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ʕʬʬʝʢʪʠʚʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʨʛʘʥʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʤ 

ʧʨʦʪʝʢʘʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ɼʣʷ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʧʨʦʮʝʩʩʦʚ ʚʦʟʥʠʢʘʝʪ 

ʟʘʜʘʯʘ ʧʦʣʫʯʝʥʠʷ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʡ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ, 

ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ ʠ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ. ɿʘʜʘʯʘ ʦʨʛʘʥʠʟʘʮʠʠ ʩʪʘʙʠʣʴʥʦʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʧʦʣʫʯʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ. ɽʝ 

ʨʝʰʝʥʠʝ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʩʙʦʨʘ, ʥʘʢʦʧʣʝʥʠʷ, ʭʨʘʥʝʥʠʷ, ʦʙʨʘʙʦʪʢʠ, ʘʢʪʫʘʣʠʟʘʮʠʠ, ʧʝʨʝʜʘʯʠ, ʠ 

ʚʳʚʦʜʘ ʠʥʬʦʨʤʘʮʠʠ, ʢʘʢ ʦ ʪʝʢʫʱʝʤ, ʪʘʢ ʠ ʦ ʧʨʦʛʥʦʟʥʦʤ ʩʦʩʪʦʷʥʠʠ ʦʙʲʝʢʪʘ. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ 

ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʢʘʯʝʩʪʚʝʥʥʫʶ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʘ, ʘ ʪʘʢʞʝ 

ʚʳʧʦʣʥʷʪʴ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʝʜʫʛʘʜʘʪʴ ʠʟʤʝʥʝʥʠʝ  ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʯʚʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ, ʨʘʩʪʝʥʠʡ ʠ ʪ.ʜ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦʣʫʯʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ɽʛʦ ʨʝʘʣʠʟʘʮʠʷ 

ʧʦʟʚʦʣʠʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʚʳʧʦʣʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ. 
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Effective organic production is possible only under the controlled flow of technological processes. For 

the timely adjustment of these processes the task is to obtain by measurements and process the information 

on the state of the controlled object, its parameters and external conditions. The problem to organise the 

stable and effective functioning of the data acquisition and processing system is multicomponent. Its solution 

requires the specially developed algorithms to automate the processes of collection, accumulation, storage, 
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processing, updating, transmission, and output of information about the current and forecast state of the 

object. The information system should provide a qualitative and quantitative assessment of the state of the 

object, as well as to perform prognostic calculations that allow to predict the changes in the indicators of soil 

condition, plants, etc. The article presents a description of the developed algorithm of the information system 

of data acquisition and processing. Its implementation will optimise the implementation of technological 

processes in crop production. 

 

Key words: algorithm, information system, technological process, data processing. 
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ɺʚʝʜʝʥʠʝ 

ʕʬʬʝʢʪʠʚʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʨʛʘʥʠ-

ʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʧʨʠ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʤ ʧʨʦʪʝʢʘʥʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ  ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʦʝ 

ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʮʝʩʩʦʚ. ʇʦʵʪʦʤʫ 

ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʧʦʣʫʯʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ 

ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʮʝʩʩʘ. ɼʣʷ 

ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʧʨʦʮʝʩʩʘ 

ʢʦʥʪʨʦʣʴ ʩʚʦʜʠʪʩʷ ʢ ʧʦʣʫʯʝʥʠʶ (ʧʫʪʝʤ 

ʠʟʤʝʨʝʥʠʷ) ʠ ʦʙʨʘʙʦʪʢʝ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʩʦʩʪʦʷʥʠʠ ʦʙʲʝʢʪʘ ʠ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ. 

ɺ ʠʥʩʪʠʪʫʪʝ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ çʫʧʨʘʚʣʝʥʠʷ 

ʙʠʦʣʦʛʠʟʠʨʦʚʘʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠè, ʦʜʥʦʡ 

ʠʟ ʟʘʜʘʯ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʠ 

ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ [1-6]. ʈʘʟʨʘʙʦʪʘʥʘ 

ʩʪʨʫʢʪʫʨʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʧʘʨʘʤʝʪʨʦʚ ʧʦʯʚʳ, 

ʦʥʘ  ʧʦʩʪʨʦʝʥʘ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʯʥʳʭ ʠ ʤʝʪʦʜʠʯʝʩʢʠʭ 

ʧʦʜʭʦʜʦʚ ʢ ʧʦʩʪʨʦʝʥʠʶ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟʘ 

ʨʳʥʢʘ ʮʠʬʨʦʚʳʭ ʠ ʘʥʘʣʦʛʦʚʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʠʤʝʶʱʠʭʩʷ ʚ ʩʚʦʙʦʜʥʦʤ ʜʦʩʪʫʧʝ [6].  

ʎʝʣʴʶ ʠʟʤʝʨʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʷʚʣʷʝʪʩʷ 

ʧʦʣʫʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʠ ʝʛʦ ʧʘʨʘʤʝʪʨʘʭ. 

ɿʘʜʘʯʘ ʦʨʛʘʥʠʟʘʮʠʠ ʩʪʘʙʠʣʴʥʦʛʦ ʠ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ 

ʧʦʣʫʯʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ. ɽʝ ʨʝʰʝʥʠʝ 

ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʴʥʦ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʩʙʦʨʘ, 

ʥʘʢʦʧʣʝʥʠʷ, ʭʨʘʥʝʥʠʷ, ʦʙʨʘʙʦʪʢʠ, 

ʘʢʪʫʘʣʠʟʘʮʠʠ, ʧʝʨʝʜʘʯʠ, ʚʳʚʦʜʘ 

ʠʥʬʦʨʤʘʮʠʠ, ʢʘʢ ʦ ʪʝʢʫʱʝʤ, ʪʘʢ ʠ ʦ 

ʧʨʦʛʥʦʟʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ 

ʩʠʩʪʝʤʘ ʧʦʣʫʯʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʢʘʯʝʩʪʚʝʥʥʫʶ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʩʦʩʪʦʷʥʠʷ, ʘ ʪʘʢʞʝ 

ʚʳʧʦʣʥʷʪʴ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʝʜʫʛʘʜʘʪʴ ʠʟʤʝʥʝʥʠʝ  

ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʯʚʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʨʘʩʪʝʥʠʡ 

ʠ ʪ.ʜ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʣʠʪʝʨʘʪʫʨʳ, ʧʘʪʝʥʪʥʳʭ ʨʝʰʝʥʠʡ, ʤʘʪʝʨʠʘʣʦʚ 

ʢʦʥʬʝʨʝʥʮʠʡ ʠ ʚʳʩʪʘʚʦʢ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ  

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʧʦʣʫʯʝʥʠʷ ʠ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯ 

ʫʧʨʘʚʣʝʥʠʷ ʣʶʙʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 

ʧʨʦʮʝʩʩʦʤ ʚʢʣʶʯʘʝʪ [7-10]: 

- ʠʟʤʝʨʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ (ʪʝʤʧʝʨʘʪʫʨ, ʚʣʘʞʥʦʩʪʠ, ʪʚʝʨʜʦʩʪʠ 

ʠ ʪ.ʜ.); 

- ʨʝʛʠʩʪʨʘʮʠʶ ʩʦʩʪʦʷʥʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ; 

- ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʟʤʝʨʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʠ ʨʝʛʠʩʪʨʘʮʠʠ 

ʩʦʩʪʦʷʥʠʡ; 
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- ʫʧʨʘʚʣʝʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ; 

- ʦʪʣʘʜʢʫ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʌʦʨʤʘʣʠʟʘʮʠʷ ʦʧʠʩʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʦʩʥʦʚʘʥʘ ʥʘ 

ʩʦʩʪʘʚʣʝʥʠʠ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʤʥʦʞʝʩʪʚ: 

ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ L, ʢʦʤʘʥʜ F, ʩʦʩʪʦʷʥʠʡ 

ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ AL, ʩʦʙʳʪʠʡ ʵʣʝʤʝʥʪʦʚ 

ʩʠʩʪʝʤʳ C, ʩʦʩʪʦʷʥʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ  [7-9]. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʩʣʝʜʫʶʱʠʝ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʧʝʨʝʤʝʥʥʳʝ  [7-

9]: 

ʉʦʩʪʦʷʥʠʝ ʦʙʲʝʢʪʘ ï ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʩʦʩʪʦʷʥʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʌʦʨʤʘʣʴʥʦ ʩʦʩʪʦʷʥʠʝ ʦʙʲʝʢʪʘ 

ʦʧʠʩʳʚʘʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʧʘʨʘʤʝʪʨʦʚ 

 sᶰ ȟ̖                                                                     (1) 

ʛʜʝ   Ὥ ρȟὭ ï ʠʥʜʝʢʩʳ ʚʦʟʤʦʞʥʳʭ 

ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʦʙʲʝʢʪʘ. 

ʕʣʝʤʝʥʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ  - 

ʩʦʩʪʘʚʥʘʷ ʯʘʩʪʴ ʩʠʩʪʝʤʳ, ʙʝʟ ʢʦʪʦʨʦʡ 

ʥʝʚʦʟʤʦʞʥʦ ʝʸ ʥʦʨʤʘʣʴʥʦʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ. 

 ὒ ὶ ρȟὶ Ȣ                                             (2) 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ὒ ὒȡὶ

ρȟὶ  ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʩʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʢʘʥʘʣʦʚ: ʠʟʤʝʨʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ, ʫʧʨʘʚʣʝʥʠʷ, ʚʳʚʦʜʘ 

ʠʥʬʦʨʤʘʮʠʠ, ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. 

ʉʦʩʪʦʷʥʠʝ ʵʣʝʤʝʥʪʘ - ʟʥʘʯʝʥʠʝ ʙʫʣʝʚʦʡ 

ʬʫʥʢʮʠʠ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʫʩʣʦʚʠʷ ʫʯʘʩʪʠʷ 

ʵʣʝʤʝʥʪʘ  ὒ  ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ 

ʧʨʦʮʝʩʩʝ.   ὃ ρ   ʜʣʷ ʨʘʙʦʯʝʛʦ 

ʩʦʩʪʦʷʥʠʷ, ὃ π  ï ʜʣʷ ʥʝʨʘʙʦʯʝʛʦ 

ʩʦʩʪʦʷʥʠʷ ʵʣʝʤʝʥʪʘ ὒ; 

ˍ ὶ ρȟὶ Ȣ                                            (3) 

ʂʦʤʘʥʜʘ ï ʣʦʛʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʵʣʝʤʝʥʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ Lr , 

ʢʦʪʦʨʦʝ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʳʡ 

ʢʦʜ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʷʟʳʢʘ ʧʨʦʛʨʘʤ-

ʤʠʨʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʜʣʷ ʠʟʤʝʥʝʥʠʷ 

ʩʦʩʪʦʷʥʠʷ ʵʣʝʤʝʥʪʘ: 

ˍ ὒ Ȣ᷊; 

ʄʥʦʞʝʩʪʚʫ ʵʣʝʤʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʢʦʤʘʥʜ:       

Ὂ Ὂȡὶ ρȟὶ ȟᶅ ὶ ˍ ὒ ᷊

Ὂȟὃ Ȣ                                                  (4) 

ʉʦʩʪʦʷʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ὃ ρȟ• ï ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʦʩʪʦʷʥʠʡ ʚʩʝʭ 

ʝʛʦ ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʬʫʥʢʮʠʠ ʩʠʩʪʝʤʳ. 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʘʟʫʝʪ 

ʤʥʦʞʝʩʪʚʦ: 

 ὃὃȡ• ρȟ• Ȣ                                      (5) 

ʉʦʙʳʪʠʝ  ˞ ή ρȟή  ï ʦʪʚʝʪ ʥʘ 

ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚ ʚʠʜʝ ʦʜʥʦʡ ʠʣʠ 

ʛʨʫʧʧʳ ʢʦʤʘʥʜ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʩʦʙʳʪʠʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʘʟʫʝʪ 

ʤʥʦʞʝʩʪʚʦ: 

˞˞ȡή ρȟή ,                                         (6) 

ʛʜʝ q ï ʥʦʤʝʨ ʩʦʙʳʪʠʷ. 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʤʥʦʞʝʩʪʚʘ ʠ 

ʧʝʨʝʤʝʥʥʳʝ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ʘ ʟʘʪʝʤ ʠ ʤʘʢʨʦʩʪʨʫʢʪʫʨʳ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʠʩʪʝʤʳ. 

ʉʦʩʪʦʷʥʠʝ  ὃ  ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʧʦʨʷʜʦʯʝʥʥʫʶ 

ʤʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʫʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʦʙʳʪʠʡ ʧʦ ʧʝʨʝʚʦʜʫ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠʟ ʠʩʭʦʜʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʝ ʩʦʩʪʦʷʥʠʝ ὃ  ʠ 

ʟʘʜʘʝʪʩʷ ʚ ʚʠʜʝ ʤʘʩʩʠʚʘ ʮʝʣʳʭ ʯʠʩʝʣ: 

  ὃ ρȡὥ ȟ                                                      (7) 

ʛʜʝ ὥ  ï ʯʠʩʣʦ ʩʦʙʳʪʠʡ ʚ ʩʦʩʪʦʷʥʠʠ ὃ , 

ʚʢʣʶʯʘʷ ʧʦʚʪʦʨʥʳʝ ʩʦʙʳʪʠʷ, ʘ ʢʘʞʜʦʝ ʯʠʩʣʦ 

ʵʪʦʛʦ ʤʘʩʩʠʚʘ ʷʚʣʷʝʪʩʷ ʠʥʜʝʢʩʦʤ q , 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʥʦʤʝʨʫ ʩʦʙʳʪʠʷ ʚ 

ʫʧʦʨʷʜʦʯʝʥʥʦʤ ʤʥʦʞʝʩʪʚʝ ʩʦʙʳʪʠʡ. 

ʇʨʠ ὒ ʢʦʤʘʥʜʘ Ὂ ʧʦʣʥʦʩʪʴʶ 

ʦʧʨʝʜʝʣʷʝʪ ʨʘʙʦʯʝʝ ʩʦʩʪʦʷʥʠʝ ʵʣʝʤʝʥʪʘ ʠ 

ʩʦʩʪʦʷʥʠʝ ὃ  ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʠ 

ʪʝʢʫʱʝʝ ʩʦʙʳʪʠʝ ὅ. 



           ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

          ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 

9 
 

ɸʣʛʦʨʠʪʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦʣʫʯʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ   ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʘʭ 1 (ʥʘʯʘʣʦ) 

ʠ 2 (ʧʨʦʜʦʣʞʝʥʠʝ). 

 
ʈʠʩ. 1. ʅʘʯʘʣʴʥʘʷ ʯʘʩʪʴ ʘʣʛʦʨʠʪʤʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʧʦʣʫʯʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 
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ʈʠʩ. 2. ɿʘʚʝʨʰʘʶʱʘʷ ʯʘʩʪʴ ʘʣʛʦʨʠʪʤʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ  

ʧʦʣʫʯʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

 

ɺʳʚʦʜʳ 

ʕʬʬʝʢʪʠʚʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʨʛʘʥʠ-

ʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʤ ʧʨʦʪʝʢʘʥʠʠ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʭ  ʧʨʦʮʝʩʩʦʚ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʬʫʥʢʮʠʦʥʠ-

ʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʧʦʣʫʯʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʨʝʜʥʘʟʥʘʯʝʥ 

ʜʣʷ ʩʙʦʨʘ, ʘʥʘʣʠʟʘ ʠ ʦʙʨʘʙʦʪʢʠ  ʠʥʬʦʨʤʘʮʠʠ 

ʩʦʩʪʦʷʥʠʡ ʧʨʦʮʝʩʩʦʚ. ɽʛʦ ʨʝʘʣʠʟʘʮʠʷ 

ʧʦʟʚʦʣʠʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʚʳʧʦʣʥʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ. 

 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 

 

1.  ʄʘʪʝʡʯʠʢ ʉ.ʅ., ʇʘʧʫʰʠʥ ʕ.ɸ., ʉʝʨʟʠʥ 

ʀ.ʌ.  ɹʘʟʘ ʜʘʥʥʳʭ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʨʝʘʣʠʟʘʮʠʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 
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Beekeeping is one of the important areas of human activity. However, the level of IT-based 

management and automation in this sector remains extremely low despite the progress achieved in the 

digitization of agriculture in general. In the 21
st
 century, looking after an apiary has much in common with 

the similar processes in the mid-20
th
 century. There have appeared new materials for the manufacture of 

beehives and medicines, often ñbundledò with new diseases, for example, varroatosis, but in general, the 

beekeeperôs work has changed little. It involves the same set of basic operations, the most time-consuming of 

which is the daily inspection of hives, conducted manually. In the northern regions of the Russian Federation 

the  apiary sites are typically located far from the beekeeperôs residence that further complicates the apiary 

management. The article deals with the architecture and key features of the system for remote monitoring of 

the bee colonies state in the apiary. Data processing algorithms and architecture of the sensor subsystem are 

described. The designed system collects the data on the mass, temperature and humidity inside each hive and 

sends them to a remote server over the wireless network for further processing and storage. The acoustic 

noise-recording module of bees allows performing an intelligent analysis of the received data using a neural 

network and warns the beekeeper in advance about the possible problems, which may have started, such as 

swarming, diseases, invasion, or mechanical damage to the hive itself. 

 

Key words: internet of things, automation, biological data collection, embedded system, agriculture, 

beekeeping. 
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ɺʚʝʜʝʥʠʝ 

ʉʝʛʦʜʥʷ ʚʩʝ ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ 

ʧʨʠʦʙʨʝʪʘʶʪ ʢʦʥʮʝʧʮʠʠ ʪʠʧʘ çʫʤʥʳʡ ʜʦʤè, 

çʀʥʪʝʨʥʝʪ ʚʝʱʝʡè ʠ çʧʨʦʤʳʰʣʝʥʥʳʡ 

ʀʥʪʝʨʥʝʪè. ʂʘʞʜʳʡ ʜʝʥʴ ʧʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ 

ʨʘʟʨʘʙʦʪʢʠ, ʧʦʤʦʛʘʶʱʠʝ ʣʶʜʷʤ ʚ ʨʘʟʣʠʯʥʳʭ 

ʩʬʝʨʘʭ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ï ʦʪ 

ʫʜʘʣʝʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʟʘʙʦʣʝʚʘʥʠʡ [1] ʜʦ 

ʚʩʪʨʘʠʚʘʝʤʳʭ ʫʩʪʨʦʡʩʪʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ 

ʙʘʥʢʦʚʩʢʦʤ ʜʝʣʝ [2]. ɺ ʩʬʝʨʝ ʩʝʣʴʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʩʠʩʪʝʤʳ 

ʪʠʧʘ çʫʤʥʘʷ ʬʝʨʤʘè. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ 

ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʫʜʘʯʥʳʭ ʧʨʠʤʝʨʦʚ 

ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʭ ʠʣʠ 

ʠʥʳʭ ʦʪʨʘʩʣʝʡ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʆʜʠʥ ʠʟ 

ʧʨʠʤʝʨʦʚ ï ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʧʦ 

ʩʙʦʨʫ ʤʦʣʦʢʘ Astronaut A4 ʦʪ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʘʛʨʦʢʦʨʧʦʨʘʮʠʠ Lely [3]. 
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ʕʪʦʪ ʢʦʤʧʣʝʢʩ ʨʘʙʦʪʘʝʪ ʙʝʟ ʧʨʠʩʫʪʩʪʚʠʷ 

ʯʝʣʦʚʝʢʘ. ʂʦʛʜʘ ʢʦʨʦʚʘ ʩʘʤʘ ʨʝʰʘʝʪ ʜʦʠʪʴʩʷ, 

ʦʥʘ ʟʘʭʦʜʠʪ ʚ ʩʧʝʮʠʘʣʴʥʦʝ ʧʦʤʝʱʝʥʠʝ ʠ ʚ 

ʜʝʣʦ ʚʢʣʶʯʘʶʪʩʷ ʩʝʥʩʦʨʳ ʜʚʠʞʝʥʠʷ, 3D-

ʢʘʤʝʨʳ, ʩʠʩʪʝʤʘ ʦʙʥʘʨʫʞʝʥʠʷ ʩʦʩʮʦʚ (TDS, 

teat detection system) ʠ ʜʨʫʛʠʝ ʤʝʭʘʥʠʟʤʳ. 

ɿʘʪʝʤ ʞʠʚʦʪʥʦʝ ʫʭʦʜʠʪ. ʃʶʜʠ ʥʘ ʪʘʢʦʡ 

ʬʝʨʤʝ ʥʫʞʥʳ ʪʦʣʴʢʦ ʯʪʦʙʳ ʟʘʙʠʨʘʪʴ 

ʛʦʪʦʚʳʡ ʧʨʦʜʫʢʪ [3]. ɼʨʫʛʦʡ ʫʜʘʯʥʳʡ 

ʧʨʠʤʝʨ ï ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʬʝʨʤʘ ʜʣʷ 

ʚʳʨʘʱʠʚʘʥʠʷ ʩʘʣʘʪʘ-ʣʘʪʫʢʘ ʦʪ ʷʧʦʥʩʢʦʡ 

ʢʦʤʧʘʥʠʠ Spread Vegetable Factory. 

ʏʝʣʦʚʝʯʝʩʢʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʜʣʷ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʪʦʡ ʩʠʩʪʝʤʳ 

ʥʝʦʙʭʦʜʠʤʦ ʪʦʣʴʢʦ ʥʘ ʩʪʘʜʠʠ ʚʳʩʝʚʘʥʠʷ ʠ 

ʧʨʦʨʘʱʠʚʘʥʠʷ ʨʘʩʪʝʥʠʡ, ʦʩʪʘʣʴʥʳʝ 

ʧʨʦʮʝʩʩʳ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʳ. ʉ 

ʧʦʤʦʱʴʶ ʰʪʘʙʝʣʠʨʫʶʱʝʛʦ ʢʨʘʥʘ ʨʘʩʩʘʜʘ 

ʧʝʨʝʥʦʩʠʪʩʷ ʚ ʟʝʤʣʶ. ʉʙʦʨ ʫʨʦʞʘʷ ʠ 

ʫʧʘʢʦʚʢʘ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʷʪ ʙʝʟ ʫʯʘʩʪʠʷ 

ʣʶʜʝʡ. ɼʘʥʥʘʷ ʬʝʨʤʘ ʦʩʥʘʱʝʥʘ ʩʠʩʪʝʤʦʡ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʨʘʙʦʪʘʝʪ ʚ ʣʶʙʦʤ 

ʢʣʠʤʘʪʝ ʤʠʨʘ[4]. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʧʦʜʦʙʥʳʝ ʠʥʥʦʚʘʮʠʠ 

ʦʙʦʰʣʠ ʪʘʢʫʶ ʚʘʞʥʫʶ ʦʪʨʘʩʣʴ ʯʝʣʦʚʝʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʘʢ ʧʯʝʣʦʚʦʜʩʪʚʦ. 

ʂʣʘʩʩʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʚʝʜʝʥʠʷ ʧʘʩʝʢʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʠʣʠʩʴ ʟʘ ʧʦʩʣʝʜʥʠʝ ʩʪʦ 

ʣʝʪ. ʇʯʝʣʦʚʦʜʫ ʚʩʝ ʪʘʢʞʝ ʧʨʠʭʦʜʠʪʩʷ 

ʚʨʫʯʥʫʶ ʧʨʦʚʦʜʠʪʴ ʦʩʤʦʪʨ ʢʘʞʜʦʛʦ ʫʣʴʷ ʥʘ 

ʧʨʝʜʤʝʪ ʥʘʣʠʯʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʧʨʦʙʣʝʤ ʠ 

ʚʨʫʯʥʫʶ ʞʝ ʧʨʦʚʦʜʠʪʴ ʩʙʦʨ ʤʝʜʘ[5][6]. ʉ 

ʨʘʟʚʠʪʠʝʤ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʨʘʩʪʝʪ ʠ ʨʦʣʴ 

ʧʯʸʣ, ʢʘʢ ʝʩʪʝʩʪʚʝʥʥʳʭ ʦʧʳʣʠʪʝʣʝʡ 

ʨʘʩʪʝʥʠʡ, ʥʦ ʚ ʪʦʞʝ ʚʨʝʤʷ ʦʪʨʘʩʣʴ, ʢʦʪʦʨʘʷ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʢʦʣʠʯʝʩʪʚʦ 

ʦʧʳʣʠʪʝʣʝʡ ʥʝ ʧʨʝʪʝʨʧʝʣʘ ʥʠʢʘʢʠʭ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ. ɼʣʷ ʩʝʚʝʨʥʳʭ 

ʨʝʛʠʦʥʦʚ ʈʌ, ʚʢʣʶʯʘʷ ʃʝʥʠʥʛʨʘʜʩʢʫʶ 

ʦʙʣʘʩʪɹ, ʭʘʨʘʢʪʝʨʥʘ ʩʠʪʫʘʮʠ̫, ʢʦʛʜʘ ʪʦʯʢʠӢ 

(ʥʝʙʦʣʴʰʠʝ ʛʨʫʧʧʳ ʫʣʴʝʚ) ʥʘʭʦʜʷʪʩʷ ʥʘ 

ʟʥʘʯʠʪʝʣʴʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʜʘʣʠ ʦʪ ʤʝʩʪʘ ʧʨʦʞʠʚʘʥʠʷ 

ʧʯʝʣʦʚʦʜʘ, ʯʪʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʟʘʪʨʫʜʥʷʝʪ ʚʝʜʝʥʠʝ ʧʘʩʝʢʠ. 

ʇʦʪʨʝʙʥʦʩʪʴ ʚ ʨʝʛʫʣʷʨʥʦʤ ʦʙʩʣʝʜʦʚʘʥʠʠ 

ʤʥʦʞʝʩʪʚʘ ʫʣʴʝʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʜʘʣʝʥʥʳʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ 

ʪʦʯʢ§ʭ, ʟʘʪʨʫʜʥʷʝʪ ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʰʪʘʙʦʚ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʧʘʩʝʢʠ ʚʳʰʝ ʧʨʝʜʝʣʘ ʚ 150ï

200 ʫʣʴʝʚ [7]. ʐʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʝʩʪʠʮʠʜʦʚ ʠ ʭʠʤʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ, 

ʧʨʘʢʪʠʢʫʝʤʦʝ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʘ ʪʘʢʞʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʢʣʝʱʘ ɺʘʨʨʦʘ ʦʢʘʟʳʚʘʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʦʪʨʘʩʣʴ ʧʯʝʣʦʚʦʜʩʪʚʘ[8]. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʠ 

ʠʥʬʦʨʤʘʪʠʟʘʮʠʷ ʦʪʨʘʩʣʠ ʧʦʟʚʦʣʷʪ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʫʤʝʥʴʰʠʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʚʝʨʦʢ ʫʣʴʝʚ ʧʯʝʣʦʚʦʜʦʤ, ʯʪʦ 

ʫʚʝʣʠʯʠʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ, ʘ ʪʘʢʞʝ 

ʫʚʝʣʠʯʠʪ ʩʢʦʨʦʩʪʴ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ 

ʚʥʝʰʪʘʪʥʳʝ ʩʠʪʫʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʨʦʝʥʠʝ ʠ 

ʙʦʣʝʟʥʠ [9].  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɸʈʍʀʊɽʂʊʋʈɸ ʉʀʉʊɽʄʓ ʉɹʆʈɸ 

ɼɸʅʅʓʍ 

ʅʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʧʦ 

ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʩʦʩʪʦʷʥʠʠ 

ʧʯʝʣʠʥʦʡ ʩʝʤʴʠ ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʥʫʪʨʠ ʫʣʴʷ, 

ʤʘʩʩʘ ʫʣʴʷ ʠ ʘʢʫʩʪʠʯʝʩʢʠʝ ʰʫʤʳ, 

ʠʟʜʘʚʘʝʤʳʝ ʧʯʝʣʘʤʠ[10].  

ʉʠʩʪʝʤʘ ʩʙʦʨʘ ʜʘʥʥʳʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʩʠʩʪʝʤʳ ʧʦʩʪʨʦʝʥʘ ʥʘ ʦʩʥʦʚʝ ʘʧʧʘʨʘʪʥʦʡ 

ʧʣʘʪʬʦʨʤʳ Arduino. ɼʣʷ ʠʟʤʝʨʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʄʉʈ9808, ʜʣʷ ʩʲʝʤʘ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ - ʤʠʢʨʦʬʦʥʳ 

MAX9812, ʚʝʩ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʧʣʘʪʬʦʨʤʳ-ʚʝʩʦʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʯʝʪʳʨʸʭ 

ʪʝʥʟʦʜʘʪʯʠʢʦʚ ʠ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ (ɸʎʇ) HX711. ɺʩʶ ʩʠʩʪʝʤʫ 

ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʤʦʜʫʣʷ ï ʤʦʜʫʣʴ 

ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ ʤʦʜʫʣʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

ʄʦʜʫʣʴ ʩʙʦʨʘ ʜʘʥʥʳʭ ʩʦʩʪʦʠʪ ʠʟ ʜʘʪʯʠʢʦʚ, 

ʧʣʘʪʬʦʨʤʳ-ʚʝʩʦʚ ʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ, 

ʚʩʪʨʦʝʥʥʦʛʦ ʚ ʧʣʘʪʬʦʨʤʫ-ʚʝʩʳ ʠ 

ʧʨʦʚʦʜʷʱʝʛʦ ʧʝʨʚʠʯʥʫʶ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʩ 

ʜʘʪʯʠʢʦʚ. ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʜʘʪʯʠʢʦʚ ʠ 
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ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 1. 

 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʜʘʪʯʠʢʦʚ ʠ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢ ʧʣʘʪʝ Arduino 

UNO (1 ï  ʨʘʜʠʦʤʦʜʫʣʴ NRF24L01+,  

2 ï  ʤʠʢʨʦʬʦʥ MAX9812, 3 ï  ʯʘʩʳ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ RTC3132, 4 ï  ʫʩʠʣʠʪʝʣʴ ʩʠʛʥʘʣʘ INA333 

ʩ ʧʣʘʪʬʦʨʤʳ ʚʝʩʦʚ, 5 ï ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʘʪʯʠʢ 

ʄʉʈ9808) 

 

ɺʩʝ ʜʘʪʯʠʢʠ ʧʦʤʝʱʘʶʪʩʷ ʚ ʛʝʨʤʝʪʠʯʥʳʡ 

ʢʦʨʧʫʩ, ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʚʥʫʪʨʠ ʩʪʝʥʦʢ ʫʣʴʷ ʠ ʥʠʢʘʢ ʥʝ ʤʝʰʘʶʪ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʧʯʝʣ. ʇʣʘʪʬʦʨʤʘ-ʚʝʩʳ 

ʧʦʤʝʱʘʝʪʩʷ ʧʦʜ ʫʣʝʡ. 3D-ʤʦʜʝʣʴ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚʥʫʪʨʠ ʫʣʴʷ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2 

.

 

 
ʈʠʩ. 2. 3D-ʤʦʜʝʣʴ ʨʘʩʧʦʣʦʞʝʥʠʷ ʵʣʝʤʝʥʪʦʚ 

ʚʥʫʪʨʠ ʫʣʴʷ 

 

ʇʨʝʜʣʘʛʘʝʤʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʧʨʝʜʝʣʠʪʴ ʜʦ 256 ʫʣʴʝʚ, ʦʩʥʘʱʝʥʥʳʭ 

ʤʦʜʫʣʷʤʠ ʩʙʦʨʘ ʜʘʥʥʳʭ ʚʦʢʨʫʛ ʦʜʥʦʛʦ 

ʧʝʨʝʜʘʶʱʝʛʦ ʤʦʜʫʣʷ ʚ ʨʘʜʠʫʩʝ ʜʦ 100 

ʤʝʪʨʦʚ.  ʊʘʢ ʢʘʢ ʨʘʜʠʦʤʦʜʫʣʴ 

NRF24L01+ ʧʦʟʚʦʣʷʝʪ ʘʜʨʝʩʦʚʘʪʴ ʪʦʣʴʢʦ 

ʰʝʩʪʴ ʥʝʟʘʚʠʩʠʤʳʭ ʫʩʪʨʦʡʩʪʚ, ʚ ʩʠʩʪʝʤʝ 

ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʘʜʨʝʩʘʮʠʷ ʚ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʨʘʟʜʝʣʝ ʧʝʨʝʜʘʚʘʝʤʦʛʦ 



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

 ʀɸʕʇ. 2018. ɺʳʧ. 97 

16 

 

ʧʘʢʝʪʘ. ʂʨʦʤʝ ʵʪʦʛʦ, ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ 

ʢʘʞʜʦʛʦ ʩʦʙʠʨʘʶʱʝʛʦ ʤʦʜʫʣʷ ʢʘʢ ʨʝʧʠʪʝʨʘ 

ʩʠʛʥʘʣʘ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʫʜʘʣʝʥʥʳʭ ʤʦʜʫʣʝʡ 

ʤʝʞʜʫ ʩʦʙʦʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʫʣʴʷʤʠ ʜʦ 100 

ʤʝʪʨʦʚ. ʇʨʠ ʵʪʦʤ ʧʝʨʝʜʘʶʱʠʡ ʤʦʜʫʣʴ 

ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʧʨʦʠʟʚʦʣʴʥʦʤ ʤʝʩʪʝ 

ʧʘʩʝʢʠ [9].  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʅɽʁʈʆʅʅɸʗ ʉɽʊʔ ɼʃʗ 

ʆɹʅɸʈʋɾɽʅʀʗ ʇʈɽɼʈʆɽɺʆɻʆ 

ʉʆʉʊʆʗʅʀʗ 

ʆʜʥʦʡ ʠʟ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʨʦʙʣʝʤ, ʩ 

ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʧʯʝʣʦʚʦʜʳ ʧʨʠ 

ʚʝʜʝʥʠʠ ʧʘʩʝʢʠ, ʷʚʣʷʝʪʩʷ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʝ 

ʨʦʝʥʠʝ ï ʨʘʟʤʥʦʞʝʥʠʝ ʧʯʝʣʠʥʳʭ ʩʝʤʝʡ 

ʧʫʪʝʤ ʦʪʜʝʣʝʥʠʷ ʦʪ ʤʘʪʝʨʠʥʩʢʦʡ ʩʝʤʴʠ 

ʧʦʣʦʚʠʥʳ ʧʯʝʣ ʩ ʥʦʚʦʡ ʤʘʪʢʦʡ ʠ ʪʨʫʪʥʷʤʠ 

[11]. ʋʣʴʠ, ʚ ʢʦʪʦʨʳʭ ʥʠ ʨʘʟʫ ʥʝ 

ʧʨʦʠʩʭʦʜʠʣʦ ʨʦʝʥʠʝ, ʧʨʠʥʦʩʷʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʙʦʣʴʰʝ ʤʝʜʘ. ʅʘ ʧʦʠʤʢʫ ʚʳʣʝʪʝʚʰʠʭ ʨʦʝʚ ʠ 

ʧʦʧʳʪʢʠ ʧʨʝʢʨʘʱʝʥʠʷ ʨʦʝʥʠʷ ʫʭʦʜʠʪ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ ʠ ʩʠʣ 

ʧʯʝʣʦʚʦʜʘ. ʕʪʦ ʚʣʠʷʝʪ ʥʘ ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʦʠʟʚʝʜʝʥʥʦʛʦ ʠ ʩʦʙʨʘʥʥʦʛʦ ʤʸʜʘ, ʯʪʦ 

ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʩʥʠʞʝʥʠʝ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ. 

ɿʘʙʣʘʛʦʚʨʝʤʝʥʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʝʜʨʦʝʚʦʝ 

ʩʦʩʪʦʷʥʠʝ ʧʯʝʣʠʥʦʡ ʩʝʤʴʠ ʤʦʞʥʦ ʧʫʪʝʤ 

ʦʙʨʘʙʦʪʢʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʰʫʤʦʚ, ʠʟʜʘʚʘʝʤʳʭ 

ʧʯʝʣʘʤʠ. ʇʦʩʣʝ ʨʦʞʜʝʥʠʷ ʥʦʚʘʷ ʤʘʪʢʘ 

ʠʟʜʘʝʪ ʦʩʦʙʳʝ ʟʚʫʢʠ, ʢʦʪʦʨʳʝ ʥʘʟʳʚʘʶʪ 

ñʤʘʪʦʯʥʳʤ ʧʝʥʠʝʤò [12]. ʆʙʥʘʨʫʞʝʥʠʝ 

ʪʘʢʦʛʦ ʟʚʫʢʘ ʚ ʰʫʤʝ ʧʯʝʣ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʚʝʨʥʳʤ ʧʨʠʟʥʘʢʦʤ ʥʘʯʘʣʘ ʨʦʝʥʠʷ. ɼʣʷ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʪʦʯʥʦʛʦ 

ʧʝʥʠʷ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠʩʢʫʩʩʪʚʝʥʥʘʷ 

ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ (ʀʅʉ), ʩʧʦʩʦʙʥʘʷ ʧʦʩʣʝ 

ʦʙʫʯʝʥʠʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ 

ʵʪʘʣʦʥʥʳʭ ʦʙʨʘʟʮʦʚ ʦʧʨʝʜʝʣʠʪʴ, ʩʦʜʝʨʞʠʪ 

ʣʠ ʨʘʩʧʦʟʥʘʚʘʝʤʳʡ ʩʠʛʥʘʣ ʟʚʫʢʠ ʤʘʪʦʯʥʦʛʦ 

ʧʝʥʠʷ. ɸʤʧʣʠʪʫʜʥʳʝ ʩʧʝʢʪʨʳ ʰʫʤʦʚ 

ʧʯʝʣʠʥʳʭ ʩʝʤʝʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʥʦʨʤʘʣʴʥʦʤ 

ʠ ʨʦʝʚʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʘʭ 3-4 [12]. 

 
ʈʠʩ. 3. ʇʯʝʣʠʥʘʷ ʩʝʤʴʷ ʚ ʥʦʨʤʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ 

 

 
ʈʠʩ. 4.  ʇʯʝʣʠʥʘʷ ʩʝʤʴʷ ʚ ʨʦʝʚʦʤ ʩʦʩʪʦʷʥʠʠ 

 

ɺ ʨʘʙʦʪʝ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʀʅʉ ʩ 

ʧʨʷʤʦʡ ʧʝʨʝʜʘʯʝʡ ʩʠʛʥʘʣʘ. ɽʝ ʥʝʡʨʦʥʳ 

ʦʨʛʘʥʠʟʦʚʘʥʳ ʚ ʩʣʦʠ ʨʝʛʫʣʷʨʥʳʤ ʦʙʨʘʟʦʤ. 

ɺʭʦʜʥʦʡ ʩʣʦʡ ʩʣʫʞʠʪ ʜʣʷ ʚʚʦʜʘ ʟʥʘʯʝʥʠʡ 

ʚʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ. ʂʘʞʜʳʡ ʠʟ ʩʢʨʳʪʳʭ ʠ 

ʚʳʭʦʜʥʳʭ ʥʝʡʨʦʥʦʚ ʩʦʝʜʠʥʝʥ ʩʦ ʚʩʝʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʧʨʝʜʳʜʫʱʝʛʦ ʩʣʦʷ [9]. 

ʇʦʩʣʝ ʦʙʫʯʝʥʠʷ ʩʝʪʴ ʪʝʩʪʠʨʦʚʘʣʘʩʴ ʥʘ 

ʟʘʜʘʯʝ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʬʦʥʝʤ ʟʚʫʢʦʚʳʭ 

ʩʠʛʥʘʣʦʚ, ʥʝ ʚʭʦʜʷʱʠʭ ʚ ʦʙʫʯʘʶʱʝʝ 

ʤʥʦʞʝʩʪʚʦ. ʅʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʝʪʠ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʚ ʪʘʙʣʠʮʝ 

1. 

ʊʘʙʣʠʮʘ 1  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

No ʄʘʪʦʯʥʦʝ ʧʝʥʠʝ ʐʫʤ 

1 10010111011111101101 00010001010100101110 

2 11111111111111111111 00000001010100111110 

3 011011101011110111110 01000001010000111110 

4 01110101010100111110 00000000000000000000 

5 00000011111111111111 11100000000000001111 
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ʇʦ ʪʘʙʣʠʮʝ 1 ʚʠʜʥʦ, ʯʪʦ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ 

ʚʳʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʜʦʩʪʦʚʝʨʥʳʡ ʨʝʟʫʣʴʪʘʪ. 

ʅʘʧʨʠʤʝʨ, ʧʨʠ ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʨʝʘʣʴʥʦʛʦ 

ʟʚʫʢʘ ʤʘʪʦʯʥʦʛʦ ʧʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʤ ʷʚʣʷʝʪʩʷ 

ʩʪʨʦʢʘ ç011011101011110111110è, ʢʦʪʦʨʘʷ 

ʩʦʜʝʨʞʠʪ 14 ʩʠʤʚʦʣʦʚ ç1è ʠ 6 ʩʠʤʚʦʣʦʚ ç0è, 

ʠ ʵʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ 

ʨʘʩʧʦʟʥʘʚʘʝʤʳʡ ʟʚʫʢ ʩʦʜʝʨʞʠʪ ʤʘʪʦʯʥʦʝ 

ʧʝʥʠʝ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʩʦʟʜʘʥʥʘʷ 

ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʧʨʠʛʦʜʥʘ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʟʚʫʢʘ ʤʘʪʦʯʥʦʛʦ ʧʝʥʠʷ. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʵʪʘ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʙʳʣʘ 

ʚʩʪʨʦʝʥʘ ʚ ʩʦʩʪʘʚ ʇʆ ʫʜʘʣʝʥʥʦʛʦ ʩʝʨʚʝʨʘ ʠ 

ʦʙʨʘʙʘʪʳʚʘʣʘ ʧʨʠʥʠʤʘʝʤʳʝ ʰʫʤʳ ʩ ʧʘʩʝʢʠ, 

ʥʘ ʢʦʪʦʨʦʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʪʝʩʪʦʚʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ (ʨʠʩ. 5).  

     
ʈʠʩ. 5. ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʪʦʪʠʧʘ ʩʠʩʪʝʤʳ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʣʴʥʦʡ ʧʘʩʝʢʠ 

 

ɺʳʚʦʜʳ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʘʨʭʠʪʝʢʪʫʨʘ ʠ 

ʢʣʶʯʝʚʳʝ ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʠ 

ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʧʘʩʝʢʠ. ʅʘ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʟʘʚʝʨʰʝʥ ʨʷʜ ʩʪʘʜʠʡ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʫʜʘʣʝʥʥʦʡ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʧʘʩʝʢʠ: 

ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʮʝʧʮʠʷ ʠ ʘʨʭʠʪʝʢʪʫʨʘ 

ʩʠʩʪʝʤʳ, ʨʝʘʣʠʟʦʚʘʥʘ ʩʝʥʩʦʨʥʘʷ ʧʦʜʩʠʩʪʝʤʘ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʩʦʙʠʨʘʪʴ ʠ ʦʙʨʘʙʘʪʳʚʘʪʴ 

ʨʘʟʥʦʨʦʜʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʩ ʫʣʴʝʚ, 

ʘ ʪʘʢʞʝ ʧʦʜʩʠʩʪʝʤʘ ʩʚʷʟʠ, ʧʝʨʝʩʳʣʘʶʱʘʷ ʵʪʠ 

ʜʘʥʥʳʝ ʥʘ ʩʝʨʚʝʨ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʝʜʨʦʝʚʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʧʯʝʣʠʥʦʡ ʩʝʤʴʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʥʝʡʨʦʥʥʘʷ 

ʩʝʪʴ, ʢʦʪʦʨʘʷ ʨʘʩʧʦʟʥʘʝʪ ʚ ʘʢʫʩʪʠʯʝʩʢʦʤ 

ʧʦʣʝ ʫʣʴʷ ʟʚʫʢʠ ʤʘʪʦʯʥʦʛʦ ʧʝʥʠʷ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʧʦʣʥʦʮʝʥʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʦʣʥʦʩʪʴʶ 

ʨʘʟʚʝʨʥʫʪʦʡ ʩʠʩʪʝʤʳ ʚ ʫʩʣʦʚʠʷʭ ʥʝʩʢʦʣʴʢʠʭ 

ʨʝʘʣʴʥʳʭ ʧʘʩʝʢ, ʚʳʷʚʣʝʥʠʝ ʠ ʠʩʧʨʘʚʣʝʥʠʝ 

ʚʳʷʚʣʝʥʥʳʭ ʥʝʜʦʯʝʪʦʚ ʩʠʩʪʝʤʳ, ʩʙʦʨ 

ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʘʧʠʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ 

ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʰʫʤʦʚ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʙʣʶʜʘʝʤʳʤʠ ʚʠʟʫʘʣʴʥʦ 

ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʫʣʴʝ ʜʣʷ ʜʦʙʘʚʣʝʥʠʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʙʦʣʝʟʥʝʥʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʧʯʝʣʠʥʦʡ ʩʝʤʴʠ ʠ ʜʨʫʛʠʭ ʦʧʘʩʥʳʭ 

ʩʠʪʫʘʮʠʡ. 
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ʬʠʣʠʘʣ ʌɻɹʅʋ ʌʅɸʎ ɺʀʄ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠ ʙʳʩʪʨʦ ʨʘʩʪʫʱʠʭ ʪʝʤʧʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠʨʦʜʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʧʘʨʘʤʝʪʨʳ 

ʧʦʯʚʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ, ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ. ʇʘʨʘʤʝʪʨʘʤʠ ʧʦʯʚʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʧʦ 

ʢʦʪʦʨʳʤ ʤʦʞʝʪ ʦʮʝʥʠʚʘʪʴʩʷ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʘʛʨʦʣʘʥʜʰʘʬʪʦʚ, ʷʚʣʷʶʪʩʷ ʪʚʝʨʜʦʩʪʴ, 

ʚʣʘʞʥʦʩʪʴ, ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʧʦʯʚʳ ʠ ʜʨ. ʄʦʥʠʪʦʨʠʥʛ ʪʘʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʮʠʬʨʦʚʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʚʳʧʦʣʥʷʪʴ ʦʮʝʥʢʫ ʚʳʙʨʘʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʚ ʤʥʦʛʦʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝʤʝʥʠ (ʥʘʧʨʠʤʝʨ, ʧʦ ʧʣʦʱʘʜʠ ʠ ʧʦ ʛʣʫʙʠʥʝ), ʧʦʣʫʯʘʪʴ 

ʜʘʥʥʳʝ ʩ ʟʘʜʘʥʥʦʡ ʜʠʩʢʨʝʪʥʦʩʪʴʶ ʠ ʷʚʣʷʶʪʩʷ ʩʨʝʜʩʪʚʦʤ ʩʦʟʜʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʣʦʝʚ ʥʘ 

ʮʠʬʨʦʚʳʭ ʢʘʨʪʘʭ ʧʦʣʝʡ. ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʦʙʟʦʨ ʮʠʬʨʦʚʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʦʯʚʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʨʠʚʝʜʝʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ. ʀʟʤʝʨʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʠ ʩʦʟʜʘʥʠʠ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʡ ʚʦʟʜʝʣʳʚʘʥʠʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʘ ʪʘʢʞʝ ʧʨʠ ʚʳʙʦʨʝ ʨʘʮʠʦʥʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ 
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ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. 
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Under current rapidly growing agricultural production, the impact of natural and anthropogenic factors 

on the soil state parameters needs to be considered in order to improve the qualitative, quantitative and 

environmental indicators of technological operations.  The soil state parameters, which can be used to assess 

the ecological safety of agro-landscapes, are soil penetration index, soil moisture content and electrical 

conductivity, etc. These parameters are monitored with the use of digital measurement system, which  allow 

to estimate the selected parameters in the multidimensional space and time (for example, by area and by 

depth), and to obtain the data with a given discreteness.  They are a tool for creating the corresponding layers 

on the digital field maps. The paper presents the results of the analytical review of available digital 

measuring systems, which are applied to determine the soil state parameters in research and production. The 

functional capabilities, operating principles and design features of the measuring systems are described. 

Measuring systems are generally used in research to develop and improve the crop cultivation technologies 

and to choose the rational operation modes of tillage units. Managerial rational decisions associated with the 

application of technological operations in agricultural production are made based on the measurement of soil 

state parameters.  
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ɺʚʝʜʝʥʠʝ 

ʈʝʰʝʥʠʝ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʧʨʦʙʣʝʤʳ 

ʈʦʩʩʠʠ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʮʝʣʝʩʦʦʙʨʘʟʥʦʡ 

ʥʘʫʯʥʦʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʦʡ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʨʘʮʠʦʥʘʣʴʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʤʝʥʷʝʤʳʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ [1]. ʕʪʦʛʦ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʧʫʪʝʤ 

ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʝʤ, ʧʨʝʜʧʦʣʘʛʘʶʱʝʝ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʘʛʨʦʪʝʭʥʦʣʦʛʠʡ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʢʫʣʴʪʫʨ, ʞʝʩʪʢʠʡ ʫʯʝʪ ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʡ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʟʝʤʣʝʜʝʣʠʷ [2]. ɺʣʠʷʥʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʟʥʘʯʠʪʝʣʴʥʦ ʠ 

ʨʘʟʥʦʦʙʨʘʟʥʦ. ɺ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʜʘʥʥʳʝ 

ʦʧʝʨʘʮʠʠ ʧʦʜʚʝʨʛʘʶʪ ʠʟʤʝʥʝʥʠʶ ʧʘʨʘʤʝʪʨʳ 

ʧʦʯʚʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚʳ [3].  

ʆʜʥʠʤʠ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʦʯʚʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʷʚʣʷʶʪʩʷ ʚʣʘʞʥʦʩʪʴ ʠ 

ʧʣʦʪʥʦʩʪʴ. ʇʣʦʪʥʦʩʪʴ ʧʦʯʚʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʝʝ ʩʪʨʫʢʪʫʨʫ. ʋʚʝʣʠʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʧʦʯʚʳ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʝʝ ʫʧʣʦʪʥʝʥʠʝ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ 

ʩʦʙʦʡ ʚʦʟʨʘʩʪʘʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʫʩʚʦʝʥʠʷ 

ʚʳʧʘʜʘʶʱʠʭ ʦʩʘʜʢʦʚ, ʫʚʝʣʠʯʠʚʘʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʯʚʫ ʚʦʜʥʳʭ 

ʵʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʇʨʠ ʢʨʠʪʠʯʝʩʢʦʤ 

ʩʥʠʞʝʥʠʠ ʚʣʘʞʥʦʩʪʠ, ʧʣʦʪʥʦʩʪʴ ʧʦʯʚʳ ʚ 

ʧʝʨʝʩʯʝʪʝ ʥʘ ʘʙʩʦʣʶʪʥʦ ʩʫʭʫʶ ʤʘʩʩʫ 

ʫʤʝʥʴʰʘʝʪʩʷ. ʕʪʦ ʤʦʞʝʪ ʧʦʚʣʝʯʴ ʟʘ ʩʦʙʦʡ 

ʧʦʚʳʰʝʥʠʝ ʩʪʝʧʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ ʚʝʪʨʦʚʦʡ 

ʵʨʦʟʠʠ ʥʘ ʥʘʠʙʦʣʝʝ ʧʣʦʜʦʨʦʜʥʳʝ ʩʣʦʠ 

ʧʦʯʚʳ.  ɼʘʥʥʳʝ ʷʚʣʝʥʠʷ  ʠʤʝʶʪ ʚʘʞʥʦʝ 

ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ [4].  
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ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʝʪ 

ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ 

ʧʘʨʘʤʝʪʨʦʚ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʥʘ 

ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ. ʇʦʩʢʦʣʴʢʫ 

ʝʩʪʝʩʪʚʝʥʥʳʝ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʬʘʢʪʦʨʳ 

ʧʦʩʪʦʷʥʥʦ ʥʘʭʦʜʷʪʩʷ ʚ ʩʣʦʞʥʳʭ 

ʚʟʘʠʤʦʩʚʷʟʷʭ ʠ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʷʭ, 

ʚʦʟʥʠʢʘʝʪ ʩʣʦʞʥʦʩʪʴ ʚ ʦʮʝʥʢʝ ʩʪʝʧʝʥʠ ʠʭ 

ʚʣʠʷʥʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʥʘ ʧʨʘʢʪʠʢʝ ʚʩʝ ʯʘʱʝ ʧʨʠʤʝʥʷʶʪ 

ʮʠʬʨʦʚʳʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦʯʚʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʕʪʠ 

ʩʠʩʪʝʤʳ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʨʠʨʦʜʳ ʠ ʭʘʨʘʢʪʝʨʘ 

ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʪ ʩʪʝʧʝʥʴ ʠʭ 

ʚʦʟʜʝʡʩʪʚʠʷ, ʨʘʩʧʦʟʥʘʶʪ ʠ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ 

[5].  

ʎʠʬʨʦʚʳʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ 

ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʜʘʪʯʠʢʠ ʠ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʨʘʙʦʪʘʶʪ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ ʠʟʤʝʨʷʶʪ 

ʩʚʦʡʩʪʚʘ ʧʦʯʚʳ ʧʦ ʵʣʝʢʪʨʠʯʝʩʢʠʤ, 

ʤʝʭʘʥʠʯʝʩʢʠʤ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʠ 

ʪʝʨʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ [6].  

ʇʨʦʚʝʜʝʥ ʦʙʟʦʨ ʮʠʬʨʦʚʳʭ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦʯʚʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠ 

ʦʮʝʥʢʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠʝʤʦʚ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʩ ʮʝʣʴʶ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ 

ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʮʠʬʨʦʚʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʘʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʘ ʪʘʢʞʝ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʦʣʫʯʘʝʤʳʭ ʩ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʕʬʬʝʢʪʠʚʥʘʷ ʦʮʝʥʢʘ ʘʛʨʦʬʠʟʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʧʦʯʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 

ʦʙʰʠʨʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ, ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ 

ʨʝʛʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ, 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʧʦʯʚ [7]. 

ʀʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʫʧʣʦʪʥʝʥʠʷ 

ʧʦʯʚʳ ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ʪʚʝʨʜʦʩʪʴ ʧʦʯʚʳ, 

ʢʦʪʦʨʘʷ  ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʬʠʟʠʯʝʩʢʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʧʦʢʘʟʳʚʘʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʯʚʳ ʩʦʧʨʦʪʠʚʣʷʪʴʩʷ 

ʨʘʟʣʠʯʥʳʤ ʥʘʛʨʫʟʢʘʤ ʠ ʜʝʬʦʨʤʘʮʠʷʤ ʩʦ 

ʩʪʦʨʦʥʳ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʤʘʰʠʥ, ʘ ʪʘʢʞʝ 

ʙʳʪʴ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʜʣʷ 

ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʦʩʪʠ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʚ ʥʝʡ 

ʢʦʨʥʝʚʳʭ ʩʠʩʪʝʤ ʨʘʩʪʝʥʠʡ [8].  

ʇʨʠʙʦʨʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʪʚʝʨʜʦʩʪʠ ʧʦʯʚʳ ʥʘʟʳʚʘʶʪ ʧʝʥʝʪʨʦʤʝʪʨʘʤʠ. 

ʇʝʥʝʪʨʦʤʝʪʨʳ ʠʤʝʶʪ ʤʝʭʘʥʠʯʝʩʢʠʡ 

ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ (ʨʠʩ.1). 

ʀʥʬʦʨʤʘʮʠʶ ʦʙ ʫʧʣʦʪʥʝʥʠʠ ʧʦʯʚʳ 

ʧʝʥʝʪʨʦʤʝʪʨʳ ʚʳʜʘʶʪ ʚ ʘʥʘʣʦʛʦʚʦʤ ʚʠʜʝ ʥʘ 

ʮʠʬʝʨʙʣʘʪʘʭ ʜʠʥʘʤʦʤʝʪʨʦʚ. ɺ  ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʪʘʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʚʝʨʜʦʩʪʠ 

ʧʦʯʚʳ ʫʩʪʘʨʝʣʘ. ʅʘ ʩʤʝʥʫ ʧʝʥʝʪʨʦʤʝʪʨʘʤ 

ʧʨʠʰʣʠ ʧʝʥʝʪʨʦʣʣʦʛʝʨʳ. ʇʝʥʝʪʨʦʣʣʦʛʝʨ, 

(ʨʠʩ. 2)- ʵʪʦ ʵʣʝʢʪʨʦʥʥʳʡ ʧʝʥʝʪʨʦʤʝʪʨ ʩ 

ʨʝʛʠʩʪʨʘʪʦʨʦʤ ʜʘʥʥʳʭ ʜʣʷ ʩʥʷʪʠʷ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʪʝʢʩʪʫʨʥʦʛʦ ʧʨʦʬʠʣʷ ʧʦʯʚʳ 

ʥʘ ʛʣʫʙʠʥʫ ʜʦ 80 ʩʤ ʩ ʧʨʠʚʷʟʢʦʡ ʢ 

GPS. ʇʨʠʙʦʨ ʚʳʜʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʚ 

ʮʠʬʨʦʚʦʤ ʚʠʜʝ ʠ ʧʨʦʛʨʘʤʤʠʨʫʝʪʩʷ ʥʘ 

ʢʦʤʧʴʶʪʝʨʝ ʠʣʠ ʯʝʨʝʟ ʧʘʥʝʣʴ ʫʧʨʘʚʣʝʥʠʷ. 

ʇʘʤʷʪʴ ʧʨʠʙʦʨʘ ʨʘʩʩʯʠʪʘʥʘ ʥʘ 500 

ʠʟʤʝʨʝʥʠʡ [9].  

 
ʈʠʩ. 1.  ʉʭʝʤʘ ʚʥʝʜʨʝʥʠʷ ʢʦʥʠʯʝʩʢʦʛʦ ʰʪʘʤʧʘ 

ʧʝʥʝʪʨʦʤʝʪʨʘ ʚ ʧʦʯʚʫ 

 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʦʢʘʟʘʥ ʧʝʥʝʪʨʦʣʣʦʛʝʨ 

ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʧʨʝʜʝʣʷʪʴ ʥʝ ʪʦʣʴʢʦ 

ʧʦʢʘʟʘʪʝʣʠ ʪʚʝʨʜʦʩʪʠ ʧʦʯʚʳ, ʥʦ ʠ ʧʦʢʘʟʘʪʝʣʠ 

ʚʣʘʞʥʦʩʪʠ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ [10].  
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ʈʠʩ. 2. ʂʦʤʧʣʝʢʪ ʧʨʠʙʦʨʘ ʧʝʥʝʪʨʦʣʣʦʛʝʨʘ 

 

 
ʈʠʩ. 3. ɺʝʨʪʠʢʘʣʴʥʳʡ ʢʦʥʫʩʥʳʡ ʧʝʥʝʪʨʦʣʣʦʛʝʨ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʚʝʨʜʦʩʪʠ, ʚʣʘʞʥʦʩʪʠ ʠ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ 

 

ʐʠʨʦʢʫʶ ʣʠʥʝʡʢʫ ʧʨʠʙʦʨʦʚ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʯʚʳ ʢʘʢ: 

ʚʣʘʞʥʦʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʘ, ʢʠʩʣʦʪʥʦʩʪʴ ʠ 

ʪʚʝʨʜʦʩʪʴ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ 

ʩʦʟʜʘʥʠʷ ʢʘʨʪ ʧʦʣʝʡ ʩ ʦʪʦʙʨʘʞʝʥʠʝʤ 

ʩʦʙʨʘʥʥʳʭ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʘʤʝʨʠʢʘʥʩʢʘʷ ʢʦʤʧʘʥʠʷ Veris Technologies 

(ʨʠʩ.4). ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʢʦʤʧʘʥʠʝʡ ʧʨʠʙʦʨʳ 

ʨʘʙʦʪʘʶʪ ʧʦ ʧʨʠʥʮʠʧʫ ʠʟʤʝʨʝʥʠʷ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦʯʚʳ ʠ ʘʛʨʝʛʘʪʠʨʫʶʪʩʷ 

ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʦʙʠʣʴʥʳʤʠ ʘʛʨʝʛʘʪʘʤʠ. ʕʪʦ 

ʚʦ ʤʥʦʛʦʤ ʩʦʢʨʘʱʘʝʪ ʪʨʫʜʦʝʤʢʦʩʪʴ 

ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ, ʘ ʪʘʢ ʞʝ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠ. ʂʦʤʧʘʥʠʷ ʪʘʢ ʞʝ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩ 

ʜʘʪʯʠʢʦʚ [11]. 

 

 

 
ʈʠʩ. 4. ʄʘʰʠʥʳ ʢʦʤʧʘʥʠʠ Veris ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦʯʚʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʪʘʢʠʭ ʘʛʨʝʛʘʪʦʚ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʘ ʤʘʰʠʥʝ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʵʣʝʢʪʨʦʜʳ (ʠʣʠ ʱʫʧʳ) 

ʦʧʫʩʢʘʶʪʩʷ ʚ ʟʝʤʣʶ ʠ ʠʟʤʝʨʷʶʪ ʧʦʢʘʟʘʪʝʣʴ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ (ʨʠʩ.5). ʋʩʪʘʥʘʚʣʠʚʘʶʪ 

ʱʫʧʳ ʧʦʧʘʨʥʦ. ʅʘ ʦʜʥʫ ʧʘʨʫ ʱʫʧʦʚ 

ʧʦʜʘʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ (ʧʝʨʝʜʘʶʱʠʝ 
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ʵʣʝʢʪʨʦʜʳ (1)), ʦʩʪʘʣʴʥʳʝ ʱʫʧʳ ʠʟʤʝʨʷʶʪ 

ʩʪʝʧʝʥʴ ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʤʝʞʜʫ ʥʠʤʠ 

(ʧʨʠʥʠʤʘʶʱʠʝ ʵʣʝʢʪʨʦʜʳ (2)). ʇʦʣʫʯʘʝʤʳʝ 

ʜʘʥʥʳʝ ʧʦ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʬʠʢʩʠʨʫʶʪʩʷ 

ʨʝʛʠʩʪʨʘʪʦʨʦʤ ʜʘʥʥʳʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ 

ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʤʝʩʪʝ ʠʟʤʝʨʝʥʠʡ. 

 
ʈʠʩ. 5. ʉʭʝʤʘ ʨʘʙʦʪʳ ʢʦʥʪʘʢʪʥʦʛʦ ʧʨʠʙʦʨʘ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʦʯʚʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

 

ɸʚʩʪʨʠʡʩʢʘʷ ʢʦʤʧʘʥʠʷ Geoprospectors 

ʨʘʟʨʘʙʦʪʘʣʘ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ 

Topsoil Mapper, ʢʦʪʦʨʳʡ ʚ ʨʝʞʠʤʝ on-line 

ʤʦʞʝʪ ʦʧʨʝʜʝʣʷʪʴ ʪʘʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʧʦʯʚʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʘʢ: ʚʣʘʞʥʦʩʪʴ, 

ʪʚʝʨʜʦʩʪʴ ʠ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ ʙʝʟ ʧʨʷʤʦʛʦ ʢʦʥʪʘʢʪʘ ʩ ʧʦʯʚʦʡ 

(ʈʠʩ.6) [11].  

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʧʨʠʙʦʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʩʣʝʜʫʶʱʝʤ. ɹʝʩʢʦʥʪʘʢʪʥʳʝ ʩʝʥʩʦʨʳ 

ʨʘʙʦʪʘʶʪ ʧʦ ʧʨʠʥʮʠʧʫ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʠʥʜʫʢʮʠʠ. ʇʨʠʙʦʨ ʩʦʩʪʦʠʪ ʠʟ ʧʝʨʝʜʘʪʯʠʢʘ 

(ʪʨʘʥʩʤʠʪʪʝʨʘ) ʠ ʧʨʠʥʠʤʘʶʱʝʡ (ʧʨʠʝʤʥʦʡ) 

ʢʘʪʫʰʢʠ (ʨʠʩ.7). ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʪʨʘʥʩʤʠʪʪʝʨʘ ʥʘ 

ʧʨʠʝʤʥʫʶ ʢʘʪʫʰʢʫ, ʚ ʥʝʡ ʠʥʜʫʮʠʨʫʝʪʩʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʢʦʪʦʨʳʡ ʠʟʤʝʨʷʝʪʩʷ.  

 
ʈʠʩ.6. ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ Topsoil Mapper 

 

ʂʨʦʤʝ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʧʦʯʚʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʈʠʩ.8), ʫʩʪʨʦʡʩʪʚʦ 

ʢʦʤʧʘʥʠʠ Geoprospectors ʤʦʞʝʪ ʟʘ ʩʯʝʪ 

ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʦ ʛʣʫʙʠʥʝ 

ʟʘʣʝʛʘʥʠʷ ʫʧʣʦʪʥʝʥʠʷ ʚ ʨʝʞʠʤʝ on-line, 

ʧʦʜʘʚʘʪʴ ʢʦʤʘʥʜʳ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʤʫ 

ʘʛʨʝʛʘʪʫ ʥʘ ʠʟʤʝʥʝʥʠʝ ʛʣʫʙʠʥʳ ʦʙʨʘʙʦʪʢʠ 

ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʫʧʣʦʪʥʝʥʠʷ (ʨʠʩ.9). 

 

 
ʈʠʩ.7. ʉʭʝʤʘ ʨʘʙʦʪʳ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʧʨʠʙʦʨʘ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʦʯʚʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ 

 
ʈʠʩ.8. ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʦʯʚʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ 

 

 
ʈʠʩ.9. On-line ʫʧʨʘʚʣʝʥʠʝ ʛʣʫʙʠʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʧʦʯʚʳ 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʣʘʞʥʦʩʪʠ 

ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʠ ʧʦʯʚʳ, ʚ ʥʝʝ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʨʘʟʣʠʯʥʳʝ ʟʦʥʜʳ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʨʳʥʢʝ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ 

ʢʦʤʧʘʥʠʡ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪʩʷ 

ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʪʘʢʠʭ ʟʦʥʜʦʚ, ʥʘʧʨʠʤʝʨ 

SENTEK SENSOR TECHNOLOGIES, 

ADCON ʧʦʢʘʟʘʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 10 ʠ 11 ʠ ʜʨ. 

[12] [13]. 
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ʈʠʩ.10. ɿʦʥʜ ʢʦʤʧʘʥʠʠ SENTEK SENSOR 

TECHNOLOGIES 

 
ʈʠʩ.11. ɿʦʥʜ ʢʦʤʧʘʥʠʠ ADCON 

 

 
ʈʠʩ.12. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ 

ʟʦʥʜʘ 
 

ɼʘʥʥʳʝ ʟʦʥʜʳ ʠʤʝʶʪ ʥʘʙʦʨ ʜʘʪʯʠʢʦʚ 

ʩʢʨʳʪʳʭ ʚ ʧʣʘʩʪʠʢʦʚʦʡ ʪʨʫʙʢʝ. ʕʪʠ ʜʘʪʯʠʢʠ 

ʩʦʟʜʘʶʪ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ 

ʧʦʣʝ ʠ ʠʟʤʝʨʷʶʪ ʝʛʦ ʠʟʤʝʥʝʥʠʝ, ʢʦʪʦʨʳʝ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʜʠʥʘʤʠʢʝ ʚʣʘʞʥʦʩʪʠ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʯʚʳ (ʈʠʩ. 12). ʇʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʝʦʙʨʘʟʫʝʪ ʧʦʣʫʯʘʝʤʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʚ ʪʘʙʣʠʮʳ ʠ ʛʨʘʬʠʢʠ [6].  

ʊʘʢʠʝ ʟʦʥʜʳ ʤʦʛʫʪ ʙʳʪʴ ʯʘʩʪʴʶ ʙʦʣʝʝ 

ʨʘʩʰʠʨʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘʟʳʚʘʝʤʳʤ 

ʤʝʪʝʦʩʪʘʥʮʠʝʡ. ʄʝʪʝʦʩʪʘʥʮʠʠ ʤʦʛʫʪ ʥʝ 

ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʷʪʴ ʧʘʨʘʤʝʪʨʳ ʚʣʘʞʥʦʩʪʠ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʯʚʳ, ʥʦ ʠ ʬʠʢʩʠʨʦʚʘʪʴ ʪʘʢʠʝ 

ʧʘʨʘʤʝʪʨʳ, ʢʘʢ: 

¶ ʢʦʣʠʯʝʩʪʚʦ ʚʳʧʘʚʰʠʭ ʦʩʘʜʢʦʚ; 

¶ ʪʝʤʧʝʨʘʪʫʨʫ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ; 

¶ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ; 

¶ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ. 

ɺ ʪʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʮʠʬʨʦʚʳʝ 

ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦʯʚʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʠʭ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʇʦʣʫʯʘʝʤʳʝ ʜʘʥʥʳʝ ʩ ʨʘʟʣʠʯʥʳʭ 

ʮʠʬʨʦʚʳʭ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ 

ʧʦʯʚʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʪʘʢʠʭ ʢʘʢ  ʦʨʦʰʘʝʤʦʝ 

ʟʝʤʣʝʜʝʣʠʝ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʚ 

ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ, ʘ ʪʘʢʞʝ 

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ (ʨʠʩ.13). 

ʉʦʚʨʝʤʝʥʥʳʝ ʘʛʨʝʛʘʪʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ 

ʜʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʦʛʫʪ ʙʳʪʴ ʤʦʙʠʣʴʥʳʤʠ 

ʠʣʠ ʩʪʘʮʠʦʥʘʨʥʳʤʠ. ʄʦʙʠʣʴʥʳʝ ʘʛʨʝʛʘʪʳ 

ʩʪʨʦʷʪ ʢʘʨʪʳ ʧʦʣʝʡ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘʥʦʩʷʪ 

ʥʘ ʥʠʭ ʩʥʠʤʘʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʧʦʯʚʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ. ʊʘʢʞʝ ʧʨʠ ʧʦʤʦʱʠ ʪʘʢʠʭ 

ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʤʦʞʥʦ ʚ ʨʝʞʠʤʝ on-

line ʠʟʤʝʥʷʪʴ ʧʘʨʘʤʝʪʨʳ ʩʝʣʴʩʢʦʭʦ-

ʟʷʡʩʪʚʝʥʥʦʡ ʤʘʰʠʥʳ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ. ɽʩʣʠ ʧʦʩʪʨʦʝʥʠʝ 

ʢʘʨʪ ʧʦʣʝʡ ʥʝ ʪʨʝʙʫʝʪʩʷ, ʪʦ ʧʨʠʙʝʛʘʶʪ ʢ 

ʤʝʪʦʜʫ ñʥʝʧʦʜʚʠʞʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷò ʧʨʠ 

ʧʦʤʦʱʠ ʟʦʥʜʦʚ ʠ ʤʝʪʝʦʩʪʘʥʮʠʡ. ʉʦʙʨʘʥʥʳʝ 

ʜʘʥʥʳʝ ʦ ʜʠʥʘʤʠʢʝ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʤʦʛʫʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴʩʷ ʩ ʨʘʟʥʳʤʠ ʮʝʣʷʤʠ. 

ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʮʝʣʝʡ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʢʘʨʪ 

ʟʘʜʘʥʠʡ ʩ ʟʦʥʘʤʠ ʫʧʨʘʚʣʝʥʠʷ, ʩ ʜʘʣʴʥʝʡʰʠʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʭ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʧʦʯʚʳ. 

ɼʨʫʛʦʡ ʮʝʣʴʶ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʭ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʘʥʘʣʠʟʘ ʧʨʠʤʝʥʷʝʤʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʦʧʝʨʘʮʠʡ, ʘ ʠʤʝʥʥʦ ʚʦʟʜʝʡʩʪʚʠʝ ʠʭ ʥʘ 

ʧʘʨʘʤʝʪʨʳ ʧʦʯʚʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʊʘʢʠʝ 

ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʧʦʯʚʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʣʝʟʥʳ ʢʘʢ ʜʣʷ 
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ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʪʘʢ ʠ ʜʣʷ ʥʘʫʯʥʳʭ ʩʬʝʨ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʊʘʙʣʠʮʘ 

ʎʠʬʨʦʚʳʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʦʯʚʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 
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1 Adcon 

SM1 - - - + + 150 - - - - - 

ʄʝʪʝʦʩʪʘʥ-

ʮʠʷ Adcon 
- - - + + 150 + + - + - 

2 
Eijkelk

amp 

Penetrollo-

ger 
+ - - - - 80 - - - - + 

ɼʘʪʯʠʢ 

ʚʣʘʞʥʦʩʪʠ 

ʧʦʯʚʳ 

- - - - + 100 - - - - - 

3 Veris 
MSP3 - + - - - 100 - - + - + 

U-Series - + + - + 100 - - - - + 

4 
Geopro

spectors 

Topsoil 

mapper 
+ - - - + 150 - - + - +  

5 

Sentek 

Sensor 

Tecnolo

gies 

EnviroSCA

N Probe 
- - - + + 200 - - - - - 
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ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ ʩʦʚʨʝʤʝʥʥʳʭ ʮʠʬʨʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʧʦʯʚʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʩʣʝʜʫʶʱʝʝ: 

¶ ʙʳʩʪʨʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ; 

¶ ʙʳʩʪʨʳʡ ʩʙʦʨ ʜʘʥʥʳʭ; 

¶ ʚʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʘʪʯʠʢʦʚ; 

¶ ʥʠʟʢʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʠʙʦʨʦʚ; 

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʪʘʢʠʭ ʩʠʩʪʝʤ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʩʣʝʜʫʶʱʝʝ: 

¶ ʜʦʨʦʛʦʩʪʦʷʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ; 

¶ ʥʝʭʚʘʪʢʘ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʧʝʨʩʦʥʘʣʘ ʜʣʷ ʨʘʙʦʪʳ, ʥʘʩʪʨʦʡʢʠ ʠ ʨʝʤʦʥʪʘ 

ʪʘʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɺʳʚʦʜʳ 

1. ʇʦʣʫʯʘʝʤʳʝ ʜʘʥʥʳʝ ʩ ʨʘʟʣʠʯʥʳʭ 

ʮʠʬʨʦʚʳʭ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ 

ʧʦʯʚʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʪʘʢʠʭ ʢʘʢ  ʦʨʦʰʘʝʤʦʝ 

ʟʝʤʣʝʜʝʣʠʝ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʚ 

ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ, ʘ ʪʘʢʞʝ 

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʩʦʩʪʦʷʥʠʷ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʥʠʤʘʶʪʩʷ 

ʨʘʮʠʦʥʘʣʴʥʳʝ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʨʝʰʝʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʚ 

ʪʝʭʥʦʣʦʛʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

2. ʅʘʠʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʤ 

ʫʩʪʨʦʡʩʪʚʦʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʧʦʯʚʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʷʚʣʷʝʪʩʷ Topsoil 

Mapper ʢʦʤʧʘʥʠʠ Geoprospectors, 

ʧʦʟʚʦʣʷʶʱʝʝ ʙʝʩʢʦʥʪʘʢʪʥʦ ʦʧʨʝʜʝʣʷʪʴ 

ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ, ʪʚʝʨʜʦʩʪʴ ʧʦʯʚʳ ʠ 

ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. 

3. ɺ ʩʚʷʟʠ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʦʙʲʝʤʦʤ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʟʚʠʪʠʝ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʦʧʳʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʙʦʪ ʧʦ ʩʦʟʜʘʥʠʶ 

ʧʦʜʦʙʥʳʭ ʠʤʧʦʨʪʦʟʘʤʝʱʘʶʱʠʭ ʩʠʩʪʝʤ. 
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ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʠ ʬʦʨʤʠʨʫʶʪʩʷ ʦʨʛʘʥʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ 

ʚʦʟʜʝʣʳʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ɼʣʷ ʮʝʣʝʡ ʧʦʣʫʯʝʥʠʷ ʦʧʝʨʘʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʥʘ ʦʧʳʪʥʦʤ ʧʦʣʝ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʤʝʪʦʩʪʘʥʮʠʷ 

DAVIS VANTAGE PRO2 ʠ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʧʦʣʫʯʝʥʠʝ 

ʤʝʪʝʦʜʘʥʥʳʭ ʚ ʨʝʞʠʤʝ ʦʥ-ʣʘʡʥ. 
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The article considers the tasks facing agricultural enterprises, which plan to take advantage of the sixth 

technological mode. The required conditions are analysed and a possible way to develop the intellectual 

organic crop production making use of achievements of information and communication technologies is 

outlined. The plans are to create an information system for agro-ecosystem management (artificial agro-

intelligence). It will collect and analyse the latest updates on the state of environment and land cover, and 

control the robotic systems that perform technological operations in crop growing. At the same time, a 

knowledge base will be created on the processes taking place in the agro-ecosystem and the ways to control 

them, as well as on regulatory requirements for organic production. The article considers the approaches to 

acquisition of the latest information from various components of the agroecosystem. In order to implement 

this concept, IEEP is in the process of developing an information system: a database of experimental 

information was created; the sensors are being selected for the automatic monitoring of environment and 

land cover. In 2016, an organic crop rotation was started on the experimental field of the institute. In the field 

studies, the experimental information is collected and relationships between the soil medium characteristics 

and agro-technological impacts are established. Specialised machines and equipment for organic farming are 

tested and organic crop cultivation techniques are developed. To receive the latest weather update, an 

automatic Davis Vantage Pro2 weather station was installed on the experimental field and relevant software 

was developed. 
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ɺʚʝʜʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ çʟʝʣʝʥʦʡ ʨʝʚʦʣʶʮʠʠè ʠ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʚ ʩʝʣʴʩʢʦʭʦ-

ʟʷʡʩʪʚʝʥʥʦʡ ʦʪʨʘʩʣʠ ʨʝʟʢʦ ʚʳʨʦʩʣʘ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʢʫʣʴʪʫʨ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʞʠʚʦʪʥʳʭ. ʕʪʦ 

ʠʤʝʣʦ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚ 

ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʩʪʫʱʝʛʦ ʧʦ ʯʠʩʣʝʥʥʦʩʪʠ 

ʥʘʩʝʣʝʥʠʷ ʧʣʘʥʝʪʳ ʧʨʦʜʦʚʦʣʴʩʪʚʠʝʤ. ɺ ʪʦ 

ʞʝ ʚʨʝʤʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʠʙʣʠʟʠʣʠʩʴ ʢ ʧʦʨʦʛʫ ʙʝʟʦʧʘʩʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʠʤʝʶʱʠʭʩʷ ʧʨʠʨʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʚʦʟʨʦʩʰʝʝ ʚʥʠʤʘʥʠʝ 

ʦʙʱʝʩʪʚʘ ʢ ʧʦʚʳʰʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʙʠʦʣʦʛʠʟʘʮʠʠ 

ʘʛʨʦʧʨʦʠʟʚʦʜʩʪʚʘ. 
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ɺ ʩʪʨʘʪʝʛʠʠ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʘʟʚʠʪʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʜʥʠʤ ʠʟ 

ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʙʦʣʴʰʠʭ ʚʳʟʦʚʦʚ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʘʟʚʠʪʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʙʦʟʥʘʯʝʥʦ 

ʚʦʟʨʘʩʪʘʥʠʝ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʜʦ ʤʘʩʰʪʘʙʦʚ, 

ʫʛʨʦʞʘʶʱʠʭ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʫ ʧʨʠʨʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ 

ʦʙʝʩʧʝʯʝʥʠʠ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʈʦʩʩʠʠ, ʢʦʥʢʫʨʝʥ-

ʪʦʩʧʦʩʦʙʥʦʩʪʠ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ, 

ʩʥʠʞʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʠʩʢʦʚ ʚ 

ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʤ ʢʦʤʧʣʝʢʩʝ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʝʨʝʜʦʚʳʝ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʈʦʩʩʠʠ 

ʥʘʯʠʥʘʶʪ ʚʩʝ ʰʠʨʝ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʨʝʠʤʫʱʝʩʪʚʘ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʝ ʧʷʪʳʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʫʢʣʘʜʦʤ ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʝ 

ʠʥʥʦʚʘʮʠʷʤʠ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʛʝʥʥʦʡ ʠʥʞʝʥʝʨʠʠ, 

ʙʠʦʪʝʭʥʦʣʦʛʠʡ, ʚʚʝʜʝʥʠʝ ʚ ʦʙʦʨʦʪ ʥʦʚʳʭ 

ʚʠʜʦʚ ʵʥʝʨʛʠʠ ʠ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ 

ʟʝʤʣʝʜʝʣʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʢ 

ʢʦʥʮʝʧʮʠʠ ʪʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ, 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ. 

ʊʝʭʥʠʯʝʩʢʠʝ ʜʦʩʪʠʞʝʥʠʷ ʧʷʪʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʢʣʘʜʘ ʧʦʟʚʦʣʷʶʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʧʦʪʝʨʠ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʠ ʠ 

ʧʝʨʝʨʘʙʦʪʢʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ, ʘ ʩʘʤʦ ʘʛʨʘʨʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʧʝʨʝʭʦʜʠʪ ʥʘ ʧʨʦʤʳʰʣʝʥʥʫʶ ʧʝʨʝʨʘʙʦʪʢʫ 

ʧʝʨʚʠʯʥʦʛʦ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʩʳʨʴʷ ʚ 

ʢʦʥʝʯʥʫʶ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʫʶ ʠʣʠ 

ʧʨʦʤʳʰʣʝʥʥʫʶ ʧʨʦʜʫʢʮʠʶ. ʆʜʥʘʢʦ, ʢʘʢ 

ʩʧʨʘʚʝʜʣʠʚʦ ʦʪʤʝʯʘʶʪ ɺ. ɸ. ʇʘʥʬʠʣʦʚʘ [1] 

ʩʪʘʥʦʚʣʝʥʠʝ ʧʷʪʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʢʣʘʜʘ 

ʚ ʈʦʩʩʠʠ ʩʜʝʨʞʠʚʘʝʪʩʷ ʜʝʬʠʮʠʪʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʨʝʩʫʨʩʦʚ, ʚʦʩʧʨʦʠʟ-

ʚʦʜʩʪʚʦʤ ʫʩʪʘʨʝʚʰʠʭ ʵʣʝʤʝʥʪʦʚ ʪʨʝʪʴʝʛʦ ʠ 

ʯʝʪʚʝʨʪʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʢʣʘʜʦʚ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʚ ʩʪʨʘʥʝ ʩʫʱʝʩʪʚʫʝʪ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʤʥʦʛʦʫʢʣʘʜʥʘʷ ʵʢʦʥʦʤʠʢʘ, 

ʯʪʦ ʟʘʤʝʜʣʷʝʪ ʨʘʟʚʠʪʠʝ ʧʷʪʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʢʣʘʜʘ. 

ɺ ʩʦʚʨʝʤʝʥʥʫʶ ʵʧʦʭʫ ʚ ʨʘʟʚʠʪʳʭ 

ʩʪʨʘʥʘʭ ʤʠʨʘ ʥʘʯʠʥʘʶʪ ʩʢʣʘʜʳʚʘʪʴʩʷ 

ʢʦʥʪʫʨʳ ʰʝʩʪʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʢʣʘʜʘ, 

ʧʝʨʠʦʜ ʢʦʪʦʨʦʛʦ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ ʥʘʤʝʯʘʝʪʩʷ 

ʥʘ 2025- 2080 ʛʛ. ʕʪʦʪ ʫʢʣʘʜ ʙʫʜʝʪ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʧʨʠʤʝʥʝʥʠʝʤ ʥʘʫʢʦʝʤʢʠʭ 

ʠʣʠ, ʢʘʢ ʪʝʧʝʨʴ ʛʦʚʦʨʷʪ, "ʚʳʩʦʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ". ʈʝʯʴ ʠʜʝʪ ʦ ʰʠʨʦʢʦʤ 

ʧʨʠʤʝʥʝʥʠʠ ʙʠʦ- ʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, ʛʝʥʥʦʡ 

ʠʥʞʝʥʝʨʠʠ, ʤʝʤʙʨʘʥʥʳʭ ʠ ʢʚʘʥʪʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʤʠʢʨʦʤʝʭʘʥʠʢʠ, ʨʦʙʦʪʦʪʝʭʥʠʢʠ. 

ɽʛʦ ʢʣʶʯʝʚʳʤʠ ʬʘʢʪʦʨʘʤʠ ʦʩʪʘʥʫʪʩʷ 

ʠʥʬʦʨʤʘʪʠʢʘ, ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʘ, ʥʘ ʙʘʟʝ 

ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʩʠʩʪʝʤʘ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ɸ.ʃ. ʀʚʘʥʦʚ [2] 

ʧʦʜʯʝʨʢʠʚʘʝʪ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʝ ʤʠʨʦʚʳʝ 

ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʟʝʤʣʝʜʝʣʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʛʣʦʙʘʣʴʥʳʭ ʚʳʟʦʚʦʚ ʩʦʧʨʷʞʝʥʳ ʩ 

ʵʢʦʣʦʛʠʟʘʮʠʝʡ ʠ ʘʜʘʧʪʠʚʥʦʡ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʝʡ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ 

ʥʘʫʢʦʝʤʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ, ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ.  ʀʤʝʥʥʦ 

ʧʦʵʪʦʤʫ ʚ ʈʦʩʩʠʠ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ 

ʧʦʣʫʯʠʣʘ ʘʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʪʝʦʨʠʷ 

ʘʜʘʧʪʠʚʥʦ-ʣʘʥʜʰʘʬʪʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʘʛʨʦʩʠʩʪʝʤʳ 

ʠ ʧʦʯʚʝʥʥʦʛʦ ʧʣʦʜʦʨʦʜʠʷ. ɺ ʨʘʙʦʪʘʭ [3,4] 

ʦʪʤʝʯʝʥʦ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʳʭ 

ʘʛʨʦʩʠʩʪʝʤ ʚʦʟʤʦʞʥʦ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ 

ʛʘʨʤʦʥʠʯʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʠʭ ʧʨʦʜʫʢʮʠʦʥʥʳʭ, 

ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʠ ʩʨʝʜʦʦʙʨʘʟʫʶʱʠʭ 

ʬʫʥʢʮʠʡ.  

ʕʢʦʣʦʛʠʟʘʮʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʦʣʞʥʘ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʫʪʝʤ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʛʨʦʵʢʦʩʠʩʪʝʤ ʠ 

ʘʛʨʦʣʘʥʜʰʘʬʪʦʚ ʩ ʙʦʣʝʝ ʧʦʣʥʳʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʙʦʣʴʰʝʡ ʟʘʤʢʥʫʪʦʩʪʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʮʠʢʣʦʚ, ʩʦʭʨʘʥʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʘʟʥʦʦʙʨʘʟʠʷ. ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ ʚ ʨʘʤʢʘʭ 

ʙʠʦʣʦʛʠʟʘʮʠʠ  ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ 

ʘʜʘʧʪʠʚʥʦ-ʣʘʥʜʰʘʬʪʥʦʛʦ ʧʦʜʭʦʜʘ ʙʫʜʝʪ 
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ʦʙʝʩʧʝʯʝʥ ʧʝʨʝʭʦʜ ʦʪ ʪʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʢ 

ʧʝʨʩʦʥʠʬʠʮʠʨʦʚʘʥʥʦʤʫ ʟʝʤʣʝʜʝʣʠʶ ʩ 

ʫʯʝʪʦʤ ʢʘʞʜʦʛʦ ʨʘʩʪʝʥʠʷ ʠ ʢʘʞʜʦʡ 

ʧʦʯʚʝʥʥʦʡ ʨʘʟʥʦʩʪʠ ʥʘ ʧʦʣʝ. ʕʪʠ ʪʝʭʥʦʣʦʛʠʠ 

ʩʦʚʤʝʩʪʥʦ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʠ ʚ 

ʧʝʨʝʧʣʝʪʝʥʠʠ ʩ ʥʠʤʠ ʩʦʟʜʘʜʫʪ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʯʝʣʦʚʝʯʝʩʪʚʘ.  

ɺ ʵʪʠ ʞʝ ʨʘʤʢʠ ʚʧʠʩʳʚʘʝʪʩʷ ʠ 

ʦʨʛʘʥʠʯʝʩʢʦʝ ʟʝʤʣʝʜʝʣʠʝ, ʥʘ ʨʘʟʚʠʪʠʝ 

ʢʦʪʦʨʦʛʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʴʰʝʝ 

ʚʥʠʤʘʥʠʝ ʦʙʨʘʱʘʶʪ ʢʘʢ ʧʦʪʨʝʙʠʪʝʣʠ, ʪʘʢ 

ʨʫʢʦʚʦʜʠʪʝʣʠ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʝʡ. 

ʆʨʛʘʥʠʯʝʩʢʦʝ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʟʘʥʠʤʘʝʪ 

ʩʚʦʶ ʫʥʠʢʘʣʴʥʫʶ ʥʠʰʫ ʠ ʤʦʞʝʪ 

ʩʫʱʝʩʪʚʦʚʘʪʴ ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʠʥʪʝʥʩʠʚʥʳʤ 

ʧʨʦʠʟʚʦʜʩʪʚʦʤ, ʦʙʝʩʧʝʯʠʚʘʷ ʙʘʣʘʥʩ ɸʇʂ, 

ʨʝʰʘʷ ʪʝ ʟʘʜʘʯʠ ʠ ʧʨʦʙʣʝʤʳ, ʢʦʪʦʨʳʝ ʥʝ ʧʦʜ 

ʩʠʣʫ ʪʨʘʜʠʮʠʦʥʥʦʤʫ ʟʝʤʣʝʜʝʣʠʶ ʟʘ ʩʯʝʪ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʥʦʛʦ ʧʦʜʭʦʜʘ, ʢʦʪʦʨʳʡ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʪʢʘʟʝ ʦʪ ʧʝʩʪʠʮʠʜʦʚ, ɻʄʆ, 

ʛʦʨʤʦʥʦʚ ʨʦʩʪʘ, ʘʥʪʠʙʠʦʪʠʢʦʚ, ʧʠʱʝʚʳʭ 

ʜʦʙʘʚʦʢ. ʇʨʠ ʵʪʦʤ ʚʦʟʨʘʩʪʘʝʪ ʨʦʣʴ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʚ ʮʝʣʦʤ. 

ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʦʨʛʘʥʠʟʘʮʠʠ 

ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʩʪʘʥʦʚʠʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ ʦʧʪʠʤʘʣʴʥʳʝ 

ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʝ ʩʨʦʢʠ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ 

ʠ ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʤʘʪʝʨʠʘʣʴʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ. 

          ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʚʦʟʤʦʞʥʦ 

ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚ ʩʚʷʟʠ, ʩ 

ʯʝʤ ʧʝʨʝʜ ʠʥʩʪʠʪʫʪʦʤ ʩʪʦʠʪ ʢʦʤʧʣʝʢʩʥʘʷ 

ʟʘʜʘʯʘ, ʚʢʣʶʯʘʶʱʘʷ ʨʝʰʝʥʠʝ ʜʚʫʭ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʦʜʟʘʜʘʯ: 

¶ ʩʦʟʜʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʘʛʨʦʵʢʦʩʠʩʪʝʤʦʡ (ʀʉʋɸ), 

ʩʦʙʠʨʘʶʱʝʡ ʦʧʝʨʘʪʠʚʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʩʦʩʪʦʷʥʠʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʧʦʯʚʝʥʥʦ-

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ, ʠ ʨʫʢʦʚʦʜʷʱʝʡ 

ʢʦʤʧʣʝʢʩʦʤ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʠ ʧʦʣʫ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, 

ʚʳʧʦʣʥʷʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ 

ʚʦʟʜʝʣʳʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʢʫʣʴʪʫʨʳ; 

¶ ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʘʟʳ ʟʥʘʥʠʡ ʦ ʧʨʦʮʝʩʩʘʭ, 

ʠʜʫʱʠʭ ʚ ʘʛʨʦʵʢʦʩʠʩʪʝʤʝ ʠ ʩʧʦʩʦʙʘʭ ʠʭ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʟʘʧʣʘʥʠʨʦʚʘʥʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʩ ʟʘʜʘʥʥʳʤ 

ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ 

ʩʣʫʞʠʪʴ ʜʣʷ ʦʙʫʯʝʥʠʷ ʀʉʋɸ.   

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʈʘʟʨʘʙʦʪʢʘ ʢʦʥʮʝʧʮʠʠ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʨʘʩʪʝʥʠʝʚʦʜʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ, 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʦʜʝʣʠ ʠ 

ʩʙʦʨ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʘʛʨʦʵʢʦʩʠʩʪʝʤʦʡ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʘʥʝʝ 

ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ [3,4,5,6,7] ʙʳʣʘ 

ʩʬʦʨʤʠʨʦʚʘʥʘ ʂʦʥʮʝʧʮʠʷ ʧʝʨʝʭʦʜʘ ʢ 

ʙʠʦʣʦʛʠʟʠʨʦʚʘʥʥʦʤʫ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʫ ʥʘ 

ʦʩʥʦʚʝ ʣʘʥʜʰʘʬʪʥʦ-ʘʜʘʧʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʠʤʫʱʝʩʪʚ, ʧʨʝʜʦʩ-

ʪʘʚʣʷʝʤʳʭ ʮʠʬʨʦʚʠʟʘʮʠʝʡ, ʧʨʠʤʝʥʝʥʠʝʤ 

ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʨʘʟʫʤʘ. ʉ 

ʮʝʣʴʶ ʝʝ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ 

ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ï ʫʧʨʘʚʣʷʶʱʘʷ 

ʩʠʩʪʝʤʘ ʘʛʨʦʵʢʦʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʤʦʥʠʪʦʨʠʥʛ ʤʝʪʝʦʨʦ-

ʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚʝʥʥʦ-

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʠ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʦʚʘʪʴ ʩ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʳʤʠ 

ʘʛʨʝʛʘʪʘʤʠ ʚʦ ʚʨʝʤʷ ʠʭ ʨʘʙʦʪʳ ʥʘ ʧʦʣʝ. 

ʆʧʝʨʘʪʠʚʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʧʦʟʚʦʣʠʪ ʧʨʦʚʦʜʠʪʴ ʩʚʦʝʚʨʝʤʝʥʥʳʡ ʘʥʘʣʠʟ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʠ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʡ 

ʧʦ ʚʳʙʦʨʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʣʘʜʳʚʘʶʱʝʡʩʷ 

ʦʙʩʪʘʥʦʚʢʠ. ʉʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʷʚʣʷʝʪʩʷ ʙʘʟʘ 

ʜʘʥʥʳʭ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʢʦʧʣʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʧʦʣʫʯʘʝʤʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʤʦʥʠʪʦʨʠʥʛʘ. 
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ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʩʦʙʠʨʘʶʪʩʷ 

ʚ ʨʘʤʢʘʭ ʩʝʚʦʦʙʦʨʦʪʥʦʛʦ ʧʦʣʝʚʦʛʦ ʦʧʳʪʘ, 

ʧʨʦʚʦʜʠʤʦʛʦ ʥʘ ʆʧʳʪʥʦʡ ʩʪʘʥʮʠʠ 

ʠʥʩʪʠʪʫʪʘ. ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʧʳʪʝ: 

ʘʛʨʦʮʝʥʦʟ ʩʝʚʦʦʙʦʨʦʪʘ ʧʨʦʧʘʰʥʳʭ ʠ 

ʧʦʣʝʚʳʭ ʢʫʣʴʪʫʨ ʠ ʚʥʝʩʝʚʦʦʙʦʨʦʪʥʳʭ ʧʦʣʝʡ, 

ʬʦʨʤʠʨʫʶʱʠʡʩʷ ʥʘ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʦʡ 

ʩʫʛʣʠʥʠʩʪʦʡ ʦʢʫʣʴʪʫʨʝʥʥʦʡ ʧʦʯʚʝ. 

ʉʝʚʦʦʙʦʨʦʪ ʨʘʟʚʝʨʪʳʚʘʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ ʠ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʠ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʧʦʣʷ: 

I. ʢʘʨʪʦʬʝʣʴ; II. ʉʚʝʢʣʘ ʩʪʦʣʦʚʘʷ; III. ʗʯʤʝʥʴ 

ʩ ʧʦʜʩʝʚʦʤ ʢʣʝʚʝʨʘ ʠ ʪʠʤʦʬʝʝʚʢʠ; IV. 

ʄʥʦʛʦʣʝʪʥʠʝ ʪʨʘʚʳ 1 ʛʦʜʘ; V. ʄʥʦʛʦʣʝʪʥʠʝ 

ʪʨʘʚʳ 2 ʛʦʜʘ; VI. ʄʥʦʛʦʣʝʪʥʠʝ ʪʨʘʚʳ ʩ 

ʧʦʩʝʚʦʤ, ʧʦʩʣʝ ʟʘʧʘʰʢʠ, ʦʟʠʤʦʡ ʨʞʠ ʥʘ 

ʟʝʣʝʥʦʝ ʫʜʦʙʨʝʥʠʝ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʧʝʨʚʦʤ ʧʦʣʝ ʦʧʳʪʘ 

ʧʨʦʚʦʜʠʪʩʷ ʤʦʥʠʪʦʨʠʥʛ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ, 

ʩʦʜʝʨʞʘʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʬʦʨʤ ʘʟʦʪʘ 

(ʠʦʥʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ), ʘ ʪʘʢʞʝ 

ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʢʫʣʴʪʫʨ. ɼʠʥʘʤʠʢʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʪʨʘʪʦʚ ʠ 

ʘʤʤʦʥʠʷ ʚ ʧʦʯʚʝ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʨʷʜʘ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʨʘʟʤʝʱʘʶʪʩʷ ʚ ʙʘʟʝ 

ʜʘʥʥʳʭ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʵʪʠ ʠ ʜʨʫʛʠʝ ʜʘʥʥʳʝ ʦ 

ʩʦʩʪʦʷʥʠʠ ʧʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʧʣʘʥʠʨʫʝʪʩʷ ʧʦʣʫʯʘʪʴ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. 

ɺ ʙʘʟʫ ʜʘʥʥʳʭ ʧʦʩʪʦʷʥʥʦ ʧʦʩʪʫʧʘʝʪ 

ʘʛʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ, 

ʩʦʙʠʨʘʝʤʘʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʤʝʪʝʦʩʪʘʥʮʠʝʡ, 

ʨʘʟʤʝʱʝʥʥʦʡ ʥʘ ʆʧʳʪʥʦʤ ʧʦʣʝ.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɹʠʦʣʦʛʠʟʠʨʦʚʘʥʥʦʝ ʟʝʤʣʝʜʝʣʠʝ, ʪʘʢ ʞʝ 

ʢʘʢ ʠ ʝʛʦ ʦʨʛʘʥʠʯʝʩʢʠʡ ʚʘʨʠʘʥʪ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʭ ʦʧʪʠʤʠʟʘʮʠʶ 

ʩʪʨʫʢʪʫʨʳ ʧʦʩʝʚʥʳʭ ʧʣʦʱʘʜʝʡ, ʚʥʝʜʨʝʥʠʝ 

ʩʝʚʦʦʙʦʨʦʪʦʚ ʩ ʥʘʩʳʱʝʥʠʝʤ ʠʭ 

ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʤʠ ʩʨʝʜʦʫʣʫʯʰʘʶʱʠʤʠ 

ʢʫʣʴʪʫʨʘʤʠ; ʨʘʮʠʦʥʘʣʴʥʦʝ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʙʝʟʦʧʘʩʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʩʝʭ ʚʠʜʦʚ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʨʘʟʨʝʰʝʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ 

ʫʜʦʙʨʝʥʠʡ, ʙʠʦʧʨʝʧʘʨʘʪʦʚ ʠ ʩʪʠʤʫʣʷʪʦʨʦʚ 

ʨʦʩʪʘ; ʚʦʚʣʝʯʝʥʠʝ ʚ ʧʨʦʜʫʢʮʠʦʥʥʦ-

ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ ʦʨʛʘʥʠʯʝʩʢʦʝ 

ʚʝʱʝʩʪʚʦ ʠ ʵʣʝʤʝʥʪʳ ʧʠʪʘʥʠʷ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʦʩʪʘʪʢʦʚ ʠ ʩʠʜʝʨʘʪʦʚ; ʧʦʚʳʰʝʥʠʝ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʯʚ; ʧʨʠʤʝʥʝʥʠʝ 

ʵʥʝʨʛʦ- ʠ ʧʦʯʚʦʩʙʝʨʝʛʘʶʱʠʭ ʧʨʠʝʤʦʚ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ; ʰʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʙʦʨʴʙʳ ʩ ʩʦʨʥʷʢʘʤʠ, ʙʦʣʝʟʥʷʤʠ ʠ 

ʚʨʝʜʠʪʝʣʷʤʠ ʨʘʩʪʝʥʠʡ.  

ʇʝʨʝʭʦʜ ʢ ʫʧʨʘʚʣʝʥʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 

ʧʨʦʮʝʩʩʦʤ ʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʠʟʠʮʠʠ, 

ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

ʪʨʝʙʫʝʪ ʧʦʩʪʦʷʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʫʧʨʘʚʣʷʶʱʝʡ ʩʠʩʪʝʤʳ ʜʠʥʘʤʠʯʥʳʤʠ 

ʜʘʥʥʳʤʠ ʦ ʩʦʩʪʦʷʥʠʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ, ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʩʦʦʙʱʝʩʪʚʘ ʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪ 

ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ. ʌʘʢʪʠʯʝʩʢʠ ʙʫʜʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʝʨʝʭʦʜ ʢ ʨʘʙʦʪʝ ʩ 

ʙʦʣʴʰʠʤʠ ʜʘʥʥʳʤʠ (Big Data, BD) ï 

ʠʥʬʦʨʤʘʮʠʝʡ, ʢʦʪʦʨʘʷ ʛʝʥʝʨʠʨʫʝʪʩʷ ʢʘʢ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʪʘʢ ʠ ʪʝʭʥʠʯʝʩʢʠʤʠ 

ʩʨʝʜʩʪʚʘʤʠ; ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʦʛʨʦʤʥʳʭ 

ʦʙʲʝʤʦʚ ʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ, 

ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʦʙʨʘʙʦʪʘʥʳ ʩʧʝʮʠʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʚʦʩʧʨʠʥʠʤʘʝʤʳʭ ʯʝʣʦʚʝʢʦʤ 

ʨʝʟʫʣʴʪʘʪʦʚ. 

ʂʨʘʪʢʦ ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ ʠʩʪʦʯʥʠʢʘʭ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʩʪʘʚʣʷʪʴ ʜʠʥʘʤʠʯʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʠʟ ʘʛʨʦʵʢʦʩʠʩʪʝʤʳ ʠ ʜʘʪʯʠʢʘʭ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʵʪʫ ʠʥʬʦʨʤʘʮʠʶ 

ʚʦʩʧʨʠʥʠʤʘʪʴ ʠ ʧʝʨʝʜʘʚʘʪʴ ʚ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ. 

ɸ). ʆʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ ʠ ʠʩʪʦʯʥʠʢ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʥʝʡ ʘʛʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʘʷ 

ʠʥʬʦʨʤʘʮʠʷ. ʆʩʥʦʚʥʦʝ ʩʨʝʜʩʪʚʦ ʩʙʦʨʘ 

ʘʛʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ð 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʤʝʪʝʦʩʪʘʥʮʠʠ, 

ʧʦʩʪʘʚʣʷʶʱʠʝ ʜʘʥʥʳʝ ʦ ʩʢʣʘʜʳʚʘʶʱʠʭʩʷ 
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ʨʘʜʠʘʮʠʦʥʥʦʤ ʠ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʨʝʞʠʤʘʭ, 

ʦʩʘʜʢʘʭ, ʩʠʣʝ ʠ ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʪʨʘ ʩ ʣʶʙʦʡ 

ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ, ʚʧʣʦʪʴ ʜʦ ʝʞʝʩʝʢʫʥʜʥʦʡ. 

ʆʜʥʘ ʠʟ ʪʘʢʠʭ ʤʝʪʝʦʩʪʘʥʮʠʡ ʩʪʘʣʘ ʨʘʙʦʪʘʪʴ 

ʥʘ ʆʧʳʪʥʦʤ ʧʦʣʝ ʀɸʕʇ. 

ɹ). ʇʦʯʚʝʥʥʦ - ʨʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ. ʂ 

ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʘʢʪʠʚʥʦ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʠ ʥʘʯʠʥʘʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʦʮʝʥʠʚʘʶʱʠʝ ʠ 

ʬʠʢʩʠʨʫʶʱʠʝ ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʩʚʝʪʘ, 

ʦʪʨʘʞʝʥʥʳʡ ʦʪ ʧʦʯʚʳ ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. ʂ 

ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ 

ʮʠʬʨʦʚʳʝ ʬʦʪʦʢʘʤʝʨʳ ʠʣʠ ʩʢʘʥʝʨʳ. 

ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, 

ʠʩʧʦʣʴʟʫʷ ʢʦʩʤʠʯʝʩʢʠʝ ʩʥʠʤʢʠ ʨʘʟʥʦʡ 

ʩʪʝʧʝʥʠ ʨʘʟʨʝʰʝʥʠʷ, ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʜʠʘʧʘʟʦʥʦʚ ʠ ʚʨʝʤʝʥʠ ʩʲʝʤʢʠ. ʈʝʟʫʣʴʪʘʪʳ 

ʦʙʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʷʶʪ ʚʳʜʝʣʷʪʴ 

ʚʥʫʪʨʠʧʦʯʚʝʥʥʳʝ ʢʦʥʪʫʨʘ ʨʘʟʣʠʯʘʶʱʠʝʩʷ 

ʧʦ ʧʣʦʜʦʨʦʜʠʶ, ʧʦʜʪʚʝʨʞʜʘʝʤʳʝ ʘʥʘʣʠʟʘʤʠ 

ʧʦʯʚʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʦʪʦʙʨʘʥʥʳʭ ʩ ʵʪʠʭ 

ʫʯʘʩʪʢʦʚ [8]. ʆʜʥʘʢʦ, ʢʘʯʝʩʪʚʦ ʩʥʠʤʢʦʚ 

ʟʘʚʠʩʠʪ ʦʪ ʧʦʛʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, 

ʧʨʦʭʦʞʜʝʥʠʷ ʘʪʤʦʩʬʝʨʥʳʭ ʬʨʦʥʪʦʚ, 

ʥʘʣʠʯʠʷ ʦʙʣʘʯʥʦʩʪʠ. ʇʦʣʫʯʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʪʘʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʪʨʝʙʫʝʪ ʜʦʩʪʘʪʦʯʥʦ 

ʤʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ 

ʦʧʝʨʘʪʠʚʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʧʨʦʜʫʢʮʠʦʥʥʳʤ 

ʧʨʦʮʝʩʩʦʤ ʦʛʨʘʥʠʯʝʥʦ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ 

ʣʫʯʰʝ ʧʦʜʭʦʜʷʪ ʙʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ 

ʘʧʧʘʨʘʪʳ (ɹʇʃɸ), ʧʦʟʚʦʣʷʶʱʠʝ ʠʟʙʝʞʘʪʴ 

ʤʥʦʛʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ 

ʩʚʦʡʩʪʚʝʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʤ ʩʠʩʪʝʤʘʤ. 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʥʠʤ ʚʢʣʶʯʘʶʪ ʪʘʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʢʘʢ ʚʝʣʠʯʠʥʘ ʧʦʣʝʟʥʦʡ 

ʥʘʛʨʫʟʢʦʡ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʝʨʠʦʜʘ 

ʙʝʩʧʦʩʘʜʦʯʥʦʡ ʨʘʙʦʪʳ, ʥʘʣʠʯʠʝ ʩʠʩʪʝʤ ʠ 

ʩʨʝʜʩʪʚ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ 

ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʚ ʤʦʤʝʥʪʳ ʩʲʝʤʢʠ ʠ 

ʨʷʜ ʜʨʫʛʠʭ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʧʦʣʫʯʘʪʴ ʙʦʣʴʰʠʡ ʥʘʙʦʨ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʘʛʨʦʮʝʥʦʟʘ, 

ʦʙʝʩʧʝʯʝʥʥʳʡ ʩʦʩʪʘʚʦʤ ʜʘʪʯʠʢʦʚ, ʢʘʤʝʨ, 

ʩʝʥʩʦʨʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ɹʇʃɸ [9]. ʂ 

ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʨʘʟʨʘʙʦʪʘʥ ʨʷʜ 

ʠʥʜʝʢʩʦʚ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ, ʧʦ ʢʦʪʦʨʳʤ 

ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʦʧʨʝʜʝʣʷʪʴ 

ʧʦʪʨʝʙʥʦʩʪʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ 

ʚ ʫʣʫʯʰʝʥʠʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ, ʧʦʣʠʚʝ 

ʠʣʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʦʪ ʚʨʝʜʠʪʝʣʝʡ 

ʠ ʙʦʣʝʟʥʝʡ. ʅʘʠʙʦʣʴʰʠʝ ʫʩʧʝʭʠ ʜʦʩʪʠʛʥʫʪʳ 

ʧʨʠ ʜʠʩʪʘʥʮʠʦʥʥʦʡ ʦʮʝʥʢʝ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ 

ʨʘʩʪʝʥʠʡ ʘʟʦʪʦʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ 

ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʚʥʝʩʝʥʠʷ ʘʟʦʪʥʳʭ 

ʫʜʦʙʨʝʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʦʪ 

ɹʇʃɸ ʜʘʥʥʳʤʠ [10]. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʧʨʦʜʦʣʞʘʝʪʩʷ ʘʢʪʠʚʥʳʡ ʩʙʦʨ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʢʦʪʦʨʳʝ ʚ 

ʧʦʩʣʝʜʫʶʱʝʤ ʧʦʩʣʫʞʘʪ ʜʣʷ ʘʜʝʢʚʘʪʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʜʫʢʮʠʦʥʥʳʤ ʧʨʦʮʝʩʩʦʤ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. 

ɺ). ʇʦʯʚʝʥʥʘʷ ʩʨʝʜʘ ï ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʘʷ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʟʝʤʣʝʜʝʣʠʠ 

ʦʩʥʦʚʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʦʙʲʝʢʪʦʤ 

ʷʚʣʷʝʪʩʷ ʧʦʯʚʘ. ʆʩʦʙʦʝ ʩʚʦʡʩʪʚʦ ʧʦʯʚʳ ʵʪʦ 

ʝʝ ʧʣʦʜʦʨʦʜʠʝ, ʧʦʜ ʢʦʪʦʨʳʤ ʧʦʥʠʤʘʝʪʩʷ  

ʩʧʦʩʦʙʥʦʩʪʴ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʧʦʪʨʝʙʥʦʩʪʴ 

ʨʘʩʪʝʥʠʡ ʚ ʵʣʝʤʝʥʪʘʭ ʧʠʪʘʥʠʷ, ʚʦʜʝ, 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʠʭ ʢʦʨʥʝʚʳʝ ʩʠʩʪʝʤʳ 

ʜʦʩʪʘʪʦʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʦʟʜʫʭʘ, ʪʝʧʣʘ ʠ 

ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʩʨʝʜʦʡ 

ʜʣʷ ʥʦʨʤʘʣʴʥʦʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʦʝ ʦʪʣʠʯʠʝ ʧʦʯʚʳ ʦʪ 

ʤʠʥʝʨʘʣʴʥʳʭ ʠʣʠ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʭ 

ʩʠʩʪʝʤ ð ʵʪʦ ʥʘʣʠʯʠʝ ʚ ʥʝʡ ʦʛʨʦʤʥʦʛʦ ʯʠʩʣʘ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. 

ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʨʷʜ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

ʥʘʟʳʚʘʶʪ ʧʦʯʚʫ ʞʠʚʦʡ ʩʠʩʪʝʤʦʡ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʚ ʧʦʯʚʝ, ʥʘ ʧʣʦʱʘʜʠ 

ʚ 1 ʛʝʢʪʘʨ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴʩʷ ʦʢʦʣʦ 20 ʪʦʥʥ 

ʢʦʨʥʝʡ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʝʥʠʡ ʠ 10,5 ʪʦʥʥ 

ʞʠʚʳʭ ʦʙʲʝʢʪʦʚ ʚʢʣʶʯʘʷ ʙʘʢʪʝʨʠʠ, ʛʨʠʙʳ, 

ʘʢʪʠʥʦʤʠʮʝʪʳ, ʧʨʦʩʪʝʡʰʠʭ, ʥʝʤʘʪʦʜ, 

ʜʦʞʜʝʚʳʭ ʯʝʨʚʝʡ ʠ ʜʨʫʛʠʭ ʧʦʯʚʝʥʥʳʭ 

ʞʠʚʦʪʥʳʭ (11). ʇʦʯʚʝʥʥʳʝ ʦʨʛʘʥʠʟʤʳ 

ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʞʠʟʥʠ ʢʘʢ ʜʠʢʠʭ, ʪʘʢ 

ʠ ʢʫʣʴʪʫʨʥʳʭ ʨʘʩʪʝʥʠʡ. ʄʦʞʥʦ ʩ 
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ʫʚʝʨʝʥʥʦʩʪʴʶ ʛʦʚʦʨʠʪʴ ʦʙ ʦʧʨʝʜʝʣʷʶʱʝʡ 

ʨʦʣʠ ʘʢʪʠʚʥʦʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʬʘʟʳ ʧʦʯʚʳ ʚ ʦʙʝʩʧʝʯʝʥʠʠ 

ʧʦʯʚʝʥʥʦʛʦ ʧʣʦʜʦʨʦʜʠʷ ʥʘ ʜʣʠʪʝʣʴʥʫʶ 

ʧʝʨʩʧʝʢʪʠʚʫ ʠ ʜʦʩʪʠʞʝʥʠʷ ʫʩʪʦʡʯʠʚʦʡ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʢʫʣʴʪʫʨ (12). 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʚʦʡʩʪʚʘ ʧʦʯʚʳ 

ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʩʧʨʝʜʝʣʠʪʴ ʥʘ 

ʢʦʥʩʝʨʚʘʪʠʚʥʳʝ, ʠʟʤʝʥʝʥʠʝ ʢʦʪʦʨʳʭ ʤʦʛʫʪ 

ʧʨʦʠʩʭʦʜʠʪ ʢʨʘʡʥʝ ʤʝʜʣʝʥʥʦ ʠ ʜʠʥʘʤʠʯʥʳʝ, 

ʘʢʪʠʚʥʦ ʠʟʤʝʥʷʶʱʠʝʩʷ ʚ ʪʝʯʝʥʠʝ 

ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʩʚʦʡʩʪʚ ʤʦʞʥʦ 

ʧʨʦʚʦʜʠʪʴ ʥʝ ʯʘʱʝ ʦʜʥʦʛʦ ʨʘʟʘ ʚ ʛʦʜ ʠ 

ʦʪʨʘʞʘʪʴ ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʢʘʨʪʝ ʪʝʨʨʠʪʦʨʠʠ. ʂ 

ʥʠʤ ʦʪʥʦʩʠʪʩʷ ʨʷʜ ʬʠʟʠʯʝʩʢʠʭ ʠ 

ʘʛʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɿʘ ʜʠʥʘʤʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʥʝʦʙʭʦʜʠʤʦ ʚʝʩʪʠ ʧʦʩʪʦʷʥʥʦʝ 

ʥʘʙʣʶʜʝʥʠʝ, ʥʦ ʥʫʞʥʦ ʚʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ.  

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʨʷʜ ʤʝʪʦʜʦʚ ʠ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʤʥʦʛʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʯʚʝʥʥʳʭ ʩʚʦʡʩʪʚ, 

ʫʞʝ ʨʘʟʨʘʙʦʪʘʥ ʠʣʠ ʥʘʭʦʜʠʪʴʩʷ ʚ ʩʪʘʜʠʠ 

ʨʘʟʨʘʙʦʪʢʠ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: 

ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚʳ: 

- ʊʚʝʨʜʦʩʪʴ/ʧʣʦʪʥʦʩʪʴ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʧʝʥʝʪʨʦʤʝʪʨʳ, 

ʨʘʟʤʝʱʘʝʤʳʝ ʥʘ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚʘʭ ʠ 

ʠʟʤʝʨʷʶʱʠʭ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ʧʨʠ ʜʚʠʞʝʥʠʠ 

ʵʪʠʭ ʩʨʝʜʩʪʚ. 

- ɺʣʘʞʥʦʩʪʴ ʧʦʯʚʳ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ï 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠ ʧʨʠʙʦʨʳ ʠʭ 

ʤʦʞʥʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʚ ʧʦʣʝ. 

- ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ï ʧʦʟʚʦʣʷʝʪ 

ʩʫʜʠʪʴ ʢʘʢ ʦʙ ʦʙʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʝʡ ʚ 

ʧʦʯʚʝ, ʪʘʢ, ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʠ, ʠ ʦ ʝʝ 

ʩʪʨʫʢʪʫʨʝ. ʊʘʢʞʝ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ. 

ɸʛʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚʳ: 

¶ ʆʩʦʙʦ ʚʘʞʥʦʝ ʵʪʦ ʦʨʛʘʥʠʯʝʩʢʦʝ 

ʚʝʱʝʩʪʚʦ ʧʦʯʚʳ. ɺ ʧʦʯʚʝʥʥʦʤ ʧʦʢʨʦʚʝ ʙʝʟ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚʦʟʤʦʞʥʦ ʜʠʩʪʘʥʮʠʦʥʥʦʝ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʛʫʤʫʩʘ. 

ʈʷʜ ʧʦʯʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʷʪʴ ʩ ʧʦʤʦʱʴʶ 

ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. 

¶ ʋʨʦʚʝʥʴ ʧʦʯʚʝʥʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ ʠ 

ʚʝʣʠʯʠʥʘ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ. 

¶ ʉʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʧʠʪʘʥʠʷ ʨʘʩʪʝʥʠʡ ï ʤʦʞʥʦ ʦʧʨʝʜʝʣʷʪʴ 

ʩʦʜʝʨʞʘʥʠʝ ʠʭ ʠʦʥʥʳʭ ʬʦʨʤ ʚ 

ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ.  

ʅʦ ʧʨʠ ʵʪʦʤ ʧʦʪʨʝʙʫʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʦʙʲʝʢʪʠʚʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʧʦʣʫʯʝʥʥʳʭ 

ʪʘʢʠʤ ʧʫʪʝʤ ʜʘʥʥʳʭ ʩ ʫʨʦʚʥʝʤ 

ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʨʘʩʪʝʥʠʡ ʚʳʙʨʘʥʥʳʤʠ 

ʭʠʤʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ. 

ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚʳ 

ʅʘʠʙʦʣʝʝ ʩʣʦʞʥʳʡ ʦʙʲʝʢʪ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʘʙʣʶʜʝʥʠʡ. ʆʪʯʘʩʪʠ, ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʪʜʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ 

ʧʦʯʚʳ, ʪʘʢʠʝ ʢʘʢ ʚʳʜʝʣʝʥʠʝ ʫʛʣʝʢʠʩʣʦʛʦ 

ʛʘʟʘ, ʤʝʪʘʥʘ, ʥʘʢʦʧʣʝʥʠʝ ʚ ʧʦʯʚʝ ʘʤʤʦʥʠʷ ʠ 

ʥʠʪʨʘʪʦʚ, ʘ ʪʘʢʞʝ ʬʝʨʤʝʥʪʘʪʠʚʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʧʦʯʚʳ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦ ʙʠʦʣʦʛʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ 

ʧʦʯʚʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʦʧʝʨʘʮʠʷʤ 

ʥʝʦʙʭʦʜʠʤʦ ʠʭ ʦʨʠʝʥʪʠʨʦʚʘʪʴ ʥʘ ʦʢʘʟʘʥʠʝ 

ʪʘʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʬʠʟʠʯʝʩʢʠʝ ʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚʳ, ʢʦʪʦʨʳʝ 

ʦʙʝʩʧʝʯʘʪ ʥʘʠʣʫʯʰʠʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʫʩʪʦʡʯʠʚʦʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʬʘʟʳ ʧʦʯʚʳ, ʯʪʦ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʨʘʚʠʣʴʥʦʤʫ 

ʨʘʟʚʠʪʠʶ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ. 

ɼʣʷ ʵʪʦʛʦ, ʧʦʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʩʪʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʤʦʜʝʣʴ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʝʧʝʨʥʳʭ ʧʦʯʚʝʥʥʳʭ 

ʘʛʨʦʥʦʤʠʯʝʩʢʠ ʮʝʥʥʳʭ ʧʦʯʚʝʥʥʳʭ 

ʦʨʛʘʥʠʟʤʦʚ, ʬʠʟʠʯʝʩʢʦʛʦ ʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʡ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʳ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʦʙʨʘʙʦʪʢʠ ʚ ʪʝʯʝʥʠʝ 
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ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ. ʕʪʘ ʤʦʜʝʣʴ ʙʫʜʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʦʙʫʯʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʫʧʨʘʚʣʝʥʠʶ ʪʝʭʥʠʯʝʩʢʠʤʠ 

ʩʨʝʜʩʪʚʘʤʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʝʤ 

ʜʦʩʪʠʞʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ 

ʧʦʯʚʝʥʥʳʡ ʩʨʝʜʳ ʚ ʪʝʯʝʥʠʠ ʚʩʝʛʦ ʧʝʨʠʦʜʘ 

ʚʝʛʝʪʘʮʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʢʫʣʴʪʫʨʳ. 

ʆʯʝʚʠʜʥʦ, ʫʯʠʪʳʚʘʷ ʙʦʣʴʰʦʝ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʦʯʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʫʛʦʜʠʡ, ʥʝʦʙʭʦʜʠʤʦ ʚ ʤʦʜʝʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʨʷʜ ʦʩʥʦʚʥʳʭ ʧʦʯʚʝʥʥʳʭ ʨʘʟʥʦʩʪʝʡ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. ɼʣʷ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʙʘʟʦʚʳʭ ʠ ʦʧʪʠʤʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʯʚʝʥʥʳʭ 

ʫʩʣʦʚʠʡ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʛʨʦʣʦʛʠʯʝʩʢʦʡ 

ʪʠʧʠʟʘʮʠʝʡ ʙʫʜʫʪ ʦʪʦʙʨʘʥʳ ʦʩʥʦʚʥʳʝ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʧʦʯʚ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʜʣʷ 

ʧʠʣʦʪʥʦʛʦ ʨʝʛʠʦʥʘ, ʘ ʟʘʪʝʤ ʠ ʙʦʣʝʝ ʰʠʨʦʢʦ. 

ɽʩʣʠ ʧʝʨʝʡʪʠ ʢ ʙʦʣʝʝ ʧʨʘʢʪʠʯʝʩʢʦʤʫ ʘʩʧʝʢʪʫ 

ʜʘʥʥʦʛʦ ʚʦʧʨʦʩʘ, ʪʦ ʚ ʨʘʤʢʘʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ 

ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ ʨʘʩʩʤʦʪʨʝʥʠʠ 

ʨʘʩʪʝʥʠʝʚʦʜʯʝʩʢʦʛʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʤʦʜʫʣʷ. ʋʧʨʘʚʣʝʥʠʝ ʜʘʥʥʳʤ ʤʦʜʫʣʝʤ ʙʫʜʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ 

ʫʧʨʘʚʣʝʥʠʷ ʘʛʨʦʵʢʦʩʠʩʪʝʤʦʡ - (ʀʉʋɸ). 

ʀʉʋɸ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ ʙʘʟʫ ʜʘʥʥʳʭ ʩ 

ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʩʚʦʡʩʪʚʘʭ ʧʦʯʚ ʥʘ ʚʩʝʭ ʧʦʣʷʭ 

ʚ ʬʦʨʤʝ ʵʣʝʢʪʨʦʥʥʳʭ ʢʘʨʪ, ʩʭʝʤʘʭ 

ʩʝʚʦʦʙʦʨʦʪʦʚ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʢʘʨʪʘʭ 

ʚʦʟʜʝʣʳʚʘʥʠʷ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ ʢʫʣʴʪʫʨ. 

ɼʘʥʥʳʝ ʦʙ ʠʟʤʝʥʷʶʱʠʭʩʷ ʧʘʨʘʤʝʪʨʦʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʧʦʯʚʝʥʥʦ-

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʙʫʜʫʪ ʧʦʩʪʦʷʥʥʦ 

ʧʦʩʪʘʚʣʷʪʴʩʷ ʩʠʩʪʝʤʦʡ ʜʘʪʯʠʢʦʚ, 

ʚʢʣʶʯʘʶʱʠʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫʶ 

ʤʝʪʝʦʩʪʘʥʮʠʶ, ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʯʚʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ 

ʨʝʧʝʨʥʳʭ ʪʦʯʢʘʭ ʚ ʜʠʥʘʤʠʢʝ, ʙʝʩʧʠʣʦʪʥʳʝ 

ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʦ 

ʩʦʩʪʦʷʥʠʠ ʧʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ. 

ʀʉʋɸ ʙʫʜʝʪ ʫʧʨʘʚʣʷʪʴ ʢʦʤʧʣʝʢʩʦʤ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʠʣʠ ʧʦʣʫ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʠ ʥʘ ʢʘʞʜʦʤ ʧʦʣʝ 

ʩʝʚʦʦʙʦʨʦʪʘ, ʚʥʦʩʷ ʥʝʦʙʭʦʜʠʤʳʝ 

ʢʦʨʨʝʢʪʠʚʳ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʠʟʤʝʥʷʶʱʠʭʩʷ ʫʩʣʦʚʠʡ, ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ 

ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ ʫʨʦʞʘʝʚ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʩ ʟʘʜʘʥʥʳʤʠ 

ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ 

ʜʦʣʞʥʘ ʜʝʡʩʪʚʦʚʘʪʴ ʩʚʦʡ ʚʘʨʠʘʥʪ ʀʉʋɸ, ʚ 

ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʘʢʪʫʘʣʴʥʘʷ 

ʥʦʨʤʘʪʠʚʥʘʷ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ 

ʠʥʬʦʨʤʘʮʠʷ. ʈʝʛʠʦʥʘʣʴʥʳʝ ʀʉʋɸ ʙʫʜʫʪ 

ʩʚʷʟʘʥʳ ʩ ʀʉʋɸ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʦʙʝʩʧʝʯʠʚʘʷ ʦʧʝʨʘʪʠʚʥʳʡ 

ʦʙʤʝʥ ʠʥʬʦʨʤʘʮʠʝʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʚʝʜʝʥʥʦʛʦ ʚʳʰʝ 

ʘʥʘʣʠʟʘ ʠ ʦʙʩʫʞʜʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ 

ʩʪʘʥʦʚʠʪʴʩʷ ʦʯʝʚʠʜʥʳʤ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʳ, 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʦʣʷ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʚʳʧʦʣʥʷʶʱʠʭ 

ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʝ ʦʧʝʨʘʮʠʠ. ʕʪʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʦʥʷʪʴ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠʤʠ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʦʚ ʜʣʷ ʵʪʦʛʦ 

ʷʚʣʷʝʪʩʷ ʧʦʣʝʚʦʡ ʦʧʳʪ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʩʦʙʨʘʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʦʧʠʩʳʚʘʶʱʠʝ ʦʪʜʝʣʴʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ 

ʵʪʦʡ ʧʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʝ, ʢʦʪʦʨʳʝ ʧʨʠʙʣʠʞʘʶʪ ʥʘʩ ʢ ʙʦʣʝʝ 

ʯʝʪʢʦʤʫ ʧʦʥʠʤʘʥʠʶ ʚʩʝʡ ʢʘʨʪʠʥʳ ʞʠʟʥʠ 

ʘʛʦʵʢʦʩʠʩʪʝʤʳ.  

ʈʘʟʨʘʙʦʪʘʥʘ ʩʪʨʫʢʪʫʨʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦʯʚʳ, ʦʥʘ ʧʦʩʪʨʦʝʥʘ ʥʘ ʦʩʥʦʚʝ 

ʘʥʘʣʠʟʘ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʯʥʳʭ ʠ 

ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ ʧʦʩʪʨʦʝʥʠʶ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʘ 

ʪʘʢʞʝ ʘʥʘʣʠʟʘ ʨʳʥʢʘ ʮʠʬʨʦʚʳʭ ʠ 

ʘʥʘʣʦʛʦʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʠʤʝʶʱʠʭʩʷ ʚ 

ʩʚʦʙʦʜʥʦʤ ʜʦʩʪʫʧʝ [7] ʈʘʟʨʘʙʦʪʢʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ 
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ʤʦʥʠʪʦʨʠʥʛʘ ʧʘʨʘʤʝʪʨʦʚ ʧʦʯʚʳ ʧʨʦʚʦʜʠʪʩʷ ʩ 

ʮʝʣʴʶ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʙʦʨʘ, ʭʨʘʥʝʥʠʷ ʠ 

ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦʯʚʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʥʘ ʦʧʳʪʥʦʤ ʧʦʣʝ. 

ɼʣʷ ʮʝʣʝʡ ʧʦʣʫʯʝʥʠʷ ʦʧʝʨʘʪʠʚʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ 

ʚ ʨʘʡʦʥʝ çʂʨʘʩʥʦʡ ʉʣʘʚʷʥʢʠè ʙʳʣʘ 

ʫʩʪʘʥʦʚʣʝʥʘ ʤʝʪʦʩʪʘʥʮʠʷ DAVIS VANTAGE 

PRO2 ʠ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʧʦʣʫʯʝʥʠʝ 

ʤʝʪʝʦʜʘʥʥʳʭ [13]. ʂʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ 

(ʨʠʩ. 1), ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʘʚʪʦʤʘ-

ʪʠʟʠʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ ʩʙʦʨʘ, ʦʙʨʘʙʦʪʢʠ ʠ 

ʦʪʦʙʨʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʤʝʪʝʦʜʘʥʥʳʭ (ʨʠʩ. 

2). ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʩʙʦʨʘ, ʦʙʨʘʙʦʪʢʠ ʠ 

ʦʪʦʙʨʘʞʝʥʠʷ ʤʝʪʝʦʜʘʥʥʳʭ ʩ ʤʝʪʝʦʩʪʘʥʮʠʠ  

Vantage pro2, ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʧʘʢʝʪ 

ʧʨʦʛʨʘʤʤ Visual Foxpro 9.0. ɼʘʥʥʘʷ 

ʧʨʦʛʨʘʤʤʘ ʨʝʘʣʠʟʦʚʘʥʘ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʦʧʝʨʘʪʠʚʥʦʡ ʨʘʙʦʪʝ ʩ ʤʘʷ 2018 ʛʦʜʘ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʦʙʰʠʨʥʳʡ ʘʥʘʣʠʟ 

ʤʥʦʛʠʭ ʤʝʪʝʦʧʨʦʮʝʩʩʦʚ, ʧʨʦʭʦʜʷʱʠʭ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʧʦʢʨʳʪʠʷ ʤʝʪʝʦʩʪʘʥʮʠʠ ʠ 

ʦʧʨʝʜʝʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚʣʠʷʥʠʷ 

ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʨʦʩʪ ʨʘʩʪʝʥʠʡ.  

ʇʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ 2018 ʛʦʜʘ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʦʪʩʫʪʩʪʚʠʝʤ ʜʦʞʜʝʡ ʩ 

ʥʘʯʘʣʘ ʤʘʷ ʠ ʜʦ ʩʝʨʝʜʠʥʳ ʠʶʥʷ ʠ 

ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚ ʪʦʪ ʞʝ ʧʝʨʠʦʜ, 

ʯʪʦ ʦʙʫʩʣʦʚʠʣʦ ʧʨʦʷʚʣʝʥʠʷ ʷʚʣʝʥʠʡ 

ʭʘʨʘʢʪʝʨʥʳʭ ʟʘʩʫʰʣʠʚʳʤ ʫʩʣʦʚʠʷʤ ʚ ʵʪʠ 

ʤʝʩʷʮʳ (ʨʠʩ. 3, 4), ɻʊʂ ʩʦʩʪʘʚʠʣ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 0,64 ʠ 1,02 (ʊʘʙʣ. 3). ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ ʦʪʤʝʯʘʣʘʩʴ ʧʦʥʠʞʝʥʥʘʷ ʚʣʘʞʥʦʩʪʴ 

ʧʦʯʚʳ ʚ ʥʘʯʘʣʝ ʣʝʪʘ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʟʘʪʦʨʤʦʟʠʣʦ ʤʠʥʝʨʘʣʠʟʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ, 

ʢʘʢ ʚ ʩʘʤʦʡ ʧʦʯʚʝ, ʪʘʢ ʠ ʚʦ ʚʥʝʩʝʥʥʳʭ 

ʢʦʤʧʦʩʪʘʭ. 

 

 
ʈʠʩ. 1. ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ ʧʦʣʫʯʝʥʠʷ 

ʦʧʝʨʘʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ 

ʩʠʪʫʘʮʠʠ 
 

 
ʈʠʩ. 2. ʇʨʠʤʝʨ ʤʝʪʝʦʜʘʥʥʳʭ ʧʦʣʫʯʝʥʥʳʭ ʩ ʤʝʪʝʦʩʪʘʥʮʠʠ 
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ʅʘ 5 ʠʶʥʷ ʚ ʧʦʯʚʝ ʦʧʳʪʘ ʥʘʢʦʧʠʣʦʩʴ ʦʪ 

12 ʜʦ 15 ʤʛ/ʢʛ ʤʠʥʝʨʘʣʴʥʦʛʦ ʘʟʦʪʘ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʥʠʪʨʘʪʥʦʡ ʬʦʨʤʝ 

(ʪʘʙʣ.1). ʏʫʪʴ ʙʦʣʴʰʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʘʟʦʪʘ 

(ʦʢʦʣʦ 2 ʤʛ/ʢʛ ʧʦʯʚʳ) ʜʝʤʦʥʩʪʨʠʨʦʚʘʣ 

ʚʘʨʠʘʥʪ ʩʦ ʚʪʦʨʦʡ ʜʦʟʦʡ ʢʦʤʧʦʩʪʘ. ʏʝʨʝʟ 

ʤʝʩʷʮ, ʚ ʩʚʷʟʠ ʩ ʧʨʦʰʝʜʰʠʤʠ ʜʦʞʜʷʤʠ, 

ʩʦʜʝʨʞʘʥʠʝ ʚʣʘʛʠ ʚ ʧʦʯʚʝ ʧʦʚʳʩʠʣʦʩʴ. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʦʯʚʝʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʦʪʦʙʨʘʥʥʳʭ 4 ʠʶʣʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʤ ʥʘʢʦʧʣʝʥʠʠ 

ʤʠʥʝʨʘʣʴʥʳʭ ʬʦʨʤ ʘʟʦʪʘ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʥʘʯʘʚʰʫʶʩʷ ʚʝʛʝʪʘʮʠʶ ʢʘʨʪʦʬʝʣʷ ʠ ʝʛʦ 

ʧʦʪʨʝʙʣʝʥʠʝ ʘʟʦʪʘ. ʆʪʤʝʯʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ 

ʙʦʣʴʰʝʛʦ ʥʘʢʦʧʣʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʬʦʨʤ 

ʘʟʦʪʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʟʳ ʢʦʤʧʦʩʪʘ, ʯʪʦ 

ʜʦʣʞʥʦ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʣʫʯʰʝʤʫ 

ʦʙʝʩʧʝʯʝʥʠʶ ʢʘʨʪʦʬʝʣʷ ʢʘʢ ʘʟʦʪʦʤ, ʪʘʢ ʠ 

ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠʩʷ ʚ 

ʢʦʤʧʦʩʪʝ. 

 

 
ʈʠʩ. 3. ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ 

ʧʦ ʤʝʩʷʮʘʤ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ 2018 ʛ. ʥʘ ʦʧʳʪʥʦʤ 

ʧʦʣʝ ʚ  ʂʨʘʩʥʦʡ ʉʣʘʚʷʥʢʝ (ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʩ 

ʤʝʪʝʦʩʪʘʥʮʠʠ Davis Vantage pro2) 

 
ʈʠʩ. 4. ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʧʦ 

ʤʝʩʷʮʘʤ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ 2018 ʛ. ʥʘ ʦʧʳʪʥʦʤ 

ʧʦʣʝ ʚ ʂʨʘʩʥʦʡ ʉʣʘʚʷʥʢʝ (ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʩ 

ʤʝʪʝʦʩʪʘʥʮʠʠ Davis Vantage pro2) 

 

ɼʘʥʥʳʝ ʦ ʥʘʢʦʧʣʝʥʠʠ ʙʠʦʤʘʩʩʳ ʢʣʫʙʥʝʡ 

ʪʘʢʞʝ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʠ ʦʪʨʘʞʘʶʪ 

ʢʘʨʪʠʥʫ ʘʛʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. 

ʋʯʝʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʢʘʨʪʦʬʝʣʷ ʚ ʢʦʥʮʝ 

ʠʶʣʷ ʧʦʢʘʟʘʣ ʥʝʢʦʪʦʨʫʶ ʟʘʜʝʨʞʢʫ ʚ 

ʨʘʟʚʠʪʠʠ ʢʘʨʪʦʬʝʣʷ, ʯʪʦ ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ 

ʧʨʝʜʰʝʩʪʚʫʶʱʠʤ ʩʫʭʠʤ ʧʝʨʠʦʜʦʤ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʫʣʫʯʰʝʥʠʝ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʚʦ 

ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʣʝʪʘ ʧʦʟʚʦʣʠʣʦ 

ʘʢʪʠʚʠʟʠʨʦʚʘʪʴ ʥʘʢʦʧʣʝʥʠʝ ʙʠʦʤʘʩʩʳ 

ʨʘʩʪʝʥʠʷʤʠ ʢʘʨʪʦʬʝʣʷ. ʂ ʥʘʯʘʣʫ ʩʝʥʪʷʙʨʷ 

ʙʳʣʘ ʥʘʢʦʧʣʝʥʦ ʜʦ 25 ï 30 ʪʦʥʥ ʢʣʫʙʥʝʡ 

ʢʘʨʪʦʬʝʣʷ (ʩʪʘʥʜʘʨʪʥʦʡ ʬʨʘʢʮʠʠ). ɺʥʝʩʝʥʠʝ 

ʢʦʤʧʦʩʪʘ ʜʦʩʪʦʚʝʨʥʦ ʧʦʚʳʩʠʣʦ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʢʘʨʪʦʬʝʣʷ. ʆʜʥʘʢʦ ʨʘʩʪʝʥʠʷ 

ʢʘʨʪʦʬʝʣʷ ʥʝ ʩʤʦʛʣʠ ʚ ʧʦʣʥʦʡ ʤʝʨʝ 

ʨʝʘʣʠʟʦʚʘʪʴ ʩʚʦʡ ʧʦʪʝʥʮʠʘʣ ʥʘ ʚʪʦʨʦʡ ʜʦʟʝ 

ʢʦʤʧʦʩʪʘ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʠʟ-ʟʘ ʠʤʝʚʰʝʡ 

ʤʝʩʪʦ ʟʘʜʝʨʞʢʦʡ ʨʘʟʚʠʪʠʷ ʚ ʥʘʯʘʣʝ ʣʝʪʘ.  

 

ʊʘʙʣʠʮʘ 1 

ɼʠʥʘʤʠʢʘ ʩʦʜʝʨʞʘʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʬʦʨʤ ʘʟʦʪʘ ʠ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʚ ʦʧʳʪʝ ʩ ʢʘʨʪʦʬʝʣʝʤ 

 
N-NO3/mg/ʢʛ ʧʦʯʚʳ 

ʉʫʤʤʘ N ʤʠʥʝʨ. mg/ʢʛ 

ʧʦʯʚʳ 
ɺʣʘʞʥʦʩʪʴ ʧʦʯʚʳ, % 

 

05.06.2018 04.07.2018 05.06.2018 04.07.2018 05.06.2018 04.07.2018 

ʂʦʥʪʨʦʣʴ 12,5 29,8 12,8 30,2 15,2 18,9 

ʂʦʤʧʦʩʪ 1 ʜʦʟʘ 13,1 32,4 13,7 33,2 14,6 18,5 

ʂʦʤʧʦʩʪ 2 ʜʦʟʘ 14,3 38,2 15,3 39,1 15,1 18,3 

2,2 1,7 2,5 2,2 2,9 

ʈʘʟʣʠʯʠʷ ʥʝ 

ʜʦʩʪʦʚʝʨʥʳ 

ʈʘʟʣʠʯʠʷ ʥʝ 

ʜʦʩʪʦʚʝʨʥʳ 
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ʊʘʙʣʠʮʘ 2 

ɺʣʠʷʥʠʝ ʢʦʤʧʦʩʪʘ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʢʘʨʪʦʬʝʣʷ ʚ ʦʧʳʪʝ 2018 ʛʦʜʘ, ʪ/ʛʘ 

ɺʘʨʠʘʥʪ 26.07.2018 

ʢʣʫʙʥʠ 

6.09.2018 

ʂʣʫʙʥʠ ʩʪʘʥʜʘʨʪ 

ʢʦʥʪʨʦʣʴ 3,7 25,3 

1 ʜʦʟʘ ʢʦʤʧʦʩʪʘ 3,4 29,3 

2 ʜʦʟʘ ʢʦʤʧʦʩʪʘ 3,7 29,6 

ʅʉʈ0,95 ʈʘʟʣʠʯʠʷ ʥʝ ʜʦʩʪʦʚʝʨʥʳ 1,8 

 

ʊʘʙʣʠʮʘ 3 

ɺʝʣʠʯʠʥʘ ɻʊʂ ʚ ʣʝʪʥʠʝ ʤʝʩʷʮʳ 2018 ʛʦʜʘ ʧʦ ʜʘʥʥʳʤ ʤʝʪʝʦʩʪʘʥʮʠʠ Davis Vantage pro2 

 

 

ɺ ʜʘʣʴʥʝʡʰʝʤ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʘ ʦʧʳʪʥʦʤ 

ʧʦʣʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʩʠʩʪʝʤʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘ ʦʩʥʦʚʝ 

ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ 

(ɹʇʃɸ), ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʩʪʘʮʠʦʥʘʨʥʫʶ 

ʘʛʨʦʵʢʦʣʦʛʠʯʝʩʢʫʶ ʣʘʙʦʨʘʪʦʨʠʶ, ʩʚʷʟʘʥʥʫʶ 

ʨʘʜʠʦʢʘʥʘʣʘʤʠ ʩ ʤʦʙʠʣʴʥʳʤ ʧʫʥʢʪʦʤ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʩ ʙʝʩʧʠʣʦʪʥʳʤ ʣʝʪʘʪʝʣʴʥʳʤ 

ʘʧʧʘʨʘʪʦʤ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʚʟʣʝʪʘ ʠ ʧʦʩʘʜʢʠ, 

ʦʩʥʘʱʝʥʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʚʠʜʝʦʦʙʟʦʨʘ ʟʦʥʳ 

ʧʦʣʝʪʘ ʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ, 

ʩʠʩʪʝʤʦʡ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʥʘ ʤʝʩʪʥʦʩʪʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ GPS, ɻʃʆʅɸʉʉ, ʜʘʪʯʠʢʘʤʠ 

ʜʣʷ ʵʢʩʧʨʝʩʩ-ʘʥʘʣʠʟʘ ʩʦʩʪʦʷʥʠʷ ʚʦʟʜʫʰʥʦʡ 

ʩʨʝʜʳ ʠ ʟʦʥʜʘʤʠ ʜʣʷ ʟʘʙʦʨʘ ʧʨʦʙ ʧʦʯʚʳ, 

ʫʩʪʨʦʡʩʪʚʦʤ ʩʙʦʨʘ, ʭʨʘʥʝʥʠʷ ʠ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ. ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʧʦʯʚʳ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʧʝʥʝʪʨʦʣʣʦʛʝʨ Eijkelkamp.  

ɺʳʚʦʜʳ 

1. ɼʣʷ ʨʘʟʚʠʪʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ 

ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʨʘʩʪʝʥʠʝʚʦʜʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦʩʪʠʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ- 

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʉ ʵʪʦʡ 

ʮʝʣʴʶ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʩʦʟʜʘʥʠʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʘʛʨʦʵʢʦʩʠʩʪʝʤʦʡ (ʀʉʋɸ), ʩʦʙʠʨʘʶʱʝʡ 

ʦʧʝʨʘʪʠʚʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʧʦʯʚʝʥʥʦ-

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ, ʠ ʨʫʢʦʚʦʜʷʱʝʡ 

ʢʦʤʧʣʝʢʩʦʤ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ, ʚʳʧʦʣʥʷʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʦʧʝʨʘʮʠʠ ʧʦ ʚʦʟʜʝʣʳʚʘʥʠʶ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. 

2. ɺ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʡ ʢʦʥʮʝʧʮʠʠ 

ʚ ʀɸʕʇ ʧʨʦʚʦʜʷʪʩʷ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ: ʨʘʟʨʘʙʦʪʘʥʘ ʙʘʟʘ 

ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜʙʦʨ ʜʘʪʯʠʢʦʚ ʜʣʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʠ ʧʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ. 

ɺʝʜʫʪʩʷ ʧʦʣʝʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʩʙʦʨʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʳ ʠ 

ʘʛʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ. 

3. ʅʘʯʘʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʘʟʳ ʟʥʘʥʠʡ ʦ 

ʧʨʦʮʝʩʩʘʭ, ʠʜʫʱʠʭ ʚ ʘʛʨʦʵʢʦʩʠʩʪʝʤʝ. 

ʩʧʦʩʦʙʘʭ ʠʭ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʠ ʧʝʨʝʚʦʜ ʠʭ ʚ 

ʬʦʨʤʘʪ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʀʉʋɸ. 

4. ɼʘʣʴʥʝʡʰʘʷ ʨʘʙʦʪʘ ʜʦʣʞʥʘ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ ʨʘʟʨʘʙʦʪʢʫ ʠ ʦʙʫʯʝʥʠʝ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠ ʩʨʝʜʩʪʚ, 

ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʘʪ ʚʳʧʦʣʥʝʥʠʝ ʚʩʝʛʦ 

ʢʦʤʧʣʝʢʩʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʚ 

ʄʝʩʷʮ ɻʊʂ 

ʄʘʡ 0,64 

ʀʶʥʴ 1,02 

ʀʶʣʴ 2,85 

ɸʚʛʫʩʪ 2,02 



           ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

          ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 

39 
 

ʩʝʚʦʦʙʦʨʦʪʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʀʉʋɸ. 
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ʩʚʷʟʘʥʦ ʩ ʩʦʟʜʘʥʠʝʤ ʥʦʚʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʠ ʠʭ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ 
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ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ï ʬʠʣʠʘʣʝ ʌɻɹʅʋ ʌʅɸʎ ɺʀʄ ʙʳʣ 

ʩʦʟʜʘʥ ʠ ʠʟʛʦʪʦʚʣʝʥ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ (ʀʀʂ-ʀɸʕʇ), ʩʦʩʪʦʷʱʠʡ ʠʟ 

ʥʘʚʝʩʥʦʡ ʫʩʪʘʥʦʚʢʠ ʩ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʤʠ ʪʝʣʝʞʢʘʤʠ ʠ ʠʟʤʝʨʠʪʝʣʴʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʀʇ 

264 ʈʦʩʅʀʀʊʠʄ, ʧʦʟʚʦʣʷʶʱʝʡ ʧʨʦʚʦʜʠʪʴ ʩʨʘʚʥʠʪʝʣʴʥʫʶ ʵʥʝʨʛʦʦʮʝʥʢʫ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, ʚ ʦʜʠʥʘʢʦʚʳʭ ʧʦʯʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʨʝʞʠʤʘʭ ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʤʝʥʷʣʠʩʴ ʤʝʪʦʜʳ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 
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ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʥʠʞʝʥʠʝ ʚʝʣʠʯʠʥʳ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ 3 ï 12 % ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʘ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ. ʆʮʝʥʝʥʘ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʦʧʝʨʘʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʷʝʪ ʚʥʝʩʪʠ, ʚ ʩʣʫʯʘʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʢʦʨʨʝʢʪʠʚʳ ʚ ʧʣʘʥ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʦʚ (ʫʚʝʣʠʯʠʪʴ ʦʙʲʝʤ ʠ ʢʦʣʠʯʝʩʪʚʦ ʚʳʙʦʨʦʢ, 

ʠʟʤʝʥʠʪʴ ʨʝʞʠʤʳ ʦʙʨʘʙʦʪʢʠ, ʧʨʠ ʚʦʟʤʦʞʥʦʩʪʠ ʪʠʧ ʧʦʯʚ ʠ ʧʨʝʜʰʝʩʪʚʫʶʱʫʶ ʦʙʨʘʙʦʪʢʫ ʠ ʜʨ.).  

ɸʥʘʣʠʟ ʭʦʜʘ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʠʥʘʤʠʯʥʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ ʦ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʟʘʢʣʶʯʘʶʱʝʡʩʷ ʚ ʩʦʢʨʘʱʝʥʠʠ ʩʨʦʢʦʚ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 2-3 

ʨʘʟʘ ʠ ʧʦʚʳʰʝʥʠʠ ʪʦʯʥʦʩʪʠ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʦ ʚʝʨʦʷʪʥʦʩʪʠ 0,95. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:  ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʝ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ, ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ, 
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Efficiency improvement of tillage techniques may be achieved through creation of new working tools 

and their upgrading. The use of modern measuring digital systems allows to significantly reduce the costs 

and time for the development of new promising working tools of tillage machines. A measuring and 

information system was designed and manufactured  in IEEP - branch of FSAC VIM. It consists of a tractor-

mounted unit with strain gauge trolleys and the measuring and information system IP 264 of the Russian 

Research Institute for Testing of Agricultural Technologies and Machines, which allows for a comparative 

energy assessment of soil-tilling working tools under the same soil conditions and technological process 

modes. The system was used in the experimental studies on the comparative energy assessment of dynamic 

working tools. The methods of probability theory, mathematical statistics and statistical dynamics were also 

applied. The studies concluded that dynamic working tools reduced the traction resistance by 3-12%, 

depending on the tillage mode. Reliability of the obtained result was estimated. The possibility of real time 

analysis of the results obtained allows, if necessary, to adjust the design of experiments ï to increase the 

sample scope and number, to change the tillage modes, if possible, the type of soil and previous cultivation, 

etc. The progress and results of experimental studies of dynamic working tools with the use of the developed 

measuring and information system proved this system to be effective in reducing the duration of research by 

2-3 times and increasing the accuracy and reliability of the results to a probability of 0.95. 

 

Key words: soil tilling working tools, test validity, strain-gauge unit, traction resistance, comparative 

energy assessment.  
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ɺʚʝʜʝʥʠʝ 

ɺ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʩʘʤʦʡ ʵʥʝʨʛʦʝʤʢʦʡ ʦʧʝʨʘʮʠʝʡ ʷʚʣʷʝʪʩʷ 

ʦʙʨʘʙʦʪʢʘ ʧʦʯʚʳ. ʅʘ ʝʝ ʧʨʠʭʦʜʠʪʩʷ 30 - 40 % 

ʚʩʝʡ ʧʦʪʨʝʙʣʷʝʤʦʡ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ 

ʵʥʝʨʛʠʠ, ʧʨʠʯʝʤ 1/5 ʯʘʩʪʴ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ 

ʧʨʝʜʧʦʩʝʚʥʫʶ ʦʙʨʘʙʦʪʢʫ ʧʦʯʚʳ. ɹʦʣʴʰʠʝ 

ʤʘʩʰʪʘʙʳ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʧʦʯʚʳ ʚʳʟʳʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʠʩʢʘ 

ʧʫʪʝʡ ʩʥʠʞʝʥʠʷ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʵʪʦʛʦ 

ʧʨʦʮʝʩʩʘ. 

ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ 

ʩʥʠʞʝʥʠʷ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʦʯʚʦʦʙʨʘʙʦʪʢʠ 

ʷʚʣʷʝʪʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ 

ʤʘʰʠʥ, ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʪʠʧʦʚ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ ρ τȟυ. 

 ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ 

ʜʦʩʪʦʚʝʨʥʦʛʦ ʠ ʜʦʩʪʘʪʦʯʥʦʛʦ ʦʧʠʩʘʥʠʷ 

ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʤʘʰʠʥ ʩ ʧʦʯʚʦʡ, ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʤʝʪʦʜʦʤ 

ʩʪʘʣ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʤʘʰʠʥ, ʥʘ 

ʟʘʚʝʨʰʘʶʱʝʤ ʵʪʘʧʝ ʚʩʝʛʜʘ ʚʦʟʥʠʢʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʭ ʩʨʘʚʥʠʪʝʣʴʥʦʡ 

ʵʥʝʨʛʦʦʮʝʥʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʭ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ. ɼʘʥʥʘʷ ʦʮʝʥʢʘ ʜʦʣʞʥʘ 

ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʚ ʦʜʠʥʘʢʦʚʳʭ ʧʦʯʚʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʧʨʠ ʠʜʝʥʪʠʯʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʢʪʠʚʥʦ ʦʮʝʥʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʨʘʚʥʠʚʘʝʤʳʭ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʧʦ ʢʨʠʪʝʨʠʶ ʵʥʝʨʛʦʟʘʪʨʘʪ,  

ʥʘ ʚʝʣʠʯʠʥʫ ʢʦʪʦʨʦʛʦ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ 

ʪʷʛʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ χ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ 

ʵʥʝʨʛʦʦʮʝʥʢʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʠ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʝʨʚʠʯʥʦʛʦ ʘʥʘʣʠʟʘ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ 

ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩʦʢʨʘʪʠʪʴ 

ʚʨʝʤʷ ʠ ʟʘʪʨʘʪʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʷʟʘʥʘ ʩ 

ʧʨʦʙʣʝʤʦʡ ʫʣʫʯʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʢʘʯʝʩʪʚ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʘʛʨʝʛʘʪʦʚ ʠ 

ʩʥʠʞʝʥʠʷ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʠʝʤʦʚ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʠʩʴ 

ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʦʙʨʘʙʦʪʢʠ ʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ 

ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʦʙʲʝʢʪʠʚʥʦʡ ʠ 

ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʵʥʝʨʛʦʦʮʝʥʢʝ 

ʩʨʘʚʥʠʚʘʝʤʳʭ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʠʟʤʝʨʠʪʝʣʴʥʳʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ, ʚʢʣʶʯʘʶʱʠʡ ʚ 

ʩʝʙʷ: 

1. ʅʘʚʝʩʥʫʶ ʫʩʪʘʥʦʚʢʫ ʩ 

ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʤʠ ʪʝʣʝʞʢʘʤʠ ʚ ʘʛʨʝʛʘʪʝ ʩ 

ʪʨʘʢʪʦʨʦʤ ʢʣʘʩʩʘ ʪʷʛʠ 1,4 ʪ. 

2. ʀʟʤʝʨʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ  

ʩʠʩʪʝʤʫ ʀʇ 264, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʧʨʠʝʤ 

ʜʠʩʢʨʝʪʥʳʭ ʘʥʘʣʦʛʦʚʳʭ ʩʠʛʥʘʣʦʚ ʦʪ 

ʧʝʨʚʠʯʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʦʙʨʘʙʦʪʢʦʡ ʠʭ ʣʠʙʦ ʚ ʧʨʦʛʨʘʤʤʝ 

çʀʩʩʣʝʜʦʚʘʪʝʣʴè, ʣʠʙʦ ʧʝʨʝʜʘʯʝʡ 

ʩʦʭʨʘʥʝʥʥʳʭ ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ ʚ ʜʨʫʛʠʝ 

ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ ʠ 

ʦʮʝʥʢʠ. 

ʅʘʚʝʩʥʘʷ ʫʩʪʘʥʦʚʢʘ (ʨʠʩ.1) ʩʦʩʪʦʠʪ ʠʟ 

ʨʘʤʳ, ʦʧʦʨʥʳʭ ʢʦʣʝʩ ʩ ʤʝʭʘʥʠʟʤʦʤ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʫʩʪʘʥʦʚʦʯʥʦʡ ʛʣʫʙʠʥʳ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ, ʜʚʫʭ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʭ 

ʪʝʣʝʞʝʢ, ʥʘ ʢʦʪʦʨʳʝ ʟʘʢʨʝʧʣʷʶʪʩʷ 

ʩʨʘʚʥʠʚʘʝʤʳʝ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʝ 

ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ. 
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ʘ) 

 

ʙ) 

ʈʠʩ. 1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ 

ʘ) ï ʚʠʜ ʩʟʘʜʠ; ʙ) ï ʚʠʜ ʩʙʦʢʫ 

 

ʊʝʥʟʦʤʝʪʨʠʯʝʩʢʠʝ ʪʝʣʝʞʢʠ ʧʦʟʚʦʣʷʶʪ ʩ 

ʧʦʤʦʱʴʶ ʢʦʣʴʮʝʚʳʭ ʪʝʥʟʦʜʘʪʯʠʢʦʚ 

ʧʨʦʠʟʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ. ʆʥʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʩʦʩʪʦʷʱʠʝ 

ʠʟ ʜʚʫʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʤʝʞʜʫ ʩʦʙʦʡ ʥʘʧʨʘʚʣʷʶʱʠʭ, ʟʘʢʨʝʧʣʝʥʥʳʭ 

ʥʘ ʨʘʤʝ ʫʩʪʘʥʦʚʢʠ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʦʧʦʨʘ 

ʢʨʦʥʰʪʝʡʥʘ ʥʘ ʥʘʧʨʘʚʣʷʶʱʠʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʧʦʜʰʠʧʥʠʢʠ ʢʘʯʝʥʠʷ. 

ʈʘʩʩʪʦʷʥʠʝ, ʥʘ ʢʦʪʦʨʦʤ ʫʩʪʘʥʦʚʣʝʥʳ 

ʪʝʣʝʞʢʠ, ʠʩʢʣʶʯʘʝʪ ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ 

ʠʩʩʣʝʜʫʝʤʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʜʨʫʛ ʥʘ ʜʨʫʛʘ 

ʠ ʚ ʪʦʞʝ ʚʨʝʤʷ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ 

ʵʥʝʨʛʦʦʮʝʥʢʫ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʚ ʦʜʠʥʘʢʦʚʳʭ 

ʧʦʯʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʫʭ 

ʪʝʣʝʞʝʢ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʤʠʥʠʤʫʤ ʚ ʜʚʘ 

ʨʘʟʘ ʢʦʣʠʯʝʩʪʚʦ ʥʝʦʙʭʦʜʠʤʳʭ ʦʧʳʪʦʚ. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʣʴʮʝʚʳʝ 

ʪʝʥʟʦʨʝʟʠʩʪʦʨʥʳʝ ʩʠʣʦʠʟʤʝʨʠʪʝʣʠ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʪʝʥʟʦʠʟʤʝʨʠʪʝʣʴʥʦʡ ʪʝʣʝʞʢʠ 

ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʚʣʠʷʥʠʝ ʠʟʛʠʙʘʶʱʠʭ 

ʤʦʤʝʥʪʦʚ ʥʘ ʩʠʣʦʠʟʤʝʨʠʪʝʣʴ. ɺ ʢʦʣʴʮʝʚʦʤ 

ʪʝʥʟʦʜʘʪʯʠʢʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʩʪʦʚʘʷ ʩʭʝʤʘ 

ʩʦʝʜʠʥʝʥʠʷ ʪʝʥʟʦʨʝʟʠʩʪʦʨʦʚ. ɼʠʘʧʘʟʦʥ 

ʠʟʤʝʨʝʥʠʷ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʩʠʣ ʜʦ 5 ʢʅ. ɼʣʷ 

ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʠʤʧʫʣʴʩʥʳʡ ʠʟʤʝʨʠʪʝʣʴ ʧʫʪʠ ʀʇ 268 

ʨʘʟʨʘʙʦʪʢʠ ʈʦʩʅʀʀʊʠʄ. 

ʀʟʤʝʨʠʪʝʣʴʥʘʷ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ 

ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʧʝʨʚʠʯʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʩ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʜʘʪʯʠʢʦʚ, 

ʩʦʭʨʘʥʷʪʴ ʝʝ, ʦʙʨʘʙʘʪʳʚʘʪʴ ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʥʝʦʙʭʦʜʠʤʳʭ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ υȢ 

ʇʦʣʫʯʝʥʥʳʝ ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʟʚʦʣʷʶʪ 

ʚʳʧʦʣʥʠʪʴ ʩʨʘʚʥʝʥʠʝ ʠʩʩʣʝʜʫʝʤʳʭ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ ʧʫʪʝʤ ʧʨʦʚʝʨʢʠ çʥʫʣʝʚʦʡè ʛʠʧʦʪʝʟʳ 

ɻ0, ʟʘʢʣʶʯʘʶʱʝʡʩʷ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦ 

ʨʘʚʝʥʩʪʚʝ ʛʝʥʝʨʘʣʴʥʳʭ ʩʨʝʜʥʠʭ ’ =’
 
= ’ 

ʚʝʣʠʯʠʥ ʪʷʛʦʚʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ R1 ʠ R2. 

ɼʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʠ 

ʜʦʩʪʘʪʦʯʥʦʛʦ ʦʙʲʝʤʘ ʧʝʨʚʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

(ʧʦʢʘʟʘʥʠʡ ʩʠʣʦʠʟʤʝʨʠʪʝʣʴʥʳʭ ʜʘʪʯʠʢʦʚ) 

ʥʘʤʠ ʧʨʠʥʷʪʦ ʜʦʧʫʱʝʥʠʝ, ʯʪʦ ʧʨʠ 

ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ  ʨʝʞʠʤʝ ʨʘʙʦʪʳ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, 

ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ, 

ʦʪʩʫʪʩʪʚʠʷ ʙʦʣʴʰʠʭ ʫʢʣʦʥʦʚ ʥʘ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʤ ʫʯʘʩʪʢʝ ʥʘʙʣʶʜʘʶʪʩʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʧʨʦʮʝʩʩ, ʧʦʵʪʦʤʫ ʵʪʠ 

ʧʨʦʮʝʩʩʳ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʪʘʮʠʦʥʘʨʥʳʤʠ. 

ʊʘʢʞʝ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʜʦʧʫʱʝʥʠʝ, ʯʪʦ 

ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʧʨʠ ʨʘʙʦʪʝ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʶ ʵʨʛʦʜʠʯʥʦʩʪʠ, ʪ.ʝ. 

ʬʫʥʢʮʠʷ ʢʦʨʨʝʣʷʮʠʠ ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ ʧʨʠ 

ʥʝʦʛʨʘʥʠʯʝʥʥʦʤ ʨʦʩʪʝ ʚʨʝʤʝʥʥʦʛʦ ʩʜʚʠʛʘ t. 

ʇʦʵʪʦʤʫ ʦʧʝʨʘʮʠʶ ʫʩʨʝʜʥʝʥʠʷ ʤʦʞʥʦ 
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ʚʳʧʦʣʥʠʪʴ ʧʦ ʝʜʠʥʩʪʚʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʭ(t) 

ʜʣʠʪʝʣʴʥʦʩʪʴ T ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʙʳʪʴ ʩʢʦʣʴ 

ʫʛʦʜʥʦ ʚʝʣʠʢʘ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ 

ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ: 

Í=lim᷿ØÔÄÔ..                   (1) 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʣʫʯʘʡʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʥʫʞʜʘʶʪʩʷ 

ʚ ʜʠʩʢʨʝʪʠʟʘʮʠʠ. ʐʘʛ ʢʚʘʥʪʦʚʘʥʠʷ ʤʦʞʝʪ 

ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʧʦ ʚʳʨʘʞʝʥʠʶ: 

Ўὸ
̃
 ,     (2) 

ʛʜʝ Ὢ̃ ï ʯʘʩʪʦʪʘ ʚʳʩʰʝʡ ʛʘʨʤʦʥʠʢʠ ʧʨʦʮʝʩʩʘ, 

ɻʮ.        

ɺʝʣʠʯʠʥʘ  fʚ ʜʦʣʞʥʘ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʜʦ ʧʨʦʚʝʜʝʥʠʷ ʦʩʥʦʚʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʳʭ ʠ 

ʥʘʜʝʞʥʳʭ ʦʮʝʥʦʢ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʦʞʠʜʘʥʠʷ m ʠ ʜʠʩʧʝʨʩʠʠ D ʧʨʦʮʝʩʩʦʚ, 

ʢʦʪʦʨʳʝ ʧʨʠ ʧʨʠʥʷʪʳʭ ʜʦʧʫʱʝʥʠʷʭ 

m(f)=m=const ʠ D(t)=D=const ʥʝʦʙʭʦʜʠʤʦ, 

ʯʪʦʙʳ ʚʨʝʤʷ ʨʝʘʣʠʟʘʮʠʠ  Ὕ ὸ , ʛʜʝ ὸ ï 

ʚʨʝʤʷ ʢʦʨʨʝʣʷʮʠʠ. 

ɺʨʝʤʷ ʢʦʨʨʝʣʷʮʠʠ ὸ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ 

ʭʦʜʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʯʝʨʝʟ 

ʧʦʩʪʨʦʝʥʠʝ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ ʧʝʨʝʤʝʱʝʥʠʷ ʨʘʙʦʯʝʛʦ 

ʦʨʛʘʥʘ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʯʠʩʣʦ ʦʨʜʠʥʘʪ ʯʠʩʣʦʚʦʛʦ ʤʘʩʩʠʚʘ N ʜʦʣʞʥʦ 

ʙʳʪʴ ʥʝ ʤʝʥʝʝ N=TȾЎt. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟʳ ʠʩʧʦʣʴʟʫʝʤ 

ʚʳʙʦʨʢʠ ʟʥʘʯʝʥʠʡ ʪʷʛʦʚʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ 

ʩʨʘʚʥʠʚʘʝʤʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, ʧʦʣʫʯʝʥʥʳʝ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʉʯʠʪʘʝʤ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʝ ʚʝʣʠʯʠʥʳ 

ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʡ ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

(ʥʦʨʤʘʣʴʥʳʡ) ʦʪʣʠʯʘʶʱʠʝʩʷ ʧʦʣʦʞʝʥʠʝʤ 

ʮʝʥʪʨʘ ʠ ʜʠʩʧʝʨʩʠʝʡ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʩʨʘʚʥʠʪʝʣʴʥʳʭ  ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʘʝʤ ʜʚʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʦʨʤʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ 

ʚʝʣʠʯʠʥ R1 ʠ R2 ʩ ʚʳʙʦʨʢʘʤʠ n1=n2= n ʠʟ 

ʛʝʥʝʨʘʣʴʥʳʭ ʩʦʚʦʢʫʧʥʦʩʪʝʡ R1 ʠ R2. ɼʣʷ 

ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟʳ ʠʩʧʦʣʴʟʫʝʤ ʪʦ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʯʪʦ ʨʘʟʥʦʩʪʴ R1-R2 ʜʚʫʭ 

ʚʳʙʦʨʦʯʥʳʭ ʩʨʝʜʥʠʭ ʩʣʝʜʫʝʪ ʟʘʢʦʥʫ: 

ὔ ᾀȟ’ ’ , „ ,               (3) 

ʛʜʝ „   

ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʠʩʧʦʣʴʟʫʝʤ 

ʚʝʣʠʯʠʥʫ ᾀ    - ʥʦʨʤʠʨʦʚʘʥʥʘʷ 

ʨʘʟʥʦʩʪʴ. Ὑ ὙȢ ɽʩʣʠ ʛʠʧʦʪʝʟʘ ɻ0 ʚʝʨʥʘ, ʪʦ 

ʚʝʣʠʯʠʥʘ z ʧʦʜʯʠʥʝʥʘ ʟʘʢʦʥʫ N (z,0,1) ʚ 

ʢʘʯʝʩʪʚʝ ʢʨʠʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʧʨʠʥʠʤʘʝʪʩʷ 

ʦʙʣʘʩʪʴ ʙʦʣʴʰʠʭ ʧʦ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʝ 

ʦʪʢʣʦʥʝʥʠʡ ổᾀӶỖ ᾀȟ ʛʜʝ ᾀ ʧʨʝʜʩʪʘʚʣʷʝʪ q% 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʡ ʫʩʣʦʚʠʶ P(ổᾀỖ ᾀ)= . 

ʉ ʛʠʧʦʪʝʟʦʡ ɻ0 ʢʦʥʢʫʨʠʨʫʝʪ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ɻ1, 

ʟʘʢʣʶʯʘʶʱʝʝʩʷ ʚ ʪʦʤ, ʯʪʦ ’ ’ πȢ 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ (ʀʀʂ-ʀɸʕʇ) 

(ʨʠʩ.2) ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦʡ 

ʦʮʝʥʢʝ ʪʷʛʦʚʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʜʠʥʘʤʠʯʥʳʭ 

(R1) ʠ ʥʝʜʠʥʘʤʠʯʥʳʭ (R2) ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 

τȟψ. ʆʧʳʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʧʦʣʷʭ ʀɸʕʇ ï 

ʬʠʣʠʘʣ ʌɻɹʅʋ ʌʅɸʎ ɺʀʄ - çʂʨʘʩʥʘʷ 

ʉʣʘʚʷʥʢʘè ʚ ʩʝʥʪʷʙʨʝ 2018 ʛʦʜʘ ʩ 

ʩʨʝʜʥʝʩʫʛʣʠʥʠʩʪʳʤ ʪʠʧʦʤ ʧʦʯʚ, ʩʨʝʜʥʝʡ 

ʪʚʝʨʜʦʩʪʴʶ ʚ ʩʣʦʝ 10-20 ʩʤ - 1,4 ʄʇʘ. 

 

 
ʈʠʩ.2. ʅʘʚʝʩʥʘʷ ʫʩʪʘʥʦʚʢʘ ʩ ʠʩʧʳʪʳʚʘʝʤʳʤʠ 

ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʙʦʨʢʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʦʮʝʥʢʠ ʚʝʣʠʯʠʥ ʪʷʛʦʚʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ R1 ʠ 
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R2, ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ. 

ʂʦʣʠʯʝʩʪʚʦ ʚʳʙʦʨʦʢ ʩʦʩʪʘʚʠʣʦ  ὲ ὲ

ὲ φυ. 

ʊʘʙʣʠʮʘ  

ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʧʦʣʝʚʳʭ ʠʩʧʳʪʘʥʠʡ ʜʠʥʘʤʠʯʥʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 

 ̄

ʧ/ʧ 

 

ʋʩʪʘʥʦʚʦʯʥʘʷ 

ʛʣʫʙʠʥʘ 

ʦʙʨʘʙʦʪʢʠ, ʩʤ 

ʉʢʦʨʦʩʪʴ 

ʦʙʨʘʙʦʪʢʠ, ʤ/ʩ 

ʉʨʝʜʥʷʷ ʚʝʣʠʯʠʥʘ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʅ 

ʇʨʦʮʝʥʪ ʩʥʠʞʝʥʠʷ 

ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ, % ʜʠʥʘʤʠʯʥʳʡ 

R1 

ʥʝʜʠʥʘʤʠʯʥʳʡ 

R2 

1 

2 

3 

é 

30 

31 

32 

é 

63 

64 

65 

5 

10 

15 

é 

5 

10 

15 

é 

5 

10 

15 

1,1 

1,1 

1,1 

é 

1,94 

1,94 

1,94 

é 

2,78 

2,78 

2,78 

0,577 

0,557 

0,985 

é 

0,394 

0,555 

1,143 

é 

0,333 

0,876 

1,204 

0,597 

0,585 

1,111 

.... 

0,408 

0,634 

1,224 

é 

0,408 

0,634 

1,224 

3,35 

5,13 

11,34 

é 

3,4 

12,4 

6,6 

é 

3,4 

3,9 

10,1 

 

ʈʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʚʳʙʦʨʦʢ ʜʘʣʠ 

ʩʣʝʜʫʶʱʠʝ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʠʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ: Ὑ πȟχσψ ̋ ,̊  Ὑ

πȟχωυ̋˚ , 

ɺʳʙʠʨʘʷ q=5% ʠ ʧʦʣʴʟʫʷʩʴ 

ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʬʫʥʢʮʠʝʡ ʃʘʧʣʘʩʘ, ʥʘʭʦʜʠʤ 

ᾀ ρȟωφ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ 

ʟʥʘʯʠʤʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʤʝʞʜʫ ʩʨʝʜʥʠʤʠ: 

Úʎ πȟπυτ̋˚. 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ R2 ï R1=0,057ʢʅ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʧʦʧʘʜʘʝʪ ʚ 

ʢʨʠʪʠʯʝʩʢʫʶ ʦʙʣʘʩʪʴ ʠ ʨʘʩʭʦʞʜʝʥʠʝ ʚ 

ʚʝʣʠʯʠʥʘʭ ʪʷʛʦʚʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ R2 ʠ R1 

ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʩʫʱʝʩʪʚʝʥʥʳʤ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʦʪʢʣʦʥʷʝʤ ʛʠʧʦʪʝʟʫ ɻ0  ʠ 

ʧʦʜʪʚʝʨʞʜʘʝʤ ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ ʛʠʧʦʪʝʟʫ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʧʝʨʚʠʯʥʳʝ ʜʘʥʥʳʝ ʠ ʠʭ 

ʥʘʯʘʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʚʳʧʦʣʥʷʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʠʟʤʝʨʠʪʝʣʴʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ ʀʇ264 ʠ ʇʂ, ʨʘʙʦʪʘʶʱʝʛʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʵʪʦʡ ʩʠʩʪʝʤʦʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ ɽXCEL. ɼʘʥʥʘʷ 

ʦʙʨʘʙʦʪʢʘ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʤʝʩʪʝ ʧʨʦʚʝʜʝʥʠʷ 

ʧʦʣʝʚʳʭ ʦʧʳʪʦʚ. ʕʢʩʧʨʝʩʩ-ʘʥʘʣʠʟ ʵʪʠʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʷʝʪ ʚʥʝʩʪʠ,  ʚ ʩʣʫʯʘʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʢʦʨʨʝʢʪʠʚʳ ʚ ʧʣʘʥ 

ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʦʚ (ʫʚʝʣʠʯʠʪʴ ʦʙʲʝʤ ʠ 

ʢʦʣʠʯʝʩʪʚʦ ʚʳʙʦʨʦʢ, ʠʟʤʝʥʠʪʴ ʨʝʞʠʤʳ 

ʦʙʨʘʙʦʪʢʠ, ʧʨʠ ʚʦʟʤʦʞʥʦʩʪʠ ʪʠʧ ʧʦʯʚ ʠ 

ʧʨʝʜʰʝʩʪʚʫʶʱʫʶ ʦʙʨʘʙʦʪʢʫ ʠ ʜʨ.). 

ɺʳʚʦʜʳ 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʠʥʘʤʠʯʥʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 

ʧʦʟʚʦʣʷʶʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʦʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʩʥʠʞʝʥʠʝ ʚʝʣʠʯʠʥʳ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʜʠʥʘʤʠʯʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ [11] ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʠʤʝʥʥʦ ʪʘʢʘʷ ʝʛʦ ʢʦʥʩʪʨʫʢʮʠʷ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ 3 - 12 % ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʝʞʠʤʘ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ, ʣʠʰʝʥʥʳʭ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ.  

ɸʥʘʣʠʟ ʭʦʜʘ ʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʜʠʥʘʤʠʯʥʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ,  ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚ ʀɸʕʇï 

ʬʠʣʠʘʣʝ ʌɻɹʅʋ ʌʅɸʎ ɺʀʄ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʝʛʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ 
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ʩʦʢʨʘʱʝʥʠʠ ʩʨʦʢʦʚ ʧʨʦʚʝʜʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 2 ï 3 ʨʘʟʘ ʠ ʧʦʚʳʰʝʥʠʠ 

ʪʦʯʥʦʩʪʠ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʜʦ ʚʝʨʦʷʪʥʦʩʪʠ 0,95. 
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The features of economic efficiency models of solar power plants are considered. The main criteria, 

separating the models apart, are their relation to catastrophic failures, additional utility, special requirements, 

and energy storing capacities. The authors think that existing factors of solar power growth are exhausted to 

a large degree, and future solar power progress will be determined by the progress in energy storage systems.   
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ɺʚʝʜʝʥʠʝ 

ʈʘʟʚʠʪʠʝ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʤʦʞʥʦ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʨʝʟʢʠʤ ʨʦʩʪʦʤ 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʟʘ ʧʦʩʣʝʜʥʠʝ 10 

ʣʝʪ. ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥ ʧʨʦʛʥʦʟ ʦʙʲʸʤʘ 

ʛʝʥʝʨʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʚ ʤʠʨʝ [1]. 

ʉʦʣʥʝʯʥʳʝ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ (PV), 

ʙʝʨʝʛʦʚʳʝ ʚʝʪʨʦʚʳʝ, ʛʠʜʨʦ- ʠ ʤʦʨʩʢʠʝ 

ʚʝʪʨʷʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʙʫʜʫʪ ʧʨʦʠʟʚʦʜʠʪʴ 

ʦʢʦʣʦ 85% ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ 2050 ʛʦʜʫ. 

ʊʘʢʦʡ ʨʦʩʪ  ʦʙʫʩʣʦʚʣʝʥ ʨʷʜʦʤ ʬʘʢʪʦʨʦʚ, ʢʘʢ 

ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ, ʪʘʢ ʠ 

ʧʦʣʠʪʠʯʝʩʢʠʤʠ ʨʝʰʝʥʠʷʤʠ, ʥʘʧʨʠʤʝʨ, ʦʪʢʘʟ 

ʦʪ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ɻʝʨʤʘʥʠʠ ʧʦʩʣʝ 

ʘʚʘʨʠʠ ʥʘ ʌʫʢʫʩʠʤʝ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ [2] ʠʩʩʣʝʜʦʚʘʣʠʩʴ 

ʠʩʪʦʯʥʠʢʠ ʨʘʟʚʠʪʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ ʚ ʈʦʩʩʠʠ ʠ ʚ ʤʠʨʝ. ʅʘʣʠʯʠʝ 

ñʙʝʩʧʣʘʪʥʳʭ ʜʝʥʝʛò (ʥʘʧʨʠʤʝʨ 

ʟʘʠʤʩʪʚʦʚʘʥʠʝ ʜʝʥʝʛ ʥʘ ʬʠʥʘʥʩʦʚʦʤ ʨʳʥʢʝ 

ʥʘ ʚʳʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ) ʜʝʣʘʝʪ ʧʦʣʫʯʝʥʠʝ 

ʧʨʠʙʳʣʠ ʥʝ ʛʣʘʚʥʦʡ ʮʝʣʴʶ ʙʠʟʥʝʩʘ. ʎʝʣʴʶ 

ʩʪʘʥʦʚʠʪʩʷ ʧʨʠʚʣʝʯʝʥʠʝ ʠʥʚʝʩʪʦʨʦʚ ʧʦʜ 

ʧʝʨʩʧʝʢʪʠʚʳ ʧʦʣʫʯʝʥʠʷ ʧʨʠʙʳʣʠ. ɼʣʷ 

ʤʥʦʛʠʭ ʢʦʤʧʘʥʠʡ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ ʧʦʪʦʢʠ ʜʝʥʝʛ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʬʠʥʘʥʩʦʚʳʤ ʨʳʥʢʦʤ, ʛʦʩʫʜʘʨʩʪʚʦʤ ʠ ʧʨ., 

ʯʘʩʪʦ ʧʨʝʚʦʩʭʦʜʷʪ ʧʦʪʦʢʠ ʙʠʟʥʝʩ ʩʭʝʤ. 

ʉʤʳʩʣ ʵʪʠʭ, ʥʝ ʩʚʷʟʘʥʥʳʭ ʩ ʪʝʢʫʱʠʤ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʤ ʜʝʥʝʛ, ʝʩʪʴ ʦʮʝʥʢʘ ʨʳʥʢʦʤ 

(ʦʙʱʝʩʪʚʦʤ, ʛʦʩʫʜʘʨʩʪʚʦʤ) ʙʫʜʫʱʠʭ 

ʧʝʨʩʧʝʢʪʠʚ ʢʦʤʧʘʥʠʠ.  

 

 
ʈʠʩ.1. ʆʙʲʸʤ ʛʝʥʝʨʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʚ ʤʠʨʝ 

[1]  

 

ʋʪʚʝʨʞʜʝʥʠʷ ʦ ñʬʠʢʪʠʚʥʦʩʪʠò ʵʪʠʭ 

ʧʦʪʦʢʦʚ ʜʝʥʝʛ ʥʝʚʝʨʥʳ, ʪʘʢ ʢʘʢ ʦʥʠ ʩʚʷʟʘʥʳ 

ʩ ʦʞʠʜʘʝʤʳʤʠ ʧʝʨʩʧʝʢʪʠʚʘʤʠ. ʇʨʠ ʵʪʦʤ, ʢʘʢ 

ʜʣʷ ñʢʣʘʩʩʠʯʝʩʢʦʛʦò ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ, ʪʘʢ ʠ 

ʜʣʷ ʙʠʟʥʝʩʘ ñʧʨʠʚʣʝʯʝʥʠʷ ʠʥʚʝʩʪʦʨʦʚò, 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʜʦʪʘʮʠʡ ʠ ʧʨ. ʥʝʦʙʭʦʜʠʤʘ 

ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ. ʆʩʥʦʚʦʡ 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ 

ʨʘʩʩʤʦʪʨʝʥʠʝ ʜʠʩʢʦʥʪʠʨʦʚʘʥʥʳʭ ʧʦʪʦʢʦʚ 

ʜʝʥʝʛ (ʜʦʭʦʜʦʚ ʠ ʨʘʩʭʦʜʦʚ), ʩʚʷʟʘʥʥʳʭ ʩ 

ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʦʡ, 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʩʭʦʜʳ (ʩʪʦʠʤʦʩʪʴ 

ʠʥʩʪʘʣʣʷʮʠʠ, ʨʝʛʫʣʷʨʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, 

ʧʣʘʪʝʞʠ ʧʦ ʢʨʝʜʠʪʘʤ, ʫʪʠʣʠʟʘʮʠʶ ʚ ʢʦʥʮʝ 

ʩʨʦʢʘ) ʠ ʜʦʭʦʜʳ (ʧʨʦʜʘʞʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʧʦʣʝʟʥʦʩʪʴ) [3,4]. 

ʉʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʦʤ ʦʮʝʥʢʠ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʩʪʦʠʤʦʩʪʴʶ 

ʵʥʝʨʛʠʠ (LCOE ïLevelized Cost of Energy [5, 

6]) 

ὒὅὕὉ
В

В
  ,                                   (1) 



          ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

          ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 

51 
 

ʛʜʝ  It  - ʠʥʚʝʩʪʠʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ ʚ ʛʦʜ, Mt - 

ʨʘʩʭʦʜʳ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ ʠ ʪʝʭʥʠʯʝʩʢʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʚ ʛʦʜ, Ft - ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʚ 

ʛʦʜ, Et - ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ, 

ʚʳʨʘʙʘʪʳʚʘʝʤʘʷ ʚ ʛʦʜ, r - ʩʪʘʚʢʘ 

ʜʠʩʢʦʥʪʠʨʦʚʘʥʠʷ, n - ʦʞʠʜʘʝʤʳʡ ʩʨʦʢ 

ʩʣʫʞʙʳ ʩʠʩʪʝʤʳ ʠʣʠ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʥʦʨʤʠʨʦʚʘʥʥʦʡ 

ʩʪʦʠʤʦʩʪʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (LCOE) 

ʩʦʣʥʝʯʥʳʭ ʩʪʘʥʮʠʡ ʚ ʈʌ ʠ ʧʨʦʚʝʜʝʥʦ 

ʩʨʘʚʥʝʥʠʷ ʩ ʟʘʨʫʙʝʞʥʳʤʠ ʜʘʥʥʳʤʠ [4].  

 
ʈʠʩ.2.  ʌʘʢʪʦʨʥʳʡ ʘʥʘʣʠʟ ʥʦʨʤʠʨʦʚʘʥʥʦʡ 

ʩʪʦʠʤʦʩʪʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ LCOE ʩʦʣʥʝʯʥʳʭ 

ʩʪʘʥʮʠʡ  ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʟʘʨʫʙʝʞʥʳʤʠ ʜʘʥʥʳʤʠ 

[4]  

 

ʊʘʢʦʡ ʧʦʜʭʦʜ, ʙʝʟʫʩʣʦʚʥʦ, ʷʚʣʷʝʪʩʷ 

ʧʦʣʝʟʥʳʤ, ʦʜʥʘʢʦ,  ʠʤʝʝʪ ʩʣʦʞʥʦʩʪʴ ʢʘʢ ʚ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʩʚʷʟʘʥʥʦʡ ʩ ʚʦʟʤʦʞʥʳʤʠ 

ʩʦʙʳʪʠʷʤʠ (ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʘʷ ʜʝʛʨʘʜʘʮʠʷ, 

ʨʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ ʪʘʨʠʬʦʚ, ʩʪʘʚʢʠ 

ʜʠʩʢʦʥʪʠʨʚʘʥʠʷ ʠ ʧʨ.), ʪʘʢ ʠ ʚ ʪʦʤ, ʯʪʦ 

ʬʦʨʤʘʣʴʥʳʡ ʦʪʚʝʪ ʦʙʳʯʥʦ ʜʘʸʪ ʩʨʦʢ 

ʦʢʫʧʘʝʤʦʩʪʠ ʚ ʈʌ ʚ ʜʝʩʷʪʢʠ ʣʝʪ [3], ʯʪʦ 

ʜʝʣʘʝʪ ʚʝʩʴ ʧʨʦʝʢʪ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʥʝʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ. ɺʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ 

ʠʟʤʝʥʝʥʠʷ ʤʝʪʦʜʠʢ ʦʮʝʥʢʠ, ʫʯʠʪʳʚʘʶʱʠʭ 

ʚʩʶ ʩʦʚʦʢʫʧʥʦʩʪʴ ʦʙʩʪʦʷʪʝʣʴʩʪʚ, ʩ ʮʝʣʴʶ 

ʧʦʣʫʯʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʧʨʠʚʣʝʢʘ-

ʪʝʣʴʥʦʩʪʠ. ʇʨʠʚʝʜʸʤ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ. 

ʉʦʣʥʝʯʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʤʘʣʦʡ 

ʤʦʱʥʦʩʪʠ ʠ ʛʠʙʨʠʜʥʳʝ ʩʠʩʪʝʤʳ. 

ɽʩʣʠ ʩʪʦʠʤʦʩʪʴ ʩʦʣʥʝʯʥʦʡ 

ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʘ, ʪʦ ʝʸ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ 

ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʩʤʳʩʣ ʚ ʣʶʙʳʭ ʫʩʣʦʚʠʷʭ. 

ʅʘʧʨʠʤʝʨ, ʩʨʝʜʥʷʷ ʩʦʣʥʝʯʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ 

ʜʦʤʦʭʦʟʷʡʩʪʚ ʚ ʉʐɸ ʚ 2018 ʛʦʜʫ ʠʤʝʝʪ [7] 

ʩʨʝʜʥʶʶ ʥʦʤʠʥʘʣʴʥʫʶ ʤʦʱʥʦʩʪʴ 6 ʢɺʪ ʠ 

ʩʪʦʠʤʦʩʪʴ ʦʢʦʣʦ  13 ʪ. $. ɼʘʥʥʘʷ ʩʪʦʠʤʦʩʪʴ 

ʥʝʚʝʣʠʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʦʠʤʦʩʪʴʶ ʜʦʤʘ, 

ʘ ʪʘʢʞʝ ʥʘʣʦʛʘʤʠ: ʥʘʣʦʛʠ ʥʘ ʚʣʘʜʝʥʠʝ ʜʦʤʘ 

ʟʘ ʦʜʠʥ ʛʦʜ ʤʦʛʫʪ ʩʠʣʴʥʦ ʧʨʝʚʳʩʠʪʴ ʵʪʫ 

ʩʫʤʤʫ. ʀ ʜʘʞʝ ʝʩʣʠ ʜʦʤʦʚʣʘʜʝʣʝʮ ʦʰʠʙʸʪʩʷ 

ʠ ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʘ ʩʝʙʷ ʥʝ 

ʦʧʨʘʚʜʘʝʪ, ʫʢʘʟʘʥʥʘʷ ʩʫʤʤʘ ʥʝ ʷʚʣʷʝʪʩʷ ʜʣʷ 

ʥʝʛʦ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʡ (ʚ ʦʪʣʠʯʠʝ, 

ʥʘʧʨʠʤʝʨ, ʦʪ ʦʰʠʙʦʢ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠʣʠ 

ʧʨʠ ʢʘʧʠʪʘʣʴʥʦʤ ʨʝʤʦʥʪʝ). ʈʘʟʚʠʪʠʝ 

ʪʝʭʥʦʣʦʛʠʠ ʧʨʠʚʝʣʦ ʢ ʩʥʠʞʝʥʠʶ ʩʪʦʠʤʦʩʪʠ 

ʩʦʣʥʝʯʥʳʭ ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ. ʅʘ ʨʠʩ.3. 

ʧʨʠʚʝʜʝʥʘ ʜʠʥʘʤʠʢʘ  ʫʩʪʘʥʦʚʦʯʥʦʡ 

ʩʪʦʠʤʦʩʪʠ (ʝʚʨʦ/ʢɺʪ) ʜʣʷ ɻʝʨʤʘʥʠʠ [7]. 

ɺʠʜʥʦ ʩʠʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʚ 2009-

2010 ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʮʝʥʳ. 

ʆʪʩʫʪʩʪʚʠʝ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʨʠʩʢʦʚ ʜʝʣʘʝʪ 

ʩʦʣʥʝʯʥʳʝ ʫʩʪʘʥʦʚʢʠ ʤʦʱʥʦʩʪʴʶ ʚ ʝʜʠʥʠʮʳ 

ʢʠʣʦʚʘʪʪ ʢʨʘʡʥʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ 

ʚʦʟʤʦʞʥʦʩʪʴʶ.  

 
ʈʠʩ.3. ʀʟʤʝʥʝʥʠʝ ʫʩʪʘʥʦʚʦʯʥʦʡ ʩʪʦʠʤʦʩʪʠ 

ʩʦʣʥʝʯʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʚ ɻʝʨʤʘʥʠʠ 

 

ʉʦʣʥʝʯʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʤʘʣʦʡ ʠ 

ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ ʧʨʠ ʥʘʣʠʯʠʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʦʣʝʟʥʦʩʪʠ. 

ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ [2] ʧʦʜʯʝʨʢʠʚʘʣʘʩʴ 

ʦʩʦʙʘʷ ʨʦʣʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʦʣʝʟʥʦʩʪʠ ʚ 

ʫʩʣʦʚʠʷʭ ʈʦʩʩʠʠ. ʅʘʧʨʠʤʝʨ, ʜʣʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʌʊʀ 

ʠʤ. ɸ.ʌ. ʀʦʬʬʝ (ʨʠʩ.4), ʩʪʦʠʤʦʩʪʴʶ 500 ʪʳʩ. 

ʨʫʙʣʝʡ ʥʘ ʤʦʤʝʥʪ ʧʦʩʪʨʦʡʢʠ, ʧʦ 

ʩʫʱʝʩʪʚʫʶʱʝʤʫ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʫ ʢʘʢʘʷ-

ʣʠʙʦ ʧʨʦʜʘʞʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʦʩʝʪʴ 
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ʚ ʫʩʣʦʚʠʷʭ ʉ-ʇʝʪʝʨʙʫʨʛʘ ʥʝʚʦʟʤʦʞʥʘ. ʊʝʤ 

ʥʝ ʤʝʥʝʝ, ʜʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʢʘʢ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ - ʧʦʜʛʦʪʦʚʣʝʥʦ 4 

ʤʘʛʠʩʪʨʘ, ʪʘʢ ʠ ʚ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ - ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 

4 ʩʪʘʪʴʠ [8-11]. ʊʘʢʠʝ ʫʩʪʘʥʦʚʢʠ ʩʣʝʜʫʝʪ 

ʦʮʝʥʠʚʘʪʴ ʠʥʘʯʝ. ɺʦʟʤʦʞʝʥ ʩʣʝʜʫʶʱʠʡ 

ʤʝʭʘʥʠʟʤ ʦʮʝʥʢʠ:  ʩʫʤʤʫ ʩʨʝʜʩʪʚ, ʢʦʪʦʨʫʶ 

ʥʘʫʯʥʳʡ ʢʦʣʣʝʢʪʠʚ ʛʦʪʦʚ ʪʨʘʪʠʪʴ ñʟʘ 

ʫʯʘʩʪʠʝò ʚ ʧʨʦʝʢʪʘʭ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, 

ʥʝʦʙʭʦʜʠʤʦ ʩʨʘʚʥʠʚʘʪʴ ʩ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ 

ʚʘʨʠʘʥʪʘʤʠ ʥʘʫʯʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʥʘʣʠʯʠʠ ʣʠʙʦ 

ʦʪʩʫʪʩʪʚʠʠ ʩʦʣʥʝʯʥʦʡ ʫʩʪʘʥʦʚʢʠ. ʇʦ ʦʮʝʥʢʝ 

ʪʘʢʘʷ ʩʫʤʤʘ ʩʦʩʪʘʚʣʷʝʪ 1-2 ʟʘʨʧʣʘʪʥʳʭ 

ʩʪʘʚʢʠ ʚ ʤʝʩʷʮ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʶʱʝʛʦ 

ʢʦʣʣʝʢʪʠʚʘ ʩ ʢʦʤʧʝʪʝʥʪʥʳʤ ʨʫʢʦʚʦʜʩʪʚʦʤ. 

ʀʤʝʥʥʦ ʚ ʵʪʫ ʩʫʤʤʫ ʤʦʞʥʦ ʦʮʝʥʠʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʧʦʣʝʟʥʦʩʪʴ ʦʪ ʜʘʥʥʦʡ 

ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʠ. 
 

 
ʈʠʩ.4. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʩʝʪʝʚʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ 7 ʢɺʪ ʥʘ ʢʨʳʰʝ ʢʦʨʧʫʩʘ ʌʊʀ ʠʤ. ɸ.ʌ. ʀʦʬʬʝ, 

ʩʪʝʥʜ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʣʥʝʯʥʳʭ ʤʦʜʫʣʝʡ (ʦʪʤʝʯʝʥʳ ʩʪʨʝʣʢʦʡ) ʠ ʨʝʛʠʩʪʨʠʨʫʶʱʘʷ ʘʧʧʘʨʘʪʫʨʘ, 

ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʚ ʣʘʙʦʨʘʪʦʨʠʠ 

 

ʉʦʣʥʝʯʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʩʧʝʮʠʘ-

ʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ʉʦʣʥʝʯʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʷʚʣʷʶʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʚʦʝʥʥʦʛʦ ʠ ʩʧʝʮʠʘʣʴʥʦ 

ʥʘʟʥʘʯʝʥʠʷ. ɻʣʘʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʤʦʞʥʦ 

ʥʘʟʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʫʶ 

ñʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴò ʚʦʝʥʥʳʭ ʢ ʩʪʦʠʤʦʩʪʠ, 

ʚʳʩʦʢʫʶ ʘʚʪʦʥʦʤʥʦʩʪʴ ʠ ʥʘʜʸʞʥʦʩʪʴ 

ʫʩʪʨʦʡʩʪʚ [12]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʘʨʤʠʠ   

ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʘʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʦʣʥʝʯʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʤʦʙʠʣʴʥʦʛʦ ʠ 

ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʪʠʧʘ (ʨʠʩ.5).  

 
ʈʠʩ.5. ʄʦʙʠʣʴʥʳʡ ʚʘʨʠʘʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʦʣʥʝʯʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ [12] 

 

ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʣʥʝʯʥʳʝ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʨʘʟʤʝʱʘʶʪʩʷ ʨʷʜʦʤ ʩ 

ʚʦʝʥʥʳʤʠ ʦʙʲʝʢʪʘʤʠ [12]. ʅʘʣʠʯʠʝ 

ʩʚʦʙʦʜʥʦʡ ʟʝʤʣʠ ʜʝʣʘʝʪ ʧʨʠʤʝʥʝʥʠʝ 

ʩʦʣʥʝʯʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʢʨʘʡʥʝ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ. ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʪʘʢʠʭ ʩʠʩʪʝʤ ʦʙʳʯʥʦ ʧʦʜʯʸʨʢʠʚʘʝʪ ʠʭ 

ʥʘʜʝʞʥʦʩʪʴ ʠ ʘʚʪʦʥʦʤʥʦʩʪʴ, ʘ ʥʝ ʩʣʠʰʢʦʤ 

ʙʦʣʴʰʘʷ ʤʦʱʥʦʩʪʴ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ Li-ion ʥʘʢʦʧʠʪʝʣʷ ʵʥʝʨʛʠʠ 

ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʵʬʬʝʢʪʠʚʥʳʤ. 

ʉʦʣʥʝʯʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʩʨʝʜʥʝʡ ʠ 

ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ. ʉʝʪʝʚʦʡ ʧʘʨʠʪʝʪ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ ʚ ʨʘʟʚʠʪʠʠ 

ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʧʨʠʚʸʣ ʢ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʦʩʪʠʞʝʥʠʷ ʩʝʪʝʚʦʛʦ ʧʘʨʠʪʝʪʘ. ʉʝʪʝʚʦʡ 

ʧʘʨʠʪʝʪ ʵʪʦ ʨʘʚʝʥʩʪʚʦ ʩʪʦʠʤʦʩʪʠ 

ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ 

ʵʥʝʨʛʝʪʠʢʦʡ ʠ ʧʦʣʫʯʘʝʤʦʡ ʠʟ ʩʝʪʠ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʠʩʧʦʣʴʟʫʶʱʝʡ 

ʠʩʢʦʧʘʝʤʳʝ ʚʠʜʳ ʪʦʧʣʠʚʘ. ʉʘʤʘ ʢʦʥʮʝʧʮʠʷ 

ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʡ, ʦʜʥʘʢʦ 

ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʵʪʦʪ ʧʦʜʭʦʜ ʥʝ ʷʚʣʷʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʳʤ. ɼʣʷ ʶʞʥʦʡ ɽʚʨʦʧʳ ʛʨʫʙʘʷ 
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ʦʮʝʥʢʘ ʩʝʪʝʚʦʛʦ ʧʘʨʠʪʝʪʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 

ʪʳʩʷʯʠ ʝʚʨʦ ʫʩʪʘʥʦʚʦʯʥʦʡ ʩʪʦʠʤʦʩʪʠ ʥʘ 

ʢʠʣʦʚʘʪʪ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ. 

ʅʦʤʠʥʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʵʪʦ ʤʦʱʥʦʩʪʴ 

ʚʳʨʘʙʘʪʳʚʘʝʤʘʷ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʩʦʣʥʝʯʥʳʤ 

ʧʦʪʦʢʦʤ ʤʦʱʥʦʩʪʴʶ 1000 ɺʪ/ʤ
2
. ʈʝʘʣʴʥʦ 

ʚʳʨʘʙʘʪʳʚʘʝʤʘʷ ʤʦʱʥʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ 

ʢʣʠʤʘʪʦʤ ʠ ʩʨʝʜʥʝʡ ʦʩʚʝʱʸʥʥʦʩʪʴʶ. ʅʘ ʨʠʩ. 

6 ʧʨʠʚʝʜʝʥʘ ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʢʘʨʪʘ 

ʜʦʩʪʠʛʥʫʪʦʛʦ ʩʝʪʝʚʦʛʦ ʧʘʨʠʪʝʪʘ ʥʘ 2015 ʛʦʜ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʩʘʤʘ ʢʦʥʮʝʧʮʠʷ ñʧʘʨʠʪʝʪʘò 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʥʘʣʠʯʠʝ ʵʣʝʢʪʨʦʩʝʪʝʡ, ʩ 

ʢʦʪʦʨʳʤʠ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʘʨʠʪʝʪ. 

[13]   

 

 
ʈʠʩ.6. ʇʘʨʠʪʝʪ ʜʦʩʪʠʛʥʫʪ ʜʦ 2014 ʛ. (ʟʝʣʝʥʳʡ), 

ʜʦʩʪʠʛʥʫʪ ʧʦʩʣʝ 2014 ʛ. (ʩʠʥʠʡ), ʧʘʨʠʪʝʪ  

ʜʦʩʪʠʞʠʤ ʪʦʣʴʢʦ ʜʣʷ ʧʠʢʦʚʳʭ ʥʘʛʨʫʟʦʢ 

(ʢʦʨʠʯʥʝʚʳʡ), ʦʪʤʝʯʝʥʳ ʰʪʘʪʳ ʉʐɸ, ʢʦʪʦʨʳʝ 

ʧʣʘʥʠʨʫʶʪ ʜʦʩʪʠʯʴ ʧʘʨʠʪʝʪ (ʦʨʘʥʞʝʚʳʡ). 

ʀʩʪʦʯʥʠʢ: Deutsche Bank. [13] 

 

ɼʣʷ ʩʨʝʜʥʠʭ ʠ ʙʦʣʴʰʠʭ ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ 

ʢʣʶʯʝʚʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʜʘʞʠ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʩʝʪʴ. ɺ ʫʩʣʦʚʠʷʭ ɻʝʨʤʘʥʠʠ 

[13] ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ 

ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʵʥʝʨʛʠʠ 

ʛʝʥʝʨʠʨʫʝʪʩʷ ʥʘ ʤʘʣʳʭ ʠ ʩʨʝʜʥʠʭ ʩʪʘʥʮʠʷʭ. 

ɼʦ 2016 ʛʦʜʘ ʙʦʣʴʰʠʝ ʛʝʥʝʨʠʨʫʶʱʠʝ 

ʢʦʤʧʘʥʠʠ ʥʝ ʧʨʦʷʚʣʷʣʠ ʠʥʪʝʨʝʩʘ ʢ 

ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʠʤ ʩʠʩʪʝʤʘʤ, ʧʨʝʜʧʦʯʠʪʘʷ 

ʨʘʟʚʠʚʘʪʴ ʚʝʪʨʷʥʳʝ ʩʠʩʪʝʤʳ. ʅʘʯʠʥʘʷ ʩ 

2016-2017 ʩʠʪʫʘʮʠʷ ʠʟʤʝʥʠʣʘʩʴ, ʙʦʣʴʰʠʝ 

ʢʦʤʧʘʥʠʠ ʥʘʯʘʣʠ ʚʢʣʘʜʳʚʘʪʴ ʜʝʥʴʛʠ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ. ʇʨʠʟʥʘʸʪʩʷ, ʯʪʦ 

ʛʣʘʚʥʳʤ ʦʛʨʘʥʠʯʠʪʝʣʝʤ ʨʘʟʚʠʪʠʷ ʢʨʫʧʥʳʭ 

ʩʦʣʥʝʯʥʳʭ ʩʪʘʥʮʠʡ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ 

ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʵʥʝʨʛʦʥʘʢʦʧʣʝʥʠʷ [14]. 

ʕʢʦʥʦʤʠʯʝʩʢʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʙʦʣʴʰʠʭ 

ʩʦʣʥʝʯʥʳʭ ʩʪʘʥʮʠʡ ʦʙʳʯʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪ 

ʠʭ ʠʣʠ ʢʘʢ ñʜʦʧʦʣʥʠʪʝʣʴʥʳʝò, ʯʪʦʙʳ ʥʝ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʪʦʠʤʦʩʪʴ ʠ ʨʠʩʢʠ ʩʚʷʟʘʥʥʳʝ 

ʩ ʵʥʝʨʛʦʥʘʢʦʧʣʝʥʠʝʤ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʟʣʦʞʝʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʫʨʘʚʥʝʥʠʝ (2) ʤʦʞʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺ [3,14] ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʦʭʦʜʘʤʠ ʠ ʨʘʩʭʦʜʘʤʠ 

ʥʦʩʷʪ ʢʘʯʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʅʘʧʨʠʤʝʨ, ʚʦʣʘʪʠʣʴʥʦʩʪʴ ʩʪʦʠʤʦʩʪʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʢʘʯʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʨʠʩʢʘ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʡ ʜʝʛʨʘʜʘʮʠʠ. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ LCOE ʦʜʥʦʡ ʠ 

ʪʦʡ ʞʝ ʩʪʘʚʢʠ r ʜʣʷ ʜʠʩʢʦʥʪʠʨʦʚʘʥʠʷ 

ʧʦʪʦʢʦʚ ʜʝʥʝʛ ʩʚʷʟʘʥʥʳʭ ʩ ʜʦʭʦʜʘʤʠ ʠ 

ʨʘʩʭʦʜʘʤʠ ʷʚʣʷʝʪʩʷ ʥʝʢʦʨʨʝʢʪʥʳʤ. ʉʣʝʜʫʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ  ʩʪʘʚʢʠ [3] 

ὒὅὕὉ
В

В
    ,                                 (2) 

ʛʜʝ Rr ï ʩʪʘʚʢʘ ʧʦ ʩ ʜʦʭʦʜʘʤ (revenue), 

ʦʙʳʯʥʦ ʦʥʘ ʩʚʷʟʘʥʘ ʩ 

ʤʘʨʢʦʵʢʦʥʦʤʠʯʠʯʝʩʢʠʤʠ ʠ ʙʠʟʥʝʩ 

ʫʩʣʦʚʠʷʤʠ. Re ï ʩʪʘʚʢʘ ʧʦ ʨʘʩʭʦʜʘʤ 

(expensed). ʀʤʝʥʥʦ ʚ ʥʝʝ, ʧʦʤʠʤʦ ʨʘʩʭʦʜʦʚ 

ʥʘ ʪʦʧʣʠʚʦ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʤʦʞʥʦ 

ʚʢʣʶʯʠʪʴ  ʨʠʩʢ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʡ 

ʜʝʛʨʘʜʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʜʝʣʝʥʠʝ 

ʨʠʩʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʜʦʭʦʜʘʤʠ ʠ ʨʘʩʭʦʜʘʤʠ, 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʦʣʥʝʯʥʳʭ 

ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ. 

ɺʳʚʦʜʳ 

ʅʘʙʣʶʜʘʚʰʠʡʩʷ ʙʳʩʪʨʳʡ ʨʦʩʪ 

ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʦʙʫʩʣʦʚʣʝʥ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ, ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʠ 

ʧʦʣʠʪʠʯʝʩʢʠʤʠ ʧʨʠʯʠʥʘʤʠ. ʕʪʠ ʧʨʠʯʠʥʳ ʢ 

ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʯʘʩʪʠʯʥʦ ʠʩʯʝʨʧʘʥʳ ʠ 

ʧʦʩʣʝʜʫʶʱʝʝ ʨʘʟʚʠʪʠʝ ʤʦʞʝʪ ʠ ʥʝ ʠʤʝʪʴ 

ʩʪʦʣʴ ʙʳʩʪʨʦʛʦ ʨʦʩʪʘ. ʅʘ ʥʘʰ ʚʟʛʣʷʜ, 

ʛʣʘʚʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʥʘ ʜʘʣʴʥʝʡʰʝʝ 

ʨʘʟʚʠʪʠʝ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʷʚʣʷʝʪʩʷ 

ʦʪʩʫʪʩʪʚʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʥʘʢʦʧʠʪʝʣʝʡ 
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ʵʥʝʨʛʠʠ ʜʣʷ ʩʠʩʪʝʤ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ. ɼʣʷ 

ʩʠʩʪʝʤ ʤʘʣʦʡ ʠ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ ʧʨʦʛʨʝʩʩ 

ʚ ʦʙʣʘʩʪʠ Li-ion ʥʘʢʦʧʠʪʝʣʝʡ ʧʨʠʚʸʣ ʢ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʤʦʙʠʣʴʥʳʭ 

ʪʝʣʝʬʦʥʘʭ ʠʛʘʜʞʝʪʘʭ. ʉʪʦʠʤʦʩʪʴ Li-ion 

ʘʢʢʫʤʫʣʷʪʦʨʘ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ 

1 ʢɺʪ-ʯʘʩ ʩʦʩʪʘʚʣʷʝʪ $200-$700 ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʧʨʦʜʦʣʞʘʝʪ 

ʩʥʠʞʘʪʴʩʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʠʥʜʫʩʪʨʠʠ 

ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ, 

ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʩʪʦʠʤʦʩʪʠ ʥʘʢʦʧʠʪʝʣʝʡ 

ʵʥʝʨʛʠʠ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ 

ʢʦʥʩʦʣʠʜʘʮʠʷ ʢʦʤʧʘʥʠʡ, ʧʨʦʠʟʚʦʜʷʱʠʭ 

ʩʦʣʥʝʯʥʳʝ ʫʩʪʘʥʦʚʢʠ ʠ ʥʘʢʦʧʠʪʝʣʠ. 

ʅʘʧʨʠʤʝʨ, Tesla ʚʣʘʜʝʝʪ ʢʘʢ SolarCity (ʦʜʠʥ 

ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʩʦʣʥʝʯʥʳʭ 

ʩʠʩʪʝʤ ʚ ʉʐɸ), ʪʘʢ ʠ ʩʪʨʦʠʪ Gigafactory 

(ʦʜʠʥ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ Li-

ion). ʅʘ ʵʪʦʤ ʧʨʠʤʝʨʝ ʩʚʷʟʴ ʩʦʣʥʝʯʥʦʡ 

ʠʥʜʫʩʪʨʠʠ ʩ ʥʘʢʦʧʠʪʝʣʷʤʠ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʡ 

ʬʘʢʪʦʨ ʝʝ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ. 
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ɺ ʩʪʘʪʴʝ ʜʘʥ ʢʨʘʪʢʠʡ ʘʥʘʣʠʟ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʵʥʝʨʛʦʦʮʝʥʢʝ ʪʝʭʥʦʣʦʛʠʡ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʚ 

ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ; ʠʟʣʦʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʝ 

ʪʦʧʣʠʚʥʦʡ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʘʛʨʝʛʘʪʘ ʄʊɿ-82+ʋʂʇɸ-2,4 ʀɸʕʇ - ʂʘʣʤɻʋ ʩ 

ʜʠʥʘʤʠʯʥʳʤʠ ʠ ʥʝʜʠʥʘʤʠʯʥʳʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʧʦʣʷʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʙʘʟʳ ʀɸʕʇ ï ʬʠʣʠʘʣʘ ʌɻɹʅʋ ʌʅɸʎ ɺʀʄ çʂʨʘʩʥʘʷ ʉʣʘʚʷʥʢʘè ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʩʢʦʨʦʩʪʥʳʭ ʠ ʥʘʛʨʫʟʦʯʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʘʛʨʝʛʘʪʘ ʩʦʛʣʘʩʥʦ ʨʘʥʝʝ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʠ ʫʪʚʝʨʞʜʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʠ ʤʝʪʦʜʠʢʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʢʘʟʘʪʝʣʷ ʪʦʧʣʠʚʥʦʡ 

ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʘʛʨʝʛʘʪʘ  ʨʘʩʩʤʦʪʨʝʥ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʥʘ ʝʜʠʥʠʮʫ 

ʪʷʛʦʚʦʡ ʤʦʱʥʦʩʪʠ ʠ ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ. ʇʨʠʚʝʜʝʥʳ ʛʨʘʬʠʯʝʩʢʠʝ ʠ ʵʤʧʠʨʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʪʷʛʦʚʦʡ ʤʦʱʥʦʩʪʠ, ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʥʘ ʝʜʠʥʠʮʫ ʪʷʛʦʚʦʡ 

ʤʦʱʥʦʩʪʠ ʠ ʧʦʛʝʢʪʘʨʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʘʛʨʝʛʘʪʘ ʩ 

ʜʠʥʘʤʠʯʥʳʤʠ ʠ ʥʝʜʠʥʘʤʠʯʥʳʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ 
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ʟʥʘʯʝʥʠʠ ʛʣʫʙʠʥʳ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʥʘʤʠʯʥʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʠʧʦʚʳʤʠ (ʥʝʜʠʥʘʤʠʯʥʳʤʠ), ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʪʷʛʦʚʦʡ ʤʦʱʥʦʩʪʠ 

ʥʘ 3-12 %, ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʥʘ ʝʜʠʥʠʮʫ ʪʷʛʦʚʦʡ ʤʦʱʥʦʩʪʠ ï ʥʘ 4-6 %, ʧʦʛʝʢʪʘʨʥʦʛʦ 

ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ï ʥʘ 3-6 %. ɺ ʮʝʣʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʠʥʘʤʠʯʥʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʛʦ 

ʨʘʩʩʝʷʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʠʧʦʚʳʤʠ (ʥʝʜʠʥʘʤʠʯʥʳʤʠ) ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ. 
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The article provides a brief analysis of research associated with energy efficiency assessment of 

technologies and machines in crop growing and outlines the results of the experimental study on comparative 

assessment of fuel efficiency of the soil tilling tractor/implement system MTZ-82 + UKPA-2.4 equipped 

with dynamic and non-dynamic working tools designed by IEEP and Kalmyk State University. The study 

was conducted on the fields of ñKrasnaya Slavyankaò, the experimental facilities of IEEP, on various speed 

and load operation modes of the soil-tilling unit according to the previously developed and approved 

programme and methods. Specific fuel consumption per unit of traction power and the work performed was 

considered as an indicator of fuel efficiency of the soil-tilling unit. Graphic and empirical dependences of 

traction resistance, traction power, and specific fuel consumption per unit of traction power and per hectare 

fuel consumption on the travelling speed of the soil-tilling unit with dynamic and non-dynamic working tools 

are presented. It was established that under the fixed tillage depth the use of dynamic working tools provided 

a reduction in traction resistance and traction power by 3-12%, specific fuel consumption per unit of traction 

power ï by 4-6%, and per hectare fuel consumption ï by 3-6% compared to typical (non-dynamic) working 

tools. In general, the experimental study demonstrated the use of dynamic working tools to provide a 

reduction in the traction resistance and the measure of its dispersion against the typical (non-dynamic) 

working tools. 

 

Key words: soil tillage; dynamic working tool; probabilistic estimates; productivity; fuel efficiency; fuel 

consumption per unit of work performed.  
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ɺʚʝʜʝʥʠʝ 

ʊʦʧʣʠʚʥʘʷ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʢʘʯʝʩʪʚʘ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʳʭ ʘʛʨʝʛʘʪʦʚ 

(ʄʊɸ). ʋʣʫʯʰʝʥʠʝ ʪʦʧʣʠʚʥʦʡ 

ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʄʊɸ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ, ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ 

ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ 

ʪʨʘʢʪʦʨʘ ʠ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʡ ʤʘʰʠʥʳ, 

ʫʩʣʦʚʠʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦʯʚʳ ʠ ʪ.ʧ.  

ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤʠ ʧʫʪʷʤʠ 

ʫʣʫʯʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʢʘʯʝʩʪʚ 

ʘʛʨʝʛʘʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʪʦʧʣʠʚʥʦʡ ʠʭ 

ʵʢʦʥʦʤʠʯʥʦʩʪʠ, ʷʚʣʷʶʪʩʷ  ʨʘʮʠʦʥʘʣʴʥʘʷ 

ʟʘʛʨʫʟʢʘ ʪʨʘʢʪʦʨʘ, ʨʘʙʦʪʘ ʄʊɸ ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʤ ʂʇɼ ʪʨʘʢʪʦʨʘ ʠ ʚ 

ʦʧʪʠʤʘʣʴʥʳʭ ʩʢʦʨʦʩʪʥʳʭ ʠ ʥʘʛʨʫʟʦʯʥʳʭ 

ʨʝʞʠʤʘʭ, ʧʨʠʤʝʥʝʥʠʝ ʙʦʨʪʦʚʳʭ 

ʢʦʤʧʴʶʪʝʨʦʚ, ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʨʝʤʝʥʠ ʩʤʝʥʳ, ʧʦʚʳʰʝʥʠʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʧʨʠʤʝʥʝʥʠʝ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʤʘʰʠʥ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʙʣʦʯʥʦ-ʤʦʜʫʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʦʚʤʝʱʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ. 

ʋʯʝʥʳʤʠ ʨʘʟʨʘʙʦʪʘʥʳ ʨʘʟʣʠʯʥʳʝ 

ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʟʘʪʨʘʪ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ, ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʚ ʨʘʟʣʠʯʥʳʭ 

ʟʦʥʘʭ ʟʝʤʣʝʜʝʣʠʷ [4, 6 ï 9]. 

ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ 

ʵʥʝʨʛʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʜʠʥʘʤʠʯʥʳʭ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ 

ʘʛʨʝʛʘʪʦʚ [2] ʠ ʫʩʪʘʥʦʚʣʝʥʳ ʠʭ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [5]. 

ɸʥʘʣʠʟ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, 

ʥʘʜʝʣʝʥʥʳʤʠ ʥʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʜʠʥʘʤʠʯʥʦʩʪʠ ʚʧʦʣʥʝ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ 

ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʸʤʦʚ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ 

[1 ï 3, 5]. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚ ʀɸʕʇ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʘʛʨʝʛʘʪʘ ʋʂʇɸ-2,4 ʩ ʜʠʥʘʤʠʯʥʳʤʠ 

ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʥʘʤʠʯʥʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 

[10, 11] ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠʞʝʥʠʶ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʛʦ 

ʨʘʩʩʝʷʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʠʧʦʚʳʤʠ 

(ʥʝʜʠʥʘʤʠʯʥʳʤʠ) ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ, ʜʘʣʴʥʝʡʰʝʝ ʫʛʣʫʙʣʝʥʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʨʘʟʨʘʙʦʪʢʠ 

ʥʦʚʳʭ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ ʠ ʦʮʝʥʢʘ ʠʭ ʪʦʧʣʠʚʥʦʡ 

ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʵʥʝʨʛʦʦʮʝʥʢʝ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʘʛʨʝʛʘʪʘ ʄʊɿ-

82+ʋʂʇɸ-2,4 ʀɸʕʇ-ʂʘʣʤɻʋ ʩ 

ʜʠʥʘʤʠʯʥʳʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ ʀʇ 264, ʜʘʪʯʠʢʠ 

ʦʙʦʨʦʪʘ ʢʦʣʝʩ ʀʇ 268, ʨʘʩʭʦʜʦʤʝʨ ʪʦʧʣʠʚʘ 

DFM 90AP, ʠʟʤʝʨʠʪʝʣʴ ʧʫʪʠ ʀʇ 266, 

ʊʝʥʟʦʤʝʪʨʠʯʝʩʢʦʝ ʟʚʝʥʦ ʪʠʧʘ PST-A5t 

(5J05482), ʧʝʥʝʪʨʦʤʝʪʨ Dickey-john ʠ ʜʨʫʛʠʝ 

ʧʝʨʚʠʯʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ. ʇʨʠʤʝʥʷʣʠʩʴ 

ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʟʫʯʝʥʠʠ ʬʠʟʠʯʝʩʢʠʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ; ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʵʥʝʨʛʦʦʮʝʥʢʝ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʘʛʨʝʛʘʪʦʚ, ʘʥʘʣʠʟ ʠ 

ʦʙʦʙʱʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʧʦʣʫʯʝʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʦʮʝʥʢʘ 

ʪʦʧʣʠʚʥʦʡ ʵʢʦʥʦʤʠʯʥʦʩʪʠ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʘʛʨʝʛʘʪʘ ʄʊɿ-

82+ʋʂʇɸ-2,4 ʀɸʕʇ-ʂʘʣʤɻʋ ʩ 

ʜʠʥʘʤʠʯʥʳʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ. 

ʇʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʘʛʨʝʛʘʪ ʄʊɿ-

82+ʋʂʇɸ-2,4 ʀɸʕʇ-ʂʘʣʤɻʋ ʩ 
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ʜʠʥʘʤʠʯʥʳʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ (ʧʘʪʝʥʪ 

ʈʌ ʥʘ ʧʦʣʝʟʥʫʶ ʤʦʜʝʣʴ 182130 çʈʘʙʦʯʠʡ 

ʦʨʛʘʥ ʜʣʷ ʨʳʭʣʝʥʠʷ ʧʦʯʚʳè), (ʨʠʩ. 1) ʙʳʣ 

ʦʙʦʨʫʜʦʚʘʥ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʡ 

ʩʠʩʪʝʤʦʡ ʀʇ 264 ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʧʦʣʷʭ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʙʘʟʝ ʀɸʕʇ ï ʬʠʣʠʘʣʘ ʌɻɹʅʋ ʌʅɸʎ ɺʀʄ - 

çʂʨʘʩʥʘʷ ʉʣʘʚʷʥʢʘè. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʥʳʭ ʠ 

ʥʘʛʨʫʟʦʯʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʘʛʨʝʛʘʪʘ ʩʦʛʣʘʩʥʦ 

ʨʘʥʝʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʠ ʫʪʚʝʨʞʜʝʥʥʦʡ 

ʧʨʦʛʨʘʤʤʝ ʠ ʤʝʪʦʜʠʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 

 
ʈʠʩ. 1. ʆʙʱʠʡ ʚʠʜ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʘʛʨʝʛʘʪʘ ʋʂʇɸ-2,4 ʀɸʕʇ-ʂʘʣʤɻʋ ʩ 

ʜʠʥʘʤʠʯʥʳʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ 

 

ɺʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʥʘʯʘʣʦ 

ï 27 ʩʝʥʪʷʙʨʷ 2018 ʛ., ʦʢʦʥʯʘʥʠʝ ï 03 

ʦʢʪʷʙʨʷ 2018 ʛ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʩʣʝʜʫʶʱʠʭ 

ʫʩʣʦʚʠʷʭ: 

- ɺʣʘʞʥʦʩʪʴ ʧʦʯʚʳ ï  24-26 %. 

- ɿʘʩʦʨʝʥʥʦʩʪʴ ʢʘʤʥʷʤʠ ʥʘ 1 ʤ
2
 , ʰʪ. ï 0,005. 

- ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʢʘʤʥʝʡ, ʤʤ ï 350. 

- ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, ʜʥʸʤ, ʛʨʘʜ. ï 10. 

- ʊʠʧ ʧʦʯʚʳ ï ʜʝʨʥʦʚʦ-ʩʨʝʜʥʝʧʦʜʟʦʣʠʩʪʳʡ. 

- ʇʦʯʚʘ ï ʩʨʝʜʥʝʩʫʛʣʠʥʠʩʪʘʷ (ʣʝʛʢʦ-

ʩʫʛʣʠʥʠʩʪʘʷ) ʥʘ ʤʦʨʝʥʦʤ ʩʫʛʣʠʥʢʝ. 

- ʈʝʣʴʝʬ, ʛʨʘʜ ï 1-2. 

- ʇʣʦʪʥʦʩʪʴ ʧʦʯʚʳ ʜʦ ʦʙʨʘʙʦʪʢʠ (ʄʇʘ): 

ɺ ʩʣʦʝ:               10-20 ʩʤ              -  1,40. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʧʦ ʤʝʪʦʜʠʢʝ, ʠʟʣʦʞʝʥʥʦʡ ʚ 

ʨʘʙʦʪʝ [12]. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʢʘʯʝʩʪʚʝ ʧʦʢʘʟʘʪʝʣʝʡ ʪʦʧʣʠʚʥʦʡ 

ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʘʛʨʝʛʘʪʘ  ʄʊɿ-82+ʋʂʇɸ-2,4 ʀɸʕʇ-ʂʘʣʤɻʋ 

ʩ ʜʠʥʘʤʠʯʥʳʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ 

ʨʘʩʩʤʦʪʨʠʤ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʥʘ 

ʝʜʠʥʠʮʫ ʪʷʛʦʚʦʡ ʤʦʱʥʦʩʪʠ Ὣ̋  ̑ʠ ʥʘ ʝʜʠʥʠʮʫ 

ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ ὗ̄ .́ 

ʋʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʥʘ ʝʜʠʥʠʮʫ 

ʪʷʛʦʚʦʡ ʤʦʱʥʦʩʪʠ Ὣ̋  ̑ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʠʟʚʝʩʪʥʦʡ ʬʦʨʤʫʣʝ: 

Ὣ̋ ̑ ρπ , ʛ/ʢɺʪĀʯ   (1) 

ʛʜʝ Ὃ̓ ï ʯʘʩʦʚʦʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʜʚʠʛʘʪʝʣʷ 

ʥʘ ʟʘʜʘʥʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʪʨʘʢʪʦʨʘ, ʢʛ/ʯ; 

ὔ̋  ̑ ï ʪʷʛʦʚʘʷ ʤʦʱʥʦʩʪʴ ʪʨʘʢʪʦʨʘ ʥʘ 

ʟʘʜʘʥʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ (ʧʝʨʝʜʘʯʠ) 

ʪʨʘʢʪʦʨʘ, ʢɺʪ. 

ʋʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʥʘ ʝʜʠʥʠʮʫ 

ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ ὗ̄  ́ ʟʘ 1 ʯʘʩ ʯʠʩʪʦʛʦ 

ʚʨʝʤʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʠʟʚʝʩʪʥʦʛʦ 

ʚr ʨʘʞʝʥʠʷ: 

ʯʪʛʘ /WGQ = ,   ʢʛ/ʛʘ                    (2) 

ʛʜʝ  -ʯW   ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʘʛʨʝʛʘʪʘ ʟʘ 1 

ʯʘʩ ʯʠʩʪʦʡ ʨʘʙʦʪʳ, ʯ. 

ɿʘʚʠʩʠʤʦʩʪʠ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, 

ʪʷʛʦʚʦʡ ʤʦʱʥʦʩʪʠ, ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ 

ʪʦʧʣʠʚʘ ʥʘ ʝʜʠʥʠʮʫ ʪʷʛʦʚʦʡ ʤʦʱʥʦʩʪʠ ʠ 

ʧʦʛʝʢʪʘʨʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʦʪ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʘʛʨʝʛʘʪʘ 

ʄʊɿ-82+ʋʂʇɸ-2,4 ʀɸʕʇ-ʂʘʣʤɻʋ ʩ 

ʜʠʥʘʤʠʯʥʳʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
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ʊʘʙʣʠʮʘ 1  

ɿʘʚʠʩʠʤʦʩʪʠ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʪʷʛʦʚʦʡ ʤʦʱʥʦʩʪʠ, ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʥʘ ʝʜʠʥʠʮʫ 

ʪʷʛʦʚʦʡ ʤʦʱʥʦʩʪʠ ʠ ʧʦʛʝʢʪʘʨʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʘʛʨʝʛʘʪʘ ʄʊɿ-82+ʋʂʇɸ-2,4 ʀɸʕʇ-ʂʘʣʤɻʋ ʩ ʜʠʥʘʤʠʯʥʳʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ (ʢʦʵʬʬʠʮʠʝʥʪ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʘʯʝʥʠʶ f= 0,129) 

ʉʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ὠ, 

ʤ/ʩ (ʢʤ/ʯ) 

ʊʷʛʦʚʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳ-

ʚʘʶʱʝʛʦ ʘʛʨʝʛʘʪʘ 

Ὑ, ʢʅ 

ʊʷʛʦʚʘʷ ʤʦʱʥʦʩʪʴ 

ʧʦʯʚʦʦʙʨʘ-

ʙʘʪʳʚʘʶʱʝʛʦ 

ʘʛʨʝʛʘʪʘ ὔ , 

ʢɺʪ 

ʋʜʝʣʴʥʳʡ ʨʘʩʭʦʜ 

ʪʦʧʣʠʚʘ ʥʘ 

ʝʜʠʥʠʮʫ 

ʪʷʛʦʚʦʡ ʤʦʱʥʦʩʪʠ 

Ὣ̋ ,̑ ʛ/ʢɺʪĀʯ 

ʇʦʛʝʢʪʘʨʥʳʡ 

ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ 

ὗ̄ ,́ 

ʢʛ/ʛʘ 

1,70 (6,12) 6,183 10,511 622,015 4,32 

2,1 (7,6) 6,931 14,555 479,217 4,85 

2,80 (10,10) 10,220 28,616 549,203 8,63 
 

ɿʘʚʠʩʠʤʦʩʪʠ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, 

ʪʷʛʦʚʦʡ ʤʦʱʥʦʩʪʠ, ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ 

ʪʦʧʣʠʚʘ ʥʘ ʝʜʠʥʠʮʫ ʪʷʛʦʚʦʡ ʤʦʱʥʦʩʪʠ ʠ 

ʧʦʛʝʢʪʘʨʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʦʪ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʘʛʨʝʛʘʪʘ 

ʄʊɿ-82+ʋʂʇɸ-2,4 ʀɸʕʇ-ʂʘʣʤɻʋ ʩ 

ʥʝʜʠʥʘʤʠʯʥʳʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2  

ɿʘʚʠʩʠʤʦʩʪʠ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʪʷʛʦʚʦʡ ʤʦʱʥʦʩʪʠ, ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʥʘ ʝʜʠʥʠʮʫ 

ʪʷʛʦʚʦʡ ʤʦʱʥʦʩʪʠ ʠ ʧʦʛʝʢʪʘʨʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʘʛʨʝʛʘʪʘ ʄʊɿ-82+ʋʂʇɸ-2,4 ʀɸʕʇ-ʂʘʣʤɻʋ ʩ ʥʝʜʠʥʘʤʠʯʥʳʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ 

ʉʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ 

ὠ, ʤ/ʩ 

(ʢʤ/ʯ) 

ʊʷʛʦʚʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʘʛʨʝʛʘʪʘ 

Ὑ, ʢʅ 

ʊʷʛʦʚʘʷ ʤʦʱʥʦʩʪʴ 

ʧʦʯʚʦʦʙʨʘ-

ʙʘʪʳʚʘʶʱʝʛʦ 

ʘʛʨʝʛʘʪʘ ὔ , 

ʢɺʪ 

ʋʜʝʣʴʥʳʡ ʨʘʩʭʦʜ 

ʪʦʧʣʠʚʘ ʥʘ 

ʝʜʠʥʠʮʫ ʪʷʛʦʚʦʡ 

ʤʦʱʥʦʩʪʠ Ὣ̋ ,̑ 

ʛ/ʢɺʪĀʯ 

ʇʦʛʝʢʪʘʨʥʳʡ 

ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ 

ὗ̄ ,́ 

ʢʛ/ʛʘ 

1,70 (6,12) 6,997 11,894 659,58 4,57 

2,1 (7,6) 7,789 16,356 503,17 5,08 

2,80 (10,10) 10,583 29,632 567,63 8,91 

 

ɻʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʪʷʛʦʚʦʡ ʤʦʱʥʦʩʪʠ, 

ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʥʘ ʝʜʠʥʠʮʫ 

ʪʷʛʦʚʦʡ ʤʦʱʥʦʩʪʠ ʠ ʧʦʛʝʢʪʘʨʥʦʛʦ ʨʘʩʭʦʜʘ 

ʪʦʧʣʠʚʘ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʘʛʨʝʛʘʪʘ ʄʊɿ-

82+ʋʂʇɸ-2,4 ʀɸʕʇ ʂʘʣʤɻʋ ʩ 

ʜʠʥʘʤʠʯʥʳʤʠ ʠ ʥʝʜʠʥʘʤʠʯʥʳʤʠ ʨʘʙʦʯʠʤʠ 

ʦʨʛʘʥʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2 - 5. 

  
ʈʠʩ. 2. ɻʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʘʛʨʝʛʘʪʘ ʄʊɿ-82+ʋʂʇɸ-2,4 ʀɸʕʇ ʂʘʣʤɻʋ ʩ 

ʜʠʥʘʤʠʯʥʳʤʠ (1) ʠ ʥʝʜʠʥʘʤʠʯʥʳʤʠ (2) ʨʘʙʦʯʠʤʠ 

ʦʨʛʘʥʘʤʠ ʦʪ ʩʢʦʨʦʩʪʠ ʝʛʦ ʜʚʠʞʝʥʠʷ 
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ʈʠʩ. 3. ɻʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʷʛʦʚʦʡ 

ʤʦʱʥʦʩʪʠ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʘʛʨʝʛʘʪʘ 

ʄʊɿ-82+ʋʂʇɸ-2,4 ʀɸʕʇ ʂʘʣʤɻʋ ʩ 

ʜʠʥʘʤʠʯʥʳʤʠ (1) ʠ ʥʝʜʠʥʘʤʠʯʥʳʤʠ (2) ʨʘʙʦʯʠʤʠ 

ʦʨʛʘʥʘʤʠ ʦʪ ʩʢʦʨʦʩʪʠ ʝʛʦ ʜʚʠʞʝʥʠʷ 

 
ʈʠʩ. 4. ɻʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʛʦ 

ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʥʘ ʝʜʠʥʠʮʫ ʪʷʛʦʚʦʡ ʤʦʱʥʦʩʪʠ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʘʛʨʝʛʘʪʘ ʄʊɿ-

82+ʋʂʇɸ-2,4 ʀɸʕʇ ʂʘʣʤɻʋ ʩ ʜʠʥʘʤʠʯʥʳʤʠ (1) 

ʠ ʥʝʜʠʥʘʤʠʯʥʳʤʠ (2) ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ ʦʪ 

ʩʢʦʨʦʩʪʠ ʝʛʦ ʜʚʠʞʝʥʠʷ 

 

 

 

 

 
 

ʈʠʩ. 5. ɻʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʛʝʢʪʘʨʥʦʛʦ 

ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʘʛʨʝʛʘʪʘ ʄʊɿ-

82+ʋʂʇɸ-2,4 ʀɸʕʇ ʂʘʣʤɻʋ ʩ ʜʠʥʘʤʠʯʥʳʤʠ (1) 

ʠ ʥʝʜʠʥʘʤʠʯʥʳʤʠ (2) ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ 

 

ʆʙʨʘʙʦʪʢʘ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ ʠ ʠʭ ʘʥʘʣʠʟ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʟʥʘʯʝʥʠʠ 

ʛʣʫʙʠʥʳ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ Ὤ̒ ̍ ρπ ʩʤ, ʚ 

ʧʨʝʜʝʣʘʭ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʘʛʨʝʛʘʪʘ ὠ ρȟχπ

ςȟψπ ʤ/ʩ,  ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʥʘʤʠʯʥʳʭ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʠʧʦʚʳʤʠ 

(ʥʝʜʠʥʘʤʠʯʥʳʤʠ), ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠʞʝʥʠʝ 

ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʪʷʛʦʚʦʡ ʤʦʱʥʦʩʪʠ 

ʥʘ 3-12 %, ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʥʘ 

ʝʜʠʥʠʮʫ ʪʷʛʦʚʦʡ ʤʦʱʥʦʩʪʠ ʥʘ 4-6 %, 

ʧʦʛʝʢʪʘʨʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʥʘ 3-6 %.  

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʫʩʪʘʥʦʚʣʝʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ 

ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʚʳʙʦʨʦʯʥʦʛʦ ʩʨʝʜʥʝʛʦ 

ʟʥʘʯʝʥʠʷ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʘʛʨʝʛʘʪʘ ʩ 

ʜʠʥʘʤʠʯʥʳʤʠ ʠ ʥʝʜʠʥʘʤʠʯʥʳʤʠ ʨʘʙʦʯʠʤʠ 

ʦʨʛʘʥʘʤʠ, ʢʦʪʦʨʘʷ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 

0,013 ï 0,021ʢʅ. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʵʤʧʠʨʠʯʝʩʢʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, 

ʪʷʛʦʚʦʡ ʤʦʱʥʦʩʪʠ, ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ 

ʪʦʧʣʠʚʘ ʥʘ ʝʜʠʥʠʮʫ ʪʷʛʦʚʦʡ ʤʦʱʥʦʩʪʠ ʠ 

ʧʦʛʝʢʪʘʨʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʦʪ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʘʛʨʝʛʘʪʘ 

ʄʊɿ-82+ʋʂʇɸ-2,4 ʀɸʕʇ-ʂʘʣʤɻʋ ʩ 

ʜʠʥʘʤʠʯʥʳʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ (ʪʘʙʣ. 3).  
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ʊʘʙʣʠʮʘ 3 

ʕʤʧʠʨʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʪʷʛʦʚʦʡ ʤʦʱʥʦʩʪʠ, ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ 

ʪʦʧʣʠʚʘ ʥʘ ʝʜʠʥʠʮʫ ʪʷʛʦʚʦʡ ʤʦʱʥʦʩʪʠ ʠ ʧʦʛʝʢʪʘʨʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʘʛʨʝʛʘʪʘ ʄʊɿ-82+ʋʂʇɸ-2,4 ʀɸʕʇ-ʂʘʣʤɻʋ ʩ ʜʠʥʘʤʠʯʥʳʤʠ ʨʘʙʦʯʠʤʠ 

ʦʨʛʘʥʘʤʠ (ρȟχπ 6 ςȟψπ ʤ/ʩ ) 

ʇʘʨʘʤʝʪʨ, ʧʦʢʘʟʘʪʝʣʴ ʈʘʩʯʝʪʥʘʷ ʬʦʨʤʫʣʘ 

Ὑ, ʢʅ ςȟυχρτωὠ χȟωπρτφὠ ρςȟρψτπ 

ὔ , ʢɺʪ ωȟπχπρσὠ ςτȟσυφυπὠ ςυȟχπτσφ 

Ὣ̋ ,̑ ʛ/ʢɺʪĀʯ τρυȟτσρψςὠ ρωσυȟφσυωρὠ ςχρρȟωωψπω 

ὗ̄ ,́ ʢʛ/ʛʘ σȟχπτυυὠ ρςȟχυςςχὠ ρυȟςωςχσ 

 

ʕʤʧʠʨʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʪʷʛʦʚʦʡ ʤʦʱʥʦʩʪʠ, 

ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʥʘ ʝʜʠʥʠʮʫ 

ʪʷʛʦʚʦʡ ʤʦʱʥʦʩʪʠ ʠ ʧʦʛʝʢʪʘʨʥʦʛʦ ʨʘʩʭʦʜʘ 

ʪʦʧʣʠʚʘ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʘʛʨʝʛʘʪʘ ʄʊɿ-

82+ʋʂʇɸ-2,4 ʀɸʕʇ-ʂʘʣʤɻʋ ʩ 

ʥʝʜʠʥʘʤʠʯʥʳʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 4.  

ʊʘʙʣʠʮʘ 4  

ʕʤʧʠʨʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʪʷʛʦʚʦʡ ʤʦʱʥʦʩʪʠ, ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ 

ʥʘ ʝʜʠʥʠʮʫ ʪʷʛʦʚʦʡ ʤʦʱʥʦʩʪʠ ʠ ʧʦʛʝʢʪʘʨʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʘʛʨʝʛʘʪʘ ʄʊɿ-82+ʋʂʇɸ-2,4 ʀɸʕʇ-ʂʘʣʤɻʋ ʩ ʥʝʜʠʥʘʤʠʯʥʳʤʠ ʨʘʙʦʯʠʤʠ 

ʦʨʛʘʥʘʤʠ (ρȟχπ 6 ςȟψπ ʤ/ʩ) 

ʇʘʨʘʤʝʪʨ, ʧʦʢʘʟʘʪʝʣʴ ʈʘʩʯʝʪʥʘʷ ʬʦʨʤʫʣʘ 

Ὑ, ʢʅ ρȟψςψυχὠ τȟωφψφπὠ ρπȟρυωππ 

ὔ , ʢɺʪ χȟρππφυὠ ρυȟψςχτχὠ ρψȟςχωψς 

Ὣ̋ ,̑ ʛ/ʢɺʪĀʯ τσωȟρωρυφὠ ςπυωȟωυςωςὠ ςψωςȟςσφσφ 

ὗ̄ ,́ ʢʛ/ʛʘ σȟψρτωσὠ ρσȟςςρχυὠ ρφȟπςρψς 

 

ʇʦʣʫʯʝʥʥʳʝ ʵʤʧʠʨʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

(ʪʘʙʣʠʮʳ 2 ʠ 4) ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʳʚʘʪʴ 

ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, 

ʪʷʛʦʚʦʡ ʤʦʱʥʦʩʪʠ, ʫʜʝʣʴʥʦʛʦ ʪʷʛʦʚʦʛʦ ʠ 

ʧʦʛʝʢʪʘʨʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʘʛʨʝʛʘʪʘ ʄʊɿ-

82+ʋʂʇɸ-2,4 ʀɸʕʇ-ʂʘʣʤɻʋ ʩ 

ʜʠʥʘʤʠʯʥʳʤʠ (ʪʘʙʣʠʮʘ 2) ʠ ʥʝʜʠʥʘʤʠʯʥʳʤʠ 

(ʪʘʙʣʠʮʘ 4)  ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ ʚ 

ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʷʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ (ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʛʦ 

ʫʚʣʘʞʥʝʥʠʷ). 

ɺʳʚʦʜʳ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ 

ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʛʣʫʙʠʥʳ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ Ὤ̒ ̍ ρπ ʩʤ, ʚ ʧʨʝʜʝʣʘʭ 

ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʘʛʨʝʛʘʪʘ ὠ ρȟχπ

ςȟψπ ʤ/ʩ,  ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʥʘʤʠʯʥʳʭ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʠʧʦʚʳʤʠ 

(ʥʝʜʠʥʘʤʠʯʥʳʤʠ), ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠʞʝʥʠʝ 

ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʪʷʛʦʚʦʡ ʤʦʱʥʦʩʪʠ 

ʥʘ 3-12 %, ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʥʘ 

ʝʜʠʥʠʮʫ ʪʷʛʦʚʦʡ ʤʦʱʥʦʩʪʠ ʥʘ 4-6 %, 

ʧʦʛʝʢʪʘʨʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʥʘ 3-6 %. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʠʥʘʤʠʯʥʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʚ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʘʛʨʝʛʘʪʘʭ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʘʝʪ ʠʭ ʪʦʧʣʠʚʥʫʶ 

ʵʢʦʥʦʤʠʯʥʦʩʪʴ. 

ʇʦʣʫʯʝʥʳ ʵʤʧʠʨʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ, 

ʦʧʠʩʳʚʘʶʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ 

ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, 

ʪʷʛʦʚʦʡ ʤʦʱʥʦʩʪʠ, ʫʜʝʣʴʥʦʛʦ ʪʷʛʦʚʦʛʦ ʠ 



          ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

          ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 

63 
 

ʧʦʛʝʢʪʘʨʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʘʛʨʝʛʘʪʘ ʄʊɿ-

82+ʋʂʇɸ-2,4 ʀɸʕʇ-ʂʘʣʤɻʋ ʩ 

ʜʠʥʘʤʠʯʥʳʤʠ (ʪʘʙʣʠʮʘ 2) ʠ ʥʝʜʠʥʘʤʠʯʥʳʤʠ 

(ʪʘʙʣʠʮʘ 4)  ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ ʚ 

ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʷʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ (ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʛʦ 

ʫʚʣʘʞʥʝʥʠʷ).  

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʠʟʤʝʥʝʥʠʷ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʪʷʛʦʚʦʡ 

ʤʦʱʥʦʩʪʠ, ʫʜʝʣʴʥʦʛʦ ʪʷʛʦʚʦʛʦ ʠ 

ʧʦʛʝʢʪʘʨʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʘʛʨʝʛʘʪʘ ʩ 

ʜʠʥʘʤʠʯʥʳʤʠ ʠ ʥʝʜʠʥʘʤʠʯʥʳʤʠ ʨʘʙʦʯʠʤʠ 

ʦʨʛʘʥʘʤʠ ʚ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʷʭ ʝʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ 

ʜʦʩʪʦʚʝʨʥʦʝ ʠ ʧʦʣʥʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʦʧʠʩʘʥʠʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ 

ʦʙʦʩʥʦʚʘʥʠʠ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʘʛʨʝʛʘʪʦʚ ʩ ʥʦʚʳʤʠ 

ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ, ʥʘʜʝʣʝʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʜʠʥʘʤʠʯʥʦʩʪʠ.
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The article presents the study with the objective to develop the calculation formulas for determining the 

performance evaluation indicators and the energy requirements of the technological process and technical 

means of potato treatment by a new aerodynamic method. The study object was the technological processes 

and technical means for cleaning the freshly harvested tuber crops in various ways. The study subject was 

the variation patterns of energy parameters and technical and economic indicators to assess the efficiency of 

the process and technical means for aerodynamic cleaning of potatoes. A close relationship was established 

between the energy intensity of the cleaning process and the installation performance, material density, 

temperature of tubers and soil particles, the drum capacity and rotation frequency, directional airflow 

temperature, and heat absorption coefficient. Scientific novelty is manifested in the formulas for calculating 

and predicting the technical and economic indicators of the technological process of aerodynamic potato 

cleaning. The method to determine the specific energy inputs for the drives of the working units, for heating 

and supply of directed airflow, the air extraction and filtration system is described in detail. It was 

established that the developed calculation formulas would allow giving a predictive estimate of the 

competitiveness of various machines and equipment designed for potato cleaning. Since all the variety of 

machinery for pre-sale treatment of potatoes, available on the current market, mainly includes the foreign 

machines, the comparison will need to be made with them.  
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ɺʚʝʜʝʥʠʝ 

ɺ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʝʛʦ ʜʝʩʷʪʠʣʝʪʠʷ 

ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʣʩʷ ʨʳʥʦʢ ʪʝʭʥʦʣʦʛʠʡ 

ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʢʘʨʪʦʬʝʣʷ ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ ʠʭ ʠʤʧʦʨʪʘ ʠʟ 

ʩʪʨʘʥ ʜʘʣʴʥʝʛʦ ʟʘʨʫʙʝʞʴʷ. ɺ ʩʣʦʞʥʳʭ 

ʧʦʯʚʝʥʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʉʝʚʝʨʦ-

ɿʘʧʘʜʘ, ʛʜʝ ʜʦ 40% ʧʘʰʥʠ ʟʘʩʦʨʝʥʳ ʢʘʤʥʷʤʠ 
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ʠ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʧʦʜʚʝʨʞʝʥʘ 

ʧʝʨʝʫʚʣʘʞʥʝʥʠʶ, ʥʘʰʣʠ ʧʨʠʤʝʥʝʥʠʝ 

ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʤʘʰʠʥʳ ʜʣʷ 

ʢʘʨʪʦʬʝʣʝʚʦʜʩʪʚʘ. 

ʈʘʟʨʘʙʦʪʢʦʡ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝʤ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʢʘʨʪʦʬʝʣʝʚʦʜʩʪʚʘ ʟʘʥʠʤʘʣʦʩʴ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʫʯʝʥʳʭ, ʢʘʢ ʟʘ ʨʫʙʝʞʦʤ ʪʘʢ ʠ ʚ 

ʥʘʰʝʡ ʩʪʨʘʥʝ. ʆʩʥʦʚʥʳʤʠ ʫʯʝʥʳʤʠ ʠʟ 

ʥʘʰʠʭ ʩʦʦʪʝʯʝʩʪʚʝʥʥʠʢʦʚ ʷʚʣʷʶʪʩʷ ʅ.ʅ. 

ʂʦʣʯʠʥ, ɺ.ɺ. ʄʠʪʢʦʚ, ʀ.ʄ. ʌʦʤʠʥ, ɻ.ɸ. 

ʃʦʛʠʥʦʚ ʠ ʜʨʫʛʠʝ [1-6]. ɸʥʘʣʠʟʠʨʫʷ ʨʘʙʦʪʳ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʘʚʪʦʨʦʚ, ʘ ʪʘʢ ʞʝ 

ʤʥʦʛʦʦʙʨʘʟʠʝ ʪʝʭʥʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ 

ʨʳʥʢʝ ʘʛʨʘʨʥʦʛʦ ʩʝʢʪʦʨʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʧʨʠʤʝʥʷʝʤʳʝ ʩʧʦʩʦʙʳ ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʝʜʨʝʘʣʠʟʘʮʠʦʥʥʦʡ ʜʦʨʘʙʦʪʢʠ, ʘ ʠʤʝʥʥʦ 

ʤʦʡʢʠ [7] ʠ ʦʯʠʩʪʢʠ ʢʣʫʙʥʝʡ, ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʤ, ʩʫʭʠʤ ʩʧʦʩʦʙʦʤ [8], ʭʦʪʷ ʠ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳ, ʥʦ, ʚʤʝʩʪʝ ʩ ʪʝʤ, 

ʥʫʞʜʘʶʪʩʷ ʚ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʩ ʧʦʟʠʮʠʠ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ, ʘ ʪʘʢʞʝ ʵʥʝʨʛʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʂʦʣʣʝʢʪʠʚʦʤ ʘʚʪʦʨʦʚ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʧʦʩʣʝʫʙʦʨʦʯʥʦʡ ʠ ʧʨʝʜʨʝʘʣʠʟʘʮʠʦʥʥʦʡ 

ʜʦʨʘʙʦʪʢʠ ʧʨʦʜʫʢʮʠʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʩ 

ʮʝʣʴʶ ʠʟʳʩʢʘʥʠʷ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ 

ʦʙʨʘʙʦʪʢʝ ʢʣʫʙʥʝʧʣʦʜʦʚ, ʘ ʪʘʢʞʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʳʰʝʥʠʷ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʥʘ ʨʳʥʢʝ ʧʨʦʜʫʢʮʠʠ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʪʦʚʘʨʦʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʠ 

ʧʨʦʚʦʜʠʣʦʩʴ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʠʤʝʥʷʣʠʩʴ ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʟʫʯʝʥʠʠ 

ʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʧʨʦʪʝʢʘʶʱʠʭ 

ʚ ʧʨʦʮʝʩʩʝ ʦʯʠʩʪʢʠ ʢʘʨʪʦʬʝʣʷ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʨʘʟʨʘʙʦʪʢʘ 

ʨʘʩʯʝʪʥʳʭ ʬʦʨʤʫʣ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʦʢʘʟʘʪʝʣʝʡ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʠ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʦʯʠʩʪʢʠ ʢʘʨʪʦʬʝʣʷ ʥʦʚʳʤ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʚʘʨʠʘʥʪ [9] ʩʣʝʜʫʝʪ 

ʩʯʠʪʘʪʴ ʩʫʭʠʤ ʩʧʦʩʦʙʦʤ ʦʯʠʩʪʢʠ ʢʣʫʙʥʝʡ ʦʪ 

ʧʨʠʣʠʧʰʝʡ ʧʦʯʚʳ ʠ ʝʸ ʯʘʩʪʠʮ, ʪʘʢ ʢʘʢ ʩʘʤ 

ʧʨʦʮʝʩʩ ʦʯʠʩʪʢʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʙʝʟ ʫʯʘʩʪʠʷ 

ʚʦʜʳ. 

ʇʨʦʮʝʩʩ ʦʯʠʩʪʢʠ ʢʣʫʙʥʝʡ ʧʨʝʜʩʪʘʚʣʝʥ 

ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
ʈʠʩ. 1. ʇʨʦʮʝʩʩ ʦʯʠʩʪʢʠ ʢʣʫʙʥʝʡ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ 

 

ʇʨʦʮʝʩʩ ʧʨʦʪʝʢʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʥʘʛʨʝʪʳʡ ʜʦ ʥʝʦʙʭʦʜʠʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʟʜʫʭ ʧʦʜ ʦʧʨʝʜʝʣʝʥʥʳʤ ʜʘʚʣʝʥʠʝʤ, 

ʩʦʟʜʘʥʥʳʤ ʢʦʤʧʨʝʩʩʦʨʥʦʡ ʫʩʪʘʥʦʚʢʦʡ 1, 

ʨʘʩʧʳʣʷʝʪʩʷ ʯʝʨʝʟ ʬʦʨʩʫʥʢʠ ʚ ʢʘʤʝʨʫ 

ʨʘʙʦʯʝʡ ʟʦʥʳ 2, ʛʜʝ ʧʦʜ ʝʛʦ ʜʝʡʩʪʚʠʝʤ 

ʧʨʦʠʩʭʦʜʠʪ ʦʯʠʩʪʢʘ ʢʣʫʙʥʝʡ. ʉʦʟʜʘʥʥʘʷ, ʚ 

ʧʨʦʮʝʩʩʝ ʦʯʠʩʪʢʠ ʧʳʣʝʚʘʷ ʚʟʚʝʩʴ ʚʤʝʩʪʝ ʩ 

ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʦʩʪʘʪʢʘʤʠ ʠ ʜʨʫʛʠʤʠ 

ʯʘʩʪʠʮʘʤʠ ʠʟ ʨʘʙʦʯʝʡ ʟʦʥʳ ʚʳʩʘʩʳʚʘʝʪʩʷ 
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ʥʘʩʦʩʦʤ-ʚʝʥʪʠʣʷʪʦʨʦʤ 3 ʯʝʨʝʟ ʩʝʧʘʨʘʪʦʨ 4 

(ʬʠʣʴʪʨ), ʚ ʢʦʪʦʨʦʤ ʠ ʦʩʪʘʶʪʩʷ ʚʩʝ ʧʨʠʤʝʩʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʝ ʧʦʧʘʜʘʷ ʚ ʘʪʤʦʩʬʝʨʫ. ɺ 

ʢʘʯʝʩʪʚʝ ʘʛʝʥʪʘ ʦʯʠʩʪʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦʜʘ ʚ 

ʝʤʢʦʩʪʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʦʙʲʝʤʘ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʦʯʠʱʘʪʴ ʧʨʦʭʦʜʷʱʠʡ ʯʝʨʝʟ 

ʩʝʧʘʨʘʪʦʨ (ʬʠʣʴʪʨ) ʚʦʟʜʫʭ ʜʦ ʥʝʦʙʭʦʜʠʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ. ʇʦʛʣʦʱʝʥʠʝ ʚʦʜʦʡ ʧʦʯʚʝʥʥʦʡ 

ʧʳʣʠ ʥʘ ʣʠʥʠʷʭ ʠ ʚ ʤʘʰʠʥʘʭ ʜʣʷ ʜʦʨʘʙʦʪʢʠ 

ʢʣʫʙʥʝʧʣʦʜʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʝ 

ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʳʣʠ ʠ ʧʦʯʚʝʥʥʳʭ 

ʯʘʩʪʠʮ, ʢʘʢ ʚ ʨʘʙʦʯʝʡ ʟʦʥʝ, ʪʘʢ ʠ ʚ ʘʪʤʦʩʬʝʨʝ 

ʠ ʫʣʫʯʰʘʝʪ ʫʩʣʦʚʠʷ ʪʨʫʜʘ ʨʘʙʦʪʘʶʱʠʭ. 

ʆʨʠʛʠʥʘʣʴʥʦʩʪʴ ʥʦʚʦʛʦ ʧʦʜʭʦʜʘ ʚ 

ʦʯʠʩʪʢʝ ʢʘʨʪʦʬʝʣʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʘʢʪʠʚʥʦʤ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʢʣʫʙʥʝʡ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ, 

ʠʤʝʶʱʝʛʦ ʦʧʨʝʜʝʣʝʥʥʦʝ ʜʘʚʣʝʥʠʝ, 

ʩʪʘʙʠʣʴʥʫʶ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ, ʘ 

ʪʘʢʞʝ ʚʳʚʦʜ ʩʤʝʰʝʥʥʦʡ ʩ ʧʦʯʚʝʥʥʦʡ ʧʳʣʴʶ 

ʚʦʟʜʫʰʥʦʡ ʤʘʩʩʳ ʠʟ ʩʠʩʪʝʤʳ ʦʯʠʩʪʢʠ ʚ 

ʬʠʣʴʪʨʫʶʱʠʡ ʵʣʝʤʝʥʪ. ʇʦʜʨʘʟʫʤʝʚʘʝʪʩʷ, 

ʯʪʦ ʥʘʛʨʝʪʳʡ ʧʦʪʦʢ ʚʦʟʜʫʭʘ ʙʫʜʝʪ ʩʫʰʠʪʴ 

ʚʝʨʭʥʠʡ ʩʣʦʡ ʧʦʯʚʳ, ʧʨʠʣʠʧʰʝʡ ʢ ʢʣʫʙʥʷʤ, 

ʪʝʤ ʩʘʤʳʤ ʨʘʟʨʫʰʘʷ ʝʛʦ ʚʥʫʪʨʝʥʥʠʝ ʩʚʷʟʠ ʠ 

ʦʙʨʘʟʦʚʳʚʘʷ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʱʠʥʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʱʥʳʡ ʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ 

ʙʫʜʝʪ ʧʦʧʘʜʘʪʴ ʚ ʪʨʝʱʠʥʳ ʠ ʩʜʫʚʘʪʴ ʩ 

ʢʘʨʪʦʬʝʣʷ ʧʦʦʯʝʨʝʜʥʦ ʩʣʦʡ ʟʘ ʩʣʦʝʤ 

ʧʨʠʣʠʧʰʫʶ ʧʦʯʚʫ, ʘ ʵʬʬʝʢʪ ʩʦʫʜʘʨʝʥʠʷ 

ʢʣʫʙʥʝʡ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʚʦ ʚʨʘʱʘʶʱʝʤʩʷ 

ʙʘʨʘʙʘʥʝ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʨʦʮʝʩʩʫ 

ʦʪʜʝʣʝʥʠʷ. ʆʜʥʘʢʦ, ʥʘ ʵʪʦʪ ʧʨʦʮʝʩʩ ʙʫʜʝʪ 

ʠʤʝʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʪʠʧ ʧʦʯʚ, ʥʘ 

ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʣʦ ʚʦʟʜʝʣʳʚʘʥʠʝ 

ʢʘʨʪʦʬʝʣʷ, ʘ ʠʤʝʥʥʦ ʧʨʦʯʥʦʩʪʴ ʚʥʫʪʨʝʥʥʠʭ 

ʩʚʷʟʝʡ ʵʪʠʭ ʧʦʯʚ ʠ ʝʸ ʚʣʘʞʥʦʩʪʴ. ʄʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʸ ʪʠʧʘ 

ʠ ʩʦʩʪʦʷʥʠʷ ʚʣʘʞʥʦʩʪʠ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʯʠʩʪʢʠ ʠ 

ʚʤʝʩʪʝ ʩ ʪʝʤ, ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ ʥʘ 

ʚʳʩʫʰʠʚʘʥʠʝ ʠ ʦʪʜʝʣʝʥʠʝ ʝʸ ʦʪ ʨʘʙʦʯʝʛʦ 

ʤʘʪʝʨʠʘʣʘ. 

ʉʥʦʩʠʤʳʝ ʚʦʟʜʫʭʦʤ ʧʦʯʚʝʥʥʳʝ ʯʘʩʪʠʮʳ, 

ʙʫʜʫʪ ʧʨʦʩʝʠʚʘʪʴʩʷ ʩʢʚʦʟʴ ʦʪʚʝʨʩʪʠʷ ʚ 

ʙʘʨʘʙʘʥʝ ʠ ʧʦʧʘʜʘʪʴ ʚ ʬʠʣʴʪʨʫʶʱʠʡ 

ʵʣʝʤʝʥʪ, ʛʜʝ ʧʨʦʭʦʜʷ ʯʝʨʝʟ ʩʣʦʡ ʞʠʜʢʦʩʪʠ, 

ʦʩʷʜʫʪ ʥʘ ʜʥʦ, ʘ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʙʫʜʝʪ 

ʧʦʧʘʜʘʪʴ ʦʯʠʱʝʥʥʳʡ ʚʦʟʜʫʭ. ʊʘʢ ʢʘʢ ʚʦʜʘ 

ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʦʣʴʢʦ ʜʣʷ ʦʯʠʱʝʥʠʷ 

ʚʦʟʜʫʭʘ, ʘ ʢʦʥʪʘʢʪʘ ʩ ʨʘʙʦʯʠʤ ʤʘʪʝʨʠʘʣʦʤ ʥʝ 

ʙʫʜʝʪ, ʵʪʦʪ ʩʧʦʩʦʙ [10] ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʝ ʢ 

ʤʦʡʢʝ, ʘ ʢ ʩʫʭʦʡ ʦʯʠʩʪʢʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʛʣʘʚʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʚʩʝʭ ʫʩʪʨʦʡʩʪʚ ʧʦ 

ʦʪʜʝʣʝʥʠʶ ʧʦʯʚʳ ʦʪ ʢʣʫʙʥʝʡ ʩʫʭʠʤ 

ʩʧʦʩʦʙʦʤ, ʘ ʠʤʝʥʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ 

ʨʘʙʦʯʝʡ ʟʦʥʝ ʠ ʦʢʦʣʦ ʥʝʸ ʧʳʣʠ ʩ ʚʳʩʦʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ, ʙʫʜʝʪ ʠʩʢʣʶʯʝʥ. 

ʈʘʟʨʘʙʦʪʢʫ ʩʪʘʮʠʦʥʘʨʥʦʡ ʠʣʠ 

ʤʦʙʠʣʴʥʦʡ ʪʝʭʥʠʢʠ ʥʝʦʙʭʦʜʠʤʦ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʩ ʫʯʝʪʦʤ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʥʘʫʯʥʳʭ ʧʨʠʥʮʠʧʦʚ. ɺ ʩʪʘʪʴʝ [11] ʘʚʪʦʨʘʤʠ 

ʨʘʩʩʤʦʪʨʝʥ ʧʨʦʛʥʦʟ ʧʦʢʘʟʘʪʝʣʝʡ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺ ʥʝʡ ʠʟʣʦʞʝʥʳ ʠ 

ʨʘʩʩʤʦʪʨʝʥʳ ʥʘʫʯʥʳʝ ʦʩʥʦʚʳ ʩʠʥʪʝʟʘ 

ʪʝʭʥʠʢʠ ʜʣʷ ʧʦʯʚʦʦʙʨʘʙʦʪʢʠ ʠ ʧʦʩʝʚʘ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʩ ʚʳʩʦʢʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, ʪʘʢ ʢʘʢ ʦʩʥʦʚʥʦʡ 

ʧʦʢʘʟʘʪʝʣʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʘʰʠʥʳ ʠʣʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʵʪʦ 

ʝʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʨʝʜʩʪʚʘ ʜʣʷ ʦʪʜʝʣʝʥʠʷ ʦʪ ʢʣʫʙʥʝʡ 

ʧʦʯʚʝʥʥʳʭ ʯʘʩʪʠʮ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ 

ʩʧʦʩʦʙʦʤ ʧʝʨʝʜ ʠʭ ʨʝʘʣʠʟʘʮʠʝʡ ʦʧʨʝʜʝʣʷʝʪ 

ʦʙʲʝʤ ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʨʘʙʦʪ ʧʦ ʦʯʠʩʪʢʝ 

ʢʘʨʪʦʬʝʣʷ ʚ ʪʦʥʥʘʭ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ. 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ʯW  ʜʣʷ ʦʯʠʩʪʢʠ ʢʘʨʪʦʬʝʣʷ 

ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ 

ʚʥʫʪʨʝʥʥʠʡ ʦʙʲʝʤ (ʠʣʠ ʦʙʲʝʤ ʙʘʨʘʙʘʥʘ) ʠ 

ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ, ʫʨʦʚʝʥʴ 

ʧʣʦʪʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʦʙʲʝʤʘ ʢʣʫʙʥʝʡ, 

ʪʚʝʨʜʦʩʪʴ ʠ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʝʥʥʳʭ ʯʘʩʪʠʮ, 

ʧʨʠʣʠʧʰʝʡ ʢ ʢʣʫʙʥʷʤ, ʪʚʝʨʜʦʩʪʴ ʠ 

ʚʣʘʞʥʦʩʪʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʫʙʥʝʡ, ʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʘ ʪʘʢʞʝ ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʦʛʣʦʱʝʥʠʷ ʪʝʧʣʦʪʳ ʢʣʫʙʥʝʡ ʠ ʧʦʯʚʳ. 
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ʋʯʠʪʳʚʘʷ ʚʳʰʝʩʢʘʟʘʥʥʦʝ, 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʯW  ʫʩʪʘʥʦʚʢʠ ʜʣʷ 

ʦʪʜʝʣʝʥʠʷ ʧʨʠʣʠʧʰʝʡ ʧʦʯʚʳ ʦʪ ʢʘʨʪʦʬʝʣʷ ʟʘ 

1 ʯʘʩ ʯʠʩʪʦʛʦ ʚʨʝʤʝʥʠ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʩ 

ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʷ: 

ʩʯʢʯʯ CnUW ÖÖÖ= r , ʪ/ʯ   (1) 

ʛʜʝ ʯU  ï ʟʘʛʨʫʟʢʘ ʙʘʨʘʙʘʥʘ, ʤ
3
; ʢr ï

ʧʣʦʪʥʦʩʪʴ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʪ/ʤ
3
; 

ʯn  ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ, ʤʠʥ
-1

; cC  ï 

ʧʦʧʨʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ. 

ʇʦʧʨʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʉ  ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʙʫʜʝʤ ʨʘʩʩʯʠʪʳʚʘʪʴ ʠʟ 

ʚʳʨʘʞʝʥʠʷ: 
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ʛʜʝ 1ɻʨ  ï ʥʘʯʘʣʴʥʘʷ ʧʨʦʯʥʦʩʪʴ ʚʥʫʪʨʝʥʥʠʭ 

ʩʚʷʟʝʡ ʧʨʠʣʠʧʰʝʡ ʧʦʯʚʳ ʠ ʢʦʞʠʮʳ ʢʣʫʙʥʝʡ, 

ʢʛ/ʩʤ
2
; 2

ɻʨ  ï ʧʨʦʯʥʦʩʪʴ ʚʥʫʪʨʝʥʥʠʭ ʩʚʷʟʝʡ 

ʧʨʠʣʠʧʰʝʡ ʧʦʯʚʳ ʠ ʢʦʞʠʮʳ ʢʣʫʙʥʝʡ ʚ 

ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʯʥʦʡ 

ʢʦʨʢʦʦʙʨʘʟʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʛ/ʩʤ
2
; 1

ɻw  ï

ʥʘʯʘʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʧʨʠʣʠʧʰʝʡ ʧʦʯʚʳ ʠ 

ʢʦʞʠʮʳ ʢʣʫʙʥʝʡ ʜʦ ʦʯʠʩʪʢʠ, %; 2

ɻw  ï 

ʚʣʘʞʥʦʩʪʴ ʧʨʠʣʠʧʰʝʡ ʧʦʯʚʳ ʠ ʢʦʞʠʮʳ 

ʢʣʫʙʥʝʡ ʚ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʨʦʯʥʦʡ ʢʦʨʢʦʦʙʨʘʟʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, %; ʧʢt  

ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʠʣʠʧʰʝʡ ʧʦʯʚʳ ʠ ʢʦʞʠʮʳ 

ʢʣʫʙʥʝʡ ʜʦ ʦʯʠʩʪʢʠ, 
ʦ
ʉ; ʧʚt  ï ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʧʦʜʘʚʘʝʤʦʛʦ ʥʘ ʢʣʫʙʥʠ, 
ʦ
ʉ; 

ʇj  ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʪʝʧʣʘ 

ʢʣʫʙʥʷʤʠ ʠ ʧʨʠʣʠʧʰʝʡ ʧʦʯʚʦʡ. 

ʉ ʫʯʝʪʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ (1) 

ʠ (2) ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʜʣʷ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʢʣʫʙʥʝʡ 

ʢʘʨʪʦʬʝʣʷ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ 
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ʕʥʝʨʛʦʝʤʢʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ï ʵʪʦ ʵʥʝʨʛʦʟʘʪʨʘʪʳ, ʢʦʪʦʨʳʝ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʦʩʫʱʝʩʪʚʠʪʴ ʵʪʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ï 

ʧʦʢʘʟʘʪʝʣʴ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʦʦʪʥʦʰʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʵʥʝʨʛʠʠ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʫʤʫ ʂʇɼ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ, ʟʘʪʨʘʯʝʥʥʳʭ ʥʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʠ ʨʝʘʣʴʥʳʭ ʟʘʪʨʘʪ 

ʵʥʝʨʛʠʠ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ. 

ʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʠʤʝʝʪ ʧʨʷʤʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ. ʆʪʥʦʩʠʪʝʣʴʥʦ 

ʤʦʙʠʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ, ʧʨʠʤʝʥʠʤʳʭ ʢ 

ʦʙʣʘʩʪʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ, ʚ ʨʘʙʦʪʝ [11] 

ʧʨʝʜʣʦʞʝʥʳ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʠ 

ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʤʦʜʝʣʠ ʨʘʩʯʝʪʘ ʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʵʥʝʨʛʦʝʤʢʦʩʪʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, 

ʦʜʥʘʢʦ ʦʥʠ ʥʝ ʚ ʧʦʣʥʦʤ ʦʙʲʸʤʝ ʤʦʛʫʪ 

ʦʧʠʩʘʪʴ ʧʨʦʮʝʩʩ ʦʯʠʩʪʢʠ ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ. 

ʉ ʫʯʝʪʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʧʨʦʮʝʩʩʘ ʦʯʠʩʪʢʠ ʢʣʫʙʥʝʡ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ, ʵʥʝʨʛʦʝʤʢʦʩʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʦ

ʊʇʕ  (ʄɼʞ/ʪ) 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʧʨʝʜʝʣʷʪʴ ʠʟ ʚʳʨʘʞʝʥʠʷ: 

ʯ

ʞʤʇ

ʵʣ

ʆ

ʊʇ
W

ʕʕ
ʕʕ

+
+= ,    (4) 

ʛʜʝ ʇ

ʵʣʕ  ïʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, 

ʄɼʞ/ʪ; ʤʕ  ï ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʜʣʷ 

ʦʯʠʩʪʢʠ ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ, ʄɼʞ/ʯ; ʞʕ  ï 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʪʨʫʜʘ 

ʥʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, ʄɼʞ/ʯ; ʯW  ï 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʦʯʠʩʪʢʠ 

ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ, ʪ/ʯ. 

ɿʘʪʨʘʪʳ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʇ

ʵʣʕ  (ʄɼʞ/ʪ) ʥʘ 

ʦʯʠʩʪʢʫ ʢʘʨʪʦʬʝʣʷ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ: 
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( ) ( )x+ÖÖ+++= 1.

ʵ

ʚʦʟʜ

ʧʦʜʦʛʨ

ʇɺʩʞ

ʥ

ʇɺ

ʦʙʱ

ʯ

ʧʨʠʚ

ʇ

ʵʣ KQQQQʕ ,

                                       (5) 

ʛʜʝ 
ʯ

ʧʨʠʚQ  ïɻ ʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ ʧʨʠʚʦʜ 

ʙʘʨʘʙʘʥʘ, (ʢɺʪĿʯ)/ʪ; 
ʇɺ

ʦʙʱQ  ïɻ ʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ 

ʩʦʟʜʘʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ, (ʢɺʪĿʯ)/ʪ; 
ʇɺʩʞ

ʥQ .  ïɻ ʥʝʨʛʦʟʘʪʨʘʪʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ 

ʧʦʜʘʯʠ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʥʘ 

ʦʙʨʘʙʘʪʳʚʘʝʤʳʡ ʤʘʪʝʨʠʘʣ, (ʢɺʪĿʯ)/ʪ; 
ʚʦʟʜ

ʧʦʜʦʛʨQ  

ïɻ ʥʝʨʛʦʟʘʪʨʘʪʳ ʜʣʷ ʥʘʛʨʝʚʘ ʚʦʟʜʫʰʥʦʡ 

ʤʘʩʩʳ ʚ ʩʠʩʪʝʤʝ, (ʢɺʪĿʯ)/ʪ; ʂɻ  ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʚʦʜʘ, 6,3ʂɻ =  (1 

ʢɺʪĿʯ=3,6 ʄɼʞ); xɻ ï ʢʦʵʬʬʠʮʠʝʥʪ, 

ʫʯʠʪʳʚʘʶʱʠʡ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 1 ʢɺʪĿʯ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʌʘʢʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʙʫʜʝʤ ʦʧʨʝʜʝʣʷʪʴ ʧʦ ʧʦʢʘʟʘʥʠʷʤ ʩʯʝʪʯʠʢʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʕʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ ʧʨʠʚʦʜ ʙʘʨʘʙʘʥʘ 
ʯ

ʧʨʠʚQ  

(ʢɺʪĿʯ/ʪ) ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʚʳʨʘʞʝʥʠʷ: 

ʯ

ʯ

ʧʨʠʚʯ

ʧʨʠʚ
W

q
Q = ,     (6) 

ʛʜʝ 
ʯqʧʨʠʚ ï ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʧʨʠʚʦʜ 

ʙʘʨʘʙʘʥʘ, ʢɺʪĿʯ; ʯW  ï ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʫʩʪʘʥʦʚʢʠ, ʪ/ʯ. 

ʕʥʝʨʛʦʟʘʪʨʘʪʳ 
ʇɺ

ʦʙʱQ  (ʢɺʪĿʯ/ʪ) ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʦʙʱʝʛʦ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʦʧʨʝʜʝʣʷʝʤ 

ʠʟ ʫʨʘʚʥʝʥʠʷ: 

ʯ

ʇɺ

ʦʙʱʇɺ

ʦʙʱ
W

q
Q = ,     (7) 

ʛʜʝ ʇɺqʦʙ ɦ ï ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ 

ʦʙʨʘʟʦʚʘʥʠʝ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʚ ʩʠʩʪʝʤʝ, 

ʢɺʪĿʯ. 

ʕʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʧʦʜʘʯʫ 

ʩʞʘʪʦʛʦ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʥʘ ʢʣʫʙʥʠ ʇɺʩʞ

ʥQ .  (ʢɺʪĿʯ/ʪ) ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ 

ʚʳʨʘʞʝʥʠʷ: 

ʯ

ʇɺʩʞ

ʥʇɺʩʞ

ʥ
W

q
Q

.
. = ,    (8) 

ʛʜʝ ʩʞ.ʇɺʥq  ï ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ ʧʦʜʘʯʠ ʩʞʘʪʦʛʦ ʚʦʟʜʫʰʥʦʛʦ 

ʧʦʪʦʢʘ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʢʣʫʙʥʠ, ʢɺʪĿʯ. 

ʋʜʝʣʴʥʳʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ 
ʚʦʟʜ

ʧʦʜʦʛʨQ  

(ʢɺʪĿʯ/ʪ) ʜʣʷ ʥʘʛʨʝʚʘ ʚʦʟʜʫʰʥʦʡ ʤʘʩʩʳ ʚ 

ʩʠʩʪʝʤʝ ʦʧʨʝʜʝʣʷʝʤ ʠʟ ʚʳʨʘʞʝʥʠʷ: 

ʯ

ʚʦʟʜ

ʧʦʜʦʛʨʚʦʟʜ

ʧʦʜʦʛʨ
W

q
Q = ,    (9) 

ʛʜʝ 
ʚʦʟʜqʧʦʜʦʛʨ ï ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʜʣʷ ʥʘʛʨʝʚʘ 

ʚʦʟʜʫʰʥʦʡ ʤʘʩʩʳ ʚ ʩʠʩʪʝʤʝ, ʢɺʪĿʯ. 

ʕʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ ʵʣʝʤʝʥʪ ʬʠʣʴʪʨʘʮʠʠ 
ʦʯ

ɺʕ  (ʄɼʞ/ʪ) ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʷ: 

ʚɺ

ʦʯ

ɺ ʅʕ qÖ= ,     (10) 

ʛʜʝ ɺʅ  ï ʦʙʲʝʤ ʚʦʜʳ ʥʘ ʦʯʠʩʪʢʫ 

ʟʘʛʨʷʟʥʝʥʥʦʛʦ ʚʦʟʜʫʭʘ ʧʨʠ ʦʯʠʱʝʥʠʠ 1 ʪ 

ʧʨʦʜʫʢʮʠʠ, ʤ
3
/ʪ; ʚq ï ʵʥʝʨʛʦʩʦʜʝʨʞʘʥʠʝ 1 

ʤ
3
 ʚʦʜʳ, ʄɼʞ/ʤ

3
. 

ʕʥʝʨʛʦʝʤʢʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʤʕ  ʜʣʷ 

ʦʯʠʩʪʢʠ ʢʘʨʪʦʬʝʣʷ (ʄɼʞ/ʯ) ʦʧʨʝʜʝʣʷʣʠ ʠʟ 

ʚʳʨʘʞʝʥʠʷ: 

ö
ö
÷

õ
æ
æ
ç

å
+Ö

Ö
=

ʟ

ʤʪʨ

ʥ

ʤʤʤ
ʤ

ʊʊ

ʄ
ʕ

aaa

100
,   (11) 

ʛʜʝ ʤʄ  ï ʚʝʩ ʫʩʪʘʥʦʚʢʠ, ʢʛ; ʤa  ï 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʢʚʠʚʘʣʝʥʪ ʫʩʪʘʥʦʚʢʠ, 

ʄɼʞ/ʢʛ; ʤʘ  ï ʦʪʯʠʩʣʝʥʠʝ ʥʘ ʨʝʥʦʚʘʮʠʶ 

(ʧʦʣʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ) ʫʩʪʘʥʦʚʢʠ, %; ʤʪʨʘ  

ï ʦʪʯʠʩʣʝʥʠʷ ʥʘ ʨʝʤʦʥʪ ʠ ʪʝʭʥʠʯʝʩʢʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ (ʊʆ) ʫʩʪʘʥʦʚʢʠ, %; ʥʊ  ï 

ʥʦʨʤʘʪʠʚʥʘʷ ʛʦʜʦʚʘʷ ʟʘʛʨʫʟʢʘ ʫʩʪʘʥʦʚʢʠ, ʯ; 

ʟʊ  ï ʟʦʥʘʣʴʥʘʷ ʛʦʜʦʚʘʷ ʟʘʛʨʫʟʢʘ ʫʩʪʘʥʦʚʢʠ, 

ʯ. 

ɿʘʪʨʘʪʳ ʞʠʚʦʛʦ ʪʨʫʜʘ ʞʕ  ʥʘ ʝʜʠʥʠʮʫ 

ʚʨʝʤʝʥʠ (ʄɼʞ/ʯ) ʦʧʨʝʜʝʣʷʝʤ ʠʟ 

ʟʘʚʠʩʠʤʦʩʪʠ: 

ʞpʞ nʕ aÖ= ,     (12) 

ʛʜʝ pn  ïʦʙʩʣʫʞʠʚʘʶʱʠʡ ʧʝʨʩʦʥʘʣ, ʯʝʣ.; 

ʞa  ï ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʢʚʠʚʘʣʝʥʪ ʟʘʪʨʘʪ 

ʞʠʚʦʛʦ ʪʨʫʜʘ, ʄɼʞ/ʯ. 
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ʈʘʟʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʨʘʩʯʝʪʥʳʭ ʬʦʨʤʫʣ 

ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʫʩʪʘʥʦʚʢʠ, ʘ ʪʘʢʞʝ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʚʩʝʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʦʯʠʩʪʢʠ ʢʣʫʙʥʝʡ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ. 

ɺ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʫʯʪʝʥʦ 

ʤʥʦʛʦʦʙʨʘʟʠʝ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʦʯʠʩʪʢʠ ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ, 

ʠʩʧʦʣʴʟʫʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʩʧʦʩʦʙ. 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʨʘʩʯʝʪʥʳʝ ʬʦʨʤʫʣʳ, 

ʧʦʩʪʨʦʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠ, ʠʭ ʘʜʝʢʚʘʪʥʦʩʪʴ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʪ ʧʨʦʚʝʨʝʥʘ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʨʘʟʮʘ 

ʫʩʪʘʥʦʚʢʠ. 

ʀʩʧʦʣʴʟʫʷ ʧʨʝʜʣʦʞʝʥʥʳʝ ʨʘʩʯʝʪʥʳʝ 

ʬʦʨʤʫʣʳ, ʤʦʞʥʦ ʙʫʜʝʪ ʜʘʪʴ ʧʨʦʛʥʦʟʥʫʶ 

ʦʮʝʥʢʫ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ 

ʦʯʠʩʪʢʠ ʢʘʨʪʦʬʝʣʷ. ʊʘʢ ʢʘʢ ʚʩʝ 

ʤʥʦʛʦʦʙʨʘʟʠʝ ʪʝʭʥʠʢʠ ʜʣʷ 

ʧʨʝʜʨʝʘʣʠʟʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʢʘʨʪʦʬʝʣʷ, 

ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ 

ʨʳʥʢʝ, ʚ ʦʩʥʦʚʥʦʤ, ʩʦʩʪʦʠʪ ʠʟ ʟʘʨʫʙʝʞʥʳʭ 

ʤʘʰʠʥ, ʪʦ ʠ ʩʨʘʚʥʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʙʫʜʝʪ 

ʧʨʦʠʟʚʦʜʠʪʴ ʩ ʥʠʤʠ. ʅʝʦʩʧʦʨʠʤʳʤ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʨʘʟʨʘʙʦʪʢʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ 

ʘʜʘʧʪʘʮʠʷ ʝʝ ʢ ʫʩʣʦʚʠʷʤ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʝʱʸ 

ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ 

ʚʩʝ ʜʘʣʴʥʝʡʰʠʝ ʦʧʝʨʘʮʠʠ ʦʪ ʤʦʤʝʥʪʘ 

ʩʦʟʜʘʥʠʷ ʜʦ ʚʥʝʜʨʝʥʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʫʜʫʪ 

ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʢʦʥʢʨʝʪʥʳʝ ʧʦʯʚʝʥʥʦ-

ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʪʝʭʥʠʢʦ-

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʪ.ʜ. 

ɺʳʚʦʜʳ 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʨʘʩʯʝʪʥʳʝ ʬʦʨʤʫʣʳ 

ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʜʣʷ ʦʯʠʩʪʢʠ ʢʘʨʪʦʬʝʣʷ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ. 

ʇʨʝʜʣʘʛʘʝʤʳʝ ʨʘʩʯʝʪʥʳʝ ʬʦʨʤʫʣʳ 

ʤʦʛʫʪ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ, 

ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʧʨʦʮʝʩʩ ʦʯʠʩʪʢʠ 

ʢʘʨʪʦʬʝʣʷ ʥʦʚʳʤ ʩʧʦʩʦʙʦʤ ʥʘ ʦʩʥʦʚʝ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʝʛʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟʨʘʙʦʪʢʝ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ 

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

ʬʠʣʠʘʣ ʌɻɹʅʋ ʌʅɸʎ ɺʀʄ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 
2
ʌɻɹʆʋ ɺʆ çʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ 

 

ʂʦʣʠʯʝʩʪʚʦ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʦʙʦʪʦʚ ʝʞʝʛʦʜʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ ʬʦʥʝ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʈʘʟʚʠʪʠʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʪʨʫʜʦʟʘʪʨʘʪ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʨʠʩʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʯʝʣʦʚʝʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳ ʨʦʙʦʪʳ ʩʧʦʩʦʙʥʳʝ ʚʳʧʦʣʥʷʪʴ 

ʪʨʫʜʦʝʤʢʠʝ ʦʧʝʨʘʮʠʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʥʦ, ʧʦ ʜʘʣʴʥʝʡʰʠʤ 

ʧʨʦʛʥʦʟʘʤ, ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, 

ʧʦʣʥʦʩʪʴʶ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʙʝʟ ʧʨʠʩʫʪʩʪʚʠʷ ʯʝʣʦʚʝʢʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʝʞʝʛʦʜʥʦ ʨʘʩʪʝʪ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʨʦʙʦʪʦʚ ʠ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʘʛʨʘʨʥʦʛʦ ʩʝʢʪʦʨʘ ʈʦʩʩʠʠ. ɼʘʥʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ ʚ 2017 ʛʦʜʫ ʩʦʩʪʘʚʠʣ 73 ʪʳʩʷʯʠ ʝʜʠʥʠʮ ʩ ʧʨʦʛʥʦʟʠʨʫʝʤʳʤ ʥʘ 2024 ʛʦʜ ʨʦʩʪʦʤ ʚ ʚʦʩʝʤʴ 

ʨʘʟ ʠ ʯʠʩʣʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ 595 ʪʳʩʷʯ ʝʜʠʥʠʮ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʨʦʙʦʪʦʚ 

ʟʘʜʝʡʩʪʚʦʚʘʥʦ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʦʣʦʢʘ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ï 55%, ʥʘ ʚʪʦʨʦʤ ʤʝʩʪʝ ʥʘʭʦʜʷʪʩʷ 

ʨʦʙʦʪʳ ʜʣʷ ʜʨʫʛʠʭ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʬʝʨʤ ï 22%, ʜʘʣʝʝ ʩʣʝʜʫʶʪ ʨʦʙʦʪʳ ʧʦ ʫʭʦʜʫ ʟʘ ʧʦʩʝʚʘʤʠ ï 

11%, ʜʦʣʷ ʨʦʙʦʪʦʚ ʜʣʷ ʧʦʯʚʦʦʙʨʘʙʦʪʢʠ ʩʦʩʪʘʚʣʷʝʪ 7% ʠ 5 % ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʨʦʙʦʪʦʚ, 

ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʧʨʠ ʫʙʦʨʢʝ ʫʨʦʞʘʷ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʨʦʙʦʪʦʚ ʧʨʦʚʝʜʝʥʘ ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʫʯʠʪʳʚʘʶʱʘʷ ʦʪʨʘʩʣʴ ʨʘʙʦʪʳ ʨʦʙʦʪʘ, ʭʘʨʘʢʪʝʨ ʝʛʦ 

ʧʝʨʝʤʝʱʝʥʠʷ, ʪʠʧ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʧʝʮʠʘʣʠʟʘʮʠʶ ʘʛʨʦʙʦʪʘ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ 

ʦʧʨʝʜʝʣʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʩʬʝʨʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ, ʘ ʠʤʝʥʥʦ : 
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ʚʳʢʘʨʤʣʠʚʘʥʠʝ ʧʦʨʦʩʷʪ ʩʦʩʫʥʦʚ, ʩʦʟʜʘʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʠʟʤʝʥʝʥʠʷ ʠ  ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʣʦʱʘʜʴʶ ʩʪʘʥʢʦʚ ʩʚʠʥʦʚʦʜʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʨʘʟʨʘʙʦʪʢʠ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ 

ʩʠʩʪʝʤ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʨʘʮʠʦʥʘ ʞʠʚʦʪʥʳʭ ʠ ʧʪʠʮ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʘ 

ʪʘʢʞʝ ʩʦʟʜʘʥʠʝ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʜʣʷ ʤʝʣʢʦʪʦʚʘʨʥʳʭ 

ʩʝʣʴʭʦʟʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʦʠʟʚʦʜʠʪʴ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʫʶ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʙʝʟʦʧʘʩʥʫʶ ʧʨʦʜʫʢʮʠʶ. 
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The number of agricultural robots is increasing annually against the background of intensification of 

agricultural production. Development of agricultural robotics provides lower labor costs, and, consequently, 

production risks associated with the human factor. Today, most popular are the robots, which are able to 

perform the labor-intensive farming operations. According to forecasts, however, the fully robotized, 

unmanned agricultural enterprises are to be designed and constructed. In this regard, the manufacture of 

robots and robotic devices for the agrarian sector of Russia is growing every year. In 2017, this indicator 

amounted to 73 thousand units with the eight-fold growth forecast for 2024, i.e. 595 thousand units. The 

biggest number of robots is used in dairy production (55%); then come the robots used on other livestock 

farms (22%); 11% of robots are applied in crop tendering; 7% - in soil tillage and 5% - in crop harvesting. 

The information on available agricultural robots (agrobots) was reviewed, and the robots were grouped by 

the sector of work, their movement, type of control and specialisation. This study allowed to identify the 

promising areas in agricultural robotics: feeding of suckling piglets; creating the intelligent systems to adjust 

and control the production area of pens on pig-rearing enterprises; developing the robotic systems for 

adjusting the diets of farm animals and poultry depending on their physiological state; and creating 

automated technological modules for small-scale farmers allowing to produce competitive and 

environmentally safe products. 
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ɺʚʝʜʝʥʠʝ 

ʉʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʡ ʨʦʙʦʪ (ʘʛʨʦʙʦʪ) ï 

ʵʪʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʧʨʝʜʥʘʟ-

ʥʘʯʝʥʥʦʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʦʧʝʨʘʮʠʡ, ʜʝʡʩʪʚʫʶʱʝʝ ʧʦ ʟʘʨʘʥʝʝ 

ʟʘʣʦʞʝʥʥʦʡ ʧʨʦʛʨʘʤʤʝ. 

ʅʘ ʬʦʥʝ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʨʦʙʦʪʦʚ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʠ ʩʧʝʮʠʘʣʠʟʘʮʠʠ. 

ʈʦʙʦʪʠʟʘʮʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʧʦʟʚʦʣʷʝʪ 

ʩʥʠʟʠʪʴ ʪʨʫʜʦʟʘʪʨʘʪʳ, ʧʦʚʳʩʠʪʴ 

ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʪʘʢʞʝ ʩʥʠʟʠʪʴ ʨʠʩʢʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʚʷʟʘʥʥʳʝ ʩ ʯʝʣʦʚʝʯʝʩʢʠʤ 

ʬʘʢʪʦʨʦʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘʠʙʦʣʝʝ 

ʘʢʪʫʘʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʨʦʙʦʪʳ ʩʧʦʩʦʙʥʳʝ 

ʚʳʧʦʣʥʷʪʴ ʥʘʠʙʦʣʝʝ ʪʨʫʜʦʝʤʢʠʝ ʦʧʝʨʘʮʠʠ 

ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ, ʥʦ, ʧʦ ʜʘʣʴʥʝʡʰʠʤ ʧʨʦʛʥʦʟʘʤ, 

ʨʦʙʦʪʳ ʙʫʜʫʪ ʚʳʧʦʣʥʷʪʴ ʚʩʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʮʠʢʣʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ. ʂʦʣʠʯʝʩʪʚʦ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʦʙʦʪʦʚ, ʝʞʝʛʦʜʥʦ 

ʧʨʦʠʟʚʦʜʠʤʳʭ ʜʣʷ ʘʛʨʘʨʥʦʛʦ ʩʝʢʪʦʨʘ, ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 73 

ʪʳʩ. ʝʜʠʥʠʮ, ʥʦ ʧʦ ʧʨʦʛʥʦʟʫ ʥʘ 2024 ʛʦʜ 

ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʚʦʟʨʘʩʪʝʪ ʚ 8 ʨʘʟ ʠ 

ʩʦʩʪʘʚʠʪ ʙʦʣʝʝ 595 ʪʳʩ. ʝʜʠʥʠʮ (ʨʠʩ.1).[1,2] 

 
ʈʠʩ.1. ɼʠʘʛʨʘʤʤʘ ʠʟʤʝʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʝʜʠʥʠʮ 

ʨʦʙʦʪʦʪʝʭʥʠʢʠ, ʧʨʦʠʟʚʦʜʠʤʦʡ ʝʞʝʛʦʜʥʦ ʜʣʷ 

ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ 

 

ʅʘʨʷʜʫ ʩ ʦʙʲʝʤʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʫʚʝʣʠʯʠʪʩʷ ʠ ʝʤʢʦʩʪʴ ʨʳʥʢʘ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʦʙʦʪʦʚ, ʧʨʦʛ-

ʥʦʟʠʨʫʝʪʩʷ, ʯʪʦ ʦʥʘ ʜʦʩʪʠʛʥʝʪ 4,9 

ʪʨʠʣʣʠʦʥʦʚ ʨʫʙʣʝʡ.  

ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʨʦʙʦʪʦʚ, ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʦʙʩʣʫʞʠʚʘʝʪ ʬʝʨʤʳ ʂʈʉ 

ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʤʦʣʦʢʘ, ʥʘ ʚʪʦʨʦʤ ʤʝʩʪʝ 

ʥʘʭʦʜʷʪʩʷ ʨʘʙʦʪʳ ʜʣʷ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ, ʜʘʣʝʝ 

ʨʦʙʦʪʳ ʧʦ ʫʭʦʜʫ ʟʘ ʧʦʩʝʚʘʤʠ, ʨʦʙʦʪʳ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʠ ʨʦʙʦʪʳ ʜʣʷ ʫʙʦʨʢʠ 

ʫʨʦʞʘʷ (ʨʠʩ.2).[3] 

 

 
ʈʠʩ.2. ɼʠʘʛʨʘʤʤʘ ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʘ ʨʦʙʦʪʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ 

ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ 

 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʨʳʥʦʢ ʨʦʙʦʪʦʚ ʠ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ ʩʝʣʴʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘʚʘ ʝʞʝʛʦʜʥʦ ʙʫʜʝʪ ʪʦʣʴʢʦ ʨʘʩʪʠ, 

ʠʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʮʝʣʴ 

ʧʦʠʩʢʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ï 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ ʦʧʠʩʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʨʦʙʦʪʦʚ ʠ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠ ʥʘ 

ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʘʣʴʥʝʡʰʝʡ 

ʨʘʟʨʘʙʦʪʢʠ ʨʦʙʦʪʦʚ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʨʦʙʦʪʦʪʝʭʥʠʢʝ ʙʳʣ ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ 

ʧʦʠʩʢʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʡ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʨʦʙʦʪʦʚ ʠ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ 

ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʠ 

ʨʘʟʨʘʙʦʪʢʫ ʧʨʝʜʣʦʞʝʥʠʡ ʜʣʷ ʚʝʜʝʥʠʷ 

ʜʘʣʴʥʝʡʰʠʭ ʨʘʟʨʘʙʦʪʦʢ ʚ ʩʬʝʨʝ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ. 
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ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʦʙʦʪʦʚ ʩʦʩʪʘʚʣʝʥʘ 

ʙʣʦʢ-ʩʭʝʤʘ ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʫʯʠʪʳʚʘʶʱʘʷ 

ʦʪʨʘʩʣʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ, ʭʘʨʘʢʪʝʨ 

ʧʝʨʝʤʝʱʝʥʠʷ, ʪʠʧ ʫʧʨʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʠʭ 

ʩʧʝʮʠʘʣʠʟʘʮʠʶ (ʨʠʩ.3) [4]. 

 

 
ʈʠʩ.3. ɹʣʦʢ-ʩʭʝʤʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʦʙʦʪʦʚ 

 

ɺ ʙʣʦʢ-ʩʭʝʤʝ ʧʨʠʚʝʜʝʥʘ ʦʙʱʘʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʨʦʙʦʪʦʚ, ʥʦ ʢʘʞʜʳʡ ʠʟ ʥʠʭ ʪʘʢʞʝ ʤʦʞʥʦ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦ ʚʠʜʫ ʚʳʧʦʣʥʷʝʤʳʭ 

ʨʘʙʦʪ: 

ï ʢ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʤ ʨʦʙʦʪʘʤ ʦʪʥʦʩʷʪʩʷ: 

ʜʦʠʣʴʥʳʝ ʨʦʙʦʪʳ, ʨʦʙʦʪʳ ʜʣʷ ʫʙʦʨʢʠ ʥʘʚʦʟʘ, 

ʨʦʙʦʪʳ ʜʣʷ ʧʦʜʨʘʚʥʠʚʘʥʠʷ ʢʦʨʤʦʚ, ʨʦʙʦʪʳ 

ʢʦʨʤʦʨʘʟʜʘʪʯʠʢʠ, ʨʦʙʦʪʳ ʜʣʷ ʩʪʨʠʞʢʠ 

ʞʠʚʦʪʥʳʭ, ʨʦʙʦʪʳ ʜʣʷ ʤʦʡʢʠ ʩʪʘʥʢʦʚ, 

ʨʦʙʦʪʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʭʦʪʳ ʫ ʞʠʚʦʪʥʳʭ; 

ï ʢ ʨʘʩʪʝʥʠʝʚʦʜʯʝʩʢʠʤ ʨʦʙʦʪʘʤ ʦʪʥʦʩʷʪʩʷ: 

ʨʦʙʦʪʳ ʜʣʷ ʧʦʩʝʚʘ ʢʫʣʴʪʫʨ, ʨʦʙʦʪʳ ʜʣʷ 

ʦʧʨʳʩʢʠʚʘʥʠʷ ʨʘʩʪʝʥʠʡ, ʨʦʙʦʪʳ ʜʣʷ 

ʫʥʠʯʪʦʞʝʥʠʷ ʩʦʨʥʷʢʦʚ, ʨʦʙʦʪʳ ʧʦ ʢʦʥʪʨʦʣʶ 

ʚʩʭʦʞʝʩʪʠ, ʨʦʙʦʪʳ ʜʣʷ ʢʦʰʝʥʠʷ, ʨʦʙʦʪʳ ʜʣʷ 

ʩʙʦʨʘ, ʨʦʙʦʪʳ ʧʦ ʫʭʦʜʫ ʟʘ ʚʠʥʦʛʨʘʜʥʠʢʘʤʠ ʠ 

ʜʝʨʝʚʴʷʤʠ, ʨʦʙʦʪʳ ʪʨʘʥʩʧʦʨʪʠʨʦʚʱʠʢʠ 

ʨʘʩʩʘʜʳ, ʨʦʙʦʪʳ ʜʣʷ ʧʦʣʠʚʘ, ʙʝʩʧʠʣʦʪʥʳʝ 

ʪʨʘʢʪʦʨʘ ʜʣʷ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʧʦʯʚʳ; 

ï ʢ ʧʪʠʮʝʚʦʜʯʝʩʢʠʤ ʨʦʙʦʪʘʤ ʦʪʥʦʩʷʪʩʷ: 

ʨʦʙʦʪʳ ʜʣʷ ʩʦʨʪʠʨʦʚʢʠ ʷʠʮ, ʨʦʙʦʪʳ ʜʣʷ 

ʟʘʛʨʫʟʢʠ ʷʠʮ, ʨʦʙʦʪʳ ʜʣʷ ʫʧʘʢʦʚʢʠ ʷʠʮ; 

ï ʢ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ ʨʦʙʦʪʘʤ ʦʪʥʦʩʷʪʩʷ: 

ʨʦʙʦʪʳ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʫʛʦʜʠʡ, ʨʦʙʦʪʳ 

ʩʦʨʪʠʨʦʚʱʠʢʠ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ, ʨʦʙʦʪʳ 

ʧʦ ʫʧʘʢʦʚʢʝ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʚʳʧʦʣʥʷʝʤʳʭ 

ʦʧʝʨʘʮʠʡ ʚ ʨʦʙʦʪʘʭ ʣʠʙʦ ʦʪʩʫʪʩʪʚʫʶʪ, ʣʠʙʦ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ: 

[5] 

ï ʩʪʘʮʠʦʥʘʨʥʳʝ ʨʦʙʦʪʳ ï ʙʝʟ ʫʩʪʨʦʡʩʪʚ ʜʣʷ 

ʧʝʨʝʤʝʱʝʥʠʷ; 

ï ʤʦʙʠʣʴʥʳʝ ʨʦʙʦʪʳ: ʢʦʣʝʩʥʳʝ ʨʦʙʦʪʳ, 

ʛʫʩʝʥʠʯʥʳʝ ʨʦʙʦʪʳ, ʨʦʙʦʪʳ ʜʣʷ 

ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ ʚʦʜʝ, ʨʦʙʦʪʳ ʜʣʷ 

ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ ʚʦʟʜʫʭʫ (ʙʝʩʧʠʣʦʪʥʳʝ 

ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ).  

ʊʘʢʞʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʫʧʨʘʚʣʝʥʠʷ 

ʨʦʙʦʪʳ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ: 

ï ʫʧʨʘʚʣʷʝʤʳ ʦʧʝʨʘʪʦʨʦʤ, ʪʦ ʝʩʪʴ ʙʝʟ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ; 

ï ʧʦʣʫʘʚʪʦʥʦʤʥʳʝ, ʩ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ 

ʨʫʯʥʳʤ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʫʧʨʘʚʣʝʥʠʝʤ; 

ï ʘʚʪʦʥʦʤʥʳʝ, ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 

ʧʝʨʝʤʝʱʘʶʱʠʝʩʷ ʨʦʙʦʪʳ. 

ʇʦ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʨʦʙʦʪʳ 

ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ: 

ï ʨʦʙʦʪʦʚ, ʚʳʧʦʣʥʷʶʱʠʭ ʦʜʥʫ ʦʧʝʨʘʮʠʶ; 
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ï  ʨʦʙʦʪʦʚ, ʚʳʧʦʣʥʷʶʱʠʭ ʦʧʝʨʘʮʠʠ ʦʜʥʦʛʦ 

ʚʠʜʘ; 

ï ʨʦʙʦʪʦʚ, ʚʳʧʦʣʥʷʶʱʠʭ ʨʷʜ ʨʘʟʣʠʯʥʳʭ 

ʦʩʥʦʚʥʳʭ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ. 

ɼʘʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩʝʣʴʩʢʦʭʦ-

ʟʷʡʩʪʚʝʥʥʳʭ ʨʦʙʦʪʦʚ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ 

ʦʙʣʘʩʪʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʚ ʢʦʪʦʨʳʭ 

ʧʨʠʤʝʥʝʥʠʝ ʨʦʙʦʪʦʚ ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʫʶ 

ʘʢʪʫʘʣʴʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʚʳʷʚʠʪʴ ʥʘʧʨʘʚʣʝʥʠʷ 

ʛʜʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʦʙʦʪʠʟʘʮʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʥʝʜʦʩʪʘʪʦʯʥʦʤ ʦʙʲʝʤʝ ʠ ʜʘʪʴ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʝ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʦʙʦʪʦʚ. 

ʉʦʛʣʘʩʥʦ ʜʠʘʛʨʘʤʤʝ ʧʨʦʮʝʥʪʥʦʛʦ 

ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʨʦʙʦʪʦʚ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ 

(ʨʠʩ.2), ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʨʦʙʦʪʦʚ 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʤʦʣʦʯʥʳʝ ʬʝʨʤʳ ʂʈʉ, ʢ ʥʠʤ 

ʦʪʥʦʩʷʪʩʷ: ʜʦʠʣʴʥʳʝ ʨʦʙʦʪʳ (ʨʠʩ. 4ʘ), 

ʨʦʙʦʪʳ ʜʣʷ ʚʳʧʦʡʢʠ ʪʝʣʷʪ (ʨʠʩ.4ʙ), 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʜʣʷ ʫʭʦʜʘ ʟʘ 

ʞʠʚʦʪʥʳʤʠ (ʨʠʩ. 4ʚ), ʨʦʙʦʪʳ ʜʣʷ ʢʦʨʤʣʝʥʠʷ 

ʞʠʚʦʪʥʳʭ (ʨʠʩ.4ʛ, ʜ, ʝ, ʞ), 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʧʘʩʪʙʠʱʥʳʝ ʩʠʩʪʝʤʳ 

(ʨʠʩ 4ʟ), ʘ ʪʘʢʞʝ ʨʦʙʦʪʳ ʜʣʷ ʫʙʦʨʢʠ ʥʘʚʦʟʘ 

(ʨʠʩ.4ʠ). [6-9] 

 
ʘ) 

 
                ʙ)                        ʚ) 

 
ʛ) 

 

 
ʜ) 

 
ʝ) 

 
ʞ) 
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ʟ) 

 
ʠ) 

ʈʠʩ. 4. ɺʠʜʳ ʨʦʙʦʪʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʥʘ ʤʦʣʦʯʥʳʭ 

ʬʝʨʤʘʭ ʂʈʉ 

ʘ) ʜʦʠʣʴʥʳʡ ʨʦʙʦʪ; ʙ) ʨʦʙʦʪ ʜʣʷ ʚʳʧʦʡʢʠ 

ʪʝʣʷʪ; ʚ) ʨʦʙʦʪ-ʱʝʪʢʘ; ʛ) ʣʝʥʪʦʯʥʳʡ ʢʦʥʚʝʡʝʨ 

ʜʣʷ ʨʘʟʜʘʯʠ ʢʦʨʤʘ; ʜ) ʧʦʜʚʝʩʥʦʡ ʨʦʙʦʪ-

ʢʦʨʤʦʨʘʟʜʘʪʯʠʢ; ʝ) ʨʦʙʦʪ ʩʤʝʩʠʪʝʣʴ-

ʢʦʨʤʦʨʘʟʜʘʪʯʠʢ; ʞ) ʨʦʙʦʪ ʢʦʨʤʦʨʘʟʜʘʪʯʠʢ-

ʧʦʜʦʜʚʠʛʘʪʝʣʴ ʢʦʨʤʦʚ; ʟ) ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʘʷ 

ʧʘʩʪʙʠʱʥʘʷ ʩʠʩʪʝʤʘ; ʠ) ʨʦʙʦʪ ʜʣʷ ʫʙʦʨʢʠ 

ʥʘʚʦʟʘ 

 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʥʘ ʤʦʣʦʯʥʳʭ ʬʝʨʤʘʭ ʂʈʉ 

ʨʦʙʦʪʳ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʜʣʷ ʚʩʝʭ 

ʦʧʝʨʘʮʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʮʠʢʣʘ 

ʩʦʜʝʨʞʘʥʠʷ ʞʠʚʦʪʥʳʭ. ɼʘʣʴʥʝʡʰʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʚ ʜʘʥʥʦʡ ʦʪʨʘʩʣʠ 

ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʜʦʣʞʥʳ ʙʳʪʴ 

ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʥʘʜʝʞʥʦʩʪʠ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʦʙʦʪʦʚ ʠ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ 

ʩʠʩʪʝʤ. 

ɼʣʷ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʬʝʨʤ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʦʙʦʪʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʥʘ 

ʤʦʣʦʯʥʳʭ ʬʝʨʤʘʭ ʂʈʉ, ʪʘʢʠʝ ʢʘʢ: ʨʦʙʦʪʳ 

ʢʦʨʤʦʨʘʟʜʘʪʯʠʢʠ, ʨʦʙʦʪʳ ʧʦ ʫʭʦʜʫ ʟʘ 

ʞʠʚʦʪʥʳʤʠ, ʧʘʩʪʙʠʱʥʳʝ ʩʠʩʪʝʤʘ ʠ ʨʦʙʦʪʳ 

ʜʣʷ ʫʙʦʨʢʠ ʥʘʚʦʟʘ.  

ʅʘ ʩʚʠʥʦʚʦʜʯʝʩʢʠʭ ʬʝʨʤʘʭ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʢʦʨʤʦʚʳʝ ʩʪʘʥʮʠʠ (ʨʠʩ. 

5) ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ 

ʢʦʨʤʣʝʥʠʝ ʩʚʠʥʦʤʘʪʦʢ ʠ ʨʝʤʦʥʪʥʦʛʦ 

ʤʦʣʦʜʥʷʢʘ ʧʨʠ ʛʨʫʧʧʦʚʦʤ ʩʦʜʝʨʞʘʥʠʠ. 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʜʘʥʥʳʭ ʢʦʨʤʦʚʳʭ ʩʪʘʥʮʠʡ 

ʷʚʣʷʶʪʩʷ: ʠʩʢʣʶʯʝʥʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ 

ʬʘʢʪʦʨʘ, ʵʢʦʥʦʤʠʷ ʢʦʨʤʦʚ, ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʦʧʦʨʦʩʦʚ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʭʦʪʳ ʫ ʞʠʚʦʪʥʳʭ. [10] 

 

 
ʈʠʩ.5. ʈʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʢʦʨʤʦʚʳʝ ʩʪʘʥʮʠʠ ʜʣʷ 

ʢʦʨʤʣʝʥʠʷ ʩʚʠʥʦʤʘʪʦʢ ʠ ʨʝʤʦʥʪʥʦʛʦ ʤʦʣʦʜʥʷʢʘ 

 

ʅʘ ʢʨʫʧʥʳʭ ʩʚʠʥʦʬʝʨʤʘʭ ʠ ʢʦʤʧʣʝʢʩʘʭ 

ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ ʜʝʟʠʥʬʝʢʮʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʡ. ɼʣʷ ʨʝʰʝʥʠʷ 

ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʨʘʟʨʘʙʦʪʘʥʳ ʤʦʝʯʥʳʝ 

ʨʦʙʦʪʳ (ʨʠʩ.6) ʠʩʢʣʶʯʘʶʱʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʨʫʯʥʦʛʦ ʪʨʫʜʘ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʠʩʢʠ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʧʘʜʘʥʠʝʤ ʛʨʠʙʢʦʚʦʡ 

ʤʠʢʨʦʬʣʦʨʳ ʚ ʜʳʭʘʪʝʣʴʥʳʝ ʧʫʪʠ 

ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ. 
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ʈʠʩ. 6. ʈʦʙʦʪ ʜʣʷ ʤʦʡʢʠ ʩʪʘʥʢʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʥʘ ʩʚʠʥʦʬʝʨʤʘʭ 

 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʦʣʦʯʥʳʭ ʬʝʨʤ ʂʈʉ, ʥʘ 

ʩʚʠʥʦʚʦʜʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʨʦʙʦʪʳ ʠ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝ ʪʘʢ 

ʰʠʨʦʢʦ ʠ ʜʘʣʴʥʝʡʰʠʝ ʨʘʟʨʘʙʦʪʢʠ ʜʦʣʞʥʳ 

ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʦʙʦʪʠʟʘʮʠʶ 

ʚʳʢʘʨʤʣʠʚʘʥʠʷ ʧʦʨʦʩʷʪ ʩʦʩʫʥʦʚ, ʠʟʤʝʥʝʥʠʝ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʣʦʱʘʜʠ ʩʪʘʥʢʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʦʩʪʘ ʞʠʚʦʪʥʳʭ, ʘ ʪʘʢʞʝ 

ʨʘʟʨʘʙʦʪʢʫ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ 

ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʨʘʮʠʦʥʘ ʩʚʠʥʝʡ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ. 

ɺ ʧʪʠʮʝʚʦʜʩʪʚʝ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ 

ʩʠʩʪʝʤʳ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ ʩʦʨʪʠʨʦʚʢʝ, 

ʟʘʛʨʫʟʢʝ ʠ ʫʧʘʢʦʚʢʝ ʷʠʮ (ʨʠʩ 7 ʘ, ʙ, ʚ).[11] 

 
ʘ) 

 
ʙ) 

 
ʚ) 

ʈʠʩ.7. ɺʠʜʳ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʧʪʠʮʝʚʦʜʩʪʚʝ 

ʘ) ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʡ ʷʡʮʝʩʦʨʪʠʨʦʚʘʣʴʥʳʡ 

ʢʦʤʧʣʝʢʩ; ʙ) ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ 

ʟʘʛʨʫʟʢʠ ʷʠʮ; ʚ) ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ 

ʫʧʘʢʦʚʢʠ ʩʪʦʣʦʚʦʛʦ ʷʡʮʘ 

 

ɼʣʷ ʩʦʨʪʠʨʦʚʢʠ ʷʠʮ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʟʝʨʢʘʣʴʥʦʤ ʧʨʦʩʚʝʯʠʚʘʥʠʠ, 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʡ ʩʦʨʪʠʨʦʚʢʫ ʧʠʱʝʚʳʭ 

ʷʠʮ, ʩ ʫʯʝʪʦʤ ʯʠʩʪʦʪʳ, ʮʝʣʦʩʪʠ, ʩʦʩʪʦʷʥʠʷ 

ʢʘʯʝʩʪʚʘ ʠ ʨʘʟʤʝʨʘ ʷʠʮ. ʈʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ 

ʩʠʩʪʝʤʳ ʟʘʛʨʫʟʢʠ ʷʠʮ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʜʣʷ 

ʨʘʙʦʪʳ ʚ ʩʫʭʠʭ ʠ ʚʣʘʞʥʳʭ ʧʦʤʝʱʝʥʠʷʭ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʙʨʘʙʦʪʢʠ ʷʠʮ ʨʘʟʣʠʯʥʳʭ 

ʚʠʜʦʚ ʧʪʠʮ, ʫʧʘʢʦʚʘʥʥʳʭ ʚ ʙʫʤʘʞʥʫʶ ʠʣʠ 

ʧʣʘʩʪʠʢʦʚʫʶ ʪʘʨʫ. ʈʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʧʦ ʫʧʘʢʦʚʢʝ ʷʠʮ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʟʘʱʠʪʫ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʦʪ ʚʥʝʰʥʠʭ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʨʘʟʣʠʯʥʳʭ 

ʧʦʚʨʝʞʜʝʥʠʡ ʠ ʟʘʛʨʷʟʥʝʥʠʡ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʚ ʧʪʠʮʝʚʦʜʩʪʚʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ 

ʬʝʨʤʘʭ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʷʠʮ, ʥʦ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʫʶʪ ʥʘ ʧʪʠʮʝʬʘʙʨʠʢʘʭ 

ʤʷʩʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ 

ʜʘʣʴʥʝʡʰʠʝ ʨʘʟʨʘʙʦʪʢʠ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʜʦʣʞʥʳ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʥʘ 

ʟʘʛʨʫʟʢʫ ʮʳʧʣʷʪ ʠ ʚʳʛʨʫʟʢʫ ʧʪʠʮʳ ʥʘ ʫʙʦʡ 

ʠʟ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʡ, 

ʜʝʟʠʥʬʝʢʮʠʶ ʢʫʨʷʪʥʠʢʦʚ, ʫʙʦʨʢʫ ʧʦʤʝʪʘ ʥʘ 

ʧʪʠʮʝʚʦʜʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ, 

ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʠʭʩʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʷʩʘ 

ʧʪʠʮʳ.   

ɺ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʙʝʩʧʠʣʦʪʥʳʝ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʪʨʘʢʪʦʨʘ, ʩ ʢʦʪʦʨʳʤʠ 
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ʘʛʨʝʛʘʪʠʨʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ (ʨʠʩ.8). 

 
ʈʠʩ. 8. ɹʝʩʧʠʣʦʪʥʳʡ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʡ 

ʪʨʘʢʪʦʨ 
 

ɺ ʩʚʷʟʠ ʩ ʥʝʭʚʘʪʢʦʡ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʨʘʙʦʯʠʭ, ʨʦʙʦʪʳ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʪʝʧʣʠʯʥʳʭ 

ʭʦʟʷʡʩʪʚʘʭ (ʨʠʩ.9). ɼʘʥʥʳʝ ʫʩʪʨʦʡʩʪʚʦ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʧʦʩʘʜʢʠ 

ʨʘʩʪʝʥʠʡ, ʫʭʦʜ ʟʘ ʥʠʤʠ, ʘ ʪʘʢʞʝ ʩʙʦʨ ʫʨʦʞʘʷ. 

 
ʈʠʩ.9.ʊʝʧʣʠʯʥʳʡ ʨʦʙʦʪ ï ʩʘʜʦʚʥʠʢ 

 

ʊʘʢʞʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚʝʜʸʪʩʷ 

ʘʢʪʠʚʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʙʝʩʧʠʣʦʪʥʳʭ 

ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ 

ʧʦ ʩʙʦʨʫ ʠʥʬʦʨʤʘʮʠʠ ʠ ʤʦʥʠʪʦʨʠʥʛʫ 

ʧʦʢʘʟʘʪʝʣʝʡ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʯʚʳ, 

ʦʧʨʳʩʢʠʚʘʥʠʶ ʨʘʩʪʝʥʠʡ, ʘ ʪʘʢʞʝ ʜʦʩʪʘʚʢʝ 

ʩʦʙʨʘʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʚ ʭʨʘʥʠʣʠʱʘ. 

ɺʩʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʦʙʦʪʳ ʠ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʠʤʝʥʷʶʪʩʷ ʪʦʣʴʢʦ ʥʘ 

ʢʨʫʧʥʳʭ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ, ʧʪʠʮʝʚʦʜʯʝʩʢʠʭ 

ʠ ʨʘʩʪʝʥʠʝʚʦʜʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʘ ʜʣʷ 

ʤʝʣʢʦʪʦʚʘʨʥʳʭ ʩʝʣʴʭʦʟʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʥʝ 

ʩʫʱʝʩʪʚʫʶʪ ʪʝʭʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʦʙʦʪʠʟʘʮʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɸ ʫʯʠʪʳʚʘʷ, 

ʯʪʦ ʤʝʣʢʦʪʦʚʘʨʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʩʝʣʴʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ 

ʈʦʩʩʠʠ ʠ ʚʳʧʦʣʥʷʝʪ ʚʘʞʥʳʝ ʩʦʮʠʘʣʴʥʦ-

ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ, ʥʝʦʙʭʦʜʠʤʦʡ 

ʷʚʣʷʪʁʩʷ ʨʘʟʨʘʙʦʪʢʠ ʨʦʙʦʪʦʚ ʠ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʩʥʠʞʝʥʠʝ ʪʨʫʜʦʟʘʪʨʘʪ ʠ ʧʦʚʳʰʝʥʠʝ 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʢʨʝʩʪʴʷʥʩʢʦ-ʬʝʨʤʝʨʩʢʠʭ 

ʭʦʟʷʡʩʪʚ. ɺ ʀʥʩʪʠʪʫʪʝ ʘʛʨʦʠʥʞʝʥʝʨʥʳʭ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ï 

ʬʠʣʠʘʣʝ ʌɻɹʅʋ ʌʅɸʎ ɺʀʄ ʨʘʟʨʘʙʦʪʘʥ 

ʨʷʜ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʜʣʷ 

ʩʦʜʝʨʞʘʥʠʷ ʠ ʚʳʨʘʱʠʚʘʥʠʷ ʞʠʚʦʪʥʳʭ ʠ 

ʧʪʠʮ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʩʠʩʪʝʤ ʨʘʟʜʘʯʠ ʢʦʨʤʦʚ, ʚʦʜʳ, ʫʜʘʣʝʥʠʷ 

ʥʘʚʦʟʘ, ʘ ʪʘʢʞʝ ʦʨʛʘʥʠʟʘʮʠʠ ʦʧʪʠʤʘʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʢʣʠʤʘʪʘ ʜʣʷ ʞʠʚʦʪʥʳʭ ʠ 

ʧʪʠʮ (ʨʠʩ. 10).[12,13] 

 
ʈʠʩ.10. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʤʦʜʫʣʠ ʜʣʷ ʩʦʜʝʨʞʘʥʠʷ ʠ ʚʳʨʘʱʠʚʘʥʠʷ ʞʠʚʦʪʥʳʭ ʠ ʧʪʠʮ 
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ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ 

ʤʝʩʪʘʭ ʥʝʚʦʟʤʦʞʥʳʭ ʜʣʷ ʢʘʧʠʪʘʣʴʥʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʘ ʪʘʢʞʝ ʥʝʟʘʚʠʩʠʤʦʩʪʴ 

ʤʦʜʫʣʝʡ ʦʪ ʮʝʥʪʨʘʣʴʥʳʭ ʩʝʪʝʡ ʠ 

ʢʦʤʤʫʥʠʢʘʮʠʡ.  

ɺʳʚʦʜʳ  

ʇʨʠʚʝʜʝʥʥʘʷ ʚ ʩʪʘʪʴʝ ʢʣʘʩʩʠʬʠʢʘʮʠʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʦʙʦʪʦʚ ʠ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʧʦʟʚʦʣʷʝʪ 

ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʝ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ 

ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ 

ʦʙʣʘʩʪʠ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ, ʪʘʢʠʝ 

ʢʘʢ ʨʦʙʦʪʠʟʘʮʠʷ ʚʳʢʘʨʤʣʠʚʘʥʠʷ ʧʦʨʦʩʷʪ 

ʩʦʩʫʥʦʚ, ʩʦʟʜʘʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ 

ʠʟʤʝʥʝʥʠʷ ʠ  ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 

ʧʣʦʱʘʜʴʶ ʩʪʘʥʢʦʚ ʩʚʠʥʦʚʦʜʯʝʩʢʠʭ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʨʘʟʨʘʙʦʪʢʠ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ 

ʩʠʩʪʝʤ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʨʘʮʠʦʥʘ ʞʠʚʦʪʥʳʭ ʠ 

ʧʪʠʮ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ. ʊʘʢʞʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʤʝʣʢʦʪʦʚʘʨʥʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʜʣʷ ʩʦʜʝʨʞʘʥʠʷ ʠ 

ʚʳʨʘʱʠʚʘʥʠʷ ʞʠʚʦʪʥʳʭ ʠ ʧʪʠʮ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʙʳʩʪʨʳʡ ʩʪʘʨʪ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʫʜʘʣʝʥʥʳʡ ʢʦʥʪʨʦʣʴ ʟʘ 

ʚʳʧʦʣʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʚʳʨʘʱʠʚʘʥʠʷ ʞʠʚʦʪʥʳʭ ʠ ʧʪʠʮ. 
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ʀʥʩʪʠʪʫʪ ʘʛʨʦʠʥʞʝʥʝʨʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʀɸʕʇ) ï 

ʬʠʣʠʘʣ ʌɻɹʅʋ ʌʅɸʎ ɺʀʄ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

  

ɼʣʷ ʚʩʝʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʩʫʱʝʩʪʚʫʶʪ ʩʚʦʠ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʣʘʞʥʦʩʪʥʳʝ ʨʝʞʠʤʳ 

ʩʦʜʝʨʞʘʥʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʦʥʠ ʯʫʚʩʪʚʫʶʪ ʩʝʙʷ ʢʦʤʬʦʨʪʥʦ ʠ ʠʤʝʶʪ ʥʘʠʚʳʩʰʫʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ. ʕʪʦ 

ʩʣʦʞʥʳʝ ʧʨʦʮʝʩʩʳ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʧʦʩʪʦʷʥʥʦʡ  ʜʠʥʘʤʠʢʝ ʠ ʟʘʚʠʩʷʪ ʦʪ ʤʝʥʷʶʱʠʭʩʷ ʚʥʝʰʥʠʭ 

ʫʩʣʦʚʠʡ, ʪʝʭʥʦʣʦʛʠʠ ʩʦʜʝʨʞʘʥʠʷ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʞʠʚʦʪʥʳʭ. ʈʘʩʯʝʪʳ ʩʠʩʪʝʤ ʚʦʟʜʫʭʦʦʙʤʝʥʘ  

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʜʘʥʠʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʦʜʷʪʩʷ ʧʦ ʦʙʱʝʧʨʠʥʷʪʳʤ 

ʥʦʨʤʘʪʠʚʘʤ. ʆʜʥʘʢʦ ʦʥʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʫʯʠʪʳʚʘʶʪ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʩʳʨʴʷ ʠ ʦʪʭʦʜʦʚ, 

ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʙʠʦʣʦʛʦ-ʚʝʪʝʨʠʥʘʨʥʳʝ, ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʩʠʩʪʝʤʘʤ ʤʠʢʨʦʢʣʠʤʘʪʘ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʧʦʤʝʱʝʥʠʡ. ʕʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʤʠʢʨʦʢʣʠʤʘʪʦʤ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʠ ʚʳʩʦʢʦʡ ʥʘʜʝʞʥʦʩʪʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʧʨʠ ʩʥʠʞʝʥʠʠ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʩʭʝʤʳ 

ʜʚʫʭ  ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ  ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ. ʇʝʨʚʘʷ ï ʵʪʦ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʦʤ 

ʦʪʜʝʣʴʥʦʛʦ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʛʦ ʧʦʤʝʱʝʥʠʷ ʠʣʠ ʥʝʙʦʣʴʰʦʡ ʬʝʨʤʳ,  ʥʘ ʙʘʟʝ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʨʝʛʠʩʪʨʘʪʦʨʘ çʇʘʨʘʛʨʘʬ PL2è; ʠʤʝʝʪ ʦʪ 2 ʜʦ 48  ʚʭʦʜʥʳʭ ʢʘʥʘʣʦʚ ʩ ʚʨʝʤʝʥʝʤ ʦʧʨʦʩʘ ʦʪ 0,1 ʩ ʜʦ 10 

ʤʠʥ, 8 ʘʥʘʣʦʛʦʚʳʭ ʠ 24 ʜʠʩʢʨʝʪʥʳʭ ʚʳʭʦʜʘ, ʧʘʤʷʪʴ ʥʘ 250 ʤʣʥ. ʠʟʤʝʨʝʥʠʡ, ʦʧʝʨʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ ʥʘ 

ʦʩʥʦʚʝ Linux, ʮʚʝʪʥʦʡ ʜʠʩʧʣʝʡ, ʠʥʪʝʨʬʝʡʩʳ RS-485, RS-232, USB. ɺʪʦʨʘʷ ï ʵʪʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ 

ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʦʤ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʙʘʟʝ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ 

ʢʦʥʪʨʦʣʣʝʨʦʚ ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʰʠʨʦʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʫʧʨʘʚʣʝʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʦʤ ʧʦʤʝʱʝʥʠʡ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠ ʦʪ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ. 

ʅʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʥʘ ʤʦʣʦʯʥʦʡ ʬʝʨʤʝ ʩʥʠʞʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʞʠʚʦʪʥʳʭ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʢʦʨʦʚ ʥʘ 14 ï 30%. 
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DIGITAL  TECHNOLOGIES IN THE BARN INSIDE CLIMATE CONTROL 

 

V.F. Vtoryi, DSc (Engineering);   

S.V. Vtoryi,  Cand. Sc. (Engineering);  

R.M. Ilin 

 

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

VIM,  Saint Petersburg, Russia 

 

All farm animals require particular temperature and humidity inside animal houses, under which they 

feel comfortable and demonstrate the highest productivity.  Inside climate conditions are the constantly 

changing complex processes, which depend on varying outside conditions, housing practice and animal care. 

Air exchange systems in animal houses are currently calculated according to generally accepted standards. 

However, these calculations practically do not take into account the biological activity of raw materials and 

waste, specific biological, veterinary, thermal, technological and energy requirements for the systems 

designed to provide the inside environment in livestock premises. This task may be fulfilled by the 

automated intelligent microclimate control systems: they are highly reliable and optimise the operation of 

equipment under the lower energy inputs and operating expenditures. The article considers schematic 

diagrams of two intelligent control systems. The first is the microclimate control system for an individual 

livestock house or a small farm. It is based on the electronic recorder "Paragraph PL2" and has from two to 

48 input channels, with the sampling time being from 0.1 seconds to 10 minutes, 8 analog and 24 discrete 

outputs, the memory for 250 millions of measurements, the Linux operating system, a color display, and RS-

485, RS-232, and USB interfaces. The second system is an intelligent climate control system for a livestock 

complex on the basis of programmable controllers. It has more extensive capabilities to control the inside 

climate of the premises located at a considerable distance from each other and the central computer. 

Unfavorable inside climate parameters on the dairy farm reduce the efficiency of the genetic potential of 

animals and cows' productivity by 14 ï 30%. 

 

Key words: livestock house, inside climate, automation, intelligent system. 
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ɺʚʝʜʝʥʠʝ 

ɼʣʷ ʚʩʝʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʞʠʚʦʪʥʳʭ ʩʫʱʝʩʪʚʫʶʪ ʩʚʦʠ ʪʝʤʧʝʨʘʪʫʨʥʦ- 

ʚʣʘʞʥʦʩʪʥʳʝ ʨʝʞʠʤʳ ʩʦʜʝʨʞʘʥʠʷ ʧʨʠ 

ʢʦʪʦʨʳʭ ʦʥʠ ʯʫʚʩʪʚʫʶʪ ʩʝʙʷ ʢʦʤʬʦʨʪʥʦ ʠ 

ʠʤʝʶʪ ʥʘʠʚʳʩʰʫʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ. ɼʣʷ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ 

ʩʢʦʪʘ ʟʦʥʘ ʢʦʤʬʦʨʪʘ  ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ ʦʪ +4 ʜʦ +20 Üʉ, ʜʣʷ 

ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʭ ʢʦʨʦʚ  ʦʪ +9 ʜʦ +16 Üʉ.  

ʇʨʠ ʥʝʩʦʙʣʶʜʝʥʠʠ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʫʜʦʝʚ. ʊʘʢ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʠ 25 Üʉ 

ʞʠʚʦʪʥʳʝ ʪʝʨʷʶʪ ʜʦ  17%, ʘ ʧʨʠ 30 Üʉ ï 

ʦʢʦʣʦ 33% ʩʚʦʝʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. 

ʇʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʢʦʨʦʚʳ 

ʧʝʨʝʥʦʩʷʪ ʟʥʘʯʠʪʝʣʴʥʦ ʣʝʛʯʝ. ʊʘʢ ʧʨʠ  -5 Üʉ 

ʧʦʪʝʨʠ ʤʦʣʦʢʘ ʤʦʛʫʪ ʩʦʩʪʘʚʠʪ ʜʦ 14%.   [1].   

ʊʝʤʧʝʨʘʪʫʨʫ ʚʦʟʜʫʭʘ ʚʩʝʛʜʘ ʩʣʝʜʫʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʦʚʤʝʩʪʥʦ ʩ ʚʣʘʞʥʦʩʪʴʶ. ʊʘʢ, 

ʝʩʣʠ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ 

60% ʛʨʘʥʠʮʘ ʥʦʨʤʘʣʴʥʦʛʦ ʩʘʤʦʯʫʚʩʪʚʠʷ 

ʥʘʭʦʜʠʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ ʜʦ 28Áʉ, ʪʦ ʧʨʠ 

ʚʣʘʞʥʦʩʪʠ 80% ʦʥʘ ʦʧʫʩʢʘʝʪʩʷ ʜʦ 23Á[2].   

ʆʩʦʙʝʥʥʦ ʚʘʞʥʦ ʩʦʙʣʶʜʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʤʠʢʨʦʢʣʠʤʘʪʫ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʤʦʣʦʜʥʷʢʘ. 

ɼʘʞʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʝ ʦʪʢʣʦʥʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚʥʠʟ ʦʪ ʜʦʧʫʩʪʠʤʦʡ 
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ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʛʠʙʝʣʠ ʤʦʣʦʜʥʷʢʘ ʠʣʠ 

ʚʳʟʚʘʪʴ ʤʘʩʩʦʚʳʝ ʧʨʦʩʪʫʜʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ. 

ɿʘʪʨʘʪʳ ʥʘ ʦʙʦʛʨʝʚ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ 

ʧʦʤʝʱʝʥʠʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, 

ʯʝʤ ʧʦʪʝʨʠ ʦʪ ʧʘʜʝʞʘ, ʩʥʠʞʝʥʠʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʧʝʨʝʨʘʩʭʦʜʘ ʢʦʨʤʦʚ [3]. 

ʄʠʢʨʦʢʣʠʤʘʪ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʛʦ 

ʧʦʤʝʱʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʩʪʦʷʥʥʦʡ 

ʜʠʥʘʤʠʢʝ  ʠ ʟʘʚʠʩʠʪ ʦʪ ʧʦʩʪʦʷʥʥʦ 

ʤʝʥʷʶʱʠʭʩʷ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ, ʩʧʦʩʦʙʦʚ ʠ 

ʩʨʝʜʩʪʚ  ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʦʧʝʨʘʮʠʡ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʠ ʦʙʩʣʫʞʠʚʘʥʠʶ 

ʞʠʚʦʪʥʳʭ[4,5]   ʕʪʦ ʩʣʦʞʥʳʝ ʧʨʦʮʝʩʩʳ,  ʥʝ 

ʠʤʝʶʱʠʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʜʨʦʙʥʳʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʧʠʩʘʥʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ   ʤʠʢʨʦʢʣʠʤʘʪʘ ʥʘ ʤʦʣʦʯʥʦʡ 

ʬʝʨʤʝ, ʨʘʟʨʘʙʦʪʢʘ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ   ʵʪʦ 

ʩʝʛʦʜʥʷ ʘʢʪʫʘʣʴʥʘʷ ʟʘʜʘʯʘ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʠ ʧʦʩʪʦʷʥʥʦ ʚʦʟʨʘʩʪʘʶʱʝʡ  

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ ʞʠʚʦʪʥʳʭ,  ʪʨʝʙʫʶʱʠʭ 

ʦʩʦʙʦʛʦ ʧʦʜʭʦʜʘ ʢ ʫʩʣʦʚʠʷʤ ʩʦʜʝʨʞʘʥʠʷ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʄʠʢʨʦʢʣʠʤʘʪ ʢʦʨʦʚʥʠʢʘ - ʵʪʦ  

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ ʬʠʟʠʯʝʩʢʠʝ, 

ʭʠʤʠʯʝʩʢʠʝ  ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ,  

ʦʢʘʟʳʚʘʶʱʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʠʣʠ 

ʦʪʨʠʮʘʪʝʣʴʥʦʝ  ʚʦʟʜʝʡʩʪʚʠʝ  ʥʘ ʞʠʚʦʪʥʳʭ. ʂ 

ʦʩʥʦʚʥʳʤ ʥʦʨʤʠʨʫʝʤʳʤ ʬʘʢʪʦʨʘʤ ʦʪʥʦʩʷʪʩʷ 

ʪʝʤʧʝʨʘʪʫʨʘ,  ʚʣʘʞʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ, ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʢʠʩʣʦʛʦ 

ʛʘʟʘ, ʘʤʤʠʘʢʘ, ʩʝʨʦʚʦʜʦʨʦʜʘ, ʩʦʜʝʨʞʘʥʠʝ 

ʧʳʣʠ ʚ ʚʦʟʜʫʭʝ ʧʦʤʝʱʝʥʠʷ, ʦʩʚʝʱʝʥʥʦʩʪʴ 

ʧʦʤʝʱʝʥʠʡ ʜʣʷ ʩʦʜʝʨʞʘʥʠʷ ʞʠʚʦʪʥʳʭ ʠ 

ʨʘʙʦʯʠʭ ʤʝʩʪ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʟʦʨʘ ʠ ʤʝʪʦʜʘ 

ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ   ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʷ ʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 

ʤʠʢʨʦʢʣʠʤʘʪʦʤ ʠʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ 

ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ,  ʧʨʠʥʮʠʧʳ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ [6] ʜʝʡʩʪʚʫʶʱʠʭ ʬʝʨʤ 

ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʧʦʟʚʦʣʷʝʪ ʫʪʦʯʥʠʪʴ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʨʘʟʨʘʙʦʪʘʪʴ ʤʦʜʝʣʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʘ ʢʦʨʦʚʥʠʢʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ 

ʭʦʟʷʡʩʪʚʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʅʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ 

ʢʦʨʦʚʥʠʢʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʚʥʝʰʥʠʝ ʠ 

ʚʥʫʪʨʝʥʥʠʝ ʬʘʢʪʦʨʳ. ɽʩʣʠ ʚʥʝʰʥʠʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʚʠʜʝ ʧʦʛʦʜʥʳʭ ʷʚʣʝʥʠʡ 

ʷʚʣʷʶʪʩʷ ʥʝ ʫʧʨʘʚʣʷʝʤʳʤʠ, ʥʦ 

ʧʨʦʛʥʦʟʠʨʫʝʤʳʤʠ, ʪʦ ʚʥʫʪʨʝʥʥʠʤʠ ʤʦʞʥʦ 

ʫʧʨʘʚʣʷʪʴ, ʩʦʟʜʘʚʘʷ ʜʣʷ ʞʠʚʦʪʥʳʭ ʥʘʠʙʦʣʝʝ 

ʧʨʠʝʤʣʝʤʳʝ  ʫʩʣʦʚʠʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ.  

ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ ʚ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʤ ʧʦʤʝʱʝʥʠʠ 

ʷʚʣʷʶʪʩʷ ʞʠʚʦʪʥʳʝ, ʥʦ ʠ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʦʢʘʟʳʚʘʝʪ 

ʠʩʧʦʣʴʟʫʝʤʘʷ ʪʝʭʥʦʣʦʛʠʷ ʩʦʜʝʨʞʘʥʠʷ ʠ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʞʠʚʦʪʥʳʭ.   

ʀʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʥʘʠʙʦʣʴʰʝʝ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʦʢʘʟʳʚʘʝʪ ʩʠʩʪʝʤʘ  ʫʙʦʨʢʠ ʥʘʚʦʟʘ, 

ʷʚʣʷʶʱʘʷʩʷ ʠʩʪʦʯʥʠʢʦʤ ʘʤʤʠʘʢʘ, 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʩʝʨʦʚʦʜʦʨʦʜʘ ʠ ʚʦʜʷʥʳʭ 

ʧʘʨʦʚ. ʇʨʠ ʢʦʨʤʣʝʥʠʠ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʭ 

ʢʦʨʦʚ ʚ ʚʦʣʶ, ʢʦʨʤʘ ʧʦʩʪʦʷʥʥʦ ʠ ʚ ʙʦʣʴʰʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʢʦʨʤʫʰʢʘʭ 

ʚʳʜʝʣʷʶʪ ʚ ʧʦʤʝʱʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ. ʄʦʙʠʣʴʥʳʝ 

ʩʨʝʜʩʪʚʘ ʨʘʟʜʘʯʠ ʢʦʨʤʦʚ ʩ ʜʚʠʛʘʪʝʣʷʤʠ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʜʦʙʘʚʣʷʶʪ ʩʚʦʶ ʜʦʣʶ 

ʫʛʣʝʢʠʩʣʦʛʦ ʠ ʜʨʫʛʠʭ ʚʨʝʜʥʳʭ ʛʘʟʦʚ ʚ 

ʘʪʤʦʩʬʝʨʫ ʢʦʨʦʚʥʠʢʘ. ʇʨʠ ʧʦʝʥʠʠ ʞʠʚʦʪʥʳʭ 

ʯʘʩʪʴ ʚʦʜʳ ʧʦʧʘʜʘʝʪ ʤʠʤʦ ʧʦʠʣʢʠ ʥʘ ʧʦʣ 

ʢʦʨʦʚʥʠʢʘ, ʠʩʧʘʨʷʝʪʩʷ, ʧʦʚʳʰʘʷ ʚʣʘʞʥʦʩʪʴ 

ʚʦʟʜʫʭʘ. ɺʩʝ ʵʪʦ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ 

ʩʠʩʪʝʤ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʪʨʝʙʫʝʤʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʥʦʨʤʘʤʠ, ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʤ ʧʦʤʝʱʝʥʠʠ. 
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ʉʦʟʜʘʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʠʢʨʦʢʣʠʤʘʪʘ - ʵʪʦ 

ʢʦʤʧʣʝʢʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ, ʪʝʭʥʠʯʝʩʢʠʭ, 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʛʜʝ ʦʜʥʠʤʠ 

ʠʟ ʦʩʥʦʚʥʳʭ ʷʚʣʷʶʪʩʷ ʦʨʛʘʥʠʟʘʮʠʷ 

ʜʦʩʪʘʪʦʯʥʦʛʦ ʚʦʟʜʫʭʦʦʙʤʝʥʘ ʟʘ ʩʯʝʪ 

ʘʢʪʠʚʥʦʡ ʝʩʪʝʩʪʚʝʥʥʦʡ ʠʣʠ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ 

ʚʝʥʪʠʣʷʮʠʠ.    

ʈʘʩʯʝʪʳ ʩʠʩʪʝʤ ʚʦʟʜʫʭʦʦʙʤʝʥʘ  

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʟʜʘʥʠʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʦʜʷʪʩʷ ʧʦ 

ʦʙʱʝʧʨʠʥʷʪʳʤ ʥʦʨʤʘʪʠʚʘʤ. ʆʜʥʘʢʦ ʦʥʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʫʯʠʪʳʚʘʶʪ ʙʠʦʣʦʛʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʩʳʨʴʷ ʠ ʦʪʭʦʜʦʚ, ʩʧʝʮʠʬʠʯʝʩʢʠʝ 

ʙʠʦʣʦʛʦ-ʚʝʪʝʨʠʥʘʨʥʳʝ, ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ, 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʩʠʩʪʝʤʘʤ 

ʦʙʝʩʧʝʯʝʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʘ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʜʘʥʠʡ. ʈʝʟʫʣʴʪʘʪʦʤ 

ʷʚʣʷʶʪʩʷ ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʝ ʦʪʢʣʦʥʝʥʠʷ 

ʨʝʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʷʭ 

ʦʪ ʨʘʩʯʝʪʥʳʭ, ʥʝʦʙʦʩʥʦʚʘʥʥʦʝ ʟʘʚʳʰʝʥʠʝ 

ʫʩʪʘʥʦʚʦʯʥʳʭ ʤʦʱʥʦʩʪʝʡ ʩʠʩʪʝʤ [7].  

ʊʘʢʦʡ ʚʘʞʥʝʡʰʠʡ ʬʘʢʪʦʨ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʷʭ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ 

ʥʝʨʘʚʥʦʤʝʨʥʦ ʧʦ ʧʣʦʱʘʜʠ ʠ ʚʳʩʦʪʝ ʟʜʘʥʠʡ. 

ɺ ʦʜʥʦʡ ʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʞʝʪ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʥʦʨʤʘʪʠʚʘʤ, ʚ ʜʨʫʛʦʡ ʥʝʪ. 

ɺʳʨʦʚʥʷʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʟʜʫʭʘ ʤʦʞʥʦ 

ʧʫʪʝʤ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʮʠʦʥʘʣʴʥʦʡ 

ʮʠʨʢʫʣʷʮʠʠ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ, ʢʘʢ ʚ 

ʟʠʤʥʠʡ, ʪʘʢ ʠ ʣʝʪʥʠʡ ʧʝʨʠʦʜʳ.  

ʈʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʝʥʪʠʣʷʪʦʨʦʚ ʠ 

ʦʪʦʧʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ  ʧʦʟʚʦʣʷʶʪ ʩʥʠʟʠʪʴ 

ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʤʦʱʥʦʩʪʴ ʠ  ʢʦʣʠʯʝʩʪʚʦ 

ʨʘʩʭʦʜʫʝʤʦʡ ʵʥʝʨʛʠʠ [8]. 

ʉʝʛʦʜʥʷ  ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ 

ʩʠʩʪʝʤʫ ʦʙʝʩʧʝʯʝʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʘ 

ʧʦʤʝʱʝʥʠʡ  ʜʣʷ ʩʦʜʝʨʞʘʥʠʷ ʞʠʚʦʪʥʳʭ ʚ 

ʢʦʤʬʦʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʙʝʟ ʩʠʩʪʝʤ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʆʥʠ 

ʧʦʟʚʦʣʷʶʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ 

ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ ʩʥʠʞʝʥʠʠ 

ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʨʘʩʭʦʜʦʚ. ʇʦʚʳʰʘʝʪʩʷ ʥʘʜʝʞʥʦʩʪʴ ʩʠʩʪʝʤ 

ʦʙʝʩʧʝʯʝʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʘ ʟʘ ʩʯʝʪ ʥʘʜʝʞʥʦʡ 

ʟʘʱʠʪʳ ʦʪ ʧʝʨʝʛʨʫʟʦʢ ʠ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʛʦ 

ʠʟʥʦʩʘ ʫʟʣʦʚ ʠ ʘʛʨʝʛʘʪʦʚ. ʊʘʢ ʧʨʠʤʝʥʝʥʠʝ  

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʝʡ 

ʚʝʥʪʠʣʷʮʠʠ ʩ ʫʧʨʘʚʣʷʝʤʳʤ ʚʝʢʪʦʨʦʤ ʧʦʪʦʢʘ 

ʚʦʟʜʫʭʘ, ʦʙʜʫʚʘʶʱʝʛʦ ʚʩʝ ʟʦʥʳ ʢʦʨʦʚʥʠʢʘ, 

ʧʦʟʚʦʣʷʝʪ ʫʩʪʨʘʥʠʪʴ çʟʘʩʪʦʡʥʳʝè ʟʦʥʳ ʚ 

ʤʝʩʪʘʭ ʥʘʭʦʞʜʝʥʠʷ ʞʠʚʦʪʥʳʭ [9]. 

ʀʟ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ 

ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʫʧʨʘʚʣʷʝʤʳʝ 

ʧʨʦʮʝʩʩʳ ʧʦ ʩʥʠʞʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʩʫʪʦʢ ʠ ʜʥʷ ʥʝʜʝʣʠ, 

ʧʨʝʨʳʚʠʩʪʦʝ ʦʪʦʧʣʝʥʠʝ (ʦʭʣʘʞʜʝʥʠʝ) ʠ 

ʚʝʥʪʠʣʷʮʠʶ ʧʦʤʝʱʝʥʠʡ, ʫʯʝʪ 

ʘʩʩʠʤʠʣʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚʦʟʜʫʰʥʦʛʦ 

ʦʙʲʝʤʘ ʧʦʤʝʱʝʥʠʷ, ʪʝʧʣʦʘʢʢʫʤʫʣʠʨʫʶʱʠʭ 

ʩʚʦʡʩʪʚ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʧʦʤʝʱʝʥʠʷ ʠ ʪ. ʧ. 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʦʤ ʩʦʩʪʦʷʪ ʠʟ 

ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʧʘʨʘʤʝʪʨʦʚ, ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ 

ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʉʠʩʪʝʤʘ 

ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ  ʩʙʦʨʘ, 

ʨʝʛʠʩʪʨʘʮʠʠ, ʢʦʥʪʨʦʣʷ ʠ ʘʥʘʣʠʟʘ ʩʦʩʪʦʷʥʠʷ 

ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ 

ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʉʠʩʪʝʤʘ 

ʫʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ 

ʧʦʣʫʯʘʷ ʥʝʦʙʭʦʜʠʤʳʝ ʢʦʤʘʥʜʳ ʦʪ ʩʠʩʪʝʤʳ 

ʤʦʥʠʪʦʨʠʥʛʘ, ʧʨʠʚʦʜʠʪ ʠʣʠ ʥʝ ʧʨʠʚʦʜʠʪ ʚ 

ʜʝʡʩʪʚʠʝ ʚʝʥʪʠʣʷʪʦʨʳ, ʥʘʛʨʝʚʘʪʝʣʠ, 

ʟʘʩʣʦʥʢʠ,  ʦʨʦʩʠʪʝʣʠ ʠ ʜʨʫʛʠʝ ʫʩʪʨʦʡʩʪʚʘ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʩʨʝʜʳ.      

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩ ʙʘʟʦʡ 

ʜʘʥʥʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʧʨʘʚʣʝʥʠʝ ʩʠʩʪʝʤʦʡ 

ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ ʨʝʟʫʣʴʪʘʪʘʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʦʙʲʝʢʪʘ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʥʝ ʪʦʣʴʢʦ ʧʦʥʷʪʴ 

ʚʣʠʷʥʠʝ ʬʘʢʪʦʨʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʥʘ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ, ʥʦ ʪʘʢʞʝ ʜʘʪʴ 



          ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

          ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 

87 
 

ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʵʪʦʛʦ ʚʣʠʷʥʠʷ ʠ 

ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʨʦʧʨʠʷʪʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʫʩʪʨʘʥʝʥʠʝ ʠʣʠ ʦʛʨʘʥʠʯʝʥʠʝ ʜʝʡʩʪʚʠʷ 

ʬʘʢʪʦʨʦʚ, ʩʥʠʞʘʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ɼʣʷ 

ʪʦʛʦ ʯʪʦʙʳ ʪʝʭʥʠʢʘ, ʦʙʩʣʫʞʠʚʘʶʱʘʷ 

ʞʠʚʦʪʥʳʭ ʜʝʡʩʪʚʦʚʘʣʘ ʵʬʬʝʢʪʠʚʥʦ, ʥʫʞʥʘ 

ʠʥʬʦʨʤʘʮʠʷ ʚ ʚʠʜʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, 

ʦʪʨʘʞʘʶʱʠʭ ʨʝʘʢʮʠʶ ʞʠʚʦʪʥʳʭ ʥʘ 

ʚʦʟʜʝʡʩʪʚʠʝ ʬʘʢʪʦʨʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ [10]. 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʦʩʪʦʷʥʠʝ 

ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʤ 

ʧʦʤʝʱʝʥʠʠ ʚʦʟʤʦʞʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ. ʕʪʦ 

ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʩ ʥʝʯʝʪʢʠʤʠ 

ʧʝʨʝʤʝʥʥʳʤʠ. ʇʦʵʪʦʤʫ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ 

ʧʦʷʚʣʷʝʪʩʷ ʚʩʝ ʙʦʣʴʰʝ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ 

ʤʦʜʝʣʝʡ çʯʝʨʥʦʛʦ ʷʱʠʢʘè, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ 

ʣʝʞʘʪ ʤʝʪʦʜʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʚʳʯʠʩʣʝʥʠʡ (ʥʝʯʝʪʢʘʷ ʣʦʛʠʢʘ, ʛʝʥʝʪʠʯʝʩʢʠʝ 

ʘʣʛʦʨʠʪʤʳ, ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʠ ʪ.ʜ.) [11]. 

ɺʦ ɺʅʀʀʄɾʝ ʨʘʟʨʘʙʦʪʘʥʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ ʚ 

ʢʦʨʦʚʥʠʢʘʭ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʩʦʟʜʘʥʘ 

ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʘʵʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ 

ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ 

ʧʦʤʝʱʝʥʠʷʭ. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʠʢʠ 

ʫʪʦʯʥʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ 

ʤʠʢʨʦʢʣʠʤʘʪʘ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʞʠʚʦʪʥʳʭ ʥʘ 8-9%, ʩʥʠʟʠʪʴ 

ʠʭ ʟʘ-ʙʦʣʝʚʘʝʤʦʩʪʴ ʥʘ 6%, ʘ ʪʘʢʞʝ ʩʦʢʨʘʪʠʪʴ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʥʘ 13% [12]. 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʩʦʩʪʦʷʪ 

ʠʟ ʪʨʝʭ ʫʨʦʚʥʝʡ: ʥʠʞʥʝʛʦ - ʜʘʪʯʠʢʠ ʠʣʠ 

ʨʝʛʠʩʪʨʘʪʦʨʳ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʢʣʠʤʘʪʘ; 

ʩʨʝʜʥʝʛʦ ï ʰʢʘʬʳ ʩʙʦʨʘ, ʠʥʜʠʢʘʮʠʠ ʠ 

ʢʦʥʪʨʦʣʷ ʪʝʢʫʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʥʘ ʚʝʨʭʥʠʡ ʫʨʦʚʝʥʴ; ʚʝʨʭʥʝʛʦ ï 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʫʩʪʘʥʘʚʣʠʚʘʝʤʦʝ 

ʥʘ ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ. ʕʪʦ  ʧʦʟʚʦʣʷʝʪ 

ʦʨʛʘʥʠʟʦʚʘʪʴ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ ʩʙʦʨʘ, 

ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ 

ʤʠʢʨʦʢʣʠʤʘʪʘ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʦʚ 

ʢʦʥʪʨʦʣʷ. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʧʦʟʚʦʣʷʝʪ ʧʦʜʢʣʶʯʘʪʴʩʷ ʢ ʥʝʩʢʦʣʴʢʠʤ 

ʩʝʨʚʝʨʘʤ ʯʝʨʝʟ ʩʝʪʴ ʀʥʪʝʨʥʝʪ ʠ ʧʦʣʫʯʘʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʤʠʢʨʦʢʣʠʤʘʪʫ ʩ ʚʝʩʴʤʘ 

ʫʜʘʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. ʇʝʨʝʜʘʯʘ ʠʟʤʝʨʝʥʥʳʭ 

ʜʘʪʯʠʢʘʤʠ (ʠʣʠ ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʧʘʤʷʪʠ 

ʨʝʛʠʩʪʨʘʪʦʨʦʚ) ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʧʝʨʩʦʥʘʣʴʥʳʡ 

ʢʦʤʧʴʶʪʝʨ (ʩʝʨʚʝʨ) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ 

ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʧʨʦʚʦʜʥʦʡ ʠ ʙʝʩʧʨʦʚʦʜʥʦʡ 

ʩʚʷʟʠ ʠʣʠ ʯʝʨʝʟ ʩʝʪʴ ʀʥʪʝʨʥʝʪ [13]. 

ʆʩʥʦʚʦʡ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʷʚʣʷʝʪʩʷ  ʘʣʛʦʨʠʪʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ  

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ 

ʤʠʢʨʦʢʣʠʤʘʪʘ.  ɸʣʛʦʨʠʪʤ ʤʦʞʝʪ ʙʳʪʴ ʚ ʜʚʫʭ 

ʦʩʥʦʚʥʳʭ ʚʘʨʠʘʥʪʘʭ. ʇʝʨʚʳʡ ï ʧʨʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ 

ʚʳʙʠʨʘʝʪʩʷ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʨʘʩʩʯʠʪʘʥʥʳʡ  ʚʘʨʠʘʥʪ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʦʡ 

ʦʙʝʩʧʝʯʝʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʘ. ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ 

ï ʩʠʩʪʝʤʘ ʩʘʤʘ ʨʘʩʩʯʠʪʳʚʘʝʪ ʢʦʤʙʠʥʘʮʠʠ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʠ ʚʳʙʠʨʘʝʪ ʥʝʦʙʭʦʜʠʤʦʝ 

ʨʝʰʝʥʠʝ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ 

ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪʨʝʙʫʝʪʩʷ ʤʥʦʛʦʚʘʨʠʘʥʪʥʘʷ 

ʠʣʠ ʘʜʘʧʪʠʚʥʘʷ ʩʠʩʪʝʤʘ ʘʣʛʦʨʠʪʤʦʚ [14].             

ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ  ʤʠʢʨʦʢʣʠʤʘʪʦʤ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʛʦ ʧʦʤʝʱʝʥʠʷ: 

-  ʦʧʪʠʤʘʣʴʥʦʝ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʟʦʦʪʝʭʥʠʯʝʩʢʠʤʠ, ʚʝʪʝʨʠʥʘʨʥʳʤʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʨʝʛʫʣʠʨʦʚʘʥʠʝ 

ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩ ʫʯʝʪʦʤ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʠ ʵʢʦʥʦʤʠʠ 

ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ; 

- ʫʧʨʘʚʣʝʥʠʝ ʮʠʨʢʫʣʷʮʠʝʡ ʚʦʟʜʫʭʘ ʚʥʫʪʨʠ 

ʧʦʤʝʱʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʝʟʦʥʘ (ʟʠʤʘ, 

ʣʝʪʦ, ʧʝʨʝʭʦʜʥʳʡ ʧʝʨʠʦʜ); 

- ʫʧʨʘʚʣʝʥʠʝ ʚʳʪʷʞʥʦʡ ʠ ʧʨʠʪʦʯʥʦʡ 

ʚʝʥʪʠʣʷʮʠʝʡ ʢʘʢ ʝʩʪʝʩʪʚʝʥʥʦʛʦ, ʪʘʢ ʠ 

ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʪʠʧʘ; 

- ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʚʳʙʦʨ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ 

ʩʠʩʪʝʤʳ ʚʝʥʪʠʣʷʮʠʠ ʩ ʟʘʱʠʪʦʡ ʦʪ 

ʥʘʤʝʨʟʘʥʠʷ ʣʴʜʘ, ʩʥʝʛʘ ʥʘ ʤʝʭʘʥʠʟʤʘʭ ʠ 

ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʢʘʥʘʣʘʭ; 

- ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ ʦ ʚʝʨʦʷʪʥʦʩʪʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʘʨʫʰʝʥʠʡ ʥʦʨʤʘʪʠʚʥʳʭ 
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ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʢʣʠʤʘʪʘ ʠ   ʘʚʘʨʠʡʥʳʭ 

ʩʠʪʫʘʮʠʷʭ; 

- ʧʝʨʝʜʘʯʘ ʦʧʝʨʘʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʩʧʝʮʠʘʣʠʩʪʘʤ ʠ 

ʜʠʩʧʝʪʯʝʨʩʢʠʡ ʧʫʥʢʪ ʭʦʟʷʡʩʪʚʘ.    

ʌʝʨʤʳ ʠ ʢʦʤʧʣʝʢʩʳ  ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ 

ʩʢʦʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʛʦʣʦʚʴʷ ʤʦʛʫʪ 

ʠʤʝʪʴ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʮʝʣʳʡ ʨʷʜ  

ʩʙʣʦʢʠʨʦʚʘʥʥʳʭ ʠʣʠ ʦʪʜʝʣʴʥʦ ʩʪʦʷʱʠʭ 

ʟʜʘʥʠʡ, ʘ ʧʦʤʝʱʝʥʠʷ ʜʣʷ ʩʦʜʝʨʞʘʥʠʷ 

ʞʠʚʦʪʥʳʭ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʤʝʨʳ ʚ 

ʜʣʠʥʫ ʠ ʰʠʨʠʥʫ ʧʨʝʚʳʰʘʶʱʠʝ 100 ʤʝʪʨʦʚ. 

ʕʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʝʜʲʷʚʣʷʶʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʘʤ 

ʦʙʝʩʧʝʯʝʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʘ.  

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ  ʤʠʢʨʦʢʣʠʤʘʪʦʤ 

ʦʪʜʝʣʴʥʦʛʦ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʛʦ ʧʦʤʝʱʝʥʠʷ 

ʠʣʠ ʥʝʙʦʣʴʰʦʡ ʬʝʨʤʳ. ʗʜʨʦʤ ʩʠʩʪʝʤʳ 

ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʥʥʳʡ ʨʝʛʠʩʪʨʘʪʦʨ 

çʇʘʨʘʛʨʘʬ PL2è.  ʇʨʠʙʦʨ ʦʙʣʘʜʘʝʪ 

ʠhʨʦʢʠʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤ  

ʜʣʷ ʠʟʤʝʨʝʥʠʷ, ʨʝʛʠʩʪʨʘʮʠʠ ʨʘʟʣʠʯʥʳʭ 

ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ.  ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʥʝʥʠʷ ʦʥ  ʠʤʝʝʪ  2é48  

ʚʭʦʜʥʳʭ ʢʘʥʘʣʦʚ ʩ ʚʨʝʤʝʥʝʤ ʦʧʨʦʩʘ ʦʪ 0,1ʩ 

ʜʦ 10 ʤʠʥ, 8 ʘʥʘʣʦʛʦʚʳʭ ʠ 24 ʜʠʩʢʨʝʪʥʳʭ 

ʚʳʭʦʜʘ, ʧʘʤʷʪʴ 1,5 ɻʙ ʥʘ 250 ʤʣʥ. 

ʠʟʤʝʨʝʥʠʡ,  ʚʩʪʨʦʝʥʥʫʶ ʦʧʝʨʘʮʠʦʥʥʫʶ 

ʩʠʩʪʝʤʫ ʥʘ ʦʩʥʦʚʝ Linux, ʛʣʘʚʥʳʡ ʧʨʦʮʝʩʩʦʨ 

ʦʙʨʘʙʘʪʳʚʘʝʪ ʧʦʩʪʫʧʘʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠ 

ʦʪʦʙʨʘʞʘʝʪ  ʝʝ ʥʘ ʮʚʝʪʥʦʤ TFT-ʜʠʩʧʣʝʝ ʩ 

ʩʝʥʩʦʨʥʦʡ ʧʘʥʝʣʴʶ ʚ ʯʠʩʣʦʚʦʤ ʠʣʠ 

ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ. ʀʥʪʝʨʬʝʡʩʳ RS-485, RS-

232, USB.  ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʳʝ 

ʢʘʥʘʣʳ ʩʚʷʟʠ [15]. 

 
ʈʠʩ.  1.     ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʤʠʢʨʦʢʣʠʤʘʪʦʤ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʛʦ ʧʦʤʝʱʝʥʠʷ 

1 ï  ʙʣʦʢ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʩʠʩʪʝʤʳ ʩ ʢʦʥʪʨʦʣʝʤ 

ʧʘʨʘʤʝʪʨʦʚ ʩʝʪʠ;   2 ï ʨʝʛʠʩʪʨʘʪʦʨ 

ʧʘʨʘʤʝʪʨʦʚ ʩ  ʠʥʜʠʢʘʮʠʝʡ ʪʝʢʫʱʠʭ ʧʦʢʘʟʘʥʠʡ;  

3 - ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ;  

4 ï ʜʘʪʯʠʢ ʩʦʜʝʨʞʘʥʠʷ ʉʆ
2
; 5 ï ʜʘʪʯʠʢ 

ʩʦʜʝʨʞʘʥʠʷ H2S;  6 ï ʜʘʪʯʠʢ ʩʦʜʝʨʞʘʥʠʷ NH3;  

7 ï ʜʘʪʯʠʢ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʠ;  

8 ï ʤʝʪʝʦʩʪʘʥʮʠʷ; 9 ï ʢʦʤʧʴʶʪʝʨ ʜʣʷ ʘʥʘʣʠʟʘ ʠ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ; 10 ï ʧʝʯʘʪʘʶʱʝʝ 

ʫʩʪʨʦʡʩʪʚʦ. 

 

ʈʘʙʦʪʘʝʪ ʩʠʩʪʝʤʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʀʥʬʦʨʤʘʮʠʷ ʩ ʜʘʪʯʠʢʦʚ 3 - 7 ʧʦʩʪʫʧʘʝʪ ʚ 

ʵʣʝʢʪʨʦʥʥʳʡ ʨʝʛʠʩʪʨʘʪʦʨ, ʚ ʥʝʤ 

ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ, ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʠ 

ʬʦʨʤʠʨʫʶʪʩʷ ʫʧʨʘʚʣʷʶʱʠʝ ʩʠʛʥʘʣʳ  

ʢʦʪʦʨʳʝ ʯʝʨʝʟ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ  ʧʦʜʘʶʪʩʷ ʥʘ 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ. ʅʘ ʜʠʩʧʣʝʝ 

çʇʘʨʘʛʨʘʬʘè ʦʪʨʘʞʘʶʪʩʷ ʪʝʢʫʱʠʝ ʟʥʘʯʝʥʠʷ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʈʝʟʫʣʴʪʘʪʳ 

ʠʟʤʝʨʝʥʠʡ ʠ ʢʦʤʘʥʜʳ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ 

ʤʝʭʘʥʠʟʤʘʤ ʘʨʭʠʚʠʨʫʶʪʩʷ ʚ ʙʘʟʝ 

ʢʦʤʧʴʶʪʝʨʘ. ʂʨʦʤʝ ʵʪʦʛʦ ʢʦʤʧʴʶʪʝʨ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʚʥʝʰʥʠʤʠ ʠ 

ʚʥʫʪʨʝʥʥʠʤʠ ʫʩʣʦʚʠʷʤʠ, ʩ ʫʯʝʪʦʤ ʧʨʦʛʥʦʟʘ 

ʥʘ ʟʘʜʘʥʥʳʡ ʧʝʨʠʦʜ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʤʦʜʝʣʴʶ, ʚʥʦʩʠʪ ʧʦʧʨʘʚʢʠ ʚ ʧʨʦʛʨʘʤʤʫ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʤʠʢʨʦʢʣʠʤʘʪʦʤ.  
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ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ 

ʤʠʢʨʦʢʣʠʤʘʪʦʤ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʠʤʝʶʱʝʛʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʧʦʤʝʱʝʥʠʡ. [16].  

 
ʈʠʩ. 2.  ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʤʠʢʨʦʢʣʠʤʘʪʦʤ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

1 ï ʤʝʪʝʦʩʪʘʥʮʠʷ;   2 ï ʮʝʥʪʨʘʣʴʥʳʡ 

ʢʦʤʧʴʶʪʝʨ; 3- ʧʝʯʘʪʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ;  

4 ï ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʡ ʢʦʥʪʨʦʣʣʝʨ; 5 ï ʧʘʥʝʣʴ 

ʦʧʝʨʘʪʦʨʘ; 6 ï ʤʦʜʫʣʴ ʘʥʘʣʦʛʦʚʦʛʦ ʚʚʦʜʘ ʩ 

ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʚʭʦʜʘʤʠ; 7 ï ʤʦʜʫʣʴ ʘʥʘʣʦʛʦʚʦʛʦ 

ʚʳʚʦʜʘ; 8 ï ʜʘʪʯʠʢʠ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʢʣʠʤʘʪʘ 

(ʪʝʤʧʝʨʘʪʫʨʘ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʠ 

ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ, ʩʦʜʝʨʞʘʥʠʝ ʉʆ2, 

NH3,  H2S,);  9 ï ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ;  

10 ï ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʡ ʙʣʦʢ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ 

ʩʠʩʪʝʤʳ. 

 

ʆʪʣʠʯʠʝ ʵʪʦʡ ʩʠʩʪʝʤʳ ʦʪ ʧʨʝʜʳʜʫʱʝʡ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʚʝʪʚʣʝʥʥʦʡ ʩʝʪʠ ʩ ʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʜʘʪʯʠʢʦʚ ʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 

ʟʥʘʯʠʪʝʣʴʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ.   ʆʙʝʩʧʝʯʝʥʠʝ 

ʥʦʨʤʘʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ 

ʢʘʞʜʦʤ ʧʦʤʝʱʝʥʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʠ ʟʘʚʠʩʠʪ ʦʪ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʮʠʢʣʘ ʞʠʚʦʪʥʳʭ (ʣʘʢʪʠʨʫʶʱʠʝ ʠʣʠ 

ʩʫʭʦʩʪʦʡʥʳʝ ʢʦʨʦʚʳ, ʨʦʜʠʣʴʥʦʝ ʦʪʜʝʣʝʥʠʝ, 

ʤʦʣʦʜʥʷʢ  ʠ ʪ.ʧ.) ʠʣʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ 

ʧʦʤʝʱʝʥʠʷʭ ʜʣʷ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ 

ʧʝʨʩʦʥʘʣʘ, ʩʢʣʘʜʘʭ ʜʣʷ ʭʨʘʥʝʥʠʷ ʢʦʨʤʦʚ, 

ʤʝʜʠʢʘʤʝʥʪʦʚ ʠ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɺʳʚʦʜʳ 

ɼʣʷ ʚʩʝʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʞʠʚʦʪʥʳʭ ʩʫʱʝʩʪʚʫʶʪ ʩʚʦʠ ʪʝʤʧʝʨʘʪʫʨʥʦ-

ʚʣʘʞʥʦʩʪʥʳʝ ʨʝʞʠʤʳ ʩʦʜʝʨʞʘʥʠʷ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʦʥʠ ʯʫʚʩʪʚʫʶʪ ʩʝʙʷ ʢʦʤʬʦʨʪʥʦ, 

ʠʤʝʶʪ ʥʘʠʚʳʩʰʫʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ.  ʕʪʦ 

ʩʣʦʞʥʳʝ ʧʨʦʮʝʩʩʳ,  ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ 

ʧʦʩʪʦʷʥʥʦʡ ʜʠʥʘʤʠʢʝ  ʠ ʟʘʚʠʩʷʪ ʦʪ 

ʧʦʩʪʦʷʥʥʦ ʤʝʥʷʶʱʠʭʩʷ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ, 

ʪʝʭʥʦʣʦʛʠʠ ʩʦʜʝʨʞʘʥʠʷ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʞʠʚʦʪʥʳʭ ʠ ʥʝ ʠʤʝʶʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʦʧʠʩʘʥʠʷ.  

ʈʘʩʯʝʪʳ ʩʠʩʪʝʤ ʚʦʟʜʫʭʦʦʙʤʝʥʘ  

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʟʜʘʥʠʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʦʜʷʪʩʷ ʧʦ 

ʦʙʱʝʧʨʠʥʷʪʳʤ ʥʦʨʤʘʪʠʚʘʤ. ʆʜʥʘʢʦ ʦʥʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʫʯʠʪʳʚʘʶʪ ʙʠʦʣʦʛʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʩʳʨʴʷ ʠ ʦʪʭʦʜʦʚ, ʩʧʝʮʠʬʠʯʝʩʢʠʝ 

ʙʠʦʣʦʛʦ-ʚʝʪʝʨʠʥʘʨʥʳʝ, ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ, 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʩʠʩʪʝʤʘʤ 

ʦʙʝʩʧʝʯʝʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʘ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʦʤ  ʧʦʟʚʦʣʷʶʪ ʧʨʠ 

ʚʳʩʦʢʦʡ ʥʘʜʝʞʥʦʩʪʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ ʩʥʠʞʝʥʠʠ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ 

ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ.  

ʉʦʚʨʝʤʝʥʥʳʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ  ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʚʩʝ ʙʦʣʴʰʝ ʦʩʥʘʱʘʶʪʩʷ 

ʩʠʩʪʝʤʘʤʠ ʤʘʰʠʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ,  ʩʧʦʩʦʙʥʳʤʠ 

ʧʨʠʥʠʤʘʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ 

ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʧʨʦʮʝʩʩʦʚ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʩʭʝʤʳ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʦʤ ʜʣʷ 

ʦʪʜʝʣʴʥʦʛʦ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʛʦ ʧʦʤʝʱʝʥʠʷ 

ʠʣʠ ʥʝʙʦʣʴʰʦʡ ʬʝʨʤʳ ʥʘ ʙʘʟʝ   

ʵʣʝʢʪʨʦʥʥʦʛʦ ʨʝʛʠʩʪʨʘʪʦʨʘ çʇʘʨʘʛʨʘʬ PL2è 

ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 
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ʤʠʢʨʦʢʣʠʤʘʪʦʤ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʥʘ ʙʘʟʝ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ 

ʢʦʥʪʨʦʣʣʝʨʦʚ ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦ 

ʰʠʨʦʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʜʣʷ  ʦʙʝʩʧʝʯʝʥʠʷ 

ʥʦʨʤʘʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ 

ʢʘʞʜʦʤ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʤ ʧʦʤʝʱʝʥʠʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʝʜʥʘʟʥʘʯʝʥʠʷ. 

ʅʝ ʦʙʝʩʧʝʯʝʥʠʝ ʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʤ ʧʦʤʝʱʝʥʠʠ ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʢʦʨʦʚ ʥʘ 14 ï 

30%, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ  

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʞʠʚʦʪʥʳʭ.   
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʎʀʌʈʆɺʓʍ ʊɽʍʅʆʃʆɻʀʁ ʇʈʀ ʀʅɼʀɺʀɼʋɸʃʔʅʆʄ 

ʂʆʈʄʃɽʅʀʀ ʉʋʇʆʈʆʉʅʓʍ ʉɺʀʅʆʄɸʊʆʂ 

 

ɸ.ɺ. ʊʨʠʬʘʥʦʚ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ;  ɺ.ʀ. ɹʘʟʳʢʠʥ 

 

ʀʥʩʪʠʪʫʪ ʘʛʨʦʠʥʞʝʥʝʨʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʀɸʕʇ) - 

ʬʠʣʠʘʣ ʌɻɹʅʋ ʌʅɸʎ ɺʀʄ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

 

ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʢʦʨʤʣʝʥʠʝ ʠʤʝʝʪ ʚ ʥʘʯʘʣʴʥʦʤ ʧʝʨʠʦʜʝ ʩʫʧʦʨʦʩʥʦʩʪʠ ʩʚʠʥʦʤʘʪʢʠ. 

ʅʦʨʤʠʨʦʚʘʥʥʦʝ ʢʦʨʤʣʝʥʠʝ ʩʚʠʥʦʤʘʪʢʘʤ ʥʝʦʙʭʦʜʠʤʦ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʩʫʧʦʨʦʩʥʦʩʪʠ, ʥʦ ʚ 

ʧʝʨʚʳʝ 28 ʜʥʝʡ ʦʥʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ. ʈʘʮʠʦʥ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʢʨʫʧʥʦʧʣʦʜʥʦʩʪʴ 

ʩʚʠʥʦʤʘʪʦʢ ʠ ʩʦʭʨʘʥʥʦʩʪʴ ʧʦʨʦʩʷʪ. ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʢʦʨʤʣʝʥʠʷ 

ʩʫʧʦʨʦʩʥʳʭ ʩʚʠʥʦʤʘʪʦʢ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʝʥʠʝ ʢʦʨʤʦʚʳʭ ʩʪʘʥʮʠʡ. ʀʭ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ 

ʠʩʢʣʶʯʝʥʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ, ʜʦʩʪʠʞʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʢʦʥʜʠʮʠʡ ʩʚʠʥʦʤʘʪʦʢ, ʟʥʘʯʠʪʝʣʴʥʘʷ 

ʵʢʦʥʦʤʠʷ ʢʦʨʤʦʚ, ʧʦʚʳʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʧʦʨʦʩʦʚ, ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʦʪʜʝʣʝʥʠʝ ʩʚʠʥʦʤʘʪʦʢ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ (ʥʘ ʚʘʢʮʠʥʘʮʠʶ, ʦʧʦʨʦʩ ʠ ʪ.ʜ.). ʇʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʩʪʚ ʠ ʵʣʝʤʝʥʪʦʚ 

ʘʚʪʦʤʘʪʠʢʠ, ʩʝʥʩʦʨʠʢʠ ʠ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʡ ʪʝʭʥʠʢʠ ʚ ʢʦʨʤʦʚʳʭ ʩʪʘʥʮʠʷʭ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʦʯʥʦʩʪʴ 
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ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʜʦʟʠʨʦʚʘʥʠʷ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʩʪʴ ʢʦʨʤʣʝʥʠʷ ʩʚʠʥʦʤʘʪʦʢ, ʵʬʬʝʢʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ ʟʘ 

ʩʦʙʣʶʜʝʥʠʝʤ ʟʘʜʘʚʘʝʤʳʭ ʨʘʮʠʦʥʦʚ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʥʠʪʦʨʠʥʛʘ ʩʫʧʦʨʦʩʥʦʩʪʠ ʠ ʨʷʜ ʜʨʫʛʠʭ 

ʚʘʞʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʨʝʧʨʦʜʫʢʪʦʨʥʦʛʦ ʩʚʠʥʦʚʦʜʩʪʚʘ. ʀʥʥʦʚʘʮʠʦʥʥʳʡ ʦʧʳʪ ʚ ʩʬʝʨʝ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʧʦʜʦʙʥʳʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʮʝʩʩ ʢʦʨʤʣʝʥʠʷ 

ʩʚʠʥʝʡ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʢʦʥʪʨʦʣʷ ʢʦʥʜʠʮʠʠ ʠ ʧʨʝʚʨʘʱʘʪʴ ʚʳʷʚʣʝʥʥʳʡ ʩʨʝʜʩʪʚʘʤʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʨʝʩʫʨʩ ʚ ʜʝʡʩʪʚʝʥʥʳʡ ʨʳʯʘʛ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʚ 

ʩʚʠʥʦʚʦʜʩʪʚʝ. ʈʝʘʣʠʟʘʮʠʷ ʵʪʦʛʦ ʨʝʩʫʨʩʘ ʨʘʮʠʦʥʘʣʴʥʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʥʘ ʧʣʝʤʝʥʥʳʭ ʠ ʨʝʧʨʦʜʫʢʪʦʨʥʳʭ 

ʬʝʨʤʘʭ, ʛʜʝ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʝʥʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʚʦʩʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʢʘʯʝʩʪʚ 

ʯʠʩʪʦʧʦʨʦʜʥʳʭ ʩʚʠʥʝʡ. 
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The feeding is of particular importance in the initial period of sow pregnancy. Rated feeding of sows is 

required during the entire gestation, but it is essential in the first 28 days: the diet has an effect on the size of 

piglets in the litter and the survival rate of the piglets. To automate the individual feeding of gestating sows, 

it is advisable to use the sow feed stations. Their advantages are: the human factor is removed for the most 

part, the optimal sow condition, significant saving of feed, more litters from one sow, the possibility of 

separating animals if necessary (for vaccination, farrowing, etc.). The use of modern tools and elements of 

automation, sensors and microprocessors in the feed stations allows for the accuracy of individual feed rating 

and timely feeding of sows, the effective control over compliance with the specified diets, as well as the 

ability to monitor the pregnancy and a number of other important technological functions of reproductive pig 

breeding. Innovative experience in the field of livestock rearing shows that such systems allow to use the pig 

feeding process as a tool to control the pig condition and turn the information resource identified by the 

automation tools into an effective lever for increasing the reproduction efficiency in pig breeding. The 

implementation of this resource is feasible, above all, on breeding and reproductive farms, where the genetic 

potential of the reproductive qualities of purebred pigs is used to the fullest extent possible. 
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ɺʚʝʜʝʥʠʝ 

ʇʦʜ ʮʠʬʨʦʚʳʤ ʞʠʚʦʪʥʦʚʦʜʩʪʚʦʤ 

ʧʦʥʠʤʘʝʪʩʷ ʢʦʤʧʣʝʢʩ ʨʝʰʝʥʠʡ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ 

ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʘ 

ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ 

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʥʘʧʨʘʚʣʝʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ ʠ 

ʪʦʯʥʳʡ ʢʦʥʪʨʦʣʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ. 

ʎʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ 

ʚʥʝʜʨʷʪʴ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʧʦʪʨʝʙʥʦʩʪʠ 

ʞʠʚʦʪʥʳʭ ʩʠʩʪʝʤʳ ʢʦʨʤʣʝʥʠʷ ʠ ʩʦʜʝʨʞʘʥʠʷ, 

ʜʠʩʪʘʥʮʠʦʥʥʦ ʫʧʨʘʚʣʷʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʥʝʧʨʝʨʳʚʥʳʡ ʩʙʦʨ, ʘʥʘʣʠʟ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʩʦʙʣʶʜʝʥʠʷ ʤʝʨ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʙʝʨʝʞʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʢ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʩʧʦʩʦʙʩʪʚʫʷ 

ʫʤʝʥʴʰʝʥʠʶ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʥʘ ʵʢʦʩʠʩʪʝʤʫ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʩʚʠʥʠʥʳ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʠʥʪʝʥʩʠʚʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʠʥʦʤʘʪʦʢ ʠ ʧʦʣʫʯʝʥʠʝ ʦʪ 

ʥʠʭ 2,2ï2,4 ʦʧʦʨʦʩʘ ʚ ʛʦʜ. ɺ ʪʝʯʝʥʠʝ 

ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʮʠʢʣʘ ʩʚʠʥʦʤʘʪʢʠ 

ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʚʨʝʤʝʥʠ ʩʦʜʝʨʞʘʪʩʷ ʚ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʪʘʥʢʘʭ (ʭʦʣʦʩʪʦʛʦ, 

ʧʝʨʚʦʛʦ ʧʝʨʠʦʜʘ ʩʫʧʦʨʦʩʥʦʩʪʠ, ʦʧʦʨʦʩʘ ʠ 

ʚʳʨʘʱʠʚʘʥʠʷ ʧʦʨʦʩʷʪ ʜʦ ʦʪʲʝʤʘ ʚ 

ʬʠʢʩʘʪʦʨʘʭ). ʊʦʣʴʢʦ ʧʦʩʣʝ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʩʫʧʦʨʦʩʥʦʩʪʠ ʠʭ ʧʝʨʝʚʦʜʷʪ ʚ ʛʨʫʧʧʦʚʳʝ 

ʩʪʘʥʢʠ ʥʝ ʦʛʨʘʥʠʯʠʚʘʷ ʜʚʠʞʝʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʢʦʨʤʣʝʥʠʷ 

ʥʘ ʢʦʨʤʦʚʳʭ ʩʪʘʥʮʠʷʭ ʧʦʟʚʦʣʷʝʪ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʨʘʟʫ ʧʦʩʣʝ ʦʪʲʝʤʘ ʧʦʨʦʩʷʪ, ʠ 

ʪʝʤ ʩʘʤʳʤ ʫʚʝʣʠʯʠʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʧʨʝʙʳʚʘʥʠʷ ʚ ʛʨʫʧʧʦʚʳʭ ʩʪʘʥʢʘʭ, ʠʩʢʣʶʯʘʷ 

ʬʠʢʩʠʨʦʚʘʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʪʘʥʢʘʭ ʥʘ ʭʦʣʦʩʪʦʤ ʠ 

ʧʝʨʚʦʤ ʧʝʨʠʦʜʝ ʩʫʧʦʨʦʩʥʦʩʪʠ [1]. 

ʉʫʱʝʩʪʚʫʝʪ ʧʷʪʴ ʦʩʥʦʚʥʳʭ ʧʨʘʚʠʣ 

ʚʳʨʘʱʠʚʘʥʠʷ ʩʚʠʥʦʤʘʪʦʢ ʧʨʠ ʛʨʫʧʧʦʚʦʤ 

ʩʦʜʝʨʞʘʥʠʠ ʚ ʩʚʠʥʘʨʥʠʢʝ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʟʚʠʚʘʝʪʩʷ 

ʥʘʧʨʘʚʣʝʥʠʝ ʧʦ ʧʦʚʳʰʝʥʠʶ ʢʦʤʬʦʨʪʘ 

ʩʦʜʝʨʞʘʥʠʷ ʩʚʠʥʝʡ, ʠ ʤʥʦʛʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ 

ʚʳʥʫʞʜʝʥʳ ʧʝʨʝʩʤʘʪʨʠʚʘʪʴ ʪʝʭʥʦʣʦʛʠʠ 

ʩʦʜʝʨʞʘʥʠʷ ʞʠʚʦʪʥʳʭ. ɻʣʘʚʥʳʭ ʬʘʢʪʦʨʦʚ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʢʦʤʬʦʨʪʥʦʝ ʩʘʤʦʯʫʚʩʪʚʠʝ 

ʩʚʠʥʦʤʘʪʦʢ ʧʨʠ ʛʨʫʧʧʦʚʦʤ ʩʦʜʝʨʞʘʥʠʠ, 

ʚʩʝʛʦ ʧʷʪʴ: 

- ʢʦʤʬʦʨʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʠ ʨʘʟʤʝʱʝʥʠʝ;  

- ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ 

ʢʦʨʤʣʝʥʠʝ; 

- ʩʪʘʙʠʣʴʥʳʝ ʚʳʨʦʚʥʝʥʥʳʝ ʛʨʫʧʧʳ ʩʚʠʥʝʡ; 

- ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʟʝʨʚʥʳʭ 

(ʩʘʥʠʪʘʨʥʳʭ) ʩʪʘʥʢʦʚ ʜʣʷ ʩʣʘʙʳʭ ʠʣʠ 

ʙʦʣʴʥʳʭ ʩʚʠʥʦʤʘʪʦʢ; 

- ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʦʩʤʦʪʨ ʧʨʦʚʝʨʷʝʤʳʭ 

ʩʚʠʥʦʤʘʪʦʢ. 

ʀʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘʠʙʦʣʝʝ 

ʚʘʞʥʳʝ ʧʝʨʚʳʝ ʜʚʘ.  

ʂʦʤʬʦʨʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʠ ʨʘʟʤʝʱʝʥʠʷ 

ʚʩʝʭ ʧʦʣʦʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ ʩʚʠʥʝʡ ʤʦʞʥʦ 

ʜʦʩʪʠʛʥʫʪʴ, ʧʨʠʤʝʥʷʷ ʪʝʭʥʦʣʦʛʠʠ ʩ 

ʙʝʩʩʪʨʝʩʩʦʚʳʤʠ ʩʧʦʩʦʙʘʤʠ ʩʦʜʝʨʞʘʥʠʷ [2]. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʩʚʠʥʦʚʦʜʩʪʚʝ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦ ʚ 

ʦʨʛʘʥʠʟʘʮʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʢʦʨʤʣʝʥʠʷ ʩʚʠʥʝʡ ʩ 

ʧʦʤʦʱʴʶ ʢʦʨʤʦʚʳʭ ʩʪʘʥʮʠʡ. ʉʠʩʪʝʤʘ 

ʢʦʨʤʣʝʥʠʷ çʧʦ ʚʳʟʦʚʫè ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʞʠʚʦʪʥʳʭ ʠ 

ʧʦʟʚʦʣʷʝʪ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʫʩʪʘʥʦʚʠʪʴ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʨʘʮʠʦʥ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʥʜʠʮʠʠ. ʉʚʠʥʦʤʘʪʢʠ ʧʦ ʦʯʝʨʝʜʠ ʧʦʝʜʘʶʪ 

ʢʦʨʤ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʪʦʣʴʢʦ ʠʤ.  

ʆʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ 

ʦʧʪʠʤʘʣʴʥʦ ʫʧʨʘʚʣʷʪʴ ʧʦʛʦʣʦʚʴʝʤ, ʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʞʠʚʦʪʥʳʭ. ʊʨʘʥʩʧʦʥʜʝʨ 

ʤʦʥʪʠʨʫʝʪʩʷ ʚ ʫʰʥʫʶ ʙʠʨʢʫ ʠ ʧʝʨʝʜʘʝʪ 

ʥʝʦʙʭʦʜʠʤʳʝ ʩʚʝʜʝʥʠʷ ʚ ʩʠʩʪʝʤʫ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ. ʂʦʤʧʴʶʪʝʨ ʦʙʝʩʧʝʯʠʚʘʝʪ 
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ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʪʘʥʮʠʝʡ 

ʢʦʨʤʣʝʥʠʷ, ʠʤʝʝʪ ʨʷʜ ʢʘʢ ʧʨʦʩʪʳʭ ʧʨʦʛʨʘʤʤ, 

ʪʘʢ ʠ ʧʨʠʣʦʞʝʥʠʡ. ʆʥ ʪʘʢʞʝ ʠʤʝʝʪ 

ʠʥʪʝʨʬʝʡʩ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʙʱʘʪʴʩʷ ʩ 

ʜʨʫʛʠʤʠ ʧʨʦʛʨʘʤʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʦʪʩʳʣʘʪʴ ʜʘʥʥʳʝ ʥʘ ʫʧʨʘʚʣʷʶʱʠʡ ʦʬʠʩʥʳʡ 

ʩʝʨʚʝʨ. ʂʦʤʧʴʶʪʝʨ ʩʥʘʙʞʝʥ ʧʝʨʝʥʦʩʥʳʤ 

ʪʝʨʤʠʥʘʣʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʧʦʣʫʯʘʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʚʠʥʦʤʘʪʢʘʭ ʠ ʧʝʨʝʜʘʚʘʪʴ ʝʝ 

ʥʘ ʣʶʙʳʝ ʨʘʩʩʪʦʷʥʠʷ. ʉʠʩʪʝʤʘ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʳʚʘʪʴ ʢʦʜ 

ʤʘʪʢʠ (ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʯʠʧ) ʥʘ ʫʰʘʭ 

ʩʚʠʥʝʡ, ʦʙʝʩʧʝʯʠʚʘʷ ʥʝʤʝʜʣʝʥʥʳʡ ʜʦʩʪʫʧ ʢ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ 

ʞʠʚʦʪʥʳʭ, ʨʝʞʠʤʝ ʠ ʨʘʮʠʦʥʝ ʠʭ ʢʦʨʤʣʝʥʠʷ, 

ʧʦʪʨʝʙʣʝʥʠʠ ʢʦʨʤʦʚ, ʧʦʩʝʱʘʝʤʦʩʪʠ ʩʪʘʥʮʠʠ, 

ʨʘʟʤʝʱʝʥʠʶ ʞʠʚʦʪʥʳʭ ʠ ʜʨ. ʇʝʨʝʥʦʩʥʦʡ 

ʪʝʨʤʠʥʘʣ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʛʣʘʚʥʦʤʫ ʨʘʟʜʘʪʦʯʥʦʤʫ ʢʦʤʧʴʶʪʝʨʫ 

ʠ ʦʬʠʩʥʦʤʫ ʩʝʨʚʝʨʫ. ʉʧʝʮʠʘʣʠʩʪ ʚ ʣʶʙʦʝ 

ʚʨʝʤʷ ʤʦʞʝʪ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʥʘ 

ʢʦʤʧʴʶʪʝʨʝ ʠ ʚʥʝʩʪʠ ʥʝʦʙʭʦʜʠʤʳʝ 

ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʚ ʧʨʦʮʝʩʩ ʢʦʨʤʣʝʥʠʷ [3, 4]. 

ɾʠʚʦʪʥʦʝ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪʩʷ ʧʨʠ ʚʭʦʜʝ 

ʥʘ ʩʪʘʥʮʠʶ. ɺʦʨʦʪʘ ʦʪʢʨʳʚʘʶʪʩʷ ʪʦʣʴʢʦ 

ʧʝʨʝʜ ʪʝʤʠ ʞʠʚʦʪʥʳʤʠ, ʢʦʪʦʨʳʭ ʚ ʪʝʢʫʱʠʡ 

ʤʦʤʝʥʪ ʧʦ ʜʘʥʥʳʤ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʦ 

ʢʦʨʤʠʪʴ. ʊʘʢʞʝ ʚʦʟʤʦʞʥʘ ʥʘʩʪʨʦʡʢʘ 

ʩʠʩʪʝʤʳ, ʧʦʟʚʦʣʷʶʱʘʷ ʚʩʝʤ ʩʚʠʥʦʤʘʪʢʘʤ 

ʧʨʦʭʦʜʠʪʴ ʥʘ ʩʪʘʥʮʠʶ. ʕʪʦ ʜʝʣʘʝʪʩʷ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʷʚʣʝʥʠʷ ʘʛʨʝʩʩʠʠ ʫ 

ʞʠʚʦʪʥʳʭ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʩʚʠʥʦʤʘʪʢʘ 

ʚʦʰʣʘ ʥʘ ʩʪʘʥʮʠʶ ʚʦʨʦʪʘ ʟʘ ʥʝʡ 

ʟʘʢʨʳʚʘʶʪʩʷ ʠ ʦʪʢʨʳʚʘʶʪʩʷ ʪʦʣʴʢʦ ʪʦʛʜʘ, 

ʢʦʛʜʘ ʦʥʘ ʧʦʣʫʯʠʪ ʩʚʦʶ ʧʦʨʮʠʶ ʢʦʨʤʘ ʠ 

ʧʦʢʠʥʝʪ ʩʪʘʥʮʠʶ ʯʝʨʝʟ ʧʝʨʝʜʥʠʝ ʚʦʨʦʪʘ. 

ʊʘʢʞʝ ʚʦʟʤʦʞʥʘ ʫʩʪʘʥʦʚʢʘ ʩʝʣʝʢʮʠʦʥʥʳʭ 

ʚʦʨʦʪ ʜʣʷ ʦʪʙʦʨʘ ʞʠʚʦʪʥʳʭ ʠʟ ʦʩʥʦʚʥʦʡ 

ʛʨʫʧʧʳ. 

ʇʦʜʘʯʘ ʢʦʨʤʘ ʥʘ ʩʪʘʥʮʠʶ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ. ʇʨʠ ʵʪʦʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʤʦʜʝʣʠ ʩʪʘʥʮʠʠ, ʢʦʨʤ ʤʦʞʝʪ ʙʳʪʴ ʩʫʭʠʤ, 

ʫʚʣʘʞʥʝʥʥʳʤ ʠ ʞʠʜʢʠʤ. ɾʠʚʦʪʥʳʝ 

ʧʦʣʫʯʘʶʪ ʢʦʨʤ ʧʦʨʮʠʷʤʠ. ʉʢʦʨʦʩʪʴ ʧʦʜʘʯʠ 

ʢʦʨʤʘ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʝʛʦ ʧʦʝʜʘʥʠʷ ʩʚʠʥʴʷʤʠ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʘʜʠʠ ʩʫʧʦʨʦʩʥʦʩʪʠ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʛʨʘʬʠʢ 

ʢʦʨʤʣʝʥʠʷ [5]. 

ʆʙʟʦʨ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʭʦʜʷʱʝʛʦ ʚ 

ʢʦʤʧʣʝʢʪ ʩʠʩʪʝʤ ʢʦʨʤʦʚʳʭ ʩʪʘʥʮʠʡ 

ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʧʨʝʜʩʪʘʚʣʝʥ ʚ 

ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 

ʆʙʟʦʨ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʭʦʜʷʱʝʛʦ ʚ ʢʦʤʧʣʝʢʪ ʩʠʩʪʝʤ ʢʦʨʤʦʚʳʭ ʩʪʘʥʮʠʡ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ 

ʇʨʦʠʟʚʦʜʠʪʝʣʴ 

(ʪʠʧ ʦʙʦʨʫʜʦʚʘʥʠʷ) 

Schauer 

çCompidentè 

Big Dutchman 

çCallmaticè 

Weda 

çSowCompè 

Duraumat 

çCodamatè 

Mannebeck 

çIntec 400è 

ʅʘʣʠʯʠʝ ʦʙʫʯʘʶʱʝʡ 

ʧʨʦʛʨʘʤʤʳ ʜʣʷ 

ʨʝʤʦʥʪʥʳʭ ʩʚʠʥʦʢ 

+ + + + + 

ʅʘʣʠʯʠʝ ʩʢʚʦʟʥʦʛʦ 

ʧʨʦʭʦʜʘ 
+ + + + + 

ɺʦʟʤʦʞʥʦʩʪʴ ʞʠʜʢʦʛʦ 

ʢʦʨʤʣʝʥʠʷ 
+ + + - + 

ɺʦʟʤʦʞʥʦʩʪʴ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʝʣʝʢʮʠʠ 

ʩʚʠʥʦʤʘʪʦʢ 

+ + + + + 

ɺʦʟʤʦʞʥʦʩʪʴ ʚʭʦʜʘ 

ʩʚʠʥʦʤʘʪʢʠ ʥʘ ʩʪʘʥʮʠʶ 

ʙʝʟ ʢʦʨʤʣʝʥʠʷ 

+ - + + - 

ʀʩʧʦʣʴʟʫʝʤʘʷ ʩʠʩʪʝʤʘ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʞʠʚʦʪʥʳʭ 
Tiris Nedap Nedap Nedap Tiris 

ɺʦʟʤʦʞʥʦʩʪʴ ʜʦʙʘʚʣʝʥʠʷ 

ʚʦʜʳ ʚ ʩʫʭʦʡ ʢʦʨʤ 
+ + + + + 

ɺʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʫʯʥʦʛʦ 

ʪʝʨʤʠʥʘʣʘ 

+ + + + + 
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ʂʦʨʤʦʚʳʝ ʩʪʘʥʮʠʠ ʧʦʜʭʦʜʷʪ ʜʣʷ 

ʫʩʪʘʥʦʚʢʠ ʢʘʢ ʚ ʥʦʚʳʭ, ʪʘʢ ʠ ʚ 

ʨʝʢʦʥʩʪʨʫʠʨʫʝʤʳʭ ʩʚʠʥʘʨʥʠʢʘʭ ʩ 

ʧʦʜʩʪʠʣʦʯʥʳʤ ʠ ʙʝʩʧʦʜʩʪʠʣʦʯʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʩʚʠʥʝʡ [6].  

ʇʨʠ ʩʦʜʝʨʞʘʥʠʠ ʩʚʠʥʝʡ ʥʘ ʧʦʜʩʪʠʣʢʝ 

ʢʦʨʤʦʚʘʷ ʩʪʘʥʮʠʷ (ʨʠʩ.1) ʜʦʣʞʥʘ ʥʘʭʦʜʠʪʴʩʷ 

ʥʘ ʚʦʟʚʳʰʝʥʠʠ, ʧʦʢʨʳʪʦʤ ʨʝʰʝʪʯʘʪʳʤ 

ʧʦʣʦʤ, ʪʘʢ ʢʘʢ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʥʘʚʦʟʘ ʩʢʘʧʣʠʚʘʝʪʩʷ ʠʤʝʥʥʦ ʚ ʟʦʥʝ 

ʢʦʨʤʣʝʥʠʷ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʜʝʣʷʪʴ 

ʩʪʘʥʦʢ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʦʥʳ (ʨʠʩ. 2). 

 
ʈʠʩ.1. ʉʪʘʥʮʠʷ ʜʣʷ ʢʦʨʤʣʝʥʠʷ ʩʚʠʥʦʤʘʪʦʢ 

SowComp 

 
ʈʠʩ.2. ʉʭʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʛʨʫʧʧʦʚʦʛʦ ʩʪʘʥʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʨʤʦʚʳʭ 

ʩʪʘʥʮʠʡ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʩʫʧʦʨʦʩʥʳʭ 

ʩʚʠʥʦʤʘʪʦʢ ʥʘ ʧʦʜʩʪʠʣʢʝ 

 

ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʢʦʨʤʦʚʳʭ ʩʪʘʥʮʠʡ ʚ 

ʩʚʠʥʘʨʥʠʢʘʭ ʜʣʷ ʩʦʜʝʨʞʘʥʠʷ ʩʚʠʥʦʤʘʪʦʢ 

ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ: 

- ʫʜʝʣʴʥʘʷ ʩʪʘʥʦʯʥʘʷ ʧʣʦʱʘʜʴ ʜʦʣʞʥʘ ʙʳʪʴ 

ʥʝ ʤʝʥʝʝ 2,5 ʤ
2
/ʛʦʣ, ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ 

ʩʠʣʴʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʟʦʥʳ ʦʪʜʳʭʘ 

ʩʚʠʥʦʤʘʪʦʢ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʝʚʳʰʘʪʴ ʵʪʫ 

ʥʦʨʤʫ; 

- ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʧʦʣʫʯʝʥʠʷ ʪʨʘʚʤ 

ʩʚʠʥʦʤʘʪʢʘʤʠ, ʧʣʦʱʘʜʴ ʟʦʥʳ ʦʞʠʜʘʥʠʷ 

ʧʝʨʝʜ ʢʦʨʤʦʚʦʡ ʩʪʘʥʮʠʝʡ ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ 

ʥʝ ʤʝʥʝʝ 0,9 ʤ
2
/ʛʦʣ; 

- ʰʠʨʠʥʘ ʧʨʦʭʦʜʦʚ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 2 

ʤ ʠ ʦʥʠ ʥʝ ʜʦʣʞʥʳ ʟʘʢʘʥʯʠʚʘʪʴʩʷ ʪʫʧʠʢʦʤ; 

- ʚʳʭʦʜ ʠʟ ʢʦʨʤʦʚʦʡ ʩʪʘʥʮʠʠ ʜʦʣʞʝʥ 

ʥʘʭʦʜʠʪʴʩʷ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʤ 

ʫʜʘʣʝʥʠʠ ʦʪ ʚʭʦʜʘ; 

- ʧʦʠʣʢʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʚ ʟʦʥʝ 

ʘʢʪʠʚʥʦʩʪʠ ʩʚʠʥʦʤʘʪʦʢ, ʯʪʦʙʳ ʫ ʥʠʭ ʙʳʣ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʩʪʠʤʫʣ ʧʦʢʠʥʫʪʴ ʩʪʘʥʮʠʶ 

ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʢʦʨʤʣʝʥʠʷ. 

ʉʭʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʛʨʫʧʧʦʚʦʛʦ ʩʪʘʥʢʘ ʜʣʷ ʩʦʜʝʨʞʘʥʠʷ 

ʩʫʧʦʨʦʩʥʳʭ ʩʚʠʥʦʤʘʪʦʢ ʧʨʠ 

ʙʝʩʧʦʜʩʪʠʣʦʯʥʦʤ ʩʦʜʝʨʞʘʥʠʠ, ʥʘ ʯʘʩʪʠʯʥʦ-

ʱʝʣʝʚʳʭ ʧʦʣʘʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3. 

 
ʈʠʩ. 3. ʉʭʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʛʨʫʧʧʦʚʦʛʦ ʩʪʘʥʢʘ ʜʣʷ ʩʦʜʝʨʞʘʥʠʷ ʩʫʧʦʨʦʩʥʳʭ 

ʩʚʠʥʦʤʘʪʦʢ ʥʘ ʯʘʩʪʠʯʥʦ-ʱʝʣʝʚʳʭ ʧʦʣʘʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʨʤʦʚʦʡ ʩʪʘʥʮʠʠ 

 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʥʘ ʢʦʨʤʣʝʥʠʝ çʧʦ ʚʳʟʦʚʫè 

ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʫʭʦʜʫ 

ʟʘ ʩʚʠʥʦʤʘʪʢʘʤʠ ʠ ʤʦʥʠʪʦʨʠʥʛʫ ʟʘ 

ʩʦʩʪʦʷʥʠʝʤ ʠʭ ʟʜʦʨʦʚʴʷ. ɼʣʷ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ 

ʚʳʷʚʣʝʥʠʷ ʙʦʣʴʥʳʭ, ʭʨʦʤʳʭ, ʪʝʨʷʶʱʠʭ ʚ 

ʚʝʩʝ ʩʚʠʥʦʤʘʪʦʢ ʥʝʦʙʭʦʜʠʤʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ 

ʜʝʣʘʪʴ ʦʙʭʦʜʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ. ɺ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦ ʜʘʥʥʳʤ ʧʦʣʫʯʝʥʥʳʤ ʦʪ 

ʩʠʩʪʝʤʳ ʢʦʨʤʣʝʥʠʠ çʧʦ ʚʳʟʦʚʫè ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʩʚʠʥʦʤʘʪʦʢ ʥʝ ʚʳʙʨʘʚʰʠʭ 

ʜʥʝʚʥʫʶ ʥʦʨʤʫ ʢʦʨʤʘ. ʕʪʦ ʤʦʞʝʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʢʘʢ ʦ ʙʦʣʝʟʥʠ ʞʠʚʦʪʥʦʛʦ, 

ʪʘʢ ʠ ʦ ʧʦʚʪʦʨʥʦʤ ʧʨʠʭʦʜʝ ʚ ʦʭʦʪʫ [7]. 

ʅʝʢʦʪʦʨʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʧʨʝʜʣʘʛʘʶʪ ʚ 
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ʢʦʤʧʣʝʢʪʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ 

ʤʘʨʢʠʨʦʚʘʪʴ ʩʚʠʥʦʤʘʪʦʢ ʨʘʟʣʠʯʥʳʤʠ 

ʮʚʝʪʘʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʷʚʣʝʥʥʦʡ 

ʩʠʪʫʘʮʠʠ. ɹʣʦʢ ʦʪʜʝʣʝʥʠʷ ʨʘʙʦʪʘʝʪ 

ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʙʝʟ ʫʯʘʩʪʠʷ 

ʯʝʣʦʚʝʢʘ. ʂ ʦʜʥʦʤʫ ʙʣʦʢʫ ʦʪʜʝʣʝʥʠʷ 

ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʧʦʜʢʣʶʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ 

ʢʦʨʤʦʚʳʭ ʩʪʘʥʮʠʡ [8]. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʦʨʤʘʣʴʥʦʛʦ ʨʠʪʤʘ 

ʢʦʨʤʣʝʥʠʷ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʤʝʥʷʪʴ 

ʢʦʨʤʦʚʳʝ ʩʪʘʥʮʠʠ ʚ ʛʨʫʧʧʘʭ ʯʠʩʣʝʥʥʦʩʪʴʶ 

ʙʦʣʝʝ 50 ʩʚʠʥʦʤʘʪʦʢ. ʇʨʠ ʥʘʣʠʯʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ ʯʠʩʣʝʥʥʦʩʪʴʶ ʙʦʣʝʝ 

50 ʩʚʠʥʦʤʘʪʦʢ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ 

ʥʝʩʢʦʣʴʢʦ ʩʪʘʥʮʠʡ [9].  

ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʫʜʝʣʷʪʴ ʚʥʠʤʘʥʠʝ ʥʘ 

ʚʚʝʜʝʥʠʝ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʛʨʫʧʧʫ 

ʨʝʤʦʥʪʥʳʭ ʩʚʠʥʦʢ [10]. ɼʣʷ ʵʪʦʛʦ, 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʧʦʩʪʘʚʣʷʶʪ 

ʚ ʢʦʤʧʣʝʢʪʝ ʩʧʝʮʠʘʣʴʥʳʝ ʦʙʫʯʘʶʱʠʝ 

ʧʨʦʛʨʘʤʤʳ ʚ ʚʠʜʝ ʩʧʝʮʠʘʣʴʥʦʛʦ ʩʪʘʥʢʘ ʜʣʷ 

ʧʨʠʫʯʝʥʠʷ ʢ ʢʦʨʤʣʝʥʠʶ çʧʦ ʚʳʟʦʚʫè ʢʫʜʘ 

ʩʚʠʥʢʠ ʥʘʧʨʘʚʣʷʶʪʩʷ ʯʝʨʝʟ ʩʝʣʝʢʮʠʦʥʥʳʝ 

ʚʦʨʦʪʘ. 

ʇʨʠʤʝʥʝʥʠʝ ʢʦʨʤʦʚʳʭ ʩʪʘʥʮʠʡ 

ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʚʳʩʦʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥ-

ʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ: ʧʦʣʫʯʝʥʠʝ ʦʪ ʢʘʞʜʦʡ 

ʩʚʠʥʦʤʘʪʢʠ ʧʦ 1,9ï2,3 ʦʧʦʨʦʩʘ ʚ ʛʦʜ ʩ 

ʤʥʦʛʦʧʣʦʜʠʝʤ 12ï14 ʧʦʨʦʩʷʪ ʤʘʩʩʦʡ 1,2ï1,3 

ʢʛ. 

ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʥʘʨʷʜʫ ʩ ʵʢʦʥʦʤʠʝʡ (ʥʘ 

16ï19 %) ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʢʦʨʤʦʚ ʟʘ ʩʯʝʪ 

ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʮʠʦʥʦʚ ʠ ʥʦʨʤʠʨʦʚʘʥʠʷ 

ʢʦʨʤʦʚʳʜʘʯʠ, ʩʦʢʨʘʱʝʥʠʝʤ ʟʘʪʨʘʪ ʪʨʫʜʘ (ʥʘ 

78ï86 %), ʩʥʠʞʝʥʠʝʤ ʤʝʪʘʣʣʦʝʤʢʦʩʪʠ 

ʢʦʨʤʦʨʘʟʜʘʪʦʯʥʦʡ ʪʝʭʥʠʢʠ ʧʦʩʨʝʜʩʪʚʦʤ 

ʧʦʚʳʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʝʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɺʳʚʦʜʳ 

ʇʨʠʤʝʥʝʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʦʟʚʦʣʷʝʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʩʚʠʥʦʤʘʪʢʫ ʠ 

ʚʳʜʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʨʘʮʠʦʥ ʚ ʢʦʨʤʦʚʦʡ 

ʩʪʘʥʮʠʠ, ʘ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʥʪʨʦʣʴ ʟʘ 

ʩʦʩʪʦʷʥʠʝʤ ʟʜʦʨʦʚʴʷ ʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʦʧʝʨʘʪʠʚʥʦ ʚʤʝʰʠʚʘʪʴʩʷ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʧʨʦʮʝʩʩ. ʎʝʣʝʩʦʦʙʨʘʟʥʳʤ ʙʳʣʦ ʙʳ 

ʢʦʤʧʣʝʢʪʦʚʘʥʠʝ ʢʦʨʤʦʚʳʭ ʩʪʘʥʮʠʡ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʚʪʦʨʥʦʡ 

ʦʭʦʪʳ ʫ ʩʚʠʥʦʤʘʪʦʢ ʠ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ 

ʰʧʠʢʘ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʘʪʴ ʙʦʣʝʝ ʧʦʣʥʳʝ 

ʜʘʥʥʳʝ ʦ ʩʦʩʪʦʷʥʠʠ ʩʫʧʦʨʦʩʥʳʭ ʩʚʠʥʦʤʘʪʦʢ 

ʠ ʩʥʠʟʠʪ ʟʘʪʨʘʪʳ ʪʨʫʜʘ. 
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1
ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çɺʦʣʦʛʦʜʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʤʦʣʦʯʥʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʠʤʝʥʠ ʅ.ɺ. ɺʝʨʝʱʘʛʠʥʘè (ʌɻɹʆʋ 

ɺʆ ɺʦʣʦʛʦʜʩʢʘʷ ɻʄʍɸ), ʛ. ɺʦʣʦʛʜʘ, ʈʦʩʩʠʷ 
2
ɸʢʮʠʦʥʝʨʥʦʝ ʦʙʱʝʩʪʚʦ çɸʛʨʦʬʠʨʤʘ çɺʝʣʴʩʢʘʷè, ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣʘʩʪʴ, ʈʦʩʩʠʷ  

 

ʇʨʠʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʝʡ ʚ ɸʆ çɸʛʨʦʬʠʨʤʘ çɺʝʣʴʩʢʘʷè ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʷ 

ʨʘʡʛʨʘʩʘ ʦʜʥʦʣʝʪʥʝʛʦ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʢʫʣʴʪʫʨʘ ʭʦʨʦʰʦ ʦʪʨʘʩʪʘʝʪ ʠ ʜʘʸʪ ʜʦ ʪʨʸʭ ʫʢʦʩʦʚ ʟʘ 

ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʩʝʟʦʥ ʚ ʫʩʣʦʚʠʷʭ ɺʝʣʴʩʢʦʛʦ ʨʘʡʦʥʘ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʨʝʜʥʷʷ 

ʫʨʦʞʘʡʥʦʩʪʴ ʨʘʡʛʨʘʩʘ ʚ ʭʦʟʷʡʩʪʚʝ ʟʘ 2014 ï 2016 ʛʦʜʳ ʩʦʩʪʘʚʠʣʘ 13,9 ʪ/ʛʘ, ʧʨʠ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʡ ʫʨʦʞʘʡʥʦʩʪʠ 34,2 ʪ/ʛʘ. ʇʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ, ʧʨʦʚʦʜʠʤʳʝ ʧʨʠ 

ʧʦʜʛʦʪʦʚʢʝ ʧʦʯʚʳ ʢ ʧʦʩʝʚʫ ʨʘʡʛʨʘʩʘ ʦʜʥʦʣʝʪʥʝʛʦ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʧʝʨʘʮʠʠ ʧʦ ʧʦʩʝʚʫ, ʚʥʝʩʝʥʠʶ 

ʫʜʦʙʨʝʥʠʡ, ʫʭʦʜʫ, ʫʙʦʨʢʝ ʠ ʧʦʩʣʝʫʙʦʨʦʯʥʦʡ ʜʦʨʘʙʦʪʢʝ ʟʝʣʸʥʦʡ ʤʘʩʩʳ. ʇʦʚʳʰʝʥʠʝ ʫʨʦʞʘʷ ʨʘʡʛʨʘʩʘ 

ʦʜʥʦʣʝʪʥʝʛʦ ʚʦʟʤʦʞʥʦ ʧʫʪʸʤ ʚʥʝʜʨʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʠʥʪʝʥʩʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʷ ʢʫʣʴʪʫʨʳ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʷ ʨʘʡʛʨʘʩʘ ʦʜʥʦʣʝʪʥʝʛʦ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʚʝʩʪʠ ʚ ʭʦʟʷʡʩʪʚʝ ʥʘʫʯʥʦ ï ʦʙʦʩʥʦʚʘʥʥʳʡ ʩʝʚʦʦʙʦʨʦʪ; ʚʦʟʜʝʣʳʚʘʪʴ ʩʦʨʪʘ, 

ʨʘʡʦʥʠʨʦʚʘʥʥʳʝ ʚ ʦʙʣʘʩʪʠ ʦʙʩʣʫʞʠʚʘʥʠʷ; ʚʥʦʩʠʪʴ ʨʘʩʯʸʪʥʳʝ ʜʦʟʳ ʫʜʦʙʨʝʥʠʡ ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʠ 

ʚʪʦʨʦʛʦ ʫʢʦʩʦʚ ʩ ʫʯʸʪʦʤ ʧʦʯʚʝʥʥʦʛʦ ʧʣʦʜʦʨʦʜʠʷ; ʩʦʙʣʶʜʘʪʴ ʪʝʭʥʦʣʦʛʠʶ, ʩʨʦʢʠ ʫʙʦʨʢʠ ʠ ʦʧʝʨʘʮʠʠ 

ʧʦʩʣʝʫʙʦʨʦʯʥʦʡ ʜʦʨʘʙʦʪʢʠ ʟʝʣʸʥʦʡ ʤʘʩʩʳ. ɺ ʨʝʢʦʤʝʥʜʫʝʤʦʤ ʩʝʚʦʦʙʦʨʦʪʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʤ 

ʨʘʡʛʨʘʩʘ ʦʜʥʦʣʝʪʥʝʛʦ ʷʚʣʷʝʪʩʷ ʦʟʠʤʘʷ ʨʦʞʴ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʚʝʩʪʠ 

ʩʦʨʪʦʩʤʝʥʫ, ʟʘʤʝʥʠʪʴ ʩʦʨʪ ʀʟʦʨʩʢʠʡ ʥʘ ʩʢʦʨʦʩʧʝʣʳʡ, ʩ ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʟʘʙʦʣʝʚʘʥʠʷʤ ʠ 

ʚʨʝʜʠʪʝʣʷʤ ʩʦʨʪ ʈʘʧʠʜ. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʚʪʦʨʦʡ ʘʟʦʪʥʦʡ ʧʦʜʢʦʨʤʢʠ ʧʦʩʣʝ ʚʪʦʨʦʛʦ ʫʢʦʩʘ 

ʟʝʣʸʥʦʡ ʤʘʩʩʳ ʚ ʜʦʟʝ 45- 60 ʢʛ/ʛʘ ʜʝʡʩʪʚʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʘʟʦʪʘ. 
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The paper considers the annual ryegrass cultivation technology in place in Velskaya Agricultural 

Company. The crop grows well and gives up to three cuttings during the growing season under conditions of 

Velsky District of Arkhangelsk Region. However, the average ryegrass yield on the farm in 2014ï2016 was 

13.9 t / ha, with the yield potential being 34.2 t / ha. The main technological operations of pre-seeding soil 

cultivation, sowing, fertilising, crop tending, harvesting and post-harvest treatment of green mass are 

described. To increase the yield of annual ryegrass is possible by introducing the elements of intensive 

cultivation. To improve the economic efficiency of the cultivation technology, it is proposed to introduce a 

scientifically-based crop rotation; to grow ryegrass varieties adapted to the area conditions; to apply the 

fertilisers after the first and second cuttings in the rates calculated with due account for soil fertility; to 

follow strictly the technological requirements and the terms of harvesting and post-harvest green mass 

handling. In the recommended crop rotation, the predecessor of ryegrass of the first year is winter rye. To 

increase the yield, it is proposed to switch to another variety: to replace Isorsky variety with an early 

maturing Rapid variety with high resistance to diseases and pests. The second nitrogen fertilisation is 

recommended after the second cutting of the green mass in the rate of 45-60 kg N / ha. 
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ɺʚʝʜʝʥʠʝ 

ɺ ʩʦʚʦʢʫʧʥʳʭ ʠʟʜʝʨʞʢʘʭ ʞʠʚʦʪʥʦ-

ʚʦʜʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʦʩʥʦʚʥʫʶ ʜʦʣʶ 

ʟʘʥʠʤʘʶʪ ʟʘʪʨʘʪʳ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʢʦʨʤʘ, 

ʧʦʵʪʦʤʫ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʚ 

ʢʦʨʤʦʧʨʦʠʟʚʦʜʩʪʚʝ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ 

ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʫʜʝʰʝʚʣʝʥʠʷ ʠ 

ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʢʦʨʤʦʚ, ʟʘʛʦʪʦʚʣʷʝʤʳʭ 

ʚ ʭʦʟʷʡʩʪʚʘʭ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʥʘ ʙʘʟʝ 

ʨʘʮʠʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʨʤʦʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʫʢʨʝʧʣʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʦʩʥʦʚ ʝʛʦ ʚʝʜʝʥʠʷ [1, 2]. 

ɺʦʟʜʝʣʳʚʘʥʠʝ ʨʘʟʥʳʭ ʧʦ ʩʢʦʨʦʩʧʝʣʦʩʪʠ 

ʪʨʘʚ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʢʦʨʤʦʚʦʡ ʟʝʣʝʥʳʡ 

ʢʦʥʚʝʡʝʨ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʥʝ ʪʦʣʴʢʦ 

ʨʘʮʠʦʥʘʣʴʥʦʝ ʢʦʨʤʣʝʥʠʝ ʞʠʚʦʪʥʳʭ, ʥʦ ʠ 

ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠ 

ʫʙʦʨʦʯʥʦʡ ʪʝʭʥʠʢʠ, ʪʝʤ ʙʦʣʝʝ ʯʪʦ ʨʘʟʥʳʝ 

ʚʠʜʳ ʢʦʨʤʦʚ ʜʘʞʝ ʠʟ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ 

ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ ʟʘʛʦʪʦʚʣʷʶʪ ʚ 

ʥʝʦʜʠʥʘʢʦʚʳʝ ʬʘʟʳ ʠʭ ʨʘʟʚʠʪʠʷ. 

ʊʨʘʚʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʴʶ 

ʠ ʜʘʶʪ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʝ ʫʨʦʞʘʠ, ʯʝʤ ʜʨʫʛʠʝ 

ʢʫʣʴʪʫʨʳ, ʦʥʠ ʨʘʥʦ ʦʪʨʘʩʪʘʶʪ, ʤʝʥʴʰʝ 

ʪʨʘʪʷʪ ʧʣʘʩʪʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ 

ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ.  

ɺʦʟʜʝʣʳʚʘʥʠʝ ʢʦʨʤʦʚʳʭ ʪʨʘʚ  ʠʛʨʘʝʪ 

ʦʛʨʦʤʥʫʶ ʨʦʣʴ ʚ ʫʚʝʣʠʯʝʥʠʠ ʦʙʲʝʤʦʚ, 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʫʜʝʰʝʚʣʝʥʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʢʦʨʤʦʚ, ʚ ʫʣʫʯʰʝʥʠʠ ʢʘʯʝʩʪʚʘ ʨʘʮʠʦʥʦʚ, 

ʧʦʚʳʰʝʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ, ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʨʤʦ-

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʚʩʝʛʦ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. 

ʆʜʥʦʣʝʪʥʠʝ ʠ ʤʥʦʛʦʣʝʪʥʠʝ ʪʨʘʚʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʴʶ 

ʘʤʠʥʦʢʠʩʣʦʪʥʦʛʦ ʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʧʦ ʩʚʦʠʤ ʢʦʨʤʦʚʳʤ ʢʘʯʝʩʪʚʘʤ ʥʘʠʙʦʣʝʝ 

ʧʦʣʥʦ ʦʪʚʝʯʘʶʪ ʧʦʪʨʝʙʥʦʩʪʷʤ ʞʠʚʦʪʥʳʭ. 

ɺ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʩʪʨʫʢʪʫʨʝ 

ʧʦʩʝʚʥʳʭ ʧʣʦʱʘʜʝʡ ʢʦʨʤʦʚʳʭ ʢʫʣʴʪʫʨ 

ʦʜʥʦʣʝʪʥʠʝ ʪʨʘʚʳ ʟʘʥʠʤʘʶʪ ʚʪʦʨʦʝ ʤʝʩʪʦ 
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ʧʦʩʣʝ ʤʥʦʛʦʣʝʪʥʠʭ ʪʨʘʚ, ʘ ʚ ʚʘʣʦʚʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʦʨʤʦʚ - ʪʨʝʪʴʝ ʤʝʩʪʦ ʧʦʩʣʝ 

ʤʥʦʛʦʣʝʪʥʠʭ ʪʨʘʚ ʠ ʢʫʢʫʨʫʟʳ [1, 2].  

ɼʣʷ ʨʘʡʦʥʦʚ ʜʦʩʪʘʪʦʯʥʦʛʦ ʠ 

ʠʟʙʳʪʦʯʥʦʛʦ ʫʚʣʘʞʥʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ 

ʢʦʨʤʦʚʦʡ ʢʫʣʴʪʫʨʦʡ ʷʚʣʷʝʪʩʷ ʨʘʡʛʨʘʩ 

ʦʜʥʦʣʝʪʥʠʡ, ʠʣʠ ʨʘʡʛʨʘʩ ʚʝʩʪʝʨʚʦʣʴʜʩʢʠʡ, 

ʠʣʠ ʧʣʝʚʝʣ ʚʝʩʪʝʨʚʦʣʴʜʩʢʠʡ ï Lolium 

multiflorum Lamvar Westerwoldicum, ʢʦʪʦʨʳʡ 

ʜʘʚʥʦ ʢʫʣʴʪʠʚʠʨʫʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ 

ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʳ ʠ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʠ ʚ 

ʢʘʯʝʩʪʚʝ ʩʢʦʨʦʩʧʝʣʦʛʦ ʢʦʨʤʦʚʦʛʦ ʟʣʘʢʘ. ɺ 

ʥʘʰʝʡ ʩʪʨʘʥʝ ʨʘʡʛʨʘʩ ʦʜʥʦʣʝʪʥʠʡ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʦʚʘʷ ʢʦʨʤʦʚʘʷ ʢʫʣʴʪʫʨʘ. ɺ 

ʫʩʣʦʚʠʷʭ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʛʦ ʨʝʛʠʦʥʘ ʈʌ ʧʨʠ 

ʚʳʩʦʢʦʡ ʘʛʨʦʪʝʭʥʠʢʝ ʧʦʣʫʯʘʶʪ ʜʦ 30 ʪ 

ʟʝʣʝʥʦʡ ʤʘʩʩʳ ʠʣʠ 8 ʪ ʩʝʥʘ ʩ 1 ʛʘ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʨʘʙʦʪʳ ʦʙʫʩʣʦʚʣʝʥʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʦʟʜʘʥʠʷ ʫʩʣʦʚʠʡ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʨʘʡʛʨʘʩʘ ʦʜʥʦʣʝʪʥʝʛʦ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʥʘ 

ʢʦʨʤ ʠ ʩʝʤʝʥʘ ʟʘ ʩʯʸʪ ʦʩʚʦʝʥʠʷ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʬʬʝʢʪʠʚʥʳʭ, ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʙʝʟʦʧʘʩʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʜʦʩʪʠʞʝʥʠʷʭ ʥʘʫʢʠ ʠ ʧʝʨʝʜʦʚʦʡ ʧʨʘʢʪʠʢʝ [3, 

4, 5, 6]. 

ɸʢʮʠʦʥʝʨʥʦʝ ʦʙʱʝʩʪʚʦ ɸʨʭʘʥʛʝʣʴʩʢʦʡ 

ʦʙʣʘʩʪʠ çɸʛʨʦʬʠʨʤʘ çɺʝʣʴʩʢʘʷèè 

ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʶʛʝ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ, 

ʚ ɺʝʣʴʩʢʦʤ, ʧʦʛʨʘʥʠʯʥʦʤ ʩ ɺʦʣʦʛʦʜʩʢʦʡ 

ʦʙʣʘʩʪʴʶ, ʨʘʡʦʥʝ. ʇʦ ʦʩʥʦʚʥʳʤ 

ʘʛʨʦʢʣʠʤʘʪʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ, 

ʦʧʨʝʜʝʣʷʶʱʠʤ ʫʩʣʦʚʠʷ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, 

ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʝ ɸʆ çɸʛʨʦʬʠʨʤʘ 

çɺʝʣʴʩʢʘʷè ʦʪʥʦʩʠʪʩʷ ʢ ʧʷʪʦʤʫ 

ʘʛʨʦʢʣʠʤʘʪʠʯʝʩʢʦʤʫ ʨʘʡʦʥʫ ʦʙʣʘʩʪʠ ʠ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʪʨʝʪʴʝʤ ʩʝʣʴʩʢʦ-

ʭʦʟʷʡʩʪʚʝʥʥʦʤ ʨʘʡʦʥʝ. ʂʣʠʤʘʪ ɺʝʣʴʩʢʦʛʦ 

ʨʘʡʦʥʘ ʫʤʝʨʝʥʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ. ʇʦ 

ʤʥʦʛʦʣʝʪʥʠʤ ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ 

ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ ʛ. ɺʝʣʴʩʢʘ 

ʦʩʝʥʥʠʝ ʟʘʤʦʨʦʟʢʠ ʥʘʩʪʫʧʘʶʪ ʩ ʪʨʝʪʴʝʡ 

ʜʝʢʘʜʳ ʩʝʥʪʷʙʨʷ. ʉʨʝʜʥʝʛʦʜʦʚʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʟʘ 2016 ï 2017 ʛ. ʛ 

ʩʦʩʪʘʚʠʣʘ +2,3 
ʦ
ʉ. ʋʩʪʦʡʯʠʚʳʡ ʩʥʝʞʥʳʡ 

ʧʦʢʨʦʚ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʚ ʩʨʝʜʥʝʤ, ʢ 20 

ʥʦʷʙʨʷ ʠ ʧʦʩʪʝʧʝʥʥʦ ʥʘʨʘʩʪʘʝʪ, ʜʦʩʪʠʛʘʷ 

ʤʘʢʩʠʤʫʤʘ ʚʦ ʚʪʦʨʦʡ ʜʝʢʘʜʝ ʬʝʚʨʘʣʷ. 

ɺʳʩʦʪʘ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʜʦʩʪʠʛʘʝʪ 550 ʤʤ. 

ʅʘ ʪʝʧʣʳʡ ʧʝʨʠʦʜ ʛʦʜʘ ʧʨʠʭʦʜʠʪʩʷ 380 - 400 

ʤʤ ʦʩʘʜʢʦʚ.  

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ 

ʧʝʨʠʦʜʘ, ʩʦʩʪʘʚʣʷʝʪ 150 - 160 ʜʥʝʡ. ʇʝʨʠʦʜ 

ʩʦ ʩʨʝʜʥʝʩʫʪʦʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʳʰʝ 10 
ʦ
ʉ  

ʩʦʩʪʘʚʣʷʝʪ 100 - 110 ʜʥʝʡ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʢʨʘʪʢʦʩʪʴ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ. 

ʆʪʨʠʮʘʪʝʣʴʥʳʤ ʤʦʤʝʥʪʦʤ ʷʚʣʷʶʪʩʷ 

ʧʦʟʜʥʠʝ ʚʝʩʝʥʥʠʝ ʠ ʨʘʥʥʠʝ ʦʩʝʥʥʠʝ 

ʟʘʤʦʨʦʟʢʠ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʣʦʞʥʷʝʪ 

ʚʦʟʜʝʣʳʚʘʥʠʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʢʫʣʴʪʫʨ. ʂʘʢ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʤʦʤʝʥʪ 

ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʫʜʣʠʥʝʥʥʳʡ ʩʚʝʪʦʚʦʡ ʜʝʥʴ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʠʜʝʪ ʫʩʠʣʝʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʘʩʩʠʤʠʣʠʨʫʶʱʠʭ ʦʨʛʘʥʦʚ ʨʘʩʪʝʥʠʡ, ʯʪʦ ʚ 

ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ ʩʦʢʨʘʱʘʝʪ ʜʣʠʥʫ 

ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ.  

ʊʝʨʨʠʪʦʨʠʷ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ 

ɸʛʨʦʬʠʨʤʳ çɺʝʣʴʩʢʘʷè ʧʦ ʧʦʯʚʝʥʥʦ-

ʛʝʦʛʨʘʬʠʯʝʩʢʦʤʫ ʨʘʩʧʦʣʦʞʝʥʠʶ ʦʪʥʦʩʠʪʩʷ ʢ 

ʮʝʥʪʨʘʣʴʥʦ-ʪʘʸʞʥʦ-ʣʝʩʥʦʡ ʦʙʣʘʩʪʠ, 

ʩʨʝʜʥʝʪʘʝʞʥʦʡ ʟʦʥʳ ʧʦʜʟʦʣʠʩʪʳʭ ʧʦʯʚ. 

ʇʘʰʥʷ ʚ ʭʦʟʷʡʩʪʚʝ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʦʩʥʦʚʥʦʤ 

ʥʘ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʭ ʧʦʯʚʘʭ. ʇʦʩʣʝʜʥʠʡ 

ʮʠʢʣ ʘʛʨʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʭʦʟʷʡʩʪʚʝ ʧʨʦʚʦʜʠʣʩʷ ʚ 2017 ʛʦʜʫ  (ʪʘʙʣ. 1). 
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ʊʘʙʣʠʮʘ 1 

ʉʦʜʝʨʞʘʥʠʷ ʘʛʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʯʚ ʭʦʟʷʡʩʪʚʘ ʚ 2017 ʛʦʜʫ 

PHkc

l 

P2O5, 

ʤʛ\ʢ

ʛ 

K2O

, 

ʤʛ/ʢ

ʛ 

ɻʫʤʫ

ʩ, % 

ɻʠʜʨʦʣʠʪʠ-

ʯʝʩʢʘʷ 

ʢʠʩʣʦʪʥʦʩʪʴ, 

ʤʛ-ʵʢʚ. ʥʘ 

100 ʛ ʧʦʯʚʳ 

ʉʫʤʤʘ 

ʦʙʤʝʥʥʳʭ 

ʦʩʥʦʚʘʥʠʡ

, ʤʛ-ʵʢʚ ʥʘ 

100 ʛ 

ʧʦʯʚʳ 

ɪʤʢʦʩʪʴ 

ʧʦʛʣʘʱʝ-

ʥʠʷ, ʤʛ-

ʵʢʚ ʥʘ 

100 ʛ 

ʧʦʯʚʳ 

ʉʪʝʧʝʥʴ 

ʥʘʩʳʱʝʥʥʦʩʪʠ  

ʦʩʥʦʚʘʥʠʷʤʠ,% 

ʆʢʫʣʴʪʫ-

ʨʝʥʥʦʩʪʴ  

ʧʦʯʚʳ 

5,7-

6,3 

282-

294 

54-

73 

3,6-

5,4 

2,2-0,6 13,7-28 14,6-28 80-97 ʉʨʝʜʥʷʷ ʠ 

ʚʩrʦʢʘʷ 

 

ɸʥʘʣʠʟʠʨʫʷ ʧʦʢʘʟʘʪʝʣʠ ʧʦʯʚʝʥʥʦʛʦ 

ʧʣʦʜʦʨʦʜʠʷ ʭʦʟʷʡʩʪʚʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

pH: ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʠʣ 

ʚ 2012 ʛʦʜʫ 5,7- 6,3 ʝʜ. pH, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʣʘʙʦʢʠʩʣʳʤ ʧʦʯʚʘʤ.  

P2O5: ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ 

ʩʦʜʝʨʞʘʥʠʷ   ʧʦʜʚʠʞʥʦʛʦ ʬʦʩʬʦʨʘ ʩʦʩʪʘʚʠʣ 

ʚ 2012 ʛʦʜʫ 282 ï 294  ʤʛ/ʢʛ ʧʦʯʚʳ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʯʝʥʴ ʚʳʩʦʢʦʡ 

ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʧʦʯʚ ʧʦʜʚʠʞʥʳʤ ʬʦʩʬʦʨʦʤ.  

ʂ2ʆ: ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ 

ʩʦʜʝʨʞʘʥʠʷ ʦʙʤʝʥʥʦʛʦ ʢʘʣʠʷ ʩʦʩʪʘʚʣʷʝʪ ʚ 

2012 ʛʦʜʫ 54 - 73 ʤʛ/ʢʛ ʧʦʯʚʳ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʠʟʢʦʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ.   

ɻʫʤʫʩ: ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ  ʩʦʩʪʘʚʠʣʦ ʚ 

2012 ʛʦʜʫ 3,6- 5,4%.  

ʇʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʧʦʯʚʳ 

ʚ ʭʦʟʷʡʩʪʚʝ ʣʝʛʢʦ ï ʠ  ʩʨʝʜʥʝ ï ʩʫʛʣʠʥʠʩʪʳʝ. 

ɸʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʧʦʩʝʚʥʳʭ ʧʣʦʱʘʜʝʡ 

çɸʛʨʦʬʠʨʤʳ çɺʝʣʴʩʢʘʷè ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʧʦʜ ʚʦʟʜʝʣʳʚʘʥʠʝ ʦʜʥʦʣʝʪʥʠʭ ʪʨʘʚ ʚ 

ʭʦʟʷʡʩʪʚʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ 

ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʧʝʨʠʦʜʘ (2015-2017 ʛ. ʛ.) 

ʦʪʚʦʜʠʣʠʩʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʣʦʱʘʜʠ - ʦʪ 1189 

ʜʦ 1912 ʛʘ (ʪʘʙʣ. 2).  

 

ʊʘʙʣʠʮʘ 2 

ʇʣʦʱʘʜʴ ʧʦʩʝʚʘ, ʫʨʦʞʘʡʥʦʩʪʴ, ʚʘʣʦʚʦʡ ʩʙʦʨ ʨʘʡʛʨʘʩʘ ʦʜʥʦʣʝʪʥʝʛʦ ʚ ɸʆ çɸʛʨʦʬʠʨʤʘ çɺʝʣʴʩʢʘʷè ʟʘ 

2015-2017 ʛ. ʛ. 

 

ɺʠʜ 

ʢʦʨʤʘ 

2015 ʛʦʜ 2016 ʛʦʜ 2017 ʛʦʜ ʉʨʝʜʥʷʷ 

ʫʨʦʞʘʡ-

ʥʦʩʪʴ, ʮ/ʛʘ 

ʚ  2015-

2017 ʛ.ʛ. 
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ɿʝʣʸʥʘʷ 

ʤʘʩʩʘ ʥʘ 

ʩʠʣʦʩ 29945 1912 156,6 16686,5 51830 91,2 9409,7 1189,5 79,1 108,9 

 

ɸʥʘʣʠʟ ʪʘʙʣʠʮʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʘʣʦʚʦʡ 

ʩʙʦʨ ʟʝʣʝʥʦʡ ʤʘʩʩʳ ʦʜʥʦʣʝʪʥʠʭ ʪʨʘʚ 

(ʨʘʡʛʨʘʩʘ ʦʜʥʦʣʝʪʥʝʛʦ), ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʠ ʚʳʩʝʚʘʝʤʳʭ ʧʣʦʱʘʜʝʡ  

ʟʘ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ ʩʦʩʪʘʚʠʣ ʦʪ 9409,7 ʪ ʚ 

2017 ʛʦʜʫ  ʜʦ 29945,0 ʪʦʥʥ ʚ 2015 ʛʦʜʫ.  

 

ʋʨʦʞʘʡʥʦʩʪʴ ʚ ʩʨʝʜʥʝʤ ʟʘ 2015 ï 2017 

ʛʛ. ʩʦʩʪʘʚʠʣʘ 108,9 ʮ/ʛʘ, ʧʨʠ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʡ ʫʨʦʞʘʡʥʦʩʪʠ ʨʘʡʛʨʘʩʘ 

ʦʜʥʦʣʝʪʥʝʛʦ ʜʦ 300 ʮ/ʛʘ ʟʝʣʸʥʦʡ ʤʘʩʩʳ [3, 5, 

7]. 

 

 

 



          ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

          ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 

103 
 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʈʘʩʩʤʦʪʨʠʤ ʵʣʝʤʝʥʪʳ ʩʫʱʝʩʪʚʫʶʱʝʡ 

ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʷ ʨʘʡʛʨʘʩʘ 

ʦʜʥʦʣʝʪʥʝʛʦ ʚ ʭʦʟʷʡʩʪʚʝ. 

ɺ ɸʆ çɸʛʨʦʬʠʨʤʘ çɺʝʣʴʩʢʘʷè 

ʚʦʟʜʝʣʳʚʘʝʪʩʷ ʨʘʡʛʨʘʩ ʦʜʥʦʣʝʪʥʠʡ ʩʦʨʪ  - 

çʀʟʦʨʩʢʠʡè. ʆʨʠʛʠʥʘʪʦʨ: ɻʅʋ 

ʃʝʥʠʥʛʨʘʜʩʢʠʡ ʅʀʀʉʍ çɹʝʣʦʛʦʨʢʘè. ʉʦʨʪ 

çʀʟʦʨʩʢʠʡè ʚʢʣʶʯʝʥ ʚ ɻʦʩʨʝʝʩʪʨ ʩ 1984 

ʛʦʜʘ. ɼʦʧʫʱʝʥ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʦ 

ʉʝʚʝʨʥʦʤʫ, ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʤʫ, 

ʎʝʥʪʨʘʣʴʥʦʤʫ, ɺʦʣʛʦ-ɺʷʪʩʢʦʤʫ ʠ 

ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʤʫ ʨʝʛʠʦʥʘʤ ʈʌ.  

ɺʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʜʦ ʧʝʨʚʦʛʦ ʫʢʦʩʘ 

35 ï 42 ʜʥʷ, ʥʘ ʩʝʤʝʥʘ (ʜʦ ʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʩʧʝʣʦʩʪʠ) 81 ï 92 ʜʥʷ. ʋʨʦʞʘʡʥʦʩʪʴ ʟʝʣʝʥʦʡ 

ʤʘʩʩʳ 48-50 ʪ/ʛʘ, ʩʝʥʘ 6,5-9,0 ʪ/ʛʘ, ʩʝʤʷʥ 800-

1200 ʢʛ/ʛʘ. ʉʦʜʝʨʞʘʥʠʝ ʙʝʣʢʘ ʚ ʩʝʥʝ 12-14%, 

ʢʣʝʪʯʘʪʢʠ 30-34%. ʉʦʨʪ ʫʩʪʦʡʯʠʚ ʢ 

ʟʘʤʦʨʦʟʢʘʤ, ʚʨʝʜʠʪʝʣʷʤ ʠ ʙʦʣʝʟʥʷʤ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ï ʜʣʷ ʩʳʨʴʝʚʦʛʦ ʠ ʟʝʣʝʥʦʛʦ 

ʢʦʥʚʝʡʝʨʘ (ʜʘʝʪ 2-3 ʫʢʦʩʘ), ʜʣʷ ʨʝʤʦʥʪʘ 

ʛʘʟʦʥʦʚ. 

ʇʨʝʜʰʝʩʪʚʝʥʥʠʢʦʤ ʨʘʡʛʨʘʩʘ 

ʦʜʥʦʣʝʪʥʝʛʦ ʚ ʭʦʟʷʡʩʪʚʝ ʷʚʣʷʶʪʩʷ 

ʤʥʦʛʦʣʝʪʥʠʝ ʙʦʙʦʚʦ - ʟʣʘʢʦʚʳʝ ʪʨʘʚʳ 

ʚʪʦʨʦʛʦ ʛʦʜʘ ʧʦʣʴʟʦʚʘʥʠʷ. ʉʠʩʪʝʤʘ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʜʣʷ ʧʦʩʝʚʘ ʨʘʡʛʨʘʩʘ 

ʦʜʥʦʣʝʪʥʝʛʦ ʚ ɸʆ çɸʛʨʦʬʠʨʤʘ çɺʝʣʴʩʢʘʷè  

ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʠʸʤʳ (ʪʘʙʣ.3). 

 

ʊʘʙʣʠʮʘ 3 

ʇʝʨʝʯʝʥʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʠ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ 

ʧ.ʧ. ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʦʧʝʨʘʮʠʠ 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʚʳʧʦʣʥʝʥʠʶ ʦʧʝʨʘʮʠʠ, ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ 

1 ɿʷʙʣʝʚʘʷ ʚʩʧʘʰʢʘ ɺ ʧʝʨʚʦʡ ʜʝʢʘʜʝ ʩʝʥʪʷʙʨʷ ʧʣʫʛʦʤ Lemken Euro Diamant 5/5+1, 

ʘʛʨʝʛʘʪʠʨʫʝʪʩʷ ʩ ʪʨʘʢʪʦʨʦʤ John Deere 7830 ʥʘ ʛʣʫʙʠʥʫ 20 ʩʤ 

2 ɺʥʝʩʝʥʠʝ 

ʤʠʥʝʨʘʣʴʥʳʭ 

ʫʜʦʙʨʝʥʠʡ 

ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʟʙʨʘʩʳʚʘʪʝʣʝʤ ʫʜʦʙʨʝʥʠʡ Amazone ZA-M 1500, 

ʘʛʨʝʛʘʪʠʨʫʝʪʩʷ ʩ ʪʨʘʢʪʦʨʦʤ ʊ-150ʂ 

3 ʂʫʣʴʪʠʚʘʮʠʷ 

ʧʦʯʚʳ ʚ ʜʚʘ ʩʣʝʜʘ 

ʇʨʦʚʦʜʠʪʩʷ  ʧʦʩʣʝ ʚʥʝʩʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʢʫʣʴʪʠʚʘʪʦʨʦʤ 

Lemken System-Korund 600 L ʩ ʰʠʨʠʥʦʡ ʟʘʭʚʘʪʘ ʦʪ 3 ʜʦ 9 ʤʝʪʨʦʚ, 

ʘʛʨʝʛʘʪʠʨʫʝʪʩʷ ʩ ʪʨʘʢʪʦʨʦʤ John Deere 7830 

4 ʇʦʩʝʚ ʩʝʤʷʥ ʇʨʦʚʦʜʠʪʩʷ ʩʨʘʟʫ ʧʦʩʣʝ ʢʫʣʴʪʠʚʘʮʠʠ ʥʘʚʝʩʥʦʡ ʩʝʷʣʢʦʡ Amazone D9 60, 

ʢʦʪʦʨʘʷ ʢʦʥʪʨʦʣʠʨʫʝʪ ʦʙʨʘʪʥʦʝ ʫʧʣʦʪʥʝʥʠʝ ʧʦʩʝʚʥʦʡ ʙʦʨʦʟʜʳ ʨʝʟʠʥʦ-

ʢʣʠʥʦʚʳʤ ʢʘʪʢʦʤ, ʘʛʨʝʛʘʪʠʨʫʝʪʩʷ ʩ ʪʨʘʢʪʦʨʦʤ John Deere 7830. ʅʦʨʤʘ 

ʚʳʩʝʚʘ 40 ʢʛ/ʛʘ. 

 

 

ʈʘʡʛʨʘʩ ʪʨʝʙʫʝʪ ʢʘʯʝʩʪʚʝʥʥʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʧʦʯʚʳ ʧʝʨʝʜ ʧʦʩʝʚʦʤ. ɺ ʩʠʩʪʝʤʝ 

ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʟʘʢʨʳʚʘʶʪ 

ʚʣʘʛʫ, ʦʙʷʟʘʪʝʣʴʥʦ ʚʳʨʘʚʥʠʚʘʶʪ ʠ 

ʫʧʣʦʪʥʷʶʪ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʯʚʳ. ʕʪʦ ʩʦʟʜʘʝʪ 

ʤʝʣʢʦʢʦʤʢʦʚʘʪʫʶ ʩʪʨʫʢʪʫʨʫ ʧʦʯʚʳ ʠ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʭʨʘʥʝʥʠʶ ʚʣʘʛʠ ʠ ʩʦʟʜʘʥʠʶ  

 

 

ʥʘ ʛʣʫʙʠʥʝ ʟʘʜʝʣʢʠ ʩʝʤʷʥ ʫʧʣʦʪʥʝʥʥʦʛʦ 

ʩʣʦʷ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʫʩʣʦʚʠʝʤ 

ʧʦʣʫʯʝʥʠʷ ʜʨʫʞʥʳʭ ʚʩʭʦʜʦʚ. ʍʦʟʷʡʩʪʚʦ 

ʨʘʩʧʦʣʘʛʘʝʪ ʩʦʚʨʝʤʝʥʥʦʡ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʦʡ, 

ʧʦʟʚʦʣʷʶʱʝʡ  ʢʘʯʝʩʪʚʝʥʥʦ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦ 

ʚʳʧʦʣʥʷʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʦʧʝʨʘʮʠʠ (ʪʘʙʣ.4). 
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ʊʘʙʣʠʮʘ 4 

ʇʝʨʝʯʝʥʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʫʙʦʨʢʠ ʠ ʧʦʩʣʝʫʙʦʨʦʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʟʝʣʝʥʦʡ ʤʘʩʩʳ 

ʧ.ʧ. ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʦʧʝʨʘʮʠʠ 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʚʳʧʦʣʥʝʥʠʶ ʦʧʝʨʘʮʠʠ, ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ 

1 ʇʝʨʚʦʝ ʢʦʰʝʥʠʝ 

ʟʝʣʝʥʦʡ ʤʘʩʩʳ 

ʇʨʦʚʦʜʠʪʩʷ ʚ ʧʝʨʚʦʡ ʜʝʢʘʜʝ ʠʶʣʷ ʢʦʩʠʣʢʦʡ-ʧʣʶʱʠʣʢʦʡ EasyCut B 870 

CV, ʘʛʨʝʛʘʪʠʨʫʝʪʩʷ ʩ ʪʨʘʢʪʦʨʦʤ John Deere 7830. 

2 ɺʦʨʦʰʝʥʠʝ ʟʝʣʝʥʦʡ 

ʤʘʩʩʳ 

ʇʨʦʚʦʜʠʪʩʷ ʚ ʧʝʨʚʦʡ ʜʝʢʘʜʝ ʠʶʣʷ ʨʦʪʘʮʠʦʥʥʦʡ ʚʦʨʦʰʠʣʢʦʡ-

ʚʩʧʫʰʠʚʘʪʝʣʝʤ Krone KW 6.72/6, ʘʛʨʝʛʘʪʠʨʫʝʪʩʷ ʩ ʪʨʘʢʪʦʨʦʤ ʄʊɿ-82. 

3 ʇʨʝʩʩʦʚʘʥʠʝ ʚ 

ʨʫʣʦʥʳ ʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ 

ʨʫʣʦʥʦʚ 

ɺ ʧʝʨʚʦʡ ʜʝʢʘʜʝ ʠʶʣʷ ʧʣʘʪʬʦʨʤʦʡ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʢʦʨʤʦʚ ʇʊʂ-10/2, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʟʘʧʨʝʩʩʦʚʘʥʥʳʭ ʛʨʫʙʳʭ ʢʦʨʤʦʚ. 

ɸʛʨʝʛʘʪʠʨʫʝʪʩʷ ʩ ʪʨʘʢʪʦʨʦʤ ʊ-150ʂ. 

4 ʇʦʛʨʫʟʢʘ, 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʠ 

ʚʥʝʩʝʥʠʝ 

ʤʠʥʝʨʘʣʴʥʳʭ 

ʫʜʦʙʨʝʥʠʡ 

ɺ ʪʨʝʪʴʝʡ ʜʝʢʘʜʝ ʠʶʣʷ ʨʘʟʙʨʘʩʳʚʘʪʝʣʝʤ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ 

Amazone ZA-M 1500. ɸʛʨʝʛʘʪʠʨʫʝʪʩʷ ʩ ʪʨʘʢʪʦʨʦʤ ʊ-150ʂ. Naa34 ï 1,06 

ʮ/ʛʘ. 

5 ɺʪʦʨʦʝ ʢʦʰʝʥʠʝ 

ʟʝʣʝʥʦʡ ʤʘʩʩʳ 

ʇʨʦʚʦʜʠʪʩʷ ʚ ʧʝʨʚʦʡ ʜʝʢʘʜʝ ʘʚʛʫʩʪʘ ʢʦʩʠʣʢʦʡ-ʧʣʶʱʠʣʢʦʡ EasyCut B 

870 CV, ʘʛʨʝʛʘʪʠʨʫʝʪʩʷ ʩ ʪʨʘʢʪʦʨʦʤ John Deere 7830. 

6 ɺʦʨʦʰʝʥʠʝ ʟʝʣʝʥʦʡ 

ʤʘʩʩʳ 

ʇʨʦʚʦʜʠʪʩʷ ʚ ʧʝʨʚʦʡ ʜʝʢʘʜʝ ʘʚʛʫʩʪʘ ʨʦʪʘʮʠʦʥʥʦʡ ʚʦʨʦʰʠʣʢʦʡ - 

ʚʩʧʫʰʠʚʘʪʝʣʝʤ Krone KW 6.72/6. 

7 ʇʨʝʩʩʦʚʘʥʠʝ ʚ 

ʨʫʣʦʥʳ ʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ 

ʨʫʣʦʥʦʚ 

ɺ ʧʝʨʚʦʡ ʜʝʢʘʜʝ ʘʚʛʫʩʪʘ ʧʣʘʪʬʦʨʤʦʡ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʢʦʨʤʦʚ ʇʊʂ-

10/2. 

8 ʊʨʝʪʴʝ ʢʦʰʝʥʠʝ 

ʟʝʣʝʥʦʡ ʤʘʩʩʳ 

ʇʨʦʚʦʜʠʪʩʷ ʚʦ ʚʪʦʨʦʡ ʜʝʢʘʜʝ ʩʝʥʪʷʙʨʷ ʢʦʩʠʣʢʦʡ-ʧʣʶʱʠʣʢʦʡ EasyCut B 

870 CV, ʘʛʨʝʛʘʪʠʨʫʝʪʩʷ ʩ ʪʨʘʢʪʦʨʦʤ JohnDeere 7830. 

9 ʇʦʜʙʦʨ ʩ 

ʠʟʤʝʣʴʯʝʥʠʝʤ 

ʟʝʣʝʥʦʡ ʤʘʩʩʳ 

ʇʨʦʚʦʜʠʪʩʷ  ʚʦ ʚʪʦʨʦʡ ʜʝʢʘʜʝ ʩʝʥʪʷʙʨʷ ʢʦʨʤʦʫʙʦʨʦʯʥʳʤ ʢʦʤʙʘʡʥʦʤ 

Claas Jaguar 810 

10 ʊʨʘʥʩʧʦʨʪʠʨʦʚʢʘ, 

ʪʨʘʤʙʦʚʢʘ ʟʝʣʝʥʦʡ 

ʤʘʩʩʳ, ʟʘʢʨʳʪʠʝ 

ʪʨʘʥʰʝʠ 

ɺʳʧʦʣʥʷʝʪʩʷ ʚʦ ʚʪʦʨʦʡ ʜʝʢʘʜʝ ʩʝʥʪʷʙʨʷ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʩʘʤʦʩʚʘʣʦʤ  

ʠʣʠ ʧʨʠʮʝʧʦʤ Fliegel ASW 268. 

 

ɸʥʘʣʠʟ ʪʘʙʣʠʮ 3 ʠ 4 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ 

ɸʆ çɸʛʨʦʬʠʨʤʘ çɺʝʣʴʩʢʘʷè ʪʝʭʥʦʣʦʛʠʷ 

ʚʦʟʜʝʣʳʚʘʥʠʷ ʢʫʣʴʪʫʨʳ ʨʘʡʛʨʘʩʘ 

ʦʜʥʦʣʝʪʥʝʛʦ, ʚ ʮʝʣʦʤ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʦʯʚʝʥʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ 

ʭʦʟʷʡʩʪʚʘ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʸʤʳ 

ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʝ 

ʦʙʦʩʥʦʚʘʥʥʳʝ ʩʨʦʢʠ, ʢʘʯʝʩʪʚʝʥʥʦ.  

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʨʝʜʥʷʷ ʫʨʦʞʘʡʥʦʩʪʴ 

ʨʘʡʛʨʘʩʘ ʚ ʭʦʟʷʡʩʪʚʝ ʟʘ 2014 ï 2016 ʛʦʜʳ 

ʩʦʩʪʘʚʠʣʘ 13,9 ʪ/ʛʘ, ʯʪʦ ʤʝʥʴʰʝ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʫʨʦʞʘʡʥʦʩʪʠ 

(ʇʨʋ=34,2 ʪ/ʛʘ). ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ 

ʤʝʨʦʧʨʠʷʪʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʚʳʰʝʥʠʝ 

ʫʨʦʞʘʡʥʦʩʪʠ ʨʘʡʛʨʘʩʘ ʦʜʥʦʣʝʪʥʝʛʦ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʭʦʟʷʡʩʪʚʘ. 

ʇʦʚʳʰʝʥʠʝ ʫʨʦʞʘʷ ʨʘʡʛʨʘʩʘ 

ʦʜʥʦʣʝʪʥʝʛʦ ʚʦʟʤʦʞʥʦ ʧʫʪʸʤ ʚʥʝʜʨʝʥʠʷ 

ʩʣʝʜʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʠʥʪʝʥʩʠʚʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʷ ʢʫʣʴʪʫʨʳ [7, 8, 9]. 

ʉʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʚ ʨʝʰʝʥʠʠ ʵʪʦʡ 

ʟʘʜʘʯʠ ʠʤʝʝʪ ʩʝʚʦʦʙʦʨʦʪ. ɺ ʭʦʟʷʡʩʪʚʝ 

ʦʪʩʫʪʩʪʚʫʶʪ ʩʝʚʦʦʙʦʨʦʪʳ. ʇʦʩʝʚ ʨʘʡʛʨʘʩʘ 

ʦʜʥʦʣʝʪʥʝʛʦ ʚ ʭʦʟʷʡʩʪʚʝ ʧʨʦʚʦʜʠʪʩʷ ʥʝ ʧʦ 

ʣʫʯʰʠʤ ʜʣʷ ʢʫʣʴʪʫʨʳ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤ. 

ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʚʚʝʩʪʠ ʚ ʭʦʟʷʡʩʪʚʝ 

ʧʦʣʝʚʦʡ ʩʝʚʦʦʙʦʨʦʪ ʩʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʦʡ 

ʯʝʨʝʜʦʚʘʥʠʷ ʢʫʣʴʪʫʨ: 

1. ʟʘʥʷʪʳʡ ʧʘʨ 

2. ʦʟʠʤʘʷ ʨʦʞʴ 

3. ʨʘʡʛʨʘʩ ʦʜʥʦʣʝʪʥʠʡ 
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4. ʷʯʤʝʥʴ ʩ ʧʦʜʩʝʚʦʤ ʤʥʦʛʦʣʝʪʥʠʭ ʙʦʙʦʚʦ ï 

ʟʣʘʢʦʚʳʭ ʪʨʘʚ 

5. ʤʥʦʛʦʣʝʪʥʠʝ ʙʦʙʦʚʦ ï ʟʣʘʢʦʚʳʝ ʪʨʘʚʳ 1 

ʛʦʜʘ ʧʦʣʴʟʦʚʘʥʠʷ 

6. ʤʥʦʛʦʣʝʪʥʠʝ ʙʦʙʦʚʦ - ʟʣʘʢʦʚʳʝ ʪʨʘʚʳ 2 

ʛʦʜʘ ʧʦʣʴʟʦʚʘʥʠʷ 

7. ʷʯʤʝʥʴ. 

ʈʘʡʛʨʘʩ ʚ ʛʝʥʝʨʘʪʠʚʥʦʡ ʬʘʟʝ ʦʯʝʥʴ 

ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʬʘʢʪʦʨʦʚ 

ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʦʩʦʙʝʥʥʦ ʢ ʪʝʧʣʫ, ʚʣʘʛʝ ʠ 

ʩʚʝʪʫ. ʇʦʵʪʦʤʫ ʣʫʯʰʠʤʠ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʧʦʜ ʨʘʡʛʨʘʩ ʷʚʣʷʶʪʩʷ 

ʦʟʠʤʳʝ ʟʝʨʥʦʚʳʝ, ʷʨʦʚʳʝ ʟʝʨʥʦʚʳʝ ʠ 

ʧʨʦʧʘʰʥʳʝ ʢʫʣʴʪʫʨʳ. ɺ ʨʝʢʦʤʝʥʜʫʝʤʦʤ 

ʩʝʚʦʦʙʦʨʦʪʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʤ ʨʘʡʛʨʘʩʘ 

ʦʜʥʦʣʝʪʥʝʛʦ ʷʚʣʷʝʪʩʷ ʦʟʠʤʘʷ ʨʦʞʴ. 

ɹʣʘʛʦʜʘʨʷ ʠʥʪʝʥʩʠʚʥʦʤʫ ʥʘʨʘʩʪʘʥʠʶ 

ʢʦʨʥʝʡ ʨʘʡʛʨʘʩʘ ʦʜʥʦʣʝʪʥʝʛʦ ʚʧʣʦʪʴ ʜʦ 

ʧʦʟʜʥʝʦʩʝʥʥʝʛʦ ʧʝʨʠʦʜʘ ʫʣʫʯʰʘʝʪʩʷ 

ʩʪʨʫʢʪʫʨʘ ʧʦʯʚʳ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ 

ʚʦʜʦʧʨʦʯʥʳʭ ʘʛʨʝʛʘʪʦʚ, ʢʦʪʦʨʳʝ 

ʩʦʭʨʘʥʷʶʪʩʷ ʥʝ ʩʣʝʜʫʶʱʠʡ ʛʦʜ ʧʦʩʣʝ 

ʟʷʙʣʝʚʦʡ ʚʩʧʘʰʢʠ ʠ ʚʝʩʝʥʥʠʭ ʦʙʨʘʙʦʪʦʢ 

ʧʦʯʚʳ, ʧʦʵʪʦʤʫ ʨʘʡʛʨʘʩ ʦʜʥʦʣʝʪʥʠʡ ʷʚʣʷʝʪʩʷ 

ʭʦʨʦʰʠʤ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʤ ʜʣʷ ʦʩʥʦʚʥʦʡ 

ʬʫʨʘʞʥʦʡ ʢʫʣʴʪʫʨʳ ʚ ʭʦʟʷʡʩʪʚʝ ï ʷʨʦʚʦʛʦ 

ʷʯʤʝʥʷ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʢʣʘʩʩʥʦʡ ʟʝʣʝʥʦʡ 

ʤʘʩʩʳ ʥʝʦʙʭʦʜʠʤʦ ʩʚʦʝʚʨʝʤʝʥʥʦ 

ʧʨʦʠʟʚʦʜʠʪʴ ʯʘʩʪʠʯʥʫʶ ʠʣʠ ʧʦʣʥʫʶ 

ʩʦʨʪʦʩʤʝʥʥʦʩʪʴ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʟʝʤʣʝʜʝʣʠʠ ʩʦʨʪ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ, ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ 

ʬʘʢʪʦʨ ʧʦʚʳʰʝʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ ʣʶʙʦʡ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʢʫʣʴʪʫʨʳ ʠ ʥʘʨʷʜʫ ʩ 

ʘʛʨʦʪʝʭʥʠʢʦʡ ʠʤʝʝʪ ʙʦʣʴʰʦʝ, ʘ ʚ ʨʷʜʝ 

ʩʣʫʯʘʝʚ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʚʳʩʦʢʠʭ ʠ ʫʩʪʦʡʯʠʚʳʭ ʫʨʦʞʘʝʚ [1, 7]. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ ʚ ɸʆ 

çɸʛʨʦʬʠʨʤʘ çɺʝʣʴʩʢʘʷè ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʧʨʦʚʝʩʪʠ ʩʦʨʪʦʩʤʝʥʫ, ʟʘʤʝʥʠʪʴ ʩʦʨʪ 

çʀʟʦʨʩʢʠʡè ʥʘ çʈʘʧʠʜè. ʉʦʨʪ çʈʘʧʠʜè - 

ʩʢʦʨʦʩʧʝʣʳʡ. ʂʫʩʪ ʧʨʷʤʦʩʪʦʷʯʠʡ, ʧʣʦʪʥʳʡ. 

ʇʝʨʠʦʜ ʦʪ ʚʝʩʝʥʥʝʛʦ ʦʪʨʘʩʪʘʥʠʷ ʜʦ 1 ʫʢʦʩʘ 

40-45 ʜʥʝʡ. ʍʦʨʦʰʦ ʦʪʨʘʩʪʘʝʪ ʧʦʩʣʝ 

ʩʢʘʰʠʚʘʥʠʷ. ʋʨʦʞʘʡʥʦʩʪʴ: ʜʦ 9 ʪʦʥʥ ʩ 

ʛʝʢʪʘʨʘ (ʩʫʭʦʝ ʚʝʱʝʩʪʚʦ). ʊʝʪʨʘʧʣʦʠʜʥʳʡ 

ʩʦʨʪ. ʆʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ 

ʟʘʙʦʣʝʚʘʥʠʷʤ ʠ ʚʨʝʜʠʪʝʣʷʤ. ʉʦʨʪ 

ʪʨʝʭʫʢʦʩʥʳʡ. ɺʦʟʜʝʣʳʚʘʝʪʩʷ ʥʘ ʟʝʣʸʥʳʡ 

ʢʦʨʤ ʠ ʩʝʥʦ.  

ɺʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʧʨʝʜʧʦʩʝʚʥʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʷʚʣʷʝʪʩʷ ʚʳʨʘʚʥʠʚʘʥʠʝ ʧʦʯʚʳ, 

ʢʦʪʦʨʦʝ ʦʩʫʱʝʩʪʚʣʷʶʪ ʨʘʟʣʠʯʥʳʤʠ 

ʘʛʨʝʛʘʪʘʤʠ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʦʙʝʩʧʝʯʠʪʴ ʨʘʚʥʦʤʝʨʥʳʡ ʚʳʩʝʚ ʩʝʤʷʥ ʥʘ 

ʦʧʪʠʤʘʣʴʥʫʶ ʛʣʫʙʠʥʫ ʟʘʜʝʣʢʠ. ʊʘʢ ʢʘʢ ʚ 

ʭʦʟʷʡʩʪʚʝ ʧʨʦʚʦʜʠʪʩʷ ʧʨʠʢʘʪʳʚʘʥʠʝ ʧʦʯʚʳ 

ʪʦʣʴʢʦ ʧʦʩʣʝ ʧʦʩʝʚʘ ʢʫʣʴʪʫʨʳ, 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʢʣʶʯʠʪʴ ʚ ʪʝʭʥʦʣʦʛʠʶ 

ʚʦʟʜʝʣʳʚʘʥʠʷ ʧʨʠʢʘʪʳʚʘʥʠʝ ʧʦʯʚʳ ʜʦ 

ʧʦʩʝʚʘ. 

ɼʣʷ ʨʘʡʛʨʘʩʘ ʦʜʥʦʣʝʪʥʝʛʦ, 

ʨʘʟʤʝʱʘʝʤʦʛʦ ʥʘ ʧʦʯʚʘʭ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ ʬʦʩʬʦʨʘ ʠ ʢʘʣʠʷ ʧʦ 18ð20 

ʤʛ ʠ ʙʦʣʝʝ ʥʘ 100 ʛ ʧʦʯʚʳ, ʚ ʧʦʣʫʯʝʥʠʠ 

ʚʳʩʦʢʦʛʦ ʫʨʦʞʘʷ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ 

ʘʟʦʪʥʳʝ ʫʜʦʙʨʝʥʠʷ. ɺʥʝʩʝʥʠʝ ʘʟʦʪʘ ʚ ʦʜʠʥ 

ʧʨʠʸʤ ʥʘ 2 - 3 ʫʢʦʩʘ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʦ, ʯʝʤ 

ʜʨʦʙʥʦʝ ʚʥʝʩʝʥʠʝ ʧʦʜ ʢʘʞʜʳʡ ʫʢʦʩ. 

ʇʨʠ ʚʥʝʩʝʥʠʠ ʥʦʨʤʳ ʘʟʦʪʘ 90 ʢʛ/ʛʘ, 

ʨʘʩʩʯʠʪʘʥʥʦʡ ʥʘ ʜʚʘ ʫʢʦʩʘ, ʚ ʦʜʠʥ ʧʨʠʝʤ, 

ʫʨʦʞʘʡ ʚʦʟʨʘʩʪʘʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʦ 188 ʠ 

278 ʮ/ʛʘ, ʘ ʜʨʦʙʥʦʝ ʚʥʝʩʝʥʠʝ ʘʟʦʪʘ ʧʦ 45 ʢʛ 

ʧʦʜ ʢʘʞʜʳʡ ʫʢʦʩ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʙʦʨ ʟʝʣʝʥʦʡ 

ʤʘʩʩʳ ð 202 ʠ 301 ʮ/ʛʘ. 

ʆʩʦʙʝʥʥʦ ʚʘʞʥʦ, ʯʪʦ ʩʙʦʨ ʧʨʦʪʝʠʥʘ ʟʘ 

ʜʚʘ ʫʢʦʩʘ ʨʘʡʛʨʘʩʘ ʦʜʥʦʣʝʪʥʝʛʦ ʧʨʠ ʜʨʦʙʥʦʤ 

ʚʥʝʩʝʥʠʠ ʘʟʦʪʘ ʧʦʜ ʢʘʞʜʳʡ ʫʢʦʩ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 16,4%, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʚʳʰʘʝʪʩʷ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ 1 ʢ.ʝʜ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʡʛʨʘʩ ʦʜʥʦʣʝʪʥʠʡ ʧʦʜ 

ʢʘʞʜʳʡ ʧʦʩʣʝʜʫʶʱʠʡ ʫʢʦʩ ʜʦʣʞʝʥ ʧʦʣʫʯʘʪʴ 

ʧʦ 45 - 60 ʢʛ/ʛʘ ʘʟʦʪʘ. 

ʊʘʢ ʢʘʢ ʚ ʭʦʟʷʡʩʪʚʝ ʧʨʦʚʦʜʠʪʩʷ ʦʜʥʘ 

ʘʟʦʪʥʘʷ ʧʦʜʢʦʨʤʢʘ (Naa34) ʧʦʩʣʝ ʧʝʨʚʦʛʦ 

ʫʢʦʩʘ ï 1,06 ʮ/ʛʘ ʚ ʬʠʟʠʯʝʩʢʦʤ ʚʝʩʝ, 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʚʪʦʨʦʡ ʘʟʦʪʥʦʡ 

ʧʦʜʢʦʨʤʢʠ ʧʦʩʣʝ ʚʪʦʨʦʛʦ ʫʢʦʩʘ ʟʝʣʸʥʦʡ 

ʤʘʩʩʳ, ʚ ʜʦʟʝ 45- 60 ʢʛ/ʛʘ ʜ. ʚ. ʘʟʦʪʘ. 
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ɺʳʚʦʜʳ 

- ʘʛʨʦʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ɸʆ 

çɸʛʨʦʬʠʨʤʘ çɺʝʣʴʩʢʘʷè ɸʨʭʘʥʛʝʣʴʩʢʦʡ 

ʦʙʣʘʩʪʠ ʧʦʟʚʦʣʷʶʪ ʩʪʘʙʠʣʴʥʦ ʧʦʣʫʯʘʪʴ ʪʨʠ 

ʧʨʦʜʫʢʪʠʚʥʳʭ ʫʢʦʩʘ ʨʘʡʛʨʘʩʘ ʦʜʥʦʣʝʪʥʝʛʦ; 

- ʥʘʠʙʦʣʴʰʘʷ ʫʨʦʞʘʡʥʦʩʪʴ ʠ ʚʳʩʦʢʦʝ 

ʢʘʯʝʩʪʚʦ ʟʝʣʸʥʦʡ ʤʘʩʩʳ ʚ ʫʩʣʦʚʠʷʭ 

ɺʝʣʴʩʢʦʛʦ ʨʘʡʦʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʸʪ 

ʩʦʙʣʶʜʝʥʠʷ ʥʘʫʯʥʦ ï ʦʙʦʩʥʦʚʘʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʷ ʢʫʣʴʪʫʨʳ ʚ 

ʭʦʟʷʡʩʪʚʝ; 

 - ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʨʘʡʛʨʘʩ ʦʜʥʦʣʝʪʥʠʡ 

ʚʢʣʶʯʘʪʴ ʚ ʩʦʩʪʘʚ ʪʨʘʚʦʩʤʝʩʝʡ; 

- ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʰʠʨʠʪʴ ʩʦʨʪʦʚʦʝ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʟʘ ʩʯʸʪ ʚʥʝʜʨʝʥʠʷ 

ʨʘʡʦʥʠʨʦʚʘʥʥʳʭ ʩʢʦʨʦʩʧʝʣʳʭ ʩʦʨʪʦʚ 

ʢʫʣʴʪʫʨʳ (ʈʘʧʠʜ).  

- ʨʝʢʦʤʝʥʜʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ ʨʘʡʛʨʘʩʘ ʦʜʥʦʣʝʪʥʝʛʦ: 

ʦʟʠʤʳʝ ʠ ʷʨʦʚʳʝ ʟʝʨʥʦʚʳʝ, ʧʨʦʧʘʰʥʳʝ ʠ 

ʟʝʨʥʦ-ʙʦʙʦʚʳʝ ʢʫʣʴʪʫʨʳ. 
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ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʦʜʝʣʝʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʣʷʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ 

ʜʘʥʥʳʭ. 
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In grass fodder making, the relationship between the types of fodder, technological operations, 

processes and technical means has a multiple logic nature. Each type of fodder may be produced by a defined 

set of technologies; the defined set of technologies includes the set of operations performed, the sequence of 

which is governed by the physical processes of grass state change. Each operation is characterized by the 

state of physical processes in the grass and can be performed by a variety of technical means. To formalize 

the technologies for subsequent computer implementation, the use of mathematical apparatus of logical 

algebra is suggested. The general logical framework of grass fodder production with an air-curing operation 

was considered, which formed the basis to create the logic models of both separate operations and the whole 

technology. For computer implementation of created models, the use of relational database management 
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ɺʚʝʜʝʥʠʝ 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʨʤʦʚ 

ʠʟ ʪʨʘʚ ʷʚʣʷʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʚʳʨʘʱʝʥʥʦʡ ʪʨʘʚʳ ʚ ʢʦʨʤ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʚʠʜʘ ʩ ʟʘʜʘʥʥʳʤʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʠ 

ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. ɺʠʜ ʢʦʨʤʘ ʠ 

ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʚʠʩʷʪ ʦʪ ʪʝʭ ʧʨʦʮʝʩʩʦʚ, 

ʠ ʦʧʝʨʘʮʠʡ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪʩʷ ʩ ʪʨʘʚʦʡ 

ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʟʘʛʦʪʦʚʢʠ. ʂʘʞʜʳʡ ʠʟ ʚʠʜʦʚ 

ʢʦʨʤʦʚ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʤʥʦʞʝʩʪʚʦʤ 

ʚʘʨʠʘʥʪʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʢʘʢ 

ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʦʧʝʨʘʮʠʡ, ʪʘʢ ʠ ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ [1, 2]. ʉʚʷʟʴ 

ʤʝʞʜʫ ʚʠʜʘʤʠ ʢʦʨʤʦʚ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 

ʦʧʝʨʘʮʠʷʤʠ, ʧʨʦʮʝʩʩʘʤʠ, ʪʝʭʥʠʯʝʩʢʠʤʠ 

ʩʨʝʜʩʪʚʘʤʠ ʥʦʩʠʪ ʩʣʦʞʥʳʡ, ʤʥʦʞʝʩʪʚʝʥʥʦ-

ʣʦʛʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ ʠ ʠʭ 

ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʤ. ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ 

ʦʧʝʨʘʮʠʷ ʧʨʦʚʷʣʠʚʘʥʠʷ ʪʨʘʚʳ [3], ʪʘʢ ʢʘʢ ʦʪ 

ʢʦʥʝʯʥʦʡ ʚʣʘʞʥʦʩʪʠ ʧʨʦʚʷʣʠʚʘʥʠʷ ʟʘʚʠʩʠʪ 

ʚʠʜ ʧʦʣʫʯʘʝʤʦʛʦ ʢʦʨʤʘ (ʧʦʜʚʷʣʝʥʥʳʡ ʩʠʣʦʩ, 

ʩʝʥʘʞ, ʩʝʥʦ). 

ʂʘʞʜʦʤʫ ʚʠʜʫ ʢʦʨʤʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʥʝʢʦʪʦʨʦʝ ʤʥʦʞʝʩʪʚʦ ʪʝʭʥʦʣʦʛʠʡ, 

ʤʥʦʞʝʩʪʚʫ ʪʝʭʥʦʣʦʛʠʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʤʥʦʞʝʩʪʚʦ ʚʳʧʦʣʥʷʝʤʳʭ ʦʧʝʨʘʮʠʡ, 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʢʦʪʦʨʳʭ 
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ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʘʢ ʬʠʟʠʯʝʩʢʠʤ  ʧʨʦʮʝʩʩʘʤ 

ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʪʨʘʚʳ, ʪʘʢ ʠ 

ʧʨʝʜʰʝʩʪʚʫʶʱʠʤ ʦʧʝʨʘʮʠʷʤ [4]. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʡ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʨʤʦʚ ʠʟ ʪʨʘʚ ʚʦʟʥʠʢʘʝʪ 

ʤʥʦʞʝʩʪʚʦ ʟʘʜʘʯ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʤʥʦʞʝʩʪʚʝʥʥʳʤ ʭʘʨʘʢʪʝʨʦʤ, ʢʘʢ ʠʩʭʦʜʥʳʭ 

ʩʠʪʫʘʮʠʡ, ʪʘʢ ʠ ʚʦʟʤʦʞʥʳʭ ʨʝʰʝʥʠʡ. 

ʐʠʨʦʢʠʡ ʚʳʙʦʨ ʩʧʦʩʦʙʦʚ ʠ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʩʪʴ 

ʪʝʭʥʦʣʦʛʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʫʩʣʦʚʠʷʭ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʪʝʭʥʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʧʪʠʤʘʣʴʥʦʝ 

ʨʝʰʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʦ ʠʟ ʤʥʦʞʝʩʪʚʘ 

ʚʘʨʠʘʥʪʦʚ ʧʨʠ ʢʦʤʧʴʶʪʝʨʥʦʤ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ [5, 6]. 

ʊʝʭʥʦʣʦʛʠʷ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʧʦʯʚʝʥʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʢʘʞʜʦʝ ʠʟ 

ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

ʥʝʢʦʪʦʨʦʛʦ ʤʥʦʞʝʩʪʚʘ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

ʧʨʦʠʟʚʝʜʝʥʠʷ ʕʡʣʝʨʘ [7]. 

ʃʶʙʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʢʘʢ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʩʣʦʞʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ 

ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʤʥʦʞʝʩʪʚ ʠ ʦʩʫʱʝʩʪʚʠʤʘ, 

ʝʩʣʠ ʩʚʦʡʩʪʚʘ ʦʙʲʝʢʪʦʚ ʩʦʚʤʝʩʪʠʤʳ ʤʝʞʜʫ 

ʩʦʙʦʡ.  

ɺ ʊ ï ʪʝʭʥʦʣʦʛʠʠ (ʪʨʘʜʠʮʠʦʥʥʘʷ, 

ʠʥʪʝʥʩʠʚʥʘʷ, ʚʳʩʦʢʘʷ) ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ 

ʤʥʦʞʝʩʪʚʘ: ʇʋ ï ʧʦʯʚʝʥʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ (ʤʝʭʘʥʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʩʪʝʧʝʥʴ 

ʫʚʣʘʞʥʝʥʠʷ, ʩʪʝʧʝʥʴ ʦʢʫʣʴʪʫʨʝʥʥʦʩʪʠ 

ʧʦʯʚʳ, ʩʪʝʧʝʥʴ ʢʘʤʝʥʠʩʪʦʩʪʠ ʧʦʣʝʡ ʠ ʜʨ.); 

ʇʈ ï ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʫʩʣʦʚʠʷ (ʧʣʦʱʘʜʠ 

ʧʦʩʘʜʢʠ, ʩʦʨʪ ʪʨʘʚʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ 

ʫʜʦʙʨʝʥʠʷ ʠ ʜʨ.); ʊʇ ï ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ; ʊʆ ï ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ; 

ʂʄ ï ʢʦʤʧʣʝʢʩʳ ʤʘʰʠʥ (ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʠʣʠ 

ʟʘʨʫʙʝʞʥʳʝ ʬʠʨʤʳ: ɹʝʞʝʮʢʉʝʣʴʄʘʰ, Claas, 

KRONE, ʠ ʜʨ.).  

ɺʘʨʠʘʥʪʳ ʨʝʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʡ ï 

Nɺɸʈ, ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ 

ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʩʦʦʪʥʦʰʝʥʠʷ ʤʥʦʞʝʩʪʚ: 
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4321 ʊʊʊʊʇNɺɸʈ ++++= ,                (1) 

ʛʜʝ ʇ ï ʯʠʩʣʦ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʇʋ ʠ ʇʈ; ʊ1éʊ4 ï ʯʠʩʣʦ 

ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʤʥʦʞʝʩʪʚ; ³ ï ʟʥʘʢ ʧʨʦʠʟʚʝʜʝʥʠʷ ʕʡʣʝʨʘ 

ʜʣʷ ʤʥʦʞʝʩʪʚ; ž ï ʧʝʨʝʩʝʯʝʥʠʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʥʦʞʝʩʪʚ. 

ɺ ʨʘʟʣʠʯʥʳʭ ʩʠʪʫʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʚʦʟʤʦʞʥʳ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʨʝʘʣʠʟʘʮʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʦʧʝʨʘʮʠʠ, 

ʩʦʩʪʦʷʥʠʷ ʪʨʘʚʳ ʧʨʠ  ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʦʨʤʦʚ 

ʩʚʷʟʘʥʳ ʩʣʦʞʥʳʤʠ ʦʪʥʦʰʝʥʠʷʤʠ ʦʙʲʝʢʪʦʚ, 

ʢʦʪʦʨʳʝ, ʠʩʧʦʣʴʟʫʷ ʩʠʤʚʦʣʠʢʫ ʣʦʛʠʢʠ, 

ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʠʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ. 

ʄʝʞʜʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ 

ʩʫʱʝʩʪʚʫʝʪ ʦʪʥʦʰʝʥʠʝ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ, ʝʛʦ 

ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʦʜʥʦʤʝʩʪʥʳʤ ʧʨʝʜʠʢʘʪʦʤ 

Pt(x). ʆʙʣʘʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʧʨʝʜʤʝʪʥʦʡ 

ʧʝʨʝʤʝʥʥʦʡ ï x ʷʚʣʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʚʩʝʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ï ʊ, ʘ ʚ ʢʘʯʝʩʪʚʝ 

ʠʤʝʥʠ ʦʜʥʦʤʝʩʪʥʦʛʦ ʧʨʝʜʠʢʘʪʘ ï Pt 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʤʷ ʢʘʢʦʛʦ-ʣʠʙʦ ʩʚʦʡʩʪʚʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ. ʀʤʷ 

ʦʜʥʦʤʝʩʪʥʦʛʦ ʧʨʝʜʠʢʘʪʘ ʷʚʣʷʝʪʩʷ 

ʧʝʨʝʤʝʥʥʦʡ ʚʝʣʠʯʠʥʦʡ. 

ʂʨʦʤʝ ʦʪʥʦʰʝʥʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

ʩʨʝʜʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʠʭ 

ʩʚʦʡʩʪʚ, ʩʫʱʝʩʪʚʫʝʪ ʦʪʥʦʰʝʥʠʝ 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ. ɼʣʷ ʦʙʦʟʥʘʯʝʥʠʷ 

ʦʪʥʦʰʝʥʠʷ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʠʤʚʦʣ ''ź''. ʀʩʧʦʣʴʟʫʷ Qt1 ï ʚ ʢʘʯʝʩʪʚʝ 

ʦʪʥʦʰʝʥʠʷ ʩʦʚʤʝʩʪʠʤʦʩʪʠ, ʧʦʣʫʯʠʤ 

ʩʣʝʜʫʶʱʝʝ ʫʪʚʝʨʞʜʝʥʠʝ ï ʜʣʷ ʢʘʞʜʦʛʦ 
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ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ ʥʘʡʜʸʪʩʷ ʜʨʫʛʦʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʦʙʲʝʢʪ, ʢʦʪʦʨʳʡ ʩʦʚʤʝʩʪʠʤ 

ʩ ʧʝʨʚʳʤ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ: 

y ź x ʠʣʠ Qt1(x, y). 

ʀʩʧʦʣʴʟʫʷ ʩʠʤʚʦʣʠʢʫ ʣʦʛʠʢʠ ʧʨʝʜʠʢʘʪʦʚ 

[3] ("- ʢʚʘʥʪʦʨ ʚʩʝʦʙʱʥʦʩʪʠ, $- ʢʚʘʥʪʦʨ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ), ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 

)],([)( 1 yxQtyxʠʣʠyxyx
TʊTT
$"ª$" ,    (2) 

ʜʣʷ ʣʶʙʦʛʦ ʦʙʲʝʢʪʘ ï x ʠʟ ʤʥʦʞʝʩʪʚʘ ʊ 

ʚʩʝʛʜʘ ʥʘʡʜʸʪʩʷ ʜʨʫʛʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʦʙʲʝʢʪ ï y ʠʟ ʵʪʦʛʦ ʤʥʦʞʝʩʪʚʘ ʣʠʙʦ ʜʨʫʛʦʛʦ 

ʧʦʜʤʥʦʞʝʩʪʚʘ, ʢʦʪʦʨʳʡ ʩʦʚʤʝʩʪʠʤ ʩ ʧʝʨʚʳʤ 

ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ. 

ʄʝʞʜʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ 

ʩʫʱʝʩʪʚʫʝʪ ʦʪʥʦʰʝʥʠʝ ʩʣʝʜʦʚʘʥʠʷ, ʜʣʷ 

ʢʘʞʜʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ ʥʘʡʜʸʪʩʷ 

ʜʨʫʛʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʦʙʲʝʢʪ, ʩʚʷʟʘʥʥʳʡ ʩ 

ʧʝʨʚʳʤ ʦʪʥʦʰʝʥʠʝʤ ʩʣʝʜʦʚʘʥʠʷ. ɺʩʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʜʦʣʞʥʳ ʙʳʪʴ 

ʫʧʦʨʷʜʦʯʝʥʥʳʤʠ. ɼʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʵʪʦʛʦ 

ʦʪʥʦʰʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʟʥʘʢ ''ï<'' : x-<y ʠʣʠ 

Qt2 (x, y), ʛʜʝ x, y ï ʩʠʤʚʦʣʳ ʢʘʢʠʭ ʣʠʙʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. ʀʩʧʦʣʴʟʫʷ 

ʩʠʤʚʦʣʠʢʫ ʧʨʝʜʠʢʘʪʦʚ ʦʪʥʦʰʝʥʠʝ Qt2 (x, y) 

ʤʦʞʥʦ ʦʪʦʙʨʘʟʠʪʴ ʢʘʢ:  

)],([)( 2 yxQtyxʠʣʠyxyx
TʊTT
$"<-$" ,  (3) 

ʜʣʷ ʢʘʞʜʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ ï x ʠʟ 

ʤʥʦʞʝʩʪʚʘ ʊ ʩʫʱʝʩʪʚʫʝʪ ʜʨʫʛʦʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʦʙʲʝʢʪ ï y, ʩʚʷʟʘʥʥʳʡ ʩ 

ʧʝʨʚʳʤ ʦʪʥʦʰʝʥʠʝʤ ʩʣʝʜʦʚʘʥʠʷ. 

ɺ ʪʝʭʥʦʣʦʛʠʠ ʩʫʱʝʩʪʚʫʶʪ ʩʠʪʫʘʮʠʠ, 

ʢʦʛʜʘ ʦʜʠʥ ʦʙʲʝʢʪ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʜʨʫʛʦʡ. 

ɼʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʧʨʝʜʦʧʨʝʜʝʣʝʥʠʷ 

ʫʧʦʪʨʝʙʣʷʝʪʩʷ ʩʠʤʚʦʣ ''Ÿ'': xŸy Qt3 (x, y). 

ʀʩʧʦʣʴʟʫʷ ʣʦʛʠʢʫ ʧʨʝʜʠʢʘʪʦʚ ʦʪʥʦʰʝʥʠʝ 

ʧʨʝʜʦʧʨʝʜʝʣʝʥʠʷ ʤʦʞʥʦ ʦʪʦʙʨʘʟʠʪʴ ʚ 

ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

)],([)( 3 yxQtyxʠʣʠyxyx
TʊTT
$"­$" ,   (4) 

ʩʫʱʝʩʪʚʫʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʦʙʲʝʢʪ ï x  ʠʟ 

ʤʥʦʞʝʩʪʚʘ T, ʢʦʪʦʨʳʡ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ 

ʜʨʫʛʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʦʙʲʝʢʪ ï y ʠʟ ʪʦʛʦ 

ʞʝ ʤʥʦʞʝʩʪʚʘ, ʣʠʙʦ ʧʦʜʤʥʦʞʝʩʪʚʘ. 

ʆʪʥʦʰʝʥʠʝ ʧʨʝʜʦʧʨʝʜʝʣʝʥʠʷ, ʢʘʢ ʠ 

ʦʪʥʦʰʝʥʠʝ ʩʦʚʤʝʩʪʠʤʦʩʪʠ, ʩʫʱʝʩʪʚʫʶʪ 

ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʦʙʲʝʢʪʘʤʠ. 

ʀʩʧʦʣʴʟʫʷ ʦʧʝʨʘʮʠʠ ʤʘʪʝʤʘʪʠʢʠ ʣʦʛʠʢʠ 

ʠ ʪʝʦʨʠʠ ʤʥʦʞʝʩʪʚ:Ù ï ʜʠʟʲʶʥʢʮʠʷ,Ø ï 

ʢʦʥʲʶʥʢʮʠʷ, Ý  ï ʠʤʧʣʠʢʘʮʠʷ,  ᶅï ʢʚʘʥʪʦʨ 

ʚʩʝʦʙʱʥʦʩʪʠ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʝʞʜʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʠ ʠʭ 

ʩʚʦʡʩʪʚʘʤʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʂʦʨʤʘ ʠʟ ʪʨʘʚʳ ʩ ʦʧʝʨʘʮʠʝʡ 

ʧʨʦʚʷʣʠʚʘʥʠʷ ʟʘʥʠʤʘʶʪ ʚʘʞʥʦʝ ʤʝʩʪʦ ʚ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʚ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʡ 

ʟʦʥʝ ʈʦʩʩʠʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʝʯʥʦʡ 

ʚʣʘʞʥʦʩʪʠ ʧʨʦʚʷʣʠʚʘʥʠʷ ʧʦʣʫʯʘʶʪʩʷ 

ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʢʦʨʤʦʚ (ʩʝʥʦ, ʩʝʥʘʞ, 

ʧʦʜʚʷʣʝʥʥʳʡ ʩʠʣʦʩ). ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʘʢʠʭ 

ʢʦʨʤʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠ ʢʦʤʧʣʝʢʩʳ 

ʤʘʰʠʥ [8]. 

ʆʩʥʦʚʥʳʝ ʚʘʨʠʘʥʪʳ ʧʨʦʮʝʩʩʦʚ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʢʦʨʤʦʚ ʩ ʦʧʝʨʘʮʠʝʡ ʧʨʦʚʷʣʠʚʘʥʠʷ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ɺ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ 

ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʠ ʦʧʝʨʘʮʠʷʤʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 1. 

ɼʣʷ ʬʦʨʤʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʨʤʦʚ ʠʟ ʧʨʦʚʷʣʝʥʥʳʭ ʪʨʘʚ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʣʦʛʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʠ 

ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʠʭ ʦʩʥʦʚʝ ʤʦʜʝʣʠ.  

ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʠʟ ʪʘʙʣʠʮʳ ʠ 

ʦʧʝʨʘʮʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʣʦʛʠʢʠ ʠ ʪʝʦʨʠʠ 

ʤʥʦʞʝʩʪʚ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʨʤʦʚ ʠʟ ʪʨʘʚ  ʚ ʚʠʜʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʩʠʤʚʦʣʳ ʦʧʝʨʘʮʠʡ [9]: 

Ù ï ʜʠʟʲʶʥʢʮʠʷ (ʣʦʛʠʯʝʩʢʦʝ çʠʣʠè); 

Ø ï ʢʦʥʲʶʥʢʮʠʷ  (ʣʦʛʠʯʝʩʢʦʝ çʠè); 

Ý  ï ʠʤʧʣʠʢʘʮʠʷ (çʚʣʝʯʸʪè); 

" ï ʢʚʘʥʪʦʨ ʚʩʝʦʙʱʥʦʩʪʠ (çʜʣʷ ʣʶʙʳʭ, 

ʜʣʷ ʚʩʝʭè); 



          ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

          ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 
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$ ï ʢʚʘʥʪʦʨ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

(çʩʫʱʝʩʪʚʫʝʪè); 

{ | } ï ʤʥʦʞʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʩʣʦʚʠʶ; 

Í ï ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʤʥʦʞʝʩʪʚʫ. 

 

ʊʘʙʣʠʮʘ 1 

ɺʘʨʠʘʥʪʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʦʧʝʨʘʮʠʡ ʟʘʛʦʪʦʚʢʠ ʢʦʨʤʦʚ ʠʟ ʧʦʜʚʷʣʝʥʥʳʭ ʪʨʘʚ 

ʊʝʭʥʦʣʦʛʠʯʝʩ-

ʢʠʡ ʧʨʦʮʝʩʩ ʠ 

ʝʛʦ ʦʙʦʟʥʘʯʝʥʠʝ 

ɺʘʨʠʘʥʪʳ 

ʚʳʧʦʣʥʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ 

ʆʙʦʟʥʘʯʝʥʠʝ  

ʪʝʭʥʦʣʦʛʠʯʝʩ-

ʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ, 

ʚʭʦʜʷʱʠʝ ʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ 

ʆʙʦʟʥʘʯʝʥʠʝ  

ʪʝʭʥʦʣʦʛʠʯʝʩ-

ʢʦʡ ʦʧʝʨʘʮʠʠ 

1 2 3 4 5 

ʉʢʘʰʠʚʘʥʠʝ 

ʪʨʘʚʳ (ʊʇ1) 

1. ɺ ʧʨʦʢʦʩ 

2. ɺ ʚʘʣʦʢ 

11 

12 

1. ɹʝʟ  ʦʙʨʘʙʦʪʢʠ t111, 

t121 

2. ʇʣʶʱʝʥʠʝ t112, 

t122 

3. ʂʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʝ t113, 

t123 

ʇʨʦʚʷʣʠʚʘʥʠʝ 

ʪʨʘʚʳ (ʊʇ2) 

1. ɺ ʧʨʦʢʦʩʝ 

2. ɺ ʚʘʣʢʝ 

21 1. ɺʦʨʦʰʝʥʠʝ ʚ ʧʨʦʢʦʩʘʭ t211 

22 2. ʆʙʦʨʘʯʠʚʘʥʠʝ  ʚʘʣʢʦʚ t222 

 

 

ʇʦʜʙʦʨ 

ʧʨʦʚʷʣʝʥʥʦʡ 

ʪʨʘʚʳ  (ʊʇ3) 

 

 

 

1. ʈʘʩʩʳʧʥʦʝ (ʩʝʥʦ) 31 1. ʉʛʨʝʙʘʥʠʝ ʚ ʚʘʣʢʠ 

2. ʉʜʚʘʠʚʘʥʠʝ ʚʘʣʢʦʚ 

t311 

t312 

2. ɺ ʪʶʢʘʭ (ʩʝʥʦ) 32 1. ʉʛʨʝʙʘʥʠʝ ʚ ʚʘʣʢʠ 

2. ʉʜʚʘʠʚʘʥʠʝ ʚʘʣʢʦʚ 

3. ʇʨʝʩʩʦʚʘʥʠʝ ʚ ʪʶʢʠ ʩ 

ʧʦʛʨʫʟʢʦʡ 

t311 

t312 

 

t322 

3. ɺ ʨʫʣʦʥʘʭ (ʩʝʥʦ, 

ʩʝʥʘʞ) 

33 1. ʉʛʨʝʙʘʥʠʝ ʚ ʚʘʣʢʠ 

2. ʉʜʚʘʠʚʘʥʠʝ ʚʘʣʢʦʚ 

3. ʇʨʝʩʩʦʚʘʥʠʝ ʚ ʨʫʣʦʥʳ 

t311 

t312 

t333 

4. ʀʟʤʝʣʴʯʝʥʥʦʝ 

(ʩʝʥʦ, ʩʝʥʘʞ, ʩʠʣʦʩ) 

34 1. ʉʛʨʝʙʘʥʠʝ ʚ ʚʘʣʢʠ 

2. ʉʜʚʘʠʚʘʥʠʝ ʚʘʣʢʦʚ 

3. ʀʟʤʝʣʴʯʝʥʠʝ ʩ ʧʦʛʨʫʟʢʦʡ 

t311 

t312 

t342 

ʇʦʛʨʫʟʢʘ 

ʢʦʨʤʘ  (ʊʇ4) 

1. ʇʦʛʨʫʟʢʘ 

ʨʘʩʩʳʧʥʦʛʦ ʩʝʥʘ 

41 1. ʇʦʛʨʫʟʯʠʢ ʨʘʩʩʳʧʥʦʛʦ 

ʩʝʥʘ 

t411 

2. ʇʦʛʨʫʟʢʘ 

ʨʫʣʦʥʦʚ 

42 2. ʇʦʛʨʫʟʯʠʢ 

ʨʫʣʦʥʦʚ 

t412 

ʊʨʘʥʩʧʦʨʪʠʨʦ

ʚʢʘ 

ʢʦʨʤʘ  (ʊʇ5) 

1. ɸʚʪʦʤʦʙʠʣʝʤ 51 1. ɸʚʪʦʤʦʙʠʣʴ t511 

2. ʊʨʘʢʪʦʨʥʳʤ 

ʧʨʠʮʝʧʦʤ 

52 2. ʊʨʘʢʪʦʨʥʳʡ ʧʨʠʮʝʧ t512 

ɼʦʨʘʙʦʪʢʘ 

ʢʦʨʤʘ  ʚ 

ʭʨʘʥʠʣʠʱʝ 

(ʊʇ6) 

1.  ʋʢʣʘʜʢʘ 

ʚ ʭʨʘʥʠʣʠʱʝ 

61 1. ʇʦʛʨʫʟʯʠʢ t611 

2. ɼʦʩʫʰʠʚʘʥʠʝ 

ʚ ʭʨʘʥʠʣʠʱʝ 

62 2. ʉʠʩʪʝʤʘ ʜʦʩʫʰʠʚʘʥʠʷ t612 

3. ʊʨʘʤʙʦʚʢʘ ʩ 

ʚʥʝʩʝʥʠʝʤ  

ʢʦʥʩʝʨʚʘʥʪʘ 

63 3. ʉʠʩʪʝʤʘ ʪʨʘʤʙʦʚʢʠ ʩ 

ʚʥʝʩʝʥʠʝʤ  ʢʦʥʩʝʨʚʘʥʪʘ 

t613 

 

ʀʩʧʦʣʴʟʫʷ ʣʦʛʠʯʝʩʢʫʶ ʩʠʤʚʦʣʠʢʫ, 

ʦʩʥʦʚʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ, ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʠʭ ʣʦʛʠʯʝʩʢʠʭ 

ʫʨʘʚʥʝʥʠʡ: 

- ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʦʧʝʨʘʮʠʷ ʩʢʘʰʠʚʘʥʠʝ 

ʪʨʘʚʳ: 

i

i i

( 1) (11 12) ({ʂʄ |[t111]}

{ʂʄ |[t112]} {ʂʄ |[t113]})

ʊʇ" $Ý Ø Í Ù

Ù

; (5) 
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- ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʦʧʝʨʘʮʠʷ ʧʨʦʚʷʣʠʚʘʥʠʷ 

ʪʨʘʚʳ: 

i

i

( 2) ((21) ({ʂʄ |[t211]}))

((22) ({ʂʄ |[t222]}))

ʊʇ" $Ý Í Ù

Í
; (6) 

- ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʦʧʝʨʘʮʠʷ ʧʦʜʙʦʨʘ 

ʧʨʦʚʷʣʝʥʥʦʡ ʪʨʘʚʳ: 

}))[t1342]|ʂʄ{}[t1312]|ʂʄ{}[t311]|ʂʄ({

)34((}))[t1333]|ʂʄ{}[t1312]|ʂʄ{}[t311]|ʂʄ({

)33((}))[t1322]|ʂʄ{}[t1312]|ʂʄ{}[t311]|ʂʄ({

)32((}[t1312]|ʂʄ{}[t311]|ʂʄ({)31(()3(

iii

iii

iii

ii

ØÙÍ

ÙØÙÍ

ÙØÙÍ

ÙÙÍÝ$"ʊʇ

; (7) 

- ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʦʧʝʨʘʮʠʷ ʧʦʛʨʫʟʢʠ: 

i

i

( 4) ((41) ({ʂʄ |[t411]}))

((42) ({ʂʄ |[t412]}))

ʊʇ" $Ý Í Ù

Í
;              (8) 

- ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʦʧʝʨʘʮʠʷ ʪʨʘʥʩʧʦʨ-

ʪʠʨʦʚʢʠ: 

i

i

( 5) ((51) ({ʂʄ |[t511]}))

((52) ({ʂʄ |[t512]}))

ʊʇ" $Ý Í Ù

Í
;     (9) 

- ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʦʧʝʨʘʮʠʷ ʜʦʨʘʙʦʪʢʠ ʢʦʨʤʘ 

ʚ ʭʨʘʥʠʣʠʱʝ: 

i

i

( 6) ((61) ({ʂʄ |[t611]}))

((62) ({ʂʄ |[t612]}))

ʊʇ" $Ý Í Ù

Í
.       (10) 

 
ʈʠʩ. 1. ɻʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ 

ʦʧʝʨʘʮʠʷʤʠ ʧʨʠ ʟʘʛʦʪʦʚʢʝ ʢʦʨʤʦʚ ʩ ʧʨʦʚʷʣʠʚʘʥʠʝʤ ʚ ʫʩʣʦʚʠʷʭ ʉʝʚʝʨʦ-ɿʘʧʘʜʘ ʈʦʩʩʠʠ 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʬʦʨʤʫʣ (5)-(10) ʠ ʛʨʘʬʘ 

(ʩʤ. ʨʠʩ. 1) ʠ ʠʩʧʦʣʴʟʫʷ ʩʠʤʚʦʣʠʢʫ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʣʦʛʠʢʠ ʠ ʪʝʦʨʠʠ ʤʥʦʞʝʩʪʚ, 

ʟʘʧʠʰʝʤ ʦʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʚʳʧʦʣʥʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʠ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʜʚʷʣʝʥʥʦʛʦ ʢʦʨʤʘ ʚ ʨʫʣʦʥʘʭ 

(ʊ33) ʚ ʚʠʜʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ: 

ØÍÝ$ }][t111]|ʂʄ{11[)33( iʊʇ

ØÍ }][t211]|ʂʄ{21[ i ØÍ }][t311]|ÊÌ{33[ i  

Ø ØÍ }][t1333]|ʂʄ{33[ i

ØÍ }][t412]|ʂʄ{42[ i ØÍ }][t512]|ʂʄ{52[ i
  

                                                                       (11) 

Ø }][t611]|ʂʄ{61[ iÍ . 

ʀʩʧʦʣʴʟʫʷ ʩʚʦʡʩʪʚʦ ʩʦʚʤʝʩʪʠʤʦʩʪʠ (2) 

ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʫʣʦʥʥʦʛʦ ʢʦʨʤʘ (ʊ33) 
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ʤʦʞʥʦ ʩʦʩʪʘʚʠʪʴ ʝʱʸ ʥʝʩʢʦʣʴʢʦ ʫʨʘʚʥʝʥʠʡ, 

ʦʪʣʠʯʘʶʱʠʭʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 

ʦʧʝʨʘʮʠʷʤʠ ʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ, ʪ.ʝ.  

ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʫʣʦʥʥʦʛʦ ʢʦʨʤʘ, ʢʘʢ ʠ 

ʜʨʫʛʠʭ ʚʠʜʦʚ ʢʦʨʤʦʚ, ʠʤʝʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʦʝ 

ʤʥʦʞʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʨʝʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ. 

ʄʥʦʞʝʩʪʚʝʥʥʦ-ʣʦʛʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ 

ʩʦʚʦʢʫʧʥʦʩʪʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ, 

ʦʧʝʨʘʮʠʡ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ ʦʥʦ ʩʦʜʝʨʞʠʪ ʢʦʥʝʯʥʦʝ 

ʤʥʦʞʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ, 

ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʳ ʙʳʪʴ ʦʜʠʥ ʠʣʠ 

ʥʝʩʢʦʣʴʢʦ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʟʘʜʘʥʥʳʤ  

ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ. ʊʘʢʦʡ 

ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ  

ʨʝʣʷʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ 

ʜʘʥʥʳʭ (ʉʋɹɼ) [10] ʜʣʷ ʦʪʙʦʨʘ ʠ 

ʬʠʣʴʪʨʘʮʠʠ ʜʘʥʥʳʭ  ʠʟ ʥʝʢʦʪʦʨʦʡ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʜʣʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ 

ʚʘʨʠʘʥʪʦʚ. 

ʈʝʣʷʮʠʦʥʥʳʝ ʉʋɹɼ ʧʦʟʚʦʣʷʶʪ 

ʨʝʘʣʠʟʦʚʘʪʴ ʤʥʦʞʝʩʪʚʝʥʥʦ-ʣʦʛʠʯʝʩʢʠʝ 

ʫʨʘʚʥʝʥʠʷ ʧʫʪʸʤ ʩʚʷʟʠ ʧʦ ʢʣʶʯʝʚʳʤ ʧʦʣʷʤ 

ʪʘʙʣʠʮ ʠʩʧʦʣʴʟʫʷ ʩʣʝʜʫʶʱʠʝ ʧʨʘʚʠʣʘ: 

-ʦʙʲʝʜʠʥʝʥʠʝ ʪʝʭ ʧʦʣʝʡ, ʢʦʪʦʨʳʝ ʚ 

ʩʚʷʟʘʥʥʳʭ ʪʘʙʣʠʮʘʭ ʩʦʚʧʘʜʘʶʪ; 

-ʦʙʲʝʜʠʥʝʥʠʝ ʚʩʝʭ ʧʦʣʝʡ ʧʝʨʚʦʡ 

ʪʘʙʣʠʮʳ ʠ ʪʦʣʴʢʦ ʪʝʭ ʧʦʣʝʡ, ʢʦʪʦʨʳʝ ʚʦ 

ʚʪʦʨʦʡ ʪʘʙʣʠʮʝ ʩʦʚʧʘʜʘʶʪ ʩ ʧʦʣʷʤʠ ʧʝʨʚʦʡ; 

-ʦʙʲʝʜʠʥʝʥʠʝ ʚʩʝʭ ʧʦʣʝʡ ʚʪʦʨʦʡ 

ʪʘʙʣʠʮʳ ʠ ʪʦʣʴʢʦ ʪʝʭ ʧʦʣʝʡ, ʢʦʪʦʨʳʝ ʚ 

ʧʝʨʚʦʡ  ʪʘʙʣʠʮʝ ʩʦʚʧʘʜʘʶʪ ʩ ʧʦʣʷʤʠ ʚʪʦʨʦʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʲʝʜʠʥʝʥʠʷ ʪʘʙʣʠʮ ʧʦ 

ʢʣʶʯʝʚʳʤ ʧʦʣʷʤ ʦʙʨʘʟʫʝʪʩʷ ʤʥʦʛʦʤʝʨʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ, ʩʦʜʝʨʞʘʱʝʝ ʚʩʶ ʚʦʟʤʦʞʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʧʦ  ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʤʫ 

ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʟʘʜʘʥʥʳʤ ʫʩʣʦʚʠʷʤ ʠ 

ʪʨʝʙʦʚʘʥʠʷʤ. 

ɼʣʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʦʥʢʨʝʪʥʳʤ, ʧʨʠʨʦʜʥʦ-

ʢʣʠʤʘʪʠʯʝʩʢʠʤ, ʧʦʛʦʜʥʳʤ ʠ ʭʦʟʷʡʩʪʚʝʥʥʳʤ 

ʫʩʣʦʚʠʷʤ, ʜʦʣʞʥʳ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ 

ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ. 

ɺʳʚʦʜʳ 

1. ʇʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʝ, ʧʦʛʦʜʥʳʝ, 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʭʦʟʷʡʩʪʚʝʥʥʳʝ ʫʩʣʦʚʠʷ ʠ 

ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʨʤʦʚ ʠʟ 

ʧʦʜʚʷʣʝʥʥʳʭ  ʪʨʘʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʤʥʦʛʦʤʝʨʥʳʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ 

ʤʥʦʞʝʩʪʚ ʩʦʜʝʨʞʘʱʠʭ ʤʥʦʞʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ 

ʚʦʟʤʦʞʥʳʭ ʨʝʘʣʠʟʘʮʠʡ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ 

ʢʦʥʢʨʝʪʥʳʭ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ, 
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ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʷʚʣʷʝʪʩʷ ʢʘʯʝʩʪʚʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʢʦʨʤʘ ï ʩʦʜʝʨʞʘʥʠʝ ʦʙʤʝʥʥʦʡ 

ʵʥʝʨʛʠʠ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʟʘʛʦʪʦʚʢʠ ʢʦʨʤʦʚ ʠʟ ʪʨʘʚ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʷʜ ʵʪʘʧʦʚ: ʫʯʸʪ 

ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʵʢʦʥʦʤʠʢʦ-ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʡ ʟʘʛʦʪʦʚʢʠ ʢʦʨʤʦʚ ʠʟ ʪʨʘʚ; ʦʮʝʥʢʘ 

ʧʦʪʝʥʮʠʘʣʘ ʢʦʨʤʦʚʳʭ ʫʛʦʜʠʡ; ʚʳʷʚʣʝʥʠʝ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚʘʨʠʘʥʪʦʚ ʪʝʭʥʦʣʦʛʠʡ 

ʟʘʛʦʪʦʚʢʠ ʢʦʨʤʦʚ ʩ ʦʮʝʥʢʦʡ ʠʭ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʜʣʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʫʩʣʦʚʠʡ; ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʘʣʴʪʝʨʥʘʪʠʚ; ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʷ 

ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʨʤʦʚ 

ʩʦʜʝʨʞʠʪ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʯʸʪʦʚ, ʚʚʠʜʫ ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʬʘʢʪʦʨʦʚ, 

ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʭ ʧʨʦʪʝʢʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʟʘʛʦʪʦʚʢʠ ʢʦʨʤʦʚ ʠʟ ʪʨʘʚ. ʇʦʵʪʦʤʫ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʘ ʙʘʟʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʯʝʤʫ ʙʫʜʝʪ 
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The article presents a modeling technique of grass fodder making process. The novelty of the work is 

that the modeling is based on the previously created multilevel model of grass fodder making with the 

multistage hierarchical structure. Modeling of the technology is advisable to perform at the level of 

individual operations and to use the latter to form the production technology of a certain type of grass fodder. 

The modeling technique was developed with the due account for the potential of forage lands, weather, 

climatic and economic conditions, technical and technological parameters of forage harvesting machines and 

comparative evaluation of the output economic and energy parameters. The main indicator for the analysis of 

the technological process was a quality indicator of fodder feed ï the metabolizable energy content. The 

modeling of grass fodder making technology includes a number of stages: taking into account the climatic 

and economic conditions of grass fodder making; assessment of forage land potential; considering the 

relevant available options and assessing their technical and economic characteristics applicable to conditions 

under consideration; comparative analysis of technological alternatives; decision making when implementing 

modeled technologies. Modeling of fodder production technologies includes a large number of calculations, 

due to the huge number of factors, which influence the process flow of grass fodder making. Therefore, it is 

advisable to carry out the modeling on the basis of information technologies, which will be facilitated by the 

development of an automated workplace for the process control based on the robotic systems. 
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ɺʚʝʜʝʥʠʝ 

ɺ ʩʪʨʫʢʪʫʨʝ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʤʦʣʦʢʘ 

ʟʘʪʨʘʪʳ ʥʘ ʢʦʨʤʘ ʜʦʭʦʜʷʪ ʜʦ 70%. ɺʳʩʦʢʘʷ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʢʦʨʤʦʚ ʩʚʷʟʘʥʘ ʩ ʚʳʩʦʢʦʡ 

ʫʜʝʣʴʥʦʡ ʜʦʣʝʡ ʚ ʨʘʮʠʦʥʝ ʞʠʚʦʪʥʳʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʦʨʤʦʚ (ʢʦʥʮʝʥʪ-

ʨʠʨʦʚʘʥʥʳʭ) ʠʟ ʟʝʨʥʘ. ʈʘʩʭʦʜ ʢʦʥʮʝʥʪʨʘʪʦʚ 

ʚ ʨʘʮʠʦʥʘʭ ʂʈʉ ʥʘ 25-30% ʚʳʰʝ 

ʥʦʨʤʘʪʠʚʦʚ, ʚ ʥʝʢʦʪʦʨʳʭ ʞʝ ʭʦʟʷʡʩʪʚʘʭ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ï ʥʘ 30-40%. ʊʦ ʝʩʪʴ 

ʧʦʢʫʧʥʳʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʢʦʨʤʘ ʚ 

ʨʘʮʠʦʥʝ ʤʦʣʦʯʥʦʛʦ ʩʪʘʜʘ ʠ ʥʘ ʦʪʢʦʨʤʝ ʂʈʉ 
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ʠ ʄʈʉ ʟʘʥʠʤʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʫʜʝʣʴʥʳʡ 

ʚʝʩ. ɺʳʩʦʢʘʷ ʜʦʣʷ ʚ ʨʘʮʠʦʥʝ ʢʦʨʤʦʚ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʢʦʨʤʦʚ ʚ ʨʘʮʠʦʥʝ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʭʫʜʰʝʥʠʶ ʟʜʦʨʦʚʴʷ ʢʦʨʦʚ, 

ʩʦʢʨʘʱʘʝʪʩʷ ʧʝʨʠʦʜ ʠʭ ʧʨʦʜʫʢʪʠʚʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦ 2,5-3 ʣʝʪ, ʨʘʩʪʫʪ ʠʟʜʝʨʞʢʠ 

ʥʘ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʦ ʩʪʘʜʘ [1]. 

ʆʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ ʪʘʢʦʛʦ ʧʦʣʦʞʝʥʠʷ ʜʝʣ 

ï ʥʠʟʢʦʝ ʢʘʯʝʩʪʚʦ ʟʘʛʦʪʘʚʣʠʚʘʝʤʳʭ ʢʦʨʤʦʚ 

ʠʟ ʪʨʘʚ. ʅʠʟʢʘʷ ʧʠʪʘʪʝʣʴʥʦʩʪʴ, ʧʣʦʭʘʷ 

ʧʦʝʜʘʝʤʦʩʪʴ ʠ ʧʝʨʝʚʘʨʠʤʦʩʪʴ ï ʵʪʦ ʥʝʨʝʜʢʦ 

ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʛʦʪʘʚʣʠʚʘʝʤʳʭ 

ʢʦʨʤʦʚ ʠʟ ʪʨʘʚ. ʊʦʣʴʢʦ ʧʦʣʦʚʠʥʘ 

ʟʘʛʦʪʘʚʣʠʚʘʝʤʦʡ ʤʘʩʩʳ ʦʙʲʝʤʠʩʪʳʭ ʢʦʨʤʦʚ 

(50-60%) ʚ ʭʦʟʷʡʩʪʚʘʭ ʩʪʨʘʥʳ ʦʪʚʝʯʘʝʪ 

ʪʨʝʙʦʚʘʥʠʷʤ I ʠ II ʢʣʘʩʩʦʚ [2]. ɺ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʞʝ ʜʦʣʷ ʢʦʨʤʦʚ I ʠ II  

ʢʣʘʩʩʦʚ ʩʦʩʪʘʚʣʷʝʪ: ʩʠʣʦʩʘ ï 21-53%, ʩʝʥʘʞʘ 

ï 12-42%, ʩʝʥʘ ï 19-44%, ʘ ʚ 2017 ʛʦʜʫ ʙʦʣʝʝ 

50% ʢʦʨʤʦʚ ʙʳʣʠ çʚʥʝʢʣʘʩʩʥʳʤʠè. 

ʇʦʣʫʯʝʥʠʝ ʢʦʨʤʦʚ ʚ ʥʝʦʙʭʦʜʠʤʳʭ 

ʦʙʲʝʤʘʭ ʠ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʥʘʣʠʯʠʝ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ, 

ʥʘʜʝʞʥʦʡ ʪʝʭʥʠʢʠ, ʘʜʘʧʪʠʨʦʚʘʥʥʦʡ ʢ 

ʫʩʣʦʚʠʷʤ ʨʝʛʠʦʥʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʢʦʨʤʦʟʘʛʦʪʦʚʠʪʝʣʴʥʦʡ ʢʦʤʧʘʥʠʠ ʚ 

ʦʧʪʠʤʘʣʴʥʳʝ ʠ ʩʞʘʪʳʝ ʩʨʦʢʠ. ʆʜʥʘʢʦ, ʚʚʠʜʫ 

ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʚ ʤʘʪʝʨʠʘʣʴʥʳʭ ʩʨʝʜʩʪʚʘʭ 

ʭʦʟʷʡʩʪʚʘ ʥʝ ʚʩʝʛʜʘ ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ 

ʜʣʷ ʟʘʛʦʪʦʚʢʠ ʢʦʨʤʦʚ, ʘ ʪʘʢ ʞʝ 

ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʢʘʜʨʘʤʠ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʵʢʩʧʣʫʘʪʘʮʠʶ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ. 

ʀʤʝʶʱʠʝʩʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʭʦʟʷʡʩʪʚ 

ʩʠʩʪʝʤʳ ʤʘʰʠʥ ʧʦ ʩʚʦʠʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʦʟʚʦʣʷʶʪ ʧʨʦʠʟʚʦʜʠʪʴ 

ʟʘʛʦʪʦʚʢʫ ʢʦʨʤʦʚ ʚ ʦʧʪʠʤʘʣʴʥʳʝ ʩʨʦʢʠ ʥʝ 

ʙʦʣʝʝ ʯʝʤ ʥʘ 30-50% ʧʦʩʝʚʥʦʡ ʧʣʦʱʘʜʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʝʛʠʦʥʘʭ ʩ ʧʦʚʳʰʝʥʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʚʳʧʘʜʝʥʠʷ ʦʩʘʜʢʦʚ ʚ ʧʝʨʠʦʜ 

ʟʘʛʦʪʦʚʢʠ ʢʦʨʤʦʚ ʟʘʜʘʯʘ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʢʦʨʤʦʚ ʠʟ ʪʨʘʚ ʝʱʸ ʙʦʣʴʰʝ 

ʫʩʣʦʞʥʷʝʪʩʷ ʚʚʠʜʫ ʯʘʩʪʦʛʦ ʚʳʧʘʜʝʥʠʷ 

ʦʩʘʜʢʦʚ ʚ ʪʝʯʝʥʠʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ 

ʧʝʨʠʦʜʘ ʠ ʧʦʥʠʞʝʥʥʦʡ ʠʭ ʠʩʧʘʨʷʝʤʦʩʪʠ. 

ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʧʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʨʤʦʚ ʠʟ ʪʨʘʚ, ʠ 

ʦʩʦʙʝʥʥʦ ʩʝʥʘ, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʦʧʝʨʘʮʠʡ ʠ ʷʚʣʷʝʪʩʷ ʜʣʠʪʝʣʴʥʳʤ 

ʧʦ ʚʨʝʤʝʥʠ, ʪʦ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʩʥʠʞʝʥʠʷ 

ʠʭ ʢʘʯʝʩʪʚʘ ʷʚʣʷʝʪʩʷ ʥʘʨʫʰʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʛʣʘʤʝʥʪʦʚ ʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚʳʟʚʘʥʥʳʭ ʥʘʨʫʰʝʥʠʝʤ 

ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʨʦʢʦʚ ʚʚʠʜʫ ʥʠʟʢʠʭ 

ʪʝʤʧʦʚ ʟʘʛʦʪʦʚʢʠ. ɺʦʟʤʦʞʥʳʤʠ ʧʫʪʷʤʠ 

ʨʝʰʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʝʡ ʧʨʦʙʣʝʤʳ ʙʝʟ 

ʧʨʠʚʣʝʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʴʥʳʭ 

ʩʨʝʜʩʪʚ ʷʚʣʷʶʪʩʷ: 

- ʘʜʘʧʪʘʮʠʷ ʪʝʭʥʦʣʦʛʠʡ ʧʦʜ ʩʢʣʘʜʳʚʘʶʱʠʝʩʷ 

ʫʩʣʦʚʠʷ; 

- ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʪʨʘʚʷʥʦʛʦ 

ʢʦʥʚʝʡʝʨʘ; 

- ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʤʝʶʱʠʭʩʷ 

ʨʝʩʫʨʩʦʚ; 

- ʧʦʣʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʦʪʝʥʮʠʘʣʘ ʢʦʨʤʦʚʳʭ 

ʫʛʦʜʠʡ; 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʩ 

ʫʯʸʪʦʤ ʠʟʤʝʥʷʶʱʠʭʩʷ ʫʩʣʦʚʠʡ ʚ ʧʨʦʮʝʩʩʝ 

ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ. 

ʇʦʵʪʦʤʫ ʩʪʘʥʦʚʠʪʴʩʷ ʘʢʪʫʘʣʴʥʳʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʟʘʛʦʪʦʚʢʠ ʢʦʨʤʦʚ 

ʠʟ ʪʨʘʚ ʠ ʚ ʮʝʣʦʤ ʚʩʝʛʦ 

ʢʦʨʤʦʟʘʛʦʪʦʚʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩ ʫʯʸʪʦʤ 

ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, 

ʙʠʦʧʦʪʝʥʮʠʘʣʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʫʛʦʜʠʡ, ʠʤʝʶʱʠʭʩʷ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʪʨʫʜʦʚʳʭ 

ʨʝʩʫʨʩʦʚ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʢʦʨʤʦʚ ʩ ʥʠʟʢʦʡ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴʶ ʥʫʞʥʦʛʦ ʦʙʲʸʤʘ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʊʝʭʥʦʣʦʛʠʠ ʟʘʛʦʪʦʚʢʠ ʢʦʨʤʦʚ ʠʟ ʪʨʘʚ ʚ 

ʦʩʥʦʚʥʦʤ ʙʘʟʠʨʫʶʪʩʷ ʥʘ 

ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ 

ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʨʝʛʠʦʥʘ, ʘ 

ʪʘʢ ʞʝ ʬʠʟʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʷʭ 

ʚʦʟʜʝʣʳʚʘʝʤʳʭ ʪʨʘʚ ʥʘ ʢʦʨʤʦʚʳʭ ʫʛʦʜʴʷʭ [3, 
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4]. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʢʦʨʤʦʚ ʠʟ ʪʨʘʚ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʤʥʦʛʦʫʨʦʚʥʝʚʫʶ ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ 

(ʩʤ. ʨʠʩʫʥʦʢ), ʚ ʢʦʪʦʨʫʶ ʚʭʦʜʷʪ ʥʘ ʧʝʨʚʦʤ 

ʫʨʦʚʥʝ ʤʦʜʝʣʠ ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ ʢʦʨʤʦʚ ʠ ʠʭ 

ʩʦʦʪʥʦʰʝʥʠʝ, ʥʘ ʚʪʦʨʦʤ ʫʨʦʚʥʝ ï ʤʦʜʝʣʠ 

ʦʪʜʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ, ʥʘ 

ʪʨʝʪʴʝʤ ʫʨʦʚʥʝ ï ʤʦʜʝʣʠ ʦʪʜʝʣʴʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʥʘ ʯʝʪʚʝʨʪʦʤ, 

ʥʠʞʥʝʤ ʫʨʦʚʥʝ, ʤʦʜʝʣʠ ʦʪʜʝʣʴʥʳʭ ʷʚʣʝʥʠʡ 

[5]. ʇʦʣʫʯʝʥʠʝ ʤʦʜʝʣʝʡ ʠ ʚ ʧʦʩʣʝʜʫʶʱʝʤ 

ʧʦʠʩʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ. 

ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʨʤʦʚ ʠʟ ʪʨʘʚ 

ʩʦʩʪʦʠʪ ʚ ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʤ ʘʥʘʣʠʟʝ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʧʦʩʦʙʦʚ, ʧʨʠʸʤʦʚ, ʪʝʭʥʠʢʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ ʟʘʛʦʪʦʚʢʠ ʢʦʨʤʦʚ ʠʟ ʪʨʘʚ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʮʠʦʥʘʣʴʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ ʩ ʫʯʸʪʦʤ 

ʩʢʣʘʜʳʚʘʶʱʠʭʩʷ ʧʦʛʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ ʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʩʫʨʩʦʚ 

ʭʦʟʷʡʩʪʚʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʣʫʯʝʥʠʝ 

ʢʦʨʤʦʚ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ 

ʟʘʪʨʘʪʘʭ ʥʘ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʥʠʟʢʦʤ 

ʥʝʛʘʪʠʚʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ. 

ʅʘʫʯʥʦʡ ʦʩʥʦʚʦʡ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʡ ʜʦʣʞʝʥ ʙʳʪʴ ʤʝʪʦʜ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ, ʠʤʝʶʱʠʭ 

ʥʘʠʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʟʘʜʘʥʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʝʨʘʨʭʠʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʘʜʝʢʚʘʪʥʦ 

ʦʧʠʩʳʚʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʩ ʧʦʤʦʱʴʶ ʩʦʚʨʝʤʝʥʥʳʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʙʘʟʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʦʚʤʝʩʪʠʪʴ 

ʧʨʦʮʝʩʩʳ ʧʦʩʪʘʥʦʚʢʠ ʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ.  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʟʘʛʦʪʦʚʢʠ 

ʢʦʨʤʦʚ ʠʟ ʪʨʘʚ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʷʜ ʵʪʘʧʦʚ: 

- ʠʟʫʯʝʥʠʝ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ 

ʵʢʦʥʦʤʠʢʦ-ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʡ 

ʟʘʛʦʪʦʚʢʠ ʢʦʨʤʦʚ; 

- ʦʮʝʥʢʘ ʧʦʪʝʥʮʠʘʣʘ ʢʦʨʤʦʚʳʭ ʫʛʦʜʠʡ; 

- ʚʳʷʚʣʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚʘʨʠʘʥʪʦʚ 

ʪʝʭʥʦʣʦʛʠʡ ʟʘʛʦʪʦʚʢʠ ʢʦʨʤʦʚ ʩ ʦʮʝʥʢʦʡ ʠʭ 

ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʫʩʣʦʚʠʡ; 

- ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʘʮʠʦʥʘʣʴʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʟʘʜʘʥʥʳʤ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʠ 

ʵʢʦʥʦʤʠʢʦ-ʭʦʟʷʡʩʪʚʝʥʥʳʤ ʫʩʣʦʚʠʷʤ ʩ 

ʫʯʸʪʦʤ ʠʟʤʝʥʝʥʠʷ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʚ 

ʧʝʨʠʦʜ ʟʘʛʦʪʦʚʢʠ; 

- ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʘʣʴʪʝʨʥʘʪʠʚ; 

- ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʷ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ 

ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩ ʫʯʸʪʦʤ 

ʩʢʣʘʜʳʚʘʶʱʠʭʩʷ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ. 

ʋʯʸʪ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ 

ʵʢʦʥʦʤʠʢʦ-ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʡ ʟʘʛʦʪʦʚʢʠ 

ʢʦʨʤʦʚ 

ʀʥʬʦʨʤʘʮʠʷ ʧʦ ʧʦʛʦʜʥʳʤ ʫʩʣʦʚʠʷʤ 

ʩʦʙʠʨʘʝʪʩʷ ʩ ʮʝʣʴʶ ʠʭ ʫʯʸʪʘ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʟʘʛʦʪʦʚʢʠ ʢʦʨʤʦʚ. ʇʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ 

ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʜʠʥʘʤʠʢʫ ʩʫʰʢʠ ʪʨʘʚʳ, ʚʝʣʠʯʠʥʫ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʪʝʨʴ ʪʨʘʚʳ ʚ ʧʦʣʝ ʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʫʙʦʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʟʘ ʧʝʨʠʦʜ ʠʭ ʨʘʙʦʪʳ. 

ʇʨʠ ʦʙʦʩʥʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʠ ʚʘʞʥʦ 

ʟʥʘʪʴ ʩʨʝʜʥʶʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʝʨʠʦʜʘ 

ʙʝʟ ʦʩʘʜʢʦʚ ʚ ʧʝʨʠʦʜ ʫʙʦʨʢʠ, ʢʦʪʦʨʘʷ 

ʟʘʜʘʸʪʩʷ ʚ ʚʠʜʝ ʩʨʝʜʥʝʡ ʚʝʨʦʷʪʥʦʩʪʠ ʈ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʤʥʦʛʦʣʝʪʥʠʭ ʥʘʙʣʶʜʝʥʠʡ ʜʣʷ 

ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʢʘʣʝʥʜʘʨʥʦʛʦ ʩʨʦʢʘ: 

ʂPʇP Ö=
=

N

1K
, (1) 

ʛʜʝ ʈ ï ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʚʝʨʦʷʪʥʦʩʪʴ 

ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʟʘ ʧʝʨʠʦʜ 

N  ʜʥʝʡ; ʇ ï ʢʦʣʠʯʝʩʪʚʦ ʜʥʝʡ ʙʝʟ ʦʩʘʜʢʦʚ; 

ʂP  ï ʚʝʨʦʷʪʥʦʩʪʴ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʧʦʛʦʜʥʳʭ 

ʫʩʣʦʚʠʡ ʚ k -ʡ ʜʝʥʴ. 

ʇʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ ʫʯʠʪʳʚʘʶʪʩʷ ʧʨʠ 

ʨʘʩʯʸʪʝ ʪʝʭʥʦʣʦʛʠʡ ʯʝʨʝʟ ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ: 
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ʊP
K

1
ʇʋ= , (2) 

ʛʜʝ ʊP  ï ʥʘʜʸʞʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ ʧʦ 

ʧʦʛʦʜʥʳʤ ʫʩʣʦʚʠʷʤ. 

ʅʘʜʸʞʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ ʧʦ ʧʦʛʦʜʥʳʤ 

ʫʩʣʦʚʠʷʤ: 

210

0

NNN

N
PT

++
= , (3) 

ʛʜʝ 0N  ï ʯʠʩʣʦ ʜʥʝʡ ʙʝʟ ʦʩʘʜʢʦʚ ʚ ʧʝʨʠʦʜ 

ʫʙʦʨʢʠ, ʜʥ.; 1N  ï ʯʠʩʣʦ ʜʥʝʡ ʩ ʦʩʘʜʢʘʤʠ, ʜʥ.; 

2N  ï ʯʠʩʣʦ ʜʥʝʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʧʦʚʪʦʨʥʳʭ ʦʧʝʨʘʮʠʡ, ʜʥ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʪʨʘʚ ʚ ʥʘʯʘʣʴʥʳʡ 

ʧʝʨʠʦʜ ʧʨʦʠʩʭʦʜʠʪ ʨʦʩʪ ʠ ʥʘʢʦʧʣʝʥʠʝ 

ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʜʘʣʝʝ ʥʘʩʪʫʧʘʝʪ 

ʥʝʢʦʪʦʨʘʷ ʩʪʘʙʠʣʠʟʘʮʠʷ ʠ ʚ ʧʨʦʮʝʩʩʝ 

ʩʪʘʨʝʥʠʷ ʨʘʩʪʝʥʠʡ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ 

ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. ʆʯʝʚʠʜʥʦ, ʯʪʦ 

ʥʘʠʣʫʯʰʠʤ ʚʘʨʠʘʥʪʦʤ ʙʳʣ ʙʳ ʪʘʢʦʡ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʚʝʩʴ ʫʨʦʞʘʡ ʙʳʣ ʙʳ ʫʙʨʘʥ ʚ ʧʝʨʠʦʜ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʦʙʤʝʥʥʦʡ 

ʵʥʝʨʛʠʠ. ʈʝʰʝʥʠʝ ʢʦʤʧʨʦʤʠʩʩʥʦʡ ʟʘʜʘʯʠ 

ʩʨʦʢʦʚ ʫʙʦʨʢʠ ʪʨʘʚ ʥʘ ʢʦʨʤ ʞʠʚʦʪʥʳʤ 

ʩʚʦʜʠʪʩʷ ʢ ʧʦʠʩʢʫ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʩʣʝʜʫʶʱʝʡ ʬʫʥʢʮʠʠ: 

ñ ñ Ö-
+Ö-=
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n 12

1
max

)(
dU))((U)(

ʈnnW

ʇ
Uʆʕz

ʂ
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 (4) 

ʛʜʝ maxʆʕ  ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʦʙʤʝʥʥʦʡ ʵʥʝʨʛʠʠ ʚ ʪʨʘʚʝ, ʄɼʞ; ñU  ï 

ʫʨʘʚʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʦʙʤʝʥʥʦʡ ʵʥʝʨʛʠʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʝʨʠʦʜʘ ʚʝʛʝʪʘʮʠʠ ʪʨʘʚʳ; 

21,nn  ï ʜʥʠ ʥʘʯʘʣʘ ʠ ʦʢʦʥʯʘʥʠʷ ʫʙʦʨʦʯʥʳʭ 

ʨʘʙʦʪ; 1ɿʇ  ï ʧʦʩʪʦʷʥʥʘʷ ʯʘʩʪʴ ʧʨʠʚʝʜʸʥʥʳʭ 

ʟʘʪʨʘʪ ʥʘ ʦʜʠʥ ʫʙʦʨʦʯʥʳʡ ʢʦʤʧʣʝʢʩ, ʨʫʙ.; 

ʂW  ï ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʫʙʦʨʦʯʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʛʘ/ʩʤ; ʈ ï ʚʝʨʦʷʪʥʦʩʪʴ 

ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ. 

ʆʮʝʥʢʘ ʧʦʪʝʥʮʠʘʣʘ ʢʦʨʤʦʚʳʭ ʫʛʦʜʠʡ 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʝʘʣʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʢʦʨʤʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʜʠʥʘʤʠʢʝ ʠ ʫʩʣʦʚʠʷ, 

ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʦʪʝʢʘʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʤʝʥʷʶʪʩʷ. ʇʦʵʪʦʤʫ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʜʘʞʝ ʦʜʥʦʛʦ ʬʘʢʪʦʨʘ, ʤʦʞʥʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʜʦʙʨʘʪʴ ʫʨʦʞʘʡ ʪʨʘʚʳ 

(ʥʝʜʦʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʨʤʦʚʳʝ ʫʛʦʜʴʷ), ʠ 

ʪʝʭʥʦʣʦʛʠʷ, ʨʘʥʝʝ ʷʚʣʷʶʱʘʷʩʷ ʦʧʪʠʤʘʣʴʥʦʡ 

ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦʪʝʥʮʠʘʣʘ ʢʦʨʤʦʚʳʭ 

ʫʛʦʜʠʡ, ʧʝʨʝʩʪʘʝʪ ʙʳʪʴ ʪʘʢʦʚʦʡ, ʠ ʩʣʝʜʫʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʝʨʝʭʦʜ ʥʘ ʜʨʫʛʫʶ 

ʪʝʭʥʦʣʦʛʠʶ ʥʘ ʫʨʦʚʥʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʦʧʝʨʘʮʠʠ (ʪʝʭʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʝʰʝʥʠʷ). 

ʇʦʪʝʥʮʠʘʣ ʢʦʨʤʦʚʳʭ ʫʛʦʜʠʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ [6]: 

- ʧʦʯʚʝʥʥʦ-ʟʝʤʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ 

(ʧʣʦʜʦʨʦʜʠʝ ʧʦʯʚʳ, ʝʸ ʤʝʭʘʥʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, 

ʦʩʥʘʱʸʥʥʦʩʪʴ ʧʠʪʘʪʝʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ, 

ʨʘʟʤʝʨʘʤʠ ʫʛʦʜʠʡ ʠ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʝʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʭʨʘʥʠʣʠʱ); 

- ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ 

(ʚʣʘʛʦʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ, ʪʝʤʧʝʨʘʪʫʨʥʳʤ 

ʨʝʞʠʤʦʤ, ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʩʚʝʪʦʚʦʛʦ ʜʥʷ, 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ); 

- ʨʝʩʫʨʩʘʤʠ ʚʦʟʜʝʣʳʚʘʝʤʳʭ ʪʨʘʚ (ʩʦʨʪʦʚʳʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʩʪʨʝʩʩʦʫʩʪʦʡʯʠʚʦʩʪʴʶ ʠ 

ʚʩʭʦʞʝʩʪʴʶ ʩʝʤʷʥ ʠ ʜʨ.); 

- ʣʘʥʜʰʘʬʪʦʤ ʢʦʨʤʦʚʳʭ ʫʛʦʜʠʡ (ʜʣʠʥʥʘ 

ʛʦʜʘ, ʩʢʣʦʥʥʦʩʪʴ, ʢʦʥʪʫʨʥʦʩʪʴ ʧʦʣʝʡ, 

ʢʘʤʝʥʠʩʪʦʩʪʴ); 

- ʫʜʘʣʸʥʥʦʩʪʴʶ ʧʦʣʝʡ ʦʪ ʭʨʘʥʠʣʠʱ, ʘ ʪʘʢ ʞʝ 

ʩʦʩʪʦʷʥʠʝʤ ʜʦʨʦʛ ʧʦ ʢʦʪʦʨʳʤ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʢʦʨʤʦʚ ʢ 

ʠʭ ʤʝʩʪʫ ʭʨʘʥʝʥʠʷ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʘʨʠʘʥʪʳ ʟʘʛʦʪʦʚʢʠ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʢʦʨʤʦʚ ʜʣʷ ʞʠʚʦʪʥʳʭ 

ʬʦʨʤʠʨʫʶʪʩʷ ʠʟ ʦʪʜʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ, 

ʚʳʧʦʣʥʷʝʤʳʭ ʦʧʨʝʜʝʣʸʥʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ 

ʩʨʝʜʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʚʦʟʜʝʡʩʪʚʠʝ 

ʥʘ ʧʨʦʜʫʢʪ ʦʙʨʘʙʦʪʢʠ (ʧʨʝʜʤʝʪ ʪʨʫʜʘ), ʯʝʨʝʟ 

ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʠ ʧʨʠʸʤʳ. ʇʨʠ ʵʪʦʤ 

ʜʘʥʥʳʡ ʧʨʦʜʫʢʪ ʧʝʨʝʚʦʜʠʪʩʷ ʠʟ ʥʝʢʦʛʦ 

ʧʨʝʜʳʜʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ Si ʚ ʩʦʩʪʦʷʥʠʝ Si+1. 

ɺ ʦʙʱʝʤ ʚʠʜʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ 

ʟʘʛʦʪʦʚʢʠ ʢʦʨʤʦʚ ʠʟ ʪʨʘʚ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ 
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ʚ ʚʠʜʝ ʙʣʦʢ-ʩʭʝʤʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ 

ʨʠʩʫʥʢʝ 1. ʋʨʦʞʘʡ ʪʨʘʚʳ, ʙʫʜʫʱʠʡ ʢʦʨʤ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʦʨʤʦʫʙʦʨʦʯʥʳʭ ʤʘʰʠʥ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʝʨʝʭʦʜʠʪ ʠʟ ʩʦʩʪʦʷʥʠʷ Si ʚ 

ʩʦʩʪʦʷʥʠʝ Si+1, ʧʨʠʦʙʨʝʪʘʷ ʧʨʠ ʵʪʦʤ ʥʦʚʳʝ 

ʢʘʯʝʩʪʚʝʥʥʳʝ (ʆʕ, ʄɼʞ) ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ 

(Q, ʪ) ʧʦʢʘʟʘʪʝʣʠ. ɺʦʟʜʝʡʩʪʚʠʝ ʤʘʰʠʥ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ ʚʝʢʪʦʨʘ Wij. 

ʇʨʠ ʢʘʞʜʦʤ ʧʝʨʝʭʦʜʝ ʠʟ ʩʦʩʪʦʷʥʠʷ Si ʚ 

Si+1 ʨʘʩʪʸʪ ʩʪʦʠʤʦʩʪʴ ʢʦʨʤʦʚ ʠ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʪʝʨʷ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. ʀʟ ʦʙʱʝʛʦ 

ʧʦʜʭʦʜʘ ʧʦ ʬʦʨʤʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʟʘʛʦʪʦʚʢʠ ʢʦʨʤʦʚ ʤʦʞʥʦ ʧʝʨʝʡʪʠ ʢ 

ʪʝʭʥʦʣʦʛʠʷʤ ʟʘʛʦʪʦʚʢʠ ʢʦʨʤʦʚ ʢʦʥʢʨʝʪʥʦʛʦ 

ʚʠʜʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚʝʢʪʦʨ ʥʘ ʨʠʩʫʥʢʝ 1 

ʚʠʜʘ: W12 Ÿ W23 Ÿ W34 Ÿ W45 Ÿ W56 Ÿ 

W67 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʭʥʦʣʦʛʠʠ ʟʘʛʦʪʦʚʢʝ 

ʧʨʝʩʩʦʚʘʥʥʦʛʦ ʩʝʥʘ ʩ ʧʨʠʥʫʜʠʪʝʣʴʥʳʤ 

ʚʝʥʪʠʣʠʨʦʚʘʥʠʝʤ ʚ ʭʨʘʥʠʣʠʱʝ. ʉʦʩʪʦʷʥʠʝ 

S1-S5 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʝʨʘʮʠʷʤ ʟʘʛʦʪʦʚʢʠ 

ʩʝʥʘ ʚ ʧʦʣʝ, ʘ S6-S7 ï ʚ ʩʝʥʦʭʨʘʥʠʣʪʠʱʝ. ʇʨʠ 

ʟʘʛʦʪʦʚʢʝ ʩʝʥʘ ʥʘ ʢʘʞʜʦʡ ʦʧʝʨʘʮʠʠ ʨʘʙʦʪʘʝʪ 

ʤʘʰʠʥʘ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʪʨʘʚʳ, ʢʦʪʦʨʦʝ 

ʥʘʭʦʜʠʪʩʷ ʚ ʢʘʞʜʦʤ ʠʟ ʩʦʩʪʦʷʥʠʡ ʥʝ 

ʦʩʪʘʸʪʩʷ ʧʦʩʪʦʷʥʥʳʤ, ʘ ʠʟʤʝʥʷʝʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ Si ʠ Si+1 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʪʝʭʥʦʣʦʛʠʷ ʟʘʛʦʪʦʚʢʠ ʩʝʥʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʠʥʘʤʠʯʝʩʢʫʶ ʤʦʜʝʣʴ, 

ʨʘʟʚʠʚʘʶʱʫʶʩʷ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʚʨʝʤʝʥʠ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʦʩʪʦʷʥʠʡ.

 

 
ʈʠʩ. 1. ɹʣʦʢ-ʩʭʝʤʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʟʘʛʦʪʦʚʢʠ, ʭʨʘʥʝʥʠʷ ʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢ  

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʢʦʨʤʦʚ ʠʟ ʪʨʘʚ 

 

ʅʘʠʙʦʣʝʝ ʦʧʘʩʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʷʚʣʷʝʪʩʷ ʩʦʩʪʦʷʥʠʝ 

S3 ʧʨʦʚʷʣʠʚʘʥʠʷ ʪʨʘʚʳ, ʪʘʢ ʢʘʢ ʧʨʠ ʙʦʣʴʰʠʭ 

ʦʙʲʸʤʘʭ S3 ʧʨʠ ʚʳʧʘʜʝʥʠʠ ʜʦʞʜʷ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʝʨʷ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʫ 

ʚʩʝʛʦ ʦʙʲʸʤʘ ʪʨʘʚʳ ʚ ʩʦʩʪʦʷʥʠʠ S3. 

ɺʝʢʪʦʨ W12 Ÿ W25 Ÿ W57 ʦʙʱʝʡ ʤʦʜʝʣʠ 

ʪʝʭʥʦʣʦʛʠʠ ʟʘʛʦʪʦʚʢʠ ʢʦʨʤʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʟʘʛʦʪʦʚʢʝ ʩʠʣʦʩʘ ʠʟ ʥʝʧʨʦʚʷʣʝʥʥʦʡ 

(ʩʚʝʞʝʩʢʦʰʝʥʥʦʡ) ʪʨʘʚʳ, ʛʜʝ ʦʩʥʦʚʥʳʤʠ 

ʦʧʝʨʘʮʠʷʤʠ ʷʚʣʷʶʪʩʷ ʢʦʰʝʥʠʝ ʩ 

ʠʟʤʝʣʴʯʝʥʠʝʤ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʦʡ. 

ɺʳʭʦʜʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʪʝʭʥʦʣʦʛʠʶ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʦʧʝʨʘʮʠʶ ʩʣʝʜʫʝʪ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠ 
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ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ. ɺ ʢʘʯʝʩʪʚʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʢʘʟʘʪʝʣʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʟʘʪʨʘʪʳ, ʨʘʩʭʦʜʫʝʤʳʝ ʥʘ 

ʚʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪʳ: 

- ʵʥʝʨʛʦʸʤʢʦʩʪʴ, ʢɺʪ-ʯ; 

- ʪʨʫʜʦʸʤʢʦʩʪʴ, ʯʝʣ-ʯ; 

- ʤʝʪʘʣʣʦʸʤʢʦʩʪʴ, ʪ. 

ɺ ʢʘʯʝʩʪʚʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʢʘʟʘʪʝʣʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ 

ʢʦʣʠʯʝʩʪʚʦ ʠ ʢʘʯʝʩʪʚʦ ʚʳʧʦʣʥʷʝʤʦʡ ʨʘʙʦʪʳ: 

- ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʠ, ʯ; 

- ʧʦʪʝʨʠ ʢʦʨʤʘ, ʢʘʢ ʬʠʟʠʯʝʩʢʠʝ, ʪʘʢ ʠ 

ʢʘʯʝʩʪʚʝʥʥʳʝ, ʄɼʞ. 

ʄʦʜʝʣʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚ 

ʦʙʱʝʤ ʚʠʜʝ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʠʩʭʦʜʷ ʠʟ ʠʤʝʶʱʝʛʦʩʷ ʙʠʦʧʦʪʝʥʮʠʘʣʘ 

ʢʦʨʤʦʚʳʭ ʫʛʦʜʠʡ, ʧʦʛʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ, ʠʤʝʶʱʠʭʩʷ ʪʨʫʜʦʚʳʭ ʠ 

ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʠ 

ʩʪʨʫʢʪʫʨʳ ʢʦʨʤʦʚ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʭ ʨʘʮʠʦʥʦʚ ʢʦʨʤʣʝʥʠʷ 

ʞʠʚʦʪʥʳʭ ʩ ʜʨʫʛʦʡ. ʇʨʦʮʝʩʩ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʫʨʦʚʥʝ ï 

ʦʪʜʝʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ, ʝʸ 

ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʬʦʨʤʠʨʫʝʤʳʭ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʠʜʘ (ʩʧʦʩʦʙʘ, 

ʧʨʠʸʤʘ) ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ 

ʥʘ ʦʙʨʘʙʘʪʳʚʘʝʤʳʡ ʧʨʦʜʫʢʪ.

 

 
ʈʠʩ. 2. ʄʦʜʝʣʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʟʘʛʦʪʦʚʢʠ ʢʦʨʤʦʚ ʠʟ ʪʨʘʚ 

 

ʇʨʠ ʨʘʩʯʸʪʝ ʚʳʭʦʜʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʨʘʙʦʪʳ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʧʨʠʤʝʥʷʶʪʩʷ 

ʦʙʱʝʠʟʚʝʩʪʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʩʢʦʨʦʩʪʠ 

ʩʫʰʢʠ ʪʨʘʚʳ, ʘ ʪʘʢ ʞʝ ʧʦʪʝʨʴ ï 

ʵʤʧʠʨʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʀʩʧʦʣʴʟʫʷ ʧʨʠʥʮʠʧ ʩʫʧʝʨʧʦʟʠʮʠʠ 

(ʨʘʟʙʠʚʢʠ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʦʪʜʝʣʴʥʳʝ 

ʦʧʝʨʘʮʠʠ) ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ 

ʦʧʪʠʤʠʟʠʨʫʷ ʢʘʞʜʫʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ 

ʦʧʝʨʘʮʠʶ, ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ, ʧʦʣʫʯʠʤ 

ʦʧʪʠʤʘʣʴʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʟʘʛʦʪʦʚʢʠ ʢʦʨʤʦʚ 

ʠʟ ʪʨʘʚ ʜʣʷ ʟʘʜʘʥʥʳʭ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘ ʦʩʥʦʚʘʥʠʠ ʤʝʪʦʜʦʚ 

ʩʠʥʪʝʟʘ ʠ ʘʥʘʣʠʟʘ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ 

ʠ ʧʦʢʘʟʘʪʝʣʝʡ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʭ 
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ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʟʘʛʦʪʦʚʢʠ ʢʦʨʤʦʚ, 

ʘ ʪʘʢ ʞʝ ʤʝʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ (ʣʠʥʝʡʥʦʛʦ ʠ 

ʥʝʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, 

ʄʘʨʢʦʚʩʢʠʭ ʮʝʧʝʡ ʠ ʜʨ.) [7, 8, 9]. 

ʆʮʝʥʢʘ ʪʝʭʥʦʣʦʛʠʡ ʟʘʛʦʪʦʚʢʠ ʢʦʨʤʦʚ ʠʟ 

ʪʨʘʚ 

ʆʮʝʥʢʘ ʤʦʜʝʣʠʨʫʝʤʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʚʘʨʠʘʥʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʙʘʟʝ 

ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʙʠʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʠ 

ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʦʮʝʥʦʢ ʦʧʝʨʘʮʠʡ ʠ 

ʪʝʭʥʦʣʦʛʠʡ ʟʘʛʦʪʦʚʢʠ ʢʦʨʤʦʚ. ɺ ʮʝʣʦʤ 

ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʯʝʨʝʟ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ï ʩʪʦʠʤʦʩʪʴ 

ʝʜʠʥʠʮʳ ʦʙʤʝʥʥʦʡ ʵʥʝʨʛʠʠ ʢʦʨʤʘ 

(ʨʫʙ./ʄɼʞ) [10]. 

ʇʨʠʥʷʪʠʝ ʨʝʰʝʥʠʷ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ 

ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʚʘʨʠʘʥʪʦʚ ʟʘʛʦʪʦʚʢʠ ʢʦʨʤʦʚ ʩʣʝʜʫʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʘʨʠʘʥʪʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʦʙʝʩʧʝʯʠʪʴ ʧʦʣʫʯʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 

ʢʦʨʤʦʚ ʠʟ ʪʨʘʚ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʡ 

ʧʝʨʝʥʘʣʘʜʢʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ ʠ 

ʠʟʤʝʥʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʧʝʨʘʮʠʡ 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʠ ʩ ʫʯʸʪʦʤ 

ʠʤʝʶʱʠʭʩʷ ʨʝʩʫʨʩʦʚ ʚ ʭʦʟʷʡʩʪʚʝ. ʇʨʠ 

ʠʟʤʝʥʝʥʠʠ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʧʝʨʝʭʦʜʠʪʴ ʥʘ 

ʜʨʫʛʦʡ ʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʡ ʚʘʨʠʘʥʪ. ɺ 

ʩʣʫʯʘʝ ʥʘʩʪʫʧʣʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʟʘʛʦʪʦʚʢʠ 

ʢʦʨʤʦʚ ʠʟ ʪʨʘʚ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ 

(ʥʘʩʪʫʧʣʝʥʠʷ ʮʠʢʣʦʥʘ), ʩʣʝʜʫʝʪ ʧʝʨʝʡʪʠ ʥʘ 

ʜʨʫʛʫʶ ʪʝʭʥʦʣʦʛʠʶ. ʇʨʠ ʥʘʣʠʯʠʠ 

ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʳʭ ʜʦʞʜʝʡ ʝʩʪʴ ʩʤʳʩʣ ʥʝ 

ʧʝʨʝʭʦʜʠʪʴ ʥʘ ʜʨʫʛʫʶ ʪʝʭʥʦʣʦʛʠʶ, ʘ 

ʦʩʪʘʥʘʚʣʠʚʘʪʴ ʝʸ ʥʘ ʚʨʝʤʷ ʚʳʧʘʜʝʥʠʷ 

ʦʩʘʜʢʦʚ. 

ɽʩʣʠ ʠʟʚʝʩʪʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʛʥʦʟʘ 

ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʥʝʢʦʪʦʨʳʡ ʩʨʦʢ n, ʪʦ 

ʨʝʰʘʶʱʝʝ ʫʩʣʦʚʠʝ ʜʣʷ ʧʝʨʝʭʦʜʘ ʪʝʭʥʦʣʦʛʠʡ 

ʩ ʦʜʥʦʡ ʥʘ ʜʨʫʛʫʶ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ 

ʚʠʜʝ: 

ʟʝʥʮʝʣʝʩʦʦʙʨʘ ʧʝʨʝʭʦʜ - )100/1(

ʟʝʥʮʝʣʝʩʦʦʙʨʘ ʥʝ ʧʝʨʝʭʦʜ)100/1(
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, (5) 

ʛʜʝ 1ʉ ï ʧʦʪʝʨʠ ʢʦʨʤʘ ʠʟ-ʟʘ ʟʘʜʝʨʞʢʠ ʥʘ 

ʦʜʠʥ ʜʝʥʴ ʫʙʦʨʢʠ ʧʨʠ ʥʘʩʪʫʧʣʝʥʠʠ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ, %; 2ʉ  

ï ʩʪʦʠʤʦʩʪʴ ʢʦʨʤʦʚ, ʟʘʛʦʪʦʚʣʝʥʥʳʭ ʟʘ 1 ʜʝʥʴ 

ʧʦ ʦʩʥʦʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʨʫʙ.; 3ʉ  ï 

ʩʪʦʠʤʦʩʪʴ ʢʦʨʤʦʚ, ʟʘʛʦʪʦʚʣʝʥʥʳʭ ʟʘ 1 ʜʝʥʴ 

ʧʦ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʨʫʙ.; n  ï 

ʧʨʦʛʥʦʟ ʯʠʩʣʘ ʜʥʝʡ ʩ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤʠ 

ʧʦʛʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ; P  ï ʚʝʨʦʷʪʥʦʩʪʴ 

ʧʨʦʛʥʦʟʘ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʇʨʠ ʨʘʩʯʸʪʝ ʧʦ ʚʳʨʘʞʝʥʠʷʤ (1)-(3) 

ʚʦʟʤʦʞʥʦ ʚʳʷʚʠʪʴ ʥʘ ʧʝʨʩʧʝʢʪʠʚʫ 

ʢʦʣʠʯʝʩʪʚʦ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʜʥʝʡ ʜʣʷ 

ʟʘʛʦʪʦʚʢʠ ʢʦʨʤʦʚ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʛʥʦʟʘ 

ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ. ɺ ʪʘʙʣʠʮʝ 2 ʧʨʠʚʝʜʝʥʦ 

ʨʘʩʯʸʪʥʦʝ ʯʠʩʣʦ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʠ 

ʜʦʞʜʣʠʚʳʭ ʜʥʝʡ ʜʣʷ ʧʝʨʠʦʜʘ 20=N  ʜʥʝʡ, 

ʧʨʠ ʟʘʜʘʥʥʦʤ ʫʨʦʚʥʝ ʚʝʨʦʷʪʥʦʩʪʠ ʪʦʯʥʦʩʪʠ 

ʠʭ ʨʝʘʣʠʟʘʮʠʠ 85,0=ɿʈ  ʠ ʨʘʟʣʠʯʥʳʭ 

ʚʝʨʦʷʪʥʦʩʪʷʭ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʧʦʛʦʜʥʳʭ 

ʫʩʣʦʚʠʡ ʥʘ ʵʪʦʪ ʧʝʨʠʦʜ. 

 

ʊʘʙʣʠʮʘ  

ʈʘʩʯʸʪ ʯʠʩʣʘ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʠ ʜʦʞʜʣʠʚʳʭ ʜʥʝʡ ʧʦʜʨʷʜ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʈ ʚʝʨʦʷʪʥʦʩʪʴ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ 

0,3 0,4 0,5 0,6 0,7 0,8 0,9 

ʏʠʩʣʦ ʜʥʝʡ ʧʦʜʨʷʜ ʙʝʟ ʦʩʘʜʢʦʚ 1,8 2,3 3,0 4,1 5,9 9,4 20 

ʏʠʩʣʦ ʜʥʝʡ ʧʦʜʨʷʜ ʩ ʦʩʘʜʢʘʤʠ 6 4 3 2 1 0,9 0,5 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ 3 3 3 3 2 2 1 

 

ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (4) ʜʘʸʪ 

ʦʧʪʠʤʘʣʴʥʳʡ ʩʨʦʢ ʫʙʦʨʢʠ ʪʨʘʚ ʚ ʫʩʣʦʚʠʷʭ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ, ʪʘʢ ʜʣʷ ʢʣʝʚʝʨʘ ʦʥ 

ʩʦʩʪʘʚʣʷʝʪ 12 ʜʥʝʡ, ʘ ʜʣʷ ʟʣʘʢʦʚʳʭ ʪʨʘʚ ï 15 
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ʜʥʝʡ. ʇʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʳʝ ʧʦʪʝʨʠ ʆʕ ʚ 

ʥʘʯʘʣʝ ʠ ʢʦʥʮʝ ʫʙʦʨʢʠ ʜʣʷ ʢʣʝʚʝʨʘ ʥʝ ʙʫʜʫʪ 

ʧʨʝʚʳʰʘʪʴ 12%, ʜʣʷ ʟʣʘʢʦʚʳʭ ʢʫʣʴʪʫʨ ï 5%. 

ʇʨʠʤʝʨ ʨʘʩʯʸʪ ʧʦʪʝʥʮʠʘʣʘ ʢʦʨʤʦʚʳʭ 

ʫʛʦʜʠʡ ʜʣʷ ʪʠʧʦʚʦʛʦ ʭʦʟʷʡʩʪʚʘ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʧʨʠ ʟʘʛʦʪʦʚʢʝ ʩʝʥʘ 

ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʨʘʙʦʪʝ [6]. ʉʨʘʚʥʠʪʝʣʴʥʘʷ 

ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʟʘʛʦʪʦʚʢʝ ʩʝʥʘ ʧʨʠ 

ʢʦʵʬʬʠʮʠʝʥʪʝ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ 1,8 

ʧʨʠʚʝʜʝʥʘ ʚ ʨʘʙʦʪʝ [10]. 

ʇʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʧʝʨʝʭʦʜʘ ʥʘ ʜʨʫʛʫʶ 

ʪʝʭʥʦʣʦʛʠʶ ʨʘʩʩʤʦʪʨʠʤ ʥʘ ʧʨʠʤʝʨʝ 

ʟʘʛʦʪʦʚʢʠ 1000 ʪ ʩʝʥʘ, ʠʟ ʩʤʝʰʘʥʥʦʛʦ 

ʪʨʘʚʦʩʪʦʷ (ʢʣʝʚʝʨʦʪʠʤʦʬʝʝʯʥʘʷ ʩʤʝʩʴ). ʅʘ 

ʧʝʨʠʦʜ ʩʢʘʰʠʚʘʥʠʷ ʫʨʦʞʘʡʥʦʩʪʴ ʧʦ ʟʝʣʸʥʦʡ 

ʤʘʩʩʝ ʩʦʩʪʘʚʣʷʝʪ 20 ʪ/ʛʘ. ʌʘʟʘ ʫʙʦʨʢʠ ʧʦ 

ʙʦʙʦʚʦʤʫ ʢʦʤʧʦʥʝʥʪʫ ï ʙʫʪʦʥʠʟʘʮʠʠ. 

ɺʣʘʞʥʦʩʪʴ, ʩʢʘʰʠʚʘʝʤʦʡ ʨʘʩʪʠʪʝʣʴʥʦʡ 

ʩʪʝʙʝʣʴʯʘʪʦʡ ʤʘʩʩʳ ï 78%. ʉʦʜʝʨʞʘʥʠʝ 

ʦʙʤʝʥʥʦʡ ʵʥʝʨʛʠʠ ʚ ʪʨʘʚʦʩʪʦʝ 9 ʄɼʞ ʚ 1 ʢʛ 

ʉɺ. 

ʉ ʫʯʸʪʦʤ ʟʘʜʘʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʠ 

ʠʤʝʶʱʠʭʩʷ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʪʨʫʜʦʚʳʭ 

ʨʝʩʫʨʩʦʚ ʙʳʣʦ ʩʤʦʜʝʣʠʨʦʚʘʥʦ ʜʚʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘ ʟʘʛʦʪʦʚʢʠ 

ʧʨʝʩʩʦʚʘʥʥʦʛʦ ʩʝʥʘ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʚ 

ʨʫʣʦʥʘʭ: 

- ʟʘʛʦʪʦʚʢʘ ʧʨʝʩʩʦʚʘʥʥʦʛʦ ʩʝʥʘ ʚ ʧʦʣʝʚʳʭ 

ʫʩʣʦʚʠʷʭ (ʙʘʟʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ); 

- ʟʘʛʦʪʦʚʢʘ ʧʨʝʩʩʦʚʘʥʥʦʛʦ ʩʝʥʘ ʩ 

ʧʨʦʚʷʣʠʚʘʥʠʝʤ ʚ ʧʦʣʝ ʜʦ ʚʣʘʞʥʦʩʪʠ 30% ʧʨʠ 

ʜʚʫʢʨʘʪʥʦʤ ʚʦʨʦʰʝʥʠʠ ʠ ʧʦʩʣʝʜʫʶʱʠʤ 

ʜʦʩʫʰʠʚʘʥʠʝʤ ʧʨʠʥʫʜʠʪʝʣʴʥʳʤ 

ʚʝʥʪʠʣʠʨʦʚʘʥʠʝʤ (ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ 

ʪʝʭʥʦʣʦʛʠʷ). 

ɿʘʛʦʪʦʚʢʘ ʩʝʥʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʥʘ ʧʦʣʷʭ 

ʩ ʜʣʠʥʦʡ ʛʦʥʘ 600 ʤ. ʉʨʝʜʥʠʡ ʨʘʜʠʫʩ 

ʧʝʨʝʚʦʟʢʠ ʜʦ ʩʝʥʦʭʨʘʥʠʣʠʱʘ ʩʦʩʪʘʚʣʷʣ 10 

ʢʤ, ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʙʝʛʘ 

ʩʦʩʪʘʚʣʷʣ 0,5, ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʛʨʫʟʦʧʦʜʲʸʤʥʦʩʪʠ ï 0,7. ʇʨʠ ʢʦʵʬʬʠʮʠʝʥʪʝ 

ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ 2. ʉʪʦʠʤʦʩʪʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ: ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ 45 ʨʫʙ./ʣ.; 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ 4 ʨʫʙ./ʢɺʪ; ʪʘʨʠʬʥʘʷ ʩʪʘʚʢʘ 

ʤʝʭʘʥʠʟʘʪʦʨʘ 300 ʨʫʙ./ʯ. 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ ʧʨʠ 

ʧʨʠʤʝʥʝʥʠʠ ʙʘʟʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ (ʟʘʛʦʪʦʚʢʘ 

ʩʝʥʘ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ) ʩʦʩʪʘʚʠʣʠ ʚ 

ʪʝʯʝʥʠʠ 15 ʜʥʝʡ 11498286 ʨʫʙʣʝʡ, ʧʨʠ 

ʧʨʠʤʝʥʝʥʠʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

(ʟʘʛʦʪʦʚʢʘ ʩʝʥʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʜʦʩʫʰʠʚʘʥʠʝʤ) ï 12112003 ʨʫʙʣʝʡ, ʪ.ʝ. 

ʟʘʪʨʘʪʳ ʟʘ 1 ʜʝʥʴ ʫʙʦʨʢʠ ʩʦʩʪʘʚʣʷʶʪ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 766552,40 ʨʫʙʣʷ ʠ 807466,87 

ʨʫʙʣʝʡ. 

ʇʦʪʝʨʠ ʆʕ ʧʨʠ ʫʙʦʨʢʝ ʟʣʘʢʦʚʳʭ ʪʨʘʚ ʟʘ 

1 ʜʝʥʴ ʩʦʩʪʘʚʣʷʶʪ 0,047 ʄɼʞ/ʢʛ ʉɺ, ʪ.ʝ. 

1,91% ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʆʕ ʚ 

ʬʘʟʫ ʥʘʯʘʣʘ ʢʦʣʦʰʝʥʠʷ ʟʣʘʢʦʚʳʭ ʪʨʘʚ 9 

ʄɼʞ/ʢʛ ʉɺ [4]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʸʪʦʚ ʧʦ ʚʳʨʘʞʝʥʠʶ (5) 

ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʟʘʛʦʪʦʚʢʫ ʩʝʥʘ ʧʦ 

ʙʘʟʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʢʦʣʠʯʝʩʪʚʦ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʜʥʝʡ ʥʘ ʙʣʠʞʘʡʰʫʶ 

ʧʝʨʩʧʝʢʪʠʚʫ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 4 ʜʥʝʡ ʧʨʠ 

ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʦʛʥʦʟʘ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ 

ʈ=0,7. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʨʤʦʚ ʩʦʜʝʨʞʠʪ ʜʦʩʪʘʪʦʯʥʦ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʯʸʪʦʚ, ʚʚʠʜʫ 

ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʬʘʢʪʦʨʦʚ, 

ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʭ ʧʨʦʪʝʢʘʥʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʟʘʛʦʪʦʚʢʠ 

ʢʦʨʤʦʚ ʠʟ ʪʨʘʚ. ʇʦʵʪʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʘ ʙʘʟʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʯʝʤʫ ʙʫʜʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʨʘʙʦʪʢʝ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ (ɸʈʄ) 

ʫʧʨʘʚʣʝʥʠʷ ʢʦʨʤʦʟʘʛʦʪʦʚʠʪʝʣʴʥʳʤ 

ʧʨʦʮʝʩʩʦʤ ʥʘ ʙʘʟʝ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ 

ʩʠʩʪʝʤ, ʯʪʦ ʧʦʟʚʦʣʠʪ: 

- ʟʘʛʦʪʘʚʣʠʚʘʪʴ ʢʦʨʤʘ I ʠ II ʢʣʘʩʩʘ ʚ ʦʙʱʝʤ 

ʦʙʲʸʤʝ ʧʨʦʠʟʚʦʜʠʤʳʭ ʢʦʨʤʦʚ ʠʟ ʪʨʘʚ ʩʚʳʰʝ 

40%; 

- ʨʝʘʣʠʟʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʠ ʟʘʛʦʪʦʚʢʠ ʢʦʨʤʦʚ 

ʠʟ ʪʨʘʚ ʩ ʧʦʢʘʟʘʪʝʣʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʚʳʰʝ 1, ʢʦʪʦʨʳʡ 
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ʦʧʨʝʜʝʣʷʝʪʩʷ, ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʧʦʣʫʯʝʥʥʦʡ ʩ 

ʫʨʦʞʘʝʤ ʵʥʝʨʛʠʠ ʢ ʟʘʪʨʘʯʝʥʥʦʡ ʵʥʝʨʛʠʠ ʥʘ 

ʝʛʦ ʧʦʣʫʯʝʥʠʝ; 

- ʫʚʝʣʠʯʠʪʴ ʜʦʣʶ ʚ ʩʪʨʫʢʪʫʨʝ ʨʘʮʠʦʥʦʚ 

ʢʦʨʤʦʚ ʠʟ ʪʨʘʚ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʦʙʤʝʥʥʦʡ 

ʵʥʝʨʛʠʠ ʙʦʣʝʝ 50%., ʯʪʦ ʙʫʜʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʭ ʨʘʮʠʦʥʦʚ ʢʦʨʤʣʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʞʠʚʦʪʥʳʭ ʂʈʉ ʠ ʄʈʉ. 

ɺʳʚʦʜʳ 

1 ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʡ ʟʘʛʦʪʦʚʢʠ ʢʦʨʤʦʚ ʠʟ ʪʨʘʚ, 

ʫʯʠʪʳʚʘʝʪ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠ 

ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ ʠ ʠʤʝʶʱʠʝʩʷ ʨʝʩʫʨʩʳ ʜʣʷ 

ʟʘʛʦʪʦʚʢʠ ʢʦʨʤʦʚ ʥʝʦʙʭʦʜʠʤʦʛʦ ʦʙʲʸʤʘ ʠ 

ʚʠʜʘ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. 

2. ʆʩʫʱʝʩʪʚʣʝʥʘ ʦʮʝʥʢʘ ʨʘʮʠʦʥʘʣʴʥʦʡ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʝʨʠʦʜʘ ʫʙʦʨʢʠ ʪʨʘʚ ʥʘ 

ʦʩʥʦʚʝ ʚʝʨʦʷʪʥʦʩʪʠ ʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʚ ʧʝʨʠʦʜ ʟʘʛʦʪʦʚʢʠ. 

3. ʆʙʦʩʥʦʚʘʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʩ 

ʦʜʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʜʨʫʛʫʶ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʜʥʝʡ, ʥʘ 

ʧʨʠʤʝʨʝ ʪʝʭʥʦʣʦʛʠʡ ʟʘʛʦʪʦʚʢʠ 

ʧʨʝʩʩʦʚʘʥʥʦʛʦ ʩʝʥʘ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʦʣʝʚʳʭ 

ʫʩʣʦʚʠʷʭ ʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʦʩʫʰʠʚʘʥʠʝʤ 

ʧʫʪʸʤ ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʚʝʥʪʠʣʠʨʦʚʘʥʠʷ. 

4. ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʥʳʡ 

ʢʦʤʧʣʝʢʩ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ ʟʘʛʦʪʦʚʢʠ 

ʢʦʨʤʦʚ ʠʟ ʪʨʘʚ, ʠʭ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ, ʘ 

ʪʘʢ ʞʝ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʧʦ ʚʳʙʦʨʫ 

ʨʘʮʠʦʥʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʨʦʮʝʩʩʝ 

ʨʝʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʟʘʛʦʪʦʚʢʠ ʢʦʨʤʦʚ ʠʟ ʪʨʘʚ ʥʘ ʢʦʤʧʴʶʪʝʨʝ. 
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1
ʌɻɹʅʋ çʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʠʥʩʪʠʪʫʪ ʛʝʥʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ 

ʨʘʩʪʝʥʠʡ ʠʤʝʥʠ ʅ. ʀ. ɺʘʚʠʣʦʚʘè (ɺʀʈ), ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 
2
ʌɻɹʅʋ çʃʝʥʠʥʛʨʘʜʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ çɹɽʃʆɻʆʈʂɸè, 

ʃʝʥʠʥʛʨʘʜʩʢʘʷ ʦʙʣʘʩʪʴ, ʈʦʩʩʠʷ 

 

ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ  ʠʟʫʯʝʥʠʷ ʢʦʣʣʝʢʮʠʠ ʤʥʦʛʦʣʝʪʥʠʭ ʢʦʨʤʦʚʳʭ ʪʨʘʚ. 

ʈʘʩʩʤʦʪʨʝʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʟʝʣʝʥʦʡ ʤʘʩʩʳ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʝʝ ʧʦ ʫʢʦʩʘʤ ʫ ʩʦʨʪʦʚ ʠ ʦʙʨʘʟʮʦʚ 

ʟʣʘʢʦʚʳʭ ʠ ʙʦʙʦʚʳʭ ʢʫʣʴʪʫʨ. ʀʤʝʝʪʩʷ ʥʘʩʫʱʥʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʧʦʜʙʦʨʝ ʠʟʚʝʩʪʥʳʭ ʠ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ 

ʩʦʨʪʦʚ ʢʦʨʤʦʚʳʭ ʪʨʘʚ ʩ ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ 56 ʦʙʨʘʟʮʦʚ ʤʥʦʛʦʣʝʪʥʠʭ ʙʦʙʦʚʳʭ ʠ ʟʣʘʢʦʚʳʭ ʪʨʘʚ. ɺ ʠʟʫʯʝʥʠʝ ʙʳʣʠ 

ʧʨʠʚʣʝʯʝʥʳ ʭʨʘʥʷʱʠʝʩʷ ʚ ʢʦʣʣʝʢʮʠʠ ɺʀʈ ʩʦʨʪʘ ʠ ʜʠʢʦʨʘʩʪʫʱʠʝ ʦʙʨʘʟʮʳ, ʠʤʝʶʱʠʝ ʤʝʩʪʦʤ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚ ʦʩʥʦʚʥʦʤ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʳʡ ʨʝʛʠʦʥ ʈʌ. ʆʧʳʪ ʧʦ ʠʟʫʯʝʥʠʶ ʢʦʣʣʝʢʮʠʠ ʤʥʦʛʦʣʝʪʥʠʭ 

ʢʦʨʤʦʚʳʭ ʢʫʣʴʪʫʨ ʙʳʣ ʟʘʣʦʞʝʥ ʚ 2016 ʛʦʜʫ. ɺ ʪʝʯʝʥʠʝ ʩʝʟʦʥʘ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 2-3 ʫʢʦʩʘ ʥʘ ʟʝʣʝʥʫʶ 

ʤʘʩʩʫ 56 ʦʙʨʘʟʮʦʚ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʦʚ Statistica 7.0 ʠ 

Systat 11.2. ʇʦ ʩʨʦʢʘʤ ʥʘʩʪʫʧʣʝʥʠʷ ʫʢʦʩʥʦʡ ʩʧʝʣʦʩʪʠ ʚʳʜʝʣʝʥʦ ʯʝʪʳʨʝ ʛʨʫʧʧʳ ʢʣʝʚʝʨʦʚ: 

ʫʣʴʪʨʘʩʢʦʨʦʩʧʝʣʳʝ ʪʨʝʭʫʢʦʩʥʳʝ (ʈʘʥʥʠʡ 2), ʨʘʥʥʝʩʧʝʣʳʝ ʜʚʫʫʢʦʩʥʳʝ (ʩʢʦʨʦʩʧʝʣʳʝ) ʩʦʨʪʘ, 

ʩʨʝʜʥʝʩʧʝʣʳʝ ʦʜʥʦʫʢʦʩʥʳʝ ʆʨʬʝʡ ʠ ʉʝʜʫʤ ʠ ʧʦʟʜʥʝʩʧʝʣʳʝ ʊʦʧʘʟ, ɺʠʪʷʟʴ ʠ ɻʝʬʝʩʪ. ɺʳʜʝʣʠʚʰʠʝʩʷ 

ʜʠʢʦʨʘʩʪʫʱʠʝ ʦʙʨʘʟʮʳ ʦʚʩʷʥʠʮʳ ʪʨʦʩʪʥʠʢʦʚʦʡ ʠʟ ʌʠʥʣʷʥʜʠʠ Hija 2302 ʠ Hija 2303, ʜʠʢʦʨʘʩʪʫʱʠʝ 

ʦʙʨʘʟʮʳ ʢ-49911 ʠ ʢ-45475 ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʠ ʚʦʚʣʝʯʝʥʠʷ ʚ 

ʩʝʣʝʢʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ. ʉʦʨʪ ʝʞʠ ʊʨʠʘʜʘ ʚʳʜʝʣʠʣʩʷ ʧʦ ʫʨʦʞʘʡʥʦʩʪʠ ʟʝʣʝʥʦʡ ʤʘʩʩʳ. ɼʠʢʦʨʘʩʪʫʱʠʡ 

ʦʙʨʘʟʝʮ ʝʞʠ ʠʟ ʂʘʨʝʣʠʠ ʦʢʘʟʘʣʩʷ ʥʘ ʫʨʦʚʥʝ ʩʝʣʝʢʮʠʦʥʥʳʭ ʩʦʨʪʦʚ, ʥʦ ʩʨʦʢ ʫʢʦʩʥʦʡ ʩʧʝʣʦʩʪʠ 

ʥʘʩʪʫʧʘʝʪ ʫ ʥʝʛʦ ʧʦʟʞʝ. ʕʪʦʪ ʦʙʨʘʟʝʮ ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʘʪʴ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʚʦʚʣʝʯʝʥʠʷ ʚ ʧʨʦʮʝʩʩ 

ʩʝʣʝʢʮʠʠ: ʧʨʦʠʟʚʦʜʩʪʚʫ ʥʝʦʙʭʦʜʠʤʳ ʧʦʟʜʥʝʩʧʝʣʳʝ ʩʦʨʪʘ ʝʞʠ. ʊʘʢʞʝ ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʚʳʜʝʣʠʚʰʠʝʩʷ ʜʠʢʦʨʘʩʪʫʱʠʝ ʦʙʨʘʟʮʳ ʦʚʩʷʥʠʮʳ ʣʫʛʦʚʦʡ ʠʟ ʏʝʭʠʠ ʠ ʐʚʝʮʠʠ 

ʠ ʜʠʢʦʨʘʩʪʫʱʠʡ ʦʙʨʘʟʝʮ ʪʠʤʦʬʝʝʚʢʠ ʣʫʛʦʚʦʡ ʠʟ ʂʘʨʝʣʠʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʣʣʝʢʮʠʷ ʤʥʦʛʦʣʝʪʥʠʭ ʪʨʘʚ, ʩʦʨʪʘ, ʫʨʦʞʘʡʥʦʩʪʴ ʟʝʣʝʥʦʡ ʤʘʩʩʳ. 
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There is an urgent need to select the well-known and create new varieties of forage grass with high 

productivity indices. To solve this problem, 56 samples of perennial leguminous and cereal grasses were 

studied. The study included varieties and wild-growing specimens stored in the VIR collection, which have a 

place of origin mainly in the North-West region of the Russian Federation. The study of the collection of 

perennial forage crops was established in 2016. During the season, the samples were cut for green mass 2 or 

3 times. Statistical processing was performed using Statistica 7.0 and Systat 11.2 packages. In terms of 

cutting ripeness time, four groups of clovers were distinguished: ultra-early ripening three-cut varieties 

(Ranniy 2), two-cut early-ripening varieties, mid-ripening single-cut varieties (Orphey and Sedum) and late-

ripening single-cut varieties (Topaz, Vityaz and Gefest). The distinguished wild-growing samples of reed 

fescue from Finland Hija 2302 and Hija 2303 as well as the wild-growing samples K-49911 and K-45475 

may be recommended for further study and involvement in the breeding process. Cocksfoot variety Triada is 

distinguished by the green mass yield. The wild-growing sample of the cocksfoot from Karelia was found to 

be at the level of selection varieties, but it reaches the mowing ripeness later. This sample should be studied 

for further involvement in the breeding process: late-maturing varieties of cocksfoot are needed in 

agricultural production. The distinguished wild-growing samples of meadow fescue from the Czech Republic 

and Sweden and the wild-growing sample of timothy from Karelia may be also recommended for further 

study.  

 

Key words: perennial grass collection, variety, green mass yield. 
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ɺʚʝʜʝʥʠʝ 

ʄʥʦʛʦʣʝʪʥʠʝ ʪʨʘʚʳ ʟʘʥʠʤʘʶʪ 55,4-

60,4% ʧʦʩʝʚʥʳʭ ʧʣʦʱʘʜʝʡ ʥʘ ʉʝʚʝʨʦ-ɿʘʧʘʜʝ 

ʈʦʩʩʠʠ. ʉʨʝʜʥʷʷ ʫʨʦʞʘʡʥʦʩʪʴ ʩʝʥʘ ʚ ʨʝʛʠʦʥʝ 

ʚ 2-3 ʨʘʟʘ ʥʠʞʝ, ʯʝʤ ʚ ʧʝʨʝʜʦʚʳʭ ʭʦʟʷʡʩʪʚʘʭ 

[4]. ʆʜʥʘ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʨʠʯʠʥ ʥʠʟʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ - ʚʳʙʦʨ ʩʦʨʪʦʚ ʤʥʦʛʦʣʝʪʥʠʭ 

ʢʦʨʤʦʚʳʭ ʪʨʘʚ, ʢʦʪʦʨʳʝ ʩʣʘʙʦ ʘʜʘʧʪʠʨʦʚʘʥʳ 

ʢ ʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ ʉʝʚʝʨʦ-ɿʘʧʘʜʘ ʈʌ. 

ʀʤʝʝʪʩʷ ʥʘʩʫʱʥʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʧʦʜʙʦʨʝ 

ʠʟʚʝʩʪʥʳʭ ʠ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʩʦʨʪʦʚ ʩ 

ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ 56 ʦʙʨʘʟʮʦʚ 
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ʤʥʦʛʦʣʝʪʥʠʭ ʙʦʙʦʚʳʭ ʠ ʟʣʘʢʦʚʳʭ ʪʨʘʚ. ɺ 

ʠʟʫʯʝʥʠʝ ʙʳʣʠ ʧʨʠʚʣʝʯʝʥʳ ʭʨʘʥʷʱʠʝʩʷ ʚ 

ʢʦʣʣʝʢʮʠʠ ɺʀʈ ʩʦʨʪʘ ʠ ʜʠʢʦʨʘʩʪʫʱʠʝ 

ʦʙʨʘʟʮʳ, ʠʤʝʶʱʠʝ ʤʝʩʪʦʤ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

ʉʝʚʝʨʦ-ɿʘʧʘʜʥʳʡ ʠ ʜʨʫʛʠʝ ʨʝʛʠʦʥʳ ʈʌ. 

ɼʠʢʦʨʘʩʪʫʱʠʝ ʦʙʨʘʟʮʳ ʤʥʦʛʦʣʝʪʥʠʭ ʪʨʘʚ 

ʙʳʣʠ ʧʨʠʚʣʝʯʝʥʳ ʚ ʢʘʯʝʩʪʚʝ ʨʘʥʝʝ 

ʚʳʜʝʣʠʚʰʝʛʦʩʷ ʤʘʪʝʨʠʘʣʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʠʟʫʯʝʥʠʷ ʢʦʣʣʝʢʮʠʠ ʩʦʪʨʫʜʥʠʢʘʤʠ ɺʀʈ. ɺ 

ʠʟʫʯʝʥʠʠ ʥʘʭʦʜʠʣʠʩʴ ʩʦʨʪʘ ʃʝʥʠʥʛʨʘʜʩʢʦʛʦ 

ʅʀʀʉʍ ñɹɽʃʆɻʆʈʂɸò, ʩʦʟʜʘʥʥʳʭ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʤ ʠ ʜʨʫʛʠʭ 

ʨʝʛʠʦʥʘʭ ʈʌ ʠ ʙʳʚʰʝʛʦ ʉʉʉʈ [2]: ʨʷʜ 

ʩʦʨʪʦʚ ʙʳʣ ʚʳʚʝʜʝʥ ʥʘ ʦʩʥʦʚʝ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʧʨʠʚʣʝʯʝʥʥʦʛʦ ʠʟ ʢʦʣʣʝʢʮʠʠ ɺʀʈ 

[3].  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʆʧʳʪ ʧʦ ʠʟʫʯʝʥʠʶ ʢʦʣʣʝʢʮʠʠ 

ʤʥʦʛʦʣʝʪʥʠʭ ʢʦʨʤʦʚʳʭ ʢʫʣʴʪʫʨ ʙʳʣ ʟʘʣʦʞʝʥ 

ʚ 2016 ʛʦʜʫ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ ɺʀʈ [1]. 

ʇʣʦʱʘʜʴ ʜʝʣʷʥʢʠ ï 7 ʤ
2 
(5 ʤ Ĭ 1,4ʤ). ʆʜʠʥ 

ʦʙʨʘʟʝʮ ʟʘʥʠʤʘʣ ʥʘ ʜʝʣʷʥʢʝ 2 ʨʷʜʢʘ. 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʨʷʜʢʘʤʠ ï 0,7 ʤ. 

ɺ ʪʝʯʝʥʠʝ ʩʝʟʦʥʘ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 2-3 

ʮʠʢʣʘ ʫʯʝʪʦʚ ʥʘ ʟʝʣʝʥʫʶ ʤʘʩʩʫ 56 ʦʙʨʘʟʮʦʚ: 

19 ï ʙʦʙʦʚʳʭ ʠ 37 ï ʟʣʘʢʦʚ. ʇʨʠʚʣʝʯʝʥʥʳʝ ʚ 

ʠʟʫʯʝʥʠʝ ʦʙʨʘʟʮʳ ʢʣʝʚʝʨʘ ʠʤʝʶʪ ʨʘʟʥʳʝ 

ʩʨʦʢʠ ʫʢʦʩʥʦʡ ʩʧʝʣʦʩʪʠ. ʈʝʟʫʣʴʪʘʪʳ 

ʦʙʨʘʙʦʪʢʠ ʪʨʝʪʴʝʛʦ ʫʢʦʩʘ ʢʣʝʚʝʨʘ ʠ ʣʶʮʝʨʥʳ 

ʚ ʩʪʘʪʴʝ ʥʝ ʧʨʠʚʝʜʝʥʳ. 

ʇʝʨʚʳʡ ʫʢʦʩ ʢʣʝʚʝʨʘ ʠ ʣʶʮʝʨʥʳ 

ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʥʘʩʪʫʧʣʝʥʠʠ ʬʘʟʳ ʥʘʯʘʣʘ 

ʮʚʝʪʝʥʠʷ, ʟʣʘʢʦʚ ï ʧʨʠ ʚʭʦʞʜʝʥʠʠ ʚ ʬʘʟʫ 

ʢʦʣʦʰʝʥʠʷ. ɺʪʦʨʦʡ ʫʢʦʩʳ ʧʨʦʚʦʜʠʣʩʷ ʫ 

ʙʦʙʦʚʳʭ ʚ ʥʘʯʘʣʝ ʬʘʟʳ ʮʚʝʪʝʥʠʷ, ʫ ʟʣʘʢʦʚ 

ʧʨʠ ʦʪʨʘʩʪʘʥʠʠ ʪʨʘʚʦʩʪʦʷ ʜʦ 40 ʩʤ.  

ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʦʚ Statistica 7.0 ʠ Systat 

11.2 ʠ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ ʚʳʯʠʩʣʝʥʠʝ ʦʩʥʦʚʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʠʟʤʝʥʯʠʚʦʩʪʠ ʠ ʜʚʫʭʬʘʢʪʦʨʥʳʡ 

ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʩ ʠʩʪʦʯʥʠʢʘʤʠ 

ʚʘʨʴʠʨʦʚʘʥʠʷ ñʩʦʨʪò ʠ ñʥʦʤʝʨ ʫʢʦʩʘò. 

ʇʆɻʆɼʅʓɽ ʋʉʃʆɺʀʗ 

ʀʟ ʟʠʤʥʠʭ ʤʝʩʷʮʝʚ ʪʝʤʧʝʨʘʪʫʨʘ ʜʝʢʘʙʨʷ 

ʤʘʣʦ ʦʪʣʠʯʘʣʘʩʴ ʦʪ ʩʨʝʜʥʠʭ ʤʥʦʛʦʣʝʪʥʠʭ; 

ʷʥʚʘʨʴ ʙʳʣ ʪʝʧʣʝʝ; ʬʝʚʨʘʣʴ ʠ ʤʘʨʪ ï 

ʭʦʣʦʜʥʝʝ ʩʨʝʜʥʠʭ ʤʥʦʛʦʣʝʪʥʠʭ. ʉʥʝʞʥʳʡ 

ʧʦʢʨʦʚ ʫʩʪʘʥʦʚʠʣʩʷ ʚ ʥʘʯʘʣʝ ʷʥʚʘʨʷ ʠ ʩʦʰʝʣ 

ʚ ʥʘʯʘʣʝ ʘʧʨʝʣʷ. ɺ 2018 ʤʝʩʷʮ ʘʧʨʝʣʴ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ 

ʢʦʣʝʙʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ï ʦʪ -12,5
ʦ
C 1 ʘʧʨʝʣʷ 

ʜʦ +20,8
ʦ
C 9ʘʧʨʝʣʷ. ɺʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ 

ʘʧʨʝʣʷ ʚ ʦʪʜʝʣʴʥʳʝ ʜʥʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ 

ʥʠʞʝ 0
ʦ
C ʦʧʫʩʢʘʣʘʩʴ ʚ ʥʦʯʥʳʝ ʯʘʩʳ ʠ 

ʧʦʜʥʠʤʘʣʘʩʴ ʜʦ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚ 

ʜʥʝʚʥʳʝ ʯʘʩʳ. ɺ ʤʘʝ ʧʦʩʣʝʜʥʠʡ ʟʘʤʦʨʦʟʦʢ 

ʙʳʣ 6 ʤʘʷ (-1,1
ʦ
C). ʄʝʩʷʮ ʤʘʡ ʙʳʣ ʦʯʝʥʴ 

ʪʝʧʣʳʤ, ʦʩʦʙʝʥʥʦ ʥʘʯʠʥʘʷ ʩʦ ʚʪʦʨʦʡ ʜʝʢʘʜʳ, 

ʢʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʜʥʝʚʥʳʝ ʯʘʩʳ 

ʧʦʜʥʠʤʘʣʘʩʴ ʚʳʰʝ 20
ʦ
C, ʜʦʩʪʠʛʘʷ ʚ 

ʦʪʜʝʣʴʥʳʝ ʜʥʠ +28,9
ʦ
C (14ʤʘʷ). ʇʦ ʩʨʝʜʥʠʤ 

ʪʝʤʧʝʨʘʪʫʨʘʤ ʠʶʥʴ ʤʘʣʦ ʦʪʣʠʯʘʣʩʷ ʦʪ 

ʩʨʝʜʥʠʭ ʤʥʦʛʦʣʝʪʥʠʭ ʟʥʘʯʝʥʠʡ; ʢʦʣʝʙʘʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʦʪʜʝʣʴʥʳʝ 

ʧʨʦʭʣʘʜʥʳʝ ʜʥʠ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ 

+10,6
ʦ
C (5 ʠʶʥʷ) ʠ ʚ ʦʩʦʙʝʥʥʦ ʪʝʧʣʳʝ ʜʥʠ ʜʦ 

+27,1
ʦ
C (18ʠʶʥʷ). ʀʶʣʴ ʧʦ ʩʨʝʜʥʠʤ 

ʟʥʘʯʝʥʠʷʤ ʪʝʤʧʝʨʘʪʫʨ ʧʨʝʚʟʦʰʝʣ ʩʨʝʜʥʠʝ 

ʤʥʦʛʦʣʝʪʥʠʝ ʥʘ 1,3 ʛʨʘʜʫʩʘ, ʘʚʛʫʩʪ ï ʥʘ 1 

ʛʨʘʜʫʩ. ɺ ʮʝʣʦʤ ʚʝʛʝʪʘʮʠʷ ʨʘʩʪʝʥʠʡ ʦʪ 

ʥʘʯʘʣʘ ʚʝʩʝʥʥʝʛʦ ʦʪʨʘʩʪʘʥʠʷ ʩʦʧʨʦʚʦʞʜʘʣʩʷ 

ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʟʜʫʭʘ, ʢʦʪʦʨʘʷ 

ʫʩʢʦʨʠʣʘ ʧʨʦʭʦʞʜʝʥʠʝ ʬʘʟ (ʈʠʩʫʥʦʢ 1). 

ʂʦʣʠʯʝʩʪʚʦ ʚʳʧʘʚʰʠʭ ʦʩʘʜʢʦʚ ʚ ʘʧʨʝʣʝ 

ʧʨʠʤʝʨʥʦ ʜʚʫʢʨʘʪʥʦ ʧʨʝʚʳʩʠʣʦ ʥʦʨʤʫ; ʚ ʤʘʝ 

ʠ ʠʶʥʝ ʦʩʘʜʢʦʚ ʚʳʧʘʣʦ ʚ 2 ʨʘʟʘ ʤʝʥʴʰʝ 

ʥʦʨʤʳ, ʚ ʠʶʣʝ ï ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʩʨʝʜʥʠʤ 

ʤʥʦʛʦʣʝʪʥʠʤ (ʈʠʩʫʥʦʢ 1). ʅʝʜʦʩʪʘʪʦʢ ʚʣʘʛʠ 

ʥʝ ʦʪʨʘʟʠʣʩʷ ʥʘ ʩʦʩʪʦʷʥʠʠ ʨʘʩʪʝʥʠʡ ʚ ʤʘʝ 

ʙʣʘʛʦʜʘʨʷ ʟʘʧʘʩʘʤ ʧʦʯʚʝʥʥʦʡ ʚʣʘʛʠ, ʥʦ ʚ 

ʩʝʨʝʜʠʥʝ ʠʶʥʷ ʧʦ ʚʥʝʰʥʝʤʫ ʚʠʜʫ ʨʘʩʪʝʥʠʡ 

ʙʳʣ ʦʪʤʝʯʝʥ ʥʝʜʦʩʪʘʪʦʢ ʫʚʣʘʞʥʝʥʠʷ ʧʦʯʚʳ.  



          ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

          ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 

129 

 

 
ʈʠʩ. 1. ʉʨʝʜʥʝʤʝʩʷʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʠ 

ʤʝʩʷʯʥʘʷ ʩʫʤʤʘ ʦʩʘʜʢʦʚ (ñɹɽʃʆɻʆʈʂɸò, 2018 

ʛ.) 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ 

ʟʝʣʝʥʦʡ ʤʘʩʩʳ ʙʦʙʦʚʳʭ ʧʨʠʚʝʜʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 2. 

 
ʈʠʩ. 2. ʋʨʦʞʘʡʥʦʩʪʴ ʟʝʣʝʥʦʡ ʤʘʩʩʳ ʧʝʨʚʦʛʦ ʠ 

ʚʪʦʨʦʛʦ ʫʢʦʩʦʚ ʩʦʨʪʦʚ ʢʣʝʚʝʨʘ ʣʫʛʦʚʦʛʦ ʠ 

ʠʟʤʝʥʯʠʚʦʡ (ñɹɽʃʆɻʆʈʂɸò, 2018 ʛ.) 

 

ʉʨʝʜʠ ʢʣʝʚʝʨʦʚ ʧʦ ʫʨʦʞʘʡʥʦʩʪʠ ʟʝʣʝʥʦʡ 

ʤʘʩʩʳ ʚ ʧʝʨʚʦʤ ʫʢʦʩʝ ʚʳʜʝʣʠʣʠʩʴ 

ʧʦʟʜʥʝʩʧʝʣʳʝ ɺʠʪʷʟʴ, ʊʦʧʘʟ ʠ ɻʝʬʝʩʪ, 

ʩʨʝʜʥʝʩʧʝʣʳʝ ʆʨʬʝʡ ʠ ʉʝʜʫʤ ʠ ʨʘʥʥʝʩʧʝʣʳʝ 

ʜʚʫʫʢʦʩʥʳʝ ʩʦʨʪʘ ʂʫʜʝʩʥʠʢ, ʂʘʨʤʠʥ ʠ 

ʄʘʨʪʫʤ (ʅʉʈ0,05=0,184). ɺ ʵʪʦʡ ʛʨʫʧʧʝ 

ʩʦʨʪʦʚ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʦʙʨʘʟʮʘʤʠ 

ʥʝʜʦʩʪʦʚʝʨʥʳ. ɺʦ ʚʪʦʨʦʤ ʫʢʦʩʝ ʧʨʝʚʟʦʰʣʠ 

ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʦʙʨʘʟʮʳ ʨʘʥʥʝʩʧʝʣʳʝ 

ʜʚʫʫʢʦʩʥʳʝ ʩʦʨʪʘ ɺʀʂ 7, ʉʘʙʘ, ʂʘʨʤʠʥ ʠ 

ʧʦʟʜʥʝʩʧʝʣʳʡ ʩʦʨʪ ʊʦʧʘʟ (ʅʉʈ0,05=0,154). 

ʅʘʠʣʫʯʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʫʨʦʞʘʡʥʦʩʪʠ ʟʝʣʝʥʦʡ 

ʤʘʩʩʳ ʟʘ ʜʚʘ ʫʢʦʩʘ ʫ ʦʜʥʦʫʢʦʩʥʳʭ ʩʦʨʪʦʚ 

ʊʦʧʘʟ, ɺʠʪʷʟʴ, ʆʨʬʝʡ ʠ ʜʚʫʫʢʦʩʥʳʭ ʂʘʨʤʠʥ, 

ʂʫʜʝʩʥʠʢ, ʉʘʙʘ. ɺʳʩʦʢʦʫʨʦʞʘʡʥʳʤʠ 

ʦʢʘʟʘʣʠʩʴ ʢʘʢ ʦʜʥʦʫʢʦʩʥʳʝ ʧʦʟʜʥʝʩʧʝʣʳʝ 

ʩʦʨʪʘ, ʪʘʢ ʠ ʜʚʫʫʢʦʩʥʳʝ ʨʘʥʥʝʩʧʝʣʳʝ. 

ʃʶʮʝʨʥʘ ʠʟʤʝʥʯʠʚʘʷ (ʩʦʨʪʘ ʉʝʚʝʨʥʘʷ 

ʛʠʙʨʠʜʥʘʷ, ɹʳʩʪʨʘʷ, Iokioinen) ʟʘ 2 ʫʢʦʩʘ 

ʠʤʝʣʘ ʥʠʟʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʫʨʦʞʘʡʥʦʩʪʠ 

ʟʝʣʝʥʦʡ ʤʘʩʩʳ. 

ʅʘ ʨʠʩʫʥʢʝ 3 ʦʪʨʘʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʠʟʫʯʝʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ ʟʝʣʝʥʦʡ ʤʘʩʩʳ 

ʟʣʘʢʦʚʳʭ ʪʨʘʚ. 

 
ʈʠʩ. 3. ʋʨʦʞʘʡʥʦʩʪʴ ʟʝʣʝʥʦʡ ʤʘʩʩʳ 

ʚʳʜʝʣʠʚʰʠʭʩʷ ʦʙʨʘʟʮʦʚ ʟʣʘʢʦʚʳʭ ʪʨʘʚ ʚ 

ʧʝʨʚʦʤ ʠ ʚʪʦʨʦʤ ʫʢʦʩʘʭ 

 

ʀʟ ʦʙʨʘʟʮʦʚ ʦʚʩʷʥʠʮʳ ʪʨʦʩʪʥʠʢʦʚʠʜʥʦʡ 

ʧʦ ʫʨʦʞʘʡʥʦʩʪʠ ʟʝʣʝʥʦʡ ʤʘʩʩʳ ʚʦ ʧʝʨʚʦʤ 

ʫʢʦʩʝ ʚʳʜʝʣʠʣʠʩʴ ʦʙʨʘʟʮʳ ʠʟ ʌʠʥʣʷʥʜʠʠ 

Hija 2302 ʠ Hija 2303 ʠ ʜʠʢʦʨʘʩʪʫʱʠʝ 

ʦʙʨʘʟʮʳ ʢ-45475 ʠʟ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ 

ʠ ʢ-49911 ʠʟ ʂʘʨʝʣʠʠ (ʅʉʈ0,05=0,276). ɺʦ 

ʚʪʦʨʦʤ ʫʢʦʩʝ ʜʦʩʪʦʚʝʨʥʳʭ ʨʘʟʣʠʯʠʡ ʧʦ 

ʫʨʦʞʘʶ ʟʝʣʝʥʦʡ ʤʘʩʩʳ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. 

ʆʙʨʘʟʮʳ ʠʟ ʌʠʥʣʷʥʜʠʠ ʪʘʢʞʝ ʦʢʘʟʘʣʠʩʴ 

ʩʘʤʳʤʠ ʫʨʦʞʘʡʥʳʤʠ ʚ ʩʫʤʤʝ ʟʘ ʜʚʘ ʫʢʦʩʘ. 

ʉʦʨʪʘ ɹʘʣʪʠʢʘ, ʃʦʩʠʥʢʘ ʠ ɿʘʧʘʜʥʘʷ ʥʝ 

ʚʳʜʝʣʠʣʠʩʴ ʥʠ ʚ ʦʜʥʦʤ ʠʟ ʫʢʦʩʦʚ. 

ʉʨʝʜʠ ʦʙʨʘʟʮʦʚ ʝʞʠ ʚ ʧʝʨʚʦʤ ʫʢʦʩʝ 

ʩʘʤʳʤʠ ʚʳʩʦʢʦ ʫʨʦʞʘʡʥʳʤʠ ʦʢʘʟʘʣʠʩʴ 

ʩʦʨʪʘ ʊʨʠʘʜʘ, ʅʝʚʘ, ʃʝʥʠʥʛʨʘʜʩʢʘʷ 853 ʠ 

ʜʠʢʦʨʘʩʪʫʱʠʡ ʦʙʨʘʟʝʮ ʠʟ ʂʘʨʝʣʠʠ (ʕʩ-1) 

(ʅʉʈ0,05=0,386); ʦʥʠ ʞʝ ʚʳʜʝʣʠʣʠʩʴ ʧʦ 

ʩʫʤʤʝ ʜʚʫʭ ʫʢʦʩʦʚ. 

ʀʟ ʦʙʨʘʟʮʦʚ ʢʦʩʪʨʝʮʘ ʙʝʟʦʩʪʦʛʦ ʩʦʨʪ 

ɸʤʤʘʛʘʘʥ ʜʦʩʪʦʚʝʨʥʦ ʫʩʪʫʧʘʣ ʧʦ 

ʫʨʦʞʘʡʥʦʩʪʠ ʟʝʣʝʥʦʡ ʤʘʩʩʳ ʦʩʪʘʣʴʥʳʤ 
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ʩʦʨʪʘʤ (ʊʠʪʘʥ, ʖʙʠʣʝʡʥʳʡ, ʏʠʰʤʠʥʩʢʠʡ 3, 

ʕʨʢʵʵʥʠ) ʢʘʢ ʚ ʧʝʨʚʦʤ (ʅʉʈ0,05=0,207), ʪʘʢ ʠ 

ʚʦ ʚʪʦʨʦʤ (ʅʉʈ0,05=0,071) ʫʢʦʩʘʭ.  

ʀʟ ʯʠʩʣʘ ʦʙʨʘʟʮʦʚ ʦʚʩʷʥʠʮʳ ʣʫʛʦʚʦʡ 

ʩʘʤʳʤʠ ʫʨʦʞʘʡʥʳʤʠ ʚ ʧʝʨʚʦʤ ʫʢʦʩʝ ʙʳʣʠ 

ʩʦʨʪ ɺʀʂ 5 ʠ ʜʠʢʦʨʘʩʪʫʱʠʝ ʦʙʨʘʟʮʳ ʢ-44497 

ʠʟ ʏʝʭʠʠ ʠ ʢ-44495 ʠʟ ʐʚʝʮʠʠ; ʚ ʮʝʣʦʤ ʟʘ 

ʜʚʘ ʫʢʦʩʘ ʚʳʜʝʣʠʣʠʩʴ ʵʪʠ ʞʝ ʦʙʨʘʟʮʳ 

(ʅʉʈ0,05=0,225). ɺʦ ʚʪʦʨʦʤ ʫʢʦʩʝ ʨʘʟʣʠʯʠʷ 

ʤʝʞʜʫ ʦʙʨʘʟʮʘʤʠ ʥʝ ʦʙʥʘʨʫʞʝʥʳ. 

ɼʠʢʦʨʘʩʪʫʱʠʡ ʦʙʨʘʟʝʮ ʪʠʤʦʬʝʝʚʢʠ ʠʟ 

ʂʘʨʝʣʠʠ (ʕʉ-2) ʧʨʝʚʟʦʰʝʣ ʩʦʨʪ 

ʃʝʥʠʥʛʨʘʜʩʢʘʷ 204 ʚʦ ʚʪʦʨʦʤ ʫʢʦʩʝ, ʠ ʢʘʢ 

ʨʝʟʫʣʴʪʘʪ, ʚ ʮʝʣʦʤ ʟʘ ʜʚʘ ʫʢʦʩʘ. 

ɺʳʚʦʜʳ 

ʇʦ ʩʨʦʢʘʤ ʥʘʩʪʫʧʣʝʥʠʷ ʫʢʦʩʥʦʡ 

ʩʧʝʣʦʩʪʠ ʚʳʜʝʣʠʣʦʩʴ ʯʝʪʳʨʝ ʛʨʫʧʧʳ 

ʢʣʝʚʝʨʦʚ: ʫʣʴʪʨʘʩʢʦʨʦʩʧʝʣʳʝ ʪʨʝʭʫʢʦʩʥʳʝ 

(ʈʘʥʥʠʡ 2) ʩʝʣʝʢʮʠʠ ɺʅʀʀ ʢʦʨʤʦʚ, 

ʨʘʥʥʝʩʧʝʣʳʝ ʜʚʫʫʢʦʩʥʳʝ (ʩʢʦʨʦʩʧʝʣʳʝ) 

ʩʦʨʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʝʣʝʢʮʠʠ ʃʝʥʠʥʛʨʘʜʩʢʦʛʦ 

ʅʀʀʉʍ: ʂʘʨʤʠʥ ʠ ʉʘʙʘ, ʩʨʝʜʥʝʩʧʝʣʳʝ 

ʦʜʥʦʫʢʦʩʥʳʝ ʆʨʬʝʡ ʠ ʉʝʜʫʤ ʩʝʣʝʢʮʠʠ 

ʃʅʀʀʉʍ ʠ ʧʦʟʜʥʝʩʧʝʣʳʝ ʊʦʧʘʟ (ɺʅʀʀ 

ʢʦʨʤʦʚ), ɺʠʪʷʟʴ (ʅʀʀʉʍ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ) ʠ 

ɻʝʬʝʩʪ (ʅʀʀʉʍ ʉʝʚʝʨʥʦʛʦ ɿʘʫʨʘʣʴʷ). 

ɺʳʜʝʣʠʚʰʠʝʩʷ ʜʠʢʦʨʘʩʪʫʱʠʝ ʦʙʨʘʟʮʳ 

ʦʚʩʷʥʠʮʳ ʪʨʦʩʪʥʠʢʦʚʦʡ ʠʟ ʌʠʥʣʷʥʜʠʠ Hija 

2302 ʠ Hija 2303, ʜʠʢʦʨʘʩʪʫʱʠʝ ʦʙʨʘʟʮʳ ʢ-

49911 ʠʟ ʨʝʩʧʫʙʣʠʢʠ ʂʘʨʝʣʠʠ ʠ ʢ-45475 ʠʟ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʤʦʞʥʦ 

ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʠ 

ʚʦʚʣʝʯʝʥʠʷ ʚ ʩʝʣʝʢʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ. 

ʉʦʨʪ ʝʞʠ ʊʨʠʘʜʘ ʧʨʝʚʟʦʰʝʣ ʚʩʝ ʦʙʨʘʟʮʳ 

ʧʦ ʫʨʦʞʘʡʥʦʩʪʠ ʟʝʣʝʥʦʡ ʤʘʩʩʳ. 

ɼʠʢʦʨʘʩʪʫʱʠʡ ʦʙʨʘʟʝʮ ʝʞʠ (ʕʉ-1) ʠʟ 

ʂʘʨʝʣʠʠ ʦʢʘʟʘʣʩʷ ʥʘ ʫʨʦʚʥʝ ʩʦʨʪʦʚ ʅʝʚʘ ʠ 

ʃʝʥʠʥʛʨʘʜʩʢʘʷ 853, ʥʦ ʩʨʦʢʠ ʫʢʦʩʥʦʡ 

ʩʧʝʣʦʩʪʠ ʥʘʩʪʫʧʘʶʪ ʫ ʥʝʛʦ ʧʦʟʞʝ ʥʘ ʜʚʝ 

ʥʝʜʝʣʠ. ʕʪʦʪ ʦʙʨʘʟʝʮ ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʘʪʴ 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʚʦʚʣʝʯʝʥʠʷ ʚ ʧʨʦʮʝʩʩ 

ʩʝʣʝʢʮʠʠ: ʧʨʦʠʟʚʦʜʩʪʚʫ ʥʝʦʙʭʦʜʠʤʳ 

ʧʦʟʜʥʝʩʧʝʣʳʝ ʩʦʨʪʘ ʝʞʠ. 

ʊʘʢʞʝ ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʚʦʚʣʝʯʝʥʠʷ ʚ ʩʝʣʝʢʮʠʦʥʥʳʡ 

ʧʨʦʮʝʩʩ ʚʳʜʝʣʠʚʰʠʝʩʷ ʜʠʢʦʨʘʩʪʫʱʠʝ 

ʦʙʨʘʟʮʳ ʦʚʩʷʥʠʮʳ ʣʫʛʦʚʦʡ ʠʟ ʏʝʭʠʠ ʠ 

ʐʚʝʮʠʠ (ʢ-44497 ʠ ʢ-44495) ʠ ʜʠʢʦʨʘʩʪʫʱʠʡ 

ʦʙʨʘʟʝʮ ʪʠʤʦʬʝʝʚʢʠ ʣʫʛʦʚʦʡ ʠʟ ʂʘʨʝʣʠʠ 

(ʕʉ-2). 
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ʆɹʆʉʅʆɺɸʅʀɽ ʈɽɾʀʄʆɺ ʉʋʐʂʀ ʉɽʄʗʅ ʊʈɸɺ ɺ ʂɸʈʋʉɽʃʔʅʆʁ ʉʋʐʀʃʂɽ 

 

ɸ.ʅ. ʇʝʨʝʢʦʧʩʢʠʡ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ;  ʉ.ɺ. ʏʫʛʫʥʦʚ 

 

ʀʥʩʪʠʪʫʪ ʘʛʨʦʠʥʞʝʥʝʨʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʀɸʕʇ) - 

ʬʠʣʠʘʣ ʌɻɹʅʋ ʌʅɸʎ ɺʀʄ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ ʩʝʤʷʥ ʤʥʦʛʦʣʝʪʥʠʭ ʪʨʘʚ ʚ 

ʢʘʨʫʩʝʣʴʥʦʡ ʩʫʰʠʣʢʝ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʧʦʣʫʯʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʚʳʷʚʣʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʩʣʝʫʙʦʨʦʯʥʦʡ ʩʫʰʢʠ ʤʝʣʢʦʩʝʤʝʥʥʳʭ ʢʫʣʴʪʫʨ. ɺ ʫʩʣʦʚʠʷʭ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦʩʪʫʧʘʶʱʠʡ ʧʦʩʣʝ ʫʙʦʨʢʠ ʩʝʤʝʥʥʦʡ ʚʦʨʦʭ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʚʣʘʞʥʳʡ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʠ ʟʘʪʨʘʪʥʳʤ ʧʦ ʨʘʩʭʦʜʫ ʪʦʧʣʠʚʘ, ʟʘʪʨʘʪʘʤ ʪʨʫʜʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʝʤʷʥ 

ʪʨʘʚ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʝʛʦ ʩʫʰʢʠ. ʈʝʛʠʦʥʘʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ ʩʝʤʷʥ ʷʚʣʷʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʘʷ (ʜʦ 55
ʦ
ʉ) ʪʝʤʧʝʨʘʪʫʨʘ ʘʛʝʥʪʘ ʩʫʰʢʠ ʚ ʩʚʷʟʠ ʩ ʚʳʩʦʢʦʡ ʚʣʘʞʥʦʩʪʴʶ ʚʦʨʦʭʘ 

ʩʝʤʷʥ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʫʰʢʠ ʦʪ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʝʤʝʥʘʭ ʪʠʤʦʬʝʝʚʢʠ ʣʫʛʦʚʦʡ ʩʣʦʝʤ ʪʦʣʱʠʥʦʡ ʜʦ 0,45 ʤ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʧʦ ʤʝʨʝ 

ʧʨʦʭʦʞʜʝʥʠʷ ʝʛʦ ʯʝʨʝʟ ʩʣʦʡ ʩʝʤʷʥ ʩʥʠʞʘʝʪʩʷ, ʧʨʠ ʵʪʦʤ ʩʥʠʞʘʝʪʩʷ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚʳʩʫʰʠʚʘʝʤʳʭ 

ʩʝʤʷʥ. ʉʢʦʨʦʩʪʴ ʠʩʧʘʨʝʥʠʷ ʚʣʘʛʠ ʠʟ ʩʝʤʷʥ ʢʘʞʜʦʡ ʟʦʥʳ ʩʫʰʢʠ ʨʘʟʣʠʯʥʘʷ, ʧʨʠʯʝʤ, ʯʝʤ ʜʘʣʴʰʝ 

ʨʘʩʧʦʣʦʞʝʥʘ ʟʦʥʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʪʝʤ ʤʝʜʣʝʥʥʝʝ ʩʦʭʥʫʪ ʩʝʤʝʥʘ. ɺ 
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ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʧʨʠ ʪʝʧʣʦʡ ʧʦʛʦʜʝ ʤʦʞʝʪ ʥʝ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʦʜʦʛʨʝʚ ʪʝʧʣʦʥʦʩʠʪʝʣʷ. ʇʨʠʚʝʜʝʥ 

ʧʨʠʤʝʨ, ʢʦʛʜʘ ʚ ɸʆ çɺʦʣʭʦʚʩʢʦʝè ʧʨʦʮʝʩʩ ʩʫʰʢʠ ʩʝʤʷʥ ʦʚʩʷʥʠʮʳ ʣʫʛʦʚʦʡ ʧʨʦʚʦʜʠʣʩʷ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʧʣʠʚʘ. ʉʝʤʝʥʘ ʩ ʥʘʯʘʣʴʥʦʡ ʚʣʘʞʥʦʩʪʴʶ 21,3% ʙʳʣʠ ʚʳʩʫʰʝʥʳ ʜʦ ʢʦʥʜʠʮʠʦʥʥʦʡ 

ʚʣʘʞʥʦʩʪʠ 13,9% ʟʘ 7 ʯʘʩʦʚ. ʇʨʠ ʩʫʰʢʝ ʩʝʤʷʥ ʪʨʘʚ ʚ ʩʣʦʝ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʪʦʣʱʠʥʘ ʝʛʦ ʙʳʣʘ 

ʦʧʪʠʤʘʣʴʥʦʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʘʨʘʤʝʪʨʘʤ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠ ʚʣʘʞʥʦʩʪʠ ʩʝʤʷʥ. ʇʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʳʤ ʩʣʦʝʤ ʩʝʤʷʥ ʥʝʦʙʭʦʜʠʤʦ ʩʯʠʪʘʪʴ ʪʘʢʦʡ ʩʣʦʡ, ʧʨʠ ʚʳʭʦʜʝ ʠʟ ʢʦʪʦʨʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʴ 

ʧʦʣʥʦʩʪʴʶ ʥʘʩʳʪʠʪʩʷ ʚʣʘʛʦʡ. ʇʨʠ ʩʫʰʢʝ ʚ ʙʦʣʝʝ ʪʦʥʢʦʤ ʩʣʦʝ ʥʘʨʷʜʫ ʩ ʩʦʢʨʘʱʝʥʠʝʤ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʫʰʢʠ, ʩʥʠʞʘʝʪʩʷ ʩʪʝʧʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʷ. 
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VIM) , Saint Petersburg, Russia 

 

The article presents the study results of the drying process of perennial grass seeds in a rotary dryer. The 

study aim was to obtain the experimental data and to identify the technological features of the post-harvest 

drying of small seed crops. Under conditions of Leningrad Region, the harvested sheaves of grass used for 

seeds have usually high moisture content. Therefore, the drying process is the most important and costly in 

the grass seed production in terms of fuel and labour inputs. The regional specific feature of seed drying is 

the relatively low (up to 55ÁC) temperature of the drying agent due to the high moisture content of the 

harvested seeds. To obtain the dependence of the drying time on the average temperature of the heat carrier, 

the study was conducted on the common timothy seeds in the layer up to 0.45 m thick. The study showed 

that the heat carrier temperature decreased as it passed through the seed layer, and the temperature of the 

dried seeds decreased as well. The rate of seed moisture evaporation in each drying zone was different; the 

further the zone was located in the direction of the heat carrier movement, the slower the seeds were drying 

up. In some cases, in warm weather, the heat carrier may not need to be additionally heated. The paper gives 

an example of Volkhovskoye farm, where the drying of meadow fescue seeds did not involve the use of fuel. 

The seeds with the initial moisture content of 21.3% were dried to standard 13.9% moisture content within 7 

hours. When drying the grass seeds in a layer, the thickness of the latter needs to be optimal, corresponding 

to the heat carrier parameters and the seed moisture content. The seeds layer, exiting which the heat carrier is 

completely saturated with moisture, is to be considered the maximum allowable one. When drying the seeds 

in a thinner layer, the efficiency of the heat carrier utilisation decreases along with the reduction in the drying 

duration. 

 

Key words: grass seeds, drying, moisture content, rotary dryer.  

 

For citation: Perekopskii A.N., Chugunov S.V. Feasibility of grass seed drying mode in a rotary dryer. 

Tekhnologii i tekhnicheskie sredstva mekhanizirovannogo proizvodstva produkcii rastenievodstva i 

zhivotnovodstva. 2018. 4(97):131-138 (In Russian) 

 

  



          ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

          ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 

133 

 

ɺʚʝʜʝʥʠʝ  

ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʢʦʨʤʦʧʨʦʠʟʚʦʜʩʪʚʘ 

ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʦʨʛʘʥʠʟʘʮʠʠ ʩʝʤʝʥʦʚʦʜʩʪʚʘ ʤʥʦʛʦʣʝʪʥʠʭ 

ʪʨʘʚ, ʧʝʨʝʭʦʜʘ ʥʘ ʧʦʩʝʚʳ ʩʝʤʝʥʘʤʠ 

ʚʳʩʦʢʦʫʨʦʞʘʡʥʳʭ ʠ ʫʩʪʦʡʯʠʚʳʭ ʩʦʨʪʦʚ 

ʪʨʘʚ. ɼʣʷ ʨʘʟʤʥʦʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʙʨʘʪʴ 

ʩʝʤʝʥʘ ʪʦʣʴʢʦ ʩʝʣʝʢʮʠʦʥʥʳʭ ʩʦʨʪʦʚ, 

ʚʳʚʝʜʝʥʥʳʭ ʚ ʤʝʩʪʥʳʭ ʫʩʣʦʚʠʷʭ. ʆʧʳʪʘʤʠ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʧʦʩʝʚʝ ʩʝʣʝʢʮʠʦʥʥʳʤʠ 

ʩʦʨʪʘʤʠ ʫʨʦʞʘʡʥʦʩʪʴ ʚ ʩʨʝʜʥʝʤ ʥʘ 10 ʮ/ʛʘ 

ʙʦʣʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʩʝʚʘʤʠ 

ʥʝʩʦʨʪʦʚʳʤʠ ʩʝʤʝʥʘʤʠ. 

ʀʥʦʛʜʘ ʥʝʧʨʠʛʦʜʥʳ ʜʣʷ 

ʩʝʤʝʥʦʚʦʜʯʝʩʢʠʭ ʮʝʣʝʡ ʩʝʤʝʥʘ ʪʨʘʚ, 

ʟʘʚʝʟʝʥʥʳʝ ʠʟ ʜʨʫʛʠʭ ʧʨʠʨʦʜʥʳʭ ʟʦʥ. 

ʀʟʚʝʩʪʥʳ ʩʣʫʯʘʠ ʛʠʙʝʣʠ ʧʦʩʝʚʦʚ ʧʦ 

ʨʘʟʣʠʯʥʳʤ ʧʨʠʯʠʥʘʤ ʢʣʝʚʝʨʦʚ, ʨʘʡʛʨʘʩʘ 

ʧʘʩʪʙʠʱʥʦʛʦ, ʝʞʠ ʩʙʦʨʥʦʡ, ʩʝʤʝʥʘ ʢʦʪʦʨʳʭ 

ʙʳʣʠ ʟʘʚʝʟʝʥʳ ʠʟ ʩʪʨʘʥ ɽʚʨʦʧʳ ʠ ʶʞʥʳʭ 

ʦʙʣʘʩʪʝʡ ʈʦʩʩʠʠ. 

ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʦʩʪʘʪʦʯʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʢʦʨʤʦʚ ʠʟ ʤʥʦʛʦʣʝʪʥʠʭ ʪʨʘʚ 

ʥʫʞʥʦ ʥʘʣʘʜʠʪʴ ʠʭ ʩʝʤʝʥʦʚʦʜʩʪʚʦ, 

ʚʳʨʘʱʠʚʘʪʴ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʩʝʤʷʥ ʪʨʘʚ, ʧʨʘʚʠʣʴʥʦ 

ʦʨʛʘʥʠʟʦʚʘʪʴ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦ ʧʨʦʚʦʜʠʪʴ ʠʭ 

ʧʦʩʣʝʫʙʦʨʦʯʥʫʶ ʦʙʨʘʙʦʪʢʫ. 

ɺ ʦʙʱʝʤ ʧʦʥʠʤʘʥʠʠ ʪʝʭʥʦʣʦʛʠʷ ï ʵʪʦ 

ʧʨʦʮʝʩʩ ʧʨʝʚʨʘʱʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ 

ʤʘʪʝʨʠʘʣ, ʦʙʣʘʜʘʶʱʠʡ ʠʥʳʤʠ, 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʦʩʣʝʫʙʦʨʦʯʥʦʡ ʦʙʨʘʙʦʪʢʝ 

ʩʝʤʷʥ ʤʥʦʛʦʣʝʪʥʠʭ ʪʨʘʚ - ʵʪʦ ʧʨʦʮʝʩʩ 

ʧʦʣʫʯʝʥʠʷ ʠʟ ʚʣʘʞʥʦʛʦ ʚʦʨʦʭʘ ʩʫʭʠʭ, 

ʦʯʠʱʝʥʥʳʭ ʜʦ ʥʝʦʙʭʦʜʠʤʳʭ ʪʨʝʙʦʚʘʥʠʡ, 

ʩʝʤʷʥ, ʠʤʝʶʱʠʭ ʥʝʦʙʭʦʜʠʤʳʝ, 

ʦʧʨʝʜʝʣʷʝʤʳʝ ʩʪʘʥʜʘʨʪʦʤ, ʧʦʩʝʚʥʳʝ 

ʢʘʯʝʩʪʚʘ [1, 2]. 

ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʠ ʟʘʪʨʘʪʥʳʤ ʧʦ 

ʨʘʩʭʦʜʫ ʪʦʧʣʠʚʘ, ʟʘʪʨʘʪʘʤ ʪʨʫʜʘ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʝʤʷʥ ʪʨʘʚ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʠʭ 

ʩʫʰʢʠ. ʈʘʟʥʦʨʦʜʥʦʩʪʴ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʟʝʨʥʘ ʠ ʩʝʤʷʥ ʪʨʘʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʝʣʴʟʷ 

ʤʝʭʘʥʠʯʝʩʢʠ ʧʝʨʝʥʦʩʠʪʴ ʨʝʞʠʤʳ ʩʫʰʢʠ 

ʟʝʨʥʘ ʥʘ ʩʫʰʢʫ ʩʝʤʷʥ ʪʨʘʚ. ɺʩʣʝʜʩʪʚʠʝ 

ʤʝʥʴʰʝʡ ʩʢʚʘʞʥʦʩʪʠ ʩʣʦʡ ʩʝʤʷʥ ʪʨʘʚ 

ʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʜʚʠʞʝʥʠʶ ʚʦʟʜʫʭʘ. ɺʦ ʠʟʙʝʞʘʥʠʝ ʧʦʪʝʨʴ 

ʩʝʤʷʥ, ʥʫʞʥʦ ʚ ʩʣʦʡ ʧʦʜʘʚʘʪʴ ʪʝʧʣʦʥʦʩʠʪʝʣʴ 

ʩʦ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʡ ʩʢʦʨʦʩʪʴʶ, ʯʝʤ ʧʨʠ 

ʩʫʰʢʝ ʟʝʨʥʦʚʳʭ. ʕʪʦ ʫʚʝʣʠʯʠʚʘʝʪ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ 

ʩʫʰʢʠ [1, 3]. 

ʉʫʰʢʫ ʚʦʨʦʭʘ ʩʝʤʷʥ ʙʦʣʴʰʠʥʩʪʚʘ 

ʤʥʦʛʦʣʝʪʥʠʭ ʪʨʘʚ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʦʜʠʪʴ 

ʥʘ ʩʫʰʠʣʢʘʭ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ: ʥʘʧʦʣʴʥʳʭ, 

ʙʘʨʘʙʘʥʥʳʭ, ʢʘʨʫʩʝʣʴʥʳʭ ʠ ʢʦʥʚʝʡʝʨʥʳʭ. 

ʅʘʧʦʣʴʥʳʝ ʩʫʰʠʣʢʠ ʪʨʝʙʫʶʪ ʙʦʣʴʰʠʭ 

ʟʘʪʨʘʪ ʪʨʫʜʘ, ʚʦʟʥʠʢʘʶʪ ʪʨʫʜʥʦʩʪʠ ʧʦ 

ʤʝʭʘʥʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ɹʘʨʘʙʘʥʥʳʝ ʩʫʰʠʣʢʠ ʥʝ ʪʨʝʙʦʚʘʪʝʣʴʥʳ ʢ 

ʯʠʩʪʦʪʝ ʧʦʩʪʫʧʘʶʱʝʛʦ ʚʦʨʦʭʘ, ʥʦ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʥʝ ʚʳʧʫʩʢʘʶʪʩʷ. 

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʢʘʨʫʩʝʣʴʥʳʝ ʠ ʢʦʥʚʝʡʝʨʥʳʝ ʩʫʰʠʣʢʠ [2]. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʧʦʣʫʯʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ ʩʝʤʷʥ ʤʥʦʛʦʣʝʪʥʠʭ ʪʨʘʚ ʚ 

ʫʩʣʦʚʠʷʭ ʩʝʤʝʥʦʚʦʜʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʉɿ 

ʨʝʛʠʦʥʘ ʈʌ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺ ʫʩʣʦʚʠʷʭ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ 

ʧʦʩʪʫʧʘʶʱʠʡ ʩʝʤʝʥʥʦʡ ʚʦʨʦʭ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚʣʘʞʥʳʡ. ʀʩʭʦʜʷ ʠʟ 

ʵʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʦʨʛʘʥʠʟʦʚʘʪʴ 

ʢʘʯʝʩʪʚʝʥʥʳʡ ʧʨʠʝʤ ʚʦʨʦʭʘ ʠ ʝʛʦ ʩʫʰʢʫ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʯʠʩʪʢʘ ʚʦʨʦʭʘ ʚʳʩʦʢʦʡ 

ʚʣʘʞʥʦʩʪʠ ʩʯʠʪʘʝʪʩʷ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦʡ [1, 

3]. ʇʦʵʪʦʤʫ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʩʫʰʠʣʢʫ [4] ʜʣʷ 

ʤʘʣʦʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ ʉʂʄ-0,5 ʠ 

ʧʦʩʪʨʦʝʥʥʫʶ ʚ ʆʆʆ çʅʦʚʦʣʘʜʦʞʩʢʠʡè. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʩʫʰʠʣʢʠ 

ʧʨʦʪʝʢʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʉʝʤʝʥʥʦʡ 

ʚʦʨʦʭ (ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʘʪʝʨʠʘʣ) ʠʟ 

ʩʘʤʦʩʚʘʣʴʥʦʛʦ ʧʨʠʮʝʧʘ ʠʣʠ ʢʫʟʦʚʘ 

ʘʚʪʦʤʦʙʠʣʷ ʚʳʛʨʫʞʘʝʪʩʷ ʥʘ ʧʝʨʚʳʡ 

ʪʨʘʥʩʧʦʨʪʝʨ ʟʘʛʨʫʟʦʯʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ 

ʧʦʜʘʝʪʩʷ ʚ ʢʘʤʝʨʫ ʩʫʰʠʣʴʥʫʶ (ʩʤ. ʨʠʩ. 1). 
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ʈʠʩ.1. ʉʭʝʤʘ ʩʫʰʠʣʢʠ ʜʣʷ ʤʘʣʦʩʳʧʫʯʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʉʂʄ-0,5 

1 ï ʟʘʛʨʫʟʦʯʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, 2 ï ʢʘʤʝʨʘ 

ʩʫʰʠʣʴʥʘʷ, 3 ï ʨʘʟʛʨʫʟʦʯʥʦʝ ʫʩʪʨʦʡʩʪʚʦ,  

4 ï ʜʠʬʬʫʟʦʨ, 5 ï ʙʣʦʢ 

ʪʝʧʣʦʚʝʥʪʠʣʷʮʠʦʥʥʳʡ, 6 ï ʧʣʦʱʘʜʢʠ ʠ 

ʢʘʙʠʥʘ, 7 ï ʰʢʘʬ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ. 

 

ɺ ʩʫʰʠʣʴʥʦʡ ʢʘʤʝʨʝ ʤʘʪʝʨʠʘʣ 

ʧʨʦʩʫʰʠʚʘʝʪʩʷ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ, ʥʘʛʨʝʪʳʤ 

ʪʦʧʦʯʥʳʤ ʙʣʦʢʦʤ. ʊʝʧʣʦʥʦʩʠʪʝʣʴ, 

ʥʘʛʥʝʪʘʝʤʳʡ ʚʝʥʪʠʣʷʪʦʨʦʤ ʯʝʨʝʟ ʩʤʝʩʠʪʝʣʴ 

ʙʣʦʢʘ ʠ ʯʝʨʝʟ ʜʠʬʬʫʟʦʨ, ʧʦʜʘʝʪʩʷ ʧʦʜ 

ʧʣʘʪʬʦʨʤʫ ʩʫʰʠʣʴʥʦʡ ʢʘʤʝʨʳ, ʧʨʦʭʦʜʠʪ 

ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʷ ʚ ʣʠʩʪʘʭ ʧʣʘʪʬʦʨʤʳ ʠ, 

ʧʨʦʥʠʟʳʚʘʷ ʤʘʪʝʨʠʘʣ, ʦʪʙʠʨʘʝʪ ʠʟ ʥʝʛʦ 

ʚʣʘʛʫ. 

ʄʘʪʝʨʠʘʣ, ʜʦʩʪʠʛʰʠʡ ʚ ʥʠʞʥʝʤ ʩʣʦʝ 

ʢʦʥʜʠʮʠʦʥʥʦʡ ʚʣʘʞʥʦʩʪʠ, ʚʳʛʨʫʞʘʝʪʩʷ 

ʬʨʝʟʦʡ ʨʘʟʛʨʫʟʦʯʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ 

ʪʨʘʥʩʧʦʨʪʝʨʦʤ ʧʦʜʘʝʪʩʷ ʥʘ ʧʦʩʣʝʜʫʶʱʫʶ 

ʦʙʨʘʙʦʪʢʫ ʤʘʰʠʥʘʤʠ. ɿʘʪʝʤ ʤʘʪʝʨʠʘʣ 

ʧʦʩʪʫʧʘʝʪ ʚ ʧʨʠʝʤʥʳʡ ʙʫʥʢʝʨ, ʛʜʝ ʚʨʝʤʝʥʥʦ 

ʭʨʘʥʠʪʩʷ ʜʦ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʷʣʠ ʥʘ ʙʘʟʝ 

ʩʝʤʝʥʦʚʦʜʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʆʆʆ çʇɿ 

çʅʦʚʦʣʘʜʦʞʩʢʠʡè ʠ ɸʆ çɺʦʣʭʦʚʩʢʦʝè 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʟʚʝʩʪʥʳʭ ʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʠʢ 

(ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʦʚ ʠ ʠʩʧʳʪʘʥʠʡ 

ʟʝʨʥʦʩʫʰʠʣʦʢ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʠ 

ʦʪʨʘʩʣʝʚʳʝ ʩʪʘʥʜʘʨʪʳ). 

ʇʘʨʘʤʝʪʨʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʩʫʰʢʠ, ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʩʣʝʜʫʶʱʠʝ: ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ 

ʚʦʟʜʫʭʦʚʦʜʝ (ʜʠʬʬʫʟʦʨʝ) ʩʫʰʠʣʢʠ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʝʤʷʥ ʜʦ ʩʫʰʢʠ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʩʝʤʷʥ ʚ ʩʣʦʝ ʧʨʠ ʩʫʰʢʝ, ʪʝʤʧʝʨʘʪʫʨʘ ʩʝʤʷʥ 

ʧʦʩʣʝ ʩʫʰʢʠ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ 

ʩʝʤʷʥ ʜʦ ʩʫʰʢʠ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ 

ʩʝʤʷʥ ʧʦʩʣʝ ʩʫʰʢʠ, ʚʳʩʦʪʘ ʩʣʦʷ ʩʝʤʷʥ. 

ʄʝʪʦʜʳ ʦʪʙʦʨʘ ʧʨʦʙ ʩʝʤʷʥ ʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʚʣʘʞʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ɻʆʉʊ 13586.3-83 ʠ ɻʆʉʊ 13586.5-93. 

ɺʳʝʤʢʘ ʤʘʪʝʨʠʘʣʘ ʜʦ ʩʫʰʢʠ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʝʛʦ ʚʣʘʞʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʠʟ ʧʘʜʘʶʱʝʡ ʩʪʨʫʠ ʟʘʛʨʫʟʦʯʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʩʫʰʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ. ɺʳʝʤʢʘ ʩʝʤʷʥ ʧʦʩʣʝ 

ʩʫʰʢʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʟ ʧʘʜʘʶʱʝʡ ʩʪʨʫʠ 

ʚʳʛʨʫʟʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩʫʰʠʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʠ. ɺʳʝʤʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʧʣʘʩʪʤʘʩʩʦʚʦʡ ʝʤʢʦʩʪʴʶ ʩ ʢʨʳʰʢʦʡ 

ʦʙʲʝʤʦʤ ʥʝ ʤʝʥʝʝ 0,5 ʣʠʪʨʘ. ʆʧʨʝʜʝʣʝʥʠʝ 

ʚʣʘʞʥʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʵʣʝʢʪʨʦʚʣʘʛʦʤʝʨʦʤ 

Wile-35. ɺʳʝʤʢʘ ʩʝʤʷʥ ʠʟ ʧʨʦʩʫʰʠʚʘʝʤʦʛʦ 

ʩʣʦʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʧʨʦʚʦʜʠʪʩʷ 

ʧʨʦʙʦʦʪʙʦʨʥʠʢʦʤ ʥʘ ʛʣʫʙʠʥʫ ʜʦ 0,5 ʤ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 

ʨʝʛʫʣʠʨʫʝʪʩʷ ʧʝʨʝʢʣʶʯʝʥʠʝʤ ʨʝʛʫʣʷʪʦʨʘ 

ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ ʛʦʨʝʣʢʠ ʪʝʧʣʦʛʝʥʝʨʘʪʦʨʘ. 

ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʥʘ 

ʚʭʦʜʝ ʠʟʤʝʨʷʝʪʩʷ ʩʧʠʨʪʦʚʳʤ ʪʝʨʤʦʤʝʪʨʦʤ 

ʊʊ, ʚʩʪʘʚʣʝʥʥʳʤ ʚ ʚʦʟʜʫʭʦʚʦʜ. ɺ ʩʣʦʝ ʩʝʤʷʥ 

ʠ ʥʘ ʚʳʭʦʜʝ ʠʟ ʩʣʦʷ ʩʝʤʷʥ ʪʝʤʧʝʨʘʪʫʨʘ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠʟʤʝʨʷʝʪʩʷ 

ʪʝʨʤʦʘʥʝʤʦʤʝʪʨʦʤ ʊʂɸ-ʇʂʄ (ʤʦʜʝʣʴ 60) ʩ 

ʟʘʢʨʳʪʳʤ ʩʝʪʢʦʡ ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʧʨʠʙʦʨʦʤ.  

ɺʣʘʞʥʦʩʪʴ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʥʘ ʚʭʦʜʝ (ʚ 

ʚʦʟʜʫʭʦʚʦʜʝ), ʚ ʩʣʦʝ ʩʝʤʷʥ ʠ ʥʘ ʚʳʭʦʜʝ ʠʟ 

ʩʣʦʷ ʠʟʤʝʨʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ 

ʪʝʨʤʦʘʥʝʤʦʤʝʪʨʘ ʊʂɸ-ʇʂʄ (ʤʦʜʝʣʴ 60).  

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʫʰʠʣʢʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʚʝʩʫ ʦʪʩʝʯʝʢ ʚʳʩʫʰʝʥʥʦʛʦ 

ʚʦʨʦʭʘ ʩʝʤʷʥ ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ 

ʚʨʝʤʝʥʠ. ʏʠʩʣʦ ʦʪʩʝʯʝʢ ʟʘ ʦʧʳʪ ʜʦʣʞʥʦ ʙʳʪʴ 
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ʥʝ ʤʝʥʝʝ ʧʷʪʠ. ɺ ʪʝʯʝʥʠʝ ʦʪʩʝʯʢʠ ʩʝʤʝʥʘ 

ʦʪʚʦʜʷʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʫʶ ʪʘʨʫ, ʚʟʚʝʰʠʚʘʝʪʩʷ 

ʥʘ ʚʝʩʘʭ ɸɺ-875. ɺʨʝʤʷ ʦʪʩʝʯʢʠ ʟʘʤʝʨʷʝʪʩʷ 

ʩʝʢʫʥʜʦʤʝʨʦʤ ʉʆʉʧʨ-26-2-000. ʇʝʨʝʩʯʝʪʦʤ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦ ʩʫʭʠʤ 

ʩʝʤʝʥʘʤ ʚ ʢʠʣʦʛʨʘʤʤʘʭ ʟʘ ʦʜʠʥ ʯʘʩ Qc  ʧʦ 
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ʛʜʝ Mi ï ʤʘʩʩʘ i-ʪʦʡ ʦʪʩʝʯʢʠ, ʢʛ; Ti  ï ʚʨʝʤʷ 

ʦʪʙʦʨʘ i-ʪʦʡ ʦʪʩʝʯʢʠ, ʩ. 

ʇʨʠʙʦʨʳ, ʠʩʧʦʣʴʟʦʚʘʚʰʠʝʩʷ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ ʚ 

ʩʫʰʠʣʢʝ ʢʘʨʫʩʝʣʴʥʦʛʦ ʪʠʧʘ ʧʨʠʤʝʥʷʝʤʳʝ 

ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

 

 

ʊʘʙʣʠʮʘ 

ʇʝʨʝʯʝʥʴ ʧʨʠʙʦʨʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʇʨʠʙʦʨ ʊʦʯʥʦʩʪʴ 

ʕʣʝʢʪʨʦʚʣʘʛʦʤʝʨ Wile-35 Ñ0,5% 

ʃʠʥʝʡʢʘ ʩʪʘʣʴʥʘʷ 600 ʤʤ  Ñ1 ʤʤ 

ɺʝʩʳ ɺʃʂʊ-500 0,01+0,005 ʛ 

ʊʝʨʤʦʤʝʪʨ ʩʧʠʨʪʦʚʦʡ (0ï100
0
ʉ) ʊʊ °2

0
ʉ 

ʊʝʨʤʦʤʝʪʨ ʩʧʠʨʪʦʚʦʡ (0 ï 50
0
ʉ) ʊʊ °1

0
ʉ 

ʉʝʢʫʥʜʦʤʝʨ ʤʝʭʘʥʠʯʝʩʢʠʡ ʉʆʉʧʨ-26-2-000 Ñ1 ʩ 

ʊʝʨʤʦʘʥʝʤʦʤʝʪʨ ʊʂɸ-ʇʂʄ (ʤʦʜʝʣʴ 43) Ñ0,5Áʉ; Ñ 5%; 

ɺʝʩʳ ʨʫʯʥʳʝ ɸɺ-875 Ñ2% 

ɽʤʢʦʩʪʴ ʜʣʷ ʦʪʙʦʨʘ ʧʨʦʙ   

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʫʰʢʠ ʦʪ ʩʨʝʜʥʝʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʝʤʝʥʘʭ ʪʠʤʦʬʝʝʚʢʠ ʣʫʛʦʚʦʡ 

ʩʣʦʝʤ ʪʦʣʱʠʥʦʡ ʜʦ 0,45 ʤ. ʉʣʦʡ ʙʳʣ 

ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʝʥ ʥʘ ʪʨʠ ʟʦʥʳ, ʢʘʞʜʘʷ ʠʟ 

ʢʦʪʦʨʳʭ ʠʤʝʣʘ ʪʦʣʱʠʥʫ 0,15 ʤ: ʟʦʥʘ ɸ 

ʪʦʣʱʠʥʘ ʩʣʦʷ ʦʪ 0 ʜʦ 0,15 ʤ; ʟʦʥʘ ɺ ʪʦʣʱʠʥʘ 

ʩʣʦʷ ʦʪ 0,15 ʜʦ 0,3 ʤ; ʟʦʥʘ ʉ ʪʦʣʱʠʥʘ ʩʣʦʷ ʦʪ 

0,3 ʜʦ 0,45 ʤ.   

ɼʣʷ ʦʮʝʥʢʠ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ ʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʫʰʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ 

ʧʨʦʚʝʜʝʥʳ ʦʧʳʪʳ ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʝ ʚʣʠʷʥʠʝ 

ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ: ʪʝʤʧʝʨʘʪʫʨʘ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʚʦʟʜʫʭʦʚʦʜʝ; ʨʘʩʭʦʜ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ; ʪʦʣʱʠʥʘ ʩʣʦʷ ʩʝʤʷʥ. 

ʇʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʵʪʠʭ ʬʘʢʪʦʨʦʚ 

ʫʩʪʘʥʦʚʠʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ  

 

 

 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʦʧʳʪʦʚ ʠ ʘʥʘʣʠʟʘ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ [3, 5, 6]. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʧʦ ʤʝʨʝ ʧʨʦʭʦʞʜʝʥʠʷ ʝʛʦ 

ʯʝʨʝʟ ʩʣʦʡ ʩʝʤʷʥ ʩʥʠʞʘʝʪʩʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʧʨʠ ʵʪʦʤ ʩʥʠʞʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʳʩʫʰʠʚʘʝʤʳʭ ʩʝʤʷʥ (ʨʠʩ. 2). ʇʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʦʧʳʪʦʚ ʚ ʢʘʞʜʫʶ ʠʟ ʪʨʝʭ ʟʦʥ 

ʟʘʢʣʘʜʳʚʘʣʠʩʴ ʪʝʨʤʦʤʝʪʨʳ, ʧʨʠ ʧʦʤʦʱʠ 

ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʣʦʩʴ ʠʟʤʝʥʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʩʣʦʝ ʚ ʜʘʥʥʦʡ 

ʟʦʥʝ. 
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ʈʠʩ. 2. ʀʟʤʝʥʝʥʠʝ ʚʣʘʞʥʦʩʪʠ (W, ƴ) ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ (t, ǅ) ʩʝʤʷʥ ʪʠʤʦʬʝʝʚʢʠ 

ʣʫʛʦʚʦʡ ʧʦ ʚʳʩʦʪʝ ʩʣʦʷ (ʧʘʨʘʤʝʪʨʳ ʦʧʳʪʘ: 

ʥʘʯʘʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʩʝʤʷʥ 22,1%, 

ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 55Áʉ, ʚʨʝʤʷ 

ʩʫʰʢʠ 120 ʤʠʥ). 

 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʩʣʝʜʫʝʪ, ʯʪʦ ʢʘʞʜʳʡ 

ʦʪʜʝʣʴʥʳʡ ʩʣʦʡ ʩʦʭʥʝʪ ʩ ʨʘʟʣʠʯʥʦʡ 

ʩʢʦʨʦʩʪʴʶ. ʊʝʤʧʝʨʘʪʫʨʘ ʩʝʤʷʥ ʚ ʟʦʥʝ ɸ ʧʨʠ 

ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʪʝʤʧʝʨʘʪʫʨʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 

ʯʝʨʝʟ 30 ʤʠʥʫʪ ʧʦʩʣʝ ʥʘʯʘʣʘ ʩʫʰʢʠ ʥʠʞʝ ʝʝ 

ʥʘ 12Áʉ. ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʟʦʥʝ ɺ ʩʦʩʪʘʚʣʷʣʘ 

32Áʉ. ʊʝʤʧʝʨʘʪʫʨʘ ʩʝʤʷʥ ʚ ʟʦʥʝ ʉ ʯʝʨʝʟ 60 

ʤʠʥʫʪ ʩʫʰʢʠ ʙʦʣʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ ʥʠʞʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠ ʩʦʩʪʘʚʣʷʣʘ 

24Áʉ. 

ʉʢʦʨʦʩʪʴ ʠʩʧʘʨʝʥʠʷ ʚʣʘʛʠ ʠʟ ʩʝʤʷʥ 

ʢʘʞʜʦʡ ʟʦʥʳ ʨʘʟʣʠʯʥʘʷ, ʧʨʠʯʝʤ ʯʝʤ ʚʳʰʝ 

ʨʘʩʧʦʣʦʞʝʥʘ ʟʦʥʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʪʝʤ ʤʝʜʣʝʥʥʝʝ ʩʦʭʥʫʪ ʩʝʤʝʥʘ 

(ʨʠʩ. 3). 

 
ʈʠʩ. 3. ʀʟʤʝʥʝʥʠʝ ʚʣʘʞʥʦʩʪʠ ʩʝʤʷʥ 

ʪʠʤʦʬʝʝʚʢʠ ʧʦ ʟʦʥʘʤ (ɸ, ɺ, ʉ) ʚ ʪʝʯʝʥʠʝ 

ʦʧʳʪʘ ʧʨʠ ʥʘʯʘʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ 18% 

 

ʇʨʦʮʝʩʩ ʩʫʰʢʠ ʚʝʨʭʥʠʭ ʩʣʦʝʚ ʩʝʤʷʥ 

ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʧʝʨʠʦʜʘ. ɺ ʧʝʨʚʳʡ 

ʧʝʨʠʦʜ ʚʝʨʭʥʠʝ ʩʣʦʠ ʩʝʤʷʥ 

ʧʝʨʝʫʚʣʘʞʥʷʶʪʩʷ, ʚʦ ʚʪʦʨʦʤ ʧʝʨʠʦʜʝ 

ʚʣʘʞʥʦʩʪʴ ʚʥʦʚʴ ʩʥʠʞʘʝʪʩʷ. ʇʨʠ ʩʣʦʝ 

ʙʦʣʴʰʝ ʦʧʪʠʤʘʣʴʥʦʛʦ, ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʵʪʦʛʦ 

ʩʣʦʷ ʥʝ ʩʦʭʥʝʪ, ʘ ʫʚʣʘʞʥʷʝʪʩʷ. ʕʪʦ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʩʝʤʷʥ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ 

ʥʘʩʳʱʝʥʠʷ ʚʦʟʜʫʭʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʦʥʮʫ 

ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ. 

ʈʝʛʠʦʥʘʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʨʦʮʝʩʩʘ 

ʩʫʰʢʠ ʩʝʤʷʥ ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʚʳʩʦʢʘʷ (ʜʦ 55 
ʦ
ʉ) ʪʝʤʧʝʨʘʪʫʨʘ ʘʛʝʥʪʘ 

ʩʫʰʢʠ ʚ ʩʚʷʟʠ ʩ ʚʳʩʦʢʦʡ ʚʣʘʞʥʦʩʪʴʶ ʚʦʨʦʭʘ 

ʩʝʤʷʥ. ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʩʫʰʢʠ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʝʱʠʥ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʤʷʥ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʚʣʠʷʝʪ ʥʘ ʩʦʭʨʘʥʥʦʩʪʴ ʠ ʚʩʭʦʞʝʩʪʴ ʩʝʤʷʥ 

ʚʳʩʦʢʠʭ ʨʝʧʨʦʜʫʢʮʠʡ ʥʘ ʵʪʘʧʘʭ ʩʝʣʝʢʮʠʠ ʠ 

ʩʝʤʝʥʦʚʦʜʩʪʚʘ [6, 7]. 

ʀʩʢʣʶʯʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ʩʦʣʥʝʯʥʳʝ ʜʥʠ, 

ʢʦʛʜʘ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʜʦʛʨʝʚ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ. ʅʘʧʨʠʤʝʨ, 21 ʘʚʛʫʩʪʘ 2016ʛ. 

ʚ ɸʆ çɺʦʣʭʦʚʩʢʦʝè ʧʨʦʮʝʩʩ ʩʫʰʢʠ 

ʧʨʦʚʦʜʠʣʩʷ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʧʣʠʚʘ ʥʘ 

ʧʦʜʦʛʨʝʚ ʘʛʝʥʪʘ ʩʫʰʢʠ (ʨʠʩ. 4), ʢʦʛʜʘ ʚʦʨʦʭ 

ʩʝʤʷʥ ʦʚʩʷʥʠʮʳ ʣʫʛʦʚʦʡ ʚʣʘʞʥʦʩʪʴʶ 21,3% 

ʙʳʣ ʚʳʩʫʰʝʥ ʜʦ ʢʦʥʜʠʮʠʦʥʥʦʡ (13,9%) 

ʚʣʘʞʥʦʩʪʠ ʟʘ 7 ʯʘʩʦʚ. 

 
ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ (

ʆ
ʉ) ʠ 

ʚʣʘʞʥʦʩʪʠ (%) ʩʝʤʷʥ ʦʚʩʷʥʠʮʳ ʣʫʛʦʚʦʡ ʦʪ 

ʩʫʪʦʯʥʦʛʦ ʚʨʝʤʝʥʠ ʩʫʰʢʠ (ʯ) 

 

ɺʳʚʦʜʳ 

ɺ ʫʩʣʦʚʠʷʭ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ 

ʧʦʩʪʫʧʘʶʱʠʡ ʩʝʤʝʥʥʦʡ ʚʦʨʦʭ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚʣʘʞʥʳʡ. ʀʩʭʦʜʷ ʠʟ 
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ʵʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʦʨʛʘʥʠʟʦʚʘʪʴ 

ʢʘʯʝʩʪʚʝʥʥʳʡ ʧʨʠʝʤ ʚʦʨʦʭʘ ʠ ʝʛʦ ʩʫʰʢʫ. 

ʇʨʠ ʩʫʰʢʝ ʩʝʤʷʥ ʪʨʘʚ ʚ ʩʣʦʝ 

ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʪʦʣʱʠʥʘ ʝʛʦ ʙʳʣʘ 

ʦʧʪʠʤʘʣʴʥʦʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʘʨʘʤʝʪʨʘʤ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠ ʚʣʘʞʥʦʩʪʠ ʩʝʤʷʥ.  

ʇʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʤ ʩʣʦʝʤ ʩʝʤʷʥ 

ʥʝʦʙʭʦʜʠʤʦ ʩʯʠʪʘʪʴ ʪʘʢʦʡ ʩʣʦʡ, ʧʨʠ ʚʳʭʦʜʝ 

ʠʟ ʢʦʪʦʨʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʴ ʧʦʣʥʦʩʪʴʶ 

ʥʘʩʳʪʠʪʩʷ ʚʣʘʛʦʡ. ʇʨʠ ʩʫʰʢʝ ʚ ʙʦʣʝʝ ʪʦʥʢʦʤ 

ʩʣʦʝ ʥʘʨʷʜʫ ʩ ʩʦʢʨʘʱʝʥʠʝʤ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʫʰʢʠ, ʩʥʠʞʘʝʪʩʷ 

ʩʪʝʧʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʷ. 
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ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʨʦʞʘʡʥʦʩʪʠ ʩʝʤʷʥ ʤʥʦʛʦʣʝʪʥʠʭ ʪʨʘʚ ʚ ʩʠʩʪʝʤʝ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʟʝʤʣʝʜʝʣʠʷ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʧʦʣʫʯʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʚʳʷʚʣʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʤʷʥ ʪʨʘʚ ʥʘ ʧʨʠʤʝʨʝ ʪʠʤʦʬʝʝʚʢʠ ʣʫʛʦʚʦʡ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʭʝʤʳ ʧʦʩʝʚʘ ʠ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʦʧʳʪʥʦʤ ʧʦʣʝ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʝʚʦʦʙʦʨʦʪʘ. ʇʦʩʝʚ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʧʦ ʪʨʝʤ ʩʭʝʤʘʤ: ʨʷʜʦʚʦʡ, ʰʠʨʦʢʦʨʷʜʥʳʡ 

ʦʜʥʦʩʪʨʦʯʥʳʡ ʠ ʰʠʨʦʢʦʨʷʜʥʳʡ ʜʚʫʩʪʨʦʯʥʳʡ ʧʨʠ ʥʦʨʤʘʭ ʚʳʩʝʚʘ 5 ʢʛ/ʛʘ ʠ 10 ʢʛ/ʛʘ. ʊʘʢʞʝ ʥʘ 

ʠʩʩʣʝʜʫʝʤʳʭ ʫʯʘʩʪʢʘʭ ʩ ʰʠʨʦʢʦʨʷʜʥʳʤʠ ʧʦʩʝʚʘʤʠ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʨʘʟʥʳʝ ʚʠʜʳ ʦʙʨʘʙʦʪʢʠ 

ʤʝʞʜʫʨʷʜʠʡ: ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʯʚʳ ʩ ʧʦʜʨʝʟʘʥʠʝʤ ʢʦʨʥʝʡ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ ʠ ʫʜʘʣʝʥʠʝ 

ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ ʙʝʟ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ (ʢʦʰʝʥʠʝ). ʅʘ ʫʯʘʩʪʢʘʭ ʩ ʨʷʜʦʚʦʡ ʩʭʝʤʦʡ ʧʦʩʝʚʘ ʦʙʨʘʙʦʪʢʘ 

ʧʦʯʚʳ ʥʝ ʧʨʦʚʦʜʠʣʘʩʴ. ʌʘʢʪʦʨʳ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ: ʢʦʣʠʯʝʩʪʚʦ ʛʝʥʝʨʘʪʠʚʥʳʭ 

ʩʪʝʙʣʝʡ, ʠʭ ʚʳʩʦʪʘ ʠ ʫʨʦʞʘʡʥʦʩʪʴ ʩʝʤʷʥ. ʈʝʟʫʣʴʪʘʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʘʣʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʠ 

ʛʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʫʨʦʞʘʡʥʦʩʪʠ ʩʝʤʷʥ ʦʪ ʩʭʝʤʳ ʧʦʩʝʚʘ, ʥʦʨʤʳ ʚʳʩʝʚʘ ʩʝʤʷʥ ʠ ʦʙʨʘʙʦʪʢʠ 

ʧʦʯʚʳ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʫʨʦʞʘʡʥʦʩʪʴ ʩʝʤʷʥ ʪʨʘʚ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʧʨʠ ʰʠʨʦʢʦʨʷʜʥʦʡ ʜʚʫʩʪʨʦʯʥʦʡ 

ʩʭʝʤʝ ʧʦʩʝʚʘ ʩ ʥʦʨʤʦʡ ʚʳʩʝʚʘ 5 ʢʛ/ʛʘ ʠ ʩ ʦʙʨʘʙʦʪʢʦʡ ʧʦʯʚʳ ʩ ʧʦʜʨʝʟʘʥʠʝʤ ʢʦʨʥʝʡ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ ʚ 

ʤʝʞʜʫʨʷʜʴʷʭ. ʆʥʘ ʩʦʩʪʘʚʠʣʘ 6,7 ʮ/ʛʘ. ʉʘʤʦʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʝʥʝʨʘʪʠʚʥʳʭ ʩʪʝʙʣʝʡ (380) ʙʳʣʦ 

ʧʦʣʫʯʝʥʦ ʪʘʢʞʝ ʧʨʠ ʰʠʨʦʢʦʨʷʜʥʦʡ ʜʚʫʩʪʨʦʯʥʦʡ ʩʭʝʤʝ ʧʦʩʝʚʘ, ʯʪʦ ʙʦʣʴʰʝ ʥʘ 10-20%, ʯʝʤ ʫ 

ʰʠʨʦʢʦʨʷʜʥʦʡ ʦʜʥʦʩʪʨʦʯʥʦʡ ʠ ʨʷʜʦʚʦʡ ʩʭʝʤʘʭ ʧʦʩʝʚʘ. 
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EFFECTIVENESS EVALUATION OF SOWING PATTERNS OF TIMOTHY GRASS GROWN 

FOR SEEDS IN ORGANIC CROP ROTATION 

 

A.N. Perekopskiy, Cand. Sc. (Engineering);  S.V. Chugunov  

 

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

VIM, Saint Petersburg, Russia 

 

The article presents the study findings concerning the perennial grass seed yields in organic farming. 

The study objective was to obtain the experimental data and to identify the technological features of grass 

seed production using the example of common timothy grass, depending on the seeding and tillage patterns. 

The studies were conducted on the experimental field with organic crop rotation. Three sowing patterns were 

applied: drill seeding, wide-row single-line and wide-row two-line seeding with the seeding rate of 5 kg / ha 

and 10 kg / ha. On the experimental sites with the wide-row seeding, various types of inter-row weed control 

were used: tillage with cutting the weed roots and removal of weeds without tillage (mowing). The 

experimental sites with regular drill seeding were not tilled. The following factors were determined in the 

study: the number and the height of generative stems, and the seed yield. The study output is mathematical 

and graphical dependencies of the seed yield on the sowing patterns, seeding rate and tillage mode. The 

maximum yield of grass seeds was recorded in the wide-row two-line seeding pattern with the rate of 5 kg / 

ha and with the inter-row weed root cutting. It amounted to 6.7 hundred kg/ ha. The largest number of 

generative stems (380) was registered also in the wide-row two-line seeding pattern that was 10-20% more 

than in the wide-row single-line and regular drill seeding patterns. The resulting dependences are shown in 

graphs. 

 

Key words: crop productivity, grass seeds, sowing pattern. 
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ɺʚʝʜʝʥʠʝ  

ʅʘ ʉʝʚʝʨʦ-ɿʘʧʘʜʝ ʈʦʩʩʠʠ ʦʩʥʦʚʫ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʨʤʦʚ ʜʣʷ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʩʦʩʪʘʚʣʷʶʪ ʤʥʦʛʦʣʝʪʥʠʝ 

ʪʨʘʚʳ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʠʙʦʣʴʰʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʫʨʦʞʘʝʚ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ 

ʟʘʪʨʘʪʘʭ. ʉʝʤʝʥʘ ʤʥʦʛʦʣʝʪʥʠʭ ʪʨʘʚ ʩʘʤʠ ʧʦ 

ʩʝʙʝ ʥʝ ʠʤʝʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʧʠʱʝʚʦʛʦ 

ʟʥʘʯʝʥʠʷ, ʘ ʢʘʢ ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ ʩʣʫʞʘʪ 

ʣʠʰʴ ʜʣʷ ʩʘʤʦʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʣʫʯʝʥʠʷ 

ʢʦʨʤʦʚ. ʆʙʳʯʥʳʡ ʧʦʩʝʚ ʤʥʦʛʦʣʝʪʥʠʭ ʪʨʘʚ 

ʜʘʝʪ ʟʝʣʝʥʫʶ ʤʘʩʩʫ, ʩʝʥʦ, ʩʝʥʘʞ, ʩʠʣʦʩ [1]. 

ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʤʷʥ ʥʫʞʥʳ ʩʧʝʮʠʘʣʴʥʳʝ 

ʧʦʩʝʚʳ ʠʣʠ ʫʯʘʩʪʢʠ ʦʙʱʠʭ ʤʘʩʩʠʚʦʚ, ʛʜʝ 

ʦʩʥʦʚʥʦʡ ʧʨʦʜʫʢʮʠʝʡ ʙʫʜʫʪ ʩʝʤʝʥʘ [2-4]. 

ʆʩʦʙʳʝ ʪʨʝʙʦʚʘʥʠʷ ʩʝʤʝʥʥʳʝ ʫʯʘʩʪʢʠ 

ʤʥʦʛʦʣʝʪʥʠʭ ʪʨʘʚ ʧʨʝʜʲʷʚʣʷʶʪ ʢ ʦʩʥʦʚʥʦʡ 

ʦʙʨʘʙʦʪʢʝ ʧʦʯʚʳ. ʇʨʠ ʵʪʦʤ ʩ ʧʦʣʷ ʪʱʘʪʝʣʴʥʦ 

ʫʙʠʨʘʶʪʩʷ ʧʦʩʣʝʫʙʦʨʦʯʥʳʝ ʠ ʧʦʞʥʠʚʥʳʝ 

ʦʩʪʘʪʢʠ, ʧʨʦʚʦʜʠʪʩʷ ʣʫʱʝʥʠʝ ʜʠʩʢʦʚʳʤʠ ʠ 

ʢʦʨʧʫʩʥʳʤʠ ʦʨʫʜʠʷʤʠ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʦʣʝ 

ʚʩʧʘʭʠʚʘʶʪ ʧʣʫʛʘʤʠ ʠ ʨʘʟʨʘʚʥʠʚʘʶʪ 

ʨʘʟʚʘʣʴʥʳʝ ʙʦʨʦʟʜʳ. ʊʘʢʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʦʩʥʦʚʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʦʯʚʳ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʦʧʪʠʤʘʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʚʣʘʛʠ, ʦʯʠʩʪʢʫ ʧʦʣʷ 

ʦʪ ʩʦʨʥʷʢʦʚ, ʪʱʘʪʝʣʴʥʫʶ ʨʘʟʜʝʣʢʫ ʚʝʨʭʥʝʛʦ 
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ʩʣʦʷ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʢʘʯʝʩʪʚʝʥʥʦʤʫ ʧʦʩʝʚʫ 

ʤʝʣʢʦʩʝʤʝʥʥʳʭ ʚʠʜʦʚ ʪʨʘʚ. ʇʦʩʝʚ 

ʩʝʤʝʥʥʠʢʦʚ ʤʥʦʛʦʣʝʪʥʠʭ ʪʨʘʚ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʟʝʨʥʦʚʳʭ ʠʣʠ ʪʝʭʥʠʯʝʩʢʠʭ ʢʫʣʴʪʫʨ, 

ʩʧʝʮʠʬʠʯʝʥ ʠ ʩʣʦʞʝʥ. ɺ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʧʨʠʤʝʥʷʶʪ ʩʣʝʜʫʶʱʠʝ ʩʭʝʤʳ ʧʦʩʝʚʘ: 

ʨʷʜʦʚʘʷ ʠ ʰʠʨʦʢʦʨʷʜʥʘʷ, ʧʦʢʨʦʚʥʘʷ ʠ 

ʙʝʩʧʦʢʨʦʚʥʘʷ, ʚʝʩʝʥʥʷʷ ʠ ʣʝʪʥʷʷ [5,6]. 

ɺʳʙʦʨ ʩʭʝʤʳ ʧʦʩʝʚʘ ʟʘʚʠʩʠʪ ʦʪ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʠʜʦʚ ʪʨʘʚ, 

ʧʦʯʚʝʥʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ 

ʦʢʘʟʳʚʘʝʪ ʨʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʩʝʤʝʥʥʦʛʦ ʫʯʘʩʪʢʘ ʚ ʪʝʯʝʥʠʝ 

ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ [7,8]. ʇʨʠ 

ʧʦʩʝʚʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʨʞʘʪʴ ʦʧʪʠʤʘʣʴʥʫʶ 

ʥʦʨʤʫ ʚʳʩʝʚʘ, ʤʝʣʢʫʶ ʠ ʨʘʚʥʦʤʝʨʥʫʶ 

ʛʣʫʙʠʥʫ ʟʘʜʝʣʢʠ ʩʝʤʷʥ, ʦʙʝʩʧʝʯʠʪʴ 

ʧʦʷʚʣʝʥʠʝ ʭʦʨʦʰʠʭ ʚʩʭʦʜʦʚ. ʕʪʦ 

ʜʦʩʪʠʛʘʝʪʩʷ ʪʱʘʪʝʣʴʥʳʤʠ ʨʝʛʫʣʠʨʦʚʢʘʤʠ 

ʧʦʩʝʚʥʳʭ ʠ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʤʘʰʠʥ ʠ 

ʦʨʫʜʠʡ, ʧʨʠʤʝʥʝʥʠʝʤ ʨʷʜʘ ʩʧʝʮʠʬʠʯʥʳʭ 

ʧʨʠʝʤʦʚ (ʚʳʨʘʚʥʠʚʘʥʠʝ ʧʦʯʚʳ, ʜʦʧʦʩʝʚʥʦʝ ʠ 

ʧʦʩʣʝʧʦʩʝʚʥʦʝ ʧʨʠʢʘʪʳʚʘʥʠʝ ʠ ʪ.ʜ.). 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʮʝʣʴʶ ʧʦʩʪʘʚʣʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʦʧʨʝʜʝʣʠʪʴ ʫʨʦʞʘʡʥʦʩʪʴ 

ʩʝʤʷʥ ʤʥʦʛʦʣʝʪʥʠʭ ʪʨʘʚ (ʪʠʤʦʬʝʝʚʢʠ 

ʣʫʛʦʚʦʡ ʃʝʥʠʥʛʨʘʜʩʢʘʷ 204) ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʩʭʝʤʳ ʧʦʩʝʚʘ, ʥʦʨʤʳ ʚʳʩʝʚʘ ʩʝʤʷʥ ʠ 

ʩʧʦʩʦʙʘ ʦʙʨʘʙʦʪʢʠ. ʅʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ ʠ ʧʦʣʫʯʠʪʴ 

ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʫʨʦʞʘʡʥʦʩʪʠ ʩʝʤʷʥ 

ʤʥʦʛʦʣʝʪʥʠʭ ʪʨʘʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʭʝʤʳ 

ʧʦʩʝʚʘ, ʥʦʨʤʳ ʚʳʩʝʚʘ ʩʝʤʷʥ ʠ ʦʙʨʘʙʦʪʢʠ 

ʧʦʯʚʳ. 

ʅʘ ʦʧʳʪʥʦʤ ʧʦʣʝ (ʨʠʩ. 1) [1] 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʣʠʯʥʳʝ ʩʭʝʤʳ ʧʦʩʝʚʘ 

ʩʝʤʷʥ ʪʨʘʚ: 1- ʰʠʨʦʢʦʨʷʜʥʳʡ ʦʜʥʦʩʪʨʦʯʥʳʡ; 

2 ï ʰʠʨʦʢʦʨʷʜʥʳʡ ʜʚʫʩʪʨʦʯʥʳʡ; 3 ï 

ʨʷʜʦʚʦʡ; 1.1, 2.1, 3.1 ï ʥʦʨʤʘ ʚʳʩʝʚʘ 5 ʢʛ/ʛʘ; 

1.2, 2.2, 3.2 ï ʥʦʨʤʘ ʚʳʩʝʚʘ 10 ʢʛ/ʛʘ. ʋʯʘʩʪʢʠ 

1.1, 1.2, 2.1, 2.2 ʨʘʟʜʝʣʝʥʳ ʧʦʧʦʣʘʤ (ʨʠʩ. 2) 

ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʝʞʜʫʨʷʜʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʧʦʯʚʳ. ʅʘ ʫʯʘʩʪʢʘʭ 1.1.1, 1.2.1, 2.1.1, 2.2.1 

ʧʨʠʤʝʥʝʥʘ ʦʙʨʘʙʦʪʢʘ ʧʦʯʚʳ ʩ ʧʦʜʨʝʟʘʥʠʝʤ 

ʢʦʨʥʝʡ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ ʚ ʤʝʞʜʫʨʷʜʴʷʭ, ʘ ʥʘ 

ʫʯʘʩʪʢʘʭ 1.1.2, 1.2.2, 2.1.2 ʠ 2.2.2 ʫʜʘʣʝʥʠʝ 

ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ ʙʝʟ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ 

(ʢʦʰʝʥʠʝ). 

 
ʈʠʩ. 1. ʈʘʟʣʠʯʥʳʝ ʩʭʝʤʳ ʧʦʩʝʚʘ ʩʝʤʷʥ ʪʨʘʚ 

 

 
ʈʠʩ. 2. ʈʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ 

 

ʌʘʢʪʦʨʳ, ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ. 

- ʢʦʣʠʯʝʩʪʚʦ ʛʝʥʝʨʘʪʠʚʥʳʭ ʩʪʝʙʣʝʡ, ʰʪ/ʤ
2 

- ʚʳʩʦʪʘ ʛʝʥʝʨʘʪʠʚʥʳʭ ʩʪʝʙʣʝʡ, ʤ 

- ʤʘʩʩʘ ʩʝʤʷʥ, ʢʛ/ʤ
2
 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ 

ʛʝʥʝʨʘʪʠʚʥʳʭ ʩʪʝʙʣʝʡ ʧʨʠ ʨʷʜʦʚʦʡ ʩʭʝʤʝ 

ʧʦʩʝʚʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʤʢʘ ʨʘʟʤʝʨʦʤ 1*1ʤ. 

ʈʘʤʢʘ ʫʢʣʘʜʳʚʘʝʪʩʷ ʥʘ ʧʦʩʝʚ ʧʦ ʜʠʘʛʦʥʘʣʠ ʢ 

ʥʘʧʨʘʚʣʝʥʠʶ ʚʳʩʝʚʘ, ʜʣʷ ʰʠʨʦʢʦʨʷʜʥʳʭ 

ʧʦʩʝʚʦʚ ʟʘʤʝʨʷʝʪʩʷ ʜʣʠʥʘ ʨʷʜʢʘ, ʨʘʚʥʘʷ 1,42 

ʤ. ʇʦʩʣʝ ʵʪʦʛʦ ʛʝʥʝʨʘʪʠʚʥʳʝ ʩʪʝʙʣʠ 

ʩʨʝʟʘʶʪʩʷ, ʫʢʣʘʜʳʚʘʶʪʩʷ ʥʘ ʧʣʝʥʢʫ ʠ 

ʩʯʠʪʘʶʪʩʷ. ɼʘʥʥʘʷ ʦʧʝʨʘʮʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ 

ʪʨʝʭ ʧʦʚʪʦʨʥʦʩʪʷʭ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 5, 22 ʠ 39 

ʤʝʪʨʦʚ ʦʪ ʥʘʯʘʣʘ ʧʦʣʷ. ʇʦʩʣʝ ʵʪʦʛʦ 

ʥʘʭʦʜʠʪʩʷ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ ʩʝʤʷʥ 

ʨʘʥʝʝ ʩʨʝʟʘʥʥʳʝ ʛʝʥʝʨʘʪʠʚʥʳʝ ʩʪʝʙʣʠ 

ʦʙʤʦʣʘʯʠʚʘʶʪʩʷ, ʦʯʠʱʘʶʪʩʷ ʦʪ ʧʨʠʤʝʩʝʡ ʩ 

ʧʦʤʦʱʴʶ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʥʘʙʦʨʘ ʩʠʪ ʠ 

ʚʟʚʝʰʠʚʘʶʪʩʷ (ʨʠʩ. 3). ɿʘʪʝʤ ʧʦʣʫʯʠʚʰʝʝʩʷ 

ʟʥʘʯʝʥʠʝ ʧʝʨʝʚʦʜʠʪʩʷ ʚ ʨʘʟʤʝʨʥʦʩʪʴ ʮ/ʛʘ. 
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ʈʠʩ. 3. ʆʯʠʩʪʢʘ ʩʝʤʝʥʥʦʛʦ ʚʦʨʦʭʘ 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ  

ɻʨʘʬʠʯʝʩʢʠ ʥʘʨʘʩʪʘʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ 

ʩʝʤʷʥ ʦʪ ʩʭʝʤ ʧʦʩʝʚʘ ʠ ʦʙʨʘʙʦʪʢʠ ʧʨʠ 

ʨʘʟʣʠʯʥʦʡ ʥʦʨʤʝ ʚʳʩʝʚʘ ʚ ʦʧʳʪʘʭ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 4. ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʫʨʦʞʘʡʥʦʩʪʴ (0,067 ʢʛ/ʤ
2
) ʜʦʩʪʠʛʥʫʪʘ ʧʨʠ 

ʰʠʨʦʢʦʨʷʜʥʦʡ ʜʚʫʩʪʨʦʯʥʦʡ ʩʭʝʤʝ ʧʦʩʝʚʘ ʩ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʧʦʯʚʳ ʠ ʥʦʨʤʝ 

ʚʳʩʝʚʘ 5 ʢʛ/ʛʘ. 

 
ʈʠʩ. 4. ʅʘʨʘʩʪʘʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ ʩʝʤʷʥ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʭʝʤʳ ʧʦʩʝʚʘ, ʩʧʦʩʦʙʘ 

ʦʙʨʘʙʦʪʢʠ ʠ ʥʦʨʤʳ ʚʳʩʝʚʘ, ʛʜʝ 1 ʦʙʨʘʙʦʪʢʘ ï 

ʢʦʰʝʥʠʝ, 2 ʦʙʨʘʙʦʪʢʘ ï ʤʝʭʘʥʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ ʧʦʯʚʳ 

 

ʇʨʠ ʨʷʜʦʚʦʡ ʩʭʝʤʝ ʧʦʩʝʚʘ ʦʙʨʘʙʦʪʢʘ 

ʧʦʯʚʳ ʥʝ ʧʨʦʚʦʜʠʣʘʩʴ ʪ.ʢ. ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʨʘʩʪʝʥʠʷʤʠ ʩʦʩʪʘʚʣʷʝʪ 7 ʩʤ. ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʫʨʦʞʘʡʥʦʩʪʴ ʧʨʠ ʜʘʥʥʦʤ ʩʭʝʤʝ ʩʦʩʪʘʚʠʣʘ 

0,051 ʢʛ/ʤ
2
. 

ʂʦʣʠʯʝʩʪʚʦ ʛʝʥʝʨʘʪʠʚʥʳʭ ʩʪʝʙʣʝʡ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʭʝʤ ʧʦʩʝʚʘ, ʩʧʦʩʦʙʘ 

ʦʙʨʘʙʦʪʢʠ ʠ ʥʦʨʤʳ ʚʳʩʝʚʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 

ʨʠʩ. 5. ʀʟ ʨʠʩʫʥʢʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ 

ʰʠʨʦʢʦʨʷʜʥʦʡ ʜʚʫʩʪʨʦʯʥʦʡ ʩʭʝʤʝ ʧʦʩʝʚʘ 

ʩʘʤʦʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʝʥʠʡ (380 

ʰʪ.), ʯʪʦ ʥʘ 20-30% ʧʨʝʚʳʰʘʝʪ ʧʦʢʘʟʘʪʝʣʠ 

ʨʷʜʦʚʦʡ ʠ ʰʠʨʦʢʦʨʷʜʥʦʡ ʦʜʥʦʩʪʨʦʯʥʦʡ 

ʩʭʝʤʳ ʧʦʩʝʚʘ. 

 
ʈʠʩ. 5. ʀʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʛʝʥʝʨʘʪʠʚʥʳʭ 

ʩʪʝʙʣʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʭʝʤʳ ʧʦʩʝʚʘ, 

ʩʧʦʩʦʙʘ ʦʙʨʘʙʦʪʢʠ ʠ ʥʦʨʤʳ ʚʳʩʝʚʘ, ʛʜʝ 1 

ʦʙʨʘʙʦʪʢʘ ï ʢʦʰʝʥʠʝ, 2 ʦʙʨʘʙʦʪʢʘ ï 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʯʚʳ 

 

ʅʘ ʨʠʩ. 6 ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʫʨʦʞʘʡʥʦʩʪʠ 

ʩʝʤʷʥ ʪʨʘʚ (ʫ, ʮ/ʛʘ) ʦʪ ʛʫʩʪʦʪʳ ʩʪʦʷʥʠʷ 

ʨʘʩʪʝʥʠʡ (ʭ, ʤʣʥ ʰʪ/ʛʘ). ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

ʋ=8,4482ʭ
2
-62,64ʭ+116,62,                          (1) 

 

 
ʈʠʩ.6. ɿʘʚʠʩʠʤʦʩʪʴ ʫʨʦʞʘʡʥʦʩʪʠ ʩʝʤʷʥ ʪʨʘʚ 

ʦʪ ʛʫʩʪʦʪʳ ʩʪʦʷʥʠʷ ʛʝʥʝʨʘʪʠʚʥʳʭ ʨʘʩʪʝʥʠʡ 

ʧʨʠ ʥʦʨʤʝ ʚʳʩʝʚʘ 5ʢʛ/ʛʘ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ 

ɺʳʚʦʜʳ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 

ʫʨʦʞʘʡʥʦʩʪʠ ʩʝʤʷʥ ʪʠʤʦʬʝʝʚʢʠ ʣʫʛʦʚʦʡ ʦʪ 

ʩʭʝʤʳ ʧʦʩʝʚʘ, ʩʧʦʩʦʙʘ ʦʙʨʘʙʦʪʢʠ ʠ ʥʦʨʤʳ 

ʚʳʩʝʚʘ ʧʨʦʚʝʜʝʥʳ ʚ 2018 ʛʦʜʫ. ʇʨʠ 

ʰʠʨʦʢʦʨʷʜʥʦʡ ʜʚʫʩʪʨʦʯʥʦʡ ʩʭʝʤʝ ʧʦʩʝʚʘ 

ʩʘʤʦʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʝʥʝʨʘʪʠʚʥʳʭ 

ʨʘʩʪʝʥʠʡ (380 ʰʪ.), ʯʪʦ ʥʘ 10-20% 

ʧʨʝʚʳʰʘʝʪ ʧʦʢʘʟʘʪʝʣʠ ʨʷʜʦʚʦʡ ʠ 

ʰʠʨʦʢʦʨʷʜʥʦʡ ʦʜʥʦʩʪʨʦʯʥʦʡ ʩʭʝʤʳ ʧʦʩʝʚʘ. 
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ʄʘʢʩʠʤʘʣʴʥʘʷ ʫʨʦʞʘʡʥʦʩʪʴ 6,7 ʮ/ʛʘ ʙʳʣʘ 

ʧʦʣʫʯʝʥʘ ʥʘ ʦʧʳʪʥʦʤ ʧʦʣʝ ʧʨʠ 

ʰʠʨʦʢʦʨʷʜʥʦʡ ʜʚʫʩʪʨʦʯʥʦʡ ʩʭʝʤʝ ʧʦʩʝʚʘ ʩ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʧʦʯʚʳ ʠ ʥʦʨʤʦʡ 

ʚʳʩʝʚʘ 5 ʢʛ/ʛʘ 

ʇʦʣʫʯʝʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʫʨʦʞʘʡʥʦʩʪʠ ʩʝʤʷʥ ʤʥʦʛʦʣʝʪʥʠʭ ʪʨʘʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʭʝʤʳ ʧʦʩʝʚʘ, ʩʧʦʩʦʙʘ 

ʦʙʨʘʙʦʪʢʠ ʠ ʥʦʨʤʳ ʚʳʩʝʚʘ ʙʫʜʫʪ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʘʫʯʥʳʭ 

ʧʨʠʥʮʠʧʦʚ ʠ ʘʣʛʦʨʠʪʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʨʘʮʠʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʠ ʫʭʦʜʘ ʟʘ 

ʨʘʩʪʝʥʠʷʤʠ ʚ ʙʠʦʣʦʛʠʟʠʨʦʚʘʥʥʳʭ 

(ʦʨʛʘʥʠʯʝʩʢʠʭ) ʪʝʭʥʦʣʦʛʠʷʭ. 
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ʅ.ɺ. ʈʦʤʘʥʦʚʩʢʠʡ
1
;  ʉ.ʄ. ʅʠʩʠʥ

2 

 

1
ʀʥʩʪʠʪʫʪ ʘʛʨʦʠʥʞʝʥʝʨʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʀɸʕʇ) ï 

ʬʠʣʠʘʣ ʌɻɹʅʋ ʌʅɸʎ ɺʀʄ), ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 
2
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ɺ ʩʪʘʪʴʝ ʜʘʥ ʘʥʘʣʠʟ  ʩʦʩʪʦʷʥʠʷ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ  ʠ ʨʘʟʚʠʪʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʥʥʝʡ ʦʚʦʱʥʦʡ 
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ʧʨʦʜʫʢʮʠʠ ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʝʪ ʤʝʭʘʥʠʟʘʮʠʠ ʫʙʦʨʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɼʘʥʦ ʦʧʠʩʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚ 

ʀɸʕʇ ʫʙʦʨʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʚʳʧʦʣʥʷʶʱʝʛʦ ʩʙʦʨ, ʜʦʨʘʙʦʪʢʫ, ʬʘʩʦʚʢʫ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʦʚʦʱʝʡ ʚ 

ʧʨʝʜʝʣʘʭ ʧʦʣʷ. ʀʩʧʳʪʘʥʠʷ ʢʦʤʧʣʝʢʩʘ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʊʋ. ɺ ʟʘʜʘʯʠ ʠʩʧʳʪʘʥʠʡ ʚʭʦʜʠʣʦ ʧʨʦʚʝʜʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʝʨʪʠʟʳ, ʚʳʧʦʣʥʝʥʠʝ 



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

 ʀɸʕʇ. 2018. ɺʳʧ. 97 

144 

 

ʘʛʨʦʪʝʭʥʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʠ ʦʮʝʥʢʠ ʥʘ ʥʘʜʝʞʥʦʩʪʴ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ. ʇʨʠ ʠʩʧʳʪʘʥʠʷʭ ʧʨʠʤʝʥʷʣʠʩʴ ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʩʪʘʪʠʩʪʠʢʠ ʠ  ʭʨʦʥʦʤʝʪʨʘʞʥʳʝ ʥʘʙʣʶʜʝʥʠʷ. ʀʩʧʳʪʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʫʨʦʞʘʡʥʦʩʪʠ 

ʨʘʟʦʚʦʛʦ ʩʙʦʨʘ 32 ʪ/ʛʘ ʨʘʙʦʯʘʷ ʩʢʦʨʦʩʪʴ  ʩʦʩʪʘʚʣʷʣʘ 0,8 ʢʤ/ʯ. ʂʦʤʧʣʝʢʩ ʦʙʩʣʫʞʠʚʘʣʠ ʰʝʩʪʴ ʯʝʣʦʚʝʢ: 

ʦʜʠʥ ʪʨʘʢʪʦʨʠʩʪ, ʜʚʘ ʨʘʙʦʯʠʭ ʥʘ ʟʘʪʘʨʠʚʘʥʠʠ ʧʨʦʜʫʢʮʠʠ ʠ ʪʨʠ ʨʘʙʦʯʠʭ ʥʘ ʩʙʦʨʝ ʧʨʦʜʫʢʮʠʠ. 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ ʚ ʯʘʩ ʩʤʝʥʥʦʛʦ  ʚʨʝʤʝʥʠ 3,08 ʪ/ʯ. ɿʘʪʨʘʪʳ ʪʨʫʜʘ ʩʦʩʪʘʚʠʣʠ 1,55 ʯʝʣ. 

ʯ/ʪ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ  ʠ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʨʘʙʦʪʦʡ ʢʦʤʧʣʝʢʩʘ ʚ ʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʥʘ ʚʳʙʦʨʦʯʥʦʡ ʫʙʦʨʢʝ ʨʘʟʣʠʯʥʳʭ  ʦʚʦʱʥʳʭ 

ʢʫʣʴʪʫʨ ʩʥʠʞʘʝʪ ʟʘʪʨʘʪʳ ʪʨʫʜʘ ʥʝ ʤʝʥʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʥʥʠʝ ʦʚʦʱʠ, ʚʳʙʦʨʦʯʥʘʷ ʫʙʦʨʢʘ, ʫʙʦʨʦʯʥʳʡ ʢʦʤʧʣʝʢʩ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 
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The article analyses the current state, future prospects and specific features of early vegetables 

production. Mechanised harvesting of vegetables may reduce their self-cost.  The article describes the 

harvesting machine set designed by IEEP, which harvests, handles, packs and transports vegetables across 

the field. The machine set was tested with the aim to verify its parameters for compliance with Technical 

Specifications. The objectives of the tests were the technical expert examination, and agrotechnical and 

reliability assessment. Based on the results, economic indicators were determined. During the tests, the 

methods of mathematical statistics and work measurements were used. The tests established that under the 

one-time yield of 32 t / ha, the operating speed was 0.8 km / h. The machine set was served by six people: 

one tractor driver, two workers packing the vegetables and three workers harvesting the vegetables. The 

performance was 3.08 t per hour of shift time. Labor inputs amounted to 1.55 man-h / t. Based on the tests 

and work measurements during the machine set operation in the farm environment, it was concluded that 

under its application in the selective harvesting of various vegetable crops the labor inputs were at least two 

times smaller. 
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ɺʚʝʜʝʥʠʝ 

ʂʨʫʧʥʳʤʠ ʦʚʦʱʝʚʦʜʯʝʩʢʠʤʠ ʭʦʟʷʡʩʪʚʘ-

ʤʠ ʠʟ ʘʩʩʦʨʪʠʤʝʥʪʘ ʨʘʥʥʠʭ ʦʚʦʱʝʡ 

ʚʳʨʘʱʠʚʘʝʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʙʝʣʦʢʦʯʘʥʥʘʷ 

ʢʘʧʫʩʪʘ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʩʧʨʦʩ ʥʘ 

ʥʝʝ ʜʦʩʪʠʛʘʝʪ ʩʦʪʥʠ ʪʦʥʥ. ʇʣʦʱʘʜʠ, ʟʘʥʷʪʳʝ 
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ʧʦʜ ʨʘʥʥʝʡ ʢʘʧʫʩʪʦʡ, ʩʦʩʪʘʚʣʷʶʪ 15é20% 

ʦʪ ʧʣʦʱʘʜʝʡ ʧʦʜ ʙʝʣʦʢʦʯʘʥʥʦʡ ʢʘʧʫʩʪʦʡ [1]. 

ʊʝʭʥʦʣʦʛʠʷ ʚʦʟʜʝʣʳʚʘʥʠʷ ʨʘʥʥʝʡ ʢʘʧʫʩʪʳ 

ʦʪʣʠʯʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʠʟ ʥʝʝ ʠʩʢʣʶʯʘʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝ ʛʝʨʙʠʮʠʜʦʚ. ʈʘʥʥʠʡ ʩʙʦʨ 

ʫʨʦʞʘʷ ʦʙʫʩʣʦʚʣʝʥ ʧʦʚʳʰʝʥʥʦʡ ʮʝʥʦʡ 

ʨʘʥʥʝʡ ʧʨʦʜʫʢʮʠʠ. ɺ ʪʝʯʝʥʠʝ ʫʙʦʨʦʯʥʦʛʦ 

ʧʝʨʠʦʜʘ ʦʥʘ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴʩʷ ʚ 2-3 ʨʘʟʘ [2]. 

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ,  ʨʘʥʥʠʝ 

ʦʚʦʱʠ ʜʦʩʪʠʛʘʶʪ ʪʦʚʘʨʥʦʡ ʧʨʠʛʦʜʥʦʩʪʠ ʥʝ 

ʦʜʥʦʚʨʝʤʝʥʥʦ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʥʝʦʜʠʥʘʢʦʚʦʡ ʵʥʝʨʛʠʝʡ ʧʨʦʨʘʩʪʘʥʠʷ ʠ 

ʚʣʘʛʦʦʙʝʩʧʝʯʝʥʠʷ ʩʝʤʷʥ, ʘ ʪʘʢʞʝ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ  ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚʳ ʜʘʞʝ ʚ 

ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʧʦʣʷ , ʧʦʵʪʦʤʫ ʩʙʦʨ ʫʨʦʞʘʷ  

ʧʨʦʠʟʚʦʜʠʪʩʷ ʤʥʦʛʦʢʨʘʪʥʦ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ,5-6 ʨʘʟ). ʉʙʦʨ ʫʨʦʞʘʷ 

ʨʘʥʥʠʭ ʦʚʦʱʝʡ ʤʦʞʝʪ ʧʨʦʜʦʣʞʘʪʴʩʷ ʦʪ 20 

ʜʥʝʡ (ʙʝʣʦʢʦʯʘʥʥʘʷ ʢʘʧʫʩʪʘ) ʜʦ 60 ʜʥʝʡ 

(ʢʘʙʘʯʢʠ). ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ 

ʧʦʪʨʝʙʠʪʝʣʷ ʧʦ ʨʘʟʤʝʨʫ ʠ ʤʘʩʩʝ ʦʚʦʱʝʡ ʩʙʦʨ 

ʫʨʦʞʘʷ ʧʨʦʠʟʚʦʜʷʪ ʩ ʠʥʪʝʨʚʘʣʦʤ 1-2 ʜʥʷ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ, ʪʨʫʜʦʟʘʪʨʘʪʳ ʥʘ ʫʙʦʨʢʫ 

ʜʦʩʪʠʛʘʶʪ 79% ʦʪ ʦʙʱʠʭ ʪʨʫʜʦʟʘʪʨʘʪ ʥʘ 

ʚʦʟʜʝʣʳʚʘʥʠʝ [3]. ʇʦ ʜʘʥʥʳʤ 

ʭʨʦʥʦʤʝʪʨʘʞʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʫʙʦʨʢʦʡ 

ʨʘʥʥʠʭ ʦʚʦʱʝʡ, ʜʦ 65% ʪʨʫʜʦʟʘʪʨʘʪ 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʧʝʨʝʤʝʱʝʥʠʝ ʠ ʧʦʛʨʫʟʦ-

ʨʘʟʛʨʫʟʦʯʥʳʝ ʦʧʝʨʘʮʠʠ ʩʦʙʨʘʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ [4]. 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʪʨʫʜʦʟʘʪʨʘʪ  ʧʨʠ ʫʙʦʨʢʝ 

ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʚʳʧʫʩʢʘʣʠʩʴ 

ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʤʘʰʠʥʳ 

ʜʣʷ ʯʘʩʪʠʯʥʦʡ ʤʝʭʘʥʠʟʘʮʠʠ. ʂʦʥʩʪʨʫʢʪʠʚʥʦ 

ʦʥʠ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ ʚʠʜʝ  ʧʣʘʪʬʦʨʤʳ, ʚ 

ʧʨʠʮʝʧʥʦʤ ʠʩʧʦʣʥʝʥʠʠ  ʠʣʠ ʥʘʚʝʩʥʦʤ ʥʘ 

ʩʘʤʦʭʦʜʥʦʝ ʰʘʩʩʠ.  ʉ ʧʦʤʦʱʴʶ ʧʣʘʪʬʦʨʤ 

ʤʝʭʘʥʠʟʠʨʦʚʘʣʠʩʴ ʦʧʝʨʘʮʠʠ ʧʦ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʩʦʙʨʘʥʥʦʡ ʧʨʦʜʫʢʮʠʠ  ʚ 

ʧʨʝʜʝʣʘʭ ʧʦʣʷ. ʅʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʳʭ ʤʘʰʠʥ 

ʷʚʣʷʣʦʩʴ ʪʦ, ʯʪʦ ʩʦʙʨʘʥʥʘʷ ʧʨʦʜʫʢʮʠʷ 

ʪʨʝʙʦʚʘʣʘ ʟʘʪʘʨʠʚʘʥʠʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚ 

ʪʦʨʛʦʚʫʶ ʩʝʪʴ.ɺ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʤ ʨʝʛʠʦʥʝ 

ʦʥʠ ʧʨʠʤʝʥʷʣʠʩʴ, ʚ ʦʩʥʦʚʥʦʤ, ʥʘ ʫʙʦʨʢʝ 

ʨʘʥʥʝʡ ʙʝʣʦʢʦʯʘʥʥʦʡ ʢʘʧʫʩʪʳ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ  ʜʘʥʥʳʝ ʤʘʰʠʥʳ ʥʝ ʚʳʧʫʩʢʘʶʪʩʷ.  

ɿʘ ʨʫʙʝʞʦʤ ʪʘʢʞʝ ʧʨʠʤʝʥʷʶʪʩʷ ʤʘʰʠʥʳ 

ʜʣʷ ʯʘʩʪʠʯʥʦʡ ʤʝʭʘʥʠʟʘʮʠʠ ʫʙʦʨʦʯʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʧʨʠʥʷʪʳʭ ʩʭʝʤ ʧʨʦʜʚʠʞʝʥʠʷ ʧʨʦʜʫʢʮʠʠ 

ʥʘ ʨʳʥʦʢ, ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʩʙʦʨ ʧʨʦʜʫʢʮʠʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʦʜʛʦʪʦʚʢʦʡ 

ʢ ʨʝʘʣʠʟʘʮʠʠ ʚ ʩʪʘʮʠʦʥʘʨʥʳʭ ʫʩʣʦʚʠʷʭ ʠʣʠ 

ʧʦʣʥʳʡ ʮʠʢʣ - ʧʦʜʛʦʪʦʚʢʘ, ʨʘʩʬʘʩʦʚʢʘ ʠ 

ʫʧʘʢʦʚʢʘ ʚ ʪʘʨʫ [5]. 

ʉʧʨʦʩ ʥʘ ʨʘʥʥʶʶ ʦʚʦʱʥʫʶ ʧʨʦʜʫʢʮʠʶ 

ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʝʪ. ɺ ʩʠʩʪʝʤʝ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ ʨʘʟʫʢʨʫʧʥʝʥʠʷ 

ʭʦʟʷʡʩʪʚ, ʦʙʨʘʟʫʶʪʩʷ ʭʦʟʷʡʩʪʚʘ ʨʘʟʣʠʯʥʳʭ 

ʬʦʨʤ ʩʦʙʩʪʚʝʥʥʦʩʪʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʚʦʟʜʝʣʳʚʘʥʠʝʤ ʨʘʥʥʠʭ ʦʚʦʱʝʡ, ʚ ʦʩʥʦʚʥʦʤ, 

ʟʘʥʠʤʘʶʪʩʷ ʢʨʝʩʪʴʷʥʩʢʠʝ ʠ ʬʝʨʤʝʨʩʢʠʝ 

ʭʦʟʷʡʩʪʚʘ ʩ ʦʙʲʝʤʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʦ 100 ʛʘ. 

ɸʩʩʦʨʪʠʤʝʥʪ ʧʨʦʜʫʢʮʠʠ ʫʚʝʣʠʯʠʣʩʷ ʜʦ ʩʝʤʠ 

ʚʠʜʦʚ ʢʘʧʫʩʪʳ,  ʘ ʪʘʢʞʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʩʘʣʘʪʳ, ʢʘʙʘʯʢʠ ʠ ʧʘʪʠʩʩʦʥʳ [6]. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʠʟʚʦʜʠʪʝʣʠ 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʦʣʥʳʡ ʮʠʢʣ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʦʚʦʱʥʦʡ ʧʨʦʜʫʢʮʠʠ -  ʦʪ ʚʳʨʘʱʠʚʘʥʠʷ ʜʦ 

ʩʙʳʪʘ. 

ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʥʥʝʡ ʦʚʦʱʥʦʡ ʧʨʦʜʫʢʮʠʠ 

ʚʦʟʤʦʞʥʦ ʧʨʠ ʩʥʠʞʝʥʠʠ ʪʨʫʜʦʟʘʪʨʘʪ ʧʨʠ 

ʚʦʟʜʝʣʳʚʘʥʠʠ, ʦʩʥʦʚʥʘʷ ʜʦʣʷ ʢʦʪʦʨʳʭ 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʫʙʦʨʢʫ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʨʳʥʢʘ ʪʝʭʥʦʣʦʛʠʡ 

ʚʦʟʜʝʣʳʚʘʥʠʷ ʨʘʥʥʠʭ ʦʚʦʱʝʡ, ʪʨʝʙʦʚʘʥʠʡ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʢ ʧʨʦʜʫʢʮʠʠ ʧʦʟʚʦʣʠʣ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʤ ʜʣʷ 

ʤʥʦʛʦʢʨʘʪʥʦʡ  ʫʙʦʨʢʠ ʨʘʥʥʠʭ ʦʚʦʱʝʡ 

ʷʚʣʷʝʪʩʷ ʫʙʦʨʦʯʥʳʡ ʢʦʤʧʣʝʢʩ, ʢʦʥʩʪʨʫʢʮʠʷ 

ʢʦʪʦʨʦʛʦ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʩʙʦʨ, ʜʦʨʘʙʦʪʢʫ, 

ʨʘʩʬʘʩʦʚʢʫ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʧʨʦʜʫʢʮʠʠ ʚ 

ʧʨʝʜʝʣʘʭ ʧʦʣʷ. ɺ ʀɸʕʇ ʙʳʣ  ʨʘʟʨʘʙʦʪʘʥ ʠ 

ʠʟʛʦʪʦʚʣʝʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʦʙʨʘʟʝʮ 

ʫʙʦʨʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʂɺʋ-5,0. (ʨʠʩ.1) 
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ʈʠʩ.1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʦʙʨʘʟʝʮ ʫʙʦʨʦʯʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʂɺʋ-5,0 

 

ʋʙʦʨʦʯʥʳʡ ʢʦʤʧʣʝʢʩ ʢʦʥʩʪʨʫʢʪʠʚʥʦ 

ʚʳʧʦʣʥʝʥ ʥʘ ʙʘʟʝ ʧʦʣʫʧʨʠʮʝʧʥʦʡ 

ʚʳʩʦʢʦʢʣʠʨʝʥʩʥʦʡ ʧʣʘʪʬʦʨʤʳ. ɼʣʷ ʩʙʦʨʘ 

ʩʨʝʟʘʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ 

ʧʣʘʪʬʦʨʤʳ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʚʠʞʝʥʠʶ 

ʫʩʪʘʥʦʚʣʝʥ ʣʝʥʪʦʯʥʳʡ ʪʨʘʥʩʧʦʨʪʝʨ. ɺ 

ʪʨʘʥʩʧʦʨʪʥʦʝ ʧʦʣʦʞʝʥʠʝ ʪʨʘʥʩʧʦʨʪʝʨ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚʜʦʣʴ ʧʣʘʪʬʦʨʤʳ. 

ʂʨʝʧʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʝʨʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ 

ʨʝʛʫʣʠʨʦʚʢʫ ʝʛʦ ʧʦʣʦʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʷ. ʈʝʛʫʣʠʨʦʚʢʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʢʦʤʧʣʝʢʩʘ. ʂʦʥʩʪʨʫʢʮʠʷ 

ʛʠʜʨʦʧʨʠʚʦʜʘ ʪʨʘʥʩʧʦʨʪʝʨʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ 

ʝʛʦ ʦʪʢʣʶʯʝʥʠʝ ʧʨʠ ʟʘʧʦʣʥʝʥʠʠ ʧʨʦʜʫʢʮʠʝʡ. 

ʇʣʘʪʬʦʨʤʘ ʠʤʝʝʪ ʜʚʝ ʥʘʢʦʧʠʪʝʣʴʥʳʝ 

ʧʣʦʱʘʜʢʠ (ʩʧʝʨʝʜʠ ʠ ʩʟʘʜʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʪʨʘʥʩʧʦʨʪʝʨʘ) ʜʣʷ ʩʦʙʨʘʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʅʘ 

ʢʘʞʜʦʡ ʧʣʦʱʘʜʢʝ ʚʦʟʤʦʞʥʘ ʫʩʪʘʥʦʚʢʘ 

ʯʝʪʳʨʝʭ ʝʚʨʦ - ʧʘʣʣʝʪ ʜʣʷ ʩʢʣʘʜʠʨʦʚʘʥʠʷ 

ʧʨʦʜʫʢʮʠʠ. ʈʘʟʛʨʫʟʢʘ ʧʘʣʣʝʪ ʚʦʟʤʦʞʥʘ ʩ 

ʯʝʪʳʨʝʭ ʩʪʦʨʦʥ ʧʣʘʪʬʦʨʤʳ ʚʠʣʦʯʥʳʤ 

ʧʦʛʨʫʟʯʠʢʦʤ. ʇʣʘʪʬʦʨʤʘ ʠʤʝʝʪ ʢʨʳʰʫ ʠ 

ʙʦʢʦʚʳʝ ʟʘʥʘʚʝʩʠ, ʧʨʝʜʦʪʚʨʘʱʘʶʱʠʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ ʠ 

ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ. 

ʅʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʦʤʧʣʝʢʩʘ 

ʦʢʘʟʳʚʘʶʪ  ʚʣʠʷʥʠʝ:  ʚʠʜ ʫʙʠʨʘʝʤʦʡ 

ʢʫʣʴʪʫʨʳ, ʫʨʦʞʘʡʥʦʩʪʴ  ʨʘʟʦʚʦʛʦ ʩʙʦʨʘ, 

ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʘʛʨʝʛʘʪʘ, ʢʦʣʠʯʝʩʪʚʦ 

ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ, ʚʠʜ ʫʧʘʢʦʚʢʠ 

[7].  

ɺ 2017 ʛʦʜʫ ʩʦʚʤʝʩʪʥʦ ʩ ʌɻɹʋ çʉʝʚʝʨʦ-

ɿʘʧʘʜʥʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʟʦʥʘʣʴʥʘʷ 

ʤʘʰʠʥʦʠʩʧʳʪʘʪʝʣʴʥʘʷ ʩʪʘʥʮʠʷè  ʚ ɿɸʆ 

çɸʛʨʦ-ʀʅɺɽʉʊè ʃʦʤʦʥʦʩʦʚʩʢʦʛʦ ʨʘʡʦʥʘ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʠʩʧʳʪʘʥʠʷ ʫʙʦʨʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʂɺʋ-5,0. 

ʇʨʠ ʠʩʧʳʪʘʥʠʷʭ ʧʨʦʚʦʜʠʣʘʩʴ ʪʝʭʥʠʯʝʩʢʘʷ 

ʵʢʩʧʝʨʪʠʟʘ (ɻʆʉʊ 54784-2011), ʧʦʢʘʟʘʪʝʣʠ 

ʢʘʯʝʩʪʚʘ ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ (ʉʊʆ ɸʀʉʊ 8.7-2013), 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʦʮʝʥʢʘ 

(ɻʆʉʊ ʈ527787-2007), ʦʮʝʥʢʘ ʥʘʜʝʞʥʦʩʪʠ 

(ʉʊʆ ɸʀʉʊ 1.13-2006), ʵʢʦʥʦʤʠʯʝʩʢʘʷ 

ʦʮʝʥʢʘ (ɻʆʉʊ ʈ53056-2008). 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʘ ʪʝʭʥʠʯʝʩʢʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʤʧʣʝʢʩʘ ʂɺʋ-5,0 ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʪʠʟʳ ʢʦʥʩʪʨʫʢʮʠʠ [8]. 

 

 

ʊʘʙʣʠʮʘ 1 

ʊʝʭʥʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʤʧʣʝʢʩʘ ʂɺʋ-5,0 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ɿʥʘʯʝʥʠʝ 

ʧʦʢʘʟʘʪʝʣʝʡ 

ʊʠʧ ʇʦʣʫʧʨʠʮʝʧʥʦʡ 

ɸʛʨʝʛʘʪʠʨʦʚʘʥʠʝ (ʪʷʛʦʚʳʡ ʢʣʘʩʩ) ʊʨʘʢʪʦʨʘ ʢʣʘʩʩʘ 1,4 

ʩ ʭʦʜʦʫʤʝʥʴʰʠʪʝʣʝʤ 

ɻʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʢʦʤʧʣʝʢʩʘ, ʤʤ 

ɺ ʨʘʙʦʯʝʤ ʧʦʣʦʞʝʥʠʠ: 

- ʜʣʠʥʘ 

- ʰʠʨʠʥʘ 

- ʚʳʩʦʪʘ 

 

 

8130 

7380 

3190 
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ʧʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣ. 1 

ɻʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʘʛʨʝʛʘʪʘ, ʤʤ 

ɺ ʨʘʙʦʯʝʤ ʧʦʣʦʞʝʥʠʠ: 

- ʜʣʠʥʘ 

- ʰʠʨʠʥʘ 

- ʚʳʩʦʪʘ 

ɺ ʪʨʘʥʩʧʦʨʪʥʦʤ ʧʦʣʦʞʝʥʠʠ: 

- ʜʣʠʥʘ 

- ʰʠʨʠʥʘ 

- ʚʳʩʦʪʘ 

 

 

4930 

7380 

3190 

 

13930 

2880 

3190 

ɼʦʨʦʞʥʳʡ ʧʨʦʩʚʝʪ, ʤʤ 510 

ʇʨʠʚʦʜ ʆʪ ʛʠʜʨʦʩʠʩʪʝʤʳ ʠ 

ʵʣʝʢʪʨʦʩʠʩʪʝʤʳ ʪʨʘʢʪʦʨʘ 

ʐʠʨʠʥʘ ʟʘʭʚʘʪʘ, ʤ 5 

 

 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ 

ʦʮʝʥʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʚʳʙʦʨʦʯʥʦʡ ʫʙʦʨʢʝ 

ʧʝʢʠʥʩʢʦʡ ʢʘʧʫʩʪʳ ʩʦʨʪʘ çʈʠʥʛʦè ʩ 

ʟʘʪʘʨʠʚʘʥʠʝʤ ʚ ʷʱʠʢʠ. ʇʨʠ ʫʙʦʨʢʝ ʢʦʤʧʣʝʢʩ 

ʦʙʩʣʫʞʠʚʘʣʠ ʰʝʩʪʴ ʯʝʣʦʚʝʢ: ʦʜʠʥ 

ʪʨʘʢʪʦʨʠʩʪ, ʪʨʦʝ ʨʘʙʦʯʠʭ ʥʘ ʩʙʦʨʝ 

ʧʨʦʜʫʢʮʠʠ, ʜʚʦʝ ʨʘʙʦʯʠʭ ʥʘ ʫʧʘʢʦʚʢʝ. ɼʣʠʥʘ  

 

ʛʦʥʘ - 471 ʤʝʪʨ. ʋʨʦʞʘʡʥʦʩʪʴ ʨʘʟʦʚʦʛʦ ʩʙʦʨʘ 

ʩʦʩʪʘʚʠʣʘ 32,0 ʪ/ʛʘ  ʧʨʠ ʤʘʩʩʝ ʢʦʯʘʥʘ 

1,4é2,4 ʢʛ (ʪʨʝʙʦʚʘʥʠʝ ʪʦʨʛʫʶʱʠʭ 

ʦʨʛʘʥʠʟʘʮʠʡ).  

ɺ ʪʘʙʣʠʮʝ 2 ʧʨʠʚʝʜʝʥʳ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʢʦʤʧʣʝʢʩʘ. 

 

ʊʘʙʣʠʮʘ 2 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʦʤʧʣʝʢʩʘ ʂɺʋ-5,0 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ɿʥʘʯʝʥʠʝ 

ʧʦʢʘʟʘʪʝʣʝʡ 

ʇʦ ʊʋ ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʠʩʧʳʳʪʧʘʥʠʡ 

ʉʦʩʪʘʚ ʘʛʨʝʛʘʪʘ  ʊʨʘʢʪʦʨ 

çɹʝʣʘʨʫʩè 82.1+ 

ʂɺʋ-5,0 

ʈʘʙʦʯʘʷ ʩʢʦʨʦʩʪʴ, ʢʤ/ʯ 0,7-3,6 0,8 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ , ʪ/ʯ: 

- ʦʩʥʦʚʥʦʛʦ ʚʨʝʤʝʥʠ 

- ʩʤʝʥʥʦʛʦ ʚʨʝʤʝʥʠ 

 

 

 

 

4,73 

3,08 

ʋʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʟʘ ʚʨʝʤʷ ʩʤʝʥʥʦʡ 

ʨʘʙʦʪʳ, ʢʛ/ʪ 

 

 

 

1,15 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ: 

- ʨʘʙʦʯʠʭ ʭʦʜʦʚ 

- ʥʘʜʝʞʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

- ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʤʝʥʥʦʛʦ ʚʨʝʤʝʥʠ, ʥʝ ʤʝʥʝʝ 

 

 

0,95 

0,6 

 

 

0,99 

1,0 

0,65 

ʇʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʚʳʧʦʣʥʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ: 

- ʧʦʪʝʨʠ ʢʦʯʘʥʦʚ 

 

 

1,0 

 

 

0 
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ɿʘ ʧʝʨʠʦʜ ʠʩʧʳʪʘʥʠʡ ʢʦʤʧʣʝʢʩʘ ʂɺʋ-

5,0 ʚ ʦʙʲʝʤʝ 210 ʯʘʩʦʚ ʦʪʢʘʟʦʚ ʥʝ ʦʪʤʝʯʝʥʦ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʛʦʪʦʚʥʦʩʪʠ ʩʦʩʪʘʚʠʣ 1,0. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʦʮʝʥʢʠ 

ʟʘʪʨʘʪʳ ʥʘ ʪʝʢʫʱʫʶ  ʵʢʩʧʣʫʘʪʘʮʠʶ 

ʢʦʤʧʣʝʢʩʘ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ  ʟʘʪʨʘʪʳ ʥʘ 

ɻʉʄ, ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʦʧʣʘʪʫ 

ʪʨʫʜʘ, ʩʦʩʪʘʚʠʣʠ 473 ʨʫʙ/ʪ. ɺ ʙʘʣʘʥʩʝ 

ʩʦʚʦʢʫʧʥʳʭ ʟʘʪʨʘʪ ʟʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ 

ʩʦʩʪʘʚʠʣʘ 68,6%, ʪʦʧʣʠʚʦ ʠ ʩʤʘʟʦʯʥʳʝ 

ʤʘʪʝʨʠʘʣʳ - 9,2%, ʟʘʪʨʘʪʳ ʩʨʝʜʩʪʚ ʥʘ 

ʘʤʦʨʪʠʟʘʮʠʶ ï 21,2%. ɿʘʪʨʘʪʳ ʪʨʫʜʘ 

ʩʦʩʪʘʚʣʷʶʪ 1,95 ʯʝʣ.ʯ/ʪ. 

ʍʦʟʷʡʩʪʚʝʥʥʘʷ ʧʨʦʚʝʨʢʘ ʘʥʘʣʦʛʠʯʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʚ ʂʌʍ çʐʠʨʘʣʠʝʚè ʥʘ 

ʚʳʙʦʨʦʯʥʦʡ ʫʙʦʨʢʝ ʨʘʥʥʠʭ ʥʝ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʩʦʟʨʝʚʘʶʱʠʭ ʦʚʦʱʝʡ ʧʦʢʘʟʘʣʘ, ʯʪʦ 

ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʥʠʟʠʪʴ ʪʨʫʜʦʟʘʪʨʘʪʳ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʫʙʦʨʢʦʡ ʚʨʫʯʥʫʶ, ʥʝ ʤʝʥʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ [6]. 

ɺʳʚʦʜʳ 

ʇʨʠʤʝʥʝʥʠʝ  ʢʦʤʧʣʝʢʩʘ ʂɺʋ-5,0 ʥʘ 

ʚʳʙʦʨʦʯʥʦʡ ʫʙʦʨʢʝ ʦʚʦʱʝʡ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ  ʩʥʠʟʠʪʴ ʪʨʫʜʦʟʘʪʨʘʪʳ  ʥʝ 

ʤʝʥʝʝ, ʯʝʤ ʚ 2 ʨʘʟʘ ʠ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʥʥʠʭ ʦʚʦʱʝʡ. 
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ʅ.ʀ. ɼʞʘʙʙʦʨʦʚ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ;  

ɺ.ʀ. ʐʘʤʦʥʠʥ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ;  

ɸ.ɺ. ʉʝʨʛʝʝʚ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

 

ʀʥʩʪʠʪʫʪ ʘʛʨʦʠʥʞʝʥʝʨʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ - ʬʠʣʠʘʣ 

ʌʅɸʎ ɺʀʄ (ʀɸʕʇ), ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

 

ʇʝʨʚʠʯʥʘʷ ʦʙʨʘʙʦʪʢʘ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʣʦʜʦʨʦʜʠʷ ʟʘʣʝʞʥʳʭ ʟʝʤʝʣʴ ʷʚʣʷʝʪʩʷ 

ʦʙʱʝʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʙʣʝʤʦʡ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ ʙʳʣʠ 

ʧʨʠʥʷʪʳ ʨʝʰʝʥʠʷ ʦ ʤʝʨʘʭ ʧʦ ʚʚʝʜʝʥʠʶ ʚ ʦʙʦʨʦʪ ʜʘʥʥʳʭ ʟʝʤʝʣʴ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʧʦʚʳʰʝʥʠʝ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʟʘʣʝʞʥʳʭ ʟʝʤʝʣʴ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʛʦ ʫʚʣʘʞʥʝʥʠʷ. ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʠʩʴ 

ʧʦʢʘʟʘʪʝʣʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʟʘʣʝʞʥʳʭ ʟʝʤʝʣʴ ʠ 

ʧʨʠʤʝʥʷʝʤʳʭ ʤʘʰʠʥ. ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ 

ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʟʘʣʝʞʥʳʭ ʟʝʤʝʣʴ ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʟʘʪʨʘʪʘʤ ʪʨʫʜʘ, 

ʵʥʝʨʛʠʠ ʠ ʢʘʯʝʩʪʚʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʤʝʥʷʣʠʩʴ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ, ʘʥʘʣʠʟ ʠ ʦʙʦʙʱʝʥʠʝ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ. ɺ ʩʪʘʪʴʝ 
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ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʭʥʦʣʦʛʠʡ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʟʘʣʝʞʥʳʭ 

ʟʝʤʝʣʴ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʛʦ ʫʚʣʘʞʥʝʥʠʷ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ, ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ 

ʢɻʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʙʘʟʝ çʂʨʘʩʥʘʷ ʉʣʘʚʷʥʢʘè ʀʥʩʪʠʪʫʪʘ ʘʛʨʦʠʥʞʝʥʝʨʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ - ʬʠʣʠʘʣʘ ʌɻɹʅʋ ʌʅɸʎ ɺʀʄ ʚ ʚʝʩʝʥʥʝ-ʣʝʪʥʠʡ ʧʝʨʠʦʜ 2018 

ʛʦʜʘ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʘʛʨʝʛʘʪʦʚ, ʧʦʛʝʢʪʘʨʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ, 

ʟʘʪʨʘʪ ʪʨʫʜʘ ʠ ʵʥʝʨʛʠʠ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʧʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʟʘʣʝʞʥʳʭ ʟʝʤʝʣʴ,  ʧʦ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʠʤʝʥʷʝʤʦʡ ʚ ʭʦʟʷʡʩʪʚʝ, ʧʦ ʨʝʢʦʤʝʥʜʫʝʤʦʡ, ʩ ʫʯʝʪʦʤ ʠʤʝʶʱʠʭʩʷ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʠ, ʧʦ ʧʝʨʩʧʝʢʪʠʚʥʦʡ (ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʝʡ) ʪʝʭʥʦʣʦʛʠʷʤ, ʩ ʫʯʝʪʦʤ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʪʝʭʥʠʢʠ. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʧʝʨʩʧʝʢʪʠʚʥʘʷ 

(ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʘʷ) ʪʝʭʥʦʣʦʛʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʘʛʨʝʛʘʪʘ ʋʂʇɸ-2,4 ʩ 

ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ ʜʣʷ ʛʣʫʙʦʢʦʛʦ ʨʳʭʣʝʥʠʷ ʧʦʯʚʳ ʠ ʢʦʣʴʮʝʚʳʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ ʜʣʷ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ ʠ ʨʝʢʦʤʝʥʜʫʝʤʦʡ 

ʪʝʭʥʦʣʦʛʠʝʡ. ʊʝʭʥʦʣʦʛʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʫʶ ʧʝʨʚʠʯʥʫʶ ʦʙʨʘʙʦʪʢʫ ʟʘʣʝʞʥʳʭ ʟʝʤʝʣʴ ʩ 

ʥʘʠʤʝʥʴʰʠʤʠ ʟʘʪʨʘʪʘʤʠ ʪʨʫʜʘ, ʵʥʝʨʛʠʠ ʠ ʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ ʠʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ.  
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ENERGY-SAVING TECHNOLOGY FOR LONG FALLOW LAND REHABILITATION 
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Institute for Engineering and Environmental Problems in Agricultural Production (IEEP) ï branch of FSAC 

VIM,  Saint Petersburg, Russia 

 

Primary tillage and reclamation of long-term uncultivated (fallow) land is a national problem. In this 

regard, at different times the decisions were made at the country level concerning the measures to bring these 

lands back into use. The study objective was to improve the energy saving and performance efficiency of 

technologies, machines and equipment for long fallow land rehabilitation in the very humid environment. 

The study subject was the indicators of energy efficiency of technological processes and machines applied to 

restore the long-term uncultivated land. Scientific novelty of this work is in the results of the comparative 

assessment of fallow land restoration technologies in terms of productivity, labour and energy inputs and the 

quality of technological processes. Theoretical and experimental methods of assessment, analysis and 

synthesis of experimental data were applied in the studies,. The article considers the results of experimental 

studies of fallow land rehabilitation technologies in the very humid environment of Leningrad Region, 

conducted on the experimental site ñKrasnaya Slavyankaò of IEEP - branch of FSAC VIM in spring and 

summer of 2018. The productivity of tractor/implement system, per-hectare fuel consumption, labour and 

energy inputs associated with the technological operations to restore the uncultivated land were calculated 

for the technology in place on the farm, for the recommended technology taking into account the available 

machines and equipment, and for the energy-saving technology taking into account the machines under 

development. Analysis of the calculation results showed that the promising energy-saving technology, which 

makes use of the soil-tilling unit UKPA-2.4 with the working tools for deep soil loosening and the ring 

working tools for surface tillage, was more effective compared to the standard and recommended 
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technologies. It provides efficient primary tillage of long-term uncultivated land with the lowest labour and 

energy inputs and high quality of rehabilitation. 

 

Key words: long fallow lands; rehabilitation technology; humid environment; agro-technical indicators; 

soil tillage unit, quality of technological process. 
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ɺʚʝʜʝʥʠʝ 

ɺ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʙʱʘʷ 

ʧʣʦʱʘʜʴ ʟʘʣʝʞʥʳʭ ʟʝʤʝʣʴ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 

40 ʤʣʥ. ʛʘ. ʇʨʠ ʵʪʦʤ ʜʝʛʨʘʜʠʨʦʚʘʥʥʳʝ ʟʝʤʣʠ 

ʩʦʩʪʘʚʣʷʶʪ 130 ʤʣʥ. ʛʘ, ʠʟ ʥʠʭ ʧʣʦʱʘʜʴ 

ʟʝʤʝʣʴ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʙʘʣʘʥʩʦʤ ʛʫʤʫʩʘ ï 

97 % [1]. ɺ ʛʫʤʠʜʥʦʡ ʟʦʥʝ ʟʝʤʣʝʜʝʣʠʷ 

ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʛʦ ʨʝʛʠʦʥʘ ʈʦʩʩʠʠ ʧʨʠ 

ʧʨʝʢʨʘʱʝʥʠʠ ʦʙʨʘʙʦʪʢʠ ʟʘ 3-4 ʛʦʜʘ ʟʝʤʣʠ 

ʥʘʯʠʥʘʶʪ ʟʘʨʘʩʪʘʪʴ ʦʜʥʦʣʝʪʥʠʤʠ ʠ 

ʤʥʦʛʦʣʝʪʥʠʤʠ ʩʦʨʥʷʢʘʤʠ, ʜʨʝʚʝʩʥʦʡ ʠ 

ʢʫʩʪʘʨʥʠʢʦʚʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ.  

ɺ ʨʘʟʥʦʝ ʚʨʝʤʷ ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ 

ʫʨʦʚʥʝ ʙʳʣʠ ʧʨʠʥʷʪʳ ʨʝʰʝʥʠʷ ʦ ʤʝʨʘʭ ʧʦ 

ʚʚʝʜʝʥʠʶ ʚ ʦʙʦʨʦʪ ʥʝʦʙʨʘʙʘʪʳʚʘʝʤʳʭ 

(ʟʘʣʝʞʥʳʭ) ʟʝʤʝʣʴ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ 

ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʇʦʩʪʘʥʦʚʣʝʥʠʝ 

ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 27 12.2012 ʛ. N 1436 "ʆ 

ʬʝʜʝʨʘʣʴʥʦʡ ʮʝʣʝʚʦʡ ʧʨʦʛʨʘʤʤʝ 

"ʉʦʭʨʘʥʝʥʠʝ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʣʦʜʦʨʦʜʠʷ 

ʧʦʯʚ ʟʝʤʝʣʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʠ ʘʛʨʦʣʘʥʜʰʘʬʪʦʚ ʢʘʢ 

ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʜʦʩʪʦʷʥʠʷ ʈʦʩʩʠʠ ʥʘ 2006 - 

2010 ʛʦʜʳ ʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2013 ʛʦʜʘ" [2]. 

ʋʯʝʥʳʤʠ ʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʦʪʨʘʩʣʠ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʧʘʩʥʳʭ ʧʨʠʨʦʜʥʳʭ ʷʚʣʝʥʠʡ, 

ʨʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ 

ʩʫʙʲʝʢʪʘʭ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, 

ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʨʘʙʦʪʝ 

[3]. 

ɺ ʀɸʕʇ ï ʬʠʣʠʘʣʝ ʌɻɹʅʋ ʌʅɸʎ ɺʀʄ 

(ʀɸʕʇ ï ʬʠʣʠʘʣ ʌɻɹʅʋ ʌʅɸʎ ɺʀʄ) 

ʪʘʢʞʝ ʚʝʜʫʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʨʘʟʨʘʙʦʪʢʝ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʘʰʠʥ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʟʘʣʝʞʥʳʭ ʟʝʤʝʣʴ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʛʦ 

ʫʚʣʘʞʥʝʥʠʷ [4,5,6].  

ʇʦ ʥʘʧʨʘʚʣʝʥʠʶ ʨʘʟʨʘʙʦʪʢʠ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʠ 

ʤʘʰʠʥ ʚ ʀɸʕʇ ï ʬʠʣʠʘʣʝ ʌɻɹʅʋ ʌʅɸʎ 

ɺʀʄ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ʠ 

ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʡ 

ʘʛʨʝʛʘʪ ʙʣʦʯʥʦ-ʤʦʜʫʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ 

[7,8,9,10], ʢʦʪʦʨʳʝ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳ ʧʨʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʟʘʣʝʞʥʳʭ ʟʝʤʝʣʴ. 

ɼʣʷ ʘʢʪʠʚʠʟʘʮʠʠ ʨʘʙʦʪ ʧʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʟʘʣʝʞʥʳʭ ʟʝʤʝʣʴ ʚ 

ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʟʨʘʙʦʪʘʪʴ ʠ ʦʙʦʩʥʦʚʘʪʴ ʟʦʥʘʣʴʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ, 

ʦʪʚʝʯʘʶʱʠʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʢʨʠʪʝʨʠʝʚ. ʈʘʟʨʘʙʦʪʢʘ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ 

ʧʨʦʚʝʨʢʘ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʘʰʠʥ ʜʦʣʞʥʘ 

ʧʨʦʚʦʜʠʪʴʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ. 

ʉ ʫʯʝʪʦʤ ʘʢʪʫʘʣʴʥʦʩʪʠ ʧʨʦʙʣʝʤʳ ʥʘ 

ʢɻʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʙʘʟʝ çʂʨʘʩʥʘʷ ʉʣʘʚʷʥʢʘè 

ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦ ʧʨʦʚʝʨʢʝ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ 

ʪʝʭʥʦʣʦʛʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʟʘʣʝʞʥʳʭ 

ʟʝʤʝʣʴ. ʀʟʣʦʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʨʘʙʦʪ 

ʧʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʟʘʣʝʞʥʳʭ ʟʝʤʝʣʴ ʧʦ 

ʪʨʘʜʠʮʠʦʥʥʦʡ, ʨʝʢʦʤʝʥʜʫʝʤʦʡ (ʩ ʫʯʝʪʦʤ 

ʠʤʝʶʱʠʭʩʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ) ʠ 

ʧʝʨʩʧʝʢʪʠʚʥʦʡ (ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʝʡ) 

ʪʝʭʥʦʣʦʛʠʷʤ ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, 

ʧʦʛʝʢʪʘʨʥʦʤʫ ʨʘʩʭʦʜʫ ʪʦʧʣʠʚʘ, ʟʘʪʨʘʪʘʤ 

ʪʨʫʜʘ, ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʠ ʢʘʯʝʩʪʚʫ ʠʭ 

ʦʙʨʘʙʦʪʢʠ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 
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ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʠʩʴ 

ʪʝʭʥʦʣʦʛʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʟʘʣʝʞʥʳʭ ʟʝʤʝʣʴ 

ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʛʦ ʫʚʣʘʞʥʝʥʠʷ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ. 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʠʩʴ 

ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʟʘʣʝʞʥʳʭ ʟʝʤʝʣʴ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʛʦ 

ʫʚʣʘʞʥʝʥʠʷ (ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, 

ʧʦʛʝʢʪʘʨʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʟʘʪʨʘʪʳ ʪʨʫʜʘ, 

ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʠ ʢʘʯʝʩʪʚʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ).  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʧʦʚʳʰʝʥʠʝ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ 

ʪʝʭʥʦʣʦʛʠʡ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʟʘʣʝʞʥʳʭ ʟʝʤʝʣʴ 

ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʛʦ ʫʚʣʘʞʥʝʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʧʦʣʷʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʙʘʟʳ çʂʨʘʩʥʘʷ ʩʣʘʚʷʥʢʘè 

ʀɸʕʇ ï ʬʠʣʠʘʣ ʌɻɹʅʋ ʌʅɸʎ ɺʀʄ. 

ʇʦʩʣʝʜʥʷʷ ʦʙʨʘʙʦʪʢʘ ʧʦʯʚʳ ʧʨʦʭʦʜʠʣʘ 7-8 

ʣʝʪ ʥʘʟʘʜ. 

ʇʦʢʘʟʘʪʝʣʠ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʦʧʨʝʜʝʣʷʣʠʩʴ ʩʦʛʣʘʩʥʦ 

çʇʨʘʚʠʣʘʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʭ 

ʨʘʙʦʪè. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 

ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ: ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ, % ï 

20-24; ʪʨʘʚʦʩʪʦʡ, ʩʤ ï 22 ï 40; ʩʨʝʜʥʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʝʥʠʡ, ʰʪ./ʤ
2
 ï 756; ʪʠʧ 

ʧʦʯʚʳ ï ʜʝʨʥʦʚʦ-ʩʣʘʙʦʧʦʜʟʦʣʠʩʪʳʡ; 

ʪʚʝʨʜʦʩʪʴ ʧʦʯʚʳ (ʩʨʝʜʥʷʷ) ʜʦ ʦʙʨʘʙʦʪʢʠ 

(ʄʧʘ)/(ʢʛ/ʩʤ
2
) ʚ ʩʣʦʷʭ: 0-10 ʩʤ ï 1,2/12; 10-

20 ʩʤ ï 2,0/20; 20-30 ʩʤ ï 2,5/25. ʇʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʘʛʨʝʛʘʪʦʚ 

ʚʘʨʴʠʨʦʚʘʣʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 1,92 ʜʦ 3,57 ʤ/ʩ. 

ɻʣʫʙʠʥʘ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ 

ʜʝʨʥʠʥʦʛʦ ʩʣʦʷ ʩʦʩʪʘʚʣʷʣʘ 10, 15 ʠ 20 ʩʤ. 

ʋʛʦʣ ʘʪʘʢʠ Ŭ ʢʦʣʴʮʝʚʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 

ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʥʘ 16
0
, 20

0
, 25

0
. ʈʘʩʭʦʜ 

ʪʦʧʣʠʚʘ ʦʧʨʝʜʝʣʷʣʩʷ ʩ ʧʦʤʦʱʴʶ ʩʯʝʪʯʠʢʘ 

DFM 90AP, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚ ʪʦʧʣʠʚʥʫʶ 

ʩʠʩʪʝʤʫ ʪʨʘʢʪʦʨʘ ʄʊɿ-82. 

ʉʪʝʧʝʥʴ ʢʨʦʰʝʥʠʷ ʧʦʯʚʳ ʦʧʨʝʜʝʣʷʣʘʩʴ 

ʜʦ ʠ ʧʦʩʣʝ ʧʨʦʭʦʜʘ ʘʛʨʝʛʘʪʘ ʥʘ ʢʦʥʪʨʦʣʴʥʳʭ 

ʧʣʦʱʘʜʢʘʭ. ʇʨʦʙʳ ʦʪʙʠʨʘʣʠʩʴ ʚ ʯʝʪʳʨʝʭ 

ʪʦʯʢʘʭ ï ʜʚʝ ʧʦ ʭʦʜʫ ʠ ʜʚʝ ʥʘ ʦʙʨʘʪʥʦʤ ʭʦʜʝ 

ʘʛʨʝʛʘʪʘ. ɺʟʷʪʠʷ ʧʨʦʙʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʨʘʟʜʝʣʷʣʠ ʥʘ ʬʨʘʢʮʠʠ ʩʚʳʰʝ 50 ʤʤ, 50-25 

ʤʤ, 25-10 ʤʤ ʠ ʤʝʥʝʝ 10 ʤʤ. ʇʦʣʫʯʝʥʥʳʝ 

ʜʘʥʥʳʝ ʟʘʥʦʩʠʣʠʩʴ ʚ ʥʘʙʣʶʜʘʪʝʣʴʥʳʝ ʣʠʩʪʳ. 

ʌʘʢʪʠʯʝʩʢʫʶ ʛʣʫʙʠʥʫ ʦʙʨʘʙʦʪʢʠ ʦʧʨʝʜʝʣʷʣʠ 

ʩ ʧʦʤʦʱʴʶ ʤʝʨʥʦʡ ʣʠʥʝʡʢʠ. ʏʠʩʣʦ ʟʘʤʝʨʦʚ 

ʙʦʣʝʝ 30 ʰʪ. ʊʚʝʨʜʦʩʪʴ, ʚʣʘʞʥʦʩʪʴ, 

ʧʣʦʪʥʦʩʪʴ ʠ ʘʛʨʝʛʘʪʥʳʡ ʩʦʩʪʘʚ ʧʦʯʚʳ 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʚ ʛʦʨʠʟʦʥʪʝ 0-20 ʩʤ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʙʨʘʣʠ ʥʘʚʝʩʢʠ 

ʧʦʯʚʳ ʠʟ ʢʘʞʜʦʛʦ ʛʦʨʠʟʦʥʪʘ ʚ ʧʷʪʠ ʪʦʯʢʘʭ 

ʧʦ ʜʠʘʛʦʥʘʣʠ ʚʳʙʨʘʥʥʦʛʦ ʟʘʯʝʪʥʦʛʦ ʫʯʘʩʪʢʘ. 

ʊʚʝʨʜʦʩʪʴ ʧʦʯʚʳ ʦʧʨʝʜʝʣʷʣʘʩʴ 

ʧʝʥʝʪʨʦʤʝʪʨʦʤ Dikey-john ʚ ʤʝʩʪʘʭ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʚ 3-ʭ ʢʨʘʪʥʦʡ 

ʧʦʚʪʦʨʥʦʩʪʠ [9]. ɿʘʩʦʨʝʥʥʦʩʪʴ ʧʦʯʚʳ 

ʩʦʨʥʷʢʘʤʠ ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʫʯʝʪʥʳʭ 

ʧʣʦʱʘʜʢʘʭ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 

ʫʯʘʩʪʢʝ, ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʤʝʪʦʜʦʤ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ 

ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʪʝʣʝʡ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʪʝʭʥʦʣʦʛʠʡ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʟʘʣʝʞʥʳʭ ʟʝʤʝʣʴ 

ʩʦʛʣʘʩʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʨʘʥʥʝʝ ʤʝʪʦʜʠʢ 

[11,12]. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ 

ʟʘʣʝʞʥʳʭ (7 ï 8 ʣʝʪ) ʟʝʤʝʣʴ ʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʙʘʟʝ çʂʨʘʩʥʘʷ ʉʣʘʚʷʥʢʘè 

ʀɸʕʇ-ʬʠʣʠʘʣ ʌɻɹʅʋ ʌʅɸʎ ɺʀʄ ʩ 

ʫʯʝʪʦʤ ʟʘʩʦʨʝʥʥʦʩʪʠ ʧʦʟʚʦʣʠʣ ʠʟ ʥʠʭ 

ʚʳʷʚʠʪʴ 3 ʢʘʪʝʛʦʨʠʠ: 

1 ï ʧʦʣʷ, ʟʘʨʦʩʰʠʝ ʤʝʣʢʠʤʠ ʜʝʨʝʚʴʷʤʠ, 

ʢʫʩʪʘʨʥʠʢʦʤ ʠ ʤʥʦʛʦʣʝʪʥʠʤʠ ʩʦʨʥʳʤʠ 

ʨʘʩʪʝʥʠʷʤʠ; 

2 ï ʧʦʣʷ, ʟʘʨʦʩʰʠʝ ʤʝʣʢʠʤ ʢʫʩʪʘʨʥʠʢʦʤ ʠ 

ʤʥʦʛʦʣʝʪʥʠʤʠ ʩʦʨʥʳʤʠ ʨʘʩʪʝʥʠʷʤʠ ʩ 

ʪʨʘʚʦʩʪʦʝʤ ʙʦʣʝʝ 40 ʩʤ; 

3 ï ʧʦʣʷ, ʟʘʨʦʩʰʠʝ ʤʥʦʛʦʣʝʪʥʠʤʠ ʩʦʨʥʳʤʠ 

ʨʘʩʪʝʥʠʷʤʠ ʩ ʚʳʩʦʪʦʡ ʪʨʘʚʦʩʪʦʷ ʤʝʥʝʝ 40 ʩʤ. 

ʈʘʮʠʦʥʘʣʴʥʳʡ ʧʝʨʝʯʝʥʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʠ 
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ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʟʘʣʝʞʥʳʭ ʟʝʤʝʣʴ ʟʘʚʠʩʠʪ ʦʪ 

ʩʦʩʪʦʷʥʠʷ, ʪʦʣʱʠʥʳ ʜʝʨʥʝʥʥʦʛʦ ʩʣʦʷ, 

ʧʣʦʪʥʦʩʪʠ ʠ ʪʚʝʨʜʦʩʪʠ ʧʦʯʚʳ, ʩʪʝʧʝʥʠ 

ʟʘʨʘʩʪʘʥʠʷ ʧʦʣʝʡ ʢʫʩʪʘʨʥʠʢʦʤ ʠ 

ʤʝʣʢʦʣʝʩʴʝʤ, ʧʦʜʪʦʧʣʝʥʠʷ ʠ 

ʧʝʨʝʫʚʣʘʞʥʝʥʠʷ [3, 4].  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʥʘʤʠ ʨʘʩʩʤʦʪʨʝʥʳ ʩʣʝʜʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʟʘʣʝʞʥʳʭ ʟʝʤʝʣʴ: 

- ʪʨʘʜʠʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ï ʜʠʩʢʦʚʘʥʠʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʩʢʦʚʳʭ ʙʦʨʦʥ ɹɼʅ-3 ʥʘ 

ʛʣʫʙʠʥʫ 10-12 ʩʤ (ʚ ʦʜʠʥ ʠʣʠ ʚ 2 ʩʣʝʜʘ); 

- ʨʝʢʦʤʝʥʜʫʝʤʘʷ ʪʝʭʥʦʣʦʛʠʷ ï ʨʳʭʣʝʥʠʝ ʥʘ 

ʛʣʫʙʠʥʫ 14-15 ʩʤ ʫʥʠʚʝʨʩʘʣʴʥʳʤ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʤ 

ʘʛʨʝʛʘʪʦʤ ʋʂʇɸ-2,4 (ʚ 2 ʩʣʝʜʘ, ʚʜʦʣ-ɹ

ʧʦʧʝʨʸʢ), ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʦʙʨʘʙʦʪʢʘ 

ʢʫʣʴʪʠʚʘʪʦʨʦʤ ʜʣʷ ʧʨʝʜʧʦʩʝʚʥʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʧʦʯʚʳ ʂɿʅ-4,0 (ʠʣʠ ʘʥʘʣʦʛʠʯʥʳʤ 

ʢʫʣʴʪʠʚʘʪʦʨʦʤ) ʧʦʩʣʝ ʜʚʫʭïʪʨʸʭ ʜʥʝʡ 

ʚʳʩʳʭʘʥʠʷ ʜʝʨʥʝʥʥʦʛʦ ʩʣʦʷ ʩ ʮʝʣʴʶ 

ʦʪʜʝʣʝʥʠʷ ʢʦʨʥʝʚʠʱ ʨʘʩʪʝʥʠʡ ʦʪ ʧʦʯʚʳ (ʚ 2 

ʩʣʝʜʘ, ʚʜʦʣʴ-ʧʦʧʝʨʸʢ); 

- ʧʝʨʩʧʝʢʪʠʚʥʘʷ (ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʘʷ) 

ʪʝʭʥʦʣʦʛʠʷ ï ʨʳʭʣʝʥʠʝ ʥʘ ʛʣʫʙʠʥʫ 14-15 ʩʤ 

ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʤ ʘʛʨʝʛʘʪʦʤ ʋʂʇɸ-2,4 

(ʚ 2 ʩʣʝʜʘ, ʚʜʦʣʴ-ʧʦʧʝʨʸʢ), ʧʦʚʝʨʭʥʦʩʪʥʘʷ 

ʦʙʨʘʙʦʪʢʘ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʤ ʘʛʨʝʛʘʪʦʤ 

ʋʂʇɸ-2,4 ʩ ʢʦʣʴʮʝʚʳʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ 

ʧʦʩʣʝ ʜʚʫʭïʪʨʸʭ ʜʥʝʡ ʚʳʩʳʭʘʥʠʷ ʜʝʨʥʝʥʥʦʛʦ 

ʩʣʦʷ ʩ ʮʝʣʴʶ ʦʪʜʝʣʝʥʠʷ ʢʦʨʥʝʚʠʱ ʨʘʩʪʝʥʠʡ 

ʦʪ ʧʦʯʚʳ (ʚ 1 ʩʣʝʜ). 

ɺ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʚʠʯʥʫʶ 

ʦʙʨʘʙʦʪʢʫ ʟʘʣʝʞʥʳʭ ʟʝʤʝʣʴ, ʚ ʦʩʥʦʚʥʦʤ, 

ʧʨʦʚʦʜʷʪ ʩ ʧʦʤʦʱʴʶ ʜʠʩʢʦʚʦʡ ʙʦʨʦʥʳ ɹɼʅ-

3 ʥʘ ʛʣʫʙʠʥʫ 10-12 ʩʤ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʠʩʢʦʚʦʡ ʙʦʨʦʥʳ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 1, ʥʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʣʷ, ʚ ʩʪʳʢʦʚʳʭ ʫʯʘʩʪʢʘʭ ʦʙʨʘʟʫʶʪʩʷ 

ʙʦʨʦʟʜʳ ʛʣʫʙʠʥʦʡ 9-12 ʩʤ. ɼʝʨʥʠʥʳʡ ʩʣʦʡ 

ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʜʠʩʢʦʚʦʡ ʙʦʨʦʥʦʡ 

ʨʘʟʨʫʰʘʝʪʩʷ ʠ ʧʝʨʝʚʦʨʘʯʠʚʘʝʪʩʷ ʥʘ 80-90
ʦ
. 

ʏʘʩʪʴ ʜʝʨʥʠʥʳ ʦʩʪʘʝʪʩʷ ʟʘʢʦʧʘʥʥʦʡ ʚ 

ʥʠʞʥʠʝ ʩʣʦʠ ʟʝʤʣʠ. ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ [3-

5], ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʩʢʦʚʦʡ ʙʦʨʦʥʳ ʚ 

ʮʝʣʦʤ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʟʤʝʣʴʯʝʥʠʶ ʩʪʝʙʣʝʡ ʠ 

ʢʦʨʥʝʚʠʱ ʩʦʨʥʷʢʦʚ. ʅʦ ʚ ʜʘʣʴʥʝʡʰʝʤ, ʠʟ-ʟʘ 

ʥʝʧʦʣʥʦʛʦ ʚʳʩʳʭʘʥʠʷ ʜʝʨʥʠʥʳ ʫʭʫʜʰʘʝʪʩʷ 

ʩʪʝʧʝʥʴ ʦʪʜʝʣʝʥʠʷ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ ʠ ʠʭ 

ʢʦʨʥʝʚʠʱ, ʠʭ ʚʳʥʦʩʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʠ 

ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʝ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ 

ʟʘʣʝʞʥʳʭ ʟʝʤʝʣʴ ʜʠʩʢʦʚʦʡ ʙʦʨʦʥʦʡ, ʯʘʩʪʴ 

ʜʝʨʥʠʥʳ ʨʘʟʨʫʰʘʝʪʩʷ, ʥʦ ʚ ʦʩʪʘʚʰʠʝʩʷ 

ʥʝʨʘʟʨʫʰʝʥʥʦʡ ʯʘʩʪʠ ʚʥʦʚʴ ʨʘʟʨʘʩʪʘʶʪʩʷ 

ʩʦʨʥʳʝ ʨʘʩʪʝʥʠʷ, ʚʩʣʝʜʩʪʚʠʝ ʫʣʫʯʰʝʥʠʷ 

ʚʦʜʥʦʛʦ ʠ ʚʦʟʜʫʰʥʦʛʦ ʨʝʞʠʤʘ ʧʦʯʚʳ ʦʪ 

ʯʘʩʪʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ. ɺ ʠʪʦʛʝ 

ʧʨʠʤʝʥʝʥʠʝ ʜʠʩʢʦʚʦʡ ʙʦʨʦʥʳ ʥʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʳʭʘʥʠʝ ʜʝʨʥʝʥʥʦʛʦ ʩʣʦʷ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʳʩʪʨʦʤʫ ʧʨʦʨʘʩʪʘʥʠʶ 

ʩʦʨʥʷʢʦʚ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ, ʧʝʨʚʠʯʥʘʷ 

ʦʙʨʘʙʦʪʢʘ ʟʘʣʝʞʥʳʭ ʟʝʤʝʣʴ ʜʠʩʢʦʚʳʤʠ 

ʙʦʨʦʥʘʤʠ ʥʝ ʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʛʦ ʵʬʬʝʢʪʘ.  

 
ʈʠʩ.1. ʉʦʩʪʦʷʥʠʝ ʘʛʨʦʬʦʥʘ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 

ʜʠʩʢʦʚʦʡ ʙʦʨʦʥʦʡ ʥʘ 

ʛʣʫʙʠʥʫ 10-12 ʩʤ (ʯʝʨʝʟ 20 ʜʥʝʡ ʧʦʩʣʝ 

ʦʙʨʘʙʦʪʢʠ) 

 

ɺ ʨʝʢʦʤʝʥʜʫʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʟʘʣʝʞʥʳʭ ʟʝʤʝʣʴ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʀɸʕʇ ï 

ʬʠʣʠʘʣ ʌɻɹʅʋ ʌʅɸʎ ɺʀʄ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʘʛʨʝʛʘʪ ʋʂʇɸ-2,4 

ʙʣʦʯʥʦ-ʤʦʜʫʣʴʥʦʛʦ ʪʠʧʘ [7] ʜʣʷ ʛʣʫʙʦʢʦʡ ʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ 

ʤʦʱʥʦʡ ʜʝʨʥʠʥʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 



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

 ʀɸʕʇ. 2018. ɺʳʧ. 97 

154 

 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʘʛʨʝʛʘʪ ʋʂʇɸ-2,4 ʚ 

ʚʘʨʠʘʥʪʝ ʜʣʷ ʛʣʫʙʦʢʦʛʦ ʨʳʭʣʝʥʠʷ ʧʦʯʚʳ ʩ 

ʪʨʘʢʪʦʨʦʤ ʢʣʘʩʩʘ 1,4 ʢʅ (ʄʊɿ-920) (ʨʠʩ. 2). 

ʇʦʩʣʝ ʪʘʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʜʚʘ ʩʣʝʜʘ ʜʝʨʥʠʥʘ 

ʨʘʟʨʫʰʘʝʪʩʷ ʠ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʦʪʜʝʣʴʥʳʝ 

ʯʘʩʪʠ ʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʚʝʪʨʘ ʠ ʩʦʣʥʮʘ 

ʚʳʩʳʭʘʝʪ ʚ ʪʝʯʝʥʠʝ 2-3 ʜʥʝʡ (ʨʠʩ. 3). 

ɼʘʣʴʥʝʡʰʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʣʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʢʫʣʴʪʠʚʘʪʦʨʘ ʂɿʅ-4 (ɺʀʉʍʆʄ ï ʀɸʕʇ) ʩ 

ʨʳʭʣʠʪʝʣʴʥʦʡ ʣʘʧʦʡ ʥʘ ʧʨʫʞʠʥʥʳʭ ʩʪʦʡʢʘʭ 

ʠ ʯʝʪʳʨʝʭ ʣʝʛʢʠʭ ʧʣʘʥʯʘʪʳʭ ʢʘʪʢʦʚ ʪʦʣʴʢʦ 

ʧʨʠ ʨʘʙʦʪʝ ʚ 2 ʩʣʝʜʘ (ʚʜʦʣʴ-ʧʦʧʝʨʝʢ) 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʝʧʘʨʘʮʠʶ ʚʝʨʭʥʝʛʦ ʩʣʦʷ 

ʧʦʯʚʳ, ʦʪʜʝʣʝʥʠʝ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ ʠ ʠʭ 

ʢʦʨʥʝʚʠʱ ʦʪ ʧʦʯʚʳ, ʠ ʠʭ ʚʳʥʦʩʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʚʳʨʘʚʥʠʚʘʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʷ (ʨʠʩ. 4). 

 
ʈʠʩ.2. ɹʝʟʦʪʚʘʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʥʘ ʛʣʫʙʠʥʫ 14-15 

ʩʤ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʤ ʘʛʨʝʛʘʪʦʤ ʄʊɿ-

920+ʋʂʇɸ-2,4 ʜʣʷ ʛʣʫʙʦʢʦʛʦ ʨʳʭʣʝʥʠʷ ʧʦʯʚʳ 

 
ʈʠʩ.3. ʉʦʩʪʦʷʥʠʝ ʘʛʨʦʬʦʥʘ ʧʦʩʣʝ ʜʚʫʭ ʧʨʦʭʦʜʦʚ 

(ʚʜʦʣʴ-ʧʦʧʝʨʸʢ) ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʘʛʨʝʛʘʪʘ  ʄʊɿ-920+ʋʂʇɸ-2,4, ʧʝʨʝʫʧʣʦʪʥʸʥʥʘʷ 

ʯʘʩʪʴ ʧʦʣʷ 

 
ʈʠʩ.4. ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʯʚʳ ʥʘ 

ʛʣʫʙʠʥʫ 8-10 ʩʤ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʤ 

ʘʛʨʝʛʘʪʦʤ ʄʊɿ-920+ʂɿʅ-4 

 
ʈʠʩ.5. ʉʦʩʪʦʷʥʠʝ ʫʯʘʩʪʢʘ ʧʦʣʷ ʧʦʩʣʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʢʦʤʝʥʜʫʝʤʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʦʙʨʘʙʦʪʢʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʘʛʨʝʛʘʪʦʚ ʄʊɿ-920+ʋʂʇɸ-2,4 ʠ ʄʊɿ-

920+ʂɿʅ-4 ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʩʢʦʚʳʭ ʙʦʨʦʥ. 

ʇʝʨʩʧʝʢʪʠʚʥʘʷ (ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʘʷ) 

ʪʝʭʥʦʣʦʛʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʟʘʣʝʞʥʳʭ ʟʝʤʝʣʴ ʜʣʷ 

ʩʝʧʘʨʘʮʠʠ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʧʦʯʚʳ, ʦʪʜʝʣʝʥʠʝ 

ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ ʠ ʠʭ ʢʦʨʥʝʚʠʱ ʦʪ ʧʦʯʚʳ, ʠ 

ʠʭ ʚʳʥʦʩʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ, ʘ ʪʘʢʞʝ 

ʚʳʨʘʚʥʠʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʷ ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʘʛʨʝʛʘʪ 

ʋʂʇɸ-2,4 ʩ ʢʦʣʴʮʝʚʳʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʋʂʇɸ-2,4 ʩ ʢʦʣʴʮʝʚʳʤʠ 
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ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʫʣʴʪʠʚʘʪʦʨʦʤ ʂɿʅ-4, ʚʩʝʛʦ ʟʘ ʦʜʠʥ ʧʨʦʭʦʜ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʨʝʙʫʝʤʦʝ ʢʘʯʝʩʪʚʦ ʦʙʨʘʙʦʪʢʠ. 

ɸʛʨʝʛʘʪ ʋʂʇɸ-2,4 ʩ ʢʦʣʴʮʝʚʳʤʠ ʨʘʙʦʯʠʤʠ 

ʦʨʛʘʥʘʤʠ [8], ʢʦʪʦʨʳʡ ʟʘ ʦʜʠʥ ʧʨʦʭʦʜ 

ʚʳʧʦʣʥʷʝʪ ʩʣʝʜʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʦʧʝʨʘʮʠʠ: ʨʘʟʙʠʚʘʥʠʝ ʜʝʨʥʠʥʥʦʛʦ ʩʣʦʷ 

(ʢʦʤʢʦʚ) ʧʦʯʚʳ ʥʘ ʯʘʩʪʠ, ʚʳʨʳʚʘʥʠʝ ʩʦʨʥʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʦʪʜʝʣʝʥʠʝ ʩʦʨʥʷʢʦʚ ʠ ʠʭ 

ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ ʦʪ ʧʦʯʚʳ, ʝʝ ʨʳʭʣʝʥʠʝ ʠ 

ʚʳʨʘʚʥʠʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʷ, ʘ ʪʘʢʞʝ 

ʦʧʝʨʘʮʠʶ ʜʠʩʢʦʚʘʥʠʷ ʧʦʯʚʳ (ʧʨʠ ʩʥʷʪʠʠ 

ʢʦʣʴʮʘ). 

ʂʦʣʴʮʝʚʦʡ ʨʘʙʦʯʠʡ ʦʨʛʘʥ (ʨʠʩ. 6) 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʟʫʧʣʦʪʥʝʥʠʝ ʜʝʨʥʝʥʥʦʛʦ 

ʩʣʦʷ ʙʝʟ ʦʙʦʨʦʪʘ ʧʣʘʩʪʘ ʥʘ ʛʣʫʙʠʥʫ ʜʦ 5-10 

ʩʤ, ʩʝʧʘʨʘʮʠʶ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʧʦʯʚʳ ʠ 

ʚʳʨʘʚʥʠʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʷ. ɻʣʫʙʠʥʘ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʨʝʛʫʣʠʨʫʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ 

ʫʛʣʘ ʘʪʘʢʠ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ.  

 
ʈʠʩ.6. ʆʙʱʠʡ ʚʠʜ ʢʦʣʴʮʝʚʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʜʣʷ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʧʨʦʚʝʜʝʥʥʳʝ ʧʦ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ 

ʋʂʇɸ-2,4 ʩ ʢʦʣʴʮʝʚʳʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʫʛʣʘ ʘʪʘʢʠ ʩ 
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0
 ʤʥʦʛʦʦʧʝʨʘʮʠʦʥʥʳʭ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ, ʩʪʝʧʝʥʴ ʫʥʠʯʪʦʞʝʥʠʷ ʩʦʨʥʳʭ 

ʨʘʩʪʝʥʠʡ 
ʩ

ʫʉ  ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ 92,43 ʜʦ 99,24 

% (ʨʠʩ. 7).  

 
ʈʠʩ. 7. ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʫʥʠʯʪʦʞʝʥʠʷ 

ʩʦʨʥʷʢʦʚ 
ʩ

ʫʉ  ʦʪ ʫʛʣʘ a ʘʪʘʢʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 

456666,39945500,4102166,0 2 ++-= aaʩ

ʫʉ  

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʩʪʝʧʝʥʠ ʨʳʭʣʝʥʠʷ ʧʦʯʚʳ ʦʂ  ʦʪ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʘʛʨʝʛʘʪʘ 

ʧʨʠ ʫʛʣʝ ʘʪʘʢʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 016=a , 
020=a  ʠ 025=a  (ʨʠʩʫʥʢʠ 8-10). ʊʘʢ, ʚ 

ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʘʛʨʝʛʘʪʘ ʦʪ 1,92 ʜʦ 3,57 ʤ/ʩ, ʧʨʠ ʫʩʪʘʥʦʚʢʝ 

ʫʛʣʘ ʘʪʘʢʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 016=a , ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʩʪʝʧʝʥʠ ʨʳʭʣʝʥʠʷ ʧʦʯʚʳ 

ʫʚʝʣʠʯʠʣʦʩʴ ʦʪ 81 ʜʦ 83 % (ʨʠʩ. 8). 

 
ʈʠʩ. 8. ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʨr ʭʣʝʥʠʷ ʧʦʯʚʳ 

ʦʂ  ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ pV  (ʫʛʦʣ ʘʪʘʢʠ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 
016=a ) 

85191,7307333,5703317,0 2

0 ++-= pp VVʂ
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ʈʠʩ. 9. ɿʘʚʠʩʠʤʦʩʪʠ ʩʪʝʧʝʥʠ ʨʳʭʣʝʥʠʷ ʧʦʯʚʳ ʦʪ 

ʫʛʣʘ ʘʪʘʢʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ (ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ 

ʟʥʘʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʩʤVp /9,1= ) 

40222,6556250,102806,0 2

0 ++-= aaʂ  

 
ʈʠʩ. 10. ɿʘʚʠʩʠʤʦʩʪʠ ʩʪʝʧʝʥʠ ʨʳʭʣʝʥʠʷ ʧʦʯʚʳ 

ʦʪ ʫʛʣʘ ʘʪʘʢʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ (ʧʨʠ 

ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʩʢʦʨʦʩʪʠ  

ʩʤVp /6,2= ) 

89555,8826200,105311,0 2

0 +-= aaʂ
 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʚʝʣʠʯʝʥʠʝ ʨʘʙʦʯʝʡ 

ʩʢʦʨʦʩʪʠ ʥʘ 1,65 ʢʤ/ʯ (6 ʢʤ/ʯ) ʫʚʝʣʠʯʠʚʘʝʪ 

ʩʪʝʧʝʥʴ ʨʳʭʣʝʥʠʷ ʥʘ 2%, ʘ ʫʚʝʣʠʯʝʥʠʝ ʫʛʣʘ 

ʘʪʘʢʠ ʢʦʣʴʮʝʚʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʥʘ 9
0
 

ʫʚʝʣʠʯʠʚʘʝʪ ʩʪʝʧʝʥʴ ʨʳʭʣʝʥʠʷ ʥʘ 4%, ʯʪʦ 

ʧʦʢʘʟʳʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʪʝʭʥʦʣʦʛʠʷʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʟʘʣʝʞʥʳʭ 

ʟʝʤʝʣʴ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʘʛʨʝʛʘʪʘ ʋʂʇɸ-2,4 ʩ 

ʢʦʣʴʮʝʚʳʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʩʪʘʥʦʚʣʝʥʥʳʤ 

ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʥʦʨʤʘʤ, 

ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 

ʦʧʝʨʘʮʠʷʤ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʚ ʪʝʭʥʦʣʦʛʠʷʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʟʘʣʝʞʥʳʭ 

ʟʝʤʝʣʴ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʢʫʣʴʪʠʚʘʪʦʨ ʂɿʅ-4 ʩ 

ʨʳʭʣʠʪʝʣʴʥʳʤʠ ʣʘʧʘʤʠ ʠ ʫʧʨʫʛʠʤʠ 

ʩʪʦʡʢʘʤʠ ʥʝʦʙʭʦʜʠʤʦ ʟʘʤʝʥʠʪʴ ʥʘ ʋʂʇɸ-2,4 

ʩ ʢʦʣʴʮʝʚʳʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ. 

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ 

ʧʨʦʠʟʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʪʝʣʝʡ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʟʘʣʝʞʥʳʭ 

ʟʝʤʝʣʴ. ʊʘʢ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʧʦʯʚʳ ʧʦ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʜʠʩʢʦʚʦʡ ʙʦʨʦʥʳ ɹɼʅ-3 ʚ ʘʛʨʝʛʘʪʝ ʩ 

ʪʨʘʢʪʦʨʦʤ ʄʊɿ-920 ʧʨʠ ʨʘʙʦʪʝ ʚ 2 ʩʣʝʜʘ 

ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʥʘ 1 ʛʘ ʩʦʩʪʘʚʣʷʶʪ 1033 

ʄɼʞ (ʟʘʪʨʘʪʳ ʪʨʫʜʘ ʩʦʩʪʘʚʠʣʠ 0,413 ʯʝʣ-

ʯ/ʛʘ, ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ 15,0 ʢʛ/ʛʘ. ʆʜʥʘʢʦ ʢʘʢ 

ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ, ʦʙʨʘʙʦʪʢʘ ʟʘʣʝʞʥʳʭ 

ʟʝʤʝʣʴ ʜʠʩʢʦʚʳʤʠ ʙʦʨʦʥʘʤʠ ʥʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ 

ʦʙʨʘʙʦʪʢʠ, ʠ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʷʚʣʷʶʪʩʷ 

ʥʝʵʬʬʝʢʪʠʚʥʳʤʠ. 

ʇʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʟʘʣʝʞʥʳʭ ʟʝʤʝʣʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʢʦʤʝʥʜʫʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʠʟʨʘʩʭʦʜʦʚʘʥʦ 1698 ʄɼʞ/ʛʘ (ʟʘʪʨʘʪʳ ʪʨʫʜʘ 

ʩʦʩʪʘʚʠʣʠ 2,22 ʯʝʣ-ʯ/ʛʘ, ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ 

24,84 ʢʛ/ʛʘ). ʕʥʝʨʛʦʝʤʢʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʟʘʣʝʞʥʳʭ ʟʝʤʝʣʴ ʤʦʞʥʦ ʩʥʠʟʠʪʴ ʧʫʪʝʤ 

ʟʘʤʝʥʳ ʄʊɸ ʄʊɿ-920+ʂɿʅ-4 ʥʘ ʄʊɿ-

920+ʋʂʇɸ-2,4 ʩ ʢʦʣʴʮʝʚʳʤʠ ʨʘʙʦʯʠʤʠ 

ʦʨʛʘʥʘʤʠ ʜʦ 1425 ʄɼʞ/ʛʘ (ʟʘʪʨʘʪʳ ʪʨʫʜʘ 

ʩʦʩʪʘʚʠʣʠ 1,83 ʯʝʣ-ʯ/ʛʘ, ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ 

21,44 ʢʛ/ʛʘ), ʪʘʢ ʢʘʢ ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ 

ʨʘʙʦʪʳ ʢʫʣʴʪʠʚʘʪʦʨ ʂɿʅ-4 ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʪʦʣʴʢʦ ʧʨʠ ʨʘʙʦʪʝ ʚ ʜʚʘ ʩʣʝʜʘ, ʘ ʋʂʇɸ-2,4 ï 

ʟʘ ʦʜʠʥ ʩʣʝʜ. 

ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ 

ʧʝʨʩʧʝʢʪʠʚʥʦʡ (ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʝʡ) 

ʪʝʭʥʦʣʦʛʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʟʘʣʝʞʥʳʭ ʟʝʤʝʣʴ 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʘʛʨʝʛʘʪʘ ʋʂʇɸ-2,4 ʚ ʚʘʨʠʘʥʪʝ ʛʣʫʙʦʢʦʛʦ 

ʨʳʭʣʝʥʠʷ ʠ ʩ ʢʦʣʴʮʝʚʳʤʠ ʨʘʙʦʯʠʤʠ 

ʦʨʛʘʥʘʤʠ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʟʘʪʨʘʪʳ 

ʵʥʝʨʛʠʠ ʥʘ 273,5 ʄɼʞ/ʛʘ, ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ 

ʥʘ 3,40 ʢʛ/ʛʘ ʠ ʪʨʫʜʦʟʘʪʨʘʪʳ ʥʘ 0,39 ʯʝʣ.ʯ./ʛʘ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʢʦʤʝʥʜʫʝʤʦʡ ʪʝʭʥʦʣʦʛʠʝʡ. 
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ɺʳʚʦʜʳ 

ʇʨʦʙʣʝʤʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʟʘʣʝʞʥʳʭ 

ʟʝʤʝʣʴ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʛʦ ʫʚʣʘʞʥʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ, ʪʘʢ ʢʘʢ ʚʚʝʜʝʥʠʝ ʠʭ ʚ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʡ ʩʝʚʦʦʙʦʨʦʪ ʧʦʟʚʦʣʷʝʪ 

ʫʚʝʣʠʯʠʪʴ ʦʙʲʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ. ɸʛʨʦʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʛʠʦʥʘ, ʩʦʩʪʦʷʥʠʝ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ, ʪʠʧ ʧʦʯʚʳ, ʝʝ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʜʨʫʛʠʝ 

ʘʛʨʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘ ʷʚʣʷʶʪʩʷ 

ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ ʧʨʠ ʚʳʙʦʨʝ 

ʩʧʦʩʦʙʦʚ ʠ ʤʘʰʠʥ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʥʝʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʟʝʤʝʣʴ. ʇʨʠʤʝʥʷʝʤʳʝ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʥʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʢʘʯʝʩʪʚʝʥʥʦʝ ʧʨʦʚʝʜʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʧʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʟʘʣʝʞʥʳʭ ʟʝʤʝʣʴ ʩ 

ʥʘʠʤʝʥʴʰʠʤʠ ʟʘʪʨʘʪʘʤʠ ʵʥʝʨʛʠʠ ʠ ʪʨʫʜʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʟʘʣʝʞʥʳʭ ʟʝʤʝʣʴ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʚ ʜʚʘ ʵʪʘʧʘ. ʇʝʨʚʳʡ 

ʵʪʘʧ ʚʢʣʶʯʘʝʪ ʧʝʨʚʠʯʥʫʶ ʦʙʨʘʙʦʪʢʫ ʧʦʯʚʳ 

ʧʦ ʨʘʟʨʫʰʝʥʠʶ ʜʝʨʥʠʥʳ, ʦʪʜʝʣʝʥʠʷ 

ʢʦʨʥʝʚʠʱ ʩʦʨʥʷʢʦʚ ʦʪ ʧʦʯʚʳ, ʠʭ ʚʳʥʦʩʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʩʝʧʘʨʘʮʠʶ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʠ 

ʚʳʨʘʚʥʠʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʷ. ɺʪʦʨʦʡ 

ʵʪʘʧ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʧʨʦʚʝʜʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʧʣʦʜʦʨʦʜʠʷ ʟʝʤʝʣʴ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʚʝʜʝʥʠʷ 

ʛʣʫʙʦʢʦʡ ʚʩʧʘʰʢʠ, ʚʥʝʩʝʥʠʷ ʠ ʟʘʜʝʣʢʠ 

ʤʠʥʝʨʘʣʴʥʳʭ ʠʣʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ ʠ 

ʠʟʚʝʩʪʢʦʚʘʥʠʷ.  

ʇʨʠʤʝʥʝʥʠʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ 

(ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʝʡ) ʪʝʭʥʦʣʦʛʠʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʟʘʣʝʞʥʳʭ ʟʝʤʝʣʴ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʘʛʨʝʛʘʪʘ ʋʂʇɸ-2,4 ʚ ʚʘʨʠʘʥʪʝ ʛʣʫʙʦʢʦʛʦ 

ʨʳʭʣʝʥʠʷ ʠ ʩ ʢʦʣʴʮʝʚʳʤʠ ʨʘʙʦʯʠʤʠ 

ʦʨʛʘʥʘʤʠ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʟʘʪʨʘʪʳ 

ʵʥʝʨʛʠʠ ʥʘ 273,5 ʄɼʞ/ʛʘ, ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ 

ʥʘ 3,40 ʢʛ/ʛʘ ʠ ʪʨʫʜʦʟʘʪʨʘʪʳ ʥʘ 0,39 ʯʝʣ.-ʯ/ʛʘ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʢʦʤʝʥʜʫʝʤʦʡ ʪʝʭʥʦʣʦʛʠʝʡ 

ʠ ʦʙʝʩʧʝʯʠʪ ʪʨʝʙʫʝʤʦʝ ʢʘʯʝʩʪʚʦ ʦʙʨʘʙʦʪʢʠ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ.  
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ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʸʤʦʚ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ 

ʨʘʮʠʦʥʘʣʴʥʳʭ ʩʢʦʨʦʩʪʥʳʭ ʠ ʥʘʛʨʫʟʦʯʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʘʛʨʝʛʘʪʦʚ, ʥʦ ʠ ʦʪ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ. ɺ ʀɸʕʇ ï 

ʬʠʣʠʘʣʝ ʌɻɹʅʋ ʌʅɸʎ ɺʀʄ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʩʦʟʜʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʙʨʘʟʮʳ 

ʜʠʥʘʤʠʯʥʳʭ, ʩʧʦʩʦʙʥʳʭ ʣʝʛʢʦ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʧʦʯʚʝʥʥʳʤ ʫʩʣʦʚʠʷʤ, ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʧʦʣʫʯʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʦʧʨʝʜʝʣʝʥʠʝ 

ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʦʮʝʥʦʢ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʥʘʤʠʯʥʳʭ ʠ ʪʠʧʦʚʳʭ (ʥʝʜʠʥʘʤʠʯʥʳʭ) 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʭ ʠʟʤʝʥʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʜʣʷ ʝʜʠʥʠʯʥʳʭ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ. ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʠʩʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʥʳʭ 

ʦʮʝʥʦʢ (ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ, ʜʠʩʧʝʨʩʠʠ, ʩʨʝʜʥʝʛʦ ʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʚʘʨʠʘʮʠʠ) ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ. ʇʨʝʜʤʝʪʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʠʸʤ ʙʝʟʦʪʚʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ. 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 ʚʳʷʚʣʝʥʥʳʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʦʮʝʥʦʢ ʜʠʥʘʤʠʯʥʳʭ ʠ ʪʠʧʦʚʳʭ (ʥʝʜʠʥʘʤʠʯʥʳʭ) 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʯʝʩʢʠʝ ʠ ʵʤʧʠʨʠʯʝʩʢʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʦʮʝʥʦʢ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʥʘʤʠʯʥʳʭ ʠ ʩʪʘʥʜʘʨʪʥʳʭ 

(ʥʝʜʠʥʘʤʠʯʥʳʭ) ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʥʳʭ ʠ ʥʘʛʨʫʟʦʯʥʳʭ 

ʨʝʞʠʤʘʭ ʠʭ ʨʘʙʦʪʳ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʠʥʘʤʠʯʥʳʝ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʪʠʧʦʚʳʤʠ (ʥʝʜʠʥʘʤʠʯʥʳʤʠ) ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʥʠʞʝʥʠʝ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʛʦ ʨʘʩʩʝʷʥʠʷ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ρπȟπ ʢʤ/ʯ, ʚ 

ʧʨʝʜʝʣʘʭ ʠʟʤʝʥʝʥʠʷ ʛʣʫʙʠʥʳ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʦʪ 5 ʜʦ 15 ʩʤ, ʪʷʛʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʠʥʘʤʠʯʥʦʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ πȟσσσρȟςπτ ʢʅ, ʘ ʪʠʧʦʚʦʛʦ (ʥʝʜʠʥʘʤʠʯʥʦʛʦ) πȟστυρȟστπ 

ʢʅ. ʇʨʠ ʵʪʦʤ ʜʠʩʧʝʨʩʠʷ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʥʘʤʠʯʥʦʛʦ ʨʘʙʦʯʠʭ ʦʨʛʘʥʘ ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ 

πȟππψπȟπρτ ʢʅ2, ʘ ʪʠʧʦʚʦʛʦ - πȟρπτπȟςφτ ʢʅ2. ʉʥʠʞʝʥʠʝ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʛʦ ʨʘʩʩʝʷʥʠʷ ʜʠʥʘʤʠʯʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ 

ʟʥʘʯʝʥʠʠ ʛʣʫʙʠʥʳ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʠ ʠʟʤʝʥʝʥʠʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʷʛʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʦʙʨʘʙʦʪʢʘ ʧʦʯʚʳ, ʜʠʥʘʤʠʯʥʳʡ ʨʘʙʦʯʠʡ ʦʨʛʘʥ,  

ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʦʮʝʥʢʠ, ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ. 
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ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ. 2018. ˉ 4(97). ʉ.160-170 
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REGULARITIES OF VARIATION OF PROBABILISTIC ESTIMATES CONCERNING THE 

TRACTION RESISTANCE OF TILLAGE WORKING TOOLS 

 

N.I. Dzhabborov, DSc (Engineering);  

A.V. Sergeev, Cand. Sc. (Engineering);  

G.A. Semenova 

 

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

VIM,  Saint Petersburg, Russia 

 

Efficiency improvement of technological tillage methods depends not only on the rational speed and 

load modes of tillage units, but also on the constructive and dynamic indicators of tilling working tools. IEEP 

- branch of FSAC VIM developed and manufactured experimental prototypes of dynamic tilling tools, highly 

adaptable to soil conditions. The aim of research was to obtain the experimental data, to determine the 

probabilistic estimates of traction resistance of dynamic and typical (non-dynamic) tilling tools, and the 

patterns of their variation depending on the tillage depth and travelling speed. Experimental data was 

obtained for single working tools. The study objects were the regularities in variation of probabilistic 

estimates concerning the traction resistance of tilling working tools (average value, dispersion, mean square 

deviation, coefficient of variation). The study subject was the practice of ploughless surface soil tillage. 

Mathematical modeling methods, based on the study of physical regularities occurring during the tillage 

process, were applied. The energy consumption by tilling tools was estimated in the experimental study. 

Experimental data obtained were analysed and integrated. The scientific novelty of the work was manifested 

in the revealed patterns of probabilistic estimates variation concerning dynamic and standard (non-dynamic) 

tilling tools under different speed and load operation modes. The article presents graphical and empirical 

dependences of probabilistic estimates of traction resistance of dynamic and standard (non-dynamic) tilling 

tools under different speed and load operation modes. It was established experimentally that dynamic 

working tools compared to typical (non-dynamic) working tools provided a decrease in traction resistance 

and measures of its dispersion. For example, at a fixed travelling speed of 10 km/h, under the tillage depth 

variation from 5 to 15 cm, the traction resistance of dynamic working tools varied within 0.333 ï 1.204 kN. 

With typical (non-dynamic) working tools, this variation was from 0.345 to 1.340 kN. In this case the 

dispersion of the traction resistance of dynamic working tools varied in the range of 0.008 ï 0.014 kN
2
, and 

that of standard working tools ï in the range of 0.104 ï 0.264 kN
2
. The reduction of traction resistance and 

the measure of dispersion of dynamic working tools was also observed at a fixed tillage depth and varied 

travelling speed. 

 

Key words: traction resistance; soil tillage; dynamic working tool; probabilistic estimates; regularity of 

variation. 
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ɺʚʝʜʝʥʠʝ 

ʅʘ ʦʙʨʘʙʦʪʢʫ ʧʦʯʚʳ  ʚ ʩʨʝʜʥʝʤ 

ʧʨʠʭʦʜʠʪʩʷ 35-40 % ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ 

ʚʩʝʛʦ ʦʙʲʝʤʘ ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʚ ʪʝʭʥʦʣʦʛʠʷʭ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʠ ʜʦ 20% ʵʥʝʨʛʠʠ ʧʦʪʨʝʙʣʷʝʤʦʡ ʚ 

ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. 

ʋʯʝʥʳʤʠ ʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʚ ʧʦʩʣʝʜʥʠʝ 

ʛʦʜʳ ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʧʦʩʣʦʡʥʦʡ 

ʙʝʟʦʪʚʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʠ ʧʦʩʝʚʘ ʩ 

ʥʦʚʳʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ, 
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ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʵʨʦʟʠʦʥʥʦ-ʦʧʘʩʥʳʭ ʯʘʩʪʠʮ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ 

ʩʣʦʝ ʧʦʯʚʳ ʜʦ 10% [1, 4]. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʦʥ ʟʝʤʣʝʜʝʣʠʷ ʥʘʫʯʥʦ 

ʦʙʦʩʥʦʚʘʥʘ ʨʦʩʩʠʡʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʠ ʧʦʩʝʚʘ ʥʘ ʦʩʥʦʚʝ 

ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʤʘʰʠʥ [2], 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ 

ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ [3]. 

ʈʘʟʨʘʙʦʪʘʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ 

ʜʝʬʦʨʤʘʮʠʠ ʠ ʨʘʟʨʫʰʝʥʠʷ ʧʦʯʚ, ʥʘʤʝʯʝʥʳ 

ʧʫʪʠ ʠ ʩʨʝʜʩʪʚʘ ʩʥʠʞʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʟʘʪʨʘʪ ʥʘ ʦʙʨʘʙʦʪʢʫ ʧʦʯʚʳ ʠ ʧʦʚʳʰʝʥʠʷ ʝʝ 

ʢʘʯʝʩʪʚʘ, ʫʩʪʘʥʦʚʣʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ 

ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʷ ʧʨʠ ʧʦʯʚʦʦʙʨʘʙʦʪʢʝ ʩ 

ʬʦʨʤʘʤʠ ʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʳʭʣʠʪʝʣʴʥʳʭ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ [5]. 

ʇʨʦʚʝʜʝʥʥʳʝ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʤʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʜʥʠʤ ʠʟ 

ʦʩʥʦʚʥʳʭ ʧʫʪʝʡ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʸʤʦʚ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ, 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʘʛʨʝʛʘʪʦʚ ʩ ʨʘʙʦʯʠʤʠ 

ʦʨʛʘʥʘʤʠ, ʥʘʜʝʣʝʥʥʳʤʠ ʥʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʜʠʥʘʤʠʯʥʦʩʪʠ [6 ï 8, 10]. 

ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʧʨʠ 

ʚʝʨʦʷʪʥʦʩʪʥʦʤ ʭʘʨʘʢʪʝʨʝ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ 

ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʳʭ ʘʛʨʝʛʘʪʦʚ [9]. 

ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ 

ʵʥʝʨʛʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʜʠʥʘʤʠʯʥʳʭ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ 

ʘʛʨʝʛʘʪʦʚ [7] ʠ ʫʩʪʘʥʦʚʣʝʥʳ ʠʭ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [10]. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʠʥʘʤʠʯʥʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʩʥʠʞʝʥʠʶ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʛʦ ʨʘʩʩʝʷʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʠʧʦʚʳʤʠ (ʥʝʜʠʥʘʤʠʯʥʳʤʠ) ʨʘʙʦʯʠʤʠ 

ʦʨʛʘʥʘʤʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʜʘʣʴʥʝʡʰʝʝ 

ʫʛʣʫʙʣʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 

ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

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. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʧʦʣʫʯʝʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʦʧʨʝʜʝʣʝʥʠʝ 

ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʦʮʝʥʦʢ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʥʘʤʠʯʥʦʛʦ ʠ ʪʠʧʦʚʦʛʦ 

(ʥʝʜʠʥʘʤʠʯʥʦʛʦ) ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʭ 

ʠʟʤʝʥʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ. 

ɹʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʦʙʨʘʟʮʳ ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ 

(ʧʘʪʝʥʪ ʈʌ ʥʘ ʧʦʣʝʟʥʫʶ ʤʦʜʝʣʴ 182130 

çʈʘʙʦʯʠʡ ʦʨʛʘʥ ʜʣʷ ʨʳʭʣʝʥʠʷ ʧʦʯʚʳè)  

ɹʳʣʠ ʦʙʦʩʥʦʚʘʥʳ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʜʠʥʘʤʠʯʥʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 

[11]. 

 
ʈʠʩ. 1. ʋʩʪʘʥʦʚʢʘ ʛʣʫʙʠʥʳ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ 

 

ʅʘ ʧʦʣʷʭ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʙʘʟʝ 

çʂʨʘʩʥʘʷ ʉʣʘʚʷʥʢʘè ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 

ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ 

ʜʠʥʘʤʠʯʥʦʛʦ ʠ ʪʠʧʦʚʦʛʦ (ʥʝʜʠʥʘʤʠʯʥʦʛʦ) 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ. 

ʋʩʪʘʥʦʚʢʘ ʛʣʫʙʠʥʳ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʠ 
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ʦʙʱʠʡ ʚʠʜ ʘʛʨʝʛʘʪʘ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʵʥʝʨʛʦʦʮʝʥʢʠ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 1 ʠ 2. 

ɺʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʥʘʯʘʣʦ 

ï 25 ʩʝʥʪʷʙʨʷ 2018 ʛ., ʦʢʦʥʯʘʥʠʝ ï 27 

ʩʝʥʪʷʙʨʷ 2018 ʛ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʩʣʝʜʫʶʱʠʭ 

ʫʩʣʦʚʠʷʭ: 

- ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, ʜʥʝʤ, ʛʨʘʜ. ï 10. 

- ɼʣʠʥʘ ʛʦʥʘ (ʩʨʝʜʥʷʷ) - 400 ʤ. 

- ɺʣʘʞʥʦʩʪʴ ʧʦʯʚʳ ï  24-26 %. 

- ʊʨʘʚʦʩʪʦʡ, ʩʤ ï 10-15 ʩʤ. 

- ɿʘʩʦʨʝʥʥʦʩʪʴ ʢʘʤʥʷʤʠ ʥʘ 1 ʤ
2
 , ʰʪ. ï 0,005. 

- ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʢʘʤʥʝʡ, ʤʤ ï 350. 

- ʊʠʧ ʧʦʯʚʳ ï ʜʝʨʥʦʚʦ-ʩʨʝʜʥʝʧʦʜʟʦʣʠʩʪʳʡ. 

ʇʦʯʚʘ ï ʩʨʝʜʥʝʩʫʛʣʠʥʠʩʪʘʷ 

(ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʘʷ) ʥʘ ʤʦʨʝʥʦʤ ʩʫʛʣʠʥʢʝ. 

- ʈʝʣʴʝʬ, ʛʨʘʜ ï 1-2. 

- ɻʨʝʙʥʠʩʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʷ, ʩʤ ï 3-4. 

- ʉʢʦʨʦʩʪʴ ʚʝʪʨʘ, ʤ/ʩ ï 6 - 7. 

- ɼʘʚʣʝʥʠʝ, ʤʤ. ʨʪ. ʩʪ. ï 754-756. 

- ʊʚʝʨʜʦʩʪʴ ʧʦʯʚʳ ʜʦ ʦʙʨʘʙʦʪʢʠ (ʄʇʘ): 

ʚ ʩʣʦʝ:               10-20 ʩʤ              -  1,40.   

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʩʦʛʣʘʩʥʦ ɻʆʉʊ ʈ 52777-

2007.ʊʝʭʥʠʢʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ. ʄʝʪʦʜʳ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ. ʉʪʘʥʜʘʨʪʠʥʬʦʨʤ. 

ʄ:.,2008. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʨʘʚʥʠʪʝʣʴʥʦʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʦʦʮʝʥʢʠ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ ʧʦʣʫʯʝʥʳ ʧʝʨʚʠʯʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʠʟʤʝʨʠʪʝʣʴʥʦ-

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʀʇ-264. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥ 

ʩʢʨʠʥʰʦʪ  ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 

 
ʈʠʩ. 2. ʆʙʱʠʡ ʚʠʜ ʘʛʨʝʛʘʪʘ ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʡ 

ʵʥʝʨʛʦʦʮʝʥʢʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʥʳʭ 

ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ 1,111 ʤ/ʩ, 1,944 ʤ/ʩ ʠ 2,778 

ʤ/ʩ ʠ ʫʩʪʘʥʦʚʦʯʥʦʡ ʛʣʫʙʠʥʝ ʦʙʨʘʙʦʪʢʠ 

ʧʦʯʚʳ 5, 10 ʠ 15 ʩʤ. 

 

 
ʈʠʩ.3. ʉʢʨʠʥʰʦʪ  ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʧʦ ʤʝʪʦʜʠʢʝ, ʠʟʣʦʞʝʥʥʦʡ ʚ 

ʨʘʙʦʪʝ [12]. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʇʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʥʳʝ 

ʦʮʝʥʢʠ (ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ, ʜʠʩʧʝʨʩʠʷ, 

ʩʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ) ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʥʘʤʠʯʥʦʛʦ ʠ ʪʠʧʦʚʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʧʨʠ 

ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ. ɺ ʢʘʯʝʩʪʚʝ 

ʧʨʠʤʝʨʘ ʚ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ  ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
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ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʦʮʝʥʦʢ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ 

ʟʥʘʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʠʭ ʜʚʠʞʝʥʠʷ. 

 

ʊʘʙʣʠʮʘ 1  

ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʦʮʝʥʦʢ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʧʨʠ 

ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʠʭ ʜʚʠʞʝʥʠʷ 

ʉʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ, 

ʤ/ʩ 

ɻʣʫʙʠʥʘ 

ʦʙʨʘʙʦʪʢʠ 

ʧʦʯʚʳ, ʩʤ 

ʊʠʧ ʨʘʙʦʯʝʛʦ 

ʦʨʛʘʥʘ 

ʉʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ 

Ὑ , 

ʢʅ 

ɼʠʩʧʝʨʩʠʷ 

D(Ὑ , 

ʢʅ
2
 

ʉʨʝʜʥʝ-

ʢʚʘʜʨʘʪʠ-

ʯʝʩʢʦʝ 

ʦʪʢʣʦʥʝʥʠʝ 

„,ʢʅ 

ʂʦʵʬʬʠ-

ʮʠʝʥʪ 

ʚʘʨʠʘʮʠʠ 

’ 

 

 

2,778 

 

5 ɼʠʥʘʤʠʯʥʳʡ 0,333 0,008 0,089 0,267 

ʅʝʜʠʥʘʤʠʯʥʳʡ 0,345 0,011 0,104 0,301 

10 ɼʠʥʘʤʠʯʥʳʡ 0,876 0,019 0,137 0,156 

ʅʝʜʠʥʘʤʠʯʥʳʡ 0,912 0,061 0,246 0,269 

15 ɼʠʥʘʤʠʯʥʳʡ 1,204 0,014 0,202 0,098 

ʅʝʜʠʥʘʤʠʯʥʳʡ 1,340 0,070 0,264 0,197 

 

ɺʝʨʦʷʪʥʦʩʪʥʳʝ ʦʮʝʥʢʠ (ʪʘʙʣʠʮʘ 1), 

ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʛʣʫʙʠʥʳ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʥʘʤʠʯʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ 

ʠ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʩʩʝʷʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʪʠʧʦʚʳʤ (ʥʝʜʠʥʘʤʠʯʥʳʤ) ʨʘʙʦʯʠʤ 

ʦʨʛʘʥʦʤ. ʇʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʟʥʘʯʝʥʠʠ 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ὠ ςȟχχψ ʤ/ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʥʘʤʠʯʥʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 

ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ 3,5 % (ʧʨʠ 

ʛʣʫʙʠʥʝ ʦʙʨʘʙʦʪʢʠ 5 ʩʤ), 3,95 % (ʧʨʠ 

ʛʣʫʙʠʥʝ ʦʙʨʘʙʦʪʢʠ 10 ʩʤ) ʠ 10,15 % (ʧʨʠ 

ʛʣʫʙʠʥʝ ʦʙʨʘʙʦʪʢʠ 15 ʩʤ). ɼʠʩʧʝʨʩʠʷ 

ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ D(Ὑ  ʧʨʠ 

ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ὠ

ςȟχχψ ʤ/ʩ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 27,3 % (ʧʨʠ 

ʛʣʫʙʠʥʝ ʦʙʨʘʙʦʪʢʠ 5 ʩʤ), 68,8 % (ʧʨʠ 

ʛʣʫʙʠʥʝ ʦʙʨʘʙʦʪʢʠ 10 ʩʤ), 80,0 % (ʧʨʠ 

ʛʣʫʙʠʥʝ ʦʙʨʘʙʦʪʢʠ 15 ʩʤ). ʇʨʠ ʛʣʫʙʠʥʝ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ 5, 10 ʠ 15 ʩʤ ʠ ʩʢʦʨʦʩʪʠ 

ὠ ςȟχχψ ʤ/ʩ, ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ 

ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʥʘʤʠʯʥʦʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʥʝʜʠʥʘʤʠʯʥʳʤ ʫʤʝʥʴʰʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʥʘ 11,3 %, 42,0 % ʠ 50,2 %. 

ɻʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʦʮʝʥʦʢ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ Ὑ  ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʧʨʠ 

ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʠʭ 

ʜʚʠʞʝʥʠʷ ὠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4. 

 

 

 
ʘ 

 



          ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 
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ʙ 

 

 

 

 

 
ʚ 

 
ʛ 

 

ʈʠʩ. 4.ɻʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʦʮʝʥʦʢ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

Ὑ  ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʟʥʘʯʝʥʠʠ 

ʩʢʦʨʦʩʪʠ ʠʭ ʜʚʠʞʝʥʠʷ ὠ ςȟχχψ ʤ/ʩ ʦʪ 

ʛʣʫʙʠʥʳ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ 

ʘ) ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ; ʙ) ï ʜʠʩʧʝʨʩʠʷ;  

ʚ) ï ʩʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ;  

ʛ) ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ;1 ï ʥʝʜʠʥʘʤʠʯʥʳʡ.  

2 ï ʜʠʥʘʤʠʯʥʳʡ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ 

 

ɺ ʪʘʙʣʠʮʝ 2 ʧʨʠʚʝʜʝʥʳ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ  

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʦʮʝʥʦʢ 

ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʨʠ 

ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʛʣʫʙʠʥʳ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ. 

 

ʊʘʙʣʠʮʘ 2  

ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʦʮʝʥʦʢ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ  

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʦʪ ʩʢʦʨʦʩʪʠ ʠʭ ʜʚʠʞʝʥʠʷ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʛʣʫʙʠʥʝ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ 

ɻʣʫʙʠʥʘ 

ʦʙʨʘʙʦʪʢʠ 

ʧʦʯʚʳ, ʩʤ 

ʉʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ, 

ʤ/ʩ 

ʊʠʧ ʨʘʙʦʯʝʛʦ 

ʦʨʛʘʥʘ 

Ὑ , 

ʢʅ 

D(Ὑ , 

ʢʅ
2
 

„, 

ʢʅ 

’ 

 

 

10 

1,111 

 

ɼʠʥʘʤʠʯʥʳʡ 0,557 0,022 0,148 0,265 

ʅʝʜʠʥʘʤʠʯʥʳʡ 0,585 0,039 0,197 0,336 

1,944 

 

ɼʠʥʘʤʠʯʥʳʡ 0,555 0,007 0,083 0,149 

ʅʝʜʠʥʘʤʠʯʥʳʡ 0,634 0,014 0,118 0,186 

2,778 

 

ɼʠʥʘʤʠʯʥʳʡ 0,876 0,019 0,137 0,156 

ʅʝʜʠʥʘʤʠʯʥʳʡ 0,912 0,061 0,246 0,269 

 

ɻʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʦʮʝʥʦʢ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ Ὑ  ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʧʨʠ 

ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʛʣʫʙʠʥʳ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʦʪ ʩʢʦʨʦʩʪʠ ʠʭ ʜʚʠʞʝʥʠʷ ὠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5. 


