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ɺ ʥʦʤʝʨʝ: 
 

V ɺ ʥʦʤʝʨʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʪʘʪʴʠ ʧʦ ʜʦʢʣʘʜʘʤ XI ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʷ 
çʕʢʦʣʦʛʠʷ ʠ ʮʠʬʨʦʚʳʝ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʘʛʨʦʪʝʭʥʦʣʦʛʠʠ: ʧʨʦʙʣʝʤʳ ʠ ʨʝʰʝʥʠʷè; 
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V ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʙʣʫʯʘʪʝʣʴʥʳʭ 
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ʨʘʩʪʝʥʠʷʤʠ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʘʛʨʝʛʘʪʦʚ; 

V ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʙʠʦʣʦʛʠʟʘʮʠʠ, ʚʝʜʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
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ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʨʝʰʝʥʠʷ ʧʦ ʝʝ ʩʥʠʞʝʥʠʶ. 
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ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ ʩʭʝʤʘ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 
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Currently, the concepts of energy saving and energy efficiency have many interpretations since in 

different sectors of the national economy different requirements and standards associated with energy 

efficiency are applied to machines, technologies and devices. There are also many energy efficiency 

indicators as those pointing to the implementation of energy saving measures. This study was an attempt to 

develop a conceptual scheme of the main energy efficiency indicators in agricultural production. These 

indicators were taken from literature sources, reference materials and the energy audit results of the farms in 

Leningrad Region. In the most general form, they are presented in three blocks: non-standardized indicators 

of energy efficiency of products, indicators of energy efficiency of production processes, and indicators of 

energy saving measures implementation. All indicators are interrelated, but each indicator can have a certain 

impact on the energy efficiency. For the ease of practical use, the main indicators are presented in the form 

of a conceptual scheme. The main blocks of the conceptual scheme that affect the energy efficiency are 

highlighted: the classification of indicators, energy saving, as a controlling action on energy efficiency, the 

use of indicators and key indicators. The proposed conceptual scheme allows for a comprehensive 

assessment of the energy characteristics of agricultural technologies and the selection of the best 

technologies in terms of energy saving and high energy efficiency. 
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ɺʚʝʜʝʥʠʝ  

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ 

ʩʧʨʘʚʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʚʦʧʨʦʩʘʤʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʝʤ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘʥʠʤʘʶʪʩʷ 

ʤʥʦʞʝʩʪʚʦ ʩʦʪʨʫʜʥʠʢʦʚ ʨʘʟʣʠʯʥʳʭ 

ʫʯʨʝʞʜʝʥʠʡ. ʈʘʟʨʘʙʦʪʘʥʳ ʩʪʘʥʜʘʨʪʳ, 

ɻʆʉʊʓ [1,2,3], ʠʟʜʘʥʳ ʜʝʩʷʪʢʠ ʢʥʠʛ ʠ ʩʦʪʥʠ 

ʩʪʘʪʝʡ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʝʪ ʠ ʤʥʦʞʝʩʪʚʦ 

ʪʦʣʢʦʚʘʥʠʡ ʵʪʠʭ ʧʦʥʷʪʠʡ[4,5,6,7,8] . ʕʪʦ 

ʩʚʷʟʘʥʦ ʚ ʦʩʥʦʚʥʦʤ ʩ ʪʝʤ, ʯʪʦ ʥʘ ʤʘʰʠʥʳ, 

ʪʝʭʥʦʣʦʛʠʠ, ʧʨʠʙʦʨʳ ʚ ʨʘʟʥʳʭ ʦʪʨʘʩʣʷʭ 

ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʠ ʩʪʘʥʜʘʨʪʳ ʧʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʇʦʢʘʟʘʪʝʣʝʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʢʘʢ ʠʥʜʠʢʘʪʦʨʦʚ ʨʝʘʣʠʟʘʮʠʠ 

ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʶ, 

ʩʫʱʝʩʪʚʫʝʪ ʪʘʢ ʞʝ ʤʥʦʞʝʩʪʚʦ[9,10,11,12,13]. 

ɺ ʩʘʤʦʤ ʦʙʱʝʤ ʧʦʥʷʪʠʠ ʠʭ ʤʦʞʥʦ 

ʦʙʲʝʜʠʥʠʪʴ ʚ ʪʨʠ ʙʣʦʢʘ (ʨʠʩ.1). 
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ʈʠʩ.1. ʊʨʠ ʙʣʦʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï ʧʦʧʳʪʢʘ  

ʨʘʟʨʘʙʦʪʢʠ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʩʭʝʤʳ ʦʩʥʦʚʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʇʦʢʘʟʘʪʝʣʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ  ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ 

ʠʩʪʦʯʥʠʢʘʤ[14,15,16.17], ʩʧʨʘʚʦʯʥʳʤ 

ʤʘʪʝʨʠʘʣʘʤ ʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʦʙʩʣʝʜʦʚʘʥʠʡ ʭʦʟʷʡʩʪʚ ʃʝʥʠʥʛʨʘʜʩʢʦʡ 

ʦʙʣʘʩʪʠ [18,19,20]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʘʙʦʪʘʣʠ 

ʢʦʥʮʝʧʪʫʘʣʴʥʫʶ ʩʭʝʤʫ ʦʩʥʦʚʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ. çʂʦʥʮʝʧʪʫʘӢʣɹʥʘ̫ ʩʭʝӢʤʘ ð 

ʩʠʩʪʝʤʘ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʦ ʦʧʨʝʜʝʣʝʥʥʳʤ 

ʧʨʘʚʠʣʘʤ ʧʦʥʷʪʠʡ (ʘ ʥʝ ʝʜʠʥʠʯʥʦʝ ʧʦʥʷʪʠʝ) 

ʠ ʢʦʥʮʝʧʮʠʡè[21]. ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ 

ʦʧʨʝʜʝʣʠʣʠ ʦʩʥʦʚʥʳʝ ʙʣʦʢʠ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ 

ʩʭʝʤʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ: ʢʣʘʩʩʠʬʠʢʘʮʠʷ 

ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ, ʢʘʢ 

ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ  

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʦʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʕʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ ʵʪʦ ʨʘʮʠʦʥʘʣʴʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʨʝʩʫʨʩʦʚ (ʊʕʈ) ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʩ ʮʝʣʴʶ 

ʧʦʣʫʯʝʥʠʷ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩʝʣʴʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ 

ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʶ 

ʦʮʝʥʠʚʘʶʪʩʷ ʧʦʢʘʟʘʪʝʣʷʤʠ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ[22]. ɺʳʧʦʣʥʝʥʠʝ 

ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʩʥʠʞʝʥʠʶ ʵʥʝʨʛʦʝʤʢʦʩʪʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʵʢʦʥʦʤʠʠ  

ʊʕʈ ʠ ʩʦʢʨʘʱʝʥʠʝ ʧʦʪʝʨʴ ʧʨʠ ʧʝʨʝʜʘʯʝ 

ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ ʫʧʨʘʚʣʷʶʱʠʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʚʝʣʠʯʠʥʳ ʧʦʢʘʟʘʪʝʣʝʡ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ[23,24].ɺʳʙʦʨ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ 

ʫʯʝʪʦʤ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ, ʢʦʪʦʨʦʝ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʩʥʦʚʥʳʤʠ ʵʥʝʨʛʝ-

ʪʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʵʥʝʨʛʦʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ[25,26].  

ʇʦʢʘʟʘʪʝʣʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ 

ʧʦ ʚʠʜʫ ʚʳʧʫʩʢʘʝʤʦʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ (ʤʦʣʦʢʦ, ʤʷʩʦ, ʟʝʨʥʦ, ʦʚʦʱʠ ʪ.ʜ.), 

ʧʦ ʚʠʜʫ ʵʥʝʨʛʠʠ (ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ, ʪʝʧʣʦʚʘʷ 

ʵʥʝʨʛʠʷ), ʧʦ ʚʠʜʫ ʪʦʧʣʠʚʘ (ʤʦʪʦʨʥʦʝ, 

ʪʚʝʨʜʦʝ, ʞʠʜʢʦʝ, ʛʘʟ, ʜʨʦʚʘ ʠ ʪ.ʧ.) ʧʦ ʤʝʪʦʜʫ 

ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ (ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ, 

ʨʘʩʯʝʪʥʳʡ, ʩʤʝʰʘʥʥʳʡ), ʧʦ ʦʙʣʘʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ (ʧʨʦʛʥʦʟ, ʧʣʘʥ, ʬʘʢʪ) (ʨʠʩ.2). 
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ʈʠʩ.2. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

 

ʇʦʢʘʟʘʪʝʣʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ (ʨʠʩ.3) ʠʩʧʦʣʴʟʫʶʪ ʧʨʠ: 

- ʨʘʟʨʘʙʦʪʢʝ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʶ, ʪʘʢ ʚ ʵʥʝʨʛʦʧʘʩʧʦʨʪʘʭ 

ʦʙʦʟʥʘʯʘʶʪ ʤʘʣʦʟʘʪʨʘʪʥʳʝ, ʩʨʝʜʥʝʟʘʪʨʘʪʥʳʝ 

ʠ ʜʦʣʛʦʩʨʦʯʥʳʝ, ʢʨʫʧʥʦʟʘʪʨʘʪʥʳʝ 

ʤʝʨʦʧʨʠʷʪʠʷ ʨʝʢʦʤʝʥʜʫʝʤʳʝ ʢ ʨʝʘʣʠʟʘʮʠʠ ʚ 

ʙʣʠʞʘʡʰʠʝ ʧʷʪʴ  ʣʝʪ (ʧʨʠ ʵʪʦʤ ʦʧʨʝʜʝʣʷʶʪ 

ʟʘʪʨʘʪʳ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʤʝʨʦʧʨʠʷʪʠʡ, 

ʛʦʜʦʚʫʶ ʵʢʦʥʦʤʠʶ ʪʦʧʣʠʚʥʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ (ʊʕʈ); 

- ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʥʦʟʘ ʠ ʧʣʘʥʠʨʦʚʘʥʠʠ  

ʚʥʝʜʨʝʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ  

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʶ (ʚ ʵʥʝʨʛʦʧʘʩʧʦʨʪʘʭ 

ʧʨʦʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʧʨʦʛʥʦʟʘ ʧʦ ʧʦʚʳʰʝʥʠʶ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʩ 

ʫʯʝʪʦʤ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ; 

- ʧʨʦʨʘʙʦʪʢʝ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʦʪʯʝʪʥʦʩʪʠ ʧʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ  ʊʕʈ; 

- ʧʨʦʚʝʜʝʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʦʙʩʣʝʜʦʚʘʥʠʡ 

(ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʘʫʜʠʪʘ) ʩʝʣʴʩʢʦʭʦ-

ʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ.  
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ʈʠʩ.3. ʆʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

 

ʕʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʦʜʫʢʮʠʠ ʩʝʣʴʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘ ʤʦʞʝʪ ʠʤʝʪʴ ʘʙʩʦʣʶʪʥʳʝ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. ɸʙʩʦʣʶʪʥʳʝ 

ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ï ʟʘʪʨʘʪʳ ʪʦʧʣʠʚʘ ʠ 

ʵʥʝʨʛʠʠ ʥʘ ʦʩʥʦʚʥʳʝ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ 

ʧʨʦʮʝʩʩʳ ʧʦʣʫʯʝʥʠʷ  ʝʜʠʥʠʮʳ ʧʨʦʜʫʢʮʠʠ. 

ʅʘʧʨʠʤʝʨ ʥʘ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʤʦʣʦʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ 

ʦʩʥʦʚʥʘʷ ʧʨʦʜʫʢʮʠʷ ʤʦʣʦʢʦ, ʦʜʥʘʢʦ ʟʘʪʨʘʪʳ 

ʥʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʫʶ ʧʨʦʜʫʢʮʠʶ (ʢʦʨʤʘ, 

ʟʝʨʥʦ, ʦʚʦʱʠ ʠ ʪ.ʧ.) ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ( ʤʘʩʪʝʨʩʢʠʝ, ʛʘʨʘʞʠ ʠ ʪ.ʧ.) 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʠ ʜʦʩʪʠʛʘʶʪ 30-40%.  

ʋʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ 

ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ -  ʦʪʥʦʰʝʥʠʝ ʘʙʩʦʣʶʪʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʦʝʤʢʦʩʪʠ  ʧʨʦʜʫʢʮʠʠ ʢ 

ʦʜʥʦʤʫ ʠʟ ʧʦʢʘʟʘʪʝʣʝʡ, ʦʪʨʘʞʘʶʱʠʭ 

ʦʩʥʦʚʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ 

ʠʟʜʝʣʠʷ. ʂʨʦʤʝ ʪʦʛʦ ʵʥʝʨʛʦʝʤʢʦʩʪʴ 

ʦʧʨʝʜʝʣʷʝʪʩʷ, ʢʘʢ ʧʦ ʦʪʜʝʣʴʥʳʤ 
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ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ, ʪʘʢ ʩʫʤʤʘʨʥʘʷ 

ʧʦ ʭʦʟʷʡʩʪʚʫ ʠ ʚʠʜʘʤ ʊʕʈ.  ʇʦʵʪʦʤʫ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠ ʨʘʩʯʝʪʝ ʠ ʧʣʘʥʠʨʦʚʘʥʠʶ 

ʚʝʣʠʯʠʥʳ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʦʧʨʝʜʝʣʷʪʴ ʢʘʢ 

ʦʪʥʦʰʝʥʠʝ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ ʚ ʪʦʥʥʘʭ 

ʫʩʣʦʚʥʦʛʦ ʪʦʧʣʠʚʘ (ʪ.ʫ.ʪ.) ʢ ʢʦʣʠʯʝʩʪʚʫ 

ʧʨʦʠʟʚʝʜʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʕʢʦʥʦʤʠʯʥʦʩʪʴ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ 

ʦʧʨʝʜʝʣʷʶʪ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ, 

ʟʘʪʨʘʯʝʥʥʦʝ ʥʘ ʚʳʧʦʣʥʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʚ ʝʜʠʥʠʮʫ 

ʚʨʝʤʝʥʠ. 

ʅʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʪʯʠʢʘ 

ʜʚʠʞʝʥʠʷ  ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʩʠʩʪʝʤʦʡ 

ʦʩʚʝʱʝʥʠʷ ʜʘʝʪ ʵʢʦʥʦʤʠʶ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʦʪ 50% ʜʦ 70% ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʤ, ʯʪʦ ʩʚʝʪʠʣʴʥʠʢ ʚʢʣʶʯʘʝʪʩʷ 

ʚʳʢʣʶʯʘʪʝʣʝʤ ʙʝʟʢʦʥʪʨʦʣʴʥʦ. ɺ ʫʣʠʯʥʦʤ 

ʦʩʚʝʱʝʥʠʠ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʥʳʝ ʨʝʞʠʤʳ 

ʛʦʨʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʩʫʪʦʢ. ʊʘʢ 

ʚ ʩʚʝʪʠʣʴʥʠʢʝ ʚʦʟʤʦʞʥʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ 

ʚʢʣʶʯʝʥʠʝ ʦʜʥʦʡ, ʜʚʫʭ ʠ ʪʨʝʭ ʣʘʤʧ. 

ʕʢʦʥʦʤʠʷ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʦʡ ʩʭʝʤʳ 

ʧʦʜʢʣʶʯʝʥʠʷ 10-15%. ʇʦʜʦʛʨʝʚ ʚʦʜʳ ʥʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʥʫʞʜʳ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ 

ʬʝʨʤ ʧʨʦʠʟʚʦʜʠʪʴ ʪʦʣʴʢʦ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ ʩ 

23-00 ʜ 7-00. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʢʢʫʤʫʣʷʪʦʨʳ ʪʝʧʣʘ. ʕʢʦʥʦʤʠʷ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 15-20%. 

ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʝʨʝʜʘʯʠ  ʊʕʈ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʝʣʠʯʠʥʦʡ 

ʧʦʪʝʨʴ. ʇʦʪʝʨʠ  ʧʨʠ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʙʳʚʘʶʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ 

ʥʝʨʘʮʠʦʥʘʣʴʥʳʝ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʦʩʪʦʷʪ 

ʠʟ ʫʩʣʦʚʥʦ-ʧʦʩʪʦʷʥʥʳʭ; ʥʘʛʨʫʟʦʯʥʳʭ; 

ʧʦʪʝʨʴ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʧʦʛʨʝʰʥʦʩʪʷʤʠ 

ʧʨʠʙʦʨʦʚ ʫʯʝʪʘ. ʉʥʠʞʝʥʠʝ ʥʝʨʘʮʠʦʥʘʣʴʥʳʭ 

ʧʦʪʝʨʴ ʚʦʟʤʦʞʥʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʨʝʢʦʤʝʥʜʘʮʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʦʙʩʣʝʜʦʚʘʥʠʷ. ʉʥʠʞʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʦʪʝʨʴ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʙʦʨʦʚ ʫʯʝʪʘ 

ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʢʣʘʩʩʦʤ ʪʦʯʥʦʩʪʠ, 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʭʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. 

ʇʦʪʝʨʠ ʧʨʠ ʧʝʨʝʜʘʯʝ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ 

ʜʝʣʷʪʩʷ ʥʘ ʩʝʪʝʚʳʝ ʠ ʥʝʨʘʮʠʦʥʘʣʴʥʳʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʚ ʩʠʩʪʝʤʘʭ 

ʦʪʦʧʣʝʥʠʷ, ʚʝʥʪʠʣʷʮʠʠ, ʛʦʨʷʯʝʛʦ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ.  ʉʥʠʞʝʥʠʝ ʵʪʠʭ ʧʦʪʝʨʴ 

ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʝʪ ʚʥʝʜʨʝʥʠʷ ʨʝʢʦʤʝʥʜʘʮʠʡ 

ʧʦ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʶ, ʦʪʨʘʞʝʥʥʳʭ ʚ 

ʵʥʝʨʛʦʧʘʩʧʦʨʪʘʭ. ʇʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʟʘʚʠʩʷʪ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ: ʜʣʠʥʳ ʣʠʥʠʡ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ, ʢʣʘʩʩʘ ʥʘʧʨʷʞʝʥʠʷ (0,4ʢɺ, 

10-110ʢʚ), ʩʝʯʝʥʠʷ ʧʨʦʚʦʜʦʚ, ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʥʘʛʨʫʟʢʠ ʧʨʠ ʧʝʨʝʜʘʯʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ; ʜʣʠʥʳ ʠ ʩʝʯʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʘ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʛʦ ʠʟʦʣʷʮʠʠ ʧʨʠ ʧʝʨʝʜʘʯʝ 

ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ.  

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʧʦʢʘʟʘʪʝʣʠ 

ʚʟʘʠʤʦʩʚʷʟʘʥʳ, ʥʦ ʢʘʞʜʳʡ ʧʦʢʘʟʘʪʝʣʴ ʤʦʞʝʪ 

ʦʢʘʟʳʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʦʝ  ʚʣʠʷʥʠʝ ʥʘ 

ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ɼʣʷ 

ʫʜʦʙʩʪʚʘ ʧʨʘʢʪʠʯʝʩʢʦʛʦ  ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʦʩʥʦʚʥʳʝ  ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ  

ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʩʭʝʤʳ ʦʩʥʦʚʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ (ʨʠʩ. 4). 

ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʩʭʝʤʘ ʩʦʩʪʦʠʪ ʠʟ 

ʦʩʥʦʚʥʳʭ ʙʣʦʢʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ 

ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʦʙʩʣʝʜʦʚʘʥʠʡ 

ʩʝʣʴʭʦʟʧʨʝʜʧʨʠʷʪʠʡ[18,19,20] ʢʦʥʮʝʧ-

ʪʫʘʣʴʥʘʷ ʩʭʝʤʘ ʜʦʧʦʣʥʝʥʘ ʙʣʦʢʘʤʠ ʤʝʪʦʜʦʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʧʨʘʢʪʠʢʝ ʧʦʢʘʟʘʪʝʣʝʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 
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ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʘʥʘʣʠʟʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʦʙʩʣʝʜʦʚʘʥʠʡ. ɺʩʶ 

ʩʠʩʪʝʤʫ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʷ ʨʘʟʜʝʣʠʣʠ ʥʘ ʩʭʝʤʳ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. ʀʩʢʦʤʳʡ 

ʢʨʠʪʝʨʠʡ ʦʮʝʥʢʠ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʪʝʭʥʦʣʦʛʠʡ ʧʦʪʨʝʙʣʝʥʠʷ 

ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʥʝʨʛʦʵʢʦʣʦʛʠʯʥʦʩʪʠ ʧʨʠ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʠ. ʕʢʦʣʦʛʠʯʝʩʢʘʷ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. ʂʦʣʠʯʝʩʪʚʦ 

ʚʳʙʨʦʩʦʚ ʨʝʛʫʣʠʨʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʦʧʪʠʤʘʣʴʥʳʤ ʧʦʜʙʦʨʦʤ ʠʩʪʦʯʥʠʢʘ ʛʝʥʝʨʘʮʠʠ ʧʨʠ 

ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʤ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʠ, ʥʦ ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʧʦʪʨʝʙʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʵʥʝʨʛʠʠ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʪ.ʝ. ʥʘʠʤʝʥʴʰʠʤ ʟʥʘʯʝʥʠʝʤ ʢʨʠʪʝʨʠʷ ʦʮʝʥʢʠ ʪʝʭʥʦʣʦʛʠʡ ʧʦʪʨʝʙʣʝʥʠʷ 

ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʢʨʠʪʝʨʠʡ ʦʮʝʥʢʠ, ʵʥʝʨʛʦʵʢʦʣʦʛʠʯʥʦʩʪʴ, 

ʚʳʙʨʦʩʳ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. 

 

ɼʣʷ ʮʠʪʠʨʦʚʘʥʠʷ: ʊʠʤʦʬʝʝʚ ɽ.ɺ., ʕʨʢ ɸ.ʌ., ʉʫʜʘʯʝʥʢʦ ɺ.ʅ., ʈʘʟʤʫʢ ɺ.ɸ. ʂʨʠʪʝʨʠʡ ʦʮʝʥʢʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʤʧʣʝʢʩʦʚ ʤʘʰʠʥ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ // ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ. 2019. ̄  2(99). ʉ.16-25 
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All enterprises, both large and small, tend to boost the production while reducing the self- cost. In recent 

years, increasing attention is paid to improve the production capacity and environmental compliance.  Any 

technology and relevant machines and equipment are estimated by their energy efficiency. With this end in 

view, numerous indicators and criteria are applied. However, a single, uniform assessment criterion is 

currently missing. The objective of this work was to analyze the energy supply patterns of agricultural 

enterprises in order to obtain such criterion for assessing the energy efficiency of agricultural technologies, 

which would ensure environmental safety and sustainability throughout the work. The initial data for the 

analysis were obtained from the results of energy surveys. The entire energy supply system was divided into 

the power supply and energy consumption patterns. The sought for criterion may be presented as a set of 

assessment criteria of the energy consumption technologies and the coefficient of energy and ecological 

compatibility in the energy supply process. The environmental safety is ensured by lower pollutant 

emissions. The amount of emissions is regulated not only by the optimal selection of the generation source 

under the decentralized energy supply, but also by the reduction of the required energy consumption under a 

certain technology, i.e. the lowest value of the assessment criterion of the energy consumption technologies. 

 

Key words: energy efficiency, assessment criterion, energy and ecological compatibility, pollutant 

emission. 
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ɺʚʝʜʝʥʠʝ 

ɺʩʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʢʘʢ ʢʨʫʧʥʳʝ 

ʭʦʟʷʡʩʪʚʘ, ʪʘʢ ʠ ʤʝʣʢʠʝ, ʩʪʨʝʤʷʪʩʷ 

ʫʚʝʣʠʯʠʪʴ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʦʜʫʢʮʠʠ ʧʨʠ 

ʩʥʠʞʝʥʠʠ ʝʸ ʩʝʙʝʩʪʦʠʤʦʩʪʠ [1,2]. ɺ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ 

ʫʜʝʣʷʝʪʩʷ, ʧʨʠ ʧʦʚʳʰʝʥʠʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ, ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺʦʧʨʦʩʳ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʨʠʤʝʥʝʥʠʶ  

ʥʦʚʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʤʧʣʝʢʩʦʚ 

ʤʘʰʠʥ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺʳʙʦʨ ʪʝʭʥʦʣʦʛʠʡ 

ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ ʠ ʨʘʟʣʠʯʥʳʭ 

ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ, ʚʭʦʜʷʱʠʭ ʚ ʥʠʭ ʤʘʰʠʥ ʠ 

ʤʝʭʘʥʠʟʤʦʚ. ʃʶʙʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʚʭʦʜʷʱʠʝ ʚ 

ʥʠʭ ʤʘʰʠʥʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʦʮʝʥʠʚʘʶʪʩʷ  

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠʭ 

ʨʘʙʦʪʳ[3,4]. ʆʧʨʝʜʝʣʝʥʳ ʤʥʦʞʝʩʪʚʦ 

ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ [5,6,7].  

ɺʦʧʨʦʩʘʤʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʠ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʪʘʢʞʝ ʵʢʦʣʦʛʠʯʝʩʢʫʶ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʚʦʜʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʫʯʝʥʳʝ ʂʅʈ, ɽʚʨʦʩʦʶʟʘ, ɹʨʘʟʠʣʠʠ[8,9,10] ʠ 

ʜʨ. ʆʙʦʩʥʦʚʘʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ ʘʢʪʠʚʥʦ ʟʘʥʠʤʘʶʪʩʷ ʚ ɽʚʨʦʩʦʶʟʝ 

[11, 12]. 



ISSN 0131-5226. ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʠ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʡ ʞʫʨʥʘʣ. 

 ʀɸʕʇ. 19 ɺʳʧ. 2(99) 

18 

 

ɽʜʠʥʦʛʦ ʢʨʠʪʝʨʠʷ ʦʮʝʥʢʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʡ, 

ʢʦʤʧʣʝʢʩʦʚ ʤʘʰʠʥ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʦʧʨʝʜʝʣʝʥʦ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ 

ʩʭʝʤ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʷ ʩʝʣʴʩʢʦʭʦ-

ʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʩ ʮʝʣʴʶ 

ʧʦʣʫʯʝʥʠʷ ʢʨʠʪʝʨʠʷ ʦʮʝʥʢʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʡ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʵʢʦʣʦʛʠʯʝʩʢʫʶ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʝ ʩʦʩʪʦʷʥʠʝ 

ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʨʘʙʦʪ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʘʥʘʣʠʟʘ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʤʘʰʠʥ ʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʣʫʯʠʣʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʦʙʩʣʝʜʦʚʘʥʠʡ [13]. ɺʩʶ 

ʩʠʩʪʝʤʫ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʷ ʨʘʟʜʝʣʠʣʠ ʥʘ 

ʩʭʝʤʳ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʠ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ.  

 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚ 

ʢʘʯʝʩʪʚʝ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʚ ʦʩʥʦʚʥʦʤ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ, ʪʝʧʣʦʚʘʷ 

ʵʥʝʨʛʠʷ ʠ ʤʦʪʦʨʥʦʝ ʪʦʧʣʠʚʦ [14]. ʇʨʠ 

ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʤ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʧʦʣʫʯʘʶʪ ʦʪ: ʜʠʟʝʣʴʥʳʭ, 

ʩʦʣʥʝʯʥʳʭ, ʚʝʪʨʦ- ʠ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʡ; 

ʛʘʟʦʪʫʨʙʠʥʥʳʭ, ʢʦʛʝʥʝʨʘʮʠʦʥʥʳʭ, 

ʙʠʦʛʘʟʦʚʳʭ ʫʩʪʘʥʦʚʦʢ [15,16] . ʕʪʠ 

ʠʩʪʦʯʥʠʢʠ ʛʝʥʝʨʘʮʠʠ ʨʘʙʦʪʘʶʪ ʥʘ ʞʠʜʢʦʤ, 

ʪʚʝʨʜʦʤ ʪʦʧʣʠʚʝ ʠ ʥʘ ʛʘʟʝ, ʚ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦʟʦʙʥʦʚʣʷʝʤʘʷ ʵʥʝʨʛʠʷ 

(ʨʠʩ.1). ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʪʝʣʴʥʳʝ ʥʘ ʞʠʜʢʦʤ, 

ʪʚʝʨʜʦʤ, ʛʘʟʦʦʙʨʘʟʥʦʤ ʪʦʧʣʠʚʝ ʠ ʙʠʦʪʦʧʣʠʚʝ  

(ʨʠʩ.2). ɺʩʝ ʵʪʠ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ 

ʚʳʜʝʣʷʶʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʚʳʙʨʦʩʦʚ, ʟʘʛʨʷʟʥʷʶʱʠʭ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ [17,18].  

ʂʨʠʪʝʨʠʡ ʦʮʝʥʢʠ ʪʝʭʥʦʣʦʛʠʡ, 

ʠʩʧʦʣʴʟʫʶʱʠʝ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ, 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1. 

 

 
 

ʈʠʩ.1. ʂʨʠʪʝʨʠʡ ʦʮʝʥʢʠ ʪʝʭʥʦʣʦʛʠʡ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʪʦʣʴʢʦ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ 
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ɺ ʣʶʙʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʩʚʝʱʝʥʠʷ, 

ʵʣʝʢʪʨʦʥʘʛʨʝʚʘ, ʧʠʪʘʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ, ʚ 

ʥʠʟʢʦʚʦʣʴʪʥʳʭ ʢʦʤʧʣʝʢʪʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ. 

ʆʮʝʥʢʫ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʤʘʰʠʥ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ 

ʩʘʤʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠʥʷʪʦ ʧʨʦʠʟʚʦʜʠʪʴ ʧʦ 

ʫʜʝʣʴʥʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ï ʵʥʝʨʛʦʝʤʢʦʩʪʴ (ʕ). 

ʏʝʤ ʥʠʞʝ ʵʥʝʨʛʦʝʤʢʦʩʪʴ, ʪʝʤ ʣʫʯʰʝ 

ʪʝʭʥʦʣʦʛʠʷ,  ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳ ʧʨʠʤʝʥʷʝʤʦʝ 

ʚ  ʥʝʡ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʤʘʰʠʥʳ ʧʦ 

ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʶ. 

̞                                                                 (1) 

ʛʜʝ ʕ ï ʵʥʝʨʛʦʝʤʢʦʩʪʴ, ʢɺʪ*ʯʘʩ/ ʪ; S -  

ʢʦʣʠʯʝʩʪʚʦ ʠʟʨʘʩʭʦʜʦʚʘʥʥʦʡ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʢɺʪ*ʯʘʩ; V ï ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʦʠʟʚʝʜʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʪʦʥʥ. 

ʂʨʠʪʝʨʠʡ ʦʮʝʥʢʠ ʪʝʭʥʦʣʦʛʠʡ, ʚ ʢʦʪʦʨʳʭ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ, 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ.2 

 

 
ʈʠʩ.2. ʂʨʠʪʝʨʠʡ ʦʮʝʥʢʠ ʪʝʭʥʦʣʦʛʠʡ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʪʦʣʴʢʦ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ 

 

ʊʝʧʣʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʛʦʨʷʯʝʛʦ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʦʪʦʧʣʝʥʠʷ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʥʫʞʜ. ʆʮʝʥʢʫ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʘʰʠʥ ʠ 

ʦʙʦʨʫʜʦʚʘʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʩʘʤʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʧʨʠʥʷʪʦ ʧʨʦʠʟʚʦʜʠʪʴ ʪʘʢ ʞʝ ʧʦ 

ʫʜʝʣʴʥʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ï ʵʥʝʨʛʦʝʤʢʦʩʪʴ (ʕ). 

ʏʝʤ ʥʠʞʝ ʵʥʝʨʛʦʝʤʢʦʩʪʴ, ʪʝʤ ʣʫʯʰʝ 

ʪʝʭʥʦʣʦʛʠʷ, ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳ 

ʧʨʠʤʝʥʷʝʤʦʝ ʚ  ʥʝʡ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʤʘʰʠʥʳ 

ʧʦ ʪʝʧʣʫ. 

̞                                                                 (2) 

ʛʜʝ Q ï ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʨʝʙʣʝʥʥʦʛʦ ʪʝʧʣʘ, 

ʢʢʘʣ. 

ʂʨʠʪʝʨʠʡ ʦʮʝʥʢʠ ʪʝʭʥʦʣʦʛʠʡ 

ʠʩʧʦʣʴʟʫʶʱʠʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ 

ʦʮʝʥʠʚʘʝʤ ʧʦ ʧʦʪʨʝʙʣʝʥʠʶ ʤʦʪʦʨʥʦʛʦ 

ʪʦʧʣʠʚʘ (ʨʠʩ.3). 
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ʈʠʩ. 3. ʂʨʠʪʝʨʠʡ ʦʮʝʥʢʠ ʪʝʭʥʦʣʦʛʠʡ ʠʩʧʦʣʴʟʫʶʱʠʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ (ʧʦ ʧʦʪʨʝʙʣʝʥʠʶ 

ʤʦʪʦʨʥʦʛʦ ʪʦʧʣʠʚʘ) 

 

ɸʥʘʣʦʛʠʯʥʦ, ʯʝʤ ʤʝʥʴʰʝ ʨʘʩʭʦʜ 

ʪʦʧʣʠʚʘ, ʪʝʤ ʣʫʯʰʝ ʪʝʭʥʦʣʦʛʠʷ, ʧʨʠ 

ʦʜʠʥʘʢʦʚʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʙʦʣʝʝ 

ʩʦʚʝʨʰʝʥʥʳ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ  ʥʝʡ  ʤʘʰʠʥʳ 

ʧʦ ʨʘʩʭʦʜʫ ʪʦʧʣʠʚʘ, ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʘ ʩʭʝʤʘ 

ʣʦʛʠʩʪʠʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʲʝʜʠʥʷʷ ʧʦʪʨʝʙʠʪʝʣʝʡ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʪʝʧʣʘ ʠ ʤʦʪʦʨʥʦʛʦ ʪʦʧʣʠʚʘ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʦʙʱʠʡ ʢʨʠʪʝʨʠʡ ʦʮʝʥʢʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʡ 

ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʵʢʦʣʦʛʠʯʝʩʢʫʶ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʝ ʩʦʩʪʦʷʥʠʝ 

ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʨʘʙʦʪ. 

ʂɻ
В Ͻ̠̉̒Ͻ̐ Ͻ̠̞̌В╠Ͻ̠̉̒̐Ͻ̠̓̓В ̓̏̌Ͻ̠̌̉̒̐̍̓    (3) 

ʛʜʝ ʂɻ  -  ʢʨʠʪʝʨʠʡ ʦʮʝʥʢʠ ʪʝʭʥʦʣʦʛʠʡ 

ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ;  Ὓ  - ɺʝʣʠʯʠʥʘ 

ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ;, ʢɺʪ-ʯ; 

˗̉ ̒̐ - ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʘʩ; ˗̞  ̌ - ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʝʨʝʚʦʜʘ ʪʫʪ ʚ ʢɺʪ-ʯ; ╠ ï ʚʝʣʠʯʠʥʘ 

ʧʦʪʨʝʙʣʝʥʠʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ; ˗̉ ̒̐̓ - 

ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʯʘʩ; ˗̓ - ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʚʦʜʘ ʢʢʘʣ ʚ ʪʫʪ; 

ὖ̓̏̌̌ - ʚʝʣʠʯʠʥʘ ʧʦʪʨʝʙʣʝʥʠʷ ʤʦʪʦʨʥʦʛʦ 

ʪʦʧʣʠʚʘ, ʪʦʥʥ; ˗̉ ̒̐ - ʢʦʵʬʬʠʮʠʝʥʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʘʩ; ˗̞  ̌ - 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʚʦʜʘ ʪʫʪ ʚ ʢɺʪ-ʯ; ὠ ï 

ʦʙʲʝʤ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ 

ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. 

ʂʦʣʠʯʝʩʪʚʦ ʚʳʙʨʦʩʦʚ ʨʝʛʫʣʠʨʫʝʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʦʧʪʠʤʘʣʴʥʳʤ ʧʦʜʙʦʨʦʤ ʠʩʪʦʯʥʠʢʘ 

ʛʝʥʝʨʘʮʠʠ ʧʨʠ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʤ 

ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʠ, ʥʦ ʠ ʫʤʝʥʴʰʝʥʠʝʤ 

ʧʦʪʨʝʙʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʵʥʝʨʛʠʠ, ʪ.ʝ. 

ʥʘʠʤʝʥʴʰʠʤ ʟʥʘʯʝʥʠʝʤ ʢʨʠʪʝʨʠʷ ʦʮʝʥʢʠ 

ʪʝʭʥʦʣʦʛʠʡ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ. 

ɺ ʦʙʱʝʤ ʚʠʜʝ ʢʨʠʪʝʨʠʡ ʦʮʝʥʢʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʡ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʵʢʦʣʦʛʠʯʝʩʢʫʶ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʝ ʩʦʩʪʦʷʥʠʝ 

ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʨʘʙʦʪ 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʠ ʂʵ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʥʝʨʛʦʵʢʦʣʦʛʠʯʥʦʩʪʠ [25,26] 

(ʨʠʩ.4) 

ʇʦʪʨʝʙʣʝʥʠʝ ʪʦʧʣʠʚʘ

¶ ɹʝʥʟʠʥ

¶ ɼʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ

¶ ɾʠʜʢʦʝ ʪʦʧʣʠʚʦ

ʇʦʪʨʝʙʠʪʝʣʠ

¶ ʊʨʘʢʪʦʨʘ

¶ ɸʚʪʦʤʦʙʠʣʠ

¶ ʩ.-ʭ. ʪʝʭʥʠʢʘ ʠ 

ʦʙʦʨʫʜʦʚʘʥʠʝ

ʂʨʠʪʝʨʠʡ 

ʦʮʝʥʢʠ 

ʪʝʭʥʦʣʦʛʠʡ

ɺʳʙʨʦʩʳ

ʕmin



          ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

          ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 

21 

 

 
ʈʠʩ.4. ʂʨʠʪʝʨʠʠ ʦʮʝʥʢʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʝ 

ʩʦʩʪʦʷʥʠʝ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʨʘʙʦʪ 

 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʘʣʛʦʨʠʪʤ ʦʮʝʥʢʠ 

ʪʝʭʥʦʣʦʛʠʡ, ʢʦʤʧʣʝʢʩʦʚ ʤʘʰʠʥ ʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʝ 

ʩʦʩʪʦʷʥʠʝ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʳ (ʨʠʩ.5) 

 

 

 
ʈʠʩ.5. ɸʣʛʦʨʠʪʤ ʦʮʝʥʢʠ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʤʧʣʝʢʩʦʚ ʤʘʰʠʥ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʣʛʦʨʠʪʤʦʤ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʪʨʝʙʠʪʝʣʴ ʪʦʧʣʠʚʥʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ, ʟʘʪʝʤ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʠʜ ʨʝʩʫʨʩʘ ʠ ʝʛʦ ʢʦʣʠʯʝʩʪʚʦ (ʪʝʧʣʦ, 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ, ʤʦʪʦʨʥʦʝ ʪʦʧʣʠʚʦ). 

ɺʳʙʠʨʘʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʡ ʠʩʪʦʯʥʠʢ  

ʛʝʥʝʨʘʮʠʠ ʠ ʚʠʜ ʪʦʧʣʠʚʘ. ʆʧʪʠʤʠʟʘʮʠʷ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ ʢʨʠʪʝʨʠʶ 

ʩ ʫʯʝʪʦʤ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ (ʤʠʥʠʤʘʣʴʥʳʝ 

ʚʳʙʨʦʩʳ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ). 

ɺʳʙʠʨʘʝʪʩʷ ʦʧʪʠʤʘʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʠ ʥʘʙʦʨ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʨʘʙʦʪ. 

ʕʢʦʥʦʤʠʷ ʊʕʈ ʧʨʠ ʚʳʙʦʨʝ ʪʝʭʥʦʣʦʛʠʠ ʚʝʜʝʪ 

ʢ ʩʦʢʨʘʱʝʥʠʶ ʨʘʩʭʦʜʘ ʊʕʈ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʢ 

ʠʩʪʦʯʥʠʢʫ ʛʝʥʝʨʘʮʠʠ. ʇʨʠ ʵʪʦʤ 

ʩʦʢʨʘʱʘʶʪʩʷ ʚʳʙʨʦʩʳ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫ, ʠ ʧʦʚʳʰʘʝʪʩʷ 

ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. 

ɺʳʚʦʜʳ 

ʂʨʠʪʝʨʠʡ ʦʮʝʥʢʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʡ, 
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ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʵʢʦʣʦʛʠʯʝʩʢʫʶ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʝ ʩʦʩʪʦʷʥʠʝ 

ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʨʘʙʦʪ 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ  ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʪʝʭʥʦʣʦʛʠʡ ʧʦʪʨʝʙʣʝʥʠʷ 

ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ  ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʵʥʝʨʛʦʵʢʦʣʦʛʠʯʥʦʩʪʠ ʧʨʠ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʠ. 

ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ 

ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. 

ʂʦʣʠʯʝʩʪʚʦ ʚʳʙʨʦʩʦʚ ʨʝʛʫʣʠʨʫʝʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʦʧʪʠʤʘʣʴʥʳʤ ʧʦʜʙʦʨʦʤ ʠʩʪʦʯʥʠʢʘ 

ʛʝʥʝʨʘʮʠʠ ʧʨʠ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʤ 

ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʠ, ʥʦ ʠ ʫʤʝʥʴʰʝʥʠʝʤ 

ʧʦʪʨʝʙʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʵʥʝʨʛʠʠ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʪ.ʝ. ʥʘʠʤʝʥʴʰʠʤ 

ʟʥʘʯʝʥʠʝʤ ʢʨʠʪʝʨʠʷ ʦʮʝʥʢʠ ʪʝʭʥʦʣʦʛʠʡ 

ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ. 
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ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʉʝʚʝʨʦ-ɿʘʧʘʜʘ ʈʌ. ʊʝʭʥʦʣʦʛʠʠ ʠ 

ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ . 2017. ˉ 91. ʉ.5-14. 

18. ʉʫʜʘʯʝʥʢʦ ɺ.ʅ., ʕʨʢ ɸ.ʌ., ʊʠʤʦʬʝʝʚ ɽ.ɺ. 

ʆʙʦʩʥʦʚʘʥʠʝ ʢʨʠʪʝʨʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʚʤʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 

ʵʥʝʨʛʦʠʩʪʦʯʥʠʢʦʚ,  ʊʝʭʥʦʣʦʛʠʠ ʠ 

ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ. 2017. ˉ 92. ʉ. 35-43. 
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ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ, ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʠʤʝʝʪ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʠʣʠ 

ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʢʘʯʝʩʪʚʦ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ɼʘʥʥʳʡ ʬʘʢʪ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʥʝ ʪʦʣʴʢʦ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ, ʧʝʨʝʫʯʝʪʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʘʤʠ ʠ ʫʩʪʨʦʡʩʪʚʘʤʠ 

ʫʯʝʪʘ ʠ ʢʦʥʪʨʦʣʷ ʧʦʪʨʝʙʣʝʥʠʷ, ʥʦ ʠ ʩ ʥʘʨʫʰʝʥʠʝʤ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʠ ʜʘʞʝ ʧʦʚʨʝʞʜʝʥʠʝʤ ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʭʥʠʢʠ. ɻʘʨʤʦʥʠʢʠ, ʫʚʝʣʠʯʠʚʘʶʱʠʝ ʧʠʢ ʥʘʧʨʷʞʝʥʠʷ, 

ʤʦʛʫʪ ʚʳʟʚʘʪʴ ʠʩʢʘʞʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʠʟʤʝʥʝʥʠʝ ʷʨʢʦʩʪʠ. ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʦʧʠʩʳʚʘʝʪ ʦʩʥʦʚʥʳʝ 

ʧʝʨʩʧʝʢʪʠʚʳ ʠ ʧʨʦʙʣʝʤʳ ʧʨʠʤʝʥʝʥʠʷ ʩʚʝʪʦʜʠʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʛʝʥʝʨʘʮʠʠ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʛʘʨʤʦʥʠʢ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʩʝʪʴ. ʆʧʳʪʥʳʤ ʧʫʪʝʤ ʧʦʣʫʯʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʜʘʥʥʳʝ ʦ ʛʝʥʝʨʘʮʠʠ ʛʘʨʤʦʥʠʢ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤ ʩʚʝʪʠʣʴʥʠʢʦʤ ʠ ʝʛʦ 

ʩʚʝʪʦʜʠʦʜʥʳʤ ʘʥʘʣʦʛʦʤ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʳʚʘʶʪ ʥʝʙʦʣʴʰʫʶ, ʦʜʥʘʢʦ ʠʤʝʶʱʫʶ 

ʪʝʥʜʝʥʮʠʶ ʢ ʨʦʩʪʫ, ʨʘʟʥʠʮʫ ʚ ʧʨʝʦʙʣʘʜʘʥʠʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʛʘʨʤʦʥʠʢ ʥʘʧʨʷʞʝʥʠʷ ʠ ʟʥʘʯʠʪʝʣʴʥʦʝ 
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ʧʨʝʦʙʣʘʜʘʥʠʝ ʛʘʨʤʦʥʠʢ ʪʦʢʘ ʫ ʩʚʝʪʦʜʠʦʜʥʳʭ ʩʚʝʪʠʣʴʥʠʢʦʚ ï  ʥʘ 25% ʙʦʣʴʰʝ ʯʝʤ ʚ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ 

ʘʥʘʣʦʛʘʭ. ʇʦʣʫʯʝʥʘ ʛʘʨʤʦʥʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʦʩʚʝʪʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʚʝʪʦʜʠʦʜʥʦʛʦ ʦʩʚʝʪʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʛʘʨʤʦʥʠʯʝʩʢʠʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʨʝʭʬʘʟʥʳʡ ʘʥʘʣʠʟʘʪʦʨ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʦʩʝʪʝʡ, 

ʢʘʯʝʩʪʚʘ ʠ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʆʙʦʟʥʘʯʝʥʳ ʧʨʦʙʣʝʤʳ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʩʚʝʪʦʜʠʦʜʥʳʭ 

ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʣʘʤʧ: ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʠʤʧʫʣʴʩʥʳʭ ʧʦʤʝʭ ʠ ʩʥʠʞʝʥʠʝ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ; ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʚʝʨʦʷʪʥʦʩʪʠ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ʘʚʘʨʠʡʥʳʭ ʩʙʦʝʚ ʠ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ 

ʘʚʘʨʠʡʥʳʭ ʩʙʦʝʚ ʠ ʚʳʭʦʜʦʚ ʠʟ ʩʪʨʦʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; ʫʩʢʦʨʝʥʥʦʝ ʚʳʩʳʭʘʥʠʝ 

ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʠ ʩʪʘʨʝʥʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʢʠ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʥʷʪʠʷ 
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At present, most industrial facilities have unsatisfactory or insufficient quality of electrical energy. This 

fact can be associated not only with an increase in electrical losses, redistribution of electrical energy by the 

systems and devices for consumption metering and controlling, but also with the violation of equipment 

operation modes, electrical energy and even damage to electronic equipment. Harmonics, which increase the 

peak voltages, can cause the image distortion and brightness changes. This article describes the main 

prospects and problems of using LED light sources in terms of generating high-frequency current and 

voltage harmonics in the network. The data was obtained experimentally on the generation of current and 

voltage harmonics by a fluorescent lamp and its LED analogue. The data obtained clearly showed a slight 

difference, which,  however, tended to increase, in the predominance of high-frequency voltage harmonics 

and a significant predominance of current harmonics in LED lamps ï 25% more than in luminescent 

analogues. The harmonic component of the lighting load was obtained using LED lighting equipment. To 

measure the main indicators of the harmonic components of current and voltage, a three-phase analyser of 

the parameters of electric networks, quality and quantity of electricity was applied. The article outlines the 

problems  associated with LED energy-saving lamps application: the occurrence of impulse noise and 

reduction in the quality of electrical energy; a high probability degree of an increase in the number of 

accidental failures and an increase in the number of emergency failures and breakdowns of electronic 

equipment; accelerated drying of capacitors and aging of electrical wiring, resulting in the need to additional 

measures to install devices to compensate for current harmonics. 
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ɺʚʝʜʝʥʠʝ  

ʉʦʚʨʝʤʝʥʥʳʝ ʢʦʤʤʫʥʘʣʴʥʦ-ʙʳʪʦʚʳʝ 

ʦʙʲʝʢʪʳ ʥʘʧʦʣʥʝʥʳ ʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʵʣʝʢʪʨʦʥʥʦʡ, 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ, ʮʠʬʨʦʚʦʡ ʠ ʧʨʦʯʝʡ 

ʘʧʧʘʨʘʪʫʨʦʡ, ʢʦʪʦʨʘʷ ʚ ʮʝʣʦʤ ʠʤʝʝʪ ʩʣʘʙʫʶ 

ʟʘʱʠʪʫ ʦʪ ʠʤʧʫʣʴʩʥʳʭ ʧʦʤʝʭ ʠ 

ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ. ɹʦʣʴʰʠʥʩʪʚʦ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʠʤʝʝʪ 

ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʠʣʠ ʥʝʜʦʩʪʘʪʦʯʥʦʝ 

ʢʘʯʝʩʪʚʦ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʧʨʦʠʩʭʦʜʠʪ ʥʘʨʫʰʝʥʠʝ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʝʨʝʫʯʝʪ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʘʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʫʯʝʪʘ ʠ 

ʢʦʥʪʨʦʣʷ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ, ʧʦʚʨʝʞʜʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʭʥʠʢʠ. 

ɻʘʨʤʦʥʠʢʠ, ʫʚʝʣʠʯʠʚʘʶʱʠʝ ʧʠʢ 

ʥʘʧʨʷʞʝʥʠʷ, ʤʦʛʫʪ ʚʳʟʚʘʪʴ ʠʩʢʘʞʝʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʠʟʤʝʥʝʥʠʝ ʷʨʢʦʩʪʠ.  

ʇʨʠʚʦʜʷʪ ʢ ʠʩʢʘʞʝʥʠʶ ʩʯʠʪʳʚʘʝʤʳʭ 

ʧʦʢʘʟʘʥʠʡ ʵʣʝʢʪʨʦʥʥʳʭ ʫʟʣʦʚ ʫʯʝʪʘ ʠ ʩʠʩʪʝʤ 

ɸʉʂʋʕ (ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ 

ʢʦʥʪʨʦʣʷ ʫʯʝʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ) [1, 2]. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʧʨʦʝʢʪʥʳʭ 

ʨʝʰʝʥʠʡ ʧʦ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ, ʧʨʦʝʢʪʠʨʦʚʱʠʢʠ ʥʝ 

ʫʯʠʪʳʚʘʶʪ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʥʝʣʠʥʝʡʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʨʘʡʚʝʨʦʚ ʩʚʝʪʦʜʠʦʜʥʳʭ 

ʩʚʝʪʠʣʴʥʠʢʦʚ, ʥʘʣʠʯʠʝ ʚ ʥʠʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ, ʛʝʥʝʨʘʮʠʠ 

ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʩʝʪʴ, ʥʘʣʠʯʠʝ 

ʠʤʧʫʣʴʩʥʳʭ ʪʦʢʦʚ ʚ ʤʦʤʝʥʪ ʧʫʩʢʘ ʠ ʚʣʠʷʥʠʝ 

ʜʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ 

ʩʦʚʤʝʩʪʠʤʦʩʪʴ. 

ʀʟʚʝʩʪʥʳ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʧʨʠ ʚʢʣʶʯʝʥʠʠ 

ʩʚʝʪʦʜʠʦʜʥʳʭ ʦʩʚʝʪʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ 

ʚʦʟʥʠʢʘʣʠ ʨʘʜʠʦ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ 

ʧʦʤʝʭʠ, ʢʦʪʦʨʳʝ ʧʦʣʥʦʩʪʴʶ ʟʘʛʣʫʰʘʣʠ 

ʩʠʛʥʘʣ ʪʝʣʝ-ʨʘʜʠʦ-ʧʨʠʝʤʥʠʢʦʚ. ʂʘʢ ʧʨʘʚʠʣʦ 

ʦʢʘʟʳʚʘʣʦʩʴ, ʯʪʦ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʙʣʦʢʠ 

ʧʠʪʘʥʠʷ ʩʚʝʪʦʜʠʦʜʥʳʭ ʩʚʝʪʠʣʴʥʠʢʦʚ ʥʝ 

ʫʜʦʚʣʝʪʚʦʨʷʣʠ ʪʨʝʙʦʚʘʥʠʷʤ ʥʦʨʤʘʪʠʚʥʦʡ 

ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʝ ʪʦʣʴʢʦ ʢ 

ʨʘʜʠʦʧʦʤʝʭʘʤ, ʥʦ ʠ ʢ ʛʘʨʤʦʥʠʯʝʩʢʠʤ 

ʩʦʩʪʘʚʣʷʶʱʠʤ ʪʦʢʘ. ʂ ʩʦʞʘʣʝʥʠʶ, ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʥʦʛʠʝ ʧʦʩʪʘʚʱʠʢʠ ʠ 

ʥʘʯʠʥʘʶʱʠʝ ʨʘʟʨʘʙʦʪʯʠʢʠ ʧʨʝʥʝʙʨʝʛʘʶʪ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʭʫʜʰʝʥʠʝ ʢʘʯʝʩʪʚʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ 

ʙʦʣʴʰʠʭ ʨʘʟʚʠʪʳʭ ʛʦʨʦʜʦʚ ʷʚʣʷʝʪʩʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʧʨʦʙʣʝʤʦʡ. ʄʥʦʛʠʝ 

ʠʩʪʦʯʥʠʢʠ ʦʪʤʝʯʘʶʪ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ 

ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ 

ʤʝʛʘʧʦʣʠʩʦʚ.  ʇʨʠʚʝʜʝʥʥʳʡ ʚ ʩʪʘʪʴʷʭ 

ʘʥʘʣʠʟ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫʨʦʚʝʥʴ ʪʨʝʪʴʝʡ ʠ 

ʧʷʪʦʡ ʛʘʨʤʦʥʠʢ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʧʨʝʚʳʰʘʝʪ 20%. [3,4] 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʤʥʦʛʠʝ ʘʚʪʦʨʳ 

ʦʪʤʝʯʘʶʪ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʤʘʩʩʦʚʦʛʦ 

ʧʦʷʚʣʝʥʠʷ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʷʭ 

ʨʘʡʦʥʦʚ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʩʚʝʪʦʜʠʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʦʩʚʝʱʝʥʠʷ ʫʣʠʮ ʠ 

ʧʦʜʩʚʝʪʢʠ ʬʘʩʘʜʦʚ ʟʜʘʥʠʡ. ɼʣʷ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʙʘʣʘʥʩʘ ʥʘʛʨʫʟʦʢ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ, ʥʘ ʥʫʞʜʳ ʦʩʚʝʱʝʥʠʷ 

ʧʨʠʭʦʜʠʪʩʷ 10%-22% ʚʳʜʝʣʝʥʥʦʡ 

ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ [5]. ʇʨʠ ʧʝʨʝʭʦʜʝ 

ʥʘ ʥʦʚʳʝ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ 

ʦʩʚʝʱʝʥʠʷ ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʭʫʜʰʝʥʠʶ ʢʘʯʝʩʪʚʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ, ʘ ʪʘʢʞʝ ʢ ʩʙʦʷʤ ʚ ʨʘʙʦʪʝ 

ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʫʯʘʩʪʠʣʠʩʴ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʧʨʦʠʟʚʦʜʠʪʝʣʠ 

ʩʚʝʪʦʜʠʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ ʠ ʫʩʪʨʦʡʩʪʚ 

ʠʭ ʟʘʧʫʩʢʘ, ʫʧʨʘʚʣʝʥʠʷ, ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʧʠʪʘʥʠʷ, ʩ ʮʝʣʴʶ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 
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ʫʜʝʰʝʚʣʝʥʠʷ ʧʨʦʜʫʢʮʠʠ, ʠʩʧʦʣʴʟʫʝʪ 

ʥʝʢʘʯʝʩʪʚʝʥʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ. 

ʆʙ ʨʘʩʰʠʨʝʥʠʠ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʤʦʞʥʦ 

ʩʫʜʠʪʴ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʞʘʣʦʙ, 

ʧʦʩʪʫʧʘʶʱʠʭ ʜʠʩʪʨʠʙʴʶʪʦʨʘʤ ʢʘʢ ʦʪ 

ʧʨʦʩʪʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʩʚʝʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ 

(ʥʘʧʨʠʤʝʨ ʙʳʪʦʚʳʝ ʩʚʝʪʦʜʠʦʜʥʳʝ ʣʘʤʧʦʯʢʠ, 

ʢʦʪʦʨʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ 

ʟʘʤʝʥʷʶʪ ʣʘʤʧʳ ʥʘʢʘʣʠʚʘʥʠʷ) ʪʘʢ ʠ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʵʣʝʢʪʨʦʤʦʥʪʘʞʥʠʢʦʚ ʠ 

ʧʦʩʪʘʚʱʠʢʦʚ ʫʩʣʫʛ, ʩʚʷʟʘʥʥʳʭ ʩ ʫʩʪʘʥʦʚʢʦʡ, 

ʟʘʤʝʥʦʡ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝʤ ʩʚʝʪʦʚʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʆʧʠʩʘʥʥʳʝ ʚʳʰʝ ʧʨʦʙʣʝʤʳ ʬʦʨʤʠʨʫʶʪ 

ʮʝʣʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ 

ʚ ʪʦʤ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʥʘʩʢʦʣʴʢʦ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦ ʤʘʩʩʦʚʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʝʪʦʜʠʦʜʥʦʛʦ 

ʦʩʚʝʪʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʵʢʦʥʦʤʠʠ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ ʠ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʠ ʢʘʢʠʝ ʵʪʦ ʤʦʞʝʪ 

ʧʦʚʣʝʯʴ ʟʘ ʩʦʙʦʡ ʧʨʦʙʣʝʤʳ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

 ɺʳʩʰʠʝ ʛʘʨʤʦʥʠʢʠ ʛʝʥʝʨʠʨʫʶʪʩʷ ʚ ʩʝʪʴ 

ʧʨʠ ʥʘʣʠʯʠʠ ʣʶʙʦʡ ʥʝʣʠʥʝʡʥʦʡ ʥʘʛʨʫʟʢʠ. ɺ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʢ ʪʘʢʠʤ ʥʘʛʨʫʟʢʘʤ ʦʪʥʦʩʷʪʩʷ 

ʠʤʧʫʣʴʩʥʳʝ ʠ ʙʝʩʧʝʨʝʙʦʡʥʳʝ ʠʩʪʦʯʥʠʢʠ 

ʧʠʪʘʥʠʷ, ʵʣʝʢʪʨʦʥʥʳʝ ʙʘʣʣʘʩʪʳ. ɻʣʘʚʥʳʤ 

ʥʝʜʦʩʪʘʪʢʦʤ ʠʤʧʫʣʴʩʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʧʠʪʘʥʠʷ ʷʚʣʷʝʪʩʷ ʛʝʥʝʨʘʮʠʷ ʠʤʧʫʣʴʩʦʚ ʪʦʢʘ, 

ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʥʝʯʝʪʥʳʭ ʛʘʨʤʦʥʠʢ. [6].   

ɻʘʨʤʦʥʠʯʝʩʢʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʪʦʢʦʚ 

ʧʦʷʚʣʷʶʪʩʷ ʩ ʦʜʥʦʬʘʟʥʦʡ ʥʘʛʨʫʟʢʦʡ ʠ ʠʤʝʶʪ 

ʩʧʝʮʠʬʠʯʝʩʢʦʝ ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʥʘ ʪʨʝʭʬʘʟʥʫʶ ʩʝʪʴ. ɺ ʠʜʝʘʣʴʥʦʤ ʩʣʫʯʘʝ, 

ʧʨʠ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʡ ʧʦʬʘʟʥʦʡ ʥʘʛʨʫʟʢʝ 

ʛʘʨʤʦʥʠʯʝʩʢʠ (ʩʠʥʫʩʦʠʜʘʣʴʥʳʝ) ʪʦʢʠ ʠʤʝʶʪ 

ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʨʘʚʥʳʡ 120 ʛʨʘʜʫʩʘʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʠʭ ʩʫʤʤʘ ʚ ʥʝʡʪʨʘʣʠ ʨʘʚʥʘ ʥʫʣʶ ʠ ʧʘʜʝʥʠʷ 

ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʥʫʣʝʚʦʤ ʧʨʦʚʦʜʥʠʢʝ ʥʝ 

ʚʦʟʥʠʢʘʝʪ. 

ʆʜʥʘʢʦ ʚ ʪʨʝʭʬʘʟʥʳʭ ʮʝʧʷʭ ʥʝʯʝʪʥʳʝ 

ʛʘʨʤʦʥʠʢʠ ʢʨʘʪʥʳʝ ʪʨʝʤ ʤʦʛʫʪ ʩʦʚʧʘʜʘʪʴ ʧʦ 

ʬʘʟʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙʫʜʝʪ ʦʙʨʘʟʦʚʘʥʘ 

ʥʫʣʝʚʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʛʘʨʤʦʥʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʫʤʤʠʨʫʝʪʩʷ ʚ 

ʥʫʣʝʚʦʤ ʧʨʦʚʦʜʥʠʢʝ, ʩʦʩʪʘʚʣʷʷ ʙʦʣʴʰʫʶ 

ʜʦʣʶ ʚ ʜʝʡʩʪʚʫʶʱʝʤ ʟʥʘʯʝʥʠʠ ʬʘʟʥʳʭ 

ʪʦʢʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʱʡ ʪʦʢ ʚ ʥʫʣʝʚʦʤ 

ʧʨʦʚʦʜʥʠʢʝ ʤʦʞʝʪ ʧʨʝʚʳʩʠʪʴ ʬʘʟʥʳʡ.  

ʇʦʤʠʤʦ ʚʦʧʨʦʩʦʚ ʩʚʷʟʘʥʥʳʭ ʩ ʢʘʯʝʩʪʚʦʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʚʦʟʥʠʢʘʝʪ ʠ ʚʦʧʨʦʩ, 

ʢʦʪʦʨʳʡ ʥʘʧʨʷʤʫʶ ʢʘʩʘʶʪʩʷ ʵʢʦʥʦʤʠʠ 

ʜʝʥʝʞʥʳʭ ʨʝʩʫʨʩʦʚ. ɼʘʥʥʳʡ ʚʦʧʨʦʩ ʩʚʷʟʘʥ ʩ 

ʪʝʤ, ʯʪʦ ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʨʦʟʥʠʯʥʦʤ ʨʳʥʢʝ 

ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʩʪʘʚʣʷʝʤʳʝ ʩʚʝʪʦʜʠʦʜʥʳʝ 

ʣʘʤʧʳ ʠ ʩʚʝʪʠʣʴʥʠʢʠ ʥʝ ʠʤʝʶʪ ʪʦʛʦ 

ʟʘʷʚʣʝʥʥʦʛʦ ʨʝʩʫʨʩʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ. 

ɼʘʥʥʦʝ ʥʝʢʘʯʝʩʪʚʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʢ 

ʩʦʞʘʣʝʥʠʶ, ʦʙʰʠʨʥʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʘʢ ʚ 

ʧʨʦʩʪʳʭ ʩʫʧʝʨʤʘʨʢʝʪʘʭ, ʪʘʢ ʠ ʚ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʘʛʘʟʠʥʘʭ.  

ɹʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʧʨʠ ʧʦʢʫʧʢʝ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʦʨʦʛʦʛʦ (ʜʦ 80 ʨʫʙ.) ʧʦ 

ʨʳʥʦʯʥʳʤ ʤʝʨʢʘʤ ʨʦʟʥʠʯʥʦʡ ʪʦʨʛʦʚʣʠ 

ʩʚʝʪʦʜʠʦʜʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ 

(ʩʚʝʪʦʜʠʦʜʥʘʷ ʣʘʤʧʦʯʢʘ, ʘʥʘʣʦʛ ʣʘʤʧʳ 

ʥʘʢʘʣʠʚʘʥʠʷ) ʧʨʦʩʪʘʷ ʩʚʝʪʦʜʠʦʜʥʘʷ 

ʣʘʤʧʦʯʢʘ ʦʪʨʘʙʘʪʳʚʘʝʪ ʤʝʥʝʝ 1000 ʯʘʩʦʚ ʠ 

ʤʝʥʝʝ 500 ʮʠʢʣʦʚ ʚʢʣʶʯʝʥʠʷ, ʜʘʥʥʳʡ ʬʘʢʪ 

ʪʘʢʞʝ ʙʳʣ ʧʨʦʚʝʨʝʥ ʥʘʪʫʨʥʳʤʠ 

ʠʩʧʳʪʘʥʠʷʤʠ, ʜʣʷ ʜʘʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʙʳʣʘ 

ʧʦʩʪʨʦʝʥʘ ʧʨʦʛʨʘʤʤʘ ʮʠʢʣʦʚ 

ʚʢʣʶʯʝʥʠʷ/ʚʳʢʣʶʯʝʥʠʷ ʣʘʤʧʳ ʥʘ ʙʘʟʝ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ Arduino UNO 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʠ ʧʦʜʢʣʶʯʝʥʠʝ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʩʦʛʣʘʩʥʦ 

ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ [7]. 

ʊʦ ʞʝ ʢʘʩʘʝʪʩʷ ʠ ʩʚʝʪʦʜʠʦʜʥʳʭ 

ʩʚʝʪʠʣʴʥʠʢʦʚ ï ʥʝʢʘʯʝʩʪʚʝʥʥʳʡ ʩʚʝʪʠʣʴʥʠʢ, 

ʩʦ ʩʪʦʠʤʦʩʪʴʶ ʥʝ ʥʘʤʥʦʛʦ ʦʪʣʠʯʘʶʱʝʡʩʷ ʦʪ 

ʩʪʦʠʤʦʩʪʠ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ ʥʘʜʝʞʥʳʭ ʠ 

ʧʨʦʚʝʨʝʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʚ ʩʨʝʜʥʝʤ 

ʚʳʭʦʜʠʪ ʠʟ ʩʪʨʦʷ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʤʝʩʷʮʝʚ 

ʥʦʨʤʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ. ʅʝ ʨʝʜʢʠ 

ʩʣʫʯʘʠ, ʢʦʛʜʘ ʠʟ ʧʘʨʪʠʠ ʚ 100 ʰʪ. 

ʩʚʝʪʦʜʠʦʜʥʳʭ ʩʚʝʪʠʣʴʥʠʢʦʚ 3-6 ʰʪ. ʚʳʭʦʜʷʪ 

ʠʟ ʩʪʨʦʷ ʧʨʠ ʧʝʨʚʦʤ ʞʝ ʚʢʣʶʯʝʥʠʠ. ɼʘʥʥʳʝ 



          ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

          ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 

29 

 

ʬʘʢʪʳ ʚʥʦʩʷʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʦʤʥʝʥʠʷ ʚ 

ʚʦʧʨʦʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʚʳʛʦʜʳ ʧʨʠʤʝʥʝʥʠʷ 

ʪʘʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʝʜʴ ʧʨʦʚʝʜʝʥʠʝ ʨʘʙʦʪ 

ʧʦ ʟʘʤʝʥʝ ʣʶʙʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ ʪʘʢʞʝ 

ʪʨʝʙʫʝʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ. 

ʅʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʘʣʠʯʠʷ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ ʪʦʢʘ ʠ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʩʚʝʪʠʣʴʥʠʢʘʭ ʪʠʧʘ PPO 1200/L 

40W 4000K IP20 ʬʠʨʤʳ Jazzway ʤʦʱʥʦʩʪʴʶ 

40 ɺʪ ʠ ʠʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʘʥʘʣʦʛʦʚ ʃʇʆ 

2ʭ36 ɺʪ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʛʨʘʬʠʢʠ n-3,5,7,9 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ  ʛʘʨʤʦʥʠʯʝʩʢʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʧʨʦʮʝʥʪʘʭ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ 

ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʛʘʨʤʦʥʠʯʝʩʢʠʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʨʝʭʬʘʟʥʳʡ ʘʥʘʣʠʟʘʪʦʨ 

ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʦʩʝʪʝʡ, ʢʘʯʝʩʪʚʘ ʠ 

ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ C.A 8335 

QUALISTAR PLUS ʬʠʨʤʳ CHAVIN 

ARNOUX [8]. ɼʘʥʥʳʡ ʧʨʠʙʦʨ ʧʦʜʢʣʶʯʘʣʩʷ 

ʧʦʬʘʟʥʦ ʥʘ ʚʚʦʜ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʱʠʪʘ, 

ʧʠʪʘʶʱʝʛʦ ʩʚʝʪʦʜʠʦʜʥʳʝ ʩʚʝʪʠʣʴʥʠʢʠ, ʠ ʚʝʣ 

ʟʘʧʠʩʴ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʩʝʪʠ (ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ, ʟʥʘʯʝʥʠʡ ʪʦʢʘ ʠ 

ʥʘʧʨʷʞʝʥʠʷ ʬʘʟ, ʬʣʠʢʝʨʘ ʠ ʧʨ.) ʧʨʠ 

ʚʢʣʶʯʝʥʠʠ ʠ ʚʳʢʣʶʯʝʥʠʠ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ. 

ɸʥʘʣʦʛʠʯʥʦ ʩʯʠʪʳʚʘʣʠʩʴ ʧʘʨʘʤʝʪʨʳ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʱʠʪʘ, ʧʠʪʘʶʱʝʛʦ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʝʪʠʣʴʥʠʢʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ 

ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘʧʨʷʞʝʥʠʷ ʠ 

ʛʨʘʬʠʢ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ 

ʥʘ ʨʠʩʫʥʢʝ 2. 
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ʪʦʢʘ ʚ ʧʨʦʮʝʥʪʘʭ 

 

ɼʘʥʥʳʝ ʨʠʩʫʥʢʠ ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʳʚʘʶʪ, 

ʥʝʙʦʣʴʰʫʶ ʨʘʟʥʠʮʫ ʚ 2%, ʦʜʥʘʢʦ ʨʘʩʪʫʱʫʶ 

ʩ ʧʦʨʷʜʢʦʚʳʤ ʥʦʤʝʨʦʤ ʛʘʨʤʦʥʠʢʠ, ʚ 

ʧʨʝʦʙʣʘʜʘʥʠʠ ʛʘʨʤʦʥʠʢ ʥʘʧʨʷʞʝʥʠʷ, ʠ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʝʦʙʣʘʜʘʥʠʝ ʛʘʨʤʦʥʠʢ ʪʦʢʘ ʫ 

ʩʚʝʪʦʜʠʦʜʥʳʭ ʩʚʝʪʠʣʴʥʠʢʦʚ (ʥʘ 25% ʙʦʣʴʰʝ 

ʯʝʤ ʚ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʘʥʘʣʦʛʘʭ). 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʦʢʘʟʘʥʦ ʢʘʢ ʚ ʪʝʯʝʥʠʝ ʜʥʷ 

ʤʝʥʷʝʪʩʷ ʪʦʢʦʚʘʷ ʛʘʨʤʦʥʠʯʝʩʢʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ, ʦʜʥʦʛʦ ʠʟ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ 

ʦʙʲʝʢʪʦʚ (ʰʢʦʣʘ ʚ ɺʩʝʚʦʣʦʞʩʢʦʤ ʨʘʡʦʥʝ) ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʦʩʚʝʪʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʚ ʪʝʯʝʥʠʝ ʜʥʷ, 

ʢʦʪʦʨʘʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʥʘ 

ʦʜʥʦʡ ʬʘʟʝ (A3h3%). ʇʦ ʰʢʘʣʝ, 

ʦʪʦʙʨʘʞʘʶʱʝʡ ʚʨʝʤʷ ʥʘ ʛʨʘʬʠʢʝ ʚʠʜʥʦ, ʯʪʦ 

ʛʘʨʤʦʥʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʦʷʚʣʷʝʪʩʷ ʧʨʠ 

ʤʘʩʩʦʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʚʝʪʦʚʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʨʘʙʦʯʝʝ ʚʨʝʤʷ (~7:00 ʯ.) ʠ 

ʠʜʝʪ ʥʘ ʩʧʘʜ ʚ ʢʦʥʮʝ ʫʯʝʙʥʦʛʦ ʜʥʷ (~15:30 

ʯ.). 

 

 
ʈʠʩ. 3. ʇʦʣʥʘʷ ʛʘʨʤʦʥʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʛʦ ʟʜʘʥʠʷ (ʰʢʦʣʳ), 

ʚʳʨʘʞʝʥʥʘʷ ʚ % ʧʦʬʘʟʥʦ 
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ʚʝʣʠʯʠʥʫ ʛʘʨʤʦʥʠʢ ʥʘʧʨʷʞʝʥʠʷ ʠ ʥʝ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʝʣʠʯʠʥʫ ʛʘʨʤʦʥʠʢ ʪʦʢʘ. 

ʆʜʥʘʢʦ ʙʦʣʴʰʠʝ ʪʦʢʦʚʳʭ ʛʘʨʤʦʥʠʢ ʤʦʛʫʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʚʝʩʴʤʘ  ʥʝʛʘʪʠʚʥʳʤ 

ʧʦʩʣʝʜʩʪʚʠʷʤ, ʪʘʢʠʤ ʢʘʢ ʧʝʨʝʛʨʫʟʢʘ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʦʩʪʘ 

ʜʝʡʩʪʚʫʶʱʠʭ ʟʥʘʯʝʥʠʡ ʪʦʢʘ, ʧʝʨʝʛʨʫʟʢʘ 

ʥʫʣʝʚʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʟʘ ʩʯʝʪ ʩʫʤʤʠʨʦʚʘʥʠʷ 

ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ, ʢʨʘʪʥʳʤ ʪʨʝʤ, 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʦʪʝʨʷʤ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʝʪʷʭ [9, 12].  

ɺʳʚʦʜʳ 

ʅʝʩʦʤʥʝʥʥʦ, ʩʚʝʪʦʜʠʦʜʥʳʝ ʩʚʝʪʠʣʴʥʠʢʠ 

ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ ʩʚʦʠʤʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ 

ʛʦʨʘʟʜʦ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʝʝ ʠ ʣʫʯʰʝ ʧʦ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦʪʨʝʙʣʷʝʤʦʡ ʘʢʪʠʚʥʦʡ 

ʤʦʱʥʦʩʪʠ ʠ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʫʨʦʚʥʷ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʆʜʥʘʢʦ ʦʥʠ 

ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ, ʦʜʥʠʤ 

ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʩʫʤʤʘʨʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʪʦʢʘ, ʢʦʪʦʨʳʡ ʚ ʩʚʝʪʦʜʠʦʜʥʳʭ ʩʚʝʪʠʣʴʥʠʢʘʭ 

ʧʦʯʪʠ ʚ 1,4 ʨʘʟʘ ʚʳʰʝ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʘʷ 

ʩʪʦʠʤʦʩʪʴ, ʚʳʩʦʢʘʷ ʩʣʦʞʥʦʩʪʴ ʠ 

ʚʨʝʤʷʟʘʪʨʘʪʥʦʩʪʴ ʧʨʠ   ʧʨʦʚʝʜʝʥʠʠ 

ʢʦʥʪʨʦʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʥʘʜʝʞʥʦʩʪʴ ʠ 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʥʝʢʘʯʝʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ 

ʥʘ ʈʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ.  

ʇʝʨʩʧʝʢʪʠʚʳ ʘʢʪʠʚʥʦʛʦ ʧʝʨʝʭʦʜʘ ʥʘ 

ʩʚʝʪʦʜʠʦʜʥʳʝ ʠʩʪʦʯʥʠʢʠ ʩʚʝʪʘ ʩ 

ʥʝʣʠʥʝʡʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʧʦʪʨʝʙʣʝʥʠʷ ʥʝ ʤʦʛʫʪ ʩʯʠʪʘʪʴʩʷ ʦʜʥʦʟʥʘʯʥʦ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʙʝʟ ʫʯʝʪʘ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʚʥʝʰʥʝʡ 

ʩʝʪʠ ʠ ʠʩʪʦʯʥʠʢʦʚ ʚʪʦʨʠʯʥʦʛʦ ʧʠʪʘʥʠʷ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʜʘʥʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʩʚʝʪʘ, ʘ 

ʪʘʢʞʝ ʧʘʨʘʤʝʪʨʦʚ ʥʘʜʝʞʥʦʩʪʠ ʦʩʥʦʚʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʫʩʪʨʦʡʩʪʚʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʩʩʦʚʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʩʚʝʪʦʜʠʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ, ʢʘʢ 

ʧʨʦʤʳʰʣʝʥʥʦʝ ʪʘʢ ʠ ʙʳʪʦʚʦʝ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʧʦʷʚʣʝʥʠʶ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʫʭʫʜʰʝʥʠʷ ʦʙʱʝʛʦ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʬʦʢʘ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ, ʠ ʩʥʠʞʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ 

ʥʘʜʝʞʥʦʩʪʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɺ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʠʩʪʦʯʥʠʢʠ ʧʠʪʘʥʠʷ 

ʧʦʪʨʝʙʣʷʶʪ ʪʦʢ ʠʤʧʫʣʴʩʥʳʤ ʭʘʨʘʢʪʝʨʦʤ, ʛʜʝ 

ʘʤʧʣʠʪʫʜʘ ʠʤʧʫʣʴʩʦʚ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 

ʟʥʘʯʝʥʠʡ, ʚ ʥʝʩʢʦʣʴʢʦ ʧʨʝʚʳʰʘʶʱʠʭ 

ʩʨʝʜʥʠʡ ʪʦʢ ʧʦʪʨʝʙʣʝʥʠʷ, ʯʪʦ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʠʩʢʘʞʝʥʠʶ ʩʠʛʥʘʣʘ ʧʝʨʝʤʝʥʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʩʝʪʠ ʧʦʪʨʝʙʠʪʝʣʷ, ʜʠʩʙʘʣʘʥʩʫ 

ʪʨʝʭʬʘʟʥʳʭ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ, 

ʧʨʦʩʘʯʠʚʘʥʠʶ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʙʨʘʪʥʦ ʚ ʩʝʪʴ, 

ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʜʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʳʭ ʧʨʦʙʣʝʤ 

ʥʝʦʙʭʦʜʠʤʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʠʢ ʠʩʧʳʪʘʥʠʡ 

ʩʚʝʪʦʜʠʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ, 

ʫʞʝʩʪʦʯʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʧʨʠʤʝʥʝʥʠʷ 

ʩʨʝʜʩʪʚ ʜʣʷ ʩʥʠʞʝʥʠʷ ʛʘʨʤʦʥʠʢ ʚ ʩʭʝʤʝ 

ʜʨʘʡʚʝʨʦʚ ʩʚʝʪʦʜʠʦʜʥʳʭ ʩʚʝʪʠʣʴʥʠʢʦʚ.
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The construction of economically justified solar power plants requires taking into account the different 

levels of factors: from the balance between the generation and consumption / accumulation capacities, 

operation of controllers and local climatic conditions, to regional power grid conditions and operating 

conditions, and further to the global characteristics such as the discount rate of the Central Bank of the 

Russian Federation and the tariffs of solar panel manufacturers. Most researcher cannot take into account all 

the various factor involved in their practical work. Therefore, mathematical modeling is the only possible 
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option for many of them. In recent years there has been a sharp surge in research papers on the simulation of 

alternative energy installations. Since the beginning of 2019 more than 17,000 scientific papers have been 

published. This article deals with the conducted bibliometric analysis of software products for alternative 

energy systems modeling. The HOMER, RETScreen, PVSyst and TRNSYS programs were found the most 

in-demand, with the first two being the most common in the scientific and educational environment, and the 

other two ï in engineering. A particularly rapid growth is observed in the number of studies associated with  

the ñvirtualò installations modeling with the aim of having more publications. This may be partly justified 

under the paradigm of scientific and educational problems. 
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ɺʚʝʜʝʥʠʝ 

ɺ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ. ʇʨʠ ʵʪʦʤ ʝʝ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 

ʯʝʪʳʨʝ ʦʙʣʘʩʪʠ: 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. 

ʋʩʪʘʥʦʚʢʘ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʬʠʥʘʥʩʦʚʳʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ. 

ʅʘʫʢʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝ. 

ʇʝʨʚʳʝ ʜʚʘ ʧʫʥʢʪʘ ʩʚʷʟʘʥʳ ʩ ʜʚʠʞʝʥʠʝʤ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ ʠ ʚʳʩʦʢʠʤʠ 

ʨʠʩʢʘʤʠ ʠ ʩʪʦʠʤʦʩʪʴʶ ʧʨʠʥʷʪʠʷ ʦʰʠʙʦʯʥʳʭ 

ʨʝʰʝʥʠʡ [1,2]. ɼʣʷ ʦʧʠʩʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʠ ʬʠʥʘʥʩʦʚʳʤʠ  

ʩʪʨʫʢʪʫʨʘʤʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʘʥʘʣʠʟ ʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ. ʀʟʫʯʝʥʠʝ ʧʨʦʙʣʝʤ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ʥʘʫʢʝ ʠ 

ʦʙʨʘʟʦʚʘʥʠʠ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʣʘʚʠʥʦʦʙʨʘʟʥʳʡ ʨʦʩʪ. ʊʦʣʴʢʦ ʩ ʥʘʯʘʣʘ 2019 

ʛʦʜʘ ʙʳʣʦ ʦʧʫʙʣʠʢʦʚʘʥʦ [3] ʩʚʳʰʝ 17000 

ʩʪʘʪʝʡ, ʧʦʩʚʷʱʸʥʥʳʭ ʠʟʫʯʝʥʠʶ ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ ʩʦʣʥʝʯʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ. ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʥʝ 

ʦʧʠʩʳʚʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʦʢ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʨʝʟʫʣʴʪʘʪʳ ʩʦʟʜʘʥʠʷ ʠ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʘʙʦʪʘʶʱʠʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. ʏʘʩʪʦ ʢʦʤʧʴʶʪʝʨʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʘʥʘʣʠʟʘ ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʥʝ 

ʟʘʪʨʘʛʠʚʘʝʪ ʜʚʠʞʝʥʠʝ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ, 

ʘʥʘʣʠʟ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʚʘʞʥʳʤ  ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʭʦʜʘ ʢ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ, 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʡ ʠ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʝʡ 

ʵʥʝʨʛʝʪʠʢʝ. ʅʘʠʙʦʣʝʝ ʦʯʝʚʠʜʥʳʤ ʢʨʠʪʝʨʠʝʤ 

ʵʪʦʛʦ ʧʝʨʝʭʦʜʘ  ʷʚʣʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ 

ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʩʪʦʠʤʦʩʪʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

(LCOE - Levelised Cost of Energy),  

ʜʦʩʪʠʞʝʥʠʝ ʟʘ ʙʦʣʝʝ ʢʦʨʦʪʢʠʡ ʩʨʦʢ ʥʝ 

ʪʦʣʴʢʦ ʘʚʪʦʥʦʤʥʦʛʦ, ʥʦ ʠ ʩʝʪʝʚʦʛʦ ʧʘʨʠʪʝʪʘ 

ʩʪʦʠʤʦʩʪʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ. 

ʆʜʥʘʢʦ ʧʦʜʭʦʜ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʧʦʣʥʝ ʦʧʨʘʚʜʘʥ ʚ ʧʘʨʘʜʠʛʤʝ 

ʧʦʠʩʢʦʚʳʭ ʠ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʟʘʜʘʯ. 

ʅʠʞʝ ʧʝʨʝʯʠʩʣʝʥʳ ʪʠʧʳ ʥʘʫʯʥʳʭ ʨʘʙʦʪ 

ʠʤʝʶʱʠʭ ʟʥʘʯʠʪʝʣʴʥʳʡ ʣʘʚʠʥʦʦʙʨʘʟʥʳʡ 

ʨʦʩʪ. 

ʀʟʫʯʝʥʠʝ ʛʝʦʛʨʘʬʠʯʝʩʢʠ ʣʦʢʘʣʴʥʦʛʦ 

ʙʘʣʘʥʩʘ ʛʝʥʝʨʘʮʠʷ/ʧʦʪʨʝʙʣʝʥʠʝ. 

ʉʦʜʝʨʞʘʥʠʝʤ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ 

ʦʧʨʝʜʝʣʸʥʥʳʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʡ ʨʝʛʠʦʥ ʠ 

ʧʨʦʚʝʜʝʥʠʝ ʜʣʷ ʵʪʦʛʦ ʨʝʛʠʦʥʘ ʠʟʫʯʝʥʠʷ 

ʙʘʣʘʥʩʘ ʩʦʣʥʮʝ/ʚʝʪʝʨ/ʛʠʜʨʦ/ʥʘʢʦʧʠʪʝʣʴ/ʠʣʠ 

ʧʨʦʩʪʘʷ ʩʝʪʴ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʤʦʜʝʣʠ 
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ʣʦʢʘʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ/ʧʦʪʨʝʙʣʝʥʠʷ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʊʘʢʠʝ ʨʘʙʦʪʳ ʠʩʯʠʩʣʷʶʪʩʷ 

ʤʥʦʛʠʤʠ ʪʳʩʷʯʘʤʠ (ʩʤ. ʊʘʙʣʠʮʘ 1). 

ʂʨʠʪʝʨʠʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʤʦʛʫʪ ʨʘʟʣʠʯʘʪʴʩʷ, ʚʳʭʦʜ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʳʯʥʦ ʚʦʟʤʦʞʝʥ ʠʣʠ ʟʘ ʩʯʸʪ 

ʩʨʘʚʥʝʥʠʷ ʩ ʜʦʪʠʨʫʝʤʳʤʠ ʪʘʨʠʬʘʤʠ, ʠʣʠ 

ʫʯʸʪʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʦʣʝʟʥʦʩʪʠ [2]. 

ɻʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʪʘʢʠʭ ʨʘʙʦʪ ʤʦʞʥʦ 

ʥʘʟʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʥʜʘʨʪʥʳʭ 

ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ 

(HOMER, RETScreen, ʠ ʜʨ.), ʧʨʘʢʪʠʢʘ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʧʠʩʘʥʘ ʥʠʞʝ. ʆʪʤʝʪʠʤ, ʯʪʦ 

ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʙʦʪʳ 

ʪʘʢʠʭ ʧʨʦʛʨʘʤʤ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, 

ʧʨʠʙʣʠʞʸʥʥʦ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ 

ʦʙʱʝʜʦʩʪʫʧʥʳʭ ʙʘʟ ʜʘʥʥʳʭ, ʦʙʩʫʞʜʝʥʠʝ 

ʥʝʢʦʪʦʨʳʭ ʪʘʢʠʭ ʙʘʟ ʜʘʥʥʳʭ ʧʨʠʚʝʜʝʥʦ 

ʥʠʞʝ.

ʊʘʙʣʠʮʘ 1 

ʂʦʣʠʯʝʩʪʚʦ ʩʪʘʪʝʡ (ʰʪ.), ʠʩʧʦʣʴʟʫʶʱʠʝ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ 

ʛʦʜ HOMER RETScreen iHoga pvSol SolarGIS ViPOR PVSyst TRNSYS 

2013 2580 532 9 23 121 9 293 1900 

2014 3110 578 14 35 183 8 373 2290 

2015 3040 658 41 31 322 15 469 2340 

2016 3240 632 43 44 464 12 531 2460 

2017 3380 667 52 60 446 5 597 2670 

2018 3260 596 62 71 484 10 646 2570 

2019 906 143 25 16 131 2 161 789 

ʀʟ ʊʘʙʣʠʮʳ 1 ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʷʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʘ 

HOMER (Hybrid  Renewable and Distributed 

Generation  

System Design Software) [4]. ʕʪʦ 

ʢʦʤʤʝʨʯʝʩʢʘʷ ʧʨʦʛʨʘʤʤʘ, ʧʨʦʠʟʚʦʜʠʪʝʣʴ 

ʫʪʚʝʨʞʜʘʝʪ ʦ ʙʦʣʝʝ 150,000 ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

ʵʪʦʡ ʧʨʦʛʨʘʤʤʳ. ʇʦʤʠʤʦ ʧʨʦʜʘʞʠ ʩʘʤʦʡ 

ʧʨʦʛʨʘʤʤʳ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʜʦʭʦʜʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʩʦʩʪʘʚʣʷʶʪ ʢʫʨʩʳ ʦʙʫʯʝʥʠʷ 

ʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ ʠ ʧʨʦʜʘʞʘ 

ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢ ʥʠʤ. ʊʘʢʞʝ ʚʦʟʤʦʞʥʦ 

ʚʳʧʦʣʥʝʥʠʝ ʨʘʩʯʸʪʦʚ ñʥʘ ʟʘʢʘʟò ʫ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ʇʨʦʛʨʘʤʤʘ ʠʤʝʝʪ 21 ʜʝʥʴ 

freeðtrial, ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʦʤʝʩʷʯʥʦʡ 

ʦʧʣʘʪʦʡ ʦʪ $6 ʜʦ ʙʦʣʝʝ $200, ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʠ 

ʩʪʘʪʫʩʘ ʧʦʢʫʧʘʪʝʣʷ (ʩʢʠʜʢʠ ʜʣʷ ʩʪʫʜʝʥʪʦʚ). 

HOMER ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʨʦʛʨʘʤʤʦʡ ʚ ʈʦʩʩʠʠ ʠ ʉ-

ʇʝʪʝʨʙʫʨʛʝ [5,6]. ʇʨʦʛʨʘʤʤʘ HOMER 

ʤʦʜʝʣʠʨʫʝʪ ʚʝʩʴ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʩʠʩʪʝʤʳ 

ʛʝʥʝʨʘʮʠʠ ʵʥʝʨʛʠʠ, ʚʢʣʶʯʘʷ ʚ ʩʝʙʷ ʥʝ ʪʦʣʴʢʦ 

ʙʘʟʦʚʳʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ, ʥʦ ʠ ʧʦʟʚʦʣʷʝʪ ʫʯʝʩʪʴ 

ʠʥʚʝʩʪʠʮʠʦʥʥʫʶ ʩʪʦʠʤʦʩʪʴ, ʩʪʦʠʤʦʩʪʴ 

ʪʦʧʣʠʚʘ, ʩʪʦʠʤʦʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʜʨʫʛʠʭ 

ʨʘʩʭʦʜʦʚ ʚ ʪʝʯʝʥʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠʩʪʝʤʳ.  

ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʳ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʛʨʘʤʤʳ HOMER ʠ 

screenshots ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʄʦʞʥʦ ʚʚʝʩʪʠ 

ʧʘʨʘʤʝʪʨʳ ʧʦʪʨʝʙʣʝʥʠʷ/ʛʝʥʝʨʘʮʠʠ ʠ 

ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʙʘʣʘʥʩ ʚʧʣʦʪʴ ʜʦ ʨʘʩʯʸʪʘ 

ʧʦʪʦʢʘ ʜʝʥʝʛ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʫʩʪʘʥʦʚʢʦʡ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. ʇʨʦʛʨʘʤʤʘ 

ʩʦʩʪʦʠʪ ʠʟ 3 ʙʣʦʢʦʚ: 1)  ʩʠʤʫʣʷʮʠʷ:  

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʜʣʷ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ 

ʢʦʤʙʠʥʘʮʠʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʫʩʣʦʚʠʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, 2) ʦʧʪʠʤʠʟʘʮʠʷ: 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʢʨʠʪʝʨʠʷʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʦʧʪʠʤʠʟʘʮʠʠ, ʣʠʙʦ ʫʤʝʥʴʰʝʥʠʝ ʨʘʩʭʦʜʦʚ ʥʘ 

ʪʦʧʣʠʚʦ, 3) ʘʥʘʣʠʟ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ:  

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʝʨʝʤʝʥʥʳʭ, 

ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚʥʝ ʚʘʰʝʛʦ ʢʦʥʪʨʦʣʷ, 

ʪʘʢʠʭ ʢʘʢ ʚʝʪʝʨ, ʩʢʦʨʦʩʪʴ, ʩʪʦʠʤʦʩʪʴ ʪʦʧʣʠʚʘ 
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ʠ ʪ. ʜ. ʜʣʷ ʦʮʝʥʢʠ ʠʭ ʚʣʠʷʥʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʴ 

ʩʠʩʪʝʤʳ.  

ʇʨʦʛʨʘʤʤʘ RETScreen (Clean Energy 

Management Software) [7], ʠʩʧʦʣʴʟʫʶʪ ʚ 

ʙʦʣʝʝ 600,000 ʩʣʫʯʘʷʭ, ʙʣʠʟʢʘ ʧʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʥʘ ʧʨʦʛʨʘʤʤʫ HOMER, 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. ʂ 

ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʛʨʘʤʤʳ 

RETScreen ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʝʸ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʨʘʟʣʠʯʥʳʤʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦð

ʧʦʣʠʪʠʯʝʩʢʠʤʠ ʫʯʨʝʞʜʝʥʠʷʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ, 

European Environment Agency (EU), NASA. 

ʇʨʦʛʨʘʤʤʘ ʪʝʩʥʦ ʠʥʪʝʛʨʠʨʦʚʘʥʘ ʩ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʤʠ ʙʘʟʘʤʠ ʜʘʥʥʳʭ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʛʢʦ ʤʦʜʝʣʠʨʦʚʘʪʴ 

ʨʘʙʦʪʫ ʩʪʘʥʮʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ. ʉʪʦʠʤʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ  

$869.00/year/user ʩ ʚʦʟʤʦʞʥʳʤʠ ʩʢʠʜʢʘʤʠ 

ʜʣʷ ʩʪʫʜʝʥʪʦʚ. ʅʘ ʈʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʩʭʝʤʘ 

ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʯʥʦʩʪʠ ʦʮʝʥʢʠ ʩʪʦʠʤʦʩʪʠ 

ʧʨʦʝʢʪʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʬʘʢʪʠʯʝʩʢʠʤʠ 

ʟʘʪʨʘʪʘʤʠ ʠ  ʪʠʧʠʯʥʳʝ ʜʘʥʥʳʝ ʥʘ 

ʚʭʦʜ/ʚʳʭʦʜ ʧʨʦʛʨʘʤʤʳ RETScreen. 

Solar-GIS [8] ï ʚʝʙ-ʩʘʡʪ, 

ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʡ ʜʦʩʪʫʧ ʢ ʰʠʨʦʢʦʤʫ 

ʠʥʩʪʨʫʤʝʥʪʘʨʠʶ ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʦʝʢʪʘ 

ʵʣʝʢʪʨʠʬʠʢʘʮʠʠ. ɼʦʩʪʫʧʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʥʘʩʝʣʝʥʠʷ, ʛʝʦʛʨʘʬʠʯʝʩʢʠ ʠ 

ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʣʴʝʬʘ. ɼʘʥʥʳʝ ʦʙʳʯʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʢʘʨʪʝ ʤʠʨʘ. ʊʘʢʞʝ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʜʣʷ 

ʩʠʤʫʣʷʮʠʠ ʩʦʣʥʝʯʥʳʭ, ʚʝʪʨʦʚʳʭ ʠ 

ʛʠʙʨʠʜʥʳʭ ʩʪʘʥʮʠʡ ʚ ʚʳʙʨʘʥʥʦʤ ʨʝʛʠʦʥʝ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝʤ ʚʳʭʦʜʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ. ɼʦʩʪʫʧʝʥ ʚʳʙʦʨ ʤʥʦʞʝʩʪʚʘ 

ʠʟʤʝʥʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʨʘʟʤʝʨʳ 

ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ, ʫʛʦʣ ʥʘʢʣʦʥʘ 

ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʚʝʪʨʦʚʳʭ ʪʫʨʙʠʥ ʠ ʪ.ʜ. 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʪʨʝʙʫʝʪ 

ʦʧʣʘʪʳ, ʦʜʥʘʢʦ ʠʥʬʦʨʤʘʮʠʷ ʦ ʥʝʢʦʪʦʨʳʝ 

ʨʝʛʠʦʥʳ ʜʦʩʪʫʧʥʳ ʙʝʩʧʣʘʪʥʦ (ʜʝʤʦ-ʨʝʞʠʤ).  

 
ʘ) 

 
ʙ) 

ʈʠʩ.1. a) ïʈʘʩʯʝʪ ʧʦʪʦʢʘ ʜʝʥʝʛ: ʢʘʧʠʪʘʣʴʥʳʭ ʠ 

ʦʧʝʨʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ,  ʥʦʨʤʠʨʦʚʘʥʥʦʡ 

ʩʪʦʠʤʦʩʪʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (LCOE) ʟʘ 

ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. ʙ) ɺʨʝʤʝʥʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʪʝʯʝʥʠʠ 

20-ʣʝʪʥʝʛʦ ʧʝʨʠʦʜʘ: ʥʘʛʨʫʟʢʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, 

ʚʳʭʦʜ  ʩʦʣʥʝʯʥʦʡ ʛʝʥʝʨʘʮʠʠ  ʩʥʠʞʘʝʪʩʷ, ʧʦʪʝʨʠ 

ʙʘʪʘʨʝʠ ʫʚʝʣʠʯʠʚʘʶʪʩʷ, ʯʪʦ ʪʨʝʙʫʝʪ ʠʭ ʟʘʤʝʥʳ 

ʯʝʨʝʟ 14 ʣʝʪ. [HOMERÈ Pro V3.7 UM]. 

 
ʘ) 

 
ʙ) 

ʈʠʩ. 2.  ʘ)  ʂʦʥʮʝʧʮʠʷ ʟʘʚʠʩʠʤʦʩʪʠ 

ʪʦʯʥʦʩʪʠ ʦʮʝʥʢʠ ʩʪʦʠʤʦʩʪʠ ʧʨʦʝʢʪʘ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʬʘʢʪʠʯʝʩʢʠʤʠ ʟʘʪʨʘʪʘʤʠ  [Gordon, 

J. L., Black Boxing Hydro Costs, 1989.]. 

ʈʝʟʫʣʴʪʘʪʳ ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʧʨʦʝʢʪʦʚ -  ʫʨʦʚʝʥʴ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ ʦʮʝʥʢʘʭ ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ  Ñ 

50% ʜʦ 0%.  ʙ)  ʊʠʧʠʯʥʳʡ ʚʚʦʜ/ʚʳʚʦʜ ʧʨʦʛʨʘʤʤʳ  

RETScreen: ʧʦʪʨʝʙʣʝʥʠʝ, ʛʝʥʝʨʘʮʠʷ, ʧʦʪʦʢʠ 

ʜʝʥʝʛ 
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ʘ) 

 

ʙ) 

 

ʚ) 

 
ʛ)  

ʈʠʩ.3. ʊʠʧʠʯʥʳʝ SolarGIS ʜʘʥʥʳʝ. ʘ)- ɻʣʦʙʘʣʴʥʦʝ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʦʙʣʫʯʝʥʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʦʟʜʫʭʘ - ʢʣʠʤʘʪʠʯʝʩʢʘʷ ʩʧʨʘʚʢʘ, Autoporto, 

Italy, ʙ)- ɻʦʨʠʟʦʥʪ ʤʝʩʪʥʦʩʪʠ (ʩʝʨʘʷ ʟʘʣʠʚʢʦʡ), 

ʛʦʨʠʟʦʥʪ ʤʦʜʫʣʷ (ʩʠʥʷʷ ʟʘʣʠʚʢʘ) ʠ ʚʣʠʷʥʠʝ 

ʟʘʪʝʥʝʥʠʷ ʥʘ ʩʦʣʥʝʯʥʫʶ ʨʘʜʠʘʮʠʶ. ʏʝʨʥʳʝ 

ʪʦʯʢʠ ʧʦʢʘʟʳʚʘʶʪ ʠʩʪʠʥʥʦʝ ʩʦʣʥʝʯʥʦʝ ʚʨʝʤʷ. 

ʉʠʥʠʝ ʤʝʪʢʠ ʧʦʢʘʟʳʚʘʶʪ ʤʝʩʪʥʦʝ ʚʨʝʤʷ, 

Boothapandi, India, ʚ)  ʇʦʪʝʨʠ ʛʣʦʙʘʣʴʥʦʛʦ 

ʦʙʣʫʯʝʥʠʷ ʟʘ ʩʯʝʪ ʟʘʪʝʥʝʥʠʷ ʤʝʩʪʥʦʩʪʠ [%] 

(Autoporto, ʀʪʘʣʠʷ), ʛ)  ʇʨʦʮʝʥʪʥʘʷ ʜʦʣʷ 

ʝʞʝʤʝʩʷʯʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, Boothapandi, 

India 

ʇʨʦʛʨʘʤʤʘ pvSol [9] ï ʩʧʦʩʦʙʥʘ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʬʦʪʦʚoʣʴʪʘʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʚ 

ʫʩʣʦʚʠʷʭ ʚʳʙʨʘʥʥʦʛʦ ʨʝʛʠʦʥʘ. ɺ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʤ ʠʥʪʝʨʬʝʡʩʝ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ 6 ʦʩʥʦʚʥʳʭ ʨʘʟʜʝʣʦʚ: 

ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ, ʚʳʙʦʨ ʦʙʲʝʢʪʘ, 

ʚʳʙʦʨ ʤʦʜʫʣʷ, ʚʳʙʦʨ ʩʠʩʪʝʤʳ ʨʘʟʤʝʱʝʥʠʷ 

ʤʦʜʫʣʷ, ʢʦʥʬʠʛʫʨʘʮʠʷ ʤʦʜʫʣʷ ʠ ʧʣʘʥ ʧʦ 

ʨʘʟʤʝʱʝʥʠʶ ʠʥʪʝʨʢʦʤʤʫʥʠʢʘʮʠʡ. ɺʘʞʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʷʚʣʷʝʪʩʷ 

ʩʠʤʫʣʷʮʠʷ ʟʘʪʝʥʸʥʥʳʭ ʦʙʣʘʩʪʝʡ ʦʪ 

ʦʢʨʫʞʘʶʱʠʭ ʦʙʲʝʢʪʦʚ. 

ʂʨʦʤʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʦʪʤʝʪʠʤ ʝʱʝ: Hybrid2 ï ʧʨʦʜʫʢʪ, 

ʦʩʥʦʚʥʦʡ ʫʧʦʨ ʚ ʢʦʪʦʨʦʤ ʩʜʝʣʘʥ ʥʘ 

ʩʠʤʫʣʷʮʠʶ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʠʙʨʠʜʥʳʭ 

(ʩʦʣʥʝʯʥʳʝ + ʚʝʪʨʦʚʳʝ ʤʦʜʫʣʠ) ʩʪʘʥʮʠʡ. 

ɺʳʭʦʜʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ 

ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʦʣʛʦʩʨʦʯʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʠʙʨʠʜʥʦʡ ʘʚʪʦʥʦʤʥʦʡ 

ʩʪʘʥʮʠʠ ʩ ʫʯʝʪʦʤ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ: 

ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʠʝ ʤʦʜʫʣʠ, ʚʝʪʨʦʚʳʝ 

ʛʝʥʝʨʘʪʦʨʳ, ʘʢʢʫʤʫʣʷʪʦʨʳ, ʠʥʚʝʨʪʦʨʳ ʠ 

ʜʨʫʛʠʝ ʢʦʤʧʦʥʝʥʪʳ. ʇʨʦʛʨʘʤʤʘ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʨʦʛʥʦʟʳ ʥʘ 

ʦʩʥʦʚʝ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤ ʠ 

ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʠʙʨʠʜʥʦʡ ʩʪʘʥʮʠʠ. ViPOR 

(Village Power Optimizationfor Renewables) ï 

ʧʨʦʛʨʘʤʤʘ, ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʘʷʩʷ ʥʘ 

ʨʝʰʝʥʠʠ ʚʦʧʨʦʩʘ ʵʣʝʢʪʨʠʬʠʢʘʮʠʠ 

ʦʪʜʘʣʝʥʥʳʭ ʨʝʛʠʦʥʦʚ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʤʝʩʪʥʦʩʪʠ ʜʣʷ 

ʤʠʥʠʤʠʟʘʮʠʠ ʟʘʪʨʘʪ ʧʦ ʧʝʨʝʜʘʯʝ ʵʥʝʨʛʠʠ ʦʪ 

ʠʩʪʦʯʥʠʢʘ ʢ ʧʦʪʨʝʙʠʪʝʣʶ. ʇʦʤʠʤʦ ʧʨʦʯʝʛʦ, 

ʧʨʦʛʨʘʤʤʘ ʦʙʣʘʜʘʝʪ ʬʫʥʢʮʠʝʡ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʵʣʝʢʪʨʦʩʝʪʠ, 

ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʩʝʪʝʡ. LAP (Low Voltage Electrification 

Analysis and Planning) ï ʦʪʣʠʯʠʪʝʣʴʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʷʚʣʷʝʪʩʷ 

ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʥʘ ʩʠʩʪʝʤʘʭ ʥʠʟʢʦʚʦʣʴʪʥʦʡ 

ʵʣʝʢʪʨʠʬʠʢʘʮʠʠ. ɺ ʥʝʡ ʧʨʝʜʩʪʘʚʣʝʥʳ 
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ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ 

ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ ʥʘʨʷʜʫ ʩ ʦʙʳʯʥʳʤʠ 

ʜʠʟʝʣʴʥʳʤʠ ʠ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʤʠ.  iHoga 

(Improved Hybrid Optimization by Genetic 

Algorithm) ï ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʚ 

ʢʦʪʦʨʦʤ ʧʨʠʤʝʥʷʝʪʩʷ çʛʝʥʝʪʠʯʝʩʢʠʡ 

ʘʣʛʦʨʠʪʤè ʠ ʩʝʥʩʠʪʠʚʥʳʡ (ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʢ 

ʠʟʤʝʥʝʥʠʷʤ) ʘʥʘʣʠʟ ʩʠʩʪʝʤ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ 

ʵʥʝʨʛʠʠ. ɼʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʨʘʩʩʯʠʪʘʥʘ ʥʘ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʦʧʪʠʤʠʟʘʮʠʶ ʩʠʩʪʝʤ ʩ 

ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʚʝʪʨʦʚʳʤʠ 

ʪʫʨʙʠʥʘʤʠ, ʪʦʧʣʠʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʠ ʛʠʜʨ-

ʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘʤʠ. 

ʂʘʢ ʤʳ ʦʪʤʝʯʘʣʠ ʚ ʥʘʯʘʣʝ ʩʪʘʪʴʠ, 

ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ 

ʠʥʩʪʨʫʤʝʥʪʳ ʦʪʣʠʯʘʶʪʩʷ ʚʝʩʴʤʘ ʩʠʣʴʥʦ. 

ʀʥʞʝʥʝʨʘʤʠ-ʠʥʩʪʘʣʣʷʪʦʨʘʤʠ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʧʦ ʚʩʝʤʫ ʤʠʨʫ ʚ 

ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʐʚʝʡʮʘʨʠʠ, ʠ ʩʪʘʚʰʠʡ 

ʩʚʦʝʛʦ ʨʦʜʘ ʦʪʨʘʩʣʝʚʳʤ ʩʪʘʥʜʘʨʪʦʤ 

ʠʥʞʝʥʝʨʥʦʛʦ ʢʦʥʬʠʛʫʨʘʪʦʨʘ ʧʨʦʛʨʘʤʤʘ 

PVSyst [10], ʢʦʪʦʨʘʷ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ: 

ʙʳʩʪʨʦʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ 

ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ (ʚ ʘʥʘʣʠʟ ʚʭʦʜʠʪ 

ʦʮʝʥʢʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ 

ʜʘʥʥʳʭ ʧʦʯʘʩʦʚʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ; 

ʨʘʩʩʤʦʪʨʝʥʠʝ ʚʩʝʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʤʦʜʝʣʝʡ ʩʠʩʪʝʤʳ ʠ ʠʭ ʩʨʘʚʥʝʥʠʝ; ʧʝʨʚʠʯʥʳʡ 

ʘʥʘʣʠʟ ʟʘʪʝʥʝʥʠʷ ʥʘ ʚʳʨʘʙʦʪʢʫ ʧʨʠ ʧʦʤʦʱʠ 

ʠʥʩʪʨʫʤʝʥʪʘ 3D tool; ʘʥʘʣʠʟ ʧʦʪʝʨʴ ʚ 

ʩʠʩʪʝʤʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʘ ʦʩʥʦʚʝ 

ʨʝʘʣʴʥʳʭ ʮʝʥ ʢʦʤʧʦʥʝʥʪʦʚ); ʪʘʢʦʡ ʘʥʘʣʠʟ 

ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʜʣʷ ʩʦʝʜʠʥʝʥʥʳʭ ʩ ʩʝʪʴʶ, 

ʘʚʪʦʥʦʤʥʳʭ ʠ ʚʦʜʦʧʦʜʲʝʤʥʳʭ ʌʕʉ. 

ʧʦʣʥʦʮʝʥʥʦʛʦ ʜʝʪʘʣʴʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʌʕʉ ʩ ʧʦʯʘʩʦʚʳʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʘʙʦʪʳ ʩ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʙʘʟʘʤʠ ʤʝʪʝʦʜʘʥʥʳʭ ʠ 

ʙʘʟʦʡ ʜʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ; ʜʣʷ 

ʩʦʝʜʠʥʝʥʥʳʭ ʩ ʩʝʪʴʶ, ʘʚʪʦʥʦʤʥʳʭ, 

ʚʦʜʦʧʦʜʲʝʤʥʳʭ ʌʕʉ ʠ ʌʕʉ ʩ ʥʘʛʨʫʟʢʦʡ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. 

ɹʣʦʢ çSolar tool boxè ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʦʣʥʝʯʥʫʶ ʛʝʦʤʝʪʨʠʶ 

ʌʕʉ, ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʟʘʪʝʥʝʥʠʝ, 

ʪʨʘʥʩʧʦʟʠʮʠʶ ʩʦʣʥʝʯʥʳʭ ʤʦʜʫʣʝʡ; 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʌʕʄ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʪʝʥʝʥʠʷ ʠ ʜʨ. ʬʘʢʪʦʨʦʚ, 

ʧʦʩʤʦʪʨʝʪʴ ɺɸʍ ʟʘʪʝʥʷʝʤʳʭ ʌʕ ʷʯʝʝʢ ʠ ʪ.ʜ. 

ɹʣʦʢ çMeasured dataè ʧʦʟʚʦʣʷʝʪ 

ʠʤʧʦʨʪʠʨʦʚʘʪʴ ʠʟʤʝʨʝʥʥʳʝ ʩʠʩʪʝʤʦʡ 

ʤʦʥʠʪʦʨʠʥʛʘ ʧʘʨʘʤʝʪʨʦʚ ʌʕʉ ʧʦʯʘʩʦʚʳʝ 

ʜʘʥʥʳʝ, ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʠʭ, ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʚ 

ʚʠʜʝ ʪʘʙʣʠʮ ʠ ʛʨʘʬʠʢʦʚ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ, 

ʩʨʘʚʥʠʚʘʪʴ ʩʦ ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ. ʇʦʩʣʝ ʚʳʙʦʨʘ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ 

ʠ ʠʩʪʦʯʥʠʢʘ ʩʨʝʜʥʝʤʝʩʷʯʥʳʭ ʜʘʥʥʳʭ ʩʨʘʟʫ 

ʞʝ ʛʝʥʝʨʠʨʫʶʪʩʷ ʧʦʯʘʩʦʚʳʝ ʜʘʥʥʳʝ ï ʠʟ 

ʩʫʤʤʘʨʥʦʡ ʠʣʠ ʨʘʩʩʝʷʥʥʦʡ ʩʦʣʥʝʯʥʦʡ 

ʨʘʜʠʘʮʠʠ (ʦʧʮʠʦʥʘʣʴʥʦ). ɺ ʭʦʜʝ ʨʘʩʯʝʪʘ 

ʪʘʢʞʝ ʧʦʷʚʣʷʝʪʩʷ ʩʦʦʙʱʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʚ 

ʧʨʦʛʨʘʤʤʝ ʥʝʣʴʟʷ ʩʛʝʥʝʨʠʨʦʚʘʪʴ ʯʘʩʦʚʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʠʟ 

ʩʨʝʜʥʝʤʝʩʷʯʥʳʭ ʠ ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʥʝ ʠʟʚʝʩʪʥʳ ʩʧʦʩʦʙʳ ʵʪʦ 

ʩʜʝʣʘʪʴ, ʧʦʵʪʦʤʫ ʚ ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʩʨʝʜʥʝʤʝʩʷʯʥʳʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ. ɸ 

ʪʘʢʞʝ ʩʢʘʟʘʥʦ, ʯʪʦ ʚʣʠʷʥʠʝ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ 

ʥʘ ʨʘʙʦʪʫ  ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ (ʘ 

ʪʦʯʥʝʝ ï ʥʘ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʫ) ʤʘʣʦ. ʇʨʠ ʵʪʦʤ 

PVSyst ʚ ʩʣʫʯʘʝ ʨʘʩʯʝʪʘ ʘʚʪʦʥʦʤʥʳʭ 

ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ ʜʦʧʫʩʢʘʝʪ ʛʝʥʝʨʘʮʠʶ 

ʛʨʘʬʠʢʘ ʥʘʛʨʫʟʢʠ ʧʫʪʝʤ ʚʚʦʜʘ ʢʦʣʠʯʝʩʪʚʘ 

ʧʨʠʙʦʨʦʚ-ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʚʨʝʤʝʥʠ ʠʭ 

ʨʘʙʦʪʳ. 

ʈʷʜ ʟʘʨʫʙʝʞʥʳʭ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʨʘʙʦʪ 

ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʚʳʧʦʣʥʝʥ ʚ ʩʠʩʪʝʤʝ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʩʪʘʥʦʚʦʢ 

ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ TRNSYS [11]. 

ɼʘʥʥʘʷ ʩʨʝʜʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʟʥʘʯʘʣʴʥʦ 

ʩʦʟʜʘʚʘʣʘʩʴ ʧʦʜ ʥʫʞʜʳ ʪʝʧʣʦʚʦʡ ʩʦʣʥʝʯʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ, ʥʦ ʧʦʟʞʝ ʩ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʠ ʜʨʫʛʠʝ ʩʠʩʪʝʤʳ ʘʚʪʦʥʦʤʥʦ 

ʠ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. ʆʥʘ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʠʧʦʚʳʝ ʤʦʜʫʣʠ ʚʚʦʜʘ ʠ 

ʚʳʚʦʜʘ ʜʘʥʥʳʭ, ʤʦʜʫʣʠ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤ 

ʠ ʙʣʦʢ ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 
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ʫʨʘʚʥʝʥʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʩʦʛʣʘʩʥʦ 

ʟʘʜʘʚʘʝʤʳʤ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʩʚʷʟʷʤʠ ʤʝʞʜʫ 

ʦʙʲʝʢʪʘʤʠ. ʉʠʩʪʝʤʘ ʠʤʝʝʪ ʦʪʢʨʳʪʫʶ 

ʘʨʭʠʪʝʢʪʫʨʫ, ʪʦ ʝʩʪʴ ʫ ʧʦʣʴʟʦʚʘʪʝʣʷ ʝʩʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʧʠʩʘʪʴ ʥʦʚʳʝ ʤʦʜʫʣʠ ʧʦʜ 

ʩʚʦʠ ʢʦʤʧʦʥʝʥʪʳ. 

 

 
ʈʠʩ. 4. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʤʦʜʝʣʠ 

ʩʝʪʝʚʦʡ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ ʚ TRNSYS 

 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩʫʥʢʝ 4 

ʧʨʠʚʝʜʝʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʜʠʘʛʨʘʤʤʘ 

(ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ) ʜʣʷ ʩʝʪʝʚʦʡ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ. ʄʦʜʫʣʠ Type9a 

ʠ Type9a-2 ʯʠʪʘʶʪ ʠʟ ʬʘʡʣʦʚ ʯʘʩʦʚʳʝ ʩʫʤʤʳ 

ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʛʦ 

ʚʦʟʜʫʭʘ, ʤʦʜʫʣʴ Type16a ʧʝʨʝʩʯʠʪʳʚʘʝʪ 

ʧʦʪʦʢʠ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʥʘʢʣʦʥʥʫʶ 

(ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʝ ʚ 

TRNSYS ʤʦʜʝʣʠ ʈʝʡʥʜʣʘ [12], ʩʦʦʪʥʦʰʝʥʠʷ 

ʧʨʷʤʦʛʦ ʠ ʨʘʩʩʝʷʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ 

ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʨʘʩʩʝʷʥʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ). ʉʦʙʩʪʚʝʥʥʦ ʤʦʜʝʣʠ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʨʝʘʣʠʟʦʚʘʥʳ ʚ 

ʤʦʜʫʣʷʭ STP280S ʠ STP285S. 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʦʜʫʣʝʡ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʩʫʤʤʠʨʫʝʪʩʷ ʠ ʫʤʥʦʞʘʝʪʩʷ ʥʘ 

ʩʨʝʜʥʶʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʚʝʨʪʦʨʘ ʚ Equa, 

ʟʘʪʝʤ ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʠ ʚʳʚʦʜʠʪʩʷ ʤʦʜʫʣʝʤ 

Type28b. ɺʩʝ ʤʦʜʫʣʠ ʢʨʦʤʝ Equa, 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, ʷʚʣʷʶʪʩʷ 

ʚʭʦʜʷʱʠʤʠ ʚ ʧʦʩʪʘʚʢʫ ʤʦʜʫʣʷʤʠ TRNSYS. 

ʈʘʟʨʘʙʦʪʘʥ ʪʘʢʞʝ ʨʷʜ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ  ʩʠʩʪʝʤ 

ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʜʫʢʪʦʚ 

ʢʦʥʢʨʝʪʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʪʘʢʠʭ ʢʘʢ SMA 

Off-Grid Configurator [13]. ɹʘʟʘ ʜʘʥʥʳʭ 

ʚʢʣʶʯʘʝʪ ʣʠʥʝʡʢʫ ʩʝʪʝʚʳʭ ʠ ʘʚʪʦʥʦʤʥʳʭ 

ʠʥʚʝʨʪʦʨʦʚ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʦʡ ʥʘ ʨʳʥʢʝ 

ʬʦʪʦʵʥʝʨʛʝʪʠʢʠ ʢʦʤʧʘʥʠʠ SMA Gmbh, ʘ 

ʪʘʢʞʝ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʤʦʜʫʣʝʡ, ʠʩʧʦʣʴʟʦʚʘʚʰʠʭʩʷ ʩʧʝʮʠʘʣʠʩʪʘʤʠ 

ʜʘʥʥʦʡ ʢʦʤʧʘʥʠʠ, ʣʠʙʦ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʥʘ 

ʦʩʥʦʚʝ ʚʦʜʦʨʦʜʥʦʛʦ ʮʠʢʣʘ [14]. 

ʀʟʫʯʝʥʠʝ ʛʣʦʙʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ 

ʛʝʥʝʨʘʮʠʷ/ʧʦʪʨʝʙʣʝʥʠʝ ʥʘ ʫʨʦʚʥʝ 

ʩʪʨʘʥʳ/ʨʝʛʠʦʥʘ. 

ʊʘʢʠʝ ʨʘʙʦʪʳ ʦʙʳʯʥʦ ʚʢʣʶʯʘʶʪ ʫʯʸʪ 

ʦʯʝʥʴ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʬʘʢʪʦʨʦʚ, ʯʪʦ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʷʚʣʷʝʪʩʷ ʠʭ ʠ ʩʠʣʦʡ ʠ 

ʩʣʘʙʦʩʪʴʶ. ʇʦʤʠʤʦ ʩʣʦʞʥʦʩʪʝʡ ʚ 

ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʠ ʙʘʣʘʥʩʘ, ʠʤʝʝʪ ʤʝʩʪʦ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʤʥʦʛʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʥʘʧʨʠʤʝʨ ʦʮʝʥʢʠ ʙʫʜʫʱʝʛʦ ʧʦʪʨʝʙʣʝʥʠʷ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʂʣʘʩʩʠʯʝʩʢʠʤ ʧʨʠʤʝʨʦʤ 

ʪʘʢʦʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʠʟʙʳʪʦʢ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʛʝʥʝʨʠʨʫʶʱʠʭ ʤʦʱʥʦʩʪʝʡ 

ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʨʝʛʠʦʥʝ ʈʦʩʩʠʠ. 

ʉʦʯʝʪʘʥʠʝ ʧʨʦʛʥʦʟʦʚ ʧʨʘʚʠʪʝʣʴʩʪʚʘ, 

ʜʦʛʦʚʦʨʦʚ ɼʇʄ, ʠ ʦʮʝʥʢʠ ʨʦʩʪʘ ʵʢʦʥʦʤʠʢʠ 

ʧʨʠʚʝʣʠ ʢ ʠʟʙʳʪʦʯʥʦʫ ʩʪʨʦʠʪʝʣʴʩʪʚʫ 

ʛʝʥʝʨʠʨʫʶʱʠʭ ʤʦʱʥʦʩʪʝʡ [15]. ɿʘʜʘʯʠ ʞʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʝʛʠʦʥʘʣʴʥʳʭ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʵʥʝʨʛʦʩʠʩʪʝʤ ʷʚʣʷʶʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʩʣʦʞʥʳʤʠ ʘʥʘʣʦʛʘʤʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʣʘʩʩʠʯʝʩʢʠʭ ʵʥʝʨʛʦʩʠʩʪʝʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʪʘʢʦʡ ʨʘʙʦʪʳ ʧʨʠʚʝʜʸʤ 

ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʮʠʪʠʨʫʝʤʳʭ ʘʚʪʦʨʦʚ 

ʌʠʥʣʷʥʜʠʠ [16,17], ʚ ʢʦʪʦʨʦʡ ʨʘʟʨʘʙʦʪʘʥʘ 

ʤʦʜʝʣʴ (LUT-ʤʦʜʝʣʴ)  ʨʝʛʠʦʥʘʣʴʥʳʭ 

ʨʘʩʯʝʪʦʚ  ʫʩʣʦʚʠʷ ʧʨʠʤʝʥʝʥʠʷ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʩ ʫʯʸʪʦʤ ʩʝʪʝʡ, 

ʥʘʢʦʧʣʝʥʠʷ, ʧʦʪʨʝʙʣʝʥʠʷ, ʛʝʥʝʨʘʮʠʠ ʨʘʟʥʳʭ 

ʚʠʜʦʚ (ʨʠʩ. 5). 
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ʈʠʩ. 5. ʆʩʥʦʚʥʳʝ ʚʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ LUT-ʤʦʜʝʣʠ, ʦʧʠʩʘʥʥʦʡ  ʚ [17] 

 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʪʘʢʠʭ ʨʘʩʯʝʪʦʚ ʚ 

ʩʪʘʪʴʝ [16] ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʩʫʧʝʨ-

ʩʝʪʠ ʜʣʷ  ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʦʡ ɸʟʠʠ, ʢʦʪʦʨʘʷ 

ʦʧʠʩʳʚʘʝʪ ʧʷʪʴ ʩʮʝʥʘʨʠʝʚ ʜʣʷ 100%-ʥʳʭ 

ʩʠʩʪʝʤ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʫʨʦʚʥʷʤʠ ʨʘʟʚʠʪʠʷ 

ʚʳʩʦʢʦʚʦʣʴʪʥʦʡ ʩʝʪʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʚʢʣʶʯʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʤ ʛʘʟʝ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ 

ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ. (ʈʠʩ. 6) 

ɺʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ʤʦʛʫʪ 

ʧʦʩʪʘʚʣʷʪʴ ʜʦʩʪʘʪʦʯʥʦ ʵʥʝʨʛʠʠ ʜʣʷ ʧʦʢʨʳʪʠʷ 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʧʦʪʨʝʙʥʦʩʪʠ ʚ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʛʘʟʝ ʚ ʵʪʦʤ ʨʘʡʦʥʝ ʚ 2030 

ʛʦʜʫ ʠ ʧʦʩʪʘʚʣʷʪʴ ʙʦʣʝʝ 2000 ʊɺʪ-ʯ ʪʝʧʣʘ ʩ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʡ ʩʪʦʠʤʦʩʪʴʶ 84 ʝʚʨʦ / 

ʄɺʪ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʟʘ ʩʯʝʪ ʮʝʥʳ ʥʘ 

ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʨʠʨʦʜʥʳʡ ʛʘʟ ʧʦ ʷʧʦʥʩʢʦʤʫ 

ʫʨʦʚʥʶ ʮʝʥ ʥʘ ʠʤʧʦʨʪ ʩʞʠʞʝʥʥʦʛʦ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʚ 2013 ʛʦʜʫ ʠ ʙʝʟ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʜʦʩʪʫʧʥʦʛʦ ʪʝʧʣʘ. ʆʙʱʘʷ ʩʪʦʠʤʦʩʪʴ ʩʠʩʪʝʤʳ 

ʧʣʦʱʘʜʠ ʤʦʞʝʪ ʩʦʩʪʘʚʠʪʴ 69,4 ʝʚʨʦ / ʄɺʪ, 

ʝʩʣʠ ʫʯʠʪʳʚʘʪʴ ʪʦʣʴʢʦ ʩʝʢʪʦʨ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ. ɺ ʵʪʦʡ ʩʠʩʪʝʤʝ ʦʢʦʣʦ 

13% ʵʥʝʨʛʠʠ ʦʙʤʝʥʠʚʘʝʪʩʷ ʤʝʞʜʫ 13 

ʨʝʛʠʦʥʘʤʠ, ʯʪʦ ʦʪʨʘʞʘʝʪ ʜʦʚʦʣʴʥʦ 

ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʢʦʪʦʨʳʡ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 27% ʟʘʧʘʩʝʥʥʦʡ ʵʥʝʨʛʠʠ. 

 
ʈʠʩ. 6. ʉʭʝʤʘ ʩʝʪʠ ʨʝʛʠʦʥʳ ʉʝʚʝʨʦ-

ɺʦʩʪʦʯʥʦʡ ɸʟʠʠ [16]  

 

ɺ ʩʚʷʟʠ ʩ ʥʝʠʟʚʝʩʪʥʦʩʪʴʶ ʨʷʜʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘʢʦʡ ʧʦʜʭʦʜ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ 

ʷʚʣʷʝʪʩʷ, ʧʦ ʩʫʪʠ, ʘʥʘʣʦʛʦʤ ʨʘʩʯʸʪʘ ʩʝʪʝʚʦʛʦ 

ʧʘʨʠʪʝʪʘ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʨʘʙʦʪ ʪʘʢʦʛʦ ʪʠʧʘ 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʚ 

ʨʷʜʝ ʨʘʙʦʪ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʪʢʨʳʪʳʝ 

ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ [18] ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʝʪʝʡ. ʄʦʜʝʣʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʙʝʟʫʩʣʦʚʥʦ, 

ʷʚʣʷʶʪʩʷ ʧʦʣʝʟʥʳʤʠ,  ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʙʫʜʫʱʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ 

ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪʩʷ ʢ ʚʦʧʨʦʩʘʤ, ʩʚʷʟʘʥʥʳʤ ʩ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʠ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʦʡ. 

ʉʘʤʠ ʤʦʜʝʣʠ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʪʠʧʫ, 
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ʜʠʟʘʡʥʫ, ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ, ʧʨʠʤʝʥʝʥʠʶ, 

ʦʙʲʝʤʫ, ʫʨʦʚʥʶ ʜʝʪʘʣʠʟʘʮʠʠ, ʩʣʦʞʥʦʩʪʠ ʠ 

ʥʝʜʦʩʪʘʪʢʘʤ.  ɺ ʧʨʦʮʝʩʩʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʵʪʠʭ ʤʦʜʝʣʝʡ ʯʘʩʪʦ ʦʧʠʩʳʚʘʝʪʩʷ ʥʝʢʦʪʦʨʘʷ 

ʬʦʨʤʘ ʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʦʪʜʝʣʴʥʦʛʦ 

ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʩʦʣʥʝʯʥʦʡ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. 

ʈʷʜ ʧʨʦʛʨʘʤʤ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʘʪʴ 

ʯʝʪʳʨʸʭ ʧʘʨʘʤʝʪʨʠʯʝʩʢʫʶ ʤʦʜʝʣʴ 

ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʩ ʫʯʸʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʚʣʘʞʥʦʩʪʠ, ʦʩʚʝʱʸʥʥʦʩʪʠ (ʧʨʷʤʦʡ ʠ 

ʜʠʬʬʫʟʥʦʡ) ʠ ʧʨ. ɼʘʣʝʝ ʤʘʩʩʠʚ ʪʘʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʤʦʜʝʣʠʨʫʝʪʩʷ ʫʞʝ ʚ ʨʘʤʢʘʭ 

ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʠ ʩ ʫʯʸʪʦʤ 

ʢʦʥʪʨʦʣʣʝʨʘ ʟʘʨʷʜʘ, ʠʥʚʝʨʪʦʨʦʚ ʠ ʜʨʫʛʠʭ 

ʵʣʝʤʝʥʪʦʚ. ʉʦʯʝʪʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʟʥʦʡ 

ʧʨʠʨʦʜʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʚʦʜʠʪ ʢ ʩʦʟʜʘʥʠʶ 

ʧʨʦʛʨʘʤʤʳ, ʩʦʩʪʘʚʣʝʥʥʦʡ ʠʟ ʩʣʘʙʦ 

ʩʦʚʤʝʩʪʠʤʳʭ ʢʦʤʧʦʥʝʥʪ, ʧʨʠ ʵʪʦʤ 

ʢʦʨʨʝʢʪʥʦʩʪʴ ʨʘʩʯʸʪʦʚ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʧʨʦʚʝʨʠʪʴ ʥʝʚʦʟʤʦʞʥʦ. ɺ ʨʘʙʦʪʝ 

[19] ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ 

ʩʦʣʥʝʯʥʳʭ ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥ ʧʦʜʭʦʜ çʤʦʜʝʣʠʨʦʚʘʥʠʷ ʮʝʧʝʡè, 

ʪ. ʝ. ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʥʝʢʘʷ 

çʨʘʜʠʦʪʝʭʥʠʯʝʩʢʘʷ ʩʭʝʤʘè ʜʦʩʪʘʪʦʯʥʦ 

ʙʦʣʴʰʦʡ ʩʣʦʞʥʦʩʪʠ (ʩʤ. ʨʠʩ. 7). ɼʘʣʝʝ 

ʧʨʠʚʣʝʢʘʶʪʩʷ ʧʨʦʛʨʘʤʤʳ Simulink, PSIM, 

PSPICE, PSCAD, ʠʣʠ ʩʚʦʙʦʜʥʦ ʜʦʩʪʫʧʥʦʝ 

ʧʨʦʛʨʘʤʤʘ NGSPICE [20]. 

ʇʨʠʚʝʜʸʥʥʘʷ ʥʘ ʨʠʩ. 7ɸ ʥʘ ʤʦʜʝʣʴ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ [19], 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʯʸʪʦʤ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʇʦʤʠʤʦ 

ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʘ ʠʤʝʝʪ 

ʨʷʜ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪ, ʪʘʢʠʭ ʢʘʢ ʢʦʥʪʨʦʣʣʝʨ 

ʟʘʨʷʜʘ ʘʢʢʫʤʫʣʷʪʦʨʘ, DC-DC ʢʦʥʚʝʨʪʦʨ ʠ ʜʨ. 

ʊʠʧʠʯʥʘʷ ʤʦʜʝʣʴ  DC-DC ʢʦʥʚʝʨʪʦʨʘ [19], 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 7b. 

 
ʘ) 

 
ʙ) 

 
ʚ) 

ʈʠʩ. 7. ʘ) ɹʣʦʢ-ʩʭʝʤʘ ʤʘʩʩʠʚʘ PV ʠ ʠʥʪʝʨʬʝʡʩ 

ʧʦʜʢʣʶʯʝʥʠʷ ʪʝʨʤʠʥʘʣʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʚʳʭʦʜ 

PV ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʥʘʧʨʷʞʝʥʠʷ, ʙ) 

Simulink - ʤʦʜʝʣʴ ʤʦʩʪʦʚʦʛʦ DC / DC-

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʜʣʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʠʥʪʝʨʬʝʡʩʘ. ʚ) Simulink-ʤʦʜʝʣʴ ʤʘʩʩʠʚʘ 

ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. [19] 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪ - ʵʢʦʥʦʤʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʪʜʝʣʴʥʦʡ 

ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʦʡ ʷʯʝʡʢʠ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʦʜʥʦʛʦ ʘʢʢʫʤʫʣʷʪʦʨʘ ʠ ʪ.ʜ. -  ʜʦʧʫʩʢʘʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʝʩʴʤʘ ʧʨʦʩʪʳʭ, ʥʦ ʚ ʪʦ ʞʝ 

ʚʨʝʤʷ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʝʟʥʳʭ ʤʦʜʝʣʝʡ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʞʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʫʩʪʘʥʦʚʢʠ ʮʝʣʠʢʦʤ, ʪʨʝʙʫʝʪ ʧʨʘʚʠʣʴʥʳʭ 

ʤʦʜʝʣʝʡ ʜʣʷ ʚʩʝʭ ʝʸ ʢʦʤʧʦʥʝʥʪ, ʯʪʦ 
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ʢʘʨʜʠʥʘʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʦʙʱʫʶ ʩʣʦʞʥʦʩʪʴ 

ʤʦʜʝʣʠ, ʧʨʠ ʵʪʦʤ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʰʠʙʢʠ ʚ ʩʚʷʟʠ ʩ ʦʰʠʙʢʘʤʠ 

ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ, ʚʳʙʦʨʘ ʥʝʚʝʨʥʳʭ 

ʤʦʜʝʣʝʡ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʤʦʜʫʣʝʡ. ɺ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ, ʥʘʧʨʠʤʝʨ, 

ʦʮʝʥʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʩʪʦʠʤʦʩʪʠ 

ʢʦʥʢʨʝʪʥʦʛʦ ʟʘʢʘʟʘ, ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʜʦʩʪʘʪʦʯʥʦ 

ʩʣʦʞʥʦʡ ʤʦʜʝʣʠ, ʨʘʥʝʝ ʚʳʯʠʩʣʝʥʥʦʡ ʜʣʷ 

ʥʘʙʦʨʘ ʨʘʟʣʠʯʥʳʭ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ɺ 

ʨʷʜʝ ʩʣʫʯʘʝʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʯʝʥʴ ʧʨʦʩʪʳʝ, 

ʦʜʥʘʢʦ ʟʥʘʯʠʪʝʣʴʥʦ ʣʝʛʯʝ ʚʝʨʠʬʠʮʠʨʫʝʤʳʝ 

ʨʘʩʯʸʪʳ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʙʳʯʥʦ ʠʤʝʝʪ ʤʝʩʪʦ ʚ 

ʢʦʤʤʝʨʯʝʩʢʠʭ ʢʦʤʧʘʥʠʷʭ, ʟʘʥʠʤʘʶʱʠʭʩʷ 

ʩʦʦʨʫʞʝʥʠʝʤ ʩʦʣʥʝʯʥʳʭ ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʫʩʪʴ ʠ 

ʥʝʠʜʝʘʣʴʥʳʡ, ʥʦ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʡ 

ʟʘʢʘʟʯʠʢʘ ʨʝʟʫʣʴʪʘʪ. ɺ ʧʨʘʢʪʠʯʝʩʢʦʤ 

ʧʨʠʤʝʥʝʥʠʠ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʛʫʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʦʪʣʠʯʠʷʤ ʚ ʚʳʨʘʙʦʪʢʝ ʵʥʝʨʛʠʠ 

ʥʘ ʜʝʩʷʪʢʠ ʧʨʦʮʝʥʪʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʪʝʛʨʘʮʠʷ ʤʦʜʝʣʠ 

ʩʦʣʥʝʯʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʩ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʤʠ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ 

ʤʦʜʝʣʷʤʠ ʯʘʩʪʦ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ ʚ ʩʚʷʟʠ ʩ ʨʘʟʥʦʨʦʜʥʦʩʪʴʶ 

ʜʘʥʥʳʭ ʠ ʦʪʣʠʯʠʝʤ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʦʛʨʘʤʤ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʪʠʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʦʙʳʯʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʠʥʞʝʥʝʨʘʤʠ-ʵʣʝʢʪʨʦʥʱʠʢʘʤʠ, ʘ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʢʦʥʦʤʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ ʜʝʣʘʶʪ ʜʨʫʛʠʝ ʩʧʝʮʠʘʣʠʩʪʳ. ʕʪʦ 

ʯʘʩʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʰʠʙʢʘʤ, ʝʩʣʠ 

ʩʧʝʮʠʘʣʠʩʪʳ ʥʝ ʠʤʝʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ. 

ɻʝʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʠʩʧʦʣʴʟʫʝʤʳʝ 

ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʪʘʥʮʠʡ ʠ ʩʠʩʪʝʤ ʩʦʣʥʝʯʥʦʛʦ 

ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʧʨʠ ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʪʨʝʙʫʝʪ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʦ ʧʨʠʭʦʜʷʱʝʤ 

ʩʦʣʥʝʯʥʦʤ ʠʟʣʫʯʝʥʠʠ [21]. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʯʘʩʦʚʳʤ 

ʰʘʛʦʤ ʠ ʜʣʷ ʥʝʛʦ ʥʝʦʙʭʦʜʠʤʳ ʯʘʩʦʚʳʝ 

ʩʫʤʤʳ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʦʩʪʫʧʘʶʱʝʛʦ 

ʥʘ ʧʨʠʝʤʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʣʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. 

ʇʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ 

ʜʘʥʥʳʭ ʦ ʧʦʩʪʫʧʘʶʱʝʤ ʥʘ ʟʝʤʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʩʦʣʥʝʯʥʦʤ ʠʟʣʫʯʝʥʠʠ ʷʚʣʷʶʪʩʷ 

ʤʥʦʛʦʣʝʪʥʠʝ ʘʢʪʠʥʦʤʝʪʨʠʯʝʩʢʠʝ 

ʥʘʙʣʶʜʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ 

ʠʟʤʝʨʝʥʠʡ ʧʨʠʚʦʜʷʪʩʷ ʚ ʩʧʨʘʚʦʯʥʳʭ 

ʠʟʜʘʥʠʷʭ ʠ ʚ ʚʠʜʝ ʙʘʟ ʜʘʥʥʳʭ (ɹɼ). ʆʩʥʦʚʥʘʷ 

ʧʨʦʙʣʝʤʘ ʥʘʟʝʤʥʳʭ ʘʢʪʠʥʦʤʝʪʨʠʯʝʩʢʠʭ 

ʥʘʙʣʶʜʝʥʠʡ ï ʨʝʜʢʘʷ ʩʝʪʴ ʤʝʪʝʦʩʪʘʥʮʠʡ, 

ʚʝʜʫʱʠʭ ʪʘʢʠʝ ʥʘʙʣʶʜʝʥʠʷ. ʕʢʩʪʨʘʧʦʣʷʮʠʷ 

ʠ ʠʥʪʝʨʧʦʣʷʮʠʷ ʜʘʥʥʳʭ ʘʢʪʠʥʦʤʝʪʨʠʯʝʩʢʠʭ 

ʩʪʘʥʮʠʡ ʤʘʣʦʧʨʠʤʝʥʠʤʘ, ʧʦʩʢʦʣʴʢʫ ʪʘʢʠʝ 

ʠʟʤʝʨʝʥʠʷ ʩ ʧʨʠʝʤʣʝʤʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ 

ʤʦʛʫʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʥʝ 

ʙʦʣʝʝ 100-130 ʢʤ ʦʪ ʤʝʪʝʦʩʪʘʥʮʠʠ, ʯʪʦ 

ʤʝʥʴʰʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʤʝʪʝʦʩʪʘʥʮʠʷʤʠ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ 

ʥʘʟʝʤʥʳʭ ʜʘʥʥʳʭ ʦ ʧʦʩʪʫʧʣʝʥʠʠ ʩʦʣʥʝʯʥʦʡ 

ʵʥʝʨʛʠʠ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʚʩʝ ʰʠʨʝ 

ʩʪʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʘʥʥʳʭ ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʛʦ ʨʝʘʥʘʣʠʟʘ, ʢʦʪʦʨʳʡ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʤʝʪʝʦʨʦʣʦʛʠʠ, ʢʣʠʤʘʪʦʣʦʛʠʠ, 

ʦʢʝʘʥʦʣʦʛʠʠ ʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʚ ʜʘʥʥʳʭ NCEP ʠ ERA ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʘʜʘʶʱʝʤ ʩʦʣʥʝʯʥʦʤ 

ʠʟʣʫʯʝʥʠʠ ʥʘ ʩʝʪʢʝ ʩ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ. 

ʅʘ ʦʩʥʦʚʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʘʥʥʳʭ 

ʨʝʛʫʣʷʨʥʦʡ ʩʝʪʢʝ ʨʘʟʨʘʙʦʪʘʥʘ ʛʣʦʙʘʣʴʥʘʷ ʧʦ 

ʦʭʚʘʪʫ ʙʘʟʘ ʜʘʥʥʳʭ NASA POWER (NASA 

Prediction of Worldwide Energy Resource), 

ʢʦʪʦʨʘʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʚ 

ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʝ. 

ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʩʣʫʞʘʪ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʝʢʪʘ NASA 

POWER [22]. ɹʝʩʧʣʘʪʥʦ ʜʦʩʪʫʧʥʘʷ ʯʝʨʝʟ 

ʀʥʪʝʨʥʝʪ ʙʘʟʘ ʜʘʥʥʳʭ ʩʦʜʝʨʞʠʪ ʜʥʝʚʥʳʝ 

ʩʫʤʤʳ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʠ 

ʜʣʠʥʥʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʦʩʪʫʧʘʶʱʝʛʦ 

ʥʘ ʟʝʤʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʟʘʘʪʤʦʩʬʝʨʥʦʛʦ 



          ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

          ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 

43 

 

ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʨʷʜ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ï ʚʣʘʞʥʦʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ 

ʨʘʟʥʳʭ ʚʳʩʦʪʘʭ. ɼʘʥʥʘʷ ʙʘʟʘ ʷʚʣʷʝʪʩʷ 

ʨʝʟʫʣʴʪʘʪʦʤ ʦʙʨʘʙʦʪʢʠ ʟʘʘʪʤʦʩʬʝʨʥʳʭ 

ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʧʦʩʨʝʜʩʪʚʦʤ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʦʭʦʞʜʝʥʠʷ 

ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ ʯʝʨʝʟ ʘʪʤʦʩʬʝʨʫ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʧʝʮʠʘʣʠʩʪʳ NASA 

ʟʘʷʚʣʷʶʪ ʦ ʪʦʤ, ʯʪʦ ʙʘʟʘ ʧʦʟʚʦʣʷʝʪ ʚʳʜʘʚʘʪʴ 

ʜʘʥʥʳʝ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 

0,5↔ *0,5↔. 

ʇʨʦʝʢʪ NASA POWER ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ 

ʩ 2003 ʛ. ʢʘʢ ʧʨʦʜʦʣʞʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ 

ʧʨʦʝʢʪʘ NASA SSE ʠ ʥʘʧʨʘʚʣʝʥ ʥʘ 

ʧʦʜʛʦʪʦʚʢʫ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʩʦʣʥʝʯʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ ʠ ʜʨʫʛʠʭ ʦʪʨʘʩʣʝʡ, 

ʠʩʧʦʣʴʟʫʶʱʠʭ ʩʦʣʥʝʯʥʫʶ ʵʥʝʨʛʠʶ. ɺ ʙʘʟʝ 

NASA POWER ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ 

ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʩʫʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ 

(ʚʢʣʶʯʘʷ ʧʦʪʦʢʠ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ 

ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ ʘʪʤʦʩʬʝʨʳ ʠ ʥʘ ʫʨʦʚʥʝ 

ɿʝʤʣʠ, ʥʠʩʭʦʜʷʱʠʡ ʧʦʪʦʢ ʜʣʠʥʥʦʚʦʣʥʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʠ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ) ʩ 

ʨʘʟʨʝʰʝʥʠʷʤʠ 1ÁĬ1Á ʠ 0,5ÁĬ0,5Á (ʜʣʷ 

ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʪʦʣʴʢʦ 1ÁĬ1Á) ʜʣʷ 

ʢʘʞʜʦʛʦ ʜʥʷ (ʩʫʪʦʢ) ʩ 1 ʠʶʣʷ 1983 ʛ. ʧʦ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ʇʦʛʨʝʰʥʦʩʪʴ ʩʧʫʪʥʠʢʦʚʳʭ 

ʘʢʪʠʥʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦʧʨʝʜʝʣʷʣʘʩʴ 

ʧʫʪʸʤ ʩʨʘʚʥʝʥʠʷ ʩ ʜʘʥʥʳʤʠ ʥʘʙʣʶʜʝʥʠʡ 

ʥʘʟʝʤʥʳʭ ʤʝʪʝʦʩʪʘʥʮʠʡ, ʚʭʦʜʷʱʠʭ ʚ 

ʤʝʞʜʫʥʘʨʦʜʥʫʶ ʩʝʪʴ BSRN (Baseline Surface 

Radiation Network) ʠ ʩʦʩʪʘʚʠʣʘ ʧʦ ʜʘʥʥʳʤ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʧʦʨʷʜʢʘ 20%. 

ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʢʪʠʥʦʤʝʪʨʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʩʦʜʝʨʞʘʪ ʙʘʟʳ ɽʚʨʦʧʝʡʩʢʦʡ ʩʠʩʪʝʤʳ 

ʤʦʥʠʪʦʨʠʥʛʘ ʢʣʠʤʘʪʘ ʧʦ ʩʧʫʪʥʠʢʦʚʳʤ 

ʜʘʥʥʳʤ (Satellite Application Facility on 

Climate Monitoring, CM SAF [23]): 

ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠ ʘʢʪʠʥʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ 

ʥʘʙʣʶʜʝʥʠʡ ʛʝʦʩʪʘʮʠʦʥʘʨʥʳʭ ʩʧʫʪʥʠʢʦʚ 

(ʙʘʟʳ SARAH, 1983-2015 ʛʛ., Ñ65Á ʧʦ 

ʰʠʨʦʪʝ, Ñ65Á ʧʦ ʜʦʣʛʦʪʝ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ 0,05ÁĬ0,05Á; SARAH-E, 1999-

2016 ʛʛ., Ñ65Á ʧʦ ʰʠʨʦʪʝ, 10é130Á ʚ.ʜ., 

0,05ÁĬ0,05Á) ʠ ʧʦʣʷʨʥʳʭ ʩʧʫʪʥʠʢʦʚ (CLARA-

A, 1982-2015 ʛʛ., ʛʣʦʙʘʣʴʥʘʷ, 0,25ÁĬ0,25Á). 

ɼʝʪʘʣʴʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠ 

ʘʢʪʠʥʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ERA-ʨʝʘʥʘʣʠʟʘ 

ʠʤʝʶʪʩʷ ʚ ʙʘʟʘʭ ɽʚʨʦʧʝʡʩʢʦʛʦ ʮʝʥʪʨʘ 

ʩʨʝʜʥʝʩʨʦʯʥʦʛʦ ʧʨʦʛʥʦʟʘ ʧʦʛʦʜʳ (European 

Centre for Medium-Range Weather Forecasts, 

ECMWF [24], [25]), ʚ ʯʘʩʪʥʦʩʪʠ ʯʘʩʦʚʳʝ 

ʩʫʤʤʳ ʩʫʤʤʘʨʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (2000-2017 ʛʛ., 

ʛʣʦʙʘʣʴʥʳʝ ʜʘʥʥʳʝ, 0,25ÁĬ0,25Á). ɼʘʥʥʳʝ 

ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ CM SAF ʠ ECMWF ʚ 

ʘʨʭʠʚʘʭ, ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʧʦ ʚʨʝʤʝʥʥʦʤʫ 

ʧʨʠʥʮʠʧʫ. ʍʦʪʷ ʩʠʩʪʝʤʘ CM SAF ʠ 

ʧʦʟʚʦʣʷʝʪ ʚʳʢʘʯʠʚʘʪʴ ʜʘʥʥʳʝ ʥʝ ʧʦ ʚʩʝʡ 

ʧʦʢʨʳʚʘʝʤʦʡ ʝʸ ʙʘʟʘʤʠ ʜʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʠ, 

ʧʦʣʴʟʦʚʘʪʴʩʷ ʠʤʠ ʢʨʘʡʥʝ ʥʝʫʜʦʙʥʦ, ECMWF 

ʚʳʜʝʣʠʪʴ ʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʙʣʘʩʪʠ 

ʦʪʜʝʣʴʥʳʝ ʨʝʛʠʦʥʳ ʥʝ ʧʦʟʚʦʣʷʶʪ. 

ɺ  ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʥʘʟʝʤʥʳʭ 

ʘʢʪʠʥʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʜʣʷ ʨʷʜʘ 

ʣʦʢʘʮʠʡ ʤʦʞʝʪ ʙʳʪʴ ʚʳʙʨʘʥʘ ɹɼ ʄʠʨʦʚʦʛʦ 

ʮʝʥʪʨʘ ʨʘʜʠʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʘʷ 

ʜʥʝʚʥʳʝ ʩʫʤʤʳ ʧʦʩʪʫʧʘʶʱʝʛʦ ʥʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩʦʣʥʝʯʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʜʣʷ 27 ʤʝʪʝʦʩʪʘʥʮʠʡ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ, ʘ ʠʩʪʦʯʥʠʢʘ ʜʘʥʥʳʭ ʧʦ 

ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʥʘ ʚʳʩʦʪʝ 8-10 ʤ - ʨʝʩʫʨʩ 

çʈʘʩʧʠʩʘʥʠʝ ʧʦʛʦʜʳè [26], ʩʦʜʝʨʞʘʱʠʡ 

ʘʨʭʠʚʳ ʩʨʦʯʥʳʭ (ʯʝʨʝʟ 3 ʯʘʩʘ ʜʣʷ 

ʤʝʪʝʦʩʪʘʥʮʠʡ ʠ ʯʝʨʝʟ 1 ʯʘʩ ʜʣʷ ʘʵʨʦʧʦʨʪʦʚ) 

ʜʣʷ 878 ʤʝʪʝʦʩʪʘʥʮʠʡ, ʚʭʦʜʷʱʠʭ ʚ ʩʝʪʴ 

ɺʄʆ, ʠ 74 ʘʵʨʦʧʦʨʪʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʝʪʴ 

METAR. 

ʀʥʦʛʜʘ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʡ 

ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠʤʝʥʷʝʪʩʷ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʡ ʪʠʧʠʯʥʳʡ ʤʝʪʝʦʛʦʜ (TMY), ʚ 

ʩʣʫʯʘʝ ʈʦʩʩʠʠ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʩ ʫʯʘʩʪʠʝʤ 

ɻɻʆ ʠʤ. ɺʦʝʡʢʦʚʘ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ) ʥʘ 

ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʤʥʦʛʦʣʝʪʥʠʭ ʥʘʙʣʶʜʝʥʠʡ ʤʝʪʝʦʩʪʘʥʮʠʡ 

ʄʦʩʢʚʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʷʪʦʡ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʤʝʪʦʜʦʣʦʛʠʝʡ. ʊʠʧʠʯʥʳʡ 

ʤʝʪʝʦʛʦʜ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʝʞʝʯʘʩʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʷʤʦʡ, ʨʘʩʩʝʷʥʥʦʡ ʠ 
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ʩʫʤʤʘʨʥʦʡ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, 

ʧʦʩʪʫʧʘʶʱʝʡ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʦ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ, ʝʛʦ 

ʚʣʘʞʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʠ ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʪʨʘ. 

ʐʪʘʪʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʜʣʷ ʢʦʥʬʠʛʫʨʘʪʦʨʘ PVSyst ʷʚʣʷʝʪʩʷ 

ʙʘʟʘ ʜʘʥʥʳʭ Meteonorm, ʨʘʩʧʘʣʷʶʱʘʷ ʤʝʪʝ 

ʠʥʬʦʨʤʘʮʠʝʡ ʩ ʙʦʣʝʝ 1700 ʩʪʘʥʮʠʡ ʧʦ ʚʩʝʤʫ 

ʤʠʨʫ (ʩʨʝʜʥʝʤʝʩʷʯʥʳʝ ʜʘʥʥʳʝ ʟʘ ʧʝʨʠʦʜ 10-

30 ʣʝʪ (1980-2010 ʛʛ)). ɼʣʷ ʣʦʢʘʮʠʡ, 

ʫʜʘʣʝʥʥʳʭ ʦʪ ʥʘʟʝʤʥʳʭ ʤʝʪʝʦʩʪʘʥʮʠʡ, ʚ 

PVSyst ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ ʠʥʪʝʨʧʦʣʷʮʠʠ 

ʤʝʞʜʫ ʪʨʝʤʷ ʙʣʠʞʘʡʰʠʤʠ ʩʪʘʥʮʠʷʤʠ; ʚ 

ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʪʘʢʦʚʳʭ ʜʘʥʥʳʝ 

ʠʤʧʦʨʪʠʨʫʶʪʩʷ ʠʟ NASA POWER. 36 

ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ ʧʦ ʈʌ ʚʦ ʚʩʪʨʦʝʥʥʦʡ ʙʘʟʝ 

ʜʘʥʥʳʭ MeteoNorm 7.1 

ʇʦʩʣʝ ʚʳʙʦʨʘ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʠ 

ʠʩʪʦʯʥʠʢʘ ʩʨʝʜʥʝʤʝʩʷʯʥʳʭ ʜʘʥʥʳʭ ʩʨʘʟʫ ʞʝ 

ʛʝʥʝʨʠʨʫʶʪʩʷ ʧʦʯʘʩʦʚʳʝ ʜʘʥʥʳʝ ï ʠʟ 

ʩʫʤʤʘʨʥʦʡ ʠʣʠ ʨʘʩʩʝʷʥʥʦʡ ʩʦʣʥʝʯʥʦʡ 

ʨʘʜʠʘʮʠʠ (ʦʧʮʠʦʥʘʣʴʥʦ). 

ʇʝʨʝʯʝʥʴ ʙʘʟ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʜʦʩʪʫʧʥʳʭ ʜʣʷ ʟʘʛʨʫʟʢʠ ʠʟ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ PVSyst ʧʨʠʚʝʜʝʥ ʚ 

ʪʘʙʣʠʮʝ 2. 

ʉʨʘʚʥʝʥʠʝ ʤʝʪʝʦʜʘʥʥʳʭ ʠʟ ʨʘʟʥʳʭ  ʙʘʟ 

ʤʝʪʝʦʜʘʥʥʳʭ ʜʣʷ ʨʘʟʥʳʭ ʣʦʢʘʮʠʡ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ ʢʘʨʪʠʥʢʠ (ʥʠʞʝ) (ʘʥʘʣʠʟ 

ʧʨʦʚʝʜʝʥ ʩʧʝʮʠʘʣʠʩʪʘʤʠ PVSyst). ɹʦʣʝʝ 

ʧʦʜʨʦʙʥʳʡ ʘʥʘʣʠʟ ʜʦʩʪʫʧʝʥ ʧʦ ʩʩʳʣʢʝ 

http://www.pvsyst.com/en/publications/meteo-

data-comparaisons. 

ɺ ʪʘʙʣʠʮʝ 3 ʧʨʠʚʝʜʝʥʘ 

ʙʠʙʣʠʦʤʝʪʨʠʯʝʩʢʘʷ ʩʪʘʪʠʩʪʠʢʘ ʧʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʘʟʣʠʯʥʳʭ ʙʘʟ ʜʘʥʥʳʭ. 

ECMWF ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʦʡ, 

ʦʜʥʘʢʦ ʦʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʜʣʷ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʥʦ ʠ ʜʣʷ ʜʨʫʛʠʭ 

ʧʨʠʣʦʞʝʥʠʡ, ʪʨʝʙʫʶʱʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ. 
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ʊʘʙʣʠʮʘ 2 

ʇʝʨʝʯʝʥʴ ʙʘʟ ʤʝʪʝʦʜʘʥʥʳʭ, ʜʦʩʪʫʧʥʳʭ ʜʣʷ ʟʘʛʨʫʟʢʠ ʚ ʧʨʦʛʨʘʤʤʫ PVSyst 

Database Region Values Source Period Variables Availability 
PVsyst 

import 

Meteonorm Worldwide Monthly 

1700 Terr. 

Stations 

Interpolations 

1995-

2005 (V 

6.0) 

Averages 

Gh, Ta, 

Wind, 

Others 

Software 

Direct by 

file (300 

stations in 

PVsyst 

DB) 

Meteonorm worldwide Hourly 
Synthetic 

generation 
idem 

Gh, Dh, 

Ta 

WindVel 

Software 
Direct by 

file 

Satellight Europe Hourly 

Meteosat 

pixel of about 

5x7 km2 

1996-

2000 

Gh 

No Ta 
Web free 

Direct by 

file 

US TMY2 USA Hourly 

NREL, 239 

stations 

TMY 

1960-

1990 

samples 

Gh, Dh, 

Ta, 

WindVel 

Web free 
Included in 

database 

ISM-

EMPA 
Switzerland Hourly 

22 stations 

DRY 

1981-

1990 

samples 

Gh, Dh, 

Ta, 

WindVel 

Included in 

PVsyst 

Includded 

in database 

Helioclim 

(SoDa) 

Europe 

Africa 
Hourly Meteosat 

From 

02/2004 

Gh 

No Ta 

Webrestricted 

2005 free 

Direct by 

copy/paste 

NASA-

SSE 
Worldwide Monthly 

Satellites 

1Áx1Á cells 

(111x111km2) 

1983-

1993 

averages 

Gh, Ta Web free Direct 

WRDC Worldwide 

Hourly 

Daily 

Monthly 

1195 stations 

1964-

1993 

each 

Gh 

No Ta 

Web 

free 

Direct by 

copy/paste 

PVGIS-

ESRA 

Europe 

 

Monthly 

Europe :   

interp. 1x1 km2 

 

1981-

1990 

averages Gh, Ta 

Linke 

turbidity 

Web free 
Direct by 

copy/paste 

Africa 

Africa : 

Meteosat 

(Helioclim-1 

database) 

1985-

2004 

Helioclim -

1 

(SoDa) 

Europe 

Africa 
Monthly 

Meteosat 

50x50 km2 

1985-

2005 

each year 

Gh 

No Ta 

Web 

Restricted 

1985-89 free 

Direct by 

copy/paste 

RETScreen Worldwide Monthly 

Compil. 20 

sources 

Incl. WRDC - 

NASA 

1961-

1990 

averages 

Gh, Ta 

WindVel 

Software, 

free 

Direct by 

copy/paste 

SolarGIS 

Europe 

Africa, Asia 

Brazil 

Hourly 

Meteosat 

Approx. 4x5 

km2 

From 

1994 

(1999) 

Gh, Dh, 

Ta 

Web, paid 

access 
Direct 
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ʊʘʙʣʠʮʘ 3 

ɹʠʙʣʠʦʤʝʪʨʠʯʝʩʢʘʷ ʩʪʘʪʠʩʪʠʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʙʘʟ ʜʘʥʥʳʭ. ʉʪʘʪʴʠ ʰʪʫʢ 

ʠʩʧʦʣʴʟʫʶʱʠʝ ʦʧʨʝʜʝʣʸʥʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ. ɼʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ [3] 

 NSRDB 
NASA 

SSE/POWER 
PVGIS ESMAP 

Worldcli

mate 
WRDC Meteonorm Helioclim ECMWF METAR 

2013 175 87 482 293 55 105 527 81 6740 823 

2014 204 135 586 350 46 99 615 102 6920 898 

2015 233 137 689 352 37 99 666 98 7360 1210 

2016 294 164 689 352 43 117 756 110 7750 1360 

2017 296 206 720 389 39 111 760 130 7700 1340 

2018 397 186 737 454 33 94 766 98 7850 1170 

2019 131 46 151 123 8 47 260 33 3090 217 

 

ɺʳʚʦʜʳ 

ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʟʘ ʧʨʦʰʝʜʰʝʝ 

ʜʝʩʷʪʠʣʝʪʠʝ ʨʝʟʢʦ ʚʳʨʦʩʣʘ ʨʦʣʴ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ. ʇʨʠ ʵʪʦʤ ʚ ʥʘʫʯʥʦ-

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʦʙʣʘʩʪʠ ʣʠʜʠʨʫʶʪ 

ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ HOMER ʠ 

RETScreen, ʘ ʚ ʠʥʞʝʥʝʨʥʦ-ʧʨʠʢʣʘʜʥʳʭ 

ʦʙʣʘʩʪʷʭ ʣʠʜʠʨʫʶʪ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ 

TRNSYS ʠ PVSyst. ʊʘʢʦʝ ʦʪʣʠʯʠʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʧʨʦʛʨʘʤʤʘʭ,  

ʦʪʣʠʯʠʝ ʩʢʦʨʝʝ ʚ ʤʠʨʦʚʦʟʟʨʝʥʠʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ: çʥʘʧʠʩʘʪʴ ʩʪʘʪʴʶè vs. 

çʩʜʝʣʘʪʴ ʨʘʙʦʪʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦè. ɺ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʸʥ 

ʙʠʙʣʠʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʯʠʩʣʘ ʥʘʫʯʥʳʭ 

ʩʪʘʪʝʡ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʪʦʪ ʠʣʠ ʠʥʦʡ 

ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ, ʦʙʩʫʞʜʘʝʪʩʷ 

ʧʫʙʣʠʢʘʮʠʦʥʥʘʷ ʜʠʥʘʤʠʢʘ. ʆʞʠʜʘʝʪʩʷ 

ʧʨʦʜʦʣʞʝʥʠʝ ʨʦʩʪʘ ʨʘʙʦʪ ʧʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ, ʧʦʩʢʦʣʴʢʫ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʠ ʜʝʰʸʚʳʤ 

ʩʧʦʩʦʙʦʤ çʚʦʡʪʠ ʚ ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ 

ʵʥʝʨʛʝʪʠʢʫè ʜʣʷ ʥʘʯʠʥʘʶʱʠʭ, ʘ ʜʣʷ 

ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʠ 

ʜʝʰʝʚʳʤ ʤʝʪʦʜʦʤ ʦʮʝʥʢʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʠ ʨʠʩʢʦʚ. ʃʶʙʘʷ 

ʧʨʦʛʨʘʤʤʘ ʪʨʝʙʫʝʪ çʧʨʘʚʠʣʴʥʳʭè ʜʘʥʥʳʭ 

ʚʭʦʜ. ɺ ʨʘʙʦʪʝ ʩʜʝʣʘʥ ʦʙʟʦʨ ʨʘʟʣʠʯʥʳʭ 

ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʦʛʨʘʤʤʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʩ ʥʠʤʠ. ɿʘʤʝʪʠʤ, 

ʯʪʦ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, 

ʧʦʤʠʤʦ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ, ʪʘʢʞʝ 

ʪʨʝʙʫʝʪ ʠ ʜʘʥʥʳʝ ʧʦ ʪʝʢʫʱʝʤʫ ʠ ʙʫʜʫʱʝʤʫ: 

ʧʦʪʨʝʙʣʝʥʠʶ, ʩʪʘʚʢʠ ʜʠʩʢʦʥʪʠʨʦʚʘʥʠʷ, 

ʠʥʬʣʷʮʠʠ ʠ ʧʨ. ʊʘʢʠʝ ʜʘʥʥʳʝ ʥʝ ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥʳ ʠʟ çʩʪʘʥʜʘʨʪʥʳʭè ʙʘʟ ʜʘʥʥʳʭ. 

ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʫʩʧʝʭ ʠʣʠ ʥʝʫʜʘʯʘ 

ʢʦʥʢʨʝʪʥʦʡ ʠʥʩʪʘʣʣʷʮʠʠ ʩʦʣʥʝʯʥʦʡ 

ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʠ ʟʘʚʠʩʠʪ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʪ 

ʫʤʝʥʠʷ ʦʮʝʥʠʪʴ ʢʦʥʢʨʝʪʥʫʶ ʩʠʪʫʘʮʠʶ, ʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʥʩʪʨʫʤʝʥʪʳ 

ʘʥʘʣʠʟʘ. 

ʋʯʘʩʪʠʠʝ ɸɺɹ ʠ ɸɹʊ ʦʙʝʩʧʝʯʠʚʘʣʦʩʴ 

ʧʦʜʜʝʨʞʢʦʡ ʈʌʌʀ ʛʨʘʥʪʘ 18-58-41005. 
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ʆʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʯʝʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʦ ʧʨʦʪʝʢʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʦ ʨʘʙʦʪʝ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ, ʦ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʣʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʘʛʨʦʮʝʥʦʟʦʚ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʜʫʢʮʠʦʥʥʳʤ ʧʨʦʮʝʩʩʦʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʩʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʚʳʧʦʣʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʚ ʨʝʞʠʤʝ on-

line. ɺ ʀɸʕʇ-ʬʠʣʠʘʣ ʌɻɹʅʋ ʌʅɸʎ ɺʀʄ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ïʩʠʩʪʝʤʘ 

ʫʧʨʘʚʣʝʥʠʷ ʙʠʦʣʦʛʠʟʠʨʦʚʘʥʥʳʤʠ ʤʘʰʠʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ. ʈʘʟʨʘʙʦʪʘʥʘ ʙʘʟʘ ʜʘʥʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʙʠʦʣʦʛʠʟʠʨʦʚʘʥʥʳʤʠ ʤʘʰʠʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ.  ɺ ʙʘʟʝ 

ʜʘʥʥʳʭ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʠʥʬʦʨʤʘʮʠʷ: ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ; ʜʘʥʥʳʝ ʩʦʩʪʦʷʥʠʷ  

ʧʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ; ʦ ʨʘʙʦʪʝ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʳʭ ʘʛʨʝʛʘʪʦʚ ʥʘ ʦʧʳʪʥʦʤ ʧʦʣʝ;ʩ/ʭ 

ʢʫʣʴʪʫʨʳ ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʩʝʚʦʦʙʦʨʦʪʝ; ʤʝʪʦʜʠʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʠ ʪ.ʜ. 
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One of the problems in the high-quality crop production is the insufficient information awareness 

concerning the ongoing technological processes, operation of machines and equipment, and the climatic 

conditions. The use of automatic equipment for the remote monitoring of agrocenoses and for the crop 

production process management provides all the advantages of on-line execution control of technological 

operations. IEEP - branch of FSAC VIM is currently developing a software package ï a management system 

of biology-oriented and machine-based technologies for crop production. By now the database of an 

intelligent control system has been developed. The database accumulates the following data: the weather; the 

soil-cover complex; the operation of tractor/implement systems on the experimental field; the agricultural 

crops included in the crop rotation; the experimental research techniques and experimental results, etc. 
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ɺʚʝʜʝʥʠʝ 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ 3-ʭ ʣʝʪ ʬʦʨʤʠʨʫʝʪʩʷ 

ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ï ʫʧʨʘʚʣʷʶʱʘʷ 

ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʤʦʥʠʪʦʨʠʥʛ ʢʘʢ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ 

ʠ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʪʘʢ ʠ ʨʘʙʦʪʫ ʤʘʰʠʥʥʦ-

ʪʨʘʢʪʦʨʥʳʭ ʘʛʨʝʛʘʪʦʚ ʥʘ ʧʦʣʝ 

 [1-5]. ʆʧʝʨʘʪʠʚʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʵʪʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʧʦʟʚʦʣʠʪ ʧʨʦʚʦʜʠʪʴ 

ʩʚʦʝʚʨʝʤʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʠ 

ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ʧʦ ʚʳʙʦʨʫ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʢʣʘʜʳʚʘʶʱʝʡʩʷ ʦʙʩʪʘʥʦʚʢʠ, ʪʝʤ ʩʘʤʳʤ 

ʦʙʫʯʘʷ ʫʧʨʘʚʣʷʶʱʫʶ ʩʠʩʪʝʤʫ.  

 ʉʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʷʚʣʷʝʪʩʷ ʙʘʟʘ ʜʘʥʥʳʭ  

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʙʠʦʣʦʛʠʟʠʨʦʚʘʥʥʳʤʠ ʤʘʰʠʥʥʳʤʠ 

ʪʝʭʥʦʣʦʛʠʷʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ.   

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʫʧʨʘʚʣʷʶʱʝʡ ʩʠʩʪʝʤʝ ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʙʫʯʝʥʠʷ 

ʫʧʨʘʚʣʷʶʱʝʡ ʩʠʩʪʝʤʳ ʩʦʙʠʨʘʶʪʩʷ ʚ ʨʘʤʢʘʭ 

ʩʝʚʦʦʙʦʨʦʪʥʦʛʦ ʧʦʣʝʚʦʛʦ  ʦʧʳʪʘ, 

ʧʨʦʚʦʜʠʤʦʛʦ ʥʘ ʦʧʳʪʥʦʡ ʩʪʘʥʮʠʠ ʠʥʩʪʠʪʫʪʘ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʧʳʪʝ: ʘʛʨʦʮʝʥʦʟ 

ʩʝʚʦʦʙʦʨʦʪʘ ʧʨʦʧʘʰʥʳʭ ʠ ʧʦʣʝʚʳʭ ʢʫʣʴʪʫʨ 

ʠ ʚʥʝʩʝʚʦʦʙʦʨʦʪʥʳʭ ʧʦʣʝʡ, ʬʦʨʤʠʨʫʶʱʠʡʩʷ 

ʥʘ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʦʡ ʩʫʛʣʠʥʠʩʪʦʡ 

ʦʢʫʣʴʪʫʨʝʥʥʦʡ ʧʦʯʚʝ. ɺ ʦʧʳʪʝ ʧʨʦʚʦʜʠʣʦʩʴ 

ʦʧʨʝʜʝʣʝʥʠʝ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ, ʩʦʜʝʨʞʘʥʠʷ 

ʤʠʥʝʨʘʣʴʥʳʭ ʬʦʨʤ ʘʟʦʪʘ (ʠʦʥʦʤʝʪʨʠʯʝʩʢʠʤ 

ʤʝʪʦʜʦʤ), ʚ ʜʠʥʘʤʠʢʝ, ʘ ʪʘʢʞʝ ʥʘʢʦʧʣʝʥʠʝ 

ʙʠʦʤʘʩʩʳ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. 

ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʨʘʟʤʝʱʘʣʠʩʴ ʚ 

ʩʦʟʜʘʥʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ. ɺ ʥʝʝ ʪʘʢʞʝ 

ʧʦʩʪʫʧʘʝʪ ʘʛʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʩ ʤʝʪʝʦʩʪʘʥʮʠʠ, ʨʘʟʤʝʱʝʥʥʦʡ 

ʥʘ ʦʧʳʪʥʦʤ ʧʦʣʝ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɹʘʟʘ ʜʘʥʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʙʠʦʣʦʛʠʟʠʨʦʚʘʥʥʳʤʠ 

ʤʘʰʠʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʨʦʜʫʢʮʠʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʠ ʥʘʢʦʧʣʝʥʠʷʜʘʥʥʳʭ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʘʭ. ʉ ʫʯʝʪʦʤ ʧʦʣʫʯʝʥʥʳʭ ʠ 

ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ ʧʨʠʥʠʤʘʶʪʩʷ 

ʫʧʨʘʚʣʷʶʱʠʝ ʨʝʰʝʥʠʷ ʧʦ ʚʳʙʦʨʫ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʢʣʘʜʳʚʘʶʱʝʡʩʷ ʦʙʩʪʘʥʦʚʢʠ ʠ ʜʣʷ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤʠ 

ʩʨʝʜʩʪʚʘʤʠ. ɹʘʟʘ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʥʦʡ 

ʯʘʩʪʴʶ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʙʠʦʣʦʛʠʟʠʨʦʚʘʥʥʳʤʠ ʤʘʰʠʥʥʳʤʠ 
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ʪʝʭʥʦʣʦʛʠʷʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ 

ʤʦʙʠʣʴʥʳʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʘʛʨʝʛʘʪʳ, 

ʚʳʧʦʣʥʷʶʱʠʝ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʝ ʦʧʝʨʘʮʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʥʘ ʢʦʪʦʨʳʭ 

ʫʩʪʘʥʦʚʣʝʥʳ ʘʧʧʘʨʘʪʥʳʝ ʩʨʝʜʩʪʚʘ ʩʠʩʪʝʤʳ 

ʩʧʫʪʥʠʢʦʚʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘ ʙʘʟʝ ʤʦʜʫʣʝʡ 

ʛʣʦʙʘʣʴʥʦʡ ʥʘʚʠʛʘʮʠʠ ɻʃʆʅɸʉʉ/GPS; 

ʘʛʨʦʮʝʥʦʟ ʩʝʚʦʦʙʦʨʦʪʘ ʧʨʦʧʘʰʥʳʭ ʠ 

ʧʦʣʝʚʳʭ ʢʫʣʴʪʫʨ ʠ ʚʥʝʩʝʚʦʦʙʦʨʦʪʥʳʭ ʧʦʣʝʡ, 

ʬʦʨʤʠʨʫʶʱʠʡʩʷ ʥʘ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʦʡ 

ʩʫʛʣʠʥʠʩʪʦʡ ʦʢʫʣʴʪʫʨʝʥʥʦʡ ʧʦʯʚʝ. 

ʄʦʥʠʪʦʨʠʥʛ ʨʘʙʦʪʳ ʩʝʣʴʭʦʟʪʝʭʥʠʢʠ ʚ 

ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʨʝʜʩʪʚ ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʠ ʧʨʠ ʫʩʣʦʚʠʠ 

ʫʩʪʘʥʦʚʢʠ ʨʷʜʘ ʜʘʪʯʠʢʦʚ ʧʦʟʚʦʣʷʝʪ 

ʦʧʝʨʘʪʠʚʥʦ ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ, 

ʥʝʦʙʭʦʜʠʤʫʶ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʧʝʨʘʮʠʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚ 

ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ. ɼʘʥʥʳʝ, ʧʦʩʪʫʧʘʶʱʠʝ ʦʪ 

ʩʧʫʪʥʠʢʦʚʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ 

ʩʦʟʜʘʥʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʜʦʩʪʫʧʥʳʤʠ ʢ ʦʙʨʘʙʦʪʢʝ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ʧʨʠ ʥʘʣʠʯʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ[6-8]. 

ʅʘʚʠʛʘʮʠʦʥʥʳʝ ʧʨʠʙʦʨʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ 

ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʜʚʠʞʥʳʭ 

ʦʙʲʝʢʪʦʚ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʩʣʝʞʝʥʠʷ ʟʘ 

ʚʥʝʰʥʠʤʠ ʜʘʪʯʠʢʘʤʠ. ʇʨʦʪʦʢʦʣ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʧʦʩʪʨʦʝʥ ʧʦ ʧʨʠʥʮʠʧʫ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʠ ʧʦʣʫʯʝʥʠʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʠʝʤʘ. 

ʕʪʦʪ ʧʨʦʪʦʢʦʣ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʧʦʩʪʦʷʥʥʦʝ 

ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʩʝʨʚʝʨʫ ʯʝʨʝʟ GPRS. ɺ ʙʘʟʫ 

ʜʘʥʥʳʭ ʪʘʢʞʝ ʧʦʩʪʫʧʘʶʪ ʜʘʥʥʳʝ ʩ 

ʤʝʪʝʦʩʪʘʥʮʠʠ DAVIS VANTAGE PRO2, 

ʢʦʪʦʨʘʷ ʨʘʩʧʦʣʦʞʝʥʘ ʚʙʣʠʟʠ ʦʧʳʪʥʦʛʦ ʧʦʣʷ. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ Visual Foxpro 9.0 ï ʤʦʱʥʳʡ 

ʧʘʢʝʪ ʧʨʦʛʨʘʤʤ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, 

ʨʘʙʦʪʘʶʱʠʭ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʉʪʨʫʢʪʫʨʘ ʙʘʟʳ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʤʠ ʤʝʞʜʫ ʩʦʙʦʡ ʪʘʙʣʠʮʘʤʠ ʚ 

ʬʦʨʤʘʪʝ *.dbf. ʂʘʞʜʘʷ ʪʘʙʣʠʮʘ ʤʦʞʝʪ 

ʩʦʜʝʨʞʘʪʴ ʜʦ 1 ʤʠʣʣʠʘʨʜʘ ʟʘʧʠʩʝʡ. 

ʈʘʟʤʝʱʝʥʠʝ ʪʘʢʦʛʦ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʦʛʨʘʥʠʯʝʥʦ ʪʦʣʴʢʦ 

ʜʠʩʢʦʚʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 

ʙʘʟʝ ʜʘʥʥʳʭ ʤʦʛʫʪ  ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʜʘʥʥʳʝ ʟʘ 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ. 

ʕʪʦ ʧʦʟʚʦʣʠʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʥʘʢʦʧʣʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʘʥʘʣʠʟʘ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ.  

ʆʪʜʝʣʴʥʳʝ ʯʘʩʪʠ ʙʘʟʳ ʜʘʥʥʳʭ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʙʘʟ 

ʜʘʥʥʳʭ, ʚ ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ ʥʘʢʘʧʣʠʚʘʶʪʩʷ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʨʘʤʢʘʭ ʧʦʣʝʚʦʛʦ ʩʝʚʦʦʙʦʨʦʪʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʟʝʤʣʝʜʝʣʠʷ. ʅʘʢʦʧʣʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʣʫʯʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ. 

ʉʭʝʤʘʪʠʯʥʦ ʙʘʟʘ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩ.1. 
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ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʙʘʟʳ ʜʘʥʥʳʭ 

 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥ ʠʥʪʝʨʬʝʡʩ 

ʧʦʣʴʟʦʚʘʪʝʣʷ.  

ɺ ʙʘʟʝ ʜʘʥʥʳʭ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʜʘʥʥʳʝ ʩ 

ʤʝʪʝʦʩʪʘʥʮʠʠ (ʨʠʩ.3), ʜʘʥʥʳʝ ʩʦʩʪʦʷʥʠʷ  

ʧʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ; 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʨʘʙʦʪʝ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʳʭ 

ʘʛʨʝʛʘʪʦʚ ʥʘ ʦʧʳʪʥʦʤ ʧʦʣʝ (ʨʠʩ. 4); ʩ/ʭ 

ʢʫʣʴʪʫʨʳ ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʩʝʚʦʦʙʦʨʦʪʝ (ʨʠʩ. 

5); ʤʝʪʦʜʠʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

(ʨʠʩ. 6). 
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ʈʠʩ. 5. ʉʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝʢʫʣʴʪʫʨʳ ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʩʝʚʦʦʙʦʨʦʪʝ 

 

 
 

ʈʠʩ. 6. ʄʝʪʦʜʠʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

 

ɺʳʚʦʜʳ 

ɹʘʟʘ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ  ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʠʦʣʦʛʠʟʠʨʦʚʘʥʥʳʤʠ 

ʤʘʰʠʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʨʦʜʫʢʮʠʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ. ʇʨʦʪʦʢʦʣ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ 

ʧʦʩʪʦʷʥʥʦʝ ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʩʝʨʚʝʨʫ ʯʝʨʝʟ 

GPRS. 

ɺ ʙʘʟʝ ʜʘʥʥʳʭ ʠʥʬʦʨʤʘʮʠʷ, 

ʧʦʩʪʫʧʘʶʱʘʷ ʚ ʢʦʜʝ UTF-8 ʚ 

ʰʝʩʪʥʘʜʮʘʪʝʨʠʯʥʦʡ ʩʠʩʪʝʤʝ ʩʯʠʩʣʝʥʠʷ, 

ʧʨʝʦʙʨʘʟʦʚʳʚʘʝʪʩʷ ʚ ʜʝʩʷʪʝʨʠʯʥʫʶ ʩʠʩʪʝʤʫ 

ʩʯʠʩʣʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚ ʜʘʣʴʥʝʡʰʝʤ 
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ʚʳʜʝʣʠʪʴ ʠʟ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʜʘʪʯʠʢʦʚʦ 

ʧʝʨʝʜʚʠʞʝʥʠʠ ʠ ʨʘʙʦʪʝʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, 

ʤʝʪʝʦʜʚʘʥʥʳʭ,  ʘ ʪʘʢʞʝ ʩʦʭʨʘʥʠʪʴ ʝʝ ʚ ʙʘʟʝ 

ʜʘʥʥʳʭ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ. 

ɹʘʟʘ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʚʷʟʘʥʥʳʭ ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ, 

ʩʦʜʝʨʞʘʱʠʭ ʜʘʥʥʳʝ ʩʦʩʪʦʷʥʠʷ  ʧʦʯʚʝʥʥʦ-

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ; ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʨʘʙʦʪʝ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʳʭ ʘʛʨʝʛʘʪʦʚ ʥʘ 

ʦʧʳʪʥʦʤ ʧʦʣʝ; ʩ/ʭ ʢʫʣʴʪʫʨʳ ʫʯʘʩʪʚʫʶʱʠʝ ʚ 

ʩʝʚʦʦʙʦʨʦʪʝ; ʤʝʪʦʜʠʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 

ʩʚʝʜʝʥʠʷ ʦ ʢʦʤʧʣʝʢʩʝ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʚ 

ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ ʠ ʫʩʪʘʥʦʚʣʝʥʥʳʭ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʨʠʙʦʨʘʭ, ʤʝʪʝʦʨʦʣʦ-

ʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠ ʪ.ʜ. 

ɹʘʟʘ ʜʘʥʥʳʭ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʘ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʵʢʩʧʦʨʪʠʨʦʚʘʪʴ ʫʢʘʟʘʥʥʫʶ ʯʘʩʪʴ ʜʘʥʥʳʭ ʚ 

ʜʨʫʛʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʚ ʬʦʨʤʘʪʝ 

dbf ʠʣʠ Excel. 
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ʧʨʠʥʷʪʘ ʚʝʣʠʯʠʥʘ ʬʣʫʢʪʫʠʨʫʶʱʝʡ ʘʩʠʤʤʝʪʨʠʠ ʙʠʣʘʪʝʨʘʣʴʥʳʭ (ʟʝʨʢʘʣʴʥʳʭ) ʧʨʠʟʥʘʢʦʚ. ʇʨʠ 

ʦʪʢʣʦʥʝʥʠʠ ʫʩʣʦʚʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʦʪ ʦʧʪʠʤʘʣʴʥʳʭ ʥʘʙʣʶʜʘʶʪʩʷ ʥʝʙʦʣʴʰʠʝ ʦʪʢʣʦʥʝʥʠʷ 

ʟʥʘʯʝʥʠʡ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʫ ʩʠʤʤʝʪʨʠʯʥʳʭ ʩʪʨʫʢʪʫʨ ʨʘʩʪʝʥʠʷ ï ʧʦʣʦʚʠʥʦʢ ʣʠʩʪʘ, 

ʦʧʧʦʟʠʪʥʳʭ ʣʠʩʪʴʝʚ, ʩʝʤʷʜʦʣʝʡ ʠ ʪ.ʜ., ʥʦʩʷʱʠʝ ʩʣʫʯʘʡʥʳʡ ʭʘʨʘʢʪʝʨ.  ʆʙʦʩʥʦʚʘʥʦ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʢʘʯʝʩʪʚʝ ʙʠʣʘʪʝʨʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʙʠʣʘʪʝʨʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʨʘʩʪʝʥʠʷ ʚ 

ʦʪʜʝʣʴʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʘʭ. ʋʩʪʨʦʡʩʪʚʦ ʩʦʩʪʦʠʪ ʠʟ ʩʚʝʪʦʜʠʦʜʥʦʛʦ ʦʩʚʝʪʠʪʝʣʷ, ʧʨʠʞʠʤʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ, ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʰʘʨʘ, ʬʦʪʦʵʣʝʤʝʥʪʘ, ʮʠʬʨʦʚʦʛʦ ʠʥʜʠʢʘʪʦʨʘ, ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʛʦ 

ʙʣʦʢʘ ʠ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ.  ʄʘʢʩʠʤʫʤʳ ʠʟʣʫʯʝʥʠʷ ʧʨʠʤʝʥʷʝʤʳʭ ʩʚʝʪʦʜʠʦʜʦʚ ʩʦʩʪʘʚʣʷʶʪ 470, 525 ʠ 

640 ʥʤ. ʀʩʧʳʪʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʧʨʦʚʦʜʠʣʠ ʥʘ ʨʘʩʪʝʥʠʷʭ ʢʘʙʘʯʢʘ (Cucurbita pepo var. Giromontina), 

ʚʳʨʘʱʝʥʥʳʭ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʬʝʚʨʘʣʝ 2018 ʛ. ʧʦʜ ʠʩʪʦʯʥʠʢʘʤʠ ʩʚʝʪʘ ʩ ʨʘʟʣʠʯʥʳʤ 

ʩʧʝʢʪʨʦʤ. ʇʨʦʮʝʥʪʥʳʡ ʩʦʩʪʘʚ ʩʧʝʢʪʨʘ ʧʦ ʜʠʘʧʘʟʦʥʘʤ B (ʩʠʥʠʡ), G (ʟʝʣʝʥʳʡ), R (ʢʨʘʩʥʳʡ) ʠ FR 

(ʜʘʣʴʥʝʢʨʘʩʥʳʡ) ʫ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ ˉ1: B - 25%, G - 24%, R - 48%, FR - 3%; ʫ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ ˉ2: B - 

18%, G - 22%, R - 39%, FR - 21%. ʀʟʤʝʨʷʣʠ ʦʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʩʝʤʷʜʦʣʝʡ ʫ 

ʨʘʩʪʝʥʠʡ ʚ ʬʘʟʝ ʧʦʷʚʣʝʥʠʷ ʚʪʦʨʦʛʦ ʥʘʩʪʦʷʱʝʛʦ ʣʠʩʪʘ. ɺʳʷʚʣʝʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʟʣʠʯʠʡ 

ʚ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʬʣʫʢʪʫʨʠʨʫʶʱʝʡ ʘʩʩʠʤʝʪʨʠʠ ʚ ʦʪʜʝʣʴʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʜʣʷ 

ʨʘʩʪʝʥʠʡ, ʚʳʨʘʱʝʥʥʳʭ ʧʦʜ  ʨʘʟʣʠʯʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʩʚʝʪʘ. ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʤʦʞʝʪ ʙʳʪʴ 

ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʨʠ ʵʥʝʨʛʦʵʢʦʘʫʜʠʪʝ ʩʚʝʪʦʢʫʣʴʪʫʨʳ, ʧʨʠ ʫʩʢʦʨʝʥʥʦʡ ʦʮʝʥʢʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ, ʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. 
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The optical density of a plant leaf depends on the tissue pigments content and determines the absorption 

degree of the incident radiation, which affects the flux energy absorption. Estimation of pigments content in 

plants allows to implement the methods of objective environmental monitoring of the indoor plant lighting 

and to identify the impact factors of various components of the external environment. The purpose of the 

work was to design a device for determining the optical density of plant leaves and to substantiate the 

assessment  method of their developmental stability. The value of fluctuating asymmetry of bilateral (mirror) 

traits was taken as a measure of the developmental stability. Under deviation of environmental conditions 

from the optimum, small random deviaations of biometric parameters are observed in the symmetric 

structures of a plant - leaf halves, opposed leaves, cotyledons, etc. It was found reasoneble to use the optical 

dencity of the plant bilateral structures in separate spectral ranges as the bilateral traits. The device consists 

of an LED irradiation source, a holding-down clamp,  an integrating sphere, a photoresistor, a digital 

indicator, microprocessor and external memory. The emission maxima of the used LEDs were 470, 525 and 

640 nm. The device was tested on vegetable marrow plants (Cucurbita pepo var. Giromontina) grown under 

laboratory conditions in February 2018 under light sources with different light quality. The spectral 

composition by bands ï B (blue), G (green), R (red) and FR (far-red) was as follows: light source 1: B - 

25%, G - 24%, R - 48%, FR - 3%;  light source 2: B - 18%, G - 22%, R - 39%, FR - 21%. The optical 

dencity of the formed cotyledons was measured in plants in the second true leaf phase. The differences in 

optical density and fluctuating asymmetry in separate spectral bands were found to be statistically significant 

for plants grown under different light sources. The designed device can be recommended for use in energy 

and ecology auditing of indoor plant lighting, for rapid assessment of the effectiveness of applied light 

sources, in scientific research. 

 

Keywords: indoor plant lighting, leaf, pigments, fluctuating asymmetry, optical density, absorption 

spectrum. 
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ɺʚʝʜʝʥʠʝ 

ʇʨʠʤʝʥʝʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ 

(ʆʀ) ʚ ʫʩʣʦʚʠʷʭ ʩʚʝʪʦʢʫʣʴʪʫʨʳ ʚʳʜʚʠʛʘʝʪ 

ʦʩʦʙʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ 

ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ.  ɼʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʨʦʙʣʝʤʳ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʚ 

ʩʚʝʪʦʢʫʣʴʪʫʨʝ ʧʨʝʜʣʦʞʝʥʦ ʧʦʥʷʪʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʣʫʯʝʥʠʷ ʢʘʢ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ 

ʥʘ ʚʩʝʭ ʝʛʦ ʵʪʘʧʘʭ. ɿʘʚʝʨʰʘʶʱʠʤ ʵʪʘʧʦʤ 

ʷʚʣʷʝʪʩʷ ʧʦʛʣʦʱʝʥʠʷ ʵʥʝʨʛʠʠ ʆʀ ʠ 

ʧʨʝʚʨʘʱʝʥʠʝ ʝʝ ʚ ʵʥʝʨʛʠʶ ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʷʟʝʡ  ʚ ʣʠʩʪʝ ʨʘʩʪʝʥʠʷ [1]. 

ʌʘʢʪʦʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

(ʪʝʤʧʝʨʘʪʫʨʘ, ʦʩʚʝʱʝʥʥʦʩʪʴ, ʚʣʘʞʥʦʩʪʴ ʠ 

ʪ.ʜ.) ʦʢʘʟʳʚʘʶʪ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʦʩʪ ʠ 

ʨʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʡ. ʉʦʦʪʚʝʪʩʪʚʠʝ ʫʨʦʚʥʝʡ 
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ʬʘʢʪʦʨʦʚ ʪʨʝʙʫʝʤʳʤ ʟʥʘʯʝʥʠʷʤ ʥʘʭʦʜʠʪ 

ʦʪʨʘʞʝʥʠʝ ʚ ʷʚʣʝʥʠʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʟʚʠʪʠʷ 

ʨʘʩʪʝʥʠʷ. ʉʪʘʙʠʣʴʥʦʩʪʴ ʨʘʟʚʠʪʠʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʤʝʭʘʥʠʟʤʦʚ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠʚʦʝ 

ʨʘʟʚʠʪʠʝ (ʧʦʜʜʝʨʞʢʫ ʬʝʥʦʪʠʧʘ) ʞʠʚʦʛʦ 

ʦʨʛʘʥʠʟʤʘ ʥʝʩʤʦʪʨʷ ʥʘ ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʠʡ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠʣʠ ʛʝʥʝʪʠʯʝʩʢʠʝ 

ʦʪʢʣʦʥʝʥʠʷ [2].  

ʄʝʨʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʷʚʣʷʝʪʩʷ 

ʚʝʣʠʯʠʥʘ ʬʣʫʢʪʫʠʨʫʶʱʝʡ ʘʩʠʤʤʝʪʨʠʠ (ʌɸ) 

ʙʠʣʘʪʝʨʘʣʴʥʳʭ (ʟʝʨʢʘʣʴʥʳʭ) ʧʨʠʟʥʘʢʦʚ. ʇʨʠ 

ʦʪʢʣʦʥʝʥʠʠ ʫʩʣʦʚʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʦʪ 

ʦʧʪʠʤʘʣʴʥʳʭ ʥʘʙʣʶʜʘʶʪʩʷ ʥʝʙʦʣʴʰʠʝ 

ʦʪʢʣʦʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʫ ʩʠʤʤʝʪʨʠʯʥʳʭ ʩʪʨʫʢʪʫʨ 

ʨʘʩʪʝʥʠʷ ï ʧʦʣʦʚʠʥʦʢ ʣʠʩʪʘ, ʦʧʧʦʟʠʪʥʳʭ 

ʣʠʩʪʴʝʚ ʠ ʪ.ʜ., ʥʦʩʷʱʠʝ ʩʣʫʯʘʡʥʳʡ ʭʘʨʘʢʪʝʨ. 

ɺ ʢʘʯʝʩʪʚʝ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʶʪ ʣʠʥʝʡʥʳʝ ʠ ʫʛʣʦʚʳʝ 

ʨʘʟʤʝʨʳ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʪʦʨʳʭ 

ʠʩʧʦʣʴʟʫʶʪ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʮʠʨʢʫʣʴ, 

ʣʠʥʝʡʢʫ ʠ ʪʨʘʥʩʧʦʨʪʠʨ [3]. ɺʝʣʠʯʠʥʫ ʌɸ 

ʦʧʨʝʜʝʣʷʶʪ ʢʘʢ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʦʪʥʦʰʝʥʠʷ 

ʤʦʜʫʣʷ ʨʘʟʥʠʮʳ ʟʥʘʯʝʥʠʷ ʧʨʠʥʷʪʦʛʦ ʜʣʷ 

ʙʠʣʘʪʝʨʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʘʨʘʤʝʪʨʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʣʝʚʘ ʠ ʩʧʨʘʚʘ ʢ ʠʭ ʩʫʤʤʝ. 

ʅʝʜʦʩʪʘʪʢʦʤ ʪʘʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʘʷ ʪʨʫʜʦʝʤʢʦʩʪʴ 

ʠʟʤʝʨʝʥʠʷ ʣʠʥʝʡʥʳʭ ʠ ʫʛʣʦʚʳʭ ʚʝʣʠʯʠʥ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚʝʣʠʯʠʥʘ ʌɸ, ʚʳʯʠʩʣʝʥʥʘʷ 

ʯʝʨʝʟ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ 

ʙʠʣʘʪʝʨʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ, ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʘʜʝʢʚʘʪʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʷ. ɹʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤʠ 

ʷʚʣʷʶʪʩʷ ʦʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʦʪʨʘʞʘʶʱʠʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ 

ʨʘʩʪʝʥʠʷ. ʊʘʢ, ʩʚʝʪʦʧʨʦʧʫʩʢʘʶʱʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʣʠʩʪʴʝʚ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ 

ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʠʭ ʧʠʛʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʚ 

ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʶʪ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʨʘʩʪʝʥʠʠ. 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʨʦʙʣʝʤ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʥʘʫʢʠ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ 

ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ ʠ ʵʥʝʨʛʠʠ ʚ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʦʨʛʘʥʠʟʤʘʭ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʠʭ ʨʦʩʪ ʠ 

ʨʘʟʚʠʪʠʝ. ʇʦʛʣʦʱʝʥʠʝ ʠ ʧʨʝʚʨʘʱʝʥʠʝ 

ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʚ ʭʠʤʠʯʝʩʢʫʶ ʠ 

ʟʘʧʘʩʘʥʠʝ ʝʝ ʚ ʬʦʨʤʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ 

ʚ ʧʨʦʮʝʩʩʝ ʬʦʪʦʩʠʥʪʝʟʘ ʩʦʩʪʘʚʣʷʝʪ ʦʩʥʦʚʥʫʶ 

ʬʫʥʢʮʠʶ ʧʠʛʤʝʥʪʦʚ ʧʣʘʩʪʠʜ. ʇʦʛʣʦʱʝʥʠʝ 

ʵʥʝʨʛʠʠ ʆʀ ʣʠʩʪʦʤ ʧʦʢʨʳʚʘʝʪ ʧʦʪʨʝʙʥʦʩʪʠ ʚ 

ʵʥʝʨʛʠʠ ʚʩʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, 

ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʨʘʩʪʝʥʠʠ. ʇʦʵʪʦʤʫ ʠʟʫʯʝʥʠʝ 

ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʣʠʩʪʴʝʚ ʧʦʟʚʦʣʷʝʪ 

ʚʩʢʨʳʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ 

ʵʥʝʨʛʠʠ ʨʘʩʪʠʪʝʣʴʥʳʤ ʦʨʛʘʥʠʟʤʦʤ ʠ 

ʥʘʤʝʪʠʪʴ ʧʫʪʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʝʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ [4]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʩʪʨʫʢʪʫʨʘ ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ ʣʠʩʪʴʝʚ 

ʨʘʩʪʝʥʠʡ, ʚʦʧʨʦʩʳ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʠ ʚʠʜʦʚʦʡ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʣʠʩʪʴʝʚ 

ʫʩʪʘʥʦʚʣʝʥʳ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ [5, 6]. 

ʂʨʦʤʝ ʪʦʛʦ, ʠʟʫʯʝʥʠʝ ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʠʭ 

ʩʠʩʪʝʤ ʧʦ ʠʭ ʦʧʪʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ   ð ʵʪʦ 

ʥʘʠʣʫʯʰʠʡ ʩʧʦʩʦʙ ʧʨʠʞʠʟʥʝʥʥʦʛʦ, ʙʝʟ 

ʢʘʢʠʭ-ʣʠʙʦ ʧʦʚʨʝʞʜʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʤʦʚ. 

ɹʦʣʴʰʘʷ ʨʦʣʴ ʚ ʦʙʤʝʥʝ ʚʝʱʝʩʪʚ ʠ 

ʵʥʝʨʛʠʠ ʧʨʠʥʘʜʣʝʞʠʪ ʭʣʦʨʦʧʣʘʩʪʘʤ. ʀʭ 

ʚʳʩʦʢʫʶ ʨʝʘʢʪʠʚʥʦʩʪʴ ʦʙʫʩʣʦʚʣʠʚʘʝʪ 

ʙʝʣʢʦʚʦ-ʣʠʧʦʠʜʥʘʷ ʧʨʠʨʦʜʘ ʣʘʤʝʣʣʷʨʥʦ-

ʛʨʘʥʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʧʨʠʩʫʪʩʪʚʠʝ 

ʧʠʛʤʝʥʪʦʚ ʭʣʦʨʦʬʠʣʣʘ ʠ ʢʘʨʦʪʠʥʦʠʜʦʚ.  

ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʧʠʛʤʝʥʪʥʘʷ ʠ ʬʝʨʤʝʥʪʥʘʷ 

ʩʠʩʪʝʤʳ ʭʣʦʨʦʧʣʘʩʪʦʚ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ 

ʫʯʘʩʪʠʝ ʠ ʚ ʜʨʫʛʠʭ ʧʨʦʮʝʩʩʘʭ ʦʙʤʝʥʘ 

ʚʝʱʝʩʪʚ.  

ʇʦʛʣʦʱʝʥʥʘʷ ʭʣʦʨʦʬʠʣʣʘʤʠ ʵʥʝʨʛʠʷ 

ʩʚʝʪʘ, ʢʨʦʤʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʫʛʣʝʢʠʩʣʦʪʳ, 

ʤʦʞʝʪ ʪʘʢ ʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʘ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʢʣʝʪʦʯʥʳʭ 

ʩʪʨʫʢʪʫʨ, ʙʠʦʩʠʥʪʝʟ ʙʝʣʢʦʚʳʭ ʚʝʱʝʩʪʚ, 

ʚʪʦʨʠʯʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʫʛʣʝʚʦʜʦʚ, 

ʧʦʛʣʦʱʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʧʠʪʘʥʠʷ ʠ ʜʨʫʛʠʝ ʧʨʦʮʝʩʩʳ [7]. 

ʆʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʣʠʩʪʴʝʚ 

ʦʧʨʝʜʝʣʷʶʪ ʦʩʦʙʝʥʥʦʩʪʠ  ʧʦʛʣʦʱʝʥʠʷ 

ʧʘʜʘʶʱʝʛʦ ʥʘ ʥʠʭ ʠʟʣʫʯʝʥʠʷ, ʚʣʠʷʶʱʠʝ ʥʘ 
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ʫʩʚʦʝʥʠʝ ʵʥʝʨʛʠʠ ʧʦʪʦʢʘ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʨʘʩʪʝʥʠʷʭ. ʋʩʣʦʚʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʚʣʠʷʶʪ ʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʢʣʝʪʦʢ, 

ʤʦʨʬʦʣʦʛʠʶ ʘʩʩʠʤʠʣʷʮʠʦʥʥʳʭ ʪʢʘʥʝʡ, 

ʩʦʜʝʨʞʘʥʠʝ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʦʩʥʦʚʥʳʭ 

ʧʠʛʤʝʥʪʦʚ ʬʦʪʦʩʠʥʪʝʟʘ, ʦʨʛʘʥʠʟʘʮʠʶ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥ. ʆʮʝʥʢʘ 

ʩʦʜʝʨʞʘʥʠʷ ʧʠʛʤʝʥʪʦʚ ʚ ʨʘʩʪʝʥʠʷʭ 

ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʤʝʪʦʜʠʢʠ 

ʦʙʲʝʢʪʠʚʥʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʩʚʝʪʦʢʫʣʴʪʫʨʳ ʩ ʚʳʷʚʣʝʥʠʝʤ ʬʘʢʪʦʨʦʚ 

ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪ ʚʥʝʰʥʝʡ 

ʩʨʝʜʳ. 

ʀʟʚʝʩʪʥʳ ʧʦʨʪʘʪʠʚʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʣʠʩʪʴʝʚ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʧʨʠʥʮʠʧʝ ʬʠʢʩʘʮʠʠ 

ʠʟʣʫʯʝʥʠʷ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʣʠʩʪ ʦʪ 

ʨʘʟʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʚʝʪʦʜʠʦʜʘ [8]. ʅʘ 

ʧʨʘʢʪʠʢʝ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ  

ʭʣʦʨʦʬʠʣʣʤʝʪʨ CCM-200, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦ 

ʧʦʛʣʦʱʝʥʠʶ ʣʠʩʪʘ ʠʟʣʫʯʝʥʠʷ ʩʚʝʪʦʜʠʦʜʘ 

ʦʮʝʥʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ. ʀʤʝʝʪʩʷ 

ʦʧʳʪ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʌɸ 

ʣʠʩʪʴʝʚ  ʦʛʫʨʮʘ [9] ʠ ʪʦʤʘʪʘ [10], 

ʚʳʨʘʱʠʚʘʝʤʳʭ ʚ ʩʚʝʪʦʢʫʣʴʪʫʨʝ. 

ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ [11] ʠʩʩʣʝʜʦʚʘʣʘʩʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʠʷ ʜʝʥʩʠʪʦʤʝʪʨʘ ɼʇ-1ʄ 

ʜʣʷ ʦʮʝʥʢʠ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ (ʆʇ) 

ʣʠʩʪʘ ʨʘʩʪʝʥʠʷ. ɺʳʷʚʣʝʥʦ,  ʯʪʦ ʧʨʠʙʦʨ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʙʳʩʪʨʳʡ ʤʦʥʠʪʦʨʠʥʛ 

ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʨʦʩʪʘ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ ʧʠʛʤʝʥʪʦʚ ʚ ʣʠʩʪʴʷʭ. ɽʛʦ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʘʢʪʠʢʝ ʩʚʝʪʦʢʫʣʴʪʫʨʳ 

ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʚʳʰʝʥʠʶ 

ʫʨʦʞʘʡʥʦʩʪʠ ʨʘʩʪʝʥʠʡ ʢʫʣʴʪʫʨ ʠ ʧʦʣʫʯʝʥʠʷ 

ʫʨʦʞʘʷ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ. ʇʨʠ 

ʥʘʣʠʯʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʚʦʟʤʦʞʥʦ 

ʥʘʭʦʞʜʝʥʠʝ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʚʝʣʠʯʠʥʘʤʠ 

ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʣʠʩʪʴʝʚ ʠ ʜʨʫʛʠʤʠ 

ʙʠʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ.  

ɹʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʤ ʧʨʠʙʦʨʦʤ ʷʚʣʷʝʪʩʷ 

ʧʦʨʪʘʪʠʚʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʦʧʝʨʘʪʠʚʥʦ ʟʘʧʠʩʘʪʴ ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ 

ʣʠʩʪʘ [12]. ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʧʦʜʦʙʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʷʚʣʷʝʪʩʷ ʠʭ ʥʝʜʦʩʪʘʪʦʯʥʘʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʠʭ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʠ ʥʝ ʧʨʝʩʣʝʜʦʚʘʣʘʩʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʢʠ ʩʪʘʙʣʴʥʦʩʪʠ ʨʘʟʚʠʪʠʷ 

ʨʘʩʪʝʥʠʡ ʧʦ ʤʘʩʩʠʚʫ ʧʘʨʥʳʭ ʩʨʘʚʥʝʥʠʡ 

ʦʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʠʩʪʘ.  

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ 

ʦʮʝʥʢʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ ʧʦ 

ʌɸ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʣʠʩʪʴʝʚ ʨʘʩʪʝʥʠʡ 

ʠ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ 

ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ.  

ʄʝʪʦʜ ʦʮʝʥʢʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʟʚʠʪʠʷ 

ʨʘʩʪʝʥʠʡ ʧʦ ʨʘʟʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʧʠʛʤʝʥʪʦʚ 

ɺ ʦʩʥʦʚʝ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʣʝʞʘʪ ʧʦʣʦʞʝʥʠʷ ʘʙʩʦʨʙʮʠʦʥʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʢʦʣʦʨʠʤʝʪʨʠʠ, ʦʩʥʦʚʘʥʥʳʝ 

ʥʘ ʠʟʤʝʨʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʩʚʝʪʘ, 

ʧʦʛʣʦʱʝʥʥʦʛʦ ʪʢʘʥʷʤʠ ʣʠʩʪʘ [13]. ʇʨʠ 

ʧʨʦʧʫʩʢʘʥʠʠ ʯʝʨʝʟ ʣʠʩʪ ʨʘʩʪʝʥʠʷ 

ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʩʚʝʪʘ ʩ ʥʘʯʘʣʴʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 0l
I

 ʚʩʣʝʜʩʪʚʠʝ ʝʛʦ 

ʯʘʩʪʠʯʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʚ ʪʢʘʥʷʭ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ 

ʫʤʝʥʴʰʠʪʩʷ ʜʦ lI . ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʟʘʢʦʥʘʤʠ ɹʫʛʝʨʘ-ʃʘʤʙʝʨʪʘ ʠ ɹʝʨʘ ʤʝʞʜʫ 

ʧʦʛʣʦʱʝʥʠʝʤ ʩʚʝʪʘ ʣʠʩʪʦʤ, ʝʛʦ ʪʦʣʱʠʥʦʡ d  

ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʪʢʘʥʷʭ ʧʦʛʣʦʱʘʶʱʝʛʦ 

ʚʝʱʝʩʪʚʘ p  ʩʫʱʝʩʪʚʫʝʪ ʟʘʚʠʩʠʤʦʩʪʴ, 

ʚʳʨʘʞʘʝʤʘʷ ʫʨʘʚʥʝʥʠʝʤ 

pdD ll e=
,      (1), 

ʛʜʝ l
e

- ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʥʘ ʜʣʠʥʝ 

ʚʦʣʥʳ l,  lD
- ʆʇ ʣʠʩʪʘ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ l. 

l

l

l
I

I
D 0lg=

.      (2) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣʠʚ ʧʦ 

ʩʦʦʪʥʦʰʝʥʠʶ ʧʦʪʦʢʦʚ ʆʇ ʣʠʩʪʘ,  ʟʥʘʷ ʝʛʦ 

ʪʦʣʱʠʥʫ ʠ ʧʦʛʣʦʱʘʶʱʠʝ ʩʚʦʡʩʪʚʘ ʪʢʘʥʝʡ, 

ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʧʦʛʣʦʱʘʶʱʝʛʦ ʩʚʝʪ ʚʝʱʝʩʪʚʘ. 
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ɼʣʷ ʥʘʰʠʭ ʮʝʣʝʡ ʚ ʵʪʠʭ ʚʳʯʠʩʣʝʥʠʷʭ 

ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʦ, ʯʪʦ 

ʆʇ ʣʠʩʪʘ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʛʣʦʱʘʶʱʝʛʦ ʚʝʱʝʩʪʚʘ, ʪ.ʝ. 

ʧʠʛʤʝʥʪʦʚ. ɺ ʙʦʣʝʝ ʦʙʱʝʤ ʩʣʫʯʘʝ ʤʦʞʥʦ 

ʟʘʧʠʩʘʪʴ, ʯʪʦ ʆʇ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ 

l ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʧʠʛʤʝʥʪʦʚ 

)(pfD ll= .        (3) 

ʇʨʘʢʪʠʯʝʩʢʠ ʚʤʝʩʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ 

ʠʟʣʫʯʝʥʠʷ ʫʜʦʙʥʦ ʠʟʤʝʨʷʪʴ ʧʦʪʦʢʠ. 

ʀʟʤʝʨʝʥʠʷ ʧʘʜʘʶʱʝʛʦ ʠ ʧʨʦʧʫʱʝʥʥʦʛʦ 

ʧʦʪʦʢʘ ʜʣʷ ʢʘʞʜʦʛʦ ʜʠʘʧʘʟʦʥʘ ʧʨʦʚʦʜʷʪ 

ʜʚʘʞʜʳ, ʥʘ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ ʧʦʣʦʚʠʥʘʭ ʜʣʷ 

ʢʘʞʜʦʛʦ i -ʛʦ ʣʠʩʪʘ.  

ɿʥʘʯʝʥʠʷ ʆʇ ʜʣʷ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ 

ʧʦʣʦʚʠʥ ʣʠʩʪʘ  
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ɺʝʣʠʯʠʥʘ ʬʣʫʢʪʫʠʨʫʶʱʝʡ ʘʩʠʤʤʝʪʨʠʠ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʟʚʠʪʠʷ 

ʨʘʩʪʝʥʠʷ ʤʦʞʥʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ 

ʧʦʢʘʟʘʪʝʣʷʤʠ  lʌɸ, ʚʝʣʠʯʠʥʫ ʢʦʪʦʨʦʛʦ 

ʬʦʨʤʠʨʫʝʪ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʆʇ ʥʘ ʦʙʝʠʭ 

ʩʪʦʨʦʥʘʭ i -ʛʦ ʣʠʩʪʘ. ʇʨʠʯʠʥʦʡ ʧʦʩʣʝʜʥʝʡ 

ʷʚʣʷʝʪʩʷ ʨʘʟʥʠʮʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʠʛʤʝʥʪʦʚ 
L

ip
 ʠ 

R

ip
. ɺ ʠʪʦʛʝ, ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʠʛʤʝʥʪʦʚ ipD
ʥʘ 

ʩʠʤʤʝʪʨʠʯʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʣʠʩʪʘ 

ʚʟʘʠʤʦʩʚʷʟʘʥʘ ʩ ʧʦʢʘʟʘʪʝʣʝʤ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʷ S .  

=-== ))(()( RL DDffʌɸfS lll  

)()))()((( i
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i pfpfpfff D=-=
.   (6) 

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʳ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 

ʭʣʦʨʦʬʠʣʣʦʚ a ʠ b ʠ ʢʘʨʦʪʠʥʦʠʜʦʚ, ʘ ʪʘʢ ʞʝ 

ʩʧʝʢʪʨʳ ʠʟʣʫʯʝʥʠʷ ʫʟʢʦʧʦʣʦʩʥʳʭ ʮʚʝʪʥʳʭ 

ʩʚʝʪʦʜʠʦʜʦʚ (CD). 

 
ʈʠʩ. 1. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʧʠʛʤʝʥʪʦʚ ʠ 

ʠʟʣʫʯʝʥʠʷ ʉɼ 

 

ɿʘʜʘʯʝʡ ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ ʫʩʪʨʦʡʩʪʚʘ 

ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʝʢʪʦʨʦʚ ʧʘʜʘʶʱʠʭ  

{ }L

ri

L

gi

L

bi

L

i FFFF
0000

;;=l ,  

{ }R

ri

R

gi

R

bi

R

i FFFF
0000

;;=l  ʠ ʧʨʦʧʫʱʝʥʥʳʭ 
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i FFFF ;;=l , 

{ }RriR
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R
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R

i FFFF ;;=l  ʧʦʪʦʢʦʚ ʜʣʷ ʢʘʞʜʦʡ 

ʧʦʣʦʚʠʥʳ ʣʠʩʪʘ ʚ ʩʠʥʝʤ b, ʟʝʣʝʥʦʤ gʠ 

ʢʨʘʩʥʦʤ r  ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʘʭ (ʨʠʩ. 

2). 

 

 
ʈʠʩ. 2. ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʘʩʩʠʚʦʚ ʠʩʭʦʜʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ 

 

ʂʦʥʩʪʨʫʢʮʠʷ ʠ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʠʝ 

ʨʝʰʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘ 

ʉʦʩʪʘʚʥʳʝ ʯʘʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʦʙʨʘʟʮʘ ʫʩʪʨʦʡʩʪʚʘ ʩʢʦʤʧʦʥʦʚʘʥʳ ʚ ʙʣʦʢ 

ʠʟʤʝʨʝʥʠʡ (ʨʠʩ. 3).  
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ʈʠʩ. 3. ɹʣʦʢ ʠʟʤʝʨʝʥʠʡ 

 

ɽʛʦ ʦʩʥʦʚʦʡ ʷʚʣʷʝʪʩʷ ʧʦʣʘʷ 

ʠʥʪʝʛʨʠʨʫʶʱʘʷ ʩʬʝʨʘ (ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʡ 

ʰʘʨ, ʰʘʨ ʋʣʴʙʨʠʭʪʘ). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʝʩʣʠ 

ʚʥʫʪʨʝʥʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩʬʝʨʳ ʷʚʣʷʝʪʩʷ 

ʥʝʩʝʣʝʢʪʠʚʥʳʤ ʜʠʬʬʫʟʥʳʤ ʦʪʨʘʞʘʪʝʣʝʤ, ʪʦ 

ʥʝʧʨʷʤʘʷ ʦʙʣʫʯʝʥʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʩʬʝʨʳ 

ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʧʦʪʦʢʫ, ʧʦʧʘʚʰʝʤʫ ʚ 

ʩʬʝʨʫ [14]. 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʩʬʝʨʘ ʠʟʛʦʪʦʚʣʝʥʘ ʠʟ 

ʧʣʘʩʪʤʘʩʩʳ. ɽʝ ʚʥʫʪʨʝʥʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ 

ʦʢʨʘʰʝʥʘ ʩʦʩʪʘʚʦʤ, ʧʨʠʛʦʪʦʚʣʝʥʥʦʤ ʠʟ 

ʩʫʣʴʬʘʪʘ ʙʘʨʠʷ, ʮʝʣʫʣʣʦʠʜʘ ʠ ʘʮʝʪʦʥʘ. ɺ 

ʦʜʥʦ  ʠʟ ʦʪʚʝʨʩʪʠʡ ʩʬʝʨʳ (ʚʭʦʜʥʦʝ) 

ʧʦʦʯʝʨʝʜʥʦ ʥʘʧʨʘʚʣʷʶʪ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ ʦʪ 

ʦʩʚʝʪʠʪʝʣʷ (ʨʝʞʠʤ ʢʘʣʠʙʨʦʚʢʠ), ʣʠʙʦ ʧʦʪʦʢ, 

ʧʨʦʰʝʜʰʠʡ ʯʝʨʝʟ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ 

(ʨʝʞʠʤ ʠʟʤʝʨʝʥʠʷ). ʆʩʚʝʱʝʥʥʦʩʪʴ 

ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʤʝʨʷʶʪ 

ʬʦʪʦʵʣʝʤʝʥʪʦʤ, ʧʨʠʞʘʪʳʤ ʢ ʚʪʦʨʦʤʫ 

(ʚʳʭʦʜʥʦʤʫ) ʦʪʚʝʨʩʪʠʶ ʩʬʝʨʳ. ɼʣʷ 

ʠʩʢʣʶʯʝʥʠʷ ʧʨʷʤʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʵʪʠ 

ʦʪʚʝʨʩʪʠʷ ʤʝʞʜʫ ʩʦʙʦʡ ʨʘʟʜʝʣʝʥʳ ʵʢʨʘʥʦʤ 

ʚʥʫʪʨʠ ʩʬʝʨʳ [15]. ɼʣʷ ʫʜʦʙʩʪʚʘ ʦʢʨʘʩʢʠ ʠ 

ʤʦʥʪʘʞʘ ʩʬʝʨʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʧʦʣʦʚʠʥ, 

ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʬʣʘʥʮʘʤʠ. 

ʆʩʚʝʪʠʪʝʣʴ ʢʨʝʧʠʪʩʷ ʥʘ ʧʨʠʞʠʤʥʦʤ 

ʫʩʪʨʦʡʩʪʚʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʢʦʛʜʘ ʣʠʩʪ 

ʨʘʩʪʝʥʠʷ ʦʢʘʟʳʚʘʝʪʩʷ ʧʨʠʞʘʪʳʤ ʤʝʞʜʫ ʥʠʤ 

ʠ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʰʘʨʦʤ ʩ ʜʦʣʞʥʳʤ 

ʫʩʠʣʠʝʤ, ʩʨʘʙʘʪʳʚʘʝʪ ʤʠʢʨʦʧʝʨʝʢʣʶʯʘʪʝʣʴ, 

ʚʳʜʘʶʱʠʡ ʩʠʛʥʘʣ ʥʘ ʩʯʠʪʳʚʘʥʠʝ ʫʨʦʚʥʷ 

ʦʙʣʫʯʝʥʥʦʩʪʠ. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʯʘʩʪʴ ʙʣʦʢʘ 

ʠʟʤʝʨʝʥʠʡ ʚʳʚʝʜʝʥʘ ʥʘ ʨʘʟʴʝʤ XS1 (ʨʠʩ. 6). 

ʅʘ ʨʠʩ.4 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʩʦʝʜʠʥʝʥʠʡ: ɸ1 

- ʙʣʦʢ ʠʟʤʝʨʝʥʠʷ; ɸ2 - ʧʣʘʪʘ ʢʦʥʪʨʦʣʣʝʨʘ 

Arduino Uno; ɸ3 - ʮʠʬʨʦʚʦʡ ʠʥʜʠʢʘʪʦʨ LCD 

Keypad Shield, ʩʦʚʤʝʱʝʥʥʳʡ ʩ ʙʣʦʢʦʤ 

ʢʣʘʚʠʘʪʫʨʳ; ɸ4 ï ʧʣʘʪʘ ʚʥʝʰʝʡ ʧʘʤʷʪʠ ʥʘ 

SD ʢʘʨʪʝ. ɼʣʷ ʢʨʝʧʣʝʥʠʷ ʥʘʚʝʩʥʳʭ 

ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʤʘʢʝʪʥʘʷ ʧʣʘʪʘ. ʄʦʥʪʘʞ ʚʝʜʝʪʩʷ 

ʩʪʘʥʜʘʨʪʥʳʤʠ ʩʦʝʜʠʥʠʪʝʣʴʥʳʤʠ ʧʨʦʚʦʜʘʤʠ 

ʩ ʢʦʥʥʝʢʪʦʨʘʤʠ. 

 

 
ʈʠʩ. 4. ʉʭʝʤʘ ʩʦʝʜʠʥʝʥʠʡ 

 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʫʜʦʙʩʪʚʘ ʧʨʦʮʝʜʫʨʳ 

ʥʘʩʪʨʦʡʢʠ ʧʨʠʙʦʨʘ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʙʣʦʢ ʦʪʣʘʜʢʠ (ʨʠʩ. 5). ɽʛʦ 

ʬʫʥʢʮʠʷ ï ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ 

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʤʝʞʜʫ ʙʣʦʢʦʤ 

ʠʟʤʝʨʝʥʠʷ ʠ ʙʣʦʢʦʤ ʦʪʣʘʜʢʠ ʦʩʫʱʝʩʪʚʣʷʶʩʷ 
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ʪʝʤ ʞʝ ʰʣʝʡʬʦʤ XS2-XS1, ʢʦʪʦʨʳʤ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʧʦʜʢʣʶʯʘʝʪʩʷ ʤʠʢʨʦʧʨʦʮʝʩ-

ʩʦʨʥʘʷ ʯʘʩʪʴ ʫʩʪʨʦʡʩʪʚʘ. 

 

 
ʈʠʩ. 5. ɹʣʦʢʠ ʦʪʣʘʜʢʠ ʠ ʠʟʤʝʨʝʥʠʡ 

 

 
ʈʠʩ. 6. ɹʣʦʢ ʠʟʤʝʨʝʥʠʡ (ʚʠʜ ʩʟʘʜʠ) 

 

ʏʝʨʝʟ ʰʣʝʡʬ ʧʝʨʝʜʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʩʠʛʥʘʣʳ (ʨʠʩ. 7, 8): +V ï ʧʠʪʘʶʱʝʝ 

ʥʘʧʨʷʞʝʥʠʝ; Gnd ï ʦʙʱʠʡ ʧʨʦʚʦʜ; SQ ï 

ʩʠʛʥʘʣ ʩ ʤʠʢʨʦʧʝʨʝʢʣʶʯʘʪʝʣʷ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʡ ʦ ʧʨʠʞʘʪʠʠ ʣʠʩʪʘ 

ʨʘʩʪʝʥʠʷ; RF ï ʩʠʛʥʘʣ ʩ ʬʦʪʦʵʣʝʤʝʥʪʘ; BS ï 

ʩʠʛʥʘʣ ʩ ʜʘʪʯʠʢʘ ʪʦʣʱʠʥʳ ʣʠʩʪʘ; W ï ʩʠʛʥʘʣ 

ʥʘ ʚʢʣʶʯʝʥʠʝ ʙʝʣʦʛʦ CD (ʠʥʜʠʢʘʮʠʷ ʥʘʯʘʣʘ 

ʧʨʦʮʝʜʫʨʳ ʠʟʤʝʨʝʥʠʷ); R ï ʩʠʛʥʘʣ ʥʘ 

ʚʢʣʶʯʝʥʠʝ ʢʨʘʩʥʦʛʦ CD; G ï ʩʠʛʥʘʣ ʥʘ 

ʚʢʣʶʯʝʥʠʝ ʟʝʣʝʥʦʛʦ CD; B ï ʩʠʛʥʘʣ ʥʘ 

ʚʢʣʶʯʝʥʠʝ ʩʠʥʝʛʦ CD. 

ʀʩʪʦʯʥʠʢʦʤ ʠʟʣʫʯʝʥʠʷ ʚ ʩʠʥʝʤ 

ʜʠʘʧʘʟʦʥʝ ʷʚʣʷʝʪʩʷ ʩʚʝʪʦʜʠʦʜ BL-L502UBC, 

ʧʠʢ ʠʟʣʫʯʝʥʠʷ ʥʘ l=470 ʥʤ, ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ 

2é5 ʢʜ; ʚ ʟʝʣʝʥʦʤ ï BL-L502 PGC, ʧʠʢ 

ʠʟʣʫʯʝʥʠʷ ʥʘ l=525 ʥʤ, ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ 2é5 

ʢʜ; ʚ ʢʨʘʩʥʦʤ - L-1503 SRC-F, ʧʠʢ ʠʟʣʫʯʝʥʠʷ 

ʥʘ l=640 ʥʤ, ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ 3,5é4 ʢʜ. 

ʇʦʪʨʝʙʣʷʝʤʳʡ CD ʪʦʢ 20 mA 

ʫʩʪʘʥʘʚʣʠʚʣʠʚʘʣʩʷ ʧʦʜʙʦʨʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʡ 

R3éR6 (ʨʠʩ. 8). 

 

 
ʈʠʩ. 7. ʉʭʝʤʘ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ 

ʙʣʦʢʘ ʦʪʣʘʜʢʠ 

 

 
ʈʠʩ. 8. ʉʭʝʤʘ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ 

ʙʣʦʢʘ ʠʟʤʝʨʝʥʠʡ 

 

ɺʢʣʶʯʝʥʠʝ ʮʚʝʪʥʳʭ CD ʩ ʧʦʤʦʱʴʶ 

ʙʣʦʢʘ ʦʪʣʘʜʢʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʨʫʯʥʫʶ 

ʪʫʤʙʣʝʨʘʤʠ SA3-SA5. ʇʝʨʝʢʣʶʯʘʪʝʣʝʤ SA2 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʳʙʦʨ ʠʟʤʝʨʷʝʤʦʛʦ ʩʠʛʥʘʣʘ ï ʩ 

ʬʦʪʦʵʣʝʤʝʥʪʘ ʠʣʠ ʩ ʜʘʪʯʠʢʘ ʪʦʣʱʠʥʳ ʣʠʩʪʘ. 

ʀʟʤʝʨʝʥʠʝ ʵʪʠʭ ʘʥʘʣʦʛʦʚʳʭ ʩʠʛʥʘʣʦʚ 
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ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʪʨʝʣʦʯʥʳʤ 

ʤʠʢʨʦʘʤʧʝʨʤʝʪʨʦʤ PA1. ʈʝʟʠʩʪʦʨʳ R1 ʠ R2 

ʩʣʫʞʘʪ ʜʣʷ ʧʦʜʩʪʨʦʡʢʠ ʧʨʝʜʝʣʦʚ ʠʟʤʝʨʝʥʠʷ 

ʤʠʢʨʦʘʤʧʝʨʤʝʪʨʘ. ɺ ʨʝʞʠʤʝ ʦʪʣʘʜʢʠ 

ʧʠʪʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʪ ʙʘʪʘʨʝʠ GB1. 

ɺʢʣʶʯʘʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦ ʪʫʤʙʣʝʨʦʤ SA1 (ʨʠʩ. 

7). 

ʇʦʩʣʝ ʦʪʣʘʜʢʠ ʧʨʠ ʨʘʙʦʪʝ ʩ 

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ 

ʩʯʠʪʳʚʘʝʪʩʷ ʩʠʛʥʘʣ ʩ SQ. ʇʨʠ ʩʨʘʙʘʪʳʚʘʥʠʠ 

ʧʨʠʞʠʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʩʠʛʥʘʣʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʯʘʣʝ ʠʟʤʝʨʝʥʠʡ. 

ʉʠʛʥʘʣʳ ʩ ʬʦʪʦʵʣʝʤʝʥʪʘ ʠ ʜʘʪʯʠʢʘ ʪʦʣʱʠʥʳ 

ʧʦʩʪʫʧʘʶʪ ʥʘ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʳʝ ʚʭʦʜʳ 

Arduino. ʉ ʝʛʦ ʮʠʬʨʦʚʳʭ ʚʳʭʦʜʦʚ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʣʦʛʠʢʦʡ ʨʘʙʦʪʳ 

ʫʧʨʘʚʣʷʶʱʝʡ ʧʨʦʛʨʘʤʤʳ ʥʘ ʙʣʦʢ ʠʟʤʝʨʝʥʠʷ 

ʧʦʜʘʶʪʩʷ ʩʠʛʥʘʣʳ ʥʘ ʚʢʣʶʯʝʥʠʝ 

ʩʚʝʪʦʜʠʦʜʦʚ VD1éVD4 (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ W, 

R, G ʠ B, ʨʠʩ. 8). 

ʅʘ ʨʠʩʫʥʢʘʭ 9 ʠ 10 ʧʦʢʘʟʘʥʳ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʟʘʚʠʩʠʤʦʩʪʠ ʦʩʚʝʱʝʥʥʦʩʪʠ 

E, ʣʢ, ʦʪ ʩʯʠʪʳʚʘʝʤʦʛʦ ʥʘʧʨʷʞʝʥʠʷ U, ɺ ʠ 

ʩʯʠʪʳʚʘʝʤʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʬʦʪʦʜʘʪʯʠʢʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ 

ʜʦʙʘʚʦʯʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ Rʜ, ʢʆʤ 

(ʨʝʟʠʩʪʦʨ R2 ʥʘ ʨʠʩ. 8), ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ 

ʦʪʣʘʜʢʝ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ.  

 

 
ʈʠʩ. 9. ɿʘʚʠʩʠʤʦʩʪʴ ʦʩʚʝʱʝʥʥʦʩʪʠ 

ʬʦʪʦʵʣʝʤʝʥʪʘ ʦʪ ʩʯʠʪʳʚʘʝʤʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

 
ʈʠʩ. 10. ɿʘʚʠʩʠʤʦʩʪʴ ʩʯʠʪʳʚʘʝʤʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʦʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʬʦʪʦʜʘʪʯʠʢʘ 

 

ʅʘʡʜʝʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ 

ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ UD =2,17ɺ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʚʝʣʠʯʠʥʝ ʜʦʙʘʚʦʯʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ (R2 ʥʘ ʨʠʩ. 8) ʨʘʚʥʦʤʫ 4 ʢʆʤ. 

ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʠ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ 

ʈʘʟʨʘʙʦʪʢʘ ʫʧʨʘʚʣʷʶʱʝʡ ʧʨʦʛʨʘʤʤʳ 

ʚʝʣʘʩʴ ʚ ʩʨʝʜʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Arduino 

IDE, ʧʨʝʜʦʩʪʘʚʣʷʶʱʝʡ ʫʜʦʙʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʶ ʠ ʦʪʣʘʜʢʝ 

ʧʨʦʛʨʘʤʤʳ (ʨʠʩ. 11). ʀʩʧʦʣʴʟʦʚʘʥʳ 

ʩʪʘʥʜʘʨʪʥʳʝ ʙʠʙʣʠʦʪʝʢʠ ʜʣʷ 

ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʜʠʩʧʣʝʷ 

LiquidCrystal.h ʠ ʢʘʨʪʳ ʧʘʤʷʪʠ SD.h.  

 

 
ʈʠʩ. 11. ʆʢʥʦ ʧʨʦʛʨʘʤʤʳ ʚ ʩʨʝʜʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Arduino IDE 

 

ʋʧʨʘʚʣʷʶʱʘʷ ʧʨʦʛʨʘʤʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʩʣʝʜʫʶʱʠʡ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʩ ʧʨʠʙʦʨʦʤ. 
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ʇʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʧʠʪʘʥʠʷ ʟʘʧʫʩʢʘʝʪʩʷ ʮʠʢʣ 

ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ. ʇʨʝʜʫʩʤʦʪʨʝʥʦ ʜʚʘ 

ʨʝʞʠʤʘ ʨʘʙʦʪʳ ï ʠʟʤʝʨʝʥʠʝ ʆʇ ʠ ʠʟʤʝʨʝʥʠʝ 

ʌɸ ʆʇ ʚ ʪʨʝʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʘʭ. 

ʇʦʩʣʝʜʥʠʡ ʦʪʣʠʯʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʠʟʤʝʨʝʥʠʷ 

ʧʨʦʚʦʜʷʪ ʜʚʘʞʜʳ ï ʥʘ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ 

ʧʦʣʦʚʠʥʝ ʣʠʩʪʘ ʨʘʩʪʝʥʠʷ ʠ ʧʨʦʛʨʘʤʤʥʦ 

ʚʳʯʠʩʣʷʶʪ ʚʝʣʠʯʠʥʫ ʌɸ. 

ʅʝʦʙʭʦʜʠʤʳʡ ʨʝʞʠʤ ʟʘʜʘʶʪ ʩ 

ʢʣʘʚʠʘʪʫʨʳ. ʇʨʝʞʜʝ ʚʩʝʛʦ ʧʨʠʞʠʤʘʶʪ 

ʦʩʚʝʪʠʪʝʣʴ ʢ ʚʭʦʜʥʦʤʫ ʦʪʚʝʨʩʪʠʶ ʩʬʝʨʳ. 

ʇʨʠ ʩʨʘʙʘʪʳʚʘʥʠʠ ʤʠʢʨʦʧʝʨʝʢʣʶʯʘʪʝʣʷ SQ 

ʧʨʦʛʨʘʤʤʘ ʧʦʦʯʝʨʝʜʥʦ ʚʳʜʘʝʪ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʮʠʬʨʦʚʳʝ ʚʳʭʦʜʳ 

ʩʠʛʥʘʣʳ, ʚʢʣʶʯʘʶʱʠʝ ʮʚʝʪʥʳʝ CD. ʇʦʩʣʝ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦʢʘʟʘʥʠʡ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʩʯʠʪʳʚʘʥʠʝ ʩʠʛʥʘʣʦʚ ʩ ʬʦʪʦʵʣʝʤʝʥʪʘ. ʊʝʤ 

ʩʘʤʳʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦʪʦʢʠ, ʧʘʜʘʶʱʠʝ ʥʘ 

ʣʠʩʪ.  ɿʘʪʝʤ ʤʝʞʜʫ ʦʩʚʝʪʠʪʝʣʝʤ ʠ ʚʭʦʜʥʳʤ 

ʦʪʚʝʨʩʪʠʝʤ ʩʬʝʨʳ ʧʦʤʝʱʘʶʪ ʣʠʩʪ. ʊʝʧʝʨʴ 

ʧʨʠ ʩʨʘʙʘʪʳʚʘʥʠʠ SQ ʠ ʚʢʣʶʯʝʥʥʦʤ 

ʮʚʝʪʥʦʤ CD ʧʨʦʛʨʘʤʤʘ ʦʧʨʝʜʝʣʷʝʪ ʧʦʪʦʢ, 

ʧʨʦʰʝʜʰʠʡ ʯʝʨʝʟ ʣʠʩʪ. ʇʫʪʝʤ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚʳʯʠʩʣʷʶʪʩʷ 

ʟʥʘʯʝʥʠʷ ʆʇ ʠ ʝʝ ʌɸ ʜʣʷ ʦʪʜʝʣʴʥʳʭ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʦʚ. ʇʦʣʫʯʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʦʪʦʙʨʘʞʘʶʪʩʷ ʥʘ ʠʥʜʠʢʘʪʦʨʝ ʠ 

ʟʘʧʠʩʳʚʘʶʪʩʷ ʥʘ ʢʘʨʪʫ ʧʘʤʷʪʠ, ʦʪʢʫʜʘ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʤʦʛʫʪ ʙʳʪʴ ʵʢʩʧʦʨʪʠʨʦʚʘʥʳ ʚ 

Excel ʜʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʀʩʧʳʪʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʨʘʩʪʝʥʠʷʭ ʢʘʙʘʯʢʘ (Cucurbita pepo var. 

Giromontina), ʚʳʨʘʱʝʥʥʳʭ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʫʩʣʦʚʠʷʭ ʚ ʬʝʚʨʘʣʝ 2018 ʛ. ʂʘʙʘʯʝʢ ʷʚʣʷʝʪʩʷ 

ʪʨʘʚʷʥʠʩʪʳʤ  ʦʜʥʦʣʝʪʥʠʤ ʦʚʦʱʥʳʤ 

ʨʘʩʪʝʥʠʝʤ ʨʦʜʘ ʪʳʢʚʘ.  

ʈʘʟʣʠʯʥʳʝ ʩʦʨʪʘ ʢʘʙʘʯʢʦʚ ʧʦ 

ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʧʦʯʪʠ ʦʜʠʥʘʢʦʚʳ. ʆʥʠ 

ʩʦʜʝʨʞʘʪ 94,5% ʚʦʜʳ, 0,6% ʙʝʣʢʦʚ, 5,2% 

ʫʛʣʝʚʦʜʦʚ, ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ ï ʩʘʭʘʨʘ, 

ʩʦʜʝʨʞʘʱʠʝ ʩʦʚʩʝʤ ʥʝʤʥʦʛʦ ʩʘʭʘʨʦʟʳ. 

ʇʣʦʜʳ ʩʦʜʝʨʞʘʪ 4-6 % ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ 

(ʧʦʣʦʚʠʥʫ ʩʦʩʪʘʚʣʷʶʪ ʩʘʭʘʨʘ), 1% ʙʝʣʢʘ, 1,7-

2% ʧʝʢʪʠʥʘ, 0,1% ʞʠʨʘ, ʤʥʦʛʦ ʤʠʥʝʨʘʣʴʥʳʭ 

ʩʦʣʝʡ (ʬʦʩʬʦʨʘ, ʢʘʣʠʷ, ʞʝʣʝʟʘ, ʤʝʜʠ). 

ʂʘʙʘʯʢʠ ʮʝʥʥʳ ʪʝʤ, ʯʪʦ ʚ ʥʠʭ ʩʦʜʝʨʞʘʪʩʷ 

ʜʝʡʩʪʚʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 

ʧʨʘʚʠʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʯʝʣʦʚʝʢʘ. ʆʥʠ ʙʦʛʘʪʳ 

ʤʠʥʝʨʘʣʴʥʳʤʠ ʩʦʣʷʤʠ, ʦʯʝʥʴ ʚʘʞʥʳʤʠ ʜʣʷ 

ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ. ɺ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ 

ʧʦʪʨʝʙʥʦʩʪʴ ʦʨʛʘʥʠʟʤʘ ʚ ʚʠʪʘʤʠʥʘʭ ʉ, ɺ, ɺ2, 

ɺ6, ʈʈ. 

ʂʘʙʘʯʦʢ ï ʢʫʣʴʪʫʨʘ ʢʦʨʦʪʢʦʛʦ 

ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ. ʅʝʚʳʩʦʢʘʷ 

ʪʨʝʙʦʚʘʪʝʣʴʥʦʩʪʴ ʢ ʪʝʧʣʫ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʣʫʯʘʪʴ ʚʳʩʦʢʠʡ ʫʨʦʞʘʡ, ʜʘʞʝ ʚ 

ʥʝʯʝʨʥʦʟʝʤʥʳʭ ʟʦʥʘʭ. ʂʘʙʘʯʦʢ - ʥʘʠʙʦʣʝʝ 

ʭʦʣʦʜʦʩʪʦʡʢʘʷ ʦʚʦʱʥʘʷ ʢʫʣʴʪʫʨʘ ʠʟ 

ʩʝʤʝʡʩʪʚʘ ʪʳʢʚʝʥʥʳʭ. ʉʝʤʝʥʘ ʝʛʦ ʥʘʯʠʥʘʶʪ 

ʧʨʦʨʘʩʪʘʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 10Áé12Áʉ. ʇʨʠ 

15Áʉ ʚʩʭʦʜʳ ʧʦʷʚʣʷʶʪʩʷ ʯʝʨʝʟ ʜʚʝ ʥʝʜʝʣʠ, ʘ 

ʧʨʠ 25Áʉ - ʯʝʨʝʟ ʥʝʜʝʣʶ. ʆʥ ʜʦʩʪʘʪʦʯʥʦ 

ʭʦʨʦʰʦ ʨʘʩʪʝʪ ʠ ʨʘʟʚʠʚʘʝʪʩʷ ʧʨʠ ʫʤʝʨʝʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 15Áé20Áʉ, ʦʜʥʘʢʦ 

ʦʧʪʠʤʘʣʴʥʳ ʜʣʷ ʥʝʛʦ 20Áé25Áʉ. ʂʘʙʘʯʦʢ 

ʩʚʝʪʦʣʶʙʠʚ, ʢʘʢ ʠ ʜʣʷ ʜʨʫʛʠʭ ʨʘʩʪʝʥʠʡ, ʥʘ 

ʧʘʨʘʤʝʪʨʳ ʨʦʩʪʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʬʦʪʦʩʠʥʪʝʟʘ ʚʣʠʷʝʪ ʫʨʦʚʝʥʴ ʦʙʣʫʯʝʥʥʦʩʪʠ 

[16].  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʥʠʟʢʦʤ ʫʨʦʚʥʝ 

ʦʙʣʫʯʝʥʥʦʩʪʠ ʧʨʦʠʩʭʦʜʷʱʠʝ ʤʦʨʬʦʣʦ-

ʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʤʘʢʩʠʤʠʟʠʨʫʶʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʝʪʘ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ 

ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʩʪʴʝʚ, ʤʝʞʫʟʣʠʯʥʳʭ 

ʨʘʩʩʪʦʷʥʠʡ, ʫʤʝʥʴʰʝʥʠʷ ʪʦʣʱʠʥʳ ʣʠʩʪʴʝʚ. 

ʇʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʘʟʤʝʨ 

ʭʣʦʨʦʧʣʘʩʪʦʚ ʠ ʢʦʣʠʯʝʩʪʚʦ ʭʣʦʨʦʬʠʣʣʘ ʚ 

ʥʠʭ [17]. ʅʘ ʤʦʨʬʦʣʦʛʠʶ ʨʘʩʪʝʥʠʡ ʚʣʠʷʝʪ 

ʪʘʢ ʞʝ ʩʧʝʢʪʨ ʠʟʣʫʯʝʥʠʷ. ɺʳʷʚʣʝʥʦ ʚʣʠʷʥʠʝ 

ʩʧʝʢʪʨʘ ʠʟʣʫʯʝʥʠʷ (ʧʨʝʞʜʝ ʚʩʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʩʠʥʝʛʦ ʠʟʣʫʯʝʥʠʷ) ʥʘ ʪʦʣʱʠʥʫ ʣʠʩʪʴʝʚ ʠ 

ʢʦʣʠʯʝʩʪʚʦ ʭʣʦʨʦʧʣʘʩʪʦʚ [18].  ɹʦʣʝʝ ʪʦʛʦ, 

ʩʠʥʠʡ ʩʚʝʪ ʚʳʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʷ ʚ ʩʦʩʪʘʚʝ 

ʭʣʦʨʦʧʣʘʩʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʷ ʙʦʣʝʝ ʚʳʩʦʢʦʝ 

ʦʪʥʦʰʝʥʠʝ Chl a / Chl b), [19]. ɿʝʣʝʥʦʝ 

ʠʟʣʫʯʝʥʠʝ ʦʢʘʟʳʚʘʝʪ ʚ ʮʝʣʦʤ ʧʦʣʦʞʠʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʡ [20]. 



          ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

          ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 
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ɼʘʣʴʥʝʢʨʘʩʥʦʝ ʠʟʣʫʯʝʥʠʝ ʩʪʠʤʫʣʠʨʫʝʪ 

ʫʚʝʣʠʯʝʥʠʝ ʙʠʦʤʘʩʩʳ ʨʘʩʪʝʥʠʷ [21].  

 
ʈʠʩ. 12. ʈʘʩʪʝʥʠʷ ʢʘʙʘʯʢʘ ʧʦʜ ʠʩʪʦʯʥʠʢʘʤʠ 

ʩʚʝʪʘ ˉ1 (ʩʣʝʚʘ) ʠ ˉ2 (ʩʧʨʘʚʘ) 

 

ʈʘʩʪʝʥʠʷ ʚʳʨʘʱʠʚʘʣʠ ʧʦʜ ʠʩʪʦʯʥʠʢʘʤʠ 

ʩʚʝʪʘ ʩ ʨʘʟʣʠʯʥʳʤ ʩʧʝʢʪʨʦʤ. ʇʨʦʮʝʥʪʥʳʡ 

ʩʦʩʪʘʚ ʩʧʝʢʪʨʘ ʧʦ ʜʠʘʧʘʟʦʥʘʤ (ʩʠʥʠʡ, 

ʟʝʣʝʥʳʡ, ʢʨʘʩʥʳʡ, ʜʘʣʴʥʝʢʨʘʩʥʳʡ)  

ʀʉ1ïʩʠʥ:ʟʝʣ:ʢʨ:ʜʢ=25% :24% :48% :3%.  

ʀʉ2ïʩʠʥ:ʟʝʣ:ʢʨ:ʜʢ=18%:22% :39% :21%. 

ʅʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʨʘʟʣʠʯʠʷ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʀʉ2 ʠʤʝʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʫʶ ʜʦʣʶ ʜʘʣʴʥʝʢʨʘʩʥʦʛʦ 

ʧʦʪʦʢʘ ʧʨʠ ʩʥʠʞʝʥʥʦʤ ʧʦʪʦʢʝ ʚ ʩʠʥʝʤ ʠ 

ʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʘʭ. 

ʀʟʤʝʨʷʣʠ ʆʇ ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ 

ʩʝʤʷʜʦʣʝʡ ʫ ʨʘʩʪʝʥʠʡ ʚ ʬʘʟʝ ʧʦʷʚʣʝʥʠʷ 

ʚʪʦʨʦʛʦ ʥʘʩʪʦʷʱʝʛʦ ʣʠʩʪʘ. ɺʩʝʛʦ ʙʳʣʦ ʚʟʷʪʦ 

ʧʦ 38 ʨʘʩʪʝʥʠʡ, ʚʳʨʘʱʝʥʥʳʭ ʧʦʜ ʢʘʞʜʳʤ 

ʀʉ. ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʠʟʤʝʨʝʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʝ 

ʦʪʢʣʦʥʝʥʠʷ ʜʣʷ ʚʝʣʠʯʠʥ ʆʇ ʣʠʩʪʴʝʚ 

ʧʦʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ. 

ʇʨʦʚʝʨʢʘ  ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʟʥʘʯʝʥʠʡ ʆʇ, ʚʳʧʦʣʥʝʥʥʘʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʠʪʝʨʠʝʚ ʩʦʛʣʘʩʠʷ 

ʂʦʣʤʦʛʦʨʦʚʘ-ʉʤʠʨʥʦʚʘ, ʐʘʧʠʨʦ-ʋʠʣʢʘ ʠ  

ʃʠʣʣʠʝʬʦʨʩʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʭʘʨʘʢʪʝʨ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʳʙʦʨʦʢ ʦʧʠʩʳʚʘʝʪʩʷ 

ʥʦʨʤʘʣʴʥʳʤ ʟʘʢʦʥʦʤ. 

ʊʘʙʣʠʮʘ  

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ 

ʇʘʨʘʤʝʪʨ 
ʀʉ1 ʀʉ2 

X  s X  s 
Dʩʠʥ 3,39 0,13 3,18 0,12 

Dʟʝʣ 1,36 0,09 1,27 0,08 

Dʢʨ 2,00 0,14 1,84 0,14 

ʌɸʩʠʥ 0,0136 - 0,0224 - 

ʌɸʟʝʣ 0,0248 - 0,0333 - 

ʌɸʢʨ 0,0267 - 0,0267 - 

ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʧʨʦʚʝʨʢʘ ʛʠʧʦʪʝʟʳ ʦ 

ʨʘʟʣʠʯʠʠ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʀʉ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʦ t-ʢʨʠʪʝʨʠʶ. ʈʘʩʯʝʪʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʟʣʠʯʠʷ ʚ ʆʇ ʚ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʜʠʘʧʘʟʦʥʘʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʀʉ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʆʀ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ 

ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ 

ʢʫʣʴʪʠʚʘʮʠʦʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. ʆʜʥʠʤ ʠʟ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʧʫʪʝʡ ʨʘʟʚʠʪʠʷ 

ʩʚʝʪʦʢʫʣʴʪʫʨʳ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚʥʝʜʨʝʥʠʝ ʵʥʝʨʛʦ- ʠ 

ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʘʛʨʦʪʝʭʥʦʣʦʛʠʡ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, 

ʟʘʚʠʩʷʱʠʭ ʦʪ ʩʦʦʪʚʝʪʩʪʚʠʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʩʦʩʪʘʚʘ ʠʟʣʫʯʝʥʠʷ ʟʘʜʘʥʥʳʤ ʟʥʘʯʝʥʠʷʤ, ʚ 

ʮʝʣʦʤ ʦʧʨʝʜʝʣʷʝʪ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʩʚʝʪʦʢʫʣʴʪʫʨʳ [22]. ɺʘʞʥʝʡʰʝʡ ʧʨʦʙʣʝʤʦʡ ʚ 

ʩʚʝʪʦʢʫʣʴʪʫʨʝ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ, ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʪʦʨʦʡ 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ  ʥʘʫʯʥʦ-

ʤʝʪʦʜʠʯʝʩʢʦʝ ʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʝ 

ʦʙʝʩʧʝʯʝʥʠʷ [23].  

ʅʝʜʦʩʪʘʪʢʘʤʠ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ ʠ 

ʫʩʪʨʦʡʩʪʚ ʦʧʨʝʜʝʣʝʥʠʷ ʌɸ ʧʦ ʣʠʥʝʡʥʳʤ ʠ 

ʫʛʣʦʚʳʤ ʚʝʣʠʯʠʥʘʤ ʷʚʣʷʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ 

ʪʨʫʜʦʝʤʢʦʩʪʴ ʠʭ ʠʟʤʝʨʝʥʠʷ. ʉʪʘʙʠʣʴʥʦʩʪʴ 

ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʘ ʧʦ 

ʌɸ ʙʠʣʘʪʝʨʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʦʧʪʠʯʝʩʢʠʝ 

ʧʣʦʪʥʦʩʪʠ ʧʦʣʦʚʠʥʦʢ ʣʠʩʪʘ.  ʀʟʚʝʩʪʥʳʝ 

ʧʦʨʪʘʪʠʚʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʦʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʠʩʪʴʝʚ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʦʮʝʥʢʠ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ ʧʦ ʌɸ ʦʧʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʣʠʩʪʴʝʚ ʨʘʩʪʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʜʘʪʴ 

ʢʦʤʧʣʝʢʩʥʫʶ ʦʮʝʥʢʫ ʵʥʝʨʛʦʵʢʦʣʦʛʠʯʥʦʩʪʠ 

ʧʦ ʠʥʪʝʨʛʨʘʣʴʥʦʤʫ ʧʦʢʘʟʘʪʝʣʶ.  

ɸʧʧʘʨʘʪʥʘʷ ʯʘʩʪʴ ʫʩʪʨʦʡʩʪʚʘ ʧʦʟʚʦʣʷʝʪ 

ʬʦʨʤʠʨʦʚʘʪʴ ʚʝʢʪʦʨʳ ʧʘʜʘʶʱʠʭ  ʠ 

ʧʨʦʧʫʱʝʥʥʳʭ ʩʢʚʦʟʴ ʣʠʩʪ  ʧʦʪʦʢʦʚ ʜʣʷ 

ʢʘʞʜʦʡ ʧʦʣʦʚʠʥʳ ʣʠʩʪʘ ʚ ʩʠʥʝʤ, ʟʝʣʝʥʦʤ ʠ 
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ʢʨʘʩʥʦʤ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʘʭ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʦʙʨʘʟʝʮ ʫʩʪʨʦʡʩʪʚʘ 

ʩʦʜʝʨʞʠʪ ʠʥʪʝʛʨʠʨʫʶʱʫʶ ʩʬʝʨʫ, 

ʦʩʚʝʱʝʥʥʦʩʪʴ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʦʪʦʨʦʡ ʠʟʤʝʨʷʶʪ ʬʦʪʦʵʣʝʤʝʥʪʦʤ. ɺ 

ʢʘʯʝʪʩʚʝ ʫʧʨʘʚʣʷʶʱʝʛʦ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ 

ʠʩʧʦʣʴʟʦʚʘʥ Arduino Uno. ʆʪʦʙʨʘʞʝʥʠʝ 

ʠʥʬʦʨʤʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʠʥʜʠʢʘʪʦʨʝ 

LCD Keypad Shield, ʝʝ ʭʨʘʥʝʥʠʝ ï ʚʦ ʚʥʝʰʝʡ 

ʧʘʤʷʪʠ ʥʘ SD ʢʘʨʪʝ. ʀʩʪʦʯʥʠʢʦʤ ʠʟʣʫʯʝʥʠʷ 

ʷʚʣʷʶʪʩʷ ʩʚʝʪʦʜʠʦʜʳ. ʋʧʨʘʚʣʷʶʱʘʷ 

ʧʨʦʛʨʘʤʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʝʞʠʤʳ 

ʢʘʣʠʙʨʦʚʢʠ,  ʠʟʤʝʨʝʥʠʝ ʆʇ ʠ ʠʟʤʝʨʝʥʠʝ ʌɸ 

ʆʇ ʚ ʪʨʝʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʘʭ.  

ʇʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʥʘ 

ʨʘʩʪʝʥʠʷʭ ʢʘʙʘʯʢʘ, ʚʳʨʘʱʝʥʥʳʭ ʚ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʜ ʀʉ ʩ ʨʘʟʣʠʯʥʳʤ 

ʩʧʝʢʪʨʦʤ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʨʘʟʣʠʯʠʷ ʚ ʆʇ ʠ 

ʌɸ ʚ ʦʪʜʝʣʴʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʘʭ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳ ʜʣʷ ʨʘʩʪʝʥʠʡ, 

ʚʳʨʘʱʝʥʥʳʭ ʧʦ  ʨʘʟʣʠʯʥʳʤʠ ʀʉ. 

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʤʦʞʝʪ ʙʳʪʴ 

ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʨʠ 

ʵʥʝʨʛʦʵʢʦʘʫʜʠʪʝ ʩʚʝʪʦʢʫʣʴʪʫʨʳ, ʧʨʠ 

ʫʩʢʦʨʝʥʥʦʡ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʠʤʝʥʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ, ʚ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ. 
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LIGHT QUALITY FROM DIFFERENT LIGHTING SOURCES IMPACTS THE 

DEVELOPMENTAL STABILITY OF RHAPHANUS SATIVUS MICROGREENS 

 

E.N. Rakutko,  S.A. Rakutko, DSc (Eng) 

 

Institute for Engineering and Environmental Problems in Agricultural Production  (IEEP) ï  branch of of 

FSAC VIM, Saint Petersburg, Russia 

 

Growing microgreens under the indoor lighting is a solution to the problems of improving the food 

safety and energy efficiency in agri-food production, as well as of environment impact control. The purpose 

of this study was to quantify the effect of radiation with different light quality on the plant developmental 

stability. The study object was the plants of daikon (Raphanus sativus) of Minovasi PC variety in the 

juvenile phase. The seeds were sown on October 5, 2018 in three containers, which were exposed to the 

radiation with different light quality. The growing was completed on October 16, 2018, on the 8th day after 

the shoots emergence, when the second true leaves appeared on all plants. The plant mass, plant dry matter 

content and hypocotyl length were recorded as biometric indicators. The length and width of the left and 

right cotyledons and their optical densities in the blue, green and red ranges were recorded as bilateral traits. 

The developmental stability was estimated by the fluctuating asymmetry index of the bilateral traits of the 

cotyledons. The fluctuating nature of the asymmetry of the measured bilateral traits was proved. The plants 

grown under the radiation with different light quality had different biometric indicators and the fluctuating 

asymmetry index. Thus, the plants grown under the sources with a higher share of green radiation had 

smaller wet mass. It was found reasonable to use the fluctuating asymmetry determined by the optical 

density of the cotyledons as an informative indicator of the developmental stability of plants. The greater 

developmental stability of daikon seedlings, i.e. smaller values of fluctuating asymmetry, was observed 

under the spectrum, which also produced the bigger wet mass of cotyledons. 

 

Keywords: indoor plant lighting, cotyledon, pigment, optical density, fluctuating asymmetry, 

microgreens, daikon. 
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ɺʚʝʜʝʥʠʝ 

ɺʘʞʥʝʡʰʠʤʠ ʧʨʦʙʣʝʤʘʤʠ ʩʦʚʨʝʤʝʥʥʦʛʦ  

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʷʚʣʷʶʪʩʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʧʨʠ 

ʚʳʨʘʱʠʚʘʥʠʠ ʧʨʦʜʫʢʮʠʠ. ʈʝʰʝʥʠʝʤ ʵʪʠʭ 

ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʩʚʝʪʦʢʫʣʴʪʫʨʘ, ʪ.ʝ. 

ʚʳʨʘʱʠʚʘʥʠʝ ʨʘʩʪʝʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ  ʦʙʣʫʯʝʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʰʠʨʦʢʦʡ ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʫ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʧʦʣʴʟʫʶʪʩʷ ʧʨʦʨʦʩʪʢʠ 

ʩʲʝʜʦʙʥʳʭ ʦʚʦʱʝʡ ʠ ʪʨʘʚ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ 

ʨʦʩʪʘ ï ʤʠʢʨʦʟʝʣʝʥʴ (microgreens) ʠ ʤʦʣʦʜʳʝ 

ʣʠʩʪʴʷ ʨʘʩʪʝʥʠʡ (baby greens). ʅʝʩʤʦʪʨʷ ʥʘ 

ʩʚʦʠ ʥʝʙʦʣʴʰʠʝ ʨʘʟʤʝʨʳ, ʦʥʠ ʦʙʣʘʜʘʶʪ 

ʠʥʪʝʥʩʠʚʥʳʤ ʘʨʦʤʘʪʦʤ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʢʫʣʠʥʘʨʠʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʚʢʫʩʘ, ʮʚʝʪʘ ʠ 
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ʪʝʢʩʪʫʨʳ ʨʘʟʣʠʯʥʳʭ ʙʣʶʜ, ʘ ʪʘʢ ʞʝ ʢʘʢ 

ʩʲʝʜʦʙʥʳʡ ʛʘʨʥʠʨ ʠʣʠ ʠʥʛʨʝʜʠʝʥʪ ʩʘʣʘʪʘ. 

ʆʩʥʦʚʥʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʪʝʨʤʠʥʘʤʠ 

ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʤʠʢʨʦʟʝʣʝʥʴ ʩʨʝʟʘʶʪ ʥʘ 

ʫʨʦʚʥʝ ʛʠʧʦʢʦʪʠʣʷ ʧʨʠ ʧʦʷʚʣʝʥʠʠ ʧʝʨʚʳʭ 

ʥʘʩʪʦʷʱʠʭ ʣʠʩʪʴʝʚ, ʘ ʤʦʣʦʜʳʝ ʣʠʩʪʴʷ ï 

ʧʦʩʣʝ ʠʭ ʨʘʟʚʠʪʠʷ, ʚ ʚʦʟʨʘʩʪʝ ʦʢʦʣʦ 21 ʜʥʷ 

ʧʦʩʣʝ ʧʨʦʨʘʩʪʘʥʠʷ [1]. 

ʉʝʤʷʜʦʣʠ  ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʟʨʝʣʳʤʠ ʣʠʩʪʴʷʤʠ, ʙʣʘʛʦʜʘʨʷ 

ʯʝʤʫ ʤʠʢʨʦʟʝʣʝʥʴ ʦʪʥʦʩʷʪ ʢ ʛʨʫʧʧʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ. 

ɺʳʨʘʱʠʚʘʥʠʝ ʤʠʢʨʦʟʝʣʝʥʠ ʚʝʩʴʤʘ ʚʳʛʦʜʥʦ 

ʧʦ ʧʨʠʯʠʥʝ ʝʝ ʚʳʩʦʢʦʡ ʨʳʥʦʯʥʦʡ ʩʪʦʠʤʦʩʪʠ. 

ɽʩʣʠ ʮʝʥʘ ʪʝʧʣʠʯʥʦʛʦ ʩʘʣʘʪʘ ʩʦʩʪʘʚʣʷʝʪ 800 

ʨʫʙ ʟʘ ʢʛ, ʪʦ ʮʝʥʘ ʤʠʢʨʦʟʝʣʝʥʠ ʜʦʩʪʠʛʘʝʪ 

2200 ʨʫʙ ʟʘ ʢʛ (ʧʦ ʜʘʥʥʳʤ ʗʥʜʝʢʩ. ʄʘʨʢʝʪ ʥʘ 

ʬʝʚʨʘʣʴ 2019 ʛ). 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʠʥʪʝʟ ʠ 

ʨʘʩʧʘʜ ʧʦʣʝʟʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʤʠʢʨʦʟʝʣʝʥʠ 

ʦʢʘʟʳʚʘʶʪ ʬʘʢʪʦʨʳ ʚʥʝʰʥʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʩʚʝʪʦʚʦʡ,  ʩʨʝʜʳ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ 

ʠʟʣʫʯʝʥʠʷ ʚ ʩʚʝʪʦʢʫʣʴʪʫʨʝ ʷʚʣʷʶʪʩʷ 

ʩʚʝʪʦʜʠʦʜʳ [2]. ɺʘʞʥʝʡʰʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʚʝʪʦʜʠʦʜʦʚ ʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʷʪʴ ʢʘʯʝʩʪʚʦʤ ʩʚʝʪʦʚʦʡ 

ʩʨʝʜʳ, ʦʪ ʢʦʪʦʨʦʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ 

ʨʦʩʪ ʠ ʤʦʨʬʦʛʝʥʝʟ ʨʘʩʪʝʥʠʡ. ɺʳʷʚʣʝʥʦ, 

ʤʠʢʨʦʟʝʣʝʥʴ ʪʘʢ ʞʝ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʠ ʝʛʦ 

ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ, ʢʘʢ ʠ ʚʟʨʦʩʣʳʝ 

ʨʘʩʪʝʥʠʷ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʦʙʣʫʯʝʥʠʷ 

ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʥʘʢʦʧʣʝʥʠʷ ʥʠʪʨʘʪʦʚ [3]. 

ɺʳʩʦʢʠʝ ʫʨʦʚʥʠ ʦʙʣʫʯʝʥʠʷ ʘʢʪʠʚʠʨʫʶʪ 

ʬʦʪʦʟʘʱʠʪʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ 

ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʝʨʚʠʯʥʳʭ ʠ ʚʪʦʨʠʯʥʳʝ 

ʤʝʪʘʙʦʣʠʪʦʚ ʚ ʨʘʩʪʝʥʠʷʭ. ʈʘʩʪʝʥʠʷ 

ʘʢʢʣʠʤʘʪʠʟʠʨʫʶʪʩʷ ʢ ʚʳʩʦʢʠʤ ʫʨʦʚʥʷʤ 

ʩʚʝʪʘ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʩʠʥʪʝʟʘ ʪʘʢʠʭ ʚʘʞʥʳʭ ʚ ʧʠʪʘʥʠʠ ʯʝʣʦʚʝʢʘ 

ʩʦʝʜʠʥʝʥʠʡ, ʢʘʢ ʘʩʢʦʨʙʘʪʘ, ʛʣʫʪʘʪʠʦʥʘ, 

ʢʘʨʦʪʠʥʦʠʜʦʚ, Ŭ-ʪʦʢʦʬʝʨʦʣʘ, ʠʤʝʶʱʠʭ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ [4]. ʊʘʢ, 

ʢʘʧʫʩʪʫ çWinterborè ʠ ʰʧʠʥʘʪ çMelodyè 

ʚʳʨʘʱʠʚʘʣʠ ʚ ʢʫʣʴʪʫʨʝ ʧʠʪʘʪʝʣʴʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʚ ʢʘʤʝʨʘʭ ʨʦʩʪʘ ʧʨʠ ʫʨʦʚʥʷʭ 

ʬʦʪʦʥʥʦʡ ʦʙʣʫʯʝʥʥʦʩʪʠ ʦʪ 125 ʜʦ 620 

ʤʢʤʦʣʴ.ʩ-1.ʤ-2. ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʢʘʨʦʪʠʥʦʠʜʦʚ ʠ ʭʣʦʨʦʬʠʣʣʦʚ ʥʘʙʣʶʜʘʣʠʩʴ 

ʧʨʠ ʫʨʦʚʥʷʭ 335 ʤʢʤʦʣʴ.ʩ-1.ʤ-2 ʜʣʷ ʢʘʧʫʩʪʳ 

(ʧʨʠ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʨʘʞʝʥʥʦʤ ʤʘʢʩʠʤʫʤʝ) ʠ 

200 ʤʢʤʦʣʴ.ʩ-1.ʤ-2 ʜʣʷ ʰʧʠʥʘʪʘ (ʧʨʠ ʥʝ ʷʨʢʦ 

ʚʳʨʘʞʝʥʥʳʭ ʨʘʟʣʠʯʠʷʭ) [5].  

ɺʳʷʚʣʝʥʦ ʚʣʠʷʥʠʝ ʠʟʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʜʣʠʥ ʚʦʣʥ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʦʪʜʝʣʴʥʳʭ ʚʝʱʝʩʪʚ 

ʚ ʤʠʢʨʦʟʝʣʝʥʠ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʙʣʫʯʝʥʠʝ ʥʘ 520 ʠ 622 ʥʤ 

ʙʳʣʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ ʥʠʪʨʘʪʦʚ, ʘ ʧʦʢʘʟʘʪʝʣʠ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʩʠʩʪʝʤʳ ʙʳʣʠ ʫʚʝʣʠʯʝʥʳ ʩ 

ʧʦʤʦʱʴʶ  ʠʟʣʫʯʝʥʠʷ 595-ʥʤ. 

ʂʨʘʪʢʦʚʨʝʤʝʥʥʦʝ ʦʙʣʫʯʝʥʠʝ ʧʦʪʦʢʦʤ ʩ 

ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʢʨʘʩʥʦʛʦ (638 ʥʤ) 

ʫʚʝʣʠʯʠʚʘʣʦ ʢʦʣʠʯʝʩʪʚʦ ʚʪʦʨʠʯʥʳʭ 

ʤʝʪʘʙʦʣʠʪʦʚ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ [6]. 

ʋʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦʪʦʥʥʦʛʦ 

ʧʦʪʦʢʘ  ʩ ʙʦʣʴʰʦʡ ʜʦʣʝʡ ʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʧʨʠʚʝʣʦ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ 

ʚʳʪʷʛʠʚʘʥʠʷ ʛʠʧʦʢʦʪʠʣʷ ʤʠʢʨʦʟʝʣʝʥʠ 

ʢʦʣʴʨʘʙʠ (B. oleracea var. Gongylodes 

çDelicacy Purpleè), ʨʝʧʳ (B. rapa var. 

rosularis) ʠ ʛʦʨʯʠʮʳ (B. juncea L. çRed 

Lionè), ʘ ʪʘʢ ʞʝ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ 

ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʫ ʢʠʪʘʡʩʢʦʡ ʣʠʩʪʦʚʦʡ 

ʢʘʧʫʩʪʳ (B. rapa var. Chinensis çRubi F1è) ʠ 

ʨʝʧʳ [7]. 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʩʧʝʢʪʨʘʣʴʥʦʤʫ 

ʩʦʩʪʘʚʫ ʠʟʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʘ ʫ ʨʘʟʣʠʯʥʳʭ 

ʚʠʜʦʚ ʤʠʢʨʦʟʝʣʝʥʠ (ʙʦʣʴʰʝ ʫ ʨʦʩʪʢʦʚ 

ʧʰʝʥʠʮʳ ʠ ʯʝʯʝʚʠʮʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʨʦʩʪʢʘʤʠ ʨʝʜʠʩʘ). ɿʝʣʝʥʳʡ ʩʚʝʪ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʘʥʪʠʦʢʩʠʜʘʪʥʳʭ 

ʩʚʦʡʩʪʚ: ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 510 ʥʤ ʫ ʩʝʤʷʥ 

ʯʝʯʝʚʠʮʳ ʠ ʧʰʝʥʠʮʳ ʠ 595 ʥʤ ʜʣʷ ʨʝʜʠʩʘ 

[8]. ɼʣʷ ʤʦʣʦʜʳʭ ʣʠʩʪʴʝʚ ʩʘʣʘʪʘ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʟʘʚʠʩʷʪ ʦʪ 

ʜʣʠʥʳ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ. ʋʚʝʣʠʯʝʥʠʝ 
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ʩʦʜʝʨʞʘʥʠʷ  ʚʠʪʘʤʠʥʘ ʉ ʠ ʪʦʢʦʬʝʨʦʣʘ 

ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʙʦʣʝʝ 

ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʌɸʈ 

[9]. 

ʀʩʩʣʝʜʦʚʘʥʦ ʩʦʚʤʝʩʪʥʦʝ ʚʣʠʷʥʠʝ 

ʩʧʝʢʪʨʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʥʘ ʨʦʩʪ 

ʠ ʨʘʟʚʠʪʠʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʝʤʝʡʩʪʚʘ 

ʢʨʝʩʪʦʮʚʝʪʥʳʭ. ʀʩʧʦʣʴʟʦʚʘʣʠ ʠʩʪʦʯʥʠʢʠ ʩ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʚ ʟʝʣʝʥʦʡ ʠ 

ʢʨʘʩʥʦʡ ʟʦʥʝ ʌɸʈ, ʘ ʪʘʢ ʞʝ ʜʦʙʘʚʢʦʡ 

ʜʘʣʴʥʝʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʬʦʪʦʥʥʳʭ 

ʦʙʣʫʯʝʥʥʦʩʪʷʭ 105, 210 ʠ 315 ʤʤʦʣʴĿʩ-1Ŀʤ-2. 

ɺʳʷʚʣʝʥʘ ʨʘʟʣʠʯʥʘʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ 

ʜʝʡʩʪʚʠʷ ʧʦʪʦʢʘ ʩ ʨʘʟʣʠʯʥʳʤ ʩʧʝʢʪʨʦʤ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʤʘʢʨʦ- ʠ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʤʠʢʨʦʟʝʣʝʥʠ ʨʘʟʣʠʯʥʳʭ 

ʚʠʜʦʚ ʠ ʝʝ ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ [10]. 

ʆʪ ʧʘʨʘʤʝʪʨʦʚ ʩʚʝʪʦʚʦʡ ʩʨʝʜʳ, ʚ ʢʦʪʦʨʦʡ 

ʨʘʟʚʠʚʘʝʪʩʷ ʨʘʩʪʝʥʠʝ, ʟʘʚʠʩʷʪ ʪʘʢ ʞʝ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʴ 

ʩʚʝʪʦʢʫʣʴʪʫʨʳ [11, 12]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʨʷʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʚʳʷʚʣʝʥʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ  ʫʩʣʦʚʠʡ 

ʦʩʚʝʱʝʥʠʷ ʥʘ ʨʦʩʪ ʤʠʢʨʦʟʝʣʝʥʠ, ʝʝ 

ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʥʘʩʢʦʣʴʢʦ ʥʘʤ 

ʠʟʚʝʩʪʥʦ, ʥʝʪ ʜʘʥʥʳʭ ʦ ʚʣʠʷʥʠʠ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʠʟʣʫʯʝʥʠʷ ʥʘ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʤʠʢʨʦʟʝʣʝʥʠ.  

ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʙʳʣʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʵʬʬʝʢʪʘ, 

ʦʢʘʟʳʚʘʝʤʦʛʦ ʜʝʡʩʪʚʠʝʤ ʠʟʣʫʯʝʥʠʷ ʩ 

ʨʘʟʣʠʯʥʳʤ ʩʧʝʢʪʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ ʥʘ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ ʜʘʡʢʦʥʘ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ  

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʣʘʙʦʨʘʪʦʨʠʠ 

ʵʥʝʨʛʦʵʢʦʣʦʛʠʠ ʩʚʝʪʦʢʫʣʴʪʫʨʳ ʠʥʩʪʠʪʫʪʘ 

ʘʛʨʦʠʥʞʝʥʝʨʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

(ʀɸʕʇ) ʚ ʦʢʪʷʙʨʝ 2018 ʛʦʜʘ ʚ ʨʘʤʢʘʭ 

ʧʦʠʩʢʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ʊʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʩʚʝʪʦʢʫʣʴʪʫʨʳ 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʠ 

ʚ ʢʘʤʝʨʘʭ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʩʚʝʪʘ (ʨʠʩ. 1), 

ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʪʝʤʥʦʡ ʰʪʦʨʦʡ.  

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʢʘʞʜʦʡ ʟʦʥʝ 

ʧʦʜʜʝʨʞʠʚʘʣʠ ʦʜʠʥʘʢʦʚʳʡ ʫʨʦʚʝʥʴ 

ʦʙʣʫʯʝʥʥʦʩʪʠ ʌɸʈ (100 ʤʢʤʦʣʴ.ʩ-1.ʤ-2) 

ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʚʳʩʦʪʳ ʧʦʜʚʝʩʘ 

ʦʙʣʫʯʘʪʝʣʝʡ  ʥʘʜ ʚʝʨʭʫʰʢʘʤʠ ʨʘʩʪʝʥʠʡ ʧʦ 

ʤʝʨʝ ʠʭ ʨʦʩʪʘ.  

ʅʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʚʝʣʠʯʠʥʳ 

ʦʙʣʫʯʝʥʥʦʩʪʠ ʚ ʢʦʥʪʝʡʥʝʨʘʭ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʤʘʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʤʠʥʠʤʘʣʴʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʴ z=Eʤʘʭ/ɽʩʨ 

ʩʦʩʪʘʚʣʷʣʘ ʥʝ ʙʦʣʝʝ 10 %. 

 

   

                          ʂʘʤʝʨʘ ˉ1                        ʂʘʤʝʨʘ ˉ2                             ʂʘʤʝʨʘ ˉ3 

ʈʠʩ. 1. ʀʩʪʦʯʥʠʢʠ ʩʚʝʪʘ ʚ ʢʘʤʝʨʘʭ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ 

 

ɺ ʢʘʤʝʨʝ ˉ1 ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʙʣʫʯʘʪʝʣʴ 

ʥʘ ʙʘʟʝ ʙʠʩʧʝʢʪʨʘʣʴʥʦʡ ʠʥʜʫʢʮʠʦʥʥʦʡ 

ʣʘʤʧʳ ʉʘʪʫʨʥ C-200 W/RZ ʤʦʱʥʦʩʪʴʶ 200 

ɺʪ. ʉʧʝʢʪʨ ʠʟʣʫʯʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʌɸʈ ʠʤʝʝʪ 

ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʣʘʤʧ ʚʠʜ 

ʩ ʥʝʙʦʣʴʰʠʤ ʧʨʝʚʳʰʝʥʠʝʤ ʜʦʣʠ ʵʥʝʨʛʠʠ ʚ 

ʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ ʥʘʜ ʩʠʥʠʤ (R:B=1,3). 

ɼʦʣʷ ʜʘʣʴʥʝʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʤʘʣʘ 

(R:FR=7,1). 



          ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

          ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 

75 

 

ɺ ʢʘʤʝʨʝ ˉ2 ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʩʚʝʪʦʜʠʦʜʥʳʡ ʠʟʣʫʯʘʪʝʣʴ ʥʘ ʙʘʟʝ ʜʚʫʭ ʉɼ 

ʤʘʪʨʠʮ. ʄʦʱʥʦʩʪʴ ʠʟʣʫʯʘʪʝʣʷ 100 ɺʪ. 

ʉʧʝʢʪʨ ʠʟʣʫʯʝʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʫʟʢʦʛʦ ʧʠʢʘ ʥʘ 

ʜʣʠʥʝ ʚʦʣʥʳ 446 ʥʤ (ʧʦʣʫʰʠʨʠʥʘ 23 ʥʤ) ʠ 

ʰʠʨʦʢʦʡ ʧʦʣʦʩʳ ʩ ʤʘʢʩʠʤʫʤʦʤ ʥʘ ʜʣʠʥʝ 

ʚʦʣʥʳ 560 ʥʤ (ʧʦʣʫʰʠʨʠʥʘ 133 ʥʤ), 

ʦʭʚʘʪʳʚʘʶʱʝʡ ʟʝʣʝʥʫʶ ʠ ʢʨʘʩʥʫʶ ʯʘʩʪʠ 

ʩʧʝʢʪʨʘ. ɼʦʣʠ ʧʦʪʦʢʦʚ ʚ ʩʠʥʝʤ ʠ ʢʨʘʩʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʳ (R:B=1,0). 

ɼʦʣʷ ʜʘʣʴʥʝʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʪʘʢ ʞʝ ʤʘʣʘ 

(R:FR=8,4). ʆʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ ʩʧʝʢʪʨʘ 

ʜʘʥʥʦʛʦ ʠʟʣʫʯʘʪʝʣʷ ʦʪ ʧʨʝʜʳʜʫʱʝʛʦ ʩʦʩʪʦʠʪ 

ʚ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝʡ ʜʦʣʠ ʟʝʣʝʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ (48,1% ʧʨʦʪʠʚ 33,6%). 

ɺ ʢʘʤʝʨʝ ˉ3 ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʩʚʝʪʦʜʠʦʜʥʳʡ ʬʠʪʦʦʙʣʫʯʘʪʝʣʴ çʆʧʪʦʣʶʢʩ-

ʉʧʵʡʩ-ɸʛʨʦè. ʄʦʱʥʦʩʪʴ ʦʙʣʫʯʘʪʝʣʷ 140 ɺʪ. 

ʉʧʝʢʪʨ ʠʟʣʫʯʝʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʫʟʢʦʛʦ ʧʠʢʘ ʥʘ 

ʜʣʠʥʝ ʚʦʣʥʳ 453 ʥʤ (ʧʦʣʫʰʠʨʠʥʘ 23 ʥʤ) ʠ 

ʰʠʨʦʢʦʡ ʧʦʣʦʩʳ ʩ ʤʘʢʩʠʤʫʤʦʤ ʥʘ ʜʣʠʥʝ 

ʚʦʣʥʳ  663 ʥʤ (ʧʦʣʫʰʠʨʠʥʘ 103 ʥʤ), 

ʦʭʚʘʪʳʚʘʶʱʝʡ ʢʨʘʩʥʳʡ ʠ ʜʘʣʴʥʝʢʨʘʩʥʳʡ 

ʜʠʘʧʘʟʦʥ. ɼʦʣʷ ʵʥʝʨʛʠʠ ʚ ʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥ 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʝʪ ʜʦʣʶ ʵʥʝʨʛʠʠ ʚ 

ʩʠʥʝʤ (R:B=2,2). ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʦʙʣʫʯʘʪʝʣʷʤʠ ˉ1 ʠ ˉ2 ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʝʥʘ ʜʦʣʷ ʜʘʣʴʥʝʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

(R:FR=2,1).  

ʋ ʦʙʣʫʯʘʪʝʣʝʡ ˉ1 ʠ ˉ2 ʙʦʣʴʰʘʷ ʜʦʣʷ 

ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ ʙʣʠʟʠ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʛʣʘʟʘ 

(ʢʨʠʚʘʷ ɺ ʥʘ ʨʠʩʫʥʢʝ 2). ʇʦʵʪʦʤʫ, ʧʨʠ 

ʦʜʠʥʘʢʦʚʳʭ ʬʦʪʦʥʥʳʭ ʦʙʣʫʯʝʥʥʦʩʪʷʭ,  

ʦʩʚʝʱʝʥʥʦʩʪʴ, ʩʦʟʜʘʚʘʝʤʘʷ ʜʘʥʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʘ  

(ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 9,8 ʠ 11,2 ʢʃʢ).  

ʅʘʦʙʦʨʦʪ, ʧʦʪʦʢ ʦʙʣʫʯʘʪʝʣʷ ˉ3 

ʤʠʥʠʤʘʣʝʥ ʚ ʵʪʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ. ʅʘ 

ʛʣʘʟ ʵʪʦ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʪʘʢ, ʯʪʦ ʨʘʩʪʝʥʠʷ 

ʚʳʛʣʷʜʷʪ ʥʘʠʤʝʥʝʝ ʦʩʚʝʱʝʥʥʳʤʠ (3,1 ʣʢ). 

ʉʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʬʦʪʦʥʥʦʡ 

ʦʙʣʫʯʝʥʥʦʩʪʠ PAR (photosynthetic photon 

flux density, PPFD) ʠʩʪʦʯʥʠʢʦʚ ʙʳʣʘ 

ʠʟʤʝʨʝʥʘ ʧʨʠʙʦʨʦʤ ʊʂɸ ɺɼ/04 ʠ ʧʦʢʘʟʘʥʘ 

ʥʘ ʨʠʩʫʥʢʝ 2.  

 
ʈʠʩ. 2. ʉʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ 

 

ʉʦʩʪʘʚ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʜʦʣʷʤʠ 

ʵʥʝʨʛʠʡ, %, ʚ ʦʪʜʝʣʴʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʧʦʜʜʠʘʧʘʟʦʥʘʭ (ʩʠʥʠʡ B, ʟʝʣʝʥʳʡ G,  

ʢʨʘʩʥʳʡ R, ʜʘʣʴʥʝʢʨʘʩʥʳʡ FR) ʦʪʥʝʩʝʥʥʳʭ ʢ 

ʦʙʱʝʡ ʵʥʝʨʛʠʠ ʌɸʈ (ʨʠʩ. 3).  

 
ʈʠʩ. 3. ʂʘʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʠʟʣʫʯʝʥʠʷ 

ʚ ʢʘʤʝʨʘʭ 
 

ʇʘʨʘʤʝʪʨʳ ʦʙʣʫʯʝʥʠʷ ʨʘʩʪʝʥʠʡ 

ʧʦʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 1. ʋʢʘʟʘʥʘ ʪʘʢ ʞʝ ʚʳʩʦʪʘ 

ʧʦʜʚʝʩʘ ʠʩʪʦʯʥʠʢʦʚ (H, ʩʤ) ʠ ʦʩʚʝʱʝʥʥʦʩʪʴ 

ɽ, ʢʣʢ. 

ʊʘʙʣʠʮʘ 1 

ʇʘʨʘʤʝʪʨʳ ʦʙʣʫʯʝʥʠʷ ʨʘʩʪʝʥʠʡ 
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ʈʘʩʪʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʷʪʳ 

ʨʘʩʪʝʥʠʷ ʜʘʡʢʦʥʘ (Raphanus sativus) ʩʦʨʪʘ 

ʄʠʥʦʚʘʩʠ ʈʉ ʚ ʶʚʝʥʠʣʴʥʦʤ ʚʦʟʨʘʩʪʥʦʤ 

ʩʦʩʪʦʷʥʠʠ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʦʥʪʦʛʝʥʝʟʘ 

ʧʨʦʠʩʭʦʜʠʪ ʩʪʘʥʦʚʣʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ 

ʩʪʨʫʢʪʫʨ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʦʨʛʘʥʠʟʤʘ, ʧʦʵʪʦʤʫ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʚ 

ʜʘʥʥʳʡ ʧʝʨʠʦʜ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʘʢʪʦʨʦʚ 

ʩʨʝʜʘ ʥʘ ʫʨʦʚʥʝ ʮʝʣʦʛʦ ʦʨʛʘʥʠʟʤʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʘʢ ʪʝʦʨʝʪʠʯʝʩʢʠʡ, ʪʘʢ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ. 

ʄʠʢʨʦʟʝʣʝʥʴ ʜʘʡʢʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʪʦʢʦʬʝʨʦʣʦʚ 

(ʚʠʪʘʤʠʥ ɽ, ʚʳʧʦʣʥʷʶʱʠʡ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʝ 

ʬʫʥʢʮʠʠ [13]. ʉʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʧʨʦʨʦʩʪʢʘʭ ʜʘʡʢʦʥʘ ʚ ʨʘʩʯʝʪʝ 

ʥʘ 100 ʛ: ʫʛʣʝʚʦʜʳ, ʛ,  ʥʝʚʦʣʦʢʥʠʩʪʳʝ ï 2.7, 

ʚʦʣʦʢʥʠʩʪʳʝ ï 1.1; ʚʠʪʘʤʠʥʳ, ʤʛ%: ʉ ï 70, 

ʢʘʨʦʪʠʥ ï 1.7, ɺ1 ï 0.08, ɺ2 ï 0.25, ʈʈ ï 0.5; 

ʤʠʥʝʨʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ, ʤʛ%: Ca ï 140, P ï 

65, K ï 420, Fe ï 1.2, ʥʘ ï 10 [14]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʧʠʱʫ ʧʨʦʨʦʩʪʢʦʚ ʜʘʡʢʦʥʘ ʚ 

ʩʪʘʜʠʠ ʩʝʤʷʜʦʣʝʡ ʦʯʝʥʴ ʧʦʣʝʟʥʦ ʜʣʷ 

ʟʜʦʨʦʚʴʷ [15]. 

 

 
ʈʠʩ. 4. ɺʥʝʰʥʠʡ ʚʠʜ ʤʠʢʨʦʟʝʣʝʥʠ ʜʘʡʢʦʥʘ ʚ ʢʦʥʪʝʡʥʝʨʘʭ 

 

ɼʘʡʢʦʥ ʦʪʥʦʩʠʪʩʷ ʢ ʜʣʠʥʥʦʜʥʝʚʥʦʡ 

ʛʨʫʧʧʝ ʠ ʪʨʝʙʦʚʘʪʝʣʝʥ ʢ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʦʩʚʝʱʝʥʠʷ [16]. ɺʳʷʚʣʝʥʦ ʚʣʠʷʥʠʝ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʠʟʣʫʯʝʥʠʷ ʥʘ 

ʜʠʥʘʤʠʢʫ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʬʠʟʠʦʣʦʛʠʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʨʦʩʪʢʦʚ ʜʘʡʢʦʥʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ 

ʩʠʥʝʛʦ ʠ ʜʘʣʴʥʝʢʨʘʩʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʥʘ 

ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ ʠ ʚʠʪʘʤʠʥʘ ʉ [17]. 

ɺ ʦʥʪʦʛʝʥʝʟʝ ʜʘʡʢʦʥʘ ʝʛʦ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ 

ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʪʨʠ ʧʝʨʠʦʜʘ, ʢʘʞʜʳʡ ʠʟ 

ʢʦʪʦʨʦʛʦ ʩʣʘʛʘʝʪʩʷ ʠʟ ʪʨʝʭ ʬʝʥʦʣʦʛʠʯʝʩʢʠʭ 

ʬʘʟ: ʩʝʤʝʥʥʦʡ ʧʝʨʠʦʜ (ʵʤʙʨʠʦʥʘʣʴʥʘʷ ʬʘʟʘ, 

ʬʘʟʘ ʧʦʢʦʷ ʜʦ ʧʦʷʚʣʝʥʠʷ ʚʩʭʦʜʦʚ, ʬʘʟʘ 

ʧʨʦʨʘʩʪʘʥʠʷ ʩʝʤʷʥ), ʢʦʪʦʨʳʡ ʟʘʢʘʥʯʠʚʘʝʪʩʷ 

ʨʘʩʢʨʳʪʠʝʤ ʩʝʤʷʜʦʣʝʡ ʠ ʧʦʷʚʣʝʥʠʝʤ 

ʧʝʨʚʦʛʦ ʥʘʩʪʦʷʱʝʛʦ ʣʠʩʪʘ; ʚʝʛʝʪʘʪʚʥʳʡ 

ʧʝʨʠʦʜ (ʬʘʟʘ ʨʦʩʪʘ, ʬʘʟʘ ʥʘʢʦʧʣʝʥʠʷ 

ʟʘʧʘʩʥʳʭ ʚʝʱʝʩʪʚ ʢʦʨʥʝʧʣʦʜʦʤ, ʬʘʟʘ ʧʦʢʦʷ 

ʚʝʛʝʪʘʪʠʚʥʳʭ ʦʨʛʘʥʦʚ ʧʨʠ ʭʨʘʥʝʥʠʠ); 

ʨʝʧʨʦʜʫʢʪʠʚʥʳʡ ʧʝʨʠʦʜ (ʬʘʟʘ ʙʫʪʦʥʠʟʘʮʠʠ, 

ʮʚʝʪʝʥʠʷ ʠ ʧʣʦʜʦʥʦʰʝʥʠʷ) [18]. 

ʈʘʩʧʦʣʦʞʝʥʠʝ ʣʠʩʪʴʝʚ ʜʘʡʢʦʥʘ ʚ 

ʚʝʛʝʪʘʪʠʚʥʳʡ ʧʝʨʠʦʜ ï ʨʦʟʝʪʦʯʥʦʝ. 

ʅʘʩʪʦʷʱʠʝ ʣʠʩʪʴʷ ï ʫʟʢʦʣʠʨʦʚʠʜʥʳʝ, 

ʨʘʩʩʝʯʝʥʳʝ ʥʘ ʧʘʨʳ ʙʦʢʦʚʳʭ ʜʦʣʝʡ. ɺʝʨʭʥʷʷ 

ʜʦʣʷ ʦʢʨʫʛʣʘʷ. ʆʢʨʘʩʢʘ ʩʚʝʪʣʦ-ʟʝʣʝʥʘʷ. 

ʉʧʝʮʠʬʠʯʝʩʢʘʷ ʘʨʭʠʪʝʢʪʦʥʠʢʘ ʧʣʘʩʪʠʥʢʠ 

ʣʠʩʪʘ ʠ ʨʦʟʝʪʢʠ ʣʠʩʪʴʝʚ ʠʤʝʶʪ ʘʜʘʧʪʠʚʥʫʶ 

ʧʨʠʨʦʜʫ ʠ ʧʦʟʚʦʣʷʶʪ ʨʘʩʪʝʥʠʷʤ ʜʘʡʢʦʥʘ 

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʣʥʝʥʫʶ 

ʵʥʝʨʛʠʶ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ ʠ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ [19]. 
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ʈʠʩ. 5. ʄʠʢʨʦʟʝʣʝʥʴ ʜʘʡʢʦʥʘ 

 

ʉʝʤʷʥ ʜʘʡʢʦʥʘ ʩʦʨʪʘ ʄʠʥʦʚʘʩʠ ʈʉ 

ʦʙʨʘʙʦʪʘʣʠ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ ʩʣʘʙʳʤ 

ʨʘʩʪʚʦʨʦʤ ʤʘʨʛʘʥʮʦʚʦʢʠʩʣʦʛʦ ʢʘʣʠʷ ʠ 

ʟʘʤʦʯʠʣʠ ʚ ʨʘʩʪʚʦʨʝ ʵʧʠʥʘ. ʇʦʩʝʚ ʩʝʤʷʥ ʙʳʣ 

ʧʨʦʠʟʚʝʜʝʥ 5 ʦʢʪʷʙʨʷ 2018 ʛ ʚ ʪʨʠ 

ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʪʝʡʥʝʨʘ ʨʘʟʤʝʨʘʤʠ 

450ʭ450ʭ100 ʤʤ. ɺ ʢʘʞʜʦʤ ʢʦʥʪʝʡʥʝʨʝ ʧʦʩʝʚ 

ʧʨʦʠʟʚʦʜʠʣʠ ʚ 6 ʨʷʜʦʚ, ʧʦ 6 ʣʫʥʦʢ ʚ ʨʷʜʫ, ʧʦ 

2-3 ʩʝʤʝʯʢʘ ʚ ʣʫʥʢʫ, ʥʘ ʛʣʫʙʠʥʫ 1 ʩʤ. 

ʂʦʥʪʝʡʥʝʨʳ ʥʘʢʨʳʣʠ ʩʪʝʢʣʦʤ ʠ ʧʦʤʝʩʪʠʣʠ ʚ 

ʪʝʤʥʦʝ ʤʝʩʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ +23 
ʦ
ʉ. ʇʦʩʣʝ ʧʦʣʥʦʛʦ ʧʦʷʚʣʝʥʠʷ ʚʩʭʦʜʦʚ 

8.10.2018 ʢʦʥʪʝʡʥʝʨʳ ʚʳʩʪʘʚʠʣʠ ʚ ʢʘʤʝʨʳ 

ʧʦʜ ʠʩʪʦʯʥʠʢʠ ʩʚʝʪʘ ʩ ʬʦʪʦʧʝʨʠʦʜʦʤ ʊ=16 ʯ 

(ʩ 6.00 ʜʦ 22.00 ʯ). ʊʝʤʧʝʨʘʪʫʨʫ ʚʦʟʜʫʭʘ 

ʧʦʜʜʝʨʞʠʚʘʣʠ ʥʘ ʫʨʦʚʥʝ 19-21 
ʦ
ʉ, ʚʣʘʞʥʦʩʪʴ 

ʚʦʟʜʫʭʘ 65-75%.  ʃʠʰʥʠʝ ʨʘʩʪʝʥʠʷ ʙʳʣʠ 

ʫʙʨʘʥʳ 11.10.2018, ʚ ʢʘʞʜʦʡ ʣʫʥʢʝ 

ʦʩʪʘʚʣʝʥʦ ʧʦ ʦʜʥʦʤʫ ʧʨʦʨʦʩʪʢʫ. ʂʦʥʪʝʡʥʝʨʳ 

ʧʦʜʩʳʧʘʣʠ ʧʦʯʚʦʡ ʩʣʦʝʤ 1-1,5 ʩʤ.  

ʇʝʨʚʳʡ ʥʘʩʪʦʷʱʠʡ ʣʠʩʪ ʥʘ ʚʩʝʭ 

ʢʦʥʪʝʡʥʝʨʘʭ ʧʦʷʚʠʣʩʷ 12.10.2018. ɺ ʬʘʟʝ 

ʚr ʭʦʜʘ ʚʪʦʨʦʛʦ ʥʘʩʪʦʷʱʝʛʦ ʣʠʩʪʘ ʫ ʚʩʝʭ 

ʨʘʩʪʝʥʠʡ 16.10.2018 (ʥʘ 8-ʝ ʩʫʪʢʠ ʧʦʩʣʝ 

ʧʦʷʚʣʝʥʠʷ ʚʩʭʦʜʦʚ) ʚʳʨʘʱʠʚʘʥʠʝ 

ʟʘʚʝʨʰʠʣʠ. 

 

 
ʈʠʩ. 6. ʀʟʤʝʨʝʥʠʝ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʪʝʥʠʡ ʚ ʣʘʙʦʨʘʪʦʨʠʠ 

 

ʈʘʟʚʠʪʠʝ ʩʝʤʷʜʦʣʝʡ ʥʘʯʠʥʘʝʪʩʷ ʝʱʝ ʚ 

ʩʝʤʝʥʠ, ʥʘ ʥʝʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʤ 

ʟʘʨʦʜʳʰʝ. ʉʝʤʷʜʦʣʠ ʜʘʡʢʦʥʘ ʠʤʝʶʪ 

ʦʙʨʘʪʥʦ-ʩʝʨʜʮʝʚʠʜʥʫʶ ʬʦʨʤʫ ʠ ʧʦ ʩʚʦʝʤʫ 

ʘʥʘʪʦʤʠʯʝʩʢʦʤʫ ʩʪʨʦʝʥʠʶ ʠ ʬʫʥʢʮʠʷʤ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʥʘʩʪʦʷʱʠʭ ʣʠʩʪʴʝʚ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʥʘ ʢʦʥʫʩʝ ʥʘʨʘʩʪʘʥʠʷ ʧʦʙʝʛʘ 

(ʨʠʩ. 5). ɼʣʷ ʠʟʤʝʨʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʥʦʨʤʘʣʴʥʦ ʨʘʟʚʠʪʳʝ ʨʘʩʪʝʥʠʷ: ʠʟ ʢʘʤʝʨʳ ˉ1 

ï 34 ʰʪ, ˉ2 ï 33 ʰʪ ʠ ˉ3 ï 35 ʰʪ. 

ɺ ʢʘʯʝʩʪʚʝ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʬʠʢʩʠʨʦʚʘʣʠ ʤʘʩʩʫ ʨʘʩʪʝʥʠʷ M , ʛ; 

ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʝʤ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ n, %; 

ʜʣʠʥʫ ʛʠʧʦʢʦʪʠʣʷ l, ʤʤ; ʚ ʢʘʯʝʩʪʚʝ 

ʙʠʣʘʪʝʨʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ (ɹʇ) ʬʠʢʩʠʨʦʚʘʣʠ 

ʜʣʠʥʳ (LL , RL ) ʠ ʰʠʨʠʥʳ (LW , RW ) 

ʩʝʤʷʜʦʣʝʡ ʠ ʠʭ ʦʧʪʠʯʝʩʢʠʝ ʧʣʦʪʥʦʩʪʠ ʚ 

ʩʠʥʝʤ (
b

LD , 
b

RD ) ʟʝʣʝʥʦʤ (
g

LD , 
g

RD ) ʠ 

ʢʨʘʩʥʦʤ (
r

LD , 
r

RD ) ʜʠʘʧʘʟʦʥʘʭ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ 

ʩʝʤʷʜʦʣʠ.  

ɿʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʌɸ ʜʣʷ 

ʙʠʣʘʪʝʨʘʣʴʥʦʛʦ ʧʨʠʟʥʘʢʘ Pʚʳʯʠʩʣʷʣʠ ʧʦ 

ʬʦʨʤʫʣʝ: 

ä
= +

-
=

N

j jRjL

jRjL

P
PP

PP

N
ʌɸ

1 )(

1

, 

ʛʜʝ j - ʥʦʤʝʨ ʨʘʩʪʝʥʠʷ, N ï ʢʦʣʠʯʝʩʪʚʦ 

ʠʟʤʝʨʝʥʠʡ. 
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ʆʧʨʝʜʝʣʝʥʠʝ ʤʘʩʩʳ ʨʘʩʪʝʥʠʷ  ʠ 

ʩʦʜʝʨʞʘʥʠʷ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ 

ʉʳʨʫʶ ʠ ʩʫʭʫʶ ʙʠʦʤʘʩʩʫ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʦʧʨʝʜʝʣʷʣʠ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ 

ʤʝʪʦʜʦʤ. ʈʘʩʪʝʥʠʝ ʚʳʥʠʤʘʣʠ ʠʟ ʧʦʯʚʳ 

ʚʤʝʩʪʝ ʩ ʢʦʨʥʝʤ, ʧʦʜʜʝʚ ʝʛʦ ʰʧʘʪʝʣʝʤ, ʟʘʪʝʤ 

ʢʦʨʝʥʴ ʦʙʨʳʚʘʣʠ ʧʦ ʢʦʨʥʝʚʫʶ ʰʝʡʢʫ (ʨʠʩ. 

6). ʉʦʙʨʘʥʥʳʝ ʩ ʦʜʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ ʨʘʩʪʝʥʠʷ 

(ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʜʨʫʛʠʭ ʥʝʦʙʭʦʜʠʤʳʭ 

ʠʟʤʝʨʝʥʠʡ) ʠʟʤʝʣʴʯʘʣʠ ʥʦʞʥʠʮʘʤʠ. ʉʳʨʫʶ 

ʤʘʩʩʫ ʦʧʨʝʜʝʣʷʣʠ ʚʟʚʝʰʠʚʘʥʠʝʤ ʥʘ ʚʝʩʘʭ 

ɺʊʃ-500 ʩ ʪʦʯʥʦʩʪʴʶ Ñ 10 ʤʛ. ʉʫʭʫʶ ʤʘʩʩʫ 

ʦʧʨʝʜʝʣʷʣʠ ʧʦʩʣʝ ʚʳʩʫʰʠʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ 

ʧʨʠ 105ʦʉ ʜʦ ʧʦʩʪʦʷʥʥʦʛʦ ʚʝʩʘ. ʉʦʜʝʨʞʘʥʠʝ 

ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʨʘʩʩʯʠʪʳʚʘʣʠ, ʠʩʭʦʜʷ ʠʟ 

ʦʪʥʦʰʝʥʠʷ ʨʘʟʥʦʩʪʠ ʩʳʨʦʡ ʠ ʩʫʭʦʡ 

ʙʠʦʤʘʩʩʳ ʢ ʩʳʨʦʡ ʤʘʩʩʝ. 

ʀʟʤʝʨʝʥʠʝ ʜʣʠʥ ʛʠʧʦʢʦʪʠʣʷ ʠ ʩʝʤʷʜʦʣʝʡ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʣʠʥ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʤʝʨʥʫʶ ʣʠʥʝʡʢʫ ʩ ʮʝʥʦʡ ʜʝʣʝʥʠʷ 1 ʤʤ. 

ɼʣʠʥʫ ʛʠʧʦʢʦʪʠʣʷ ʦʧʨʝʜʝʣʷʣʠ ʤʝʞʜʫ 

ʢʦʨʥʝʚʦʡ ʰʝʡʢʦʡ ʠ ʫʟʣʦʤ ʩʝʤʷʜʦʣʝʡ. ɼʣʠʥʳ 

ʩʝʤʷʜʦʣʝʡ ʦʧʨʝʜʝʣʷʣʠ ʚʜʦʣʴ ʠʭ ʛʣʘʚʥʦʡ 

ʞʠʣʢʠ. ʈʝʟʫʣʴʪʘʪʳ ʬʠʢʩʠʨʦʚʘʣʠ ʩ ʪʦʯʥʦʩʪʴʶ 

Ñ 0,5 ʤʤ.  

ʀʟʤʝʨʝʥʠʝ ʰʠʨʠʥʳ ʩʝʤʷʜʦʣʝʡ 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʥʘʠʙʦʣʝʝ 

ʰʠʨʦʢʦʡ ʯʘʩʪʠ ʩʝʤʷʜʦʣʝʡ ʩ ʧʦʤʦʱʴʶ 

ʰʪʘʥʛʝʥʮʠʨʢʫʣʷ ʩ ʪʦʯʥʦʩʪʴʶ 0,1 ʤʤ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ 

ʣʠʩʪʴʝʚ ʨʘʩʪʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥ ʜʝʥʩʠʪʦʤʝʪʨ 

ɼʇ-1ʄ, ʚ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʘʭ 

ʩʚʝʪʦʬʠʣʴʪʨʦʚ ʛʨʫʧʧʳ çɸè: ʩʠʥʝʤ (421-467 

ʥʤ), ʟʝʣʝʥʦʤ (511-562 ʥʤ) ʠ ʢʨʘʩʥʦʤ  (607-

676 ʥʤ). ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 

ʜʠʘʬʨʘʛʤʝ ʜʠʘʤʝʪʨʦʤ 5 ʤʤ. 

ʅʘ ʨʠʩʫʥʢʝ 7 ʧʦʢʘʟʘʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʩʪʝʥʠʷ ʜʘʡʢʦʥʘ, ʥʘ 

ʨʠʩʫʥʢʝ 8 ï ʩʭʝʤʘ ʠʟʤʝʨʷʝʤʳʭ ɹʇ 

ʩʝʤʷʜʦʣʝʡ.  

 
ʈʠʩ. 7. ʈʘʩʪʝʥʠʷ ʜʘʡʢʦʥʘ ʚ ʚʦʟʨʘʩʪʝ 8 

ʩʫʪʦʢ 

 

ɼʘʥʥʳʝ ʦʙʨʘʙʘʪʳʚʘʣʠ ʤʝʪʦʜʘʤʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ (p<0.05) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʦʚ ʧʨʦʛʨʘʤʤ Excel 

2003 ʠ Statistica 6.0. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʚʢʣʶʯʘʣʘ ʧʨʦʚʝʨʢʫ 

ʜʘʥʥʳʭ ʥʘ ʥʦʨʤʘʣʴʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚʝʣʠʯʠʥʳ ʨʘʟʥʠʮʳ ʤʝʞʜʫ ɹʇ; ʥʘ 

ʧʨʠʩʫʪʩʪʚʠʝ ʥʘʧʨʘʚʣʝʥʥʦʡ ʘʩʠʤʤʝʪʨʠʠ ʠ 

ʘʥʪʠʩʠʤʤʝʪʨʠʠ; ʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ 

ʘʩʠʤʤʝʪʨʠʠ ʧʨʠʟʥʘʢʘ ʦʪ ʝʛʦ ʨʘʟʤʝʨʘ; 

ʩʨʘʚʥʝʥʠʝ ʫʨʦʚʥʷ ʌɸ ʫ ʨʘʩʪʝʥʠʡ, 

ʚʳʨʘʱʝʥʥʳʭ ʧʦʜ ʨʘʟʣʠʯʥʳʤ ʩʧʝʢʪʨʦʤ.  

 
ʈʠʩ. 8. ɹʠʣʘʪʝʨʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ ʨʘʩʪʝʥʠʷ 

ʜʘʡʢʦʥʘ 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʯʘʩʪʦʪʳ 

ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʘʩʠʤʤʝʪʨʠʠ ʫ ɹʇ 

ʤʠʢʨʦʟʝʣʝʥʠ ʜʘʡʢʦʥʘ, ʚʳʨʘʱʝʥʥʦʡ ʧʨʠ 

ʨʘʟʣʠʯʥʦʤ ʩʧʝʢʪʨʝ, ʧʦʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 2. 
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ʏʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ, %, ʘʩʠʤʤʝʪʨʠʯʥʳʭ 

ʧʨʠʟʥʘʢʦʚ 

ɹʇ 
ʂʘʤʝʨʘ 

1 

ʂʘʤʝʨʘ 

2 

ʂʘʤʝʨʘ 

3 

Max-

Min 

L  82 85 94 12 

W  65 24 49 41 
BD  91 94 94 3 
GD  62 76 66 14 
RD  100 100 100 0 

 

ʏʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʦʧʨʝʜʝʣʷʣʘʩʴ ʢʘʢ 

ʜʦʣʷ ʨʘʩʪʝʥʠʡ n ʦʪ ʦʙʱʝʛʦ ʠʭ ʢʦʣʠʯʝʩʪʚʘ N, 

ʫ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʣʘʩʴ ʘʩʠʤʤʝʪʨʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ɹʇ, ʪ.ʝ. ʠʭ ʯʠʩʣʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʧʨʝʚʳʰʘʣʦ ʥʝʢʦʪʦʨʫʶ ʚʝʣʠʯʠʥʫ 

(ʧʦʨʦʛ ʨʘʟʣʠʯʝʥʠʷ).  

ɼʘʥʥʳʡ ʚʠʜ ʘʥʘʣʠʟʘ ʥʘʛʣʷʜʥʦ ʚʩʢʨʳʚʘʝʪ 

ʩʘʤ ʬʘʢʪ ʥʘʣʠʯʠʷ ʘʩʠʤʤʝʪʨʠʠ, ʥʦ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ, ʢʘʢʦʡ ʝʝ ʪʠʧ ʠʤʝʝʪ 

ʤʝʩʪʦ: ʬʣʫʢʪʫʠʨʫʶʱʘʷ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʠʣʠ 

ʘʥʪʠʩʠʤʤʝʪʨʠʷ. 

ʇʨʦʚʝʨʢʘ ʥʦʨʤʘʣʴʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʜʘʥʥʳʭ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʨʠʪʝʨʠʝʚ ʩʦʛʣʘʩʠʷ ʂʦʣʤʦʛʦʨʦʚʘ-ʉʤʠʨʥʦʚʘ, 

ʐʘʧʠʨʦ-ʋʠʣʢʘ ʠ  ʃʠʣʣʠʝʬʦʨʩʘ. ɸʥʘʣʠʟ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ 

ʟʘʢʦʥʘ ʥʘʙʣʶʜʘʶʪʩʷ ʜʣʷ ʨʘʩʪʝʥʠʡ ʚʦ ʚʪʦʨʦʤ 

ʢʘʤʝʨʝ ʜʣʷ ʧʘʨʘʤʝʪʨʦʚ ʰʠʨʠʥʘ ʩʝʤʷʜʦʣʠ ʠ 

ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʚ ʟʝʣʝʥʦʤ ʠ ʢʨʘʩʥʦʤ 

ʜʠʘʧʘʟʦʥʘʭ. ɼʣʷ ʝʜʠʥʩʪʚʘ ʧʦʜʭʦʜʘ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

ʇʨʦʚʝʨʢʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʘʩʠʤʤʝʪʨʠʠ, 

ʚʳʧʦʣʥʝʥʥʘʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʜʥʦʚʳʙʦʨʦʯʥʦʛʦ ʢʨʠʪʝʨʠʷ ʋʠʣʢʦʢʩʦʥʘ, 

ʧʦʢʘʟʘʣʘ ʝʝ ʦʪʩʫʪʩʪʚʠʝ ʜʣʷ ʚʩʝʭ ʧʨʠʟʥʘʢʦʚ 

ʨʘʩʪʝʥʠʡ ʚʦ ʚʩʝʭ ʢʘʤʝʨʘʭ, ʪ.ʝ. ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʨʘʟʣʠʯʠʡ ɹʇ ʷʚʣʷʝʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʦʜʥʦʨʦʜʥʳʤ ʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʩʠʤʤʝʪʨʠʯʥʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʫʣʝʚʦʛʦ 

ʟʥʘʯʝʥʠʷ. ʕʪʦ ʦʟʥʘʯʘʝʪ ʬʣʫʢʪʫʠʨʫʶʱʠʡ 

ʭʘʨʘʢʪʝʨ ʘʩʠʤʤʝʪʨʠʠ ʧʨʠʟʥʘʢʦʚ 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʥʘ ʘʥʪʠʩʠʤʤʝʪʨʠʶ ʧʦ 

ʵʢʩʮʝʩʩʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ 

ʩʪʦʨʦʥʘʤʠ ʥʝ ʚʳʷʚʠʣʦ ʥʘʣʠʯʠʝ 

ʘʥʪʠʩʠʤʤʝʪʨʠʠ ʫ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʧʨʠʟʥʘʢʦʚ.  

ʇʨʦʚʝʨʢʘ ʨʘʟʤʝʨ-ʟʘʚʠʩʠʤʦʩʪʠ (ʩʚʷʟʠ 

ʤʝʞʜʫ ʚʝʣʠʯʠʥʦʡ ʘʩʠʤʤʝʪʨʠʠ ʧʨʠʟʥʘʢʘ ʠ ʝʛʦ 

ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ) ʩ ʧʦʤʦʱʴʶ 

ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʥʛʦʚʦʡ 

ʢʦʨʨʝʣʷʮʠʠ ʉʧʠʨʤʝʥʘ ʥʝ ʚʳʷʚʠʣʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʫʶ  ʨʘʟʤʝʨ-

ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʠʟʥʘʢʦʚ  (ʢʨʦʤʝ ʜʣʷ ʜʣʠʥʳ 

ʩʝʤʷʜʦʣʝʡ ʚ ʪʨʝʪʴʝʡ ʢʘʤʝʨʝ). 

ʋʨʦʚʝʥʴ ʌɸ ʠ ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ 

ɺ ʪʘʙʣʠʮʝ 3 ʧʨʠʚʝʜʝʥʳ ʩʨʝʜʥʠʝ 

ʟʥʘʯʝʥʠʷ ʠʟʤʝʨʷʝʤʳʭ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʩ ʫʢʘʟʘʥʠʝʤ ʦʰʠʙʢʠ ʩʨʝʜʥʝʡ ʠ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʢʘʞʜʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ, ʘ ʪʘʢ ʞʝ ʟʥʘʯʝʥʠʷ ʌɸ ʜʣʷ 

ʦʪʜʝʣʴʥʳʭ ɹʇ. 
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ʊʘʙʣʠʮʘ 3 

ɿʥʘʯʝʥʠʷ ʌɸ ɹʇ ʠ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʇʨʠʟʥʘʢʠ / 

ʧʦʢʘʟʘʪʝʣʠ 

ʇʘʨʘʤʝ

ʪʨ P 

ʂʘʤʝʨʘ 

ˉ1 ˉ2 ˉ3 

ʄʘʩʩʘ ʨʘʩʪʝʥʠʷ M , ʛ X°s 0,71°0,03 0,58°0,03 0,74°0,03 

ʉʦʜ.ʩʫʭʦʛʦ ʚ-ʚʘ n, % X°s 5,6°0,2 5,8°0,2 6,2°0,2 

ɼʣʠʥʘ l, ʤʤ X°s 51,85°1,69 66,03°2,09 75,83°1,67 

ɼʣʠʥʘ ʩʝʤʷʜʦʣʠL, ʤʤ 
X°s 51,59°1,02 52,32°1,35 58,61°1,40 

FA 0,0431 0,0536 0,0433 

ʐʠʨʠʥʘ ʩʝʤʷʜʦʣʠ W, ʤʤ 
X°s 24,48°0,40 22,66°0,49 24,49°0,46 

FA 0,0384 0,0275 0,0284 

ʆʇ ʚ ʩʠʥʝʤ ʜʠʘʧʘʟʦʥʝ 
BD , ʦʪʥ.ʝʜ. 

X°s 2,29°0,02 2,28°0,03 2,29°0,02 

FA 0,0453 0,0584 0,0429 

ʆʇ ʚ ʟʝʣʝʥʦʤ ʜʠʘʧʘʟʦʥʝ  
GD , ʦʪʥ.ʝʜ. 

X°s 0,84°0,01 0,85°0,02 0,85°0,01 

FA 0,0470 0,0691 0,0476 

ʆʇ ʚ ʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ  
RD , ʦʪʥ.ʝʜ. 

X°s 1,23°0,01 1,22°0,02 1,22°0,02 

FA 0,0425 0,0716 0,0490 

 

ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʚʳʷʚʣʝʥʠʝ 

ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʫʨʦʚʥʝʤ ʌɸ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʟʚʠʪʠʷ 

ʨʘʩʪʝʥʠʷ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʩʠʥʪʝʟʘ 

ʙʠʦʤʘʩʩʳ (ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ ʨʘʩʪʝʥʠʡ). ʅʘ 

ʨʠʩʫʥʢʘʭ 9 ʠ 10 ʧʦʧʘʨʥʦ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʢʘʤʝʨ ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʝʡ ʤʘʩʩʳ 

ʨʘʩʪʝʥʠʷ ʠ ʠʥʜʝʢʩʘ ʌɸ, ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʧʦ 

ʩʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʧʘʨʘʤʝʪʨʫ, ʜʣʷ ʨʘʩʪʝʥʠʡ, 

ʚʳʨʘʱʝʥʥʳʭ ʧʦʜ ʨʘʟʣʠʯʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ 

ʩʚʝʪʘ.  

ʅʘʛʣʷʜʥʦ ʚʳʨʘʞʝʥʘ ʦʙʨʘʪʥʘʷ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʴ (ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʫʛʦʣ 

ʥʘʢʣʦʥʘ) ʤʝʞʜʫ ʤʘʩʩʦʡ ʨʘʩʪʝʥʠʷ ʠ 

ʚʝʣʠʯʠʥʦʡ ʌɸ, ʚʳʯʠʩʣʝʥʥʦʡ ʧʦ ʰʠʨʠʥʝ 

ʩʝʤʷʜʦʣʠ ʠ ʠʭ ʠʭ ʦʧʪʠʯʝʩʢʠʤ ʧʣʦʪʥʦʩʪʷʤ ʚʦ 

ʚʩʝʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʘʭ. 

 
ʈʠʩ. 9. ɺʟʘʠʤʦʩʚʷʟʴ ʩʨʝʜʥʝʡ ʤʘʩʩʳ ʨʘʩʪʝʥʠʷ ʠ 

ʫʨʦʚʥʷ ʌɸ ʚ ʢʘʤʝʨʘʭ ˉ2 ʠ ˉ3 

 
ʈʠʩ. 10. ɺʟʘʠʤʦʩʚʷʟʴ ʩʨʝʜʥʝʡ ʤʘʩʩʳ ʨʘʩʪʝʥʠʷ ʠ 

ʫʨʦʚʥʷ ʌɸ ʚ ʢʘʤʝʨʘʭ ˉ1 ʠ ˉ2 

 

 ʉʦʚʤʝʩʪʥʳʡ ʘʥʘʣʠʟ ʪʘʙʣʠʮ 1 ʠ 3 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫ ʧʨʠʤʝʥʷʝʤʳʭ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ ʨʘʟʣʠʯʠʝ ʚ 

ʩʧʝʢʪʨʘʣʴʥʦʤ ʩʦʩʪʘʚʝ ʧʦ ʜʦʣʝ ʩʠʥʝʛʦ ʧʨʠ 

ʧʦʧʘʨʥʦʤ ʩʨʘʚʥʝʥʠʠ ʥʝ ʧʨʝʚʳʰʘʶʪ 3% 

(ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 28,6; 25,9 ʠ 28,8% ʜʣʷ ʪʨʝʭ 

ʧʨʠʤʝʥʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ). ʉ ʫʯʝʪʦʤ 

ʪʦʯʥʦʩʪʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʩʪʝʥʠʠ ʢ ʠʟʤʝʥʝʥʠʶ ʩʧʝʢʪʨʘ 

ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʜʦʣʶ ʩʠʥʝʛʦ ʧʦʪʦʢʘ ʚ 

ʠʟʣʫʯʝʥʠʠ ʠʩʪʦʯʥʠʢʦʚ ʥʝʠʟʤʝʥʥʦʡ.  

ʋʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʟʝʣʝʥʦʛʦ ʥʘ 14,5 ʠ 

38,8% (ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʥʠʞʝʥʠʠ ʜʦʣʠ 

ʢʨʘʩʥʦʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʥʝʛʦ ʥʘ 23,1% ʠ 
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54,5% ʠ ʫʚʝʣʠʯʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʘʣʴʥʝʢʨʘʩʥʦʛʦ ʥʘ 18,3% ʠ 300%) ʧʨʠʚʝʣʦ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʩʳʨʦʡ ʤʘʩʩʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ 

18,3% ʠ 21,6%. ʇʨʠ ʵʪʦʤ ʩʥʠʞʝʥʠʝ ʜʦʣʠ 

ʟʝʣʝʥʦʛʦ ʥʘ 24,3% (ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ 

ʫʚʝʣʠʯʝʥʠʠ ʜʦʣʠ ʢʨʘʩʥʦʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʠʥʝʛʦ ʥʘ 69,2% ʠ ʩʥʠʞʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʘʣʴʥʝʢʨʘʩʥʦʛʦ ʥʘ 70,4%) ʧʨʠʚʝʣʦ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʩʳʨʦʡ ʤʘʩʩʳ ʥʘ 4,2%. 

 
ʈʠʩ. 11. ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʠʟʤʝʥʝʥʠʝʤ 

ʚʝʣʠʯʠʥʳ ʩʳʨʦʡ ʤʘʩʩʳ ʨʘʩʪʝʥʠʡ ʠ ʠʥʜʝʢʩʘ ʌɸ 

 

ʅʘ ʨʠʩʫʥʢʘʭ 11 ʠ 12 ʧʦʢʘʟʘʥʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ ʠʥʜʝʢʩʘ ʌɸ, 

ʚʳʯʠʩʣʝʥʥʦʛʦ ʧʦ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ 

ʩʝʤʷʜʦʣʠ ʚ ʩʠʥʝʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʶ 

ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʪʝʥʠʷ ï 

ʩʳʨʦʡ ʤʘʩʩʳ ʠ ʜʣʠʥʳ ʩʪʝʙʣʷ. ɼʘʥʥʳʝ 

ʛʨʘʬʠʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ (ʠ 

ʣʠʥʝʡʥʦʩʪʴ) ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. 

ɺʳʷʚʣʝʥʥʦ, ʯʪʦ ʭʦʨʦʰʘʷ ʣʠʥʝʡʥʦʩʪʴ 

ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʠʨʘʱʝʥʠʷ 

ʤʘʩʩʳ ʨʘʩʪʝʥʠʷ ʧʨʠʨʘʱʝʥʠʶ ʚʝʣʠʯʠʥʳ ʌɸ 

(R2=0,9979). ɼʣʷ ʜʣʠʥʳ ʩʪʝʙʣʷ ʥʘʙʣʶʜʘʝʪʩʷ 

ʤʝʥʴʰʘʷ ʣʠʥʝʡʥʘʷ ʢʦʨʨʝʣʷʮʠʷ (R2=0,7136). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʷʚʣʝʥʦ, ʯʪʦ ʙʦʣʴʰʘʷ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʧʨʦʨʦʩʪʢʦʚ ʜʘʡʢʦʥʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʜ ʩʧʝʢʪʨʦʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʠ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʨʘʩʪʝʥʠʷ (ʧʦ ʩʳʨʦʡ ʤʘʩʩʝ 

ʩʝʤʷʜʦʣʝʡ) ʪʘʢ ʞʝ ʙʦʣʴʰʘʷ. 

 
ʈʠʩ. 12. ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʠʟʤʝʥʝʥʠʝʤ ʜʣʠʥʳ 

ʩʪʝʙʣʷ ʨʘʩʪʝʥʠʡ ʠ ʠʥʜʝʢʩʘ ʌɸ 

 

ʇʦʪʦʢ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ 

ʩʚʝʪʦʢʫʣʴʪʫʨʝ ʚʳʧʦʣʥʷʝʪ ʨʝʛʫʣʷʪʦʨʥʫʶ 

ʬʫʥʢʮʠʶ, ʦʙʝʩʧʝʯʠʚʘʷ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ 

ʨʘʩʪʝʥʠʡ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʩʦʩʪʘʚʘ ʠʟʣʫʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʧʨʦʪʝʢʘʮʠʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʨʘʩʪʝʥʠʷʭ ʨʘʟʣʠʯʥʘ.  

ʌʘʢʪʦʨʳ  ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʠ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʢʘʯʝʩʪʚʘ ʩʚʝʪʦʚʦʡ ʩʨʝʜʳ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʘʢʪʠʚʠʟʠʨʫʶʪ ʧʨʦʪʝʢʘʥʠʝ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʫ ʧʨʦʨʦʩʪʢʦʚ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʫʚʝʣʠʯʠʚʘʶʪ ʩʢʦʨʦʩʪʴ ʦʪʪʦʢʘ 

ʤʝʪʘʙʦʣʠʪʦʚ ʠʟ ʩʝʤʷʜʦʣʝʡ ʧʨʠ 

ʛʝʪʝʨʦʪʨʦʬʥʦʤ ʪʠʧʝ ʧʠʪʘʥʠʷ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʨʦʣʴ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʝʱʝ 

ʙʦʣʴʰʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ 

ʘʚʪʦʪʨʦʬʥʦʤ ʧʠʪʘʥʠʠ ʚ ʨʘʩʪʝʥʠʠ 

ʥʘʯʠʥʘʶʪʩʷ ʧʨʦʮʝʩʩʳ ʩʠʥʪʝʟʘ. 

ʇʨʠ ʫʩʣʦʞʥʝʥʠʠ ʩʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʝʥʠʷ 

ʬʘʢʪʦʨʳ ʩʚʝʪʦʚʦʡ ʩʨʝʜʳ ʧʨʠʥʠʤʘʶʪ 

ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. ʇʦ ʤʝʨʝ 

ʩʪʘʥʦʚʣʝʥʠʷ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʭʘʨʘʢʪʝʨ 

ʩʚʷʟʝʡ ʨʘʩʪʝʥʠʷ ʩ ʬʘʢʪʦʨʘʤʠ ʩʨʝʜʳ 

ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʧʘʩʩʠʚʥʦʛʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ ʢ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʤʫ ʚʦʩʧʨʠʷʪʠʶ [20].  

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʪʝʧʝʥʴ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʦʩʪʦʚʳʭ ʧʨʦʮʝʩʩʦʚ  ʚ 

ʧʨʦʨʦʩʪʢʘʭ ʦʮʝʥʠʚʘʣʠ ʧʦ ʥʘʢʦʧʣʝʥʠʶ 

ʟʝʣʝʥʦʡ ʤʘʩʩʳ. ʉʪʘʙʠʣʴʥʦʩʪʴ ʨʘʟʚʠʪʠʷ 

ʨʘʩʪʝʥʠʷ ʦʮʝʥʠʚʘʣʠ ʧʦ ʧʦʢʘʟʘʪʝʣʶ ʌɸ 

ʙʠʣʘʪʝʨʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ. ʆʙʱʝʧʨʠʥʷʪʳʤ 

y = -0,6348x + 0,7414

R
2
 = 0,9979
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ʷʚʣʷʝʪʩʷ ʚʳʯʠʩʣʝʥʠʝ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʧʦ 

ʧʦʣʦʚʠʥʢʘʤ ʦʜʥʦʛʦ ʣʠʩʪʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʙʠʣʘʪʝʨʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ ʨʘʩʧʦʣʦʞʝʥʳ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʣʝʢʦ. ʉʝʤʷʜʦʣʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʨʘʟʥʝʩʝʥʳ ʟʥʘʯʠʪʝʣʴʥʦ 

ʜʘʣʴʰʝ ʦʜʥʘ ʦʪ ʜʨʫʛʦʡ,  ʥʦ ʚʩʝ ʝʱʝ 

ʥʘʭʦʜʷʪʩʷ ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ 

ʚʦʟʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʦʚ. ʇʦʵʪʦʤʫ ʠʤʝʥʥʦ ʦʥʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʮʝʥʢʠ ʚʦʟʜʝʡʩʪʚʠʷ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʠʟʣʫʯʝʥʠʷ ʥʘ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʧʨʦʨʦʩʪʢʦʚ. 

ɺʳʚʦʜʳ 

1. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʳʷʚʣʝʥʘ 

ʩʫʱʝʩʪʚʝʥʥʘʷ ʘʩʠʤʤʝʪʨʠʷ ʙʠʣʘʪʝʨʘʣʴʥʳʭ 

ʩʪʨʫʢʪʫʨ ʶʚʝʥʠʣʴʥʳʭ ʨʘʩʪʝʥʠʡ ʜʘʡʢʦʥʘ, 

ʟʘʚʠʩʷʱʘʷ ʦʪ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ 

ʠʟʣʫʯʝʥʠʷ, ʧʦʜ ʢʦʪʦʨʳʤ ʚʳʨʘʱʠʚʘʣʦʩʴ 

ʨʘʩʪʝʥʠʝ. ʈʘʟʥʠʮʘ ʯʘʩʪʦʪ ʚʩʪʨʝʯʘʝʤʦʩʪʠ 

ʘʩʠʤʤʝʪʨʠʠ ʦʪʜʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʜʦʭʦʜʠʪ ʜʦ 

41%. 

2. ɺʳʷʚʣʝʥʘʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ 

ʥʝʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʘʩʠʤʤʝʪʨʠʠ 

ʙʠʣʘʪʝʨʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ ʠ ʦʪʩʫʪʩʪʚʠʝ  ʫ 

ʥʠʭ ʘʥʪʠʩʠʤʤʝʪʨʠʠ ʧʦʟʚʦʣʷʝʪ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʥʘʙʣʶʜʘʝʤʫʶ 

ʘʩʠʤʤʝʪʨʠʶ ʢʘʢ ʬʣʫʢʪʫʠʨʫʶʱʫʶ. 

3. ʅʘʠʙʦʣʝʝ ʫʜʦʙʥʳʤ ʜʣʷ ʠʟʤʝʨʝʥʠʡ 

ʙʠʣʘʪʝʨʘʣʴʥʳʤ ʧʨʠʟʥʘʢʦʤ ʷʚʣʷʝʪʩʷ 

ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʩʝʤʷʜʦʣʝʡ ʢʘʢ 

ʙʠʣʘʪʝʨʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ. 

4. ʈʘʩʪʝʥʠʷ, ʚʳʨʘʱʝʥʥʳʝ ʧʦʜ ʨʘʟʣʠʯʥʳʤ 

ʩʧʝʢʪʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ ʠʟʣʫʯʝʥʠʷ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʨʘʟʣʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʌɸ, ʪʝʤ 

ʤʝʥʴʰʠʝ, ʯʝʤ ʙʦʣʝʝ ʦʧʪʠʤʘʣʝʥ ʜʘʥʥʳʡ 

ʩʧʝʢʪʨ ʜʣʷ ʨʘʩʪʝʥʠʷ.  

5. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʦ ʤʝʥʴʰʠʤ 

ʟʥʘʯʝʥʠʷʤ ʌɸ (ʙʦʣʴʰʝʡ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ ʜʘʡʢʦʥʘ) ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʙʦʣʴʰʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ (ʧʦ ʩʳʨʦʡ ʤʘʩʩʝ 

ʩʝʤʷʜʦʣʝʡ). ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʛʠʧʦʪʝʟʫ ʦ ʪʦʤ, ʯʪʦ 

ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʌɸ ʥʘʙʣʶʜʘʶʪʩʷ ʚ 

ʫʩʣʦʚʠʷʭ, ʤʝʥʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʜʣʷ 

ʨʘʩʪʝʥʠʡ. 
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ʀʥʩʪʠʪʫʪ ʘʛʨʦʠʥʞʝʥʝʨʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʀɸʕʇ) - 

ʬʠʣʠʘʣ ʌɻɹʅʋ ʌʅɸʎ ɺʀʄ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

 

ʊʦʤʘʪ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʢʫʣʴʪʫʨ, ʢʘʢ ʈʦʩʩʠʠ, ʪʘʢ ʠ ʚʦ 

ʚʩʝʤ ʤʠʨʝ. ɺʳʨʘʱʠʚʘʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦʡ ʨʘʩʩʘʜʳ ʪʦʤʘʪʘ ʷʚʣʷʝʪʩʷ ʟʘʣʦʛʦʤ ʧʦʣʫʯʝʥʠʷ ʢʦʥʝʯʥʦʛʦ 

ʫʨʦʞʘʷ ʧʣʦʜʦʚ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʢʘʯʝʩʪʚʘ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʨʫʛʣʦʛʦʜʠʯʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʦ 

ʤʥʦʛʠʭ ʨʝʛʠʦʥʘʭ ʪʦʤʘʪ ʚʳʨʘʱʠʚʘʶʪ ʚ ʫʩʣʦʚʠʷʭ ʩʚʝʪʦʢʫʣʴʪʫʨʳ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʵʥʝʨʛʦʵʢʦʣʦʛʠʯʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʦʩʴ ʚʳʷʚʣʝʥʠʝ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʵʬʬʝʢʪʘ ʦʪ ʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʦʡ ʦʙʣʫʯʝʥʥʦʩʪʠ ʦʪ ʠʩʪʦʯʥʠʢʦʚ ʩ ʨʘʟʣʠʯʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʩʠʥʝʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʩʧʝʢʪʨʝ ʥʘ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʨʘʩʩʘʜʳ ʪʦʤʘʪʘ. ʀʩʩʣʝʜʦʚʘʣʠ 

ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 39-ʜʥʝʚʥʦʡ ʨʘʩʩʘʜʳ, ʚʳʨʘʱʝʥʥʦʡ ʧʦʜ ʨʘʟʣʠʯʥʳʤʠ ʦʙʣʫʯʘʪʝʣʴʥʳʤʠ 

ʫʩʪʘʥʦʚʢʘʤʠ. ʆʙʣʫʯʘʪʝʣʠ ʧʨʝʜʩʪʘʚʣʷʣʠ ʢʦʤʙʠʥʘʮʠʶ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʣʘʤʧ ʨʘʟʣʠʯʥʦʛʦ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʚʝʪʦʜʠʦʜʥʳʝ ʠʩʪʦʯʥʠʢʠ ʩʠʥʝʛʦ ʠʟʣʫʯʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ 

ʚʝʣʠʯʠʥʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʩʧʝʢʪʨ ʠʟʣʫʯʝʥʠʷ, ʧʨʠʥʷʪʘ ʜʦʣʷ ʧʦʪʦʢʘ ʩʠʥʝʛʦ ʠʟʣʫʯʝʥʠʷ ʢ ʧʦʪʦʢʫ 

ʦʩʪʘʣʴʥʦʡ ʯʘʩʪʠ ʌɸʈ - RB (ʩʠʥʝʝ ʦʪʥʦʰʝʥʠʝ). ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʨʘʟʣʠʯʠʝ ʚʝʣʠʯʠʥʳ RB ʜʣʷ ʚʘʨʠʘʥʪʦʚ 

ʦʧʳʪʘ ʩʦʩʪʘʚʠʣʦ 10%: ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʩʧʝʢʪʨʘ I ʨʘʚʥʦ 0,6 ʠ ʜʣʷ ʩʧʝʢʪʨʘ II - 0,5 ʦʪʥ.ʝʜ. 

ʈʘʩʪʝʥʠʷ ʚʳʨʘʱʠʚʘʣʠ ʩ ʬʦʪʦʧʝʨʠʦʜʦʤ 16 ʯ ʧʨʠ ʦʙʣʫʯʝʥʥʦʩʪʷʭ 100, 170 ʠ 240 ʤʢʤʦʣʴĿʩ-1.ʤ-2. ʅʘ 

ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʦʠʟʚʝʜʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʦʩʥʦʚʥʳʭ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʪʝʥʠʡ. ɺʳʷʚʣʝʥʘ ʜʦʩʪʘʪʦʯʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢ ʨʘʟʣʠʯʠʷʤ ʚ ʩʠʥʝʤ 

ʜʠʘʧʘʟʦʥʝ ʠʟʣʫʯʝʥʠʷ. ʅʘʡʜʝʥʳ ʦʧʪʠʤʫʤʳ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ ʚ ʩʫʭʦʝ 

ʚʝʱʝʩʪʚʦ ʣʠʩʪʴʝʚ: ʜʣʷ ʩʧʝʢʪʨʘ I ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 6,97 ʤʦʣʴ.ʛ-1 ʧʨʠ 

ʦʙʣʫʯʝʥʥʦʩʪʠ 141,8 ʤʢʤʦʣʴĿʩ-1.ʤ-2. ɼʣʷ ʩʧʝʢʪʨʘ II ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 

7,62 ʤʦʣʴ.ʛ-1 ʧʨʠ ʦʙʣʫʯʝʥʥʦʩʪʠ 129,6 ʤʢʤʦʣʴĿʩ-1.ʤ-2. 
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OPTIMIZATION OF PHOTON IRRADIANCE OF TOMATO TRANSPLANTS 

(LYCOPERSICUM ESCULENTUM MILL.) FOR DIFFERENT LIGHT QUALITY OF 

RADIATION 
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Tomato is one of the most popular and useful vegetables both in Russia and around the world. The 

quality of tomato seedlings is responsible for obtaining a high-quality tomato yields. In many regions 

tomatoes are grown under the indoor plant lighting that increases the requirements for energy and ecological 

compatibility of production. The purpose of this study was to identify and quantify the effect of various 

levels of blue radiation in the light source spectrum on the growth and development of tomato seedlings. The 

biometric parameters of 39-day-old seedlings grown under various irradiation facilities were considered. The 

irradiators were a combination of fluorescent lamps of different spectral composition and additional LED 

sources of blue radiation. The share of blue radiation flux in the rest part of PAR - RB (blue ratio) was taken 

as the value characterizing the light quality. 

 In the experiment, the difference in the RB value by the experiment variants was 10%: the numerical value 

for spectrum I was 0.6 relative units and for spectrum II ï 0.5 relative units. The photoperiod of the plants 

growing was 16 h, with the irradiance of 100, 170, and 240 mmolĿ s-1.m-2. The main biometric parameters 

of plants were described mathematically on the basis of experimental data. The sufficient sensitivity of these 

parameters to the differences in the blue radiation range was revealed. The optimum energy intensity for 

converting the radiation flux into the leaf dry matter was found: for spectrum I, the minimum value of energy 

intensity was 6,97 mol.g-1 under the irradiance of 141.8 mmolĿ s-1.m-2. For spectrum II, the minimum value 

of energy intensity was 7,62 mol.g-1 under the irradiance of 129.6 mmolĿ s-1.m-2. 

 

Keywords: indoor plant lighting, light quality, irradiance, energy and ecology compatibility . 
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ɺʚʝʜʝʥʠʝ 

ʊʦʤʘʪ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ 

ʧʦʧʫʣʷʨʥʳʭ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʢʫʣʴʪʫʨ ʢʘʢ 

ʈʦʩʩʠʠ, ʪʘʢ ʠ ʚʦ ʚʩʝʤ ʤʠʨʝ. ʇʣʦʜʳ ʪʦʤʘʪʘ 

ʩʦʜʝʨʞʘʪ ʥʝʦʙʭʦʜʠʤʳʝ ʦʨʛʘʥʠʟʤʫ ʯʝʣʦʚʝʢʘ 

ʩʘʭʘʨʘ, ʢʣʝʪʯʘʪʢʫ, ʧʝʢʪʠʥʳ, ʙʝʪʘ-ʢʘʨʦʪʠʥ, 

ʚʠʪʘʤʠʥʳ ʠ ʤʠʥʝʨʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ. ɽʛʦ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ ʢʘʢ ʚ ʩʚʝʞʝʤ, ʪʘʢ ʠ 

ʧʝʨʝʨʘʙʦʪʘʥʥʦʤ ʚʠʜʝ. ʂʘʯʝʩʪʚʦ ʧʦʩʘʜʦʯʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ, 

ʦʧʨʝʜʝʣʷʶʱʠʤ ʢʘʯʝʩʪʚʦ ʠ ʢʦʣʠʯʝʩʪʚʦ 

ʫʨʦʞʘʷ. ʈʷʜ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʠ ʨʘʩʧʦʣʦʞʝʥ ʚ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʜʝʬʠʮʠʪʦʤ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ ʚ ʪʝʯʝʥʠʝ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʛʦʜʘ, ʧʦʵʪʦʤʫ 

ʚʳʨʘʱʠʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʟʘʱʠʱʝʥʥʦʤ 

ʛʨʫʥʪʝ ʚ ʫʩʣʦʚʠʷʭ ʩʚʝʪʦʢʫʣʴʪʫʨʳ. 

ɺ ʪʝʧʣʠʯʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʟʘʪʨʘʪʳ 

ʵʥʝʨʛʠʠ (ʦʪʦʧʣʝʥʠʝ ʠ ʦʩʚʝʱʝʥʠʝ) ʩʦʩʪʘʚʣʷʶʪ 

ʦʪ 10 ʜʦ 30% ʦʙʱʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʟʘʪʨʘʪ [1]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʥʦʚʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ, ʥʘʧʨʘʚʣʷʝʤʦʡ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ  ʥʫʞʜʳ, ʚʩʝ ʝʱʝ ʷʚʣʷʝʪʩʷ 
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ʠʩʢʦʧʘʝʤʦʝ ʪʦʧʣʠʚʦ. ɽʛʦ ʜʦʙʳʯʘ, 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʢʘʟʳʚʘʝʪ 

ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ. ʇʦʵʪʦʤʫ ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ 

ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʣʫʯʝʥʠʷ 

ʠʤʝʝʪ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦʙ ʘʢʪʫʘʣʴʥʦʩʪʠ 

ʧʨʦʙʣʝʤʳ ʧʦʚʳʰʝʥʠʠ ʵʥʝʨʛʦʵʢʦʣʦʛʠʯʥʦʩʪʠ 

ʩʚʝʪʦʢʫʣʴʪʫʨʳ ʚ ʮʝʣʦʤ [2, 3].  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʩʩʘʜʳ ʥʘʜʣʝʞʘʱʝʛʦ 

ʢʘʯʝʩʪʚʘ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʫʩʣʦʚʠʷ 

ʝʝ ʚʳʨʘʱʠʚʘʥʠʷ. ɺ ʩʚʷʟʠ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʩʨʦʢʦʤ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ, ʧʨʦʮʝʩʩ 

ʧʦʣʫʯʝʥʠʷ ʨʘʩʩʘʜʳ ʥʝʦʙʭʦʜʠʤʦ ʥʘʯʠʥʘʪʴ 

ʟʠʤʦʡ ʠʣʠ ʨʘʥʥʝʡ ʚʝʩʥʦʡ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʫʣʴʪʫʨʦʦʙʦʨʦʪʘ. ʆʜʥʘʢʦ ʚ ʵʪʦ ʚʨʝʤʷ ʚ 

ʫʩʣʦʚʠʷʭ ʩʝʚʝʨʥʳʭ ʰʠʨʦʪ ʜʦʟʘ ʝʩʪʝʩʪʚʝʥʥʦʡ 

ʦʙʣʫʯʝʥʥʦʩʪʠ (DLI, day light integral) 

ʥʝʚʝʣʠʢʘ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʩʦʯʝʪʘʥʠʝʤ 

ʢʦʨʦʪʢʦʛʦ ʩʚʝʪʦʚʦʛʦ ʜʥʷ ʠ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ 

ʦʙʣʫʯʝʥʠʷ. ʈʝʢʦʤʝʥʜʫʝʤʳʝ ʟʥʘʯʝʥʠʷ DLI 

ʜʣʷ ʩʝʷʥʮʝʚ ʪʦʤʘʪʘ ʩʦʩʪʘʚʣʷʶʪ ʦʪ 13 ʜʦ 16 

ʤʦʣʴĿʤ-2Ŀʜ-1 [4, 5].  

ʊʨʝʙʦʚʘʥʠʷ ʢ ʨʘʩʩʘʜʝ ʟʘʚʠʩʷʪ ʦʪ ʤʥʦʛʠʭ 

ʬʘʢʪʦʨʦʚ [6]. ʉʘʞʝʥʮʳ ʪʦʤʘʪʦʚ ʜʦʣʞʥʳ 

ʙʳʪʴ ʦʜʥʦʨʦʜʥʳʤʠ ʧʦ ʨʘʟʤʝʨʫ ʩ ʭʦʨʦʰʦ 

ʨʘʟʚʠʪʳʤʠ ʣʠʩʪʴʷʤʠ ʠ ʢʦʨʥʷʤʠ; ʧʨʷʤʳʝ, ʥʝ 

ʚʳʪʷʥʫʪʳʝ, ʩ ʪʦʣʩʪʳʤʠ ʩʪʝʙʣʷʤʠ, ʠʤʝʪʴ 

ʪʝʤʥʦ-ʟʝʣʝʥʳʝ ʣʠʩʪʴʷ [7]. ʕʪʦ ʛʘʨʘʥʪʠʨʫʝʪ 

ʦʧʪʠʤʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʡ ʧʦʩʣʝ 

ʧʝʨʝʩʘʜʢʠ, ʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ 

ʨʘʥʥʠʡ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʡ ʫʨʦʞʘʡ. 

ɼʣʷ ʫʩʢʦʨʝʥʠʷ ʨʦʩʪʘ ʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʝʥʠʝ 

ʜʦʟʳ ʠʟʣʫʯʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ. ɸʧʨʠʦʨʠ, ʣʶʙʦʡ ʠʩʪʦʯʥʠʢ 

ʩʚʝʪʘ, ʠʟʣʫʯʘʶʱʠʡ ʚ ʜʠʘʧʘʟʦʥʝ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʨʘʜʠʘʮʠʠ (ʌɸʈ, 

400é700 ʥʤ) ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʦʩʪʫ 

ʨʘʩʪʝʥʠʡ [8]. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʜʣʷ ʮʝʣʝʡ 

ʦʙʣʫʯʝʥʠʷ ʨʘʩʪʝʥʠʡ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪ 

ʥʘʪʨʠʝʚʳʝ ʣʘʤʧʳ, ʦʙʣʘʜʘʶʱʠʝ ʙʦʣʝʝ ʥʠʟʢʦʡ 

ʩʪʦʠʤʦʩʪʴʶ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʚʝʪʦʜʠʦʜʥʳʤʠ 

ʦʙʣʫʯʘʪʝʣʷʤʠ (ʉɼ), ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʤʘʢʩʠʤʫʤ ʠʭ ʠʟʣʫʯʝʥʠʷ ʣʝʞʠʪ ʚ ʞʝʣʪʦʡ 

ʯʘʩʪʠ ʩʧʝʢʪʨʘ. ʆʜʥʘʢʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʉɼ, ʜʦʧʫʩʢʘʶʱʠʭ 

ʛʠʙʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʧʝʢʪʨʦʤ ʠʟʣʫʯʝʥʠʷ. 

ʀʤʝʶʪʩʷ ʜʘʥʥʳʝ ʦ ʚʳʨʘʱʠʚʘʥʠʠ 

ʪʦʤʘʪʦʚ ʧʦʜ ʉɼ ʢʘʢ ʝʜʠʥʩʪʚʝʥʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ [9, 10]. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʢʨʘʩʥʳʡ ʩʚʝʪ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ 

ʩʳʨʦʡ ʠ ʩʫʭʦʡ ʤʘʩʩʳ, ʫʜʣʠʥʝʥʠʶ ʩʪʝʙʣʷ ʠ 

ʫʚʝʣʠʯʝʥʠʶ ʧʣʦʱʘʜʠ ʣʠʩʪʘ [11, 12, 13], ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʩʠʥʠʡ ʚʣʠʷʝʪ ʥʘ ʤʦʨʬʦʣʦʛʠʶ 

ʨʘʟʚʠʪʠʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʠʦʤʘʩʩʳ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʨʘʩʪʝʥʠʡ ʠ ʜʨʫʛʠʭ 

ʫʩʣʦʚʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [14]. 

ɹʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʯʝʪʘʥʠʷ 

ʩʠʥʝʛʦ ʠ ʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʥʘʠʣʫʯʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ [15]. 

ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʉɼ ʢʘʢ 

ʠʩʪʦʯʥʠʢʦʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʜʦʙʘʚʢʠ ʤʦʛʫʪ ʙʳʪʴ ʥʝ ʩʪʦʣʴ 

ʘʢʪʫʘʣʴʥʳʤʠ, ʧʦʩʢʦʣʴʢʫ ʉʦʣʥʮʝ ʠʟʣʫʯʘʝʪ 

ʵʥʝʨʛʠʶ ʚʦ ʚʩʝʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʘʭ. 

ʇʨʠ ʧʦʣʥʦʡ ʩʚʝʪʦʢʫʣʴʪʫʨʝ ʚʩʷ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʨʝʙʫʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʨʝʞʠʤʘ ʣʝʞʠʪ ʥʘ 

ʧʨʠʤʝʥʷʝʤʳʭ ʠʩʪʦʯʥʠʢʘʭ ʩʚʝʪʘ. ʀ ʝʩʣʠ 

ʘʨʩʝʥʘʣ ʩʧʦʩʦʙʦʚ ʝʛʦ ʦʧʪʠʤʠʟʘʮʠʠ ʜʣʷ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʜʦʩʪʘʪʦʯʥʦ 

ʦʛʨʘʥʠʯʝʥ [16, 17, 18], ʪʦ ʧʨʠʤʝʥʝʥʠʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ʉɼ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ 

ʧʦʣʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʨʘʜʠʘʮʠʦʥʥʦʡ ʩʨʝʜʦʡ 

ʚʳʨʘʱʠʚʘʥʠʷ ʨʘʩʪʝʥʠʡ.  

ʎʝʣʴ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʚʳʷʚʣʝʥʠʠ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ 

ʦʮʝʥʢʝ ʵʬʬʝʢʪʘ ʦʪ ʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ 

ʫʨʦʚʥʝʡ  ʦʙʣʫʯʝʥʥʦʩʪʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʦʙʣʫʯʘʪʝʣʝʡ ʩ ʨʘʟʣʠʯʥʦʡ ʜʦʣʝʡ ʩʠʥʝʛʦ 

ʧʦʪʦʢʘ ʚ ʠʭ ʩʧʝʢʪʨʝ ʥʘ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ 

ʨʘʩʩʘʜʳ ʪʦʤʘʪʘ. 

ɼʦʩʪʠʞʝʥʠʝ ʜʘʥʥʦʡ ʮʝʣʠ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʧʫʪʝʤ ʥʘʪʫʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ 

ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʵʥʝʨʛʦʵʢʦʣʦʛʠʠ 

ʩʚʝʪʦʢʫʣʴʪʫʨʳ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 
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ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ 

ʧʦʩʣʝʜʫʶʱʝʡ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢʠ 

ʚʳʨʘʱʠʚʘʥʠʷ ʨʘʩʩʘʜʳ ʪʦʤʘʪʦʚ ʚ ʧʦʣʥʦʩʪʴʶ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʈʘʩʪʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʠ ʫʩʣʦʚʠʷ 

ʚʳʨʘʱʠʚʘʥʠʷ. 

ʉʝʤʝʥʘ ʪʦʤʘʪʘ (Lycopersicum Esculentum 

Mill.) ʩʦʨʪʘ ɹʣʘʛʦʚʝʩʪ F1 ʚ ʢʦʣʠʯʝʩʪʚʝ 50 ʰʪ 

ʙʳʣʠ ʧʦʩʝʷʥʳ ʚ ʨʘʩʩʘʜʥʳʡ ʣʦʪʦʢ 

25.03.2019ʛ., ʟʘʧʦʣʥʝʥʥʳʡ ʩʤʝʩʴʶ ʘʛʨʦʪʦʨʬʘ 

ʠ ʩʫʙʩʪʨʘʪʘ çɾʠʚʘʷ ʟʝʤʣʷè ʚ ʧʨʦʧʦʨʮʠʠ 1:2.  

ʇʦʢʘʟʘʪʝʣʴ ʨʅ ʧʦʣʫʯʝʥʥʦʡ ʩʤʝʩʠ ʩʦʩʪʘʚʠʣ 

6,1. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʚʥʦʩʠʣʠ ʚ ʩʤʝʩʴ 

ʤʠʥʝʨʘʣʴʥʳʝ ʫʜʦʙʨʝʥʠʷ: MgSO4, K2SO4, 

Ca(NO3)2 ʠ CuSO4. ɻʦʪʦʚʘʷ ʩʤʝʩʴ ʠʤʝʣʘ 

ʩʣʝʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʤʛ/ʢʛ:  Nï359, Pï150, 

Kï417, Caï126, Mgï64, Sï86. ʇʦʣʥʳʝ 

ʚʩʭʦʜʳ ʧʦʷʚʠʣʠʩʴ 29.03.2019ʛ. ʇʦʩʣʝ 

ʧʦʷʚʣʝʥʠʷ ʚʪʦʨʦʛʦ ʥʘʩʪʦʷʱʝʛʦ ʣʠʩʪʘ 

09.04.2019ʛ. ʩʝʷʥʮʳ ʚ ʢʦʣʠʯʝʩʪʚʝ 36 ʰʪʫʢ 

ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʠ ʧʨʦʧʠʢʠʨʦʚʘʥʳ ʚ 

ʢʦʥʪʝʡʥʝʨʳ ʦʙʴʝʤʦʤ 1 ʣ.  

ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʠ ʚ ʣʘʙʦʨʘʪʦʨʥʦʤ 

ʧʦʤʝʱʝʥʠʠ ʧʣʦʱʘʜʴʶ 50 ʤ2 ʙʝʟ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ. ʉʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ 0,2-0,3 ʤ.ʩ-1 ʚ ʟʦʥʝ 

ʚʳʨʘʱʠʚʘʥʠʷ ʨʘʩʪʝʥʠʡ ʦʙʝʩʧʝʯʠʚʘʣʠ 

ʮʝʥʪʨʦʙʝʞʥʳʤ ʚʝʥʪʠʣʷʪʦʨʦʤ, ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʷʷ ʧʦʪʦʢʠ ʚʦʟʜʫʭʘ ʯʝʨʝʟ 

ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʡ ʨʫʢʘʚ. ʌʦʪʦʧʝʨʠʦʜ (ʌʇT ) 

ʩʦʩʪʘʚʣʷʣ 16 ʯ. ʆʢʦʥʯʘʥʠʝ ʦʧʳʪʘ 

06.05.2019ʛ. ʥʘ 39-ʡ ʜʝʥʴ ʧʦʩʣʝ ʧʦʷʚʣʝʥʠʷ 

ʚʩʭʦʜʦʚ (ʊ=39 ʜʥʝʡ). ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ 

ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʥʘ ʫʨʦʚʥʝ 21Ñ1,0ʦʉ, 

ʚʣʘʞʥʦʩʪʴ ï 65-70%. ʇʦʜʜʝʨʞʘʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʢʣʠʤʘʪʘ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. 

ʂʦʥʪʝʡʥʝʨʳ ʩ ʨʘʩʪʝʥʠʷʤʠ ʙʳʣʠ 

ʨʘʩʩʪʘʚʣʝʥʳ ʥʘ ʩʪʝʣʣʘʞʘʭ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ ʦʙʣʫʯʝʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʨʘʥʜʦʤʠʟʘʮʠʠ. ɺ ʧʨʦʮʝʩʩʝ ʚʳʨʘʱʠʚʘʥʠʷ 

ʢʦʥʪʝʡʥʝʨʳ ʝʞʝʜʥʝʚʥʦ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ 

ʧʦʚʦʨʘʯʠʚʘʣʠ ʠ ʧʝʨʝʤʝʱʘʣʠ, ʯʪʦʙʳ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʚ 

ʧʨʝʜʝʣʘʭ ʩʪʝʣʣʘʞʘ. ʇʨʦʠʟʚʦʜʠʣʠ 

ʥʝʦʙʭʦʜʠʤʳʝ ʧʦʜʢʦʨʤʢʠ ʠ ʧʦʣʠʚ ʨʘʩʪʝʥʠʡ.  

ʆʙʣʫʯʘʪʝʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ ʠ ʫʩʣʦʚʠʷ 

ʦʙʣʫʯʝʥʠʷ 

ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʠ ʥʘ ʜʚʫʭ 

ʦʙʣʫʯʘʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ (ʨʠʩ. 1), 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʫʩʣʦʚʠʷ 

ʦʙʣʫʯʝʥʠʷ.  

 

 
ʈʠʩ. 1. ʆʙʱʠʡ ʚʠʜ ʦʙʣʫʯʘʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ 

 

ʂʘʞʜʘʷ ʫʩʪʘʥʦʚʢʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʢʘʨʢʘʩ ʨʘʟʤʝʨʘʤʠ 0,95 ʭ 1,90 ʤ ʩ 

ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ ʥʝʤ ʠʩʪʦʯʥʠʢʘʤʠ ʩʚʝʪʘ 

ʠ ʙʣʦʢʘʤʠ ʧʠʪʘʥʠʷ, ʟʘʢʨʝʧʣʝʥʥʳʡ ʩ 

ʧʦʤʦʱʴʶ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʧʦʜʚʝʩʦʚ ʥʘ 

ʚʳʩʦʪʝ 1,68 ʤ ʦʪ ʧʦʣʘ. ʅʘ ʥʝʟʘʚʠʩʠʤʳʭ 

ʧʦʜʚʝʩʘʭ ʥʘ ʚʳʩʦʪʝ 1,56 ʤ ʟʘʢʨʝʧʣʝʥʘ 

ʥʝʩʫʱʘʷ ʨʘʤʘ ʨʘʟʤʝʨʦʤ 1,1 ʭ 1,4 ʤ. ʂ ʨʘʤʝ 

ʢʨʝʧʷʪʩʷ ʪʨʠ ʩʪʝʣʣʘʞʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʧʣʘʚʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʚʳʩʦʪʳ ʠʭ ʧʦʜʚʝʩʘ. 

ʈʘʟʤʝʨ ʢʘʞʜʦʛʦ ʩʪʝʣʣʘʞʘ 0,1ʭ1,0 ʤ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʟʥʘʯʘʣʴʥʦ ʨʘʟʤʝʩʪʠʪʴ ʥʘ ʥʠʭ ʧʦ 6 

ʢʦʥʪʝʡʥʝʨʦʚ ʦʙʴʝʤʦʤ 1 ʣ ʩ ʨʘʩʩʘʜʦʡ. 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʨʦʝʢʮʠʷʤʠ ʮʝʥʪʨʘ 

ʩʪʝʣʣʘʞʝʡ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ 

ʩʦʩʪʘʚʣʷʝʪ 0,3 ʤ. ʊʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʪʨʝʤʷ 

ʨʘʟʣʠʯʥʳʤʠ ʫʨʦʚʥʷʤʠ ʦʙʣʫʯʝʥʥʦʩʪʠ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 80 ʜʦ 250 ʤʢʤʦʣʴĿʩ-1.ʤ-2 ʧʨʠ 

ʦʜʠʥʘʢʦʚʦʤ ʬʦʪʦʧʝʨʠʦʜʝ. ɺʣʠʷʥʠʝ 

ʩʦʩʝʜʥʝʛʦ ʦʙʣʫʯʘʪʝʣʷ ʙʳʣʦ ʩʚʝʜʝʥʦ ʢ 

ʤʠʥʠʤʫʤʫ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʚʝʪʦʥʝʧʨʦʥʠʮʘʝʤʳʭ ʰʪʦʨ ʤʝʞʜʫ 

ʫʩʪʘʥʦʚʢʘʤʠ. 



          ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

          ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 
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ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ ʚ ʢʘʞʜʦʡ 

ʦʙʣʫʯʘʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʣʘʤʧʳ ʤʘʨʢʠ OSRAM 

L58W/840 LUMILUX Cool White ʠ OSRAM 

L58W/77 FLUORA, ʦʙʱʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 16 

ʰʪʫʢ, ʨʘʟʤʝʱʝʥʥʳʝ ʧʦʦʯʝʨʝʜʥʦ ʚ ʦʙʱʝʤ 

ʢʘʨʢʘʩʝ, ʩ ʙʣʦʢʘʤʠ ʧʠʪʘʥʠʷ HELVAR 

EL2x58 ngn. ʈʘʟʣʠʯʠʝ ʫʩʪʘʥʦʚʦʢ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʘ ʦʜʥʦʡ ʠʟ ʥʠʭ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʤʦʥʪʠʨʦʚʘʥʳ ʩʚʝʪʦʜʠʦʜʳ 

ʤʘʨʢʠ ARPL-Star-3W (RED) ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 

ʠʟʣʫʯʝʥʠʷ 440 ʥʤ ʠ ʧʦʣʫʰʠʨʠʥʦʡ ʧʠʢʘ 50 

ʥʤ. ʉɼ ʠʟʣʫʯʘʪʝʣʠ ʨʘʟʤʝʱʝʥʳ ʥʘ ʯʝʪʳʨʝʭ 

ʘʣʶʤʠʥʠʝʚʳʭ ʨʘʜʠʘʪʦʨʘʭ, ʧʦ 10 ʰʪ. ʥʘ 

ʢʘʞʜʦʤ. ʈʘʜʠʘʪʦʨʳ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʩʨʝʜʠ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʣʘʤʧ. ʇʠʪʘʥʠʝ ʉɼ 

ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʦʪ ʙʣʦʢʘ HTS-200M-12. 

ʉʧʝʢʪʨʳ ʠʟʣʫʯʝʥʠʷ ʦʙʣʫʯʘʪʝʣʝʡ 

ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. 

 
ʈʠʩ. 2. ʉʧʝʢʪʨʳ ʦʙʣʫʯʘʪʝʣʝʡ 

 

ʅʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʚʝʣʠʯʠʥʳ 

ʦʙʣʫʯʝʥʥʦʩʪʠ ʚʜʦʣʴ ʩʪʝʣʣʘʞʝʡ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʤʘʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʤʠʥʠʤʘʣʴʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʴ z=Eʤʘʭ/ɽʩʨ 

ʩʦʩʪʘʚʣʷʣʘ ʧʦʨʷʜʢʘ 20 %. 

ʉʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʜʦʣʷʤʠ 

ʵʥʝʨʛʠʡ, %, ʚ ʦʪʜʝʣʴʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʧʦʜʜʠʘʧʘʟʦʥʘʭ: ʩʠʥʝʤ Bk (400é500 ʥʤ), 

ʟʝʣʝʥʦʤ Gk
(500é600 ʥʤ),  ʢʨʘʩʥʦʤ Rk  ʠ 

ʜʘʣʴʥʝʢʨʘʩʥʦʤ FRk (700é780 ʥʤ), 

ʦʪʥʝʩʝʥʥʳʭ ʢ ʦʙʱʝʡ ʵʥʝʨʛʠʠ ʌɸʈ. ɼʣʷ 

ʫʩʪʘʥʦʚʢʠ ˉ1 Bk =39,0%, Gk
=30,9%, Rk

=30,1%, FRk =5,0%. ɼʣʷ ʫʩʪʘʥʦʚʢʠ ˉ2 Bk

=31,5%, Gk
=34,6%, Rk =34,0%, FRk =5,3%.  

ɺ ʢʘʯʝʩʪʚʝ ʚʝʣʠʯʠʥʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ 

ʩʧʝʢʪʨ ʠʟʣʫʯʝʥʠʷ, ʧʨʠʥʷʪʦ çʩʠʥʝʝ 

ʦʪʥʦʰʝʥʠʝè (blue ratio) - ʜʦʣʷ ʧʦʪʦʢʘ ʩʠʥʝʛʦ 

ʠʟʣʫʯʝʥʠʷ ʢ ʧʦʪʦʢʫ ʦʩʪʘʣʴʥʦʡ ʯʘʩʪʠ ʌɸʈ. 
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ɼʣʷ ʫʩʣʦʚʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘ ʵʪʘ ʚʝʣʠʯʠʥʘ 

ʧʨʠʥʠʤʘʣʘ ʟʥʘʯʝʥʠʝ 0,6 (ʩʧʝʢʪʨ I) ʠ 0,5 

(ʩʧʝʢʪʨ II) ʦʪʥ.ʝʜ., ʪ.ʝ. ʩʧʝʢʪʨʳ ʦʪʣʠʯʘʣʠʩʴ 

ʩʦʜʝʨʞʘʥʠʝʤ ʩʠʥʝʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ 10%. 

ʇʦ ʤʝʨʝ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ ʧʫʪʝʤ 

ʠʟʤʝʥʝʥʠʷ ʚʳʩʦʪʳ ʧʦʜʚʝʩʦʚ ʩʪʝʣʣʘʞʝʡ 

ʧʦʜʜʝʨʞʠʚʘʣʠ ʦʙʣʫʯʝʥʥʦʩʪʴ ʥʘ ʫʨʦʚʥʝ ʠʭ 

ʚʝʨʭʫʰʝʢ 100, 170 ʠ 240 ʤʢʤʦʣʴĿʩ-1.ʤ-2 

(ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ DLI ʙʳʣ ʨʘʚʝʥ 5,8; 9,8 ʠ 13,8 

ʤʦʣʴĿʤ-2Ŀʜ-1). 

ɹʠʦʤʝʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ  

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʝʞʝʥʝʜʝʣʴʥʦ 

ʬʠʢʩʠʨʦʚʘʣʠ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʚʳʩʦʪʳ 

ʛʠʧʦʢʦʪʠʣʷ ʨʘʩʪʝʥʠʡ. ʇʦ ʤʝʨʝ ʨʘʟʨʘʩʪʘʥʠʷ 

ʢʨʦʥʳ ʨʘʩʪʝʥʠʡ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʚʝʪʦʚʦʡ 

ʧʣʦʱʘʜʠ ʚ ʩʪʝʣʣʘʞʝ ʦʩʪʘʚʣʷʣʠ ʪʦʣʴʢʦ 5 

ʨʘʩʪʝʥʠʡ. ʇʦ ʤʝʨʝ ʨʘʟʨʘʩʪʘʥʠʷ ʢʨʦʥʳ 

ʨʘʩʪʝʥʠʡ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʚʝʪʦʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʩʪʝʣʣʘʞʝ ʦʩʪʘʚʣʷʣʠ ʧʦ 5 

ʨʘʩʪʝʥʠʡ.  

 

 
ʈʠʩ. 3. ʇʨʦʚʝʜʝʥʠʝ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʠʟʤʝʨʝʥʠʡ ʨʘʩʪʝʥʠʡ 
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ɼʣʷ ʢʘʞʜʦʛʦ ʨʘʩʪʝʥʠʷ ʦʧʨʝʜʝʣʷʣʠ 

ʢʦʣʠʯʝʩʪʚʦ ʣʠʩʪʴʝʚ N. ɺʳʩʦʪʫ ʦʪ ʩʝʤʷʜʦʣʝʡ 

ʜʦ ʛʠʧʦʢʦʪʠʣʷ H  ʠ ʤʝʞʜʦʫʟʣʠʷ iL
 

ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʙʶ ʤʝʨʥʦʡ ʣʠʥʝʡʢʠ ʩ 

ʮʝʥʦʡ ʜʝʣʝʥʠʷ 1 ʤʤ. ʇʣʦʱʘʜʴ ʣʠʩʪʴʝʚ iS

ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʬʦʪʦʛʨʘʤʤʝʪʨʠʨʦʚʘʥʠʷ, 

ʧʫʪʝʤ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʠʭ ʢʘʤʝʨʦʡ Xiaomi 

Mi A2 ʥʘ ʧʣʦʩʢʦʩʪʠ ʚʤʝʩʪʝ ʩ ʤʘʩʰʪʘʙʦʤ 

ʧʣʦʱʘʜʠ. ʇʣʦʱʘʜʴ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʩʝʛʦ ʨʘʩʪʝʥʠʷ 0S
 ʚʳʯʠʩʣʷʣʠ ʢʘʢ ʩʫʤʤʫ 

ʧʣʦʱʘʜʝʡ ʦʪʜʝʣʴʥʳʭ ʣʠʩʪʴʝʚ. ɼʣʷ ʦʙʨʘʟʮʦʚ 

ʣʠʩʪʴʝʚ ʩ ʥʠʞʥʝʛʦ (3-ʛʦ), ʩʨʝʜʥʝʛʦ (6-ʛʦ) ʠ 

ʚʝʨʭʥʝʛʦ (8-ʛʦ) ʷʨʫʩʦʚ ʨʘʩʪʝʥʠʡ ʩ ʧʦʤʦʱʴʶ 

ʭʣʦʨʦʬʠʣʣʤʝʪʨʘ CCM-200 ʠʟʤʝʨʷʣʠ ʠʥʜʝʢʩ 

ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨʦʬʠʣʣʘ (chlorophill content 

index, CCI) iC
. ʉ ʧʦʤʦʱʴʶ ʜʝʥʩʠʪʦʤʝʪʨʘ 

ɼʇ-1ʄ ʠʟʤʝʨʷʣʠ ʦʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ 

ʵʪʠʭ ʣʠʩʪʴʝʚ BD , GD
 ʠ RD  ʚ ʦʪʜʝʣʴʥʳʭ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʘʭ (ʥʘ ʛʨʫʧʧʝ 

ʩʚʝʪʦʬʠʣʴʪʨʦʚ çɸè). ʉ ʧʦʤʦʱʴʶ ʮʠʬʨʦʚʦʛʦ 

ʤʠʢʨʦʤʝʪʨʘ ʠʟʤʝʨʷʣʠ ʪʦʣʱʠʥʫ ʣʠʩʪʴʝʚ d  ʠ  

ʜʠʘʤʝʪʨ ʰʝʡʢʠ ʩʪʝʙʣʷ D  ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 

0,01 ʤʤ. 

ʆ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʠʛʤʝʥʪʦʚ ʚ i -ʦʤ 

ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ ʩʫʜʠʣʠ ʧʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʝʣʠʯʠʥʝ ʦʧʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʣʠʩʪʘ 

d

D
p i

i =
.             (2) 

ʉʦʜʝʨʞʘʥʠʝ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʩʚʝʞʝʤ 

ʨʘʩʪʠʪʝʣʴʥʦʤ ʤʘʪʝʨʠʘʣʝ ʦʧʨʝʜʝʣʷʣʠ 

ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʧʫʪʝʤ 

ʚʳʩʫʰʠʚʘʥʠʷ ʧʨʠ  105ʦʉ ʜʦ ʧʦʩʪʦʷʥʥʦʛʦ 

ʚʝʩʘ. ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʦʪʜʝʣʴʥʦ ʜʣʷ ʩʪʝʙʣʷ, 

ʣʠʩʪʴʝʚ ʠ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʦʪʤʳʪʦʡ ʚ ʚʦʜʝ. ɺʟʚʝʰʠʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʚʝʩʘʭ ɺʊʃ-500 ʩ ʪʦʯʥʦʩʪʴʶ Ñ10 ʤʛ. ʇʨʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʟʤʝʨʝʥʠʡ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʘʤʝʪʨʘ ʩʪʝʙʣʷ, 

ʚʳʩʦʪʳ ʛʠʧʦʢʦʪʠʣʷ ʠ ʩʨʝʜʥʝʡ ʜʣʠʥʳ 

ʤʝʞʜʦʫʟʣʠʷ ʦʪ ʦʙʣʫʯʝʥʥʦʩʪʠ 

ʘʧʧʧʨʦʢʩʠʤʠʨʦʚʘʣʠ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʝʡ. 

ɿʘʚʠʩʠʤʦʩʪʠ ʩʫʤʤʘʨʥʦʡ ʧʣʦʱʘʜʠ ʣʠʩʪʦʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʦʙʱʝʡ ʩʳʨʦʡ ʤʘʩʩʳ, ʤʘʩʩʳ 

ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʨʘʩʪʝʥʠʷ ʠ ʩʦʜʝʨʞʘʥʠʷ ʚ 

ʥʠʭ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʣʠ 

ʧʦʣʠʥʦʤʦʤ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ.  

ɼʣʷ ʧʨʠʤʝʥʷʝʤʳʭ ʪʠʧʦʚ ʩʧʝʢʪʨʘ 

ʥʘʭʦʜʠʣʠ ʩʚʦʠ ʥʘʙʦʨʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ 

ʧʦʣʫʯʝʥʥʳʭ ʬʦʨʤʫʣʘʭ. ɺ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, 

ʯʪʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʦʜʥʦʛʦ ʪʠʧʘ ʩʧʝʢʪʨʘ ʢ 

ʜʨʫʛʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʠʟʤʝʥʷʶʪʩʷ ʣʠʥʝʡʥʦ, ʟʘʚʠʩʠʤʦʩʪʠ ʵʪʠʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪ ʩʧʝʢʪʨʘ ʠʟʣʫʯʝʥʠʷ, 

ʟʘʜʘʚʘʝʤʦʛʦ ʚʝʣʠʯʠʥʦʡ ʩʠʥʝʛʦ ʦʪʥʦʰʝʥʠʷ 

RB, ʦʧʠʩʳʚʘʣʠ ʣʠʥʝʡʥʳʤʠ ʚʳʨʘʞʝʥʠʷʤʠ.  

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʝʱʝʩʪʚʘ ʧʨʠ ʬʦʪʦʩʠʥʪʝʟʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʝʣʠʯʠʥʫ ʵʥʝʨʛʦʝʤʢʦʩʪʠ 

ʬʦʪʦʩʠʥʪʝʟʘ, ʤʦʣʴ.ʛï1. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʝʝ 

ʬʠʟʠʯʝʩʢʠʤ ʩʤʳʩʣʦʤ ʢʘʢ ʢʦʣʠʯʝʩʪʚʘ 

ʵʥʝʨʛʠʠ, ʟʘʪʨʘʯʠʚʘʝʤʦʡ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ 

ʩʠʥʪʝʟʠʨʫʝʤʦʛʦ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ, ʚʝʣʠʯʠʥʘ 

ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ:  
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ɼʘʥʥʳʝ ʦʙʨʘʙʘʪʳʚʘʣʠ ʤʝʪʦʜʘʤʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ (p<0.05) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤ Excel 2003 ʠ 

Statistica 6.0.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʆʙʱʠʝ ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʦʢʘʟʘʥ ʚʥʝʰʥʠʡ ʚʠʜ 

ʨʘʩʪʝʥʠʡ ʪʦʤʘʪʘ (ʚʠʜ ʩʙʦʢʫ), ʚʳʨʘʱʝʥʥʳʭ 

ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʫʨʦʚʥʝ ʦʙʣʫʯʝʥʥʦʩʪʠ (ʩʣʝʚʘ 

ʥʘʧʨʘʚʦ ï 100, 170 ʠ 240 ʤʢʤʦʣʴĿʩ-1.ʤ-2). 

ʈʘʟʣʠʯʠʷ ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʨʘʩʪʝʥʠʡ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʦʙʣʫʯʝʥʥʦʩʪʠ ʚʠʜʥʳ 

ʥʘʛʣʷʜʥʦ, ʧʨʠʯʝʤ ʜʘʥʥʘʷ ʪʝʥʜʝʥʮʠʷ 

ʥʘʙʣʶʜʘʣʘʩʴ ʧʨʠ ʦʙʦʠʭ ʪʠʧʘʭ ʩʧʝʢʪʨʘ. ʇʨʠ 

ʧʦʚʳʰʝʥʠʠ ʫʨʦʚʥʷ ʦʙʣʫʯʝʥʥʦʩʪʠ 
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ʥʘʙʣʶʜʘʣʠʩʴ ʩʥʠʞʝʥʠʝ ʨʘʟʤʝʨʘ ʨʘʩʪʝʥʠʷ ʠ 

ʧʦʚʳʰʝʥʠʝ ʢʦʤʧʘʢʪʥʦʩʪʠ ʢʨʦʥʳ.  

ɺʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʷ ʚʳʩʦʪʳ ʛʠʧʦʢʦʪʠʣʷ 

ʥʘ ʨʘʟʣʠʯʠʷ ʚʝʣʠʯʠʥʳ çʩʠʥʝʛʦ ʦʪʥʦʰʝʥʠʷè 

ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʨʘʟʚʠʪʠʝʤ ʨʘʩʪʝʥʠʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ.  

ʅʘʧʨʠʤʝʨ, ʫʚʝʣʠʯʝʥʥʘʷ ʚʳʩʦʪʘ 

ʛʠʧʦʢʦʪʠʣʷ ʞʝʣʘʪʝʣʴʥʘ ʜʣʷ ʩʦʨʪʦʚ ʧʦʜʚʦʷ, 

ʧʦʩʢʦʣʴʢʫ ʧʨʠʚʠʚʢʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʦʙʣʝʛʯʘʝʪʩʷ. ʆʜʥʘʢʦ ʜʣʷ ʦʙʳʯʥʳʭ ʩʘʞʝʥʮʝʚ 

ʫʜʣʠʥʝʥʥʳʡ ʛʠʧʦʢʦʪʠʣʴ ʥʝ ʷʚʣʷʝʪʩʷ 

ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʧʦʩʢʦʣʴʢʫ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʣʘʙʦʡ ʨʘʩʩʘʜʝ [19]. 

 

 
ʈʠʩ. 4.  ɺʥʝʰʥʠʡ ʚʠʜ ʨʘʩʪʝʥʠʡ ʪʦʤʘʪʘ (ʚʠʜ 

ʩʙʦʢʫ) 

 

ʅʘ ʨʠʩʫʥʢʝ 5 ʧʦʢʘʟʘʥ ʚʠʜ ʩʚʝʨʭʫ ʢʨʦʥʳ 

ʪʠʧʠʯʥʳʭ ʨʘʩʪʝʥʠʡ. 

 
ʈʠʩ. 5.  ɺʠʜ ʢʨʦʥʳ ʨʘʩʪʝʥʠʡ (ʚʠʜ ʩʚʝʨʭʫ) 

 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʢʦʥʮʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʢʘʟʘʥʳ 

ʚ ʪʘʙʣʠʮʝ 1. 

 

 

ʊʘʙʣʠʮʘ 1  

ɿʥʘʯʝʥʠʷ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʇʦʢʘʟʘʪʝʣʴ ʉʧʝʢʪʨ I (BR =0,6) ʉʧʝʢʪʨ II (BR =0,5) 

100 170 240 100 170 240 

ʂʦʣ-ʚʦ ʣʠʩʪʴʝʚ N, ʰʪ 12,0 11,8 11,6 11,4 12,2 12,0 

ɼʠʘʤʝʪʨ ʩʪʝʙʣʷ D, ʤʤ 7,00 7,65 8,18 6,82 7,49 7,96 

ʂʦʣ-ʚʦ ʢʠʩʪʝʡ n, ʰʪ 1,0 2,0 1,8 1,6 2,6 2,2 

ɺʳʩʦʪʘ ʛʠʧʦʢʦʪʠʣʷ 0H
, ʤʤ 331,6 266,2 232,4 354,8 276,4 245,2 

ʉʨ. ʜʣʠʥʘ ʤʝʞʜʦʫʟʣʠʷ ʩʨL
, ʤʤ 32,0 25,1 21,6 33,3 25,2 22,6 

ʇʣʦʱʘʜʴ ʣʠʩʪʴʝʚ 0S
, ʤ2 0,0926 0,1018 0,0993 0,0981 0,1123 0,1029 

ʉʳʨʘʷ ʤʘʩʩʘ, ʛ.ʨʘʩʪʝʥʠʝ-1 49,24 71,74 82,89 49,40 72,57 74,78 

ʚ ʪ.ʯ., ʣʠʩʪʴʝʚ ʣM
 29,85 45,83 48,18 29,77 46,70 47,77 

ʩʪʝʙʣʷ ʩM
 14,48 14,58 14,66 15,51 15,71 14,48 

ʢʦʨʥʷ ʢM
 4,91 11,32 20,06 4,12 10,16 12,53 

ʉʦʜ. ʩʫʭʦʛʦ ʚ-ʚʘ, %: ʚ ʣʠʩʪʴʷʭʣn  9,5 11,9 12,6 9,6 11,9 13,8 

ʚ ʩʪʝʙʣʝ ʩn  4,3 7,0 8,0 4,6 6,7 9,1 

ʚ ʢʦʨʥʝ ʢn  11,0 10,6 11,0 10,9 10,5 10,9 
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ʈʘʟʣʠʯʠʷ ʚ ʠʟʤʝʥʝʥʠʠ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʚʦʩʧʨʠʷʪʠʶ 

ʘʥʪʘʛʦʥʠʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ, ʧʨʠʥʠʤʘʝʤʳʭ 

ʨʘʟʣʠʯʥʳʤʠ ʬʦʪʦʨʝʮʝʧʪʦʨʘʤʠ ʨʘʩʪʝʥʠʡ, 

ʚʳʨʘʱʠʚʘʝʤʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ 

ʨʘʜʠʘʮʠʦʥʥʦʡ ʩʨʝʜʳ. 

ʈʘʩʪʝʥʠʷ ʧʦʜ ʩʧʝʢʪʨʦʤ ʩ ʙʦʣʴʰʠʤ 

ʟʥʘʯʝʥʠʝʤ BR  ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʫʨʦʚʥʝ 

ʦʙʣʫʯʝʥʥʦʩʪʠ  ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʣʠʩʪʴʝʚ, ʙʦʣʴʰʠʡ ʜʠʘʤʝʪʨ ʩʪʝʙʣʷ, ʦʜʥʘʢʦ 

ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʢʠʩʪʝʡ, ʚʳʩʦʪʫ 

ʛʠʧʦʢʦʪʠʣʷ, ʩʨʝʜʥʶʶ ʜʣʠʥʫ ʤʝʞʜʦʫʟʣʠʷ ʠ 

ʧʣʦʱʘʜʴ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʄʘʩʩʘ 

ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʵʪʦʤ ʩʧʝʢʪʨʝ ʙʳʣʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʡ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʚʳʩʦʢʦʤ 

ʫʨʦʚʥʝ ʦʙʣʫʯʝʥʥʦʩʪʠ. 

ʀʤʝʝʪʩʷ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʚʳʩʦʢʠʡ 

ʫʨʦʚʝʥʴ ʦʙʣʫʯʝʥʥʦʩʪʠ ʤʦʞʝʪ ʯʘʩʪʠʯʥʦ 

ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʥʝʜʦʩʪʘʪʦʢ ʩʠʥʝʛʦ 

ʠʟʣʫʯʝʥʠʷ ʚ ʩʧʝʢʪʨʝ [20]. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʫʨʦʚʥʷʭ ʦʙʣʫʯʝʥʥʦʩʪʠ 

ʨʘʟʥʠʮʘ ʚ ʜʝʡʩʪʚʠʠ ʠʟʣʫʯʝʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤ 

ʩʧʝʢʪʨʦʤ ʤʝʥʴʰʝ ʚʣʠʷʝʪ ʥʘ ʙʠʦʤʝʪʨʠʶ 

ʨʘʩʩʘʜʳ.  

ɺ ʥʘʰʝʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʵʪʦʪ ʵʬʬʝʢʪ 

ʥʘʰʝʣ ʦʪʨʘʞʝʥʠʝ ʚ ʩʥʠʞʝʥʠʝ ʚʝʣʠʯʠʥʳ 

ʨʘʟʣʠʯʠʷ ʜʣʷ ʧʘʨʘʤʝʪʨʦʚ: ʢʦʣʠʯʝʩʪʚʘ ʢʠʩʪʝʡ 

ï ʩ ʤʠʥʫʩ 37,5% ʜʦ ʤʠʥʫʩ 18,2%; ʚʳʩʦʪʳ 

ʛʠʧʦʢʦʪʠʣʷ ï ʩ ʤʠʥʫʩ 6,5% ʜʦ ʤʠʥʫʩ 5,2% ʠ 

ʧʣʦʱʘʜʠ ʣʠʩʪʴʝʚ ï ʩ ʤʠʥʫʩ 5,5% ʜʦ ʤʠʥʫʩ 

3,6%).   

ʈʘʟʚʠʪʘʷ ʠ ʟʜʦʨʦʚʘʷ ʢʦʨʥʝʚʘʷ ʩʠʩʪʝʤʘ 

ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʫʩʚʦʝʥʠʷ ʚʦʜʳ ʠ 

ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ [21]. ʆʩʦʙʝʥʥʦ ʦʪ 

ʢʘʯʝʩʪʚʘ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ ʟʘʚʠʩʠʪ 

ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʩʩʘʜʳ ʢ ʜʘʣʴʥʝʡʰʝʡ ʙʳʩʪʨʦʡ 

ʧʨʠʞʠʚʘʝʤʦʩʪʠ. ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʦʙʱʠʡ ʚʝʩ ʢʦʨʥʝʡ ʨʘʩʩʘʜʳ ʙʳʣ ʚʳʰʝ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʟʣʫʯʝʥʠʷ ʩ ʙʦʣʴʰʝʡ ʜʦʣʝʡ 

ʩʠʥʝʛʦ ʧʦʪʦʢʘ ʠ ʫʚʝʣʠʯʠʚʘʣʩʷ ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʫʨʦʚʥʷ ʦʙʣʫʯʝʥʥʦʩʪʠ. ɼʘʥʥʳʡ ʬʘʢʪ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʣʠʷʥʠʝ ʩʠʥʝʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʩʧʝʢʪʨʘ ʥʘ ʫʩʠʣʝʥʠʝ ʨʘʟʚʠʪʠʷ ʚʝʛʝʪʘʪʠʚʥʳʭ 

ʦʨʛʘʥʦʚ ʨʘʩʪʝʥʠʷ. 

ʅʘʡʜʝʥʳ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʨʦʩʪʦʤ 

ʨʘʩʪʝʥʠʷ ʠ ʚʝʣʠʯʠʥʦʡ ʦʙʣʫʯʝʥʥʦʩʪʠ ʜʣʷ 

ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ 

ʠʟʣʫʯʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʭ ʨʘʟʣʠʯʥʦʡ 

ʚʝʣʠʯʠʥʦʡ ʩʠʥʝʛʦ ʦʪʥʦʰʝʥʠʷ. ɺ ʪʘʙʣʠʮʝ 2 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʤʦʜʝʣʝʡ ʦʪʜʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʘ ʪʘʢ ʞʝ 

ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ 

ʥʠʭ ʦʪ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʠʟʣʫʯʝʥʠʷ. 

 

ʊʘʙʣʠʮʘ 2  

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʤʦʜʝʣʷʭ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʪʝʥʠʷ 

ʂʦʵʬʬʠ-

ʮʠʝʥʪ 

ʊʠʧ ʩʧʝʢʪʨʘ 
ʋʨʘʚʥʝʥʠʝ 

I ( BR =0.6) II ( BR =0.6) 

ʄʦʜʝʣʴ ʜʠʘʤʝʪʨʘ ʩʪʝʙʣʷ 
BAEED += 2)(
, ʤʤ 

A 0,0085 0,0081 A = 0,004RB + 0,0061 

B 6,1688 6,0398 B = 1,29 RB + 5,3948 

ʄʦʜʝʣʴ ʚʳʩʦʪʳ ʛʠʧʦʢʦʪʠʣʷ 
BAEEH += 2

0 )(
, ʤʤ 

A -0,7086 -0,7829 A = 0,743 RB - 1,1544 

B 397,19 425,22 B = -280,3 RB + 565,37 

ʄʦʜʝʣʴ ʩʨʝʜʥʝʡ ʜʣʠʥʳ ʤʝʞʜʦʫʟʣʠʷ 
BAEEL += 2

ʩʨ )(
, ʤʤ 

A -0,0743 -0,0762 A = 0,019 RB - 0,0857 

B 38,875 39,982 B = -11,07 RB + 45,517 
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ʧʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣ. 2 

ʄʦʜʝʣʴ ʩʫʤʤʘʨʥʦʡ ʧʣʦʱʘʜʠ ʣʠʩʪʴʝʚ 
BAEES += 2

0 )(
, ʩʤ2 

A -0,012 -0,0242 A = 0,122 RB - 0,0852 

B 4,542 8,5658 B = -40,238 RB + 28,685 

C 591,93 365,68 y = 2262,5 RB - 765,57 

ʄʦʜʝʣʴ ʦʙʱʝʡ ʩʳʨʦʡ ʤʘʩʩʳ 
CBEAEEM ++= 2

0 )(
, ʛ 

A -0,0012 -0,0021 A = 0,009 RB - 0,0066 

B 0,6338 0,9081 B = -2,743 RB + 2,2796 

ʉ - 2,5734 - 20,028 C = 174,55 RB - 107,3 

ʄʦʜʝʣʴ ʩʳʨʦʡ ʤʘʩʩʳ ʣʠʩʪʴʝʚ
CBEAEEMʣ ++= 2)(
, ʛ 

A -0,0014 -0,0016 A = 0,002 RB - 0,0026 

B 0,6042 0,6785 B = -0,743 RB + 1,05 

C - 16,656 - 21,906 C = 52,5 RB - 48,156 

ʄʦʜʝʣʴ ʩʳʨʦʡ ʤʘʩʩʳ ʩʪʝʙʣʷ 
CBEAEEMʩ ++= 2)(
, ʛ 

A 0.0000 -0,0001 A = 0,001 RB - 0,0006 

B 0,0023 0,0421 B = -0,398 RB + 0,2411 

ʉ 14,279 12,757 C = 15,22 RB + 5,147 

ʄʦʜʝʣʴ ʩʳʨʦʡ ʤʘʩʩʳ ʢʦʨʥʷ 
CBEAEEMʢ ++= 2)(
, ʛ 

A 0,0002 -0,0004 A = 0,006 RB - 0,0034 

B 0,0273 0,1875 B = -1,602 RB + 0,9885 

ʉ - 0,197 - 10,878 C = 106,81 RB - 64,283 

ʄʦʜʝʣʴ ʩʦʜʝʨʞʘʥʠʷ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʣʠʩʪʴʷʭ 
CBEAEEʣ ++= 2)(n
, ʛ 

A -0,0002 0.0000 A = -0,002 RB + 0,001 

B 0,0794 0,0426 B = 0,368 RB - 0,1414 

ʉ 3,2955 5,7562 C = -24,607 RB + 18,06 

ʄʦʜʝʣʴ ʩʦʜʝʨʞʘʥʠʷ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʩʪʝʙʣʝ 
CBEAEEʩ ++= 2)(n
, ʛ 

A -0,0002 0.0000 A = -0,002 RB + 0,001 

B 0,0833 0,0253 B = 0,58 RB - 0,2647 

ʉ - 2,3226 1,8631 C = -41,857 RB + 22,792 

ʄʦʜʝʣʴ ʩʦʜʝʨʞʘʥʠʷ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʢʦʨʥʷʭ 
CBEAEEʢ ++= 2)(n
, ʛ 

A -0,0002 0.0000 A = -0,002 RB + 0,001 

B 0,0833 0,0253 B = 0,58 RB - 0,2647 

 - 2,3226 1,8631 C = -41,857 RB + 22,792 

ɺʳʷʚʣʝʥʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 

ʨʦʩʪʘ ʠ ʧʘʨʘʤʝʪʨʘʤʠ ʦʙʣʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ. ʂʣʘʩʩʠʯʝʩʢʘʷ ʤʝʪʦʜʠʢʘ 

ʘʥʘʣʠʟʘ ʚʢʣʶʯʘʝʪ ʚʳʯʠʩʣʝʥʠʝ ʨʷʜʘ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ: ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʪʝʤʧʘ ʨʦʩʪʘ 

(RGR), ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʠ ʣʠʩʪʘ (LAR) 

ʠ ʜʨʫʛʠʭ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʜʘʣʝʝ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʩʚʷʟʠ ʤʝʞʜʫ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 

ʦʙʣʫʯʝʥʠʷ  ʩʚʝʪʘ ʠ ʨʦʩʪʦʤ ʨʘʩʪʝʥʠʡ [22]. ɺ 

ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʦʨʠʝʪʠʨʦʚʘʥʥʦʤ ʥʘ 

ʦʮʝʥʢʫ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʚʝʪʦʢʫʣʴʪʫʨʳ, 

ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ ʧʨʷʤʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟʤʝʨʷʝʤʳʭ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʩʪʳʤʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʚʳʨʘʞʝʥʠʷʤʠ. 

ʇʦʣʫʯʝʥʥʘʷ ʦʙʱʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ ʜʣʷ ʨʘʩʩʘʜʳ ʪʦʤʘʪʘ ʩʦʩʪʦʠʪ ʠʟ 

ʥʘʙʦʨʘ ʯʘʩʪʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 
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(ʚʳʨʘʞʝʥʠʡ), ʦʧʠʩʳʚʘʶʱʠʭ ʠʟʤʝʥʝʥʠʷ 

ʦʪʜʝʣʴʥʳʭ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ 

ʟʘʚʠʤʦʩʪʠ ʦʪ ʟʘʜʘʥʥʳʭ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʷʭ. 

ʇʦʩʢʦʣʴʢʫ ʟʥʘʯʝʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʷʚʣʷʶʪʩʷ ʦʪʨʘʞʝʥʠʝʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʩʪʝʥʠʠ, ʧʦʣʫʯʝʥʥʳʝ 

ʚʳʨʘʞʝʥʠʷ ʪʘʢ ʞʝ ʠʤʝʶʪ ʮʝʥʥʦʩʪʴ ʜʣʷ 

ʧʦʥʠʤʘʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʭ ʧʨʦʪʝʢʘʥʠʷ. 

ʆʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʠʩʪʴʝʚ 

ʠ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ 

ʅʘ ʬʠʟʠʦʣʦʛʠʶ ʨʘʩʪʝʥʠʷ ʚʣʠʷʝʪ ʪʦʣʴʢʦ 

ʪʘ ʯʘʩʪʴ ʠʟʣʫʯʝʥʠʷ, ʢʦʪʦʨʘʷ ʧʦʛʣʦʱʘʝʪʩʷ ʝʛʦ 

ʪʢʘʥʷʤʠ [23]. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʘʨʘʤʝʪʨʳ 

ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʨʝʞʠʤʘ ʬʦʨʤʠʨʫʶʪ 

ʦʧʨʝʜʝʣʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʠ ʚʣʠʷʶʪ ʥʘ 

ʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. 

ʇʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʨʘʩʪʝʥʠʡ ʚ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʠʩʭʦʜʠʪ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʧʨʠʚʥʝʩʝʥʥʦʡ ʠʟʚʥʝ ʵʥʝʨʛʠʠ 

ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʝ ʚ ʵʥʝʨʛʠʶ ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʷʟʝʡ ʚ ʧʨʦʮʝʩʩʝ ʬʦʪʦʩʠʥʪʝʟʘ. ɺ 

ʩʚʝʪʦʢʫʣʴʪʫʨʝ ʪʦʪ ʞʝ ʧʨʦʮʝʩʩ ʧʨʦʠʩʭʦʜʠʪ ʦʪ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʧʠʪʘʝʤʳʭ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʢʦʪʦʨʦʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʧʘʩʦʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʪʦʧʣʠʚʘ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʢʘʯʝʩʪʚʦʤ ʩʚʝʪʘ (ʝʛʦ 

ʩʧʝʢʪʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ), ʪʘʢ ʠ ʦʧʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʴʶ ʣʠʩʪʴʝʚ, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ 

ʪʦʣʱʠʥʳ ʣʠʩʪʦʚʦʡ ʧʣʘʩʪʠʥʢʠ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʠʛʤʝʥʪʦʚ [24]. 

ʆʩʥʦʚʥʳʤʠ ʧʠʛʤʝʥʪʘʤʠ ʚʳʩʰʠʭ 

ʨʘʩʪʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʧʦʛʣʦʱʝʥʠʝ 

ʣʫʯʠʩʪʦʡ ʵʥʝʨʛʠʠ ʠ ʝʸ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘ 

ʧʦʩʪʨʦʝʥʠʝ ʙʠʦʤʘʩʩʳ, ʷʚʣʷʶʪʩʷ ʟʝʣʸʥʳʝ 

ʧʠʛʤʝʥʪʳ - ʭʣʦʨʦʬʠʣʣʳ ʘ ʠ b. ʄʘʢʩʠʤʫʤ ʠʭ 

ʧʦʛʣʦʱʝʥʠʷ ʣʝʞʠʪ ʚ ʩʠʥʝʡ ʠ ʢʨʘʩʥʦʡ ʯʘʩʪʠ 

ʩʧʝʢʪʨʘ. 

ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʩʬʦʨʤʠʨʦʚʘʣʦ 

ʧʦʜʭʦʜ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤ ʜʣʷ 

ʚʳʨʘʱʠʚʘʥʠʷ  ʨʘʩʪʝʥʠʡ  ʚ ʫʩʣʦʚʠʷʭ  

ʩʚʝʪʦʢʫʣʴʪʫʨʳ  ʨʝʢʦʤʝʥʜʦʚʘʣʦʩʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʪʦʯʥʠʢʦʚ, ʚ ʢʦʪʦʨʳʭ ʣʠʙʦ 

ʚʦʦʙʱʝ ʥʝ ʩʦʜʝʨʞʘʣʦʩʴ ʠʟʣʫʯʝʥʠʷ ʟʝʣʝʥʦʛʦ 

ʜʠʘʧʘʟʦʥʘ, ʣʠʙʦ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʩʚʦʜʠʣʦʩʴ ʢ 

ʤʠʥʠʤʫʤʫ (ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʤʘʨʛʘʥʮʦʚʢʘ ï 

ʣʝʛʢʦ ʨʘʩʧʦʟʥʘʚʘʝʤʳʡ ʢʨʘʩʥʦ-ʩʠʥʠʡ ʮʚʝʪ 

ʠʟʣʫʯʝʥʠʷ, ʥʝʢʦʤʬʦʨʪʥʳʡ ʜʣʷ ʛʣʘʟʘ 

ʯʝʣʦʚʝʢʘ).  ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʦ 

ʧʦʣʦʞʝʥʠʝ ʧʝʨʝʩʤʦʪʨʝʥʦ, ʧʦʩʢʦʣʴʢʫ 

ʚʳʷʚʣʝʥʘ ʩʫʙʩʪʨʘʪʥʘʷ ʨʦʣʴ ʟʝʣʝʥʦʛʦ 

ʜʠʘʧʘʟʦʥʘ, ʥʝʩʫʱʝʛʦ ʦʧʨʝʜʝʣʸʥʥʫʶ 

ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʥʘʛʨʫʟʢʫ ʠ ʠʤʝʶʱʝʛʦ ʩʚʦʡ 

ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʩʤʳʩʣ, ʧʨʝʞʜʝ ʚʩʝʛʦ, 

ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʚ 

ʮʝʥʦʟ. 

ɼʣʷ ʚʳʯʣʝʥʝʥʠʷ ʵʬʬʝʢʪʘ ʠʟʤʝʥʝʥʠʷ 

ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʣʠʩʪʘ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʠʛʤʝʥʪʦʚ ʧʨʦʠʟʚʝʜʝʥʦ 

ʥʦʨʤʠʨʦʚʘʥʠʝ ʵʪʦʡ ʚʝʣʠʯʠʥʳ ʥʘ ʚʝʣʠʯʠʥʫ 

ʪʦʣʱʠʥʳ ʣʠʩʪʘ (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ 

1). ʅʘ ʨʠʩʫʥʢʝ 6 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ. 

ʆʙʱʝʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ 

ʩʥʠʞʝʥʠʝ ʵʪʦʡ ʚʝʣʠʯʠʥʳ ʚʦ ʚʩʝʭ ʜʠʘʧʘʟʦʥʘʭ 

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʝʣʠʯʠʥʳ ʦʙʣʫʯʝʥʥʦʩʪʠ ʠ 

ʧʦ ʤʝʨʝ ʩʥʠʞʝʥʠʷ ʷʨʫʩʘ ʣʠʩʪʴʝʚ. 
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ʈʠʩ.  6. ʆʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʠʩʪʴʝʚ 

 

ʍʣʦʨʦʬʠʣʣ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ 

ʙʠʦʭʠʤʠʯʝʩʢʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʘʧʧʘʨʘʪʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʧʨʦʮʝʩʩ 

ʬʦʪʦʩʠʥʪʝʟʘ. ʆʥ ʦʧʨʝʜʝʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʬʦʪʦʩʠʥʪʝʟʘ, ʘ ʪʘʢ ʞʝ ʨʦʩʪ ʨʘʩʪʝʥʠʡ ʠ ʠʭ 

ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʴ ʢ ʫʩʣʦʚʠʷʤ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. ʉʦʜʝʨʞʘʥʠʝ ʭʦʨʦʬʠʣʣʘ ʚ ʣʠʩʪʴʷʭ 

ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʥʝʪʠʢʠ 

ʨʘʩʪʝʥʠʡ, ʩʦʜʝʨʞʘʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʬʘʢʪʦʨʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʠ ʪ.ʜ. 

[25].  

ʉʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ ʚ ʣʠʩʪʴʷʭ 

ʨʘʩʪʝʥʠʡ ʧʦ ʷʨʫʩʘʤ ʧʦʢʘʟʘʥʦ ʚ ʪʘʙʣʠʮʝ 3. 

ʈʝʟʫʣʴʪʘʪʳ ʥʘʰʝʡ ʦʮʝʥʢʠ ʩʦʜʝʨʞʘʥʠʷ 

ʧʠʛʤʝʥʪʦʚ ʚ ʣʠʩʪʴʷʭ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʫʩʠʣʝʥʥʦʝ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʨʘʩʩʘʜʳ ʪʦʤʘʪʘ 

ʧʨʠ ʝʝ ʦʙʣʫʯʝʥʠʠ ʧʦʪʦʢʦʤ ʩ ʫʚʝʣʠʯʝʥʥʦʡ 

ʜʦʣʝʡ ʩʠʥʝʛʦ ʠʟʣʫʯʝʥʠʷ [26]. 

ʊʘʙʣʠʮʘ 3 

ʉʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ (ʠʥʜʝʢʩ CCI ) ʚ 

ʣʠʩʪʴʷʭ ʧʦ ʷʨʫʩʘʤ 
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ʕʥʝʨʛʦʝʤʢʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ (3) 

ʧʦʩʪʨʦʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʵʥʝʨʛʦʝʤʢʦʩʪʠ 

ʬʦʪʦʩʠʥʪʝʟʘ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʣʠʩʪʴʝʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʦʙʣʫʯʝʥʥʦʩʪʠ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʩʧʝʢʪʨʦʚ (ʨʠʩ. 7). 

 

 
ʈʠʩ. 7. ɿʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʦʝʤʢʦʩʪʠ 

ʬʦʪʦʩʠʥʪʝʟʘ ʦʪ ʚʝʣʠʯʠʥʳ ʦʙʣʫʯʝʥʥʦʩʪʠ ʜʣʷ 

ʠʟʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʩʧʝʢʪʨʘ 

 

ʄʝʪʦʜʘʤʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ 

ʠʩʯʠʩʣʝʥʠʷ ʥʘʡʜʝʥʦ, ʯʪʦ ʧʦ ʢʨʠʪʝʨʠʶ 

ʤʠʥʠʤʘʣʴʥʦʡ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʜʣʷ ʩʧʝʢʪʨʘ 

ʪʠʧʘ I ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʦʙʣʫʯʝʥʥʦʩʪʠ 
ʦʧʪ

IE = 141,8 ʤʢʤʦʣʴĿʩ
-1
.ʤ

-2
, ʧʨʠ ʵʪʦʤ 

ʤʠʥ

IŮ = 

6,97 ʤʦʣʴ.ʛ
-1
; ʜʣʷ ʩʧʝʢʪʨʘ ʪʠʧʘ II 

ʦʧʪ

IE = 129,6 

ʤʢʤʦʣʴĿʩ
-1
.ʤ

-2
, ʧʨʠ ʵʪʦʤ 

ʤʠʥ

IŮ = 7,62 ʤʦʣʴ.ʛ
-1

. 

ʇʦʣʫʯʝʥʥʳʝ ʢʨʠʚʳʝ ʧʦʟʚʦʣʷʶʪ ʚʳʙʨʘʪʴ 

ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʡ ʨʝʞʠʤ ʦʙʣʫʯʝʥʠʷ ʚ 

ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʟʚʦʣʠʣʠ 

ʚʳʷʚʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʦʩʪʘ ʠ ʵʥʝʨʛʝʪʠʢʠ 

ʧʨʦʮʝʩʩʘ ʦʙʣʫʯʝʥʠʷ ʜʣʷ ʩʚʝʪʦʢʫʣʴʪʫʨʳ 

ʨʘʩʩʘʜʳ ʪʦʤʘʪʘ, ʚʳʨʘʱʠʚʘʝʤʦʡ ʚ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʜ ʨʘʟʣʠʯʥʳʤ 

ʩʧʝʢʪʨʦʤ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʦʙʣʫʯʝʥʠʷ. 

ʇʨʠʤʝʥʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʩʚʝʪʦʜʠʦʜʦʚ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʧʦʟʚʦʣʠʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʝ ʟʘ 

ʩʯʝʪ ʚʘʨʴʠʨʦʚʘʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʦʙʣʫʯʝʥʠʷ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʧʦʢʘʟʘʪʝʣʴ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʠʟʣʫʯʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ 

ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʜʦʣʠ ʧʦʪʦʢʘ ʩʠʥʝʛʦ 

ʠʟʣʫʯʝʥʠʷ ʢ ʧʦʪʦʢʫ ʦʩʪʘʣʴʥʦʡ ʯʘʩʪʠ ʌɸʈ, 

ʢʦʪʦʨʳʡ  ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʩʧʝʢʪʨ 

ʠʟʣʫʯʝʥʠʷ ʦʜʥʠʤ ʯʠʩʣʦʤ.  

ʅʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʧʨʦʠʟʚʝʜʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ 

ʦʩʥʦʚʥʳʭ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʨʘʩʪʝʥʠʡ. ɺʳʷʚʣʝʥʘ ʜʦʩʪʘʪʦʯʥʘʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʪ 

çʩʠʥʝʛʦ ʦʪʥʦʰʝʥʠʷè. ʀʟʤʝʥʝʥʠʝ ʜʦʣʠ  

ʩʠʥʝʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʩʦʩʪʘʚʝ ʌɸʈ ʥʘ 10 %  

ʚʝʜʝʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʘʟʥʠʮʝ ʧʨʘʢʪʠʯʝʩʢʠ 

ʚʩʝʭ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʩʪʝʥʠʡ. 
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ʛʣʫʙʠʥʝ, ʥʘʯʠʥʘʷ ʩ ʦʪʤʝʪʢʠ 25 ʩʤ ʠ ʛʣʫʙʞʝ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʧʣʦʪʥʝʥʠʝ ʧʦʯʚʳ, ʢʦʪʦʨʦʝ 

ʩʜʝʨʞʠʚʘʝʪ ʨʘʟʚʠʪʠʝ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ ʨʘʩʪʝʥʠʡ ʠ ʩʚʦʙʦʜʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʚʣʘʛʠ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ 

ʫʧʣʦʪʥʝʥʠʷ ʜʥʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʣʦʷ ʧʦʯʚʳ ʥʝʦʙʭʦʜʠʤʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʘʮʠʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ ʝʝ  ʦʙʨʘʙʦʪʢʠ. ʎʝʣʴʶ ʥʘʩʪʦʷʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʦʚʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʠʝʤʘ ʨʘʟʫʧʣʦʪʥʝʥʠʷ ʧʦʯʚʳ, ʟʘʢʣʶʯʘʶʱʝʛʦʩʷ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʨʪʦʬʝʣʴʥʦʤ ʩʝʚʦʦʙʦʨʦʪʝ ʩʠʜʝʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ 

ʩʧʦʩʦʙʦʤ ʨʘʟʨʫʰʝʥʠʷ ʧʣʫʞʥʦʡ ʧʦʜʦʰʚʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʠʟʝʣʴʥʳʭ ʦʨʫʜʠʡ. ʆʮʝʥʢʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ ʨʘʟʫʧʣʦʪʥʝʥʠʷ  ʧʨʦʚʝʜʝʥʘ ʧʦ ʢʨʠʪʝʨʠʶ 

ʪʚʝʨʜʦʩʪʠ ʧʦʯʚʳ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʧʦʯʚʳ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʝʥʝʪʨʦʣʣʦʛʝʨ Eijkelkamp, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʥʝʧʨʝʨʳʚʥʫʶ ʨʝʛʠʩʪʨʘʮʠʶ ʧʨʦʮʝʩʩʘ ʠʟʤʝʥʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʧʦʯʚʳ ʥʘ ʛʣʫʙʠʥʫ ʜʦ 80 

ʩʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʠʩʭʦʜʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʧʦʯʚʳ ʧʦʩʣʝ ʫʙʦʨʢʠ ʧʨʝʜʰʝʚʩʪʚʫʶʱʠʭ ʢʘʨʪʦʬʝʣʶ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʥʘ ʛʣʫʙʠʥʝ ʥʠʞʝ 25 

ʩʤ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʧʣʦʪʥʝʥʠʝ ʧʦʜʧʘʭʦʪʥʦʛʦ ʩʣʦʷ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʦʛʦ ʜʦʭʦʜʷʪ ʜʦ 5,5 ʄʇʘ.  

ʆʙʨʘʙʦʪʢʘ ʧʦʯʚʳ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʘʛʨʝʛʘʪʦʤ ʥʘ ʛʣʫʙʠʥʫ 30-32 ʩʤ ʧʦʟʚʦʣʠʣʘ ʫʩʪʨʘʥʠʪʴ ʦʩʥʦʚʥʦʝ 

ʫʧʣʦʪʥʝʥʠʝ ʧʦʯʚʳ, ʦʜʥʘʢʦ ʥʘʣʠʯʠʝ ʦʩʪʘʪʢʦʚ ʧʣʫʞʥʦʡ ʧʦʜʦʰʚʳ, ʛʜʝ ʪʚʝʨʜʦʩʪʴ ʧʦʯʚʳ ʜʦʭʦʜʠʪ ʜʦ 

ʟʥʘʯʝʥʠʷ 4,5 ʄʇʘ, ʥʝ ʧʦʟʚʦʣʠʪ ʧʦʣʥʦʩʪʴʶ ʨʝʘʣʠʟʦʚʘʪʴ ʧʦʪʝʥʮʠʘʣ ʩʦʨʪʘ ʢʘʨʪʦʬʝʣʷ. ʇʦʩʣʝ ʧʝʨʚʦʛʦ 

ʮʠʢʣʘ ʚʳʨʘʱʠʚʘʥʠʷ ʩʠʜʝʨʘʣʴʥʦʡ ʢʫʣʴʪʫʨʳ (ʨʝʜʴʢʠ ʤʘʩʣʠʯʥʦʡ) ʢʦʨʥʝʚʘʷ ʩʠʩʪʝʤʘ ʨʘʩʪʝʥʠʡ ʩʤʦʛʣʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ (ʜʦ 2-2,5 ʄʇʘ) ʪʚʝʨʜʦʩʪʴ ʧʦʯʚʳ ʚ ʟʦʥʝ, ʛʜʝ ʨʘʥʝʝ ʦʪʤʝʯʘʣʘʩʴ ʧʣʫʞʥʘʷ ʧʦʜʦʰʚʘ 

ʠ ʧʨʦʥʠʢʥʫʪʴ ʛʣʫʙʞʝ ʥʝʝ, ʬʦʨʤʠʨʫʷ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʧʦʯʚʳ ʧʦ ʛʣʫʙʠʥʝ. ʇʦʩʣʝ 

ʚʪʦʨʦʛʦ ʮʠʢʣʘ ʚʳʨʘʱʠʚʘʥʠʷ ʢʦʨʥʝʚʘʷ ʩʠʩʪʝʤʘ ʩʠʜʝʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ ʧʦʣʥʦʩʪʴʶ ʫʩʪʨʘʥʠʣʘ ʧʣʫʞʥʫʶ 

ʧʦʜʦʰʚʫ, ʦʙʝʩʧʝʯʠʚ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʙʝʩʧʨʝʧʷʪʩʪʚʝʥʥʦʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʢʦʨʥʝʚʦʡ 

ʩʠʩʪʝʤʳ ʠ ʚʣʘʛʠ ʚ ʥʠʞʥʠʝ ʩʣʦʠ ʧʦʯʚʝʥʥʦʛʦ ʛʦʨʠʟʦʥʪʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʪʘʢʦʝ ʩʦʩʪʦʷʥʠʝ 

ʠ ʩʪʨʫʢʪʫʨʘ ʧʦʯʚʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʠ ʚʦʟʜʝʣʳʚʘʥʠʠ ʢʘʨʪʦʬʝʣʷ ʠʩʢʣʶʯʠʪʴ ʧʨʦʚʝʜʝʥʠʝ 

ʧʨʝʜʧʦʩʘʜʦʯʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʠ ʚʳʧʦʣʥʷʪʴ ʚʝʩʴ ʮʠʢʣ ʚʝʩʝʥʥʝ-ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʟʘ ʦʜʠʥ ʧʨʦʭʦʜ 

ʢʘʨʪʦʬʝʣʝʧʦʩʘʜʦʯʥʦʛʦ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʘʛʨʝʛʘʪʘ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʚʨʝʤʝʥʠ ʠ ʵʥʝʨʛʠʠ. 
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As a rule, the fields tilled by a traditional technology have a significant soil compaction at a depth 

starting from 25 cm and deeper that hinders the plant root system development and the free water transport. 

To eliminate the compaction of the tilled soil layer bottom, the rational structure of technological tilling 

methods is needed. The study objective was to estimate the efficiency of the new soil de-compaction method, 

which makes use of the green manure crops in potato growing crop rotation instead of traditional plough pan 

destruction with chisel tools. The de-compaction methods were estimated by the soil penetration index. 

Eijkelkamp penetrologger was applied, which provided the continuous recording of the varied soil resistance 

to penetration at the depth of up to 80 cm. According to the experimental study, a significant compaction of 

the subsurface soil layer was found at a depth below 25 cm, with the values reaching 5.5 MPa, after the grain 

crops preceding the potato had been harvested. Soil cultivation with a combined unit to a depth of 30-32 cm 

eliminated the main soil compaction, but the presence of some fragments of the plough pan, with the soil 

penetration resistance reaching 4.5 MPa, did not allow to reach the potential of the potato variety. After the 

first cycle of growing green manure crops (oil radish), the plant root system was able to reduce significantly 

(up to 2-2.5 MPa) the soil penetration resistance in the zone, where the plough pan was previously observed, 

and to penetrate even deeper, providing a uniform soil penetration resistance over depth. After the second 

growing cycle, the root system of green manure crops destroyed the plough pan completely, providing the 

favorable conditions for the unhindered penetration of the root system and moisture into the lower layers of 

the soil horizon. In this case, the obtained soil quality and texture allowed to exclude the pre-plant tillage 

when growing potatoes and to perform all the spring field operations at a single pass of the potato-planting 

combined unit with the minimal time and energy inputs.  

 

Key words: potato, cultivation technology, soil de-compaction, green manure. 
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ɺʚʝʜʝʥʠʝ 

ʉʠʩʪʝʤʘ ʧʦʜʛʦʪʦʚʢʠ ʧʦʯʚʳ ʧʦʜ ʧʦʩʘʜʢʫ 

ʢʘʨʪʦʬʝʣʷ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪ ʫʩʣʦʚʠʷ ʝʛʦ 

ʨʘʟʚʠʪʠʷ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʦʟʜʝʡʩʪʚʠʶ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʠ 

ʧʦʩʣʝʜʫʶʱʫʶ ʫʨʦʞʘʡʥʦʩʪʴ ʜʘʥʥʦʡ 

ʢʫʣʴʪʫʨʳ [1,2,3]. ʂʘʢ ʧʨʘʚʠʣʦ, ʥʘ ʧʦʣʷʭ, 

ʦʙʨʘʙʦʪʢʘ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʛʣʫʙʠʥʝ, 

ʥʘʯʠʥʘʷ ʩ ʦʪʤʝʪʢʠ 25 ʩʤ ʠ ʛʣʫʙʞʝ, 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʧʣʦʪʥʝʥʠʝ 

ʧʦʯʚʳ, ʢʦʪʦʨʦʝ ʩʜʝʨʞʠʚʘʝʪ ʨʘʟʚʠʪʠʝ 

ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ ʨʘʩʪʝʥʠʡ ʠ ʩʚʦʙʦʜʥʦʝ 

ʧʝʨʝʤʝʱʝʥʠʝ ʚʣʘʛʠ. ʅʘʣʠʯʠʝ 
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ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʚʳʤʦʯʝʢ ʥʘ ʧʦʣʷʭ 

ʩʜʝʨʞʠʚʘʶʪ ʧʨʦʚʝʜʝʥʠʝ ʚʝʩʝʥʥʝ-ʧʦʣʝʚʳʭ ʠ 

ʫʙʦʨʦʯʥʳʭ ʨʘʙʦʪ.  

ʆʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ 

ʧʝʨʝʫʧʣʦʪʥʝʥʠʷ ʧʦʯʚʳ ʷʚʣʷʶʪʩʷ ʭʦʜʦʚʳʝ 

ʩʠʩʪʝʤʳ ʪʷʞʝʣʳʭ ʵʥʝʨʛʦʥʘʩʳʱʝʥʥʳʭ 

ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʳʭ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʘʛʨʝʛʘʪʦʚ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ ʦʙʱʝʝ 

ʫʧʣʦʪʥʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʦʯʚʫ, ʘ ʪʘʢʞʝ 

ʦʪʚʘʣʴʥʦ-ʣʝʤʝʰʥʳʝ ʧʣʫʛʠ ʠ ʜʠʩʢʦʚʳʝ 

ʦʨʫʜʠʷ, ʚʳʧʦʣʥʷʶʱʠʝ ʦʩʥʦʚʥʫʶ ʦʙʨʘʙʦʪʢʫ 

ʧʦʯʚʳ ʚ ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ ʥʘ ʛʣʫʙʠʥʫ ʙʦʣʝʝ 20 

ʩʤ. ʋʧʣʦʪʥʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʩʦ ʩʪʦʨʦʥʳ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʘʛʨʝʛʘʪʦʚ 

ʦʙʫʩʣʦʚʣʝʥʦ ʦʩʦʙʝʥʥʦʩʪʴʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩ ʧʦʯʚʦʡ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘ 

ʜʥʦ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʣʦʷ ʦʢʘʟʳʚʘʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʩʦʯʝʪʘʥʠʠ ʩʦ 

ʩʢʦʣʴʞʝʥʠʝʤ ʧʦ ʜʥʫ ʙʦʨʦʟʜʳ. ʅʘʠʙʦʣʴʰʝʤʫ 

ʫʧʣʦʪʥʝʥʠʶ ʧʦʜʧʘʭʦʪʥʳʡ ʩʣʦʡ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʙʨʘʙʦʪʦʢ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ 

ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ, ʢʦʛʜʘ ʪʘ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʴʶ ʧʣʘʩʪʠʯʥʦʩʪʠ. 

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʫʧʣʦʪʥʝʥʠʷ ʜʥʘ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʣʦʷ ʧʦʯʚʳ ʥʝʦʙʭʦʜʠʤʦ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʘʮʠʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ ʝʝ ʦʩʥʦʚʥʦʡ, 

ʧʨʝʜʧʦʩʘʜʦʯʥʦʡ ʠ ʤʝʞʜʫʨʷʜʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚ 

ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʷ ʢʘʨʪʦʬʝʣʷ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʦʚʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʠʝʤʘ ʨʘʟʫʧʣʦʪʥʝʥʠʷ 

ʧʦʯʚʳ, ʟʘʢʣʶʯʘʶʱʝʛʦʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ 

ʢʘʨʪʦʬʝʣʴʥʦʤ ʩʝʚʦʦʙʦʨʦʪʝ ʩʠʜʝʨʘʣʴʥʳʭ 

ʢʫʣʴʪʫʨ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ 

ʩʧʦʩʦʙʦʤ ʨʘʟʨʫʰʝʥʠʷ ʧʣʫʞʥʦʡ ʧʦʜʦʰʚʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʠʟʝʣʴʥʳʭ ʦʨʫʜʠʡ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʠʟʫʯʘʝʤʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʧʝʨʠʦʜ ʩ ʤʘʷ ʧʦ ʩʝʥʪʷʙʨʴ 

2018 ʛʦʜʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʢʦʥʢʨʝʪʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʚ ʅʠʞʝʛʦʨʦʜʩʢʦʡ 

ʦʙʣʘʩʪʠ ʚ ʩʝʚʦʦʙʦʨʦʪʝ ʚʦʟʜʝʣʳʚʘʥʠʷ 

ʩʝʤʝʥʥʦʛʦ ʢʘʨʪʦʬʝʣʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʚʘʨʠʘʥʪʘ 

ʨʘʟʫʧʣʦʪʥʝʥʠʷ ʧʦʯʚʳ ʥʘ ʜʥʝ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʣʦʷ ʠʩʧʦʣʴʟʦʚʘʥ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʠʝʤ ʦʩʥʦʚʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʧʦʯʚʳ ʙʝʟʦʪʚʘʣʴʥʳʤʠ ʯʠʟʝʣʴʥʳʤʠ 

ʦʨʫʜʠʷʤʠ, ʦʩʥʘʱʝʥʥʳʤʠ ʫʟʢʠʤʠ 

ʨʳʭʣʠʪʝʣʴʥʳʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ. ʊʘʢʠʝ 

ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ʠʤʝʶʪ ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ 

ʧʣʦʱʘʜʴ ʦʧʦʨʳ ʥʘ ʜʥʝ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ 

ʩʣʦʷ, ʘ ʩʧʣʦʰʥʦʝ ʨʳʭʣʝʥʠʝ ʧʦʯʚʳ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʙʦʢʦʚʳʭ ʠ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʜʝʬʦʨʤʘʮʠʠ, 

ʢʦʪʦʨʳʝ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʧʨʠ ʜʚʠʞʝʥʠʠ 

ʦʨʫʜʠʷ ʚ ʧʦʯʚʝ ʠ ʧʝʨʝʩʝʢʘʶʪʩʷ ʥʘ ʥʝʢʦʪʦʨʦʡ 

ʛʣʫʙʠʥʝ (12-18 ʩʤ) ʩ ʟʦʥʘʤʠ ʜʝʬʦʨʤʘʮʠʠ ʦʪ 

ʩʤʝʞʥʳʭ ʧʨʦʭʦʜʦʚ [4.5] . ʇʨʠʝʤ ʨʝʘʣʠʟʦʚʘʥ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ 

ʘʛʨʝʛʘʪʘ Max Chisel ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʘʥʠʠ 

Great Plains (ʨʠʩ. 1). ɼʘʥʥʳʡ ʘʛʨʝʛʘʪ 

ʧʨʦʠʟʚʦʜʠʪ ʧʦʜʨʝʟʘʥʠʝ ʠ ʟʘʜʝʣʢʫ 

ʧʦʞʥʠʚʥʳʭ ʦʩʪʘʪʢʦʚ ʠ ʩʦʨʥʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʧʝʨʝʜʥʠʭ 

ʙʘʪʘʨʝʝʡ ʜʠʩʢʦʚ, ʨʳʭʣʝʥʠʝ ʧʦʯʚʳ ʥʘ ʛʣʫʙʠʥʫ 

ʜʦ 30-32 ʩʤ, ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʠʟʤʝʣʴʯʝʥʠʝ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ ʨʝʞʫʱʠʤʠ 

ʧʣʘʩʪʠʥʘʤʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʘ ʢʨʳʣʴʯʘʪʢʝ 

ʧʦʟʘʜʠ ʨʳʭʣʠʪʝʣʴʥʳʭ ʣʘʧ ʠ ʧʨʠʢʘʪʳʚʘʥʠʝ 

ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ.  

 
ʈʠʩ. 1.  ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʡ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʘʛʨʝʛʘʪ Max Chisel 

ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʚʘʨʠʘʥʪʘ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʙʠʦʣʦʛʠʯʝʩʢʠʝ 

ʩʨʝʜʩʪʚʘ ʨʘʟʫʧʣʦʪʥʝʥʠʷ ʢʦʨʥʝʦʙʠʪʘʝʤʦʛʦ 

ʩʣʦʷ ʟʘ ʩʯʝʪ ʚʚʦʜʘ ʚ ʩʝʚʦʦʙʦʨʦʪ ʧʦʣʝʡ, 

ʟʘʥʷʪʳʭ ʩʠʜʝʨʘʣʴʥʳʤʠ ʢʫʣʴʪʫʨʘʤʠ, ʚ 

ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʦʣʝʚʦʛʦ ʩʝʟʦʥʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʪʘʢʦʡ ʢʫʣʴʪʫʨʳ  ʠʩʧʦʣʴʟʦʚʘʥʘ  ʨʝʜʴʢʘ 
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ʩʠʜʝʨʘʣʴʥʘʷ ʢʫʣʴʪʫʨʘ.  

ʉʠʜʝʨʘʪ ʚʳʩʝʚʘʣʩʷ ʧʦʜ ʧʦʩʘʜʢʫ 

ʢʘʨʪʦʬʝʣʷ ʫʨʦʞʘʷ ʩʣʝʜʫʶʱʝʛʦ ʛʦʜʘ ʚ 

ʢʘʯʝʩʪʚʝ ʟʘʥʷʪʦʛʦ ʧʘʨʘ ʚ ʜʚʘ ʮʠʢʣʘ. ɺ ʧʝʨʚʦʤ 

ʮʠʢʣʝ ʩʠʜʝʨʘʪ ʚʳʩʝʚʘʣʩʷ ʚʝʩʥʦʡ ʚ ʧʝʨʠʦʜ, 

ʢʦʛʜʘ ʭʦʟʷʡʩʪʚʦ ʥʝ ʧʨʠʩʪʫʧʠʣʦ ʢ ʩʝʚʫ 

ʦʩʥʦʚʥʳʭ ʢʫʣʴʪʫʨ. ʏʝʨʝʟ 55 ʜʥʝʡ ʧʦʩʣʝ 

ʧʦʩʝʚʘ ʨʝʜʴʢʘ ʤʘʩʣʠʯʥʘʷ ʧʦʜʦʰʣʘ ʢ ʩʪʘʜʠʠ 

ʦʢʦʥʯʘʥʠʷ ʮʚʝʪʝʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʝʤʷʥ 

(ʨʠʩ. 2). ʀʤʝʥʥʦ ʚ ʵʪʦʡ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ 

ʨʘʩʪʝʥʠʡ ʩʣʝʜʫʝʪ ʦʧʝʨʘʪʠʚʥʦ ʧʨʦʚʦʜʠʪʴ ʠʭ 

ʠʟʤʝʣʴʯʝʥʠʝ ʠ ʟʘʜʝʣʢʫ ʚ ʧʦʯʚʫ, ʧʦʢʘ ʥʝ 

ʥʘʯʘʣʩʷ ʧʨʦʮʝʩʩ ʦʛʨʫʙʣʝʥʠʷ ʩʪʝʙʣʝʡ ʠ 

ʣʠʩʪʴʝʚ.  

 

 
ʈʠʩ. 2. ʈʝʜʴʢʘ ʤʘʩʣʠʯʥʘʷ ʚ ʢʘʯʝʩʪʚʝ ʩʠʜʝʨʘʣʴʥʦʡ 

ʢʫʣʴʪʫʨʳ 

 

 ʀʟʤʝʣʴʯʝʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʡ ʤʘʩʩʳ 

ʚʳʧʦʣʥʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʪʷʞʝʣʦʛʦ ʥʦʞʝʚʦʛʦ 

ʢʘʪʢʘ (ʨʠʩ. 3), ʚʳʧʦʣʥʷʶʱʝʛʦ ʜʘʥʥʫʶ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʦʧʝʨʘʮʠʶ ʩ ʚʳʩʦʢʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ (ʜʦ 10 ʛʘ/ʯ).  

 

 
ʈʠʩ. 3. ʀʟʤʝʣʴʯʝʥʠʝ ʩʠʜʝʨʘʪʦʚ ʥʦʞʝʚʳʤ ʢʘʪʢʦʤ 

 

ɼʘʣʴʥʝʡʰʘʷ ʟʘʜʝʣʢʘ ʠʟʤʝʣʴʯʝʥʥʦʡ 

ʤʘʩʩʳ ʚʳʧʦʣʥʷʣʘʩʴ ʜʠʩʢʦʚʦʡ ʙʦʨʦʥʦʡ. 

ʆʙʟʦʨ ʩʦʩʪʦʷʥʠʷ ʧʦʣʷ ʯʝʨʝʟ 2 ʥʝʜʝʣʠ 

ʧʦʩʣʝ ʟʘʜʝʣʢʠ ʩʠʜʝʨʘʪʦʚ (ʨʠʩ. 4) ʧʦʢʘʟʘʣ, ʯʪʦ 

ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʯʚʳ ʦʩʪʘʝʪʩʷ ʯʠʩʪʦʡ ʦʪ 

ʦʜʥʦʣʝʪʥʠʭ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʩʘʤʳʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʠʭ ʨʦʩʪʘ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʚʳʜʝʣʝʥʠʝ ʘʤʤʠʘʢʘ ʧʨʠ ʪʝʧʣʦʡ ʧʦʛʦʜʝ ʩʦ 

ʩʨʝʜʥʝʩʫʪʦʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ +14 Áʉ ʠ 

ʚʳʰʝ, ʧʨʦʜʦʣʞʘʝʪʩʷ 15-20 ʜʥʝʡ. ʇʦʵʪʦʤʫ 

ʧʦʚʪʦʨʥʳʡ ʧʦʩʝʚ ʩʠʜʝʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ ʧʨʠ 

ʚʦʟʜʝʣʳʚʘʥʠʠ ʩʠʜʝʨʘʣʴʥʦʛʦ ʧʘʨʘ ʧʨʦʚʦʜʠʣʠ 

ʯʝʨʝʟ 3 ʥʝʜʝʣʠ ʧʦʩʣʝ ʟʘʜʝʣʢʠ ʨʘʩʪʝʥʠʡ 

ʧʝʨʚʦʛʦ ʩʨʦʢʘ.   

 

 
ʈʠʩ. 4. ʉʦʩʪʦʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʷ ʯʝʨʝʟ 2 

ʥʝʜʝʣʠ ʧʦʩʣʝ ʟʘʜʝʣʢʠ ʩʠʜʝʨʘʪʦʚ 

 

ʇʦʜʛʦʪʦʚʢʘ ʧʦʯʚʳ ʧʦʜ ʧʦʩʘʜʢʫ 

ʢʘʨʪʦʬʝʣʷ ʧʨʠ ʚʦʟʜʝʣʳʚʘʥʠʠ ʩʠʜʝʨʘʣʴʥʦʛʦ 

ʧʘʨʘ ʧʦʩʣʝ ʚʪʦʨʦʛʦ ʮʠʢʣʘ ʚʦʟʜʝʣʳʚʘʥʠʷ 

ʩʠʜʝʨʘʪʦʚ ʤʘʣʦ ʦʪʣʠʯʘʣʘʩʴ ʦʪ ʨʘʥʝʝ 

ʦʧʠʩʘʥʥʦʛʦ. ʆʪʣʠʯʠʝ ʩʦʩʪʦʷʣʦ ʚ ʪʦʤ, ʯʪʦ 

ʧʦʩʣʝ ʠʟʤʝʣʴʯʝʥʠʷ ʩʠʜʝʨʘʪʦʚ ʙʳʣʠ ʚʥʝʩʝʥʳ 

ʢʘʣʠʡʥʳʝ ʫʜʦʙʨʝʥʠʷ ʚ ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ 

ʧʣʘʥʠʨʫʝʤʦʛʦ ʫʨʦʞʘʷ ʜʦʟʝ, ʘ ʪʘʢʞʝ ʟʘʜʝʣʢʘ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ  ʚʳʧʦʣʥʷʣʘʩʴ 

ʢʫʣʴʪʠʚʘʪʦʨʦʤ, ʦʩʥʘʱʝʥʥʳʤ ʫʟʢʠʤʠ 

ʨʳʭʣʠʪʝʣʴʥʳʤʠ ʣʘʧʘʤʠ ʥʘ ʩʪʦʡʢʝ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʦʙʨʘʙʦʪʢʫ ʧʦʯʚʳ ʥʘ 

ʛʣʫʙʠʥʫ 20-25 ʩʤ (ʧʣʫʞʥʫʶ ʧʦʜʦʰʚʫ 

ʨʘʟʨʫʰʘʝʪ ʢʦʨʥʝʚʘʷ ʩʠʩʪʝʤʘ ʨʘʩʪʝʥʠʡ) ʜʣʷ 

ʥʘʢʦʧʣʝʥʠʷ ʟʘʧʘʩʦʚ ʦʩʝʥʥʝʡ ʠ ʟʠʤʥʝʡ ʚʣʘʛʠ.  

ʆʩʥʦʚʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠ ʫʧʣʦʪʥʝʥʠʝ ʧʦʯʚʳ, 

ʷʚʣʷʶʪʩʷ ʝʝ ʪʚʝʨʜʦʩʪʴ ʠ ʧʣʦʪʥʦʩʪʴ. ʂʘʢ 

ʧʦʢʘʟʘʣʠ ʧʨʦʚʝʜʝʥʥʳʝ ʨʘʥʝʝ ʚ ʉʇʙɻɸʋ 

ʠʩʩʣʝʜʦʚʘʥʠʷ [6] ʩʫʱʝʩʪʚʫʝʪ ʪʝʩʥʘʷ 

ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʧʦʢʘʟʘʪʝʣʷʤʠ 

ʪʚʝʨʜʦʩʪʠ ʠ ʧʣʦʪʥʦʩʪʠ ʧʦʯʚʳ. ɺ ʵʪʦʡ ʩʚʷʟʠ 
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ʦʮʝʥʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ ʨʘʟʫʧʣʦʪʥʝʥʠʷ  

ʧʨʦʚʦʜʠʤ ʧʦ ʢʨʠʪʝʨʠʶ ʪʚʝʨʜʦʩʪʠ ʧʦʯʚʳ. 

ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 20915-2011. 

ʀʩʧʳʪʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ. 

ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʣʦʚʠʡ ʠʩʧʳʪʘʥʠʡ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʧʦʯʚʳ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʝʥʝʪʨʦʣʣʦʛʝʨ Eijkelkamp [7]. 

ʇʨʠʙʦʨ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʧʨʝʨʳʚʥʫʶ 

ʨʝʛʠʩʪʨʘʮʠʶ ʧʨʦʮʝʩʩʘ ʠʟʤʝʥʝʥʠʷ ʪʚʝʨʜʦʩʪʠ 

ʧʦʯʚʳ ʥʘ ʛʣʫʙʠʥʫ ʜʦ 80 ʩʤ. ʩ ʚʳʚʦʜʦʤ 

ʚʠʟʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʵʢʨʘʥ ʠ ʝʸ 

ʩʦʭʨʘʥʝʥʠʝʤ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ 

ʫʩʪʨʦʡʩʪʚʘ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʠʥʬʦʨʤʘʮʠʷ 

ʠʟʚʣʝʢʘʝʪʩʷ ʠ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʲʶʪʝʨʘ, 

ʚʭʦʜʷʱʝʛʦ ʚ ʩʦʩʪʘʚ ʧʝʥʝʪʨʦʣʣʦʛʝʨʘ [8]. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʳʭ ʧʘʢʝʪʦʚ MS 

Excel ʠ STATISTICA 12 [9]. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʝʚʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ  ʧʦʣʫʯʝʥ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʤʘʩʩʠʚ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʳʡ 

ʧʨʦʰʝʣ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ. ɺ 

ʪʘʙʣʠʮʝ 1  ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʚʝʨʜʦʩʪʠ ʧʦʯʚʳ ʚ ʩʣʦʷʭ ʦʪ 

10 ʜʦ 80 ʩʤ ʩ ʠʥʪʝʨʚʘʣʦʤ ʚ 10 ʩʤ. ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚʘʨʠʘʥʪʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʠʝʤʦʚ ʝʝ ʨʘʟʫʧʣʦʪʥʝʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ 5 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʪʚʝʨʜʦʩʪʠ 

ʧʦ ʛʣʫʙʠʥʝ ʜʣʷ ʚʩʝʭ ʚʘʨʠʘʥʪʦʚ 

ʨʘʟʫʧʣʦʪʥʝʥʠʷ ʧʦʯʚʳ. 

ʊʘʙʣʠʮʘ 1 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʚʝʨʜʦʩʪʠ ʧʦʯʚʳ ʧʦ ʛʣʫʙʠʥʝ 

ɺʘʨʠʘʥʪʳ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ 
ʇʦʢʘʟʘʪʝʣʠ ɻʣʫʙʠʥʘ ʠʟʤʝʨʝʥʠʡ, ʩʤ 

 10 20 30 40 50 60 70 80 

ɼʦ ʦʙʨʘʙʦʪʢʠ (ʧʦʩʣʝ ʫʙʦʨʢʠ 

ʟʝʨʥʦʚʳʭ) 

m, MPa 3 5,3 5,6 5 4,7 4,3 3,4 2,8 

ů, MPa 0,85 1,34 1,21 0,95 0,93 0,71 0,59 0,43 

V, % 28,4 25,2 21,6 18,9 19,8 16,7 17,3 15,5 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʡ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʡ 

ʘʛʨʝʛʘʪ 

m, MPa 0,3 0,4 0,8 3,8 4,5 3,2 2,6 2,6 

ů, MPa 0,04 0,06 0,12 0,56 0,73 0,55 0,37 0,33 

V, % 14,2 13,8 15,0 14,8 16,2 17,1 14,1 12,8 

ʇʦʩʣʝ ʧʝʨʚʦʛʦ ʮʠʢʣʘ 

ʚʳʨʘʱʠʚʘʥʠʷ ʩʠʜʝʨʘʪʦʚ 

m, MPa 2 2,3 2,5 2 2,2 2 2,3 2 

ů, MPa 0,40 0,44 0,42 0,36 0,44 0,29 0,37 0,28 

V, % 20,1 19,3 16,8 18,2 20,1 14,6 16,3 14,2 

ʇʦʩʣʝ ʚʪʦʨʦʛʦ ʮʠʢʣʘ 

ʚʳʨʘʱʠʚʘʥʠʷ ʩʠʜʝʨʘʪʦʚ 

m, MPa 0,9 1,8 2 1,5 1,3 1,9 2,2 1,9 

ů, MPa 0,16 0,29 0,31 0,24 0,20 0,32 0,34 0,32 

V, % 17,3 16,3 15,4 16,2 15,6 16,6 15,4 16,8 

 

 
ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʴ ʪʚʝʨʜʦʩʪʠ ʧʦʯʚʳ ʦʪ 

ʛʣʫʙʠʥʳ ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʨʠʝʤʘʭ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ 

 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʧʦʯʚʳ ʧʦʩʣʝ ʫʙʦʨʢʠ ʧʨʝʜʰʝʚʩʪʚʫʶʱʠʭ 

ʢʘʨʪʦʬʝʣʶ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʥʘ ʛʣʫʙʠʥʝ 

ʥʠʞʝ 25 ʩʤ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʫʧʣʦʪʥʝʥʠʝ ʧʦʜʧʘʭʦʪʥʦʛʦ ʩʣʦʷ, ʟʥʘʯʝʥʠʷ 

ʢʦʪʦʨʦʛʦ ʜʦʭʦʜʷʪ ʜʦ 5,5 ʄʇʘ. ʇʨʠ ʪʘʢʦʤ 

ʫʧʣʦʪʥʝʥʠʠ ʥʝʚʦʟʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ 

ʩʚʦʙʦʜʥʦʝ ʨʘʟʚʠʪʠʝ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ 

ʨʘʩʪʝʥʠʡ ʠ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚʣʘʛʠ ʚ ʥʠʞʥʠʝ 
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ʩʣʦʠ ʧʦʯʚʝʥʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʧʦ ʧʨʠʯʠʥʝ 

ʦʪʩʫʪʩʪʚʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʧʦʨ ʠ ʢʘʧʠʣʣʷʨʦʚ. 

ʆʙʨʘʙʦʪʢʘ ʧʦʯʚʳ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ 

ʘʛʨʝʛʘʪʦʤ ʥʘ ʛʣʫʙʠʥʫ 30-32 ʩʤ ʧʦʟʚʦʣʠʣʘ 

ʫʩʪʨʘʥʠʪʴ ʦʩʥʦʚʥʦʝ ʫʧʣʦʪʥʝʥʠʝ ʧʦʯʚʳ, 

ʨʘʩʰʠʨʠʚ ʟʦʥʫ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚʣʘʛʠ ʠ 

ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ ʨʘʩʪʝʥʠʡ, ʦʜʥʘʢʦ ʥʘʣʠʯʠʝ 

ʦʩʪʘʪʢʦʚ ʧʣʫʞʥʦʡ ʧʦʜʦʰʚʳ, ʛʜʝ ʪʚʝʨʜʦʩʪʴ 

ʧʦʯʚʳ ʜʦʭʦʜʠʪ ʜʦ ʟʥʘʯʝʥʠʷ 4,5 ʄʇʘ, ʥʝ 

ʧʦʟʚʦʣʠʪ ʧʦʣʥʦʩʪʴʶ ʨʝʘʣʠʟʦʚʘʪʴ ʧʦʪʝʥʮʠʘʣ 

ʩʦʨʪʘ ʢʘʨʪʦʬʝʣʷ, ʢʦʨʥʝʚʘʷ ʩʠʩʪʝʤʘ ʢʦʪʦʨʦʛʦ 

ʦʙʣʘʜʘʝʪ ʥʠʟʢʦʡ ʧʨʦʥʠʢʘʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ.  

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʧʝʨʝʫʧʣʦʪʥʝʥʠʷ ʧʦʯʚʳ 

ʤʦʞʥʦ ʧʝʨʠʦʜʠʯʥʦ ʧʨʦʚʦʜʠʪʴ ʛʣʫʙʦʢʦʝ 

ʨʳʭʣʝʥʠʝ ʧʦʣʝʡ ʪʷʞʝʣʳʤʠ ʢʫʣʴʪʠʚʘʪʦʨʘʤʠ-

ʛʣʫʙʦʢʦʨʳʭʣʠʪʝʣʷʤʠ, ʩʧʦʩʦʙʥʳʤʠ 

ʧʨʦʚʦʜʠʪʴ ʦʙʨʘʙʦʪʢʫ ʥʘ ʛʣʫʙʠʥʫ ʜʦ 60 ʩʤ. 

ʆʜʥʘʢʦ ʪʘʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʯʚʳ ʪʨʝʙʫʝʪ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ, ʪʨʝʙʫʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʱʥʳʭ ʪʨʘʢʪʦʨʦʚ, 

ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʤʘʣʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, 

ʧʨʠ ʵʪʦʤ ʥʝ ʧʨʠʚʦʜʠʪ ʢ  ʫʣʫʯʰʝʥʠʶ 

ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ ʧʦʯʚʳ. ʇʦʵʪʦʤʫ ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ, 

ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʶʱʠʭ ʫʧʣʦʪʥʝʥʠʶ ʧʦʯʚʳ, ʠ 

ʧʦʚʪʦʨʝʥʠʠ ʧʦʣʥʦʛʦ ʮʠʢʣʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʦʧʝʨʘʮʠʡ ʧʦ ʚʦʟʜʝʣʳʚʘʥʠʶ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʙʫʜʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʚʦʟʚʨʘʪ ʧʦʯʚʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢ 

ʠʩʭʦʜʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ 

ʩʝʟʦʥʘ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʚʦʟʥʠʢʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʙʦʣʝʝ ʯʘʩʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʛʣʫʙʦʢʦʨʳʭʣʠʪʝʣʝʡ.  

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʪʚʝʨʜʦʩʪʠ 

ʧʦʯʚʳ ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʮʠʢʣʘ ʚʳʨʘʱʠʚʘʥʠʷ 

ʩʠʜʝʨʘʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʦʨʥʝʚʘʷ ʩʠʩʪʝʤʘ 

ʨʘʩʪʝʥʠʡ ʩʤʦʛʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ 

ʪʚʝʨʜʦʩʪʴ ʧʦʯʚʳ, ʠʩʧʦʣʴʟʫʷ ʧʨʠʨʦʜʥʳʝ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ. ʇʨʠ ʵʪʦʤ ʢʦʨʥʝʚʘʷ 

ʩʠʩʪʝʤʘ ʩʠʜʝʨʘʣʴʥʦʡ ʢʫʣʴʪʫʨʳ (ʨʝʜʴʢʠ 

ʤʘʩʣʠʯʥʦʡ) ʩʤʦʛʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ 

ʩʪʝʧʝʥʴ ʫʧʣʦʪʥʝʥʠʷ ʧʦʯʚʳ ʚ ʟʦʥʝ ʛʜʝ ʨʘʥʝʝ 

ʦʪʤʝʯʘʣʘʩʴ ʧʣʫʞʥʘʷ ʧʦʜʦʰʚʘ ʠ ʧʨʦʥʠʢʥʫʪʴ 

ʛʣʫʙʞʝ ʥʝʝ, ʬʦʨʤʠʨʫʷ ʨʘʚʥʦʤʝʨʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʧʦʯʚʳ ʧʦ ʛʣʫʙʠʥʝ. 

ʊʘʢʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʯʚʳ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʭʦʨʦʰʠʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 

ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ ʢʘʨʪʦʬʝʣʷ ʧʦ ʦʩʪʘʪʢʘʤ 

ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ ʩʠʜʝʨʘʪʦʚ ʚ ʥʠʞʥʠʝ ʩʣʦʠ 

ʧʦʯʚʝʥʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʩ ʥʘʢʦʧʣʝʥʥʳʤʠ 

ʟʘʧʘʩʘʤʠ ʵʣʝʤʝʥʪʦʚ ʧʠʪʘʥʠʷ ʠ ʚʣʘʛʠ. ʂʨʦʤʝ 

ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ 

ʨʘʟʣʦʞʝʥʠʠ ʧʦʯʚʝʥʥʦʡ ʙʠʦʪʦʡ ʙʦʣʴʰʦʛʦ 

ʦʙʲʝʤʘ ʟʝʣʝʥʦʡ ʤʘʩʩʳ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʙʝʣʢʘ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ 

ʘʤʤʠʘʢʘ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ. ɺʳʩʦʢʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʤʤʠʘʢʘ ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ ʧʦʯʚʳ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʛʦ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʝ, ʦʯʠʱʘʷ 

ʧʦʯʚʫ ʦʪ ʧʘʪʦʛʝʥʦʚ ʠ ʩʦʨʥʷʢʦʚ, ʩʧʦʩʦʙʥʳʭ 

ʥʘʥʝʩʪʠ ʫʱʝʨʙ ʨʘʩʪʫʱʠʤ ʨʘʩʪʝʥʠʷʤ. 

ʇʨʠ ʚʥʝʜʨʝʥʠʠ ʚ ʧʨʘʢʪʠʢʫ ʩʠʜʝʨʘʣʴʥʦʛʦ 

ʧʘʨʘ ʦʪʤʝʯʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʢʨʘʱʝʥʠʝ 

ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ. ɿʘ ʩʯʝʪ ʘʢʪʠʚʥʦʛʦ ʨʦʩʪʘ 

ʩʠʜʝʨʘʪʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʜʘʚʣʝʥʠʝ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʠʥʳʭ ʨʘʩʪʝʥʠʡ, ʘ ʧʦʩʣʝ ʟʘʜʝʣʢʠ 

ʨʘʩʪʠʪʝʣʴʥʦʡ ʤʘʩʩʳ ʧʨʦʠʩʭʦʜʠʪ ʜʘʣʴʥʝʡʰʝʝ 

ʧʦʜʘʚʣʝʥʠʝ ʨʦʩʪʘ ʩʦʨʥʷʢʦʚ ʚʳʜʝʣʷʶʱʠʤʩʷ 

ʘʤʤʠʘʢʦʤ. ʆʙʟʦʨ ʩʦʩʪʦʷʥʠʷ ʧʦʣʷ ʯʝʨʝʟ 2 

ʥʝʜʝʣʠ ʧʦʩʣʝ ʟʘʜʝʣʢʠ ʩʠʜʝʨʘʪʦʚ (ʨʠʩ. 4) 

ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʯʚʳ ʦʩʪʘʝʪʩʷ 

ʯʠʩʪʦʡ ʦʪ ʦʜʥʦʣʝʪʥʠʭ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʩʘʤʳʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ 

ʜʣʷ ʠʭ ʨʦʩʪʘ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʳʜʝʣʝʥʠʝ 

ʘʤʤʠʘʢʘ ʧʨʠ ʪʝʧʣʦʡ ʧʦʛʦʜʝ ʩʦ 

ʩʨʝʜʥʝʩʫʪʦʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ +14 Áʉ ʠ 

ʚʳʰʝ, ʧʨʦʜʦʣʞʘʝʪʩʷ 15-20 ʜʥʝʡ. ʇʦʵʪʦʤʫ 

ʧʦʚʪʦʨʥʳʡ ʧʦʩʝʚ ʩʠʜʝʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ ʧʨʠ 

ʚʦʟʜʝʣʳʚʘʥʠʠ ʩʠʜʝʨʘʣʴʥʦʛʦ ʧʘʨʘ ʤʦʞʥʦ 

ʧʨʦʚʦʜʠʪʴ ʯʝʨʝʟ 3 ʥʝʜʝʣʠ ʧʦʩʣʝ ʟʘʜʝʣʢʠ 

ʨʘʩʪʝʥʠʡ ʧʝʨʚʦʛʦ ʩʨʦʢʘ.   

ʇʦʤʠʤʦ ʫʩʧʝʰʥʦʡ ʙʦʨʴʙʳ ʩ ʩʦʨʥʳʤʠ 

ʨʘʩʪʝʥʠʷʤʠ, ʙʦʣʝʟʥʷʤʠ ʠ ʚʨʝʜʠʪʝʣʷʤʠ 

ʧʨʠʤʝʥʝʥʠʝ ʩʠʜʝʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ ʫʣʫʯʰʘʝʪ 

ʩʪʨʫʢʪʫʨʫ ʧʦʯʚʳ, ʥʘʩʳʱʘʷ ʝʸ ʦʨʛʘʥʠʯʝʩʢʠʤ 

ʚʝʱʝʩʪʚʦʤ. ʅʘ ʨʠʩʫʥʢʝ 7 ʧʦʢʘʟʘʥʦ ʩʦʩʪʦʷʥʠʝ 

ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʧʦʯʚʳ ʪʦʣʱʠʥʦʡ 10-12 ʩʤ, 

ʢʫʜʘ ʙʳʣʠ ʟʘʜʝʣʘʥʳ ʠʟʤʝʣʴʯʝʥʥʳʝ ʨʘʩʪʝʥʠʷ 

ʩʠʜʝʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ. ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 
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          ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 
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ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʯʚʳ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʚʣʘʛʠ 

ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ ʟʘ ʩʯʝʪ ʤʠʥʠʤʠʟʘʮʠʠ 

ʧʨʦʛʨʝʚʘ ʥʠʞʥʠʭ ʩʣʦʝʚ ʧʦ ʧʨʠʯʠʥʝ ʥʠʟʢʦʡ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦʯʚʳ ʩ ʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. ʂʨʦʤʝ 

ʵʪʦʛʦ ʥʘʣʠʯʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʭʦʨʦʰʝʡ ʩʪʨʫʢʪʫʨʠʟʘʮʠʠ 

ʧʦʯʚʳ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʸ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʨʘʟʨʫʰʝʥʠʶ ʠ ʭʦʨʦʰʝʝ ʢʨʦʰʝʥʠʝ ʧʨʠ 

ʤʝʭʘʥʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ (ʧʦʯʚʦʦʙʨʘʙʦʪʢʘ, 

ʩʝʧʘʨʘʮʠʷ ʚʦ ʚʨʝʤʷ ʫʙʦʨʢʠ).  

 

 
ʈʠʩ. 7. ʈʘʩʪʠʪʝʣʴʥʳʝ ʦʩʪʘʪʢʠ ʚ ʩʣʦʝ ʜʦ 12 ʩʤ 

ʯʝʨʝʟ 2 ʥʝʜʝʣʠ ʧʦʩʣʝ ʟʘʜʝʣʢʠ ʩʠʜʝʨʘʪʦʚ 

 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʪʚʝʨʜʦʩʪʠ 

ʧʦʯʚʳ ʧʦʩʣʝ ʚʪʦʨʦʛʦ ʮʠʢʣʘ ʚʳʨʘʱʠʚʘʥʠʷ 

ʩʠʜʝʨʘʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʦʨʥʝʚʘʷ ʩʠʩʪʝʤʘ 

ʩʠʜʝʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ ʧʦʣʥʦʩʪʴʶ ʫʩʪʨʘʥʠʣʘ 

ʧʣʫʞʥʫʶ ʧʦʜʦʰʚʫ, ʦʙʝʩʧʝʯʠʚ 

ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʙʝʩʧʨʝʧʷʪʩʪʚʝʥʥʦʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 

ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ ʠ ʚʣʘʛʠ ʚ ʥʠʞʥʠʝ ʩʣʦʠ 

ʧʦʯʚʝʥʥʦʛʦ ʛʦʨʠʟʦʥʪʘ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʪʘʢʦʝ 

ʩʦʩʪʦʷʥʠʝ ʠ ʩʪʨʫʢʪʫʨʘ ʧʦʯʚʳ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʧʨʠ ʚʦʟʜʝʣʳʚʘʥʠʠ ʢʘʨʪʦʬʝʣʷ 

ʠʩʢʣʶʯʠʪʴ ʧʨʦʚʝʜʝʥʠʝ ʧʨʝʜʧʦʩʘʜʦʯʥʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʠ ʚʳʧʦʣʥʷʪʴ ʚʝʩʴ ʮʠʢʣ ʚʝʩʝʥʥʝ-

ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʟʘ ʦʜʠʥ ʧʨʦʭʦʜ 

ʢʘʨʪʦʬʝʣʝʧʦʩʘʜʦʯʥʦʛʦ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ 

ʘʛʨʝʛʘʪʘ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʚʨʝʤʝʥʠ 

ʠ ʵʥʝʨʛʠʠ. 

ɺʳʚʦʜʳ 

1. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʧʦʯʚʳ ʧʦʩʣʝ ʫʙʦʨʢʠ ʧʨʝʜʰʝʚʩʪʚʫʶʱʠʭ 

ʢʘʨʪʦʬʝʣʶ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʥʘ ʛʣʫʙʠʥʝ 

ʥʠʞʝ 25 ʩʤ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʫʧʣʦʪʥʝʥʠʝ ʧʦʜʧʘʭʦʪʥʦʛʦ ʩʣʦʷ, ʟʥʘʯʝʥʠʷ 

ʢʦʪʦʨʦʛʦ ʜʦʭʦʜʷʪ ʜʦ 5,5 ʄʇʘ. 

2. ʆʙʨʘʙʦʪʢʘ ʧʦʯʚʳ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ 

ʘʛʨʝʛʘʪʦʤ ʥʘ ʛʣʫʙʠʥʫ 30-32 ʩʤ ʧʦʟʚʦʣʠʣʘ 

ʫʩʪʨʘʥʠʪʴ ʦʩʥʦʚʥʦʝ ʫʧʣʦʪʥʝʥʠʝ ʧʦʯʚʳ, 

ʦʜʥʘʢʦ ʥʘʣʠʯʠʝ ʦʩʪʘʪʢʦʚ ʧʣʫʞʥʦʡ ʧʦʜʦʰʚʳ, 

ʛʜʝ ʪʚʝʨʜʦʩʪʴ ʧʦʯʚʳ ʜʦʭʦʜʠʪ ʜʦ ʟʥʘʯʝʥʠʷ 4,5 

ʄʇʘ, ʥʝ ʧʦʟʚʦʣʠʪ ʧʦʣʥʦʩʪʴʶ ʨʝʘʣʠʟʦʚʘʪʴ 

ʧʦʪʝʥʮʠʘʣ ʩʦʨʪʘ ʢʘʨʪʦʬʝʣʷ. 

3. ʇʦʩʣʝ ʜʚʫʭ ʮʠʢʣʦʚ ʚʳʨʘʱʠʚʘʥʠʷ 
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ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʝʛʦ ʢʦʣʝʙʘʥʠʡ. 

https://www.sciencedirect.com/science/article/pii/S0167198796010501#!
https://www.sciencedirect.com/science/journal/01671987
https://www.sciencedirect.com/science/journal/01671987/40/3
https://www.sciencedirect.com/science/journal/01671987/40/3
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ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʤʝʥʷʣʠʩʴ ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʟʫʯʝʥʠʠ ʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ; 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʵʥʝʨʛʦʦʮʝʥʢʝ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, ʘʥʘʣʠʟ ʠ 

ʦʙʦʙʱʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʅʘʫʯʥʫʶ ʥʦʚʠʟʥʫ ʨʘʙʦʪʳ ʩʦʩʪʘʚʣʷʶʪ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʚʷʟʠ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʩ ʧʘʨʘʤʝʪʨʘʤʠ 

ʝʛʦ ʢʦʣʝʙʘʥʠʡ (ʘʤʧʣʠʪʫʜʘ, ʧʝʨʠʦʜ, ʯʘʩʪʦʪʘ, ʢʦʣʠʯʝʩʪʚʦ ʠ ʜʣʠʥʘ ʚʦʣʥʳ). 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʩʭʝʤʳ ʢ ʦʧʨʝʜʝʣʝʥʠʶ 

ʚʠʜʘ ʠ ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʝʙʘʥʠʡ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ. ɼʘʥʳ 

ʨʘʩʯʝʪʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʝʙʘʥʠʡ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ.  

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʩʚʷʟʠ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʜʠʥʘʤʠʯʥʳʭ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʠʭ ʢʦʣʝʙʘʥʠʡ, ʠ ʪʝʤ ʩʘʤʳʤ, 

ʦʙʝʩʧʝʯʠʪʴ ʦʙʲʝʢʪʠʚʥʳʡ ʘʥʘʣʠʟ ʠ ʧʨʦʛʥʦʟ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʧʘʨʘʤʝʪʨʳ ʢʦʣʝʙʘʥʠʡ, ʪʷʛʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, 

ʦʙʨʘʙʦʪʢʘ ʧʦʯʚʳ, ʜʠʥʘʤʠʯʥʳʡ ʨʘʙʦʯʠʡ ʦʨʛʘʥ. 
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RESISTANCE OF A DYNAMIC SOIL-TILLING TOOL AND ITS VIBRATION PARAMETERS 

 

N.I. Dzhabborov, DSc (Engineering);  A.V. Sergeev, Cand. Sc. (Engineering)  

 

Institute for Engineering and Environmental Problems in Agricultural Production (IEEP) ï branch of FSAC 

VIM, Saint Petersburg, Russia 

 

To determine experimentally the relationship between the traction resistances of dynamic soil-tilling 

tools with their vibration parameters, such as amplitude, period, frequency, quantity and the wavelength, 

requires much time and resources. The efficient designing of the new tilling tools and the upgrading of the 

standard ones depend on the correct problem solving under the conditions of elevated vibration uncertainty. 

The study objective was to create the relevant mathematical models. The study target was the practice of 

ploughless surface soil tillage. The study focus was the regularities in variation of traction resistance 

parameters of soil-tilling tools. The mathematical modeling methods, based on the study of physical 

regularities occurring during the tillage process, were applied. The experiments on energy assessment of the 

working tools with the experimental data analysis and synthesis were conducted.  The scientific novelty of 

the work was the created mathematic models, which allow establishing the relationship between the average 

traction resistance of dynamic soil-tilling tools with their vibration parameters (amplitude, period, frequency, 

quantity and the wavelength). The article presents the main characteristics of the vibration processes, 

schemes for determining the variation type and parameters of the traction resistance of the soil-tilling tool 

and the estimated formulas for determining the variation parameters of the traction resistance. The created 

models allow establishing the relationship between the traction resistance of the dynamic soil-tilling tools 

and their vibration parameters. They also provide a fact-based analysis and forecast of their planned 

performance. 
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ɺʚʝʜʝʥʠʝ 

ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʯʝʥʳʭ ʦʙʦʩʥʦʚʘʥʘ 

ʦʪʝʯʝʩʪʚʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ 

ʠ ʧʦʩʝʚʘ ʥʘ ʦʩʥʦʚʝ ʩʦʙʩʪʚʝʥʥʳʭ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ 

ʤʘʰʠʥ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʦʥ ʟʝʤʣʝʜʝʣʠʷ [1]. 

ʈʘʟʨʘʙʦʪʘʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʨʘʙʦʪʳ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʨʳʭʣʠʪʝʣʴʥʳʭ [2, 3], 

ʢʫʣʴʪʠʚʘʪʦʨʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʢʘʤʝʥʠʩʪʳʭ ʧʦʯʚ ʟʘ ʩʯʝʪ ʘʜʘʧʪʠʚʥʦʩʪʠ ʢ 

ʧʦʯʚʝʥʥʳʤ ʫʩʣʦʚʠʷʤ [4]. 

ʇʨʦʚʝʜʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʥʠʞʝʥʠʷ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʫʛʣʘ 

ʦʪʙʦʨʪʦʚʢʠ ʣʝʤʝʭʘ [5].  

ʉʫʱʝʩʪʚʝʥʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ 

ʧʨʠ ʨʘʙʦʪʝ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʘʛʨʝʛʘʪʦʚ 

ʷʚʣʷʝʪʩʷ ʠʭ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʠ ʩʣʫʯʘʡʥʳʡ 

ʭʘʨʘʢʪʝʨ ʚ ʚʝʨʦʷʪʥʦʩʪʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ 

ʩʤʳʩʣʝ [6, 7]. 

ʅʘʫʯʥʳʝ ʦʩʥʦʚʳ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ, ʥʘʜʝʣʝʥʥʳʝ ʩʚʦʡʩʪʚʦʤ 

ʜʠʥʘʤʠʯʥʦʩʪʠ, ʪʨʝʙʫʶʪ ʛʣʫʙʦʢʦʝ ʠʟʫʯʝʥʠʝ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩ ʧʦʯʚʦʡ ʠ ʜʦʩʪʦʚʝʨʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʫʩʣʦʚʠʷʭ ʠʭ ʨʘʙʦʪʳ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʪʝʦʨʠʠ ʦ ʜʠʥʘʤʠʢʝ 

ʨʘʙʦʪʳ ʤʦʙʠʣʴʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʘʛʨʝʛʘʪʦʚ, ʢʘʢ ʥʘʫʯʥʘʷ ʙʘʟʘ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʤʘʰʠʥ, ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ ʠʩʧʦʣʴʟʫʶʪ ʦʜʥʦʤʝʨʥʳʝ ʠ 

ʤʥʦʛʦʤʝʨʥʳʝ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʠ 

ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʤʦʜʝʣʠ, ʩʦ ʤʥʦʛʠʤʠ 

ʚʭʦʜʥʳʤʠ ʠ ʚʳʭʦʜʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ. 

ʅʘʧʨʠʤʝʨ, ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʘʛʨʝʛʘʪʦʚ ʚ ʢʘʯʝʩʪʚʝ 

ʚʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ (ʘʨʛʫʤʝʥʪʦʚ) 

ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʪʷʛʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, 

ʧʨʦʬʠʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʷ, ʩʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʠ ʪ.ʜ. ɺ ʢʘʯʝʩʪʚʝ ʚʳʭʦʜʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ (ʬʫʥʢʮʠʡ) ʨʘʩʩʤʘʪʨʠʚʘʶʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʘʛʨʝʛʘʪʘ, ʨʘʩʭʦʜ 

ʪʦʧʣʠʚʘ ʥʘ ʝʜʠʥʠʮʫ ʪʷʛʦʚʦʡ ʤʦʱʥʦʩʪʠ, 

ʚʳʨʘʙʦʪʢʠ, ʪʷʛʦʚʫʶ ʤʦʱʥʦʩʪʴ ʪʨʘʢʪʦʨʘ, 

ʟʘʪʨʘʪʳ ʪʨʫʜʘ, ʵʥʝʨʛʠʠ ʠ ʪ.ʧ.  

ɼʠʥʘʤʠʯʥʳʝ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ1, 

ʙʣʘʛʦʜʘʨʷ ʦʩʦʙʝʥʥʦʩʪʠ ʩʚʦʝʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʜʩʪʨʘʠʚʘʶʱʠʝʩʷ ʢ 

ʠʟʤʝʥʷʶʱʠʤʩʷ ʧʦʯʚʝʥʥʳʤ ʫʩʣʦʚʠʷʤ ï 

ʪʚʝʨʜʦʩʪʠ ʠ ʧʣʦʪʥʦʩʪʠ ʧʦʯʚʳ, ʠ ʪʝʤ ʩʘʤʳʤ, 

ʧʦʟʚʦʣʷʶʪ ʫʤʝʥʴʰʠʪʴ ʘʤʧʣʠʪʫʜʫ 

ʤʝʟʦʢʦʣʝʙʘʥʠʡ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʛʦ 

ʨʘʩʩʝʷʥʠʷ ʧʨʠ ʨʘʙʦʪʝ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ 

ʘʛʨʝʛʘʪʦʚ. 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ, ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʨʘʙʦʪʳ ʜʠʥʘʤʠʯʥʳʭ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʠ ʤʘʰʠʥ, ʪʷʛʦʚʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 

ʚʳʭʦʜʥʦʡ ʧʘʨʘʤʝʪʨ [8, 9]. ɺ ʢʘʯʝʩʪʚʝ 

ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʧʘʨʘʤʝʪʨʳ ʢʦʣʝʙʘʥʠʡ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʘʤʧʣʠʪʫʜʘ, ʧʝʨʠʦʜ, 

ʯʘʩʪʦʪʘ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʣʝʙʘʥʠʡ ʠ ʜʣʠʥʘ 

ʚʦʣʥʳ (ʧʝʨʠʦʜ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ). 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʚʷʟʠ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʩ 
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ʧʘʨʘʤʝʪʨʘʤʠ ʝʛʦ ʢʦʣʝʙʘʥʠʡ, ʪʘʢʠʝ ʢʘʢ 

ʘʤʧʣʠʪʫʜʘ, ʧʝʨʠʦʜ, ʯʘʩʪʦʪʘ, ʢʦʣʠʯʝʩʪʚʦ ʠ 

ʜʣʠʥʘ ʚʦʣʥʳ, ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ 

ʵʥʝʨʛʦʦʮʝʥʢʠ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʪʨʫʜʦʝʤʢʠʤ 

ʧʨʦʮʝʩʩʦʤ. 

- ɼʞʘʙʙʦʨʦʚ ʅ.ʀ., ɿʘʭʘʨʦʚ ɸ.ʄ., 

ʉʝʤʝʥʦʚʘ ɻ.ɸ. ʈʘʙʦʯʠʡ ʦʨʛʘʥ ʜʣʷ ʨʳʭʣʝʥʠʷ 

ʧʦʯʚʳ. ʇʘʪʝʥʪ ʥʘ ʧʦʣʝʟʥʫʶ ʤʦʜʝʣʴ RUS 

182130 06.09.2017ʛ. 

ɼʞʘʙʙʦʨʦʚ ʅ.ʀ., ɽʚʩʝʝʚʘ ʉ.ʇ., ʉʝʤʝʥʦʚʘ 

ɻ.ɸ. ʈʘʙʦʯʠʡ ʦʨʛʘʥ ʜʣʷ ʨʳʭʣʝʥʠʷ ʧʦʯʚʳ. 

ʇʘʪʝʥʪ ʥʘ ʧʦʣʝʟʥʫʶ ʤʦʜʝʣʴ ʈʌ ˉ 169104. 

03.03.2017ʛ. 

ʆʪ ʧʨʘʚʠʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʪʘʢʦʡ ʟʘʜʘʯʠ ʚ 

ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 

ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʝʙʘʥʠʡ ʟʘʚʠʩʠʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʠʧʦʚʳʭ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ.  

ʈʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʩʚʷʟʠ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʥʘʤʠʯʥʳʭ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ ʠʭ ʢʦʣʝʙʘʥʠʡ, ʠ ʪʝʤ ʩʘʤʳʤ, 

ʦʙʝʩʧʝʯʠʪʴ ʦʙʲʝʢʪʠʚʥʳʡ ʘʥʘʣʠʟ ʠ ʧʨʦʛʥʦʟ 

ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠʭ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʨʘʟʨʘʙʦʪʢʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʦʧʨʝʜʝʣʠʪʴ ʩʚʷʟʠ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʝʛʦ 

ʢʦʣʝʙʘʥʠʡ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʠʤʝʥʷʣʠʩʴ ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʟʫʯʝʥʠʠ 

ʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʧʨʦʪʝʢʘʶʱʠʭ 

ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ; 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʵʥʝʨʛʦʦʮʝʥʢʝ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, ʘʥʘʣʠʟ ʠ ʦʙʦʙʱʝʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ [10]. 

ʋʧʨʫʛʠʡ ʵʣʝʤʝʥʪ ʜʠʥʘʤʠʯʥʦʛʦ ʨʘʙʦʯʝʛʦ 

ʦʨʛʘʥʘ, ʢʦʪʦʨʳʡ ʧʨʠʜʘʝʪ ʝʤʫ ʩʚʦʡʩʪʚʦ 

ʜʠʥʘʤʠʯʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʦʩʫ 

ʨʘʟʤʝʨʦʤ 420ʭ60 ʤʤ ʠʟ ʧʨʫʞʠʥʠʩʪʦʡ ʩʪʘʣʠ 

65ɻ ɻʆʉʊ 2283-79 ʪʦʣʱʠʥʦʡ 6 ʤʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʂʦʣʝʙʘʥʠʝ ʥʘʛʨʫʟʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʧʦʚʪʦʨʷʶʱʠʡʩʷ 

ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ. 

ʀʟʤʝʥʝʥʠʷ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʄʊɸ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʢʘʢ 

ʤʘʢʨʦ-, ʤʝʟʦ- ʠ ʤʠʢʨʦʢʦʣʝʙʘʥʠʷ. 

ʆʙʣʘʩʪʴ ʤʘʢʨʦʢʦʣʝʙʘʥʠʡ ʥʘʛʨʫʟʢʠ 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0 ʜʦ 0,2 ɻʮ, 

ʤʝʟʦʢʦʣʝʙʘʥʠʡ ï ʦʪ 0,2 ʜʦ 3,0 ɻʮ ʠ 

ʤʠʢʨʦʢʦʣʝʙʘʥʠʡ ï ʩʚʳʰʝ 3 ï 5 ɻʮ. ʅʘ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʘʛʨʝʛʘʪʦʚ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ 

ʦʢʘʟʳʚʘʶʪ ʤʘʢʨʦʢʦʣʝʙʘʥʠʷ. ɼʨʫʛʠʤʠ 

ʩʣʦʚʘʤʠ, ʤʘʢʨʦʢʦʣʝʙʘʥʠʷ ʫʭʫʜʰʘʶʪ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʘʛʨʝʛʘʪʦʚ. 

ʅʠʟʢʦʯʘʩʪʦʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ï ʩ ʧʝʨʠʦʜʦʤ 

˟ ρ ς ̒Ȣ 

ɺʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ï ʩ 

ʧʝʨʠʦʜʦʤ ˟ ρ ς ̒Ȣ 

ʆʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ 

ʢʦʣʝʙʘʥʠʷ ʥʘʛʨʫʟʢʠ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ 

ʘʛʨʝʛʘʪʦʚ: 

- ʥʘ ʤʠʢʨʦʢʦʣʝʙʘʥʠʷ (ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ) 

ï ʢʨʦʰʝʥʠʝ ʧʦʯʚʳ ʠ ʩʦʩʪʦʷʥʠʝ 

ʤʠʢʨʦʧʨʦʬʠʣʷ ʫʯʘʩʪʢʘ (ʨʠʩʫʥʦʢ 1); 

- ʥʘ ʤʝʟʦʢʦʣʝʙʘʥʠʷ ï ʧʝʨʠʦʜʠʯʝʩʢʦʝ 

ʠʟʤʝʥʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʯʚʳ ʠʟ-ʟʘ 

ʧʷʪʥʠʩʪʦʩʪʠ ʝʝ ʚʣʘʞʥʦʩʪʠ, ʪʚʝʨʜʦʩʪʠ, 

ʧʣʦʪʥʦʩʪʠ, ʟʘʩʦʨʝʥʥʦʩʪʠ ʠ ʪ.ʜ. (ʨʠʩʫʥʦʢ 1); 

- ʥʘ ʤʘʢʨʦʢʦʣʝʙʘʥʠʷ ï ʧʦʜʲʝʤʘʤʠ, 

ʧʨʝʦʜʦʣʝʥʠʝʤ ʥʠʟʠʥ ʠ ʪ.ʜ. (ʨʠʩʫʥʦʢ 2). 

ʆʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʢʦʣʝʙʘʥʠʡ 

ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ 

ʷʚʣʷʶʪʩʷ: 

- ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ɸ, (ʢʅ); 

- ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʊ, (ʩʝʢ.); 

- ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ „̑ ;(ʩ-1) ,‫ 

- ʢʦʣʠʯʝʩʪʚʦ ʢʦʣʝʙʘʥʠʡ ὲ, (ʤʠʥ-1); 
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- ʜʣʠʥʘ ʚʦʣʥʳ (ʧʝʨʠʦʜ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ) ʚL
, (ʤ). 

ʄʠʢʨʦ ʠ ʤʝʟʦʢʦʣʝʙʘʥʠʷ ʥʘʛʨʫʟʢʠ. 

ʈʠʩ. 1. ʉʭʝʤʘ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʚʠʜʘ ʠ 

ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʝʙʘʥʠʡ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ 

 

 
ʄʘʢʨʦʢʦʣʝʙʘʥʠʷ (ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ) 

ʥʘʛʨʫʟʢʠ. 

I ï ʧʝʨʠʦʜ ʨʘʟʛʦʥʘ;  II ï ʫʩʪʘʥʦʚʠʚʰʠʝʩʷ 

ʨʝʞʠʤ;   III ï ʨʘʙʦʪʘ ʥʘ ʧʦʜʲʝʤʝ;  

IV ï ʧʨʝʦʜʦʣʝʥʠʝ ʥʠʟʠʥ. 

ʈʠʩ. 2. ʉʭʝʤʘ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʚʠʜʘ ʠ 

ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʝʙʘʥʠʡ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ 

 

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʚ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʨʝʞʠʤʘʭ, 

ʢʦʪʦʨʳʤ ʭʘʨʘʢʪʝʨʥʳ ʤʠʢʨʦ - ʠ 

ʤʝʟʦʢʦʣʝʙʘʥʠʷ, ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʳʭ ʚ 

ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʚʣʠʷʶʪ ʥʘ ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʩʪʝʧʝʥʠ 

ʨʳʭʣʝʥʠʷ ʧʦʯʚʳ. 

ɸʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ  ̱ (ʨʠʩ. 1) 

ʪʛ̫ʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʯʚʦʦʙʨʘʙʘ-

ʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʤʘʢʩʠʤʘʣʴʥʦʝ ʝʛʦ ʩʤʝʱʝʥʠʷ ʦʪ ʝʛʦ 

ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ, ʪʦ ʝʩʪʴ ʧʦʣʦʞʝʥʠʷ 

ʨʘʚʥʦʚʝʩʠʷ, ʢʅ. 

ʇʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ  ˟ (ʨʠʩ. 1) ï ʚʨʝʤʷ 

ʦʜʥʦʛʦ ʧʦʣʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

ʇʝʨʠʦʜ ʊ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ 

)(wsʈ  ʢʦʣʝʙʘʥʠʡ ʥʘʛʨʫʟʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʟʘʚʠʩʠʤʦʩʪʴʶ: 

˟
̑

,    ʩʝʢ    (1) 

ʏʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʷ ʥʘʛʨʫʟʢʠ )(wsʈ , ʪʦ 

ʝʩʪʴ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʘʙʦʯʝʛʦ 

ʦʨʛʘʥʘ, ʵʪʦ ʯʠʩʣʦ ʢʦʣʝʙʘʥʠʡ ʚ ʝʜʠʥʠʮʫ 

ʚʨʝʤʝʥʠ: 

ʊ
ʈ

1
)( =ws

, ʩ-1    (2), 

ʛʜʝ ʊ ï ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ, ʩʝʢ. 

ʂʦʣʠʯʝʩʪʚʦ ʢʦʣʝʙʘʥʠʡ sn  (ʤʠʥ-1) ʥʘ 1 

ʤ ʧʨʦʡʜʝʥʥʦʛʦ ʜʠʥʘʤʠʯʥʳʤ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʤ ʨʘʙʦʯʠʤ ʦʨʛʘʥʦʤ 

ʧʫʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ:  

P

ʈ

V
n

)(ws
s=

, ʤʠʥ
-1
    (3) 

ʛʜʝ -)(wsʈ  ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ɻʮ; -PV  ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ, 

ʤ/ʩ. 

ɼʣʠʥʘ ʚʦʣʥʳ ʚL
 (ʤ), ʢʘʢ ʧʫʪʴ, ʢʦʪʦʨʳʡ 

ʧʨʦʭʦʜʠʪ ʬʨʦʥʪ ʚʦʣʥʳ ʟʘ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ, 

ʨʘʚʥʳʡ ʧʝʨʠʦʜʫ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʷ:  

)(
ʚ

wsp

pV
L =

,  ʤ    (4) 

ʄʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʥʘʤʠʯʥʦʛʦ ʨʘʙʦʯʝʛʦ 

ʦʨʛʘʥʘ, ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ 

ʢʘʢ ʬʫʥʢʮʠʶ ʤʥʦʞʝʩʪʚʘ ʧʝʨʝʤʝʥʥʳʭ 

ʬʘʢʪʦʨʦʚ ï ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʝʙʘʥʠʡ: 

Ὑ Ὢ„̑ Ƞ ὲȠ ὒ̃Ƞ ὝȠ ὃ ,  (5) 

ʛʜʝ -)(wsʈ  ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ, ɻʮ; ʚL
 - 

ʜʣʠʥʘ ʚʦʣʥʳ, ʨʘʚʥʘʷ ʧʝʨʠʦʜʫ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ, ʤ.;  ˟ ï ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ, ʩʝʢ.; 
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sn - ʢʦʣʠʯʝʩʪʚʦ ʢʦʣʝʙʘʥʠʡ ʥʘ 1 ʤ 

ʧʨʦʡʜʝʥʥʦʛʦ ʜʠʥʘʤʠʯʥʳʤ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʤ ʨʘʙʦʯʠʤ ʦʨʛʘʥʦʤ 

ʧʫʪʠ, ʤʠʥ
-1

;  ̱ - ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ 

ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ, ʢʅ; 

ʊʷʛʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʜʥʦʛʦ 

ʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ ʠ 

ʢʦʣʠʯʝʩʪʚʘ ʢʦʣʝʙʘʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ: 

Ὑ πȟυ̠ ̅˟ Ὂ̃ᶻ̑ ̏
̑

ȟ ʢʅ  (6), 

ʛʜʝ ˗̅  - ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʨʨʘʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ; -ʇʊ  ʪʚʝʨʜʦʩʪʴ ʧʦʯʚʳ, 

ʢʛ/
ʩʤ2

; -*ʨʦF ʧʣʦʱʘʜʴ ʬʨʦʥʪʘʣʴʥʦʡ 

ʧʨʦʝʢʮʠʠ ʦʜʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʧʨʠ 

ʟʘʜʘʥʥʦʡ ʛʣʫʙʠʥʝ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ, ʤ
2
. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ ʠ 

ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʚʝʣʠʯʠʥʫ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ 

ʚʳʨʘʞʝʥʠʷ: 

Ὑ πȟυ̠ ̅˟ Ὂ̐ᶻ ὒ̃„ ‫ Ȣ  ʢʅ (7) 

ʊʷʛʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʩ 

ʜʣʠʥʦʡ ʚʦʣʥʳ ʠ ʧʝʨʠʦʜʦʤ ʢʦʣʝʙʘʥʠʡ ʠʤʝʝʪ 

ʩʣʝʜʫʶʱʫʶ ʩʚʷʟʴ: 

Ὑ πȟυ̠ ̅˟ Ὂ̐ᶻ ̃ Ȣ ʢʅ  (8) 

ʂʦʣʠʯʝʩʪʚʦ ʢʦʣʝʙʘʥʠʡ ʥʘ 1 ʤ 

ʧʨʦʡʜʝʥʥʦʛʦ ʜʠʥʘʤʠʯʥʳʤ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʤ ʨʘʙʦʯʠʤ ʦʨʛʘʥʦʤ 

ʧʫʪʠ ʠ ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʦʙʨʘʪʥʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʩ ʪʷʛʦʚʳʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ: 

Ὑ πȟυ̠ ̅˟ Ὂ̐ᶻ ὲ ϽὝ Ȣ ʢʅ    (9) 

ʆʪʤʝʯʝʥʘ ʩʚʷʟʴ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʩ ʘʤʧʣʠʪʫʜʦʡ ʢʦʣʝʙʘʥʠʡ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʚʘʨʠʘʮʠʠ: 

Ὑ ὃ
σ’ȟ ʢʅ    (10)  

ʛʜʝ ’̑ ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ. 

ʊʝʦʨʝʪʠʯʝʩʢʠ ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʨʨʘʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʂ  

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ: 

ʨʦ

ʇ

po

a

ʇʜ
FVʊ

R
ʉʂ

*2

ʨ

2

ÖÖ
=

,             (11), 

ʛʜʝ -ʇʉ  ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, 

ʟʘʚʠʩʷʱʠʡ ʦʪ ʨʘʟʤʝʨʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʨʦR
, 

ʇʊ , ʨV
 ʠ 

ʨʦF* , 

ʛʜʝ 
-ʨʦʘR

 ʪʷʛʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʜʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ, ʢʅ; 
ʨʦF*  - ʧʣʦʱʘʜʴ ʬʨʦʥʪʘʣʴʥʦʡ ʧʨʦʝʢʮʠʠ 

ʦʜʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ, 
ʤ2

. 

ʆʙʦʙʱʝʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʜʥʦʛʦ 

ʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʘʨʘʤʝʪʨʦʚ ʝʛʦ ʢʦʣʝʙʘʥʠʡ ʚʳʛʣʷʜʠʪ ʪʘʢ: 

Ὑ πȟρ̠ ̅˟ Ὂ̐ᶻ ̑ ὒ̃„ ‫

̃ ὲ ϽὝ ὃ
ρυ’.  (12) 

ɺʳʨʘʞʝʥʠʝ (12) ʧʦʣʫʯʝʥʦ ʧʨʠ 

ʦʙʦʙʱʝʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ (6) ï 

(10) ʠ ʷʚʣʷʝʪʩʷ ʦʙʦʙʱʝʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʴʶ ʠ ʦʪʨʘʞʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʦʪ 

ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʭ ʠ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʝʛʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɸʥʘʣʠʟ ʤʦʜʝʣʠ (12) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʨʘʙʦʪʘ ʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʧʦʯʚʳ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ, 

ʟʘʚʠʩʷʱʠʡ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʩʨʝʜʳ, ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ, 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʘʨʘʤʝʪʨʦʚ 

ʢʦʣʝʙʘʥʠʡ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʝʛʦ 

ʤʝʨʳ ʨʘʩʩʝʷʥʠʷ.  
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ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʚʠʜʫ ʥʦʚʠʟʥʳ 

ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʦʙʦʩʥʦʚʘʥʥʦʛʦ 

ʚʳʙʦʨʘ ʨʘʮʠʦʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ 

ʢʦʣʝʙʘʥʠʡ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʠʥʘʤʠʯʥʳʭ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʦʙʦʩʥʦʚʘʪʴ 

ʥʘʧʨʘʚʣʝʥʠʷ ʟʘʜʘʯʠ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɺʳʚʦʜʳ 

ɸʥʘʣʠʟ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʵʥʝʨʛʦʦʮʝʥʢʝ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʘʛʨʝʛʘʪʦʚ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʥʘ ʚʝʣʠʯʠʥʫ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʯʘʩʪʦʪʘ, 

ʜʣʠʥʘ ʚʦʣʥʳ, ʧʝʨʠʦʜ, ʘʤʧʣʠʪʫʜʘ ʠ 

ʢʦʣʠʯʝʩʪʚʦ ʢʦʣʝʙʘʥʠʡ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʫʩʪʘʥʦʚʠʪʴ ʩʚʷʟʴ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʥʘʤʠʯʥʳʭ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ ʝʛʦ ʢʦʣʝʙʘʥʠʡ. 

ɸʥʘʣʠʟ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʚʦʡʩʪʚʘ ʜʠʥʘʤʠʯʥʦʩʪʠ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, ʧʨʠ 

ʨʘʙʦʪʝ ʥʘ ʧʦʚʳʰʝʥʥʳʭ ʩʢʦʨʦʩʪʷʭ ʤʦʛʫʪ 

ʦʙʝʩʧʝʯʠʪʴ ʫʚʝʣʠʯʝʥʠʷ ʯʘʩʪʦʪʳ ʠ ʢʦʣʠʯʝʩʪʚʘ 

ʢʦʣʝʙʘʥʠʡ, ʠ ʫʤʝʥʴʰʝʥʠʷ ʠʭ ʧʝʨʠʦʜʘ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʩʪʝʧʝʥʴ ʨʳʭʣʝʥʠʷ ʚ 

ʩʨʝʜʥʝʤ ʥʘ 10-11 % ʠ ʩʥʠʟʠʪʴ ʵʥʝʨʛʦʝʤʢʦʩʪʴ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʥʘ 8 ï 10 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʠʧʦʚʳʤʠ (ʥʝʜʠʥʘʤʠʯʥʳʤʠ) ʨʘʙʦʯʠʤʠ 

ʦʨʛʘʥʘʤʠ. 
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ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʠ ʪʨʫʜʦʝʤʢʠʤ ʧʨʦʮʝʩʩʦʤ. ɺ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʝʙʘʥʠʡ ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʨʘʩʩʤʦʪʨʝʥʳ ʘʤʧʣʠʪʫʜʘ, ʧʝʨʠʦʜ, ʯʘʩʪʦʪʘ, ʢʦʣʠʯʝʩʪʚʦ ʠ 

ʜʣʠʥʘ ʚʦʣʥʳ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩ ʥʘʠʤʝʥʴʰʠʤʠ 

ʪʨʫʜʦʟʘʪʨʘʪʘʤʠ ʫʩʪʘʥʦʚʠʪʴ ʩʚʷʟʴ ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʝʙʘʥʠʡ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʠʭ ʜʚʠʞʝʥʠʷ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʨʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʧʨʝʜʝʣʠʪʴ ʩʚʷʟʠ 

ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʝʙʘʥʠʡ ʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʩʦ ʩʢʦʨʦʩʪʴʶ ʝʛʦ 

ʜʚʠʞʝʥʠʷ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʠʸʤ ʙʝʟʦʪʚʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ. ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʠʩʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʢʦʣʝʙʘʥʠʡ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʤʝʥʷʣʠʩʴ ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʟʫʯʝʥʠʠ 

ʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ; ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʵʥʝʨʛʦʦʮʝʥʢʝ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, ʘʥʘʣʠʟ ʠ ʦʙʦʙʱʝʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʅʘʫʯʥʫʶ ʥʦʚʠʟʥʫ ʨʘʙʦʪʳ ʩʦʩʪʘʚʣʷʶʪ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʩʚʷʟʴ ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʝʙʘʥʠʡ (ʘʤʧʣʠʪʫʜʘ, ʧʝʨʠʦʜ, ʯʘʩʪʦʪʘ, ʢʦʣʠʯʝʩʪʚʦ ʠ ʜʣʠʥʘ 

ʚʦʣʥʳ) ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʥʘʤʠʯʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʩʦ ʩʢʦʨʦʩʪʴʶ ʝʛʦ ʜʚʠʞʝʥʠʷ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʩ ʥʘʠʤʝʥʴʰʠʤʠ ʟʘʪʨʘʪʘʤʠ ʪʨʫʜʘ ʠ ʩʨʝʜʩʪʚ 

ʦʧʨʝʜʝʣʠʪʴ ʩʚʷʟʠ ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʝʙʘʥʠʡ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩʦ ʩʢʦʨʦʩʪʴʶ ʠʭ 

ʜʚʠʞʝʥʠʷ ʠ ʦʙʝʩʧʝʯʠʪʴ ʦʙʲʝʢʪʠʚʥʳʡ ʘʥʘʣʠʟ ʠ ʧʨʦʛʥʦʟ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠʭ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 
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To determine the vibration parameters of dynamic soil-tilling tools depending on their travelling speed 

as a part of a soil-tilling unit in the experiment is a complex and time-consuming process. The amplitude, 

period, frequency, quantity and wavelength of traction resistance were considered as vibration parameters of 

a dynamic tillage tool. Mathematical modeling allows, with the least effort, to establish a relation between 

the variations of traction resistance parameters of the tillage tools and their travelling speed. The study aim 

was to create the relevant mathematical models. The study target was the practice of ploughless surface soil 

tillage. The study focus was the regularities in variation of traction resistance parameters of soil-tilling tools. 

In the study the mathematical modeling methods, based on the study of physical regularities occurring during 

the tillage process, were applied. The experiments on energy assessment of the tillage tools with the 

experimental data analysis and synthesis were conducted.  The scientific novelty of the work was the created 

mathematic models, which allow establishing the relationship between the variations of the traction 

resistance of the tillage tools and their travelling speed. They also provide a fact-based analysis and forecast 

of their planned performance. 
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ɺʚʝʜʝʥʠʝ 

ʆʙʝʩʧʝʯʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ, ʠ ʝʝ 

ʨʝʰʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʨʘʙʦʪʢʠ ʠ ʦʩʚʦʝʥʠʷ 

ʥʦʚʳʭ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʠʤʝʥʷʝʤʳʭ 

ʤʘʰʠʥ.  

ɸʚʪʦʨʳ ʨʘʙʦʪ [1, 2] ʧʦʜʯʝʨʢʠʚʘʶʪ, ʯʪʦ 

ʧʨʠ ʨʝʰʝʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʳ ʩ ʠʩ- 

ʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʞʝʥʝʨʥʦʡ ʵʢʦʣʦʛʠʠ, 

ʠʟʫʯʘʶʱʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʝʣʦʚʝʢʘ, 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʩ 

ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ, ʦʪʚʝʯʘʶʱʠʭ ʪʨʝʙʦʚʘʥʠʷʤ 

ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ, ʪʘʢʠʝ ʢʘʢ ʤʦʜʝʨʥʠʟʘʮʠʷ 
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ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʚʳʷʚʣʝʥʠʝ ʠ 

ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʥʘʥʦʩʷʱʠʭ ʫʱʝʨʙ ʟʜʦʨʦʚʴʶ ʯʝʣʦʚʝʢʘ ʠ 

ʧʨʠʨʦʜʝ, ʦʧʪʠʤʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ, 

ʠʥʞʝʥʝʨʥʳʭ ʠ ʧʨʦʝʢʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ 

ʨʘʟʨʘʙʦʪʦʢ ʠʩʭʦʜʷ ʠʟ ʤʠʥʠʤʘʣʴʥʦʛʦ ʫʱʝʨʙʘ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʠ ʟʜʦʨʦʚʴʶ ʯʝʣʦʚʝʢʘ. 

ʇʨʠ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʘʚʪʦʨʳ ʨʘʙʦʪʳ [1] ʜʘʶʪ 

ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪʘʢʠʝ ʢʘʢ ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʘʟʳ 

ʜʘʥʥʳʭ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʚʠʜʦʚ 

ʚʦʟʜʝʡʩʪʚʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʧʨʠʨʦʜʫ ʠ ʠʭ 

ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ; ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʤʘʰʠʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʪ.ʜ. ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʘʛʨʝʛʘʪʦʚ, ʥʘʧʨʠʤʝʨ, 

ʧʨʝʜʣʦʞʝʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʘʛʨʝʛʘʪʘ, ʫʯʠʪʳʚʘʶʱʘʷ ʧʘʨʘʤʝʪʨʳ ʪʨʘʢʪʦʨʘ 

(ʤʦʱʥʦʩʪʴ ʠ ʤʘʩʩʫ), ʧʘʨʘʤʝʪʨʳ ʘʛʨʝʛʘʪʘ 

(ʰʠʨʠʥʫ ʟʘʭʚʘʪʘ ʠ ʩʢʦʨʦʩʪʴ), ʪʷʛʦʚʦ-ʩʮʝʧʥʳʝ 

ʩʚʦʡʩʪʚʘ ʠ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ (ʢʦʵʬʬʠʮʠʝʥʪ 

ʩʮʝʧʣʝʥʠʷ), ʘ ʪʘʢʞʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʢʘʯʝʩʪʚʫ 

ʨʘʙʦʪʳ, ʥʘʛʨʫʟʢʝ ʜʚʠʛʘʪʝʣʷ ʠ ʚʦʟʜʝʡʩʪʚʠʶ ʥʘ 

ʧʦʯʚʫ [1]. 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʨʝʢʪʠʨʦʚʢʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʘʚʪʦʨʳ ʨʘʙʦʪʳ 

[3] ʧʨʦʚʦʜʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʪʦʯʥʦʩʪʠ 

ʚʦʞʜʝʥʠʷ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʳʭ ʘʛʨʝʛʘʪʦʚ 

(ʄʊɸ) ʧʨʠ ʦʨʠʝʥʪʘʮʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʩʨʝʜʩʪʚʘ ʧʦ çʥʘʧʨʘʚʣʷʶʱʝʡ ʙʦʨʦʟʜʝè. ɼʣʷ 

ʪʦʯʥʦʩʪʠ ʚʦʞʜʝʥʠʷ ʠʤ ʧʨʝʜʣʦʞʝʥ ʦʨʠʝʥʪʠʨ, 

ʫʚʷʟʘʥʥʦʛʦ ʩ ʤʝʞʜʫʨʷʜʴʷʤʠ, ʘ ʠʤʝʥʥʦ 

çʥʘʧʨʘʚʣʷʶʱʝʡ ʱʝʣʠè, ʢʦʪʦʨʘʷ 

ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʧʨʦʬʠʣʴʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʧʨʠ ʧʦʩʝʚʝ ʠ ʤʝʞʜʫʨʷʜʥʦʡ ʦʙʨʘʙʦʪʢʝ. ɼʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ çʥʘʧʨʘʚʣʷʶʱʝʡ ʱʝʣʠè ʠʤʠ 

ʧʨʝʜʣʦʞʝʥ ʘʜʘʧʪʝʨ-ʱʝʣʝʨʝʟ, 

ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʡ ʤʝʞʜʫ ʪʨʘʢʪʦʨʦʤ ʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʤʘʰʠʥʦʡ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ - 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʦʨʠʝʥʪʘʮʠʠ ʄʊɸ ʧʨʠ 

ʤʝʞʜʫʨʷʜʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦʩʝʚʦʚ ʧʦʟʚʦʣʷʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʠʪʴ ʟʘʱʠʪʥʫʶ ʟʦʥʫ.  

ɺ ʮʝʣʦʤ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʧʘʨʘʤʝʪʨʦʚ ʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʠ 

ʤʘʰʠʥ, ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʠ ʤʦʥʠʪʦʨʠʥʛʝ ʨʘʙʦʪʳ 

ʄʊɸ, ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ 

ʪʝʭʥʦʣʦʛʠʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ  [4 - 7].  

ʂʨʘʪʢʠʡ ʘʥʘʣʠʟ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʷʝʪ 

ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʦ ʟʥʘʯʠʤʦʩʪʠ ʧʨʦʙʣʝʤʳ 

ʧʦʚʳʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

ʧʫʪʝʤ ʫʣʫʯʰʝʥʠʷ ʪʦʧʣʠʚʥʦʡ ʵʢʦʥʦʤʠʯʥʦʩʪʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ. ʇʨʠʤʝʥʝʥʠʝ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʚ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ 

ʘʛʨʝʛʘʪʘʭ, ʠʤʝʶʱʠʭ ʩʚʦʡʩʪʚʘ ʘʜʘʧʪʠʚʥʦʩʪʠ 

ʢ ʧʦʯʚʝʥʥʳʤ ʫʩʣʦʚʠʷʤ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʜʠʥʘʤʠʯʥʳʝ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ, ʧʦʟʚʦʣʷʝʪ 

ʜʦʙʠʪʴʩʷ ʩʥʠʞʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ 

ʪʦʧʣʠʚʘ ʥʘ ʝʜʠʥʠʮʫ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʣʦʱʘʜʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʀɸʕʇ-ʬʠʣʠʘʣ 

ʌɻɹʅʋ ʌʅɸʎ ɺʀʄ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʚʳʙʨʦʩʦʚ 

ʪʦʢʩʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʭʦʪʷ ʙʳ ʥʘ 4-5 % 

ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʧʦʯʚʳ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʤʠ ʘʛʨʝʛʘʪʘʤʠ ʩ 

ʥʦʚʳʤʠ ʜʠʥʘʤʠʯʥʳʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ, 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʥʘʛʨʫʟʢʠ ʩʨʝʜʩʪʚ ʤʝʭʘʥʠʟʘʮʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʝʣʴʩʢʦʤ 

ʭʦʟʷʡʩʪʚʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ [8 ï 10]. 

ʉ ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʛʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʠ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ 

ʜʠʥʘʤʠʯʥʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʚ ʩʦʩʪʘʚʝ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʘʛʨʝʛʘʪʦʚ 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʫʩʪʘʥʦʚʠʪʴ ʩʚʷʟʴ 
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ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʝʙʘʥʠʡ ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʝʛʦ ʜʚʠʞʝʥʠʷ. ɺʳʷʚʣʝʥʠʝ ʩʚʷʟʠ 

ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʝʙʘʥʠʡ (ʯʘʩʪʦʪʘ, ʜʣʠʥʘ 

ʚʦʣʥʳ, ʧʝʨʠʦʜ, ʘʤʧʣʠʪʫʜʘ ʠ ʢʦʣʠʯʝʩʪʚʦ 

ʢʦʣʝʙʘʥʠʡ) ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʘʮʠʶ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩ 

ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ 

ʠʭ ʨʘʙʦʪʳ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʨʘʟʨʘʙʦʪʢʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʦʧʨʝʜʝʣʠʪʴ ʩʚʷʟʠ ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʝʙʘʥʠʡ 

ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʝʛʦ ʜʚʠʞʝʥʠʷ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʤʝʥʷʣʠʩʴ ʤʝʪʦʜʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʟʫʯʝʥʠʠ ʬʠʟʠʯʝʩʢʠʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ, ʘʥʘʣʠʟ ʠ ʦʙʦʙʱʝʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʜʠʥʘʤʠʯʥʳʭ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ [11] (ʨʠʩʫʥʦʢ 1) ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ 

ʧʦʣʷʭ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʙʘʟʝ çʂʨʘʩʥʘʷ 

ʉʣʘʚʷʥʢʘè ʩʦʛʣʘʩʥʦ ɻʆʉʊ ʈ 52777-

2007.ʊʝʭʥʠʢʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ. ʄʝʪʦʜʳ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ. ʉʪʘʥʜʘʨʪʠʥʬʦʨʤ. 

ʄ:.,2008.  

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ (ʀʀʂ - ʀɸʕʇ) 

ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʥʬʦʨʤʘʮʠʦʥʥʦ-

ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ ʀʇ-264 ʩ 

ʧʝʨʚʠʯʥʳʤʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ ʫʩʠʣʠʡ 

ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʧʘ.  

 

 
ʈʠʩ. 1.ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʵʥʝʨʛʦʦʮʝʥʢʘ ʜʠʥʘʤʠʯʥʦʛʦ 

(ʩʣʝʚʘ) ʠ ʥʝʜʠʥʘʤʠʯʥʦʛʦ (ʩʧʨʘʚʘ) 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀʀʂ-ʀɸʕʇ 

 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩʫʥʢʝ 2 

ʧʨʝʜʩʪʘʚʣʝʥ ʬʨʘʛʤʝʥʪ ʘʥʘʣʦʛʦʚʦʡ ʬʦʨʤʳ 

ʟʘʧʠʩʠ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ. 

 

 
ʈʠʩ. 2. ʌʨʘʛʤʝʥʪ ʘʥʘʣʦʛʦʚʦʡ ʬʦʨʤʳ ʟʘʧʠʩʠ 

ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ 

(ʛʣʫʙʠʥʘ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ 10 ʩʤ, ʩʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ 2,778 ʤ/ʩ) 

 

ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ 

ʚʳʙʦʨʦʯʥʦʛʦ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʥʘʤʠʯʥʳʭ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 

ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 0,094 ï 0,0167 ʢʅ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʧʦ ʤʝʪʦʜʠʢʝ, ʠʟʣʦʞʝʥʥʦʡ ʚ 

ʨʘʙʦʪʝ [12]. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ 

ɺ ʦʩʥʦʚʫ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʩʚʷʟʠ 

ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʝʙʘʥʠʡ ʜʠʥʘʤʠʯʥʳʭ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩʦ 
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ʩʢʦʨʦʩʪʴʶ ʠʭ ʜʚʠʞʝʥʠʷ ʧʦʣʦʞʝʥʘ 

ʧʨʝʜʧʦʩʳʣʢʘ ʦ ʪʦʤ, ʯʪʦ ʧʨʦʮʝʩʩ ʠʭ ʨʘʙʦʪʳ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʥʦʛʦʤʝʨʥʫʶ ʜʠʥʘʤʠʯʝʩʢʫʶ 

ʩʠʩʪʝʤʫ ʩʦ ʤʥʦʛʠʤʠ ʚʭʦʜʥʳʤʠ ʠ ʚʳʭʦʜʥʳʤʠ 

ʧʝʨʝʤʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʧʦʢʘʟʘʪʝʣʷʤʠ.  

ɼʠʥʘʤʠʯʥʳʝ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʝ 

ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ʥʘʭʦʜʷʪʩʷ ʧʦ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʚʦʟʤʫʱʘʶʱʝʛʦ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, 

ʚʦʟʥʠʢʘʶʱʝʛʦ ʠʟ-ʟʘ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ 

ʪʚʝʨʜʦʩʪʠ ʠ ʧʣʦʪʥʦʩʪʠ ʧʦʯʚʳ. 

ʇʘʨʘʤʝʪʨʳ ʢʦʣʝʙʘʥʠʡ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʥʘʤʠʯʥʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 

ʠ ʩʢʦʨʦʩʪʴ ʠʭ ʜʚʠʞʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʘʥʳ. 

ʇʨʦʮʝʩʩ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ 

ʩʣʦʞʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʦʢʘʟʘʪʝʣʝʡ 

ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 

ʚʦʟʤʦʞʥʘ ʥʘ ʦʩʥʦʚʝ ʛʣʫʙʦʢʦʛʦ ʠʟʫʯʝʥʠʷ 

ʜʠʥʘʤʠʢʠ ʠʭ ʨʘʙʦʪʳ ʠ ʜʦʩʪʦʚʝʨʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʫʩʣʦʚʠʷʭ ʠʭ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

(ʘʨʛʫʤʝʥʪʦʚ) ʠ ʚʳʭʦʜʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

(ʬʫʥʢʮʠʡ), ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʩʚʷʟʴ 

ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʝʙʘʥʠʡ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʥʘʤʠʯʥʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 

ʩʦ ʩʢʦʨʦʩʪʴʶ ʠʭ ʜʚʠʞʝʥʠʷ ʚʝʣʠʢʘ. ɺ ʵʪʦʡ 

ʩʚʷʟʠ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʚʷʟʠ ʧʘʨʘʤʝʪʨʦʚ 

ʢʦʣʝʙʘʥʠʡ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʜʠʥʘʤʠʯʥʳʭ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 

ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʘʥʘʣʠʟ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʩ ʜʚʫʤʷ 

ʧʝʨʝʤʝʥʥʳʤʠ (ʘʨʛʫʤʝʥʪʘʤʠ). 

ʏʘʩʪʦʪʫ ʢʦʣʝʙʘʥʠʡ „ ‫  ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠ 

ʢʦʣʠʯʝʩʪʚʘ ʢʦʣʝʙʘʥʠʡ ʥʘ 1 ʤ ʧʨʦʡʜʝʥʥʦʛʦ 

ʧʫʪʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ: 

„ ‫ ὠϽὲ , ɻʮ,   (1) 

ʛʜʝ  -PV  ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ, ʤ/ʩ.; 

sn - ʢʦʣʠʯʝʩʪʚʦ ʢʦʣʝʙʘʥʠʡ ʥʘ 1 ʤ 

ʧʨʦʡʜʝʥʥʦʛʦ ʜʠʥʘʤʠʯʥʳʤ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʤ ʨʘʙʦʯʠʤ ʦʨʛʘʥʦʤ 

ʧʫʪʠ, ʩ-1. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩʫʥʢʝ 3 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʨʘʬʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʦʪ ʩʢʦʨʦʩʪʠ ʝʛʦ ʜʚʠʞʝʥʠʷ. 

 

 
ʈʠʩ. 3. ɻʨʘʬʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʯʘʩʪʦʪʳ 

ʢʦʣʝʙʘʥʠʡ  „ ‫    ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ 

ʦʨʛʘʥʘ ʦʪ ʩʢʦʨʦʩʪʠ PV  ʝʛʦ ʜʚʠʞʝʥʠʷ 

 

ʂʦʣʠʯʝʩʪʚʦ ʢʦʣʝʙʘʥʠʡ ὲ  ʥʘ 1 ʤ 

ʧʨʦʡʜʝʥʥʦʛʦ ʜʠʥʘʤʠʯʥʳʤ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʤ ʨʘʙʦʯʠʤ ʦʨʛʘʥʦʤ 

ʧʫʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʷ 

ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʷ:  

ὲ ,  ʩ-1.    (2) 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 

ʢʦʣʠʯʝʩʪʚʘ ʢʦʣʝʙʘʥʠʡ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʦʪ 

ʩʢʦʨʦʩʪʠ ʝʛʦ ʜʚʠʞʝʥʠʷ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 4, ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʙʦʣʴʰʝ 1,997 ʤ/ʩ 

ʢʦʣʠʯʝʩʪʚʦ ʢʦʣʝʙʘʥʠʡ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 2,0 ʜʦ 2,5 ʩ
-1

. 
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ʈʠʩ. 4. ɻʨʘʬʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʣʠʯʝʩʪʚʘ 

ʢʦʣʝʙʘʥʠʡ ὲ  ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ 

ʦʨʛʘʥʘ ʦʪ ʩʢʦʨʦʩʪʠ PV  ʝʛʦ ʜʚʠʞʝʥʠʷ 
 

ɼʣʠʥʫ ʚʦʣʥʳ ʚL , ʨʘʚʥʫʶ ʧʝʨʠʦʜʫ 

ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ 

ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʨʘʚʝʥʩʪʚʘ: 

ὒ̃ ,  ʤ.    (3) 

ɻʨʘʬʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʠʥʳ ʚʦʣʥʳ, 

ʨʘʚʥʫʶ ʧʝʨʠʦʜʫ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ  ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʦʪ 

ʩʢʦʨʦʩʪʠ ʝʛʦ ʜʚʠʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 5. 

 

 
ʈʠʩ. 5. ɻʨʘʬʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʠʥʳ ʚʦʣʥʳ 

ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʦʪ 

ʩʢʦʨʦʩʪʠ ʝʛʦ ʜʚʠʞʝʥʠʷ 

 

ʅʘ ʧʦʚʳʰʝʥʥʳʭ ʩʢʦʨʦʩʪʷʭ ʜʚʠʞʝʥʠʷ 

ʙʦʣʝʝ 1,994 ʤ/ʩ ʜʣʠʥʘ ʚʦʣʥʳ, ʨʘʚʥʫʶ 

ʧʝʨʠʦʜʫ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, ʢʘʢ ʠ 

ʢʦʣʠʯʝʩʪʚʘ ʝʛʦ ʢʦʣʝʙʘʥʠʡ, ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ 

0,5 ʜʦ 0,4 ʤ (ʨʠʩʫʥʦʢ 5).  

ʏʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʜʠʥʘʤʠʯʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʠ ʜʣʠʥʳ 

ʚʦʣʥʳ, ʨʘʚʥʘʷ ʧʝʨʠʦʜʫ ʢʦʣʝʙʘʥʠʡ ʥʘʛʨʫʟʢʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʷ: 

„ ‫
̃
,   ʩ-1.   (4) 

ɼʣʠʥʫ ʚʦʣʥʳ ʚL , ʨʘʚʥʫʶ ʧʝʨʠʦʜʫ 

ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠ ʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʡ ʊ 

ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ: 

ὒ̃ ὠϽὝ, ʤ.    (5) 

ʛʜʝ  ˟ï ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ, ʩʝʢ. 

ɺʟʘʠʤʦʩʚʷʟʴ ʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʡ ʊ 

ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʩ 

ʜʣʠʥʦʡ ʚʦʣʥʳ ʢʦʣʝʙʘʥʠʡ ʥʘʛʨʫʟʢʠ ʠ 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʦʧʠʩʳʚʘʝʪʩʷ 

ʟʘʚʠʩʠʤʦʩʪʴʶ: 

Ὕ ̃,   ʩʝʢ.     (6) 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩʫʥʢʝ 6 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʨʘʬʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʧʝʨʠʦʜʘ ʊ ʢʦʣʝʙʘʥʠʡ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʦʪ 

ʩʢʦʨʦʩʪʠ ʝʛʦ ʜʚʠʞʝʥʠʷ. 
 

 
ʈʠʩ. 6. ɻʨʘʬʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʝʨʠʦʜʘ ʊ 

ʢʦʣʝʙʘʥʠʡ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʦʪ 

ʩʢʦʨʦʩʪʠ PV
 ʝʛʦ ʜʚʠʞʝʥʠʷ 
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ʉ ʧʦʚʳʰʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʡ 

ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʩ 

0,45 ʜʦ 0,143 ʩʝʢ. (ʨʠʩ. 6). 

ʉʪʝʧʝʥʴ ʚʣʠʷʥʠʷ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʠ ʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʷ ʝʛʦ 

ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʢʦʣʠʯʝʩʪʚʦ 

ʢʦʣʝʙʘʥʠʡ ʥʘ 1 ʤ ʧʨʦʡʜʝʥʥʦʛʦ ʧʫʪʠ ʤʦʞʥʦ 

ʦʮʝʥʠʪʴ ʧʦ ʬʦʨʤʫʣʝ: 

ὲ
Ͻ
,  ʩʝʢ

-1
    (7) 

ɺʟʘʠʤʦʩʚʷʟʴ ʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʡ 

ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʩ 

ʢʦʣʠʯʝʩʪʚʦʤ ʢʦʣʝʙʘʥʠʡ ʥʘ 1 ʤ ʧʨʦʡʜʝʥʥʦʛʦ 

ʧʫʪʠ ʠ ʩʢʦʨʦʩʪʠ ʝʛʦ ʜʚʠʞʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʦ ʬʦʨʤʫʣʝ: 

Ὕ
Ͻ
,   ʩʝʢ.    (8)  

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʵʤʧʠʨʠʯʝʩʢʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʝʙʘʥʠʡ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʥʘʤʠʯʥʳʭ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʦʪ 

ʩʢʦʨʦʩʪʠ ʠʭ ʜʚʠʞʝʥʠʷ (ʪʘʙʣʠʮʘ 1). 

ʊʘʙʣʠʮʘ 1  

ʕʤʧʠʨʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʝʙʘʥʠʡ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʥʘʤʠʯʥʳʭ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʦʪ ʩʢʦʨʦʩʪʠ ʠʭ ʜʚʠʞʝʥʠʷ 

ʇʘʨʘʤʝʪʨʳ ʢʦʣʝʙʘʥʠʡ 

ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ɽʜʠʥʠʮʘ 

ʠʟʤʝʨʝʥʠʷ 

 

ʈʘʩʯʝʪʥʘʷ ʬʦʨʤʫʣʘ 

ʏʘʩʪʦʪʘ Ɑ▬ⱷ  ʩʝʢ-1 1,06280(ὠ)Į - 1,29910ὠ+2,35445 

ɼʣʠʥʘ ʚʦʣʥʳ Ἐ̃ ʤ -0,76515(ὠ)Į + 0,23758ὠ+0,33049 

ʇʝʨʠʦʜ ʊ ʩʝʢ. 0,05256(ὠ)Į - 0,38856ὠ+0,81682 

ʂʦʣʠʯʝʩʪʚʦ ▪Ɑ ʩʝʢ-1 0,38258(ὠ)Į - 1,18790ὠ+2,84753 

 

ʕʤʧʠʨʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ (ʪʘʙʣ. 1) 

ʩʧʨʘʚʝʜʣʠʚʳ ʚ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ὠ ρȟρρρ ςȟχχψ ʤ/ʩ 

ʧʨʠ ʛʣʫʙʠʥʝ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ Ὤ̒ ̍ ρπ ʩʤ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

(1) ï (8) ʠ ʵʤʧʠʨʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

(ʪʘʙʣʠʮʘ 1) ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʥʘʜʝʞʥʦʩʪʠ 

ʦʧʠʩʳʚʘʶʪ ʩʚʷʟʴ ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʝʙʘʥʠʡ 

ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 

ʜʚʠʞʝʥʠʷ ʜʠʥʘʤʠʯʥʳʭ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, 

ʯʝʤʫ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʢʦʨʨʝʣʷʮʠʠ, ʨʘʚʥʳʡ 0,89.  

 

ɺʳʚʦʜʳ 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʧʦʟʚʦʣʷʶʪ ʘʥʘʣʠʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʠʪʴ ʩʪʝʧʝʥʴ 

ʚʣʠʷʥʠʷ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʥʘ ʧʘʨʘʤʝʪʨʳ 

ʢʦʣʝʙʘʥʠʡ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ 

ʨʘʮʠʦʥʘʣʴʥʦʩʪʴ ʩʧʦʩʦʙʘ ʫʤʝʥʴʰʝʥʠʷ 

ʜʠʩʧʝʨʩʠʠ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʥʘ ʧʘʨʘʤʝʪʨʳ ʢʦʣʝʙʘʥʠʡ ʚʣʠʷʶʪ 

ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʦʪʜʝʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʢʦʣʝʙʘʥʠʡ 

ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 
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ʀɿʄɽʅɽʅʀɽ ʄʀʅɽʈɸʃʔʅʆʁ ʏɸʉʊʀ ʇʆʏɺʓ 

ʇʈʀ ʉɽʃʔʉʂʆʍʆɿʗʁʉʊɺɽʅʅʆʄ ʀʉʇʆʃʔɿʆɺɸʅʀʀ 

 

ʃ.ɺ. ʗʢʦʚʣʝʚʘ, ʜ-ʨ ʩ.-ʭ. ʥʘʫʢ;  ɽ.ɸ. ʅʠʢʦʣʘʝʚʘ 

 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʥʘʫʯʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çʃʝʥʠʥʛʨʘʜʩʢʠʡ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ çɹʝʣʦʛʦʨʢʘè, ʃʝʥʠʥʛʨʘʜʩʢʘʷ ʦʙʣʘʩʪʴ, ʈʦʩʩʠʷ 

 

ʄʠʥʝʨʘʣʴʥʘʷ (ʩʢʝʣʝʪʥʘʷ) ʯʘʩʪʴ ʧʦʯʚʳ ʠʛʨʘʝʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʝʝ ʧʣʦʜʦʨʦʜʠʠ. ɼʣʠʪʝʣʴʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʫʩʠʣʠʚʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʩʝʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ 

ʧʦʯʚʝ, ʫʩʠʣʠʚʘʝʪ ʭʠʤʠʯʝʩʢʦʝ ʚʳʚʝʪʨʠʚʘʥʠʝ ʤʠʥʝʨʘʣʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚʳ. 

ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʳ ʫʛʣʫʙʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʥʝʨʘʣʴʥʦʡ, ʩʢʝʣʝʪʥʦʡ ʯʘʩʪʠ ʧʦʯʚʳ ʠ ʧʦʠʩʢʠ 

ʧʨʠʝʤʦʚ ʠ ʧʫʪʝʡ ʩʥʠʞʝʥʠʷ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. ʎʝʣʴʶ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʥʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦ ʚʣʠʷʥʠʠ ʜʣʠʪʝʣʴʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʫʜʦʙʨʝʥʠʡ ʠ ʠʟʚʝʩʪʠ ʥʘ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʤʠʥʝʨʘʣʴʥʦʡ ʬʘʟʳ ʧʦʯʚʳ ʚ ʫʩʣʦʚʠʷʭ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʜʣʠʪʝʣʴʥʳʭ ʦʧʳʪʦʚ. ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʧʦʯʚʳ  ʢʦʥʪʨʘʩʪʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʜʣʠʪʝʣʴʥʦʛʦ ʧʦʣʝʚʦʛʦ ʦʧʳʪʘ ʥʘ ʨʘʟʣʠʯʥʳʭ ʬʦʥʘʭ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʠ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʜʦʟ 

ʠʟʚʝʩʪʠ. ʀʩʧʦʣʴʟʦʚʘʣʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ, ʤʝʟʦ-, ʤʠʢʨʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʯʚ. ʇʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʤʘʢʨʦ-, ʤʝʟʦʤʦʨʬʦʣʦʛʠʠ ʠ ʤʠʢʨʦʩʪʨʦʝʥʠʷ ʮʝʣʠʥʥʦʡ 

ʠ ʦʩʚʦʝʥʥʦʡ ʧʦʯʚʳ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʠʙʦʣʴʰʫʶ 

ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʧʨʝʪʝʨʧʝʣʘ ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʧʨʦʬʠʣʷ (ɸ0, ɸ1, ɸ2). ɽʤʢʦʩʪʴ ʢʘʪʠʦʥʥʦʛʦ ʦʙʤʝʥʘ 

ʧʘʭʦʪʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʩʥʠʞʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʚ 2 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʨʛʘʥʦʛʝʥʥʳʤ ʛʦʨʠʟʦʥʪʦʤ 

ʠʩʭʦʜʥʦʡ ʧʦʯʚʳ ʧʦʜ ʣʝʩʦʤ ʟʘ ʩʯʝʪ ʙʦʣʴʰʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ. ɺ ʧʘʭʦʪʥʦʤ 

ʛʦʨʠʟʦʥʪʝ ʝʤʢʦʩʪʴ ʢʘʪʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʟʘʚʠʩʠʪ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʧʘʨʘʤʝʪʨʦʚ 

ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. ɺ ʧʦʜʧʘʭʦʪʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʶʪ 

ʤʠʥʝʨʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʧʦʯʚʳ, ʥʘʣʠʯʠʝ ʧʳʣʝʚʘʪʦʡ ʠ ʠʣʠʩʪʦʡ ʬʨʘʢʮʠʠ. ɺ ʦʢʫʣʴʪʫʨʝʥʥʦʡ ʧʦʯʚʝ ʥʝ 

ʪʦʣʴʢʦ ʦʪʩʫʪʩʪʚʫʝʪ ʵʣʶʚʠʘʣʴʥʳʡ ʛʦʨʠʟʦʥʪ, ʥʦ ʠ ʦʪʩʫʪʩʪʚʫʶʪ (ʠʣʠ ʩʣʘʙʦ ʚʳʨʘʞʝʥʳ) ʧʨʠʟʥʘʢʠ 

https://doi.org/10.24411/0131-5226-2018-100561
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https://elibrary.ru/item.asp?id=36314221
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ʵʣʶʚʠʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ (ʦʪʤʳʪʳʝ ʟʝʨʥʘ ʢʚʘʨʮʘ) ʚ ʚʝʨʭʥʝʤ ʛʦʨʠʟʦʥʪʝ, ʘ ʪʘʢʞʝ ʧʣʝʥʢʠ ʛʠʜʨʦʢʩʠʜʦʚ ʚ 

ʥʠʞʝʣʝʞʘʱʝʤ ʛʦʨʠʟʦʥʪʝ, ʢʦʪʦʨʳʝ ʷʨʢʦ ʚʳʨʘʞʝʥʳ ʚ ʣʝʩʥʦʡ ʧʦʯʚʝ. ɺ ʧʘʭʦʪʥʦʤ ʛʦʨʠʟʦʥʪʝ 

ʦʢʫʣʴʪʫʨʝʥʥʦʡ ʧʦʯʚʳ (ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʣʝʩʥʦʡ ʧʦʯʚʦʡ) ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʤʥʦʛʦʧʦʨʷʜʢʦʚʦʩʪʴ ʩʪʨʫʢʪʫʨʳ. ɺ 

ʦʢʫʣʴʪʫʨʝʥʥʦʡ ʧʦʯʚʝ ʫʩʠʣʠʚʘʝʪʩʷ ʩʚʷʟʴ ʛʫʤʫʩʘ ʩ ʤʠʥʝʨʘʣʴʥʦʡ ʯʘʩʪʴʶ ʧʦʯʚʳ (ʙʫʨʳʝ ʧʣʝʥʢʠ ʥʘ 

ʟʝʨʥʘʭ ʩʢʝʣʝʪʘ). ɺʦʟʨʘʩʪʘʝʪ ʩʪʝʧʝʥʴ ʨʘʟʣʦʞʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ (ʛʦʤʦʛʝʥʠʟʘʮʠʷ, ʩʤʝʰʠʚʘʥʠʝ 

ʩ ʤʠʥʝʨʘʣʴʥʦʡ ʤʘʩʩʦʡ), ʥʘʙʣʶʜʘʝʪʩʷ ʫʧʣʦʪʥʝʥʠʝ ʩʣʦʞʝʥʠʷ, ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʦʙʲʝʤʘ ʧʦʨ. 

ʅʘ ʫʜʦʙʨʝʥʥʦʤ ʚʘʨʠʘʥʪʝ ʧʦʚʝʨʭʥʦʩʪʴ ʤʠʥʝʨʘʣʦʚ ʙʦʣʝʝ ʚʳʚʝʪʨʝʣʘʷ. ɹʦʣʝʝ ʚʳʨʘʞʝʥʦ ʦʞʝʣʝʟʥʝʥʠʝ ʧʦ 

ʪʨʝʱʠʥʘʤ ʤʠʥʝʨʘʣʴʥʳʭ ʟʝʨʝʥ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʦʥʪʨʦʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ, ʥʝʪ ʤʠʢʨʦʦʨʰʪʝʡʥʦʚ, ʪʦʣʴʢʦ 

ʞʝʣʝʟʠʩʪʳʝ ʩʛʫʩʪʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ  

ʤʠʥʝʨʘʣʴʥʘʷ ʯʘʩʪʴ ʧʦʯʚʳ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʚʦʶ ʫʩʪʦʡʯʠʚʦʩʪʴ,  ʩʦ ʚʨʝʤʝʥʝʤ ʥʘʯʠʥʘʝʪ ʧʨʝʪʝʨʧʝʚʘʪʴ 

ʠʟʤʝʥʝʥʠʷ. ʌʘʢʪʦʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʠʟʤʝʥʝʥʠʷ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʷʚʣʷʝʪʩʷ ʫʩʠʣʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʭʠʤʠʯʝʩʢʦʛʦ, ʬʠʟʠʯʝʩʢʦʛʦ, ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ. ʉʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʜʝʩʪʨʫʢʮʠʶ ʤʠʥʝʨʘʣʦʚ ʧʦʯʚʳ ʦʢʘʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ - 

ʧʦʜʢʠʩʣʝʥʠʝ ʧʦʯʚʳ.ʀʟʚʝʩʪʴ ʚ ʚʳʩʦʢʠʭ ʜʦʟʘʭ ʩʜʝʨʞʠʚʘʝʪ ʧʨʦʮʝʩʩʳ ʨʘʟʨʫʰʝʥʠʷ ʤʠʥʝʨʘʣʦʚ. 

ʅʝʦʙʭʦʜʠʤʳ ʫʛʣʫʙʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʥʝʨʘʣʴʥʦʡ, ʩʢʝʣʝʪʥʦʡ ʯʘʩʪʠ ʧʦʯʚʳ ʠ ʧʦʠʩʢʠ ʧʨʠʝʤʦʚ ʠ 

ʧʫʪʝʡ ʩʥʠʞʝʥʠʷ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʥʘ ʥʝʚʦʟʦʙʥʦʚʣʷʝʤʳʝ 

ʧʨʠʨʦʜʥʳʝ ʦʙʲʝʢʪʳ ï ʧʦʯʚʳ. 
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THE CHANGES IN THE MINERAL PART OF THE SOIL WITH REGARD TO BUSINESS USE 
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Federal State Budget Institution ñLeningrad research institute for agricultural science ñBelogorkaò, 

Leningrad Region, Russia 

 

The mineral part of the soil plays an important role in its fertility. The long-term application of mineral 

fertilizers increases the chemical weathering of minerals. This reduces the soil fertility. The purpose of the 

study was to investigate the effect of mineral fertilizers and lime on the mineral part of the soil in long-term 

field experiments. The study objects were the soils of the contrasting variants of a long-term field 

experiment. Morphological, mesomorphological , micromorphological and physico-chemical methods of soil 

examination were applied. In agricultural use, the capacity of cationic exchange of the arable horizon was 

reduced by 2 times compared to the organogenic horizon of the initial forest soil. In the arable horizon, the 

capacity of cation exchange depended on the organic matter content and the parameters of acid-base balance. 

In sub-arable horizons, the mineral soil components and the presence of a dusty and silty fraction became 

more important. The arable soils do not have the eluvial horizon and any signs of the eluvial process; soil 

aggregates have a more complex structure. The connection of humus with the mineral part of the soil (brown 

films on the grains of the skeleton) increases. The decomposition degree of plant residues increases. There is 

a compaction of the soil, a significant reduction in the volume of pores, the surface of minerals is more 

weathered. Changes in the acid-base balance strongly affect the chemical weathering of soil minerals. High 

rates of lime  protect the minerals from weathering. 

 

Key words: skeletal part of soil, liming, mineral fertilizer, fertility. 
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ɺʚʝʜʝʥʠʝ  

ʄʠʥʝʨʘʣʴʥʘʷ ʯʘʩʪʴ ʧʦʯʚʳ ʠʤʝʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʝʝ ʧʣʦʜʦʨʦʜʠʷ. ɺ 

ʧʝʨʚʠʯʥʳʭ ʠ ʚʪʦʨʠʯʥʳʭ ʤʠʥʝʨʘʣʘʭ 

ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʤʥʦʛʠʝ ʵʣʝʤʝʥʪʳ ʧʠʪʘʥʠʷ 

ʨʘʩʪʝʥʠʡ: ʢʘʣʠʡ, ʢʘʣʴʮʠʡ, ʤʘʛʥʠʡ, ʞʝʣʝʟʦ, 

ʬʦʩʬʦʨ, ʤʠʢʨʦʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʥʠʤʠ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʫʩʚʦʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ 

ʚʝʱʝʩʪʚ ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚʳ, ʚ 

ʪʦʤ ʯʠʩʣʝ, ʝʤʢʦʩʪʴ ʢʘʪʠʦʥʥʦʛʦ ʦʙʤʝʥʘ, 

ʢʦʪʦʨʘʷ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʯʚʳ ʠ 

ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. 

ʇʦʵʪʦʤʫ ʠʟʫʯʝʥʠʝ ʠʟʤʝʥʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʠ ʩʚʦʡʩʪʚ 

ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʤʠʥʝʨʘʣʦʚ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʯʝʣʦʚʝʢʘ ʠʤʝʝʪ ʙʦʣʴʰʦʡ 

ʥʘʫʯʥʳʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ. 

ʉʧʦʩʦʙʥʦʩʪʴ ʤʠʥʝʨʘʣʦʚ ʦʪʜʘʚʘʪʴ ʵʣʝʤʝʥʪʳ 

ʧʠʪʘʥʠʷ ʩʚʷʟʘʥʘ ʩ ʠʭ  ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ 

ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʠ ʟʘʚʠʩʠʪ ʦʪ ʩʚʦʡʩʪʚ 

ʩʨʝʜʳ, ʩʚʦʡʩʪʚ ʤʠʥʝʨʘʣʦʚ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʠʭ [1]. 

ɺʩʝ ʠʟʤʝʥʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʧʦʯʚʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʠʟʚʝʩʪʢʦʚʘʥʠʷ ʠ ʚʥʝʩʝʥʠʷ 

ʤʠʥʝʨʘʣʴʥʳʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ, 

ʦʪʨʘʞʘʶʪʩʷ ʥʘ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʠ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚʘʭ ʠʣʠʩʪʦʡ ʬʨʘʢʮʠʠ. 

ʇʨʠ ʜʣʠʪʝʣʴʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʘʭʦʪʥʳʭ 

ʧʦʯʚ ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʦʝ ʚʳʚʝʪʨʠʚʘʥʠʝ 

ʠ ʠʟʤʝʥʝʥʠʝ ʤʠʥʝʨʘʣʦʚ. ɺ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ 

ʬʨʘʢʮʠʷʭ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʭ  ʧʦʯʚ 

ʧʨʝʦʙʣʘʜʘʶʪ ʩʤʝʰʘʥʥʦʩʣʦʡʥʳʝ ʤʠʥʝʨʘʣʳ, 

ʥʝʫʩʪʦʡʯʠʚʳʝ ʢ ʠʟʤʝʥʝʥʠʷʤ ʫʩʣʦʚʠʡ 

(ʧʨʠʤʝʥʝʥʠʝ ʙʦʣʴʰʠʭ ʜʦʟ ʤʠʥʝʨʘʣʴʥʳʭ 

ʫʜʦʙʨʝʥʠʡ, ʧʦʜʢʠʩʣʝʥʠʝ ʩʨʝʜʳ). 

ʅʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʳ ʩʦʩʪʘʚ ʠ ʩʚʦʡʩʪʚʘ 

ʤʠʥʝʨʘʣʦʚ ʧʦʯʚ  ʣʝʛʢʦʛʦ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʭʦʪʷ ʵʪʦʪ 

ʚʦʧʨʦʩ ʧʨʠʦʙʨʝʣ ʩʝʡʯʘʩ ʙʦʣʴʰʫʶ 

ʘʢʪʫʘʣʴʥʦʩʪʴ. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ 

ʤʠʢʨʦʤʦʨʬʦʣʦʛʠʠ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ 

ʠʩʩʣʝʜʦʚʘʪʴ ʤʠʥʝʨʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʢʨʫʧʥʦʜʠʩʧʝʨʩʥʦʡ (ʩʢʝʣʝʪʥʦʡ) ʯʘʩʪʠ ʧʦʯʚʳ, 

ʚʳʷʩʥʠʪʴ, ʠʟ ʢʘʢʠʭ ʤʠʥʝʨʘʣʦʚ ʦʥʘ ʩʦʩʪʦʠʪ ʠ 

ʢʘʢʦʚʘ ʝʝ ʩʪʨʫʢʪʫʨʘ, ʥʦ ʠ ʠʟʫʯʠʪʴ 

ʥʝʥʘʨʫʰʝʥʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ 

ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʯʚʳ [2]. ɺ 

ʠʟʫʯʝʥʠʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʘʥʪʨʦʧʦʛʝʥʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʚ ʧʦʯʚʘʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʠʢʨʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʦ. ʊʘʢ ʢʘʢ ʦʥ ʧʦʟʚʦʣʷʝʪ 

ʬʠʢʩʠʨʦʚʘʪʴ ʩʘʤʳʝ ʧʝʨʚʳʝ ʥʘʯʘʣʴʥʳʝ 

ʩʪʘʜʠʠ ʠʟʤʝʥʝʥʠʡ ʚ ʩʪʨʦʝʥʠʠ ʧʦʯʚʝʥʥʦʡ 

ʤʘʩʩʳ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʜʘʣʴʥʝʡʰʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʧʦʯʚʘʭ, ʠʭ 

ʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʪ.ʜ. ʊʘʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʨʘʩʢʨʳʪʴ ʧʨʠʯʠʥʳ, 

ʧʨʠʚʦʜʷʱʠʝ ʢ ʥʝʛʘʪʠʚʥʳʤ ʷʚʣʝʥʠʷʤ, 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʢʫʣʴʪʫʨ. ʅʝʦʙʭʦʜʠʤʦ ʧʦʜʯʝʨʢʥʫʪʴ ʚʘʞʥʦʩʪʴ 

ʥʘʟʚʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʚ ʩʚʷʟʠ ʩ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʘʟʨʫʰʝʥʠʷ ʤʠʥʝʨʘʣʦʚ ʧʦʯʚ. 

ʕʪʦʪ ʢʦʤʧʦʥʝʥʪ ʧʦʯʚ ʠʟʤʝʥʷʝʪʩʷ 

ʥʝʦʙʨʘʪʠʤʦ. ʉʚʝʜʝʥʠʷ ʦ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤ 

ʩʦʩʪʘʚʝ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʭ ʧʦʯʚ ʈʦʩʩʠʠ 

ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʨʘʙʦʪʘʭ ʕ.ʀ.ɻʘʛʘʨʠʥʦʡ, 

ɻʝʨʘʩʠʤʦʚʦʡ ʄ.ʀ., ɼʦʙʨʦʚʦʣʴʩʢʦʛʦ ɻ.ɺ., 

ʏʠʞʠʢʦʚʦʡ ʅ.ʇ., ɻʫʙʠʥʘ ʉ.ɺ. [1, 3-5] ʠ 

ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʥʦ ʦʥʠ ʯʘʩʪʦ 

ʧʨʦʪʠʚʦʨʝʯʠʚʳ ʠ ʚ ʥʘʰʝʤ ʨʝʛʠʦʥʝ ʦʪʥʦʩʷʪʩʷ 

ʚ ʦʩʥʦʚʥʦʤ ʢ ʧʨʠʨʦʜʥʳʤ ʦʙʲʝʢʪʘʤ ʠ ʧʦʯʚʘʤ 

ʪʷʞʝʣʦʛʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. 

ʄʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʵʪʦʪ ʚʦʧʨʦʩ 

ʦʩʪʘʝʪʩʷ ʧʦʢʘ ʤʘʣʦ ʠʟʫʯʝʥʥʳʤ ʠ ʪʨʝʙʫʝʪ 

ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʥʦʚʝʡʰʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ 

ʥʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦ ʚʣʠʷʥʠʠ 

ʜʣʠʪʝʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʫʜʦʙʨʝʥʠʡ ʠ 
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ʠʟʚʝʩʪʠ ʥʘ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʤʠʥʝʨʘʣʴʥʦʡ 

ʬʘʟʳ ʧʦʯʚʳ ʚ ʫʩʣʦʚʠʷʭ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʜʣʠʪʝʣʴʥʳʭ ʦʧʳʪʦʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ 

ʧʦ ʠʟʤʝʥʝʥʠʶ ʘʛʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʭ ʧʦʯʚ ʧʨʠ 

ʠʟʚʝʩʪʢʦʚʘʥʠʠ ʠ ʜʣʠʪʝʣʴʥʦʤ ʧʨʠʤʝʥʝʥʠʠ 

ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ. ɺ ʫʩʣʦʚʠʷʭ 

ʜʣʠʪʝʣʴʥʦʛʦ ʩʪʘʮʠʦʥʘʨʘ ʚ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʤ 

ʨʝʛʠʦʥʝ ʚʳʷʚʣʝʥʦ ʚʣʠʷʥʠʝ ʠʟʚʝʩʪʠ ʠ 

ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʥʘ ʠʟʤʝʥʝʥʠʝ ʤʝʟʦ- 

ʠ ʤʠʢʨʦʤʦʨʬʦʣʦʛʠʠ ʥʘ ʢʦʥʪʨʘʩʪʥʳʭ 

ʚʘʨʠʘʥʪʘʭ ʜʣʠʪʝʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʫʜʦʙʨʝʥʠʡ ʠ ʜʝʡʩʪʚʠʷ ʠʟʚʝʩʪʠ ʚ ʧʘʭʦʪʥʦʡ 

ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʦʡ ʧʦʯʚʝ ʣʝʛʢʦʛʦ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ  

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ 

ʧʦʯʚʳ  ʢʦʥʪʨʘʩʪʥʳʭ ʚʘʨʠʘʥʪʦʚ ʜʣʠʪʝʣʴʥʦʛʦ 

ʧʦʣʝʚʦʛʦ ʦʧʳʪʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʬʦʥʦʚ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʠ ʰʠʨʦʢʠʤ 

ʩʧʝʢʪʨʦʤ ʜʦʟ ʠʟʚʝʩʪʠ (ʦʧʳʪ ʟʘʣʦʞʝʥ ʚ 1981 

ʛʦʜʫ). ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʘʢʞʝ ʩʚʦʡʩʪʚʘ 

ʧʦʯʚʳ ʪʨʠʜʮʘʪʠʣʝʪʥʝʡ ʟʘʣʝʞʠ ʠ ʧʦʯʚʳ ʧʦʜ 

ʣʝʩʦʤ. ʂʦʥʪʨʘʩʪʥʳʝ ʚʘʨʠʘʥʪʳ ʧʦ 

ʠʟʚʝʩʪʢʦʚʘʥʠʶ: ʙʝʟ ʠʟʚʝʩʪʠ; ʠʟʚʝʩʪʢʦʚʘʥʠʝ 

ʧʦ 1ʅʛ; ʠʟʚʝʩʪʢʦʚʘʥʠʝ ʧʦ 2,5ʅʛ; ʧʦ ʫʨʦʚʥʶ 

ʫʜʦʙʨʝʥʥʦʩʪʠ: ʙʝʟ ʫʜʦʙʨʝʥʠʡ ʠ ʚʳʩʦʢʠʡ 

ʫʨʦʚʝʥʴ ʫʜʦʙʨʝʥʥʦʩʪʠ. ʀʟʫʯʘʣʠʩʴ ʧʨʦʙʳ 

ʧʦʯʚʳ ʠʟ ʨʘʟʨʝʟʦʚ, ʧʘʭʦʪʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʥʘ 

ʜʝʣʷʥʢʘʭ ʜʣʠʪʝʣʴʥʦʛʦ ʦʧʳʪʘ ʠ ʦʙʨʘʟʮʳ, 

ʦʪʦʙʨʘʥʥʳʝ ʥʘ ʢʦʥʪʨʘʩʪʥʳʭ ʚʘʨʠʘʥʪʘʭ ʦʧʳʪʘ 

ʩ ʛʣʫʙʠʥʳ 0-20, 20ï40 ʠ 40ï60 ʩʤ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʧʦʯʚʳ ʧʨʦʚʦʜʠʣʠ ʦʙʱʝʧʨʠʥʷʪʳʤʠ 

ʤʝʪʦʜʘʤʠ ʚ ʚʳʪʷʞʢʝ 1ʥ ʂʉ1 ʩ ʨʅ 5,8 (11 

ʧʦʢʘʟʘʪʝʣʝʡ); ʛʫʤʫʩ ï ʧʦ ʊʶʨʠʥʫ; 

ʦʧʨʝʜʝʣʝʥʠʝ ʝʤʢʦʩʪʠ ʢʘʪʠʦʥʥʦʛʦ ʦʙʤʝʥʘ  - 

ʧʦ ʤʝʪʦʜʫ ɽ.ɺ.ɹʦʙʢʦ ʠ ɼ.ʃ. ɸʩʢʠʥʘʟʠ ʚ 

ʤʦʜʠʬʠʢʘʮʠʠ ʇ.ʇ. ɻʨʘʙʘʨʦʚʘ ʠ ɿ.ɸ. 

ʋʚʘʨʦʚʦʡ (ʚʘʨʠʘʥʪ ʉ.ʅ. ɸʣʝʰʠʥʘ). 

ʀʟʤʝʥʝʥʠʝ ʤʝʟʦʤʦʨʬʦʣʦʛʠʠ ʧʦʯʚʝʥʥʦʡ 

ʪʦʣʱʠ ʥʘʙʣʶʜʘʣʠ ʩ ʧʦʤʦʱʴʶ ʮʠʬʨʦʚʦʛʦ 

ʤʠʢʨʦʩʢʦʧʘ MDA1300/2000 USB.   

ʀʟʫʯʝʥʠʝ  ʰʣʠʬʦʚ ʧʦʯʚ ʢʦʥʪʨʘʩʪʥʳʭ 

ʚʘʨʠʘʥʪʦʚ ʜʣʠʪʝʣʴʥʦʛʦ ʦʧʳʪʘ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʦʙʦʨʫʜʦʚʘʥʠʠ ʢʘʬʝʜʨʳ ʧʦʯʚʦʚʝʜʝʥʠʷ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

(ʤʠʢʨʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩ ʧʦʤʦʱʴʶ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ). ʈʝʟʫʣʴʪʘʪʳ 

ʦʙʨʘʙʘʪʳʚʘʣʠ ʤʝʪʦʜʦʤ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ 

ʘʥʘʣʠʟʘ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ 

ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʉʧʠʨʤʝʥʫ [6]. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʄʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʨʘʟʨʝʟʦʚ 

ʧʦʯʚʳ ʚ ʣʝʩʫ ʠ ʥʘ ʢʦʥʪʨʘʩʪʥʳʭ ʚʘʨʠʘʥʪʘʭ 

ʦʧʳʪʘ (ʨʠʩ. 1) ʧʦʢʘʟʳʚʘʝʪ ʚʥʝʰʥʠʝ ʨʘʟʣʠʯʠʷ 

ʚ ʩʪʨʦʝʥʠʠ ʧʨʦʬʠʣʷ ʯʝʨʝʟ 36 ʣʝʪ ʧʦʩʣʝ 

ʟʘʢʣʘʜʢʠ ʦʧʳʪʘ. 

    
ʃʝʩʥʘʷ ʧʦʯʚʘ ʇʘʰʥʷ - ʢʦʥʪʨʦʣʴ 

(ʙʝʟ ʫʜʦʙʨʝʥʠʡ ʠ 

ʠʟʚʝʩʪʠ) 

ʇʘʰʥʷ - ʚʳʩʦʢʠʡ ʬʦʥ 

ʫʜʦʙʨʝʥʠʡ + ʠʟʚʝʩʪʴ 

ʧʦ 1,0ʅʛ 

ɿʘʣʝʞʴ 30 ʣʝʪ 

ʈʠʩ. 1. ʈʘʟʨʝʟʳ ʧʦʯʚʳ ʥʘ ʚʘʨʠʘʥʪʘʭ ʜʣʠʪʝʣʴʥʦʛʦ ʦʧʳʪʘ 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʠ ʦʢʫʣʴʪʫʨʠʚʘʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʤʘʢʨʦ-, ʤʝʟʦʤʦʨʬʦʣʦʛʠʠ ʠ 

ʤʠʢʨʦʩʪʨʦʝʥʠʷ ʦʩʚʦʝʥʥʦʡ ʧʦʯʚʳ ʠ ʮʝʣʠʥʥʦʡ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʠʙʦʣʴʰʫʶ 

ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʧʨʝʪʝʨʧʝʣʘ ʚʝʨʭʥʷʷ ʯʘʩʪʴ 

ʧʨʦʬʠʣʷ (ɸ0, ɸ1, ɸ2). ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʦʡ 

ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʦʡ ʧʦʯʚʳ ʧʨʠʚʝʣʦ ʢ 

ʠʩʯʝʟʥʦʚʝʥʠʶ ʵʣʶʚʠʘʣʴʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʧʘʰʢʠ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʩ 

ʚʳʰʝʣʝʞʘʱʠʤ ʛʦʨʠʟʦʥʪʦʤ, ʚʦʟʜʝʡʩʪʚʠʷ 

ʪʨʘʚʷʥʠʩʪʦʡ ʢʫʣʴʪʫʨʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. 

ʈʘʟʚʠʪʠʝ ʵʣʶʚʠʘʣʴʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʚ ʧʦʯʚʝ, ʢʦʪʦʨʘʷ ʜʦʣʛʦʝ ʚʨʝʤʷ 

ʥʝ ʧʦʜʚʝʨʛʘʣʘʩʴ ʦʙʨʘʙʦʪʢʝ (ʟʘʣʝʞʴ). 

ʇʘʭʦʪʥʳʡ ʛʦʨʠʟʦʥʪ ʧʨʠʦʙʨʝʪʘʝʪ 

ʨʘʚʥʦʤʝʨʥʫʶ ʙʫʨʦʚʘʪʦ-ʩʝʨʫʶ ʦʢʨʘʩʢʫ ʠ 

ʢʦʤʢʦʚʘʪʫʶ ʩʪʨʫʢʪʫʨʫ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦ ʨʘʚʥʦʤʝʨʥʦʡ ʛʫʤʫʩʠʨʦʚʘʥʥʦʩʪʠ ʠ ʣʫʯʰʝʡ 

ʘʛʨʝʛʠʨʦʚʘʥʥʦʩʪʠ.  

ʉʦʩʪʦʷʥʠʝ ʧʦʯʚʝʥʥʦʛʦ ʧʦʛʣʦʱʘʶʱʝʛʦ 

ʢʦʤʧʣʝʢʩʘ (ʇʇʂ) ï ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ 

ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʫʨʦʚʝʥʴ 

ʧʣʦʜʦʨʦʜʠʷ ʣʶʙʦʡ ʧʦʯʚʳ. ʆʪ ʇʇʂ ʟʘʚʠʩʷʪ 

ʤʥʦʛʠʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚʳ, ʙʝʟ ʫʯʝʪʘ ʢʦʪʦʨʳʭ 

ʥʝʣʴʟʷ ʨʝʰʠʪʴ ʟʘʜʘʯʠ ʧʦ ʨʘʮʠʦʥʘʣʴʥʦʤʫ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʫʜʦʙʨʝʥʠʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʦʙʣʝʤʳ ʚ ʟʝʤʣʝʜʝʣʠʠ [7,8]. ɺ ʧʨʦʮʝʩʩʝ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʠʟʤʝʥʷʝʪʩʷ ʚʝʣʠʯʠʥʘ ʇʇʂ, ʚ ʪʦʤ ʯʠʩʣʝ, 

ʝʤʢʦʩʪʴ ʢʘʪʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʧʦʯʚʳ (ɽʂʆ) 

(ʪʘʙʣʠʮʘ 1). ɽʤʢʦʩʪʴ ʢʘʪʠʦʥʥʦʛʦ ʦʙʤʝʥʘ 

ʚʝʨʭʥʝʛʦ ʛʦʨʠʟʦʥʪʘ (ʧʘʭʦʪʥʦʛʦ) ʩʥʠʞʘʝʪʩʷ 

ʧʨʠʤʝʨʥʦ ʚ 2 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʦʨʛʘʥʦʛʝʥʥʳʤ ʛʦʨʠʟʦʥʪʦʤ ʠʩʭʦʜʥʦʡ ʧʦʯʚʳ 

ʧʦʜ ʣʝʩʦʤ ʟʘ ʩʯʝʪ ʙʦʣʴʰʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ.

 

ʊʘʙʣʠʮʘ 1 

ʀʟʤʝʥʝʥʠʝ ʝʤʢʦʩʪʠ ʢʘʪʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʧʦʯʚʳ ʧʨʠ ʦʩʚʦʝʥʠʠ 

ʈʘʟʨʝʟ ˉ 1 (ʣʝʩ) ʈʘʟʨʝʟ ˉ 4 ï ʚʳʩʦʢʠʡ ʬʦʥ 

ʫʜʦʙʨʝʥʠʡ + ʠʟʚʝʩʪʴ ʧʦ 1ʅʛ 

ʈʘʟʨʝʟ ˉ 6 ï ʢʦʥʪʨʦʣʴ 

(ʙʝʟ ʫʜʦʙʨʝʥʠʡ) 

ɻʦʨʠʟʦʥʪ, 

ʛʣʫʙʠʥʘ, ʩʤ 

ɽʂʆ, 

ʤʵʢʚ/100ʛ 

ɻʦʨʠʟʦʥʪ, 

ʛʣʫʙʠʥʘ, ʩʤ 

ɽʂʆ, 

ʤʵʢʚ/100ʛ 

ɻʦʨʠʟʦʥʪ, 

ʛʣʫʙʠʥʘ, ʩʤ 

ɽʂʆ, 

ʤʵʢʚ/100ʛ 

0    1-6(8) 81.5 ɸʧʘʭ   0-25(30) 12,2 ɸʧʘʭ 0-28(31) 10,6 

A    6(8)-34(36) 24,1 BEL1 25(30)-57(60) 6,2 
BEL1 28(31)- 

31(36) 
4,0 

E     34(36)-65(68) 3,4 BEL2 57(60)-81(88) 4,0 BEL2 31(36)-42(53) 2,3 

BF 65(68)-75(76) 5,6 B1 81(88)-131(142) 13,7 B  42(53)-101(104) 12,7 

BHFg 75(76)-

87(88) 
4,0 B2g 131(142)-152 4,4 

B2 101(104)-

136(139) 
18,0 

B2 87(88)-125(128) 13,4 B3g 152-170(171) 7,8 BCg 136(139)-166 4,1 

BG 125(128)-

156(158) 
15,9 

BG 170(171)-

199(200) 
12,2   

BCG 156(158)-170 6,6 Cg 199(200)-230 7,8   

CG 170-190 3,5     

 

ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʝʤʢʦʩʪʠ 

ʢʘʪʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʧʦ ʧʨʦʬʠʣʶ ʩʭʦʞʠ ʚʦ 

ʚʩʝʭ ʪʨʝʭ ʨʘʟʨʝʟʘʭ. ɺʳʩʦʢʘʷ ʝʤʢʦʩʪʴ ʚ 

ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʦʙʫʩʣʦʚʣʝʥʘ, ʚ 

ʦʩʥʦʚʥʦʤ, ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ. 

ʋʚʝʣʠʯʝʥʠʝ ʝʤʢʦʩʪʠ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ 

ʧʨʦʬʠʣʷ (ʛʦʨʠʟʦʥʪ ɺ) ʩʚʷʟʘʥʦ ʩ ʙʦʣʝʝ 

ʪʷʞʝʣʳʤ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ 

ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʨʦʜʳ (ʤʦʨʝʥʳ). ɺ ʧʨʦʙʘʭ 

ʧʦʯʚʳ, ʦʪʦʙʨʘʥʥʳʭ  ʩ ʨʘʟʥʦʡ ʛʣʫʙʠʥʳ, ʧʦʩʣʝ 

ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʤʳ 

ʧʦʧʳʪʘʣʠʩʴ ʨʘʩʩʯʠʪʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʨʘʥʛʦʚʦʡ ʢʦʨʨʝʣʷʮʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʝʤʢʦʩʪʠ 

ʢʘʪʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʦʪ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʢʦ-



          ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

          ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 

131 

 

ʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ (ʪʘʙʣ. 2). 

 

ʊʘʙʣʠʮʘ 2  

ɿʘʚʠʩʠʤʦʩʪʴ ʝʤʢʦʩʪʠ ʢʘʪʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʦʪ ʥʝʢʦʪʦʨʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʯʚʳ 

ʜʣʠʪʝʣʴʥʦʛʦ ʦʧʳʪʘ (ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʥʛʦʚʦʡ ʢʦʨʨʝʣʷʮʠʠ ʧʦ ʉʧʠʨʤʝʥʫ, ʈ = 5%) 

ʇʘʨʘʤʝʪʨʳ ɻʣʫʙʠʥʘ ʚʟʷʪʠʷ ʦʙʨʘʟʮʘ, ʩʤ 

ʍ ʋ 0 - 20 20 - 40 40 - 60 

ʨʅʂʉ1 ɽʂʆ 0,867 - 0,267 - 0,117 

ʅʦʙʤ. ɽʂʆ - 0,870 0.300 - 0.038 

ʅʛ ɽʂʆ - 0,767 0.617 0.017 

ʉʘ ɽʂʆ 0.933 - 0,488 - 0,046 

ɻʫʤʫʩ ɽʂʆ 0,950 0,633 0,154 
     

ɺ ʧʘʭʦʪʥʦʤ ʛʦʨʠʟʦʥʪʝ ʝʤʢʦʩʪʴ 

ʢʘʪʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʟʘʚʠʩʠʪ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʪ 

ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ 

ʧʘʨʘʤʝʪʨʦʚ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. 

ɺ ʧʦʜʧʘʭʦʪʥʦʤ ʛʦʨʠʟʦʥʪʝ ʩʨʝʜʥʝʡ ʪʝʩʥʦʪʳ 

ʩʚʷʟʴ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤ 

ʚʝʱʝʩʪʚʦʤ ʠ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ 

ʢʠʩʣʦʪʥʦʩʪʴʶ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʥʘʣʠʯʠʝʤ ʚ 

ʧʦʯʚʝ ʧʦʛʣʦʱʝʥʥʳʭ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʠ 

ʘʣʶʤʠʥʠʷ, ʩʧʦʩʦʙʥʳʭ ʢ ʦʙʤʝʥʫ. ʅʘ ʛʣʫʙʠʥʝ 

ʠʣʣʶʚʠʘʣʴʥʦʛʦ ʛʦʨʠʟʦʥʪʘ (40-60 ʩʤ) ʨʦʣʴ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʥʝ ʚʳʨʘʞʝʥʘ ʚ ʩʚʷʟʠ 

ʩ ʤʘʣʳʤ ʝʛʦ ʢʦʣʠʯʝʩʪʚʦʤ ʠ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ 

ʚʠʜʝ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʣʝʥʦʢ ʠ 

ʟʘʪʝʢʦʚ. ʊʦ ʝʩʪʴ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʚ 

ʧʦʜʧʘʭʦʪʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʧʨʠʦʙʨʝʪʘʶʪ 

ʤʠʥʝʨʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʧʦʯʚʳ, ʥʘʣʠʯʠʝ 

ʧʳʣʝʚʘʪʦʡ ʠ ʠʣʠʩʪʦʡ ʬʨʘʢʮʠʠ. 

ɼʘʣʝʝ ʤʳ ʧʝʨʝʰʣʠ ʢ ʤʝʪʦʜʫ 

ʤʝʟʦʤʦʨʬʦʣʦʛʠʠ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʫʚʠʜʝʪʴ, ʢʘʢ ʩʣʦʞʝʥʳ ʩʪʨʫʢʪʫʨʥʳʝ 

ʦʪʜʝʣʴʥʦʩʪʠ, ʠʟ ʯʝʛʦ ʦʥʠ ʩʦʩʪʦʷʪ, ʠʭ ʛʝʥʝʟʠʩ, 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ. ʅʘʙʣʶʜʝʥʠʝ ʧʦʜ 

ʙʠʥʦʢʫʣʷʨʦʤ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʛʝʥʝʟʠʩ 

ʧʦʨ ʠ ʪʨʝʱʠʥ, ʘ ʭʘʨʘʢʪʝʨ ʠʭ ʩʪʝʥʦʢ 

ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʝ 

ʧʨʦʮʝʩʩʳ, ʪʘʢ ʢʘʢ ʦʩʥʦʚʥʳʝ ʪʦʢʠ ʚʦʜʳ 

ʧʨʦʭʦʜʷʪ ʧʦ ʧʦʨʘʤ ʠ ʪʨʝʱʠʥʘʤ [9]. ʇʨʠ 

ʧʦʣʝʚʦʤ ʠ ʧʨʠ ʤʝʟʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦ ʩʦʩʪʘʚʫ ʠ ʬʦʨʤʝ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʨʝʞʠʤʝ 

ʧʦʯʚ,  ʩʫʩʧʝʥʟʠʦʥʥʦʤ ʧʝʨʝʥʦʩʝ ʚʝʱʝʩʪʚ ʠ 

ʨʷʜʝ ʜʨʫʛʠʭ ʧʨʦʮʝʩʩʦʚ.  

ʈʝʟʫʣʴʪʘʪʳ ʤʝʟʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ (ʩʤ. ʨʠʩʫʥʢʠ 2-5 - ɺʠʜ 

ʛʫʤʫʩʦʚʳʭ ʛʦʨʠʟʦʥʪʦʚ ʢʦʥʪʨʘʩʪʥʳʭ 

ʚʘʨʠʘʥʪʦʚ ʜʣʠʪʝʣʴʥʦʛʦ ʦʧʳʪʘ ʚ ʦʙʲʝʢʪʠʚʝ 

ʮʠʬʨʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ MDA1300/2000 USB, 

15ʭ ï ʧʷʪʥʘʜʮʘʪʠʢʨʘʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ; 80ʭ ï 

ʚʦʩʴʤʠʜʝʩʷʪʠʢʨʘʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ) 

ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʧʦʜʟʦʣʠʩʪʳʡ ʧʨʦʮʝʩʩ ʚ 

ʦʢʫʣʴʪʫʨʝʥʥʦʡ ʧʦʯʚʝ ʚʥʝʰʥʝ ʨʘʟʚʠʚʘʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʣʘʙʝʝ. ʆʙ ʵʪʦʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʥʝ ʪʦʣʴʢʦ ʦʪʩʫʪʩʪʚʠʝ 

ʵʣʶʚʠʘʣʴʥʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʥʦ ʠ ʦʪʩʫʪʩʪʚʠʝ 

(ʠʣʠ ʩʣʘʙʘʷ ʚʳʨʘʞʝʥʥʦʩʪʴ) ʧʨʠʟʥʘʢʦʚ 

ʵʣʶʚʠʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ (ʦʪʤʳʪʳʭ ʟʝʨʝʥ 

ʢʚʘʨʮʘ) ʚ ʚʝʨʭʥʝʤ ʛʦʨʠʟʦʥʪʝ, ʘ ʪʘʢʞʝ ʧʣʝʥʦʢ 

ʛʠʜʨʦʢʩʠʜʦʚ ʚ ʥʠʞʝʣʝʞʘʱʝʤ ʛʦʨʠʟʦʥʪʝ, 

ʢʦʪʦʨʳʝ ʷʨʢʦ ʚʳʨʘʞʝʥʳ ʚ ʣʝʩʥʦʡ ʧʦʯʚʝ. ɺ 

ʧʘʭʦʪʥʦʤ ʛʦʨʠʟʦʥʪʝ ʦʢʫʣʴʪʫʨʝʥʥʦʡ ʧʦʯʚʳ (ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʣʝʩʥʦʡ ʧʦʯʚʦʡ) ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʤʥʦʛʦʧʦʨʷʜʢʦʚʦʩʪʴ ʩʪʨʫʢʪʫʨʳ. 
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15ʭ 80ʭ 

 

ʈʠʩ. 2. ʃʝʩʥʘʷ ʧʦʯʚʘ, ʛʦʨʠʟʦʥʪ ɸ1 - ʉʝʨʳʡ ʩ ʙʫʨʦʚʘʪʳʤ ʦʪʪʝʥʢʦʤ. ʉʪʨʫʢʪʫʨʘ ʢʦʤʢʦʚʘʪʘʷ. 

ɸʛʨʝʛʘʪʳ 1-ʛʦ ʧʦʨʷʜʢʘ ï ʢʦʤʢʠ ʜʠʘʤʝʪʨʦʤ 0,2-0,5 ʤʤ; ʘʛʨʝʛʘʪʳ 2-ʛʦ ʧʦʨʷʜʢʘ ï ʢʦʤʢʠ 3-5 ʤʤ. 

ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʣʘʙʦʨʘʟʣʦʞʠʚʰʠʭʩʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚ. ʄʥʦʞʝʩʪʚʦ ʭʦʨʦʰʦ ʦʪʤʳʪʳʭ 

ʟʝʨʝʥ ʢʚʘʨʮʘ. ʇʨʝʦʙʣʘʜʘʶʪ ʧʝʩʯʘʥʳʝ ʠ ʧʳʣʝʚʘʪʳʝ ʬʨʘʢʮʠʠ. 

 

15ʭ 80ʭ 

 

ʈʠʩ. 3. ʇʘʰʥʷ, ʛʦʨʠʟʦʥʪ ɸʧʘʭ, (ʢʦʥʪʨʦʣʴ) - ɹʫʨʦ-ʩʝʨʳʡ. ʉʪʨʫʢʪʫʨʘ ʢʦʤʢʦʚʘʪʘʷ, ʭʦʨʦʰʦ 

ʚʳʨʘʞʝʥʥʘʷ, ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʦʪʜʝʣʴʥʦʩʪʠ ʨʘʟʥʦʛʦ ʧʦʨʷʜʢʘ. ɸʛʨʝʛʘʪʳ 4-ʛʦ ʧʦʨʷʜʢʘ ï ʢʦʤʢʠ 15-20 

ʤʤ ʚ ʜʠʘʤʝʪʨʝ; 3-ʛʦ ʧʦʨʷʜʢʘ ï 3-5 ʤʤ; 2-ʛʦ ʧʦʨʷʜʢʘ ï 1,5-2 ʤʤ; 1-ʛʦ ʧʦʨʷʜʢʘ ï 0,4-0,8 ʤʤ. 

ʄʠʥʝʨʘʣʴʥʳʝ ʟʝʨʥʘ ʧʦʢʨʳʪʳ ʧʳʣʝʚʘʪʳʤʠ ʯʘʩʪʠʮʘʤʠ. ʇʨʝʦʙʣʘʜʘʶʱʠʝ ʬʨʘʢʮʠʠ ï ʧʳʣʝʚʘʪʘʷ, 

ʪʦʥʢʠʡ ʧʝʩʦʢ. 

 

15ʭ 80ʭ 

 

ʈʠʩ. 4. ʇʘʰʥʷ, ʛʦʨʠʟʦʥʪ ɸʧʘʭ., (ʠʟʚʝʩʪʴ ʧʦ 2,5ʅʛ, ʙʝʟ ʫʜʦʙʨʝʥʠʡ).- ɹʫʨʦ-ʩʝʨʳʡ. ʉʪʨʫʢʪʫʨʘ 

ʢʦʤʢʦʚʘʪʘʷ, ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʦʪʜʝʣʴʥʦʩʪʠ ʨʘʟʥʳʭ ʧʦʨʷʜʢʦʚ. ɸʛʨʝʛʘʪʳ 1-ʛʦ ʧʦʨʷʜʢʘ - ʢʦʤʢʠ 0,3-0,9 

ʤʤ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʳ; ʘʛʨʝʛʘʪʳ 2-ʛʦ ʧʦʨʷʜʢʘ ï ʢʦʤʢʠ 3-6 ʤʤ ï ʧʨʝʦʙʣʘʜʘʶʪ; ʘʛʨʝʛʘʪʳ 3-ʛʦ 

ʧʦʨʷʜʢʘ ï ʢʦʤʢʠ ʜʠʘʤʝʪʨʦʤ 15-30 ʤʤ. ɺʩʪʨʝʯʘʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʦʪʤʳʪʳʝ ʟʝʨʥʘ ʢʚʘʨʮʘ, ʦʩʥʦʚʥʘʷ 

ʤʘʩʩʘ ʤʠʥʝʨʘʣʴʥʳʭ ʟʝʨʝʥ ʧʦʢʨʳʪʘ ʧʳʣʝʚʘʪʳʤʠ ʯʘʩʪʠʮʘʤʠ. 

 



          ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

          ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 

133 

 

15ʭ 80ʭ 

ʈʠʩ. 5. ʇʘʰʥʷ, ʛʦʨʠʟʦʥʪ ɸʧʘʭ. (ʚʳʩʦʢʠʡ ʬʦʥ ʫʜʦʙʨʝʥʠʡ + ʠʟʚʝʩʪʴ ʧʦ 1,0ʅʛ).- ɹʫʨʦʚʘʪʦ-ʩʝʨʳʡ. 

ʉʪʨʫʢʪʫʨʘ ʢʦʤʢʦʚʘʪʘʷ, ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʘʷ, ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʩʪʨʫʢʪʫʨʥʳʝ ʦʪʜʝʣʴʥʦʩʪʠ ʨʘʟʥʦʛʦ 

ʧʦʨʷʜʢʘ. ʇʨʝʦʙʣʘʜʘʶʪ ʘʛʨʝʛʘʪʳ 1-ʛʦ ʧʦʨʷʜʢʘ ï 0,4-0,7 ʤʤ (ʤʝʣʢʦ ʢʦʤʢʦʚʘʪʘʷ ʩʪʨʫʢʪʫʨʘ); 

ʘʛʨʝʛʘʪʳ 2-ʛʦ ʧʦʨʷʜʢʘ- ʢʦʤʢʠ ʜʠʘʤʝʪʨʦʤ 2-7 ʤʤ, 3-ʛʦ ʧʦʨʷʜʢʘ ï ʜʠʘʤʝʪʨʦʤ 15-20 ʤʤ. ʄʥʦʛʦ 

ʦʪʤʳʪʳʭ ʟʝʨʝʥ ʢʚʘʨʮʘ, ʜʠʘʤʝʪʨʦʤ 0,2-0,4 ʤʤ. ʇʨʝʦʙʣʘʜʘʶʱʠʝ ʬʨʘʢʮʠʠ ï ʩʨʝʜʥʠʡ ʠ ʪʦʥʢʠʡ ʧʝʩʦʢ.

 

ʄʳ ʠʟʫʯʘʣʠ ʤʠʢʨʦʩʪʨʦʝʥʠʝ ʧʦʯʚʳ 

ʢʦʥʪʨʘʩʪʥʳʭ ʚʘʨʠʘʥʪʦʚ ʜʣʠʪʝʣʴʥʦʛʦ ʦʧʳʪʘ ʚ 

ʰʣʠʬʘʭ (ʤʝʪʦʜ ʤʠʢʨʦʤʦʨʬʦʣʦʛʠʠ). 

ʄʠʢʨʦʤʦʨʬʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ 

ʧʦʯʚʝʥʥʳʡ ʧʨʦʬʠʣʴ ʠ ʦʪʜʝʣʴʥʳʝ ʝʛʦ 

ʬʨʘʛʤʝʥʪʳ ʚ ʥʝʥʘʨʫʰʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʫʚʝʣʠʯʝʥʠʡ ʠ ʧʦʣʫʯʘʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʝʱʝʩʪʚʝʥʥʦʤ ʩʦʩʪʘʚʝ ʠ 

ʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʲʝʢʪʘ ʚ ʣʶʙʦʡ 

ʠʥʪʝʨʝʩʫʶʱʝʡ ʥʘʩ ʪʦʯʢʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʤʠʢʨʦʤʦʨʬʦʣʦʛʠʷ ʧʦʯʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʝʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʯʚ ʥʝ ʪʦʣʴʢʦ 

ʧʨʠ ʚʳʷʩʥʝʥʠʠ ʠʭ ʛʝʥʝʟʠʩʘ, ʜʠʘʛʥʦʩʪʠʢʠ, ʥʦ 

ʠ ʜʣʷ ʧʨʦʛʥʦʟʘ ʠʟʤʝʥʝʥʠʡ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʣʦʜʦʨʦʜʠʷ. 

ʄʠʢʨʦʤʦʨʬʦʣʦʛʠʷ ʤʦʞʝʪ ʫʣʦʚʠʪʴ ʩʘʤʳʝ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʩʜʚʠʛʠ ʚ ʦʨʛʘʥʠʟʘʮʠʠ 

ʤʘʪʝʨʠʘʣʘ, ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʠ ʦʩʥʦʚʥʳʭ 

ʚʝʱʝʩʪʚʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʦʷʚʣʝʥʠʠ 

ʥʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʩʪʨʦʝʥʠʷ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ 

ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʢʦʥʪʨʦʣʷ 

ʩʦʭʨʘʥʝʥʠʷ ʠ ʫʣʫʯʰʝʥʠʷ ʥʘʰʠʭ ʧʦʯʚ. 

ɺ ʤʠʢʨʦʩʪʨʦʝʥʠʠ ʟʘʤʝʪʥʳ ʠʟʤʝʥʝʥʠʷ 

ʭʘʨʘʢʪʝʨʘ ʘʛʨʝʛʠʨʦʚʘʥʥʦʩʪʠ, ʤʠʢʨʦʬʦʨʤʳ 

ʛʫʤʫʩʘ. ʉʚʝʪʣʦ-ʙʫʨʘʷ ʦʨʛʘʥʠʯʝʩʢʘʷ ʧʣʘʟʤʘ 

ʛʦʨʠʟʦʥʪʘ ɸ1 ʣʝʩʥʦʡ ʧʦʯʚʳ, ʠʤʝʶʱʝʡ 

ʢʦʨʠʯʥʝʚʘʪʦ-ʪʝʤʥʦ-ʙʫʨʳʡ ʮʚʝʪ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʩʛʫʩʪʢʦʚ. ɺ 

ʦʢʫʣʴʪʫʨʝʥʥʦʡ ʧʦʯʚʝ ʫʩʠʣʠʚʘʝʪʩʷ ʩʚʷʟʴ 

ʛʫʤʫʩʘ ʩ ʤʠʥʝʨʘʣʴʥʦʡ ʯʘʩʪʴʶ ʧʦʯʚʳ (ʙʫʨʳʝ 

ʧʣʝʥʢʠ ʥʘ ʟʝʨʥʘʭ ʩʢʝʣʝʪʘ). ɺʦʟʨʘʩʪʘʝʪ 

ʩʪʝʧʝʥʴ ʨʘʟʣʦʞʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ 

(ʛʦʤʦʛʝʥʠʟʘʮʠʷ, ʩʤʝʰʠʚʘʥʠʝ ʩ ʤʠʥʝʨʘʣʴʥʦʡ 

ʤʘʩʩʦʡ), ʥʘʙʣʶʜʘʝʪʩʷ ʫʧʣʦʪʥʝʥʠʝ ʩʣʦʞʝʥʠʷ, 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʦʙʲʝʤʘ ʧʦʨ. 

ʇʨʝʦʙʣʘʜʘʶʱʠʤ ʪʠʧʦʤ ʛʫʤʫʩʘ ʚ ʦʩʚʦʝʥʥʦʡ 

ʧʦʯʚʝ ʧʦ ʤʝʨʝ ʫʩʠʣʝʥʠʷ ʩʚʷʟʠ ʩ ʤʠʥʝʨʘʣʴʥʦʡ 

ʯʘʩʪʴʶ, ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʩʪʘʥʦʚʠʪʩʷ ʤʦʜʝʨ-ʤʫʣʣʴ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʛʫʤʫʩʘ ʪʠʧʘ ʤʦʜʝʨ ʚ ʛʦʨʠʟʦʥʪʝ ɸ1 ʠ ʪʠʧʘ 

ʤʦʨ ʚ ʛʦʨʠʟʦʥʪʝ ɸ0 ʣʝʩʥʦʡ ʧʦʯʚʳ. 

ʇʨʠ ʜʣʠʪʝʣʴʥʦʤ ʧʨʠʤʝʥʝʥʠʠ 

ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʥʘʙʣʶʜʘʣʠʩʴ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʤʠʢʨʦʩʪʨʦʝʥʠʠ  

ʧʦʯʚʳ ʢʦʥʪʨʘʩʪʥʳʭ ʚʘʨʠʘʥʪʦʚ ʦʧʳʪʘ. ɺ 

ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʤ ʦʧʠʩʘʥʠʷ 

ʰʣʠʬʦʚ ʧʘʭʦʪʥʦʛʦ ʠ ʧʦʜʧʘʭʦʪʥʦʛʦ 

ʛʦʨʠʟʦʥʪʦʚ ʜʚʫʭ ʢʦʥʪʨʘʩʪʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʜʣʠʪʝʣʴʥʦʛʦ ʦʧʳʪʘ (ʢʦʥʪʨʦʣʷ ʠ ʚʳʩʦʢʦʛʦ 

ʫʨʦʚʥʷ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ ʥʘ ʬʦʥʝ 

ʠʟʚʝʩʪʢʦʚʘʥʠʷ ʧʦʣʥʦʡ ʜʦʟʦʡ ʜʦʣʦʤʠʪʦʚʦʡ 

ʤʫʢʠ). 

ɺ ʛʦʨʠʟʦʥʪʝ ɸʧʘʭ. ʢʦʥʪʨʦʣʴʥʦʛʦ 

ʚʘʨʠʘʥʪʘ  ʟʝʨʥʘ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ ʙʦʣʝʝ 

ʢʨʫʧʥʳʝ ʠ ʠʭ ʙʦʣʴʰʝ ʧʦ ʢʦʣʠʯʝʩʪʚʫ. 

ɺʩʪʨʝʯʘʶʪʩʷ ʤʠʢʨʦʦʨʰʪʝʡʥʳ. ʅʘ 

ʫʜʦʙʨʝʥʥʦʤ ʚʘʨʠʘʥʪʝ ʛʨʫʙʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʧʦʯʚʝ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ, ʙʦʣʴʰʝ ʧʳʣʝʚʘʪʳʭ 



ISSN 0131-5226. ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʠ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʡ ʞʫʨʥʘʣ. 

 ʀɸʕʇ. 19 ɺʳʧ. 2(99) 

134 

 

ʯʘʩʪʠʮ, ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ ʤʝʥʴʰʝ. 

ʇʦʚʝʨʭʥʦʩʪʴ ʤʠʥʝʨʘʣʦʚ ʙʦʣʝʝ ʚʳʚʝʪʨʝʣʘʷ. 

ɹʦʣʝʝ ʚʳʨʘʞʝʥʦ ʦʞʝʣʝʟʥʝʥʠʝ ʧʦ ʪʨʝʱʠʥʘʤ 

ʤʠʥʝʨʘʣʴʥʳʭ ʟʝʨʝʥ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ, ʥʝʪ 

ʤʠʢʨʦʦʨʰʪʝʡʥʦʚ, ʪʦʣʴʢʦ ʞʝʣʝʟʠʩʪʳʝ 

ʩʛʫʩʪʢʠ. 

ɺ ʩʫʙʵʣʶʚʠʘʣʴʥʦʤ ʛʦʨʠʟʦʥʪʝ (BEL1) ʥʘ 

ʢʦʥʪʨʦʣʝ ʤʳ ʥʘʙʣʶʜʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʤʠʢʨʦʦʨʰʪʝʡʥʦʚ ʜʠʘʤʝʪʨʦʤ ʜʦ 

1-2 ʤʤ. ɺ ʫʜʦʙʨʷʚʰʝʡʩʷ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ 

ʧʦʯʚʝ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚʩʝʛʦ 1 ʤʠʢʨʦʦʨʰʪʝʡʥ, 

ʘ ʚ ʮʝʣʦʤ ʛʦʨʠʟʦʥʪʳ ʩʭʦʞʠ ï ʙʦʣʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʳʣʠ ʠ ʧʣʘʟʤʳ ʧʦ ʩʨʘʚʥʝʥʠʶ  ʩ 

ʚʳʰʝʣʝʞʘʱʠʤʠ ʛʦʨʠʟʦʥʪʘʤʠ. ɹʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʣʝʥʦʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʠʥʝʨʘʣʴʥʳʭ ʟʝʨʝʥ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʧʦʯʚ ʚ ʮʝʣʦʤ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʚʳʷʚʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. ʆʩʦʙʝʥʥʦ ʷʨʢʦ 

ʵʪʦ ʚʳʨʘʞʝʥʦ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ. ɺ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʦʙʤʝʥʥʳʭ ʦʩʥʦʚʘʥʠʡ ʧʦ 

ʧʨʦʬʠʣʶ ʥʘʙʣʶʜʘʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʧʦ 

ʵʣʶʚʠʘʣʴʥʦ-ʠʣʣʶʚʠʘʣʴʥʦʤʫ ʪʠʧʫ. 

ʇʦʜʧʘʭʦʪʥʳʡ ʛʦʨʠʟʦʥʪ ʩʦʭʨʘʥʷʝʪ ʧʨʠʟʥʘʢʠ 

ʧʦʜʟʦʣʠʩʪʦʛʦ ʛʦʨʠʟʦʥʪʘ ʣʝʩʥʦʡ ʧʦʯʚʳ, ʭʦʪʷ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʦʥ ʥʝ ʚʳʨʘʞʝʥ. 

ɺ ʧʦʯʚʝ ʜʣʠʪʝʣʴʥʦʛʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ  

ʦʧʳʪʘ ʟʘ 37 ʣʝʪ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʠʟʦʰʣʠ  

ʩʝʨʴʝʟʥʳʝ ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʧʦʯʚʳ ʧʦʜ ʚʣʠʷʥʠʝʤ ʤʠʥʝʨʘʣʴʥʳʭ 

ʫʜʦʙʨʝʥʠʡ ʠ ʠʟʚʝʩʪʢʦʚʘʥʠʷ. ʆʥʠ ʩʚʷʟʘʥʳ ʩʦ 

ʩʚʦʡʩʪʚʘʤʠ ʧʦʯʚʝʥʥʦʛʦ ʧʦʛʣʦʱʘʶʱʝʛʦ 

ʢʦʤʧʣʝʢʩʘ. ʇʨʦʠʟʦʰʣʠ ʠʟʤʝʥʝʥʠʷ ʠ ʚ 

ʦʨʛʘʥʠʯʝʩʢʦʡ, ʠ ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʦʯʚʳ.  

ʋʩʪʘʥʦʚʣʝʥʳ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ 

ʦʙʤʝʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʯʚʳ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʚʘʨʠʘʥʪʘʭ ʦʧʳʪʘ (ʪʘʙʣʠʮʳ 3ï5). 

 

ʊʘʙʣʠʮʘ 3  

ʀʟʤʝʥʝʥʠʝ ʨʝʘʢʮʠʠ ʧʦʯʚʳ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʚʥʝʩʝʥʠʠ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ 

 ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʠʟʚʝʩʪʢʦʚʘʥʠʷ 

ʇʨʠʤʝʯʘʥʠʝ - *ɺ ʯʠʩʣʠʪʝʣʝ ï ʨʝʘʢʮʠʷ ʧʦʯʚʳ ʜʦ ʧʦʚʪʦʨʥʦʛʦ ʠʟʚʝʩʪʢʦʚʘʥʠʷ (ʦʙʨʘʟʮʳ 2016 ʛ.); **ʚ 

ʟʥʘʤʝʥʘʪʝʣʝ ï ʧʦʩʣʝ ʚʥʝʩʝʥʠʷ ʠʟʚʝʩʪʠ (ʦʙʨʘʟʮʳ 2018ʛ.) 

 

ʌʦʥ ʫʜʦʙʨʝʥʠʡ 

 

ɼʦʟʘ ʠʟʚʝʩʪʠ ʚ ʜʦʣʷʭ ʅʛ 

ʉʨʝʜʥʝʝ ʧʦ 

ʫʨʦʚʥʷʤ 

ʫʜʦʙʨʝʥʠʡ  

ʅʉʈ0,5= 

0,16 / 0,16 
0 0,25 0,5 1,0 1,5 2,0 2,5 

ɹʝʟ ʫʜʦʙʨʝʥʠʡ 4,23* 

5,02** 

4,47 

5,38 

4,68 

6,20 

5,13 

6,13 

ð 

6,55 

5,47 

6,52 

5,37 

6,78 

4,89 

6,04 

ʉʨʝʜʥʠʡ 4,02 

4,53 

4,28 

5,34 

4,46 

5,57 

5,26 

6,04 

ˈ 

6,48 

5,10 

6,28 

5,21 

6,89 

4,72 

5,85 

ʇʦʚʳʰʝʥʥʳʡ 3,98 

4,41 

4,12 

5,22 

4,33 

5,07 

4,68 

5,97 

ˈ 

6,78 

5,13 

6,41 

5,34 

6,61 

4,60 

5,74 

ɺʳʩʦʢʠʡ 3,68 

4,28 

4,12 

5,25 

4,26 

5,10 

4,48 

5,77 

ð 

6,42 

4,63 

6,44 

5,16 

6,55 

4,39 

5,66 

ʉʨʝʜʥʝʝ ʧʦ 

ʫʨʦʚʥʷʤ 

ʠʟʚʝʩʪʢʦʚʘʥʠʷ 

ʅʉʈ0,5= 

0,21 / 0,21 

3,98 

4,56 

4,25 

5,30 

4,43 

5,49 

4,89 

5,98 

ð 

6,53 

5,08 

6,41 

5,27 

6,72 

 

ʅʉʈ0,5 ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʯʘʩʪʥʳʭ ʩʨʝʜʥʠʭ = 0,38/0,57 

ʆʰʠʙʢʘ ʦʧʳʪʘ = 2,96% / 0,94% 



          ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

          ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 
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ʆʧʨʝʜʝʣʝʥʠʝ ʨʝʘʢʮʠʠ ʧʦʯʚʳ ʯʝʨʝʟ 36 ʣʝʪ 

ʧʦʩʣʝ ʚʥʝʩʝʥʠʷ ʠʟʚʝʩʪʠ (ʪʘʙʣʠʮʘ 3) ʧʦʢʘʟʘʣʦ, 

ʯʪʦ ʜʣʠʪʝʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ 

ʫʜʦʙʨʝʥʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʜʢʠʩʣʷʝʪ ʧʦʯʚʫ. 

ʏʠʞʠʢʦʚʦʡ ʅ.ʇ. ʠ ʋʰʘʢʦʚʳʤ ʈ.ʅ. [10] 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʤʠʥʝʨʘʣʴʥʫʶ ʯʘʩʪʴ ʧʦʯʚʳ ʦʢʘʟʳʚʘʝʪ 

ʠʟʤʝʥʝʥʠʝ ʨʝʘʢʮʠʠ ʩʨʝʜʳ, ʦʩʦʙʝʥʥʦ ʚ 

ʩʪʦʨʦʥʫ ʧʦʜʢʠʩʣʝʥʠʷ. ʀʤʝʥʥʦ ʧʦʜʢʠʩʣʝʥʠʝ 

ʘʢʪʠʚʠʟʠʨʫʝʪ ʧʨʦʮʝʩʩʳ ʜʝʩʪʨʫʢʮʠʠ 

ʤʠʥʝʨʘʣʦʚ. ʇʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫʰʝʥʠʝ 

ʥʘʠʤʝʥʝʝ ʫʩʪʦʡʯʠʚʳʭ, ʩʦʜʝʨʞʘʱʠʭ 

ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʧʠʪʘʥʠʷ, 

ʤʠʥʝʨʘʣʦʚ. ʇʨʠ ʵʪʦʤ ʥʝʡʪʨʘʣʠʟʘʮʠʷ ʧʦʯʚ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʦʚʪʦʨʥʦʤ ʠʟʚʝʩʪʢʦʚʘʥʠʠ,   

ʯʝʨʝʟ ʣʶʙʦʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʧʦʩʣʝ 

ʧʦʜʢʠʩʣʝʥʠʷ ʥʝ ʚʦʟʚʨʘʱʘʝʪ ʧʦʯʚʳ ʚ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʪʘʢ ʢʘʢ ʥʝʣʴʟʷ 

ʚʦʩʩʪʘʥʦʚʠʪʴ ʠʩʭʦʜʥʫʶ 

ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʤʠʥʝʨʘʣʦʚ. 

ʇʨʦʰʝʜʰʘʷ ʨʝʘʢʮʠʷ ʨʘʟʨʫʰʝʥʠʷ ʤʠʥʝʨʘʣʦʚ 

ʥʝʦʙʨʘʪʠʤʘ [11,12]. ʕʪʦ ʝʱʝ ʨʘʟ ʛʦʚʦʨʠʪ ʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ 

ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʠʟʚʝʩʪʢʦʚʘʥʠʷ ʢʠʩʣʳʭ ʧʦʯʚ 

ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʧʦʜʜʝʨʞʢʠ ʵʪʦʛʦ ʤʝʨʦʧʨʠʷʪʠʷ.   

ɺʝʣʠʯʠʥʘ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʢʠʩʣʦʪʥʦʩʪʠ 

ʦʩʪʘʚʘʣʘʩʴ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʥʘ ʜʝʣʷʥʢʘʭ, ʥʘ 

ʢʦʪʦʨʳʭ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʚʥʦʩʠʣʠ 

ʤʠʥʝʨʘʣʴʥʳʝ ʫʜʦʙʨʝʥʠʷ, ʜʘʞʝ ʧʦʩʣʝ 

ʧʦʚʪʦʨʥʦʛʦ ʠʟʚʝʩʪʢʦʚʘʥʠʷ (ʪʘʙʣʠʮʘ 4). 

 

ʊʘʙʣʠʮʘ 4  

ɺʝʣʠʯʠʥʘ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʢʠʩʣʦʪʥʦʩʪʠ ʚ ʧʝʨʚʳʡ ʛʦʜ ʧʦʩʣʝ ʧʦʚʪʦʨʥʦʛʦ ʠʟʚʝʩʪʢʦʚʘʥʠʷ  

(ʤʛ-ʵʢʚ/100ʛ ʧʦʯʚʳ), 2018 ʛ. 

 

 

ʀʟʚʝʩʪʴ ʚ ʜʦʟʝ 0,5ʅʛ ʠ ʚʳʰʝ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʣʠ ʦʙʤʝʥʥʫʶ 

ʢʠʩʣʦʪʥʦʩʪʴ ʧʦʯʚʳ ʟʘ ʩʯʝʪ ʩʚʷʟʳʚʘʥʠʷ 

ʬʠʪʦʪʦʢʩʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʤʘʣʦ 

ʧʦʜʚʠʞʥʳʝ ʢʦʤʧʣʝʢʩʳ. ʇʦʯʚʘ ʥʘ ʚʘʨʠʘʥʪʘʭ 

ʚʥʝʩʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʙʝʟ 

ʧʦʚʪʦʨʥʦʛʦ ʠʟʚʝʩʪʢʦʚʘʥʠʷ, ʠʤʝʣʘ ʙʦʣʝʝ 

ʚʳʩʦʢʫʶ ʦʙʤʝʥʥʫʶ ʢʠʩʣʦʪʥʦʩʪʴ, ʯʝʤ ʥʘ 

ʢʦʥʪʨʦʣʝ (ʪʘʙʣʠʮʘ 5). 

 

 

 

ʌʦʥ ʫʜʦʙʨʝʥʠʡ 

 

ɼʦʟʘ ʠʟʚʝʩʪʠ ʚ ʜʦʣʷʭ ʅʛ 

 

ʉʨʝʜʥʝʝ ʧʦ 

ʫʨʦʚʥʷʤ 

ʫʜʦʙʨʝʥʠʡ  

ʅʉʈ0,5= 0,22 

0 0,25 0,5 1,0 1,5 2,0 2,5 

ɹʝʟ ʫʜʦʙʨʝʥʠʡ 2,32 1,99 1.85 0,90 1,28 0,56 0,84 1,40 

ʉʨʝʜʥʠʡ 2,83 2,45 2.66 1,34 1,47 1,06 0,77 1,81 

ʇʦʚʳʰʝʥʥʳʡ 3,43 2,53 2.50 1,53 1,16 0,56 0,91 1,80 

ɺʳʩʦʢʠʡ 3,47 2,78 3.05 1,90 1,62 1,19 1,15 2,19 

ʉʨʝʜʥʝʝ ʧʦ 

ʫʨʦʚʥʷʤ 

ʠʟʚʝʩʪʢʦʚʘʥʠʷ 

ʅʉʈ0,5=0,58 

3,01 2,43 2.52 1,42 1,38 0,84 0,92  

ʅʉʈ0,5 ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʯʘʩʪʥʳʭ ʩʨʝʜʥʠʭ = 0,76 

ʆʰʠʙʢʘ ʦʧʳʪʘ = 4,07% 
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ʊʘʙʣʠʮʘ 5  

ɺʝʣʠʯʠʥʘ ʦʙʤʝʥʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ ʧʦʯʚʳ ʜʣʠʪʝʣʴʥʦʛʦ ʦʧʳʪʘ ʧʦʩʣʝ ʧʦʚʪʦʨʥʦʛʦ ʠʟʚʝʩʪʢʦʚʘʥʠʷ,  

ʤʛ-ʵʢʚ./100ʛ, 2018 ʛ. 

 

ʀʩʭʦʜʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ʚ ʧʦʯʚʝ 

ʜʣʠʪʝʣʴʥʳʭ ʦʧʳʪʦʚ ʙʳʣʦ ʦʢʦʣʦ 2,2%. ɹʝʟ 

ʚʥʝʩʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ ʦʙʱʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ʩʥʠʞʘʝʪʩʷ (ʪʘʙʣʠʮʘ 6), 

ʯʪʦ ʥʝ ʤʦʞʝʪ ʥʝ ʚʣʠʷʪʴ ʥʘ ʠʟʤʝʥʝʥʠʝ 

ʤʠʥʝʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʦʯʚʳ. 

 

ʊʘʙʣʠʮʘ 6 

ʀʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʛʫʤʫʩʘ ʚ ʧʦʯʚʝ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʚʥʝʩʝʥʠʠ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʠʟʚʝʩʪʢʦʚʘʥʠʷ (%), 2017 ʛ. 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʜʣʠʪʝʣʴʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ 

ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʤʫ 

ʚʳʚʝʪʨʠʚʘʥʠʶ ʠ ʠʟʤʝʥʝʥʠʶ ʤʠʥʝʨʘʣʦʚ 

ʧʦʯʚʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʅ.ʇ. ʏʠʞʠʢʦʚʦʡ ʩ 

ʌʦʥ ʫʜʦʙʨʝʥʠʡ 

 

ɼʦʟʘ ʠʟʚʝʩʪʠ ʚ ʜʦʣʷʭ ʅʛ 

 

ʉʨʝʜʥʝʝ ʧʦ 

ʫʨʦʚʥʷʤ 

ʫʜʦʙʨʝʥʠʡ  

ʅʉʈ0,5= 0,054 

0 0,25 0,5 1,0 1,5 2,0 2,5 

ɹʝʟ ʫʜʦʙʨʝʥʠʡ 0,160 0,118 0,051 0,041 0,055 0,041 0,038 0,073 

ʉʨʝʜʥʠʡ 0,354 0,118 0,064 0,046 0,047 0,055 0,061 0,109 

ʇʦʚʳʰʝʥʥʳʡ 0,563 0,185 0,113 0,049 0,060 0,043 0,045 0,155 

ɺʳʩʦʢʠʡ 0,466 0,203 0,104 0,046 0,060 0,042 0,045 0,141 

ʉʨʝʜʥʝʝ ʧʦ 

ʫʨʦʚʥʷʤ 

ʠʟʚʝʩʪʢʦʚʘʥʠʷ 

ʅʉʈ0,5= 0,073 
0,386 0,156 0,083 0,046 0,055 0,045 0,047  

ʅʉʈ0,5 ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʯʘʩʪʥʳʭ ʩʨʝʜʥʠʭ = 0,191 

ʆʰʠʙʢʘ ʦʧʳʪʘ = 15,47% 

ʌʦʥ ʫʜʦʙʨʝʥʠʡ 

ɼʦʟʘ ʠʟʚʝʩʪʠ ʚ ʜʦʣʷʭ ʅʛ (ʠʟʚʝʩʪʢʦʚʘʥʠʝ 1981 ʛ.) ʉʨʝʜʥʝʝ ʧʦ 

ʫʨʦʚʥʷʤ 

ʫʜʦʙʨʝʥʠʡ 

ʅʉʈ0,5= 0,08 
0 1,0 2,5 

ɹʝʟ ʫʜʦʙʨʝʥʠʡ 1,20 1,82 1,89 1,64 

ʉʨʝʜʥʠʡ 1,23 2,03 2,31 1,86 

ɺʳʩʦʢʠʡ 1,31 1,94 2,19 1,81 

ʉʨʝʜʥʝʝ ʧʦ 

ʫʨʦʚʥʷʤ 

ʠʟʚʝʩʪʢʦʚʘʥʠʷ 

ʅʉʈ0,5= 0,08 
1,25 1,93 2.13 

 

ʅʉʈ0,5 ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʯʘʩʪʥʳʭ ʩʨʝʜʥʠʭ = 0,18 



          ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

          ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 

137 

 

ʩʦʘʚʪʦʨʘʤʠ [10-13] ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʘʰʠ 

ʚʳʚʦʜʳ. ɹʦʣʝʝ ʛʣʫʙʦʢʦʝ ʠ ʧʦʜʨʦʙʥʦʝ 

ʠʟʫʯʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʦʯʚʳ ʧʦʟʚʦʣʠʪ 

ʫʩʪʘʥʦʚʠʪʴ ʥʘʧʨʘʚʣʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ 

ʛʨʫʧʧʦʚʦʤ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ 

ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʦʡ ʧʘʭʦʪʥʦʡ ʧʦʯʚʳ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʜʣʠʪʝʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʠ ʦʧʨʝʜʝʣʠʪʴ ʧʫʪʠ 

ʩʦʭʨʘʥʝʥʠʷ ʧʣʦʜʦʨʦʜʠʷ ʧʘʭʦʪʥʳʭ ʧʦʯʚ. 

ɺʳʚʦʜʳ 

ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ  ʤʠʥʝʨʘʣʴʥʘʷ ʯʘʩʪʴ 

ʧʦʯʚʳ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʚʦʶ ʫʩʪʦʡʯʠʚʦʩʪʴ,  ʩʦ 

ʚʨʝʤʝʥʝʤ ʥʘʯʠʥʘʝʪ ʧʨʝʪʝʨʧʝʚʘʪʴ ʠʟʤʝʥʝʥʠʷ. 

ʌʘʢʪʦʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʠʟʤʝʥʝʥʠʷ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʷʚʣʷʝʪʩʷ 

ʫʩʠʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʭʠʤʠʯʝʩʢʦʛʦ, 

ʬʠʟʠʯʝʩʢʦʛʦ, ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ.  

ʉʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʜʝʩʪʨʫʢʮʠʶ 

ʤʠʥʝʨʘʣʦʚ ʧʦʯʚʳ ʦʢʘʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ 

ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ - ʧʦʜʢʠʩʣʝʥʠʝ ʧʦʯʚʳ. 

ʀʟʚʝʩʪʴ ʚ ʚʳʩʦʢʠʭ ʜʦʟʘʭ ʩʜʝʨʞʠʚʘʝʪ 

ʧʨʦʮʝʩʩʳ ʨʘʟʨʫʰʝʥʠʷ ʤʠʥʝʨʘʣʦʚ.  

ʅʝʦʙʭʦʜʠʤʳ ʫʛʣʫʙʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʠʥʝʨʘʣʴʥʦʡ, ʩʢʝʣʝʪʥʦʡ ʯʘʩʪʠ ʧʦʯʚʳ ʠ 

ʧʦʠʩʢʠ ʧʨʠʝʤʦʚ ʠ ʧʫʪʝʡ ʩʥʠʞʝʥʠʷ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʥʘ ʥʝʚʦʟʦʙʥʦʚʣʷʝʤʳʝ 

ʧʨʠʨʦʜʥʳʝ ʦʙʲʝʢʪʳ ï ʧʦʯʚʳ. 
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ɸʚʪʦʨʳ ʩʪʘʪʴʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʮʝʥʠʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʥʝ ʪʦʣʴʢʦ ʧʦ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʢʨʠʪʝʨʠʷʤ, ʥʦ ʠ ʧʦ ʵʢʦʣʦʛʠʯʝʩʢʦʤʫ ʢʨʠʪʝʨʠʶ ï ʧʦʢʘʟʘʪʝʣʶ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʯʚʫ. 
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ʪʨʘʢʪʦʨʥʦʛʦ ʘʛʨʝʛʘʪʘ ʚ ʪʝʭʥʦʣʦʛʠʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʩʫʤʤʘʨʥʳʭ ʘʙʩʦʣʶʪʥʳʭ ʧʦʪʝʨʴ 

ʫʨʦʞʘʡʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʘʨʫʰʝʥʠʝʤ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʨʦʢʦʚ ʠ ʫʧʣʦʪʥʷʶʱʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʜʚʠʞʠʪʝʣʝʡ ʄʊɸ ʥʘ ʧʦʯʚʫ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʝʡ ʘʢʪʫʘʣʴʥʦʡ. ɼʣʷ ʚʳʙʦʨʘ ʪʷʛʦʚʦʛʦ ʢʣʘʩʩʘ ʢʦʣʝʩʥʳʭ ʠ 

ʛʫʩʝʥʠʯʥʳʭ ʪʨʘʢʪʦʨʦʚ ʧʨʝʜʣʦʞʝʥʳ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʝ ʤʦʜʝʣʠ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʨʝʛʨʝʩʩʠʠ, 

ʫʯʠʪʳʚʘʶʱʠʝ ʩʦʚʦʢʫʧʥʦʝ ʚʣʠʷʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ 
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ʵʪʘʣʦʥʥʳʡ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʘʚʠʣʴʥʦʩʪʴ ʤʝʪʦʜʠʢʠ, ʠʟʣʦʞʝʥʥʦʡ ʚ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ. ʈʘʟʨʘʙʦʪʘʥʘ 

ʤʝʪʦʜʠʢʘ ʚʳʙʦʨʘ ʨʘʮʠʦʥʘʣʴʥʦʡ ʤʦʜʝʣʠ ʪʨʘʢʪʦʨʘ ʚ ʩʦʩʪʘʚʝ ʄʊɸ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʪʷʛʦʚʦʤ ʢʣʘʩʩʝ ʧʦ 

ʫʨʦʚʥʶ ʩʫʤʤʘʨʥʳʭ ʧʦʪʝʨʴ ʫʨʦʞʘʷ ʦʪ ʥʘʨʫʰʝʥʠʷ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʨʦʢʦʚ ʠ ʦʪ ʪʝʭʥʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ 

ʥʘ ʘʛʨʦʮʝʥʦʟ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʧʦʢʘʟʘʪʝʣʝʤ ʫʧʣʦʪʥʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʜʚʠʞʠʪʝʣʝʡ ʥʘ ʧʦʯʚʫ.  
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The authors indicate the need to estimate the effectiveness of the technical support of perspective crop 

production not only by economic and power criteria, but also by the ecological criterion ï the level of impact 

on soil. Therefore, the task to develop assessment methodology of environmental efficiency of machine-

tractor unit performance in crop production technologies is quite topical. The assessment was based on the 

total absolute yield losses associated with the violation of agro-technical terms and the compacting effect of 

machine-tractor unit wheels or tracks on soil. To choose the drawbar category of the wheel and caterpillar 

tractors, the multiplicative models of multiple regression were applied, which considered the cumulative 

effect of ecological, operational, technological and power factors. Calculation results showed that the 

smallest total loss of soybean crop was obtained when the machine-tractor unit with DT-75 tractor (drawbar 

category 3.0) was applied in cultivation, sowing and harrowing operations.  In the 20th century in Soviet 

Russia, this tractor was taken as the reference, when calculating the past Systems of Technologies and 

Machines. This fact supported the accuracy of the methodology described in the article. The methodology 

allows choosing the best-suited tractor model within the machine-tractor unit in a certain drawbar category 

by the level of total yield loss caused by the violation of agro-technical terms and by the manmade load on 

agrocenosis, with the latter being determined by the index of compacting effect on soil of the tractor wheels 

or tracks.  

 

Keywords: methodology, mover, tractor, technology, compacting effect, crop productivity, ecological 

efficiency.  
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ɺʚʝʜʝʥʠʝ 

ʆʮʝʥʢʘ ʦʙʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʦʙʣʝʤʳ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʷʛʦʚʦʡ ʧʦʣʝʚʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ʪʝʭʥʦʣʦʛʠʷʭ 

ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʨʘʟʨʘʙʦʪʢʠ, ʙʝʟʫʩʣʦʚʥʦ ʷʚʣʷʷʩʴ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ 

ʤʝʪʦʜʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʥʘʩʪʦʷʱʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʝ ʨʝʰʘʶʪ ʧʨʦʪʠʚʦʨʝʯʠʷ 

ʤʝʞʜʫ ʧʦʪʝʨʷʤʠ ʧʨʦʜʫʢʮʠʠ ʦʪ 

ʥʝʩʦʙʣʶʜʝʥʠʷ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʨʦʢʦʚ ʠ 

ʧʦʪʝʨʷʤʠ ʦʪ ʫʧʣʦʪʥʷʶʱʝʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ. 

ʅʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʧʨʠ 

ʦʙʦʙʱʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩʦʙʩʪʚʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʨʫʛʠʭ 

ʘʚʪʦʨʦʚ [1-4] ʠʟʫʯʝʥʘ  ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ 

ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʚʳʙʦʨʘ 

ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʤʘʨʦʯʥʦ-ʤʦʜʝʣʴʥʦʛʦ ʩʦʩʪʘʚʘ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ 

ʪʷʛʦʚʦʤ ʢʣʘʩʩʝ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʨʦʩʪʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʥʝ ʪʦʣʴʢʦ ʧʦ 

ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ 

ʢʨʠʪʝʨʠʷʤ, ʥʦ ʠ ʧʦ ʫʨʦʚʥʶ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʧʦʯʚʫ, ʢʘʢ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʠʪʝʨʠʷ. 

ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʧʦʚʳʰʝʥʠʷ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʦʛʦ 

ʘʛʨʝʛʘʪʘ ʚ ʪʝʭʥʦʣʦʛʠʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ, 

ʫʯʠʪʳʚʘʶʱʘʷ ʟʦʥʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʘ 

ʪʘʢʞʝ ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ 

ʧʦ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʜʣʷ 

ʠʤʝʶʱʠʭʩʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ ʠʣʠ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʥʦʚʳʭ ʤʘʰʠʥ 

ʩʣʝʜʫʶʱʠʭ ʧʦʢʦʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʝʡ 

ʘʢʪʫʘʣʴʥʦʡ. 

ʅʦʚʠʟʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʥʦʚʳʭ ʢʨʠʪʝʨʠʷʭ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ 

ʠʟʤʝʥʝʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʦʪ 

ʚʦʟʜʝʡʩʪʚʠʷ ʜʚʠʞʠʪʝʣʝʡ ʪʨʘʢʪʦʨʦʚ 

ʨʘʟʣʠʯʥʦʛʦ ʢʣʘʩʩʘ ʪʷʛʠ ʚ ʩʦʩʪʘʚʝ ʄʊɸ; 

ʥʘʫʯʥʘʷ ʟʥʘʯʠʤʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʚʠʪʠʠ 

ʦʙʱʠʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ ʧʦʩʪʨʦʝʥʠʷ 

ʪʠʧʘʞʘ ʵʥʝʨʛʦʩʨʝʜʩʪʚ, ʫʯʠʪʳʚʘʶʱʠʭ 

ʫʨʦʚʝʥʴ ʫʧʣʦʪʥʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʧʦʯʚʫ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʨʘʟʨʘʙʦʪʢʘ 

ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʦʛʦ 

ʘʛʨʝʛʘʪʘ ʚ ʪʝʭʥʦʣʦʛʠʷʭ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ.  

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʨʘʟʨʘʙʦʪʢʝ ʢʨʠʪʝʨʠʝʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʄʊɸ ʠ 

ʚʳʙʦʨʘ ʨʘʮʠʦʥʘʣʴʥʦʡ ʤʦʜʝʣʠ ʪʨʘʢʪʦʨʘ ʚ 

ʩʦʩʪʘʚʝ ʄʊɸ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʥʘ ʦʩʥʦʚʝ 

ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʢʦʤʧʨʦʤʠʩʩʥʳʭ 

ʤʝʪʦʜʦʚ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʅʘ ʦʩʥʦʚʝ ʨʘʥʝʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʚʠʨʪʫʘʣʴʥʦʤʫ ʤʦʙʠʣʴʥʦʤʫ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ ʩʨʝʜʩʪʚʫ ʠ 

ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʦʩʥʦʚ ʦʮʝʥʢʠ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʦ-ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ [5, 6] 

ʩʬʦʨʤʫʣʠʨʦʚʘʥ ʥʦʚʳʡ ʤʝʪʦʜ ʢ ʦʮʝʥʢʝ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʷʛʦʚʦʡ ʧʦʣʝʚʦʡ 

ʵʥʝʨʛʝʪʠʢʠ, ʫʯʠʪʳʚʘʶʱʠʡ ʩʫʤʤʘʨʥʳʝ 

ʘʙʩʦʣʶʪʥʳʝ ʧʦʪʝʨʠ ʫʨʦʞʘʡʥʦʩʪʠ ʩ ʪʝʤ, 

ʯʪʦʙʳ ʨʘʟʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʩʦʙʣʶʜʝʥʠʷ 

ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʨʦʢʦʚ ʠ ʧʦʪʝʨʷʤʠ ʫʨʦʞʘʷ 

ʦʪ ʪʝʭʥʦʛʝʥʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʥʘ 

ʘʛʨʦʮʝʥʦʟ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʪʨʘʢʪʦʨʳ ʨʘʟʣʠʯʥʦʛʦ 

ʢʣʘʩʩʘ ʪʷʛʠ ʧʦʨʦʞʜʘʶʪ ʨʝʰʘʪʴ ʜʚʝ 

ʚʟʘʠʤʦʫʚʷʟʘʥʥʳʝ ʟʘʜʘʯʠ: ʣʝʛʢʠʝ ʪʨʘʢʪʦʨʳ 

ʤʝʥʴʰʝ ʫʧʣʦʪʥʷʶʪ ʧʦʯʚʫ, ʥʦ ʙʦʣʴʰʝ 

ʥʘʨʫʰʘʶʪ ʘʛʨʦʩʨʦʢʠ, ʘ ʪʷʞʝʣʳʝ ʪʨʘʢʪʦʨʳ 

ʙʦʣʴʰʝ ʫʧʣʦʪʥʷʶʪ, ʥʦ ʤʝʥʴʰʝ ʥʘʨʫʰʘʶʪ 

ʘʛʨʦʩʨʦʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʚʳʙʦʨʘ 

ʢʦʤʧʨʦʤʠʩʩʥʦʛʦ ʨʝʰʝʥʠʷ ʪʷʛʦʚʦʛʦ ʢʣʘʩʩʘ ʠ 
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ʤʦʜʝʣʠ ʪʨʘʢʪʦʨʘ ʥʝʜʦʩʪʘʪʦʯʥʦ ʟʥʘʪʴ ʪʦʣʴʢʦ 

ʧʦʢʘʟʘʪʝʣʴ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʯʚʫ U, ʘ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʦʪʝʨʠ ʦʪ 

ʥʝʩʦʙʣʶʜʝʥʠʷ ʘʛʨʦʩʨʦʢʘ ʩ ʫʯʝʪʦʤ ʥʦʨʤʳ 

ʚʳʨʘʙʦʪʢʠ ʄʊɸ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʦʧʝʨʘʮʠʷʭ. 

ɼʣʷ ʚʳʙʦʨʘ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʪʨʘʢʪʦʨʘ ʠʟ 

ʤʘʨʦʯʥʦ-ʤʦʜʝʣʴʥʦʛʦ ʨʷʜʘ ʥʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʷʭ ʥʘʤʠ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʛʠʧʦʪʝʟʘ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʨʘʥʞʠʨʦʚʘʥʠʷ ʪʨʘʢʪʦʨʦʚ ʚ ʢʘʞʜʦʤ ʪʷʛʦʚʦʤ 

ʢʣʘʩʩʝ ʧʦ ʧʦʢʘʟʘʪʝʣʶ ʫʧʣʦʪʥʷʶʱʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʯʚʫ ʜʚʠʞʠʪʝʣʝʡ ʪʨʘʢʪʦʨʘ ʚ 

ʩʦʩʪʘʚʝ ʄʊɸ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʨʘʙʦʪʘʥʘ 

ʤʝʪʦʜʠʢʘ ʘʛʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʨʘʢʪʦʨʘ ʚ 

ʩʦʩʪʘʚʝ ʄʊɸ ʥʘ ʦʪʜʝʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʦʧʝʨʘʮʠʠ, ʢʦʛʜʘ ʧʦʢʘʟʘʪʝʣʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʪʨʘʢʪʦʨʘ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘʣʦʞʝʥʥʳʝ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʫʧʧʘʤʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ, ʪʷʛʦʚʦ-ʩʮʝʧʥʳʭ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʧʦʢʘʟʘʪʝʣʝʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʠ ʘʛʨʦʪʝʭʥʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʆʜʥʘʢʦ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʴʢʦ 

ʚʳʰʝʫʢʘʟʘʥʥʳʝ ʛʨʫʧʧʳ ʧʦʢʘʟʘʪʝʣʝʡ ʙʫʜʝʪ 

ʥʝʜʦʩʪʘʪʦʯʥʳʤ, ʪʘʢ ʢʘʢ ʧʨʠʤʝʥʝʥʠʝ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ ʥʘ ʦʪʜʝʣʴʥʦʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʧʦʪʝʨʷʤʠ ʫʨʦʞʘʷ, 

ʚʳʟʚʘʥʥʳʤʠ ʥʘʨʫʰʝʥʠʝʤ ʘʛʨʦʩʨʦʢʦʚ ʠ 

ʧʨʝʚʳʰʝʥʠʝʤ ʜʦʧʫʩʪʠʤʦʛʦ ʫʧʣʦʪʥʷʶʱʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʠʭ ʜʚʠʞʠʪʝʣʝʡ ʥʘ ʧʦʯʚʫ.  

ɺ ʠʪʦʛʝ ʧʨʝʜʩʪʘʚʣʷʝʤ ʩʣʝʜʫʶʱʠʝ 

ʧʦʰʘʛʦʚʳʝ ʜʝʡʩʪʚʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʚʳʙʨʘʪʴ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʡ ʤʘʰʠʥʥʦ-

ʪʨʘʢʪʦʨʥʳʡ ʘʛʨʝʛʘʪ ʩ ʧʦʟʠʮʠʠ ʚʦʟʜʝʡʩʪʚʠʷ 

ʜʚʠʞʠʪʝʣʝʡ ʪʨʘʢʪʦʨʘ ʥʘ ʧʦʯʚʫ.  

ʆʧʨʝʜʝʣʷʝʤʩʷ ʩ ʚʠʜʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʦʧʝʨʘʮʠʠ. 

ʂʣʘʩʩ ʪʷʛʠ ʢʦʣʝʩʥʳʭ ʠ ʛʫʩʝʥʠʯʥʳʭ 

ʪʨʘʢʪʦʨʦʚ ʚʳʙʠʨʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʭ ʤʦʜʝʣʝʡ 

ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʨʝʛʨʝʩʩʠʠ, ʫʯʠʪʳʚʘʶʱʠʭ 

ʩʦʚʦʢʫʧʥʦʝ ʚʣʠʷʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ, 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ [7]: 

 
1284,06117,02158,00423,0)( ʥʢʢʣʘʩʩ NWUYʊʷʛ ÖÖÖ=

      (1) 

 
3961,06345,08567,1000151,0)(

-
ÖÖÖ= ʥʛʢʣʘʩʩ NWUYʊʷʛ

      (2) 

ʇʦʢʘʟʘʪʝʣʴ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʯʚʫ (U , 

ʢʅ/ʤ) ʚʳʙʠʨʘʝʪʩʷ ʩ ʫʯʝʪʦʤ ʪʠʧʘ ʭʦʜʦʚʦʡ 

ʩʠʩʪʝʤʳ ʪʨʘʢʪʦʨʘ (ʢʦʣʝʩʥʳʡ, ʛʫʩʝʥʠʯʥʳʡ) ʠʟ 

ʩʧʨʘʚʦʯʥʠʢʘ [8]. ɺ ʦʪʩʫʪʩʪʚʠʝ ʧʦʢʘʟʘʪʝʣʷ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʯʚʫ (U) ʧʦ ʚʳʙʨʘʥʥʦʡ 

ʤʦʜʝʣʠ ʪʨʘʢʪʦʨʘ ʧʨʠʤʝʥʷʝʪʩʷ ʬʦʨʤʫʣʘ ʧʦ 

ʝʛʦ ʨʘʩʯʝʪʫ, ʧʨʠʚʝʜʝʥʥʘʷ ʚ ʨʘʙʦʪʝ [9]. 

ʈʘʩʯʝʪ ʜʥʝʚʥʦʡ ʥʦʨʤʳ ʚʳʨʘʙʦʪʢʠ 

ʪʨʘʢʪʦʨʘ (W, ʛʘ) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʙʦʯʝʡ ʩʢʦʨʦʩʪʠ ʘʛʨʝʛʘʪʘ (

ʨn), ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʰʠʨʠʥʳ ʨʘʙʦʯʝʡ 

ʤʘʰʠʥʳ (aB
), ʥʦʨʤʳ ʩʤʝʥʳ (ʩʤT

) ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʨʝʤʝʥʠ 

ʩʤʝʥʳ (ʩʤn
) ʧʦ ʬʦʨʤʫʣʝ: 

 

ʩʤʩʤa nTBW ÖÖÖÖ= n1,0
   (3) 

ɺʳʙʦʨ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʪʨʘʢʪʦʨʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʫʯʝʪʦʤ ʜʣʠʥʳ ʛʦʥʘ 

ʧʣʦʱʘʜʠ ʧʦʣʷ ʭʦʟʷʡʩʪʚʘ ʠ ʚʠʜʘ ʦʧʝʨʘʮʠʠ 

(ʪʘʙʣʠʮʘ 1). 
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ʊʘʙʣʠʮʘ 1 

ɼʠʘʧʘʟʦʥʳ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʥN
 (ʢɺʪ) ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʧʝʨʘʮʠʡ, ʥʘʡʜʝʥʥʳʝ ʧʦ 

ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʢʨʠʪʝʨʠʷʤ ʦʧʪʠʤʘʣʴʥʦʩʪʠ [10, ʩʪʨ. 117]. 

ɼʣʠʥʘ ʛʦʥʘ, ʤ 

ɺʩʧʘʰʢʘ, ʩʧʣʦʰʥʘʷ 

ʢʫʣʴʪʠʚʘʮʠʷ, ʣʫʱʝʥʠʝ ʩʪʝʨʥʠ ʠ 

ʜʠʩʢʦʚʘʥʠʝ, ʧʦʩʝʚ ʟʝʨʥʦʚʳʭ 

ʇʨʠʢʘʪʳʚʘʥʠʝ, ʙʦʨʦʥʦʚʘʥʠʝ 

ʟʫʙʦʚʳʤʠ ʙʦʨʦʥʘʤʠ 

ɼʦ 150 31é70 17é29 

150é200 40é89 20é36 

200é300 46é107 23é44 

300é400 54é134 26é51 

400é600 59é145 32é62 

600é1000 62é168 37é61 

ɹʦʣʝʝ 1000 69é230 43é90 

ʆʜʥʘʢʦ, ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ 

ʧʨʠ ʥʘʣʠʯʠʠ ʥʝʩʢʦʣʴʢʠʭ ʤʦʜʝʣʝʡ ʨʘʟʣʠʯʥʳʭ 

ʤʘʨʦʢ ʪʨʘʢʪʦʨʦʚ ʚ ʦʜʥʦʤ ʪʷʛʦʚʦʤ ʢʣʘʩʩʝ 

ʩʝʣʴʭʦʟʪʦʚʘʨʦʧʨʦʠʟʚʦʜʠʪʝʣʶ ʩʣʦʞʥʦ 

ʚʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ 

ʩʨʝʜʩʪʚʦ, ʧʦʩʢʦʣʴʢʫ ʥʘ ʥʠʭ ʧʨʠʤʝʥʷʶʪʩʷ 

ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʠ ʨʘʟʤʝʨʳ ʝʜʠʥʠʯʥʳʭ 

ʜʚʠʞʠʪʝʣʝʡ, ʨʘʟʣʠʯʥʳʝ ʢʦʤʧʦʥʦʚʢʠ ʭʦʜʦʚʦʡ 

ʩʠʩʪʝʤʳ, ʦʢʘʟʳʚʘʶʱʠʝ ʨʘʟʥʦʝ ʫʧʣʦʪʥʷʶʱʝʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʦʯʚʫ. 

ɺʳʙʠʨʘʝʤ ʨʘʟʥʳʝ ʤʦʜʝʣʠ ʪʨʘʢʪʦʨʦʚ ʚ 

ʦʜʥʦʤ ʪʷʛʦʚʦʤ ʢʣʘʩʩʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʨʘʟʥʦʡ 

ʭʦʜʦʚʦʡ ʩʠʩʪʝʤʦʡ. 

ɼʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ 

ʵʥʝʨʛʦʩʨʝʜʩʪʚʘ ʩ ʨʘʟʥʳʤ ʪʠʧʦʤ ʜʚʠʞʠʪʝʣʷ, 

ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ 

ʜʝʡʩʪʚʠʷ (ʂʇɼ) ʜʚʠʞʠʪʝʣʷ ʠ ʪʷʛʦʚʳʡ ʂʇɼ. 

ɺ ʠʪʦʛʝ ʧʦ ʢʘʞʜʦʡ ʤʦʜʝʣʠ ʚʳʙʨʘʥʥʳʭ 

ʪʨʘʢʪʦʨʦʚ ʚ ʦʜʥʦʤ ʪʷʛʦʚʦʤ ʢʣʘʩʩʝ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ ʩʦʦʪʥʦʰʝʥʠʝ: 

ʪʷʛhmax
 ʧʨʠ Umin     (4) 

ʆʧʨʝʜʝʣʷʝʤʩʷ ʩ ʦʧʪʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ 

ʘʛʨʝʛʘʪʦʚ ʥʘ ʦʩʥʦʚʘʥʠʠ ʚʳʙʨʘʥʥʦʛʦ ʢʣʘʩʩʘ 

ʪʷʛʠ, ʧʦʣʫʯʘʝʤ )(ʥʢʨP
ʠ )(ʥʨn  ʧʦ ʧʝʨʝʜʘʯʘʤ. 

ʇʦ ʫʜʝʣʴʥʦʤʫ ʪʷʛʦʚʦʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʶ 

ʧʦʜʙʠʨʘʝʤ ʰʠʨʠʥʫ ʄʊɸ ʧʦ ʚʠʜʘʤ ʨʘʙʦʪ. 

ʇʨʦʚʝʨʷʝʤ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʧʦ 

ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʤ ʩʢʦʨʦʩʪʷʤ ʩ ʧʦʤʦʱʴʶ 

)(ʥʢʨP
ʠ )(ʥʨn . 

ʆʧʨʝʜʝʣʠʚʰʠʩʴ ʩʦ ʩʢʦʨʦʩʪʴʶ ʠ 

ʰʠʨʠʥʦʡ ʟʘʭʚʘʪʘ ʘʛʨʝʛʘʪʘ ʨʘʩʩʯʠʪʳʚʘʝʤ 

ʥʦʨʤʫ ʚʳʨʘʙʦʪʢʠ ʟʘ ʢʦʣʠʯʝʩʪʚʦ ʜʥʝʡ 

ʘʛʨʦʩʨʦʢʘ. 

ɸɻʈʩʤʩʤa NnTBW ÖÖÖÖÖ= n1,0
  (5) 

ʆʧʨʝʜʝʣʷʝʤʩʷ ʩ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʫʨʦʞʘʡʥʦʩʪʴʶ ʚʳʩʝʚʘʝʤʦʡ ʢʫʣʴʪʫʨʳ (ʧʋ) ʦʪ 

ʢʦʪʦʨʦʡ ʙʫʜʫʪ ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʧʦʪʝʨʠ. 

ʈʘʩʩʯʠʪʳʚʘʝʤ ʧʦʪʝʨʠ ʫʨʦʞʘʷ ʦʪ ʚʠʜʘ 

ʦʧʝʨʘʮʠʡ ʠ ʢʦʣʠʯʝʩʪʚʘ ʥʘʨʫʰʝʥʥʳʭ ʜʥʝʡ 

ʘʛʨʦʩʨʦʢʘ )(ɸʛʨʋD . ʇʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʤʝʥʴʰʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʳʭ 

ʧʦʪʝʨʴ ʫʨʦʞʘʷ ʥʘ 1 ʜʝʥʴ ʧʨʝʚʳʰʝʥʠʷ 

ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʨʦʢʦʚ ʧʨʦʚʝʜʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʚ % ʧʨʠʥʠʤʘʶʪ ʠʟ 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʟʦʥʘʣʴʥʳʤʠ ʦʧʳʪʥʳʤʠ 

ʩʪʘʥʮʠʷʤʠ ʩ ʫʯʝʪʦʤ ʤʝʩʪʥʳʭ ʫʩʣʦʚʠʡ 

ʨʝʢʦʤʝʥʜʘʮʠʡ. ʅʘʨʫʰʝʥʠʝ ʘʛʨʦʩʨʦʢʘ 

ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʢʘʢ ʨʘʟʥʠʮʘ ʤʝʞʜʫ 

ʜʝʡʩʪʚʠʪʝʣʴʥʳʤʠ ʜʥʷʤʠ, ʥʝʦʙʭʦʜʠʤʳʤʠ ʥʘ 

ʧʦʩʝʚ (ʠʣʠ ʜʨʫʛʫʶ ʦʧʝʨʘʮʠʶ), ʠ ʧʨʠʥʷʪʳʤ 

ʘʛʨʦʩʨʦʢʦʤ. 

ʈʘʩʩʯʠʪʳʚʘʝʤ ʧʦʪʝʨʠ ʫʨʦʞʘʷ ʪʨʘʢʪʦʨʘ ʚ 

ʩʣʝʜʝ (ʋD ) ʠ ʥʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʩʯʠʪʘʝʤ 

ʧʦʪʝʨʠ ʫʨʦʞʘʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʫʧʣʦʪʥʝʥʠʝʤ 
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ʧʦʯʚʳ )(UʋD , ʫʯʠʪʳʚʘʶʱʠʝ ʧʣʦʱʘʜʴ ʧʦʣʷ (

ʛʘS
), ʰʠʨʠʥʫ ʜʚʠʞʠʪʝʣʝʡ (b) ʠ ʰʠʨʠʥʫ 

ʟʘʭʚʘʪʘ ʘʛʨʝʛʘʪʦʚ (aB
). 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ 

ʥʘʤʠ ʦʙʨʘʙʦʪʘʥʳ ʜʘʥʥʳʝ ʧʦ 21 ʤʦʜʝʣʠ 

ʪʨʘʢʪʦʨʦʚ ʚ 7 ʪʷʛʦʚʳʭ ʢʣʘʩʩʘʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʨʘʩʯʝʪʦʚ ʥʘ ʢʫʣʴʪʠʚʘʮʠʠ, ʧʦʩʝʚʝ ʠ 

ʙʦʨʦʥʦʚʘʥʠʠ ʥʘʠʤʝʥʴʰʠʝ ʩʫʤʤʘʨʥʳʝ ʧʦʪʝʨʠ 

ʫʨʦʞʘʷ ʩʦʠ ʧʦʣʫʯʝʥʳ ʚ ʘʛʨʝʛʘʪʝ ʩ ʪʨʘʢʪʦʨʦʤ 

ɼʊ-75 (ʪʷʛʦʚʳʡ ʢʣʘʩʩ 3,0), ʢʦʪʦʨʳʡ ʚ XX 

ʚʝʢʝ ʚ ʉʦʚʝʪʩʢʦʡ ʈʦʩʩʠʠ ʙʳʣ ʧʨʠʥʷʪ ʧʨʠ 

ʨʘʩʯʝʪʝ ʧʨʦʰʣʳʭ ʉʠʩʪʝʤ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʤʘʰʠʥ ʟʘ ʵʪʘʣʦʥʥʳʡ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʧʨʘʚʠʣʴʥʦʩʪʴ ʤʝʪʦʜʠʢʠ, ʠʟʣʦʞʝʥʥʦʡ ʚ 

ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ, ʜʣʷ ʦʮʝʥʢʠ 

ʘʛʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʜʥʦʦʧʝʨʘʮʠʦʥʥʳʭ ʘʛʨʝʛʘʪʦʚ 

ʚ ʪʝʭʥʦʣʦʛʠʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʦʚ ʩʪʘʣʦ 

ʦʯʝʚʠʜʥʳʤ, ʯʪʦ ʚ ʦʜʥʦʤ ʪʷʛʦʚʦʤ ʢʣʘʩʩʝ 

ʨʘʟʥʳʝ ʤʦʜʝʣʠ ʪʨʘʢʪʦʨʦʚ ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʢʘʟʘʪʝʣʷ 

ʫʧʣʦʪʥʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʜʚʠʞʠʪʝʣʝʡ ʥʘ 

ʧʦʯʚʫ U ʠ ʫʧʣʦʪʥʸʥʥʦʡ ʯʘʩʪʠ ʧʣʦʱʘʜʠ ʧʦʣʷ 

( ʫʧʣS
). ʅʘʧʨʠʤʝʨ, ʚ ʪʷʛʦʚʦʤ ʢʣʘʩʩʝ 1,4 

ʪʨʘʢʪʦʨʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʥʘ ʧʦʩʝʚʝ, 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʘʟʥʳʝ ʩʫʤʤʘʨʥʳʝ ʧʦʪʝʨʠ 

ʫʨʦʞʘʷ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ ʨʘʟʥʫʶ 

ʬʘʢʪʠʯʝʩʢʫʶ ʫʨʦʞʘʡʥʦʩʪʴ: ʄʊɿ 80ʍ (17,65 

ʮ/ʛʘ); ʄʊɿ-82 (17,36 ʮ/ʛʘ); ʄʊɿ-80 (17,19 

ʮ/ʛʘ); ʄʊɿ-102 (17,06 ʮ/ʛʘ); ʄʊɿ-100 (16,99 

ʮ/ʛʘ); ʖʄɿ 6ɸ (16,93 ʮ/ʛʘ). ɺ ʪʷʛʦʚʦʤ ʢʣʘʩʩʝ 

3,0 ʪʨʘʢʪʦʨʳ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʣʝʜʫʶʱʠʝ 

ʧʦʢʘʟʘʪʝʣʠ: ɼʊ-75 (23,66 ʮ/ʛʘ); ʊ-150ʂ (22,95 

ʮ/ʛʘ); ʊ-150 (23,54 ʮ/ʛʘ). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʝʤ 

ʚʳʰʝ ʫʨʦʞʘʡʥʦʩʪʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʢʫʣʴʪʫʨʳ, ʪʝʤ ʚʳʰʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʄʊɸ ʧʦ 

ʚʳʙʨʘʥʥʳʤ ʬʘʢʪʦʨʘʤ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʝʜʠʥʳʭ 

ʥʦʨʤ ʥʘ ʧʨʦʚʝʜʝʥʠʷ ʦʪʜʝʣʴʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʷʭ ʨʘʙʦʯʘʷ 

ʩʢʦʨʦʩʪʴ (ʨu) ʘʛʨʝʛʘʪʦʚ ʨʘʟʣʠʯʥʘʷ ʠ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ 

ʜʚʠʞʠʪʝʣʷ ʠ ʰʠʨʠʥʳ ʟʘʭʚʘʪʘ ʠʩʧʦʣʴʟʫʝʤʦʛʦ 

ʘʛʨʝʛʘʪʘ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ, ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ 

ʛʨʘʬʠʢʠ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʥʘʛʣʷʜʥʦ 

ʙʫʜʝʪ ʦʪʨʘʞʝʥ ʧʨʦʮʝʩʩ ʚʳʙʦʨʘ ʨʘʮʠʦʥʘʣʴʥʦʡ 

ʤʦʜʝʣʠ ʪʨʘʢʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʨʘʩʯʝʪʘ 

ʩʫʤʤʘʨʥʦʛʦ ʥʝʜʦʙʦʨʘ ʫʨʦʞʘʷ ʩʦʠ ʦʪ 

ʫʧʣʦʪʥʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʜʚʠʞʠʪʝʣʝʡ 

ʪʨʘʢʪʦʨʦʚ (____) ʠ ʦʪ ʥʘʨʫʰʝʥʠʷ ʘʛʨʦʩʨʦʢʘ 

(- - - ) ʥʘ ʧʦʩʝʚʝ ʩ ʫʯʝʪʦʤ ʥʦʨʤʳ ʚʳʨʘʙʦʪʢʠ 

ʄʊɸ ʥʘ ʧʣʦʱʘʜʠ 600 ʛʘ, ʧʨʠ [U]=75 ʢʅ/ʤ 

(ʨʠʩʫʥʢʠ 1 ʠ 2). 

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ 

ʩʫʤʤʘʨʥʳʝ ʧʦʪʝʨʠ ʫʨʦʞʘʷ ʧʦ ʜʚʫʤ ʬʘʢʪʦʨʘʤ 

)()( Uʋɸʛʨʋ D+D  ʚ ʮʝʣʦʤ ʜʣʷ ʪʝʭʥʦʣʦʛʠʠ 

ʥʘ ʜʨʫʛʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʷʭ 

(ʢʫʣʴʪʠʚʘʮʠʷ, ʙʦʨʦʥʦʚʘʥʠʝ). ɺ ʩʣʫʯʘʝ 

ʚʨʝʤʝʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ (ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ) 

ʧʨʦʚʝʜʝʥʠʷ ʦʧʝʨʘʮʠʡ ʧʦ ʦʩʥʦʚʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʧʦʯʚʳ (ʚʩʧʘʰʢʘ, ʣʫʱʝʥʠʝ ʩʪʝʨʥʠ, 

ʙʝʟʦʪʚʘʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʜʠʩʢʦʚʘʥʠʝ) 

ʫʯʠʪʳʚʘʶʪʩʷ ʜʣʷ ʦʮʝʥʢʠ ʪʦʣʴʢʦ ʧʦʪʝʨʠ ʦʪ 

ʥʘʨʫʰʝʥʠʷ ʘʛʨʦʩʨʦʢʘ ʩ ʫʯʝʪʦʤ ʥʦʨʤʳ 

ʚʳʨʘʙʦʪʢʠ ʄʊɸ, ʧʦʩʢʦʣʴʢʫ ʫʧʣʦʪʥʷʶʱʝʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʪʨʘʢʪʦʨʦʚ ʦʪ ʠʭ ʧʨʦʚʝʜʝʥʠʷ ʥʝ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʙʫʜʫʱʠʡ ʫʨʦʞʘʡ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʤʝʪʦʜʠʢʠ, ʧʨʠʚʝʜʝʥʥʦʡ ʚ 

ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʧʦ ʦʮʝʥʢʝ ʪʨʘʢʪʦʨʦʚ ʚ 

ʩʦʩʪʘʚʝ ʄʊɸ ʨʘʟʣʠʯʥʦʛʦ ʢʣʘʩʩʘ ʪʷʛʠ: 

- ʜʦʩʪʫʧʥʦʩʪʴ ʚ ʨʘʩʯʝʪʘʭ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʷʪʴ ʠ 

ʠʥʜʠʚʠʜʫʘʣʠʟʠʨʦʚʘʪʴ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʢ ʦʪʜʝʣʴʥʳʤ ʪʨʘʢʪʦʨʘʤ ʥʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʷʭ (ʩʢʦʨʦʩʪʴ, 

ʘʛʨʦʩʨʦʢ, ʰʠʨʠʥʘ ʟʘʭʚʘʪʘ ʘʛʨʝʛʘʪʘ) ʠ ʪʝʤ 

ʩʘʤʳʤ, ʧʦʜʙʠʨʘʪʴ ʥʘʠʣʫʯʰʠʡ ʚʘʨʠʘʥʪ 

ʧʨʠʤʝʥʝʥʠʷ ʄʊɸ ʥʘ ʦʧʝʨʘʮʠʠ, ʣʠʙʦ 

ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʩ ʮʝʣʴʶ ʚʳʯʠʩʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʧʦʪʝʨʴ ʫʨʦʞʘʡʥʦʩʪʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʦ 

ʤʦʱʥʦʩʪʠ ʪʨʘʢʪʦʨʘʭ (ʥʘʧʨʠʤʝʨ, ʫʚʝʣʠʯʠʚʘʪʴ 

ʰʠʨʠʥʫ ʟʘʭʚʘʪʘ ʠ ʚʣʠʷʪʴ ʥʘ ʧʦʪʝʨʠ ʦʪ 

ʫʧʣʦʪʥʝʥʠʷ, ʫʚʝʣʠʯʠʚʘʪʴ ʩʢʦʨʦʩʪʴ ʠ ʚʣʠʷʪʴ 

ʥʘ ʥʦʨʤʫ ʚʳʨʘʙʦʪʢʠ).  
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- ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʯʣʝʥʠʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠʡ 

ʫʱʝʨʙ ʚ ʚʠʜʝ ʧʦʪʝʨʴ ʫʨʦʞʘʷ ʦʪ ʪʝʭʥʦʛʝʥʥʦʡ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʪʨʘʢʪʦʨʦʚ 

ʨʘʟʣʠʯʥʦʛʦ ʢʣʘʩʩʘ ʪʷʛʠ, ʯʪʦ ʧʦʟʚʦʣʠʪʴ 

ʧʨʘʚʠʣʴʥʦ ʦʮʝʥʠʪʴ ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ ʵʢʦʣʦʛʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʚʥʝʜʨʝʥʠʷ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʰʠʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʪʨʘʢʪʦʨʘ ʩ ʫʯʝʪʦʤ 

ʪʠʧʘ ʜʚʠʞʠʪʝʣʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ. 

ɺʳʚʦʜʳ 

ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ 

ʘʛʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 
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ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ ʚ 

ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ, ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʪʦʨʦʡ 

ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʪʝʭʥʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʪʨʘʢʪʦʨʘ, ʢʘʢ ʙʘʟʦʚʦʛʦ ʵʣʝʤʝʥʪʘ 

ʘʛʨʦʵʢʦʩʠʩʪʝʤʳ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʟʘʣʦʞʝʥʥʳʝ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

(ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ, ʪʷʛʦʚʦ-ʩʮʝʧʥʳʝ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ, 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʝ) 

ʩʦʚʤʝʩʪʥʦ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʦʮʝʥʠʚʘʶʱʠʤʠ 

ʄʊɸ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʦʧʝʨʘʮʠʠ (ʪʷʛʦʚʳʡ ʢʣʘʩʩ ʪʨʘʢʪʦʨʘ, ʧʦʪʝʨʠ ʦʪ 

ʥʘʨʫʰʝʥʠʷ ʘʛʨʦʩʨʦʢʘ, ʧʦʪʝʨʠ ʦʪ ʧʨʝʚʳʰʝʥʠʷ 

ʜʦʧʫʩʪʠʤʦʛʦ ʫʧʣʦʪʥʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʜʚʠʞʠʪʝʣʝʡ ʵʥʝʨʛʦʩʨʝʜʩʪʚ, ʥʦʨʤʳ 

ʚʳʨʘʙʦʪʢʠ ʪʨʘʢʪʦʨʘ), ʚʳʯʠʩʣʷʷ ʟʥʘʯʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʢʦʪʦʨʳʭ, ʧʦʣʫʯʘʝʤ ʦʧʪʠʤʘʣʴʥʫʶ 

ʘʜʘʧʪʘʮʠʶ ʪʨʘʢʪʦʨʘ ʚ ʩʦʩʪʘʚʝ ʄʊɸ ʢ 

ʧʦʯʚʝʥʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʨʘʙʦʯʝʛʦ 

ʭʦʜʘ ʠ ʪʝʤ ʩʘʤʳʤ, ʧʦʚʳʰʘʝʤ ʵʢʦʣʦʛʠʯʝʩʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ 

ʚ ʮʝʣʦʤ. 
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ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʜʘʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʠʝʤʘ ʨʘʮʠʦʥʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ 

ʧʥʝʚʤʘʪʠʯʝʩʢʠʝ ʚʳʩʝʚʘʶʱʠʝ ʤʦʜʫʣʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʥʘ ʨʘʟʣʠʯʥʳʝ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʘʛʨʝʛʘʪʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʩʪʘʥʜʘʨʪʥʳʭ ʜʝʬʣʝʢʪʦʨʦʚ  

(ʦʪʙʦʡʥʳʭ ʧʣʘʩʪʠʥ) ʧʦʚʳʰʘʝʪ ʨʠʩʢ ʚʦʟʨʘʩʪʘʥʠʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʚʳʩʝʚʘ ʩʝʤʷʥ ʥʘ ʛʨʝʙʥʝ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ. ʈʘʟʨʘʙʦʪʘʥʘ ʦʨʠʛʠʥʘʣʴʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʘʤʢʫ, ʧʦʚʪʦʨʷʶʱʫʶ ʧʨʦʬʠʣʴ  ʛʨʝʙʥʝʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ  ʠ ʜʚʘ 

ʜʠʬʬʫʟʦʨʘ. ʂʦʥʩʪʨʫʢʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʢʠ ʧʘʨʘʤʝʪʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʪʦʯʥʦʩʪʴ 
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ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʝʤʷʥ ʩʠʜʝʨʘʪʦʚ - ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʜʠʬʬʫʟʦʨʘ, ʘ ʠʤʝʥʥʦ ʝʛʦ ʚʳʩʦʪʘ ʠ ʫʛʦʣ 

ʥʘʢʣʦʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʬʠʣʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ.  
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One of the problems in the row crop cultivation by existing technologies, potato included, is the impact 

of erosion processes on the crop plantations. The main way to reduce the erosion intensity is to improve 

further the technological methods, machines and equipment for potato cultivation, which would provide the 

run-off control and topsoil protection from the wind erosion. The most promising method in this respect is to 

make a formed soil surface more erosion-resistant by sowing the green manure crops and tilling the ridges 

with the bar rollers. To implement this technological method the state-of-the-art pneumatic sowing modules 

are recommended, which can be installed on different agricultural units. The use of standard deflectors 

(breaker plates) in such systems increases the risk of higher non-uniform seeding on the ridge under the 

influence of external factors. An original distributing device was designed, consisting of a frame, which 

followed the profile of the ridge surface, and two diffusers. This device controled the parameters governing 

the precise distribution of green manure seeds ï the geometric parameters of a diffuser, namely, its height 

and the level angle to the formed soil surface.  
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ɺʚʝʜʝʥʠʝ 

ʆʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤ ʧʨʠ ʚʦʟʜʝʣʳʚʘʥʠʠ 

ʧʨʦʧʘʰʥʳʭ ʢʫʣʴʪʫʨ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʘʨʪʦʬʝʣʷ, 

ʧʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʪʝʭʥʦʣʦʛʠʷʤ ʷʚʣʷʝʪʩʷ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʦʩʘʜʢʠ ʵʨʦʟʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ. ɺ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ ʧʦʩʘʜʢʘʭ, ʨʘʟʤʝʱʝʥʥʳʭ ʥʘ 

ʧʦʣʷʭ ʠʤʝʶʱʠʭ ʫʢʣʦʥʳ [1]. 
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ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʵʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚʦ 

ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʧʦʯʚʳ, ʧʨʠʨʦʜʥʦ-

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʟʦʥʳ, ʨʝʣʴʝʬʘ 

ʤʝʩʪʥʦʩʪʠ, ʘ ʪʘʢ ʞʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʠʝʤʦʚ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ. ɼʘʥʥʳʝ ʬʘʢʪʦʨʳ 

ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʛʨʫʧʧʳ (ʈʠʩ. 1). 

 

 
ʈʠʩ. 1. ʆʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʦʜʥʦʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʵʨʦʟʠʠ 

 

ʂ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʧʦʩʪʦʷʥʥʳʝ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʥʝ ʟʘʚʠʩʷʪ ʦʪ 

ʧʨʠʤʝʥʷʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ. ɻʨʫʧʧʘ 

ʥʝʫʧʨʘʚʣʷʝʤʳʭ ʬʘʢʪʦʨʦʚ ʚ ʦʩʥʦʚʥʦʤ ʟʘʚʠʩʠʪ 

ʦʪ ʧʨʠʨʦʜʥʦ ï ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʨʝʛʠʦʥʘ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʘʥʥʳʝ ʬʘʢʪʦʨʳ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʦʜʘ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʟʥʘʯʝʥʠʷ. ʊʨʝʪʴʷ ʛʨʫʧʧʘ ʬʘʢʪʦʨʦʚ 

ï ʫʧʨʘʚʣʷʝʤʳʝ, ʦʢʘʟʳʚʘʶʪ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʵʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, 

ʯʪʦ ʠʭ ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ 

ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ ʠ ʠʭ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ [2]. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘʙʦʪʢʠ 

ʧʦʯʚʳ ʧʨʠ ʚʦʟʜʝʣʳʚʘʥʠʠ ʢʘʨʪʦʬʝʣʷ ʚ 

ʦʩʥʦʚʥʦʤ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʝʝ 

ʤʝʣʢʦʢʦʤʢʦʚʘʪʦʡ ʩʪʨʫʢʪʫʨʳ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʨʘʟʚʠʪʠʷ ʢʣʫʙʥʝʡ 

ʥʦʚʦʛʦ ʫʨʦʞʘʷ [3]. ɼʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚ 

ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ 

ʵʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ɺ ʦʩʥʦʚʥʦʤ ʜʘʥʥʳʝ ʧʨʦʮʝʩʩʳ 

ʠʥʪʝʥʩʠʚʥʦ ʧʨʦʷʚʣʷʶʪʩʷ ʧʦʩʣʝ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʣʥʦ-ʦʙʲʸʤʥʳʭ ʛʨʝʙʥʝʡ ʜʦ 

ʚʩʭʦʜʦʚ ʢʘʨʪʦʬʝʣʷ (ʨʠʩ. 2) 

 

        
ʈʠʩ. 2. ʈʝʟʫʣʴʪʘʪ ʚʦʟʜʝʡʩʪʚʠʷ ʚʦʜʥʦʡ ʵʨʦʟʠʠ ʥʘ ʧʦʩʘʜʢʠ ʢʘʨʪʦʬʝʣʷ 

 


