VIII ˏ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 42 

ʫʜʣʠʥʝʥʠʷ ʧʨʠ ʨʘʟʨʳʚʝ ʩʦʩʪʘʚʣʷʝʪ 30ï60 % ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʚʝʨʜʦʩʪʠ ʥʘ 

20ï35 %. 
ʘ) ʙ) 

  

ʈʠʩ. 1 ï ʀʟʤʝʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʧʨʠ ʨʘʟʨʳʚʝ (ʘ) ʠ ʪʚʸʨʜʦʩʪʠ ʧʦ ʐʦʨʫ 

ɸ (ʙ) ʛʝʨʤʝʪʠʢʘ ɺʀʊʕʌ-1ɹ ʦʪ ʜʦʟʳ ʩʫʤʤʘʨʥʦʡ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʧʨʠ 

ʵʢʩʧʦʥʠʨʦʚʘʥʠʠ ʚ 8 ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ 

 
ʘ) ʙ) 

  

ʈʠʩ. 2 ï ʀʟʤʝʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʧʨʠ ʨʘʟʨʳʚʝ (ʘ) ʠ ʪʚʸʨʜʦʩʪʠ ʧʦ ʐʦʨʫ 
ɸ (ʙ) ʛʝʨʤʝʪʠʢʘ ɺɻʄ-ʃ ʦʪ ʜʦʟʳ ʩʫʤʤʘʨʥʦʡ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʧʨʠ ʵʢʩʧʦʥʠʨʦʚʘʥʠʠ ʚ 

8 ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ 

ʄʦʥʦʪʦʥʥʦʝ ʩʥʠʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʧʨʠ ʨʘʟʨʳʚʝ Ůt ʠ 

ʚʦʟʨʘʩʪʘʥʠʝ ʪʚʝʨʜʦʩʪʠ H ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʟʳ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʪʘʢʞʝ ʜʣʷ ʧʦʣʠʩʠʣʦʢʩʘʥʦʚʦʛʦ ʛʝʨʤʝʪʠʢʘ ɺʀʂʉʀʅʊ ʋ-20-99 

(ʨʠʩ. 3). 

 
ʘ) ʙ) 

  

ʈʠʩ. 3 ï ʀʟʤʝʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʧʨʠ ʨʘʟʨʳʚʝ (ʘ) ʠ ʪʚʸʨʜʦʩʪʠ ʧʦ ʐʦʨʫ 

ɸ (ʙ) ʛʝʨʤʝʪʠʢʘ ɺʀʂʉʀʅʊ ʋ-20-99 ʦʪ ʜʦʟʳ ʩʫʤʤʘʨʥʦʡ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʧʨʠ 

ʵʢʩʧʦʥʠʨʦʚʘʥʠʠ ʚ 8 ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ 



ʂʣʠʤʘʪ-2023: ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʤʘʪʝʨʠʘʣʳ ʠ 

ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

 

VIII ˏ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 43 

 

ɼʣʷ ʬʪʦʨʩʠʣʦʢʩʘʥʦʚʦʛʦ ʛʝʨʤʝʪʠʢʘ ɺɻʌ 2ʄ (ʨʠʩ. 4) ʥʘ ʥʘʯʘʣʴʥʦʡ 

ʩʪʘʜʠʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʧʨʝʦʙʣʘʜʘʶʪ ʧʨʦʮʝʩʩʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʩʰʠʚʢʠ, ʚʳʟʳʚʘʶʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʝ ʩʥʠʞʝʥʠʝ Ůt ʠ ʚʦʟʨʘʩʪʘʥʠʝ ʪʚʝʨʜʦʩʪʠ. 

ʆʜʥʘʢʦ ʧʨʠ Q > 5 ɻɼʞ/ʤ
2
, ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ 

ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥ, ʵʣʘʩʪʠʯʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. ɺʦʟʤʦʞʥʦʡ ʧʨʠʯʠʥʦʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʫʰʝʥʠʝ 

ʧʦʧʝʨʝʯʥʳʭ ʩʚʷʟʝʡ ʩʝʪʯʘʪʦʛʦ ʧʦʣʠʤʝʨʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʣʥʝʯʥʦʡ 

ʨʘʜʠʘʮʠʠ. 

 
ʘ) ʙ) 

  

ʈʠʩ. 4 ï ʀʟʤʝʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʧʨʠ ʨʘʟʨʳʚʝ (ʘ) ʠ ʪʚʸʨʜʦʩʪʠ ʧʦ ʐʦʨʫ 

ɸ (ʙ) ʛʝʨʤʝʪʠʢʘ ɺɻʌ-2ʄ ʦʪ ʜʦʟʳ ʩʫʤʤʘʨʥʦʡ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʧʨʠ ʵʢʩʧʦʥʠʨʦʚʘʥʠʠ 

ʚ 8 ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ 

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʨʠʩ. 1ï4, ʩʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʨʝʚʨʘʱʝʥʠʷʤ, ʪʠʧʠʯʥʳʤ ʜʣʷ ʧʦʣʠʩʫʣʴʬʠʜʥʳʭ ʠ ʩʠʣʦʢʩʘʥʦʚʳʭ ʛʝʨʤʝʪʠʢʦʚ, 

ʘʥʘʣʦʛʠʯʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪ [15ï23]. ʋʣʴʪʨʘʬʠʦʣʝʪʦʚʘʷ ʢʦʤʧʦʥʝʥʪʘ 

ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʘʢʪʠʚʠʨʫʝʪ ʧʨʦʮʝʩʩʳ ʩʰʠʚʢʠ ʠ ʜʝʩʪʨʫʢʮʠʠ ʩʝʪʯʘʪʳʭ 

ʧʦʣʠʤʝʨʦʚ. ʇʨʠ ʵʪʦʤ ʫʤʝʥʴʰʝʥʠʝ ʵʣʘʩʪʠʯʥʦʩʪʠ ʵʣʘʩʪʦʤʝʨʦʚ ʢʦʨʨʝʣʠʨʫʝʪ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʠʭ ʪʚʝʨʜʦʩʪʠ, ʯʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʧʨʠʤʝʨʝ ɺʀʊʕʌ-1ɹ 

ʠ ɺʀʂʉʀʅʊ ʋ-20-99 ʥʘ ʨʠʩ. 5. 

 
ʘ) ʙ) 

  

ʈʠʩ. 5 ï ʂʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʫʜʣʠʥʝʥʠʝʤ ʧʨʠ ʨʘʟʨʳʚʝ ʠ ʪʚʸʨʜʦʩʪʴʶ 

ʧʦ ʐʦʨʫ ɸ ʛʝʨʤʝʪʠʢʦʚ ɺʀʊʕʌ-1ɹ (ʘ) ʠ ɺʀʂʉʀʅʊ ʋ-20-99 (ʙ), ʠʟʤʝʥʷʶʱʠʭʩʷ ʧʨʠ 

ʵʢʩʧʦʥʠʨʦʚʘʥʠʠ ʚ 8 ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ ʚ ʪʝʯʝʥʠʝ 1ï3 ʣʝʪ 
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ɺʳʚʦʜʳ 

ɺ ʫʩʣʦʚʠʷʭ ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥ ʩʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ 

ʚ ʧʦʣʠʩʫʣʴʬʠʜʥʳʭ ʠ ʧʦʣʠʩʠʣʦʢʩʘʥʦʚʳʭ ʛʝʨʤʝʪʠʢʘʭ, ʚʳʟʳʚʘʶʱʠʭ 

ʠʟʤʝʥʝʥʠʝ ʠʭ ʧʨʦʯʥʦʩʪʠ ʠ ʵʣʘʩʪʠʯʥʦʩʪʠ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʧʦʜʨʦʙʥʳʭ 

ʩʚʝʜʝʥʠʡ ʦʙ ʠʟʤʝʥʝʥʠʠ ʩʪʝʧʝʥʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʰʠʚʘʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʠ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʪʝʢʣʦʚʘʥʠʷ ʠ ʤʦʜʫʣʝʡ ʫʧʨʫʛʦʩʪʠ ʚ ʚʳʩʦʢʦʵʣʘʩʪʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ 

ʤʝʪʦʜʘʤʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ 

ʢʦʪʦʨʳʭ ʦʙʦʩʥʦʚʘʥʘ ʚ ʨʘʙʦʪʘʭ [3, 24]. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʜʦʩʪʠʛʘʝʪʩʷ ʚʘʨʠʘʮʠʷʤʠ ʩʦʩʪʘʚʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʧʦʣʥʠʪʝʣʝʡ 

ʠ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ 

ʩʦʭʨʘʥʷʝʤʦʩʪʴ ʩʚʦʡʩʪʚ ʛʝʨʤʝʪʠʟʠʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʚʥʝʰʥʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʥʦ ʥʝ ʜʘʶʪ ʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʧʦʚʝʜʝʥʠʠ ʤʘʪʝʨʠʘʣʦʚ ʚ ʠʟʜʝʣʠʠ ʧʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ (ʧʦʚʳʰʝʥʥʳʭ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ, 

ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ, ʚʠʙʨʘʮʠʠ ʠ ʪ. ʧ.). 

ʆʩʦʙʝʥʥʦʩʪʠ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʩʪʘʨʝʥʠʷ ʘʚʠʘʮʠʦʥʥʳʭ ʛʝʨʤʝʪʠʢʦʚ, 

ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʤʦʛʫʪ ʙʳʪʴ ʫʯʪʝʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʨʝʮʝʧʪʫʨʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʦʚʳʭ ʛʝʨʤʝʪʠʟʠʨʫʶʱʠʭ [25], 

ʵʣʘʩʪʦʤʝʨʥʦ-ʪʢʘʥʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ [26], ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʟʘʱʠʪʥʳʭ 

ʦʙʦʣʦʯʝʢ [27] ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʥʘʜʝʞʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʩʘʤʳʭ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʎʂʇ çʂʣʠʤʘʪʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷè 

ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè ï ɺʀɸʄ. 
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ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʫʥʠʪʘʨʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ çɺʩʝʨʦʩʩʠʡʩʢʠʡ 
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ɸʥʥʦʪʘʮʠʷ 

ʇʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʯʝʪʳʨʸʭ ʪʠʧʦʚ ʦʙʨʘʟʮʦʚ ʣʘʢʦʢʨʘʩʦʯʥʳʭ 

ʧʦʢʨʳʪʠʡ ʥʘ ʛʨʠʙʦʩʪʦʡʢʦʩʪʴ ʧʦ 3 ʤʝʪʦʜʫ ɻʆʉʊ 9.049 ʩ ʧʨʠʤʝʥʝʥʠʝʤ 11-ʪʠ 

ʰʪʘʤʤʦʚ ʤʠʢʨʦʤʠʮʝʪʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʩ ʤʘʪʝʨʠʘʣʦʚ ʚ ʛ. ʄʦʩʢʚʘ ʠ ʛ. 

ɻʝʣʝʥʜʞʠʢ. ʆʪʤʝʯʝʥʦ ʠʟʤʝʥʝʥʠʝ ʜʝʢʦʨʘʪʠʚʥʳʭ ʩʚʦʡʩʪʚ ʵʤʘʣʝʡ ʧʦʩʣʝ 3 

ʤʝʩʷʮʝʚ ʘʢʪʠʚʥʦʛʦ ʨʦʩʪʘ ʤʠʢʨʦʤʠʮʝʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ, 

ʠʟʤʝʥʝʥʠʡ ʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʦʨʨʦʟʠʦʥʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ, ʥʝ 

ʦʪʤʝʯʝʥʦ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʮʚʝʪʘ ʧʦʢʨʳʪʠʡ ɺʕ-69 ʠ ʕʇ-140 ʩ 

ʢʨʘʩʥʳʤ ʧʠʛʤʝʥʪʦʤ ʚʳʰʝ, ʯʝʤ ʜʣʷ ʧʦʢʨʳʪʠʡ ʘʥʘʣʦʛʠʯʥʳʭ ʵʤʘʣʝʡ ʩ ʩʝʨʳʤ 

ʧʠʛʤʝʥʪʦʤ. ʅʘʠʙʦʣʴʰʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʮʚʝʪʘ ʣʘʢʦʢʨʘʩʦʯʥʳʭ 

ʧʦʢʨʳʪʠʡ ʦʪʤʝʯʝʥʦ ʜʣʷ ʰʪʘʤʤʦʚ Acremonium sp. viam193, Aspergillus 

niger viam195 ʠ Penicillium citrinum viam142; ʥʘʠʙʦʣʴʰʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʠʟʤʝʥʝʥʠʝ ʙʣʝʩʢʘ - Acremonium sp. viam193, Arthrinium phaeospermum 

viam139, Penicillium rugulosum viam144, Aspergillus niger viam195. 
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Abstract 

Four types of paint coating samples were tested for fungal resistance 

according to method 3 of GOST 9.049 using 11 strains of micromycetes isolated 

from materials in Moscow and Gelendzhik. A change in the decorative 

properties of the enamels was noted after 3 months of active growth of 

micromycetes on the surface of the samples; no changes in the protective 

properties, including corrosion damage, were noted. It has been shown that the 

color change of coatings VE-69 and EP-140 with red pigment is higher than for 

coatings of similar enamels with gray pigment. The greatest effect on changes in 

the color of paintwork coatings was noted for strains of Acremonium sp. 

viam193, Aspergillus niger viam195 and Penicillium citrinum viam142; greatest 

effect on gloss change - Acremonium sp. viam193, Arthrinium phaeospermum 

viam139, Penicillium rugulosum viam144, Aspergillus niger viam195. 

Keywords: 

biodeterioration, fungal resistance, paint and varnish coatings, 

microbiological resistance, microorganisms, mold fungi, polymer materials. 

 

 

ɺʚʝʜʝʥʠʝ 

ɹʠʦʧʦʚʨʝʞʜʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ, ʥʘʥʦʩʷʪ ʙʦʣʴʰʦʡ ʫʱʝʨʙ ʠʭ ʚʥʝʰʥʝʤʫ ʚʠʜʫ ʠ 

ʩʚʦʡʩʪʚʘʤ. ɼʘʥʥʳʡ ʪʠʧ ʙʠʦʧʦʚʨʝʞʜʝʥʠʡ ʚʩʪʨʝʯʘʝʪʩʷ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ, 

ʦʩʦʙʝʥʥʦ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʚʨʝʞʜʝʥʠʷ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ, ʪ.ʝ. 

ʧʦʚʨʝʞʜʝʥʠʷ, ʚʳʟʚʘʥʥʳʝ ʨʦʩʪʦʤ ʠ ʨʘʟʚʠʪʠʝʤ ʨʘʟʣʠʯʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, 

ʚ ʯʘʩʪʥʦʩʪʠ, ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʛʨʠʙʦʚ ʠ ʙʘʢʪʝʨʠʡ. ʍʘʨʘʢʪʝʨʥʳʝ ʧʨʠʟʥʘʢʠ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʚʨʝʞʜʝʥʠʡ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ ï ʧʷʪʥʘ 

ʨʘʟʣʠʯʥʦʡ ʦʢʨʘʩʢʠ ʠ ʥʘʣʝʪʳ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʣʦʥʠʠ 

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʧʣʝʩʥʝʚʳʭ ʛʨʠʙʦʚ ʠ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʩʣʠʟʠ. ʅʘ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ ʚ ʤʝʩʪʘʭ ʩ ʧʦʚʳʰʝʥʥʦʡ 

ʚʣʘʞʥʦʩʪʴʶ ʧʨʠ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʚʨʝʞʜʝʥʠʷʭ ʯʘʩʪʦ ʤʦʞʥʦ 

ʥʘʙʣʶʜʘʪʴ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ ʠ ʦʪʩʣʘʠʚʘʥʠʝ ʧʦʢʨʳʪʠʡ, ʦʙʨʘʟʦʚʘʥʠʝ ʙʫʛʨʦʚ ʠ 

ʦʪʚʝʨʩʪʠʡ ʠ ʜʨʫʛʠʝ ʥʝʛʘʪʠʚʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ [1, 2].  

ʄʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʚʨʝʞʜʝʥʠʷ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ ʦʙʳʯʥʦ 

ʩʦʯʝʪʘʶʪʩʷ ʩ ʧʦʚʨʝʞʜʘʶʱʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʥʠʭ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ 

ʚʥʝʰʥʝʡ ʩʨʝʜʳ ï ʘʪʤʦʩʬʝʨʥʦʡ ʚʣʘʛʠ ʩ ʨʘʩʪʚʦʨʝʥʥʳʤʠ ʚ ʥʝʡ ʘʛʨʝʩʩʠʚʥʳʤʠ 

ʭʠʤʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ, ʧʦʚʳʰʝʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨ ʠ ʪ. ʜ. ɺ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʥʦʚʳʝ 

ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʨʝʥʠʷ [3ï11] ʠ ʢʦʨʨʦʟʠʠ [12ï15] ʘʚʠʘʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ [16, 17], ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʦʠʩʢ ʥʦʚʳʭ ʰʪʘʤʤʦʚ ʤʠʢʨʦʤʠʮʝʪʦʚ ï ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʜʝʩʪʨʫʢʪʦʨʦʚ 

ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [18, 19].   
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ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʘʢʪʠʚʥʦʛʦ ʨʦʩʪʘ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʚ ʫʩʣʦʚʠʷʭ ʜʚʫʭ ʨʘʟʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʟʦʥ,  ʥʘ ʣʘʢʦʢʨʘʩʦʯʥʳʝ ʧʦʢʨʳʪʠʷ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ.  

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɼʣʷ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʢʫʣʴʪʫʨʳ ʤʠʢʨʦʤʠʮʝʪʦʚ, ʚʳʜʝʣʝʥʥʳʝ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʵʪʘʧʝ ʥʘʰʝʡ ʨʘʙʦʪʳ, 

ʩ ʦʙʨʘʟʮʦʚ ʤʘʪʝʨʠʘʣʦʚ ʧʦʩʣʝ ʵʢʩʧʦʟʠʮʠʠ ʥʘ ʧʣʦʱʘʜʢʘʭ ʄʎʂʀ ʠʤ. 

ɻ.ɺ. ɸʢʠʤʦʚʘ (ʛ. ʄʦʩʢʚʘ) ʠ ɻʎʂʀ ʠʤ. ɻ.ɺ. ɸʢʠʤʦʚʘ (ʛ. ɻʝʣʝʥʜʞʠʢ). 

ʃʘʢʦʢʨʘʩʦʯʥʳʝ ʧʦʢʨʳʪʠʷ ʠʩʧʳʪʳʚʘʣʠ ʧʦ ʪʨʝʪʴʝʤʫ ʤʝʪʦʜʫ ɻʆʉʊ 

9.049, ʦʙʨʘʟʮʳ ʠʥʦʢʫʣʠʨʦʚʘʣʠ ʚʦʜʥʦʡ ʩʫʩʧʝʥʟʠʝʡ ʩʧʦʨ ʤʠʢʨʦʤʠʮʝʪʦʚ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʣʝʡ ʠ ʩʘʭʘʨʦʟʳ. ʇʨʠ ʵʪʦʤ 

ʤʠʢʨʦʤʠʮʝʪʳ ʤʦʛʫʪ ʨʘʩʪʠ ʥʝ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʩʦʜʝʨʞʠʪ ʩʘʤ ʤʘʪʝʨʠʘʣ, ʥʦ ʠ ʟʘ ʩʯʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʩʫʩʧʝʥʟʠʠ. ʄʝʪʦʜ 3 

ɻʆʉʊ 9.049 ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʫʥʛʠʮʠʜʥʳʭ ʠ 

ʬʫʥʛʠʩʪʘʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ. 

ʀʩʧʳʪʘʥʠʷ, ʢʘʢ ʠ ʚ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ, ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʦʙʨʘʟʮʘʭ 

ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ ʕʇ-140 (ʩʝʨʳʡ ʠ ʢʨʘʩʥʳʡ ʧʠʛʤʝʥʪʳ) ʠ ɺʕ-69 

(ʩʝʨʳʡ ʠ ʢʨʘʩʥʳʡ ʧʠʛʤʝʥʪʳ). ʕʤʘʣʠ ɺʕ-69 ʠ ʕʇ-140 ʧʦʣʴʟʫʶʪʩʷ ʙʦʣʴʰʠʤ 

ʩʧʨʦʩʦʤ ʫ ʧʨʝʜʧʨʠʷʪʠʡ ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ, ʧʦʵʪʦʤʫ ʚʘʞʥʦ ʟʥʘʪʴ ʨʝʩʫʨʩ 

ʨʘʙʦʪʳ ʧʦʢʨʳʪʠʷ ʥʘ ʝʝ ʦʩʥʦʚʝ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ. 

ʆʙʨʘʟʮʳ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ ʠʥʦʢʫʣʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʧʫʣʴʚʝʨʠʟʘʪʦʨʘ ʩʫʩʧʝʥʟʠʝʡ ʩʧʦʨ ʤʠʢʨʦʤʠʮʝʪʦʚ ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʚʩʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʀʥʦʢʫʣʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʧʦʢʨʳʪʠʡ ʧʦʤʝʱʘʣʠ ʚ 

ʩʧʝʮʠʘʣʴʥʳʝ ʢʘʤʝʨʳ, ʢʦʪʦʨʳʝ ʧʦʜʜʝʨʞʠʚʘʶʪ ʟʘʜʘʥʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʠ 

ʚʣʘʞʥʦʩʪʴ. ɺ ʢʘʤʝʨʘʭ ʦʙʨʘʟʮʳ ʧʨʦʭʦʜʠʣʠ ʵʢʩʧʦʟʠʮʠʶ ʚ ʪʝʯʝʥʠʝ ʟʘʜʘʥʥʦʛʦ 

ʚʨʝʤʝʥʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 29 ° 2 C̄ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ 

ʙʦʣʝʝ 90 %. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʳ ʠʟʚʣʝʢʘʣʠ ʠʟ ʢʘʤʝʨʳ, 

ʧʨʦʩʤʘʪʨʠʚʘʣʠ, ʤʠʢʨʦʩʢʦʧʠʨʦʚʘʣʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 50 ʢʨʘʪ ʠ ʧʨʦʚʦʜʠʣʠ 

ʦʮʝʥʢʫ ʛʨʠʙʦʩʪʦʡʢʦʩʪʠ ʧʦ ʨʦʩʪʫ ʛʨʠʙʦʚ ʥʘ ʦʙʨʘʟʮʘʭ ʧʦ ʰʝʩʪʠ ʙʘʣʣʴʥʦʡ 

ʰʢʘʣʝ ɻʆʉʊ 9.048. ɽʩʣʠ ʧʨʠ ʦʩʤʦʪʨʝ ʦʙʨʘʟʮʘ ʧʦʜ ʤʠʢʨʦʩʢʦʧʦʤ ʥʝ ʙʳʣʦ 

ʥʘʡʜʝʥʦ ʧʨʦʨʦʩʰʠʭ ʩʧʦʨ ʠ ʢʦʥʠʜʠʡ ï ʦʙʨʘʟʝʮ ʦʮʝʥʠʚʘʣʩʷ ʚ 0 ʙʘʣʣʦʚ. ɽʩʣʠ 

ʧʨʠ ʤʠʢʨʦʩʢʦʧʠʨʦʚʘʥʠʠ ʦʙʥʘʨʫʞʠʚʘʣʠ ʧʨʦʨʦʩʰʠʝ ʩʧʦʨʳ ʠ ʩʣʘʙʦ 

ʨʘʟʚʠʪʳʡ ʤʠʮʝʣʠʡ ï ʦʙʨʘʟʝʮ ʦʮʝʥʠʚʘʣʠ ʚ 1 ʙʘʣʣ. ʇʨʠ ʤʠʢʨʦʩʢʦʧʠʨʦʚʘʥʠʠ 

ʥʘʡʜʝʥ ʜʦʚʦʣʴʥʦ ʨʘʟʚʠʪʳʡ ʤʠʮʝʣʠʡ ʠʣʠ ʩʧʦʨʦʥʦʰʝʥʠʝ ï 2 ʙʘʣʣʘ. ɽʩʣʠ ʧʨʠ 

ʦʩʤʦʪʨʝ ʥʝʚʦʦʨʫʞʝʥʥʳʤ ʛʣʘʟʦʤ ʩʣʘʙʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʠʮʝʣʠʡ ʠ (ʠʣʠ) 

ʩʧʦʨʦʥʦʰʝʥʠʝ, ʥʦ ʧʨʠ ʤʠʢʨʦʩʢʦʧʠʨʦʚʘʥʠʠ ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʳ ï 3 ʙʘʣʣʘ. ɺ 

ʩʣʫʯʘʝ, ʝʩʣʠ ʨʘʟʚʠʪʠʝ ʛʨʠʙʦʚ ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʦ ʥʝʚʦʦʨʫʞʝʥʥʳʤ ʛʣʘʟʦʤ, 

ʤʝʥʝʝ 25 % ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʧʦʢʨʳʪʦ ʤʠʮʝʣʠʝʤ ï 4 

ʙʘʣʣʘ. ʀ, ʥʘʢʦʥʝʮ, ʝʩʣʠ ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʦ ʨʘʟʚʠʪʠʝ ʛʨʠʙʦʚ, ʠ ʦʥʠ 

ʧʦʢʨʳʚʘʶʪ ʙʦʣʝʝ 25 % ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ï ʦʮʝʥʢʘ 5 ʙʘʣʣʦʚ. 
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ɼʣʠʪʝʣʴʥʦʩʪʴ ʠʩʧʳʪʘʥʠʡ ʥʘ ʛʨʠʙʦʩʪʦʡʢʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 3 ʤʝʩʷʮʘ. 

ʆʮʝʥʢʘ ʩʚʦʡʩʪʚ ʃʂʇ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ 

ʤʝʪʦʜʠʢʘʤʠ, ʧʨʠʥʷʪʳʤʠ ʚ ʣʘʢʦʢʨʘʩʦʯʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [20]: ʤʝʪʦʜ 

ʦʧʨʝʜʝʣʝʥʠʷ ʙʣʝʩʢʘ ʧʦʢʨʳʪʠʡ (ɻʆʉʊ 31975ï2013); ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ 

ʮʚʝʪʦʚʦʛʦ ʨʘʟʣʠʯʠʷ (ɻʆʉʊ ʈ 52490ï2005). 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʅʘ ʧʨʝʜʳʜʫʱʝʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʠʩʩʣʝʜʦʚʘʣʠ ʚʦʟʜʝʡʩʪʚʠʝ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʥʘ ʦʙʨʘʟʮʳ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ  ʕʇ-140 ʠ ɺʕ-69 

ʧʦ ʤʝʪʦʜʫ 2 ɻʆʉʊ 9.049 ʚ ʪʝʯʝʥʠʝ 45 ʩʫʪʦʢ (1,5 ʤʝʩʷʮʘ). ɼʣʷ ʠʩʧʳʪʘʥʠʡ 

ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ 5 ʰʪʘʤʤʦʚ ʤʠʢʨʦʤʠʮʝʪʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʩ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʫʩʣʦʚʠʷʭ ʄʎʂʀ ʠʤ. ɻ.ɺ. ɸʢʠʤʦʚʘ (ʛ. ʄʦʩʢʚʘ. ʠ 6 ʰʪʘʤʤʦʚ ʤʠʢʨʦʤʠʮʝʪʦʚ, 

ʚʳʜʝʣʝʥʥʳʭ ʩ ʤʘʪʝʨʠʘʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ɻʎʂʀ ʠʤ. ɻ.ɺ. ɸʢʠʤʦʚʘ (ʛ. 

ɻʝʣʝʥʜʞʠʢ), ʩʧʠʩʦʢ ʧʨʠʚʝʜʸʥ ʚ ʪʘʙʣ. 1.  

 

ʊʘʙʣʠʮʘ 1 

ʐʪʘʤʤʳ ʤʠʢʨʦʤʠʮʝʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ. 

 ̄
ˉ 

ʰʪʘʤʤʘ 
ɺʠʜ ʛʨʠʙʘ ʄʝʩʪʦ ʚʳʜʝʣʝʥʠʷ 

1 viam193 Acremonium sp. 
ʄʎʂʀ ʠʤ. ɻ.ɺ. ɸʢʠʤʦʚʘ  

(ʛ. ʄʦʩʢʚʘ) 

2 viam138 Alternaria alternata 
ɻʎʂʀ ʠʤ. ɻ.ɺ. ɸʢʠʤʦʚʘ  

(ʛ. ɻʝʣʝʥʜʞʠʢ) 

3 viam139 
Arthrinium 

phaeospermum 

ɻʎʂʀ ʠʤ. ɻ.ɺ. ɸʢʠʤʦʚʘ  

(ʛ. ɻʝʣʝʥʜʞʠʢ) 

4 viam194 Aspergillus flavus 
ʄʎʂʀ ʠʤ. ɻ.ɺ. ɸʢʠʤʦʚʘ  

(ʛ. ʄʦʩʢʚʘ) 

5 viam195 Aspergillus niger 
ʄʎʂʀ ʠʤ. ɻ.ɺ. ɸʢʠʤʦʚʘ  

(ʛ. ʄʦʩʢʚʘ) 

6 viam197 Aspergillus sp. 
ʄʎʂʀ ʠʤ. ɻ.ɺ. ɸʢʠʤʦʚʘ  

(ʛ. ʄʦʩʢʚʘ) 

7 viam196 Aspergillus terreus 
ʄʎʂʀ ʠʤ. ɻ.ɺ. ɸʢʠʤʦʚʘ  

(ʛ. ʄʦʩʢʚʘ) 

8 viam141 Epicoccum nigrum 
ɻʎʂʀ ʠʤ. ɻ.ɺ. ɸʢʠʤʦʚʘ  

(ʛ. ɻʝʣʝʥʜʞʠʢ) 

9 viam142 Penicillium citrinum 
ɻʎʂʀ ʠʤ. ɻ.ɺ. ɸʢʠʤʦʚʘ  

(ʛ. ɻʝʣʝʥʜʞʠʢ) 

10 viam143 Penicillium rubrum 
ɻʎʂʀ ʠʤ. ɻ.ɺ. ɸʢʠʤʦʚʘ  

(ʛ. ɻʝʣʝʥʜʞʠʢ) 

11 viam144 Penicillium rugulosum 
ɻʎʂʀ ʠʤ. ɻ.ɺ. ɸʢʠʤʦʚʘ  

(ʛ. ɻʝʣʝʥʜʞʠʢ) 
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ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʙʦʪʝ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʦ ʫʚʝʣʠʯʝʥʦ ʚ ʜʚʘ 

ʨʘʟʘ, ʚ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʠʢʠ ʙʳʣ ʚʳʙʨʘʥ ʩʧʦʩʦʙ ʩ ʥʘʠʙʦʣʝʝ çʞʝʩʪʢʠʤʠè 

ʫʩʣʦʚʠʷʤʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʙʨʘʟʮʳ, ʪ. ʝ. ʤʝʪʦʜ 3 ɻʆʉʊ 9.049. ɺ 

ʠʩʧʳʪʘʥʠʷʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚʩʝ 11 ʰʪʘʤʤʦʚ ʧʣʝʩʥʝʚʳʭ ʛʨʠʙʦʚ, 

ʚʳʜʝʣʝʥʥʳʭ ʩ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʵʢʩʧʦʟʠʮʠʠ ʚ ʄʎʂʀ ʠʤ. ɻ.ɺ. ɸʢʠʤʦʚʘ 

(ʛ. ʄʦʩʢʚʘ) ʠ ɻʎʂʀ ʠʤ. ɻ.ɺ. ɸʢʠʤʦʚʘ (ʛ. ɻʝʣʝʥʜʞʠʢ). ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʠʩʧʳʪʘʥʠʡ ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʠʩʧʳʪʫʝʤʳʭ ʤʘʨʦʢ ʧʦʢʨʳʪʠʡ ʦʪʤʝʯʝʥ ʙʘʣʣ 

ʛʨʠʙʦʩʪʦʡʢʦʩʪʠ ï 5, ʧʦʩʢʦʣʴʢʫ ʥʘ ʚʩʝʭ ʦʙʨʘʟʮʘʭ ʥʘʙʣʶʜʘʣʠ ʨʘʟʚʠʪʠʝ 

ʛʨʠʙʦʚ ʧʨʠ ʢʦʪʦʨʦʤ ʤʠʮʝʣʠʡ ʠ ʩʧʦʨʦʥʦʰʝʥʠʷ ʧʦʢʨʳʚʘʣʠ ʙʦʣʝʝ 25ï50 % 

ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ 

ʬʫʥʛʠʮʠʜʥʳʭ ʠ ʬʫʥʛʠʩʪʘʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʡ ʮʚʝʪʘ ʦʙʨʘʟʮʦʚ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ 

ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʤʠʢʨʦʤʠʮʝʪʦʚ ʚ ʪʝʯʝʥʠʝ 3 ʤʝʩʷʮʝʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʘʭ 1ï4. 

 
ʈʠʩ. 1 ï ʎʚʝʪʦʚʦʝ ʨʘʟʣʠʯʠʝ ȹȺ (ʫʩʣ. ʝʜ.) ʣʠʮʝʚʦʡ ʩʪʦʨʦʥʳ ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʧʦʢʨʳʪʠʷ 

ɺʕ-69 ʩ ʢʨʘʩʥʳʤ ʧʠʛʤʝʥʪʦʤ ʧʦʩʣʝ 3-ʭ ʤʝʩʷʮʝʚ ʚʦʟʜʝʡʩʪʚʠʷ ʤʠʢʨʦʤʠʮʝʪʦʚ 

 

 
ʈʠʩ. 2 ï ʎʚʝʪʦʚʦʝ ʨʘʟʣʠʯʠʝ ȹȺ (ʫʩʣ. ʝʜ.) ʣʠʮʝʚʦʡ ʩʪʦʨʦʥʳ ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʧʦʢʨʳʪʠʷ  

ɺʕ-69 ʩ ʩʝʨʳʤ ʧʠʛʤʝʥʪʦʤ ʧʦʩʣʝ 3-ʭ ʤʝʩʷʮʝʚ ʚʦʟʜʝʡʩʪʚʠʷ ʤʠʢʨʦʤʠʮʝʪʦʚ 
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ʈʠʩ. 3 ï ʎʚʝʪʦʚʦʝ ʨʘʟʣʠʯʠʝ ȹȺ (ʫʩʣ. ʝʜ.) ʣʠʮʝʚʦʡ ʩʪʦʨʦʥʳ ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʧʦʢʨʳʪʠʷ 

ʕʇ-140 ʩ ʢʨʘʩʥʳʤ ʧʠʛʤʝʥʪʦʤ ʧʦʩʣʝ 3-ʭ ʤʝʩʷʮʝʚ ʚʦʟʜʝʡʩʪʚʠʷ ʤʠʢʨʦʤʠʮʝʪʦʚ 

 
ʈʠʩ. 4 ï ʎʚʝʪʦʚʦʝ ʨʘʟʣʠʯʠʝ ȹȺ (ʫʩʣ. ʝʜ.) ʣʠʮʝʚʦʡ ʩʪʦʨʦʥʳ ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʧʦʢʨʳʪʠʷ 

ʕʇ-140 ʩ ʩʝʨʳʤ ʧʠʛʤʝʥʪʦʤ ʧʦʩʣʝ 3-ʭ ʤʝʩʷʮʝʚ ʚʦʟʜʝʡʩʪʚʠʷ ʤʠʢʨʦʤʠʮʝʪʦʚ 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʡ ʙʣʝʩʢʘ ʦʙʨʘʟʮʦʚ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ 

ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʤʠʢʨʦʤʠʮʝʪʦʚ ʚ ʪʝʯʝʥʠʝ 3 ʤʝʩʷʮʝʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʘʭ  5ï8. 

 

 
ʈʠʩ. 5 ï ʀʟʤʝʥʝʥʠʝ ʙʣʝʩʢʘ ʣʠʮʝʚʦʡ ʩʪʦʨʦʥʳ ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʧʦʢʨʳʪʠʷ ɺʕ-69 ʩ 

ʢʨʘʩʥʳʤ ʧʠʛʤʝʥʪʦʤ ʧʦʩʣʝ 3-ʭ ʤʝʩʷʮʝʚ ʚʦʟʜʝʡʩʪʚʠʷ ʤʠʢʨʦʤʠʮʝʪʦʚ 
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ʈʠʩ. 6 ï ʀʟʤʝʥʝʥʠʝ ʙʣʝʩʢʘ ʣʠʮʝʚʦʡ ʩʪʦʨʦʥʳ ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʧʦʢʨʳʪʠʷ ɺʕ-69 ʩ 

ʩʝʨʳʤ ʧʠʛʤʝʥʪʦʤ ʧʦʩʣʝ 3-ʭ ʤʝʩʷʮʝʚ ʚʦʟʜʝʡʩʪʚʠʷ ʤʠʢʨʦʤʠʮʝʪʦʚ 

 
ʈʠʩ. 7 ï ʀʟʤʝʥʝʥʠʝ ʙʣʝʩʢʘ ʣʠʮʝʚʦʡ ʩʪʦʨʦʥʳ ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʧʦʢʨʳʪʠʷ ʕʇ-140 ʩ 

ʢʨʘʩʥʳʤ ʧʠʛʤʝʥʪʦʤ ʧʦʩʣʝ 3-ʭ ʤʝʩʷʮʝʚ ʚʦʟʜʝʡʩʪʚʠʷ ʤʠʢʨʦʤʠʮʝʪʦʚ 

 

 
ʈʠʩ. 8 ï ʀʟʤʝʥʝʥʠʝ ʙʣʝʩʢʘ ʣʠʮʝʚʦʡ ʩʪʦʨʦʥʳ ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʧʦʢʨʳʪʠʷ ʕʇ-140 ʩ 

ʩʝʨʳʤ ʧʠʛʤʝʥʪʦʤ ʧʦʩʣʝ 3-ʭ ʤʝʩʷʮʝʚ ʚʦʟʜʝʡʩʪʚʠʷ ʤʠʢʨʦʤʠʮʝʪʦʚ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʠʘʛʨʘʤʤ ʥʘ ʨʠʩʫʥʢʘʭ 1-4, ʠʟʤʝʥʝʥʠʝ ʮʚʝʪʘ ʧʦʢʨʳʪʠʡ 

ɺʕ-69 ʠ ʕʇ-140 ʩ ʢʨʘʩʥʳʤ ʧʠʛʤʝʥʪʦʤ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʛʨʠʙʦʚ ʚʳʰʝ, ʯʝʤ 

ʜʣʷ ʧʦʢʨʳʪʠʡ ʘʥʘʣʦʛʠʯʥʳʭ ʵʤʘʣʝʡ ʩ ʩʝʨʳʤ ʧʠʛʤʝʥʪʦʤ. ʅʘʠʙʦʣʴʰʝʝ 

ʮʚʝʪʦʚʦʝ ʨʘʟʣʠʯʠʝ ʣʠʮʝʚʦʡ ʩʪʦʨʦʥʳ ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʵʤʘʣʠ ɺʕ-69 ʢʨʘʩʥʦʛʦ 

ʮʚʝʪʘ ʩʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ 11,15 ʫʩʣ. ʝʜ., ʤʠʥʠʤʘʣʴʥʦʝ ï ʫ ʵʤʘʣʠ ɺʕ-69 

ʩʝʨʦʛʦ ʮʚʝʪʘ ʩʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ 0,16 ʫʩʣ. ʝʜ.  

ʅʘʠʙʦʣʴʰʝʝ ʠʟʤʝʥʝʥʠʝ ʙʣʝʩʢʘ ʧʨʠʥʘʜʣʝʞʠʪ ʵʤʘʣʠ  

ʕʇ-140 ʩʝʨʦʛʦ ʮʚʝʪʘ ʩʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ 16,55 ʠ ʵʤʘʣʠ ʕʇ-140 ʢʨʘʩʥʦʛʦ 

ʮʚʝʪʘ ʩʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ 15,23.  

ʅʘʠʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ ʮʚʝʪʘ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ ʦʪʤʝʯʝʥʳ 

ʧʦʩʣʝ ʨʦʩʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʪʨʸʭ ʰʪʘʤʤʦʚ:  Acremonium sp. 

viam193, Aspergillus niger viam195 ʠ Penicillium citrinum viam142. ʇʨʠʯʝʤ  
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ʤʠʢʨʦʤʠʮʝʪʳ ʦʢʘʟʳʚʘʶʪ ʘʢʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʮʚʝʪʘ ʵʤʘʣʝʡ 

ʢʘʢ ʩ ʩʝʨʳʤ, ʪʘʢ ʠ ʩ ʢʨʘʩʥʳʤ ʧʠʛʤʝʥʪʦʤ.  ʅʘʠʙʦʣʴʰʝʤʫ ʠʟʤʝʥʝʥʠʶ ʙʣʝʩʢʘ 

ʦʙʨʘʟʮʦʚ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʰʪʘʤʤʳ Acremonium sp. viam193, Arthrinium 

phaeospermum viam139, Penicillium rugulosum viam144, Aspergillus niger 

viam195. 

ʆʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟʤʝʥʝʥʠʡ ʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʢʦʨʨʦʟʠʦʥʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ, ʥʘ ʦʙʨʘʟʮʘʭ ʧʦʢʨʳʪʠʡ ʵʤʘʣʠ ɺʕ-69 

ʠ ʕʇ-140 ʥʘ ʧʝʨʠʦʜ ʠʩʧʳʪʘʥʠʡ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʤʠʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʦʡʢʦʩʪʠ 

ʧʦʢʨʳʪʠʷ ʥʘ ʦʩʥʦʚʝ ʵʤʘʣʝʡ ʤʘʨʢʠ ɺʕ-69 ʠ ʕʇ-140 ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʟʘʛʨʫʥʪʦʚʘʥʥʦʡ ʘʣʶʤʠʥʠʝʚʦʡ ʧʦʜʣʦʞʢʝ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʛʨʠʙʦʚ. ʀʟʤʝʥʝʥʠʝ 

ʜʝʢʦʨʘʪʠʚʥʳʭ ʩʚʦʡʩʪʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʪʦʡʢʦʩʪʠ ʧʦʢʨʳʪʠʡ ʵʤʘʣʝʡ ʤʘʨʢʠ ɺʕ-69 ʠ ʕʇ-140, 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè - ɺʀɸʄ, ʧʨʦʜʦʣʞʘʶʪʩʷ 

ʥʝ ʪʦʣʴʢʦ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʥʦ ʠ ʚ ʫʩʣʦʚʠʷʭ ʥʘʪʫʨʥʳʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥ. ɼʘʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʪ ʜʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʜʘʥʥʳʭ ʪʠʧʦʚ 

ʧʦʢʨʳʪʠʡ ʠ ʨʘʩʰʠʨʠʪʴ ʠʭ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʦʩʣʫʞʘʪ ʜʣʷ 

ʜʘʣʴʥʝʡʰʠʭ ʨʘʟʨʘʙʦʪʦʢ ʣʘʙʦʨʘʪʦʨʥʳʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʠ 

ʤʠʢʦʣʦʛʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ ʃʂʇ ʘʚʠʘʮʠʦʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʩ ʦʮʝʥʢʦʡ 

ʩʨʦʢʦʚ ʩʣʫʞʙʳ. 

 

ɺʳʚʦʜʳ 

1. ʇʦʩʣʝ ʜʣʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ (3 ʤʝʩʷʮʘ) ʧʦ ʤʝʪʦʜʫ 3 ɻʆʉʊ 

9.049, ʩ ʧʨʠʤʝʥʝʥʠʝʤ 11 ʰʪʘʤʤʦʚ ʤʠʢʨʦʤʠʮʝʪʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʚ ʛ. ʄʦʩʢʚʘ 

ʠ ʛ. ɻʝʣʝʥʜʞʠʢ, ʦʪʤʝʯʝʥ ʘʢʪʠʚʥʳʡ ʨʦʩʪ ʤʠʢʨʦʤʠʮʝʪʦʚ (5 ʙʘʣʣʦʚ) ʥʘ ʚʩʝʭ 

ʠʩʧʳʪʘʥʥʳʭ ʧʦʢʨʳʪʠʷʭ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʬʫʥʛʠʮʠʜʥʳʭ 

ʠ ʬʫʥʛʠʩʪʘʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʜʛʝʟʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʧʦʢʨʳʪʠʡ ɺʕ-69 ʠ ʕʇ-140 

ʧʦʩʣʝ 3 ʤʝʩʷʮʝʚ ʚʦʟʜʝʡʩʪʚʠʷ ʘʢʪʠʚʥʦʛʦ ʨʦʩʪʘ ʤʠʢʨʦʤʠʮʝʪʦʚ ʥʝ ʚʳʷʚʠʣʦ 

ʢʘʢʠʭ-ʣʠʙʦ ʠʟʤʝʥʝʥʠʡ ʥʘ ʚʩʝʭ ʦʙʨʘʟʮʘʭ. 

3. ʀʟʤʝʥʝʥʠʡ ʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʦʨʨʦʟʠʦʥʥʳʭ 

ʧʦʚʨʝʞʜʝʥʠʡ, ʧʦʩʣʝ 3 ʤʝʩʷʮʝʚ ʚʦʟʜʝʡʩʪʚʠʷ ʘʢʪʠʚʥʦʛʦ ʨʦʩʪʘ ʤʠʢʨʦʤʠʮʝʪʦʚ 

ʥʘ ʦʙʨʘʟʮʘʭ ʧʦʢʨʳʪʠʡ ʵʤʘʣʠ ɺʕ-69 ʠ ʕʇ-140 ʥʝ ʦʪʤʝʯʝʥʦ.  

4. ʇʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʛʨʠʙʦʚ ʠʟʤʝʥʝʥʠʝ ʮʚʝʪʘ ʧʦʢʨʳʪʠʡ ɺʕ-69 ʠ ʕʇ-

140 ʩ ʢʨʘʩʥʳʤ ʧʠʛʤʝʥʪʦʤ ʚʳʰʝ, ʯʝʤ ʜʣʷ ʧʦʢʨʳʪʠʡ ʘʥʘʣʦʛʠʯʥʳʭ ʵʤʘʣʝʡ ʩ 

ʩʝʨʳʤ ʧʠʛʤʝʥʪʦʤ. ʅʘʠʙʦʣʴʰʝʝ ʮʚʝʪʦʚʦʝ ʨʘʟʣʠʯʠʝ ʣʠʮʝʚʦʡ ʩʪʦʨʦʥʳ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʵʤʘʣʠ ɺʕ-69 ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ ʩʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ 11,15 

ʫʩʣ. ʝʜ., ʤʠʥʠʤʘʣʴʥʦʝ ï ʫ ʵʤʘʣʠ ɺʕ-69 ʩʝʨʦʛʦ ʮʚʝʪʘ ʩʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ 

0,16 ʫʩʣ. ʝʜ. ʅʘʠʙʦʣʴʰʝʝ ʠʟʤʝʥʝʥʠʝ ʙʣʝʩʢʘ ʧʨʠʥʘʜʣʝʞʠʪ ʵʤʘʣʠ  

ʕʇ-140 ʩʝʨʦʛʦ ʮʚʝʪʘ ʩʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ 16,55 ʠ ʵʤʘʣʠ ʕʇ-140 ʢʨʘʩʥʦʛʦ 

ʮʚʝʪʘ ʩʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ 15,23.  
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5. ʉʨʝʜʠ ʤʠʢʨʦʤʠʮʝʪʦʚ ʥʘʠʙʦʣʴʰʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʮʚʝʪʘ 

ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ ʦʪʤʝʯʝʥʦ ʜʣʷ ʰʪʘʤʤʦʚ Acremonium sp. viam193, 

Aspergillus niger viam195 ʠ Penicillium citrinum viam142; ʥʘʠʙʦʣʴʰʝʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʙʣʝʩʢʘ - Acremonium sp. viam193, Arthrinium 

phaeospermum viam139, Penicillium rugulosum viam144, Aspergillus niger 

viam195. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʠ ʅʅʌʀ 

ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 20-53-56009. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʉʪʘʨʮʝʚ ʆ.ɺ., ʄʦʣʦʢʦʚ ʄ.ɺ., ɽʨʦʬʝʝʚ ɺ.ʊ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʧʣʝʩʥʝʚʳʭ ʛʨʠʙʦʚ ʥʘ ʜʨʝʚʝʩʠʥʫ ʠ ʝʝ ʟʘʱʠʪʥʳʝ ʵʧʦʢʩʠʜʥʳʝ 

ʧʦʢʨʳʪʠʷ ʤʝʪʦʜʦʤ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. // ɺʩʝ 

ʤʘʪʝʨʠʘʣʳ. ʕʥʮʠʢʣʦʧʝʜʠʯʝʩʢʠʡ ʩʧʨʘʚʦʯʥʠʢ. 2016. ˉ 4. ʉ. 34ï42. 

2. ʇʦʣʷʢʦʚʘ ɸ.ɺ., ʂʨʠʚʫʰʠʥʘ ɸ.ɸ., ɻʦʨʷʰʥʠʢ ʖ.ʉ., ɹʫʭʘʨʝʚ ɻ.ʄ. 
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ɸʥʥʦʪʘʮʠʷ 

ʄʘʪʝʨʠʘʣʳ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʈɿʄ (Fe ï Nd ï B; ʩʧʣʘʚʳ, 
ʩʦʜʝʨʞʘʱʠʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ ʪʠʧʘ LaNi5). ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ, 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ, ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: 

ʟʘʢʘʣʢʘ ʠʟ ʞʠʜʢʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʧʦʨʦʰʢʦʚʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʦʩʪʦʷʥʥʳʝ 

ʤʘʛʥʠʪʳ, ʘʙʩʦʨʙʝʥʪʳ ʚʦʜʦʨʦʜʘ, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʢʘʪʘʣʠʟʘʪʦʨʳ 

 

Abstract 

Materials with a high content of REM (Fe ï Nd ï B; alloys containing 

intermetallides of the LaNi5 type). Method of preparation, functional properties, 

corrosion resistance. 
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ɺʚʝʜʝʥʠʝ ʠ ʧʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʧʦʨʦʰʢʦʚʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʈɿʄ ʷʚʣʷʶʪʩʷ ʩʧʣʘʚʳ ʜʣʷ 

ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʠ ʩʧʣʘʚʳ, ʩʦʜʝʨʞʘʱʠʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ ʪʠʧʘ LaNi5, 

ʜʣʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʪʦʢʘ, ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʧʦʨʦʰʢʦʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʘʙʩʦʨʙʝʥʪʦʚ ʚʦʜʦʨʦʜʘ.  

ʂ ʤʘʪʝʨʠʘʣʘʤ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ, ʧʨʝʜʲʷʚʣʷʝʪʩʷ ʨʷʜ 

ʦʙʷʟʘʪʝʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ, ʚʢʣʶʯʘʷ: ʚʳʩʦʢʘʷ ʦʩʪʘʪʦʯʥʘʷ ʠʥʜʫʢʮʠʷ (Br); 

ʙʦʣʴʰʘʷ ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ (HC); ʜʦʩʪʘʪʦʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʠ ʥʝʦʙʭʦʜʠʤʘʷ ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ.  

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʦʪʚʝʯʘʶʱʠʤʠ 

ʦʧʪʠʤʘʣʴʥʦʤʫ ʪʨʝʙʦʚʘʥʠʶ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ çʮʝʥʘ-ʩʚʦʡʩʪʚʘè, ʧʦʩʣʝʜʥʠʝ 

ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ ʥʝʠʟʤʝʥʥʦ ʦʩʪʘʶʪʩʷ ʩʧʣʘʚʳ ʩʠʩʪʝʤʳ FeïNdïB ʠ 

ʩʧʝʯʝʥʥʳʝ ʧʦʨʦʰʢʦʚʳʝ ʤʘʛʥʠʪʳ ʥʘ ʠʭ ʦʩʥʦʚʝ [1, 2].  

ɺ ʪʦʪ ʞʝ ʧʝʨʠʦʜ ʥʝ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʢ ʩʧʣʘʚʘʤ 

ʩʠʩʪʝʤʳ Ni(Co)-La-Al, ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʦʤʫ ʤʘʪʝʨʠʘʣʫ ʜʣʷ ʙʝʟʢʘʜʤʠʝʚʳʭ 

ʤʝʪʘʣʣʦʛʠʜʨʠʜʥʳʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʜʣʷ ʠʟʜʝʣʠʡ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ (ʧʦʞʘʨʘ- ʠ ʚʟʨʳʚʦʙʝʟʦʧʘʩʥʦʩʪʴ, 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʚ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ɸʨʢʪʠʢʠ) [3ï6].  

ɹʝʟʫʩʣʦʚʥʦ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʥʦʚʳʭ ʠʟʜʝʣʠʡ ʩ ʪʘʢʠʤʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʜʦʣʞʥʦ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʤʘʢʩʠʤʘʣʴʥʳʝ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʠʤʝʥʷʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʅʦ ʵʪʦ ʥʝ 

ʧʨʦʪʠʚʦʨʝʯʠʪ ʜʨʫʛʦʤʫ ʫʪʚʝʨʞʜʝʥʠʶ: ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʨʦʝʢʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʜʦʣʞʥʳ ʙʳʪʴ ʥʝ 

ʤʘʢʩʠʤʘʣʴʥʳʤʠ, ʘ ʦʧʪʠʤʘʣʴʥʳʤʠ. ʇʨʠʯʝʤ, ʩ ʫʯʝʪʦʤ ʩʪʦʠʤʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʠ 

ʠʟʜʝʣʠʷ ʠʟ ʥʝʛʦ. ɺ ʦʪʥʦʰʝʥʠʝ ʧʨʠʤʝʥʷʝʤʦʛʦ ʤʝʪʦʜʘ ɿɾʉ, ʪʘʢʦʚʦʡ ʷʚʣʷʝʪʩʷ 

ʪʝʭʥʦʣʦʛʠʷ ʨʘʩʧʳʣʝʥʠʷ ʩʪʨʫʠ ʨʘʩʧʣʘʚʘ ʧʦʪʦʢʦʤ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ (ɻɿ - ʛʘʟʦʚʦʝ 

ʨʘʩʧʳʣʝʥʠʝ, GA ï Gas Atomization) ʠʣʠ ʣʶʙʦʡ ʜʨʫʛʦʡ ʨʘʩʧʳʣʷʶʱʝʡ ʩʨʝʜʦʡ, 

ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʝʟʠʥʪʝʛʨʘʮʠʶ ʩʪʨʫʠ ʨʘʩʧʣʘʚʘ ʥʘ ʢʘʧʣʠ ʠ ʛʘʨʘʥʪʠʨʫʝʪ 

ʟʘʱʠʪʫ ʩʧʣʘʚʘ ʦʪ ʦʢʠʩʣʝʥʠʷ [7, 8].  

ʇʨʠʤʝʥʝʥʠʝ ɿɾʉ ʤʝʪʦʜʦʤ ɻʈ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʦʨʦʰʢʦʚʳʡ 

ʤʘʪʝʨʠʘʣ ï çʛʘʟʦʨʘʩʧʳʣʝʥʥʳʡ ʧʦʨʦʰʦʢè (ɻʈʇ), ï ʟʘʜʘʥʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʠ 

ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʦʚ, ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ ʧʦʚʳʰʝʥʥʦʡ ʢʦʨʨʦʟʠʦʥʥʦʡ 

ʩʪʦʡʢʦʩʪʴ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʭʨʘʥʝʥʠʝ (ʜʦ 10 ʣʝʪ) ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠ 

ʧʨʠ ʵʪʦʤ ʩʦʭʨʘʥʷʝʪ ʩʚʦʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ [8]. ʀʩʢʣʶʯʝʥʠʝ ʠʟ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʝʨʝʜʝʣʘ ʥʘʙʦʨʘ ʦʧʝʨʘʮʠʡ (ʚʳʧʣʘʚʢʘ ʩʣʠʪʢʘ, ʝʛʦ 

ʜʨʦʙʣʝʥʠʝ ʠ ʠʟʤʝʣʴʯʝʥʠʝ), ʢʦʪʦʨʳʝ ʩʦʚʤʝʱʘʶʪʩʷ ʩ ʧʨʦʮʝʩʩʦʤ ɿɾʉ, 



ʂʣʠʤʘʪ-2023: ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʤʘʪʝʨʠʘʣʳ ʠ 

ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

 

VIII ˏ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 60 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʮʠʢʣ, ʧʦʚʳʰʘʝʪ ʝʛʦ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʩʝʙʝʩʪʦʠʤʦʩʪʴ.  

ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʠ ɿɾʉ ʤʝʪʦʜʦʤ ɻʈ ʫʧʨʘʚʣʷʪʴ ʬʦʨʤʦʡ ʠ 

ʜʠʩʧʝʨʩʥʦʩʪʴʶ ʧʦʨʦʰʢʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʣʫʯʘʪʴ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʡ ɻʈʇ 

ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʜʝʣʘʶʪ ʪʝʭʥʦʣʦʛʠʶ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʡ, ʘ ʪʘʢʦʡ 

ɻʈʇ ï ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʘʜʜʠʪʠʚʥʳʭ ʠ 

ʥʘʧʣʘʚʦʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ.  

ʆʜʥʘʢʦ ʚʦʧʨʦʩ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ɻʈʇ ʈɿʄ-ʩʦʜʝʨʞʘʱʠʭ 

ʩʧʣʘʚʦʚ ʦʩʪʘʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ ʢʘʢ ʧʨʠ ʝʛʦ ʧʝʨʝʨʘʙʦʪʢʝ ʚ ʤʘʛʥʠʪʥʦʝ 

ʠʟʜʝʣʠʝ, ʪʘʢ ʠ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʠʟʜʝʣʠʷʭ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʪʦʢʘ, ʤʝʪʘʣʣʦʛʠʜʨʠʜʥʳʭ ʘʙʩʦʨʙʝʥʪʦʚ 

ʚʦʜʦʨʦʜʘ ʠʣʠ ʧʦʨʦʰʢʦʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ: 

ʨʝʥʪʛʝʥʦʚʩʢʠʡ ʬʘʟʦʚʳʡ ʘʥʘʣʠʟ (ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ɼʈʆʅ-3 ʩ 

Cu- ʠ Co-ʠʟʣʫʯʝʥʠʝʤ); ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʩʪʘʥʮʠʷ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʥʘ ʙʘʟʝ ʘʥʘʣʠʟʘʪʦʨʘ ʬʨʘʛʤʝʥʪʦʚ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʪʚʝʨʜʳʭ 

ʪʝʣ SIAMS-800 ʜʣʷ ʧʘʥʦʨʘʤʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʚʢʣʶʯʘʷ 

ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʡ ʤʠʢʨʦʩʢʦʧ OLYMPUS BX-51 ʠ SIAMS Drive System); 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ (NETZSCH 204 F1 Phoenix);   

ɿɾʉ ɻʈ ʚʳʧʦʣʥʝʥʳ ʥʘ ʫʩʪʘʥʦʚʢʝ ʋʈɾʄɺ-3 (ʋʢʨʅʀʀʉʧʝʮʩʪʘʣʴ, 

ɿʘʧʦʨʦʞʴʝ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʘʟʘ-ʵʥʝʨʛʦʥʦʩʠʪʝʣʷ (ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʘʨʛʦʥ 

ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ ʛʘʟʦʚʳʭ ʧʘʩʩʠʚʠʨʫʶʱʠʭ ʧʨʠʩʘʜʦʢ) ʩʨʝʜʥʝʛʦ 

ʜʘʚʣʝʥʠʷ (Ò1,2 ʄʇʘ) ʠ ʬʦʨʩʫʥʢʠ ʨʘʩʧʳʣʝʥʠʷ ʪʠʧʘ çʉʦʧʣʦ ʃʘʚʘʣʷè.  

ɺ ʢʘʯʝʩʪʚʝ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʝʱʝʩʪʚʘ, 

ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʪʠʧʫ çʭʠʤʠʯʝʩʢʠ ʯʠʩʪʳʝè.  

ʉʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ɿɾʉ ɻʈʇ ʠ ʧʦʨʦʰʢʦʚ ʠʟ ʩʣʠʪʢʘ ʦʮʝʥʠʚʘʣʠʩʴ 

ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ ʧʦ ʤʝʪʦʜʫ ʉʪʠʚʝʨʩʪʘ. ʅʘʚʝʩʢʘ ʧʦʨʦʰʢʘ 

ʩʦʩʪʘʚʣʷʣʘ (50°1) ʛ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʧʦʨʦʰʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʝʛʦ 

ʘʢʪʠʚʘʮʠʷ. ɺʦʜʦʨʦʜ  ʚ ʩʠʩʪʝʤʫ ʧʦʜʘʚʘʣʩʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ (3.0°0.1) ʘʪʤ. ʀʟ 

ʤʝʪʘʣʣʦʛʠʜʨʠʜʥʦʛʦ ʘʢʢʫʤʫʣʷʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʩʧʣʘʚʘ Ni-La-Al. ʂʦʣʠʯʝʩʪʚʦ 

ʧʦʛʣʦʱʝʥʥʦʛʦ ʚʦʜʦʨʦʜʘ ʦʮʝʥʠʚʘʣʦʩʴ ʧʦ ʦʩʪʘʪʦʯʥʦʤʫ ʜʘʚʣʝʥʠʶ ʚ ʩʠʩʪʝʤʝ. 

ʆʙʲʝʤ ʩʠʩʪʝʤʳ ʚʳʙʠʨʘʣʩʷ ʧʦʩʪʦʷʥʥʳʤ ʠ ʩʦʩʪʘʚʣʷʣ (5.50°0.02) ʣ. 

ʇʦʧʨʘʚʢʘ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ ʩʦʩʪʘʚʣʷʣʘ: ʘ=0.248×10
14
ʇʘĬʩʤ

2
/ʤʦʣʴ, 

ʚ=26.6 ʩʤ
3
/ʤʦʣʴ. 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʦʩʥʦʚʥʳʭ ʩʦʩʪʘʚʘ ɿɾʉ ɻʈʇ ʩʠʩʪʝʤʳ Fe-

Nd-B (ʩʪʝʭʠʦʤʝʪʨʠʷ ʚ ʘʪ.%): ʪʨʦʡʥʦʡ ʩʧʣʘʚ Fe78Nd15B7 ʠ ʣʝʛʠʨʦʚʘʥʥʳʡ 

ʩʧʣʘʚ Fe73Nd15B8Co0,5Al1,0ʄʦ1,5(Dy, ʊʚ)1,0. 

ɻʠʩʪʝʨʝʟʠʩʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʨʦʰʢʦʚ ʠʟʤʝʨʷʣʠʩʴ ʥʘ ʚʠʙʨʘʮʠʦʥʥʦʤ 

ʤʘʛʥʠʪʦʤʝʪʨʝ VSM-250 ʚ ʧʦʣʷʭ ʩ ʥʘʧʨʷʞʸʥʥʦʩʪʴʶ ʜʦ 2 ʊʣ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ (ʅʀʊʋ çʄʀʉʠʉè). ʇʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʫʜʝʣʴʥʦʡ 



ʂʣʠʤʘʪ-2023: ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʤʘʪʝʨʠʘʣʳ ʠ 

ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

 

VIII ˏ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 61 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʝ ʧʨʝʚʳʰʘʣʘ 0,003 ɸĿʤ
2
/ʢʛ, ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ï 

0,005 ʢɸ/ʤ. 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 
ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʣʶʙʦʛʦ 

ʤʝʪʦʜʘ ɿɾʉ ʜʦʣʞʥʘ ʙʳʪʴ ʧʣʦʪʥʦʩʪʴ ʦʪʚʦʜʠʤʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʥʘ 

ʝʜʠʥʠʮʫ ʧʦʚʝʨʭʥʦʩʪʠ ʦʭʣʘʞʜʘʝʤʦʛʦ ʪʝʣʘ. ʆʜʥʘʢʦ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʩʣʝʜʥʝʡ 

ʩʚʷʟʘʥʦ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ. ʇʨʦʱʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ [9] 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʪʝʤʧʝʨʘʪʫʨʳ ɿɾʉ-ʦʙʨʘʟʮʘ ʠ ʩʢʦʨʦʩʪʠ ʝʛʦ 

ʦʭʣʘʞʜʝʥʠʷ Vʦʭʣ ʦʪ ʚʨʝʤʝʥʠ ʜʣʷ ʟʘʜʘʥʥʳʭ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʳʧʦʣʥʝʥʳ ʚ [9ï11]. ɻʣʘʚʥʳʤ ʧʨʝʧʷʪʩʪʚʠʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʩʯʝʪʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦ ʟʥʘʯʝʥʠʷʭ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ. ʊʨʫʜʥʦʩʪʴ ʧʨʝʦʜʦʣʝʚʘʶʪ ʩʦʧʦʩʪʘʚʣʝʥʠʝʤ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʯʝʛʦ ʜʣʷ 

ʩʣʫʯʘʝʚ ɿɾʉ ʠ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʧʨʝʜʝʣʷʶʪ ʩʨʝʜʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʦʪʜʘʯʠ, ʯʪʦ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʧʦʨʷʜʢʘ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʧʦ ʩʨʝʜʥʝʤʫ 

ʤʝʜʠʘʥʥʦʤʫ ʜʠʘʤʝʪʨʫ ʧʦʨʦʰʢʘ ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ɿɾʉ ɻʈʇ.   

ʀʥʞʝʥʝʨʥʳʝ ʨʘʩʯʝʪʳ ʜʣʷ Vʦʭʣ ʧʨʠ ɿɾʉ ʤʝʪʦʜʦʤ ʛʘʟʦʚʦʛʦ 

ʨʘʩʧʳʣʝʥʠʷ ʨʘʩʧʣʘʚʘ ʧʨʝʜʣʦʞʝʥʳ ʚ [9] ʠ ʚʳʧʦʣʥʝʥʳ ʜʣʷ ʣʝʛʠʨʦʚʘʥʥʳʭ 

ʩʧʣʘʚʦʚ ʥʘ Fe(Cʦ,Ni)-ʦʩʥʦʚʝ ʚ [10]. ɼʣʷ ʧʨʦʮʝʩʩʘ ʨʝʘʣʠʟʫʝʤʦʛʦ ʥʘ 

ʫʩʪʘʥʦʚʢʝ ʋʈɾʄɺ-3 (ʋʢʨʅʀʀʩʧʝʮʩʪʘʣʴ) ʯʝʨʝʟ ʩʦʧʣʦ ñʃʘʚʘʣʷò ʧʦʪʦʢʦʤ 

ʘʨʛʦʥʘ, ʠʤʝʶʱʝʤ ʩʢʦʨʦʩʪʴ Vʛ º300 ʤ/ʩ ʠ ʪʝʤʧʝʨʘʪʫʨʫ ʊʛº300 ʂ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʨʝʜʥʝʛʦ ʜʠʘʤʝʪʨʘʣʴʥʦʛʦ (ʤʝʨʠʜʠʘʥʥʦʛʦ) ʨʘʟʤʝʨʘ 

ʧʨʦʠʟʚʦʜʠʤʦʛʦ ʧʦʨʦʰʢʘ (Dm) ʨʝʘʣʠʟʫʶʪʩʷ Vʦʭʣ , ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣ. 1. 
ʊʘʙʣʠʮʘ 1 

ʉʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʛʘʟʦʨʘʩʧʳʣʝʥʥʦʛʦ ʧʦʨʦʰʢʘ (Vʦʭʣ) ʩʧʣʘʚʦʚ ʥʘ Fe(Co,Ni)-ʦʩʥʦʚʝ  

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʩʨʝʜʥʝʛʦ ʤʝʨʠʜʠʘʥʥʦʛʦ ʨʘʟʤʝʨʘ (Dm) 

Dm , ʤʢʤ 1000 100 10 1 

Vʦʭʣ ,  ʂ/c 10
3
é 10

4
 10

4
é0,5³10

5
 10

5
é10

6
 0,5³10

6
 

 

ʋʢʘʟʘʥʥʳʝ ʚʝʣʠʯʠʥʳ ʚʧʦʣʥʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʦʮʝʥʢʘʤʠ Vʦʭʣ ʧʨʠ 

ʛʘʟʦʚʦʤ ʨʘʩʧʳʣʝʥʠʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʜʨʫʛʠʤʠ ʘʚʪʦʨʘʤʠ [13, 14]. ɺ ʨʘʙʦʪʝ 

[14] ʧʨʠʚʦʜʠʪʩʷ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ Vʦʭʣ ʯʘʩʪʠʮ ʩ ʨʘʟʤʝʨʦʤ, 

ʤʝʥʴʰʝ 100 ʤʢʤ:  

ὠ̖̏̌ ὑ Ὀ Ȣ ὠȢ Ὕ Ὕ , ʛʜʝ d= (rʛ
0,5
³lʛ

0,67
³ʉʛ

0,33
)/(rL³CL³mʛ

0,17
) 

Vʦʭʣ ï ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʧʦʨʦʰʠʥʢʠ (ʢʘʧʣʠ), ʂ/ʩ; ʂ- ʢʦʥʩʪʘʥʪʘ, 

ʟʘʚʠʩʷʱʘʷ ʦʪ ʫʩʣʦʚʠʡ ʧʨʦʮʝʩʩʘ; Dʤ ï ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮʳ, ʤ; Vʛ ï

ʩʢʦʨʦʩʪʴ ʛʘʟʘ-ʵʥʝʨʛʦʥʦʩʠʪʝʣʷ, ʤ/ʩ; ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ ʯʘʩʪʠʮʳ, ʂ; ʊʛ ï

ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ, ʂ; ʉʛ ï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʛʘʟʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʜʘʚʣʝʥʠʠ, ɼʞ/ʢʛ³ʂ; rʛ ï ʧʣʦʪʥʦʩʪʴ ʛʘʟʘ, ʢʛ/ʤ
3
; lʛ ï ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʛʘʟʘ, 

ɺʪ/ʤ³ʂ; mʛ ï ʚʷʟʢʦʩʪʴ ʛʘʟʘ, ʇʘ³ʩ; ʉLïʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʨʘʩʧʣʘʚʘ ʧʨʠ 



ʂʣʠʤʘʪ-2023: ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʤʘʪʝʨʠʘʣʳ ʠ 

ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

 

VIII ˏ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 62 

ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ, ɼʞ/(ʢʛ³ʂ); rLï ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʣʘʚʘ, ʢʛ/ʤ
3
. 

ʇʨʠ ʨʘʩʧʳʣʝʥʠʠ Ni ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʘʟʘ-ʵʥʝʨʛʦʥʦʩʠʪʝʣʷ ɸʛ, N2 ʠ 

ʅʝ ʢʦʥʩʪʘʥʪʘ "ʂ" ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʘ 2,5; 3,5 ʠ 7,2 [14].  

ɼʦʩʪʠʛʘʝʤʳʝ ʧʝʨʝʦʭʣʘʞʜʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʩʢʦʨʦʩʪʴ ʟʘʨʦʞʜʝʥʠʷ ʠ 

ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʠ ʚʣʠʷʶʪ ʥʘ ʟʘʪʚʝʨʜʝʚʘʥʠʝ ʧʝʨʝʦʭʣʘʞʜʝʥʥʦʛʦ ʨʘʩʧʣʘʚʘ.  

ʇʨʠ ɿɾʉ ʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʘ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʜʚʠʞʝʥʠʷ 

ʛʨʘʥʠʮʳ ʢʨʠʩʪʘʣʣʠʟʫʶʱʠʭʩʷ ʬʘʟ, ʧʦʵʪʦʤʫ ʚʘʞʥʦ ʟʥʘʪʴ ʩʦʩʪʘʚʳ ʬʘʟ ʫ 

ʜʚʠʞʫʱʝʛʦʩʷ ʬʨʦʥʪʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʕʪʦ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʚ ʨʘʤʢʘʭ 

ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʳ ʠ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʩʪʨʦʝʥʠʷ ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ 

ʢʠʥʝʪʠʯʝʩʢʠʭ ʜʠʘʛʨʘʤʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʧʣʘʚʘ [15].  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠ, 

ʤʝʪʦʜʦʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʠʩʩʣʝʜʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʝʘʣʠʟʘʮʠʠ ʚ ʤʝʞʟʝʨʝʥʥʳʭ ʧʨʦʩʣʦʡʢʘʭ ʧʦʨʦʰʢʦʚʳʭ ʩʧʣʘʚʦʚ ʫʩʣʦʚʠʡ 

(ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ) ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʨʘʩʧʣʘʚʘ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʤʦʨʬʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɸʥʘʣʠʟʠʨʦʚʘʣʩʷ ʩʠʤʤʝʪʨʠʯʥʳʡ 

ʩʣʫʯʘʡ ʜʣʷ ʩʠʩʪʝʤʳ ʢʦʘʢʩʠʘʣʴʥʦ ʚʣʦʞʝʥʥʳʭ ʩʬʝʨ ʨʘʟʥʳʭ ʨʘʟʤʝʨʦʚ ʠ 

ʨʘʟʥʳʭ ʪʦʣʱʠʥ. ɺ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʦʜʠʥ ʰʘʨ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

Ὕ ʧʦʤʝʱʘʝʪʩʷ ʚ ʧʦʣʳʡ ʰʘʨ ʩ ʪʦʡ ʞʝ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ. ʄʝʞʜʫ 

ʥʠʤʠ ʩʫʱʝʩʪʚʫʝʪ ʩʦʚʝʨʰʝʥʥʳʡ ʪʝʧʣʦʚʦʡ ʢʦʥʪʘʢʪ. ɺʥʝʰʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ 

ʥʘʨʫʞʥʦʛʦ ʰʘʨʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʨʘʚʥʦʡ ʥʫʣʶ. ʈʝʰʝʥʠʝ ʥʘʭʦʜʠʪʩʷ ʦʧʝʨʘʮʠʦʥʥʳʤ 

ʤʝʪʦʜʦʤ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʣʦʚʠʡ (1) ï (5): 
əÒ4 ȟ

əÔ
ὥ
ə Ò4 ȟ

ə
ὸ πȠπ ὶ Ὑ ,               (1) 

əÒ4 ȟ

əÔ
ὥ
ə Ò4 ȟ

ə
ὸ πȠπ ὶ Ὑ ,      (2) 

Ὕ ὶȟπ ὝȟὝ ὶȟπ Ὕ,                  (3) 

Ὕ Ὑȟὸ Ὕ Ὑȟὸȟὑ
ə ȟ

ə
-
ə ȟ

ə
,                (4) 

Ὕ Ὑȟὸ πȠὝ πȟὸϋΛ                            (5) 

ʂʦʤʧʴʶʪʝʨʥʳʝ ʨʘʩʯʝʪʳ ʜʣʷ ʨʝʘʣʴʥʳʭ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʣʘʚʦʚ (ʧʣʦʪʥʦʩʪʴ ï 8,9 ʛ/ʩʤ
3
, ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ï 

633 ɼʞ/(ʢʛĬʂ), ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ï 112 ɺʪ/(ʤĬʂ), 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ï 1,988×10
-5
 ʤ

2
/ʩ ʜʣʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʛʦ 

ʩʧʣʘʚʘ ʥʘ Ni-ʦʩʥʦʚʝ (ʩʪʝʭʠʦʤʝʪʨʠʠ Ni70Co20Fe10) ʜʣʷ ʚʥʝʰʥʝʡ ʩʬʝʨʳ 

ʜʠʘʤʝʪʨʦʤ 100 ʤʢʤ ʠ ʚʥʫʪʨʝʥʥʝʡ ʩʬʝʨʳ ʩ ʪʦʣʱʠʥʦʡ ʩʪʝʥʢʠ 1 ʤʢʤ (ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʣʱʠʥʝ ʨʝʘʣʴʥʦʡ ʤʝʞʟʝʨʝʥʥʥʦʡ ʛʨʘʥʠʮʝ ɻʈʇ ʬʨʘʢʮʠʠ 

120é240 ʤʢʤ) ʜʘʝʪ ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʜʦ 10
5
 ʂ/ʩ. ʊʘʢʘʷ ʩʢʦʨʦʩʪʴ 

ʦʭʣʘʞʜʝʥʠʷ ʚ ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʳ ʇʄ-ʈɿʄ ʚ ʫʩʣʦʚʠʷʭ ɿɾʉ ʫʞʝ ʜʦʩʪʘʪʦʯʥʘ 

ʜʣʷ ʝʛʦ ʘʤʦʨʬʠʟʘʮʠʠ [12]. ʈʝʘʣʠʩʪʠʯʥʦʩʪʴ ʩʜʝʣʘʥʥʳʭ ʜʦʧʫʱʝʥʠʡ ʦ 

ʛʝʦʤʝʪʨʠʠ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ɻʈʇ ʬʨʘʢʮʠʠ (+120, ï240) ʤʢʤ 

ʧʨʠʚʝʜʝʥʥʘʷ ʥʘ ʨʠʩ. 1. 
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VIII ˏ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 63 

 
ʈʠʩ. 1 ï ʄʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ɻʈʇ ʬʨʘʢʮʠʠ (+120, ï240) ʤʢʤ ʪʨʦʡʥʦʛʦ 

ʩʧʣʘʚʘ ʩʪʝʭʠʦʤʝʪʨʠʠ Fe78Nd15B7 

 

ʈʘʩʩʤʦʪʨʝʥʠʝ ʩʬʝʨʠʯʝʩʢʠ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʤʦʜʝʣʝʡ (ʨʠʩ. 1, ʯʘʩʪʠʮʘ 

ʩʧʨʘʚʘ) ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʩʢʦʨʦʩʪʝʡ ʦʭʣʘʞʜʝʥʠʷ ʥʝ ʙʦʣʝʝ, ʯʝʤ ʥʘ 

ʦʜʠʥ ʧʦʨʷʜʦʢ, ʯʪʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝ ʤʝʥʷʝʪ ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʙʦʪʝ 

ʨʝʟʫʣʴʪʘʪʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʛʝʦʤʝʪʨʠʠ ʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʝʞʟʝʨʝʥʥʳʭ ʧʨʦʩʣʦʝʢ ʚ 

ɻʈʇ ʦʙʲʝʢʪʘʭ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ, ʯʪʦ ʧʨʠ ʜʘʥʥʦʤ ʩʧʦʩʦʙʝ ɿɾʉ 

ʨʝʘʣʠʟʫʶʪʩʷ ʫʩʣʦʚʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʜʦʩʪʘʪʦʯʥʫʶ 

ʜʣʷ ʘʤʦʨʬʥʦʛʦ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʪʦʥʢʠʭ ʤʝʞʟʝʨʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʚ ʩʧʣʘʚʝ 

ɻʈʇ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʦʜʦʙʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ɻʈʇ 

ʦʙʲʷʩʥʷʝʪ ʩʧʝʮʠʬʠʢʫ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʚʢʣʶʯʘʷ 

ʛʠʜʨʠʜʦʦʙʨʘʟʫʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʤʘʪʝʨʠʘʣʝ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʠʟ 

ɿɾʉ ɻʈʇ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ FeïNdïB ʠ Ni(Co)-La(Mm)-Al (Mn, Zr) ʨʘʟʥʦʛʦ 

ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʦʚ. 

ʊʘʢʦʡ ʚʳʙʦʨ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʦʙʫʩʣʦʚʣʝʥ ʠʟʚʝʩʪʥʳʤʠ 

ʬʘʢʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʙʦʣʝʝ ʨʘʥʥʠʭ ʥʘʰʠʭ ʨʘʙʦʪʘʭ [5, 8, 16, 17ï25].  

ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ (ɼʊɸ) ʧʦʨʦʰʢʦʚ ʬʨʘʢʮʠʠ (+2, ï10 ʤʢʤ), ʧʦʣʫʯʝʥʥʳʭ 

ʤʝʭʘʥʠʯʝʩʢʠʤ ʠʟʤʝʣʴʯʝʥʠʝʤ (ʄʀ) ʈɿʄ-ʩʦʜʝʨʞʘʱʠʭ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Fe-

Nd-B ʚ ʧʣʘʥʝʪʘʨʥʦʡ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ ʈʄ100 (ʚ ʪʦʣʫʦʣʝ, ʩʪʘʢʘʥ ʠ ʰʘʨʳ 

ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ) ʠʟ ʩʣʠʪʢʘ (ʘ) ʠ ɿɾʉ ɻʈʇ (ʙ). ʇʝʨʝʜ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʥʘ ɼʊɸ ʄʀ-ʧʦʨʦʰʢʠ ʧʦʜʚʝʨʛʘʣʠʩʴ ʩʫʰʢʝ (4 ʯʘʩ, 40Ñ5 Áʉ, 

ʬʦʨʚʘʢʫʫʤ).  
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ʘ                                                                           ʙ 

ʈʠʩ. 2 ï ɼʊɸ (20 ʂ/ʤʠʥ, ʘʨʛʦʥ) ʧʦʨʦʰʢʘ (+2, ï10 ʤʢʤ, ʥʘʚʝʩʢʘ 1,0 ʛ) ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ 

Fe-Nd-B, ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʭʘʥʠʯʝʩʢʠʤ ʠʟʤʝʣʴʯʝʥʠʝʤ ʚ ʰʘʨʦʚʦʡ ʧʣʘʥʝʪʘʨʥʦʡ ʤʝʣʴʥʠʮʝ 

(ʈʄ100), ʠʟ ʩʣʠʪʢʘ (ʘ) ʠ ɿɾʉ ɻʈʇ (ʪʦʛʦ ʞʝ ʩʦʩʪʘʚʘ, ʬʨʘʢʮʠʷ +100, ï240 ʤʢʤ) 

 

ɸʥʘʣʠʟ ʧʨʦʚʝʜʝʥ ʚ ʩʨʝʜʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʘʨʛʦʥʘ ʧʨʠ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ 

5 ʂ/ʤʠʥ ʚ Al-ʪʠʛʣʝ. ʄʘʩʩʘ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʧʦʨʦʰʢʘ ʩʦʩʪʘʚʣʷʣʘ (1,0Ñ0,01) 

ʛ. ɸʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʥʘʯʠʥʘʶʪʩʷ ʩʨʘʟʫ 

ʧʨʠ ʦʪʞʠʛʝ ʄʀ-ʧʦʨʦʰʢʦʚ ʠ ʠʩʧʳʪʳʚʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚ 

ʦʙʣʘʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ (280õ350 Áʉ) ʠ ʧʣʘʚʣʝʥʠʷ ʪʨʦʡʥʦʡ 

ʵʚʪʝʢʪʠʢʠ (510õ560 Áʉ). ʆʩʦʙʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʧʦʥʠʞʝʥʥʫʶ 

ʦʢʠʩʣʠʪʝʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ (ʫʩʨʝʜʥʝʥʥʳʡ ʥʘʢʣʦʥ ʧʨʠ ʧʨʷʤʦʣʠʥʝʡʥʦʡ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʢʨʠʚʳʭ ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ 

100õ500 Áʉ) ʄʀ-ʧʦʨʦʰʢʘ ʠʟ ɿɾʉ ɻʈʇ (ʙ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʄʀ-ʧʦʨʦʰʢʦʤ 

ʠʟ ʩʣʠʪʢʘ (ʘ): å1Ĭ10
-5
uV/mgĬK ʠ å3Ĭ10

-3
 uV/mgĬK, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʅʘʙʣʶʜʘʝʤʳʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʥʘʛʣʷʜʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʧʦʚʳʰʝʥʥʫʶ ʩʪʦʡʢʦʩʪʴ (ʧʦʯʪʠ ʚ 3 ʨʘʟʘ) ɿɾʉ ɻʈʇ ʈɿʄ-ʩʦʜʝʨʞʘʱʠʭ 

ʩʧʣʘʚʦʚ ʢ ʛʘʟʦʚʦʡ ʢʦʨʨʦʟʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʠʭ ʣʠʪʳʤ ʩʧʣʘʚʦʤ (ʜʘʞʝ ʚ 

ʤʝʭʘʥʠʯʝʩʢʠ ʠʟʤʝʣʴʯʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ).  

ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʤʘʛʥʠʪʥʦʡ ʞʝʩʪʢʦʩʪʠ 

ɿɾʉ ɻʈʇ ʪʨʦʡʥʦʛʦ ʠ ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Fe-Nd-B, ʢʦʪʦʨʳʝ ʠ 

ʬʦʨʤʠʨʫʶʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʠʭ 

ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ, ʥʘ ʚʠʙʨʘʮʠʦʥʥʦʤ ʤʘʛʥʠʪʦʤʝʪʨʝ VSM-250 ʚ ʧʦʣʷʭ ʜʦ 

2,4 ʊʣ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʫʜʝʣʴʥʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ (Ss) ʥʝ ʧʨʝʚʳʰʘʣʘ 0,003 ɸĬʤ
2
/ʢʛ, ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ 

(
J
HC) ï 0,005 ʢɸ/ʤ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ɻʈʇ ʬʨʘʢʮʠʠ (+120, ï240) 

ʤʢʤ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʄʘʩʩʘ ʧʦʨʦʰʢʦʚʦʛʦ ʦʙʨʘʟʮʘ ʩʦʩʪʘʚʣʷʣʘ 500Ñ10 

ʤʛ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 3 ʜʣʷ ʥʝʣʝʛʠʨʦʚʘʥʥʦʛʦ (a) ʠ 

ʣʝʛʠʨʦʚʘʥʥʦʛʦ (b) ɻʈʇ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ɻʈʇ ʦʙʣʘʜʘʶʪ 

ʤʘʛʥʠʪʥʦʡ ʞʝʩʪʢʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʩʪʘʪʦʯʥʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ (Sr), ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʦʡ (
J
HC) ʠ ʬʦʨʤʦʡ ʧʝʪʣʠ 

ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ. ɼʣʷ ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʠ ʥʝʣʝʛʠʨʦʚʘʥʥʦʛʦ ɻʈʇ ʫʢʘʟʘʥʥʳʝ 

ʚʝʣʠʯʠʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳ: Sr = 31,19 ʠ 38,69 AĬm
2
/kg; 

J
HC = 224,1 ʠ 

233,4 ʢɸ/ʤ ʠʣʠ 2,816 ʠ 2,933 ʢʕ.  
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                               ʘ                                                                                ʙ                              

ʈʠʩ. 3 ï ʈʘʟʤʘʛʥʠʯʠʚʘʶʱʘʷ ʚʝʪʚʴ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ɻʈʇ ʬʨʘʢʮʠʠ (+120, ï240) ʤʢʤ 

ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʜʣʷ ʥʝʣʝʛʠʨʦʚʘʥʥʦʛʦ (a) ʠ ʣʝʛʠʨʦʚʘʥʥʦʛʦ (b) ʩʧʣʘʚʦʚ 

 

ʇʨʠʚʝʜʝʥʥʘʷ ʫʩʨʝʜʥʝʥʥʘʷ ʦʮʝʥʢʘ ʘʥʠʟʦʪʨʦʧʠʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ 

ɿɾʉ ɻʈʇ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Fe-Nd-B ʬʦʨʤʠʨʫʝʪʩʷ ʠʟ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʩʚʦʡʩʪʚ ʤʘʩʩʠʚʘ ʧʦʨʦʰʠʥʦʢ. ʇʦʵʪʦʤʫ ʚ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʳ ʤʘʛʥʠʪʥʳʝ 

ʠʟʤʝʨʝʥʠʷ ʥʘ ʦʜʥʦʡ ʧʦʨʦʰʠʥʢʝ ʬʨʘʢʮʠʠ (+120, ï240) ʤʢʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʤʝʪʦʜʦʤ ʉʂɺʀɼïʤʘʛʥʠʪʦʤʝʪʨʠʠ.  

ʀʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ (ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ) 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʉʂɺʀɼ-ʤʘʛʥʝʪʦʤʝʪʨʝ MPPMS 5XL Quantum Design. 

ɼʘʥʥʳʡ ʤʘʛʥʝʪʦʤʝʪʨ ʧʦʟʚʦʣʷʣ ʠʟʤʝʨʷʪʴ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʦʙʨʘʟʮʘ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʪ ï50 ʢʕ ʜʦ +50 ʢʕ. ʆʪʜʝʣʴʥʘʷ 

ʧʦʨʦʰʠʥʢʘ ʟʘʢʨʝʧʣʷʣʘʩʴ ʥʘ ʥʝʤʘʛʥʠʪʥʦʤ ʜʝʨʞʘʪʝʣʝ ʚ ʚʠʜʝ ʧʣʘʩʪʠʥʳ ʩ 

ʨʘʟʤʝʨʘʤʠ (5,0Ĭ5,0Ĭ0,1) ʤʤ ʠʟ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ ʩ 

ʦʨʠʝʥʪʠʨʦʚʢʦʡ [110] ʩ ʧʦʤʦʱʴʶ ʧʦʣʠʤʝʨʥʦʛʦ ʢʣʝʷ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 4 ʉʠʥʠʝ ʪʦʯʢʠ ï ʠʟʤʝʨʝʥʠʝ ʚʜʦʣʴ ʚʳʙʨʘʥʥʦʡ 

ʦʨʠʝʥʪʘʮʠʠ. ʆʨʘʥʞʝʚʳʝ ʪʦʯʢʠ ï ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʚʳʙʨʘʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ. 

ʈʠʩʫʥʦʢ 4b ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʝʟʫʣʴʪʘʪ, ʯʪʦ ʠʤʝʝʪʩʷ ʦʪʢʣʦʥʝʥʠʝ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʝʝ ʦ ʥʘʣʠʯʠʝ ʚ ʣʶʙʦʡ ʧʨʦʠʟʚʦʣʴʥʦ ʚʳʙʨʘʥʥʦʡ ɿɾʉ ɻʈʇ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʥʝʩʦʚʧʘʜʝʥʠʷ ʩʨʝʜʥʝʛʦ ʩʫʤʤʘʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ 

ʟʝʨʝʥ ʬʘʟʳ Fe14Nd2B, ʚʳʟʚʘʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʠʭ ʦʨʠʝʥʪʠʨʦʚʢʦʡ ʚ ɻʈʇ 

ʨʠʩ. 4, c. 
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ʈʠʩ. 4 ï ʀʟʤʝʨʝʥʠʝ ʛʠʩʪʝʨʝʟʠʩʥʳʭ ʩʚʦʡʩʪʚ ʦʪʜʝʣʴʥʦʡ ʧʦʨʦʰʠʥʢʠ (ʨʘʟʤʝʨʦʤ 200 

ʤʢʤ) ɿɾʉ ɻʈʇ ʩʧʣʘʚʘ Fe-Nd-B (ʉʂɺʀɼ ʤʘʛʥʝʪʦʤʝʪʨ MPPMS 5XL Quantum Design ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ) ʚʜʦʣʴ ʦʨʠʝʥʪʠʨʦʚʢʠ ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ (ʘ, b) ʦʪʜʝʣʴʥʦʡ 

ʧʦʨʦʰʠʥʢʠ (c) 

 

ʆʩʦʙʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʚʝʜʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʥʘ 

ɿɾʉ ɻʈʇ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʚ 2005 ʛʦʜʫ ʠ ʭʨʘʥʠʣʠʩʴ ʚ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʩʢʣʘʜʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʥʘʛʣʷʜʥʦ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ɿɾʉ ɻʈʇ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Fe-Nd-B ʩʦʭʨʘʥʷʶʪ ʩʚʦʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʠ ʭʨʘʥʝʥʠʠ ʚ ʟʘʢʨʳʪʦʡ 

ʪʘʨʝ ʚ ʝʩʪʝʩʪʚʝʥʥʦʡ ʘʪʤʦʩʬʝʨʝ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʜʣʠʪʝʣʴʥʦʝ 

ʚʨʝʤʷ (ʙʦʣʝʝ 10 ʣʝʪ).  

ʉʭʦʞʠʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʣʷ ɿɾʉ ɻʈʇ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ 

Ni(Co)-La(Mm)-Al (Mn, Zr) ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʠʭ ʘʙʩʦʨʙʮʠʦʥʥʳʤ ʩʚʦʡʩʪʚʘʤ. 

ɺ ʪʘʙʣ. 2 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʬʨʘʢʮʠʦʥʥʦʛʦ ʠ ʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʧʣʘʚʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. 
ʊʘʙʣʠʮʘ 2. 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ɿɾʉ ɻʈʇ ʤʝʪʘʣʣʦʛʠʜʨʠʜʥʳʡ ʩʧʣʘʚ ʥʘ ʙʘʟʝ ʩʦʝʜʠʥʝʥʠʷ Ni5La 

1 2 3 4 

Ni : La: Al Ni : Co : La : Al Ni : Mm:Al :Mn Ni: Co: Mm :La :Al : Mn : Zr 

ʉʦʩʪʘʚ 4.1:1:0.5 2.5 : 2.4 : 1 : 0.1 4.3:1:0.2:0.5 3.5:0.7:0.8:0.15:0.4:0.4:0.005 

ɸʪʦʤ.% 75.0:16.7:8.3 42.7:40.0:16.7:1.6 72,0:16.1:4.2:7.7 58.33:11.67:13.29:2.54:6.67:0.83 

ɺʝʩ.% 63.4:33.4:3.2 34.1:32.9:32.3:0.7 60.3:32.0:1.5:6.2 49.6:10.0:26.4:5.0:2.6:5.3:1.1 

ʌʨʘʢʮ., ʤʢʤ ʉʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ (ʚʝʩ%) ʚ ɻʈʇ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ 

-50 

+280 

ʚ ʩʣʠʪʢʝ 

¢0.20 

¢0.08 

¢0.06 

¢0.16 

¢0.06 

¢0.06 

¢0.20 

¢0.10 

¢0.08 

¢0.20 

¢0.12 

¢0.10 

ʌʨʘʢʮ.,  ʤʢʤ ɺʝʩʦʚʘʷ ʜʦʣʷ (%) ʬʨʘʢʮʠʠ ʚ ʦʙʱʝʡ ʤʘʩʩʝ ɻʈʇ 

ʮʠʢʣʦʥ 

- 50 

+50, -100 

+100, -160 

+160, -200 

+200-280 

+280, -315 

+315, -400 

+400, -630 

+630 

8.3 

10.2 

14.7 

20.6 

6.5 

12.0 

3.7 

5.0 

10.7 

8.2 

7.8 

9.6 

14.1 

19.8 

6.9 

12.6 

3.9 

5.3 

10.8 

9.2 

8.1 

10.0 

14.4 

20.4 

6.4 

12.2 

3.8 

5.1 

11.1 

8.4 

7.6 

9.4 

14.0 

19.9 

6.8 

12.8 

4.0 

5.4 

10.7 

9.4 

ʌʨʘʢʮ., ʤʢʤ ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʚ ɻʈʇ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʬʨʘʢʮʠʠ: 

+100, -160 

+200, -280 

ʩʣʠʪʦʢ 

ɸ5ɺ+(*) 

ɸ5ɺ+(*) 

ɸ5ɺ+(*) 

ɸ5ɺ+(*) 

ɸ5ɺ+(*) 

ɸ5ɺ+(*) 

ɸ5ɺ+(*) 

ɸ5ɺ+(*) 

ɸ5ɺ+(*) 

ɸ5ɺ+(*) 

ɸ5ɺ+(*) 

ɸ5ɺ+(*) 

ʇʨʠʤʝʯʘʥʠʝ: * ʉʣʝʜʳ ɻʎʂ- ʬʘʟʳ 

 

ʈʝʞʠʤʳ ʘʢʪʠʚʘʮʠʠ ʠ ʩʦʨʙʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ɿɾʉ ɻʈʇ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3. 
ʊʘʙʣʠʮʘ 3 

ʉʦʨʙʮʠʦʥʥʳʝ 

ʩʚʦʡʩʪʚʘ ɻʈʇ 

ʅʦʤʝʨ ʩʧʣʘʚʘ ɿɾʉ ɻʈʇ 

1 2 3 4 
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ʈʝʞʠʤʳ ʘʢʪʠʚʘʮʠʠ*: 

ʪʝʤʧʝʨʘʪʫʨʘ, Áʉ  

ʚʨʝʤʷ, ʤʠʥ 

 

250°10 

30 

 

250°10 

60 

 

280°10 

80 

 

280°10 

120 

ɻʈʇ ʬʨʘʢʮʠʠ, (ʤʢʤ): ʉʦʨʙʮʠʦʥʥʘʷ ʝʤʢʦʩʪʴ (ʚʝʩ. %) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ 

-50 

+100, -160 

+160, -200 

+200, -280 

ʧʦʨʦʰʦʢ ʠʟ ʩʣʠʪʢʘ 

+100, -280 

1.6°0.1 

1.5°0.1 

1.7°0.1 

1.6°0.1 

 

1.5°0.1 

1.3°0.1 

1.5°0.1 

1.6°0.1 

1.5°0.1 

 

1.4°0.1 

1.5°0.1 

1.4°0.1 

1.6°0.1 

1.5°0.1 

 

1.4°0.1 

1.6°0.1 

1.6°0.1 

1.6°0.1 

1.5°0.1 

 

1.5°0.1 
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ʉʪʝʭʠʦʤʝʪʨʠʷ 

ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʛʠʜʨʠʜʘ 
ɸ5ɺʅ6.8 ɸ5ɺʅ5.6 ɸ5ɺʅ6.5 ɸ5ɺʅ6.7 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ɿʝʨʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʨʘʟʜʝʣʝʥʥʘʷ ʤʝʞʟʝʨʝʥʥʦʡ ʧʨʦʩʣʦʡʢʦʡ 

ʇʨʠʤʝʯʘʥʠʝ: * ʆʪʞʠʛ ʚ ʚʘʢʫʫʤʝ ʥʝ ʥʠʞʝ 0.6Ĭ10-3 ʇʘ; ʄʤ-ʤʠʰʤʝʪʘʣʣ ʧʨʦʠʟʚʦʜʩʪʚʘ ʇʆ ʇʍɿ ʩʦʩʪʘʚʘ (ʚʝʩ.%): 

La=20é25, (Nd+Pr)=15, Ce=48é55, Dy= 0.5é1.0, Y=4é5, Sm=1.0é1.5  

ɺʳʧʦʣʥʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʩʧʣʘʚʝ ʩʦʩʪʘʚʘ ʩʪʝʭʠʦʤʝʪʨʠʠ 

Ni4,5LaAl0,5 ʧʦʢʘʟʘʣʠ, ʯʪʦ ɿɾʉ ɻʈʇ ʠʟ ʥʝʛʦ ʠʤʝʶʪ ʩʚʦʡʩʪʚʘ, ʩʦʧʦʩʪʘʚʠʤʳʝ 

ʩ ʧʦʨʦʰʢʦʤ ʠʟ ʩʣʠʪʢʘ (ʩʤ. ʪʘʙ. 3). ʇʨʠ ʵʪʦʤ ʨʝʞʠʤʳ ʘʢʪʠʚʘʮʠʠ 

"ʦʙʣʝʛʯʘʶʪʩʷ": ʦʜʠʥʘʨʥʳʡ ʮʠʢʣ ʚ ʪʝʯʝʥʠʝ 0.5 ʯʘʩʘ ʧʨʦʪʠʚ 2.5 ʯʘʩʦʚ ʜʣʷ 

ʧʦʨʦʰʢʘ ʠʟ ʩʣʠʪʢʘ. 

ʇʨʦʤʳʰʣʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ɻʈ (ʚʳʩʦʪʘ 

ʢʦʣʦʥʳ ʨʘʩʧʳʣʝʥʠʷ ʙʦʣʝʝ 6 ʤ, ʧʨʠʤʝʥʝʥʠʝ ʬʦʨʚʘʢʫʫʤʥʳʭ ʥʘʩʦʩʦʚ) 

ʧʨʝʜʧʦʣʘʛʘʣ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ɻʈʇ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʚʳʷʚʠʣʠ, ʯʪʦ ʚ ɿɾʉ ɻʈʇ ʬʨʘʢʮʠʠ +280 ʤʢʤ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 0.08 ʚʝʩ.%, ʯʪʦ ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʝʛʦ ʢʦʣʠʯʝʩʪʚʦʤ ʚ ʩʣʠʪʢʝ (ʩʤ. 

ʪʘʙʣ. 2). 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʦʨʙʮʠʦʥʥʘʷ ʝʤʢʦʩʪʴ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʧʦ ʤʝʪʦʜʫ 

ʉʪʠʚʝʨʩʪʘ, ʧʝʨʝʩʯʠʪʳʚʘʣʘʩʴ ʥʘ ʩʪʝʭʠʦʤʝʪʨʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʛʠʜʨʠʜʘ 

ɸ5ɺʅʭ ʠ ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʩʤ. ʪʘʙʣ. 4) 

ʩʦʧʦʩʪʘʚʣʷʣʘʩʴ ʜʣʷ ɻʈʇ ʨʘʟʣʠʯʥʦʡ ʬʨʘʢʮʠʠ ʠ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ 

ʠʟʚʝʩʪʥʳʤʠ ʜʣʷ ʛʠʜʨʠʜʘ Ni5LaHx [26]. ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣ. 4. 
ʊʘʙʣʠʮʘ 4 

ʉʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙʨʘʟʮʘ 

ʩʧʣʘʚʘ 

ɺʦʜʦʨʦʜʦʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ 

Ni(Co)-La(Mm)-Al*  

ɺʦʜʦʨʦʜʥʘʷ ʝʤʢʦʩʪʴ, 

ʚʝʩ.% 

P ʜʠʩʩʦʮʠʘʮʠʠ,  

ʄʇʘ 

ʉʣʠʪʦʢ  Ni4,5LaAl0,5 1,65Ñ0,05 1,6é..1,8 

ɻʈʇ  Ni4,1LaAl0,5 1,65Ñ0,05 1,5é..1,9 

ɻʈʇ Ni2,5Co2,4LaAl0,1 1,55Ñ0,05 1,4é.1,8 

ɻʈʇ Ni4,3MmAl0,2Mn0,5 1,50Ñ0,05 1,7é.2,0 

ɻʈʇ 

Ni3,5Co0,7Mm0,8La0,2Al 0,4Mn0,4 
1,60Ñ0,05 1,5é.1,7 

ʉʣʠʪʦʢ Ni5Mm 1,60Ñ0,05 1,7é..2,0 

ʉʣʠʪʦʢ Ni4,5MmMn0,5 1,40Ñ0,05 0,06é..0,2 
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

 

VIII ˏ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 68 

ʉʣʠʪʦʢ Zr0,7Ti0,3Mn2 (ʌʘʟʘ 

ʃʘʚʝʩʘ) 
1,40Ñ0,05 0,02é.0,2 

ʇʨʠʤʝʯʘʥʠʝ: * ʀʩʩʣʝʜʦʚʘʣʠ ɿɾʉ ɻʈʇ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʛʦ ʩʦʩʪʘʚʘ (+10, - 630 ʤʢʤ) 

 

 

ɺʳʚʦʜʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɺʳʧʦʣʥʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʢʦʥʢʨʝʪʠʟʠʨʫʶʪ ʠ ʨʘʩʰʠʨʷʶʪ ʠʤʝʶʱʠʝʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʚ ʤʘʪʝʨʠʘʣʝ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Fe-Nd-B, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ 

ʤʝʪʦʜʦʤ ɿɾʉ. ʂʘʢ ʤʠʥʠʤʫʤ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ 

ɿɾʉ ɻʈʇ ʪʨʦʡʥʳʭ ʠ ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Fe-Nd-B ʧʨʠ 

ʬʨʘʢʮʠʦʥʥʦʤ ʩʦʩʪʘʚʝ (+120, ï640) ʤʢʤ, ʤʝʞʟʝʨʝʥʥʘʷ ʛʨʘʥʠʮʘ ʠʤʝʝʪ ʨʘʟʤʝʨ 

ʧʨʠʙʣʠʞʘʶʱʠʡʩʷ ʢ 1 ʤʢʤ ʠ ʟʘʧʦʣʥʝʥʘ ʪʨʦʡʥʦʡ ʵʚʪʝʢʪʠʢʦʡ (ʥʘ ʦʩʥʦʚʝ 

ʥʝʦʜʠʤʘ ʠ ʩʤʝʩʠ ʙʦʨʠʜʦʚ Fe14Nd2B + Fe4Nd1,1B4) ʩ ʝʜʠʥʠʯʥʳʤʠ 

ʚʢʣʁʯʝʥʠʷʤʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ (ʰʣʘʢʠ) ʠ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʘ ʬʘʟ ʃʘʚʝʩʘ, ɛ, ů ʠ ʜʨʫʛʠʭ ʨʦʜʩʪʚʝʥʥʳʭ ʠʤ ʩʦʝʜʠʥʝʥʠʡ 

ʌʨʘʥʢʘ - ʂʘʩʧʝʨʘ.  

ɻʨʘʥʠʮʘ (ʧʦʚʝʨʭʥʦʩʪʴ) ʯʘʩʪʠʮ ʤʘʪʝʨʠʘʣʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʧʦʣʥʷʝʪ 

ʪʨʠ ʨʦʣʠ. ɺʦ-ʧʝʨʚʳʭ, ʷʚʣʷʝʪʩʷ ʙʘʨʴʝʨʦʤ ʜʣʷ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʝʨʝʥ ʠʟ ʨʘʟʥʳʭ ʛʨʘʥʫʣ. ɺʦ-ʚʪʦʨʳʭ, ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ 

ʦʙʲʝʤʦʤ, ʛʜʝ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʞʠʜʢʦʬʘʟʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʧʝʢʘʝʤʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ɺ-ʪʨʝʪʴʠʭ, ʷʚʣʷʝʪʩʷ ʩʪʦʢʦʤ ʠ ʠʩʪʦʯʥʠʢʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʠʤʝʩʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ (ʢʠʩʣʦʨʦʜ, ʘʟʦʪ, ʚʦʜʦʨʦʜ). ʇʝʨʚʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ï ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʝʪ ʦʧʪʠʤʘʣʴʥʫʶ (ʢʦʥʝʯʥʫʶ) 

ʟʝʨʝʥʥʫʶ ʤʘʢʨʦʩʪʨʫʢʪʫʨʫ ʩʧʝʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɺʪʦʨʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ï 

ʦʧʨʝʜʝʣʷʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʝʞʟʝʨʝʥʥʦʡ ʛʨʘʥʠʮʳ, ʤʘʩʩʦʧʝʨʝʥʦʩ ʦʩʥʦʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ʤʝʞʜʫ ʩʧʝʢʘʝʤʳʤʠ ʦʙʲʝʤʘʤʠ 

(ʛʨʘʥʫʣʘʤʠ), ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʠʢʨʦ- ʠ ʥʘʥʦ-ʩʪʨʫʢʪʫʨʳ ʚʥʫʪʨʠ ʛʨʘʥʫʣ ʠ ʥʘ 

ʠʭ ʛʨʘʥʠʮʝ. ʊʨʝʪʴʷ ʩʦʩʪʘʚʣʷʶʱʘʷ, ʚʣʠʷʝʪ ʥʘ ʦʙʝ ʧʝʨʚʳʝ. ʇʨʠʯʝʤ ʤʦʞʝʪ 

ʢʘʢ ʫʩʠʣʠʚʘʪʴ ʠʭ ʧʨʦʪʝʢʘʥʠʝ, ʪʘʢ ʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ, ʥʘʧʨʠʤʝʨ, ʧʦ 

ʤʝʭʘʥʠʟʤʫ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʧʝʨʝʦʭʣʘʞʜʝʥʠʷ. ʉʦʚʦʢʫʧʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʪʝʢʘʶʱʠʭ ʵʪʠʭ ʪʨʝʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʥʦ-

ʬʘʟʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʩʧʝʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʦʝ ʠ ʦʧʨʝʜʝʣʷʝʪ ʚʝʩʴ 

ʢʦʤʧʣʝʢʩ ʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɼʦʤʠʥʘʥʪʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʫʢʘʟʘʥʥʦʛʦ ʩʣʦʞʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚʳʩʪʫʧʘʝʪ ʧʨʦʮʝʩʩ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ɿɾʉ ɻʈʇ ʈɿʄ-ʩʦʜʝʨʞʘʱʠʭ ʩʧʣʘʚʘʭ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʢʦʛʜʘ ʚ ʤʘʪʝʨʠʘʣʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

(ʜʦ 6 ʦʙ. %) ʞʠʜʢʦʬʘʟʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ɿɾʉ ɻʈʇ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʧʣʘʚʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʜʦ 40 ʚʝʩ. % ʈɿʄ. ʊʘʢʠʝ 

ʧʦʨʦʰʢʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʠʤʝʶʪ ʩʬʝʨʦʠʜʘʣʴʥʫʶ ʬʦʨʤʫ ʠ ʧʦʚʳʰʝʥʥʫʶ 

ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʚ ʝʩʪʝʩʪʚʝʥʥʦʡ ʘʪʤʦʩʬʝʨʝ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ.   
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

 

VIII ˏ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 69 

ʄʝʪʦʜ ʘʧʨʦʙʠʨʦʚʘʥ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ɿɾʉ ɻʈʇ ʤʘʛʥʠʪʥʳʭ ʩʧʣʘʚʦʚ 

ʩʠʩʪʝʤʳ Fe-TM1-TM2-Nd-REM-B ʠ ʤʝʪʘʣʣʦʛʠʜʨʠʜʥʳʭ ʘʙʩʦʨʙʝʥʪʦʚ 

ʚʦʜʦʨʦʜʘ ʥʘ ʦʩʥʦʚʝ ʩʦʝʜʠʥʝʥʠʷ LaNi5. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ 

 ̄22-19-20157 (https://rscf.ru/project/22-19-20157/) ʠ ʛʨʘʥʪʘ ʚ ʬʦʨʤʝ 

ʩʫʙʩʠʜʠʠ ʠʟ ʙʶʜʞʝʪʘ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ˉ 14-ʉ/2023. 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: 

ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʥʘʪʫʨʥʳʝ ʠʩʧʳʪʘʥʠʷ, ʵʩʪʫʘʨʥʳʝ ʟʦʥʳ, 

ʩʦʦʙʱʝʩʪʚʘ ʦʙʨʘʩʪʘʥʠʷ  

Abstract 

Using the Sea of Azov as an example, based on the results of a full-scale 

experiment, factors affecting materials in the estuarine zone are described. 

Keywords:  

climatic factors, field tests, estuarine zones, fouling communities 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʉʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʙʘʩʩʝʡʥʘ 

ɸʟʦʚʩʢʦʛʦ ʤʦʨʷ, ʩʪʘʚʰʝʛʦ ʚʥʫʪʨʝʥʥʠʤ ʤʦʨʝʤ ʈʦʩʩʠʠ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ 

ʙʫʜʝʪ ʩʦʩʪʘʚʣʝʥ ʧʣʘʥ ʧʦ ʨʘʟʚʠʪʠʶ ʧʨʠʘʟʦʚʩʢʠʭ ʨʝʛʠʦʥʦʚ. ʇʨʦʛʨʘʤʤʘ 

ʙʫʜʝʪ ʚʢʣʶʯʘʪʴ ʤʦʜʝʨʥʠʟʘʮʠʶ ʠʤʝʶʱʠʭʩʷ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʦʚʳʭ ʧʦʨʪʦʚ, 

ʦʙʲʝʢʪʦʚ ʙʝʨʝʛʦʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʘ ʪʘʢʞʝ ʨʘʟʚʠʪʠʝ ʤʝʞʨʝʛʠʦʥʘʣʴʥʦʛʦ 

ʚʦʜʥʦʛʦ ʩʦʦʙʱʝʥʠʷ. ʅʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ 

ʵʣʝʤʝʥʪʳ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʠʙʨʝʞʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠ ʚʦʜʥʳʡ 
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VIII ˏ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 73 

ʪʨʘʥʩʧʦʨʪ ʙʫʜʫʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʧʦʩʪʦʷʥʥʦʤʫ ʜʝʡʩʪʚʠʶ ʨʘʟʣʠʯʥʳʭ 

ʛʠʜʨʦʣʦʛʦ-ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʦʢʘʟʳʚʘʶʱʠʭ 

ʚʣʠʷʥʠʝ ʥʘ ʠʭ ʩʚʦʡʩʪʚʘ, ʧʨʦʯʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ. ʇʦʤʠʤʦ ʵʪʦʛʦ ʩʫʜʘ, 

ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʨʠʨʦʜʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʧʦʜʚʝʨʛʘʶʪʩʷ ʚʣʠʷʥʠʶ ʝʱʝ ʠ ʙʠʦʬʘʢʪʦʨʘ. ɹʠʦʜʝʩʪʨʫʢʮʠʷ ʚ 

ʚʦʜʥʦʡ ʩʨʝʜʝ ï ʵʪʦ ʧʨʦʮʝʩʩ ʨʘʟʨʫʰʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʛʠʜʨʦʙʠʦʥʪʦʚ. 

ʉʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʧʨʠʨʦʜʥʦʝ ʩʦʯʝʪʘʥʠʝ ʬʘʢʪʦʨʦʚ ʥʝʨʝʜʢʦ ʜʘʝʪ 

ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʫʩʠʣʝʥʠʶ ʢʦʨʨʦʟʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʚʳʩʪʫʧʘʶʱʠʭ ʧʨʠʯʠʥʦʡ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ [1]. ʉ ʮʝʣʴʶ 

ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʠ 

ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʥʘʪʫʨʥʳʝ 

ʠʩʧʳʪʘʥʠʷ (ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʡ ʤʝʪʦʜ ʦʮʝʥʢʠ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʡ), ʦʪʚʝʯʘʶʱʠʝ ʥʘ ʚʦʧʨʦʩ ʦʙ ʠʟʤʝʥʝʥʠʠ ʩʚʦʡʩʪʚ 

ʦʙʨʘʟʮʦʚ ʧʦʜ ʚʣʠʷʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʩ ʫʯʝʪʦʤ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʥʘʭʦʞʜʝʥʠʷ ʚ ʪʝʭ ʠʣʠ ʠʥʳʭ ʫʩʣʦʚʠʷʭ [2].  

ɺʦʧʨʦʩʘʤ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ ʥʘ ʩʚʦʡʩʪʚʘ ʠ ʩʪʦʡʢʦʩʪʴ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʤʦʨʩʢʦʡ ʩʨʝʜʝ ʫʜʝʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʚʥʠʤʘʥʠʷ. ʆʩʥʦʚʥʳʝ 

ʬʘʢʪʦʨʳ ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ, ʦʧʠʩʘʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ [1 ʠ ʜʨ.]. ʆʜʥʘʢʦ, ʜʣʷ 

ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʙʘʩʩʝʡʥʘ, ʥʘʙʦʨ ʚʝʜʫʱʠʭ ʬʘʢʪʦʨʦʚ ʠ ʠʭ ʟʥʘʯʠʤʦʩʪʴ 

(ʚʝʩ ʬʘʢʪʦʨʘ) ʙʫʜʫʪ ʨʘʟʣʠʯʘʪʴʩʷ.  

ɸʟʦʚʩʢʦʝ ʤʦʨʝ ï ʵʪʦ ʥʝʧʦʣʥʦʩʦʣʝʥʳʡ ʤʦʨʩʢʦʡ ʚʦʜʦʸʤ ʵʩʪʫʘʨʥʦ-

ʰʝʣʴʬʦʛʦ ʪʠʧʘ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʘʣʦʡ ʠʥʝʨʪʥʦʩʪʴʶ ʠ ʙʳʩʪʨʦʡ 

ʨʝʘʢʮʠʝʡ ʥʘ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʝʛʦ ʛʠʜʨʦʣʦʛʦ-ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺ ʪʦʞʝ ʚʨʝʤʷ, ʵʪʦ ʫʜʦʙʥʳʡ ʧʦʣʠʛʦʥ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʜʠʥʘʤʠʯʥʦʩʪʴʶ ʧʨʦʮʝʩʩʦʚ ʠ 

ʜʦʩʪʫʧʥʳʡ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝ ʚʨʝʤʝʥʘ ʛʦʜʘ.  

ɼʣʠʪʝʣʴʥʦʝ ʤʘʣʦʚʦʜʴʝ ʠ ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ ʚ ɸʟʦʚʦ-ɼʦʥʩʢʦʤ 

ʙʘʩʩʝʡʥʝ ʧʨʠʚʝʣʠ ʢ ʠʟʤʝʥʝʥʠʶ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ, ʫʩʪʦʡʯʠʚʦʤʫ 

ʨʦʩʪʫ ʩʦʣʝʥʦʩʪʠ ʤʦʨʷ ʩ ʥʘʯʘʣʘ 2010-ʭ ʛʦʜʦʚ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʥʘʯʘʣʠʩʴ 

ʧʝʨʝʩʪʨʦʡʢʠ ʩʪʨʫʢʪʫʨʳ ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʦʦʙʱʝʩʪʚ [3].  

ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʧʨʠʨʦʜʥʦʡ ʩʠʩʪʝʤʳ ʙʘʩʩʝʡʥʘ ɸʟʦʚʩʢʦʛʦ ʤʦʨʷ 

ʧʨʦʜʦʣʞʘʝʪʩʷ. ʋʯʠʪʳʚʘʷ ʥʦʚʳʝ ʫʩʣʦʚʠʷ ʩʨʝʜʳ, ʘ ʪʘʢʞʝ ʧʣʘʥʳ ʧʦ ʨʘʟʚʠʪʠʶ 

ʧʨʠʙʨʝʞʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ, 

ʧʦʣʫʯʝʥʥʳʝ ʨʘʥʝʝ ʚ ʭʦʜʝ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ ɸʟʦʚʦ-

ɼʦʥʩʢʦʛʦ ʙʘʩʩʝʡʥʘ. ʎʝʣʴ ï ʦʧʠʩʘʪʴ ʨʝʛʠʦʥʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʬʘʢʪʦʨʦʚ, 

ʦʢʘʟʳʚʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʤʘʪʝʨʠʘʣʳ, ʧʦʛʨʫʞʝʥʥʳʝ ʚ ʚʦʜʫ ʚ 

ʥʝʧʦʣʥʦʩʦʣʝʥʳʭ ʤʦʨʷʭ ʠ ʵʩʪʫʘʨʠʷʭ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʪʦʢʦʣʦʚ ʧʦʩʣʝʜʫʶʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʘʜʝʢʚʘʪʥʦʛʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʠ ʜʨ. 
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

 

VIII ˏ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 74 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʆʩʥʦʚʦʡ ʜʣʷ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʧʦʩʣʫʞʠʣʠ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʭʦʜʝ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʩʦʚʤʝʩʪʥʦ ʖʅʎ ʈɸʅ ʠ ɻʎʂʀ 

ɺʀɸʄ - ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè ʚ ʧʝʨʠʦʜ 2018ï2021 ʛʛ. ʚ 

ʵʩʪʫʘʨʥʦʡ ʟʦʥʝ ɸʟʦʚʩʢʦʛʦ ʤʦʨʷ (ʟʦʥʘ ʩʤʝʰʝʥʠʷ ʤʦʨʩʢʠʭ ʠ ʨʝʯʥʳʭ ʚʦʜ). ɺ 

ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʫʩʣʦʚʠʡ ʩʨʝʜʳ, ʨʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ 

ʩʪʦʡʢʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʢ ʬʘʢʪʦʨʘʤ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʦʧʫʙʣʠʢʦʚʘʥʠʷ. 

ʅʘʪʫʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʦʣʠʛʦʥʘʭ ʖʅʎ ʈɸʅ, 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʩʦʩʪʘʚʣʷʣʦ 3,2 ʢʤ ʧʦ ʧʨʷʤʦʡ (ʨʠʩ. 1). ʉʪʘʥʮʠʷ 

1 ï ɹʝʨʝʛʦʚʘʷ ʥʘʫʯʥʦ-ʵʢʩʧʝʜʠʮʠʦʥʥʘʷ ʙʘʟʘ (ɹʅʕɹ) çʂʘʛʘʣʴʥʠʢè. ʉʪʘʥʮʠʷ 2 

ï ɻʠʜʨʦʤʝʪʝʦʧʦʩʪ (ɻʄʇ) çɼʦʥʩʢʦʡè. ʅʘ ʢʘʞʜʦʡ ʪʦʯʢʝ ʥʘ ʛʣʫʙʠʥʝ 2 ʤ 

ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʩʪʝʥʜʳ ʩ ʦʙʨʘʟʮʘʤʠ. ʇʨʠ ʚʳʙʦʨʝ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʧʨʝʜʧʦʯʪʝʥʠʷ ʦʪʜʘʥʳ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʥʘ 

ʘʢʚʘʪʦʨʠʠ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʣʘʩʪʠʥʳ 

ʧʣʦʱʘʜʴʶ 15Ĭ15 ʩʤ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʤʘʨʦʢ 

ɸʄʛ6 ʠ ɼ16 ʠ ʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʝʡ ʤʘʨʦʢ 30ʍɻʉɸ ʠ ʉʪ3. ɺ ʢʘʯʝʩʪʚʝ 

ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʣʘʩʪʠʥʳ ʠʟ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʪʝʢʣʘ 

ʤʘʨʢʠ ɸʆ-120. ʇʣʘʩʪʠʥʳ ʨʘʟʤʝʱʘʣʠ ʚ ʢʘʩʩʝʪʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʥʝ ʤʝʥʝʝ 

15 ʩʤ. 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘ ï 31 ʤʝʩʷʮ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʠʩʪʝʯʝʥʠʶ 1, 3, 6, 9 ʠ 12, 24, 31 ʤʝʩʷʮʘ ʵʢʩʧʦʟʠʮʠʠ ʚ ʚʦʜʝ 

ʧʨʠ ʧʦʣʥʦʤ ʧʦʛʨʫʞʝʥʠʠ ʯʘʩʪʴ ʦʙʨʘʟʮʦʚ ʠʟʳʤʘʣʠ, ʢʘʞʜʫʶ ʧʣʘʩʪʠʥʫ 

ʬʦʪʦʛʨʘʬʠʨʦʚʘʣʠ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ, ʧʦʤʝʱʘʣʠ ʚ ʦʪʜʝʣʴʥʳʡ ʢʦʥʪʝʡʥʝʨ ʩ 

ʚʦʜʦʡ ʠ ʜʦʩʪʘʚʣʷʣʠ ʚ ʣʘʙʦʨʘʪʦʨʠʶ ʖʅʎ ʈɸʅ ʜʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʦʩʤʦʪʨʘ ʠ 

ʦʪʙʦʨʘ ʧʨʦʙ ʦʙʨʘʩʪʘʥʠʷ. ʆʪʙʦʨ ʠ ʦʙʨʘʙʦʪʢʘ ʦʨʛʘʥʠʟʤʦʚ-ʦʙʨʘʩʪʘʪʝʣʝʡ 

ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʤ ʤʝʪʦʜʠʢʘʤ [4]. 

ɼʘʣʝʝ ʧʣʘʩʪʠʥʳ ʧʝʨʝʜʘʚʘʣʠ ʚ ɻʎʂʀ ɺʀɸʄ - ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ 

ʠʥʩʪʠʪʫʪè ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʮʝʥʢʝ 

ʩʪʦʡʢʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʢ ʬʘʢʪʦʨʘʤ ʩʨʝʜʳ.  

 
ʈʠʩ. 1 ï ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʪʘʥʮʠʡ 
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

 

VIII ˏ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 75 

ɺ ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʘ ʥʘʙʣʶʜʝʥʠʡ ʧʨʦʚʦʜʠʣʠ ʦʪʙʦʨ ʧʨʦʙ ʚʦʜʳ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʨʅ, ʢʠʩʣʦʨʦʜʘ ʠ ʙʠʦʛʝʥʦʚ. 

ʇʘʨʘʤʝʪʨʳ ʚʦʟʜʫʰʥʦʡ ʠ ʚʦʜʥʦʡ ʩʨʝʜʳ ʬʠʢʩʠʨʦʚʘʣʠ ʚ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʩ ʜʠʩʢʨʝʪʥʦʩʪʴʶ 10 ʤʠʥʫʪ. ʉʦʣʝʥʦʩʪʴ ʠʟʤʝʨʷʣʠ 

ʢʦʥʜʫʢʪʦʤʝʪʨʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʠ ʨʘʩʩʯʠʪʳʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ 

ʩʦʩʪʦʷʥʠʷ ʤʦʨʩʢʦʡ ʚʦʜʳ ʋʉ-80 [5]. ʇʨʦʚʦʜʠʣʠʩʴ ʨʘʙʦʪʳ ʧʦ ʠʟʤʝʨʝʥʠʶ 

ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʡ. 

ʅʘ ʫʯʘʩʪʢʘʭ ʵʢʩʧʦʟʠʮʠʠ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʝ 

ʣʦʚʫʰʢʠ. ʉʦʙʨʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʦʙʱʝʡ ʚʟʚʝʩʠ ʙʳʣ ʦʙʨʘʙʦʪʘʥ ʤʝʪʦʜʦʤ 

ʦʪʤʫʯʠʚʘʥʠʷ, ʜʦʥʥʳʡ ʦʩʘʜʦʢ ʚʳʩʫʰʝʥ ʜʦ ʚʦʟʜʫʰʥʦ-ʩʫʭʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ 

ʚʟʚʝʰʝʥ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 0,001 ʛ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ 

ʊʨʘʜʠʮʠʦʥʥʦ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʢʦʨʨʦʟʠʠ 

ʤʘʪʝʨʠʘʣʦʚ, ʧʦʛʨʫʞʝʥʥʳʭ ʚ ʚʦʜʫ, ʜʝʣʷʪ ʥʘ: 1) ʘʙʠʦʪʠʯʝʩʢʠʝ (ʫʨʦʚʝʥʴ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʪʝʤʧʝʨʘʪʫʨʘ ʩʨʝʜʳ, pH, ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ, ʙʠʦʛʝʥʥʳʝ 

ʵʣʝʤʝʥʪʳ, ʪʝʯʝʥʠʷ ʠ ʪ. ʜ.); 2) ʙʠʦʪʠʯʝʩʢʠʝ (ʩʪʨʫʢʪʫʨʘ ʩʦʦʙʱʝʩʪʚ 

ʦʨʛʘʥʠʟʤʦʚ-ʦʙʨʘʩʪʘʪʝʣʝʡ, ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʚʦʜʥʳʭ ʠ 

ʦʢʦʣʦʚʦʜʥʳʭ ʞʠʚʦʪʥʳʭ ʠ ʜʨ.) [1]. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʙʠʦʪʠʯʝʩʢʠʝ 

ʬʘʢʪʦʨʳ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʣʘʩʪʠʥʳ ʢʘʢ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ, ʪʘʢ ʠ ʦʧʦʩʨʝʜʦʚʘʥʥʦ, ʯʝʨʝʟ ʚʣʠʷʥʠʝ ʥʘ ʩʦʩʪʘʚ ʠ 

ʩʪʨʫʢʪʫʨʫ ʦʨʛʘʥʠʟʤʦʚ-ʦʙʨʘʩʪʘʪʝʣʝʡ.  

ɺ ʟʦʥʝ ʩʤʝʰʝʥʠʷ ʤʦʨʩʢʠʭ ʠ ʨʝʯʥʳʭ ʚʦʜ ʢ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʘʤ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʙʨʘʟʮʳ, ʟʘʢʨʝʧʣʝʥʥʳʝ ʥʘ ʧʦʩʪʦʷʥʥʦʡ ʛʣʫʙʠʥʝ, ʠ 

ʬʦʨʤʠʨʫʶʱʝʝʩʷ ʥʘ ʥʠʭ ʩʦʦʙʱʝʩʪʚʦ ʦʙʨʘʩʪʘʥʠʷ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ: 

1) ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʦʜʳ ʚ ʜʝʣʴʪʝ ɼʦʥʘ ʠ ʥʘ ʚʟʤʦʨʴʝ ʩ ʫʯʝʪʦʤ 

ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʠ ʠ ʩʛʦʥʥʦ-ʥʘʛʦʥʥʳʭ ʷʚʣʝʥʠʡ; 

2) ʨʘʟʤʘʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʚʦʜʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʢʨʦʥʰʪʘʜʩʢʦʤʫ ʬʫʪʰʪʦʢʫ ʩ ʫʯʝʪʦʤ ʢʘʣʝʥʜʘʨʥʳʭ ʜʥʝʡ ʧʨʠ ʩʛʦʥʘʭ ʠ 

ʥʘʛʦʥʘʭ; 

3) ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ, ʣʝʜʦʚʘʷ ʦʙʩʪʘʥʦʚʢʘ; 

4) ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʘʪʤʦʩʬʝʨʥʳʤʠ ʧʦʪʦʢʘʤʠ;  

5) ʩʪʝʧʝʥʴ ʥʘʩʳʱʝʥʠʷ ʚʦʜ ʢʠʩʣʦʨʦʜʦʤ;  

6) ʥʘʣʠʯʠʝ ʨʘʩʪʚʦʨʝʥʥʳʭ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʦʜ ʚ ʫʩʪʴʝ ɼʦʥʘ ʠ ʥʘ ʚʟʤʦʨʴʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʠʟʤʝʥʯʠʚʦʩʪʠ ʠ ʟʘʚʠʩʠʪ ʦʪ ʯʝʨʝʜʦʚʘʥʠʷ ʩʛʦʥʦʚ 

(çʚʝʨʭʦʚʦʢè) ʠ ʥʘʛʦʥʦʚ (çʥʠʟʦʚʦʢè). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦ ʚʨʝʤʷ 

ʥʘʛʦʥʦʚ ʚ ʜʝʣʴʪʫ ɼʦʥʘ ʧʝʨʝʤʝʱʘʝʪʩʷ ʟʦʥʘ ʩʤʝʰʝʥʠʷ ʤʦʨʩʢʠʭ ʠ ʨʝʯʥʳʭ 

ʚʦʜ. ɺʦʜʘ ʧʨʠʦʙʨʝʪʘʝʪ ʯʝʨʪʳ ʩʤʝʰʘʥʥʦʛʦ ʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ. ɺ ʥʝʡ 

ʧʦʚʳʰʘʝʪʩʷ ʦʙʱʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ, ʞʝʩʪʢʦʩʪʴ ʠ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʠʜʦʚ. ʇʨʠ 

ʩʛʦʥʘʭ ʚʦʜʦʪʦʢʠ ʜʝʣʴʪʳ ʟʘʧʦʣʥʷʶʪʩʷ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʤʠ ʛʨʫʥʪʦʚʳʤʠ 

ʚʦʜʘʤʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʩʫʣʴʬʘʪʥʦ-ʥʘʪʨʠʝʚʳʡ ʩʦʩʪʘʚ [6]. ɿʘ ʚʨʝʤʷ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 2018ï2021 ʛʛ. ʟʘʬʠʢʩʠʨʦʚʘʥ ʨʷʜ ʥʘʛʦʥʦʚ ʠ 
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

 

VIII ˏ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 76 

ʩʛʦʥʦʚ. ʅʘʛʦʥ ʚʝʣʠʯʠʥʦʡ 2,2 ʤ ʥʘʙʣʶʜʘʣʩʷ 25 ʜʝʢʘʙʨʷ 2018 ʛ., ʧʨʠ ʢʦʪʦʨʦʤ 

ʥʘ ʉʪʘʥʮʠʠ 2 ʫʨʦʚʝʥʴ ʩʦʣʝʥʦʩʪʠ ʧʦʜʥʷʣʩʷ ʩ 0,5 ʜʦ 4,5 ʝ.ʧ.ʩ. (ʝʜʠʥʠʮ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʩʦʣʝʥʦʩʪʠ) ʟʘ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚ ʪʝʯʝʥʠʝ 3-ʭ 

ʣʝʪ ʦʪʤʝʯʘʣʦʩʴ ʝʱʝ 8 ʥʘʛʦʥʦʚ ʚʳʩʦʪʦʡ ʦʪ 1 ʜʦ 2 ʤ. ɿʘ ʵʪʦʪ ʞʝ ʧʝʨʠʦʜ 

ʦʪʤʝʯʘʣʦʩʴ 8 ʩʠʣʴʥʳʭ ʩʛʦʥʦʚ. ʇʨʠ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʩʛʦʥʘʭ ʯʘʩʪʴ ʚʦʜʦʪʦʢʦʚ 

ʜʝʣʴʪʳ ʧʨʝʚʨʘʱʘʣʘʩʴ ʚ ʤʝʣʢʦʚʦʜʥʳʝ ʣʘʛʫʥʳ (ʛʣʫʙʠʥʦʡ 30ï50 ʩʤ), ʪʘʢʞʝ 

ʦʩʫʰʘʣʘʩʴ ʧʨʠʙʨʝʞʥʘʷ ʟʦʥʘ ʊʘʛʘʥʨʦʛʩʢʦʛʦ ʟʘʣʠʚʘ. ɺ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʟʦʥʳ 

ʦʩʫʰʢʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ, ʯʪʦ 

ʦʢʘʟʘʣʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʢʘʢ ʥʘ ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʡ, ʪʘʢ ʠ ʥʘ 

ʩʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʥʘ ʥʠʭ ʩʦʦʙʱʝʩʪʚʘ ʦʙʨʘʩʪʘʥʠʷ. ɺ ʧʝʨʠʦʜ ʩ 15 ʧʦ 26 

ʥʦʷʙʨʷ 2019 ʛ. ʚ ʨʝʢʝ ɼʦʥ ʠ ʊʘʛʘʥʨʦʛʩʢʦʤ ʟʘʣʠʚʝ ɸʟʦʚʩʢʦʛʦ ʤʦʨʷ ʙʳʣ 

ʟʘʬʠʢʩʠʨʦʚʘʥ ʵʢʩʪʨʝʤʘʣʴʥʳʡ ʩʛʦʥ. ʇʘʜʝʥʠʝ ʫʨʦʚʥʷ ʨʝʢʠ ɼʦʥ ʥʘ 

ʥʝʢʦʪʦʨʳʭ ʫʯʘʩʪʢʘʭ ʧʨʝʚʳʰʘʣʦ 2 ʤ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʵʪʠ ʜʥʠ 

ʦʧʫʩʢʘʣʘʩʴ ʜʦ ï11 Áʉ. ʉʪʝʥʜʳ, ʥʘ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʣʠʩʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʥʘʙʣʶʜʝʥʠʷ ʧʦ ʦʧʠʩʘʥʠʶ ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʠ ʦʩʝʜʘʥʠʷ ʛʠʜʨʦʙʠʦʥʪʦʚ, 

ʦʢʘʟʘʣʠʩʴ ʚ ʟʦʥʝ ʧʘʜʝʥʠʷ ʫʨʦʚʥʷ ʚʦʜʳ, ʯʘʩʪʠʯʥʦ ʦʛʦʣʠʣʠʩʴ ʠ ʧʦʜʚʝʨʛʣʠʩʴ 

ʚʦʟʜʝʡʩʪʚʠʶ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ. ʇʨʠ ʩʥʷʪʠʠ ʦʙʨʘʟʮʦʚ, 

ʥʘʭʦʜʠʚʰʠʭʩʷ ʚ ʚʦʜʦʝʤʝ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʤʝʩʷʮʘ, 18 ʜʝʢʘʙʨʷ 2019 ʛ. ʥʘ 7 

ʠʟ 10 ʧʣʘʩʪʠʥ ʦʨʛʘʥʠʟʤʳ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʥʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ. ʅʘ 

ʦʙʨʘʩʪʘʥʠʝ, ʩʬʦʨʤʠʨʦʚʘʚʰʝʝʩʷ ʥʘ ʧʣʘʩʪʠʥʘʭ ʜʣʠʪʝʣʴʥʦʛʦ ʩʨʦʢʘ 

ʵʢʩʧʦʟʠʮʠʠ (11ï12 ʤʝʩʷʮʝʚ) ʩʛʦʥ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʦʢʘʟʘʣʠ ʤʝʥʴʰʝʝ ʚʣʠʷʥʠʝ, ʪ.ʢ. ʥʘ ʦʙʨʘʟʮʘʭ ʩʬʦʨʤʠʨʦʚʘʣʦʩʴ 

ʤʥʦʛʦʩʣʦʡʥʦʝ ʩʦʦʙʱʝʩʪʚʦ. ʂ ʪʦʤʫ ʞʝ, ʧʣʘʩʪʠʥʳ ʙʳʣʠ ʯʘʩʪʠʯʥʦ ʧʦʢʨʳʪʳ 

ʦʩʘʞʜʝʥʥʦʡ ʚʟʚʝʩʴʶ 

ɿʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ ʚʦʜʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʠʟʤʝʥʝʥʠʷʤ 

ʩʦʣʝʥʦʩʪʠ ʠ ʩʤʝʥʝ ʜʦʤʠʥʠʨʫʶʱʠʭ ʠʦʥʦʚ, ʩʦʭʨʘʥʷʶʪʩʷ ʠ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ (ʨʠʩ. 2).  

 
˾͙ͫΦ н ς ˮ ͔͔͙ͣͤͤ͘Ύ ͙͔͙ͣͤͪ͊͊͘͡ͼ͙͙Σ ͍ͯͪͦͤΎ ͍ͦ͒· ͙ ͙͙ͤ͒͊ͭͦͪͤ͟·ͻ ͙͍ͦͤͦ 
͍ Ό͗ͤ·ͻ ͨͪͦͭͦ͊͟ͻ ͔͒͡Έͭ· ˨ͦͤ͊ ͫ лн ͔͒͊͋ͪ͟Ύ нлнн ͎Φ ͨͦ мс Ύ͍ͤ͊ͪΎ нлно ͎Φ ώтϐ 
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

 

VIII ˏ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 77 

ʂʨʦʤʝ ʪʦʛʦ, ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ ʚ ʦʪʜʝʣʴʥʳʝ 

ʧʝʨʠʦʜʳ ʬʦʨʤʠʨʦʚʘʣʠ ʥʘ ʠʩʩʣʝʜʫʝʤʳʭ ʫʯʘʩʪʢʘʭ ʚʳʩʦʢʠʝ ʩʢʦʨʦʩʪʠ 

ʪʝʯʝʥʠʡ, ʯʪʦ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʜʠʥ ʠʟ ʬʘʢʪʦʨʦʚ, 

ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʡ ʠʥʪʝʥʩʠʬʠʢʘʮʠʶ ʢʦʨʨʦʟʠʠ ʟʘ ʩʯʝʪ ʨʘʟʨʫʰʝʥʠʷ ʩʣʦʷ 

ʧʨʦʜʫʢʪʦʚ ʢʦʨʨʦʟʠʠ ʠ ʧʨʠʪʦʢʘ ʢʠʩʣʦʨʦʜʘ, ʘ ʪʘʢʞʝ ʢʘʢ ʬʘʢʪʦʨ, ʚʣʠʷʶʱʠʡ 

ʥʘ ʩʢʦʨʦʩʪʴ ʦʩʝʜʘʥʠʷ, ʨʦʩʪ ʠ ʩʫʢʮʝʩʩʠʶ ʩʦʦʙʱʝʩʪʚ ʦʨʛʘʥʠʟʤʦʚ-

ʦʙʨʘʩʪʘʪʝʣʝʡ.  

ʇʦʤʠʤʦ ʧʝʨʝʯʠʩʣʝʥʥʦʛʦ ʚʳʰʝ, ʚʳʷʚʣʝʥʘ ʟʥʘʯʠʪʝʣʴʥʘʷ ʨʦʣʴ ʥʘʛʦʥʦʚ 

ʠ ʚ ʧʦʩʪʫʧʣʝʥʠʝ, ʠ ʚ ʦʩʘʞʜʝʥʠʝ ʚʟʚʝʩʠ ʥʘ ʫʯʘʩʪʢʘʭ ʫʩʪʘʥʦʚʢʠ ʩʪʝʥʜʦʚ. ʇʨʠ 

ʵʪʦʤ ʚ ʨʘʡʦʥʝ ɹʅʕɹ çʂʘʛʘʣʴʥʠʢè ʚ ʚʦʜʝ ʦʪʤʝʯʝʥʳ ʙʦʣʴʰʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʚ ʚʦʜʝ ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ ʢʨʫʧʥʳʭ ʬʨʘʢʮʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɻʄʇ 

çɼʦʥʩʢʦʡè: ʤʝʣʢʠʡ ʘʣʝʚʨʠʪ ʚ 1,8 ʨʘʟ, ʢʨʫʧʥʳʡ ʘʣʝʚʨʠʪ ʠ ʤʝʣʢʠʡ ʧʝʩʦʢ ï ʚ 

4,7 ʨʘʟ, ʤʝʣʢʠʡ ʠ ʩʨʝʜʥʠʡ ʧʝʩʦʢ ï ʚ 4,6 ʨʘʟ ʚʳʰʝ. ʂʘʢ ʠʟʚʝʩʪʥʦ, 

ʚʟʚʝʰʝʥʥʳʝ ʚ ʚʦʜʝ ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ ʩʧʦʩʦʙʩʪʚʫʶʪ ʵʨʦʟʠʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʘʪʝʨʠʘʣʦʚ, ʫʩʢʦʨʷʷ ʢʦʨʨʦʟʠʶ [1]. 

ɺʥʝ ʩʛʦʥʥʦ-ʥʘʛʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ ʥʘ ʉʪʘʥʮʠʠ 1 

ʨʝʜʢʦ ʧʨʝʚʳʰʘʣʘ 0,5ï0,8 ʤ/ʩ, ʥʘ ʉʪʘʥʮʠʠ 2 ï ʥʝʦʜʥʦʢʨʘʪʥʦ ʬʠʢʩʠʨʦʚʘʣʘʩʴ 

ʩʢʦʨʦʩʪʴ ʙʦʣʝʝ 1,2 ʤ/ʩ. 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʫʜʝʣʝʥʦ 

ʠʟʫʯʝʥʠʶ ʩʝʟʦʥʥʦʛʦ ʭʦʜʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚ ʚʦʜʝ, 

ʢʘʢ ʦʜʥʦʛʦ ʠʟ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʢʦʨʨʦʟʠʦʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʩʨʝʜʳ. 
ʇʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: ʚ ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ ʥʘ ʉʪʘʥʮʠʠ 1 ʦʥʠ 

ʩʦʩʪʘʚʣʷʣʠ 13ï14 ʤʛ/ʣ, ʥʘʩʳʱʝʥʠʝ 103ï105 %; ʥʘ ʉʪʘʥʮʠʠ 2 ï 10ï11 ʤʛ/ʣ ʠ 

ʥʘʩʳʱʝʥʠʝ 85ï87 %. ɺ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʨʦʜʘ ʩʥʠʞʘʣʘʩʴ ʥʘ ʦʙʝʠʭ ʩʪʘʥʮʠʷʭ ʠ ʜʦʩʪʠʛʘʣʘ 

ʟʥʘʯʝʥʠʡ 5ï9 ʤʛ/ʣ (ʥʘʩʳʱʝʥʠʝ 66ï96 %) ʥʘ ʉʪʘʥʮʠʠ 2 ʠ 5ï10 ʤʛ/ʣ 

(ʥʘʩʳʱʝʥʠʝ 60ï119 %) ʥʘ ʉʪʘʥʮʠʠ 1. ɺ ʦʩʝʥʥʝ-ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʥʘ ʉʪʘʥʮʠʠ 

1 ʦʪʤʝʯʘʣʠ ʥʝʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘï 6,8 ï 7,3 ʤʛ/ʣ (ʥʘʩʳʱʝʥʠʝ 

67ï78 %), ʯʪʦ ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ ʘʢʪʠʚʥʳʤ ʨʘʟʣʦʞʝʥʠʝʤ ʦʪʤʠʨʘʶʱʠʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚ ʚ ʫʩʣʦʚʠʷʭ ʧʦʥʠʞʝʥʥʦʛʦ ʚʦʜʦʦʙʤʝʥʘ ʩ 

ʧʨʠʣʝʛʘʶʱʠʤʠ ʫʯʘʩʪʢʘʤʠ ʨʫʩʣʘ.  

ʉʝʟʦʥʥʳʡ ʭʦʜ ʤʠʥʝʨʘʣʴʥʳʭ ʬʦʨʤ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʜʝʣʴʪʝ 

ɼʦʥʘ ʧʦʚʩʝʤʝʩʪʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʠʤʥʠʤ ʤʘʢʩʠʤʫʤʦʤ ʠ ʚʝʩʝʥʥʝ-ʣʝʪʥʠʤ 

ʤʠʥʠʤʫʤʦʤ, ʧʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴʰʠʝ ʚʥʫʪʨʠʛʦʜʦʚʳʝ ʢʦʣʝʙʘʥʠʷ ʦʪʤʝʯʝʥʳ 

ʜʣʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʘʟʦʪʘ, ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʳʝ ï ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʢʨʝʤʥʠʷ [8]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ, 

ʫʩʪʴʝʚʳʝ ʟʦʥʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ.  

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʦʙʱʝʩʪʚ ʦʙʨʘʩʪʘʥʠ ̫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʧʣʘʩʪʠʥ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʚʳʷʚʣʝʥʦ 179 ʪʘʢʩʦʥʦʚ ʚʦʜʦʨʦʩʣʝʡ ʠ 

ʮʠʘʥʦʧʨʦʢʘʨʠʦʪ ʨʘʥʛʦʤ ʥʠʞʝ ʨʦʜʘ, 22 ʪʘʢʩʦʥʘ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ. 

ʉʪʨʫʢʪʫʨʘ ʩʦʦʙʱʝʩʪʚ, ʩʬʦʨʤʠʨʦʚʘʚʰʘʷʩʷ ʚ ʪʝʯʝʥʠʝ 12 ʤʝʩʷʮʝʚ 

ʵʢʩʧʦʟʠʮʠʠ, ʩʦʭʨʘʥʷʝʪʩʷ ʥʘ ʧʣʘʩʪʠʥʘʭ, ʥʘʭʦʜʠʚʰʠʭʩʷ ʚ ʚʦʜʝ ʚ ʪʝʯʝʥʠʝ 24 

ʠ 31 ʤʝʩʷʮʘ. ɺ ʥʘʯʘʣʝ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʦʙʨʘʟʮʘʭ ʦʪʤʝʯʘʣʠ ʣʠʰʴ 
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

 

VIII ˏ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 78 

ʤʠʢʨʦʦʙʨʘʩʪʘʥʠʷ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʤʠʢʨʦʙʥʦ-ʜʠʘʪʦʤʦʚʦʡ ʧʣʝʥʢʠ, ʟʘʪʝʤ 

ʧʦʷʚʣʷʣʠʩʴ ʧʠʦʥʝʨʥʳʝ ʤʘʢʨʦʦʙʨʘʩʪʘʪʝʣʠ, ʢʦʪʦʨʳʝ ʧʦʟʞʝ ʟʘʤʝʱʘʣʠʩʴ 

ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʢʨʦʦʨʛʘʥʠʟʤʘʤʠ-ʦʙʨʘʩʪʘʪʝʣʷʤʠ (ʨʠʩ. 3). 

 
ʈʠʩ. 3 ï ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʦʦʙʱʝʩʪʚ ʦʙʨʘʩʪʘʥʠʷ ʥʘ ʦʙʨʘʟʮʝ 30ʍɻʉɸ, 

ʉʪʘʥʮʠʷ 1, ʥʘʯʘʣʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ï 19.12.2018 ʛ. 

 

ʉʢʦʨʦʩʪʴ ʨʘʟʚʠʪʠʷ ʩʦʦʙʱʝʩʪʚ ʦʙʨʘʩʪʘʥʠʷ ʙʳʣʘ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʧʦʟʜʥʝʡ ʚʝʩʥʦʡ, ʣʝʪʦʤ ʠ ʦʩʝʥʴʶ, ʠ ʨʝʟʢʦ ʩʥʠʞʘʣʘʩʴ ʚ ʧʦʟʜʥʝʦʩʝʥʥʠʡ ʠ 

ʟʠʤʥʠʡ ʧʝʨʠʦʜʳ ʩ çʧʦʧʨʘʚʢʦʡè ʥʘ ʧʨʠʨʦʜʥʳʝ ʷʚʣʝʥʠʷ (ʩʛʦʥʥʦ-ʥʘʛʦʥʥʳʝ 

ʷʚʣʝʥʠʷ, ʨʝʟʢʠʝ ʢʦʣʝʙʘʥʠʷ ʪʝʨʤʦʭʘʣʠʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʪ. ʜ.).  

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʥʘʯʘʣʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠʰʣʦʩʴ ʥʘ ʭʦʣʦʜʥʦʝ 

ʚʨʝʤʷ ʛʦʜʘ (ʟʠʤʥʠʡïʨʘʥʥʝʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ, tʚʦʜʳ ʚʘʨʴʠʨʦʚʘʣʘ ʦʪ 0 ʜʦ 

+5Á ʉ), ʥʘ ʧʣʘʩʪʠʥʘʭ ʥʘʨʘʩʪʘʶʱʝʛʦ ʩʨʦʢʘ ʵʢʩʧʦʟʠʮʠʠ ʫʞʝ ʥʘ ʧʝʨʚʦʤ 

ʤʝʩʷʮʝ ʦʪʤʝʯʝʥ ʤʠʢʨʦʬʠʪʦʧʝʨʠʬʠʪʦʥ. ʅʘ ʪʨʝʪʴʝʤ ʤʝʩʷʮʝ ʵʢʩʧʦʟʠʮʠʠ 

ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʝʛʦ ʙʫʨʥʦʝ ʨʘʟʚʠʪʠʝ. ɼʘʣʝʝ ʥʘʙʣʶʜʘʣʠ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʝ 

ʧʝʨʝʩʪʨʦʡʢʠ ʚ ʩʦʩʪʘʚʝ ʬʠʪʦʧʝʨʠʬʠʪʦʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʠ ʨʝʟʢʠʡ ʩʧʘʜ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʩʚʷʟʘʥʥʳʝ ʥʝ ʪʦʣʴʢʦ ʩ ʩʝʟʦʥʥʦʡ ʩʫʢʮʝʩʩʠʝʡ, 

ʥʦ ʧʨʝʩʩʦʤ ʬʠʪʦʬʘʛʦʚ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ï ʤʘʢʨʦʦʙʨʘʩʪʘʪʝʣʠ). ʇʦ 

ʠʩʪʝʯʝʥʠʠ 12 ʤʝʩʷʮʝʚ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʫʚʝʣʠʯʝʥʠʝ ʟʥʘʯʝʥʠʡ ʦʩʥʦʚʥʳʭ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʠʪʦʧʝʨʠʬʠʪʦʥʘ ʚ 1,5ï2 ʨʘʟʘ ʠ ʠʭ 

ʩʦʭʨʘʥʝʥʠʝ ʥʘ ʪʦʤ ʞʝ ʫʨʦʚʥʝ ʯʝʨʝʟ ʜʚʘʜʮʘʪʴ ʯʝʪʳʨʝ ʤʝʩʷʮʘ (ʯʝʨʝʟ 2 ʛʦʜʘ 

ʥʝʩʢʦʣʴʢʦ ʠʟʤʝʥʠʣʩʷ ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ ʚʦʜʦʨʦʩʣʝʡ, ʦʥʠ 

ʥʘʯʘʣʠ ʦʙʠʣʴʥʦ ʨʘʟʚʠʚʘʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʢʦʚʠʥ ʤʦʣʣʶʩʢʦʚ-

ʦʙʨʘʩʪʘʪʝʣʝʡ). ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʣʘʩʪʠʥ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʥʝ ʪʦʣʴʢʦ 

ʧʝʨʠʬʠʪʦʥʥʦʡ ʠ ʙʝʥʪʦʩʥʦʡ ʬʣʦʨʳ, ʥʦ ʠ ʧʣʘʥʢʪʦʥʥʦʡ; ʚ ʩʦʦʙʱʝʩʪʚʝ ʙʳʣʦ 

ʦʪʤʝʯʝʥʦ ʧʨʝʦʙʣʘʜʘʥʠʝ ʜʠʘʪʦʤʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ.  
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ɿʘʩʝʣʝʥʠʝ ʧʣʘʩʪʠʥ ʤʘʢʨʦʦʙʨʘʩʪʘʪʝʣʷʤʠ ʥʘʯʘʣʦʩʴ ʩ ʦʙʨʘʟʮʦʚ 

30ʍɻʉɸ, ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʪʦʨʳʭ ʫʞʝ ʧʦʩʣʝ 1 ʤʝʩʷʮʘ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʚ ʚʦʜʝ 

ʧʦʢʨʳʣʘʩʴ ʧʨʦʜʫʢʪʘʤʠ ʢʦʨʨʦʟʠʠ, ʯʪʦ ʫʚʝʣʠʯʠʣʦ ʰʝʨʦʭʦʚʘʪʦʩʪʴ, ʘ ʵʪʦ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʟʘʢʨʝʧʣʝʥʠʶ ʥʘ ʩʫʙʩʪʨʘʪʝ ʦʨʛʘʥʠʟʤʦʚ 

ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ. 

ʄʰʘʥʢʠ, ʚ ʤʘʩʩʝ ʦʪʤʝʯʝʥʥʳʝ ʥʘ ʦʙʨʘʟʮʘʭ, ʵʢʩʧʦʥʠʨʦʚʘʚʰʠʭʩʷ ʚ 

ʚʦʜʝ ʚ ʪʝʯʝʥʠʝ 6 ʠ 31 ʤʝʩʷʮʘ ʤʝʩʷʮʝʚ, ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ 

ʦʧʘʩʥʳʭ ʦʨʛʘʥʠʟʤʦʚ-ʦʙʨʘʩʪʘʪʝʣʝʡ ʜʣʷ ʤʝʪʘʣʣʦʚ, ʧʦʛʨʫʞʝʥʥʳʭ ʚ ʚʦʜʫ, ʪʘʢ 

ʢʘʢ, ʧʣʦʪʥʦ ʧʨʠʢʨʝʧʣʷʷʩʴ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʚʝʩʪʢʦʚʳʤʠ ʜʦʤʠʢʘʤʠ, ʤʦʛʫʪ 

ʧʦʚʨʝʞʜʘʪʴ ʝʝ [1].  

ʄʦʣʣʶʩʢʠ Dreissena polymorpha (Pallas, 1771), ʜʦʤʠʥʠʨʫʶʱʠʝ ʧʦ 

ʙʠʦʤʘʩʩʝ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʣʘʩʪʠʥʘʭ ʥʘʯʠʥʘʷ 9-ʤʝʩʷʯʥʦʛʦ ʩʨʦʢʘ 

ʵʢʩʧʦʟʠʮʠʠ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʪʨʘʪʝʛʠʠ ʨʘʩʩʝʣʝʥʠʷ (ʧʣʦʜʦʚʠʪʦʩʪʴ, ʜʠʘʧʘʟʦʥ 

ʫʩʣʦʚʠʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ, ʠʥʚʘʟʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ) ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ 

ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʝ ʦʨʛʘʥʠʟʤʳ-ʦʙʨʘʩʪʘʪʝʣʠ ʧʨʝʩʥʳʭ ʠ ʩʦʣʦʚʘʪʦʚʦʜʥʳʭ 

ʚʦʜʦʝʤʦʚ. ʇʨʠ ʵʪʦʤ ʩʦʛʣʘʩʥʦ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʜʘʥʥʳʤ [9] ʩʧʣʦʰʥʦʝ 

ʩʦʦʙʱʝʩʪʚʦ ʦʙʨʘʩʪʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʪʦʨʤʦʞʝʥʠʷ 

ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ. 

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʩʦʦʙʱʝʩʪʚʦ ʦʙʨʘʩʪʘʥʠʷ 

ʬʦʨʤʠʨʦʚʘʣʦʩʴ ʥʘ ʚʩʝʭ ʪʠʧʘʭ ʦʙʨʘʟʮʦʚ (ʩʪʘʣʠ, ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ, 

ʦʨʛʩʪʝʢʣʦ).  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʜʦʣʞʘʶʱʝʝʩʷ ʦʩʦʣʦʥʝʥʠʝ ɸʟʦʚʩʢʦʛʦ ʤʦʨʷ 

ʧʨʠʚʦʜʠʪ ʢ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʪʝʨʤʦʭʘʣʠʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ɸʟʦʚʦ-ɼʦʥʩʢʦʤ 

ʙʘʩʩʝʡʥʝ. ʇʨʦʠʩʭʦʜʷʱʠʝ ʠʟʤʝʥʝʥʠʷ ʩʥʠʞʘʶʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʵʢʦʩʠʩʪʝʤʳ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʠ ʥʘʪʫʨʘʣʠʟʘʮʠʠ ʯʫʞʝʨʦʜʥʳʭ ʚʠʜʦʚ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʬʦʨʤʠʨʫʶʱʠʭ ʩʦʦʙʱʝʩʪʚʘ ʦʙʨʘʩʪʘʥʠʷ. ɺ ʤʘʨʪʝ 2021 ʛ. 

ʦʙʥʘʨʫʞʝʥʦ ʦʙʨʘʩʪʘʥʠʝ ʚʦʜʦʨʦʩʣʷʤʠ ʨʦʜʘ Spirogyra Link, 1820, ʥʘ 

ʨʳʙʦʣʦʚʥʳʭ ʧʦʣʠʘʤʠʜʥʳʭ ʩʝʪʷʭ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʊʘʛʘʥʨʦʛʩʢʦʛʦ ʟʘʣʠʚʘ 

ɸʟʦʚʩʢʦʛʦ ʤʦʨʷ [10]. ʊʘʢʦʝ ʷʚʣʝʥʠʝ ʜʣʷ ʚʦʜʦʝʤʘ ʥʦʚʦʝ. ʆʙʥʘʨʫʞʝʥʥʳʡ ʚʠʜ 

Spirogyra cf. decimina (M¿ll.) K¿tz ʨʘʥʝʝ ʥʝ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ ʜʘʥʥʦʡ 

ʘʢʚʘʪʦʨʠʠ. ɺ ʩʝʥʪʷʙʨʝ 2021 ʛ. ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚ ʫʩʪʴʝ ɼʦʥʘ 

ʫʩʦʥʦʛʦ ʨʘʢʘ Amphibalanus improvisus (Darwin, 1854), ʦʜʥʦʛʦ ʠʟ ʦʧʘʩʥʳʭ 

ʚʠʜʦʚ-ʦʙʨʘʩʪʘʪʝʣʝʡ, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʝʥ ʫʪʷʞʝʣʷʪʴ ʧʨʠʙʨʝʞʥʳʝ 

ʢʦʥʩʪʨʫʢʮʠʠ. ʊʘʢ, ʧʦʪʝʨʠ ʧʨʠ ʦʙʨʘʩʪʘʥʠʠ ʙʘʣʷʥʫʩʘʤʠ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʚ ʐʚʝʮʠʠ ʙʳʣʠ ʦʮʝʥʝʥʳ ʚ 1,5ï5,5 ʤʣʥ ʜʦʣʣʘʨʦʚ ʉʐɸ [11]. 

ʇʦʜʚʦʜʷ ʠʪʦʛ, ʦʩʤʝʣʠʤʩʷ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʫʩʪʴʝʚʦʝ ʚʟʤʦʨʴʝ ɼʦʥʘ ï 

ʵʪʦ ʧʨʠʨʦʜʥʳʡ ʧʦʣʠʛʦʥ, ʛʜʝ ʥʘ ʥʝʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ 

ʚʦʜʦʪʦʢʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʩʣʦʞʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʛʠʜʨʦʣʦʛʦ-

ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʚʳʩʦʢʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʦʨʛʘʥʠʟʤʦʚ-

ʦʙʨʘʩʪʘʪʝʣʝʡ. ʇʨʦʚʝʜʝʥʠʝ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʚ ɸʟʦʚʦ-ɼʦʥʩʢʦʤ ʙʘʩʩʝʡʥʝ 

ʧʦʟʚʦʣʠʪ ʧʦʜʦʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʩʪʦʡʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʙʲʝʢʪʦʚ ʧʦʨʪʦʚʦ-

ʧʨʠʙʨʝʞʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʕʢʦʥʦʤʠʯʝʩʢʠ ʜʦʢʘʟʘʥʦ, ʯʪʦ 
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VIII ˏ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 80 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʘʚʘʨʠʡ ʠ ʢʘʪʘʩʪʨʦʬ ʦʙʭʦʜʠʪʩʷ ʜʝʰʝʚʣʝ, ʯʝʤ ʣʠʢʚʠʜʘʮʠʷ 

ʠʭ ʧʦʩʣʝʜʩʪʚʠʡ, ʧʦʵʪʦʤʫ ʢʨʘʡʥʝ ʚʘʞʥʦ ʧʨʦʚʦʜʠʪʴ ʥʘʪʫʨʥʳʝ ʠʩʧʳʪʘʥʠʷ 
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ɸʥʥʦʪʘʮʠʷ 

 

ɸʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ ʩʢʣʦʥʥʳ ʢ ʢʦʥʪʘʢʪʥʦʡ ʢʦʨʨʦʟʠʠ ʧʨʠ 

ʩʦʝʜʠʥʝʥʠʠ ʩ ʙʦʣʴʰʠʥʩʪʚʦʤ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʥʝʨʞʘʚʝʶʱʠʤʠ ʩʪʘʣʷʤʠ. ɼʝʡʩʪʚʫʶʱʠʝ ʩʪʘʥʜʘʨʪʳ ʧʦ ʢʦʥʪʘʢʪʥʦʡ ʢʦʨʨʦʟʠʠ 

ʚ ʈʌ (ɻʆʉʊ 9.005-72, ʈʊʄ 2.145-91, ʆʉʊ 90368-86) ʩʦʜʝʨʞʘʪ ʪʦʣʴʢʦ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʜʦʧʫʩʪʠʤʳʭ ʠ ʥʝʜʦʧʫʩʪʠʤʳʭ ʢʦʥʪʘʢʪʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʨʝʜʳ, ʚ ʢʦʪʦʨʦʡ ʩʦʝʜʠʥʝʥʠʝ ʧʣʘʥʠʨʫʝʪʩʷ ʢ ʧʨʠʤʝʥʝʥʠʶ. ʀʩʧʳʪʘʥʠʷ 

ʦʙʨʘʟʮʦʚ ʢʦʨʨʦʟʠʦʥʥʳʭ ʧʘʨ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʤʝʪʦʜʘʤʠ ʟʘʱʠʪʳ 

ʧʦʟʚʦʣʷʝʪ ʥʘʠʙʦʣʝʝ ʨʝʘʣʠʩʪʠʯʥʦ ʦʮʝʥʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʢʦʥʪʘʢʪʥʦʡ ʢʦʨʨʦʟʠʠ ʠ ʩʪʝʧʝʥʴ ʝʸ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʦʜʥʘʢʦ, ʪʘʢʠʝ ʠʩʧʳʪʘʥʠʷ 

ʪʨʝʙʫʶʪ ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʙʨʘʟʮʦʚ ʠ ʟʘʥʠʤʘʶʪ 

ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʟʘ 

ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʦʮʝʥʠʪʴ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʭ 

ʩʦʝʜʠʥʝʥʠʷ, ʚʣʠʷʶʱʠʝ ʥʘ ʢʦʥʪʘʢʪʥʫʶ ʢʦʨʨʦʟʠʶ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:  

ʢʦʥʪʘʢʪʥʘʷ ʢʦʨʨʦʟʠʷ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʢʦʨʨʦʟʠʦʥʥʳʝ ʠʩʧʳʪʘʥʠʷ, 

ʵʣʝʢʪʨʦʭʠʤʠʷ 
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Abstract 

Aluminum alloys are susceptible to galvanic corrosion when connected to 

various metallic materials, first of all, stainless steels. Current national galvanic 

corrosion mitigation standards in Russia only contain information about 

connections that are allowed or not recommended depending on the application 

environment. The testing of galvanic couples provide the most reliable method 

to access the desirability of coupling or the efficiency of the protection systems 

employed. The main drawback of such tests is their length and large samples 

quantity. Electrochemical tests may be employed for the rapid assessment of 

galvanic corrosion possibility and influencing factors. 

Keywords:  

galvanic corrosion, modelling, corrosion testing, electrochemistry 

 

ɺʚʝʜʝʥʠʝ 

ʃʝʛʠʨʦʚʘʥʠʝ ʘʣʶʤʠʥʠʷ ʤʝʜʴʶ, ʮʠʥʢʦʤ, ʣʠʪʠʝʤ, ʤʘʛʥʠʝʤ ʧʦʟʚʦʣʷʝʪ 

ʜʦʩʪʠʯʴ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʯʪʦ ʜʝʣʘʝʪ 

ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ ʥʝʟʘʤʝʥʠʤʳʤʠ ʚ ʨʷʜʝ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʚ ʘʚʠʘʮʠʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [1]. ʇʨʠ ʵʪʦʤ ʘʣʶʤʠʥʠʝʚʳʝ 

ʩʧʣʘʚʳ ʩʢʣʦʥʥʳ ʢ ʢʦʥʪʘʢʪʥʦʡ ʢʦʨʨʦʟʠʠ ʧʨʠ ʩʦʝʜʠʥʝʥʠʠ ʩ ʙʦʣʴʰʠʥʩʪʚʦʤ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʘʚʠʘʮʠʦʥʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʥʝʨʞʘʚʝʶʱʠʤʠ ʩʪʘʣʷʤʠ [2]. 

ɼʝʡʩʪʚʫʶʱʠʝ ʩʪʘʥʜʘʨʪʳ ʧʦ ʢʦʥʪʘʢʪʥʦʡ ʢʦʨʨʦʟʠʠ ʢʘʢ ʚ ʈʌ (ɻʆʉʊ 9.005-

72), ʩʦʜʝʨʞʘʪ ʪʦʣʴʢʦ ʠʥʬʦʨʤʘʮʠʶ ʦ ʜʦʧʫʩʪʠʤʳʭ ʠ ʥʝʜʦʧʫʩʪʠʤʳʭ 

ʢʦʥʪʘʢʪʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʨʝʜʳ, ʚ ʢʦʪʦʨʦʡ ʩʦʝʜʠʥʝʥʠʝ ʧʣʘʥʠʨʫʝʪʩʷ ʢ 

ʧʨʠʤʝʥʝʥʠʶ: ʘʪʤʦʩʬʝʨʘ, ʤʦʨʩʢʘʷ ʠ ʧʨʝʩʥʘʷ ʚʦʜʘ. ʆʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʧʦʟʚʦʣʠʣ ʥʘʨʘʙʦʪʘʪʴ ʤʝʪʦʜʳ ʟʘʱʠʪʳ ʦʪ ʢʦʥʪʘʢʪʥʦʡ 

ʢʦʨʨʦʟʠʠ, ʧʦʟʚʦʣʷʶʱʠʡ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʤʝʨʝ ʦʙʝʩʧʝʯʠʪʴ ʦʪʩʫʪʩʪʚʠʝ ʠʣʠ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʘʥʥʦʛʦ ʚʠʜʘ ʢʦʨʨʦʟʠʠ. ʊʘʢʦʡ 

ʦʧʳʪ ʦʪʩʫʪʩʪʚʫʝʪ ʜʣʷ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʞʝ ʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʠ 

ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʚ ʜʝʡʩʪʚʫʶʱʠʭ ʩʪʘʥʜʘʨʪʘʭ ʧʦ 

ʢʦʥʪʘʢʪʥʦʡ ʢʦʨʨʦʟʠʠ, ʧʦʩʢʦʣʴʢʫ ɻʆʉʊ 9.005 ʥʝ ʧʝʨʝʩʤʘʪʨʠʚʘʣʩʷ 

ʧʨʘʢʪʠʯʝʩʢʠ 50 ʣʝʪ. ɺ ʯʘʩʪʥʦʩʪʠ ʦʪʩʫʪʩʪʚʫʝʪ ʤʝʪʦʜʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʦʧʘʩʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʢʦʥʪʘʢʪʥʦʡ ʢʦʨʨʦʟʠʠ 

ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘʜʝʢʚʘʪʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʠʩʪʝʤʳ 

ʧʨʦʪʠʚʦʢʦʨʨʦʟʠʦʥʥʦʡ ʟʘʱʠʪʳ [3, 4]. ʇʨʠ ʵʪʦʤ ʟʘ ʨʫʙʝʞʦʤ ʨʘʟʨʘʙʦʪʘʥʳ ʢʘʢ 

ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ 

ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʥʪʘʢʪʥʦʡ ʢʦʨʨʦʟʠʠ (ASTM G 82ï98, 

ASTM G 71ï81, ASTM F3044ï14, MIL-STD-889D), ʪʘʢ ʠ ʤʝʪʦʜʠʢʠ ʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʇʆ ʜʣʷ ʦʮʝʥʢʠ ʜʦʧʫʩʪʠʤʦʩʪʠ ʢʦʥʪʘʢʪʦʤ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ 
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VIII ˏ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 84 

ʠʟʤʝʨʝʥʠʡ (Corrosion Djinn ðCorrdesa, ʉʐɸ, Elsyca CorrosionMaster ð

Elsyca, ɹʝʣʴʛʠʷ). 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʥʘʫʯʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ 18.2 çʈʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʠ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷè ʉʪʨʘʪʝʛʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʨʘʟʚʠʪʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2030 ʛʦʜʘ 

[6]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʙʱʠʝ ʘʣʛʦʨʠʪʤʳ ʘʥʘʣʠʟʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʜʣʷ ʦʮʝʥʢʠ ʚʝʨʦʷʪʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʥʪʘʢʪʥʦʡ ʢʦʨʨʦʟʠʠ 

ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ, ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʦʪʢʨʳʪʦʡ ʧʝʯʘʪʠ [7ï11] ʢʦʥʢʨʝʪʥʳʝ 

ʨʝʘʣʠʟʘʮʠʠ ʷʚʣʷʶʪʩʷ ʢʦʤʤʝʨʯʝʩʢʠʤ ʇʆ. ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤʠ 

ʨʝʘʣʠʟʘʮʠʷʤʠ ʷʚʣʷʶʪʩʷ Corrosion Djinn (Corrdesa, ʉʐɸ) ʠ Elsyca 

CorrosionMaster (Elsyca, ɹʝʣʴʛʠʷ). ʆʙʝ ʩʠʩʪʝʤʳ ʧʦʩʪʘʚʣʷʶʪʩʷ ʩ ʛʦʪʦʚʳʤʠ 

ʥʘʙʦʨʘʤʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʜʣʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʟʘ 

ʨʫʙʝʞʦʤ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʢʨʳʪʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʦʪʦʚʳʭ 

ʙʘʟ ʥʝʚʦʟʤʦʞʥʦ ʠʟ-ʟʘ ʧʨʠʤʝʥʝʥʠʷ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʤ ʘʚʠʘʩʪʨʦʝʥʠʠ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʦʪʣʠʯʥʳʤʠ ʦʪ 

ʟʘʨʫʙʝʞʥʳʭ, ʥʝʦʙʭʦʜʠʤʦ ʥʘʢʦʧʣʝʥʠʝ ʩʦʙʩʪʚʝʥʥʦʡ ʙʘʟʳ. ʅʘ ʫʢʘʟʘʥʥʳʝ 

ʚʳʰʝ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʵʢʩʧʦʨʪ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʦʙʭʦʜʠʤʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʯʝʩʢʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʧʦ ʦʮʝʥʢʝ ʢʦʥʪʘʢʪʥʦʡ ʢʦʨʨʦʟʠʠ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʠ ʜʨʫʛʠʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ. 

ʂʨʦʤʝ ʪʦʛʦ, ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʚʝʨʠʬʠʮʠʨʦʚʘʥʳ 

ʥʘʪʫʨʥʳʤʠ ʠʣʠ ʫʩʢʦʨʝʥʥʳʤʠ ʢʦʨʨʦʟʠʦʥʥʳʤʠ ʠʩʧʳʪʘʥʠʷʤʠ [12ï15]. 

1. ʄʝʪʦʜʠʢʘ ʠ ʤʘʪʝʨʠʘʣʳ 

1.1 ɸʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʝ ʚ 

ʘʚʠʘʮʠʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ 1163ɸʊ, ɺ95ʧʯʊ2 ʚ 

ʢʦʥʪʘʢʪʝ ʩ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʴʶ ʤʘʨʢʠ 12ʍ18ʅ10ʊ, ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ 

ʩʪʘʣʴʶ ʤʘʨʢʠ 30ʍɻʉɸ, ʪʠʪʘʥʦʤ ʤʘʨʢʠ ʆʊ4 ð ʤʘʪʝʨʠʘʣʘʤʠ, ʩʦʝʜʠʥʝʥʠʷ 

ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ ʘʚʠʘʮʠʦʥʥʦʡ 

ʪʝʭʥʠʢʠ. 

1.2 ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʦʪʝʥʮʠʦʩʪʘʪʘ-ʛʘʣʴʚʘʥʦʩʪʘʪʘ ʩ ʢʦʤʧʴʶʪʝʨʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ. ʀʟʤʝʨʝʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʷʯʝʡʢʝ ʩ ʪʨʸʭʵʣʝʢʪʨʦʜʥʦʡ ʩʭʝʤʦʡ ʧʦʜʢʣʶʯʝʥʠʷ, 

ʵʣʝʢʪʨʦʣʠʪʦʤ ʩʣʫʞʠʣ ʥʝʡʪʨʘʣʴʥʳʡ ʨʘʩʪʚʦʨ 3 % NaCl. ʇʣʦʱʘʜʴ ʨʘʙʦʯʝʛʦ 

ʵʣʝʢʪʨʦʜʘ ʩʦʩʪʘʚʣʷʣʘ 1 ʩʤ
2
, ʧʣʘʪʠʥʠʨʦʚʘʥʥʘʷ ʩʝʪʢʘ ʩʣʫʞʠʣʘ 

ʧʨʦʪʠʚʦʵʣʝʢʪʨʦʜʦʤ, ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʭʣʦʨʩʝʨʝʙʨʷʥʳʡ (Ag/AgCl) ʵʣʝʢʪʨʦʜ 

ʩʨʘʚʥʝʥʠʷ, ʥʘʧʦʣʥʝʥʥʳʡ ʥʘʩʳʱʝʥʥʳʤ ʨʘʩʪʚʦʨʦʤ KCl. ʇʝʨʝʜ ʥʘʯʘʣʦʤ 
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VIII ˏ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 85 

ʠʟʤʝʨʝʥʠʡ ʦʙʨʘʟʝʮ ʥʘʭʦʜʠʣʩʷ ʚ ʵʣʝʢʪʨʦʣʠʪʝ ʥʝ ʤʝʥʝʝ 60 ʤʠʥʫʪ ʜʣʷ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦʪʝʥʮʠʘʣʘ ʢʦʨʨʦʟʠʠ (Ecorr). ʇʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʘʷ 

ʧʦʣʷʨʠʟʘʮʠʷ ʚʳʧʦʣʥʷʣʘʩʪ ʩʦ ʩʢʦʨʦʩʪʴʶ ʩʢʘʥʠʨʦʚʘʥʠʷ 1 ʤɺ/ʩ; ʧʦʣʷʨʠʟʘʮʠʷ 

ʧʨʦʚʦʜʠʣʘʩʴ ʜʦ ï250 ʤɺ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʦʙʦʜʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʢʦʨʨʦʟʠʠ 

Ecorr ʚ ʢʘʪʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʦʩʪʦʤ ʜʦ +1,5 ɺ ʚ ʘʥʦʜʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ. 

1.3 ʂʦʨʨʦʟʠʦʥʥʳʝ ʠʩʧʳʪʘʥʠʷ 

ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʘʢʝʪʦʚ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʥʘ ʢʦʥʪʘʢʪʥʫʶ ʢʦʨʨʦʟʠʶ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʣʦʞʝʥʠʝʤ ˉ 5 ɻʆʉʊ 9.909-86. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʣʦʪʥʦʛʦ ʢʦʥʪʘʢʪʘ ʘʥʦʜʥʦʡ (ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ) ʠ ʢʘʪʦʜʥʦʡ ʧʣʘʩʪʠʥ 

(ʜʨʫʛʠʝ ʤʘʪʝʨʠʘʣʳ) ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʙʦʣʪʳ, ʛʘʡʢʠ ʠ ʰʘʡʙʳ ʠʟ 

ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ, ʠʟʦʣʷʮʠʷ ʙʦʣʪʘ ʦʙʝʩʧʝʯʠʚʘʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʝʨʤʦʫʩʘʜʦʯʥʦʡ ʪʨʫʙʢʠ, ʘ ʠʟʦʣʷʮʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʰʘʡʙ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ 

ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʣʠʤʝʨʥʳʭ ʰʘʡʙ. ɸʣʶʤʠʥʠʝʚʳʝ ʟʘʛʦʪʦʚʢʠ (ʘʥʦʜ) 

ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʧʣʘʩʪʠʥʳ 110Ĭ65 ʤʤ , ʘ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ 

(ʢʘʪʦʜ) ð 70Ĭ25 ʤʤ. 

ʅʘʪʫʨʥʳʝ ʢʦʨʨʦʟʠʦʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʧʨʠʤʦʨʩʢʦʡ 

ʘʪʤʦʩʬʝʨʝ ʫʤʝʨʝʥʥʦ ʪʝʧʣʦʛʦ ʢʣʠʤʘʪʘ ʏʝʨʥʦʤʦʨʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ 

(ʛ. ɻʝʣʝʥʜʞʠʢ, ʬʠʣʠʘʣ ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè ð ɺʀɸʄ), ʘ ʪʘʢʞʝ 

ʚ ʄʦʩʢʦʚʩʢʦʤ ʮʝʥʪʨʝ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ (ʧʨʦʤʳʰʣʝʥʥʘʷ 

ʘʪʤʦʩʬʝʨʘ ʫʤʝʨʝʥʥʦʛʦ ʢʣʠʤʘʪʘ). ʂʦʨʨʦʟʠʦʥʥʘʷ ʘʛʨʝʩʩʠʚʥʦʩʪʴ ʘʪʤʦʩʬʝʨʳ 

ʜʣʷ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ ʧʦ ɻʆʉʊ ʀʉʆ 9223 [16,17] ʠʩʧʳʪʘʪʝʣʴʥʦʡ 

ʧʣʦʱʘʜʢʠ ʚ ɻʝʣʝʥʜʞʠʢʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʘʢ ʩʨʝʜʥʷʷ (ʢʘʪʝʛʦʨʠʷ ʉ3) ʠ 

ʥʠʟʢʘʷ (ʢʘʪʝʛʦʨʠʷ ʉ2) ʚ ʄʦʩʢʚʝ. ʆʙʨʘʟʮʳ ʵʢʩʧʦʥʠʨʦʚʘʣʠʩʴ ʥʘ 

ʠʩʧʳʪʘʪʝʣʴʥʦʤ ʩʪʝʥʜʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 20 ʤ ʦʪ ʙʝʨʝʛʦʚʦʡ 

ʣʠʥʠʠ, ʧʦʜ ʫʛʣʦʤ 45Á ʢ ʛʦʨʠʟʦʥʪʫ. 

ʋʩʢʦʨʝʥʥʳʝ ʢʦʨʨʦʟʠʦʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʥʝʡʪʨʘʣʴʥʦʤ 

ʩʦʣʷʥʦʤ ʪʫʤʘʥʝ ʩʦʛʣʘʩʥʦ ɻʆʉʊ 9.401 ʤʝʪʦʜ ɹ. 

2. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

2.1 ʅʘʪʫʨʥʳʝ ʠ ʫʩʢʦʨʝʥʥʳʝ ʢʦʨʨʦʟʠʦʥʥʳʝ ʠʩʧʳʪʘʥʠʷ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʪʫʨʥʳʭ ʠ ʫʩʢʦʨʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʩʦʝʜʠʥʝʥʠʡ 

ʫʩʪʘʥʦʚʣʝʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʦʥʪʘʢʪʥʦʡ ʢʦʨʨʦʟʠʠ (ʨʠʩʫʥʦʢ 1 ʠ 2): 

ʅʘʠʙʦʣʴʰʘʷ ð ʚ ʩʦʝʜʠʥʝʥʠʠ ʩ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʩʪʘʣʴʶ 30ʍɻʉɸ; 

ʅʘʠʤʝʥʴʰʘʷ ð ʚ ʩʦʝʜʠʥʝʥʠʠ ʩ ʪʠʪʘʥʦʤ ʆʊ4. 
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ʈʠʩ. 1 ï ʉʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ 

ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʚ ʢʘʤʝʨʝ ʩʦʣʝʚʦʛʦ ʪʫʤʘʥʘ 

 

 

ʈʠʩ. 2 ï ʋʜʝʣʴʥʘʷ ʧʦʪʝʨʷ ʤʘʩʩʳ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ 

ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʚ ʢʘʤʝʨʝ ʩʦʣʝʚʦʛʦ ʪʫʤʘʥʘ 

 

2.2 ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ (ʚ ʧʦʨʷʜʢʝ ʫʙʳʚʘʥʠʷ): -

0,08 ɺ ʜʣʷ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ʆʊ4, -0,16 ɺ ʜʣʷ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ 

12ʍ18ʅ10ʊ, -0,53 ɺ ʜʣʷ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ɺ-1469, -0,56 ɺ ʜʣʷ 
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ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ 1163, -0,65 ɺ ʜʣʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʩʪʘʣʠ ʤʘʨʢʠ 

30ʍɻʉɸ, -0,76 ɺ ʜʣʷ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ɺ95. 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʠʜʥʦ, ʯʪʦ ʤʝʞʜʫ ʠʩʩʣʝʜʫʝʤʳʤʠ 

ʘʣʶʤʠʥʠʝʚʳʤʠ ʩʧʣʘʚʘʤʠ ʠ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʴʶ ʤʘʨʢʠ 12ʍ18ʅ10ʊ ʠ 

ʪʠʪʘʥʦʤ ʤʘʨʢʠ ʆʊ4 ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʣʠʯʠʝ ʧʦʪʝʥʮʠʘʣʦʚ 

ʙʦʣʝʝ 0,5 ɺ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʤ ʨʠʩʢʝ ʢʦʥʪʘʢʪʥʦʡ ʢʦʨʨʦʟʠʠ. 

ʈʘʟʣʠʯʠʝ ʧʦʪʝʥʮʠʘʣʦʚ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʩʪʘʣʠ 

ʤʘʨʢʠ 30ʍɻʉɸ ʥʝ ʧʨʝʚʳʰʘʝʪ 0,2 ɺ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʠʩʢ ʨʘʟʚʠʪʠʷ 

ʢʦʥʪʘʢʪʥʦʡ ʢʦʨʨʦʟʠʠ ʥʠʞʝ. 

ʅʘ ʦʩʥʦʚʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʨʠʚʳʭ 

(ʨʠʩ. 3 ʠ 4) ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ 

ʪʠʪʘʥʘ ʆʊ4 ʠ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ 12ʍ18ʅ10ʊ, ʢʘʪʦʜʥʘʷ ʚʝʪʚʴ ʜʣʷ ʪʠʪʘʥʘ 

ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʠʤ ʫʛʣʦʤ ʥʘʢʣʦʥʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʣʫʯʰʝʡ 

ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʴʶ 12ʍ18ʅ10ʊ, ʠʟ ʯʝʛʦ 

ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʩʦʝʜʠʥʝʥʠʠ ʘʣʶʤʠʥʠʝʚʳʡ ʩʧʣʘʚ-ʪʠʪʘʥ ʦʞʠʜʘʝʪʩʷ ʤʝʥʝʝ 

ʠʥʪʝʥʩʠʚʥʘʷ ʢʦʨʨʦʟʠʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʩʦʝʜʠʥʝʥʠʝʤ ʘʣʶʤʠʥʠʝʚʳʡ ʩʧʣʘʚ-

ʥʝʨʞʘʚʝʶʱʘʷ ʩʪʘʣʴ. 

 

ʈʠʩ. 3 ï ʇʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʠʩʩʣʝʜʫʝʤʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ (ʟʝʣʝʥʳʝ ʪʦʯʢʠ ï ʆʊ4, ʩʠʥʠʝ ï 12ʍ18ʅ10ʊ, 

 ʢʨʘʩʥʳʝ ï 30ʍɻʉɸ) 
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ʈʠʩ. 4 ï ʇʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʠʩʩʣʝʜʫʝʤʳʭ ʘʣʶʤʠʥʠʝʚʳʭ 

ʩʧʣʘʚʦʚ (ʩʠʥʠʝ ï 1163ɸʊ, ʢʨʘʩʥʳʝ ï ɺ95ʧʯʊ2) 

 

ʅʘ ʨʠʩʫʥʢʝ 5 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʩʢʦʨʦʩʪʴʶ ʢʦʨʨʦʟʠʠ 

(ʫʜʝʣʴʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʤʘʩʩʳ) ʠ ʨʘʟʥʦʩʪʴʶ ʧʦʪʝʥʮʠʘʣʦʚ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ 

ʤʝʪʘʣʣʦʚ. ʆʯʝʚʠʜʥʦ ʯʪʦ ʦʜʥʘ ʪʦʣʴʢʦ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʥʝ ʦʧʨʝʜʝʣʷʝʪ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʥʪʘʢʪʥʦʡ ʢʦʨʨʦʟʠʠ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ. ʅʝʦʙʭʦʜʠʤʦ 

ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʵʬʬʝʢʪʳ ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʚʣʠʷʥʠʷ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ (II), 

ʫʩʢʦʨʷʶʱʠʭ ʢʦʨʨʦʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ. 

 

ʈʠʩ. 5 ï ɿʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʩʢʦʨʦʩʪʴʶ ʢʦʨʨʦʟʠʠ (ʫʜʝʣʴʥʳʤ 

ʠʟʤʝʥʝʥʠʝʤ ʤʘʩʩʳ) ʠ ʨʘʟʥʦʩʪʴʶ ʧʦʪʝʥʮʠʘʣʦʚ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʤʝʪʘʣʣʦʚ 
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3. ɺʳʚʦʜʳ 

ʀʟ-ʟʘ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʚ 

ʩʦʝʜʠʥʝʥʠʠ ʩ ʤʘʪʝʨʠʘʣʘʤʠ, ʦʙʣʘʜʘʶʱʠʤʠ ʜʨʫʛʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʢʦʨʨʦʟʠʠ, 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʢʦʥʪʘʢʪʥʦʡ ʢʦʨʨʦʟʠʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ 

ʘʚʠʘʮʠʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʜʨʫʛʠʭ ʦʪʨʘʩʣʝʡ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. ɿʘ 

ʨʫʙʝʞʦʤ ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ ʠʥʪʝʛʨʘʮʠʠ ʨʘʩʯʝʪʘ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʪʦʢʘ ʚ CAD 

ʩʠʩʪʝʤʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʮʝʥʠʚʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʢʦʥʪʘʢʪʥʦʡ ʢʦʨʨʦʟʠʠ ʚ 

ʩʦʩʪʘʚʝ ʜʝʪʘʣʝʡ. ʆʜʥʘ ʪʦʣʴʢʦ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʥʝ ʦʧʨʝʜʝʣʷʝʪ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʥʪʘʢʪʥʦʡ ʢʦʨʨʦʟʠʠ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ. ʅʝʦʙʭʦʜʠʤʦ 

ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʵʬʬʝʢʪʳ ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʚʣʠʷʥʠʷ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ (II), 

ʫʩʢʦʨʷʶʱʠʭ ʢʦʨʨʦʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ. ʅʝʦʙʭʦʜʠʤʘ 

ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʧʦ ʨʘʩʯʝʪʫ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʪʦʢʘ ʧʨʠ ʢʦʥʪʘʢʪʥʦʡ 

ʢʦʨʨʦʟʠʠ. 
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ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʫʪʠʣʠʟʘʮʠʠ ʜʳʤʦʚʳʭ ʛʘʟʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʠʭ ʩʦʩʪʘʚ 

ʉO2, SO2, NO2, ʧʘʨʦʚ ʚʦʜʳ ʠ ʪʝʧʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʮʝʩʩʘ ʬʦʪʦʩʠʥʪʝʟʘ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʨʦʜʘ Chlorella. 
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ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ 

Abstract 

A method has been developed for the utilization of flue gases containing 

CO2, SO2, NO2, water vapor and heat using the process of photosynthesis of 

microalgae of the genus Chlorella. 

Keywords: 

decarbonization, carbon dioxide, climate, greenhouse effect, microalgae 
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 
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ɺʚʝʜʝʥʠʝ 

ɹʝʟʦʧʘʩʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ, ʢʘʢ ʠ ʪʨʘʥʩʧʦʨʪʘ ʚ 

ʮʝʣʦʤ, ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʨʠʦʨʠʪʝʪʦʤ ʘʚʠʘʩʪʨʦʠʪʝʣʴʥʦʡ ʠ ʜʨʫʛʠʭ 

ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʙʝʟʦʧʘʩʥʦʩʪʴ, ʷʚʣʷʝʪʩʷ ʟʘʱʠʪʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ ʦʪ ʢʦʨʨʦʟʠʠ ʠ 

ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ, ʧʦʣʠʤʝʨʥʳʭ ʜʝʪʘʣʝʡ ʦʪ ʩʪʘʨʝʥʠʷ ʠ 

ʙʠʦʧʦʚʨʝʞʜʝʥʠʷ. ʅʘʠʙʦʣʝʝ ʘʛʨʝʩʩʠʚʥʳʤʠ ʢʦʨʨʦʟʠʦʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ 

ʘʪʤʦʩʬʝʨʳ ʷʚʣʷʶʪʩʷ ʭʣʦʨʠʜ-ʠʦʥʳ ʠ ʩʫʣʴʬʘʪ-ʠʦʥʳ, ʦʜʥʘʢʦ ʥʘʨʷʜʫ ʩ ʥʠʤʠ, 

ʫʩʠʣʝʥʥʳʝ ʢʦʨʨʦʟʠʶ ʠ ʩʪʘʨʝʥʠʝ ʚʳʟʳʚʘʶʪ ʢʠʩʣʳʝ ʛʘʟʳ (ʉO2, SO2, NO2 ʠ 

ʜʨ.).  

ɺ ʯʘʩʪʥʦʩʪʠ, ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʛʦʨʷʯʝʛʦ ʪʨʘʢʪʘ ʘʚʠʘʮʠʦʥʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʭʣʦʨʠʜ-ʠʦʥʦʚ ʚ ʘʪʤʦʩʬʝʨʝ. ʍʣʦʨʠʜ-ʠʦʥ 

ʩʦʚʤʝʩʪʥʦ ʩ ʩʫʣʴʬʘʪ-ʠʦʥʦʤ ʚʳʟʳʚʘʶʪ ʘʢʪʠʚʥʫʶ ʩʫʣʴʬʠʜʥʦ-ʦʢʩʠʜʥʫʶ 

ʢʦʨʨʦʟʠʶ ʜʝʪʘʣʝʡ ʩ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʳʰʝ 600 Áʉ. ʀ, ʝʩʣʠ ʩʫʣʴʬʘʪ-

ʠʦʥʳ ʦʙʨʘʟʫʶʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʚ ʧʨʦʮʝʩʩʝ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ (1), ʭʣʦʨʠʜ-

ʠʦʥʳ ʧʦʧʘʜʘʶʪ ʚ ʜʚʠʛʘʪʝʣʴ ʪʦʣʴʢʦ ʩ ʘʵʨʦʟʦʣʷʤʠ ʘʪʤʦʩʬʝʨʳ. ʆʧʨʝʜʝʣʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʭʣʦʨʠʜʦʚ, ʧʦʧʘʜʘʶʱʠʭ ʚ ʛʘʟʦ-ʪʫʨʙʠʥʥʳʡ ʜʚʠʛʘʪʝʣʴ ʧʦʟʚʦʣʠʪ 

ʦʮʝʥʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʫʣʴʬʠʜʥʦ-ʦʢʩʠʜʥʦʡ ʢʦʨʨʦʟʠʠ, 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʨʝʤʷ ʥʘʩʪʫʧʣʝʥʠʷ  ʢʦʨʨʦʟʠʦʥʥʳʭ ʨʘʟʨʫʰʝʥʠʡ (2) ʠ, 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʦʧʘʩʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ 

(3), (4), (5), (6). 

ʉʦʜʝʨʞʘʥʠʝ ʚ ʘʪʤʦʩʬʝʨʝ ʢʦʨʨʦʟʠʦʥʥʦ-ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ ï ʭʣʦʨʠʜ-, 

ʩʫʣʴʬʘʪ-ʠʦʥʦʚ ʠ ʘʤʤʠʘʢʘ ʩʠʣʴʥʦ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʪʦʯʥʠʢʘ 

ʵʪʠʭ ʠʦʥʦʚ (7), (10). 

ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʘʵʨʦʟʦʣʷ ʷʚʣʷʶʪʩʷ ʙʨʳʟʛʠ 

ʤʦʨʩʢʦʡ ʚʦʜʳ, ʚʳʙʨʦʩʳ ʧʝʩʢʘ, ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʧʝʧʣʘ ʠ ʠʥʜʫʩʪʨʠʘʣʴʥʦʝ 

ʟʘʛʨʷʟʥʝʥʠʝ.  

ɽʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ ʠʥʜʫʩʪʨʠʘʣʴʥʳʝ ʚʳʙʨʦʩʳ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʪʦʣʴʢʦ 

ʥʘ ʢʦʥʪʠʥʝʥʪʘʭ, ʪʦ ʩʦʩʪʘʚ ʘʪʤʦʩʬʝʨʳ ʥʘʜ ʦʢʝʘʥʘʤʠ ʠ ʤʦʨʷʤʠ ʩʠʣʴʥʦ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʘʪʤʦʩʬʝʨʳ ʥʘʜ ʢʦʥʪʠʥʝʥʪʘʤʠ. ʅʘ ʥʘʠʙʦʣʝʝ ʥʘʩʝʣʝʥʥʳʭ 

ʪʝʨʨʠʪʦʨʠʷʭ ʙʦʣʝʝ 80 % ʘʵʨʦʟʦʣʝʡ ʠʤʝʝʪ ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ. 

ʉʞʠʛʘʥʠʝ ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʝʡʰʠʤ ʬʘʢʪʦʨʦʤ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤ ʘʥʪʨʦʧʦʛʝʥʥʦʤʫ 

ʟʘʛʨʷʟʥʝʥʠʶ ʫʛʣʝʢʠʩʣʳʤ ʛʘʟʦʤ ʥʘ ʫʨʦʚʥʝ ʩʝʢʪʦʨʘ. ʆʜʥʘʢʦ, ʧʦʩʢʦʣʴʢʫ 

ʦʙʱʝʩʝʢʪʦʨʘʣʴʥʘʷ ʧʦʣʠʪʠʢʘ ʯʘʩʪʦ ʩʣʠʰʢʦʤ ʛʨʦʤʦʟʜʢʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ, 

ʥʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʦʢʨʘʪʠʪʴ ʚʳʙʨʦʩʳ CO2 ʥʘ 

ʦʩʥʦʚʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʦʨʠʝʥʪʠʨʫʷʩʴ ʥʘ ʥʘʠʙʦʣʝʝ ʵʢʩʪʨʝʤʘʣʴʥʳʝ 

ʠʩʪʦʯʥʠʢʠ ʚʳʙʨʦʩʦʚ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ ʢʘʞʜʦʡ ʩʪʨʘʥʳ.  
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 
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ʇʨʝʦʙʣʘʜʘʶʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʳʙʨʦʩʦʚ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ɿʝʤʥʦʛʦ 

ʰʘʨʘ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʟʜʝʩʴ ï ʚ ɽʚʨʘʟʠʠ ʠ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʝ 

ʥʘʭʦʜʠʪʩʷ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ, ʙʦʣʴʰʦʝ 

ʥʘʩʝʣʝʥʠʝ ʠ ʪʨʘʥʩʧʦʨʪ ʧʦʪʨʝʙʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʡ, ʥʦ ʟʜʝʩʴ ʠʤʝʝʪ ʤʝʩʪʦ ʝʱʝ ʦʜʠʥ ʚʘʞʥʳʡ ʬʘʢʪʦʨ ï ʵʪʦ 

ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʛʠʦʥʘ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʦʪʨʝʙʥʦʩʪʴ ʚ 

ʜʣʠʪʝʣʴʥʦʤ ʦʪʦʧʠʪʝʣʴʥʦʤ ʩʝʟʦʥʝ. ʂʨʦʤʝ ʪʦʛʦ, ʢʣʠʤʘʪ ʚʣʠʷʝʪ ʥʘ ʚʩʝ 

ʩʪʦʨʦʥʳ ʞʠʟʥʠ ʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʣʶʜʝʡ, ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʪʝʭʥʠʢʠ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (11). ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʧʦʣʠʪʠʢʘ, 

ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʫʣʫʯʰʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

"ʩʚʝʨʭʟʘʛʨʷʟʥʠʪʝʣʝʡ", ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʡ ʩʪʨʘʪʝʛʠʝʡ ʧʝʨʝʭʦʜʘ ʢ 

ʩʠʩʪʝʤʘʤ ʙʝʟʫʛʣʝʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴ ʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʛʠʦʥʘ, ʚ ʢʦʪʦʨʦʤ ʪʨʝʙʫʝʪʩʷ ʨʝʰʘʪʴ ʚʦʧʨʦʩ ʩʦʢʨʘʱʝʥʠʷ 

ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ. 

ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ (12), ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʵʤʠʪʠʨʫʝʪʩʷ 

ʙʦʣʴʰʝʝ ʠʣʠ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʉʆ2, ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦ ʫʯʠʪʳʚʘʝʤʦʛʦ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ ʢʣʠʤʘʪ ʛʘʟʘ. ʆʜʥʘʢʦ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʥʝʨʛʠʠ ʚʳʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʫʛʣʝʢʠʩʣʦʪʘ, ʥʦ ʠ ʜʨʫʛʠʝ  ï 

ʪʘʙʣ. 1. (13) ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ, ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʵʤʠʪʠʨʫʝʪʩʷ 

ʙʦʣʴʰʝʝ ʠʣʠ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʉʆ2, ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦ ʫʯʠʪʳʚʘʝʤʦʛʦ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ ʢʣʠʤʘʪ ʛʘʟʘ. ʆʜʥʘʢʦ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʥʝʨʛʠʠ ʚʳʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʫʛʣʝʢʠʩʣʦʪʘ, ʥʦ ʠ ʜʨʫʛʠʝ 

ʧʘʨʥʠʢʦʚʳʝ ʛʘʟʳ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʚʦʜʷʥʦʡ ʧʘʨ, ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ, ʤʝʪʘʥ 

ʠ ʦʟʦʥ (ʚ ʧʦʨʷʜʢʝ ʠʭ ʦʮʝʥʠʚʘʝʤʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʪʝʧʣʦʚʦʡ ʙʘʣʘʥʩ) ï 

ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʘ 1  

ɺʢʣʘʜ ʛʘʟʦʚ ʚ ʧʘʨʥʠʢʦʚʳʡ ʵʬʬʝʢʪ 

ɻʘʟ ɺʢʣʘʜ ʚ ʧʘʨʥʠʢʦʚʳʡ ʵʬʬʝʢʪ (%) ʂʦʥʮʝʥʪʨʘʮʠʷ ʚ ʘʪʤʦʩʬʝʨʝ 

ɺʦʜʷʥʦʡ ʧʘʨ 36-72 % ʉʠʣʴʥʦ ʚʘʨʴʠʨʫʝʪʩʷ 

ʋʛʣʝʢʠʩʣʳʡ ʛʘʟ 9-26 % 405,5Ñ0,1 ppm[2] 

ʄʝʪʘʥ 4-9 % 1859Ñ2 ppb[2] 

ʆʟʦʥ 3-7 % ʄʝʥʝʝ 1 ʨʨʤ 

ʆʢʩʠʜ ʘʟʦʪʘ ʄʝʥʝʝ 1 % 329,9Ñ0,1 ppb[2] 

 

ʂʨʦʤʝ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʩʫʱʝʩʪʚʫʶʪ ʝʱʝ ʠ ʧʘʨʥʠʢʦʚʳʝ ʯʘʩʪʠʮʳ ï 

ʘʵʨʦʟʦʣʠ, ʢ ʢʦʪʦʨʳʤ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʪʥʦʩʠʪʩʷ ʯʝʨʥʳʡ ʫʛʣʝʨʦʜ ï ʩʘʞʘ, 

ʢʦʢʩ, ʫʛʦʣʴʥʘʷ ʧʳʣʴ ʠ ʜʨʫʛʠʝ ʯʘʩʪʠʮʳ ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 2,5 ʤʢʤ. ʕʪʠ 

https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B4%D1%8F%D0%BD%D0%BE%D0%B9_%D0%BF%D0%B0%D1%80
https://ru.wikipedia.org/wiki/%D0%94%D0%B8%D0%BE%D0%BA%D1%81%D0%B8%D0%B4_%D1%83%D0%B3%D0%BB%D0%B5%D1%80%D0%BE%D0%B4%D0%B0
https://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BB%D0%BB%D0%B8%D0%BE%D0%BD%D0%BD%D0%B0%D1%8F_%D0%B4%D0%BE%D0%BB%D1%8F
https://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BB%D0%BB%D0%B8%D0%BE%D0%BD%D0%BD%D0%B0%D1%8F_%D0%B4%D0%BE%D0%BB%D1%8F
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%B0%D0%BD
https://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BB%D0%BB%D0%B8%D0%B0%D1%80%D0%B4%D0%BD%D0%B0%D1%8F_%D0%B4%D0%BE%D0%BB%D1%8F
https://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BB%D0%BB%D0%B8%D0%B0%D1%80%D0%B4%D0%BD%D0%B0%D1%8F_%D0%B4%D0%BE%D0%BB%D1%8F
https://ru.wikipedia.org/wiki/%D0%9E%D0%B7%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%9E%D0%BA%D1%81%D0%B8%D0%B4_%D0%B0%D0%B7%D0%BE%D1%82%D0%B0(I)
https://ru.wikipedia.org/wiki/%D0%9F%D0%B0%D1%80%D0%BD%D0%B8%D0%BA%D0%BE%D0%B2%D1%8B%D0%B5_%D0%B3%D0%B0%D0%B7%D1%8B#cite_note-WMO-2
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ʯʘʩʪʠʮʳ ʦʪʥʦʩʷʪʩʷ ʢ ʢʦʨʦʪʢʦʞʠʚʫʱʠʤ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʟʘʛʨʷʟʥʠʪʝʣʷʤ 

(ʂʂɿ), ʪʘʢ ʢʘʢ ʦʥʠ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʢʦʘʛʫʣʠʨʫʶʪ ʩ ʘʪʤʦʩʬʝʨʥʦʡ ʚʣʘʛʦʡ 

ʠ ʦʩʝʜʘʶʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ. ɽʩʣʠ ʦʩʘʞʜʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʧʦʯʚʫ, ʪʦ 

ʵʪʦ ʥʝ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʥʠʷ ʥʘ ʢʣʠʤʘʪ, ʥʦ ʝʩʣʠ ʯʝʨʥʳʝ ʯʘʩʪʠʮʳ 

ʦʩʝʜʘʶʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩʥʝʛʘ ʠ ʣʴʜʘ, ʥʘʯʠʥʘʝʪʩʷ ʠʭ ʠʥʪʝʥʩʠʚʥʦʝ ʪʘʷʥʠʝ. 

ʆʪʯʘʩʪʠ ʠʤʝʥʥʦ ʧʦʵʪʦʤʫ ʤʳ ʚʠʜʠʤ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʛʣʦʙʘʣʴʥʦʛʦ 

ʧʦʪʝʧʣʝʥʠʷ ʠʤʝʥʥʦ ʚ ɸʨʢʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ. 

ɽʱʝ ʦʜʥʠʤ ʬʘʢʪʦʨʦʤ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ ʷʚʣʷʝʪʩʷ ʧʨʷʤʦʡ ʥʘʛʨʝʚ ʘʪʤʦʩʬʝʨʳ ʚʳʙʨʘʩʳʚʘʝʤʳʤ 

ʚʳʭʣʦʧʥʳʤʠ ʠ ʜʳʤʦʚʳʤʠ ʪʨʫʙʘʤʠ ʪʝʧʣʦʤ. ʃʶʙʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠʤʝʝʪ 

ʩʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʪʦ ʝʩʪʴ, ʚʩʝ ʪʝʧʣʦ, ʢʦʪʦʨʦʝ ʥʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʦ ʚ ʵʣʝʢʪʨʠʯʝʩʪʚʦ ʠʣʠ ʜʨʫʛʫʶ ʧʦʣʝʟʥʫʶ ʨʘʙʦʪʫ 

ʚʳʙʨʘʩʳʚʘʝʪʩʷ ʚ ʘʪʤʦʩʬʝʨʫ. ʉʘʤʳʡ ʚʳʩʦʢʠʡ ʂʇɼ ʫ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʡ - 

87 %. ʊʝʧʣʦʚʳʝ ʩʪʘʥʮʠʠ ʠ ʘʪʦʤʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ï ʜʦ 75 %. ɺʝʪʨʦ- ʠ 

ʛʝʣʠʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʠʤʝʶʪ ʂʇɼ ʦʢʦʣʦ 20 %. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʛʣʦʙʘʣʴʥʦʡ ʵʤʠʩʩʠʠ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʤʝʥʴʰʝʡ ʵʤʠʩʩʠʝʡ 

ʦʙʣʘʜʘʶʪ ʊʕʎ, ʪʘʢ ʢʘʢ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ɻʕʉ ʵʤʠʪʠʨʫʝʪʩʷ ʦʛʨʦʤʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʯʝʤ ʧʨʠ ʩʦʦʨʫʞʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʊʕʎ, ʪʝʤ 

ʙʦʣʝʝ, ʯʪʦ ʢʘʞʜʘʷ ʊʕʎ ʙʫʜʝʪ ʤʦʱʥʝʝ ɻʕʉ (14). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʚʳʩʦʢʠʝ ʂʇɼ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʫʪʠʣʠʟʘʮʠʝʡ ʪʝʧʣʘ ʥʘ 

ʦʙʦʛʨʝʚ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʥʦ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ (ʚ 

ʩʨʝʜʥʝʡ ʧʦʣʦʩʝ) ʠ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʛʦʜʘ ʚ ʩʝʚʝʨʥʳʭ ʰʠʨʦʪʘʭ. ɺ ʶʞʥʳʭ 

ʠ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʰʠʨʦʪʘʭ ʠʟʙʳʪʦʯʥʦʝ ʪʝʧʣʦ ʥʝ ʫʪʠʣʠʟʠʨʫʝʪʩʷ ʠ ʛʨʝʝʪ 

ʘʪʤʦʩʬʝʨʫ. 

ʇʨʝʜʧʨʠʥʠʤʘʝʤʳʝ ʧʦʧʳʪʢʠ (15) ʧʨʠʚʦʜʷʪ ʢ ʧʦʣʫʯʝʥʠʶ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʛʦʨʷʯʝʡ ʚʦʜʳ, ʯʪʦ, ʛʣʦʙʘʣʴʥʦ, ʥʝ ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʫ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʆʙʱʝʠʟʚʝʩʪʥʳʡ ʬʘʢʪ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ɿʝʤʣʝ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 

ʩʨʝʜʥʝʛʦʜʦʚʦʡ ï10 ʥʘ ʧʦʣʶʩʘʭ, ʜʦ +25 ʥʘ ʵʢʚʘʪʦʨʝ. ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʜʚʘ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʦʮʝʩʩʘ ʫʪʠʣʠʟʘʮʠʠ ʉʆ2 

ʠʟ ʘʪʤʦʩʬʝʨʳ: ʩʞʠʞʝʥʠʝ ʠ ʟʘʢʘʯʢʘ ʚ ʧʣʘʩʪ ʠ ʥʘʢʦʧʣʝʥʠʝ ʚ ʚʠʜʝ ʙʠʦʤʘʩʩʳ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʪʦ, ʫʯʠʪʳʚʘʷ ʪʝʨʤʦʜʠʥʘʤʠʢʫ ʧʨʦʮʝʩʩʘ, ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʙʠʨʘʪʴ ʪʦ ʠʣʠ ʠʥʦʝ ʨʝʰʝʥʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʛʠʦʥʘ. 

ʇʨʠ ʫʪʠʣʠʟʘʮʠʠ ʜʳʤʦʚʳʭ ʛʘʟʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʜʦ 30 % ʉʆ2 ʚ ɸʨʢʪʠʢʝ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩʞʠʞʘʪʴ ʠ ʟʘʢʘʯʠʚʘʪʴ ʚ ʧʣʘʩʪ ʫʛʣʝʢʠʩʣʦʪʫ, 

ʧʨʦʮʝʩʩ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʧʨʠ ʪʘʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʥʝʚʦʟʤʦʞʝʥ. ɺ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʟʦʥʝ ʧʨʠ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 
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+20 Áʉ ʩʞʠʞʝʥʠʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ï70 Áʉ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ, 

ʪʘʢ ʢʘʢ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʦʙʲʝʤʘ ʉʆ2 ʙʫʜʝʪ ʚʳʙʨʦʰʝʥʦ ʚ ʘʪʤʦʩʬʝʨʫ 

ʙʦʣʴʰʝʝ ʝʛʦ ʢʦʣʠʯʝʩʪʚʦ. ɿʜʝʩʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠʤʝʥʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʠ ʥʘʨʘʱʠʚʘʥʠʷ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ. 

ɽʩʣʠ ʨʘʩʩʤʦʪʨʝʪʴ ʵʤʠʩʩʠʶ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʜʣʷ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ 

ʞʠʜʢʦʛʦ ʉʆ2, ʪʦ ʨʘʩʯʝʪʳ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦ ʚʳʧʫʩʢʘʝʤʦʡ ʫʩʪʘʥʦʚʢʠ (16) 

ʧʦʟʚʦʣʷʶʱʝʡ ʧʦʣʫʯʘʪʴ 100 ʢʛ ʞʠʜʢʦʛʦ ʉʆ2 ʚ ʯʘʩ ʟʘʪʨʘʪʳ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ  

(ʙʝʟ ʫʯʝʪʘ ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʳ) ʩʦʩʪʘʚʣʷʶʪ 10 ʢɺʪĀʯ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʅʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ 100 ʢʛ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ  

ʧʨʠ ʪʝʧʣʦʝʤʢʦʩʪʠ 0,24 ʢʢʘʣ/ʢʛĀʛʨʘʜ=1008 ɼʞ/ʢʛĀʛʨʘʜ,, ʧʨʠ ʥʘʯʘʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ +20 Áʉ Q=9,1 ʄɼʞ, ʧʨʠ ï20 Áʉ ï 5,0 ʄɼʞ. ʕʥʝʨʛʦʟʘʪʨʘʪʳ 

ʫʩʪʘʥʦʚʢʠ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʩʦʩʪʘʚʷʪ 36 ʄɼʞ ʠ 17 ʄɼʞ. ʋʯʠʪʳʚʘʷ, ʯʪʦ 

ʩʨʝʜʥʠʝ ʚʳʙʨʦʩʳ ʧʦ ʜʘʥʥʳʤ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʘʛʝʥʪʩʪʚʘ, 

ʩʦʩʪʘʚʣʷʝʪ 400 ʛ CO2/ʢɺʪĀʯ, ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʫʯʝʥʠʷ ʞʠʜʢʦʛʦ ʉʆ2 ʚ 

ʘʪʤʦʩʬʝʨʫ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʙʫʜʝʪ 

ʚʳʙʨʦʰʝʥʦ 4 ʢʛ ʉʆ2. ɽʩʣʠ ʫʯʝʩʪʴ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ 

ʟʘʢʘʯʢʫ ʚ ʧʣʘʩʪ, ʥʘ ʜʠʬʬʫʟʠʶ ʉʆ2 ʠʟ ʧʣʘʩʪʘ, ʪʦ ʵʤʠʩʩʠʷ ʝʱʝ ʫʚʝʣʠʯʠʪʩʷ.  

ʆʜʥʘʢʦ ʯʝʤ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʪʝʤ ʥʠʞʝ ʟʘʪʨʘʪʳ 

ʥʘ ʩʞʠʞʝʥʠʝ ʠ ʪʨʘʥʩʧʦʨʪ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. ʇʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʟʘʢʘʯʢʦʡ ʚ ʩʢʚʘʞʠʥʫ 

ʥʝʦʙʭʦʜʠʤʦ ʩʪʘʚʠʪʴ ʝʱʝ ʦʜʥʫ ʭʦʣʦʜʠʣʴʥʫʶ ʫʩʪʘʥʦʚʢʫ, ʯʪʦʙʳ 

ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʨʘʟʦʛʨʝʚ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʫʣʘʚʣʠʚʘʥʠʝ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʩʦʧʨʷʞʝʥʦ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʦʯʠʩʪʢʠ ʛʘʟʦʚ ʦʪ ʪʚʝʨʜʳʭ ʧʨʠʤʝʩʝʡ (ʩʘʞʠ ʠ ʟʦʣʳ), ʦʢʩʠʜʦʚ ʩʝʨʳ ʠ ʘʟʦʪʘ, 

ʚʦʜʳ, ʯʪʦ ʩʦʧʨʷʞʝʥʦ ʩ ʟʘʪʨʘʪʘʤʠ ʥʝ ʤʝʥʴʰʝ, ʯʝʤ ʩʘʤ ʧʨʦʮʝʩʩ ʩʞʠʞʝʥʠʷ 

ʉʆ2. ʇʨʠ ʩʞʠʞʝʥʠʠ, ʪʨʘʥʩʧʦʨʪʝ ʠ ʟʘʢʘʯʢʝ ʉʆ2 ʦʙʨʘʟʫʝʪʩʷ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ ʠ ʚʣʘʛʠ, ʚʳʙʨʘʩʳʚʘʝʤʦʡ ʚ ʘʪʤʦʩʬʝʨʫ, ʯʪʦ ʫʩʠʣʠʚʘʝʪ 

ʧʘʨʥʠʢʦʚʳʡ ʵʬʬʝʢʪ. 

ʋʩʪʘʥʦʚʢʘ ʧʦ ʫʪʠʣʠʟʘʮʠʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʩ 

ʧʦʤʦʱʴʶ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʭʣʦʨʝʣʣʳ 

ʍʣʦʨʝʣʣʘ ï ʦʜʥʦʢʣʝʪʦʯʥʘʷ ʟʝʣʝʥʘʷ ʚʦʜʦʨʦʩʣʴ, ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʘʷ ʚ ʧʨʠʨʦʜʝ ʚ ʧʨʝʩʥʦʡ ʠ ʩʦʣʝʥʦʡ ʚʦʜʝ, ʘ ʪʘʢʞʝ ʚ ʧʦʯʚʝ. 

ʉʢʦʨʦʩʪʴ ʨʘʟʤʥʦʞʝʥʠʷ ʧʨʠ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ: ʟʘ ʩʫʪʢʠ ʙʠʦʤʘʩʩʘ ʵʪʠʭ 

ʚʦʜʦʨʦʩʣʝʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 5ï10 ʨʘʟ. 

ɺʦ ʚʩʝʤ ʤʠʨʝ ʩʝʡʯʘʩ ʧʨʦʚʦʜʠʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʧʦ ʚʳʨʘʱʠʚʘʥʠʶ ʭʣʦʨʝʣʣʳ, ʠʤʝʥʥʦ ʩ ʮʝʣʴʶ ʧʦʛʣʦʱʝʥʠʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ 

ʠʟ ʜʳʤʦʚʳʭ ʪʨʫʙ. ʊʘʢ, ʚ ʩʪʘʪʴʝ (17) ʠʩʩʣʝʜʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ 

ʧʘʨʮʠʘʣʴʥʳʤ ʜʘʚʣʝʥʠʝʤ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ (pCO2) ʠ 

ʧʦʛʣʦʱʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʫʩʧʝʥʟʠʠ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ ʍʣʦʨʝʣʣʘ 

ʢʝʩʩʣʝʨʠ.  
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ʐʪʘʤʤʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ 

ʄʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʩʧʦʩʦʙʳ 

ʧʦʣʫʯʝʥʠʷ ʫʩʪʦʡʯʠʚʳʭ ʢ CO2, ʫʩʪʦʡʯʠʚʳʭ ʢ ʱʝʣʦʯʘʤ ʠ/ʠʣʠ 

ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʳʭ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʩ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʬʠʢʩʘʮʠʠ 

CO2. ʐʪʘʤʤʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʩʢʨʠʥʠʥʛʘ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʧʫʪʝʤ ʩʣʫʯʘʡʥʦʛʦ ʤʫʪʘʛʝʥʝʟʘ ʠʣʠ ʧʫʪʝʤ ʛʝʥʝʪʠʯʝʩʢʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ.  ʇʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʡ (18), (19) ʠ ʜʨ. ʧʦʩʪʨʦʝʥ ʛʨʘʬʠʢ 

(ʨʠʩ. 1), ʥʘ ʢʦʪʦʨʦʤ ʧʨʠʚʝʜʝʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʰʪʘʤʤʦʚ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ ʨʦʜʘ ʍʣʦʨʝʣʣʘ. 

 

ʈʠʩ. 1 ï ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ ʉʆ2 ʨʘʟʣʠʯʥʳʤʠ ʰʪʘʤʤʘʤʠ ʭʣʦʨʝʣʣʳ 

 

ʀʟ ʨʠʩ. 1 ʚʠʜʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʦʩʪ ʙʠʦʤʘʩʩʳ ʠ ʧʦʛʣʦʱʝʥʠʝ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʧʨʦʷʚʣʷʶʪ ʰʪʘʤʤʳ Chlorella sorokiniana, Chlorella 

pyrenoidosa M18, Chlorella sp, M4 

 

ɼʳʤʦʚʳʝ ʛʘʟʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʚʳʙʨʦʩʦʚ ʉʆ2 ʥʘ 

ɿʝʤʣʝ, ʉʆ2 ʚ ʜʳʤʦʚʳʭ ʛʘʟʘʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʨʦʜʘ 

ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ (20), 

(21). ʆʜʥʘʢʦ ʬʠʢʩʘʮʠʷ ʉʆ2 ʠʟ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʷʤʠ ʠʤʝʝʪ 

ʨʷʜ ʚʦʧʨʦʩʦʚ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ, ʅʘʧʨʠʤʝʨ, ʠʟʤʝʥʝʥʠʷʤ ʨʅ 

ʢʫʣʴʪʫʨʘʣʴʥʦʛʦ ʙʫʣʴʦʥʘ (22), ʧʝʨʝʛʨʝʚ ʜʦ ʪʝʤʧʝʨʘʪʫʨ ʚʳʰʝ 36 ÁC, 

ʧʦʧʘʜʘʥʠʝ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʠ ʠʦʥʦʚ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʢʦʛʜʘ 
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ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ ʥʝ ʤʦʛʫʪ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʵʢʩʪʨʝʤʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ, ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʩʢʨʠʥʠʥʛ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʨʝʜʥʳʤ ʬʘʢʪʦʨʘʤ, ʅʘ ʨʠʩ. 2 

ʧʨʠʚʝʜʝʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʰʪʘʤʤʦʚ ʭʣʦʨʝʣʣʳ ʧʨʠ ʧʦʛʣʦʱʝʥʠʠ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠʟ ʜʳʤʦʚʳʭ ʛʘʟʦʚ, ʚʠʜʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʣʷʶʪ ʰʪʘʤʤʳ Chlorella sorokiniana, Chlorella 

pyrenoidosa M18, Chlorella sp, M4, ʩʧʝʮʠʘʣʴʥʦ ʚʳʚʝʜʝʥʥʳʝ ʜʣʷ ʜʘʥʥʳʭ 

ʫʩʣʦʚʠʡ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ. 

 

ʇʨʝʜʣʘʛʘʝʤʦʝ ʨʝʰʝʥʠʝ ʧʦ ʫʜʘʣʝʥʠʶ ʉʆ2 ʠʟ ʜʳʤʦʚʳʭ ʛʘʟʦʚ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʪʝʯʝʥʠʝ 5 ʩʫʪʦʢ ʫʚʝʣʠʯʝʥʠʝ ʙʠʦʤʘʩʩʳ ʧʨʦʠʩʭʦʜʠʪ ʚ 

11 ʨʘʟ, ʯʝʨʝʟ 15 ʩʫʪʦʢ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 30 ʨʘʟ. ʊʦ 

ʝʩʪʴ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʚ ʚʦʜʝ 5 ʛ ʭʣʦʨʝʣʣʳ, ʯʝʨʝʟ 5 ʩʫʪʦʢ ʙʫʜʝʪ 55 ʛ, ʯʝʨʝʟ 

15 ʩʫʪʦʢ 150 ʛ. (23). 

ʇʨʠ ʵʤʠʩʩʠʠ ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʊʕʎ 500 ʛ ʉʆ2 ʥʘ 1 ʢɺʪ ʯ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʊʕʎ ʤʦʱʥʦʩʪʴʶ 1 ɻɺʪ ʚʳʙʨʘʩʳʚʘʝʪ ʚ ʘʪʤʦʩʬʝʨʫ 

500 ʢʛ/ʯʘʩ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ Chlorella vulgaris 

ʩʦʩʪʘʚʣʷʝʪ 5 %, ʪʦ ʝʩʪʴ ʫʪʠʣʠʟʘʮʠʷ 500 ʢʛ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʜʦʣʞʥʘ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ 10000 ʢʛ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ. ʋʯʠʪʳʚʘʷ ʜʠʥʘʤʠʢʫ ʨʦʩʪʘ, 

ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʢʦʣʠʯʝʩʪʚʦ ʭʣʦʨʝʣʣʳ ʚʩʝʛʜʘ ʧʨʝʚʳʰʘʣʦ ʩʦʜʝʨʞʘʥʠʝ 

ʉʆ2. ɽʩʣʠ ʧʨʠ ʫʪʠʣʠʟʘʮʠʠ 1 ʢʛ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʦʙʨʘʟʫʝʪʩʷ 2 ʢʛ ʭʣʦʨʝʣʣʳ, 

ʪʦ ʚ ʯʘʩ ʜʦʣʞʥʦ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʜʦ 1000 ʢʛ ʤʠʢʨʦʚʦʨʦʩʣʠ (24). 

ʉʣʦʡ ʚʦʜʳ, ʩʦʜʝʨʞʘʱʝʡ ʚʦʜʦʨʦʩʣʴ ʥʝ ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ 10 ʩʤ ʜʣʷ 

ʥʦʨʤʘʣʴʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ ʪʦʣʱʠ ʚʦʜʦʨʦʩʣʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ ʩʣʦʡ 

ʚʦʜʦʨʦʩʣʠ ʚ ʣʦʪʢʝ 0,1 ʤ ʧʨʠ ʦʙʲʝʤʝ ʚʦʜʦʨʦʩʣʠ (5 ʛ ʥʘ ʣʠʪʨ *10000 ʢʛ) 

200 ʤ
3
 ʜʦʣʞʝʥ ʩʦʩʪʘʚʣʷʪʴ 2000 ʤ

2
 ï 2 ʛʝʢʪʘʨʘ ï ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ 

ʣʦʪʢʦʚ ʩ ʭʣʦʨʝʣʣʦʡ 

ɺ ʣʦʪʢʘʭ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʦʷʥʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʩʫʩʧʝʥʟʠʠ ʠ 

ʦʨʛʘʥʠʟʘʮʠʷ ʝʝ ʧʦʩʪʦʷʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʢ ʪʦʯʢʝ ʩʙʦʨʘ ʠʟʙʳʪʢʘ ʙʠʦʤʘʩʩʳ, 

ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʦ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʪʦʢʘ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʧʦʜ 

ʫʛʣʦʤ 45Á. ɺ ʥʘʧʨʘʚʣʝʥʠʠ ʩʙʦʨʘ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʩʢʨʝʙʢʘʤʠ. 

ʅʘ ʪʝʤʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ ʩʫʩʧʝʥʟʠʷ ʭʣʦʨʝʣʣʳ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʦʩʚʝʱʝʥʠʷ ʋʌ-ʣʘʤʧʘʤʠ ʩ ʧʦʪʦʢʦʤ ʩʚʝʪʘ ʥʝ ʤʝʥʝʝ 10 ʢʠʣʦʣʶʢʩ ʠʣʠ ʥʘ 

ʢʘʞʜʳʡ ʢʚʘʜʨʘʪʥʳʡ ʤʝʪʨ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʩʚʝʪʦʜʠʦʜʥʫʶ ʣʘʤʧʫ 

ʤʦʱʥʦʩʪʴʶ 100 ɺʪ, ʩʫʤʤʘʨʥʘʷ ʤʦʱʥʦʩʪʴ ʜʦʣʞʥʘ ʩʦʩʪʘʚʠʪʴ 200 ʢɺʪ. 

ɼʳʤʦʩʦʩ ʠ ʢʦʤʧʨʝʩʩʦʨ ʜʣʷ ʟʘʢʘʯʠʚʘʥʠʷ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʚ ʣʦʪʢʠ 

ʠʤʝʶʪ ʩʫʤʤʘʨʥʫʶ ʤʦʱʥʦʩʪʴ 10 ʢɺʪ, ʙʣʦʢ ʦʩʫʰʢʠ ʠ ʦʯʠʩʪʢʠ ʠʤʝʶʪ 

ʤʦʱʥʦʩʪʴ 20 ʢɺʪ. 
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʤʤʘʨʥʘʷ ʤʦʱʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʧʦ ʫʪʠʣʠʟʘʮʠʠ ʉʆ2 

ʩʦʩʪʘʚʠʪ ʤʘʢʩʠʤʘʣʴʥʦ 230 ʢɺʪ ʠʣʠ ʵʤʠʩʩʠʷ ʉʆ2 ʩʦʩʪʘʚʠʪ 115 ʢʛ ʉʆ2 ʧʨʠ 

ʧʦʛʣʦʱʝʥʠʠ 1000 ʢʛ ʉʆ2 ï ʵʬʬʝʢʪʠʚʥʦʩʪʴ 85 %.  

ʅʘ ʩʭʝʤʝ (ʨʠʩ. 2) ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʫʟʣʳ ʫʩʪʘʥʦʚʢʠ ʧʦ 

ʙʠʦʫʪʠʣʠʟʘʮʠʠ ʉʆ2 ʭʣʦʨʝʣʣʦʡ (25), (26) 

 

 

ʈʠʩ. 2 ï ʉʭʝʤʘ ʫʪʠʣʠʟʘʮʠʠ ʉʆ2. 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʝʜʣʘʛʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʝʡ (ʨʠʩ. 2) ʜʳʤʦʚʳʝ ʛʘʟʳ 

ʠʟ ʜʳʤʦʚʦʡ ʪʨʫʙʳ ʊ-1 ʯʝʨʝʟ ʪʨʫʙʳ ʩ ʟʘʜʚʠʞʢʘʤʠ 11 ʠ ʜʘʪʯʠʢʘʤʠ 

ʪʝʤʧʝʨʘʪʫʨʳ 5, ʜʳʤʦʩʦʩʦʤ ɼ-1 ʧʦʜʘʶʪʩʷ ʚ ʙʣʦʢ ʦʯʠʩʪʢʠ ʛʘʟʦʚ ʦʪ ʧʳʣʠ ʠ 

ʩʘʞʠ, ʦʢʠʩʣʦʚ ʘʟʦʪʘ ʠ ʩʝʨʳ ʆ-1, ʧʦʩʣʝ ʯʝʛʦ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʢʘʧʠʣʣʷʨʦʚ 

ʦʯʠʱʝʥʥʳʡ ʛʘʟ ʧʦʜʘʝʪʩʷ ʚ ʩʠʩʪʝʤʫ ʣʦʪʢʦʚ ʃ-1. ɺ ʣʦʪʢʘʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʫʣʴʪʨʘʬʠʦʣʝʪʘ, ʠʟʙʳʪʦʢ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʟʘ ʩʯʝʪ ʨʝʘʢʮʠʡ ʬʦʪʦʩʠʥʪʝʟʘ 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʙʠʦʤʘʩʩʫ ʭʣʦʨʝʣʣʳ. ʀʟʙʳʪʦʢ ʭʣʦʨʝʣʣʳ ʧʦʩʨʝʜʩʪʚʦʤ 

ʩʢʨʝʙʢʦʚ ʪʨʘʥʩʧʦʨʪʠʨʫʝʪʩʷ ʚ ʙʣʦʢ ʦʪʞʠʤʘ ʠ ʦʩʫʰʢʠ ʭʣʦʨʝʣʣʳ ɹ-1, ʘ 

ʠʟʙʳʪʦʢ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʥʝʡʪʨʘʣʠʟʫʝʪʩʷ ʢʘʣʴʮʠʝʚʳʤ ʤʦʣʦʢʦʤ ʉʘʆʅ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʡ ʩʭʝʤʳ ʤʦʞʥʦ ʫʪʠʣʠʟʠʨʦʚʘʪʴ ʚʝʩʴ 

ʚʳʜʝʣʷʝʤʳʡ ʚ ʘʪʤʦʩʬʝʨʫ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʙʝʟ ʝʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʵʤʠʩʩʠʠ 

ʧʨʠ ʚʳʨʘʙʦʪʢʝ ʵʥʝʨʛʠʠ ʥʘ ʨʘʙʦʪʫ ʙʣʦʢʦʚ ʆ-1, ɹ-1. ʋʪʠʣʠʟʘʮʠʷ ʫʛʣʝʢʠʩʣʦʛʦ 

ʛʘʟʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʚ ʜʦʧʦʣʥʝʥʠʝ ʧʦʣʫʯʘʝʪʩʷ ʪʦʚʘʨʥʳʡ 

ʧʨʦʜʫʢʪ ʜʣʷ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ï ʩʫʩʧʝʥʟʠʷ ʭʣʦʨʝʣʣʳ ï ʚʳʩʦʢʦʢʘʣʦʨʠʡʥʳʡ, 

ʩʦʜʝʨʞʘʱʠʡ ʜʦ 60 % ʙʝʣʢʘ ʩʫʙʩʪʨʘʪ. 
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ʀʟʙʳʪʦʢ ʚʦʜʳ, ʧʦʣʫʯʝʥʥʳʡ ʧʦʩʣʝ ʦʪʜʝʣʝʥʠʷ ʭʣʦʨʝʣʣʳ ʚ ɹ-1 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʘʙʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʫʶ ʚʦʜʫ, ʥʘʩʳʱʝʥʥʫʶ 

ʝʩʪʝʩʪʚʝʥʥʳʤ ʙʠʦʮʠʜʥʳʤ ʬʝʨʤʝʥʪʦʤ ʭʣʦʨʝʣʣʳ ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʧʦʜʧʠʪʢʠ ʚʦʜʦʦʙʦʨʦʪʥʳʭ ʩʠʩʪʝʤ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʀʟʙʳʪʦʢ ʪʝʧʣʘ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥ ʥʘ ʥʘʛʨʝʚ ʚʦʜʳ ʚ 

ʣʦʪʢʘʭ ʃ-1  

 

ɺʳʚʦʜʳ 

ʅʝʩʤʦʪʨʷ ʥʘ ʢʘʞʫʱʫʶʩʷ ʩʣʦʞʥʦʩʪʴ ʚʳʨʘʱʠʚʘʥʠʷ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ 

ʜʣʷ ʧʦʛʣʦʱʝʥʠʷ ʉʆ2 ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʟʘʢʘʯʠʚʘʥʠʝʤ ʝʝ ʚ ʧʣʘʩʪ, ʚ ʩʪʨʘʥʝ 

ʠʤʝʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʜʘʥʥʦʡ 

ʦʙʣʘʩʪʠ. ʇʦʛʣʦʱʝʥʠʝ ʉʆ2 ʤʠʢʨʦʚʦʜʦʨʦʩʣʴʶ ʨʦʜʘ ʍʣʦʨʝʣʣʘ ʧʦʟʚʦʣʷʝʪ 

ʧʦʛʣʦʱʘʪʴ ʉʆ2 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʥʝʨʛʠʠ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ, ʪʦ ʝʩʪʴ ʧʨʠ 

ʜʦʩʪʘʪʦʯʥʦʤ ʝʛʦ ʢʦʣʠʯʝʩʪʚʝ ʙʝʟ ʚʳʙʨʦʩʦʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʉʆ2. 

ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ, ʢʘʢ ʥʠʢʘʢʘʷ ʜʨʫʛʘʷ ʟʘʚʠʩʠʪ ʦʪ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ: ʚ ʢʣʠʤʘʪʝ ʩʦ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʥʠʞʝ 0 Áʉ, 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʚʦʜʦʨʦʩʣʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʟʜʝʩʴ ʝʜʠʥʩʪʚʝʥʥʦ 

ʧʨʠʝʤʣʝʤʘʷ ʪʝʭʥʦʣʦʛʠʷ ï ʵʪʦ ʩʞʠʞʝʥʠʝ ʠ ʟʘʢʘʯʢʘ ʚ ʧʣʘʩʪ ʉʆ2. 

ɺ ʫʤʝʨʝʥʥʦʤ ʢʣʠʤʘʪʝ ʚ ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʦʞʝʥʦ ʥʘʠʙʦʣʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʛʦʨʦʜʦʚ ɽʚʨʦʧʳ ʠ ʈʦʩʩʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʯʝʨʝʜʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʠ, ʪʦ ʝʩʪʴ ʚ ʣʝʪʥʝʝ ʚʨʝʤʷ ʢʫʣʴʪʠʚʠʨʦʚʘʪʴ ʙʦʣʴʰʠʝ 

ʧʣʦʱʘʜʠ ʭʣʦʨʝʣʣr , ʘ ʚ ʟʠʤʥʠʡ ï ʫʤʝʥʴʰʘʪʴ ʧʣʦʱʘʜʴ ʠ ʯʘʩʪʴ ʉʆ2 

ʟʘʢʘʯʠʚʘʪʴ ʚ ʭʨʘʥʠʣʠʱʝ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʡ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʵʪʠʣʝʥʘ, ʚʳʟʚʘʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʝʤ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ 

(ʋʌ) ʠʟʣʫʯʝʥʠʷ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʮʝʥʢʝ ʚʣʠʷʥʠʷ ʋʌ-

ʠʟʣʫʯʝʥʠʷ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʧʦʣʠʵʪʠʣʝʥʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɹʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʝʨʠʦʜʘʤʠ ʚʦʟʜʝʡʩʪʚʠʷ ʋʌ-

ʠʟʣʫʯʝʥʠʷ ʥʘ ʦʙʨʘʟʮʳ ʧʦʣʠʵʪʠʣʝʥʘ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʘʥʘʣʠʟʦʤ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: 

ʠʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʧʦʣʠʵʪʠʣʝʥ, ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ 

ʠʟʣʫʯʝʥʠʝ, ʢʨʘʝʚʦʡ ʫʛʦʣ ʩʤʘʯʠʚʘʥʠʷ, ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

 

Abstract 

This paper presents the results of a study of changes on the surface of 

polyethylene caused by exposure to ultraviolet (UV) radiation. The purpose of 

the study is to evaluate the effect of UV radiation on the structure and properties 

of the polyethylene surface. Experiments were carried out with different periods 

of exposure to UV radiation on polyethylene samples and subsequent analysis of 

the results. 
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ɺʚʝʜʝʥʠʝ 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʚʩʝʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʠʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʚʢʣʶʯʘʷ ʧʦʣʠʵʪʠʣʝʥ, ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʠ ʙʳʪʦʚʦʡ ʩʬʝʨʝ, ʪʨʝʙʫʝʪ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʠʭ ʩʚʦʡʩʪʚ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʘʩʧʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ 

ʠʟʫʯʝʥʠʝ ʠʟʤʝʥʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʤʝʨʘ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʷ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ ʠʟʣʫʯʝʥʠʝ. 

ʀʟʤʝʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʵʪʠʣʝʥʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʞʝʣʘʪʝʣʴʥʳʤ 

ʧʦʩʣʝʜʩʪʚʠʷʤ, ʪʘʢʠʤ ʢʘʢ ʧʦʪʝʨʷ ʧʨʦʯʥʦʩʪʠ, ʠʟʤʝʥʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ, ʫʭʫʜʰʝʥʠʝ ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʠ ʪ. ʜ., ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʪʠ ʠʟʤʝʥʝʥʠʷ 

ʤʦʛʫʪ ʩʠʣʴʥʦ ʩʢʘʟʘʪʴʩʷ ʥʘ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʦʣʠʵʪʠʣʝʥʦʚʳʭ ʠʟʜʝʣʠʡ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʟʥʘʥʠʝ ʦʙ 

ʠʟʤʝʥʝʥʠʷʭ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʵʪʠʣʝʥʘ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʥʝ ʪʦʣʴʢʦ ʧʦʟʚʦʣʷʪ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ 

ʧʦʣʠʵʪʠʣʝʥʦʚʳʭ ʠʟʜʝʣʠʡ, ʥʦ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʥʦʚʳʝ ʤʝʪʦʜʳ ʠ ʪʝʭʥʦʣʦʛʠʠ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʩʥʠʞʝʥʠʶ ʥʝʛʘʪʠʚʥʳʭ ʵʬʬʝʢʪʦʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʠʤʝʨʘ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʵʪʠʣʝʥʘ, ʧʦʜʚʝʨʛʥʫʪʦʛʦ ʚʦʟʜʝʡʩʪʚʠʶ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ. ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʠʟʤʝʥʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʩʪʨʫʢʪʫʨʳ 

ʠ ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ. 

 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʙʨʘʟʮʳ ʚ ʚʠʜʝ ʧʦʣʦʩʦʢ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʛʨʘʥʫʣ ʧʦʣʠʵʪʠʣʝʥʘ 

ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ (ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ) ʤʘʨʢʠ 273-83 ʆɸʆ 

çʂʘʟʘʥʴʦʨʛʩʠʥʪʝʟè ʤʝʪʦʜʦʤ ʵʢʩʪʨʫʟʠʠ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʤ ʧʣʘʩʪʠʢʦʨʜʝʨʝ 

Brabender PL2200 (ɻʝʨʤʘʥʠʷ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 180 Áʉ ʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 

ʰʥʝʢʘ 10ï15 ʦʙ/ʤʠʥ. 

ʕʢʩʧʦʥʠʨʦʚʘʥʠʝ ʧʦʜ ʋʌ-ʠʟʣʫʯʝʥʠʝʤ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʋʌ-

ʠʟʣʫʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʣʘʤʧʫ ɼʈʊ-1000, ʠʤʝʶʱʫʶ ʧʦʪʦʢ ʠʟʣʫʯʝʥʠʷ ʚ 

ʜʠʘʧʘʟʦʥʝ 240ï320 ʥʤ 128 ɺʪ. ʉʪʝʥʜ ʜʣʷ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ 

ʩʝʙʷ ʨʘʤʫ ʩ ʜʚʫʤʷ ʦʢʨʫʞʥʦʩʪʷʤʠ, ʚʳʧʦʣʥʝʥʥʳʤʠ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʧʨʦʚʦʣʦʢʠ, ʟʘʢʨʝʧʣʝʥʥʳʤʠ ʤʝʞʜʫ ʩʦʙʦʡ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦ ʧʨʠ ʧʦʤʦʱʠ 

ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʦʧʦʨ. ʃʘʤʧʘ ʫʩʪʘʥʦʚʣʝʥʘ ʚʥʫʪʨʠ ʨʘʤʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙʳ ʦʥʘ ʦʢʘʟʘʣʘʩʴ ʤʝʞʜʫ ʦʢʨʫʞʥʦʩʪʷʤʠ, ʠ ʯʪʦʙʳ ʧʨʦʜʦʣʴʥʘʷ ʦʩʴ ʣʘʤʧʳ 

ʧʨʦʭʦʜʠʣʘ ʯʝʨʝʟ ʮʝʥʪʨʳ ʦʙʝʠʭ ʦʢʨʫʞʥʦʩʪʝʡ. ʈʘʜʠʫʩ ʦʢʨʫʞʥʦʩʪʝʡ ʨʘʚʥʦ 25 

ʩʤ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʦʙʨʘʟʮʳ, ʟʘʢʨʝʧʣʝʥʥʳʝ ʥʘ ʧʨʦʚʦʣʦʢʝ, ʷʚʣʷʶʱʝʡʩʷ 

ʧʝʨʠʤʝʪʨʦʤ ʦʢʨʫʞʥʦʩʪʠ, ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 25 ʩʤ ʦʪ ʣʘʤʧʳ. 
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

 

VIII ˏ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 105 

ɼʣʷ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʠ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʭʦʜʦʤ ʠʟʤʝʥʝʥʠʡ ʦʙʨʘʟʮʳ 

ʧʦʜʚʝʨʛʘʣʠ ʚʦʟʜʝʡʩʪʚʠʶ ʋʌ-ʠʟʣʫʯʝʥʠʷ ʚ ʪʝʯʝʥʠʝ 1, 2, 3, 6, 12, ʠ 24 ʯʘʩʦʚ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʨʠ ʤʘʩʩʳ. ʅʝ ʤʝʥʝʝ ʧʷʪʠ ʦʙʨʘʟʮʦʚ ʚ ʚʠʜʝ ʧʣʦʩʢʠʭ 

ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʦʚ ʨʘʟʤʝʨʘʤʠ 20×20×2 ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʨʠ ʤʘʩʩʳ ʧʨʠ ʋʌ-ʵʢʩʧʦʥʠʨʦʚʘʥʠʠ. ʆʙʨʘʟʮʳ ʩ ʟʘʨʘʥʝʝ 

ʠʟʤʝʨʝʥʥʳʤ ʤʘʩʩʘʤʠ ʧʦʜʚʝʨʛʘʣʠ ʚʦʟʜʝʡʩʪʚʠʶ ʋʌ-ʠʟʣʫʯʝʥʠʷ ʠ ʧʦ 

ʠʩʪʝʯʝʥʠʠ ʟʘʜʘʥʥʳʭ ʧʨʦʤʝʞʫʪʢʦʚ ʚʨʝʤʝʥʠ ʚʟʚʝʰʠʚʘʣʠ ʠʭ ʥʘ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ 0,0001 ʛ. ʇʦʩʣʝ ʢʘʞʜʦʛʦ 

ʚʟʚʝʰʠʚʘʥʠʷ ʦʙʨʘʟʮʳ ʚʦʟʚʨʘʱʘʣʠ ʥʘ ʩʚʦʝ ʤʝʩʪʦ ʚ ʩʪʝʥʜ ʚ ʪʘʢʦʤ ʞʝ 

ʧʦʣʦʞʝʥʠʠ ʠ ʪʦʡ ʞʝ ʩʪʦʨʦʥʦʡ ʢ ʠʩʪʦʯʥʠʢʫ ʠʟʣʫʯʝʥʠʷ, ʢʘʢ ʦʥʠ 

ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʜʦ ʠʟʚʣʝʯʝʥʠʷ. ʀʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʦʙʨʘʟʮʘ ʧʦʩʣʝ ʢʘʞʜʦʛʦ 

ʧʝʨʠʦʜʘ ʦʙʣʫʯʝʥʠʷ ʚ ʧʨʦʮʝʥʪʘʭ ʧʦʪʝʨʠ ʤʘʩʩʳ ʚʳʯʠʩʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ: 

ῳά
0 1

0
ẗ100% , 

ʛʜʝ m0 ï ʤʘʩʩʘ ʦʙʨʘʟʮʘ ʜʦ ʦʙʣʫʯʝʥʠʷ; m1 ï ʤʘʩʩʘ ʦʙʨʘʟʮʘ ʧʦʩʣʝ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʝʨʠʦʜʘ ʦʙʣʫʯʝʥʠʷ.  

ʆʧʨʝʜʝʣʝʥʠʝ ʢʨʘʝʚʦʛʦ ʫʛʣʘ ʩʤʘʯʠʚʘʥʠʷ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʪʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʘ 

ʩ ʧʦʤʦʱʴʶ ʤʝʭʘʥʠʯʝʩʢʦʡ ʤʠʢʨʦʧʠʧʝʪʢʠ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʰʪʘʪʠʚʝ, ʩ 

ʚʳʩʦʪʳ 15 ʤʤ ʘʢʢʫʨʘʪʥʦ ʥʘʥʦʩʠʣʠ ʢʘʧʣʶ. ɼʘʣʝʝ ʧʦʣʫʯʘʣʠ ʩʥʠʤʦʢ 

ʣʝʞʘʱʝʡ ʢʘʧʣʠ ʩʙʦʢʫ ʠ ʚ ʧʨʦʛʨʘʤʤʝ ImageJ, ʧʨʠʤʝʥʷʷ ʠʥʩʪʨʫʤʝʥʪ ñAngle 

toolò, ʠʟʤʝʨʷʣʠ ʫʛʦʣ ʩʤʘʯʠʚʘʥʠʷ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1. ɼʣʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʠʟʤʝʨʝʥʠʝ ʥʝ ʤʝʥʝʝ 5 ʢʘʧʝʣʴ ʩ 

ʦʙʝʠʭ ʩʪʦʨʦʥ. ɺʳʯʠʩʣʝʥʠʝ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ 

ʧʨʦʚʦʜʠʣʠ ʚ ʵʪʦʡ ʞʝ ʧʨʦʛʨʘʤʤʝ. 

 

 
ʈʠʩ. 1 ï ʉʭʝʤʘ ʠʟʤʝʨʝʥʠʷ ʢʨʘʝʚʦʛʦ ʫʛʣʘ ʩʤʘʯʠʚʘʥʠʷ (Ū) 

 

ʕʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʠ ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ. ʇʦʚʝʨʭʥʦʩʪʠ 

ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʠʩʩʣʝʜʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʤʠʢʨʦʩʢʦʧʘ Hitachi TM4000 Plus, ʦʩʥʘʱʝʥʥʦʛʦ ʵʥʝʨʛʦ-ʩʧʝʢʪʨʘʣʴʥʳʤ 

ʘʥʘʣʠʟʘʪʦʨʦʤ, ʩʧʦʩʦʙʥʳʤ ʧʨʦʚʦʜʠʪʴ ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ. ʋʩʣʦʚʠʷ 

ʧʦʣʫʯʝʥʠʷ ʩʥʠʤʢʦʚ ʙʳʣʠ ʩʣʝʜʫʶʱʠʝ: ʥʘʧʨʷʞʝʥʠʝ 15 ʢɺ, ʨʝʞʠʤ ʜʝʪʝʢʮʠʠ 

ʦʙʨʘʪʥʦ ʦʪʨʘʞʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ (BSE), ʨʝʞʠʤ ʩʥʷʪʠʷ ʟʘʨʷʜʘ ʩ ʦʙʨʘʟʮʘ 

(ʥʠʟʢʠʡ ʚʘʢʫʫʤ). 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ. ʕʢʩʧʦʥʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʠʩʩʣʝʜʦʚʘʣʠ 

ʤʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʧʨʝʜʤʝʪ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʠʭ 
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

 

VIII ˏ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 106 

ʩʦʩʪʘʚʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʋʌ-ʠʟʣʫʯʝʥʠʷ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʧʝʢʪʨʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʠʙʦʨ Nicolet Prot®g® 460 ESP ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʧʨʠʩʪʘʚʢʦʡ 

ʥʘʨʫʰʝʥʥʦʛʦ ʧʦʣʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ (ʅʇɺʆ), ʦʩʥʘʱʝʥʥʦʡ 

ʘʣʤʘʟʥʦʡ ʧʨʠʟʤʦʡ. ʉʧʝʢʪʨʳ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʚ ʜʠʘʧʘʟʦʥʝ 500ï4000 ʩʤ
-1
, ʩ 

ʨʘʟʨʝʰʝʥʠʝʤ 2 ʩʤ
-1
. ʂʦʣʠʯʝʩʪʚʦ ʩʢʘʥʠʨʦʚʘʥʠʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʜʥʦʛʦ 

ʫʩʨʝʜʥʝʥʥʦʛʦ ʩʧʝʢʪʨʘ ʨʘʚʥʷʣʦʩʴ 32. ʆʙʨʘʙʦʪʢʫ ʩʧʝʢʪʨʦʚ ʧʨʦʚʦʜʠʣʠ ʚ 

ʧʨʦʛʨʘʤʤʝ OMNIC. 

ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʪʝʭ ʠʣʠ ʠʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, 

ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ ʪ.ʥ. ʠʥʜʝʢʩʳ ʧʦ ʥʠʞʝʩʣʝʜʫʶʱʠʤ ʬʦʨʤʫʣʘʤ: 

ʢʝʪʦʥʥʳʡ ʠʥʜʝʢʩ  , 

ʩʣʦʞʥʦʵʬʠʨʥʳʡ ʠʥʜʝʢʩ  , 

ʣʘʢʪʦʥʥʳʡ ʠʥʜʝʢʩ  
 

, 

ʛʜʝ I1716 ï ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʧʠʢʘ ʧʨʠ 1716 ʩʤ
-1
, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʢʝʪʦʥʘʭ; I1735 ï ʦʧʪʠʯʝʩʢʘʷ 

ʧʣʦʪʥʦʩʪʴ ʧʠʢʘ ʧʨʠ 1735 ʩʤ
-1
, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ 

ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʩʣʦʞʥʳʡ ʵʬʠʨʘʭ; I1772 ï ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʧʠʢʘ 

ʧʨʠ 1772 ʩʤ
-1
, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʢʘʨʙʦʥʠʣʴʥʦʡ 

ʛʨʫʧʧʳ ʚ ʣʘʢʪʦʥʘʭ; I1368 ï ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʧʠʢʘ ʧʨʠ 1368 ʩʤ
-1
, 

ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʪʨʝʪʠʯʥʳʤ ʘʪʦʤʦʤ ʫʛʣʝʨʦʜʘ. ɼʘʥʥʳʡ ʧʠʢ ʧʨʠʥʷʪ ʚ ʢʘʯʝʩʪʚʝ 

ñʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘò ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʥʦʨʤʘʣʠʟʘʮʠʠ ʩʧʝʢʪʨʦʚ, ʪ. ʢ. ʝʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʘʣʦ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʪ. ʝ. ʜʘʞʝ ʧʨʠ 

ʧʨʦʮʝʩʩʘʭ ʜʝʩʪʨʫʢʮʠʠ ʦʩʪʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʦʡ [1].  

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʇʦʪʝʨʷ ʤʘʩʩʳ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʠʟ ʨʠʩ. 2, ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʦʙʨʘʟʮʦʚ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʠʭ 

ʤʘʩʩʳ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʧʨʦʮʝʩʩʘʤʠ ʜʝʩʪʨʫʢʮʠʠ ʤʘʪʝʨʠʘʣʘ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʥʝʢʦʪʦʨʘʷ ʯʘʩʪʴ ʤʘʢʨʦʤʦʣʝʢʫʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʨʫʰʘʝʪʩʷ ʠ ʫʤʝʥʴʰʘʝʪʩʷ 

ʠʭ ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʥʘʩʪʦʣʴʢʦ, ʯʪʦ ʫʣʝʪʫʯʠʚʘʝʪʩʷ ʚ ʚʠʜʝ ʛʘʟʦʦʙʨʘʟʥʳʭ 

ʧʨʦʜʫʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʉʆ2 [2, 3], CH4, C2H4 [4] ʠʣʠ ʣʝʪʫʯʠʭ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʘʮʝʪʦʥ [5]. 
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

 

VIII ˏ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 107 

 
ʈʠʩ. 2 ï ʇʦʪʝʨʷ ʤʘʩʩʳ ʦʙʨʘʟʮʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʋʌ ʚʦʟʜʝʡʩʪʚʠʷ 

 

ʀʟʤʝʥʝʥʠʝ ʢʨʘʝʚʦʛʦ ʫʛʣʘ ʩʤʘʯʠʚʘʥʠʷ. ɼʣʷ ʢʦʩʚʝʥʥʦʡ ʦʮʝʥʢʠ 

ʚʣʠʷʥʠʷ ʋʌ-ʠʟʣʫʯʝʥʠʷ ʥʘ ʩʚʦʡʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ, ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʠʟʤʝʨʝʥʠʝ ʢʨʘʝʚʳʭ ʫʛʣʦʚ ʩʤʘʯʠʚʘʥʠʷ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 3, ʟʥʘʯʝʥʠʷ ʫʛʣʦʚ 

ʩʤʘʯʠʚʘʥʠʷ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʙʣʫʯʝʥʠʷ 

ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʶʪʩʷ, ʪ. ʝ. ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ 

ʛʠʜʨʦʬʠʣʴʥʦʡ. ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʧʦʩʪʝʧʝʥʥʳʤ 

ʥʘʢʦʧʣʝʥʠʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʦʣʷʨʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, 

ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʬʦʪʦʜʝʩʪʨʫʢʮʠʠ, ʯʪʦ 

ʙʫʜʝʪ ʥʠʞʝ ʧʦʜʪʚʝʨʞʜʝʥʦ ʨʝʟʫʣʴʪʘʪʘʤʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʍʘʨʘʢʪʝʨ 

ʠʟʤʝʥʝʥʠʷ ʢʨʠʚʦʡ ʥʘ ʨʠʩ. 3 ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʚ ʢʘʢʦʡ-ʪʦ ʤʦʤʝʥʪ 

ʥʘʢʦʧʣʝʥʠʝ ʧʦʣʷʨʥʳʭ ʛʨʫʧʧ ʣʠʙʦ ʧʨʝʢʨʘʱʘʝʪʩʷ, ʣʠʙʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʞʘʝʪʩʷ ʩʢʦʨʦʩʪʴ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚʳʭʦʜ ʥʘ ʧʣʘʪʦ 

ʧʦʩʣʝ 6 ʯ ʦʙʣʫʯʝʥʠʷ. 

 
ʈʠʩ. 3 ï ɿʥʘʯʝʥʠʷ ʫʛʣʦʚ ʩʤʘʯʠʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʦʪ ʚʨʝʤʝʥʠ ʋʌ-ʦʙʣʫʯʝʥʠʷ 
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VIII ˏ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 108 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ. ʕʥʝʨʛʦ-ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʦʙʨʘʟʮʦʚ ʧʦʢʘʟʘʣ ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʧʦ ʤʝʨʝ 

ʫʚʝʣʠʯʝʥʠʷ ʚʨʝʤʝʥʠ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ (ʨʠʩ. 4), ʧʨʠ ʵʪʦʤ ʧʦʩʣʝ 6 ʯ ʦʧʷʪʴ ʞʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʢʦʪʦʨʘʷ ʝʝ ʩʪʘʮʠʦʥʘʨʥʦʩʪʴ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʚʨʝʤʝʥʠ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʣʝʜʫʝʪ ʜʦʧʫʩʪʠʪʴ, ʯʪʦ, ʚʦʟʤʦʞʥʦ, ʩʥʠʞʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʩʘʤʦʤ ʥʝ ʧʨʦʠʩʭʦʜʠʪ, ʘ çʥʠʟʢʠʡè ʨʝʟʫʣʴʪʘʪ ʚʳʟʚʘʥ ʣʠʰʴ 

ʪʝʤ, ʯʪʦ ʫ ʦʙʨʘʟʮʘ ʧʦʩʣʝ 24 ʯ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʙʨʘʟʮʘ, ʩ ʢʦʪʦʨʦʡ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩʯʠʪʳʚʘʥʠʝ ʜʣʷ ʘʥʘʣʠʟʘ, ʟʘʤʝʪʥʦ 

ʩʥʠʟʠʣʘʩʴ ʠʟ-ʟʘ ʚʦʟʨʦʩʰʝʡ ʜʦʣʠ ʪʨʝʱʠʥ, ʦ ʯʝʤ ʙʫʜʝʪ ʦʙʩʫʞʜʝʥʦ ʥʠʞʝ, ʚ 

ʯʘʩʪʠ ʩʪʘʪʴʠ, ʧʦʩʚʷʱʝʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. 

 
ʈʠʩ. 4 ï ʉʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʦʪ ʚʨʝʤʝʥʠ ʋʌ-ʚʦʟʜʝʡʩʪʚʠʷ 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʥʝʨʛʦ-ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ. ʅʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʘʥʘʣʠʟʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʋʌ-ʦʙʣʫʯʝʥʠʷ ʥʝʩʦʤʥʝʥʥʦ ʷʚʣʷʝʪʩʷ 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʧʦʩʢʦʣʴʢʫ ʩ ʝʝ ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʥʝ ʪʦʣʴʢʦ 

ʬʘʢʪ ʦʢʠʩʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʦ ʠ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢʠʝ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʝ 

ʩʦʝʜʠʥʝʥʠʷ ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʝʥʠʷ. ʅʘ ʨʠʩ. 5 ʧʨʠʚʦʜʷʪʩʷ 

ʩʧʝʢʪʨʳ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʨʘʟʥʳʭ ʧʝʨʠʦʜʦʚ ʚʦʟʜʝʡʩʪʚʠʷ. ʄʦʞʥʦ ʟʘʤʝʪʠʪʴ 

ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʧʠʢʦʚ ʚ ʦʙʣʘʩʪʷʭ 1600ï1800 ʩʤ
-1
, 3000ï3400 ʩʤ

-1
 ʠ 1000ï

1300 ʩʤ
-1
. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʩʘʤʦʡ ʠʥʪʨʠʛʫʶʱʝʡ ʦʙʣʘʩʪʴʶ ʷʚʣʷʝʪʩʷ 

ʦʙʣʘʩʪʴ ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ 1600ï1800 ʩʤ
-1
. ɽʩʣʠ ʚʥʠʤʘʪʝʣʴʥʦ 

ʧʨʠʩʤʦʪʨʝʪʴʩʷ ʢ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʪʦ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʠʢ ʧʨʠ 1716 ʩʤ
-1
 

ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʩʦʩʪʘʚʥʳʤ, ʪ.ʝ. ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ, ʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ 

ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʧʠʢʦʚ. ɿʘʤʝʪʥʦ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʪʨʠ ʧʠʢʘ: 1716, 1735 ʠ 

1772 ʩʤ
-1
, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʨʦʷʚʣʝʥʠʝʤ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʢʝʪʦʥʘʭ, ʩʣʦʞʥʳʭ ʵʬʠʨʘʭ ʠ ʣʘʢʪʦʥʘʭ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [6].  
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VIII ˏ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 109 

 
ʈʠʩ. 5 ï ʀʂ-ʩʧʝʢʪʨʳ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʋʌ-ʦʙʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

 

ɼʣʷ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʭʦʜʦʤ ʵʚʦʣʶʮʠʠ ʦʙʨʘʟʫʶʱʠʭʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʙʨʘʟʮʦʚ ʩʦʝʜʠʥʝʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʚʳʯʠʩʣʝʥʠʷ ʠʥʜʝʢʩʦʚ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ, ʚ ʩʦʩʪʘʚʝ ʜʘʥʥʦʛʦ 

ʢʘʨʙʦʥʠʣʴʥʦʛʦ ʧʠʢʘ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʥʘ 

ʨʠʩ. 6 ʚ ʚʠʜʝ ʛʨʘʬʠʢʘ. 

 
ʈʠʩ. 6 ï ʂʘʨʙʦʥʠʣʴʥʳʝ ʠʥʜʝʢʩʳ ʜʣʷ ʨʘʟʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʋʌ-ʦʙʣʫʯʝʥʠʷ 

 

ʂʘʢ ʤʦʞʥʦ ʫʜʦʩʪʦʚʝʨʠʪʴʩʷ ʠʟ ʨʠʩ. 6 ʭʦʜ ʢʨʠʚʳʭ ʜʣʷ ʚʩʝʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʦʜʠʥʘʢʦʚ ï ʚ ʥʘʯʘʣʝ ʦʙʣʫʯʝʥʠʷ (0ï3 ʯ) ʠʤʝʝʪʩʷ 

ʠʥʜʫʢʮʠʦʥʥʳʭ ʧʝʨʠʦʜ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʮʝʩʩʳ ʦʙʨʘʟʦʚʘʥʠʷ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʧʨʦʠʩʭʦʜʷʪ ʥʝ ʪʘʢ ʙʳʩʪʨʦ. ɼʘʣʝʝ (3ï12 ʯ) ʥʘʙʣʶʜʘʝʪʩʷ ʙʳʩʪʨʦʝ ʧʦʚʳʰʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ. ɺ ʢʦʥʝʯʥʦʤ ʩʝʛʤʝʥʪʝ (12ï24 ʯ) ʤʦʞʥʦ 

ʟʘʤʝʪʠʪʴ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ ʩʥʠʞʘʝʪʩʷ. ʊʘʢʠʝ 

ʞʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʚʳʰʝ, ʢʦʛʜʘ ʥʘʙʣʶʜʘʣʠ ʟʘ 

ʠʟʤʝʥʝʥʠʝʤ ʫʛʣʘ ʩʤʘʯʠʚʘʥʠʷ ʠ ʥʘʢʦʧʣʝʥʠʝʤ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʧʨʠ 

ʵʣʝʤʝʥʪʥʦʤ ʘʥʘʣʠʟʝ. 
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ʉʨʘʚʥʠʚʘʷ ʢʨʠʚʳʝ ʠʟ ʨʠʩ. 6 ʤʝʞʜʫ ʩʦʙʦʡ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʥʘ 

ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʦʙʨʘʟʦʚʘʥʠʝ ʢʝʪʦʥʦʚ ʧʨʦʪʝʢʘʝʪ ʙʦʣʝʝ ʦʭʦʪʥʦ, ʩʢʦʨʦʩʪʴ ʠʭ 

ʥʘʢʦʧʣʝʥʠʷ ʙʦʣʝʝ ʚʳʩʦʢʘʷ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʢʝʪʦʥʳ ʦʙʨʘʟʫʶʪʩʷ 

ʨʘʥʴʰʝ, ʯʝʤ ʩʣʦʞʥʳʝ ʵʬʠʨʳ ʠ ʣʘʢʪʦʥʳ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ ʠ 

ʣʘʢʪʦʥʦʚ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʢʝʪʦʥʦʚ ʠ ʘʣʴʜʝʛʠʜʦʚ [5]. 

 

ʕʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ. ʕʣʝʢʪʨʦʥʥʳʝ ʩʥʠʤʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʦʙʨʘʟʮʦʚ ʜʦ ʦʙʣʫʯʝʥʠʷ ʠ ʧʦʩʣʝ ʥʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 7. 

 

 
ʈʠʩ. 7 ï ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ 

ʧʦʜ ʋʌ-ʠʟʣʫʯʝʥʠʝʤ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

 

ʀʩʭʦʜʥʳʡ ʦʙʨʘʟʝʮ ʠʤʝʝʪ ʛʣʘʜʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʙʝʟ ʚʳʨʘʞʝʥʥʳʭ 

ʠʟʲʷʥʦʚ. ʊʦ ʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʦʙʨʘʟʮʘ ʧʦʩʣʝ 1 ʯʘʩʘ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʧʦʜ 

ʋʌ-ʠʟʣʫʯʝʥʠʝʤ. ʇʦʩʣʝ 2 ʯ ʦʙʣʫʯʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ 

ʧʦʷʚʣʷʶʪʩʷ ʙʦʣʴʰʠʝ ʪʨʝʱʠʥʳ, ʢʦʪʦʨʳʝ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʩʚʷʟʘʥʳ ʩ 

ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʦʡ ʦʙʨʘʟʮʦʚ, ʧʦʩʢʦʣʴʢʫ ʦʙʨʘʟʮʳ ʜʣʷ ʧʦʤʝʱʝʥʠʷ ʚ ʢʘʤʝʨʫ 

ʤʠʢʨʦʩʢʦʧʘ ʙʳʣʠ ʚʳʨʝʟʘʥʳ ʠʟ ʢʫʩʢʦʚ ʙʦʣʴʰʝʛʦ ʨʘʟʤʝʨʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʧʦʷʚʣʝʥʠʝ ʪʨʝʱʠʥ ʧʨʠ ʨʘʟʨʝʟʘʥʠʠ ʦʙʨʘʟʮʦʚ ʷʚʣʷʝʪʩʷ ʦʯʝʚʠʜʥʳʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʪʦʛʦ, ʯʪʦ ʦʙʨʘʟʮʳ ʥʘʯʘʣʠ ʧʨʝʪʝʨʧʝʚʘʪʴ ʟʘʤʝʪʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʠ ʩʪʘʣʠ ʭʨʫʧʢʠʤʠ. ʇʦʩʣʝ 6 ʯ ʦʙʣʫʯʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʙʨʘʟʮʦʚ, ʥʘʨʷʜʫ ʩ ʙʦʣʴʰʠʤʠ ʪʨʝʱʠʥʘʤʠ, ʧʦʷʚʣʷʶʪʩʷ ʤʝʣʢʠʝ ʪʨʝʱʠʥʳ, 

ʰʠʨʠʥʘ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʝʜʠʥʠʮ ʤʠʢʨʦʤʝʪʨʦʚ. ʇʦʩʣʝ 12 ʯ 

ʦʙʣʫʯʝʥʠʷ ʤʝʣʢʠʭ ʪʨʝʱʠʥ ʩʪʘʣʦ ʟʘʤʝʪʥʦ ʙʦʣʴʰʝ ʠ ʰʠʨʠʥʘ ʥʘʠʙʦʣʴʰʠʭ ʠʟ 

ʥʠʭ ʧʨʠʤʝʨʥʦ ʨʘʚʥʘ 10 ʤʢʤ. ʂ 24 ʯ ʦʙʣʫʯʝʥʠʷ ʰʠʨʠʥʘ ʪʨʝʱʠʥ ʜʦʩʪʠʛʣʘ 

ʟʥʘʯʝʥʠʡ ʧʦʨʷʜʢʘ 20ï25 ʤʢʤ. ʌʘʢʪ ʨʘʩʰʠʨʝʥʠʷ ʪʨʝʱʠʥ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʠʥʘʤʠʢʦʡ ʧʦʪʝʨʠ ʤʘʩʩʳ ʦʙʨʘʟʮʘʤʠ ʠ, ʚʝʨʦʷʪʥʦ, ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʪʨʝʱʠʥʳ ʨʘʩʰʠʨʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ 

ʩʪʷʛʠʚʘʥʠʷ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʦ ʩʮʝʥʘʨʠʶ ʨʘʟʨʳʚʘ ʪʢʘʥʠ, ʥʦ ʠ ʟʘ ʩʯʝʪ 

ʫʣʝʪʫʯʠʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ʠʟ ʟʦʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʢʨʘʷ ʪʨʝʱʠʥʳ, 

ʥʘʧʦʜʦʙʠʝ ʵʨʦʟʠʠ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ. 
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ɿʘʢʣʶʯʝʥʠʝ 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʮʝʩʩʳ 

ʜʝʩʪʨʫʢʮʠʠ ʧʦʣʠʵʪʠʣʝʥʘ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠʤʝʶʪ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ: ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ, 

ʪ. ʥ. ʠʥʜʫʢʮʠʦʥʥʳʡ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʩʠʣʴʥʦ ʥʝ 

ʠʟʤʝʥʷʶʪʩʷ. ɺʦ ʚʪʦʨʦʤ ʧʝʨʠʦʜʝ ʧʨʦʠʩʭʦʜʷʪ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʘʢʪʠʚʥʳʤ ʦʢʠʩʣʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʟʘʨʦʞʜʝʥʠʝʤ 

ʪʨʝʱʠʥ. ɺ ʪʨʝʪʴʝʤ ʧʝʨʠʦʜʝ ʩʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʥʝʩʢʦʣʴʢʦ ʩʥʠʞʘʝʪʩʷ, ʥʦ 

ʨʘʟʚʠʪʠʝ ʪʨʝʱʠʥ ʧʨʦʜʦʣʞʘʝʪʩʷ ʠ ʤʘʪʝʨʠʘʣ ʚʩʝ ʪʘʢ ʞʝ ʧʨʦʜʦʣʞʘʝʪ 

ʧʦʜʚʝʨʛʘʪʴʩʷ ʜʝʩʪʨʫʢʮʠʠ, ʜʝʤʦʥʩʪʨʠʨʫʷ ʧʨʘʢʪʠʯʝʩʢʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʪʝʨʠ ʤʘʩʩʳ ʦʪ ʚʨʝʤʝʥʠ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ. ʉʜʝʣʘʥʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʜʝʩʪʨʫʢʮʠʷ ʤʘʪʝʨʠʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ 

ʟʦʥʝ ʪʨʝʱʠʥ. 

 

           ɹʣʘʛʦʜʘʨʥʦʩʪʠ ʠ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ 

           ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ɻʦʩʟʘʜʘʥʠʷ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʠ ʈʌ ˉ 122011100162-9, FWRS-2021-0004. 

ɺʳʨʘʞʘʝʤ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʎʝʥʪʨʫ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʌʀʎ 

ʗʅʎ ʉʆ ʈɸʅ ʟʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʥʘʫʯʥʦʤ 

ʦʙʦʨʫʜʦʚʘʥʠʠ ʎʝʥʪʨʘ (ʛʨʘʥʪ ˉ 13.ʎʂʇ.21.0016). 

ʊʘʢʞʝ ʘʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ɻɸʋ ɼʆ çʄʘʣʘʷ ɸʢʘʜʝʤʠʷ 

ʥʘʫʢ ʈʝʩʧʫʙʣʠʢʠ ʉʘʭʘ (ʗʢʫʪʠʷ)è ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʚ 

ʧʦʣʫʯʝʥʠʠ ʯʘʩʪʠ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʫʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʫʯʨʝʞʜʝʥʠʷ ʠ ʫʯʘʩʪʥʠʢʘʤ ʗʢʫʪʩʢʦʡ ʤʝʞʨʝʛʠʦʥʘʣʴʥʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ 

ʰʢʦʣʳ - 2023: ʉʝʨʛʝʝʚʦʡ ʈ., ʇʣʦʪʥʠʢʦʚʦʡ ʄ., ɼʘʚʳʜʦʚʦʡ ɽ., ʂʘʨʘʤʟʠʥʫ ʗ., 

ɸʣʝʢʩʘʥʜʨʦʚʦʡ ɸ., ʃʘʨʠʦʥʦʚʦʡ ɼ., ʄʦʭʥʘʯʝʚʩʢʦʡ ʅ. 
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ɸʥʥʦʪʘʮʠʷ 

ʇʦʢʘʟʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʧʦʢʨʳʪʠʡ, ʧʨʠʤʝʥʷʝʤʳʭ ʩ ʮʝʣʴʶ ʟʘʱʠʪʳ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʧʝʨʝʭʦʜ ʠʟ ʩʪʝʢʣʦʦʙʨʘʟʥʦʛʦ ʚ ʚʳʩʦʢʦʵʣʘʩʪʠʯʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʦʢʨʳʪʠʡ ʦʪʨʘʞʘʝʪʩʷ ʚ ʚʠʜʝ ʤʫʣʴʪʠʧʣʝʪʥʳʭ 

ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʜʫʣʷ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʪʝʨʴ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʘ ʠʟʤʝʥʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʢʣʦʧʣʘʩʪʠʢʘ ɺʇʉ-48/7781 ʩ 

ʥʘʥʝʩʝʥʥʦʡ ʩʠʩʪʝʤʦʡ ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʩʦʩʪʦʷʱʝʡ ʠʟ 
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ʬʪʦʨʧʦʣʠʫʨʠʪʘʥʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ɺʕ-69 ʠ ʵʧʦʢʩʠʜʥʦʛʦ ʛʨʫʥʪʘ ʕʇ-0215, 
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Abstract 

The possibility of dynamical mechanical analysis application for studying the 

weathering resistance of organic coatings, used for the protection of metal and 

composite constructions, is shown. The transition from glass state to high 

elasticity state for the multilayer polymer coatings is expressed by the multiple 

relaxation maximums of a loss modulus as a function of temperature. The results 

of dynamical mechanical analysis are shown for the glass fiber reinforced plastic 

VPS-48/7781 coated by a multilayer coating, composed of VE-69 fluoropolymer 

top coat and EP-0215 epoxy base coat. The coated samples were subjected to 

three years of natural weathering in seven different environments. 

Keywords:  

dynamic mechanical analysis, loss modulus, fluoropolymer coating, epoxy 

coating, glass fiber reinforced plastic, glass transition temperature, natural 

weathering, Ŭ-transition 

ɺʚʝʜʝʥʠʝ 

ʆʨʛʘʥʠʯʝʩʢʠʝ ʧʦʢʨʳʪʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ 

ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʦʜʷʪ ʢ ʠʭ ʧʦʩʪʝʧʝʥʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ. ʇʨʠ ʩʪʘʨʝʥʠʠ 

ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʠʩʭʦʜʷʪ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʧʦʢʨʳʪʠʷ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʝʜʫʪ ʢ ʩʥʠʞʝʥʠʶ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʟʘʱʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺ ʧʨʦʮʝʩʩʝ ʜʝʩʪʨʫʢʮʠʠ 

ʫʤʝʥʴʰʘʶʪʩʷ ʨʘʟʤʝʨʳ ʤʘʢʨʦʤʦʣʝʢʫʣ ʠ ʚʳʜʝʣʷʶʪʩʷ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ 

ʧʨʦʜʫʢʪʳ ʨʘʩʧʘʜʘ [1].  

ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʭ ʟʘʜʘʯ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʣʘʢʦʢʨʘʩʦʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʟʘʱʠʪʘ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʦʪ ʨʘʟʨʫʰʘʶʱʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʠʭ ʢ ʥʝʠʟʙʝʞʥʦʤʫ 

ʨʘʟʨʫʰʝʥʠʶ. ʇʦʚʝʨʭʥʦʩʪʴ ʜʝʪʘʣʝʡ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ ʠ 

ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʜʚʝʨʛʘʝʪʩʷ ʩʣʦʞʥʦʤʫ 

ʚʦʟʜʝʡʩʪʚʠʶ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ: ʬʠʟʠʯʝʩʢʠʭ, ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʧʦʢʨʳʪʠʡ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʦʢʘʟʘʪʝʣʠ. ʏʘʱʝ ʚʩʝʛʦ ʧʨʦʚʦʜʷʪ 
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ʢʦʥʪʨʦʣʴ ʜʝʢʦʨʘʪʠʚʥʳʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʆʮʝʥʠʚʘʶʪ ʙʣʝʩʢ, 

ʮʚʝʪ, ʤʝʣʝʥʠʝ, ʛʨʷʟʝʫʜʝʨʞʘʥʠʝ, ʧʨʦʚʦʜʷʪ ʦʮʝʥʢʫ ʧʨʦʯʥʦʩʪʠ ʩʮʝʧʣʝʥʠʷ 

ʧʦʢʨʳʪʠʷ ʩ ʧʦʜʣʦʞʢʦʡ, ʠʟʤʝʨʷʶʪ ʪʚʝʨʜʦʩʪʴ ʠ ʫʜʘʨʦʧʨʦʯʥʦʩʪʴ [2ï4]. ɺ 

ʧʦʢʨʳʪʠʷʭ ʠʩʩʣʝʜʫʶʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ 

ʤʝʪʦʜʘʤʠ ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ ʌʫʨʴʝ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ, 

ʢʦʥʬʦʢʘʣʴʥʦʡ ʨʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ, ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʝʡ, ʩʦʚʤʝʱʝʥʥʦʡ ʩ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʤ ʨʝʥʪʛʝʥʦʚʩʢʠʤ 

ʘʥʘʣʠʟʦʤ, ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ 

ʠʤʧʝʜʘʥʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ ʠ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ [5ï10]. ʉ ʧʦʤʦʱʴʶ ʵʪʠʭ 

ʤʝʪʦʜʦʚ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ ʚʳʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʳ ʬʦʪʦʦʢʠʩʣʝʥʠʷ, 

ʜʝʩʪʨʫʢʮʠʠ, ʛʠʜʨʦʣʠʟʘ, ʜʦʦʪʚʝʨʞʜʝʥʠʷ.  

ʆʜʥʘʢʦ, ʜʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʥʘʢʦʧʣʝʥʥʦʡ ʚʣʘʛʠ ʚ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ 

ʇʂʄ ʧʦʩʣʝ  ʧʨʦʚʝʜʝʥʠʷ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʤʝʪʦʜ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

4. ʄʝʪʦʜʠʢʘ ʠ ʤʘʪʝʨʠʘʣʳ 

4.1 ʇʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʝʢʣʦʧʣʘʩʪʠʢʘ ʤʘʨʢʠ ɺʇʉ-

48/7781 ʩ ʬʪʦʨʧʦʣʠʫʨʝʪʘʥʦʚʳʤ ʧʦʢʨʳʪʠʝʤ ʠ ʙʝʟ ʥʝʛʦ. ɼʘʥʥʳʡ ʤʘʪʝʨʠʘʣ 

ʚʳʧʦʣʥʝʥ ʥʘ ʦʩʥʦʚʝ ʨʘʩʧʣʘʚʥʦʛʦ ʵʧʦʢʩʠʜʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ ɺʉʕ-1212 ʠ 

ʩʪʝʢʣʦʪʢʘʥʠ ʬʠʨʤʳ Porcher (ʘʨʪ. 7781). ʉʪʝʢʣʦʧʣʘʩʪʠʢ ɺʇʉ-48/7781 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ ʧʨʝʜʥʘʟʥʘʯʝʥ 

ʜʣʷ ʩʨʝʜʥʝʥʘʛʨʫʞʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟʜʝʣʠʡ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ.  

4.2 ʇʦʢʨʳʪʠʝ 

ʌʪʦʨʧʦʣʠʫʨʝʪʘʥʦʚʘʷ ʵʤʘʣʴ ɺʕ-69 ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʟʘʱʠʪʳ ʧʦʣʠʤʝʨʥʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʦʡ ʟʘʱʠʪʳ 

ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʤʘʛʥʠʝʚʳʭ, ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʠ ʩʪʘʣʝʡ. ɼʘʥʥʘʷ ʵʤʘʣʴ 

ʤʦʞʝʪ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ ï60 ʜʦ +120 Áʉ. ʇʦʢʨʳʪʠʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʘʪʤʦʩʬʝʨʦʩʪʦʡʢʦʩʪʴ ʜʦ 20 ʣʝʪ, ʩʪʦʡʢʦʩʪʴ ʢ 

ʪʦʧʣʠʚʥʳʤ ʞʠʜʢʦʩʪʷʤ, ʨʘʟʣʠʯʥʳʤ ʤʘʩʣʘʤ ʠ ʛʨʠʙʦʩʪʦʡʢʦʩʪʴ [11].. 

ʕʧʦʢʩʠʜʥʳʡ ʛʨʫʥʪ ʕʇ-0215 ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʛʨʫʥʪʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʠʟ ʩʪʘʣʝʡ ʠ ʩʧʣʘʚʦʚ, ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɻʨʫʥʪ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʫʶ ʩʠʩʪʝʤʫ ʠʟ ʧʦʣʫʬʘʙʨʠʢʘʪʘ 

ʛʨʫʥʪʦʚʢʠ + ʦʪʚʝʨʜʠʪʝʣʴ ɸʉʆʊ-2. ɻʨʫʥʪ ʕʇ-0215 ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤʠ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠ ʟʘʱʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɽʛʦ ʦʪʣʠʯʘʝʪ ʩʪʦʡʢʦʩʪʴ 

ʢ ʘʛʨʝʩʩʠʚʥʳʤ ʩʨʝʜʘʤ, ʧʨʦʤʳʰʣʝʥʥʦʡ ʘʪʤʦʩʬʝʨʝ, ʪʦʧʣʠʚʦʩʪʦʡʢʦʩʪʴ, ʘ 

ʪʘʢʞʝ ʜʘʥʥʳʡ ʩʦʩʪʘʚ ʩʧʦʩʦʙʝʥ ʚʳʜʝʨʞʠʚʘʪʴ ʧʝʨʝʧʘʜʳ ʪʝʤʧʝʨʘʪʫʨ ʦʪ ï60 

ʜʦ +80 Áʉ.  
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4.3 ɼʠʥʘʤʠʯʝʩʢʠʡ ʤʝʭʘʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ɼʠʥʘʤʠʯʝʩʢʠʡ ʤʝʭʘʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʨʝʛʠʩʪʨʠʨʫʝʪ ʫʧʨʫʛʠʝ ʠ ʚʷʟʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʮʘ ʧʨʠ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʚʨʝʤʝʥʠ ʠ ʯʘʩʪʦʪʳ. ʀʩʩʣʝʜʦʚʘʥʠʝ ɼʄɸ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʧʨʠʙʦʨʝ Netzsch 242D. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʩ ʯʘʩʪʦʪʦʡ 1 ɻʮ ʚ ʨʝʞʠʤʝ 

ʪʨʸʭʪʦʯʝʯʥʦʛʦ ʠʟʛʠʙʘ ʚ ʩʨʝʜʝ ʘʨʛʦʥʘ ʚ ʫʩʣʦʚʠʷʭ ʥʝʧʨʝʨʳʚʥʦʛʦ ʥʘʛʨʝʚʘ ʩ 

ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʴʶ. ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʦʧʨʝʜʝʣʷʣʠ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʝʨʝʭʦʜ ʤʘʪʝʨʠʘʣʘ ʠʟ ʩʪʝʢʣʦʦʙʨʘʟʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʚ ʚʳʩʦʢʦʵʣʘʩʪʠʯʥʦʝ (Ŭ-ʧʝʨʝʭʦʜ). ɿʘ ʪʝʤʧʝʨʘʪʫʨʫ ʩʪʝʢʣʦʚʘʥʠʷ 

ʧʨʠʥʠʤʘʣʠ ʧʠʢ ʤʘʢʩʠʩʫʤʘ ʤʦʜʫʣʷ ʧʦʪʝʨʴ.  

4.4 ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ 

ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʇʂʄ ʩ ʧʦʢʨʳʪʠʝʤ ʠ ʙʝʟ ʥʝʛʦ 

ʧʨʦʚʦʜʠʣʠ ʚ 7 ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ: ʧʨʠʤʦʨʩʢʘʷ ʘʪʤʦʩʬʝʨʘ ʫʤʝʨʝʥʥʦ 

ʪʝʧʣʦʛʦ ʢʣʠʤʘʪʘ (ʛ. ɺʣʘʜʠʚʦʩʪʦʢ); ʧʨʠʤʦʨʩʢʘʷ ʘʪʤʦʩʬʝʨʘ ʫʤʝʨʝʥʥʦ 

ʪʝʧʣʦʛʦ ʢʣʠʤʘʪʘ ʩ ʤʷʛʢʦʡ ʟʠʤʦʡ (ʛ. ɻʝʣʝʥʜʞʠʢ); ʧʨʠʤʦʨʩʢʘʷ ʘʪʤʦʩʬʝʨʘ 

ʫʤʝʨʝʥʥʦʛʦ ʢʣʠʤʘʪʘ (ʧʦʩ. ɼʘʣʴʥʠʝ ɿʝʣʝʥʮʳ); ʩʝʣʴʩʢʘʷ ʘʪʤʦʩʬʝʨʘ 

ʫʤʝʨʝʥʥʦʛʦ ʢʣʠʤʘʪʘ (ʛ. ɿʚʝʥʠʛʦʨʦʜ); ʧʨʦʤʳʰʣʝʥʥʘʷ ʘʪʤʦʩʬʝʨʘ 

ʫʤʝʨʝʥʥʦʛʦ ʢʣʠʤʘʪʘ (ʛ. ʄʦʩʢʚʘ); ʧʨʠʤʦʨʩʢʘʷ ʘʪʤʦʩʬʝʨʘ ʪʝʧʣʦʛʦ ʚʣʘʞʥʦʛʦ 

ʢʣʠʤʘʪʘ (ʛ. ʉʦʯʠ); ʦʯʝʥʴ ʭʦʣʦʜʥʳʡ ʢʣʠʤʘʪ (ʛ. ʗʢʫʪʩʢ). ʉʨʝʜʥʠʝ 

(ʩʫʤʤʘʨʥʳʝ) ʟʥʘʯʝʥʠʷ ʦʩʥʦʚʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʥʘʪʫʨʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.  

ʅʘʪʫʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʇʂʄ ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʯʝʥʠʝ 3 ʣʝʪ. ʆʙʨʘʟʮʳ 

ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʚʝʨʪʠʢʘʣʴʥʦ ʥʘ ʦʪʢʨʳʪʳʭ ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʩʪʝʥʜʘʭ ʧʦʜ 

ʫʛʣʦʤ 45Á ʩ ʦʨʠʝʥʪʘʮʠʝʡ ʥʘ ʖʛ. 

 

 

ʊʘʙʣʠʮʘ 1  

ʉʨʝʜʥʠʝ (ʩʫʤʤʘʨʥʳʝ) ʟʥʘʯʝʥʠʷ ʦʩʥʦʚʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ  

ʥʘ ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʧʣʦʱʘʜʢʘʭ 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʣʠʤʘʪʘ 

ʉ
ʨ
ʝ
ʜ
ʥ
ʷ
ʷ
 

ʪ
ʝ
ʤ
ʧ
ʝ
ʨ
ʘ
ʪ
ʫ
ʨ
ʘ

 
ʉ
ʨ
ʝ
ʜ
ʥ
ʷ
ʷ
 

ʦ
ʪ
ʥ
ʦ
ʩ
ʠ
ʪ
ʝ
ʣ
ʴ
ʥ
ʘ

ʷ
 
ʚ
ʣ
ʘ
ʞ
ʥ
ʦ
ʩ
ʪ
ʴ
,
 

%
 

ʆ
ʩ
ʘ
ʜ
ʢ
ʠ
,
 
ʤ
ʤ

 

ʉ
ʨ
ʝ
ʜ
ʥ
ʷ
ʷ
 

ʩ
ʢ
ʦ
ʨ
ʦ
ʩ
ʪ
ʴ
 

ʚ
ʝ
ʪ
ʨ
ʘ
,
 
ʤ
/
ʩ

 
ɼ
ʦ
ʟ
ʘ
 

ʩ
ʫ
ʤ
ʤ
ʘ
ʨ
ʥ
ʦ
ʡ
 

ʩ
ʦ
ʣ
ʥ
ʝ
ʯ
ʥ
ʦ
ʡ
 

ʨ
ʘ
ʜ
ʠ
ʘ
ʮ
ʠ
ʠ
,
 

ʄ
ɼ
ʞ
/
ʤ

2
 

ɼ
ʦ
ʟ
ʘ

 ʋ
ʌ
 

ʨ
ʘ
ʜ
ʠ
ʘ
ʮ
ʠ
ʠ
 

(U
V

B
),

 

ʄ
ɼ
ʞ
/
ʤ

2
 

ʇʨʠʤʦʨʩʢʘʷ ʘʪʤʦʩʬʝʨʘ 

ʫʤʝʨʝʥʥʦ ʚʣʘʞʥʦʛʦ 
5,2 64 705 3 3253 - 
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ʢʣʠʤʘʪʘ (ʛ. ɺʣʘʜʠʚʦʩʪʦʢ) 

ʇʨʠʤʦʨʩʢʘʷ ʘʪʤʦʩʬʝʨʘ 

ʫʤʝʨʝʥʥʦ ʪʸʧʣʦʛʦ 

ʢʣʠʤʘʪʘ ʩ ʤʷʛʢʦʡ ʟʠʤʦʡ 

(ʛ. ɻʝʣʝʥʜʞʠʢ) 

15,5 70 629,2 3,2 4865 16 

ʇʨʠʤʦʨʩʢʘʷ ʘʪʤʦʩʬʝʨʘ 

ʫʤʝʨʝʥʥʦʛʦ ʢʣʠʤʘʪʘ 

(ʵʢʩʪʨʝʤʘʣʴʥʳʡ ʧʫʥʢʪ ï 

ʧʦʩ. ɼʘʣʴʥʠʝ ɿʝʣʝʥʮʳ) 

1,9 80 472,2 6,6 2519 - 

ʉʝʣʴʩʢʘʷ ʘʪʤʦʩʬʝʨʘ 

ʫʤʝʨʝʥʥʦʛʦ ʢʣʠʤʘʪʘ 

(ʛ. ɿʚʝʥʠʛʦʨʦʜ) 

5,6 78 902,8 2,1 4343 - 

ʇʨʦʤʳʰʣʝʥʥʘʷ 

ʘʪʤʦʩʬʝʨʘ ʫʤʝʨʝʥʥʦʛʦ 

ʢʣʠʤʘʪʘ (ʛ. ʄʦʩʢʚʘ) 

7,9 72 501,9 1,4 4343 15 

ʇʨʠʤʦʨʩʢʘʷ ʘʪʤʦʩʬʝʨʘ 

ʪʸʧʣʦʛʦ ʚʣʘʞʥʦʛʦ 

ʢʣʠʤʘʪʘ (ʛ. ʉʦʯʠ) 

14,9 77 1518 1,4 5112 - 

ʆʯʝʥʴ ʭʦʣʦʜʥʳʡ ʢʣʠʤʘʪ 

(ʛ. ʗʢʫʪʩʢ) 
-7,5 68 220,6 0 3516 - 

 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʦʟʠʮʠʠ ʧʣʠʪʳ ʇʂʄ ʩ ʧʦʢʨʳʪʠʝʤ ʠ ʙʝʟ ʥʝʛʦ 

ʨʘʟʨʝʟʘʣʠ ʥʘ ʦʙʨʘʟʮʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʤʝʨʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʜʘʣʴʥʝʡʰʠʭ ʠʩʧʳʪʘʥʠʡ ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʥʘʢʦʧʣʝʥʥʦʡ ʚʣʘʛʠ ʚ 

ʤʦʤʝʥʪ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ. 

 

5. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

5.1 ʉʦʜʝʨʞʘʥʠʝ ʚʣʘʛʠ ʚ ʦʙʨʘʟʮʘʭ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʚʣʘʛʠ ʚ ʇʂʄ ʧʦʩʣʝ ʥʘʪʫʨʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ʚ 

ʪʝʯʝʥʠʝ 3 ʣʝʪ ʦʙʨʘʟʮʳ ʧʦʜʚʝʨʛʘʣʠʩʴ ʩʫʰʢʝ ʜʦ ʩʪʘʙʠʣʠʟʘʮʠʠ ʤʘʩʩʳ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 1, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʚʣʘʛʠ 

ʚʦ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʇʂʄ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʟʦʥʳ ʵʢʩʧʦʟʠʮʠʠ. ʋ 

ʦʙʨʘʟʮʦʚ ʠʟ ʩʪʝʢʣʦʧʣʘʩʪʠʢʘ ɺʇʉ-48/7781 ʙʝʟ ʧʦʢʨʳʪʠʝ ʩʦʜʝʨʞʘʥʠʝ ʚʣʘʛʠ 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 1,00 %. ɽʩʣʠ ʩʪʝʢʣʦʧʣʘʩʪʠʢ ʟʘʱʠʱʝʥ ʩʠʩʪʝʤʦʡ ʃʂʇ 

ɺʕ-69+ ʛʨʫʥʪ ʕʇ-0215, ʪʦ ʝʛʦ ʚʣʘʛʦʥʘʩʳʱʝʥʠʝ ʟʘ ʪʨʠ ʛʦʜʘ ʵʢʩʧʦʟʠʮʠʠ ʚ 

ʦʪʢʨʳʪʦʤ ʢʣʠʤʘʪʝ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 0,45 %.  
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ʘ) ʙ) 

  

ʈʠʩ. 1 ï ɼʝʩʦʨʙʮʠʦʥʥʳʝ ʢʨʠʚʳʝ ʦʙʨʘʟʮʦʚ ʇʂʄ ʧʦʩʣʝ 3 ʣʝʪ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʚ ʨʘʟʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ: ʘ) 

ʩʪʝʢʣʦʧʣʘʩʪʠʢ ɺʇʉ-48/7781 + ʵʤʘʣʴ ɺʕ-69; ʙ) ʩʪʝʢʣʦʧʣʘʩʪʠʢ ɺʇʉ-48/7781 

ʙʝʟ ʟʘʱʠʪʥʦʛʦ ʧʦʢʨʳʪʠʷ 

 

ɼʣʷ ʩʪʝʢʣʦʧʣʘʩʪʠʢʘ ʙʝʟ ʟʘʱʠʪʥʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚ 

ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʚʣʘʛʠ ʚ ʦʙʨʘʟʮʘʭ ʧʦʩʣʝ ʵʢʩʧʦʟʠʮʠʠ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʝʝ ʥʠʟʢʦʡ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ ʠ ʧʨʠʚʦʜʠʪ ʢ 

ʙʦʣʴʰʠʤ ʠʟʤʝʥʝʥʠʷʤ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʢʣʦʚʘʥʠʷ 

ʧʦʩʣʝ ʥʘʪʫʨʥʦʡ ʵʢʩʧʦʟʠʮʠʠ. 

ʇʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ [16] ʧʦʢʨʳʪʠʝ  ɺʕ-69 ʠ ʛʨʫʥʪ ʕʇ-0215 

ʜʦʩʪʘʪʦʯʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʜʝʡʩʪʚʠʶ ʚʣʘʛʠ. ʆʥʠ ʩʦʨʙʠʨʫʶʪ ʜʦ 1,5ï2 % 

ʚʦʜʳ. ʇʦʵʪʦʤʫ ʧʦʩʣʝ ʩʥʷʪʠʷ ʩ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʣʘʩʪʠʥʳ 

ʩʪʝʢʣʦʧʣʘʩʪʠʢʘ ʙʳʣʠ ʨʘʟʨʝʟʘʥʳ ʥʘ ʦʙʨʘʟʮʳ ʨʘʟʤʝʨʦʤ 50ʭ10ʭ2 ʤʤ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ɼʄɸ-ʠʟʤʝʨʝʥʠʡ ʠ ʨʘʟʜʝʣʝʥʳ ʥʘ 2 ʛʨʫʧʧʳ: ʙʝʟ ʢʘʢʦʛʦ-ʣʠʙʦ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʚʣʘʛʠ ʧʦʩʣʝ ʢʣʠʤʘʪʠʯʝʩʢʦʡ 

ʵʢʩʧʦʟʠʮʠʠ, ʠ ʧʦʩʣʝ ʩʫʰʢʠ ʧʨʠ 60 Áʉ ʜʦ ʩʪʘʙʠʣʠʟʘʮʠʠ ʤʘʩʩʳ. ʂʦʣʠʯʝʩʪʚʦ 

ʜʝʩʦʨʙʠʨʦʚʘʥʥʦʡ ʚʣʘʛʠ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʚʟʚʝʰʠʚʘʥʠʝʤ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʚʝʩʘʭ. 

ɼʠʥʘʤʠʯʝʩʢʠʡ ʤʝʭʘʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʧʦʜʨʦʙʥʦ ʠʩʩʣʝʜʦʚʘʪʴ 

ʧʝʨʝʭʦʜ ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʧʦʢʨʳʪʠʷ ʠʟ ʩʪʝʢʣʦʦʙʨʘʟʥʦʛʦ ʚ 

ʚʳʩʦʢʦʵʣʘʩʪʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ (Ŭ-ʧʝʨʝʭʦʜ). ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʠʟʤʝʨʝʥʳ 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʢʨʠʚʳʝ ʤʦʜʫʣʷ ʧʦʪʝʨʴ E (T) ʩʪʝʢʣʦʧʣʘʩʪʠʢʘ ɺʇʉ-48/7781 ʩ 

ʧʦʢʨʳʪʠʝʤ ɺʕ-69 ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ 

ʧʣʘʩʪʠʬʠʮʠʨʫʶʱʝʛʦ ʚʣʠʷʥʠʷ ʚʣʘʛʠ ʦʙʨʘʟʮʳ ʙʳʣʠ ʚʳʩʫʰʝʥʳ ʧʨʠ 60 Áʉ ʜʦ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʤʘʩʩʳ. ʈʠʩʫʥʦʢ 2 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʪ 50Ñ10 ʜʦ 130Ñ10 Áʉ ʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʪ 150 

ʜʦ 210 Áʉ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʦʙʣʘʩʪʝʡ ʫ ʦʙʨʘʟʮʦʚ ʩʪʝʢʣʦʧʣʘʩʪʠʢʘ ʥʘ ʢʦʪʦʨʳʡ 

ʙʳʣʘ ʥʘʥʝʩʝʥʘ ʩʠʩʪʝʤʘ ʃʂʇ (ʵʤʘʣʴ+ʛʨʫʥʪ).  
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ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʘʥʘʣʦʛʠʯʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʩʫʰʝʥʥʳʭ ʦʙʨʘʟʮʦʚ, ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʳʭ ʙʳʣʠ ʫʜʘʣʝʥʳ ʩʣʦʠ ʵʤʘʣʠ ɺʕ-69 ʠ ʵʧʦʢʩʠʜʥʦʡ 

ʛʨʫʥʪʦʚʢʠ ʕʇ-0215. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʜʥʘ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʦʙʣʘʩʪʴ ʩ ʤʘʢʩʠʤʫʤʦʤ  ʤʦʜʫʣʷ ʧʦʪʝʨʴ ʧʨʠ 178Ñ2 Áʉ, 

ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʧʝʨʝʭʦʜʦʤ ʠʟ ʩʪʝʢʣʦʦʙʨʘʟʥʦʛʦ ʚ ʚʳʩʦʢʦʵʣʘʩʪʠʯʝʩʢʦʝ 

ʩʦʩʪʦʷʥʠʝ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʩʪʝʢʣʦʧʣʘʩʪʠʢʘ ɺʇʉ-48/7781. ʀʩʭʦʜʷ ʠʟ 

ʵʪʦʛʦ, ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʨʝʣʘʢʩʘʮʠʦʥʥʘʷ ʦʙʣʘʩʪʴ ʥʘ ʨʠʩʫʥʢʝ 2 (ʟʝʣʝʥʘʷ 

ʠ ʩʠʥʷʷ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʢʨʠʚʳʝ) ʩ ʰʠʨʦʢʠʤ ʤʘʢʩʠʤʫʤʦʤ ʤʦʜʫʣʷ ʧʦʪʝʨʴ 

E (T) ʦʙʫʩʣʦʚʣʝʥʘ ʤʦʣʝʢʫʣʷʨʥʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʃʂʇ.  

 

 

ʈʠʩ. 2 ï ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ E ʚʳʩʫʰʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ɺʇʉ-

48/7781 ʩ ʧʦʢʨʳʪʠʝʤ ɺʕ-69 ʠ ʛʨʫʥʪʦʤ ʕʇ-0215 ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ 

 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʝʪʦʜʘ ɼʄɸ ʢ ʧʨʠʩʫʪʩʪʚʠʶ ʪʦʥʢʠʭ ʩʣʦʝʚ  ʧʦʢʨʳʪʠʷ 

(15ï20 ʤʢʤ) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʢʣʦʧʣʘʩʪʠʢʘ ʦʢʘʟʘʣʘʩʴ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢʦʡ, ʯʪʦ ʫʜʘʣʦʩʴ ʦʙʥʘʨʫʞʠʪʴ ʚʢʣʘʜ ʵʧʦʢʩʠʜʥʦʡ ʛʨʫʥʪʦʚʢʠ ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʦʞʝʥʠʝ ʠ ʬʦʨʤʫ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʣʘʢʩʘʮʠʦʥʥʦʛʦ 

ʤʘʢʩʠʤʫʤʘ. 

ɼʘʥʥʳʝ ʧʦʢʘʟʘʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 2 ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʡ ʚʳʚʦʜ. 

ʐʠʨʦʢʠʡ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʠʢ ʤʦʜʫʣʷ ʧʦʪʝʨʴ ʦʙʨʘʟʮʘ ʩʪʝʢʣʦʧʣʘʩʪʠʢʘ 

ɺʇʉ-48/7781 ʩ ʵʤʘʣʴʶ ɺʕ-69 ʠ ʵʧʦʢʩʠʜʥʳʤ ʛʨʫʥʪʦʤ ʕʇ-0215 (ʟʝʣʝʥʘʷ 

ʢʨʠʚʘʷ) ʥʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʧʝʨʧʦʟʠʮʠʶ ʪʨʝʭ 

ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʤʘʢʩʠʤʫʤʦʚ: Ŭ1 ʧʨʠ 76Ñ2 Áʉ, Ŭ2 ʧʨʠ 85Ñ5 Áʉ ʠ Ŭ3 ʧʨʠ 

110Ñ10 Áʉ. ʄʘʢʩʠʤʫʤ Ŭ1 ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʧʝʨʝʭʦʜʘ ʠʟ ʩʪʝʢʣʦʦʙʨʘʟʥʦʛʦ 

ʚ ʚʳʩʦʢʦʵʣʘʩʪʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʬʪʦʨʧʦʣʠʫʨʝʪʘʥʘ ɺʕ-69 (Ŭ1-ʧʝʨʝʭʦʜʘ). 
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ɺʪʦʨʦʡ ʠ ʪʨʝʪʠʡ ʤʘʢʩʠʤʫʤʳ ʤʦʜʫʣʷ ʧʦʪʝʨʴ  ʦʙʫʩʣʦʚʣʝʥʳ ʘʥʘʣʦʛʠʯʥʳʤ 

ʧʝʨʝʭʦʜʦʤ ʠʟ ʩʪʝʢʣʦʦʙʨʘʟʥʦʛʦ ʚ ʚʳʩʦʢʦʵʣʘʩʪʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ 

ʵʧʦʢʩʠʜʥʦʛʦ ʛʨʫʥʪʘ, ʢʦʪʦʨʳʡ ʥʦʩʠʪ ʤʫʣʴʪʠʧʣʝʪʥʳʡ ʭʘʨʘʢʪʝʨ (Ŭ2-ʧʝʨʝʭʦʜ ʠ 

Ŭ3-ʧʝʨʝʭʦʜ) ʠʟ-ʟʘ ʚʦʟʤʦʞʥʦʛʦ ʤʠʢʨʦʬʘʟʦʚʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʤʘʢʨʦʤʦʣʝʢʫʣ 

ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ ʠ ʘʤʠʥʥʦʛʦ ʦʪʚʝʨʜʠʪʝʣʷ, ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʕʇ-

0215 [12]. 

ʇʦʩʣʝ 3 ʣʝʪ ʵʢʩʧʦʟʠʮʠʠ ʥʘ ʦʪʢʨʳʪʦʡ ʧʣʦʱʘʜʢʝ ʩʪʝʢʣʦʧʣʘʩʪʠʢʘ ɺʇʉ-

48/7781, ʟʘʱʠʱʝʥʥʦʛʦ ʃʂʇ, ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʠʣʠʩʴ ʧʦʣʦʞʝʥʠʝ ʠ ʬʦʨʤʘ  

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʤʘʢʩʠʤʫʤʦʚ. ʇʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʚʩʝʭ 7 ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʨʘʡʦʥʦʚ ʧʝʨʝʭʦʜʳ Ŭ1, Ŭ2, Ŭ3 ʧʨʠʦʙʨʝʣʠ ʚʠʜ ʪʨʝʭ 

ʦʪʯʝʪʣʠʚʦ ʨʘʟʜʝʣʷʶʱʠʭʩʷ ʧʠʢʦʚ ʤʦʜʫʣʷ ʧʦʪʝʨʴ E . ʅʘ ʨʠʩʫʥʢʝ 3 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ E (T)  ʚʳʩʫʰʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ɺʇʉ-48/7781 ʩ 

ʧʦʢʨʳʪʠʝʤ ɺʕ-69 ʠ ʛʨʫʥʪʦʤ ʕʇ-0215 ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ  ʠ ʧʦʩʣʝ 3 ʣʝʪ 

ʵʢʩʧʦʟʠʮʠʠ.  

 

 

ʈʠʩ. 3 ï ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ E  ʚʳʩʫʰʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʉʇ 

ɺʇʉ-48/7781 ʩ ʧʦʢʨʳʪʠʝʤ ɺʕ-69 ʠ ʛʨʫʥʪʦʚʢʦʡ ʕʇ-0215 ʚ ʠʩʭʦʜʥʦʤ 

ʩʦʩʪʦʷʥʠʠ (ʟʝʣʝʥʘʷ ʢʨʠʚʘʷ) ʠ ʧʦʩʣʝ 3 ʣʝʪ ʵʢʩʧʦʟʠʮʠʠ (ʢʨʘʩʥʘʷ ʢʨʠʚʘʷ) 

6. ɺʳʚʦʜʳ 

ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ɼʄɸ ʤʦʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʩʪʝʢʣʦʚʘʥʠʷ, 

ʤʦʜʫʣʴ ʧʦʪʝʨʴ ʩʪʝʧʝʥʴ ʩʰʠʚʢʠ ʠ ʜʨʫʛʠʝ ʧʦʢʘʟʘʪʝʣʠ ʃʂʇ. ɼʣʷ ʢʦʥʪʨʦʣʷ 

ʩʦʩʪʦʷʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʧʦʢʨʳʪʠʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʪʜʝʣʴʥʳʝ ʧʣʝʥʢʠ 

ʠʣʠ ʧʦʢʨʳʪʠʷ, ʥʘʥʝʩʝʥʥʳʝ ʥʘ ʩʣʦʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ ʠ ʧʦʣʠʤʝʨʥʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʊʦʣʱʠʥʳ 20ï50 ʤʢʤ ʫʞʝ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ 

ʚʳʷʚʣʷʪʴ ʩʚʦʡʩʪʚʘ ʧʦʢʨʳʪʠʡ.  

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʪʦʨʧʦʣʠʫʨʝʪʘʥʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ɺʕ-69 ʠ 

ʵʧʦʢʩʠʜʥʦʡ ʛʨʫʥʪʦʚʢʠ ʕʇ-0215, ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʉʇ ɺʇʉ-48/7781, ʚʳʷʚʠʣʠ 

ʨʘʟʣʠʯʠʷ ʠʭ ʪʝʤʧʝʨʘʪʫʨ ʩʪʝʢʣʦʚʘʥʠʷ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʧʦʩʣʝ 3 ʣʝʪ 
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ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʚ 7 ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ ʈʦʩʩʠʠ. ʇʦʢʘʟʘʥʘ 

ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʥʘ ʩʪʘʨʝʥʠʝ ʜʘʥʥʦʛʦ ʃʂʇ, ʚʳʷʚʣʝʥʠʷ ʧʣʘʩʪʠʬʠʮʠʨʫʱʝʛʦ ʚʣʠʷʥʠʷ ʚʣʘʛʠ ʠ 

ʜʦʦʪʚʝʨʞʜʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʜʣʠʪʝʣʴʥʦʛʦ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʄʝʪʦʜ ɼʄɸ ʧʝʨʩʧʝʢʪʠʚʝʥ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʩʪʘʨʝʥʠʷ ʇʂʄ ʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʷʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʥʬʨʘʢʨʘʩʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʜʨʫʛʠʭ ʬʠʟʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ. ʀʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ 

ʃʂʇ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʩʦʦʪʥʦʰʝʥʠʡ ʵʣʘʩʪʦʤʝʨʦʚ 

ʚ ʨʘʩʪʚʦʨʥʳʭ ʩʤʝʩʷʭ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʬʘʟʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ 

ʢʦʤʧʦʟʠʮʠʡ ʥʘ ʦʩʥʦʚʝ ʙʫʪʠʣʢʘʫʯʫʢʘ ʠ ʵʪʠʣʝʥ-ʧʨʦʧʠʣʝʥ-ʜʠʝʥʦʚʦʛʦ 

ʢʘʫʯʫʢʘ. ɺ ʨʘʙʦʪʝ ʫʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʩʦʦʪʥʦʰʝʥʠʡ ʵʣʘʩʪʦʤʝʨʦʚ ʚ ʥʝ 

ʚʫʣʢʘʥʠʟʦʚʘʥʥʳʭ ʩʤʝʩʷʭ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʬʘʟʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤʘʭ, 

ʠʟʤʝʥʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʦʟʦʥʦʩʪʦʡʢʦʩʪʴ. 

ʀʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʦʩʣʘʙʣʝʥʥʦʛʦ ʧʦʣʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʩ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʌʫʨʴʝ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʘʥʘʣʠʟʘ ʭʠʤʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦʣʠʤʝʨʦʚ. ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʩʤʝʩʝʡ 

mailto:sukhareva.kv@rea.ru
mailto:buluchevskayaan@gmail.com
mailto:niiikos007@gmail.com


ʂʣʠʤʘʪ-2023: ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʤʘʪʝʨʠʘʣʳ ʠ 

ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

 

VIII ˏ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 124 

(ʤʘʩʩʦʚʳʝ ʧʨʦʮʝʥʪʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ 100/0, 80/20, 60/40, 50/50, 40/60, 80/20 

ʠ 0/100) ʥʘ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʦʢʠʩʣʝʥʠʝ ʦʟʦʥʦʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: 

ʨʝʟʠʥʦʚʳʝ ʩʤʝʩʠ, ʵʪʠʣʝʥ-ʧʨʦʧʠʣʝʥ-ʜʠʝʥʦʚʳʡ ʢʘʫʯʫʢ, ʙʫʪʠʣʢʘʫʯʫʢ, 

ʩʪʦʡʢʦʩʪʴ ʢ ʦʟʦʥʦʚʦʤʫ ʩʪʘʨʝʥʠʶ, ʅʇɺʆ-ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

 

Abstract 

In the present study, the effect of elastomer ratios in solution-based 

mixtures on the formation of the phase structure and properties of compositions 

based on butyl rubber, chlorobutyl rubber, and ethylene-propylene-diene rubber 

was investigated. This work determined the influence of the elastomer ratios in 

uncured blends and their impact on the patterns of phase structure formation in 

multicomponent polymer systems, alterations in molecular mobility, and their 

influence on ozone resistance. Attenuated total reflectanceïFourier transform 

infrared spectroscopy was employed to analyze the chemical structure of the 

polymer surfaces. The influence of blend ratio (mass percentage ratios of 100/0, 

80/20, 60/40, 50/50, 40/60, 80/20, and 0/100) on the phase structure and surface 

ozone oxidation was studied.  

 

Keywords: 
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strength, ozone aging resistance, ATRïFTIR spectroscopy 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʨʝʟʠʥʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʛʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʨʝʟʠʥ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʫʪʝʤ 

ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʙʠʥʘʮʠʡ ʢʘʫʯʫʢʦʚ ʨʘʟʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚ ʨʷʜʝ 

ʩʣʫʯʘʝʚ ʧʦʣʫʯʘʪʴ ʠʟʜʝʣʠʝ ʩ ʙʦʣʝʝ ʮʝʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʩʚʦʡʩʪʚ: 

ʧʦʚʳʰʝʥʥʳʤ ʩʨʦʢʦʤ ʩʣʫʞʙʳ ʠ ʣʫʯʰʠʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʯʝʤ ʠʟ ʨʝʟʠʥ ʥʘ ʦʩʥʦʚʝ ʦʜʥʦʛʦ ʠʟ ʧʦʣʠʤʝʨʦʚ. ʆʜʥʘʢʦ ʤʝʭʘʥʠʯʝʩʢʠʝ, 

ʪʝʨʤʠʯʝʩʢʠʝ, ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʜʨ. ʩʚʦʡʩʪʚʘ ʩʤʝʩʠ ʵʣʘʩʪʦʤʝʨʦʚ ʩʠʣʴʥʦ 

ʟʘʚʠʩʷʪ ʦʪ ʝʝ ʩʦʩʪʦʷʥʠʷ ʩʦʚʤʝʩʪʠʤʦʩʪʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʵʣʘʩʪʦʤʝʨʥʳʭ 

ʩʤʝʩʝʡ ʠʤʝʶʪ ʨʘʟʣʠʯʠʷ ʚ ʧʦʣʷʨʥʦʩʪʠ ʠ ʥʝʥʘʩʳʱʝʥʥʦʩʪʠ. ʊʘʢʞʝ ʨʘʟʥʘʷ 

ʜʠʩʧʝʨʩʥʦʩʪʴ ʥʘʧʦʣʥʠʪʝʣʝʡ ʠ ʜʨʫʛʠʭ ʜʦʙʘʚʦʢ ʚ ʜʚʫʭ ʠʣʠ ʙʦʣʝʝ ʢʘʫʯʫʢʘʭ 

ʚʳʟʳʚʘʶʪ ʫʭʫʜʰʝʥʠʝ ʘʜʜʠʪʠʚʥʳʭ ʩʚʦʡʩʪʚ ʩʤʝʩʠ. ʇʨʠ ʩʦʩʪʘʚʣʝʥʠʠ 

ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʩʚʦʡʩʪʚʘʤ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʠʭ ʩʦʜʝʨʞʘʥʠʶ ʚ ʩʤʝʩʠ. ʇʨʠ ʵʪʦʤ ʥʝ 

ʚʩʝʛʜʘ ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ ʬʘʟʦʚʘʷ ʩʪʨʫʢʪʫʨʘ, ʬʦʨʤʠʨʫʶʱʘʷʩʷ ʥʘ ʩʪʘʜʠʠ 

ʩʤʝʰʝʥʠʷ ʧʦʣʠʤʝʨʦʚ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʨʘʟʣʠʯʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʨʝʟʠʥ, ʘ 

ʪʘʢʞʝ ʚ ʧʨʦʮʝʩʩʝ ʚʫʣʢʘʥʠʟʘʮʠʠ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʛʝʪʝʨʦʛʝʥʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʩʤʝʩʠ [1, 2]. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʪ ʥʝʛʦ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ, ʢʘʢʦʡ ʠʟ 

ʢʦʤʧʦʥʝʥʪʦʚ ʙʫʜʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʜʠʩʧʝʨʩʠʦʥʥʫʶ ʩʨʝʜʫ ʩʠʩʪʝʤʳ ʠ, 
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ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʢʘʟʳʚʘʪʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʝʝ 

ʩʚʦʡʩʪʚ. ʉʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʥʝ ʪʦʣʴʢʦ ʩʚʦʡʩʪʚʘʤʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʠʭ ʩʦʦʪʥʦʰʝʥʠʝʤ, 

ʥʦ ʠ ʬʘʟʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ ʢʦʤʧʦʟʠʮʠʠ ʠ ʤʝʞʬʘʟʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʥʘ 

ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʯʝʤ ʙʣʠʞʝ ʧʦ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ 

ʩʤʝʰʠʚʘʝʤʳʝ ʧʦʣʠʤʝʨʳ, ʪʝʤ ʙʦʣʴʰʝ ʩʝʛʤʝʥʪʘʣʴʥʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʚ 

ʤʝʞʬʘʟʥʦʤ ʩʣʦʝ ʠ ʪʝʤ ʣʫʯʰʝ ʜʠʩʧʝʨʛʠʨʫʶʪʩʷ ʯʘʩʪʠʮʳ ʧʦʣʠʤʝʨʘ ʚ 

ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ. ʅʘʭʦʞʜʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʩʤʝʩʝʚʳʭ 

ʩʠʩʪʝʤ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʦ ʣʠʰʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʫʯʝʥʠʷ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʮʝʣʦʛʦ ʨʷʜʘ ʧʦʢʘʟʘʪʝʣʝʡ: ʩʪʝʧʝʥʠ ʥʘʙʫʭʘʥʠʷ ʩʤʝʩʝʡ, 

ʟʘʱʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ ʩʪʦʡʢʦʩʪʠ ʢ ʘʛʨʝʩʩʠʚʥʳʤ, ʦʧʘʩʥʳʤ 

ʭʠʤʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʘʤ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʤʝʩʝʡ [3ï

6]. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʪʘʢʦʡ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʝ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʪʝʤ, ʯʪʦ 

ʠʟʤʝʥʝʥʠʝ ʚ ʪʫ ʠʣʠ ʠʥʫʶ ʦʙʣʘʩʪʴ ʩʦʦʪʥʦʰʝʥʠʡ ʵʣʘʩʪʦʤʝʨʦʚ, ʫʣʫʯʰʘʷ ʦʜʠʥ 

ʧʦʢʘʟʘʪʝʣʴ, ʤʦʞʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʘʪʴʩʷ ʥʘ ʜʨʫʛʦʤ ʧʦʢʘʟʘʪʝʣʝ. ʎʝʣʴʶ 

ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʩʦʦʪʥʦʰʝʥʠʝ ʵʣʘʩʪʦʤʝʨʦʚ ʚ 

ʩʤʝʩʠ, ʧʦʣʫʯʝʥʥʦʡ ʨʘʩʪʚʦʨʥʳʤ ʩʧʦʩʦʙʦʤ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʬʘʟʦʚʦʡ 

ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʮʠʡ ʥʘ ʦʩʥʦʚʝ ʙʫʪʠʣʢʘʫʯʫʢʘ (ɹʂ), 

ʭʣʦʨʙʫʪʠʣʢʘʫʯʫʢʘ (ʍɹʂ) ʠ ʵʪʠʣʝʥ-ʧʨʦʧʠʣʝʥ-ʜʠʝʥʦʚʦʛʦ ʢʘʫʯʫʢʘ (ʉʂʕʇʊ). 

 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʤʝʥʷʝʤʳʭ 

ʵʣʘʩʪʦʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

 
ʊʘʙʣʠʮʘ 1  

ʆʙʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʘʫʯʫʢʦʚ 

ʆʙʨʘʟʝʮ ɹʫʪʠʣʢʘʫʯʫʢ 
ʕʪʠʣʝʥ-ʧʨʦʧʠʣʝʥ-ʜʠʝʥʦʚʳʡ 

ʢʘʫʯʫʢ 

ʄʘʨʢʘ ɹʂ1675ʥ ʉʂʕʇʊ-40 

ʊʝʤʧʝʨʘʪʫʨʘ ʩʪʝʢʣʦʚʘʥʠʷ, Áʉ ï67 é ï70 Áʉ ï53 Áʉ 

ɺʷʟʢʦʩʪʴ ʧʦ ʄʫʥʠ  75 36ï45 

 

ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʨʝʮʝʧʪʫʨʘʭ ʵʣʘʩʪʦʤʝʨʥʳʭ ʟʘʱʠʪʥʳʭ 

ʧʦʢʨʳʪʠʡ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʘʨʦʤʘʪʠʯʝʩʢʠʡ ʨʘʩʪʚʦʨʠʪʝʣʴ ʪʦʣʫʦʣ. 

ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʨʘʩʪʚʦʨʦʚ ʢʘʫʯʫʢʦʚ ʠ ʵʣʘʩʪʦʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʩ 

ʧʦʤʦʱʴʶ ʤʘʛʥʠʪʥʳʭ ʠ ʚʝʨʭʥʝʧʨʠʚʦʜʥʳʭ ʤʝʰʘʣʦʢ. ʈʘʩʪʚʦʨʝʥʠʝ ʢʘʫʯʫʢʦʚ 

ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʧʝʨʝʰʠʚʘʥʠʠ ʩ ʧʦʤʦʱʴʶ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʠ. ʉʤʝʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʨʘʩʪʚʦʨʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʚʝʨʭʥʝʧʨʠʚʦʜʥʦʡ ʧʦʛʨʫʞʥʦʡ 

ʤʝʰʘʣʢʘ LABʊɽʍ OS-20LT. 
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ɸʥʘʣʠʟ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ 

ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʌʫʨʴʝ ʩ ʧʦʤʦʱʴʶ ʀʂ-

ʌʫʨʴʝ ʤʠʢʨʦʩʢʦʧʘ ʩʨʝʜʥʝʡ ʦʙʣʘʩʪʠ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʩʧʝʢʪʨʘ Lumos Bruker 

(ɻʝʨʤʘʥʠʷ). ʉʧʝʢʪʨʳ ʩʥʠʤʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ (22Ñ2) Áʉ ʚ ʜʠʘʧʘʟʦʥʝ 

ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ 4600ï650 ʩʤ
-1
 ʤʝʪʦʜʦʤ ʥʘʨʫʰʝʥʥʦʛʦ ʧʦʣʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ 

ʦʪʨʘʞʝʥʠʷ (ʅʇɺʆ) ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʣʤʘʟʥʦʛʦ ʢʨʠʩʪʘʣʣʘ (ATR Platinum 

Diamond). ʆʙʨʘʙʦʪʢʘ ʩʧʝʢʪʨʦʚ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ Bruker OPUS. 
 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʚʦʧʨʦʩ ʚʣʠʷʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʧʦʩʦʙʘ ʩʤʝʰʝʥʠʷ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʵʣʘʩʪʦʤʝʨʦʚ ʚ ʩʤʝʩʠ ʠ ʠʭ ʚʣʠʷʥʠʷ ʥʘ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʘʟʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ 

ʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤ, ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʦʮʝʩʩʘʭ ʤʦʣʝʢʫʣʷʨʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʚ 

ʥʠʭ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʚʣʠʷʥʠʷ ʥʘ ʦʟʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤ.  

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʧʝʢʪʨʘʭ ʅʇɺʆ ʦʪʨʘʞʝʥʳ ʩʪʨʫʢʪʫʨʘ ʠ ʩʦʩʪʘʚ 

ʪʦʥʢʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʠ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʣʘʩʪʠ ʧʣʝʥʦʢ ʩʤʝʩʠ 

ʵʣʘʩʪʦʤʝʨʦʚ (1ï2 ʤʢ). ʉʪʨʫʢʪʫʨʘ ʠ ʩʦʩʪʘʚ ʚ ʦʙʲʝʤʝ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʨʘʟʣʠʯʘʪʴʩʷ ʚʩʣʝʜʩʪʚʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʣʠʙʦ ʜʨʫʛʠʭ ʵʬʬʝʢʪʦʚ. ɺ ʚʠʜʫ 

ʪʦʛʦ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʝʥʢʠ ʤʦʞʝʪ ʙʳʪʴ ʥʝʦʜʥʦʨʦʜʥʘ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ 

ʩʦʩʪʘʚʫ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʧʣʝʥʢʠ ʠʟʤʝʨʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʢʘʢ ʤʠʥʠʤʫʤ 

ʪʨʠ ʨʘʟʘ ʚ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʘʭ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʩʨʝʜʥʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʀʟʤʝʨʝʥʥʳʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʠʢʦʚ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ ʵʪʦʤ ʨʘʟʣʠʯʘʣʠʩʴ 

ʤʝʥʝʝ ʯʝʤ ʥʘ 0.5 %. ʀʂ-ʅʇɺʆ ʩʧʝʢʪʨʳ ʦʙʨʘʟʮʦʚ ʩʤʝʩʝʡ ɹʂ/ʉʂʕʇʊ ʜʦ ʠ 

ʧʦʩʣʝ ʦʟʦʥʠʨʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 1ï4.  

  

ʈʠʩ. 1 ï ʉʧʝʢʪʨʳ ʀʂ-ʅʇɺʆ ʩʤʝʩʝʡ ʵʣʘʩʪʦʤʝʨʦʚ ɹʂ/ʉʂʕʇʊ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ʵʣʘʩʪʦʤʝʨʦʚ ʚ ʩʤʝʩʠ: 100/0; 80/20; 60/40; 50/50; 40/60; 20/80;0/100 ʚ ʦʙʣʘʩʪʠ 3200ï

2700 ʩʤ
-1 
ʜʦ ʦʟʦʥʠʨʦʚʘʥʠʷ (ʩʣʝʚʘ) ʠ ʧʦʩʣʝ ʦʟʦʥʠʨʦʚʘʥʠʷ (ʩʧʨʘʚʘ) 



ʂʣʠʤʘʪ-2023: ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʤʘʪʝʨʠʘʣʳ ʠ 

ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

 

VIII ˏ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 127 

  

ʈʠʩ. 2 ï ʉʧʝʢʪʨʳ ʀʂ-ʅʇɺʆ ʩʤʝʩʝʡ ʵʣʘʩʪʦʤʝʨʦʚ ɹʂ/ʉʂʕʇʊ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ʵʣʘʩʪʦʤʝʨʦʚ ʚ ʩʤʝʩʠ: 100/0; 80/20; 60/40; 50/50; 40/60; 20/80;0/100 ʚ ʦʙʣʘʩʪʠ 2000ï

800 ʩʤ
-1 
ʜʦ ʦʟʦʥʠʨʦʚʘʥʠʷ (ʩʣʝʚʘ) ʠ ʧʦʩʣʝ ʦʟʦʥʠʨʦʚʘʥʠʷ (ʩʧʨʘʚʘ) 

 

ɸʥʘʣʠʟ ʩʧʝʢʪʨʘ ʠʩʭʦʜʥʦʛʦ ʙʫʪʠʣʢʘʫʯʫʢʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʦʙʣʘʩʪʠ 

ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 2978, 2949, 

2916, 2892 ʠ 2848 ʩʤ
-1
, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʘʩʠʤʤʝʪʨʠʯʥʳʤ ʠ ʩʠʤʤʝʪʨʠʯʥʳʤ 

ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʉ-H ʛʨʫʧʧ ʉH2 ʠ ʉH3 ʙʫʪʠʣʢʘʫʯʫʢʘ. ɺ ʦʙʣʘʩʪʠ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 1600ï800 ʩʤ
-1 
ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʦʣʦʩʘ 

ʧʦʛʣʦʱʝʥʠʷ 1470 ʩʤ
-1
, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʘʩʩʠʤʝʪʨʠʯʥʳʤ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ 

ʢʦʣʝʙʘʥʠʷʤ ʉH3 ʛʨʫʧʧʳ ʠ ʜʚʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʥʘ 1388 ʠ 1363 ʩʤ
-1
,
 

ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʩʠʤʤʝʪʨʠʯʥʳʤ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʉH3. ɺ 

ʩʧʝʢʪʨʝ ʠʩʭʦʜʥʦʛʦ ʦʙʨʘʟʮʘ ʉʂʕʇʊ ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʥʘ 

2951, 2921 ʠ 2851 ʩʤ
-1
, ʧʨʠ ʵʪʦʤ ʧʠʢʠ ʙʦʣʝʝ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʝ ʠ ʩʜʚʠʥʫʪʳ 

ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɹʂ.  ɺ ʦʙʣʘʩʪʠ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 1600-800 ʩʤ
-1 
ʚ ʦʙʨʘʟʮʘʭ ɹʂ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʥʘ 1470, 1388, 1363, 1229, 951, 922 ʩʤ
-1
.  

ʇʨʠ ʘʥʘʣʠʟʝ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʚʩʝʭ ʩʤʝʩʝʚʳʭ ʢʦʤʧʦʟʠʮʠʡ 

ɹʂ/ʉʂʕʇʊ ʚ ʦʙʣʘʩʪʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 1600ï800 ʩʤ
-1
 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʩ 1470 ʩʤ
-1
 ʜʣʷ ʯʠʩʪʦʛʦ ɹʂ ʥʘ 

ʙʦʣʝʝ ʥʠʟʢʦʯʘʩʪʦʪʥʫʶ ʧʦʣʦʩʫ 1462 ʩʤ
-1
, ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ ʠʩʭʦʜʥʦʛʦ 

ʦʙʨʘʟʘ ʉʂʕʇʊ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʩʤʝʩʴ 20 % ʉʂʕʇʊ. ʇʨʠ ʘʥʘʣʠʟʝ ʜʫʙʣʝʪʘ 

ʥʘ 1388ï1363 ʩʤ
-1
 ʥʘʙʣʶʜʘʝʪʩʷ ʝʛʦ ʧʣʘʥʦʤʝʨʥʦʝ ʩʫʞʝʥʠʝ ʚ ʝʜʠʥʠʯʥʳʡ ʧʠʢ 

ʥʘ ʧʦʣʦʩʝ ʧʦʛʣʦʱʝʥʠʷ 1378 ʩʤ
-1 
ʚ ʩʤʝʩʠ ʉʂʕʇʊ/ɹʂ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ 

ʉʂʕʇʊ ʙʦʣʝʝ 40 %. ɺ ʀʂ-ʩʧʝʢʪʨʝ ʩʤʝʩʠ ʉʂʕʇʊ/ɹʂ 20/80 ʠ ʉʂʕʇʊ/ɹʂ 

40/60 ʚ ʦʙʣʘʩʪʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʝʱʝ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ ʦʙʦʠʭ ʧʦʣʠʤʝʨʦʚ (1363, 1229, 951, 922 ʩʤ
-1
). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ 

ʩʨʘʚʥʝʥʠʠ ʩʧʝʢʪʨʦʚ ʩʤʝʩʝʚʳʭ ʢʦʤʧʦʟʠʮʠʡ ʩʦ ʩʧʝʢʪʨʘʤʠ ʠʩʭʦʜʥʳʭ ʢʘʫʯʫʢʦʚ 

ɹʂ ʠ ʉʂʕʇʊ ʫʞʝ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʚ ʩʤʝʩʠ 20% ʉʂʕʇʊ ʥʘʯʠʥʘʝʪʩʷ ʧʨʦʮʝʩʩ 

ʦʙʨʘʱʝʥʠʷ ʬʘʟ ʚ ʩʠʩʪʝʤʝ (ʩʤʝʱʝʥʠʝ ʜʣʠʥ ʚʦʣʥ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ) 



ʂʣʠʤʘʪ-2023: ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʤʘʪʝʨʠʘʣʳ ʠ 

ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

 

VIII ˏ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 128 

ʉʧʝʢʪʨʘʣʴʥʘʷ ʢʘʨʪʠʥʘ, ʫʢʘʟʳʚʘʶʱʘʷ ʥʘ ʪʦ, ʯʪʦ ʦʙʨʘʱʝʥʠʝ ʬʘʟ ʟʘʚʝʨʰʝʥʦ ʠ 

ʥʝʧʨʝʨʳʚʥʘʷ ʬʘʟʘ ʚ ʩʤʝʩʷʭ ʉʂʕʇʊ/ɹʂ ʬʦʨʤʠʨʫʝʪʩʷ ʉʂʕʇʊ, ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʉʂʕʇʊ ʚ ʩʤʝʩʠ ʦʪ 40 %. 

ʆʙʨʘʟʮʳ ʠʩʭʦʜʥʳʭ ʢʘʫʯʫʢʦʚ ɹʂ ʠ ʉʂʕʇʊ, ʘ ʪʘʢʞʝ ʩʤʝʩʝʡ 

ʵʣʘʩʪʦʤʝʨʦʚ ɹʂ/ʉʂʕʇʊ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʵʣʘʩʪʦʤʝʨʦʚ ʚ ʩʤʝʩʠ 

ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʩʪʘʜʠʠ  ʛʣʫʙʦʢʦʛʦ ʦʟʦʥʠʨʦʚʘʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʧʣʝʥʦʢ 

ʩʤʝʩʝʡ ʚ ʥʝʥʘʧʨʷʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʫʪʝʤ ʚʳʜʝʨʞʢʠ ʚ ʵʢʩʠʢʘʪʦʨʝ, ʚ 

ʢʦʪʦʨʳʡ ʧʦʜʘʚʘʣʩʷ ʧʦʪʦʢ ʦʟʦʥʦ-ʢʠʩʣʦʨʦʜʥʦʡ ʩʤʝʩʠ ʠʟ ʦʟʦʥʘʪʦʨʘ 

(CO3 = 0,03 ʤʤʦʣʴ/ʣ, ʚʨʝʤʷ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ = 48 ʯ, ʧʦʪʦʢ ʦʟʦʥʘ 65 ʣ/ʯ).  

 

  

ʈʠʩ. 3 ï ʉʧʝʢʪʨʳ ʀʂ-ʅʇɺʆ ʩʤʝʩʝʡ ʵʣʘʩʪʦʤʝʨʦʚ ɹʂ/ʉʂʕʇʊ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ʵʣʘʩʪʦʤʝʨʦʚ ʚ ʩʤʝʩʠ: 100/0; 80/20; 60/40; 50/50; 40/60; 20/80;0/100 ʚ ʦʙʣʘʩʪʠ 3200ï

2700 ʩʤ
-1 
ʜʦ ʦʟʦʥʠʨʦʚʘʥʠʷ (ʩʣʝʚʘ) ʠ ʧʦʩʣʝ ʦʟʦʥʠʨʦʚʘʥʠʷ (ʩʧʨʘʚʘ) 

 

  

ʈʠʩ. 4 ï ʉʧʝʢʪʨʳ ʀʂ-ʅʇɺʆ ʩʤʝʩʝʡ ʵʣʘʩʪʦʤʝʨʦʚ ɹʂ/ʉʂʕʇʊ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ʵʣʘʩʪʦʤʝʨʦʚ ʚ ʩʤʝʩʠ: 100/0; 80/20; 60/40; 50/50; 40/60; 20/80;0/100 ʚ ʦʙʣʘʩʪʠ 2000ï

800 ʩʤ
-1 
ʜʦ ʦʟʦʥʠʨʦʚʘʥʠʷ (ʩʣʝʚʘ) ʠ ʧʦʩʣʝ ʦʟʦʥʠʨʦʚʘʥʠʷ (ʩʧʨʘʚʘ) 
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

 

VIII ˏ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 129 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʀʂ-ʅʇɺʆ ʚ ʦʙʣʘʩʪʠ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʩʧʝʢʪʨʦʚ ʩʤʝʩʝʡ ɹʂ/ʉʂʕʇʊ ʜʦ ʠ ʧʦʩʣʝ ʩʪʘʜʠʠ ʛʣʫʙʦʢʦ ʦʟʦʥʠʨʦʚʘʥʠʷ 

ʚʳʷʚʠʣ ʩʣʝʜʫʶʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ: ʜʦ ʦʟʦʥʠʨʦʚʘʥʠʷ ʘʥʘʣʠʟ ʦʙʣʘʩʪʠ 

ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʫʢʘʟʳʚʘʣ ʥʘ ʪʦ, ʯʪʦ ʜʠʩʧʝʨʩʠʦʥʥʘʷ ʩʨʝʜʘ ʚ ʩʤʝʩʷʭ 

ʉʂʕʇʊ/ɹʂ ʢʘʢ ʤʠʥʠʤʫʤ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʬʦʨʤʠʨʫʝʪʩʷ ʬʘʟʦʡ 

ʉʂʕʇʊ ʫʞʝ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʧʦʩʣʝʜʥʝʛʦ ʚ ʢʦʣʠʯʝʩʪʚʝ 20%, ʦʜʥʘʢʦ ʧʦʩʣʝ 

ʩʪʘʜʠʠ ʦʟʦʥʠʨʦʚʘʥʠʷ ʚʝʨʦʷʪʥʦ ʚ ʩʣʝʜʩʪʚʠʝ ʜʝʩʪʨʫʢʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʣʝʥʦʢ ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʚʝʨʩʠʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ. ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʝʥʢʠ ʩʦʩʪʦʠʪ ʠʟ ɹʂ, ʢʦʪʦʨʳʡ ʚʝʨʦʷʪʥʦ ʤʝʥʴʰʝ 

ʜʝʩʪʨʫʢʪʠʨʫʝʪ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʦʟʦʥʘ ʯʝʤ ʉʂʕʇʊ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ 

ʛʣʫʙʦʢʦʡ ʦʟʦʥʥʦʡ ʜʝʩʪʨʫʢʮʠʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʥʘʙʣʶʜʘʝʪʩʷ ʜʝʩʪʨʫʢʮʠʠ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʬʘʟʳ ʉʂʕʇʊ, ʩʦʧʨʦʚʦʞʜʘʶʱʘʷʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʬʨʘʢʮʠʡ, ʩʧʦʩʦʙʥʳʭ ʢ ʜʠʬʬʫʟʠʠ ʚ 

ʤʝʞʬʘʟʥʦʡ ʩʣʦʡ. ʇʨʦʜʫʢʪʳ ʜʝʩʪʨʫʢʮʠʠ ʜʠʬʬʫʥʜʠʨʫʝʪ ʚ ʤʝʞʬʘʟʥʳʡ ʩʣʦʡ, 

ʦʩʚʦʙʦʞʜʘʷ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʜʣʷ ɹʂ.  ɸʥʘʣʠʟ ʀʂ-ʩʧʝʢʪʨʦʚ ʩʤʝʩʝʡ 

ʉʂʕʇʊ/ɹʂ ʧʦʩʣʝ ʩʪʘʜʠʠ ʦʟʦʥʠʨʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ 1600-800 ʩʤ
-1
 ʚʳʷʚʠʣ  

ʪʘʢʞʝ ʩʣʝʜʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʦʙʨʘʟʮʦʚ: ʫ ʚʩʝʭ 

ʦʙʨʘʟʮʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʧʦʣʦʩʝ 

ʧʦʛʣʦʱʝʥʠʷ 1707 ʩʤ
-1
, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʝʡ ʛʨʫʧʧʝ 

ʉ=ʆ. ɸʥʘʣʠʟ ʦʪʥʦʰʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʧʣʦʪʥʦʩʪʝʡ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ 1707 

ʩʤ
-1
 ʠ 2923 ʩʤ

-1
 ʚʳʷʚʠʣ ʧʝʨʝʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʩʦʩʪʘʚʫ 

ʩʤʝʩʠ ʩ 20 % ɹʂ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʦʙʨʘʟʮʦʚ ʩʥʠʞʘʝʪʩʷ ʚ 3 

ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʦʙʨʘʟʮʦʤ ʉʂʕʇʊ.   ɺ ʦʙʨʘʟʮʘʭ ʉʂʕʇʊ ʠ 

ʉʂʕʇʊ/ɹʂ 80/20 ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʰʠʨʦʢʦʡ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʥʘ 

1168 ʩʤ
-1
, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʉïʆ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷ.  

 

ɿʘʢʣʶʯʝʥʠʝ 

ʂʦʤʧʣʝʢʩ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʤʝʩʠ 

ʧʦʣʠʤʝʨʦʚ ʟʘʚʠʩʠʪ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʪ ʧʨʠʨʦʜʳ ʥʝʧʨʝʨʳʚʥʦʡ ʬʘʟʳ ʚ 

ʩʚʷʟʠ ʩ ʯʝʤ ʦʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʥʝʧʨʝʨʳʚʥʦʡ ʬʘʟʳ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʚ ʘʥʘʣʠʟʝ ʬʘʟʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʩʤʝʩʠ. 

ʆʩʥʦʚʦʡ ʜʣʷ ʪʘʢʦʛʦ ʘʥʘʣʠʟʘ ʤʦʝʪ ʩʣʫʞʠʪʴ ʚ ʮʝʣʦʤ ʣʶʙʦʝ ʩʚʦʡʩʪʚʦ, 

ʟʘʤʝʪʥʦ ʟʘʚʠʩʷʱʝʝ ʦʪ ʧʨʠʨʦʜʳ ʥʝʧʨʝʨʳʚʥʦʡ ʬʘʟʳ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ 

ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ ʩʚʦʡʩʪʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʢʠʥʝʪʠʢʘ ʦʟʦʥʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʧʦ 

ʥʘʢʦʧʣʝʥʠʶ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ ʚ ʀʂ ʅʇɺʆ ʩʧʝʢʪʨʘʭ ʧʣʝʥʦʢ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʤʝʩʠ ɹʂ ʠ ʉʂʕʇʊ ʩʯʠʪʘʶʪʩʷ ʭʦʨʦʰʦ ʩʦʚʤʝʩʪʠʤʳʤʠ 

ʧʨʠ ʣʶʙʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʵʣʘʩʪʦʤʝʨʦʚ ʚ ʩʠʩʪʝʤʝ ʙʝʟ ʫʭʫʜʰʝʥʠʷ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʫʣʢʘʥʠʟʘʪʦʚ, ʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʭʦʨʦʰʝʡ 

ʩʦʚʫʣʢʘʥʠʟʘʮʠʝʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʚʫʣʢʘʥʠʟʘʮʠʠ, 

ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʦʙʣʘʩʪʠ ʦʙʨʘʱʝʥʠʷ ʬʘʟ ʵʢʩʪʨʝʤʫʤʘ ʧʘʜʝʥʠʷ 

ʢʦʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʩʪʦʡʢʦʩʪʠ ʢ ʦʟʦʥʥʦʡ ʜʝʩʪʨʫʢʮʠʠ. 

ʋʩʪʘʥʦʚʣʝʥʳ ʩʦʦʪʥʦʰʝʥʠʷ ʢʘʫʯʫʢʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʝʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʪʦʡʢʦʩʪʴ ʢ ʦʟʦʥʥʦʡ ʜʝʩʪʨʫʢʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚ ʩʤʝʩʠ 
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ʉʂʕʇʊ ʠ ɹʂ, ʢʘʢ ʠ ʚʦ ʚʩʷʢʦʡ ʢʦʣʣʦʠʜʥʦʡ ʩʠʩʪʝʤʝ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʱʝʥʠʝ ʬʘʟ.  ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʤʦʨʬʦʣʦʛʠʷ ʠ ʬʘʟʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʙʠʥʘʨʥʳʭ ʵʣʘʩʪʦʤʝʨʥʳʭ 

ʩʠʩʪʝʤʘʭ ʟʥʘʯʠʪʝʣʴʥʦ ʩʚʷʟʘʥʥʳ ʩ ʧʨʦʮʝʩʩʦʤ ʩʤʝʰʝʥʠʷ ʠ ʠʩʭʦʜʥʦʡ 

ʚʷʟʢʦʩʪʴʶ ʬʘʟ ʠ ʚ ʠʪʦʛʝ ʦʧʨʝʜʝʣʷʶʪ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʙʠʥʘʨʥʳʭ ʩʤʝʩʝʡ ʧʦʣʠʤʝʨʦʚ. ɺ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʉʂʕʇʊ ʠ ɹʂ ʤʘʣʦ 

ʦʪʣʠʯʘʶʪʩʷ ʚ ʟʥʘʯʝʥʠʷʭ ʧʦʣʷʨʥʦʩʪʠ, ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʠʭ ʬʘʟ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʤʝʞʬʘʟʥʦʝ ʥʘʪʷʞʝʥʠʝ. 

 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʌɻɹʆʋ ɺʆ çʈʕʋ ʠʤ. 

ɻ.ɺ. ʇʣʝʭʘʥʦʚʘè. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʮʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʌɻɹʆʋ ɺʆ çʈʕʋ ʠʤ. ɻ.ɺ. ʇʣʝʭʘʥʦʚʘè.  
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ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʘʚʠʘʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚè 

ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè 

(ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè - ɺʀɸʄ), ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
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ɸʥʥʦʪʘʮʠʷ 

ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ 14 

ʤʘʨʦʢ ʘʚʠʘʮʠʦʥʥʳʭ ʩʪʝʢʣʦʧʣʘʩʪʠʢʦʚ ʠ ʫʛʣʝʧʣʘʩʪʠʢʦʚ ʧʨʠ ʵʢʩʧʦʥʠʨʦʚʘʥʠʠ 

ʦʙʨʘʟʮʦʚ ʥʘ ʦʪʢʨʳʪʳʭ ʩʪʝʥʜʘʭ ʚ ʫʩʣʦʚʠʷʭ ʫʤʝʨʝʥʥʦ ʪʝʧʣʦʛʦ ʢʣʠʤʘʪʘ. ʅʘ 

ʚʨʝʤʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʷʭ ʤʘʩʩʳ ʦʙʥʘʨʫʞʝʥʳ ʣʦʢʘʣʴʥʳʝ ʤʠʥʠʤʫʤʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʣʝʪʥʠʤ ʤʝʩʷʮʘʤ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʳʭ ʜʦʤʠʥʠʨʫʝʪ 

ʜʝʩʦʨʙʮʠʷ ʚʣʘʛʠ ʠʟ ʦʙʲʝʤʘ ʦʙʨʘʟʮʦʚ. ɺ ʟʠʤʥʠʝ ʤʝʩʷʮʳ ʤʘʩʩʘ ʥʘʨʘʩʪʘʝʪ. ʅʘ 

ʵʪʠ ʩʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʳ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʩʫʪʦʯʥʳʝ ʩʢʘʯʢʠ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʨʦʩʘʤʠ ʠ ʜʦʞʜʷʤʠ, ʠ ʧʘʜʝʥʠʷ ʤʘʩʩʳ, ʚʳʟʚʘʥʥʳʝ 

ʜʝʩʦʨʙʮʠʝʡ ʚʣʘʛʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʣʥʝʯʥʳʭ ʥʘʛʨʝʚʦʚ. ʈʘʩʩʤʦʪʨʝʥʦ 

ʚʣʠʷʥʠʝ ʘʨʤʠʨʫʶʱʠʭ ʥʘʧʦʣʥʠʪʝʣʝʡ, ʭʠʤʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʠ 

ʥʘʥʦʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʩʚʷʟʫʶʱʠʭ, ʥʘʥʝʩʝʥʠʷ ʟʘʱʠʪʥʦʛʦ 

ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʥʘ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ʠ ʩʨʝʜʥʶʶ ʚʝʣʠʯʠʥʫ 

ʩʢʘʯʢʦʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: 

ʩʪʝʢʣʦʧʣʘʩʪʠʢ, ʫʛʣʝʧʣʘʩʪʠʢ, ʢʣʠʤʘʪʠʯʝʩʢʦʝ ʩʪʘʨʝʥʠʝ, 

ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ, ʩʝʟʦʥʥʦʩʪʴ, ʩʫʪʦʯʥʳʝ ʩʢʘʯʢʠ, ʩʦʨʙʮʠʷ, ʣʘʢʦʢʨʘʩʦʯʥʦʝ 

ʧʦʢʨʳʪʠʝ, ʥʘʥʦʤʦʜʠʬʠʢʘʪʦʨ. 
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Abstract 

The effect of weather conditions on the moisture content of 14 grades of 

aviation fiberglass and carbon fiber reinforced plastics was studied when 

samples were exposed on open stands in a moderately warm climate. On the 

time dependences of the mass, local minima were found corresponding to the 

summer months, during which moisture desorption from the volume of the 

samples dominates. In the winter months, the mass increases. These seasonal 

changes in mass are superimposed by diurnal jumps due to dews and rains, and 

mass drops caused by desorption of moisture under the influence of solar 

heating. The influence of reinforcing fillers, chemical structure and 

nanomodification of polymeric binders, application of a protective paint and 

varnish coating, on the moisture content and the average value of the jumps of 

the studied materials is considered. 

Keywords 

GFRP, CFRP, climatic aging, moisture content, seasonality, sorption, 

paint coating, nanomodifier. 

 

ɺʚʝʜʝʥʠʝ 

ʉʪʝʢʣʦʧʣʘʩʪʠʢʠ, ʫʛʣʝʧʣʘʩʪʠʢʠ, ʦʨʛʘʥʦʧʣʘʩʪʠʢʠ ʠ ʜʨʫʛʠʝ 

ʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʇʂʄ) ʥʘ ʦʩʥʦʚʝ 

ʪʝʨʤʦʨʝʘʢʪʠʚʥʳʭ ʩʚʷʟʫʶʱʠʭ [1], ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʝ, 

ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ. ɼʣʷ ʵʪʦʛʦ ʦʥʠ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʘʛʨʝʩʩʠʚʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ 

[2] ʠʣʠ ʦʪʢʨʳʪʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ [3ï6] ʩ ʦʙʷʟʘʪʝʣʴʥʳʤ 

ʢʦʥʪʨʦʣʝʤ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʦʭʨʘʥʷʝʤʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ kR = Rt/R0, ʛʜʝ Rt ï ʧʨʝʜʝʣʳ ʧʨʦʯʥʦʩʪʠ ʠ ʤʦʜʫʣʠ ʫʧʨʫʛʦʩʪʠ ʧʨʠ 

ʨʘʩʪʷʞʝʥʠʠ (ůt, Et), ʩʞʘʪʠʠ (ůc, Ec), ʠʟʛʠʙʝ (ůb, Eb), ʤʝʞʩʣʦʡʥʦʤ ʩʜʚʠʛʝ (ůS, 

G), ʠʟʤʝʨʝʥʥʳʝ ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ ʠʩʧʳʪʘʥʠʡ; R0 ï ʠʩʭʦʜʥʳʝ ʟʥʘʯʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ [7]. 

ʊʝʤʧʝʨʘʪʫʨʥʦ-ʚʣʘʞʥʦʩʪʥʦʡ ʨʝʞʠʤ (ʩʫʪʦʯʥʳʝ ʠ ʩʝʟʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ) ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʟʥʘʯʠʤʳʤ ʬʘʢʪʦʨʦʤ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʢʘʟʘʪʝʣʠ Rt [3ï5]. 

ʇʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩʚʦʡʩʪʚ ʇʂʄ, ʵʢʩʧʦʥʠʨʦʚʘʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ ʫʩʪʘʥʦʚʣʝʥʦ [8, 9], ʯʪʦ ʘʪʤʦʩʬʝʨʥʘʷ ʚʣʘʛʘ 

ʧʣʘʩʪʠʬʠʮʠʨʫʝʪ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʨʠʮʳ ʇʂʄ ʠ ʘʢʪʠʚʠʨʫʝʪ 

ʠʭ ʜʦʧʦʣʠʤʝʨʠʟʘʮʠʶ ʠ ʜʝʩʪʨʫʢʮʠʶ, ʠʟʤʝʥʷʷ ʢʦʵʬʬʠʮʠʝʥʪʳ kR ʚ ʰʠʨʦʢʠʭ 

ʧʨʝʜʝʣʘʭ.  
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ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʤʥʦʛʠʭ ʘʚʪʦʨʦʚ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʚ ʇʂʄ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚʣʘʛʘ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ 

ʦʪ ʫʩʣʦʚʠʡ ʠʩʧʳʪʘʥʠʡ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʩʦʩʪʘʚʘ ʇʂʄ 

[3ï10]. ʅʘʧʨʠʤʝʨ, ʟʘ 10 ʣʝʪ ʧʨʝʙʳʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʚ ʪʨʦʧʠʢʘʭ, ʩʫʙʪʨʦʧʠʢʘʭ 

ʠ ʫʤʝʨʝʥʥʦʤ ʢʣʠʤʘʪʝ ʩʨʝʜʥʝʝ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ w ʚ ʦʨʛʘʥʦʧʣʘʩʪʠʢʘʭ 

ʩʦʩʪʘʚʠʣʦ 2,1ï2,3 %, ʘ ʚ ʫʛʣʝʧʣʘʩʪʠʢʘʭ ʦʪ 0,5 ʜʦ 1,8 % [5]. ɸʥʘʣʦʛʠʯʥʳʝ 

ʟʥʘʯʝʥʠʷ w ʚʳʷʚʣʝʥʳ ʚ ʨʘʙʦʪʘʭ [3, 4, 7ï9]. ɺ ʨʘʙʦʪʝ [10] ʨʘʩʩʤʦʪʨʝʥʦ 

ʚʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʠʩʧʳʪʘʥʠʡ ʥʘ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ʵʧʦʢʩʠʜʥʦʛʦ 

ʫʛʣʝʧʣʘʩʪʠʢʘ XAS/913. ʄʘʪʝʨʠʘʣ ʵʢʩʧʦʥʠʨʦʚʘʣʩʷ ʚ 6 ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʟʦʥʘʭ: ʇʦʨʪ-ʍʘʨʪʢʦʨʜ (ʅʠʛʝʨʠʷ), ʐʣʝʟʚʠʛ (ɻʝʨʤʘʥʠʷ), ɺʫʜʙʨʠʜʞ 

(ɸʥʛʣʠʷ), ʉʠʥʛʘʧʫʨ, ɻʫʘʤ (ʉʐɸ), ɹʘʭʨʝʡʥ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʩʨʝʜʥʝʤʝʩʷʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ʚ ʤʝʩʪʘʭ 

ʠʩʧʳʪʘʥʠʡ. ʇʦ ʧʝʨʚʦʤʫ ʟʘʢʦʥʫ ʌʠʢʘ ʦʧʨʝʜʝʣʝʥ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ 

ʚʣʘʛʠ. ʋʢʘʟʘʥʳ ʩʨʝʜʥʝʤʝʩʷʯʥʳʝ ʫʨʦʚʥʠ w, ʢʦʪʦʨʳʝ ʠʟʤʝʥʷʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ 

ʦʪ 1,2 ʜʦ 1,6 %. ʅʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʷ ɸʨʨʝʥʠʫʩʘ ʠ ʚʪʦʨʦʛʦ ʟʘʢʦʥʘ ʌʠʢʘ 

ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʩʨʝʜʥʝʤʝʩʷʯʥʦʛʦ ʫʨʦʚʥʷ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʥʘ 

ʨʘʟʣʠʯʥʦʡ ʛʣʫʙʠʥʝ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʫʩʣʦʚʠʡ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʬʣʫʢʪʫʘʮʠʠ w ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʠʟʤʝʥʷʶʪʩʷ 

ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ: ʦʪ 1,3 ʜʦ 1,9 % (ʐʣʝʟʚʠʛ) ʠʣʠ ʦʪ 0,9 ʜʦ 1,3 % 

(ɹʘʭʨʝʡʥ). ʆʪʥʦʩʠʪʝʣʴʥʫʶ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ʩʯʠʪʘʶʪ ʜʦʤʠʥʠʨʫʶʱʠʤ 

ʬʘʢʪʦʨʦʤ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʫʨʦʚʝʥʴ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ. 

ɺʣʘʛʘ, ʩʦʨʙʠʨʦʚʘʥʥʘʷ ʇʂʄ, ʫʭʫʜʰʘʝʪ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

[7ï10]. ʆʜʥʘʢʦ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʣʝʪʫʯʠʡ 

ʧʣʘʩʪʠʬʠʢʘʪʦʨ [8, 9, 11, 12], ʠ ʧʨʠ ʜʝʩʦʨʙʮʠʠ H2O ʠʟ ʦʙʲʝʤʘ ʪʝʩʪʠʨʫʝʤʳʭ 

ʦʙʨʘʟʮʦʚ ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʯʘʩʪʠʯʥʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʠʭ ʧʦʢʘʟʘʪʝʣʠ Rt. 

ʕʪʘ ʦʙʱʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʦʙʨʘʪʠʤʦʛʦ ʧʣʘʩʪʠʬʠʮʠʨʫʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʚʣʘʛʠ ʥʘ ʇʂʄ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ ʪʘʙʣ. 1. 

ʇʦʩʣʝ ʚʳʜʝʨʞʢʠ ʦʪʜʝʣʴʥʦ ʦʪʚʝʨʞʜʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ [13ï16], 

ʫʛʣʝʧʣʘʩʪʠʢʦʚ [16ï20], ʩʪʝʢʣʦʧʣʘʩʪʠʢʦʚ [14, 16, 18, 19, 21, 22], 

ʦʨʛʘʥʦʧʣʘʩʪʠʢʦʚ [9, 23] ʚ ʚʦʜʝ [13, 14, 16, 17, 23], ʚʦ ʚʣʘʞʥʦʡ ʘʪʤʦʩʬʝʨʝ 

[22], ʚ ʦʪʢʨʳʪʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ [9, 15, 18, 19, 21], ʚ ʧʦʣʝʪʘʭ 

ʩʘʤʦʣʝʪʘ [20] ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʦʭʨʘʥʷʝʤʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ kR ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʶʪʩʷ. ɼʣʷ ʦʪʜʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʟʥʘʯʝʥʠʷ kR ʩʪʘʥʦʚʷʪʩʷ ʤʝʥʝʝ 0,5 [9] ʠ ʜʘʞʝ ʜʦʩʪʠʛʘʶʪ ʟʥʘʯʝʥʠʡ 0,3-0,4 

[9, 14]. ʇʦʩʣʝ ʩʫʰʢʠ ʦʙʨʘʟʮʦʚ ʢʦʵʬʬʠʮʠʝʥʪʳ kR ʟʘʤʝʪʥʦ ʧʦʚʳʰʘʶʪʩʷ, ʪʘʢ 

ʢʘʢ ʠʩʢʣʶʯʘʝʪʩʷ ʧʣʘʩʪʠʬʠʢʘʮʠʷ ʚʣʘʛʦʡ ʧʦʣʠʤʝʨʦʚ ʠ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʨʠʮ 

ʇʂʄ. ʕʪʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʜʝʬʦʨʤʘʮʠʦʥʥʦ-

ʧʨʦʯʥʦʩʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʇʂʄ [9, 13ï18, 21], ʥʦ ʠ ʥʘ ʬʠʟʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʝ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ ʣʠʥʝʡʥʦʛʦ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ [23], ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʝʢʣʦʚʘʥʠʷ [19, 20], ʪʦʣʱʠʥʘ 

ʧʣʘʩʪʠʥʳ (ʥʘʙʫʭʘʥʠʝ) [22] (ʪʘʙʣ. 1). 
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ʇʦʵʪʦʤʫ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʠʩʧʳʪʘʥʠʡ ʇʂʄ ʘʚʠʘʮʠʦʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 

ʩʚʝʜʝʥʠʷ ʦ ʚʝʣʠʯʠʥʝ ʩʦʨʙʠʨʦʚʘʥʥʦʡ ʚʣʘʛʠ ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ, ʪʘʢ 

ʢʘʢ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʦʙʦʩʥʦʚʘʪʴ ʨʦʣʴ ʚʣʘʛʠ ʚ 

ʧʨʦʪʝʢʘʥʠʠ ʥʝʦʙʨʘʪʠʤʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʥʦ ʠ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʪʝʧʝʥʴ ʦʙʨʘʪʠʤʦʛʦ ʧʣʘʩʪʠʬʠʮʠʨʫʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

[7, 9, 11, 15ï22]. 

ɺ ʨʘʙʦʪʝ [4] ʧʨʷʤʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʚ 

ʦʪʢʨʳʪʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʩʳ ʥʘʢʘʧʣʠʚʘʶʱʠʭ 

ʚʣʘʛʫ ʦʙʨʘʟʮʦʚ ʫʛʣʝʧʣʘʩʪʠʢʘ T300-5209 ʤʘʩʢʠʨʫʝʪʩʷ ʧʦʪʝʨʷʤʠ ʤʘʩʩʳ ʠʟ-ʟʘ 

ʫʜʘʣʝʥʠʷ ʜʝʩʪʨʫʢʪʠʨʦʚʘʥʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ. ɸʚʪʦʨʳ ʨʘʙʦʪʳ [24] 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ 10-ʣʝʪʥʝʤ ʵʢʩʧʦʥʠʨʦʚʘʥʠʠ ʫʛʣʝʧʣʘʩʪʠʢʘ AS4/3501-6 ʥʘ 

5 ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʩʪʘʥʮʠʷʭ ɸʚʩʪʨʘʣʠʠ ʠ ʄʘʣʘʡʟʠʠ ʧʨʠʨʘʱʝʥʠʝ ʤʘʩʩʳ 

ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʠʣʦ ʦʢʦʣʦ 0,2 %, ʪʦʛʜʘ ʢʘʢ ʦʙʨʘʟʮʳ, ʟʘʱʠʱʝʥʥʳʝ ʦʪ 

ʩʦʣʥʝʯʥʦʛʦ ʦʙʣʫʯʝʥʠʷ, ʧʦʛʣʦʱʘʣʠ 0,7ï0,9 % H2O. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ 

ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʚʟʚʝʰʠʚʘʥʠʷʤʠ ʧʣʘʩʪʠʥ ʵʧʦʢʩʠʙʦʨʦʧʣʘʩʪʠʢʘ Textron 

5521 F/4, ʠʩʧʳʪʘʥʥʦʛʦ ʚ ʂʚʠʥʩʣʝʥʜʝ (ɸʚʩʪʨʘʣʠʷ) [25], ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, 

ʯʪʦ ʤʘʩʩʘ ʦʙʨʘʟʮʦʚ ʧʨʠ ʵʢʩʧʦʥʠʨʦʚʘʥʠʠ ʥʘ ʦʪʢʨʳʪʦʤ ʩʪʝʥʜʝ ʥʠʞʝ, ʯʝʤ ʧʨʠ 

ʠʩʧʳʪʘʥʠʷʭ ʧʦʜ ʥʘʚʝʩʦʤ. ʇʨʠʯʠʥʦʡ ʷʚʣʷʣʦʩʴ ʠʩʧʘʨʝʥʠʝ ʚʣʘʛʠ ʧʨʠ ʥʘʛʨʝʚʝ 

ʩʦʣʥʝʯʥʳʤ ʠʟʣʫʯʝʥʠʝʤ. 

       ʊʘʙʣʠʮʘ 1 

      ɺʣʠʷʥʠʝ ʩʦʨʙʠʨʦʚʘʥʥʦʡ ʚʣʘʛʠ, ʥʘʢʦʧʣʝʥʥʦʡ ʧʨʠ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ, ʥʘ ʩʚʦʡʩʪʚʘ 

      ʇʂʄ ʠ ʦʪʜʝʣʴʥʦ ʦʪʚʝʨʞʜʝʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʨʠʮ 

ʄʘʪʝʨʠʘʣ ʇʨʝʜʳʩʪʦʨʠʷ 

ʂʦʣʠʯʝ

ʩʪʚʦ 

ʩʦʨʙʠʨ

ʦʚʘʥʥʦ

ʡ ʚʦʜʳ, 

% 

ʇʦʢʘʟʘʪʝ

ʣʴ R*, 

ʝʜʠʥʠʮʘ 

ʠʟʤʝʨʝʥʠ

 ̫

ɿʥʘʯʝʥʠ

ʝ 

ʧʦʢʘʟʘʪ

ʝʣʷ 

ʚ ʠʩʭʦʜ

ʥʦʤ 

ʩʦʩʪʦʷʥ

ʠʠ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʩʦʭʨʘʥʝʥʠʷ 

ʧʦʢʘʟʘʪʝʣʷ 

Ὧ  
ʀʩʪʦʯʥʠʢ 

ɹʝʟ 

ʩʫʰ

ʢʠ 

ʇʦʩʣʝ 

ʩʫʰʢʠ 

ʕʧʦʢʩʠʜʥʳʡ 

ʧʦʣʠʤʝʨ Prime 20LV 

1000 ʯʘʩʦʚ 

ʚʳʜʝʨʞʢʠ ʚ 

ʚʦʜʝ ʧʨʠ 60ÁC 

2,8 

ůt, ʄʇʘ 120 0,83 0,90 

[13] 
Et, ɻʇʘ 3,7 0,76 0,88 

ʕʧʦʢʩʠʜʥʳʡ 

ʧʦʣʠʤʝʨ 

DGEBA/THPA 28 ʩʫʪʦʢ ʚ 

ʤʦʨʩʢʦʡ ʚʦʜʝ 

ʧʨʠ 30Á C 

0,75 

ůt, ʄʇʘ 82,0 0,33 0,91 

[14] 
ůb, ʄʇʘ 136 0,30 0,87 

ʉʪʝʢʣʦʧʣʘʩʪʠʢ ʥʘ 

ʦʩʥʦʚʝ 

DGEBA/THPA 

0,44 

ůt, ʄʇʘ 493 0,90 0,97 

ůb, ʄʇʘ 487 0,62 0,62 

ʕʧʦʢʩʠʜ ʕʪʘʣ-

247/ʕʪʘʣ-45ʄ 

5 ʤʝʩʷʮʝʚ 

ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ 

ʩʪʘʨʝʥʠʷ 

0,69 

ůt, ʄʇʘ 37,5 0,95 1,08 

[15] 

ɸʢʨʠʣʦʚʳʡ ʧʦʣʠʤʝʨ 

Elium 190 

12 ʤʝʩʷʮʝʚ ʚ 

ʤʦʨʩʢʦʡ ʚʦʜʝ 

ʧʨʠ 60ÁC 

1,9 

ůt, ʄʇʘ 55 0,83 0,97 

[16] 
Et, ʄʇʘ 3200 0,85 1,0 
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ʉʪʝʢʣʦʧʣʘʩʪʠʢ 

[Ñ45Á] ʥʘ ʦʩʥʦʚʝ 

ʘʢʨʠʣʦʚʦʛʦ 

ʧʦʣʠʤʝʨʘ Elium 190 

18 ʤʝʩʷʮʝʚ ʚ 

ʤʦʨʩʢʦʡ ʚʦʜʝ 

ʧʨʠ 60ÁC 

0,7 

ůt, ʄʇʘ 120 0,58 0,92 

Et, ʄʇʘ 8,0 0,60 0,78 

ʋʛʣʝʧʣʘʩʪʠʢ [Ñ45Á] 

ʥʘ ʦʩʥʦʚʝ 

ʘʢʨʠʣʦʚʦʛʦ 

ʧʦʣʠʤʝʨʘ Elium 190 

12 ʤʝʩʷʮʝʚ ʚ 

ʤʦʨʩʢʦʡ ʚʦʜʝ 

ʧʨʠ 60ÁC 

0,8 

ůt, ʄʇʘ 105 0,8 0,94 

Et, ɻʇʘ 9,7 0,68 0,87 

ʋʛʣʝʧʣʘʩʪʠʢ ʥʘ 

ʦʩʥʦʚʝ ERL 2256 

ɺʳʜʝʨʞʢʘ ʚ 

ʚʦʜʝ 11 ʣʝʪ ʧʨʠ 

RT  

16,0 

ůs, ʄʇʘ 79,9 0,61 0,71 

[[17] 

ʆʨʛʘʥʦʧʣʘʩʪʠʢ 

ʆʨʛʘʥʠʪ 10ʊ 

8 ʣʝʪ 

ʵʢʩʧʦʟʠʮʠʠ ʚ 

ʪʝʧʣʦʤ 

ʚʣʘʞʥʦʤ 

ʢʣʠʤʘʪʝ 

4,3 

ůt, ʄʇʘ 740 0,85 0,92 

[9] 

ůb, ʄʇʘ 470 0,87 0,96 

ʆʨʛʘʥʦʧʣʘʩʪʠʢ 

ʆʨʛʘʥʠʪ 11ʊ 

4 ʛʦʜʘ 

ʵʢʩʧʦʟʠʮʠʠ ʚ 

ʪʝʧʣʦʤ 

ʚʣʘʞʥʦʤ 

ʢʣʠʤʘʪʝ 

3,5 

ůt, ʄʇʘ 620 0,73 0,79 

ůb, ʄʇʘ 470 0,70 0,85 

ʆʨʛʘʥʦʧʣʘʩʪʠʢ 

ʆʨʛʘʥʠʪ 7ʊʂʉ 

7 ʣʝʪ 

ʵʢʩʧʦʟʠʮʠʠ ʚ 

ʪʝʧʣʦʤ 

ʚʣʘʞʥʦʤ 

ʢʣʠʤʘʪʝ 

3,6 

ůt, ʄʇʘ 878 0,45 0,54 

ůb, ʄʇʘ 469 0,37 0,62 

ʉʪʝʢʣʦʧʣʘʩʪʠʢ ʉʊ-

69-15ʇ 

2 ʛʦʜʘ 

ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ 

ʩʪʘʨʝʥʠʷ 

1,1 

ůb, ʄʇʘ 615 0,65 0,81 

[21] 

ʉʪʝʢʣʦʧʣʘʩʪʠʢ ʥʘ 

ʦʩʥʦʚʝ ʕʉʌ-2ʊɸ 

33 ʤʝʩʷʮʘ ʧʦʜ 

ʥʘʚʝʩʦʤ ʚ 

ʫʩʣʦʚʠʷʭ 

ʫʤʝʨʝʥʥʦ 

ʪʝʧʣʦʛʦ 

ʢʣʠʤʘʪʘ 

0,29 

ůb, ʄʇʘ 457 0,54 0,86 

[18] 

Eb, ɻʇʘ 22,8 0,72 0,88 

ʋʛʣʝʧʣʘʩʪʠʢ ɺʂʋ-

49 

6 ʤʝʩʷʮʝʚ 

ʵʢʩʧʦʟʠʮʠʠ ʚ 

ʫʩʣʦʚʠʷʭ 

ʫʤʝʨʝʥʥʦ 

ʪʝʧʣʦʛʦ 

ʢʣʠʤʘʪʘ 

0,65 

ůc, ʄʇʘ 401 0,88 1,0 

ůb, ʄʇʘ 953 0,90 1,0 

ʆʨʛʘʥʦʧʣʘʩʪʠʢ 

ʉɺʄ/ʕɼʊ-69ʥ 

1 ʤʝʩʷʮ 

ʚʳʜʝʨʞʢʠ ʚ 

ʚʦʜʝ ʧʨʠ 40ÁC 

3,5 

ŬĿ10ï5 ʂï1 2,1 3,4 1,0 

[23] 

ʋʛʣʝʧʣʘʩʪʠʢ ɺʂʋ-

27ʣ 

3 ʛʦʜʘ 

ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ 

ʥʘ ʦʪʢʨʳʪʳʭ 

ʘʪʤʦʩʬʝʨʥʳʭ 

ʩʪʝʥʜʘʭ ʚ 

ʫʤʝʨʝʥʥʦ 

ʪʝʧʣʦʤ ʢʣʠʤʘʪʝ 

0,28 

Tg, Áʉ 

228 0,96 1,01 

[19] 

ʋʛʣʝʧʣʘʩʪʠʢ ɺʂʋ-

39 
0,47 

193 0,91 0,99 

ʉʪʝʢʣʦʧʣʘʩʪʠʢ 

ɺʇʉ-47/7781 
0,24 

200 1,06 1,13 

ʉʪʝʢʣʦʧʣʘʩʪʠʢ 

ɺʇʉ-48/7781 
0,43 

216 0,78 0,88 
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ʋʛʣʝʧʣʘʩʪʠʢ ɺʂʋ-

46 
0,46 

187 0,90 0,99 

ʋʛʣʝʧʣʘʩʪʠʢ Narmco 

5208 

18 ʣʝʪ 

ʵʢʩʧʣʫʘʪʘʮʠʠ 

Boing B-737-

200 

0,83 

Tg, Áʉ 220 0,88 0,99 

[20] 

ʉʪʝʢʣʦʧʣʘʩʪʠʢ 

ʂʄʂʉ-1.80.ʊ10 

120 ʩʫʪʦʢ ʧʨʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʚʣʘʞʥʦʩʪʠ 98% 

ʪʝʤʧʝʨʘʪʫʨʝ 

60ÁC 

3,4 

d, % 100 1,04 1,0 

[22] G, ɻʇʘ 7,5 0,57 0,81 

  ʇʨʝʜʝʣʳ ʧʨʦʯʥʦʩʪʠ ʠ ʤʦʜʫʣʠ ʫʧʨʫʛʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ (ůt, Et), ʩʞʘʪʠʠ (ůc, Ec), ʠʟʛʠʙʝ (ůb, Eb), ʩʜʚʠʛʝ 

(ůs), ʠʟʤʝʨʝʥʥʳʝ ʧʨʠ  ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (RT); ʢʦʵʬʬʠʮʠʝʥʪ ʣʠʥʝʡʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ 

(Ŭ), ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʝʢʣʦʚʘʥʠʷ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ (Tg), ʪʦʣʱʠʥʘ ʧʣʘʩʪʠʥʳ (d). 

 

ʇʦʩʣʝ ʛʦʜʘ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʩʨʝʜʥʝʝ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ʩʦʩʪʘʚʠʣʦ 

0,6 %, ʦʜʥʘʢʦ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʥʠʞʘʣʩʷ ʜʦ 0,4 % ʚ ʤʝʩʷʮʳ ʩ ʤʝʥʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʦʩʘʜʢʦʚ ʠ ʚʦʟʨʘʩʪʘʣ ʜʦ 0,9 % ʚ ʜʦʞʜʣʠʚʳʝ ʩʝʟʦʥʳ. 

ɸʥʘʣʦʛʠʯʥʳʝ ʩʢʘʯʢʠ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʥʘʙʣʶʜʘʣʠʩʴ ʠ ʚ ʙʦʣʝʝ ʩʫʭʦʤ 

ʢʣʠʤʘʪʝ ʊʠʥʜʵʣʘ (ʦʪ 0,1 ʜʦ 0,6 % ʧʨʠ ʩʨʝʜʥʝʤ ʫʨʦʚʥʝ 0,25 %).  

ʉʫʪʦʯʥʳʝ ʠ ʩʝʟʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʪʨʫʜʥʷʶʪ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʣʘʛʦʧʝʨʝʥʦʩʘ 

ʚ ʇʂʄ. ʅʘ ʬʦʥʝ ʤʝʜʣʝʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʧʨʠ 

ʤʥʦʛʦʣʝʪʥʝʡ ʵʢʩʧʦʟʠʮʠʠ ʇʂʄ ʚ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʭʦʨʦʰʦ 

ʚʳʨʘʞʝʥʳ ʩʝʟʦʥʥʳʝ ʵʢʩʪʨʝʤʫʤʳ w [4, 21, 25ï27]. ɺ ʟʠʤʥʠʝ ʤʝʩʷʮʳ ʚ 

ʫʛʣʝʧʣʘʩʪʠʢʝ T300-5208 ʥʘʢʘʧʣʠʚʘʣʦʩʴ 0,8 % ʚʣʘʛʠ, ʚ ʣʝʪʥʠʝ ʤʝʩʷʮʳ ʠʟ-ʟʘ 

ʜʝʩʦʨʙʮʠʠ ʚʝʣʠʯʠʥʘ w ʫʤʝʥʴʰʘʣʘʩʴ ʜʦ 0,5 % [4]. ʇʦʜʦʙʥʳʝ ʨʘʟʣʠʯʠʷ (1,0 

ʠ 0,26 %) ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʧʝʨʚʳʡ ʛʦʜ ʥʘʪʫʨʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ʩʪʝʢʣʦʧʣʘʩʪʠʢʘ 

ʉʊ-69ʈ-15ʇ [21], ʙʦʨʦʧʣʘʩʪʠʢʘ Textron 5521 F/4 [25], ʪʨʫʙʯʘʪʳʭ ʧʘʥʝʣʝʡ ʠ 

ʬʣʘʥʮʝʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʇʂʄ [26]. ɺ ʧʣʘʩʪʠʥʘʭ ʫʛʣʝʧʣʘʩʪʠʢʘ ʥʘ ʦʩʥʦʚʝ 

ʮʠʘʥʵʬʠʨʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ ʩ ʜʦʙʘʚʢʘʤʠ ʥʘʥʦʯʘʩʪʠʮ, ʵʢʩʧʦʥʠʨʦʚʘʥʥʳʭ ʚ 

ʫʤʝʨʝʥʥʦʤ ʢʣʠʤʘʪʝ [27] ʚ ʦʩʝʥʥʝ-ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʥʘʢʘʧʣʠʚʘʣʦʩʴ 0,6 % 

H2O, ʘ ʚ ʣʝʪʥʠʝ ʤʝʩʷʮʳ ʧʨʠʨʦʩʪ ʤʘʩʩʳ ʩʦʩʪʘʚʣʷʣ ʪʦʣʴʢʦ 0,2 %. 

ɸʥʘʣʠʟ ʧʨʠʯʠʥ, ʚʳʟʳʚʘʶʱʠʭ ʠʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʘʚʠʘʮʠʦʥʥʳʭ ʇʂʄ ʚ 

ʦʪʢʨʳʪʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʨʘʙʦʪʝ [28]. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʫʛʣʝʧʣʘʩʪʠʢʘ ʥʘ ʦʩʥʦʚʝ 

ʵʧʦʢʩʠʜʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ Cycom 977-2 ʚ ʫʩʣʦʚʠʷʭ ʪʝʧʣʦʛʦ ʚʣʘʞʥʦʛʦ 

ʢʣʠʤʘʪʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʝʨʝʛʨʝʚʘʝʪʩʷ ʜʦ 30 ÁC, 

ʚʳʟʳʚʘʷ ʫʤʝʥʴʰʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʚʙʣʠʟʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ 30 % [29, 30] ʠ ʜʝʩʦʨʙʮʠʶ ʚʣʘʛʠ ʠʟ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ 

ʫʛʣʝʧʣʘʩʪʠʢʘ. ʉʫʪʦʯʥʳʝ ʩʢʘʯʢʠ ʤʘʩʩʳ ʦʙʨʘʟʮʦʚ ʫʛʣʝʧʣʘʩʪʠʢʘ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩʦʩʪʘʚʣʷʶʪ 0,02ï0,04 % [31]. 

ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʦʙʨʘʟʮʦʚ ʇʂʄ ʩ ʭʦʨʦʰʝʡ ʪʦʯʥʦʩʪʴʶ ʤʦʜʝʣʠʨʫʝʪʩʷ 



ʂʣʠʤʘʪ-2023: ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʤʘʪʝʨʠʘʣʳ ʠ 

ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

 

VIII ˏ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 137 

ʤʫʣʴʪʠʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ [32], ʚ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʟʥʘʯʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ, ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ 

ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʠ ʜʨʫʛʠʝ ʩʪʘʥʜʘʨʪʥʳʝ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʧʨʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʷʭ ʇʂʄ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʫʪʦʯʥʳʝ ʠ ʩʝʟʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʢʦʣʝʙʘʥʠʷʤʠ ʤʘʩʩʳ 

ʦʙʨʘʟʮʦʚ [28], ʢʦʪʦʨʳʝ ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ ʤʦʜʝʣʴʶ ʬʠʢʦʚʩʢʦʛʦ 

ʚʣʘʛʦʧʝʨʝʥʦʩʘ ʩ ʫʯʝʪʦʤ ʧʦʪʝʨʴ ʦʪ ʜʝʩʪʨʫʢʮʠʠ ʧʨʠ ʬʦʪʦʦʢʠʩʣʝʥʠʠ. ʈʘʩʯʝʪʳ 

ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʚ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ ʠʟ ʇʂʄ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ 

[33], ʧʦʢʘʟʘʣʠ ʢʦʣʝʙʘʥʠʷ w c ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ 1 ʛʦʜ ʠ ʫʤʝʥʴʰʝʥʠʝ ʵʪʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ ʜʣʷ ʧʣʘʩʪʠʥ ʩ ʯʝʨʥʳʤ ʧʦʢʨʳʪʠʝʤ ʠʟ-ʟʘ ʧʦʚʳʰʝʥʥʦʡ ʜʝʩʦʨʙʮʠʠ 

ʚʣʘʛʠ ʧʨʠ ʥʘʛʨʝʚʘʭ ʩʦʣʥʝʯʥʳʤ ʠʟʣʫʯʝʥʠʝʤ. 

ɽʱʝ ʦʜʥʦʡ ʚʘʞʥʦʡ ʧʨʠʯʠʥʦʡ ʠʟʤʝʥʝʥʠʷ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʚ 

ʧʣʘʩʪʠʥʘʭ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʙʨʘʟʮʘʭ ʇʂʄ, ʢʦʪʦʨʘʷ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʚ 

ʨʘʙʦʪʘʭ [4, 25, 28, 31, 33], ʷʚʣʷʝʪʩʷ ʚʣʠʷʥʠʝ ʜʦʞʜʝʡ, ʢʦʣʠʯʝʩʪʚʝʥʥʦ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʦʝ ʚ ʨʘʙʦʪʘʭ [26, 27]. ʄʘʩʩʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʧʦʜʦʙʥʳʭ 

ʦʙʨʘʟʮʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʫʛʣʝʧʣʘʩʪʠʢʘ ʠ ʩʪʝʢʣʦʧʣʘʩʪʠʢʘ, ʩʢʘʯʢʦʦʙʨʘʟʥʦ 

ʚʦʟʨʘʩʪʘʣʘ, ʝʩʣʠ ʠʭ ʚʟʚʝʰʠʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʧʦʩʣʝ 

ʚʳʧʘʜʝʥʠʷ ʦʩʘʜʢʦʚ ʚ ʫʩʣʦʚʠʷʭ ʫʤʝʨʝʥʥʦ ʪʸʧʣʦʛʦ ʢʣʠʤʘʪʘ [26]. 

ɸʥʘʣʦʛʠʯʥʳʝ ʩʢʘʯʢʠ ʤʘʩʩʳ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʫʛʣʝʧʣʘʩʪʠʢʝ, 

ʵʢʩʧʦʥʠʨʦʚʘʥʥʦʤ ʚ ʫʤʝʨʝʥʥʦʤ ʢʣʠʤʘʪʝ [27]. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʫʛʣʫʙʣʝʥʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʝ ʩʝʟʦʥʥʦʩʪʠ ʠ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʥʘ ʠʟʤʝʥʝʥʠʝ 

ʤʘʩʩʳ ʇʂʄ ʘʚʠʘʮʠʦʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʵʢʩʧʦʥʠʨʦʚʘʥʥʳʭ ʚ ʫʩʣʦʚʠʷʭ 

ʫʤʝʨʝʥʥʦ ʪʸʧʣʦʛʦ ʠ ʫʤʝʨʝʥʥʦʛʦ ʢʣʠʤʘʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʫʛʣʝʧʣʘʩʪʠʢʘ ʥʘ 

ʦʩʥʦʚʝ ʥʘʥʦʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʮʠʘʥʵʬʠʨʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ.  

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʜʦʞʜʝʡ ʥʘ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ʇʂʄ ʚ 

ʫʩʣʦʚʠʷʭ ʫʤʝʨʝʥʥʦ ʪʸʧʣʦʛʦ ʢʣʠʤʘʪʘ, ʩʨʝʜʥʝʛʦʜʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʦʛʦ 

ʫʢʘʟʘʥʳ ʚ [7], ʠʩʧʦʣʴʟʦʚʘʥʘ ʛʨʫʧʧʘ ʩʪʝʢʣʦʧʣʘʩʪʠʢʦʚ ʠ ʫʛʣʝʧʣʘʩʪʠʢʦʚ, 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʵʢʩʧʦʥʠʨʦʚʘʥʥʳʭ ʥʘ ʦʪʢʨʳʪʳʭ ʩʪʝʥʜʘʭ ʚ ʪʝʯʝʥʠʝ 1ï4 ʣʝʪ. 

ʇʝʨʝʯʝʥʴ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʩʪʘʚ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ 

ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʠ ʠʩʪʦʯʥʠʢʠ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʭ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ 

([1, 7, 19],[34ï42]) ʫʢʘʟʘʥʳ ʚ ʪʘʙʣ. 2. ʄʘʩʩʘ ʧʣʘʩʪʠʥ ʇʂʄ 

ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʝʞʝʩʫʪʦʯʥʦ (5 ʨʘʟ ʚ ʥʝʜʝʣʶ, ʠʩʢʣʶʯʘʷ ʚʳʭʦʜʥʳʝ ʜʥʠ) ʚ 

ʪʝʯʝʥʠʝ 12 ʤʝʩʷʮʝʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʘʯʢʦʚ ʤʘʩʩʳ ʥʘ ʬʦʥʝ ʩʝʟʦʥʥʦʡ 

ʩʪʘʜʠʠ ʜʝʩʦʨʙʮʠʠ ʚʣʘʛʠ, ʚʳʷʚʣʝʥʥʦʡ ʚ ʨʘʙʦʪʘʭ [26ï28]. ɼʣʷ ʥʝʩʢʦʣʴʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠʩʧʳʪʘʥʠʡ ʙʳʣʘ ʫʚʝʣʠʯʝʥʘ ʜʦ 1,5 ʣʝʪ 

(ʪʘʙʣ. 2). 
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ɺ ʫʩʣʦʚʠʷʭ ʫʤʝʨʝʥʥʦʛʦ ʢʣʠʤʘʪʘ [7] ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 24-ʤʝʩʷʯʥʦʝ 

ʵʢʩʧʦʥʠʨʦʚʘʥʠʝ ʧʣʠʪ ʫʛʣʝʧʣʘʩʪʠʢʘ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ 

ɺʊʢʋ-2.200 ʠʟ ʚʦʣʦʢʦʥ SYT45 ʠ ʮʠʘʥʵʬʠʨʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ ɺʉʎ-14 ʩ 

ʜʦʙʘʚʢʘʤʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʯʘʩʪʠʮ (ʘʩʪʨʘʣʝʥʦʚ) [43] ʚ ʢʦʣʠʯʝʩʪʚʝ 0,0,5 ʠ 3 

ʤʘʩ. %. ʀʩʧʦʣʴʟʦʚʘʣʠ ʜʚʘ ʨʝʞʠʤʘ ʠʩʧʳʪʘʥʠʡ: çʵʢʩʧʦʥʠʨʦʚʘʥʠʝè ʠ 

çʵʢʩʧʦʥʠʨʦʚʘʥʠʝ ʠ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʝè, ʠʤʠʪʠʨʫʶʱʝʝ ʨʝʞʠʤ ʚʟʣʝʪʘ ʠ 

ʧʦʩʘʜʢʠ ʩʘʤʦʣʝʪʘ. ɼʣʷ ʵʪʦʛʦ 5 ʨʘʟ ʚ ʥʝʜʝʣʶ ʧʣʠʪʳ ʫʛʣʝʧʣʘʩʪʠʢʘ, 

ʵʢʩʧʦʥʠʨʫʝʤʳʝ ʥʘ ʦʪʢʨʳʪʦʤ ʘʪʤʦʩʬʝʨʥʦʤ ʩʪʝʥʜʝ, ʧʝʨʝʥʦʩʠʣʠʩʴ ʥʘ 1 ʯʘʩ ʚ 

ʢʘʤʝʨʫ ʭʦʣʦʜʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ï60 ÁC, ʘ ʟʘʪʝʤ ʥʘʛʨʝʚʘʣʠʩʴ ʧʨʠ 65 ÁC ʚ 

ʪʝʯʝʥʠʝ 1 ʯʘʩʘ. ɿʘ 24 ʤʝʩʷʮʘ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʙʳʣʦ ʩʦʟʜʘʥʦ 480 

ʪʝʨʤʦʮʠʢʣʦʚ ʠ ʚʳʧʦʣʥʝʥʦ 444 ʠʟʤʝʨʝʥʠʷ ʤʘʩʩʳ. ʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ 

ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʇʂʄ ʠ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʩʤʦʪʨʝʥʳ 

ʚ [44]. ʀʩʧʦʣʴʟʦʚʘʣʠ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʝʩʳ ʩ ʮʝʥʦʡ ʜʝʣʝʥʠʷ 0,0001 ʛ ʠ 

ʢʣʘʩʩʦʤ ʪʦʯʥʦʩʪʠ I. 

   ʊʘʙʣʠʮʘ 2  

   ʇʝʨʝʯʝʥʴ ʇʂʄ, ʠʩʧʳʪʘʥʥʳʭ ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ ʜʦʞʜʝʡ ʚ ʫʩʣʦʚʠʷʭ ʫʤʝʨʝʥʥʦ ʪʸʧʣʦʛʦ ʢʣʠʤʘʪʘ 

ˉ ʄʘʨʢʘ 

ʉʚʷʟ

ʫʶʱ

ʝʝ 

ʅʘʧʦʣʥʠʪʝʣ

 ɹ

ʉʨʦʢ 

ʵʢʩʧʦʥʠ

ʨʦʚʘʥʠʷ, 

ʤʝʩ 

ʇʦʪʝʨʠ ʤʘʩʩʳ, % 
ʉʨʝʜʥʷʷ 

ʚʳʩʦʪʘ 

ʩʢʘʯʢʘ 

Ὄǰ, % 

ʉʨʝʜʥʝ-

ʢʚʘʜʨʘʪʠʯ

ʥʦʝ 

ʦʪʢʣʦʥʝʥʠ

ʝ, % 

ʀʩʪʦʯʥʠ

ʢ 
ʧʦʩʣʝ 

168 

ʩʫʪʦʢ 

ʧʦʩʣʝ 

365 

ʩʫʪʦʢ  

ʋʛʣʝʧʣʘʩʪʠʢʠ 

1 ʂʄʂʋ-

3ʤ.150.ʈ

14535.45 

ɺʉʂ-

14-3 

3ʤ.150.ʈ145

35.45 

24 0,59 0,66 0,18 0,054 

[1] 

2 ɺʂʋ-39 
ɺʉʕ-

1212 

ʊʢʘʥʴ ʘʨʪ. 

3692 

24 0,49 0,53 0,19 0,063 

[7,19,34] 
3 ɺʂʋ-39 

+ ɺʕ-69 

24 0,19 0,23 0,22 0,080 

4 ɺʂʋ-

45ɾ 

ɺʉʕ-

34 

ʊ-700GC 

12K 

47 0,19 0,28 0,10 0,039 
[35] 

5 ɺʂʋ-

45/UMT-

3ʂ.ʈʊʅ 

ʊʢʘʥʴ 

ɺʊʢʋ-5 

10 0,34 0,70/1,10 0,11 0,049 

[36] 

6 ɺʂʋ-

45/UMT-

12ʂ.ʆɾ

ʅ 

ɾʛʫʪ UMT-

12K.ʆɾʅ 

10 0,25 0,40/0,50 0,10 0,061 

[37] 

7 ɺʂʋ-

45/3692 

ʊʢʘʥʴ ʘʨʪ. 

3692 

46 0,21 0,29 0,10 0,041 
[35,38] 

8 ɺʂʋ-46 ɺʉʕ-

3ʄ 

ɾʛʫʪ HTS-

45 

47 0,50 0,67 0,26 0,085 
[7,19,39] 

9 ɺʂʋ-48 ɺʉʊ-
ʊʢʘʥʴ ʘʨʪ. 

47 0,15 0,18 0,12 0,043 [40] 
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1210 3692 

ʉʪʝʢʣʦʧʣʘʩʪʠʢʠ 

10 ɺʇʉ-

48/7781 
ɺʉʕ-

1212 

ʊʢʘʥʴ ʘʨʪ. 

7781 

24 0,38 0,60 0,25 0,087 

[7,19,41] 
11 ɺʇʉ-

48/7781+

ɺʕ-69 

24 0,15 0,18 0,18 0,070 

12 ɺʇʉ-

53/120 

ɺʉʕ-

34 

ʊʢʘʥʴ ʪʠʧ 

120-14 

10 0,28 0,44/0,80 0,11 0,048 
[37] 

13 ɺʇʉ-

53/ʈ-400 

ʈʦʚʠʥʛ 

ʈɺʄʇʅ-10-

400 

47 0,83 0,90 0,48 0,120 

[35,42] 
14 ɺʇʉ-

53/ʈ-

1200 

ʈʦʚʠʥʛ 

ʈɺʄʇʅ-10-

1200 

47 0,68 1,30 1,10 0,200 

  ɿʥʘʤʝʥʘʪʝʣʴ ð ʧʦʩʣʝ 550 ʩʫʪʦʢ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ 

 

  ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ 

ɺʣʠʷʥʠʝ ʨʝʞʠʤʦʚ ʠʩʧʳʪʘʥʠʡ ʥʘʥʦʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʫʛʣʝʧʣʘʩʪʠʢʘ ʚ ʦʪʢʨʳʪʳʭ ʫʩʣʦʚʠʷʭ ʫʤʝʨʝʥʥʦʛʦ ʢʣʠʤʘʪʘ 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʮʝʥʪʥʦʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʳ w ʦʙʨʘʟʮʦʚ ʫʛʣʝʧʣʘʩʪʠʢʘ ɺʊʢʋ-2.200/ɺʉʎ-14 ʙʝʟ 

ʥʘʥʦʤʦʜʠʬʠʢʘʪʦʨʘ ʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʯʘʩʪʠʮ ʘʩʪʨʘʣʝʥʘ 0,5%, 3,0% ʦʪ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʥʘʪʫʨʥʦʛʦ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʙʝʟ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʷ 

ύ
ὓ ὓ

ὓ
ϽρππϷȟ (1) 

ʛʜʝ M ï ʤʘʩʩʳ ʧʣʘʩʪʠʥʳ ʧʦʩʣʝ ʚʳʜʝʨʞʢʠ ʚ ʦʪʢʨʳʪʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ t, M0 ï ʥʘʯʘʣʴʥʘʷ ʤʘʩʩʘ ʧʣʘʩʪʠʥʳ. 

ɹʘʟʦʚʳʝ ʣʠʥʠʠ ʥʘ ʟʘʚʠʩʠʤʦʩʪʷʭ w(Ű) ʧʦʣʫʯʝʥʳ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ 

ʠʟʤʝʨʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʤʘʩʩʳ ʦʙʨʘʟʮʦʚ ʧʦʣʠʥʦʤʦʤ 6 ʩʪʝʧʝʥʠ ʧʦ ʘʣʛʦʨʠʪʤʫ, 

ʠʟʣʦʞʝʥʥʦʤʫ ʚ [45]. ɺʳʷʚʣʝʥʥʳʝ ʙʘʟʦʚʳʝ ʣʠʥʠʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʧʨʦʷʚʣʝʥʠʝ ʩʝʟʦʥʥʦʡ ʥʝʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ: ʚ ʦʩʝʥʥʝ-ʟʠʤʥʠʡ ʧʝʨʠʦʜ 

ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʤʘʩʩʳ ʧʣʠʪ ʠʟ-ʟʘ ʧʨʝʦʙʣʘʜʘʥʠʷ ʩʦʨʙʮʠʠ ʚʣʘʛʠ, ʚ 

ʚʝʩʝʥʥʝ-ʣʝʪʥʠʡ ð ʩʥʠʞʝʥʠʝ ʠʟ-ʟʘ ʝʝ ʜʝʩʦʨʙʮʠʠ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʦʙʨʘʟʮʦʚ 

ʫʛʣʝʧʣʘʩʪʠʢʘ ʙʝʟ ʥʘʥʦʤʦʜʠʬʠʢʘʪʦʨʘ ʚ ʣʝʪʥʠʝ ʤʝʩʷʮʳ ʧʝʨʚʦʛʦ ʛʦʜʘ 

ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ w = 0,64 %, ʘ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ 

ʫʤʝʥʴʰʠʣʩʷ ʚʜʚʦʝ (ʨʠʩ. 1, ʘ). ʇʦʜʦʙʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʙʣʶʜʘʣʠʩʴ ʧʨʠ 

ʠʩʧʳʪʘʥʠʷʭ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʧʦʜʦʙʥʳʭ ʦʙʨʘʟʮʦʚ ʇʂʄ ʚ ʨʘʙʦʪʝ [26].  
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ʅʘ ʟʘʚʠʩʠʤʦʩʪʷʭ w(Ű) ʥʘʙʣʶʜʘʶʪʩʷ ʩʢʘʯʢʠ ʤʘʩʩʳ, ʧʨʠʯʠʥʘ ʢʦʪʦʨʳʭ 

ʦʯʝʚʠʜʥʘ ʠ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʨʘʙʦʪʘʭ [26, 27, 44] ï ʚ ʜʝʥʴ ʠʟʤʝʨʝʥʠʡ ʠʣʠ ʚ 

ʜʝʥʴ, ʧʨʝʜʰʝʩʪʚʫʶʱʠʡ ʠʟʤʝʨʝʥʠʶ, ʧʣʘʩʪʠʥʳ ʫʛʣʝʧʣʘʩʪʠʢʘ ʥʘʭʦʜʠʣʠʩʴ 

ʧʦʜ ʚʣʠʷʥʠʝʤ ʦʩʘʜʢʦʚ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʘʯʢʘ ʠʩʧʦʣʴʟʦʚʘʥ ʢʨʠʪʝʨʠʡ, 

ʘʥʘʣʦʛʠʯʥʳʡ ʩʝʛʤʝʥʪʫ ʂʫʢʘ [46]: 

Ὀ
В ώͮ ώͮ Ὥ

ὴВ ώ ώͮ
 (2) 

ʛʜʝ ώ ï ʟʥʘʯʝʥʠʝ j-ʛʦ ʥʘʙʣʶʜʝʥʠʷ; ώͮ ï ʟʥʘʯʝʥʠʝ ʤʦʜʝʣʠ, ʧʦʩʪʨʦʝʥʥʦʡ ʧʦ 

ʚʩʝʡ ʚʳʙʦʨʢʝ, ʧʦʣʫʯʘʝʤʦʝ ʜʣʷ j-ʦʛʦ ʥʘʙʣʶʜʝʥʠʷ; ώͮ Ὥ ï ʟʥʘʯʝʥʠʝ ʤʦʜʝʣʠ, 

ʧʦʩʪʨʦʝʥʥʦʡ ʧʦ ʚʳʙʦʨʢʝ ʙʝʟ i-ʛʦ ʥʘʙʣʶʜʝʥʠʷ, ʧʦʣʫʯʘʝʤʦʝ ʜʣʷ j-ʛʦ 

ʥʘʙʣʶʜʝʥʠʷ; ὴ ð ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ. 

ʂʨʠʪʝʨʠʝʤ ʩʢʘʯʢʘ ʷʚʣʷʣʦʩʴ ʫʩʣʦʚʠʝ 

Ὀ , (3) 

ʛʜʝ ὲ ï ʢʦʣʠʯʝʩʪʚʦ ʥʘʙʣʶʜʝʥʠʡ. 

ɿʘ 24 ʤʝʩʷʮʘ ʠʩʧʳʪʘʥʠʡ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ 222 ʜʥʷ ʩ ʦʩʘʜʢʘʤʠ, 

ʦʜʥʘʢʦ ʩʢʘʯʢʠ ʤʘʩʩʳ Hi ʧʦʷʚʣʷʣʠʩʴ ʣʠʰʴ ʚ ʪʝ ʜʥʠ, ʢʦʛʜʘ ʬʠʢʩʠʨʦʚʘʣʩʷ 

ʫʨʦʚʝʥʴ ʦʩʘʜʢʦʚ RFi > 0,4 ʤʤ [44]. 

 

ʘ) 

 

ʙ) 
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ʚ) 

 

ʈʠʩ. 1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʳ ʧʣʠʪ ʫʛʣʝʧʣʘʩʪʠʢʘ ʙʝʟ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʷ ʙʝʟ 

(ʘ), ʩ 0,5 % (ʙ) ʠ 3,0 % ʥʘʥʦʤʦʜʠʬʠʢʘʪʦʨʘ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʥʘʪʫʨʥʦʛʦ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ: 

 ð ʩʢʘʯʢʠ ʤʘʩʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʦʞʜʝʤ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦ ʢʨʠʪʝʨʠʶ (2); 

 ð ʜʥʠ, ʢʦʛʜʘ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʦʩʘʜʢʠ, ʥʘ ʩʢʘʯʦʢ ʤʘʩʩʳ ʥʝ ʦʧʨʝʜʝʣʝʥ; 

 ð ʜʥʠ, ʢʦʛʜʘ ʦʩʘʜʢʦʚ ʥʝ ʙʳʣʦ; 

Ƶ ð ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʧʦʣʠʥʦʤʦʤ ʰʝʩʪʦʡ ʩʪʝʧʝʥʠ 

 

ɺ ʧʝʨʚʳʡ ʛʦʜ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʧʦ 31 ʩʢʘʯʢʫ 

ʤʘʩʩʳ ʚ ʧʣʘʩʪʠʥʘʭ ʫʛʣʝʧʣʘʩʪʠʢʘ ʙʝʟ ʥʘʥʦʤʦʜʠʬʠʢʘʪʦʨʘ ʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

ʥʘʥʦʯʘʩʪʠʮ ɜ = 0,5 % ʠ ɜ = 3,0 % ʢʘʢ ʚ ʨʝʞʠʤʝ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ, ʪʘʢ ʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʪʝʨʤʦʮʠʢʣʘʤʠ. ɺʩʝ ʵʪʠ ʩʢʘʯʢʠ 

ʦʙʫʩʣʦʚʣʝʥʳ ʦʩʘʜʢʘʤʠ. ɺʦ ʚʪʦʨʦʡ ʛʦʜ ʢʦʣʠʯʝʩʪʚʦ ʩʢʘʯʢʦʚ ʤʘʩʩʳ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ï ʜʦ 46ï52 ʧʨʠ ʥʘʪʫʨʥʦʤ ʵʢʩʧʦʥʠʨʦʚʘʥʠʠ ʠ ʜʦ 44ï57 ʧʨʠ 

ʥʘʪʫʨʥʦʤ ʵʢʩʧʦʥʠʨʦʚʘʥʠʠ ʠ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʠ.  

ʅʘʙʣʶʜʘʝʪʩʷ ʪʘʢʞʝ ʨʦʩʪ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʩʢʘʯʢʘ Ὄǰ: ʧʨʠ ʥʘʪʫʨʥʦʤ 
ʵʢʩʧʦʥʠʨʦʚʘʥʠʠ ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 0,14ï0,16 % ʜʦ 0,17ï

0,21 %, ʘ ʧʨʠ ʥʘʪʫʨʥʦʤ ʵʢʩʧʦʥʠʨʦʚʘʥʠʠ ʠ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʠ ʩ 0,13ï

0,18 % ʜʦ 0,18ï0,22 %. ɺʦʟʨʘʩʪʘʥʠʝ ʯʠʩʣʘ ʩʢʘʯʢʦʚ ʤʘʩʩʳ ʠ ʠʭ ʩʨʝʜʥʝʡ 

ʚʳʩʦʪʳ Ὄǰ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 
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ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʨʘʟʚʠʪʠʷ ʤʠʢʨʦʧʦʚʨʝʞʜʝʥʥʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʥʘʯʝʥʠʷ Ὄǰ ʜʣʷ ʫʛʣʝʧʣʘʩʪʠʢʘ 

ɺʊʢʋ-2.200/ɺʉʎ-14 ʠʤʝʶʪ ʪʫ ʞʝ ʚʝʣʠʯʠʥʫ, ʯʪʦ ʠ ʇʂʄ ʂʄʋ-4ʕ-2ʄ, 

ʂʄʂʋ-2ʄ.120.ʕ0,1, ʂʄʂʉ-2ʄ.120.ʊ10, ʧʨʠ ʜʦʞʜʷʭ ʚ ʫʩʣʦʚʠʷʭ ʫʤʝʨʝʥʥʦ 

ʪʝʧʣʦʛʦ ʢʣʠʤʘʪʘ [26]. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʩʢʘʯʢʦʚ ʤʘʩʩʳ ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪʴ ʚʣʠʷʥʠʝ 

ʜʦʙʘʚʦʢ ʘʩʪʨʘʣʝʥʘ ʥʘ ʢʣʠʤʘʪʠʯʝʩʢʫʶ ʩʪʦʡʢʦʩʪʴ ʫʛʣʝʧʣʘʩʪʠʢʘ ʧʦ ʢʨʠʪʝʨʠʶ 

çʚʣʘʛʦʥʘʩʳʱʝʥʠʝè. ʇʨʠ ɜ = 3,0 % ʟʥʘʯʝʥʠʝ wmax ʚʦ ʚʪʦʨʦʡ ʛʦʜ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ 0,75 ʜʦ 0,57 %, ʘ ʧʨʠ 

ʩʦʯʝʪʘʥʠʠ ʩ ʪʝʨʤʦʮʠʢʣʘʤʠ ʦʪ 0,73 ʜʦ 0,50 % (ʪʘʙʣ. 3). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʜʦʙʘʚʢʘ ʘʩʪʨʘʣʝʥʘ ʚ ʩʚʷʟʫʶʱʝʝ ɺʉʎ-14 ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʫʛʣʝʧʣʘʩʪʠʢʘ ʧʨʠ ʚʣʘʛʦʥʘʩʳʱʝʥʠʠ ʚ ʥʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ ʫʤʝʨʝʥʥʦʛʦ 

ʢʣʠʤʘʪʘ.  

ʀʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʘʚʠʘʮʠʦʥʥʳʭ ʫʛʣʝʧʣʘʩʪʠʢʦʚ ʠ 

ʩʪʝʢʣʦʧʣʘʩʪʠʢʦʚ ʧʨʠ ʵʢʩʧʦʥʠʨʦʚʘʥʠʠ ʚ ʦʪʢʨʳʪʳʭ ʫʩʣʦʚʠʷʭ ʫʤʝʨʝʥʥʦ 

ʪʝʧʣʦʛʦ ʢʣʠʤʘʪʘ 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʳ ʪʠʧʠʯʥʳʝ ʧʨʠʤʝʨʳ ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʳ 

ʫʛʣʝʧʣʘʩʪʠʢʦʚ ɺʂʋ-45/UMT-3K.ʈʊʅ ʠ ɺʂʋ-45/UMT-12ʂ.ʆɾʅ ʧʨʠ 

ʵʢʩʧʦʥʠʨʦʚʘʥʠʠ ʚ ʫʤʝʨʝʥʥʦ ʪʝʧʣʦʤ ʢʣʠʤʘʪʝ ʚ ʪʝʯʝʥʠʝ 550 ʩʫʪʦʢ. 

ɺʳʷʚʣʝʥʦ ʤʝʜʣʝʥʥʦʝ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʤʘʩʩʳ ʦʙʨʘʟʮʦʚ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʜʝʩʪʨʫʢʮʠʝʡ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ɺʉʕ-34 [35]. ʇʦʜʦʙʥʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʤʘʩʩʳ ʦʙʨʘʟʮʦʚ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʨʷʜʝ ʇʂʄ [4, 24ï27]. ʅʘ 

ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʡ ʢʨʠʚʦʡ ʬʣʫʢʪʫʠʨʫʶʱʠʭ ʟʥʘʯʝʥʠʡ ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʳ 

ʦʪʯʝʪʣʠʚʦ ʚʳʨʘʞʝʥʳ ʣʦʢʘʣʴʥʳʝ ʤʠʥʠʤʫʤʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʣʝʪʥʠʤ 

ʤʝʩʷʮʘʤ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʳʭ ʜʦʤʠʥʠʨʫʶʪ ʧʨʦʮʝʩʩʳ ʜʝʩʦʨʙʮʠʠ ʚʣʘʛʠ ʠʟ 

ʦʙʲʝʤʘ ʦʙʨʘʟʮʦʚ. ɺ ʟʠʤʥʠʝ ʤʝʩʷʮʳ ʤʘʩʩʘ ʦʙʨʘʟʮʦʚ ʥʘʨʘʩʪʘʝʪ. ʊʘʢʦʝ 

ʯʝʨʝʜʦʚʘʥʠʝ ʣʦʢʘʣʴʥʳʭ ʤʠʥʠʤʫʤʦʚ ʠ ʤʘʢʩʠʤʫʤʦʚ ʩ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ 12 

ʤʝʩʷʮʝʚ ʥʘʙʣʶʜʘʣʦʩʴ ʨʘʥʝʝ ʚ ʨʘʙʦʪʘʭ [21, 25ï27] ʠ ʧʦʜʨʦʙʥʦ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʚ [28]. 
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ʈʠʩ. 2 ï ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʳ ʧʣʠʪ ʫʛʣʝʧʣʘʩʪʠʢʦʚ ʦʪ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʥʘʪʫʨʥʦʛʦ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ: 

 ð ɺʂʋ-45/UMT-12ʂ.ʆɾʅ); 

 ð ɺʂʋ-45/UMT-3K.ʈʊʅ; 

ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ ð ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʧʦʣʠʥʦʤʦʤ 6 ʩʪʝʧʝʥʠ 

 

ʈʠʩ. 2 ʠʣʣʶʩʪʨʠʨʫʝʪ ʦʙʱʫʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʳ 

ʦʙʨʘʟʮʦʚ ʇʂʄ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʦʪʢʨʳʪʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ: ʥʘ 

ʩʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʳ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʩʫʪʦʯʥʳʝ ʩʢʘʯʢʠ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʜʦʞʜʷʤʠ ʠ ʨʦʩʘʤʠ, ʠ ʢʨʘʪʢʦʩʨʦʯʥʳʝ ʧʘʜʝʥʠʷ ʤʘʩʩʳ, 

ʚʳʟʚʘʥʥʳʝ ʜʝʩʦʨʙʮʠʝʡ ʚʣʘʛʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʣʥʝʯʥʳʭ ʥʘʛʨʝʚʦʚ 

(ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʙʘʟʦʚʦʡ ʣʠʥʠʠ). ʕʪʠ ʵʬʬʝʢʪʳ ʧʨʦʷʚʣʷʶʪʩʷ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʩʪʝʢʣʦʧʣʘʩʪʠʢʦʚ ʠ ʫʛʣʝʧʣʘʩʪʠʢʦʚ [47]. ʅʘʙʣʶʜʘʝʤʳʝ 

ʩʫʪʦʯʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʳ çʩʠʥʬʘʟʥʳè ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ, ʙʣʠʟʢʦʡ ʢ 

ʝʜʠʥʠʮʝ. ʅʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʩʫʪʦʯʥʦʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʤʘʩʩʳ H 4 ʤʘʨʦʢ ʇʂʄ ʚ ʪʝʯʝʥʠʝ 30 ʩʫʪʦʢ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ. ʀʟ ʚʩʝʡ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʦʚʝʜʝʥʥʳʭ ʚʟʚʝʰʠʚʘʥʠʡ 14 ʤʘʨʦʢ ʇʂʄ (ʚʳʧʦʣʥʝʥʦ 4230 

ʠʟʤʝʨʝʥʠʡ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʩʫʪʦʢ ʚ 

ʜʝʥʴ ʠʟʤʝʨʝʥʠʡ ʬʠʢʩʠʨʫʝʪʩʷ ʠʣʠ ʧʨʠʨʦʩʪ ʠʣʠ ʫʙʳʣʴ ʤʘʩʩʳ ʜʣʷ ʚʩʝʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʄʝʥʝʝ 5 % ʥʝʩʦʚʧʘʜʝʥʠʡ ʦʪʤʝʯʘʶʪʩʷ ʥʝʩʫʱʝʩʪʚʝʥʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ H Ò 0,01 %. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʟʤʝʨʝʥʠʝ ʠ ʘʥʘʣʠʟ 

ʩʝʟʦʥʥʳʭ ʠ ʩʫʪʦʯʥʳʭ ʩʢʘʯʢʦʚ ʤʘʩʩʳ ʜʘʝʪ ʮʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ 

ʦʙʦʩʥʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʩʪʘʨʝʥʠʷ ʇʂʄ. ʉʨʘʚʥʝʥʠʝ 

ʧʦʢʘʟʳʚʘʝʪ (ʪʘʙʣ. 2), ʯʪʦ ʧʦʪʝʨʠ ʤʘʩʩʳ ʟʘ 365 ʩʫʪʦʢ ʥʘʙʣʶʜʝʥʠʡ ʜʣʷ 

ʫʛʣʝʧʣʘʩʪʠʢʘ ʥʘ ʦʩʥʦʚʝ ʩʚʷʟʫʶʱʝʛʦ ɺʉʕ-34 ʟʘʚʠʩʷʪ ʦʪ ʩʦʩʪʘʚʘ 

ʫʛʣʝʨʦʜʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʠ ʠʟʤʝʥʷʶʪʩʷ ʦʪ 0,28 ʜʦ 0,70 %. ɿʘʤʝʥʘ 
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ʩʪʝʢʣʦʪʢʘʥʠ ʥʘ ʩʪʝʢʣʦʨʦʚʠʥʛ ʚ ʵʪʦʤ ʞʝ ʩʚʷʟʫʶʱʝʤ ʝʱʝ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ʚʣʠʷʝʪ ʥʘ ʧʦʪʝʨʠ ʤʘʩʩʳ ʚ ʩʝʨʠʠ ʩʪʝʢʣʦʧʣʘʩʪʠʢʦʚ ɺʇʉ-53 ʠ ʧʦʚʳʰʘʝʪ ʵʪʦ 

ʧʦʢʘʟʘʪʝʣʴ ʦʪ 0,44 ʜʦ 1,3 % (ʪʘʙʣ. 2). 

 

ʈʠʩ. 3 ï ʉʫʪʦʯʥʦʝ ʠʟʤʝʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʳ 4 ʤʘʨʦʢ ʇʂʄ ʚ ʪʝʯʝʥʠʝ 30 

ʩʫʪʦʢ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ 

 

ʉʚʝʜʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʧʦʤʦʛʘʶʪ ʧʦʥʷʪʴ 

ʩʧʝʮʠʬʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ (ʃʂʇ) ʚ ʟʘʱʠʪʝ ʦʪ 

ʘʛʨʝʩʩʠʚʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʃʂʇ ʧʦʚʳʰʘʶʪ 

ʩʪʦʡʢʦʩʪʴ ʇʂʄ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʚʣʘʛʠ. ʅʘʧʨʠʤʝʨ, ʩʪʝʢʣʦʧʣʘʩʪʠʢ ʥʘ ʦʩʥʦʚʝ 

ʵʧʦʢʩʠʜʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ RIM135/137 ʟʘ 100 ʩʫʪ ʚʳʜʝʨʞʢʠ ʚ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʧʨʠ 80 ÁC ʧʦʛʣʦʱʘʣ 5,7 % H2O ʠ ʫʤʝʥʴʰʘʣ 

ʧʦʢʘʟʘʪʝʣʴ ůt ʦʪ 280 ʜʦ 120 ʄʇʘ [48]. ʊʦʪ ʞʝ ʩʪʝʢʣʦʧʣʘʩʪʠʢ ʩ ʟʘʱʠʪʥʳʤ 

ʧʦʢʨʳʪʠʝʤ ʚ ʫʢʘʟʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʫʤʝʥʴʰʠʣ w ʜʦ 3,7 %, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ 

ʟʘʤʝʜʣʠʣʦʩʴ ʧʘʜʝʥʠʝ ůt. ʇʦʜʦʙʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ 

ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʩʪʝʢʣʦʧʣʘʩʪʠʢʝ ʥʘ ʦʩʥʦʚʝ ʵʧʦʢʩʠʜʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ 

LY5052, ʧʦʤʝʱʝʥʥʦʤ ʚ ʚʦʜʫ, ʥʘʛʨʝʪʫʶ ʜʦ 50 ÁC [49]. ʇʦʩʣʝ 2 ʤʝʩʷʮʝʚ 

ʚʳʜʝʨʞʢʠ ʜʦʩʪʠʛʘʣʦʩʴ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʨʙʮʠʦʥʥʦʝ ʨʘʚʥʦʚʝʩʠʝ, ʢʦʪʦʨʦʝ 

ʩʦʩʪʘʚʠʣʦ 4,2 % ʚ ʥʝʟʘʱʠʱʝʥʥʦʤ ʩʪʝʢʣʦʧʣʘʩʪʠʢʝ ʠ ʪʦʣʴʢʦ 1,2ï1,5 % H2O ʚ 

ʦʙʨʘʟʮʘʭ, ʧʦʢʨʳʪʳʭ ʃʂʇ. 
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ʉ ʫʯʝʪʦʤ ʵʪʠʭ ʩʚʝʜʝʥʠʡ ʨʘʩʩʤʦʪʨʠʤ ʚʣʠʷʥʠʝ ʃʂʇ ʥʘ ʩʢʘʯʢʠ ʤʘʩʩʳ 

ʜʚʫʭ ʠʟʫʯʝʥʥʳʭ ʇʂʄ (ʪʘʙʣ. 2). ʅʘ ʨʠʩ. 4 ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʳ w ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʚ ʫʤʝʨʝʥʥʦ ʪʝʧʣʦʤ ʢʣʠʤʘʪʝ ʫʛʣʝʧʣʘʩʪʠʢʘ ʤʘʨʢʠ ɺʂʋ-39 

ʙʝʟ ʧʦʢʨʳʪʠʷ ʠ ʩ ʃʂʇ ɺʕ-69. ʅʘ ʨʠʩ. 5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʥʘʣʦʛʠʯʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʩʪʝʢʣʦʧʣʘʩʪʠʢʘ ɺʇʉ-48/7781. ʇʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝʡ 

ɺʂʋ-39 ʠ ɺʇʉ-48/7781 ʷʚʣʷʝʪʩʷ ʨʘʩʧʣʘʚʥʦʝ ʩʚʷʟʫʶʱʝʝ ɺʉʕ-1212, 

ʩʦʩʪʦʷʱʝʝ ʠʟ ʵʧʦʢʩʠʜʥʦʛʦ ʜʠʘʥʦʚʦʛʦ ʦʣʠʛʦʤʝʨʘ ʥʘ ʦʩʥʦʚʝ 2,2-ʙʠʩ-(n-

ʦʢʩʠʬʝʥʠʣ)ʧʨʦʧʘʥʘ ʤʘʨʢʠ ʕɼ-20, ʵʧʦʢʩʠʜʥʦʛʦ ʦʣʠʛʦʤʝʨʘ ʥʘ ʦʩʥʦʚʝ 

ʨʝʟʦʨʮʠʥʘ ʋʇ-637 ʠ ʥʦʚʦʣʘʯʥʦʡ ʩʤʦʣʳ ʕʅ-6 [7]. ʀʩʧʦʣʴʟʦʚʘʥʥʘʷ 

ʬʪʦʨʧʦʣʠʫʨʝʪʘʥʦʚʘʷ ʵʤʘʣʴ ɺʕ-69 [52] ʥʝ ʪʦʣʴʢʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʘʜʘʥʥʳʡ 

ʜʝʢʦʨʘʪʠʚʥʳʡ ʚʥʝʰʥʠʡ ʚʠʜ ʫʛʣʝʧʣʘʩʪʠʢʦʚ ʠ ʩʪʝʢʣʦʧʣʘʩʪʠʢʦʚ, ʥʦ ʠ ʣʫʯʰʝ 

ʜʨʫʛʠʭ ʃʂʇ ʥʘ ʦʩʥʦʚʝ ʵʧʦʢʩʠʜʥʳʭ, ʘʢʨʠʣʦʚʳʭ, ʫʨʝʪʘʥʦʚʳʭ 

ʧʣʝʥʢʦʦʙʨʘʟʫʶʱʠʭ ʟʘʱʠʱʘʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ʇʂʄ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʚʣʘʛʠ ʠ ʩʦʣʥʝʯʥʦʛʦ ʦʙʣʫʯʝʥʠʷ [53, 54]. 

 

ʈʠʩ. 4 ï ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʳ ʧʣʠʪ ʫʛʣʝʧʣʘʩʪʠʢʦʚ ʦʪ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʥʘʪʫʨʥʦʛʦ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ: 

 ð ɺʂʋ-39 ʩ ʃʂʇ ɺʕ-69; 

 ð ɺʂʋ-39; 

           ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ ð ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʧʦʣʠʥʦʤʦʤ 6 ʩʪʝʧʝʥʠ 
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ʈʠʩ. 5 ï ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʳ ʧʣʠʪ ʩʪʝʢʣʦʧʣʘʩʪʠʢʦʚ ʦʪ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʥʘʪʫʨʥʦʛʦ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ: 

 ð ɺʇʉ-48/7781 ʩ ʃʂʇ ɺʕ-69; 

 ð ɺʇʉ-48/7781; 

           ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ ð ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʧʦʣʠʥʦʤʦʤ 6 ʩʪʝʧʝʥʠ 

 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʤʘʩʩ ʧʣʠʪ ɺʂʋ-39 ʠ ɺʇʉ-

48/7781 ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠʩʧʳʪʘʥʠʡ ʥʘ ʨʠʩ. 4 ʠ 5 ʠ ʚ ʪʘʙʣ. 2 

ʧʦʢʘʟʳʚʘʝʪ ʭʦʨʦʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʙʦʪ [50, 51]. ʇʣʠʪʳ 

ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʢ ʥʘʯʘʣʫ ʠʟʤʝʨʝʥʠʡ ʩʢʘʯʢʦʚ ʤʘʩʩʳ ʫʞʝ ʙʳʣʠ ʚʳʜʝʨʞʘʥʳ 

ʚ ʪʝʯʝʥʠʝ 24 ʤʝʩʷʮʝʚ ʚ ʦʪʢʨʳʪʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

ʠ ʟʘ ʧʦʩʣʝʜʫʶʱʠʝ 12 ʤʝʩʷʮʝʚ ʧʦʢʘʟʘʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳʝ ʧʦʪʝʨʠ 

ʤʘʩʩʳ ʥʘ ʫʨʦʚʥʝ 0,53ï0,60 % (ʪʘʙʣ. 2). ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʘʭ [26ï28], 

ʪʘʢʠʝ ʧʦʪʝʨʠ ʦʙʫʩʣʦʚʣʝʥʳ ʩʝʟʦʥʥʦʡ ʜʝʩʦʨʙʮʠʝʡ ʥʘʢʦʧʣʝʥʥʦʡ ʚʣʘʛʠ. ɺ 

ʩʣʫʯʘʝ ʟʘʱʠʪʳ ɺʂʋ-39 ʠ ɺʇʉ-48/7781 ʧʦʢʨʳʪʠʝʤ ɺʕ-69 ʩʝʟʦʥʥʘʷ ʫʙʳʣʴ 

ʤʘʩʩʳ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 0,18ï0,23 %, ʪʦ ʝʩʪʴ, ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʥʘʧʦʣʥʠʪʝʣʷ ʃʂʇ ʦʜʠʥʘʢʦʚʦ ʵʬʬʝʢʪʠʚʥʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʜʝʩʦʨʙʮʠʠ ʚʣʘʛʠ 

ʠʟ ʦʙʲʝʤʘ ʦʙʨʘʟʮʦʚ ʫʛʣʝʧʣʘʩʪʠʢʦʚ ʠ ʩʪʝʢʣʦʧʣʘʩʪʠʢʦʚ. ʇʨʠ ʵʪʦʤ ʧʦʢʨʳʪʠʝ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʩʨʝʜʥʶʶ ʚʳʩʦʪʫ ʩʢʘʯʢʦʚ Ὄǰ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ 
0,16ï0,25 % (ʨʠʩ. 4, 5). 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʫʛʣʝʧʣʘʩʪʠʢʝ ʥʘ ʦʩʥʦʚʝ ʩʚʷʟʫʶʱʝʛʦ 

ɺʉʕ-34 ʦʪʤʝʯʘʝʪʩʷ ʩʘʤʳʡ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʩʨʝʜʥʝʡ ʚʳʩʦʪʳ ʩʢʘʯʢʦʚ Ὄǰ = 

0,1 %, ʢʦʪʦʨʳʡ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʠ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ 

(ʪʘʙʣ. 2). ɺ ʩʪʝʢʣʦʧʣʘʩʪʠʢʝ ʥʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʞʝ ʩʚʷʟʫʶʱʝʛʦ ɺʉʕ-34 

ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ. ɿʘʤʝʥʘ ʩʪʝʢʣʦʪʢʘʥʠ ʥʘ ʩʪʝʢʣʦʨʦʚʠʥʛ 

ʫʚʝʣʠʯʠʚʘʝʪ Ὄǰ ʥʘ ʧʦʨʷʜʦʢ (ʦʪ 0,1 ʜʦ 1,1 %).  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʪʝʨʠ ʤʘʩʩʳ, ʩʨʝʜʥʷʷ ʚʳʩʦʪʘ ʩʢʘʯʢʦʚ ʤʘʩʩʳ, 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʩʫʪʦʯʥʳʭ ʧʨʠʨʦʩʪʦʚ ʠ ʩʥʠʞʝʥʠʡ ʤʘʩʩʳ 

ʜʘʶʪ ʮʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʣʠʷʥʠʠ ʩʦʩʪʘʚʘ ʇʂʄ ʥʘ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʚʦʟʜʝʡʩʪʚʠʶ ʜʦʞʜʝʡ ʠ ʩʫʪʦʯʥʳʭ ʠ ʩʝʟʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʧʦʛʦʜʳ. ʊʝʤ 

ʩʘʤʳʤ ʦʙʦʩʥʦʚʘʥ ʝʱʝ ʦʜʠʥ ʮʝʥʥʳʡ ʤʝʪʦʜʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʘʪʤʦʩʬʝʨʦʩʪʦʡʢʦʩʪʠ ʇʂʄ ʚ ʨʘʤʢʘʭ 

ʩʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ 

ʉʪʨʘʪʝʛʠʯʝʩʢʠʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʨʘʟʚʠʪʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʠʭ 

ʧʝʨʝʨʘʙʦʪʢʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2030 ʛʦʜʘ [55]. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɸʚʠʘʮʠʦʥʥʳʝ ʇʂʄ ʥʘ ʦʩʥʦʚʝ ʪʝʨʤʦʨʝʘʢʪʠʚʥʳʭ ʩʚʷʟʫʶʱʠʭ ʧʨʠ 

ʜʣʠʪʝʣʴʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʚ ʦʪʢʨʳʪʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʥʝʦʙʨʘʪʠʤʦ 

ʫʭʫʜʰʘʶʪ ʩʚʦʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʚʩʣʝʜʩʪʚʠʝ ʜʝʩʪʨʫʢʮʠʠ ʠ 

ʥʘʢʦʧʣʝʥʠʷ ʤʠʢʨʦʧʦʚʨʝʞʜʝʥʠʡ. ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʩʚʷʟʘʥʦ ʩ ʧʣʘʩʪʠʬʠʢʘʮʠʝʡ ʩʚʷʟʫʶʱʠʭ, ʢʦʪʦʨʘʷ ʥʦʩʠʪ 

ʦʙʨʘʪʠʤʳʡ ʠʣʠ ʯʘʩʪʠʯʥʦ ʦʙʨʘʪʠʤʳʡ ʭʘʨʘʢʪʝʨ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʜʦʩʪʦʚʝʨʥʦʡ ʦʮʝʥʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʟ ʇʂʄ ʪʨʝʙʫʝʪʩʷ ʚʝʩʪʠ ʥʝʧʨʝʨʳʚʥʳʡ 

ʢʦʥʪʨʦʣʴ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʆʙʱʝʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴʶ, ʚʳʷʚʣʝʥʥʦʡ ʜʣʷ 14 ʤʘʨʦʢ ʫʛʣʝʧʣʘʩʪʠʢʦʚ 

ʠ ʩʪʝʢʣʦʧʣʘʩʪʠʢʦʚ, ʷʚʣʷʝʪʩʷ ʤʦʥʦʪʦʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʤʘʩʩʳ ʦʙʨʘʟʮʦʚ ʧʨʠ 

ʵʢʩʧʦʥʠʨʦʚʘʥʠʠ ʚ ʦʪʢʨʳʪʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʠʟ-ʟʘ ʜʝʩʪʨʫʢʮʠʠ 

ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʨʠʮ.  

ʅʘ ʢʠʥʝʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʳ ʦʙʨʘʟʮʦʚ ʦʪʯʝʪʣʠʚʦ 

ʚʳʨʘʞʝʥʳ ʣʦʢʘʣʴʥʳʝ ʤʠʥʠʤʫʤʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʣʝʪʥʠʤ ʤʝʩʷʮʘʤ, ʚ 

ʪʝʯʝʥʠʝ ʢʦʪʦʨʳʭ ʜʦʤʠʥʠʨʫʶʪ ʧʨʦʮʝʩʩʳ ʜʝʩʦʨʙʮʠʠ ʚʣʘʛʠ ʠʟ ʦʙʲʝʤʘ 

ʦʙʨʘʟʮʦʚ. ɺ ʦʩʝʥʥʝ-ʟʠʤʥʠʝ ʤʝʩʷʮʳ ʩ ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʴʶ ʠ ʜʦʞʜʷʤʠ 

ʚʳʷʚʣʝʥʳ ʣʦʢʘʣʴʥʳʝ ʤʘʢʩʠʤʫʤʳ ʠʟ-ʟʘ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʩʦʨʙʮʠʠ ʚʣʘʛʠ. 

ʅʘ ʩʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʳ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʩʫʪʦʯʥʳʝ ʩʢʘʯʢʠ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʜʦʞʜʷʤʠ ʠ ʨʦʩʘʤʠ, ʠ ʢʨʘʪʢʦʩʨʦʯʥʳʝ ʧʘʜʝʥʠʷ ʤʘʩʩʳ, 

ʚʳʟʚʘʥʥʳʝ ʜʝʩʦʨʙʮʠʝʡ ʚʣʘʛʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʣʥʝʯʥʳʭ ʥʘʛʨʝʚʦʚ. 

ʉʚʝʜʝʥʠʷ ʦ ʧʦʪʝʨʷʭ ʤʘʩʩʳ ʦʙʨʘʟʮʦʚ, ʩʨʝʜʥʝʡ ʚʳʩʦʪʳ ʩʢʘʯʢʦʚ, 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʬʣʫʢʪʫʘʮʠʡ ʤʘʩʩʳ ʦʪ 

ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʥʳʭ ʙʘʟʦʚʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʘʶʪ ʮʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʚʣʠʷʥʠʠ ʩʦʩʪʘʚʘ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ, ʜʦʙʘʚʦʢ 

ʥʘʥʦʤʦʜʠʬʠʢʘʪʦʨʘ ʥʘ ʩʪʦʡʢʦʩʪʴ ʇʂʄ ʢ ʜʦʞʜʷʤ, ʩʫʪʦʯʥʳʤ ʠ ʩʝʟʦʥʥʳʤ 

ʠʟʤʝʥʝʥʠʷʤ ʧʦʛʦʜʳ ʚ ʦʪʢʨʳʪʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 
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ɺʚʝʜʝʥʠʝ 

ʅʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ, ʧʦʛʨʫʞʝʥʥʳʭ ʚ 

ʤʦʨʩʢʫʶ ʚʦʜʫ, ʦʩʝʜʘʶʪ ʠ ʥʘʯʠʥʘʶʪ ʨʘʟʚʠʚʘʪʴʩʷ ʤʦʨʩʢʠʝ ʛʠʜʨʦʙʠʦʥʪʳ, 

ʩʦʦʙʱʝʩʪʚʦ ʢʦʪʦʨʳʭ ʥʘʟʳʚʘʝʪʩʷ ʦʙʨʘʩʪʘʥʠʝʤ (ʧʝʨʠʬʠʪʦʥʦʤ) [1ï4]. 

ʆʙʨʘʩʪʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟʣʠʯʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʷʚʣʷʝʪʩʷ 

ʙʠʦʪʠʯʝʩʢʦʡ ʩʫʢʮʝʩʩʠʝʡ, ʥʘʯʠʥʘʝʪʩʷ ʩ ʤʠʢʨʦʦʙʨʘʩʪʘʥʠʷ 

(ʤʠʢʨʦʧʝʨʠʬʠʪʦʥʘ) ʠ ʚ ʧʨʦʮʝʩʩʝ ʦʩʝʜʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʩʧʦʨ 
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ʤʘʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʣʠʯʠʥʦʢ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʧʨʦʜʦʣʞʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʤʘʢʨʦʦʙʨʘʩʪʘʥʠʷ (ʤʘʢʨʦʧʝʨʠʬʠʪʦʥʘ). ʄʘʢʨʦʦʙʨʘʩʪʘʥʠʝ ʧʦʜʚʦʜʥʦʡ ʯʘʩʪʠ 

ʤʦʨʩʢʠʭ ʩʫʜʦʚ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠ ʙʦʨʴʙʘ ʩ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʢ 

ʘʢʪʫʘʣʴʥʳʤ ʧʨʦʙʣʝʤʘʤ ʩʫʜʦʩʪʨʦʝʥʠʷ. ɼʣʷ ʟʘʱʠʪʳ ʦʪ ʤʘʢʨʦʦʙʨʘʩʪʘʥʠʷ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʥʦʚʳʝ ʣʘʢʦʢʨʘʩʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʃʂʄ), ʩʦʜʝʨʞʘʱʠʝ 

ʙʠʦʮʠʜʥʳʝ ʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʙʝʟʙʠʦʮʠʜʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʫʯʝʪʦʤ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʠʟʤʝʥʷʶʱʠʭʩʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʨʩʢʦʡ 

ʩʨʝʜʳ ʶʞʥʳʭ ʠ ʘʨʢʪʠʯʝʩʢʠʭ ʤʦʨʝʡ [5ï7]. ʇʨʠ ʠʭ ʨʘʟʨʘʙʦʪʢʝ, ʧʦʜʙʦʨʝ ʠ 

ʫʪʦʯʥʝʥʠʠ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʚʦʜʷʪʩʷ ʨʘʟʣʠʯʥʳʝ ʣʘʙʦʨʘʪʦʨʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʙʦʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʤʦʨʩʢʦʡ 

ʚʦʜʳ ʠ ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ ʦʨʛʘʥʠʟʤʦʚ-ʦʙʨʘʩʪʘʪʝʣʝʡ [8].ʆʜʥʘʢʦ, ʜʣʷ ʚʳʙʦʨʘ 

ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʝʤʳʭ ʢʦʤʧʦʟʠʮʠʡ ʩ ʨʘʟʣʠʯʥʳʤ 

ʤʝʭʘʥʠʟʤʦʤ ʜʝʡʩʪʚʠʷ ʥʘ ʨʘʩʩʝʣʠʪʝʣʴʥʳʝ, ʶʚʝʥʠʣʴʥʳʝ ʬʦʨʤʳ ʣʠʯʠʥʦʢ-

ʦʙʨʘʩʪʘʪʝʣʝʡ ʦʙʷʟʘʪʝʣʴʥʦ ʧʨʦʚʦʜʷʪ ʠʭ ʠʩʧʳʪʘʥʠʷ  ʚ ʤʦʨʩʢʠʭ ʧʨʠʙʨʝʞʥʳʭ 

ʘʢʚʘʪʦʨʠʷʭ (ʩʪʝʥʜʦʚʳʝ ʠʩʧʳʪʘʥʠʷ). ʊʦʣʴʢʦ ʨʝʟʫʣʴʪʘʪʳ ʪʘʢʠʭ ʠʩʧʳʪʘʥʠʡ 

ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʩʪʘʚʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ 

ʜʣʷ ʦʢʨʘʩʢʠ ʧʦʜʚʦʜʥʦʡ ʯʘʩʪʠ ʨʘʟʣʠʯʥʳʭ ʩʫʜʦʚ, ʠ ʟʘʢʣʶʯʠʪʝʣʴʥʳʤ ʵʪʘʧʦʤ 

ʥʘ ʧʫʪʠ ʩʦʟʜʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʝʤʳʭ ʧʦʢʨʳʪʠʡ. 

ɺ ʤʦʨʩʢʠʭ ʧʨʠʙʨʝʞʥʳʭ ʘʢʚʘʪʦʨʠʷʭ ʧʦʚʝʨʭʥʦʩʪʴ 

ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʝʤʳʭ ʧʦʢʨʳʪʠʡ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʢʦʣʦʥʠʟʠʨʫʶʪ ʤʦʨʩʢʠʝ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ: ʙʘʢʪʝʨʠʠ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ, 

ʜʦʤʠʥʠʨʫʶʪ ʛʝʪʝʨʦʪʨʦʬʥʳʝ ʙʘʢʪʝʨʠʠ (ɻɹ), ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ, 

ʮʠʘʥʦʙʘʢʪʝʨʠʠ, ʤʠʢʨʦʤʠʮʝʪʳ, ʧʨʦʩʪʝʡʰʠʝ [9ï11]. ʆʥʠ ʬʦʨʤʠʨʫʶʪ  

ʙʠʦʧʣʝʥʢʫ ʤʠʢʨʦʦʙʨʘʩʪʘʥʠʷ ï ʩʦʦʙʱʝʩʪʚʦ ʧʝʨʠʬʠʪʦʥʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ (ʉʇʄ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ɻɹ ʨʘʟʨʫʰʘʶʪ 

ʦʩʝʜʘʶʱʠʡ ʜʝʪʨʠʪ ʠ ʥʝʢʦʪʦʨʳʝ ʢʦʤʧʦʥʝʥʪʦʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʦʩʥʦʚʳ 

ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʙʠʦʧʣʝʥʢʝ ʤʠʢʨʦʦʙʨʘʩʪʘʥʠʷ 

ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʘʙʦʣʠʪʳ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʬʦʨʤʠʨʫʝʪʩʷ ʝʝ 

ʭʠʤʠʯʝʩʢʠʡ ʠ ʙʠʦʪʠʯʝʩʢʠʡ ʩʦʩʪʘʚ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʵʬʬʝʢʪʠʚʥʳʭ ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʝʤʳʭ ʧʦʢʨʳʪʠʡ ʉʇʄ  ʨʘʟʚʠʚʘʝʪʩʷ ʚʝʩʴ 

ʧʝʨʠʦʜ ʠʭ ʟʘʱʠʪʳ ʦʪ ʤʘʢʨʦʦʙʨʘʩʪʘʥʠʷ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 5 

ʣʝʪ.  

ʆʩʝʜʘʥʠʝ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʠ ʨʘʟʚʠʪʠʝ ʩʦʦʙʱʝʩʪʚʘ ʤʘʢʨʦʦʙʨʘʩʪʘʥʠʷ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʳʪʥʳʭ ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʝʤʳʭ ʩʦʩʪʘʚʦʚ ʧʨʠ ʤʦʨʩʢʠʭ 

ʩʪʝʥʜʦʚʳʭ ʠʩʧʳʪʘʥʠʷʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʪʝʨʝ ʠʤʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʪʘʢʠʭ ʠʩʧʳʪʘʥʠʡ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚʳʙʦʨ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʦʩʪʘʚʦʚ, ʥʦ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʚʦʟʤʦʞʥʳʭ ʧʨʠʯʠʥ, ʢʦʪʦʨʳʝ  

ʥʘʨʫʰʘʶʪ ʤʝʭʘʥʠʟʤ ʨʘʙʦʪʳ ʦʙʨʦʩʰʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʇʦʵʪʦʤʫ ʧʨʠ 

ʠʟʫʯʝʥʠʠ ʉʇʄ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʷʪʴ ʥʝ ʪʦʣʴʢʦ ʚʠʜʦʚʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ, 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʥʦ ʠ ʫʜʝʣʷʪʴ ʚʥʠʤʘʥʠʝ ʥʘ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʙʠʦʨʘʟʨʫʰʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʡ ʦʩʥʦʚʳ 

ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʝʤʦʡ ʢʦʤʧʦʟʠʮʠʠ. ɺ ʦʩʥʦʚʥʦʤ, ʵʪʦ ʥʘʨʫʰʝʥʠʝ 
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ʭʠʤʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʝʝ ʧʦʣʠʤʝʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʥʘʢʦʧʣʝʥʠʝ 

ʧʨʦʜʫʢʪʦʚ ʤʝʪʘʙʦʣʠʟʤʘ ʚ ʙʠʦʧʣʝʥʢʝ ʤʠʢʨʦʦʙʨʘʩʪʘʥʠʷ, ʚʣʠʷʶʱʠʭ ʥʘ 

ʧʦʪʝʨʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ [12]. 

ʅʘʤʠ ʧʨʝʜʣʘʛʘʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʜʛʦʪʦʚʢʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ ʜʣʷ ʤʦʨʩʢʠʭ ʠʩʧʳʪʘʥʠʡ 

ʠ ʠʟʫʯʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʢʘʢ ʙʠʦʧʣʝʥʦʢ 

ʤʠʢʨʦʦʙʨʘʩʪʘʥʠʷ, ʪʘʢ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʤʠʢʨʦʩʣʦʷ ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʝʤʳʭ 

ʧʦʢʨʳʪʠʡ, ʩʦʟʜʘʥʥʳʭ ʧʦ SMT (Soluble Matrix Type Paints); Non-Stick 

(ʘʥʪʠʘʜʛʝʟʠʦʥʥʳʝ ʥʘ ʩʠʣʠʢʦʥʦʚʦʡ ʦʩʥʦʚʝ) ʠ Selfpolishing 

(ʩʘʤʦʧʦʣʠʨʫʶʱʠʝʩʷ) ʪʝʭʥʦʣʦʛʠʷʤ. 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʦʜʛʦʪʦʚʢʘ ʦʙʨʘʟʮʦʚ ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʝʤʳʭ ʧʦʢʨʳʪʠʡ ʢ ʤʦʨʩʢʠʤ 

ʩʪʝʥʜʦʚʳʤ ʠʩʧʳʪʘʥʠʷʤ. ʀʟʫʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʦʚʳʭ 

ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʝʤʳʭ ʩʦʩʪʘʚʦʚ, ʧʨʦʰʝʜʰʠʭ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʧʳʪʘʥʠʷ, 

ʧʨʦʚʦʜʠʪʩʷ ʚ ʧʨʠʙʨʝʞʥʳʭ ʤʦʨʩʢʠʭ ʘʢʚʘʪʦʨʠʷʭ. ɼʣʷ ʪʘʢʠʭ ʠʩʧʳʪʘʥʠʡ 

ʛʦʪʦʚʷʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʢʨʘʰʝʥʥʳʝ ʦʙʨʘʟʮʳ ʨʘʟʤʝʨʦʤ 100ʭ50 ʤʤ 

ʠʣʠ ʙʦʣʴʰʝʛʦ ʨʘʟʤʝʨʘ.  ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʢʨʘʩʢʘ ʦʙʨʘʟʮʦʚ ʠʟ 

ʦʨʛʩʪʝʢʣʘ ʠʣʠ ʜʨʫʛʠʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʪʦʣʴʢʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʝʤʳʤ ʩʦʩʪʘʚʦʤ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʚ ʤʦʨʝ ʜʘʝʪ ʦʛʨʘʥʠʯʝʥʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʜʘʣʴʥʝʡʰʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʫʜʦʩʪʨʦʝʥʠʠ ʠ ʩʫʜʦʨʝʤʦʥʪʝ. ʇʦʪʦʤʫ ʯʪʦ ʜʣʷ ʟʘʱʠʪʳ 

ʧʦʜʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʨʧʫʩʦʚ ʨʘʟʣʠʯʥʳʭ ʢʦʨʘʙʣʝʡ ʠ 

ʩʫʜʦʚ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʥʦʛʦʩʣʦʡʥʳʝ ʣʘʢʦʢʨʘʩʦʯʥʳʝ ʟʘʱʠʪʥʳʝ ʧʦʢʨʳʪʠʷ. 

ʆʥʠ, ʚ ʦʩʥʦʚʥʦʤ,  ʩʦʩʪʦʷʪ ʠʟ ʛʨʫʥʪʦʚʢʠ, ʥʘʥʝʩʝʥʥʦʡ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʦʡ ʢʨʘʩʢʠ ʧʦ ʢʦʪʦʨʦʡ ʥʘʥʦʩʠʪʩʷ 

ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʝʤʘʷ ʢʨʘʩʢʘ ʠʣʠ ʵʤʘʣʴ. ʇʦʵʪʦʤʫ  ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʜʝʞʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʥʝʦʙʭʦʜʠʤʦ 

ʦʢʨʘʰʠʚʘʪʴ ʧʦ ʧʦʣʥʦʡ ʩʭʝʤʝ: ʛʨʫʥʪʦʚʢʘ, ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʘʷ ʢʨʘʩʢʘ, 

ʩʦʚʤʝʩʪʠʤʘʷ ʩ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʝʤʳʤ ʩʦʩʪʘʚʦʤ, ʢʦʪʦʨʳʡ 

ʥʘʥʦʩʠʪʩʷ ʧʦʩʣʝʜʥʠʤ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʩʣʦʝʤ. ʇʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ 

ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʥʘʭʦʜʷʱʠʡʩʷ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ çʤʦʨʩʢʘʷ ʚʦʜʘ ï 

ʦʢʨʘʰʝʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴè, ʜʦʣʞʝʥ ʥʝ ʪʦʣʴʢʦ ʟʘʱʠʱʘʪʴ ʦʪ 

ʤʘʢʨʦʦʙʨʘʩʪʘʥʠʷ, ʥʦ ʠ  ʠʤʝʪʴ ʭʦʨʦʰʫʶ ʘʜʛʝʟʠʶ ʢ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʦʡ 

ʢʨʘʩʢʝ, ʥʝ ʧʨʦʧʫʩʢʘʪʴ ʤʦʨʩʢʫʶ ʚʦʜʫ ʢ ʦʢʨʘʰʝʥʥʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʝʝ ʢʦʨʨʦʟʠʶ ʨʠʩ.1. 
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ʈʠʩ. 1 ï ɺʟʜʫʪʠʝ ʧʦʢʨʳʪʠʷ ʠ ʧʦʷʚʣʝʥʠʝ ʨʞʘʚʯʠʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʣʘʙʦʡ ʘʜʛʝʟʠʠ 

ʵʧʦʢʩʠʜʥʦ-ʢʘʫʯʫʢʦʚʦʛʦ ʩʦʩʪʘʚʘ ʢ  ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʦʤʫ ʩʣʦʶ 

 

ʀʟʫʯʝʥʠʝ ʙʠʦʧʣʝʥʢʠ ʤʠʢʨʦʦʙʨʘʩʪʘʥʠʷ. ɺ ʤʦʨʩʢʦʡ ʩʨʝʜʝ ʉʇʄ 

ʫʯʘʩʪʚʫʝʪ ʚ ʧʨʦʮʝʩʩʘʭ ʙʠʦʨʘʟʨʫʰʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ ʧʦʢʨʳʪʠʡ 

[12, 13] ʠ ʚʣʠʷʝʪ ʥʘ ʦʩʝʜʘʥʠʝ ʠ ʤʝʪʘʤʦʨʬʦʟ ʣʠʯʠʥʦʢ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ. 

ʉʢʦʨʦʩʪʴ ʥʘʨʘʩʪʘʥʠʷ ʤʘʩʩʳ ʙʠʦʧʣʝʥʢʠ ʤʠʢʨʦʦʙʨʘʩʪʘʥʠʷ, ʩʥʷʪʦʡ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʝʤʦʛʦ ʧʦʢʨʳʪʠʷ ʍɺ-5153 (SMT ʪʝʭʥʦʣʦʛʠʷ) ʩ 

ʧʦʤʦʱʴʶ ʩʢʘʣʴʧʝʣʷ ʯʝʨʝʟ ʨʘʟʣʠʯʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ʧʨʠ ʩʪʝʥʜʦʚʳʭ 

ʠʩʧʳʪʘʥʠʷ ʚ ʉʝʚʘʩʪʦʧʦʣʴʩʢʠʭ ʙʫʭʪʘʭ, ʧʦʢʘʟʘʥʘ ʚ ʪʘʙʣ.1. 

 
ʊʘʙʣʠʮʘ 1 

ʀʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʤʠʢʨʦʦʙʨʘʩʪʘʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʡ  

ʧʨʦʪʠʚʦʦʙʨʘʩʪʝʤʦʡ ʢʨʘʩʢʠ ʍɺ-5153 (ʘʧʨʝʣʴ 2020 ʛ.ī ʘʧʨʝʣʴ 2021 ʛ.) 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠʩʧʳʪʘʥʠʷ ʚ 

ʤʦʨʝ, ʩʫʪ 

ɺʝʩ ʩʫʭʦʡ ʩʣʠʟʠʩʪʦʡ ʧʣʝʥʢʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʨʘʩʢʠ, ʤʛ/ʩʤ
2
 

20 4,10Ā10
-2

 

90 3,36Ā10
-1

 

120 4,04Ā10
-1

 

180 8,091Ā0
-1

 

270 8,96Ā10
-1

 

360 9,82Ā10
-1

 

  ʇʦʩʣʝ ʩʥʷʪʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʙʠʦʧʣʝʥʢʘ ʤʠʢʨʦʦʙʨʘʩʪʘʥʠʷ ʚʳʩʫʰʠʚʘʣʘʩʴ ʧʨʠ ʊ 60 Áʉ 

 

ʋʚʝʣʠʯʝʥʠʝ ʤʘʩʩʳ ʙʠʦʧʣʝʥʢʠ ʉʇʄ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʚʳʱʝʣʘʯʠʚʘʥʠʝ 

ʙʠʦʮʠʜʥʳʭ ʜʦʙʘʚʦʢ ʠ ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʝʤʳʭ ʘʥʪʠʘʜʛʝʟʠʦʥʥʳʭ ʩʦʩʪʘʚʦʚ. ʂʨʦʤʝ ʪʦʛʦ, 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʡʩʪʚʠʷ ʧʦʢʨʳʪʠʡ ʩʥʠʞʘʝʪ ʤʠʢʨʦʙʠʦʛʝʥʥʦʝ ʦʪʣʦʞʝʥʠʝ 

ʧʨʦʜʫʢʪʦʚ ʤʝʪʘʙʦʣʠʟʤʘ ʉʇʄ ī ʘʤʦʨʬʥʳʭ ʢʘʨʙʦʥʘʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 



ʂʣʠʤʘʪ-2023: ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʤʘʪʝʨʠʘʣʳ ʠ 

ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

 

VIII ˏ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 158 

ʢʘʣʴʮʠʪʘ ʠ ʢʚʘʨʮʘ, ʯʪʦ ʦʪʤʝʯʘʝʪʩʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [14]. ʌʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ 

çʙʠʦʧʣʝʥʢʘ ʤʠʢʨʦʦʙʨʘʩʪʘʥʠʷ ï ʤʦʨʩʢʘʷ ʚʦʜʘè, ʵʢʨʘʥʠʨʫʶʪ ʧʦʚʝʨʭʥʦʩʪʴ 

ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʝʤʦʛʦ ʧʦʢʨʳʪʠʷ ʠ ʤʦʛʫʪ ʥʘʨʫʰʘʪʴ ʤʝʭʘʥʠʟʤ ʝʛʦ ʨʘʙʦʪʳ.  

ʀʟʫʯʝʥʠʝ ʙʠʦʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʙʠʦʧʣʝʥʢʠ ʤʠʢʨʦʦʙʨʘʩʪʘʥʠʷ ʚ ʦʩʥʦʚʥʦʤ 

ʧʨʦʚʦʜʷʪ ʚ ʝʝ ʩʤʳʚʘʭ ʚ ʩʪʝʨʠʣʴʥʫʶ ʤʦʨʩʢʫʶ ʚʦʜʫ çʤʝʪʦʜʦʤ ʪʘʤʧʦʥʦʚè 

[9]. ʉʤʳʚʳ ʥʝʦʙʭʦʜʠʤʦ ʜʝʣʘʪʴ ʩ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʧʣʦʱʘʜʠ (ʠʣʠ ʩʦ ʚʩʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ) ʠ ʦʙʷʟʘʪʝʣʴʥʦ, ʢʘʢ ʩ ʦʜʥʦʡ, ʪʘʢ ʠ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ  

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʨʘʟʮʘ. ɺ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʉʇʄ 

ʜʦʤʠʥʠʨʫʶʪ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʝ ɻɹ, ʦʩʥʦʚʥʳʝ ʙʠʦʜʝʩʪʨʫʢʪʦʨʳ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ ʨʘʟʣʠʯʥʳʭ ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʝʤʳʭ ʩʦʩʪʘʚʦʚ. ʀʭ 

ʯʠʩʣʝʥʥʦʩʪʴ ʫʜʦʙʥʦ ʦʧʨʝʜʝʣʷʪʴ çʯʘʰʝʯʥʳʤ ʤʝʪʦʜʦʤè [9]. ʆʧʨʝʜʝʣʝʥʠʝ 

ʯʠʩʣʝʥʥʦʩʪʠ ɻɹ ʥʘ ʢʨʘʩʢʘʭ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʦ SMT-ʪʝʭʥʦʣʦʛʠʠ ʧʦʢʘʟʘʣʦ, 

ʯʪʦ ʧʦʩʣʝ 50ï60 ʩʫʪ ʠʩʧʳʪʘʥʠʡ ʚ ʧʨʠʙʨʝʞʥʳʭ ʘʢʚʘʪʦʨʠʷʭ 

ʉʝʚʘʩʪʦʧʦʣʴʩʢʠʭ ʙʫʭʪ ʦʥʘ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʥʘ ʫʨʦʚʥʝ 10
4
ï10

5 
ʢʣ/ʩʤ

2
 ʩ 

ʥʝʙʦʣʴʰʠʤʠ ʬʣʫʢʪʫʘʮʠʷʤʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʤʠ ʜʝʩʪʨʫʢʮʠʦʥʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ɻɹ. ʆʪʣʦʞʝʥʠʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʙʠʦʛʝʥʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʵʢʨʘʥʠʨʫʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʢʨʳʪʠʷ, ʩʦʟʜʘʝʪ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚ ʝʛʦ ʩʦʩʪʘʚʝ ʠ ʥʘʨʫʰʘʝʪ ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʝʤʳʝ ʩʚʦʡʩʪʚʘ 

ʩʦʚʨʝʤʝʥʥʳʭ ʩʦʩʪʘʚʦʚ, ʨʠʩ. 2. 

 

 
ʈʠʩ. 2 ï ʅʝʨʘʚʥʦʤʝʨʥʦʝ ʦʩʝʜʘʥʠʝ ʦʙʨʘʩʪʘʪʝʣʝʡ, ʩʚʷʟʘʥʥʦʝ ʩ ʥʝʦʜʥʦʨʦʜʥʳʤ 

ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ  ʘʥʪʠʘʜʛʝʟʠʦʥʥʳʭ ʩʦʩʪʘʚʦʚ 

 

ɹʠʦʧʣʝʥʢʘ ʤʠʢʨʦʦʙʨʘʪʘʥʠʷ ʨʝʛʫʣʠʨʫʝʪ ʧʦʩʪʫʧʣʝʥʠʝ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʢʨʳʪʠʷ ʤʦʨʩʢʦʡ ʚʦʜʳ, ʚ ʥʝʡ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʤʝʪʘʙʦʣʠʪʳ ʉʇʄ, 

ʚʣʠʷʶʱʠʝ ʥʘ ʚʝʣʠʯʠʥʫ ʨʅ, ʢʦʪʦʨʘʷ ʥʘ ʩʦʩʪʘʚʘʭ (SMT-ʪʝʭʥʦʣʦʛʠʷ) ʥʠʞʝ, 

ʯʝʤ ʚ ʤʦʨʩʢʦʡ ʚʦʜʝ ʠ ʠʟʤʝʥʷʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 7,55 ʜʦ 8,00 ʝʜ. ʨʅ. 

ʌʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʟʫʯʝʥʠʷ ʩʦʩʪʘʚʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ 

ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʝʤʳʭ ʢʦʤʧʦʟʠʮʠʡ. ʇʦʜ ʚʣʠʷʥʠʝʤ ʭʠʤʠʯʝʩʢʠʭ ʠ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʤʦʨʩʢʦʡ ʩʨʝʜʳ ʧʨʦʠʩʭʦʜʷʪ ʠʟʤʝʥʝʥʠʷ ʚ 



ʂʣʠʤʘʪ-2023: ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʤʘʪʝʨʠʘʣʳ ʠ 

ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

 

VIII ˏ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 159 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʤʘʪʨʠʮʳ ʧʦʢʨʳʪʠʡ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʫʰʝʥʠʷ ʉïʉ ʩʚʷʟʝʡ, ʛʠʜʨʘʪʘʮʠʠ ʠ ʠʦʥʠʟʘʮʠʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ. ʊʘʢʠʝ ʠʟʤʝʥʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ ʤʝʪʦʜ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ,  ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ: ɚ 600ī4000 ʩʤ
-1 

[12, 15]. 

ʄʝʪʦʜ R-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʥʪʨʦʣʴ ʟʘ ʠʟʤʝʥʝʥʠʝʤ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʤʠʢʨʦʩʣʦʷ ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʝʤʦʡ 

ʢʦʤʧʦʟʠʮʠʠ ʧʦʩʣʝ ʨʘʟʣʠʯʥʳʭ ʩʨʦʢʦʚ ʵʢʩʧʦʟʠʮʠʠ ʚ ʤʦʨʝ.  

 

 
ʈʠʩ. 3 ï  ʇʦʜʛʦʪʦʚʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʨʳʪʠʷ ʜʣʷ ʩʨʝʟʦʚ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ 

ʩ ʦʙʨʦʩʰʝʛʦ (ʘ)  ʠ ʯʠʩʪʦʛʦ (ʙ) ʫʯʘʩʪʢʦʚ ʜʣʷ  R-ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

 

ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥ ʚʳʙʦʨ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʦʚ ʘʥʪʠʘʜʛʝʟʠʦʥʥʦʛʦ 

ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʝʤʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʩʠʣʠʢʦʥʦʚʦʡ ʦʩʥʦʚʝ (Non-Stick-

ʪʝʭʥʦʣʦʛʠʷ) ʜʣʷ ʘʥʘʣʠʟʘ ʧʦʩʣʝ 16 ʤʝʩ ʠʩʧʳʪʘʥʠʷ ʥʘ ʤʦʨʩʢʦʤ ʩʪʝʥʜʝ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘ ʫʯʘʩʪʢʝ, ʧʦʪʝʨʷʚʰʝʤ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʚ ʨʘʡʦʥʝ ʜʦʤʠʢʦʚ ʘʤʬʠʙʘʣʷʥʫʩʦʚ (ʨʠʩ. 3, ʘ) ʦʪʤʝʯʝʥʦ 

ʧʦʥʠʞʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʉʠ ʠ ʦʪʩʫʪʩʪʚʠʝ Zn (ʵʪʠ ʵʣʝʤʝʥʪʳ ʚʚʝʜʝʥʳ ʚ 

ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʝʤʳʡ ʩʦʩʪʘʚ ʚ ʚʠʜʝ ʘʢʨʠʣʘʪʦʚ) ʠ ʥʝʨʘʚʥʦʤʝʨʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʡ ʥʘʥʥʦʩʪʨʫʢʪʫʨʳ 

(AlīFe), ʩʥʠʞʘʶʱʝʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʧʦʢʨʳʪʠʷ ʩ ʘʥʪʠʘʜʛʝʟʠʦʥʥʳʤ 

ʤʝʭʘʥʠʟʤʦʤ ʜʝʡʩʪʚʠʷ. 

 

ɺʳʚʦʜʳ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ 

ʆʪʙʦʨ ʵʬʬʝʢʪʠʚʥʳʭ ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʝʤʳʭ ʢʦʤʧʦʟʠʮʠʡ, ʜʣʷ ʠʭ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʫʜʦʩʪʨʦʝʥʠʠ ʠ 

ʩʫʜʦʨʝʤʦʥʪʝ, ʧʨʦʚʦʜʠʪʩʷ ʪʦʣʴʢʦ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʤʦʨʩʢʠʭ ʩʪʝʥʜʦʚʳʭ 

ʠʩʧʳʪʘʥʠʡ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʥʘʤʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʜʦʧʦʣʥʝʥʠʷ ʢ 

ʪʘʢʠʤ ʠʩʧʳʪʘʥʠʷʤ: 

1) ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʣʘʩʪʠʥʳ, ʢʦʪʦʨʳʝ ʦʢʨʘʰʠʚʘʶʪʩʷ ʧʦ ʦʙʱʝʧʨʠʥʷʪʦʡ ʚ 
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ʠʩʩʣʝʜʫʝʤʳʡ ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʝʤʳʡ ʩʦʩʪʘʚ. ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ 

ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʥʝ ʪʦʣʴʢʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘʱʠʪʳ ʦʪ ʦʙʨʘʩʪʘʥʠʷ, ʥʦ ʠ 

ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʝʤʦʛʦ ʧʦʢʨʳʪʠʷ:  

ʘʜʛʝʟʠʶ, ʧʦʨʠʩʪʦʩʪʴ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. 

2) ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʩʦʩʪʘʚʘ 

ʙʠʦʧʣʝʥʢʠ ʤʠʢʨʦʦʙʨʘʩʪʘʥʠʷ, ʢʦʪʦʨʳʡ ʚʣʠʷʝʪ ʥʘ ʪʝʥʜʝʥʮʠʶ ʠʟʤʝʥʝʥʠʷ 

ʚʝʣʠʯʠʥʳ ʨʅ, ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʙʠʦʮʠʜʥʳʭ ʜʦʙʘʚʦʢ (SMT ʠ Selfpolishing 

ʪʝʭʥʦʣʦʛʠʠ). 

3) ʇʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʩʣʦʷ ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʝʤʳʭ ʧʦʢʨʳʪʠʡ, ʦʩʦʙʝʥʥʦ ʪʝʨʷʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, 

ʤʝʪʦʜʘʤʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ R-ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʯʪʦ ʧʦʟʚʦʣʠʪ  ʦʧʝʨʘʪʠʚʥʦ 

ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʦʙʥʘʨʫʞʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʩʦʩʪʘʚʦʚ, ʩʦʟʜʘʥʥʳʭ ʧʦ Non-

Stick ʠ Selfpolishing ʪʝʭʥʦʣʦʛʠʷʤ. 
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ɸʥʥʦʪʘʮʠʷ  

ʀʩʩʣʝʜʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʘʚʠʘʮʠʦʥʥʳʭ 

ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ, ʧʦʜʚʝʨʛʥʫʪʳʭ ʚʦʟʜʝʡʩʪʚʠʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ 

ʪʝʯʝʥʠʝ ʜʚʫʭ ʣʝʪ. ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʚ ʫʩʣʦʚʠʷʭ ʧʨʠʤʦʨʩʢʦʡ 

ʘʪʤʦʩʬʝʨʳ ʫʤʝʨʝʥʥʦ ʪʸʧʣʦʛʦ ʢʣʠʤʘʪʘ ɻʝʣʝʥʜʞʠʢʘ ʠ ʪʨʦʧʠʯʝʩʢʦʛʦ ʢʣʠʤʘʪʘ 

ʛʦʨʦʜʘ ɺʘʥʴʥʠʥ ʥʘ ʦʩʪʨʦʚʝ ʍʘʡʥʘʥʴ, ʂʅʈ. ʂʦʨʨʦʟʠʦʥʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ʚ 

ʘʪʤʦʩʬʝʨʝ ɻʝʣʝʥʜʞʠʢʘ ʩʦʠʟʤʝʨʠʤʳ ʩ ʢʦʨʨʦʟʠʦʥʥʳʤʠ ʧʦʚʨʝʞʜʝʥʠʷʤʠ ʥʘ 

ʦʩʪʨʦʚʝ ʍʘʡʥʘʥʴ ʠ ʥʝ ʚʣʠʷʶʪ ʥʘ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʠ ʪʝʢʫʯʝʩʪʠ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʦ ʩʥʠʞʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʨʘʚʥʦʤʝʨʥʦʝ 

ʫʜʣʠʥʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʩʧʣʘʚʦʚ. 
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Abstract 

The study examines the results of a study of the corrosion resistance of 

aircraft aluminum alloys exposed to the environment for two years. The 

experiment was carried out in the coastal atmosphere of the moderately warm 

climate of Gelendzhik and the tropical climate of the city of Wanning on Hainan 

Island, China. The corrosive aggressiveness of the Gelendzhik atmosphere is 

comparable to the corrosive aggressiveness of a tropical station. The resulting 

corrosion lesions do not affect the tensile strength and fluidity of the materials 

studied, but reduce the relative uniform elongation of some alloys. 

Keywords:  

aluminum alloys, corrosion, environment tests, chlorides 

ɺʚʝʜʝʥʠʝ 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ ɻʝʣʝʥʜʞʠʢʩʢʠʡ ʮʝʥʪʨ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ ʠʤ. ɻ.ɺ. ɸʢʠʤʦʚʘ ɺʀɸʄ ï ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè 

(ɻʎʂʀ ɺʀɸʄ) ʟʘʥʠʤʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʠ ʨʘʟʚʠʪʠʝʤ ʪʝʦʨʠʠ ʠ ʧʨʘʢʪʠʢʠ 

ʘʪʤʦʩʬʝʨʥʦʡ ʢʦʨʨʦʟʠʠ [1, 2]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʧʨʠʤʝʨʳ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʚ [4], ʧʦʤʦʛʘʝʪ ʦʧʨʝʜʝʣʠʪʴ ʨʦʣʴ 

ʭʣʦʨʠʜʦʚ ʢʘʢ ʦʩʥʦʚʥʦʛʦ ʬʘʢʪʦʨʘ ʨʘʟʚʠʪʠʷ ʢʦʨʨʦʟʠʠ ʥʘ ʙʝʨʝʛʫ ʤʦʨʝʡ 

[1, 2, 5]. ʇʦʢʘʟʘʥʦ [5], ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʠʜʦʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʧʫʪʝʤ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʨʘʩʧʳʣʝʥʠʷ 

ʘʵʨʦʟʦʣʝʡ ʤʦʨʩʢʦʡ ʚʦʜʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʢʦʨʷʝʪ 

ʧʨʦʮʝʩʩ ʢʦʨʨʦʟʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʧʳʪʘʥʠʝʤ ʥʘ ʦʪʢʨʳʪʦʡ ʧʣʦʱʘʜʢʝ 

ɻʎʂʀ ɺʀɸʄ, ʯʴʷ ʢʦʨʨʦʟʠʦʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʘ ʚ [3]. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʢʦʨʨʦʟʠʠ ʚ ʧʨʠʙʨʝʞʥʦʡ ʤʦʨʩʢʦʡ ʘʪʤʦʩʬʝʨʝ ʫʤʝʨʝʥʥʦ 

ʪʝʧʣʦʛʦ ʢʣʠʤʘʪʘ ɻʝʣʝʥʜʞʠʢʘ ʠ ʪʨʦʧʠʯʝʩʢʦʛʦ ʢʣʠʤʘʪʘ ʙʳʣʘ ʚʳʙʨʘʥʘ 

ʢʣʠʤʘʪʠʯʝʩʢʘʷ ʩʪʘʥʮʠʷ ʖʛʦ-ɿʘʧʘʜʥʦʛʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ (ʉʀʊʀʊ) ʚ ɺʘʥʴʥʠʥʝ ʥʘ ʶʛʝ 

ʦʩʪʨʦʚʘ ʍʘʡʥʘʥʴ ʥʘ ʶʞʥʦʤ ʧʦʙʝʨʝʞʴʝ ʂʠʪʘʡʩʢʦʛʦ ʤʦʨʷ (ʂʅʈ) [6, 7]. 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʣʠʤʘʪʘ ɻʝʣʝʥʜʞʠʢʘ ʠ ʢʣʠʤʘʪʠʯʝʩʢʦʡ 

ʩʪʘʥʮʠʠ ʛʦʨʦʜʘ ɺʘʥʥʠʥ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 1. 

ɻʦʨʦʜ ɺʘʥʴʥʠʥ, ʙʫʜʫʯʠ ʦʜʥʦʡ ʠʟ ʧʨʠʙʨʝʞʥʳʭ ʟʦʥ ʂʠʪʘʷ ʩ 

ʧʦʚʳʰʝʥʥʦʡ ʢʦʨʨʦʟʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʢʘʢ ʜʣʷ ʩʪʘʣʝʡ, ʪʘʢ ʠ ʜʣʷ 

ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ, ʦʪʣʠʯʘʝʪʩʷ ʩʚʦʝʡ ʘʛʨʝʩʩʠʚʥʦʡ ʘʪʤʦʩʬʝʨʦʡ ʠ 

ʢʠʩʣʦʪʥʳʤʠ ʜʦʞʜʷʤʠ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʭʣʦʨʠʜʦʚ ʠ ʩʫʣʴʬʘʪʦʚ. 

ʇʨʤ̫ʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ [5,, 11] ʙʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʠʜʦʚ ʠ ʩʫʣʴʬʘʪʦʚ ʚ ɻʎʂʀ ɺʀɸʄ ʤʦʞʝʪ 

ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʪʴ ʢʦʨʨʦʟʠʶ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ. 

ʊʘʙʣʠʮʘ 1 
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ʍʘʨʘʢʪʝʨʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʣʠʤʘʪʘ ɻʝʣʝʥʜʞʠʢʘ [8]  

ʠ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ SRITE ʚ ʛ. ɺʘʥʴʥʠʥ (ʂʅʈ) [6] 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʧʦʢʘʟʘʪʝʣʷ 
ɿʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ 

ɻʝʣʝʥʜʞʠʢ* ɺʘʥʴʥʠʥ**  

ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ Tʩʨ, Áʉ 14,9 24,1 

ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ 

ʚʦʟʜʫʭʘ ű, % 
72 85 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʫʚʣʘʞʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʨʠ ű>80% TOW, ʯ 
3112  6023 

ɻʦʜʦʚʦʝ ʩʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ W, ʤʤ 664 1514 

ɻʦʜʦʚʦʝ ʯʠʩʣʦ ʜʥʝʡ ʩ ʦʩʘʜʢʘʤʠ D, ʩʫʪ 107 123 

ɻʦʜʦʚʦʝ ʩʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʣʥʝʯʥʦʛʦ 

ʩʠʷʥʠʷ S, ʯ 
2373 2025 

ɻʦʜʦʚʘʷ ʚʝʣʠʯʠʥʘ ʩʫʤʤʘʨʥʦʡ ʩʦʣʥʝʯʥʦʡ 

ʨʘʜʠʘʮʠʠ Q, ʄɼʞ/ʤ
2
 

4961 4825  

ʉʨʝʜʥʝʛʦʜʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʳʧʘʜʝʥʠʷ 

ʭʣʦʨʠʜʦʚ Cl
ˈ
, ʤʛ/ʤĮĿʩʫʪ 

34 12,7  

ʉʨʝʜʥʝʛʦʜʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʳʧʘʜʝʥʠʷ SO2 , 

ʤʛ/ʤĮĿʩʫʪ 
3,2 6,1 

ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ, ʤ/ʩ 3,0 2,3  

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ pH ʦʩʘʜʢʦʚ 6,5  5,0 

  * ʛ. ɻʝʣʝʥʜʞʠʢ: 45 ʛʨʘʜ. ʩʝʚʝʨʥʦʡ ʰʠʨʦʪʳ ʠ 38 ʛʨʘʜ. ʚʦʩʪʦʯʥʦʡ ʜʦʣʛʦʪʳ; 

** ʛ. ɺʘʥʴʥʠʥ: 19 ʛʨʘʜ. ʩʝʚʝʨʥʦʡ ʰʠʨʦʪʳ ʠ 110 ʛʨʘʜ ʚʦʩʪʦʯʥʦʡ ʜʦʣʛʦʪʳ 

 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ 

ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʚ ʧʨʠʤʦʨʩʢʦʡ ʘʪʤʦʩʬʝʨʝ ʫʤʝʨʝʥʥʦ ʪʝʧʣʦʛʦ ʠ ʚ 

ʫʩʣʦʚʠʷʭ ʚʣʘʞʥʦʛʦ ʪʨʦʧʠʯʝʩʢʦʛʦ ʢʣʠʤʘʪʘ ʟʘ 2-ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʥʘʪʫʨʥʳʭ 

ʠʩʧʳʪʘʥʠʡ. 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʦʙʨʘʥʳ ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ 

ʘʚʠʘʮʠʦʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ [11]: ɼ16ɸʊ, ɺ95ʧʯʊ2, 1163ɸʊ, 1441ʊ1, ɺ-1579ʄ, ɸʄɻ-6. 

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʠʩʧʳʪʘʥʠʡ ʧʦ ɻʆʉʊ 11701 ʠʟʤʝʨʝʥʳ 3 ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʷ: ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ůt, ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ůf ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʨʘʚʥʦʤʝʨʥʦʝ ʫʜʣʠʥʝʥʠʝ ŭ. 
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ɸʥʘʣʠʟ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʠ ʩʲʝʤʢʫ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʩ ʧʦʤʦʱʴʶ 

ʟʦʥʜʘ ʧʨʦʚʦʜʠʣʠ ʥʘ ʢʦʥʬʦʢʘʣʴʥʦʤ ʣʘʟʝʨʥʦʤ ʩʢʘʥʠʨʫʶʱʝʤ ʤʠʢʨʦʩʢʦʧʝ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʚ ʧʘʤʷʪʠ ʢʦʤʧʴʶʪʝʨʘ ʩʦʭʨʘʥʷʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʪʦʧʦʛʨʘʬʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʚ 2D- ʠ 3D-

ʨʝʞʠʤʘʭ, ʠʟʤʝʨʷʷ ʚʳʩʦʪʫ ʨʝʣʴʝʬʘ, ʥʘʣʠʯʠʝ ʥʝʨʦʚʥʦʩʪʝʡ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ, ʦʙʲʝʢʪʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ X, Y, Z.  

ɼʣʷ ʬʠʢʩʘʮʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʫʯʘʩʪʢʘʭ ʢʦʨʨʦʟʠʦʥʥʳʭ 

ʨʘʟʨʫʰʝʥʠʡ ʩʧʣʘʚʦʚ ʧʦʩʣʝ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʣʠ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ 

ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ (ʕɿʄɸ) ʩ ʧʦʤʦʱʴʶ 

ʨʘʩʪʨʦʚʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʚʭʦʜʠʪ 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨ ʩ ʫʩʢʦʨʷʶʱʠʤ ʥʘʧʨʷʞʝʥʠʝʤ 25 ʢʵɺ ʠ 

ʪʦʢʦʤ ʧʫʯʢʘ 3,5 ʥɸ. ʄʝʪʦʜʠʢʘ ʕɿʄɸ, ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʘʷ ʩʝʙʷ 

ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʦʨʨʦʟʠʠ ʩʪʘʣʠ ʚ ʏʝʨʥʦʤʦʨʩʢʦʡ ʚʦʜʝ [12], ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ. 

ʉʨʘʚʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ ʪʠʧʦʚʳʭ ʤʝʪʘʣʣʦʚ ʚ ʫʩʣʦʚʠʷʭ 

ɻʎʂʀ ɺʀɸʄ ʠ ʛ. ɺʘʥʴʥʠʥ 

ʉʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʪʠʧʦʚʳʭ ʤʝʪʘʣʣʦʚ ɸ5ʤ, ʎ0, ʄ1, ʉʪ3 ʧʦʩʣʝ 1 ʛʦʜʘ 

ʥʘʪʫʨʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ʚ ʜʚʫʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʧʦ 

ɻʆʉʊ 9.908 ʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2 

ʉʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʪʠʧʦʚʳʭ ʤʝʪʘʣʣʦʚ ʚ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ  

ɻʝʣʝʥʜʞʠʢʘ ʠ ʛ. ɺʘʥʴʥʠʥ 

ʄʝʪʘʣʣ 

ʉʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʧʦʩʣʝ 1 

ʛʦʜʘ ʵʢʩʧʦʟʠʮʠʠ, ʤʛ/ʤ
2
Ŀʩʫʪ 

ʂʦʵʬʬʠʮʠ

ʝʥʪ 

ʫʩʢʦʨʝʥʠʷ 

Pɺ/Pɻ 

ʂʦʨʨʦʟʠʦʥʥʘʷ 

ʢʘʪʝʛʦʨʠʷ 

ɻʝʣʝʥʜʞʠʢ 

Pɻ 

ʛ. ɺʘʥʴʥʠʥ 

Pɺ 

ɻʝʣʝʥʜʞʠ

ʢ 

ʛ. ɺʘʥʴʥʠ

ʥ 

ɸ5ʤ 2,8 4,8 1,7 C3 C3 

ʄ1 79,2 92,4 1,2 C5 C5 

ʉʪ3 825 2940 3,6 C3 C5 

ʎ0 23,2 47,4 2,0 C3 C4 
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ʂʦʨʨʦʟʠʦʥʥʘʷ ʘʛʨʝʩʩʠʚʥʦʩʪʴ ʘʪʤʦʩʬʝʨʳ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʧʦ ISO 9223 

(ʪʘʙʣ. 2), ʜʦʧʦʣʥʷʝʪ ʦʮʝʥʢʠ ʨʘʙʦʪ [8] ʜʣʷ ʫʤʝʨʝʥʥʦ ʪʝʧʣʦʛʦ ʢʣʠʤʘʪʘ 

ɻʝʣʝʥʜʞʠʢʘ ʠ ʜʣʷ ʪʨʦʧʠʯʝʩʢʦʛʦ ʢʣʠʤʘʪʘ [9]. ɼʘʞʝ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ 

ʢʘʪʝʛʦʨʠʷʭ ʉ3 ʧʦ A5ʤ ʠ C5 ʧʦ ʄ1 ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʚ ʛ. ɺʘʥʴʥʠʥ ʚʳʰʝ 

ʚ 1,2ï1,7 ʨʘʟʘ. ʋʚʝʣʠʯʝʥʠʝ ʢʦʨʨʦʟʠʦʥʥʦʡ ʢʘʪʝʛʦʨʠʠ ʧʦ ʎ0 (ʦʪ ʉ3 ʜʦ ʉ4) 

ʠ ʧʦ ʉʪ3 (ʦʪ ʉ3 ʜʦ ʉ5) ʧʦʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʚ 2ï3,6 ʨʘʟʘ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʢʦʨʨʦʟʠʦʥʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ ʚ ɺʘʥʴʥʠʥʝ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪ ʩʨʘʚʥʝʥʠʷ 

ʢʦʨʨʦʟʠʦʥʥʦʡ ʰʠʨʠʥʳ ʥʘʩʝʯʝʢ ȹl ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʠ 30ʍɻʉɸ ʩ 

ʟʘʱʠʪʥʳʤ ʘʢʨʠʣʦʚʳʤ ʧʦʢʨʳʪʠʝʤ ɸʉ-1115. ʏʝʨʝʟ 1 ʛʦʜ ʵʢʩʧʦʟʠʮʠʠ ʚ 

ɺʘʥʴʥʠʥʝ ʟʥʘʯʝʥʠʝ ȹl ʜʦʩʪʠʛʣʦ 8,8 ʤʤ ʚʤʝʩʪʦ 1,1 ʤʤ ʧʦʩʣʝ ʘʥʘʣʦʛʠʯʥʦʡ 

ʵʢʩʧʦʟʠʮʠʠ ʚ ɻʝʣʝʥʜʞʠʢʝ.  

ʉʨʘʚʥʝʥʠʝ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ 

ʚ ʫʩʣʦʚʠʷʭ ɻʎʂʀ ɺʀɸʄ ʠ ʛ. ɺʘʥʴʥʠʥ 

ʈʝʟʫʣʴʪʘʪʳ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʜʚʫʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ 

ʨʝʛʠʦʥʦʚ ʥʘ ʢʦʨʨʦʟʠʶ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʧʦʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 3. 

ʊʘʙʣʠʮʘ 3 

ɺʣʠʷʥʠʝ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʚ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ɻʝʣʝʥʜʞʠʢʘ  

ʠ ʛ. ɺʘʥʴʥʠʥ ʥʘ ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʠ ʛʣʫʙʠʥʫ ʧʠʪʪʠʥʛʦʚ ʘʣʶʤʠʥʠʝʚʳʭ 

ʩʧʣʘʚʦʚ 

ʉʧʣʘʚ ʉʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ, 

ʛ/ʤ
2
Ŀʩʫʪ * 

ɻʣʫʙʠʥʘ ʧʠʪʪʠʥʛʦʚ, ʤʢʤ ** 

ɻʝʣʝʥʜʞʠʢ ʛ. ɺʘʥʴʥʠʥ ɻʝʣʝʥʜʞʠʢ ʛ. ɺʘʥʴʥʠʥ 

ɺ95ʧʯʊ2 0,015 0,016 140/200 90/190 

ɺ-1579ʄ 0,0075 0,0038 120/190 110/170 

1441ʊ1 < 0,001 < 0,001 20/30 7/10 

ɸʄɻ-6 < 0,001 < 0,001 11/25 6/14 

  * ʇʦʩʣʝ 1 ʛʦʜʘ ʵʢʩʧʦʟʠʮʠʠ. 

** ʇʦʩʣʝ 1 ʛʦʜʘ ʵʢʩʧʦʟʠʮʠʠ (ʯʠʩʣʠʪʝʣʴ), ʧʦʩʣʝ 2 ʣʝʪ ʵʢʩʧʦʟʠʮʠʠ 

(ʟʥʘʤʝʥʘʪʝʣʴ). 

 

ʇʦʢʘʟʘʥʠʷ ʘʥʘʣʠʟʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʯʪʦ 

ʜʣʷ ʩʧʣʘʚʦʚ ɺ95ʧʯʊ2 ʠ ɺ-1579ʄ ʧʦʩʣʝ 2 ʣʝʪ ʚʳʜʝʨʞʢʠ ʚ ɻʝʣʝʥʜʞʠʢʝ 
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ʠ ʛ. ɺʘʥʴʥʠʥ ʥʘʙʣʶʜʘʝʪʩʷ ʩʭʦʞʘʷ ʤʦʨʬʦʣʦʛʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩ 

ʭʘʨʘʢʪʝʨʥʳʤʠ ʧʠʪʪʠʥʛʘʤʠ ʠ ʨʘʩʩʣʘʠʚʘʶʱʝʡ ʢʦʨʨʦʟʠʝʡ ʜʦ 170ï200 ʤʢʤ. 

ʀʟʦʙʨʘʞʝʥʠʝ ʧʨʦʬʠʣʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʵʪʠʭ ʩʧʣʘʚʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1. 

 

ʘ) ʙ) 

  

ʚ) ʛ) 

  

ʈʠʩ. 1 ï ʇʨʦʬʠʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʧʠʪʪʠʥʛʦʚ ʦʙʨʘʟʮʦʚ 

ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ɺ95ʧʯʊ2 (ʘ, ʙ) ʠ ɺ-1579ʄ (ʚ, ʛ) ʧʦʩʣʝ 2 ʣʝʪ 

ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʚ ɻʝʣʝʥʜʞʠʢʝ (ʘ, ʚ) ʠ ʛ. ɺʘʥʴʥʠʥ (ʙ, ʛ) 

 

ʇʷʪʥʘ ʢʦʨʨʦʟʠʠ ʨʘʟʤʝʨʦʤ 0,5ï1,5 ʤʤ ʩʦ ʩʣʦʝʤ ʧʨʦʜʫʢʪʦʚ ʢʦʨʨʦʟʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ. ʍʦʪʷ ʪʨʦʧʠʯʝʩʢʘʷ ʘʪʤʦʩʬʝʨʘ 

ʙʦʣʝʝ ʘʛʨʝʩʩʠʚʥʘ (ʪʘʙʣ. 1, 2), ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʩʧʣʘʚʘ ɺ-1579ʄ ʚ 

ɻʝʣʝʥʜʞʠʢʝ ʦʢʘʟʘʣʘʩʴ ʚʜʚʦʝ ʚʳʰʝ, ʯʝʤ ʚ ɺʘʥʴʥʠʥʝ. ʇʦʚʝʨʭʥʦʩʪʴ ʩʧʣʘʚʦʚ 

1441ʊ1 ʠ ɸʄɻ-6 ʧʦʩʣʝ 2-ʣʝʪʥʝʛʦ ʩʪʘʨʝʥʠʷ ʚ ʦʙʝʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʠʣʘʩʴ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʦʪʜʝʣʴʥʳʭ ʫʛʣʫʙʣʝʥʠʡ ʜʦ 10-

30 ʤʢʤ. ɼʘʣʝʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʦʢʘʣʴʥʦʛʦ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʧʣʘʚʘ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ 

(ʕɿʄɸ) ʜʣʷ ʚʳʷʩʥʝʥʠʷ ʧʨʠʯʠʥ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʡ ʢʦʨʨʦʟʠʦʥʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʘʪʤʦʩʬʝʨ ɻʝʣʝʥʜʞʠʢʘ. ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʩʧʣʘʚʘ 1163ɸʊ.  

 

 

 

 

 



ʂʣʠʤʘʪ-2023: ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʤʘʪʝʨʠʘʣʳ ʠ 

ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

 

VIII ˏ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 168 

ʘ) ʙ) 

  

ʚ) ʛ) 

  

ʈʠʩ. 2 ï ʉʧʝʢʪʨʳ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʢʦʨʨʦʜʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʣʘʚʘ 1163ɸʊ ʧʦʩʣʝ: ʘ ï 1 ʛʦʜʘ 

ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʚ ʛ. ɺʘʥʴʥʠʥ, ʙ ï 1 ʛʦʜʘ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʚ ɻʝʣʝʥʜʞʠʢʝ, ʚ ï

 2 ʣʝʪ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʚ ʛ. ɺʘʥʴʥʠʥ, ʛ ï 2 ʣʝʪ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʚ 

ɻʝʣʝʥʜʞʠʢʝ 

 

ɺ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠʟʤʝʨʝʥʠʷ ʤʝʪʦʜʦʤ ʕɿʄɸ ʦʪʤʝʯʘʶʪ 

ʥʘʠʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʘʣʶʤʠʥʠʷ ʠ ʩʣʝʜʦʚ ʢʠʩʣʦʨʦʜʘ. ɺ ʭʠʤʠʯʝʩʢʦʤ 

ʩʦʩʪʘʚʝ ʩʧʣʘʚʘ ʧʦʩʣʝ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ (ʨʠʩ. 2) ʪʘʢʞʝ ʧʨʝʦʙʣʘʜʘʝʪ 

ʘʣʶʤʠʥʠʡ ʩ ʪʘʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʢʘʢ Na, Mg, Si, S, Cl, K, Ca, Fe, O. ʂʨʦʤʝ 

ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʘʭ (Al, Mg) ʥʘ 

ʦʙʨʘʟʮʘʭ ʦʪʤʝʯʝʥʳ ʨʝʬʣʝʢʩʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ Na, S, Cl, O, ʪʦ ʝʩʪʴ ʢ 

ʵʣʝʤʝʥʪʘʤ, ʚʭʦʜʷʱʠʤ ʚ ʧʨʦʜʫʢʪʳ ʢʦʨʨʦʟʠʠ. ɺʤʝʩʪʝ ʩ ʵʪʠʤ ʟʥʘʯʠʪʝʣʴʥʦ 

ʚʦʟʨʘʩʪʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʠ ʭʣʦʨʘ. 

ʉ ʥʘʯʘʣʦʩʴ ʢʦʨʨʦʟʠʠ, ʤʘʪʨʠʮʘ Ŭ-Al ʧʦʜʚʝʨʛʥʝʪʩʷ ʘʥʦʜʥʦʤʫ 

ʨʘʩʪʚʦʨʝʥʠʶ. ʇʨʦʮʝʩʩ ʨʝʘʢʮʠʠ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʘʥʦʜʥʳʡ 

ʧʨʦʮʝʩʩ: Al Ÿ 3e Ÿ Al
3+
, ʪʦʛʜʘ ʢʘʢ, ʢʘʪʦʜʥʳʡ ʧʨʦʮʝʩʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

O2 + 4e + 2H2O Ÿ 4OH
ī
 (ʨʝʘʢʮʠʷ ʧʦʛʣʦʱʝʥʠʷ ʢʠʩʣʦʨʦʜʘ) ʠ 

2H2O + 2e Ÿ 2OH
ī
 (ʨʝʘʢʮʠʷ ʚʳʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ). ɼʘʣʝʝ Al

3+
 ʠ OH

ī
 

ʚʩʪʫʧʘʶʪ ʚʦ ʚʪʦʨʠʯʥʫʶ ʨʝʘʢʮʠʶ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ Al(OH)3. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʦʙʨʘʟʫʝʪʩʷ ʠʥʝʨʪʥʘʷ ʧʣʝʥʢʘ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ Al2O3, ʯʪʦ ʜʝʣʘʝʪ 

ʘʣʶʤʠʥʠʝʚʳʡ ʩʧʣʘʚ ʧʘʩʩʠʚʠʨʦʚʘʥʥʳʤ. 
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ɽʩʣʠ ʤʦʨʩʢʘʷ ʘʪʤʦʩʬʝʨʘ ʦʙʦʛʘʱʝʥʘ ʭʣʦʨʦʤ, ʪʦ ʦʥ ʪʘʢʞʝ ʫʯʘʩʪʚʫʝʪ 

ʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ: Al(OH)3 + Cl
ī
 Ÿ Al (OH)2Cl + OH

ī
, 

Al (OH)2Cl + Cl
ī
 Ÿ Al (OH)Cl2 + OH

ī
, ʠ Al(OH)Cl2 + Cl

ī
 Ÿ AlCl 3 + ʆʅ

ī
.  

ʇʦʣʫʯʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʳʷʚʣʷʶʪ ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʭʣʦʨʠʜʦʚ ʠ ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ ʧʨʠ ʫʜʘʣʝʥʠʠ ʦʪ ʤʦʨʩʢʦʡ ʘʢʚʘʪʦʨʠʠ. 

ʇʦʵʪʦʤʫ ʛʣʫʙʠʥʘ ʧʠʪʪʠʥʛʦʚʦʡ ʠ ʤʝʞʢʨʠʩʪʘʣʣʠʪʥʦʡ ʢʦʨʨʦʟʠʠ, 

ʥʘʙʣʶʜʘʝʤʘʷ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʚ ɻʝʣʝʥʜʞʠʢʝ ʙʦʣʴʰʝ, ʯʝʤ ʚ ɺʘʥʴʥʠʥʝ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʚʣʘʞʥʦʩʪʴ 

ʪʨʦʧʠʯʝʩʢʦʡ ʘʪʤʦʩʬʝʨʳ, ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʠʜʦʚ ʚ ɻʝʣʝʥʜʞʠʢʝ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ. ʀʟ-ʟʘ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ 

ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ ʚ ʛʦʨʦʜʝ ɺʘʥʴʥʠʥ ʙʦʣʴʰʫʶ ʯʘʩʪʴ 

ʭʣʦʨʠʜʦʚ ʠ ʩʫʣʴʬʘʪʦʚ, ʦʪʣʦʞʠʚʰʠʭʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ, ʩʤʳʚʘʝʪʩʷ 

ʦʩʘʜʢʘʤʠ. 

ʉʨʘʚʥʝʥʠʝ ʧʨʦʯʥʦʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʧʦʩʣʝ 

ʵʢʩʧʦʟʠʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ɻʎʂʀ ɺʀɸʄ ʠ ʛ. ɺʘʥʴʥʠʥ 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ůt, ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ůf ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʚʥʦʤʝʨʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ŭ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʨʘʙʦʪʝ, ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʯʝʨʝʟ 1 ʛʦʜ ʠ 2 ʛʦʜʘ 

ʚʳʜʝʨʞʢʠ ʚ ʦʪʢʨʳʪʳʭ ʫʩʣʦʚʠʷʭ ɻʝʣʝʥʜʞʠʢʘ ʠ ɺʘʥʴʥʠʥʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ. 5. 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʦʚ ɼ16ɸʊ ʠ 1163ɸʊ ʟʘ ʫʢʘʟʘʥʥʦʝ ʚʨʝʤʷ 

ʚʳʜʝʨʞʢʠ ʚ ɻʝʣʝʥʜʞʠʢʝ ʦʩʪʘʣʠʩʴ ʥʘ ʠʩʭʦʜʥʳʭ ʟʥʘʯʝʥʠʷʭ (ʠʟʤʝʥʝʥʠʝ 

ʤʝʥʝʝ 6 %). ʏʝʨʝʟ 2 ʛʦʜʘ ʚ ɺʘʥ ʅʠʥʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʪʘʢʞʝ 

ʦʩʪʘʣʠʩʴ ʥʘ ʠʩʭʦʜʥʳʭ ʟʥʘʯʝʥʠʷʭ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʟʥʘʯʝʥʠʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ, ʢʦʪʦʨʦʝ ʜʣʷ ʩʧʣʘʚʘ ɼ16ɸʊ ʫʤʝʥʴʰʠʣʦʩʴ ʥʘ 

17 %, ʘ ʜʣʷ ʩʧʣʘʚʘ 1163ɸʊ - ʫʤʝʥʴʰʠʣʦʩʴ ʥʘ 23 %. 

ʇʦʜʦʙʥʳʝ ʜʘʥʥʳʝ ʠʩʧʳʪʘʥʠʡ ʧʦʣʫʯʝʥʳ ʜʣʷ ʩʧʣʘʚʦʚ ɺ95ʧʯʊ2 ʠ ɺ-

1579ʄ, ʛʜʝ ʧʦʩʣʝ 2 ʣʝʪ ʵʢʩʧʦʟʠʮʠʠ ʚ ʦʙʝʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ 

ʧʦʢʘʟʘʪʝʣʠ ůt ʠ ůf ʩʦʭʨʘʥʠʣʠʩʴ ʥʘ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ. ʆʜʥʘʢʦ ʜʣʷ ʩʧʣʘʚʘ 

ɺ-1579 ʦʙʥʘʨʫʞʝʥʦ ʩʥʠʞʝʥʠʝ ŭ ʜʦ 35 % ʧʦʩʣʝ ʚʳʜʝʨʞʢʠ ʚ ɻʝʣʝʥʜʞʠʢʝ 

ʠ ʛ. ɺʘʥʴʥʠʥ ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʘ ʨʘʟʨʫʰʝʥʠʷ ʚʩʣʝʜʩʪʚʠʝ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʜʝʬʝʢʪʦʚ (ʧʠʪʪʠʥʛʦʚʘʷ ʢʦʨʨʦʟʠʷ) [5]. 

 

ʊʘʙʣʠʮʘ 5  

ɺʣʠʷʥʠʝ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʚ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ɻʝʣʝʥʜʞʠʢʘ ʠ ʛ. ɺʘʥʴʥʠʥ ʥʘ ʠʟʤʝʥʝʥʠʝ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ 

ʄʘʪʝʨʠʘʣ 
ʇʦʢʘʟʘʪʝʣʴ P, ʝʜʠʥʠʮʘ 

ʠʟʤʝʨʝʥʠʷ 

ʀʩʭʦʜʥʦʝ 

ʟʥʘʯʝʥʠʝ 

ʇʦʩʣʝ ʵʢʩʧʦʟʠʮʠʠ  

ɻʝʣʝʥʜʞʠʢ ʛ. ɺʘʥʴʥʠʥ 

ɼ16ɸʊ ɺʨʝʤʝʥʥʦʝ 450 465/455 456/449 
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1163ɸʊ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʄʇʘ, 

ɻʆʉʊ 11701 

438 438/436 437/439 

ɺ95ʧʯʊ2 520 517/520 520/523 

ɺ-1579ʄ 427 427/413 427/430 

ɼ16ɸʊ ʇʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ 

ʫʩʣʦʚʥʳʡ, ʄʇʘ, 

ɻʆʉʊ 11701 

315 332/316 319/316 

1163ɸʊ 298 298/296 294/298 

ɺ95ʧʯʊ2 446 437/450 480/450 

ɺ-1579ʄ 315 332/315 318/315 

ɼ16ɸʊ ʆʪʥʦʩʠʪʝʣʴʥʦʝ 

ʫʜʣʠʥʝʥʠʝ, %, ɻʆʉʊ 

11701 

20,8 21,8/20,2 19,5/17,3 

1163ɸʊ 26,9 26,6/25,8 26,4/20,7 

ɺ95ʧʯʊ2 14,7 13,8/14,5 13,3/15,2 

ɺ-1579ʄ 13,2 11,2/9,0 9,7/8,6 

* ɺ ʪʝʯʝʥʠʝ 1 ʛʦʜʘ (ʯʠʩʣʠʪʝʣʴ), ʚ ʪʝʯʝʥʠʝ 2 ʣʝʪ (ʟʥʘʤʝʥʘʪʝʣʴ) 

 

ʊʘʢʠʝ ʞʝ ʠʟʤʝʥʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 

ʜʣʷ ʩʧʣʘʚʘ 7075 ʚ ʨʘʙʦʪʝ [13]. ʇʦʩʣʝ 12 ʤʝʩʷʮʝʚ ʥʘʪʫʨʥʦʡ ʵʢʩʧʦʟʠʮʠʠ 

ʚ ʛ. ɺʘʥʴʥʠʥ ʥʘʙʣʶʜʘʣʦʩʴ ʫʤʝʥʴʰʝʥʠʝ ůt ʥʘ 3,2 %, ʘ ŭ ʥʘ 58 % ʠʟ-ʟʘ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʢʦʨʨʦʟʠʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʠʪʪʠʥʛʦʚ 

ʠ ʤʝʞʛʨʘʥʫʣʷʨʥʳʭ ʪʨʝʱʠʥ. 

ʈʘʟʚʠʪʠʝ ʢʦʨʨʦʟʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʚ 

ʦʪʢʨʳʪʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʪʨʝʙʫʝʪ ʧʦʚʳʰʝʥʥʦʛʦ ʚʥʠʤʘʥʠʷ ʥʝ 

ʪʦʣʴʢʦ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʢʦʨʧʫʩʘ, ʪʷʛ, ʨʘʤ ʠ ʜʨʫʛʠʭ ʫʟʣʦʚ ʠ 

ʘʛʨʝʛʘʪʦʚ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ, ʥʦ ʠ ʩʦʩʪʦʷʥʠʶ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ 

ʩʣʦʠʩʪʳʭ ʩʠʩʪʝʤ. ɺʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʚ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʨʘʟʣʠʯʥʦʡ ʘʛʨʝʩʩʠʚʥʦʩʪʠ 

ʧʦʤʦʛʘʝʪ ʚʳʷʚʠʪʴ ʦʧʘʩʥʳʝ ʚʠʜʳ ʢʦʨʨʦʟʠʦʥʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʠ 

ʢʦʤʧʦʥʝʥʪʳ, ʧʦʚʳʰʘʶʱʠʝ ʠʭ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ. 

 

ɺʳʚʦʜʳ 

ʅʝʩʤʦʪʨʷ ʥʘ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ, ʩʠʣʴʥʘʷ ʢʦʨʨʦʟʠʦʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʪʨʦʧʠʯʝʩʢʦʡ 

ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ ɺʘʥʴʥʠʥ ʩʦʠʟʤʝʨʠʤʘ ʩ ʢʦʨʨʦʟʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

ʘʪʤʦʩʬʝʨʳ ɻʝʣʝʥʜʞʠʢʘ, ʧʦʩʢʦʣʴʢʫ ʩʪʝʥʜʳ ɻʎʂʀ ʨʘʩʧʦʣʦʞʝʥʳ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʦʙʝʨʝʞʴʝ ʏʝʨʥʦʛʦ ʤʦʨʷ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʪʝʧʝʥʴ 

ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʨʩʢʠʭ ʭʣʦʨʠʜʦʚ ʠ ʩʫʣʴʬʘʪʦʚ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʩʪʦʡʢʦʩʪʴʶ ʢ ʢʦʨʨʦʟʠʠ ʚ ʪʝʯʝʥʠʝ 2 ʣʝʪ ʚʦʟʜʝʡʩʪʚʠʷ ʪʨʦʧʠʯʝʩʢʦʡ 

ʘʪʤʦʩʬʝʨʳ ʛ. ɺʘʥʴʥʠʥ ʠ ʫʤʝʨʝʥʥʦ ʪʝʧʣʦʛʦ ʤʦʨʩʢʦʛʦ ʢʣʠʤʘʪʘ ɻʝʣʝʥʜʞʠʢʘ. 
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ʇʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʣʘʚʦʚ ɺ95ʧʯʊ2 ʠ ɺ-1579ʄ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʷʪʥʘ 

ʢʦʨʨʦʟʠʠ ʨʘʟʤʝʨʦʤ ʜʦ 1,5 ʤʤ, ʥʘ ʢʦʪʦʨʳʭ ʨʘʟʚʠʚʘʝʪʩʷ ʧʠʪʪʠʥʛʦʚʘʷ ʠ 

ʨʘʩʩʣʘʠʚʘʶʱʘʷ ʢʦʨʨʦʟʠʷ ʨʘʟʤʝʨʦʤ ʜʦ 170ï200 ʤʢʤ. ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʦʢʘʣʴʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʧʣʘʚʦʚ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ ʠ ʭʣʦʨʘ ʚ ʧʨʦʜʫʢʪʘʭ ʢʦʨʨʦʟʠʠ. 

ɺʦʟʥʠʢʘʶʱʠʝ ʢʦʨʨʦʟʠʦʥʥʳʝ ʧʦʨʘʞʝʥʠʷ ʥʝ ʚʣʠʷʶʪ ʥʘ ʧʨʝʜʝʣ 

ʧʨʦʯʥʦʩʪʠ ʠ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ, ʦʜʥʘʢʦ ʧʦʥʠʞʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʨʘʚʥʦʤʝʨʥʦʝ ʫʜʣʠʥʝʥʠʝ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʩʧʣʘʚʦʚ ɺ-1579ʄ ʠ ɺ95ʧʯʊ2. 

ɹʦʣʝʝ ʜʝʪʘʣʴʥʦʝ ʩʨʘʚʥʝʥʠʝ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʘʣʶʤʠʥʠʝʚʳʭ 

ʩʧʣʘʚʦʚ ʚ ʧʨʠʙʨʝʞʥʦʡ ʘʪʤʦʩʬʝʨʝ ʫʤʝʨʝʥʥʦ ʞʘʨʢʦʛʦ ʠ ʚʣʘʞʥʦʛʦ 

ʪʨʦʧʠʯʝʩʢʦʛʦ ʢʣʠʤʘʪʘ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʦʩʣʝ ʫʚʝʣʠʯʝʥʠʷ ʩʨʦʢʘ 

ʠʩʧʳʪʘʥʠʡ ʜʦ 3-5 ʣʝʪ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʎʂʇ çʂʣʠʤʘʪʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷè 

ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè ï ɺʀɸʄ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʠ 

ʅʅʌʀ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 20-53-56009. 
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ɸʥʥʦʪʘʮʠʷ 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʤʦʨʩʢʦʛʦ 

ʦʙʨʘʩʪʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ. ʀʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʚʦʜʷʪʩʷ ʩ 

ʮʝʣʴʶ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʣʠʤʝʨʥʳʭ ʧʦʢʨʳʪʠʡ ʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ ʩ ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚ ʘʢʚʘʪʦʨʠʠ 

ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: 
ʦʙʨʘʩʪʘʥʠʝ, ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʶʱʠʝ ʧʦʢʨʳʪʠʷ, ʦʨʛʘʥʠʟʤʳ-ʦʙʨʘʩʪʘʪʝʣʠ, 

ʣʘʢʦʢʨʘʩʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ. 

 

Abstract 

The work is devoted to experimental studies of marine fouling of 

materials. Tests of samples of materials are carried out in order to evaluate the 

effectiveness of polymer coatings and various types of paint coatings with 

antifouling properties in the Barents Sea. 
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

 

VIII ˏ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 174 

ɺʚʝʜʝʥʠʝ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʩʝ ʧʨʝʜʤʝʪʳ, ʧʦʛʨʫʞʝʥʥʳʝ ʚ ʚʦʜʫ ʚ ʣʶʙʦʡ ʯʘʩʪʠ 

ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ, ʩ ʨʘʟʥʦʡ ʩʢʦʨʦʩʪʴʶ ʧʦʢʨʳʚʘʶʪʩʷ ʩʣʠʟʠʩʪʦʡ ʧʣʝʥʢʦʡ 

ʙʫʨʦʛʦ ʠʣʠ ʪʝʤʥʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ, ʢʦʪʦʨʫʶ ʦʙʨʘʟʫʶʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʤʦʨʩʢʠʝ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ (ʚ ʦʩʥʦʚʥʦʤ, ʙʘʢʪʝʨʠʠ ʠ ʜʠʘʪʦʤʦʚʳʝ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ). 

ʉʣʠʟʠʩʪʘʷ ʧʣʝʥʢʘ ï ʧʨʦʜʫʢʪ ʠʭ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ï ʩʦ ʚʨʝʤʝʥʝʤ 

ʫʪʦʣʱʘʝʪʩʷ, ʠ ʚ ʥʝʡ ʧʦʩʝʣʷʶʪʩʷ ʧʨʦʩʪʝʡʰʠʝ ʦʨʛʘʥʠʟʤʳ (ʚ ʪʦʤ ʯʠʩʣʝ 

ʬʦʨʘʤʠʥʠʬʝʨʳ), ʚʦʜʦʨʦʩʣʠ-ʤʘʢʨʦʬʠʪʳ ʠ ʣʠʯʠʥʢʠ ʤʘʢʨʦʦʨʛʘʥʠʟʤʦʚ 

ʦʙʨʘʩʪʘʥʠʡ (ʛʠʜʨʦʠʜʦʚ, ʤʦʣʣʶʩʢʦʚ, ʤʰʘʥʦʢ ʠ ʜʨ.). ʉʦʦʙʱʝʩʪʚʘ 

ʦʙʨʘʩʪʘʪʝʣʝʡ ʨʘʟʚʠʚʘʶʪʩʷ ʧʦʵʪʘʧʥʦ, ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʤʝʥʳ ʜʦʤʠʥʠʨʫʶʱʠʭ 

ʚʠʜʦʚ, ʧʦʢʘ ʥʝ ʜʦʩʪʠʛʥʝʪ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʚʥʦʚʝʩʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ (ʢʣʠʤʘʢʩʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ). ʕʪʦʪ ʧʨʦʮʝʩʩ ʥʘʟʳʚʘʝʪʩʷ ʩʫʢʮʝʩʩʠʝʡ 

(ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʩʤʝʥʦʡ ʩʦʦʙʱʝʩʪʚ ʦʙʨʘʩʪʘʪʝʣʝʡ). ʆʙʨʘʩʪʘʥʠʝ ʧʨʠʚʦʜʠʪ 

ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʝʩʘ ʦʙʲʝʢʪʘ ʦʙʨʘʩʪʘʥʠʷ ʠ ʫʩʠʣʠʚʘʝʪ ʢʦʨʨʦʟʠʶ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʟʘ ʩʯʝʪ ʚʳʜʝʣʷʝʤʳʭ ʧʨʦʜʫʢʪʦʚ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 

ʦʙʨʘʩʪʘʪʝʣʝʡ [1]. 

 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʨʛʘʥʠʟʘʮʠʠ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

ʦʮʝʥʢʝ ʦʙʨʘʩʪʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʤʝʪʦʜʦʤ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ, 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʨʦʚʝʜʝʥʠʝ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʚ 2 ʵʪʘʧʘ (1 ʵʪʘʧ ï 5 

ʤʝʩʷʮʝʚ, 2 ʵʪʘʧ ï 15 ʤʝʩʷʮʝʚ), ʚ ʪʦʣʱʝ ʚʦʜʳ ʥʘ ʛʣʫʙʠʥʝ 60 ʤ ʚ ʂʦʣʴʩʢʦʤ 

ʟʘʣʠʚʝ. 

ʀʩʧʳʪʘʥʠʷʤ ʧʦʜʚʝʨʛʘʣʠʩʴ ʜʚʘ ʢʦʤʧʣʝʢʪʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʠ ʧʦʣʠʤʝʨʥʳʭ ʧʦʢʨʳʪʠʡ ʠ ʙʝʟ 

ʧʦʢʨʳʪʠʷ (ʚʩʝʛʦ 20 ʦʙʨʘʟʮʦʚ: 16 ʦʙʨʘʟʮʦʚ ʩ ʯʝʪʳʨʴʤʷ ʚʠʜʘʤʠ ʧʦʢʨʳʪʠʡ ʠ 

ʯʝʪʳʨʝ ʦʙʨʘʟʮʘ ʙʝʟ ʧʦʢʨʳʪʠʷ), ʨʘʟʤʝʱʝʥʥʳʭ ʚ 2-ʭ ʠʩʧʳʪʘʪʝʣʴʥʳʭ 

ʢʘʩʩʝʪʘʭ. ʆʙʨʘʟʮʳ (ʨʘʟʤʝʨʘʤʠ 250Ĭ350Ĭ2 ʤʤ) ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʦʮʝʥʢʠ 

ʩʪʦʡʢʦʩʪʠ ʢ ʦʙʨʘʩʪʘʥʠʶ ʧʨʠ ʠʭ ʜʣʠʪʝʣʴʥʦʤ ʨʘʟʤʝʱʝʥʠʠ ʥʘ ʛʣʫʙʠʥʝ 60 

ʤʝʪʨʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʜʳ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ -1Áʉ ʜʦ +5Áʉ. 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʵʪʘʧʦʚ ʠʩʧʳʪʘʥʠʡ:  

ï ʵʪʘʧ 1 (ʢʘʩʩʝʪʘ ˉ1) ï 5 ʤʝʩʷʮʝʚ,  

ʥʘʯʘʣʦ ʠʩʧʳʪʘʥʠʡ ï 01.06.2021, ʦʢʦʥʯʘʥʠʝ ʠʩʧʳʪʘʥʠʡ 26.10.2021; 

ï ʵʪʘʧ 2 (ʢʘʩʩʝʪʘ ˉ2) ï 15 ʤʝʩʷʮʝʚ, 

ʥʘʯʘʣʦ ʠʩʧʳʪʘʥʠʡ ï 01.06.2021, ʦʢʦʥʯʘʥʠʝ ʠʩʧʳʪʘʥʠʡ 01.09.2022. 

ʀʩʧʳʪʘʪʝʣʴʥʘʷ ʢʘʩʩʝʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜ ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʯʥʦʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʢʨʝʧʣʝʥʠʝ 10 ʦʙʨʘʟʮʦʚ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʥʘ ʦʙʨʘʩʪʘʥʠʝ ʚ ʤʦʨʝ ʥʘ ʛʣʫʙʠʥʝ. ʂʦʥʩʪʨʫʢʮʠʷ 

ʢʘʩʩʝʪʳ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʢʦʨʨʦʟʠʠ ʤʝʞʜʫ 

ʤʘʪʝʨʠʘʣʘʤʠ ʢʘʩʩʝʪʳ ʠ ʦʙʨʘʟʮʦʚ ʟʘ ʩʯʸʪ ʧʨʠʤʝʥʝʥʠʷ ʨʝʟʠʥʦʚʳʭ ʧʨʦʢʣʘʜʦʢ. 

ʄʘʪʝʨʠʘʣ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʢʘʩʩʝʪʳ ï ʩʪʘʣʴ ʭʨʦʤʦʥʠʢʝʣʝʚʘʷ. ʂʘʩʩʝʪʘ ʩ 

ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʦʙʨʘʟʮʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

 

VIII ˏ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 175 

 
ʈʠʩ. 1 ï ɺʥʝʰʥʠʡ ʚʠʜ ʢʘʩʩʝʪʳ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ ʤʘʪʝʨʠʘʣʦʚ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ 

ʣʘʢʦʢʨʘʩʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ: 

¶ ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʶʱʘʷ ʵʤʘʣʴ ʤʘʨʢʠ ʍɺ-5286ʉ ï ʜʘʥʥʳʡ 

ʤʘʪʝʨʠʘʣ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʥʘ ʦʩʥʦʚʝ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ SMT-ʪʝʭʥʦʣʦʛʠʷ 

(Souble Matrix Type Paints); 

¶ ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʶʱʘʷ ʵʤʘʣʴ ʤʘʨʢʠ çʉʢʘʪè - ʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ 

ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʥʘ ʦʩʥʦʚʝ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʘʤʦʧʦʣʠʨʫʶʱʠʭʩʷ 

ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʶʱʠʭ ʧʦʢʨʳʪʠʷʭ Selfpolishing (TBT-free) [2]; 

¶ ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʶʱʘʷ ʵʤʘʣʴ ʤʘʨʢʠ ɸʂ-5264 - ʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ 

ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʥʘ ʦʩʥʦʚʝ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʘʤʦʧʦʣʠʨʫʶʱʠʭʩʷ 

ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʶʱʠʭ ʧʦʢʨʳʪʠʷʭ Selfpolishing (TBT-free) [2]; 

¶ ʧʦʣʠʫʨʝʪʘʥʦʚʦʝ ʧʦʢʨʳʪʠʝ ʤʘʨʢʠ ʉʂʋ-ʇʌʃ-100; 

¶ ʥʝʦʢʨʘʰʝʥʥʳʡ ʪʠʪʘʥʦʚʳʡ ʩʧʣʘʚ ʤʘʨʢʠ ʇʊ-3ɺ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʩʩʣʝʜʫʝʤʳʝ ʣʘʢʦʢʨʘʩʦʯʥʳʝ ʠ 

ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ. 

 
ʊʘʙʣʠʮʘ 1  

ʀʩʩʣʝʜʫʝʤʳʝ ʣʘʢʦʢʨʘʩʦʯʥʳʝ ʠ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ 

 ̄ ʅʘʠʤʝʥʦʚʘʥʠʝ ʦʙʨʘʟʮʘ ʉʠʩʪʝʤʘ ʧʦʢʨʳʪʠʷ ʇʦʜʣʦʞʢʘ 

1 ʇʨʦʪʠʚʦʦʙʨʘʩʪʘʶʱʝʝ ʧʦʢʨʳʪʠʝ ʥʘ 

ʦʩʥʦʚʝ 

ʵʤʘʣʠ ʍɺ-5286 

ʊʋ 2313-021-27524984-2001 

ɻʨʫʥʪ. ɺʃ-02 - 1 ʩʣʦʡ; 

ʕʤʘʣʴ ʕʇ-1236 - 2 ʩʣʦʷ; 

ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʶʱʘʷ ʵʤʘʣʴ 

ʍɺ-5286 ʉ -  1 ʩʣʦʡ 

ʄʝʪʘʣʣʠʯʝʩʢʘʷ 

ʧʣʘʩʪʠʥʘ ɸʄʛ6 

2 ʇʨʦʪʠʚʦʦʙʨʘʩʪʘʶʱʝʝ ʧʦʢʨʳʪʠʝ ʥʘ 

ʦʩʥʦʚʝ 

ʵʤʘʣʠ çʉʢʘʪè 

ʊʋ 2313-194-56271024-2003 

ɻʨʫʥʪ. ɺʃ-02 - 1 ʩʣʦʡ; 

ʕʤʘʣʴ ʕʇ-1236 - 2 ʩʣʦʷ; 

ʵʤʘʣʴ ʉʢʘʪ - 1 ʩʣʦʡ 

ʄʝʪʘʣʣʠʯʝʩʢʘʷ 

ʧʣʘʩʪʠʥʘ ɸʄʛ6 

3 ʇʨʦʪʠʚʦʦʙʨʘʩʪʘʶʱʝʝ ʧʦʢʨʳʪʠʝ ʥʘ 

ʦʩʥʦʚʝ ʵʤʘʣʠ   ɸʂ-5264 

ʊʋ 20.30.12.130-002-92607997-2018 

ɻʨʫʥʪ. ɺʃ-02 - 1 ʩʣʦʡ; 

ʕʤʘʣʴ ʕʇ-1236 - 1 ʩʣʦʡ; 

ʕʤʘʣʴ ɸʂ-5264 - 2 ʩʣʦʷ 

ʄʝʪʘʣʣʠʯʝʩʢʘʷ 

ʧʣʘʩʪʠʥʘ ɸʄʛ6 

4 ʊʠʪʘʥʦʚʳʡ ʩʧʣʘʚ ʙʝʟ ʧʦʢʨʳʪʠʷ - ʇʣʘʩʪʠʥʘ ʇʊ-3ɺ 

5 ʉʂʋ-ʇʌʃ -100 

ʊʋ 2294-003-46898377-2001 

ʉʣʦʡ ʉʂʋ-ʇʌʃ-100 ï 

ʪʦʣʱʠʥʘ 300ʤʢʤ 

ʄʝʪʘʣʣʠʯʝʩʢʘʷ 

ʧʣʘʩʪʠʥʘ ɸʄʛ6 
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ɺ ʪʘʙʣʠʮʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʤʧʣʝʢʪʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʢʘʩʩʝʪʳ ˉ 1 ʠ 

 ̄2. 

 
ʊʘʙʣʠʮʘ 2  

ʂʦʤʧʣʝʢʪʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʚ ʢʘʩʩʝʪʘʭ ˉ 1 ʠ ˉ 2 

 ̄ ʅʘʠʤʝʥʦʚʘʥʠʝ ʦʙʨʘʟʮʘ 
ʅʦʤʝʨ ʦʙʨʘʟʮʦʚ  

ʚ ʢʘʩʩʝʪʝ 

ʂʦʣʠʯʝʩʪʚʦ 

ʦʙʨʘʟʮʦʚ, ʰʪ. 

ʂʘʩʩʝʪʘ ˉ 1 

1 ʉʪʘʥʜʘʨʪʥʦʝ ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʶʱʝʝ 

ʧʦʢʨʳʪʠʝ ʤʘʨʢʠ ʍɺ-5286ʉ 

1-2 2 

2 ʇʨʦʪʠʚʦʦʙʨʘʩʪʘʶʱʝʝ ʧʦʢʨʳʪʠʝ ʤʘʨʢʠ 

çʉʢʘʪè 

3-4 2 

3 ʇʨʦʪʠʚʦʦʙʨʘʩʪʘʶʱʝʝ ʧʦʢʨʳʪʠʝ ʤʘʨʢʠ 

ɸʂ-5264 

5-6 2 

4 ʊʠʪʘʥʦʚʳʡ ʩʧʣʘʚ ʇʊ-3ɺ 33-34 2 

5 ʉʂʋ-ʇʌʃ-100 7-8 2 

ʂʘʩʩʝʪʘ ˉ 2 

1 ʉʪʘʥʜʘʨʪʥʦʝ ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʶʱʝʝ 

ʧʦʢʨʳʪʠʝ ʍɺ-5286ʉ 

9-10 2 

2 ʇʨʦʪʠʚʦʦʙʨʘʩʪʘʶʱʝʝ ʧʦʢʨʳʪʠʝ ʤʘʨʢʠ 

çʉʢʘʪè 

11-12 2 

3 ʇʨʦʪʠʚʦʦʙʨʘʩʪʘʶʱʝʝ ʧʦʢʨʳʪʠʝ ʤʘʨʢʠ 

ɸʂ-5264 

13-14 2 

4 ʊʠʪʘʥʦʚʳʡ ʩʧʣʘʚ ʇʊ-3ɺ 35-36 2 

5 ʉʂʋ-ʇʌʃ-100 15-16 2 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ 1-ʛʦ ʵʪʘʧʘ ʠʩʧʳʪʘʥʠʡ, 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 5 ʤʝʩʷʮʝʚ. 

ʀʩʧʳʪʘʥʠʷʤ ʧʦʜʚʝʨʛʘʣʠʩʴ ʦʙʨʘʟʮʳ ʤʘʪʝʨʠʘʣʦʚ: 

ï ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʶʱʝʝ ʃʂʇ ʤʘʨʢʠ ʍɺ-5286ʉ; 

ï ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʶʱʝʝ ʃʂʇ ʤʘʨʢʠ çʉʢʘʪè; 

ï ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʶʱʝʝ ʧʦʢʨʳʪʠʝ ʃʂʇ ʤʘʨʢʠ ɸʂ-5264; 

ï ʪʠʪʘʥʦʚʳʡ ʩʧʣʘʚ ʇʊ-3ɺ; 

ï ʧʦʣʠʫʨʝʪʘʥ ʉʂʋ-ʇʌʃ-100. 

ʇʨʠ ʚʠʟʫʘʣʴʥʦʤ ʦʩʤʦʪʨʝ ʙʝʟ ʩʨʝʜʩʪʚ ʫʚʝʣʠʯʝʥʠʷ ʚʩʝ ʧʣʘʩʪʠʥʳ 

ʦʢʘʟʘʣʠʩʴ ʜʦʩʪʘʪʦʯʥʦ ʯʠʩʪʳʤʠ (ʩʚʦʙʦʜʥʳʤʠ ʦʪ ʦʙʨʘʩʪʘʥʠʡ), ʥʝʩʤʦʪʨʷ ʥʘ 

ʵʢʩʧʦʟʠʮʠʶ ʚ ʤʦʨʝ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʤʥʦʞʝʥʠʝ 

ʙʦʣʴʰʠʥʩʪʚʘ ʚʠʜʦʚ ʤʦʨʩʢʠʭ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ, ʠ ʦʩʝʜʘʥʠʝ ʣʠʯʠʥʦʢ 

ʦʨʛʘʥʠʟʤʦʚ-ʦʙʨʘʩʪʘʪʝʣʝʡ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ. ʅʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʚʝʩʘ ʧʣʘʩʪʠʥ ʤʦʞʝʪ ʙʳʪʴ ʦʪʤʝʯʝʥʦ, ʚ ʦʩʥʦʚʥʦʤ, ʟʘ ʩʯʝʪ ʦʩʝʚʰʝʛʦ ʥʘ 

ʧʣʘʩʪʠʥʳ ʥʘʠʣʢʘ (ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʤʦʨʩʢʦʡ ʚʟʚʝʩʠ ï ʜʝʪʨʠʪʘ) ʠ ʥʘʣʠʧʰʠʭ 

ʯʘʩʪʠʮ ʧʦʩʪʦʨʦʥʥʝʛʦ ʤʫʩʦʨʘ (ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʨʘʡʦʥʝ ʧʨʠʯʘʣʘ). 
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ʆʜʥʘʢʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʥʦʢʫʣʷʨʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʦʙʥʘʨʫʞʝʥʳ ʧʨʝʜʩʪʘʚʠʪʝʣʠ 5 

ʛʨʫʧʧ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʦʙʨʘʩʪʘʪʝʣʝʡ ʩ ʠʟʚʝʩʪʢʦʚʳʤ ʩʢʝʣʝʪʦʤ. ʈʘʟʤʝʨ 

ʧʦʜʘʚʣʷʶʱʝʛʦ ʙʦʣʴʰʠʥʩʪʚʘ ʦʪʤʝʯʝʥʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʥʝ ʧʨʝʚʳʰʘʣ 1 ʤʤ. 

¶ Foraminifera; 

¶ Heteranomiasquamula; 

¶ Mytilusedulis; 

¶ ʉʠʜʷʯʠʝ ʧʦʣʠʭʝʪʳ ʩʝʤʝʡʩʪʚʘ Spirorbidae; 

¶ Bryozoa 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʫʩʪʘʥʦʚʣʝʥʦ: 

ï ʙʠʦʤʘʩʩʘ ʦʙʨʘʩʪʘʥʠʷ ʥʘ ʦʙʨʘʟʮʘʭ ʚʩʝʭ ʠʩʧʳʪʳʚʘʚʰʠʭʩʷ 

ʤʘʪʝʨʠʘʣʦʚ, ʨʘʟʤʝʱʝʥʥʳʭ ʥʘ ʛʣʫʙʠʥʝ 60 ʤ ʚ ʘʢʚʘʪʦʨʠʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ, ʟʘ 

5 ʤʝʩʷʮʝʚ ʵʢʩʧʦʟʠʮʠʠ ʜʦʩʪʠʛʘʝʪ ʦʪ 50 ʜʦ 100 ʛ/ʤ
2
;  

ï ʥʘʠʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ (ʤʠʥʠʤʘʣʴʥʦʝ ʦʙʨʘʩʪʘʥʠʝ) ï 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʧʣʘʩʪʠʥʳ ʩ ʣʘʢʦʢʨʘʩʦʯʥʳʤ ʧʦʢʨʳʪʠʝʤ çʉʢʘʪè, ʥʘ 

ʚʪʦʨʦʤ ʤʝʩʪʝ - ʧʣʘʩʪʠʥʳ ʩ ʣʘʢʦʢʨʘʩʦʯʥʳʤ ʧʦʢʨʳʪʠʝʤ ɸʂ-5264. ʀʭ 

ʦʙʨʘʩʪʘʥʠʝ ʚʢʣʶʯʘʝʪ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʪʦʣʴʢʦ ʜʚʫʭ ʠʟ ʧʷʪʠ ʛʨʫʧʧ 

ʦʙʨʘʩʪʘʪʝʣʝʡ: ʬʦʨʘʤʠʥʠʬʝʨ ʠ ʛʝʪʝʨʦʘʥʦʤʠʡ.  

ï ʜʣʷ ʧʣʘʩʪʠʥ ʩ ʣʘʢʦʢʨʘʩʦʯʥʳʤ ʧʦʢʨʳʪʠʝʤ ʍɺ-5286ʉ, ʉʂʋ-ʇʌʃ ʠ 

ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ʇʊ-3ɺ ʦʪʤʝʯʝʥʦ ʦʙʨʘʩʪʘʥʠʝ 5 ʛʨʫʧʧʘʤʠ ʠʟ 5 

ʦʙʥʘʨʫʞʝʥʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʚʢʣʶʯʘʷ ʩʧʠʨʦʨʙʠʜ ʠ ʤʰʘʥʦʢ (ʧʣʘʩʪʠʥʘ ʃʂʇ 

ʍɺ-5286ʉ), ʘ ʪʘʢʞʝ ʤʠʜʠʡ (ʧʣʘʩʪʠʥʳ ʉʂʋ-ʇʌʃ ʠ ʇʊ-3ɺ).  

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ 2-ʛʦ ʵʪʘʧʘ ʠʩʧʳʪʘʥʠʡ, 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 15 ʤʝʩʷʮʝʚ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʣʘʩʪʠʥʳ ʵʢʩʧʦʥʠʨʦʚʘʣʠʩʴ 15 ʤʝʩʷʮʝʚ (ʩ 1-ʛʦ 

ʠʶʥʷ 2021 ʧʦ 1-ʝ ʩʝʥʪʷʙʨʷ 2022 ʛ.) ʚ ʪʦʣʱʝ ʚʦʜʳ ʥʘ ʛʣʫʙʠʥʝ 60 ʤ. 

ʇʣʘʩʪʠʥʳ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʚ ʢʘʩʩʝʪʝ ʜʨʫʛ 

ʥʘʜ ʜʨʫʛʦʤ ʩ ʨʘʩʩʪʦʷʥʠʝʤ 100ʤʤ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʝʟʠʥʦʚʳʭ ʧʨʦʢʣʘʜʦʢ ʤʝʞʜʫ ʦʙʨʘʟʮʦʤ ʠ ʢʘʩʩʝʪʦʡ.  

ʅʘ ʨʠʩʫʥʢʘʭ 2-2.1, 3-3.1, 4-4.1, 5-5.1, 6-6.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʦʪʦʛʨʘʬʠʠ 

ʦʙʨʘʟʮʦʚ ʜʦ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʠ ʧʦʩʣʝ 15 ʤʝʩʷʮʝʚ ʥʘʭʦʞʜʝʥʠʷ ʚ ʪʦʣʱʝ 

ʚʦʜʳ ʥʘ ʛʣʫʙʠʥʝ 60 ʤ. 
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ɼʦ ʠʩʧʳʪʘʥʠʡ ʇʦʩʣʝ ʠʩʧʳʪʘʥʠʡ 

ʈʠʩ. 2 ï ʇʣʘʩʪʠʥʘ ˉ 9 

ʧʦʢʨʳʪʘʷ ʵʤʘʣʴʶ ʤʘʨʢʠ ʍɺ-5286ʉ 

ʈʠʩ. 2.1. ʇʣʘʩʪʠʥʘ ˉ 9 

ʧʦʢʨʳʪʘʷ ʵʤʘʣʴʶ ʤʘʨʢʠ ʍɺ-5286ʉ 

 

  

ɼʦ ʠʩʧʳʪʘʥʠʡ ʇʦʩʣʝ ʠʩʧʳʪʘʥʠʡ 

ʈʠʩ. 3 ï ʇʣʘʩʪʠʥʘ ˉ 11 

ʧʦʢʨʳʪʘʷ ʵʤʘʣʴʶ ʤʘʨʢʠ çʉʢʘʪè 

ʈʠʩ. 3.1 ï ʇʣʘʩʪʠʥʘ ˉ 11 

ʧʦʢʨʳʪʘʷ ʵʤʘʣʴʶ ʤʘʨʢʠ çʉʢʘʪè 
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ɼʦ ʠʩʧʳʪʘʥʠʡ ʇʦʩʣʝ ʠʩʧʳʪʘʥʠʡ 

ʈʠʩ. 4 ï ʇʣʘʩʪʠʥʘ ˉ 13 

ʧʦʢʨʳʪʘʷ ʵʤʘʣʴʶ ʤʘʨʢʠ ɸʂ-5264 

ʈʠʩ. 4.1 ï ʇʣʘʩʪʠʥʘ ˉ 13 

ʧʦʢʨʳʪʘʷ ʵʤʘʣʴʶ ʤʘʨʢʠ ɸʂ-5264 

 

  

ɼʦ ʠʩʧʳʪʘʥʠʡ ʇʦʩʣʝ ʠʩʧʳʪʘʥʠʡ 

ʈʠʩ. 5 ï ʇʣʘʩʪʠʥʘ ˉ 15 

ʧʦʢʨʳʪʘʷ ʉʂʋ-ʇʌʃ-100 

ʈʠʩ. 5.1 ï ʇʣʘʩʪʠʥʘ ˉ 15 

ʇʦʢʨʳʪʘʷ ʉʂʋ-ʇʌʃ-100 
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ɼʦ ʠʩʧʳʪʘʥʠʡ ʇʦʩʣʝ ʠʩʧʳʪʘʥʠʡ 

ʈʠʩ. 6 ï ʇʣʘʩʪʠʥʘ ˉ 35 

ʊʠʪʘʥʦʚʳʡ ʩʧʣʘʚ ʇʊ-3ɺ 

ʈʠʩ. 6.1 ï ʇʣʘʩʪʠʥʘ ˉ 35 

ʊʠʪʘʥʦʚʳʡ ʩʧʣʘʚ ʇʊ-3ɺ 

 

 

ʈʝʟʫʣʴʪʘʪʳ ʚʟʚʝʰʠʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ 15 ʤʝʩʷʮʝʚ ʠʩʧʳʪʘʥʠʡ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. 

ʊʘʙʣʠʮʘ 3 

ʈʝʟʫʣʴʪʘʪʳ ʚʟʚʝʰʠʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ 15 ʤʝʩʷʮʝʚ ʠʩʧʳʪʘʥʠʡ 

ʆʙʨʘʟʝʮ ɿʥʘʯʝʥʠʝ ʤʘʩʩʳ ʜʦ ʠʩʧʳʪʘʥʠʡ, ʛʨ 
ɿʥʘʯʝʥʠʝ ʤʘʩʩʳ ʧʦʩʣʝ 

ʠʩʧʳʪʘʥʠʡ, ʛʨ 

ʉʠʩʪʝʤʘ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ ʩ ʵʤʘʣʴʶ ʤʘʨʢʠ çʍɺ-5286ʉè 

9 523 565 

10 521 540 

ʉʠʩʪʝʤʘ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ ʩ ʵʤʘʣʴʶ ʤʘʨʢʠ çʉʢʘʪè 

11 580 570 

12 583 580 

ʉʠʩʪʝʤʘ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ ʩ ʵʤʘʣʴʶ ʤʘʨʢʠ çɸʂ-5264è 

13 648 640 

14 589 590 

ʊʠʪʘʥʦʚʳʡ ʩʧʣʘʚ ʇʊ-3ɺ ʙʝʟ ʧʦʢʨʳʪʠʷ 

35 801 808 

36 777 780 

ɼʣʷ ʧʦʣʠʤʝʨʥʦʛʦ ʧʦʢʨʳʪʠʷ ʤʘʨʢʠ çʉʂʋ-ʇʌʃ-100è 

15 530 540 

16 532 530 

 

ʇʦ ʚʝʩʦʚʳʤ ʜʘʥʥʳʤ ʠʟ ʪʘʙʣʠʮʳ 3 ʟʘʬʠʢʩʠʨʦʚʘʥ ʥʘʠʙʦʣʴʰʠʡ 

ʧʨʠʨʦʩʪ ʤʘʩʩʳ ʦʙʨʘʟʮʦʚ ʧʣʘʩʪʠʥ ˉ 9, 10 ʟʘ ʩʯʝʪ ʦʩʝʜʘʥʠʷ ʥʘ ʧʣʘʩʪʠʥʳ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʫʙʩʪʘʥʮʠʡ. 



ʂʣʠʤʘʪ-2023: ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʤʘʪʝʨʠʘʣʳ ʠ 

ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

 

VIII ˏ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 181 

ʇʦʩʣʝ ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʚʦʜʳ ʦʙʨʘʟʮʳ ʦʙʩʣʝʜʦʚʘʥʳ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʫʩʣʦʚʠʷʭ ʩ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʦʙʨʘʩʪʘʥʠʷ. ʇʦʜʩʯʝʪ ʦʨʛʘʥʠʟʤʦʚ-ʦʙʨʘʩʪʘʪʝʣʝʡ 

ʧʨʦʚʦʜʠʣʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ ʚ ʙʘʣʣʘʭ ʥʘ 

ʢʘʞʜʦʡ ʩʪʦʨʦʥʝ ʦʪʜʝʣʴʥʦ. 

ɺ ʪʘʙʣʠʮʝ 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʩʪʘʥʠʷ. 

 
 

ʊʘʙʣʠʮʘ 4 

ʈʝʟʫʣʴʪʘʪʳ ʦʙʨʘʩʪʘʥʠʷ ʚ ʙʘʣʣʘʭ 
ʅʦʤʝʨ 

ʧ/ʧ 

ʅʦʤʝʨ 

ʦʙʨʘʟʮʘ 

ɼʘʪʘ ʥʘʯʘʣʘ 

ʠʩʧʳʪʘʥʠʡ 

ʉʠʩʪʝʤʘ 

ʦʢʨʘʰʠʚʘʥʠʷ 

ɼʘʪʘ 

ʦʩʤʦʪʨʘ 

ʉʦʩʪʦʷʥʠʝ 

ʧʦʢʨʳʪʠʷ 

ʉʪʝʧʝʥʴ 

ʦʙʨʘʩʪʘʥʠʷ 

ɹʘʣʣ 

1 9 

ɺʝʨʭʥʷʷ 

ʩʪʦʨʦʥʘ 

01.06.2021 

ɺʃ-02 

ʕʇ-1236 

ʍɺ-5286ʉ 

01.09.2022 

ʇʣʝʥʢʘ ʚ ʚʠʜʝ 

ʦʩʝʚʰʝʛʦ 

ʥʘʠʣʢʘ 

ʆʙʨʘʩʪʘʥʠʝ 

ʤʝʥʝʝ 1 % 

ʧʦʚʝʨʭʥʦʩʪʠ 

5 

9 

ʅʠʞʥʷʷ 

ʩʪʦʨʦʥʘ 

ʇʦʢʨʳʪʠʝ ʩ 

ʚʠʜʠʤʳʤʠ 

ʥʝʚʦʦʨʫʞʝʥʥʳʤ 

ʚʟʛʣʷʜʦʤ 

ʠʟʤʝʥʝʥʠʷʤʠ 

ʆʙʨʘʩʪʘʥʠʝ 

ʙʦʣʝʝ 89% 

ʧʦʚʝʨʭʥʦʩʪʠ 

1 

2 11 

ɺʝʨʭʥʷʷ 

ʩʪʦʨʦʥʘ 
01.06.2021 

ɺʃ-02 

ʕʇ-1236 

ʉʂɸʊ 

01.09.2022 

ʇʣʝʥʢʘ ʚ ʚʠʜʝ 

ʦʩʝʚʰʝʛʦ 

ʥʘʠʣʢʘ 

ʆʙʨʘʩʪʘʥʠʝ 

ʤʝʥʝʝ 1 % 

ʧʦʚʝʨʭʥʦʩʪʠ 

5 

11 

ʅʠʞʥʷʷ 

ʩʪʦʨʦʥʘ 

ʇʦʢʨʳʪʠʝ ʙʝʟ 

ʚʠʜʠʤʳʭ 

ʠʟʤʝʥʝʥʠʡ 

ʆʙʨʘʩʪʘʥʠʝ 

ʤʝʥʝʝ 1 % 

ʧʦʚʝʨʭʥʦʩʪʠ 

5 

3 13 

ɺʝʨʭʥʷʷ 

ʩʪʦʨʦʥʘ 
01.06.2021 

ɺʃ-02 

ʕʇ-1236 

ɸʂ-5264 

01.09.2022 

ʇʣʝʥʢʘ ʚ ʚʠʜʝ 

ʦʩʝʚʰʝʛʦ 

ʥʘʠʣʢʘ 

ʆʙʨʘʩʪʘʥʠʝ 

ʤʝʥʝʝ 1 % 

ʧʦʚʝʨʭʥʦʩʪʠ 

5 

13 

ʅʠʞʥʷʷ 

ʩʪʦʨʦʥʘ 

ʇʦʢʨʳʪʠʝ ʙʝʟ 

ʚʠʜʠʤʳʭ 

ʠʟʤʝʥʝʥʠʡ 

ʆʙʨʘʩʪʘʥʠʝ 

ʤʝʥʝʝ 1 % 

ʧʦʚʝʨʭʥʦʩʪʠ 

5 

4 15 

ɺʝʨʭʥʷʷ 

ʩʪʦʨʦʥʘ 

01.06.2021 

ʇʦʣʠʤʝʨʥʦʝ 

ʧʦʢʨʳʪʠʝ 

ʉʂʋ-ʇʌʃ-

100 

01.09.2022 

ʇʣʝʥʢʘ ʚ ʚʠʜʝ 

ʦʩʝʚʰʝʛʦ 

ʥʘʠʣʢʘ 

ʆʙʨʘʩʪʘʥʠʝ 

ʤʝʥʝʝ 1 % 

ʧʦʚʝʨʭʥʦʩʪʠ 

5 

15 

ʅʠʞʥʷʷ 

ʩʪʦʨʦʥʘ 

ʇʦʢʨʳʪʠʝ ʩ 

ʚʠʜʠʤʳʤʠ 

ʥʝʚʦʦʨʫʞʝʥʥʳʤ 

ʚʟʛʣʷʜʦʤ 

ʠʟʤʝʥʝʥʠʷʤʠ 

ʆʙʨʘʩʪʘʥʠʝ 

ʙʦʣʝʝ 63% 

ʧʦʚʝʨʭʥʦʩʪʠ 

1 

5 35 

ɺʝʨʭʥʷʷ 

ʩʪʦʨʦʥʘ 

01.06.2021 

ʊʠʪʘʥʦʚʳʡ 

ʩʧʣʘʚ 

ʇʊ-3ɺ 

01.09.2022 

ʇʣʝʥʢʘ ʚ ʚʠʜʝ 

ʦʩʝʚʰʝʛʦ 

ʥʘʠʣʢʘ 

ʆʙʨʘʩʪʘʥʠʝ 

ʤʝʥʝʝ 1 % 

ʧʦʚʝʨʭʥʦʩʪʠ 

5 

35 

ʅʠʞʥʷʷ 

ʩʪʦʨʦʥʘ 

ʇʦʢʨʳʪʠʝ ʩ 

ʚʠʜʠʤʳʤʠ 

ʥʝʚʦʦʨʫʞʝʥʥʳʤ 

ʚʟʛʣʷʜʦʤ 

ʠʟʤʝʥʝʥʠʷʤʠ 

ʆʙʨʘʩʪʘʥʠʝ 

ʙʦʣʝʝ 76% 

ʧʦʚʝʨʭʥʦʩʪʠ 

 

1 

 

ʇʦʢʨʳʪʠʝ, ʩʪʝʧʝʥʴ ʦʙʨʘʩʪʘʥʠʷ ʢʦʪʦʨʦʛʦ ʦʮʝʥʠʚʘʝʪʩʷ ʙʘʣʣʦʤ ʦʪ 1 ʜʦ 

4, ʩʯʠʪʘʝʪʩʷ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ, 5 ï ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʪʘʙʣʠʮʝ 4 ʚʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʦʙʨʦʩʰʠʤʠ 

ʦʢʘʟʘʣʠʩʴ ʥʠʞʥʠʝ ʩʪʦʨʦʥʳ ʧʣʘʩʪʠʥ. 

ʇʦʩʣʝ ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʚʦʜʳ ʦʙʨʘʟʮʳ ʦʙʩʣʝʜʦʚʘʥʳ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʫʩʣʦʚʠʷʭ ʩ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʦʙʨʘʩʪʘʥʠʷ. ʇʦʜʩʯʝʪ ʦʨʛʘʥʠʟʤʦʚ-ʦʙʨʘʩʪʘʪʝʣʝʡ 



ʂʣʠʤʘʪ-2023: ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʤʘʪʝʨʠʘʣʳ ʠ 

ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

 

VIII ˏ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 182 

ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʢʘʞʜʦʡ ʩʪʦʨʦʥʝ ʦʪʜʝʣʴʥʦ ʚʜʦʣʴ ʧʝʨʠʤʝʪʨʘ ʧʣʘʩʪʠʥ, ʥʘ 

ʰʠʨʠʥʫ 7,5 ʩʤ (ʜʦʩʪʫʧʥʦʡ ʜʣʷ ʧʨʦʩʤʦʪʨʘ ʩ ʧʦʤʦʱʴʶ ʙʠʥʦʢʫʣʷʨʥʦʛʦ 

ʤʠʢʨʦʩʢʦʧʘ ʄɹʉ-10) ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʚ 56 ʨʘʟ, ʥʘ ʧʣʦʱʘʜʠ 

(875 ʩʤ
2
).  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʙʠʥʦʢʫʣʷʨʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʦʙʥʘʨʫʞʝʥʳ ʚʳʨʦʩʰʠʝ ʠʟ ʦʩʝʚʰʠʭ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʘʩʪʠʥ ʣʠʯʠʥʦʢ ʩʣʝʜʫʶʱʠʝ ʦʨʛʘʥʠʟʤʳ-ʦʙʨʘʩʪʘʪʝʣʠ ʩ 

ʠʟʚʝʩʪʢʦʚʳʤ ʩʢʝʣʝʪʦʤ:  

1. Heteranomiasquamula ï ʚʠʜ ʜʚʫʩʪʚʦʨʯʘʪʳʭ ʤʦʣʣʶʩʢʦʚ; 

2. Bryozoa (ʄʰʘʥʢʠ) - ʢʦʣʦʥʠʘʣʴʥʳʝ ʙʝʩʧʦʟʚʦʥʦʯʥʳʝ; 

3. Spirorbidae(ʩʧʠʨʦʨʙʠʜʳ) - cʠʜʷʯʠʝ ʧʦʣʠʭʝʪʳ ʩʝʤʝʡʩʪʚʘ; 

4. Serpulidae(ʩʝʨʧʫʣʠʜʳ) - cʠʜʷʯʠʝ ʧʦʣʠʭʝʪʳ ʩʝʤʝʡʩʪʚʘ; 

5. Foraminifera  ïʤʝʣʢʠʝ ʦʜʥʦʢʣʝʪʦʯʥʳʝ ʞʠʚʦʪʥʳʝ; 

6. Balanus - ʫʩʦʥʦʛʠʝ ʨʘʯʢʠʙʘʣʷʥʫʩʳ; 

7. Mytilusedulis ï ʜʚʫʩʪʚʦʨʯʘʪʳʝ ʤʦʣʣʶʩʢʠ; 

8. Hydroidea - ʉʪʝʣʶʱʘʷʩʷ ʛʠʜʨʦʨʠʟʘ; 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʣʘʩʪʠʥ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 5. 

 
ʊʘʙʣʠʮʘ 5 

ʉʨʝʜʥʝʝ ʯʠʩʣʦ ʦʩʦʙʝʡ ʦʨʛʘʥʠʟʤʦʚ-ʦʙʨʘʩʪʘʪʝʣʝʡ ʩ ʠʟʚʝʩʪʢʦʚʳʤ ʩʢʝʣʝʪʦʤ,  

ʨʘʩʩʯʠʪʘʥʥʦʝ ʥʘ ʧʣʦʱʘʜʴ 0,1 ʤ
2 

ɾʠʚʦʪʥʳʝ - 

ʦʙʨʘʩʪʘʪʝʣʠ 

ʇʣʘʩʪʠʥʘ ˉ 

9 

ʇʨʦʪʠʚʦ-

ʦʙʨʘʩʪʘʶʱʘʷ 

ʵʤʘʣʴ ʤʘʨʢʠ 

ʍɺ-5286ʉ 

11 

ʇʨʦʪʠʚʦ-

ʦʙʨʘʩʪʘʶʱʘʷ 

ʵʤʘʣʴ ʤʘʨʢʠ 

ʉʢʘʪ 

13 

ʇʨʦʪʠʚʦ-

ʦʙʨʘʩʪʘʶʱʘʷ 

ʵʤʘʣʴ ʤʘʨʢʠ 

ɸʂ-5264 

15 

ʇʦʣʠʫʨʝʪʘ-

ʥʦʚʦʝ 

ʧʦʢʨʳʪʠʝ 

ʉʂʋ-ʇʌʃ 

35 

ʊʠʪʘʥʦʚʳʡ 

ʩʧʣʘʚ ʇʊ-3ɺ 

ʙʝʟ ʧʦʢʨʳʪʠʷ 

H.squam 14729 + + 13840 20765 

Bryozoa 535 - - 275 1432 

Spirorbidae 838 - - 550 111 

Serpulidae 156 - - - + 

Foraminifer 285 + + 4715 - 

Balanus + - - 115 - 

Mytilus 10 - - 15 5 

Hydroidea - - - + + 

Spongia - - - 50 - 

ʆʙʦʟʥʘʯʝʥʠʷ: ç-è ï ʦʪʩʫʪʩʪʚʫʶʪ, ç+è ï ʝʜʠʥʠʯʥʦ ʧʨʠʩʫʪʩʪʚʫʶʪ 



ʂʣʠʤʘʪ-2023: ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʤʘʪʝʨʠʘʣʳ ʠ 

ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

 

VIII ˏ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 183 

ʀʩʭʦʜʷ ʠʟ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 5, 

ʥʘʠʣʫʯʰʠʝ ʧʦʢʘʟʘʪʝʣʠ (ʦʪʩʫʪʩʪʚʠʝ ʤʘʢʨʦʦʙʨʘʩʪʘʪʝʣʝʡ) 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʧʣʘʩʪʠʥʳ ˉ 11 (ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʶʱʘʷ ʵʤʘʣʴ ʤʘʨʢʠ 

çʉʢʘʪè) ʠ ˉ 13 (ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʶʱʘʷ ʵʤʘʣʴ ʤʘʨʢʠ ɸʂ-5264). ʅʘʠʙʦʣʴʰʝʝ 

ʦʙʨʘʩʪʘʥʠʝ ï ʧʣʘʩʪʠʥʘ ˉ 9 (ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʶʱʘʷ ʵʤʘʣʴ ʤʘʨʢʠ ʍɺ-5286ʉ), 

ʥʘʠʙʦʣʴʰʝʝ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʝ ʦʙʨʘʩʪʘʪʝʣʝʡ ï ʧʣʘʩʪʠʥʘ ˉ 15 (ʇʦʣʠʤʝʨʥʦʝ 

ʧʦʣʠʫʨʝʪʘʥʦʚʦʝ ʧʦʢʨʳʪʠʝ ʉʂʋ-ʇʌʃ-100). 

ɺ ʪʘʙʣʠʮʝ 6 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʦʙʨʘʩʪʘʥʠʶ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʩ ʠʟʚʝʩʪʢʦʚʳʤ ʩʢʝʣʝʪʦʤ, ʨʘʩʩʯʠʪʘʥʥʦʝ ʥʘ ʧʣʦʱʘʜʴ 

0,1 ʤ
2 
1-ʛʦ ʠ 2-ʛʦ ʵʪʘʧʘ ʠʩʧʳʪʘʥʠʡ. 
 

ʊʘʙʣʠʮʘ 6 

ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʦʙʨʘʩʪʘʥʠʶ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ  

ʩ ʠʟʚʝʩʪʢʦʚʳʤ ʩʢʝʣʝʪʦʤ 1-ʛʦ ʠ 2-ʛʦ ʵʪʘʧʘ ʠʩʧʳʪʘʥʠʡ 

ˉ ʧʣʘʩʪʠʥʳ 
ʉʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʦʙʝʡ ʦʨʛʘʥʠʟʤʦʚ-

ʦʙʨʘʩʪʘʪʝʣʝʡ ʩ ʠʟʚʝʩʪʢʦʚʳʤ ʩʢʝʣʝʪʦʤ 

1-ʡ ʵʪʘʧ (ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠʩʧʳʪʘʥʠʡ 5 ʤʝʩʷʮʝʚ) 

ʇʣʘʩʪʠʥʘ 1 ʧʦʢʨʳʪʘʷ ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʶʱʝʡ 

ʵʤʘʣʴʶ ʤʘʨʢʠ ʍɺ-5286ʉ 

2017 

ʇʣʘʩʪʠʥʘ 3 ʧʦʢʨʳʪʘʷ ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʶʱʝʡ 

ʵʤʘʣʴʶ ʤʘʨʢʠ çʉʂɸʊè 

34 

ʇʣʘʩʪʠʥʘ 5 ʧʦʢʨʳʪʘʷ ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʶʱʝʡ 

ʵʤʘʣʴʶ ʤʘʨʢʠ ɸʂ-5264 

65 

ʇʣʘʩʪʠʥʘ 7 ʧʦʢʨʳʪʘʷ ʧʦʣʠʫʨʝʪʘʥʦʚʳʤ 

ʧʦʢʨʳʪʠʝʤ ʉʂʋ-ʇʌʃ-100 

701 

ʇʣʘʩʪʠʥʘ 33 ʠʟ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ʇʊ-3ɺ ʙʝʟ 

ʧʦʢʨʳʪʠʷ 

139 

2-ʡ ʵʪʘʧ (ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠʩʧʳʪʘʥʠʡ 15 ʤʝʩʷʮʝʚ) 

ʇʣʘʩʪʠʥʘ 9 ʧʦʢʨʳʪʘʷ ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʶʱʝʡ 

ʵʤʘʣʴʶ ʤʘʨʢʠ ʍɺ-5286ʉ 

16553 

ʇʣʘʩʪʠʥʘ 11 ʧʦʢʨʳʪʘʷ ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʶʱʝʡ 

ʵʤʘʣʴʶ ʤʘʨʢʠ çʉʂɸʊè 

71 

ʇʣʘʩʪʠʥʘ 13 ʧʦʢʨʳʪʘʷ ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʶʱʝʡ 

ʵʤʘʣʴʶ ʤʘʨʢʠ ɸʂ-5264 

83 

ʇʣʘʩʪʠʥʘ 15 ʧʦʢʨʳʪʘʷ ʧʦʣʠʫʨʝʪʘʥʦʚʳʤ 

ʧʦʢʨʳʪʠʝʤ ʉʂʋ-ʇʌʃ-100 

19560 

ʇʣʘʩʪʠʥʘ 35 ʠʟ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ʇʊ-3ɺ ʙʝʟ 

ʧʦʢʨʳʪʠʷ 

22313 

 

ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 6 ʚʠʜʥʦ, ʯʪʦ ʦʙʨʘʩʪʘʥʠʝ ʧʦ 

ʢʦʣʠʯʝʩʪʚʫ ʦʩʝʚʰʠʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʧʣʘʩʪʠʥʳ ˉ 9, ʧʦʢʨʳʪʦʡ 

ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʶʱʝʡ ʵʤʘʣʴʶ ʤʘʨʢʠ ʍɺ-5286ʉ, ʫʚʝʣʠʯʠʣʦʩʴ å ʚ 8,3 ʨʘʟ, 

ʦʙʨʘʩʪʘʥʠʝ ʧʣʘʩʪʠʥʳ ˉ 15, ʧʦʢʨʳʪʦʡ ʧʦʣʠʫʨʝʪʘʥʦʚʳʤ ʧʦʢʨʳʪʠʝʤ  

ʉʂʋ-ʇʌʃ-100, ʫʚʝʣʠʯʠʣʦʩʴ å ʚ 28 ʨʘʟ, ʦʙʨʘʩʪʘʥʠʝ ʧʣʘʩʪʠʥʳ ˉ 35 ʠʟ 

ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ʇʊ-3ɺ ʙʝʟ ʧʦʢʨʳʪʠʷ ʫʚʝʣʠʯʠʣʦʩʴ å ʚ 160 ʨʘʟ.  

ʅʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ ʧʣʘʩʪʠʥʳ ˉ 11, ʧʦʢʨʳʪʘʷ 

ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʶʱʝʡ ʵʤʘʣʴʶ ʤʘʨʢʠ çʉʢʘʪè ʠ ˉ 13, ʧʦʢʨʳʪʘʷ 



ʂʣʠʤʘʪ-2023: ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʤʘʪʝʨʠʘʣʳ ʠ 

ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

 

VIII ˏ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 184 

ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʶʱʝʡ ʵʤʘʣʴʶ ʤʘʨʢʠ ɸʂ-5264, ʦʙʨʘʩʪʘʥʠʝ ʢʦʪʦʨʳʭ ʧʦ 

ʢʦʣʠʯʝʩʪʚʫ ʦʩʝʚʰʠʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʫʚʝʣʠʯʠʣʦʩʴ.  

ʅʘ ʨʠʩʫʥʢʝ 7 ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʦʪʦʛʨʘʬʠʠ ʦʨʛʘʥʠʟʤʦʚ-ʦʙʨʘʩʪʘʪʝʣʝʡ. 

 

  

  

  

ʈʠʩ. 7 ï ʌʦʪʦ ʦʨʛʘʥʠʟʤʦʚ-ʦʙʨʘʩʪʘʪʝʣʝʡ 

ɺʳʚʦʜʳ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʫʩʪʘʥʦʚʣʝʥʦ:  

ï ʙʠʦʤʘʩʩʘ ʦʙʨʘʩʪʘʥʠʷ ʥʘ ʦʙʨʘʟʮʘʭ ʚʩʝʭ ʠʩʧʳʪʳʚʘʚʰʠʭʩʷ 

ʤʘʪʝʨʠʘʣʦʚ, ʨʘʟʤʝʱʝʥʥʳʭ ʥʘ ʛʣʫʙʠʥʝ 60 ʤ ʚ ʘʢʚʘʪʦʨʠʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ, ʟʘ 

15 ʤʝʩʷʮʝʚ ʵʢʩʧʦʟʠʮʠʠ ʜʦʩʪʠʛʘʝʪ ʦʪ 10 ʜʦ 100 ʛ/ʤ
2
;  

ï ʥʘʠʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ (ʤʠʥʠʤʘʣʴʥʦʝ ʦʙʨʘʩʪʘʥʠʝ) ï 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʧʣʘʩʪʠʥʳ ʩ ʣʘʢʦʢʨʘʩʦʯʥʳʤ ʧʦʢʨʳʪʠʝʤ ʤʘʨʢʠ çʉʢʘʪè 

ʠ ɸʂ-5264. ʀʭ ʦʙʨʘʩʪʘʥʠʝ ʚʢʣʶʯʘʝʪ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʪʦʣʴʢʦ 2 ʠʟ 7 ʛʨʫʧʧ 

ʦʙʨʘʩʪʘʪʝʣʝʡ: ʬʦʨʘʤʠʥʠʬʝʨ ʠ ʛʝʪʝʨʦʘʥʦʤʠʡ.  












































