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Abstract. The problems of assessing material resistance under the 

combined influence of degradation factors are considered. The main challenges 

related to the increasing aggressiveness of the environment, shortcomings of the 

regulatory framework and shortage of qualified personnel are analyzed. 

Solutions based on the introduction of digital twins of materials, mathematical 

modeling methods and artificial intelligence technologies are proposed. 

Keywords: corrosion, material aging, biodamage, climatic testing, digital 

twins, artificial intelligence. 

 

ʈʝʬʝʨʘʪ 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʙʣʝʤ 

ʠʩʧʳʪʘʥʠʡ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʢʦʨʨʦʟʠʠ, ʩʪʘʨʝʥʠʷ ʠ 

ʙʠʦʧʦʚʨʝʞʜʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʠʩʪʝʤʥʦʛʦ 

ʧʦʜʭʦʜʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʘʥʘʣʠʟ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʥʦʨʤʘʪʠʚʥʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʩʫʱʝʩʪʚʫʶʱʘʷ ʩʠʩʪʝʤʘ ʦʮʝʥʢʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʜʘʯʘʤ ʧʦ ʫʩʢʦʨʝʥʠʶ ʠʭ ʚʥʝʜʨʝʥʠʷ. ɺʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ 

ʩʠʩʪʝʤʥʳʝ ʧʨʦʙʣʝʤʳ: ʚʦʟʨʘʩʪʘʥʠʝ ʘʛʨʝʩʩʠʚʥʦʩʪʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʚʥʠʤʘʥʠʝ ʢ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠ ʠʥʠʮʠʠʨʦʚʘʥʥʦʡ ʢʦʨʨʦʟʠʠ, 

ʜʝʬʠʮʠʪ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʦʚ ʠ ʥʝʩʦʚʝʨʰʝʥʩʪʚʦ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ. 

ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʦʣʦʛʠʷ ʧʝʨʝʭʦʜʘ ʢ ʮʠʬʨʦʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʠʩʧʳʪʘʥʠʡ, 

ʚʢʣʶʯʘʶʱʘʷ ʩʦʟʜʘʥʠʝ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʤʝʥʝʥʠʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʦʨʛʘʥʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ, ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʫʯʨʝʞʜʝʥʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʧʨʠ 
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʉʪʨʘʥʠʮʘ 9 

ʨʘʟʨʘʙʦʪʢʝ ʩʪʨʘʪʝʛʠʡ ʨʘʟʚʠʪʠʷ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ 

ʩʠʩʪʝʤʳ ʠʩʧʳʪʘʥʠʡ ʤʘʪʝʨʠʘʣʦʚ. 

 

ɺʚʝʜʝʥʠʝ 

ʉʦʚʨʝʤʝʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ 

ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ï ʘʚʠʘʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʝ, 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ï ʚ 

ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʢʦʤʧʣʝʢʩʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ 

ʘʛʨʝʩʩʠʚʥʳʭ ʬʘʢʪʦʨʦʚ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ. ʉʦʯʝʪʘʥʥʦʝ ʚʣʠʷʥʠʝ ʧʨʦʮʝʩʩʦʚ 

ʢʦʨʨʦʟʠʠ, ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʩʪʘʨʝʥʠʷ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʚʨʝʞʜʝʥʠʡ 

ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʩʢʦʨʷʶʱʠʭ ʧʨʦʮʝʩʩʳ ʜʝʛʨʘʜʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ [1]. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʜʦ 40% ʚʩʝʭ ʦʪʢʘʟʦʚ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʳ ʩ ʢʦʨʨʦʟʠʦʥʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ. ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʦʪ ʢʦʨʨʦʟʠʠ ʚ 

ʤʠʨʦʚʦʤ ʤʘʩʰʪʘʙʝ ʩʦʩʪʘʚʣʷʶʪ 3-4% ʚʘʣʦʚʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʦʜʫʢʪʘ 

ʨʘʟʚʠʪʳʭ ʩʪʨʘʥ [2]. ʇʨʠ ʵʪʦʤ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪʩʫʪʩʪʚʫʝʪ ʩʠʩʪʝʤʘ 

ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʪʘʢʠʭ ʧʦʪʝʨʴ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʧʨʠʥʷʪʠʝ ʵʬʬʝʢʪʠʚʥʳʭ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 

ʅʦʚʠʟʥʘ ʨʝʰʝʥʠʷ ʥʘʫʯʥʦʡ ʟʘʜʘʯʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʠʩʪʝʤʳ ʠʩʧʳʪʘʥʠʡ ʤʘʪʝʨʠʘʣʦʚ 

ʥʘ ʦʩʥʦʚʝ ʚʥʝʜʨʝʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʦʢʨʘʪʠʪʴ ʩʨʦʢʠ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ 

ʦʙʝʩʧʝʯʝʥʠʠ ʪʨʝʙʫʝʤʦʡ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ. 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʚʢʣʶʯʘʶʱʝʛʦ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ: 

¶ ʘʥʘʣʠʟ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦ ʢʦʨʨʦʟʠʦʥʥʳʤ ʧʦʪʝʨʷʤ ʠ 

ʦʪʢʘʟʘʤ ʦʙʦʨʫʜʦʚʘʥʠʷ; 
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʉʪʨʘʥʠʮʘ 10 

¶ ɻ ʢʩʧʝʨʪʥʘʷ ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ ʚ ʦʙʣʘʩʪʠ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ; 

¶ ʘʥʘʣʠʟ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʚʝʜʫʱʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʚʫʟʦʚ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ; 

¶ ʠʟʫʯʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʥʜʝʥʮʠʡ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʦʚ ʠʩʧʳʪʘʥʠʡ 

ʤʘʪʝʨʠʘʣʦʚ; 

¶ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʦʩʥʦʚ ʧʝʨʝʭʦʜʘ ʢ ʮʠʬʨʦʚʳʤ 

ʪʝʭʥʦʣʦʛʠʷʤ ʠʩʧʳʪʘʥʠʡ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʦʣʴʢʦ 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʠʟ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʡ, ʚʢʣʶʯʝʥʥʳʭ 

ʚ ʧʝʨʝʯʝʥʴ ɺɸʂ ʈʌ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʙʘʟ ʜʘʥʥʳʭ. ɺʩʝ ʩʩʳʣʢʠ ʥʘ 

ʣʠʪʝʨʘʪʫʨʥʳʝ ʠʩʪʦʯʥʠʢʠ ʧʨʠʚʝʜʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ɻʆʉʊ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɸʥʘʣʠʟ ʩʠʩʪʝʤʥʳʭ ʧʨʦʙʣʝʤ 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʚʳʷʚʠʣ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ ʧʨʦʙʣʝʤ, 

ʧʨʝʧʷʪʩʪʚʫʶʱʠʭ ʫʩʢʦʨʝʥʠʶ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɺʦʟʨʘʩʪʘʥʠʝ ʘʛʨʝʩʩʠʚʥʦʩʪʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʅʘʙʣʶʜʘʝʪʩʷ 

ʫʩʪʦʡʯʠʚʘʷ ʪʝʥʜʝʥʮʠʷ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʨʨʦʟʠʦʥʥʦʡ ʘʛʨʝʩʩʠʚʥʦʩʪʠ 

ʘʪʤʦʩʬʝʨʳ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʚʳʙʨʦʩʦʚ (COϜ, SOϜ, HϜS), ʠʟʤʝʥʝʥʠʝʤ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʝʡ ʧʨʦʮʝʩʩʦʚ ʙʠʦʧʦʚʨʝʞʜʝʥʠʡ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʚʝʪʨʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʠ ʫʚʣʘʞʥʝʥʠʝ 

ʦʙʨʘʟʮʦʚ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʷʭ [3]. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʠʟʤʝʥʝʥʠʝ ʢʦʨʨʦʟʠʦʥʥʦʡ 

ʘʛʨʝʩʩʠʚʥʦʩʪʠ ʚʦʜʳ ʧʨʠ ʪʨʘʥʩʧʦʨʪʝ ʚʦʜʦʥʝʬʪʷʥʦʡ ʩʤʝʩʠ [4]. ʆʪʤʝʯʘʶʪʩʷ 

ʩʣʫʯʘʠ ʘʥʦʤʘʣʴʥʦ ʥʠʟʢʦʡ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʪʨʫʙʥʦʡ ʩʪʘʣʠ 

ʪʝʧʣʦʦʙʤʝʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʜʣʷ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ [5]. 
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʉʪʨʘʥʠʮʘ 11 

ʇʨʦʙʣʝʤʘ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠ ʠʥʠʮʠʠʨʦʚʘʥʥʦʡ ʢʦʨʨʦʟʠʠ (ʄʀʂ). 

ʄʀʂ ʩʪʘʥʦʚʠʪʩʷ ʟʥʘʯʠʤʳʤ ʬʘʢʪʦʨʦʤ ʜʝʛʨʘʜʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ. ɽʝ ʚʢʣʘʜ ʚ 

ʦʙʱʠʝ ʢʦʨʨʦʟʠʦʥʥʳʝ ʧʦʪʝʨʠ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 10-20%. ɼʦ 40% ʧʦʚʨʝʞʜʝʥʠʡ 

ʚʥʫʪʨʝʥʥʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʩʚʷʟʘʥʳ ʩ ʜʝʷʪʝʣʴʥʦʩʪʴʶ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ [6]. ʀʩʩʣʝʜʦʚʘʥʠʷ ʙʠʦʢʦʨʨʦʟʠʠ ʤʝʪʘʣʣʦʚ ʚʳʷʚʠʣʠ 

ʦʩʥʦʚʥʳʝ ʤʝʭʘʥʠʟʤʳ ʨʘʟʨʫʰʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʝʷʪʝʣʴʥʦʩʪʴʶ 

ʩʫʣʴʬʘʪʨʝʜʫʮʠʨʫʶʱʠʭ ʙʘʢʪʝʨʠʡ ʠ ʜʨʫʛʠʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ [7]. 

ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʠʢʨʦʙʥʳʭ ʩʦʦʙʱʝʩʪʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʣʠʵʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪʘ ʚ ʨʘʟʣʠʯʥʳʭ ʚʦʜʥʳʭ ʩʨʝʜʘʭ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʘʜʘʧʪʘʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ [8]. 

ɹʠʦʧʦʚʨʝʞʜʝʥʠʝ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɹʠʦʧʦʚʨʝʞʜʝʥʠʝ 

ʧʦʣʠʤʝʨʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʝʨʴʝʟʥʫʶ ʧʨʦʙʣʝʤʫ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

[9]. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʦʩʦʙʝʥʥʦʩʪʠ ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʪʝʨʤʦʧʣʘʩʪʦʚ 

ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʵʬʠʨʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ [10]. ʆʙʱʠʡ 

ʤʝʭʘʥʠʟʤ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʢʣʶʯʘʝʪ 

ʢʦʤʧʣʝʢʩ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ [11]. ʀʟʫʯʝʥʠʝ 

ʨʘʟʚʠʪʠʷ ʤʘʢʨʦʦʙʨʘʩʪʘʥʠʷ ʥʘ ʦʙʨʘʟʮʘʭ ʪʦʢʩʠʯʥʳʭ ʠ ʠʥʝʨʪʥʳʭ ʧʦʣʠʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ʏʝʨʥʦʛʦ ʤʦʨʷ ʧʦʢʘʟʘʣʦ ʩʧʝʮʠʬʠʢʫ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʦʦʙʱʝʩʪʚ [12]. 

ʉʪʘʨʝʥʠʝ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʦʮʝʩʩʳ 

ʩʪʘʨʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʪʨʝʙʫʶʪ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʠʩʩʣʝʜʦʚʘʥʠʷʤ 

[13]. ʈʝʣʘʢʩʘʮʠʷ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʜ 

ʜʣʠʪʝʣʴʥʳʤ ʜʝʡʩʪʚʠʝʤ ʩʪʘʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʠ ʢʣʠʤʘʪʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʘʩʧʝʢʪʦʤ ʦʮʝʥʢʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ [14]. ɺʣʠʷʥʠʝ ʚʝʪʨʘ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʚʣʘʛʠ ʚ 

ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʚ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʢʠʥʝʪʠʢʫ ʠʭ ʩʪʘʨʝʥʠʷ [15]. ʀʩʪʦʯʥʠʢʠ ʩʚʝʪʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʠʤʠʪʘʮʠʠ ʩʪʘʨʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʜ 
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʉʪʨʘʥʠʮʘ 12 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʜʦʣʞʥʳ ʘʜʝʢʚʘʪʥʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ 

ʧʨʠʨʦʜʥʳʝ ʫʩʣʦʚʠʷ [16]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʠʩʧʳʪʘʥʠʷʤ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʠʩʧʳʪʘʥʠʡ. ʉʦʚʨʝʤʝʥʥʳʝ 

ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʠʩʧʳʪʘʥʠʡ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʩʪʦʡʢʦʩʪʴ ʢ ʢʣʠʤʘʪʠʯʝʩʢʠʤ 

ʬʘʢʪʦʨʘʤ ʚʢʣʶʯʘʶʪ ʧʝʨʝʭʦʜ ʢ ʢʦʤʧʣʝʢʩʥʳʤ ʤʝʪʦʜʘʤ ʦʮʝʥʢʠ [17]. 

ʆʙʦʩʥʦʚʘʥʠʝ ʩʨʦʢʦʚ ʥʘʪʫʨʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʘʪʤʦʩʬʝʨʝ ʯʝʨʥʦʤʦʨʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ ʪʨʝʙʫʝʪ ʫʯʝʪʘ 

ʩʧʝʮʠʬʠʢʠ ʨʝʛʠʦʥʘ [18]. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʩʪʝʢʣʦʧʣʘʩʪʠʢʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʦʛʥʦʟʥʳʭ ʤʦʜʝʣʝʡ [19]. ʄʝʪʦʜ ʫʯʝʪʘ ʫʩʢʦʨʝʥʥʦʛʦ 

ʨʘʟʨʫʰʝʥʠʷ ʢʨʦʤʦʢ ʦʙʨʘʟʮʦʚ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ ʩʦʚʝʨʰʝʥʩʪʚʫʝʪ ʤʝʪʦʜʠʯʝʩʢʫʶ ʙʘʟʫ ʠʩʧʳʪʘʥʠʡ [20]. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʜʝʛʨʘʜʘʮʠʠ. ɼʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʢʠʥʝʪʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ. ʄʦʜʝʣʴ ɸʨʨʝʥʠʫʩʘ ʦʧʠʩʳʚʘʝʪ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ 

ʩʢʦʨʦʩʪʠ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʠ ʧʨʦʮʝʩʩʦʚ ʜʝʛʨʘʜʘʮʠʠ: k = AĿexp(-Ea/RT), 

ʛʜʝ k - ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʘ, A - ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ 

ʤʥʦʞʠʪʝʣʴ, Ea - ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ, R - ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ, 

T - ʘʙʩʦʣʶʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ. ʄʦʜʝʣʴ ʥʘʢʦʧʣʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʡ ʦʧʠʩʳʚʘʝʪ 

ʢʠʥʝʪʠʢʫ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʚʦ ʚʨʝʤʝʥʠ: D = 1 - exp(-(t/Ű)^ɓ), 

ʛʜʝ D - ʩʪʝʧʝʥʴ ʧʦʚʨʝʞʜʝʥʠʷ (0-1), t - ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ, Ű - 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʚʨʝʤʷ, ɓ - ʧʘʨʘʤʝʪʨ ʬʦʨʤʳ ʢʨʠʚʦʡ. 

ʎʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ. ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʷʚʣʷʶʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʤʘʪʝʨʠʘʣʦʚ ï 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʤʦʜʝʣʝʡ, ʪʦʯʥʦ ʚʦʩʧʨʦʠʟʚʦʜʷʱʠʭ ʧʦʚʝʜʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠʭ 

ʦʩʪʘʪʦʯʥʳʡ ʨʝʩʫʨʩ [21]. ʇʨʠʤʝʥʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʧʦʟʚʦʣʷʝʪ 
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʉʪʨʘʥʠʮʘ 13 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʙʦʣʴʰʠʝ ʤʘʩʩʠʚʳ ʜʘʥʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʚʳʷʚʣʷʪʴ ʩʢʨʳʪʳʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʛʨʘʤʤʳ ʠʩʧʳʪʘʥʠʡ. 

ɺʳʚʦʜʳ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʉʫʱʝʩʪʚʫʶʱʘʷ ʩʠʩʪʝʤʘ ʦʮʝʥʢʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ 

ʤʘʪʝʨʠʘʣʦʚ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʜʘʯʘʤ ʧʦ ʫʩʢʦʨʝʥʠʶ ʠʭ ʚʥʝʜʨʝʥʠʷ, 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʚ ʉʪʨʘʪʝʛʠʠ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

2. ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ, 

ʚʢʣʶʯʘʶʱʝʛʦ ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʘʛʨʝʩʩʠʚʥʦʩʪʠ ʩʨʝʜʳ ʠ 

ʢʦʨʨʦʟʠʦʥʥʳʭ ʧʦʪʝʨʴ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ, 
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ʤʝʪʦʜʦʚ ʠʩʧʳʪʘʥʠʡ. 

3. ʂʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʜʦʣʞʥʦ ʩʪʘʪʴ 

ʰʠʨʦʢʦʝ ʚʥʝʜʨʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʪʝʭʥʦʣʦʛʠʡ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʤʘʪʝʨʠʘʣʦʚ. 

ɿʘʢʣʶʯʝʥʠ ̫

ʅʝʦʙʭʦʜʠʤʦ ʩʦʚʤʝʩʪʥʳʤʠ ʫʩʠʣʠʷʤʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ 

ʩʦʟʜʘʪʴ ʩʠʩʪʝʤʫ ʤʦʥʠʪʦʨʠʥʛʘ ʢʦʨʨʦʟʠʦʥʥʳʭ ʧʦʪʝʨʴ ʠ ʘʛʨʝʩʩʠʚʥʦʩʪʠ ʩʨʝʜʳ 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʌ, ʘʢʪʫʘʣʠʟʠʨʦʚʘʪʴ ʥʦʨʤʘʪʠʚʥʫʶ ʙʘʟʫ ʩ ʚʢʣʶʯʝʥʠʝʤ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʨʦʛʥʦʟʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʜʦʣʛʦʚʝʯʥʦʩʪʠ. 

ɺʥʝʜʨʠʪʴ ʤʝʪʦʜʠʢʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʦʟʜʘʥʠʠ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ 

ʤʘʪʝʨʠʘʣʦʚ, ʦʙʝʩʧʝʯʠʪʴ ʠʥʪʝʛʨʘʮʠʶ ʧʦʜʨʘʟʜʝʣʝʥʠʡ, ʟʘʥʠʤʘʶʱʠʭʩʷ 

ʬʠʟʠʯʝʩʢʠʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ. 

ɸʢʪʫʘʣʠʟʠʨʦʚʘʪʴ ʫʯʝʙʥʳʝ ʧʨʦʛʨʘʤʤʳ ʚ ʦʙʣʘʩʪʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʚʢʣʶʯʠʚ ʜʠʩʮʠʧʣʠʥʳ ʧʦ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʤʝʪʦʜʘʤ, 

ʥʘʫʢʝ ʦ ʜʘʥʥʳʭ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʜʦʣʛʦʚʝʯʥʦʩʪʠ. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʦʙʣʝʤʳ ʨʘʟʨʫʰʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ ʫʩʣʦʚʠʷʭ 

ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʭʦʣʦʜʘ ʪʨʝʙʫʶʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ, ʚʢʣʶʯʘʶʱʝʛʦ 

ʚʳʙʦʨ ʧʦʜʭʦʜʷʱʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩ ʫʯʝʪʦʤ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʫ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ 

ʦʙʩʣʫʞʠʚʘʥʠʷ. ɹʘʟʦʚʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʘʨʢʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʧʨʠʥʮʠʧʦʚ ʠ ʩʦʟʜʘʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʨʝʛʫʣʠʨʫʝʤʦʡ ʩʪʨʫʢʪʫʨʦʡ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚ ʩʝʚʝʨʦ-ʘʨʢʪʠʯʝʩʢʠʭ ʨʝʛʠʦʥʘʭ ʥʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʩʦʩʪʘʚʦʚ, 

ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʳʭ ʩʦʩʪʦʷʥʠʡ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ ʥʘ ʫʨʦʚʝʥʴ ʨʝʘʣʠʟʫʝʤʳʭ ʩʚʦʡʩʪʚ ʩ ʫʯʝʪʦʤ ʧʨʦʮʝʩʩʦʚ ʜʝʛʨʘʜʘʮʠʠ 

ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʥʘʛʨʫʟʦʢ ʠ ʧʨʠʨʦʜʥʦ-

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ  
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Abstract. Problems of destruction of technical systems in conditions of extreme 

cold require an integrated approach, including the selection of suitable 

materials, design taking into account climatic conditions, as well as the 

development of effective methods of operation and maintenance. The basic 

direction of Arctic materials science is the development of conceptual principles 

and the creation of innovative materials with a controlled structure for effective 

use in the northern Arctic regions based on the study of the influence of 

compositions, structural-phase states, physicochemical and technological 

factors on the level of implemented properties, taking into account the 

degradation processes under the influence of various operational loads and 

natural and climatic conditions. 

Key words: Arctic, materials science, polymeric materials, diamond tools, 

low temperatures, deformation, durability. 
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ʈʝʬʝʨʘʪ 

ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʩʦʟʜʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ɸʨʢʪʠʢʠ 

ʢʘʢ ʧʨʠʦʨʠʪʝʪʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʫʢʠ ʦ ʤʘʪʝʨʠʘʣʘʭ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʦʙʝʩʧʝʯʝʥʠʝ ʜʦʣʛʦʚʝʯʥʦʩʪʠ, ʨʝʘʣʠʟʘʮʠʶ ʧʦʣʥʦʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʦʪ 

ʩʦʟʜʘʥʠʷ ʜʦ ʫʪʠʣʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʥʘ ʥʝʨʘʟʨʳʚʥʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ, ʪʝʭʥʦʣʦʛʠʡ 

ʠ ʢʦʥʩʪʨʫʢʮʠʡ. ɻʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʠʩʧʳʪʘʥʠʝ ʥʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʩʧʦʩʦʙʥʳʭ ʥʘʜʝʞʥʦ ʨʘʙʦʪʘʪʴ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʪʨʝʤʘʣʴʥʦ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʩʝʟʦʥʥʳʭ ʧʝʨʝʧʘʜʦʚ ʢʣʠʤʘʪʘ, ʚʦʟʜʝʡʩʪʚʠʷ ʚʣʘʛʠ ʠ 

ʢʦʨʨʦʟʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ. ʇʦʜʯʝʨʢʠʚʘʝʪʩʷ, ʯʪʦ ʫʩʧʝʭ ʦʩʚʦʝʥʠʷ ʭʦʣʦʜʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʚʠʪʠʷ ʘʨʢʪʠʯʝʩʢʦʛʦ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʠ ʪʝʩʥʦʛʦ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʗʅʎ ʉʆ ʈɸʅ ʩ ʚʝʜʫʱʠʤʠ ʥʘʫʯʥʳʤʠ ʮʝʥʪʨʘʤʠ ʈʦʩʩʠʠ, 

ʚʢʣʶʯʘʷ ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè ʠ ɺʀɸʄ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ 

ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʦʮʝʥʢʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʧʨʦʛʥʦʟʫ ʨʝʩʫʨʩʘ 

ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

 

ɸʨʢʪʠʯʝʩʢʦʝ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ: ʩʦʩʪʦʷʥʠʝ ʠ ʟʘʜʘʯʠ 

ɼʠʥʘʤʠʯʥʳʤ ʠ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʤʳʤ ʥʘʫʯʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʌʀʎ 

ʗʢʫʪʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ 

ʥʘʫʢ (ʗʅʎ ʉʆ ʈɸʅ) ʷʚʣʷʝʪʩʷ ʘʨʢʪʠʯʝʩʢʦʝ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ. ɹʘʟʦʚʳʤʠ 

ʧʨʠʥʮʠʧʘʤʠ ʵʪʦʛʦ ʘʢʪʫʘʣʴʥʦʛʦ ʨʘʟʜʝʣʘ ʥʘʫʢʠ ʦ ʤʘʪʝʨʠʘʣʘʭ ʷʚʣʷʶʪʩʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ, ʨʝʘʣʠʟʘʮʠʶ ʧʦʣʥʦʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʦʪ 

ʩʦʟʜʘʥʠʷ ʜʦ ʫʪʠʣʠʟʘʮʠʠ, ʥʝʨʘʟʨʳʚʥʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ, ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʢʦʥʩʪʨʫʢʮʠʡ. ʕʪʠ ʧʨʠʥʮʠʧʳ ʠ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʘʣʠʟʫʶʪʩʷ ʢʘʢ ʉʪʨʘʪʝʛʠʯʝʩʢʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʘʨʢʪʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʗʅʎ ʉʆ ʈɸʅ.  

ɻʣʘʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʚʦʟʜʝʡʩʪʚʠʷ ʵʢʩʪʨʝʤʘʣʴʥʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʉʪʨʘʥʠʮʘ 20 

ʷʚʣʷʝʪʩʷ ʨʘʟʨʫʰʝʥʠʝ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʪʝʭʥʠʢʠ, ʩʚʘʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, 

ʢʨʫʧʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ, ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ. ɹʦʣʴʰʫʶ ʩʣʦʞʥʦʩʪʴ 

ʚʝʩʝʥʥʝʛʦ ʧʝʨʠʦʜʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʥʘʚʦʜʥʝʥʠʷ.  ɿʠʤʥʷʷ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʜʦʩʪʠʛʘʶʱʘʷ -64Üʉ, ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʵʣʘʩʪʠʯʥʦʩʪʠ ʠ 

ʦʭʨʫʧʯʠʚʘʥʠʶ ʨʝʟʠʥʳ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ ʘʚʪʦʰʠʥ, 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʩʣʦʞʥʷʷ ʛʨʫʟʦʧʝʨʝʚʦʟʢʠ. 

ɸʚʘʨʠʠ ʚ ʞʠʣʠʱʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʷʚʣʷʶʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʟʘʙʦʪʦʡ 

ʢʦʤʤʫʥʘʣʴʥʳʭ ʩʣʫʞʙ ʠ ʪʨʝʙʫʶʪ ʦʪ ʠʥʩʪʠʪʫʪʦʚ ʗʅʎ ʉʆ ʈɸʅ ʨʝʰʝʥʠʡ ʧʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʟʘʱʠʪʥʳʭ ʩʠʩʪʝʤ ʠ ʪʝʭʥʦʣʦʛʠʡ ʠʭ 

ʧʨʠʤʝʥʝʥʠʷ. ʏʘʩʪʦ ʩʚʘʨʢʘ ʠ ʜʨʫʛʠʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ ʧʨʦʠʩʭʦʜʷʪ 

ʧʨʠ ʦʯʝʥʴ ʥʠʟʢʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʊʝʭʥʠʢʘ, ʵʢʩʧʣʫʘʪʠʨʫʝʤʘʷ ʚ ʗʢʫʪʠʠ, ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʡ 

ʧʨʠ ʧʝʨʝʧʘʜʝ ʪʝʤʧʝʨʘʪʫʨ ʚ 100Üʉ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʩʫʪʦʯʥʳʭ ʠ 

ʩʝʟʦʥʥʳʭ ʧʝʨʝʧʘʜʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʷʚʣʷʶʪʩʷ ʧʨʠʦʨʠʪʝʪʥʳʤʠ ʟʘʜʘʯʘʤʠ 

ʗʢʫʪʩʢʦʛʦ ʮʝʥʪʨʘ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʠ ʝʛʦ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ, 

ʧʣʦʘɦʜʦʢ ʠ ʧʦʣʠʛʦʥʦʚ.   

 

ʂʣʠʤʘʪʠʯʝʩʢʘʷ ʩʪʦʡʢʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ɺ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʭ ʨʘʙʦʪʘʭ ʘʢʘʜʝʤʠʢʦʚ ʈɸʅ ʂʘʙʣʦʚʘ ɽ.ʅ. ʠ 

ɹʫʟʥʠʢʘ ɺ.ʄ. [1,2] ʜʘʥ ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚ ʩʦʟʜʘʥʠʷ  

ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ɸʨʢʪʠʢʠ ʠ ʂʨʘʡʥʝʛʦ 

ʉʝʚʝʨʘ. ʋʩʧʝʭ ʦʩʚʦʝʥʠʷ ʭʦʣʦʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʥʘʣʠʯʠʝʤ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʘʜʝʞʥʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʪʴ ʚ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʪʠʭ ʨʝʛʠʦʥʦʚ. ʀʟ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʦʚʳʭ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʦʣʞʥʳ ʙʳʪʴ ʚʳʙʨʘʥʳ ʪʝ ʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʠ, 

ʢʦʪʦʨʳʝ ʩʦʭʨʘʥʷʪ ʧʨʦʯʥʦʩʪʴ, ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ, ʘ ʪʘʢʞʝ 

ʧʦʥʠʟʷʪ ʘʚʘʨʠʡʥʦʩʪʴ ʪʝʭʥʠʢʠ ʠ ʩʦʦʨʫʞʝʥʠʡ ʧʨʠ ʩʝʟʦʥʥʳʭ ʢʦʣʝʙʘʥʠʷʭ 

ʪʝʤʧʝʨʘʪʫʨʳ. 

ɺ ʧʦʣʥʦʡ ʤʝʨʝ ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʧʦʣʠʤʝʨʥʳʤ ʢʦʤʧʦʟʠʮʠʦʥʥʳʤ 
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʉʪʨʘʥʠʮʘ 21 

ʤʘʪʝʨʠʘʣʘʤ (ʇʂʄ) ʥʘ ʦʩʥʦʚʝ ʪʝʨʤʦʨʝʘʢʪʠʚʥʳʭ ʤʘʪʨʠʮ [3]. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʚ ʗʅʎ ʉʆ ʈɸʅ ʚʝʜʫʪʩʷ ʫʛʣʫʙʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʜʝʩʪʨʫʢʮʠʠ, 

ʤʠʢʨʦʨʘʩʪʨʝʩʢʠʚʘʥʠʷ, ʠ ʜʨʫʛʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʵʧʦʢʩʠʜʥʳʭ ʤʘʪʨʠʮʘʭ ʇʂʄ ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ [4,5].  

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣ [6], ʯʪʦ ʚ ʫʛʣʝʧʣʘʩʪʠʢʘʭ, 

ʩʪʝʢʣʦʧʣʘʩʪʠʢʘʭ, ʙʘʟʘʣʴʪʦʧʣʘʩʪʠʢʘʭ ʠ ʜʨʫʛʠʭ ʇʂʄ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʘʷ ʜʝʩʪʨʫʢʮʠʷ ʵʧʦʢʩʠʜʥʦʡ 

ʤʘʪʨʠʮʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʧʨʝʜʝʣʦʚ ʧʨʦʯʥʦʩʪʠ ʠ 

ʤʦʜʫʣʝʡ ʫʧʨʫʛʦʩʪʠ, ʫʤʝʥʴʰʝʥʠʝʤ ʤʘʩʩʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʧʦʣʠʤʝʨʥʦʡ 

ʤʘʪʨʠʮʳ ʚ ʦʙʲʝʤʝ ʵʢʩʧʦʥʠʨʦʚʘʥʥʳʭ ʧʣʘʩʪʠʥ, ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʪʝʢʣʦʚʘʥʠʷ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ, ʠʟʤʝʥʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʣʠʥʝʡʥʦʛʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ. 

ʉʨʘʚʥʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʜʦʢʘʟʘʥʦ, ʯʪʦ 

ʛʣʘʚʥʦʡ ʧʨʠʯʠʥʦʡ ʨʘʟʨʫʰʝʥʠʷ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʷʚʣʷʝʪʩʷ ʜʝʡʩʪʚʠʝ 

ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʫʩʠʣʠʚʘʶʱʝʝʩʷ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʟ-ʟʘ 

ʨʘʟʣʠʯʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʣʠʥʝʡʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ 

ʫʛʣʝʨʦʜʥʳʭ, ʩʪʝʢʣʷʥʥʳʭ, ʙʘʟʘʣʴʪʦʚʳʭ ʚʦʣʦʢʦʥ ʠ ʵʧʦʢʩʠʜʥʦʡ ʤʘʪʨʠʮʳ [5]. 

ʉʨʘʚʥʝʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʧʦʪʝʨʴ ʤʘʩʩʳ, ʨʝʟʫʣʴʪʘʪʦʚ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ [7] 

ʧʦʢʘʟʳʚʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ ʇʂʄ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʜʣʠʪʝʣʴʥʦʡ ʨʘʙʦʪʝ ʵʣʝʤʝʥʪʦʚ ʪʝʭʥʠʢʠ ʚ ʫʩʣʦʚʠʷʭ 

ʘʨʢʪʠʯʝʩʢʦʛʦ ʢʣʠʤʘʪʘ. 

ɺ ʦʪʢʨʳʪʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʟʥʘʯʘʱʠʤ ʬʘʢʪʦʨʦʤ ʩʪʘʨʝʥʠʷ 

ʇʂʄ ʷʚʣʷʝʪʩʷ ʚʦʜʘ ʚ ʚʦʟʜʫʰʥʦʡ ʘʪʤʦʩʬʝʨʝ, ʨʦʩʝ, ʦʩʘʜʢʘʭ. ʕʧʦʢʩʠʜʥʳʝ 

ʤʘʪʨʠʮʳ ʇʂʄ ʫʤʝʨʝʥʥʦ ʛʠʜʨʦʬʠʣʴʥʳ, ʦʜʥʘʢʦ ʧʦʛʣʦʱʝʥʠʝ ʜʘʞʝ ʤʘʣʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ (ʤʝʥʝʝ 1 %) ʦʩʣʘʙʣʷʝʪ ʘʜʛʝʟʠʶ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʢ 
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʉʪʨʘʥʠʮʘ 22 

ʤʘʪʨʠʮʝ ʠ ʫʭʫʜʰʘʝʪ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʦʤʧʦʟʠʪʦʚ P (ʧʨʝʜʝʣʦʚ ʧʨʦʯʥʦʩʪʠ ʠ ʤʦʜʫʣʝʡ ʫʧʨʫʛʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ, 

ʩʞʘʪʠʠ, ʠʟʛʠʙʝ, ʩʜʚʠʛʝ) ʢʦʤʧʦʟʠʪʦʚ [8-11]. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚʦʜʘ 

ʧʨʦʥʠʢʘʝʪ ʚ ʤʘʪʝʨʠʘʣ, ʚʳʟʳʚʘʷ ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ, ʨʘʟʨʫʰʝʥʠʝ ʙʦʣʝʝ 

ʩʣʘʙʳʭ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʩʚʷʟʝʡ ʠ ʦʢʠʩʣʝʥʠʝ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʛʣʘʚʥʳʤʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʧʨʝʚʨʘʱʝʥʠʷʤʠ ʇʂʄ ʚ ʦʪʢʨʳʪʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

ʷʚʣʷʶʪʩʷ:  

- ʧʣʘʩʪʠʬʠʢʘʮʠʷ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʨʠʮ ʘʪʤʦʩʬʝʨʥʦʡ ʚʣʘʛʦʡ; 

- ʥʘʙʫʭʘʥʠʝ (ʫʚʝʣʠʯʝʥʠʝ ʪʦʣʱʠʥʳ) ʦʙʨʘʟʮʦʚ ʧʨʠ ʩʦʨʙʮʠʠ ʚʣʘʛʠ; 

- ʜʝʩʪʨʫʢʮʠʷ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʨʠʮ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʣʥʝʯʥʦʡ ʋʌ-

ʨʘʜʠʘʮʠʠ ʠ ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ; 

- ʛʠʜʨʦʣʠʟ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʨʠʮ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʣʘʛʠ; 

- ʜʦʦʪʚʝʨʞʜʝʥʠʝ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʨʠʮ, ʘʢʪʠʚʠʨʫʝʤʦʝ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ 

ʧʣʘʩʪʠʬʠʮʠʨʫʶʱʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʣʘʛʠ; 

- ʨʘʟʦʨʠʝʥʪʘʮʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʋʌ-ʦʙʣʫʯʝʥʠʷ, ʪʝʨʤʦʚʣʘʞʥʦʩʪʥʦʛʦ ʮʠʢʣʠʨʦʚʘʥʠʷ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʥʘʛʨʫʟʦʢ; 

- ʩʪʨʫʢʪʫʨʥʘʷ ʨʝʣʘʢʩʘʮʠʷ ʠ ʫʩʘʜʢʘ ʚʦʣʦʢʦʥ, ʦʙʨʘʟʫʶʱʠʭ ʢʘʨʢʘʩ ʠʟ 

ʘʨʤʠʨʫʶʱʝʛʦ ʥʘʧʦʣʥʠʪʝʣʷ; 

- ʩʪʨʫʢʪʫʨʥʘʷ ʨʝʣʘʢʩʘʮʠʷ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʨʠʮ; 

- ʦʙʨʘʟʦʚʘʥʠʝ ʤʠʢʨʦʪʨʝʱʠʥ ʚ ʦʙʲʝʤʝ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʨʠʮ ʠ ʥʘ 

ʛʨʘʥʠʮʝ ʧʦʣʠʤʝʨ-ʥʘʧʦʣʥʠʪʝʣʴ; 

- ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʪʨʝʱʠʥ, ʨʘʩʩʣʦʝʥʠʡ ʠ ʜʨʫʛʠʭ 

ʜʝʬʝʢʪʦʚ. 

ʇʨʠʤʝʨʦʤ ʨʝʰʝʥʠʷ ʢʨʫʧʥʦʡ ʧʨʦʙʣʝʤʳ ʧʨʠʢʣʘʜʥʦʛʦ ʭʘʨʘʢʪʝʨʘ 

ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʥʦʛʦʢʨʠʩʪʘʣʴʥʳʭ ʘʣʤʘʟʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ [12]. 

ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʳ ʘʣʤʘʟʦʩʦʜʝʨʞʘʱʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʥʘ ʦʩʥʦʚʝ ʚʦʣʴʬʨʘʤʦʢʦʙʘʣʴʪʦʚʦʡ ʢʦʤʧʦʟʠʮʠʠ W-Co ʠ ʢʘʨʙʠʜʘ ʚʦʣʴʬʨʘʤʘ 
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ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʉʪʨʘʥʠʮʘ 23 

WC. ʐʘʨʠʥʳʤ ʇ.ʇ. [12] ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ 

ʘʣʤʘʟʦʩʦʜʝʨʞʘʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʉʘʣʤ.ïCrïWCïCoïʉu, ʩʦʚʤʝʱʘʶʱʘʷ ʚ 

ʦʜʥʦʤ ʮʠʢʣʝ ʨʘʙʦʪʳ ʚʘʢʫʫʤʥʦʡ ʧʝʯʠ ʜʚʘ ʧʨʦʮʝʩʩʘ: ʤʝʪʘʣʣʠʟʘʮʠʶ ʘʣʤʘʟʘ 

ʭʨʦʤʦʤ ʠ ʩʧʝʢʘʥʠʝ ʤʘʪʨʠʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʧʨʦʧʠʪʢʦʡ ʤʝʜʴʶ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʘʣʤʘʟïʩʪʘʣʴ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʨʦʜʘ ʥʝ 

ʙʦʣʝʝ 0,1 ʤʘʩ.% ʞʠʜʢʘʷ ʵʚʪʝʢʪʠʢʘ FeïC ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ 1165Üʉ ʚ ʫʩʣʦʚʠʷʭ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʚʳʜʝʨʞʢʠ ʚ ʪʝʯʝʥʠʝ 5 

ʤʠʥ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʘʙʦʪʘʥ ʘʣʤʘʟʦʩʦʜʝʨʞʘʱʠʡ ʙʝʩʢʦʙʘʣʴʪʦʚʳʡ 

ʤʘʪʝʨʠʘʣ ʉʘʣʤ.-WCïFeïC, ʠʤʝʶʱʠʡ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ WC ʠ ʵʚʪʝʢʪʠʢʫ 

Fe-C ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʢʠ. 

ʇʨʠʦʨʠʪʝʪʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʄʥʦʛʦʣʝʪʥʝʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʠʥʩʪʠʪʫʪʦʚ ʗʅʎ ʉʆ ʈɸʅ ʠ ʅʀʎ 

çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè - ɺʀɸʄ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʥʘʫʯʥʳʭ ʣʘʙʦʨʘʪʦʨʠʡ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʦʣʠʛʦʥʦʚ ʜʣʷ 

ʦʙʦʩʥʦʚʘʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʘʨʢʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ. 

ʇʨʠʦʨʠʪʝʪʥʳʤʠ ʟʘʜʘʯʘʤʠ ʪʝʢʫʱʝʛʦ ʧʝʨʠʦʜʘ ʷʚʣʷʶʪʩʷ: 

- ʨʘʟʚʠʪʠʝ ʠʩʧʳʪʘʥʠʡ ʥʘ ʢʣʠʤʘʪʠʯʝʩʢʫʶ ʩʪʦʡʢʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʩʣʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʬʘʢʪʦʨʦʚ 

ʵʢʩʧʣʫʘʪʘʮʠʠ; 

- ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ, ʦʮʝʥʢʘ ʩʨʦʢʘ ʩʣʫʞʙʳ ʠ ʨʝʩʫʨʩʘ ʤʘʪʝʨʠʘʣʦʚ; 

- ʟʘʠɦʪʘ ʤʘʪʝʨʠʘʣʦʚ ʦʪ ʩʪʘʨʝʥʠʷ, ʢʦʨʨʦʟʠʠ ʠ ʙʠʦʧʦʚʨʝʞʜʝʥʠʷ; 

- ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʧʨʦʛʥʦʟʘ ʢʦʨʨʦʟʠʠ, ʩʪʘʨʝʥʠʷ ʠ 

ʙʠʦʧʦʚʨʝʞʜʝʥʠʡ ʧʨʠ ʦʙʲʝʜʠʥʝʥʠʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʥʘʪʫʨʥʳʭ ʤʝʪʦʜʦʚ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ; 

- ʧʨʦʚʝʜʝʥʠʝ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ ʚ ʦʙʝʩʧʝʯʝʥʠʝ 

ʪʨʝʙʦʚʘʥʠʡ ʠ ʧʨʘʚʠʣ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ; 

- ʨʘʟʚʠʪʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʘʨʢʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ; 

- ʨʘʩʰʠʨʝʥʠʝ ʠʩʧʳʪʘʥʠʡ ʚ ʪʠʧʦʚʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʨʝʛʠʦʥʘʭ; 
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʉʪʨʘʥʠʮʘ 24 

- ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢ ʨʘʥʥʠʤ ʩʪʘʜʠʷʤ 

ʢʦʨʨʦʟʠʠ, ʩʪʘʨʝʥʠʷ ʠ ʙʠʦʧʦʚʨʝʞʜʝʥʠʡ; 

- ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʛʨʝʩʩʠʚʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ ʚ ʪʠʧʦʚʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʟʦʥʘʭ ʈʌ; 

- ʘʢʪʫʘʣʠʟʘʮʠʷ ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʚ ʠʥʪʝʨʝʩʘʭ ʦʙʝʩʧʝʯʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʨʝʜʩʪʚ ʠ ʤʝʪʦʜʦʚ ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ, ʩʪʘʨʝʥʠʷ ʠ 

ʙʠʦʧʦʚʨʝʞʜʝʥʠʡ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʄʠʥʠʩʪʝʨʩʪʚʘ 

ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (FWRS -2024-0036).  
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Abstract. The results of the study of samples of the epoxy polymer 

composition Etal-247/Etal-45M exposed in four different climates: moderately 

continental, subtropical, extremely cold and arctic for 6 months are presented. 

The analysis of the change in elastic-strength indicators (tensile strength, tensile 

stress at break, modulus of elasticity, and relative elongations at maximum 

stress and at break) for three levels of moisture state (çdriedè, çequilibriumè 

and çmoisture-saturatedè) is carried out. The values of the reversible, 

irreversible, and synergistic effects are calculated depending on the duration 

and zone of exposure. 

Keywords: epoxy polymers, climatic aging, moisture content, ultimate 

moisture states, elastic-strength indicators, reversible changes, irreversible 

changes, synergistic changes. 

 

ɺʚʝʜʝʥʠʝ 

ʆʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʘʤʳʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʚʠʜ 

ʘʛʨʝʩʩʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʦʤʫ ʧʦʜʚʝʨʞʝʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʚʠʜʳ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʠʟʜʝʣʠʡ ʠ ʢʦʥʩʪʨʫʢʮʠʡ. ʇʨʠ ʵʪʦʤ, ʫʯʠʪʳʚʘʷ ʰʠʨʦʯʘʡʰʠʡ 

ʜʠʘʧʘʟʦʥ ʚʘʨʴʠʨʦʚʘʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ, ʛʦʚʦʨʠʪʴ ʦ ʩʪʦʡʢʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʙʝʟ ʫʢʘʟʘʥʠʷ ʨʝʛʠʦʥʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝ ʢʦʨʨʝʢʪʥʦ [1 ï 5]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ 

ʵʧʦʢʩʠʜʥʦʛʦ ʧʦʣʠʤʝʨʘ, ʧʦʣʫʯʘʝʤʦʛʦ ʥʘ ʦʩʥʦʚʝ ʩʤʦʣʳ ʕʪʘʣ-247 ʠ 

ʦʪʚʝʨʜʠʪʝʣʷ ʕʪʘʣ-45ʄ (ʦʙʘ ï ʧʨʦʠʟʚʦʜʩʪʚʘ ɸʆ çʕʇʅʎ ʕʧʠʪʘʣè), 

ʵʢʩʧʦʥʠʨʦʚʘʥʥʳʭ ʚ ʯʝʪʳʨʝʭ ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʘʭ: ʫʤʝʨʝʥʥʦ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʤ (ʛ. ʉʘʨʘʥʩʢ), ʩʫʙʪʨʦʧʠʯʝʩʢʦʤ (ʛ. ɻʝʣʝʥʜʞʠʢ), 

ʵʢʩʪʨʝʤʘʣʴʥʦ ʭʦʣʦʜʥʦʤ (ʛ. ʗʢʫʪʩʢ) ʠ ʘʨʢʪʠʯʝʩʢʦʤ (ʧʦʩ. ʊʠʢʩʠ). ʅʘʪʫʨʥʦʝ 

ʵʢʩʧʦʥʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʪʝʯʝʥʠʝ ʰʝʩʪʠ ʤʝʩʷʮʝʚ (ʩ ʜʝʢʘʙʨʷ 2024 ʛ. 

ʧʦ ʤʘʡ 2025 ʛ. ʚʢʣʶʯʠʪʝʣʴʥʦ) ʥʘ ʥʘʪʫʨʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʣʦʱʘʜʢʘʭ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ 9.906-83 çɽʜʠʥʘʷ ʩʠʩʪʝʤʘ ʟʘʱʠʪʳ ʦʪ 



ʂʣʠʤʘʪ-2025: ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʤʘʪʝʨʠʘʣʳ ʠ 
ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʉʪʨʘʥʠʮʘ 29 

ʢʦʨʨʦʟʠʠ ʠ ʩʪʘʨʝʥʠʷ. ʉʪʘʥʮʠʠ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʩʧʳʪʘʪʝʣʴʥʳʝ. ʆʙʱʠʝ 

ʪʨʝʙʦʚʘʥʠʷè [6]. ʌʠʢʩʘʮʠʷ ʜʝʡʩʪʚʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

(ʪʝʤʧʝʨʘʪʫʨʘ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʠ ʘʙʩʦʣʶʪʥʘʷ ʚʣʘʞʥʦʩʪʴ, ʩʢʦʨʦʩʪʴ ʠ 

ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ, ʚʠʜ ʠ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ, ʘʢʪʠʥʦʤʝʪʨʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʠ ʜʨ.) ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʩʪʘʥʮʠʡ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʢʦʥʪʨʦʣʷ [7].  

ʕʧʦʢʩʠʜʥʘʷ ʩʤʦʣʘ ʕʪʘʣ-247 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʠʟʢʦʚʷʟʢʫʶ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʫʶ ʩʤʦʣʫ ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʵʧʦʢʩʠʜʥʳʭ ʛʨʫʧʧ 21,4%; 

ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʧʨʠ 25Á ï ʥʝ ʙʦʣʝʝ 0,65õ0,75 ʇʘĬʩ. ʆʪʚʝʨʜʠʪʝʣʴ 

ʕʪʘʣ-45ʄ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʩʴ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʠ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʜʠ-

ʠʣʠ ʧʦʣʠʘʤʠʥʦʚ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʫʶ ʩʘʣʠʮʠʣʦʚʦʡ ʢʠʩʣʦʪʦʡ.  

ʆʧʨʝʜʝʣʝʥʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʧʦʢʩʠʜʥʳʭ 

ʧʦʣʠʤʝʨʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘ ʦʙʨʘʟʮʘʭ-ʚʦʩʴʤʝʨʢʘʭ (ʪʠʧ 2 ɻʆʉʊ 11262-

2017 çʇʣʘʩʪʤʘʩʩʳ. ʄʝʪʦʜ ʠʩʧʳʪʘʥʠʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝè). ɺ ʨʘʤʢʘʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʦʮʝʥʢʘ ʩʚʦʡʩʪʚ ʩʝʨʠʡ 

ʵʧʦʢʩʠʜʥʦʛʦ ʧʦʣʠʤʝʨʘ ʚ ʪʨʝʭ ʨʘʟʣʠʯʥʳʭ ʚʣʘʞʥʦʩʪʥʳʭ ʩʦʩʪʦʷʥʠʷʭ: ʜʚʫʭ 

ʧʨʝʜʝʣʴʥʳʭ (çʚʳʩʫʰʝʥʥʦʝè ʠ çʚʣʘʛʦʥʘʩʳʱʝʥʥʦʝè), ʘ ʪʘʢʞʝ ʚ ʨʘʚʥʦʚʝʩʥʦʤ 

ʚʣʘʞʥʦʩʪʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʤʦʤʝʥʪʫ ʩʥʷʪʠʷ ʦʙʨʘʟʮʦʚ ʩ 

ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʠ. ɺ ʢʘʞʜʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʪʦʯʢʝ 

ʠʩʧʳʪʳʚʘʣʦʩʴ ʥʝ ʤʝʥʝʝ 8 ʦʙʨʘʟʮʦʚ.  

ɺʣʘʛʦʥʘʩʳʱʝʥʠʝ ʦʙʨʘʟʮʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʫʪʝʤ ʧʦʣʥʦʛʦ 

ʧʦʛʨʫʞʝʥʠʷ ʦʙʨʘʟʮʦʚ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʉʫʰʢʘ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 60 
ʦ
ʉ. ɿʘ 

ʤʦʤʝʥʪ ʜʦʩʪʠʞʝʥʠʷ ʧʨʝʜʝʣʴʥʦʛʦ ʚʣʘʞʥʦʩʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʚʳʩʫʰʝʥʥʦʛʦ 

ʠʣʠ ʚʣʘʛʦʥʘʩʳʱʝʥʥʦʛʦ) ʧʨʠʥʠʤʘʣʩʷ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʚ ʢʦʪʦʨʳʡ 

ʠʟʤʝʥʝʥʠʝ ʩʨʝʜʥʝʛʦ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʦʙʨʘʟʮʦʚ ʟʘ ʢʘʞʜʳʡ ʠʟ ʜʚʫʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʢʦʥʪʨʦʣʴʥʳʭ ʧʝʨʠʦʜʦʚ ʚʟʚʝʰʠʚʘʥʠʷ ʩʦʩʪʘʚʣʷʣʦ ʤʝʥʝʝ 

0,02% (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ ʈ 56762-2015 çʂʦʤʧʦʟʠʪʳ ʧʦʣʠʤʝʨʥʳʝ. 

ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʘʛʦʧʦʛʣʦʱʝʥʠʷ ʠ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷè). ʇʝʨʝʜ 
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʉʪʨʘʥʠʮʘ 30 

ʧʨʦʚʝʜʝʥʠʝʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʳ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʣʠʩʴ ʚ 

ʵʢʩʠʢʘʪʦʨʘʭ (ʧʨʠ ʥ.ʫ.) ʥʝ ʤʝʥʝʝ 18 ʯ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʩʣʝʜʫʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʮʝʥʠʚʘʣʠ (ʩʦʛʣʘʩʥʦ ɻʆʉʊ 

11262-2017) ʠʟʤʝʥʝʥʠʷ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ („̑ Ȣ̍, ʄʇʘ), 

ʥʘʧʨʷʞʝʥʠʷ ʨʘʩʪʷʞʝʥʠʷ ʧʨʠ ʨʘʟʨʳʚʝ („̑ Ȣ, ʄʇʘ), ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʫʜʣʠʥʝʥʠʷ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʥʘʧʨʷʞʝʥʠʠ (‐̑ ,̍ %) ʠ ʨʘʟʨʳʚʝ (‐̑ Ȣ̑, %), 

ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ (Ὁ, ʄʇʘ). ʊʘʢʞʝ ʜʣʷ ʢʘʞʜʦʡ ʩʝʨʠʠ ʧʨʦʚʦʜʠʣʠ ʬʠʢʩʘʮʠʶ 

ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʦʙʨʘʟʮʦʚ (ὡȟϷ ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʝʜʝʣʴʥʳʤ 

ʚʣʘʞʥʦʩʪʥʳʤ (ʩʝʨʠʠ çʚʳʩʫʰʝʥʥʳʝè ʠ çʚʣʘʛʦʥʘʩʳʱʝʥʥʳʝè) ʠ 

ʨʘʚʥʦʚʝʩʥʦʤʫ ʩʦʩʪʦʷʥʠʷʤ.  ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʚʠʜʝ ʩʨʝʜʥʠʭ 

ʟʥʘʯʝʥʠʡ ʧʦʩʣʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʠ 

ʯʝʨʝʟ 6 ʤʝʩʷʮʝʚ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʩʪʘʨʝʥʠʷ ʚ ʯʝʪʳʨʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʟʦʥʘʭ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʂʨʠʚʳʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʠʩʩʣʝʜʫʝʤʦʛʦ ʵʧʦʢʩʠʜʥʦʛʦ 

ʧʦʣʠʤʝʨʘ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʚ ʢʦʥʪʨʦʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 1. ɺʳʷʚʣʝʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʣʘʛʠ ʚ 

ʩʪʨʫʢʪʫʨʝ ʧʦʣʠʤʝʨʥʳʭ ʦʙʨʘʟʮʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʝ ʩʥʠʞʝʥʠʝʤ ʤʦʜʫʣʷ 

ʫʧʨʫʛʦʩʪʠ, ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʠ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ 43, 44 ʠ 46% ʜʣʷ ʚʣʘʛʦʥʘʩʳʱʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʚʳʩʫʰʝʥʥʳʤʠ (ʪʘʙʣʠʮʘ 1). ʇʨʝʜʝʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʣʘʛʠ 

ʜʣʷ ʢʦʥʪʨʦʣʴʥʦʡ ʩʝʨʠʠ ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʘ ʕʪʘʣ-247/ʕʪʘʣ-45ʄ ʩʦʩʪʘʚʣʷʝʪ 

2,184% ʧʦ ʤʘʩʩʝ. ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʧʦ ʪʝʢʩʪʫ ʩʪʘʪʴʠ ʥʘ ʨʠʩʫʥʢʘʭ ʧʨʠʚʦʜʷʪʩʷ 

ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʣʘʛʠ ʚ ʩʪʨʫʢʪʫʨʝ ʵʧʦʢʩʠʜʥʦʛʦ ʧʦʣʠʤʝʨʘ 

ʜʣʷ ʪʨʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʩʝʨʠʡ. 
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ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʉʪʨʘʥʠʮʘ 31 

ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟʤʝʥʝʥʠʷ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ  

ʠ ʫʧʨʫʛʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʧʦʢʩʠʜʥʦʛʦ ʧʦʣʠʤʝʨʘ ʩʦʩʪʘʚʘ 

 ʕʪʘʣ-247/ʕʪʘʣ-45ʄ ʚ ʢʦʥʪʨʦʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʧʦʩʣʝ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʚ ʪʝʯʝʥʠʝ  

6 ʤʝʩʷʮʝʚ ʚ ʫʤʝʨʝʥʥʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʤ, ʩʫʙʪʨʦʧʠʯʝʩʢʦʤ,  

ʵʢʩʪʨʝʤʘʣʴʥʦ ʭʦʣʦʜʥʦʤ ʠ ʘʨʢʪʠʯʝʩʢʦʤ ʢʣʠʤʘʪʘʭ 

ʂʣʠʤʘʪ 

(ʥʘʩʝʣʝʥʥʳʡ ʧʫʥʢʪ) 
ʉʝʨʠʷ

*
 

ʀʩʩʣʝʜʫʝʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʨʠʡ ʦʙʨʘʟʮʦʚ 

ὓ, 

% 

„̑ Ȣ̍, 

ʄʇʘ 

‐̑ ,̍  

% 

Ὁ,  

ʄʇʘ 

„̑ Ȣ,  

ʄʇʘ 

‐̑ Ȣ̑,  

% 
        

ʂʦʥʪʨʦʣʴʥʳʝ  

ɺʩ 0,023 38,6 3,48 2281 33,2 7,53 

ʈ 1,398 27,8 3,21 1719 23,1 12,96 

ɺʣ 2,184 21,5 3,02 1297 18,1 12,91 
        

ʋʤʝʨʝʥʥʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ  

(ʛ. ʉʘʨʘʥʩʢ) 

ɺʩ 0,024 40,1 3,73 2301 36,0 7,89 

ʈ 0,611 36,9 3,50 2053 30,0 10,42 

ɺʣ 2,407 29,8 3,32 1682 25,2 7,25 
        

ʉʫʙʪʨʦʧʠʯʝʩʢʠʡ  

(ʛ. ɻʝʣʝʥʜʞʠʢ) 

ɺʩ 0,010 48,0 4,20 2512 43,2 6,46 

ʈ 1,035 36,3 3,48 2083 29,6 7,75 

ɺʣ 2,253 30,2 3,27 1755 24,9 8,08 
        

ʕʢʩʪʨʝʤʘʣʴʥʦ ʭʦʣʦʜʥʳʡ 

(ʛ. ʗʢʫʪʩʢ) 

ɺʩ 0,017 44,8 3,52 2506 43,9 3,90 

ʈ 0,825 38,4 3,52 2146 33,8 5,47 

ɺʣ 2,707 29,1 3,46 1663 25,7 6,19 
        

ɸʨʢʪʠʯʝʩʢʠʡ  

(ʧʦʩ. ʊʠʢʩʠ) 

ɺʩ 0,021 45,7 3,84 2447 41,0 5,56 

ʈ 0,588 39,6 3,89 2175 34,2 6,73 

ɺʣ 2,385 29,4 3,37 1640 24,6 7,30 

* ʩʝʨʠʠ: ɺʩ ï ʚʳʩʫʱʝʥʥʳʝ; ʈ ï ʨʘʚʥʦʚʝʩʥʳʝ; ɺʣ ï ʚʣʘʛʦʥʘʩʳʱʝʥʥʳʝ. 

 

 

 

 
ʈʠʩʫʥʦʢ 1 ï ʊʠʧʦʚʳʝ ʢʨʠʚʳʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʵʧʦʢʩʠʜʥʦʛʦ ʧʦʣʠʤʝʨʘ 

ʩʦʩʪʘʚʘ ʕʪʘʣ-247/ʕʪʘʣ-45M (ʢʦʥʪʨʦʣʴ) ʚ ʨʘʟʣʠʯʥʦʤ ʚʣʘʞʥʦʩʪʥʦʤ ʩʦʩʪʦʷʥʠʠ 
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʉʪʨʘʥʠʮʘ 32 

ʘ) ʙ) 

  
ʚ) ʛ) 

  
 

ʈʠʩʫʥʦʢ 2 ï ʊʠʧʦʚʳʝ ʢʨʠʚʳʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʵʧʦʢʩʠʜʥʦʛʦ ʧʦʣʠʤʝʨʘ 

ʩʦʩʪʘʚʘ ʕʪʘʣ-247/ʕʪʘʣ-45ʄ ʚ ʨʘʟʣʠʯʥʦʤ ʚʣʘʞʥʦʩʪʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʦʩʣʝ  

ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʚ ʪʝʯʝʥʠʝ 3 ʤʝʩʷʮʝʚ ʚ ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ:  

ʘ ï ʫʤʝʨʝʥʥʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ (ʛ. ʉʘʨʘʥʩʢ), ʙ ï ʩʫʙʪʨʦʧʠʯʝʩʢʠʡ (ʛ. ɻʝʣʝʥʜʞʠʢ),  

ʚ ï ʵʢʩʪʨʝʤʘʣʴʥʦ ʭʦʣʦʜʥʳʡ (ʛ. ʗʢʫʪʩʢ), ʛ ï ʘʨʢʪʠʯʝʩʢʠʡ (ʧʦʩ. ʊʠʢʩʠ)  

 

 

ɺ ʮʝʣʦʤ, ʢʨʠʚʳʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʠ 

ʨʘʩʪʷʞʝʥʠʠ ʜʦ ʠ ʧʦʩʣʝ ʥʘʪʫʨʥʦʛʦ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʠʤʝʶʪ ʧʦʜʦʙʥʳʡ ʚʠʜ, 

ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʥʝʠʟʤʝʥʥʦʩʪʠ ʭʘʨʘʢʪʝʨʘ ʨʘʟʨʫʰʝʥʠʷ (ʙʝʟ ʧʝʨʝʭʦʜʘ ʢ 

ʭʨʫʧʢʦʤʫ ʠ ʚʷʟʢʦʪʝʢʫʯʝʤʫ, ʯʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʨʷʜʘ ʜʨʫʛʠʭ ʧʦʣʠʤʝʨʦʚ 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʨʙʠʨʦʚʘʥʥʦʡ ʚʣʘʛʠ [11]) ʥʘ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ 

ʚʣʘʞʥʦʩʪʥʳʭ ʩʦʩʪʦʷʥʠʡ ʦʪ ʚʳʩʫʰʝʥʥʦʛʦ ʜʦ ʚʣʘʛʦʥʘʩʳʱʝʥʥʦʛʦ. ʇʨʠ ʵʪʦʤ 

ʨʘʟʙʨʦʩ ʧʨʦʯʥʦʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ (ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ) ʚ ʧʨʝʜʝʣʴʥʦ-

ʚʣʘʞʥʦʩʪʥʳʭ ʩʦʩʪʦʷʥʠʷʭ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʝʥ (ʪʘʙʣʠʮʘ 1) ʠ ʚʘʨʴʠʨʫʝʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʟʦʥʳ ʦʪ 17,2 ʄʇʘ (ʢʦʥʪʨʦʣʴ) ʜʦ 13,3õ20,3 

ʄʇʘ (3 ʤʝʩʷʮʘ) ʠ 10,3õ18,0 ʄʇʘ (6 ʤʝʩʷʮʝʚ ʥʘʪʫʨʥʦʛʦ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ). 



ʂʣʠʤʘʪ-2025: ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʤʘʪʝʨʠʘʣʳ ʠ 
ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʉʪʨʘʥʠʮʘ 33 

 

ʘ) ʙ) 

  
ʚ) ʛ) 

  
 

ʈʠʩʫʥʦʢ 3 ï ʊʠʧʦʚʳʝ ʢʨʠʚʳʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʵʧʦʢʩʠʜʥʦʛʦ ʧʦʣʠʤʝʨʘ  

ʩʦʩʪʘʚʘ ʕʪʘʣ-247/ʕʪʘʣ-45ʄ ʚ ʨʘʟʣʠʯʥʦʤ ʚʣʘʞʥʦʩʪʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʦʩʣʝ  

ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʚ ʪʝʯʝʥʠʝ 6 ʤʝʩʷʮʝʚ ʚ ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ:  

ʘ ï ʫʤʝʨʝʥʥʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ (ʛ. ʉʘʨʘʥʩʢ), ʙ ï ʩʫʙʪʨʦʧʠʯʝʩʢʠʡ (ʛ. ɻʝʣʝʥʜʞʠʢ),  

ʚ ï ʵʢʩʪʨʝʤʘʣʴʥʦ ʭʦʣʦʜʥʳʡ (ʛ. ʗʢʫʪʩʢ), ʛ ï ʘʨʢʪʠʯʝʩʢʠʡ (ʧʦʩ. ʊʠʢʩʠ)  

 

 

ʅʘʪʫʨʥʦʝ ʵʢʩʧʦʥʠʨʦʚʘʥʠʝ ʚ ʪʝʯʝʥʠʝ 3 ʠ 6 ʤʝʩʷʮʝʚ ʧʨʠʚʝʣʦ ʢ 

ʧʦʚʳʰʝʥʠʶ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ (ʩʝʨʠʷ çʚʳʩʫʰʝʥʥʦʝè), 

ʚʘʨʴʠʨʫʶʱʝʤʫʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʟʦʥʳ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ 8,9õ16,0 ʠ 3,7õ24,3%.  ʅʘʠʙʦʣʴʰʠʡ ʧʨʠʨʦʩʪ 

ʧʨʦʯʥʦʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʚʳʩʫʰʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʯʝʨʝʟ ʪʨʠ ʤʝʩʷʮʘ 

ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʟʘʬʠʢʩʠʨʦʚʘʥ ʜʣʷ ʫʤʝʨʝʥʥʦ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʢʣʠʤʘʪʘ, ʥʘʠʤʝʥʴʰʠʡ ï ʜʣʷ ʘʨʢʪʠʯʝʩʢʦʛʦ. ʇʦʚʳʰʝʥʠʝ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʜʦ ʧʦʣʫʛʦʜʘ 

ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʧʨʠʨʦʩʪʘ ʧʨʦʯʥʦʩʪʠ (ʜʦ 24,3%) ʜʣʷ 



ʂʣʠʤʘʪ-2025: ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʤʘʪʝʨʠʘʣʳ ʠ 
ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʉʪʨʘʥʠʮʘ 34 

ʩʫʙʪʨʦʧʠʯʝʩʢʦʛʦ ʢʣʠʤʘʪʘ, ʯʪʦ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩʚʷʟʘʥʦ ʩ ʙʦʣʝʝ ʤʷʛʢʠʤʠ 

ʫʩʣʦʚʠʷʤʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʜʘʥʥʦʤ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʯʠʩʣʦʤ ʜʥʝʡ ʩ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 

10 ʜʦ 15 
ʦ
ʉ (ʨʠʩʫʥʦʢ 4). ɼʣʷ ʵʢʩʪʨʝʤʘʣʴʥʦ ʭʦʣʦʜʥʦʛʦ ʠ ʘʨʢʪʠʯʝʩʢʦʛʦ 

ʢʣʠʤʘʪʘ ʜʘʥʥʳʡ ʚʨʝʤʝʥʥʦʡ ʧʨʦʤʝʞʫʪʦʢ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʥʠʞʝʥʠʝʤ 

ʤʠʥʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ -49,6 ʠ -40,6 
ʦ
ʉ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠʯʝʤ 

ʦʙʣʘʩʪʠ ʩ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʤʠʩʷ ʟʥʘʯʝʥʠʷʤʠ ʚʘʨʴʠʨʫʶʪʩʷ ʚ 

ʠʥʪʝʨʚʘʣʘʭ -35õ-30 ʠ -30õ-20 
ʦ
ʉ. 

 

ʘ) ʙ) 

  
 

ʚ) 

ʛ) 

  
 

 

ʈʠʩʫʥʦʢ 4 ï ʂʘʨʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ 

 ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ʚ ʫʤʝʨʝʥʥʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʤ (ʘ), ʩʫʙʪʨʦʧʠʯʝʩʢʦʤ (ʙ), 

ʵʢʩʪʨʝʤʘʣʴʥʦ ʭʦʣʦʜʥʦʤ (ʚ) ʠ ʘʨʢʪʠʯʝʩʢʦʤ (ʛ) ʢʣʠʤʘʪʘʭ ʚ ʪʝʯʝʥʠʝ  

ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʧʝʨʠʦʜʘ ʥʘʪʫʨʥʦʛʦ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ  

(ʩ ʜʝʢʘʙʨʷ 2024 ʛ. ʧʦ ʤʘʡ 2025 ʛ. ʚʢʣʶʯʠʪʝʣʴʥʦ)   

 

 

 



ʂʣʠʤʘʪ-2025: ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʤʘʪʝʨʠʘʣʳ ʠ 
ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʉʪʨʘʥʠʮʘ 35 

ɼʣʷ ʩʝʨʠʡ çʚʣʘʛʦʥʘʩʳʱʝʥʥʳʝè ʪʘʢʞʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʧʦʚʳʰʝʥʠʝ 

ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʧʦʩʣʝ ʥʘʪʫʨʥʦʛʦ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ 

ʩʪʘʨʝʥʠʷ, ʩʦʩʪʘʚʣʷʶʱʝʝ ʦʪ 1,7 ʜʦ 46,7% ʜʣʷ 3 ʤʝʩʷʮʝʚ ʠ ʦʪ 23,7 ʜʦ 40,8% 

ʜʣʷ ʧʦʣʫʛʦʜʘ. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʨʘʩʪʷʛʠʚʘʶʱʝʡ ʥʘʛʨʫʟʢʝ ʜʣʷ ʩʝʨʠʡ ʩ ʧʨʝʜʝʣʴʥʳʤ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝʤ 

ʧʦʚʳʰʘʝʪʩʷ ʥʘ 8,0õ14,0%. ʇʨʠ ʵʪʦʤ ʦʙʦʟʥʘʯʝʥʥʳʡ ʜʝʬʦʨʤʘʪʠʚʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ ʜʣʷ ʩʝʨʠʡ çʚʳʩʫʰʝʥʥʳʝè ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʙʦʣʝʝ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ï ʦʪ 4,6 ʜʦ 20,4% ʠ ʦʪ 1,2 ʜʦ 20,8%.  

ʇʨʦʚʝʜʝʤ ʘʥʘʣʠʟ ʨʘʟʣʠʯʠʡ ʚ ʠʟʤʝʥʝʥʠʠ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʧʨʠ 

ʨʘʩʪʷʞʝʥʠʠ ʚ ʚʳʩʫʰʝʥʥʦʤ ʠ ʚʣʘʛʦʥʘʩʳʱʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ (ʪʘʙʣʠʮʘ 2). ʇʦʜʦʙʥʳʡ 

ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ 

ЎὙ̒ ̉̎̆̑̄Ȣ ʤʝʞʜʫ ʥʝʦʙʨʘʪʠʤʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʧʦʣʠʤʝʨʥʦʡ 

ʤʘʪʨʠʮʳ ЎὙ̎ ̆̏̂̑Ȣ, ʧʨʦʪʝʢʘʶʱʠʤʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʬʘʢʪʦʨʦʚ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ, ʠ ʦʙʨʘʪʠʤʳʤʠ ï ʧʦʜ ʚʣʠʷʥʠʝʤ ʩʦʨʙʠʨʦʚʘʥʥʦʡ ʚʣʘʛʠ, ʘ ʪʘʢʞʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʝʛʦ ʚʢʣʘʜ ʚ ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʧʨʦʯʥʦʩʪʠ 

[12 ï 14]. ɻʨʘʬʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʨʦʚʦʜʠʤʳʭ ʨʘʩʯʝʪʦʚ ʥʘ ʧʨʠʤʝʨʝ ʛ. 

ʗʢʫʪʩʢ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 5.  

 

ʊʘʙʣʠʮʘ 2 

ɸʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʥʝʦʙʨʘʪʠʤʳʭ, ʦʙʨʘʪʠʤʳʭ ʠ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʘ ʕʪʘʣ-247/ʕʪʘʣ-45ʄ ʧʦʩʣʝ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ  

ʚ ʪʝʯʝʥʠʝ 3 ʠ 6 ʤʝʩʷʮʝʚ ʚ ʫʤʝʨʝʥʥʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʤ, ʩʫʙʪʨʦʧʠʯʝʩʢʦʤ, 

ʵʢʩʪʨʝʤʘʣʴʥʦ ʭʦʣʦʜʥʦʤ ʠ ʘʨʢʪʠʯʝʩʢʦʤ ʢʣʠʤʘʪʘʭ 

ʂʣʠʤʘʪ 

(ʥʘʩʝʣʝʥʥʳʡ ʧʫʥʢʪ) 
 

ɼʣʠʪʝʣʴʥʦʩʪʴ 

ʥʘʪʫʨʥʦʛʦ 

ʵʢʩʧʦʥʠʨʦ-

ʚʘʥʠʷ, ʤʝʩ. 

ʅʝʦʙʨʘʪʠʤʳʝ 

ʠʟʤʝʥʝʥʠʷ 

ЎὙ̎ ̆̏̂̑, ʄʇʘ 

ʆʙʨʘʪʠʤʳʝ 

ʠʟʤʝʥʝʥʠʷ 

Ў2̏ ̂,̑ ʄʇʘ 

ʉʠʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʠʟʤʝʥʝʥʠʷ 

Ў2̒ ̉̎̆̑̄, ʄʇʘ 
     

ʂʦʥʪʨʦʣʴ 0 - 17,16 - 
     

ʋʤʝʨʝʥʥʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥ. 

(ʛ. ʉʘʨʘʥʩʢ) 

3 6,19 13,33 3,83 

6 1,45 10,3 6,86 
     

ʉʫʙʪʨʦʧʠʯʝʩʢʠʡ 

(ʛ. ɻʝʣʝʥʜʞʠʢ) 

3 5,00 15,08 2,08 

6 9,39 17,79 -0,63 
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ʕʢʩʪʨʝʤʘʣʴʥʦ ʭʦʣʦʜʥʳʡ 

(ʛ. ʗʢʫʪʩʢ) 

3 5,34 15,89 1,28 

6 6,17 15,68 1,48 
     

ɸʨʢʪʠʯʝʩʢʠʡ 

(ʧʦʩ. ʊʠʢʩʠ) 

3 3,44 20,25 -3,09 

6 7,08 16,34 0,82 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʦʣʷ 

ʥʝʦʙʨʘʪʠʤʳʭ ʠʟʤʝʥʝʥʠʡ ʯʝʨʝʟ 3 ʤʝʩʷʮʘ ʥʘʪʫʨʥʦʛʦ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ 

ʩʦʩʪʘʚʣʷʝʪ 3,4õ6,2 ʄʇʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ 

ʥʘ 8,9õ16,0% ʦʪ ʠʩʭʦʜʥʦʡ ʧʨʦʯʥʦʩʪʠ ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʚ ʚʳʩʫʰʝʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ. ɼʣʷ ʜʣʠʪʝʣʴʥʦʩʪʠ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʩʪʘʨʝʥʠʷ 6 ʤʝʩʷʮʝʚ  

ʥʝʦʙʨʘʪʠʤʦʝ ʠʟʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 1,5 ʜʦ 9,4 ʄʇʘ 

(ʧʦʚʳʰʝʥʠʝ ʥʘ 3,7õ24,3%).  

 

 

ʘ) 
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ʙ) 

 
 

ʈʠʩʫʥʦʢ 5 ï ʉʦʦʪʥʦʰʝʥʠʝ ʦʙʨʘʪʠʤʳʭ, ʥʝʦʙʨʘʪʠʤʳʭ ʠ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ  

ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʩʝʨʠʡ ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʘ ʕʪʘʣ-247/ʕʪʘʣ-45ʄ 

ʧʦʩʣʝ 3 (ʘ) ʠ 6 (ʙ) ʤʝʩʷʮʝʚ ʥʘʪʫʨʥʦʛʦ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʵʢʩʪʨʝʤʘʣʴʥʦ ʭʦʣʦʜʥʦʛʦ ʢʣʠʤʘʪʘ 

 

ʆʙʨʘʪʠʤʦʝ ʠʟʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ ʨʘʟʥʠʮʫ 

ʧʨʦʯʥʦʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʛʨʘʥʠʯʥʳʭ ʚʣʘʞʥʦʩʪʥʳʭ ʫʩʣʦʚʠʷʭ, ʜʦʩʪʠʛʘʝʪ 

13,3õ20,3 ʄʇʘ ʜʣʷ 3 ʤʝʩʷʮʝʚ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʪʝʨʝ ʧʨʦʯʥʦʩʪʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ  ʥʘ 34,5õ52,4%. ɼʣʷ 6 ʤʝʩʷʮʝʚ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʩʪʘʨʝʥʠʷ 

ʚʳʰʝʫʢʘʟʘʥʥʳʡ ʜʠʘʧʘʟʦʥ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 10,3 ʜʦ 18,0 ʄʇʘ (26,7õ46,5%). 

ʉʠʥʝʨʛʝʪʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚ ʜʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʝ ʧʨʝʚʳʰʘʝʪ 7 ʄʇʘ 

(ʫʤʝʨʝʥʥʳʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʢʣʠʤʘʪ, 6 ʤʝʩʷʮʝʚ). ʆʯʝʚʠʜʥʦ, ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʵʬʬʝʢʪ ʦʪ ʧʣʘʩʪʠʬʠʮʠʨʫʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚʣʘʛʠ, 

ʢʦʤʧʝʥʩʠʨʫʶʱʝʛʦ ʥʝʦʙʨʘʪʠʤʦʝ ʠʟʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚ, ʤʦʞʝʪ ʧʨʦʷʚʣʷʪʴʩʷ 

ʜʣʷ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʵʪʘʧʦʚ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʩʦʨʙʠʨʦʚʘʥʥʦʡ ʚʣʘʛʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʥʘʯʠʤʳʡ ʠʩʪʦʯʥʠʢ ʦʙʨʘʪʠʤʳʭ 

ʠʟʤʝʥʝʥʠʡ ʫʧʨʫʛʦ-ʧʨʦʯʥʦʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʦʣʠʤʝʨʘ, ʯʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʥʘʪʫʨʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʟʦʥʳ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ. 
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* ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʄʠʥʠʩʪʝʨʩʪʚʘ 

ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʪʝʤʘ ˉFWRS-2024-0095). 
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Abstract. The change in the color distance of paint and varnish coating 

systems and the predictive model of its change during natural exposure in a 

moderate, moderately warm and dry subtropical climate are studied. 

Information is provided on the difference in the change in the color distance 

during exposure in different climatic zones. Correlation dependencies between 

the change in the color distance during natural exposure and laboratory tests 

are considered. It is shown that the use of a dose model of change in the color 

distance and the obtained correlation dependencies allows for an accurate 

calculation of the duration of laboratory simulation tests. 

Keywords: aging, paint coating, color distance, solar radiation, 

mathematical modeling, forecasting. 

 

ɺʚʝʜʝʥʠʝ 

ʉʠʩʪʝʤʳ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʟʘʱʠʪʳ 

ʤʘʪʝʨʠʘʣʦʚ ʦʪ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʬʘʢʪʦʨʦʚ. ʈʘʥʝʝ ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʨʷʜ ʨʘʙʦʪ ʧʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʩʪʘʨʝʥʠʷ ʵʧʦʢʩʠʜʥʳʭ 

ʧʦʣʠʤʝʨʦʚ ʧʦ ʠʟʤʝʥʝʥʠʶ ʮʚʝʪʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ [1,2], ʚ ʪʦʤ ʯʠʩʣʝ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʚʣʠʷʥʠʝ ʘʢʪʠʥʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʮʚʝʪʦʚʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [3]. ɺ ʨʘʙʦʪʝ [4] ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʚʣʠʷʥʠʝ ʩʝʟʦʥʥʦʩʪʠ 

ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʠʟʤʝʥʝʥʠʝ ʮʚʝʪʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʦʜʥʦʛʦ ʛʦʜʘ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʚ ʦʪʢʨʳʪʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ. 

ʄʥʦʛʦʣʝʪʥʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ [5,6] ʚʳʷʚʣʝʥʳ ʠ ʧʦʜʨʦʙʥʦ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʬʘʢʪʦʨʳ, ʫʭʫʜʰʘʶʱʠʝ ʩʦʩʪʦʷʥʠʝ ʣʘʢʦʢʨʘʩʦʯʥʳʭ 

ʧʦʢʨʳʪʠʡ ʚ ʦʪʢʨʳʪʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʄʝʭʘʥʠʯʝʩʢʠʝ, 

ʜʝʢʦʨʘʪʠʚʥʳʝ ʠ ʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʢʨʳʪʠʡ ʩʥʠʞʘʶʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ, ʜʝʡʩʪʚʠʝ ʢʦʪʦʨʦʛʦ ʫʩʠʣʠʚʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʚʣʘʛʦʡ ʠ 

ʩʦʣʥʝʯʥʳʤ ʠʟʣʫʯʝʥʠʝʤ [7,8]. ʉʦʩʪʦʷʥʠʝ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʥʘʪʫʨʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʠ ʩʫʱʥʦʩʪʴ ʵʬʬʝʢʪʦʚ 
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʉʪʨʘʥʠʮʘ 42 

ʜʦʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʬʦʪʦʦʢʠʩʣʝʥʠʷ, ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʜʝʩʪʨʫʢʮʠʠ, 

ʛʠʜʨʦʣʠʟʘ ʠ ʜʨʫʛʠʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʠʩʩʣʝʜʫʶʪʩʷ ʪʘʢʠʤʠ 

ʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʢʘʢ ʠʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʩ ʌʫʨʴʝ-

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ, ʢʦʥʬʦʢʘʣʴʥʘʷ ʨʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, 

ʩʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʩʦʚʤʝʱʝʥʥʘʷ ʩ 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʤ ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʘʥʘʣʠʟʦʤ, ʘʪʦʤʥʦ-ʩʠʣʦʚʘʷ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʠʤʧʝʜʘʥʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ [9ï12]. 

ʆʜʥʘʢʦ ʜʦʤʠʥʠʨʫʶʱʘʷ ʨʦʣʴ ʚ ʧʦʣʫʯʝʥʠʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʪʘʨʝʥʠʠ 

ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ ʚ ʦʪʢʨʳʪʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

ʧʨʠʥʘʜʣʝʞʠʪ ʤʝʪʦʜʘʤ ʢʦʣʦʨʠʤʝʪʨʠʠ [13ï15]. ʎʚʝʪʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʯʨʝʟʚʳʯʘʡʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʩʘʤʳʤ ʧʝʨʚʳʤ ʤʦʣʝʢʫʣʷʨʥʳʤ 

ʧʨʝʚʨʘʱʝʥʠʷʤ ʚ ʧʣʝʥʢʦʦʙʨʘʟʫʶʱʠʭ [16] ʠ ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʫʯʝʪʘ 

ʩʝʟʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʣʘʞʥʦʩʪʠ ʠ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʚ 

ʦʪʢʨʳʪʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ [17]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʦʩʪʘʚʣʝʥʳ ʮʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ 

ʜʣʠʪʝʣʴʥʳʭ ʩʨʦʢʦʚ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ (ʜʦ 7 ʣʝʪ) ʚ ʫʩʣʦʚʠʷʭ ʫʤʝʨʝʥʥʦ 

ʪʝʧʣʦʛʦ ʢʣʠʤʘʪʘ ʥʘ ʮʚʝʪʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩʠʩʪʝʤʳ ʣʘʢʦʢʨʘʩʦʯʥʳʭ 

ʧʦʢʨʳʪʠʡ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʜʦʩʪʦʚʝʨʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʣʠʯʠʡ ʠʟʤʝʥʝʥʠʷ ʮʚʝʪʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʠ 

ʵʢʩʧʦʥʠʨʦʚʘʥʠʠ ʚ ʫʩʣʦʚʠʷʭ ʫʤʝʨʝʥʥʦʛʦ, ʫʤʝʨʝʥʥʦ ʪʝʧʣʦʛʦ ʠ ʩʫʭʦʛʦ 

ʩʫʙʪʨʦʧʠʯʝʩʢʦʛʦ ʢʣʠʤʘʪʘ ʚ ʪʝʯʝʥʠʝ 2 ʣʝʪ, ʘ ʪʘʢʞʝ ʩʨʘʚʥʝʥʠʝ ʠʟʤʝʥʝʥʠʷ 

ʮʚʝʪʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʣʘʙʦʨʘʪʦʨʥʳʭ (ʫʩʢʦʨʝʥʥʳʭ) 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʠ ʧʦʩʣʝ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʚ ʫʩʣʦʚʠʷʭ 

ʫʤʝʨʝʥʥʦʛʦ, ʫʤʝʨʝʥʥʦ ʪʝʧʣʦʛʦ ʠ ʩʫʭʦʛʦ ʩʫʙʪʨʦʧʠʯʝʩʢʦʛʦ ʢʣʠʤʘʪʘ. 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʘʩʰʪʘʙʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʩʪʘʨʝʥʠʷ 

ʩʠʩʪʝʤ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ ʙʳʣʦ ʠʟʛʦʪʦʚʣʝʥʦ 700 (4 ʛʨʫʧʧʳ ʧʦ 175) 

ʦʙʨʘʟʮʦʚ ʘʣʶʤʠʥʠʝʚʦʛʦ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʩʧʣʘʚʘ ʨʘʟʤʝʨʦʤ 150Ĭ75Ĭ1 ʤʤ. 
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʉʪʨʘʥʠʮʘ 43 

ɼʘʣʝʝ ʦʙʨʘʟʮʳ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʩʝʨʥʦʢʠʩʣʦʪʥʦʤʫ ʦʢʩʠʜʠʨʦʚʘʥʠʶ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʥʘʧʦʣʥʝʥʠʝʤ ʚ ʭʨʦʤʧʠʢʝ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʙʳʣʦ 

ʥʘʥʝʩʝʥʦ 2 ʛʨʫʥʪʦʚʳʭ ʩʣʦʷ ʭʦʣʦʜʥʦʡ ʠ ʛʦʨʷʯʝʡ ʩʫʰʢʠ, ʘ ʪʘʢʞʝ 

ʬʪʦʨʧʦʣʠʫʨʝʪʘʥʦʚʦʝ ʧʦʢʨʳʪʠʝ ɺʕ-69 (ʛʨʫʧʧʳ 1 ʠ 2) ʠ ʵʧʦʢʩʠʜʥʦʝ 

ʧʦʢʨʳʪʠʝ ʕʇ-140 (ʛʨʫʧʧʳ 3 ʠ 4) ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʧʠʛʤʝʥʪʦʚ ʢʨʘʩʥʦʛʦ 

(ʛʨʫʧʧʳ 1 ʠ 3) ʠ ʩʝʨʦʛʦ (ʛʨʫʧʧʘ 2 ʠ 4) ʮʚʝʪʘ. ʏʘʩʪʴ ʦʙʨʘʟʮʦʚ ʙʳʣʘ 

ʚʳʩʪʘʚʣʝʥʘ ʥʘ ʥʘʪʫʨʥʦʝ ʵʢʩʧʦʥʠʨʦʚʘʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʫʤʝʨʝʥʥʦʛʦ, ʫʤʝʨʝʥʥʦ 

ʪʝʧʣʦʛʦ ʠ ʩʫʭʦʛʦ ʩʫʙʪʨʦʧʠʯʝʩʢʦʛʦ ʢʣʠʤʘʪʘ ʚ ʥʘʯʘʣʝ ʚʝʩʝʥʥʝʛʦ ʩʝʟʦʥʘ (ʤʘʨʪ 

2022 ʛʦʜʘ). ɺʥʝʰʥʠʡ ʚʠʜ ʩʪʝʥʜʦʚ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 1. 

   
ʘ) ʙ) ʚ) 

ʈʠʩʫʥʦʢ 1. ʆʙʨʘʟʮʳ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʩ ʥʘʥʝʩʝʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʃʂʇ ʥʘ ʩʪʝʥʜʘʭ 

ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʫʤʝʨʝʥʥʦʛʦ (ʘ), ʫʤʝʨʝʥʥʦ ʪʝʧʣʦʛʦ (ʙ) 

ʠ ʩʫʭʦʛʦ ʩʫʙʪʨʦʧʠʯʝʩʢʦʛʦ ʢʣʠʤʘʪʘ (ʚ) 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ, 

ʠʤʠʪʠʨʫʶʱʠʭ ʥʘʭʦʞʜʝʥʠʝ ʦʙʨʘʟʮʦʚ ʥʘ ʦʪʢʨʳʪʦʡ ʧʣʦʱʘʜʢʝ, 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʢʣʠʤʘʪʠʯʝʩʢʘʷ ʢʘʤʝʨʘ ʜʣʷ ʠʤʠʪʘʮʠʠ ʛʦʜʦʚʦʛʦ ʮʠʢʣʘ 

ʩ ʩʠʩʪʝʤʦʡ ʠʟʣʫʯʝʥʠʷ. ɺʦʟʜʝʡʩʪʚʠʝ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʦʚʦʜʠʣʠ 

ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʝ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ 45Áʉ (ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʚʣʘʞʥʦʩʪʴ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʧʳʪʘʥʠʡ ʥʝ ʥʦʨʤʠʨʦʚʘʣʘʩʴ ʠ ʩʦʩʪʘʚʣʷʣʘ 

ʤʝʥʝʝ 10%). ʇʦʣʥʳʡ ʩʧʝʢʪʨʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʩʦʟʜʘʚʘʝʤʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʩʦʩʪʘʚʣʷʣ ʦʪ 290 ʜʦ 3000 ʥʤ. ʀʥʪʝʛʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ ʚ 

ʠʥʪʝʨʚʘʣʝ ʜʣʠʥ ʚʦʣʥ ʦʪ 290 ʜʦ 3000 ʥʤ ð1400 ɺʪ/ʤ
2
. ʇʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ ʜʣʠʥ ʚʦʣʥ ʦʪ 290 ʜʦ 400 ʥʤ ð 

120 ɺʪ/ʤ
2
. 
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʉʪʨʘʥʠʮʘ 44 

ʉ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ ʩʦ ʩʬʝʨʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʝʡ 

ʠʟʤʝʨʝʥʠʷ ʝʞʝʜʥʝʚʥʦ (ʧʨʠ ʵʢʩʧʦʥʠʨʦʚʘʥʠʠ ʚ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʢʘʤʝʨʝ) 

ʠ ʝʞʝʥʝʜʝʣʴʥʦ (ʧʨʠ ʥʘʪʫʨʥʦʤ ʵʢʩʧʦʥʠʨʦʚʘʥʠʠ) ʦʧʨʝʜʝʣʷʣʠ ʟʥʘʯʝʥʠʷ 

ʨʘʟʣʠʯʠʷ ʮʚʝʪʘ, ʩʚʝʪʣʦʪʳ, ʮʚʝʪʦʚʦʛʦ ʪʦʥʘ ʩʠʩʪʝʤ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ 

ʥʘ ʵʢʩʧʦʥʠʨʫʝʤʳʭ ʦʙʨʘʟʮʘʭ ʠ ʨʘʩʩʯʠʪʳʚʘʣʠ ʟʥʘʯʝʥʠʝ ʧʦʣʥʦʛʦ ʮʚʝʪʦʚʦʛʦ 

ʨʘʟʣʠʯʠʷ (ʮʚʝʪʦʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ) ȹE ʚ ʩʠʩʪʝʤʝ CIE L*a*b*. ʇʦʣʫʯʝʥʥʳʝ 

ʜʘʥʥʳʝ ʮʚʝʪʦʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʩʦʦʪʥʦʰʝʥʠʷ 

ЎὉ ЎὉ ρ Ὡ  

(

(1) 

ʛʜʝ ȹEmax ð ʧʨʝʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʮʚʝʪʦʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ, ʫʩʣ. ʝʜ., Ű ð 

ʧʘʨʘʤʝʪʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʩʨʦʢ ʜʦʩʪʠʞʝʥʠʷ 0,63 ȹEmax, ʩʫʪ. 

ʠ ʩʦʦʪʥʦʰʝʥʠʷ 

 

ЎὉ ЎὉ ρ Ὡ  

(

(2) 

ʛʜʝ ȹEmax ð ʧʨʝʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʮʚʝʪʦʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ, ʫʩʣ. ʝʜ., SR ð 

ʜʦʟʘ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʄɼʞ/ʤ
2
, s ð ʧʘʨʘʤʝʪʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʜʦʟʫ 

ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 0,63ȹEmax, ʄɼʞ/ʤ
2
. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʮʚʝʪʦʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʩʠʩʪʝʤ ʃʂʇ ʧʨʠ ʦʪʢʨʳʪʦʤ ʥʘʪʫʨʥʦʤ ʵʢʩʧʦʥʠʨʦʚʘʥʠʠ ʚ ʪʨʝʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ. 

ɿʥʘʯʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʮʚʝʪʦʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʟʘ ʜʚʫʭʣʝʪʥʠʡ ʧʝʨʠʦʜ 

ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʫ ʩʠʩʪʝʤʳ ʃʂʇ ʥʘ ʦʩʥʦʚʝ ʕʇ-140 ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ 

ʦʪ ʮʚʝʪʘ ʧʠʛʤʝʥʪʘ ð ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʡ ȹE ʩ ʧʠʛʤʝʥʪʦʤ ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ 

ʩʦʩʪʘʚʣʷʝʪ 10,11ï20,79 ʫʩʣ. ʝʜ., ʘ ʜʣʷ ʦʙʨʘʟʮʦʚ ʩ ʧʠʛʤʝʥʪʦʤ ʩʝʨʦʛʦ ʮʚʝʪʘ 

ʜʠʘʧʘʟʦʥ ȹE ʩʦʩʪʘʚʣʷʝʪ 2,00ï5,55 ʫʩʣ. ʝʜ. ʀʟʤʝʥʝʥʠʝ ʮʚʝʪʦʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ 

ʩʠʩʪʝʤʳ ʃʂʇ ʩ ʵʤʘʣʴʶ ɺʕ-69 ʧʨʠ ʥʘʪʫʨʥʦʤ ʵʢʩʧʦʥʠʨʦʚʘʥʠʠ ʟʥʘʯʠʪʝʣʴʥʦ 



ʂʣʠʤʘʪ-2025: ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʤʘʪʝʨʠʘʣʳ ʠ 
ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʉʪʨʘʥʠʮʘ 45 

ʥʠʞʝ, ʯʝʤ ʫ ʩʠʩʪʝʤʳ ʃʂʇ ʥʘ ʦʩʥʦʚʝ ʕʇ-140. ʇʨʠ ʵʢʩʧʦʥʠʨʦʚʘʥʠʠ ʚ ʩʫʭʦʤ 

ʩʫʙʪʨʦʧʠʯʝʩʢʦʤ ʢʣʠʤʘʪʝ ʠʟʤʝʥʝʥʠʝ ʮʚʝʪʦʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ 

ʥʘ ʦʩʥʦʚʝ ɺʕ-69 ʠ ʩ ʢʨʘʩʥʳʤ, ʠ ʩ ʩʝʨʳʤ ʧʠʛʤʝʥʪʦʤ ʥʠʞʝ ʚ 3 ʨʘʟʘ 

ʩ ʘʥʘʣʦʛʠʯʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʜʣʷ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʕʇ-140. ʇʨʠ 

ʵʢʩʧʦʥʠʨʦʚʘʥʠʠ ʚ ʫʤʝʨʝʥʥʦʤ ʠ ʫʤʝʨʝʥʥʦ ʪʝʧʣʦʤ ʢʣʠʤʘʪʝ ʘʥʘʣʦʛʠʯʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʨʘʟʣʠʯʘʶʪʩʷ ʚ 4 ʨʘʟʘ. 

ʈʘʩʩʯʠʪʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ (1) ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʦʜʝʣʴ (1) ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʳʚʘʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʜʘʥʥʳʝ. ʂʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 0,97ï0,99, ʟʥʘʯʝʥʠʝ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʡ ʦʰʠʙʢʠ ʩʦʩʪʘʚʣʷʝʪ 0,01ï0,14. 

ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʚʦʟʜʝʡʩʪʚʫʶʱʠʤ ʬʘʢʪʦʨʦʤ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʮʚʝʪʦʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʩʠʩʪʝʤ ʃʂʇ ʧʨʠ ʥʘʪʫʨʥʦʤ 

ʵʢʩʧʦʥʠʨʦʚʘʥʠʠ ʷʚʣʷʝʪʩʷ ʜʦʟʘ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ. ʍʘʨʘʢʪʝʨ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ʮʚʝʪʦʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʠʩʪʝʤ 

ʃʂʇ ʦʪ ʧʦʛʣʦʱʝʥʥʦʡ ʜʦʟʳ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ (ʨʠʩ. 3) ʦʪʣʠʯʘʝʪʩʷ 

ʦʪ ʚʨʝʤʝʥʥrӢʭ ʟʘʚʠʩʠʤʦʩʪʝʡ (ʨʠʩ. 2). 

ɼʣʷ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʃʂʇ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʠʛʤʝʥʪʘʤʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʦʜʠʥʘʢʦʚʳʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʮʚʝʪʦʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʜʦ 

ʥʘʙʦʨʘ ʜʦʟʳ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ~5000 ʄɼʞ/ʤ
2
 ʚʦ ʚʩʝʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʟʦʥʘʭ. ʇʦʩʣʝ ʵʪʦʛʦ ʟʥʘʯʝʥʠʷ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʮʚʝʪʦʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʚ 

ʫʤʝʨʝʥʥʦʤ ʠ ʫʤʝʨʝʥʥʦ ʪʝʧʣʦʤ ʢʣʠʤʘʪʝ ʦʩʪʘʝʪʩʷ ʩʭʦʞʠʤ, ʘ ʚ ʩʫʭʦʤ 

ʩʫʙʪʨʦʧʠʯʝʩʢʦʤ ʢʣʠʤʘʪʝ ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʷʝʪʩʷ.  

 

  
ʘ) ʙ) 
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ʚ) ʛ) 

ʈʠʩʫʥʦʢ 2. ʀʟʤʝʥʝʥʠʝ ʮʚʝʪʦʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʃʂʇ ʥʘ ʦʩʥʦʚʝ ʕʇ-140 (ʘ, ʙ) 

ʠ ɺʕ-69 (ʚ, ʛ) ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʧʠʛʤʝʥʪʦʚ ʢʨʘʩʥʦʛʦ (ʘ, ʚ) ʠ ʩʝʨʦʛʦ (ʙ, ʛ) ʮʚʝʪʘ ʧʨʠ 

ʥʘʪʫʨʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʷʭ ʚ ʪʨʝʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ; ʪʦʯʢʠ ð 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʣʠʥʠʠ ð ʤʦʜʝʣʴ (1) 

  
ʘ) ʙ) 

  
ʚ) ʛ) 

ʈʠʩʫʥʦʢ 3. ʀʟʤʝʥʝʥʠʝ ʮʚʝʪʦʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʃʂʇ ʥʘ ʦʩʥʦʚʝ ʕʇ-140 (ʘ, ʙ) 

ʠ ɺʕ-69 (ʚ, ʛ) ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʧʠʛʤʝʥʪʦʚ ʢʨʘʩʥʦʛʦ (ʘ, ʚ) ʠ ʩʝʨʦʛʦ (ʙ, ʛ) ʮʚʝʪʘ ʧʨʠ 

ʥʘʪʫʨʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʷʭ ʚ ʪʨʝʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ ʦʪ ʥʘʢʦʧʣʝʥʥʦʡ ʜʦʟʳ 

ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ; ʪʦʯʢʠ ð ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʣʠʥʠʠ ð ʤʦʜʝʣʴ (1) 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʠ (2) ʜʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʩ ʜʦʟʦʡ ʥʘʢʦʧʣʝʥʥʦʡ ʨʘʜʠʘʮʠʠ ʚ ʢʘʯʝʩʪʚʝ ʘʨʛʫʤʝʥʪʘ ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʦʰʠʙʢʘ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 0,26ï0,87, ʘ ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʝʪʝʨʤʠʥʘʮʠʠ ʩʥʠʞʘʝʪʩʷ ʜʦ 0,74ï0,83. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ, ʧʦʤʠʤʦ 
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ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʝʩʪʴ ʜʨʫʛʠʝ ʟʥʘʯʠʤʳʝ ʬʘʢʪʦʨʳ ʚʦʟʜʝʡʩʪʚʠʷ, 

ʚʣʠʷʶʱʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʮʚʝʪʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʩʫʭʦʤ ʩʫʙʪʨʦʧʠʯʝʩʢʦʤ 

ʢʣʠʤʘʪʝ.  

ɺ ʩʫʭʦʤ ʩʫʙʪʨʦʧʠʯʝʩʢʦʤ ʢʣʠʤʘʪʝ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʝʝ 

50 ʜʥʝʡ ʩ ʧʳʣʴʥʳʤʠ ʷʚʣʝʥʠʷʤʠ. ɺʦʟʤʦʞʥʦ, ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʧʝʩʢʘ ʠ ʧʳʣʠ ʚ ʩʫʭʦʤ ʩʫʙʪʨʦʧʠʯʝʩʢʦʤ ʢʣʠʤʘʪʝ, ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʚ ʧʝʨʚʳʝ 

3,5 ʤʝʩ. (ʟʘ ʧʝʨʠʦʜ ʥʘʢʦʧʣʝʥʠʷ ʜʦʟʳ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʜʦ 5000 ʄɼʞ/ʤ
2
), 

ʩʪʘʥʦʚʠʪʩʷ ʟʥʘʯʠʤʳʤ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʵʢʩʧʦʥʠʨʦʚʘʥʠʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʘʨʛʫʤʝʥʪʦʤ ʚ ʧʦʣʴʟʫ ʵʪʦʡ ʛʠʧʦʪʝʟʳ ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʭʘʨʘʢʪʝʨ 

ʢʨʠʚʳʭ ʠʟʤʝʥʝʥʠʷ ʮʚʝʪʦʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʜʣʷ ʫʤʝʨʝʥʥʦʛʦ ʠ ʫʤʝʨʝʥʥʦ 

ʪʝʧʣʦʛʦ ʢʣʠʤʘʪʘ ʦʜʠʥʘʢʦʚ. 

ʅʘ ʨʠʩ. 4 ʧʨʠʚʝʜʝʥʳ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʩʫʤʤʘʨʥʦʡ 

ʜʦʟʦʡ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʚ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʢʘʤʝʨʝ ʠ ʩʫʤʤʘʨʥʦʡ ʜʦʟʦʡ 

ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʧʨʠ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʷʭ, ʨʘʩʩʯʠʪʘʥʥʳʭ 

ʧʦ ʠʟʤʝʥʝʥʠʶ ʮʚʝʪʦʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʠʟʫʯʝʥʥʳʭ ʩʠʩʪʝʤ ʃʂʇ. ɼʣʷ ʩʫʭʦʛʦ 

ʩʫʙʪʨʦʧʠʯʝʩʢʦʛʦ ʢʣʠʤʘʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʦʡ ʠ ʫʚʝʣʠʯʝʥʠʝ 

ʩʪʝʧʝʥʠ ʧʦʣʠʥʦʤʘ ʥʝ ʫʚʝʣʠʯʠʚʘʝʪ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʪʝʨʤʠʥʘʮʠʠ 

(R
2
 Ó 0,99). ʂʦʨʨʝʣʷʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʫʤʝʨʝʥʥʦʛʦ ʠ ʫʤʝʨʝʥʥʦ 

ʪʝʧʣʦʛʦ ʢʣʠʤʘʪʘ ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ ʧʦʣʠʥʦʤʦʤ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ 

ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʜʝʪʝʨʤʠʥʘʮʠʠ R
2
 Ó 0,99, ʧʦʚʳʰʝʥʠʝ ʩʪʝʧʝʥʠ ʧʦʣʠʥʦʤʘ 

ʥʝ ʚʣʠʷʝʪ ʥʘ ʟʥʘʯʝʥʠʝ R
2
. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦʙ ʠʟʤʝʥʝʥʠʠ ʮʚʝʪʦʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʧʨʠ 

ʥʘʪʫʨʥʳʭ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʷʭ ʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʢʨʠʚʳʝ ʤʝʞʜʫ 

ʜʦʟʘʤʠ ʨʘʜʠʘʮʠʠ ʚ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʢʘʤʝʨʝ ʠ ʥʘʪʫʨʥʦʤ ʵʢʩʧʦʥʠʨʦʚʘʥʠʠ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʨʘʩʯʝʪʝ ʩʨʦʢʦʚ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ 

ʚ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʢʘʤʝʨʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʚʳʩʦʢʦʪʦʯʥʳʭ ʠʤʠʪʘʮʠʦʥʥʳʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʩʠʩʪʝʤ ʃʂʇ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʩʪʘʨʝʥʠʷ 

ʩ ʫʯʝʪʦʤ ʩʝʟʦʥʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʯʘʪʳ ʥʘʪʫʨʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ. 
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ʘ) ʙ) 

  
ʚ) ʛ) 

ʈʠʩʫʥʦʢ 4. ʂʦʨʨʝʣʷʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʩʫʤʤʘʨʥʦʡ ʜʦʟʦʡ ʨʘʜʠʘʮʠʠ ʚ 

ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʢʘʤʝʨʝ ʠ ʩʫʤʤʘʨʥʦʡ ʜʦʟʦʡ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʜʣʷ ʩʠʩʪʝʤʳ ʃʂʇ 

ʕʇ-140 ʩ ʢʨʘʩʥʳʤ (ʘ) ʠ ʩʝʨʳʤ (ʙ) ʧʠʛʤʝʥʪʦʤ ʠ ʩʠʩʪʝʤʳ ʃʂʇ ʥʘ ʦʩʥʦʚʝ ɺʕ-69 ʩ 

ʢʨʘʩʥʳʤ (ʚ) ʠ ʩʝʨʳʤ (ʛ) ʧʠʛʤʝʥʪʦʤ; ʢʨʠʚʳʝ ð ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʧʦʣʠʥʦʤʦʤ (ʩʤ. ʪʝʢʩʪ) 

 

ʅʘʧʨʠʤʝʨ, ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʜʣʠʪʝʣʴʥʦʩʪʴ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʠʩʧʳʪʘʥʠʡ ʩʠʩʪʝʤ ʃʂʇ ʥʘ ʦʩʥʦʚʝ ʕʇ-140 ʩ ʧʠʛʤʝʥʪʦʤ ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ ʜʣʷ 

ʠʤʠʪʘʮʠʠ ʥʘʪʫʨʥʦʛʦ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʫʤʝʨʝʥʥʦʛʦ ʢʣʠʤʘʪʘ 

ʚ ʪʝʯʝʥʠʝ 6 ʤʝʩʷʮʝʚ ʩ ʫʯʝʪʦʤ ʩʝʟʦʥʥʦʩʪʠ. ɺʟʷʚ ʜʘʥʥʳʝ ʨʠʩ. 4 

ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʚʠʜʝ ʠ ʜʘʥʥʳʝ ʧʦ ʜʦʩʪʠʞʝʥʠʶ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʜʦʟʳ 

ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ (ɻʆʉʊ 16350), ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ, ʯʪʦ ʜʦʟʘ ʩʦʣʥʝʯʥʦʡ 

ʨʘʜʠʘʮʠʠ ʧʨʠ ʥʘʪʫʨʥʦʤ ʵʢʩʧʦʥʠʨʦʚʘʥʠʠ ʩʦʩʪʘʚʠʪ 1496, 2928, 2179 ʠ 747 

ʄɼʞ/ʤ2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʟʠʤʥʠʡ, ʚʝʩʝʥʥʠʡ, ʣʝʪʥʠʡ ʠ ʦʩʝʥʥʠʡ ʩʝʟʦʥʳ, ʘ 
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ʩʨʦʢ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʚ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʢʘʤʝʨʝ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʷʪ 21, 31, 27 

ʠ 14 ʩʫʪʦʢ.  

 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩ ʫʯʝʪʦʤ ʨʘʙʦʪ [18ï22] ʧʦʟʚʦʣʷʶʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʪʦʯʥʠʪʴ ʨʘʩʯʝʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʠʤʠʪʘʮʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʨʠ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʩʪʘʨʝʥʠʷ ʩʠʩʪʝʤ ʃʂʇ, 

ʧʨʠ ʵʪʦʤ ʙʫʜʝʪ ʫʯʪʝʥ ʵʬʬʝʢʪ ʩʝʟʦʥʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʮʚʝʪʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. 
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Abstract. Two compositions of powder polymer paint based on polyolefin have 

been developed. Studies of changes in the strength of the thermoplastic coating 

material made from polyolefin-based paint showed that after its exposure to 

corrosive solutions, the reduction in tensile strength was no more than 10%, and 

there was no change in appearance, which is a very good result. 
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ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʟʘʱʠʪʳ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʠʤʝʨʥʳʭ ʧʦʢʨʳʪʠʡ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʩʪʘʣʦ ʘʢʪʫʘʣʴʥʳʤ 

ʨʘʩʰʠʨʠʪʴ ʣʠʥʝʡʢʫ ʦʙʱʝʧʨʠʥʷʪʳʭ ʧʣʝʥʢʦʦʙʨʘʟʦʚʘʪʝʣʝʡ. ʃʘʢʦʢʨʘʩʦʯʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʟʘʯʘʩʪʫʶ ʪʨʝʙʫʶʪ 

ʦʩʦʙʳʭ ʫʩʣʦʚʠʡ ʥʘʥʝʩʝʥʠʷ: ʦʛʨʘʥʠʯʝʥʥʳʡ ʠʥʪʝʨʚʘʣ ʪʝʤʧʝʨʘʪʫʨ, 

ʪʱʘʪʝʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʜʦʣʛʠʡ ʧʝʨʠʦʜ ʩʫʰʢʠ ʠ ʪ.ʧ., ʯʪʦ 

ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʠʚʘʝʪ ʦʙʣʘʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ [1]. ɼʣʷ ʤʥʦʛʠʭ ʠʟ ʥʠʭ 

ʦʪʩʫʪʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʨʝʙʫʝʤʦʡ ʪʦʣʱʠʥʳ, ʩʧʣʦʰʥʦʩʪʠ 

ʠ ʦʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤ ʟʘʱʠʪʥʳʭ 

ʧʦʢʨʳʪʠʡ ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. ʉʪʦʠʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ 

ʚʝʩʴʤʘ ʫʟʢʠʡ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʢʨʳʪʠʡ ʠʟ ʞʠʜʢʠʭ ʣʘʢʦʢʨʘʩʦʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ï ʚ ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝ ʙʦʣʝʝ 10 ʣʝʪ. ʆʪʤʝʯʘʝʪʩʷ 

ʥʘʨʫʰʝʥʠʝ ʩʧʣʦʰʥʦʩʪʠ ʧʦʢʨʳʪʠʡ ʫʞʝ ʯʝʨʝʟ 2-3 ʛʦʜʘ ʧʦʩʣʝ ʠʭ ʥʘʥʝʩʝʥʠʷ 

ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʦʢʨʳʪʠʷ ʚ ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ [2-4]. ʆʪʤʝʯʘʝʪʩʷ ʫʭʫʜʰʝʥʠʝ 

ʘʜʛʝʟʠʠ ʧʦʢʨʳʪʠʷ ʚ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʘ ʩʯʝʪ ʜʠʬʬʫʟʠʠ ʵʣʝʢʪʨʦʣʠʪʘ 

ʩʢʚʦʟʴ ʧʦʨʳ ʧʦʢʨʳʪʠʷ ʠ ʝʛʦ ʜʝʬʝʢʪʳ [5-7]. ɺʩʝ ʵʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ 

ʣʦʢʘʣʴʥʳʭ ʢʦʨʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʤʝʪʘʣʣʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜ 

ʟʘʱʠʪʥʳʤ ʧʦʢʨʳʪʠʝʤ: ʥʠʪʝʚʠʜʥʦʡ, ʧʦʜʧʣʝʥʦʯʥʦʡ ʠ ʷʟʚʝʥʥʦʡ ʢʦʨʨʦʟʠʠ [8]. 

ʅʘʠʙʦʣʝʝ ʦʧʘʩʥʳʤ ʨʘʟʚʠʪʠʝʤ ʢʦʨʨʦʟʠʠ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ 

ʷʚʣʷʝʪʩʷ ʢʦʨʨʦʟʠʦʥʥʦʝ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ ʧʦʜ ʥʘʧʨʷʞʝʥʠʝʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʩʪʘʥʦʚʠʪʴʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʧʦʨʦʰʢʦʚʳʭ ʧʦʣʠʤʝʨʥʳʭ ʢʨʘʩʦʢ, ʠʟ ʢʦʪʦʨʳʭ ʧʦʣʫʯʘʶʪ ʪʝʨʤʦʨʝʘʢʪʠʚʥʳʝ ʠ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʝ ʧʦʢʨʳʪʠʷ. ʆʜʥʘʢʦ ʪʨʝʙʦʚʘʥʠʷ ʚ ʥʦʨʤʘʪʠʚʥʦʡ 
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ʜʦʢʫʤʝʥʪʘʮʠʠ ʢ ʜʘʥʥʦʤʫ ʚʠʜʫ ʧʦʢʨʳʪʠʡ ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʫʶʪ, ʪʘʢ ʢʘʢ 

ʩʪʘʪʠʩʪʠʢʘ ʦʧʳʪʘ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʝʱʝ ʥʝ ʜʦʩʪʘʪʦʯʥʘ ʧʦʢʘʟʘʥʘ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʰʣʠ 

ʪʝʨʤʦʨʝʘʢʪʠʚʥʳʝ ʠ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʝ ʧʦʨʦʰʢʦʚʳʝ ʣʘʢʦʢʨʘʩʦʯʥʳʝ 

ʤʘʪʝʨʠʘʣʳ [1ï3]. ɻʣʘʚʥʘʷ ʠʭ ʦʪʣʠʯʠʪʝʣʴʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ 

ʪʝʨʤʦʨʝʘʢʪʠʚʥʳʝ ʢʨʘʩʢʠ ʬʦʨʤʠʨʫʶʪ ʧʦʢʨʳʪʠʷ ʟʘ ʩʯʝʪ ʩʧʣʘʚʣʝʥʠʷ ʯʘʩʪʠʮ 

ʠ ʧʨʦʪʝʢʘʥʠʷ ʧʦʩʣʝʜʫʶʱʠʭ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʧʦʢʨʳʪʠʡ ʠʟ ʪʘʢʠʭ ʢʨʘʩʦʢ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʚʦʝʛʦ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ. ʆʙʨʘʟʫʶʱʠʝʩʷ ʧʦʢʨʳʪʠʷ ʫʞʝ ʷʚʣʷʶʪʩʷ ʥʝʧʣʘʚʢʠʤʠ ʠ 

ʥʝʦʙʨʘʪʠʤʳʤʠ [7]. ʊʝʨʤʦʧʣʘʩʪʠʯʥʳʝ ʧʦʨʦʰʢʦʚʳʝ ʣʘʢʦʢʨʘʩʦʯʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʦʙʨʘʟʫʶʪ ʧʦʢʨʳʪʠʷ ʟʘ ʩʯʝʪ ʩʧʣʘʚʣʝʥʠʷ ʯʘʩʪʠʮ ʠ ʦʭʣʘʞʜʝʥʠʷ 

ʧʦʣʠʤʝʨʥʳʭ ʨʘʩʧʣʘʚʦʚ ʙʝʟ ʧʨʦʪʝʢʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ [4]. 

ʉʦʩʪʘʚ ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʵʪʦʤ ʧʣʝʥʦʢ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʩʪʘʚʫ ʠʩʭʦʜʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ɿʘʱʠʪʥʳʝ ʧʦʢʨʳʪʠʷ ʪʘʢʞʝ ʬʦʨʤʠʨʫʶʪʩʷ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʤʠ, 

ʪʦ ʝʩʪʴ ʦʙʣʘʜʘʶʪ ʦʙʨʘʪʠʤʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʨʠ ʠʭ ʧʦʚʪʦʨʥʦʤ ʥʘʛʨʝʚʘʥʠʠ. 

ɺʳʙʦʨ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʢʨʳʪʠʷ ʩʚʷʟʘʥ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩ 

ʫʩʣʦʚʠʷʤʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʘʱʠʱʘʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʩ 

ʘʛʨʝʩʩʠʚʥʦʩʪʴʶ ʩʨʝʜʳ [8]. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʢ ʧʨʠʤʝʥʝʥʠʶ ʚ 

ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ ʷʚʣʷʶʪʩʷ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʝ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʝ 

ʧʦʢʨʳʪʠʷ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʦʣʝʬʠʥʦʚ [9-13]. ʇʦʢʨʳʪʠʷ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʠʦʣʝʬʠʥʦʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʫʞʝ ʧʨʠʤʝʥʷʶʱʠʤʠʩʷ ʤʘʪʝʨʠʘʣʘʤʠ ʠʤʝʶʪ 

ʨʷʜ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ: ʚʳʩʦʢʘʷ ʭʠʤʠʯʝʩʢʘʷ ʩʪʦʡʢʦʩʪʴ, ʦʪʣʠʯʥʳʝ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʴ ʧʨʠ ʥʘʥʝʩʝʥʠʠ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʩʣʫʯʘʝ ʤʦʜʠʬʠʢʘʮʠʠ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ 

ʜʦʙʘʚʦʢ ʜʦʩʪʠʛʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʜʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ: 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʠʩʪʠʨʘʥʠʶ, ʬʨʠʢʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ, ʧʦʚʳʰʝʥʥʘʷ 

ʩʚʝʪʦʩʪʦʡʢʦʩʪʴ ʠ ʫʜʘʨʥʘʷ ʧʨʦʯʥʦʩʪʴ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʪʘʢʠʭ ʧʦʢʨʳʪʠʡ 
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʉʪʨʘʥʠʮʘ 56 

ʧʨʠʤʝʥʷʝʪʩʷ ʧʦʨʦʰʢʦʚʘʷ ʧʦʣʠʵʪʠʣʝʥʦʚʘʷ ʢʨʘʩʢʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ 

ʧʦʣʠʦʣʝʬʠʥʦʚʦʡ ʦʩʥʦʚʳ, ʘʜʛʝʟʠʚʘ ʠ ʧʠʛʤʝʥʪʦʚ [1-5].  

ʇʨʦʠʟʚʦʜʩʪʚʦ ʧʦʨʦʰʢʦʚʦʡ ʧʦʣʠʤʝʨʥʦʡ ʢʨʘʩʢʠ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʠʦʣʝʬʠʥʦʚ ʚʢʣʶʯʘʝʪ ʧʷʪʴ ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ: 

ʩʤʝʰʠʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ, ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʝ, ʛʨʘʥʫʣʠʨʦʚʘʥʠʝ, ʧʦʤʦʣ 

ʛʨʘʥʫʣ ʠ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ. ʉʪʦʠʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ 

ʣʠʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʨʘʩʢʠ ʠʤʝʝʪ ʤʠʥʠʤʘʣʴʥʳʝ ʚʳʙʨʦʩʳ ʭʠʤʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ, ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ʚ ʘʪʤʦʩʬʝʨʫ.  

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʨʘʟʨʘʙʦʪʢʘ ʦʨʠʛʠʥʘʣʴʥʳʭ 

ʩʦʩʪʘʚʦʚ ʧʦʨʦʰʢʦʚʦʡ ʧʦʣʠʤʝʨʥʦʡ ʢʨʘʩʢʠ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʦʣʝʬʠʥʦʚ ʜʣʷ ʠʭ 

ʥʘʥʝʩʝʥʠʷ ʚ ʚʠʜʝ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʝ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʝʩʷ ʚ ʘʛʨʝʩʩʠʚʥʳʭ ʧʨʠʨʦʜʥʳʭ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʘʭ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ 

ʧʦʢʨʳʪʠʡ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʘʜʛʝʟʠʠ ʢ ʤʝʪʘʣʣʫ, ʧʨʦʯʥʦʩʪʠ ʠ 

ʧʣʘʩʪʠʯʥʦʩʪʠ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʢʘʢ ʚ ʦʙʣʘʩʪʠ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʪʘʢ ʠ ʜʣʷ ʟʘʱʠʪʳ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʦʪ ʢʦʨʨʦʟʠʠ. 

ʉ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʜʘʥʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʧʦʢʨʳʪʠʷ, ʥʝʦʙʭʦʜʠʤʳʭ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ 2 ʩʦʩʪʘʚʘ ʧʦʨʦʰʢʦʚʦʡ ʧʦʣʠʤʝʨʥʦʡ ʢʨʘʩʢʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʧʣʝʥʢʦʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʵʪʠʣʝʥʘ ʥʠʟʢʦʛʦ 

ʜʘʚʣʝʥʠʷ. ʈʘʩʰʠʨʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʧʦʢʨʳʪʠʡ ʦʙʝʩʧʝʯʠʚʘʣʠ 

ʚʚʝʜʝʥʠʝʤ ʚ ʠʭ ʩʦʩʪʘʚ ʧʦʤʠʤʦ ʧʣʝʥʢʦʦʙʨʘʟʦʚʘʪʝʣʷ (ʧʦʣʠʵʪʠʣʝʥʘ) 

ʨʘʟʣʠʯʥʳʭ ʤʦʜʠʬʠʢʘʪʦʨʦʚ: ʘʜʛʝʟʠʚʘ, ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʠ ʧʠʛʤʝʥʪʘ [9-13]. 

ʇʨʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʠ ʧʦʣʠʵʪʠʣʝʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʝʪʩʷ ʝʛʦ ʩʪʨʫʢʪʫʨʘ: 

ʫʤʝʥʴʰʘʝʪʩʷ ʩʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ, ʠʟʤʝʥʷʝʪʩʷ ʤʦʨʬʦʣʦʛʠʷ 

ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ, ʦʙʨʘʟʫʶʪʩʷ ʤʦʩʪʠʯʥʳʝ ʩʚʷʟʠ, ʭʘʨʘʢʪʝʨ 

ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ. ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʚ 

ʩʪʨʫʢʪʫʨʝ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ ʩʚʦʡʩʪʚʘʭ ʧʦʣʠʵʪʠʣʝʥʘ ʠ 
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʉʪʨʘʥʠʮʘ 57 

ʧʦʣʫʯʘʝʤʳʭ ʠʟ ʥʝʛʦ ʧʦʢʨʳʪʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩʥʠʞʘʝʪʩʷ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ 

ʧʦʣʠʤʝʨʘ ʠ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ, ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʫʜʣʠʥʝʥʠʝ ʠ ʘʜʛʝʟʠʷ ʧʦʢʨʳʪʠʡ. ɿʘʧʘʩ ʧʨʦʯʥʦʩʪʠ ʧʦʢʨʳʪʠʡ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʦʪʥʦʰʝʥʠʝ ʨʘʟʨʫʰʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ 

ʨʘʩʪʷʞʝʥʠʠ ʢ ʚʝʣʠʯʠʥʝ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʚʦʟʨʦʩ ʩ 3ʜʦ 6 ʨʘʟ. 

ɸʜʛʝʟʠʷ ʦʙʨʘʟʮʦʚ ʢ ʩʪʘʣʠ ʧʨʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʠ ʫʚʝʣʠʯʠʣʘʩʴ ʦʪ 2 ʜʦ 5 ʨʘʟ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʜʛʝʟʠʚʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʠ ʦʪʩʣʘʠʚʘʥʠʷ ʧʦʢʨʳʪʠʡ ʧʨʠ ʜʣʠʪʝʣʴʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʝʟʢʦ ʫʤʝʥʴʰʠʣʘʩʴ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʧʨʦʚʦʜʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʨʬʦʣʦʛʠʠ (ʚʥʝʰʥʝʝ 

ʩʪʨʦʝʥʠʝ ʦʙʲʝʢʪʘ, ʬʦʨʤʘ, ʨʘʟʤʝʨʳ) ʠ ʪʦʧʦʛʨʘʬʠʠ (ʚʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʯʘʩʪʠʮ) ʦʙʲʝʢʪʦʚ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ 

MINI SEM A5000 ʩ ʜʝʪʝʢʪʦʨʦʤ ʦʙʨʘʪʥʦ-ʨʘʩʩʝʷʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. ʆʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʦʙʨʘʱʘʣʠ ʥʘ ʥʘʣʠʯʠʝ ʯʘʩʪʠʮ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʠ ʠʤʝʶʱʠʭ 

ʧʦʨʠʩʪʦʝ ʠ ʯʝʰʫʡʯʘʪʦʝ ʩʪʨʦʝʥʠʝ, ʯʪʦ ʩʪʘʥʦʚʠʪʩʷ ʟʘʤʝʪʥʦ ʧʨʠ ʙʦʣʴʰʦʤ 

ʫʚʝʣʠʯʝʥʠʠ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʩʦʩʪʘʚʦʚ 

ʷʚʣʷʝʪʩʷ ʨʘʚʥʦʤʝʨʥʳʝ ʨʘʟʤʝʨʳ ʯʘʩʪʠʮ ʠ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʧʦʨʦʰʢʦʚʦʡ 

ʧʦʣʠʤʝʨʥʦʡ ʢʨʘʩʢʝ (ʨʠʩʫʥʦʢ 1). 
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʉʪʨʘʥʠʮʘ 58 

 

ʈʠʩ. 1 ï ɺʥʝʰʥʠʡ ʚʠʜ ʯʘʩʪʠʮ ʧʦʨʦʰʢʦʚʦʡ ʧʦʣʠʤʝʨʥʦʡ ʢʨʘʩʢʠ (77
Ĭ
) 

 

ʈʘʟʤʝʨ ʯʘʩʪʠʮ ʧʦʨʦʰʢʦʚʦʡ ʧʦʣʠʤʝʨʥʦʡ ʢʨʘʩʢʠ ʩʦʩʪʘʚʣʷʣ ʦʪ 165 ʜʦ 

315 ʤʢʤ. ʊʘʢʦʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʷ (ʠʩʢʣʶʯʘʝʪ çʧʳʣʝʥʠʝè, 

ʩʣʝʞʠʚʘʝʤʦʩʪʴ ʧʘʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʠ ʭʨʘʥʝʥʠʠ). 

ʆʧʨʝʜʝʣʷʣʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʧʨʦʚʦʜʠʣʠ ʚʠʟʫʘʣʴʥʫʶ 

ʦʮʝʥʢʫ ʠʟʤʝʥʝʥʠʷ ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʦʙʨʘʟʮʦʚ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʧʦʢʨʳʪʠʷ 

ʧʦʩʣʝ ʩʪʘʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʠʭ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩʦʣʝʡ, ʢʠʩʣʦʪ ʠ 

ʱʝʣʦʯʝʡ, ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʷ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʧʨʠ 

ʨʘʟʨʳʚʝ. ʈʘʩʪʚʦʨʳ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ ʤʦʛʫʪ ʚʳʟʚʘʪʴ ʜʝʛʨʘʜʘʮʠʶ 

ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʧʨʦʯʥʦʩʪʠ, ʫʧʨʫʛʦʩʪʠ ʠ 

ʜʨʫʛʠʭ ʩʚʦʡʩʪʚ ʧʦʣʠʤʝʨʦʚ. ɺʦʟʜʝʡʩʪʚʠʝ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ ʥʘ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʝ ʧʦʣʠʤʝʨʥʦʝ ʧʦʢʨʳʪʠʝ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʝʛʦ 

ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʝ ʩʪʘʨʝʥʠʝ ʠ ʢʦʨʨʦʟʠʶ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦʜ 

ʧʦʢʨʳʪʠʝʤ, ʝʩʣʠ ʦʥʠ ʧʨʦʥʠʢʘʶʪ ʩʢʚʦʟʴ ʧʦʢʨʳʪʠʝ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ 
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʉʪʨʘʥʠʮʘ 59 

ʤʝʪʘʣʣʦʤ. ʊʘʢʞʝ ʘʛʨʝʩʩʠʚʥʳʝ ʩʨʝʜʳ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʪʝʨʝ ʘʜʛʝʟʠʠ 

ʤʝʞʜʫ ʧʦʣʠʤʝʨʥʳʤ ʧʦʢʨʳʪʠʝʤ ʠ ʦʩʥʦʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ, 

ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʝ ʧʦʢʨʳʪʠʝ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʵʪʠʣʝʥʘ ʦʙʣʘʜʘʝʪ 

ʚʳʩʦʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʴʶ ʢ ʢʦʨʨʦʟʠʦʥʥʳʤ ʩʨʝʜʘʤ, ʠ ʥʝ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʩʣʝ 

ʵʢʩʧʦʟʠʮʠʠ ʚ ʥʠʭ. ʇʨʠʤʝʥʝʥʠʝ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʧʦʢʨʳʪʠʡ ʜʣʷ ʥʘʥʝʩʝʥʠʷ 

ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʵʢʩʧʣʫʘʪʠʨʫʶʱʝʛʦʩʷ ʚ 

ʩʨʝʜʘʭ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ, ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʝʛʦ ʥʘʜʝʞʥʫʶ ʟʘʱʠʪʫ 

ʦʪ ʢʦʨʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʇʦʢʨʳʪʠʷ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʦʣʝʬʠʥʦʚ ʧʦʟʚʦʣʷʶʪ ʠʭ ʥʘʥʦʩʠʪʴ ʥʘ 

ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʠ ʙʝʪʦʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ: 

ʛʘʟʦʧʣʘʤʝʥʥʳʤ ʥʘʧʳʣʝʥʠʝʤ, ʦʢʫʥʘʥʠʝʤ ʚ çʧʩʝʚʜʦʦʞʠʞʞʝʥʥʳʡè ʩʣʦʡ ʠ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ ʥʘʧʳʣʝʥʠʝʤ. ʇʦʪʝʨʠ ʧʦʨʦʰʢʦʚʦʡ ʢʨʘʩʢʠ ʧʨʠ ʝʝ 

ʥʘʥʝʩʝʥʠʠ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʠ ʙʝʪʦʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʪʘʢʠʤʠ ʩʧʦʩʦʙʘʤʠ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʞʠʜʢʠʤʠ ʣʘʢʦʢʨʘʩʦʯʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʝ, ʘ ʢʘʯʝʩʪʚʦ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʧʦʢʨʳʪʠʷ ʷʚʣʷʝʪʩʷ ʚʧʦʣʥʝ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ ʚ ʪʝʯʝʥʠʝ ʪʨʝʙʫʝʤʦʛʦ ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʊʘʢʠʝ 

ʣʘʢʦʢʨʘʩʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʣʘʚʷʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʠ ʠʤʝʶʪ ʚʷʟʢʦʩʪʴ ʨʘʩʧʣʘʚʘ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʤ ʭʦʨʦʰʠʡ 

ʨʦʟʣʠʚ. ʇʝʨʝʜ ʦʪʚʝʨʞʜʝʥʠʝʤ ʨʘʩʧʣʘʚ ʭʦʨʦʰʦ ʨʘʩʪʝʢʘʝʪʩʷ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʧʣʦʰʥʦʛʦ ʛʣʘʜʢʦʛʦ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʧʦʢʨʳʪʠʷ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʩʦʩʪʘʚʳ ʧʦʢʨʳʪʠʷ ʧʨʦʰʣʠ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʝ 

ʠʩʧʳʪʘʥʠʷ ʥʘ ʨʷʜʝ ʦʙʲʝʢʪʦʚ, ʛʜʝ ʧʦʢʘʟʘʣʠ ʦʪʣʠʯʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʩʦʩʪʘʚʦʚ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʦʣʝʬʠʥʦʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʠʭ ʥʘʥʝʩʝʥʠʷ ʥʘ ʩʚʘʨʥʳʝ ʩʪʳʢʠ ʪʨʫʙ ʧʨʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʚʟʘʤʝʥ 
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʉʪʨʘʥʠʮʘ 60 

ʪʝʨʤʦʫʩʘʞʠʚʘʶʱʠʭʩʷ ʤʘʥʞʝʪ ʠ ʨʝʤʦʥʪ ʟʘʚʦʜʩʢʦʛʦ ʧʦʢʨʳʪʠʷ ʠʟ 

ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ. 

 

ɺʳʚʦʜʳ 

ʇʨʠʤʝʥʝʥʠʝ ʧʦʣʠʤʝʨʦʚ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʪʘʢ ʢʘʢ 

ʤʥʦʛʠʝ ʧʦʣʠʤʝʨʳ ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʫʶ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʢʦʨʨʦʟʠʦʥʥʦ-ʘʢʪʠʚʥʳʭ ʩʨʝʜʘʭ, ʯʝʤ ʤʝʪʘʣʣʳ ʠ ʩʧʣʘʚʳ. ʕʪʦ 

ʨʘʩʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʠʤʝʨʦʚ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʠ ʢʦʥʩʪʨʫʢʮʠʡ. ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʩʚʦʜʠʪʩʷ ʢ 

ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʦʡ ʧʨʦʯʥʦʩʪʠ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʧʦʣʠʤʝʨʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʤʝʪʘʣʣʘʤʠ ʠ ʩʧʣʘʚʘʤʠ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ ʠʭ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʤʝʥʷʪʴ ʚ 

ʢʘʯʝʩʪʚʝ ʟʘʱʠʪʥʦʛʦ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʥʝʬʪʝʛʘʟʦʚʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʧʦʢʨʳʪʠʡ ʧʦʢʘʟʘʣʦ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ: 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʭ ʧʨʠʤʝʥʝʥʠʶ ʚʦ ʤʥʦʛʠʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ʆʮʝʥʢʘ ʭʠʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ 

ʧʦʢʨʳʪʠʷ ʧʦʩʣʝ ʵʢʩʧʦʟʠʮʠʠ ʧʦʢʨʳʪʠʷ ʚ ʨʘʩʪʚʦʨʘʭ ʢʠʩʣʦʪ, ʩʦʣʝʡ ʠ ʱʝʣʦʯʝʡ 

ʩ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 5, 10 ʠ 15 % ʧʦʢʘʟʘʣʘ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʠʟʤʝʥʝʥʠʷ ʝʛʦ 

ʜʝʢʦʨʘʪʠʚʥʳʭ ʠ ʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ.  

ɸʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʘ ʧʦʢʨʳʪʠʷ 

ʧʦʩʣʝ ʝʛʦ ʵʢʩʧʦʟʠʮʠʠ ʚ ʨʘʩʪʚʦʨʘʭ ʢʠʩʣʦʪ, ʩʦʣʝʡ ʠ ʱʝʣʦʯʝʡ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ 10 % ʧʦʢʘʟʘʣ ʧʨʠʝʤʣʝʤʦʝ ʩʥʠʞʝʥʠʝ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʥʝ 

ʙʦʣʝʝ 10% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤ ʜʘʥʥʳʤʠ. ʇʦʩʣʝ ʠʩʧʳʪʘʥʠʡ 

ʟʥʘʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʧʨʠ ʨʘʟʨʳʚʝ ʩʦʩʪʘʚʠʣʦ ʙʦʣʝʝ 95% ʦʪ 

ʥʘʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʠʤʝʥʝʥʠʝ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʧʦʢʨʳʪʠʷ ʜʣʷ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʪ 
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ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʉʪʨʘʥʠʮʘ 61 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʩʨʦʢ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ 

ʢʦʨʨʦʟʠʦʥʥʦ-ʘʢʪʠʚʥʳʭ ʩʨʝʜ. 
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ɸʥʥʦʪʘʮʠʷ. ʐʪʘʤʤʳ ʚʠʜʘ Aspergillus flavus, ʠʟʚʝʩʪʥʦʛʦ ʧʘʪʦʛʝʥʘ 

ʘʛʨʦʧʨʦʜʫʢʮʠʠ, ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʚʳʜʝʣʷʶʪ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʟʜʘʥʠʡ, ʪʝʭʥʠʢʠ, 

ʧʘʤʷʪʥʠʢʦʚ, ʧʨʦʠʟʚʝʜʝʥʠʡ ʠʩʢʫʩʩʪʚʘ ʠ ʪ. ʧ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʙʳʣʦ 

ʦʧʨʝʜʝʣʝʥʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʨʦʩʪʫ ʥʘ ʦʙʨʘʟʮʘʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 8 

ʰʪʘʤʤʦʚ A. flavus, ʚʳʜʝʣʝʥʥʳʭ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʧʨʦʭʦʜʷʱʠʭ ʠʩʧʳʪʘʥʠʷ ʥʘ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʫʶ ʩʪʦʡʢʦʩʪʴ ʚ 

ʫʩʣʦʚʠʷʭ ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʩʝ ʠʩʩʣʝʜʫʝʤʳʝ 

ʰʪʘʤʤʳ ʧʨʦʷʚʠʣʠ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʨʦʩʪʫ ʥʘ 

ʚʳʙʨʘʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ. ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʡ ʨʦʩʪ ʛʨʠʙʦʚ ʦʪʤʝʯʝʥ ʥʘ 

ʦʙʨʘʟʮʘʭ ʯʝʭʦʣʴʥʦʡ ʪʢʘʥʠ, ʤʝʥʴʰʝ ʥʘ ʦʙʨʘʟʮʘʭ ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʦʡ ʪʢʘʥʠ, 

ʨʝʟʠʥʦʚʦʡ ʩʤʝʩʠ ʠ ʪʠʦʢʦʣʦʚʦʛʦ ʛʝʨʤʝʪʠʢʘ. ɼʘʥʥʳʝ ʰʪʘʤʤʳ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʥʘ ʛʨʠʙʦʩʪʦʡʢʦʩʪʴ ʧʦʣʠʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʜʝʣʠʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʬʫʥʛʠʮʠʜʦʚ, ʧʨʠʤʝʥʠʤʳʭ ʜʣʷ ʟʘʱʠʪʳ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Aspergillus flavus, ʙʠʦʧʦʚʨʝʞʜʝʥʠʷ, ʛʨʠʙʦʩʪʦʡʢʦʩʪʴ, 

ʢʦʥʪʘʤʠʥʘʮʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʘʷ ʩʪʦʡʢʦʩʪʴ, 

ʤʠʢʨʦʤʠʮʝʪʳ-ʜʝʩʪʨʫʢʪʦʨʳ. 
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Abstract. Strains of the Aspergillus flavus species, a well-known pathogen of 

agricultural products, are quite often isolated from the surface of buildings, 

machinery, monuments, works of art, etc. The aim of the work was to determine 

the ability to grow on samples of polymer materials of 8 A. flavus strains 

isolated from the surface of non-metallic materials undergoing microbiological 

resistance tests in various climatic zones. It was shown that all the studied 

strains showed, to one degree or another, the ability to grow on the selected 

materials. The most active growth of fungi was noted on samples of cover fabric, 

less on samples of cotton fabric, rubber compound and thiocol sealant. These 

strains can be used to test the fungal resistance of polymer materials and 

products, as well as to study the effectiveness of fungicides used to protect 

polymer materials. 

Keywords: Aspergillus flavus, biodeterioration, fungal resistance, 

contamination of materials, microbiological resistance, micromycetes-

destructors. 

 

ɺʚʝʜʝʥʠʝ.  

ɺʠʜ Aspergillus flavus Link hʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ, ʦʙʠʪʘʝʪ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʩʫʙʩʪʨʘʪʘʭ, ʚ ʦʩʥʦʚʥʦʤ, ʠʟʚʝʩʪʝʥ ʢʘʢ ʢʦʥʪʘʤʠʥʘʥʪ ʘʛʨʦʧʨʦʜʫʢʮʠʠ ʚʦ 

ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ. ɻʨʠʙ ʦʙʣʘʜʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʧʨʦʜʫʮʠʨʦʚʘʥʠʶ 
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʉʪʨʘʥʠʮʘ 65 

ʙʦʣʴʰʦʡ ʛʨʫʧʧʳ ʪʦʢʩʠʯʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘʠʙʦʣʝʝ 

ʠʟʚʝʩʪʥʦʛʦ ʘʬʣʘʪʦʢʩʠʥʘ [1ï4]. ʆʜʥʘʢʦ ʚʠʜ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʷʚʣʷʝʪʩʷ ʝʱʝ ʠ 

ʧʨʠʯʠʥʦʡ ʙʠʦʧʦʚʨʝʞʜʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʜʝʣʠʡ, ʝʛʦ ʥʝʨʝʜʢʦ 

ʚʳʜʝʣʷʶʪ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʟʜʘʥʠʡ, ʪʝʭʥʠʢʠ, ʧʘʤʷʪʥʠʢʦʚ, ʧʨʦʠʟʚʝʜʝʥʠʡ 

ʠʩʢʫʩʩʪʚʘ ʠ ʪ.ʧ. [5ï14]. A. flavus ʦʙʥʘʨʫʞʝʥ ʥʘ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ 

ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ: ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ, ʬʪʦʨʦʧʣʘʩʪʘʭ, 

ʧʦʣʠʘʤʠʜʘʭ, ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʠ ʥʘʪʫʨʘʣʴʥʦʡ ʢʦʞʝ ʠ ʜʨ. ʆʪʤʝʯʝʥʦ, ʯʪʦ 

ʰʪʘʤʤʳ A. flavus ʩʧʦʩʦʙʥʳ ʨʘʟʨʫʰʘʪʴ ʪʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʢʘʢ ʧʦʣʠʵʪʠʣʝʥ, 

ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜʳ, ʣʘʢʦʢʨʘʩʦʯʥʳʝ ʧʦʢʨʳʪʠʷ, ʨʝʟʠʥʳ ʠ ʛʝʨʤʝʪʠʢʠ [15]. 

ʐʪʘʤʤʳ ʜʘʥʥʦʛʦ ʚʠʜʘ ʥʝʦʜʥʦʢʨʘʪʥʦ ʚʳʜʝʣʷʣʠ ʠʟ ʦʪʩʝʢʦʚ ʢʦʩʤʠʯʝʩʢʠʭ 

ʢʦʨʘʙʣʝʡ ï ʩʦ ʩʪʘʥʮʠʠ çʄʀʈè ʠ ʈʉ ʄʂʉ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʢʘʟʘʥʘ ʠʭ 

ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʟʳʚʘʪʴ ʢʦʨʨʦʟʠʶ ʘʣʶʤʠʥʠʝʚʦ-ʤʘʛʥʠʝʚʳʭ ʩʧʣʘʚʦʚ [16]. 

ɺ ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè ï ɺʀɸʄ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʚʳʜʝʣʝʥʠʝʤ ʚ ʯʠʩʪʳʝ ʢʫʣʴʪʫʨʳ ʥʦʚʳʭ ʰʪʘʤʤʦʚ 

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʛʨʠʙʦʚ, ʢʦʥʪʘʤʠʥʠʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʳ, ʥʝʦʜʥʦʢʨʘʪʥʦ 

ʙʳʣʠ ʚʩʪʨʝʯʝʥʳ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʜʘʥʥʦʛʦ ʚʠʜʘ. ɺ ʢʦʣʣʝʢʮʠʠ ɺʀɸʄ 

ʜʝʧʦʥʠʨʦʚʘʥʦ 8 ʰʪʘʤʤʦʚ A. flavus, ʚʳʜʝʣʝʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʚʠʜʘ A. flavus ʯʘʩʪʦ ʚʳʜʝʣʷʶʪ ʩ 

ʨʘʟʣʠʯʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ 

ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ ʚʦʧʨʦʩ ʦʙ ʠʭ ʧʨʠʯʘʩʪʥʦʩʪʠ ʢ ʨʝʘʣʴʥʳʤ ʧʨʦʮʝʩʩʘʤ 

ʙʠʦʜʝʩʪʨʫʢʮʠʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ ʣʠ ʙʦʣʴʰʠʥʩʪʚʦ ʚʳʜʝʣʝʥʥʳʭ ʩ ʤʘʪʝʨʠʘʣʦʚ 

ʠ ʠʟʜʝʣʠʡ ʤʠʢʨʦʤʠʮʝʪʦʚ ʜʘʥʥʦʛʦ ʚʠʜʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʘʪʝʨʠʘʣʳ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ, ʣʠʙʦ ʞʝ 

ʚʳʩʦʢʘʷ ʯʘʩʪʦʪʘ ʚʳʜʝʣʝʥʠʷ ʰʪʘʤʤʦʚ ʚʠʜʘ ʩʚʷʟʘʥʘ ʩ ʝʛʦ ʯʘʩʪʦʡ 

ʚʩʪʨʝʯʘʝʤʦʩʪʴʶ ʠ ʰʠʨʦʢʠʤ ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʢʘʢ 

ʯʘʩʪʦ ʚʳʜʝʣʷʝʤʳʝ ʰʪʘʤʤʳ ʚʠʜʘ A. flavus ʷʚʣʷʶʪʩʷ ʠʩʪʠʥʥʳʤʠ 

ʙʠʦʜʝʩʪʨʫʢʪʦʨʘʤʠ, ʘ ʥʝ ʧʨʦʩʪʦ ʢʦʥʪʘʤʠʥʘʥʪʘʤʠ ʤʘʪʝʨʠʘʣʦʚ. ʎʝʣʴʶ 

ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʠʟʫʯʠʪʴ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʨʦʩʪʫ ʥʘ ʧʦʣʠʤʝʨʥʳʭ 
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʉʪʨʘʥʠʮʘ 66 

ʤʘʪʝʨʠʘʣʘʭ ʰʪʘʤʤʦʚ ʚʠʜʘ A. flavus, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ ʠ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥ.  

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʟʷʪʳ 8 ʰʪʘʤʤʦʚ ʚʠʜʘ A. flavus, 7 ʠʟ ʥʠʭ 

ʚʳʜʝʣʝʥʳ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʦʭʦʜʠʚʰʠʭ 

ʠʩʧʳʪʘʥʠʷ ʥʘ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʫʶ ʩʪʦʡʢʦʩʪʴ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʩʪʝʥʜʘʭ ʥʘ ʤʠʢʦʣʦʛʠʯʝʩʢʠʭ ʧʣʦʱʘʜʢʘʭ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʣʠʯʥʳʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥ. ʐʪʘʤʤʳ ˉ 0014, ˉ 0067 ʚʳʜʝʣʝʥʳ ʩ ʤʘʪʝʨʠʘʣʦʚ 

ʧʦʩʣʝ ʵʢʩʧʦʟʠʮʠʠ ʥʘ ʤʠʢʦʣʦʛʠʯʝʩʢʠʭ ʧʣʦʱʘʜʢʘʭ ʚ ʫʩʣʦʚʠʷʭ ʩʫʙʪʨʦʧʠʢʦʚ, 

ˉ 0030, ˉ 0090, ˉ 0140, ˉ 0155 ï ʚ ʫʤʝʨʝʥʥʳʭ ʰʠʨʦʪʘʭ, ˉ 0113 ï ʚ ʟʦʥʝ 

ʪʨʦʧʠʢʦʚ. ʊʘʢʞʝ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʥ ʰʪʘʤʤ A. flavus ̄  0011, 

ʚʭʦʜʷʱʠʡ ʚ ʩʦʩʪʘʚ ʪʝʩʪ-ʢʫʣʴʪʫʨ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʤʘʪʝʨʠʘʣʦʚ ʥʘ 

ʤʠʢʦʣʦʛʠʯʝʩʢʫʶ ʩʪʦʡʢʦʩʪʴ ʧʦ ʨʦʩʩʠʡʩʢʠʤ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʩʪʘʥʜʘʨʪʘʤ ʚ 

ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè ï ɺʀɸʄ. ʐʪʘʤʤʳ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʚ 

ʢʦʣʣʝʢʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʢʨʠʦʢʦʥʩʝʨʚʘʮʠʠ ʠ ʣʠʦʬʠʣʠʟʘʮʠʠ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩʦʭʨʘʥʠʪʴ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʟʫʯʘʝʤʳʭ 

ʰʪʘʤʤʦʚ ʚ ʪʝʯʝʥʠʝ ʜʦʣʛʦʛʦ ʩʨʦʢʘ ʭʨʘʥʝʥʠʷ [17]. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʦʩʦʙʥʦʩʪʠ ʨʦʩʪʘ ʠʟʫʯʘʝʤʳʭ ʰʪʘʤʤʦʚ ʥʘ 

ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʙʳʣʠ ʚʳʙʨʘʥʳ 4 ʪʠʧʘ ʤʘʪʝʨʠʘʣʦʚ: 

ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʘʷ ʪʢʘʥʴ, ʯʝʭʦʣʴʥʘʷ ʪʢʘʥʴ, ʨʝʟʠʥʦʚʘʷ ʩʤʝʩʴ ʥʘ ʦʩʥʦʚʝ 

ʙʫʪʠʣ-ʥʠʪʨʠʣʴʥʦʛʦ ʢʘʫʯʫʢʘ ʩʨʝʜʥʝʡ ʚʷʟʢʦʩʪʠ (ʈɹʉ) ʠ ʪʠʦʢʦʣʦʚʳʡ ʛʝʨʤʝʪʠʢ 

ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʭʨʦʤʘʪʦʚ (ɻʊʍ). ʆʧʳʪʳ ʧʨʦʚʦʜʠʣʠ ʧʦ ʤʝʪʦʜʠʢʝ ɻʆʉʊ 

9.049ï91 ʤʝʪʦʜ 1 [18],  ʜʣʷ ʵʪʦʛʦ ʛʦʪʦʚʠʣʠ ʩʫʩʧʝʥʟʠʶ ʩʧʦʨ ʢʘʞʜʦʛʦ 

ʠʟʫʯʘʝʤʦʛʦ ʰʪʘʤʤʘ ʚ ʦʪʜʝʣʴʥʦʩʪʠ. ʂʫʣʴʪʫʨʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʨʘʱʠʚʘʣʠ 

ʚ ʪʝʯʝʥʠʝ 10-12 ʜʥʝʡ ʥʘ ʘʛʘʨʠʟʦʚʘʥʥʦʤ ʩʫʩʣʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ +28Áʉ. 

ʆʙʨʘʟʮʳ ʤʘʪʝʨʠʘʣʦʚ ʧʦʤʝʱʘʣʠ ʚ ʢʚʘʜʨʘʪʥʳʝ ʯʘʰʢʠ ʇʝʪʨʠ, ʦʙʨʘʙʘʪʳʚʘʣʠ 

ʩʫʩʧʝʥʟʠʝʡ ʩʧʦʨ ʢʘʞʜʦʛʦ ʰʪʘʤʤʘ ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʠ ʧʦʤʝʱʘʣʠ ʚ 

ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʢʘʤʝʨʳ c ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ +28Áʉ ʠ ʚʣʘʞʥʦʩʪʴʶ 
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90Ñ2% ʩʨʦʢʦʤ ʥʘ 1 ʤʝʩʷʮ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʠʩʧʳʪʘʥʠʡ ʧʨʦʚʦʜʠʣʠ ʦʩʤʦʪʨ 

ʦʙʨʘʟʮʦʚ ʩ ʧʦʤʦʱʴʶ ʩʪʝʨʝʦʤʠʢʨʦʩʢʦʧʘ c ʠʟʤʝʨʝʥʠʝʤ ʧʣʦʱʘʜʠ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʢʨʳʪʦʡ ʤʠʮʝʣʠʝʤ ʤʠʢʨʦʤʠʮʝʪʦʚ. ʀʪʦʛʦʚʫʶ ʦʮʝʥʢʫ 

ʧʨʦʚʦʜʠʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 6-ʙʘʣʣʴʥʦʡ ʰʢʘʣʦʡ ɻʆʉʊ 9.048ï89 [19]. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʎʂʇ çʂʣʠʤʘʪʠʯʝʩʢʠʝ 

ʠʩʧʳʪʘʥʠʷè ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè ï ɺʀɸʄ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʦʩʦʙʥʦʩʪʠ ʨʦʩʪʘ ʰʪʘʤʤʦʚ A. flavus ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1 ʠ ʥʘ ʨʠʩ. 1ï4. 

 

ʊʘʙʣʠʮʘ 1 

ʆʮʝʥʢʘ ʨʦʩʪʘ ʰʪʘʤʤʦʚ A. flavus ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʦ ɻʆʉʊ 9.048-89 [19], ʙʘʣʣʳ* 

 

ˉ hʪʘʤʤʘ 

ʄʘʪʝʨʠʘʣ 

ʊʠʦʢʦʣʦʚʳʡ 

ʛʝʨʤʝʪʠʢ 

ʈʝʟʠʥʦʚʘʷ 

ʩʤʝʩʴ 

ʍʣʦʧʯʘʪʦ- 

ʙʫʤʘʞʥʘʷ ʪʢʘʥʴ 

ʏʝʭʦʣʴʥʘʷ 

ʪʢʘʥʴ 

0011 3 5 3 5 

0014 2 5 3 5 

0030 2 5 4 5 

0067 3 4 4 5 

0090 3 5 5 5 

0113 2 5 5 5 

0140 3 5 5 5 

0155 1 2 1 4 

 

*0 ï ʧʦʜ ʤʠʢʨʦʩʢʦʧʦʤ ʧʨʦʨʘʩʪʘʥʠʷ ʩʧʦʨ ʠ ʢʦʥʠʜʠʡ ʥʝ ʦʙʥʘʨʫʞʝʥʦ; 

1 ï ʧʦʜ ʤʠʢʨʦʩʢʦʧʦʤ ʚʠʜʥʳ ʧʨʦʨʦʩʰʠʝ ʩʧʦʨʳ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʚʠʪʳʡ ʤʠʮʝʣʠʡ; 

2 ï ʧʦʜ ʤʠʢʨʦʩʢʦʧʦʤ ʚʠʜʝʥ ʨʘʟʚʠʪʳʡ ʤʠʮʝʣʠʡ, ʚʦʟʤʦʞʥʦ ʩʧʦʨʦʥʦʰʝʥʠʝ; 

3 ï ʥʝʚʦʦʨʫʞʝʥʥʳʤ ʛʣʘʟʦʤ ʤʠʮʝʣʠʡ ʠ (ʠʣʠ) ʩʧʦʨʦʥʦʰʝʥʠʝ ʝʜʚʘ ʚʠʜʥʳ, ʥʦ ʦʪʯʝʪʣʠʚʦ 

ʚʠʜʥʳ ʧʦʜ ʤʠʢʨʦʩʢʦʧʦʤ; 

4 ï ʥʝʚʦʦʨʫʞʝʥʥʳʤ ʛʣʘʟʦʤ ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʦ ʨʘʟʚʠʪʠʝ ʛʨʠʙʦʚ, ʧʦʢʨʳʚʘʶʱʠʭ ʤʝʥʝʝ 25% 

ʠʩʧʳʪʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ; 

5 ï ʥʝʚʦʦʨʫʞʝʥʥʳʤ ʛʣʘʟʦʤ ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʦ ʨʘʟʚʠʪʠʝ ʛʨʠʙʦʚ, ʧʦʢʨʳʚʘʶʱʠʭ ʙʦʣʝʝ 25% 

ʠʩʧʳʪʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 
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ʆʩʥʦʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʦʮʝʥʢʠ ʛʨʠʙʦʩʪʦʡʢʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ 

ʠʩʧʳʪʘʥʠʷʭ ʷʚʣʷʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʦʩʪʘ ʤʠʢʨʦʤʠʮʝʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ, ʢʦʪʦʨʘʷ ʦʮʝʥʠʚʘʝʪʩʷ ʚʠʟʫʘʣʴʥʦ ʠ ʩ ʧʦʤʦʱʴʶ 

ʤʠʢʨʦʩʢʦʧʘ ʧʦ 6-ʙʘʣʣʴʥʦʡ ʰʢʘʣʝ ɻʆʉʊ 9.048 [19]. ʇʦʤʠʤʦ ʚʠʟʫʘʣʴʥʦʡ 

ʦʮʝʥʢʠ ʧʨʦʚʦʜʷʪʩʷ ʨʘʟʣʠʯʥʳʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ 

ʠʟʫʯʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʡ ʥʘ ʛʨʠʙʦʩʪʦʡʢʦʩʪʴ ʩ ʮʝʣʴʶ 

ʚʳʷʚʣʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ. ɺ ʩʣʫʯʘʝ ʨʝʟʠʥ ʠ 

ʛʝʨʤʝʪʠʢʦʚ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʜʘʞʝ ʧʨʠ ʘʢʪʠʚʥʦʤ ʨʘʟʚʠʪʠʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʤʠʢʨʦʤʠʮʝʪʦʚ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʤʘʪʝʨʠʘʣʦʚ [20-25]. ʇʦʵʪʦʤʫ ʚ ʜʘʥʥʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʜʦʙʥʳʝ ʠʩʧʳʪʘʥʠʷ ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ. 

ɺʩʝ ʠʩʩʣʝʜʫʝʤʳʝ ʰʪʘʤʤʳ ʧʨʦʷʚʠʣʠ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʨʦʩʪʫ ʥʘ ʠʩʧʳʪʘʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ. ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʡ ʨʦʩʪ 

ʤʠʢʨʦʤʠʮʝʪʦʚ ʦʪʤʝʯʝʥ ʥʘ ʯʝʭʦʣʴʥʦʡ ʪʢʘʥʠ (ʨʠʩ. 1). ʇʣʦʱʘʜʴ ʧʨʘʢʪʠʯʝʩʢʠ 

ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʳʣʘ ʧʦʢʨʳʪʘ ʤʠʮʝʣʠʝʤ ʠ 

ʩʧʦʨʦʥʦʰʝʥʠʷʤʠ, ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ A. flavus. ʊʘʢʞʝ ʩʠʣʴʥʦ ʙʳʣʠ 

ʧʦʨʘʞʝʥʳ ʦʙʨʘʟʮʳ ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʦʡ ʪʢʘʥʠ ʠ ʨʝʟʠʥʦʚʦʡ ʩʤʝʩʠ (ʨʠʩ. 2, 4), 

ʯʫʪʴ ʤʝʥʴʰʝ ʟʦʥʘ ʦʙʨʘʩʪʘʥʠʷ ʦʪʤʝʯʝʥʘ ʥʘ ʦʙʨʘʟʮʘʭ ʪʠʦʢʦʣʦʚʦʛʦ ʛʝʨʤʝʪʠʢʘ 

(ʨʠʩ. 3). 
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ʈʠʩ. 1. ʈʦʩʪ A. flavus ʥʘ ʯʝʭʦʣʴʥʦʡ 

ʪʢʘʥʠ, ʫʚʝʣʠʯʝʥʠʝ ʭ60 

 

 
 

ʈʠʩ. 2. ʈʦʩʪ  A. flavus ʥʘ 

ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʦʡ ʪʢʘʥʠ, ʫʚʝʣʠʯʝʥʠʝ 

ʭ60 

 
 

ʈʠʩ. 3. ʈʦʩʪ A. flavus ʥʘ ʪʠʦʢʦʣʦʚʦʤ 

ʛʝʨʤʝʪʠʢʝ, ʫʚʝʣʠʯʝʥʠʝ ʭ60 

 

 
 

ʈʠʩ. 4. ʈʦʩʪ A. flavus ʥʘ ʨʝʟʠʥʦʚʦʡ 

ʩʤʝʩʠ, ʫʚʝʣʠʯʝʥʠʝ ʭ60 
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ʐʪʘʤʤ ˉ 0011 A. flavus ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʪʝʩʪ-ʢʫʣʴʪʫʨ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè ï ɺʀɸʄ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʧʦʣʠʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ (ʧʣʘʩʪʤʘʩʩ, ʢʦʤʧʘʫʥʜʦʚ, ʨʝʟʠʥ, ʢʣʝʝʚ, ʛʝʨʤʝʪʠʢʦʚ ʠ ʜʨ.) ʠ ʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʛʨʠʙʦʩʪʦʡʢʦʩʪʴ ʧʦ ɻʆʉʊ 9.049-91 [18], ʘ ʪʘʢʞʝ ʜʣʷ 

ʠʩʧʳʪʘʥʠʡ ʧʦ ʟʘʨʫʙʝʞʥʳʤ ʩʪʘʥʜʘʨʪʘʤ. ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʘʠʙʦʣʝʝ 

ʘʢʪʠʚʥʳʡ ʨʦʩʪ ʰʪʘʤʤʘ ˉ 0011 ʦʪʤʝʯʝʥ ʥʘ ʨʝʟʠʥʦʚʦʡ ʩʤʝʩʠ ʠ ʯʝʭʦʣʴʥʦʡ 

ʪʢʘʥʠ, ʤʠʮʝʣʠʡ ʛʨʠʙʘ ʧʦʢʨʳʚʘʣ ʙʦʣʝʝ 25% ʧʣʦʱʘʜʠ ʦʙʨʘʟʮʦʚ. ɹʦʣʝʝ 

ʩʣʘʙʳʡ, ʥʦ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʚʳʨʘʞʝʥʥʳʡ ʨʦʩʪ ʰʪʘʤʤʘ ˉ 0011 ʦʪʤʝʯʝʥ ʥʘ 

ʪʠʦʢʦʣʦʚʦʤ ʛʝʨʤʝʪʠʢʝ ʠ ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʦʡ ʪʢʘʥʠ. ʆ ʜʝʩʪʨʫʢʪʠʚʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʰʪʘʤʤʘ  ̄0011 ʙʳʣʦ ʠʟʚʝʩʪʥʦ ʟʘʨʘʥʝʝ, ʧʦʩʢʦʣʴʢʫ ʦʥ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʠʩʧʳʪʘʥʠʷʭ ʧʦ ʦʮʝʥʢʝ ʛʨʠʙʦʩʪʦʡʢʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʠʟʜʝʣʠʡ, ʚ ʥʘʰʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʥ ʙʳʣ ʚʢʣʶʯʝʥ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʠ ʜʣʷ 

ʜʘʣɹʥʝʡʰʝʛʦ ʩʨʘʚʥʝʥʠʷ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʨʦʩʪʘ ʰʪʘʤʤʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʡ. 

ʐʪʘʤʤ ˉ 0014, ʚʳʜʝʣʝʥʥʳʡ ʚ ʫʩʣʦʚʠʷʭ ʩʫʙʪʨʦʧʠʯʝʩʢʦʛʦ ʢʣʠʤʘʪʘ, ʠ 

ʰʪʘʤʤ ˉ 0030, ʚʳʜʝʣʝʥʥʳʡ ʚ ʫʩʣʦʚʠʷʭ ʫʤʝʨʝʥʥʦʛʦ ʢʣʠʤʘʪʘ, ʧʦʢʘʟʘʣʠ 

ʩʭʦʞʠʝ ʜʘʥʥʳʝ ʧʦ ʘʢʪʠʚʥʦʩʪʠ ʨʦʩʪʘ ʥʘ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʯʪʦ ʠ ʪʝʩʪ-

ʢʫʣʴʪʫʨʘ, ʦʜʥʘʢʦ ʥʘ ʪʠʦʢʦʣʦʚʦʤ ʛʝʨʤʝʪʠʢʝ ʨʘʟʚʠʚʘʣʠʩʴ ʯʫʪʴ ʤʝʥʝʝ ʘʢʪʠʚʥʦ. 

ʇʨʠ ʚʠʟʫʘʣʴʥʦʤ ʦʩʤʦʪʨʝ ʦʙʨʘʟʮʦʚ ʨʦʩʪ ʤʠʢʨʦʤʠʮʝʪʦʚ ʥʝ ʙʳʣ ʧʨʘʢʪʠʯʝʩʢʠ 

ʟʘʤʝʪʝʥ, ʦʜʥʘʢʦ ʧʨʠ ʦʩʤʦʪʨʝ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʩʢʦʧʘ ʦʙʥʘʨʫʞʠʚʘʣʠʩʴ 

ʛʠʬʳ ʤʠʮʝʣʠʷ ʠ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʧʦʨʦʥʦʰʝʥʠʡ. ʐʪʘʤʤ  ̄0067, 

ʚʳʜʝʣʝʥʥʳʡ ʚ ʫʩʣʦʚʠʷʭ ʩʫʙʪʨʦʧʠʢʦʚ, ʥʘʧʨʦʪʠʚ ʯʫʪʴ ʙʦʣʝʝ ʘʢʪʠʚʥʦ 

ʨʘʟʚʠʚʘʣʩʷ ʥʘ ʛʝʨʤʝʪʠʢʝ, ʥʦ ʤʝʥʝʝ ʘʢʪʠʚʥʦ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʨʝʜʳʜʫʱʠʤʠ 

ʰʪʘʤʤʘʤʠ, ʥʘ ʨʝʟʠʥʝ ï ʤʠʮʝʣʠʝʤ ʠ ʩʧʦʨʦʥʦʰʝʥʠʷʤʠ ʙʳʣʦ ʧʦʢʨʳʪʦ, ʚ 

ʩʨʝʜʥʝʤ, 10ï15% ʧʣʦʱʘʜʠ ʦʙʨʘʟʮʦʚ ʧʨʠ ʧʦʜʩʯʝʪʝ ʧʨʠ ʤʠʢʨʦʩʢʦʧʠʨʦʚʘʥʠʠ, 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 4 ʙʘʣʣʘʤ ʧʦ ʰʢʘʣʝ ɻʆʉʊ 9.048-89 [19]. ʂʨʘʡʥʝ ʘʢʪʠʚʥʦ 

ʨʘʟʚʠʚʘʣʠʩʴ ʥʘ ʤʘʪʝʨʠʘʣʘʭ ʪʨʠ ʰʪʘʤʤʘ: ˉ 0090, ˉ 0113 ʠ ̄ 0140. 

ʆʙʨʘʟʮʳ ʨʝʟʠʥʳ, ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʦʡ ʠ ʯʝʭʦʣʴʥʦʡ ʪʢʘʥʠ ʙʳʣʠ ʧʨʘʢʪʠʯʝʩʢʠ 
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ʧʦʣʥʦʩʪʴʶ ʧʦʢʨʳʪʳ ʤʠʮʝʣʠʝʤ ʠ ʩʧʦʨʦʥʦʰʝʥʠʷʤʠ A. flavus. ʅʘ ʪʠʦʢʦʣʦʚʦʤ 

ʛʝʨʤʝʪʠʢʝ ʧʨʠ ʦʩʤʦʪʨʝ ʥʝʚʦʦʨʫʞʝʥʥʳʤ ʛʣʘʟʦʤ ʨʦʩʪ ʤʠʢʨʦʤʠʮʝʪʦʚ ʥʝ 

ʚʩʝʛʜʘ ʙʳʣ ʷʚʥʦ ʨʘʟʣʠʯʠʤ, ʥʦ ʦʪʯʝʪʣʠʚʦ ʚʠʜʝʥ ʧʦʜ ʤʠʢʨʦʩʢʦʧʦʤ. 

ʅʘʠʤʝʥʝʝ ʘʢʪʠʚʥʳʡ ʨʦʩʪ ʥʘ ʦʙʨʘʟʮʘʭ ʤʘʪʝʨʠʘʣʦʚ ʦʪʤʝʯʝʥ ʜʣʷ ʰʪʘʤʤʘ 

ˉ 0155. ʅʘ ʦʙʨʘʟʮʘʭ ʛʝʨʤʝʪʠʢʘ ʠ ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʦʡ ʪʢʘʥʠ ʚʠʜʠʤʳʭ 

ʧʦʚʨʝʞʜʝʥʠʡ ʥʝ ʧʨʦʩʣʝʞʠʚʘʣʦʩʴ ʚʦʚʩʝ, ʧʨʠ ʦʩʤʦʪʨʝ ʧʦʜ ʤʠʢʨʦʩʢʦʧʦʤ 

ʙʳʣʠ ʥʘʡʜʝʥʦ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʨʦʩʰʠʭ ʚ ʛʠʬʳ ʩʧʦʨ, ʥʘ ʦʙʨʘʟʮʘʭ 

ʨʝʟʠʥʳ ʯʫʪʴ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʤʠʮʝʣʠʷ ʠ ʨʝʜʢʠʝ ʦʪʜʝʣʴʥʳʝ 

ʩʧʦʨʦʥʦʰʝʥʠʷ. ʆʜʥʘʢʦ ʥʘ ʯʝʭʦʣʴʥʦʡ ʪʢʘʥʠ ʦʪʤʝʯʝʥʦ ʘʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ, 

ʧʦʨʘʞʝʥʥʘʷ ʧʣʦʱʘʜʴ ʦʙʨʘʟʮʦʚ ʧʦʜ ʤʠʢʨʦʩʢʦʧʦʤ ʩʦʩʪʘʚʠʣʘ 15ï20%, ʯʪʦ 

ʛʦʚʦʨʠʪ ʦ ʥʘʣʠʯʠʠ ʫ ʰʪʘʤʤʘ ˉ 0155 ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʚʨʝʞʜʘʪʴ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ.  

ʉʨʘʚʥʠʚʘʷ ʘʢʪʠʚʥʦʩʪʴ ʨʦʩʪʘ ʤʠʢʨʦʤʠʮʝʪʦʚ, ʥʝ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʢʘʢʦʡ-

ʣʠʙʦ ʢʦʨʨʝʣʷʮʠʠ ʩ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʟʦʥʦʡ ʚʳʜʝʣʝʥʠʷ ʰʪʘʤʤʘ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʝʛʦ ʨʘʟʚʠʪʠʷ ʥʘ ʤʘʪʝʨʠʘʣʝ. ɸʢʪʠʚʥʦʩʪʴ ʨʦʩʪʘ ʙʳʣʘ 

ʙʦʣʴʰʝ ʩʚʷʟʘʥʘ ʩ ʪʠʧʦʤ ʩʫʙʩʪʨʘʪʘ. ʊʘʢ, ʜʣʷ ʰʪʘʤʤʘ ˉ 0113, ʚʳʜʝʣʝʥʥʦʛʦ ʚ 

ʪʨʦʧʠʯʝʩʢʦʤ ʢʣʠʤʘʪʝ, ʭʘʨʘʢʪʝʨʥʳ ʩʭʦʞʠʝ ʜʘʥʥʳʝ ʧʦ ʨʦʩʪʫ, ʯʪʦ ʠ ʜʣʷ 

ʰʪʘʤʤʘ ˉ 0090, ʚʳʜʝʣʝʥʥʦʛʦ ʚ ʟʦʥʝ ʫʤʝʨʝʥʥʦʛʦ ʢʣʠʤʘʪʘ. 

 

ɺʳʚʦʜʳ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʠʩʩʣʝʜʫʝʤʳʝ ʥʘʤʠ ʰʪʘʤʤʳ ʚʠʜʘ ɸ. flavus ʦʢʘʟʘʣʠʩʴ 

ʩʧʦʩʦʙʥʳʤʠ ʢ ʨʦʩʪʫ ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʘʭ. ɺʩʝ ʠʟʫʯʝʥʥʳʝ 

ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʰʪʘʤʤʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʠʩʧʳʪʘʥʠʡ ʥʘ ʛʨʠʙʦʩʪʦʡʢʦʩʪʴ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʜʝʣʠʡ ʩ 

ʧʦʜʦʙʥʳʤ ʩʦʩʪʘʚʦʤ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʬʫʥʛʠʮʠʜʦʚ, ʧʨʠʤʝʥʠʤʳʭ ʜʣʷ ʟʘʱʠʪʳ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʦʩʢʦʣʴʢʫ 

ʜʦʚʦʣʴʥʦ ʚʝʣʠʢʦ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʚʳʜʝʣʝʥʠʶ ʤʠʢʨʦʤʠʮʝʪʦʚ ʠ 

ʜʨʫʛʠʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʩ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʥʩʪʨʫʢʮʠʡ, ʟʜʘʥʠʡ ʠ 
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ʪ. ʧ., ʪʦ ʛʦʚʦʨʠʪʴ ʦ ʨʝʘʣʴʥʦʡ ʧʨʠʯʘʩʪʥʦʩʪʠ ʚʳʜʝʣʝʥʥʳʭ ʢʫʣʴʪʫʨ ʢ 

ʧʨʦʮʝʩʩʘʤ ʜʝʩʪʨʫʢʮʠʠ ʤʦʞʥʦ ʪʦʣʴʢʦ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ʂʘʞʜʳʡ ʤʠʢʨʦʦʨʛʘʥʠʟʤ-ʜʝʩʪʨʫʢʪʦʨ ʧʨʠʩʧʦʩʘʙʣʠʚʘʝʪʩʷ ʢ 

ʩʫʱʝʩʪʚʦʚʘʥʠʶ ʟʘ ʩʯʝʪ ʢʦʤʧʦʥʝʥʪʦʚ ʤʘʪʝʨʠʘʣʦʚ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʩʚʦʠʤʠ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ ʧʫʪʷʤʠ. 

ʅʝʚʦʟʤʦʞʥʦ ʫʥʠʬʠʮʠʨʦʚʘʪʴ ʠ ʧʦʜʦʙʨʘʪʴ ʦʜʥʫ ʩʝʣʝʢʪʠʚʥʫʶ ʩʨʝʜʫ ʜʣʷ 

ʧʨʦʚʝʨʢʠ ʩʧʦʩʦʙʥʦʩʪʠ ʰʪʘʤʤʦʚ ʤʠʢʨʦʤʠʮʝʪʦʚ ʚʳʟʳʚʘʪʴ ʜʝʩʪʨʫʢʮʠʶ 

ʤʘʪʝʨʠʘʣʘ, ʪʘʢʞʝ ʢʘʢ ʠ ʥʝʣʴʟʷ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʩʪʨʫʢʪʠʚʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʚʳʜʝʣʝʥʥʳʭ ʤʠʢʨʦʤʠʮʝʪʦʚ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʤʠʨʝ ʧʨʦʚʦʜʠʪʩʷ ʤʥʦʞʝʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦ ʚʳʷʚʣʝʥʠʶ ʠ ʚʳʜʝʣʝʥʠʶ ʢʦʥʢʨʝʪʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ, ʢ ʧʨʠʤʝʨʫ, 

ʬʝʨʤʝʥʪʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʨʘʟʣʦʞʝʥʠʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. ʆʜʥʘʢʦ 

ʥʘʨʷʜʫ ʩ ʪʘʢʠʤʠ ʫʟʢʦʥʘʧʨʘʚʣʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʦʜʠʪʴ ʠ ʢʣʘʩʩʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʫʶ ʩʪʦʡʢʦʩʪʴ ʠ 

ʠʟʫʯʘʪʴ ʨʦʩʪ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʥʘ ʩʘʤʠʭ ʤʘʪʝʨʠʘʣʘʭ, ʯʪʦ, ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ 

ʙʠʦʭʠʤʠʯʝʩʢʠʤʠ ʠ ʜʨʫʛʠʤʠ ʜʘʥʥʳʤʠ, ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʥʘʠʙʦʣʝʝ ʧʦʣʥʫʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʠʟʫʯʘʝʤʳʭ ʢʫʣʴʪʫʨ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ. 
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Abstract.  The report examines the processes of exposure to solar 

radiation, transitions of air temperature through zero, and air flows. The 

features of the temperature change of the material under the action of wind on 

wet and dry surfaces are given, the features of the effect of the reducing 

spectrum of solar radiation are determined, and the mechanism of deformation 

and destruction of the material during capillary penetration of moisture and its 

freezing in the pores is given.  

Keywords: Polymer aging, UV radiation, solar radiation spectrum, air 

temperature transition through zero value, air flow. 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʇʂʄ) 

ʥʘʭʦʜʷʪ ʚʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ - ʦʪ ʘʚʠʘʮʠʦʥʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ ʜʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʦʙʲʝʢʪʦʚ. ʆʜʥʘʢʦ ʠʭ ʜʣʠʪʝʣʴʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʚ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʦʧʨʷʞʝʥʘ ʩ ʢʦʤʧʣʝʢʩʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʤʥʦʞʝʩʪʚʘ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴʩʷ ʧʨʠ 

ʦʮʝʥʢʝ ʩʪʘʨʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ. ʂ ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʧʨʦʮʝʩʩʦʚ 

ʜʝʛʨʘʜʘʮʠʠ ʦʪʥʦʩʷʪʩʷ: ʦʙʨʘʟʦʚʘʥʠʝ ʤʠʢʨʦʧʦʚʨʝʞʜʝʥʠʡ ʚ ʦʙʲʝʤʥʦʡ 

ʩʪʨʫʢʪʫʨʝ ʤʘʪʝʨʠʘʣʘ, ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʵʨʦʟʠʷ, ʚʳʚʝʪʨʠʚʘʥʠʝ ʧʦʣʠʤʝʨʥʳʭ 

ʩʚʷʟʫʶʱʠʭ ʠ ʧʦʩʪʝʧʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [1-5]. 

ʅʘʫʯʥʘʷ ʧʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʠʟʫʯʝʥʥʦʩʪʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ ʢʘʢ: ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ, 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʪʠʧ ʦʩʘʜʢʦʚ, ʋʌ-ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, 

ʤʥʦʛʦʮʠʢʣʦʚʳʝ ʧʝʨʝʭʦʜʳ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʯʝʨʝʟ 0ÁC ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠ ʜʝʩʪʨʫʢʪʠʚʥʳʝ ʠʟʤʝʥʝʥʠʷ ʇʂʄ ʩ ʫʯʝʪʦʤ ʨʘʟʣʠʯʥʦʛʦ 

ʫʨʦʚʥʷ ʫʚʣʘʞʥʝʥʠʷ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʠʢʠ ʥʝ ʧʦʟʚʦʣʷʶʪ adequately 

ʦʮʝʥʠʪʴ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʩʦʚʤʝʩʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʵʪʠʭ 

ʬʘʢʪʦʨʦʚ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʪʨʫʜʥʷʝʪ ʜʦʩʪʦʚʝʨʥʦʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 
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ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʫʶ ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ, ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʭ ʢ ʢʣʠʤʘʪʠʯʝʩʢʠʤ 

ʚʦʟʜʝʡʩʪʚʠʷʤ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ. 

 

ʊʨʘʜʠʮʠʦʥʥʦ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʙʳʣʦ 

ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʥʘ ʠʟʫʯʝʥʠʠ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʣʘʞʥʦʩʪʠ ʠ ʩʦʣʥʝʯʥʦʡ 

ʨʘʜʠʘʮʠʠ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʇʂʄ. ʆʜʥʘʢʦ, ʢʘʢ 

ʧʦʢʘʟʳʚʘʶʪ ʧʦʩʣʝʜʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʪʘʢʞʝ 

ʚʝʪʨʦʚʳʝ ʧʦʪʦʢʠ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʷʪʴ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʚʣʠʷʷ ʥʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʝʧʣʦ- ʠ ʤʘʩʩʦʦʙʤʝʥʘ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ ð ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʠ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ʤʘʪʝʨʠʘʣʘ. ʅʝ ʤʝʥʝʝ ʚʘʞʥʳʤʠ 

ʬʘʢʪʦʨʘʤʠ ʷʚʣʷʶʪʩʷ ʞʠʜʢʠʝ ʠ ʪʚʝʨʜʳʝ ʦʩʘʜʢʠ, ʘ ʪʘʢʞʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʧʝʨʝʭʦʜʳ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʯʝʨʝʟ 0ÁC, ʚʳʟʳʚʘʶʱʠʝ ʮʠʢʣʠʯʝʩʢʦʝ 

ʟʘʤʦʨʘʞʠʚʘʥʠʝ-ʦʪʪʘʠʚʘʥʠʝ ʚʣʘʛʠ ʚ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʝ ʤʘʪʝʨʠʘʣʘ. 

ɼʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʉʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʡ ʧʦʪʦʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ, ʩʧʝʢʪʨʘʣʴʥʳʡ 

ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ 

ʘʪʤʦʩʬʝʨʫ ɿʝʤʣʠ. ʉʧʝʢʪʨ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘʜ ʘʪʤʦʩʬʝʨʦʡ (ʞʝʣʪʘʷ 

ʢʨʠʚʘʷ) ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ (ʢʨʘʩʥʘʷ ʢʨʠʚʘʷ) ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʣʠʯʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʩʝʣʝʢʪʠʚʥʳʤ ʧʦʛʣʦʱʝʥʠʝʤ ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʣʦʷʭ ʘʪʤʦʩʬʝʨʳ. ʍʦʪʷ ʩʦʣʥʝʯʥʘʷ ʢʦʨʦʥʘ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ 

ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʵʪʠ ʣʫʯʠ 

ʩʦʩʪʘʚʣʷʶʪ ʣʠʰʴ ʦʯʝʥʴ ʤʘʣʫʶ ʯʘʩʪʴ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʉʦʣʥʮʘ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʚʝʩʴ ʩʧʝʢʪʨ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, 

ʜʦʩʪʠʛʘʶʱʝʛʦ ʘʪʤʦʩʬʝʨʳ ɿʝʤʣʠ, ʦʭʚʘʪʳʚʘʝʪ ʜʠʘʧʘʟʦʥ ʜʣʠʥ ʚʦʣʥ ʦʪ 100 ʥʤ 
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ʜʦ 1 ʤʤ. ʕʪʦʪ ʜʠʘʧʘʟʦʥ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥ ʥʘ ʧʷʪʴ ʦʩʥʦʚʥʳʭ ʦʙʣʘʩʪʝʡ ʚ 

ʧʦʨʷʜʢʝ ʚʦʟʨʘʩʪʘʥʠʷ ʜʣʠʥ ʚʦʣʥ: 

ʋʣʴʪʨʘʬʠʦʣʝʪʦʚʳʡ ʜʠʘʧʘʟʦʥ C (UVC) ʦʭʚʘʪʳʚʘʝʪ ʠʥʪʝʨʚʘʣ ʦʪ 100 ʜʦ 

280 ʥʤ. ʊʝʨʤʠʥ "ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʡ" ʦʪʨʘʞʘʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʠʟʣʫʯʝʥʠʝ 

ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʯʘʩʪʦʪʫ, ʯʝʤ ʬʠʦʣʝʪʦʚʳʡ ʩʚʝʪ, ʠ ʧʦʵʪʦʤʫ ʥʝʚʠʜʠʤʦ 

ʜʣʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʛʣʘʟʘ. ɹʣʘʛʦʜʘʨʷ ʵʬʬʝʢʪʠʚʥʦʤʫ ʧʦʛʣʦʱʝʥʠʶ 

ʘʪʤʦʩʬʝʨʦʡ, ʦʩʦʙʝʥʥʦ ʦʟʦʥʦʤ, ʠʟʣʫʯʝʥʠʝ ʵʪʦʛʦ ʜʠʘʧʘʟʦʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʜʦʩʪʠʛʘʝʪ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ UVC-ʠʟʣʫʯʝʥʠʷ 

ʷʚʣʷʶʪʩʷ ʝʛʦ ʚʳʨʘʞʝʥʥʳʝ ʙʘʢʪʝʨʠʮʠʜʥʳʝ ʩʚʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʘʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʣʘʤʧʘʭ. 

ʋʣʴʪʨʘʬʠʦʣʝʪʦʚʳʡ ʜʠʘʧʘʟʦʥ B (UVB) ʟʘʥʠʤʘʝʪ ʩʧʝʢʪʨʘʣʴʥʳʡ 

ʠʥʪʝʨʚʘʣ ʦʪ 280 ʜʦ 315 ʥʤ. ɼʘʥʥʳʡ ʪʠʧ ʠʟʣʫʯʝʥʠʷ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʛʣʦʱʘʝʪʩʷ ʟʝʤʥʦʡ ʘʪʤʦʩʬʝʨʦʡ ʠ ʩʦʚʤʝʩʪʥʦ ʩ UVC-ʠʟʣʫʯʝʥʠʝʤ 

ʠʥʠʮʠʠʨʫʝʪ ʬʦʪʦʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʦʟʦʥʦʚʦʛʦ ʩʣʦʷ. UVB-ʠʟʣʫʯʝʥʠʝ ʦʙʣʘʜʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʧʦʚʨʝʞʜʘʪʴ ʤʦʣʝʢʫʣʳ ɼʅʂ ʠ ʚʳʟʳʚʘʪʴ ʩʦʣʥʝʯʥʳʝ ʦʞʦʛʠ. ʇʦʤʠʤʦ 

ʢʨʘʪʢʦʩʨʦʯʥʳʭ ʵʬʬʝʢʪʦʚ, ʦʥʦ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩʳ ʩʪʘʨʝʥʠʷ ʢʦʞʠ ʠ ʚʥʦʩʠʪ 

ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʢʦʞʠ, ʭʦʪʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʩʠʥʪʝʟʘ ʚʠʪʘʤʠʥʘ D ʚ ʢʦʞʝ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ. 

ʋʣʴʪʨʘʬʠʦʣʝʪʦʚʳʡ ʜʠʘʧʘʟʦʥ A (UVA) ʧʨʦʩʪʠʨʘʝʪʩʷ ʦʪ 315 ʜʦ 400 

ʥʤ. ɼʘʥʥʘʷ ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʦʣʦʩʘ ʪʨʘʜʠʮʠʦʥʥʦ ʩʯʠʪʘʣʘʩʴ ʤʝʥʝʝ ʦʧʘʩʥʦʡ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʷʤʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ɼʅʂ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚ 

ʢʦʩʤʝʪʦʣʦʛʠʠ ʜʣʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʟʘʛʘʨʘ ʠ ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʧʨʘʢʪʠʢʝ ʜʣʷ 

ʇʋɺɸ-ʪʝʨʘʧʠʠ ʧʩʦʨʠʘʟʘ. ʆʜʥʘʢʦ ʩʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ UVA-ʠʟʣʫʯʝʥʠʝ ʩʧʦʩʦʙʥʦ ʚʳʟʳʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʧʦʚʨʝʞʜʝʥʠʷ ɼʅʂ ʥʝʧʨʷʤʳʤʠ ʧʫʪʷʤʠ ð ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʦʙʦʜʥʳʭ 
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ʨʘʜʠʢʘʣʦʚ ʠ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ ð ʠ ʤʦʞʝʪ ʧʨʦʚʦʮʠʨʦʚʘʪʴ ʨʘʟʚʠʪʠʝ 

ʨʘʢʦʚʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. 

ɺʠʜʠʤʳʡ ʜʠʘʧʘʟʦʥ ʦʭʚʘʪʳʚʘʝʪ ʠʥʪʝʨʚʘʣ ʦʪ 380 ʜʦ 700 ʥʤ ʠ, ʢʘʢ 

ʩʣʝʜʫʝʪ ʠʟ ʥʘʟʚʘʥʠʷ, ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʯʝʣʦʚʝʯʝʩʢʠʤ ʛʣʘʟʦʤ. ʕʪʦʪ ʜʠʘʧʘʟʦʥ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʚ ʦʙʱʝʤ ʩʧʝʢʪʨʝ 

ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʜʦʩʪʠʛʘʶʱʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. 

ʀʥʬʨʘʢʨʘʩʥʳʡ ʜʠʘʧʘʟʦʥ ʧʨʦʩʪʠʨʘʝʪʩʷ ʦʪ 700 ʥʤ ʜʦ 1 ʤʤ ʠ 

ʩʦʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, 

ʜʦʩʪʠʛʘʶʱʝʛʦ ɿʝʤʣʠ. ɺ ʥʘʫʯʥʦʡ ʧʨʘʢʪʠʢʝ ʠʥʬʨʘʢʨʘʩʥʳʡ ʜʠʘʧʘʟʦʥ 

ʧʨʠʥʷʪʦ ʨʘʟʜʝʣʷʪʴ ʥʘ ʪʨʠ ʧʦʜʜʠʘʧʘʟʦʥʘ: 

ʀʥʬʨʘʢʨʘʩʥʳʡ-A: 700-1400 ʥʤ 

ʀʥʬʨʘʢʨʘʩʥʳʡ-B: 1400-3000 ʥʤ 

ʀʥʬʨʘʢʨʘʩʥʳʡ-C: 3000 ʥʤ - 1 ʤʤ 

ʉʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʫʨʦʚʥʝ ʤʦʨʷ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʣʦʞʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ 

ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʡ. ʉʨʘʚʥʝʥʠʝ ʩʧʝʢʪʨʦʚ ʤʦʱʥʦʩʪʠ ʧʨʷʤʦʛʦ ʩʦʣʥʝʯʥʦʛʦ 

ʩʚʝʪʘ ʧʨʠ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ (ʞʝʣʪʘʷ ʣʠʥʠʷ) ʩ ʠʟʣʫʯʝʥʠʝʤ, 

ʨʘʩʩʝʷʥʥʳʤ ʦʙʣʘʯʥʳʤ ʧʦʢʨʦʚʦʤ, ʠ ʩ ʥʝʧʨʷʤʳʤ ʩʦʣʥʝʯʥʳʤ ʩʚʝʪʦʤ ʧʨʠ 

ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʦʙʣʘʯʥʦʩʪʠ ʧʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʥʝʨʛʠʠ ʧʦ ʩʧʝʢʪʨʫ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʋʌ-ʚʦʟʜʝʡʩʪʚʠʶ ʥʘ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ 

ʉʦʚʨʝʤʝʥʥʳʝ ʚʳʩʦʢʦʪʦʯʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʟʘʬʠʢʩʠʨʦʚʘʪʴ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤ ʩʦʩʪʘʚʝ ʋʌ-ʠʟʣʫʯʝʥʠʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. ʅʘ ʨʠʩʫʥʢʝ 1 ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ, ʯʪʦ ʟʝʣʝʥʘʷ ʢʨʠʚʘʷ 

ʦʭʚʘʪʳʚʘʝʪ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʋʌ-ʠʟʣʫʯʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʨʦʟʦʚʦʡ ʢʨʠʚʦʡ. ʆʜʥʘʢʦ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʢʨʘʩʥʘʷ ʠ 
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ʯʝʨʥʘʷ ʢʨʠʚʳʝ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʥʘ ʝʱʝ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨʘʣʴʥʳʡ 

ʜʠʘʧʘʟʦʥ. 

ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʨʘʜʠʦʤʝʪʨʘ (ʟʝʣʝʥʘʷ ʠ ʨʦʟʦʚʘʷ ʢʨʠʚʳʝ) [6] ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ILT950UV ʩ ʬʨʘʢʮʠʦʥʥʳʤ ʥʘʥʦʤʝʪʨʦʚʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʚ 

ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ ʯʘʩʪʠ ʋʌ-ʩʧʝʢʪʨʘ ʩ ʦʪʢʣʦʥʝʥʠʝʤ ʨʘʩʩʝʷʥʥʦʛʦ ʩʚʝʪʘ 

>99,7%, ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʘʣʠʯʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʠʟʣʫʯʝʥʠʷ 

ʜʠʘʧʘʟʦʥʦʚ ʋʌ-ɺ ʠ ʋʌ-ʉ. 

ɸʚʪʦʨʳ ʨʘʙʦʪʳ [7] ʧʨʦʚʝʣʠ ʠʟʤʝʨʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ 

ʥʘ ʛʦʨʥʳʭ ʩʢʣʦʥʘʭ ʆʛʥʝʥʥʦʡ ɿʝʤʣʠ ʚ ɸʨʛʝʥʪʠʥʝ ʥʘ ʚʳʩʦʪʘʭ 245-655 

ʤʝʪʨʦʚ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ 

ʩʧʝʢʪʨʦʤʝʪʨʘ ʙʳʣʦ ʜʦʩʪʦʚʝʨʥʦ ʦʙʥʘʨʫʞʝʥʦ ʠʟʣʫʯʝʥʠʝ ʜʠʘʧʘʟʦʥʘ ʋʌ-ʉ. 

ʕʪʦ ʩʣʫʞʠʪ ʫʙʝʜʠʪʝʣʴʥʳʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʪʦʛʦ, ʯʪʦ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ 

ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʡ 

ʜʠʘʧʘʟʦʥʦʚ ʋʌ-ʉ ʠ ʋʌ-ɺ, ʥʝ ʷʚʣʷʶʪʩʷ ʘʨʪʝʬʘʢʪʦʤ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʷ 

ʠʣʠ ʨʝʟʫʣʴʪʘʪʦʤ ʨʝʛʠʩʪʨʘʮʠʠ ʦʪʨʘʞʝʥʥʳʭ ʩʠʛʥʘʣʦʚ. ʊʦʯʥʦʩʪʴ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ Ñ20% ʚ 

ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ 200-350 ʥʤ ʠ Ñ10% ʚ ʜʠʘʧʘʟʦʥʝ 350-400 ʥʤ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [8]. ʉʨʝʜʥʷʷ ʘʙʩʦʣʶʪʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 1,26% ʦʪ ʦʙʱʝʡ ʩʦʣʥʝʯʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ ʚ ʠʥʪʝʛʨʘʣʴʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ 165-3000 ʥʤ. 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʬʦʪʦʜʝʩʪʨʫʢʮʠʠ ʧʦʣʠʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ 

ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʩʚʝʪʦʚʦʛʦ ʩʪʘʨʝʥʠʷ ʧʦʣʠʤʝʨʦʚ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ 

ʬʦʪʦʣʠʟʘ [24]. ʇʨʠ ʧʦʛʣʦʱʝʥʠʠ ʢʚʘʥʪʘ ʩʚʝʪʘ ʤʦʣʝʢʫʣʝ ʧʦʣʠʤʝʨʘ 

ʩʦʦʙʱʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʘʷ ʵʥʝʨʛʠʷ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʡ ʦʙʨʘʪʥʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ ð ʯʝʤ ʚʳʰʝ ʯʘʩʪʦʪʘ, ʪʝʤ 
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ʙʦʣʴʰʝ ʵʥʝʨʛʠʷ ʢʚʘʥʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʛʣʦʱʝʥʠʷ ʬʦʪʦʥʘ ʧʨʦʠʩʭʦʜʠʪ 

ʫʚʝʣʠʯʝʥʠʝ ʵʥʝʨʛʠʠ ʚʥʝʰʥʠʭ ʟʘʧʦʣʥʝʥʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʤʦʣʝʢʫʣʫ ʚ ʘʢʪʠʚʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩ ʧʦʚʳʰʝʥʥʦʡ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʠʥʠʮʠʠʨʫʶʪʩʷ 

ʬʦʪʦʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʢʦʪʦʨʳʝ ʚ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ (ʚ ʦʪʩʫʪʩʪʚʠʝ 

ʩʚʝʪʘ) ʥʝ ʧʨʦʠʩʭʦʜʷʪ ʠʣʠ ʧʨʦʪʝʢʘʶʪ ʩ ʥʠʯʪʦʞʥʦ ʤʘʣʦʡ ʩʢʦʨʦʩʪʴʶ. 

ʉʧʝʢʪʨ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʰʠʨʦʢʠʤ 

ʜʠʘʧʘʟʦʥʦʤ ʯʘʩʪʦʪ, ʥʦ ʠ ʟʥʘʯʠʪʝʣʴʥʳʤ ʨʘʟʙʨʦʩʦʤ ʚʝʣʠʯʠʥ ʵʥʝʨʛʠʠ 

ʬʦʪʦʥʦʚ. ʕʥʝʨʛʠʷ ʬʦʪʦʥʘ ʧʣʘʚʥʦ ʩʥʠʞʘʝʪʩʷ ʩ 12,4 ʵɺ (1200 ʢɼʞ/ʤʦʣʴ) ʧʨʠ 

ʜʣʠʥʝ ʚʦʣʥʳ 100 ʥʤ ʜʦ 0,8 ʵɺ (80 ʢɼʞ/ʤʦʣʴ) ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 1500 ʥʤ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘʠʙʦʣʝʝ ʵʥʝʨʛʦʝʤʢʠʝ ʣʫʯʠ ʋʌ-ʜʠʘʧʘʟʦʥʘ ʦʢʘʟʳʚʘʶʪ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʜʝʩʪʨʫʢʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ. 

ʕʥʝʨʛʠʷ ʠʟʣʫʯʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʋʌ-ɸ ʦʢʘʟʳʚʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʨʘʟʨʳʚʘ 

ʙʦʣʴʰʠʥʩʪʚʘ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ: ʩʚʷʟʠ C=C (145 ʢʢʘʣ/ʤʦʣʴ), ʩʚʷʟʠ C-H (98 ʢʢʘʣ/ʤʦʣʴ), ʩʚʷʟʠ C-

C (~80 ʢʢʘʣ/ʤʦʣʴ), ʩʚʷʟʠ C-O (82 ʢʢʘʣ/ʤʦʣʴ) [9]. 

ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʋʌ-ʠʟʣʫʯʝʥʠʷ ʥʘ ʧʨʦʮʝʩʩʳ 

ʜʝʛʨʘʜʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ ʠʟʤʝʨʷʶʪ ʩʧʝʢʪʨʳ, ʧʨʠ ʢʦʪʦʨʳʭ ʥʘʯʠʥʘʝʪʩʷ 

ʘʢʪʠʚʘʮʠʷ ʧʦʣʠʤʝʨʥʳʭ ʤʦʣʝʢʫʣ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʳ 

ʢʨʠʪʠʯʝʩʢʠʝ ʜʣʠʥʳ ʚʦʣʥ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʦʣʠʤʝʨʦʚ: 300 ʥʤ ʜʣʷ 

ʧʦʣʠʵʪʠʣʝʥʘ, 370 ʥʤ ʜʣʷ ʧʦʣʠʧʨʦʧʠʣʝʥʘ, 310 ʥʤ ʜʣʷ ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜʘ, 

298 ʥʤ ʜʣʷ ʘʮʝʪʦʙʫʪʠʨʘʪʘ ʮʝʣʣʶʣʦʟʳ, 318 ʥʤ ʜʣʷ ʧʦʣʠʩʪʠʨʦʣʘ. 

ɺʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ 

ʚʝʣʠʯʠʥʘ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʯʠʩʣʘ ʢʚʘʥʪʦʚ 

ʩʚʝʪʘ, ʚʳʟʳʚʘʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʢ ʦʙʱʝʤʫ 

ʢʦʣʠʯʝʩʪʚʫ ʧʦʛʣʦʱʝʥʥʳʭ ʢʚʘʥʪʦʚ. ʂʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ 

ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ, ʥʘʣʠʯʠʷ ʧʨʠʤʝʩʝʡ ʚ ʧʦʣʠʤʝʨʝ ʠ 

ʥʝʥʘʩʳʱʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ (ʩʤ. ʪʘʙʣʠʮʫ). 
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ʅʠʟʢʠʡ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʧʨʠ ʬʦʪʦʣʠʟʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʧʦʛʣʦʱʝʥʥʦʡ ʩʚʝʪʦʚʦʡ ʵʥʝʨʛʠʠ ʚ ʪʝʧʣʦʪʫ. 

ɺ ʨʘʙʦʪʝ [10] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʭʨʦʤʦʬʦʨʥʳʭ 

ʛʨʫʧʧ ʚ ʧʦʣʠʤʝʨʝ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʛʨʫʟʢʝ ʧʨʠ 

ʨʘʩʪʷʞʝʥʠʠ. ɺʢʣʶʯʝʥʠʝ ʬʦʪʦʭʠʤʠʯʝʩʢʠ ʥʝʡʪʨʘʣʴʥʦʛʦ ʬʫʣʣʝʨʝʥʘ ʉ60 ʚ 

ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ ʚ ʩʦʩʪʘʚ ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ ʠʣʠ ʧʦʣʠʵʪʠʣʝʥʘ 

ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ ʦʢʘʟʳʚʘʝʪ ʚʳʨʘʞʝʥʥʦʝ ʩʚʝʪʦʩʪʘʙʠʣʠʟʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ 

ʟʘ ʩʯʝʪ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʋʌ-ʠʟʣʫʯʝʥʠʷ. 

ʇʨʦʙʣʝʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ 

ʂ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʋʌ-ʨʘʜʠʘʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ 

ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʨʘʢʪʠʢʝ, ʦʪʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʣʘʤʧ: 

- ʧʨʷʤʳʝ ʨʪʫʪʥʦ-ʢʚʘʨʮʝʚʳʝ ʠ ʜʫʛʦʚʳʝ ʨʪʫʪʥʦ-ʢʚʘʨʮʝʚʳʝ, 

ʛʝʥʝʨʠʨʫʶʱʠʝ ʠʟʣʫʯʝʥʠʝ ʚ ʜʠʘʧʘʟʦʥʝ ʚʦʣʥ 240-380 ʥʤ; 

- ʵʨʠʪʝʤʥʳʝ ʫʚʠʦʣʝʚʳʝ (ʕʋɺ-15, ʕʋɺ-30, ʃʕ-30) - ʚ ʜʠʘʧʘʟʦʥʝ 

285-380 ʥʤ; 

- ʙʘʢʪʝʨʠʮʠʜʥʳʝ ʫʚʠʦʣʝʚʳʝ (ɹʋʃ-30, ʃɹ-30) - ʚ ʜʠʘʧʘʟʦʥʝ 240-

380 ʥʤ. 

ɸʥʘʣʠʟ ʩʧʝʢʪʨʦʚ ʠʟʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʣʘʤʧ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʠ ʦʜʠʥ ʠʟ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʦʯʥʦʡ 

ʠʤʠʪʘʮʠʠ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʧʦʣʥʦʤ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʝʪ 

ʣʠʰʴ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʭʘʨʘʢʪʝʨʝ ʠ ʩʢʦʨʦʩʪʠ ʩʪʘʨʝʥʠʷ 

ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʂʨʠʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 9.401-91 ʧʨʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʷʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʩʪʦʡʢʦʩʪʴ ʢ ʩʦʣʥʝʯʥʦʤʫ ʩʚʝʪʫ ʠʩʧʦʣʴʟʫʶʪ ʢʩʝʥʦʥʦʚʳʝ 
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ʣʘʤʧʳ, ʩʧʝʢʪʨ ʦʩʚʝʱʝʥʠʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ 

ʟʘʚʳʰʝʥʥʳʤʠ ʘʤʧʣʠʪʫʜʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚ ʋʌ-ʜʠʘʧʘʟʦʥʝ ʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʟʘʥʠʞʝʥʥʳʤʠ ï ʚ ʚʠʜʠʤʦʤ ʠ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʝʩʪʝʩʪʚʝʥʥʳʤ ʩʦʣʥʝʯʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʥʘ ʫʨʦʚʥʝ ɿʝʤʣʠ. ʂʨʦʤʝ ʪʦʛʦ, 

ʜʘʥʥʳʝ ʣʘʤʧʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʠʢʦʚʳʝ ʦʪʢʣʦʥʝʥʠʷ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ, 

ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʘʣʴʥʦʤʫ ʩʦʣʥʝʯʥʦʤʫ ʩʧʝʢʪʨʫ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʨʤ ʩʨʝʜʥʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʟʘ 

ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʥʝ ʦʪʨʘʞʘʝʪ ʨʝʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʩʦʣʥʝʯʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʚ ʤʦʤʝʥʪ ʠʩʧʳʪʘʥʠʡ ʠ ʥʝ ʫʯʠʪʳʚʘʝʪ ʚʦʟʤʦʞʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʙʫʜʫʱʝʤ. ʉʪʦʡʢʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ ʢ ʩʦʣʥʝʯʥʦʤʫ ʠʟʣʫʯʝʥʠʶ ʩʣʝʜʫʝʪ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩ ʫʯʝʪʦʤ ʦʧʪʠʤʠʩʪʠʯʝʩʢʠʭ ʠ ʧʝʩʩʠʤʠʩʪʠʯʝʩʢʠʭ ʩʮʝʥʘʨʠʝʚ 

ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʚ ʮʝʣʦʤ ʠ ʫʨʦʚʥʷ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʯʘʩʪʥʦʩʪʠ. 

ɿʘʛʨʷʟʥʝʥʠʝ ʘʪʤʦʩʬʝʨʳ ʘʵʨʦʟʦʣʴʥʳʤʠ ʯʘʩʪʠʮʘʤʠ, ʦʩʦʙʝʥʥʦ 

ʫʛʣʝʨʦʜʥʳʤʠ, ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʩʚʝʪʘ, ʧʘʜʘʶʱʝʛʦ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ɿʝʤʣʠ. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ɿʝʤʣʠ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʚ ʘʪʤʦʩʬʝʨʝ, ʢʦʪʦʨʳʡ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʥʠʞʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʝʢʦʪʦʨʳʭ ʯʘʩʪʦʪ ʚʠʜʠʤʦʛʦ ʠ ʠʥʬʨʘʢʨʘʩʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʩʚʝʪʘ ʥʘ ʦʩʥʦʚʝ ʩʚʝʪʦʜʠʦʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʩʧʦʩʦʙʥʳ ʠʩʧʫʩʢʘʪʴ ʩʚʝʪ ʰʠʨʦʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ ʩ ʜʦʩʪʘʪʦʯʥʦʡ 

ʜʠʩʢʨʝʪʥʦʩʪʴʶ. ʉ ʠʭ ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʵʬʬʝʢʪʠʚʥʦ ʠ ʩ ʤʠʥʠʤʘʣʴʥʦʡ 

ʧʦʛʨʝʰʥʦʩʪʴʶ ʠʤʠʪʠʨʦʚʘʪʴ ʩʧʝʢʪʨ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ. 

ʇʨʠʤʝʥʝʥʠʝ ʥʘʙʦʨʦʚ ʩʚʝʪʦʜʠʦʜʦʚ, ʪʦʯʥʦ ʠʤʠʪʠʨʫʶʱʠʭ ʩʦʣʥʝʯʥʦʝ 

ʠʟʣʫʯʝʥʠʝ, ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ, ʘ ʪʘʢʞʝ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʩʧʝʢʪʨʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʠʟʣʫʯʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʠ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʳ 

ʧʦʟʚʦʣʷʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʫʤʝʥʴʰʠʪʴ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʦʰʠʙʢʠ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʩʦʭʨʘʥʷʝʤʦʩʪʠ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ. 
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ɺʣʠʷʥʠʝ ʚʣʘʞʥʦʩʪʠ ʠ ʮʠʢʣʦʚ ʟʘʤʦʨʘʞʠʚʘʥʠʷ-ʦʪʪʘʠʚʘʥʠʷ ʥʘ 

ʜʝʛʨʘʜʘʮʠʶ ʇʂʄ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʘʩʩʘ ʦʙʨʘʟʮʦʚ ʧʨʠ 

ʥʘʪʫʨʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ʠʟʤʝʥʷʝʪʩʷ ʩʢʘʯʢʦʦʙʨʘʟʥʦ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʥʘʣʠʯʠʠ ʜʚʫʭ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ð ʦʙʨʘʪʠʤʦʛʦ ʚʣʘʛʦʥʘʩʳʱʝʥʠʷ 

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʤʘʩʩʳ ʠ ʦʙʨʘʪʠʤʦʛʦ ʚʳʩʳʭʘʥʠʷ ʦʙʨʘʟʮʘ ʧʨʠ ʩʥʠʞʝʥʠʠ 

ʤʘʩʩʳ. ʇʨʠ ʵʪʦʤ ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʫʥʦʩ 

ʯʘʩʪʠʮ ʤʘʪʝʨʠʘʣʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʧʦʩʪʦʷʥʥʦʤʫ ʠ 

ʥʝʦʙʨʘʪʠʤʦʤʫ ʩʥʠʞʝʥʠʶ ʤʘʩʩʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʮʝʩʩ ʮʠʢʣʠʯʝʩʢʦʛʦ ʫʚʣʘʞʥʝʥʠʷ-ʩʫʰʢʠ ʧʨʠʚʦʜʠʪ 

ʥʝ ʪʦʣʴʢʦ ʢ ʦʙʨʘʪʠʤʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ, ʥʦ ʠ ʢ 

ʥʝʦʙʨʘʪʠʤʦʤʫ ʫʥʦʩʫ ʚʝʱʝʩʪʚʘ. ɼʝʩʪʨʫʢʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʙʨʘʟʦʚʘʥʠʝ 

ʚʳʢʨʦʰʝʥʥʳʭ ʤʠʢʨʦʯʘʩʪʠʮ ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʠʡ ʫʥʦʩ ʤʦʛʫʪ ʙʳʪʴ 

ʦʙʫʩʣʦʚʣʝʥʳ ʥʝ ʪʦʣʴʢʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʜʝʡʩʪʚʠʝʤ ʚʣʘʛʠ, ʥʦ, ʧʨʝʞʜʝ 

ʚʩʝʛʦ, ʦʙʨʘʟʦʚʘʥʠʝʤ ʟʥʘʯʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʤʘʪʝʨʠʘʣʘ ʚʩʣʝʜʩʪʚʠʝ ʮʠʢʣʠʯʝʩʢʦʛʦ ʥʘʙʫʭʘʥʠʷ ʠ 

ʫʩʘʜʢʠ. 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʦʙʨʘʟʮʘ ʚ ʧʨʦʮʝʩʩʝ ʜʣʠʪʝʣʴʥʦʛʦ 

ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʚ ʥʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ [11] ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʣʦʞʥʳʡ 

ʥʝʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ superposition ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʄʦʣʝʢʫʣʷʨʥʳʝ ʤʝʭʘʥʠʟʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʜʳ ʩ ʧʦʣʠʤʝʨʥʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ 

ʉʪʨʫʢʪʫʨʘ ʚʦʜʳ ʚ ʧʦʨʘʭ ʠ ʢʘʧʠʣʣʷʨʘʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʤʝʝʪ 

ʩʣʦʞʥʳʡ ʤʥʦʛʦʩʣʦʡʥʳʡ ʭʘʨʘʢʪʝʨ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ ʟʘ ʩʯʝʪ 

ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠʣʠ ʜʘʚʣʝʥʠʷ ʪʦʣʱʠʥʘ ʪʨʝʪʴʝʛʦ ʩʣʦʷ 

ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʪʝʨʷʶʪ ʦʨʠʝʥʪʘʮʠʶ. ʂʨʠʪʠʯʝʩʢʠʝ 

ʠʟʤʝʥʝʥʠʷ ʪʦʣʱʠʥʳ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʥʘʯʠʥʘʶʪʩʷ ʧʨʠ 
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ʪʝʤʧʝʨʘʪʫʨʘʭ 60-80ÁC. ʅʘ ʪʦʣʱʠʥʫ ʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʩʣʦʷ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʭ ʠʦʥʦʚ. 

ʄʦʣʝʢʫʣʳ ʚʦʜʳ ʚ ʢʘʧʠʣʣʷʨʝ ʩʦʚʝʨʰʘʶʪ ʙʨʦʫʥʦʚʩʢʦʝ ʜʚʠʞʝʥʠʝ, ʧʨʠ 

ʵʪʦʤ ʩʪʨʝʤʷʩʴ ʟʘʥʷʪʴ ʧʦʣʦʞʝʥʠʝ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʵʥʝʨʛʠʝʡ. ɽʩʣʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʚʦʜʳ ʦʢʘʟʳʚʘʝʪʩʷ ʤʝʥʴʰʝ ʵʥʝʨʛʠʠ 

ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʜʳ ʩ ʤʘʪʝʨʠʘʣʦʤ ʢʘʧʠʣʣʷʨʘ, ʚʦʜʘ 

ʥʘʯʠʥʘʝʪ ʟʘʧʦʣʥʷʪʴ ʩʪʝʥʢʠ ʩ ʩʠʣʦʡ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʢʘʧʠʣʣʷʨʥʳʤ 

ʜʘʚʣʝʥʠʝʤ. 

ʅʘ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʦʡ ʩʪʝʥʢʝ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʘʜʩʦʨʙʠʨʫʶʪʩʷ ʤʦʣʝʢʫʣʳ ʚʦʜʳ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʟʘʨʷʜʦʤ 

ʩʚʦʠʭ ʜʠʧʦʣʝʡ, ʘ ʪʘʢʞʝ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʠʦʥʳ. ʉʣʝʜʫʶʱʠʡ ʩʣʦʡ 

ʤʦʣʝʢʫʣ ʚʦʜʳ ʪʦʣʱʠʥʦʡ 0,2-1,0 ʥʤ ʪʘʢʞʝ ʦʨʠʝʥʪʠʨʫʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ, ʭʦʪʷ ʧʣʦʪʥʦʩʪʴ ʠ 

ʩʪʝʧʝʥʴ ʦʨʠʝʥʪʘʮʠʠ ʚʦ ʚʪʦʨʦʤ ʩʣʦʝ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ. ʕʥʝʨʛʠʷ ʩʪʘʪʠʯʝʩʢʠʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚʦ ʚʪʦʨʦʤ ʩʣʦʝ ʦʩʪʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ. ɺ 

ʪʨʝʪʴʝʤ ʩʣʦʝ ʪʦʣʱʠʥʦʡ 1-10 ʥʤ ʤʦʣʝʢʫʣʳ ʠ ʠʦʥʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʤʝʥʴʰʝʡ ʦʨʠʝʥʪʘʮʠʝʡ (ʤʝʥʝʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʳ). ʕʥʝʨʛʠʷ ʩʪʘʪʠʯʝʩʢʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ ʪʘʢʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʩʪʝʥʢʠ ʢʘʧʠʣʣʷʨʘ 

ʩʪʘʥʦʚʠʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ. ɺ ʯʝʪʚʝʨʪʦʤ ʩʣʦʝ, ʪʦʣʱʠʥʘ ʢʦʪʦʨʦʛʦ 

ʦʛʨʘʥʠʯʝʥʘ ʣʠʰʴ ʛʝʦʤʝʪʨʠʝʡ ʢʘʧʠʣʣʷʨʘ ʠ ʪʦʣʱʠʥʘʤʠ ʧʝʨʚʳʭ ʩʣʦʝʚ, 

ʩʦʜʝʨʞʠʪʩʷ ʩʚʦʙʦʜʥʘʷ ʚʦʜʘ, ʛʜʝ ʦʨʠʝʥʪʘʮʠʦʥʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʛʠʜʨʘʪʥʳʭ ʦʙʦʣʦʯʝʢ ʠʦʥʦʚ, ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʪʩʫʪʩʪʚʫʶʪ. 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚʦʜʳ ʚ ʧʦʨʘʭ 

ʉʢʨʳʪʘʷ ʪʝʧʣʦʪʘ ʧʣʘʚʣʝʥʠʷ ʚʦʜʳ ʩʦʩʪʘʚʣʷʝʪ 333,55 ʢɼʞ/ʢʛ ʧʨʠ 0ÁC: 

ʜʣʷ ʧʣʘʚʣʝʥʠʷ ʣʴʜʘ ʪʨʝʙʫʝʪʩʷ ʪʘʢʦʝ ʞʝ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ, ʢʘʢ ʜʣʷ 

ʥʘʛʨʝʚʘʥʠʷ ʣʴʜʘ ʦʪ -160ÁC ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʠʣʠ ʜʣʷ ʥʘʛʨʝʚʘ 

ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ ʧʨʠʤʝʨʥʦ ʥʘ 80ÁC. ʀʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 
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ʚʝʱʝʩʪʚ ʪʦʣʴʢʦ ʵʥʪʘʣʴʧʠʷ ʧʣʘʚʣʝʥʠʷ ʘʤʤʠʘʢʘ ʧʨʝʚʳʰʘʝʪ ʜʘʥʥʦʝ ʟʥʘʯʝʥʠʝ. 

ʕʪʦ ʩʚʦʡʩʪʚʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʣʴʜʘ ʢ ʧʣʘʚʣʝʥʠʶ. 

ʄʦʣʝʢʫʣʳ ʣʴʜʘ, ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʪʦʥʢʦʡ ʩʚʦʙʦʜʥʦ ʩʪʦʷʱʝʡ ʧʣʝʥʢʝ 

ʚʦʜʳ ʪʦʣʱʠʥʦʡ 8 ʥʤ, ʫʨʘʚʥʦʚʝʰʝʥʥʦʡ ʧʨʠ T = 206 K, ʧʨʠ t = 2,63 ʥʩ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʣʦʞʥʳʝ ʢʠʥʝʪʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. ʉʨʘʚʥʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʚʦʜʥʳʭ ʧʣʝʥʢʘʭ ʪʦʣʱʠʥʦʡ 

L = 8, 6 ʠ 4 ʥʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʨʘʟʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʦʞʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʥʘ 100-500%. 

ɹʝʟʫʩʣʦʚʥʦ, ʚʩʝ ʤʘʪʝʨʠʘʣʳ, ʦʩʦʙʝʥʥʦ ʧʦʣʠʤʝʨʥʳʝ, ʧʦʜʚʝʨʞʝʥʳ 

ʩʞʘʪʠʶ. ʄʦʜʫʣʴ ʦʙʲʸʤʥʦʡ ʫʧʨʫʛʦʩʪʠ ʩʚʷʟʳʚʘʝʪ ʧʨʠʣʦʞʝʥʥʦʝ ʜʘʚʣʝʥʠʝ ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʫʤʝʥʴʰʝʥʠʝʤ ʦʙʲʸʤʘ. ʄʦʜʫʣʴ ʦʙʲʸʤʥʦʡ ʫʧʨʫʛʦʩʪʠ ʣʴʜʘ 

ʧʨʠ 0ÁC ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 8 ɻʇʘ, ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʦʙʲʸʤʘ 

ʥʘ -0,1% ʪʨʝʙʫʝʪʩʷ ʜʘʚʣʝʥʠʝ ʦʢʦʣʦ 8 ʄʇʘ ʠʣʠ 80 ʘʪʤʦʩʬʝʨ. 

ʇʨʠ ʟʘʤʝʨʟʘʥʠʠ ʚʦʜʳ ʚ ʟʘʤʢʥʫʪʦʤ ʠ ʥʝʜʝʬʦʨʤʠʨʫʝʤʦʤ ʦʙʲʝʤʝ, 

ʢʘʢʠʤ ʤʦʞʝʪ ʙʳʪʴ ʪʨʝʱʠʥʘ ʠʣʠ ʧʦʨʘ ʚ ʧʦʣʠʤʝʨʝ, ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ, 

ʭʦʨʦʰʦ ʠʣʣʶʩʪʨʠʨʫʝʤʳʡ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʦʡ ʚʦʜʳ ʚ ʢʦʦʨʜʠʥʘʪʘʭ 

çʦʙʲʸʤ-ʪʝʤʧʝʨʘʪʫʨʘè. ʇʦ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʝ ʤʦʞʥʦ ʧʨʝʜʩʢʘʟʘʪʴ 

ʨʘʚʥʦʚʝʩʥʫʶ ʨʝʘʢʮʠʶ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʠʣʠ ʦʭʣʘʞʜʝʥʠʠ ʚʦʜʳ ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʤ ʦʙʲʸʤʝ ʠʣʠ ʧʨʠ ʩʞʘʪʠʠ/ʨʘʩʰʠʨʝʥʠʠ ʚʦʜʳ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. 

ʇʨʠ ʧʦʩʪʦʷʥʥʦʤ ʦʙʲʸʤʝ ʠ ʥʘʯʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʜʳ, ʧʨʠ 

ʧʦʩʪʝʧʝʥʥʦʤ ʩʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʦʜʘ ʦʩʪʳʚʘʝʪ ʜʦ 0ÁC. ɿʘʪʝʤ, ʧʦ ʤʝʨʝ 

ʜʘʣʴʥʝʡʰʝʛʦ ʦʭʣʘʞʜʝʥʠʷ, ʦʥʘ ʧʝʨʝʭʦʜʠʪ ʠʟ ʩʦʩʪʦʷʥʠʷ ʚʦʜʳ ʧʨʠ 0ÁC ʚ 

ʩʦʩʪʦʷʥʠʝ ʣʝʜʷʥʦʡ ʚʦʜʳ ʧʨʠ 0ÁC ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʜʘʚʣʝʥʠʷ ʦʢʦʣʦ 10 

ʘʪʤʦʩʬʝʨ. ɿʘʪʝʤ ʚʦʜʘ ʦʭʣʘʞʜʘʝʪʩʷ ʜʦ -22ÁC ʚ ʚʠʜʝ ʩʤʝʩʠ ʚʦʜʳ ʠ ʣʴʜʘ, ʠ 

ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʪʦʛʦ ʞʝ ʦʙʲʸʤʘ/ʧʣʦʪʥʦʩʪʠ ʧʦʪʨʝʙʫʝʪʩʷ ʜʘʚʣʝʥʠʝ ʙʦʣʝʝ 

2017 ʘʪʤʦʩʬʝʨ. ʇʨʠ ʤʝʥʴʰʝʤ ʜʘʚʣʝʥʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ -22ÁC ʚʦʜʘ 

ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʣʸʜ. 



ʂʣʠʤʘʪ-2025: ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʤʘʪʝʨʠʘʣʳ ʠ 
ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

X ˏ ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 89 
 

ʄʝʭʘʥʠʟʤʳ ʨʘʟʨʫʰʝʥʠʷ ʇʂʄ ʧʨʠ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʘʭ ʚʦʜʳ 

ʆʩʥʦʚʥʳʝ ʧʦʨʳ ʚ ʤʘʩʩʝ ʇʂʄ ʦʙʨʘʟʫʶʪʩʷ ʚʜʦʣʴ ʚʦʣʦʢʦʥ, ʚ ʤʝʩʪʘʭ 

ʢʦʥʪʘʢʪʘ ʚʦʣʦʢʥʘ ʠ ʩʚʷʟʫʶʱʝʛʦ, ʧʦʵʪʦʤʫ ʚʣʘʛʘ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ 

ʧʨʦʥʠʢʘʝʪ ʠʤʝʥʥʦ ʯʝʨʝʟ ʩʝʯʝʥʠʝ ʦʙʨʘʟʮʘ ʇʂʄ. ʇʨʠ ʧʨʦʥʠʢʥʦʚʝʥʠʠ ʚʣʘʛʠ 

ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ ð ʯʝʨʝʟ ʩʣʦʡ ʩʚʷʟʫʶʱʝʛʦ, ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʩʚʦʙʦʜʥʦʡ 

ʚʣʘʛʠ ʥʘ ʛʨʘʥʠʮʝ ʚʦʣʦʢʥʦ-ʩʚʷʟʫʶʱʝʝ, ʝʝ ʢʦʣʠʯʝʩʪʚʦ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ. 

ʆʜʥʘʢʦ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʧʨʠ ʧʝʨʝʭʦʜʝ ʪʝʤʧʝʨʘʪʫʨʳ ʯʝʨʝʟ ʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ 

ʥʘʯʠʥʘʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʣʝʜ-Ih ʤʘʣʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʙʦʣʴʰʝʛʦ ʦʙʲʝʤʘ, ʠ 

ʜʘʚʣʝʥʠʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 1 ʄʇʘ. ʇʦʩʪʝʧʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 

-5...-7ÁC ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʜʘʚʣʝʥʠʷ ʜʦ 10 ʄʇʘ, ʘ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʜʦ 

-22ÁC ð ʜʦ 200 ʄʇʘ. 

ɽʩʣʠ ʩʠʣʳ ʘʜʛʝʟʠʠ ʠ ʫʧʨʫʛʦʩʪʠ ʩʚʷʟʫʶʱʝʛʦ ʤʝʥʴʰʝ ʫʢʘʟʘʥʥʳʭ 

ʟʥʘʯʝʥʠʡ, ʧʨʦʠʩʭʦʜʠʪ ʦʪʨʳʚ ʩʚʷʟʫʶʱʝʛʦ ʦʪ ʚʦʣʦʢʥʘ ʠʣʠ ʨʘʩʰʠʨʝʥʠʝ 

ʧʦʨʳ/ʪʨʝʱʠʥʳ ʚ ʩʚʷʟʫʶʱʝʤ. ʇʨʠʯʝʤ ʵʪʦʪ ʧʨʦʮʝʩʩ ʨʘʟʚʠʚʘʝʪʩʷ ʧʦ ʧʫʪʠ 

ʥʘʠʤʝʥʴʰʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ð ʨʘʟʨʫʰʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʧʦʧʝʨʝʢ, ʘ 

ʚʜʦʣʴ ʘʨʤʠʨʫʶʱʝʛʦ ʚʦʣʦʢʥʘ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʨʠʚʦʜʠʪ ʢ ʠʥʪʝʥʩʠʚʥʦʤʫ 

ʚʳʢʨʘʰʠʚʘʥʠʶ ʩʚʷʟʫʶʱʝʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʇʂʄ, ʦʛʦʣʝʥʠʶ ʚʦʣʦʢʦʥ, 

ʫʚʝʣʠʯʝʥʠʶ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʝʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʠ ʜʘʣʴʥʝʡʰʝʤʫ 

ʫʩʢʦʨʝʥʠʶ ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʦʚ ʩʪʘʨʝʥʠʷ ʠ ʜʝʩʪʨʫʢʮʠʠ ʤʘʪʝʨʠʘʣʘ [12]. 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʚʳʚʦʜʳ ʦ ʚʣʠʷʥʠʠ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʚʦʜʳ ʚ 

ʧʦʨʘʭ 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʪʝʤʧʝʨʘʪʫʨʳ ʇʂʄ ʯʝʨʝʟ ʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ ʠ 

ʧʦʩʣʝʜʫʶʱʝʤ ʟʘʤʝʨʟʘʥʠʠ, ʚ ʧʦʨʘʭ ʨʘʟʤʝʨʦʤ ʙʦʣʝʝ 8 ʥʤ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʩʪʝʧʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʣʴʜʘ. ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ 

ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ "ʚʦʟʜʫʭ-ʚʦʜʘ", 

ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʣʝʜ ʦʙʨʘʟʫʝʪ ʧʨʦʙʢʫ ʠ ʟʘʧʠʨʘʝʪ ʦʩʪʘʚʰʫʶʩʷ ʚʦʜʫ ʚ 

ʟʘʤʢʥʫʪʦʤ ʦʙʲʝʤʝ. ʇʦ ʤʝʨʝ ʧʦʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʠ 
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ʣʴʜʘ ʚ ʚʦʜʝ, ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʦʙʲʝʤʝ, ʥʘʯʠʥʘʝʪ ʨʘʩʪʠ ʜʘʚʣʝʥʠʝ ʚʧʣʦʪʴ ʜʦ 10 

ʘʪʤʦʩʬʝʨ. 

ʇʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ -22ÁC ʜʘʚʣʝʥʠʝ ʚ ʦʙʲʝʤʝ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 2017 ʘʪʤʦʩʬʝʨ. ʇʨʠ ʪʘʢʦʤ ʜʘʚʣʝʥʠʠ (ʥʘʧʨʷʞʝʥʠʠ) 

ʚʦʟʤʦʞʥʦ ʧʦʚʨʝʞʜʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʩʚʷʟʫʶʱʝʛʦ, ʥʦ ʠ ʘʨʤʠʨʫʶʱʠʭ ʩʪʝʢʣʦ- ʠ 

ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ. 

ʇʨʠʯʠʥʘʤʠ ʨʘʟʨʫʰʝʥʠʷ ʇʂʄ ʧʨʠ ʧʝʨʝʭʦʜʝ ʪʝʤʧʝʨʘʪʫʨʳ ʯʝʨʝʟ 

ʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʧʦʨ ʠ ʪʨʝʱʠʥ ʨʘʟʤʝʨʦʤ ʙʦʣʝʝ 10 ʥʤ, 

ʢʘʧʠʣʣʷʨʥʦʝ ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ, ʪʦ ʝʩʪʴ ʛʠʜʨʦʬʠʣʴʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʨʳ ʠʣʠ ʪʨʝʱʠʥʳ, ʚʦʣʦʢʥʘ, ʧʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ ʟʥʘʯʝʥʠʡ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʜʘʚʣʝʥʠʝ ʧʨʝʚʳʰʘʝʪ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʚʝʪʨʘ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʇʂʄ 

ɼʣʷ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ 

ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʛʦʥʘʩʳʱʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ 

ʚʝʪʨʘ ʠ ʫʛʣʘ ʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʊʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ 

ʦʮʝʥʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʇʂʄ ʩ ʫʯʝʪʦʤ ʜʠʥʘʤʠʢʠ ʫʚʣʘʞʥʝʥʠʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʤʦʜʝʣʠ 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʇʂʄ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʨʝʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʪʦʯʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʧʦʚʝʜʝʥʠʝ ʇʂʄ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʝʥʳ ʚ ʘʚʠʘʩʪʨʦʝʥʠʠ, 

ʩʫʜʦʩʪʨʦʝʥʠʠ, ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ, ʛʜʝ ʚʘʞʥʘ ʢʣʠʤʘʪʠʯʝʩʢʘʷ 

ʩʪʦʡʢʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ. ʋʣʫʯʰʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʇʂʄ 

ʧʦʚʳʩʠʪ ʠʭ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʩʥʠʟʠʪ ʟʘʪʨʘʪʳ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʪʝʭʥʠʢʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʦʚ 

(ˉ6, ˉ247, ˉ25) ʚʦ ʚʨʝʤʝʥʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ ʚʝʪʨʘ (2,3; 3,5; 4,4 
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ʤ/ʩ) ʠ ʫʨʦʚʥʷʭ ʫʚʣʘʞʥʝʥʠʷ (ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ 21%) ʚʳʷʚʠʣʠ ʩʣʝʜʫʶʱʠʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ: 

ʉʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ 

(ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʦ ʥʘ ʫʚʣʘʞʥʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʠʟ-ʟʘ ʠʩʧʘʨʠʪʝʣʴʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ). 

ʈʘʟʣʠʯʥʘʷ ʨʝʘʢʮʠʷ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ 

ʪʠʧʘ ʠ ʥʘʯʘʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ. 

ʉʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʜʦʩʪʠʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʩ ʨʦʩʪʦʤ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ 

ʈʝʟʫʣʴʪʘʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʦʙʱʝʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ Q, ʯʪʦ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. ʅʘʣʠʯʠʝ ʚʣʘʞʥʦʩʪʠ 

ʫʩʠʣʠʚʘʝʪ ʦʭʣʘʞʜʘʶʱʠʡ ʵʬʬʝʢʪ ʟʘ ʩʯʝʪ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʠʩʧʘʨʝʥʠʷ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʤʳ ʤʦʞʝʤ ʦʮʝʥʠʪʴ ʚʨʝʤʷ 

ʧʨʠʩʫʪʩʪʚʠʷ ʚʣʘʛʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʈʘʟʨʘʙʦʪʢʘ ʨʘʩʯʝʪʥʳʭ ʤʝʪʦʜʦʚ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ 

ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʇʂʄ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ 

ʫʩʠʣʠʚʘʝʪ ʦʪʚʦʜ ʪʝʧʣʘ ʟʘ ʩʯʸʪ ʨʦʩʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʥʚʝʢʮʠʠ. 

ʂʦʥʚʝʢʪʠʚʥʳʡ ʪʝʧʣʦʦʙʤʝʥ ʷʚʣʷʝʪʩʷ ʜʦʤʠʥʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ, 

ʦʧʨʝʜʝʣʷʶʱʠʤ ʜʠʥʘʤʠʢʫ ʦʭʣʘʞʜʝʥʠʷ ʚʣʘʞʥʦʛʦ ʤʘʪʝʨʠʘʣʘ [13-14]. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʚʣʠʷʥʠʷ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʥʘ 

ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʇʂʄ ʚʦ ʚʨʝʤʝʥʠ ʚʳʷʚʠʣʦ, ʯʪʦ ʨʦʩʪ 

ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʩ 2,3 ʤ/ʩ ʜʦ 4,4 ʤ/ʩ ʩʥʠʞʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ 

15-20%. 

ʆʮʝʥʢʘ ʚʳʧʘʜʝʥʠʷ ʚʣʘʛʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʇʂʄ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʧʨʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ 25% ʪʦʯʢʘ ʨʦʩʳ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ -
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0,8ÁC, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʢʦʥʜʝʥʩʘʮʠʶ ʚʣʘʛʠ. ʆʜʥʘʢʦ ʧʦʚʳʰʝʥʠʝ ʚʣʘʞʥʦʩʪʠ 

ʜʦ 60% ʠ ʙʦʣʝʝ ʩʤʝʱʘʝʪ ʪʦʯʢʫ ʨʦʩʳ ʚ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʜʠʘʧʘʟʦʥ, 

ʧʨʦʚʦʮʠʨʫʷ ʢʦʥʜʝʥʩʘʮʠʶ ʚʣʘʛʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦʚʳʰʝʥʠʝ ʚʣʘʞʥʦʩʪʠ 

ʚʦʟʜʫʭʘ ʫʚʝʣʠʯʠʚʘʝʪ ʚʨʝʤʷ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʘ. 

ʆʧʨʝʜʝʣʝʥʳ ʢʣʶʯʝʚʳʝ ʢʨʠʪʝʨʠʠ: ɔ ð ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ 

ʞʠʜʢʦʩʪʠ; v ð ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ; ʠ ʩʦʟʜʘʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʧʦʜʪʚʝʨʞʜʝʥʥʳʡ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʠʟʤʝʥʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʪʝʨʠʘʣʘ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʚʝʪʨʘ ʠ ʚʨʝʤʝʥʠ ʧʦʜʜʝʨʞʘʥʠʷ ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʄʝʪʦʜʠʢʘ ʚʢʣʶʯʘʝʪ: ʬʦʨʤʫʣʫ ʨʘʩʯʝʪʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʩ ʫʯʸʪʦʤ ʩʢʦʨʦʩʪʠ 

ʚʝʪʨʘ, ʚʣʘʞʥʦʩʪʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʥʚʝʢʮʠʠ, ʘʣʛʦʨʠʪʤ ʨʘʩʯʸʪʘ ʪʦʯʢʠ 

ʨʦʩʳ ʧʦ ʬʦʨʤʫʣʝ ʄʘʛʥʫʩʘ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʫʩʣʦʚʠʡ ʢʦʥʜʝʥʩʘʮʠʠ, ʘ 

ʪʘʢʞʝ ʬʦʨʤʫʣʫ ʨʘʩʯʝʪʘ ʚʨʝʤʝʥʠ ʧʦʜʜʝʨʞʘʥʠʷ ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʠʢʠ ʥʝ ʧʦʟʚʦʣʷʶʪ adequately ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʢʣʠʤʘʪʠʯʝʩʢʫʶ ʩʪʦʡʢʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ, 

ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ, ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʭ ʢ ʢʣʠʤʘʪʠʯʝʩʢʠʤ 

ʚʦʟʜʝʡʩʪʚʠʷʤ ʇʂʄ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʨʘʩʯʝʪʥʳʡ ʤʝʪʦʜ ʦʮʝʥʢʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚʨʝʤʝʥʠ ʚʳʩʳʭʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʪʦʯʥʝʝ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʢʣʠʤʘʪʠʯʝʩʢʫʶ ʩʪʦʡʢʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʫʶ ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ 

ʫʩʪʦʡʯʠʚʳʭ ʢ ʚʦʟʜʝʡʩʪʚʠʷʤ ʚʝʪʨʘ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ 
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Abstract. Field tests of samples made of steel with paint and varnish coatings of 

various compositions applied to the surface in the mixing zone of sea and river 

waters showed that the coatings have pronounced protective properties against 

macrofouling in the aquatic environment for at least three months, but do not 

prevent the colonization of phytoperiphyton on their surface. 

Keywords: environmental factors, field tests, estuarine zones, fouling 

communities, paint and varnish coatings. 

 

ʆʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʧʦ-ʧʨʝʞʥʝʤʫ ʷʚʣʷʝʪʩʷ 

ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʥʘ ʩʚʦʡʩʪʚʘ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʠʙʨʝʞʥʦʡ 

ʪʝʨʨʠʪʦʨʠʠ (ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʝ ʩʦʦʨʫʞʝʥʠʷ, ʧʦʨʪʦʚʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, 

ʙʝʨʝʛʦʚʳʝ ʩʨʝʜʩʪʚʘ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʜʨ.). ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, 

ʯʪʦ ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ, ʦʧʠʩʘʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʭ 

ʚʦʟʜʝʡʩʪʚʠʷ, ʥʦ ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʙʘʩʩʝʡʥʘ ʥʘʙʦʨ ʚʝʜʫʱʠʭ 

ʬʘʢʪʦʨʦʚ ʠ ʠʭ ʟʥʘʯʠʤʦʩʪʴ (ʚʝʩ ʬʘʢʪʦʨʘ) ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙʫʜʝʪ ʨʘʟʣʠʯʥʦʡ ʠ ʩʪʝʧʝʥʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʢʦʥʩʪʨʫʢʮʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʘʢ ʦʪʝʯʝʩʪʚʝʥʥʳʝ, ʪʘʢ ʠ ʟʘʨʫʙʝʞʥʳʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʦʜʯʝʨʢʠʚʘʶʪ, ʯʪʦ ʧʦʚʨʝʞʜʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʧʨʠʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩʥʫʶ ʧʨʦʙʣʝʤʫ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʨʝʜʣʦʞʝʥʥʳʭ ʪʝʦʨʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ 

ʧʨʠʯʠʥʳ ʠ ʤʝʭʘʥʠʟʤʳ ʢʦʨʨʦʟʠʦʥʥʳʭ ʨʘʟʨʫʰʝʥʠʡ, ʤʥʦʛʠʝ ʘʩʧʝʢʪʳ ʵʪʠʭ 

ʧʨʦʮʝʩʩʦʚ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʜʦ ʢʦʥʮʘ ʠʟʫʯʝʥʳ ʠ ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʘʤʠ ʘʢʪʠʚʥʳʭ 

ʩʧʦʨʦʚ. ʉ ʫʯʸʪʦʤ ʨʘʟʨʘʙʦʪʢʠ ʉʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʇʨʠʘʟʦʚʩʢʦʛʦ 

ʤʘʢʨʦʨʝʛʠʦʥʘ (ˉʇʨ-650 ʦʪ 01.04.2023), ʛʜʝ ʦʜʠʥ ʠʟ ʵʪʘʧʦʚ ï 

ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʠʤʝʶʱʠʭʩʷ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʦʚʳʭ ʧʦʨʪʦʚʳʭ ʩʦʦʨʫʞʝʥʠʡ ʚ 

ɸʟʦʚʩʢʦʤ ʙʘʩʩʝʡʥʝ, ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʦʡʢʦʩʪʠ 

ʤʘʪʝʨʠʘʣʦʚ, ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭʩʷ ʚ ʧʨʠʙʨʝʞʥʳʭ ʟʦʥʘʭ. ʇʨʠ ʵʪʦʤ 



ʂʣʠʤʘʪ-2025: ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʤʘʪʝʨʠʘʣʳ ʠ 
ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

X ˏ ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 98 
 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʦʙʨʦʩʰʠʝ ʛʠʜʨʦʙʠʦʥʪʘʤʠ ʦʙʲʝʢʪʳ ʦʙʣʘʜʘʶʪ 

ʤʝʥʴʰʠʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʨʝʩʫʨʩʦʤ, ʯʪʦ ʚʳʩʪʫʧʘʝʪ ʩʪʠʤʫʣʦʤ ʧʦʠʩʢʘ 

ʥʦʚʳʭ ʧʫʪʝʡ ʙʦʨʴʙʳ ʩ ʦʙʨʘʩʪʘʥʠʝʤ. ʊʨʘʜʠʮʠʦʥʥʦ ï ʵʪʦ ʧʦʢʨʳʪʠʝ 

ʤʘʪʝʨʠʘʣʦʚ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʘʥʪʠʢʦʨʨʦʟʠʡʥʦʡ ʠʟʦʣʷʮʠʠ, ʢʦʪʦʨʘʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʣʘʢʦʢʨʘʩʦʯʥʳʭ 

ʧʦʢʨʳʪʠʡ (ʃʂʇ). 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʚʳʷʚʣʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʦʦʙʱʝʩʪʚ ʦʙʨʘʩʪʘʥʠʷ ʥʘ ʧʦʛʨʫʞʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʣʘʩʪʠʥʘʭ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʃʂʇ ʚ ʫʩʣʦʚʠʷʭ ɸʟʦʚʦ-ɼʦʥʩʢʦʛʦ ʚʟʤʦʨʴʷ ï 

ʚʘʞʥʝʡʰʝʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʘʡʦʥʘ ɸʟʦʚʩʢʦʛʦ ʤʦʨʷ, ʚʢʣʶʯʘʶʱʝʛʦ 

ʢʨʫʧʥʳʝ ʧʦʨʪʳ ʠ ʚʦʜʥʳʝ ʧʫʪʠ, ʠ ʷʚʣʷʶʱʝʛʦʩʷ ʢʣʶʯʝʚʳʤ ʧʝʨʝʚʘʣʦʯʥʳʤ 

ʧʫʥʢʪʦʤ ʥʘ ʖʛʝ ʈʦʩʩʠʠ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʅʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʝʪʦʜʦʤ ʠʟʫʯʝʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʨʘʩʪʘʥʠʷ ʠ ʢʦʨʨʦʟʠʠ ʷʚʣʷʶʪʩʷ ʥʘʪʫʨʥʳʝ 

ʩʪʝʥʜʦʚʳʝ ʠʩʧʳʪʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʙʨʘʟʮʦʚ. ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʩʪʘʣʠ 

ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ, ʯʪʦ ʫʯʠʪʳʚʘʣʦʩʴ ʧʨʠ ʚʳʙʦʨʝ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ. ɺ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʣʘʩʪʠʥʳ ʠʟ ʩʪʘʣʠ 08 ʢʧ, ʨʘʟʤʝʨʦʤ 50ʭ100ʭ0,7 ʤʤ, ʢʦʪʦʨʳʝ 

ʜʘʣʝʝ ʙʳʣʠ ʧʦʢʨʳʪʳ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʃʂʇ. ʆʙʨʘʟʮʳ ʧʦʜʛʦʪʦʚʣʝʥʳ 

ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʣʘʙʦʨʘʪʦʨʠʠ çʂʣʠʤʘʪʠʯʝʩʢʠʝ, ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʦʞʘʨʦʦʧʘʩʥʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚè ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ 

ʠʥʩʪʠʪʫʪè ï ɺʀɸʄ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ 5 ʪʠʧʦʚ 

ʃʂʇ: 1) ʛʨʫʥʪ ɻʌ-21, ʵʤʘʣʴ ʵʧʦʢʩʠʜʥʘʷ ʙʝʣʘʷ (ˉ1); 2) ʛʨʫʥʪ ɻʌ-21, ʵʤʘʣʴ 

ʘʣʢʠʜʥʘʷ ʇʌ-115 ʛʦʣʫʙʘʷ (ˉ2); 3) ʛʨʫʥʪ ɻʌ-21, ʵʤʘʣʴ ʘʢʨʠʣ-

ʧʦʣʠʫʨʝʪʘʥʦʚʘʷ ʙʝʣʘʷ (ˉ3); 4) ʛʨʫʥʪ ɻʌ-21, ʵʤʘʣʴ ʘʣʢʠʜʥʘʷ 3 ʚ 1 ʧʦ 
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ʨʞʘʚʯʠʥʝ ʢʦʨʠʯʥʝʚʘʷ (ˉ4); 5) ʛʨʫʥʪ ɻʌ-21, ʛʨʫʥʪ ʛʣʠʬʪʘʣʝʚʳʡ ʩʝʨʳʡ 

(ˉ5). 

ʉʪʝʥʜʳ ʩ ʦʙʨʘʟʮʘʤʠ ʙʳʣʠ ʨʘʟʤʝʱʝʥʳ 25 ʩʝʥʪʷʙʨʷ 2024 ʛ. ʫ ʧʨʠʯʘʣʘ 

ʥʘ ɹʝʨʝʛʦʚʦʡ ʥʘʫʯʥʦ-ʵʢʩʧʝʜʠʮʠʦʥʥʦʡ ʙʘʟʝ çʂʘʛʘʣʴʥʠʢè ʖʅʎ ʈɸʅ 

(ɸʟʦʚʩʢʠʡ ʨʘʡʦʥ, ʧʨʦʪʦʢʘ ʉʚʠʥʦʝ ʛʠʨʣʦ) ʥʘ ʛʣʫʙʠʥʝ 2 ʤ (ʨʠʩ. 1) ʧʨʠ 

ʧʦʣʥʦʤ ʧʦʛʨʫʞʝʥʠʠ (ʦʪ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʩʪʦʷʥʠʝ ʩʦʩʪʘʚʣʷʣʦ 0,5-

1,0 ʤ). ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʝʜʧʦʣʘʛʘʣʘ ʠʟʲʷʪʠʝ ʦʙʨʘʟʮʦʚ ʯʝʨʝʟ 3, 6, 12 

ʤʝʩ̫ʮʝʚ ʩ ʤʦʤʝʥʪʘ ʥʘʯʘʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʝʨʚʳʡ ʩʲʝʤ ʦʙʨʘʟʮʦʚ ʙʳʣ 

ʧʨʦʠʟʚʝʜʝʥ 25 ʜʝʢʘʙʨʷ 2024 ʛ. 

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 ʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ 

ʛʠʜʨʦʤʝʪʝʦʧʦʩʪʫ ʖʅʎ ʈɸʅ. ʉʦʣʝʥʦʩʪʴ ʠʟʤʝʨʷʣʠ ʢʦʥʜʫʢʪʦʤʝʪʨʠʯʝʩʢʠʤ 

ʩʧʦʩʦʙʦʤ ʠ ʨʘʩʩʯʠʪʳʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʤʦʨʩʢʦʡ ʚʦʜʳ 

ʋʉ-80 [1]. ʇʨʦʚʦʜʠʣʠʩʴ ʨʘʙʦʪʳ ʧʦ ʠʟʤʝʨʝʥʠʶ ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʡ. 
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ʈʠʩʫʥʦʢ 1 ï ʋʩʪʘʥʦʚʢʘ ʧʦʜʚʦʜʥʳʭ ʩʪʝʥʜʦʚ ʥʘ ɹʅʕɹ çʂʘʛʘʣʴʥʠʢè  

 

ʆʪʙʦʨ ʠ ʦʙʨʘʙʦʪʢʘ ʦʨʛʘʥʠʟʤʦʚ-ʦʙʨʘʩʪʘʪʝʣʝʡ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʧʦ 

ʦʙʱʝʧʨʠʥʷʪʳʤ ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʤ ʤʝʪʦʜʠʢʘʤ [2]. ɼʘʣʝʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʣʘʩʪʠʥʳ ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʚ ɻʎʂʀ ɺʀɸʄ ï ʅʀʎ 

çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

ʦʮʝʥʢʝ ʩʪʦʡʢʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʢ ʬʘʢʪʦʨʘʤ ʩʨʝʜʳ ʠ ʩʪʝʧʝʥʠ ʫʥʦʩʘ ʃʂʇ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʦʙʱʝʩʪʚ ʦʙʨʘʩʪʘʥʠʷ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʧʣʘʩʪʠʥʘʭ ʩ ʃʂʇ, ʵʢʩʧʦʥʠʨʦʚʘʚʰʠʝʩʷ ʧʨʠ ʧʦʣʥʦʤ ʧʦʛʨʫʞʝʥʠʠ ʚ ʪʝʯʝʥʠʝ 3 

ʤʝʩʷʮʝʚ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʬʦʥʜʦʚʳʝ ʜʘʥʥʳʝ 

ʖʅʎ ʈɸʅ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 2018ï2021 ʛʛ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ 

ɼʣʷ ɸʟʦʚʩʢʦʛʦ ʤʦʨʷ ʥʘʠʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʦʨʛʘʥʠʟʤʳ-ʦʙʨʘʩʪʘʪʝʣʠ 

ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʘʭ ɽ.ʄ. ʇʘʨʪʘʣʳ [3ï5]. ʊʝʤ ʥʝ ʤʝʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ 

ʜʘʥʥʳʝ ʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʩʪʨʫʢʪʫʨʝ ʩʦʦʙʱʝʩʪʚ 

ʦʙʨʘʩʪʘʥʠʷ ʚ ʵʩʪʫʘʨʥʳʭ ʟʦʥʘʭ ɸʟʦʚʩʢʦʛʦ ʤʦʨʷ ï ʵʪʦ ʨʝʟʫʣʴʪʘʪʳ ʩʪʝʥʜʦʚʳʭ 
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ʠʩʧʳʪʘʥʠʡ, ʧʨʦʚʦʜʠʤʳʭ ʖʅʎ ʈɸʅ ʩʦʚʤʝʩʪʥʦ ʩ ɻʎʂʀ ɺʀɸʄ ʠʤ. ɻ.ɺ. 

ɸʢʠʤʦʚʘ ï ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè ʚ 2018ï2021 ʛʛ. [6, 7 ʠ ʜʨ.]. ɺ 

ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ ʚ ʜʝʣʴʪʝ ɼʦʥʘ ʠ ʚ ʫʩʪʴʝʚʦʡ ʦʙʣʘʩʪʠ ɸʟʦʚʩʢʦʛʦ ʤʦʨʷ, ʜʘʞʝ ʚ 

ʭʦʣʦʜʥʦʝ ʚʨʝʤʷ ʛʦʜʘ (ʟʠʤʥʠʡïʨʘʥʥʝʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ) ʧʨʦʠʩʭʦʜʠʣʘ 

ʢʦʣʦʥʠʟʘʮʠʷ ʦʙʨʘʟʮʦʚ ʤʠʢʨʦʬʠʪʦ- ʠ ʤʠʢʨʦʟʦʦʧʝʨʠʬʠʪʦʥʦʤ, ʘ ʪʘʢʞʝ 

ʤʘʢʨʦʦʙʨʘʩʪʘʪʝʣʷʤʠ [6, 7 ʠ ʜʨ.]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʢʚʘʪʦʨʠʷ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʢʘʢ ʠ ʚʩʸ ɸʟʦʚʦ-ɼʦʥʩʢʦʝ ʚʟʤʦʨʴʝ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʘʣʦʡ 

ʠʥʝʨʪʥʦʩʪʴʶ ʠ ʙʳʩʪʨʦʡ ʨʝʘʢʮʠʝʡ ʥʘ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʠ 

ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʝʸ 

ʛʠʜʨʦʣʦʛʦ-ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [8]. ʅʘ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʦʜ 

ɸʟʦʚʦ-ɼʦʥʩʢʦʛʦ ʚʟʤʦʨʴʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʯʝʨʝʜʦʚʘʥʠʝ 

ʩʛʦʥʦʚ ʠ ʥʘʛʦʥʦʚ. ʇʨʠ ʵʪʦʤ ʚʦ ʚʨʝʤʷ ʥʘʛʦʥʦʚ ʚ ʜʝʣʴʪʫ ɼʦʥʘ ʧʝʨʝʤʝʱʘʝʪʩʷ 

ʟʦʥʘ ʩʤʝʰʝʥʠʷ ʤʦʨʩʢʠʭ ʠ ʨʝʯʥʳʭ ʚʦʜ. ɺʦʜʘ ʧʨʠʦʙʨʝʪʘʝʪ ʯʝʨʪʳ 

ʩʤʝʰʘʥʥʦʛʦ ʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʧʦʚʳʰʘʝʪʩʷ ʦʙʱʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ, 

ʞʝʩʪʢʦʩʪʴ ʠ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʠʜʦʚ. ʇʨʠ ʩʛʦʥʘʭ ʚʦʜʦʪʦʢʠ ʜʝʣʴʪʳ 

ʟʘʧʦʣʥʷʶʪʩʷ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʤʠ ʛʨʫʥʪʦʚʳʤʠ ʚʦʜʘʤʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ 

ʩʫʣʴʬʘʪʥʦ-ʥʘʪʨʠʝʚʳʡ ʩʦʩʪʘʚ [8]. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘʙʠʦʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ 

ʤʦʛʫʪ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʵʢʩʧʦʥʠʨʫʶʱʠʝʩʷ ʦʙʨʘʟʮʳ ʢʘʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ, 

ʪʘʢ ʠ ʦʧʦʩʨʝʜʦʚʘʥʥʦ, ʯʝʨʝʟ ʚʣʠʷʥʠʝ ʥʘ ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʫ ʩʦʦʙʱʝʩʪʚ 

ʦʙʨʘʩʪʘʥʠʷ. 

ʇʦʩʣʝ ʪʨʝʭ ʤʝʩʷʮʝʚ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʚ ʚʦʜʝ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʧʣʘʩʪʠʥʘʭ ʧʨʠ ʚʠʟʫʘʣʴʥʦʤ ʦʩʤʦʪʨʝ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʤʠʢʨʦʦʙʨʘʩʪʘʥʠʷ. 

ʄʘʢʨʦʦʙʨʘʩʪʘʥʠʷ ʚʳʷʚʣʝʥʳ ʥʝ ʙʳʣʠ (ʨʠʩ. 2). 
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ˉ1 

 

ˉ2 

 

ˉ3 

ˉ4 
 

ˉ5 

 

30ʍɻʉɸ (ʙʝʟ ʧʦʢʨʳʪʠʷ 

ʃʂʇ, ʠʩʧʳʪʘʥʠʷ 2018ï

2021 ʛʛ.) 

ʈʠʩʫʥʦʢ 2 ï ɺʥʝʰʥʠʡ ʚʠʜ ʦʙʨʘʟʮʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʚʦʜʝ ʚ ʪʝʯʝʥʠʝ 3-ʭ ʤʝʩʷʮʝʚ ʥʘ 

ɹʅʕɹ çʂʘʛʘʣʴʥʠʢè 

(ʦʧʠʩʘʥʠʝ ʧʦʢʨʳʪʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʟʜʝʣʝ çʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳè) 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʬʠʪʦʧʝʨʠʬʠʪʦʥʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʤ 

ʩʦʩʪʘʚʝ ʚʦʜʦʨʦʩʣʝʡ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʤʳʤʠ ʙʳʣʠ ʧʨʝʜʩʪʘʚʠʪʝʣʠ 

ʧʝʨʠʬʠʪʦʥʥʦʡ ʠ ʙʝʥʪʦʩʥʦʡ ʬʣʦʨʳ ʦʪʜʝʣʘ Bacillariophyta (ʙʦʣʝʝ 10 ʨʦʜʦʚ). 

ʏʠʩʣʦ ʚʠʜʦʚ ʜʠʘʪʦʤʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ ʥʘ ʨʘʟʥʳʭ ʧʣʘʩʪʠʥʘʭ ʠʟʤʝʥʷʣʦʩʴ ʦʪ 

29 ʜʦ 34. ʄʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʠʜʦʚ ʠ ʯʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʦʪʤʝʯʝʥʳ ʫ 
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ʚʦʜʦʨʦʩʣʝʡ ʠʟ ʦʪʜʝʣʦʚ Chlorophyta (ʜʦ 6 ʚʠʜʦʚ), Cyanobacteria (ʜʦ 3 ʚʠʜʦʚ) 

ʠ Euglenophyta (1 ʪʘʢʩʦʥ). ʅʘ ʤʦʤʝʥʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʩʝʛʦ ʦʪʤʝʯʝʥʦ 53 

ʪʘʢʩʦʥʘ ʵʫʢʘʨʠʦʪʠʯʝʩʢʠʭ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʠ ʮʠʘʥʦʙʘʢʪʝʨʠʡ ʨʘʥʛʦʤ ʥʠʞʝ 

ʨʦʜʘ ʠʟ 4 ʦʪʜʝʣʦʚ (Bacillariophyta, Euglenophyta, Chlorophyta ʠ 

Cyanobacteria).  

ɼʦʤʠʥʠʨʦʚʘʥʠʝ ʜʠʘʪʦʤʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ ʧʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ 

ʧʦʢʘʟʘʪʝʣʷʤ ʦʪʤʝʯʘʣʠ ʥʘ ʚʩʝʭ ʧʣʘʩʪʠʥʘʭ. ʀʭ ʜʦʣʷ ʚ ʩʫʤʤʘʨʥʦʡ ʙʠʦʤʘʩʩʝ 

ʩʦʩʪʘʚʠʣʘ 51ï80%, ʚ ʦʙʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ ï 96ï99%. ʆʩʪʘʣʴʥʦʡ ʚʢʣʘʜ ʚ 

ʧʦʢʘʟʘʪʝʣʠ ʚʥʦʩʠʣʠ ʟʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ ï 20ï49% ʠ 1ï4% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ ʨʘʟʚʠʪʠʷ ʥʠʪʯʘʪʦʡ ʚʦʜʦʨʦʩʣʠ Cladophora K¿tzing, 1843. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʣʘʩʪʠʥʳ ˉ1 ʠ ˉ3 ʚʠʟʫʘʣʴʥʦ ʙʳʣʠ ʥʘʠʤʝʥʝʝ 

ʦʙʨʦʩʰʠʤʠ. ɸʥʘʣʠʟ ʩʦʩʢʦʙʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʧʝʨʝʩʯʝʪʘ ʙʠʦʤʘʩʩʳ ʚʦʜʦʨʦʩʣʝʡ, 

ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 3ʘ, ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʥʘ ʥʠʭ 

ʬʠʪʦʦʙʨʘʩʪʘʪʝʣʠ ʦʙʨʘʟʦʚʳʚʘʣʠ ʙʠʦʤʘʩʩʫ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ. ʅʘʠʙʦʣʴʰʠʝ 

ʟʥʘʯʝʥʠʷ ʙʠʦʤʘʩʩʳ ʧʝʨʠʬʠʪʦʥʘ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʥʘ ʦʙʨʘʟʮʘʭ ˉ4 ʠ ˉ5. ɺ 

ʮʝʣʦʤ ʙʠʦʤʘʩʩʘ ʚʘʨʴʠʨʦʚʘʣʘ ʦʪ 5,4 ʜʦ 25,3 ʤʢʛ/ʩʤ
2
. ɿʥʘʯʝʥʠʷ ʩʫʤʤʘʨʥʦʡ 

ʯʠʩʣʝʥʥʦʩʪʠ ʚʦʜʦʨʦʩʣʝʡ ʥʘ ʯʝʪʳʨʝʭ ʧʣʘʩʪʠʥʘʭ ʠʟʤʝʥʷʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 

1775 ʜʦ 6847 ʢʣ/ʩʤ
2
, ʥʦ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 3ʙ, ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʦʪʣʠʯʘʣʘʩʴ ʧʣʘʩʪʠʥʘ ˉ5. ʉʨʝʜʥʷʷ ʯʠʩʣʝʥʥʦʩʪʴ ʧʝʨʠʬʠʪʦʥʥʳʭ 

ʚʦʜʦʨʦʩʣʝʡ ʥʘ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʣʘʩʪʠʥʘʭ ʩʦʩʪʘʚʠʣʘ 3368 Ñ 2633 ʢʣ/ʩʤ
2
, 

ʙʠʦʤʘʩʩʘ ï 15,3 Ñ 8,1 ʤʢʛ/ʩʤ
2
.  

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʬʠʪʦʧʝʨʠʬʠʪʦʥʘ 

ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʳʷʚʣʝʥʥʳʤʠ ʨʘʥʝʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ 

ʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʷʭ ʙʝʟ ʃʂʇ ʚ ʜʝʣʴʪʝ ʨʝʢʠ ɼʦʥ ʠ ʚ ʫʩʪʴʝʚʦʡ ʟʦʥʝ 

ɸʟʦʚʩʢʦʛʦ ʤʦʨʷ (959 Ñ 909 ʢʣ/ʩʤ
2
 ʠ 2,2 Ñ 2,0 ʤʢʛ/ʩʤ

2
) [8, 9], ʛʜʝ ʚ ʥʘʯʘʣʝ 

ʢʦʣʦʥʠʟʘʮʠʠ ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʦʙʱʝʩʪʚ ʪʘʢʞʝ ʧʨʝʦʙʣʘʜʘʣʘ ʜʠʘʪʦʤʦʚʘʷ ʬʣʦʨʘ. 
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ʘ 

 

ʙ 

ʇʦʷʩʥʝʥʠʷ: IïIV ï ʦʪʜʝʣʳ ʚʦʜʦʨʦʩʣʝʡ: I ï Bacillariophyta, II  ï Euglenophyta, III  ï 

Chlorophyta IV  ï Cyanobacteria 
 

ʈʠʩʫʥʦʢ 3 ï ɿʥʘʯʝʥʠʷ ʩʨʝʜʥʝʡ ʩʫʤʤʘʨʥʦʡ ʙʠʦʤʘʩʩʳ (ʤʢʛ/ʩʤ
2
) (ʘ) ʠ ʯʠʩʣʝʥʥʦʩʪʠ (ʙ) 

ʬʠʪʦʧʝʨʠʬʠʪʦʥʘ (ʢʣ/ʩʤ
2
) ʥʘ ʧʣʘʩʪʠʥʘʭ, ʵʢʩʧʦʥʠʨʦʚʘʚʰʠʭʩʷ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʚ ʪʝʯʝʥʠʝ 

ʪʨʝʭ ʤʝʩʷʮʝʚ 

 

ʉʨʝʜʠ ʤʠʢʨʦʟʦʦʧʝʨʠʬʠʪʦʥʘ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʣʘʩʪʠʥʘʭ ʧʦ 

ʠʩʪʝʯʝʥʠʠ ʪʨʝʭ ʤʝʩʷʮʝʚ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʚ ʚʦʜʝ ʦʙʥʘʨʫʞʝʥʦ 37 ʬʦʨʤ 

ʠʥʬʫʟʦʨʠʡ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ 29 ʨʦʜʘʤ ʠ 6 ʢʣʘʩʩʘʤ. ʇʦ ʢʦʣʠʯʝʩʪʚʫ 

ʦʙʥʘʨʫʞʝʥʥʳʭ ʚʠʜʦʚ, ʢʣʘʩʩʳ ʨʘʩʧʨʝʜʝʣʝʥʳ ʥʝʨʘʚʥʦʤʝʨʥʦ. ʅʘʠʙʦʣʝʝ 

ʨʘʟʥʦʦʙʨʘʟʥʦ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʢʣʘʩʩ Oligohymenoforea ï 17 ʚʠʜʦʚ. ʊʘʢʞʝ, 

ʢʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 4 ʟʥʘʯʠʪʝʣʴʥʫʶ ʜʦʣʶ ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʦʙʱʝʩʪʚʘ ʚ 

ʜʝʢʘʙʨʝ ʟʘʥʠʤʘʣʠ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʢʣʘʩʩʘ Phyllopharyngea ï ʭʠʱʥʳʝ 

ʩʫʢʪʦʨʠʠ (6 ʚʠʜʦʚ). 

ʂʦʤʧʣʝʢʩ ʤʘʩʩʦʚʳʭ ʚʠʜʦʚ ʥʘ ʧʣʘʩʪʠʥʘʭ ʩ ʨʘʟʣʠʯʥʳʤ ʧʦʢʨʳʪʠʝʤ ʙʳʣ 

ʩʭʦʜʝʥ. ʆʥ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʪʘʢʠʤʠ ʚʠʜʘʤʠ, ʢʘʢ Carchesium 

polypinum Linnaeus, 1758, Zoothamnium sp., Aspidisca costata (Dujardin, 

1841) Stein, 1859, Acineta tuberosa Ehrenberg, 1834, Cothurnia annulata 

Stokes, 1885, Pelagovorticella natans (Faure-Fremiet, 1924) ʠ ʥʝʩʢʦʣʴʢʠʤʠ 

ʚʠʜʘʤʠ ʚʦʨʪʠʮʝʣʣ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʛʨʫʧʧʝ Convalaria.  

ʆʙʥʘʨʫʞʝʥʥʳʝ ʚʠʜʳ ʠʥʬʫʟʦʨʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ çʠʩʪʠʥʥʦ 

ʧʝʨʠʬʠʪʦʥʥʳʤʠè ʬʦʨʤʘʤʠ (53%), ʧʨʠʢʨʝʧʣʷʶʱʠʤʠʩʷ ʢ ʩʫʙʩʪʨʘʪʫ, ʪʘʢ ʠ 

ʧʣʘʥʢʪʦ-ʙʝʥʪʦʩʥʳʤʠ (47%).  
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ʈʠʩʫʥʦʢ 4 ï ʂʦʣʠʯʝʩʪʚʦ ʚʠʜʦʚ ʚ ʢʣʘʩʩʘʭ ʧʝʨʠʬʠʪʦʥʥʳʭ ʠʥʬʫʟʦʨʠʡ ʥʘ ʦʙʨʘʟʮʘʭ, 

ʵʢʩʧʦʥʠʨʦʚʘʥʥʳʭ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʤʝʩʷʮʝʚ 

 

ɺ ʫʨʦʚʥʝ ʨʘʟʚʠʪʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʙʣʶʜʘʣʠʩʴ 

ʩʝʨʴʸʟʥʳʝ ʨʘʟʣʠʯʠʷ. ʏʠʩʣʝʥʥʦʩʪʴ ʠ ʙʠʦʤʘʩʩʘ ʠʥʬʫʟʦʨʠʡ ʥʘ ʧʣʘʩʪʠʥʘʭ 4 ʠ 

5 ʙʳʣʠ ʥʘ ʧʦʨʷʜʦʢ ʚʳʰʝ, ʯʝʤ ʥʘ ʧʣʘʩʪʠʥʢʘʭ 1ï3. ɺ ʮʝʣʦʤ, ʯʠʩʣʝʥʥʦʩʪʴ 

ʠʥʬʫʟʦʨʠʡ ʥʘ ʧʣʘʩʪʠʥʘʭ ʦʙʨʘʩʪʘʥʠʡ ʢʦʣʝʙʘʣʘʩʴ ʦʪ 6,85 ʜʦ 92,7 ʢʣ/ʩʤ
2
, ʚ 

ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʠʚ 42Ñ16 ʢʣ/ʩʤ
2
. ɹʠʦʤʘʩʩʘ ʢʦʣʝʙʘʣʘʩʴ ʦʪ 0,29 ʜʦ 2,94 

ʤʢʛ/ʩʤ
2
, ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʠʚ 1,53Ñ0,531 ʤʢʛ/ʩʤ

2
. 

ʆʙʨʘʱʘʷʩʴ ʢ ʬʦʥʜʦʚʳʤ ʜʘʥʥʳʤ ʖʅʎ ʈɸʅ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʤʠʢʨʦʟʦʦʧʝʨʠʬʠʪʦʥʘ ʚ ʥʘʩʪʦʷʱʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ, ʯʝʤ ʚ ʧʨʝʜʳʜʫʱʠʭ. ʇʦ ʠʪʦʛʘʤ ʵʢʩʧʦʟʠʮʠʠ 

ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʤʝʩʷʮʝʚ ʚ 2019 ʛ. ʯʠʩʣʝʥʥʦʩʪʴ ʠʥʬʫʟʦʨʠʡ ʢʦʣʝʙʘʣʘʩʴ ʦʪ 

70,7 ʜʦ 707 ʢʣ/ʩʤ
2
, ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʠʚ 335,8 ʢʣ/ʩʤ

2
, ʘ ʙʠʦʤʘʩʩʘ ï ʦʪ 0,3 ʜʦ 

19,7 ʤʢʛ/ʩʤ
2
, ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʠʚ 10,5 ʤʢʛ/ʩʤ

2
. ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʃʂʇ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʟʘʱʠʪʳ ʦʪ ʠʥʪʝʥʩʠʚʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʤʠʢʨʦʟʦʦʧʝʨʠʬʠʪʦʥʘ ʥʘ ʩʪʘʣʴʥʳʭ ʦʙʨʘʟʮʘʭ, ʢʘʢ ʤʠʥʠʤʫʤ, ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ 

ʤʝʩʷʮʝʚ ʩ ʤʦʤʝʥʪʘ ʧʦʩʪʘʥʦʚʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʂʨʦʤʝ ʠʥʬʫʟʦʨʠʡ, ʚ ʩʦʩʪʘʚʝ ʤʠʢʨʦʟʦʦʧʝʨʠʬʠʪʦʥʘ ʥʘ ʧʣʘʩʪʠʥʢʘʭ 3-

ʤʝʩʷʯʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 2 ʚʠʜʘ ʢʦʣʦʚʨʘʪʦʢ: Colurella 

adriatica Ehrenberg, 1831 ʠ Synchaeta sp. ʆʙʘ ʚʠʜʘ ʚʩʪʨʝʯʘʣʠʩʴ ʥʘ ʚʩʝʭ 
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ʪʠʧʘʭ ʧʣʘʩʪʠʥʦʢ. ʏʠʩʣʝʥʥʦʩʪʴ ʢʦʣʦʚʨʘʪʦʢ ʙʳʣʘ ʥʝʚʳʩʦʢʘ ʠ ʢʦʣʝʙʘʣʘʩʴ ʦʪ 

1ï5 ʰʪ/ʩʤ
2
.  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʠʢʨʦʦʙʨʘʩʪʘʥʠʷ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ, 

ʬʦʨʤʠʨʫʶʱʠʝ ʩʦʦʙʱʝʩʪʚʘ ʤʘʢʨʦʦʙʨʘʩʪʘʥʠʷ, ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʧʣʘʩʪʠʥʘʭ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʚ ʝʜʠʥʠʯʥʳʭ ʵʢʟʝʤʧʣʷʨʘʭ. ʅʘ ʦʙʨʘʟʮʘʭ ˉ1 (1 

ʵʢʟ.) ʠ ˉ2 (2 ʵʢʟ.) ʦʪʤʝʯʝʥʳ ʪʦʣʴʢʦ ʦʩʦʙʠ ʢʦʨʦʬʠʠʜ Corophium volutator 

(Pallas, 1766). ʅʘ ʵʪʠʭ ʧʣʘʩʪʠʥʘʭ ʦʪʤʝʯʝʥʦ ʥʘʯʘʣʦ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʩʫʙʩʪʨʘʪʘ ï ʢʦʨʦʬʠʠʜʥʦʛʦ ʠʣʘ. ʌʦʨʤʠʨʦʚʘʥʠʝ 

ʢʦʨʦʬʠʠʜʥʦʛʦ ʠʣʘ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʜʘʣʴʥʝʡʰʝʤʫ ʟʘʩʝʣʝʥʠʶ ʦʙʨʘʟʮʦʚ 

ʦʨʛʘʥʠʟʤʘʤʠ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʚ 2019 ʛ. ʧʨʠ ʵʢʩʧʦʥʠʨʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʣʘʩʪʠʥ ʚ 

ʪʝʯʝʥʠʝ ʪʨʝʭ ʤʝʩʷʮʝʚ. ɺ ʭʦʜʝ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʤʘʢʨʦʙʝʩʧʦʟʚʦʥʦʯʥʳʝ ʥʘʯʘʣʠ ʟʘʩʝʣʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʣʘʩʪʠʥ ʩ 

ʦʙʨʘʟʮʦʚ ʩʪʘʣʠ ʤʘʨʢʠ 30 ʍɻʉɸ, ʛʜʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʝʜʠʥʠʯʥʳʝ ʦʩʦʙʠ 

ʜʚʫʩʪʚʦʨʯʘʪʦʛʦ ʤʦʣʣʶʩʢʘ, ʬʠʣʴʪʨʘʪʦʨʘ-ʩʝʩʪʦʥʦʬʘʛʘ Dreissena polymorpha 

(Pallas, 1771), ʬʦʨʤʠʨʫʶʱʝʛʦ ʙʦʛʘʪʳʝ ʧʦ ʙʠʦʤʘʩʩʝ ʜʨʫʟʦʚʳʝ ʩʦʦʙʱʝʩʪʚʘ ʚ 

ʜʝʣʴʪʝ ɼʦʥʘ ʠ ʢʫʪʦʚʦʡ ʯʘʩʪʠ ʊʘʛʘʥʨʦʛʩʢʦʛʦ ʟʘʣʠʚʘ, ʘ ʪʘʢʞʝ ʥʝʤʘʪʦʜʳ 

ʦʪʨʷʜʘ Enoplida ʠ ʘʤʬʠʧʦʜʳ Pontogammarus (Obesogammarus) crassus 

(G.O. Sars, 1894) [7]. ʇʨʠ ʵʪʦʤ ʚ ʭʦʜʝ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ 

ʦʙʨʘʟʮʘʭ ʦʙʥʘʨʫʞʝʥʳ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʦʨʛʘʥʠʟʤʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ 

ʤʝʡʦʙʝʥʪʦʩʫ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʝʤʘʪʦʜʘʤʠ (ʚʩʝ ʪʠʧʳ 

ʦʙʨʘʟʮʦʚ), ʥʘ ʦʙʨʘʟʮʘʭ ˉ1 ʠ 5 ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʪʠʭʦʭʦʜʢʠ. ɺʩʝʛʦ ʙʳʣʦ 

ʚʳʷʚʣʝʥʦ 9 ʚʠʜʦʚ ʥʝʤʘʪʦʜ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ 8 ʨʦʜʘʤʠ ʠʟ 8 ʩʝʤʝʡʩʪʚ ʠ 3 

ʦʪʨʷʜʦʚ. ʀʟ ʥʠʭ 2 ʚʠʜʘ ʦʪʥʦʩʷʪʩʷ ʢ ʭʠʱʥʳʤ ʥʝʤʘʪʦʜʘʤ, 7 ʚʠʜʦʚ ï ʢ 

ʙʘʢʪʝʨʠʦʪʨʦʬʘʤ. ɺ ʦʙʨʘʩʪʘʥʠʷʭ ʚʩʝʭ ʧʣʘʩʪʠʥʦʢ ʧʨʠʩʫʪʩʪʚʫʝʪ ʵʪʠ 

ʪʨʦʬʠʯʝʩʢʠʝ ʛʨʫʧʧʳ. 

ʇʦʜʚʦʜʷ ʠʪʦʛ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʦ ʠʩʪʝʯʝʥʠʶ 3-ʭ ʤʝʩʷʮʝʚ 

ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʥʘ ʦʙʨʘʟʮʘʭ ʩ ʃʂʇ ʚʳʷʚʣʝʥʦ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʚʠʪʠʝ 
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ʤʠʢʨʦʧʝʨʠʬʠʪʦʥʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʦʜʠʥʦʯʥʳʤʠ ʠ 

ʢʦʣʦʥʠʘʣʴʥʳʤʠ ʵʫʢʘʨʠʦʪʠʯʝʩʢʠʤʠ, ʧʨʦʢʘʨʠʦʪʠʯʝʩʢʠʤʠ ʚʦʜʦʨʦʩʣʷʤʠ ʠ 

ʧʨʦʪʠʩʪʘʤʠ.  

ʉʦʦʙʱʝʩʪʚʦ ʤʘʢʨʦʦʙʨʘʩʪʘʥʠʷ ʧʦ ʠʩʪʝʯʝʥʠʶ 3-ʭ ʤʝʩʷʮʝʚ 

ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʥʘʭʦʜʠʣʦʩʴ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʠ ʙʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʪʦʣʴʢʦ ʚʠʜʘʤʠ, ʦʪʥʦʩʷʱʠʤʠʩʷ ʢ ʤʝʡʦʙʝʥʪʦʩʫ ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʥʘʯʘʣʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ 2024 ʛ. ʧʨʠʭʦʜʠʣʦʩʴ ʥʘ ʪʝʧʣʳʡ ʧʝʨʠʦʜ, ʢʦʛʜʘ ʦʩʝʜʘʥʠʝ ʥʘ 

ʩʫʙʩʪʨʘʪ ʣʠʯʠʥʦʢ ʤʘʢʩʠʤʘʣʴʥʦ. ʕʪʠ ʜʘʥʥʳʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʡ 2018ï2021 ʛʛ., ʢʦʛʜʘ ʥʘ ʩʪʘʣʴʥʳʭ ʦʙʨʘʟʮʘʭ ʙʝʟ ʧʦʢʨʳʪʠʷ 

ʃʂʇ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʦʨʛʘʥʠʟʤʳ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ. ʄʝʡʦʙʝʥʪʦʩ ʚ ʪʝʢʫʱʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʝʤʘʪʦʜʘʤʠ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʟʦʥʳ ʩʤʝʰʝʥʠʷ ʤʦʨʩʢʠʭ ʠ ʨʝʯʥʳʭ ʚʦʜ ɸʟʦʚʩʢʦʛʦ ʤʦʨʷ 

ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʥʝʤʘʪʦʜ, ʦʙʠʪʘʶʱʠʭ ʚ ʩʦʦʙʱʝʩʪʚʘʭ ʦʙʨʘʩʪʘʥʠʷ, 

ʦʧʠʩʘʥ ʚʧʝʨʚʳʝ. 

ʇʦʜʚʦʜʷ ʠʪʦʛ, ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʧʦʢʨʳʪʠʝ ʃʂʇ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʧʝʨʚʳʭ 3-ʭ ʤʝʩʷʮʝʚ ʚʳʧʦʣʥʷʝʪ ʟʘʱʠʪʥʫʶ ʬʫʥʢʮʠʶ ʦʪ 

ʨʘʟʚʠʪʠʷ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʣʘʩʪʠʥʘʭ ʤʠʢʨʦʟʦʦʧʝʨʠʬʠʪʦʥʘ ʠ 

ʤʘʢʨʦʦʙʨʘʩʪʘʪʝʣʝʡ, ʧʨʠ ʵʪʦʤ ʥʝ ʧʨʝʧʷʪʩʪʚʫʷ ʬʦʨʤʠʨʦʚʘʥʠʶ ʘʣʴʛʦʮʝʥʦʟʘ 

ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʫʙʣʠʢʘʮʠʷ ʧʦʜʛʦʪʦʚʣʝʥʘ ʚ ʨʘʤʢʘʭ ʉʦʛʣʘʰʝʥʠʷ ʩ ʄʠʥʦʙʨʥʘʫʢʠ 

ʈʦʩʩʠʠ ˉ 075-15-2024-528 ʦʪ 24.04.2024 ʛ. ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʂʅʇ ʧʦ 

ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ. 
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ɸʥʥʦʪʘʮʠʷ. ʀʟʫʯʝʥʘ ʢʠʥʝʪʠʢʘ ʜʠʬʬʫʟʠʠ ʤʦʨʩʢʦʡ ʚʦʜʳ ʚ ʧʦʣʠʫʨʝʪʘʥʝ 

ʉʂʋ-ʇʌʃ-100 ʧʨʠ ʚʳʜʝʨʞʢʝ ʚ ʤʦʨʩʢʦʡ ʚʦʜʝ (ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʠʥʪʝʨʚʘʣʝ 20-80 ʉ̄) ʠ ʫʩʪʘʥʦʚʣʝʥʘ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʠʟʤʝʥʝʥʠʷ 
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ʩʦʨʙʠʨʦʚʘʥʥʦʡ ʚʦʜʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʣʠʫʨʝʪʘʥ ʉʂʋ-ʇʌʃ-100, ʩʪʘʨʝʥʠʝ ʚ ʤʦʨʩʢʦʡ ʚʦʜʝ, 
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ʧʦʣʠʫʨʝʪʘʥʦʚ.  
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Abstract. The kinetics of seawater diffusion in the polyurethane SKU-PFL-100 

during exposure to seawater (in the temperature range of 20-80̄ ʉ) have been 

studied, and a correlation relationship in the mechanical properties of the 

studied material and the amount of absorbed water has been established. 

Keywords: polyurethane SKU-PFL-100, ageing in seawater, diffusion and 

sorption of water in polyurethane, aging and strength of polyurethanes. 

 

ɺʚʝʜʝʥʠʝ 

ʉʧʦʩʦʙʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʧʦʣʠʫʨʝʪʘʥʦʚ (ʇʋ) ʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ 

ʚʦʜʦʡ ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʝʱʝ ʚ ʨʘʥʥʠʭ, ʥʳʥʝ ʩʪʘʚʰʠʭ ʢʣʘʩʩʠʯʝʩʢʠʤʠ, ʨʘʙʦʪʘʭ 

[1,2]. ʄʦʣʝʢʫʣʳ ʚʦʜʳ, ʧʨʦʥʠʢʰʠʝ ʚ ʇʋ-ʤʘʪʝʨʠʘʣ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʠʬʬʫʟʠʠ, 

ʦʙʨʘʟʫʶʪ ʘʩʩʦʮʠʘʪʳ ʩ ʧʦʣʷʨʥʳʤʠ ʛʨʫʧʧʘʤʠ ʠ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʯʘʩʪʠʯʥʦʡ 

ʧʣʘʩʪʠʬʠʢʘʮʠʠ ʧʦʣʠʤʝʨʘ [1-4] ʚʩʣʝʜʩʪʚʠʝ ʦʩʣʘʙʣʝʥʠʷ ʤʝʞʮʝʧʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʇʦʵʪʦʤʫ, ʢʠʥʝʪʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʦʨʙʮʠʠ ʚʦʜʳ ʠ 

ʨʘʟʣʠʯʥʳʭ ʚʦʜʥʳʭ ʩʨʝʜ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʤʝʨʝ ʙʫʜʫʪ ʫʧʨʘʚʣʷʪʴ ʠʟʤʝʥʝʥʠʝʤ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʚʳʷʩʥʠʪʴ ʧʦʨʦʛ ʩʥʠʞʝʥʠʝ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʠʫʨʝʪʘʥʘ ʉʂʋ-ʇʌʃ-100 ʧʦʩʣʝ ʚʣʠʷʥʠʷ 

ʤʦʨʩʢʦʡ ʚʦʜʳ ʧʨʠ -2 ʠ +4Áʉ. ʊʘʢ ʢʘʢ ʚ ʵʪʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 

ʩʢʦʨʦʩʪʴ ʜʠʬʬʫʟʠʠ ʤʘʣʘ ʠ ʵʢʩʧʝʨʠʤʝʥʪ ʟʘʪʷʥʝʪʩʷ ʥʘ ʤʝʩʷʮʳ, ʜʣʷ 

ʧʨʦʛʥʦʟʥʳʭ ʦʮʝʥʦʢ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ 

ʜʣʷ ʪʝʤʧʝʨʘʪʫʨ 20, 45, 60 ʠ 80Áʉ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʤʝʪʦʜʠʯʝʩʢʘʷ ʯʘʩʪʴ  

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʙʨʘʟʮʳ ʧʦʣʠʫʨʝʪʘʥʘ ʚ ʚʠʜʝ 

ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʧʣʘʩʪʠʥʦʢ ʩ ʨʘʟʤʝʨʘʤʠ 35Ĭ25Ĭ2 ʤʤ. ʆʙʨʘʟʮʳ ʚʳʨʫʙʘʣʠ ʠʟ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʪʣʠʪʦʡ ʧʣʘʩʪʠʥʳ-ʟʘʛʦʪʦʚʢʠ ʩ ʨʘʟʤʝʨʘʤʠ 145Ĭ195Ĭ2 ʤʤ. 

ɼʣʷ ʦʪʣʠʚʢʠ ʧʣʘʩʪʠʥʳ-ʟʘʛʦʪʦʚʢʠ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʠʟ 
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ʬʦʨʧʦʣʠʤʝʨʘ (ʉʂʋ-ʇʌʃ) ʠ ʫʜʣʠʥʠʪʝʣʷ ʮʝʧʠ (ɼʠʘʤʝʪ ʍ), ʚʟʷʪʳʭ ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 5:1. ɼʣʠʪʝʣʴʥʦʩʪʴ ʚʳʜʝʨʞʢʠ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ ʚ ʬʦʨʤʝ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 100-120
ʦ
ʉ ʩʦʩʪʘʚʣʷʣʘ å 1 ʯʘʩ. ʇʝʨʝʜ ʧʦʤʝʱʝʥʠʝʤ 

ʦʙʨʘʟʮʦʚ ʚ ʨʘʩʪʚʦʨ ʤʦʨʩʢʦʡ ʩʦʣʠ (37ă) ʠʭ ʩʫʰʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 80
 
Áʉ 

ʚ ʪʝʯʝʥʠʠ 2,5 ʯʘʩʦʚ ʜʣʷ ʫʜʘʣʝʥʠʷ ʠʤʝʶʱʝʡʩʷ ʚ ʥʠʭ ʚʦʜʳ ʠ ʣʝʪʫʯʠʭ 

ʧʨʦʜʫʢʪʦʚ. ɺʳʜʝʨʞʢʫ ʚ ʨʘʩʪʚʦʨʝ ʤʦʨʩʢʦʡ ʩʦʣʠ (çʤʦʨʩʢʦʡ ʚʦʜʝè) 

ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20, 45, 60 ʠ 80Áʉ.  ʇʦʩʣʝ ʠʟʚʣʝʯʝʥʠʷ ʠʟ 

ʩʦʩʫʜʦʚ ʩ ʚʦʜʦʡ ʦʙʨʘʟʮʳ ʦʜʥʦʢʨʘʪʥʦ ʦʧʦʣʘʩʢʠʚʘʣʠ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ 

ʚʦʜʝ, ʩʫʰʠʣʠ ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ ʙʫʤʘʛʦʡ ʠ ʚʟʚʝʰʠʚʘʣʠ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ     

10
ī4 
ʛ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʚʟʚʝʰʠʚʘʥʠʷ ʨʘʩʩʯʠʪʳʚʘʣʠ 

ʩʦʜʝʨʞʘʥʠʝ ʩʦʨʙʠʨʦʚʘʥʥʦʡ ʤʦʨʩʢʦʡ ʚʦʜʳ ʩ(t): 

%100
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0

0Ö
-

=
m

mtm
tʩ

     (1) 

ʛʜʝ: m0 - ʤʘʩʩʘ ʠʩʭʦʜʥʦʛʦ ʦʙʨʘʟʮʘ; m(t)- ʤʘʩʩʘ ʦʙʨʘʟʮʘ ʧʦʩʣʝ ʚʳʜʝʨʞʢʠ ʚ 

ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʚ ʪʝʯʝʥʠʠ ʚʨʝʤʝʥʠ t. 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʧʦʣʠʫʨʝʪʘʥʘ ʉʂʋ-ʇʌʃ-100 ʚ ʠʩʭʦʜʥʦʤ  ʠ 

ʚʦʜʦʥʘʩʳʱʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʦʚʦʜʠʣʠ ʥʘ ʦʙʨʘʟʮʘʭ ʚ ʚʠʜʝ ʜʚʫʭʩʪʦʨʦʥʥʠʭ 

ʣʦʧʘʪʦʢ ʩ ʜʣʠʥʦʡ ʨʘʙʦʯʝʡ ʯʘʩʪʠ 40 ʤʤ ʠ ʩʝʯʝʥʠʝʤ 2Ĭ6 ʤʤ. ɺʣʠʷʥʠʝ 

ʤʦʨʩʢʦʡ ʚʦʜʳ (ʨʘʩʪʚʦʨʘ ʤʦʨʩʢʦʡ ʩʦʣʠ), ʧʦʛʣʦʱʝʥʥʦʡ ʧʦʣʠʤʝʨʦʤ, ʥʘ ʝʛʦ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʳʣʦ ʠʟʫʯʝʥʦ ʥʘ ʜʚʫʭ ʛʨʫʧʧʘʭ ʦʙʨʘʟʮʦʚ.  ʂ ʧʝʨʚʦʡ 

ʛʨʫʧʧʝ ʙʳʣʠ ʦʪʥʝʩʝʥʳ ʚʣʘʛʦʥʘʩʳʱʝʥʥʳʝ ʦʙʨʘʟʮʳ, ʚʟʷʪʳʝ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʠʩʧʳʪʘʥʠʷ ʩʨʘʟʫ ʧʦ ʜʦʩʪʠʞʝʥʠʠ ʨʘʚʥʦʚʝʩʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʨʙʠʨʦʚʘʥʦʡ 

ʩʨʝʜʳ ʩʨʘʚʥ, ʪ.ʝ. ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʭ ʚʨʝʤʝʥʘʭ ʚʳʜʝʨʞʢʠ (1-2 ʩʫʪʦʢ, 

ʪ.ʥ. ʵʪʘʧ 1). ɺʦ ʚʪʦʨʫʶ ʛʨʫʧʧʫ ʚʭʦʜʠʣʠ ʦʙʨʘʟʮʳ, ʢʦʪʦʨʳʝ ʧʦʩʣʝ 

ʜʦʩʪʠʞʝʥʠʷ ʩʨʘʚʥ (ʟʘʚʝʨʰʝʥʠʷ ʵʪʘʧʘ 1) ʧʨʦʜʦʣʞʠʣʠ ʜʣʠʪʝʣʴʥʦ (15-35 

ʩʫʪʦʢ) ʚʳʜʝʨʞʠʚʘʪʴ ʚ ʚʦʜʝ ʧʝʨʝʜ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠʩʧʳʪʘʥʠʷʤʠ. 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʦʙʨʘʟʮʦʚ-ʣʦʧʘʪʦʢ (10 ʰʪ. ʜʣʷ 

ʢʘʞʜʦʡ ʪʦʯʢʠ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʢʨʠʚʳʭ) ʧʨʦʚʦʜʠʣʠ ʥʘ 
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ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʝ ʪʠʧʘ ʋʊʉ 110ʄ-50-1-ʋ ʧʨʠ ʩʢʦʨʦʩʪʠ ʧʦʜʚʠʞʥʦʛʦ 

ʟʘʭʚʘʪʘ 100 ʤʤ/ʤʠʥ. ɼʠʘʛʨʘʤʤʳ ʨʘʩʪʷʞʝʥʠʷ ʦʙʨʘʟʮʦʚ ʉʂʋ-ʇʌʃ-100 

ʧʨʠʚʝʜʝʥʳ ʢ ʩʨʝʜʥʝʤʫ ʟʥʘʯʝʥʠʶ ʩ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ 0,95. 

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʚʦʜʦʧʦʛʣʦʱʝʥʠʶ ʚ ʦʙʨʘʟʮʘʭ 

ʉʂʋ-ʇʌʃ-100, ʚʳʜʝʨʞʘʥʥʳʭ ʚ ʩʦʣʷʥʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1 ʘ-ʛ.  

ʀʟ ʨʠʩʫʥʢʘ 1ʘ ʚʠʜʥʦ, ʯʪʦ ʪʦʣʴʢʦ ʧʨʠ 20Áʉ ʢʠʥʝʪʠʯʝʩʢʘʷ ʢʨʠʚʘʷ 

ʩʦʨʙʮʠʠ ʠʤʝʝʪ ʥʦʨʤʘʣʴʥʳʡ çʬʠʢʦʚʩʢʠʡè ʚʠʜ, ʘ ʥʘ ʩʦʨʙʮʠʦʥʥʳʭ ʢʨʠʚʳʭ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 45, 60 ʠ 80
ʦ
ʉ, ʠʤʝʶʪʩʷ ʤʘʢʩʠʤʫʤʳ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ 

ʚʳʨʘʞʝʥʥʦʩʪʠ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʩ ʥʝʢʦʪʦʨʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ 

ʜʠʬʬʫʟʠʷ ʚʦʜʳ ʚ ʧʦʣʠʤʝʨ ʧʨʠʦʙʨʝʪʘʝʪ ʘʥʦʤʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ [5-8], ʪ.ʝ. 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ ʟʘʢʦʥʘ ʌʠʢʘ.  

 
ʈʠʩʫʥʦʢ 1 ï ʂʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʩʦʨʙʮʠʠ ʤʦʨʩʢʦʡ ʚʦʜʳ ʦʙʨʘʟʮʘʤʠ ʉʂʋ-ʇʌʃ-

100 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20Áʉ(ʘ), 45Áʉ(ʙ), 60Áʉ(ʚ) ʠ 80Áʉ(ʛ). 
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ʇʦʷʚʣʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʥʘ ʩʦʨʙʮʠʦʥʥʳʭ ʢʨʠʚʳʭ ʩʚʷʟʳʚʘʝʪʩʷ ʩʦ 

ʩʪʨʫʢʪʫʨʥʦ-ʨʝʣʘʢʩʘʮʠʦʥʥʳʤʠ ʧʝʨʝʩʪʨʦʡʢʘʤʠ, ʧʨʦʪʝʢʘʶʱʠʤʠ ʚ ʧʦʣʠʤʝʨʝ 

ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʠ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ [6-9]. 

ʀʟʚʝʩʪʥʦ [6,10], ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚʦʜʳ 

ʚ ʧʦʣʠʤʝʨ ʯʘʩʪʴ ʤʦʣʝʢʫʣ ʚʦʜʳ ʠʤʤʦʙʠʣʠʟʫʝʪʩʷ ʥʘ ʧʦʣʷʨʥʳʭ ʛʨʫʧʧʘʭ 

ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ, ʠ, ʚʩʣʝʜʩʪʚʠʝ ʵʢʨʘʥʠʨʦʚʘʥʠʷ, ʦʩʣʘʙʣʷʝʪ ʤʝʞʮʝʧʥʦʝ 

(ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʦʝ) ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʵʪʠʤʠ ʛʨʫʧʧʘʤʠ (ʪ.ʥ. ʞʝʩʪʢʠʤʠ 

ʩʝʛʤʝʥʪʘʤʠ).  

ʆʩʣʘʙʣʝʥʠʝ ʵʪʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠʚʦʜʠʪ ʢ ʨʝʣʘʢʩʘʮʠʠ 

ʨʘʟʥʦʜʣʠʥʥʳʭ ʤʝʞʫʟʣʦʚʳʭ ʮʝʧʝʡ ʚ ʩʝʪʢʝ ʧʦʣʠʤʝʨʘ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢ 

ʨʝʣʘʢʩʘʮʠʠ ʩʚʦʙʦʜʥʦʛʦ ʦʙʲʝʤʘ. ʏʘʩʪʴ ʩʦʨʙʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ ʧʨʠ 

ʵʪʦʤ ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ (çʦʪʞʠʤʘʝʪʩʷè) ʚ ʦʢʨʫʞʘʶʱʠʡ ʦʙʲʸʤ ʠ ʥʘ 

ʩʦʨʙʮʠʦʥʥʦʡ ʢʨʠʚʦʡ ʬʠʢʩʠʨʫʝʪʩʷ ʤʘʢʩʠʤʫʤ, ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʢʦʪʦʨʦʛʦ 

ʧʦʣʠʤʝʨ ʥʘʭʦʜʠʪʩʷ ʚ ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʦʤ ʩʦʩʪʦʷʥʠʠ ʜʦ ʪʝʭ ʧʦʨ ʧʦʢʘ ʥʝ 

ʥʘʯʥʝʪ ʧʨʦʷʚʣʷʪʴʩʷ (çʨʘʙʦʪʘʪʴè) ʙʦʣʝʝ ʤʝʜʣʝʥʥʘʷ ʩʪʘʜʠʷ ʛʠʜʨʦʣʠʟʘ. 

ʇʨʝʜʩʪʘʚʣʷʷ ʥʘʯʘʣʴʥʳʝ ʫʯʘʩʪʢʠ ʩʦʨʙʮʠʦʥʥʳʭ ʢʨʠʚʳʭ ʚ ʪ.ʥ. 

ʜʠʬʬʫʟʠʦʥʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ʩīt
 0,5
, ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ (ʨʠʩʫʥʦʢ 

2ʘ-ʛ) ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ ʚʦʜʳ ʚ ʤʘʪʝʨʠʘʣ 

ʧʨʠ ʢʘʞʜʦʡ ʠʟ ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʬʦʨʤʫʣʝ (2): 
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ʛʜʝ ɸ = 2ʩ1(S/V)ˊ
ī0,5

D1
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, 

ï c(t) ï ʪʝʢʫʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʣʘʛʠ ʚ ʤʘʪʝʨʠʘʣʝ, %;  

ï S/Vï ʦʪʥʦʰʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʢ ʝʛʦ ʦʙʲʝʤʫ; 

ï D1 ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ, ʩʤ
2
/ʯʘʩ; 

ï t ï ʚʨʝʤʷ, ʯʘʩ. 
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ʂʦʛʜʘ ʩ1=ʩmʘʭ, ʪʦ ʨʘʩʩʯʠʪʘʥʥʳʡ ʧʦ ʬʦʨʤʫʣʝ (2) ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʠʬʬʫʟʠʠ D1=Dʤʘʢʩ, ʛʜʝ ʩmʘʭï ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʦʜʳ ʚ ʤʘʢʩʠʤʫʤʝ (ʧʠʢʝ) 

ʩʦʨʙʮʠʦʥʥʦʡ ʢʨʠʚʦʡ. 

ʂʦʛʜʘ ʩ1=ʩʨʘʚʥ, ʪʦ ʨʘʩʩʯʠʪʘʥʥʳʡ ʧʦ ʬʦʨʤʫʣʝ (2) ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʠʬʬʫʟʠʠ D1=Dʨʘʚʥ, ʛʜʝ ʩʨʘʚʥ ï ʨʘʚʥʦʚʝʩʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʦʜʳ (ʧʣʘʪʦ ʥʘ 

ʩʦʨʙʮʠʦʥʥʦʡ ʢʨʠʚʦʡ). 

ɿʥʘʯʝʥʠʷ ʜʠʬʬʫʟʠʦʥʥʦ-ʩʦʨʙʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʣʘʛʦʧʝʨʝʥʦʩʘ ʜʣʷ 

ʦʙʨʘʟʮʦʚ ʉʂʋ-ʇʌʃ-100 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ʉ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ ʠ ʨʘʚʥʦʚʝʩʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʦʜʳ 

ʚ ʤʘʪʝʨʠʘʣʝ. 

ʊʘʙʣʠʮʘ 1 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʠʬʬʫʟʠʠ, ʤʘʢʩʠʤʘʣʴʥʦʡ ʠ ʨʘʚʥʦʚʝʩʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʨʩʢʦʡ ʚʦʜʳ ʚ ʤʘʪʝʨʠʘʣʝ ʉʂʋ-ʇʌʃ-100 ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 

 

ʊʝʤʧʝʨʘʪʫʨʘ,

Áʉ 

Dʤʘʢʩ 10
3
, 

ʩʤ
2
/ʯʘʩ  

Dʨʘʚʥ10
3
, 

ʩʤ
2
/ʯʘʩ 

ʩmax ,  

% 

ʩʨʘʚʥ ,  

% 

20 - 0,27 ï 1,314 

45 0,98 1,06 1,445 1,387 

60 1,90 2,04 1,813 1,751 

80 2,63 2,93 2,156 2,042 
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ʈʠʩʫʥʦʢ 2 ï ɸʥʘʤʦʨʬʦʟʳ ʢʠʥʝʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ ʩʦʨʙʮʠʠ ʤʦʨʩʢʦʡ ʚʦʜʳ 

ʦʙʨʘʟʮʘʤʠ ʉʂʋ-ʇʌʃ-100 ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʨʠʩʫʥʦʢ 1ʘ-ʛ), ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ 

ʢʦʦʨʜʠʥʘʪʘʭ ʫʨʘʚʥʝʥʠʷ (2): ʊ = 20Áʉ(ʘ) , 45Áʉ(ʙ) , 60Áʉ(ʚ) ʠ 80Áʉ(ʛ) 

 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʫʨʘʚʥʝʥʠʷ ɸʨʨʝʥʠʫʩʘ (3). 

 

TR

E
constD

1
ln ʘʢʪÖ-=

     (3)
 

ʛʜʝ D ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ, ʩʤ
2
/ʯʘʩ, ɽʘʢʪ ï ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ, 

ʢɼʞ/ʤʦʣʴ, R ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ, 8,31 ɼʞ/(ʤʦʣʴĀʂ); T ï 

ʪʝʤʧʝʨʘʪʫʨʘ, ʂ; 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʦʮʝʥʢʫ 

ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ (ʨʠʩʫʥʦʢ 3), ʢʦʪʦʨʘʷ 

ʩʦʩʪʘʚʣʷʝʪ ɽʘʢʪå36ʢɼʞ/ʤʦʣʴ (ɽʘʢʪåtgŬĀR). ʇʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʭʘʨʘʢʪʝʨʥʦ 

ʜʣʷ ʜʠʬʬʫʟʠʠ ʚʦʜʳ ʚ ʧʦʣʠʤʝʨʳ ʚ ʚʳʩʦʢʦʵʣʘʩʪʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ. ʈʘʥʝʝ, ʚ 

ʨʘʙʦʪʝ [3] ʜʣʷ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʜʠʬʬʫʟʠʠ ʚʦʜʳ ʚ ʵʧʦʢʩʠʫʨʝʪʘʥʦʚʳʡ 

ʢʦʤʧʦʟʠʪ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʟʥʘʯʝʥʠʝ å 30 ʢɼʞ/ʤʦʣʴ. 
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ʈʠʩʫʥʦʢ 3 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ ʤʦʨʩʢʦʡ ʚʦʜʳ ʚ ʦʙʨʘʟʮʳ 

ʉʂʋ-ʇʌʃ-100 ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʫʨʘʚʥʝʥʠʷ ɸʨʨʝʥʠʫʩʘ 

 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʪʚʦʨʠʤʦʩʪʠ (ʨʘʚʥʦʚʝʩʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʨʘʚʥ) ʚʦʜʳ ʚ ʧʦʣʠʤʝʨʝ ʧʨʠʥʷʪʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ 

ʘʨʨʝʥʠʫʩʦʚʩʢʦʛʦ ʪʠʧʘ, ʘʥʘʣʦʛʠʯʥʫʶ (3) [6]:  

ö
÷

õ
æ
ç

å
Ö-=
TR

q
ʩʩ S

ʨʘʚʥ

1
exp0

                                          (4) 

ʠʣʠ: 

TR

q
constʩ S

ʨʘʚʥ

1
ln Ö-=

                                             (5)
 

ʛʜʝ ʩonst = lnʩo, qS ï ʪʝʧʣʦʪʘ ʨʘʩʪʚʦʨʝʥʠʷ. 

ʀʟ ʨʠʩʫʥʢʘ 4 ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʨʘʚʥʦʚʝʩʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

(ʨʘʩʪʚʦʨʠʤʦʩʪʠ) ʤʦʨʩʢʦʡ ʚʦʜʳ ʚ ʉʂʋ-ʇʌʃ-100 ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʦʞʠʜʘʝʤʦʡ 

ʘʨʨʝʥʠʫʩʦʚʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳ, ʯʝʤ ʚ ʩʣʫʯʘʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʥʘ ʨʠʩʫʥʢʝ 3. ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦ ʬʦʨʤʫʣʝ (5) ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʪʦʣʴʢʦ ʚʝʩʴʤʘ ʧʨʠʙʣʠʞʝʥʥʫʶ ʦʮʝʥʢʫ ʪʝʧʣʦʪʳ ʨʘʩʪʚʦʨʝʥʠʷ 

ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʝʪ qSå 6,5ʢɼʞ/ʤʦʣʴ (qS åtgɓĀR), ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ 

ʜʣʷ ʫʤʝʨʝʥʥʦ ʧʦʣʷʨʥʳʭ ʧʦʣʠʤʝʨʦʚ ʚ ʚʳʩʦʢʦʵʣʘʩʪʠʯʝʩʢʦʤ                  

ʩʦʩʪʦʷʥʠʠ [5,6,9]. 
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ʈʠʩʫʥʦʢ 4 ï ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʚʥʦʚʝʩʥʦʡ ʩʦʨʙʮʠʠ ʤʦʨʩʢʦʡ ʚʦʜʳ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʫʨʘʚʥʝʥʠʷ ɸʨʨʝʥʠʫʩʘ 

 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ ʠ ʨʘʚʥʦʚʝʩʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʪʝʨʠʘʣʘ 

ʉʂʋ-ʇʌʃ-100 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʤʦʨʩʢʦʡ ʚʦʜʳ ʦʪ +4 ʜʦ ï2Áʉ (ʪ.ʝ. ʚ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʯʘʩʪʠ ʠʥʪʝʨʚʘʣʘ ʵʢʩʧʣʫʘʪʘʮʠʠ). ʕʢʩʪʨʘʧʦʣʷʮʠʷ 

ʘʨʨʝʥʠʫʩʦʚʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ D ʠ ʩʨʘʚʥ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʟʥʘʯʝʥʠʷʤ 

ʦʙʨʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʜʘʣʘ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ: D=1,3Ŀ10
ī4

 ʠ 

0,83Ŀ10
ī4

 ʩʤ
2
/ʯʘʩ ʠ ʩʨʘʚʥ = 1,07 ʠ 0,98 % ʧʨʠ +4 ʠ ï2Áʉ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʀʩʧʦʣʴʟʫʷ ʥʘʡʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ D ʠ ʩʨʘʚʥ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʚʨʝʤʷ 

ʥʘʩʳʱʝʥʠʷ ʤʦʨʩʢʦʡ ʚʦʜʦʡ ʧʦʣʠʫʨʝʪʘʥʦʚʦʛʦ ʩʣʦʷ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʵʪʦʤ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ. ɼʣʷ ʵʪʦʛʦ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʩʣʝʜʫʶʱʠʤ ʠʟʚʝʩʪʥʳʤ 

ʚʳʨʘʞʝʥʠʝʤ [5,6]:  

 

(6) 

ʛʜʝ: ʩ/ʩʨʘʚʥ  ï ʦʪʥʦʰʝʥʠʝ ʟʘʜʘʥʥʦʡ (ʠʣʠ ʪʝʢʫʱʝʡ) ʢʦʥʮʝʥʪʨʘʮʠʠ ʢ 

ʨʘʚʥʦʚʝʩʥʦʤʫ ʟʥʘʯʝʥʠʶ, L ï ʪʦʣʱʠʥʘ ʩʣʦʷ, const = ln(8/ˊ
2
).

 

 

ʇʨʝʦʙʨʘʟʫʷ (6) ʧʦʣʫʯʠʤ: 
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ʊʘʢ ʢʘʢ ʚ ʚʳʨʘʞʝʥʠʠ (7) ʩʨʘʚʥ ʷʚʣʷʝʪʩʷ ʘʩʠʤʧʪʦʪʦʡ, ʪʦ ʜʣʷ ʠʥʞʝʥʝʨʥʳʭ 

ʦʮʝʥʦʢ ʦʙʳʯʥʦ ʧʨʠʥʠʤʘʶʪ ʦʪʥʦʰʝʥʠʝ (ʩ/ʩʨʘʚʥ)=0,9 ï 0,95. 

ʇʨʠʥʠʤʘʷ ʚ (7) (ʩ/ʩʨʘʚʥ)=0,95 ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʚʨʝʤʷ ʥʘʩʳʱʝʥʠʷ 

ʤʦʨʩʢʦʡ ʚʦʜʦʡ ʧʦʣʠʫʨʝʪʘʥʦʚʳʭ ʩʣʦʝʚ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʳ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ +4 ʠ ï2Áʉ. ʊʘʢ , ʜʣʷ ʩʣʦʷ ʧʦʣʠʫʨʝʪʘʥʘ ʉʂʋ-ʇʌʃ-100 

ʪʦʣʱʠʥʦʡ 4 ʤʤ ʧʨʠ +4Áʉ ʵʪʦ ʚʨʝʤʷ ʩʦʩʪʘʚʠʣʦ 185 ʩʫʪʦʢ, ʘ ʧʨʠ ï2Áʉ           

262 ʩʫʪʦʢ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʧʦʣʠʫʨʝʪʘʥʦʚʦʝ ʧʦʢʨʳʪʠʝ ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚʦ ʚʣʘʛʦʥʘʩʳʱʝʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ.  

ʅʘ ʨʠʩʫʥʢʘʭ 5-8 ʧʦʢʘʟʘʥʳ ʜʠʘʛʨʘʤʤʳ ʨʘʩʪʷʞʝʥʠʷ ʦʙʨʘʟʮʦʚ ʉʂʋ-

ʇʌʃ-100 ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʧʦʩʣʝ ʨʘʟʣʠʯʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʨʩʢʦʡ ʚʦʜʳ (ʩʪʘʨʝʥʠʷ) ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ.  

       
ʈʠʩʫʥʦʢ 5 ï ɼʠʘʛʨʘʤʤʘ ʨʘʩʪʷʞʝʥʠʷ ʦʙʨʘʟʮʦʚ ʉʂʋ-ʇʌʃ-100 ʧʦʩʣʝ ʨʘʟʣʠʯʥʦʡ 

ʚʳʜʝʨʞʢʝ ʚ ʩʦʣʝʚʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠ ʊ= 20Áʉ 
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ʈʠʩʫʥʦʢ 6 ï ɼʠʘʛʨʘʤʤʘ ʨʘʩʪʷʞʝʥʠʷ ʦʙʨʘʟʮʦʚ ʉʂʋ-ʇʌʃ-100 ʧʦʩʣʝ ʨʘʟʣʠʯʥʦʡ 

ʚʳʜʝʨʞʢʝ ʚ ʩʦʣʝʚʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠ ʊ= 45Áʉ 

 

ɺ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʚʣʘʞʥʦʩʪʥʦʛʦ ʩʪʘʨʝʥʠʷ (20ï45Áʉ) 

ʜʠʘʛʨʘʤʤʳ ʨʘʩʪʷʞʝʥʠʷ ʦʙʨʘʟʮʦʚ ʦʙʝʠʭ ʛʨʫʧʧ (ʧʨʠ ʤʘʣʦʡ ʠ ʙʦʣʴʰʦʡ 

ʚʳʜʝʨʞʢʝ ʚ ʤʦʨʩʢʦʡ ʚʦʜʝ) ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ  (ʨʠʩʫʥʦʢ 5 ʠ 6). ʕʪʦ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʘ ʪʘʢʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʢʦʣʠʯʝʩʪʚʝ 

ʩʦʨʙʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʯʝʪʢʦ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʪʘʨʝʥʠʝ 

ʧʦʣʠʤʝʨʘ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʬʠʟʠʯʝʩʢʦʡ (ʬʠʟʠʢʦʭʠʤʠʯʝʩʢʦʡ) ʩʪʘʜʠʠ ʠ 

ʛʠʜʨʦʣʠʟ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʧʨʦʷʚʣʷʝʪʩʷ. 

ʅʘʙʣʶʜʘʝʤʦʝ ʥʘ ʨʠʩʫʥʢʘʭ 5 ʠ 6 ʩʥʠʞʝʥʠʝ ʭʦʜʘ ʜʠʘʛʨʘʤʤ 

ʨʘʩʪʷʞʝʥʠʷ, ʠʟʤʝʥʝʥʠʷ ʨʘʟʨʫʰʘʶʱʝʡ ʥʘʛʨʫʟʢʠ ʠ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ 

ʨʘʟʨʫʰʝʥʠʠ ʦʙʫʩʣʦʚʣʝʥʳ ʧʣʘʩʪʠʬʠʢʘʮʠʝʡ ʧʦʣʠʤʝʨʘ ʚʩʣʝʜʩʪʚʠʝ 

ʛʠʜʨʘʪʘʮʠʠ ʧʦʣʷʨʥʳʭ ʛʨʫʧʧ ʧʦʣʠʤʝʨʘ ʚ ʫʟʣʘʭ ʩʝʪʢʠ ʠ ʤʝʞʫʟʣʦʚʳʭ ʮʝʧʝʡ. 

ʀʥʘʷ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʚʣʘʞʥʦʩʪʥʦʤ ʩʪʘʨʝʥʠʠ ʦʙʨʘʟʮʦʚ 

ʉʂʋ-ʇʌʃ-100 ʧʨʠ ʙʦʣʝʝ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, 60 ʠ 80
 
Áʉ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʭʦʜ ʜʠʘʛʨʘʤʤ ʨʘʩʪʷʞʝʥʠʷ ʩʦʩʪʘʨʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʠʟ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ 

ʛʨʫʧʧ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʝʪʩʷ (ʨʠʩʫʥʦʢ 7 ʠ 8). ɼʠʘʛʨʘʤʤʳ ʨʘʩʪʷʞʝʥʠʷ 

ʦʙʨʘʟʮʦʚ ʚʪʦʨʦʡ ʛʨʫʧʧʳ (ʙʦʣʴʰʠʝ ʚʨʝʤʝʥʘ ʩʪʘʨʝʥʠʷ) ʠʜʫʪ ʥʠʞʝ, ʯʝʤ 

ʧʝʨʚʦʡ (ʤʘʣʳʝ ʚʨʝʤʝʥʘ). 
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ʈʠʩʫʥʦʢ 7 ï ɼʠʘʛʨʘʤʤʘ ʨʘʩʪʷʞʝʥʠʷ ʦʙʨʘʟʮʦʚ ʉʂʋ-ʇʌʃ-100 ʧʦʩʣʝ ʨʘʟʣʠʯʥʦʡ 

ʚʳʜʝʨʞʢʝ ʚ ʩʦʣʝʚʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠ ʊ= 60Áʉ 

 

 
ʈʠʩʫʥʦʢ 8 ï ɼʠʘʛʨʘʤʤʘ ʨʘʩʪʷʞʝʥʠʷ ʦʙʨʘʟʮʦʚ ʉʂʋ-ʇʌʃ-100 ʧʦʩʣʝ ʨʘʟʣʠʯʥʦʡ 

ʚʳʜʝʨʞʢʝ ʚ ʩʦʣʝʚʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠ ʊ= 80Áʉ 

 

Cʦʨʙʮʠʷ ʚʦʜʳ ʟʘʤʝʪʥʦ ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʫʶ ʞʝʩʪʢʦʩʪʴ ʧʦʣʠʤʝʨʘ, 

ʢʨʠʚʳʝ ʨʘʩʪʷʞʝʥʠʷ ʩʦʩʪʘʨʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʚʩʝʛʜʘ ʥʘʭʦʜʷʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ 

ʥʠʞʝ, ʯʝʤ ʠʩʭʦʜʥʳʭ.  

ʇʨʠʯʝʤ, ʨʘʟʣʠʯʠʷ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʨʙʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʜʣʷ ʦʙʨʘʟʮʦʚ 

ʦʙʝʠʭ ʛʨʫʧʧ ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʪʘʢʞʝ ʢʘʢ ʠ ʚ ʨʘʩʩʤʦʪʨʝʥʥʦʤ ʚʳʰʝ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳ. 
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ʂʘʨʪʠʥʘ ʚʣʘʞʥʦʩʪʥʦʛʦ ʩʪʘʨʝʥʠʷ ʦʙʨʘʟʮʦʚ ʉʂʋ-ʇʌʃ-100, 

ʥʘʙʣʶʜʘʝʤʘʷ  ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 60 ʠ 80 Áʉ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʨʦʣʴ 

ʛʠʜʨʦʣʠʟʘ ʫʟʣʦʚ ʧʦʣʠʤʝʨʥʦʡ ʩʝʪʢʠ, ʯʝʤ ʠ ʦʙʫʩʣʦʚʣʝʥʦ ʩʥʠʞʝʥʠʝ 

ʨʘʟʨʳʚʥʦʡ ʥʘʛʨʫʟʢʠ (å40%) ʧʨʠ ʊ= 60Áʉ. ʆʩʦʙʝʥʥʦ ʩʠʣʴʥʦ ʨʦʣʴ ʛʠʜʨʦʣʠʟʘ 

ʧʨʦʷʚʠʣʘʩʴ ʫ ʦʙʨʘʟʮʦʚ ʚʪʦʨʦʡ ʛʨʫʧʧʳ, ʩʦʩʪʘʨʝʥʥʳʭ ʧʨʠ 80Áʉ (ʨʠʩʫʥʦʢ 8). 

ʋ ʵʪʠʭ ʦʙʨʘʟʮʦʚ ʢʦʨʝʥʥʳʤ ʦʙʨʘʟʦʤ ʠʟʤʝʥʠʣʩʷ ʚʠʜ ʜʠʘʛʨʘʤʤʳ ʨʘʩʪʷʞʝʥʠʷ. 

ʆʥ ʧʝʨʝʩʪʘʣ ʙʳʪʴ ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʩʰʠʪʦʛʦ ʵʣʘʩʪʦʤʝʨʘ ʠ ʩʪʘʣ ʧʦʜʦʙʥʳʤ 

ʜʠʘʛʨʘʤʤʝ ʨʘʩʪʷʞʝʥʠʷ ʣʠʥʝʡʥʦʛʦ ʘʤʦʨʬʥʦʛʦ ʧʦʣʠʤʝʨʘ ʩ ʥʝʚʳʩʦʢʦʡ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ. ʉʥʠʞʝʥʠʝ ʩʨʝʜʥʝʡ ʨʘʟʨʳʚʥʦʡ ʥʘʛʨʫʟʢʠ ʧʨʠ ʵʪʦʤ 

ʩʦʩʪʘʚʠʣʦ å80%. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʦʙʨʘʟʮʦʚ                  

ʉʂʋ-ʇʌʃ-100 ʩ ʨʘʟʣʠʯʥʳʤ ʨʘʚʥʦʚʝʩʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʳ ʠ 

ʚʦʜʦʥʘʩʳʱʝʥʥʳʭ ʥʘ ʬʠʟʠʯʝʩʢʦʤ ʵʪʘʧʝ ʩʪʘʨʝʥʠʷ ʧʦʢʘʟʘʣ (ʨʠʩʫʥʦʢ 9), ʯʪʦ 

ʩʥʠʞʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʣʠʥʝʡʥʦ ʩ ʨʦʩʪʦʤ ʨʘʚʥʦʚʝʩʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ  ʩʦʨʙʠʨʦʚʘʥʥʦʡ ʚʦʜʳ: 

ʨʘʚʥɸʩ-=1
0s

s
      (8) 

ʛʜʝ ʢʦʵʬʬʠʮʠʝʥʪ ɸ= 0,217; ů ï ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʧʦʩʣʝ 

ʚʳʜʝʨʞʢʠ ʚ ʤʦʨʩʢʦʡ ʚʦʜʝ, ů0, ï ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʚ ʠʩʭʦʜʥʦʤ 

ʩʦʩʪʦʷʥʠʠ.  

ʇʦʣʫʯʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʜʝʣʘʪʴ ʧʨʦʩʪʳʝ ʧʨʦʛʥʦʟʥʳʝ 

ʦʮʝʥʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʉʂʋ-ʇʌʃ-100 ʧʨʠ 

ʨʘʟʣʠʯʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʚʦʜʳ ʚ ʧʦʣʠʤʝʨʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʧʨʦʛʥʦʟʥʳʤ 

ʦʮʝʥʢʘʤ ʨʘʚʥʦʚʝʩʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʦʨʩʢʦʡ ʚʦʜʳ ʚ ʉʂʋ-ʇʌʃ-100 ʧʨʠ +4 ʠ 

ī2Áʉ ʩʦʩʪʘʚʣʷʣʦ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 1,07 ʠ 0,98% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʈʠʩʫʥʦʢ 9 ï ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ 

ʉʂʋ-ʇʌʃ-100 ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʨʙʠʨʦʚʘʥʥʦʡ ʤʦʨʩʢʦʡ ʚʦʜʳ 

 

ʆʮʝʥʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ ů/ů0, ʩʜʝʣʘʥʥʳʝ ʧʦ ʣʠʥʝʡʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ (7), ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 9, ʩʦʩʪʘʚʠʣʠ 0,76 ʠ 0,78. 

 

ɺʳʚʦʜʳ 

1. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʠʬʬʫʟʠʷ ʤʦʨʩʢʦʡ ʚʦʜʳ ʚ ʧʦʣʠʫʨʝʪʘʥʝ ʉʂʋ-ʇʌʃ-100 

ʠʤʝʝʪ ʘʥʦʤʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ʋʩʪʘʥʦʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʦʧʨʝʜʝʣʝʥʳ 

ʧʘʨʘʤʝʪʨʳ ʜʠʬʬʫʟʠʠ ʠ ʩʦʨʙʮʠʠ ʤʦʨʩʢʦʡ ʚʦʜʳ ʚ ʧʦʣʠʫʨʝʪʘʥʝ                

ʉʂʋ-ʇʌʃ-100 ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 20ī80 
ʦ
ʉ. 

2. ʆʧʨʝʜʝʣʝʥʳ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ 

ʦʙʨʘʟʮʦʚ ʉʂʋ-ʇʌʃ-100 ʧʦʩʣʝ ʚʳʜʝʨʞʢʠ ʚ ʤʦʨʩʢʦʡ ʚʦʜʝ, ʢʦʪʦʨʳʝ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʦʨʙʮʠʷ ʚʦʜʳ ʟʘʤʝʪʥʦ ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʫʶ ʞʸʩʪʢʦʩʪʴ 

ʤʘʪʝʨʠʘʣʘ. 

3. ʉʥʠʞʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʧʦʣʠʤʝʨʘ ʥʘ ʬʠʟʠʯʝʩʢʦʡ ʩʪʘʜʠʠ ʝʛʦ ʩʪʘʨʝʥʠʷ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʤʦʨʩʢʦʡ ʚʦʜʳ ʧʨʦʠʩʭʦʜʠʪ ʣʠʥʝʡʥʦ ʩ ʨʦʩʪʦʤ ʨʘʚʥʦʚʝʩʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʨʙʠʨʦʚʘʥʥʦʡ ʚʦʜʳ. ʇʦʣʫʯʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʧʨʦʛʥʦʟʥʳʭ ʦʮʝʥʦʢ ʩʪʘʨʝʥʠʷ ʧʦʣʠʤʝʨʘ ʚ ʤʦʨʩʢʦʡ ʚʦʜʝ. 

4. ɺ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʤʦʨʩʢʦʡ ʚʦʜʳ ʦʪ ï2 ʜʦ +4Áʉ ʚ ʥʘʩʳʱʝʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʧʨʦʯʥʦʩʪʴ ʧʦʣʠʤʝʨʘ ʩʥʠʞʘʝʪʩʷ ʥʘ å24%. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʫʩʪʘʥʦʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ 

ʥʝʫʧʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʫʛʣʝʧʣʘʩʪʠʢʘ ɺʂʋ-39/ɺʊʢʋ-

2.200, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʧʨʠ ʧʝʨʝʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʦʪʚʝʨʞʜʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ-ʩʞʘʪʠʝ ʩ ʥʘʨʘʩʪʘʶʱʝʡ 

ʘʤʧʣʠʪʫʜʦʡ ʥʘʛʨʫʞʝʥʠʷ ʠ ʤʝʞʩʣʦʡʥʳʡ ʩʜʚʠʛ ʧʨʠ ʨʘʟʥʳʭ ʩʢʦʨʦʩʪʷʭ 

ʥʘʛʨʫʞʝʥʠʷ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʪʦʨʳʭ ʚ ʭʦʜʝ ʘʥʘʣʠʟʘ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʪʘʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʢ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʥʘʛʨʫʟʢʘ, ʧʦʩʣʝ ʢʦʪʦʨʦʡ 

ʤʘʪʝʨʠʘʣʳ ʥʘʢʘʧʣʠʚʘʶʪ ʥʝʫʧʨʫʛʫʶ ʜʝʬʦʨʤʘʮʠʶ. 
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Annotation 

The study examines patterns of changes in the elastic characteristics and 

durability of carbon fiber VKU-39/VTkU-2.20, manufactured using different 

curing parameters. Tensile-compression tests with increasing loading 

amplitudes and interlaminar shear tests at different loading rates were 

conducted. The results of these tests were used to determine characteristics such 

as the load the inelastic deformation. 

Key words: carbon fiber reinforced polymers, durability, thermal 

activation analysis, curing parameters. 

 

ɺʚʝʜʝʥʠʝ 

ʇʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʇʂʄ) ð ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʫʛʣʝʧʣʘʩʪʠʢʠ (ʋʇ) ʩʪʝʢʣʦʧʣʘʩʪʠʢʠ (ʉʇ) ð ʩʪʘʣʠ ʢʣʶʯʝʚʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʚ 

ʘʚʠʘʩʪʨʦʝʥʠʠ ʙʣʘʛʦʜʘʨʷ ʩʦʯʝʪʘʥʠʶ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ ʠ 

ʞʸʩʪʢʦʩʪʠ ʩ ʥʠʟʢʠʤ ʫʜʝʣʴʥʳʤ ʚʝʩʦʤ [1,2]. ʇʨʝʠʤʫʱʝʩʪʚʘ ʇʂʄ ʧʨʠʚʦʜʷʪ ʢ 

ʩʥʠʞʝʥʠʶ ʤʘʩʩʳ ʢʦʥʩʪʨʫʢʮʠʡ, ʫʤʝʥʴʰʝʥʠʶ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʠ 

ʫʛʣʝʨʦʜʥʦʛʦ ʩʣʝʜʘ, ʫʚʝʣʠʯʝʥʠʶ ʫʜʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʩʨʦʢʦʚ ʩʣʫʞʙʳ 

ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʠʣʠ ʫʣʫʯʰʝʥʠʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʬʦʨʤʳ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʘʩʩʘʞʠʨʩʢʠʝ ʩʘʤʦʣʸʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʝ 

ʚʥʝʜʨʝʥʠʝ ʇʂʄ: ʜʦʣʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʥʝʢʦʪʦʨʳʭ 

ʩʦʚʨʝʤʝʥʥʳʭ ʣʘʡʥʝʨʘʭ ʧʨʝʚʳʰʘʝʪ 50 % ʧʦ ʤʘʩʩʝ, ʯʪʦ ʧʦʜʯʸʨʢʠʚʘʝʪ 

ʚʘʞʥʦʩʪʴ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʦʪʨʘʩʣʠ [3,4].  

ʆʜʥʘʢʦ ʧʨʝʠʤʫʱʝʩʪʚʘ ʇʂʄ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʦʩʦʙʳʤʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʢʦʥʪʨʦʣʶ ʢʘʯʝʩʪʚʘ ʠ ʫʯʸʪʫ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ (ʚʣʘʞʥʦʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʘ, ʋʌ-ʚʦʟʜʝʡʩʪʚʠʝ ʠ 

ʪ.ʜ.) [5]. ʄʘʣʝʡʰʠʝ ʦʪʢʣʦʥʝʥʠʷ ʚ ʧʘʨʘʤʝʪʨʘʭ ʠʟʛʦʪʦʚʣʝʥʠʷ (ʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʨʝʞʠʤʳ ʦʪʚʝʨʞʜʝʥʠʷ, ʜʘʚʣʝʥʠʝ ʢʦʤʧʘʢʮʠʠ, ʩʦʜʝʨʞʘʥʠʝ ʩʚʷʟʫʶʱʝʛʦ / 

ʦʙʲʸʤʥʘʷ ʜʦʣʷ ʚʦʣʦʢʥʘ) ʟʘʤʝʪʥʦ ʚʣʠʷʶʪ ʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ (ʥʘʧʨʠʤʝʨ, 
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ʥʘʣʠʯʠʝ ʧʦʨʠʩʪʦʩʪʠ), ʤʝʞʬʘʟʥʫʶ ʘʜʛʝʟʠʶ (ʩʚʷʟʴ ʤʘʪʨʠʮʘïʚʦʣʦʢʥʦ) ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʧʨʦʯʥʦʩʪʴ ʥʘ 

ʨʘʩʪʷʞʝʥʠʝ/ʩʞʘʪʠʝ, ʤʝʞʩʣʦʝʚʦʡ ʩʜʚʠʛ, ʫʩʪʘʣʦʩʪʥʫʶ ʧʨʦʯʥʦʩʪʴ ʠ ʫʜʘʨʥʫʶ 

ʚʷʟʢʦʩʪʴ) [6.7].  

ɺ ʨʘʙʦʪʝ [8] ʩʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʨʦʩʪʝ ʚʦʣʦʢʦʥʥʦʡ ʜʦʣʠ ʤʦʜʫʣʴ ɽt ʠ 

ʧʨʦʯʥʦʩʪʴ ůt ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʚʦʣʦʢʦʥ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʦʯʪʠ ʣʠʥʝʡʥʦ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ. ʆʜʥʘʢʦ ʧʨʠ ʯʨʝʟʤʝʨʥʦʤ ʧʦʚʳʰʝʥʠʠ ʜʦʣʠ ʚʦʣʦʢʥʘ 

ʫʭʫʜʰʘʶʪʩʷ ʢʘʯʝʩʪʚʦ ʧʨʦʧʠʪʢʠ ʠ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʧʦʧʝʨʝʯʥʳʭ ʥʘʛʨʫʟʦʢ. 

ʋʤʝʥʴʰʝʥʠʝ ʧʦʨʠʩʪʦʩʪʠ ʥʘʧʨʷʤʫʶ ʧʦʚʳʰʘʝʪ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʫʩʪʘʣʦʩʪʥʫʶ ʩʪʦʡʢʦʩʪʴ. ɸʚʪʦʨʘʤʠ [9] ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ 

ʜʘʚʣʝʥʠʷ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʇʂʄ ʥʘ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʤʝʞʩʣʦʡʥʦʤ ʩʜʚʠʛʝ Ű. 

ɺʳʩʦʢʘʷ ʧʦʨʠʩʪʦʩʪʴ ʩʥʠʞʘʝʪ Ű ʠ ʧʦʚʳʰʘʶʪ ʚʝʨʦʷʪʥʦʩʪʴ ʜʝʣʘʤʠʥʘʮʠʠ ʧʨʠ 

ʫʜʘʨʝ ʠʣʠ ʮʠʢʣʠʯʝʩʢʠʭ ʥʘʛʨʫʟʢʘʭ. ɼʘʚʣʝʥʠʝ ʚʦ ʚʨʝʤʷ ʢʦʥʩʦʣʠʜʘʮʠʠ ʠ 

ʦʧʪʠʤʘʣʴʥʘʷ ʩʪʝʧʝʥʴ ʦʪʚʝʨʞʜʝʥʠʷ ʫʣʫʯʰʘʶʪ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ. 

ʅʘʣʠʯʠʝ ʧʦʨ ʠ ʜʝʬʝʢʪʳ ʷʚʣʷʶʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤʠ ʠʥʠʮʠʘʪʦʨʘʤʠ 

ʫʩʪʘʣʦʩʪʥʳʭ ʪʨʝʱʠʥ. ʋʤʝʥʴʰʝʥʠʝ ʧʦʨʠʩʪʦʩʪʠ (ʯʝʨʝʟ ʦʧʪʠʤʠʟʘʮʠʶ 

ʚʘʢʫʫʤʘ/ʜʘʚʣʝʥʠʷ) ʧʦʚʳʰʘʝʪ ʫʩʪʘʣʦʩʪʥʫʶ ʜʦʣʛʦʚʝʯʥʦʩʪʴ. ʊʘʢʞʝ 

ʧʘʨʘʤʝʪʨʳ ʦʪʚʝʨʞʜʝʥʠʷ (ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ/ʦʭʣʘʞʜʝʥʠʷ ʠ 

ʧʦʩʪʦʪʚʝʨʞʜʝʥʠʝ) ʚʣʠʷʶʪ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʫʩʪʘʣʦʩʪʴ [10]. 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʢ ʢʣʠʤʘʪʠʯʝʩʢʦʤʫ ʩʪʘʨʝʥʠʶ ð ʢʨʠʪʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ 

ʜʣʷ ʘʚʠʘʩʪʨʦʝʥʠʷ, ʛʜʝ ʤʘʪʝʨʠʘʣʳ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʨʝʟʢʠʭ 

ʧʝʨʝʧʘʜʦʚ ʪʝʤʧʝʨʘʪʫʨʳ (ʦʪ ī60 ÁC ʜʦ +60 ÁC), ʚʳʩʦʢʠʭ ʥʘʛʨʫʟʦʢ ʠ 

ʤʥʦʛʦʣʝʪʥʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʉʪʦʡʢʦʩʪʴ ʢʦʤʧʦʟʠʪʘ ʢ ʢʣʠʤʘʪʠʯʝʩʢʦʤʫ 

ʩʪʘʨʝʥʠʶ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʘ ʩ ʝʛʦ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ, ʢʦʪʦʨʘʷ ʬʦʨʤʠʨʫʝʪʩʷ 

ʥʘ ʩʪʘʜʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʘʨʘʤʝʪʨʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʩʪʝʧʝʥʴ 

ʩʰʠʚʢʠ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ, ʦʙʲʸʤ ʧʦʨ, ʭʘʨʘʢʪʝʨ ʤʝʞʬʘʟʥʦʛʦ 
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ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʣʦʢʥʦïʤʘʪʨʠʮʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʩʪʘʪʦʯʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ. ʕʪʠ ʬʘʢʪʦʨʳ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʣʠʷʶʪ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ 

ʢʦʤʧʦʟʠʪʘ ʩʦʧʨʦʪʠʚʣʷʪʴʩʷ ʚʣʘʛʦʥʘʩʳʱʝʥʠʶ, ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʶ, 

ʬʦʪʦʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʠ ʜʨʫʛʠʤ ʧʨʦʮʝʩʩʘʤ ʩʪʘʨʝʥʠʷ [11-15]. 

ɸʚʠʘʮʠʦʥʥʳʝ ʇʂʄ ʜʦʣʞʥʳ ʨʘʙʦʪʘʪʴ ʜʝʩʷʪʠʣʝʪʠʷʤʠ, ʥʦ ʥʝʚʦʟʤʦʞʥʦ 

ʞʜʘʪʴ ʩʪʦʣʴʢʦ ʚʨʝʤʝʥʠ ʜʣʷ ʧʨʦʚʝʨʢʠ. ʌʦʨʤʫʣʘ ɾʫʨʢʦʚʘ (1) ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʚʝʩʪʠ ʫʩʢʦʨʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ (ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ 

ʥʘʛʨʫʟʢʘʭ), ʘ ʟʘʪʝʤ ʵʢʩʪʨʘʧʦʣʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʥʘ ʨʝʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 

ʵʢʩʧʣʫʘʪʘʮʠʠ.  

† ὸπὩὼὴ 
Ὗπ ‎„

ὙὝ
, (1) 

ʛʜʝ t0 ï ʧʝʨʠʦʜ ʪʝʧʣʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʘʪʦʤʦʚ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ, 10
-13

 s; R - 

ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ, ʢɼʞ/ʤʦʣʴĿʂ; ů ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʠʣʠ 

ʨʘʟʨʫʰʘʶʱʘʷ ʥʘʛʨʫʟʢʘ ʧʨʠ ʤʝʞʩʣʦʡʥʦʤ ʩʜʚʠʛʝ Ű ʠʣʠ ʩʞʘʪʠʠ ůc, ʄʇʘ; Ű - 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʠʣʠ ʚʨʝʤʷ ʜʦ ʨʘʟʨʫʰʝʥʠʷ, ʩ. 

ʕʪʦ ʨʝʟʢʦ ʩʦʢʨʘʱʘʝʪ ʩʨʦʢʠ ʠ ʩʪʦʠʤʦʩʪʴ ʦʮʝʥʢʠ ʨʝʩʫʨʩʘ. ʌʦʨʤʫʣʘ 

ɾʫʨʢʦʚʘ ʫʯʠʪʳʚʘʝʪ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʥʘʧʨʷʞʝʥʠʡ, ʘ ʟʥʘʯʠʪ, 

ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʚʘʪʴ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʧʨʠ ʨʘʟʥʳʭ ʩʮʝʥʘʨʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʢʨʠʪʠʯʝʩʢʠʝ ʨʝʞʠʤʳ [16.17]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʜʦʣʛʦʚʝʯʥʦʩʪʠ 

ʤʘʪʝʨʠʘʣʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʪʝʨʤʦʘʢʪʠʚʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ (ʊɸɸ), ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʧʠʩʳʚʘʶʱʠʝ 

ʩʪʨʫʢʪʫʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʘʪʝʨʠʘʣʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʘʚʠʘʮʠʦʥʥʳʡ 

ʫʛʣʝʧʣʘʩʪʠʢ ɺʂʋ-39/ɺʊʢʋ-2.200 [18]. ʄʘʪʝʨʠʘʣ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʧʨʠ ʪʨʝʭ 

ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪʚʝʨʞʜʝʥʠʷ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ, ʨʘʟʥʦʤ 

ʜʘʚʣʝʥʠʠ ʠ ʩʦʜʝʨʞʘʥʠʠ ʩʚʷʟʫʶʱʝʛʦ. ʇʘʨʘʤʝʪʨʳ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʫʛʣʝʧʣʘʩʪʠʢʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
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ʊʘʙʣʠʮʘ 1 

ʇʘʨʘʤʝʪʨʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʫʛʣʝʧʣʘʩʪʠʢʘ ɺʂʋ-39/ɺʊʢʋ-2.200 

 ̄ ʐʠʬʨ ʦʙʨʘʟʮʘ 
ʉʦʜʝʨʞʘʥʠʝ 

ʩʚʷʟ. % 

ɼʘʚʣʝʥʠʝ, ʢʛ/ 

ʩʤ
2
 

ʊʝʤʧʝʨʘʪʫʨʘ, 

ÁC 

1 ʊ160 36 7 160 

2 ʊ180 36 7 180 

3 ʊ200 36 7 200 

4 ʉ39ʈ7 39 7 180 

5 ʉ37ʈ7 37 7 180 

6 ʉ36ʈ7 36 7 180 

7 ʉ33ʈ7 33 7 180 

8 ʉ36ʈ9 36 9 180 

9 ʉ36ʈ3 36 3 180 

 

 

ʀʩʧʳʪʘʥʠʷ ʥʘ ʤʝʞʩʣʦʡʥʳʡ ʩʜʚʠʛ ʤʝʪʦʜʦʤ ʢʦʨʦʪʢʦʡ ʙʘʣʢʠ 

ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʤʦʥʦʪʦʥʥʦʤ ʥʘʛʨʫʞʝʥʠʠ ʦʙʨʘʟʮʦʚ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ 

ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ 5ï5Ŀ10
-3

 ʤʤ/ʤʠʥ. ʆʙʨʘʟʮʳ ʇʂʄ ʠ ʫʩʣʦʚʠʷ 

ʧʨʦʚʝʜʝʥʠʷ ʥʘʛʨʫʞʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ɻʆʉʊ 32659-2014. 

ʀʩʧʳʪʘʥʠʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ-ʩʞʘʪʠʝ ʧʨʦʚʦʜʠʣʠ ʥʘ ʢʦʨʩʝʪʥʳʭ ʦʙʨʘʟʮʘʭ 

ʨʘʟʤʝʨʘʤʠ 150 Ĭ 28 ʤʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʦʡ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʙʦʪʝ 

[19]. ʅʘʛʨʫʞʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʧʦ ʩʪʫʧʝʥʯʘʪʦʡ ʧʨʦʛʨʘʤʤʝ (ʨʠʩ. 1), ʠ ʥʘ 

ʢʘʞʜʦʡ ʩʪʫʧʝʥʠ ʚʳʧʦʣʥʷʣʦʩʴ ʯʝʪʳʨʝ ʮʠʢʣʘ, ʧʦ ʢʦʪʦʨʳʤ ʧʦʣʫʯʘʣʦʩʴ ʪʨʠ 

ʟʥʘʯʝʥʠʷ ʨʘʩʢʨʳʪʠʷ ʧʝʪʣʠ ʥʝʫʧʨʫʛʦʩʪʠ. 
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ʈʠʩʫʥʦʢ 1 - ʈʝʟʫʣʴʪʘʪ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʘ ɺʂʋ-39/ ɺʊʢʋ-2.200 ʩ ʥʘʨʘʩʪʘʶʱʝʡ 

ʘʤʧʣʠʪʫʜʦʡ ʥʘʛʨʫʞʝʥʠʷ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʙʳʣʠ 

ʧʦʩʪʨʦʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʢʨʳʪʠʷ ʧʝʪʝʣʴ ʛʠʩʪʝʨʝʟʠʩʘ ʦʪ ʘʤʧʣʠʪʫʜʳ 

ʥʘʛʨʫʞʝʥʠʷ (ʨʠʩ. 2). 

 

ʈʠʩʫʥʦʢ 2 - ɸʤʧʣʠʪʫʜʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʢʨʳʪʠʷ ʧʝʪʝʣʴ ʥʝʫʧʨʫʛʦʩʪʠ ʋʇ 
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ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ɸʥʘʣʠʟ ʥʝʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ 

ʇʦ ʦʪʢʣʦʥʝʥʠʶ ʦʪ ʣʠʥʝʡʥʦʩʪʠ ʥʘʯʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʟʘʚʠʩʠʤʦʩʪʠ 

ȹD(ůa) (ʨʠʩ. 2) ʥʘʭʦʜʠʣʠ ʟʥʘʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ůa0, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ 

ʥʘʛʨʫʟʢʫ, ʧʦʩʣʝ ʢʦʪʦʨʦʡ ʥʘʯʠʥʘʝʪʩʷ ʥʝʦʙʨʘʪʠʤʘʷ ʜʝʬʦʨʤʘʮʠʷ (ʪʘʙʣʠʮʘ 2). 

 

ʊʘʙʣʠʮʘ 2 

ɿʥʘʯʝʥʠʷ ůa0 ʠ ʨʘʟʨʫʰʘʶʱʝʡ ʥʘʛʨʫʟʢʠ ůʩ ʫʛʣʝʧʣʘʩʪʠʢʘ ɺʂʋ-

39/ɺʊʢʋ-2.200, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪʚʝʨʞʜʝʥʠʷ 

 ̄
ůa0, ʄʇʘ 

ʊ160 ʊ180 ʊ200 

1 87,7 - 103,2 

2 71,2 87,6 90,9 

3 80,2 104,1 109,2 

4 83,2 91,0 103,2 

5 89,6 104,2 89,9 

ʩʨʝʜʥʝʝ 82,4 (Ñ 7,2)  96,7 (Ñ 8,7)  99,3 (Ñ 8,5) 

 

 

ʊʝʨʤʦʘʢʪʠʚʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʥʘ ʨʘʩʪʷʞʝʥʠʝ-ʩʞʘʪʠʝ ʠ ʤʝʞʩʣʦʡʥʳʡ 

ʩʜʚʠʛ ʙʳʣ ʧʨʦʚʝʜʝʥ ʪʝʨʤʦʘʢʪʠʚʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ (ʊɸɸ). ʊɸɸ ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʧʦʣʫʯʝʥʠʠ ʩʠʣʦʚʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʨʘʟʨʫʰʝʥʠʷ (Ui), 

ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʧʨʦʮʝʩʩ ʨʘʟʨʫʰʝʥʠʷ. ɿʘʚʠʩʠʤʦʩʪʴ U(Űmax) 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʷʤʫʶ, ʚʳʯʠʩʣʷʝʤʫʶ ʧʦ ʤʝʪʦʜʫ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ. ɽʩʣʠ ʩʪʨʫʢʪʫʨʘ ʤʘʪʝʨʠʘʣʘ ʥʝ ʧʨʝʪʝʨʧʝʚʘʝʪ ʠʟʤʝʥʝʥʠʡ, ʵʥʝʨʛʠʷ 

ʘʢʪʠʚʘʮʠʠ ʨʘʟʨʫʰʝʥʠʷ ʙʫʜʝʪ ʣʠʥʝʡʥʦ ʟʘʚʠʩʝʪʴ ʦʪ ʧʨʠʣʘʛʘʝʤʦʡ ʥʘʛʨʫʟʢʠ 

(2). 

U(Űmax) = U0 ī ɔůʩ Í RT ln(Űeq/ɜ0) (2) 

ʛʜʝ ɜ0 ʭʘʨʘʢʪʝʨʥʘʷ ʜʝʙʘʝʚʩʢʘʷ ʯʘʩʪʦʪʘ, 10
13

 ʩ
-1
; R ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ 

ʧʦʩʪʦʷʥʥʘʷ, ʢɼʞ/ʤʦʣʴĿK; U0 ï ʥʘʯʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʨʘʟʨʫʰʝʥʠʷ, 
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ʢɼʞ/ʤʦʣʴ; ɔ ïʘʢʪʠʚʘʮʠʦʥʥʳʡ ʦʙʲʝʤ ʢɼʞ/ʤʦʣʴĿʄʇʘ; Űeq ʵʢʚʠʚʘʣʝʥʪʥʦʝ 

ʚʨʝʤʷ ʨʘʟʨʫʰʝʥʠʷ ʠʣʠ ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʷ ʜʦ ʨʘʟʨʫʰʝʥʠʷ, ʩ; ů ï 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʠʣʠ ʨʘʟʨʫʰʘʶʱʘʷ ʥʘʛʨʫʟʢʘ ʧʨʠ ʩʞʘʪʠʠ (ůc) ʠʣʠ ʤʝʞʩʣʦʡʥʦʤ 

ʩʜʚʠʛʝ (Ű), ʄʇʘ; 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ U(ů) ʩ ʟʘʜʘʥʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʥʘʯʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʨʘʟʨʫʰʝʥʠʷ U0. ɿʥʘʯʝʥʠʝ 

ʥʘʯʘʣʴʥʦʡ ʕɸʈ U0 = 155,3 ʢɼʞ/ʤʦʣʴ ʙʳʣʦ ʧʨʠʥʷʪʦ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʜʨʫʛʠʭ ʤʘʨʦʢ ʫʛʣʝʧʣʘʩʪʠʢʘ, ʧʦʢʘʟʘʚʰʠʭ ʪʘʢʦʡ ʞʝ 

ʨʝʟʫʣʴʪʘʪ [20,21]. 

 

 
ʈʠʩʫʥʦʢ 3 ï ʉʠʣʦʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʕɸʈ ʦʙʨʘʟʮʦʚ ɺʂʋ-39/ ɺʊʢʋ-2.200 

 

ɼʣʷ ʯʝʪʳʨʝʭ ʧʘʨʪʠʡ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʦ ʧʦʩʯʠʪʘʥʦ ʟʥʘʯʝʥʠʝ 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʧʦ ʬʦʨʤʫʣʝ ɾʫʨʢʦʚʘ (1). 

ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʧʨʦʯʥʦʩʪʠ Pʩ,sh, ʷʚʣʷʶʱʠʡʩʷ ʚʝʣʠʯʠʥʦʡ, 

ʦʙʨʘʪʥʦʡ ʟʥʘʯʝʥʠʶ ʘʢʪʠʚʘʮʠʦʥʥʦʛʦ ʦʙʲʸʤʘ ɔ. ʆʥ ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ 
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ʟʥʘʯʝʥʠʝ, ʝʩʣʠ ʩʪʨʫʢʪʫʨʘ ʤʘʪʝʨʠʘʣʘ ʥʝ ʧʨʝʪʝʨʧʝʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʭ 

ʠʟʤʝʥʝʥʠʡ, ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ çʧʨʦʯʥʦʩʪʴè, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠʩʧʳʪʘʥʠʡ ʠ ʪʨʘʝʢʪʦʨʠʠ ʥʘʛʨʫʞʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ.  

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʨʦʯʥʦʩʪʠ Pʩ,sh, 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ Ű ʠ ʨʘʟʨʫʰʘʶʱʠʭ ʥʘʛʨʫʟʦʢ ůʩ ʦʙʨʘʟʮʦʚ ʋʇ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʘʭ 3 ʠ 4. 

 

ʊʘʙʣʠʮʘ 3 

ʇʘʨʘʤʝʪʨ ʧʨʦʯʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʫʛʣʝʧʣʘʩʪʠʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʚʝʨʞʜʝʥʠʷ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ 

ʄʘʪʝʨʠʘʣ Pʩ, ʤʦʣʴĿʄʇʘ/ʢɼʞ 
Ű, ʣʝʪ (298 ʂ, 50 % 

ʦʪ 300 ʄʇʘ) 
ůʩ, ʄʇʘ 

ʊ160 5,56 (Ñ 0,46) 49 (Ñ 15) 547 (Ñ 32) 

ʊ170 5,22 (Ñ 0,49) 31 (Ñ 20) 499 (Ñ 39) 

ʊ200 7,03 (Ñ 0,48) 52 (Ñ 38) 539 (Ñ 35) 

 

ʊʘʙʣʠʮʘ 4 

ʇʘʨʘʤʝʪʨ ʧʨʦʯʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʫʛʣʝʧʣʘʩʪʠʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʥʘʧʦʣʥʠʪʝʣʷ ʠ ʜʘʚʣʝʥʠʷ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ, 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʤʝʞʩʣʦʡʥʳʡ ʩʜʚʠʛ 

ʄʘʪʝʨʠʘʣ C33P7 C36P7 C37P7 C39P7 C36P3 C36P9 

Psh, 

ʤʦʣʴĿʄʇʘ/

ʢɼʞ 

0,95 

(Ñ0,02) 

0,97 

(Ñ0,02) 

1,00 

(Ñ0,03) 

1,01 

(Ñ0,03) 

0,88 

(Ñ0,02) 

0,91 

(Ñ0,01) 

Ű, ʣʝʪ (298 

ʂ, 40 % ʦʪ 

80 ʄʇʘ) 

7 (Ñ2) 9 (Ñ2) 14 (Ñ5) 15 (Ñ7) 7 (Ñ3) 10 (Ñ2) 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʧʨʦʯʥʦʩʪʠ Psh ʦʪ ʠʟʤʝʥʷʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʘʪʝʨʠʘʣʘ (ʨʠʩʫʥʦʢ 4).  
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ʘ) 

 

ʙ) 

 
ʈʠʩʫʥʦʢ 4 ï ɿʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʘ ʧʨʦʯʥʦʩʪʠ Psh ʦʙʨʘʟʮʦʚ ɺʂʋ-39/ɺʊʢʋ-2.200 ʦʪ 

ʩʦʜʝʨʞʘʥʠʷ ʩʚʷʟʫʶʱʝʛʦ (ʘ) ʠ ʜʘʚʣʝʥʠʷ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ (ʙ) 

 

ɺ ʩʣʫʯʘʝ ʨʘʟʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʩʚʷʟʫʶʱʝʛʦ, ʙʳʣʘ ʚʳʷʚʣʝʥʘ 

ʪʝʥʜʝʥʮʠʷ ʨʦʩʪʘ ʧʘʨʘʤʝʪʨʘ ʧʨʦʯʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʩʦʜʝʨʞʘʥʠʷ ʩʚʷʟʫʶʱʝʛʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʥʷʷ ʧʨʦʮʝʥʪ ʩʚʷʟʫʶʱʝʛʦ ʩ 33 

ʜʦ 39 % ʧʘʨʘʤʝʪʨ ʧʨʦʯʥʦʩʪʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 6,3 %. 
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ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʨʠ ʨʘʟʥʦʤ 

ʜʘʚʣʝʥʠʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʡ ʧʨʦʯʥʦʩʪʴʶ ʦʙʣʘʜʘʝʪ ʦʙʨʘʟʝʮ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʧʨʠ ʜʘʚʣʝʥʠʠ 7 ʢʛ/ʩʤ
2
. 

ʄʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʪʝʨʤʦʘʢʪʠʚʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʝʥʥʦ 

ʨʘʩʰʠʨʠʪ ʚʦʟʤʦʞʥʦʩʪʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʜʝʬʦʨʤʘʮʠʦʥʥʦ-ʧʨʦʯʥʦʩʪʥʳʭ 

ʤʝʪʦʜʦʚ [19],  ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ [21] ʢʘʢ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʩʦʩʪʘʚʘ ʇʂʄ [2-4], ʪʘʢ ʠ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʭ 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʩʪʘʨʝʥʠʷ [18,22, 23]. 

 

ɺʳʚʦʜʳ 

ɸʥʘʣʠʟ ʥʝʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʫʛʣʝʧʣʘʩʪʠʢʘ ɺʂʋ-39/ɺʊʢʋ-2.200, 

ʧʦʩʨʝʜʩʪʚʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʢʨʳʪʠʷ ʧʝʪʝʣʴ ʛʠʩʪʝʨʝʟʠʩʘ ʦʪ 

ʘʤʧʣʠʪʫʜʳ ʥʘʛʨʫʞʝʥʠʷ, ʧʦʟʚʦʣʠʣ ʨʘʟʣʠʯʠʪʴ ʩʦʩʪʦʷʥʠʝ ʤʘʪʝʨʠʘʣʦʚ, 

ʩʚʷʟʫʶʱʝʝ ʢʦʪʦʨʳʭ ʙʳʣʦ ʦʪʚʝʨʞʜʝʥʦ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

(ʊʘʙʣʠʮʘ 1). ʇʦʢʘʟʘʪʝʣʴ ůa0 ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʪʚʝʨʞʜʝʥʠʷ ʩ 82,4 ʜʦ 99,3 ʄʇʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʊɸɸ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʨʘʩʪʷʞʝʥʠʝ-ʩʞʘʪʠʝ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʥʘʠʙʦʣʴʰʘʷ ʧʨʦʯʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ɺʂʋ-39/ 

ɺʊʢʋ-2.200, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʧʨʠ ʊ = 200 ᴈ. ʇʨʠ ʵʪʦʤ ʨʝʟʫʣʴʪʘʪʳ ʊɸɸ ʧʨʠ 

ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʤʝʞʩʣʦʡʥʳʡ ʩʜʚʠʛ ʧʦʟʚʦʣʠʣʠ ʨʘʟʣʠʯʠʪʴ ʚʣʠʷʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʩʚʷʟʫʶʱʝʛʦ ʚ ʫʛʣʝʧʣʘʩʪʠʢʝ, ʘ ʪʘʢʞʝ ʜʘʚʣʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʦʙʨʘʟʝʮ. 

ʊʘʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʢ ʧʘʨʘʤʝʪʨ ʧʨʦʯʥʦʩʪʠ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠ 

ʘʢʪʠʚʘʮʠʦʥʥʳʡ ʦʙʲʝʤ ʫʛʣʝʧʣʘʩʪʠʢʘ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩ ʥʠʟʢʠʤ ʟʥʘʯʝʥʠʝʤ 

ʦʪʢʣʦʥʝʥʠʡ (ʪʘʙʣʠʮʘ 4), ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʚʳʙʨʘʥʥʦʛʦ ʤʝʪʦʜʘ ʢ ʠʟʤʝʥʝʥʠʷʤ ʧʘʨʘʤʝʪʨʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ. 

 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʬʠʥʘʥʩʠʨʦʚʘʣʘʩʴ ʟʘ ʩʯʸʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ 

ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 24-19-00009.  
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ɸʥʥʦʪʘʮʠʷ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʩʚʦʡʩʪʚʘ 

ʙʘʟʘʣʴʪʦʧʣʘʩʪʠʢʦʚʦʡ ʘʨʤʘʪʫʨʳ (ɹʇɸ) ʧʨʠ ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ʚ 

ʫʩʣʦʚʠʷʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʦʪʢʨʳʪʦʤ ʚʦʟʜʫʭʝ 

ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʧʦʣʠʛʦʥʘ ʚ ʛ. ʗʢʫʪʩʢʝ. ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʚʳʜʝʣʝʥʠʷ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʦʜʳ ʩʤʳʚʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʠ 

ʥʘʢʦʧʠʪʝʣʴʥʳʭ ʢʫʣʴʪʫʨ ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ. ʆʪʙʦʨ ʧʨʦʙ 

ʧʨʦʚʦʜʠʣʩʷ ʚ ʪʨʠ ʵʪʘʧʘ ʚ ʜʝʢʘʙʨʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ ʜʦ ī45꜡Áʉ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʢʦʥʪʘʤʠʥʘʮʠʡ ʧʦʢʘʟʘʣʦ 

ʧʨʝʦʙʣʘʜʘʥʠʝ ʢʨʠʦʬʠʣʴʥʳʭ ʙʘʢʪʝʨʠʡ ʠ ʧʣʝʩʥʝʚʳʭ ʛʨʠʙʦʚ, ʧʨʠ ʵʪʦʤ 

ʩʨʝʜʥʷʷ ʜʦʣʷ ʞʠʟʥʝʩʧʦʩʦʙʥʳʭ ʢʣʝʪʦʢ ʩʦʩʪʘʚʣʷʣʘ ʦʢʦʣʦ 33꜡%. ʋʞʝ ʯʝʨʝʟ 

12 ʤʝʩʷʮʝʚ ʵʢʩʧʦʟʠʮʠʠ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʘʢʪʠʚʥʦʩʪʴ ʤʠʢʨʦʤʠʮʝʪʦʚ ʨʦʜʘ 

Aspergillus, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʪʝʥʮʠʘʣʝ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ɹʇɸ ʜʘʞʝ 

ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʪʨʝʤʘʣʴʥʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 
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ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʩʦʭʨʘʥʷʶʪ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʠ ʙʠʦʣʦʛʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʩʫʨʦʚʦʛʦ ʭʦʣʦʜʥʦʛʦ ʢʣʠʤʘʪʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʙʠʦʣʦʛʠʯʝʩʢʠʝ 

ʘʛʝʥʪʳ ʤʦʛʫʪ ʚʥʦʩʠʪʴ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʧʨʦʮʝʩʩʳ ʜʝʩʪʨʫʢʮʠʠ 

ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚʢʣʶʯʘʷ ɹʇɸ, ʜʘʞʝ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʧʨʝʙʳʚʘʥʠʠ 

ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʪʨʝʤʘʣʴʥʦ ʭʦʣʦʜʥʦʛʦ ʢʣʠʤʘʪʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʘʟʘʣʴʪʦʧʣʘʩʪʠʢʦʚʘʷ ʘʨʤʘʪʫʨʘ (ɹʇɸ), 

ʙʠʦʜʝʛʨʘʜʘʮʠʷ, ʢʨʠʦʬʠʣʴʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʧʣʝʩʥʝʚʳʝ ʛʨʠʙʳ, 

Aspergillus, ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ, 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ. 
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Abstract. This study presents the results of an investigation into the 

influence of biological factors on the properties of basalt fiber-reinforced 

mailto:ny94@list.ru
mailto:lora-07.65@mail.ru
mailto:kychkinplasma@mail.ru
mailto:icen.kychkin@mail.ru
mailto:aselka-333@mail.ru


ʂʣʠʤʘʪ-2025: ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʤʘʪʝʨʠʘʣʳ ʠ 
ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

X ˏ ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 141 
 

polymer rebar (BFRP) during long-term exposure to subzero temperatures at an 

open-air climate testing site in Yakutsk. To identify and isolate microorganisms, 

surface wash techniques and enrichment cultures in a mineral nutrient medium 

were used. Sampling was conducted in three stages during December, under 

temperature conditions reaching as low as ī45꜡ÁC. 

Microbiological analysis revealed the predominance of psychrophilic 

bacteria and mold fungi, with an average proportion of viable cells of 

approximately 33%. After 12 months of exposure, activity of Aspergillus spp. 

was detected, confirming the potential for biodegradation of BFRP even under 

extremely low temperatures. It was established that microorganisms retain both 

viability and biological activity when subjected to harsh cold-climate conditions. 

The results demonstrate that biological agents can contribute significantly 

to the degradation processes of polymer materials, including BFRP, even during 

prolonged exposure to extreme cold environments. 

Keywords: basalt fiber-reinforced bar (BFRB), biodegradation, 

psychrophilic microorganisms, mold fungi, Aspergillus, subzero temperatures, 

climate testing, microbiological resistance, extreme environmental conditions. 

 

ɺʚʦʜʥʘʷ ʯʘʩʪʴ. ɹʠʦʨʘʟʨʫʰʝʥʠʝ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ (ʇʂʄ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʫ ʠʟ ʢʣʶʯʝʚʳʭ ʵʢʦʣʦʛʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ. ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʢʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʙʠʦʜʝʩʪʨʫʢʪʦʨʘʤʠ ʠ 

ʚʥʝʰʥʠʤʠ ʬʘʢʪʦʨʘʤʠ. ʀʟʫʯʝʥʠʝ ʘʙʠʦʪʠʯʝʩʢʠʭ ʠ ʙʠʦʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʬʘʢʪʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ (ʆʉ) ʥʘ ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʇʂʄ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ.  
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ʇʨʠ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʩʧʦʩʦʙʥʳ ʨʘʟʣʘʛʘʪʴ 

ʤʘʪʝʨʠʘʣʳ ʠ ʠʭ ʩʦʩʪʘʚʣʷʶʱʠʝ ʜʦ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ ʚʦʜʳ ʚ ʧʨʦʮʝʩʩʝ 

ʤʝʪʘʙʦʣʠʟʤʘ ʩ ʫʯʘʩʪʠʝʤ ʬʝʨʤʝʥʪʥʦʛʦ ʘʧʧʘʨʘʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʝʪʩʷ 

ʙʝʟʚʨʝʜʥʘʷ ʜʣʷ ʵʢʦʩʠʩʪʝʤʳ ʤʠʢʨʦʙʥʘʷ ʙʠʦʤʘʩʩʘ, ʢʦʪʦʨʫʶ ʟʘʪʝʤ 

ʧʝʨʝʨʘʙʘʪʳʚʘʶʪ ʜʨʫʛʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ. ɺ ʵʪʠʭ ʧʨʦʮʝʩʩʘʭ ʢʣʶʯʝʚʫʶ 

ʨʦʣʴ ʠʛʨʘʶʪ ʬʘʢʪʦʨʳ ʆʉ. ʂʘʞʜʘʷ ʛʨʫʧʧʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʦʙʣʘʜʘʝʪ 

ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʦʧʪʠʤʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʞʠʟʥʠ. ʅʘʧʨʠʤʝʨ, 

ʧʣʝʩʥʝʚʳʝ ʛʨʠʙʳ ʧʨʝʜʧʦʯʠʪʘʶʪ ʢʠʩʣʳʝ, ʚʣʘʞʥʳʝ ʠ ʪʝʧʣʳʝ ʩʨʝʜʳ, ʪʦʛʜʘ 

ʢʘʢ ʤʥʦʛʠʝ ʘʢʪʠʥʦʙʘʢʪʝʨʠʠ, ʪʘʢʠʝ ʢʘʢ Nocardia, ʭʦʪʷ ʠ ʫʩʪʦʡʯʠʚʳ ʢ 

ʢʠʩʣʦʪʘʤ, ʣʫʯʰʝ ʨʘʟʚʠʚʘʶʪʩʷ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ. ʅʝʢʦʪʦʨʳʝ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʫʩʣʦʚʠʷʭ, ʥʘʩʳʱʝʥʥʳʭ 

ʪʦʢʩʠʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʨʘʟʣʦʞʝʥʠʷ ʪʚʝʨʜʳʭ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ. ʇʨʠ 

ʪʦʢʩʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʝʬʪʷʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʥʘʧʨʠʤʝʨ, ʤʦʛʫʪ 

ʨʘʟʚʠʚʘʪʴʩʷ ʢʘʢ ʙʘʢʪʝʨʠʘʣʴʥʳʝ, ʪʘʢ ʠ ʛʨʠʙʥʳʝ ʦʨʛʘʥʠʟʤʳ, ʥʝʢʦʪʦʨʳʝ ʠʟ 

ʢʦʪʦʨʳʭ ʩʧʦʩʦʙʥʳ ʧʦʜʜʝʨʞʠʚʘʪʴ ʤʝʪʘʙʦʣʠʟʤ ʜʘʞʝ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

1. ɹʘʢʪʝʨʠʠ ʨʦʜʘ Bacillus ʦʙʣʘʜʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʝʨʝʥʦʩʠʪʴ ʢʘʢ 

ʚʳʩʦʢʠʝ, ʪʘʢ ʠ ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʘ ʪʘʢʞʝ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ pH, 

ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʮʝʥʥʳʤʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ. ʈʘʥʝʝ 

ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʙʠʦʜʝʛʨʘʜʘʮʠʷ ʚʦʟʤʦʞʥʘ ʣʠʰʴ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 

20-40 ᴈ, ʦʜʥʘʢʦ ʥʘ ʧʨʘʢʪʠʢʝ ʦʥʘ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʠ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ [1, ʩ. 152-166; 2, ʩ. 80-95; 3, ʩ. 95-110]. ɹʠʦʜʝʛʨʘʜʘʮʠʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʠʟʤʝʥʝʥʠʝ ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʣʠʤʝʨʘ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʙʠʦʣʦʛʠʯʝʩʢʠʭ (ʧʦʯʚʝʥʥʳʝ ʙʘʢʪʝʨʠʠ, ʧʣʝʩʥʝʚʳʝ ʛʨʠʙʳ, 

ʘʪʤʦʩʬʝʨʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ), ʬʠʟʠʯʝʩʢʠʭ (ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ 

ʠʟʣʫʯʝʥʠʝ) ʠ ʭʠʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ (ʨʝʘʛʝʥʪʳ ʚ ʚʦʜʥʳʭ ʩʨʝʜʘʭ). ʆʙʘ ʪʠʧʘ 

ʬʘʢʪʦʨʦʚ ï ʘʙʠʦʪʠʯʝʩʢʠʝ ʠ ʙʠʦʪʠʯʝʩʢʠʝ ï ʘʢʪʠʚʠʨʫʶʪ ʧʨʦʮʝʩʩʳ 

ʜʝʛʨʘʜʘʮʠʠ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʦʣʝʝ 
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ʧʨʦʩʪʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʢʦʪʦʨʳʝ ʣʝʛʢʦ ʫʩʚʘʠʚʘʶʪʩʷ ʤʠʢʨʦʙʥʳʤʠ 

ʩʦʦʙʱʝʩʪʚʘʤʠ, ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʤʠ ʥʘ ʢʦʤʧʦʟʠʪʘʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʙʠʦʜʝʛʨʘʜʘʮʠʷ ʇʂʄ ʤʦʞʝʪ ʙʳʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʘ ʚ ʢʨʫʛʦʚʦʨʦʪ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʨʠʨʦʜʥʳʭ ʙʠʦʩʠʩʪʝʤ. 

ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʙʠʦʟʘʛʨʷʟʥʝʥʠʷ ʥʘ ʩʚʦʡʩʪʚʘ 

ʙʘʟʘʣʴʪʦ-ʧʣʘʩʪʠʢʦʚʦʡ ʘʨʤʘʪʫʨʳ (ɹʇɸ) ʧʨʠ ʵʢʩʧʦʟʠʮʠʠ ʚ ʫʩʣʦʚʠʷʭ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʦʪʢʨʳʪʦʡ ʧʣʦʱʘʜʢʝ ʧʦʣʠʛʦʥʘ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʚ ʛʦʨʦʜʝ ʗʢʫʪʩʢʝ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, 

ʢʦʣʦʥʠʟʠʨʫʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʴ ʙʘʟʘʣʴʪʦʧʣʘʩʪʠʢʦʚʦʡ ʘʨʤʘʪʫʨʳ (ɹʇɸ), 

ʧʨʠʤʝʥʷʣʠʩʴ ʤʝʪʦʜʳ ʩʤʳʚʘ ʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʚ ʤʠʥʝʨʘʣʴʥʦʡ 

ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ʩ ʥʘʢʦʧʠʪʝʣʴʥʳʤ ʵʬʬʝʢʪʦʤ. ʆʪʙʦʨ ʧʨʦʙ ʦʩʫʱʝʩʪʚʣʷʣʩʷ 

ʚ ʜʝʢʘʙʨʝ ʚ ʪʨʠ ʚʨʝʤʝʥʥʳʝ ʪʦʯʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʟʣʠʯʥʳʤ ʩʨʦʢʘʤ 

ʢɻʩʧʦʟʠʮʠʠ ʦʙʨʘʟʮʦʚ ʥʘ ʦʪʢʨʳʪʦʤ ʚʦʟʜʫʭʝ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʧʦʣʠʛʦʥʘ 

ʚ ʛ. ʗʢʫʪʩʢʝ. 

ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʫʩʣʦʚʠʷ ʚ ʜʥʠ ʦʪʙʦʨʘ ʧʨʦʙ ʩʦʩʪʘʚʣʷʣʠ: 

ï42 Áʉ ï ʯʝʨʝʟ 12 ʤʝʩʷʮʝʚ ʵʢʩʧʦʟʠʮʠʠ; 

ï43 Áʉ ï ʯʝʨʝʟ 24 ʤʝʩʷʮʘ; 

ï45 Áʉ ï ʯʝʨʝʟ 36 ʤʝʩʷʮʝʚ. 

ʉʤʳʚʳ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʚ ʘʩʝʧʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʥʝʩʝʥʠʝʤ ʤʘʪʝʨʠʘʣʘ ʚ ʧʠʪʘʪʝʣʴʥʳʝ ʩʨʝʜʳ ʜʣʷ 

ʚʳʜʝʣʝʥʠʷ ʠ ʥʘʢʦʧʣʝʥʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʩʧʦʩʦʙʥʳʭ ʩʦʭʨʘʥʷʪʴ 

ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʠ ʧʨʦʷʚʣʷʪʴ ʘʢʪʠʚʥʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʪʨʝʤʘʣʴʥʦ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

ʄʝʪʦʜʳ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ 

ʚʢʣʶʯʘʣʠ: ʚʳʜʝʣʝʥʠʝ ʚ ʢʫʣʴʪʫʨʫ, ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʯʠʩʪʳʭ 



ʂʣʠʤʘʪ-2025: ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʤʘʪʝʨʠʘʣʳ ʠ 
ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

X ˏ ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 144 
 

ʢʫʣʴʪʫʨ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʙʠʦʭʠʤʠʯʝʩʢʠʤ ʠ ʛʝʥʝʪʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤʠ, 

ʵʣʝʢʪʨʦʥʥʫʶ ʠ ʩʚʝʪʦʚʫʶ ʤʠʢʨʦʩʢʦʧʠʶ.  

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʟʫʯʘʣʠ ʧʝʡʟʘʞ ʤʠʢʨʦʙʥʳʭ 

ʩʦʦʙʱʝʩʪʚ, ʘ ʪʘʢʞʝ ʤʦʨʬʦʣʦʛʦ-ʢʫʣʴʪʫʨʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ ʚʳʜʝʣʝʥʥʳʭ 

ʰʪʘʤʤʦʚ.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʦʩʪʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʘʢʪʝʨʠʡ ʠ 

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʛʨʠʙʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ: ʠʟʫʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʥʘ ʵʣʝʢʪʠʚʥʳʭ ʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʠʪʘʪʝʣʴʥʳʭ ʩʨʝʜʘʭ.  

2. ʀʜʝʥʪʠʬʠʢʘʮʠʶ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʦ 

ʦʙʱʝʧʨʠʥʷʪʳʤ ʚ ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʤʝʪʦʜʘʤ [3, ʨ. 1450; 4, 44 ʩ.; 5, ʩ. 2; 6, ʩ. 6-

14; 7, ʩ. 2; 8, ʩ. 6-14]. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ʀʟ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ɹʇɸ, ʵʢʩʧʦʥʠʨʫʝʤʳʭ ʟʠʤʦʡ ʚ ʫʩʣʦʚʠʷʭ 

ʦʪʢʨʳʪʦʛʦ ʧʦʣʠʛʦʥʘ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʧʨʠ ʵʢʩʪʨʝʤʘʣʴʥʦ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʧʦ ʪʨʠ ʛʨʫʧʧʳ ʢʨʠʦʬʠʣʴʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ: 

- ʩʧʦʨʦʦʙʨʘʟʫʶʱʠʝ ʙʘʢʪʝʨʠʠ ʨʦʜʘ Bacillus (B. subtilis, B. cereus, B. 

ʘtropheus, B. vallismortis), ʥʝʬʝʨʤʝʥʪʠʨʫʶʱʠʝ ʙʘʢʪʝʨʠʠ ʨʦʜʘ Pseudomonas 

(Ps. aeruginosa); 

- ʘʢʪʠʥʦʙʘʢʪʝʨʠʠ ʨʦʜʘ Nocardia sp. ʠ Streptomyces albus; 

- ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʧʣʝʩʥʝʚʳʝ ʛʨʠʙʳ: Aspergillus niger ʠ Fusarium 

sp.  

ɼʦʣʷ ʞʠʟʥʝʩʧʦʩʦʙʥʳʭ ʢʣʝʪʦʢ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʩʤʳʚʥʦʤ 

ʤʘʪʝʨʠʘʣʝ ʩʦʩʪʘʚʣʷʣʘ ʚ ʩʨʝʜʥʝʤ ʧʦ 33%.  

ʏʝʨʝʟ 12 ʤʝʩʷʮʝʚ ʚʳʜʝʣʝʥʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʙʳʣʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʚ 

ʩʣʝʜʫʶʱʝʤ ʩʦʦʪʥʦʰʝʥʠʠ: ʙʘʢʪʝʨʠʠï 23%, ʧʣʝʩʥʝʚʳʝ ʛʨʠʙʳ ï33%, 

ʘʢʪʠʥʦʙʘʢʪʝʨʠʠ ï 44%. 
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ʏʝʨʝʟ 24 ʤʝʩʷʮʘ ʚʳʜʝʣʝʥʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʙʳʣʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʚ 

ʩʣʝʜʫʶʱʝʤ ʩʦʦʪʥʦʰʝʥʠʠ: ʙʘʢʪʝʨʠʠï 46% ʠ ʧʣʝʩʥʝʚʳʝ ʛʨʠʙʳ ï27%, 

ʘʢʪʠʥʦʙʘʢʪʝʨʠʠ ï 27%  

ʏʝʨʝʟ 36 ʤʝʩʷʮʝʚ ʚʳʜʝʣʝʥʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʙʳʣʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʚ 

ʩʣʝʜʫʶʱʝʤ ʩʦʦʪʥʦʰʝʥʠʠ: ʙʘʢʪʝʨʠʠï 47% ʠ ʧʣʝʩʥʝʚʳʝ ʛʨʠʙʳ ï16%, 

ʘʢʪʠʥʦʙʘʢʪʝʨʠʠ ï 37%.  

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʝʪʦʜʦʤ ʩʤʳʚʘ ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʙʦʣʴʰʝ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʯʝʤ ʤʝʪʦʜʦʤ ʥʘʪʠʚʥʦʛʦ ʥʘʣʦʞʝʥʠʷ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʘʛʘʨʠʟʠʨʦʚʘʥʥʳʭ ʧʠʪʘʪʝʣʴʥʳʭ ʩʨʝʜ (ʪʘʙʣʠʮʘ 1). ʄʝʪʦʜ 

ʩʤʳʚʘ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʠʟʚʣʝʢʘʪʴ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʨʠʯʠʥʘʤ. ɺʦ-ʧʝʨʚʳʭ, 

ʧʨʠ ʩʤʳʚʘʥʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʞʠʜʢʦʩʪʴ (ʚ ʯʘʩʪʥʦʩʪʠ, ʩʪʝʨʠʣʴʥʳʡ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʨʘʩʪʚʦʨ), ʢʦʪʦʨʘʷ ʦʙʨʘʙʘʪʳʚʘʝʪ ʚʩʶ ʧʦʚʝʨʭʥʦʩʪʴ 

ʦʙʨʘʟʮʘ, ʧʨʦʥʠʢʘʷ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʝ ʫʯʘʩʪʢʠ ʠ ʫʜʘʣʷʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, 

ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʣʘʙʳʤʠ ʩʚʷʟʷʤʠ ʠʣʠ 

ʩʚʦʙʦʜʥʦ ʥʘʭʦʜʠʣʠʩʴ ʥʘ ʥʝʡ. ɺʦ-ʚʪʦʨʳʭ, ʵʪʦʪ ʤʝʪʦʜ ʩʥʠʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ 

ʧʦʪʝʨʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʩʦʙʨʘʪʴ ʠʭ ʚ ʝʜʠʥʦʝ ʮʝʣʦʝ, ʘ 

ʥʝ ʦʩʪʘʚʣʷʪʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʪʘʢʞʝ ʤʠʥʠʤʠʟʠʨʫʝʪ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʘʤʫ ʢʦʣʦʥʠʶ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ 

ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʞʠʚʳʭ ʢʣʝʪʦʢ.  

 

ʊʘʙʣʠʮʘ 1 

ʇʝʡʟʘʞ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ɹʇɸ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʦʙʨʘʟʮʘ 

ɺʳʜʝʣʝʥʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ 

ʯʝʨʝʟ 12 ʤʝʩʷʮʝʚ ʯʝʨʝʟ 24 ʤʝʩʷʮʘ ʯʝʨʝʟ 36 ʤʝʩʷʮʝʚ 

ʤʝʪʦʜ 

ʩʤʳʚʘ 

ʥʘʪʠʚʥʳʡ 

ʤʝʪʦʜ 

ʤʝʪʦʜ  

ʩʤʳʚʘ 

ʥʘʪʠʚʥʳʡ 

ʤʝʪʦʜ 

ʤʝʪʦʜ 

ʩʤʳʚʘ 

ʥʘʪʠʚʥʳʡ 

ʤʝʪʦʜ 

ɹʘʟʘʣʴʪʦʧʣʘʩʪʠ-

ʢʦʚʘʷ ʘʨʤʘʪʫʨʘ, 

ʦʙʨʘʟʝʮ ˉ1 

A.niger 

Nocardiasp. 

B.vallismortis 

A. niger 

A. niger 

B. vallismortis 

B. ʘtropheus 

Nocardiasp. 

A. niger 

B.vallismorti

s 

A. niger 

B. ʘtropheus 

Nocardia sp 

B.vallismorti

s. 

B. ʘtropheus 

A. niger 
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ɹʠʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʦʤʠʥʘʥʪʥʳʭ ʤʠʢʨʦʙʥʳʭ ʢʫʣʴʪʫʨ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 2 

ʀʟʫʯʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʜʦʤʠʥʘʥʪʥʳʭ ʢʫʣʴʪʫʨ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ 
ʉʚʦʡʩʪʚʦ (ʪʝʩʪ) ɺʳʜʝʣʝʥʥʳʝ ʢʫʣʴʪʫʨʳ 

Fuzariumsp. B. cereus Ps. aurugenosa A. niger Nocardiasp. S. albus 

ʆʢʨʘʩʢʘ ʧʦ 

ɻʨʘʤʫ 

+ + ï + + + 

ʇʦʜʚʠʞʥʦʩʪʴ - + + - - - 

ɻʣʶʢʦʟʘ + + + + + + 

ʃʘʢʪʦʟʘ + - - + + - 

ʉʦʨʙʠʪ + - - + + + 

ʀʥʦʟʠʪ - + - - + - 

ʄʘʣʴʪʦʟʘ - - - + + - 

ʄʘʥʥʠʪ + + + + + - 

ʉʘʭʘʨʦʟʘ + + - + + + 

ʂʘʪʘʣʘʟʘ - + - - + - 

ʆʢʩʠʜʘʟʘ - + + - - - 

ʃʝʮʠʪʠʥʘʟʘ - + - + + - 

ʄʘʣʦʥʘʪ 

ʥʘʪʨʠʷ 
+ + - + + + 

ʇʨʠʤʝʯʘʥʠʝ: + ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʪʝʩʪ, ï ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʪʝʩʪ, (+) ʩʣʘʙʦʧʦʣʦʞʠʪʝʣʴʥʳʡ 

ʪʝʩʪ. 

 

ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʟʤʝʨ ʢʣʝʪʦʢ 

ʙʘʮʠʣʣʷʨʥʳʭ ʰʪʘʤʤʦʚ ʩʦʩʪʘʚʣʷʝʪ 0,7-3,0 ʤʢʤ; ʧʩʝʚʜʦʤʦʥʘʜ ï 0,6 ʭ 1,5 

ʤʢʤ; ʩʪʨʝʧʪʦʤʠʮʝʪʦʚ ï 1-2 ʤʢʤ (ʜʠʘʤʝʪʨ ʛʠʬ) ʠ 0,5ï2,0 ʤʢʤ (ʜʠʘʤʝʪʨ 

ʩʧʦʨ); ʥʦʢʘʨʜʠʡ 0,5-2,0 ʤʢʤ (ʜʠʘʤʝʪʨ ʛʠʬ);ʬʫʟʘʨʠʫʤʦʚ ï 2,5-5,0 ʤʢʤ 

(ʜʠʘʤʝʪʨ ʛʠʬ ʚʦʟʜʫʰʥʦʛʦ ʤʠʮʝʣʠʷ), 8-12 ʤʢʤ (ʭʣʘʤʠʜʦʩʧʦʨʳ), 30ʭ5 ʤʢʤ 

ɹʘʟʘʣʴʪʦʧʣʘʩʪʠ-

ʢʦʚʘʷ ʘʨʤʘʪʫʨʘ, 

ʦʙʨʘʟʝʮ ˉ2 

Fusarium sp. 

Nocardia sp. 

B.vallismorti

s 

B. vallismortis 

Fusarium sp. 

S. albus 

Nocardia sp. 

Fusarium sp. 

Nocardia sp. 

B. vallismortis 

B. cereus 

 S. albus 

Fusarium sp. 

S. albus 

Nocardia sp. 

B. cereus 

 

Nocardia sp. 

B. cereus 

B.vallismorti

s 

Nocardia sp. 

 B. cereus 

 

ɹʘʟʘʣʴʪʦʧʣʘʩʪʠ-

ʢʦʚʘʷʘʨʤʘʪʫʨʘ, 

ʦʙʨʘʟʝʮ ˉ3 

A. niger 

Nocardia sp. 

B. cereus 

A. niger 

A. niger 

B. cereus  

B. ʘtropheus  

Nocardiasp. 

B. cereus 

A. niger 

A. niger 

B. ʘtropheus 

B. cereus   

Nocardia sp. 

B. cereus 

A. niger 

ɹʘʟʘʣʴʪʦʧʣʘʩʪʠ-

ʢʦʚʘʷ ʘʨʤʘʪʫʨʘ, 

ʦʙʨʘʟʝʮ ˉ4 

Nocardiasp. 

B. subtilis 

B.subtilis  

A. fumigates 

Ps. ʘerugin. 

Nocardia sp. 

B. ʘtropheus 

B. subtilis,  

A. fumigatus 

B. subtilis,  

A. fumigates 

Nocardia sp. 

Nocardia sp. 

B. ʘtropheus 

B. subtilis,  

 

B. subtilis,  

Nocardia sp. 
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(ʤʘʢʨʦʢʦʥʠʜʠʠ); ʘʩʧʝʨʛʠʣʣ ï 4-6 ʤʢʤ (ʰʠʨʠʥʘ ʤʠʮʝʣʠʷ), 7-10 ʤʢʤ (ʛʠʬʳ), 

2-3,5 ʤʢʤ (ʩʧʦʨʳ). 

ɺ ʧʝʡʟʘʞʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʥʘʪʠʚʥʳʤ ʤʝʪʦʜʦʤ, 

ʜʦʤʠʥʠʨʦʚʘʣʠ ʢʨʠʦʬʠʣʴʥʳʝ ʚʠʜʳ ʙʘʢʪʝʨʠʡ ʨʦʜʘ Bacillus (B. subtilis, 

B.cereus). 

ɼʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʜʚʝ ʢʫʣʴʪʫʨʳ 

ʧʣʝʩʥʝʚʳʭ ʛʨʠʙʦʚ ʚ ʩʦʩʪʘʚʝ Aspergillus niger ʠ Aspergillus fumigates ʥʘ 

ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʙʠʦʧʨʝʧʘʨʘʪ, ʜʣʷ ʟʘʨʘʞʝʥʠʷ ʦʧʳʪʥʳʭ 

ʦʙʨʘʟʮʦʚ ɹʇɸ ʩ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʠʭ ʙʠʦʧʦʚʨʝʞʜʘʶʱʠʭ ʩʚʦʡʩʪʚ.  

ʇʦʜʛʦʪʦʚʣʝʥʥʳʝ ʢ ʦʧʳʪʫ ʦʙʨʘʟʮʳ ɹʇɸ ʜʣʠʥʦʡ 1 ʤʝʪʨ ʠ ʧʦʧʝʨʝʯʥʦ 

ʨʘʟʨʝʟʘʥʥʳʝ ʦʙʨʘʟʮʳ ɹʇɸ ʚ ʚʠʜʝ ʜʠʩʢʦʚ ʜʠʘʤʝʪʨʦʤ 20 ʤʤ ʠ ʚʳʩʦʪʦʡ 5 ʤʤ 

ʟʘʨʘʞʘʣʠ ʧʦʣʫʯʝʥʥʳʤ ʙʠʦʧʨʝʧʘʨʘʪʦʤ ʥʘ ʦʩʥʦʚʝ ʩʧʦʨ Aspergillus niger + 

Aspergillus fumigatus (ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1, ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʥʝ ʤʝʥʝʝ 1Ŀ10
9
 

ʢʣʝʪʦʢ ʥʘ 1 ʩʤ
3
) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ ʈ ʄʕʂ 60068-2-10-2009 

çʀʩʧʳʪʘʥʠʷ ʥʘ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ. ʏʘʩʪʴ 2-10. ʀʩʧʳʪʘʥʠʷ. 

ʀʩʧʳʪʘʥʠʝ J ʠ ʨʫʢʦʚʦʜʩʪʚʦ: ɻʨʠʙʦʩʪʦʡʢʦʩʪʴè. ʇʦʩʣʝ ʟʘʨʘʞʝʥʠʷ ʩʧʦʨʘʤʠ 

ʩʪʝʨʞʥʠ ɹʇɸ ʚʳʩʫʰʠʚʘʣʠ ʢʦʥʪʘʢʪʥʳʤ ʩʧʦʩʦʙʦʤ ʠ ʵʢʩʧʦʥʠʨʦʚʘʣʠ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʦʪʢʨʳʪʦʛʦ ʧʦʣʠʛʦʥʘ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʚ ʛʦʨʦʜʝ 

ʗʢʫʪʩʢʝ. 

ʋʞʝ ʯʝʨʝʟ 12 ʤʝʩʷʮʝʚ ʧʦʩʣʝ ʵʢʩʧʦʟʠʮʠʠ ʚ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʘʭ 

ʩʪʝʨʞʥʝʡ ɹʇɸ ʤʝʪʦʜʦʤ ʤʠʢʨʦʩʢʦʧʠʨʦʚʘʥʠʷ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʤʠʮʝʣʠʡ 

ʧʣʝʩʥʝʚʳʭ ʛʨʠʙʦʚ ʨʦʜʘ Aspergillus, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʭ 

ʚʳʞʠʚʘʝʤʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʭʦʣʦʜʥʦʛʦ ʢʣʠʤʘʪʘ. ʈʦʩʪ ʤʠʮʝʣʠʷ ʙʳʣ 

ʟʘʬʠʢʩʠʨʦʚʘʥ, ʢʘʢ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʚʜʦʣʴ ʜʣʠʥʳ ʤʝʞʜʫ ʙʘʟʘʣʴʪʦʚʳʭ 

ʚʦʣʦʢʦʥ ʥʘ ʛʨʘʥʠʮʘʭ çʚʦʣʦʢʥʦ-ʩʚʷʟʫʶʱʝʝ (ʦʪʚʝʨʜʠʪʝʣʴ) ï ʤʠʮʝʣʠʡ ʛʨʠʙʦʚ 

ï ʚʦʣʦʢʥʦè, ʪʘʢ ʠ ʧʦʧʝʨʝʢ ʚʦʣʦʢʦʥ. ʊʘʢʞʝ ʧʨʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʤʝʪʦʜʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʦʙʨʘʟʮʘʭ ʩʪʝʨʞʥʝʡ ɹʇɸ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʧʘʣʦʯʢʦʦʙʨʘʟʥʳʝ 

ʢʣʝʪʢʠ ʙʘʢʪʝʨʠʡ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʠʤʝʣʠ ʥʘ ʦʜʥʦʤ ʠʟ ʢʦʥʮʦʚ ʩʧʦʨʳ, ʯʪʦ 
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ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦ ʩʦʭʨʘʥʝʥʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʪʦʣʱʝ ʩʪʝʨʞʥʝʡ ɹʇɸ 

ʧʦʩʣʝ ʵʢʩʧʦʟʠʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʪʨʝʤʘʣʴʥʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ɼʣʠʥʘ 

ʛʨʠʙʥʦʛʦ ʤʠʮʝʣʠʷ, ʧʨʦʨʦʩʰʝʛʦ ʚ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʘʭ ʟʘ 12 ʤʝʩʷʮʝʚ 

ʵʢʩʧʦʟʠʮʠʠ, ʧʨʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʥʘ 

ʫʨʦʚʥʝ ʦʪ 1,4 ʜʦ 1,8 ʤʢʤ, ʯʪʦ ʧʨʠ ʧʝʨʝʩʯʝʪʝ ʥʘ 1 ʛʨʘʤʤ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʦʙʨʘʟʮʘ ɹʇɸ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 0,035-0,045 ʩʤ ʠʣʠ 0,00035-0,00045 ʤʝʪʨʦʚ. 

ʇʝʨʝʩʯʝʪ ʧʨʦʠʟʚʦʜʠʣʠ ʧʦ ʤʝʪʦʜʫ ɼʞʦʥʩʦʥʘ ʠ ʄʦʣʣʠʩʘ [8, 104 ʩ.].  

ɼʘ ʜʠʩʢʘʭ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ɹʇɸ, ʧʨʠ 

ʚʠʟʫʘʣʴʥʦʤ ʢʦʥʪʨʦʣʝ, ʥʘʯʘʣʦ ʜʝʩʪʨʫʢʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʧʣʝʩʥʝʚʳʭ ʛʨʠʙʦʚ ʚʳʛʣʷʜʠʣʦ ʚ ʚʠʜʝ ʦʙʨʘʟʦʚʘʥʠʡ ʙʝʣʦʛʦ ʮʚʝʪʘ ʠ 

ʧʠʛʤʝʥʪʠʨʦʚʘʥʠʷ, ʚʳʟʚʘʥʥʦʛʦ ʜʝʛʨʘʜʘʮʠʝʡ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ (ʨʠʩʫʥʦʢ 1).  

  
ʘ) ʜʦ ʙʠʦʟʘʨʘʞʝʥʠʷ ʙ) ʯʝʨʝʟ 12 ʤʝʩʷʮʝʚ ʧʦʩʣʝ 

ʙʠʦʟʘʨʘʞʝʥʠʷ 
ʈʠʩʫʥʦʢ 1 ï ʆʧʳʪʥʳʝ ʦʙʨʘʟʮʳ ʜʠʩʢʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ɹʇɸ 

 

ʀʩʧʳʪʫʝʤʳʝ ʦʙʨʘʟʮʳ ʧʦʩʣʝ ʙʠʦʟʘʨʘʞʝʥʠʷ ʠ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʙʳʣʠ 

ʧʦʤʝʱʝʥʳ ʥʘ ʯʘʰʢʠ ʇʝʪʨʠ ʩ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʤ ʘʛʘʨʦʤ ʠ ʩʨʝʜʦʡ 

ʏʘʧʝʢʘ-ɼʦʢʩʘ. ʕʢʩʧʦʟʠʮʠʷ ʦʧʳʪʦʚ ʩʦʩʪʘʚʠʣʘ 30 ʩʫʪʦʢ, ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ 

ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʪʝʨʤʦʩʪʘʪʝ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʚʣʘʞʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʝ  
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25Ñ2 ÁC. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʦ ʚʠʟʫʘʣʴʥʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʨʘʟʚʠʪʠʝ 

ʧʣʝʩʥʝʚʳʭ ʛʨʠʙʦʚ, ʚʢʣʶʯʘʷ ʧʦʩʪʦʨʦʥʥʠʝ ʢʦʥʪʘʤʠʥʘʥʪʳ, ʢʦʪʦʨʳʝ ʦʩʝʣʠ ʥʘ 

ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʘʭ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ (ʨʠʩʫʥʦʢ 2). ʏʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠʩʧʳʪʫʝʤʳʭ ʚʠʜʦʚ ʧʣʝʩʥʝʚʳʭ ʛʨʠʙʦʚ ʢ 

ʫʩʣʦʚʠʷʤ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʤʝʪʘʙʦʣʠʟʠʨʦʚʘʪʴ ʜʣʷʪʝʣʴʥʦʝ 

ʚʨʝʤʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʇʂʄ, ʚ ʯʘʩʪʥʦʩʪʠ ɹʇɸ. 

 

  
ʘ) ʜʦ ʦʧʳʪʘ ʙ) ʧʦʩʣʝ ʦʧʳʪʘ 

 

ʈʠʩʫʥʦʢ 2 ï ʆʧʳʪʥʳʝ ʦʙʨʘʟʮʳ ʜʠʩʢʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ɹʇɸ ʥʘ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʤ 

ʘʛʘʨʝ 

 

ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʪʘʢʞʝ ʙʳʣʘ ʠʟʫʯʝʥʘ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʫʩʣʦʚʠʷʭ ʞʠʜʢʦʡ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ ʏʘʧʝʢʘ-ɼʦʢʩʘ ʩ 

ʩʘʭʘʨʦʟʦʡ. ɼʣʷ ʟʘʨʘʞʝʥʠʷ ʬʨʘʛʤʝʥʪʦʚ ʘʨʤʘʪʫʨʳ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʠʜʝʥʪʠʯʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʠʢʨʦʙʥʳʭ ʢʣʝʪʦʢ (1 ʤʣʨʜ. ʂʆɽ/ʩʤį). 

ʂʦʥʪʨʦʣʴʥʳʡ ʚʳʩʝʚ ʤʠʢʨʦʙʥʦʡ ʩʫʩʧʝʥʟʠʠ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʨʘʟ ʚ ʥʝʜʝʣʶ. 

ʇʠʢ ʦʙʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ ʂʆɽ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʰʪʘʤʤʦʚ ʧʨʠʰʝʣʩʷ ʥʘ 

ʧʝʨʚʫʶ ʥʝʜʝʣʶ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ. ʇʨʠʨʦʩʪ ʤʠʢʨʦʙʥʳʭ ʢʣʝʪʦʢ ʨʝʟʢʦ 

ʩʦʢʨʘʪʠʣʩʷ ʧʦʩʣʝ ʜʚʫʭ ʥʝʜʝʣʴ, ʚʝʨʦʷʪʥʦ, ʠʟ-ʟʘ ʪʦʢʩʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ 
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 
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ʤʝʪʘʙʦʣʠʟʤʘ ʩʘʤʠʭ ʰʪʘʤʤʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʣʥʦʡ ʦʩʪʘʥʦʚʢʠ ʨʘʟʚʠʪʠʷ 

ʧʣʝʩʥʝʚʳʭ ʛʨʠʙʦʚ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʠʩʫʥʢʦʤ 3.  

 
ʈʠʩʫʥʦʢ 3 ï ʉʢʦʨʦʩʪʴ ʨʦʩʪʘ ʧʣʝʩʥʝʚʳʭ ʛʨʠʙʦʚ ʚ ʚʘʨʠʘʥʪʝ ʩ ʞʠʜʢʦʡ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʦʡ 

ʏʘʧʝʢʘïɼʦʢʩʘ ʩ ʩʘʭʘʨʦʟʦʡ (ʂʆɽ/ʩʤ
3
). 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʤʝʨʥʦ ʥʘ 20-22-ʝ ʩʫʪʢʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʩʝʣʝʢʪʠʨʦʚʘʥʥʳʭ ʰʪʘʤʤʦʚ ʧʦʰʝʣ ʧʦ ʧʫʪʠ 

ʢʘʪʘʙʦʣʠʟʤʘ ʠ ʙʳʣ ʩʚʷʟʘʥ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʦʢʩʠʯʝʩʢʠʭ 

ʧʨʦʜʫʢʪʦʚ ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʨʘʩʧʘʜʘ ʠʩʩʣʝʜʫʝʤʳʭ ʧʣʝʩʥʝʚʳʭ ʛʨʠʙʦʚ, ʣʠʙʦ 

ʧʦ ʜʨʫʛʠʤ ʧʨʠʯʠʥʘʤ, ʯʪʦ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʧʣʝʩʥʝʚʳʭ ʛʨʠʙʦʚ ʥʘ 

ɹʇɸ, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʞʘʪʴ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ. ɾʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʮʝʩʩʘʤ ʨʘʟʨʫʰʝʥʠʷ, ʪʘʢʠʤ ʢʘʢ 

ʦʪʩʣʘʠʚʘʥʠʝ ʠ ʨʘʩʩʣʦʝʥʠʝ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ 

ʤʠʢʨʦʪʨʝʱʠʥ ʠ ʧʦʪʝʨʝ ʧʨʦʯʥʦʩʪʠ [9, ʨ. 125-132.]. ʋʯʠʪʳʚʘʷ ʚʘʞʥʦʩʪʴ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʢ ʤʠʢʨʦʙʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʠ ʧʨʠʤʝʥʷʪʴ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʟʘʱʠʪʳ, ʘ ʪʘʢʞʝ 

ʧʨʦʚʦʜʠʪʴ ʨʝʛʫʣʷʨʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ. ʕʪʠ ʤʝʨʳ 

ʠʤʝʶʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ 
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ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʤʝʥʷʶʱʝʡʩʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [10, ʩ. 

219-232.]. 

ɺʳʚʦʜ 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʙʘʟʘʣʴʪʦʧʣʘʩʪʠʢʦʚʦʡ ʘʨʤʘʪʫʨʳ ʧʦʩʣʝ 

ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʭʦʣʦʜʥʦʛʦ ʢʣʠʤʘʪʘ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʩʧʦʩʦʙʥʳ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʧʨʦʮʝʩʩʘʭ ʙʠʦʜʝʩʪʨʫʢʮʠʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ɹʇɸ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʘʞʝ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʵʢʩʪʨʝʤʘʣʴʥʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʜʦ ï42éï45 Áʉ) ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ 

ʩʦʭʨʘʥʷʶʪ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʠ ʩʧʦʩʦʙʥʳ ʚʦʟʦʙʥʦʚʣʷʪʴ ʤʝʪʘʙʦʣʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʚ ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠ 

ʪʨʦʬʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. ɼʘʥʥʦʝ ʩʚʦʡʩʪʚʦ ʦʪʨʘʞʘʝʪ ʪʠʧʠʯʥʳʡ ʧʨʠʟʥʘʢ 

ʢʨʠʦʬʠʣʴʥʦʩʪʠ ʚʳʜʝʣʝʥʥʳʭ ʰʪʘʤʤʦʚ ʠ ʧʦʜʪʚʝʨʞʜʘʝʪ ʠʭ ʧʦʪʝʥʮʠʘʣʴʥʫʶ 

ʨʦʣʴ ʚ ʜʝʩʪʨʫʢʪʠʚʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʪʨʝʤʘʣʴʥʦ ʭʦʣʦʜʥʦʛʦ ʢʣʠʤʘʪʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ˉ FWRS-2024-0095 ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʫʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʎʂʇ ʗʅʎ ʉʆ ʈɸʅ. 
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Annotation 

This paper presents studies of the aviation FRPs that have been exposed 

for a long time in various climatic zones of Russia. Using the non-destructive 

method, the kinetics of the shear modulus changes during the drying-wetting 

cycle of specimens before and after exposure was studied. The kinetic curves of 

the shear modulus change were approximated using the analogues of Fick's 

second law and the Langmuir model. As a result, we achieved high RĮ values 

and established the most resistant material to aging. We also identified the 

influence of the different climatic zones on the ability of the materials to resist 

the plasticizing effect of moisture. 
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ɺʚʝʜʝʥʠʝ 

ʇʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʇʂʄ) ʚʦʩʪʨʝʙʦʚʘʥʳ ʚ 

ʘʚʠʘʮʠʠ, ʩʫʜʦʩʪʨʦʝʥʠʠ, ʘʚʪʦʧʨʦʤʝ, ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʝ, ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʪ.ʜ. 

ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ, ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ. ʆʜʥʘʢʦ 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʇʂʄ ʚ ʨʝʘʣʴʥʳʭ ʦʢʨʫʞʘʶʱʠʭ ʫʩʣʦʚʠʷʭ ʧʦʜʚʝʨʞʝʥʘ 

ʤʥʦʞʝʩʪʚʝʥʥʳʤ ʜʝʛʨʘʜʘʮʠʦʥʥʳʤ ʬʘʢʪʦʨʘʤ: ʚʣʘʛʘ, ʪʝʤʧʝʨʘʪʫʨʘ, 

ʫʣʴʪʨʘʬʠʦʣʝʪ, ʤʝʭʘʥʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ, ʭʠʤʠʯʝʩʢʠʝ ʘʛʝʥʪʳ ʠ ʠʭ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʚʣʠʷʥʠʝ. ʕʪʠ ʬʘʢʪʦʨʳ ʠʟʤʝʥʷʶʪ ʢʘʢ ʤʘʪʨʠʮʫ, ʪʘʢ ʠ ʬʘʟʫ 

ʤʘʪʨʠʮʘ ð ʚʦʣʦʢʥʦ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʧʨʦʯʥʦʩʪʠ, ʞʸʩʪʢʦʩʪʠ, 

ʫʩʪʘʣʦʩʪʥʦʡ ʚʳʥʦʩʣʠʚʦʩʪʠ ʠ ʜʨʫʛʠʤ ʜʝʛʨʘʜʘʮʠʷʤ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ 
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ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʚʳʰʘʝʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʛʥʦʟʫ 

ʨʝʩʫʨʩʘ [1-2]. 

ʆʩʦʙʝʥʥʦ ʢʨʠʪʠʯʥʦʝ ʚʣʠʷʥʠʝ ʠʤʝʝʪ ʚʣʘʛʘ: ʦʥʘ ʤʦʞʝʪ ʧʨʦʥʠʢʘʪʴ ʚ 

ʤʘʪʨʠʮʫ, ʠʟʤʝʥʷʪʴ ʣʦʢʘʣʴʥʫʶ ʧʦʜʚʠʞʥʦʩʪʴ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ 

(ʧʣʘʩʪʠʬʠʮʠʨʦʚʘʪʴ ʤʘʪʨʠʮʫ), ʚʳʟʳʚʘʪʴ ʥʘʙʫʭʘʥʠʝ, 

ʤʠʢʨʦʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʝ ʠʟ-ʟʘ ʦʩʤʦʪʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʫʩʢʦʨʷʪʴ 

ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ (ʛʠʜʨʦʣʠʟ, ʦʢʠʩʣʝʥʠʝ). ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʚ ʠʟʫʯʝʥʠʠ 

ʇʂʄ ʷʚʣʷʝʪʩʷ ʧʦʥʠʤʘʥʠʝ ʪʦʛʦ, ʢʘʢ ʩʧʦʩʦʙʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʩʦʧʨʦʪʠʚʣʷʪʴʩʷ 

ʜʝʡʩʪʚʠʶ ʚʣʘʛʠ ʤʝʥʷʝʪʩʷ ʚ ʭʦʜʝ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ [3]. 

ʄʦʣʝʢʫʣʳ ʚʦʜʳ ʤʦʛʫʪ ʧʨʦʥʠʢʘʶʪ ʚ ʇʂʄ ʥʝʩʢʦʣʴʢʠʤʠ ʧʫʪʷʤʠ: 

¶ ʜʠʬʬʫʟʠʷ ʯʝʨʝʟ ʤʘʪʨʠʮʫ (ʚʥʫʪʨʠʧʦʣʠʤʝʨʥʘʷ ʜʠʬʬʫʟʠʷ ð 

ʨʘʩʪʚʦʨʝʥʠʝ ʠ ʜʠʬʬʫʟʠʷ ʚ ʩʚʦʙʦʜʥʳʭ ʦʙʲʸʤʘʭ ʧʦʣʠʤʝʨʘ); 

¶ ʜʠʬʬʫʟʠʷ ʯʝʨʝʟ ʥʘʧʦʣʥʠʪʝʣʴ; 

¶ ʜʠʬʬʫʟʠʷ ʚʜʦʣʴ ʜʝʬʝʢʪʦʚ/ʤʠʢʨʦʪʨʝʱʠʥ. 

ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʵʧʦʢʩʠʜʥʳʭ ʠ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʤʘʪʨʠʮ ʚ ʪʦʥʢʠʭ 

ʠʟʜʝʣʠʷʭ ʧʝʨʚʳʝ ʩʪʘʜʠʠ ʧʦʛʣʦʱʝʥʠʷ ʯʘʩʪʦ ʧʨʠʙʣʠʞʸʥʥʦ ʧʦʜʯʠʥʷʶʪʩʷ 

ʚʪʦʨʦʤʫ ʟʘʢʦʥʫ ʌʠʢʘ (1), ʦʜʥʘʢʦ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʝʘʣʴʥʳʭ ʇʂʄ 

ʥʘʙʣʶʜʘʶʪʩʷ ʦʪʢʣʦʥʝʥʠʷ, ʪʨʝʙʫʶʱʠʝ ʨʘʩʰʠʨʝʥʥʳʭ ʤʦʜʝʣʝʡ, ʢʘʢ 

ʥʘʧʨʠʤʝʨ ʤʦʜʝʣʴ ʃʝʥʛʤʶʨʘ (2): 
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ʛʜʝ w ï ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ, Dw ð ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ 

ʚʣʘʛʠ, L ʠ H ð ʜʣʠʥʘ ʠ ʪʦʣʱʠʥʘ ʢʚʘʜʨʘʪʥʦʡ ʧʣʘʩʪʠʥʳ, ʚʝʨʭʥʠʝ ʠʥʜʝʢʩʳ f 

ʠ l ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʦʜʝʣʷʤ ʌʠʢʘ ʠ ʃʝʥʛʤʶʨʘ, ɓ ð ʟʥʘʯʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ 

ʧʨʝʚʨʘʱʝʥʠʷ ʩʚʷʟʘʥʥʦʡ ʚʦʜʳ ʚ ʤʦʙʠʣʴʥʫʶ, ɔ ð ʟʥʘʯʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ 

ʧʨʝʚʨʘʱʝʥʠʷ ʤʦʙʠʣʴʥʦʡ ʚʦʜʳ ʚ ʩʚʷʟʘʥʥʫʶ, ύ ð ʠʩʭʦʜʥʦʝ ʧʨʝʜʝʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʥʘ ʩʪʘʜʠʠ ʩʫʰʢʠ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘ ʩʪʘʜʠʠ ʥʘʩʳʱʝʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ. 

ɺʦʜʘ ʦʢʘʟʳʚʘʝʪ ʜʝʡʩʪʚʠʝ ʥʘ ʩʚʦʡʩʪʚʘ ʇʂʄ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʦʩʥʦʚʥʳʤ 

ʤʝʭʘʥʠʟʤʘʤ. ʇʦʣʷʨʥʳʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʧʦʣʠʤʝʨʥʳʤʠ 

ʮʝʧʷʤʠ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʩ ʘʢʪʠʚʥʳʤʠ ʛʨʫʧʧʘʤʠ 

ʧʦʣʠʤʝʨʦʚ, ʧʨʦʠʩʭʦʜʠʪ ʟʘʧʦʣʥʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʦʙʲʸʤʘ ʠ ʫʤʝʥʴʰʘʝʪʩ ̫

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʮʝʧʷʤʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʪʝʢʣʦʚʘʥʠʷ (Tg) ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (P), ʪʘʢʠʭ ʢʘʢ ʤʦʜʫʣʴ 

ʫʧʨʫʛʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʴ, ʧʦʚʳʰʘʷ ʧʨʠ ʵʪʦʤ ʧʣʘʩʪʠʯʥʦʩʪʴ ʧʨʠ ʫʩʣʦʚʠʠ 

ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ.  

ʊʘʢʞʝ ʚʦʜʘ ʤʦʞʝʪ ʛʠʜʨʦʣʠʟʦʚʘʪʴ ʠʣʠ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʟʘ ʩʚʷʟʠ ʥʘ 

ʛʨʘʥʠʮʝ ʤʘʪʨʠʮʘïʚʦʣʦʢʥʦ, ʦʩʣʘʙʣʷʷ ʘʜʛʝʟʠʶ ʠ ʫʤʝʥʴʰʘʷ ʧʝʨʝʥʦʩ 

ʥʘʛʨʫʟʢʠ. ʕʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʩʥʠʞʝʥʠʷ ʤʝʞʩʣʦʡʥʦʡ ʧʨʦʯʥʦʩʪʠ, 

ʤʝʞʬʘʟʥʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʪ.ʜ. 

ɹʦʣʝʝ ʪʦʛʦ, ʥʘʙʫʭʘʥʠʝ ʤʘʪʨʠʮʳ ʩʦʟʜʘʸʪ ʣʦʢʘʣʴʥʳʝ 

ʦʩʤʦʪʠʯʝʩʢʠʝ/ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʫ ʞʸʩʪʢʠʭ ʘʨʤʠʨʫʶʱʠʭ ʚʦʣʦʢʦʥ, 

ʠʥʠʮʠʠʨʫʶʱʠʝ ʤʠʢʨʦʪʨʝʱʠʥʳ ʠ ʦʪʩʣʦʝʥʠʷ.  

ʀ ʥʘʢʦʥʝʮ, ʭʠʤʠʯʝʩʢʦʝ ʨʘʟʨʫʰʝʥʠʝ. ʇʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʠ/ʠʣʠ ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʝ ʚʦʜʘ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʛʠʜʨʦʣʠʟ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʠ ʫʭʫʜʰʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ʕʪʠ ʤʝʭʘʥʠʟʤʳ ʧʨʦʪʝʢʘʶʪ ʩʦʚʤʝʩʪʥʦ, ʥʘʧʨʠʤʝʨ, ʧʣʘʩʪʠʬʠʢʘʮʠʷ 

ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʜʝʣʘʝʪ ʝʝ ʙʦʣʝʝ ʚʦʩʧʨʠʠʤʯʠʚʦʡ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ 

ʚʦʟʜʝʡʩʪʚʠʷʤ, ʫʩʠʣʠʚʘʷ ʥʘʢʦʧʣʝʥʠʝ ʧʦʚʨʝʞʜʝʥʠʡ ʧʦʜ ʥʘʛʨʫʟʢʦʡ. ʕʬʬʝʢʪ 
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ʧʣʘʩʪʠʬʠʢʘʮʠʠ ʯʘʩʪʦ ʦʧʠʩʳʚʘʶʪ ʯʝʨʝʟ ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʜʫʣʷ ʠ ʧʨʦʯʥʦʩʪʠ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʳ ʚ ʤʘʪʝʨʠʘʣʝ. ʊʘʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ð ʥʝ ʣʠʥʝʡʥʳ ʠ ʯʘʩʪʦ 

ʟʘʚʠʩʷʪ ʦʪ ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ ʠʩʪʦʨʠʠ  ʤʘʪʝʨʠʘʣʘ. ɺʣʘʛʦʩʪʦʡʢʦʩʪʴ ʇʂʄ 

ʤʦʞʝʪ ʩʥʠʞʘʪʴʩʷ ʚ ʭʦʜʝ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʩʪʘʨʝʥʠʷ. 

ɺ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʠʟʚʝʩʪʥʳʭ ʨʘʙʦʪ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʧʦʩʣʝ 

ʩʪʘʨʝʥʠʷ ʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ 

ʫʷʟʚʠʤʳʤʠ ʢ ʧʣʘʩʪʠʬʠʢʘʮʠʠ: ʜʣʷ ʇʂʄ, ʧʦʜʚʝʨʛʰʠʭʩʷ ʚʥʝʰʥʝʤʫ 

ʚʦʟʜʝʡʩʪʚʠʶ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʩʦʠʟʤʝʨʠʤʦʤ ʫʨʦʚʥʝ 

ʚʣʘʛʦʥʘʩʳʱʝʥʠʷ ʩʥʠʞʘʶʪʩʷ ʩʠʣʴʥʝʝ, ʯʝʤ ʫ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʕʪʦ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩʚʷʟʳʚʘʶʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʤʠʢʨʦʪʨʝʱʠʥ, ʨʦʩʪʦʤ 

ʜʝʬʝʢʪʥʦʩʪʠ ʠ ʭʠʤʠʯʝʩʢʦʡ ʜʝʛʨʘʜʘʮʠʝʡ ʤʘʪʨʠʮʳ [4]. 

ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʤʥʦʛʠʤʠ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ ʇʂʄ ʫʛʣʝʧʣʘʩʪʠʢʠ (ʋʇ) 

ʦʙʣʘʜʘʶʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʚʣʘʛʦʥʘʩʳʱʝʥʠʶ, ʚ ʪʦ ʞʝ 

ʚʨʝʤʷ, ʠʤʝʥʥʦ ʦʥʠ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʘʚʠʘʮʠʠ, ʛʜʝ ʜʦʣʛʦʚʝʯʥʦʩʪʴ 

ʢʨʠʪʠʯʥʘ. 

ɺ ʨʘʙʦʪʝ [4] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʫʚʣʘʞʥʝʥʠʠ ʠʩʭʦʜʥʳʭ ʦʙʨʘʟʮʦʚ ʋʇ 

ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʩʥʠʞʘʣʩʷ ʧʨʠʤʝʨʥʦ ʥʘ 10ï12 % ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ 

ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʠ, ʘ ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʜʚʠʛ ð ʥʘ 18 %. ʇʦʩʣʝ ʫʩʢʦʨʝʥʥʳʭ 

ʠʩʧʳʪʘʥʠʡ ʚ ʋʌ-ʢʘʤʝʨʝ ʩ ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʴʶ, ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ 

ʫʚʣʘʞʥʝʥʠʶ, ʧʘʜʝʥʠʝ ʤʦʜʫʣʷ ʩʦʩʪʘʚʠʣʦ ʫʞʝ ʦʢʦʣʦ 20 %, ʘ ʧʨʦʯʥʦʩʪʴ ʥʘ 

ʩʜʚʠʛ ʩʥʠʟʠʣʘʩʴ ʧʦʯʪʠ ʥʘ 35 % ʧʨʠ ʪʦʤ ʞʝ ʫʨʦʚʥʝ ʚʣʘʛʦʧʦʛʣʦʱʝʥʠʷ. 

ɸʚʪʦʨʳ ʩʚʷʟʘʣʠ ʵʪʦ ʩ ʜʝʛʨʘʜʘʮʠʝʡ ʬʘʟʳ ʚʦʣʦʢʥʦ-ʤʘʪʨʠʮʘ ʠ ʜʝʛʨʘʜʘʮʠʝʡ 

ʩʚʷʟʫʶʱʝʛʦ, ʚʳʨʘʞʝʥʥʦʝ ʩʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʢʣʦʚʘʥʠʷ (Tg) ʥʘ 15ï

20 ÁC. 

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʦʭʦʞʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [5], ʚ ʢʦʪʦʨʳʭ ʙʳʣʠ ʠʟʫʯʝʥʳ 

ʫʛʣʝʨʦʜʥʳʝ ʢʦʤʧʦʟʠʪʳ ʧʦʩʣʝ 1000 ʯ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʮʠʢʣʦʚ (ʋʌ, 

ʚʣʘʞʥʦʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʘ) ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʥʘʩʳʱʝʥʠʷ ʚʦʜʦʡ. ɺ ʠʩʭʦʜʥʦʤ 
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ʩʦʩʪʦʷʥʠʠ ʧʘʜʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʧʨʠ ʧʦʣʥʦʤ ʥʘʩʳʱʝʥʠʠ ʥʝ 

ʧʨʝʚʳʰʘʣʦ 8 %, ʪʦʛʜʘ ʢʘʢ ʧʦʩʣʝ ʩʪʘʨʝʥʠʷ ð ʜʦʩʪʠʛʘʣʦ 25 %.  

ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [6] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʠʬʬʫʟʠʠ ʚʣʘʛʠ ʜʣʷ ʋʇ ʥʘ ʦʩʥʦʚʝ ʵʧʦʢʩʠʜʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ ʚʦʟʨʘʩʪʘʣ ʚ 

1,5ï2 ʨʘʟʘ ʧʦʩʣʝ ʋʌ-ʩʪʘʨʝʥʠʷ, ʯʪʦ ʦʙʲʷʩʥʷʝʪ ʫʩʢʦʨʝʥʥʦʝ ʥʘʩʳʱʝʥʠʝ. 

ɸʚʪʦʨʳ ʦʪʤʝʪʠʣʠ, ʯʪʦ ʧʨʦʩʪʳʝ ʤʦʜʝʣʠ ʌʠʢʘ (1) ʜʣʷ ʜʝʛʨʘʜʠʨʦʚʘʥʥʳʭ 

ʦʙʨʘʟʮʦʚ ʧʝʨʝʩʪʘʶʪ ʨʘʙʦʪʘʪʴ: ʪʨʝʙʫʝʪʩʷ ʚʚʝʜʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʠʬʬʫʟʠʠ [6]. 

ʉʨʝʜʠ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʇʂʄ 

ʩʪʝʢʣʦʧʣʘʩʪʠʢʠ (ʉʇ) ʪʨʘʜʠʮʠʦʥʥʦ ʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʳ ʚʣʘʛʦʥʘʩʳʱʝʥʠʶ, 

ʦʩʦʙʝʥʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʣʠʵʬʠʨʥʳʭ ʩʤʦʣ ʚ ʢʘʯʝʩʪʚʝ ʧʦʣʠʤʝʨʥʦʛʦ 

ʩʚʷʟʫʶʱʝʛʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʙʦʪʝ [7] ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʪʝʢʣʦʧʣʘʩʪʠʢʦʚ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʩʣʝ ʫʩʢʦʨʝʥʥʦʛʦ 

ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʩʪʘʨʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʣʘʛʦʧʦʛʣʦʱʝʥʠʝ ʚʦʟʨʘʩʪʘʝʪ 

ʧʨʠʤʝʨʥʦ ʥʘ 30 %, ʘ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʧʨʠ ʥʘʩʳʱʝʥʠʠ ʩʥʠʞʘʝʪʩʷ ʧʦʯʪʠ ʚ 

ʜʚʘ ʨʘʟʘ ʘʢʪʠʚʥʝʝ, ʯʝʤ ʫ ʠʩʭʦʜʥʳʭ ʦʙʨʘʟʮʦʚ (-28 % ʠ -14 % 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɸʚʪʦʨʳ ʦʪʤʝʪʠʣʠ, ʯʪʦ ʩʪʘʨʝʥʠʝ ʬʦʨʤʠʨʫʝʪ 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʤʠʢʨʦʪʨʝʱʠʥʳ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʚʣʘʛʘ ʧʨʦʥʠʢʘʝʪ ʙʳʩʪʨʝʝ. 

ɺ ʦʙʟʦʨʝ [8] ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʜʘʥʥʳʝ ʧʦ ʉʇ ʧʦʩʣʝ ʥʘʪʫʨʥʦʡ 

ʵʢʩʧʦʟʠʮʠʠ ʚ ʤʦʨʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʏʝʨʝʟ 5 ʣʝʪ ʵʢʩʧʦʟʠʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʥʘʩʳʱʝʥʠʷ ʚʦʜʦʡ ʧʨʦʯʥʦʩʪʴ ʥʘ ʠʟʛʠʙ ʫʤʝʥʴʰʘʣʘʩʴ ʚ ʩʨʝʜʥʝʤ ʥʘ 35ï40 %, 

ʪʦʛʜʘ ʢʘʢ ʣʘʙʦʨʘʪʦʨʥʳʝ ʢʦʥʪʨʦʣʴʥʳʝ ʦʙʨʘʟʮʳ ʧʨʠ ʪʦʤ ʞʝ 

ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʠ ʪʝʨʷʣʠ ʣʠʰʴ 15ï20 %. ɸʚʪʦʨ ʧʦʜʯʸʨʢʠʚʘʝʪ, ʯʪʦ 

ʩʥʠʞʝʥʠʝ ʩʚʦʡʩʪʚ, ʚʳʨʘʞʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝʤ ʩʧʦʩʦʙʥʦʩʪʠ ʩʦʧʨʦʪʠʚʣʷʪʴʩʷ 

ʧʣʘʩʪʠʬʠʮʠʨʫʶʱʝʤʫ ʜʝʡʩʪʚʠʶ ʚʣʘʛʠ, ʦʙʫʩʣʦʚʣʝʥʦ ʠʤʝʥʥʦ ʜʝʛʨʘʜʘʮʠʝʡ 

ʬʘʟʳ ʩʪʝʢʣʦʚʦʣʦʢʥʦïʩʚʷʟʫʶʱʝʝ. 
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ʀʟʚʝʩʪʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ [9] ʧʦʣʠʵʬʠʨʥʳʭ ʩʪʝʢʣʦʧʣʘʩʪʠʢʦʚ ʧʦʩʣʝ 

ʵʢʩʧʦʟʠʮʠʠ ʥʘ ʦʪʢʨʳʪʦʤ ʚʦʟʜʫʭʝ ʚ ʪʝʯʝʥʠʝ 12 ʤʝʩʷʮʝʚ. ʉʥʠʞʝʥʠʝ Tg ʧʦʩʣʝ 

ʫʚʣʘʞʥʝʥʠʷ ʩʦʩʪʘʚʠʣʦ 20 ÁC ʜʣʷ ʠʩʭʦʜʥʳʭ ʦʙʨʘʟʮʦʚ ʠ 35 ÁC ʜʣʷ ʦʙʨʘʟʮʦʚ, 

ʧʨʦʰʝʜʰʠʭ ʵʢʩʧʦʟʠʮʠʶ. ʀʟʤʝʥʝʥʠʝ ʤʦʜʫʣ ̫ ʠʟʛʠʙʘ ʚ ʥʘʪʠʚʥʦʤ ʠ 

ʫʚʣʘʞʥʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʜʣʷ ʦʙʨʘʟʮʦʚ ʜʦ ʠ ʧʦʩʣʝ ʵʢʩʧʦʟʠʮʠʠ ʪʘʢʞʝ 

ʚʦʟʨʦʩʣʘ ʙʦʣʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ ï ʩ 12 ʜʦ 25 %. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʦʟʨʘʩʪʘʝʪ ʧʦʧʫʣʷʨʥʦʩʪʴ ʇʂʄ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʥʘ 

ʦʩʥʦʚʝ ʥʘʪʫʨʘʣʴʥʳʭ ʠ ʛʠʙʨʠʜʥʳʭ ʚʦʣʦʢʦʥ, ʪʘʢʠʭ ʢʘʢ ʣʝʥ, ʙʘʟʘʣʴʪ ʠ ʜʨ. 

ʆʜʥʘʢʦ ʚʘʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʦʩʦʙʝʥʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ 

ʚʣʘʛʝ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʛʠʜʨʦʬʠʣʴʥʦʩʪʠ ʪʘʢʠʭ ʥʘʧʦʣʥʠʪʝʣʝʡ. 

ɺ ʦʙʟʦʨʝ [10] ʘʚʪʦʨʳ ʦʪʤʝʪʠʣʠ, ʯʪʦ ʜʘʞʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʝ 

ʥʘʩʳʱʝʥʠʝ ʚʦʜʦʡ ʩʥʠʞʘʝʪ ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʵʧʦʢʩʠʜʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʥʘʪʫʨʘʣʴʥʦʛʦ ʜʞʫʪʘ ʥʘ 25-30 %. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, 

ʧʦʩʣʝ 500 ʯ ʩʪʘʨʝʥʠʷ ʚ ʋʌ-ʢʘʤʝʨʝ ʧʘʜʝʥʠʝ ʜʘʥʥʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ ʧʨʠ ʪʦʤ ʞʝ ʥʘʩʳʱʝʥʠʠ ʚʦʟʨʘʩʪʘʣʦ ʜʦ 50 %. 

ʀʟʚʝʩʪʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ [11] ʇʂʄ ʥʘ ʦʩʥʦʚʝ ʥʘʪʫʨʘʣʴʥʳʭ ʚʦʣʦʢʦʥ 

ʣʴʥʘ ʠ ʙʠʦʨʘʟʣʘʛʘʝʤʦʛʦ ʧʦʣʠʣʘʢʪʠʜʘ ʚ ʢʘʯʝʩʪʚʝ ʧʦʣʠʤʝʨʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ 

ʧʦʩʣʝ 6 ʤʝʩʷʮʝʚ ʥʘʪʫʨʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʚ ʫʚʣʘʞʥʸʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʙʳʣ ʧʦʯʪʠ ʥʘ 40 % ʥʠʞʝ, ʯʝʤ ʫ ʠʩʭʦʜʥʳʭ ʫʚʣʘʞʥʸʥʥʳʭ 

ʦʙʨʘʟʮʦʚ. ɸʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʵʪʦ ʩ ʛʠʜʨʦʣʠʟʦʤ ʧʦʣʠʣʘʢʪʠʜʘ ʠ ʥʘʢʦʧʣʝʥʠʝʤ 

ʤʠʢʨʦʪʨʝʱʠʥ ʥʘ ʛʨʘʥʠʮʝ ʚʦʣʦʢʥʦïʤʘʪʨʠʮʘ [11]. 

ɺ ʨʘʙʦʪʝ [12] ʙʳʣʠ ʠʟʫʯʝʥʳ ʛʠʙʨʠʜʥʳʝ ʩʠʩʪʝʤʳ ʫʛʣʝʨʦʜʥʦʛʦ ʠ 

ʥʘʪʫʨʘʣʴʥʦʛʦ ʚʦʣʦʢʦʥ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʮʝʩʩʳ ʜʝʛʨʘʜʘʮʠʠ ʚ ʥʘʪʫʨʘʣʴʥʦʤ 

ʢʦʤʧʦʥʝʥʪʝ ʧʦʩʣʝ ʵʢʩʧʦʟʠʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʫʩʢʦʨʝʥʥʦʤʫ ʥʘʩʳʱʝʥʠʶ ʚʩʝʛʦ 

ʢʦʤʧʦʟʠʪʘ: ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚ ʫʚʣʘʞʥʸʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʘʜʘʣʠ ʥʘ 

30ï35 %, ʪʦʛʜʘ ʢʘʢ ʫ ʠʩʭʦʜʥʳʭ ʦʙʨʘʟʮʦʚ ð ʣʠʰʴ ʥʘ 10-15 %. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚʳʰʝ ʨʘʙʦʪ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ 

ʫʩʢʦʨʝʥʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ. ʍʦʪʷ ʫʩʢʦʨʝʥʥʳʝ ʤʝʪʦʜʳ ʜʘʶʪ 
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ʩʨʘʚʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʟʘ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ, ʦʥʠ ʠʤʠʪʠʨʫʶʪ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʥʝ ʚʩʝʛʜʘ ʘʜʝʢʚʘʪʥʦ ʚʦʩʧʨʦʠʟʚʦʜʷʪ 

ʤʝʭʘʥʠʟʤʳ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʪʘʨʝʥʠʷ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʫʩʢʦʨʝʥʥʳʭ 

ʠʩʧʳʪʘʥʠʡ ʠ ʥʘʪʫʨʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ð ʚʘʞʥʳʡ ʘʩʧʝʢʪ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

[13]. 

ɼʣʷ ʧʨʦʛʥʦʟʘ ʠʩʪʠʥʥʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʚʘʞʥʦ ʧʨʦʚʦʜʠʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʚ ʭʦʜʝ ʥʘʪʫʨʥʦʡ 

ʵʢʩʧʦʟʠʮʠʠ. ʇʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʝ ʚ 

ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʦʜʚʝʨʛʘʶʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʩʣʦʞʥʳʭ ʬʘʢʪʦʨʦʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʝʥʥʦ ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʟʦʥʳ: 

¶ ʊʨʦʧʠʯʝʩʢʠʡ ʢʣʠʤʘʪ: ʚʳʩʦʢʘʷ ʚʣʘʞʥʦʩʪʴ (ʜʦ 100 %), ʦʙʠʣʴʥʳʝ 

ʦʩʘʜʢʠ, ʠʥʪʝʥʩʠʚʥʦʝ ʋʌ-ʠʟʣʫʯʝʥʠʝ, ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ 

(ʛʨʠʙʳ, ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ). 

¶ ʄʦʨʩʢʦʡ ʢʣʠʤʘʪ: ʯʝʨʝʜʦʚʘʥʠʝ ʫʚʣʘʞʥʝʥʠʷ ʩʦʣʸʥʳʤ ʪʫʤʘʥʦʤ ʠ 

ʩʫʰʢʠ, ʧʦʚʳʰʝʥʥʘʷ ʚʣʘʞʥʦʩʪʴ, ʥʘʣʠʯʠʝ ʩʦʣʝʡ, ʫʩʠʣʠʚʘʶʱʠʭ 

ʛʠʜʨʦʣʠʟ ʠ ʢʦʨʨʦʟʠʶ ʘʨʤʘʪʫʨʳ. 

¶ ʇʫʩʪʳʥʥʳʡ ʢʣʠʤʘʪ: ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ (ʦʪ ï

10 ÁC ʥʦʯʴʶ ʜʦ +50 ÁC ʜʥʸʤ), ʩʠʣʴʥʦʝ ʩʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʥʠʟʢʘʷ 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ, ʘʙʨʘʟʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʝʩʢʘ. 

¶ ʋʤʝʨʝʥʥʳʡ ʢʣʠʤʘʪ: ʩʝʟʦʥʥʳʝ ʮʠʢʣʳ ʪʝʤʧʝʨʘʪʫʨ ʠ ʚʣʘʞʥʦʩʪʠ, 

ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʟʘʤʦʨʘʞʠʚʘʥʠʝïʦʪʪʘʠʚʘʥʠʝ, ʫʤʝʨʝʥʥʦʝ ʋʌ-

ʠʟʣʫʯʝʥʠʝ. 

¶ ɸʨʢʪʠʯʝʩʢʠʡ ʢʣʠʤʘʪ: ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʮʠʢʣʳ ʟʘʤʦʨʘʞʠʚʘʥʠʷï

ʦʪʪʘʠʚʘʥʠʷ, ʦʛʨʘʥʠʯʝʥʥʦʝ ʋʌ-ʠʟʣʫʯʝʥʠʝ, ʥʦ ʚʳʩʦʢʘʷ ʚʣʘʞʥʦʩʪʴ ʧʨʠ 

ʪʘʷʥʠʠ ʣʴʜʘ/ʩʥʝʛʘ. 

ʅʘʠʙʦʣʝʝ ʘʛʨʝʩʩʠʚʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʇʂʄ ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʧʨʠʤʦʨʩʢʦʡ 

ʘʪʤʦʩʬʝʨʝ ʠ ʪʨʦʧʠʯʝʩʢʦʤ ʢʣʠʤʘʪʝ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʙʦʪʝ [8] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʉʇ ʥʘ ʦʩʥʦʚʝ 

ʵʧʦʢʩʠʜʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ, ʧʨʦʰʝʜʰʠʝ ʵʢʩʧʦʟʠʮʠʶ ʚ 24 ʤʝʩʷʮʘ ʚ 

ʩʨʝʜʠʟʝʤʥʦʤʦʨʩʢʦʤ ʧʨʠʙʨʝʞʥʦʤ ʢʣʠʤʘʪʝ, ʪʝʨʷʣʠ ʜʦ 40 % ʧʨʦʯʥʦʩʪʠ ʥʘ 

ʠʟʛʠʙ. ɺ ʪʦʞʝ ʚʨʝʤʷ, ʠʜʝʥʪʠʯʥʳʝ ʦʙʨʘʟʮʳ ʧʦʩʣʝ ʵʢʩʧʦʟʠʮʠʠ ʚ ʩʫʭʦʤ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʤ ʢʣʠʤʘʪʝ, ʩʥʠʞʘʣʠ ʧʨʦʯʥʦʩʪʴ ʣʠʰʴ ʥʘ 10-15 % . ɺ 

ʢʘʯʝʩʪʚʝ ʬʘʢʪʦʨʘ, ʦʢʘʟʘʚʰʝʛʦ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʥʠʮʫ ʚ ʩʚʦʡʩʪʚʘʭ 

ʦʙʨʘʟʮʦʚ ʠʟ ʨʘʟʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥ, ʘʚʪʦʨʳ ʚʳʜʝʣʷʶʪ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʝ 

ʜʝʡʩʪʚʠʝ ʚʣʘʛʠ ʠ ʩʦʣʝʡ, ʫʩʢʦʨʷʶʱʠʭ ʛʠʜʨʦʣʠʟ ʩʚʷʟʫʶʱʝʛʦ ʠ ʜʝʩʪʨʫʢʮʠʶ 

ʚʦʣʦʢʦʥ. 

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ [14] ʘʨʤʠʨʦʚʘʥʥʳʭ ʧʦʣʠʵʬʠʨʥʳʭ 

ʇʂʄ ʧʦʩʣʝ ʵʢʩʧʦʟʠʮʠʠ ʚ ʖɸʈ (ʚʣʘʞʥʳʡ ʪʨʦʧʠʯʝʩʢʠʡ ʢʣʠʤʘʪ) ʠ ʚ 

ʫʤʝʨʝʥʥʦʡ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʟʦʥʝ ɽʚʨʦʧʳ. ɿʘ 12 ʤʝʩʷʮʝʚ ʵʢʩʧʦʟʠʮʠʷ ʚ ʖɸʈ 

ʧʨʠʚʝʣʘ  ʢ ʩʥʠʞʝʥʠʶ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʜʚʠʛ ʥʘ 30 %, ʪʦʛʜʘ ʢʘʢ ʚ ɽʚʨʦʧʝ 

ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʩʥʠʟʠʣʩʷ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 12 %. ɺ ʧʦʭʦʞʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʉʇ ʧʨʠ ʵʢʩʧʦʟʠʮʠʠ ʚ ʤʦʨʩʢʦʤ ʠ ʫʤʝʨʝʥʥʦʤ ʢʣʠʤʘʪʝ ʧʦʩʣʝ 

12 ʤʝʩʷʮʝʚ Tg ʩʥʠʟʠʣʘʩʴ ʥʘ 35 ÁC ʚ ʤʦʨʩʢʦʡ ʘʪʤʦʩʬʝʨʝ ʠ ʣʠʰʴ ʥʘ 10 ÁC ʚ 

ʫʤʝʨʝʥʥʦʤ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʤ ʢʣʠʤʘʪʝ. 

ʅʝʜʦʩʪʘʪʦʢ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʨʘʙʦʪ ʟʘʢʣʶʯʘʝʪʩʷ 

ʢʨʘʪʢʦʩʨʦʯʥʘʷ ʵʢʩʧʦʟʠʮʠʷ ʦʙʨʘʟʮʦʚ ʇʂʄ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʝʛʨʘʜʘʮʠʷ 

ʩʚʦʡʩʪʚ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʥʝʩʫʱʝʩʪʚʝʥʥʘʷ, ʠ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʧʦʩʣʝ 

ʵʢʩʧʦʟʠʮʠʠ 12 ʤʝʩʷʮʝʚ ʠ ʧʦʩʣʝ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʦʪʣʠʯʘʪʴʩʷ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʦʩʥʦʚʝ ʇʂʄ ʤʦʛʫʪ 

ʵʢʩʧʦʥʠʨʦʚʘʪʴʩʷ ʚ ʨʘʟʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʙʦʣʝʝ 

ʜʣʠʪʝʣʴʥʳʭ ʩʨʦʢʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʧʨʦʚʦʜʠʪʴ ʜʦʣʛʦʩʨʦʯʥʳʝ ʥʘʪʫʨʥʳʝ 

ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ. 

ʊʘʢʞʝ ʚʘʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ ʦʙʨʘʟʮʳ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʩʪʘʨʝʥʠʷ, ʠʩʧʳʪʳʚʘʶʪʩʷ 

ʪʦʣʴʢʦ ʚ ʥʘʪʠʚʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩʨʘʟʫ ʧʦʩʣʝ ʩʲʝʤʘ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʙʦʣʝʝ 
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ʟʥʘʯʠʪʝʣʴʥʫʶ ʜʝʛʨʘʜʘʮʠʶ ʩʚʦʡʩʪʚ ʧʦʩʣʝ ʵʢʩʧʦʟʠʮʠʠ ʚʦ ʚʣʘʞʥʳʭ ʫʩʣʦʚʠʷʭ 

ʪʨʦʧʠʯʝʩʢʦʛʦ ʢʣʠʤʘʪʘ ʠ ʧʨʠʤʦʨʩʢʦʡ ʘʪʤʦʩʬʝʨʳ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʙʦʣʴʰʠʤ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʵʢʩʧʦʥʠʨʦʚʘʥʠʠ 

ʦʙʨʘʟʮʦʚ ʚ ʨʘʟʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ ʚʘʞʥʦ ʦʮʝʥʠʚʘʪʴ ʠʭ ʩʚʦʡʩʪʚʘ ʥʝ 

ʪʦʣʴʢʦ ʚ ʥʘʪʠʚʥʦʤ, ʥʦ ʠ ʚ ʚʳʩʫʰʝʥʥʦʤ ʠ ʫʚʣʘʞʥʝʥʥʦʤ ʩʦʩʪʦʷʥʠʷʭ. ʊʘʢʠʝ 

ʠʩʧʳʪʘʥʠʷ ʥʝ ʪʦʣʴʢʦ ʧʦʤʦʛʫʪ ʨʘʟʜʝʣʠʪʴ ʦʙʨʘʪʠʤʦʝ ʠ ʥʝʦʙʨʘʪʠʤʦʝ 

ʜʝʡʩʪʚʠʝ ʚʣʘʛʠ ʥʘ ʩʚʦʡʩʪʚʘ ʇʂʄ, ʥʦ ʠ ʧʦʟʚʦʣʷʪ ʧʨʦʚʝʩʪʠ ʦʮʝʥʢʫ ʚʣʠʷʥʠʷ 

ʵʢʩʧʦʟʠʮʠʠ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʧʨʦʪʠʚʣʷʪʴʩʷ ʧʣʘʩʪʠʬʠʮʠʨʫʶʱʝʤʫ 

ʜʝʡʩʪʚʠʶ ʚʣʘʛʠ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʚʠʘʮʠʦʥʥʳʭ ʇʂʄ 

ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ʚ ʪʠʧʦʚʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ ʈʌ. 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʟʦʥ ʥʘ ʩʦʩʪʦʷʥʠʝ ʇʂʄ ʩ ʨʘʟʥʳʤ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝʤ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʩʪʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʠʟʤʝʥʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʨʝʤʝʥʠ ʫʚʣʘʞʥʝʥʠʷ /ʩʫʰʢʠ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʦʛʦʚ ʤʦʜʝʣʝʡ (1) ʠ (2). 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʇʂʄ ʪʨʝʭ ʤʘʨʦʢ. 

ʉʇ ɺʇʉ-48/7781 ʠ ʋʇ ɺʂʋ-39 ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʥʘ ʦʩʥʦʚʝ ʵʧʦʢʩʠʜʥʦʛʦ 

ʩʚʷʟʫʶʱʝʛʦ ɺʉʕ-1212. ʋʛʣʝʧʣʘʩʪʠʢ ʂʄʂʋ-3ʄ.150.ʈ14535.45 ʠʟʛʦʪʦʚʣʝʥ 

ʠʟ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʫʛʣʝʨʦʜʥʦʡ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʡ ʣʝʥʪʳ ʋʆʃ-300ʈ 

ʫʣʫʯʰʝʥʥʦʡ ʪʝʢʩʪʠʣʴʥʦʡ ʬʦʨʤʳ ʠ ʢʣʝʝʚʦʛʦ ʧʨʝʧʨʝʛʘ [15]. ʈʘʥʝʝ, ʚ ʨʘʙʦʪʘʭ 

[16-18], ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʘʪʝʨʠʘʣʳ ʪʘʢʦʛʦ ʪʠʧʘ ʠʟʤʝʥʷʶʪ ʩʚʦʶ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʚʣʘʛʝ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʩʪʘʨʝʥʠʷ.  

ʇʣʘʩʪʠʥʳ ʇʂʄ ʨʘʟʤʝʨʘʤʠ 300ʭ300 ʤʤ ʙʳʣʠ ʚʳʩʪʘʚʣʝʥʳ ʥʘ 

ʵʢʩʧʦʟʠʮʠʶ ʥʘ ʦʪʢʨʳʪʳʭ ʧʣʦʱʘʜʢʘʭ ʚ 5 ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ. 

ʉʨʝʜʥʝʛʦʜʦʚʳʝ ʟʥʘʯʝʥʠʷ ʦʩʥʦʚʥʳʭ ʤʝʪʝʦʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʜʘʥʥʳʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.  
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ʊʘʙʣʠʮʘ 1 

ʉʨʝʜʥʝʛʦʜʦʚʳʝ ʟʥʘʯʝʥʠʷ ʦʩʥʦʚʥʳʭ ʤʝʪʝʦʧʘʨʘʤʝʪʨʦʚ 

ʄʝʩʪʦ 

ʵʢʩʧʦʟʠʮʠʠ 

(ʦʙʦʟʥʘʯʝʥʠʝ) 

ʉʨʝʜʥʷʷ 

ʪʝʤ-ʨʘ, 

Áʉ 

ʉʨʝʜʥʷʷ 

ʦʪʥ. 

ʚʣʘʞʥʦʩʪʴ, 

% 

ʂʦʣ-ʚʦ 

ʦʩʘʜʢʦʚ, 

ʤʤ 

ɼʦʟʘ 

ʩʦʣʥʝʯʥʦʡ 

ʨʘʜʠʘʮʠʠ, 

ʄɼʞ/ʤ
2
 

ʊʠʧ ʂʣʠʤʘʪʘ 

ɻ. ɻʝʣʝʥʜʞʠʢ 

(ɻʎʂʀ) 
15,5 70 629 4865 

ʇʨʠʤʦʨʩʢʘʷ ʘʪʤʦʩʬʝʨʘ ʫʤʝʨʝʥʥʦ 

ʪʝʧʣʦʛʦ ʢʣʠʤʘʪʘ ʩ ʤʷʛʢʦʡ ʟʠʤʦʡ 

ʇ. ɼʘʣʴʥʠʝ 

ɿʝʣʝʥʮʳ (ʉʂʉ) 
1,9 80 472 2519 

ʇʨʠʤʦʨʩʢʘʷ ʘʪʤʦʩʬʝʨʘ 

ʫʤʝʨʝʥʥʦʛʦ ʭʦʣʦʜʥʦʛʦ ʢʣʠʤʘʪʘ 

ɻ. ɺʣʘʜʠʚʦʩʪʦʢ 

(ɼɺʂʉ) 
5,2 64 705 3253 

ʇʨʠʤʦʨʩʢʘʷ ʘʪʤʦʩʬʝʨʘ ʫʤʝʨʝʥʥʦ 

ʚʣʘʞʥʦʛʦ ʢʣʠʤʘʪʘ 

ɻ. ʄʦʩʢʚʘ 

(ʄʂʉ) 
7,9 72 502 4343 

ʇʨʦʤʳʰʣʝʥʥʘʷ ʘʪʤʦʩʬʝʨʘ 

ʫʤʝʨʝʥʥʦʛʦ ʢʣʠʤʘʪʘ 

ɻ. ɿʚʝʥʠʛʦʨʦʜ 

(ɿʂʉ) 
5,6 78 903 4343 

ʉʝʣʴʩʢʘʷ ʘʪʤʦʩʬʝʨʘ ʫʤʝʨʝʥʥʦʛʦ 

ʢʣʠʤʘʪʘ 

 

ʇʦʩʣʝ ʰʝʩʪʠ ʣʝʪ ʵʢʩʧʦʟʠʮʠʠ ʧʣʠʪʳ ʙʳʣʠ ʩʥʷʪʳ, ʠʟ ʥʠʭ, ʘ ʪʘʢʞʝ ʠʟ 

ʠʩʭʦʜʥʳʭ ʧʣʠʪ ʙʳʣʠ ʚʳʨʝʟʘʥʳ ʢʚʘʜʨʘʪʥʳʝ ʦʙʨʘʟʮʳ ʨʘʟʤʝʨʘʤʠ 70ʭ70 ʤʤ. 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʦʙʨʘʟʮʳ ʙʳʣʠ ʧʦʜʚʝʨʞʝʥʳ ʩʫʰʢʝ ʧʨʠ 60 ÁC ʥʘʜ 

ʧʨʦʢʘʣʝʥʥʳʤ ʩʠʣʠʢʘʛʝʣʝʤ ʚ ʵʢʩʠʢʘʪʦʨʘʭ. ɼʘʣʝʝ ʦʙʨʘʟʮʳ ʚʳʜʝʨʞʠʚʘʣʠ ʥʘʜ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʦʜʳ ʚ ʵʢʩʠʢʘʪʦʨʘʭ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ű 

= 98 Ñ 2 %, ʪʘʢʞʝ ʧʨʠ T = 60 ÁC.  

ɺ ʭʦʜʝ ʫʚʣʘʞʥʝʥʠʷ ʠʟʤʝʨʷʣʠ ʤʦʜʫʣʴ ʩʜʚʠʛʘ ʚ ʧʣʦʩʢʦʩʪʠ ʣʠʩʪʘ (G12), 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʦʡ, ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʢʨʫʯʝʥʠʷ 

[15]. ʇʨʠ ʵʪʦʤ ʧʦʣʫʯʘʣʠ ʛʨʘʬʠʢ ʜʝʬʦʨʤʘʮʠʠ, ʥʘ ʥʘʯʘʣʴʥʦʤ ʫʯʘʩʪʢʝ 

ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʣʠ ʧʦʢʘʟʘʪʝʣʴ G12. ʅʘ ʢʘʞʜʦʤ ʦʙʨʘʟʮʝ ʥʘʛʨʫʞʝʥʠʝ 

ʧʨʦʚʦʜʠʣʠ ʧʦ ʜʚʫʤ ʦʩʷʤ ʩ ʢʘʞʜʦʡ ʩʪʦʨʦʥʳ. ʅʘ ʧʦʣʫʯʝʥʥʳʭ ʛʨʘʬʠʢʘʭ 

ʦʧʨʝʜʝʣʷʣʠ ʟʥʘʯʝʥʠʷ ʥʘʛʨʫʟʢʠ F1 ʠ F2 ʧʨʠ ʚʝʣʠʯʠʥʘʭ ʜʝʬʦʨʤʘʮʠʡ ɔ1 ʠ ɔ2, 

ʠʩʧʦʣʴʟʫʷ ʢʦʪʦʨʳʝ ʥʘʭʦʜʠʣʠ G12 ʧʦ ʬʦʨʤʫʣʘʤ: 

Ὃ
πȟχυЎὥὥὑ

ρπππὬ
ȟ 

ῳ
Ὂ Ὂ

‎ ‎
ȟ 

ʛʜʝ a', a'' ð ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩʪʦʨʦʥʳ ʦʙʨʘʟʮʘ, ʤʤ; h ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʪʦʣʱʠʥʳ, ʤʤ; ʂ ð ʧʦʧʨʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ; ɔ1, ɔ2 ð ʟʥʘʯʝʥʠʷ 
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 
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ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ; F1, F2 ðʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʘʥʥʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʥʘʛʨʫʟʢʠ, ʅ. 

ʇʦ ʩʨʝʜʥʝʤʫ ʟʥʘʯʝʥʠʶ G12, ʠʟʤʝʨʝʥʥʦʤʫ ʧʦ ʚʩʝʤ ʦʩʷʤ ʚʩʝʭ ʦʙʨʘʟʮʦʚ 

ʠʟ ʩʝʨʠʠ ʩʯʠʪʘʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʤʦʜʫʣʷ ʩʜʚʠʛʘ ʚ ʧʣʦʩʢʦʩʪʠ 

ʣʠʩʪʘ æG12(t) ʧʦ ʬʦʨʤʫʣʝ, ʘʥʘʣʦʛʠʯʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʤʘʩʩʳ: 

ῳὋ ὸ
Ὃ ὸ Ὃ π

Ὃ π
ρzππ Ϸȟ 

ʛʜʝ G12(t) ï ʤʦʜʫʣʴ ʩʜʚʠʛʘ ʚ ʧʣʦʩʢʦʩʪʠ ʣʠʩʪʘ ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʦʮʝʩʩʝ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ, ɻʇʘ, G12(0) ï ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʤʦʜʫʣʷ ʩʜʚʠʛʘ ʚ 

ʧʣʦʩʢʦʩʪʠ ʣʠʩʪʘ ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʦʮʝʩʩʝ ʩʫʰʢʠ, ɻʇʘ. 

ʈʝʟʫʣʴʪʘʪʳ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʀʩʧʦʣʴʟʫʷ ʜʠʬʬʫʟʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʤʦʞʥʦ ʩʦʦʪʥʝʩʪʠ 

ʚʦʜʦʧʦʛʣʦʱʝʥʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʧʦʢʘʟʳʚʘʶʱʠʤʠ, ʢʘʢ 

ʧʦʣʦʞʝʥʠʝ ʚʦʜʳ ʚ ʤʘʪʝʨʠʘʣʝ ʚʳʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʷ ʩʜʚʠʛʦʚʳʭ ʩʚʦʡʩʪʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʚʠʩʠʤʦʩʪʴ æG12(t) ʙʳʣʦ ʨʝʰʝʥʦ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ, 

ʠʩʧʦʣʴʟʫʷ ʘʥʘʣʦʛ ʚʪʦʨʦʛʦ ʟʘʢʦʥʘ ʌʠʢʘ:  

ЎὋ ЎὋ ρ ψὛὟὓ 

ὛὟὓ
ὩὼὴὲὨὸ

ὲ
Ƞ 

Ὠ Ὀ Ὑϳ Ƞὲ pςὭ ρȠὭ πȢȢὔ ρ 

(3) 

ʛʜʝ æG0 ï ʧʨʝʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ æG12, %; Dg ï ʘʥʘʣʦʛ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʜʠʬʬʫʟʠʠ (ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʤʦʜʫʣʷ ʩʜʚʠʛʘ), 1/ʩʫʪ; ʚʝʨʭʥʠʡ ʠʥʜʝʢʩ f 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʜʝʣʠ ʌʠʢʘ. 

ɸ ʪʘʢʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʧʨʠʤʝʥʝʥʠʝ ʘʥʘʣʦʛʘ 

ʤʦʜʝʣʠ ʃʝʥʛʤʶʨʘ:  

ЎὋ ὸ
‍

‎ ‍
ЎὋ ὸ ЎὋ ρ

‎

‎ ‍
Ὡὼὴ‍ὸ

‍

‎ ‍
 

ЎὋ ὸ ЎὋ ρ ψὛὟὓ 

(4) 
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ʛʜʝ ɓ - ʚʝʨʦʷʪʥʦʩʪʴ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʧʨʝʚʨʘʱʝʥʠʷ ʩʚʷʟʘʥʥʦʡ ʚʦʜʳ ʚ 

ʤʦʙʠʣʴʥʫʶ, 1/ʩʫʪ.; ɔ - ʚʝʨʦʷʪʥʦʩʪʴ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʧʨʝʚʨʘʱʝʥʠʷ 

ʤʦʙʠʣʴʥʦʡ ʚʦʜʳ ʚ ʩʚʷʟʘʥʥʫʶ, 1/ʩʫʪ; ʚʝʨʭʥʠʡ ʠʥʜʝʢʩ l ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʤʦʜʝʣʠ ʃʝʥʛʤʶʨʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʤʦʜʝʣʝʡ (3) ʠ (4) ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1-3 ʠ 

ʚ ʪʘʙʣʠʮʘʭ 2-3. 

 

 

ʈʠʩ. 1. ʇʨʠʤʝʥʝʥʠʝ ʤʦʜʝʣʝʡ (3) ʠ (4) ʜʣʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʥʝʥʠʷ ʤʦʜʫʣʷ ʩʜʚʠʛʘ 

ʦʙʨʘʟʮʦʚ ʩʪʝʢʣʦʧʣʘʩʪʠʢʘ ɺʇʉ-48/7781 ʜʦ ʠ ʧʦʩʣʝ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʩʪʘʨʝʥʠʷ ʚ ʭʦʜʝ 

ʫʚʣʘʞʥʝʥʠʷ/ʩʫʰʢʠ. 
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ʈʠʩ. 2. ʇʨʠʤʝʥʝʥʠʝ ʤʦʜʝʣʝʡ (3) ʠ (4) ʜʣʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʥʝʥʠʷ ʤʦʜʫʣʷ ʩʜʚʠʛʘ 

ʦʙʨʘʟʮʦʚ ʫʛʣʝʧʣʘʩʪʠʢʘ ʂʄʂʋ-3ʤ.150.ʈ14535.45 ʜʦ ʠ ʧʦʩʣʝ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʩʪʘʨʝʥʠʷ ʚ 

ʭʦʜʝ ʫʚʣʘʞʥʝʥʠʷ/ʩʫʰʢʠ. 

 

 

ʈʠʩ. 3. ʇʨʠʤʝʥʝʥʠʝ ʤʦʜʝʣʝʡ (3) ʠ (4) ʜʣʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʥʝʥʠʷ ʤʦʜʫʣʷ ʩʜʚʠʛʘ 

ʦʙʨʘʟʮʦʚ ʫʛʣʝʧʣʘʩʪʠʢʘ ɺʂʋ-39 ʜʦ ʠ ʧʦʩʣʝ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʩʪʘʨʝʥʠʷ ʚ ʭʦʜʝ 

ʫʚʣʘʞʥʝʥʠʷ/ʩʫʰʢʠ. 
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ʊʘʙʣʠʮʘ 2 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʤʦʜʝʣʠ (3) ʜʣʷ ʜʘʥʥʳʭ ʠʟʤʝʥʝʥʠʷ ʤʦʜʫʣʷ ʩʜʚʠʛʘ 

ʦʙʨʘʟʮʦʚ ʇʂʄ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʧʦʩʣʝ ʵʢʩʧʦʟʠʮʠʠ 
ʕʢʩʧʦʟʠ-

ʮʠʷ 
ʄʘʪʝʨʠʘʣ R

2
 

ʉʫʰʢʘ ʋʚʣʘʞʥʝʥʠʝ 

ῳὋ, % Ὀ , ʤʤ
2
/ʩʫʪ ῳὋ, % Ὀ , ʤʤ

2
/ʩʫʪ 

ʀʩʭ. 

ɺʇʉ-48/7781 0,86 6,77 11,08 -5,57 0,25 

ʂʄʂʋ-

3ʤ.150.ʈ14535.4

5 

0,48 5,59 10,50 -0,95 7,96 

ɺʂʋ-39 0,52 9,30 13,05 -4,29 14,39 

ɻʎʂʀ 

ɺʇʉ-48/7781 0,96 8,69 16,48 -11,57 0,70 

ʂʄʂʋ-

3ʤ.150.ʈ14535.4

5 

0,98 9,44 10,75 -13,70 0,11 

ɺʂʋ-39 0,81 7,52 14,91 -5,03 19,59 

ʉʂʉ 

ɺʇʉ-48/7781 0,97 7,73 12,23 -10,16 0,41 

ʂʄʂʋ-

3ʤ.150.ʈ14535.4

5 

0,91 9,09 10,94 -9,95 0,08 

ɼɺʂʉ 

ɺʇʉ-48/7781 0,97 7,68 18,13 -9,96 0,34 

ʂʄʂʋ-

3ʤ.150.ʈ14535.4

5 

0,97 8,11 18,29 -11,13 0,11 

ɺʂʋ-39 0,68 8,34 13,05 -4,55 9,05 

ʄʂʉ 

ɺʇʉ-48/7781 0,96 6,93 15,45 -10,61 0,20 

ʂʄʂʋ-

3ʤ.150.ʈ14535.4

5 

0,91 9,15 20,20 -12,37 0,05 

ɿʂʉ 

ɺʇʉ-48/7781 0,94 6,74 15,19 -9,60 0,51 

ʂʄʂʋ-

3ʤ.150.ʈ14535.4

5 

0,90 7,56 15,40 -9,07 0,07 

ɺʂʋ-39 0,64 8,76 13,75 -5,19 25,04 

 

ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠʤʝʥʝʥʠʷ ʘʥʘʣʦʛʘ ʚʪʦʨʦʛʦ ʟʘʢʦʥʘ ʌʠʢʘ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʟʤʝʥʝʥʠʷ ʤʦʜʫʣʷ ʩʜʚʠʛʘ (ʪʘʙʣʠʮʘ 2) ʚʠʜʥʦ, ʯʪʦ 

ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ (R
2
) ʠʟʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 
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ʦʪ ʤʘʪʝʨʠʘʣʘ ʠ ʧʨʝʜʳʩʪʦʨʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ R
2
 

ʥʘʙʣʶʜʘʶʪʩʷ ʜʣʷ ʠʩʭʦʜʥʳʭ ʦʙʨʘʟʮʦʚ, ʘ ʩʨʝʜʠ ʦʪʜʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ R
2
 

ʜʣʷ ʦʙʨʘʟʮʦʚ ɺʂʋ-39, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʟʦʥʳ ʵʢʩʧʦʟʠʮʠʠ, ʠʤʝʝʪ ʥʘʠʙʦʣʝʝ 

ʟʘʥʠʞʝʥʥʳʝ ʟʥʘʯʝʥʠʷ. ʅʘ ʨʠʩ. 1-3 ʥʘ ʩʪʘʜʠʠ ʫʚʣʘʞʥʝʥʠʷ ʧʦʩʣʝ ʨʝʟʢʦʛʦ 

ʧʘʜʝʥʠʷ ʜʣʷ ʜʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʳʡ ʨʦʩʪ ʟʥʘʯʝʥʠʷ 

ʤʦʜʫʣʷ ʩʜʚʠʛʘ, ʢʦʪʦʨʳʡ ʠ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ R
2
.  

ʅʝʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ῳὋ ʥʘ ʩʪʘʜʠʠ ʫʚʣʘʞʥʝʥʠʷ 

ʜʣʷ ʦʙʨʘʟʮʦʚ ɺʂʋ-39 ʚ ʵʢʩʧʦʥʠʨʦʚʘʥʥʦʤ ʠ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʷʭ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʠʙʦʣʴʰʝʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʢ   

ʩʪʘʨʝʥʠʶ. ɺ ʩʣʫʯʘʝ ɺʇʉ-48/7781 ʠ ʂʄʂʋ-3ʤ.150.ʈ14535.45 ʧʦʩʣʝ 

ʵʢʩʧʦʟʠʮʠʠ ʚ ʩʨʝʜʥʝʤ ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʩʥʠʞʘʝʪʩʷ ʚ 2 ʠ 10 ʨʘʟ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʦʜʝʣʴʶ (3) ʥʘ ʩʪʘʜʠʠ ʫʚʣʘʞʥʝʥʠʷ ʩʢʦʨʦʩʪʴ 

ʠʟʤʝʥʝʥʠʷ ʠ ʧʨʝʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʤʦʜʫʣʷ ʩʜʚʠʛʘ ʜʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʵʢʩʧʦʥʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʤʝʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʧʦʩʣʝ ʵʢʩʧʦʟʠʮʠʠ ʚ ʛ. ɻʝʣʝʥʜʞʠʢʝ ʩ ʥʘʠʙʦʣʝʝ ʘʛʨʝʩʩʠʚʥʦʡ ʧʨʠʤʦʨʩʢʦʡ 

ʘʪʤʦʩʬʝʨʦʡ (ʨʠʩ. 1-3).  
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ʊʘʙʣʠʮʘ 3 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʤʦʜʝʣʠ (4) ʜʣʷ ʜʘʥʥʳʭ ʠʟʤʝʥʝʥʠʷ ʤʦʜʫʣʷ ʩʜʚʠʛʘ 

ʦʙʨʘʟʮʦʚ ʇʂʄ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʧʦʩʣʝ ʵʢʩʧʦʟʠʮʠʠ 
ʕʢʩʧʦʟʠ-

ʮʠʷ 
ʄʘʪʝʨʠʘʣ R

2
 

ʉʫʰʢʘ ʋʚʣʘʞʥʝʥʠʝ 

ῳὋ, % Ὀ , ʤʤ
2
/ʩʫʪ ῳὋ, % Ὀ , ʤʤ

2
/ʩʫʪ 

ʀʩʭ. 

ɺʇʉ-48/7781 0,90 6,91 0,38 -5,65 4,60 

ʂʄʂʋ-

3ʤ.150.ʈ14535.45 
0,54 0,05 1,40 53,18 0,00 

ɺʂʋ-39 0,72 9,39 0,38 -3,95 0,58 

ɻʎʂʀ 

ɺʇʉ-48/7781 0,98 8,17 0,62 -11,48 0,67 

ʂʄʂʋ-

3ʤ.150.ʈ14535.45 
0,99 9,69 0,40 -14,04 1,34 

ɺʂʋ-39 0,95 7,36 0,32 -4,25 1,66 

ʉʂʉ 

ɺʇʉ-48/7781 0,97 0,13 0,57 -94,27 0,48 

ʂʄʂʋ-

3ʤ.150.ʈ14535.45 
0,95 9,22 0,36 -10,76 4,84 

ɼɺʂʉ 

ɺʇʉ-48/7781 0,97 7,44 7,01 -16,32 0,36 

ʂʄʂʋ-

3ʤ.150.ʈ14535.45 
0,98 8,23 0,34 -28,69 0,14 

ɺʂʋ-39 0,91 8,56 0,27 -2,47 6,10 

ʄʂʉ 

ɺʇʉ-48/7781 0,98 6,55 14,06 -100,0 0,23 

ʂʄʂʋ-

3ʤ.150.ʈ14535.45 
0,94 0,41 0,48 -13,44 6,35 

ɿʂʉ 

ɺʇʉ-48/7781 0,97 6,61 0,28 -8,48 0,24 

ʂʄʂʋ-

3ʤ.150.ʈ14535.45 
0,96 7,60 0,36 -9,66 4,65 

ɺʂʋ-39 0,79 7,89 0,70 -4,13 15,21 

 

ʇʨʠ ʫʩʣʦʞʥʝʥʠʠ ʘʥʘʣʦʛʘ ʚʪʦʨʦʛʦ ʟʘʢʦʥʘ ʌʠʢʘ (3) ʜʦ ʘʥʘʣʦʛʘ ʤʦʜʝʣʠ 

ʃʝʥʛʤʶʨʘ (4) ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʢʪʝʨʤʠʥʘʮʠʠ. ɽʩʣʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʦʜʝʣʴʶ (3) ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ R
2
 ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʠ ʜʣʷ 

ʦʙʨʘʟʮʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʧʨʝʪʝʨʧʝʚʘʣʠ ʨʦʩʪ ȹG ʚ ʢʦʥʮʝ ʵʪʘʧʘ ʫʚʣʘʞʥʝʥʠʷ, 

ʩʦʩʪʘʚʣʷʣʦ 0,84 ʠ 0,95, ʪʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʦʜʝʣʴʶ (4) ʟʥʘʯʝʥʠʝ R
2
 

ʩʦʩʪʘʚʣʷʝʪ 0,91 ʠ 0,97. 
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ʏʪʦ ʢʘʩʘʝʪʩʷ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ȹG0 ʠ Dg, ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ 

ʤʦʜʝʣʠ (4) ʦʩʦʙʳʭ ʠʟʤʝʥʝʥʠʡ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʆʜʥʘʢʦ ʚʘʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ 

ʟʥʘʯʝʥʠʝ ɝ'  ʧʨʠ ʫʚʣʘʞʥʝʥʠʠ ʜʣʷ ʂʄʂʋ-3ʤ.150.ʈ14535.45 ʚ ʠʩʭʦʜʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʦʜʝʣʴʶ (4) ʦʢʘʟʘʣʦʩʴ ʧʦʣʦʞʠʪʝʣʴʥʳʤ, ʜʘʥʥʦʝ 

ʷʚʣʝʥʠʝ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʚʝʨʦʷʪʥʳʤ ʧʨʦʮʝʩʩʦʤ ʜʦʦʪʚʝʨʞʜʝʥʠʷ. ɿʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʷʚʥʳʭ ʚʳʙʨʦʩʦʚ, ʥʘʠʙʦʣʴʰʝʝ ʩʥʠʞʝʥʠʝ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ 

ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʣʝ ʵʢʩʧʦʟʠʮʠʠ ʚ ʛ. 

ɻʝʣʝʥʜʞʠʢʝ ʠ ʛ. ɺʣʘʜʠʚʦʩʪʦʢʝ ʩ ʘʛʨʝʩʩʠʚʥʦʡ ʧʨʠʤʦʨʩʢʦʡ ʘʪʤʦʩʬʝʨʦʡ. ɸ 

ʥʘʠʤʝʥʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʦʙʨʘʟʮʳ ɺʇʉ-48/7781 ʠ ʂʄʂʋ-3ʤ.150.ʈ14535.45 

ʦʢʘʟʘʣʘ ʵʢʩʧʦʟʠʮʠʷ ʚ ʫʤʝʨʝʥʥʦʤ ʢʣʠʤʘʪʝ ʛ. ɿʚʝʥʠʛʦʨʦʜʘ. 

ɺʳʚʦʜʳ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʘʚʠʘʮʠʦʥʥʳʝ ʇʂʄ ɺʇʉ-

48/7781, ʂʄʂʋ-3ʤ.150.ʈ14535.45 ʠ ɺʂʋ-39 ʧʦʩʣʝ 6 ʣʝʪ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ 

ʩʪʘʨʝʥʠʷ ʚ 5 ʪʠʧʦʚʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠ ʟʦʥʘʭ ʈʌ. ʉ ʧʦʤʦʱʴʶ 

ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʜʫʣʷ ʩʜʚʠʛʘ ʚ ʧʣʦʩʢʦʩʪʠ ʣʠʩʪʘ 

ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʧʦʩʣʝ 

ʵʢʩʧʦʟʠʮʠʠ ʩʦʧʨʦʪʠʚʣʷʪʴʩʷ ʧʣʘʩʪʠʬʠʮʠʨʫʶʱʝʤʫ ʜʝʡʩʪʚʠʶ ʚʣʘʛʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʚʦ ʚʨʝʤʷ ʮʠʢʣʘ ʩʫʰʢʠ-ʫʚʣʘʞʥʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʠʝ 

ʢʨʠʚʳʝ ʠʟʤʝʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʤʦʜʫʣʷ ʩʜʚʠʛʘ ʙʳʣʠ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʳ 

ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʦʛʦʚ ʚʪʦʨʦʛʦ ʟʘʢʦʥʘ ʌʠʢʘ ʠ ʤʦʜʝʣʠ ʃʝʥʛʤʶʨʘ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ ʜʣʷ ʜʘʥʥʳʭ ʤʦʜʝʣʝʡ ʩʦʩʪʘʚʠʣ 0,84 ʠ 0,91 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʦʩʪʘʪʦʯʥʦ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ R
2
 ʜʣʷ ʦʙʝʠʭ ʤʦʜʝʣʝʡ 

ʥʘʙʣʶʜʘʣʩʷ ʜʣʷ ʦʙʨʘʟʮʦʚ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʨʦʩʪ ʤʦʜʫʣʷ ʩʜʚʠʛʘ ʥʘ ʵʪʘʧʝ 

ʫʚʣʘʞʥʝʥʠʷ. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ R
2
 ʧʨʠ ʠʩʢʣʶʯʝʥʠʠ ʜʘʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʚʦʟʨʘʩʪʘʝʪ ʜʦ 0,95 ʠ 0,97. 

ʇʘʨʘʤʝʪʨʳ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʝʡ (3) ʠ (4) 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʤ ʢ ʩʪʘʨʝʥʠʶ ʩʨʝʜʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʇʂʄ ʦʢʘʟʘʣʩʷ ʫʛʣʝʧʣʘʩʪʠʢ ɺʂʋ-39. ɸ ʥʘʠʙʦʣʝʝ 
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ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʩʦʧʨʦʪʠʚʣʷʪʴʩʷ ʧʣʘʩʪʠʬʠʢʘʮʠʠ ʧʨʠ 

ʫʚʣʘʞʥʝʥʠʠ, ʚʳʨʘʞʘʝʤʦʝ ʧʘʨʤʝʪʨʘʤʠ ȹG0 ʠ Dg, ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʦʙʨʘʟʮʦʚ 

ʧʨʦʰʝʜʰʠʭ ʵʢʩʧʦʟʠʮʠʶ ʚ ʫʩʣʦʚʠʷʭ ʧʨʠʤʦʨʩʢʦʡ ʘʛʨʝʩʩʠʚʥʦʡ ʘʪʤʦʩʬʝʨʳ ʛ. 

ɻʝʣʝʥʜʞʠʢʝ. 

 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʬʠʥʘʥʩʠʨʦʚʘʣʘʩʴ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ 

ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 24-19-00009.  
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Abstract.The paper provides an information about development of 

corrosion research and field testing at the station of the Institute of Chemistry 

FEB RAS in Rynda Bay (Sea of Japan). The data on the main climatic 

parameters at the station is presented in comparison to other well-known 

climatic stations. Attention is drawn to the need for testing materials with 

consideration for the biological destructive factor, such as biofouling. 

Keywords: field test, biofouling, antifouling coatings. 

 

ɺʚʝʜʝʥʠʝ 

ɺʳʩʦʢʘʷ ʢʦʨʨʦʟʠʦʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʥʝʢʦʪʦʨʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚ ʨʘʟʣʠʯʥʳʭ ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ ʦʙʣʘʩʪʷʭ. ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʦʪ ʢʦʨʨʦʟʠʠ 

ʤʝʪʘʣʣʦʚ ʦʛʨʦʤʥʳ. ʇʦ ʦʮʝʥʢʘʤ ʩʧʝʮʠʘʣʠʩʪʦʚ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʥ ʵʪʠ ʧʦʪʝʨʠ 

ʚ ʧʨʦʤʳʰʣʝʥʥʦ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ ʩʦʩʪʘʚʣʷʶʪ ʦʪ 2 ʜʦ 4 % ʚʘʣʦʚʦʛʦ 

ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʇʨʠ ʵʪʦʤ ʧʦʪʝʨʠ ʤʝʪʘʣʣʘ, ʚʢʣʶʯʘʶʱʠʝ ʤʘʩʩʫ 

ʚʳʰʝʜʰʠʭ ʠʟ ʩʪʨʦʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʠʟʜʝʣʠʡ, ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʩʦʩʪʘʚʣʷʶʪ ʦʪ 10 ʜʦ 20 % ʛʦʜʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʘʣʠ [1].  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʩʝʭ ʢʦʥʪʠʥʝʥʪʘʭ ʥʘʭʦʜʷʪʩʷ 

ʢʦʨʨʦʟʠʦʥʥʳʝ ʩʪʘʥʮʠʠ, ʧʨʦʚʦʜʷʱʠʝ ʠʩʧʳʪʘʥʠʷ ʠʟʜʝʣʠʡ, ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʩʨʝʜʩʪʚ ʧʨʦʪʠʚʦʢʦʨʨʦʟʠʦʥʥʦʡ ʟʘʱʠʪʳ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ. ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ ʨʘʩʧʦʣʘʛʘʝʪ ʩʦʙʩʪʚʝʥʥʳʤʠ 

ʢʦʨʨʦʟʠʦʥʥʳʤʠ ʩʪʘʥʮʠʷʤʠ ʜʣʷ ʥʘʪʫʨʥʳʭ ʢʦʨʨʦʟʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ. 

ʅʘʧʨʠʤʝʨ, ʧʨʠ ʌʝʜʝʨʘʣʴʥʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʙʶʜʞʝʪʥʦʤ ʫʯʨʝʞʜʝʥʠʠ 

ʥʘʫʢʠ ʀʥʩʪʠʪʫʪ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʵʣʝʢʪʨʦʭʠʤʠʠ ʠʤʝʥʠ ɸ.ʅ. ʌʨʫʤʢʠʥʘ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʚ ʛ. ʄʦʩʢʚʝ ʨʘʙʦʪʘʝʪ ʄʦʩʢʦʚʩʢʘʷ ʢʦʨʨʦʟʠʦʥʥʘʷ 

ʩʪʘʥʮʠʷ, ʚ ʛ. ɿʚʝʥʠʛʦʨʦʜʝ ï ɿʚʝʥʠʛʦʨʦʜʩʢʘʷ ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʘʥʮʠʷ, ʚ ʛ. 

ʄʫʨʤʘʥʩʢʝ ï ʉʝʚʝʨʥʘʷ ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʘʥʮʠʷ; ʧʨʠ ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ 
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ʠʥʩʪʠʪʫʪè ï ʌɻʋʇ ɺʀɸʄ ʨʘʙʦʪʘʝʪ ɻʝʣʝʥʜʞʠʢʩʢʠʡ ʮʝʥʪʨ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ (ɻʎʂʀ ʠʤ ɻ.ɺ. ɸʢʠʤʦʚʘ); ʧʨʠ ʌʝʜʝʨʘʣʴʥʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ 

ʙʶʜʞʝʪʥʦʤ ʫʯʨʝʞʜʝʥʠʠ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪʝ ʭʠʤʠʠ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ 

ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʚ ʛ. ɺʣʘʜʠʚʦʩʪʦʢʝ ï ʄʦʨʩʢʘʷ 

ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʘʥʮʠʷ (ʄʂʉ). ɺʣʘʜʠʚʦʩʪʦʢʩʢʘʷ ʄʂʉ ï ɻ ʪʦ ʜʝʡʩʪʚʫʶʱʝʝ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʝ ʧʦʜʨʘʟʜʝʣʝʥʠʝ ʚ ʈʦʩʩʠʠ, ʟʘʥʠʤʘʶʱʝʝʩʷ 

ʣʘʙʦʨʘʪʦʨʥʳʤʠ ʧʨʝʮʠʟʠʦʥʥʳʤʠ ʠ ʥʘʪʫʨʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚ ʦʙʣʘʩʪʠ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʢʦʨʨʦʟʠʠ ʠ ʥʘʭʦʜʷʱʝʝʩʷ ʫ ʧʦʙʝʨʝʞʴʷ ʚʦʜ 

ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʦʣʝʥʦʩʪʴʶ 33-35 ă. ɺʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ 

ʩʪʘʥʮʠʠ ʥʘʭʦʜʷʪʩʷ ʫ ʧʦʙʝʨʝʞʴʷ ʚʦʜ - ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝʡ ʩʦʣʝʥʦʩʪʠ. 

ʉʦʣʝʥʦʩʪʴ ʏʝʨʥʦʛʦ ʤʦʨʷ, ʥʘʧʨʠʤʝʨ, ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 17ï18 ă, ʯʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʢʦʨʨʦʟʠʠ ʧʨʠ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʷʭ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʚʦʜʦʡ 

ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʅʠʟʢʘʷ ʩʦʣʝʥʦʩʪʴ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ (ʚ ʪʦʤ ʯʠʩʣʝ ʙʠʦʦʙʨʘʩʪʘʪʝʣʝʡ), ʪʘʢ ʢʘʢ ʙʦʣʴʰʠʥʩʪʚʦ 

ʤʦʨʩʢʠʭ ʦʨʛʘʥʠʟʤʦʚ ʥʝʛʘʪʠʚʥʦ ʨʝʘʛʠʨʫʶʪ ʥʘ ʩʦʣʝʥʦʩʪʴ ʤʝʥʴʰʝ 20 ă. 

ɹʠʦʦʙʨʘʩʪʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʚ ʤʦʨʩʢʦʡ ʚʦʜʝ ʷʚʣʷʝʪʩʷ 

ʩʝʨʴʝʟʥʦʡ ʧʨʦʙʣʝʤʦʡ ʤʠʨʦʚʦʛʦ ʤʘʩʰʪʘʙʘ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʨʦʙʣʝʤʘʤ. ʈʘʟʚʠʪʠʝ ʙʠʦʦʙʨʦʩʪʘ ʫʩʠʣʠʚʘʝʪ ʧʨʦʮʝʩʩʳ 

ʢʦʨʨʦʟʠʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʨʠʚʦʜʠʪ ʢ ʜʦʩʨʦʯʥʦʤʫ 

ʚʳʚʝʜʝʥʠʶ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʘʟʣʠʯʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. ʇʦʚʨʝʞʜʝʥʠʷʤ 

ʧʦʜʚʝʨʞʝʥʳ ʢʘʢ ʧʦʜʚʠʞʥʳʝ, ʪʘʢ ʠ ʩʪʘʮʠʦʥʘʨʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ï ʩʫʜʘ, 

ʥʝʬʪʷʥʳʝ ʠ ʛʘʟʦʚʳʝ ʧʣʘʪʬʦʨʤʳ, ʦʢʝʘʥʦʛʨʘʬʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, 

ʢʦʥʩʪʨʫʢʮʠʠ ʤʘʨʠʢʫʣʴʪʫʨʥʳʭ ʭʦʟʷʡʩʪʚ ʠ ʧʨ. ɹʠʦʦʙʨʘʩʪʘʥʠʝ ʫʚʝʣʠʯʠʚʘʝʪ 

ʪʨʝʥʠʝ ʤʝʞʜʫ ʢʦʨʧʫʩʦʤ ʩʫʜʥʘ ʠ ʚʦʜʦʡ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ (ʜʦ 40ï50%), ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʝʥʠʶ 

ʤʘʥʝʚʨʝʥʥʦʩʪʠ [2]. ʂʦʨʧʫʩ ʩʫʜʥʘ, ʥʝ ʟʘʱʠʱʝʥʥʳʡ ʧʦʢʨʳʪʠʝʤ, ʤʦʞʝʪ 

ʘʢʢʫʤʫʣʠʨʦʚʘʪʴ ʜʦ 150 ʢʛ/ʤ
2
 ʦʙʨʘʩʪʘʪʝʣʝʡ ʧʦʩʣʝ 6 ʤʝʩʷʮʝʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ 
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ʤʦʨʩʢʦʡ ʚʦʜʝ. ʇʨʦʙʣʝʤʘ ʙʠʦʦʙʨʘʩʪʘʥʠʷ ʩʦʟʜʘʝʪ ʥʝ ʪʦʣʴʢʦ ʪʝʭʥʠʯʝʩʢʠʝ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʪʨʫʜʥʦʩʪʠ, ʥʦ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʩʝʨʴʝʟʥʦʡ ʧʦʤʝʭʦʡ ʚ ʦʙʣʘʩʪʠ 

ʵʢʦʣʦʛʠʠ ʚʩʣʝʜʩʪʚʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʚʘʟʠʚʥʳʭ ʚʠʜʦʚ ʦʙʨʘʩʪʘʪʝʣʝʡ  

[3-5]. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʚ ʦʙʣʘʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʭʠʤʠʯʝʩʢʦʡ, ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʈʦʩʩʠʠ, 

ʩʥʠʞʝʥʠʷ ʘʚʘʨʠʡʥʦʩʪʠ, ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʫʱʝʨʙʘ ʧʨʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʨʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ ʠ ʦʙʲʝʢʪʦʚ, ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʢʦʨʨʦʟʠʠ ʠ ʦʙʨʘʩʪʘʥʠʷ ʤʦʨʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ɼʣʷ ʘʥʘʣʠʟʘ ʠ ʧʦʠʩʢʘ ʪʘʢʠʭ ʨʝʰʝʥʠʡ ʪʨʝʙʫʝʪʩʷ 

ʠʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʦʨʩʢʦʡ ʢʦʨʨʦʟʠʠ ʠ ʦʙʨʘʩʪʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʫʜʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ. ʈʝʟʫʣʴʪʘʪʳ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ɻ ʪʦ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʥʘʫʯʥʘʷ ʙʘʟʘ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʙʦʨʴʙʳ ʩ 

ʙʠʦʦʙʨʘʩʪʘʥʠʝʤ ʤʦʨʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʙʝʟʦʧʘʩʥʳʭ. 

ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʠʩʧʳʪʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʫʜʦʚʳʭ ʧʦʢʨʳʪʠʡ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɼʣʷ 

ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ ʛʣʘʚʥʳʤ ʨʘʟʨʫʰʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʚʦʟʜʝʡʩʪʚʠʷ 

ʤʦʨʩʢʦʡ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʙʠʦʣʦʛʠʯʝʩʢʠʡ, ʢʦʪʦʨʳʡ ʪʨʫʜʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʚ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. ʅʠʢʘʢʠʝ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʤʝʪʦʜʳ ʠʩʧʳʪʘʥʠʡ ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝ ʟʘʤʝʥʷʪ ʥʘʪʫʨʥʳʭ ʦʮʝʥʦʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʶʱʠʭ ʧʦʢʨʳʪʠʡ ʠ ʠʭ ʩʪʦʡʢʦʩʪʠ ʢ ʨʘʟʨʫʰʝʥʠʷʤ ʚ 

ʝʩʪʝʩʪʚʝʥʥʦʤ ʤʦʨʩʢʦʤ ʢʣʠʤʘʪʝ. ʄʠʨʦʚʘʷ ʧʨʘʢʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʪʘʢʠʭ ʨʘʙʦʪ ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʦʙʦʨʫʜʦʚʘʥʥʳʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʩʪʘʥʮʠʷʭ ʚ ʫʩʣʦʚʠʷʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʄʦʨʩʢʘʷ ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʘʥʮʠʷ ʀʥʩʪʠʪʫʪʘ ʭʠʤʠʠ ɼɺʆ ʈɸʅ  

ʙʳʣʘ ʩʦʟʜʘʥʘ ʚ 1984 ʛʦʜʫ ʨʝʰʝʥʠʝʤ ʇʨʝʟʠʜʠʫʤʘ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʉʉʉʈ ʠ 
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ʄʠʥʩʫʜʧʨʦʤʘ. ɺ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʙʳʣʠ ʚʣʦʞʝʥʳ ʦʛʨʦʤʥʳʝ ʬʠʥʘʥʩʦʚʳʝ 

ʩʨʝʜʩʪʚʘ ʠ ʩʠʣ.r ɺ 1986 ʛʦʜʫ ʩʪʘʥʮʠʷ ʥʘʯʘʣʘ ʧʨʦʚʦʜʠʪʴ ʧʝʨʚʳʝ ʠʩʧʳʪʘʥʠʷ 

ʥʘ ʘʪʤʦʩʬʝʨʥʫʶ, ʤʦʨʩʢʫʶ ʠ ʧʦʜʟʝʤʥʫʶ ʢʦʨʨʦʟʠʶ ʜʣʷ ʥʫʞʜ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʚʦʝʥʥʦʛʦ ʩʝʢʪʦʨʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ 

ʬʣʦʪʘ. ʆʪʨʘʙʦʪʢʘ ʨʝʞʠʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʚʦʜʠʪʩʷ ʚ 

ʣʘʙʦʨʘʪʦʨʠʷʭ ʀʥʩʪʠʪʫʪʘ ʭʠʤʠʠ ɼɺʆ ʈɸʅ, ʘ ʥʘʪʫʨʥʳʝ ʜʣʠʪʝʣʴʥʳʝ 

ʠʩʧʳʪʘʥʠʷ ʥʘ ʨʘʟʥʳʝ ʪʠʧʳ ʢʦʨʨʦʟʠʠ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʥʘ ʄʂʉ. ʇʦ ɻʆʉʊ 

9.906 ʩʪʘʥʮʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʚʫʤ ʪʠʧʘʤ: ʙʝʨʝʛʦʚʦʤʫ ʠ ʥʘʜʚʦʜʥʦʤʫ 

ʩʪʘʮʠʦʥʘʨʥʦʤʫ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 16350 ʄʦʨʩʢʘʷ ʢʦʨʨʦʟʠʦʥʥʘʷ 

ʩʪʘʥʮʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʫʤʝʨʝʥʥʦ-ʚʣʘʞʥʦʤ ʢʣʠʤʘʪʝ. ʂʦʨʨʦʟʠʦʥʥʘʷ 

ʘʛʨʝʩʩʠʚʥʦʩʪʴ ʘʪʤʦʩʬʝʨʳ ʧʦ ɻʆʉʊ 9.039 ʩʦʩʪʘʚʣʷʝʪ 6 ʙʘʣʣʦʚ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʨʩʢʘʷ ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʘʥʮʠʷ ʀʍ ɼɺʆ ʈɸʅ (ʦ. 

ʈʫʩʩʢʠʡ, ʗʧʦʥʩʢʦʝ ʤʦʨʝ) ʨʘʩʧʦʣʘʛʘʝʪ: 

Å ʘʪʤʦʩʬʝʨʥʦʡ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʦʡ, ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ 5 ʤ ʦʪ ʫʨʝʟʘ ʚʦʜʳ;  

Å ʚʦʜʥʳʤ ʩʪʘʮʠʦʥʘʨʥʳʤ ʤʦʨʩʢʠʤ ʢʦʨʨʦʟʠʦʥʥʳʤ ʩʪʝʥʜʦʤ 

ʝʤʢʦʩʪʴʶ ʦʢʦʣʦ 5 ʪʳʩʷʯ ʦʙʨʘʟʮʦʚ. ʉʪʝʥʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʞʝʣʝʟʦʙʝʪʦʥʥʫʶ ʧʣʘʪʬʦʨʤʫ ʥʘ ʰʧʫʥʪʦʚʳʭ ʦʧʦʨʘʭ, ʩ ʛʣʫʙʠʥʦʡ ʤʦʨʷ 5-7 ʤ, 

ʦʪʩʪʦʷʱʫʶ ʦʪ ʙʝʨʝʛʘ ʥʘ 60 ʤ ʠ ʩʦʝʜʠʥʝʥʥʫʶ ʩ ʥʠʤ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ 

ʵʩʪʘʢʘʜʦʡ. ʇʦʜʚʦʜʥʘʷ ʯʘʩʪʴ ʩʪʝʥʜʘ (ʙʝʪʦʥʥʘʷ ʧʣʦʱʘʜʢʘ), ʥʘʭʦʜʷʱʘʷʩʷ 

ʥʠʞʝ ʛʣʫʙʠʥʳ ʧʨʦʤʝʨʟʘʥʠʷ, ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʢʨʫʛʣʦʛʦʜʠʯʥʳʝ 

ʠʩʧʳʪʘʥʠʷ; 

Å ʙʘʟʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʤʥʦʛʦʣʝʪʥʠʭ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʥʘʙʣʶʜʝʥʠʷʭ ʩʦʩʪʦʷʥʠʷ ʢʣʠʤʘʪʘ ʠ ʤʦʨʩʢʦʡ 

ʩʨʝʜʳ; 

Å ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʜʣʷ ʢʦʨʨʦʟʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʤʦʨʩʢʦʡ ʚʦʜʳ ʠ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ. 
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

X ˏ ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 180 
 

ʄʝʪʝʦʥʘʙʣʶʜʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʮʠʬʨʦʚʦʡ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʤʝʪʝʦʩʪʘʥʮʠʝʡ WS2500. 

ʊʘʙʣʠʮʘ 1 

ʅʝʢʦʪʦʨʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʘʡʦʥʘ ʙʫʭʪʳ ʈʳʥʜʘ 

ʇʦʢʘʟʘʪʝʣʴ ʉʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ 

ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ 

ʄʠʥʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʚʦʟʜʫʭʘ, Áʉ 
4,6 30,6 -25,6 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ 

ʚʣʘʞʥʦʩʪʴ, % 
71 95 45 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʚʦʜʳ, Áʉ 
13,6 29,2 -2,0 

ʆʙʱʘʷ 

ʩʦʣʝʥʦʩʪʴ, ă 
32,89 35,48 27,50 

ʆʙʱʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʢʠʩʣʦʨʦʜʘ, ʤʛ/ʣ 

10,31 14,10 7,60 

 

ɺ ʊʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʨʘʙʦʯʠʝ ʧʘʨʘʤʝʪʨʳ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʩʨʝʜʫ ʠ ʨʘʡʦʥ ʠʩʧʳʪʘʥʠʡ, ʚ ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʦʞʝʥʘ 

ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʘʥʮʠʷ ʩ ʤʦʨʩʢʠʤ ʠʩʧʳʪʘʪʝʣʴʥʳʤ ʩʪʝʥʜʦʤ. ɻʝʦʛʨʘʬʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʦʨʩʢʦʛʦ ʩʪʝʥʜʘ, ʦʙʲʷʩʥʷʶʱʠʝʩʷ ʩʤʝʰʝʥʠʝʤ 

ʚʦʜ ʜʚʫʭ ʩʪʘʣʢʠʚʘʶʱʠʭʩʷ ʪʝʯʝʥʠʡ ï ʭʦʣʦʜʥʦʛʦ ʩ ʩʝʚʝʨʘ ʠ ʦʪʚʝʪʚʣʝʥʠʷ 

ʪʝʧʣʦʛʦ ʶʞʥʦʛʦ ʧʦʨʦʞʜʘʝʪ ʨʘʟʥʦʦʙʨʘʟʠʝ ʞʠʚʦʪʥʦʛʦ ʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʚʦʜʥʦʛʦ ʤʠʨʘ. ʉʦʦʙʱʝʩʪʚʘ ʦʙʨʘʩʪʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʚ 

ʙʫʭʪʝ ʈʳʥʜʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ ʥʝʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʚʠʜʦʚ, 

ʥʘʢʦʧʣʝʥʠʝʤ ʚʳʩʦʢʦʡ ʙʠʦʤʘʩʩʳ ʠ ʩʝʟʦʥʥʦʩʪʴʶ ʩʤʝʥʳ ʩʦʦʙʱʝʩʪʚ ʚ ʭʦʜʝ 

ʩʫʢʮʝʩʩʠʠ (ʨʠʩ. 1). ɺ ʤʘʝ-ʠʶʥʝ, ʢʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʜʦʩʪʠʛʘʝʪ 15-18 

Áʉ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʦʪʤʝʯʘʝʪʩʷ ʨʝʟʢʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʤʦʣʦʜʠ ʙʘʣʷʥʫʩʦʚ (ʧʣʦʪʥʦʩʪʴ ʧʦʩʝʣʝʥʠʷ ʵʪʦʛʦ 

ʦʙʨʘʩʪʘʪʝʣʷ ʧʨʝʚʳʰʘʝʪ 10 000 ʵʢʟ/ʤ
2
 ʧʨʠ ʙʠʦʤʘʩʩʝ 45 ʛ/ʤ

2
). ʆʩʝʜʘʥʠʝ 
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

X ˏ ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 181 
 

ʙʘʣʷʥʫʩʦʚ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʢʦʥʮʘ ʠʶʣʷ-ʥʘʯʘʣʘ ʘʚʛʫʩʪʘ, ʠʭ ʯʠʩʣʝʥʥʦʩʪʴ 

ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ 50 000 ʵʢʟ/ʤ
2
, ʘ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʩʦʩʪʘʚʣʷʝʪ 2-9 ʤʤ. ʂ 

ʠʶʣʶ ʚ ʩʣʦʝ ʦʙʨʘʩʪʘʥʠʷ ʧʦʷʚʣʷʝʪʩʷ ʤʦʣʦʜʴ ʤʠʜʠʡ, ʧʣʦʪʥʦʩʪʴ ʧʦʩʝʣʝʥʠʷ 

ʜʦʩʪʠʛʘʝʪ 12 000 ʵʢʟ/ʤ
2
. ʅʘʯʠʥʘʷ ʩ ʘʚʛʫʩʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʠʡ ʨʦʩʪ 

ʧʦʢʘʟʘʪʝʣʝʡ ʙʠʦʤʘʩʩʳ ʦʙʨʘʩʪʘʥʠʷ ʟʘ ʩʯʝʪ ʨʦʩʪʘ ʦʩʝʚʰʠʭ ʦʩʦʙʝʡ ʤʠʜʠʡ; ʠʭ 

ʨʘʟʤʝʨ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 5-7 ʩʤ. ʄʠʜʠʠ ʧʦʩʝʣʷʶʪʩʷ ʧʦʚʝʨʭ 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʙʘʣʷʥʫʩʦʚ, ʯʪʦ ʟʘʯʘʩʪʫʶ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʛʠʙʝʣʠ. 

ʊʘʢʞʝ ʥʘʯʠʥʘʷ ʩ ʘʚʛʫʩʪʘ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʝ ʦʙʨʘʩʪʘʪʝʣʝʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʙʠʦʤʘʩʩʳ ʛʠʜʨʦʠʜʦʚ, ʘʩʮʠʜʠʡ, ʪʨʫʙʯʘʪʳʭ ʯʝʨʚʝʡ, 

ʥʦ ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʙʠʦʤʘʩʩʳ ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʝʪʩʷ ʟʘ 

ʙʘʣʷʥʫʩʘʤʠ ʠ ʤʠʜʠʷʤʠ. 

 

 

ʈʠʩ. 1. ɼʠʥʘʤʠʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʧʣʦʪʥʦʩʪʠ ʦʩʝʜʘʥʠʷ ʤʦʣʦʜʠ ʙʘʣʷʥʫʩʦʚ ʠ ʤʠʜʠʡ ʠ 

ʙʠʦʤʘʩʩʳ ʦʙʨʘʩʪʘʥʠʷ ʘʣʶʤʠʥʠʝʚʳʭ ʦʙʨʘʟʮʦʚ, ʵʢʩʧʦʥʠʨʫʝʤʳʭ ʚ ʙ. ʈʳʥʜʘ ʚ ʚʝʩʝʥʥʝ-

ʣʝʪʥʠʡ ʧʝʨʠʦʜ (ʥʘʙʣʶʜʝʥʠʷ 2023-2024 ʛʛ.) 

 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʠʦʤʘʩʩʳ 

ʦʙʨʘʩʪʘʥʠʷ ʠ ʢʦʨʨʦʟʠʦʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʧʦʣʫʯʝʥʥʳʝ, ʢʘʢ ʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ [6], ʪʘʢ ʠ ʩʦʙʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʘʚʪʦʨʘʤʠ 
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

X ˏ ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 182 
 

ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʊʨʦʧʠʯʝʩʢʠʤ ʮʝʥʪʨʦʤ (ɺʴʝʪʥʘʤ) [7]. 

ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ ʚʳʚʦʜ ʦ ʚʳʩʦʢʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʤʦʨʩʢʦʡ ʚʦʜʳ ʚ ʙʫʭʪʝ ʈʳʥʜʘ. ʊʘʢʘʷ ʚʳʩʦʢʘʷ ʙʠʦʣʦʛʠʯʝʩʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʤʦʨʩʢʦʡ ʚʦʜʳ ʪʨʝʙʫʝʪ ʫʯʝʪʘ ʚ ʠʩʧʳʪʘʥʠʷʭ ʜʣʷ ʦʮʝʥʢʠ 

ʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ ʨʘʟʥʳʭ ʧʦʢʨʳʪʠʡ ʠ ʙʠʦʩʪʦʡʢʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ.  

ʆ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʯʝʪʘ ʚʦʟʜʝʡʩʪʚʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʩʨʝʜʳ ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ ʤʝʪʘʣʣʦʚ ʚ ʤʦʨʩʢʦʡ ʚʦʜʝ 

ʫʢʘʟʳʚʘʣʦʩʴ ʤʥʦʛʠʤʠ ʘʚʪʦʨʘʤʠ [8-10]. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʤʘʢʨʦʦʙʨʘʩʪʘʥʠʷ (ʫʩʪʨʠʮ, ʙʘʣʷʥʫʩʦʚ ʠ ʜʨ.) ʥʘ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʩʢʦʨʝʥʠʶ 

ʢʦʨʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ [11-13]. ʇʨʠ ʵʪʦʤ 

ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʪʤʠʨʘʥʠʝ ʠ ʨʘʟʣʦʞʝʥʠʝ ʙʝʣʢʦʚʳʭ ʪʝʣ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʤʘʢʨʦʦʙʨʘʩʪʘʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʚʳʜʝʣʷʶʪʩʷ 

ʢʦʨʨʦʟʠʦʥʥʦ-ʘʢʪʠʚʥʳʝ ʧʨʦʜʫʢʪʳ, ʩʦʟʜʘʶʪ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʟʚʠʪʠʷ ʠ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʣʦʢʘʣʴʥʦʡ ʢʦʨʨʦʟʠʠ (ʨʠʩ. 3).   
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ʈʠʩ. 2. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʠʦʦʙʨʘʩʪʘʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ ʚ 

ʨʘʡʦʥʘʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʩʪʘʥʮʠʡ 

 

 

ʈʠʩ. 3. ʈʘʟʚʠʪʠʝ ʢʦʨʨʦʟʠʦʥʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ  ʧʦʜ 

ʙʘʟʘʣʴʥʳʤʠ ʧʣʘʩʪʠʥʘʤʠ ʜʦʤʠʢʦʚ ʙʘʣʷʥʫʩʦʚ 
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ɺ ʙʫʭʪʝ ʈʳʥʜʘ ʚ ʤʝʩʪʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʦʨʩʢʦʛʦ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ 

ʩʪʝʥʜʘ, ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʤʘʩʩʦʚʦʤʫ ʨʘʟʚʠʪʠʶ ʠ ʦʩʝʜʘʥʠʶ ʚ ʚʝʩʝʥʥʝ-ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʣʠʯʠʥʦʢ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ çʞʝʩʪʢʦʛʦè ʦʙʨʘʩʪʘʥʠʷ ï ʙʘʣʷʥʫʩʦʚ ʠ ʤʠʜʠʡ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʠʩʧʳʪʘʥʠʷ ʥʘ ʙʠʦʦʙʨʘʩʪʘʥʠʝ ʚ ʢʦʨʦʪʢʠʡ ʧʝʨʠʦʜ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʨʝʞʠʤʝ ʵʢʩʧʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʷ. ʋʤʝʥʴʰʝʥʠʝ ʩʨʦʢʦʚ 

ʵʢʩʧʦʟʠʮʠʠ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʢʨʳʪʠʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʳʩʪʨʦʤʫ 

ʧʦʣʫʯʝʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʶʱʠʭ ʧʦʢʨʳʪʠʡ.  

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʪʫʨʥʳʭ 

ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʶʱʝʛʦ ʧʦʢʨʳʪʠʷ (Jotun Antifouling 

Seaforce 30), ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʜʦʙʘʚʢʦʡ ʩʫʩʧʝʥʟʠʠ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʦʛʦ 

ʧʦʣʠʪʝʪʨʘʬʪʦʨʵʪʠʣʝʥʘ (ʋʇʊʌʕ) ʩ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʧʦʢʨʳʪʠʷ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʝʛʦ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʦʛʦ ʠ 

ʘʥʪʠʦʙʨʘʩʪʘʶʱʝʛʦ ʜʝʡʩʪʚʠʷ.  

 

ʈʠʩ. 4. ʈʝʟʫʣʴʪʘʪʳ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʶʱʝʛʦ ʧʦʢʨʳʪʠʷ ʚ ʙʫʭʪʝ ʈʳʥʜʘ 
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ʈʝʟʫʣʴʪʘʪʳ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ ʧʦʢʨʳʪʠʡ ʚ ʪʝʯʝʥʠʝ 5 

ʤʝʩʷʮʝʚ ʥʘ ʤʦʨʩʢʦʤ ʩʪʝʥʜʝ ʚ ʙʫʭʪʝ ʈʳʥʜʘ ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ 

ʤʦʜʠʬʠʢʘʮʠʷ ʤʦʨʩʢʦʡ ʢʦʤʤʝʨʯʝʩʢʦʡ ʢʨʘʩʢʠ ʜʦʙʘʚʢʦʡ ʩʫʩʧʝʥʟʠʠ ʋʇʊʌʕ ʚ 

ʢʦʣʠʯʝʩʪʚʝ 5-10% (ʧʦ ʩʫʭʦʤʫ ʦʩʪʘʪʢʫ) ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʝʛʦ 

ʘʥʪʠʦʙʨʘʩʪʘʶʱʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʢʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʤʦʜʠʬʠʢʘʮʠʷ ʧʦʣʠʤʝʨʥʦʛʦ ʧʦʢʨʳʪʠʷ ʜʦʙʘʚʢʘʤʠ 

ʋʇʊʌʕ (ʜʦ 5%) ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ, ʘʜʛʝʟʠʠ 

ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʫʣʫʯʰʝʥʠʶ ʙʘʨʴʝʨʥʳʭ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʭ ʩʚʦʡʩʪʚ 

ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ (ʪʘʙʣ. 2).    

 

ʊʘʙʣʠʮʘ 2 

ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʢʦʨʨʦʟʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʠʤʝʨʥʦʛʦ 

ʧʦʢʨʳʪʠʷ ʥʘ ʘʣʶʤʠʥʠʝʚʦʡ ʧʦʜʣʦʞʢʝ 

ʂʦʣ-ʚʦ ʋʇʊʌʕ ʚ 

ʧʦʢʨʳʪʠʠ, % 

ʀʟʥʦʩ (ʧʨʠ ʥʘʛʨʫʟʢʝ 

15ʅ), 

Ĭ10
-4

 

ɸʜʛʝʟʠʷ ʥʘ 

ʦʪʨʳʚ, ʄʇʘ 

ʊʚʝʨʜʦʩʪʴ ʧʦ 

ɹʨʠʥʝʣʣʶ, 

Mʇa 

ʇʣʦʪʥʦʩʪʴ 

ʪʦʢʘ 

ʢʦʨʨʦʟʠʠ, 

ɸ/ʩʤ
2
 

0 21,8 Ñ 1,17 1,4 Ñ 0,3 125 Ñ 9 8,29Ŀ10
-11

 

5 12,6 Ñ 0,85 2,4 Ñ 0,2 123 Ñ 2 1,81Ŀ10
-11

 

10 11,7 Ñ 1,50 1,4 Ñ 0,1 111 Ñ 8 1,32Ŀ10
-10

 

15 2,91 Ñ 0,27 1,2 Ñ0,1  98 Ñ 6 4,95Ŀ10
-10

 

20 1,92 Ñ 0,31 0,77 Ñ 0,05 91 Ñ 8 8,60Ŀ10
-10

 

 

ʇʦʚʳʰʝʥʠʝ ʘʥʪʠʦʙʨʘʩʪʘʶʱʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʩ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʧʦʢʨʳʪʠʝʤ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʜʦʙʘʚʢʠ 

ʋʇʊʌʕ ʤʠʥʠʤʠʟʠʨʫʶʪ ʟʥʘʯʝʥʠʷ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ, 

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʫʤʝʥʴʰʘʝʪʩʷ ʩʠʣʘ ʘʜʛʝʟʠʠ ʦʙʨʘʩʪʘʪʝʣʝʡ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʢʨʳʪʠʷ ʠ ʦʨʛʘʥʠʟʤʳ ʵʬʬʝʢʪʠʚʥʦ ʫʜʘʣʷʶʪʩʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
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ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʧʦʣʠʤʝʨʥʦʛʦ ʧʦʢʨʳʪʠʷ ʜʦʙʘʚʢʘʤʠ ʋʇʊʌʕ ʙʫʜʝʪ 

ʫʚʝʣʠʯʠʚʘʪʴ ʩʨʦʢ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʩʨʝʜʩʪʚʦʤ ʫʣʫʯʰʝʥʠʷ ʢʦʨʨʦʟʠʦʥʥʦʡ 

ʩʪʦʡʢʦʩʪʠ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʝʥʠʷ 

ʙʠʦʦʙʨʘʩʪʘʥʠʷ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʈʝʟʫʣʴʪʘʪʳ ʤʥʦʛʦʣʝʪʥʝʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʢʦʨʨʦʟʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʦʜʠʤʳʭ ʥʘ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʘʥʮʠʠ ʀʍ 

ɼɺʆ ʈɸʅ, ʧʦʟʚʦʣʷʝʪ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʤʦʨʩʢʫʶ ʚʦʜʫ ʙʫʭʪʳ ʈʳʥʜʘ, ʢʘʢ 

ʩʨʝʜʫ, ʦʙʣʘʜʘʶʱʫʶ ʚʳʩʦʢʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʇʨʠ 

ʜʦʤʠʥʠʨʦʚʘʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʚʠʜʦʚ ʙʠʦʦʙʨʘʩʪʘʪʝʣʝʡ ʚ ʙ. ʈʳʥʜʘ ʧʨʦʮʝʩʩ 

ʦʙʨʘʩʪʘʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʪʨʝʤʠʪʝʣʴʥʳʤ ʥʘʢʦʧʣʝʥʠʝʤ ʙʠʦʤʘʩʩʳ ʚ 

ʪʝʧʣʳʡ ʧʝʨʠʦʜ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʩʨʦʢʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʥʘ 

ʙʠʦʩʪʦʡʢʦʩʪʴ ʠ ʧʨʦʪʠʚʦʦʙʨʘʩʪʘʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ. 

ɺʚʝʜʝʥʠʝ ʤʠʢʨʦ- ʠ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʝʡ ʚ ʧʦʢʨʳʪʠʷ ʧʦʟʚʦʣʷʝʪ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʙʘʨʴʝʨʥʳʝ, ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ, 

ʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʢʨʳʪʠʡ, ʧʨʠ ʵʪʦʤ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʨʦʩʪʦʪʘ ʜʘʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʥʝʩʦʤʥʝʥʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʤʦʜʠʬʠʢʘʮʠʠ 

ʧʦʢʨʳʪʠʡ ʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʦʩʪʫʧʥʳʭ, ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚʠʜʦʚ ʥʘʧʦʣʥʠʪʝʣʝʡ, ʦʜʥʠʤ ʠʟ 

ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʋʇʊʌʕ. ɹʣʘʛʦʜʘʨʷ ʥʘʥʦʵʬʬʝʢʪʫ ʥʘʥʦʧʣʝʥʢʠ ʋʇʊʌʕ 

ʣʝʛʢʦ ʥʘʥʦʩʷʪʩʷ ʥʘ ʣʶʙʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ 

ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʣʶʙʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ 

ʣʘʢʦʢʨʘʩʦʯʥʳʭ.  
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Abstract. Experimental results of long-term weathering tests of the 

functional sealers VGL-M, VIKSINT U-20-99, VITEF-1B, which applied of 

aviation industry, in open conditions in the humid tropical climate, and analyze 

results of similar tests in the in the moderately warm climate and tropical 

climate of different regions. 

Keywords: climatic weathering tests, tropical climate, sealers. 

 

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]. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʜʘʯʠ, ʧʦʩʪʘʚʣʝʥʥʦʡ ʧʨʠ ʚʳʙʦʨʝ 

ʛʝʨʤʝʪʠʢʘ, ʦʪ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʥʠʤ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʧʨʦʚʦʜʠʪʩʷ ʚʳʙʦʨ ʛʝʨʤʝʪʠʟʠʨʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ.  ɺ ʩʣʫʯʘʝ, 

ʢʦʛʜʘ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʚʦʟʥʠʢʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ 

ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ (ʧʦʚʳʰʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠ 

ʚʣʘʞʥʦʩʪʴ, ʩʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʦʩʘʜʢʠ ʠ ʪ.ʜ.) ʚʳʙʦʨ ʛʝʨʤʝʪʠʟʠʨʫʶʱʝʛʦ 

ʤʘʪʝʨʠʘʣʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʟʠʮʠʠ ʝʛʦ ʩʪʦʡʢʦʩʪʠ ʢ ʚʦʟʜʝʡʩʪʚʠʶ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʠ ʠʭ ʩʦʚʦʢʫʧʥʦʩʪʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʜʣʠʪʝʣʴʥʳʭ (ʚ 

ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ) ʥʘʪʫʨʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʦʮʝʥʢʠ ʩʦʭʨʘʥʷʝʤʦʩʪʠ ʩʚʦʡʩʪʚ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʣʴʥʦʛʦ 

ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ [1-3], ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʜʝʣʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʡ ʚʳʙʦʨ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʪʝʭ ʠʣʠ ʠʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʢʦʥʩʪʨʫʢʮʠʷʭ, ʜʣʠʪʝʣʴʥʦ ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭʩʷ ʚ ʟʘʜʘʥʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ.   
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ɺ ʧʨʠʚʝʜʝʥʥʳʭ ʧʨʠʤʝʨʘʭ [4ï12] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʫʭʫʜʰʝʥʠʝ ʩʚʦʡʩʪʚ ʛʝʨʤʝʪʠʟʠʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚʣʠʷʶʪ 

ʪʘʢʠʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ 

ʚʦʟʜʫʭʘ, ʘ ʪʘʢʞʝ ʜʦʟʘ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʡ. 

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 ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʵʢʩʧʦʟʠʮʠʠ ʠ 

ʧʦʧʳʪʘʪʴʩʷ ʦʧʨʝʜʝʣʠʪʴ ʜʦʤʠʥʘʥʪʥʳʡ ʬʘʢʪʦʨ ʠʣʠ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʥʝʩʢʦʣʴʢʠʭ ɺɺʌ, ʢʦʪʦʨʳʝ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦ ʚʣʠʷʶʪ ʥʘ ʨʘʟʨʫʰʝʥʠʝ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʪʦʡʢʦʩʪʴʶ.  

ʆʮʝʥʢʘ ʩʦʭʨʘʥʷʝʤʦʩʪʠ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʳʭ 

ʥʘʪʫʨʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʪʨʦʧʠʯʝʩʢʦʛʦ ʢʣʠʤʘʪʘ 

ʧʦʟʚʦʣʷʝʪ ʦʙʦʩʥʦʚʘʥʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʪʝʨʠʘʣʳ ʚ ʠʟʜʝʣʠʷʭ ʪʨʦʧʠʯʝʩʢʦʛʦ 

ʠʩʧʦʣʥʝʥʠʷ ʩʦʛʣʘʩʥʦ ɻʆʉʊ 15150 ʠ ɻʆʉʊ 15151. 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʧʨʠ ʵʢʩʧʦʟʠʮʠʠ ʥʘ ʦ. ʍʘʡʥʘʥʴ ʚ 

ʨʘʙʦʪʝ ʩʨʘʚʥʠʚʘʣʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ 

ʛʝʨʤʝʪʠʟʠʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

ʫʤʝʨʝʥʥʦ ʪʝʧʣʦʛʦ ʢʣʠʤʘʪʘ ʥʘ ʙʝʨʝʛʫ ʏʝʨʥʦʛʦ ʤʦʨʷ  

(ʈʌ) ʠ ʧʨʦʚʝʜʝʥʘ ʠʭ ʦʮʝʥʢʘ. 

 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠ: 

- ʧʦʣʠʩʫʣʴʬʠʜʥʳʡ ʛʝʨʤʝʪʠʢ ʤʘʨʢʠ ɺɻʄ-ʃ, ʧʨʠʤʝʥʷʝʤʳʡ ʜʣʷ 

ʚʥʫʪʨʠʰʦʚʥʦʡ ʛʝʨʤʝʪʠʟʘʮʠʠ ʢʣʝʧʘʥʳʭ ʠ ʙʦʣʪʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʨʘʙʦʪʘʶʱʠʭ ʚ ʩʨʝʜʝ ʚʦʟʜʫʭʘ, ʘʚʠʘʮʠʦʥʥʦʛʦ ʪʦʧʣʠʚʘ, ʤʠʥʝʨʘʣʴʥʦʛʦ ʤʘʩʣʘ ʚ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ ï60 ʜʦ 120ÁC [1,13]; 
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- ʩʠʣʦʢʩʘʥʦʚʳʡ ʛʝʨʤʝʪʠʢ ʤʘʨʢʠ ɺʀʂʉʀʅʊ ʋ-20-99, ʧʨʠʤʝʥʷʝʤʳʡ ʜʣʷ 

ʛʝʨʤʝʪʠʟʘʮʠʠ ʠ ʟʘʱʠʪʳ ʵʣʝʤʝʥʪʦʚ ʵʣʝʢʪʨʦʥʠʢʠ, ʨʝʟʴʙʦʚʳʭ ʠ 

ʪʝʣʝʩʢʦʧʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 

250Á C [14]; 

- ʧʦʣʠʩʫʣʴʬʠʜʥʳʡ ʛʝʨʤʝʪʠʢ ʤʘʨʢʠ ɺʀʊʕʌ-1ɹ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʠ ʚʥʫʪʨʠʰʦʚʥʦʡ ʛʝʨʤʝʪʠʟʘʮʠʠ ʟʘʢʣʝʧʦʯʥʳʭ, ʩʚʘʨʥʳʭ ʠ 

ʙʦʣʪʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ ï60 ʜʦ 130 Áʉ. 

ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʛʝʨʤʝʪʠʟʠʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʧʨʦʚʦʜʠʣʠ ʚ ʥʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʦʪʢʨʳʪʦʡ ʧʣʦʱʘʜʢʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ASTM G7/G7M - 11, ISO 877, 

ISO 2810, ɻʆʉʊ 9.708, ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʭ ʤʝʪʦʜʳ ʠʩʧʳʪʘʥʠʡ ʥʘ ʩʪʘʨʝʥʠʝ ʚ 

ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʧʣʘʩʪʤʘʩʩʳ. ʅʘʪʫʨʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʠʩʧʳʪʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʚʣʘʞʥʦʛʦ ʪʨʦʧʠʯʝʩʢʦʛʦ ʢʣʠʤʘʪʘ ʧʨʦʚʦʜʠʣʠ ʥʘ ʦ. 

ʍʘʡʥʘʥʴ ʥʘ ʙʝʨʝʛʫ ʖʞʥʦ-ʂʠʪʘʡʩʢʦʛʦ ʤʦʨʷ. 

ɼʣʷ ʦʮʝʥʢʠ ʩʦʭʨʘʥʷʝʤʦʩʪʠ ʩʚʦʡʩʪʚ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠ ʠʩʧʳʪʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ, 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʧʨʠ ʨʘʟʨʳʚʝ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ɻʆʉʊ 21751 ʠ 

ʪʚʝʨʜʦʩʪʠ ʧʦ ʐʦʨʫ ɸ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 263. 

ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʨʘʚʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʚ ʫʩʣʦʚʠʷʭ ʪʨʦʧʠʯʝʩʢʦʛʦ ʢʣʠʤʘʪʘ ʪʝʯʝʥʠʝ 5 ʣʝʪ ʩ 

ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʫʤʝʨʝʥʥʦ ʪʝʧʣʦʤ ʢʣʠʤʘʪʝ ʈʦʩʩʠʠ ʩ ʤʷʛʢʦʡ 

ʟʠʤʦʡ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʥʘʪʫʨʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʬʠʢʩʠʨʦʚʘʣʠʩʴ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ. ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚ ʪʝʯʝʥʠʝ 5 ʣʝʪ ʵʢʩʧʦʟʠʮʠʠ ʦʙʨʘʟʮʦʚ ʥʘ 

ʩʪʘʥʮʠʷʭ ʦ. ʍʘʡʥʘʥʴ ʠ ʥʘ ʯʝʨʥʦʤʦʨʩʢʦʤ ʧʦʙʝʨʝʞʴʝ ʈʌ. ʉʨʝʜʥʝʛʦʜʦʚʳʝ 

ʟʥʘʯʝʥʠʷ ʦʩʥʦʚʥʳʭ ʤʝʪʝʦʧʘʨʘʤʝʪʨʦʚ ʚ ʤʝʩʪʘʭ ʧʨʦʚʝʜʝʥʠʷ ʥʘʪʫʨʥʳʭ 

ʠʩʧʳʪʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
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ʈʠʩʫʥʦʢ 1. ɿʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ 

ʫʩʣʦʚʠʷʭ ʫʤʝʨʝʥʥʦ ʪʝʧʣʦʛʦ ʢʣʠʤʘʪʘ ʈʌ (ʟʝʣʝʥʳʡ ʮʚʝʪ) ʠ ʚ ʫʩʣʦʚʠʷʭ ʚʣʘʞʥʦʛʦ 

ʪʨʦʧʠʯʝʩʢʦʛʦ ʢʣʠʤʘʪʘ ʦ. ʍʘʡʥʘʥʴ (ʦʨʘʥʞʝʚʳʡ ʮʚʝʪ).  

 

ʊʘʙʣʠʮʘ 1 

ʄʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʝ 

ʵʢʩʧʦʟʠʮʠʠ 

ʉʨʝʜʥʝʛʦʜʦʚʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ, 

Áʉ 

ʉʨʝʜʥʝʛʦʜʦʚʘʷ 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʚʣʘʞʥʦʩʪʴ, % 

ʉʨʝʜʥʝʛʦʜʦʚʘʷ 

ʜʦʟʘ 

ʩʫʤʤʘʨʥʦʛʦ 

ʩʦʣʥʝʯʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ, 

Mɼʞ/ʤ
2
 

ʂʦʣʠʯʝʩʪʚʦ 

ʦʩʘʜʢʦʚ, 

ʤʤ/ʛʦʜ 

ɺʣʘʞʥʳʡ 

ʪʨʦʧʠʯʝʩʢʠʡ ʢʣʠʤʘʪ 

(ʦ.ʍʘʡʥʘʥʴ) 

26 86 5730 1515 

ʋʤʝʨʝʥʥʦ ʪʝʧʣʳʡ 

ʢʣʠʤʘʪʘ (ʈʌ) 
15 70 4923 724 

ɺʣʘʞʥʳʡ 

ʪʨʦʧʠʯʝʩʢʠʡ ʢʣʠʤʘʪ 

(ʉʝʚʝʨʥʘʷ ɸʤʝʨʠʢʘ) 

25 78 6505 1129 

ʉʫʭʦʡ ʪʨʦʧʠʯʝʩʢʠʡ 

ʢʣʠʤʘʪ (ʉʝʚʝʨʥʘʷ 

ɸʤʝʨʠʢʘ) 

26 35 8004 186 

 

ɸʥʘʣʠʟ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʘʪʤʦʩʬʝʨʳ ʚʣʘʞʥʦʛʦ 

ʪʨʦʧʠʯʝʩʢʦʛʦ ʢʣʠʤʘʪʘ (ʦ. ʍʘʡʥʘʥʴ) ʠ ʫʤʝʨʝʥʥʦ ʪʝʧʣʦʛʦ ʢʣʠʤʘʪʘ (ʈʌ, 

ʏʝʨʥʦʤʦʨʩʢʦʝ ʧʦʙʝʨʝʞʴʝ) ʟʘ ʧʝʨʠʦʜ ʥʘʪʫʨʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ʦʙʨʘʟʮʦʚ 

ʤʘʪʝʨʠʘʣʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʦ. ʍʘʡʥʘʥʴ ʦʪʣʠʯʘʶʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʟʜʫʭʘ, ʘ ʪʘʢʞʝ 

ʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʵʢʩʧʦʟʠʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʦʪʣʠʯʠʪʝʣʴʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ 



ʂʣʠʤʘʪ-2025: ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʤʘʪʝʨʠʘʣʳ ʠ 
ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

X ˏ ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 194 
 

ʚʣʘʞʥʦʛʦ ʪʨʦʧʠʯʝʩʢʦʛʦ ʢʣʠʤʘʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʦʡ 

ʩʝʟʦʥʥʦʩʪʠ ʧʦ ʟʥʘʯʝʥʠʷʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ, ʚ ʦʪʣʠʯʠʠ ʦʪ ʫʤʝʨʝʥʥʦ 

ʪʝʧʣʦʛʦ ʢʣʠʤʘʪʘ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʦʩʥʦʚʥʳʭ 

ʤʝʪʝʦʧʘʨʘʤʝʪʨʦʚ ʚʣʘʞʥʦʛʦ ʪʨʦʧʠʯʝʩʢʦʛʦ ʠ ʩʫʭʦʛʦ ʪʨʦʧʠʯʝʩʢʦʛʦ ʢʣʠʤʘʪʘ 

ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʠ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ 

ʇʨʦʚʝʜʝʥʳ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʛʝʨʤʝʪʠʢʦʚ 

ʧʦʩʣʝ 5 ʣʝʪ ʥʘʪʫʨʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʫʤʝʨʝʥʥʦ ʪʝʧʣʦʛʦ ʢʣʠʤʘʪʘ ʠ ʚ 

ʫʩʣʦʚʠʷʭ ʚʣʘʞʥʦʛʦ ʪʨʦʧʠʯʝʩʢʦʛʦ ʢʣʠʤʘʪʘ ʦ. ʍʘʡʥʘʥʴ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʩ 

ʜʨʫʛʠʤʠ ʪʨʦʧʠʯʝʩʢʠʤʠ ʨʝʛʠʦʥʘʤʠ ʥʘ ʨʠʩʫʥʢʘʭ 2-4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ 

ʩʦʭʨʘʥʝʥʠʷ ʩʚʦʡʩʪʚ ʛʝʨʤʝʪʠʟʠʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʩʣʝ 3 ʣʝʪ ʥʘʪʫʨʥʳʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʚ ʚʣʘʞʥʦʤ ʪʨʦʧʠʯʝʩʢʦʤ ʢʣʠʤʘʪʝ ʠ ʚ ʩʫʭʦʤ 

ʪʨʦʧʠʯʝʩʢʦʤ ʢʣʠʤʘʪʝ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʠ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ ʧʦʜʨʦʙʥʦ 

ʨʘʩʩʤʦʪʨʝʥʳ ʚ [15-17]. 

ɻʝʨʤʝʪʠʢ ɺɻʄ-ʃ ʧʦʢʘʟʘʣ ʚʳʩʦʢʫʶ ʩʦʭʨʘʥʷʝʤʦʩʪʴ ʩʚʦʡʩʪʚ: ʧʦʩʣʝ 5 

ʣʝʪ ʵʢʩʧʦʟʠʮʠʠ ʥʘ ʦ. ʍʘʡʥʘʥʴ ʠʟʤʝʥʝʥʠʡ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ 

ʩʦʩʪʘʚʠʣʠ ʥʝ ʤʝʥʝʝ 93 %. ɻʝʨʤʝʪʠʢ ɺʀʂʉʀʅʊ ʋ-20-99 ʧʦʩʣʝ ʵʢʩʧʦʟʠʮʠʠ 

ʧʦʢʘʟʘʣ ʩʦʭʨʘʥʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʥʘ ʫʨʦʚʥʝ 81-82% ʦʪ 

ʠʩʭʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʘʢ ʜʣʷ ʫʩʣʦʚʠʡ ʚʣʘʞʥʦʛʦ ʪʨʦʧʠʯʝʩʢʦʛʦ ʢʣʠʤʘʪʘ ʦ. 

ʍʘʡʥʘʥʴ, ʪʘʢ ʠ ʜʣʷ ʫʤʝʨʝʥʥʦ ʪʝʧʣʦʛʦ ʢʣʠʤʘʪʘ ʯʝʨʥʦʤʦʨʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ 

ʈʌ. ʇʨʦʯʥʦʩʪʴ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʛʝʨʤʝʪʠʢʘ ɺʀʊʕʌ-1ɹ ʧʦʚʳʩʠʣʘʩʴ ʥʘ 19,2 

% ʧʦʩʣʝ ʵʢʩʧʦʟʠʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʚʣʘʞʥʦʛʦ ʪʨʦʧʠʯʝʩʢʦʛʦ ʢʣʠʤʘʪʘ ʠ ʥʘ 25 % 

 ʧʦʩʣʝ ʵʢʩʧʦʟʠʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʫʤʝʨʝʥʥʦ ʪʝʧʣʦʛʦ ʢʣʠʤʘʪʘ. ʆʙʦʙʱʝʥʥʘʷ 

ʜʠʘʛʨʘʤʤʘ ʩʦʭʨʘʥʷʝʤʦʩʪʠ ʫʩʣʦʚʥʦʡ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ 

ʛʝʨʤʝʪʠʟʠʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʩʣʝ 5 ʣʝʪ ʥʘʪʫʨʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 



ʂʣʠʤʘʪ-2025: ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʤʘʪʝʨʠʘʣʳ ʠ 
ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

X ˏ ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 195 
 

 

ʈʠʩʫʥʦʢ 2. ʉʦʭʨʘʥʷʝʤʦʩʪʴ ʚ % ʦʪ ʠʩʭʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ ʫʩʣʦʚʥʦʡ ʧʨʦʯʥʦʩʪʠ ʧʨʠ 

ʨʘʩʪʷʞʝʥʠʠ ʛʝʨʤʝʪʠʟʠʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʳʭ ʥʘʪʫʨʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ. 

 

 

ʈʠʩʫʥʦʢ 3. ʉʦʭʨʘʥʷʝʤʦʩʪʴ ʚ % ʦʪ ʠʩʭʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʫʜʣʠʥʝʥʠʷ ʧʨʠ ʨʘʟʨʳʚʝ ʛʝʨʤʝʪʠʟʠʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʳʭ ʥʘʪʫʨʥʳʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ. 

 

ɿʥʘʯʝʥʠʷ ʩʦʭʨʘʥʷʝʤʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʧʨʠ ʨʘʟʨʳʚʝ 

ʧʦʩʣʝ 5 ʣʝʪ ʵʢʩʧʦʟʠʮʠʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʛʝʨʤʝʪʠʢʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3. ɺ ʫʩʣʦʚʠʷʭ ʚʣʘʞʥʦʛʦ ʪʨʦʧʠʯʝʩʢʦʛʦ ʢʣʠʤʘʪʘ 

ʜʣʷ ʦʙʨʘʟʮʦʚ ʛʝʨʤʝʪʠʢʘ ʤʘʨʢʠ ɺɻʄ-ʃ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

X ˏ ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 196 
 

ʠʩʩʣʝʜʫʝʤʳʤʠ ʤʘʨʢʘʤʠ ʛʝʨʤʝʪʠʢʦʚ ʠ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʤʝʥʝʝ 73% ʦʪ 

ʠʩʭʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ.  

ɸʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʧʦ ʐʦʨʫ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ 

ʛʝʨʤʝʪʠʟʠʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ (ʨʠʩʫʥʦʢ 4) ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʴʰʘʷ 

ʩʦʭʨʘʥʷʝʤʦʩʪʴ (ʙʦʣʝʝ 93%) ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʥʘʙʣʶʜʘʝʪʩʷ ʪʘʢʞʝ ʜʣʷ 

ʛʝʨʤʝʪʠʢʘ ʤʘʨʢʠ ɺɻʄ-ʃ. ʉʪʦʠʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʡ [16] ʩʦʭʨʘʥʷʝʤʦʩʪʠ ʪʚʝʨʜʦʩʪʠ ʟʘ ʧʝʨʚʳʡ 

ʛʦʜ ʥʘʪʫʨʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʧʦʢʘʟʘʣʠ ʫʚʝʣʠʯʝʥʠʝ ʪʚʸʨʜʦʩʪʠ 

ʧʦ ʐʦʨʫ ʙʦʣʝʝ ʯʝʤ ʥʘ 10 % ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ. ɺʳʩʦʢʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʠʥʪʝʥʩʠʚʥʦʝ ʩʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ ʚ ʟʦʥʝ ʵʢʩʧʦʟʠʮʠʡ 

ʚʣʠʷʶʪ ʥʘ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʦʙʨʘʟʮʦʚ 

ʤʘʪʝʨʠʘʣʦʚ ʛʝʨʤʝʪʠʢʦʚ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʩʚʷʟʝʡ, ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʪʚʝʨʜʦʩʪʠ. ʆʜʥʘʢʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʜʣʠʪʝʣʴʥʳʭ (ʙʦʣʝʝ 3 ʣʝʪ) ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʥʠʞʝʥʠʝ ʜʘʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʦ ʟʥʘʯʝʥʠʡ ʥʠʞʝ 

ʠʩʭʦʜʥʳʭ. 

 

ʈʠʩʫʥʦʢ 4. ʉʦʭʨʘʥʷʝʤʦʩʪʴ ʚ % ʦʪ ʠʩʭʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʧʦ ʐʦʨʫ ɸ 

ʛʝʨʤʝʪʠʟʠʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʳʭ ʥʘʪʫʨʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ. 

 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ ʯʪʦ ʫʩʣʦʚʠʷ ʪʨʦʧʠʯʝʩʢʦʛʦ ʢʣʠʤʘʪʘ ʢʘʢ ʩʫʭʦʛʦ, ʪʘʢ ʠ 

ʚʣʘʞʥʦʛʦ ʧʨʠʚʦʜʷʪ ʢ ʙʦʣʴʰʠʤ ʠʟʤʝʥʝʥʠʷʤ ʩʚʦʡʩʪʚ ʛʝʨʤʝʪʠʟʠʨʫʶʱʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʩʣʦʚʠʷʤʠ ʫʤʝʨʝʥʥʦ ʪʝʧʣʦʛʦ ʢʣʠʤʘʪʘ. ɼʘʥʥʳʡ 
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ʬʘʢʪ ʩʚʷʟʘʥ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩ ʙʦʣʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʨʝʜʥʝʛʦʜʦʚʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʦʟʳ 

ʩʫʤʤʘʨʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʜʦʟʘ ʩʫʤʤʘʨʥʦʛʦ 

ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʪʨʦʧʠʯʝʩʢʠʭ ʨʘʡʦʥʦʚ ʉʝʚʝʨʥʦʡ 

ɸʤʝʨʠʢʠ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʨʘʡʦʥʘʤʠ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ 

ʦʙʨʘʟʮʦʚ, ʧʨʠ ʨʘʚʥʦʡ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ. 

ɺʳʚʦʜʳ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ 

ʛʝʨʤʝʪʠʟʠʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ʪʨʦʧʠʯʝʩʢʦʛʦ ʚʣʘʞʥʦʛʦ ʢʣʠʤʘʪʘ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʤʝʪʝʦʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ 

ʢʘʢ ʠʥʪʝʥʩʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ 

ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʪʝʤʧʝʨʘʪʫʨ ʚʦʟʜʫʭʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ, 

ʦʪʩʫʪʩʪʚʠʝ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʡ ʩʝʟʦʥʥʦʩʪʠ ʧʨʠʚʦʜʷʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʵʣʘʩʪʠʯʥʦʩʪʠ (ʩʥʠʞʝʥʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ) ʠ ʫʚʝʣʠʯʝʥʠʶ 

ʪʚʝʨʜʦʩʪʠ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɺʳʩʦʢʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʫʚʣʘʞʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ 

ʛʝʨʤʝʪʠʟʠʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʩʦʣʥʝʯʥʦʤ 

ʠʟʣʫʯʝʥʠʠ ʚ ʫʩʣʦʚʠʷʭ ʪʨʦʧʠʯʝʩʢʦʛʦ ʚʣʘʞʥʦʛʦ ʢʣʠʤʘʪʘ ʦ. ʍʘʡʥʘʥʴ 

ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʩʥʠʞʝʥʠʝ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʛʝʨʤʝʪʠʢʦʚ. 

ɺʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʠʥʪʝʥʩʠʚʥʦʝ ʩʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ ʪʨʦʧʠʯʝʩʢʦʛʦ ʠ 

ʪʨʦʧʠʯʝʩʢʦʛʦ ʩʫʭʦʛʦ ʢʣʠʤʘʪʦʚ ʚʣʠʷʶʪ ʥʘ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʦʙʨʘʟʮʦʚ ʤʘʪʝʨʠʘʣʦʚ ʛʝʨʤʝʪʠʢʦʚ, ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʚʳʰʝʥʠʶ ʪʚʝʨʜʦʩʪʠ ʠ ʩʥʠʞʝʥʠʶ ʵʣʘʩʪʠʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʦʮʝʥʢʠ ʩʦʭʨʘʥʷʝʤʦʩʪʠ ʩʚʦʡʩʪʚ ʛʝʨʤʝʪʠʢ ʤʘʨʢʠ ɺɻʄ-ʃ 

ʦʙʣʘʜʘʝʪ ʥʘʠʙʦʣʴʰʝʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʉʪʦʠʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ 

ʩʦʭʨʘʥʷʝʤʦʩʪʴ ʩʚʦʡʩʪʚ ʛʝʨʤʝʪʠʟʠʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʪʦʣʴʢʦ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʚʥʝʰʥʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʥʦ ʥʝ ʜʘʶʪ ʧʦʣʥʦʡ 
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ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʦʚʝʜʝʥʠʠ ʤʘʪʝʨʠʘʣʦʚ ʚ ʠʟʜʝʣʠʠ ʩ ʫʯʝʪʦʤ ʜʨʫʛʠʭ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ʪʘʢʠʭ ʢʘʢ, ʚʦʟʜʝʡʩʪʚʠʝ ʧʦʚʳʰʝʥʥʳʭ ʠʣʠ 

ʧʦʥʠʞʝʥʥʳʭ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʚʦʟʜʝʡʩʪʚʠʝ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ (ʪʦʧʣʠʚʦ, 

ʩʧʝʮʠʘʣʴʥʳʝ ʞʠʜʢʦʩʪʠ ʠ ʜʨ.), ʚʦʟʜʝʡʩʪʚʠʝ ʚʠʙʨʘʮʠʠ ʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʥʘʛʨʫʞʝʥʠʷ. ʆʜʥʘʢʦ ʜʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʦʙʦʩʥʦʚʘʥʥʦ ʚʳʙʠʨʘʪʴ 

ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʠʟʜʝʣʠʷʭ, ʜʣʠʪʝʣʴʥʦ ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭʩʷ ʚ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʪʨʦʧʠʯʝʩʢʦʛʦ ʢʣʠʤʘʪʘ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʩʨʦʢ 

ʩʣʫʞʙʳ ʠ ʤʝʞʨʝʤʦʥʪʥʳʝ ʠʥʪʝʨʚʘʣʳ ʠʟʜʝʣʠʡ. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʯʠʩʣʝʥʥʦʩʪʠ ʞʠʟʥʝʩʧʦʩʦʙʥʳʭ ʢʣʝʪʦʢ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʦʪʢʨʳʪʦʡ ʵʢʦʩʠʩʪʝʤʳ 

ʩʪʘʥʮʠʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʚ ʛʦʨʦʜʝ ʗʢʫʪʩʢʝ ʚ ʪʝʯʝʥʠʝ 7 

ʣʝʪ. ʄʝʪʦʜʦʤ ʧʦʩʝʚʘ ʩʤʳʚʥʦʡ ʞʠʜʢʦʩʪʠ ʥʘ ʧʣʦʪʥʳʝ ʧʠʪʘʪʝʣʴʥʳʝ ʩʨʝʜʳ 

ʦʧʨʝʜʝʣʝʥʳ ʜʦʤʠʥʠʨʫʶʱʠʝ ʚʠʜʳ ʤʠʢʨʦʬʣʦʨʳ, ʯʪʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ 

ʠʟʤʝʥʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʚ ʦʙʲʝʢʪʘʭ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʣʠʤʝʨʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ ʚ ʨʘʟʥʳʝ ʛʦʜʳ. ʉʨʝʜʠ ʜʦʤʠʥʠʨʫʶʱʠʭ ʢʫʣʴʪʫʨ ʧʣʝʩʥʝʚʳʭ 

ʛʨʠʙʦʚ ʚʳʜʝʣʷʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ: Aspergillus (A. niger), Penicillium (P. 

chrysogenum, P. rubens), Rhizopus (R. oryzae), Chaetomium (C. globosum) ʠ 

Scopulariopsis (S. brevicaulis). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʚʳʷʚʠʣʠ ʪʘʢʞʝ 

ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʠʟʤʝʥʝʥʠʷʤʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʩʦʩʪʘʚʦʤ 

ʤʠʢʨʦʙʥʦʛʦ ʥʘʩʝʣʝʥʠʷ. 
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Abstract. An analysis was conducted on the abundance of viable 

microbial cells circulating in the open ecosystem of the low-temperature testing 

station in Yakutsk over a period of 7 years. By inoculating the wash liquid onto 

solid nutrient media, the dominant species of microflora were identified, 

demonstrating changes in the qualitative composition of microorganisms in 

environmental objects and on the surfaces of experimental polymer composite 

samples over the years. Among the dominant cultures of mold fungi, the 

following species were highlighted: Aspergillus (A. niger), Penicillium (P. 

chrysogenum, P. rubens), Rhizopus (R. oryzae), Chaetomium (C. globosum), 
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and Scopulariopsis (S. brevicaulis). Experimental data also revealed a 

correlation between changes in climatic conditions and the composition of the 

microbial population. 

Keywords: polymer composite materials, basalt plastic, microorganisms, 

mold fungi. 

 

ɺʚʦʜʥʘʷ ʯʘʩʪʴ. ʀʟʫʯʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʩ 

ʧʦʣʠʤʝʨʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʚ ʫʩʣʦʚʠʷʭ ʭʦʣʦʜʥʦʛʦ ʢʣʠʤʘʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʘʢʪʫʘʣʴʥʫʶ ʥʘʫʯʥʫʶ ʟʘʜʘʯʫ, ʠʤʝʶʱʫʶ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʢʘʢ ʜʣʷ 

ʪʝʦʨʠʠ, ʪʘʢ ʠ ʜʣʷ ʧʨʘʢʪʠʢʠ. ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʚʦʧʨʦʩʳ 

ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʩʪʘʨʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʦʢʨʘʱʝʥʠʷ ʧʣʘʩʪʠʢʦʚʳʭ ʦʪʭʦʜʦʚ 

ʩʪʘʣʠ ʦʜʥʠʤʠ ʠʟ ʦʩʪʨʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʪʨʝʙʫʶʱʠʭ ʨʘʟʨʘʙʦʪʢʠ 

ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʫʪʠʣʠʟʘʮʠʠ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ 

ʵʪʦʡ ʩʚʷʟʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʦʣʠ ʤʠʢʨʦʙʥʳʭ ʩʦʦʙʱʝʩʪʚ, ʚ ʧʨʦʮʝʩʩʝ 

ʙʠʦʧʦʚʨʝʞʜʝʥʠʡ ʧʦʣʠʤʝʨʦʚ ʠ ʠʟʫʯʝʥʠʝ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ, 

ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʧʨʦʮʝʩʩʳ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʧʦʣʠʤʝʨʦʚ ʚ ʫʩʣʦʚʠʷʭ 

ʵʢʩʪʨʝʤʘʣʴʥʦ ʭʦʣʦʜʥʦʛʦ ʢʣʠʤʘʪʘ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʦʚʨʝʤʝʥʥʳʝ 

ʥʘʫʯʥʳʝ ʪʝʤʳ. ʅʦʚʠʟʥʘ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʤ ʘʥʘʣʠʟʝ ʘʜʘʧʪʘʮʠʡ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʢ ʫʩʣʦʚʠʷʤ 

ʭʦʣʦʜʥʦʛʦ ʢʣʠʤʘʪʘ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʤʘʣʦʠʟʫʯʝʥʥʦʡ ʦʙʣʘʩʪʴʶ ʚ 

ʤʠʢʨʦʙʠʦʣʦʛʠʠ, ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ ʠ ʵʢʦʣʦʛʠʠ. ɸʥʘʣʠʟ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʦʚ 

ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʩʪʘʨʝʥʠʷ ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ ʪʦʯʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʤʝʪʦʜʳ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʠ ʨʘʟʨʘʙʦʪʢʫ ʫʩʪʦʡʯʠʚʳʭ ʩʪʨʘʪʝʛʠʡ ʫʧʨʘʚʣʝʥʠʷ 

ʧʦʣʠʤʝʨʥʳʤʠ ʦʪʭʦʜʘʤʠ. ʈʝʟʫʣʴʪʘʪʳ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʛʫʪ ʩʪʘʪʴ 

ʦʩʥʦʚʦʡ ʜʣʷ ʙʫʜʫʱʠʭ ʥʘʫʯʥʳʭ ʧʨʦʝʢʪʦʚ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʥʝʛʘʪʠʚʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʦʩʣʝʜʩʪʚʠʡ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʥʘʰʠʚʘʥʠʷ ʠ ʩʦʢʨʘʱʝʥʠʷ ʩʨʦʢʦʚ 
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ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʫʪʠʣʠʟʘʮʠʠ ʧʦ 

ʠʩʪʝʯʝʥʠʠ ʩʨʦʢʘ ʩʣʫʞʙʳ. 

ʄʘʪʝʨʠʘʣʦʤ ʜʣʷ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʣʫʞʠʣʠ 

ʦʧʳʪʥʳʝ ʦʙʨʘʟʮʳ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʇʂʄ), ʥʘ 

ʦʩʥʦʚʝ ʩʪʝʢʣʦ-, ʫʛʣʝ- ʠ ʙʘʟʘʣʴʪʦʚʦʣʦʢʦʥ, ʵʢʩʧʦʥʠʨʫʝʤʳʝ ʚ ʫʩʣʦʚʠʷʭ 

ʦʪʢʨʳʪʦʡ ʵʢʦʩʠʩʪʝʤʳ ʩʪʘʥʮʠʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʚ ʛʦʨʦʜʝ 

ʗʢʫʪʩʢʝ, ʘ ʪʘʢʞʝ ʦʙʨʘʟʮʳ ʧʨʦʙ ʧʦʯʚʳ, ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʚʦʟʜʫʭʘ, ʦʪʦʙʨʘʥʥʳʝ ʠʟ ʦʙʲʝʢʪʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʆʉ).  

ʄʝʪʦʜʠʢʘ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠʟ ʆʉ ʩ ʇʂʄ ʚ 

ʫʩʣʦʚʠʷʭ ʭʦʣʦʜʥʦʛʦ ʢʣʠʤʘʪʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʪʘʜʠʡ 

ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ʇʦʜʛʦʪʦʚʢʘ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʇʂʄ (ʙʘʟʘʣʴʪʦʧʣʘʩʪʠʢʘ) ʢ 

ʠʩʧʳʪʘʥʠʶ; 

2. ʄʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʙʲʝʢʪʦʚ ʆʉ, ʚʳʜʝʣʝʥʠʝ ʠ 

ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ; 

3. ɺʳʷʚʣʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ 

ʙʠʦʟʘʨʘʞʝʥʠʝ ʠ ʙʠʦʜʝʛʨʘʜʘʮʠʶ ʇʂʄ;  

4. ʀʥʦʢʫʣʷʮʠʷ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʙʘʟʘʣʴʪʦʧʣʘʩʪʠʢʘ ʰʪʘʤʤʘʤʠ ʠʟ 

ʨʘʙʦʯʝʡ ʢʦʣʣʝʢʮʠʠ; ʵʢʩʧʦʥʠʨʦʚʘʥʠʝ ʙʠʦʟʘʨʘʞʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʚ ʫʩʣʦʚʠʷʭ 

ʦʪʢʨʳʪʦʡ ʵʢʦʩʠʩʪʝʤʳ ʩʪʘʥʮʠʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʚ ʛʦʨʦʜʝ 

ʗʢʫʪʩʢʝ ʠ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ; 

5. ɸʥʘʣʠʟ ʠʟʤʝʥʝʥʠʡ ʚ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ 

ʙʘʟʘʣʴʪʦʧʣʘʩʪʠʢʘ ʧʦʩʣʝ ʙʠʦʟʘʨʘʞʝʥʠʷ ʠ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʦʪʢʨʳʪʦʡ ʵʢʦʩʠʩʪʝʤʳ ʠ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦʡ 

ʨʘʩʪʨʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʈʕʄ).  

7. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ; ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

ʧʦʩʣʝʜʩʪʚʠʡ ʙʠʦʟʘʨʘʞʝʥʠʷ ʙʘʟʘʣʴʪʦʧʣʘʩʪʠʢʘ. 
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ʄʝʪʦʜʳ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʞʠʟʥʝʩʧʦʩʦʙʥʳʭ ʢʣʝʪʦʢ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʧʦʩʝʚʘ ʩʤʳʚʥʦʡ ʞʠʜʢʦʩʪʠ ʥʘ 

ʧʣʦʪʥʳʝ ʧʠʪʘʪʝʣʴʥʳʝ ʩʨʝʜʳ: ʤʷʩʦʧʝʧʪʦʥʥʳʡ ʘʛʘʨ (ʄʇɸ) ʠ ʩʨʝʜʫ ʏʘʧʝʢʘ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʆʙʦʣʝʥʩʢ). ʄʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʩʝʚʳ ʠ 

ʫʯʝʪ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʯʝʩʢʠʤʠ 

ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ [1, 34 ʩ.]. 

ʈʝʟʫʣʴʪʘʪʳ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʨʘʞʘʣʠ ʚ ʂʆɽ/ʛ 

(ʩʤ
3
) (ʢʦʣʦʥʠʝʦʙʨʘʟʫʶʱʠʭ ʝʜʠʥʠʮʘʭ ʥʘ 1 ʛʨʘʤʤ (ʩʤ

3
) ʠʩʧʳʪʫʝʤʦʛʦ 

ʚʝʱʝʩʪʚʘ), ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʂʆɽ ï ʵʪʦ ʤʝʨʘ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ 

ʦʮʝʥʢʠ ʢʦʣʠʯʝʩʪʚʘ ʞʠʟʥʝʩʧʦʩʦʙʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʦʙʨʘʟʮʝ. ʂʆɽ 

ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʯʠʩʣʦ ʢʣʝʪʦʢ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʨʘʟʚʠʚʘʪʴʩʷ ʠ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ʚʠʜʠʤʳʝ ʢʦʣʦʥʠʠ ʥʘ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ. 

ʇʣʦʪʥʦʩʪʴ ʦʙʩʝʤʝʥʝʥʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ 

ʬʦʨʤʫʣʝ:  

ʍ = (NÅV2) / V1,  

ʛʜʝ N ï ʢʦʣʠʯʝʩʪʚʦ ʢʦʣʦʥʠʡ ʥʘ ʯʘʰʢʝ;  

V1 ï ʦʙʲʝʤ ʧʦʩʝʷʥʥʦʡ ʧʨʦʙʳ (0,1-1,0 ʤʣ);  

V2 ï ʦʙʲʝʤ ʧʨʦʙʳ ʨʘʩʪʚʦʨʘ ʜʣʷ ʧʦʤʝʱʝʥʠʷ ʩʤʳʚʘ (2 ʤʣ). 

ɿʘ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʨʠʤʝʥʷʣʠ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ ʜʚʫʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʘʨʘʣʣʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʨʘʩʩʯʠʪʘʥʥʦʝ ʧʦ 

ʬʦʨʤʫʣʝ: 

ʍ = (ʍ1+ʍ2) / 2,  

ʛʜʝ ʍ1 ï ʨʝʟʫʣʴʪʘʪ ʧʝʨʚʦʛʦ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʠʟʤʝʨʝʥʠʷ;  

ʍ2 ï ʨʝʟʫʣʴʪʘʪ ʚʪʦʨʦʛʦ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʠʟʤʝʨʝʥʠʷ. 

ʀʜʝʥʪʠʬʠʢʘʮʠʶ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʧʨʦʚʦʜʠʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʦʙʱʝʧʨʠʥʷʪʳʤʠ ʚ ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʪʝʩʪʘʤʠ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 
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ʙʘʢʪʝʨʠʡ ʠ ʛʨʠʙʦʚ [2, 303 ʩ.; 3, 799 ʩ.; 4, 104 ʩ.; 5, ʩ. 219-232; 6, ʩ. 6-

14; 7, 44 ʩ.; 8, ʨ. 125-132; 9, ʨ. 1450].  

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʩʪʨʦʚʳʡ ʵʣʝʢʪʨʦʥʥʳʡ ʤʠʢʨʦʩʢʦʧ 

JEOLJSM-7800F ʩ ʜʠʘʧʘʟʦʥʦʤ ʫʚʝʣʠʯʝʥʠʡ ï ʦʪ ʭ25 ʜʦ ʭ1000000. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʦʜʠʣʠ ʤʦʥʠʪʦʨʠʥʛ ʠʟʤʝʥʝʥʠʷ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʚ ʧʝʨʠʦʜ ʩ 2018 ʧʦ 

2024 ʛʦʜʳ ʩ ʧʦʚʝʨʭʥʦʩʪʝʡ ʇʂʄ, ʵʢʩʧʦʥʠʨʦʚʘʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʪʘʥʮʠʠ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʚ ʧʝʨʚʳʝ ʪʨʠ ʛʦʜʘ (2018-2020) ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ 

ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʝʦʙʣʘʜʘʥʠʝ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʬʣʦʨʳ. ɺ 2021 ʛʦʜʫ ʚ ʩʦʩʪʘʚʝ 

ʤʠʢʨʦʬʣʦʨʳ ʧʨʦʠʟʦʰʣʦ ʠʟʤʝʥʝʥʠʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʧʣʝʩʥʝʚʳʝ 

ʛʨʠʙʳ ʩʪʘʣʠ ʜʦʤʠʥʠʨʫʶʱʝʡ ʛʨʫʧʧʦʡ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ɺ 2022 ʛʦʜʫ 

ʯʠʩʣʝʥʥʦʩʪʴ ʧʣʝʩʥʝʚʳʭ ʛʨʠʙʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʣʘʩʴ, ʥʦ ʚ 2023 ʠ ʚ 2024 

ʛʦʜʳ ʩʦʦʪʥʦʰʝʥʠʝ ʧʣʝʩʥʝʚʳʭ ʛʨʠʙʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʙʘʢʪʝʨʠʷʤ ʙʳʣʦ 

ʚʳʰʝ ʚ ʩʨʝʜʥʝʤ ʥʘ 30% (ʨʠʩʫʥʦʢ 1). 

 

ʈʠʩʫʥʦʢ 1 ï ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʙʘʢʪʝʨʠʡ ʠ ʛʨʠʙʦʚ. 

 

ɺʝʨʦʷʪʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʠʟʤʝʥʝʥʠʡ ʚ ʩʦʦʪʥʦʰʝʥʠʠ ʯʠʩʣʝʥʥʦʩʪʠ 

ʧʣʝʩʥʝʚʳʭ ʛʨʠʙʦʚ ʠ ʙʘʢʪʝʨʠʡ ʤʦʛʣʠ ʷʚʣʷʪʴʩʷ ʢʘʢ ʫʩʣʦʚʠʷ ʆʉ, ʚʢʣʶʯʘʷ 
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ʂʣʠʤʘʪ-2025: ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʤʘʪʝʨʠʘʣʳ ʠ 
ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

X ˏ ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 207 
 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ ʩʦʩʪʘʚʝ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʧʦʯʚʳ ʠ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʚʦʟʜʫʭʘ, ʪʘʢ ʠ ʚʣʠʷʥʠʝ ʚʥʝʰʥʠʭ ʢʦʥʪʘʤʠʥʘʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ. ʇʨʠ ʵʪʦʤ, 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʘʙʠʦʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʪʘʢʠʝ ʢʘʢ ʠʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ 

ʚʣʘʞʥʦʩʪʠ, ʦʢʘʟʘʣʠ ʥʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʯʠʩʣʝʥʥʦʩʪʴ ʧʣʝʩʥʝʚʳʭ 

ʛʨʠʙʦʚ.  

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʘ 

(http://www.pogodaiklimat.ru/history/24959_2.htm), ʩʫʤʤʳ ʩʨʝʜʥʝʛʦʜʦʚʳʭ 

ʦʩʘʜʢʦʚ ʚ ʧʝʨʠʦʜ ʩ 2018 ʧʦ 2024 ʛʦʜʳ ʨʘʟʣʠʯʘʣʠʩʴ ʥʝ ʩʫʱʝʩʪʚʝʥʥʦ. ʇʨʠ 

ʵʪʦʤ ʫʨʦʚʝʥʴ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʚʣʘʞʥʦʩʪʠ ʢʦʨʨʝʣʠʨʦʚʘʣ ʩ ʫʨʦʚʥʝʤ 

ʚʣʘʞʥʦʩʪʠ ʚ ʚʝʛʝʪʘʮʠʦʥʥʳʝ ʧʝʨʠʦʜʳ ï ʩ ʤʘʷ ʧʦ ʘʚʛʫʩʪ ʤʝʩʷʮʳ (ʨʠʩʫʥʦʢ 2). 

 

ʈʠʩʫʥʦʢ 2 ï ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ. 

 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʤʦʥʠʪʦʨʠʥʛʘ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʚʠʜʦʚ ʧʣʝʩʥʝʚʳʭ ʛʨʠʙʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚʳʜʝʣʷʣʠʩʴ 

ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʩʣʝʜʫʶʱʠʭ ʨʦʜʦʚ: Aspergillus (A. niger), Penicillium (P. 

chrysogenum, P. rubens), Rhizopus (R. oryzae), Chaetomium (C. globosum) ʠ 

Scopulariopsis (S. brevicaulis) (ʨʠʩʫʥʦʢ 3). ɼʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʤʦʞʝʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʪʝʩʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ ʠ ʜʠʥʘʤʠʢʦʡ ʤʠʢʨʦʙʥʦʛʦ ʩʦʩʪʘʚʘ ʇʂʄ. 
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ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

X ˏ ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 208 
 

   

ʘ) Penicillium chrysogenum ʙ) Chaetomium globosum ʚ) Penicillium rubens 

   

ʛ) Rhizopus oryzae ʜ) Aspergillus niger  ʞ) Scopulariopsis brevicaulis 

ʈʠʩʫʥʦʢ 3 ï ʧʣʝʩʥʝʚʳʝ ʛʨʠʙʳ, ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʇʂʄ, 

ʵʢʩʧʦʥʠʨʫʝʤʳʭ ʚ ʫʩʣʦʚʠʷʭ ʦʪʢʨʳʪʦʡ ʵʢʦʩʠʩʪʝʤʳ ʩʪʘʥʮʠʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʠʩʧʳʪʘʥʠʡ ʚ ʛʦʨʦʜʝ ʗʢʫʪʩʢʝ. 

 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʢʦʥʪʘʤʠʥʘʥʪʦʚ ʇʂʄ ʚ ʢʦʨʨʝʣʷʮʠʠ ʩ ʤʠʢʨʦʙʥʳʤʠ ʩʦʦʙʱʝʩʪʚʘʤʠ, 

ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʘʪʤʦʩʬʝʨʥʦʤ ʚʦʟʜʫʭʝ ʠ ʧʦʯʚʝ. ʈʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʠʢʨʦʙʥʳʡ ʧʝʡʟʘʞ, ʚʳʜʝʣʝʥʥʳʡ ʩ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʇʂʄ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʘʥʘʣʦʛʠʠ ʩ ʤʠʢʨʦʙʥʳʤ 

ʩʦʩʪʘʚʦʤ ʦʙʲʝʢʪʦʚ ʆʉ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʠʛʨʘʶʪ 

ʚʘʞʥʝʡʰʫʶ ʨʦʣʴ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʵʢʦʩʠʩʪʝʤʳ 

ʧʦʣʠʛʦʥʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ. ɸʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʩʦʜʝʨʞʠʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʝʨʝʥʦʩʠʪʴʩʷ ʩ 

ʧʦʤʦʱʴʶ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ ʠ ʦʩʘʜʢʦʚ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʭ ʦʩʝʜʘʥʠʶ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʇʂʄ ʠ ʨʘʟʚʠʪʠʶ ʚ ʫʩʣʦʚʠʷʭ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʠʭ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʯʚʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ 

ʨʝʟʝʨʚʫʘʨʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʝʪ 



ʂʣʠʤʘʪ-2025: ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʤʘʪʝʨʠʘʣʳ ʠ 
ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

X ˏ ̠̒̆̑̏̒̒̉̊̒̋́ ̘̎́̔̎̏-̖̘̠̓̆̎̉̆̒̋́ ̗̠̋̏̎̆̑̆̎̉̕ ˞̗̓̑́̎̉́ 209 
 

ʙʳʪʴ ʧʝʨʝʥʝʩʝʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʇʂʄ, ʦʩʦʙʝʥʥʦ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʦʩʘʜʢʦʚ ʠ ʜʨʫʛʠʭ ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʡ. ʆʪʢʨʳʪʳʝ ʵʢʦʩʠʩʪʝʤʳ 

ʚʳʜʝʣʷʶʪʩʷ ʨʷʜʦʤ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʜʦʩʪʫʧʥʦʩʪʴ ʚʣʘʛʠ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ 

ʥʘʣʠʯʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʠʜʝʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʘʢʪʠʚʥʦʩʪʠ ʧʦʯʚʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʕʢʩʧʦʥʠʨʦʚʘʥʠʝ ʇʂʄ ʚ ʪʘʢʠʭ 

ʫʩʣʦʚʠʷʭ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʠʭ ʙʳʩʪʨʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ, ʪʘʢ ʢʘʢ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʣʝʛʢʦ ʧʝʨʝʥʦʩʷʪʩʷ ʠʟ ʧʦʯʚʳ ʩ ʧʦʪʦʢʦʤ ʚʦʟʜʫʭʘ, ʦʩʝʜʘʷ ʥʘ 

ʦʙʲʝʢʪʘʭ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʚʢʣʶʯʘʷ ʵʢʩʧʦʥʠʨʫʝʤʳʝ ʦʧʳʪʥʳʝ ʦʙʨʘʟʮʳ ʇʂʄ.  

ɺ 2024 ʛʦʜʫ ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʤʠʢʨʦʬʣʦʨʳ, ʚʳʜʝʣʝʥʥʦʡ ʠʟ 

ʦʙʲʝʢʪʦʚ ʆʉ ʠ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʇʂʄ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʨʘʟʣʠʯʥʳʤʠ 

ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʤʠ ʛʨʫʧʧʘʤʠ (ʪʘʙʣʠʮʘ 1). 

 

ʊʘʙʣʠʮʘ 1 

ʂʘʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʦʙʲʝʢʪʦʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 
ɻʦʜ ɺʳʜʝʣʝʥʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ 

ʉ ʧʦʚʝʨʭʥʦʩʪʝʡ ʇʂʄ, ʵʢʩʧʦʥʠʨʫʝʤʳʭ ʥʘ 
ʧʦʣʠʛʦʥʝ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ 

ʀʟ ʦʙʲʝʢʪʦʚ ʆʉ ʪʝʨʨʠʪʦʨʠʠ ʧʦʣʠʛʦʥʘ 
ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ 

ɹʘʢʪʝʨʠʠ ɻʨʠʙʳ ɸʢʪʠʥʦ-
ʙʘʢʪʝʨʠʠ 

ɹʘʢʪʝʨʠʠ ɻʨʠʙʳ ɸʢʪʠʥʦ-
ʙʘʢʪʝʨʠʠ 
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ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʩʪʘʚ ʤʠʢʨʦʬʣʦʨʳ, 

ʚʳʜʝʣʝʥʥʦʡ ʢʘʢ ʩ ʧʦʚʝʨʭʥʦʩʪʝʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʇʂʄ, 

ʨʘʟʤʝʱʝʥʥʳʭ ʚ ʦʪʢʨʳʪʦʡ ʵʢʦʩʠʩʪʝʤʝ, ʪʘʢ ʠ ʚ ʦʙʲʝʢʪʘʭ ʆʉ (ʚʢʣʶʯʘʷ ʧʦʯʚʫ, 

ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʠ ʩʥʝʞʥʳʡ ʧʦʢʨʦʚ) ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʪʘʥʮʠʠ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʚ ʨʘʟʣʠʯʥʳʝ ʛʦʜʳ, ʭʦʪʴ ʠ ʚʘʨʴʠʨʦʚʘʣʩʷ, 

ʦʜʥʘʢʦ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʤʦʞʥʦ ʙʳʣʦ ʥʘʙʣʶʜʘʪʴ ʥʘʣʠʯʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, 

ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚʠʜʳ: Bacillus 

cereus, Bacillus subtilis, Aspergillus niger ʠ Streptomyces albus. ʕʪʦ 

ʧʦʜʯʝʨʢʠʚʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʠʜʦʚ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ 

ʠʩʩʣʝʜʫʝʤʦʡ ʩʨʝʜʝ. 

ɺ ʦʙʱʝʡ ʩʪʨʫʢʪʫʨʝ ʧʦʯʚʝʥʥʦʡ ʤʠʢʨʦʬʣʦʨʳ ʥʘ ʩʪʘʥʮʠʠ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʛʨʠʙʳ ʩʦʩʪʘʚʣʷʣʠ 

39,86 %. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ 

ʙʳʣʠ ʚʳʜʝʣʝʥʳ 14 ʢʫʣʴʪʫʨ ʛʨʠʙʦʚ. ɺ ʪʦ ʚʨʝʤʷ, ʢʘʢ ʤʝʪʘʛʝʥʦʤʥʳʡ ʘʥʘʣʠʟ 

ʚʳʷʚʠʣ 56 ʨʘʟʣʠʯʥʳʭ ʢʫʣʴʪʫʨ (ʨʠʩʫʥʦʢ 4). ʇʨʠ ʵʪʦʤ ʩʦʚʧʘʜʝʥʠʝ ʚ ʨʦʜʦʚʦʡ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʛʨʠʙʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʢʣʘʩʩʠʯʝʩʢʠʤ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʠ ʤʝʪʘʛʝʥʦʤʥʳʤ ʘʥʘʣʠʟʦʤ, ʩʦʩʪʘʚʠʣʦ ʚʩʝʛʦ 

9 %. ɼʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʯʝʨʢʠʚʘʶʪ ʨʘʟʥʦʦʙʨʘʟʠʝ ʛʨʠʙʥʦʡ ʤʠʢʨʦʬʣʦʨʳ 

ʚ ʧʦʯʚʘʭ, ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʠʩʧʳʪʘʥʠʷʤ, ʠ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʚʳʜʝʣʝʥʠʷ ʢʫʣʴʪʫʨ ʤʦʛʫʪ 

ʥʝ ʚʩʝʛʜʘ ʧʦʣʥʦʩʪʴʶ ʦʪʨʘʞʘʪʴ ʚʩʸ ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʠʢʨʦʙʠʦʪʳ.  
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ʈʠʩʫʥʦʢ 4 ï ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʘʷ ʢʘʨʪʘ ʩʪʨʫʢʪʫʨʳ ʤʠʮʝʣʠʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ 

ʧʦʯʚʳ ʩʪʘʥʮʠʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ (ʗʢʫʪʩʢ). 

 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ 

ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʙʘʟʘʣʴʪʦʧʣʘʩʪʠʢʘ ʧʦʩʣʝ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʟʘʨʘʞʝʥʠʷ ʠ 

ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʚ ʪʝʯʝʥʠʝ 24 ʤʝʩ. ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ (ʚ ʦʪʢʨʳʪʦʡ 

ʵʢʦʩʠʩʪʝʤʝ) ʠ ʚ ʫʩʣʦʚʠʷʭ ʟʘʢʨʳʪʦʛʦ ʧʦʤʝʱʝʥʠʷ (ʚ ʣʘʙʦʨʘʪʦʨʠʠ).  

ʄʝʪʦʜʦʤ ʈʕʄ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʩʣʝ ʙʠʦʟʘʨʘʞʝʥʠʷ ʠ 

ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʦʪʢʨʳʪʦʡ ʵʢʦʩʠʩʪʝʤʳ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʦʙʨʘʟʮʘ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʜʚʫʤʷ ʦʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ: ʥʘʪʨʠʝʤ (Na) ʠ 

ʭʣʦʨʦʤ (Cl), ʛʜʝ: ʚʝʩʦʚʦʡ % (NaK ï 30,01 %; ClK ï 69,99 %); ʘʪʦʤʥʳʡ % 

(NaK ï 39,80 %; ClK: 60,20 %). 

ɺʳʷʚʣʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʫʢʘʟʳʚʘʝʪ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʧʨʝʦʙʣʘʜʘʥʠʝ ʭʣʦʨʘ ʥʘʜ ʥʘʪʨʠʝʤ ʚ ʩʦʩʪʘʚʝ ʙʘʟʘʣʴʪʦʧʣʘʩʪʠʢʘ, ʯʪʦ ʤʦʞʝʪ 

ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʧʨʦʮʝʩʩʘʤʠ, ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʠʣʠ ʚ ʫʩʣʦʚʠʷʭ ʦʪʢʨʳʪʦʡ 

ʵʢʦʩʠʩʪʝʤʳ. ɹʠʦʟʘʨʘʞʝʥʠʝ, ʚʝʨʦʷʪʥʦ, ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʠʟʤʝʥʝʥʠʶ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʤʘʪʝʨʠʘʣʘ. ʋʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨʘ ʤʦʞʝʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʪʦʤ, ʯʪʦ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʢʦʥʪʘʢʪʝ ʩ 




























































































































































































































