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ʅʘʫʯʥʘʷ ʩʪʘʪʴʷ 

ʋɼʂ 633.854.78 

ʇʈʆɺɽɼɽʅʀɽ ʇʈɽɼʇʆʉɽɺʅʆʁ ʆɹʈɸɹʆʊʂʀ ʉɽʄʗʅ 

ʇʆɼʉʆʃʅɽʏʅʀʂɸ ɺ ʕʃɽʂʊʈʀʏɽʉʂʆʄ ʇʆʃɽ ɼʃʗ ʉʅʀɾɽʅʀʗ 

ɿɸʈɸɾɽʅʅʆʉʊʀ  

 

ʂʘʥʜ. ʩ.-ʭ. ʥʘʫʢ ʄ.ʇ. ɸʢʩʝʥʦʚ; ʅ.ɹ. ɸʢʩʝʥʦʚʘ  

(ʌɻɹʆʋ ɺʆ ɺʦʣʛʦʛʨʘʜʩʢʠʡ ɻɸʋ, ɺʦʣʛʦʛʨʘʜ, ʈʦʩʩʠʷ) 

 

ɸʥʥʦʪʘʮʠʷ. ʈʝʥʪʘʙʝʣʴʥʦʝ ʚʦʟʜʝʣʳʚʘʥʠʝ ʧʦʜʩʦʣʥʝʯʥʠʢ ʪʨʝʙʫʝʪ ʦʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʧʦʩʪʦʷʥʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʷ, 

ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʙʦʨʴʙʳ ʩ ʙʦʣʝʟʥʷʤʠ ʠ ʚʨʝʜʠʪʝʣʷʤʠ, ʧʨʠ 

ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʘʪʴ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʚ ʩʬʝʨʝ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. ʕʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤʠ ʩʧʦʩʦʙʘʤʠ ʜʣʷ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʩʝʤʷʥ ʠ 

ʧʦʜʘʚʣʝʥʠʷ ʧʘʪʦʛʝʥʥʦʡ ʤʠʢʨʦʬʣʦʨʳ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. ʆʧʳʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʤ 

ʩʪʠʤʫʣʠʨʦʚʘʥʠʠ ʚʦʟʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʨʝʛʫʣʷʪʦʨʘ ʨʦʩʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʇʨʝʜʧʦʩʝʚʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, 

ʩʪʠʤʫʣʷʪʦʨ ʨʦʩʪʘ, ʩʝʤʝʥʘ, ʧʦʜʩʦʣʥʝʯʥʠʢ. 

 

CARRYING OUT PRE -SOWING SEED TREATMENT IN AN ELECTRIC 

FIELD TO REDUCE SEED CONTAMINATION  

 

Candidate of Agricultural Sciences M.P. Aksenov; N.B. Aksenova  

(FSBEI HE Volgograd SAU, Volgograd, Russia) 

 

Abstract. Cost-effective cultivation sunflower requires manufacturers to 

constantly improve cultivation technology, the use of new drugs to combat diseases 

and pests, while it is necessary to comply with legislation in the field of 

environmental protection. Environmentally friendly methods for stimulating seeds 

and suppressing pathogenic microflora are the use of various electrophysical 

influences. The experiments were carried out with complex stimulation by the 

influence of an electric field and a growth regulator. 

Keywords. Pre-sowing treatment, electric field, growth stimulator, seeds, 

sunflower.  

  

ʄʝʪʦʜʠʢʘ 

ɿʘʜʘʯʘʤʠ ʧʨʦʚʦʜʠʤʳʭ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ 

ʩʦʩʪʦʷʥʠʷ ʧʦʩʝʚʦʚ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʥʘ ʥʘʣʠʯʠʝ ʠ ʨʘʟʚʠʪʠʝ ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ 

ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʙʦʣʝʟʥʝʡ ʧʦʜʩʦʣʥʝʯʥʠʢʘ: ʩʝʨʘʷ ʛʥʠʣʴ, ʨʞʘʚʯʠʥʘ. ʙʝʣʘʷ ʛʥʠʣʴ. 

ʇʨʝʜʧʦʩʳʣʢʘʤʠ ʢ ʧʨʦʚʝʜʝʥʠʶ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʷʚʠʣʩʷ ʘʥʘʣʠʟ 

ʩʝʚʦʦʙʦʨʦʪʘ ʧʦʩʝʚʦʚ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʚ ɺʦʣʛʦʛʨʘʜʩʢʦʤ ʨʝʛʠʦʥʝ, ʧʨʝʚʳʰʝʥʠʝ ʥʘʜ 

ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʦʨʤʘʤʠ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 12%. ʇʨʠ ʵʪʦ ʩʘʤʘ ʫʨʦʞʘʡʥʦʩʪʴ 

ʧʦʜʩʦʣʥʝʯʥʠʢʘ, ʚ ʩʨʝʜʥʝʤ ʧʦ ʨʝʛʠʦʥʫ ʥʘʭʦʜʠʪʩʷ ʥʘ ʥʠʟʢʦʤ ʫʨʦʚʥʝ [1]. 
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ɽʩʣʠ ʧʦʩʤʦʪʨʝʪʴ ʚ ʮʝʣʦʤ ʧʦ ʩʪʨʘʥʝ ʫʨʦʞʘʡʥʦʩʪʴ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʚ 2020-

2021 ʛʦʜʘʭ ʩʦʩʪʘʚʣʷʣʘ 21,1 -19,2 ʮ/ʛʘ, ʚ ʖʞʥʦʤ ʌʝʜʝʨʘʣʴʥʦʤ ʦʢʨʫʛʝ ʜʦʩʪʠʛʘʣʘ 

22,8 ʮ/ʛʘ. ɺ ʩʦʩʝʜʥʝʤ ʂʨʘʩʥʦʜʘʨʩʢʦʤ ʢʨʘʝ, ʫʨʦʞʘʡʥʦʩʪʴ ʙʳʣʘ ʥʘ ʫʨʦʚʥʝ 25 ʮ/ʛʘ. 

ʇʨʝʩʣʝʜʫʷ ʮʝʣʠ ʫʚʝʣʠʯʝʥʠʷ ʬʘʢʪʠʯʝʩʢʦʛʦ ʩʙʦʨʘ ʫʨʦʞʘʷ ʧʦʜʩʦʣʥʝʯʥʠʢʘ, ʚ 

ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚʘʭ ʥʝ ʩʦʙʣʶʜʘʶ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʡ ʩʝʚʦʦʙʦʨʦʪ, ʟʘʩʝʠʚʘʶʪ 

ʙʦʣʴʰʠʝ ʪʝʨʨʠʪʦʨʠʠ ʧʦʜʩʦʣʥʝʯʥʠʢʦʤ. ʅʦ ʧʨʠ ʵʪʦʤ ʧʦʷʚʣʷʝʪʩʷ ʜʨʫʛʘʷ 

ʧʨʦʙʣʝʤʘ, ʘ ʠʤʝʥʥʦ ʫʭʫʜʰʘʝʪʩʷ ʬʠʪʦʩʘʥʠʪʘʨʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʝʤʝʣʴ. ʉʣʝʜʩʪʚʠʝʤ ʵʪʦʛʦ ʨʘʟʤʥʦʞʘʶʪʩʷ ʙʦʣʝʟʥʠ ʥʘ 

ʧʦʩʝʚʘʭ ʧʦʜʩʦʣʥʝʯʥʠʢʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʤʠʥʫʝʤʦʤʫ ʩʥʠʞʝʥʠʶ ʫʨʦʞʘʷ, 

ʧʦʪʝʨʠ ʧʨʠ ʵʪʦʤ ʤʦʛʫʪ ʩʦʩʪʘʚʣʷʪʴ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʫʛʘʶʱʠʭ ʮʠʬʨ 35-70% [2, 3]. 

 ɸʥʘʣʠʟʠʨʫʷ ʬʠʪʦʩʘʥʠʪʘʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʟʘʩʝʷʥʥʳʭ ʧʦʣʝʡ ʧʦʜʩʦʣʥʝʯʥʠʢʦʚ 

ʚ ɺʦʣʛʦʛʨʘʜʩʢʦʤ ʨʝʛʠʦʥʝ, ʤʦʞʥʦ ʚʳʷʚʠʪʴ ʥʘʠʙʦʣʝʝ ʚʨʝʜʦʥʦʩʥʳʝ ʠ ʚ ʪʦ ʞʝ 

ʚʨʝʤʷ ʩʘʤʳʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ, ʵʪʦ: ʨʞʘʚʯʠʥʘ, ʩʝʨʘʷ ʛʥʠʣʴ, ʙʝʣʘʷ ʛʥʠʣʴ, 

ʥʝʤʥʦʛʦ ʨʝʞʝ ʚʩʪʨʝʯʘʝʪʩʷ ʣʦʞʥʘʷ ʤʫʯʥʠʩʪʘʷ ʨʦʩʘ ʠ ʬʦʤʦʧʩʠʩ  [4]. 

ɸʛʨʦʥʦʤʘʤʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʝ ʧʨʠʝʤʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 

ʟʘʱʠʪʫ ʧʦʩʝʚʦʚ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʦʪ ʙʦʣʝʟʥʝʡ, ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʚʦʩʴʤʠʣʝʪʥʶʶ, ʠ ʜʘʞʝ ʙʦʣʝʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʫʶ ʨʦʪʘʮʠʶ ʧʨʠ ʩʝʚʦʦʙʦʨʦʪʝ. ʇʨʠ 

ʵʪʦʤ ʧʨʠ ʩʦʚʨʝʤʝʥʥʦʤ ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʧʦʣʦʞʝʥʠʠ ʜʝʣ, ʦʩʦʙʝʥʥʦ ʚ ʤʘʣʳʭ 

ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚʘʭ, ʦʯʝʥʴ ʩʣʦʞʥʦ ʩʦʙʣʶʜʘʪʴ ʪʘʢʫʶ ʜʣʠʪʝʣʴʥʫʶ ʨʦʪʘʮʠʶ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʤ ʧʦʜʩʧʦʨʴʝʤ ʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʦʪʘʮʠʠ ʤʦʞʥʦ ʜʦʙʘʚʠʪʴ 

ʧʨʝʜʧʦʩʝʚʥʫʶ ʦʙʨʘʙʦʪʢʫ ʩʝʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʅʘʫʯʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʞʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʣʦʚʠʥʘ ʙʦʣʝʟʥʝʡ 

ʩʚʦʡʩʪʚʝʥʥʳʭ ʧʦʜʩʦʣʥʝʯʥʠʢʫ ʧʝʨʝʜʘʶʪʩʷ ʯʝʨʝʟ ʩʝʤʝʥʥʦʡ ʤʘʪʝʨʠʘʣ, ʧʨʠ ʵʪʦʤ 

ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʚʦʟʙʫʜʠʪʝʣʝʡ ʙʦʣʝʟʥʝʡ ʠ ʠʭ ʩʧʦʨʳ ʩʦʭʨʘʥʷʶʪʩʷ ʚ 

ʞʠʟʥʝʩʧʦʩʦʙʥʦʤ ʩʦʩʪʦʷʥʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʤʝʯʝʢ. ʍʦʨʦʰʝʡ ʧʨʦʬʠʣʘʢʪʠʢʦʡ 

ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʝ ʩʝʤʷʥ 

ʧʨʦʪʨʘʚʣʠʚʘʪʝʣʷʤʠ ʠ ʨʝʛʫʣʷʪʦʨʘʤʠ ʨʦʩʪʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʝ ʪʦʣʴʢʦ ʟʘʱʠʪʝ 

ʧʦʩʝʚʦʚ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʦʪ ʙʦʣʝʟʥʝʡ, ʥʦ ʪʘʢʞʝ ʧʦʚʳʰʘʝʪ ʚʩʭʦʞʝʩʪʴ [4].   

 ʅʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʥʝ ʩʪʦʠʪ ʥʘ ʤʝʩʪʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ 

ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ. ʊʝʭʥʦʣʦʛʠʠ ʨʘʟʚʠʚʘʶʪʩʷ ʠ ʥʘ ʩʤʝʥʫ ʧʨʠʭʦʜʷʪ ʪʝʭʥʠʯʝʩʢʠʝ 

ʩʨʝʜʩʪʚʘ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʩʝ ʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʝ 

ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ ʧʦʩʝʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʥʝ 

ʧʨʝʢʨʘʱʘʝʪʩʷ ʧʦʠʩʢ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ ʤʝʨʦʧʨʠʷʪʠʡ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʙʦʣʴʰʠʡ ʨʝʟʫʣʴʪʘʪ ʚ ʙʦʨʴʙʝ ʩ ʚʠʨʫʩʘʤʠ, ʧʘʪʦʛʝʥʥʳʤʠ 

ʦʨʛʘʥʠʟʤʘʤʠ, ʚʦʟʙʫʜʠʪʝʣʷʤʠ ʙʦʣʝʟʥʝʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩʝʤʷʥ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʤʠʥʠʤʘʣʴʥʦʝ ʦʪʨʠʮʘʪʝʣʴʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʢʘʢ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʵʢʦʣʦʛʠʶ ʚ ʮʝʣʦʤ [6, 7].  

ʄʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ, 

ʠʤʝʶʪ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʯʠʩʪʦʪʫ, ʢʦʥʪʨʦʣʠʨʫʝʤʫʶ ʜʦʟʫ ʚʦʟʜʝʡʩʪʚʠʷ, ʯʪʦ 

ʙʣʘʛʦʧʨʠʷʪʥʦ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʧʨʠʨʦʜʫ [8], ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʨʝʟʫʣʴʪʘʪʳ 

ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʚʘʶʪ ʧʨʦʪʠʚʦʨʝʯʠʚʳ [9, 10]. 

ɺ ʢʘʯʝʩʪʚʝ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʧʦʩʦʙʘ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʝʤʝʥʥʦʡ ʤʘʪʝʨʠʘʣ, 

ʙʳʣ ʚʳʙʨʘʥ ʩʦʚʨʝʤʝʥʥʳʡ ʧʨʝʧʘʨʘʪ ɿʝʨʝʙʨʦ ɸʛʨʦ. 

ɼʘʥʥʳʡ ʧʨʝʧʘʨʘʪ ʧʨʠʤʝʥʷʣʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ   ʠ ʚ 

ʩʦʩʝʜʥʝʤ ʩ ɺʦʣʛʦʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʴʶ ʂʨʘʩʥʦʜʘʨʩʢʦʤ ʢʨʘʝ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 
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ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʚʳʷʚʠʣʘʩʴ ʢʘʢ ʧʦʚʳʰʝʥʠʝ ʚʩʭʦʞʝʩʪʠ ʩʝʤʷʥ ʚ ʧʦʣʝ, ʪʘʢ 

ʠ ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ ʢʫʣʴʪʫʨʳ.   

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʮʝʣʴ, ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʢʘʢ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʨʝʛʫʣʷʪʦʨʘ ʨʦʩʪʘ, ʪʘʢ ʠ ʢʦʤʧʣʝʢʩʥʦʝ ʠʭ ʚʦʟʜʝʡʩʪʚʠʝ 

ʥʘ ʧʘʪʦʛʝʥʥʳʝ ʙʦʣʝʟʥʠ ʧʦʜʩʦʣʥʝʯʥʠʢʘ.  

ʆʧʳʪʳ ʟʘʢʣʘʜʳʚʘʣʠʩʴ ʚ ʯʝʨʥʦʟʝʤʥʳʭ ʧʦʯʚʘʭ ʅʦʚʦʘʥʥʠʥʩʢʦʛʦ ʨʘʡʦʥʘ 

ɺʦʣʛʦʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʚʟʷʪ ʛʠʙʨʠʜ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʅʂ 

ʅʝʦʤʘ, ʚʳʙʦʨ ʜʘʥʥʦʛʦ ʛʠʙʨʠʜʘ ʙʳʣ ʦʙʫʩʣʦʚʣʝʥ ʥʘʣʠʯʠʝʤ ʪʘʢʦʛʦ ʛʠʙʨʠʜʘ ʚ 

ʬʝʨʤʝʨʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʯʘʩʪʠ, ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʢʦʤʧʣʝʢʩʥʘʷ 

ʦʙʨʘʙʦʪʢʘ ʧʝʨʝʜ ʧʦʩʝʚʦʤ, ʢʦʪʦʨʘʷ ʚʳʧʦʣʥʷʣʘʩʴ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʩʝʤʝʥʥʦʡ ʤʘʪʝʨʠʘʣ ʧʦʜʚʝʨʛʘʣʩʷ 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ, ʧʦʩʣʝ ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʦʡ ʦʪʣʝʞʢʠ, ʩʝʤʝʥʘ 

ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʧʦʜʚʝʨʛʘʣʠʩʴ ʦʙʨʘʙʦʪʢʝ ʥʘʥʝʩʝʥʠʝʤ ʧʫʪʝʤ ʨʘʩʧʳʣʝʥʠʷ 

ʨʝʛʫʣʷʪʦʨʘ ʨʦʩʪʘ. 

ʈʝʛʫʣʷʪʦʨ ʨʦʩʪʘ ʧʦʤʠʤʦ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʚʩʭʦʞʝʩʪʴ ʠ 

ʨʦʩʪʦʚʳʝ ʢʘʯʝʩʪʚʘ ʩʝʤʷʥ, ʧʦʟʚʦʣʷʝʪ ʨʘʟʚʠʚʘʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʠʨʫʩʘʤ, 

ʤʠʢʨʦʙʘʤ ʠ ʙʘʢʪʝʨʠʷʤ, ʚʳʟʳʚʘʶʱʠʤ ʙʦʣʝʟʥʠ ʚ ʧʦʩʝʚʘʭ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʧʧʘʨʘʪ ʚʳʩʦʢʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʜʘʪʴ ʜʦ 70 ʢɺ ʧʝʨʝʤʝʥʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʉʂɸʊ - 70. ʉʝʤʝʥʥʦʡ ʤʘʪʝʨʠʘʣ ʧʦʤʝʱʘʣʩʷ ʚ ʩʧʝʮʠʘʣʴʥʦ 

ʩʦʟʜʘʥʥʫʶ ʷʯʝʡʢʫ ʠʟ ʬʘʥʝʨʳ, ʩʚʝʨʭʫ ʠ ʩʥʠʟʫ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʩʪʘʣʴʥʳʝ 

ʧʣʘʩʪʠʥʳ ʥʘ ʚʩʶ ʧʣʦʱʘʜʴ ʷʯʝʡʢʠ, ʢ ʚʝʨʭʥʝʡ ʧʣʘʩʪʠʥʝ ʧʦʜʚʦʜʠʪʩʷ ʧʦʪʝʥʮʠʘʣ, 

ʥʠʞʥʷʷ ʠʤʝʝʪ ʟʘʟʝʤʣʝʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʩʝʤʝʥʥʦʡ ʤʘʪʝʨʠʘʣ ʦʢʘʟʳʚʘʝʪʩʷ 

ʬʘʢʪʠʯʝʩʢʠ ʚ ʢʦʥʜʝʥʩʘʪʦʨʝ [11, 12]. 

ʉʭʝʤʘ ʦʧʳʪʘ: 

ɺʘʨʠʘʥʪ 1: ʢʦʥʪʨʦʣʴ, ʪ.ʝ. ʩʝʤʝʥʥʦʡ ʤʘʪʝʨʠʘʣ ʥʝ ʧʦʜʚʝʨʛʘʣʩʷ ʦʙʨʘʙʦʪʢʝ. 

ɺʘʨʠʘʥʪ 2: ʦʙʨʘʙʦʪʢʘ ʩʝʤʷʥ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʨʝʛʫʣʷʪʦʨʦʤ ʨʦʩʪʘ. 

ɺʘʨʠʘʥʪ 3: ʩʝʤʝʥʥʦʡ ʤʘʪʝʨʠʘʣ ʧʦʜʚʝʨʛʘʣʩʷ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʦʤʫ 

ʚʦʟʜʝʡʩʪʚʠʶ ʧʦʣʷ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʥʘ ʵʣʝʢʪʨʦʜʳ ʧʦʜʘʚʘʣʦʩʴ 10000 ɺ 

ʥʘʧʨʷʞʝʥʠʝ, ʚʦʟʜʝʡʩʪʚʠʝ ʧʦʣʷ ʧʨʦʜʦʣʞʘʣʦʩʴ 60 ʩʝʢʫʥʜ. 

ɺʘʨʠʘʥʪ 4: ʜʘʥʥʳʡ ʚʘʨʠʘʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʠʤʝʥʝʥʠʝ ʪʨʝʪʴʝʛʦ 

ʚʘʨʠʘʥʪʘ, ʧʣʶʩ ʚʪʦʨʦʡ ʚʘʨʠʘʥʪ. 

ʉʝʤʝʥʘ ʚʳʩʝʚʘʣʠʩʴ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʤ ʩʧʦʩʦʙʦʤ, ʩ ʧʦʤʦʱʴʶ ʩʝʷʣʢʠ ʥʘ 8 

ʨʷʜʦʚ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʨʷʜʘʤʠ 60 ʩʤ. 

ʇʦʩʝʚ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʧʨʦʠʩʭʦʜʠʣ ʚ ʪʨʝʪʴʝʡ ʜʝʢʘʜʝ ʤʘʷ, ʧʨʠ 

ʩʨʝʜʥʝʩʫʪʦʯʥʳʭ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʪʝʤʧʝʨʘʪʫʨʘʭ 11-13 Áʉ. ɻʣʫʙʠʥʘ ʟʘʣʝʛʘʥʠʷ 

ʩʝʤʝʯʝʢ 7-11 ʩʤ. 

ʅʦʨʤʘ ʚʳʩʝʚʘ ʩʦʩʪʘʚʣʷʣʘ 60 000 ʚʩʭʦʜʦʚ ʩʝʤʷʥ ʚ ʨʘʩʯʝʪʝ ʥʘ ʦʜʠʥ ʛʝʢʪʘʨ 

ʧʦʩʝʚʦʚ.  

ʇʦʚʪʦʨʥʦʩʪʴ ʯʝʪʳʨʝʭʢʨʘʪʥʘʷ, ʧʣʦʱʘʜʴ ʦʜʥʦʡ ʜʝʣʷʥʢʠ ʧʨʠʥʠʤʘʣʘʩʴ 50 

ʤʝʪʨʦʚ ʢʚʘʜʨʘʪʥʳʭ. 
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ʅʘʙʣʶʜʝʥʠʷ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʧʦʩʝʚʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʚʦ ʚʝʩʴ ʧʝʨʠʦʜ ʨʦʩʪʘ ʠ 

ʩʦʟʨʝʚʘʥʠʷ ʨʘʩʪʝʥʠʡ. ʋʯʝʪ ʟʘʨʘʞʝʥʥʦʩʪʠ ʧʦʩʝʚʦʚ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʧʨʦʚʦʜʠʣʩʷ 

ʧʦ ʤʝʪʦʜʠʢʝ [13]. 

 

ʊʘʙʣʠʮʘ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʙʦʣʝʟʥʝʡ 

 ̄

ɿʘʨʘʞʝʥʥʦʩʪʴ ʨʘʩʪʝʥʠʡ, ʚ ʧʨʦʮʝʥʪʘʭ ʧʦ ʛʦʜʘʤ 

ʉʝʨʘʷ ʛʥʠʣʴ ɹʝʣʘʷ ʛʥʠʣʴ ʈʞʘʚʯʠʥʘ 

2022 2023 2022 2023 2022 2023 

ʇʝʨʚʳʡ ʚʘʨʠʘʥʪ 11 12 17 19 6 8 

ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ 6 6 9 10 5 6 

ʊʨʝʪʠʡ ʚʘʨʠʘʥʪ 6 6 10 12 5 6 

ʏʝʪʚʝʨʪʳʡ 

ʚʘʨʠʘʥʪ 

4 3 6 6 4 4 

 

ɺʳʚʦʜʳ 

ʈʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʝʥʠʡ ʠ ʘʥʘʣʠʟ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 1, ʠʟ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʠ ʦʙʨʘʙʦʪʘʥʥʳʭ ʜʘʥʥʳʭ, ʩʣʝʜʫʝʪ ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ 

ʧʦ ʧʨʦʬʠʣʘʢʪʠʢʝ ʠ ʙʦʨʴʙʝ ʩ ʙʦʣʝʟʥʷʤʠ ʚ ʧʦʩʝʚʘʭ ʧʦʜʩʦʣʥʝʯʥʠʢʘ, ʷʚʣʷʝʪʩʷ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʩʧʦʩʦʙ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʝʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ.  
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ʅʘʫʯʥʘʷ ʩʪʘʪʴʷ 

ʋɼʂ 621.527 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʀ ʇʆʊɽʅʎʀɸʃɸ 

ʇʈʀʄɽʅɽʅʀʗ ʊɽʇʃʆɺʓʍ ʅɸʉʆʉʆɺ  

 

ʂʘʥʜ. ʧʝʜ. ʥʘʫʢ ɻ.ɽ. ɸʥʘʥʴʠʥ; ʦʙʫʯʘʶʱʠʡʩʷ ʀ.ɸ. ɹʘʣʳʢʦʚ;  

ʦʙʫʯʘʶʱʠʡʩʷ ʀ.ɸ. ʍʦʪʴʢʦ 

(ʌɻɹʆʋ ɺʆ çʗʨʦʩʣʘʚʩʢʠʡ ɻɸʋè, ʗʨʦʩʣʘʚʣʴ, ʈʦʩʩʠʷ) 

 

ɸʥʥʦʪʘʮʠʷ. ʊʝʧʣʦʚʳʝ ʥʘʩʦʩʳ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ 

ʩʧʦʩʦʙʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ ʠ ʧʦʚʳʰʝʥʠʷ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʱʝʩʪʚʝ. ɺ ʜʘʥʥʦʡ ʘʥʥʦʪʘʮʠʠ 

ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ, ʠʭ ʧʦʪʝʥʮʠʘʣ 

ʧʨʠʤʝʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. ɺ 
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ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʪʝʧʣʦʚʳʝ ʥʘʩʦʩʳ 

ʤʦʛʫʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʚ ʞʠʣʳʭ 

ʠ ʢʦʤʤʝʨʯʝʩʢʠʭ ʟʜʘʥʠʷʭ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʙʦʛʨʝʚʘ ʚʦʜʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʧʣʦʚʦʡ ʥʘʩʦʩ, ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ, ʫʚʝʣʠʯʝʥʠʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʩʦʢʨʘʱʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʵʥʝʨʛʠʶ, ʩʥʠʞʝʥʠʝ 

ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʫʣʫʯʰʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

 

RESEARCH ON THE EFFECTIVENESS AND POTENTIAL OF HEAT 

PUMPS  

 

Candidate of Pedagogical Sciences G.E. Ananyin;  

student I.A. Balykov; student I.A. Hotko 

(FSBEI HE çYaroslavl SAUè, Yaroslavl, Russia) 

 

Abstract. Heat pumps are one of the most effective ways to use renewable 

energy and improve energy efficiency in modern society. This annotation discusses 

the basic principles of operation of heat pumps, their potential applications, as well as 

the advantages and disadvantages of this technology. As a result of the study, it can 

be concluded that heat pumps can be an effective solution for providing heat supply 

in residential and commercial buildings, as well as for heating water. 

Keywords: heat pump, energy saving, increasing energy efficiency, reducing 

energy costs, reducing greenhouse gas emissions, improving the environment. 

 

ɺʚʝʜʝʥʠʝ 

ʊʝʧʣʦʚʦʡ ʥʘʩʦʩ ï ʵʪʦ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʠʩʧʦʣʴʟʫʝʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ, ʯʪʦʙʳ ʧʝʨʝʥʦʩʠʪʴ ʪʝʧʣʦ ʠʟ ʦʜʥʦʡ ʩʨʝʜʳ ʚ ʜʨʫʛʫʶ. ʆʥ ʤʦʞʝʪ 

ʨʘʙʦʪʘʪʴ ʢʘʢ ʚ ʨʝʞʠʤʝ ʦʪʦʧʣʝʥʠʷ, ʪʘʢ ʠ ʦʭʣʘʞʜʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʢʦʤʬʦʨʪʥʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʧʦʤʝʱʝʥʠʠ. 

 

ʆʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʦʩʥʦʚʘʥ ʥʘ ʮʠʢʣʝ 

ʦʙʨʘʪʠʤʦʛʦ ʪʝʧʣʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ. ɺ ʝʛʦ ʦʩʥʦʚʝ ʣʝʞʠʪ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ 

ʠ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʦʪ ʦʙʣʘʩʪʠ ʩ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚ ʦʙʣʘʩʪʴ ʩ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ. 

ɺʥʫʪʨʠ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʢʦʤʧʨʝʩʩʦʨ, ʠʩʧʘʨʠʪʝʣʴ, 

ʢʦʥʜʝʥʩʘʪʦʨ ʠ ʜʨʦʩʩʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ. ʇʨʦʮʝʩʩ ʥʘʯʠʥʘʝʪʩʷ ʩ ʠʩʧʘʨʝʥʠʷ 

ʨʘʙʦʯʝʛʦ ʬʣʶʠʜa, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʚ ʠʩʧʘʨʠʪʝʣʝ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʙʣʘʛʦʜʘʨʷ 

ʩʥʠʞʝʥʠʶ ʜʘʚʣʝʥʠʷ ʚ ʠʩʧʘʨʠʪʝʣʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʯʝʤʫ ʬʣʶʠʜʫ ʧʨʝʦʜʦʣʝʪʴ 

ʩʚʦʶ ʪʝʧʣʦʪʫ ʥʘʢʠʧʠ ʠ ʠʩʧʘʨʠʪʴʩʷ. 

ɿʘʪʝʤ ʛʦʨʷʯʠʡ, ʥʘʩʳʱʝʥʥʳʡ ʧʘʨ ʨʘʙʦʯʝʛʦ ʬʣʶʠʜʘ, ʧʦʩʪʫʧʘʝʪ ʚ 

ʢʦʤʧʨʝʩʩʦʨ, ʢʦʪʦʨʳʡ ʧʦʚʳʰʘʝʪ ʝʛʦ ʜʘʚʣʝʥʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʫ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʧʘʨ 

ʧʝʨʝʭʦʜʠʪ ʚ ʛʦʨʷʯʫʶ, ʩʞʘʪʫʶ ʞʠʜʢʦʩʪʴ, ʢʦʪʦʨʘʷ ʜʘʣʝʝ ʧʦʜʘʝʪʩʷ ʚ ʢʦʥʜʝʥʩʘʪʦʨ. 

ɺ ʢʦʥʜʝʥʩʘʪʦʨʝ ʛʦʨʷʯʘʷ ʞʠʜʢʦʩʪʴ ʧʝʨʝʜʘʝʪ ʪʝʧʣʦ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ 

ʠʣʠ ʩʠʩʪʝʤʫ ʦʪʦʧʣʝʥʠʷ, ʦʭʣʘʞʜʘʶʱʫʶʩʷ ʧʨʠ ʵʪʦʤ ʠ ʧʨʝʚʨʘʱʘʶʱʫʶʩʷ ʦʙʨʘʪʥʦ 

ʚ ʞʠʜʢʦʩʪʴ. ɿʘʪʝʤ ʜʨʦʩʩʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩʥʠʞʘʝʪ ʜʘʚʣʝʥʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʫ 
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ʞʠʜʢʦʩʪʠ, ʢʦʪʦʨʘʷ ʧʦʩʪʫʧʘʝʪ ʦʙʨʘʪʥʦ ʚ ʠʩʧʘʨʠʪʝʣʴ, ʯʪʦʙʳ ʧʨʦʮʝʩʩ ʤʦʛ 

ʧʦʚʪʦʨʠʪʴʩʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʧʣʦʚʦʡ ʥʘʩʦʩ ʩʧʦʩʦʙʝʥ ʧʝʨʝʥʦʩʠʪʴ ʪʝʧʣʦ ʠʟ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʜʘʞʝ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʚʥʫʪʨʴ ʧʦʤʝʱʝʥʠʷ ʜʣʷ 

ʦʪʦʧʣʝʥʠʷ ʠʣʠ ʦʭʣʘʞʜʝʥʠʷ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʕʪʦʪ 

ʧʨʦʮʝʩʩ ʦʩʥʦʚʘʥ ʥʘ ʧʝʨʝʥʦʩʝ ʵʥʝʨʛʠʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʝʥ, ʯʝʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʦʪʦʧʣʝʥʠʷ ʠʣʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʚʦʟʜʫʭʘ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʩʞʠʛʘʥʠʠ ʪʦʧʣʠʚʘ. 

 

ɿʥʘʯʠʤʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʊʝʧʣʦʚʦʡ ʥʘʩʦʩ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʠ ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ 

ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ. ʆʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʝʨʝʥʦʩʘ ʪʝʧʣʘ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

(ʚʦʟʜʫʭʘ, ʚʦʜʳ, ʧʦʯʚʳ) ʚ ʟʜʘʥʠʷ ʠ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ ʠʣʠ ʦʭʣʘʞʜʝʥʠʷ. 

ɿʥʘʯʠʪʝʣʴʥʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ, ʘ ʪʘʢʞʝ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʘ, ʜʝʣʘʶʪ ʠʭ 

ʦʯʝʥʴ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʜʣʷ ʩʥʠʞʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʝʬʪʠ, ʛʘʟʘ ʠ ʫʛʣʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʟʥʘʯʠʤʦʩʪʴ ʚ 

ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ, ʦʩʦʙʝʥʥʦ ʚ ʩʚʝʪʝ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʝʨʝʭʦʜʘ ʢ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʤ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ 

ʨʝʰʝʥʠʷʤ. ʇʦʥʠʤʘʥʠʝ ʧʨʠʥʮʠʧʦʚ ʨʘʙʦʪʳ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ, ʨʘʟʨʘʙʦʪʢʘ ʠ 

ʦʧʪʠʤʠʟʘʮʠʷ ʝʛʦ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʨʘʟʚʠʪʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʘʪʝʨʠʘʣʦʚ 

ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ï ʚʩʝ ʵʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤʠ ʘʩʧʝʢʪʘʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʪʘʢʞʝ ʠʤʝʝʪ ʧʨʘʢʪʠʯʝʩʢʫʶ 

ʟʥʘʯʠʤʦʩʪʴ ʚ ʮʝʣʷʭ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʥʘ 

ʦʪʦʧʣʝʥʠʝ ʠ ʦʭʣʘʞʜʝʥʠʝ ʟʜʘʥʠʡ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ ʪʝʧʣʘ (ʥʘʧʨʠʤʝʨ, ʚʦʟʜʫʭ), ʪʝʧʣʦʚʳʝ ʥʘʩʦʩʳ 

ʧʦʟʚʦʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʘʩʭʦʜʳ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʢʦʤʬʦʨʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʠ ʧʦʤʝʱʝʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʢʘʢ 

ʪʝʦʨʝʪʠʯʝʩʢʦʝ, ʪʘʢ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʠʭ ʨʘʙʦʪʳ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʘ 

ʪʘʢʞʝ ʧʦʠʩʢ ʥʦʚʳʭ ʧʫʪʝʡ ʠ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʝʱʝ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚ ʙʫʜʫʱʝʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʢʣʘʜʘ ʚ ʨʘʟʚʠʪʠʝ ʫʩʪʦʡʯʠʚʦʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʯʠʩʪʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʜʘʥʠʡ ʠ ʩʠʩʪʝʤ 

ʦʪʦʧʣʝʥʠʷ ʠ ʦʭʣʘʞʜʝʥʠʷ. 

 

ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ 

ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʪʝʧʣʦʚʳʤ ʥʘʩʦʩʘʤ ʧʦʟʚʦʣʷʝʪ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʵʪʠʭ ʫʩʪʨʦʡʩʪʚ. ʈʘʟʙʝʨʝʤ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ: 

ɺʦʟʜʫʰʥʳʝ ʪʝʧʣʦʚʳʝ ʥʘʩʦʩʳ: ʵʪʠ ʥʘʩʦʩʳ ʠʩʧʦʣʴʟʫʶʪ ʚʦʟʜʫʭ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʘ. ʆʥʠ ʵʬʬʝʢʪʠʚʥʳ ʚ ʫʤʝʨʝʥʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʛʜʝ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʝ ʦʧʫʩʢʘʝʪʩʷ ʩʣʠʰʢʦʤ ʥʠʟʢʦ. ɺʦʟʜʫʰʥʳʝ ʪʝʧʣʦʚʳʝ ʥʘʩʦʩʳ ʙʦʣʝʝ 
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ʵʢʦʥʦʤʠʯʥʳ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ ʦʪʦʧʣʝʥʠʷ. 

ɻʨʫʥʪʦʚʳʝ ʪʝʧʣʦʚʳʝ ʥʘʩʦʩʳ: ʵʪʠ ʥʘʩʦʩʳ ʠʩʧʦʣʴʟʫʶʪ ʟʝʤʣʶ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʘ. ʆʥʠ ʵʬʬʝʢʪʠʚʥʳ ʚ ʣʶʙʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʪʘʢ ʢʘʢ 

ʛʨʫʥʪ ʦʩʪʘʝʪʩʷ ʩʪʘʙʠʣʴʥʦ ʪʝʧʣʳʤ ʥʘ ʛʣʫʙʠʥʝ ʦʢʦʣʦ 1,5-2 ʤʝʪʨʦʚ. ɻʨʫʥʪʦʚʳʝ 

ʪʝʧʣʦʚʳʝ ʥʘʩʦʩʳ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʥʦ ʪʨʝʙʫʶʪ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ 

ʥʘ ʫʩʪʘʥʦʚʢʫ ʠ ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʟʝʤʣʝ. 

ɺʦʜʷʥʳʝ ʪʝʧʣʦʚʳʝ ʥʘʩʦʩʳ: ʵʪʦ ʥʘʩʦʩʳ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʚʦʜʫ ʚ 

ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʘ. ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʢʣʶʯʝʥʳ ʢ ʩʠʩʪʝʤʝ ʦʪʦʧʣʝʥʠʷ 

ʠʣʠ ʛʦʨʷʯʝʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ. ɺʦʜʷʥʳʝ ʪʝʧʣʦʚʳʝ ʥʘʩʦʩʳ ʵʬʬʝʢʪʠʚʥʳ ʚ ʣʶʙʦʤ 

ʢʣʠʤʘʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ, ʪʘʢ ʢʘʢ ʚʦʜʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʩʪʘʝʪʩʷ ʪʝʧʣʦʡ ʜʘʞʝ ʚ 

ʭʦʣʦʜʥʳʭ ʫʩʣʦʚʠʷʭ. 

 

ʀʟʤʝʥʷʝʤʳʝ ʪʝʧʣʦʚʳʝ ʥʘʩʦʩʳ: ʵʪʦ ʥʘʩʦʩʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʚ 

ʨʝʞʠʤʝ ʦʭʣʘʞʜʝʥʠʷ ʠ ʦʙʦʛʨʝʚʘ ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʫʩʪʨʦʡʩʪʚʝ. ʀʟʤʝʥʷʝʤʳʝ 

ʪʝʧʣʦʚʳʝ ʥʘʩʦʩʳ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʟʠʪʴ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʚ ʟʜʘʥʠʷʭ. 

ɻʘʟʦʚʳʝ ʪʝʧʣʦʚʳʝ ʥʘʩʦʩʳ: ʵʪʦ ʥʘʩʦʩʳ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʛʘʟ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ. ɻʘʟʦʚʳʝ ʪʝʧʣʦʚʳʝ ʥʘʩʦʩʳ ʤʦʛʫʪ ʙʳʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʚʳʛʦʜʥʳʤʠ ʠ ʫʩʪʦʡʯʠʚʳʤʠ, ʨʘʙʦʪʘʷ ʥʘ ʙʠʦʛʘʟʝ ʠʣʠ ʧʨʠʨʦʜʥʦʤ ʛʘʟʝ. 

ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʚʠʜʦʚ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ ʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘ, ʠ ʚʳʙʦʨ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʪʠʧʘ ʟʘʚʠʩʠʪ ʦʪ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, 

ʪʨʝʙʫʝʤʦʛʦ ʫʨʦʚʥʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ 

ʧʦʣʴʟʦʚʘʪʝʣʷ. ʇʦʜʨʦʙʥʦʝ ʠʟʫʯʝʥʠʝ ʣʠʪʝʨʘʪʫʨʳ ʧʦʤʦʞʝʪ ʚʳʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʡ 

ʚʘʨʠʘʥʪ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ. 

 

ɸʥʘʣʠʟ ʠ ʩʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ 

ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʘʥʘʣʠʟʫ ʠ ʩʨʘʚʥʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʟʦʨ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ, ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʧʫʙʣʠʢʘʮʠʡ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʠ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ɺ ʥʘʯʘʣʝ ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʠʪʴ ʧʦʥʷʪʠʝ ʪʝʧʣʦʚʦʛʦ 

ʥʘʩʦʩʘ ʠ ʝʛʦ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ. ɿʘʪʝʤ ʩʣʝʜʫʝʪ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ, ʪʘʢʠʭ ʢʘʢ ʚʦʟʜʫʰʥʳʝ, ʟʝʤʝʣʴʥʳʝ ʠ ʚʦʜʷʥʳʝ ʥʘʩʦʩʳ, ʠ 

ʨʘʩʩʤʦʪʨʝʪʴ ʠʭ ʦʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. 

ɼʘʣʝʝ ʚ ʦʙʟʦʨʝ ʣʠʪʝʨʘʪʫʨʳ ʩʣʝʜʫʝʪ ʨʘʩʩʤʦʪʨʝʪʴ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ 

ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʩʨʝʜʘʭ. ʕʪʦ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʘʥʘʣʠʟ ʨʘʩʩʝʠʚʘʥʠʷ 

ʪʝʧʣʘ, ʚʳʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʠ 

ʟʝʤʣʠ, ʘ ʪʘʢʞʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʚ ʨʘʟʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ. 

ʊʘʢʞʝ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ. ɺ ʦʙʟʦʨʝ ʣʠʪʝʨʘʪʫʨʳ ʩʣʝʜʫʝʪ ʨʘʩʩʤʦʪʨʝʪʴ ʠʭ ʫʨʦʚʝʥʴ 

ʂʇɼ (ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ) ʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, ʘ ʪʘʢʞʝ 

ʨʘʩʩʤʦʪʨʝʪʴ ʦʧʳʪʥʳʝ ʜʘʥʥʳʝ ʠ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʚ ʦʙʟʦʨʝ ʣʠʪʝʨʘʪʫʨʳ ʷʚʣʷʝʪʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝ ʬʘʢʪʦʨʦʚ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ, ʪʘʢʠʭ ʢʘʢ 
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ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʧʨʦʝʢʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʪʝʧʣʦʚʳʝ ʥʘʛʨʫʟʢʠ. ʕʪʦ 

ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʦʡ ʪʠʧ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʙʫʜʝʪ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ 

ʚ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʷʭ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʧʦʩʣʝʜʥʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʦʙʣʘʩʪʠ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʧʦʚʣʠʷʪʴ ʥʘ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʦʮʝʥʠʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ 

ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʚ 

ʙʫʜʫʱʝʤ. 

ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʘʥʘʣʠʟʫ ʠ ʩʨʘʚʥʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʰʘʛʦʤ, ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʝ 

ʪʝʧʣʦʚʳʝ ʥʘʩʦʩʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʠ ʫʩʣʦʚʠʡ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʚʢʣʶʯʘʶʪ ʢʘʢ ʵʢʦʣʦʛʠʯʝʩʢʠʝ, ʪʘʢ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʚʳʛʦʜʳ. 

ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʚʳʛʦʜʳ: 

ʉʥʠʞʝʥʠʝ ʚʳʙʨʦʩʦʚ ʚʨʝʜʥʳʭ ʛʘʟʦʚ: ʊʝʧʣʦʚʳʝ ʥʘʩʦʩʳ ʠʩʧʦʣʴʟʫʶʪ 

ʵʥʝʨʛʠʶ ʠʟ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʪʘʢʠʭ ʢʘʢ ʚʦʟʜʫʭ, ʚʦʜʘ ʠʣʠ ʟʝʤʣʷ, 

ʯʪʦʙʳ ʧʨʦʠʟʚʦʜʠʪʴ ʪʝʧʣʦ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʢʦʧʘʝʤʳʭ 

ʪʦʧʣʠʚ, ʪʘʢʠʭ ʢʘʢ ʛʘʟ, ʥʝʬʪʴ ʠʣʠ ʫʛʦʣʴ, ʠ ʫʤʝʥʴʰʠʪʴ ʚʳʙʨʦʩʳ ʧʘʨʥʠʢʦʚʳʭ 

ʛʘʟʦʚ, ʪʘʢʠʭ ʢʘʢ CO2. 

ʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ: ʊʝʧʣʦʚʳʝ ʥʘʩʦʩʳ ʠʩʧʦʣʴʟʫʶʪ ʤʝʥʴʰʝ ʵʥʝʨʛʠʠ, 

ʯʝʤ ʪʨʘʜʠʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ ʠ ʦʭʣʘʞʜʝʥʠʷ. ʆʥʠ ʤʦʛʫʪ ʧʨʦʠʟʚʦʜʠʪʴ 

ʜʦ 4 ʢɺʪ ʪʝʧʣʘ ʠʟ ʚʩʝʛʦ 1 ʢɺʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʦʯʝʥʴ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʤʠ. 

ʋʤʝʥʴʰʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʝʩʪʘʙʠʣʴʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʳʥʢʦʚ: 

ʊʝʧʣʦʚʳʝ ʥʘʩʦʩʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ 

ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʪʘʢʠʝ ʢʘʢ ʩʦʣʥʝʯʥʘʷ ʠʣʠ ʚʝʪʨʦʚʘʷ ʵʥʝʨʛʠʷ, ʯʪʦ ʫʤʝʥʴʰʘʝʪ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʠʤʧʦʨʪʘ ʠʩʢʦʧʘʝʤʳʭ ʪʦʧʣʠʚ. 

ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʚʳʛʦʜʳ: 

ʉʫʱʝʩʪʚʝʥʥʳʝ ʩʙʝʨʝʞʝʥʠʷ ʥʘ ʵʥʝʨʛʠʠ: ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ 

ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʦʪʦʧʣʝʥʠʝ ʠ ʦʭʣʘʞʜʝʥʠʝ ʥʘ 30-70% ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. ɹʦʣʝʝ ʚʳʩʦʢʘʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʞʘʝʪ ʨʘʩʭʦʜʳ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ. 

ɼʦʣʛʦʩʨʦʯʥʘʷ ʵʢʦʥʦʤʠʷ: ʊʝʧʣʦʚʳʝ ʥʘʩʦʩʳ ʪʨʝʙʫʶʪ ʥʝʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʠʤʝʶʪ ʜʣʠʪʝʣʴʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ ʙʦʣʝʝ 20 ʣʝʪ. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʘ ʜʦʣʛʦʩʨʦʯʥʦʡ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʤʦʞʝʪ 

ʧʨʠʥʝʩʪʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʚʳʛʦʜʳ. 

ʇʦʜʜʝʨʞʢʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʧʨʦʛʨʘʤʤ: ʄʥʦʛʠʝ ʩʪʨʘʥʳ ʧʨʝʜʣʘʛʘʶʪ 

ʨʘʟʣʠʯʥʳʝ ʩʫʙʩʠʜʠʠ ʠ ʩʪʠʤʫʣʳ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ. ʕʪʦ ʤʦʞʝʪ 

ʚʢʣʶʯʘʪʴ ʥʘʣʦʛʦʚʳʝ ʣʴʛʦʪʳ, ʩʫʙʩʠʜʠʠ ʠʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʢʠʜʢʠ ʥʘ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. 

ɺ ʮʝʣʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʜʝʣʘʷ ʠʭ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʚʳʙʦʨʦʤ ʜʣʷ 

ʦʪʦʧʣʝʥʠʷ ʠ ʦʭʣʘʞʜʝʥʠʷ ʟʜʘʥʠʡ. 
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ɸʥʘʣʠʟ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʫʩʪʘʥʦʚʢʦʡ ʠ ʧʦʜʢʣʶʯʝʥʠʝʤ ʪʝʧʣʦʚʳʭ 

ʥʘʩʦʩʦʚ 

ʋʩʪʘʥʦʚʢʘ ʠ ʧʦʜʢʣʶʯʝʥʠʝ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʨʷʜʦʤ 

ʧʨʦʙʣʝʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʟʘʪʨʫʜʥʠʪʴ ʧʨʦʮʝʩʩ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʅʝʢʦʪʦʨʳʝ ʠʟ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʨʦʙʣʝʤ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ: 

ʅʝʧʨʘʚʠʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ: ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʨʦʙʣʝʤ 

ʷʚʣʷʝʪʩʷ ʥʝʧʨʘʚʠʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʥʝʧʨʘʚʠʣʴʥʦʤʫ ʧʦʜʢʣʶʯʝʥʠʶ ʠʣʠ ʥʝʧʨʘʚʠʣʴʥʦʡ ʨʘʙʦʪʝ ʩʠʩʪʝʤʳ. 

ʅʝʧʨʘʚʠʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʘ ʥʝʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤ ʤʦʥʪʘʞʦʤ 

ʠʣʠ ʥʝʧʨʘʚʠʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʇʨʦʙʣʝʤʳ ʩ ʧʦʜʢʣʶʯʝʥʠʝʤ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ: ɼʨʫʛʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ 

ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʥʝʧʨʘʚʠʣʴʥʦʝ ʧʦʜʢʣʶʯʝʥʠʝ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ. ʕʪʦ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʥʝʧʨʘʚʠʣʴʥʦʡ ʨʘʙʦʪʝ ʩʠʩʪʝʤʳ ʠʣʠ ʧʦʣʦʤʢʝ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺʘʞʥʦ 

ʧʨʘʚʠʣʴʥʦ ʧʦʜʩʦʝʜʠʥʠʪʴ ʚʩʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʦʚʦʜʘ ʠ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʦʥʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. 

ʇʨʦʙʣʝʤʳ ʩ ʧʨʦʢʣʘʜʢʦʡ ʪʨʫʙʦʧʨʦʚʦʜʘ: ʊʝʧʣʦʚʳʝ ʥʘʩʦʩʳ ʪʨʝʙʫʶʪ 

ʧʨʘʚʠʣʴʥʦʡ ʧʨʦʢʣʘʜʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʜʣʷ ʧʝʨʝʜʘʯʠ ʪʝʧʣʘ. ʅʝʧʨʘʚʠʣʴʥʘʷ 

ʧʨʦʢʣʘʜʢʘ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʢʘʯʝʩʪʚʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʧʨʦʪʝʯʢʘʤ ʠʣʠ ʫʪʝʯʢʘʤ ʪʝʧʣʘ. ʕʪʦ ʤʦʞʝʪ ʩʥʠʟʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʠ 

ʧʨʠʚʝʩʪʠ ʢ ʚʳʩʦʢʠʤ ʵʥʝʨʛʦʟʘʪʨʘʪʘʤ. 

ʇʨʦʙʣʝʤʳ ʩ ʥʘʩʪʨʦʡʢʦʡ: ʅʝʢʦʨʨʝʢʪʥʘʷ ʥʘʩʪʨʦʡʢʘ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʧʨʘʚʠʣʴʥʦʡ ʨʘʙʦʪʝ ʩʠʩʪʝʤʳ. ʅʘʧʨʠʤʝʨ, ʥʝʧʨʘʚʠʣʴʥʘʷ 

ʥʘʩʪʨʦʡʢʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʠʟʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʥʘʛʨʝʚʘ ʠʣʠ ʦʭʣʘʞʜʝʥʠʷ. ɺʘʞʥʦ ʥʘʩʪʨʦʠʪʴ ʪʝʧʣʦʚʦʡ ʥʘʩʦʩ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʠ ʫʩʣʦʚʠʷʤʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʊʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ: ɺʦʟʤʦʞʥʳ ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ, ʪʘʢʠʝ ʢʘʢ 

ʧʦʣʦʤʢʠ ʢʦʤʧʨʝʩʩʦʨʘ ʠʣʠ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʦ 

ʠʟʥʦʩʦʤ, ʥʝʧʨʘʚʠʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʠʣʠ ʬʠʟʠʯʝʩʢʠʤʠ ʧʦʚʨʝʞʜʝʥʠʷʤʠ. ɺ 

ʩʣʫʯʘʝ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʪʨʝʙʫʝʪʩʷ ʨʝʤʦʥʪ ʠʣʠ ʟʘʤʝʥʘ ʥʝʠʩʧʨʘʚʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʆʛʨʘʥʠʯʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ: ʊʝʧʣʦʚʳʝ ʥʘʩʦʩʳ ʤʦʛʫʪ ʠʤʝʪʴ 

ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʷʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʅʘʧʨʠʤʝʨ, ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʤʦʛʫʪ ʩʥʠʟʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ 

ʚʦʟʜʫʭʦ-ʚʦʜʷʥʳʭ ʥʘʩʦʩʦʚ. ɺʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʪʘʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʠ ʚʳʙʦʨʝ ʠ 

ʫʩʪʘʥʦʚʢʝ ʩʠʩʪʝʤʳ. 

ɺ ʮʝʣʦʤ, ʫʩʪʘʥʦʚʢʘ ʠ ʧʦʜʢʣʶʯʝʥʠʝ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʪʨʝʙʫʶʪ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʠ ʩʦʙʣʶʜʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ʈʝʰʝʥʠʝ 

ʧʨʦʙʣʝʤ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴ ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʠ ʠʣʠ ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʠʩʪʘ 

ʚ ʦʙʣʘʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʪʦʧʣʝʥʠʷ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ. 

 

ɺʦʟʤʦʞʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʵʪʠʭ ʧʨʝʧʷʪʩʪʚʠʡ 

ʈʘʩʩʤʦʪʨʝʥʠʝ ʚʦʟʤʦʞʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʧʨʦʙʣʝʤ ʩ 

ʫʩʪʘʥʦʚʢʦʡ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ 

ʇʨʦʚʝʨʴʪʝ ʦʙʦʨʫʜʦʚʘʥʠʝ: ʫʙʝʜʠʪʝʩʴ, ʯʪʦ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʪʝʧʣʦʚʦʛʦ 

ʥʘʩʦʩʘ ʥʘʭʦʜʷʪʩʷ ʚ ʠʩʧʨʘʚʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʧʨʘʚʠʣʴʥʦ ʧʦʜʢʣʶʯʝʥʳ. ɽʩʣʠ 
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ʦʙʥʘʨʫʞʝʥʳ ʢʘʢʠʝ-ʣʠʙʦ ʥʝʠʩʧʨʘʚʥʦʩʪʠ, ʚʳʧʦʣʥʠʪʝ ʨʝʤʦʥʪ ʠʣʠ ʟʘʤʝʥʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʯʘʩʪʝʡ. 

ʇʨʦʚʝʨʴʪʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʢʫ: ʫʙʝʜʠʪʝʩʴ, ʯʪʦ ʩʝʪʝʚʦʝ ʧʦʜʢʣʶʯʝʥʠʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ. ʇʨʦʚʝʨʴʪʝ ʧʨʘʚʠʣʴʥʦʩʪʴ 

ʧʦʜʢʣʶʯʝʥʠʷ ʧʨʦʚʦʜʦʚ ʠ ʧʨʦʢʣʘʜʢʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʢʠ. 

ʇʨʦʚʝʨʴʪʝ ʥʘʣʠʯʠʝ ʜʦʩʪʘʪʦʯʥʦʡ ʤʦʱʥʦʩʪʠ: ʫʙʝʜʠʪʝʩʴ, ʯʪʦ ʫ ʚʘʩ ʝʩʪʴ 

ʜʦʩʪʘʪʦʯʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ ʜʣʷ ʨʘʙʦʪʳ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ. ɽʩʣʠ ʵʪʦ ʥʝ 

ʪʘʢ, ʦʙʨʘʪʠʪʝʩʴ ʢ ʵʣʝʢʪʨʦʩʥʘʙʞʘʶʱʝʡ ʢʦʤʧʘʥʠʠ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʤʦʱʥʦʩʪʠ. 

ʇʨʦʚʝʨʴʪʝ ʧʨʘʚʠʣʴʥʦʩʪʴ ʥʘʩʪʨʦʡʢʠ: ʫʙʝʜʠʪʝʩʴ, ʯʪʦ ʥʘʩʪʨʦʡʢʠ ʪʝʧʣʦʚʦʛʦ 

ʥʘʩʦʩʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʩʣʦʚʠʷʤ ʚʘʰʝʛʦ ʜʦʤʘ. ʇʨʦʚʝʨʴʪʝ ʪʝʤʧʝʨʘʪʫʨʫ ʠ 

ʜʘʚʣʝʥʠʝ ʚ ʩʠʩʪʝʤʝ, ʘ ʪʘʢʞʝ ʧʨʘʚʠʣʴʥʦʩʪʴ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ. 

ʆʙʨʘʪʠʪʝʩʴ ʢ ʧʨʦʬʝʩʩʠʦʥʘʣʘʤ: ʝʩʣʠ ʚʳ ʧʨʦʜʦʣʞʘʝʪʝ ʠʩʧʳʪʳʚʘʪʴ 

ʧʨʦʙʣʝʤʳ ʩ ʫʩʪʘʥʦʚʢʦʡ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʦʙʨʘʪʠʪʴʩʷ ʢ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤ ʩʧʝʮʠʘʣʠʩʪʘʤ. ʆʥʠ ʤʦʛʫʪ ʦʩʤʦʪʨʝʪʴ ʩʠʩʪʝʤʫ, ʚʳʷʚʠʪʴ ʠ 

ʠʩʧʨʘʚʠʪʴ ʣʶʙʳʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʠ ʜʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʀʟʫʯʠʪʝ ʜʦʢʫʤʝʥʪʘʮʠʶ: ʚʥʠʤʘʪʝʣʴʥʦ ʠʟʫʯʠʪʝ ʨʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ, ʯʪʦʙʳ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʚʳ ʧʨʘʚʠʣʴʥʦ ʫʩʪʘʥʦʚʠʣʠ ʠ ʥʘʩʪʨʦʠʣʠ 

ʩʠʩʪʝʤʫ. ɼʦʢʫʤʝʥʪʘʮʠʷ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʧʦʣʝʟʥʳʝ ʩʦʚʝʪʳ ʠ ʠʥʩʪʨʫʢʮʠʠ ʧʦ 

ʫʩʪʨʘʥʝʥʠʶ ʥʝʧʦʣʘʜʦʢ. 

ʋʩʪʘʥʦʚʠʪʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ: ʝʩʣʠ ʫ ʚʘʩ ʚʦʟʥʠʢʘʶʪ ʧʨʦʙʣʝʤʳ 

ʩ ʫʩʪʘʥʦʚʢʦʡ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ, ʚʳ ʤʦʞʝʪʝ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʨʘʩʰʠʨʠʪʝʣʴʥʳʡ ʙʘʢ ʠʣʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʥʘʩʦʩʳ, ʯʪʦʙʳ ʫʣʫʯʰʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʩʠʩʪʝʤʳ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʧʦʣʥʝʥʠʝ ʣʶʙʳʭ ʨʘʙʦʪ ʧʦ ʫʩʪʘʥʦʚʢʝ ʠʣʠ ʨʝʤʦʥʪʫ 

ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʪʨʝʙʫʝʪ ʟʥʘʥʠʷ ʠ ʦʧʳʪʘ. ɽʩʣʠ ʫ ʚʘʩ ʝʩʪʴ ʩʦʤʥʝʥʠʷ ʠʣʠ 

ʥʝʫʚʝʨʝʥʥʦʩʪʴ ʚ ʩʚʦʠʭ ʥʘʚʳʢʘʭ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʦʙʨʘʪʠʪʴʩʷ ʢ ʧʨʦʬʝʩʩʠʦʥʘʣʘʤ 

ʜʣʷ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʦʤʦʱʠ. 

 

ʇʨʦʚʝʜʝʥʠʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʚ ʢʦʥʢʨʝʪʥʳʭ 

ʫʩʣʦʚʠʷʭ (ʥʘʧʨʠʤʝʨ, ʚ ʦʜʥʦʡ ʠʟ ʨʝʛʠʦʥʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥ) 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʚ ʗʨʦʩʣʘʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʩʣʝʜʫʝʪ ʚʳʧʦʣʥʠʪʴ 

ʩʣʝʜʫʶʱʠʝ ʰʘʛʠ: 

ʉʙʦʨ ʜʘʥʥʳʭ ʦ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʚ ʗʨʦʩʣʘʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʪʘʢʠʭ 

ʢʘʢ ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʩʨʝʜʥʝʤʝʩʷʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʠ ʪ.ʜ. ʕʪʠ 

ʜʘʥʥʳʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ ʤʝʩʪʥʦʛʦ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʠʣʠ ʠʟ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʀʟʫʯʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ, ʚʢʣʶʯʘʷ ʚʦʟʜʫʰʥʳʝ, 

ʛʨʫʥʪʦʚʳʝ ʠ ʚʦʜʷʥʳʝ, ʠ ʠʭ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɼʣʷ ʵʪʦʛʦ ʤʦʞʥʦ 

ʦʙʨʘʪʠʪʴʩʷ ʢ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ ʠ ʧʦʩʪʘʚʱʠʢʘʤ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ, ʘ ʪʘʢʞʝ 

ʧʨʦʚʝʩʪʠ ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʫʙʣʠʢʘʮʠʡ ʥʘ ʜʘʥʥʫʶ 

ʪʝʤʫ. 
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ʆʮʝʥʢʘ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʦʪʦʧʣʝʥʠʠ ʠ ʛʦʨʷʯʝʤ ʚʦʜʦʩʥʘʙʞʝʥʠʠ ʚ 

ʗʨʦʩʣʘʚʩʢʦʡ ʦʙʣʘʩʪʠ. ɼʣʷ ʵʪʦʛʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦ 

ʢʦʣʠʯʝʩʪʚʝ ʞʠʣʳʭ ʠ ʢʦʤʤʝʨʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʧʣʦʱʘʜʠ ʠ 

ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʵʥʝʨʛʠʠ. 

ʇʨʦʚʝʜʝʥʠʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʦʪʦʧʣʝʥʠʷ, 

ʚʢʣʶʯʘʷ ʪʨʘʜʠʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʛʘʟʘ, ʥʝʬʪʠ ʠʣʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʠ 

ʩʠʩʪʝʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ ʪʘʢʠʝ 

ʬʘʢʪʦʨʳ, ʢʘʢ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ, ʵʢʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʩʣʘʙʳʝ ʩʪʦʨʦʥʳ ʢʘʞʜʦʛʦ ʪʠʧʘ ʩʠʩʪʝʤʳ. 

ʈʘʩʯʝʪ ʦʞʠʜʘʝʤʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʚ ʗʨʦʩʣʘʚʩʢʦʡ ʦʙʣʘʩʪʠ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʮʝʥʢʫ ʟʘʪʨʘʪ ʥʘ 

ʧʦʢʫʧʢʫ ʠ ʫʩʪʘʥʦʚʢʫ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ, ʦʧʝʨʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ, ʩʨʦʢʠ 

ʦʢʫʧʘʝʤʦʩʪʠ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʚʳʛʦʜʳ. 

ʆʙʨʘʱʝʥʠʝ ʟʘ ʩʫʙʩʠʜʠʷʤʠ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʦʡ. ɺ 

ʗʨʦʩʣʘʚʩʢʦʡ ʦʙʣʘʩʪʠ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʧʨʦʛʨʘʤʤʳ ʧʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʶ ʠ 

ʧʦʜʜʝʨʞʢʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤ, ʚʢʣʶʯʘʷ ʪʝʧʣʦʚʳʝ ʥʘʩʦʩʳ. ʅʝʦʙʭʦʜʠʤʦ 

ʠʟʫʯʠʪʴ ʠ ʠʟʫʯʠʪʴ ʪʘʢʠʝ ʧʨʦʛʨʘʤʤʳ ʠ ʚʳʷʩʥʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ 

ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʠ. 

ʇʨʦʚʝʜʝʥʠʝ ʦʧʨʦʩʦʚ ʠ ʠʥʪʝʨʚʴʶ ʩ ʚʣʘʜʝʣʴʮʘʤʠ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʚ 

ʗʨʦʩʣʘʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʝʩʣʠ ʪʘʢʠʝ ʜʘʥʥʳʝ ʜʦʩʪʫʧʥʳ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʭ ʫʨʦʚʥʝ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ, ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʝʤ ʵʬʬʝʢʪʝ ʠ 

ʩʪʦʠʤʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʧʦʜʛʦʪʦʚʢʘ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʦʪʯʝʪʘ, 

ʚʢʣʶʯʘʷ ʦʙʦʙʱʝʥʠʝ ʜʘʥʥʳʭ, ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʚ ʗʨʦʩʣʘʚʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʪ ʧʨʦʚʝʩʪʠ ʧʦʣʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʚ ʗʨʦʩʣʘʚʩʢʦʡ ʦʙʣʘʩʪʠ  
 

ʈʝʢʦʤʝʥʜʘʮʠʠ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ 

ɺʦʪ ʥʝʩʢʦʣʴʢʦ ʨʝʢʦʤʝʥʜʘʮʠʡ ʠ ʧʝʨʩʧʝʢʪʠʚ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʚ ʦʙʣʘʩʪʠ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ: 

¶ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʦʚʳʭ ʨʘʙʦʯʠʭ ʚʝʱʝʩʪʚ; 

¶ ʫʣʫʯʰʝʥʠʝ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ; 

¶ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ; 

¶ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ; 

¶ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠʤʝʥʝʥʠʷ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʩʝʢʪʦʨʘʭ. 

ʕʪʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʤʦʛʫʪ ʧʦʤʦʯʴ ʨʘʟʚʠʪʴ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʶ 

ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʩ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʠʭ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʩʥʠʞʝʥʠʷ 

ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʠ ʨʘʩʰʠʨʝʥʠʷ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ. 
 

ɺʳʚʦʜʳ 

ʊʝʧʣʦʚʳʝ ʥʘʩʦʩʳ ʷʚʣʷʶʪʩʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʡ 

ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʜʣʷ ʦʙʦʛʨʝʚʘ ʠ ʦʭʣʘʞʜʝʥʠʷ ʧʦʤʝʱʝʥʠʡ. ʆʥʠ ʩʧʦʩʦʙʥʳ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʣʷ ʧʝʨʝʥʦʩʘ ʪʝʧʣʘ ʠʟ 

ʦʜʥʦʛʦ ʤʝʩʪʘ ʚ ʜʨʫʛʦʝ ʚʤʝʩʪʦ ʧʨʷʤʦʛʦ ʥʘʛʨʝʚʘ ʠʣʠ ʦʭʣʘʞʜʝʥʠʷ. 
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ɺʘʞʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʥʝʩʢʦʣʴʢʠʭ ʘʩʧʝʢʪʘʭ. ɺʦ-ʧʝʨʚʳʭ, ʦʥʠ ʧʦʤʦʛʘʶʪ ʩʥʠʟʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʠʩʢʦʧʘʝʤʳʭ ʪʦʧʣʠʚ ʠ ʫʤʝʥʴʰʠʪʴ ʚʳʙʨʦʩʳ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʚ ʘʪʤʦʩʬʝʨʫ; ʚʦ-

ʚʪʦʨʳʭ, ʪʝʧʣʦʚʳʝ ʥʘʩʦʩʳ ʷʚʣʷʶʪʩʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʦʙʦʛʨʝʚʘ 

ʠ ʦʭʣʘʞʜʝʥʠʷ; ʚ-ʪʨʝʪʴʠʭ, ʦʥʠ ʫʥʠʚʝʨʩʘʣʴʥʳ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʨʘʟʚʠʪʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ ʪʝʧʣʦʚʳʭ 

ʥʘʩʦʩʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʰʘʛʦʤ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʫʩʪʦʡʯʠʚʦʛʦ ʠ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʛʦ ʙʫʜʫʱʝʛʦ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʫʶ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʫʶ ʘʣʴʪʝʨʥʘʪʠʚʫ ʜʣʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʦʪʦʧʣʝʥʠʷ ʠ 

ʦʭʣʘʞʜʝʥʠʷ, ʠ ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʥʠʞʝʥʠʶ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʠ 

ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʜʦʣʞʘʪʴ 

ʠʥʚʝʩʪʠʨʦʚʘʪʴ ʚ ʨʘʟʚʠʪʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʩ ʮʝʣʴʶ ʜʦʩʪʠʞʝʥʠʷ 

ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ. 
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ʇʆɼɼɽʈɾɸʅʀɽ ʆʇʊʀʄɸʃʔʅʓʍ ʇɸʈɸʄɽʊʈʆɺ ʄʀʂʈʆʂʃʀʄɸʊɸ 

ɺ ɿʀʄʆɺʅʀʂɽ ʅɸ ʇɸʉɽʂɽ ʇʈʀ ʇʆʄʆʑʀ ʂʆʄʇʔʖʊɽʈɸ 
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ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʚʦʧʨʦʩʘʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʴʶʪʝʨʘ ʧʨʠ 

ʧʦʜʜʝʨʞʘʥʠʠ ʤʠʢʨʦʢʣʠʤʘʪʘ ʥʘ ʧʘʩʝʢʝ ʚʦ ʚʨʝʤʷ ʟʠʤʦʚʢʠ ʧʯʝʣ. ɹʳʣ ʩʜʝʣʘʥ 

ʚʳʚʦʜ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʳʡ ʤʠʢʨʦʢʣʠʤʘʪ ʚ ʫʣʴʝ ʩʤʦʛʫʪ ʩʦʟʜʘʪʴ ʪʦʣʴʢʦ 

ʩʧʝʮʠʘʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʟʘʢʦʥʘʭ ʙʠʦʣʦʛʠʠ ʤʝʜʦʥʦʩʥʳʭ ʧʯʝʣ ʠ 

ʵʣʝʢʪʨʦʥʠʢʠ. 
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MAINTAINING OPTIMAL MICROCLIMATE PARAMETERS FOR 

WINTERING BEES IN THE APIARY USING A COMPUTER  

 

Candidate of Pedagogical Sciences G.E. Ananyin; student I.A. Karsakov 

(FSBEI HE çYaroslavl SAUè, Yaroslavl, Russia) 

 

Abstract. The article is devoted to the use of a computer in maintaining the 

microclimate in the apiary during the wintering of bees. It was concluded that only 
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special programs based on the laws of biology of honey bees and electronics can 

create the necessary microclimate in the hive.  

Keywords: apiary, winter garden, microclimate, optimal parameters. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʣʝʢʪʨʦʥʠʢʘ ʧʨʠʤʝʥʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʙʳʪʫ ʠ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʥʦ ʠ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʦʜʥʦʡ ʠʟ ʦʪʨʘʩʣʝʡ ʢʦʪʦʨʦʛʦ 

ʷʚʣʷʝʪʩʷ ʧʯʝʣʦʚʦʜʩʪʚʦ. ɺʦʧʨʦʩ ʦ ʧʨʠʤʝʥʝʥʠʠ ʵʣʝʢʪʨʦʥʠʢʠ ʚ ʧʯʝʣʦʚʦʜʩʪʚʝ, ʧʦ 

ʥʘʰʝʤʫ ʤʥʝʥʠʶ,  ʦʙʦʩʥʦʚʘʥ ʠ ʠʟʫʯʝʥ ʝʱʝ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʉʨʝʜʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʨʘʟʨʘʙʦʪʦʢ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʦʙʨʘʙʦʪʢʫ ʧʯʝʣ ʦʪ ʚʘʨʨʦʘʪʦʟʘ ʪʝʧʣʳʤ ʚʦʟʜʫʭʦʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʙʦʨʘ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ (ɸ.ɸ. ɹʦʨʤʦʪʦʚ) ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʥʝʨʘʪʦʨʘ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʠʤʧʫʣʴʩʦʚ ʜʣʷ ʧʯʝʣʦʚʦʞʜʝʥʠʷ 

(ʉ.ʉ. ʉʘʣʠʭʦʚ ʠ ʜʨ.) ɺ ʮʝʣʦʤ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚ ʧʯʝʣʦʚʦʜʩʪʚʝ, 

ʢʘʢ ʠ ʚʦ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ, ʧʦʜʣʝʞʘʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʝʩʣʦʞʥʳʝ 

ʧʨʦʮʝʩʩʳ. ʆʜʥʘʢʦ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʤʦʞʥʦ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ 

ʙʫʜʫʱʝʝ ʧʯʝʣʦʚʦʜʩʪʚʘ  ʩʦʧʨʷʞʝʥʦ ʩ ʧʦʣʥʦʤʘʩʰʪʘʙʥʳʤ ʚʥʝʜʨʝʥʠʝʤ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʠʢʠ ʚ ʫʧʨʘʚʣʝʥʠʠ ʤʥʦʛʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʥʘ ʧʘʩʝʢʘʭ. ʕʪʦ 

ʦʙʣʝʛʯʘʝʪ ʪʨʫʜ ʧʘʩʝʯʥʠʢʦʚ, ʧʦʩʢʦʣʴʢʫ ʩ ʧʦʤʦʱʴʶ ʧʨʠʙʦʨʦʚ ʙʫʜʝʪ ʚʦʟʤʦʞʥʦ 

ʦʪʩʣʝʞʠʚʘʪʴ ʭʦʜ ʚʳʧʦʣʥʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʨʦʛʨʘʤʤ, ʩʦʙʠʨʘʪʴ ʠ ʦʙʨʘʙʦʪʘʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʩʦʟʜʘʚʘʪʴ ʜʣʷ ʧʯʝʣʠʥʦʡ ʩʝʤʴʠ 

ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ. ʅʘ ʢʦʤʧʴʶʪʝʨ ʧʝʨʝʜʘʝʪʩʷ ʚʩʝ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʧʘʩʝʢʝ, 

ʧʨʠʯʝʤ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʧʨʠ ʵʪʦʤ ʟʘʙʳʪʴ ʠʣʠ ʧʨʦʧʫʩʪʠʪʴ ʢʘʢʦʡ-

ʣʠʙʦ ʧʨʦʮʝʩʩ ʧʨʠ ʧʣʘʥʦʚʦʡ ʨʘʙʦʪʝ ʩ ʧʯʝʣʘʤʠ ʩʪʘʥʦʚʠʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ. 

ɼʣʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʘʩʝʢʦʡ ʧʨʠ ʧʦʤʦʱʠ ʢʦʤʧʴʶʪʝʨʘ ʥʫʞʥʦ 

ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʳ, ʫʯʠʪʳʚʘʶʱʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʯʝʣʠʥʦʡ 

ʩʝʤʴʠ, ʠ ʦʙʝʩʧʝʯʠʪʴ ʠʭ ʧʝʨʝʜʘʯʫ ʯʝʨʝʟ ʠʥʪʝʨʥʝʪ. ʅʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʠ ʤʠʥʠʤʘʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʦʨʦʛʠ, ʧʦʪʨʝʙʥʦʩʪʴ ʧʯʝʣ ʚ ʚʦʜʝ, 

ʧʠʪʘʥʠʠ ʠ ʢʠʩʣʦʨʦʜʝ, ʟʚʫʢʦʚʳʝ ʨʘʟʜʨʘʞʠʪʝʣʠ. ʉʯʠʪʳʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʧʝʨʝʜʘʯʘ ʝʝ ʥʘ ʢʦʤʧʴʶʪʝʨ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʜʘʪʯʠʢʦʚ. ʕʪʦ 

ʧʨʠʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʩʪʨʝʩʩʦʚʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʧʯʝʣ, ʧʦʩʢʦʣʴʢʫ ʯʝʣʦʚʝʢ ʥʝ ʙʫʜʝʪ 

ʚʪʦʨʛʘʪʴʩʷ ʚ ʞʠʟʥʴ ʧʯʝʣʠʥʦʡ ʩʝʤʴʠ. ʄʦʥʪʘʞ ʵʣʝʢʪʨʦʥʥʳʭ ʧʨʠʙʦʨʦʚ ʧʦʪʨʝʙʫʝʪ 

ʠ ʠʟʤʝʥʝʥʠʡ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʫʣʴʝʚ. ɺ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʤʠʢʨʦʢʣʠʤʘʪ ʛʥʝʟʜʘ 

ʧʯʝʣʳ ʨʝʛʫʣʠʨʫʶʪ ʩʘʤʠ, ʥʦ ʢʦʥʩʪʨʫʢʮʠʠ ʫʣʴʝʚ ʥʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʠʤ ʩʜʝʣʘʪʴ 

ʵʪʦ ʣʝʛʢʦ ʠ ʙʳʩʪʨʦ. ʅʘʧʨʠʤʝʨ, ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʛʥʝʟʜʝ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʶ ʥʝʧʨʦʩʪʫʶ ʟʘʜʘʯʫ, ʝʩʣʠ ʝʝ ʙʫʜʫʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʘʤʠ ʧʯʝʣʳ. ʇʨʠ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ ʚʝʥʪʠʣʠʨʦʚʘʥʠʝʤ ʫʣʴʷ ʟʘʥʷʪʘ ʯʫʪʴ ʣʠ ʥʝ ʧʦʣʦʚʠʥʘ 

ʧʯʝʣʠʥʦʡ ʩʝʤʴʠ, ʠʟ-ʟʘ ʯʝʛʦ ʜʨʫʛʠʤ ʧʯʝʣʘʤ ʥʫʞʥʦ ʨʘʙʦʪʘʪʴ ʚ ʜʚʘ ʨʘʟʘ ʫʩʝʨʜʥʝʝ, 

ʯʪʦ ʤʦʞʝʪ ʚʝʩʪʠ ʢ ʛʠʙʝʣʠ ʨʘʩʧʣʦʜʘ ʦʪ ʧʝʨʝʛʨʝʚʘ.  

ʅʝʦʙʭʦʜʠʤʘ ʩʠʩʪʝʤʘ ʚʝʥʪʠʣʷʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʧʯʝʣʘʤ ʥʝʦʙʭʦʜʠʤʳʡ 

ʢʦʤʬʦʨʪ ʚ ʣʶʙʦʝ ʚʨʝʤʷ ʛʦʜʘ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʦ ʟʘʤʝʥʷʪʴ ʫʣʴʠ ʠʟ 

ʧʝʥʦʧʦʣʠʩʪʠʨʦʣʘ ʫʣʴʷʤʠ ʠʟ ʧʦʣʠʫʨʝʪʘʥʘ, ʘ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʧʝʨʝʡʪʠ ʠ ʥʘ ʜʨʫʛʠʝ 

ʤʘʪʝʨʠʘʣʳ, ʝʱʝ ʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʝ ʜʣʷ ʫʣʴʝʚ. ʅʘʠʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʳʤ ʫʣʴʝʤ 

ʩʣʝʜʫʝʪ ʧʨʠʟʥʘʪʴ ʫʣʝʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ. ʆʪʣʠʯʠʪʝʣʴʥʘʷ ʝʛʦ ʦʩʦʙʝʥʥʦʩʪʴ  ï  

ʟʘʤʝʥʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʨʫʯʥʦʛʦ ʪʨʫʜʘ ʵʣʝʢʪʨʦʥʠʢʦʡ ʫʞʝ ʚ ʟʘʚʦʜʩʢʦʤ ʧʨʦʮʝʩʩʝ 

ʠʟʛʦʪʦʚʣʝʥʠʷ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʪʘʢʦʛʦ ʫʣʴʷ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. 
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ʇʨʠ ʵʪʦʤ ʥʝʟʘʤʝʥʠʤʳʤ ʧʦʤʦʱʥʠʢʦʤ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʧʘʩʝʢʝ ʤʦʞʝʪ ʩʪʘʪʴ 

ʦʙʳʯʥʳʡ ʢʦʤʧʴʶʪʝʨ, ʧʦʩʢʦʣʴʢʫ ʧʯʝʣʦʚʦʜ ʣʝʛʢʦ ʠ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʩʤʦʞʝʪ 

ʫʟʥʘʪʴ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʣʶʙʦʤ ʫʣʴʝ ʧʘʩʝʢʠ. 

ʋʯʝʪ ʠ ʚʝʜʝʥʠʝ ʚʩʷʢʦʛʦ ʨʦʜʘ ʟʘʧʠʩʝʡ ʦ ʩʦʩʪʦʷʥʠʠ ʧʯʝʣʦʩʝʤʝʡ ʠ ʧʘʩʝʢʠ ʚ 

ʮʝʣʦʤ ʟʘʥʠʤʘʝʪ ʤʥʦʛʦ ʚʨʝʤʝʥʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʧʘʩʝʯʥʠʢʠ ʬʠʟʠʯʝʩʢʠ ʥʝ ʚ 

ʩʦʩʪʦʷʥʠʠ ʥʝ ʪʦʣʴʢʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʤʝʶʱʫʶʩʷ ʫ ʥʠʭ ʠʥʬʦʨʤʘʮʠʶ, ʥʦ 

ʜʘʞʝ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʝʝ. ʀʟ-ʟʘ ʵʪʦʛʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʥʦʛʠʝ ʨʘʙʦʪʥʠʢʠ ʧʘʩʝʢ 

ʚʳʥʫʞʜʝʥʳ ʧʦʣʘʛʘʪʴʩʷ ʥʘ ʩʚʦʶ ʠʥʪʫʠʮʠʶ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʦʧʳʪ. ʆʜʥʘʢʦ ʜʣʷ 

ʧʨʠʥʷʪʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʩʣʝʜʫʝʪ ʧʨʘʚʠʣʴʥʦ ʠ ʦʧʝʨʘʪʠʚʥʦ 

ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʚ ʦʢʨʫʞʘʶʱʝʡ ʦʙʩʪʘʥʦʚʢʝ. ʆʙʳʯʥʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʜʦʙʳʪʴ 

ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʪʨʝʙʫʝʪʩʷ ʨʘʟʙʠʨʘʪʴ ʛʥʝʟʜʦ, ʪʦ ʝʩʪʴ ʪʨʝʚʦʞʠʪʴ 

ʧʯʝʣʦʩʝʤʴʶ ʠ  ʥʘʨʫʰʘʪʴ ʤʠʢʨʦʢʣʠʤʘʪ. ʇʨʠ ʵʪʦʤ ʠʥʬʦʨʤʘʮʠʷ ʙʫʜʝʪ ʥʝ ʧʦʣʥʦʡ, 

ʪʘʢ ʢʘʢ ʧʦʜʦʙʥʘʷ ʨʘʙʦʪʘ ʧʨʦʚʦʜʠʪʩʷ ʚʳʙʦʨʦʯʥʦ. 

ʇʦʵʪʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʧʨʠʙʦʨʦʚ ʠ ʢʦʤʧʴʶʪʝʨʦʚ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʫʚʝʣʠʯʠʪʴ ʦʙʲʝʤ ʠ ʦʙʨʘʙʦʪʢʫ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʩʝʤʝʡ, 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʣʝʛʯʝʥʠʶ ʪʨʫʜʘ ʧʯʝʣʦʚʦʜʦʚ ʠ ʧʦʚʳʰʝʥʠʶ ʝʛʦ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ɺʘʞʥʦ ʚʝʩʪʠ ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ʧʯʝʣʦʩʝʤʝʡ ʚ ʪʝʯʝʥʠʝ 

ʚʩʝʛʦ ʛʦʜʘ, ʜʣʷ ʯʝʛʦ ʥʝʦʙʭʦʜʠʤʳ ʩʦʦʪʚʝʩʪʚʫʶʱʠʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʧʨʦʛʨʘʤʤʳ. 

ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʜʘʪʯʠʢʠ, ʨʘʟʤʝʱʝʥʥʳʝ ʧʦ ʧʝʨʠʤʝʪʨʫ ʫʣʴʷ ʠ ʥʘ ʝʛʦ ʨʘʤʢʘʭ, 

ʧʦʟʚʦʣʷʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʪʝʧʣʦʚʦʝ ʧʦʣʝ ʠ ʚʠʜʝʪʴ ʢʘʨʪʠʥʫ ʨʘʟʤʝʱʝʥʠʷ ʨʘʩʧʣʦʜʘ 

ʠʣʠ ʚʩʝʡ ʧʯʝʣʠʥʦʡ ʩʝʤʴʠ. ʕʪʠ ʜʘʥʥʳʝ ʧʝʨʝʜʘʶʪʩʷ ʥʘ ʢʦʤʧʴʶʪʝʨ ʠ ʜʦʩʪʫʧʥʳ 

ʧʯʝʣʦʚʦʜʫ, ʯʪʦ ʘʦʟʚʦʣʠʪ ʥʝ ʦʪʢʨʳʚʘʪʴ ʫʣʝʡ ʣʠʰʥʠʡ ʨʘʟ. ʋʯʝʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʚʝʩʪʠ ʧʨʠ ʧʦʤʦʱʠ ʦʩʦʙʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʘʙʣʠʮ, 

ʯʪʦ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʛʣʷʜʥʦ ʚʠʜʝʪʴ ʩʣʘʙʳʝ ʠ ʩʠʣʴʥʳʝ ʩʝʤʴʠ, ʚʦʟʨʘʩʪ ʤʘʪʦʢ, 

ʥʘʣʠʯʠʝ ʤʘʪʦʯʥʠʢʦʚ ʠ ʧʨʦʯʝʝ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʥʘʧʨʠʤʝʨ, ʦ ʪʦʤ, ʦ ʪʦʤ, ʛʦʪʦʚʘ ʣʠ ʦʧʨʝʜʝʣʝʥʥʘʷ ʩʝʤʴʷ ʢ ʨʦʝʥʠʶ.  

ʇʯʝʣʳ ʚʳʥʫʞʜʝʥʳ ʧʨʠʩʧʦʩʘʙʣʠʚʘʪʴʩʷ ʢ ʫʩʣʦʚʠʷʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ 

ʞʠʣʠʱʘ, ʚ ʢʦʪʦʨʦʤ ʦʥʠ ʧʦʩʝʣʠʣʠʩʴ. ʆʜʥʠʤ ʜʦʩʪʘʣʦʩʴ ʜʫʧʣʦ ʧʨʦʩʪʦʨʥʦʝ, 

ʜʨʫʛʠʤ ʤʘʣʝʥʴʢʦʝ, ʪʨʝʪʴʠ ʞʠʚʫʪ ʚ ʤʥʦʛʦʢʦʨʧʫʩʥʦʤ ʫʣʴʝ. ʋʩʣʦʚʠʷ ʨʘʟʥʳʝ. 

ʇʦʣʫʯʠʪʴ ʤʘʢʩʠʤʫʤ ʧʨʦʜʫʢʮʠʠ ʥʝʚʦʟʤʦʞʥʦ. ɸ ʩʦʚʨʝʤʝʥʥʘʷ ʥʘʫʢʘ ʩʧʦʩʦʙʥʘ 

ʧʝʨʝʚʦʦʨʫʞʠʪʴ ʧʯʝʣʦʚʦʜʩʪʚʦ ʩ ʪʘʢʠʤ ʫʯʝʪʦʤ, ʯʪʦʙʳ ʧʯʝʣʦʩʝʤʴʠ ʞʠʣʠ ʚ 

ʫʩʣʦʚʠʷʭ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʠʥʪʝʥʩʠʚʥʦʤʫ ʨʘʟʚʠʪʠʶ ʠ ʩʙʦʨʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʤʝʜʘ. ʕʣʝʢʪʨʦʥʥʳʝ ʧʨʠʙʦʨʳ ʧʦʟʚʦʣʷʪ ʤʝʥʷʪʴ ʤʠʢʨʦʢʣʠʤʘʪ ʚ ʫʣʴʝ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʣʝʡ ʠ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ 

ʩʝʤʴʠ ʧʯʝʣ ʚ ʢʘʞʜʳʡ ʧʝʨʠʦʜ ʠʭ ʨʘʟʚʠʪʠʷ. ɺʝʩʥʦʡ, ʥʘʧʨʠʤʝʨ, ʚʳʟʚʘʪʴ 

ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʩʚʝʨʭʨʘʥʥʠʡ ʦʙʣʝʪ ʚ ʫʜʦʙʥʦʝ ʧʦ ʧʦʛʦʜʝ ʚʨʝʤʷ. 

ɿʠʤʫʶʱʠʝ ʧʯʝʣʠʥʳʝ ʩʝʤʴʠ ʛʠʙʥʫʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʝ ʦʪ ʙʦʣʝʟʥʝʡ, 

ʭʦʣʦʜʘ ʠʣʠ ʩʳʨʦʩʪʠ, ʯʪʦ ʩʧʦʩʦʙʥʦ ʣʠʰʴ ʦʩʣʘʙʠʪʴ ʩʝʤʴʶ, ʘ ʦʪ ʛʦʣʦʜʘ ʠʟ-ʟʘ 

ʤʘʣʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʝʜʘ, ʝʛʦ ʧʦʨʯʠ ʠʣʠ ʥʝʧʨʘʚʠʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʛʥʝʟʜʘ. ʅʦ 

ʚʝʨʦʷʪʥʦʩʪʴ ʛʠʙʝʣʠ ʧʯʝʣʠʥʦʡ ʩʝʤʴʠ ʩʥʠʞʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʜʦ ʥʫʣʷ, ʝʩʣʠ 

ʟʠʤʦʚʥʠʢ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʩʧʦʩʦʙʥʳʤ ʭʨʘʥʠʪʴ ʛʦʪʦʚʫʶ ʞʠʜʢʫʶ ʧʦʜʢʦʨʤʢʫ ʜʣʷ 

ʧʯʝʣ. ɼʘʪʯʠʢʠ ʢʦʥʢʨʝʪʥʦʛʦ ʫʣʴʷ ʨʝʘʛʠʨʫʶʪ ʥʘ ʟʚʫʢʠ, ʢʦʪʦʨʳʝ ʠʟʜʘʶʪ 

ʛʦʣʦʜʘʶʱʠʝ ʧʯʝʣʳ, ʠ ʜʘʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʢʦʤʘʥʜʫ, ʧʦʩʣʝ ʯʝʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʦʜʦʛʨʝʚʘʝʪ ʢʦʨʤ ʠ ʧʦʜʘʝʪ ʝʛʦ ʚ ʢʦʨʤʫʰʢʫ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʣʳʭ ʧʦʨʰʥʝʡ, ʯʪʦʙʳ ʩʥʠʟʠʪʴ ʬʘʢʪʦʨ ʙʝʩʧʦʢʦʡʩʪʚʘ.  
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ʉʝʡʯʘʩ ʙʣʘʛʦʜʘʨʷ ʨʘʟʚʠʪʠʶ ʵʣʝʢʪʨʦʥʠʢʠ ʧʨʠ ʧʦʤʦʱʠ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʤʦʞʥʦ ʙʫʜʝʪ ʩʦʟʜʘʪʴ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʚ ʫʣʴʝ ʜʣʷ 

ʢʘʞʜʦʡ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʡ ʧʯʝʣʦʩʝʤʴʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ 

ʨʝʟʫʣʴʪʘʪ ʜʝʷʪʝʣʴʥʦʩʪʠ ʬʨʘʥʮʫʟʩʢʦʡ ʢʦʤʧʘʥʠʠ BeeWize, ʢʦʪʦʨʘʷ ʧʨʝʜʣʦʞʠʣʘ 

ʩʠʩʪʝʤʫ, ʧʦʟʚʦʣʷʶʱʫʶ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʧʯʝʣʦʩʝʤʴʠ ʫʜʘʣʝʥʥʦ, ʧʨʠ 

ʧʦʤʦʱʠ ʫʩʪʨʦʡʩʪʚʘ, ʧʦʜʢʣʶʯʝʥʥʦʛʦ ʢ ʧʨʦʚʘʡʜʝʨʫ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ. 
ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʬʘʢʪʦʨʦʚ ʚ 

ʩʦʟʜʘʥʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʫʣʴʝ. ʇʨʠʤʝʥʠʚ ʚ ʫʣʴʷʭ 
ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʘʜʘʧʪʝʨʳ ʩ ʜʠʦʜʥʳʤʠ ʜʘʪʯʠʢʘʤʠ, ʤʦʞʥʦ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ 
ʜʠʩʪʘʥʮʠʦʥʥʳʡ ʢʦʥʪʨʦʣʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʚ ʫʣʴʝ. ɸ ʵʪʦ ʟʥʘʯʠʪ, 
ʯʪʦ ʚ ʧʝʨʠʦʜ ʟʠʤʦʚʢʠ ʤʦʞʥʦ ʙʫʜʝʪ ʦʧʨʝʜʝʣʠʪʴ ʩʝʯʝʥʠʝ ʧʯʝʣʠʥʦʛʦ ʢʣʫʙʘ, ʘ ʧʦ 
ʥʝʤʫ ʨʘʟʤʝʨ ʠ ʤʝʩʪʦ ʝʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʪʝʥʢʘʤ ʫʣʴʷ. ʊʘʢʠʤ 
ʦʙʨʘʟʦʤ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʨʥʝʪʘ ʠ ʢʦʤʧʴʶʪʝʨʘ, ʧʦʷʚʠʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 
ʚʝʩʪʠ ʢʦʥʪʨʦʣʴ ʟʘ ʧʯʝʣʘʤʠ ʢʘʞʜʦʛʦ ʫʣʴʷ, ʩ ʣʶʙʦʛʦ ʨʘʩʩʪʦʷʥʠʷ, ʩ ʣʶʙʦʛʦ 
ʩʨʝʜʩʪʚʘ ʧʝʨʝʜʚʠʞʝʥʠʷ ʠ ʚ ʣʶʙʦʝ ʚʨʝʤʷ ʛʦʜʘ. ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 
ʫʧʨʘʚʣʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʢʘʢ ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ, ʧʦʟʚʦʣʷʶʱʝʡ 
ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ, ʪʘʢ ʠ ʙʝʟ ʥʝʝ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ 
ʧʯʝʣʦʚʦʜ ʠʛʨʘʝʪ ʨʦʣʴ ʦʧʝʨʘʪʦʨʘ ʠ ʥʘʣʘʜʯʠʢʘ. ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʜʣʷ 
ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʦʡ ʙʫʜʝʪ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ ʦʙʳʯʥʦʛʦ 
ʨʝʣʝʡʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ: ʚ ʥʝʧʨʝʨʳʚʥʳʭ ʨʝʛʫʣʷʪʦʨʘʭ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, 
ʧʦʩʢʦʣʴʢʫ ʧʯʝʣʠʥʘʷ ʩʝʤʴʷ ʩʧʦʩʦʙʥʘ ʚʳʞʠʚʘʪʴ ʜʘʞʝ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ 
ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʧʝʨʠʦʜ ʟʠʤʦʚʢʠ ʦʧʫʩʢʘʝʪʩʷ ʜʦ ï50 ÁC [4]. 

ʇʦʤʠʤʦ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʤʦʞʥʦ ʙʫʜʝʪ ʪʘʢʞʝ 
ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚʣʘʞʥʦʩʪʴ ʠ ʧʨʦʯʠʝ ʧʘʨʘʤʝʪʨʳ. ʅʘʙʣʶʜʘʶʪʩʷ ʩʣʫʯʘʠ, ʢʦʛʜʘ 
ʧʯʝʣʳ ʫʩʧʝʰʥʦ ʧʝʨʝʞʠʚʘʶʪ ʟʠʤʥʝʝ ʚʨʝʤʷ, ʥʦ ʧʣʦʭʦ ʦʙʣʝʪʳʚʘʶʪʩʷ , ʪʘʢ ʢʘʢ ʥʝ 
ʤʦʛʫʪ ʦʩʪʘʚʠʪʴ ʨʘʩʧʣʦʜ. ʇʯʝʣʳ ʪʘʢʠʭ ʩʝʤʝʡ ʥʝ ʚʳʣʝʪʘʶʪ ʟʘ ʜʦʙʳʯʝʡ, ʢʦʛʜʘ 
ʮʚʝʪʝʪ ʠʚʘ ʠ ʧʝʨʚʦʮʚʝʪʳ, ʯʪʦʙʳ ʥʝ ʟʘʩʪʫʜʠʪʴ ʨʘʩʧʣʦʜ ʠ ʥʝ ʜʦʧʫʩʪʠʪʴ ʝʛʦ 
ʛʠʙʝʣʠ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʧʯʝʣʘʤ ʢʦʤʬʦʨʪʥʳʝ ʫʩʣʦʚʠʷ, ʪʘʢ, 
ʯʪʦʙʳ ʚʥʫʪʨʠ ʢʣʫʙʘ ʥʘʩʝʢʦʤʳʭ  ʢʦʥʮʝʥʪʨʘʮʠʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʜʦʩʪʠʛʘʣʘ 
3é4%, ʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʨʦʜʘ ï ʦʢʦʣʦ 18%. ʇʨʠ ʪʘʢʦʡ ʩʨʝʜʝ ʧʯʝʣʳ, 
ʥʘʭʦʜʷʩʴ ʚ ʧʦʢʦʝ, ʤʝʥʴʰʝ ʧʦʪʨʝʙʣʷʶʪ ʤʝʜʘ ʠ ʥʝ ʠʟʥʘʰʠʚʘʶʪʩʷ ʬʠʟʠʯʝʩʢʠ. 
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ɺ 2023 ʛʦʜʫ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʟʘʩʪʨʦʡʢʘ ʦʢʨʘʠʥʥʳʭ ʨʘʡʦʥʦʚ ʛʦʨʦʜʘ, ʚ 

ʩʚʷʟʠ ʩ ʯʝʤ ʠʜʝʪ ʙʦʣʴʰʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʜʦʨʦʛʠ, ʢʦʪʦʨʘʷ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʙʣʝʤ ʩʚʷʟʘʥʥʳʭ ʩ ʪʨʘʥʩʧʦʨʪʥʦ-ʧʘʩʩʘʞʠʨʩʢʠʤ 

ʧʦʪʦʢʦʤ. ʉ ʙʦʣʴʰʦʡ ʟʘʛʨʫʞʝʥʥʦʩʪʴʶ ʧʨʦʩʧʝʢʪʦʚ ʠ ʫʣʠʮ ʤʦʞʥʦ ʩʧʨʘʚʠʪʴʩʷ ʩ 

ʧʦʤʦʱʴʶ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʚʝʪʦʢ ʪʨʘʤʚʘʡʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʕʪʦ ʧʦʩʧʦʩʦʙʩʪʚʫʝʪ 

ʨʘʟʛʨʫʟʢʝ ʘʚʪʦʙʫʩʥʦʛʦ ʠ ʪʨʦʣʣʝʡʙʫʩʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʛʦʨʦʜʘ, 

ʘ ʠʤʝʥʥʦ ʃʝʥʠʥʩʢʠʡ ʠ ʂʠʨʦʚʩʢʠʡ ʨʘʡʦʥʳ, ʷʚʣʷʶʪʩʷ ʩʚʦʝʦʙʨʘʟʥʳʤ ʜʝʣʦʚʳʤ 

ʮʝʥʪʨʦʤ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʬʠʩʥʳʭ ʧʦʤʝʱʝʥʠʡ ʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ 

ʟʜʘʥʠʡ ʩ ʫʟʢʠʤʠ ʫʣʠʮʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʪʨʘʥʟʠʪʘ 

ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʦʚ ʠ ʣʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚ ʮʝʥʪʨʘʣʴʥʳʝ ʨʘʡʦʥʳ ʛʦʨʦʜʘ ʠʣʠ, 

ʤʠʥʫʷ ʠʭ, ʚ ʜʨʫʛʠʝ ʨʘʡʦʥʳ ʛʦʨʦʜʘ ʠ ʦʙʨʘʪʥʦ. ɹʦʣʝʝ ʪʦʛʦ, ʩʠʪʫʘʮʠʷ ʫʩʫʛʫʙʣʷʝʪʩʷ 

ʧʨʠʧʘʨʢʦʚʘʥʥʳʤʠ ʘʚʪʦʤʦʙʠʣʷʤʠ ʚ ʮʝʥʪʨʝ ʛʦʨʦʜʘ, ʘ ʪʘʢʞʝ ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ 

ʦʨʛʘʥʠʟʘʮʠʠ ʧʘʨʢʦʚʦʯʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʚ ʧʣʦʪʥʦʡ ʟʘʩʪʨʦʡʢʝ ʛʦʨʦʜʩʢʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʩʣʝʜʫʶʱʘʷ 
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ʮʝʣʴ ï ʨʘʟʨʘʙʦʪʘʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʢʦʥʮʝʧʪ-ʧʨʦʝʢʪ ʥʦʚʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʩʠʩʪʝʤʳ ʛʦʨʦʜʘ, ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʟʚʝʥʴʝʚ ʢʦʪʦʨʦʛʦ ʜʦʣʞʝʥ ʩʪʘʪʴ ʪʨʘʤʚʘʡ. 

ʈʘʥʝʝ ʧʦʜʦʙʥʘʷ ʧʨʦʙʣʝʤʘ ʦʪʯʘʩʪʠ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʩʪʘʪʴʝ ɸʥʘʥʴʠʥʘ ɻ.ɽ. [1], 

ʦʜʥʘʢʦ ʚ ʮʝʣʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʡ ʩʬʝʨʝ ʝʱʝ ʦʯʝʥʴ ʤʘʣʦ, ʠ ʵʪʠʤ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʈʫʢʦʚʦʜʩʪʚʫʷʩʴ ʮʝʣʴʶ, ʙʳʣʠ ʚʳʜʚʠʥʫʪʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  

- ʠʟʫʯʠʪʴ ʠʩʪʦʨʠʯʝʩʢʫʶ ʨʝʪʨʦʩʧʝʢʪʠʚʫ ʗʨʦʩʣʘʚʩʢʦʛʦ ʪʨʘʤʚʘʷ;  

- ʧʨʦʚʝʩʪʠ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʘʡʦʥʦʚ ʛʦʨʦʜʘ ʠ ʦʧʨʝʜʝʣʠʪʴ 

ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʩʰʠʨʝʥʠʷ ʪʨʘʤʚʘʡʥʦʡ ʩʝʪʠ;  

- ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʨʘʤʚʘʡʥʳʭ ʤʘʨʰʨʫʪʦʚ ʠ ʠʭ 

ʩʦʛʣʘʩʦʚʘʥʠʷ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ;  

- ʠʟʫʯʠʪʴ ʢʦʥʮʝʧʪ-ʧʨʦʝʢʪ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʩʝʪʠ ʪʨʘʤʚʘʡʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ 

ʛʦʨʦʜʝ. 

ʉʨʘʚʥʠʚʘʷ ʩʪʨʫʢʪʫʨʫ ʟʘʩʪʨʦʡʢʠ ʨʘʡʦʥʦʚ ʛʦʨʦʜʘ ʗʨʦʩʣʘʚʣʷ ʥʘʰʠʭ ʜʥʝʡ ʠ 

ʛʦʨʦʜʘ 40-50- ʣʝʪʥʝʡ ʜʘʚʥʦʩʪʠ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʘʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʠʤʝʥʥʦ 

ʧʝʨʠʬʝʨʠʡʥʳʭ ʩʧʘʣʴʥʳʭ ʨʘʡʦʥʦʚ. ɺ ʦʩʥʦʚʥʦʤ ʵʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʤʥʦʛʦʵʪʘʞʥʦʡ ʞʠʣʦʡ ʟʘʩʪʨʦʡʢʠ ʚ ʮʝʥʪʨʝ ʛʦʨʦʜʘ ʧʦ 

ʦʙʲʝʢʪʠʚʥʳʤ ʧʨʠʯʠʥʘʤ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʠʢʫ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ 

ʩʥʠʞʝʥʠʶ ʩʪʦʠʤʦʩʪʠ ʞʠʣʴʷ ʥʘ ʧʝʨʠʬʝʨʠʠ ʛʦʨʦʜʘ, ʘ ʚ ʧʦʩʣʝʜʩʪʚʠʠ, ʢ ʦʪʪʦʢʫ 

ʥʘʩʝʣʝʥʠʷ ʠʟ ʮʝʥʪʨʘ. ɺ ʃʝʥʠʥʩʢʦʤ ʠ ʂʨʘʩʥʦʧʝʨʝʢʦʧʩʢʦʤ ʨʘʡʦʥʘʭ ʛʦʨʦʜʘ 

ʧʨʦʠʩʭʦʜʠʣʦ ʧʣʘʥʦʤʝʨʥʦʝ ʫʧʣʦʪʥʝʥʠʝ ʟʘʩʪʨʦʡʢʠ, ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ 

ʫʚʝʣʠʯʝʥʠʝʤ ʠʭ ʧʣʦʱʘʜʠ, ʦʜʥʘʢʦ ʜʘʥʥʳʝ ʨʘʡʦʥʳ ʛʦʨʦʜʘ ʦʜʥʠ ʠʟ ʩʘʤʳʭ 

ʩʪʘʨʝʡʰʠʭ ʠ ʠʟʥʘʯʘʣʴʥʦ ʠʤʝʣʠ ʚʝʩʴʤʘ ʨʘʟʚʠʪʫʶ ʪʨʘʥʩʧʦʨʪʥʫʶ ʩʝʪʴ, ʘ 

ʯʠʩʣʝʥʥʦʩʪʴ ʠʭ ʥʘʩʝʣʝʥʠʷ ʜʦʣʛʠʝ ʛʦʜʳ ʧʨʘʢʪʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʘ. ʅʘʠʙʦʣʝʝ 

ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠ ʩʠʪʫʘʮʠʷ ʩʣʦʞʠʣʘʩʴ ʚ ɼʟʝʨʞʠʥʩʢʦʤ, ɿʘʚʦʣʞʩʢʦʤ. ʈʘʡʦʥʳ 

ʫʧʦʤʷʥʫʪʳ ʧʦ ʤʝʨʝ ʚʦʟʨʘʩʪʘʥʠʷ ʫʛʨʦʟʳ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʣʣʘʧʩʘ, ʘ ʪʘʢʞʝ ʧʦ 

ʧʨʠʦʨʠʪʝʪʫ ʨʘʩʰʠʨʝʥʠʷ ʠʣʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʩʪʨʦʡʩʪʚʘ ʪʨʘʤʚʘʡʥʦʡ ʩʝʪʠ. 

ɼʟʝʨʞʠʥʩʢʠʡ ʨʘʡʦʥ ï ʢʨʫʧʥʝʡʰʠʡ ʧʦ ʥʘʩʝʣʝʥʠʶ ʠ ʩʘʤʳʡ ʤʦʣʦʜʦʡ ʨʘʡʦʥ ʥʘ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ʛʦʨʦʜʘ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʚ 1979 ʛʦʜʫ. ʆʥ ʭʚʘʪʳʚʘʝʪ ʩʝʚʝʨʥʫʶ ʯʘʩʪʴ 

ʧʨʘʚʦʙʝʨʝʞʥʦʛʦ ʗʨʦʩʣʘʚʣʷ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ, ʚʢʣʶʯʝʥʥʦʡ ʚ ʨʘʡʦʥ, ʧʨʦʞʠʚʘʝʪ 

162847 ʯʝʣʦʚʝʢ, ʵʪʦ ʯʠʩʣʦ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 2021 ʛʦʜ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 28.53% ʦʪ 

ʥʘʩʝʣʝʥʠʷ ʛʦʨʦʜʘ. 

ʊʝʨʨʠʪʦʨʠʷ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʞʠʣʳʝ ʨʘʡʦʥʳ ɹʨʘʛʠʥʦ, 

ʇʘʰʫʢʦʚʦ, ʧʨʠʚʦʣʞʩʢʠʝ ʧʦʩʝʣʢʠ ʀʚʘʥʴʢʦʚʦ, ʇʘʚʣʦʚʩʢʠʡ, ʉʢʦʙʳʢʠʥʦ ʠ 

ʅʦʨʩʢʦʝ, ʧʦʩʝʣʢʠ ʇʘʨʠʞʩʢʘʷ ʂʦʤʤʫʥʘ, ʇʷʪʦʚʩʢʦʝ, ʨʘʡʦʥʳ ʆʩʪʘʰʠʥʩʢʦʝ, 

ʈʝʜʢʦʚʠʮʳʥʦ ʠ ʌʨʦʣʴʮʝʚʦ, ʘ ʪʘʢʞʝ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʉʝʚʝʨʥʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʨʘʡʦʥʘ. ʈʘʟʚʠʪʠʶ ʧʦʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʝʜʠʥʝʥʠʝ ʪʨʘʤʚʘʡʥʳʭ ʧʫʪʝʡ ʩ ʪʦʯʢʠ 

ʢʦʥʝʯʥʦʛʦ ʢʦʣʴʮʘ ʪʨʘʤʚʘʷ ˉ6 ʠ ʢʦʥʝʯʥʦʛʦ ʢʦʣʴʮʘ ʪʨʘʤʚʘʷ ˉ5. ʇʫʪʠ 

ʧʨʦʣʦʞʠʪʴ ʤʦʞʥʦ ʯʝʨʝʟ ʫʣʠʮʫ 16-ʷ ʣʠʥʠʷ, ʤʠʤʦ ʗʙʣʦʥʝʚʦʛʦ ʧʦʩʘʜʘ. ʊʝʤ 

ʩʘʤʳʤ ʤʳ ʩʤʦʞʝʤ ʦʙʝʩʧʝʯʠʪʴ ʫʜʦʙʥʳʤ ʪʨʘʥʩʧʦʨʪʥʦ-ʧʘʩʩʘʞʠʨʩʢʠʤ ʤʘʨʰʨʫʪʦʤ 

ʯʘʩʪʥʳʡ ʩʝʢʪʦʨ ʠ ʢʨʫʧʥʳʝ ʙʣʠʟʣʝʞʘʱʠʝ ʥʦʚʳʝ ʞʠʣʳʝ ʢʦʤʧʣʝʢʩʳ, ʘʢʪʠʚʥʦ 

ʟʘʩʪʨʘʠʚʘʶʱʠʝʩʷ ʚ ʪʦʤ ʤʠʢʨʦʨʘʡʦʥʝ. ʊʘʢ ʞʝ ʫʜʦʙʥʳʤ ʨʝʰʝʥʠʝʤ ʤʦʞʥʦ ʩʯʝʪʘ 

ʧʨʦʢʣʘʜʢʫ ʪʨʘʤʚʘʡʥʳʭ ʧʫʪʝʡ ʠ ʨʘʟʚʠʪʠʝ ʥʦʚʦʡ ʚʝʪʢʠ ʧʦ ʃʝʥʠʥʛʨʘʜʩʢʦʤʫ 

ʧʨʦʩʧʝʢʪʫ. ʅʘʯʠʥʘʷ ʦʪ ʫʣʠʮʳ ɽʣʝʥʳ ʂʦʣʝʩʦʚʦʡ ʠ ʟʘʢʘʥʯʠʚʘʷ ʫʣʠʮʝʡ 

ɺʦʣʛʦʛʨʘʜʩʢʘʷ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʫʶ ʨʘʟʜʝʣʠʪʝʣʴʥʫʶ ʧʦʣʦʩʫ ʠ 

https://ru.wikipedia.org/wiki/%D0%91%D1%80%D0%B0%D0%B3%D0%B8%D0%BD%D0%BE_(%D0%AF%D1%80%D0%BE%D1%81%D0%BB%D0%B0%D0%B2%D0%BB%D1%8C)
https://ru.wikipedia.org/wiki/%D0%9F%D0%B0%D1%88%D1%83%D0%BA%D0%BE%D0%B2%D0%BE_(%D0%AF%D1%80%D0%BE%D1%81%D0%BB%D0%B0%D0%B2%D0%BB%D1%8C)
https://ru.wikipedia.org/w/index.php?title=%D0%98%D0%B2%D0%B0%D0%BD%D1%8C%D0%BA%D0%BE%D0%B2%D0%BE_(%D0%AF%D1%80%D0%BE%D1%81%D0%BB%D0%B0%D0%B2%D0%BB%D1%8C)&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%9D%D0%BE%D1%80%D1%81%D0%BA%D0%BE%D0%B5
https://ru.wikipedia.org/wiki/%D0%9E%D1%81%D1%82%D0%B0%D1%88%D0%B8%D0%BD%D1%81%D0%BA%D0%BE%D0%B5
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ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʝ ʨʘʟʜʝʣʠʪʝʣʴʥʳʝ ʟʦʥʳ ʦʪ ʜʦʨʦʛ ʚʪʦʨʦʩʪʝʧʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ. 

ʊʝʤ ʩʘʤʳʤ ʝʩʣʠ ʤʳ ʨʘʩʧʦʣʦʞʠʤ ʪʨʘʤʚʘʡʥʳʝ ʧʫʪʠ ʚ ʟʦʥʝ ʨʘʟʜʝʣʠʪʝʣʴʥʦʡ 

ʧʦʣʦʩʳ ʠ ʩʤʦʞʝʤ ʨʘʟʤʝʩʪʠʪʴ ʧʝʨʨʦʥʳ ʜʣʷ ʧʦʩʘʜʢʠ, ʯʪʦʙʳ ʥʝ ʪʝʨʷʪʴ ʰʠʨʠʥʫ 

ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ, ʤʳ ʩʤʦʞʝʤ ʝʛʦ ʩʜʚʠʥʫʪʴ ʠ ʟʘʜʝʡʩʪʚʦʚʘʪʴ 

ʯʘʩʪʴ ʨʘʟʜʝʣʠʪʝʣʴʥʦʡ ʟʦʥʳ ʤʝʞʜʫ ʜʦʨʦʞʥʳʤ ʧʦʣʦʪʥʦʤ  ʃʝʥʠʥʛʨʘʜʩʢʦʛʦ 

ʧʨʦʩʧʝʢʪʘ ʠ ʜʦʨʦʞʥʳʤ ʧʦʣʦʪʥʦʤ ʚʪʦʨʦʩʪʝʧʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ 

ʩʤʦʞʝʤ ʨʘʟʛʨʫʟʠʪʴ ʜʚʠʞʝʥʠʝ ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʝ, ʧʫʪʝʤ ʫʤʝʥʴʰʝʥʠʷ 

ʘʚʪʦʙʫʩʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. ʆʩʪʘʥʦʚʦʯʥʳʝ ʧʫʥʢʪʳ, ʚ ʚʠʜʝ ʙʝʪʦʥʥʳʭ ʧʝʨʨʦʥʦʚ, ʤʳ 

ʨʘʩʧʦʣʦʞʠʤ ʢʘʢ ʜʫʙʣʠʨʫʶʱʠʝ, ʚ ʪʝʭ ʞʝ ʤʝʩʪʘʭ ʛʜʝ ʨʘʩʧʦʣʦʞʝʥʳ ʦʩʪʘʥʦʚʦʯʥʳʝ 

ʧʫʥʢʪʳ ʜʣʷ ʘʚʪʦʙʫʩʥʦʛʦ ʠ ʪʨʦʣʣʝʡʙʫʩʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʘʥʘʣʦʛʠʯʥʦ ʪʦʤʫ, ʢʘʢ 

ʵʪʦ ʩʜʝʣʘʥʦ ʥʘ ʮʝʥʪʨʘʣʴʥʦʡ ʫʣʠʮʝ ʨʘʡʦʥʘ ʇʷʪʝʨʢʘ, ʫʣʠʮʝ ʏʢʘʣʦʚʘ. 

ɿʘʚʦʣʞʩʢʠʡ ʨʘʡʦʥ ʗʨʦʩʣʘʚʣʷ ʙʳʣ ʦʙʨʘʟʦʚʘʥ ʚ 1938 ʛʦʜʫ ʧʫʪʝʤ ʚʳʜʝʣʝʥʠʷ 

ʠʟ ʩʦʩʪʘʚʘ ʂʠʨʦʚʩʢʦʛʦ ʨʘʡʦʥʘ ʝʛʦ ʟʘʚʦʣʞʩʢʦʡ ʯʘʩʪʠ.ɺ ʜʘʣʴʥʝʡʰʝʤ ʪʝʨʨʠʪʦʨʠʷ 

ʨʘʡʦʥʘ ʤʥʦʛʦ ʨʘʟ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʟʘ ʩʯʝʪ ʚʢʣʶʯʝʥʠʷ ʚ ʛʦʨʦʜʩʢʫʶ ʯʝʨʪʫ ʥʦʚʳʭ 

ʪʝʨʨʠʪʦʨʠʡ. 

 ʆʭʚʘʪʳʚʘʝʪ ʚʩʶ ʟʘʚʦʣʞʩʢʫʶ ʯʘʩʪʴ ʛʦʨʦʜʘ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ, ʚʢʣʶʯʝʥʥʦʡ ʚ 

ʨʘʡʦʥ, ʧʨʦʞʠʚʘʝʪ 115573 ʯʝʣʦʚʝʢ ʵʪʦ ʯʠʩʣʦ ʞʠʪʝʣʝʡ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 2021 ʛʦʜ, 

ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 20.25% ʦʪ ʦʙʱʝʛʦ ʥʘʩʝʣʝʥʠʷ ʛʦʨʦʜʘ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʟʘʚʦʣʞʩʢʠʡ ʨʘʡʦʥ ʗʨʦʩʣʘʚʣʷ ʠʩʧʳʪʳʚʘʝʪ ʧʨʦʙʣʝʤʳ ʩ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʜʦʩʪʫʧʥʦʩʪʴʶ, ʦʩʦʙʝʥʥʦ ʚ ʧʠʢʦʚʳʝ ʯʘʩʳ. ʇʦʢʘʟʘʪʝʣʠ 

ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʘʚʪʦʙʫʩʥʳʭ ʤʘʨʰʨʫʪʦʚ ʧʨʝʚʳʰʘʶʪ ʜʦʧʫʩʪʠʤʫʶ ʥʦʨʤʫ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʙʢʘʤ ʠ ʥʝʫʜʦʙʩʪʚʫ ʜʣʷ ʧʘʩʩʘʞʠʨʦʚ. ɺʚʝʜʝʥʠʝ ʥʦʚʳʭ ʪʨʘʤʚʘʡʥʳʭ 

ʧʫʪʝʡ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʜʘʚʣʝʥʠʝ ʥʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʫʶ ʩʝʪʴ ʠ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ 

ʢʦʤʬʦʨʪʥʳʝ ʫʩʣʦʚʠʷ ʧʝʨʝʜʚʠʞʝʥʠʷ ʜʣʷ ʛʦʨʦʞʘʥ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʥʦʚʳʭ ʪʨʘʤʚʘʡʥʳʭ ʧʫʪʝʡ: 

- ʋʣʫʯʰʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʜʦʩʪʫʧʥʦʩʪʠ ʟʘʚʦʣʞʩʢʦʛʦ ʨʘʡʦʥʘ; 

- ʉʦʢʨʘʱʝʥʠʝ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʘʚʪʦʙʫʩʥʳʭ ʤʘʨʰʨʫʪʦʚ ʠ ʫʤʝʥʴʰʝʥʠʝ 

ʧʨʦʙʦʢ; 

- ʕʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʡ ʚʠʜ ʪʨʘʥʩʧʦʨʪʘ, ʩʥʠʞʝʥʠʝ ʚʳʙʨʦʩʦʚ ʚʨʝʜʥʳʭ 

ʚʝʱʝʩʪʚ; 

- ʇʦʚʳʰʝʥʠʝ ʢʦʤʬʦʨʪʘ ʧʝʨʝʜʚʠʞʝʥʠʷ ʜʣʷ ʧʘʩʩʘʞʠʨʦʚ; 

- ʋʣʫʯʰʝʥʠʝ ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʟʘʚʦʣʞʩʢʦʛʦ ʨʘʡʦʥʘ ʠ ʦʙʱʝʛʦ ʦʙʣʠʢʘ ʛʦʨʦʜʘ. 

ʄʳ ʧʨʝʜʣʘʛʘʝʤ ʧʨʦʣʦʞʠʪʴ ʜʚʝ ʥʦʚʳʝ ʚʝʪʢʠ ʪʨʘʤʚʘʡʥʳʭ ʧʫʪʝʡ. ʊʘʢ ʢʘʢ 

ʚʩʝ ʙʦʣʴʰʝ ʣʶʜʝʡ ʦʪʜʘʣʷʝʪʩʷ ʦʪ ʛʦʨʦʜʘ ʠ ʭʦʯʝʪ ʞʠʪʴ ʟʘ ʝʛʦ ʯʝʨʪʦʡ, ʪʦ 

ɿʘʚʦʣʞʩʢʠʡ ʢʘʢ ʥʠʢʪʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʵʪʦʛʦ. ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʟʘʛʦʨʦʜʥʳʭ ʜʦʤʦʚ 

ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʵʪʦʤ ʨʘʡʦʥʝ, ʥʦ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʦʦʙʱʝʥʠʝ ʦʩʪʘʝʪʩʷ 

ʩʪʘʨʳʤ, ʧʦʵʪʦʤʫ ʚ ʧʠʢʦʚʳʝ ʯʘʩʳ ʣʶʜʠ ʥʝ ʤʦʛʫʪ ʙʳʩʪʨʦ ʜʦʙʨʘʪʴʩʷ ʜʦ ʨʘʙʦʪʳ 

ʠʣʠ ʩ ʥʝʝ. ʊʨʘʤʚʘʡʥʳʝ ʧʫʪʠ ʧʦʤʦʛʫʪ ʨʝʰʠʪʴ ʵʪʫ ʧʨʦʙʣʝʤʫ ʠ ʨʘʟʛʨʫʟʠʪʴ 

ʜʦʨʦʛʠ. ɺʝʪʢʠ ʧʫʪʝʡ ʙʫʜʫʪ ʧʨʦʣʦʞʝʥʳ ʦʪ ʩʝʣʴʩʢʦʛʦ ʧʦʩʝʣʝʥʠʷ çɿʘʚʦʣʞʴʝè, 

ʯʝʨʝʟ ʜʝʨʝʚʥʶ çʂʨʘʩʥʳʡ ʙʦʨè, çɽʨʤʦʣʦʚʦè, ʟʘʪʝʤ ʚʜʦʣʴ ʫʣʠʮʳ ʂʣʫʙʥʘʷ, 

ʧʦʪʦʤ ʤʳ ʞʝʨʪʚʫʝʤ ʨʘʟʜʝʣʠʪʝʣʴʥʦʡ, ʟʝʣʝʥʦʡ ʧʦʣʦʩʦʡ ʥʘ ʫʣʠʮʝ ʄʘʷʢʦʚʩʢʦʛʦ ʠ 

ʜʝʣʘʝʤ ʨʘʟʚʦʨʦʪ ʫ ʩʪʘʨʦʛʦ ʤʦʩʪʘ. ʕʪʦ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʦʦʙʱʝʥʠʝ ʧʦʤʦʞʝʪ 

ʣʶʜʷʤ, ʞʠʚʫʱʠʤ ʟʘ ʛʦʨʦʜʦʤ, ʜʦʙʠʨʘʪʴʩʷ ʙʳʩʪʨʝʝ ʜʦ ʆʢʪʷʙʨʴʩʢʦʛʦ ʤʦʩʪʘ, ʘ 

ʪʘʤ ʜʘʣʴʰʝ ʧʝʨʝʩʘʞʠʚʘʪʴ ʥʘ ʫʜʦʙʥʳʝ ʜʣʷ ʥʠʭ ʤʘʨʰʨʫʪʳ, ʯʪʦʙʳ ʜʦʙʨʘʪʴʩʷ ʜʦ 

ʨʘʙʦʪʳ ʠʣʠ ʩ ʥʝʝ. 

https://ru.wikipedia.org/wiki/%D0%9A%D0%B8%D1%80%D0%BE%D0%B2%D1%81%D0%BA%D0%B8%D0%B9_%D1%80%D0%B0%D0%B9%D0%BE%D0%BD_(%D0%AF%D1%80%D0%BE%D1%81%D0%BB%D0%B0%D0%B2%D0%BB%D1%8C)
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ʉʧʠʩʦʢ ʠʩʪʦʯʥʠʢʦʚ 

1. ɸʥʘʥʴʠʥ ɻ.ɽ. ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʨʝʣʴʩʦʚʦʛʦ ʵʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʘ (ʥʘ 

ʧʨʠʤʝʨʝ ʛ. ʗʨʦʩʣʘʚʣʷ) // ʇʨʠʦʨʠʪʝʪʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʠʬʠʢʘʮʠʠ ʠ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ 

ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʅʘʮʠʦʥʘʣʴʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ʗʨʦʩʣʘʚʣʴ: 

ʀʟʜʘʪʝʣʴʩʪʚʦ ʌɻɹʆʋ ɺʆ ʗʨʦʩʣʘʚʩʢʘʷ ɻʉʍɸ, 2022. ʉ. 3ï8. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʝ ʪʝʧʣʠʮʳ ʧʷʪʦʛʦ ʧʦʢʦʣʝʥʠʷ. ʕʪʠ ʪʝʧʣʠʮʳ ʫʜʦʚʣʝʪʚʦʨʷʶʪ 

ʢʦʥʮʝʧʮʠʠ Ultra-Clima, ʯʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦʜʜʝʨʞʠʚʘʪʴ 

ʦʧʪʠʤʘʣʴʥʳʡ ʤʠʢʨʦʢʣʠʤʘʪ ʚ ʣʶʙʦʝ ʚʨʝʤʷ ʛʦʜʘ. ʆʥʠ ʥʝ ʠʤʝʶʪ ʟʘʩʪʦʷ ʚʦʟʜʫʭʘ, 

ʯʪʦ ʧʦʜʘʚʣʷʝʪ ʨʘʟʚʠʪʠʝ ʛʨʠʙʢʦʚʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ; ʩʧʦʩʦʙʥʳ ʢ ʘʚʪʦʥʦʤʥʦʤʫ 

ʦʭʣʘʞʜʝʥʠʶ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ; ʧʦʜʜʝʨʞʠʚʘʶʪ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ, ʯʪʦ 

ʧʦʤʦʛʘʝʪ ʚ ʙʦʨʴʙʝ ʩ ʚʨʝʜʠʪʝʣʷʤʠ. ʉʘʤʦʡ ʚʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʥʮʝʧʮʠʠ 

Ultra-Clima ʷʚʣʷʝʪʩʷ ʧʦʜʜʝʨʞʘʥʠʝ ʜʦʩʪʘʪʦʯʥʦʛʦ ʫʨʦʚʥʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʯʪʦ 
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ʧʦʟʚʦʣʷʝʪ ʵʢʦʥʦʤʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʦʪʦʧʣʝʥʠʝ. ʊʘʢʞʝ, ʦʩʪʘʪʦʯʥʦʝ ʪʝʧʣʦ ʦʪ 

ʦʩʚʝʪʠʪʝʣʴʥʳʭ ʣʘʤʧ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʦʙʦʛʨʝʚ. 

ʇʦʜʦʙʥʳʝ ʪʝʧʣʠʮʳ ʠʩʧʦʣʴʟʫʶʪ ʧʝʨʝʜʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʥʘʫʯʥʳʝ 

ʜʦʩʪʠʞʝʥʠʷ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʚʳʨʘʱʠʚʘʥʠʷ ʨʘʩʪʝʥʠʡ. ʆʥʠ ʦʩʥʘʱʝʥʳ 

ʩʠʩʪʝʤʘʤʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʣʠʚʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʦʩʚʝʱʝʥʠʝʤ, ʢʦʪʦʨʳʝ 

ʘʜʘʧʪʠʨʫʶʪʩʷ ʢ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʧʦʪʨʝʙʥʦʩʪʷʤ ʢʘʞʜʦʛʦ ʩʦʨʪʘ ʠ ʚʠʜʘ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʫʨʦʞʘʡʥʦʩʪʴ ʠ ʩʦʢʨʘʪʠʪʴ ʩʨʦʢʠ ʩʦʟʨʝʚʘʥʠʷ [1]. 

ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʪʝʧʣʠʮ ʧʷʪʦʛʦ ʧʦʢʦʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʠʭ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ. ɹʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʦʥʠ 

ʧʦʟʚʦʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʦʪʦʧʣʝʥʠʝ ʠ ʦʩʚʝʱʝʥʠʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʪʝʧʣʠʮʘʤʠ. 

ɺ ʮʝʣʦʤ, ʪʝʧʣʠʮʳ ʧʷʪʦʛʦ ʧʦʢʦʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʦʚʳʡ ʵʪʘʧ ʚ 

ʨʘʟʚʠʪʠʠ ʪʝʧʣʠʯʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʣʷ 

ʤʥʦʛʠʭ ʩʪʨʘʥ. ɹʣʘʛʦʜʘʨʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʶ, ʤʦʞʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ 

ʦʙʲʝʤʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʫʣʫʯʰʠʪʴ ʝʸ ʢʘʯʝʩʪʚʦ 

ʠ ʩʜʝʣʘʪʴ ʙʦʣʝʝ ʜʦʩʪʫʧʥʦʡ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʝʡ.  

ʈʝʟʶʤʠʨʫʷ, ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʪʝʧʣʠʮʳ ʧʷʪʦʛʦ ʧʦʢʦʣʝʥʠʷ: 

ï ʆʙʣʘʜʘʶʪ ʫʣʫʯʰʝʥʥʦʡ ʮʠʨʢʫʣʷʮʠʝʡ ʚʦʟʜʫʭʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʬʦʨʪʦʯʝʢ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʥʘ ʢʨʳʰʘʭ; 

ï ʉʧʦʩʦʙʥʳ ʫʧʨʘʚʣʷʪʴ ʥʝ ʪʦʣʴʢʦ ʫʨʦʚʥʝʤ ʦʩʚʝʱʸʥʥʦʩʪʠ, ʥʦ ʠ ʮʚʝʪʦʤ 

ʩʚʝʪʘ, ʪ.ʝ. ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʪʪʝʥʢʘ; 

ï ɺʩʝʛʜʘ ʥʘʭʦʜʷʪʩʷ ʧʦʜ ʥʝʙʦʣʴʰʠʤ ʠʟʙʳʪʦʯʥʳʤ ʜʘʚʣʝʥʠʝʤ, ʯʪʦ ʥʝ 

ʜʦʧʫʩʢʘʝʪ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚʨʝʜʠʪʝʣʝʡ ʚʥʫʪʨʴ; 

ï ʆʙʝʩʧʝʯʠʚʘʶʪ ʧʨʝʮʠʟʠʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʢʣʠʤʘʪʦʤ ʯʝʨʝʟ ʨʫʢʘʚʘ, ʚ 

ʢʦʪʦʨʳʭ ʧʨʦʪʝʢʘʶʪ ʨʘʩʧʨʝʜʝʣʸʥʥʳʝ ʚʦʟʜʫʰʥʳʝ ʧʦʪʦʢʠ; 

ï ʇʦʜʜʝʨʞʠʚʘʶʪ ʜʦʩʪʘʪʦʯʥʳʡ ʫʨʦʚʝʥʴ CO2, ʯʪʦ ʙʣʘʛʦʪʚʦʨʥʦ ʚʣʠʷʝʪ ʥʘ 

ʧʨʦʮʝʩʩʳ ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʫʜʝʨʞʘʥʠʝ ʢʣʠʤʘʪʘ ʚʥʫʪʨʠ ʪʝʧʣʠʮʳ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʪʝʧʣʠʮʳ ʧʷʪʦʛʦ ʧʦʢʦʣʝʥʠʷ ʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʳ, ʥʦ ʙʦʣʝʝ 

ʩʣʦʞʥʳ ʚ ʫʧʨʘʚʣʝʥʠʠ ʠ ʜʦʨʦʛʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ. 

ʅʘʧʨʠʤʝʨ, ʚ ʠʶʣʝ ʚ ʦʙʳʯʥʳʭ ʪʝʧʣʠʮʘʭ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʜʦʩʪʠʛʘʝʪ 

ʜʥʝʤ ʜʦ +35Áʉ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ. ɺ ʪʘʢʠʭ ʞʝ ʫʩʣʦʚʠʷʭ ʪʝʧʣʠʮʘ 

ʧʷʪʦʛʦ ʧʦʢʦʣʝʥʠʷ ʧʦʜʜʝʨʞʠʚʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ +24Áʉ, ʯʪʦ ʠʜʝʘʣʴʥʦ ʜʣʷ 

ʚʳʨʘʱʠʚʘʥʠʷ ʪʦʤʘʪʦʚ [2].  

ʏʪʦ ʢʘʩʘʝʪʩʷ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʡ ʥʘ ʪʘʢʫʶ ʪʝʧʣʠʮʫ, ʪʦ ʦʥʠ ʚ ʩʨʝʜʥʝʤ ʥʘ 

20% ʚʳʰʝ, ʯʝʤ ʚʣʦʞʝʥʠʷ ʥʘ ʪʨʘʜʠʮʠʦʥʥʳʝ ʪʝʧʣʠʮʳ, ʥʦ ʟʘʪʨʘʪʳ ʥʘ ʥʝʸ 

ʦʢʫʧʘʶʪʩʷ ʚ ʪʝʯʝʥʠʝ ʧʷʪʠ-ʰʝʩʪʠ ʣʝʪ [3]. 

ʆʜʥʘʢʦ, ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʧʣʠʮ ʧʷʪʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʚʦʟʥʠʢʘʝʪ ʨʷʜ 

ʧʨʦʙʣʝʤ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʚʷʟʘʥʥʳʡ ʩ ʥʠʟʢʦʡ ʢʚʘʣʠʬʠʢʘʮʠʝʡ ʦʧʝʨʘʪʦʨʦʚ ʠ 

ʨʘʟʨʦʟʥʝʥʥʦʩʪʠ ʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ ʢʦʤʧʣʝʢʩʦʚ. 

ʇʦʵʪʦʤʫ, ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʮʝʣʴ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʝʢʪ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʦʧʝʨʘʪʦʨʘ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʧʣʠʮʳ, ʚʢʣʶʯʘʶʱʠʡ ʙʘʟʫ ʟʥʘʥʠʡ ʠ ʩʠʩʪʝʤʫ ʦʙʫʯʝʥʠʷ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ï ʵʪʦ ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʩʥʠʞʝʥʠʷ ʥʘʛʨʫʟʢʠ ʥʘ ʨʘʙʦʪʥʠʢʦʚ ʧʨʝʜʧʨʠʷʪʠʷ ʠ 

ʫʤʝʥʴʰʝʥʠʷ ʚʣʠʷʥʠʷ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ. 

ʆʜʥʘʢʦ, ʥʝʣʴʟʷ ʧʦʣʥʦʩʪʴʶ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʢʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ 
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ʧʨʦʮʝʩʩʝ. ʀʤʝʥʥʦ ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ, ʦʧʝʨʘʪʦʨʫ ʪʨʝʙʫʝʪʩʷ ʩʠʩʪʝʤʘ ʧʦʜʜʝʨʞʢʠ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʢʦʪʦʨʘʷ ʫʤʝʝʪ ʘʚʪʦʥʦʤʥʦ ʩʦʙʠʨʘʪʴ ʠ ʧʦʜʛʦʪʘʚʣʠʚʘʪʴ 

ʜʘʥʥʳʝ ʦ ʩʪʘʜʠʷʭ ʨʦʩʪʘ ʢʫʣʴʪʫʨ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʭ ʘʥʘʣʠʟʘ. 

ʆʧʪʠʤʫʤʦʤ ʧʦʜʦʙʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʤʦʞʝʪ ʩʪʘʪʴ ʩʦʟʜʘʥʠʝ ʧʦʣʥʦʩʪʴʶ 

ʥʝʟʘʚʠʩʠʤʦʡ ʦʪ ʝʚʨʦʧʝʡʩʢʠʭ ʧʦʩʪʘʚʱʠʢʦʚ ʩʠʩʪʝʤʳ, ʧʦʪʦʤʫ ʯʪʦ ʥʘ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʪʝʧʣʠʮ ʧʷʪʦʛʦ ʧʦʢʦʣʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʤʧʦʥʝʥʪʳ 

ʟʘʧʘʜʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʠʩʢ ʜʣʷ ʨʘʟʚʠʪʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʠ ʢʦʤʧʴʶʪʝʨʠʟʠʨʦʚʘʥʥʳʭ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʫʩʣʦʚʠʷʭ 

ʩʘʥʢʮʠʦʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

ʅʝ ʩʪʦʠʪ ʟʘʙʳʚʘʪʴ ʠ ʪʦ, ʯʪʦ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʢʫʣʴʪʫʨ ʚ ʪʝʧʣʠʮʘʭ, ʠʩʧʦʣʴ-

ʟʫʶʪʩʷ ʛʠʙʨʠʜʳ ʩʦ ʩʣʦʞʥʦʩʪʷʤʠ ʚ ʩʝʣʝʢʮʠʠ ʠ ʚʟʨʘʱʠʚʘʥʠʠ, ʩ ʙʦʣʴʰʠʤ ʩʨʦʢʦʤ 

ʩʦʟʨʝʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʥʘʭʦʜʷʪʩʷ ʧʦʜ ʫʛʨʦʟʦʡ ʩʘʥʢʮʠʦʥʥʦʛʦ ʟʘʧʨʝʪʘ [4]. 

ɺ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʧʦ ʩʦʟʜʘʥʠʶ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʣʷ 

ʪʝʧʣʠʮ ʧʷʪʦʛʦ ʧʦʢʦʣʝʥʠʷ ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʙʘʟʫ ʜʘʥʥʳʭ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ 

ʭʨʘʥʠʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʩ ʜʘʪʯʠʢʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʪʝʧʣʠʮʝ, ʚ 

ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʕʪʘ ʠʥʬʦʨʤʘʮʠʷ ʧʦʟʚʦʣʠʪ ʦʧʝʨʘʪʦʨʫ ʧʨʠʥʠʤʘʪʴ 

ʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʤʠʢʨʦʢʣʠʤʘʪʦʤ, ʧʦʣʠʚʦʤ ʠ ʜʨʫʛʠʤʠ 

ʧʨʦʮʝʩʩʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ ʪʝʧʣʠʮʳ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. 

ɼʣʷ ʦʙʫʯʝʥʠʷ ʦʧʝʨʘʪʦʨʦʚ ʨʘʙʦʪʝ ʩ ʩʠʩʪʝʤʦʡ ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ 

ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʦʙʫʯʘʶʱʠʝ ʤʘʪʝʨʠʘʣʳ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠʝ ʟʘʜʘʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʦʧʝʨʘʪʦʨʘʤ ʙʳʩʪʨʦ ʦʩʚʦʠʪʴ ʨʘʙʦʪʫ ʩ 

ʩʠʩʪʝʤʦʡ ʠ ʧʦʚʳʩʠʪʴ ʩʚʦʶ ʢʚʘʣʠʬʠʢʘʮʠʶ. 

ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʢʠʪʘʡʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʟʘʧʘʜʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ 

ʚʳʜʘʯʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʦʧʝʨʘʪʦʨʫ. 

ɺ ʪʝʧʣʠʮʝ ʚʘʞʥʦ ʩʣʝʜʠʪʴ ʟʘ ʧʘʨʘʤʝʪʨʘʤʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ, 

ʫʨʦʚʝʥʴ ʦʩʚʝʱʸʥʥʦʩʪʠ, ʩʢʦʨʦʩʪʴ ʮʠʨʢʫʣʷʮʠʠ ʚʦʟʜʫʭʘ, ʫʨʦʚʝʥʴ ʠʟʙʳʪʦʯʥʦʛʦ 

ʜʘʚʣʝʥʠʷ, ʫʨʦʚʝʥʴ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ [5]. ɼʣʷ ʠʟʤʝʨʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʪʝʧʣʠʮʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʜʘʪʯʠʢʠ 

(ʨʠʩʫʥʦʢ 1). ʅʘʧʨʠʤʝʨ, ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʪʯʠʢʠ DHT11 ʠʣʠ DHT22, ʘ ʜʣʷ ʧʦʯʚʳ ʧʦʜʦʡʜʝʪ ʜʘʪʯʠʢ 

DS18B20. ʌʦʪʦʜʠʦʜʘʤʠ ʚʦʟʤʦʞʥʦ ʠʟʤʝʨʷʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʩʚʝʱʝʥʠʷ. 

ʀʩʧʦʣʴʟʫʷ ʘʥʝʤʦʤʝʪʨ, ʤʦʞʥʦ ʩʥʠʤʘʪʴ ʧʦʢʘʟʘʪʝʣʠ ʩʢʦʨʦʩʪʠ ʮʠʨʢʫʣʷʮʠʠ 

ʚʦʟʜʫʭʘ. ʋʨʦʚʝʥʴ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʤʦʞʥʦ ʠʟʤʝʨʷʪʴ ʩ ʧʦʤʦʱʴʶ ʜʘʪʯʠʢʘ 

ʜʘʚʣʝʥʠʷ BMP180, ʘ ʫʨʦʚʝʥʴ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ï ʩ ʧʦʤʦʱʴʶ ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʘ 

CO2. ɺʩʝ ʵʪʠ ʜʘʪʯʠʢʠ ʤʦʞʥʦ ʧʦʜʢʣʶʯʠʪʴ ʢ ʧʣʘʪʝ Arduino UNO ʠʣʠ NANO ʠ 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤ ʥʘ C++/ʉ#. 

 



25 

 
ʈʠʩʫʥʦʢ 1 ï ɼʘʪʯʠʢʠ Arduino 

 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴʩʷ ʩ ʩʦʩʪʘʚʦʤ ʩʠʩʪʝʤʳ, ʩʣʝʜʫʝʪ ʦʙʦʟʥʘʯʠʪʴ, 

ʢʘʢʠʝ ʦʧʝʨʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʜʣʷ ʧʨʦʜʫʢʪʠʚʥʦʛʦ 

ʨʦʩʪʘ ʢʫʣʴʪʫʨ ʚ ʪʝʧʣʠʮʘʭ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ï ʵʪʦ ʫʧʨʘʚʣʝʥʠʝ ʧʦʣʠʚʦʤ, 

ʩʦʚʤʝʱʸʥʥʦʝ ʩ ʩʠʩʪʝʤʦʡ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ ʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ. ʅʝʢʦʪʦʨʳʝ ʩʦʨʪʘ ʪʨʝʙʦʚʘʪʝʣʴʥʳ ʢ ʧʦʣʠʚʘʤ, ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʦ 

ʤʦʞʝʪ ʜʦʭʦʜʠʪʴ ʜʦ ʚʦʩʝʤʥʘʜʮʘʪʠ ʚ ʩʫʪʢʠ [6]. ɾʝʣʘʪʝʣʴʥʦ, ʯʪʦʙʳ ʩʠʩʪʝʤʘ ʤʦʛʣʘ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʨʠʛʦʪʘʚʣʠʚʘʪʴ ʫʜʦʙʨʝʥʠʷ ʧʦ ʨʝʮʝʧʪʘʤ, ʟʘʣʦʞʝʥʥʳʤ ʚ ʙʘʟʫ 

ʜʘʥʥʳʭ. ɺʦ-ʚʪʦʨʳʭ, ʦʯʝʥʴ ʚʘʞʥʦ ʫʧʨʘʚʣʝʥʠʝ ʦʩʚʝʱʝʥʠʝʤ, ʧʨʠʯʝʤ ʢʘʢ 

ʠʩʢʫʩʩʪʚʝʥʥʳʤ, ʪʘʢ ʠ ʝʩʪʝʩʪʚʝʥʥʳʤ. ʄʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʝ 

ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ, ʫʧʨʘʚʣʷʷ ʟʘʩʣʦʥʢʘʤʠ, ʘ ʚ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʝ ʦʩʚʝʱʝʥʠʷ 

ʧʨʠʤʝʥʷʪʴ ʣʘʤʧʳ ʩ ʢʦʨʨʝʢʪʠʨʫʝʤʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʠ ʦʪʪʝʥʢʦʤ ʩʚʝʪʘ. ɺ-

ʪʨʝʪʴʠʭ, ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʩʘʤʦʨʝʛʫʣʷʮʠʠ ʢʣʠʤʘʪʘ, 

ʧʫʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʚʝʥʪʠʣʷʪʦʨʘʤʠ, ʬʦʨʪʦʯʢʘʤʠ ʠ ʚʝʣʠʯʠʥʦʡ ʪʝʧʣʦʪʳ, 

ʠʟʣʫʯʘʝʤʦʡ ʦʪ ʣʘʤʧ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʦʪʩʣʝʞʠʚʘʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʛʨʫʥʪʘ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ 

ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʚʥʫʪʨʠ ʪʝʧʣʠʮʳ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʉʨʝʜʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʦʧʨʝʜʝʣʝʥʠʝ ʩʨʦʢʘ ʚʝʛʝʪʘʮʠʠ ʨʘʩʪʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ 

ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ʤʘʰʠʥʥʦʛʦ ʟʨʝʥʠʷ. ɺ ʧʝʨʩʧʝʢʪʠʚʝ ï 

ʜʦʙʘʚʣʝʥʠʝ ʚ ʩʠʩʪʝʤʫ ʢʦʤʧʦʥʝʥʪʘ, ʦʪʚʝʯʘʶʱʝʛʦ ʟʘ ʘʚʪʦʥʦʤʥʳʡ, ʙʝʟ ʫʯʘʩʪʠʷ 

ʯʝʣʦʚʝʢʘ, ʩʙʦʨ ʫʨʦʞʘʷ. ʊʘʢʞʝ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʚ ʧʨʦʝʢʪ ʩʠʩʪʝʤʳ 

ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʜʦʩʪʫʧʦʤ ʜʣʷ ʥʝʜʦʧʫʱʝʥʠʷ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʧʦʩʪʦʨʦʥʥʠʭ 

ʣʠʮ ʚ ʨʘʙʦʪʫ ʪʝʧʣʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʜʠʚʝʨʩʠʡ ʠ ʩʨʳʚʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. 

 

ʄʝʪʦʜʠʢʘ 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʙʳʣ ʚʳʙʨʘʥ ʨʷʜ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ: 

ï ɸʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʘʷ ʩʨʝʜʘ Arduino ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʘʪʯʠʢʦʚ ʠ 

ʘʥʘʣʠʟʘʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʢʦʤʧʦʥʝʥʪʦʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ; 

ï MasterSCADA 4D ï ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʠʣʠ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʳ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʩʠʩʪʝʤ ʩʙʦʨʘ, 
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ʦʙʨʘʙʦʪʢʠ, ʦʪʦʙʨʘʞʝʥʠʷ ʠ ʘʨʭʠʚʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʲʝʢʪʝ ʤʦʥʠʪʦʨʠʥʛʘ 

ʠʣʠ ʫʧʨʘʚʣʝʥʠʷ; 

ï ʉ++ ï ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʣʷ ʥʘʧʠʩʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ 

ʜʘʪʯʠʢʦʚ; 

ï C# ï ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʥʪʝʨʬʝʡʩʘ ʩʠʩʪʝʤʳ 

ʧʦʜʜʝʨʞʢʠ ʜʣʷ ʦʧʝʨʘʪʦʨʘ, ʘ ʪʘʢʞʝ ʦʙʫʯʘʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ; 

ï SQL ï ʷʟʳʢ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʟʘʧʨʦʩʦʚ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʥʘʧʠʩʘʥʠʷ 

ʙʘʟ ʜʘʥʥʳʭ; 

ï AnyLogic ï ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʨʦʝʢʪ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʩʦʯʝʪʘʥʠʝʤ ʘʧʧʘʨʘʪʥʳʭ ʠ 

ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʫʯʝʪʦʤ 

ʤʦʜʫʣʴʥʦʩʪʠ, ʨʘʩʰʠʨʷʝʤʦʩʪʠ ʠ ʠʝʨʘʨʭʠʯʥʦʩʪʠ ʩʠʩʪʝʤʳ. ʇʨʝʜʧʨʠʷʪʠʝ, ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʩʤʦʞʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʨʘʩʰʠʨʷʪʴ ʠ ʜʦʙʘʚʣʷʪʴ 

ʥʝʦʙʭʦʜʠʤʳʝ ʤʦʜʫʣʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ ʩʭʝʤʘ çʷʜʨʘè ʩʠʩʪʝʤʳ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ. 

 

 
1 ï ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ; 2 ï ʜʘʪʯʠʢ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ;  

3 ï ʩʚʝʪʦʜʠʦʜʳ ʜʦʩʚʝʯʠʚʘʥʠʷ; 4 ï ʨʝʣʝ; 5 ï ʵʣʝʢʪʨʦʥʘʩʦʩ; 6 ï ʜʘʪʯʠʢ 

ʦʩʚʝʱʝʥʥʦʩʪʠ (ʜʝʥʴ-ʥʦʯʴ); 7 ï ʜʘʪʯʠʢ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ; 8 ï ʰʘʛʦʚʳʡ 

ʜʚʠʛʘʪʝʣʴ ʦʪʢʨʳʪʠʷ ʜʚʝʨʝʡ; 9 ï ʰʘʛʦʚʳʡ ʜʚʠʛʘʪʝʣʴ ʦʪʢʨʳʪʠʷ ʩʪʚʦʨʦʢ;  

10 ï ʵʣʝʢʪʨʦʢʘʣʦʨʠʬʝʨ; 11 ï ʵʣʝʢʪʨʦʚʝʥʪʠʣʷʪʦʨ; 12 ï ʢʦʥʪʨʦʣʣʝʨ;  

13 ï SMS-ʧʝʨʝʜʘʪʯʠʢ; 14 ï Wi-Fi-ʤʦʜʫʣʴ; 15 ï ʢʦʤʧʴʶʪʝʨ (ʠʣʠ ʣʶʙʦʝ ʜʨʫʛʦʝ 

ʧʝʨʩʦʥʘʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ). 

ʈʠʩʫʥʦʢ 2 ï ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

 

ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ Arduino (12) ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʦʧʨʝʜʝʣʸʥʥʳʡ ʤʦʜʫʣʴ 

ʩʠʩʪʝʤʳ ʩʦʦʙʱʘʝʪʩʷ ʩ ʢʦʤʧʴʶʪʝʨʦʤ (15) ʥʘ ʢʦʪʦʨʦʤ ʨʘʟʚʝʨʥʫʪʘ ʩʠʩʪʝʤʘ 
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ʧʦʜʜʝʨʞʢʠ ʦʧʝʨʘʪʦʨʘ ʪʝʧʣʠʮʳ ʠ ʙʘʟʳ ʜʘʥʥʳʭ ʩʧʨʘʚʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤ ʢʫʣʴʪʫʨʘʤ. ɺ ʩʣʫʯʘʝ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʥʫʪʨʝʥʥʝʛʦ 

ʩʦʩʪʦʷʥʠʷ ʪʝʧʣʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʪʦʤ ʠʣʠ ʠʥʦʤ ʫʯʘʩʪʢʝ, ʩʠʩʪʝʤʘ ʙʫʜʝʪ 

ʦʧʦʚʝʱʘʪʴ ʦʧʝʨʘʪʦʨʘ ʫʚʝʜʦʤʣʝʥʠʷʤʠ ʥʘ ʧʝʨʩʦʥʘʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ. ʈʝʣʝ (4) 

ʧʦʟʚʦʣʷʪ ʫʧʨʘʚʣʷʪʴ ʧʦʜʩʠʩʪʝʤʘʤʠ ʢʦʤʧʣʝʢʩʘ ʥʘ ʦʪʜʝʣʴʥʦʤ ʫʯʘʩʪʢʝ. 

ɼʣʷ ʘʧʨʦʙʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ ʙʳʣʠ ʥʘʧʠʩʘʥʳ 

ʧʨʦʛʨʘʤʤʥʳʝ ʤʦʜʫʣʠ ʚ ʩʠʩʪʝʤʝ SCADA. ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥ ʠʥʪʝʨʬʝʡʩ 

ʤʦʜʫʣʷ çʋʧʨʘʚʣʝʥʠʝ ʧʦʣʠʚʦʤè. ɼʘʪʯʠʢʠ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ, ʨʘʟʤʝʱʸʥʥʳʝ ʥʘ 

ʦʧʨʝʜʝʣʸʥʥʳʭ ʫʯʘʩʪʢʘʭ ʛʨʷʜʳ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩʦʦʙʱʘʶʪ ʩʠʩʪʝʤʝ 

ʦʙ ʫʨʦʚʥʝ ʫʚʣʘʞʥʸʥʥʦʩʪʠ ʧʦʯʚʳ. ɺ ʩʣʫʯʘʝ ʧʘʜʝʥʠʷ ʫʨʦʚʥʷ ʚʣʘʞʥʦʩʪʠ, ʚ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʥʘ ʢʦʥʢʨʝʪʥʦʤ ʫʯʘʩʪʢʝ ʩʨʘʙʘʪʳʚʘʝʪ ʧʦʜʩʠʩʪʝʤʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʪʦʯʝʯʥʦʛʦ ʧʦʣʠʚʘ [7]. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʄʦʜʫʣʴ çʋʧʨʘʚʣʝʥʠʝ ʧʦʣʠʚʦʤè 

 

ʉʣʝʜʫʶʱʠʡ ʤʦʜʫʣʴ ï ʵʪʦ çʋʧʨʘʚʣʝʥʠʝ ʦʩʚʝʱʝʥʠʝʤè, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ 

ʨʠʩʫʥʢʝ 4. ʆʧʝʨʘʪʦʨ ʤʦʞʝʪ ʟʘʜʘʪʴ ʪʝʢʫʱʝʝ ʚʨʝʤʷ ʩʫʪʦʢ ʠ ʚʠʜ ʚʳʨʘʱʠʚʘʝʤʦʡ 

ʢʫʣʴʪʫʨʳ. ʉʠʩʪʝʤʘ ʙʫʜʝʪ ʧʦʜʩʪʨʘʠʚʘʪʴ ʫʨʦʚʝʥʴ ʦʩʚʝʱʸʥʥʦʩʪʠ ʠ ʩʚʝʪ ʮʚʝʪʘ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʘʙʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ, ʧʦʣʫʯʘʝʤʳʤʠ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ ʢʫʣʴʪʫʨ 

[8]. 

 



28 

 
ʈʠʩʫʥʦʢ 4 ï ʄʦʜʫʣʴ çʋʧʨʘʚʣʝʥʠʝ ʦʩʚʝʱʝʥʠʝʤè 

 

ɼʣʷ ʢʦʥʪʨʦʣʷ ʚʥʫʪʨʝʥʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʝʧʣʠʮʳ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʢʦʤʧʦʥʝʥʪ çʋʧʨʘʚʣʝʥʠʝ ʦʙʦʛʨʝʚʦʤ ʪʝʧʣʠʮʳè (ʨʠʩʫʥʦʢ 5). ɼʘʥʥʦʡ ʧʦʜʩʠʩʪʝʤʝ 

ʤʦʞʥʦ ʟʘʜʘʪʴ ʧʝʨʠʦʜ ʩʫʪʦʢ ʠ ʦʧʪʠʤʘʣʴʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʜʘʥʥʳʤʠ, ʧʦʣʫʯʘʝʤʳʤʠ ʩ ʜʘʪʯʠʢʦʚ, ʧʦʜʩʠʩʪʝʤʘ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴ ʩʢʦʨʦʩʪʴ 

ʚʨʘʱʝʥʠʷ ʚʝʥʪʠʣʷʪʦʨʦʚ ʦʙʜʫʚʘ ʠ ʫʧʨʘʚʣʷʪʴ ʩʪʚʦʨʢʘʤʠ ʠ ʬʦʨʪʦʯʢʘʤʠ. 

 

 
 

ʈʠʩʫʥʦʢ 5 ï ʄʦʜʫʣʴ çʋʧʨʘʚʣʝʥʠʝ ʦʙʦʛʨʝʚʦʤ ʪʝʧʣʠʮʳè 

 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʨʘʙʦʪʝ ʩ ʚʝʥʪʠʣʷʪʦʨʘʤʠ ʦʙʜʫʚʘ ʧʦʜʩʠʩʪʝʤʘ 

ʩʢʣʦʥʥʘ ʢ ʧʝʨʝʛʨʫʟʢʘʤ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʚʝ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʨʝʣʝ ï ʫʥʠʚʝʨʩʘʣʴʥʦʝ ʠ ʪʚʸʨʜʦʪʝʣʴʥʦʝ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ 

ʧʦʜʢʣʶʯʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʧʦʜʩʠʩʪʝʤʳ. ɹʳʣ 

ʥʘʧʠʩʘʥ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʦʜ ʫʧʨʘʚʣʝʥʠʷ. 
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ʊʘʢʞʝ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʤʦʜʫʣʴ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʦʜʢʦʨʤʢʦʡ, 

ʯʪʦ ʦʟʥʘʯʘʝʪ ʚʥʝʩʝʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʫʜʦʙʨʝʥʠʡ ʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʚ 

ʧʦʯʚʫ ʥʘ ʢʦʥʢʨʝʪʥʦʤ ʫʯʘʩʪʢʝ ʪʝʧʣʠʮʳ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ (ʨʠʩʫʥʦʢ 6). 

 

 
 

1 ï ʙʘʢʠ ʫʜʦʙʨʝʥʠʡ; 2 ï ʟʘʜʚʠʞʢʠ ʙʘʢʘ; 3 ï ʩʤʝʩʠʪʝʣʴʥʳʝ ʙʘʢʠ; 4 ï ʙʣʦʢ 

ʫʧʨʘʚʣʝʥʠʷ; 5 ï ʵʣʝʢʪʨʦʥʘʩʦʩ. 

 

ʈʠʩʫʥʦʢ 6 ï ʄʦʜʫʣʴ çʋʧʨʘʚʣʝʥʠʝ ʧʦʜʢʦʨʤʢʦʡè 

 

ɺ ʙʦʣʴʰʠʭ, ʜʚʫʭʩʦʪʣʠʪʨʦʚʳʭ ʙʘʢʘʭ (1) ʭʨʘʥʷʪʩʷ ʥʝʦʙʭʦʜʠʤʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʫʜʦʙʨʝʥʠʡ. ʇʦʩʣʝ ʚʳʙʦʨʘ ʨʝʮʝʧʪʫʨʳ ʦʧʝʨʘʪʦʨʦʤ (4), ʟʘʜʚʠʞʢʠ 

ʙʘʢʦʚ (2) ʧʨʠʭʦʜʷʪ ʚ ʜʚʠʞʝʥʠʝ ʠ ʥʘʧʦʣʥʷʶʪ ʩʤʝʩʠʪʝʣʴʥʳʝ ʙʘʢʠ (3) ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʢʘʟʘʥʥʳʤʠ ʚ ʨʝʮʝʧʪʫʨʝ ʧʨʦʧʦʨʮʠʷʤʠ. ʇʦ ʦʢʦʥʯʘʥʠʶ 

ʧʨʦʮʝʜʫʨʳ, ʵʣʝʢʪʨʦʥʘʩʦʩ (5) ʥʘʯʠʥʘʝʪ ʧʦʜʘʯʫ ʧʨʠʛʦʪʦʚʣʝʥʥʦʡ ʩʤʝʩʠ ʢ 

ʥʫʞʥʦʤʫ ʫʯʘʩʪʢʫ. ʅʘ ʨʠʩʫʥʢʝ 7 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʠʜʳ ʦʩʪʘʣʴʥʳʭ ʦʢʦʥ ʠʥʪʝʨʬʝʡʩʘ 

ʜʘʥʥʦʛʦ ʤʦʜʫʣʷ. ɼʘʥʥʳʝ ʦʢʥʘ ʧʦʟʚʦʣʷʶʪ ʦʪʩʣʝʞʠʚʘʪʴ ʛʨʘʬʠʢ ʚʥʝʩʝʥʠʷ 

ʫʜʦʙʨʝʥʠʡ ʠ ʥʘʙʣʶʜʘʪʴ ʟʘ ʧʨʦʮʝʩʩʦʤ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ ʧʨʠ ʧʦʤʦʱʠ 

ʪʨʘʬʠʢʘ, ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʩ ʢʘʤʝʨ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ. 
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ʈʠʩʫʥʦʢ 7 ï ʆʢʥʘ ʠʥʪʝʨʬʝʡʩʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʦʜʫʣʷ  

çʋʧʨʘʚʣʝʥʠʝ ʧʦʜʢʦʨʤʢʦʡè 

 

ʆʙʱʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʦʝʢʪʘ ʦʧʠʩʳʚʘʝʪʩʷ ʩʭʝʤʦʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ 

ʨʠʩʫʥʢʝ 8.  

ɹʘʟʘ ʟʥʘʥʠʡ (2), ʚ ʢʦʪʦʨʫʶ ʟʘʣʦʞʝʥʳ ʜʝʡʩʪʚʠʷ ʦʧʝʨʘʪʦʨʦʚ ʧʨʠ ʪʝʭ ʠʣʠ 

ʠʥʳʭ ʩʠʪʫʘʮʠʷʭ, ʩʦʦʙʱʘʝʪʩʷ ʩ ʙʣʦʢʦʤ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ (1), ʦʪʚʝʯʘʶʱʠʤ ʟʘ 

ʦʙʱʝʝ ʫʧʨʘʚʣʝʥʠʝ ʩʠʩʪʝʤʦʡ. ʂ ʜʘʥʥʦʤʫ ʙʣʦʢʫ ʧʦ ʢʦʥʪʫʨʫ ʧʦʜʢʣʶʯʘʶʪʩʷ 

ʤʦʜʫʣʠ (3), ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʦʪʜʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ çʋʧʨʘʚʣʝʥʠʝ ʧʦʣʠʚʦʤè, çʋʧʨʘʚʣʝʥʠʝ ʦʩʚʝʱʝʥʠʝʤè, çʋʧʨʘʚʣʝʥʠʝ 

ʧʦʜʢʦʨʤʢʦʡè ʠ çʋʧʨʘʚʣʝʥʠʝ ʦʙʦʛʨʝʚʦʤè. ʂʘʞʜʳʡ ʤʦʜʫʣʴ ʩʦʦʙʱʘʝʪʩʷ ʩ 

ʙʣʦʢʘʤʠ, ʦʪʚʝʯʘʶʱʠʤʠ ʟʘ ʠʩʧʦʣʥʝʥʠʝ ʦʧʨʝʜʝʣʸʥʥʳʭ ʦʧʝʨʘʮʠʡ ʥʘ ʚʳʜʝʣʝʥʥʳʭ 

ʫʯʘʩʪʢʘʭ ʠʣʠ ʧʦʣʫʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʜʘʪʯʠʢʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (4). 

ʂʘʞʜʳʡ ʠʟ ʤʦʜʫʣʝʡ ʧʦʩʪʦʷʥʥʦ ʦʙʨʘʱʘʝʪʩʷ ʢ ʙʘʟʘʤ ʜʘʥʥʳʭ, ʭʨʘʥʷʱʠʤ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʳʨʘʱʠʚʘʝʤʳʭ ʢʫʣʴʪʫʨʘʭ, ʨʝʮʝʧʪʘʭ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʧʠʪʘʪʝʣʴʥʳʭ ʩʤʝʩʝʡ ʠ ʧʝʨʠʦʜʘʭ ʚʝʛʝʪʘʮʠʠ (5). ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʙʨʘʥʥʦʡ 

ʢʫʣʴʪʫʨʦʡ ʩʠʩʪʝʤʘ ʩʘʤʘ ʧʦʜʩʪʨʘʠʚʘʝʪ ʧʨʝʜʝʣʴʥʳʝ ʠ ʦʧʪʠʤʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʜʘʪʯʠʢʦʚ, ʜʘʸʪ ʫʩʪʘʚʢʫ ʫʧʨʘʚʣʷʶʱʠʤ ʙʣʦʢʘʤ. ʊʘʢʞʝ ʚ ʨʘʙʦʪʫ ʩʠʩʪʝʤʳ 

ʚʢʣʶʯʝʥʳ ʙʣʦʢʠ, ʥʝ ʩʦʦʙʱʘʶʱʠʝʩʷ ʩ ʤʦʜʫʣʷʤʠ ʠ ʜʝʡʩʪʚʫʶʱʠʝ ʚ ʥʝʟʘʚʠʩʠʤʦʤ 

ʨʝʞʠʤʝ ʦʪ ʦʩʥʦʚʥʳʭ ʧʦʜʩʠʩʪʝʤ (6). ʉʨʝʜʠ ʧʦʜʦʙʥʳʭ ʙʣʦʢʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

çʆʧʨʝʜʝʣʝʥʠʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚʥʫʪʨʠ ʪʝʧʣʠʮʳè, çʆʧʨʝʜʝʣʝʥʠʝ 

ʢʠʩʣʦʪʥʦʩʪʠ ʧʦʯʚʳè, çɺʠʜʝʦʥʘʙʣʶʜʝʥʠʝè ʠ ʜʨʫʛʠʝ. ɼʘʥʥʳʝ ʙʣʦʢʠ 

ʦʧʮʠʦʥʘʣʴʥʳ, ʠ ʥʝ ʷʚʣʷʶʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤʠ, ʜʦʙʘʚʣʷʶʪʩʷ ʚ ʩʠʩʪʝʤʫ ʧʦ ʟʘʧʨʦʩʫ 

ʟʘʢʘʟʯʠʢʘ. 
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ʈʠʩʫʥʦʢ 8 ï ɸʨʭʠʪʝʢʪʫʨʘ ʧʨʦʝʢʪʘ ʩʠʩʪʝʤʳ 

 

ʊʘʢʞʝ ʙʳʣʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʪʘʙʣʠʮ ʙʘʟʳ ʜʘʥʥʳʭ, 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʜʩʪʨʦʡʢʠ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʦʜ 

ʦʧʨʝʜʝʣʸʥʥʳʡ ʚʠʜ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʢʫʣʴʪʫʨʳ (ʨʠʩʫʥʦʢ 9). 

 

 
ʈʠʩʫʥʦʢ 9 ï ʊʘʙʣʠʮʳ ʙʘʟʳ ʜʘʥʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ 

 

ɺʳʚʦʜʳ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʧʨʦʝʢʪ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʜʣʷ 

ʦʧʝʨʘʪʦʨʦʚ ʪʝʧʣʠʮ ʧʷʪʦʛʦ ʧʦʢʦʣʝʥʠʷ ʠ ʚʳʰʝ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʢʫʣʴʪʫʨ ʚ 

ʟʘʢʨʳʪʦʤ ʛʨʫʥʪʝ. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʤʦʜʫʣʴʥʦʡ, ʨʘʩʰʠʨʷʝʤʦʡ ʠ 

ʠʝʨʘʨʭʠʯʥʦʡ. ʆʥʘ ʫʥʠʚʝʨʩʘʣʴʥʘ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ ʚʟʨʘʱʠʚʘʥʠʠ 
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ʣʶʙʳʭ ʚʠʜʦʚ ʠ ʩʦʨʪʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝ 

ʪʦʣʴʢʦ ʢʦʤʧʦʥʝʥʪʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʨʦʩʪʘ, ʥʦ ʠ 

ʵʣʝʤʝʥʪ ʦʙʫʯʘʶʱʝʡ ʩʠʩʪʝʤʳ ʜʣʷ ʦʧʝʨʘʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʙʘʟʫ ʨʘʩʪʝʥʠʝʚʦʜʯʝʩʢʠʭ 

ʟʥʘʥʠʡ. ʇʦʜʦʙʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʤʦʞʝʪ ʩʪʘʪʴ ʦʧʪʠʤʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ 

ʨʘʟʚʸʨʪʳʚʘʥʠʷ ʘʛʨʦʠʥʞʝʥʝʨʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ ʣʶʙʦʛʦ ʤʘʩʰʪʘʙʘ ʠ ʚ ʙʫʜʫʱʝʤ 

ʩʧʦʩʦʙʥʘ ʟʘʤʝʥʠʪʴ ʜʦʨʦʛʦʩʪʦʷʱʠʝ ʢʦʤʧʣʝʢʩʳ ʠʥʦʩʪʨʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 
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ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʚʠʭʨʝʚʳʤ ʪʝʧʣʦʛʝʥʝʨʘʪʦʨʘʤ ʢʘʢ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʪʠʧʳ ʚʠʭʨʝʚʳʭ 
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Abstract. The article is devoted to vortex heat generators as alternative 

sources of heat supply. The types of vortex heat generators, the features of their 

application, advantages and disadvantages are considered.  

Keywords: eat generator, heat supply. 

 

ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʛʣʘʚʥʳʭ ʬʘʢʪʦʨʦʚ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ ʥʘ ʣʶʙʦʤ 

ʢʨʫʧʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ ʷʚʣʷʝʪʩʷ ʩʪʦʨʦʥʘ ʦʙʦʛʨʝʚʘ ʧʦʤʝʱʝʥʠʡ ʜʦ ʪʨʝʙʫʝʤʦʡ ʧʦ 

ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʝʤʧʝʨʘʪʫʨʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʯʥʦʛʦ ʦʪʦʧʣʝʥʠʷ ʥʘ 

ʛʦʨʶʯʠʭ ʪʚʝʨʜʳʭ ʠ ʞʠʜʢʠʭ ʚʠʜʘʭ ʪʦʧʣʠʚʘ ʩʣʠʰʢʦʤ ʜʦʨʦʛʠ, ʬʠʟʠʯʝʩʢʠ ʪʨʫʜʥʳ 

ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝ ʚʳʛʦʜʥʳ ʚ ʩʚʷʟʠ ʩ ʙʦʣʴʰʦʡ ʩʣʦʞʥʦʩʪʴʶ ʭʨʘʥʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ, ʚʝʜʴ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʫʩʣʦʚʠʡ 

ʭʨʘʥʝʥʠʷ ʜʨʦʚ ʠ ʧʨʝʩʩʦʚʘʥʥʳʭ ʙʨʠʢʝʪʦʚ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʦ ʩʫʭʦʡ ʩʢʣʘʜ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʚʩʝ ʩʪʘʥʜʘʨʪʘʤ ʧʦʩʪʘʥʦʚʣʝʥʠʷ ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 24 

ʥʦʷʙʨʷ 2021 ʛ. N 2017 çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʨʘʟʤʝʱʝʥʠʶ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩʢʣʘʜʦʚ ʜʨʝʚʝʩʠʥʳè, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʷ ʮʠʩʪʝʨʥ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝ. ʊʘʢʞʝ ʭʦʪʝʣʦʩʴ ʙʳ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʦʥʩʪʨʫʢʮʠʠ 

ʫʩʪʨʦʡʩʪʚʘ ʊʕʅʦʚ ʚ 2023 ʛʦʜʫ ʥʝ ʪʦʣʴʢʦ ʙʝʟʥʘʜʝʞʥʦ ʫʩʪʘʨʝʣʠ, ʥʦ ʠ ʠʥʦʛʜʘ 

ʧʦʣʥʦʩʪʴʶ ʥʝ ʚʦʟʤʦʞʥʳ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʧʣʘʥʝ. ɺ ʩʠʪʫʘʮʠʷʭ, ʢʦʛʜʘ ʦʙʲʝʤ 

ʥʘʛʨʝʚʘ ʪʝʭʥʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʠʣʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚʝʣʠʢ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ ʥʘʛʨʝʚʘʪʝʣʝʡ ʚʩʝ ʯʘʱʝ ʩʪʘʣʠ ʚʚʦʜʠʪʴ ʚ ʨʘʙʦʪʫ 
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ʪʝʧʣʦʛʝʥʝʨʘʪʦʨʳ, ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ ʥʘ ʧʨʠʥʮʠʧʘʭ ʥʘʛʨʝʚʘ ʞʠʜʢʦʩʪʠ ʩ 

ʧʦʤʦʱʴʶ ʚʠʭʨʝʚʳʭ ʧʦʪʦʢʦʚ. ʇʦʜʦʙʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚ ʨʘʙʦʪʘʭ 

ɻ.ɽ. ɸʥʘʥʴʠʥʘ, ɸ.ʉ. ʉʪʝʧʘʥʦʚʘ [1], ʊ.ɸ. ɽʚʩʝʝʚʦʡ [2], ɺ.ɺ. ɹʠʨʶʢʘ [3], ʉ.ɺ. 

ʂʫʟʥʝʮʦʚʘ [4]. 

ɺ ʩʘʤʦʤ ʥʘʯʘʣʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʛʨʝʚ ʩ ʧʦʤʦʱʴʶ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ 

ʩʧʦʩʦʙʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʛʨʝʪʳʭ ʩʤʝʩʝʡ ʛʘʟʦʚ. ʕʢʩʧʝʨʠʤʝʥʪʳ 

ʩ ʚʦʜʦʡ ʠʟʥʘʯʘʣʴʥʦ ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ ʠʟ-ʟʘ ʝʝ ʩʚʦʡʩʪʚ, ʘ ʠʤʝʥʥʦ ï ʥʝ 

ʩʞʠʤʘʝʤʦʩʪʠ, ʚʝʜʴ ʞʠʜʢʦʩʪʴ ʥʝʚʦʟʤʦʞʥʦ ʩʞʘʪʴ ʜʦ ʧʣʦʪʥʦʩʪʠ ʚʳʰʝ, ʯʝʤ ʦʥʘ 

ʠʤʝʝʪ ʚ ʩʚʦʝʤ ʘʛʨʝʛʘʪʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʄʦʣʝʢʫʣʳ ʣʶʙʦʛʦ ʞʠʜʢʦʛʦ ʚʝʱʝʩʪʚʘʭ 

ʥʘʭʦʜʷʪʩʷ ʩʣʠʰʢʦʤ ʙʣʠʟʢʦ ʤʝʞʜʫ ʩʦʙʦʡ, ʧʦʵʪʦʤʫ ʧʨʦʚʝʩʪʠ ʝʝ ʩʞʠʤʘʥʠʝ ʥʘ 

ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʨʝʘʣʴʥʦ.  

ʆʩʥʦʚʦʧʦʣʦʞʥʠʢʦʤ ʤʝʪʦʜʘ ʥʘʛʨʝʚʘ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʩʯʠʪʘʝʪʩʷ 

ʧʨʦʬʝʩʩʦʨ ɸ.ʇ. ʄʝʨʢʫʣʦʚ. ɺ ʩʚʦʝʤ ʦʧʳʪʝ ʦʥ ʦʧʠʨʘʣʩʷ ʥʘ ʠʟʦʙʨʝʪʝʥʥʫʶ ʚ 1931 

ʛʦʜʫ, ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ, çʪʨʫʙʫ ʈʘʥʢʘè ʠʣʠ ʞʝ çʚʠʭʨʝʚʫʶ ʪʨʫʙʫè, ʧʦʣʫʯʠʚʰʫʶ 

ʧʘʪʝʥʪ ʚ 1934 ʛʦʜʫ ʚ ʉʐɸ ʫʯʝʥʥʳʤ ɾ. ʈʘʥʢʦʤ.  

ɸ.ʇ. ʄʝʨʢʫʣʦʚ ʚ ʩʚʦʝʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʦʰʝʣ ʥʘ ʠʟʤʝʥʝʥʠʝ ʧʨʝʜʤʝʪʘ 

ʥʘʛʨʝʚʘ, ʘ ʠʤʝʥʥʦ ʟʘʤʝʥʠʣ ʥʘʛʨʝʚʘʝʤʳʡ ʩ ʧʦʤʦʱʴʶ ʚʠʭʨʝʚʦʛʦ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭ 

ʥʘ ʚʦʜʫ. ɺ ʵʪʦʪ ʞʝ ʤʦʤʝʥʪ ʙʳʣ ʟʘʤʝʯʝʥ ʧʦʙʦʯʥʳʡ ʵʬʬʝʢʪ ʜʘʥʥʦʛʦ ʨʝʰʝʥʠʷ ï 

ʚʳʜʝʣʝʥʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʘ ʦʪ ʩʦʙʨʘʥʥʦʡ ʦʧʳʪʥʦʡ ʫʩʪʘʥʦʚʢʠ, 

ʢʦʪʦʨʳʡ ʥʝ ʤʦʛʣʠ ʦʙʲʷʩʥʠʪʴ ʚ ʜʘʥʥʦʝ ʚʨʝʤʷ.  

 

 
1ï ʩʦʧʣʦʚʦʡ ʚʭʦʜ; 2 ï ʢʘʤʝʨʘ ʵʥʝʨʛʦʨʘʟʜʝʣʝʥʠʷ; 3 ï ʜʠʬʬʫʟʦʨ ʭʦʣʦʜʥʦʛʦ ʧʦʪʦʢʘ;  

4 ï ʨʘʟʚʠʭʣʠʪʝʣʴ ʛʦʨʷʯʝʛʦ ʧʦʪʦʢʘ; 5 ï ʩʦʧʣʦʚʦʡ ʩʫʞʘʶʱʠʡʩʷ ʢʘʥʘʣ/ 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʚʠʭʨʝʚʦʡ ʪʨʫʙʳ ʩ ʤʥʦʛʦʟʘʭʦʜʥʦʡ ʫʣʠʪʢʦʡ 

 

ɺ ʙʫʜʫʱʝʤ ʙʳʣʘ ʜʘʥʘ ʯʝʪʢʘʷ ʪʨʘʢʪʦʚʢʘ ʜʘʥʥʦʛʦ ʷʚʣʝʥʠʷ. ɺ ʢʘʤʝʨʝ, 

ʟʘʧʦʣʥʝʥʥʦʡ ʞʠʜʢʦʩʪʴʶ, ʧʨʦʠʩʭʦʜʠʣʦ ʫʚʝʣʠʯʝʥʠʝ ʜʘʚʣʝʥʠʷ, ʙʣʘʛʦʜʘʨʷ ʵʪʦʤʫ 

ʧʨʦʠʩʭʦʜʠʣʦ ʚʳʪʝʩʥʝʥʠʝ, ʦʩʪʘʚʰʠʭʩʷ ʚ ʨʝʟʝʨʚʫʘʨʝ ʧʫʟʳʨʴʢʦʚ ʚʦʟʜʫʭʘ, 

ʩʦʧʨʦʚʦʞʜʘʝʤʦʝ ʚʳʜʝʣʝʥʠʝʤ ʪʝʧʣʘ. 
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ʆʪʥʦʩʠʪʝʣʴʥʦ ʜʝʰʝʚʦʡ ʫʩʪʘʥʦʚʢʦʡ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʦʪʦʧʠʪʴ ʙʦʣʴʰʫʶ 

ʧʣʦʱʘʜʴ ʧʦʤʝʱʝʥʠʷ ʠ ʧʨʠ ʵʪʦʤ ʷʚʣʷʪʴʩʷ ʧʦʣʥʦʩʪʴʶ ʧʦʞʘʨʦʙʝʟʦʧʘʩʥʦʡ ʩʪʘʥʝʪ 

ʩʠʩʪʝʤʘ ʚʠʭʨʝʚʦʛʦ ʪʝʧʣʦʛʝʥʝʨʘʪʦʨʘ.  ɺʠʭʨʝʚʦʝ ʜʚʠʞʝʥʠʝ ʚ ʢʘʤʝʨʝ ʧʦʟʚʦʣʷʝʪ ʥʝ 

ʪʦʣʴʢʦ ʚʳʨʘʙʘʪʳʚʘʪʴ ʪʝʧʣʦ, ʥʦ ʪʘʢʞʝ ʝʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʪʴ ʧʦ ʚʩʝʡ 

ʦʪʘʧʣʠʚʘʝʤʦʡ ʧʣʦʱʘʜʠ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦʜʜʝʨʞʠʚʘʷ ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʩʚʦʜʦʤ 

ʧʨʘʚʠʣ ʤʠʢʨʦʢʣʠʤʘʪ.  

ʂʦʥʩʪʨʫʢʮʠʠ ʨʘʟʣʠʯʥʳʭ ʢʘʪʝʛʦʨʠʡ ʚʠʭʨʝʚʳʭ ʪʝʧʣʦʛʝʥʝʨʘʪʦʨʦʚ 

ɺʠʭʨʝʚʳʝ ʪʝʧʣʦʛʝʥʝʨʘʪʦʨʳ ʜʝʣʷʪʩʷ ʥʘ ʪʨʠ ʚʠʜʘ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʤʝʞʜʫ 

ʩʦʙʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʠ ʧʨʠʥʮʠʧʦʤ ʜʝʡʩʪʚʠʷ. 

1. ʇʘʩʩʠʚʥʳʝ ʪʘʥʛʝʥʮʠʘʣʴʥʳʝ. ʆʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ï ʥʘʣʠʯʠʝ 

ʩʧʝʮʠʘʣʴʥʦʡ ʢʘʤʝʨʳ, ʚ ʢʦʪʦʨʦʡ ʠ ʧʨʦʠʩʭʦʜʠʪ ʚʠʭʨʝʚʦʡ ʵʬʬʝʢʪ. ʂ ʢʘʤʝʨʝ ʧʦ 

ʦʜʥʦʤʫ ʧʘʪʨʫʙʢʫ ʧʦʜʚʦʜʠʪʩʷ ʭʦʣʦʜʥʦʡ ʚʦʟʜʫʭ, ʘ ʧʦ-ʜʨʫʛʦʤʫ, ʥʘʨʫʞʫ, ʫʞʝ 

ʧʦʩʪʫʧʘʝʪ ʛʦʨʷʯʠʡ. ʏʪʦʙʳ ʩʦʟʜʘʪʴ ʥʝʢʦʪʦʨʦʝ ʜʘʚʣʝʥʠʝ ʚ ʩʠʩʪʝʤʝ, ʥʘ ʚʭʦʜʝ ʚ 

ʢʘʤʝʨʫ ʫʩʪʘʥʦʚʣʝʥʦ ʪʦʨʤʦʟʷʱʝʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ, ʢʦʪʦʨʳʝ ʥʝ ʜʘʸʪ ʞʠʜʢʦʩʪʠ 

ʜʚʠʛʘʪʴʩʷ ʜʘʣʴʰʝ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ. 

 
 

ʈʠʩʫʥʦʢ 2 ï ʇʘʩʩʠʚʥʳʡ ʪʘʥʛʝʥʮʠʘʣʴʥʳʡ ʪʝʧʣʦʛʝʥʝʨʘʪʦʨ 

 

2. ʇʘʩʩʠʚʥʳʝ ʘʢʩʠʘʣʴʥʳʝ. ɺ ʛʝʥʝʨʘʪʦʨʘʭ ʪʘʢʦʛʦ ʪʠʧʘ ʢʘʤʝʨʘ 

ʦʪʩʫʪʩʪʚʫʝʪ, ʥʦ ʝʸ ʬʫʥʢʮʠʠ ʚʳʧʦʣʥʷʝʪ ʩʧʝʮʠʘʣʴʥʘʷ ʜʠʘʬʨʘʛʤʘ ʩ ʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʦʪʚʝʨʩʪʠʡ ʦʧʨʝʜʝʣʸʥʥʦʡ ʬʦʨʤʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ ʚʩʝʤʫ 

ʢʦʨʧʫʩʫ. ʆʩʥʦʚʥʦʡ ʤʠʥʫʩ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ï ʥʘʣʠʯʠʝ ʩʣʠʰʢʦʤ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʯʘʩʪʝʡ, ʪʘʢʠʭ ʢʘʢ ʥʘʛʨʝʚʘʪʝʣʴʥʘʷ 

ʢʘʤʝʨʘ ʠ ʬʦʨʤʠʨʦʚʘʪʝʣʴ ʧʦʪʦʢʘ. 
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ʈʠʩʫʥʦʢ 3 ï ʇʘʩʩʠʚʥʳʡ ʘʢʩʠʘʣʴʥʳʡ ʪʝʧʣʦʛʝʥʝʨʘʪʦʨ 

 

3. ɸʢʪʠʚʥʳʝ. ʊʘʢʠʝ ʪʝʧʣʦʛʝʥʝʨʘʪʦʨʳ ʠʤʝʶʪ ʧʦʜʚʠʞʥʳʝ ʯʘʩʪʠ ï 

ʘʢʪʠʚʘʪʦʨʳ, ʢʦʪʦʨʳʝ ʠ ʩʦʟʜʘʶʪ ʪʦʪ ʩʘʤʳʡ ʚʠʭʨʝʚʦʡ ʵʬʬʝʢʪ. ʇʨʦʙʣʝʤʘ 

ʫʩʪʨʦʡʩʪʚ ʘʢʪʠʚʥʦʛʦ ʪʠʧʘ ʟʘʢʣʶʯʝʥʘ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʪʦʯʥʦʛʦ ʨʘʩʯʸʪʘ ʢʘʢ 

ʧʦʜʚʠʞʥʳʭ, ʪʘʢ ʠ ʥʝʧʦʜʚʠʞʥʳʭ ʜʝʪʘʣʝʡ. ʅʦ ʂʇɼ ʫ ʥʠʭ ʚ ʨʘʟʳ ʚʳʰʝ. 

 
ʈʠʩʫʥʦʢ 4 ï ɸʢʪʠʚʥʳʡ ʪʝʧʣʦʛʝʥʝʨʘʪʦʨ 

 

ʇʨʝʠʤʫʱʝʩʪʚʘ:  

¶ ʇʦʣʥʘʷ ʵʢʦʣʦʛʠʯʥʦʩʪʴ ï ʚ ʩʪʘʨʳʭ ʩʠʩʪʝʤʘ ʦʪʦʧʣʝʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʩʛʦʨʘʥʠʷ ʪʚʝʨʜʦʛʦ ʠ ʞʠʜʢʦʛʦ ʪʦʧʣʠʚʘ ʧʨʦʠʩʭʦʜʠʣʦ ʚʳʜʝʣʝʥʠʝ ʥʝ ʪʦʣʴʢʦ 

ʪʝʧʣʘ, ʥʦ ʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ, 

ʪʘʢʠʭ ʢʘʢ: ʦʢʠʩʴ ʠ ʜʚʫʦʢʠʩʴ ʫʛʣʝʨʦʜʘ. 

¶ ʕʢʦʥʦʤʠʯʥʦʩʪʴ ï ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʩʪʘʥʦʚʢʠ ʚʠʭʨʝʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 

ʩʦʢʨʘʱʘʶʪʩʷ ʟʘʪʨʘʪʳ ʥʘ ʧʦʢʫʧʢʫ, ʭʨʘʥʝʥʠʝ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʚʠʜʦʚ ʪʦʧʣʠʚʘ. ɺ ʢʦʥʪʝʢʩʪʝ ʜʘʥʥʦʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʭʦʪʝʣʦʩʴ ʙʳ ʫʢʘʟʘʪʴ, 

ʯʪʦ ʫʩʪʘʥʦʚʢʘ ɺʊɻ ʚ ʩʠʩʪʝʤʫ ʦʪʦʧʣʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʪʣʦʚ 

ʚʦʜʦʥʘʛʨʝʚʘ ʩ ʮʠʨʢʫʣʷʮʠʝʡ ʚʦʜʳ ʥʝ ʪʨʝʙʫʝʪ ʜʝʤʦʥʪʘʞʘ ʠ ʫʩʪʘʥʦʚʢʠ 

ʥʦʚʳʭ ʪʨʫʙ. ʊʘʢʞʝ ʫʧʨʘʟʜʥʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʘʣʠʯʠʷ 

ʨʘʩʰʠʨʠʪʝʣʴʥʦʛʦ ʙʘʢʘ ʦʪʢʨʳʪʦʛʦ ʠ ʟʘʢʨʳʪʦʛʦ ʪʠʧʘ.  
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¶ ɹʝʟʦʧʘʩʥʦʩʪʴ ï ɺʊɻ ʧʦʣʥʦʩʪʴʶ ʙʝʟʦʧʘʩʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʡ. 

¶ ʇʦʣʝʟʥʦʝ ʜʝʡʩʪʚʠʝ ï ʩʫʱʝʩʪʚʫʶʪ ʛʝʥʝʨʘʪʦʨʳ ʜʘʥʥʦʛʦ ʪʠʧʘ, ʢʦʪʦʨʳʝ 

ʦʙʣʘʜʘʶʪ ʂʇɼ ʚʳʰʝ 90 %.  

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʠʙʦʨʦʚ ʢʦʥʪʨʦʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʥʦʩʪʴʶ 
ʠʩʢʣʶʯʘʝʪ ʥʝʫʧʨʘʚʣʷʝʤʳʡ ʨʦʩʪ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʠʩʪʝʤʝ 

ʦʪʦʧʣʝʥʠʷ 

¶ ï ʦʪʩʫʪʩʪʚʠʝ ʟʘʪʨʘʪ ʥʘ ʚʦʜʦʧʦʜʛʦʪʦʚʢʫ, ʧʨʦʢʣʘʜʢʫ ʪʝʧʣʦʚʳʭ ʠ ʛʘʟʦʚʳʭ 
ʩʝʪʝʡ, ʟʘʢʫʧʢʫ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʠ ʭʨʘʥʝʥʠʝ ʪʦʧʣʠʚʘ. ʊʘʢʞʝ ʦʪʤʝʪʠʤ, ʯʪʦ 

ʜʣʷ ʨʘʙʦʪʳ ɺʊɻ ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʥʫʞʥʘ ʩʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ.   

 

ʅʝʜʦʩʪʘʪʢʠ: 

¶ ʊʦʯʥʘʷ ʥʘʩʪʨʦʡʢʘ ʨʝʞʠʤʦʚ ʩʠʩʪʝʤʳ ʢʘʚʠʪʘʮʠʠ ï ʥʝʧʨʘʚʠʣʴʥʘʷ ʥʘʩʪʨʦʡʢʘ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʴʰʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʙʳʩʪʨʳʭ ʫʜʘʨʦʚ ʧʫʟʳʨʴʢʦʚ ʛʘʟʦʚ ʦ 

ʪʨʫʙʫ ʠ ʪʝʤ ʩʘʤʳʤ ʩʥʠʞʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʛʝʥʝʨʘʪʦʨʘ ʢ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ.  

¶ ɼʦʨʦʛʦʡ ʨʝʤʦʥʪ ʠ ʦʙʷʟʘʪʝʣʴʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʧʝʨʩʦʥʘʣʘ ʚ ʩʦʩʪʘʚʝ ʨʝʤʦʥʪʥʦʡ ʙʨʠʛʘʜʳ ʧʦʚʳʰʘʝʪ ʨʘʩʭʦʜʳ ʧʨʝʜʧʨʠʷʪʠʷ. 

¶ ɹʦʣʴʰʠʝ ʛʘʙʘʨʠʪʳ ï ʟʘʥʠʤʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ. 

¶ ʨʘʙʦʪʘ ʪʝʧʣʦʛʝʥʝʨʘʪʦʨʦʚ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʰʫʤʦʤ 

¶ ʝʩʣʠ ʚʠʭʨʝʚʳʝ ʪʝʧʣʦʛʝʥʝʨʘʪʦʨʳ ʙʫʜʫʪ ʦʪʥʝʩʝʥʳ ʢ ʦʙʦʨʫʜʦʚʘʥʠʶ, ʥʘ 

ʢʦʪʦʨʦʝ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʧʦʚʳʰʝʥʥʳʝ ʪʘʨʠʬʳ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ, ʠʭ 

ʧʨʠʤʝʥʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʵʬʬʝʢʪʠʚʥʳʤ. 

 

ʇʨʠʤʝʥʝʥʠʝ 

ɺ ʜʘʥʥʦʝ ʚʨʝʤʷ, ʥʘ ʤʥʦʛʠʭ ʥʝʬʪʝʧʝʨʝʢʘʯʠʚʘʶʱʠʭ ʩʪʘʥʮʠʷʭ ɺʊɻ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʥʝʦʙʭʦʜʠʤʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʥʝʬʪʠ ʠ ʝʝ 

ʧʨʦʜʫʢʪʦʚ. ɺ ʩʚʷʟʠ ʩ ʝʝ ʩʚʦʡʩʪʚʦʤ ʚʷʟʢʦʩʪʠ ʥʘ ʧʝʨʝʢʘʯʠʚʘʶʱʠʭ ʩʪʘʥʮʠʷʭ 

ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʩʝʨʴʝʟʥʳʝ ʧʨʦʙʣʝʤʳ. ʇʝʨʝʢʘʯʢʘ ʭʦʣʦʜʥʦʡ ʥʝʬʪʠ ʷʚʣʷʣʘʩʴ 

ʪʨʫʜʦʝʤʢʠʤ ʧʨʦʮʝʩʩʦʤ. ɺ ʩʢʦʨʦʤ ʚʨʝʤʝʥʠ, ʫʯʝʥʳʤʠ ʙʳʣʦ ʦʪʢʨʳʪʦ, ʯʪʦ ʧʨʠ 

ʥʘʛʨʝʚʝ ʥʝʬʪʠ ʜʦ 20 ʛʨʘʜʫʩʦʚ ʮʝʣʴʩʠʷ ʠ ʜʦ 50 ʛʨʘʜʫʩʦʚ ʜʣʷ 

ʧʘʨʘʬʠʥʦʩʦʜʝʨʞʘʱʝʡ ʥʝʬʪʷʥʦʡ ʧʨʦʜʫʢʮʠʠ ʚʷʟʢʦʩʪʴ ʦʩʣʘʙʝʚʘʣʘ, ʪʝʤ ʩʘʤʳʤ 

ʧʦʟʚʦʣʷʷ ʫʧʨʦʩʪʠʪʴ ʧʨʦʮʝʩʩ ʧʝʨʝʢʘʯʢʠ. 

ʅʘ ʤʦʣʦʯʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʩʫʱʝʩʪʚʫʝʪ ʧʨʘʚʠʣʦ ʧʘʩʪʝʨʠʟʘʮʠʠ. ʂʘʞʜʳʡ 

ʤʦʣʦʯʥʳʡ ʧʨʦʜʫʢʪ ʧʨʦʭʦʜʠʪ ʪʝʧʣʦʚʫʶ ʦʙʨʘʙʦʪʢʫ ʠ ʥʘʛʨʝʚ ʜʦ 80 ʛʨ. ʎʝʣʴʩʠʷ ʜʦ 

ʧʦʣʥʦʛʦ ʫʥʠʯʪʦʞʝʥʠʷ ʙʦʣʝʟʥʝʪʚʦʨʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʚʠʭʨʝʚʦʛʦ ʪʝʧʣʦʛʝʥʝʨʘʪʦʨʘ, ʙʦʣʝʟʥʝʪʚʦʨʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʧʦʛʠʙʘʣʠ ʟʘ ʩʯʝʪ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʭʣʦʧʳʚʘʥʠʷ ʧʫʟʳʨʴʢʦʚ. ʊʘʢʞʝ 

ʥʫʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʜʣʷ ʪʘʢʦʛʦ ʚʠʜʘ ʧʘʩʪʝʨʠʟʘʮʠʠ ʩʥʠʞʘʝʪʩʷ ʩ 80 

ʜʦ 40 ʛʨʘʜʫʩʦʚ ʮʝʣʴʩʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʚʠʪʘʤʠʥʦʚ ʠ 

ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. 

ʅʘ ʤʥʦʛʠʭ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʜʣʷ ʥʘʛʨʝʚʘ ʨʘʟʣʠʯʥʳʭ 

ʘʛʨʝʩʩʠʚʥʳʭ ʚʠʜʦʚ ʢʠʩʣʦʪ ʠ ʩʦʣʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʷʤʦʡ ʤʝʪʦʜ ʥʘʛʨʝʚʘ ʚ 

ʪʨʘʚʠʣʴʥʳʭ ʚʘʥʥʘʭ. ʅʘʛʨʝʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʦʤʝʱʝʥʥʳʭ ʚ 

ʢʦʥʩʪʨʫʢʮʠʶ ʊʕʅʦʚ, ʢʦʪʦʨʳʝ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʜʘʥʥʳʭ ʘʛʨʝʩʩʠʚʥʳʭ 

ʞʠʜʢʦʩʪʝʡ ʙʳʩʪʨʦ ʨʘʟʨʫʰʘʝʪʩʷ. ɽʩʣʠ ʟʘʤʝʥʠʪʴ ʩʧʦʩʦʙ ʥʘʛʨʝʚʘ ʩ ʧʦʤʦʱʴʶ 
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ʊʕʅʦʚ ʥʘ ʥʘʛʨʝʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ɺʊɻ, ʪʦ ʩʦʢʨʘʪʠʪʴʩʷ ʜʝʥʝʞʥʳʡ ʟʘʪʨʘʪʳ ʥʘ 

ʧʦʩʪʦʷʥʥʳʡ ʨʝʤʦʥʪ ʪʝʧʣʦ-ʥʘʛʨʝʚʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ. 

 

ɺʳʚʦʜʳ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʚʳʚʦʜʝ ʭʦʪʝʣʦʩʴ ʙʳ ʩʢʘʟʘʪʴ, ʯʪʦ ʫʩʪʘʥʦʚʢʘ ɺʊɻ ʜʣʷ 

ʩʚʦʝʡ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʬʘʢʪʦʨʦʚ, ʢ ʢʦʪʦʨʳʤ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʪʥʦʩʷʪʩʷ ʘʤʦʨʪʠʟʘʮʠʦʥʥʳʝ ʠʟʜʝʨʞʢʠ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʵʣʝʢʪʨʦʢʦʪʣʦʚ ʠ ʧʝʯʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʞʠʜʢʠʭ ʠ 

ʪʚʝʨʜʳʭ ʚʠʜʘʭ ʪʦʧʣʠʚʘ. 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ɻʀɼʈʆʕʃɽʂʊʈʆʉʊɸʅʎʀʁ 

ʅɽʇʈʆʄʓʐʃɽʅʅʆɻʆ ʅɸɿʅɸʏɽʅʀʗ ɼʃʗ ʕʅɽʈɻʆʆɹɽʉʇɽʏɽʅʀʗ 

ʉɽʃʔʉʂʆʁ ʄɽʉʊʅʆʉʊʀ 

 

ʂʘʥʜ. ʧʝʜ. ʥʘʫʢ ɻ.ɽ. ɸʥʘʥʴʠʥ; ʦʙʫʯʘʶʱʠʡʩʷ ʀ.ɸ. ʍʦʪʴʢʦ 

(ʌɻɹʆʋ ɺʆ çʗʨʦʩʣʘʚʩʢʠʡ ɻɸʋè, ʗʨʦʩʣʘʚʣʴ, ʈʦʩʩʠʷ)  

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʥʝʧʨʦʤʳʰʣʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʥʝʨʛʠʝʡ 

ʞʠʣʦʛʦ ʜʦʤʘ. ɸʚʪʦʨʳ ʘʥʘʣʠʟʠʨʫʶʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʪʘʢʦʛʦ ʚʠʜʘ ʵʥʝʨʛʝʪʠʢʠ, 

ʪʘʢʠʝ ʢʘʢ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʯʠʩʪʦʪʘ, ʥʘʜʝʞʥʦʩʪʴ ʠ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʊʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ 

ʫʩʪʘʥʦʚʢʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʜʣʷ ʞʠʣʳʭ ʜʦʤʦʚ. ɺ ʩʪʘʪʴʝ 
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ʪʘʢʞʝ ʦʧʠʩʳʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʪʘʢʠʭ 

ʩʪʘʥʮʠʡ, ʘ ʪʘʢʞʝ ʧʨʠʚʦʜʷʪʩʷ ʧʨʠʤʝʨʳ ʫʩʧʝʰʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʦʜʦʙʥʳʭ 

ʧʨʦʝʢʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʝ, ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʩʝʣʴʩʢʘʷ 

ʤʝʩʪʥʦʩʪʴ. 

 

THE USE OF NON-INDUSTRIAL HYDROELECTRIC POWER PLANTS 

FOR RURAL ENERGY SUPPLY 

 

Candidate of Pedagogical Sciences G.E. Ananyin; student I.A. Hotko 

(FSBEI HE çYaroslavl SAUè, Yaroslavl, Russia) 

 

Abstract. This article discusses the possibility of using hydroelectric power 

plants for non-industrial purposes to provide energy to a residential building. The 

authors analyze the advantages of this type of energy, such as environmental 

friendliness, reliability and low cost of electricity production. The technical and 

economic aspects of installing and operating residential hydroelectric power plants 

are also covered. The article also describes the main stages of the design and 

construction of such stations, as well as provides examples of the successful 

implementation of such projects. 

Keywords: energy supply, hydroelectric power plants, rural areas. 

 

ʕʥʝʨʛʠʷ ʚʦʜʥʦʛʦ ʧʦʪʦʢʘ ʷʚʣʷʝʪʩʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤ ʧʨʠʨʦʜʥʳʤ ʨʝʩʫʨʩʦʤ, 

ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʩʧʣʘʪʥʦʝ ʵʣʝʢʪʨʠʯʝʩʪʚʦ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʡ ʧʨʠʨʦʜʥʦʡ ʵʥʝʨʛʠʠ ʧʦʤʦʞʝʪ ʩʵʢʦʥʦʤʠʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ 

ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʩ ʧʦʜʟʘʨʷʜʢʦʡ ʪʝʭʥʠʢʠ. ɽʩʣʠ ʨʷʜʦʤ ʩ ʚʘʰʠʤ ʜʦʤʦʤ ʝʩʪʴ 

ʨʫʯʝʡ ʠʣʠ ʨʝʢʘ, ʠʭ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ 

ʫʯʘʩʪʢʘ ʠ ʜʦʤʘ. ɸ ʝʩʣʠ ʧʦʩʪʨʦʠʪʴ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʶ ʩʚʦʠʤʠ ʨʫʢʘʤʠ, 

ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʙʫʜʝʪ ʚ ʨʘʟʳ ʚʳʰʝ. 
ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʚʠʜʦʚ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʥʝʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ. ʈʘʩʩʤʦʪʨʠʤ ʥʝʩʢʦʣʴʢʦ ʠʟ ʥʠʭ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʣʷ 

ʨʘʩʩʤʦʪʨʝʥʠʷ ʠ ʜʘʣʴʥʝʡʰʝʡ ʫʩʪʘʥʦʚʢʠ ʥʘ ʨʝʢʝ ʏʝʩʥʘʚʘ. 

 

ɻʠʨʣʷʥʜʥʘʷ ʩʪʘʥʮʠʷ ʩ ʛʠʜʨʦʚʠʥʪʘʤʠ 

ʂʦʥʩʪʨʫʢʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʮʝʧʠ ʨʦʪʦʨʦʚ, ʟʘʢʨʝʧʣʝʥʥʳʭ ʥʘ ʛʠʙʢʦʤ ʩʪʘʣʴʥʦʤ 

ʪʨʦʩʝ, ʧʝʨʝʪʷʥʫʪʦʤ ʧʦʧʝʨʝʢ ʨʝʢʠ. ʉʘʤ ʪʨʦʩ ʠʩʧʦʣʥʷʝʪ ʨʦʣʴ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʚʘʣʘ, 

ʦʜʠʥ ʢʦʥʝʮ ʢʦʪʦʨʦʛʦ ʬʠʢʩʠʨʫʝʪʩʷ ʥʘ ʦʧʦʨʥʦʤ ʧʦʜʰʠʧʥʠʢʝ, ʘ ʚʪʦʨʦʡ ï 

ʘʢʪʠʚʠʨʫʝʪ ʚʘʣ ʛʝʥʝʨʘʪʦʨʘ. 

ʂʘʞʜʳʡ ʛʠʜʨʦʨʦʪʦʨ çʛʠʨʣʷʥʜʳè ʩʧʦʩʦʙʝʥ ʚʳʨʘʙʘʪʳʚʘʪʴ ʦʢʦʣʦ 2 ʢɺʪ 

ʵʥʝʨʛʠʠ, ʧʨʘʚʜʘ, ʩʢʦʨʦʩʪʴ ʚʦʜʥʦʛʦ ʧʦʪʦʢʘ ʜʣʷ ʵʪʦʛʦ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 2,5 

ʤʝʪʨʦʚ ʚ ʩʝʢʫʥʜʫ, ʘ ʛʣʫʙʠʥʘ ʚʦʜʦʝʤʘ ʥʝ ʧʨʝʚʳʰʘʪʴ 1,5 ʤ. ɼʘʥʥʘʷ 

ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʷ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩʫʥʦʢ 1 ï ɻʠʨʣʷʥʜʥʘʷ ʩʪʘʥʮʠʷ ʩ ʛʠʜʨʦʚʠʥʪʘʤʠ 

 

ʈʘʩʩʤʦʪʨʠʤ ʩʭʝʤʫ ʨʦʪʦʨʥʫʶ ʩʭʝʤʫ ʜʘʥʥʦʡ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. ʆʥʘ 

ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʪʝʡ ʵʪʦ: ʨʦʪʦʨ, ʛʝʥʝʨʘʪʦʨʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʠ 

ʣʦʧʘʩʪʝʡ. ɼʘʥʥʘʷ ʩʭʝʤʘ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʨʦʪʦʨʥʦʡ ʩʪʘʥʮʠʠ 

 

ɺʝʨʪʠʢʘʣʴʥʳʡ ʨʦʪʦʨ ɼʘʨʴʝ 

ʉʠʩʪʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʣʦʧʘʩʪʝʡ, 

ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʥʘ ʨʘʜʠʘʣʴʥʳʭ ʙʘʣʢʘʭ, ʠ ʨʘʙʦʪʘʝʪ ʟʘ ʩʯʝʪ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ 

ʧʦ ʧʨʠʥʮʠʧʫ çʧʦʜʲʝʤʥʦʛʦ ʢʨʳʣʘè, ʢʦʪʦʨʳʡ ʰʠʨʦʢʦ ʟʘʜʝʡʩʪʚʦʚʘʥ ʚ 

ʢʦʨʘʙʣʝʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʘʚʠʘʮʠʠ. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. 
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ʈʠʩʫʥʦʢ 3 ï ɺʝʨʪʠʢʘʣʴʥʳʡ ʨʦʪʦʨ ɼʘʨʴʝ 

 

ɺʝʩʢʠʤ ʧʣʶʩʦʤ ʚʦʜʦʚʦʨʦʪʥʳʭ ʩʪʘʥʮʠʡ ʚʧʦʣʥʝ ʦʙʦʩʥʦʚʘʥʥʦ ʩʯʠʪʘʝʪʩʷ 

ʩʦʭʨʘʥʝʥʠʝ ʨʳʙʥʳʭ ʨʝʩʫʨʩʦʚ. ʈʘʙʦʪʘ ʚʝʨʪʠʢʘʣʴʥʦʡ ʪʫʨʙʠʥʳ ʥʝ ʥʘʥʦʩʠʪ ʚʨʝʜʘ 

ʞʠʚʳʤ ʦʨʛʘʥʠʟʤʘʤ ʨʝʢʠ. ʂ ʪʦʤʫ ʞʝ ʥʘ ʩʪʝʥʢʘʭ ʩʦʦʨʫʞʝʥʠʡ ʥʝ ʟʘʜʝʨʞʠʚʘʝʪʩʷ 

ʪʠʥʘ ʠʟ-ʟʘ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʘ ʚʦʜʳ. 

 

ʇʦʜʚʦʜʥʳʡ ʚʠʥʪʦʚʦʡ ʧʨʦʧʝʣʣʝʨ 

ʇʦ ʩʫʪʠ, ʵʪʦ ʩʘʤʳʡ ʧʨʦʩʪʦʡ ʚʦʟʜʫʰʥʳʡ ʚʝʪʨʷʢ, ʪʦʣʴʢʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʦʥ ʧʦʜ ʚʦʜʦʡ. ʈʘʟʤʝʨʳ ʣʦʧʘʩʪʝʡ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ 

ʚʨʘʱʝʥʠʷ ʠ ʤʠʥʠʤʫʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʠʣʳ 

ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʘ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʝʪ 2 ʤ/ʩʝʢ, ʪʦ 

ʰʠʨʠʥʘ ʣʦʧʘʩʪʠ ʜʦʣʞʥʘ ʙʳʪʴ ʚ ʧʨʝʜʝʣʘʭ 2-3 ʩʤ. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 4. 

 

 
ʈʠʩʫʥʦʢ 4 ï  ʇʦʜʚʦʜʥʳʡ ʚʠʥʪʦʚʦʡ ʧʨʦʧʝʣʣʝʨ 
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ɺʦʜʷʥʦʝ ʢʦʣʝʩʦ ʩ ʣʦʧʘʩʪʷʤʠ 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ ʠ ʨʫʩʣʘ ʚʦʜʦʪʦʢʘ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʨʘʟʣʠʯʥʳʝ 

ʪʠʧʳ ʢʦʣʝʩ: 

ʇʦʜʣʠʚʥʳʝ ï ʧʦʜʦʡʜʫʪ ʜʣʷ ʤʝʣʢʦʚʦʜʥʳʭ ʨʝʢ ʩ ʙʳʩʪʨʳʤ ʪʝʯʝʥʠʝʤ. 

ʉʨʝʜʥʝʙʦʡʥʳʝ ï ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʨʫʩʣʘʭ ʩ ʧʨʠʨʦʜʥʳʤʠ ʢʘʩʢʘʜʘʤʠ ʪʘʢ, 

ʯʪʦʙʳ ʧʦʪʦʢ ʧʦʧʘʜʘʣ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ ʩʝʨʝʜʠʥʫ ʚʨʘʱʘʶʱʝʛʦʩʷ ʙʘʨʘʙʘʥʘ. 

ʅʘʣʠʚʥʳʝ ï ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʦʜ ʧʣʦʪʠʥʦʡ, ʪʨʫʙʦʡ ʠʣʠ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʧʦʨʦʛʘ, ʯʪʦʙʳ ʥʠʩʧʘʜʘʶʱʘʷ ʚʦʜʘ ʧʨʦʜʦʣʞʠʣʘ ʧʫʪʴ ʯʝʨʝʟ 

ʚʝʨʰʠʥʫ ʢʦʣʝʩʘ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ: ʚʦʜʘ ʧʦʧʘʜʘʝʪ ʥʘ ʣʦʧʘʩʪʠ ʠ ʧʨʠʚʦʜʠʪ ʚ ʜʝʡʩʪʚʠʝ ʢʦʣʝʩʦ, 

ʢʦʪʦʨʦʝ ʟʘʩʪʘʚʣʷʝʪ ʚʨʘʱʘʪʴʩʷ ʛʝʥʝʨʘʪʦʨ ʜʣʷ ʤʠʥʠʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. 

ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 5.  

 

 
ʈʠʩʫʥʦʢ 5 ï  ɺʦʜʷʥʦʝ ʢʦʣʝʩʦ ʩ ʣʦʧʘʩʪʷʤʠ 

 

ɸʚʪʦʨʳ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʚʳʙʨʘʣʠ ʚʦʜʷʥʦʝ ʢʦʣʝʩʦ ʩ ʣʦʧʘʩʪʷʤʠ ʠʟ-ʟʘ ʙʝʨʝʛʘ 

ʨʝʢʠ ʏʝʩʥʘʚʘ ʠ ʚʦʜʷʥʦʛʦ ʧʦʪʦʢʘ.  

 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʤʠʥʠ-ɻʕʉ 

1. ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ çʙʝʩʧʣʘʪʥʳʭè ʵʥʝʨʛʦʠʩʪʦʯʥʠʢʦʚ (ʩʦʣʥʝʯʥʳʭ 
ʙʘʪʘʨʝʡ, ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʦʚ), ʛʠʜʨʦʩʠʩʪʝʤʳ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʨʝʤʝʥʠ ʩʫʪʦʢ ʠ ʧʦʛʦʜʳ. ɽʜʠʥʩʪʚʝʥʥʦʝ, ʯʪʦ ʤʦʞʝʪ ʠʤ ʧʦʤʝʰʘʪʴ ï ʟʘʤʝʨʟʘʥʠʝ 

ʚʦʜʦʝʤʘ. 

2. ɼʣʷ ʫʩʪʘʥʦʚʢʠ ʛʠʜʨʦʛʝʥʝʨʘʪʦʨʘ ʥʝʦʙʷʟʘʪʝʣʴʥʦ ʥʘʣʠʯʠʝ ʙʦʣʴʰʦʡ ʨʝʢʠ ï 

ʪʝ ʞʝ ʚʦʜʷʥʳʝ ʢʦʣʝʩʘ ʩ ʫʩʧʝʭʦʤ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʞʝ ʚ ʤʝʣʢʠʭ ʨʫʯʴʷʭ. 

3. ʋʩʪʘʥʦʚʢʠ ʥʝ ʚʳʜʝʣʷʶʪ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ, ʥʝ ʟʘʛʨʷʟʥʷʶʪ ʚʦʜʫ ʠ 

ʨʘʙʦʪʘʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʩʰʫʤʥʦ. 

 

ʅʝʜʦʩʪʘʪʢʠ ʤʠʥʠ-ɻʕʉ 

1. ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʩʠʣʘ ʪʝʯʝʥʠʷ. 

2. ɿʘʤʝʨʟʘʥʠʝ ʨʝʢʠ. 
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ʀʟʤʝʨʝʥʠʝ ʩʠʣʳ ʚʦʜʥʦʛʦ ʧʦʪʦʢʘ 

ʄʳ ʚʳʙʨʘʣʠ ʩʘʤʳʡ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ ï ʦʧʫʩʪʠʣʠ ʥʘ ʩʪʨʝʤʥʠʥʫ ʣʝʛʢʠʡ 

ʧʨʝʜʤʝʪ  ʠ ʟʘʩʝʢʣʠ  ʩʝʢʫʥʜʦʤʝʨʦʤ ʚʨʝʤʷ, ʟʘ ʢʦʪʦʨʦʝ ʦʥ ʧʨʦʧʣʳʚʝʪ ʨʘʩʩʪʦʷʥʠʝ 

ʜʦ ʟʘʨʘʥʝʝ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ  ʦʨʠʝʥʪʠʨʘ. ʈʘʩʩʪʦʷʥʠʝ ʜʦ ʦʨʠʝʥʪʠʨʘ 10 ʤʝʪʨʦʚ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʥʘʰʝʛʦ ʠʟʤʝʨʝʥʠʷ ʤʳ ʚʳʷʩʥʠʣʠ, ʯʪʦ ʩʠʣʘ ʪʝʯʝʥʠʷ ʨʝʢʠ ʏʝʩʥʘʚʘ 

ʩʦʩʪʘʚʣʷʝʪ 1,2 ʤ/ʩ.  

 

ʅʝʦʙʭʦʜʠʤʳʝ ʤʘʪʝʨʠʘʣʳ 

1. ʋʛʦʣʢʠ ʠ ʣʠʩʪʦʚʦʡ ʤʝʪʘʣʣ ʪʦʣʱʠʥʦʡ ʥʝ ʤʝʥʝʝ 5 ʤʤ. 

2. ʊʨʫʙʳ ʠʟ ʇɺʍ ʠʣʠ ʦʮʠʥʢʦʚʘʥʥʦʡ ʩʪʘʣʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʣʦʧʘʩʪʝʡ. 

3. ɻʝʥʝʨʘʪʦʨ. 

4. ʊʦʨʤʦʟʥʳʝ ʜʠʩʢʠ. 

5. ɺʘʣ ʠ ʧʦʜʰʠʧʥʠʢʠ. 

6. ʌʘʥʝʨʘ. 

7. ʇʦʣʠʩʪʠʨʦʣʦʚʘʷ ʩʤʦʣʘ ʜʣʷ ʟʘʣʠʚʢʠ ʨʦʪʦʨʘ ʠ ʩʪʘʪʦʨʘ. 

8. ʄʝʜʥʳʡ ʧʨʦʚʦʜ ʥʘ 15 ʤʤ ʜʣʷ ʩʘʤʦʜʝʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. 

9. ʅʝʦʜʠʤʦʚʳʝ ʤʘʛʥʠʪʳ. 

 

ɼʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘʤ ʦʙʦʰʣʠʩʴ ʚ 100 000 ʨʫʙʣʝʡ, ʥʦ ʩʪʦʠʤʦʩʪʴ ʤʦʞʝʪ 

ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ ʩʪʦʠʤʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʚ ʢʘʞʜʦʤ ʨʝʛʠʦʥʝ ʩʪʨʘʥʳ. 

ʇʣʦʱʘʜʴ ʜʘʥʥʦʛʦ ʞʠʣʦʛʦ ʜʦʤʘ ʚ ʩʝʣʝ ɻʦʨʝʣʦʚʦ ʩʦʩʪʘʚʣʷʝʪ 110 ʤ
2
.  

ʈʘʩʩʤʦʪʨʠʤ ʜʘʥʥʳʡ ʯʝʨʪʝʞ ʥʘ ʨʠʩʫʥʢʝ 6. 

 

 
ʈʠʩʫʥʦʢ 6  ï ɾʠʣʦʡ ʜʦʤ 
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ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʨʝʢʘ ʫ ʥʘʩ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʟʘʤʝʨʟʥʝʪ. ʄʳ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʜʘʥʥʳʡ ʚʠʜ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʷ ʥʘ ʧʝʨʠʦʜ ʚʝʩʥʘ ï ʦʩʝʥʴ ʜʦ 

ʟʘʤʝʨʟʘʥʠʷ ʚʦʜʳ. 

ɼʘʥʥʳʡ ʞʠʣʦʡ ʜʦʤ ʚ ʩʨʝʜʥʝʤ ʧʦʪʨʝʙʣʷʝʪ 400 ʢɺʪ*ʯ ʥʘ ʦʩʚʝʱʝʥʠʝ ʠ 

ʦʪʦʧʣʝʥʠʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʧʣʘʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʙʫʜʝʪ 400*6=2400 ʨʫʙʣʝʡ ʚ 

ʤʝʩʷʮ. ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʢʫʧʘʝʤʦʩʪʴ 

ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʩʦʩʪʘʚʠʪ ʚ ʩʨʝʜʥʝʤ 5 ʣʝʪ.  
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DEVELOPMENT OF A CONVEYOR FOR MOVING COTTAGE  

CHEESE IN ORDER TO PRESERVE THE QUALITY OF THE FOOD 

PRODUCT 

 

Docent M.L. Borisova  

(FSBEI HE çYaroslavl SAUè, Yaroslavl, Russia) 

 

Abstract. Based on the analysis of theoretical material, the concept and features 

of the applied technology for supplying cottage cheese are determined. During the 

research, promising options for improving and improving the existing method were 

identified. To increase labor productivity and reduce the time spent on operations, it 

is proposed to supply cottage cheese using the developed spiral screw conveyor.  

 Keywords: conveyor, device, cottage cheese, productivity. 
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ɸʢʪʫʘʣʴʥʦʩʪʴ 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʤʦʣʦʯʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʤʝʭʘʥʠʟʘʮʠʷ ʨʫʯʥʦʛʦ ʪʨʫʜʘ ʥʘʠʙʦʣʝʝ ʤʘʩʩʦʚʳʭ ʠ ʩʣʘʙʦ 

ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʭ ʨʘʙʦʪ. 

 ʈʫʯʥʦʡ ʪʨʫʜ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʤʦʣʦʯʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʩʳʨʴʷ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘ ʩʢʣʘʜ ʠ ʜʨʫʛʠʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟ-ʟʘ ʚʳʩʦʢʠʭ ʮʝʥ ʥʘ ʩʦʚʨʝʤʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, 

ʧʨʠʦʙʨʝʪʝʥʠʝ ʝʛʦ ʩʪʘʥʦʚʠʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʳʤ, ʠ ʧʨʠʭʦʜʠʪʴʩʷ ʣʠʙʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʫʯʥʦʡ ʪʨʫʜ, ʣʠʙʦ ʥʝʩʝʨʠʡʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ.  

ʅʘ ʧʨʝʜʧʨʠʷʪʠʠ ʆɸʆ çʉʝʚʝʨʥʦʝ ʤʦʣʦʢʦè ɺʦʣʦʛʦʜʩʢʦʡ ʦʙʣʘʩʪʠ 

ʫʩʪʘʥʦʚʣʝʥʘ ʣʠʥʠʷ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʪʚʦʨʦʛʘ ʠʥʦʩʪʨʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʠ 

ʜʦʫʢʦʤʧʣʝʢʪʦʚʘʪʴ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʪʦʛʦ ʞʝ ʧʨʦʠʟʚʦʜʠʪʝʣʷ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ,  ʘ ʧʦʜʦʙʥʦʛʦ ʩʝʨʠʡʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʧʨʦʠʟʚʦʜʠʤʦʛʦ ʚ ʈʦʩʩʠʠ ʧʨʦʩʪʦ ʥʝʪ. ʅʘʜʦ ʩʢʘʟʘʪʴ,  ʯʪʦ ʩʝʡʯʘʩ ʧʝʨʝʤʝʱʝʥʠʝ 

ʪʚʦʨʦʞʥʦʡ ʤʘʩʩʳ ʦʪ ʦʭʣʘʜʠʪʝʣʷ ʢ ʫʧʘʢʦʚʦʯʥʦʡ ʤʘʰʠʥʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʚʨʫʯʥʫʶ ʩ ʧʦʤʦʱʴʶ ʦʪʢʨʳʪʦʡ ʪʝʣʝʞʢʠ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ, ʪʚʦʨʦʛ ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʮʝʭʘ, ʩʥʠʞʘʷ ʩʚʦʠ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ. 

   

 
ʈʠʩʫʥʦʢ 1 ï ʃʠʥʠʷ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʪʚʦʨʦʛʘ 

 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʩʫʱʝʩʪʚʫʶʱʠʡ ʦʧʳʪ ʧʨʦʛʨʝʩʩʠʚʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʙʳʣʦ ʦʪʜʘʥʦ ʧʨʝʜʧʦʯʪʝʥʠʝ ʧʦ ʨʘʟʨʘʙʦʪʢʝ 

ʪʨʘʥʩʧʦʨʪʝʨʘ ʜʣʷ ʧʦʜʘʯʠ ʪʚʦʨʦʛʘ ʥʘ ʦʩʥʦʚʝ ʛʠʙʢʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʅʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʨʘʟʚʠʪʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʞʠʜʢʠʭ, 

ʧʦʣʫʞʠʜʢʠʭ, ʚʷʟʢʠʭ, ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʦʥʚʝʡʝʨʦʚ ʩʦ ʩʧʠʨʘʣʴʥʦ-ʚʠʥʪʦʚʳʤʠ ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ. 

ʉʧʠʨʘʣʴʥʦ-ʚʠʥʪʦʚʳʝ ʪʨʘʥʩʧʦʨʪʝʨʳ ʠʤʝʶʪ ʨʷʜ ʜʦʩʪʦʠʥʩʪʚ: ʨʘʚʥʦʤʝʨʥʘʷ 

ʧʦʜʘʯʘ ʤʘʪʝʨʠʘʣʘ, ʛʠʙʢʦʩʪʴ, ʦʪʩʫʪʩʪʚʠʝ ʩʣʦʞʥʳʭ ʧʝʨʝʜʘʪʦʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʦʪ 

ʜʚʠʛʘʪʝʣʷ ʢ ʨʘʙʦʯʝʤʫ ʦʨʛʘʥʫ, ʦʪʩʫʪʩʪʚʠʝ ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʦʢ, ʧʨʦʩʪʦʪʘ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ, ʥʠʟʢʘʷ ʤʝʪʘʣʣʦʸʤʢʦʩʪʴ. 

ʉʧʠʨʘʣʴʥʦ-ʚʠʥʪʦʚʳʝ ʫʩʪʨʦʡʩʪʚʘ  ï ʵʪʦ ʫʩʪʨʦʡʩʪʚʘ ʩ ʘʢʪʠʚʥʳʤʠ ʨʘʙʦʯʠʤʠ 

ʦʨʛʘʥʘʤʠ, ʪʦ ʝʩʪʴ ʤʘʪʝʨʠʘʣ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʘʣʳʭ ʩʠʣ ʠ ʙʦʣʴʰʠʭ 

ʩʢʦʨʦʩʪʝʡ. ʕʪʦ ʦʩʥʦʚʥʘʷ ʦʪʣʠʯʠʪʝʣʴʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʪʘʢ ʢʘʢ ʫʩʪʨʦʡʩʪʚʦ  ʩ ʘʢʪʠʚʥʳʤʠ 
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ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ ʠʤʝʝʪ ʥʘʠʤʝʥʴʰʫʶ ʤʝʪʘʣʣʦʸʤʢʦʩʪʴ ʠ ʥʘʠʤʝʥʴʰʫʶ 

ʵʥʝʨʛʦʸʤʢʦʩʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʧʠʨʘʣʴʥʦ-ʚʠʥʪʦʚʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʨʘʙʦʪʘʶʱʝʝ ʥʘ 

ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ, ʚʩʝʛʜʘ ʙʫʜʝʪ ʠʤʝʪʴ ʥʘʠʣʫʯʰʠʝ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ. ʇʦʵʪʦʤʫ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʪʚʦʨʦʞʥʦʡ ʤʘʩʩʳ ʚ ʧʨʝʜʣʘʛʘʝʤʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʠʩʧʦʣʴʟʫʝʤ ʩʧʠʨʘʣʴʥʦ-ʚʠʥʪʦʚʦʡ ʪʨʘʥʩʧʦʨʪʝʨ, ʢʘʢ ʩʘʤʦʝ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʦʝ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ. 
 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʚʥʝʜʨʝʥʠʝ ʩʧʠʨʘʣʴʥʦ-ʚʠʥʪʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʝʨʘ ʚ ʣʠʥʠʶ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʨʝʙʫʝʪ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʣʞʥʦʛʦ ʵʬʬʝʢʪʘ ʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘʙʦʯʠʭ. ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʩʯʝʪ 

ʥʝ ʪʦʣʴʢʦ ʧʨʦʯʥʦʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʦ ʪʘʢʞʝ ʠ ʛʘʙʘʨʠʪʦʚ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʠ 

ʢʦʥʩʪʨʫʢʮʠʠ ʚʠʥʪʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʝʨʘ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʱʝʡ ʮʝʣʴʶ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:   

1. ʀʟʫʯʠʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʣʠʥʠʶ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʚʦʨʦʛʘ ʚ ʆɸʆ çʉʝʚʝʨʥʦʝ 

ʤʦʣʦʢʦè ɺʦʣʦʛʦʜʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʥʘʡʪʠ ʧʨʦʙʣʝʤʫ; 

2. ʈʘʩʩʯʠʪʘʪʴ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʘʥʩʧʦʨʪʝʨʘ, ʘ ʪʘʢʞʝ 

ʧʨʦʠʟʚʝʩʪʠ ʨʘʩʯʝʪ ʥʘ ʧʨʦʯʥʦʩʪʴ; 

3. ʈʘʟʨʘʙʦʪʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʩʧʠʨʘʣʴʥʦ-ʚʠʥʪʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʝʨʘ. 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʅʘʤʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʪʘʢʠʝ ʢʘʢ 

ʧʦʠʩʢ, ʘʥʘʣʠʟ ʠ ʩʠʥʪʝʟ ʥʝʦʙʭʦʜʠʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦ ʪʝʤʝ. 

ɺʠʜʳ ʪʨʘʥʩʧʦʨʪʝʨʦʚ, ʘ ʪʘʢʞʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʭ ʢʦʥʩʪʨʫʢʮʠʷ ʠ 

ʫʩʪʨʦʡʩʪʚʦ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

     ʆʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʜʘʯʠ ʪʚʦʨʦʛʘ, 

ʟʘʜʝʡʩʪʚʦʚʘʥʠʝ ʨʘʙʦʯʝʡ ʩʠʣʳ ʚ ʧʨʦʮʝʩʩʝ. ʈʘʙʦʪʥʠʢʠ ʚʳʥʫʞʜʝʥʳ ʚʨʫʯʥʫʶ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴ ʪʚʦʨʦʛ, ʘ ʪʘʢʞʝ ʟʘʥʠʤʘʪʴʩʷ ʝʛʦ ʧʦʛʨʫʟʢʦʡ.   

ɿʘʜʘʚʰʠʩʴ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʧʨʦʚʝʜʷ ʨʘʩʯʝʪʳ ʧʦʣʫʯʠʣʠ 

ʩʣʝʜʫʶʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʪʨʦʡʩʪʚʘ: ʜʣʠʥʘ = 2,0 ʤ, ʜʠʘʤʝʪʨ 

ʢʦʞʫʭʘ = 100 ʤʤ, ʜʠʘʤʝʪʨ ʩʧʠʨʘʣʴʥʦʛʦ ʚʠʥʪʘ = 96 ʤʤ, ʘhʛ ʩʧʠʨʘʣʴʥʦʛʦ ʚʠʥʪʘ = 

80 ʤʤ, ʜʠʘʤʝʪʨ ʧʨʦʚʦʣʦʢʠ = 8 ʤʤ, ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʩʧʠʨʘʣʴʥʦʛʦ ʚʠʥʪʘ = 750  

ʤʠʥ-1, ʤʦʱʥʦʩʪʴ ʧʨʠʚʦʜʘ = 1,5  ʢɺʪ, ʧʦʜʘʯʘ (ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ) = 1 ʤ
3
/ʯ, 

ʤʘʪʝʨʠʘʣ ʧʨʫʞʠʥʥʦʡ ʧʨʦʚʦʣʦʢʠ  ï  ʉʪ. 65 ɻ, ʧʨʠ ʪʘʢʦʡ ʢʦʤʧʦʥʦʚʢʝ ʫʛʦʣ ʥʘʢʣʦʥʘ 

ʩʧʠʨʘʣʴʥʦʛʦ ʚʠʥʪʘ ʩʦʩʪʘʚʠʪ 55↔ , ʨʘʩʯʝʪʥʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʝʙʳʚʘʥʠʷ 

ʤʘʪʝʨʠʘʣʘ ʚ ʢʦʞʫʭʝ t = 24 ʩ, ʦʩʝʚʘʷ ʩʢʦʨʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, ʧʝʨʝʤʝʱʸʥʥʦʛʦ 

ʩʧʠʨʘʣʴʥʦ-ʚʠʥʪʦʚʳʤ ʪʨʘʥʩʧʦʨʪʸʨʦʤ =  0,25 ʤ/c. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʧʠʨʘʣʴʥʦʛʦ ʚʠʥʪʘ ʙʳʣʦ ʚʳʯʠʩʣʝʥʦ ʥʘʠʙʦʣʴʰʝʝ 

ʥʘʧʨʷʞʝʥʠʝ ʠ ʦʧʨʝʜʝʣʝʥʘ ʝʸ ʜʝʬʦʨʤʘʮʠʷ. 

ʄʦʤʝʥʪʳ ʧʝʨʝʜʘʚʘʝʤʳʝ ʥʘ ʩʧʠʨʘʣʴ ʧʨʠʚʦʜʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʩʦʩʪʘʚʠʣʠ 28 

ʅĀʤ. ɺ ʭʦʜʝ ʨʘʩʯʝʪʦʚ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʩʦʩʪʘʚʠʣ 260 ʢʛʩĀʤʤ. ʀʟʛʠʙʘʶʱʠʡ 

ʤʦʤʝʥʪ 662 ʢʛʩĀʤʤ.  ʄʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʦʚʦʣʦʢʠ 8,7 ʢʛ/ʤʤĮ.  ɼʦʧʫʩʢʘʝʤʦʝ 
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ʥʘʧʨʷʞʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 78 ʢʛ/ʤʤĮ.  ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 8,7 ʢʛ/ʤʤĮ <78 ʢʛ/ʤʤĮ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʜʦʩʪʘʪʦʯʥʫʶ ʧʨʦʯʥʦʩʪʴ ʧʨʫʞʠʥʳ. 

ʆʧʨʝʜʝʣʝʥʘ ʢʦʤʧʦʥʦʚʦʯʥʘʷ ʩʭʝʤʘ ʪʨʘʥʩʧʦʨʪʝʨʘ, ʨʘʟʨʘʙʦʪʘʥʳ ʯʝʨʪʝʞʠ 

ʢʦʥʩʪʨʫʢʮʠʠ. 

 
 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʪʨʘʥʩʧʦʨʪʝʨʘ 

 

ɺʳʚʦʜʳ 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʥʝʜʨʝʥʠʝ ʧʨʝʜʣʘʛʘʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʟʚʦʣʷʝʪ:  

1) ʧʝʨʝʤʝʰʘʪʴ ʪʚʦʨʦʛ ʦʪ ʦʭʣʘʜʠʪʝʣʷ ʪʚʦʨʦʛʘ ʢ ʘʚʪʦʤʘʪʫ ʬʘʩʦʚʢʠ, ʚ ʟʘʢʨʳʪʦʤ 

ʧʦʪʦʢʝ,  ʘ ʪʘʢʞʝ ʩʣʫʞʠʪʴ ʢʘʢ ʧʦʜʲʝʤʥʠʢ;  

2) ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ  ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ 

ʪʚʦʨʦʞʥʦʡ ʤʘʩʩʳ ʢ ʦʭʣʘʜʠʪʝʣʶ ʜʣʷ ʪʚʦʨʦʛʘ;  

3) ʧʝʨʝʤʝʱʘʷ ʪʚʦʨʦʛ ʢ ʘʚʪʦʤʘʪʫ ʬʘʩʦʚʢʠ, ʫʩʪʨʦʡʩʪʚʦ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʢʘʢ 

ʩʤʝʩʠʪʝʣʴ ʠ ʜʦʟʘʪʦʨ.  ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʜʘʣʠʚ ʠʟ ʣʠʥʠʠ ʪʝʣʝʞʢʫ ʠ ʧʦʜʲʝʤʥʠʢ, ʠ 

ʚʥʝʜʨʠʚ ʩʧʠʨʘʣʴʥʦ-ʚʠʥʪʦʚʦʡ ʪʨʘʥʩʧʦʨʪʝʨ ʤʦʞʥʦ ʩʵʢʦʥʦʤʠʪʴ ʠ ʚʨʝʤʷ, ʠ 

ʦʙʩʣʫʞʠʚʘʶʱʠʡ ʧʝʨʩʦʥʘʣ.  

   

ʀ ʛʣʘʚʥʦʝ ï ʜʦʙʠʪʴʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʣʠʥʠʠ. ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʟʘ ʩʯʝʪ 

ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʘʢʞʝ ʫʤʝʥʴʰʘʪʩʷ ʟʘʪʨʘʪʳ ʠ ʥʘ 

ʦʙʩʣʫʞʠʚʘʶʱʠʡ ʧʝʨʩʦʥʘʣ, ʯʪʦ ʜʘʝʪ ʧʦʥʷʪʴ, ʯʪʦ ʜʘʥʥʦʝ ʚʥʝʜʨʝʥʠʝ ʷʚʣʷʝʪʩʷ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ. 
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ʅʘʫʯʥʘʷ ʩʪʘʪʴʷ 

ʋɼʂ 656.13:005 

ʆʎɽʅʂɸ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ɼɽʗʊɽʃʔʅʆʉʊʀ ʃʆɻʀʉʊʀʏɽʉʂʆʁ 

ʂʆʄʇɸʅʀʀ ʅɸ ʆʉʅʆɺɽ ʄɸʊɽʄɸʊʀʏɽʉʂʆɻʆ ʄʆɼɽʃʀʈʆɺɸʅʀʗ 

 

ʂʘʥʜ. ʧʝʜ. ʥʘʫʢ ɺ.ɺ. ɾʦʣʫʜʝʚʘ 

(ʌɻɹʆʋ ɺʆ çʗʨʦʩʣʘʚʩʢʠʡ ɻɸʋè, ʗʨʦʩʣʘʚʣʴ, ʈʦʩʩʠʷ) 

 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠ ʤʦʜʝʣʠ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʠ ʬʠʥʘʥʩʦʚʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʢʦʤʧʘʥʠʠ. ʇʨʠʤʝʥʝʥʳ ʤʝʪʦʜʳ ʣʠʥʝʡʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ 

ʋʠʣʩʦʥʘ.     

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʦʛʠʩʪʠʢʘ, ʣʠʥʝʡʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʢʘʣʝʥʜʘʨʥʦʝ 

ʧʣʘʥʠʨʦʚʘʥʠʝ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

 

 

EVALUATION OF THE EFFECTIVENESS OF THE LOGISTICS 

COMPANY ON THE BASIS OF MATHEMATICAL MODELING  

 

Candidate of Pedagogical Sciences V.V. Zholudeva 

(FSBEI HE çYaroslavl SAUè, Yaroslavl, Russia) 

 

Annotation. The mathematical methods and models allowing to estimate 

efficiency of production and financial activity of the logistic company are considered. 

The methods of linear programming and calendar planning using the Wilson model 

are applied.  
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ʄʝʪʦʜʠʢʘ  

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʠʟʫʯʝʥʠʝ ʠ 

ʘʥʘʣʠʟ ʵʢʦʥʦʤʠʯʝʩʢʦʡ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʠ ʵʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʣʠʪʝʨʘʪʫʨʳ;  ʘʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʬʠʥʘʥʩʦʚʦʡ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʨʝʜʧʨʠʷʪʠʷ ʆʆʆ çɹʝʣʳʡ ʛʦʨʦʜè, ʘʥʘʣʠʟ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ.  ʀʩʪʦʯʥʠʢʘʤʠ ʩʪʘʣʠ ʪʨʫʜʫ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʫʯʸʥʳʭ, ʩʝʪʴ 

ʀʥʪʝʨʥʝ. ʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʙʘʟʦʡ ʨʘʙʦʪʳ ʧʦʩʣʫʞʠʣʠ ʜʘʥʥʳʝ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʢʦʥʩʫʣʴʪʘʮʠʡ ʩʦ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʚ ʦʙʣʘʩʪʠ ʫʧʨʘʚʣʝʥʠʷ  

ʧʨʝʜʧʨʠʷʪʠʝʤ. 

 

ʈʝʟʫʣʴʪʘʪʳ  

ʃʦʛʠʩʪʠʢʘ ʢʘʢ ʥʘʫʢʘ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʪʘʣʘ ʥʝʦʪʲʝʤʣʝʤʦʡ 

ʯʘʩʪʴʶ ʠ ʠʥʩʪʨʫʤʝʥʪʦʤ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʥʦʤʠʢʠ. ʇʦ ʩʚʦʝʡ ʩʫʱʥʦʩʪʠ ʣʦʛʠʩʪʠʢʘ 

ʥʦʩʠʪ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʠʙʦ ʚʩʝ ʩʫʙʲʝʢʪʳ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʨʳʥʢʘ 

ʟʘʥʠʤʘʶʪʩʷ ʣʦʛʠʩʪʠʢʦʡ ʠ ʠʩʧʦʣʴʟʫʶʪ ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʠ ʪʦʨʛʦʚʣʝʡ. ʅʝ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʝʥʠʝʤ ʠ ʘʛʨʘʨʥʳʡ ʩʝʢʪʦʨ. 

ɺ ʦʙʱʝʤ ʚʠʜʝ ʣʦʛʠʩʪʠʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʫʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʘʤʠ ʚ 

ʵʢʦʥʦʤʠʢʝ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʣʦʛʠʩʪʠʢʘ ʩʦʩʪʘʚʣʷʝʪ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʢʦʤʤʝʨʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ, ʚ ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʩʧʝʮʠʘʣʴʥʳʝ ʢʦʥʮʝʧʮʠʠ ʣʦʛʠʩʪʠʢʠ ʠ ʩʪʘʪʠʩʪʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. 

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʙʲʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ 

ʩʦʚʨʝʤʝʥʥʦʡ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʢʦʤʧʘʥʠʝʡ, ʘ ʧʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʟʘʜʘʯʠ 

ʫʧʨʘʚʣʝʥʠʷ ʣʦʛʠʩʪʠʯʝʩʢʠʤ ʧʨʝʜʧʨʠʷʪʠʝʤ ʆʆʆ çɹʝʣʳʡ ʛʦʨʦʜè, ʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠʢʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʤʝʪʦʜʦʚ. 

ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʤʘʪʠʢʦ-

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʢʦʤʧʘʥʠʠ. ʀʩʩʣʝʜʫʝʤʘʷ ʢʦʤʧʘʥʠʷ ʟʘʥʠʤʘʝʪʩʷ ʨʝʘʣʠʟʘʮʠʝʡ 

ʧʦʪʨʝʙʠʪʝʣʷʤ ʗʨʦʩʣʘʚʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʩʦʩʝʜʥʠʭ ʦʙʣʘʩʪʝʡ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 

ʤʦʨʦʞʝʥʦʛʦ.  

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʙʳʣʘ ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʪʦʚʘʨʦʚ 

ʢʘʞʜʦʛʦ ʥʘʠʤʝʥʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʟʘʚʝʩʪʠ ʚ ʢʦʤʧʘʥʠʶ ʧʨʠ 

ʥʝʠʟʚʝʩʪʥʦʤ ʩʧʨʦʩʝ ʥʘ ʤʦʨʦʞʝʥʦʝ ʩʦ ʩʪʦʨʦʥʳ ʤʘʛʘʟʠʥʦʚ. ɼʣʷ ʝʸ ʨʝʰʝʥʠʷ ʙʳʣʠ 

ʧʨʠʤʝʥʝʥʳ ʤʝʪʦʜʳ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ [1]. 

ʂʦʤʧʘʥʠʷ ʆʆʆ çɹʝʣʳʡ ʛʦʨʦʜè ʠʤʝʝʪ ʥʘ ʩʚʦʝʤ ʩʢʣʘʜʝ ʤʦʨʦʞʝʥʦʝ 

ʩʣʝʜʫʶʱʠʭ ʥʘʠʤʝʥʦʚʘʥʠʡ: 

- ʤʦʨʦʞʝʥʦʝ ʙʨʠʢʝʪ çɺʠʰʥʷè; 

- ʨʦʞʦʢ çɻʠʛʘʥʪʩʢʠʡè; 

- ʩʪʘʢʘʥ ʚʘʬʝʣʴʥʳʡ ʧʣʦʤʙʠʨ; 

- ʩʪʘʢʘʥ ʚʘʬʝʣʴʥʳʡ ʰʦʢʦʣʘʜʥʳʡ; 

- ʩʪʘʢʘʥ çɼʷʜʷè; 

- ʧʘʢʝʪ çʈʫʩʩʢʠʡ ʨʘʟʤʘʭè.  
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ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʜʦʭʦʜ (ʧʨʠʙʳʣʴ) ʠ ʠʟʜʝʨʞʢʠ ʦʪ ʭʨʘʥʝʥʠʷ 

ʢʘʞʜʦʛʦ ʚʠʜʘ ʥʘʠʤʝʥʦʚʘʥʠʷ ʩʦʩʪʘʚʠʤ ʪʘʙʣʠʮʫ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ʌʠʥʘʥʩʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʦʩʥʦʚʥʳʤ ʚʠʜʘʤ ʧʨʦʜʫʢʮʠʠ 

ˉ 

ʧ/ʧ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʪʦʚʘʨʘ ɿʘʢʫʧʦʯʥʘʷ 

ʮʝʥʘ ʟʘ ʰʪʫʢʫ 

ʈʦʟʥʠʯʥʘʷ 

ʮʝʥʘ ʟʘ ʰʪʫʢʫ 

ʇʨʠʙʳʣʴ 

ʟʘ ʰʪʫʢʫ 

ɿʘʪʨʘʪʳ 

ʥʘ ʰʪʫʢʫ 

1 ɹʨʠʢʝʪ çɺʠʰʥʷè 32,99 39,49 6,5 0,58 

2 ʈʦʞʦʢ çɻʠʛʘʥʪʩʢʠʡè 43,49 50,24 6,75 0,61 

3 ʉʪʘʢʘʥ ʚʘʬʝʣʴʥʳʡ 

ʧʣʦʤʙʠʨ 

36,49 44,74 8,25 0,74 

4 ʉʪʘʢʘʥ ʚʘʬʝʣʴʥʳʡ 

ʰʦʢʦʣʘʜʥʳʡ 

28,49 32,74 4,25 0,38 

5 ʉʪʘʢʘʥ çɼʷʜʷè 49,99 54,99 5,00 0,45 

6 ʇʘʢʝʪ çʈʫʩʩʢʠʡ 

ʨʘʟʤʘʭè 

70,62 85,13 14,51 1,35 

 

ɿʘʪʨʘʪʳ ʩʦʩʪʘʚʣʷʶʪ ʥʝ ʙʦʣʝʝ 3% ʦʪ ʮʝʥʳ. 

 

ʊʘʙʣʠʮʘ 2 ï ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʣʠʥʝʡʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʇʦʢʘʟʘʪʝʣʴ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʪʦʚʘʨʘ 

ɹʨʠʢʝʪ 

çɺʠʰʥʷè 

ʈʦʞʦʢ 

çɻʠʛʘʥʪ-

ʩʢʠʡè 

ʉʪʘʢʘʥ 

ʚʘʬʝʣʴʥʳʡ 

ʧʣʦʤʙʠʨ 

ʉʪʘʢʘʥ 

ʚʘʬʝʣʴʥʳʡ 

ʰʦʢʦʣʘʜʥʳʡ 

ʉʪʘʢʘʥ 

çɼʷʜʷè 

ʇʘʢʝʪ 

çʈʫʩʩʢʠʡ 

ʨʘʟʤʘʭè 

ɼʦʭʦʜ ʦʪ 

ʨʝʘʣʠʟʘʮʠʠ, cj 

6,50 6,75 8,25 4,25 5,00 14,51 

ʀʟʜʝʨʞʢʠ, dj 0,58 0,61 074 0,38 0,45 1,35 

 

ʕʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠʤʝʝʪ ʚʠʜ: 

min
654321
­+++++= xxxxxxz  

ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʷʭ 

,115,005,112,176,089,08
654321
²+++++ xxxxxx  

,115,005,112,176,025,892,0
654321
²+++++ xxxxxx  

,115,005,112,175,989,092,0
654321
²+++++ xxxxxx  

,115,005,175,576,089,092,0
654321
²+++++ xxxxxx  

,115,05,612,176,089,092,0
654321
²+++++ xxxxxx  

.101,1605,112,176,089,092,0
654321
²+++++ xxxxxx  

ʈʝʰʠʚ ʜʘʥʥʫʶ ʟʘʜʘʯʫ ʃʇ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ Excel, 

ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʥʝʠʟʚʝʩʪʥʳʭ: 079376,0*

1
=ʭ , 076356,0*

2
=ʭ , 

062512,0*

3
=ʭ , 121378,0*

4
=ʭ , 103115,0*

5
=ʭ , 035433,0*

6
=ʭ . 
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ʆʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ F*=0,47817. ɺʳʯʠʩʣʠʤ 

ʦʧʪʠʤʘʣʴʥʳʝ ʚʝʨʦʷʪʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʯʠʩʪʳʭ ʩʪʨʘʪʝʛʠʡ, ʪ.ʝ. ʩʤʝʰʘʥʥʫʶ 

ʩʪʨʘʪʝʛʠʶ ʢʦʤʧʘʥʠʠ ʧʦ ʬʦʨʤʫʣʘʤ  .*** nÖ=
ii

xp  ʀʪʘʢ, 166,0*

1
=ʨ , 159,0*

2
=ʨ , 

131,0*

3
=ʨ , 254,0*

4
=ʨ , 216,0*

5
=ʨ , 074,0*

6
=ʨ . ʉʤʝʰʘʥʥʘʷ ʩʪʨʘʪʝʛʠʷ ï 

S*=(0,166; 0,159; 0,131; 0,254; 0,216; 0,074), ʛʜʝ *

j
ʨ ʧʦʢʘʟʳʚʘʶʪ ʜʦʣʠ ʦʪ 

ʠʤʝʶʱʝʡʩʷ ʩʫʤʤʳ ʜʝʥʝʛ (ʠʣʠ ʦʙʲʝʤʘ ʧʨʦʜʫʢʮʠʠ), ʢʦʪʦʨʳʝ ʩʣʝʜʫʝʪ 

ʠʟʨʘʩʭʦʜʦʚʘʪʴ ʥʘ ʧʦʢʫʧʢʫ ʢʘʞʜʦʛʦ ʚʠʜʘ ʘʩʩʦʨʪʠʤʝʥʪʥʦʛʦ ʥʘʙʦʨʘ. 

ɺ ʧʨʦʚʝʜʸʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʢʘʣʝʥʜʘʨʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ʋʠʣʩʦʥʘ [2]. 

ɿʘʜʘʯʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʟʘʢʫʧʢʠ ʤʦʨʦʞʝʥʦʛʦ ʨʘʟʣʠʯʥʳʭ ʥʘʠʤʝʥʦʚʘʥʠʡ ʜʣʷ 

ʧʨʝʜʧʨʠʷʪʠʷ ʆʆʆ çɹʝʣʳʡ ʛʦʨʦʜè ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: ʦʙʲʝʤ ʧʨʦʜʘʞʠ 

ʧʨʝʜʧʨʠʷʪʠʷ ʩʦʩʪʘʚʣʷʝʪ ʚ ʛʦʜ ʧʨʠʤʝʨʥʦ 47 ʢʦʨʦʙʦʢ. ɺʝʣʠʯʠʥʘ ʩʧʨʦʩʘ 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ. ʎʝʥʘ ʧʨʦʜʫʢʮʠʠ ʦʜʥʦʡ ʢʦʨʦʙʢʠ 

ʨʘʚʥʘ 203,76 ʨʫʙʣʝʡ. ɿʘ ʜʦʩʪʘʚʢʫ ʟʘʢʘʟʘ ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʣʘʪʠʪʴ 2,4 ʨʫʙʣʷ. ʕʪʘ 

ʚʝʣʠʯʠʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʤʦʨʦʞʝʥʦʝ ʟʘʚʦʟʠʪʩʷ ʠʟ ʛ. ʇʝʥʟʘ, 

ʥʘ ʜʦʨʦʛʫ ʦʪ ʗʨʦʩʣʘʚʣʷ ʜʦ ʇʝʥʟʳ ʪʨʝʙʫʝʪʩʷ 269,7 ʣʠʪʨʘ ʪʦʧʣʠʚʘ ʧʦ ʮʝʥʝ 28 

ʨʫʙʣʝʡ ʟʘ ʣʠʪʨ, ʪʦ ʝʩʪʴ ʧʨʠʤʝʨʥʦ 8000 ʨʫʙʣʝʡ. ɿʘʨʧʣʘʪʘ ʚʦʜʠʪʝʣʷ ʩʦʩʪʘʚʣʷʝʪ 

2000 ʨʫʙʣʝʡ. ʅʘ ʤʘʰʠʥʝ ʧʝʨʝʚʦʟʠʪʩʷ ʦʢʦʣʦ 4200 ʢʦʨʦʙʦʢ. ʊʦʛʜʘ, ʩʪʦʠʤʦʩʪʴ 

ʟʘʢʘʟʘ ʥʘ ʦʜʥʫ ʢʦʨʦʙʢʫ ʩʦʩʪʘʚʠʪ 10000:4200=2,4 ʨʫʙ. ʇʦ ʦʮʝʥʢʘʤ ʩʧʝʮʠʘʣʠʩʪʦʚ, 

ʠʟʜʝʨʞʢʠ ʭʨʘʥʝʥʠʷ ʚ ʤʝʩʷʮ ʩʦʩʪʘʚʣʷʶʪ 4 ʨʫʙʣʷ ʟʘ 1 ʢʦʨʦʙʢʫ. ʅʝʦʙʭʦʜʠʤʦ 

ʦʧʨʝʜʝʣʠʪʴ, ʩʢʦʣʴʢʦ ʢʦʨʦʙʦʢ ʤʦʨʦʞʝʥʦʛʦ ʜʦʣʞʝʥ ʟʘʢʘʟʳʚʘʪʴ ʨʫʢʦʚʦʜʠʪʝʣʴ 

ʧʨʝʜʧʨʠʷʪʠʷ ʜʣʷ ʦʜʥʦʡ ʧʦʩʪʘʚʢʠ ʠ ʯʘʩʪʦʪʫ ʟʘʢʘʟʦʚ.  

ʇʨʠʚʝʜʝʤ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ. ʀʪʘʢ, n=47 ʢʦʨʦʙʦʢ ʚ ʛʦʜ, ʢ=2,4 ʨʫʙʣʝʡ, s=4 

ʨʫʙʣʝʡ ʟʘ ʢʦʨʦʙʢʫ ʚ ʤʝʩʷʮ. ʇʦʩʢʦʣʴʢʫ ʤʦʨʦʞʝʥʦʝ ʟʘʢʘʟʳʚʘʝʪʩʷ ʩ ʢʦʤʙʠʥʘʪʘ 

ʧʦʩʪʘʚʱʠʢʘ, ʘ ʥʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʝʣʴ 

ʋʠʣʩʦʥʘ [3]: 

;
2

s

k
Q

n
=  

.5,74,56
4

474,22
==

ÖÖ
=Q  

ɻʦʪʦʚʳʝ ʟʘʪʨʘʪʳ ʦʧʨʝʜʝʣʠʤ ʧʦ ʬʦʨʤʫʣʝ: 
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.4,30
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5,7
4

5,7

47
4,2 =Ö+Ö=L  

ʇʦʜʘʯʘ ʢʘʞʜʦʛʦ ʥʦʚʦʛʦ ʟʘʢʘʟʘ ʜʦʣʞʥʘ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʯʝʨʝʟ 
n

t
Q
= (ʤʝʩ.); 

16,0
47

5,7
==t ʛʦʜʘ (ʧʨʠʤʝʨʥʦ ʯʝʨʝʟ ʢʘʞʜʳʝ 2 ʤʝʩʷʮʘ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʠʣʠ, ʯʪʦ ʟʘʚʦʟʠʪʴ ʢʘʞʜʫʶ ʥʦʚʫʶ ʧʘʨʪʠʶ ʪʦʚʘʨʘ 

ʥʝʦʙʭʦʜʠʤʦ ʯʝʨʝʟ 2 ʤʝʩʷʮʘ ʚ ʦʙʲʝʤʝ 7,5 ʢʦʨʦʙʦʢ.  
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ɺʳʚʦʜʳ 

 ʇʦʣʘʛʘʝʤ,   ʯʪʦ   ʧʨʦʚʝʜʸʥʥʦʝ   ʠʩʩʣʝʜʦʚʘʥʠʝ   ʧʦʟʚʦʣʠʪ ʢʦʥʢʨʝʪʥʦʤʫ 

ʧʨʝʜʧʨʠʷʪʠʶ ʆʆʆ çɹʝʣʳʡ ʛʦʨʦʜè (ʠ ʜʨʫʛʠʤ ʧʦʜʦʙʥʳʤ ʣʦʛʠʩʪʠʯʝʩʢʠʤ 

ʢʦʤʧʘʥʠʷʤ) ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʠ ʦʧʪʠʤʘʣʴʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʠ ʬʠʥʘʥʩʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʜʘʪʴ 

ʩʣʝʜʫʶʱʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʨʫʢʦʚʦʜʠʪʝʣʷʤ ʠ ʤʝʥʝʜʞʝʨʘʤ ʧʨʝʜʧʨʠʷʪʠʷ ʆʆʆ 

çɹʝʣʳʡ ʛʦʨʦʜè: 

1. ʇʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʟʘʢʫʧʦʢ ʚ ʫʩʣʦʚʠʷʭ ʨʠʩʢʘ ʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 

ʩʧʨʦʩʘ ʫ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ (ʛ. ʇʝʥʟʘ) ʰʝʩʪʠ ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ ʤʦʨʦʞʝʥʦʛʦ ʜʣʷ 

ʭʨʘʥʝʥʠʷ ʝʛʦ ʥʘ ʩʢʣʘʜʝ ʚ ʛ. ʗʨʦʩʣʘʚʣʝ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʝʛʦ ʧʨʦʜʘʞʠ ʤʘʛʘʟʠʥʘʤ 

ʜʣʷ ʨʦʟʥʠʯʥʦʡ ʧʨʦʜʘʞʠ ʧʦʢʫʧʘʪʝʣʷʤ, ʧʨʝʜʣʘʛʘʝʤ ʜʝʣʘʪʴ ʟʘʢʫʧʢʠ ʚ ʩʣʝʜʫʶʱʝʤ 

ʦʙʲʝʤʝ (ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʟʘʢʫʧʦʢ ʠʣʠ ʦʪ ʦʙʱʝʡ ʠʤʝʶʱʝʡʩʷ ʩʫʤʤʳ ʜʝʥʝʛ): 

- ʜʦʣʷ ʤʦʨʦʞʝʥʦʛʦ ʙʨʠʢʝʪ çɺʠʰʥʷè ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ 0,166; 

 - ʜʦʣʷ ʤʦʨʦʞʝʥʦʛʦ ʨʦʞʦʢ çɻʠʛʘʥʪʩʢʠʡè ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ 0,159; 

- ʜʦʣʷ ʤʦʨʦʞʝʥʦʛʦ ʩʪʘʢʘʥ ʚʘʬʝʣʴʥʳʡ ʧʣʦʤʙʠʨ ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ 0,131; 

- ʜʦʣʷ ʤʦʨʦʞʝʥʦʛʦ ʩʪʘʢʘʥ ʚʘʬʝʣʴʥʳʡ ʰʦʢʦʣʘʜʥʳʡ  ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ 

0,254; 

- ʜʦʣʷ ʤʦʨʦʞʝʥʦʛʦ ʩʪʘʢʘʥ çɼʷʜʷè ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ 0,216; 

- ʜʦʣʷ ʤʦʨʦʞʝʥʦʛʦ ʧʘʢʝʪ çʈʫʩʩʢʠʡ ʨʘʟʤʘʭè ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ 0,074. 

ʊʘʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʙʫʜʝʪ ʦʧʪʠʤʘʣʴʥʳʤ. 

2. ʆʧʪʠʤʘʣʴʥʦʝ ʢʘʣʝʥʜʘʨʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʟʘʚʦʟʠʪʴ 

ʢʘʞʜʫʶ ʥʦʚʫʶ ʧʘʨʪʠʶ ʪʦʚʘʨʘ ʯʝʨʝʟ 2 ʤʝʩʷʮʘ ʚ ʦʙʲʝʤʝ 7,5 ʢʦʨʦʙʦʢ.  
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ʅʘʫʯʥʘʷ ʩʪʘʪʴʷ 

ʋɼʂ 629.114.4.083 

ʇʆɺʓʐɽʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʀʉʇʆʃʔɿʆɺɸʅʀʗ 

ʄɸʊɽʈʀɸʃʔʅʓʍ ʈɽʉʋʈʉʆɺ ʈɽʄʆʅʊʅʆɻʆ ʇʈɽɼʇʈʀʗʊʀʗ 

 

ʂʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ ɼ.ʉ. ʂʘʨʧʦʚ 

(ʌɻɹʆʋ ɺʆ çʗʨʦʩʣʘʚʩʢʠʡ ɻɸʋè, ʗʨʦʩʣʘʚʣʴ, ʈʦʩʩʠʷ) 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʧʨʝʜʧʨʠʷʪʠʷ ʟʘ ʩʯʝʪ ʘʜʘʧʪʘʮʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ʧʦʜ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʧʦʩʪʳ, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʧʨʦʚʝʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʨʘʙʦʪ ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ 
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ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʦʤʝʱʝʥʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ 

ʧʦʢʘʟʘʪʝʣʠ ʪʘʢʪʘ ʠ ʨʠʪʤʘ ʨʝʤʦʥʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʜʘʥʳ ʧʨʘʢʪʠʯʝʩʢʠʝ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʩʢʣʶʯʝʥʠʶ ʧʨʦʩʪʦʷ ʪʝʭʥʠʢʠ ʚ ʨʝʤʦʥʪʝ ʠ ʧʦʚʳʰʝʥʠʶ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʛʦʪʦʚʥʦʩʪʠ ʪʝʭʥʠʢʠ. 

ɸʥʘʣʠʟʦʤ ʫʩʪʘʥʦʚʣʝʥʦ ʯʪʦ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʥʳʭ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʬʘʢʪʦʨʦʚ ʮʠʢʣʠʯʥʦʩʪʠ ʨʝʤʦʥʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʝʦʙʭʦʜʠʤʘ 

ʘʜʘʧʪʘʮʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʤʦʥʪʥʳʭ ʧʣʦʱʘʜʝʡ, ʧʦʜ ʥʦʚʳʝ ʚʠʜʳ ʫʩʣʫʛ. ʀʟ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦ 

ʧʨʠʝʤʣʝʤʳʤ ʷʚʣʷʝʪʩʷ ʧʨʝʜʣʦʞʝʥʥʳʡ ʧʝʨʝʯʝʥʴ, ʢʦʪʦʨʳʡ ʟʘʢʨʳʚʘʝʪ ʦʩʥʦʚʥʳʝ 

ʧʦʪʨʝʙʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʦ ʫʩʪʨʘʥʝʥʠʶ ʧʨʦʩʪʦʝʚ, ʠ ʧʨʠ ʵʪʦʤ ʥʝ ʦʙʣʘʜʘʝʪ 

ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʢʘʧʠʪʘʣʴʥʳʭ ʚʣʦʞʝʥʠʡ. ʆʙʦʩʥʦʚʘʥʘ ʦʩʪʨʘʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʚʠʜʘ, ʩ ʫʯʝʪʦʤ ʩʣʦʞʠʚʰʝʡʩʷ ʩʠʪʫʘʮʠʠ ʥʘ 

ʨʳʥʢʝ ʘʚʪʦʩʝʨʚʠʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʝʤʦʥʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʢʫʟʦʚʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʳ ʧʨʦʝʢʪʥʳʝ ʨʘʙʦʪʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʉʦʣʠʜ ɺʦʨʢʩ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʳʭ 

ʧʨʦʚʝʨʝʥʳ ʥʘʛʨʫʟʢʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʢʦʙʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʤʘʪʝʨʠʘʣʴʥʳʝ ʨʝʩʫʨʩʳ, 

ʜʠʚʝʨʩʠʬʠʢʘʮʠʷ, ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʣʠʩʪʦʚʦʛʦ ʤʝʪʘʣʣʘ, ʩʠʣʦʚʘʷ 

ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʩʢʦʙʘ 

 

IMPROVING THE EFFICIENCY OF USING THE MATERIAL RESOURCES 

OF THE REPAIR COMPANY  
 

Candidate of Technical Sciences, Docent D.S. Karpov 

(FSBEI HE çYaroslavl SAUè, Yaroslavl, Russia) 
 

 Abstract. The article considers methods for improving the efficiency of using 

the material resources of an enterprise by adapting production facilities to universal 

posts, with the possibility of carrying out various specialized works within one 

production room. The factors influencing the indicators of the tact and rhythm of 

repair production are considered and practical recommendations are given to 

eliminate downtime of equipment in repair and increase the coefficient of readiness 

of equipment. 

The analysis found that in order to eliminate the established negative factors of 

the cyclical nature of repair production, it is necessary to adapt existing repair areas 

to new types of services. Of the presented designs of the proposed equipment, the 

proposed list is optimally acceptable, which covers the basic needs of production, to 

eliminate downtime, and at the same time does not have a high cost of capital 

investments. The urgent need for this type of equipment is justified, taking into 

account the current situation in the market of car service equipment for modern repair 

production of bodywork. Currently, design work has been carried out using the Solid 

Works software package, within which the loads of the hydraulic bracket being 

developed have been checked. 

Keywords: efficiency, material resources, sabotage, sheet metal processing 

equipment, power hydraulic bracket. 
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ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʨʦʙʣʝʤʳ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʭ 

ʨʝʩʫʨʩʦʚ ʥʘ ʨʝʤʦʥʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʥʝ ʨʘʟ ʧʦʜʥʠʤʘʣʘʩʴ ʚ ʪʝʭʥʠʯʝʩʢʦʡ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʫʯʸʥʳʭ, 

ʪʘʢ ʢʘʢ ʨʳʥʦʢ ʜʠʥʘʤʠʯʥʦ ʤʝʥʷʝʪʩʷ, ʘ ʩ ʥʠʤ ʤʝʥʷʶʪʩʷ ʠ ʨʳʥʦʯʥʳʝ ʦʪʥʦʰʝʥʠʷ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʦʚʳʤ ʚʳʟʦʚʘʤ ʠ ʚʘʨʠʘʥʪʘʤ ʘʜʘʧʪʘʮʠʠ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʪʨʝʙʦʚʘʥʠʷʤʠ ʨʳʥʦʯʥʦʡ 

ʵʢʦʥʦʤʠʢʠ. ɺ ʫʩʣʦʚʠʷʭ ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʠ, ʨʘʟʚʠʪʠʷ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ 

ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʝʨʚʠʩʘ 

ʧʨʠʦʙʨʝʪʘʝʪ ʨʘʮʠʦʥʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. ɺ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʫʧʨʘʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʧʨʝʜʧʨʠʷʪʠʷ 

ʟʘʣʦʞʝʥʳ ʨʝʟʝʨʚʳ ʨʦʩʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʨʝʘʣʠʟʘʮʠʠ ʫʩʣʫʛ, ʧʦʚʳʰʝʥʠʷ ʝʝ ʢʘʯʝʩʪʚʘ, ʩʥʠʞʝʥʠʷ ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ 

ʧʦʪʝʨʴ ʠ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʜʫʢʮʠʠ. ʀʟʫʯʝʥʠʝ ʧʨʦʙʣʝʤʳ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʧʨʝʜʧʨʠʷʪʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʝʤ [1]. 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʥʘ 

ʨʝʤʦʥʪʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ ʆʆʆ çʎʝʥʪʨ ʢʫʟʦʚʥʦʛʦ ʨʝʤʦʥʪʘ çʃʦʛʠʩʪʠʢ+è. 

  ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʘʥʘʣʠʟ ʜʝʷʪʝʣʴʥʦʩʪʠ ʆʆʆ çʎʝʥʪʨ ʢʫʟʦʚʥʦʛʦ 

ʨʝʤʦʥʪʘ çʃʦʛʠʩʪʠʢ+è ʠ ʨʘʟʨʘʙʦʪʢʘ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʧʦʚʳʰʝʥʠʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʢʦʪʦʨʳʝ ʦʙʫʩʣʘʚʣʠʚʘʶʪ 

ʩʦʢʨʘʱʝʥʠʝ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʦʜʫʢʮʠʠ, ʩʥʠʞʝʥʠʝ ʝʸ 

ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʠ ʨʦʩʪ ʧʨʠʙʳʣʠ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʝʥʠʝ ʩʣʝʜʫʶʱʠʭ 

ʣʦʛʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʭ ʟʘʜʘʯ: 

- ʨʘʩʩʤʦʪʨʝʪʴ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ, ʘ ʪʘʢʞʝ ʚʠʜʳ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ 

ʨʘʮʠʦʥʘʣʴʥʦʝ ʵʢʦʥʦʤʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ;  

- ʜʘʪʴ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʨʝʜʧʨʠʷʪʠʷ ʆʆʆ  

çʎʝʥʪʨ ʢʫʟʦʚʥʦʛʦ ʨʝʤʦʥʪʘ çʃʦʛʠʩʪʠʢ+è; 

- ʦʧʨʝʜʝʣʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʥʘ 

ʨʝʤʦʥʪʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʠ ʦʙʦʩʥʦʚʘʪʴ ʠʭ 

ʪʝʭʥʠʯʝʩʢʫʶ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʠ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ [2].  

ʇʨʝʜʧʨʠʷʪʠʝ ʨʘʩʧʦʣʘʛʘʝʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʤʦʱʥʦʩʪʷʤʠ ʦʩʥʦʚʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʟʜʘʥʠʠ ʦʙʱʝʡ ʧʣʦʱʘʜʴʶ 540 ʤ2. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʧʨʝʜʧʨʠʷʪʠʷ 

ʨʘʩʧʦʣʦʞʝʥʳ ʚʩʝ ʚʠʜʳ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ (ʧʦʩʪʳ ʠ ʫʯʘʩʪʢʠ), 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʨʝʤʦʥʪʥʳʭ ʠ ʦʙʩʣʫʞʠʚʘʶʱʠʭ 

ʨʘʙʦʪ: ʟʦʥʘ ʢʫʟʦʚʥʦʛʦ ʨʝʤʦʥʪʘ, ʫʯʘʩʪʦʢ ʧʝʩʢʦʩʪʨʫʡʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʟʦʥʘ 

ʩʣʝʩʘʨʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʨʘʙʦʪ, ʫʯʘʩʪʦʢ ʩʣʝʩʘʨʥʦʛʦ ʨʝʤʦʥʪʘ, ʦʢʨʘʩʦʯʥʦ-

ʩʫʰʠʣʴʥʳʡ ʫʯʘʩʪʦʢ, ʫʯʘʩʪʦʢ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʧʦ ʟʘʱʠʪʝ ʦʪ ʢʦʨʨʦʟʠʠ ʠ 

ʧʨʦʪʠʚʦʰʫʤʥʦʡ ʦʙʨʘʙʦʪʢʝ, ʫʯʘʩʪʦʢ ʧʨʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʨʘʙʦʪ 

(ʨʠʩʫʥʦʢ 1,2 ʠ 3); 
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ʈʠʩʫʥʦʢ 1 ï ʇʨʠʤʝʨʳ ʦʙʲʸʤʘ ʦʢʨʘʩʦʯʥʳʭ ʨʘʙʦʪ, ʧʨʦʚʦʜʠʤʳʭ ʚ ʆʆʆ ʎʂʈ 

ʃʦʛʠʩʪʠʢ+ 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʇʨʠʤʝʨʳ ʦʙʲʸʤʘ ʨʝʤʦʥʪʥʳʭ, ʞʝʩʪʷʥʦ-ʩʚʘʨʦʯʥʳʭ ʠ ʦʢʨʘʩʦʯʥʳʭ 

ʨʘʙʦʪ, ʧʨʦʚʦʜʠʤʳʭ ʚ ʆʆʆ ʎʂʈ ʃʦʛʠʩʪʠʢ+ 
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ɺ ʮʝʥʪʨʝ ʢʫʟʦʚʥʦʛʦ ʨʝʤʦʥʪʘ çʃʦʛʠʩʪʠʢ+è ʧʨʦʠʟʚʦʜʷʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʦʩʥʦʚʥʳʝ ʚʠʜʳ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʠ ʫʩʣʫʛ: ʢʫʟʦʚʥʦʡ ʨʝʤʦʥʪ ʢʫʟʦʚʦʚ, ʢʘʙʠʥ, 

ʧʦʢʨʘʩʢʘ ʨʘʤ ʠ ʢʫʟʦʚʦʚ ʘʚʪʦʤʦʙʠʣʝʡ ʠʣʠ ʦʪʜʝʣʴʥʳʭ ʝʛʦ ʯʘʩʪʝʡ, ʢʦʥʪʨʦʣʴʥʦ-

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʨʘʙʦʪʳ, ʨʝʛʫʣʠʨʦʚʢʘ ʬʘʨ, ʪʦʧʣʠʚʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʜʚʠʛʘʪʝʣʝʡ, 

ʩʮʝʧʣʝʥʠʷ, ʨʫʣʝʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʩʠʩʪʝʤʳ ʟʘʞʠʛʘʥʠʷ, ʟʘʤʝʥʘ ʘʛʨʝʛʘʪʦʚ, 

ʪʝʢʫʱʠʡ ʠ ʢʘʧʠʪʘʣʴʥʳʡ ʨʝʤʦʥʪ ʜʚʠʛʘʪʝʣʝʡ, ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʨʦʙʦʢ ʧʝʨʝʤʝʥʳ 

ʧʝʨʝʜʘʯ, ʨʫʣʝʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʦʜʚʝʩʢʠ.  

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʇʨʠʤʝʨʳ ʦʙʲʸʤʘ ʦʢʨʘʩʦʯʥʳʭ ʨʘʙʦʪ, ʘʵʨʦʛʨʘʬʠʷ ʘʚʪʦʮʠʩʪʝʨʥʳ, 

ʘ ʪʦʯʥʝʝ ʨʘʙʦʪʘ ʧʨʦ ʙʨʝʥʜʙʫʢʫ ʟʘʢʘʟʯʠʢʘ, ʢʦʪʦʨʳʝ ʧʨʦʚʦʜʷʪ ʚ ʆʆʆ ʎʂʈ 

ʃʦʛʠʩʪʠʢ+ 

 

ʂ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʘʥʘʣʠʟʘ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʙʳʣʠ ʦʪʥʝʩʝʥʳ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʝ 

ʜʦʢʫʤʝʥʪʳ, ʜʘʥʥʳʝ ʙʫʭʛʘʣʪʝʨʩʢʦʛʦ ʙʘʣʘʥʩʘ ʠ ʬʠʥʘʥʩʦʚʦʡ ʦʪʯʸʪʥʦʩʪʠ, ʜʘʥʥʳʝ 

ʬʦʥʜʦʚ ʚʨʝʤʝʥʠ ʨʝʤʦʥʪʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʨʘʙʦʯʝʛʦ ʧʝʨʩʦʥʘʣʘ, 

ʜʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʢʘʨʪ ʠ ʟʘʢʘʟ-ʥʘʨʷʜʦʚ, ʩ ʚʨʝʤʝʥʝʤ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ ʠ 

ʬʘʢʪʠʯʝʩʢʠ ʟʘʪʨʘʯʝʥʥʳʭ ʚʨʝʤʝʥʥʳʭ ʨʝʩʫʨʩʘʭ ʥʘ ʨʝʤʦʥʪ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ 

ʪʝʭʥʠʢʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʠʩʪʝʤʥʳʡ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʧʦʜʭʦʜʳ, ʘʥʘʣʠʪʠʯʝʩʢʠʡ, ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ, 

ʢʦʪʦʨʳʝ ʦʧʠʨʘʣʠʩʴ ʥʘ ʦʩʥʦʚʳ, ʠʟʣʦʞʝʥʥʳʝ ʚ ʨʘʙʦʪʘʭ ɹ.ʂ. ʇʣʦʪʢʠʥʘ [3] ʠ 

ɸ.ʄ. ʇʦʣʷʢʘ [4], ʛʜʝ ʰʠʨʦʢʦ ʦʩʚʝʱʝʥʳ ʧʨʦʙʣʝʤʳ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʧʨʝʜʧʨʠʷʪʠʝ ʚ ʮʝʣʦʤ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʦʩʥʘʱʸʥʥʦʩʪʠ ʦʩʥʦʚʥʳʤʠ 
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ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʬʦʥʜʘʤʠ (ʘʢʪʠʚʥʦʡ ʯʘʩʪʴʶ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ 

ʠhʨʦʢʠʡ ʩʧʝʢʪʨ ʩʣʦʞʥʳʭ ʢʫʟʦʚʥʳʭ ʨʘʙʦʪ, ʚʢʣʶʯʘʷ ʧʨʘʚʢʫ ʢʫʟʦʚʦʚ ʠ ʢʘʙʠʥ ʥʘ 

ʩʪʘʧʝʣʝ, ʘ ʪʘʢʞʝ ʧʨʘʚʢʫ ʨʘʤ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. ʆʢʨʘʩʦʯʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʪʘʢʞʝ ʦʩʥʘʱʝʥʦ ʚʩʝʤ ʥʝʦʙʭʦʜʠʤʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʘʨʠʘʥʪʳ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʪʨʝʙʦʚʘʣʠ ʙʦʣʝʝ ʫʛʣʫʙʣʸʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʩʧʝʮʠʬʠʢʠ ʨʘʙʦʪʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 

ʨʝʤʦʥʪʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ.  

ʂ ʩʣʘʙʳʤ ʩʪʦʨʦʥʘʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʙʳʣʠ ʦʪʥʝʩʝʥʳ: 

1. ʅʝʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʯʘʩʪʠ ʠʤʝʶʱʠʭʩʷ ʨʝʤʦʥʪʥʳʭ ʧʣʦʱʘʜʝʡ, ʘ 
ʠʤʝʥʥʦ ʧʨʦʩʪʦʠ ʪʝʭʥʠʢʠ ʚ ʨʝʤʦʥʪʝ ʠʟ-ʟʘ ʜʣʠʪʝʣʴʥʦʛʦ ʩʨʦʢʘ ʧʦʩʪʘʚʢʠ ʜʝʪʘʣʝʡ, 

ʦʪʜʝʬʝʢʪʦʚʘʥʥʳʭ ʫʞʝ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥʪʥʳʭ ʢʫʟʦʚʥʳʭ ʨʘʙʦʪ; 

2. ʇʣʘʚʘʶʱʘʷ ʟʘʛʨʫʟʢʘ ʯʘʩʪʠ ʨʝʤʦʥʪʥʳʭ ʧʣʦʱʘʜʝʡ ʚʚʠʜʫ ʠʤʧʫʣʴʩʥʦʛʦ, ʘ ʥʝ 
ʧʦʩʪʦʷʥʥʦʛʦ ʩʧʨʦʩʘ ʥʘ ʦʧʨʝʜʝʣʸʥʥʳʡ ʚʠʜ ʫʩʣʫʛ ʚ ʨʝʛʠʦʥʝ; 

3. ʅʠʟʢʘʷ ʤʝʭʘʥʠʟʘʮʠʷ ʨʘʙʦʪ ʥʘ ʫʯʘʩʪʢʝ ʨʝʤʦʥʪʘ ʨʘʤ. ʈʘʙʦʪʳ ʧʦ ʢʣʝʧʘʥʠʶ 

ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʨʘʤ ʧʨʦʠʟʚʦʜʷʪʩʷ ʩ ʥʠʟʢʦʡ ʤʝʭʘʥʠʟʘʮʠʝʡ ʠ ʙʦʣʴʰʠʤʠ 

ʪʨʫʜʦʟʘʪʨʘʪʘʤʠ. 

ʇʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʬʦʥʜʦʚ ʨʝʤʦʥʪʥʦʛʦ ʦʨʛʘʥʠʟʘʮʠʠ ʨʝʘʣʠʟʦʚʳʚʘʣʦʩʴ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ: ʚʥʝʜʨʝʥʠʝ 

ʧʝʨʝʜʦʚʳʭ ʤʝʪʦʜʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʝʤʦʥʪʥʦ-

ʦʙʩʣʫʞʠʚʘʶʱʠʭ ʨʘʙʦʪ; ʚʥʝʜʨʝʥʠʝ ʫʥʠʬʠʢʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʧʦ ʚʠʜʘʤ ʚʳʧʦʣʥʷʝʤʳʭ ʨʘʙʦʪ, ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ ʥʘʫʯʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ ʪʨʫʜʘ; ʤʝʭʘʥʠʟʘʮʠʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ; ʧʦʚʳʰʝʥʠʝ 

ʢʚʘʣʠʬʠʢʘʮʠʠ ʨʘʙʦʯʠʭ, ʦʙʩʣʫʞʠʚʘʶʱʠʭ ʪʝʭʥʠʢʫ; ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʦʨʛʘʥʠʟʘʮʠʠ ʨʝʤʦʥʪʘ ʪʝʭʥʠʢʠ ʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ. 

ʀ ʚ ʟʘʚʝʨʰʝʥʠʝ ʘʥʘʣʠʟʘ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʦʚʳʰʝʥʠʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚ 

ʨʘʢʫʨʩʝ ʧʨʦʙʣʝʤʘ/ʧʨʝʜʣʦʞʝʥʠʝ. 

ʇʨʦʙʣʝʤʘ: ʨʠʪʤʠʯʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʞʝʪ ʙʳʪʴ ʥʘʨʫʰʝʥʘ 

ʚʩʢʨʳʚʰʠʤʠʩʷ ʜʝʬʝʢʪʘʤʠ ʥʘ ʪʨʘʥʩʧʦʨʪʥʦʤ ʩʨʝʜʩʪʚʝ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ 

ʨʘʙʦʪ. (ʅʘʧʨʠʤʝʨ, ʢʦʨʨʦʟʠʷ ʚʥʫʪʨʝʥʥʠʭ ʫʩʠʣʠʪʝʣʝʡ ʵʣʝʤʝʥʪʦʚ ʢʘʙʠʥʳ ʠʣʠ 

ʢʫʟʦʚʘ), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʩʪʘʥʦʚʢʝ ʨʝʤʦʥʪʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚʚʠʜʫ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ, ʧʦʜʣʝʞʘʱʠʭ ʟʘʤʝʥʝ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ. 

ʉʨʦʢʠ ʧʦʩʪʘʚʢʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʢʫʟʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ ʫ ʨʘʟʣʠʯʥʳʭ ʧʦʩʪʘʚʱʠʢʦʚ ʤʦʛʫʪ ʜʦʭʦʜʠʪʴ ʜʦ 120 ʨʘʙʦʯʠʭ ʜʥʝʡ. 

ʇʨʝʜʣʦʞʝʥʠʝ: ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʜʘʥʥʦʛʦ ʥʝʛʘʪʠʚʥʦʛʦ ʬʘʢʪʦʨʘ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʥʝʜʨʠʪʴ ʚ ʟʦʥʫ ʢʫʟʦʚʥʦʛʦ ʨʝʤʦʥʪʘ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʦ ʦʙʨʘʙʦʪʢʝ 

ʣʠʩʪʦʚʦʛʦ ʤʝʪʘʣʣʘ, ʧʦʟʚʦʣʷʶʱʝʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʢʫʟʦʚʥʳʝ ʜʝʪʘʣʠ 

ʨʘʟʣʠʯʥʦʡ ʩʣʦʞʥʦʩʪʠ, ʯʪʦ ʩʥʠʟʠʪ ʩʨʦʢ ʧʨʦʩʪʦʷ ʪʝʭʥʠʢʠ ʚ ʨʝʤʦʥʪʝ ʠʟ-ʟʘ 

ʜʣʠʪʝʣʴʥʦʛʦ ʦʞʠʜʘʥʠʷ ʧʦʩʪʘʚʢʠ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ. 

ʆʙʦʨʫʜʦʚʘʥʠʝ, ʧʨʝʜʣʘʛʘʝʤʦʝ ʢ ʚʥʝʜʨʝʥʠʶ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ: 

ʐʨʠʥʢʝʨ, ʉʪʨʝʪʯʝʨ, ʃʠʩʪʦʛʠʙʦʯʥʳʡ ʩʪʘʥʦʢ, ʉʪʘʥʦʢ ʉʪʘʨʢ ʨʦʣʣʝʨ, ɸʥʛʣʠʡʩʢʦʝ 

ʢʦʣʝʩʦ, ɻʣʘʜʠʣʴʥʳʡ ʤʦʣʦʪʦʢ, ɻʠʜʨʘʚʣʠʯʝʩʢʘʷ ʩʪʨʫʙʮʠʥʘ. 
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ʈʠʩʫʥʦʢ 4 ï ʇʨʠʤʝʨʳ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʢʦ ʚʥʝʜʨʝʥʠʶ ʜʣʷ 

ʠʩʢʣʶʯʝʥʠʷ ʧʨʦʩʪʦʷ 

 

ʐʨʠʥʢʝʨ / ʉʪʨʝʪʯʝʨ - ʉʧʝʮʠʘʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʨʘʙʦʪ ʩ ʣʠʩʪʦʚʳʤ 

ʤʝʪʘʣʣʦʤ, ʧʦʟʚʦʣʷʶʱʠʡ ʩʪʷʥʫʪʴ ʣʠʩʪ ʣʶʙʦʛʦ ʤʝʪʘʣʣʘ ʚ ʨʘʡʦʥʝ ʝʛʦ ʢʨʦʤʢʠ (ʠ 

ʥʝ ʪʦʣʴʢʦ) ʠ ʧʦʟʚʦʣʷʝʪ ʠʟʦʛʥʫʪʴ ʠʣʠ ʧʨʠʜʘʪʴ ʦʙʲʸʤ ʜʝʪʘʣʠ ʠʟ ʣʠʩʪʦʚʦʛʦ 

ʤʝʪʘʣʣʘ. 

  
ʈʠʩʫʥʦʢ 5 ï ʇʨʠʤʝʨʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʐʨʠʥʢʝʨ ʠ ʉʪʨʝʪʯʝʨ ʠ ʝʛʦ ʚʦʟʤʦʞʥʦʩʪʠ, 

ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʧʨʦʩʪʦʷ ʪʝʭʥʠʢʠ ʚ ʨʝʤʦʥʪʝ ʥʘ ʧʨʠʤʝʨʝ ʆʆʆ ʎʂʈ ʃʦʛʠʩʪʠʢ+ 

 

ɼʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʤʦʥʪʥʦʤʫ ʧʨʦʠʟʚʦʜʩʪʚʫ 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʣʠʩʪʦʚʦʡ ʤʝʪʘʣʣ (ʠʟʤʝʥʷʪʴ ʨʘʟʤʝʨʳ ʠ ʬʦʨʤʫ) ʠ ʠʟʛʦʪʘʚʣʠʚʘʪʴ 

ʜʝʪʘʣʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʢʫʟʦʚʥʦʛʦ ʨʝʤʦʥʪʘ ʩ ʥʫʣʷ. ɼʘʥʥʳʡ ʘʩʧʝʢʪ 

ʦʯʝʥʴ ʚʘʞʝʥ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʪʘʢ ʢʘʢ ʧʨʦʙʣʝʤʳ ʧʦʩʪʘʚʢʠ ʟʘʧʘʩʥʳʭ 

ʯʘʩʪʝʡ ʠʩʧʳʪʳʚʘʶʪ ʚʩʝ ʨʝʤʦʥʪʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ. (ʠʤʧʦʨʪ ï ʟʘʢʨʳʪ, ʘ 

ʧʘʨʘʣʣʝʣʴʥʳʡ ʨʘʙʦʪʘʝʪ ʥʝʜʦʩʪʘʪʦʯʥʦ ʥʘʣʘʞʝʥʦ, ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʟʘʚʦʜʳ 

ʨʘʙʦʪʘʶʪ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʦ ʜʦʛʦʚʦʨʘʤ ʩ ʤʠʥʦʙʦʨʦʥʳ, ʘ ʟʘʪʝʤ ʧʨʦʠʟʚʦʜʷʪ 

ʟʘʧʯʘʩʪʠ ʚ ʧʨʦʜʘʞʫ).  
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ʇʨʦʙʣʝʤʘ: ʠʤʧʫʣʴʩʥʳʡ ʩʧʨʦʩ ʥʘ ʫʩʣʫʛʠ ʧʦ ʧʝʩʢʦʩʪʨʫʡʥʦʡ ʦʙʨʘʙʦʪʢʝ 

ʩʧʝʮʪʝʭʥʠʢʠ, ʧʦʣʫʧʨʠʮʝʧʦʚ ʪʠʧʘ ʂɸʇʈʀ (ɸʚʪʦʮʠʩʪʝʨʥʘ), ʚ ʩʚʷʟʠ ʩ ʯʝʤ 

ʠʤʝʶʪʩʷ ʥʝʜʦʟʘʛʨʫʞʝʥʥʳʝ ʧʣʦʱʘʜʠ, ʨʘʟʤʝʨʦʤ ʥʝ ʤʝʥʝʝ 100 ʤ2, ʠʤʝʶʱʠʝ ʦʢʥʘ 

ʚ ʨʘʙʦʪʝ. 

ʇʨʝʜʣʦʞʝʥʠʝ: ʨʘʩʰʠʨʠʪʴ ʩʧʝʢʪʨ, ʧʨʝʜʣʘʛʘʝʤʳʭ ʫʩʣʫʛ ʥʘ ʙʘʟʝ ʫʯʘʩʪʢʘ 

ʧʨʦʚʝʜʝʥʠʷ ʧʝʩʢʦʩʪʨʫʡʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʚʥʝʜʨʠʚ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ ʧʣʦʱʘʜʴ 

ʢʦʤʧʣʝʢʪ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʨʝʤʦʥʪʘ ʨʘʤ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʪʝʤ ʩʘʤʳʤ 

ʦʙʝʩʧʝʯʠʚ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʫʶ ʧʣʦʱʘʜʴ ʚ ʨʘʙʦʪʝ ʩ ʥʦʚʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʨʝʜʣʘʛʘʝʤʳʭ ʫʩʣʫʛ. 

 ʇʨʦʙʣʝʤʘ: ʥʠʟʢʘʷ ʤʝʭʘʥʠʟʘʮʠʷ ʨʘʙʦʪ ʥʘ ʫʯʘʩʪʢʝ ʨʝʤʦʥʪʘ ʨʘʤ 

ʇʨʝʜʣʦʞʝʥʠʝ: ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʠ ʚʥʝʜʨʠʪʴ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ 

ʢʫʟʦʚʥʦʛʦ ʨʝʤʦʥʪʘ ʢʦʥʩʪʨʫʢʮʠʶ ʩʠʣʦʚʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʪʨʫʙʮʠʥʳ ʜʣʷ 

ʨʝʤʦʥʪʘ ʠ ʢʣʝʧʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʨʘʤ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʨʝʤʦʥʪʥʳʝ ʧʣʦʱʘʜʠ ʟʘ ʩʯʝʪ 

ʜʠʚʝʨʩʠʬʠʢʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʨʝʜʣʦʞʝʥʠʷ ʥʦʚʦʛʦ ʚʠʜʘ ʫʩʣʫʛ ʩ ʙʦʣʴʰʝʡ 

ʩʪʦʠʤʦʩʪʴʶ ʥʦʨʤʦ-ʯʘʩʘ. 

ʉʧʨʦʝʢʪʠʨʦʚʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʠ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 6. 

  
ʈʠʩʫʥʦʢ 6 ï ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʛʦ  

ʚ ʆʆʆ ʎʂʈ ʃʦʛʠʩʪʠʢ+ 

 

ɸʥʘʣʦʛʠʯʥʦʝ ʨʘʟʨʘʙʦʪʢʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʳʥʢʝ 

ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ, ʥʦ ʜʘʥʥʳʝ ʨʘʩʯʸʪʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʨʘʟʤʝʨ ʟʝʚʘ 

ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʡ ʩʢʦʙʳ ʠʤʝʝʪ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʝʨʝʜ ʘʥʘʣʦʛʘʤʠ, ʘ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʫʚʝʣʠʯʘʪʩʷ, ʪʘʢʞʝ 

ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʩʪʦʠʤʦʩʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʢʦʪʦʨʘʷ ʚ ʨʘʟʳ 

ʥʠʞʝ ʧʨʝʜʣʘʛʘʝʤʳʭ ʥʘ ʨʳʥʢʝ ʘʥʘʣʦʛʦʚ ʜʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʙʱʠʡ ʚʠʜ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 7. 

 
ʈʠʩʫʥʦʢ 7 ï ʆʙʱʠʡ ʚʠʜ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ 
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ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʘʥʘʣʦʛʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʦʢʘʟʘʣ (nʘʙʣ. 1.1), ʯʪʦ 

ʧʨʦʝʢʪʠʨʫʝʤʦʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʦʣʞʥʦ ʦʙʣʘʜʘʪʴ [5]: ʨʘʟʤʝʨʦʤ ʟʝʚʘ, ʥʝ ʤʝʥʝʝ 

150ʤʤ, ʫʩʠʣʠʝʤ ʥʘ ʰʪʦʢʝ ʥʝ ʤʝʥʝʝ 25ʪ, ʘ ʪʘʢʞʝ ʠʤʝʪʴ ʢʦʤʧʣʝʢʪ ʦʩʥʘʩʪʢʠ ʠ 

ʨʘʟʫʤʥʫʶ ʩʪʦʠʤʦʩʪʴ. 

 

ʊʘʙʣʠʮʘ 1  ï ɸʥʘʣʠʟ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʩ ʘʥʘʣʦʛʘʤʠ.  
ʅʘʠʤʝʥʦʚʘʥʠʝ ʈʘʟʤʝʨʳ ʟʝʚʘ,

 ʤʤ 

ʋʩʠʣʠʝ ʥʘ 

ʰʪʦʢʝ, ʪ 

ʂʦʤʧʣʝʢʪ ʦʩʥʘʩʪʢʠ ʉʪʦʠʤʦʩʪʴ, 

ʪʳʩ.ʨ. 
 

ʉʪʨʫʙʮʠʥʘ JOSAM, (20-ʪʦʥʥʘʷ)  320x 120 20 ʦʪʜʝʣʴʥʦ 470  

ʉʠʣʦʚʘʷ ʩʪʨʫʮʠʥʘ AUTOSTAPEL  200 x140 20 ʦʪʜʝʣʴʥʦ 300  

ɻʠʜʨʘʚʣʠʯʝʩʢʘʷ ʩʢʦʙʘ ʂ14/216/130 216 x130 14 ʥʝʪ 275  

ʇʨʦʝʢʪʠʨʫʝʤʘʷ ʩʢʦʙʘ 248 x150 20-25 ɺ ʢʦʤʧʣʝʢʪʝ 86.3  

 

ʀʟ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʦʝ ʢ ʧʨʦʝʢʪʫ ʦʙʦʨʫʜʦʚʘʥʠʝ ʥʝ 

ʫʩʪʫʧʘʝʪ [7], ʘ ʧʦ ʥʝʢʦʪʦʨʳʤ ʧʘʨʘʤʝʪʨʘʤ ʜʘʞʝ ʚ ʣʠʜʝʨʘʭ, ʥʘʧʨʠʤʝʨ, ʫʩʠʣʠʶ ʥʘ 

ʰʪʦʢʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʨʝʤʦʥʪʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʆʆʆ çʎʂʈ ʃʦʛʠʩʪʠʢ+è 

ʘʥʘʣʦʛʠʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʝʪ. ʈʘʙʦʪʳ ʩʚʷʟʘʥʥʳʝ, ʩ ʨʝʤʦʥʪʦʤ ʨʘʤ, 

ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʫʯʥʳʭ ʪʨʫʜʘ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ 

ʪʨʫʜʦʸʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ. ɼʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʥʝ 

ʪʦʣʴʢʦ ʜʣʷ ʢʣʝʧʘʥʠʷ, ʥʦ ʠ ʜʣʷ ʧʨʘʚʢʠ ʠ ʫʩʪʨʘʥʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʭʘʥʠʟʠʨʫʝʪ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʨʘʙʦʪʳ ʧʦ ʢʣʝʧʘʥʠʶ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʠʷ ʫʩʣʫʛʠ ʧʦ ʧʨʘʚʢʝ ʨʘʤ ʛʨʫʟʦʚʦʛʦ 

ʠ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʥʫʞʥʦ ʦʪʤʝʪʠʪʴ ʯʪʦ ʠʤʧʫʣʴʩʥʳʡ ʩʧʨʦʩ ʥʘ ʫʩʣʫʛʠ ʚ 

ʨʝʤʦʥʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʩʝʤʝʩʪʥʦ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʘʪʝʨʠʘʣʴʥʳʭ (ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ) ʨʝʩʫʨʩʦʚ ʩʪʦʠʪ 

ʦʩʪʨʦ ʧʝʨʝʜ ʨʝʤʦʥʪʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʦʙʣʘʩʪʠ ʠ ʩʪʨʘʥʳ ʚ ʮʝʣʦʤ. ɺ ʩʪʘʪʴʝ 

ʜʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʩʢʣʶʯʝʥʠʶ ʥʝʛʘʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʩʥʠʞʘʶʱʠʭ 

ʢʦʵʬʬʠʮʠʝʥʪ ʛʦʪʦʚʥʦʩʪʠ ʪʝʭʥʠʢʠ ʠ ʩʥʠʞʘʶʱʠʭ ʧʨʦʩʪʦʠ ʪʝʭʥʠʢʠ ʚ ʨʝʤʦʥʪʝ ʧʦ 

ʨʘʟʣʠʯʥʳʤ ʧʨʠʯʠʥʘʤ, ʦʪ ʥʝʜʦʟʘʛʨʫʟʢʠ ʜʦ ʜʣʠʪʝʣʴʥʦʛʦ ʩʨʦʢʘ ʧʦʩʪʘʚʢʠ 

ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʜʣʷ ʨʝʤʦʥʪʘ. ɼʘʥʥʳʝ ʬʘʢʪʦʨʳ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʢʘʟʳʚʘʶʪ 

ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʝ ʪʦʣʴʢʦ ʥʘ ʦʜʥʦ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʢʫʟʦʚʥʦʛʦ ʨʝʤʦʥʪʘ, ʥʘʧʨʠʤʝʨ, ʞʝʩʪʷʥʦ-ʩʚʘʨʦʯʥʳʝ ʨʘʙʦʪʳ, ʥʦ ʠ 

çʟʘʤʦʨʘʞʠʚʘʝʪè ʧʨʦʮʝʩʩ ʧʨʦʚʝʜʝʥʠʷ ʦʩʪʘʣʴʥʳʭ ʚʠʜʦʚ ʨʘʙʦʪ ʚ ʩʣʦʞʥʦʤ 

ʪʝʭʧʨʦʮʝʩʩʝ. 
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ʅʘʫʯʥʘʷ ʩʪʘʪʴʷ 
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ɹɽɿʆʇɸʉʅʆʉʊʔ ʇʆ ʈɸɹʆʊɽ ʉ ʆɿʆʅʀʈʋʖʑɽʁ ʋʉʊɸʅʆɺʂʆʁ 

ʇʈʀ ʆɹʈɸɹʆʊʂɽ ʋʃʔɽɺ ʅɸ ʇɸʉɽʂɽ ʆʆʆ çʗʈʇʃɽʄʍʆɿ 

ʉʈɽɼʅɽʈʋʉʉʂɸʗ ʇʏɽʃɸè 
 

ʆʙʫʯʘʶʱʠʡʩʷ ʀ.ɸ. ʂʘʨʩʘʢʦʚ; ʜʦʢʪʦʨ ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ ʇ.ʉ. ʆʨʣʦʚ; 

ʜʦʢʪʦʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ɺ.ɺ. ʐʤʠʛʝʣʴ 
 (ʌɻɹʆʋ ɺʆ çʗʨʦʩʣʘʚʩʢʠʡ ɻɸʋè, ʗʨʦʩʣʘʚʣʴ, ʈʦʩʩʠʷ) 

 

ɸʥʥʦʪʘʮʠʷ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʙʝʟʦʧʘʩʥʦʡ ʨʘʙʦʪʝ ʩ ʦʟʦʥʠʨʫʶʱʝʡ 

ʫʩʪʘʥʦʚʢʦʡ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʫʣʴʝʚ, ʨʘʤʦʢ ʠ ʜʨʫʛʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʯʝʣʠʥʦʡ 

ʧʘʩʝʢʠ ʗʨʧʣʝʤʭʦʟ çʉʨʝʜʥʝʨʫʩʩʢʘʷ ʧʯʝʣʘè. ɺ ʨʘʙʦʪʝ ʦʧʠʩʳʚʘʶʪʩʷ ʧʨʘʚʠʣʘ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʟʦʥʠʨʫʶʱʝʡ ʫʩʪʘʥʦʚʢʦʡ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʫʣʴʝʚ, 

ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʦʙʨʘʙʦʪʢʫ ʫʣʴʝʚ ʠ ʟʜʦʨʦʚʴʝ ʧʯʝʣ ʪʘʢ ʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ: 

ʪʨʝʙʦʚʘʥʠʷ ʦʭʨʘʥʳ ʪʨʫʜʘ ʥʘ ʧʘʩʝʢʝ. ʆʩʚʝʱʘʶʪʩʷ ʤʝʨʳ ʧʨʝʜʦʩʪʦʨʦʞʥʦʩʪʠ ʠ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʦʟʦʥʘʪʦʨʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʮʝʩʩʘ. ʈʘʙʦʪʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʘ ʜʣʷ 

ʧʘʩʝʯʥʠʢʦʚ ʠ ʦʙʫʯʘʶʱʘʷʩʷ ʧʘʩʝʯʥʦʤʫ ʜʝʣʫ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʟʦʥʘʪʦʨ, ʦʙʨʘʙʦʪʢʘ ʫʣʴʝʚ, ʧʘʩʝʢʘ, ʧʯʝʣʳ, ʗʨʧʣʝʤʭʦʟ, 

çʉʨʝʜʥʝʨʫʩʩʢʘʷ ʧʯʝʣʘè, ʙʝʟʦʧʘʩʥʦʩʪʴ, ʟʜʦʨʦʚʴʝ ʧʯʝʣ, ʤʝʨʳ ʧʨʝʜʦʩʪʦʨʦʞʥʦʩʪʠ, 

ʨʝʢʦʤʝʥʜʘʮʠʠ, ʦʭʨʘʥʘ ʪʨʫʜʘ, ʪʨʝʙʦʚʘʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ. 
 

SAFETY IN WORKING WITH AN OZONIZING INSTALLATION WHEN 

PROCESSING HIVES AT THE APIAR OF YARPLEMKHOZ  

çCENTRAL RUSSIAN BEEè 
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Doctor of Technical Sciences, Docent P.S. Orlov; 

Doctor of Technical Sciences, Professor V.V. Shmigel 

(FSBEI HE çYaroslavl SAUè, Yaroslavl, Russia) 
 

Abstract. This work is devoted to safe work with an ozonizing installation 

when processing hives, frames and other components of the bee apiary Yarplemkhoz 

çCentral Russian Beeè. The work describes the safety rules for using an ozonizing 
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unit when processing hives, its impact on the processing of hives and the health of 

bees is also presented: labor protection requirements in the apiary. Precautions and 

recommendations for using an ozonizer are covered to achieve maximum efficiency 

and safety of the process. The work can be useful for beekeepers and learning 

beekeeping. 

Keywords: ozonizer, hive treatment, apiary, bees, Yarplemkhoz, çCentral 

Russian Beeè, safety, bee health, precautions, recommendations, labor protection, 

safety requirements. 

 

ʆʟʦʥʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʙʝʟʦʧʘʩʥʳʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʫʣʴʝʚ ʥʘ ʧʘʩʝʢʘʭ. ʆʟʦʥʠʨʫʶʱʘʷ ʫʩʪʘʥʦʚʢʘ 

ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʜʝʟʠʥʬʝʢʮʠʠ, ʫʥʠʯʪʦʞʝʥʠʷ ʚʨʝʜʠʪʝʣʝʡ 

ʠ ʚʦʟʙʫʜʠʪʝʣʝʡ ʟʘʙʦʣʝʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʚʦʟʜʫʭʘ ʚ ʫʣʴʷʭ. 

ɹʝʟʦʧʘʩʥʦʩʪʴ ʧʨʠ ʨʘʙʦʪʝ ʩ ʪʘʢʦʡ ʫʩʪʘʥʦʚʢʦʡ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʟʜʦʨʦʚʴʷ ʧʯʝʣ ʠ ʧʦʚʳʰʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʧʘʩʝʢʠ. 

ʗʨʧʣʝʤʭʦʟ ñʉʨʝʜʥʝʨʫʩʩʢʘʷ ʧʯʝʣʘò ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʝʜʫʱʠʭ 

ʧʯʝʣʦʚʦʜʯʝʩʢʠʭ ʭʦʟʷʡʩʪʚ ʈʦʩʩʠʠ, ʠ ʚʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢʠʭ 

ʢʘʢ ʦʟʦʥʠʨʦʚʘʥʠʝ, ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʰʘʛʦʤ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ 

ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʥʘ ʨʳʥʢʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʦ ʨʘʙʦʪʝ ʩ ʦʟʦʥʠʨʫʶʱʝʡ ʫʩʪʘʥʦʚʢʦʡ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʫʣʴʝʚ ʥʘ ʧʘʩʝʢʝ ʗʨʧʣʝʤʭʦʟʘ ñʉʨʝʜʥʝʨʫʩʩʢʘʷ ʧʯʝʣʘò ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʪʝʤʦʡ, ʪʘʢ ʢʘʢ ʦʥʘ ʩʚʷʟʘʥʘ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʟʜʦʨʦʚʴʷ ʧʯʝʣ, 

ʫʣʫʯʰʝʥʠʝʤ ʢʘʯʝʩʪʚʘ ʤʝʜʘ ʠ ʜʨʫʛʠʭ ʧʨʦʜʫʢʪʦʚ ʧʯʝʣʦʚʦʜʩʪʚʘ, ʘ ʪʘʢʞʝ ʩ 

ʦʙʝʩʧʝʯʝʥʠʝʤ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʎʝʣʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʀʟʫʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʨʘʙʦʪʝ ʩ 

ʦʟʦʥʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʦʡ ʥʘ ʧʘʩʝʢʝ ʗʨʧʣʝʤʭʦʟʘ ñʉʨʝʜʥʝʨʫʩʩʢʘʷ ʧʯʝʣʘò ʠ 

ʨʘʟʨʘʙʦʪʢʘ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʟʜʦʨʦʚʴʷ ʧʯʝʣ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ʀʟʫʯʝʥʠʝ ʧʨʠʥʮʠʧʦʚ ʨʘʙʦʪʳ ʦʟʦʥʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠ ʝʝ ʚʣʠʷʥʠʷ 

ʥʘ ʦʙʨʘʙʦʪʢʫ ʫʣʴʝʚ. 

2. ɸʥʘʣʠʟ ʤʝʨ ʧʨʝʜʦʩʪʦʨʦʞʥʦʩʪʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʟʦʥʘʪʦʨʘ. 

3. ʈʘʟʨʘʙʦʪʢʘ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʦʟʦʥʘʪʦʨʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ʥʘ ʧʘʩʝʢʝ ʗʨʧʣʝʤʭʦʟʘ. 

 

1. ʆʟʦʥʠʨʫʶʱʘʷ ʫʩʪʘʥʦʚʢʘ 

ʆʟʦʥʠʨʫʶʱʘʷ ʫʩʪʘʥʦʚʢʘ ð ʵʪʦ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʛʝʥʝʨʠʨʫʝʪ ʦʟʦʥ, 

ʘʢʪʠʚʥʫʶ ʬʦʨʤʫ ʢʠʩʣʦʨʦʜʘ, ʜʣʷ ʦʯʠʩʪʢʠ ʚʦʟʜʫʭʘ ʦʪ ʙʘʢʪʝʨʠʡ, ʚʠʨʫʩʦʚ, ʛʨʠʙʢʦʚ 

ʠ ʥʝʧʨʠʷʪʥʳʭ ʟʘʧʘʭʦʚ. ʆʟʦʥʘʪʦʨʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʧʦʤʝʱʝʥʠʷʭ, 

ʘʚʪʦʤʦʙʠʣʷʭ, ʭʦʣʦʜʠʣʴʥʠʢʘʭ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʚʦʜʳ.  

ʆʜʥʘʢʦ ʦʟʦʥ ʤʦʞʝʪ ʙʳʪʴ ʦʧʘʩʝʥ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʚʜʳʭʘʥʠʠ ʠʣʠ ʢʦʥʪʘʢʪʝ 

ʩ ʢʦʞʝʡ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʘʪʴ ʦʩʪʦʨʦʞʥʦʩʪʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʦʟʦʥʘʪʦʨʦʚ. ɺʨʝʜ ʦʪ ʦʟʦʥʘ ʤʦʞʝʪ ʧʨʦʷʚʣʷʪʴʩʷ ʚ ʚʠʜʝ ʨʘʟʜʨʘʞʝʥʠʷ ʛʣʘʟ, ʢʦʞʠ, 

ʜʳʭʘʪʝʣʴʥʳʭ ʧʫʪʝʡ, ʘ ʪʘʢʞʝ ʧʨʠʚʝʩʪʠ ʢ ʙʦʣʝʝ ʩʝʨʴʝʟʥʳʤ ʟʘʙʦʣʝʚʘʥʠʷʤ ʧʨʠ 

ʜʣʠʪʝʣʴʥʦʤ ʠ ʠʥʪʝʥʩʠʚʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ.  
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ʇʦʣʴʟʘ ʦʟʦʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʠ ʫʥʠʯʪʦʞʘʪʴ ʚʨʝʜʥʳʝ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʠ ʫʩʪʨʘʥʷʪʴ ʥʝʧʨʠʷʪʥʳʝ ʟʘʧʘʭʠ. ʆʟʦʥ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʚʦʟʜʫʭʘ ʠ ʚʦʜʳ, ʯʪʦ ʧʦʣʝʟʥʦ ʜʣʷ ʟʜʦʨʦʚʴʷ ʣʶʜʝʡ.  

ɼʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʟʦʥʠʨʫʶʱʝʡ ʫʩʪʘʥʦʚʢʠ ʥʝʦʙʭʦʜʠʤʦ 

ʩʦʙʣʶʜʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʧʦ ʚʨʝʤʝʥʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʦʙʨʘʙʦʪʢʠ ʚʦʟʜʫʭʘ ʠʣʠ ʚʦʜʳ. ʊʘʢʞʝ ʚʘʞʥʦ ʧʨʦʚʝʪʨʠʚʘʪʴ ʧʦʤʝʱʝʥʠʝ ʧʦʩʣʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʟʦʥʘʪʦʨʘ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʥʘʢʦʧʣʝʥʠʷ ʦʟʦʥʘ ʚ ʚʦʟʜʫʭʝ.  

 

1.1 ʆʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʦʟʦʥʠʨʫʶʱʝʡ ʫʩʪʘʥʦʚʢʠ 

ʆʟʦʥʠʨʫʶʱʠʝ ʫʩʪʘʥʦʚʢʠ ʨʘʙʦʪʘʶʪ ʧʦ ʧʨʠʥʮʠʧʫ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʟʦʥʘ ʠʟ 

ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ. ʆʟʦʥ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ - 

ʦʟʦʥʘʪʦʨʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʡ. ʇʦʩʣʝ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʟʦʥ ʦʙʳʯʥʦ ʩʤʝʰʠʚʘʝʪʩʷ ʩ ʚʦʟʜʫʭʦʤ ʠ ʥʘʧʨʘʚʣʷʝʪʩʷ ʥʘ 

ʦʙʨʘʙʦʪʢʫ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʜʝʟʠʥʬʝʢʮʠʠ ʠʣʠ ʦʯʠʩʪʢʠ ʚʦʟʜʫʭʘ.  

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʟʦʥ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʘʢʪʠʚʥʳʤ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʦʧʘʩʥʳʤ ʛʘʟʦʤ, ʧʦʵʪʦʤʫ ʨʘʙʦʪʘ ʩ ʦʟʦʥʠʨʫʶʱʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ ʪʨʝʙʫʝʪ 

ʩʦʙʣʶʜʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʤʝʨ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

1.2 ʇʨʘʚʠʣʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʨʘʙʦʪʝ ʩ ʦʟʦʥʠʨʫʶʱʝʡ ʫʩʪʘʥʦʚʢʦʡ 
ʥʘ ʧʘʩʝʢʝ ʗʨʧʣʝʤʭʦʟ çʉʨʝʜʥʝʨʫʩʩʢʘʷ ʧʯʝʣʘè 

ʇʨʘʚʠʣʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʨʘʙʦʪʝ ʩ ʦʟʦʥʠʨʫʶʱʝʡ ʫʩʪʘʥʦʚʢʦʡ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʫʣʴʝʚ, ʨʘʤʦʢ ʠ ʜʨʫʛʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʯʝʣʠʥʦʡ ʧʘʩʝʢʠ ʦʯʝʥʴ ʚʘʞʥʳ 

ʜʣʷ ʟʘʱʠʪʳ ʟʜʦʨʦʚʴʷ ʧʯʝʣ ʠ ʯʝʣʦʚʝʢʘ.  

1. ʇʝʨʚʳʤ ʜʝʣʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʘʱʠʪʥʫʶ ʤʘʩʢʫ ʠ ʦʯʢʠ, 

ʯʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʦʟʦʥʘ ʥʘ ʛʣʘʟʘ ʠ ʜʳʭʘʪʝʣʴʥʳʝ ʧʫʪʠ. ʆʟʦʥ 

ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʨʘʟʜʨʘʞʝʥʠʝ ʠ ʜʘʞʝ ʦʞʦʛʠ, ʧʦʵʪʦʤʫ ʟʘʱʠʪʘ ʦʪ ʥʝʛʦ 

ʦʙʷʟʘʪʝʣʴʥʘ.  

2. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʭʦʨʦʰʫʶ ʚʝʥʪʠʣʷʮʠʶ ʧʦʤʝʱʝʥʠʷ 

ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʨʘʙʦʪʳ ʩ ʦʟʦʥʠʨʫʶʱʝʡ ʫʩʪʘʥʦʚʢʦʡ. ʕʪʦ ʧʦʤʦʞʝʪ ʠʟʙʝʞʘʪʴ 

ʥʘʢʦʧʣʝʥʠʷ ʛʘʟʘ ʚ ʚʦʟʜʫʭʝ ʠ ʫʤʝʥʴʰʠʪ ʨʠʩʢ ʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʟʜʦʨʦʚʴʝ. 

3. ɺʘʞʥʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʦʟʦʥ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʘʢʪʠʚʥʳʤ ʚʝʱʝʩʪʚʦʤ, 

ʧʦʵʪʦʤʫ ʩʦʙʣʶʜʝʥʠʝ ʤʝʨ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ð ʵʪʦ 

ʦʙʷʟʘʪʝʣʴʥʦʝ ʫʩʣʦʚʠʝ.  

4. ɼʣʷ ʙʝʟʦʧʘʩʥʦʡ ʦʙʨʘʙʦʪʢʠ ʫʣʴʝʚ ʥʝʦʙʭʦʜʠʤʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʚʩʝ 

ʧʯʝʣʳ ʫʜʘʣʝʥʳ ʠʟ ʫʣʴʷ. ʕʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʧʫʪʝʤ ʧʝʨʝʤʝʱʝʥʠʷ ʧʯʝʣ ʚ ʜʨʫʛʦʡ 

ʫʣʝʡ ʥʘ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ.  

5. ʊʘʢʞʝ ʚʘʞʥʦ ʩʣʝʜʠʪʴ ʟʘ ʚʨʝʤʝʥʝʤ ʦʙʨʘʙʦʪʢʠ ʠ ʥʝ ʧʨʝʚʳʰʘʪʴ 

ʨʝʢʦʤʝʥʜʫʝʤʫʶ ʜʦʟʫ ʦʟʦʥʘ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʟʜʦʨʦʚʴʝ ʧʯʝʣ.  

6. ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʥʝʦʙʭʦʜʠʤʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʫʣʝʡ ʭʦʨʦʰʦ 

ʧʨʦʚʝʪʨʠʚʘʝʪʩʷ ʧʝʨʝʜ ʚʦʟʚʨʘʱʝʥʠʝʤ ʧʯʝʣ ʚ ʥʝʛʦ. ʕʪʦ ʧʦʤʦʞʝʪ ʠʟʙʝʞʘʪʴ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʦʟʦʥʘ ʥʘ ʧʯʝʣ ʠ ʩʦʭʨʘʥʠʪʴ ʠʭ ʟʜʦʨʦʚʴʝ.  

7. ʊʘʢʞʝ ʚʘʞʥʦ ʩʣʝʜʠʪʴ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʟʜʦʨʦʚʴʷ ʧʯʝʣ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 

ʠ ʧʨʠʤʝʥʷʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʤʝʨʳ ʜʣʷ ʠʭ ʟʘʱʠʪʳ, ʝʩʣʠ ʵʪʦ ʧʦʪʨʝʙʫʝʪʩʷ.  
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1.3 ɺʣʠʷʥʠʝ ʥʘ ʫʣʴʠ ʠ ʟʜʦʨʦʚʴʝ ʧʯʝʣ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʦʟʦʥʠʨʫʶʱʝʡ ʫʩʪʘʥʦʚʢʦʡ. 

ʄʝʨʳ ʧʨʝʜʦʩʪʦʨʦʞʥʦʩʪʠ: ʦʟʦʥʠʨʫʶʱʠʝ ʫʩʪʘʥʦʚʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʚʦʟʜʫʭʘ, ʚʦʜʳ ʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʟʦʥʘ. ʆʟʦʥ 

ʦʙʣʘʜʘʝʪ ʩʠʣʴʥʳʤʠ ʦʢʠʩʣʠʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ 

ʜʝʟʠʥʬʝʢʮʠʠ ʠ ʫʥʠʯʪʦʞʝʥʠʷ ʙʘʢʪʝʨʠʡ, ʚʠʨʫʩʦʚ, ʛʨʠʙʢʦʚ ʠ ʜʨʫʛʠʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʟʦʥʘ ʚ ʧʯʝʣʦʚʦʜʩʪʚʝ, 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʝʛʦ ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʫʣʴʠ ʠ ʟʜʦʨʦʚʴʝ ʧʯʝʣ.  

ɺʣʠʷʥʠʝ ʦʟʦʥʘ ʥʘ ʫʣʴʠ: 

 1. ɼʝʟʠʥʬʝʢʮʠʷ ʫʣʴʝʚ: ʆʙʨʘʙʦʪʢʘ ʫʣʴʝʚ ʦʟʦʥʦʤ ʤʦʞʝʪ ʧʦʤʦʯʴ ʚ 

ʜʝʟʠʥʬʝʢʮʠʠ ʠ ʫʩʪʨʘʥʝʥʠʠ ʧʘʪʦʛʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʪʘʢʠʭ ʢʘʢ ʛʨʠʙʢʠ ʠʣʠ 

ʙʘʢʪʝʨʠʠ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʟʜʦʨʦʚʴʷ ʧʯʝʣ ʠ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʘʟʚʠʪʠʷ ʙʦʣʝʟʥʝʡ.  

2. ʋʤʝʥʴʰʝʥʠʝ ʟʘʧʘʭʦʚ: ʆʟʦʥ ʤʦʞʝʪ ʧʦʤʦʯʴ ʚ ʫʤʝʥʴʰʝʥʠʠ ʥʝʧʨʠʷʪʥʳʭ 

ʟʘʧʘʭʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʚ ʫʣʴʷʭ, ʯʪʦ ʤʦʞʝʪ ʩʦʟʜʘʪʴ ʙʦʣʝʝ 

ʢʦʤʬʦʨʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʯʝʣ.  

ɺʣʠʷʥʠʝ ʦʟʦʥʘ ʥʘ ʟʜʦʨʦʚʴʝ ʧʯʝʣ:  

1. ɺʦʟʤʦʞʥʦʝ ʨʘʟʜʨʘʞʝʥʠʝ ʜʳʭʘʪʝʣʴʥʳʭ ʧʫʪʝʡ: ɺʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʦʟʦʥʘ ʤʦʛʫʪ ʚʳʟʚʘʪʴ ʨʘʟʜʨʘʞʝʥʠʝ ʜʳʭʘʪʝʣʴʥʳʭ ʧʫʪʝʡ ʫ ʧʯʝʣ, ʧʦʵʪʦʤʫ 

ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʦʟʦʥʘ ʠ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ, ʯʪʦʙʳ 

ʠʟʙʝʞʘʪʴ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʟʜʦʨʦʚʴʝ ʧʯʝʣ.  

2. ʈʠʩʢ ʜʣʷ ʧʯʝʣʦʧʨʦʜʫʢʮʠʠ: ʧʨʠ ʩʣʠʰʢʦʤ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʦʟʦʥʘ 

ʠʣʠ ʥʝʧʨʘʚʠʣʴʥʦʤ ʧʨʠʤʝʥʝʥʠʠ, ʦʟʦʥ ʤʦʞʝʪ ʥʝʛʘʪʠʚʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʢʘʯʝʩʪʚʦ 

ʧʯʝʣʦʧʨʦʜʫʢʮʠʠ, ʪʘʢʫʶ ʢʘʢ ʤʝʜ ʠʣʠ ʚʦʩʢ. 

ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʦʟʦʥʘ ʥʘ ʫʣʴʠ ʠ ʟʜʦʨʦʚʴʝ ʧʯʝʣ 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʘʪʴ ʩʣʝʜʫʶʱʠʝ ʤʝʨʳ:  

- ʊʱʘʪʝʣʴʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʦʟʦʥʘ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʫʣʴʠ ʠ 

ʦʙʝʩʧʝʯʠʪʴ ʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʝʢʦʤʝʥʜʫʝʤʳʤ ʥʦʨʤʘʤ.  

- ʀʩʧʦʣʴʟʦʚʘʪʴ ʦʟʦʥʠʨʫʶʱʠʝ ʫʩʪʘʥʦʚʢʠ ʚʥʝ ʧʝʨʠʦʜʘ ʘʢʪʠʚʥʦʡ ʨʘʙʦʪʳ 

ʧʯʝʣ ʜʣʷ ʠʟʙʝʞʘʥʠʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʠʭ ʟʜʦʨʦʚʴʝ. 

- ʇʨʦʚʦʜʠʪʴ ʪʱʘʪʝʣʴʥʦʝ ʦʙʫʯʝʥʠʝ ʧʯʝʣʦʚʦʜʦʚ ʧʦ ʧʨʘʚʠʣʘʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʟʦʥʠʨʫʶʱʠʭ ʫʩʪʘʥʦʚʦʢ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʘʚʠʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʦʟʦʥʠʨʫʶʱʠʭ ʫʩʪʘʥʦʚʦʢ ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʣʝʟʥʳʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʛʠʛʠʝʥʳ ʚ ʫʣʴʷʭ, ʥʦ ʥʝʦʙʭʦʜʠʤʦ ʘʢʢʫʨʘʪʥʦ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʦʟʦʥʘ ʠ ʚʨʝʤʷ ʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʟʜʦʨʦʚʴʝ ʧʯʝʣ. 

 

1.4 ʇʨʘʚʠʣʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ 

ʇʨʠ ʨʘʙʦʪʝ ʥʘ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʘʭ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʘʪʴ ʧʨʘʚʠʣʘ 

ʙʝʟʦʧʘʩʥʦʩʪʠ: 

ʅʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʧʝʮʠʘʣʴʥʫʶ ʟʘʱʠʪʥʫʶ ʦʜʝʞʜʫ ʠ ʩʨʝʜʩʪʚʘ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʱʠʪʳ, ʯʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʪʨʘʚʤʳ ʠʣʠ ʧʦʨʘʞʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ.  

ʅʠʢʦʛʜʘ ʥʝ ʩʣʝʜʫʝʪ ʨʘʙʦʪʘʪʴ ʩ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʘʤʠ ʙʝʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʧʦʜʛʦʪʦʚʢʠ ʠ ʟʥʘʥʠʡ. ɺ ʩʣʫʯʘʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʣʶʙʳʭ ʧʨʦʙʣʝʤ ʠʣʠ ʩʦʤʥʝʥʠʡ 
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ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘʙʦʪʳ ʩ ʦʟʦʥʠʨʫʶʱʝʡ ʫʩʪʘʥʦʚʢʦʡ ʠʣʠ ʥʘ 

ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʘʭ, ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʪʠʪʴʩʷ ʟʘ ʧʦʤʦʱʴʶ ʢ ʩʧʝʮʠʘʣʠʩʪʫ. ʆʥ 

ʩʤʦʞʝʪ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ ʦʮʝʥʠʪʴ ʩʠʪʫʘʮʠʶ ʠ ʧʨʝʜʣʦʞʠʪʴ ʥʘʠʣʫʯʰʠʝ ʨʝʰʝʥʠʷ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʡ ʨʘʙʦʪʳ.  

ɺʘʞʥʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʙʝʟʦʧʘʩʥʦʩʪʴ ʚʩʝʛʜʘ ʜʦʣʞʥʘ ʙʳʪʴ ʥʘ ʧʝʨʚʦʤ ʤʝʩʪʝ 

ʧʨʠ ʨʘʙʦʪʝ ʩ ʣʶʙʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ ʠʣʠ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. 

 

2. ʆʭʨʘʥʘ ʪʨʫʜʘ ʥʘ ʧʘʩʝʢʝ ʗʨʧʣʝʤʭʦʟ "ʉʨʝʜʥʝʨʫʩʩʢʘʷ ʧʯʝʣʘ" 

2.1 ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʦʭʨʘʥʳ ʪʨʫʜʘ 

ʆʭʨʘʥʘ ʪʨʫʜʘ ʥʘ ʧʘʩʝʢʝ ʗʨʧʣʝʤʭʦʟ "ʉʨʝʜʥʝʨʫʩʩʢʘʷ ʧʯʝʣʘ" ʠʛʨʘʝʪ ʚʘʞʥʫʶ 

ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʟʜʦʨʦʚʴʷ ʨʘʙʦʪʥʠʢʦʚ, ʟʘʥʠʤʘʶʱʠʭʩʷ 

ʧʯʝʣʦʚʦʜʩʪʚʦʤ. ɺʝʜʝʥʠʝ ʧʘʩʝʢʠ ʩʚʷʟʘʥʦ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʦʧʘʩʥʦʩʪʷʤʠ, ʪʘʢʠʤʠ 

ʢʘʢ ʫʢʫʩʳ ʧʯʝʣ, ʨʘʙʦʪʘ ʩ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ ʭʠʤʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʧʦʵʪʦʤʫ 

ʥʝʦʙʭʦʜʠʤʳ ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʨʳ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʫʜʘ. ɺʦʪ 

ʥʝʢʦʪʦʨʳʝ ʠʟ ʦʩʥʦʚʥʳʭ ʘʩʧʝʢʪʦʚ ʦʭʨʘʥʳ ʪʨʫʜʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ 

ʥʘ ʧʘʩʝʢʝ ʗʨʧʣʝʤʭʦʟ çʉʨʝʜʥʝʨʫʩʩʢʘʷ ʧʯʝʣʘè:  

1. ʆʙʫʯʝʥʠʝ ʠ ʠʥʩʪʨʫʢʪʘʞ: ɺʩʝ ʨʘʙʦʪʥʠʢʠ ʜʦʣʞʥʳ ʧʨʦʡʪʠ ʦʙʫʯʝʥʠʝ ʧʦ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʧʦʣʫʯʠʪʴ ʠʥʩʪʨʫʢʪʘʞ ʧʦ ʧʨʘʚʠʣʴʥʦʤʫ ʦʙʨʘʱʝʥʠʶ ʩ ʧʯʝʣʘʤʠ, 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ ʭʠʤʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ. ʕʪʦ ʧʦʤʦʞʝʪ ʠʤ ʧʦʥʷʪʴ ʨʠʩʢʠ ʠ 

ʧʨʠʥʷʪʴ ʤʝʨʳ ʧʨʝʜʦʩʪʦʨʦʞʥʦʩʪʠ.  

2. ɿʘʱʠʪʥʘʷ ʦʜʝʞʜʘ: ʈʘʙʦʪʥʠʢʠ ʜʦʣʞʥʳ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʳ ʩʧʝʮʠʘʣʴʥʦʡ 

ʟʘʱʠʪʥʦʡ ʦʜʝʞʜʦʡ, ʚʢʣʶʯʘʷ ʢʦʩʪʶʤʳ, ʧʝʨʯʘʪʢʠ, ʤʘʩʢʠ ʠ ʟʘʱʠʪʥʳʝ ʦʯʢʠ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʫʢʫʩʦʚ ʧʯʝʣ ʠ ʢʦʥʪʘʢʪʘ ʩ ʭʠʤʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ.  

3. ʇʨʘʚʠʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ: ʈʘʙʦʪʥʠʢʠ ʜʦʣʞʥʳ ʙʳʪʴ 

ʦʙʫʯʝʥʳ ʧʨʘʚʠʣʴʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʘʩʝʢʘʨʩʢʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʤʝʜʘ ʠ ʜʨʫʛʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʪʨʘʚʤ.  

4. ʂʦʥʪʨʦʣʴ ʟʘ ʭʠʤʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ: ʝʩʣʠ ʥʘ ʧʘʩʝʢʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʭʠʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʜʣʷ ʙʦʨʴʙʳ ʩ ʙʦʣʝʟʥʷʤʠ ʧʯʝʣ ʠʣʠ ʜʨʫʛʠʭ ʮʝʣʝʡ, 

ʥʝʦʙʭʦʜʠʤʦ ʩʪʨʦʛʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠʭ ʭʨʘʥʝʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ, ʯʪʦʙʳ 

ʠʟʙʝʞʘʪʴ ʦʪʨʘʚʣʝʥʠʷ ʨʘʙʦʪʥʠʢʦʚ.  

5. ʆʮʝʥʢʘ ʨʠʩʢʦʚ: ʇʨʦʚʝʜʝʥʠʝ ʨʝʛʫʣʷʨʥʦʡ ʦʮʝʥʢʠ ʨʠʩʢʦʚ ʧʦʤʦʞʝʪ 

ʚʳʷʚʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʦʧʘʩʥʦʩʪʠ ʥʘ ʧʘʩʝʢʝ ʠ ʧʨʠʥʷʪʴ ʤʝʨʳ ʧʦ ʠʭ ʫʩʪʨʘʥʝʥʠʶ.  

ɺʘʞʥʦ ʪʘʢʞʝ ʩʦʙʣʶʜʘʪʴ ʚʩʝ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʦʭʨʘʥʝ ʪʨʫʜʘ 

ʠ ʨʝʛʫʣʷʨʥʦ ʧʨʦʚʦʜʠʪʴ ʧʨʦʚʝʨʢʠ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʨʘʙʦʪʥʠʢʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʧʘʩʝʢʝ "ʉʨʝʜʥʝʨʫʩʩʢʘʷ ʧʯʝʣʘ" ʤʦʞʥʦ ʨʘʟʨʘʙʦʪʘʪʴ 

ʩʧʝʮʠʘʣʴʥʳʝ ʧʨʦʮʝʜʫʨʳ ʵʚʘʢʫʘʮʠʠ ʚ ʩʣʫʯʘʝ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʘ ʪʘʢʞʝ 

ʦʙʝʩʧʝʯʠʪʴ ʥʘʣʠʯʠʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʦʢʘʟʘʥʠʷ ʧʝʨʚʦʡ ʧʦʤʦʱʠ. 

2.2 ʊʨʝʙʦʚʘʥʠʷ ʦʭʨʘʥʳ ʪʨʫʜʘ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʨʘʙʦʪʳ: 

1. ʆʙʫʯʝʥʠʝ ʠ ʠʥʩʪʨʫʢʪʘʞ: ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʨʘʙʦʪʳ ʚʩʝ ʨʘʙʦʪʥʠʢʠ ʜʦʣʞʥʳ 

ʧʨʦʡʪʠ ʦʙʫʯʝʥʠʝ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʧʦʣʫʯʠʪʴ ʠʥʩʪʨʫʢʪʘʞ ʧʦ ʧʨʘʚʠʣʴʥʦʤʫ 

ʦʙʨʘʱʝʥʠʶ ʩ ʧʯʝʣʘʤʠ, ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ ʭʠʤʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ. ʕʪʦ 

ʧʦʤʦʞʝʪ ʠʤ ʧʦʥʷʪʴ ʨʠʩʢʠ ʠ ʧʨʠʥʷʪʴ ʤʝʨʳ ʧʨʝʜʦʩʪʦʨʦʞʥʦʩʪʠ.  

2. ʇʨʦʚʝʨʢʘ ʟʘʱʠʪʥʦʡ ʦʜʝʞʜʳ: ʈʘʙʦʪʥʠʢʠ ʜʦʣʞʥʳ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʳ 

ʩʧʝʮʠʘʣʴʥʦʡ ʟʘʱʠʪʥʦʡ ʦʜʝʞʜʦʡ, ʚʢʣʶʯʘʷ ʢʦʩʪʶʤʳ, ʧʝʨʯʘʪʢʠ, ʤʘʩʢʠ ʠ 

ʟʘʱʠʪʥʳʝ ʦʯʢʠ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʫʢʫʩʦʚ ʧʯʝʣ ʠ ʢʦʥʪʘʢʪʘ ʩ ʭʠʤʠʯʝʩʢʠʤʠ 
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ʚʝʱʝʩʪʚʘʤʠ. ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʨʘʙʦʪʳ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʨʠʪʴ ʩʦʩʪʦʷʥʠʝ ʟʘʱʠʪʥʦʡ 

ʦʜʝʞʜʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

2.3 ʊʨʝʙʦʚʘʥʠʷ ʦʭʨʘʥʳ ʪʨʫʜʘ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ: 

1. ʇʨʘʚʠʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ: ʈʘʙʦʪʥʠʢʠ ʜʦʣʞʥʳ ʙʳʪʴ 

ʦʙʫʯʝʥʳ ʧʨʘʚʠʣʴʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʘʩʝʢʘʨʩʢʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʤʝʜʘ ʠ ʜʨʫʛʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʪʨʘʚʤ.  

2. ʂʦʥʪʨʦʣʴ ʟʘ ʭʠʤʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ: ʝʩʣʠ ʥʘ ʧʘʩʝʢʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʭʠʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʜʣʷ ʙʦʨʴʙʳ ʩ ʙʦʣʝʟʥʷʤʠ ʧʯʝʣ ʠʣʠ ʜʨʫʛʠʭ ʮʝʣʝʡ, 

ʥʝʦʙʭʦʜʠʤʦ ʩʪʨʦʛʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠʭ ʭʨʘʥʝʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ, ʯʪʦʙʳ 

ʠʟʙʝʞʘʪʴ ʦʪʨʘʚʣʝʥʠʷ ʨʘʙʦʪʥʠʢʦʚ.  

2.4 ʊʨʝʙʦʚʘʥʠʷ ʦʭʨʘʥʳ ʪʨʫʜʘ ʚ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʷʭ: 

1. ʇʨʦʮʝʜʫʨʳ ʵʚʘʢʫʘʮʠʠ: ʥʘ ʧʘʩʝʢʝ "ʉʨʝʜʥʝʨʫʩʩʢʘʷ ʧʯʝʣʘ" ʩʣʝʜʫʝʪ 

ʨʘʟʨʘʙʦʪʘʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʧʨʦʮʝʜʫʨʳ ʵʚʘʢʫʘʮʠʠ ʚ ʩʣʫʯʘʝ ʯʨʝʟʚʳʯʘʡʥʳʭ 

ʩʠʪʫʘʮʠʡ, ʪʘʢʠʭ ʢʘʢ ʧʦʞʘʨ ʠʣʠ ʘʪʘʢʘ ʧʯʝʣ.  

2. ʇʝʨʚʘʷ ʧʦʤʦʱʴ: ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʥʘʣʠʯʠʝ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʦʢʘʟʘʥʠʷ ʧʝʨʚʦʡ ʧʦʤʦʱʠ ʠ ʦʙʫʯʠʪʴ ʨʘʙʦʪʥʠʢʦʚ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ.  

2.5 ʊʨʝʙʦʚʘʥʠʷ ʦʭʨʘʥʳ ʪʨʫʜʘ ʧʦ ʦʢʦʥʯʘʥʠʶ ʨʘʙʦʪʳ: 

1. ʇʨʦʚʝʨʢʘ ʩʦʩʪʦʷʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ: ʇʦ ʦʢʦʥʯʘʥʠʠ ʨʘʙʦʪʳ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʝʨʠʪʴ ʩʦʩʪʦʷʥʠʝ ʟʘʱʠʪʥʦʡ ʦʜʝʞʜʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʫʙʝʜʠʪʴʩʷ ʚ ʠʭ 

ʧʨʘʚʠʣʴʥʦʤ ʭʨʘʥʝʥʠʠ.  

2. ʆʪʯʝʪʥʦʩʪʴ: ʈʘʙʦʪʥʠʢʠ ʜʦʣʞʥʳ ʩʦʦʙʱʠʪʴ ʦ ʣʶʙʳʭ ʧʨʦʠʟʦʰʝʜʰʠʭ 

ʠʥʮʠʜʝʥʪʘʭ ʠʣʠ ʘʚʘʨʠʷʭ, ʯʪʦʙʳ ʧʨʠʥʷʪʴ ʤʝʨʳ ʧʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʧʦʜʦʙʥʳʭ 

ʩʠʪʫʘʮʠʡ ʚ ʙʫʜʫʱʝʤ.  

ɺʘʞʥʦ ʪʘʢʞʝ ʩʦʙʣʶʜʘʪʴ ʚʩʝ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʦʭʨʘʥʝ ʪʨʫʜʘ 

ʠ ʨʝʛʫʣʷʨʥʦ ʧʨʦʚʦʜʠʪʴ ʧʨʦʚʝʨʢʠ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʨʘʙʦʪʥʠʢʦʚ. 

ɺʳʚʦʜʳ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ 

ʆʟʦʥʘʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ ʷʚʣʷʝʪʩʷ ʙʝʟʦʧʘʩʥʳʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ ʩʨʝʜʩʪʚʦʤ 

ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʫʣʴʝʚ ʥʘ ʧʘʩʝʢʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʟʜʦʨʦʚʴʝ ʧʯʝʣ ʠ ʫʚʝʣʠʯʝʥʠʝ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. 

ʅʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʘʪʴ ʤʝʨʳ ʧʨʝʜʦʩʪʦʨʦʞʥʦʩʪʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʦʟʦʥʘʪʦʨʘ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʟʜʦʨʦʚʴʝ ʣʶʜʝʡ ʠ 

ʞʠʚʦʪʥʳʭ. 

ʗʨʧʣʝʤʭʦʟ ñʉʨʝʜʥʝʨʫʩʩʢʘʷ ʧʯʝʣʘò ʜʦʣʞʝʥ ʧʨʦʜʦʣʞʘʪʴ ʚʥʝʜʨʝʥʠʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʠ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʥʘ ʨʳʥʢʝ. 

ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʦʟʦʥʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʦʤʦʛʫʪ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʫʣʴʝʚ ʠ ʜʦʩʪʠʯʴ ʤʘʢʩʠʤʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

 

ɺʳʚʦʜʳ 

ʆʟʦʥʘʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʜʝʟʠʥʬʝʢʮʠʠ 

ʫʣʴʝʚ, ʫʥʠʯʪʦʞʝʥʠʝ ʚʨʝʜʠʪʝʣʝʡ ʠ ʚʦʟʙʫʜʠʪʝʣʝʡ ʟʘʙʦʣʝʚʘʥʠʡ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʦʭʨʘʥʠʪʴ ʟʜʦʨʦʚʴʝ ʧʯʝʣ ʠ ʧʦʚʳʩʠʪʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʧʘʩʝʢʠ. ʗʨʧʣʝʤʭʦʟ 

çʉʨʝʜʥʝʨʫʩʩʢʘʷ ʧʯʝʣʘè ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʝʪ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʚʢʣʶʯʘʷ 



67 

ʦʟʦʥʠʨʦʚʘʥʠʝ, ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʠ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʥʘ ʨʳʥʢʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʦʟʦʥʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʟʜʦʨʦʚʴʷ ʧʯʝʣ. 
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Abstract. This technique examines the process of removing ascospherosis 

(calcareous brood) using an ozonator installation when processing hives, frames and 
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other components of the apiary. The principles of operation of the equipment, the 

ozonation process and its effect on the elimination of ascosferosis are described, as 

well as recommendations for the use of the technique to increase the efficiency and 

ensure the safety of beekeeping. The work can be useful for beekeepers and learning 

beekeeping. 

Keywords: technique, removal of ascospherosis, ozonator installation, 

processing of hives, frames, apiary, beekeeping, ascospherosis, lime brood, safety. 

 

ʆʟʦʥ ï ʩʦʝʜʠʥʝʥʠʝ ʭʠʤʠʯʝʩʢʠ ʦʯʝʥʴ ʥʝʧʨʦʯʥʦʝ. ʆʥ ʦʩʦʙʝʥʥʦ ʵʥʝʨʛʠʯʥʦ 

ʜʠʩʩʦʮʠʠʨʫʝʪ ʚʦ ʚʣʘʞʥʦʤ ʚʦʟʜʫʭʝ, ʨʘʩʧʘʜʘʷʩʴ ʥʘ ʤʦʣʝʢʫʣʷʨʥʳʡ ʢʠʩʣʦʨʦʜ ʆ2 ʠ 

ʥʘ ʘʪʦʤʘʨʥʳʡ ʆ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʪʦʤʘʨʥʳʡ ʢʠʩʣʦʨʦʜ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ 

ʘʢʪʠʚʝʥ, ʯʝʤ ʤʦʣʝʢʫʣʷʨʥʳʡ ʢʠʩʣʦʨʦʜ, ʧʨʠʯʝʤ ʘʢʪʠʚʥʦʩʪʴ ʦʟʦʥʘ ʦʙʲʷʩʥʷʝʪʩʷ 

ʠʤʝʥʥʦ ʘʢʪʠʚʥʦʩʪʴʶ ʘʪʦʤʘʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʧʨʦʜʫʢʪʦʤ ʝʛʦ 

ʨʘʩʧʘʜʘ. ʆʟʦʥ ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʦʡ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. ʇʦʵʪʦʤʫ 

ʥʝʩʤʦʪʨʷ ʥʘ ʩʚʦʶ ʥʝʩʪʦʡʢʦʩʪʴ, ʦʟʦʥ ʤʦʞʝʪ ʚʳʜʝʣʷʪʴʩʷ ʠʟ ʘʜʩʦʨʙʠʨʦʚʘʚʰʠʭ ʝʛʦ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ ʚʦʟʜʫʭ ʚ ʧʦʤʝʱʝʥʠʷʭ, ʜʘʞʝ ʧʦ ʧʨʝʢʨʘʱʝʥʠʶ ʜʝʡʩʪʚʠʷ 

ʠʩʪʦʯʥʠʢʘ ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. 

ʇʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʵʣʝʢʪʨʦʜʘʤʠ ʦʟʦʥʘ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʠʩʭʦʜʠʪ ʠ ʝʛʦ 

ʜʠʬʬʫʟʠʷ ʚ ʚʦʟʜʫʭ ʧʦʤʝʱʝʥʠʷ, ʛʜʝ ʥʘʭʦʜʷʪʩʷ ʵʣʝʢʪʨʦʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʚʦʟʜʫʭʝ ʧʦʤʝʱʝʥʠʡ ʦʟʦʥʘ, ʦʙʨʘʟʫʝʤʦʛʦ ʵʣʝʢʪʨʦʜʘʤʠ, ʟʘʚʠʩʠʪ 

ʦʪ ʩʣʝʜʫʶʱʠʭ ʬʘʢʪʦʨʦʚ: 

ʘ) ʀʥʪʝʥʩʠʚʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʦʟʦʥʘ; 

ʙ) ʉʢʦʨʦʩʪʠ ʨʘʩʧʘʜʘ ʦʟʦʥʘ; 

ʚ) ʉʢʦʨʦʩʪʠ ʜʠʬʬʫʟʠʠ ʦʟʦʥʘ; 

ʛ) ʀʥʪʝʥʩʠʚʥʦʩʪʠ ʘʜʩʦʨʙʮʠʠ ʦʟʦʥʘ. 

ʉʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʵʪʠʤʠ ʬʘʢʪʦʨʘʤʠ ʜʦʣʞʥʦ ʙʳʪʴ ʪʘʢʦʚʦ, ʯʪʦʙʳ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʟʦʥʘ ʚ ʚʦʟʜʫʭʝ ʧʦʤʝʱʝʥʠʷ ʥʘ ʫʨʦʚʥʝ ʥʘʭʦʞʜʝʥʠʷ ʚ ʵʪʦʤ 

ʧʦʤʝʱʝʥʠʠ ʣʶʜʝʡ ʥʝ ʧʨʝʚʳʰʘʣʘ ʜʦʧʫʩʪʠʤʦʡ ʥʦʨʤʳ, ʪ. ʝ. 0,1 ʤʛ/ʤ
3
. ʇʦʧʫʪʥʦ 

ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʨʦʛʦʤ ʦʙʦʥʷʥʠʷ ʦʟʦʥʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʨʘʚʥʘʷ 1ʤʛ/ʤ
3
. ɸʥʘʣʠʪʠʯʝʩʢʠʤ ʥʝʦʧʨʝʜʝʣʠʤʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʟʦʥʘ ʷʚʣʷʝʪʩʷ ʝʛʦ 

ʢʦʥʮʝʥʪʨʘʮʠʷ, ʨʘʚʥʘʷ 10
-3
 ʤʛ/ʤ

3
. ʂʦʨʨʦʜʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʦʟʦʥʘ ʩʢʘʟʳʚʘʝʪʩʷ 

ʧʨʠ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʧʨʝʚʳʰʘʶʱʝʡ 5ʤʛ/ʤ
3
. 

ʆʟʦʥʘʪʦʨ ð ʵʪʦ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʛʝʥʝʨʠʨʫʝʪ ʦʟʦʥ (O3) ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʚʦʟʜʫʭʘ ʠʣʠ ʚʦʜʳ. ʆʟʦʥʘʪʦʨʳ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʜʝʟʠʥʬʝʢʮʠʠ ʠ ʦʯʠʩʪʢʠ 

ʚʦʟʜʫʭʘ ʠ ʚʦʜʳ ʦʪ ʙʘʢʪʝʨʠʡ, ʚʠʨʫʩʦʚ, ʛʨʠʙʢʦʚʳʭ ʩʧʦʨ ʠ ʜʨʫʛʠʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʆʟʦʥʘʪʦʨʳ ʪʘʢʞʝ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʫʜʘʣʝʥʠʷ 

ʥʝʧʨʠʷʪʥʳʭ ʟʘʧʘʭʦʚ, ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʪʦʢʩʠʥʦʚ ʠ ʦʯʠʩʪʢʠ ʦʪ ʨʘʟʣʠʯʥʳʭ 

ʟʘʛʨʷʟʥʝʥʠʡ.  

ɸʩʢʦʩʬʝʨʦʟ, ʠʣʠ ʠʟʚʝʩʪʢʦʚʳʡ ʨʘʩʧʣʦʜ, ð ʵʪʦ ʛʨʠʙʢʦʚʦʝ ʟʘʙʦʣʝʚʘʥʠʝ 

ʧʯʝʣʠʥʳʭ ʩʝʤʝʡ, ʚʳʟʚʘʥʥʦʝ ʛʨʠʙʦʤ Ascosphaeraapis. ʕʪʦ ʟʘʙʦʣʝʚʘʥʠʝ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʩʤʝʨʪʠ ʧʯʝʣ ʠ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʱʝʨʙʫ ʜʣʷ ʧʯʝʣʠʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʆʥʦ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʭʘʨʘʢʪʝʨʥʳʭ ʠʟʚʝʩʪʢʦʚʳʭ ʧʣʦʜʦʚ ʥʘ ʣʠʯʠʥʢʘʭ ʧʯʝʣ. 

ɸʩʢʦʩʬʝʨʦʟ ʤʦʞʝʪ ʧʦʧʘʩʪʴ ʚ ʧʯʝʣʠʥʫʶ ʩʝʤʴʶ ʯʝʨʝʟ ʟʘʨʘʞʝʥʥʳʝ ʧʳʣʴʮʫ, ʤʝʜ 

ʠʣʠ ʤʘʪʦʯʥʦʝ ʤʦʣʦʯʢʦ. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʙʦʨʴʙʳ ʩ ʘʩʢʦʩʬʝʨʦʟʦʤ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʟʦʥʘʪʦʨʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʯʝʣʠʥʦʛʦ ʠʥʚʝʥʪʘʨʷ ʠ ʫʣʴʝʚ. 
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ʇʨʠʤʝʨʳ ʤʝʪʦʜʠʢ ʧʦ ʫʩʪʨʘʥʝʥʠʶ ʘʩʢʦʩʬʝʨʦʟʘ ʧʨʠ ʧʦʤʦʱʠ ʦʟʦʥʘʪʦʨʘ ʤʦʛʫʪ 

ʚʢʣʶʯʘʪʴ ʦʙʨʘʙʦʪʢʫ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʠ, ʫʣʴʝʚ ʠ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ 

ʧʯʝʣʠʥʦʤ ʭʦʟʷʡʩʪʚʝ ʦʟʦʥʦʤ ʜʣʷ ʫʥʠʯʪʦʞʝʥʠʷ ʛʨʠʙʢʦʚʳʭ ʩʧʦʨ ʠ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʷ ʚ ʫʣʴʷʭ ʧʨʠ ʣʝʪʥʝʤ 

ʚʘʨʠʘʥʪʝ ʦʪ 230-500, ʧʨʠ ʟʠʤʦʚʢʝ ʜʦ 250 ʧʯʝʣʦʩʝʤʝʡ. ʊʘʢʞʝ ʦʟʦʥʘʪʦʨʳ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʯʠʩʪʢʠ ʧʯʝʣʠʥʦʛʦ ʠʥʚʝʥʪʘʨʷ, ʪʘʢʦʛʦ ʢʘʢ ʨʘʤʢʠ ʠ ʢʦʨʧʫʩʘ 

ʫʣʴʝʚ, ʦʪ ʚʦʟʤʦʞʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʟʘʨʘʞʝʥʠʷ ʘʩʢʦʩʬʝʨʦʟʦʤ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ 

ʧʨʦʮʝʜʫʨʳ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʪʨʠʪʴ ʧʦʤʝʱʝʥʠʝ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʥʘʢʦʧʣʝʥʠʷ 

ʦʟʦʥʘ. 

ʌʦʪʦʛʨʘʬʠʠ ʫʣʴʝʚ ʚ ʨʘʟʙʦʨʥʦʤ ʠ ʩʙʦʨʥʦʤ ʩʦʩʪʦʷʥʠʷʭ: 

 
 

ʈʠʩʫʥʦʢ 1 ï ʋʣʝʡ ʚ ʩʙʦʨʥʦʤ ʩʦʩʪʦʷʥʠʠ 

 

ʄʝʪʦʜʠʢʘ ʧʦ ʨʘʙʦʪʝ ʩ ʦʟʦʥʘʪʦʨʦʤ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʩʣʝʜʫʶʱʠʝ ʰʘʛʠ:  

1. ʇʦʜʛʦʪʦʚʢʘ ʧʦʤʝʱʝʥʠʷ: ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʧʨʦʮʝʜʫʨʳ ʥʝʦʙʭʦʜʠʤʦ 

ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʧʦʤʝʱʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʙʫʜʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʦʙʨʘʙʦʪʢʘ, ʩʚʦʙʦʜʥʦ 

ʦʪ ʣʶʜʝʡ ʠ ʞʠʚʦʪʥʳʭ. ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʟʘʢʨʳʪʴ ʦʢʥʘ ʠ ʜʚʝʨʠ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʚʳʭʦʜʘ ʦʟʦʥʘ ʠʟ ʧʦʤʝʱʝʥʠʷ.  

2. ʇʦʜʛʦʪʦʚʢʘ ʦʟʦʥʘʪʦʨʘ: ʩʣʝʜʫʝʪ ʫʩʪʘʥʦʚʠʪʴ ʦʟʦʥʘʪʦʨ ʚ ʮʝʥʪʨʝ 

ʧʦʤʝʱʝʥʠʷ ʠ ʧʦʜʢʣʶʯʠʪʴ ʝʛʦ ʢ ʵʣʝʢʪʨʦʧʠʪʘʥʠʶ. ɿʘʪʝʤ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ 

ʨʝʞʠʤ ʨʘʙʦʪʳ ʦʟʦʥʘʪʦʨʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʥʩʪʨʫʢʮʠʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʷ.  

3. ʆʙʨʘʙʦʪʢʘ ʧʦʤʝʱʝʥʠʷ: ʧʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʦʟʦʥʘʪʦʨʘ, ʝʛʦ ʩʣʝʜʫʝʪ 

ʦʩʪʘʚʠʪʴ ʨʘʙʦʪʘʪʴ ʚ ʪʝʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʨʝʤʝʥʠ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ. ɺʦ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʧʦʤʝʱʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ 

ʭʦʨʦʰʫʶ ʮʠʨʢʫʣʷʮʠʶ ʚʦʟʜʫʭʘ, ʯʪʦʙʳ ʦʟʦʥ ʤʦʛ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʠʪʴʩʷ ʧʦ 

ʚʩʝʤʫ ʧʦʤʝʱʝʥʠʶ.  
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4. ɺʝʥʪʠʣʷʮʠʷ ʧʦʤʝʱʝʥʠʷ: ʧʦ ʟʘʚʝʨʰʝʥʠʠ ʧʨʦʮʝʜʫʨʳ ʦʙʨʘʙʦʪʢʠ 

ʦʟʦʥʘʪʦʨʦʤ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʪʨʠʪʴ ʧʦʤʝʱʝʥʠʝ, ʦʪʢʨʳʚ ʦʢʥʘ ʠ ʜʚʝʨʠ, ʯʪʦʙʳ 

ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʠʟʣʠʰʢʦʚ ʦʟʦʥʘ.  

5. ʇʦʚʪʦʨʥʘʷ ʦʙʨʘʙʦʪʢʘ: ʚ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʧʨʦʮʝʜʫʨʫ 

ʦʙʨʘʙʦʪʢʠ ʦʟʦʥʘʪʦʨʦʤ ʤʦʞʥʦ ʧʦʚʪʦʨʠʪʴ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ 

ʚʨʝʤʝʥʠ ʜʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʩʪʨʘʥʝʥʠʷ ʘʩʢʦʩʬʝʨʦʟʘ.  

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʋʣʝʡ ʚ ʨʘʟʙʦʨʥʦʤ ʩʦʩʪʦʷʥʠʠ 

 

ʄʝʪʦʜʠʢʘ ʧʦ ʫʜʘʣʝʥʠʶ ʘʩʢʦʩʬʝʨʦʟʘ ʧʨʠ ʧʦʤʦʱʠ ʦʟʦʥʘʪʦʨʘ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʟʨʘʙʦʪʘʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

1. ʇʦʜʛʦʪʦʚʠʪʴ ʚʩʝ ʧʯʝʣʠʥʳʝ ʫʣʴʠ, ʨʘʤʢʠ ʠ ʜʨʫʛʦʡ ʠʥʚʝʥʪʘʨʴ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʦʟʦʥʦʤ.  

2. ʈʘʟʤʝʩʪʠʪʴ ʦʟʦʥʘʪʦʨ ʚ ʟʘʢʨʳʪʦʤ ʧʦʤʝʱʝʥʠʠ ʠ ʚʢʣʶʯʠʪʴ ʝʛʦ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʚʦʟʜʫʭʘ.  

3. ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʚʦʟʜʫʭʘ, ʨʘʟʤʝʩʪʠʪʴ ʧʯʝʣʠʥʳʝ ʫʣʴʠ ʠ ʠʥʚʝʥʪʘʨʴ ʚ 

ʧʦʤʝʱʝʥʠʠ ʩ ʦʟʦʥʦʤ ʠ ʟʘʧʫʩʪʠʪʝ ʨʝʞʠʤ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ.  

4. ʇʨʦʚʝʪʨʠʚʘʥʠʝ ʧʦʤʝʱʝʥʠʷ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʜʫʨʳ.  

5. ʇʦʚʪʦʨʠʪʴ ʧʨʦʮʝʜʫʨʫ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, 

ʯʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʦʚʪʦʨʥʦʝ ʟʘʨʘʞʝʥʠʝ ʘʩʢʦʩʬʝʨʦʟʦʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʟʦʥʘʪʦʨʘ ʜʣʷ ʙʦʨʴʙʳ ʩ ʘʩʢʦʩʬʝʨʦʟʦʤ ʤʦʞʝʪ 

ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʪʦʛʦ 

ʟʘʙʦʣʝʚʘʥʠʷ ʚ ʧʯʝʣʠʥʦʤ ʭʦʟʷʡʩʪʚʝ. 



71 

ɺʘʞʥʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʧʝʨʝʜ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʟʦʥʘʪʦʨʘ ʥʝʦʙʭʦʜʠʤʦ 

ʚʥʠʤʘʪʝʣʴʥʦ ʠʟʫʯʠʪʴ ʠʥʩʪʨʫʢʮʠʶ ʧʦ ʝʛʦ ʧʨʠʤʝʥʝʥʠʶ ʠ ʩʦʙʣʶʜʘʪʴ ʚʩʝ 

ʧʨʝʜʦʩʪʝʨʝʞʝʥʠʷ ʠ ʤʝʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʫʢʘʟʘʥʥʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ. ʊʘʢʞʝ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʢʦʥʩʫʣʴʪʠʨʦʚʘʪʴʩʷ ʩ ʧʨʦʬʝʩʩʠʦʥʘʣʘʤʠ ʚ ʦʙʣʘʩʪʠ 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʠʣʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʧʦ ʙʦʨʴʙʝ ʩ ʛʨʠʙʢʦʚʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʡ ʢʦʥʩʫʣʴʪʘʮʠʠ ʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʦʟʦʥʘʪʦʨʘ ʜʣʷ ʫʜʘʣʝʥʠʷ ʘʩʢʦʩʬʝʨʦʟʘ. 

ʆʟʦʥʘʪʦʨ, ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʚ ʌɻɹʆʋ ɺʆ çʗʨʦʩʣʘʚʩʢʠʡ ɻɸʋè, ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

ʨʠʩʫʥʢʝ 3. 

 

 
ʈʠʩʫʥʦʢ 3 ï ʆʟʦʥʘʪʦʨ 

 

ɺʦʣʴʪʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʥʷʪʘ ʧʦ ʧʝʨʚʠʯʥʦʡ ʩʪʦʨʦʥʝ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. 

ɼʣʷ ʩʘʥʘʮʠʠ ʙʠʜʦʥʦʚ, ʵʣʝʤʝʥʪʦʚ ʤʦʣʦʢʦʧʨʦʚʦʜʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʦʟʦʥʘʪʦʨ ʥʘ ʧʷʪʴ ʩʝʢʮʠʡ. ʆʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʘʥʘʮʠʠ ʙʳʣʦ 

ʧʦʤʝʱʝʥʦ ʚ ʥʝʙʦʣʴʰʫʶ ʢʦʤʥʘʪʫ ʥʘ ʬʝʨʤʝ ʨʘʟʤʝʨʦʤ 3ʭ3ʭ2,5 ʤ.  

ʆʟʦʥʘʪʦʨ ʠʤʝʝʪ ʚʝʥʪʠʣʷʪʦʨ, ʢʦʪʦʨʳʡ ʧʨʦʜʫʚʘʝʪ ʩʝʢʮʠʠ ʦʟʦʥʠʨʦʚʘʥʠʷ, 

ʥʘʧʦʣʥʷʷ ʢʦʤʥʘʪʫ ʩ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʜʣʷ ʩʘʥʘʮʠʠ ʦʟʦʥʦʤ ʥʫʞʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʟʘ 20 ʤʠʥʫʪ. 

ʆʙʨʘʙʦʪʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʪʩʷ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ. ɸʚʪʦʤʘʪʠʯʝʩʢʠʤ 

ʚʳʢʣʶʯʘʪʝʣʝʤ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ ʦʟʦʥʘʪʦʨʘ ʚʢʣʶʯʘʶʪ ʚʝʥʪʠʣʷʪʦʨ ʠ ʚʪʦʨʳʤ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʚʳʢʣʶʯʘʪʝʣʝʤ ʚʢʣʶʯʘʶʪ ʙʣʦʢ ʦʟʦʥʘʮʠʠ.  

ʅʘ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʘ ʚʦʣʴʪʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʟʦʥʘʪʦʨʘ, ʩʥʷʪʘʷ ʚ 

ʫʩʣʦʚʠʷʭ ʫʥʠʚʝʨʩʠʪʝʪʘ. 
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ʊʘʙʣʠʮʘ 1 ï ɺʦʣʴʪʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʟʦʥʘʪʦʨʘ 

ʅʘʧʨʷʞʝʥʠʝ, ɺ ʉʠʣʘ ʪʦʢʘ, ɸ 

20 0,16 

30 0,22 

35 0,26 

40 0,3 

45 0,33 

50 0,37 

55 0,4 

60 0,44 

65 0,46 

70 0,5 

75 0,52 

80 0,53 

85 0,55 

90 0,56 

95 0,58 

100 0,6 

 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥʦ ʩʥʷʪʠʝ ʚʦʣʴʪʘʤʧʝʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʟʦʥʘʪʦʨʘ ʚ 

ʌɻɹʆʋ ɺʆ çʗʨʦʩʣʘʚʩʢʠʡ ɻɸʋè. 

 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ɺʦʣʴʪʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʟʦʥʘʪʦʨʘ 
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ʈʠʩʫʥʦʢ 3 ï ʑʠʪ ʫʧʨʘʚʣʝʥʠʷ 

 

ʆʟʦʥʘʪʦʨ ʠʤʝʝʪ ʦʜʠʥ ʚʳʩʦʢʦʚʦʣʴʪʥʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʥʘ 15 ʢɺ, ʙʣʦʢ 

ʦʟʦʥʘʮʠʠ, ʚʝʥʪʠʣʷʪʦʨ ʥʘ 1,5 ʢɺʪ. 

ʆʟʦʥʘʪʦʨ ʦʙʭʦʜʠʪʩʷ (ʚʳʩʦʢʦʚʦʣʴʪʥʳʡ ʠʩʪʦʯʥʠʢ ï 20 ʪʳʩʷʯ ʨʫʙʣʝʡ, ʙʣʦʢ 

ʧʠʪʘʥʠʷ ï 3 ʪʳʩʷʯʠ ʨʫʙʣʝʡ, ʙʣʦʢ ʦʟʦʥʘʮʠʠ 6 ʪʳʩʷʯ ʨʫʙʣʝʡ, ʢʘʙʝʣʴ ʧʠʪʘʥʠʷ ï 2 

ʪʳʩ̫ʯʠ ʨʫʙʣʝʡ)  ʠʪʦʛʦ ʚ 31 ʪʳʩʷʯʫ ʨʫʙʣʝʡ. 

ʇʨʦʚʝʜʝʤ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʦʙʨʘʙʦʪʢʝ ʨʘʤʦʢ ʦʪ ʫʣʴʷ, ʟʘʨʘʞʝʥʥʳʭ 

ʘʩʢʦʩʬʝʨʦʟʦʤ, ʦʟʦʥʦʤ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

1. ʇʦʜʛʦʪʦʚʴʪʝ ʟʘʨʘʞʝʥʥʳʝ ʨʘʤʢʠ ʦʪ ʫʣʴʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʦʟʦʥʦʤ.  

2. ʈʘʟʤʝʩʪʠʣʠ ʦʟʦʥʘʪʦʨ ʚ ʟʘʢʨʳʪʦʤ ʧʦʤʝʱʝʥʠʠ ʠ ʚʢʣʶʯʠʣʠ ʝʛʦ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʚʦʟʜʫʭʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 30 ʤʠʥʫʪ.  

3. ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʚʦʟʜʫʭʘ, ʨʘʟʤʝʩʪʠʣʠ ʟʘʨʘʞʝʥʥʳʝ ʨʘʤʢʠ ʚ 

ʧʦʤʝʱʝʥʠʠ ʩ ʦʟʦʥʦʤ ʠ ʟʘʧʫʩʪʠʣʠ ʨʝʞʠʤ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘ 30 ʤʠʥʫʪ.  

4. ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʪʨʠʪʴ ʧʦʤʝʱʝʥʠʝ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʜʫʨʳ. 

ʇʦʚʪʦʨʠʣʠ ʵʪʦʪ ʵʢʩʧʝʨʠʤʝʥʪ, ʫʚʝʣʠʯʠʚʘʷ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʦʟʦʥʦʤ ʜʦ 45 ʤʠʥʫʪ, 

ʟʘʪʝʤ ʜʦ 60 ʤʠʥʫʪ.  

ʇʦʩʣʝ ʢʘʞʜʦʡ ʦʙʨʘʙʦʪʢʠ ʦʮʝʥʠʚʘʝʤ ʩʦʩʪʦʷʥʠʝ ʨʘʤʦʢ ʠ ʥʘʣʠʯʠʝ 

ʛʨʠʙʢʦʚʳʭ ʩʧʦʨ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʪʦʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 
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ʧʨʦʚʝʩʪʠ ʥʝʩʢʦʣʴʢʦ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʨʘʟʥʳʤʠ ʚʨʝʤʝʥʥʳʤʠ ʠʥʪʝʨʚʘʣʘʤʠ 

ʦʙʨʘʙʦʪʢʠ ʦʟʦʥʦʤ ʠ ʟʘʧʠʩʘʪʴ ʚʩʝ ʥʘʙʣʶʜʝʥʠʷ, ʪʘʢ ʞʝ ʧʝʨʝʜʘʪʴ ʟʘʧʠʩʘʥʥʳʝ 

ʥʘʙʣʶʜʝʥʠʷ ʚ ʣʘʙʦʨʘʪʦʨʠʶ ʌɻɹʆʋ ɺʆ çʗʨʦʩʣʘʚʩʢʠʡ ɻɸʋè. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʦʟʦʥʦʤ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʫʩʪʨʘʥʝʥʠʷ ʘʩʢʦʩʬʝʨʦʟʘ ʥʘ ʨʘʤʢʘʭ ʦʪ ʫʣʴʷ. 

ʇʨʦʚʦʜʠʤ ʪʦʪ ʞʝ ʩʘʤʳʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʪʦʣʴʢʦ ʚʤʝʩʪʦ ʦʪʢʨʳʪʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʤʳ ʩʪʘʚʠʤ ʨʘʤʢʠ ʚ ʩʧʝʮʠʘʣʴʥʦ ʠʟʛʦʪʦʚʣʝʥʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʵʪʦ - 

ʜʝʨʝʚʷʥʥʳʡ ʢʫʙ, ʦʙʰʠʪʳʡ ʩʦ ʚʩʝʭ ʩʪʦʨʦʥ ɼɺʇ- (ʜʨʝʚʝʩʥʦ-ʚʦʣʦʢʥʠʩʪʘʷ ʧʣʠʪʘ) 

ʪʦʣʱʠʥʦʡ 4 ʤʤ, ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʚʝʩʘ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʧʦʪʝʨʴ ʦʟʦʥʘ, ʢʨʦʤʝ 

ʧʝʨʝʜʥʝʡ ʛʜʝ ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʩʘʤ ʦʟʦʥʘʪʦʨ ʠ ʟʘʜʥʝʡ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʚʳʧʫʩʢʘʪʴ 

ʠʟʣʠʰʢʠ ʦʟʦʥʘ, ʨʘʟʤʝʨ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠʤʝʨʥʦ ʤʝʪʨ ʥʘ ʤʝʪʨ ʩ ʧʦʣʢʘʤʠ ʠʣʠ 

ʟʘʞʠʤʘʤʠ ʜʣʷ 5 ʨʘʤʦʢ ʩ ʛʨʠʙʢʦʤ. ʊʦ ʝʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʴʥʦ 

ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʤʦʞʝʪ ʩʦʩʨʝʜʦʪʦʯʠʪʴ ʦʟʦʥ ʚʥʫʪʨʠ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʠ ʫʚʝʣʠʯʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʨʘʤʦʢ. ʊʘʢʞʝ, ʦʙʷʟʘʪʝʣʴʥʦ ʥʫʞʥʦ ʩʣʝʜʠʪʴ 

ʟʘ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʧʨʠ ʨʘʙʦʪʝ ʩ ʦʟʦʥʦʤ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʘʱʠʪʥʦʝ ʩʥʘʨʷʞʝʥʠʝ ʠ ʥʝ 

ʜʦʧʫʩʢʘʪʴ ʧʨʝʙʳʚʘʥʠʝ ʣʶʜʝʡ ʠʣʠ ʞʠʚʦʪʥʳʭ ʚ ʧʦʤʝʱʝʥʠʠ ʚʦ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ. 

 

ɺʳʚʦʜʳ 

ʆʙʨʘʙʦʪʢʘ ʫʣʴʝʚ, ʨʘʤʦʢ ʠ ʜʨʫʛʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʘʩʝʢʠ ʩ ʧʦʤʦʱʴʶ 

ʦʟʦʥʘʪʦʨʘ ʦʪ ʘʩʢʦʩʬʝʨʦʟʘ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʙʝʟʦʧʘʩʥʳʤ ʩʧʦʩʦʙʦʤ 

ʧʦʜʜʝʨʞʘʥʠʷ ʟʜʦʨʦʚʴʷ ʧʯʝʣ ʠ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʤʝʜʘ. ʗʨʧʣʝʤʭʦʟ 

çʉʨʝʜʥʝʨʫʩʩʢʘʷ ʧʯʝʣʘè, ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʶʱʠʡ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʧʯʝʣʦʚʦʜʩʪʚʘ, ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʫʶ ʤʝʪʦʜʠʢʫ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʩʚʦʝʡ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʠ ʚʥʝʰʥʝʤ ʨʳʥʢʘʭ. ɺ ʭʦʜʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ: 

¶ ʇʨʠʤʝʥʷʪʴ ʦʟʦʥʘʪʦʨʥʫʶ ʫʩʪʘʥʦʚʢʫ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʫʣʴʝʚ ʩ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ, ʫʯʠʪʳʚʘʷ ʩʪʝʧʝʥʴ ʟʘʨʘʞʝʥʠʷ 

ʘʩʢʦʩʬʝʨʦʟʦʤ ʠ ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ. 

¶ ʉʦʙʣʶʜʘʪʴ ʤʝʨʳ ʧʨʝʜʦʩʪʦʨʦʞʥʦʩʪʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 
ʣʶʜʝʡ ʠ ʞʠʚʦʪʥʳʭ ʧʨʠ ʨʘʙʦʪʝ ʩ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. 

¶ ʇʨʦʚʦʜʠʪʴ ʨʝʛʫʣʷʨʥʦʝ ʦʙʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ 
ʟʥʘʥʠʡ ʦ ʨʘʙʦʪʝ ʦʟʦʥʘʪʦʨʘ ʠ ʝʛʦ ʚʣʠʷʥʠʠ ʥʘ ʟʜʦʨʦʚʴʝ ʧʯʝʣ. 

¶ ɺʥʝʜʨʠʪʴ ʜʘʥʥʫʶ ʤʝʪʦʜʠʢʫ ʚ ʨʘʙʦʪʫ ʗʨʧʣʝʤʭʦʟʘ çʉʨʝʜʥʝʨʫʩʩʢʘʷ 
ʧʯʝʣʘè ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʫʜʘʣʝʥʠʷ ʘʩʢʦʩʬʝʨʦʟʘ. 

ɺ ʮʝʣʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʦʟʦʥʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʦʪ ʘʩʢʦʩʬʝʨʦʟʘ ʧʦʟʚʦʣʷʝʪ 

ʫʣʫʯʰʠʪʴ ʩʦʩʪʦʷʥʠʝ ʧʯʝʣʠʥʳʭ ʩʝʤʝʡ ʠ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʤʝʜʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʨʘʟʚʠʪʠʷ ʧʯʝʣʦʚʦʜʩʪʚʘ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʟʜʦʨʦʚʴʷ ʧʯʝʣ. 
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ʅʘʫʯʥʘʷ ʩʪʘʪʴʷ 

ʋɼʂ 637.116 

ʆɹʆʉʅʆɺɸʅʀɽ ʈɸɿʈɸɹʆʊʂʀ ɸɼɸʇʊʀɺʅʆɻʆ ʇʋʃʔʉɸʊʆʈɸ 

ɼʆʀʃʔʅʆɻʆ ʄɸʅʀʇʋʃʗʊʆʈɸ 

 

ɼʦʢʪʦʨ ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ ʆ.ɺ. ʂʠʪʘʸʚʘ; 

ʘʩʧʠʨʘʥʪ ʖ.ʉ. ɹʘʙʝʰʢʦ  

(ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ, ʈʦʩʩʠʷ) 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʚʥʝʜʨʝʥʠʷ ʘʜʘʧʪʠʚʥʳʭ ʜʦʠʣʴʥʳʭ ʤʘʥʠʧʫʣʷʪʦʨʦʚ, ʩʧʦʩʦʙʥʳʭ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ 

ʨʝʞʠʤʝ ʠʟʤʝʥʷʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʚʘʢʫʫʤʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʘ 

ʤʦʣʦʢʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʥʦʛʠʝ ʬʝʨʤʳ ʚʟʷʣʠ ʢʫʨʩ ʥʘ ʫʚʝʣʠʯʝʥʠʝ 

ʧʨʠʤʝʥʝʥʠʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʠ ʤʘʰʠʥʥʦʤ ʜʦʝʥʠʠ. ɼʘʚʥʠʡ ʧʦʜʭʦʜ ʢ ʩʘʤʦʤʫ 

ʪʨʫʜʦʸʤʢʦʤʫ ʧʨʦʮʝʩʩʫ ʚ ʤʦʣʦʯʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʝ ʩʧʦʩʦʙʝʥ ʜʘʪʴ ʚʳʩʦʢʠʭ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʠʤʝʥʥʦ ʧʦʵʪʦʤʫ ʚʥʝʜʨʝʥʠʝ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ 

ʠʟ ʦʩʥʦʚʥʳʭ ʧʫʪʝʡ ʫʚʝʣʠʯʝʥʠʝ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʤʦʣʦʯʥʦ-ʪʦʚʘʨʥʳʭ ʬʝʨʤ. 

ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ ʜʦʠʣʴʥʳʭ ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʢʦʥʩʪʨʫʢʮʠʠ ʧʫʣʴʩʘʪʦʨʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʧʫʣʴʩʘʮʠʠ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʪʘʢʪʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʦʣʦʢʦʦʪʜʘʯʠ ʧʦ ʢʘʞʜʦʡ ʧʘʨʝ ʜʦʣʝʡ ʚʳʤʝʥʠ ʚ 

ʦʪʜʝʣʴʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʦʠʣʴʥʳʡ ʤʘʥʠʧʫʣʷʪʦʨ, ʧʫʣʴʩʘʪʦʨ, ʢʦʨʦʚʘ, ʤʘʩʪʠʪ, 

ʤʦʣʦʢʦʦʪʜʘʯʘ, ʜʦʝʥʠʝ, ʘʜʘʧʪʘʮʠʷ, ʚʘʢʫʫʤ. 

 

JUSTIFICATION FOR THE DEVELOPMENT OF AN ADAPTIVE 

PULSATOR OF A MILKING MANIPULATOR  

 

Doctor of Technical Sciences, Docent O.V. Kitayova;  

postgraduate student Yu.S. Babeshko  

(FSBEI HE Belgorod SAU, s. Mayskiy, Russia) 

 

Abstract. The article discusses the relevance of the development and 

implementation of adaptive milking manipulators capable of automatically changing 

the effect of vacuum depending on the intensity of milk flow. Currently, many farms 

have set a course to increase the use of automation in machine milking. The long-

standing approach to the most labor-intensive process in dairy production is not 

capable of producing high results, which is why the introduction of automation tools 

is one of the main ways to increase the profitability of dairy farms. An analysis of 

existing solutions of milking manipulators allows us to conclude that it is necessary 

to develop a pulsator design that provides the possibility of changing the pulsation 

frequency and clock ratio depending on the intensity of milk production for each pair 

of udder lobes separately. 
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ʄʦʣʦʯʥʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʢʦʨʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤ 2022 

ʛʦʜʦʤ ʚʳʨʦʩʣʘ ʥʘ 6,6% ʠ ʩʦʩʪʘʚʠʣʘ 7501 ʢʠʣʦʛʨʘʤʤ ʥʘʜʦʷ ʤʦʣʦʢʘ ʥʘ ʦʜʥʫ 

ʢʦʨʦʚʫ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʘʩʧʝʢʪʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʧʦʚʳʰʝʥʠʶ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʥʘ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʧʨʦʮʝʩʩʘ ʜʦʝʥʠʷ. 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʞʸʩʪʢʠʭ ʩʘʥʢʮʠʡ, ʟʘʨʫʙʝʞʥʳʝ ʢʦʤʧʘʥʠʠ 

ʧʝʨʝʩʪʘʣʠ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʜʦʝʥʠʷ, 

ʧʨʦʠʟʦʰʣʘ ʘʢʪʠʚʠʟʘʮʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʨʳʥʢʘ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʙʣʘʛʦʧʨʠʷʪʥʦ ʧʦʚʣʠʷʣʦ ʥʘ ʨʦʩʪ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʨʘʟʨʘʙʦʪʦʢ. 

ʋʩʪʨʦʡʩʪʚʦʤ, ʦʪʚʝʯʘʶʱʠʤ ʟʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦʩʪʦʷʥʥʦʛʦ ʨʘʟʨʝʞʝʥʠʷ ʚ 

ʧʝʨʝʤʝʥʥʦʝ ʚ ʜʦʠʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ, ʷʚʣʷʝʪʩʷ ʧʫʣʴʩʘʪʦʨ. ʂʘʢ ʠʟʚʝʩʪʥʦ, 

ʧʫʣʴʩʘʪʦʨ ʷʚʣʷʝʪʩʷ ʪʝʤ ʩʘʤʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʜʦʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʢʦʪʦʨʳʡ 

ʠʛʨʘʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʨʦʣʴ ʚ ʦʧʝʨʘʮʠʠ ʜʦʝʥʠʷ. ʀʤʝʥʥʦ ʧʫʣʴʩʘʪʦʨ ʟʘʜʘʸʪ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʪʘʢʠʝ ʢʘʢ ʪʘʢʪ ʠ ʯʘʩʪʦʪʘ ʧʫʣʴʩʘʮʠʡ. 

ʇʫʣʴʩʘʪʦʨʳ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ: ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʠ 

ʧʦʧʘʨʥʦʛʦ ʜʦʝʥʠʷ, ʪʘʢʠʝ ʚʠʜʳ ʧʫʣʴʩʘʪʦʨʦʚ ʟʘʥʠʤʘʶʪ ʦʩʥʦʚʥʫʶ ʯʘʩʪʴ ʨʳʥʢʘ ʠ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʸʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ ʤʦʣʦʯʥʦ-ʪʦʚʘʨʥʳʭ ʬʝʨʤʘʭ. ʊʘʢ ʞʝ 

ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʨʘʙʦʪʢʠ ʧʫʣʴʩʘʪʦʨʦʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʧʦʜʭʦʜʷʱʠʭ ʢ ʢʘʞʜʦʡ 

ʯʘʩʪʠ ʚʳʤʝʥʠ, ʥʦ ʠʟ-ʟʘ ʩʣʦʞʥʦʩʪʠ ʩʚʦʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʜʦʨʦʛʦʚʠʟʥʳ, ʦʥʠ ʥʝ 

ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

ʄʥʦʞʝʩʪʚʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʧʦʧʘʨʥʦʛʦ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ 

ʜʦʝʥʠʷ ʚʳʷʚʠʣʠ, ʯʪʦ ʤʝʭʘʥʠʟʤ ʧʦʧʘʨʥʦʛʦ ʜʦʝʥʠʷ ʙʣʠʞʝ ʚʩʝʛʦ ʢ ʝʩʪʝʩʪʚʝʥʥʦʤʫ 

ʧʦʣʫʯʝʥʠʶ ʤʦʣʦʢʘ, ʯʪʦ ʚʣʝʯʸʪ ʟʘ ʩʦʙʦʡ ʩʥʠʞʝʥʠʝ ʩʪʨʝʩʩʘ, ʘ ʪʘʢʞʝ ʨʠʩʢʘ 

ʟʘʙʦʣʝʚʘʥʠʷ ʨʘʟʣʠʯʥʳʤʠ ʙʦʣʝʟʥʷʤʠ ʤʦʣʦʢʦʧʨʦʜʫʮʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ 

ʞʠʚʦʪʥʦʛʦ.  

ʇʦ ʧʨʠʥʮʠʧʫ ʨʘʙʦʪʳ ʧʫʣʴʩʘʪʦʨʳ ʤʦʞʥʦ ʧʦʜʨʘʟʜʝʣʠʪʴ ʥʘ ʯʝʪʳʨʝ 

ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ: ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ, ʧʦʨʰʥʝʚʳʝ, ʰʘʨʠʢʦʚʳʝ ʠ ʤʝʤʙʨʘʥʥʳʝ.  

ʄʝʭʘʥʠʟʤ ʨʘʙʦʪʳ ʧʫʣʴʩʘʪʦʨʘ ʧʦʨʰʥʝʚʦʛʦ ʪʠʧʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʚʨʘʪʥʦ-

ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʜʚʠʞʝʥʠʷʭ ʧʦʨʰʥʷ ʚ ʮʠʣʠʥʜʨʝ, ʟʘ ʩʯʸʪ ʜʝʡʩʪʚʠʷ ʚʘʢʫʫʤʘ ʠ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ. ɺʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʩʠʩʪʝʤʘ ʧʦʦʯʝʨʸʜʥʦ ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ 

ʚʘʢʫʫʤʦʤ ʠ ʚʦʟʜʫʭʦʤ. ʆʩʥʦʚʥʳʤʠ ʤʠʥʫʩʘʤʠ ʧʫʣʴʩʘʪʦʨʘ ʧʦʨʰʥʝʚʦʛʦ ʪʠʧʘ 

ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʧʘʨʥʦʛʦ ʜʦʝʥʠʷ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʨʦʠʟʚʦʜʠʪʴ ʯʘʩʪʦʝ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʪʘʢ ʢʘʢ ʦʪʩʫʪʩʪʚʠʝ ʩʤʘʟʢʠ ʚ 

ʮʠʣʠʥʜʨʦʧʦʨʰʥʝʚʦʡ ʛʨʫʧʧʝ ʚʣʝʯʸʪ ʟʘ ʩʦʙʦʡ ʠʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ ʧʫʣʴʩʘʮʠʡ. 

ʄʝʤʙʨʘʥʥʳʝ ʧʫʣʴʩʘʪʦʨʳ ʧʦ ʤʝʭʘʥʠʟʤʫ ʩʚʦʝʡ ʨʘʙʦʪʳ ʩʭʦʞʠ ʩ 

ʧʦʨʰʥʝʚʳʤʠ, ʥʦ ʚ ʥʠʭ ʬʫʥʢʮʠʶ ʧʦʨʰʥʷ ʚʳʧʦʣʥʷʝʪ ʤʝʤʙʨʘʥʘ, ʧʨʠʚʦʜʠʤʘʷ ʚ 

ʜʚʠʞʝʥʠʝ ʟʘ ʩʯʝʪ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ ʠ ʩʤʝʱʘʶʱʘʷ ʧʨʠ ʵʪʦʤ ʩʪʝʨʞʝʥʴ ʩ ʜʚʫʤʷ 

ʢʣʘʧʘʥʘʤʠ.  

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʫʣʴʩʘʪʦʨʳ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʨʝʜʳʜʫʱʠʭ ʥʘʣʠʯʠʝʤ 

ʜʨʫʛʦʡ ʜʚʠʞʫʱʝʡ ʩʠʣʳ. ɽʩʣʠ ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʧʦʨʰʥʝʚʦʛʦ ʠ ʤʝʤʙʨʘʥʥʦʛʦ ʪʠʧʘ 

ʵʪʦʡ ʩʠʣʦʡ ʷʚʣʷʝʪʩʷ ʚʘʢʫʫʤ, ʪʦ ʜʣʷ ʨʘʙʦʪʳ ʵʪʦʛʦ ʤʝʭʘʥʠʟʤʘ ʥʝʦʙʭʦʜʠʤ 

ʧʝʨʝʤʝʥʥʳʡ ʠʣʠ ʧʦʩʪʦʷʥʥʳʡ ʪʦʢ ʩ ʥʘʧʨʷʞʝʥʠʝʤ 12 ʠʣʠ 24 ɺ. ɺ ʢʦʥʩʪʨʫʢʮʠʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʫʣʴʩʘʪʦʨʘ ʟʘʪʚʦʨʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʷʚʣʷʝʪʩʷ 
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ʬʝʨʨʠʤʘʛʥʠʪʥʳʡ ʩʪʝʨʞʝʥʴ, ʙʣʦʢʠʨʫʶʱʠʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʠʥʜʫʢʮʠʠ, ʧʦʩʪʫʧʣʝʥʠʝ ʚ ʢʘʤʝʨʫ ʜʦʠʣʴʥʦʛʦ ʩʪʘʢʘʥʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʠ 

ʚʘʢʫʫʤʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʪʢʨʳʪʠʝ ʠ ʟʘʢʨʳʪʠʝ ʩʦʩʢʦʚʦʡ ʨʝʟʠʥʳ. 

ʐʘʨʠʢʦʚʳʡ ʤʝʭʘʥʠʟʤ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʘʧʧʘʨʘʪʘʭ, ʛʜʝ ʜʣʷ ʢʘʞʜʦʛʦ ʩʪʘʢʘʥʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʚʦʡ ʧʫʣʴʩʘʪʦʨ. ʋʩʪʨʦʡʩʪʚʦ ʠʤʝʝʪ ʢʨʘʡʥʝ ʧʨʦʩʪʫʶ ʢʦʥʩʪʨʫʢʮʠʶ. 

ʎʠʣʠʥʜʨ ʩ ʙʦʣʴʰʠʤ ʠ ʤʝʥʴʰʠʤ ʰʘʨʠʢʘʤʠ, ʠʤʝʶʱʠʡ ʧʘʪʨʫʙʦʢ ʧʫʣʴʩʠʨʫʶʱʝʛʦ 

ʠ ʧʦʩʪʦʷʥʥʦʛʦ ʚʘʢʫʫʤʘ. ʅʝʜʦʩʪʘʪʢʦʤ ʠʟʚʝʩʪʥʦʛʦ ʰʘʨʠʢʦʚʦʛʦ ʧʫʣʴʩʘʪʦʨʘ 

ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʩʪʦʷʥʥʦʝ ʯʠʩʣʦ ʧʫʣʴʩʘʮʠʡ ʧʨʠ 

ʦʪʢʣʦʥʝʥʠʠ ʝʛʦ ʦʪ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ. 

ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʫʣʴʩʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʤʝʥʳ ʪʘʢʪʦʚ ʠ ʯʘʩʪʦʪʳ ʧʫʣʴʩʘʮʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʘ ʤʦʣʦʢʘ ʠʣʠ ʩʫʱʝʩʪʚʫʶʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ 

ʷʚʣʷʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʘʜʘʧʪʠʚʥʳʤʠ. ʊʘʢ ʢʘʢ ʜʦʣʠ ʚʳʤʝʥʠ ʢʦʨʦʚʳ ʨʘʟʚʠʪʳ 

ʥʝʨʘʚʥʦʤʝʨʥʦ, ʠʭ ʤʝʥʝʝ ʧʨʦʜʫʢʪʠʚʥʳʝ ʯʘʩʪʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʠʟʙʳʪʦʯʥʦʤʫ 

ʚʘʢʫʫʤʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʩʢʦʨʦʩʪʠ ʤʦʣʦʢʦʦʪʜʘʯʠ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʨʘʟʚʠʪʠʶ ʨʘʟʣʠʯʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ ʚʳʤʝʥʠ, ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʤʘʩʪʠʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʨʘʟʨʘʙʦʪʢʘ ʧʫʣʴʩʘʪʦʨʘ ʘʜʘʧʪʠʚʥʦʛʦ ʜʦʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʧʨʝʜʧʦʣʘʛʘʶʱʝʛʦ 

ʧʨʷʤʫʶ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʧʦʪʦʢʦʤ ʤʦʣʦʢʘ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʚʥʝʩʝʥʠʝʤ 

ʢʦʨʨʝʢʪʠʚ ʚ ʧʘʨʘʤʝʪʨʳ ʧʫʣʴʩʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʘʞʜʦʡ ʧʘʨʳ 

ʜʦʣʝʡ ʚʳʤʝʥʠ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ.  
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ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʨʘʟʨʘʙʦʪʦʢ ʢʦʥʩʪʨʫʢʮʠʡ ʩʝʣʴʩʢʦ-

ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ, ʟʘʱʠʱʝʥʥʳʭ ʧʘʪʝʥʪʘʤʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 
ʈʘʟʨʘʙʦʪʘʥʳ ʢʦʥʩʪʨʫʢʮʠʠ  ʤʘʰʠʥ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ, 
ʧʦʩʝʚʘ ʠ ʧʦʩʘʜʢʠ, ʫʙʦʨʢʠ ʢʦʨʤʦʚʳʭ ʢʫʣʴʪʫʨ, ʫʙʦʨʢʠ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ, 
ʧʦʩʣʝʫʙʦʨʦʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʟʝʨʥʘ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ. ɺʩʝ 
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ʧʘʪʝʥʪʦʚ. 
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Abstract. An overview of the designs of agricultural machinery protected by 

patents of the Russian Federation is presented. Designs of machines and technical 
means for tillage, sowing and planting, harvesting of forage crops, harvesting of grain 
crops, post-harvest processing of grain and auxiliary technical means have been 
developed. All 29 patents were executed on the basis of the Yaroslavl State 
Agricultural Academy. Yaroslavl State Agricultural Academy is the patent  holder of 
these patents. 

Keywords: patent, design, technical means, agricultural machinery. 
 
ɻʣʘʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʚʳʩʦʢʠʭ 

ʫʨʦʞʘʝʚ ʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ. ɺʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʟʘʜʘʯ 
ʷʚʣʷʝʪʩʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ. ʇʨʝʜʩʪʘʚʣʷʝʤ 
ʢʦʤʧʣʝʢʩ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, 
ʟʘʱʠʱʝʥʥʳʭ ʧʘʪʝʥʪʘʤʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

 

ʄʝʪʦʜʠʢʘ 

ɺ ʧʘʪʝʥʪʘʭ ʧʨʝʜʣʘʛʘʶʪʩʷ ʢʦʥʩʪʨʫʢʮʠʠ  ʤʘʰʠʥ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ, ʧʦʩʝʚʘ ʠ ʧʦʩʘʜʢʠ, ʫʙʦʨʢʠ ʢʦʨʤʦʚʳʭ ʢʫʣʴʪʫʨ, ʫʙʦʨʢʠ 
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ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ, ʧʦʩʣʝʫʙʦʨʦʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʟʝʨʥʘ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ.   

ʂ ʧʘʪʝʥʪʘʤ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʤʘʰʠʥ ʦʪʥʦʩʷʪʩʷ: ʧʣʫʛʠ [1, 2], 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʦʨʫʜʠʝ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʠ ʩʧʦʩʦʙ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ [3], 

ʨʦʪʦʨ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʡ ʤʘʰʠʥʳ [4], ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʘʛʨʝʛʘʪ ʠ ʩʧʦʩʦʙ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ [5], ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʠ ʧʦʩʝʚʘ ʠ ʩʧʦʩʦʙ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ [6], ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ 

ʘʛʨʝʛʘʪ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ [7], ʢʫʣʴʪʠʚʘʪʦʨ [8], ʧʘʭʦʪʥʳʡ ʘʛʨʝʛʘʪ [9]. ʅʘ ʨʠʩʫʥʢʝ 

1 ʧʨʝʜʩʪʘʚʣʝʥ ʧʣʫʛ ʩ ʫʨʘʚʥʦʚʝʰʝʥʥʳʤʠ ʢʦʨʧʫʩʘʤʠ [1]. 
 

 
 

ʈʠʩʫʥʦʢ 1 ï ʇʣʫʛ ʩ ʫʨʘʚʥʦʚʝʰʝʥʥʳʤʠ ʢʦʨʧʫʩʘʤʠ 

 

ʂ ʧʘʪʝʥʪʘʤ ʧʦʩʝʚʥʳʭ ʠ ʧʦʩʘʜʦʯʥʳʭ ʤʘʰʠʥ ʦʪʥʦʩʷʪʩʷ: ʨʷʜʦʚʘʷ ʩʝʷʣʢʘ 

[10], ʢʘʨʪʦʬʝʣʝʧʦʩʘʜʦʯʥʘʷ ʤʘʰʠʥʘ [11], ʢʘʨʪʦʬʝʣʝʩʦʨʪʠʨʦʚʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ 

[12], ʨʷʜʦʚʘʷ ʩʝʷʣʢʘ [13]. 

ʇʘʪʝʥʪʳ ʤʘʰʠʥ ʜʣʷ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ: ʤʘʰʠʥʘ ʜʣʷ ʟʘʛʨʫʟʢʠ ʠ 

ʨʘʟʙʨʘʩʳʚʘʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʠ ʩʧʦʩʦʙ ʟʘʛʨʫʟʢʠ 

ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ [14], ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ ʜʣʷ ʟʘʛʨʫʟʢʠ, ʧʝʨʝʚʦʟʢʠ ʠ 

ʚʳʛʨʫʟʢʠ ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ [15]. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥ ʨʘʟʙʨʘʩʳʚʘʪʝʣʴ 

ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʩ ʩʘʤʦʟʘʛʨʫʟʢʦʡ [14]. 

 
ʈʠʩʫʥʦʢ 2 ï ʈʘʟʙʨʘʩʳʚʘʪʝʣʴ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ  ʩ ʩʘʤʦʟʘʛʨʫʟʢʦʡ 
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ʋʙʦʨʢʘ ʢʦʨʤʦʚʳʭ ʢʫʣʴʪʫʨ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʣʝʜʫʶʱʠʤʠ ʧʘʪʝʥʪʘʤʠ: 

ʘʛʨʝʛʘʪ ʜʣʷ ʫʙʦʨʢʠ ʪʨʘʚ ʠ ʩʧʦʩʦʙ ʫʙʦʨʢʠ ʪʨʘʚ [16], ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ ʜʣʷ 

ʧʦʛʨʫʟʢʠ, ʧʝʨʝʚʦʟʢʠ ʠ ʨʘʟʛʨʫʟʢʠ ʨʫʣʦʥʦʚ ʩʝʥʘʞʘ ʠ ʩʝʥʘ [17], ʪʨʘʥʩʧʦʨʪʥʦʝ 

ʩʨʝʜʩʪʚʦ ʜʣʷ ʟʘʛʨʫʟʢʠ, ʧʝʨʝʚʦʟʢʠ ʠ ʨʘʟʛʨʫʟʢʠ ʨʫʣʦʥʦʚ ʩʝʥʘ [18], ʪʨʘʥʩʧʦʨʪʥʦʝ 

ʩʨʝʜʩʪʚʦ ʜʣʷ ʧʦʛʨʫʟʢʠ, ʧʝʨʝʚʦʟʢʠ ʠ ʨʘʟʛʨʫʟʢʠ ʨʫʣʦʥʦʚ ʩʝʥʘʞʘ ʠ ʩʝʥʘ [19]. ʅʘ 

ʨʠʩʫʥʢʝ 3 ʧʦʢʘʟʘʥʦ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʨʫʣʦʥʦʚ ʩʝʥʘʞʘ ʩ 

ʟʘʜʥʝʡ ʟʘʛʨʫʟʢʦʡ [19]. 

ʇʘʪʝʥʪʳ  ʤʘʰʠʥ ʜʣʷ ʫʙʦʨʢʠ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ: ʟʝʨʥʦʫʙʦʨʦʯʥʳʡ 

ʢʦʤʙʘʡʥ [20], ʟʝʨʥʦʫʙʦʨʦʯʥʳʡ ʢʦʤʙʘʡʥ [21], ʟʝʨʥʦʫʙʦʨʦʯʥʳʡ ʢʦʤʙʘʡʥ [22], 

ʟʝʨʥʦʫʙʦʨʦʯʥʳʡ ʢʦʤʙʘʡʥ [23], ʪʝʧʣʦʛʝʥʝʨʘʪʦʨ [24]. 

ʂ ʤʘʰʠʥʘʤ ʜʣʷ ʧʦʩʣʝʫʙʦʨʦʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʟʝʨʥʘ ʦʪʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʧʘʪʝʥʪʳ: ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʘʷ ʤʘʰʠʥʘ [25], 

ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʨʦʪʦʨʥʘʷ ʩʫʰʠʣʢʘ [26]. 

ʂ ʧʘʪʝʥʪʘʤ, ʚ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ 

ʩʨʝʜʩʪʚʘ, ʦʪʥʦʩʷʪʩʷ: ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʫʧʨʘʚʣʷʝʤʳʡ ʧʨʠʚʦʜ ʥʘʩʦʩʘ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ [27], ʫʩʪʨʦʡʩʪʚʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʨʘʙʦʪʳ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ [28], ʩʧʦʩʦʙ ʫʚʝʣʠʯʝʥʠʷ ʨʝʩʫʨʩʘ ʪʦʧʣʠʚʦʧʨʦʚʦʜʦʚ ʠʟ 

ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜʘ ʤʝʪʦʜʦʤ ʠʭ ʪʝʨʤʦʜʠʬʬʫʟʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ [29].   

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʊʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʨʫʣʦʥʦʚ ʩʝʥʘʞʘ  

ʩ ʟʘʜʥʝʡ ʟʘʛʨʫʟʢʦʡ 
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ɺʳʚʦʜʳ 

 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʝʜʩʪʘʚʣʝʥ ʢʦʤʧʣʝʢʩ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʟʘʱʠʱʝʥʥʳʭ ʧʘʪʝʥʪʘʤʠ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ. ʇʘʪʝʥʪʦʦʙʣʘʜʘʪʝʣʝʤ ʷʚʣʷʝʪʩʷ ʗʨʦʩʣʘʚʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ. 

 
 

ʈʠʩʫʥʦʢ 4 ï ʂʦʤʧʣʝʢʩ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʟʘʱʠʱʝʥʥʳʭ ʧʘʪʝʥʪʘʤʠ 
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ʅʘʫʯʥʘʷ ʩʪʘʪʴʷ 

ʋɼʂ 637.131:534-8 

ʆɹʈɸɹʆʊʂɸ ʄʆʃʆʂɸ ʇʈʀ ʇʆʄʆʑʀ ʋʃʔʊʈɸɿɺʋʂʆɺʆʁ 

ʊɽʍʅʆʃʆɻʀʀ 
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ɸʥʥʦʪʘʮʠʷ. ʋʣʴʪʨʘʟʚʫʢʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʤʦʣʦʢʘ ʷʚʣʷʝʪʩʷ ʠʥʥʦʚʘʮʠʦʥʥʳʤ 

ʤʝʪʦʜʦʤ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʤʦʣʦʯʥʦʡ 

ʧʨʦʜʫʢʮʠʠ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʤʦʣʦʢʘ, ʘ ʪʘʢʞʝ ʝʝ ʚʣʠʷʥʠʝ ʥʘ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʦʣʦʢʘ. ʊʘʢʞʝ 

ʦʧʠʩʳʚʘʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʛʦ ʤʝʪʦʜʘ ʚ ʧʠʱʝʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
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Abstract. Ultrasonic processing of milk is an innovative method that improves 

the quality and safety of dairy products. This article discusses the basic principles and 
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advantages of ultrasonic processing of milk, as well as its effect on the 

microbiological and physicochemical properties of milk. The prospects for using this 

method in the food industry are also described. 

Keywords: ultrasound treatment, ultrasound, milk, advantages. 

 

ɺʠʜʳ ʦʙʨʘʙʦʪʢʠ ʤʦʣʦʢʘ 

ʊʝʧʣʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʤʦʣʦʢʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʠ ʥʝʦʙʭʦʜʠʤʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʢʦʪʦʨʘʷ ʧʨʦʚʦʜʠʪʩʷ ʜʣʷ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʵʪʦʡ ʦʙʨʘʙʦʪʢʠ ʟʘʚʠʩʠʪ ʦʪ ʪʝʨʤʦʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʣʦʢʘ, ʢʦʪʦʨʘʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ ʙʝʣʢʦʚʳʤ, ʩʦʣʝʚʳʤ ʩʦʩʪʘʚʦʤ ʠ ʢʠʩʣʦʪʥʦʩʪʴʶ. ʕʪʠ ʬʘʢʪʦʨʳ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʟʘʚʠʩʷʪ ʦʪ ʚʨʝʤʝʥʠ ʛʦʜʘ, ʧʝʨʠʦʜʘ ʣʘʢʪʘʮʠʠ, ʬʠʟʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʠ ʧʦʨʦʜʳ ʞʠʚʦʪʥʳʭ, ʘ ʪʘʢʞʝ ʨʝʞʠʤʦʚ ʠ ʨʘʮʠʦʥʘ ʢʦʨʤʣʝʥʠʷ.  

ʇʘʩʪʝʨʠʟʘʮʠʷ ʤʦʣʦʢʘ ï ʵʪʦ ʧʨʦʮʝʩʩ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘʧʠʪʢʘ, ʚ ʭʦʜʝ 

ʢʦʪʦʨʦʛʦ ʤʦʣʦʢʦ ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ 63-100 ʛʨʘʜʫʩʦʚ ʧʦ ʎʝʣʴʩʠʶ. ʇʘʩʪʝʨʠʟʘʮʠʷ 

ʵʬʬʝʢʪʠʚʥʘ ʙʣʘʛʦʜʘʨʷ ʧʨʘʚʠʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ ʤʦʣʦʢʘ 

ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʨʝʞʠʤʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʘʩʪʝʨʠʟʘʮʠʠ ʫʥʠʯʪʦʞʘʶʪʩʷ ʪʦʣʴʢʦ 

ʧʘʪʦʛʝʥʥʳʝ ʙʘʢʪʝʨʠʠ, ʩʦʭʨʘʥʷʷ ʧʦʣʝʟʥʫʶ ʤʦʣʦʯʥʫʶ ʤʠʢʨʦʬʣʦʨʫ ʠ 

ʦʧʪʠʤʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʠʪʢʘ, ʪʘʢʠʝ ʢʘʢ ʢʦʥʩʠʩʪʝʥʮʠʷ, ʚʢʫʩ ʠ ʟʘʧʘʭ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʣʴʪʨʘʟʚʫʢʘ ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʪʨʘʩʣʷʭ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʚ ʧʨʦʮʝʩʩʝ ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʩʳʨʴʷ, ʚ 

ʪʝʭʥʦʣʦʛʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʠ ʚʝʱʝʩʪʚ, ʧʨʠ ʵʪʦʤ ʦʙʝʩʧʝʯʠʚʘʷ ʟʘʱʠʪʫ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʧʫʪʝʤ ʫʩʠʣʝʥʠʷ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʏʘʩʪʦ ʫʣʴʪʨʘʟʚʫʢʦʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ ʠʥʪʝʛʨʠʨʦʚʘʥʦ ʚ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʝʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ 

ʧʨʦʮʝʩʩʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʦ. ɹʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ ʵʬʬʝʢʪʫ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʷʭ. 

ʋʣʴʪʨʘʟʚʫʢ-ʵʪʦ ʤʝʭʘʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʩ ʯʘʩʪʦʪʦʡ ʦʪ 20 ʢɻʎ ʜʦ 1 ɻɻʮ, 

ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʩʧʦʩʦʙʥʦʩʪʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʫʭʘ ʚʦʩʧʨʠʥʠʤʘʪʴ 

ʟʚʫʢ, ʠ ʦʥʠ ʤʦʛʫʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʚ ʛʘʟʘʭ, ʞʠʜʢʦʩʪʷʭ ʠ ʪʚʝʨʜʳʭ ʪʝʣʘʭ. 

ʂʦʣʝʙʘʥʠʷ ʫʣʴʪʨʘʟʚʫʢʘ ʤʳ ʤʦʞʝʤ ʫʚʠʜʝʪʴ ʥʘ ʨʠʩʫʥʢʝ 1. 
 

 
ʈʠʩʫʥʦʢ 1 ï ʂʦʣʝʙʘʥʠʷ ʫʣʴʪʨʘʟʚʫʢʘ 
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ʈʘʩʩʤʦʪʨʠʤ ʚ ʢʘʢʠʭ ʩʣʫʯʘʷʭ ʤʳ ʤʦʞʝʤ ʧʨʠʤʝʥʷʪʴ ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ 

ʢʦʣʝʙʘʥʠʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʤʦʣʦʢʘ.  

ʍʨʘʥʝʥʠʝ ʟʘʤʦʨʦʞʝʥʥʦʛʦ ʤʦʣʦʢʘ ʫʞʝ ʜʘʚʥʦ ʠʟʚʝʩʪʥʦ, ʥʦ ʧʦʩʣʝ 

ʨʘʟʤʦʨʘʞʠʚʘʥʠʷ ʦʥʦ ʯʘʩʪʦ ʤʝʥʷʝʪ ʚʢʫʩ ʠ ʪʝʢʩʪʫʨʫ. ʆʜʥʘʢʦ ʝʩʣʠ 

ʧʘʩʪʝʨʠʟʦʚʘʥʥʦʝ ʤʦʣʦʢʦ ʦʙʨʘʙʦʪʘʪʴ ʫʣʴʪʨʘʟʚʫʢʦʤ ʧʝʨʝʜ ʟʘʤʦʨʘʞʠʚʘʥʠʝʤ, ʝʛʦ 

ʤʦʞʥʦ ʭʨʘʥʠʪʴ ʧʨʠ ʤʠʥʫʩ 12 ÁC ʠ ʧʦʩʣʝ ʨʘʟʤʦʨʘʞʠʚʘʥʠʷ ʦʥʦ ʙʫʜʝʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʩʚʝʞʝʛʦ. ɿʘʤʦʨʦʞʝʥʥʦʝ ʤʦʣʦʢʦ, ʢʦʪʦʨʦʝ ʧʨʦʰʣʦ 

ʫʣʴʪʨʘʟʚʫʢʦʚʫʶ ʦʙʨʘʙʦʪʢʫ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʘ ʨʠʩʫʥʢʝ 2. 

 
ʈʠʩʫʥʦʢ 2 ï ɿʘʤʦʨʦʞʝʥʥʦʝ ʤʦʣʦʢʦ, ʧʨʦʰʝʜʰʝʝ ʫʣʴʪʨʘʟʚʫʢʦʚʫʶ ʦʙʨʘʙʦʪʢʫ 

 

ʊʘʢʞʝ ʫʣʴʪʨʘʟʚʫʢ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʦʨʦʰʢʦʚʦʛʦ ʤʦʣʦʢʘ. 

ʉʥʘʯʘʣʘ ʩʚʝʞʝʝ ʤʦʣʦʢʦ ʟʘʤʦʨʘʞʠʚʘʝʪʩʷ ʜʦ ʤʠʥʫʩ 16Áʉ, ʘ ʟʘʪʝʤ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ. ʇʦʨʦʰʦʢ, ʧʦʣʫʯʝʥʥʳʡ ʵʪʠʤ ʩʧʦʩʦʙʦʤ, ʠʤʝʝʪ ʙʦʣʝʝ 

ʜʣʠʪʝʣʴʥʳʡ ʩʨʦʢ ʭʨʘʥʝʥʠʷ ʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʙʳʩʪʨʝʝ, ʯʝʤ ʧʦʨʦʰʦʢ, ʧʦʣʫʯʝʥʥʳʡ 

ʤʝʪʦʜʦʤ ʠʩʧʘʨʝʥʠʷ. ʇʦʨʦʰʢʦʚʦʝ ʤʦʣʦʢʦ ʧʨʦʰʝʜʰʝʝ ʫʣʴʪʨʘʟʚʫʢʦʚʫʶ 

ʦʙʨʘʙʦʪʢʫ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 
ʈʠʩʫʥʦʢ 3 ï ʇʦʨʦʰʢʦʚʦʝ ʤʦʣʦʢʦ, ʧʨʦʰʝʜʰʝʝ ʫʣʴʪʨʘʟʚʫʢʦʚʫʶ ʦʙʨʘʙʦʪʢʫ 

 

ɺʦʟʜʝʡʩʪʚʠʝ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʥʘ ʞʠʜʢʠʝ ʩʨʝʜʳ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʚʠʜʝ çʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʚʝʪʨʘè, ʢʦʪʦʨʳʡ ʧʝʨʝʤʝʱʘʝʪ ʯʘʩʪʠʮʳ ʩʨʝʜʳ, ʫʩʢʦʨʷʝʪ 
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ʜʠʬʬʫʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʠʪʴ ʭʠʤʠʯʝʩʢʠʝ ʠ 

ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. ʋʣʴʪʨʘʟʚʫʢ ʪʘʢʞʝ ʚʳʟʳʚʘʝʪ ʢʘʚʠʪʘʮʠʶ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʫʣʴʩʠʨʫʶʱʠʭ ʧʦʣʦʩʪʝʡ ʚ ʞʠʜʢʦʩʪʠ ʠ ʤʦʞʝʪ 

ʠʥʠʮʠʠʨʦʚʘʪʴ ʟʚʫʢʦʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʚʢʣʶʯʘʷ ʨʘʟʨʳʚ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʠ 

ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ. 

 

ʋʩʪʨʦʡʩʪʚʦ 

ʇʴʝʟʦʠʩʪʦʯʥʠʢʠ 1 ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʠʟʣʫʯʝʥʠʡ 

ʢʦʣʴʮʝʚʦʡ ʬʦʨʤʳ ʩ ʥʘʨʫʞʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʩʦʙʨʘʥʳ ʚ 

ʚʠʜʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʦʣʦʛʦ ʮʠʣʠʥʜʨʘ ʠ ʩʪʷʥʫʪʳ ʧʦ 

ʦʩʠ ʩʪʝʨʞʥʝʤ 2 ʯʝʨʝʟ ʚʝʨʭʥʶʶ 3 ʠ ʥʠʞʥʶʶ 4 

ʥʘʢʣʘʜʢʠ, ʚʝʨʭʥʠʝ ʜʠʩʢ 5 ʠ ʰʘʡʙʫ 6, ʥʠʞʥʠʝ ʜʠʩʢʠ 7 

ʠ 8, ʙʘʨʘʰʢʦʤ 9. ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʩʪʝʨʞʥʷ 2 ʠʤʝʝʪ 

ʢʨʶʢ 10 ʜʣʷ ʧʦʜʚʝʩʢʠ ʫʩʪʨʦʡʩʪʚʘ. ʋʧʣʦʪʥʝʥʠʝ 

ʮʠʣʠʥʜʨʘ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʦʢʣʘʜʢʘʤʠ 11 ʤʝʞʜʫ 

ʢʦʣʴʮʘʤʠ 1 ʧʴʝʟʦʠʩʪʦʯʥʠʢʘ ʠ ʨʝʟʦʥʘʥʩʥʦʡ 

ʤʝʤʙʨʘʥʦʡ 12 ʚ ʚʠʜʝ ʰʣʘʥʛʘ ʩ ʪʦʥʢʠʤʠ ʩʪʝʥʢʘʤʠ ʠʟ 

ʵʣʘʩʪʠʯʥʦʡ ʧʠʱʝʚʦʡ ʨʝʟʠʥʳ. ɺʥʫʪʨʠ ʧʦʣʦʛʦ 

ʮʠʣʠʥʜʨʘ ʨʘʟʤʝʱʘʝʪʩʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʢʘʙʝʣʴ ʦʪ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, ʧʦʜʘʶʱʠʡ ʪʦʢ ʥʘ 

ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʠʟʣʫʯʘʪʝʣʠ 1.  

ʋʣʴʪʨʘʟʚʫʢʦʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʤʦʣʦʢʘ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ 

ʦʙʨʘʙʦʪʢʠ ʤʦʣʦʢʘ, ʫʧʨʦʱʘʝʪ ʢʦʥʩʪʨʫʢʮʠʶ ʠ ʜʝʣʘʝʪ 

ʵʢʩʧʣʫʘʪʘʮʠʶ ʙʦʣʝʝ ʫʜʦʙʥʦʡ. 

 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʜʣʷ ʤʦʣʦʢʘ 

1. ʋʩʢʦʨʝʥʠʝ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ 

2. ʋʩʢʦʨʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʙʨʦʞʝʥʠʷ ʠ ʬʝʨʤʝʥʪʘʮʠʠ 

3. ʆʪʢʘʟ ʦʪ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ ʠ ʢʦʥʩʝʨʚʘʥʪʦʚ 

4. ʋʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʤʦʣʦʯʥʦʡ ʧʨʦʜʫʢʮʠʠ 

5. ʕʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʡ çʠʥʩʪʨʫʤʝʥʪè 
 

ʉʧʠʩʦʢ ʠʩʪʦʯʥʠʢʦʚ 

1. ɹʝʟʟʫʙʮʝʚʘ ʄ.ʄ., ɺʦʣʢʦʚ ɺ.ʉ. ʕʣʝʢʪʨʦʪʝʭʥʦʣʦʛʠʠ ʠ 

ʵʣʝʢʪʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ ʚ ɸʇʂ. ï ʉʇʙ: ʉʇʙɻɸʋ, 2012. ï 242 ʩ.  

2. ʍʤʝʣʝʚ ɺ.ʅ., ʇʦʧʦʚʘ ʆ.ɺ. ʄʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ 

ʘʧʧʘʨʘʪʳ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʤʘʣʳʭ ʧʨʦʠʟʚʦʜʩʪʚ, ʩʝʣʴʩʢʦʤ ʠ 

ʜʦʤʘʰʥʝʤ ʭʦʟʷʡʩʪʚʝ: ʤʦʥʦʛʨʘʬʠʷ. ɹʘʨʥʘʫʣ: ʀʟʜ-ʚʦɸʣʪɻʊʋ,1997.ï 160 ʩ.  

3. ɸʢʦʧʷʥ ɺ.ɹ., ɽʨʰʦʚ ʖ.ɸ. ʆʩʥʦʚʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʣʴʪʨʘʟʚʫʢʘ ʩ 

ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ: ʋʯʝʙ. ʧʦʩʦʙʠʝ / ʇʦʜ ʨʝʜ. ʉ.ʀ.ʑʫʢʠʥʘ. ʄ.: ʀʟʜ-ʚʦ 

ʄɻʊʋ ʠʤ. ʅ.ʕ.ɹʘʫʤʘʥʘ, 2005. 224 ʩ.  

4. ʄʘʢʝʝʚ ɺ.ʅ., ʃʦʙʘʥʦʚ ɸ.ɺ., ɿʚʝʨʝʚ ʉ.ɺ. ʋʣʴʪʨʘʟʚʫʢʦʚʳʝ ʛʦʤʦʛʝʥʠʟʘʪʦʨʳ 

ʚ ʤʦʣʦʯʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ // ʇʝʨʝʨʘʙʦʪʢʘ ʤʦʣʦʢʘ. 2006. ˉ 8. ʉ. 22ï23. 

 

 
ʈʠʩʫʥʦʢ 4 ï 

ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ 

ʦʙʨʘʙʦʪʢʠ ʤʦʣʦʢʘ 
 



87 

ʅʘʫʯʥʘʷ ʩʪʘʪʴʷ 

ʋɼʂ 608.2 

ʇʆɺʓʐɽʅʀɽ ʉʊɽʇɽʅʀ ʌʀʃʔʊʈɸʎʀʀ ʄɸʉʃɸ 

ɺ ɸɺʊʆʊʈɸʂʊʆʈʅʓʍ ɼʀɿɽʃʗʍ 

 

ɼʦʢʪʦʨ ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ ʇ.ʉ. ʆʨʣʦʚ;  

ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ ʀ.ʄ. ʉʦʮʢʘʷ;  

ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ ɸ.ʉ. ʋʛʣʦʚʩʢʠʡ;  

ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ ɺ.ʇ. ɼʤʠʪʨʝʥʢʦ; ʜʦʮʝʥʪ ʈ.ɼ. ɸʜʘʢʠʥ 

(ʌɻɹʆʋ ɺʆ çʗʨʦʩʣʘʚʩʢʠʡ ɻɸʋè, ʗʨʦʩʣʘʚʣʴ, ʈʦʩʩʠʷ) 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʠʤʝʨʥʦʛʦ 

ʬʠʣʴʪʨʘ ɼɺʉ. ʌʠʣʴʪʨ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʬʠʣʴʪʨʫʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ɺ ʧʨʦʮʝʩʩʝ 

ʨʘʙʦʪʳ ʬʠʣʴʪʨʫʶʱʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʙʠʚʘʶʪʩʷ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʯʘʩʪʠʮʘʤʠ ʠ 

ʧʨʦʜʫʢʪʘʤʠ ʦʢʠʩʣʝʥʠʷ ʤʘʩʣʘ. ɺ ʩʪʘʪʴʝ ʘʚʪʦʨʳ ʧʨʝʜʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʥʝʩʢʦʣʴʢʦ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʠʟʣʫʯʘʪʝʣʝʡ ʜʣʷ ʦʯʠʩʪʢʠ ʬʠʣʴʪʨʫʶʱʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ʫʧʨʘʚʣʝʥʠʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ ʧʨʦʮʝʩʩʦʤ ʦʯʠʩʪʢʠ ʬʠʣʴʪʨʘ. ʇʨʦʛʨʘʤʤʘ ʫʧʨʘʚʣʷʝʪ 

ʦʪʢʨʳʪʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʠ ʢʦʥʝʯʥʳʭ ʢʣʘʧʘʥʦʚ ʜʣʷ ʫʜʘʣʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʡ, 

ʧʨʠ ʵʪʦʤ ʧʨʦʛʨʘʤʤʘ ʚʢʣʶʯʘʝʪ ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʠʟʣʫʯʘʪʝʣʠ ʜʣʷ ʙʦʣʝʝ ʫʩʧʝʰʥʦʛʦ 

ʚʳʭʦʜʘ ʟʘʛʨʷʟʥʝʥʠʡ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʣʠʤʝʨʥʳʡ ʬʠʣʴʪʨ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʦʯʠʩʪʢʘ ʬʠʣʴʪʨʘ, 
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Abstract. The article discusses the use of an internal combustion engine 

polymer filter. The filter consists of two filter surfaces. During operation, the filter 

surfaces are clogged with metal particles and oil oxidation products. In the article, the 

authors suggest using several ultrasonic emitters to clean the filter surfaces. For this 

purpose, a program has been developed to control the automated filter cleaning 

process. The program controls the opening of the intermediate and final valves to 

remove impurities, while the program includes ultrasonic emitters for a more 

successful release of impurities. 

Keywords: polymer filter, automation, filter cleaning, oil pollution removal. 

 



88 

ʇʨʦʮʝʩʩ ʦʯʠʩʪʢʠ ʤʘʩʣʘ ʚ ʜʚʠʛʘʪʝʣʝ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ (ɼɺʉ) 

ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʧʨʦʭʦʞʜʝʥʠʷ ʤʘʩʣʘ ʯʝʨʝʟ ʬʠʣʴʪʨ, ʢʦʪʦʨʳʡ ʟʘʜʝʨʞʠʚʘʝʪ 

ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ ʨʘʟʤʝʨʘʤʠ 10 é 30 ʤʢʤ. ɿʘʪʝʤ, ʤʘʩʣʦ ʧʦʩʪʫʧʘʝʪ ʚ ʛʣʘʚʥʫʶ 

ʤʘʩʣʷʥʫʶ ʤʘʛʠʩʪʨʘʣʴ, ʛʜʝ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʤʝʞʜʫ ʧʦʜʰʠʧʥʠʢʘʤʠ ʢʦʣʝʥʚʘʣʘ ʠ 

ʦʧʦʨʥʳʤʠ ʰʝʡʢʘʤʠ ʨʘʩʧʨʝʜʚʘʣʘ ʠ ʜʘʣʝʝ ʥʘʧʨʘʚʣʷʝʪʩʷ ʥʘ ʜʨʫʛʠʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʪʨʝʥʠʷ.  

ʇʦʚʝʨʭʥʦʩʪʴ ʬʠʣʴʪʨʘ ʟʘʩʦʨʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʪʚʝʨʜʳʤʠ ʯʘʩʪʠʮʘʤʠ, ʥʦ ʠ 

ʧʨʦʜʫʢʪʘʤʠ ʦʢʠʩʣʝʥʠʷ ʤʘʩʣʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʩʧʝʮʠʘʣʴʥʳʝ ʧʨʠʩʘʜʢʠ, ʢʦʪʦʨʳʝ 

ʜʦʣʞʥʳ ʧʝʨʝʚʦʜʠʪʴ ʧʨʦʜʫʢʪʳ ʦʢʠʩʣʝʥʠʷ ʤʘʩʣʘ ʚ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʝ ʩʦʩʪʦʷʥʠʝ, 

ʵʪʠ ʧʨʦʜʫʢʪʳ ʚ ʞʝʣʝʦʙʨʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠʤʝʶʪ ʨʘʟʤʝʨʳ, ʧʨʝʚʳʰʘʶʱʠʝ 

ʨʘʟʤʝʨʳ ʧʦʨ ʚ ʬʠʣʴʪʨʫʶʱʠʭ ʵʣʝʤʝʥʪʘʭ. ʕʪʦ ʚʝʜʝʪ ʢ ʫʩʢʦʨʝʥʥʦʤʫ ʟʘʩʦʨʝʥʠʶ 

ʬʠʣʴʪʨʦʚ [1].  

ɼʘʣʴʥʝʡʰʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʠʣʴʪʨʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʦʭʦʞʜʝʥʠʷ ʤʘʩʣʘ ʯʝʨʝʟ ʬʠʣʴʪʨʫʶʱʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʯʪʦ 

ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʚʦʟʤʦʞʥʦʤʫ ʨʘʟʨʳʚʫ ʙʫʤʘʞʥʦʡ ʦʩʥʦʚʳ ʬʠʣʴʪʨʘ ʠ 

ʜʘʣʴʥʝʡʰʝʝ ʜʚʠʞʝʥʠʝ ʤʘʩʣʘ ʙʝʟ ʦʯʠʩʪʢʠ, ʣʠʙʦ ʤʘʩʣʦ ʤʦʞʝʪ ʧʦʡʪʠ ʚ ʦʙʭʦʜ 

ʬʠʣʴʪʨʘ ʯʝʨʝʟ ʧʝʨʝʧʫʩʢʥʦʡ ʢʣʘʧʘʥ, ʯʪʦ ʪʦʞʝ ʙʫʜʝʪ ʧʨʦʭʦʜʠʪʴ ʙʝʟ ʧʨʦʮʝʩʩʘ 

ʦʯʠʩʪʢʠ. ʊʘʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʠʣʴʪʨʘ ʧʨʠʚʝʜʝʪ ʢ ʧʦʚʳʰʝʥʥʦʤʫ ʠʟʥʦʩʫ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʝʥʠʷ ɼɺʉ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ʜʣʷ 

ʢʦʥʪʨʦʣʣʝʨʘ ʘʨʜʫʠʥʦ ʤʝʛʘ. ʂʦʥʪʨʦʣʣʝʨ ʦʙʝʩʧʝʯʠʚʘʣ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʦʤ 

ʦʯʠʩʪʢʠ ʧʦʣʠʤʝʨʥʦʛʦ ʬʠʣʴʪʨʘ [2]. ɸʚʪʦʨʳ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ ʦʧʠʨʘʶʪʩʷ ʥʘ 

ʢʦʥʩʪʨʫʢʮʠʶ ʧʦʣʠʤʝʨʥʦʛʦ ʬʠʣʴʪʨʘ, ʥʘ ʢʦʪʦʨʫʶ ʧʦʣʫʯʝʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ï 

ʧʦʣʝʟʥʘʷ ʤʦʜʝʣʴ [3]. 

ɸʚʪʦʨʳ ʧʨʝʜʣʘʛʘʶʪ ʥʦʚʫʶ ʧʨʦʛʨʘʤʤʫ ʜʣʷ ʨʘʙʦʪʳ ʩ ʧʦʣʠʤʝʨʥʳʤ 

ʬʠʣʴʪʨʦʤ. ʂʦʥʪʨʦʣʴ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʬʠʣʴʪʨʘ, ʧʨʦʠʩʭʦʜʠʪ ʩ 

ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʨʠʩ. 1. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʢʦʥʪʨʦʣʣʝʨ 

ʘʨʜʫʠʥʦ ʄʝʛʘ 3 ʷʚʣʷʝʪʩʷ ʧʝʨʝʜʘʪʦʯʥʳʤ ʩʚʷʟʫʶʱʠʤ ʟʚʝʥʦʤ ʤʝʞʜʫ ʬʠʣʴʪʨʦʤ 2 

ʠ ʢʦʤʧʴʶʪʝʨʦʤ 1. ʇʦ ʢʘʥʘʣʫ modbas rtu ʧʨʦʠʩʭʦʜʠʪ ʦʙʤʝʥ ʩʠʛʥʘʣʘʤʠ, ʚʩʷ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʦʩʪʦʷʥʠʠ ʟʘʛʨʷʟʥʝʥʠʷ ʬʠʣʴʪʨʘ ʧʦʩʪʫʧʘʝʪ ʥʘ ʢʦʤʧʴʶʪʝʨ ʠ 

ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʚ ʧʨʦʛʨʘʤʤʝ, ʥʘʧʠʩʘʥʥʦʡ ʥʘ ʷʟʳʢʝ Structured text ST ʚ 

ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ Codesys. ʀʥʩʪʨʫʢʮʠʠ ʠ ʫʧʨʘʚʣʷʶʱʠʝ ʩʠʛʥʘʣʳ ʧʨʦʛʨʘʤʤʘ 

ʥʘʧʨʘʚʣʷʝʪ ʯʝʨʝʟ ʢʦʥʪʨʦʣʣʝʨ ʥʘ ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ ʬʠʣʴʪʨʘ. 

ʄʥʝʤʦʩʭʝʤʘ ʧʨʦʛʨʘʤʤʳ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʘʭ 2 ʠ 3. 

 

 
1 ï ʇʂ ʩ ʧʨʦʛʨʘʤʤʦʡ CODESYS; 2 ï ʂʦʥʪʨʦʣʣʝʨ ʘʨʜʫʠʥʦ ʄʝʛʘ; 3 ï ʬʠʣʴʪʨ ʩ 

ʜʘʪʯʠʢʘʤʠ ʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʦʯʠʩʪʢʠ 
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1 ï ʢʘʥʘʣ ʚʭʦʜʘ ʤʘʩʣʘ; 2 ï ʚʥʝʰʥʷʷ ʬʠʣʴʪʨʫʶʱʘʷ ʧʦʚʝʨʭʥʦʩʪʴ; 3 ï ʚʥʫʪʨʝʥʥʷʷ 

ʬʠʣʴʪʨʫʶʱʘʷ ʧʦʚʝʨʭʥʦʩʪʴ; 4 ï ʩʠʛʥʘʣʴʥʘʷ ʣʘʤʧʘ ʧʨʝʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ; 5 ï ʧʨʦʤʝʞʫʪʦʯʥʳʡ 

ʢʣʘʧʘʥ ʩʙʦʨʘ ʦʪʣʦʞʝʥʠʡ; 6 ï ʢʣʘʧʘʥ ʩʙʨʦʩʘ ʟʘʛʨʷʟʥʝʥʠʡ; 7 ï ʩʠʛʥʘʣʴʥʘʷ ʣʘʤʧʘ ʥʦʨʤʘʣʴʥʦʛʦ 

ʜʘʚʣʝʥʠʷ; 8 ï ʚʳʭʦʜ ʦʯʠʱʝʥʥʦʛʦ ʤʘʩʣʘ; 9 ï ʜʘʪʯʠʢ ʜʘʚʣʝʥʠʷ; 10 ï ʩʠʛʥʘʣʴʥʳʝ ʣʘʤʧʳ 

ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʠʟʣʫʯʘʪʝʣʝʡ. 

ʈʠʩʫʥʦʢ 2 ï ʄʥʝʤʦʩʭʝʤʘ ʬʠʣʴʪʨʘ ʯ.1 

 

 

 
ʈʠʩʫʥʦʢ 3 ï ʄʥʝʤʦʩʭʝʤʘ ʬʠʣʴʪʨʘ ʯ.2 

 

ʄʘʩʣʦ ʧʦʩʪʫʧʘʝʪ ʚ ʬʠʣʴʪʨ ʯʝʨʝʟ ʢʘʥʘʣ 1, ʧʨʦʭʦʜʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʯʠʩʪʢʠ 

ʚʥʫʪʨʝʥʥʶʶ 3 ʠ ʚʥʝʰʥʶʶ 2 ʥʘʧʨʘʚʣʷʝʪʩʷ ʥʘ ʚʳʭʦʜ 8, ʧʨʦʭʦʜʷ ʯʝʨʝʟ ʜʘʪʯʠʢ 

ʜʘʚʣʝʥʠʷ 9, ʨʠʩʫʥʦʢ 2. ʉʠʛʥʘʣ ʦ ʚʝʣʠʯʠʥʝ ʜʘʚʣʝʥʠʷ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʚ 
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ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʘʚʪʦʨʘʤʠ ʧʨʦʛʨʘʤʤʝ ʠ ʚ ʩʣʫʯʘʝ ʥʦʨʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʩʠʛʥʘʣʠʟʠʨʫʝʪ ʣʘʤʧʦʡ 7, ʘ ʚ ʩʣʫʯʘʝ ʧʨʝʚʳʰʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ï ʣʘʤʧʦʡ 4. 

ʅʦʨʤʘʪʠʚ ʥʦʨʤʘʣʴʥʦʛʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʦʣʞʝʥ ʩʦʩʪʘʚʣʷʪʴ 

ʤʝʥʝ 0,3 ʪʝʭʥʠʯʝʩʢʦʡ ʘʪʤʦʩʬʝʨʳ.  

ʇʨʠ ʧʨʝʚʳʰʝʥʠʠ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ 0,3 ʘʪʤ ʚʢʣʶʯʘʝʪʩʷ ʧʨʦʮʝʩʩ 

ʦʯʠʩʪʢʠ ʬʠʣʴʪʨʘ ʚ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʧʦʦʯʝʨʝʜʠ ʚʢʣʶʯʘʶʪʩʷ 4 

ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʠʟʣʫʯʘʪʝʣʷ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʬʠʣʴʪʨʘ 

ʤʘʩʣʘ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʩʚʝʯʝʥʠʝ ʩʠʛʥʘʣʴʥʳʭ ʣʘʤʧ 4, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʥʳ 

ʥʘ ʤʥʝʤʦʩʭʝʤʝ ʨʠʩ. 2. ɺ ʢʦʥʮʝ ʧʨʦʮʝʩʩʘ ʦʯʠʩʪʢʠ ʦʪʢʨʳʚʘʶʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʝ 

ʢʣʘʧʘʥʳ, ʨʘʙʦʪʘ ʢʦʪʦʨʳʭ ʦʪʦʙʨʘʞʘʶʪ ʩʠʛʥʘʣʴʥʳʝ ʣʘʤʧʳ 5. ʏʝʨʝʟ 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʢʣʘʧʘʥʳ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʧʘʜʘʶʪ ʚ ʦʪʩʪʦʡʥʠʢ, ʦʯʠʩʪʢʘ ʢʦʪʦʨʦʛʦ 

ʩʠʛʥʘʣʠʟʠʨʫʝʪ ʣʘʤʧʘ 6. ɺ ʧʨʦʛʨʘʤʤʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʨʫʯʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʢʣʘʧʘʥʘʤʠ ʠ ʫʣʴʪʨʘʟʚʫʢʦʚʳʤʠ ʠʟʣʫʯʘʪʝʣʷʤʠ, ʜʣʷ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʳ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ ʦʪʣʘʜʢʝ. ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʝ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʙʝʟ 

ʢʦʥʪʨʦʣʷ ʧʠʪʘʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʠʥʘʯʝ ʦʙʨʳʚ ʧʨʦʚʦʜʘ ʧʨʠʚʝʜʝʪ 

ʢ ʦʪʢʘʟʫ ʩʠʩʪʝʤʳ, ʧʦʵʪʦʤʫ ʥʘ ʧʨʦʚʦʜʘʭ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʧʦʣʦʞʠʪʴ ʜʘʪʯʠʢʠ 

ʢʦʥʪʨʦʣʷ ʥʘʧʨʷʞʝʥʠʷ. ɺ ʩʣʫʯʘʝ ʦʙʨʳʚʘ ʦʜʥʦʛʦ ʠʟ ʧʨʦʚʦʜʦʚ ʧʨʦʛʨʘʤʤʘ ʚʳʚʝʜʝʪ 

ʦʰʠʙʢʠ ʥʘ ʵʢʨʘʥ ʚ ʚʠʜʝ ʩʚʝʯʝʥʠʷ ʢʨʘʩʥʳʭ ʩʠʛʥʘʣʴʥʳʭ ʣʘʤʧ. ʇʨʦʛʨʘʤʤʘ ʠʤʝʝʪ 

ʩʣʘʡʜʝʨʳ, ʠʤʠʪʠʨʫʶʱʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʬʠʣʴʪʨʘ ʠ ʪʝʤʧʝʨʘʪʫʨʫ ʤʘʩʣʘ, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʟʘʜʘʪʴ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʤʘʩʣʘ ʠ ʧʨʦʚʝʩʪʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʳ ʚ ʨʝʞʠʤʝ ʦʪʣʘʜʢʠ. ʇʨʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʚʠʞʝʥʠʶ ʤʘʩʣʘ ʯʝʨʝʟ ʬʠʣʴʪʨ 

ʙʫʜʝʪ ʠʤʝʪʴ ʝʩʪʝʩʪʚʝʥʥʳʝ ʧʨʝʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ, ʥʝ ʦʟʥʘʯʘʶʱʠʝ ʟʘʙʠʪʦʩʪʴ 

ʬʠʣʴʪʨʘ, ʧʦʵʪʦʤʫ ʧʨʦʛʨʘʤʤʘ ʥʝ ʧʨʦʚʦʜʠʪ ʘʥʘʣʠʟ ʟʥʘʯʝʥʠʡ ʜʘʚʣʝʥʠʷ ʬʠʣʴʪʨʘ ʜʦ 

ʥʘʩʪʫʧʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʩʣʘ ʥʦʣʴ ʛʨʘʜʫʩʦʚ ʮʝʣʴʩʠʷ ʠ ʚʳʰʝ, 

ʪʦʣʴʢʦ ʧʦʩʣʝ ʵʪʦʛʦ ʧʨʦʛʨʘʤʤʘ ʥʘʯʠʥʘʝʪ ʦʮʝʥʠʚʘʪʴ ʟʥʘʯʝʥʠʷ ʜʘʚʣʝʥʠʷ ʤʘʩʣʘ ʚ 

ʬʠʣʴʪʨʝ ʚ ʰʪʘʪʥʦʤ ʨʝʞʠʤʝ. ʈʘʙʦʪʫ ʧʨʦʛʨʘʤʤʳ ʤʦʞʥʦ ʧʨʦʜʫʙʣʠʨʦʚʘʪʴ ʯʝʨʝʟ 

ʦʙʣʘʯʥʫʶ ʩʠʩʪʝʤʫ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʨʘʙʦʪʫ ʬʠʣʴʪʨʘ ʯʝʨʝʟ 

ʠʥʪʝʨʥʝʪ ʥʘ ʩʤʘʨʪʬʦʥʝ ʠʣʠ ʢʦʤʧʴʶʪʝʨʝ, ʣʠʙʦ ʨʘʟʚʝʨʥʫʪʴ ʥʘ ʢʦʤʧʴʶʪʝʨʝ 

ʩʝʨʚʝʨ, ʥʘ ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʤʦʞʥʦ ʚʳʚʦʜʠʪʴ ʜʘʥʥʳʝ ʠ ʧʦʜʢʣʶʯʠʪʴʩʷ ʫʜʘʣʝʥʥʦ ʟʘ 

ʤʦʥʠʪʦʨʠʥʛʦʤ ʨʘʙʦʪʳ ʬʠʣʴʪʨʘ. 

ʇʦʩʤʦʪʨʝʪʴ ʨʘʙʦʪʫ ʧʨʦʛʨʘʤʤʳ ʤʦʞʥʦ ʥʘ youtube ʢʘʥʘʣʝ ʘʚʪʦʨʘ [4].  

 

ɺʳʚʦʜʳ 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ 

ʨʝʞʠʤʝ ʫʧʨʘʚʣʷʪʴ ʧʨʦʮʝʩʩʦʤ ʦʯʠʩʪʢʠ ʬʠʣʴʪʨʘ, ʚʳʚʦʜʠʪʴ ʦʰʠʙʢʠ ʩʠʩʪʝʤʳ ʥʘ 

ʵʢʨʘʥ, ʦʧʦʚʝʱʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʧʦʜʜʝʨʞʠʚʘʪʴ ʟʘʜʘʥʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ, ʥʝ 

ʧʨʝʚʳʰʘʶʱʠʡ ʜʘʚʣʝʥʠʷ ʚ ʬʠʣʴʪʨʝ 0,3 ʘʪʤʦʩʬʝʨ, ʩʚʦʝʚʨʝʤʝʥʥʦ ʧʨʦʚʦʜʠʪʴ 

ʦʯʠʩʪʢʫ ʧʦʣʠʤʝʨʥʳʭ ʬʠʣʴʪʨʫʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʚʳʚʦʜʠʪʴ ʦʪʣʦʞʝʥʠʷ ʚ 

ʢʘʤʝʨʫ-ʦʪʩʪʦʡʥʠʢ. 

 

ʉʧʠʩʦʢ ʠʩʪʦʯʥʠʢʦʚ 
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ɼʤʠʪʨʝʥʢʦ ɺ.ʇ., ʆʨʣʦʚ ʇ.ʉ., ʉʦʮʢʘʷ ʀ.ʄ., ɸʜʘʢʠʥ ʈ.ɼ./ ɺ ʩʙʦʨʥʠʢʝ: 
ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʤʝʭʘʥʠʟʘʮʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 
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Abstract. This work is devoted to the study of the possibility of reducing 

accidents on power lines by installing a grounding choke. The paper analyzes the 
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causes of accidents on power lines, and considers the main advantages and 

disadvantages of installing a grounding throttle. The results of experimental studies 

confirming the effectiveness of this method of reducing accidents are also presented. 

The work can be useful for specialists in the field of electric power engineering and 

engineers involved in the design and operation of power lines. 

Keywords: Accident reduction, power transmission line, grounding choke, 

electric power industry, advantages and disadvantages, experimental research, design, 

operation. 

ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʩʥʠʞʝʥʠʷ ʘʚʘʨʠʡʥʦʩʪʠ ʥʘ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ 

ʤʝʪʦʜʦʤ ʫʩʪʘʥʦʚʢʠ ʜʨʦʩʩʝʣʷ ʥʘ ʟʘʟʝʤʣʝʥʠʝ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ 

ʬʘʢʪʦʨʘʤʠ. 

¶ ʙʝʟʦʧʘʩʥʦʩʪʴ. ɸʚʘʨʠʠ ʥʘ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ 
ʩʝʨʴʝʟʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ, ʚʢʣʶʯʘʷ ʧʦʞʘʨʳ ʠ ʵʣʝʢʪʨʦʪʨʘʚʤʳ. ʋʩʪʘʥʦʚʢʘ 

ʜʨʦʩʩʝʣʷ ʥʘ ʟʘʟʝʤʣʝʥʠʝ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʠ ʦʙʝʟʦʧʘʩʠʪʴ ʢʘʢ ʨʘʙʦʪʥʠʢʦʚ, ʪʘʢ ʠ ʥʘʩʝʣʝʥʠʝ. 

¶ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʪʝʨʠ. ɸʚʘʨʠʠ ʥʘ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ ʯʘʩʪʦ 

ʧʨʠʚʦʜʷʪ ʢ ʧʨʝʨʳʚʘʥʠʶ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʨʘʩʭʦʜʦʚ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠ ʨʝʤʦʥʪ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʋʩʪʘʥʦʚʢʘ ʜʨʦʩʩʝʣʷ ʥʘ 

ʟʘʟʝʤʣʝʥʠʝ ʤʦʞʝʪ ʩʥʠʟʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʤʝʥʴʰʠʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʪʝʨʠ. 

¶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ. ʏʘʩʪʳʝ ʘʚʘʨʠʠ ʥʘ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ ʤʦʛʫʪ 
ʧʨʠʚʦʜʠʪʴ ʢ ʧʨʦʩʪʦʷʤ ʠ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʥʝʨʛʦʩʠʩʪʝʤʳ. ʋʩʪʘʥʦʚʢʘ 

ʜʨʦʩʩʝʣʷ ʥʘ ʟʘʟʝʤʣʝʥʠʝ ʧʦʤʦʛʘʝʪ ʫʣʫʯʰʠʪʴ ʨʘʙʦʪʫ ʩʠʩʪʝʤʳ ʠ ʦʙʝʩʧʝʯʠʪʴ 

ʩʪʘʙʠʣʴʥʦʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ. 

¶ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʝʪʠʢʠ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʲʝʤʦʚ 
ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʚʢʣʶʯʘʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʨʘʩʪʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʣʠʥʠʡ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ. ʋʩʪʘʥʦʚʢʘ ʜʨʦʩʩʝʣʷ ʥʘ ʟʘʟʝʤʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʤʦʯʴ ʫʣʫʯʰʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ 

ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʵʥʝʨʛʦʩʠʩʪʝʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʥʠʞʝʥʠʝ ʘʚʘʨʠʡʥʦʩʪʠ ʥʘ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ ʤʝʪʦʜʦʤ 

ʫʩʪʘʥʦʚʢʠ ʜʨʦʩʩʝʣʷ ʥʘ ʟʘʟʝʤʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʪʝʤʦʡ ʚ ʩʬʝʨʝ 

ʵʥʝʨʛʝʪʠʢʠ ʠ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʵʥʝʨʛʦʩʠʩʪʝʤʳ. 

 

ʋʩʪʨʦʡʩʪʚʦ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ 

ʉʠʩʪʝʤʘ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ï ʵʪʦ ʢʦʤʧʣʝʢʩ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʢ 

ʧʦʪʨʝʙʠʪʝʣʷʤ. ʆʥʘ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ: 

ɻʝʥʝʨʘʪʦʨʳ ï ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʧʨʝʦʙʨʘʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʠʩʪʦʯʥʠʢʠ 

ʵʥʝʨʛʠʠ (ʪʘʢʠʝ ʢʘʢ ʪʝʧʣʦʚʘʷ, ʷʜʝʨʥʘʷ ʠʣʠ ʛʠʜʨʦʵʥʝʨʛʠʷ) ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ 

ʵʥʝʨʛʠʶ. ɻʝʥʝʨʘʪʦʨʳ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʚʨʘʱʘʶʱʠʝʩʷ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʠ 

ʠʥʜʫʢʮʠʶ ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ. 
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ʊʨʘʥʩʬʦʨʤʘʪʦʨʳ ï ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʠʟʤʝʥʷʶʪ ʥʘʧʨʷʞʝʥʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʧʝʨʝʜʘʯʠ ʧʦ ʩʝʪʠ. ʆʥʠ ʩʦʩʪʦʷʪ ʠʟ ʜʚʫʭ ʠʣʠ ʙʦʣʝʝ 

ʦʙʤʦʪʦʢ, ʦʙʳʯʥʦ ʥʘʤʦʪʘʥʥʳʭ ʥʘ ʦʜʥʦ ʞʝʣʝʟʥʦʝ ʷʜʨʦ. ʇʝʨʚʠʯʥʘʷ ʦʙʤʦʪʢʘ 

ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʠʩʪʦʯʥʠʢʫ ʵʥʝʨʛʠʠ, ʘ ʚʪʦʨʠʯʥʘʷ ʦʙʤʦʪʢʘ ï ʢ ʩʝʪʠ ʧʝʨʝʜʘʯʠ. 

ʃʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ï ʧʨʦʚʦʜʘ, ʧʦ ʢʦʪʦʨʳʤ ʧʝʨʝʜʘʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʵʥʝʨʛʠʷ ʦʪ ʛʝʥʝʨʘʪʦʨʦʚ ʢ ʧʦʪʨʝʙʠʪʝʣʷʤ. ʃʠʥʠʠ ʤʦʛʫʪ ʙʳʪʴ ʥʘʟʝʤʥʳʤʠ ʠʣʠ 

ʧʦʜʟʝʤʥʳʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʨʝʙʦʚʘʥʠʡ ʠ ʫʩʣʦʚʠʡ. 

ʇʦʜʩʪʘʥʮʠʠ ï ʩʧʝʮʠʘʣʴʥʳʝ ʩʦʦʨʫʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʝʦʙʨʘʟʫʶʪ ʚʳʩʦʢʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʥʠʟʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢ 

ʧʦʪʨʝʙʠʪʝʣʷʤ. ʇʦʜʩʪʘʥʮʠʠ ʤʦʛʫʪ ʪʘʢʞʝ ʚʳʧʦʣʥʷʪʴ ʬʫʥʢʮʠʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʥʘʧʨʷʞʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʴʶ. 

ʇʦʪʨʝʙʠʪʝʣʠ ï ʫʩʪʨʦʡʩʪʚʘ ʠ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʜʣʷ ʩʚʦʝʡ ʨʘʙʦʪʳ. ʕʪʦ ʤʦʛʫʪ ʙʳʪʴ ʜʦʤʘʰʥʠʝ ʵʣʝʢʪʨʦʧʨʠʙʦʨʳ, 

ʧʨʦʤʳʰʣʝʥʥʳʝ ʟʘʚʦʜʳ, ʦʬʠʩʳ ʠ ʜʨʫʛʠʝ. 

ɺʩʷ ʩʠʩʪʝʤʘ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ 

ʵʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤʘ ʠ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ. ʇʨʠ ʧʝʨʝʜʘʯʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʚʦʟʥʠʢʘʶʪ ʧʦʪʝʨʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʧʨʦʚʦʜʥʠʢʦʚ ʠ ʜʨʫʛʠʤʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʬʝʥʦʤʝʥʘʤʠ. ʇʦʵʪʦʤʫ ʚʘʞʥʦ ʧʨʘʚʠʣʴʥʦ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʠ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʩʠʩʪʝʤʫ, ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʦʪʝʨʠ ʠ ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʝʞʥʫʶ 

ʧʝʨʝʜʘʯʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

 

ʈʦʣʴ ʟʘʟʝʤʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ 

ʈʦʣʴ ʟʘʟʝʤʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʝʩʧʝʯʝʥʠʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʣʶʜʝʡ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʚ ʟʘʱʠʪʝ ʦʪ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ ʠ 

ʧʦʚʨʝʞʜʝʥʠʡ. 

ɿʘʟʝʤʣʝʥʠʝ ʚʳʧʦʣʥʷʝʪ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ: 

¶ ʟʘʱʠʪʘ ʦʪ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʫʜʘʨʘ: ʟʘʟʝʤʣʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʫʪʴ 

ʥʘʠʤʝʥʴʰʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʣʷ ʪʦʢʘ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʟʘʤʳʢʘʥʠʷ ʠʣʠ 

ʜʨʫʛʠʭ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ, ʯʪʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʨʘʞʝʥʠʷ 

ʵʣʝʢʪʨʦʪʦʢʦʤ ʣʶʜʝʡ. 

¶ ʟʘʱʠʪʘ ʦʙʦʨʫʜʦʚʘʥʠʷ: ʟʘʟʝʤʣʝʥʠʝ ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ ʟʘʱʠʪʳ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʦʪ ʧʦʚʨʝʞʜʝʥʠʡ, ʚʳʟʚʘʥʥʳʭ 

ʧʝʨʝʥʘʧʨʷʞʝʥʠʷʤʠ ʠʣʠ ʤʠʤʦʭʦʜʥʳʤʠ ʪʦʢʘʤʠ. ɿʘʟʝʤʣʝʥʠʝ ʦʪʚʦʜʠʪ ʠʟʙʳʪʦʯʥʳʡ 

ʪʦʢ ʠ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ ʚ ʟʝʤʣʶ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʠʭ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʦʙʦʨʫʜʦʚʘʥʠʝ. 

¶ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʩʪʘʪʠʯʝʩʢʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ: ʅʝʢʦʪʦʨʳʝ 

ʩʠʩʪʝʤʳ ʠ ʫʩʪʨʦʡʩʪʚʘ ʥʘʢʘʧʣʠʚʘʶʪ ʩʪʘʪʠʯʝʩʢʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ, 

ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʦʞʠʜʘʥʥʳʤ ʟʘʨʷʜʘʤ ʠ ʠʩʢʨʦʦʙʨʘʟʦʚʘʥʠʶ. 

ɿʘʟʝʤʣʝʥʠʝ ʨʘʟʨʷʞʘʝʪ ʥʘʢʦʧʠʚʰʫʶʩʷ ʩʪʘʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ, ʧʨʝʜʦʪʚʨʘʱʘʷ 

ʚʦʟʤʦʞʥʳʝ ʘʚʘʨʠʠ ʠ ʧʦʞʘʨʳ. 

¶ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʩʠʛʥʘʣʘ: ʚ ʥʝʢʦʪʦʨʳʭ ʩʠʩʪʝʤʘʭ, ʥʘʧʨʠʤʝʨ, ʚ 
ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ, ʟʘʟʝʤʣʝʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʧʦʤʝʭ ʠ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʩʠʛʥʘʣʘ. ɿʘʟʝʤʣʝʥʠʝ ʧʦʤʦʛʘʝʪ ʩʥʠʟʠʪʴ ʚʣʠʷʥʠʝ 

ʰʫʤʦʚ ʠ ʠʩʢʘʞʝʥʠʡ ʥʘ ʧʝʨʝʜʘʚʘʝʤʳʡ ʩʠʛʥʘʣ. 
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ɺ ʮʝʣʦʤ, ʟʘʟʝʤʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʩʠʩʪʝʤʳ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʠ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʠ ʩʠʩʪʝʤ. 

 

ɸʥʘʣʠʟ ʧʨʠʯʠʥ ʘʚʘʨʠʡʥʦʩʪʠ ʥʘ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ 

ɸʚʘʨʠʡʥʦʩʪʴ ʥʘ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʘ ʨʘʟʣʠʯʥʳʤʠ 

ʬʘʢʪʦʨʘʤʠ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʨʠʯʠʥ ʚʢʣʶʯʘʶʪ: 

¶ ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ: ʩʠʣʴʥʳʝ ʚʝʪʨʳ, ʛʨʦʟʳ, ʣʝʜʷʥʳʝ ʰʪʦʨʤʳ ʠ ʜʦʞʜʠ 
ʤʦʛʫʪ ʧʦʚʨʝʞʜʘʪʴ ʧʨʦʚʦʜʘ ʠ ʩʪʦʣʙʳ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʙʨʳʚʫ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. 

¶ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ: ʦʪʩʫʪʩʪʚʠʝ ʨʝʛʫʣʷʨʥʦʛʦ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ʠ ʫʩʪʨʘʥʝʥʠʝ 

ʧʨʦʙʣʝʤ ʥʘ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʘʚʘʨʠʷʤ. 

¶ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʩʪʘʨʝʥʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ: ʚʨʝʤʷ ʦʪ ʚʨʝʤʝʥʠ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʩʪʘʨʝʝʪ, ʠ ʝʛʦ ʩʦʩʪʦʷʥʠʝ ʤʦʞʝʪ ʫʭʫʜʰʘʪʴʩʷ ʩʦ ʚʨʝʤʝʥʝʤ. 

ʇʨʦʚʦʜʘ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ, ʠʟʦʣʷʮʠʷ ʠ ʜʨʫʛʠʝ ʢʦʤʧʦʥʝʥʪʳ ʤʦʛʫʪ ʚʳʡʪʠ ʠʟ 

ʩʪʨʦʷ, ʯʪʦ ʩʦʟʜʘʝʪ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʨʠʩʢ ʘʚʘʨʠʡʥʦʩʪʠ. 

¶ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ: ʦʰʠʙʢʠ, ʩʦʚʝʨʰʘʝʤʳʝ ʧʝʨʩʦʥʘʣʦʤ ʧʨʠ ʨʘʙʦʪʝ ʥʘ 
ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ, ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʘʚʘʨʠʠ. ʕʪʦ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ 

ʥʝʧʨʘʚʠʣʴʥʳʝ ʧʦʜʢʣʶʯʝʥʠʷ, ʥʘʨʫʰʝʥʠʝ ʧʨʦʮʝʜʫʨ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʣʠ ʧʣʦʭʫʶ 

ʦʙʫʯʝʥʥʦʩʪʴ ʩʦʪʨʫʜʥʠʢʦʚ. 

¶ ʥʝʩʦʙʣʶʜʝʥʠʝ ʧʨʘʚʠʣ ʵʢʩʧʣʫʘʪʘʮʠʠ: ʥʝʢʦʪʦʨʳʝ ʘʚʘʨʠʠ ʤʦʛʫʪ ʙʳʪʴ 
ʨʝʟʫʣʴʪʘʪʦʤ ʥʝʩʦʙʣʶʜʝʥʠʷ ʧʨʘʚʠʣ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʢʦʛʜʘ ʧʦʣʴʟʦʚʘʪʝʣʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠʩʧʦʣʴʟʫʶʪ ʧʦʜʢʣʶʯʝʥʠʝ, ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʥʦʝ ʜʣʷ ʜʘʥʥʦʡ 

ʥʘʛʨʫʟʢʠ, ʠʣʠ ʥʘʨʫʰʘʶʪ ʜʨʫʛʠʝ ʠʥʩʪʨʫʢʮʠʠ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʝʨʝʛʨʫʟʢʝ 

ʩʠʩʪʝʤʳ ʠ ʘʚʘʨʠʠ. 

¶ ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʪʨʝʪʴʠʭ ʣʠʮ: ʚʘʥʜʘʣʠʟʤ ʠʣʠ ʥʝʧʨʘʚʦʤʝʨʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʘʚʘʨʠʷʤ. 

ʅʝʘʚʪʦʨʠʟʦʚʘʥʥʳʝ ʤʘʥʠʧʫʣʷʮʠʠ ʩ ʣʠʥʠʝʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʤʦʛʫʪ ʚʳʟʚʘʪʴ 

ʧʝʨʝʛʨʫʟʢʫ ʠʣʠ ʢʦʨʦʪʢʦʝ ʟʘʤʳʢʘʥʠʝ. 

¶ ʨʦʩʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ: ʩ ʨʦʩʪʦʤ ʩʧʨʦʩʘ ʥʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ 

ʩʫʱʝʩʪʚʫʶʱʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʥʝ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʘʪʦʯʥʫʶ ʤʦʱʥʦʩʪʴ. 

ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ ʩʠʩʪʝʤʳ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʘʚʘʨʠʡʥʳʭ 

ʩʠʪʫʘʮʠʡ. 

¶ ʘʥʘʣʠʟ ʧʨʠʯʠʥ ʘʚʘʨʠʡʥʦʩʪʠ ʥʘ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 
ʦʮʝʥʢʫ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ ʩʠʩʪʝʤʳ, 

ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʠ ʨʝʤʦʥʪ, ʪʨʝʙʦʚʘʥʠʷ ʢ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʦʙʫʯʝʥʠʝ 

ʧʝʨʩʦʥʘʣʘ ʠ ʦʙʱʝʩʪʚʝʥʥʦʝ ʧʨʦʩʚʝʱʝʥʠʝ. ʕʪʦ ʪʘʢʞʝ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ 

ʨʘʟʨʘʙʦʪʢʫ ʠ ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʫʣʫʯʰʘʶʪ 

ʥʘʜʝʞʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ. 
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ʆʧʠʩʘʥʠʝ ʚʳʙʨʘʥʥʦʛʦ ʤʝʪʦʜʘ ʫʩʪʘʥʦʚʢʠ ʜʨʦʩʩʝʣʷ ʥʘ ʟʘʟʝʤʣʝʥʠʝ 

ʋʩʪʘʥʦʚʢʘ ʜʨʦʩʩʝʣʷ ʥʘ ʟʘʟʝʤʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʟʘʱʠʪʳ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʦʪ ʧʦʤʝʭ ʠ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ. 

ɼʨʦʩʩʝʣʴ ï ʵʪʦ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʦʛʨʘʥʠʯʝʥʠʷ ʪʦʢʘ 

ʠ ʧʦʜʘʚʣʝʥʠʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʧʦʤʝʭ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ. ɿʘʟʝʤʣʝʥʠʝ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʝʜʠʥʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩ ʟʝʤʣʝʡ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʟʘʱʠʪʳ ʦʪ ʩʪʘʪʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʠ 

ʛʨʦʟʦʚʳʭ ʨʘʟʨʷʜʦʚ. 

ʋʩʪʘʥʦʚʢʘ ʜʨʦʩʩʝʣʷ ʥʘ ʟʘʟʝʤʣʝʥʠʝ ʧʦʤʦʛʘʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʦʧʘʜʘʥʠʝ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʧʦʤʝʭ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʠ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. ɼʨʦʩʩʝʣʴ ʦʛʨʘʥʠʯʠʚʘʝʪ ʪʦʢʠ ʧʦʤʝʭ, ʩʥʠʞʘʷ ʠʭ ʘʤʧʣʠʪʫʜʫ ʠ 

ʟʘʛʣʫʰʘʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʩʠʛʥʘʣʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʪʴ ʥʘ ʨʘʙʦʪʫ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʢʦʤʧʴʶʪʝʨʳ, ʪʝʣʝʚʠʟʦʨʳ, ʨʘʜʠʦʧʨʠʝʤʥʠʢʠ 

ʠ ʪ.ʜ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʨʠʩʢ ʧʦʚʨʝʞʜʝʥʠʡ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ 

ʪʘʢʞʝ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʧʦʤʝʭ ʚ ʩʝʪʠ. 

ʊʘʢʞʝ ʜʨʦʩʩʝʣʴ ʥʘ ʟʘʟʝʤʣʝʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʟʘʱʠʪʳ ʦʪ 

ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ. ʆʥ ʩʧʦʩʦʙʝʥ ʘʤʦʨʪʠʟʠʨʦʚʘʪʴ ʚʳʩʦʢʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʧʦʷʚʠʪʴʩʷ ʧʨʠ ʤʦʣʥʠʷʭ ʠ ʛʨʦʟʘʭ, ʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʠʭ ʧʦʧʘʜʘʥʠʝ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝ ʦʩʪʘʝʪʩʷ ʮʝʣʳʤ ʠ 

ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʥʘʜʝʞʥʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʦʟʤʦʞʥʦʝ ʧʦʚʳʰʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ 

ʩʝʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʢʘ ʜʨʦʩʩʝʣʷ ʥʘ ʟʘʟʝʤʣʝʥʠʝ ʧʦʤʦʛʘʝʪ ʦʙʝʩʧʝʯʠʪʴ 

ʩʪʘʙʠʣʴʥʦʝ ʠ ʙʝʟʦʧʘʩʥʦʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ, ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʧʦʚʨʝʞʜʝʥʠʷ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʤʠʥʠʤʠʟʠʨʫʝʪ ʚʦʟʤʦʞʥʳʝ ʥʝʛʘʪʠʚʥʳʝ ʵʬʬʝʢʪʳ ʦʪ ʧʦʤʝʭ ʠ 

ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ. 

 

ʆʧʠʩʘʥʠʝ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ɺ ʜʨʦʩʩʝʣʝ ʜʣʷ ʟʘʟʝʤʣʝʥʠʷ ʃʕʇ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʝʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ: 

ɼʨʦʩʩʝʣʴ ï ʵʪʦ ʠʥʜʫʢʪʠʚʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʩʣʫʞʠʪ ʜʣʷ ʦʛʨʘʥʠʯʝʥʠʷ 

ʧʝʨʝʭʦʜʥʳʭ ʪʦʢʦʚ ʧʨʠ ʢʦʨʦʪʢʦʤ ʟʘʤʳʢʘʥʠʠ ʠʣʠ ʜʨʫʛʠʭ ʥʝʰʪʘʪʥʳʭ ʩʠʪʫʘʮʠʷʭ. 

ɼʨʦʩʩʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥ ʚ ʚʠʜʝ ʢʘʪʫʰʢʠ ʩ ʧʨʦʚʦʜʥʠʢʦʤ, ʦʙʤʦʪʢʦʡ ʠʣʠ 

ʬʝʨʨʠʪʦʚʳʤ ʢʦʣʴʮʦʤ. 

ʐʫʥʪʦʚʳʡ ʨʝʘʢʪʦʨ ï ʵʪʦ ʝʱʝ ʦʜʥʦ ʠʥʜʫʢʪʠʚʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʥʠʞʝʥʠʷ ʩʢʘʯʢʦʚ ʥʘʧʨʷʞʝʥʠʷ ʠ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʮʝʧʷʭ ʟʘʟʝʤʣʝʥʠʷ ʃʕʇ. ʆʥ ʧʦʜʢʣʶʯʘʝʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʜʨʦʩʩʝʣʶ ʠ ʧʨʦʧʫʩʢʘʝʪ 

ʟʝʤʣʶ ʯʝʨʝʟ ʩʝʙʷ, ʫʤʝʥʴʰʘʷ ʠʟʙʳʪʦʯʥʳʝ ʪʦʢʠ ʠ ʥʘʧʨʷʞʝʥʠʷ. 

ʆʛʨʘʥʠʯʠʪʝʣʴʥʳʡ ʨʘʟʨʷʜʥʠʢ ï ʵʪʦ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʧʨʝʜʦʪʚʨʘʱʘʝʪ 

ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ ʠ ʧʨʦʙʦʠ ʠʟʦʣʷʮʠʠ ʚ ʩʠʩʪʝʤʝ ʟʘʟʝʤʣʝʥʠʷ ʃʕʇ. ʈʘʟʨʷʜʥʠʢ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʧʘʨʘʣʣʝʣʴʥʦ ʜʨʦʩʩʝʣʶ ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʦʟʥʠʢʘʶʱʠʭ 

ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ. 

ɿʘʱʠʪʥʳʝ ʧʨʝʜʦʭʨʘʥʠʪʝʣʠ ï ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʱʠʪʳ ʦʪ 

ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʠ ʧʝʨʝʛʨʫʟʢʠ ʚ ʮʝʧʷʭ ʟʘʟʝʤʣʝʥʠʷ ʃʕʇ. ʆʥʠ ʦʙʳʯʥʦ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʦʩʥʦʚʥʳʭ ʣʠʥʠʷʭ ʧʠʪʘʥʠʷ ʠ ʬʠʜʝʨʘʭ. 
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ɼʠʩʪʘʥʮʠʦʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʩʠʛʥʘʣʠʟʘʮʠʷ ï ʵʪʠ ʫʩʪʨʦʡʩʪʚʘ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʟʘʟʝʤʣʝʥʠʷ ʃʕʇ. ʆʥʠ 

ʧʦʤʦʛʘʶʪ ʦʧʝʨʘʪʠʚʥʦ ʦʙʥʘʨʫʞʠʚʘʪʴ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʠʣʠ ʥʘʨʫʰʝʥʠʷ ʚ 

ʟʘʟʝʤʣʝʥʠʠ ʠ ʤʦʛʫʪ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ. 

 

ɿʘʤʝʨʳ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʜʨʦʩʩʝʣʝʤ 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʤʝʨʦʚ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʩ 

ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʜʨʦʩʩʝʣʝʤ ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʨʠʪʴ ʥʘʧʨʷʞʝʥʠʝ, ʪʦʢ, ʤʦʱʥʦʩʪʴ, 

ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ, ʯʘʩʪʦʪʫ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. 

ʇʨʦʚʝʜʝʥʠʝ ʜʘʥʥʳʭ ʟʘʤʝʨʦʚ ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ 

ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʜʨʦʩʩʝʣʷ ʚ ʩʠʩʪʝʤʝ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ, ʘ ʪʘʢʞʝ ʚʳʷʚʠʪʴ ʧʦʪʝʨʠ 

ʤʦʱʥʦʩʪʠ, ʯʘʩʪʦʪʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ʕʪʠ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ. 

 

ʆʙʩʫʞʜʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʨʦʩʩʝʣʷ ʥʘ ʟʘʟʝʤʣʝʥʠʝ ʜʣʷ 

ʩʥʠʞʝʥʠʷ ʘʚʘʨʠʡʥʦʩʪʠ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʨʦʩʩʝʣʷ ʥʘ ʟʘʟʝʤʣʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʳʤ 

ʩʧʦʩʦʙʦʤ ʩʥʠʞʝʥʠʷ ʘʚʘʨʠʡʥʦʩʪʠ ʚ ʩʠʩʪʝʤʝ. ɼʨʦʩʩʝʣʴ ʥʘ ʟʘʟʝʤʣʝʥʠʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʦʪʦʢ ʪʦʢʘ ʚ ʟʘʟʝʤʣʝʥʠʝ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʚʣʠʷʥʠʝ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ ʠʣʠ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ ʥʘ 

ʩʠʩʪʝʤʫ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʨʦʩʩʝʣʷ ʥʘ ʟʘʟʝʤʣʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʲʷʩʥʝʥʘ ʩʣʝʜʫʶʱʠʤʠ ʧʨʠʯʠʥʘʤʠ: 

¶ ʩʥʠʞʝʥʠʝ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ: ʜʨʦʩʩʝʣʴ ʥʘ ʟʘʟʝʤʣʝʥʠʝ ʤʦʞʝʪ ʦʛʨʘʥʠʯʠʪʴ 
ʫʨʦʚʝʥʴ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʚ ʩʠʩʪʝʤʝ ʧʨʠ ʢʦʨʦʪʢʠʭ 

ʟʘʤʳʢʘʥʠʷʭ ʠʣʠ ʜʨʫʛʠʭ ʥʝʰʪʘʪʥʳʭ ʩʠʪʫʘʮʠʷʭ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʨʝʞʜʝʥʠʷ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʘʚʘʨʠʠ. 

¶ ʫʣʫʯʰʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ: ʜʨʦʩʩʝʣʴ ʥʘ ʟʘʟʝʤʣʝʥʠʝ ʤʦʞʝʪ 
ʧʦʤʦʯʴ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ ʧʫʪʝʤ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦʪʦʢʘ ʪʦʢʘ ʠ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʝʟʢʠʭ ʠʟʤʝʥʝʥʠʡ ʥʘʧʨʷʞʝʥʠʷ ʠʣʠ ʪʦʢʘ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʦ ʜʣʷ ʩʠʩʪʝʤ ʩ ʚʳʩʦʢʦʡ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʴʶ ʠʣʠ ʩʠʩʪʝʤ ʩ 

ʧʦʚʳʰʝʥʥʳʤ ʫʨʦʚʥʝʤ ʥʝʣʠʥʝʡʥʳʭ ʥʘʛʨʫʟʦʢ. 

¶ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ: ʜʨʦʩʩʝʣʴ ʥʘ ʟʘʟʝʤʣʝʥʠʝ ʤʦʞʝʪ 

ʧʦʤʦʯʴ ʚ ʩʥʠʞʝʥʠʠ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʠʩʢʘʞʝʥʠʡ ʠ ʩʛʣʘʞʠʚʘʥʠʠ ʧʝʨʝʭʦʜʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʩʪʝʤʝ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʧʦʩʪʘʚʣʷʝʤʦʡ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʨʦʙʣʝʤ, ʪʘʢʠʭ ʢʘʢ ʧʘʜʝʥʠʝ 

ʥʘʧʨʷʞʝʥʠʷ ʠʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ. 

¶ ʟʘʱʠʪʘ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʨʦʩʩʝʣʷ ʥʘ ʟʘʟʝʤʣʝʥʠʝ 
ʤʦʞʝʪ ʧʦʤʦʯʴ ʚ ʟʘʱʠʪʝ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʦʪ ʧʦʚʨʝʞʜʝʥʠʡ ʠ ʜʣʠʪʝʣʴʥʳʭ 

ʧʝʨʝʛʨʫʟʦʢ, ʚʳʟʚʘʥʥʳʭ ʢʦʨʦʪʢʠʤʠ ʟʘʤʳʢʘʥʠʷʤʠ ʠʣʠ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷʤʠ. 

ɼʨʦʩʩʝʣʴ ʤʦʞʝʪ ʦʛʨʘʥʠʯʠʪʴ ʪʦʢ, ʧʨʦʪʝʢʘʶʱʠʡ ʯʝʨʝʟ ʥʝʛʦ, ʠ ʧʨʝʜʦʪʚʨʘʪʠʪʴ 

ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝ. 

ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʨʦʩʩʝʣʷ ʥʘ 

ʟʘʟʝʤʣʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʦʪ 

ʧʨʘʚʠʣʴʥʦʡ ʚʳʙʦʨʘ ʠ ʫʩʪʘʥʦʚʢʠ ʜʨʦʩʩʝʣʷ. ʇʦʵʪʦʤʫ ʚʘʞʥʦ ʧʨʦʚʦʜʠʪʴ 
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ʥʝʦʙʭʦʜʠʤʳʝ ʨʘʩʯʝʪʳ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʨʘʚʠʣʴʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʠ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʩʠʩʪʝʤʳ ʩ ʜʨʦʩʩʝʣʝʤ ʥʘ ʟʘʟʝʤʣʝʥʠʝ. 
 

ɺʳʚʦʜʳ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʨʦʩʩʝʣʷ ʥʘ ʟʘʟʝʤʣʝʥʠʝ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʥʠʞʝʥʠʶ 

ʧʦʤʝʭ, ʟʘʱʠʪʝ ʦʪ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ, ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, 

ʦʜʥʘʢʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʨʦʩʩʝʣʷ ʥʘ ʟʘʟʝʤʣʝʥʠʝ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ 

ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ ʠ ʪʨʝʙʦʚʘʥʠʡ ʩʠʩʪʝʤʳ. ʎʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ 

ʢʦʥʢʨʝʪʥʦʛʦ ʩʣʫʯʘʷ ʠ ʧʨʦʢʦʥʩʫʣʴʪʠʨʦʚʘʪʴʩʷ ʩ ʵʢʩʧʝʨʪʦʤ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ 

ʥʘʠʣʫʯʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʜʨʦʩʩʝʣʷ ʥʘ ʟʘʟʝʤʣʝʥʠʝ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʩʠʩʪʝʤʳ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʦʙʨʘʙʦʪʢʠ 

ʠʟʦʙʨʘʞʝʥʠʡ ʜʣʷ ʤʦʙʠʣʴʥʦʛʦ ʨʦʙʦʪʘ. ʇʨʠʤʝʥʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ 

ʵʪʦʡ ʩʠʩʪʝʤʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʝʰʝʥʠʝ ʨʝʘʣʴʥʳʭ ʠ ʥʘʩʫʱʥʳʭ ʟʘʜʘʯ, ʦʩʦʙʝʥʥʦ ʚ 

ʦʪʥʦʰʝʥʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʩʧʝʮʠʘʣʴʥʳʭ ʢʫʣʴʪʫʨ, ʛʜʝ ʣʶʙʘʷ ʥʝʫʜʘʯʘ ʤʦʞʝʪ 

ʠʤʝʪʴ ʚʳʩʦʢʫʶ ʮʝʥʫ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʠʩʪʝʤʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

ʫʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʧʦʩʝʚʦʚ, 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʦʨʥʷʢʦʚ. ʆʜʥʘʢʦ ʘʚʪʦʥʦʤʥʘʷ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʘʷ ʧʣʘʪʬʦʨʤʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʘʚʪʦʨʘʤʠ, ʤʦʞʝʪ ʩʦʙʠʨʘʪʴ 

ʮʝʥʥʳʝ ʠ ʧʦʜʨʦʙʥʳʝ ʜʘʥʥʳʝ ʪʘʤ, ʛʜʝ ʜʨʦʥʳ ʥʝ ʤʦʛʫʪ ʩʧʨʘʚʠʪʴʩʷ. ʕʪʠ ʜʘʥʥʳʝ 

ʧʦʟʚʦʣʷʶʪ ʘʛʨʦʥʦʤʘʤ ʦʙʨʘʙʘʪʳʚʘʪʴ ʢʘʞʜʦʝ ʨʘʩʪʝʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦ, ʢʘʢ ʚ 

ʩʘʜʫ, ʪʘʢ ʠ ʥʘ ʧʦʣʝ. ɹʦʣʝʝ ʪʦʛʦ, ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʠ ʚ ʤʘʩʰʪʘʙʘʭ 

ʤʘʩʩʦʚʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʯʪʦʙʳ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʫʨʦʞʘʡʥʦʩʪʴ ʠ ʧʨʦʠʟʚʦʜʠʪʴ ʙʦʣʴʰʝ ʧʨʦʜʫʢʮʠʠ ʧʨʠ ʤʝʥʴʰʠʭ ʟʘʪʨʘʪʘʭ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʘʚʪʦʨʘʤʠ ʘʚʪʦʥʦʤʥʘʷ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʘʷ ʧʣʘʪʬʦʨʤʘ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʩʧʝʮʠʘʣʴʥʳʭ ʢʫʣʴʪʫʨ ʠ 
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ʘʛʨʦʥʦʤʘʤ ʚ ʮʝʣʦʤ, ʧʦʟʚʦʣʷʷ ʠʤ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʩʢʫʩʩʪʚʝʥʥʳʡ 

ʠʥʪʝʣʣʝʢʪ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʧʨʠʙʳʣʴʥʦʩʪʠ ʩʚʦʝʛʦ ʙʠʟʥʝʩʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʦʯʥʦʝ ʟʝʤʣʝʜʝʣʠʝ, ʤʦʙʠʣʴʥʳʡ ʨʦʙʦʪ, ʣʠʜʘʨ, GPS-

ʤʦʜʫʣʴ, ʢʘʨʪʘ.  
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Abstract. This article presents the development of an image processing system 

for a mobile robot. The application of artificial intelligence in this system provides 

solutions to real and pressing problems, especially for specialty crop producers where 

any failure can have a high cost. At the moment, artificial intelligence systems are 

already used in agriculture to understand the condition of crops, predict yields and 

identify weeds. However, the autonomous robotic platform presented by the authors 

can collect valuable and detailed data where drones cannot cope. This data allows 

agronomists to treat each plant individually, both in the garden and in the field. 

Moreover, the system can be applied to mass industrial agriculture to optimize yields 

and produce more products at lower costs. Thus, the autonomous robotic platform 

developed by the authors provides new opportunities for specialty crop producers and 

agronomists in general, allowing them to effectively use artificial intelligence to 

increase the efficiency and profitability of their business. 

Keywords: precision farming, mobile robot, lidar, GPS module, map. 

 

ɺʚʝʜʝʥʠʝ 

ʉʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʫʨʦʞʘʝʚ ʩ ʤʝʥʴʰʠʤʠ ʟʘʪʨʘʪʘʤʠ ʠ 

ʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʨʘʙʦʯʝʡ ʩʠʣʳ. ʏʪʦʙʳ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʵʪʠ ʪʨʝʙʦʚʘʥʠʷ, 

ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ ʥʝʦʙʭʦʜʠʤʘ ʪʦʯʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʨʦʩʪʝ ʠ ʩʦʩʪʦʷʥʠʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʚ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʩʙʦʨʘ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʙʦʣʴʰʦʤ ʤʘʩʰʪʘʙʝ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ 

ʧʦʜʭʦʜʳ ʢ ʤʦʥʠʪʦʨʠʥʛʫ ʠʩʧʦʣʴʟʫʶʪ ʜʨʦʥʳ, ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʫʪ ʩʦʙʠʨʘʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʠʟ-ʧʦʜ ʧʦʣʦʛʘ ʫʨʦʞʘʷ. ʇʦʧʳʪʢʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘʟʝʤʥʳʡ 

ʤʦʥʠʪʦʨʠʥʛ ʙʳʣʠ ʦʛʨʘʥʠʯʝʥʳ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʥʘʣʠʯʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʪʘʢʦʡ ʢʘʢ ʧʨʦʢʣʘʜʢʘ ʢʘʙʝʣʝʡ ʠʣʠ ʨʘʜʠʦʤʘʷʢʠ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʘʚʪʦʨʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥ ʤʦʙʠʣʴʥʳʡ ʨʦʙʦʪ ʜʣʷ ʦʩʤʦʪʨʘ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʦʣʝʡ, ʠ ʦʧʠʩʘʥʳ ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʨʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʙʥʘʨʫʞʠʚʘʪʴ ʨʷʜʳ ʢʫʣʴʪʫʨ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʨʝʛʫʣʠʨʫʷ ʜʚʠʞʝʥʠʝ ʨʦʙʦʪʘ ʜʣʷ ʘʚʪʦʥʦʤʥʦʡ ʥʘʚʠʛʘʮʠʠ 

ʤʝʞʜʫ ʨʷʜʘʤʠ. 



99 

ʄʦʙʠʣʴʥʳʡ ʨʦʙʦʪ ʩʧʦʩʦʙʝʥ ʧʝʨʝʜʚʠʛʘʪʴʩʷ ʘʚʪʦʥʦʤʥʦ ʧʦ ʧʦʣʶ, 

ʩʢʘʥʠʨʦʚʘʪʴ ʢʘʞʜʦʝ ʨʘʩʪʝʥʠʝ ʠ ʚʳʧʦʣʥʷʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʠʟʤʝʨʝʥʠʷ. ʆʥ 

ʦʩʥʘʱʝʥ ʨʘʟʣʠʯʥʳʤʠ ʩʝʥʩʦʨʘʤʠ ʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʝʤʫ 

ʩʦʙʠʨʘʪʴ ʜʘʥʥʳʝ ʦ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ, ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚʘʭ, ʥʘʣʠʯʠʠ 

ʚʨʝʜʠʪʝʣʝʡ ʠ ʙʦʣʝʟʥʝʡ, ʘ ʪʘʢʞʝ ʦ ʨʦʩʪʝ ʠ ʨʘʟʚʠʪʠʠ ʨʘʩʪʝʥʠʡ. ʉʦʙʨʘʥʥʳʝ 

ʜʘʥʥʳʝ ʧʝʨʝʜʘʶʪʩʷ ʥʘ ʭʨʘʥʠʣʠʱʝ ʜʘʥʥʳʭ, ʛʜʝ ʦʥʠ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʠ 

ʘʥʘʣʠʟʠʨʫʶʪʩʷ. ɺʣʘʜʝʣʴʮʳ ʨʦʙʦʪʘ ʤʦʛʫʪ ʧʦʣʫʯʘʪʴ ʜʦʩʪʫʧ ʢ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʯʝʨʝʟ ʠʥʪʝʨʬʝʡʩ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʛʜʝ ʦʥʠ ʤʦʛʫʪ ʫʚʠʜʝʪʴ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʠ 

ʫʨʦʞʘʡʥʦʩʪʴ ʧʦʣʝʡ. 

ʇʦʣʫʯʝʥʠʝ ʪʦʯʥʦʡ ʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʢʫʣʴʪʫʨ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʫʨʦʞʘʡʥʦʩʪʴ ʙʦʣʝʝ ʪʦʯʥʦ ʠ ʚʦʚʨʝʤʷ 

ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʚʳʨʘʱʠʚʘʥʠʷ. ʆʥʠ ʤʦʛʫʪ 

ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʧʨʦʙʣʝʤʳ, ʪʘʢʠʝ ʢʘʢ ʚʨʝʜʠʪʝʣʠ ʠʣʠ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʧʠʪʘʥʠʝ, 

ʥʝʤʝʜʣʝʥʥʦ, ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʦʪʝʨʠ ʠ ʧʦʚʳʩʠʪʴ ʫʨʦʞʘʡʥʦʩʪʴ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʙʠʣʴʥʳʡ ʨʦʙʦʪ ʘʚʪʦʤʘʪʠʟʠʨʫʝʪ ʩʙʦʨ ʜʘʥʥʳʭ ʦ 

ʩʦʩʪʦʷʥʠʠ ʠ ʫʨʦʞʘʡʥʦʩʪʠ ʨʘʩʪʝʥʠʡ ʥʘ ʦʛʨʦʤʥʳʭ ʤʘʩʰʪʘʙʘʭ, ʧʨʝʜʦʩʪʘʚʣʷʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ ʮʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʩʚʦʠʭ ʢʫʣʴʪʫʨ. 

ʆʧʠʩʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʘʚʪʦʨʘʤʠ ʨʘʟʨʘʙʦʪʢʘ ʧʦʟʚʦʣʠʪ ʘʛʨʦʥʦʤʘʤ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʩʦʙʨʘʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʭ ʧʦʩʝʚʘʭ ʠ ʧʨʝʜʦʩʪʘʚʠʪ ʠʤ ʧʦʣʝʟʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ, ʢʦʪʦʨʘʷ ʧʦʤʦʞʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʫʨʦʞʘʡʥʦʩʪʴ. 

ɼʘʥʥʘʷ ʧʨʝʜʣʘʛʘʝʤʘʷ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʠʪ ʬʦʪʦʛʨʘʬʠʨʦʚʘʪʴ ʫʨʦʞʘʡ ʥʘ ʧʦʣʷʭ, 

ʚʳʷʚʣʷʪʴ ʙʦʣʝʟʥʠ, ʦʮʝʥʠʚʘʪʴ ʫʨʦʞʘʡʥʦʩʪʴ ʠ ʧʦʤʦʛʘʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ 

ʚʳʙʠʨʘʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʜʣʷ ʩʙʦʨʘ ʫʨʦʞʘʷ. 

ʆʩʥʘʱʝʥʥʳʡ ʤʥʦʞʝʩʪʚʦʤ ʜʘʪʯʠʢʦʚ, ʤʦʙʠʣʴʥʳʡ ʨʦʙʦʪ, ʧʝʨʝʤʝʱʘʷʩʴ ʧʦ 

ʦʢʨʝʩʪʥʦʩʪʷʤ ʩʦʩʪʘʚʣʷʝʪ ʢʘʨʪʳ. ʂʦʛʜʘ ʦʥ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦ ʧʦʣʶ, ʩʘʜʫ ʠʣʠ 

ʚʠʥʦʛʨʘʜʥʠʢʫ, ʢʘʤʝʨʳ ʬʠʢʩʠʨʫʶʪ ʧʦʜʨʦʙʥʳʝ ʜʘʥʥʳʝ ʦʙ ʫʨʦʞʘʝ ʥʘ ʫʨʦʚʥʝ 

ʨʘʩʪʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʫʨʦʞʘʡʥʦʩʪʴ ʠ ʩʦʩʪʦʷʥʠʝ 

ʫʨʦʞʘʷ.  ɺ ʩʦʩʪʘʚ ʤʦʙʠʣʴʥʦʛʦ ʨʦʙʦʪʘ ʚʭʦʜʷʪ ʩʪʝʨʝʦʢʘʤʝʨʳ, ʣʠʜʘʨ, 

ʠʥʝʨʮʠʘʣʴʥʳʡ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʙʣʦʢ, ʢʦʤʧʘʩ, ʠ ʙʦʨʪʦʚʘʷ ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ 

ʦʙʲʝʜʠʥʷʝʪ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ ʥʝʩʢʦʣʴʢʠʭ ʜʘʪʯʠʢʦʚ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥ ʬʨʘʛʤʝʥʪ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ 

ʤʦʙʠʣʴʥʦʛʦ ʨʦʙʦʪʘ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ʩʨʝʜʝ Matlab/Simulink. ʆʥʘ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ ʢʘʢ ʧʨʦʛʨʘʤʤʫ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʟʘʧʫʩʢʘʪʴʩʷ ʥʘ ʨʦʙʦʪʝ, ʪʘʢ ʠ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ.  
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ʈʠʩʫʥʦʢ 1 ï ʌʨʘʛʤʝʥʪ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʤʦʙʠʣʴʥʦʛʦ ʨʦʙʦʪʘ, 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ʩʨʝʜʝ Matlab/Simulink 

 

ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʩʦʩʪʦʠʪ ʠʟ 3 ʦʩʥʦʚʥʳʭ ʯʘʩʪʝʡ:  

1. ɹʣʦʢ (InputProcessing) ʨʝʘʣʠʟʫʝʪ ʩʪʨʘʪʝʛʠʶ ʜʚʠʞʝʥʠʷ ʨʦʙʦʪʘ. ʋʯʠʪʳʚʘʷ 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʝ ʧʦʣʦʞʝʥʠʝ ʨʦʙʦʪʘ ʠ ʠʥʬʦʨʤʘʮʠʶ ʩ ʢʘʤʝʨʳ, ʵʪʦʪ ʙʣʦʢ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʥʷʪʴ ʨʝʰʝʥʠʝ ʦ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʨʘʩʩʪʦʷʥʠʠ, ʢʦʪʦʨʦʝ ʧʨʦʡʜʝʪ 

ʨʦʙʦʪ.  

2. ɹʣʦʢ (Controller) ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʜʚʠʛʘʪʝʣʷʤʠ ʨʦʙʦʪʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʝʛʦ ʜʚʠʞʝʥʠʝʤ. ʀʟʤʝʥʝʥʠʝ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʤʦʞʝʪ ʟʘʩʪʘʚʠʪʴ ʨʦʙʦʪʘ ʜʚʠʛʘʪʴʩʷ 

ʚʧʝʨʝʜ ʠʣʠ ʧʦʚʦʨʘʯʠʚʘʪʴʩʷ ʙʳʩʪʨʝʝ.  

3. ʆʩʪʘʣʴʥʳʝ ʙʣʦʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʨʝʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʬʠʟʠʯʝʩʢʦʤʫ  

ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʨʦʙʦʪʘ.  

ɺʥʝʰʥʠʡ ʚʠʜ ʤʦʙʠʣʴʥʦʛʦ ʨʦʙʦʪʘ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
ʈʠʩʫʥʦʢ 2 ï ɺʥʝʰʥʠʡ ʚʠʜ ʤʦʙʠʣʴʥʦʛʦ ʨʦʙʦʪʘ 

 

ʈʦʙʦʪ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ: 

1) ʇʣʘʪʘ Arduino Due, ʇʨʦʛʨʘʤʤʠʨʫʝʤʳʡ ʢʦʥʪʨʦʣʣʝʨ ʥʘ ʙʘʟʝ 

AT91SAM3X8E. 
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ʀʤʝʥʥʦ ʥʘ ʵʪʦʡ ʢʘʨʪʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʘʣʛʦʨʠʪʤʳ ʨʘʙʦʪʳ ʨʦʙʦʪʘ. 

ʇʣʘʪʘ Arduino DUE ʦʪʚʝʯʘʝʪ ʟʘ ʥʘʚʠʛʘʮʠʶ ʠ ʩʪʨʘʪʝʛʠʶ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ 

ʦʙʲʝʢʪʘʤ. ʆʥʘ ʦʩʥʘʱʝʥʘ ʜʦʯʝʨʥʝʡ ʧʣʘʪʦʡ ʜʣʷ ʩʠʣʦʚʦʡ ʯʘʩʪʠ ʜʚʠʛʘʪʝʣʷ: 

ɼʨʘʡʚʝʨ ʤʦʪʦʨʦʚ ʜʚʫʭʢʘʥʘʣʴʥʳʡ DFRobot ʜʣʷ Arduino ʥʘ L298P v1.2 4,8-35ɺ 

2ɸ. 

ɺʳʙʦʨ ʙʦʨʪʦʚʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʞʝʣʘʝʤʦʛʦ 

ʫʨʦʚʥʷ ʘʚʪʦʥʦʤʥʦʩʪʠ, ʪʘʢ ʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʜʘʪʯʠʢʦʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ 

ʧʦʜʢʣʶʯʝʥʳ ʢ ʩʠʩʪʝʤʝ. ɺ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʦʯʝʥʴ ʥʝʙʦʣʴʰʘʷ ʦʙʨʘʙʦʪʢʘ, 

ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ, ʪʘʢʦʛʦ ʢʘʢ Arduino, ʢʦʪʦʨʳʡ ʤʦʞʝʪ 

ʟʘʧʫʩʢʘʪʴ ʪʦʣʴʢʦ ʦʜʠʥ ʩʮʝʥʘʨʠʡ. 

ʆʜʥʘʢʦ ʜʣʷ ʥʘʚʠʛʘʮʠʠ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ 

ʥʝʦʙʭʦʜʠʤ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨ. ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʚ 

ʦʜʥʦʧʣʘʪʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ, ʪʘʢʠʭ ʢʘʢ Raspberry Pi 3, ʦʙʳʯʥʦ ʦʛʨʘʥʠʯʝʥʘ, ʥʦ ʚʩʝ 

ʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʭʦʜʷʱʝʡ ʜʣʷ ʧʨʠʣʦʞʝʥʠʡ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʠʣʠ ʫʤʝʨʝʥʥʦʡ 

ʘʚʪʦʥʦʤʥʦʩʪʴʶ ʠʣʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ.  

2) ʇʣʘʪʘ Raspberry Pi 3 Model B, ʆʜʥʦʧʣʘʪʥʳʡ ʢʦʤʧʴʶʪʝʨ ʥʘ ʙʘʟʝ 

ʧʨʦʮʝʩʩʦʨʘ Broadcom BCM2837 ʩ Wi-Fi ʠ Bluetooth. 

ʇʦ ʧʦʪʦʢʫ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʧʦʜʢʣʶʯʝʥʥʦʡ ʢʘʤʝʨʳ ʵʪʘ ʢʘʨʪʘ ʦʧʨʝʜʝʣʠʪ 

ʥʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʦʙʲʝʢʪʦʚ ʚ ʧʦʣʝ ʝʝ ʟʨʝʥʠʷ. ʆʥʠ 

ʦʙʦʟʥʘʯʝʥʳ ʮʚʝʪʥʳʤʠ ʤʘʨʢʝʨʘʤʠ ʥʘ ʟʝʤʣʝ. 

ʇʦʩʣʝ ʚʳʯʠʩʣʝʥʠʡ ʦʥ ʦʧʨʝʜʝʣʠʪ ʨʘʩʩʪʦʷʥʠʝ ʚ ʩʘʥʪʠʤʝʪʨʘʭ ʠ ʫʛʦʣ (0Á 

ʩʧʝʨʝʜʠ, ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʫʛʦʣ ʩʣʝʚʘ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʫʛʦʣ ʩʧʨʘʚʘ) 

ʦʙʥʘʨʫʞʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. ɿʘʪʝʤ ʵʪʘ ʠʥʬʦʨʤʘʮʠʷ ʦʪʧʨʘʚʣʷʝʪʩʷ ʥʘ ʧʣʘʪʫ Arduino 

ʧʦ IĮC. 

3) ɺʝʙ-ʢʘʤʝʨʘ Microsoft LifeCam Cinema HD. ʆʥʘ ʧʦʜʢʣʶʯʝʥʘ ʥʘʧʨʷʤʫʶ 

ʢ Raspberry Pi ʚ ʯʘʩʪʠ ʤʘʰʠʥʥʦʛʦ ʟʨʝʥʠʷ. 

4) ʐʘʛʦʚʳʡ ʜʚʠʛʘʪʝʣʴ ʩ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ ʨʝʜʫʢʪʦʨʦʤ. ʀʤʝʷ ʚʩʶ ʵʪʫ 

ʠʥʬʦʨʤʘʮʠʶ, ʧʣʘʪʘ Arduino ʩʧʦʩʦʙʥʘ ʦʮʝʥʠʪʴ ʧʨʦʡʜʝʥʥʦʝ  ʨʘʩʩʪʦʷʥʠʝ ʠ ʫʛʦʣ 

ʥʘʢʣʦʥʘ ʨʦʙʦʪʘ. 

5) ʉʢʘʥʠʨʫʶʱʠʡ ʦʧʪʠʯʝʩʢʠʡ ʜʘʣʴʥʦʤʝʨ (ʃʀɼɸʈ) LD19. 

ɼʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʩʚʝʪʘ ʠ ʠʟʤʝʨʝʥʠʷ ʜʘʣʴʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʤʧʫʣʴʩʥʳʡ 

ʣʘʟʝʨ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ ʩ ʦʯʝʥʴ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ ʩ ʤʠʥʠʤʘʣʴʥʳʤ 

ʰʫʤʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʝʨʝʦʜʘʪʯʠʢʘʤʠ ʠ ʜʘʪʯʠʢʘʤʠ ToF-ʢʘʤʝʨ. ʍʦʪʷ ʵʪʠ 

ʜʘʪʯʠʢʠ ʤʦʛʫʪ ʬʠʢʩʠʨʦʚʘʪʴ ʦʙʲʝʢʪʳ ʚ ʦʯʝʥʴ ʤʝʣʢʠʭ ʜʝʪʘʣʷʭ, ʦʥʠ ʪʨʝʙʫʶʪ 

ʪʦʯʥʦʛʦ ʟʥʘʥʠʷ ʧʦʣʦʞʝʥʠʷ ʜʘʪʯʠʢʘ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʜʦʨʦʞʝ, ʯʝʤ ʜʨʫʛʠʝ ʤʝʪʦʜʳ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ. ʆʙʨʘʪʥʘʷ ʩʚʷʟʴ ʩ ʜʘʪʯʠʢʘʤʠ ʚʳʨʘʞʘʝʪʩʷ ʚ 

ʧʣʦʪʥʳʭ ʦʙʣʘʢʘʭ ʪʦʯʝʢ ʠ ʤʦʞʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʦʛʨʦʤʥʳʝ ʦʙʲʝʤʳ ʜʘʥʥʳʭ, 

ʢʦʪʦʨʳʝ ʩʣʦʞʥʦ ʘʙʩʪʨʘʛʠʨʦʚʘʪʴ ʜʦ ʧʦʣʝʟʥʳʭ ʬʫʥʢʮʠʡ [1-4]. 

6) GPS-ʤʦʜʫʣʴ NEO-6M. 

ɼʘʥʥʳʝ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʜʘʪʯʠʢʦʚ ʤʦʞʥʦ ʦʙʲʝʜʠʥʠʪʴ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ 

ʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʠ ʦʨʠʝʥʪʘʮʠʶ ʨʦʙʦʪʘ ʚʦ ʚʨʝʤʷ ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ ʧʦʣʶ. 

ɽʩʣʠ ʜʦʩʪʫʧʥʳ ʪʦʯʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʧʦʩʘʜʢʠ, ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʧʫʪʠ ʯʝʨʝʟ 

ʨʷʜʳ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʨʦʙʦʪʦʤ ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ ʚʨʫʯʥʫʶ, ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʩʦʙʠʨʘʷ ʜʘʥʥʳʝ GPS ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʫʪʝʚʳʭ ʪʦʯʝʢ. ɽʩʣʠ ʨʦʙʦʪ ʜʦʣʞʝʥ 

ʧʝʨʝʤʝʱʘʪʴʩʷ, ʥʝ ʧʦʣʘʛʘʷʩʴ ʥʘ ʢʘʢʦʝ-ʪʦ ʧʨʝʜʧʦʣʘʛʘʝʤʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʙʲʝʢʪʘ, 
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ʠ/ʠʣʠ ʧʨʠ ʩʣʝʜʦʚʘʥʠʠ ʧʦ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʤʘʨʰʨʫʪʫ ʪʨʝʙʫʝʪʩʷ ʪʦʯʥʦʩʪʴ 

ʥʘ ʫʨʦʚʥʝ ʩʘʥʪʠʤʝʪʨʘ, ʪʦʛʜʘ ʥʝʦʙʭʦʜʠʤʘ ʪʦʯʥʦʩʪʴ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ GPS (RTK) 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ [4].  

7) ɼʘʪʯʠʢ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ  

ɸʚʪʦʥʦʤʥʳʡ ʤʦʙʠʣʴʥʳʡ ʨʦʙʦʪ, ʦʩʥʘʱʝʥʥʳʡ ʙʝʩʢʦʥʪʘʢʪʥʳʤ ʜʘʪʯʠʢʦʤ 

ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ, ʢʦʪʦʨʳʡ ʩʪʨʦʠʪ ʢʘʨʪʳ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʚʳʙʠʨʘʝʪ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʝ ʤʝʩʪʘ ʦʪʙʦʨʘ ʧʨʦʙ. 

8) ʀʥʬʨʘʢʨʘʩʥʘʷ ʢʘʤʝʨʘ PYTHON2000 2 ʄʇ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʘʚʪʦʨʘʤʠ ʤʦʙʠʣʴʥʳʡ ʨʦʙʦʪ ʠʩʧʦʣʴʟʫʝʪ ʢʘʤʝʨʫ 

ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ 

ʦʙʥʘʨʫʞʠʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʭʣʦʨʦʬʠʣʣʘ. 

 

ʈʝʟʫʣʴʪʘʪʳ 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʷʜʘ ʧʦʩʝʚʦʚ ʨʦʙʦʪ ʨʘʟʤʝʱʘʝʪʩʷ ʚ ʥʘʯʘʣʝ ʨʷʜʘ, ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʨʘʥʝʝ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʧʣʘʥʦʤ. ʈʦʙʦʪ ʦʩʥʘʱʝʥ ʚʩʪʨʦʝʥʥʦʡ 

ʢʘʤʝʨʦʡ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʝʤʫ ʦʪʩʣʝʞʠʚʘʪʴ ʢʫʣʴʪʫʨʳ ʚ ʨʷʜʝ, ʠ ʦʥ ʜʚʠʞʝʪʩʷ 

ʚʧʝʨʝʜ ʧʦ ʨʷʜʫ, ʧʦʢʘ ʥʝ ʜʦʩʪʠʛʥʝʪ ʝʛʦ ʢʦʥʮʘ. ʇʦʩʣʝ ʧʨʦʚʝʨʢʠ ʨʷʜʘ, ʨʦʙʦʪ 

ʚʳʧʦʣʥʷʝʪ ʥʝʦʙʭʦʜʠʤʳʝ ʤʘʥʝʚʨʳ, ʯʪʦʙʳ ʟʘʥʷʪʴ ʧʦʟʠʮʠʶ ʚ ʥʘʯʘʣʝ ʩʣʝʜʫʶʱʝʛʦ 

ʨʷʜʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʪʘʢʞʝ ʠʤʝʝʪʩʷ ʧʨʠʤʝʨʥʦʝ ʧʦʣʦʞʝʥʠʝ ʥʘ ʧʣʘʥʝ. ʕʪʦʪ ʧʨʦʮʝʩʩ 

ʧʦʚʪʦʨʷʝʪʩʷ, ʧʦʢʘ ʥʝ ʙʫʜʫʪ ʧʨʦʚʝʨʝʥʳ ʚʩʝ ʨʷʜʳ ʥʘ ʧʦʣʝ ʠʣʠ ʧʦʢʘ ʟʘʨʘʥʝʝ 

ʩʦʩʪʘʚʣʝʥʥʳʡ ʧʣʘʥ ʥʝ ʙʫʜʝʪ ʧʦʣʥʦʩʪʴʶ ʚʳʧʦʣʥʝʥ. ʂʨʦʤʝ ʪʦʛʦ, ʝʞʝʜʥʝʚʥʦ 

ʨʦʙʦʪ ʦʙʭʦʜʠʪ ʨʘʥʝʝ ʧʨʦʡʜʝʥʥʫʶ ʪʨʘʝʢʪʦʨʠʶ, ʯʪʦʙʳ ʬʠʢʩʠʨʦʚʘʪʴ ʧʦʜʨʦʙʥʳʝ 

ʜʘʥʥʳʝ ʦ ʫʨʦʞʘʝ. ʕʪʠ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʝʤʫ ʧʨʦʚʦʜʠʪʴ ʙʦʣʝʝ ʪʦʯʥʳʝ ʧʨʦʛʥʦʟʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʨʦʞʘʡʥʦʩʪʠ ʠ ʩʦʩʪʦʷʥʠʷ ʫʨʦʞʘʷ. ʇʝʨʝʤʝʱʝʥʠʝ ʤʦʙʠʣʴʥʦʛʦ 

ʨʦʙʦʪʘ ʚ ʩʨʝʜʝ Simulink ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 
ʈʠʩʫʥʦʢ 3 ï ʇʝʨʝʤʝʱʝʥʠʝ ʤʦʙʠʣʴʥʦʛʦ ʨʦʙʦʪʘ ʚ ʩʨʝʜʝ Simulink 
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ɺʳʚʦʜʳ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʜʣʷ 

ʤʦʙʠʣʴʥʦʛʦ ʨʦʙʦʪʘ. ʇʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, 

ʦʪʚʝʯʘʶʱʝʝ ʨʝʘʣʴʥʳʤ ʠ ʥʘʩʫʱʥʳʤ ʧʦʪʨʝʙʥʦʩʪʷʤ, ʦʩʦʙʝʥʥʦ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ 

ʩʧʝʮʠʘʣʴʥʳʭ ʢʫʣʴʪʫʨ, ʛʜʝ ʥʝʫʜʘʯʘ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʚʳʩʦʢʫʶ ʮʝʥʫ. ʉʠʩʪʝʤʳ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʫʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʩʦʩʪʦʷʥʠʷ 

ʧʦʩʝʚʦʚ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʦʨʥʷʢʦʚ, ʥʦ 

ʘʚʪʦʥʦʤʥʘʷ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʘʷ ʧʣʘʪʬʦʨʤʘ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʘʚʪʦʨʘʤʠ ʤʦʞʝʪ 

ʩʦʙʠʨʘʪʴ ʮʝʥʥʳʝ ʠ ʧʦʜʨʦʙʥʳʝ ʜʘʥʥʳʝ, ʢʦʛʜʘ ʜʨʦʥʳ ʥʝ ʤʦʛʫʪ ʩʧʨʘʚʠʪʴʩʷ. ʕʪʠ 

ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʘʛʨʦʥʦʤʘʤ ʦʙʨʘʙʘʪʳʚʘʪʴ ʢʘʞʜʦʝ ʨʘʩʪʝʥʠʝ, ʚ ʩʘʜʫ ʠʣʠ ʚ ʧʦʣʝ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦ, ʘ ʪʘʢʞʝ ʚ ʤʘʩʰʪʘʙʘʭ ʤʘʩʩʦʚʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʩʝʣʴʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘ, ʦʧʪʠʤʠʟʠʨʫʷ ʫʨʦʞʘʡʥʦʩʪʴ ʠ ʧʨʦʠʟʚʦʜʷ ʙʦʣʴʰʝ ʧʨʦʜʫʢʮʠʠ ʩ 

ʤʝʥʴʰʠʤʠ ʟʘʪʨʘʪʘʤʠ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʘʢʪʫʘʣʴʥʳʝ 
ʬʦʨʤʳ  ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ, ʢʦʥʪʨʦʣʴ ʟʘ ʜʚʠʞʝʥʠʝʤ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ,  ʬʫʥʢʮʠʠ  
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ʥʝʟʘʚʠʩʠʤʦʛʦ ʠʥʩʧʝʢʪʦʨʘ ʧʨʦʮʝʩʩʘ ʧʝʨʝʚʦʟʢʠ ï ʩʶʨʚʝʡʝʨʘ, ʚʥʝʜʨʝʥʠʝ 

ʙʣʦʢʯʝʡʥʘ ʚ ʪʨʘʥʩʧʦʨʪʥʳʡ ʧʨʦʮʝʩʩ, ʚʠʜʳ ʙʝʩʧʠʣʦʪʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝ, ʛʨʫʟ, ʪʘʨʘ,  ʧʝʨʝʚʦʟʢʘ, ʩʪʨʘʭʦʚʘʥʠʝ,  

ʨʠʩʢ, ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ, ʩʶʨʚʝʡʝʨ, ʩʠʩʪʝʤʘ ɻʃʆʅɸʉʉ, GPS, ʙʣʦʢʯʝʡʥ, 

ʣʦʛʠʩʪʠʢʘ, ʛʨʫʟʦʦʪʧʨʘʚʠʪʝʣʴ, ʛʨʫʟʦʧʦʣʫʯʘʪʝʣʴ. 
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ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʨʘʩʩʤʦʪʨʝʪʴ  ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʘʢʪʫʘʣʴʥʳʝ ʬʦʨʤʳ  

ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ, ʢʦʥʪʨʦʣʴ ʟʘ ʜʚʠʞʝʥʠʝʤ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʩʨʝʜʩʪʚʘ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤ ɻʃʆʅɸʉʉ, GPS,  ʬʫʥʢʮʠʠ  ʥʝʟʘʚʠʩʠʤʦʛʦ 

ʠʥʩʧʝʢʪʦʨʘ ʧʨʦʮʝʩʩʘ ʧʝʨʝʚʦʟʢʠ ï ʩʶʨʚʝʡʝʨʘ, ʚʥʝʜʨʝʥʠʝ ʙʣʦʢʯʝʡʥʘ ʚ  

ʪʨʘʥʩʧʦʨʪʥʳʡ ʧʨʦʮʝʩʩ, ʚʠʜʳ  ʥʦʚʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ.   

ɿʘʜʘʯʠ:  

ï ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʩʥʠʞʝʥʠʷ ʨʠʩʢʦʚ ʛʨʫʟʦʧʝʨʝʚʦʟʦʢ ʢ 

ʤʠʥʠʤʫʤʫ; 

 ï ʫʩʪʘʥʦʚʠʪʴ ʩʧʦʩʦʙʳ ʫʧʨʦʱʝʥʠʷ ʠ ʫʩʢʦʨʝʥʠʷ ʧʦʛʨʫʟʦʯʥʦ-ʨʘʟʛʨʫʟʦʯʥʳʭ 

ʦʧʝʨʘʮʠʡ ʧʨʠ ʣʶʙʳʭ ʚʠʜʘʭ ʘʚʪʦʧʝʨʝʚʦʟʦʢ; 

ï ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩ ʚʚʝʜʝʥʠʝʤ ʙʣʦʢʯʝʡʥʘ ʠ 

ʩʶʨʚʝʡʝʨʩʢʠʭ ʫʩʣʫʛ ʚ  ʪʨʘʥʩʧʦʨʪʥʳʡ ʧʨʦʮʝʩʩ; 

ï ʨʘʩʩʤʦʪʨʝʪʴ ʙʝʩʧʠʣʦʪʥʳʝ ʛʨʫʟʦʚʳʝ ʘʚʪʦʤʦʙʠʣʠ ʠ ʙʝʩʧʠʣʦʪʥʳʝ 

ʨʝʣʴʩʦʚʳʝ ʵʢʠʧʘʞʠ.  

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʘʥʘʣʠʟ ʠʥʬʦʨʤʘʮʠʠ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʧʨʦʮʝʩʩʘ ʧʝʨʝʚʦʟʦʢ ʛʨʫʟʦʚ. 

ʇʨʦʮʝʩʩ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʣʶʙʳʭ ʛʨʫʟʦʚ ʥʝʠʟʤʝʥʥʦ ʩʚʷʟʘʥ ʩ ʨʠʩʢʘʤʠ. ɺ 

ʧʨʦʮʝʩʩʝ ʧʝʨʝʚʦʟʦʢ ʧʦ ʈʦʩʩʠʠ ʛʨʫʟ ʤʦʞʝʪ ʧʦʚʝʨʛʥʫʪʴʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ 

ʠʟʤʝʥʝʥʠʷʤ, ʢʦʪʦʨʳʝ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʳ ʩ ʝʛʦ ʦʩʥʦʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʆʥ ʤʦʞʝʪ ʧʦʪʝʨʷʪʴ ʩʚʦʡ ʪʦʚʘʨʥʳʡ ʚʠʜ, ʧʦʣʫʯʠʪʴ ʧʦʚʨʝʞʜʝʥʠʷ ʠʣʠ 

ʠʩʧʦʨʪʠʪʴʩʷ, ʝʛʦ ʤʦʛʫʪ ʫʢʨʘʩʪʴ. 
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ʇʦʵʪʦʤʫ ʦʛʨʦʤʥʦʝ ʚʥʠʤʘʥʠʝ ʣʶʙʘʷ ʪʨʘʥʩʧʦʨʪʥʘʷ ʢʦʤʧʘʥʠʷ ʜʦʣʞʥʘ 

ʫʜʝʣʷʪʴ ʠʤʝʥʥʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʜʫʤʘʪʴ ʤʝʨʳ ʧʦ ʤʠʥʠʤʠʟʘʮʠʠ ʨʠʩʢʦʚ. 

ʐʠʨʦʢʠʡ ʘʩʩʦʨʪʠʤʝʥʪ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʧʦʟʚʦʣʷʶʪ 

ʩʜʝʣʘʪʴ ʧʝʨʝʚʦʟʢʫ ʙʝʟʦʧʘʩʥʦʡ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ 

ʩʠʩʪʝʤʳ ɻʃʆʅɸʉʉ ʠ GPS, ʘ ʪʘʢʞʝ ʩʧʝʮʠʘʣʴʥʳʝ ʨʝʛʠʩʪʨʘʪʦʨʳ. 

ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʚʝʩʪʠ ʢʦʥʪʨʦʣʴ ʥʘʜ 

ʧʝʨʝʜʚʠʞʝʥʠʷʤʠ ʪʨʘʥʩʧʦʨʪʘ. ʇʨʠ ʵʪʦʤ ʬʠʢʩʠʨʫʶʪʩʷ ʚʩʝ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ, 

ʢʘʩʘʶʱʠʝʩʷ ʘʚʪʦʤʦʙʠʣʷ, ʧʦʟʚʦʣʷʷ ʩʣʝʜʠʪʴ ʟʘ ʝʛʦ ʧʨʦʙʝʛʦʤ ʠ ʤʘʨʰʨʫʪʦʤ, 

ʦʩʪʘʥʦʚʢʘʤʠ ʚ ʧʫʪʠ ʠ ʚʨʝʤʝʥʝʤ, ʧʨʦʚʝʜʝʥʥʳʤ ʚ ʜʦʨʦʛʝ. 

ʏʪʦ ʩʘʤʦʝ ʮʝʥʥʦʝ, ʘʧʧʘʨʘʪʫʨʘ ʚʳʜʘʝʪ ʦʪʯʝʪ ʦʙ ʦʙʱʝʤ ʩʦʩʪʦʷʥʠʠ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʝʛʦ ʩʢʦʨʦʩʪʠ, ʩʚʷʟʠ ʠ ʟʘʞʠʛʘʥʠʠ, ʪʝʤʧʘʭ ʨʘʩʭʦʜʘ 

ʛʦʨʶʯʝ-ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɽʱʝ ʦʜʥʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʵʣʝʢʪʨʦʥʥʳʭ 

ʨʝʛʠʩʪʨʘʪʦʨʦʚ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʟʘʧʠʩʳʚʘʶʪ ʧʨʦʮʝʩʩ ʚʩʢʨʳʪʠʷ ʬʫʨʛʦʥʘ ʠ 

ʪʘʨʳ. ɽʩʣʠ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʥʘ ʟʘʢʦʥʥʳʭ ʦʩʥʦʚʘʥʠʷʭ, ʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʪʘʢʠʝ 

ʢʘʜʨʳ ʤʦʛʫʪ ʩʪʘʪʴ ʧʨʠʯʠʥʦʡ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʨʘʟʙʠʨʘʪʝʣʴʩʪʚʘ ʚ ʩʫʜʝ. 

ɽʜʠʥʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʩʦʚʨʝʤʝʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ 

ʷʚʣʷʝʪʩʷ ʠʭ ʜʦʨʦʛʦʚʠʟʥʘ, ʧʦʟʚʦʣʠʪʴ ʧʦʢʫʧʢʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʘʧʧʘʨʘʪʫʨʳ 

ʤʦʞʝʪ ʜʘʣʝʢʦ ʥʝ ʢʘʞʜʳʡ ʧʝʨʝʚʦʟʯʠʢ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʪ ʠ ʙʦʣʝʝ ʜʝʰʝʚʳʝ 

ʩʧʦʩʦʙʳ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʛʨʫʟ ʚ ʧʫʪʠ. 

ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʜʦʩʪʫʧʥʳʭ ʩʧʦʩʦʙʦʚ ʧʨʠ ʧʝʨʝʚʦʟʢʝ ʛʨʫʟʦʚ  ʦʩʪʘʝʪʩʷ 

ʧʣʦʤʙʠʨʦʚʢʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ. ʇʨʠ ʵʪʦʤ ʧʣʦʤʙʳ ʩ ʦʩʦʙʦʡ ʤʘʨʢʠʨʦʚʢʦʡ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʜʚʝʨʠ, ʬʫʨʛʦʥʳ ʠʣʠ ʦʪʜʝʣʴʥʳʝ ʩʝʢʮʠʠ ʤʘʰʠʥʳ. ʆʥʠ ʪʘʢʞʝ 

ʤʦʛʫʪ ʙʳʪʴ ʥʘʚʝʰʝʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʢʦʥʪʝʡʥʝʨʳ, ʮʠʩʪʝʨʥʳ ʠ ʛʨʫʟʦʚʳʝ 

ʤʝʩʪʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʯʝʥʴ ʚʘʞʥʦ ʦʙʦʟʥʘʯʠʪʴ ʜʘʥʥʳʡ ʬʘʢʪ ʚ ʜʦʢʫʤʝʥʪʘʭ 

(ʪʨʘʥʩʧʦʨʪʥʘʷ ʥʘʢʣʘʜʥʘʷ) [1]. 

ʉʦʭʨʘʥʝʥʠʶ ʮʝʣʦʩʪʥʦʩʪʠ ʫʧʘʢʦʚʢʠ ʛʨʫʟʘ ʩʧʦʩʦʙʩʪʚʫʶʪ ʠ ʚʳʧʦʣʥʷʝʤʳʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʧʦʛʨʫʟʢʠ ʠ ʚʳʛʨʫʟʢʠ ʛʨʫʟʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ  ʩʦ 

ʩʜʚʠʞʥʳʤʠ  ʪʝʥʪʘʤʠ.    

ɺ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʮʝʭʘʭ ʠ ʟʘʚʦʜʩʢʠʭ ʪʝʨʤʠʥʘʣʘʭ ʙʝʟ ʵʩʪʘʢʘʜ ʟʘʯʘʩʪʫʶ 

ʫʜʦʙʥʝʝ ʠʤʝʥʥʦ ʚʝʨʭʥʷʷ ʟʘʛʨʫʟʢʘ, ʥʘʧʨʠʤʝʨ ʢʨʘʥ-ʙʘʣʢʦʡ. ʆʙʳʯʥʳʡ ʪʝʥʪ ʢʘʢ 

ʜʣʷ ʧʦʣʫʧʨʠʮʝʧʦʚ, ʪʘʢ ʠ ʜʣʷ ʛʨʫʟʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʫʜʦʙʝʥ ʪʦʣʴʢʦ ʜʣʷ ʟʘʜʥʝʡ 

ʧʦʛʨʫʟʢʠ, ʚ ʩʣʫʯʘʝ ʙʦʢʦʚʦʡ ʟʘʛʨʫʟʢʠ ʪʨʝʙʫʝʪʩʷ ʯʘʩʪʠʯʥʘʷ ʨʘʟʙʦʨʢʘ ʪʝʥʪʘ-

ʢʘʨʢʘʩʘ, ʘ ʚʝʨʭʥʷʷ ʩʪʘʥʦʚʠʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʩʜʚʠʞʥʳʝ  ʪʝʥʪʳ ʫʧʨʦʱʘʶʪ ʠ ʫʩʢʦʨʷʶʪ ʪʘʢʝʣʘʞʥʳʝ ʦʧʝʨʘʮʠʠ ʧʨʠ ʣʶʙʳʭ 

ʚʠʜʘʭ ʘʚʪʦʧʝʨʝʚʦʟʦʢ [2].  

ɽʱʝ ʦʜʠʥ ʩʧʦʩʦʙ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʦʭʨʘʥʥʦʩʪʴ ʪʦʚʘʨʦʚ ʧʨʠʰʝʣ ʥʘ 

ʨʦʩʩʠʡʩʢʠʡ ʨʳʥʦʢ ʛʨʫʟʦʧʝʨʝʚʦʟʦʢ ʩʦʚʩʝʤ ʥʝʜʘʚʥʦ. ɺʩʝ ʙʦʣʴʰʝ ʧʝʨʝʚʦʟʯʠʢʦʚ 

ʩʪʨʝʤʷʪʩʷ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʶʨʚʝʡʝʨʩʢʠʤʠ ʫʩʣʫʛʘʤʠ. ʉʶʨʚʝʡʝʨ ʷʚʣʷʝʪʩʷ 

ʥʝʟʘʚʠʩʠʤʳʤ ʠʥʩʧʝʢʪʦʨʦʤ, ʢʦʪʦʨʳʡ ʧʦʜʚʝʨʛʘʝʪ ʢʦʥʪʨʦʣʶ ʚʩʝ ʵʪʘʧʳ ʧʝʨʝʚʦʟʢʠ 

ʛʨʫʟʘ. ʇʨʠ ʵʪʦʤ ʦʥ ʩʣʝʜʠʪ ʠ ʟʘ ʩʦʭʨʘʥʝʥʠʝʤ ʝʛʦ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʧʣʘʥʝ ʢʘʯʝʩʪʚʘ ʠ 

ʢʦʣʠʯʝʩʪʚʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʫʪʠ. ʊʘʢʦʡ ʠʥʩʧʝʢʪʦʨ ʥʘʯʠʪʘʝʪ ʩ ʢʦʥʪʨʦʣʷ 

ʧʦʛʨʫʟʢʠ ʪʦʚʘʨʘ, ʘ ʟʘʚʝʨʰʘʶʪʩʷ ʝʛʦ ʩʣʫʞʝʙʥʳʝ ʦʙʷʟʘʥʥʦʩʪʠ ʚʤʝʩʪʝ ʩ 

ʟʘʚʝʨʰʝʥʠʝʤ ʨʘʟʛʨʫʟʦʯʥʳʭ ʨʘʙʦʪ. ʈʘʟʫʤʝʝʪʩʷ, ʪʘʢʦʝ ʠʥʩʧʝʢʪʠʨʦʚʘʥʠʝ ʩʣʫʞʠʪ 

ʩʦʭʨʘʥʝʥʠʶ ʥʝʫʢʦʩʥʠʪʝʣʴʥʦʡ ʜʠʩʮʠʧʣʠʥʳ ʢʘʢ ʩʘʤʠʭ ʚʦʜʠʪʝʣʝʡ, ʪʘʢ ʠ 
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ʛʨʫʟʯʠʢʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʩʫʪʩʪʚʠʝ ʪʨʝʪʴʝʛʦ ʣʠʮʘ ʩʧʦʩʦʙʥʦ ʧʦʣʥʦʩʪʴʶ 

ʠʩʢʣʶʯʠʪʴ ʩʧʦʨʥʳʝ ʤʦʤʝʥʪʳ ʚ ʦʪʥʦʰʝʥʠʷʭ ʛʨʫʟʦʦʪʧʨʘʚʠʪʝʣʷ ʠ 

ʛʨʫʟʦʧʦʣʫʯʘʪʝʣʷ [1]. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʵʪʠ ʫʩʣʫʛʠ ʟʘʢʣʶʯʘʣʠʩʴ ʚ ʦʩʤʦʪʨʝ, 

ʧʦʜʣʝʞʘʱʠʭ ʩʪʨʘʭʦʚʘʥʠʶ ʠʣʠ ʟʘʩʪʨʘʭʦʚʘʥʥʳʭ ʛʨʫʟʦʚ ʠ ʩʫʜʦʚ, ʠ ʟʘʢʘʟʳʚʘʣʠʩʴ 

ʦʥʠ ʩʪʨʘʭʦʚʳʤʠ ʢʦʤʧʘʥʠʷʤʠ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʧʠʩʦʢ ʩʶʨʚʝʡʝʨʩʢʠʭ ʫʩʣʫʛ 

ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʣʩʷ ʠ ʟʘʢʘʟʘʪʴ ʠʭ ʤʦʞʝʪ ʣʶʙʦʡ ʫʯʘʩʪʥʠʢ ʧʨʦʮʝʩʩʘ 

ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʘ. ʄʥʦʛʠʝ ʢʦʤʧʘʥʠʠ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʛʨʫʟʦʧʝʨʝʚʦʟʢʠ ʧʦ ʚʩʝʡ 

ʈʦʩʩʠʠ, ʘ ʪʘʢʞʝ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʧʝʨʝʚʦʟʢʠ, ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʩʶʨʚʝʡʝʨʩʢʠʝ ʫʩʣʫʛʠ ʧʦ 

ʣʶʙʳʤ ʚʠʜʘʤ ʛʨʫʟʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ: ʧʠʣʦʤʘʪʝʨʠʘʣʳ ʠ ʙʫʤʘʛʘ, ʥʘʩʳʧʥʳʝ ʠ 

ʥʘʣʠʚʥʳʝ ʛʨʫʟʳ, ʮʚʝʪʥʳʝ ʤʝʪʘʣʣʳ ʠ ʩʪʘʣʴʥʦʡ ʧʨʦʢʘʪ, ʧʨʦʜʫʢʪʳ ʧʠʪʘʥʠʷ, 

ʙʳʪʦʚʘʷ ʪʝʭʥʠʢʘ, ʘʚʪʦʤʦʙʠʣʠ, ʩʪʘʥʢʠ, ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʪ. ʜ. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʠʥʩʧʝʢʮʠʷ ʛʨʫʟʘ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʚ ʭʦʜʝ, ʘ ʪʘʢʞʝ ʜʦ ʠʣʠ ʧʦʩʣʝ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʛʨʫʟʦʚʳʭ ʦʧʝʨʘʮʠʡ. 

 

ʆʩʥʦʚʥʳʝ ʫʩʣʫʛʠ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʝ ʩʶʨʚʝʡʝʨʩʢʠʤʠ ʢʦʤʧʘʥʠʷʤʠ: 

ï ʦʩʤʦʪʨ ʧʦʚʨʝʞʜʝʥʠʡ ʛʨʫʟʘ, ʢʦʥʪʝʡʥʝʨʦʚ ʠ ʜʨʫʛʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ, ʦʮʝʥʢʘ ʫʱʝʨʙʘ; 

ï ʠʥʩʧʝʢʮʠʷ ʛʨʫʟʦʚ ʧʨʠ ʚʳʛʨʫʟʢʝ/ʧʦʛʨʫʟʢʝ, ʢʦʥʪʨʦʣʴ ʧʨʦʭʦʞʜʝʥʠʷ 

ʛʨʫʟʦʚ; 

ï ʚʟʷʪʠʝ ʧʨʦʙ ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ; 

ï ʠʥʩʧʝʢʮʠʷ ʛʨʫʟʦʚ ʧʝʨʝʜ ʦʪʛʨʫʟʢʦʡ, ʧʨʦʚʝʨʢʘ ʩʦʩʪʦʷʥʠʷ ʫʧʘʢʦʚʢʠ ʠ 

ʤʘʨʢʠʨʦʚʢʠ; 

ï ʠʥʩʧʝʢʮʠʷ ʠ ʢʦʥʪʨʦʣʴ ʫʩʣʦʚʠʡ ʩʢʣʘʜʠʨʦʚʘʥʠʷ, ʭʨʘʥʝʥʠʷ ʛʨʫʟʘ; 

ï ʦʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʥʪʝʡʥʝʨʦʚ; 

ï ʠʥʩʧʝʢʮʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʧʨʝʜʤʝʪ ʧʨʠʛʦʜʥʦʩʪʠ ʢ ʧʝʨʝʚʦʟʢʝ 

ʛʨʫʟʦʚ; 

ï ʢʦʥʩʫʣʴʪʘʮʠʠ ʠ ʵʢʩʧʝʨʪʠʟʘ ʚ ʩʣʫʯʘʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʧʦʨʦʚ ʠ ʧʨʝʪʝʥʟʠʡ; 

ï ʦʧʣʦʤʙʠʨʦʚʢʘ ï ʨʘʩʧʣʦʤʙʠʨʦʚʢʘ ʚʘʛʦʥʦʚ, ʘʚʪʦʤʦʙʠʣʝʡ, ʢʦʥʪʝʡʥʝʨʦʚ, 

ʩʫʜʦʚʳʭ ʪʨʶʤʦʚ; 

ï ʨʘʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʘʭʦʚʳʭ ʩʣʫʯʘʝʚ, ʩʙʦʨ ʠʥʬʦʨʤʘʮʠʠ. 

ʊʘʢʞʝ ʩʶʨʚʝʡʝʨ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʢʦʥʩʫʣʴʪʘʥʪʦʤ ʜʣʷ ʧʝʨʝʚʦʟʯʠʢʦʚ ʠ 

ʛʨʫʟʦʚʣʘʜʝʣʴʮʝʚ, ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʧʨʠ ʧʨʦʮʝʜʫʨʝ ʪʘʤʦʞʝʥʥʦʛʦ ʠʣʠ 

ʚʝʪʝʨʠʥʘʨʥʦʛʦ ʜʦʩʤʦʪʨʘ, ʩʦʙʠʨʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʠʩʰʝʩʪʚʠʠ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʯʠʥ ʘʚʘʨʠʡ, ʠʟʫʯʘʪʴ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʩʝʨʪʠʬʠʢʘʪʳ ʠ ʧʨʦʯʠʝ 

ʜʦʢʫʤʝʥʪʳ ʧʦ ʛʨʫʟʫ [3].   

ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʷʚʣʝʥʠʝ 

ʙʣʦʢʯʝʡʥʘ,  ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʩʦʚʝʨʰʘʪʴ ʜʝʡʩʪʚʠʷ ʠ ʦʧʝʨʘʮʠʠ ʤʝʞʜʫ 

ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʢʦʤʧʘʥʠʷʤʠ ʥʘ ʦʩʥʦʚʝ ʠʤʝʶʱʝʡʩʷ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ 

ʟʘʰʠʬʨʦʚʘʥʘ ʚ ʙʣʦʢʘʭ ʮʝʧʠ. 

ʉʬʝʨʘ ʢʦʥʪʝʡʥʝʨʥʳʭ ʧʝʨʝʚʦʟʦʢ ï ʩʣʦʞʥʘʷ ʠ ʦʙʲʝʤʥʘʷ ʩʠʩʪʝʤʘ, ʛʜʝ ʚʘʞʥʦ 

ʥʝ ʪʦʣʴʢʦ ʦʙʝʩʧʝʯʠʪʴ ʩʦʭʨʘʥʥʦʩʪʴ ʛʨʫʟʘ, ʥʦ ʠ ʙʳʩʪʨʦ ʜʦʩʪʘʚʠʪʴ, ʘ ʪʘʢʞʝ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʚʩʝ ʨʘʩʭʦʜʳ. ɼʣʠʥʘ ʮʝʧʦʯʢʠ ʠ ʬʠʥʘʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ ʫʩʣʫʛ 

ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʦʩʨʝʜʥʠʢʦʚ ʠ ʥʘʣʘʞʝʥʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʣʦʛʠʩʪʘʤʠ, ʵʢʩʧʝʜʠʪʦʨʘʤʠ, ʯʠʥʦʚʥʠʢʘʤʠ. ʉʦʟʜʘʥʠʝ ʥʘʜʝʞʥʦʡ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ 
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ʧʨʦʟʨʘʯʥʦʡ ʩʠʩʪʝʤʳ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ ʩʤʦʛʣʦ ʙʳ ʧʦʜʥʷʪʴ 

ʙʠʟʥʝʩ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʡ ʫʨʦʚʝʥʴ.  

ʈʘʩʩʤʦʪʨʠʤ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦʨʪʘ ʧʦ ʧʝʨʝʚʦʟʢʝ ʢʦʥʪʝʡʥʝʨʦʚ: ʧʦʤʠʤʦ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʦʦʙʱʝʥʠʡ (ʧʨʠʝʤʘ ʪʦʚʘʨʘ ʥʘ ʠʤʧʦʨʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ 

ʦʪʧʨʘʚʢʘ ʥʘ ʵʢʩʧʦʨʪ), ʟʜʝʩʴ ʪʘʢʞʝ ʨʝʘʣʠʟʫʝʪʩʷ ʙʫʢʠʨʦʚʢʘ ʚʥʫʪʨʠ ʧʦʨʪʘ, ʤʦʨʩʢʘʷ 

ʧʝʨʝʚʦʟʢʘ ʚ ʧʦʨʪʳ ʩʪʨʘʥʳ (ʇʉɾɺʉ) ʠ ʦʪʧʨʘʚʢʘ ʧʦ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʝ ʜʘʣʝʝ.  

ʃʦʛʠʩʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʧʦ ʦʙʨʘʙʦʪʢʝ ʜʦʢʫʤʝʥʪʘʮʠʠ: ʧʦʛʨʫʟʦʯʥʳʝ 

ʚʝʜʦʤʦʩʪʠ ʥʘ ʙʫʢʠʨʦʚʢʫ ʠ ʵʢʩʧʦʨʪ, ʚʝʜʦʤʦʩʪʠ ʇʉɾɺʉ, ʧʨʠʝʤ ʠʤʧʦʨʪʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ, ʟʘʪʝʤ ʠ ʘʢʪʳ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ ï ʜʦʩʪʠʛʘʶʪ ʧʦʣʦʚʠʥʳ ʦʪ 

ʩʪʦʠʤʦʩʪʠ ʪʨʘʥʩʧʦʨʪʘ, ʪʨʘʪʠʪʩʷ ʤʥʦʛʦ ʚʨʝʤʝʥʠ ʫ ʩʧʝʮʠʘʣʠʩʪʦʚ ʥʘ ʩʦʟʜʘʥʠʝ 

ʜʦʢʫʤʝʥʪʦʚ.  

ʉ ʧʦʤʦʱʴʶ ʙʣʦʢʯʝʡʥʘ ʤʦʞʥʦ ʨʝʰʠʪʴ ʪʘʢʠʝ ʧʨʦʙʣʝʤʳ, ʢʘʢ:  

 ʦʪʩʣʝʞʠʚʘʥʠʝ ʢʦʥʪʝʡʥʝʨʦʚ ʚ ʧʫʪʠ ʠ ʥʘ ʪʝʨʤʠʥʘʣʘʭ,  

 ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ, 

 ʬʠʥʘʥʩʦʚʳʝ ʟʘʪʨʘʪʳ (ʧʦ ʘʢʪʘʤ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ),  

 ʧʨʠʯʠʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʘʜʝʨʞʝʢ ʥʘ ʫʯʘʩʪʢʝ ʮʝʧʠ.  

ʆʪʩʣʝʞʠʚʘʥʠʝ ʢʦʥʪʝʡʥʝʨʦʚ ʚ ʧʫʪʠ ʠ ʥʘ ʪʝʨʤʠʥʘʣʘʭ ʧʦʟʚʦʣʠʪ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʦʪʧʨʘʚʢʠ, ʧʦʩʤʦʪʨʝʪʴ, ʢʘʢʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʠʙʦʣʝʝ 

ʧʦʧʫʣʷʨʥʳ, ʘ ʪʘʢʞʝ ʦʧʝʨʘʪʠʚʥʦ ʠʩʧʨʘʚʣʷʪʴ ʧʨʦʩʪʦʠ.  

ʆʪʩʣʝʞʠʚʘʥʠʝ ʧʨʠʙʳʣʠ ʠ ʩʦʢʨʘʱʝʥʠʝ ʬʠʥʘʥʩʦʚʳʭ ʟʘʪʨʘʪ ï ʟʘʜʘʯʘ ʣʶʙʦʡ 

ʢʦʤʧʘʥʠʠ. ɹʣʘʛʦʜʘʨʷ ʘʣʛʦʨʠʪʤʫ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʘ, ʠʩʧʦʣʴʟʫʝʤʦʤʫ ʚ ʪʝʭʥʦʣʦʛʠʠ 

ʙʣʦʢʯʝʡʥ, ʙʫʜʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴʩʷ ʩʦʙʣʶʜʝʥʠʝ ʫʩʣʦʚʠʡ ʩʜʝʣʢʠ, ʘ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ ï ʩʦʢʨʘʱʘʪʴʩʷ ʦʙʦʨʦʪʥʳʡ ʢʘʧʠʪʘʣ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚ ʘʢʪʘʭ 

ʧʨʠʥʷʪʳʭ ʨʘʙʦʪ ʤʦʞʥʦ ʬʠʢʩʠʨʦʚʘʪʴ ʩʪʦʠʤʦʩʪʴ ʫʩʣʫʛ ʠ ʚʳʩʪʘʚʣʷʪʴ ʩʯʝʪ 

ʢʣʠʝʥʪʫ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʙʣʦʢʯʝʡʥʘ [4].  

ɿʘ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʧʦʷʚʠʣʠʩʴ ʙʝʩʧʠʣʦʪʥʳʝ ʘʚʪʦʤʦʙʠʣʠ, ʢʦʪʦʨʳʝ 

ʫʧʨʘʚʣʷʶʪʩʷ ʢʦʤʧʴʶʪʝʨʘʤʠ, ʠ ʫʧʨʘʚʣʝʥʠʝ ʯʝʣʦʚʝʢʦʤ ʩʚʝʜʝʥʦ ʢ ʤʠʥʠʤʫʤʫ. ɺ 

ʈʦʩʩʠʠ ʠʤʝʝʪʩʷ ʫʥʠʢʘʣʴʥʳʡ ʧʨʦʝʢʪ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʣ ʩʦʟʜʘʪʴ ʙʝʩʧʠʣʦʪʥʳʡ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʛʨʫʟʦʚʠʢ ʥʘ ʙʘʟʝ ʂɸʄɸɿ. ʉʝʡʯʘʩ ʦʙʦʨʫʜʦʚʘʥʠʝ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʢʦʤʧʘʥʠʡ ʥʘ ʦʩʥʦʚʝ ʙʝʩʧʠʣʦʪʥʦʛʦ ʛʨʫʟʦʚʠʢʘ ʂɸʄɸɿ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

ï ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʛʦʜʳ, ʛʨʫʟʦʚʠʢ ʩʧʦʩʦʙʝʥ ʨʘʩʧʦʟʥʘʚʘʪʴ ʧʦʤʝʭʠ ʚ 

ʨʘʜʠʫʩʝ 70-100 ʤʝʪʨʦʚ. 

ï  ɸʚʪʦʤʦʙʠʣʴ ʤʦʞʝʪ ʩʦʚʝʨʰʘʪʴ ʧʨʦʩʪʝʡʰʠʝ ʜʝʡʩʪʚʠʷ ï ʨʘʟʚʦʨʦʪ, 

ʧʦʚʦʨʦʪ, ʜʚʠʞʝʥʠʝ çʟʤʝʡʢʦʡè. 

ï  ʉʦʚʝʨʰʘʪʴ ʜʚʠʞʝʥʠʝ ʚ ʦʙʱʝʡ ʢʦʣʦʥʥʝ ʛʨʫʟʦʚʠʢʦʚ, ʙʝʟ ʧʨʷʤʦʛʦ ʫʯʘʩʪʠʷ 

ʚʦʜʠʪʝʣʷ. 

ï  ʈʝʘʛʠʨʦʚʘʪʴ ʥʘ ʧʨʝʧʷʪʩʪʚʠʝ, ʪʦ ʝʩʪʴ ʩʦʚʝʨʰʘʪʴ ʤʘʥʝʚʨ ʧʦʣʥʦʡ 

ʦʩʪʘʥʦʚʢʠ. 

ï  ʂʦʤʧʴʶʪʝʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʨʘʟʣʠʯʘʝʪ ʜʦʨʦʞʥʫʶ ʨʘʟʤʝʪʢʫ ʠ 

ʜʦʨʦʞʥʳʝ ʟʥʘʢʠ, ʢʦʪʦʨʳʝ ʫʩʪʘʥʦʚʣʝʥʳ ʚʜʦʣʴ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʪʨʘʩʩʳ [5]. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʥʦʚʠʥʢʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʨʫʟʦʚʠʢʘ ʂʘʤɸɿ ʧʦʜ ʥʘʟʚʘʥʠʝʤ 

çʏʝʣʥʦʢè ʩʪʘʣʦ ʦʪʩʫʪʩʪʚʠʝ ʢʘʙʠʥʳ (ʨʠʩʫʥʦʢ 1). 

 



108 

 
 

ʈʠʩʫʥʦʢ 1 ï ʇʨʦʪʦʪʠʧ ʙʝʩʧʠʣʦʪʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʨʫʟʦʚʠʢʘ ʂʘʤɸɿ  

ʧʦʜ ʥʘʟʚʘʥʠʝʤ çʏʝʣʥʦʢè 

 

ɼʣʠʥʘ ʘʚʪʦʤʦʙʠʣʷ, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʝʥ ʚʟʷʪʴ ʥʘ ʙʦʨʪ ʜʦ 10 ʪʦʥʥ ʛʨʫʟʘ, 

ʩʦʩʪʘʚʠʣʘ 8000 ʤʤ, ʰʠʨʠʥʘ ï 2550 ʤʤ, ʘ ʚʳʩʦʪʘ ï 4000 ʤʠʣʣʠʤʝʪʨʦʚ. ɺ ʥʠʞʥʝʡ 

ʯʘʩʪʠ ʤʘʰʠʥʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʪʷʛʦʚʳʝ ʙʘʪʘʨʝʠ, ʧʠʪʘʶʱʠʝ ʩʠʥʭʨʦʥʥʳʡ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʜʚʠʛʘʪʝʣʴ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʨʠʥʫʜʠʪʝʣʴʥʦ ʦʛʨʘʥʠʯʝʥʘ 

40 ʢʤ ʚ ʯʘʩ. 

ʇʦ ʩʚʦʝʡ ʬʦʨʤʝ çʏʝʣʥʦʢè ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ çʧʨʦʩʪʦʡ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜè, 

ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʤʘʰʠʥʘ ʠʤʝʝʪ ʮʝʣʳʡ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʦʙʳʯʥʳʤʠ 

ʛʨʫʟʦʚʳʤʠ ʘʚʪʦʤʦʙʠʣʷʤʠ. ʊʷʛʘʯ ʤʦʞʝʪ ʜʚʠʛʘʪʴʩʷ ʚ ʣʶʙʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʢʘʢ 

ʧʝʨʝʜʥʝʡ, ʪʘʢ ʠ ʟʘʜʥʝʡ ʯʘʩʪʴʶ ʢʫʟʦʚʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʣʠʰʥʠʭ ʜʝʡʩʪʚʠʡ 

ʧʨʠ ʩʤʝʥʝ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ. ʇʣʶʩ ʢʦ ʚʩʝʤʫ ʦʙʝ ʦʩʠ ï ʧʦʚʦʨʦʪʥʳʝ, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʝʪ ʤʘʥʝʚʨʝʥʥʦʩʪʴ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚ ʙʫʜʫʱʝʤ ʙʝʩʧʠʣʦʪʥʳʝ ʛʨʫʟʦʚʠʢʠ ʩʤʦʛʫʪ ʟʘʤʝʥʠʪʴ 

ʯʝʣʦʚʝʢʘ ʧʨʠ ʨʘʙʦʪʝ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ï ʥʘʧʨʠʤʝʨ, ʥʘ ʰʘʭʪʘʭ, ʚ 

ʢʘʨʴʝʨʘʭ ʠ ʥʘ ʂʨʘʡʥʝʤ ʉʝʚʝʨʝ [6]. 

ʋʩʠʣʠʣʠʩʴ ʫʞʝ ʩʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʨʘʥʝʝ ʪʝʥʜʝʥʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʘʟʚʠʪʠʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʧʝʨʝʚʦʟʦʢ. ɺʝʜʫʱʠʝ ʝʚʨʦʧʝʡʩʢʠʝ ʛʨʫʟʦʚʳʝ 

ʦʧʝʨʘʪʦʨʳ ʠ ʣʠʟʠʥʛʦʚʳʝ ʢʦʤʧʘʥʠʠ ʫʞʝ ʙʣʠʟʢʠ ʢ ʟʘʚʝʨʰʝʥʠʶ ʧʨʦʝʢʪʦʚ 

ʦʩʥʘʱʝʥʠʷ ʩʚʦʠʭ ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʦʚ ʙʦʨʪʦʚʳʤʠ ʪʝʣʝʤʘʪʠʯʝʩʢʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ 

ʠ ʜʘʪʯʠʢʘʤʠ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ 

ʚʘʛʦʥʦʚ ʠ ʧʝʨʝʚʦʟʠʤʳʭ ʛʨʫʟʦʚ. ʅʘʧʨʠʤʝʨ, ʘʚʩʪʨʠʡʩʢʠʡ ʦʧʝʨʘʪʦʨ Rail Cargo 

Group ʩ 2019 ʛ. ʧʦ ʩʝʨʝʜʠʥʫ 2022 ʛ. ʦʙʦʨʫʜʦʚʘʣ ʪʝʣʝʤʘʪʠʯʝʩʢʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ 

11 ʪʳʩ. ʚʘʛʦʥʦʚ (ʠʟ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ 12 ʪʳʩ. ʝʜ.), ʘ ʜʨʫʛʘʷ ʘʚʩʪʨʠʡʩʢʘʷ 

ʢʦʤʧʘʥʠʷ ï Innofreight, ʨʘʟʨʘʙʘʪʳʚʘʶʱʘʷ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʣʦʛʠʩʪʠʯʝʩʢʠʝ 

ʨʝʰʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʤʦʜʫʣʴʥʳʭ ʧʣʘʪʬʦʨʤ ʠ ʦʙʤʝʥʥʳʭ 

ʢʫʟʦʚʦʚ, ʜʦʛʦʚʦʨʠʣʘʩʴ ʩʦ ʰʚʝʡʮʘʨʩʢʠʤ ʩʪʘʨʪʘʧʦʤ Nexxiot ʦ ʮʠʬʨʦʚʠʟʘʮʠʠ 

ʚʩʝʛʦ ʩʚʦʝʛʦ ʧʘʨʢʘ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. 

ɺ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ ï ʙʝʩʧʠʣʦʪʥʳʝ ʤʦʪʦʨʥʳʝ ʪʝʣʝʞʢʠ ʩ ʧʠʪʘʥʠʝʤ ʦʪ 

ʪʷʛʦʚʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ, ʠʤʝʶʱʠʝ ʨʘʟʚʠʪʫʶ ʙʦʨʪʦʚʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ 

https://zdmira.com/news/obb-rcg-osnastil-telematicheskimi-ustrojstvami-11-tysyach-gruzovykh-vagonov
https://zdmira.com/news/nexxiot-zajmetsya-tsifrovizatsiej-gruzovykh-vagonov-kompanii-innofreight
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(ʨʠʩʫʥʦʢ 2).  ʂʦʥʪʝʡʥʝʨ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʧʘʨʫ ʪʝʣʝʞʝʢ, ʧʨʠʯʝʤ ʚʦʟʤʦʞʥʘ 

ʧʝʨʝʚʦʟʢʘ ʢʦʥʪʝʡʥʝʨʦʚ ʚ ʜʚʘ ʷʨʫʩʘ. ʇʘʨʳ ʪʝʣʝʞʝʢ ʩ ʢʦʥʪʝʡʥʝʨʘʤʠ ʤʦʛʫʪ 

ʧʝʨʝʤʝʱʘʪʴʩʷ ʢʦʣʦʥʥʘʤʠ ʧʦʜʦʙʥʦ ʧʦʝʟʜʫ, ʥʦ ʙʝʟ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʮʝʧʣʝʥʠʷ, ʪ. 

ʝ. ʦʩʪʘʚʘʷʩʴ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʥʦʤʥʳʤʠ [7]. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʂʦʥʮʝʧʮʠʷ ʙʝʩʧʠʣʦʪʥʦʛʦ ʨʝʣʴʩʦʚʦʛʦ ʵʢʠʧʘʞʘ  

 

ɺʳʚʦʜʳ 

ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʩʥʠʞʝʥʠʷ ʨʠʩʢʦʚ ʛʨʫʟʦʧʝʨʝʚʦʟʦʢ  ʟʘ ʩʯʝʪ 

ʫʧʨʦʱʝʥʠʷ ʧʦʛʨʫʟʦʯʥʦ-ʨʘʟʛʨʫʟʦʯʥʳʭ ʦʧʝʨʘʮʠʡ ʧʨʠ ʣʶʙʳʭ ʚʠʜʘʭ 

ʘʚʪʦʧʝʨʝʚʦʟʦʢ; ʚʚʝʜʝʥʠʷ ʙʣʦʢʯʝʡʥʘ ʠ ʩʶʨʚʝʡʝʨʩʢʠʭ ʫʩʣʫʛ ʚ  ʪʨʘʥʩʧʦʨʪʥʳʡ 

ʧʨʦʮʝʩʩ; ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʶ ʙʝʩʧʠʣʦʪʥʳʭ ʛʨʫʟʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʠ 

ʙʝʩʧʠʣʦʪʥʳʭ ʨʝʣʴʩʦʚʳʭ ʵʢʠʧʘʞʝʡ.  

 

ʉʧʠʩʦʢ ʠʩʪʦʯʥʠʢʦʚ 

1. ʂʘʢ ʩʥʠʟʠʪʴ ʨʠʩʢʠ ʧʨʠ ʧʝʨʝʚʦʟʢʝ ʛʨʫʟʦʚ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ:  https://cargo-

forward.ru/o_kompanii/stati/kak_snizit_riski_pri_perevozke_gruza/ 

2. ʉʜʚʠʞʥʳʝ ʢʨʳʰʠ, ʪʝʥʪʳ, ʰʪʦʨʢʠ, ʤʝʭʘʥʠʟʤʳ ʩʜʚʠʞʥʳʭ ʢʨʳʰ. ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ: https://www.kamtent.ru/produktsiya/avtomobilnaya-produktsiya/sdvizhnye-

tenty  

3. ʉʶʨʚʝʡʝʨʩʢʠʝ ʫʩʣʫʛʠ ï ʯʪʦ ʵʪʦ? ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ:  

https://www.reartek.com/surveyerskie-usligi/  

4. ʂʘʢ ʙʣʦʢʯʝʡʥ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴ ʩʬʝʨʫ ʢʦʥʪʝʡʥʝʨʥʳʭ ʧʝʨʝʚʦʟʦʢ. ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ:  https://cyberleninka.ru/article/n/kak-blokcheyn-mozhet-izmenit-sferu-

konteynernyh-perevozok 

5. ʅʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʝʨʝʚʦʟʢʘʭ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ:  

https://qualitydelivery.org/blog/novye-tekhnologii-v-perevozkakh/ 

6. ʂʘʤɸɿ ʨʘʟʨʘʙʦʪʘʣ ʙʝʩʧʠʣʦʪʥʳʡ ʪʷʛʘʯ ʙʝʟ ʢʘʙʠʥʳ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://www.autonews.ru/news/5e4d098c9a79472def100dfc  

7. ʅʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ 2022 ʛʦʜʘ ï ʥʝʢʦʪʦʨʳʝ ʠʪʦʛʠ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://zdmira.com/news/novye-tekhnologii-2022-goda-nekotorye-itogi 

 

https://cargo-forward.ru/o_kompanii/stati/kak_snizit_riski_pri_perevozke_gruza/
https://cargo-forward.ru/o_kompanii/stati/kak_snizit_riski_pri_perevozke_gruza/
https://www.kamtent.ru/produktsiya/avtomobilnaya-produktsiya/sdvizhnye-tenty
https://www.kamtent.ru/produktsiya/avtomobilnaya-produktsiya/sdvizhnye-tenty
https://www.reartek.com/surveyerskie-usligi/
https://cyberleninka.ru/article/n/kak-blokcheyn-mozhet-izmenit-sferu-konteynernyh-perevozok
https://cyberleninka.ru/article/n/kak-blokcheyn-mozhet-izmenit-sferu-konteynernyh-perevozok
https://qualitydelivery.org/blog/novye-tekhnologii-v-perevozkakh/
https://www.autonews.ru/news/5e4d098c9a79472def100dfc
https://zdmira.com/news/novye-tekhnologii-2022-goda-nekotorye-itogi
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ʅʘʫʯʥʘʷ ʩʪʘʪʴʷ 

ʋɼʂ 631.9 

ʈɸɿʈɸɹʆʊʂɸ ʀʆʅʀɿɸʊʆʈɸ ʀ ʆɿʆʅɸʊʆʈɸ  

ɼʃʗ ɾʀɺʆʊʅʆɺʆɼʏɽʉʂʀʍ ʂʆʄʇʃɽʂʉʆɺ 

 

ʂʘʥʜ. ʪʝʭʥ. ʥʘʫʢ ɽ.ɺ. ʐʝʰʫʥʦʚʘ;  

ʜʦʢʪʦʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ɺ.ɺ. ʐʤʠʛʝʣʴ 

(ʌɻɹʆʋ ɺʆ çʗʨʦʩʣʘʚʩʢʠʡ ɻɸʋè, ʗʨʦʩʣʘʚʣʴ, ʈʦʩʩʠʷ) 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʝʩʧʫʙʣʠʢʝ ɹʝʣʘʨʫʩʴ ʫʞʝ ʜʘʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʝʣʴʩʢʦʤ 

ʭʦʟʷʡʩʪʚʝ (ʥʘ ʬʝʨʤʘʭ) ʣʶʩʪʨʳ çʏʠʞʝʚʩʢʦʛʦè.  

ʋʧʨʘʚʣʝʥʮʳ ʗʨʦʩʣʘʚʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦʩʣʝ ʧʦʝʟʜʢʠ ʧʦ ʦʙʤʝʥʫ ʦʧʳʪʦʤ ʚ 

ɹʝʣʘʨʫʩʴ ʨʝʰʠʣʠ ʧʨʠʤʝʥʠʪʴ ʜʘʥʥʳʡ ʦʧʳʪ ʥʘ ʩʚʦʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ. ɺʦʟʥʠʢ 

ʚʦʧʨʦʩ: ʩʤʦʞʝʪ ʣʠ ʗʨʦʩʣʘʚʩʢʠʡ ɻɸʋ ʩʜʝʣʘʪʴ ʜʣʷ ʬʝʨʤ ʣʶʩʪʨʫ ʏʠʞʝʚʩʢʦʛʦ ʠ 

ʩʢʦʣʴʢʦ ʵʪʦ ʚʳʡʜʝʪ ʧʦ ʩʪʦʠʤʦʩʪʠ. 

ʅʘʤʠ ʙʳʣ ʩʜʝʣʘʥ ʨʘʩʯʝʪ ʜʣʷ ʦʜʥʦʡ ʠʟ ʬʝʨʤ ï ʥʝʦʙʭʦʜʠʤʦ ʩʜʝʣʘʪʴ 16 

ʣʶʩʪʨ ʠ ʚʳʩʦʢʦʚʦʣʴʪʥʳʡ ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ ʜʣʷ ʥʠʭ. 

ʄʳ ʩʦʛʣʘʩʠʣʠʩʴ ʵʪʦ ʧʦʜʛʦʪʦʚʠʪʴ ʠ ʜʘʞʝ ʤʦʥʪʠʨʦʚʘʪʴ ʠ ʥʘʩʪʨʦʠʪʴ. 

ɺʳʩʦʢʦʚʦʣʴʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʘʜʦ 2 ʩ ʯʝʪʳʨʴʤʷ ʢʦʨʝʡʩʢʠʤʠ ʛʘʟʦʩʚʝʪʥʳʤʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤʠ ʥʘ 15 ʢɺʪ ʢʘʞʜʳʡ. ʇʦʢʫʧʢʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʦʙʭʦʜʠʣʘʩʴ ʚ 

100 ʪʳʩʷʯ ʨʫʙʣʝʡ, ʠʭ 2 ʠʩʪʦʯʥʠʢʘ (ʠʪʦʛʦ 200 ʪʳʩʷʯ ʨʫʙʣʝʡ ʪʦʣʴʢʦ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ). 

ɺʳʩʦʢʦʚʦʣʴʪʥʳʡ ʧʨʦʚʦʜ ʧʦ 7 ʨʫʙʣʝʡ ʟʘ 1 ʤʝʪʨ ï ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʥʝʦʙʭʦʜʠʤʦ 200 ʤ. ʇʦʣʫʯʘʝʪʩʷ 140 ʪʳʩʷʯ ʨʫʙʣʝʡ. 

ʃʶʩʪʨʳ ʤʳ ʩʦʙʠʨʘʝʤ ʩʘʤʠ, ʦʥʠ ʦʙʭʦʜʷʪʩʷ ʚ 5 ʪʳʩʷʯ ʨʫʙʣʝʡ ʢʘʞʜʘʷ ï 

ʠʪʦʛʦ 80 ʪʳʩʷʯ ʨʫʙʣʝʡ. 

ʍʦʟʷʡʩʪʚʦ ʦʪʢʘʟʘʣʦʩʴ ʚʢʣʘʜʳʚʘʪʴ ʚ ʥʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʪʘʢʠʝ ʩʨʝʜʩʪʚʘ. ʅʦ 

ʤʳ ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ ʫʞʝ ʜʝʣʘʝʤ ʠ ʠʩʩʣʝʜʫʝʤ ʪʘʢʠʝ ʣʶʩʪʨʳ.  

ɺ ʨʷʜʝ ʭʦʟʷʡʩʪʚ ʙʳʣʠ ʟʘʢʣʶʯʝʥʳ ʜʦʛʦʚʦʨʘ ʥʘ ʚʥʝʜʨʝʥʠʝ ʩʧʦʩʦʙʘ 

ʠʦʥʠʟʘʮʠʠ ʚʦʟʜʫʭʘ ʩ ʧʦʤʦʱʴʶ ʣʶʩʪʨ ʜʣʷ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʬʝʨʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʟʦʥʘʪʦʨ, ʚʦʣʴʪ-ʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʣʶʩʪʨʘ 

ʏʠʞʝʚʩʢʦʛʦ, ʭʦʟʷʡʩʪʚʘ.  

 

DEVELOPMENT OF IONIZER AND OZONATOR  

FOR LIVESTOCK COMPLEXES  

 

Candidate of Technical Sciences E.V. Sheshunova;  

Doctor of Technical Sciences, Professor V.V. Shmigel 

(FSBEI HE çYaroslavl SAUè, Yaroslavl, Russia) 
 

Abstract. In the Republic of Belarus, çChizhevskyè chandeliers have long been 

used in agriculture (on farms).  

The managers of the Yaroslavl region, after a trip to exchange experience in 

Belarus, decided to apply this experience at their enterprises. The question arose: will 
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the Yaroslavl SAU be able to make a Chizhevsky chandelier for farms and how much 

it will cost.  

We made a calculation for one of the farms ï it turned out to be necessary to 

make 16 chandeliers and a high-voltage power source for them. 

We agreed to prepare it and even mount and configure it. There are 2 high-

voltage sources with four Korean gas-light transformers of 15 kW each. The purchase 

of transformers cost 100 thousand rubles, there are 2 sources (a total of 200 thousand 

rubles only transformers). 

High-voltage wire at 7 rubles per 1 meter - 200 m is needed for development. It 

turns out 140 thousand rubles. 

We assemble the chandeliers ourselves, they cost 5 thousand rubles each ï a 

total of 80 thousand rubles.  

The farm refused to invest such funds in the new direction. But we are already 

making and researching such chandeliers in the Yaroslavl SAU.  

In a number of farms, contracts were signed for the introduction of a method of 

air ionization using chandeliers for livestock farms. 

Keywords: ozonator, volt-ampere characteristic, chandelier of Chizhevsky, 

economy. 

 

ʄʝʪʦʜʳ ʠ ʤʘʪʝʨʠʘʣʳ 

ʆʟʦʥʘʪʦʨ, ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʚ ʌɻɹʆʋ ɺʆ çʗʨʦʩʣʘʚʩʢʠʡ ɻɸʋè, ʧʨʝʜʩʪʘʚʣʝʥ 

ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʆʟʦʥʘʪʦʨ 

 

ʃʶʩʪʨʘ ʏʠʞʝʚʩʢʦʛʦ (ʨʠʩʫʥʦʢ 2) ʙʝʟʦʧʘʩʥʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʥʘʜʝʞʥʘ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ. 

ʈʘʙʦʪʘʝʪ ʦʥʘ ʧʨʦʩʪʦ. ʇʨʠ ʚʢʣʶʯʝʥʠʠ ʥʘ ʧʫʣʴʪʝ ʫʧʨʘʚʣʝʥʠʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʳʢʣʶʯʘʪʝʣʷ ʚʢʣʶʯʘʶʪʩʷ ʚʳʩʦʢʦʚʦʣʴʪʥʳʝ ʠʩʪʦʯʥʠʢʠ. ʀʭ ʚ 

ʧʦʤʝʱʝʥʠʠ ʜʚʘ. ʇʠʪʘʥʠʝ ʧʦʜʘʝʪʩʷ ʥʘ ʚʳʩʦʢʦʚʦʣʴʪʥʫʶ ʩʝʪʢʫ ʣʶʩʪʨʳ, ʩ ʠʛʦʣʦʢ 

ʢʦʪʦʨʦʡ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʘʵʨʦʠʦʥʳ ʩʪʝʢʘʶʪ ʢ ʧʦʣʫ ʢʦʨʦʚʥʠʢʘ (ʪʝʣʷʪʥʠʢʘ, 

ʩʚʠʥʘʨʥʠʢʘ). ɺʨʝʤʷ ʨʘʙʦʪʳ ʣʶʩʪʨʳ ʩʦʩʪʘʚʣʷʝʪ 1,5 ʯʘʩʘ ʫʪʨʦʤ (9.00-10.30), ʚ 

ʦʙʝʜ (12.00-13.30) ʠ ʚʝʯʝʨʦʤ (17.00ï18.30). 
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ʈʠʩʫʥʦʢ 2 ï ʃʶʩʪʨʘ 

ʏʠʞʝʚʩʢʦʛʦ 

 

ʈʝʟʫʣʴʪʘʪʳ 

ɺ ʪʘʙʣʠʮʝ ʧʦʢʘʟʘʥʘ ʚʦʣʴʪ-ʘʤʧʝʨʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʣʶʩʪʨʳ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʩʥʷʪʘ ʚ 

ʫʥʠʚʝʨʩʠʪʝʪʝ. 

ɽʩʪʝʩʪʚʝʥʥʦ ʚʦʣʴʪ-ʘʤʧʝʨʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʥʷʪʘ ʧʦ ʧʝʨʚʠʯʥʦʡ ʩʪʦʨʦʥʝ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. 

ɼʣʷ ʩʘʥʘʮʠʠ ʙʠʜʦʥʦʚ, ʵʣʝʤʝʥʪʦʚ 

ʤʦʣʦʢʦʧʨʦʚʦʜʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʦʟʦʥʘʪʦʨ ʥʘ 

ʧʷʪʴ ʩʝʢʮʠʡ. ʆʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʩʘʥʘʮʠʠ ʙʳʣʦ ʧʦʤʝʱʝʥʦ ʚ ʥʝʙʦʣʴʰʫʶ 

ʢʦʤʥʘʪʫ ʥʘ ʬʝʨʤʝ ʨʘʟʤʝʨʦʤ 3ʭ3ʭ2,5 ʤ.  

ʆʟʦʥʘʪʦʨ ʠʤʝʝʪ ʚʝʥʪʠʣʷʪʦʨ, ʢʦʪʦʨʳʡ 

ʧʨʦʜʫʚʘʝʪ ʩʝʢʮʠʠ ʦʟʦʥʠʨʦʚʘʥʠʷ, ʥʘʧʦʣʥʷʷ 

ʢʦʤʥʘʪʫ ʩ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʜʣʷ ʩʘʥʘʮʠʠ 

ʦʟʦʥʦʤ ʥʫʞʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘ 20 ʤʠʥʫʪ. 

ʆʙʨʘʙʦʪʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʪʩʷ ʚ 

ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ. ɸʚʪʦʤʘʪʠʯʝʩʢʠʤ 

ʚʳʢʣʶʯʘʪʝʣʝʤ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ ʦʟʦʥʘʪʦʨʘ 

ʚʢʣʶʯʘʶʪ ʚʝʥʪʠʣʷʪʦʨ ʠ ʚʪʦʨʳʤ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʚʳʢʣʶʯʘʪʝʣʝʤ ʚʢʣʶʯʘʶʪ 

ʙʣʦʢ ʦʟʦʥʘʮʠʠ.  

ɺ ʪʘʙʣʠʮʝ ʧʦʢʘʟʘʥʘ ʚʦʣʴʪ-ʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʟʦʥʘʪʦʨʘ, ʩʥʷʪʘʷ ʚ 

ʫʩʣʦʚʠʷʭ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʦʢʘʟʘʥʦ ʩʥʷʪʠʝ ʚʦʣʴʪ-ʘʤʧʝʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʟʦʥʘʪʦʨʘ 

ʚ ʌɻɹʆʋ ɺʆ çʗʨʦʩʣʘʚʩʢʠʡ ɻɸʋè. 

ʊʘʙʣʠʮʘ 2 ï ɺʦʣʴʪ-ʘʤʧʝʨʥʘʷ  

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʟʦʥʘʪʦʨʘ 
ʅʘʧʨʷʞʝʥʠʝ,  

ɺ 

ʉʠʣʘ ʪʦʢʘ,  

ɸ 

20 0,16 

30 0,22 

35 0,26 

40 0,3 

45 0,33 

50 0,37 

55 0,4 

60 0,44 

65 0,46 

70 0,5 

75 0,52 

80 0,53 

85 0,55 

90 0,56 

95 0,58 

100 0,6 

 

ʊʘʙʣʠʮʘ 1 ï ɺʦʣʴʪ-ʘʤʧʝʨʥʘʷ  

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʣʶʩʪʨʳ 
ʅʘʧʨʷʞʝʥʠʝ, 

ɺ 

ʉʠʣʘ ʪʦʢʘ,  

ɸ 

23 0,05 

40 0,1 

47 0,11 

52 0,13 

57 0,14 

64 0,16 

67 0,18 

73 0,2 

78 0,22 

83 0,24 

89 0,28 
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ʈʠʩʫʥʦʢ 3 ï ʉʥʷʪʠʝ ʚʦʣʴʪ-ʘʤʧʝʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

 

ʆʟʦʥʘʪʦʨ ʠʤʝʝʪ ʦʜʠʥ ʚʳʩʦʢʦʚʦʣʴʪʥʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʥʘ 15 ʢɺ, ʙʣʦʢ 

ʦʟʦʥʘʮʠʠ, ʚʝʥʪʠʣʷʪʦʨ ʥʘ 1,5 ʢɺʪ. 

ʆʟʦʥʘʪʦʨ ʦʙʭʦʜʠʪʩʷ (ʚʳʩʦʢʦʚʦʣʴʪʥʳʡ ʠʩʪʦʯʥʠʢ ï 20 ʪʳʩʷʯ ʨʫʙʣʝʡ, ʙʣʦʢ 

ʧʠʪʘʥʠʷ ï 3 ʪʳʩʷʯʠ ʨʫʙʣʝʡ, ʙʣʦʢ ʦʟʦʥʘʮʠʠ 6 ʪʳʩʷʯ ʨʫʙʣʝʡ, ʢʘʙʝʣʴ ʧʠʪʘʥʠʷ ï 

2 ʪʳʩʷʯʠ ʨʫʙʣʝʡ) ʚ 31 ʪʳʩʷʯʫ ʨʫʙʣʝʡ. 

 

ɺʳʚʦʜʳ 

ʀʟʛʦʪʦʚʣʝʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʧʦʢʘʟʘʣʠ ʭʦʨʦʰʫʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ  

ʙʝʟʦʧʘʩʥʫʶ ʨʘʙʦʪʫ. ʈʝʢʦʤʝʥʜʦʚʘʥʳ ʥʘʤʠ ʜʣʷ ʭʦʟʷʡʩʪʚ ʗʨʦʩʣʘʚʩʢʦʡ ʦʙʣʘʩʪʠ. 
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ɸɺʊʆʄɸʊʀɿɸʎʀʗ ɹʀʆʈɽɸʂʊʆʈɸ ʍʃʆʈɽʃʃʓ  

ʉ ʕʃɽʂʊʈʆʉʊɸʊʀʏɽʉʂʀʄ ʇʆʃɽʄ 

 

ɼʦʢʪʦʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ɺ.ɺ. ʐʤʠʛʝʣʴ;  

ʦʙʫʯʘʶʱʠʡʩʷ ʄ.ʆ. ɻʣʘʟʫʥʦʚ 

 (ʌɻɹʆʋ ɺʆ çʗʨʦʩʣʘʚʩʢʠʡ ɻɸʋè, ʗʨʦʩʣʘʚʣʴ, ʈʦʩʩʠʷ) 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʧʦʩʪʨʦʝʥʠʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʙʠʦʨʝʘʢʪʦʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʣʫʯʰʝʥʠʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʚʳʨʘʱʠʚʘʥʠʷ ʭʣʦʨʝʣʣʳ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʩʦʜʝʨʞʠʪ ʤʝʪʦʜʠʢʫ ʧʦʩʪʨʦʝʥʠʷ 

ʙʠʦʨʝʘʢʪʦʨʘ ʩ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ ʧʦʣʝʤ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ 

ʚʳʨʘʱʠʚʘʥʠʷ ʭʣʦʨʝʣʣʳ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʠ ʧʦʜʢʣʶʯʝʥʠʶ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʚʦʟʤʦʞʥʦʩʪʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʭʣʦʨʝʣʣʳ, ʧʨʠ ʵʪʦʤ ʥʝ 

ʫʚʝʣʠʯʠʚʘʷ ʪʨʫʜʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʭʣʦʨʝʣʣʘ, ʩʪʠʤʫʣʷʮʠʷ, ʙʠʦʨʝʘʢʪʦʨ, ʦʙʨʘʙʦʪʢʘ, 

ʨʘʟʨʘʙʦʪʢʘ, ʤʝʪʦʜʠʢʘ, ʠʩʩʣʝʜʦʚʘʥʠʝ, ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, ʘʨʜʫʠʥʦ, 

ʘʚʪʦʤʘʪʠʟʘʮʠʷ. 

 

AUTOMATION OF THE CHLORELLA BIOREACTOR  

WITH AN ELECTROSTATIC FIELD  

 

Doctor of Technical Sciences, Professor V.V. Shmigel;  

student M.O. Glazunov 

(FSBEI HE çYaroslavl SAUè, Yaroslavl, Russia) 

 

Abstract. Is paper proposes a methodology for constructing an automated 

bioreactor using an electric field. The relevance of the research lies in improving and 

optimizing the process of Chlorella cultivation. This work includes a methodology 

for constructing a bioreactor with an electrostatic field, calculated parameters for 

Chlorella cultivation, and recommendations for selecting and connecting equipment. 

The practical significance of this study is the ability to scale up Chlorella production 

without increasing the labor intensity of the process. 

Keywords: chlorella, stimulation, bioreactor, processing, development, 

methodology, research, electric field, Arduino, automation. 

 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ɹʠʦʨʝʘʢʪʦʨʘ ʩ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ ʧʦʣʝʤ ʪʨʝʙʫʝʪʩʷ ʜʚʘ 

ʨʝʟʝʨʚʫʘʨʘ ʢʘʞʜʳʡ ʧʦ 100 ʣʠʪʨʦʚ (ʨʠʩʫʥʦʢ 1). 
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ʈʠʩʫʥʦʢ 1 ï ʈʝʟʝʨʚʫʘʨ 100 ʣʠʪʨʦʚ 

 

ʇʝʨʚʘʷ ʝʤʢʦʩʪʴ ʚʳʜʝʣʷʝʪʩʷ ʜʣʷ ʦʪʩʪʘʠʚʘʥʠʷ ʚʦʜʳ, ʚʪʦʨʘʷ ʚʳʜʝʣʷʝʪʩʷ ʜʣʷ 

ʚʳʨʘʱʠʚʘʥʠʷ. ɼʣʷ ʫʩʪʘʥʦʚʢʠ ʝʤʢʦʩʪʝʡ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʢʘʨʢʘʩ. ɽʤʢʦʩʪʠ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʢʘʨʢʘʩ (ʨʠʩʫʥʦʢ 2). 

 

 
ʈʠʩʫʥʦʢ 2 ï ʋʩʪʘʥʦʚʢʘ 

 

ɼʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʭʣʦʨʝʣʣʳ ʪʨʝʙʫʝʪʩʷ ʧʦʜʜʝʨʞʠʚʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʧʘʨʘʤʝʪʨʳ: 

1) ʇʦʩʪʦʷʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

2) ʇʦʩʪʦʷʥʥʳʡ ʫʨʦʚʝʥʴ pH = 7 

3) ʇʦʩʪʦʷʥʥʳʡ ʫʨʦʚʝʥʴ CO2 

4) ʇʝʨʝʤʝʰʠʚʘʥʠʝ ʩʨʝʜʳ ʚʳʨʘʱʠʚʘʥʠʷ 

5) ʉʪʠʤʫʣʷʮʠʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ ʧʦʣʝʤ 

6) ɼʦʩʚʝʯʠʚʘʥʠ ʬʠʪʦʩʚʝʪʦʜʠʦʜʥʳʤʠ ʩʚʝʪʠʣʴʥʠʢʘʤʠ 

ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʦʙʦʛʨʝʚʘ ʨʝʟʝʨʚʫʘʨʘ ʩ ʭʣʦʨʝʣʣʦʡ ʪʨʝʙʫʝʪʩʷ ʧʦʜʦʙʨʘʪʴ ʪʵʥ. 

ʕʪʦ ʟʘʚʠʩʠʪ ʦʪ ʞʝʣʘʝʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʨʝʤʝʥʠ. ʆʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʬʦʨʤʫʣʘ:  

ʄʦʱʥʦʩʪʴ (ʚ ʚʘʪʪʘʭ) = ʤʘʩʩʘ ʚʦʜʳ (ʚ ʢʛ) * ʪʝʧʣʦʝʤʢʦʩʪʴ ʚʦʜʳ (ʚ 

ɼʞ/ʢʛĿÁʉ) * ʪʝʤʧʝʨʘʪʫʨʘ ʠʟʤʝʥʝʥʠʷ (ʚ Áʉ) / ʚʨʝʤʷ (ʚ ʩʝʢʫʥʜʘʭ). 

ɼʣʷ ʨʘʙʦʪʳ ʪʵʥʘ ʪʨʝʙʫʝʪʩʷ ʩʣʝʜʫʶʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 

1) ʋɿʆ 

2) ɸʚʪʦʤʘʪʠʯʝʩʢʠʡ ʚʳʢʣʶʯʘʪʝʣʴ  

3) ʂʦʥʪʘʢʪʦʨ 

4) ʈʝʣʝ 

5) ɼʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ 

6) ʊʕʅ 
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P = (90 * 4200*15)/2577 = 2200ɺʘʪʪ 

ʂʦʥʪʘʢʪʦʨ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʚʳʢʣʶʯʘʪʝʣʴ ʧʦʜʙʠʨʘʶʪʩʷ ʧʦ ʪʦʢʫ 

I = P/220ɺ = 2200 / 220 = 10ɸ 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʙʝʟʦʧʘʩʥʦʡ ʨʘʙʦʪʳ ʪʨʝʙʫʝʪʩʷ ʙʨʘʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ 

ʚʳʢʣʶʯʘʪʝʣʴ ʥʝ ʚʳʰʝ 10 ʘʤʧʝʨ. 

ɼʣʷ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʪʨʝʙʫʝʪʩʷ ʧʦʜʢʣʶʯʠʪʴ ʜʘʪʯʠʢ ʢ ʢʦʥʪʨʦʣʣʝʨʫ. 

ɼʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ ʠʤʝʝʪ ʪʨʠ ʧʨʦʚʦʜʘ ʞʝʣʪʳʡʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʘʥʘʣʦʛʦʚʦʤʫ ʩʠʛʥʘʣʫ, ʢʨʘʩʥʳʡ +5V, ʯʝʨʥʳʡ GND. (ʨʠʩʫʥʦʢ 3) 

 

 
ʈʠʩʫʥʦʢ 3 ï ʇʦʜʢʣʶʯʝʥʠʷ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ ʢ ʢʦʥʪʨʦʣʣʝʨʫ 

 

ɺʘʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʯʥʦʡ ʨʝʛʫʣʠʨʦʚʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʷʚʣʷʝʪʩʷ ʬʠʣʴʪʨ 

ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʘ. 

ʌʠʣʴʪʨ ʘʥʘʣʦʛʦʚʳʭ ʩʠʛʥʘʣʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʠ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʟʚʦʣʷʷ ʩʛʣʘʜʠʪʴ ʙʳʩʪʨʳʝ ʠʟʤʝʥʝʥʠʷ 

ʩʠʛʥʘʣʘ ʠ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. 

EMA (Exponential Moving Average) ð ʵʪʦ ʬʠʣʴʪʨ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ 

ʩʛʣʘʞʠʚʘʥʠʷ ʙʘʟʦʚʦʛʦ ʩʠʛʥʘʣʘ. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʕʄɸ-ʬʠʣʴʪʨʘ ʦʩʥʦʚʘʥ ʥʘ 

ʧʨʠʤʝʥʝʥʠʠ ʚʟʚʝʰʝʥʥʦʛʦ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʢʘʞʜʦʛʦ ʜʘʪʯʠʢʘ ʠʟʤʝʨʝʥʠʷ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ EMA (ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʩʢʦʣʴʟʷʱʝʝ ʩʨʝʜʥʝʝ) ʟʘʜʘʝʪʩʷ 

ʧʝʨʚʳʤ ʫʩʣʦʚʠʝʤ ʠʩʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ. ɿʘʪʝʤ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʩʠʛʥʘʣʘ EMA ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

EMA(i) = (1-Ŭ) * EMA(i -1) + Ŭ * X(i)  

ʛʜʝ: 

¶ EMA(i) ð ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʪʝʢʫʱʝʛʦ 

ʠʟʤʝʨʝʥʠʷ (i). 

¶ Ŭ (ʘʣʴʬʘ) ð ʢʦʵʬʬʠʮʠʝʥʪ ʩʛʣʘʞʠʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʚʝʩ 

ʪʝʢʫʱʝʛʦ ʠʟʤʝʨʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ. ʕʪʦʪ 

ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʳʯʥʦ ʥʘʭʦʜʠʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 0 ʜʦ 1. ʏʝʤ ʙʣʠʞʝ Ŭ ʢ 1, ʪʝʤ 

ʙʦʣʴʰʠʡ ʚʝʩ ʧʨʠʜʘʝʪʩʷ ʪʝʢʫʱʝʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʠ ʬʠʣʴʪʨ ʙʳʩʪʨʝʝ ʨʝʘʛʠʨʫʝʪ ʥʘ 

ʠʟʤʝʥʝʥʠʷ ʚ ʩʠʛʥʘʣʝ. ʏʝʤ ʙʣʠʞʝ Ŭ ʢ 0, ʪʝʤ ʤʝʥʴʰʠʡ ʚʝʩ ʧʨʠʜʘʝʪʩʷ ʥʘʩʪʦʷʱʝʡ 

ʟʘʚʠʩʠʤʦʩʪʠ, ʠ ʬʠʣʴʪʨ ʙʦʣʝʝ ʩʛʣʘʞʠʚʘʝʪ ʩʠʛʥʘʣ. 

¶ EMA(i -1) ð ʩʨʝʜʥʝʝ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʩʢʦʣʴʞʝʥʠʝ ʜʣʷ ʧʦʟʜʥʝʛʦ 

ʠʟʤʝʨʝʥʠʷ (i-1). 

¶ X(i) ï ʪʝʢʫʱʠʡ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʩʠʛʥʘʣ. 
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 ʕʪʦʪ ʤʝʪʦʜ ʩʛʣʘʞʠʚʘʥʠʷ ʠʩʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʝʥ, ʢʦʛʜʘ 

ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʥʴʰʠʪʴ ʰʫʤ ʠ ʠʟʤʝʥʝʥʠʷ ʚ ʩʠʛʥʘʣʝ, ʩʦʭʨʘʥʷʷ ʧʨʠ ʵʪʦʤ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʜʦʣʛʦʩʨʦʯʥʳʝ ʠʟʤʝʥʝʥʠʷ. ʂʦʵʬʬʠʮʠʝʥʪ Ŭ 

ʧʦʟʚʦʣʷʝʪ ʥʘʩʪʨʘʠʚʘʪʴ ʩʪʝʧʝʥʴ ʩʛʣʘʞʠʚʘʥʠʷ. 

ɼʣʷ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʥʪʨʦʣʣʝʨ ʦʧʨʘʰʠʚʘʝʪ ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠ ʩʨʘʚʥʠʚʘʝʪ ʩ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ. 

ɽʩʣʠ ʪʝʢʫʱʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʠʞʝ ʞʝʣʘʝʤʦʡ, ʪʦ ʨʝʣʝ ʟʘʤʳʢʘʝʪʩʷ ʠ 

ʚʢʣʶʯʘʝʪ ʢʦʥʪʘʢʪʦʨ ʢʦʪʦʨʳʡ ʧʠʪʘʝʪ ʪʵʥ. ɽʩʣʠ ʪʝʢʫʱʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʜʦʩʪʠʛʣʘ 

ʠʣʠ ʧʨʝʚʳʩʠʣʘ ʞʝʣʘʝʤʫʶ, ʨʝʣʝ ʚʳʢʣʶʯʘʝʪʩʷ ʠ ʪʵʥ ʦʪʢʣʶʯʘʝʪʩʷ (ʨʠʩʫʥʦʢ 4). 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʪʵʥʘ 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʟʨʝʣʦʩʪʠ ʭʣʦʨʝʣʣʳ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʘʪʯʠʢ 

ʤʫʪʥʦʩʪʠ ʚʦʜʳ ʚ ʨʝʟʝʨʚʫʘʨ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ. 

ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ (ʨʠʩʫʥʦʢ 5) ʜʘʪʯʠʢʘ ʤʫʪʥʦʩʪʠ ʘʥʘʣʦʛʠʯʥʘ ʜʘʪʯʠʢʫ 

ʪʝʤʧʝʨʘʪʫʨʳ. ɼʘʪʯʠʢ ʤʫʪʥʦʩʪʠ (ʥʝʧʨʦʟʨʘʯʥʦʩʪʠ, ʟʘʪʝʥʝʥʥʦʩʪʠ) ʞʠʜʢʦʩʪʠ, 

ʩʦʩʪʦʠʪ ʠʟ ʧʝʨʝʜʘʪʯʠʢʘ ʠ ʧʨʠʝʤʥʠʢʘ. ʇʝʨʝʜʘʪʯʠʢ - ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ, ʦʙʳʯʥʦ 

ʩʚʝʪʦʜʠʦʜ, ʧʨʠʝʤʥʠʢ ʜʝʪʝʢʪʦʨ ʩʚʝʪʘ, ʦʙʳʯʥʦ ʬʦʪʦʜʠʦʜ ʠʣʠ ʬʦʪʦʨʝʟʠʩʪʦʨ. 

ʀʟʤʝʨʷʝʤʘʷ ʞʠʜʢʦʩʪʴ (ʨʘʩʪʚʦʨ) ʥʘʭʦʜʠʪʩʷ ʤʝʞʜʫ. ʄʫʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ 

ʧʦʣʫʯʘʝʤ, ʠʟʤʝʨʷʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ ʤʝʞʜʫ ʧʨʠʝʤʥʠʢʦʤ ʠ ʧʝʨʝʜʘʪʯʠʢʦʤ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʠʥʷʪʦʛʦ ʩʚʝʪʘ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʤʫʪʥʦʩʪʠ ʞʠʜʢʦʩʪʠ. 
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ʈʠʩʫʥʦʢ 5 ï ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʜʘʪʯʠʢ ʤʫʪʥʦʩʪʠ 

 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ 

ʟʥʘʯʝʥʠʷ ʩ ʜʘʪʯʠʢʘ ʦʪ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ. 

 

ʊʘʙʣʠʮʘ 1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʷ ʩ ʜʘʪʯʠʢʘ ʦʪ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ 

ʕʢʩʧʝʨʠʤʝʥʪ ʆʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ɿʥʘʯʝʥʠʝ ʩ ʜʘʪʯʠʢʘ 

ʤʫʪʥʦʩʪʠ ʚʦʜʳ 

ʆʧʳʪˉ1 0,195  

ʆʧʳʪˉ2 0,234  

ʆʧʳʪˉ3 0,262  

ʆʧʳʪˉ4 0,281  

ʆʧʳʪˉ5 0.289  

ʆʧʳʪˉ6 0,294  

ʆʧʳʪˉ7 0,321  

ʆʧʳʪˉ8 0,349  

ʆʧʳʪˉ9 0,353  

ʆʧʳʪˉ10 0,363  

ʆʧʳʪˉ11 0,401  

ʆʧʳʪˉ12 0,444  

ʆʧʳʪˉ13 0,454  

ʆʧʳʪˉ14 0,521  

ʆʧʳʪˉ15 0,588  

ʆʧʳʪˉ16 0,627  

ʆʧʳʪˉ17 0,649  

ʆʧʳʪˉ18 0,768  

ʆʧʳʪˉ19 0,787  

ʆʧʳʪˉ20 0,791  

 

ʇʨʦʚʝʜʷ ʜʘʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʙʫʜʝʪ ʧʦʩʪʨʦʝʥʘ ʢʨʠʚʘʷ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʩ ʜʘʪʯʠʢʘ ʤʫʪʥʦʩʪʠ ʚʦʜʳ. 
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ʈʠʩʫʥʦʢ 6 ï ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʩʚʝʪʦʜʠʦʜʥʳʭ ʣʘʤʧ 

 

ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʠʩʪʦʯʥʠʢ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ. ʉʘʤʳʤ 

ʫʜʘʯʥʳʤ ʚʘʨʠʘʥʪʦʤ ʷʚʣʷʶʪʩʷ ʩʚʝʪʦʜʠʦʜʥʳʝ ʣʘʤʧʳ ʢʨʘʩʥʦ ʩʠʥʝʛʦ ʩʧʝʢʪʨʘ. ʅʘʜ 

ʨʝʟʝʨʚʫʘʨʦʤ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʩʪʘʚʷʪʩʷ 2 ʣʘʤʧʳ ʤʦʱʥʦʩʪʴʶ 14 ɺʪ. ɼʣʷ ʟʘʱʠʪʳ 

ʪʨʝʙʫʝʪʩʷ ʫʩʪʘʥʦʚʠʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʚʳʢʣʶʯʘʪʝʣʴ ʥʘ 1 ɸ. ʊʘʢʞʝ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʪʨʝʙʫʝʪʩʷ ʫʩʪʘʥʦʚʠʪʴ ʢʦʥʪʘʢʪʦʨ (ʨʠʩʫʥʦʢ 6). 

ɼʣʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʜʦʩʪʫʧʘ ʩʫʩʧʝʥʟʠʠ ʢ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤʫ ʧʦʣʶ, 

ʢʦʪʦʨʦʝ ʥʘʭʦʜʠʪʩʷ ʫ ʩʪʝʥʦʢ ʨʝʘʢʪʦʨʘ ʪʨʝʙʫʝʪʩʷ ʧʦʩʪʦʷʥʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ, ʯʪʦ 

ʫʚʝʣʠʯʠʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʚ ʜʚʘ ʨʘʟʘ. 

ɼʣʷ ʢʦʤʧʨʝʩʩʦʨʘ ʤʦʱʥʦʩʪʴʶ 200 ɺʪ ʪʨʝʙʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʚʳʢʣʶʯʘʪʝʣʴ ʥʘ 1 ɸʤʧʝʨ. ɼʣʷ ʫʧʨʘʚʣʝʥʠʝ ʢʦʤʧʨʝʩʩʦʨʦʤ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʢʦʥʪʘʢʪʦʨ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʝʣʝ, ʢʦʪʦʨʦʝ 

ʧʦʜʘʝʪ ʩʠʛʥʘʣ ʥʘ ʢʘʪʫʰʢʫ ʢʦʥʪʘʢʪʦʨʘ (ʨʠʩʫʥʦʢ 7). 

 

 
ʈʠʩʫʥʦʢ 7 ï ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʢʦʤʧʨʝʩʩʦʨʘ 
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ɺʘʞʥʳʤ ʫʩʣʦʚʠʝʤ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ, ʧʦʩʪʦʷʥʥʳʡ 

ʫʨʦʚʝʥʴ pH. ɼʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʨʝʛʫʣʠʨʫʶʪʩʷ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʧʠʪʘʪʝʣʴʥʦʡ 

ʩʤʝʩʠ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ. 

ɼʣʷ ʧʝʨʝʢʘʯʢʠ ʧʠʪʘʪʝʣʴʥʦʡ ʩʤʝʩʠ ʠʟ ʙʘʢʘ ʚ ʨʝʟʝʨʚʫʘʨ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʮʠʨʢʫʣʷʮʠʦʥʥʳʡ ʥʘʩʦʩ ʤʦʱʥʦʩʪʴʶ 72ɺʪ (ʨʠʩʫʥʦʢ 8). 

 
ʈʠʩʫʥʦʢ 8 ï Cʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʥʘʩʦʩʘ 

 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʥʘʩʦʩʘʤ ʩʪʘʚʠʪʩʷ ʢʦʥʪʘʢʪʦʨ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪʩʷ ʧʦ 

ʩʠʛʥʘʣʫ ʩ ʨʝʣʝ. 

ʂʦʥʪʨʦʣʴ ʫʨʦʚʥʷ pHʧʨʦʠʟʚʦʜʠʪ ʩ ʧʦʤʦʱʴʶ pH ʤʝʪʨʘ. ɼʘʪʯʠʢ ʩʦʩʪʦʠʪ ʠʟ 

ʜʚʫʭ ʯʘʩʪʝʡ pH ʱʫʧʘ ʠ ʧʣʘʪʳ. ʑʫʧ ʷʚʣʷʝʪʩʷ ʨʘʩʭʦʜʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʩʦ 

ʚʨʝʤʝʥʝʤ ʝʛʦ ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʙʫʜʝʪ ʫʭʫʜʰʘʪʴʩʷ (ʨʠʩʫʥʦʢ9). 

 
ʈʠʩʫʥʦʢ 9 ï ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʧʣʘʪʳ pHʤʝʪʨʘ 
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ɼʣʷ ʫʩʪʘʥʦʚʢʠ ʙʘʢʘ ʝʤʢʦʩʪʴʶ 25 ʣʠʪʨʦʚ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʩʪʦʡʢʘ ʠʟ 

ʧʨʦʬʠʣʴʥʦʡ ʪʨʫʙʳ 40x40. 

ɺ ʙʘʢʝ ʧʨʦʜʝʣʳʚʘʝʪʩʷ ʦʪʚʝʨʩʪʠʷ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʥʘʩʦʩʘ (ʨʠʩʫʥʦʢ 10). 

 

 
 

ʈʠʩʫʥʦʢ 10 ï ɹʘʢ ʜʣʷ ʧʠʪʘʪʝʣʴʥʦʡ ʩʤʝʩʠ 

 

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʦʩʪʘ ʭʣʦʨʝʣʣʝ ʪʨʝʙʫʝʪʩʷ ʧʦʜʜʝʨʞʠʚʘʪʴ ʫʨʦʚʝʥʴ CO2 

ʜʣʷ ʵʪʦʛʦ ʪʨʝʙʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʪʯʠʢ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. 

ɼʘʥʥʳʡ ʜʘʪʯʠʢ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʢʦʥʪʨʦʣʣʝʨʫ ʧʦ rs-485 ʠʥʪʝʨʬʝʡʩʫ (ʨʠʩʫʥʦʢ 

11). 
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ʈʠʩʫʥʦʢ 11 ï ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʜʘʪʯʠʢʘ ʨʘʩʪʚʦʨʝʥʥʦʛʦ  

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʧʦ rs-485 

 

ʆʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ CO2 ʚ ʙʠʦʨʝʘʢʪʦʨʝ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʭʣʦʨʝʣʣʳ 

ʤʦʞʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʷ ʪʠʧ ʠ ʩʪʘʜʠʶ ʨʦʩʪʘ ʭʣʦʨʝʣʣʳ, 

ʦʩʚʝʱʝʥʠʝ, ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʜʨʫʛʠʝ ʫʩʣʦʚʠʷ. 

ʆʙʳʯʥʦ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʦʜʜʝʨʞʠʚʘʪʴ ʫʨʦʚʝʥʴ CO2 ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1% ʜʦ 

5% (ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʲʝʤʥʦʡ ʜʦʣʠ) ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʭʣʦʨʝʣʣʳ. ʆʜʥʘʢʦ, 

ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʣʷ 

ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʜʘ ʭʣʦʨʝʣʣʳ ʠ ʫʩʣʦʚʠʡ ʚʳʨʘʱʠʚʘʥʠʷ (ʨʠʩʫʥʦʢ 12). 

 
ʈʠʩʫʥʦʢ 12 ï ɹʘʣʣʦʥ CO2 

 

ɼʣʷ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʪʨʝʙʫʝʪʩʷ ʧʦʜʦʙʨʘʪʴ ʫʩʪʘʚʢʫ, ʦʥʘ ʧʦʜʙʠʨʘʝʪʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ɼʘʣʝʝ ʫʩʪʘʚʢʘ ʧʨʦʧʠʩʳʚʘʝʪʩʷ ʚ ʧʨʦʛʨʘʤʤʝ ʠ ʢʦʥʪʨʦʣʣʝʨ 

ʩʨʘʚʥʠʚʘʝʪ ʝʝ ʩ ʧʦʢʘʟʘʥʠʝʤ ʜʘʪʯʠʢʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʥʠʮʳ ʧʨʠʦʪʢʨʳʚʘʝʪʩʷ 

ʠʣʠ ʟʘʢʨʳʚʘʝʪʩʷ ʢʣʘʧʘʥ. 

 
ʋʩʪʘʚʢʘ

ɿʥʘʯʝʥʠʝ ʩ ʜʘʪʯʠʢʘ
20 = ʧʨʦʮʝʥʪ ʦʪʢʨʳʪʠʷ ʢʣʘʧʘʥʘ 
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ɼʣʷ ʩʦʟʜʘʥʠʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʫʞʝʥ ʙʣʦʢ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʚʢʣʶʯʘʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʢʦʥʪʘʢʪʦʨʘ (ʨʠʩʫʥʦʢ 13). 
 

 
ʈʠʩʫʥʦʢ 13 ï ʉʭʝʤʘ ʩʦʟʜʘʥʠʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ 

 

ɼʣʷ ʧʨʘʚʠʣʴʥʦʡ ʨʘʙʦʪʳ ʘʚʪʦʤʘʪʠʢʠ ʪʨʝʙʫʝʪʩʷ ʨʘʩʧʦʣʦʞʠʪʴ ʢʦʥʪʨʦʣʣʝʨ 

ʦʪʜʝʣʴʥʦ ʦʪ ʵʣʝʤʝʥʪʦʚ ʢʦʪʦʨʳʭ ʩʦʟʜʘʶʪ ʥʘʚʦʜʢʠ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʩʠʩʪʝʤʘ ʙʫʜʝʪ 

ʨʘʙʦʪʘʪʴ ʙʝʟ ʩʙʦʝʚ ʠ ʜʘʥʥʳʝ ʩ ʜʘʪʯʠʢʦʚ ʙʫʜʫʪ ʧʨʠʭʦʜʠʪʴ ʙʝʟ ʧʦʤʝʭ. 
 

 
ʈʠʩʫʥʦʢ 14 ï ʆʙʱʠʡ ʚʠʜ ʫʩʪʘʥʦʚʢʠ 
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ʉʧʠʩʦʢ ʠʩʪʦʯʥʠʢʦʚ 

1. ʐʤʠʛʝʣʴ ɺ.ɺ., ʉʫʭʦʚʩʢʠʡ ʅ.ɸ. ɺʳʨʘʱʠʚʘʥʠʝ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ ʉlorella 

Vulgaris ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ. ï ʗʨʦʩʣʘʚʣʴ: ʀʟʜ-ʚʦ 

ʌɻɹʆʋ ɺʆ ʗʨʦʩʣʘʚʩʢʘʷ ɻʉʍɸ, 2020. ï 104 ʩ. 

 

 

ʅʘʫʯʥʘʷ ʩʪʘʪʴʷ 

ʋɼʂ 631.53.02 ʋɼʂ 663.433.12 663.433.12 

ʆɹʈɸɹʆʊʂɸ ʉɽʄʗʅ ʗʏʄɽʅʗ ɺ ʕʃɽʂʊʈʀʏɽʉʂʆʄ ʇʆʃɽ  

ɼʃʗ ʉʆʃʆɼʆɺʅʀ  

 

ɼʦʢʪʦʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ɺ.ɺ. ʐʤʠʛʝʣʴ;  

ʦʙʫʯʘʶʱʠʡʩʷ ɺ.ʉ. ʀʟʦʪʦʚ 

 (ʌɻɹʆʋ ɺʆ çʗʨʦʩʣʘʚʩʢʠʡ ɻɸʋè, ʗʨʦʩʣʘʚʣʴ, ʈʦʩʩʠʷ) 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʦʙʨʘʙʦʪʢʠ ʩʝʤʷʥ 

ʷʯʤʝʥʷ ʧʨʠ ʧʠʚʦʚʘʨʝʥʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷʥʘ ʧʠʚʦʚʘʨʥʝ 

ʆʆʆ çʂʦʣʦʩè. ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʣʫʯʰʝʥʠʠ ʢʘʯʝʩʪʚʘ 

ʧʠʚʘ ʟʘ ʩʯʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʩʝʤʷʥ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʧʨʠʤʝʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʚ 

ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ 

ʦʙʨʘʙʦʪʢʠ ʩʝʤʷʥ ʷʯʤʝʥʷ. ɺʘʞʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ 

ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʟʘʪʨʘʪ ʠ ʫʣʫʯʰʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʧʠʚʦʚʘʨʝʥʠʷ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʧʦ 

ʧʨʦʠʟʚʦʜʩʪʚʫ ʧʠʚʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʜʫʢʮʠʠ ʠ 

ʫʣʫʯʰʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʇʠʚʦʚʘʨʝʥʠʝ, ʩʪʠʤʫʣʷʮʠʷ, ʩʦʣʦʜ, ʦʙʨʘʙʦʪʢʘ, 

ʧʨʦʨʘʱʠʚʘʥʠʝ, ʚʩʭʦʞʝʩʪʴ, ʨʘʟʨʘʙʦʪʢʘ, ʤʝʪʦʜʠʢʘ, ʠʩʩʣʝʜʦʚʘʥʠʝ, ʵʣʝʢʪʨʠʯʝʩʢʦʝ 

ʧʦʣʝ. 
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Abstract. This paper proposes a method of malt seed treatment in brewing using 

electric fieldat brewery OOO çKolosè. The relevance of the study is to improve the 

quality of beer by optimising the process of seed treatment. In the course of the work, 

theoretical aspects of the application of electric fields in the food industry are 

reviewed and the main methods of malt seed processing are analysed. An important 

result of the research is also the reduction of energy costs and improvement of 

environmental safety of the brewing process. The practical significance of this work 
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lies in the possibility of applying the proposed methodology at beer production 

enterprises to increase the competitiveness of products and improve the economic 

performance of production. 

Keywords: brewing, stimulation, malt, processing, germination, germination, 

development, methodology, research, electric field. 

 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ  ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʦʙʨʘʙʦʪʢʠ ʩʝʤʷʥʷʯʤʝʥʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʨʠ ʧʠʚʦʚʘʨʝʥʠʠ. 

ɿʘʜʘʯʠ 

1. ʇʨʦʚʝʩʪʠ ʥʘʣʘʜʢʫ ʃʕʄʉ (ʃʝʥʪʦʯʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʤʥʦʛʦʩʣʦʡʥʳʡ ʩʪʠʤʫʣʷʪʦʨ ʩʝʤʷʥ) 

2. ɺʳʙʦʨ ʟʝʨʥʘ, ʥʘʠʙʦʣʝʝ ʧʨʠʛʦʜʥʦʛʦ ʜʣʷ ʧʠʚʦʚʘʨʝʥʠʷ 

3. ʇʨʦʚʝʜʝʥʠʝ ʩʪʠʤʫʣʷʮʠʠ ʩʝʤʷʥ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʃʕʄʉ 

4. ʇʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʟʘʤʘʯʠʚʘʥʠʝ ʢʦʥʪʨʦʣʴʥʳʭ ʠ ʦʧʳʪʥʳʭ 
ʟʸʨʝʥ 

5. ʆʮʝʥʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʩʪʠʤʫʣʷʮʠʠ 

ʃʝʥʪʦʯʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʤʥʦʛʦʩʣʦʡʥʳʡ ʩʪʠʤʫʣʷʪʦʨ ʩʝʤʷʥ, ʝʛʦ 

ʫʩʪʨʦʡʩʪʚʦ ʠ ʦʧʳʪ ʧʨʠʤʝʥʝʥʠʷ. 

ʄʘʰʠʥʘ ʜʣʷ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʝʤʷʥ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ, 

ʩʦʜʝʨʞʘʱʘʷ ʟʘʛʨʫʟʦʯʥʳʡ ʙʫʥʢʝʨ, ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʧʣʦʩʢʠʡ ʵʣʝʢʪʨʦʜ ʠ 

ʟʘʟʝʤʣʝʥʥʳʡ ʧʣʦʩʢʠʡ ʵʣʝʢʪʨʦʜ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʨʘʩʧʦʣʦʞʝʥʘ ʚʝʨʭʥʷʷ ʚʝʪʚʴ 

ʧʨʦʨʝʟʠʥʝʥʥʦʡ ʣʝʥʪʳ ʪʨʘʥʩʧʦʨʪʝʨʘ ʩʦ ʩʧʣʦʰʥʳʤʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʙʦʨʪʘʤʠ, 

ʧʨʠ ʵʪʦʤ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʵʣʝʢʪʨʦʜ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 6,5 ʩʤ ʦʪ 

ʧʨʦʨʝʟʠʥʝʥʥʦʡ ʣʝʥʪʳ, ʧʨʠʯʝʤ ʚʳʩʦʪʘ ʩʧʣʦʰʥʳʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʙʦʨʪʦʚ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʣʝʥʪʝ, ʩʦʩʪʘʚʣʷʝʪ 15 ʩʤ, ʩʥʠʟʫ ʣʝʥʪʘ ʧʨʠʞʠʤʘʝʪʩʷ ʢ ʙʦʨʪʘʤ 

ʧʦʜʜʝʨʞʠʚʘʶʱʝʡ ʨʘʤʦʡ, ʧʨʠ ʵʪʦʤ ʩ ʪʦʨʮʦʚ ʙʦʨʪʦʚ ʫ ʙʫʥʢʝʨʘ ʨʘʩʧʦʣʦʞʝʥ 

ʨʝʛʫʣʠʨʫʝʤʳʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʡ ʰʠʙʝʨ, ʘ ʙʫʥʢʝʨ ʩ ʟʘʢʨʝʧʣʝʥʥʳʤ ʢ ʥʝʤʫ 

ʚʠʙʨʘʪʦʨʦʤ ʠʤʝʝʪ ʱʝʣʝʚʦʝ ʨʝʛʫʣʠʨʫʝʤʦʝ ʚʳʧʫʩʢʥʦʝ ʦʪʚʝʨʩʪʠʝ ʠ ʫʩʪʘʥʦʚʣʝʥ ʥʘ 

ʚʠʙʨʦʦʧʦʨʘʭ, ʧʨʠ ʵʪʦʤ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʵʣʝʢʪʨʦʜ, ʟʘʢʨʝʧʣʝʥʥʳʡ ʤʝʞʜʫ ʙʦʨʪʘʤʠ 

ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʰʧʠʣʴʢʘʭ ʠ ʧʨʠʢʨʝʧʣʝʥʥʳʡ ʢ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʨʘʤʢʝ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʭʦʤʫʪʘʤʠ, ʚʳʧʦʣʥʝʥ ʠʟ ʣʠʩʪʦʚʦʛʦ ʬʦʣʴʛʠʨʦʚʘʥʥʦʛʦ ʩʚʝʨʭʫ 

ʩʪʝʢʣʦʪʝʢʩʪʦʣʠʪʘ, ʰʠʨʠʥʘ ʧʨʦʨʝʟʠʥʝʥʥʦʡ ʣʝʥʪʳ ʪʨʘʥʩʧʦʨʪʝʨʘ ʩʦʩʪʘʚʣʷʝʪ 40 

ʩʤ.ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ 30 ʪ/ʯʘʩ, ʦʥʘ ʜʦʩʪʠʛʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ 

ʪʦʣʩʪʦʤʫ ʩʣʦʶ ʩʝʤʷʥ ʠ ʤʘʣʦʤʫ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ, ʨʘʚʥʦʝ 1.5 ʩʝʢʫʥʜʳ [1]. 
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ʈʠʩʫʥʦʢ 1 ï ʄʥʦʛʦʩʣʦʡʥʳʡ ʣʝʥʪʦʯʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʪʠʤʫʣʷʪʦʨ ʩʝʤʷʥ  

ɺ.ɺ. ʐʤʠʛʝʣʷ 

  

ʅʘʣʘʜʢʘ ʨʘʙʦʪʳ ʣʝʥʪʦʯʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʩʪʠʤʫʣʷʪʦʨʘ 

ʩʝʤʷʥ: 

1. ʇʦʜʛʦʪʦʚʢʘ ʤʘʰʠʥʳ ʢ ʨʘʙʦʪʝ, ʦʯʠʩʪʢʘ ʪʨʘʥʩʧʦʨʪʝʨʥʦʡ ʣʝʥʪʳ ʠ ʵʣʝʢʪʨʦʜʦʚ 
ʦʪ ʤʫʩʦʨʘ ʠ ʧʳʣʠ, ʧʨʦʚʝʨʢʘ ʠʟʦʣʷʮʠʠ ʥʘ ʢʘʙʝʣʷʭ ʧʠʪʘʥʠʷ, ʧʨʦʚʝʨʢʘ 

ʠʩʧʨʘʚʥʦʩʪʠ ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʡ; 

2. ɿʘʛʨʫʟʢʘ ʟʝʨʥʘ ʚ ʙʫʥʢʝʨ; 

3. ʇʦʜʢʣʶʯʝʥʠʝ ʣʝʥʪʦʯʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʩʪʠʤʫʣʷʪʦʨʘ ʩʝʤʷʥ 
ʢ ʩʝʪʠ 380ɺ; 

4. ʇʨʠ ʧʦʤʦʱʠ ʃɸʊʈʘ ʚʳʙʨʘʪʴ ʪʨʝʙʫʝʤʦʝ ʥʘʧʨʷʞʝʥʠʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ; 

5. ʆʪʢʨʳʪʴ ʟʘʩʣʦʥʢʫ ʙʫʥʢʝʨʘ ʜʣʷ ʧʦʜʘʯʠ ʟʝʨʥʘ ʥʘ ʪʨʘʥʩʧʦʨʪʝʨʥʫʶ ʣʝʥʪʫ; 

6. ʉʦʙʨʘʪʴ ʧʨʦʩʪʠʤʫʣʠʨʦʚʘʥʥʳʝ ʩʝʤʝʥʘ; 

7. ʆʪʢʣʶʯʠʪʴ ʫʩʪʘʥʦʚʢʫ ʦʪ ʩʝʪʠ, ʧʨʠʙʨʘʪʴ ʨʘʙʦʯʝʝ ʤʝʩʪʦ. 

ʄʘʰʠʥʘ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʉʝʤʝʥʥʘʷ ʩʤʝʩʴ ʠʟ ʙʫʥʢʝʨʘ 

ʧʦʩʪʫʧʘʝʪ ʩʣʦʝʤ 5 ʩʤ ʥʘ ʣʝʥʪʫ ʪʨʘʥʩʧʦʨʪʝʨʘ, ʛʜʝ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ ʧʦʣʝʤ, ʩʦʟʜʘʥʥʳʤ ʤʝʞʜʫ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʠ ʟʘʟʝʤʣʝʥʥʳʤ 

ʵʣʝʢʪʨʦʜʘʤʠ. ʅʘ ʩʣʦʝ ʩʝʤʷʥ ʯʘʩʪʴ ʩʝʤʷʥ ʟʘ ʩʯʝʪ ʙʦʣʴʰʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʚ 

ʚʦʟʜʫʰʥʦʤ ʧʨʦʤʝʞʫʪʢʝ ʦʨʠʝʥʪʠʨʫʝʪʩʷ ʚʜʦʣʴ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʧʦʣʷ ʠ 

ʢʦʨʦʥʠʨʫʝʪ, ʦʙʨʘʟʫʷ ʧʦʪʦʢ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʘʵʨʦʠʦʥʦʚ, ʩʪʝʢʘʶʱʠʭ ʯʝʨʝʟ ʩʣʦʡ 

ʩʝʤʷʥ, ʠʦʥʠʟʠʨʫʷ ʠʭ. ʀʟʦʙʨʝʪʝʥʠʝ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʦʙʨʘʙʦʪʢʠ 

ʩʝʤʷʥ ʟʘ ʩʯʝʪ ʦʙʨʘʙʦʪʢʠ ʩʝʤʷʥ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ ʧʦʣʝʤ ʠ ʧʦʪʦʢʦʤ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʘʵʨʦʠʦʥʦʚ, ʦʙʝʟʟʘʨʘʞʠʚʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʴ ʩʝʤʷʥ 

ʉ ʮʝʣʴʶ ʧʨʦʚʝʨʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʘʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʚʦʜʠʣʠʩʴ 

ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʦʙʨʘʙʦʪʢʠ ʩʝʤʷʥ, ʘ ʪʘʢʞʝ ʚ 2015 ʛʦʜʫ ʙʳʣ ʟʘʣʦʞʝʥ ʪʨʸʭʬʘʢʪʦʨʥʳʡ ʧʦʣʝʚʦʡ 

ʦʧʳʪ ʥʘ ʦʧʳʪʥʦʤ ʧʦʣʝ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ 

ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʟʝʤʣʝʜʝʣʠʠ ʘʢʘʜʝʤʠʠ (ʗʨʦʩʣʘʚʩʢʠʡ ʨʘʡʦʥ, 
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ʜ. ɹʝʢʨʝʥʝʚʦ) ʥʘ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʦʡ ʩʨʝʜʥʝʩʫʛʣʠʥʠʩʪʦʡ ʧʦʯʚʝ (ʢʘʢ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʡ ʚ ʗʨʦʩʣʘʚʩʢʦʡ ʦʙʣʘʩʪʠ) ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʷʨʦʚʦʡ ʧʰʝʥʠʮʳ 

ʩʦʨʪʘ çɼʘʨʴʷè.  

ɼʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʨʘʟʥʦʛʦ ʫʨʦʚʥʷ ʤʘʪʝʨʠʘʣʴʥʦ-

ʪʝʭʥʠʯʝʩʢʦʛʦ ʠ ʬʠʥʘʥʩʦʚʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʢʨʦʤʝ ʬʘʢʪʦʨʘ çʆʙʨʘʙʦʪʢʘ ʩʝʤʷʥ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝè, ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʠ ʪʘʢʠʝ, ʢʘʢ: çʉʠʩʪʝʤʘ ʫʜʦʙʨʝʥʠʡè ʠ 

çʆʙʨʘʙʦʪʢʘ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʫʜʦʙʨʝʥʠʷʤʠ (ʙʠʦʧʨʝʧʘʨʘʪʳ)è.  

ʉʭʝʤʘ ʪʨʸʭʬʘʢʪʦʨʥʦʛʦ ʦʧʳʪʘ:  

ʌʘʢʪʦʨ 1 ï ʦʙʨʘʙʦʪʢʘ ʙʠʦʧʨʝʧʘʨʘʪʘʤʠ, çʆè:  

1. ɹʝʟ ʙʠʦʧʨʝʧʘʨʘʪʦʚ, çʆ1 è.  

2. ʉ ʦʙʨʘʙʦʪʢʦʡ ʙʠʦʧʨʝʧʘʨʘʪʘʤʠ, çʆ2 è.  

ʌʘʢʪʦʨ 2 ï ʩʠʩʪʝʤʘ ʫʜʦʙʨʝʥʠʡ, çʋè:  

1. ɹʝʟ ʫʜʦʙʨʝʥʠʡ, çʋ1è.  

2. ʇʦʣʥʦʝ ʤʠʥʝʨʘʣʴʥʦʝ ʫʜʦʙʨʝʥʠʝ ʚ ʥʦʨʤʘʭ N95P15K95 (1 ʬʦʥ), çʋ2 è.  

3. ʇʦʣʥʦʝ ʤʠʥʝʨʘʣʴʥʦʝ ʫʜʦʙʨʝʥʠʝ ʚ ʥʦʨʤʘʭ N250P75K200 (2 ʬʦʥ), çʋ3è.  

ʌʘʢʪʦʨ 3 ï ʦʙʨʘʙʦʪʢʘ ʩʝʤʷʥ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ, çʊè:  

1. ɹʝʟ ʦʙʨʘʙʦʪʢʠ, çʊ1è.  

2. ʉ ʦʙʨʘʙʦʪʢʦʡ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ, çʊ2è.  

ʆʧʳʪ ʙʳʣ ʟʘʣʦʞʝʥ ʤʝʪʦʜʦʤ ʨʘʩʱʝʧʣʸʥʥʳʭ ʜʝʣʷʥʦʢ ʩ 

ʨʘʥʜʦʤʠʟʠʨʦʚʘʥʥʳʤ ʨʘʟʤʝʱʝʥʠʝʤ ʚʘʨʠʘʥʪʦʚ ʚ ʧʦʚʪʦʨʝʥʠʷʭ, ʧʦʚʪʦʨʥʦʩʪʴ 

ʦʧʳʪʘ ʪʨʸʭʢʨʘʪʥʘʷ. ɺʩʝʛʦ ʚʘʨʠʘʥʪʦʚ ʚ ʧʦʚʪʦʨʝʥʠʠ 12. 

 ʇʣʦʱʘʜʴ ʵʣʝʤʝʥʪʘʨʥʦʡ ʜʝʣʷʥʢʠ (ʜʝʣʷʥʢʠ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ, çʊè) 

ʩʦʩʪʘʚʠʣʘ 21 ʤ
2
 (7 ʤ ʭ 3 ʤ), ʧʣʦʱʘʜʴ ʜʝʣʷʥʢʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ (çʋè) ï 42 ʤ

2
 , 

ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ (çʆè) ï 126 ʤ
2
 . ʆʙʱʘʷ ʧʣʦʱʘʜʴ ʦʧʳʪʘ 378 ʤ

2
 .  

ɺ ʦʧʳʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʪʘʥʜʘʨʪʥʳʝ ʜʣʷ ʨʝʛʠʦʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʠʸʤʳ ʚʦʟʜʝʣʳʚʘʥʠʷ ʷʨʦʚʦʡ ʧʰʝʥʠʮʳ, ʢʨʦʤʝ ʠʟʫʯʘʝʤʳʭ. ʂʘʢʠʝ-ʣʠʙʦ 

ʧʝʩʪʠʮʠʜʳ ʥʝ ʧʨʠʤʝʥʷʣʠʩʴ. ʅʦʨʤʳ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʥʘ 

ʧʣʘʥʠʨʫʝʤʫʶ ʫʨʦʞʘʡʥʦʩʪʴ. ɺʩʝ ʥʘʙʣʶʜʝʥʠʷ, ʧʦʣʝʚʳʝ ʠ ʣʘʙʦʨʘʪʦʨʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩʦʛʣʘʩʥʦ ʦʙʱʝʧʨʠʥʷʪʳʤ ʤʝʪʦʜʠʢʘʤ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ 

ʨʘʟʚʠʪʠʷ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʢʫʣʴʪʫʨʥʳʭ ʨʘʩʪʝʥʠʡ (ʬʝʥʦʣʦʛʠʯʝʩʢʠʝ 

ʥʘʙʣʶʜʝʥʠʷ, ʧʦʣʝʚʘʷ ʚʩʭʦʞʝʩʪʴ ʠ ʛʫʩʪʦʪʘ ʩʪʦʷʥʠʷ ʨʘʩʪʝʥʠʡ, ʜʠʥʘʤʠʢʘ ʨʦʩʪʘ 

ʨʘʩʪʝʥʠʡ ʧʦ ʬʝʥʦʣʦʛʠʯʝʩʢʠʤ ʬʘʟʘʤ, ʟʘʩʦʨʸʥʥʦʩʪʴ ʩʦʨʥʳʤʠ ʨʘʩʪʝʥʠʷʤʠ, 

ʚʝʣʠʯʠʥʘ ʠ ʩʪʨʫʢʪʫʨʘ ʫʨʦʞʘʷ), ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʛʦ ʚʣʠʷʥʠʷ ʠʟʫʯʘʝʤʳʭ 

ʬʘʢʪʦʨʦʚ ʥʘ ʠʩʩʣʝʜʫʝʤʳʝ ʧʦʢʘʟʘʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʠʩʧʝʨʩʥʳʡ ʘʥʘʣʠʟ [2]. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʸʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʚʳʚʦʜʳ:  

1. ʆʙʨʘʙʦʪʢʘ ʩʝʤʷʥ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʃʕʄʉ ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʦʩʪʦʚʝʨʥʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʛʫʩʪʦʪʳ ʩʪʦʷʥʠʷ ʨʘʩʪʝʥʠʡ ʷʨʦʚʦʡ ʧʰʝʥʠʮʳ ʥʘ 26,1% ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʚʘʨʠʘʥʪʦʤ ʙʝʟ ʦʙʨʘʙʦʪʢʠ.  

2. ʅʘ ʚʘʨʠʘʥʪʘʭ, ʛʜʝ ʩʝʤʝʥʘ ʧʰʝʥʠʮʳ ʧʦʜʚʝʨʛʘʣʠʩʴ ʦʙʨʘʙʦʪʢʝ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ, ʦʪʤʝʯʝʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʦʙʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ 

ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ ʥʘ 29% ʠ ʫʤʝʥʴʰʝʥʠʝ ʠʭ ʩʫʭʦʡ ʤʘʩʩʳ ʥʘ 56,5%. ʕʪʦ ʷʚʠʣʦʩʴ 

ʩʣʝʜʩʪʚʠʝʤ ʭʦʨʦʰʝʛʦ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ ʷʨʦʚʦʡ ʧʰʝʥʠʮʳ ʢʘʢ ʥʘ ʥʘʯʘʣʴʥʦʤ 
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ʵʪʘʧʝ, ʪʘʢ ʠ ʚ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʧʦʚʳʰʝʥʠʝ ʠʭ 

ʢʦʥʢʫʨʝʥʪʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʦʨʥʷʢʘʤ.  

3. ɼʠʥʘʤʠʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʨʫʢʪʫʨʳ ʫʨʦʞʘʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʬʘʢʪʦʨʘ 3 

ʙʳʣʘ ʩʣʝʜʫʶʱʝʡ: ʩʨʝʜʥʷʷ ʚʳʩʦʪʘ ʨʘʩʪʝʥʠʡ ï ʧʦʢʘʟʘʪʝʣʴ, ʢʦʪʦʨʳʡ ʚ ʤʝʥʴʰʝʡ 

ʩʪʝʧʝʥʠ ʧʦʜʚʝʨʛʩʷ ʠʟʤʝʥʝʥʠʶ, ʦʜʥʘʢʦ ʪʝʥʜʝʥʮʠʷ ʝʛʦ ʫʚʝʣʠʯʝʥʠʷ ʥʘ ʚʘʨʠʘʥʪʘʭ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ (ʚ ʩʨʝʜʥʝʤ ʥʘ 3%), 

ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʜʫʢʪʠʚʥʳʭ ʩʪʝʙʣʝʡ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʣʦʩʴ (ʥʘ 29,3%), ʪʘʢʦʝ 

ʞʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ ʦʙʨʘʙʦʪʢʠ ʩʝʤʷʥ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʃʕʄʉ 

ʥʘʙʣʶʜʘʣʦʩʴ ʧʦ ʩʨʝʜʥʝʤʫ ʢʦʣʠʯʝʩʪʚʫ ʟʸʨʝʥ ʚ ʢʦʣʦʩʝ, ʫʚʝʣʠʯʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 

19%, ʘ ʪʘʢʞʝ ʧʦ ʩʨʝʜʥʝʡ ʤʘʩʩʝ ʟʸʨʝʥ ʚ ʢʦʣʦʩʝ (ʫʚʝʣʠʯʝʥʠʝ ʥʘ 17%).  

4. ɺ ʩʨʝʜʥʝʤ ʧʦ ʠʟʫʯʘʝʤʳʤ ʬʘʢʪʦʨʘʤ ʦʙʨʘʙʦʪʢʘ ʧʦʩʝʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʠʪʴ ʜʦʩʪʦʚʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ 

ʟʝʣʸʥʦʡ ʤʘʩʩʳ ʥʘ 15,9%.  

5. ɹʣʘʛʦʜʘʨʷ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʚʳʩʦʢʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʟʸʨʝʥ ʚ ʢʦʣʦʩʝ ʠ 

ʧʦʚʳʰʝʥʥʦʡ ʠʭ ʤʘʩʩʝ (ʥʘ 17%), ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʫʨʦʞʘʡʥʦʩʪʴ ʟʝʨʥʘ ʷʨʦʚʦʡ 

ʧʰʝʥʠʮʳ ʜʦʩʪʦʚʝʨʥʦ ʫʚʝʣʠʯʠʣʘʩʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ 

ʦʙʨʘʙʦʪʢʠ ʩʝʤʷʥ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ 34%. 6. ʋʩʪʘʥʦʚʣʝʥʦ ʧʦʣʦʞʠʪʝʣʴʥʦʝ 

ʜʝʡʩʪʚʠʝ ʦʙʨʘʙʦʪʢʠ ʩʝʤʷʥ ʷʨʦʚʦʡ ʧʰʝʥʠʮʳ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʥʘ 

ʩʣʝʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ: ʧʦʣʝʚʫʶ ʚʩʭʦʞʝʩʪʴ (ʫʚʝʣʠʯʝʥʠʝ ʥʘ 2,5%), 

ʧʨʦʜʫʢʪʠʚʥʫʶ ʢʫʩʪʠʩʪʦʩʪʴ (ʫʚʝʣʠʯʝʥʠʝ ʥʘ 3,2%), ʩʨʝʜʥʶʶ ʚʳʩʦʪʫ ʨʘʩʪʝʥʠʡ 

(ʫʚʝʣʠʯʝʥʠʝ ʥʘ 3%), ʧʣʦʱʘʜʴ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʪʝʥʠʡ (ʫʚʝʣʠʯʝʥʠʝ ʥʘ 

11,3%). 

ɺʳʙʦʨ ʷʯʤʝʥʷ, ʥʘʠʙʦʣʝʝ ʧʨʠʛʦʜʥʦʛʦ ʜʣʷ ʧʠʚʦʚʘʨʝʥʠʷ. 

ʇʠʚʦʚʘʨʝʥʥʳʡ ʷʯʤʝʥʴ ï ʵʪʦ ʥʝ ʦʩʦʙʘʷ ʢʫʣʴʪʫʨʘ, ʘ ʬʦʨʤʘ ʚʦʟʜʝʣʳʚʘʥʠʷ 

ʷʯʤʝʥʷ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʣʫʯʘʪʴ ʟʝʨʥʦ ʩ ʟʘʜʘʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʋʟʥʘʝʤ, 

ʢʘʢ ʩʝʷʪʴ ʠ ʚʳʨʘʱʠʚʘʪʴ çʧʠʚʥʦʡè ʷʯʤʝʥʴ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʢʘʯʝʩʪʚʝʥʥʦʝ ʩʳʨʴʝ 

ʜʣʷ ʧʠʚʦʚʘʨʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʗʯʤʝʥʴ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʩʦʨʪʘʤʠ, ʢʦʪʦʨʳʝ 

ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʧʨʠʟʥʘʢʘʤ. 

ɻʣʘʚʥʦʝ ʦʪʣʠʯʠʝ ʧʠʚʦʚʘʨʝʥʥʦʛʦ ʷʯʤʝʥʷ ʦʪ ʦʙʳʯʥʦʛʦ ï ʩʦʜʝʨʞʘʥʠʝ ʙʝʣʢʘ 

ʚ ʟʝʨʥʝ. ʇʦ ɻʆʉʊʫ ʦʥʦ ʜʦʣʞʥʦ ʩʦʩʪʘʚʣʷʪʴ ʥʝ ʙʦʣʝʝ 12 %. ɿʝʨʥʦ çʧʠʚʥʦʛʦè 

ʷʯʤʝʥʷ ʩʪʦʠʪ ʜʦʨʦʞʝ, ʯʝʤ ʬʫʨʘʞʥʦʝ. 

ʇʨʦʠʟʚʦʜʠʪʝʣʠ ʧʠʚʘ ʦʯʝʥʴ ʧʨʠʜʠʨʯʠʚʦ ʦʪʥʦʩʷʪʩʷ ʢ ʟʘʢʫʧʘʝʤʦʤʫ ʩʳʨʴʶ. 

ɹʦʣʝʝ ʪʦʛʦ, ʧʠʚʦʚʘʨʝʥʥʳʝ ʠ ʩʦʣʦʜʦʚʝʥʥʳʝ ʢʦʤʧʘʥʠʠ ʚʢʣʘʜʳʚʘʶʪ ʩʝʨʴʝʟʥʳʝ 

ʩʨʝʜʩʪʚʘ ʚ ʩʝʣʝʢʮʠʶ ʧʠʚʦʚʘʨʝʥʥʦʛʦ ʷʯʤʝʥʷ, ʪʘʢ ʢʘʢ ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʚ ʝʛʦ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ. 

ʇʠʚʦʚʘʨʳ ʯʘʩʪʦ ʧʨʝʜʧʦʯʠʪʘʶʪ ʧʦʢʫʧʘʪʴ ʟʝʨʥʦ ʠʟʚʝʩʪʥʳʭ ʠʤ 

ʟʘʨʫʙʝʞʥʳʭ ʩʦʨʪʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʝʚʨʦʧʝʡʩʢʦʤʫ ʢʘʯʝʩʪʚʫ, ʠ ʟʘʯʘʩʪʫʶ ʥʝ 

ʭʦʪʷʪ ʙʨʘʪʴ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʨʦʩʩʠʡʩʢʠʝ ʩʦʨʪʘ. 

ʇʠʚʦʚʘʨʝʥʥʳʡ ʷʯʤʝʥʴ ï ʚʘʞʥʦʝ ʩʳʨʴʝ ʜʣʷ ʩʦʣʦʜʦʚʦʡ ʠ ʧʠʚʦʚʘʨʝʥʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʀʟ ʷʯʤʝʥʥʳʭ ʟʝʨʝʥ ʧʠʚʦʚʘʨʝʥʥʳʭ ʩʦʨʪʦʚ ʧʦʣʫʯʘʶʪ 

ʩʦʣʦʜʦʚʳʝ ʚʳʪʷʞʢʠ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʧʨʠʤʝʥʷʶʪ ʚ ʢʦʥʜʠʪʝʨʩʢʦʡ, 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ, ʪʝʢʩʪʠʣʴʥʦʡ ʠ ʣʘʢʦʢʨʘʩʦʯʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʗʯʤʝʥʥʘʷ ʩʦʣʦʤʘ ʠʜʝʪ ʥʘ ʢʦʨʤ ʠ ʧʦʜʩʪʠʣʢʫ ʩʢʦʪʫ. ʉʦʣʦʤʫ ʩʢʘʨʤʣʠʚʘʶʪ 

ʞʠʚʦʪʥʳʤ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʧʘʨʠʚʘʷ. 
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ʗʯʤʝʥʴ ʨʘʟʜʝʣʷʶʪ ʧʦ: 

ɸʛʨʦʪʝʭʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ.  

ʗʯʤʝʥʴ ʙʳʚʘʝʪ: 

ʆʟʠʤʳʡ. ʉʨʦʢʠ ʧʦʩʝʚʘ ï ʦʢʪʷʙʨʴ-ʥʦʷʙʨʴ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʛʠʦʥʘ ʠ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. 

ʗʨʦʚʦʡ. ʉʝʚ ï ʚ ʤʘʨʪʝ-ʘʧʨʝʣʝ. 

ʇʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʘʤ. 

ʗʯʤʝʥʴ ʨʘʟʣʠʯʘʝʪʩʷ ʪʠʧʦʤ ʢʦʣʦʩʴʝʚ, ʦʥʠ ʙʳʚʘʶʪ: 

ɼʚʫʭʨʷʜʥʳʝ. ʂʦʣʦʩ ʩ ʜʚʫʤʷ ʨʷʜʘʤʠ ʜʘʝʪ ʚ ʩʨʝʜʥʝʤ 25-30 ʟʝʨʝʥ. 

ʐʝʩʪʠʨʷʜʥʳʝ. ʊʘʢʦʡ ʢʦʣʦʩ ʜʘʝʪ 30-60 ʟʝʨʝʥ.  

ɼʣʷ ʧʠʚʦʚʘʨʝʥʠʷ ʙʦʣʴʰʝ ʧʦʜʭʦʜʷʪ ʠʤʝʥʥʦ ʪʘʢʠʝ ʩʦʨʪʘ. ʀʭ ʟʝʨʥʘ ʠʤʝʶʪ 

ʦʜʠʥʘʢʦʚʫʶ ʬʦʨʤʫ ʠ ʨʘʟʤʝʨ, ʘ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʦʛʦ ʩʦʣʦʜʘ ï ʚʳʩʦʢʦʝ. 

ʇʠʚʦʚʘʨʝʥʥʳʡ ʷʯʤʝʥʴ ʦʙʣʘʜʘʝʪ ʦʩʦʙʳʤʠ ʩʦʣʦʜʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ï ʦʥ 

ʣʝʛʢʦ ʧʝʨʝʨʘʙʘʪʳʚʘʝʪʩʷ ʚ ʩʦʣʦʜ ʠ ʜʘʝʪ ʙʦʣʴʰʦʡ ʚʳʭʦʜ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʠʚʘ ʠʟ 

ʝʜʠʥʠʮʳ ʩʳʨʴʷ. 

ʇʨʠʛʦʜʥʦʩʪʴ ʷʯʤʝʥʷ ʜʣʷ ʧʠʚʦʚʘʨʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʥʝʩʢʦʣʴʢʠʤ 

ʧʨʠʟʥʘʢʘʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʦʮʝʥʠʪʴ ʝʛʦ ʢʘʯʝʩʪʚʦ: 

¶ ʎʚʝʪ ʟʝʨʥʘ. ʉʚʝʪʣʦ-ʞʝʣʪʳʡ ʠʣʠ ʞʝʣʪʳʡ. ʆʢʨʘʩʢʘ ï ʨʘʚʥʦʤʝʨʥʘʷ. 

ɽʩʣʠ ʦʙʦʣʦʯʢʠ ʟʝʣʝʥʦʚʘʪʳʝ, ʪʦ ʷʯʤʝʥʴ ʥʝʜʦʟʨʝʣʳʡ. ɽʩʣʠ ʚ ʧʘʨʪʠʠ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʟʝʨʥʘ ʩ ʪʝʤʥʳʤʠ ʢʦʥʮʘʤʠ ʠʣʠ ʧʷʪʥʘʤʠ, ʚʝʨʦʷʪʥʦ, ʦʥʘ ʙʳʣʘ 

ʥʘʤʦʯʝʥʘ ʚ ʭʦʜʝ ʫʙʦʨʢʠ ʠʣʠ ʭʨʘʥʝʥʠʷ. ʊʘʢʦʝ ʟʝʨʥʦ ʤʦʞʝʪ ʙʳʪʴ ʥʝʚʩʭʦʞʠʤ, 

ʧʦʨʘʞʝʥʥʳʤ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ, ʩʦʣʦʜ ʠʟ ʥʝʛʦ ʧʦʣʫʯʘʝʪʩʷ ʥʠʟʢʦʢʘʯʝʩʪʚʝʥʥʳʤ. 

¶ ʌʦʨʤʘ. ʇʦʯʪʠ ʫ ʚʩʝʭ ʧʠʚʦʚʘʨʝʥʥʳʭ ʩʦʨʪʦʚ ʟʝʨʥʘ ʵʣʣʠʧʪʠʯʝʩʢʠʝ 

ʠʣʠ ʦʚʘʣʴʥʳʝ, ʙʦʢʦʚʳʝ ʢʨʘʷ ï ʦʢʨʫʛʣʳʝ. ɽʩʣʠ ʫʩʣʦʚʠʷ ʧʨʦʠʟʨʘʩʪʘʥʠʷ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ, ʟʝʨʥʘ ʚʳʨʘʩʪʘʶʪ ʫʜʣʠʥʝʥʥʳʝ. 

¶ ɿʘʧʘʭ. ʉʚʝʞʠʡ, ʩʭʦʞʠʡ ʥʘ ʘʨʦʤʘʪ ʩʦʣʦʤʳ. ʅʝ ʜʦʣʞʥʦ ʙʳʪʴ ʥʦʪʦʢ 

ʟʘʪʭʣʦʩʪʠ ʠ ʧʣʝʩʝʥʠ. ɿʘʪʭʣʳʡ ʟʘʧʘʭ ʫ ʷʯʤʝʥʷ ʩ ʭʦʨʦʰʝʡ ʚʩʭʦʞʝʩʪʴʶ ʤʦʞʥʦ 

ʫʙʨʘʪʴ ʧʫʪʝʤ ʟʘʤʘʯʠʚʘʥʠʷ ʚ ʨʘʩʪʚʦʨʝ ʤʘʨʛʘʥʮʦʚʢʠ ʠʣʠ ʭʣʦʨʥʦʡ ʠʟʚʝʩʪʠ. 

¶ ɺʣʘʞʥʦʩʪʴ. ʆʧʪʠʤʘʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʟʝʨʥʘ ï ʦʪ 10 ʜʦ 15,5 %. ɹʦʣʝʝ 

ʚʣʘʞʥʦʝ ʟʝʨʥʦ ʚʦ ʚʨʝʤʷ ʭʨʘʥʝʥʠʷ ʥʘʯʠʥʘʝʪ ʥʘʛʨʝʚʘʪʴʩʷ, ʧʣʝʩʥʝʚʝʪʴ, ʪʝʨʷʝʪ 

ʵʢʩʪʨʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ. 

¶ ʏʠʩʪʦʪʘ. ʅʝ ʜʦʣʞʥʦ ʙʳʪʴ ʧʨʠʤʝʩʝʡ ï ʜʨʫʛʠʭ ʟʣʘʢʦʚʳʭ ʠʣʠ ʩʝʤʷʥ 

ʩʦʨʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʟʝʨʝʥ, ʧʦʨʘʞʝʥʥʳʭ ʜʦʣʛʦʥʦʩʠʢʦʤ ʠʣʠ ʢʣʝʱʦʤ. 

¶ ʕʢʩʪʨʘʢʪʠʚʥʦʩʪʴ. ʕʪʦ ʩʫʤʤʘ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ, ʧʝʨʝʭʦʜʷʱʝʛʦ ʚ 

ʨʘʩʪʚʦʨ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʤʦʣʦʪʦʛʦ ʟʝʨʥʘ ʬʝʨʤʝʥʪʘʤʠ ʩʦʣʦʜʘ. ʋ ʭʦʨʦʰʝʛʦ ʟʝʨʥʘ 

ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʣʷʝʪ 78-82 %. ʈʘʟʥʠʮʘ ʚ ʵʢʩʪʨʘʢʪʠʚʥʦʩʪʠ ʟʝʨʥʘ ʠ ʩʦʣʦʜʘ, 

ʧʦʣʫʯʘʝʤʦʛʦ ʠʟ ʥʝʛʦ, ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 1,5 %. 

¶ ʕʥʝʨʛʠʷ ʧʨʦʨʘʩʪʘʥʠʷ. ʇʦʢʘʟʳʚʘʝʪ, ʥʘʩʢʦʣʴʢʦ ʧʨʠʛʦʜʥʦ ʟʝʨʥʦ ʜʣʷ 

ʩʦʣʦʜʦʨʘʱʝʥʠʷ. ɿʝʨʥʦ ʩ ʧʣʦʭʦʡ ʧʨʦʨʘʩʪʘʝʤʦʩʪʴʶ ʜʘʝʪ ʥʠʟʢʫʶ ʵʢʩʪʨʘʢʪʠʚʥʦʩʪʴ 

ʩʦʣʦʜʘ. ʊʘʢʦʝ ʟʝʨʥʦ ʧʦʜʚʝʨʞʝʥʦ ʧʣʝʩʥʝʚʝʥʠʶ. 

¶ ʉʦʜʝʨʞʘʥʠʝ ʙʝʣʢʘ. ʅʝ ʙʦʣʝʝ 12 %. ʗʯʤʝʥʴ ʩ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʙʝʣʢʘ ʥʝ ʛʦʜʠʪʩʷ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ. ʗʯʤʝʥʴ, ʚ ʢʦʪʦʨʦʤ ʙʝʣʢʘ ʤʝʥʝʝ 9% ʪʦʞʝ ʥʝ 

ʧʦʜʭʦʜʠʪ, ʧʠʚʦ, ʧʦʣʫʯʘʝʤʦʝ ʠʟ ʥʝʛʦ, ʧʣʦʭʦ ʧʝʥʠʪʩʷ. 



130 

¶ ʅʘʪʫʨʘ. ɸʙʩʦʣʶʪʥʘʷ ʤʘʩʩʘ 1000 ʟʝʨʝʥ. ʕʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ, ʥʝ ʠʛʨʘʶʱʠʡ ʟʥʘʯʠʪʝʣʴʥʦʡ ʨʦʣʠ ʚ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʧʠʚʦʚʘʨʝʥʥʦʛʦ 

ʟʝʨʥʘ. 

ʇʨʦʚʝʜʝʥʠʝ ʩʪʠʤʫʣʷʮʠʠ ʩʝʤʷʥ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʃʕʄʉ 

ʉʫʪʴ ʩʧʦʩʦʙʘ ʦʙʨʘʙʦʪʢʠ ʩʝʤʷʥ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʙʣʘʛʦʜʘʨʷ 

ʩʪʠʤʫʣʠʨʫʶʱʝʤʫ ʜʝʡʩʪʚʠʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ ʢʣʝʪʢʠ ʩʝʤʷʥ ʫʩʢʦʨʷʶʪʩʷ 

ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ, ʤʦʙʠʣʠʟʫʶʪʩʷ ʟʘʱʠʪʥʳʝ ʨʝʘʢʮʠʠ ʚ 

ʩʝʤʝʥʥʦʤ ʤʘʪʝʨʠʘʣʝ. ʂʨʦʤʝ ʵʪʦʛʦ ʥʘ ʚʝʨʭʥʝʤ ʩʣʦʝ ʩʝʤʷʥ, ʟʘ ʩʯʸʪ ʙʦʣʴʰʦʡ 

ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʧʦʣʷ ʚ ʤʘʣʦʤ ʚʦʟʜʫʰʥʦʤ ʧʨʦʤʝʞʫʪʢʝ, ʙʦʣʴʰʦʝ ʠʭ ʢʦʣʠʯʝʩʪʚʦ 

ʦʨʠʝʥʪʠʨʫʝʪʩʷ ʚʜʦʣʴ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʧʦʣʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʝʪʩʷ 

ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʨʦʥʘ, ʠ ʯʝʨʝʟ ʚʝʩʴ ʩʣʦʡ ʩʪʝʢʘʶʪ ʩ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʩʝʤʷʥ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʧʦʣʷʨʥʦʩʪʠ ʘʵʨʦʠʦʥʳ, ʢʦʪʦʨʳʝ ʫʥʠʯʪʦʞʘʶʪ ʙʦʣʝʟʥʝʪʚʦʨʥʳʝ 

ʙʘʢʪʝʨʠʠ ʠ ʛʨʠʙʢʦʚʫʶ ʤʠʢʨʦʬʣʦʨʫ, ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ ʩʝʤʝʥʘʭ ʚ ʩʣʦʝ, ʢʦʪʦʨʳʡ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʦʙʨʘʙʦʪʢʝ.  

ʉʘʤʳʡ ʛʣʘʚʥʳʡ ʧʨʦʮʝʩʩ ʚ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʩʦʣʦʜʘ ï ʟʘʤʘʯʠʚʘʥʠʝ 

(ʩʦʣʦʜʦʨʦʱʝʥʠʝ). ʉʨʘʚʥʝʥʠʝ ʢʦʪʨʦʣʴʥʳʭ ʠ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ 

ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʦʣʦʜʘ ʦʩʥʦʚʥʦʡ ʩʪʘʜʠʝʡ, ʥʘ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʝʛʦ ʩʚʦʡʩʪʚ ʷʚʣʷʝʪʩʷ ʩʪʘʜʠʷ ʧʨʦʨʘʱʠʚʘʥʠʷ. ʇʨʠ ʩʦʣʦʜʦʨʘʱʝʥʠʠ 

ʚ ʟʝʨʥʝ ʧʨʦʪʝʢʘʶʪ ʩʣʦʞʥʳʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ. ʂ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʧʨʝʚʨʘʱʝʥʠʷʤ ʦʪʥʦʩʷʪ ʨʘʟʚʠʪʠʝ ʟʘʨʦʜʳʰʘ ʠ ʥʘʨʫʰʝʥʠʝ 

ʢʣʝʪʦʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʵʥʜʦʩʧʝʨʤʘ, ʢ ʙʠʦʭʠʤʠʯʝʩʢʠʤ ï ʘʢʪʠʚʘʮʠʶ ʬʝʨʤʝʥʪʦʚ, 

ʧʨʝʚʨʘʱʝʥʠʝ ʩʣʦʞʥʳʭ ʚʝʱʝʩʪʚ ʚ ʧʨʦʩʪʳʝ ʠ ʧʨʦʮʝʩʩ ʜʳʭʘʥʠʷ. 

ʉʪʘʜʠʠ ʩʦʣʦʜʦʨʘʱʝʥʠʷ ʧʨʝʜʰʝʩʪʚʫʝʪ ʩʪʘʜʠʷ ʟʘʤʘʯʠʚʘʥʠʷ, ʚʦ ʚʨʝʤʷ 

ʢʦʪʦʨʦʡ ʥʘʯʠʥʘʶʪ ʧʨʦʪʝʢʘʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, 

ʧʨʠʚʦʜʷʱʠʝ ʢ ʛʣʫʙʦʢʠʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʟʝʨʥʝ. 

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʟʘʤʘʯʠʚʘʥʠʷ ï ʜʦʚʝʜʝʥʠʝ ʟʝʨʥʘ ʜʦ ʚʣʘʞʥʦʩʪʠ, 

ʦʧʪʠʤʘʣʴʥʦʡ ʜʣʷ ʩʦʣʦʜʦʨʘʱʝʥʠʷ, ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ï ʫʜʘʣʝʥʠʝ ʦʩʪʘʚʰʠʭʩʷ 

ʧʦʩʣʝ ʦʯʠʩʪʢʠ ʠ ʩʦʨʪʠʨʦʚʘʥʠʷ ʣʝʛʢʠʭ ʟʝʨʥʦʚʳʭ ʠ ʥʝʟʝʨʥʦʚʳʭ ʧʨʠʤʝʩʝʡ. 

ʇʨʠ ʧʨʦʨʘʱʠʚʘʥʠʠ ʚ ʟʝʨʥʝ ʧʨʦʪʝʢʘʶʪ ʩʣʦʞʥʳʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʝʚʨʘʱʝʥʠʷ ï ʨʘʟʚʠʚʘʝʪʩʷ ʟʘʨʦʜʳʰ ʠ ʥʘʨʫʰʘʝʪʩʷ ʢʣʝʪʦʯʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʵʥʜʦʩʧʝʨʤʘ. 

 
1 ï ʢʦʨʝʰʦʢ; 2 ï ʣʠʩʪʦʢ; 3 ï ʨʘʩʪʚʦʨʝʥʠʝ ʵʥʜʦʩʧʝʨʤʘ. 

ʈʠʩʫʥʦʢ 2 ï ʉʪʘʜʠʠ ʧʨʦʨʘʱʠʚʘʥʠʷ ʟʝʨʥʘ: ʘ ï ʚʪʦʨʦʡ ʜʝʥʴ; ʙ ï ʯʝʪʚʝʨʪʳʡ ʜʝʥʴ; 

ʚ ï ʩʝʜʴʤʦʡ ʜʝʥʴ 

 

ʉ ʨʘʟʚʠʪʠʝʤ ʟʘʨʦʜʳʰʘ ʧʦʷʚʣʷʝʪʩʷ ʟʘʨʦʜʳʰʝʚʳʡ ʢʦʨʝʰʦʢ, ʢʦʪʦʨʳʡ 

ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʧʣʦʜʦʚʫʶ, ʩʝʤʝʥʥʫʶ ʦʙʦʣʦʯʢʠ ʠ ʮʚʝʪʦʯʥʳʝ ʧʣʝʥʢʠ. 
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ʇʨʦʥʠʢʥʦʚʝʥʠʝ ʢʦʨʝʰʢʘ ʯʝʨʝʟ ʮʚʝʪʦʯʥʳʝ ʧʣʝʥʢʠ ʩʣʫʞʠʪ ʚʥʝʰʥʠʤ ʧʨʠʟʥʘʢʦʤ 

ʥʘʯʘʣʘ ʧʨʦʨʘʱʠʚʘʥʠʷ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʢʦʨʝʰʢʘʤʠ ʥʘʯʠʥʘʝʪ ʨʘʟʚʠʚʘʪʴʩʷ 

ʟʘʨʦʜʳʰʝʚʳʡ ʣʠʩʪʦʢ, ʢʦʪʦʨʳʡ ʨʘʩʪʝʪ ʧʦʜ ʦʙʦʣʦʯʢʦʡ ʠ ʦʙʳʯʥʦ ʥʝ ʚʠʜʝʥ; ʜʣʠʥʘ 

ʝʛʦ ʜʦʩʪʠʛʘʝʪ 3/4 ʜʣʠʥʳ ʟʝʨʥʘ (ʨʠʩ. 2). ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ 

ʧʨʦʨʘʱʠʚʘʥʠʷ (ʚʣʘʞʥʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʳ, ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ, 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʦʨʦʰʝʥʠʷ ʠ ʪ. ʜ.) ʟʘʨʦʜʳʰʝʚʳʝ ʢʦʨʝʰʢʠ ʠʤʝʶʪ 

ʨʘʟʣʠʯʥʳʡ ʚʠʜ. ʇʨʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ ʨʦʩʪʢʠ ʪʦʥʢʠ ʠ ʚʳʪʷʥʫʪʳ, ʧʨʠ 

ʙʣʘʛʦʧʨʠʷʪʥʳʭ ð ʢʨʝʧʢʠ ʠ ʟʘʛʥʫʪʳ. ʅʘʨʷʜʫ ʩ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʠʩʭʦʜʷʪ 

ʮʠʪʦʣʠʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ð ʥʘʨʫʰʝʥʠʷ ʢʣʝʪʦʯʥʦʡ ʩʪʨʫʢʪʫʨʳ (ʨʘʩʪʚʦʨʝʥʠʝ) 

ʵʥʜʦʩʧʝʨʤʘ. ɿʦʥʘ ʨʘʩʪʚʦʨʝʥʠʷ ʧʦʯʪʠ ʪʦʯʥʦ ʩʣʝʜʫʝʪ ʟʘ ʜʣʠʥʦʡ ʩʪʝʙʝʣʴʢʘ, ʧʦ 

ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʛʦʪʦʚʥʦʩʪʠ ʩʦʣʦʜʘ. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʂʦʥʪʨʦʣʴʥʳʡ ʠ ʦʧʳʪʥʳʡ ʦʙʨʘʟʮʳ ʷʯʤʝʥʷ 

 

ʂʨʠʪʝʨʠʠ ʦʮʝʥʠʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʩʪʠʤʫʣʷʮʠʠ. 

ʋ ʧʠʚʦʚʘʨʝʥʥʦʛʦ ʷʯʤʝʥʷ, ʢʘʢ ʠ ʤʥʦʛʠʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, 

ʤʥʦʞʝʩʪʚʦ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʢʨʠʪʝʨʠʝʚ, ʥʦ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ï 

ʚʩʭʦʞʝʩʪʴ ʷʯʤʝʥʷ, ʘʤʠʣʦʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʵʢʩʪʨʘʢʪʘ ʚ 

ʩʫʭʦʤ ʚʝʱʝʩʪʚʝ ʩʦʣʦʜʘ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʩʘʭʘʨʠʚʘʥʠʷ, ʢʠʩʣʦʪʥʦʩʪʴ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʩʚʦʙʦʜʥʦʡ ʚʣʘʛʠ ʚ ʟʝʨʥʝ ʩ 13,3 % ʜʦ 13,6 % ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʷʯʤʝʥʝ 

ʅʘʣʠʯʠʝ ʜʠʩʩʦʮʠʠʨʦʚʘʥʥʦʡ ʚʣʘʛʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʝʝ ʤʝʥʴʰʝʤʫ 

ʧʦʛʣʦʱʝʥʠʶ ʚ ʧʝʨʠʦʜ ʟʘʤʘʯʠʚʘʥʠʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʛʣʦʱʝʥʠʝ ʚʣʘʛʠ ʫ 

ʵʣʝʢʪʨʦʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʦʠʩʭʦʜʠʪ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʫ ʢʦʥʪʨʦʣʴʥʦʛʦ, 

ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʚʥʦʤʝʨʥʦʝ ʫʚʣʘʞʥʝʥʠʝ ʤʫʯʥʠʩʪʦʛʦ ʪʝʣʘ ʠ ʣʫʯʰʝʝ 

ʨʘʩʪʚʦʨʝʥʠʝ ʵʥʜʦʩʧʝʨʤʘ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʵʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ 

ʩʪʝʢʣʦʚʠʜʥʦʩʪʠ ʠ ʙʦʣʝʝ ʚʳʩʦʢʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʵʢʩʪʨʘʢʪʘ ʚ 

ʩʫʭʦʤ ʚʝʱʝʩʪʚʝ ʩʦʣʦʜʘ. 

 

 


