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ɸʥʥʦʪʘʮʠʷ 

ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʦʨʬʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʣʠʛʦʪʨʦʬʥʦʛʦ ʪʠʧʘ (ʙʦʣʦʪʥʳʭ ʤʘʩ-

ʩʠʚʦʚ) ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʦʢʦʣʴʩʢʦʛʦ ʨʘʡʦʥʘ ɺʦʣʦʛʦʜʩʢʦʡ ʦʙʣʘʩʪʠ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʙʦʣʴ-

ʰʠʥʩʪʚʘ ʙʦʣʦʪʥʳʭ ʩʠʩʪʝʤ ʠ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʠʭ ʨʘʟʤʝʱʝʥʠʷ ʧʦ ʣʘʥʜʰʘʬʪʘʤ ʨʘʡʦʥʘ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʦʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʪʦʨʬʷʥʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘ 31 ʙʦʣʦʪʥʦʤ ʢʦʤʧʣʝʢʩʝ. 

Abstract 

The results of studies of peat deposits of oligotrophic type (swamp massifs) in the Sokolsky district of the 

Vologda region are presented. The layout scheme of most of the bog systems is presented and an analysis of their 

distribution over the district landscapes is performed. The main indicators of peat deposits at 31 wetlands are 

analyzed. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʘʥʜʰʘʬʪ, ʦʣʠʛʦʪʨʦʬʥʘʷ ʪʦʨʬʷʥʘʷ ʟʘʣʝʞʴ, ʚʝʨʭʦʚʦʡ ʙʦʣʦʪʥʳʡ ʤʘʩʩʠʚ. 

Keywords: landscape, oligotrophic peat deposit, bog massif. 

 

ɺʝʨʭʦʚʳʝ ʙʦʣʦʪʥʳʝ ʩʠʩʪʝʤʳ ʜʣʷ ʯʝʣʦʚʝʢʘ ʠ 

ʵʢʦʩʠʩʪʝʤ ʚ ʮʝʣʦʤ ʧʨʝʜʩʪʘʚʣʷʶʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦ-

ʢʫʶ ʮʝʥʥʦʩʪʴ ʠ ʪʨʝʙʫʶʪ ʧʨʦʚʝʜʝʥʠʷ ʤʦʥʠʪʦʨʠʥʛʘ. 

ʆʥʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʛʘʟʦʚʦʤʫ ʦʙʤʝʥʫ ʚ ʧʨʠʟʝʤʥʦʡ 

ʘʪʤʦʩʬʝʨʝ, ʘ ʪʘʢʞʝ ʥʘ ʠʭ ʦʪʢʨʳʪʦʡ ʯʘʩʪʠ ʠʥʪʝʥ-

ʩʠʚʥʦ ʧʨʦʠʩʭʦʜʠʪ ʪʝʨʤʦʬʦʨʝʟ. ʀʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ 

ʵʪʠʭ ʤʘʩʩʠʚʘʭ ʛʥʝʟʜʷʪʩʷ ʪʘʢʠʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʬʘ-

ʫʥʳ ʢʘʢ ʩʨʝʜʥʠʡ ʢʨʦʥʰʥʝʧ, ʙʝʣʘʷ ʢʫʨʦʧʘʪʢʘ ʠ ʯʠ-

ʙʠʩ.  

ɿʘʣʝʞʴ ʦʣʠʛʦʪʨʦʬʥʦʛʦ (ʚʝʨʭʦʚʦʛʦ) ʪʠʧʘ ʯʘʱʝ 

ʚʩʝʛʦ ʦʪʤʝʯʘʝʪʩʷ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ʠ ʥʘ ʟʘʧʘʜʝ ʝʚʨʦ-

ʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ: ʚ ɸʨʭʘʥʛʝʣʴʩʢʦʡ, ɺʦʣʦʛʦʜ-

ʩʢʦʡ, ʃʝʥʠʥʛʨʘʜʩʢʦʡ, ʅʦʚʛʦʨʦʜʩʢʦʡ, ʇʩʢʦʚʩʢʦʡ ʠ 

ʊʚʝʨʩʢʦʡ ʦʙʣʘʩʪʷʭ, ʘ ʪʘʢʞʝ ʚ ʨʝʩʧʫʙʣʠʢʘʭ ʂʘʨʝʣʠʷ 

ʠ ʂʦʤʠ ʠ ʃʘʪʚʠʠ.  

ʆʩʦʙʫʶ ʮʝʥʥʦʩʪʴ ʜʣʷ ʘʛʨʘʨʥʦʛʦ ʩʝʢʪʦʨʘ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʪʦʨʬ ʩ ʤʘʣʦʡ ʩʪʝʧʝʥʴʶ ʨʘʟʣʦʞʝʥʠʷ (ʜʦ 20 

%). ʀʟ ʥʝʛʦ ʠʟʛʦʪʦʚʣʷʶʪ ʢʦʨʤ ʠ ʧʦʜʩʪʠʣʦʯʥʳʡ ʤʘ-

ʪʝʨʠʘʣʦʤ ʜʣʷ ʩʢʦʪʘ ʠ ʧʪʠʮ, ʘ ʪʘʢʞʝ ʛʦʪʦʚʷʪ ʪʦʨʬʷ-

ʥʳʝ ʛʨʫʥʪʳ (ʩʫʙʩʪʨʘʪʳ) ʜʣʷ ʪʝʧʣʠʯʥʦ-ʧʘʨʥʠʢʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ. ʊʘʢʞʝ ʠʟ ʚʝʨʭʦʚʦʛʦ ʪʦʨʬʘ ʜʣʷ ʚʳʨʘ-

ʱʠʚʘʥʠʷ ʨʘʩʩʘʜʳ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ, ʮʚʝʪʦʚ ʠ ʜʨʝ-

ʚʝʩʥʳʭ ʩʘʞʝʥʮʝʚ ʧʨʦʠʟʚʦʜʷʪʩʷ ʪʦʨʬʷʥʳʝ ʧʦʣʳʝ 

ʛʦʨʰʦʯʢʠ, ʩʫʙʩʪʨʘʪʥʳʝ ʪʦʨʬʦʙʣʦʢʠ, ʪʦʨʬʷʥʳʝ ʧʠ-

ʪʘʪʝʣʴʥʳʝ ʙʨʠʢʝʪʳ [2]. 

ɺ ʭʦʜʝ ʨʘʩʢʨʳʪʠʷ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʪʨʠ ʟʘʜʘʯʠ: 1) ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʨʘʟʤʝʱʝʥʠʝ ʙʦʣʦʪʥʳʭ ʤʘʩʩʠʚʦʚ ʦʣʠʛʦʪʨʦʬʥʦʛʦ 

ʪʠʧʘ ʧʦ ʣʘʥʜʰʘʬʪʘʤ ʨʘʡʦʥʘ ʩ ʦʬʦʨʤʣʝʥʠʝʤ ʢʘʨʪʳ-

ʩʭʝʤʳ; 2) ʉʦʟʜʘʪʴ ʙʘʟʫ ʜʘʥʥʳʭ ʦʧʠʩʘʥʠʡ ʙʦʣʦʪʥʳʭ 

ʤʘʩʩʠʚʦʚ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʦʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʪʦʨʬʷʥʳʭ ʟʘʣʝʞʝʡ; 3) ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʧʨʝʜʣʦʞʝ-

ʥʠʷ ʜʣʷ ʦʩʚʦʝʥʠʷ ʚʝʨʭʦʚʳʭ ʙʦʣʦʪʥʳʭ ʤʘʩʩʠʚʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʭ ʘʥʘʣʠʟ. ɻʣʘʚ-

ʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʝʨʭʦʚʳʭ ʙʦ-

ʣʦʪʥʳʭ ʤʘʩʩʠʚʦʚ ʚ ʣʘʥʜʰʘʬʪʘʭ ʨʘʡʦʥʘ ʚʳʩʪʫʧʘʝʪ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ. ɺ ʉʦʢʦʣʴʩʢʦʤ ʨʘʡʦʥʝ ʚʳʜʝʣʝʥʦ 

ʰʝʩʪʴ ʣʘʥʜʰʘʬʪʦʚ (ʨʠʩ. 1), ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦ 

ʩʚʦʝʤʫ ʛʝʥʝʟʠʩʫ, ʧʨʠʨʦʜʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠ 

ʧʣʦʱʘʜʷʤ [3, 4]. ʏʠʩʣʝʥʥʦʩʪʴ ʠ ʧʣʦʱʘʜʠ ʙʦʣʦʪʥʳʭ 

ʫʛʦʜʠʡ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʚ ʣʘʥʜʰʘʬʪʘʭ ʨʘʡʦʥʘ ʧʨʠ-

ʚʦʜʷʪʩʷ ʚ ʪʘʙʣ. 1, ʨʠʩ. 2. 
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ʈʠʩʫʥʦʢ 1. ʂʘʨʪʘ-ʩʭʝʤʘ ʣʘʥʜʰʘʬʪʦʚ ʉʦʢʦʣʴʩʢʦʛʦ ʨʘʡʦʥʘ  

(I  ï ʍʘʨʦʚʩʢʦ-ɹʠʨʷʢʦʚʩʢʠʡ, II  ï ɼʚʠʥʠʮʢʠʡ, III  ï ʂʫʙʝʥʦ-ɻʣʫʰʠʮʢʠʡ, IV ï ʆʣʘʨʝʚʩʢʠʡ,  

V ï ʇʨʠʩʫʭʦʥʩʢʠʡ, IV ï ʇʨʠʢʫʙʝʥʩʢʠʡ) 

 

ɺ ʍʘʨʦʚʩʢʦ-ɹʠʨʷʢʦʚʩʢʦʤ ʣʘʥʜʰʘʬʪʝ (I) ʩʦʩʨʝ-

ʜʦʪʦʯʝʥʦ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʙʦʣʦʪʥʳʭ ʤʘʩ-

ʩʠʚʦʚ (ʠʭ 15, ʠʟ ʥʠʭ ï 60 % ï ʚʝʨʭʦʚʳʝ). ʆʥʠ ʟʘʥʠ-

ʤʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ, ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʣʘʥʜʰʘʬʪʘʤʠ ʨʘʡʦʥʘ. 

ɿʘʙʦʣʦʯʝʥʥʦʩʪʴ ʣʘʥʜʰʘʬʪʘ ʥʠʟʢʘʷ, ʪʝʤ ʥʝ ʤʝʥʝʝ 

ʦʣʠʛʦʪʨʦʬʥʳʝ ʤʘʩʩʠʚʳ ʠʤʝʶʪ ʚʳʩʦʢʠʝ ʯʠʩʣʝʥ-

ʥʦʩʪʴ, ʜʦʣʶ ʠ ʟʘʥʠʤʘʝʤʫʶ ʧʣʦʱʘʜʴ. ɽʚʪʨʦʬʥʳʝ ʠ 

ʤʝʟʦʪʨʦʬʥʳʝ ʙʦʣʦʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʝʜʢʠ, ʠʭ ʧʣʦ-

ʱʘʜʴ ʥʝ ʧʨʝʚʳʰʘʝʪ ʦʜʥʦʛʦ ʧʨʦʮʝʥʪʘ ʦʪ ʧʣʦʱʘʜʠ 

ʚʩʝʭ ʪʦʨʬʷʥʳʭ ʤʘʩʩʠʚʦʚ ʨʘʡʦʥʘ ʠ ʦʢʦʣʦ 0,6 % ʦʪ 

ʧʣʦʱʘʜʠ ʣʘʥʜʰʘʬʪʘ.  

ʊʘʙʣʠʮʘ 1 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʣʠʛʦʪʨʦʬʥʳʭ ʙʦʣʦʪʥʳʭ ʤʘʩʩʠʚʦʚ ʧʦ ʣʘʥʜʰʘʬʪʘʤ 

ʇʦʢʘʟʘʪʝʣʴ 
ʃʘʥʜʰʘʬʪʳ (ʩʦʛʣʘʩʥʦ ʢʘʨʪʝ ʩʭʝʤʝ (ʨʠʩ. 1) 

I  II  III  IV  V VI  ʀ ʊ ʆ ɻ ʆ: 

ɿʘʙʦʣʦʯʝʥʥʦʩʪʴ, % 2 7 28 10 35 36 - 

ʏʠʩʣʝʥʥʦʩʪʴ 9 10 3 2 4 3 31 

ʇʣʦʱʘʜʴ, ʛʘ 2 237 5 663 3 832 2 473 14 569 3 284 32 058 

ʇʨʠʤʝʯʘʥʠʝ: ʞʠʨʥʳʤ ʦʪʤʝʯʝʥʳ ʤʘʢʩʠʤʫʤʳ ʧʦ ʩʪʨʦʢʘʤ 

 

ɺ ɼʚʠʥʠʮʢʦʤ ʣʘʥʜʰʘʬʪʝ (II) ʯʠʩʣʝʥʥʦʩʪʴ ʠ 

ʧʣʦʱʘʜʴ ʙʦʣʦʪʥʳʭ ʤʘʩʩʠʚʦʚ ʚʩʝʭ ʪʠʧʦʚ ʙʦʣʴʰʝ. 

ʊʦʣʴʢʦ ʚʝʨʭʦʚʳʝ ʙʦʣʦʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʟʘʥʠʤʘʶʪ ʚ 

ʥʸʤ ʩʚʳʰʝ 11 % ʦʪ ʧʣʦʱʘʜʠ ʟʘʙʦʣʦʯʝʥʥʦʩʪʠ ʨʘʡ-

ʦʥʘ. 

 
ʈʠʩʫʥʦʢ 2. ʇʨʝʜʩʪʘʚʣʝʥʥʦʩʪʴ ʙʦʣʦʪʥʳʭ ʤʘʩʩʠʚʦʚ ʧʦ ʪʠʧʘʤ ʣʘʥʜʰʘʬʪʦʚ  

ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʚʝʣʠʯʠʥʘʭ 
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ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʙʦʣʦʪʥʳʭ ʤʘʩʩʠʚʦʚ ʠ 

ʢʨʫʧʥʳʝ ʚʝʨʭʦʚʳʝ ʠ ʧʝʨʝʭʦʜʥʳʝ ʙʦʣʦʪʥʳʝ ʢʦʤ-

ʧʣʝʢʩʳ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʚʦʜʦʨʘʟʜʝʣʘʭ ʨʝʢ ɼʚʠ-

ʥʠʮʳ, ɺʦʪʯʠ ʠ ʉʪʨʝʣʠʮʳ (ʨʠʩ. 3). ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʝ-

ʙʦʣʴʰʠʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʝʚʪʨʦʬʥʳʝ ʤʘʩʩʠʚʳ ʩʦʩʨʝ-

ʜʦʪʦʯʝʥʳ ʚ ʤʝʞʭʦʣʤʝʥʳʭ ʧʦʥʠʞʝʥʠʷʭ, ʥʘ 

ʥʘʜʧʦʡʤʝʥʥʳʭ ʪʝʨʨʘʩʘʭ ʠ ʚ ʨʝʯʥʳʭ ʧʦʡʤʘʭ.  

ʂʫʙʝʥʦ-ɻʣʫʰʠʮʢʠʡ ʣʘʥʜʰʘʬʪ (III) ʭʘʨʘʢʪʝʨʠ-

ʟʫʝʪʩʷ ʝʱʝ ʙʦʣʴʰʝʡ ʟʘʙʦʣʦʯʝʥʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʜʚʫʤʷ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʤʠ. ʆʥ ʟʘʥʠʤʘʝʪ 

ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ɼʚʠʥʠʮʢʠʤ ʠ 

ʇʨʠʢʫʙʝʥʩʢʠʤ ʣʘʥʜʰʘʬʪʦʤ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ 

ʦʟʸʨʥʦ-ʣʝʜʥʠʢʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ, ʢʦʪʦʨʳʝ ʧʝʨʝʢʨʳ-

ʚʘʶʪ ʛʣʷʮʠʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ ʚʘʣʜʘʡʩʢʦʛʦ ʚʦʟ-

ʨʘʩʪʘ. ʂʘʢ ʨʝʟʫʣʴʪʘʪ ï ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʧʣʦʩʢʠʡ ʠʣʠ 

ʧʦʣʦʛʦʚʦʣʥʠʩʪʳʡ ʨʝʣʴʝʬ; ʩʪʦʢ ʦʩʣʘʙʣʝʥ ʠ ʟʘʙʦʣʦ-

ʯʝʥʥʦʩʪʴ ʚʳʩʦʢʘʷ. ɼʦʣʷ ʚʩʝʭ ʪʠʧʦʚ ʙʦʣʦʪʥʳʭ ʫʛʦ-

ʜʠʡ ʚ ʥʸʤ ʩʦʩʪʘʚʣʷʝʪ å 16 % ʦʪ ʧʣʦʱʘʜʠ ʨʘʡʦʥʘ. ʅʦ, 

ʧʦ ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʧʣʦʱʘʜʠ ʦʣʠʛʦʪʨʦʬʥʳʝ ʙʦʣʦʪ-

ʥʳʝ ʤʘʩʩʠʚʳ ʠʤʝʶʪ ʟʜʝʩʴ ʧʦʜʯʠʥʸʥʥʦʝ ʧʦʣʦʞʝʥʠʝ. 

ʅʘʠʙʦʣʴʰʘʷ ʯʘʩʪʴ ʙʦʣʦʪʥʳʭ ʩʠʩʪʝʤ ʨʘʩʧʦʣʦʞʝʥʘ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʣʘʥʜʰʘʬʪʘ, ʛʜʝ ʧʨʝʦʙʣʘʜʘʶʪ 

ʧʣʦʩʢʠʝ ʠʣʠ ʧʦʣʦʛʦʚʦʣʥʠʩʪʳʝ ʦʟʸʨʥʦ-ʤʦʨʝʥʥʳʝ 

ʨʘʚʥʠʥʳ. 

 
ʈʠʩʫʥʦʢ 3. ʆʣʠʛʦʪʨʦʬʥʳʝ ʙʦʣʦʪʥʳʝ ʤʘʩʩʠʚʳ 

 

ʆʣʘʨʝʚʩʢʠʡ ʣʘʥʜʰʘʬʪ (IV) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʡ ʟʘʙʦʣʦʯʝʥʥʦʩʪʴʶ. ʅʝ-

ʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʙʦʣʦʪʥʳʝ ʫʨʦʯʠʱʘ ʚ ʥʸʤ ʜʦʩʪʘ-

ʪʦʯʥʦ ʨʝʜʢʠ, ʥʘ ʝʛʦ ʪʝʨʨʠʪʦʨʠʠ ʠʤʝʶʪʩʷ ʜʚʘ ʢʨʫʧ-

ʥʳʭ ʚʝʨʭʦʚʳʭ ʤʘʩʩʠʚʘ, ʟʘʥʠʤʘʶʱʠʭ ʦʢʦʣʦ 4 % 

ʧʣʦʱʘʜʠ ʦʪ ʙʦʣʦʪʥʳʭ ʫʛʦʜʠʡ ʨʘʡʦʥʘ. 

ɿʥʘʯʠʪʝʣʴʥʫʶ ʚʝʣʠʯʠʥʫ ʟʘʙʦʣʦʯʝʥʥʦʩʪʠ (ʨʠʩ. 

2) ʚ ʧʨʝʜʝʣʘʭ ʨʘʡʦʥʘ ʠʤʝʝʪ ʇʨʠʩʫʭʦʥʩʢʠʡ ʣʘʥʜ-

ʰʘʬʪ (V), ʢʦʪʦʨʘʷ ʦʙʫʩʣʦʚʣʝʥʘ ʥʘʣʠʯʠʝʤ ʚ ʥʸʤ 

ʢʨʫʧʥʳʭ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʣʠʛʦʪʨʦʬʥʳʭ, ʙʦʣʦʪ-

ʥʳʭ ʤʘʩʩʠʚʦʚ ʥʘ ʚʦʜʦʨʘʟʜʝʣʘʭ ʨʝʢ ʉʫʭʦʥʳ, ʇʝʣʴ-

ʰʤʳ, ʠ ɼʚʠʥʠʮʳ. ʀʤʝʥʥʦ ʚ ʧʨʝʜʝʣʘʭ ʵʪʦʛʦ ʣʘʥʜ-

ʰʘʬʪʘ ʨʘʩʧʦʣʦʞʝʥʦ ʈʘʙʘʥʛʩʢʦ-ɼʦʨʦʚʩʢʠʡ ʙʦʣʦʪ-

ʥʳʡ ʢʦʤʧʣʝʢʩ, ʧʣʦʱʘʜʴ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 

3,2 % ʦʪ ʧʣʦʱʘʜʠ ʨʘʡʦʥʘ. ʄʘʩʩʠʚ ʟʘʥʠʤʘʝʪ ʦʢʦʣʦ 

25 % ʦʪ ʧʣʦʱʘʜʠ ʣʘʥʜʰʘʬʪʘ.  

ʇʨʠʢʫʙʝʥʩʢʠʡ ʣʘʥʜʰʘʬʪ (VI) ʠʤʝʝʪ ʩʘʤʳʡ ʚʳ-

ʩʦʢʠʡ ʧʨʦʮʝʥʪ ʟʘʙʦʣʦʯʝʥʥʦʩʪʠ, ʙʣʠʟʢʠʡ ʢ ʇʨʠʩʫ-

ʭʦʥʩʢʦʤʫ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʸʤ ʧʦ ʯʠʩʣʝʥ-

ʥʦʩʪʠ ʧʨʝʦʙʣʘʜʘʶʪ ʝʚ-, ʘ ʧʦ ʧʣʦʱʘʜʠ ï ʤʝʟʦʪʨʦʬ-

ʥʳʝ ʙʦʣʦʪʥʳʝ ʤʘʩʩʠʚʳ. ɺʝʨʭʦʚʳʝ ʙʦʣʦʪʥʳʝ 

ʩʠʩʪʝʤʳ ʠʤʝʶʪ ʧʦʜʯʠʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʢʘʢ ʠ ʚ ʂʫ-

ʙʝʥʦ-ɻʣʫʰʠʮʢʦʤ ʣʘʥʜʰʘʬʪʝ. ɺʝʨʭʦʚʘʷ ʪʦʨʬʷʥʘʷ 

ʟʘʣʝʞʴ ʚʩʪʨʝʯʘʝʪʩʷ ʟʜʝʩʴ ʨʝʜʢʦ.  

ʉʨʝʜʠ ʪʠʧʦʚ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʧʦʢʨʦʚʘ ʚʝʨʭʦʚʳʭ ʙʦʣʦʪʥʳʭ ʤʘʩʩʠʚʦʚ ʚʳʜʝʣʷʶʪʩʷ 

ʛʨʷʜʦʚʦ-ʤʦʯʘʞʠʥʥʳʡ, ʛʨʷʜʦʚʦ-ʦʟʸʨʥʳʡ ʠ ʩʦʩʥʦʚʦ-

ʩʬʘʛʥʦʚʳʡ ʢʦʤʧʣʝʢʩʳ. 

1) ɻʨʷʜʦʚʦ-ʤʦʯʘʞʠʥʥʳʡ ʢʦʤʧʣʝʢʩ ʧʨʝʦʙʣʘ-

ʜʘʝʪ ʧʦ ʧʣʦʱʘʜʠ. ʆʥ ʟʘʥʠʤʘʝʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʮʝʥ-

ʪʨʘʣʴʥʳʝ ʯʘʩʪʠ ʢʨʫʧʥʳʭ ʙʦʣʦʪʥʳʭ ʩʠʩʪʝʤ. ʉʦʦʪʥʦ-

ʰʝʥʠʝ ʛʨʷʜ ʠ ʤʦʯʘʞʠʥ ʚ ʤʘʩʩʠʚʘʭ ʥʝʧʦʩʪʦʷʥʥʦʝ. 

ʏʘʱʝ ʚʩʝʛʦ, ʛʨʷʜʳ ʧʨʝʦʙʣʘʜʘʶʪ, ʩʦʩʪʘʚʣʷʷ ʦʢʦʣʦ 

70, ʥʦ ʥʝʨʝʜʢʦ ʜʦʤʠʥʠʨʫʶʪ ʤʦʯʘʞʠʥʳ, ʟʘʥʠʤʘʷ 

ʦʢʦʣʦ 70 (80) % ʧʣʦʱʘʜʠ. ʅʘʠʙʦʣʝʝ ʪʠʧʠʯʥʘʷ ʨʘʩ-

ʪʠʪʝʣʴʥʦʩʪʴ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʛʨʷʜʘʭ ʧʨʝʜʩʪʘʚ-

ʣʝʥʘ ʙʦʣʦʪʥʦ-ʢʫʩʪʘʨʥʠʯʢʦʚʳʤʠ ʠ ʧʫʰʠʮʝʚʳʤʠ ʠʣʠ 

ʤʦʨʦʰʢʦʚʦ-ʢʫʩʪʘʨʥʠʯʢʦʚʳʤʠ ʘʩʩʦʮʠʘʮʠʷʤʠ. ɺ ʤʦ-

ʯʘʞʠʥʘʭ ʨʘʟʚʠʚʘʶʪʩʷ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʦʙ-

ʚʦʜʥʸʥʥʦʩʪʠ, ʧʫʰʠʮʝʚʳʝ, ʰʝʡʭʮʝʨʠʝʚʳʝ ʠʣʠ ʪʦ-

ʧʷʥʦ-ʦʩʦʢʦʚʳʝ ʘʩʩʦʮʠʘʮʠʠ.  

ɺ ʜʨʝʚʝʩʥʦʤ ʷʨʫʩʝ ʜʦʤʠʥʠʨʫʝʪ ʫʛʥʝʪʸʥʥʘʷ 

ʩʦʩʥʘ, ʚʳʩʦʪʦʡ ʜʦ ʜʚʫʭ (ʪʨʸʭ) ʤʝʪʨʦʚ, ʩ ʪʘʢʩʘʮʠʦʥ-

ʥʳʤ ʜʠʘʤʝʪʨʦʤ ʦʪ ʜʚʫʭ ʜʦ ʪʨʝʭ ʩʘʥʪʠʤʝʪʨʦʚ ʠ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦʡ ʧʦʣʥʦʪʦʡ ʦʪ 0,3 (ʩʦʩʥʘ ʧʦ ʙʦʣʦʪʫ) ʜʦ 

0,7. ʂʫʩʪʘʨʥʠʯʢʦʚʳʡ ʷʨʫʩ ʧʨʝʜʩʪʘʚʣʝʥ ʙʘʛʫʣʴʥʠ-

ʢʦʤ, ʛʦʥʦʙʦʙʝʣʝʤ ʠ ʢʣʶʢʚʦʡ. ɺ ʤʦʭʦʚʦʤ ʧʦʢʨʦʚʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʬʘʛʥʫʤʳ (ʥʘ ʛʨʷʜʘʭ ï ʬʫʩʢʫʤ, ʤʝ-

ʜʠʫʤ, ʧʘʨʠʬʦʣʢʫʤ; ʚ ʤʦʯʘʞʠʥʘʭ ï ʛʠʜʨʦʬʠʣʴʥʳʝ 

ʚʠʜʳ (ʙʘʣʪʠʢʫʤ, ʢʫʩʧʠʜʘʪʫʤ ʠ ʜʫʟʝʥʠʷ).  

2) ɻʨʷʜʦʚʦ-ʦʟʸʨʥʳʡ ʢʦʤʧʣʝʢʩ ʚʝʨʭʦʚʳʭ ʤʘʩʩʠ-

ʚʦʚ ʟʘʥʠʤʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʭ ʮʝʥʪʨʘʣʴʥʳʝ ʯʘ-

ʩʪʠ, ʥʦ ʙʦʣʝʝ ʦʙʚʦʜʥʸʥʥʳʝ. ɹʫʛʨʳ ʠ ʛʨʷʜʳ ʥʘ ʥʠʭ 
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ʠʤʝʶʪ ʤʝʥʴʰʫʶ ʧʣʦʱʘʜʴ, ʯʝʤ ʚ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ-

ʥʦʤ ʚʳʰʝ ʢʦʤʧʣʝʢʩʝ (30 ï 50 %), ʦʩʪʘʣʴʥʳʝ ʧʣʦ-

ʱʘʜʠ ʟʘʥʠʤʘʶʪ ʥʝʙʦʣʴʰʠʝ ʤʝʣʢʦʚʦʜʥʳʝ ʦʟʝʨʢʠ 

ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ. ʇʨʠ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʝ ʠʭ 

ʰʠʨʠʥʘ ʩʦʩʪʘʚʣʷʝʪ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʦʪ 10 ʜʦ 

15 ʤ.  

ʅʘ ʛʨʷʜʘʭ ʚ ʷʨʫʩʘʭ ʧʨʝʦʙʣʘʜʘʶʪ: ʚ ʜʨʝʚʝʩʥʦʤ 

ï ʫʛʥʝʪʸʥʥʘʷ ʩʦʩʥʘ ʦʪ ʦʜʥʦʛʦ ʜʦ ʜʚʫʭ ʤʝʪʨʦʚ ʚʳʩʦ-

ʪʦʡ; ʚ ʢʫʩʪʘʨʥʠʯʢʦʚʦʤ ï ʢʘʩʩʘʥʜʨʘ, ʧʦʜʙʝʣ; ʚ ʪʨʘ-

ʚʥ̫ʠʩʪʦʤ ï ʧʫʰʠʮʘ ʠ ʰʝʡʭʮʝʨʠʷ. ʄʦʭʦʚʦʡ ʧʦʢʨʦʚ 

ʥʘ ʛʨʷʜʘʭ ʩʦʩʪʘʚʣʷʶʪ ʩʬʘʛʥʫʤʳ: ʬʫʩʢʫʤ, ʤʝʜʠʫʤ, 

ʧʘʨʚʠʬʦʣʠʫʤ, ʘ ʚ ʧʦʥʠʞʝʥʠʷʭ ï ʜʫʟʝʥʠʷ ʠ ʧʘʧʠʣʣʝ-

ʟʫʤ. 

3) ʉʦʩʥʦʚʦ-ʩʬʘʛʥʦʚʳʡ ʢʦʤʧʣʝʢʩ, ʚ ʦʩʥʦʚʥʦʤ, 

ʦʢʨʫʞʘʝʪ ʘʨʝʘʣʳ ʩ ʛʨʷʜʦʚʦ-ʤʦʯʘʞʠʥʥʳʤ ʢʦʤʧʣʝʢ-

ʩʦʤ. ʂʘʢ ʧʨʘʚʠʣʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ 

ʧʨʦʠʟʨʘʩʪʘʝʪ ʩʦʩʥʘ ʩ ʚʳʩʦʪʦʡ ʜʝʨʝʚʴʝʚ ʦʪ ʯʝʪʳʨʸʭ 

ʜʦ ʰʝʩʪʠ ʤʝʪʨʦʚ ʠ ʥʝʙʦʣʴʰʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʣ-

ʥʦʪʦʡ (ʦʪ 0,3 ʜʦ 0,6). ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʩʥʦʚʦ-ʩʬʘʛ-

ʥʦʚʳʤ ʩʦʩʥʦʚʦ-ʢʫʩʪʘʨʥʠʯʢʦʚʳʡ ʢʦʤʧʣʝʢʩ ʚ ʙʦʣʴ-

ʰʝʡ ʩʪʝʧʝʥʠ ʧʦʢʨʳʪ ʣʝʩʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ. ɺʳ-

ʩʦʪʘ ʜʝʨʝʚʴʝʚ (ʢʘʢ ʠ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ) ʟʜʝʩʴ ʟʥʘ-

ʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ (ʦʪ 8 ʜʦ 12 ʤ), ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʣ-

ʥʦʪʘ ʜʨʝʚʦʩʪʦʝʚ ï ʦʪ 0,4 ʜʦ 0,8. ʂʫʩʪʘʨʥʠʯʢʦʚʳʡ 

ʷʨʫʩ ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʩʩʘʥʜʨʦʡ, ʙʘʛʫʣʴʥʠʢʦʤ ʠ ʛʦʣʫ-

ʙʠʢʦʡ. ʆʥ ʨʘʩʧʦʣʦʞʝʥ, ʚ ʦʩʥʦʚʥʦʤ, ʥʘ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʭʦʨʦʰʦ ʜʨʝʥʠʨʦʚʘʥʥʳʭ ʫʯʘʩʪʢʘʭ ʧʦ ʦʢʨʘʠ-

ʥʘʤ ʤʘʩʩʠʚʦʚ ʠ ʟʘʣʝʞʠ ʪʦʨʬʘ ʧʦʜ ʥʠʤ ʠʤʝʶʪ ʩʨʘʚ-

ʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʫʶ ʤʦʱʥʦʩʪʴ (1,5 ï 2,5 ʤ). 

ɺʝʨʭʦʚʳʝ ʪʦʨʬʷʥʳʝ ʤʘʩʩʠʚʳ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʚʦʸʤ, ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʠʤʝʶʪ ʩʣʘʙʦ ʚʳʧʫʢʣʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʢʦʪʦʨʘʷ (ʠʥʦʛʜʘ) ʜʘʞʝ ʚʦʟʚʳʰʘʝʪʩʷ 

ʥʘ ʥʝʩʢʦʣʴʢʦ ʤʝʪʨʦʚ ʥʘʜ ʠʭ ʦʢʨʘʠʥʘʤʠ.  

ʕʪʦʪ ʪʠʧ ʙʦʣʦʪʥʳʭ ʩʠʩʪʝʤ ʧʨʝʜʩʪʘʚʣʝʥ ʩʝʤʴʶ 

ʚʘʨʠʘʥʪʘʤʠ [5, 6] ʧʦ ʩʦʯʝʪʘʥʠʶ ʪʠʧʦʚ ʟʘʣʝʞʝʡ 

(ʪʘʙʣ. 2). ɺ ʥʸʤ ʜʦʤʠʥʠʨʫʶʪ ʜʚʘ ʪʠʧʘ ʟʘʣʝʞʠ: ʚʝʨ-

ʭʦʚʘʷ ʠ ʚʝʨʭʦʚʘʷ, ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʝʨʝʭʦʜʥʦʡ ʠ ʩʤʝ-

ʰʘʥʥʦʡ. ʆʥʠ ʟʘʥʠʤʘʶʪ ʦʢʦʣʦ 42 % ʦʪ ʧʣʦʱʘʜʠ ʚʩʝʭ 

ʙʦʣʦʪ ʨʘʡʦʥʘ ʠ ʦʢʦʣʦ 72 % ʦʪ ʚʩʝʡ ʧʣʦʱʘʜʠ ʚʝʨʭʦ-

ʚʳʭ ʤʘʩʩʠʚʦʚ.  

ʊʘʙʣʠʮʘ 2 

ʇʨʝʜʩʪʘʚʣʝʥʥʦʩʪʴ ʚʝʨʭʦʚʦʡ ʪʦʨʬʷʥʦʡ ʟʘʣʝʞʠ ʠ ʝʸ ʢʦʤʙʠʥʘʮʠʡ 

ʊʠʧʳ ʪʦʨʬʷʥʳʭ ʟʘʣʝʞʝʡ ʠ ʠʭ ʩʦʯʝʪʘʥʠʡ ʧʨʠ 

ʧʨʝʦʙʣʘʜʘʥʠʠ ʚʝʨʭʦʚʦʛʦ 

ʂʦʣʠʯʝʩʪʚʦ ʙʦʣʦʪʥʳʭ 

ʤʘʩʩʠʚʦʚ 

ɿʘʧʘʩ 

ʪʦʨʬʘ, ʤ3 

ɿʘʥʠʤʘʝʤʘ ̫ʣʦ-

ʱʘʜʴ, ʛʘ 

1 ɺʝʨʭʦʚʘʷ 17 206 938 11 838 

2 ɺʝʨʭʦʚʘʷ, ʧʝʨʝʭʦʜʥʘʷ, ʩʤʝʰʘʥʥʘʷ 5 642 11 387 

3 ɺʝʨʭʦʚʘʷ, ʧʝʨʝʭʦʜʥʘʷ, ʥʠʟʠʥʥʘʷ 2 2 656 5 095 

4 ɺʝʨʭʦʚʘʷ, ʩʤʝʰʘʥʥʘʷ, ʧʝʨʝʭʦʜʥʘʷ 1 82 183 1 877 

5 ɺʝʨʭʦʚʘʷ, ʩʤʝʰʘʥʥʘʷ, ʧʝʨʝʭʦʜʥʘʷ ʠ ʥʠʟʠʥ-

ʥʘʷ 
4 96 967 1 522 

6 ɺʝʨʭʦʚʘʷ ʠ ʧʝʨʝʭʦʜʥʘʷ 1 9 040 297 

7 ɺʝʨʭʦʚʘʷ ʠ ʥʠʟʠʥʥʘʷ 1 27 699 42 

ʀʊʆɻʆ 31  32 058 

 

ʉʘʤʫʶ ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ ʧʣʦʱʘʜʴ ʟʘʥʠʤʘʶʪ ʙʦ-

ʣʦʪʥʳʝ ʩʠʩʪʝʤʳ ʩ ʩʦʯʝʪʘʥʠʝʤ ʚʝʨʭʦʚʦʡ ʠ ʥʠʟʠʥʥʦʡ 

ʟʘʣʝʞʝʡ. ɿʘʥʷʪʘʷ ʠʤʠ ʪʝʨʨʠʪʦʨʠʷ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 

ʣʠʰʴ ʦʢʦʣʦ ʦʜʥʦʛʦ ʧʨʦʮʝʥʪʘ ʦʪ ʧʣʦʱʘʜʠ ʚʩʝʭ ʙʦ-

ʣʦʪʥʳʭ ʤʘʩʩʠʚʦʚ ʚ ʨʘʡʦʥʝ ʠ ʘʥʘʣʦʛʠʯʥʳʡ ʧʨʦʮʝʥʪ 

ʦʪ ʧʣʦʱʘʜʠ ʚʝʨʭʦʚʳʭ ʤʘʩʩʠʚʦʚ (ʨʠʩ. 4). 

ʅʘ ʚʝʨʭʦʚʳʭ ʙʦʣʦʪʥʳʭ ʤʘʩʩʠʚʘʭ ʨʘʡʦʥʘ (ʠʭ 

31) ʚʳʜʝʣʝʥʳ ʩʝʤʴ ʛʨʫʧʧ ʚʘʨʠʘʥʪʦʚ ʟʘʣʝʞʠ (ʪʘʙʣ. 

2, ʨʠʩ. 4). ʉʨʝʜʠ ʥʠʭ ʧʨʝʦʙʣʘʜʘʶʪ: ʘ) ʚʝʨʭʦʚʘʷ; ʙ) 

ʚʝʨʭʦʚʘʷ ʧʝʨʝʭʦʜʥʘʷ ʠ ʩʤʝʰʘʥʥʘʷ; ʚ) ʚʝʨʭʦʚʘʷ, ʧʝ-

ʨʝʭʦʜʥʘʷ ʠ ʥʠʟʠʥʥʘʷ. ʆʩʪʘʣʴʥʳʝ ʚʘʨʠʘʥʪʳ ʩʦʯʝʪʘ-

ʥʠʡ ʪʠʧʦʚ ʟʘʣʝʞʠ ʠʤʝʶʪ ʚʪʦʨʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ.  

ɺ ʦʪʥʦʰʝʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʧʘʩʦʚ ʪʦʨʬʘ ʧʦ 

ʨʘʟʣʠʯʥʳʤ ʢʦʤʙʠʥʘʮʠʷʤ ʚʝʨʭʦʚʦʛʦ ʠ ʧʨʦʯʠʭ ʩʦʯʝ-

ʪʘʥʠʡ ʪʠʧʦʚ ʥʝʦʙʭʦʜʠʤʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʪʨʸʭ ʩʦʯʝ-

ʪʘʥʠʷʭ (1, 4 ʠ 5 ï ʩʦʛʣʘʩʥʦ ʪʘʙʣ. 2) ʚʝʨʭʦʚʦʛʦ ʪʦʨʬʘ 

ʥʘʙʣʶʜʘʶʪʩʷ ʩʘʤʳʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʟʘʧʘʩʳ. ʇʨʠʯʸʤ 

ʚʦ ʚʪʦʨʦʡ ʢʦʤʙʠʥʘʮʠʠ, ʛʜʝ ʧʣʦʱʘʜʴ ʜʦʩʪʘʪʦʯʥʦ 

ʟʥʘʯʠʪʝʣʴʥʘʷ, ʩʦʚʩʝʤ ʥʝʙʦʣʴʰʠʝ ʩʢʦʧʣʝʥʠʷ ʪʦʨʬʷ-

ʥʳʭ ʦʪʣʦʞʝʥʠʡ. 
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ʈʠʩʫʥʦʢ 4. ʇʨʦʮʝʥʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʱʘʜʝʡ ʠ ʟʘʧʘʩʦʚ ʪʦʨʬʘ ʫ ʨʘʟʣʠʯʥʳʭ ʩʦʯʝʪʘʥʠʡ ʚʝʨʭʦʚʦʡ ʠ ʧʨʦ-

ʯʠʭ ʟʘʣʝʞʝʡ 

 

ʉʦʩʪʘʚ ʪʦʨʬʘ ʚʝʨʭʦʚʳʭ ʙʦʣʦʪʥʳʭ ʤʘʩʩʠʚʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥ ʪʨʝʤʷ ʚʠʜʘʤʠ ʟʘʣʝʞʠ: ʤʝʜʠʫʤ, ʢʦʤ-

ʧʣʝʢʩʥʦʡ ʠ ʰʝʡʭʮʝʨʠʝʚʦ-ʩʬʘʛʥʦʚʦʡ [1]. ɿʘʣʝʞʴ 

ʚʠʜʘ çʤʝʜʠʫʤè ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʚʦ ʚʩʝʭ ʪʦʨʬʷʥʳʭ 

ʙʦʣʦʪʥʳʭ ʤʘʩʩʠʚʘʭ ʚʝʨʭʦʚʦʛʦ ʪʠʧʘ. ɽʸ ʜʦʣʷ ʥʘ ʪʦʨ-

ʬʷʥʠʢʘʭ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 50 ʜʦ 57 %. ʆʥʘ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʘ ʚʩʶ ʛʣʫʙʠʥʫ ʩʣʦʞʝʥʘ ʪʦʨʬʦʤ ʚʝʨʭʦʚʦʛʦ ʪʠʧʘ. 

ʆʥ ʦʪʥʦʩʠʪʩʷ ʢ ʤʦʭʦʚʦʡ ʛʨʫʧʧʝ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ 

ʤʝʜʠʫʤ-ʪʦʨʬʘ ʜʦ ʛʣʫʙʠʥʳ ʜʚʫʭ ʤʝʪʨʦʚ. ʅʠʞʝ ʟʘ-

ʣʝʞʴ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʫʰʠʮʝʚʦ-ʩʬʘʛʥʦ-

ʚʳʤ, ʧʫʰʠʮʝʚʳʤ ʠʣʠ ʩʦʩʥʦʚʦ-ʧʫʰʠʮʝʚʳʤ ʚʠʜʘʤʠ 

ʪʦʨʬʦʚ. ʏʘʩʪʦ ʥʘ ʛʣʫʙʠʥʝ ʦʪ ʜʚʫʭ ʜʦ ʪʨʸʭ ʤʝʪʨʦʚ ʚ 

ʵʪʦʤ ʪʠʧʝ ʟʘʣʝʞʠ ʬʠʢʩʠʨʫʝʪʩʷ ʧʦʛʨʘʥʠʯʥʳʡ ʛʦʨʠ-

ʟʦʥʪ, ʚ ʩʣʦʷʭ ʙʣʠʟʢʠʭ ʢ ʥʝʤʫ ʩʪʝʧʝʥʴ ʨʘʟʣʦʞʝʥʠʷ 

ʧʦʚʳʰʘʝʪʩʷ ʜʦ 30 %. ʊʘʢʘʷ ʟʘʣʝʞʴ ʚʩʪʨʝʯʘʝʪʩʷ ʥʘ 

ʈʘʙʘʥʛʩʢʦ-ɼʦʨʦʚʩʢʦʤ, ɸʣʝʢʩʝʝʚʩʢʦʤ ʠ ʃʠʧʦʚʝʮ-

ʢʦʤ ʙʦʣʦʪʥʳʭ ʤʘʩʩʠʚʘʭ. 

ʂʦʤʧʣʝʢʩʥʘʷ ʚʝʨʭʦʚʘʷ (ʧʦ ʧʣʦʱʘʜʠ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʷ) ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʪʦʨʦʤ ʤʝʩʪʝ ʧʦʩʣʝ ʤʝ-

ʜʠʫʤ-ʟʘʣʝʞʠ. ʇʦ ʢʨʫʧʥʳʤ ʙʦʣʦʪʥʳʤ ʩʠʩʪʝʤʘʤ ʦʥʘ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 21 ï 27 %. ɺ ʩʦʩʪʘʚʝ ʝʸ ʧʨʝʦʙʣʘ-

ʜʘʶʪ ʢʦʤʧʣʝʢʩʥʳʡ ʠ ʤʦʯʘʞʠʥʥʳʡ ʚʠʜʳ ʪʦʨʬʘ, ʚ 

ʢʦʪʦʨʳʭ ʬʠʢʩʠʨʫʶʪʩʷ ʧʨʦʩʣʦʡʢʠ ʧʫʰʠʮʝʚʦ-ʩʬʘʛ-

ʥʦʚʦʛʦ ʠʣʠ ʰʝʡʭʮʝʨʠʝʚʦʛʦ ʪʦʨʬʦʚ. ʆʙʱʘʷ ʤʦʱ-

ʥʦʩʪʴ ʵʪʠʭ ʩʣʦʝʚ ʜʦʩʪʠʛʘʝʪ 1,5 ï 2,0 ʤ.  

ʂʦʤʧʣʝʢʩʥʘʷ ʚʝʨʭʦʚʘʷ ʟʘʣʝʞʴ ʪʘʢʞʝ ʧʨʠʤʝʯʘ-

ʪʝʣʴʥʘ ʪʝʤ, ʯʪʦ ʧʦʜ ʥʝʡ ʥʘʭʦʜʷʪʩʷ ʧʝʨʝʭʦʜʥʳʝ ʠ ʥʠ-

ʟʠʥʥʳʝ ʚʠʜʳ ʪʦʨʬʘ. ʉʪʝʧʝʥʴ ʨʘʟʣʦʞʝʥʠʷ ʥʘ ʫʯʘʩʪ-

ʢʘʭ ʩ ʪʘʢʦʡ ʟʘʣʝʞʴʶ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 20 ʜʦ 

26, ʥʦ ʚ ʚʝʨʭʥʠʭ ʩʣʦʷʭ ï ʦʪ 5 ʜʦ 15, ʘ ʚ ʥʠʞʥʠʭ ï ʦʪ 

30 ʜʦ 36 %. ʊʘʢʘʷ ʩʠʪʫʘʮʠʷ ʰʠʨʦʢʦ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ 

ʢʨʫʧʥʳʭ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʝʨʭʦʚʳʭ, ʙʦʣʦʪʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ ï ʈʘʙʘʥʛʩʢʦ-ɼʦʨʦʚʩʢʠʡ, ɺʦʭʪʦʤʩʢʠʡ ï 

1 ʠ 2, ɸʣʝʢʩʝʝʚʩʢʠʡ (ʠ ʜʨʫʛʠʭ). 

ʐʝʡʮʝʨʠʝʚʦ-ʩʬʘʛʥʦʚʘʷ ʟʘʣʝʞʴ ʦʪʣʠʯʘʝʪʩʷ 

ʤʝʥʴʰʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʠ ʣʠʰʴ ʥʘ ʥʝʢʦʪʦʨʳʭ 

ʙʦʣʦʪʥʳʭ ʩʠʩʪʝʤʘʭ ʨʘʡʦʥʘ ʟʘʥʠʤʘʝʪ ʙʦʣʝʝ ʟʥʘʯʠ-

ʪʝʣʴʥʳʝ ʫʯʘʩʪʢʠ (ʃʠʧʦʚʠʮʢʠʡ ʠ ʃʝʙʷʞʴʝʚʩʢʠʡ). 

ɺʝʨʭʥʠʝ ʩʣʦʠ ʪʘʢʦʡ ʟʘʣʝʞʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʤ-

ʧʣʝʢʩʥʳʤ ʠ ʤʦʯʘʞʠʥʥʳʤ ʚʠʜʘʤʠ ʪʦʨʬʘ. ʀʤʝʶʪʩʷ 

ʥʝʙʦʣʴʰʠʝ ʧʨʦʩʣʦʡʢʠ ʤʝʜʠʫʤ ʠ ʬʫʩʢʫʤ ʪʦʨʬʘ. ʀʭ 

ʤʦʱʥʦʩʪʴ ʥʝʟʥʘʯʠʪʝʣʴʥʘ ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 0,2 ʜʦ 0,5 

ʤ.  

ʆʙʱʘʷ ʤʦʱʥʦʩʪʴ ʪʦʨʬʷʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʚʝʨ-

ʭʦʚʳʭ ʙʦʣʦʪʥʳʭ ʤʘʩʩʠʚʦʚ ʢʦʣʝʙʣʝʪʩʷ ʦʪ ʜʚʫʭ ʜʦ 

ʯʝʪʳʨʸʭ ʤʝʪʨʦʚ (ʪʘʙʣ. 3). ʉʨʝʜʥʠʡ ʧʦʢʘʟʘʪʝʣʴ ʤʦʱ-

ʥʦʩʪʠ ʜʣʷ ʚʩʝʭ ʚʝʨʭʦʚʳʭ ʙʦʣʦʪʥʳʭ ʩʠʩʪʝʤ ʨʘʡʦʥʘ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 2,21 ʤ, ʯʪʦ ʚʳʰʝ, ʯʝʤ ʥʘ ʤʘʩʩʠʚʘʭ 

ʩ ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ ʟʘʣʝʞʝʡ.  
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ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʦʣʦʪʥʳʭ ʤʘʩʩʠʚʦʚ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʚʝʨʭʦʚʦʛʦ ʪʠʧʘ ʟʘʣʝʞʠ 
ʅ
ʦ
ʤ
ʝ
ʨ
 
ʧ
/
ʧ
 
*

 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʤʘʩʩʠʚʘ 

ʇ
ʣ
ʦ
ʱ
ʘ
ʜ
ʴ
,
 
ʛ
ʘ

 

ɿʦʣʴʥʦʩʪʴ/  

ʩʪʝʧʝʥʴ 

ʨʘʟʣʦʞʝʥʠʷ 

(ʚ %) 

ʄʦʱʥʦʩʪʴ ʪʦʨ-

ʬʷʥʦʡ ʟʘʣʝʞʠ: 

ʩʨʝʜʥʷʷ / ʤʘʢʩʠ-

ʤʘʣʴʥʘʷ (ʚ ʤ) 

ʅʘʣʠʯʠʝ ʧʥʝʡ /  

ɿʘʧʘʩ, ʪʳʩ. ʪ 

1 ʈʘʙʘʥʛʩʢʦ-ɼʦʨʦʚʩʢʠʡ 11 387 2,8 / 32,0 3,2 / 6,7 - / 96 967 

3 ʃʝʙʷʞʴʝʚʩʢʠʡ 3 403 3,7 / 35 1,7 / 6,0 - / 44 579 

6 ʄʠʭʘʣʝʚʩʢʠʡ 2 257 4,3 / 59 1,6 / 4,9 ʉʨʝʜʥ. / 23 288 

7 ɺʦʭʪʦʤʩʢʠʡ ï 2 2 168 12,0 / 34 2,8 / 4,3 ɹʦʣ. / 50 361 

9 ɺʦʭʪʦʤʩʢʠʡ 1 740 4,2 / 31 2,7 / 6,0 ʄʘʣ. / 44 665 

11 ʇʝʣʴʰʝʤʩʢʘʷ ɼʘʯʘ 1 522 7,1 / 30 2,3 / 6,0 ʉʨʝʜʥ. / 27 699 

12 ɸʣʝʢʩʝʝʚʩʢʠʡ ï 1 1 387 2,8 / 32 3,9 / 6,5 ʄʘʣ. / 51 854 

14 ʃʠʧʦʚʠʮʢʠʡ ï 1 1 247 2,0 / 25 3,9 / 7,8 ʉʨʝʜʥ. / 4 520 

16 ɹʘʨʩʢʠʡ 932 4,5 / 35 1,2 / 3,1 ʉʨʝʜʥ. / 8 550 

20 ʇʦʤʝʣʴʥʠʢʦʚʩʢʘʷ ʜʘʯʘ ï 2 715 6,8 / 39 2,2 / 5,5 ʄʘʣ. / 10 438 

22 ʃʠʧʦʚʠʮʢʠʡ ï 2 630 2,0 / 25 4,0 / 4,8 ʉʨʝʜʥ. / 4 520 

23 ɼʫʨʢʦʚʩʢʠʡ ï 2 596 3,0 / 37 3,7 / 9,1 ʄʘʣ. / 18 164 

25 ʏʠʩʪʳʡ 577 3,6 / 33 2,2 / 6,0 ʉʨʝʜʥ. / 11 333 

26 ʇʠʩʢʫʥʩʢʠʡ 477 2,4 / 30 1,7 / 2,8 ʉʨʝʜʥ. / 6 001 

27 ɹʝʨʸʟʦʚʩʢʠʡ 392 3,2 / 6 1,4 / 2,8 ɹʦʣ. / 3 318 

28 ʉʣʫʜʢʘ 385 3,2 / 33 0,8 /1,8 ʉʨʝʜʥ. / 1 586 

30 ʊʠʢʩʥʠʥʩʢʠʡ 364 4,8 / 50 0,7 / 1,6 ʄʘʣ. / 970 

31 ʃʳʩʢʦʚʩʢʠʡ 254 5,1 / 43 1,0 / 1,4 ʉʨʝʜʥ. / 1 302 

33 ʃʝʥʜʦʙʦʚʩʢʦ-ʊʫʨʙʘʝʚʩʢʠʡ 241 6,9 / 31 1,1 / 2,4 ʉʨʝʜʥ. / 1 790 

34 ʊʝʣʷʯʠʡ 229 4,8 / 28 2,1 / 4,0 ʄʘʣ. / 3 324 

36 ɹʠʙʠʰʝʯʥʳʡ 209 3,8 / 39 1,8 / 4,0 - / 2 180 

38 ʂʨʫʛʦʚʦʡ 189 4,8 / 48 2,1 / 4,0 - / 2 813 

40 ɺʦʨʦʥʦʚʩʢʠʡ ï 1 156 6,6 / 40 0,8 / 1,4 ʄʘʣ. / 244 

43 ɺʳʩʦʢʦʚʩʢʠʡ ï 1 142 11,2 / 31 1,5 / 2,5 ʄʘʣ. / 2 002 

47 ʊʦʤʦʰʩʢʠʡ 108 2,4 / 38 3,0 / 4,2 ɹʦʣ. / 257 

48 ʅʝʣʠʜʦʚʩʢʠʡ 100 4.1 / 29 2,0 / 1,2 - / 1 475 

54 ʌʝʜʷʝʚʩʢʠʡ 79 6,3 / 40 1,0 / 1,6 ʉʨʝʜʥ. / 257 

57 ʇʦʯʠʥʢʦʚʩʢʠʡ 75 6,2 / 26 0,9 / 2,0 ɹʦʣ. / 530 

62 ɼʤʠʪʨʠʢʦʚʩʢʠʡ 43 3,1 / 26 1,2 / 1,8 ɹʦʣ. / 394 

63 ɿʘʙʦʣʦʮʢʠʡ 42 10,8 / 31 1,2 / 1,8 ɹʦʣ. / 642 

77 ʊʠʰʠʥʩʢʠʡ 12 - / - 1,2 / 2,0 ʉʨʝʜʥ. / 101 

ʀʊʆɻʆ: 32 058 

ɺ ʩʨʝʜʥʝʤ ʥʘ ʤʘʩʩʠʚʘʭ ʇʨʝʦʙʣʘʜʘʶʪ ʤʘʣʘʷ ʠ 

ʩʨʝʜʥʷʷ ʢʘʪʝʛʦʨʠʠ / 

ʀʪʦʛʦ ʧʦ ʤʘʩʩʠʚʘʤ ï 

426 125  

4,0 

32,3 

1,91 

3,81 

ʇʨʠʤʝʯʘʥʠʝ: ʞʠʨʥʳʤ ʦʪʤʝʯʝʥʳ ʤʘʢʩʠʤʫʤʳ ʧʦ ʩʪʦʣʙʮʘʤ 

 

ʉʘʤʳʡ ʚʳʩʦʢʠʡ ʧʦʢʘʟʘʪʝʣʴ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ 

(3,99 ʤ) ʥʘ ʃʠʧʦʚʠʮʢʦʤ ʤʘʩʩʠʚʝ. ʇʨʠ ʵʪʦʤ ʧʦʢʘʟʘ-

ʪʝʣʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʟʘʣʝʞʝʡ ʚʘʨʴʠʨʫʶʪ ʚ 

ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ï ʦʪ 3,0 ʜʦ 7,8 ʤ. ʅʘ ʃʠʧʦʚʠʮʢʦʤ 

ʙʦʣʦʪʥʦʤ ʤʘʩʩʠʚʝ ʟʘʬʠʢʩʠʨʦʚʘʥ ʩʘʤʳʡ ʚʳʩʦʢʠʡ 

ʧʦʢʘʟʘʪʝʣʴ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ. ɼʣʷ ʩʨʘʚʥʝ-

ʥʠʷ ï ʩʨʝʜʥʷʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʚʩʝʭ ʚʝʨʭʦ-

ʚʳʭ ʩʠʩʪʝʤ ʨʘʡʦʥʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 3,81 ʤ, ʘ ʜʣʷ 

ʚʩʝʭ ʙʦʣʦʪʥʳʭ ʤʘʩʩʠʚʦʚ ʨʘʡʦʥʘ ï ʢʦʣʝʙʣʝʪʩʷ ʦʢʦʣʦ 

ʯʝʪʳʨʸʭ ʤʝʪʨʦʚ. 

ʇʦ ʨʘʟʣʠʯʥʳʤ ʚʘʨʠʘʥʪʘʤ ʟʘʣʝʞʠ ʩʨʝʜʥʷʷ ʤʦʱ-

ʥʦʩʪʴ ʥʘ ʚʝʨʭʦʚʳʭ ʤʘʩʩʠʚʘʭ ʠʟʤʝʥʷʝʪʩʷ ʚ ʜʠʘʧʘ-

ʟʦʥʝ ʦʪ 1,27 ʜʦ 3,96 ʧʨʠ ʩʨʝʜʥʝʤ ʧʦʢʘʟʘʪʝʣʝ 1,91 ʤ. 

ʉʘʤʘʷ ʙʦʣʴʰʘʷ ʩʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʫ ʢʦʤʙʠʥʘʮʠʠ ʟʘ-

ʣʝʞʠ ʚʝʨʭʦʚʦʡ, ʧʝʨʝʭʦʜʥʦʡ ʠ ʩʤʝʰʘʥʥʦʡ (3,96 ʤ), ʘ 

ʩʘʤʘʷ ʤʘʣʘʷ ʩʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ï ʫ ʚʝʨʭʦʚʦʡ ʠ ʧʝʨʝ-

ʭʦʜʥʦʡ (1,27 ʤ). 

ʉʨʝʜʥʷʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʫ ʙʦʣʦʪʥʳʭ 

ʩʠʩʪʝʤ, ʠʤʝʶʱʠʭ ʩʦʯʝʪʘʥʠʝ ʚʝʨʭʦʚʘʷ + ʩʤʝʰʘʥʥʘʷ 

+ ʧʝʨʝʭʦʜʥʘʷ ʟʘʣʝʞʠ. ʉʘʤʘʷ ʤʘʣʘʷ ʛʣʫʙʠʥʘ ʫ ʢʦʤ-

ʙʠʥʘʮʠʠ ʚʝʨʭʦʚʦʛʦ ʠ ʧʝʨʝʭʦʜʥʦʛʦ ʪʦʨʬʦʚ ï 1,65 ʤ. 

ɼʨʫʛʠʝ ʚʘʨʠʘʥʪʳ ʩʦʯʝʪʘʥʠʷ ʟʘʣʝʞʝʡ ʠʤʝʶʪ ʧʦʢʘʟʘ-

ʪʝʣʠ ʤʦʱʥʦʩʪʠ, ʙʣʠʟʢʠʝ ʢ ʩʨʝʜʥʠʤ ʠʣʠ ʩʨʝʜʥʠʤ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ï ʦʪ ʜʚʫʭ ʜʦ ʪʨʸʭ ʤʝʪʨʦʚ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ. 

ʉʪʝʧʝʥʴ ʨʘʟʣʦʞʝʥʠʷ ʜʣ̫ ʚʩʝʭ ʚʠʜʦʚ ʚʝʨʭʦʚʦʛʦ 

ʪʦʨʬʘ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ. ʆʥʘ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʧʦʚʝʨʭ-

ʥʦʩʪʥʳʭ ʩʣʦʸʚ ʧʨʘʢʪʠʯʝʩʢʠ ʙʦʣʴʰʠʥʩʪʚʘ ʚʝʨʭʦʚʳʭ 

ʙʦʣʦʪ ʨʘʡʦʥʘ ʠ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 10 ʜʦ 20 %. ʄʦʱʥʦʩʪʴ 

ʩʣʦʸʚ ʩ ʥʠʟʢʦʡ ʩʪʝʧʝʥʴʶ ʨʘʟʣʦʞʝʥʠʷ ʨʘʟʣʠʯʥʘ ʠ ʢʦ-
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ʣʝʙʣʝʪʩʷ ʦʪ ʧʦʣʫʤʝʪʨʘ ʜʦ ʜʚʫʭ ʤʝʪʨʦʚ, ʠ ʦʥʠ ʟʘʥʠ-

ʤʘʶʪ ʦʪ 60 ʜʦ 80 % ʙʦʣʦʪʥʳʭ ʤʘʩʩʠʚʦʚ. ɺ ʮʝʥʪʨʘʣʴ-

ʥʳʭ ʠ ʚʦʩʪʦʯʥʳʭ ʯʘʩʪʷʭ ʨʘʡʦʥʘ ʤʦʱʥʦʩʪʠ ʛʦʨʠʟʦʥ-

ʪʦʚ ʪʦʨʬʘ ʩ ʤʘʣʦʡ ʩʪʝʧʝʥʴʶ ʨʘʟʣʦʞʝʥʠʷ ʤʝʥʴʰʝ, 

ʯʝʤ ʚ ʢʨʘʡʥʠʭ (ʟʘʧʘʜʥʳʭ). ʂ ʧʨʠʤʝʨʫ, ʥʘ ʈʘʙʘʥʛ-

ʩʢʦ-ɼʦʨʦʚʩʢʦʤ ʤʘʩʩʠʚʝ, ʟʘʣʝʞʠ ʪʘʢʦʛʦ ʪʦʨʬʘ 

ʠʤʝʶʪ ʤʦʱʥʦʩʪʴ ʦʢʦʣʦ 0,8 ʤ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʣʠʰʴ 

6 % ʦʪ ʚʩʝʭ ʟʘʧʘʩʦʚ. ʇʨʠ ʵʪʦʤ ʙʦʣʝʝ ʛʣʫʙʦʢʠʝ ʩʣʦʠ 

ʪʦʨʬʘ ʠʤʝʶʪ ʩʪʝʧʝʥʴ ʨʘʟʣʦʞʝʥʠʷ ʦʪ 26 ʜʦ 32, ʘ ʥʘ 

ʨʷʜʝ ʙʦʣʦʪʥʳʭ ʩʠʩʪʝʤ ʜʦ 35 %. ʉʨʝʜʥʷʷ ʩʪʝʧʝʥʴ 

ʨʘʟʣʦʞʝʥʠʷ ʪʦʨʬʦʚ ʜʣʷ ʚʝʨʭʦʚʳʭ ʙʦʣʦʪ ʚ ʮʝʣʦʤ å 

32 %. 

ʇʦ ʨʘʟʣʠʯʥʳʤ ʢʦʤʙʠʥʘʮʠʷʤ ʟʘʣʝʞʠ ʚʝʨʭʦʚʳʭ 

ʙʦʣʦʪ ʩʨʝʜʥʷʷ ʩʪʝʧʝʥʴ ʨʘʟʣʦʞʝʥʠʷ ʠʟʤʝʥʷʝʪʩʷ ʚ 

ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʦʪ 25 ʜʦ 38 %. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢ 

ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʫ ʚʘʨʠʘʥʪʘ ʚʝʨʭʦʚʘʷ + ʧʝʨʝʭʦʜʥʘʷ 

+ ʥʠʟʠʥʥʘʷ ʟʘʣʝʞʠ ʠ ʫ ʚʝʨʭʦʚʦʡ ʟʘʣʝʞʠ (å 38 ʠ 38 

% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʅʘʠʙʦʣʝʝ ʥʠʟʢʠʡ ʧʦʢʘʟʘʪʝʣʴ 

ʩʪʝʧʝʥʠ ʨʘʟʣʦʞʝʥʠʷ ʠʤʝʶʪ ʟʘʣʝʞʠ ʚ ʚʘʨʠʘʥʪʘʭ: 

ʚʝʨʭʦʚʘʷ + ʩʤʝʰʘʥʥʘʷ + ʧʝʨʝʭʦʜʥʘʷ ʠ ʚʝʨʭʦʚʘʷ + 

ʩʤʝʰʘʥʥʘʷ + ʧʝʨʝʭʦʜʥʘʷ + ʥʠʟʠʥʥʘʷ.  

ɿʦʣʴʥʦʩʪʴ ʢʦʤʙʠʥʘʮʠʡ ʪʠʧʦʚ ʟʘʣʝʞʠ ʠʟʤʝʥʷ-

ʝʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʨʝʜʝʣʘʭ ʦʪ ʜʚʫʭ ʜʦ 11 %. ʉʘ-

ʤʘʷ ʚʳʩʦʢʘʷ ʟʦʣʴʥʦʩʪʴ ʬʠʢʩʠʨʫʝʪʩʷ ʫ ʩʦʯʝʪʘʥʠʷ 

ʚʝʨʭʦʚʦʡ ʠ ʥʠʟʠʥʥʦʡ ʪʦʨʬʷʥʳʭ ʟʘʣʝʞʝʡ (10,80 %), 

ʘ ʩʘʤʘʷ ʥʠʟʢʘʷ ï ʫ ʚʘʨʠʘʥʪʘ ʚʝʨʭʦʚʘʷ + ʩʤʝʰʘʥʥʘʷ 

+ ʧʝʨʝʭʦʜʥʘʷ. ʆʩʪʘʣʴʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʠʤʝʶʪ ʙʣʠʟ-

ʢʠʝ ʢ ʩʨʝʜʥʠʤ ʧʦʢʘʟʘʪʝʣʠ ʟʦʣʴʥʦʩʪʠ ʪʦʨʬʘ (ʦʪ 3 ʜʦ 

8 %). 

ɽʩʪʝʩʪʚʝʥʥʘʷ ʚʣʘʞʥʦʩʪʴ ʪʦʨʬʷʥʦʡ ʟʘʣʝʞʠ, ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʧʦʚʳʰʝʥʥʘʷ. ɺ ʚʝʨʭʥʠʭ 

ʩʣʦʷʭ (ʜʦ ʛʣʫʙʠʥʳ ʦʪ ʦʜʥʦʛʦ ʜʦ ʜʚʫʭ ʤʝʪʨʦʚ) ʦʥʘ 

ʤʝʥʷʝʪʩʷ ʦʪ 90 ʜʦ 94 %, ʘ ʚ ʙʦʣʝʝ ʥʠʞʥʠʭ ï ʩʦʩʪʘʚ-

ʣʷʝʪ 89 ï 90 % ʠ ʧʨʦʜʦʣʞʘʝʪ ʩʥʠʞʘʪʴʩʷ. ɺ ʩʨʝʜʥʝʤ 

ʝʩʪʝʩʪʚʝʥʥʘʷ ʚʣʘʞʥʦʩʪʴ ʚʝʨʭʦʚʦʛʦ ʪʦʨʬʘ ʠʟʤʝʥʷ-

ʝʪʩʷ ʚ ʥʝʙʦʣʴʰʠʭ ʧʨʝʜʝʣʘʭ ʦʪ 90 ʜʦ 92 %. ʆʙʳʯʥʦ 

ʙʦʣʝʝ ʩʠʣʴʥʦ ʦʙʚʦʜʥʝʥʳ ʮʝʥʪʨʘʣʴʥʳʝ ʫʯʘʩʪʢʠ ʚʝʨ-

ʭʦʚʳʭ ʤʘʩʩʠʚʦʚ, ʢʦʪʦʨʳʝ ʟʘʥʷʪʳ ʛʨʷʜʦʚʦ-ʦʟʸʨ-

ʥʳʤʠ ʠʣʠ ʛʨʷʜʦʚʦ-ʤʦʯʘʞʠʥʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʨʘʩ-

ʪʠʪʝʣʴʥʦʩʪʠ. ʅʘ ʥʝʢʦʪʦʨʳʭ ʢʨʫʧʥʳʭ ʙʦʣʦʪʥʳʭ ʩʠ-

ʩʪʝʤʘʭ (ʈʘʙʘʥʛʩʢʦ-ɼʦʨʦʚʩʢʠʡ, ʃʝʙʷʞʴʝʚʩʢʠʡ, 

ɺʦʭʪʦʤʩʢʠʡ ï 2 ʠ ʜʨʫʛʠʭ) ʥʝʨʝʜʢʦ ʬʠʢʩʠʨʫʶʪʩʷ 

ʫʯʘʩʪʢʠ ʩ ʨʘʟʞʠʞʝʥʥʳʤ ʚʦʜʦʡ ʪʦʨʬʦʤ. ʊʘʤ ʝʩʪʝ-

ʩʪʚʝʥʥʘʷ ʚʣʘʞʥʦʩʪʴ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 94 (96) %.  

ʇʦʢʘʟʘʪʝʣʴ ʨʅ ʥʘ ʚʝʨʭʦʚʳʭ ʤʘʩʩʠʚʘʭ ʚʘʨʴʠ-

ʨʫʝʪ ʦʪ 4 ʜʦ 5, ʯʪʦ ʥʠʞʝ, ʯʝʤ ʫ ʩʠʩʪʝʤ ʥʠʟʠʥʥʦʛʦ, 

ʥʦ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ, ʯʝʤ ʫ ʤʘʩʩʠʚʦʚ ʧʝʨʝʭʦʜʥʦʛʦ 

ʪʠʧʦʚ. ʉʨʝʜʥʷʷ ʚʝʣʠʯʠʥʘ ʨʅ ʜʣʷ ʚʩʝʭ ʚʘʨʠʘʥʪʦʚ 

ʚʝʨʭʦʚʳʭ ʙʦʣʦʪ ʩʦʩʪʘʚʣʷʝʪ å 4,71. ʉʘʤʫʶ ʚʳʩʦʢʫʶ 

ʨʅ ʠʤʝʝʪ ʚʘʨʠʘʥʪ ʩ ʩʦʯʝʪʘʥʠʝʤ ʚʝʨʭʦʚʦʡ ʠ ʥʠʟʠʥ-

ʥʦʡ ʟʘʣʝʞʝʡ ʧʨʠ ʧʨʝʦʙʣʘʜʘʥʠʠ ʚʝʨʭʦʚʦʡ. 

ɿʘʧʘʩʳ ʪʦʨʬʘ ʚʝʨʭʦʚʳʭ ʙʦʣʦʪʥʳʭ ʤʘʩʩʠʚʦʚ 

ʟʥʘʯʠʪʝʣʴʥʳ (ʪʘʙʣ. 3, ʨʠʩ. 5). ʆʥʠ ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 

70 % ʦʪ ʦʙʱʠʭ ʟʘʧʘʩʦʚ ʧʦ ʨʘʡʦʥʫ. ʇʨʠ ʵʪʦʤ ʙʦʣʴ-

ʰʘʷ ʯʘʩʪʴ ʦʙʲʸʤʦʚ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʥʘ ʙʦʣʦʪʘʭ ʩ ʠʩ-

ʢʣʶʯʠʪʝʣʴʥʦ ʚʝʨʭʦʚʦʡ ʟʘʣʝʞʴʶ (ʧʦʯʪʠ 34 % ï ʦʪ 

ʟʘʧʘʩʦʚ ʚ ʨʘʡʦʥʝ ʠ 94 % - ʦʪ ʟʘʧʘʩʦʚ ʢʦʤʙʠʥʘʮʠʡ 

ʚʝʨʭʦʚʳʭ ʙʦʣʦʪ). ɿʥʘʯʠʪʝʣʴʥʳʝ ʟʘʧʘʩʳ ʠʤʝʶʪ 

ʪʘʢʞʝ ʤʘʩʩʠʚʳ ʩ ʩʦʯʝʪʘʥʠʷʤʠ ʟʘʣʝʞʝʡ ʘ) ʚʝʨʭʦʚʘʷ 

+ ʧʝʨʝʭʦʜʥʘʷ + ʩʤʝʰʘʥʥʘʷ ʠ ʙ) ʚʝʨʭʦʚʘʷ + ʧʝʨʝʭʦʜ-

ʥʘʷ + ʥʠʟʠʥʥʘʷ ʧʨʠ ʧʨʝʦʙʣʘʜʘʥʠʠ ʪʦʨʬʘ ʚʝʨʭʦʚʦʛʦ 

ʪʠʧʘ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ (ʦʢʦʣʦ 30 % ʦʪ ʟʘʧʘʩʦʚ ʚ ʨʘʡ-

ʦʥʝ).  

ʉʨʝʜʠ ʚʝʨʭʦʚʳʭ ʙʦʣʦʪ ʩʘʤʳʝ ʥʠʟʢʠʝ ʜʦʣʠ ʚ ʟʘ-

ʧʘʩʝ ʪʦʨʬʘ ʠʤʝʶʪ ʢʦʤʙʠʥʘʮʠʠ ʟʘʣʝʞʝʡ ʚ ʩʦʯʝʪʘ-

ʥʠʷʭ 1) ʚʝʨʭʦʚʳʝ + ʥʠʟʠʥʥʳʝ; ʚʝʨʭʦʚʳʝ + ʧʝʨʝʭʦʜ-

ʥʳʝ; ʚʝʨʭʦʚʳʝ + ʩʤʝʰʘʥʥʳʝ + ʧʝʨʝʭʦʜʥʳʝ (ʧʨʠ 

ʧʨʝʦʙʣʘʜʘʥʠʠ ʚʝʨʭʦʚʦʛʦ ʪʦʨʬʘ).  

 
ʈʠʩʫʥʦʢ 5. ʇʨʝʜʩʪʘʚʣʝʥʥʦʩʪʴ ʟʘʧʘʩʦʚ ʦʣʠʛʦʪʨʦʬʥʦʛʦ ʪʦʨʬʘ ʧʦ ʙʦʣʦʪʥʳʤ ʤʘʩʩʠʚʘʤ ʨʘʡʦʥʘ (ʚ %) 
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ʀʩʭʦʜʷ ʠʟ ʩʢʘʟʘʥʥʦʛʦ ʚʦ ʚʚʝʜʝʥʠʠ ʢ ʦʩʥʦʚʥʦʤʫ 

ʪʝʢʩʪʫ ʩʪʘʪʴʠ ʧʨʦ ʦʣʠʛʦʪʨʦʬʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʚ ʮʝ-

ʣʷʭ ʨʘʟʚʠʪʠʷ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʢ 

ʦʩʚʦʝʥʠʶ ʨʝʢʦʤʝʥʜʫʶʪʩʷ 11 ʙʦʣʦʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

(7, 9, 11, 16, 23, 25, 28, 34, 38, 43 ʠ 57 ï ʩʦʛʣʘʩʥʦ 

ʪʘʙʣ. 3). 

ʇʦ ʚʩʝʤʫ ʚʳʰʝ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤʫ ʤʘʪʝʨʠʘʣʫ 

ʥʝʦʙʭʦʜʠʤʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʢʨʘʪʢʠʝ ʚʳʚʦʜʳ. 

1. ʅʘʠʙʦʣʴʰʫʶ ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʴ ʚʝʨʭʦʚʳʝ 
ʙʦʣʦʪʘ ʠʤʝʶʪ ʚ ʇʨʠʩʫʭʦʥʩʢʦʤ ʠ ɼʚʠʥʠʮʢʦʤ ʣʘʥʜ-

ʰʘʬʪʘʭ (45 ʠ 18 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʉʘʤʘ ʚʳʩʦʢʘʷ 

ʟʘʙʦʣʦʯʝʥʥʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʇʨʠʢʫʙʝʥʩʢʦʤ 

ʣʘʥʜʰʘʬʪʝ. 

2. ʇʦ ʧʣʦʱʘʜʠ (11,8 ʪʳʩ. ʛʘ) ʠ ʦʙʲʸʤʫ ʟʘʣʝʞʠ 

(207 ʪʳʩ. ʤ3) ʚ ʨʘʡʦʥʝ ʧʨʝʦʙʣʘʜʘʶʪ ʚʝʨʭʦʚʳʝ ʙʦ-

ʣʦʪʥʳʝ ʤʘʩʩʠʚʳ ʙʝʟ ʧʨʠʤʝʩʝʡ. ɿʘʧʘʩʳ ʪʦʨʬʷʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʨʝʤʷ ʚʠʜʘʤʠ: ʤʝʜʠʫʤ, 

ʢʦʤʧʣʝʢʩʥʳʡ ʠ ʰʝʡʭʮʝʨʠʝʚʦ-ʩʬʘʛʥʦʚʳʡ. 

3. ʉʘʤʫʶ ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʣʦʱʘʜʴ (11,3 ʪʳʩ. 
ʛʘ) ʚ ʨʘʡʦʥʝ ʟʘʥʠʤʘʝʪ ʈʘʙʘʥʛʩʢʦ-ʜʦʨʦʚʩʢʠʡ ʙʦʣʦʪ-

ʥʳʡ ʤʘʩʩʠʚ. ʆʙʱʠʡ ʦʙʲʸʤ ʟʘʧʘʩʦʚ ʪʦʨʬʘ ʥʘ 31 ʦʜ-

ʥʦʤ ʙʦʣʦʪʥʦʤ ʢʦʤʧʣʝʢʩʝ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 426 ʪʳʩ. 

ʤ3. 

4. ʇʦ ʟʦʣʴʥʦʩʪʠ, ʩʪʝʧʝʥʠ ʨʘʟʣʦʞʝʥʠʷ, ʤʘʢʩʠ-
ʤʘʣʴʥʦʡ ʪʦʨʬʷʥʦʡ ʟʘʣʝʞʠ ʠ ʟʘʧʘʩʘʤ ʪʦʨʬʘ ʣʠʜʠ-

ʨʫʶʪ ï ɺʦʭʪʦʤʩʢʠʡ ï 2, ʄʠʭʘʣʝʚʩʢʠʡ, ɸʣʝʢʩʝʝʚ-

ʩʢʠʡ ʠ ʈʘʙʘʥʛʩʢʦ-ɼʦʨʦʚʩʢʠʡ ʙʦʣʦʪʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

5. ɼʣʷ ʨʘʟʚʠʪʠʷ ʧʨʦʤʳʰʣʝʥʥʦʡ ʘʛʨʦ-ʩʬʝʨʳ ʢ 

ʦʩʚʦʝʥʠʶ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 11 ʙʦʣʦʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 
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GEOLOGICAL AND MINERALOGICAL SCIENCES  
 

ʀʅʊɽʅʉʀʌʀʂɸʎʀʗ ɼʆɹʓʏʀ ʅɽʌʊʀ ʄɽʊʆɼʆʄ ʉʆʃʗʅʆʂʀʉʃʆʊʅʆʁ ʆɹʈɸɹʆʊʂʀ ʅɸ 

ʇʆɿɼʅɽʁ ʉʊɸɼʀʀ ʕʂʉʇʃʋɸʊɸʎʀʀ ʅɽʌʊʗʅʆɻʆ ʄɽʉʊʆʈʆɾɼɽʅʀʗ 

 

ʇʝʪʨʦʚʘ ʃ.ɺ. 

ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ ʋɻʅʊʋ ʚ ʛ. ʆʢʪʷʙʨʴʩʢʦʤ, 

ɼʦʮʝʥʪ ʢʘʬʝʜʨʳ ʨʘʟʚʝʜʢʠ ʠ ʨʘʟʨʘʙʦʪʢʠ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, 

ʂʘʥʜʠʜʘʪ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

ʉʫʣʪʘʥʙʝʢʦʚʘ ʕ.ɸ. 

ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ ʋɻʅʊʋ ʚ ʛ. ʆʢʪʷʙʨʴʩʢʦʤ, ʤʘʛʠʩʪʨʘʥʪ 
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PROCESSING AT THE LATE STAGE OF OPERATION OF OIL DEPOSIT  
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ɸʥʥʦʪʘʮʠʷ 

ʂʠʩʣʦʪʥʳʝ ʦʙʨʘʙʦʪʢʠ ʩʢʚʘʞʠʥ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʦʩʥʦʚʫ ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʥʘʰʣʠ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚʩʣʝʜʩʪʚʠʝ ʩʚʦʝʡ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʧʨʦʩʪʦʪʳ, ʜʝʰʝʚʠʟʥʳ, ʜʦʩʪʫʧʥʦʩʪʠ ʨʝʘʛʝʥʪʦʚ ʠ ʯʘʩʪʦ ʚʩʪʨʝ-

ʯʘʶʱʠʭʩʷ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʠʭ ʧʨʦʚʝʜʝʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘ. 

Abstract 

Acid treatments of wells, which form the basis of chemical methods, are most widely used due to their com-

parative simplicity, low cost, availability of reagents, and frequently encountered favorable conditions for their 

implementation. It was established that the effectiveness of measures for the technology under consideration is 

quite high. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʠʩʣʦʪʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʜʦʙʳʯʘ ʥʝʬʪʠ, ʥʝʬʪʷʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʧʨʦʤʳʩʣʦʚʳʝ ʜʘʥ-

ʥʳʝ, ʧʨʦʜʫʢʪʠʚʥʳʝ ʧʣʘʩʪʳ. 

Keywords: acid treatment, oil production, oil field, production data, reservoirs. 

 
Introduction  
ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʠʩʪʦʱʝ-
ʥʠʝʤ ʣʝʛʢʦ ʠʟʚʣʝʢʘʝʤʳʭ ʥʝʬʪʷʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʨʦ-
ʩʪʦʤ ʦʙʚʦʜʥʝʥʥʦʩʪʠ. ʅʘ ʤʝʩʪʦ ʠʩʪʦʱʝʥʥʳʭ ʚʳʩʦ-
ʢʦʧʨʦʜʫʢʪʠʚʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʨʠʭʦʜʠʪ ʪʨʫʜʥʦ 
ʠʟʚʣʝʢʘʝʤʳʝ ʟʘʧʘʩʳ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʚʝʣʠʯʠʥʦʡ 
ʜʝʙʠʪʘ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʥʝʬʪʝʦʪ-
ʜʘʯʠ ʠ ʨʘʟʨʘʙʘʪʳʚʘʥʠʝ ʟʘʣʝʞʝʡ ʩ ʥʠʟʢʠʤʠ ʬʠʣʴʪʨʘ-
ʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ï ʦʩʪʨʝʡʰʠʡ ʚʦ-
ʧʨʦʩ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʷ.  
ɺ ʦʩʥʦʚʫ ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʧʦʣʦʞʝʥʦ ʚʦʟ-

ʜʝʡʩʪʚʠʝ ʨʘʟʣʠʯʥʳʤʠ ʢʠʩʣʦʪʘʤʠ ʥʘ ʧʦʨʦʜʳ ʧʨʠʟʘ-
ʙʦʡʥʦʡ ʟʦʥʳ ʧʣʘʩʪʘ ʩ ʮʝʣʴʶ ʨʘʩʪʚʦʨʝʥʠʷ ʯʘʩʪʠʮ, 
ʟʘʩʦʨʷʶʱʠʭ ʧʦʨʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʠ ʫʚʝʣʠʯʝʥʠʷ 
ʜʠʘʤʝʪʨʦʚ ʧʦʨʦʚʳʭ ʢʘʥʘʣʦʚ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘ-
ʥʝʥʥʳʤ ʤʝʪʦʜʦʤ ʭʠʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʨʠ-
ʟʘʙʦʡʥʫʶ ʟʦʥʫ ʧʣʘʩʪʘ ʷʚʣʷʝʪʩʷ ʩʦʣʷʥʦʢʠʩʣʦʪʥʘʷ 
ʦʙʨʘʙʦʪʢʘ. 
ʂʠʩʣʦʪʥʳʝ ʦʙʨʘʙʦʪʢʠ ʩʢʚʘʞʠʥ, ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʦʩʥʦʚʫ ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʥʘʰʣʠ ʥʘʠʙʦʣʝʝ ʰʠ-
ʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚʩʣʝʜʩʪʚʠʝ ʩʚʦʝʡ ʩʨʘʚʥʠʪʝʣʴʥʦʡ 
ʜʦʩʪʫʧʥʦʩʪʠ ʨʝʘʛʝʥʪʦʚ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘ ʩʯʝʪ ʜʦ-
ʧʦʣʥʠʪʝʣʴʥʦʡ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʜʦʙʳʯʠ ʥʝʬʪʠ. 

Materials and methods  
ʈʘʟʣʠʯʘʶʪ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʦʙʨʘʙʦʪʢʠ ʩʢʚʘ-

ʞʠʥ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ: ʢʠʩʣʦʪʥʳʝ ʚʘʥʥʳ, ʧʨʦʩʪʳʝ 

ʢʠʩʣʦʪʥʳʝ ʦʙʨʘʙʦʪʢʠ, ʦʙʨʘʙʦʪʢʠ ʧʦʜ ʜʘʚʣʝʥʠʝʤ, 
ʢʠʩʣʦʪʥʳʝ ʦʙʨʘʙʦʪʢʠ ʯʝʨʝʟ ʛʠʜʨʦʤʦʥʠʪʦʨʥʳʝ 
ʥʘʩʘʜʢʠ, ʧʝʥʦʢʠʩʣʦʪʥʳʝ ʦʙʨʘʙʦʪʢʠ, ʛʘʟʦʢʠʩʣʦʪʥʳʝ 
ʠ ʜʨʫʛʠʝ. ʅʘ ʧʨʦʤʳʩʣʘʭ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷ-
ʶʪʩʷ ʧʝʨʚʳʝ ʪʨʠ. 
ʂʠʩʣʦʪʥʳʝ ʚʘʥʥʳ ï ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʝ ʢʠʩʣʦʪ-

ʥʳʝ ʦʙʨʘʙʦʪʢʠ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʝ-
ʥʦʢ ʩʢʚʘʞʠʥʳ ʠ ʟʘʙʦʷ ʦʪ ʦʩʪʘʪʢʦʚ ʮʝʤʝʥʪʥʦʡ ʠ ʛʣʠ-
ʥʠʩʪʦʡ ʢʦʨʦʢ, ʧʨʦʜʫʢʪʦʚ ʢʦʨʨʦʟʠʠ, ʩʤʦʣʠʩʪʳʭ ʚʝ-
ʱʝʩʪʚ, ʧʘʨʘʬʠʥʘ. 
ʊʝʭʥʦʣʦʛʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʫʩʪʴʷ ʩʢʚʘʞʠʥʳ ʠ ʪʝʭ-
ʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʠ ʪʝʭʥʦʣʦʛʠʯʝ-
ʩʢʠʭ ʦʧʝʨʘʮʠʷʭ ʧʨʠ ʢʘʧʠʪʘʣʴʥʦʤ ʨʝʤʦʥʪʝ ʩʢʚʘʞʠʥ. 
ʇʨʠʤʝʥʷʝʤʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚʢʣʶʯʘʝʪ: 
ï ʥʘʩʦʩʥʳʡ ʘʛʨʝʛʘʪ ʪʠʧʘ ɸʟʠʥʤʘʰ-30ɸ (1 ʝʜ.); 
ï ʢʠʩʣʦʪʦʚʦʟ (1 ʝʜ.); 
ï ʘʚʪʦʮʠʩʪʝʨʥʘ (1-2 ʝʜ.); 
ï ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʝʤʢʦʩʪʴ (1 ʝʜ.). 
ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʦʙʚʷʟʢʠ ʩʢʚʘʞʠʥʳ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʧʨʠʟʘʙʦʡʥʦʡ ʟʦʥʳ ʧʣʘʩʪʘ ʢʠʩʣʦʪʥʳʤʠ 
ʩʦʩʪʘʚʘʤʠ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 
ʈʘʩʩʪʘʥʦʚʢʘ ʠ ʦʙʚʷʟʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ ʥʘ ʩʢʚʘʞʠʥʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʩʦʙʣʶʜʝ-
ʥʠʝʤ ʧʨʘʚʠʣ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʨʠʩʫʥʦʢ 1). 
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ʈʠʩʫʥʦʢ 1. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʦʙʚʷʟʢʠ ʩʢʚʘʞʠʥʳ ʧʨʠ ʩʦʣʷʥʦʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʝ  

ʧʨʠʟʘʙʦʡʥʦʡ ʟʦʥʳ ʧʣʘʩʪʘ 

1 - ʫʩʪʴʝʚʘʷ ʘʨʤʘʪʫʨʘ; 2 - ʤʘʥʦʤʝʪʨ; 3 - ʅʂʊ; 4 - ʤʝʞʪʨʫʙʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ; 

5 - ʧʨʠʟʘʙʦʡʥʘʷ ʟʦʥʘ ʧʣʘʩʪʘ; 6, 7 - ʥʘʩʦʩʥʳʝ ʘʛʨʝʛʘʪʳ; 8 - ʝʤʢʦʩʪʴ ʩ ʢʠʩʣʦʪʥʳʤ ʨʘʩʪʚʦʨʦʤ; 

9 - ʝʤʢʦʩʪʴ ʩ ʧʨʦʜʘʚʦʯʥʦʡ ʞʠʜʢʦʩʪʴʶ; 10 - ʫʩʪʴʝʚʘʷ ʟʘʜʚʠʞʢʘ; 

11 - ʟʘʜʚʠʞʢʘ ʤʝʞʪʨʫʙʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

 

ʇʨʦʚʝʜʝʥʠʝ ʢʠʩʣʦʪʥʳʭ ʦʙʨʘʙʦʪʦʢ ʚ ʦʙʚʦʜʥʝʥ-

ʥʳʭ ʩʢʚʘʞʠʥʘʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʝʱʝ 

ʙʦʣʴʰʝʤʫ ʫʚʝʣʠʯʝʥʠʶ ʦʙʚʦʜʥʝʥʥʦʩʪʠ ʧʨʦʜʫʢʮʠʠ. 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʦʙʚʦʜʥʠʚʰʠʝʩʷ ʫʯʘʩʪʢʠ ʧʣʘ-

ʩʪʘ ʚ ʙʦʣʴʰʝʡ ʤʝʨʝ ʧʦʜʚʝʨʛʘʶʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʢʠʩ-

ʣʦʪʳ ʚ ʩʠʣʫ ʧʦʚʳʰʝʥʥʦʡ ʬʘʟʦʚʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʵʪʠʭ ʫʯʘʩʪʢʦʚ ʜʣʷ ʨʘʩʪʚʦʨʘ ʢʠʩʣʦʪʳ, ʦʩʥʦʚʥʘʷ 

ʯʘʩʪʴ ʢʦʪʦʨʦʛʦ ʩʦʩʪʦʠʪ ʠʟ ʚʦʜʳ. ʂʨʦʤʝ ʪʦʛʦ, ʩʪʝʥʢʠ 

ʧʦʨ ʠ ʢʘʥʘʣʦʚ ʵʪʠʭ ʫʯʘʩʪʢʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʤʳʪʳ 

ʦʪ ʵʢʨʘʥʠʨʫʶʱʝʡ ʠʭ ʥʝʬʪʠ, ʩʤʦʣ ʠ ʘʩʬʘʣʴʪʝʥʦʚ. 

ɺʩʝ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʤʫ ʫʚʝʣʠʯʝ-

ʥʠʶ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʙʚʦʜʥʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʧʣʘ-

ʩʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʬʪʝʥʘʩʳʱʝʥʥʳʤʠ ʠ, ʢʘʢ ʩʣʝʜ-

ʩʪʚʠʝ, ʢ ʨʦʩʪʫ ʦʙʚʦʜʥʝʥʥʦʩʪʠ ʧʨʦʜʫʢʮʠʠ ʩʢʚʘʞʠʥ. 

ɺ ʵʪʦʡ ʩʚʷʟʠ, ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʢʫʱʝʡ ʦʙʚʦʜʥʝʥ-

ʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʚʳ-

ʷʚʣʝʥʠʶ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʜʦʙʳʚʘʝʤʦʡ ʚʦʜʳ ʠ ʤʝ-

ʩʪʦʥʘʭʦʞʜʝʥʠʷ ʦʙʚʦʜʥʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ, ʯʪʦ ʧʦʟ-

ʚʦʣʠʪ ʠʩʢʣʶʯʠʪʴ ʦʙʚʦʜʥʝʥʥʳʡ ʫʯʘʩʪʦʢ ʧʣʘʩʪʘ ʦʪ 

ʚʦʟʜʝʡʩʪʚʠʷ ʢʠʩʣʦʪʥʳʤ ʨʘʩʪʚʦʨʦʤ, ʧʨʠʤʝʥʠʚ ʧʨʠ 

ʵʪʦʤ ʧʦʠʥʪʝʨʚʘʣʴʥʫʶ ʠʣʠ ʥʘʧʨʘʚʣʝʥʥʫʶ ʦʙʨʘ-

ʙʦʪʢʫ. 

ʅʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʦʧʫʩʢʘʪʴ ʧʦʚʳʰʝʥʥʳʭ ʜʘʚ-

ʣʝʥʠʡ ʧʨʦʜʘʚʢʠ ʢʠʩʣʦʪʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʧʣʘʩʪ ʠ ʚʳ-

ʩʦʢʠʭ ʩʢʦʨʦʩʪʝʡ ʟʘʢʘʯʢʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʧʨʦʜʫʢʪʠʚ-

ʥʳʭ ʧʣʘʩʪʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ 

ʙʣʠʟʦʩʪʠ ʦʪ ɺʅʂ ʠʣʠ ɻʅʂ. ʊʘʢʠʝ ʞʝ ʫʩʣʦʚʠʷ 

ʜʦʣʞʥʳ ʩʦʙʣʶʜʘʪʴʩʷ ʧʨʠ ʥʘʣʠʯʠʠ ʧʦʜʦʰʚʝʥʥʳʭ 

ʚʦʜ ʠ ʩʣʘʙʳʭ ʧʝʨʝʤʳʯʢʘʭ, ʨʘʟʦʙʱʘʶʱʠʭ ʧʣʘʩʪʳ ʩ 

ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʥʠʮʘʝʤʦʩʪʷʤʠ. ɺ 

ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʪʝʭʥʦʣʦʛʠʷ 

ʆʇɿ, ʠʩʢʣʶʯʘʶʱʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘ-

ʥʘʣʦʚ, ʩʦʦʙʱʘʶʱʠʭʩʷ ʩ ʚʦʜʦʥʦʩʥʳʤʠ ʠʣʠ ʛʘʟʦ-

ʚʳʤʠ ʧʣʘʩʪʘʤʠ. ʇʨʠʤʝʨʦʤ ʪʘʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʤʦʞʝʪ 

ʩʣʫʞʠʪʴ ʪʝʭʥʦʣʦʛʠʷ ʫʚʝʣʠʯʝʥʠʷ ʜʠʘʤʝʪʨʘ ʩʪʚʦʣʘ 

ʩʢʚʘʞʠʥʳ ʧʫʪʸʤ ʨʘʩʪʚʦʨʝʥʠʷ ʧʦʨʦʜ ʚ ʧʨʠʟʘʙʦʡʥʦʡ 

ʟʦʥʝ, ʦʩʫʱʝʩʪʚʣʷʝʤʘʷ ʙʝʟ ʩʦʟʜʘʥʠʷ ʠʟʙʳʪʦʯʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʥʘ ʧʣʘʩʪ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ, ʧʨʠ ʧʦʜʙʦʨʝ ʩʢʚʘʞʠʥ-ʢʘʥʜʠʜʘ-

ʪʦʚ ʧʦʜ ʉʂʆ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʦʩʥʦʚʥʳʝ ʧʨʠ-

ʯʠʥʳ ʥʝʜʦʩʪʠʞʝʥʠʷ ʵʬʬʝʢʪʦʚ. ʇʨʦʠʟʚʦʜʠʪʴ ʉʂʆ 

ʚʘʞʥʦ ʪʦʣʴʢʦ ʚ ʩʢʚʘʞʠʥʘʭ ʥʘ ʫʯʘʩʪʢʘʭ ʩ ʧʦʣʥʦʩʪʴʶ 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʦʡ ʇʇɼ, ʪʘʢ ʢʘʢ ʟʘʯʘʩʪʫʶ 

ʚʳʧʦʣʥʷʶʪʩʷ ʦʙʨʘʙʦʪʢʠ ʥʘ ʩʢʚʘʞʠʥʘʭ ʩ ʧʦʥʠʞʝʥ-

ʥʦʡ ʢʦʤʧʝʥʩʘʮʠʝʡ ʦʪʙʦʨʦʚ ʞʠʜʢʦʩʪʠ ʟʘʢʘʯʢʦʡ ʠ 

ʩʥʠʞʝʥʥʳʤ ʧʣʘʩʪʦʚʳʤ ʜʘʚʣʝʥʠʝʤ. 

ɺʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʧʨʦʚʝʜʝʥʠʝ ʦʩʚʦʝʥʠʷ ʧʦ-

ʩʣʝ ʆʇɿ ʤʝʪʦʜʦʤ ʩʚʘʙʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʧʨʦʠʟʚʦ-

ʜʠʪʩʷ ʩ ʮʝʣʴʶ ʚʳʥʦʩʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ʠʟ 

ʧʣʘʩʪʘ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʪʝʤ ʩʘʤʳʤ ʢʦʣʴʤʘʪʘʮʠʠ 

ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʝʬʪʷʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ ʚʪʦ-

ʨʠʯʥʳʤ ʚʳʧʘʜʝʥʠʝʤ ʦʩʘʜʢʦʚ ʧʨʠ ʨʝʘʛʠʨʦʚʘʥʠʠ 

ʢʠʩʣʦʪʳ ʩ ʢʘʨʙʦʥʘʪʥʦʡ ʠ ʛʣʠʥʠʩʪʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʧʦʨʦʜʳ (ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʩʢʚʘʞʠʥʘʭ ʩ ʥʠʟʢʠʤʠ 

ʌɽʉ). 

ɺ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʦʩʚʦ-

ʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʢʚʘʞʠʥ ʚ 

ʢʘʨʙʦʥʘʪʥʳʭ ʢʦʣʣʝʢʪʦʨʘʭ, ʜʦʣʞʥʳ ʦʪʩʫʪʩʪʚʦʚʘʪʴ 

ʠʣʠ ʩʦʜʝʨʞʘʪʴʩʷ ʚ ʜʦʧʫʩʪʠʤʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʨʠ-

ʤʝʩʠ ʩʦʝʜʠʥʝʥʠʡ ʞʝʣʝʟʘ, ʤʳʰʴʷʢʘ ʠ ʬʪʦʨʠʩʪʦʛʦ 

ʚʦʜʦʨʦʜʘ, ʪʘʢ ʢʘʢ ʧʦʩʣʝ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʢʘʨʙʦʥʘ-

ʪʘʤʠ ʢʠʩʣʦʪʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʜʦ ʨʅ 

= 3 ʭʣʦʨʥʦʝ ʞʝʣʝʟʦ (FeCl3) ʛʠʜʨʦʣʠʟʫʝʪʩʷ ʠ ʚʳʧʘ-

ʜʘʝʪ ʚ ʦʙʲʸʤʥʳʡ ʢʦʣʣʦʠʜʥʳʡ ʦʩʘʜʦʢ ʚ ʧʦʨʘʭ ʠ ʪʨʝ-

ʱʠʥʘʭ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʧʣʘʩʪʘ ʚ ʚʠʜʝ ʛʠʜʨʦʦʢʠʩʠ 

ʞʝʣʝʟʘ Fe(OH)3. ʇʦʵʪʦʤʫ ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʚ ʢʠʩ-

ʣʦʪʝ ʥʝ ʚʳʰʝ 0,03%.  

ɼʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʚʳʧʘʜʝʥʠʷ ʛʠʜʨʦʦʢʠʩʠ 

ʞʝʣʝʟʘ ʚ ʦʩʘʜʦʢ ʚ ʨʘʙʦʯʠʡ ʨʘʩʪʚʦʨ ʜʦʙʘʚʣʷʶʪ 2 ï 3 

% ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ, ʢʦʪʦʨʘʷ ʩ ʞʝʣʝʟʦʤ ʦʙʨʘʟʫʝʪ 

ʨʘʩʪʚʦʨʠʤʦʝ ʢʦʤʧʣʝʢʩʥʦʝ ʩʦʝʜʠʥʝʥʠʝ. 

ʏʪʦʙʳ ʠʟ ʩʦʣʷʥʦ-ʢʠʩʣʦʪʥʦʛʦ ʨʘʩʪʚʦʨʘ ʛʠʜʨʘʪʳ 

ʦʢʠʩʠ ʞʝʣʝʟʘ ʥʝ ʚʳʧʘʜʘʣʠ ʚ ʦʩʘʜʦʢ, ʚ ʨʘʩʪʚʦʨ ʜʦ-

ʙʘʚʣʷʶʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʩʪʘʙʠʣʠʟʘʪʦʨʳ, ʢʘʯʝʩʪʚʝ 

ʢʦʪʦʨʳʭ ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʶʪ ʫʢʩʫʩʥʫʶ ʢʠʩʣʦʪʫ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʚʝʜʝʥʠʝ ʩʦʣʷʥʦ-ʢʠʩʣʦʪʥʦʡ ʦʙ-

ʨʘʙʦʪʢʠ ʚ ʩʢʚʘʞʠʥʝ ʜʣʷ ʫʩʣʦʚʠʡ ʉʝʨʛʝʝʚʩʢʦʛʦ ʤʝ-

ʩʪʦʨʦʞʜʝʥʠʷ ʩ ʛʣʫʙʠʥʦʡ 1800 ʤ ʠ ʩʦ ʚʩʢʨʳʪʦʡ ʪʦʣ-

ʱʠʥʦʡ ʪʝʨʨʠʛʝʥʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ 13 ʤ. 

ɼʣʷ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʡ ʧʨʠʥʠʤʘʝʤ ʢʦʥʮʝʥʪʨʘ-

ʮʠʶ ʢʠʩʣʦʪʳ 8%.  

ʆʙʲʝʤ ʢʠʩʣʦʪʥʦʛʦ ʩʦʩʪʘʚʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ, 
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ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʨʘʩʯʝʪʘ 0,8 ï 1,2 ʤ3 ʥʘ 1 ʤ ʧʝʨʬʦ-

ʨʠʨʦʚʘʥʥʦʡ ʤʦʱʥʦʩʪʠ ʧʣʘʩʪʘ:  

 

( )20W =h  0,8-1,2Ö  

ʆʙʱʠʡ ʦʙʲʝʤ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʩʦʩʪʘʚʠʪ 1,2 ʤ 

13 = 15,6 ʤ3. 

ʂʦʣʠʯʝʩʪʚʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʪʦʚʘʨʥʦʡ ʩʦ-

ʣʷʥʦʡ ʢʠʩʣʦʪʳ ʜʣʷ 8%-ʥʦʛʦ ʩʦʣʷʥʦ-ʢʠʩʣʦʪʥʦʛʦ ʨʘʩ-

ʪʚʦʨʘ ʤʦʞʝʪ ʙʳʪʴ ʪʘʢ ʞʝ ʥʘʡʜʝʥʦ ʧʦ ʬʦʨʤʫʣʝ 

 

 
 

Wk = 15,6 Å 8 Å (5,09 Å 8 + 999) / [27,5 Å (5,09 Å 

27,5 + + 999)] = 4,14 ʤ3 ʧʨʠʥʠʤʘʝʤ Wk = = 4,2 ʤ3. 

ɺ ʢʘʯʝʩʪʚʝ ʠʥʛʠʙʠʪʦʨʘ ʧʨʠʥʠʤʘʝʤ ʫʥʠʢʦʣ ʋ-

2. ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʥʠʢʦʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʦ ʬʦʨʤʫʣʝ 

 

 

 

ʇʨʦʪʠʚ ʚʳʧʘʜʝʥʠʷ ʥʘ ʩʦʣʷʥʦʢʠʩʣʦʪʥʦʛʦ ʨʘʩ-

ʪʚʦʨʘ ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʥʝʤ ʩʦʣʝʡ ʞʝʣʝʟʘ ʜʦʙʘʚʣʷʝʤ 

ʫʢʩʫʩʥʫʶ ʢʠʩʣʦʪʫ ʚ ʢʦʣʠʯʝʩʪʚʝ 

 

 
 

 
 

ɼʣʷ ʨʘʩʪʚʦʨʝʥʠʷ ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʧʦʨʦʜʝ ʢʨʝʤ-

ʥʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʠʭ ʚʳʧʘʜʝ-

ʥʠʷ ʚ ʚʠʜʝ ʛʝʣʷ ʢʨʝʤʥʠʝʚʦʡ ʢʠʩʣʦʪʳ ʜʦʙʘʚʣʷʝʤ ʢ 

ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʝ ʧʣʘʚʠʢʦʚʫʶ ʢʠʩʣʦʪʫ ʚ ʢʦʣʠʯʝʩʪʚʝ 

 

ʇʨʦʪʠʚ ʚʳʧʘʜʝʥʠʷ ʛʠʧʩʘ ʜʦʙʘʚʣʷʝʤ ʢ ʩʦʣʷʥʦʡ 

ʢʠʩʣʦʪʝ ʭʣʦʨʠʩʪʳʡ ʙʘʨʠʡ ʚ ʢʦʣʠʯʝʩʪʚʝ] 

 

Qxx = 21,3 Ö Wp Ö ( a Ö xp / xk - 0.02) 

 

ʂʦʣʠʯʝʩʪʚʦ ʚʦʜʳ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʨʠʥʷ-

ʪʦʛʦ ʦʙʲʝʤʘ ʩʦʣʷʥʦ-ʢʠʩʣʦʪʥʦʛʦ ʨʘʩʪʚʦʨʘ 

 

V = Wp ï Wk ï ×Q 

 

×Q = 224,16 + 292,5 + 260 +3 +156= 935,66 ʣ º 

0,94 ʤ3 - ʩʫʤʤʘʨʥʳʡ ʦʙʲʝʤ ʚʩʝʭ ʜʦʙʘʚʦʢ ʢ ʩʦʣʷʥʦ-

ʢʠʩʣʦʪʥʦʤʫ ʨʘʩʪʚʦʨʫ.  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ 

V = 15,6 -4,2 - 0,94 = 10,46 ʤ3 

 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʧʣʘʩʪʦʚʦʡ ʪʝʤʧʝʨʘ-

ʪʫʨʳ, ʦʙʨʘʙʦʪʢʫ ʩʣʝʜʫʝʪ ʧʨʦʚʦʜʠʪʴ ʥʝʪʬʪʝʢʠʩʣʦʪ-

ʥʦʡ ʵʤʫʣʴʩʠʝʡ, ʧʨʠ ʢʦʪʦʨʦʡ ʚʨʝʤʷ ʥʝʡʪʨʘʣʠʟʘʮʠʠ 

ʢʠʩʣʦʪʳ ʠ ʨʘʜʠʫʩ ʦʙʨʘʙʦʪʢʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠ-

ʚʘʶʪʩʷ. ʈʘʜʠʫʩ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʢʠʩʣʦʪʳ ʚʛʣʫʙʴ 

ʧʣʘʩʪʘ ʜʦ ʝʝ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʧʨʠ ʩʦʣʷʥʦʢʠʩʣʦʪʥʦʡ 

ʦʙʨʘʙʦʪʢʝ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʧʦ ʬʦʨʤʫʣʝ 

 
ɼʣʷ ʨʘʩʯʝʪʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʨʘʙʦʪ 

(ʦʙʲʝʤʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʜʦʙʳʪʦʡ ʥʝʬʪʠ) ʧʦ ʧʨʦʝʢʪ-

ʥʦʡ ʩʢʚʘʞʠʥʝ ʩʥʘʯʘʣʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʜʝʙʠʪʳ ʥʝʬʪʠ 

ʜʦ (×q1) ʠ ʧʦʩʣʝ (×q2) ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʜʨʫʛʠʭ ʩʢʚʘ-

ʞʠʥʘʭ. ʇʦʩʣʝ ʯʝʛʦ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʨʦʮʝʥʪ ʠʟʤʝʥʝ-

ʥʠʷ ʜʝʙʠʪʘ ʥʝʬʪʠ.  

ʇʨʦʮʝʥʪ ʠʟʤʝʥʝʥʠʷ ʜʝʙʠʪʘ ʥʝʬʪʠ ʂ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ:  

 
123,27

100 100 113,2 %
57,82

K = Ö - =

 
ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʨʘʥʝʝ ʘʥʘʣʠʟʦʚ ʛʝʦʣʦʛʦ-ʪʝʭ-

ʥʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʚʠʜʥʦ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ 

ʜʦʙʳʯʘ ʥʝʬʪʠ ʦʪ ʧʨʦʚʝʜʝʥʠʷ ʆʇɿ ʢʠʩʣʦʪʥʳʤ ʩʦ-

ʩʪʘʚʦʤ ʟʘ ʛʦʜ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʩʦʩʪʘʚʠʣʘ ʧʨʠ-

ʤʝʨʥʦ 140 ʪʳʩ. ʪ, ʫʩʧʝʰʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʆʇɿ ʩʦ-

ʩʪʘʚʠʣʘ 82%. 

Results 

ʇʨʦʜʫʢʪʠʚʥʳʝ ʧʣʘʩʪʳ, ʩʣʘʛʘʶʱʠʝ ʛʝʦʣʦʛʠʯʝ-

ʩʢʠʡ ʨʘʟʨʝʟ ʉʝʨʛʝʝʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʤʝʶʪ 

ʥʠʟʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʠ ʚʳʩʦʢʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ. 

ʉʫʱʝʩʪʚʝʥʥʘʷ ʧʨʦʙʣʝʤʘ, ʚʦʟʥʠʢʘʶʱʘʷ ʧʨʠ ʨʘʟʨʘ-

ʙʦʪʢʝ ʢʦʣʣʝʢʪʦʨʦʚ ʪʘʢʦʛʦ ʪʠʧʘ ï ʤʘʣʘʷ ʚʝʣʠʯʠʥʘ 

ʜʝʙʠʪʦʚ ʩʢʚʘʞʠʥ ʧʦ ʞʠʜʢʦʩʪʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʧʦʜʟʝʤʥʦʛʦ ʦʙʦʨʫʜʦ-

ʚʘʥʠʷ ʩ ʥʠʟʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, ʧʝʨʠʦʜʠʯʝ-

ʩʢʠʭ ʦʩʪʘʥʦʚʦʢ ʩʢʚʘʞʠʥ ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ ʞʠʜʢʦʩʪʠ, 

ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʨʠʚʦʜʠʪ ʢ ʩʢʦʨʦʤʫ ʠʟʥʦʩʫ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʙʦʣʴʰʠʤ ʟʘʪʨʘʪʘʤ, ʠ ʥʠʟʢʠʤ ʪʝʤʧʘʤ 

ʨʘʟʨʘʙʦʪʢʠ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʝʥʠʝ ʤʝ-

ʪʦʜʦʚ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʜʦʙʳʯʠ. 

ʆʙʨʘʙʦʪʢʘ ʧʨʠʟʘʙʦʡʥʦʡ ʟʦʥʳ ʢʠʩʣʦʪʥʳʤʠ ʩʦ-

ʩʪʘʚʘʤʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʜʦʙʳʯʠ ʥʝʬʪʠ ʥʘ ʉʝʨʛʝʝʚʩʢʦʤ ʤʝ-

ʩʪʦʨʦʞʜʝʥʠʠ. 

ɺʳʧʦʣʥʠʚ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʦ-

ʤʳʩʣʦʚʳʭ ʜʘʥʥʳʭ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʩʦʣʷʥʦʢʠʩʣʦʪ-

ʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʦʙʲʝʢʪʘʭ ʥʝʬʪʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝ-

ʥʠʷ ʥʘ ʧʦʟʜʥʝʡ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘ. 

ʋʜʝʣʴʥʘʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʜʦʙʳʯʘ ʥʝʬʪʠ ʧʦʩʣʝ ʦʙ-

ʨʘʙʦʪʢʠ ʙʫʜʝʪ ʩʦʩʪʘʚʣʷʪʴ ʦʢʦʣʦ 400 ʪ ʥʝʬʪʠ.  
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ɸʥʥʦʪʘʮʠʷ 
ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʳʥʦʢ ʥʘʯʠʥʘʝʪ ʧʨʝʜʣʘʛʘʪʴ ʚʩʝ ʙʦʣʴʰʝ ʦʙʲʝʢʪʦʚ ʞʠʣʴʷ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʷʚ-

ʣʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ ʧʨʠʙʦʨʘʤʠ ʚ 

ʞʠʣʳʭ ʜʦʤʘʭ. ʊʘʢʠʝ ʢʦʤʧʣʝʢʩʥʳʝ ʨʝʰʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʢʦʤʬʦʨʪʥʦʩʪʴ ʧʨʦʞʠʚʘʥʠʷ ʠ ʧʦʟʚʦ-

ʣʷʶʪ ʫʧʨʘʚʣʷʪʴ ʥʝʦʛʨʘʥʠʯʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʫʩʪʨʦʡʩʪʚ. Cʪʦʠʤʦʩʪʴ ʞʠʣʴʷ, ʦʙʦʨʫʜʦʚʘʥʥʦʛʦ ʩʠʩʪʝʤʦʡ 

çʋʤʥʳʡ ʜʦʤè ʧʨʝʚʳʰʘʝʪ ʩʨʝʜʥʝ - ʨʳʥʦʯʥʫʶ ʥʘ 20ï30 %. ɼʘʥʥʦʝ ʧʨʝʚʳʰʝʥʠʝ ʧʦ ʠʥʚʝʩʪʠʮʠʷʤ ʥʘ ʵʪʘʧʝ 

ʧʨʠʦʙʨʝʪʝʥʠʷ ʞʠʣʴʷ ʩʦʙʩʪʚʝʥʥʠʢʘʤʠ ʤʦʞʥʦ ʩʦʢʨʘʪʠʪʴ ʵʢʦʥʦʤʠʝʡ ʟʘʪʨʘʪ ʥʘ ʞʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʳʝ 

ʫʩʣʫʛʠ.  

Abstract 

Today, the market is beginning to offer more and more housing facilities and, consequently, there are various 

modern technological solutions for managing equipment and devices in residential buildings. Such comprehensive 

solution provides high comfort of residence and allow you to manage an unlimited number of devices. The cost of 

housing equipped with the "Smart home" system exceeds the market average by 20-30 %. This exceeding of in-

vestment at the stage of acquisition of housing by owners can be reduced by saving costs for housing and utilities. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʫʩʧʝʰʥʦ ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʡ ʙʠʟʥʝʩ, ʩʠʩʪʝʤʘ çʋʤʥʳʡ 

ʜʦʤè,ʘʥʘʣʠʟ ʩʝʛʤʝʥʪʘ ʤʠʨʦʚʦʛʦ ʨʳʥʢʘ 

Keywords: innovative technologies, successfully functioning business, Smart home system, analysis of the 

global market segment 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ 

ʫʩʧʝʰʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʙʠʟʥʝʩʘ ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʧʦʣʥʝʥʠʝ ʚʩʝʭ ʬʫʥʢʮʠʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʘ 

ʜʣʷ ʫʩʧʝʰʥʦʩʪʠ ʚ ʙʠʟʥʝʩʝ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʝʥʠʝ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʚʳʞʠʚʘʝʤʦʩʪʠ ʚ ʩʚʷʟʠ ʩ 

ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʚʥʝʰʥʠʤʠ ʠ ʚʥʫʪʨʝʥʥʠʤʠ ʬʘʢʪʦ-

ʨʘʤʠ ʠ ʨʘʟʚʠʪʠʷ ʚʩʝʡ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠ-

ʩʪʝʤʳ ʚ ʮʝʣʦʤ. 

 ɼʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʫʩʧʝʰʥʦʩʪʠ ʩʚʦʝʡ ʜʝʷʪʝʣʴ-

ʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ ʧʝʨʩʧʝʢʪʠʚ ʠ ʵʢʦʥʦʤʠ-

ʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʦʪʢʨʳʪʠʷ 

ʙʠʟʥʝʩʘ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ 

ʚ̫ʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝ-

ʥʠʡ ʠ ʟʘʥʠʤʘʝʪ ʚʝʜʫʱʝʝ ʤʝʩʪʦ ʚ ʧʦʣʠʪʠʢʝ ʙʦʣʴʰʠʥ-

ʩʪʚʘ ʢʦʤʧʘʥʠʡ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʙʠʟʥʝʩʝ ʠʣʠ ʞʝʣʘʶ-

ʱʠʭ ʥʘʯʘʪʴ ʩʚʦʡ ʙʠʟʥʝʩ. 

ɸʥʘʣʠʟ ʨʳʥʢʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʦʩ-

ʥʦʚʥʳʤʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʵʪʦʛʦ ʙʠʟʥʝʩʘ ʷʚʣʷʝʪʩʷ 

ʦʢʦʣʦ 55% ʥʘʩʝʣʝʥʠʷ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 35 ʜʦ 55 ʣʝʪ, ʥʦ 

ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʘʥʥʘʷ ʫʩʣʫʛʘ ʙʫʜʝʪ ʵʢʦʥʦʤʠʯʝ-

ʩʢʠ ʜʦʩʪʫʧʥʘ ʪʦʣʴʢʦ ʜʣʷ 15% ʞʠʪʝʣʝʡ. [1]. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʤʠʨʦʚʦʡ ʨʳʥʦʢ, ʧʨʝʜʩʪʘʚʠʤ 

ʜʘʥʥʳʝ ʘʥʘʣʠʟʘ ʧʦ ʩʝʛʤʝʥʪʘʤ ʤʠʨʦʚʦʛʦ ʨʳʥʢʘ 

(ʨʠʩ. 1). [2] 
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ʈʠʩʫʥʦʢ 1. ɸʥʘʣʠʟ ʩʝʛʤʝʥʪʦʚ ʤʠʨʦʚʦʛʦ ʨʳʥʢʘ 

 

ʉʝʛʤʝʥʪ ʚʦ ɺʣʘʜʠʤʠʨʩʢʦʡ ʦʙʣʘʩʪʠ ʩ ʥʘʩʝʣʝ-

ʥʠʝʤ ʚ 357 907 ʯʝʣ. ʥʠʢʝʤ ʥʝ ʟʘʥʷʪ, ʧʦʵʪʦʤʫ ʧʨʝʜ-

ʧʦʣʘʛʘʝʤʘʷ ʥʘʤʠ ʢʦʤʧʘʥʠʷ ʆʆʆ çSmart Houseè 

(ʩʠʩʪʝʤʘ ʜʦʤʘʰʥʠʭ ʫʩʪʨʦʡʩʪʚ, ʩʧʦʩʦʙʥʳʭ ʚʳʧʦʣ-

ʥʷʪʴ ʜʝʡʩʪʚʠʷ ʠ ʨʝʰʘʪʴ ʦʧʨʝʜʝʣʸʥʥʳʝ ʧʦʚʩʝʜʥʝʚ-

ʥʳʝ ʟʘʜʘʯʠ ʙʝʟ ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʢʘ) ʙʫʜʝʪ ʘʢʪʫʘʣʴʥʘ ʠ 

ʚʦʩʪʨʝʙʦʚʘʥʘ.  

ʉʦʛʣʘʩʥʦ ʦʧʨʦʩʫ ʧʦʪʨʝʙʠʪʝʣʝʡ , ʢʦʪʦʨʳʡ ʧʨʦ-

ʚʦʜʠʣʩʷ ʩ 29 ʧʦ 31 ʠʶʣʷ 2019 ʛʦʜʘ ʩʨʝʜʠ 4 620 ʧʦʣʴ-

ʟʦʚʘʪʝʣʝʡ ʧʨʦʝʢʪʘ Hi-Tech Mail.ru, ʪʝ, ʢʪʦ ʪʦʣʴʢʦ 

ʤʝʯʪʘʝʪ ʦʙ ʫʤʥʦʤ ʜʦʤʝ ʭʦʪʝʣʠ ʙʳ ʠʤʝʪʴ: ʢʦʥʪʨʦʣʴ 

ʩʠʩʪʝʤ ʦʩʚʝʱʝʥʠʷ ʩʦ ʩʤʘʨʪʬʦʥʘ (84%), ʪʝʧʣʳʝ 

ʧʦʣʳ (81%), ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ 

ʩ ʛʘʜʞʝʪʦʚ (76%), ʩʠʩʪʝʤʳ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ 

ʚʝʥʪʠʣʷʮʠʠ ʩ ʧʦʤʦʱʴʶ ʧʝʨʩʦʥʘʣʴʥʳʭ ʛʘʜʞʝʪʦʚ 

(73%), ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʝ (73%), ʫʧʨʘʚʣʝʥʠʝ ʦʭʨʘʥ-

ʥʦʡ, ʧʦʞʘʨʥʦʡ ʠ ʘʚʘʨʠʡʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ ʩʦ ʩʤʘʨʪ-

ʬʦʥʘ ʠʣʠ ʧʣʘʥʰʝʪʘ (71%), ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʨʘ-

ʙʦʪʳ ʰʪʦʨ, ʞʘʣʶʟʠ, ʚʦʨʦʪ (59%), ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ 

ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝʤ ʬʠʣʴʤʦʚ, ʚʠʜʝʦ ʠ ʘʫʜʠʦ (43%). 

ɿʘʧʣʘʪʠʪʴ ʟʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʦʤʬʦʨʪ ʦʪ 5 

ʪʳʩʷʯ ʜʦ 20 ʪʳʩʷʯ ʨʫʙʣʝʡ ʛʦʪʦʚʳ 57% ʦʧʨʦʰʝʥʥʳʭ. 

ʅʘ ʩʫʤʤʫ ʙʦʣʝʝ 20 ʪʳʩʷʯ ʩʤʦʛʣʠ ʙʳ ʨʝʰʠʪʴʩʷ 24%. 

[3] 

ʆʙʲʝʤ ʠ ʪʝʤʧʳ ʨʦʩʪʘ ʨʳʥʢʘ ʩʠʩʪʝʤ çʋʤʥʳʡ 

ʜʦʤè ʚ ʈʦʩʩʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 2, 3. 

 
ʈʠʩʫʥʦʢ 2. ʆʙʲʝʤ ʨʳʥʢʘ çʋʤʥʳʡ ʜʦʤè ʚ ʈʦʩʩʠʠ (ʤʣʨʜ. ʨʫʙ.) 

 

 
ʈʠʩʫʥʦʢ 3. ʇʨʦʛʥʦʟ ʨʘʟʚʠʪʠʷ ʨʳʥʢʘ ʩʠʩʪʝʤ çʋʤʥʳʡ ʜʦʤè ʚ ʈʦʩʩʠʠ (ʤʣʨʜ. ʨʫʙ.) 
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ʇʦʪʝʥʮʠʘʣ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʥʘʰʝʡ ʬʠʨʤʦʡ ʫʤ-

ʥʦʛʦ ʜʦʤʘ çSmart Houseè ʜʣʷ ʜʦʤʘ ʠʣʠ ʢʚʘʨʪʠʨʳ 

ʦʛʨʦʤʥʳ, ʘ ʚʳʛʦʜʘ, ʢʦʪʦʨʫʶ ʧʦʣʫʯʘʝʪ ʢʣʠʝʥʪ, 

ʚʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʘ.  

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʳ ʧʨʝʜʣʘʛʘʝʤ ʧʦʪʨʝʙʠʪʝʣʶ 

ʩʦʟʜʘʥʠʝ ʫʜʦʙʩʪʚʘ ʠ ʫʶʪʘ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʥʪʨʦʣʷ 

ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ï ʛʣʘʚʥʦʝ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ 

çʋʤʥʦʛʦ ʜʦʤʘè. ʇʨʝʜʩʪʘʚʣʝʥ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʦʪʦʧ-

ʣʝʥʠʶ ʢʚʘʨʪʠʨ ʠ ʜʦʤʦʚ. ʇʨʠ ʧʦʣʴʟʦʚʘʥʠʠ ʧʦʢʚʘʨ-

ʪʠʨʥʦʛʦ ʦʪʦʧʣʝʥʠʷ ʫ ʚʣʘʜʝʣʴʮʘ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʟʘʜʘʪʴ ʨʝʞʠʤ ʦʪʦʧʣʝʥʠʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʦʪʨʝʟʦʢ 

ʚʨʝʤʝʥʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʫʶʱʠʤʩʷ ʫʨʦʚʥʝʤ 

ʪʝʧʣʦʚʦʛʦ ʢʦʤʬʦʨʪʘ. 

ɼʘʪʯʠʢʠ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʥʫʪʨʠ ʠ ʩʥʘ-

ʨʫʞʠ ʢʚʘʨʪʠʨʳ, ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫ-

ʱʝʩʪʚʣʝʥʠʷ ʢʦʦʨʜʠʥʘʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʙʦʛʨʝʚʘ 

ʩ ʫʯʝʪʦʤ ʫʣʠʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʝʜʫʩʤʦʪʨʝʥʘ ʘʚ-

ʪʦʤʘʪʠʯʝʩʢʘʷ ʪʝʧʣʦʦʪʜʘʯʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʛʦʜʥʳʭ 

ʠʟʤʝʥʝʥʠʡ.  

ʇʦ ʧʦʜʩʯʝʪʘʤ ʘʛʝʥʪʩʪʚʘ midart, ʪʘʢʦʝ çʫʤʥʦʝè 

ʞʠʣʴʝ ʩʧʦʩʦʙʥʦ ʩʵʢʦʥʦʤʠʪʴ ʚʣʘʜʝʣʴʮʫ ʟʘʪʨʘʪʳ ʥʘ 

ʵʢʩʧʣʫʘʪʘʮʠʶ ʥʘ 30%. ʇʨʠ ʵʪʦʤ ʧʣʘʪʝʞʢʘ ʟʘ ʚʦʜʫ 

ʙʫʜʝʪ ʤʝʥʴʰʝ ʥʘ 41%, ʟʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ð 30%, 

ʪʝʧʣʦ ð 50%. ʉʥʠʞʝʥʠʝ ʞʝ ʩʪʨʘʭʦʚʳʭ ʨʠʩʢʦʚ ʜʦ-

ʩʪʠʛʘʝʪ 60%. [4] 

ʇʨʝʜʧʦʣʘʛʘʝʤʘʷ ʥʘʤʠ ʬʠʨʤʘ ʆʆʆ çSmart 

Houseè ʙʫʜʝʪ ʘʢʪʫʘʣʴʥʘ ʠ ʚʦʩʪʨʝʙʦʚʘʥʘ ʚ ʥʘʩʪʦʷ-

ʱʝʝ ʚʨʝʤʷ, ʪʘʢ ʢʘʢ çʋʤʥʳʡ ʜʦʤè - ʩʠʩʪʝʤʘ ʜʦʤʘʰ-

ʥʠʭ ʫʩʪʨʦʡʩʪʚ, ʩʧʦʩʦʙʥʳʭ ʚʳʧʦʣʥʷʪʴ ʜʝʡʩʪʚʠʷ ʠ 

ʨʝʰʘʪʴ ʦʧʨʝʜʝʣʸʥʥʳʝ ʧʦʚʩʝʜʥʝʚʥʳʝ ʟʘʜʘʯʠ ʙʝʟ 

ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʢʘ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʤʦʤʝʥʪʦʚ 

ʷʚʣʷʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʟʘʪʨʘʪ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚ ʧʝʨʚʳʡ ʛʦʜ ʨʘʙʦʪʳ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʧʣʘʥʘ ʦʢʘʟʘʥʠʷ ʫʩʣʫʛ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ 

ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʭ ʩʦʪʨʫʜʥʠʢʦʚ 

(ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʘ 1 

ʐʪʘʪʥʦʝ ʨʘʩʧʠʩʘʥʠʝ 

ɼʦʣʞʥʦʩʪʴ ʏʠʩʣʝʥʥʦʩʪʴ (2020 ʛ.) 

ɻʝʥʝʨʘʣʴʥʳʡ ʜʠʨʝʢʪʦʨ/ʨʫʢʦʚʦʜʠʪʝʣʴ 1 

ɿʘʤʝʩʪʠʪʝʣʴ ʛʝʥ. ʜʠʨʝʢʪʦʨʘ/ʪʝʭʥʠʯʝʩʢʠʡ ʜʠʨʝʢʪʦʨ 1 

ɹʫʭʛʘʣʪʝʨ 1 

ʊʝʭʥʠʯʝʩʢʠʝ ʩʧʝʮʠʘʣʠʩʪʳ 1 

ʄʦʥʪʘʞʥʠʢʠ 2 

ʇʨʦʛʨʘʤʤʠʩʪʳ 1 

ʄʘʨʢʝʪʦʣʦʛʠ 1 

ɺʩʝʛʦ: 8 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʫʧʨʘʚʣʷʝʤʦʩʪʠ, ʭʘʨʘʢʪʝʨʠʟʫ-

ʶʱʠʡ ʩʪʝʧʝʥʴ ʩʨʝʜʥʝʡ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʢʘʞʜʦʛʦ ʨʫ-

ʢʦʚʦʜʠʪʝʣʷ ʩ ʫʯʝʪʦʤ ʥʦʨʤʳ ʫʧʨʘʚʣʷʝʤʦʩʪʠ (ʧʦ ʢʦ-

ʣʠʯʝʩʪʚʫ ʧʦʜʯʠʥʝʥʥʳʭ), ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨ-

ʤʫʣʝ: 

ʂʫʧ = ᶻВ
̕

̎
ȟ 

ʂʫʧ = ᶻВ
̕

̎
ᶻВ πȢυȟ ʛʜʝ z = 2; m 

= 1; Hʬ = 5; Hʥ = 5.  

ʅʦʨʤʘʪʠʚ ʂʫʧ = 0,5 ï 1. 

ʉʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʟʘʪʨʘʪʳ ʥʘ ʝʛʦ ʧʨʠ-

ʦʙʨʝʪʝʥʠʝ (ʩ ʫʯʝʪʦʤ ʘʤʦʨʪʠʟʘʮʠʦʥʥʳʭ ʦʪʯʠʩʣʝʥʠʡ) 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 2 

ʉʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʟʘʪʨʘʪʳ ʥʘ ʝʛʦ ʧʨʠʦʙʨʝʪʝʥʠʝ 

ɺʠʜ ʦʙʦʨʫʜʦʚʘʥʠʷ ʂʦʣ-ʚʦ ʝʜ. 
ʉʫʤʤʘ (ʚ ʨʫʙ.) ɸʤʦʨʪʠʟʘʮʠʷ 

ɿʘ ʝʜ. ʆʙʱʘʷ ʅʦʨʤʘ, % ʉʫʤʤʘ (ʚ ʨʫʙ.) 

ʇʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ 6 40 000 240 000 6 40 000 

ʇʨʠʥʪʝʨ 1 4 000 4 000   

ʉʢʘʥʝʨ 1 2 000 2 000   

ʂʦʧʠʨʦʚʘʣʴʥʘʷ ʤʘʰʠʥʘ 1 5 000 5 000   

ʉʝʥʩʦʨʥʘʷ ʜʦʩʢʘ, ʧʨʦʝʢʪʦʨ 1 30 000 30 000   

ʉʪʦʣʳ 9 5 000 45 000 9 5 000 

ʉʪʫʣʴʷ 10 5 000 50 000 10 5 000 

ʐʢʘʬʳ 4 6 000 24 000 4 6 000 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ çETS5 Professionalè   75 000   

ɼʦʧʦʣʥʠʪʝʣʴʥʦ   60 000   

ɺʩʝʛʦ   535 000  56 000 

ʄʦʥʪʘʞʥʳʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʠ ʠʥʚʝʥʪʘʨʴ   165 000   

ʆʙʱʘʷ ʩʫʤʤʘ   700 000   

 

ʇʨʠ ʜʘʥʥʳʭ ʟʘʪʨʘʪʘʭ ʩʨʝʜʥʷʷ ʥʦʨʤʘ ʘʤʦʨʪʠʟʘʮʠʠ ʩʦʩʪʘʚʠʪ 10,5% (56 / 535 ʭ 100). 

ʆʙʱʠʝ ʨʘʩʭʦʜʳ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʧʨʦʝʢʪʘ ʧʦ ʨʘʩʯʝʪʥʳʤ ʧʝʨʠʦʜʘʤ (ʪʘʙʣ. 3). 
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ʊʘʙʣʠʮʘ 3 

ʆʙʱʠʝ ʨʘʩʭʦʜʳ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʧʨʦʝʢʪʘ ʧʦ ʨʘʩʯʝʪʥʳʤ ʧʝʨʠʦʜʘʤ 
ʉ
ʫ
ʤ
ʤ
ʘ
 
(
ʚ
 
ʨ
ʫ
ʙ
.
 
ʧ
ʦ
 

ʤ
ʝ
ʩ
ʷ
ʮ
ʘ
ʤ
)

 
ʉʪʘʪʴʠ 

ʆ
ʧ
ʣ
ʘ
ʪ
ʘ
 
ʵ
ʣ
ʝ
ʢ
ʪ
ʨ
ʦ
-

ʵ
ʥ
ʝ
ʨ
ʛ
ʠ
ʠ

 

ʆ
ʧ
ʣ
ʘ
ʪ
ʘ
 
ʪ
ʝ
ʧ
ʣ
ʦ

ʚ
ʦ
ʡ
 

ʵ
ʥ
ʝ
ʨ
ʛ
ʠ
ʠ

 

ɸ
ʤ
ʦ
ʨ
ʪ
ʠ
ʟ
ʘ
ʮ
ʠ
ʦ
ʥ
-

ʥ
ʳ
ʝ
 
ʨ
ʘ
ʩ
ʭ
ʦ
ʜ
ʳ

 

ʇ
ʨ
ʦ
ʯ
ʠ
ʝ
 
ʨ
ʘ
ʩ
ʭ
ʦ
ʜ
ʳ

 

ʆ
ʧ
ʣ
ʘ
ʪ
ʘ
 
ʘ
ʨ
ʝ
ʥ
ʜ
ʳ
 

ʧ
ʦ
ʤ
ʝ
ʱ
ʝ
ʥ
ʠ
ʷ

 

ʈ
ʘ
ʩ
ʭ
ʦ
ʜ
ʳ
 
ʥ
ʘ
 
ʧ
ʦ
ʜ
-

ʛ
ʦ
ʪ
ʦ
ʚ
ʢ
ʫ
 
ʧ
ʝ
ʨ
ʩ
ʦ
-

ʥ
ʘ
ʣ
ʘ

 

ʈ
ʘ
ʩ
ʭ
ʦ
ʜ
ʳ
 
ʥ
ʘ
 
ʧ
ʨ
ʦ
-

ʚ
ʝ
ʜ
ʝ
ʥ
ʠ
ʝ
 
ʤ
ʘ
ʨ
ʢ
ʝ
-

ʪ
ʠ
ʥ
ʛ
ʦ
ʚ
ʳ
ʭ
 
ʠ
 
ʨ
ʝ
-

ʢ
ʣ
ʘ
ʤ
ʥ
ʳ
ʭ
 
ʤ
ʝ
ʨ
ʦ
-

ʧ
ʨ
ʠ
ʷ
ʪ
ʠ
ʡ

 

ɺʩʝʛʦ ɺʩʝʛʦ 

1 2490 7716 9300 18320 15000 49860 43500 146186 

273 248 2 2490 7716 9300 18320 15000 - - 52826 

3 2490 6716 9300 18320 15000 - - 74236 

4 2950 - 9300 17700 15000 - - 44950 

134 850 5 2950 - 9300 17700 15000 - - 44950 

6 2950 - 9300 17700 15000 - - 44950 

7 3040 - 9300 17030 15000 - - 44370 

145 410 8 3040 - 9300 17030 15000 - - 44370 

9 3040 - 9300 17030 15000 - 12300 56670 

10 3240 - 9300 17700 15000 29860 - 75100 

180 632 11 3240 6716 9300 17700 15000 - - 51956 

12 3240 7716 9300 18320 15000 - - 53576 

 

ʊʘʙʣʠʮʘ 4 

ɿʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ ʩʦʪʨʫʜʥʠʢʠ ʧʨʝʜʧʨʠʷʪʠʷ 

ʂʘʪʝʛʦʨʠʠ ʧʝʨʩʦʥʘʣʘ 
ʂʦʣʠʯʝʩʪʚʦ ʝʜʠ-

ʥʠʮ 

ʌʠʢʩʠʨʦʚʘʥʥʳʡ ʦʢʣʘʜ (ʚ ʨʫʙ.) ʇʨʦʮʝʥʪ (%) 

ʉʫʤʤʘ ʟʘ ʝʜ.  

(ʚ ʨʫʙ.) 

ʉʫʤʤʘ ʦʙʱʘʷ  

(ʚ ʨʫʙ.) 

% ʟʘ 

ʝʜ. 

% ʦʙ-

ʱʠʡ 

ɸʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-ʫʧʨʘʚʣʝʥʯʝʩʢʠʡ ʧʝʨ-

ʩʦʥʘʣ: 

     

ɻʝʥʝʨʘʣʴʥʳʡ ʜʠʨʝʢʪʦʨ/ʨʫʢʦʚʦʜʠʪʝʣʴ 1 25 000 25 000 43 43 

ɿʘʤʝʩʪʠʪʝʣʴ ʛʝʥ. ʜʠʨʝʢʪʦʨʘ/ʪʝʭʥʠʯʝʩʢʠʡ 

ʜʠʨʝʢʪʦʨ 
1 25 000 25 000 38 38 

ɹʫʭʛʘʣʪʝʨ 1 20 000 20 000 10 10 

ʉʧʝʮʠʘʣʠʩʪʳ:      

ʊʝʭʥʠʯʝʩʢʠʝ ʩʧʝʮʠʘʣʠʩʪʳ 1 22 000 22 000 3 3 

ʇʨʦʛʨʘʤʤʠʩʪʳ 1 20 000 20 000 3 3 

ʄʘʨʢʝʪʦʣʦʛʠ 1 18 000 18 000 3 3 

ɺʩʝʛʦ: 6  130 000   

 

ʊʘʙʣʠʮʘ 5 

ɿʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ ʤʦʥʪʘʞʥʠʢʦʚ 

ɼʦʣʞʥʦʩʪʴ ʂʦʣʠʯʝʩʪʚʦ ʝʜʠʥʠʮ ʉʫʤʤʘ ʟʘ ʨʘʙʦʪʫ 1 ʯʝʣ. 

ʟʘ 10 ʤ2 ʟʘ 50 ʤ2 ʟʘ 100 ʤ2 ʟʘ 200 ʤ2 ʟʘ 500 ʤ2 

ʄʦʥʪʘʞʥʠʢʠ 1 6 000 15 000 30 000 55 000 75 000 

ɺʩʝʛʦ: 2 12 000 30 000 60 000 110 000 150 000 

 

ʇʨʠʚʦʜʠʪʩʷ ʩʦʩʪʘʚ ʩʳʨʴʷ ʠ ʩʪʦʠʤʦʩʪʴ ʩʳʨʴʷ, ʨʘʩʭʦʜ ʠ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʢʦʤʧʦʥʝʥʪʳ ʩ ʝʞʝʤʝʩʷʯʥʳʤʠ 

ʨʘʩʭʦʜʘʤʠ (ʪʘʙʣ. 6). ʆʧʨʝʜʝʣʷʶʪʩʷ ʠʪʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ. 

ʊʘʙʣʠʮʘ 6 

ʈʘʩʭʦʜʳ ʥʘ ʩʳʨʴʝ 

ɺʠʜ ʦʙʦʨʫʜʦʚʘʥʠʷ ʂʦʣ-ʚʦ ʝʜ. 
ʉʫʤʤʘ (ʚ ʨʫʙ.) ɸʤʦʨʪʠʟʘʮʠʷ 

ɿʘ ʝʜ. ʆʙʱʘʷ ʅʦʨʤʘ, % ʉʫʤʤʘ (ʚ ʨʫʙ.) 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ çETS5 Professionalè 1 75 000 75 000   

ʄʦʥʪʘʞʥʳʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʠ ʠʥʚʝʥʪʘʨʴ 1 165 000 165 000   

ʆʙʱʘʷ ʩʫʤʤʘ   240 000   

 

ʈʝʘʣʠʟʘʮʠʷ ʧʨʦʜʫʢʮʠʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʯʘʩʪʠʯʥʦ 

ʯʝʨʝʟ ʤʘʛʘʟʠʥ, ʠ ʯʘʩʪʠʯʥʦ ʩʦ ʩʢʣʘʜʘ. ʇʨʠ ʨʝʘʣʠʟʘ-

ʮʠʠ ʧʨʦʜʫʢʮʠʠ ʯʝʨʝʟ ʤʘʛʘʟʠʥ ʩʪʦʠʤʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 

7 000 ʨʫʙ. ʟʘ ʝʜʠʥʠʮʫ ʧʨʦʜʫʢʮʠʠ. ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ 

ʯʝʨʝʟ ʩʢʣʘʜ 15% ʚʩʝʛʦ ʦʙʲʝʤʘ ʧʦ ʮʝʥʝ 5 950 ʨʫʙ. ʟʘ 

ʝʜʠʥʠʮʫ. ʊʦʛʜʘ ʚʳʨʫʯʢʘ ʩʦʩʪʘʚʠʪ:  
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(0,85*ʦʙʲʝʤ ʚʳʧʫʩʢʘ*ʮʝʥʫ) + (0,15*ʦʙʲʝʤ ʚʳʧʫʩʢʘ*ʮʝʥʫ (ʯʝʨʝʟ ʩʢʣʘʜ)); 

(0,85*1*7000) + (0,15*1*5950) = 5950 + 892,5 = 6842,5ʨʫʙʣʝʡ. 

ʊʘʙʣʠʮʘ 7 

ʂʘʣʴʢʫʣʷʮʠʷ ʩʝʙʝʩʪʦʠʤʦʩʪʠ 

ʉʪʘʪʴʠ ʨʘʩʭʦʜʦʚ 
ʉʫʤʤʘ 

ʨʫʙ. ʚ 1 ʤʝʩʷʮ ʨʫʙ. ʚʦ 2-ʦʡ ʤʝʩʷʮ ʨʫʙ. ʚ ʛʦʜ 

 ʇʦʩʪʦʷʥʥʳʝ ʨʘʩʭʦʜʳ    

1. ɸʨʝʥʜʥʘʷ ʧʣʘʪʘ 15 000 15 000 180 000 

2. ʇʦʛʘʰʝʥʠʝ ʙʘʥʢʦʚʩʢʦʛʦ ʢʨʝʜʠʪʘ - - - 

3. ɿʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ ʨʘʙʦʪʥʠʢʘʤ 130 000 130 000 1 560 000 

4. ʆʧʣʘʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 2 490 2 490 35 160 

5. ʆʧʣʘʪʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ 7 716 7 716 29 640 

6. ɸʤʦʨʪʠʟʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ 9 300 9 300 111 600 

7. ʇʨʦʯʠʝ ʨʘʩʭʦʜʳ 18 320 18 320 212 870 

8. ʈʘʩʭʦʜʳ ʥʘ ʧʦʜʛʦʪʦʚʢʫ ʧʝʨʩʦʥʘʣʘ 49 860 29 860 79 720 

ʀʪʦʛʦ: 232 686 212 686 2 208 990 

ʇʝʨʝʤʝʥʥʳʝ ʨʘʩʭʦʜʳ    

1. ʈʘʩʭʦʜʳ ʧʦ ʟʘʢʫʧʢʝ ʩʳʨʴʷ 240 000 - 240 000 

2. ɺʳʧʣʘʪʘ ʙʘʥʢʦʚʩʢʦʛʦ ʧʨʦʮʝʥʪʘ - - - 

3. ʈʘʩʭʦʜʳ ʥʘ ʨʝʢʣʘʤʫ 43 500 12 300 55 800 

ʀʪʦʛʦ: 283 500 12 300 295 800 

ʇʝʨʚʦʥʘʯʘʣʴʥʳʝ ʝʜʠʥʦʚʨʝʤʝʥʥʳʝ ʚʳʧʣʘʪʳ    

1. ʉʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ 400 000 - 400 000 

2. ɼʦʧʦʣʥʠʪʝʣʴʥʦ 60 000 - 60 000 

ʀʪʦʛʦ: 460 000 - 460 000 

 

ʆʧʨʝʜʝʣʷʝʤ ʪʦʯʢʫ ʙʝʟʫʙʳʪʦʯʥʦʩʪʠ ʠ ʦʧʪʠʤʘʣʴʥʳʡ ʦʙʲʝʤ ʚʳʧʫʩʢʘ ʧʨʠʥʦʩʷʱʠʡ ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʨʠ-

ʙʳʣʴ ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩ. 4. 

 
ʈʠʩʫʥʦʢ 4. ɻʨʘʬʠʢ ʙʝʟʫʙʳʪʦʯʥʦʩʪʠ 

 

ʆʧʨʝʜʝʣʠʤ ʩʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ ʠʥʚʝʩʪʠʮʠʡ ʚ ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʧʨʦʝʢʪ ʧʦ ʬʦʨʤʫʣʝ: 

ʊ = ; 

ʊ = ςȟτρφ ʛʦʜʘ. 

ʛʜʝ I ï ʠʥʚʝʩʪʠʮʠʠ, ʈ - ʯʠʩʪʘʷ ʛʦʜʦʚʘʷ ʧʨʠʙʳʣʴ, ʧʦʣʫʯʝʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ.  

ʌʦʨʤʠʨʫʝʤ ʧʣʘʥ ʧʦ ʧʨʝʜʩʪʘʚʠʪʝʣʴʩʢʠʤ ʨʘʩʭʦʜʘʤ (ʪʘʙʣ. 8). 

ʊʘʙʣʠʮʘ 8 

ʇʣʘʥ ʧʨʝʜʩʪʘʚʠʪʝʣʴʩʢʠʭ ʨʘʩʭʦʜʦʚ. 

 ̄ ʅʘʠʤʝʥʦʚʘʥʠʝ ʚʠʜʘ ʧʨʝʜʩʪʘʚʠʪʝʣʴ-

ʩʢʠʭ ʨʘʩʭʦʜʦʚ 

ʏʘʩʪʦʪʘ ʧʨʦʚʝʜʝʥʠʷ, 

ʢʦʣʠʯʝʩʪʚʦ ʚ ʤʝʩʷʮ/ʛʦʜ 

ʆʙʱʘʷ ʩʪʦʠʤʦʩʪʴ, ʚ 

ʪʳʩ. ʨʫʙ. ʚ ʤʝʩʷʮ/ʛʦʜ 

ɼʦʣʷ, 

% 

1 ʇʨʠʝʤ ʠ ʧʨʦʚʝʜʝʥʠʝ ʧʘʨʪʥʝʨʩʢʠʭ 

ʚʩʪʨʝʯ ʩ ʧʦʩʪʘʚʱʠʢʘʤʠ ʠ ʟʘʢʘʟʯʠʢʘʤʠ 

2 ʨʘʟʘ ʚ ʛʦʜ  

(ʚ ʷʥʚʘʨʝ ʠ ʩʝʥʪʷʙʨʝ) 

12 300 22,04 

2 ʋʯʘʩʪʠʝ ʠ ʧʨʦʚʝʜʝʥʠʝ ʨʘʟʣʠʯʥʦʛʦ 

ʨʦʜʘ ʢʦʥʬʝʨʝʥʮʠʡ 

1 ʨʘʟ ʚ ʛʦʜ (ʚ ʷʥʚʘʨʝ) 31 200 55,92 
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ɺ ʢʦʤʧʘʥʠʠ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʨʘʟʤʝʱʝʥʠʝ ʨʝ-

ʢʣʘʤʳ ʥʘ ʙʠʣʙʦʨʜʘʭ. ʆʥʘ ʙʫʜʝʪ ʨʘʟʤʝʱʝʥʘ: ʚ ʮʝʥ-

ʪʨʝ ʛʦʨʦʜʘ, ʥʘ ʦʢʨʘʠʥʘʭ, ʚʜʦʣʴ ʪʨʘʩʩ. ʊʘʢʞʝ ʩʪʨʦʠ-

ʪʝʣʴʥʘʷ ʢʦʤʧʘʥʠʷ ʠʤʝʝʪ ʩʚʦʡ ʩʘʡʪ ʠ ʛʨʫʧʧʫ ʚ ʩʦʮʠ-

ʘʣʴʥʳʭ ʩʝʪʷʭ. 

ʆʪʜʝʣʴʥʳʤ ʢʘʪʝʛʦʨʠʷʤ ʧʦʪʨʝʙʠʪʝʣʝʡ [5;6], ʢʦ-

ʪʦʨʳʝ ʫʢʘʟʘʥʳ ʚ ʜʝʡʩʪʚʫʶʱʠʭ ʟʘʢʦʥʘʭ ʠʣʠ ʠʥʳʭ 

ʧʨʘʚʦʚʳʭ ʘʢʪʘʭ, ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʣʴʛʦʪʥʳʝ ʪʘ-

ʨʠʬʳ ʧʦ ʦʧʣʘʪʝ ʨʝʘʣʠʟʫʝʤʳʭ ʠʤ ʪʦʚʘʨʦʚ (ʨʘʙʦʪ, 

ʫʩʣʫʛ). 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠʟʫʯʝʥʠʝ ʧʨʦʙʣʝʤ 

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʙʠʟʥʝʩʘ ʜʣʷ ʜʘʥʥʦʛʦ ʩʝʢʪʦʨʘ ʵʢʦʥʦ-

ʤʠʢʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʥʘʫʯʥʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʘ-

ʜʘʯʝʡ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʥʘ ʨʳʥʢʝ ʜʦʩʪʠʛʘʶʪʩʷ ʟʘ ʩʯʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʥʦʚʘʮʠʡ, ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ 

ʢʦʪʦʨʳʭ ʚ ʩʬʝʨʫ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ð ʵʪʦ ʦʜʥʦ ʠʟ ʨʘʟ-

ʚʠʚʘʶʱʠʭʩʷ ʥʘʧʨʘʚʣʝʥʠʡ ʩʪʨʦʠʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦ-

ʩʪʠ. ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʦʪʨʘʩʣʠ ʦʙʦ-

ʟʥʘʯʠʣʘʩʴ ʪʝʥʜʝʥʮʠʷ ʩʦʢʨʘʱʝʥʠʷ ʜʦʣʠ ʙʶʜʞʝʪʥʳʭ 

ʜʦʪʘʮʠʡ ʚ ʩʪʨʫʢʪʫʨʝ ʠʩʪʦʯʥʠʢʦʚ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʚʠʪʠʝ ʙʠʟ-

ʥʝʩʘ, ʩʚʷʟʘʥʥʦʝ ʩ ʠʥʥʦʚʘʮʠʷʤʠ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʪʘ-

ʙʠʣʴʥʦʩʪʠ ʠ ʫʩʧʝʰʥʦʩʪʠ, ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʢʫʧʘʝ-

ʤʦʩʪʴ ʠʥʚʝʩʪʠʮʠʡ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʫʷ ʩʠʩʪʝʤʫ çʋʤʥʳʡ 

ʜʦʤè ʤʦʞʥʦ ʥʝ ʪʦʣʴʢʦ ʦʙʝʩʧʝʯʠʪʴ ʢʦʤʬʦʨʪ ʠ ʙʝʟ-

ʦʧʘʩʥʦʩʪʴ, ʥʦ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʤʘʪʝʨʠʘʣʴʥʳʝ 

ʟʘʪʨʘʪʳ, ʩʦʢʨʘʪʠʚ ʧʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʫʶ ʜʦʣʶ ʧʦ-

ʪʨʝʙʣʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ.  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʉɺʏ ʧʦʣʝʡ ʚʥʫʪʨʠ ʠʥʢʫʙʘʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ ʩ ʚʦ-

ʜʦʡ ʜʣʷ ʠʢʨʳ ʦʩʝʪʨʦʚʳʭ. ʈʝʰʝʥʠʝ ʧʦʣʫʯʝʥʦ ʜʣʷ ʜʚʫʭ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚ: ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʝʤʢʦʩʪʠ, ʩ ʨʘʩ-

ʧʦʣʦʞʝʥʥʦʡ ʚ ʥʝʤ ʠʟʣʫʯʘʶʱʝʡ ʘʥʪʝʥʥʦʡ, ʠ ʚʥʫʪʨʠ ʝʤʢʦʩʪʠ, ʩʦʜʝʨʞʘʱʝʡ ʚʦʜʫ ʩ ʠʢʨʦʡ. ʈʝʰʝʥʠʝ ʧʦʣʫʯʝʥʦ 
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ʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʨʘʟʚʠʪʠʷ ʠʢʨʳ. ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ ʧʦʣʫʯʝʥʦ ʩ ʧʦʤʦʱʴʶ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʘʧʣʘʩʘ, ʯʪʦ ʜʘʣʦ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʘʤʧʣʠʪʫʜ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷ-

ʶʱʝʡ ʧʦʣʷ, ʟʘʚʠʩʷʱʠʭ ʦʪ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʨʝʜʳ, ʚʳʩʦʪʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʟʣʫʯʘʪʝʣʷ ʥʘʜ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʦʜʳ, ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʘ, ʘ ʪʘʢʞʝ ʝʛʦ ʩʢʚʘʞʥʦʩʪʠ. 

https://ru.wikipedia.org/wiki/Владимир_(город)
https://ru.wikipedia.org/wiki/Владимир_(город)
https://expertology.ru/11-luchshikh-sistem-umnyy-dom/
https://expertology.ru/11-luchshikh-sistem-umnyy-dom/
http://www.tadviser.ru/index.php/Статья:Системы_умного_дома_(рынок_России)
http://www.tadviser.ru/index.php/Статья:Системы_умного_дома_(рынок_России)
https://novainfo.ru/article/16545
https://sudact.ru/law/federalnyi-zakon-ot-12011995-n-5-fz-o/federalnyi-zakon/glava-ii/statia-16/?page=5
https://sudact.ru/law/federalnyi-zakon-ot-12011995-n-5-fz-o/federalnyi-zakon/glava-ii/statia-16/?page=5
https://base.garant.ru/10100845/


The scientific heritage No 46 (2020) 21 

Abstract 

In this work, we simulated the distribution of microwave fields inside an incubation tank with water for stur-

geon caviar. The solution was obtained for two half-spaces: above the surface of the tank, with the radiating an-

tenna located in it, and inside the tank containing water with caviar. The solution was obtained for pulsed electro-

magnetic waves, which allows us to optimize the practical side of the considered problem of stimulating the de-

velopment of caviar. The solution of Maxwell's equations was obtained using the Laplace transform, which gave 

fairly simple expressions for the amplitudes of the electric component of the field, depending on the electrophysical 

characteristics of the medium, the height of the emitter above the water surface, the duration of the pulse, and also 

its duty cycle. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʢʨʘ ʦʩʝʪʨʦʚʳʭ ʨʳʙ; ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ; ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ; ʧʨʝʦʙʨʘʟʦʚʘ-

ʥʠʷ ʃʘʧʣʘʩʘ; ʠʤʧʫʣʴʩʥʳʝ ʧʦʣʷ; ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

Keywords: sturgeon caviar; electromagnetic fields; Maxwell's equations; Laplace transforms; impulse fields; 

electrophysical characteristics. 

 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠ ʧʦʩʪʘʥʦʚʢʘ 

ʟʘʜʘʯʠ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ ʚ ʘʢʚʘʢʫʣʴʪʫʨʝ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʦ-

ʣʦʛʠʠ, ʘ ʠʤʝʥʥʦ: ʨʘʟʣʠʯʥʳʝ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʜʦ-

ʙʘʚʢʠ ʜʣʷ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʨʦʩʪʘ, ʠʟʤʝʥʝʥʠʝ ʩʦ-

ʩʪʘʚʘ ʢʦʨʤʦʚ, ʥʠʟʢʦʠʥʪʝʥʩʠʚʥʦʝ ʣʘʟʝʨʥʦʝ 

ʠʟʣʫʯʝʥʠʝ ʠ ʜʨʫʛʠʝ. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳ-

ʩʠʪʴ ʚʳʭʦʜ ʤʘʣʴʢʦʚ ʠʟ ʠʢʨʳ, ʠʭ ʚʳʞʠʚʘʝʤʦʩʪʴ ʠ 

ʧʠʱʝʚʳʝ ʧʦʢʘʟʘʪʝʣʠ. ʆʜʥʘʢʦ, ʜʘʥʥʳʝ ʤʝʪʦʜʠʢʠ 

ʠʤʝʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʝʤ, 

ʯʪʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʥʝʛʘʪʠʚʥʦ ʦʪʨʘʞʘʶʪʩʷ ʥʘ 

ʢʘʯʝʩʪʚʝ ʧʦʪʦʤʩʪʚʘ, ʦʢʘʟʳʚʘʶʪ ʫʛʥʝʪʘʶʱʝʝ ʚʣʠʷ-

ʥʠʝ, ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʮʝʥʫ, ʛʨʦʤʦʟʜʢʦʩʪʴ ʦʙʦʨʫʜʦ-

ʚʘʥʠʷ, ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʡ ʨʦʩʪ ʨʳʙʳ ʥʝ ʚʩʝʛʜʘ ʧʦ-

ʣʝʟʝʥ ʦʨʛʘʥʠʟʤʫ ʯʝʣʦʚʝʢʘ. ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ [1, 2] ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʙʣʫʯʝʥʠʝ ʠʢʨʳ 

ʦʩʝʪʨʦʚʳʭ ʨʳʙ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʨʘʜʠʦʠʤʧʫʣʴʩ-

ʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʩʘʥʪʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʤʦʞʝʪ 

ʧʦʚʳʩʠʪʴ ʠʭ ʨʝʧʨʦʜʫʢʪʠʚʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. 

ɺʣʠʷʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʉɺʏ ʜʠʘʧʘ-

ʟʦʥʘ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ, ʢʘʢ ʞʠʚʦʪʥʦʛʦ, ʪʘʢ 

ʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʪʠʧʘ, ʜʦʩʪʘʪʦʯʥʦ ʥʝʧʣʦʭʦ ʠʩʩʣʝʜʦ-

ʚʘʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ [3ï5], ʥʦ ʧʨʠ ʵʪʦʤ, ʟʘʯʘ-

ʩʪʫʶ, ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʫʝʪ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʝ ʦ ʤʝʭʘʥʠʟʤʘʭ ʵʪʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʢʘʢ ʥʘ 

ʦʨʛʘʥʠʟʤʝʥʥʦʤ, ʪʘʢ ʠ ʥʘ ʢʣʝʪʦʯʥʦʤ ʫʨʦʚʥʝ. ɺ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʙʠʦʣʦʛʠʯʝ-

ʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʪʦʯʥʦʡ ʠʥʬʦʨʤʘ-

ʮʠʠ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʪʠʭ ʧʦʣʝʡ ʚʥʫʪʨʠ ʦʙʲʝʢʪʘ, 

ʧʦʩʢʦʣʴʢʫ ʵʪʦʪ ʤʝʭʘʥʠʟʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥ 

ʢʘʢ ʩ ʚʝʣʠʯʠʥʦʡ, ʪʘʢ ʠ ʦʨʠʝʥʪʘʮʠʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʠ ʤʘʛʥʠʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦʣʷ. ʇʦʩʢʦʣʴʢʫ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʥʫʪ-

ʨʝʥʥʠʭ ʧʦʣʝʡ ʧʨʦʚʝʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ, 

ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦ ʨʝʰʝʥʠʠ ʵʪʦʡ ʟʘʜʘʯʠ ʪʝʦʨʝʪʠʯʝ-

ʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʎʝʣʴ ʩʪʘʪʴʠ 

ʇʨʦʚʝʜʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʷ ʠʤʧʫʣʴʩʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʉɺʏ 

ʜʠʘʧʘʟʦʥʘ ʚʥʫʪʨʠ ʠʥʢʫʙʘʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ ʩ ʠʢʨʦʡ 

ʦʩʝʪʨʦʚʳʭ ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ. 

ʆʩʥʦʚʥʦʡ ʤʘʪʝʨʠʘʣ 

ʈʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʫ ʜʣʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ 

ʄʘʢʩʚʝʣʣʘ, ʢʦʪʦʨʘʷ ʤʦʜʝʣʠʨʫʝʪ ʧʨʦʮʝʩʩ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʤ-

ʧʫʣʴʩʦʚ ʚ ʠʥʢʫʙʘʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ ʩ ʚʦʜʦʡ, ʩʦʜʝʨ-

ʞʘʱʝʡ ʠʢʨʫ ʦʩʝʪʨʦʚʳʭ. ʉʘʤʠ ʠʢʨʠʥʢʠ ʙʫʜʝʤ ʨʘʩ-

ʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʜʥʦʨʦʜʥʳʝ ʤʘʣʳʝ ʩʬʝʨʳ. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʩʚʷʟʘʥʦ ʩ ʜʚʫʤʷ ʧʦʣʫʧʨʦ-

ʩʪʨʘʥʩʪʚʘʤʠ: ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʥʘʭʦʜʠʪʩʷ ʚʦʟʜʫʭ, ʩ 

ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʥʝʤ ʘʥʪʝʥʥʦʡ ʜʣʷ ʦʙʣʫʯʝʥʠʷ 

ʠʢʨʳ; ʚ ʥʠʞʥʝʡ ï ʠʥʢʫʙʘʮʠʦʥʥʳʡ ʝʤʢʦʩʪʴ, ʟʘʧʦʣ-

ʥʝʥʥʘʷ ʚʦʜʦʡ ʩ ʠʢʨʦʡ ʦʩʝʪʨʦʚʳʭ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, 

ʚʚʝʜʝʤ ʜʝʢʘʨʪʦʚʫ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʪʘʢʠʤ ʦʙʨʘ-

ʟʦʤ, ʯʪʦʙʳ ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ʚʦʟʜʫʭ-ʚʦʜʘ ʩʦʚʧʘʜʘʣʘ 

ʩ ʧʣʦʩʢʦʩʪʴʶ XOY, ʚʦʟʜʫʭʫ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʥʘʯʝ-

ʥʠʷ ᾀ πȟ ʘ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʫ, ʟʘʧʦʣʥʝʥʥʦʤʫ ʚʦ-

ʜʦʡ ʩ ʠʢʨʦʡ, ï ᾀ π (ʨʠʩ. 1). 

X

Y

Z

h

 
ʈʠʩ. 1. ɻʝʦʤʝʪʨʠʷ ʤʦʜʝʣʠ ʩ ʘʥʪʝʥʥʦʡ 
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ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʥʘ ʧʣʦʩʢʦʤ ʨʘʩʢʨʳʚʝ ʘʥ-

ʪʝʥʥʳ ʟʘʜʘʥ ʪʦʢ ʩ ʧʣʦʪʥʦʩʪʴʶ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʚʨʝ-

ʤʝʥʠ: 

ᴆὸ Ὂὸ╪ᴆȢ                         (1) 

 

ɺ ʚʳʨʘʞʝʥʠʠ (1) ╪ᴆ ὥᴆ ὥᴆ ï ʦʧʨʝʜʝʣʷʝʪ 

ʦʨʠʝʥʪʘʮʠʶ ʚʝʢʪʦʨʘ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʚ ʨʘʩʢʨʳʚʝ ʘʥ-

ʪʝʥʥʳ; ᴆ, ᴆ ï ʦʨʪʳ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ; 
ʬʫʥʢʮʠʷ Ὂὸ ʨʘʚʥʷʝʪʩʷ ʥʫʣʶ ʧʨʠ ὸ π, ʘ ʧʨʠ ὸ
π ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʧʨʷʤʦʫʛʦʣʴ-
ʥʳʝ ʨʘʜʠʦʠʤʧʫʣʴʩʳ 

 

Ὂὸ Ὅ„ ὸ „ ὸ † „ ὸ Ὕ

„ ὸ † Ὕ „ ὸ ςὝ  

„ ὸ † ςὝ Ễ ÃÏÓὸȟ                      (2) 

 

ʛʜʝ ()0 ts  ï ʬʫʥʢʮʠʷ ʍʝʚʠʩʘʡʜʘ; I  ï ʘʤʧʣʠ-

ʪʫʜʘ ʠʤʧʫʣʴʩʘ ʪʦʢʘ; tï ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ; 
T  ï ʧʝʨʠʦʜ ʧʦʚʪʦʨʝʥʠʷ ʠʤʧʫʣʴʩʦʚ; w ï ʢʨʫʛʦʚʘʷ 

ʯʘʩʪʦʪʘ ʟʘʧʦʣʥʝʥʠʷ ʠʤʧʫʣʴʩʘ. 

ʇʨʝʜʣʦʞʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 

ʧʦʨʦʞʜʘʝʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩ ʚʝʢʪʦʨʦʤ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʘʨʘʣʣʝʣʴʥʳʤ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ. 

ɺʦʟʙʫʞʜʝʥʥʦʝ ʠʩʪʦʯʥʠʢʦʤ (1), (2) ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʦʝ ʧʦʣʝ ʜʦʣʞʥʦ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʩʠʩʪʝʤʝ ʥʝʩʪʘ-

ʮʠʦʥʘʨʥʳʭ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ [6]. ʇʨʠ ᾀ π ï 

ừ
Ử
Ừ

Ử
ứ
ἺἷἼἏᴆ̐ ‘

ἒᴆ̐

ὸ
ȟ                          

ἺἷἼἒᴆ̐ ‐
Ἇᴆ̐

ὸ
ȟ                         σ

 

ʛʜʝ ïE  ʠ ïH  ï ʚʝʢʪʦʨʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʚʦʟʜʫʭʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʨʠ ᾀ π ï 

ừ
Ử
Ừ

Ử
ứ
ἺἷἼἏᴆ̃ ‘

ἒᴆ̃

ὸ
ȟ                           

ἺἷἼἒᴆ̃ ‐̃‐
Ἇᴆ̃

ὸ
„̃Ἇᴆ̃ȟ       τ

 

ʛʜʝ Ἇᴆ̃ ʠ ἒᴆ̃ ï ʚʝʢʪʦʨʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛ-

ʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʚʦʜʝ. 

ɿʜʝʩʴ ‐ȟ ‘ ï ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʠ ʤʘʛʥʠʪʥʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚʘʢʫʫʤʘ, ‐̃ ʠ „̃ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʠ 

ʫʜʝʣʴʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʚʦʜʳ ʩ ʠʢʨʦʡ ʦʩʝʪʨʦʚʳʭ. 

ʆʙʦʟʥʘʯʠʤ D ʦʙʲʝʤ, ʢʦʪʦʨʳʡ ʟʘʥʠʤʘʶʪ ʠʢ-

ʨʠʥʢʠ ʚ ʚʦʜʝ. ʊʦʛʜʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚ ʵʪʦʡ 

ʦʙʣʘʩʪʠ ʜʦʣʞʥʦ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʨʘʚʥʝʥʠʷʤ ʄʘʢʩ-

ʚʝʣʣʘ 

ừ
Ử
Ừ

Ử
ứ
ἺἷἼἏᴆ ‘

ἒᴆ

ὸ
ȟ                                       

ἺἷἼἒᴆ ‐‐
Ἇᴆ

ὸ
„Ἇᴆȟ                        υ

 

ʛʜʝ Ἇᴆ ʠ ἒᴆ ï ʚʝʢʪʦʨʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪ-
ʥʦʛʦ ʧʦʣʷ ʚʥʫʪʨʠ ʠʢʨʠʥʦʢ; ‐ ʠ „ ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʠ ʫʜʝʣʴʥʘʷ ʧʨʦʚʦ-

ʜʠʤʦʩʪʴ ʦʙʣʘʩʪʠ D. 

ʕʪʦ ʧʦʣʝ ʜʦʣʞʥʦ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʥʘʯʘʣʴʥʳʤ 

ʫʩʣʦʚʠʷʤ, ʢʦʪʦʨʳʝ ʧʨʠ ʚʳʙʨʘʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʦʪ ʚʨʝʤʝʥʠ ʠʤʝʶʪ ʚʠʜ 

ừ
Ử
Ừ

Ử
ứἏᴆ̐ ἒᴆ̐ πȟ     

Ἇᴆ̃ ἒᴆ̃ πȟ       

Ἇᴆ ἒᴆ π           

                  (6) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʫʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʦʝ ʧʦʣʝ, ʧʦʨʦʞʜʘʝʤʦʝ ʠʩʪʦʯʥʠʢʦʤ (1), (2) ʠ 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʷʤ (3), (4), (6). 

ʀʟ ʜʘʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʫʩʣʦʚʠʠ 

ὥ π ʚʝʢʪʦʨʳ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ ʙʫʜʫʪ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʝ ʢʦʤʧʦ-

ʥʝʥʪʳ 

Ἇᴆ̐ Ὁ ᴆ̐ȟἒᴆ̐ Ὄ ᴆ̐                      (7) 

 

ʋʯʠʪʳʚʘʷ ʵʪʦ, ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ 

(3) ʚ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʙʫʜʝʪ ʠʤʝʪʴ 

ʚʠʜ 
Ὁ̐
ᾀ

‘
Ὄ̐
ὸ
ȟ 

Ὄ̐
ᾀ

‐
Ὁ̐
ὸ
                      ψ 

ʂʦʤʧʦʥʝʥʪʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ Ὁ ȟ̐ Ὄ  ̐

ʜʦʣʞʥʳ ʦʪʚʝʯʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ (6) ʘ ʧʨʠ ᾀ Ὤ 
 

Ὄ̐ Ὂὸ                       (9) 

 

ʛʜʝ ʬʫʥʢʮʠʷ Ὂὸ ʟʘʜʘʝʪʩʷ ʬʦʨʤʫʣʦʡ (2). 

ʋʩʣʦʚʠʝ (9) ʤʦʜʝʣʠʨʫʝʪ ʚʦʟʙʫʞʜʝʥʠʝ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʪʦʢʦʤ, ʨʘʩʧʨʝʜʝ-

ʣʝʥʥʳʤ ʥʘ ʧʣʦʩʢʦʩʪʠ ʨʘʩʢʨʳʚʘ ʘʥʪʝʥʥʳ, ʩʦʚʧʘʜʘʶ-

ʱʝʡ ʩ ʧʣʦʩʢʦʩʪʴʶ ᾀ ὬȢ 
ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ (8)ï(9) ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʩ 

ʧʦʤʦʱʴʶ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ [7]. 

ʇʨʠʤʝʥʷʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʃʘʧʣʘʩʘ ʢ ʫʨʘʚʥʝ-

ʥʠʷʤ (8), ʙʫʜʝʤ ʠʤʝʪʴ 

Ὁ̐
ᾀ

‘ὴὌ ȟ̐ 

̐
‐ὴὉ Ȣ̐                             (10) 

ɻʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ (9) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ 

ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ 

Ὄ̐Ὤȟὴ ὊὴȢ                      (11) 

ɿʜʝʩʴ ʬʫʥʢʮʠʷ Ὂὴ ̫ ʚʣʷʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ 

ʃʘʧʣʘʩʘ ʬʫʥʢʮʠʠ Ὂὸ (2) ʠ ʠʤʝʝʪ ʚʠʜ: 

 

Ὂὴ Ὅ
ρ Ὡ ςὴ ρφ“Ὢ

ςὴρ Ὡ ὴ ρφ“Ὢ
ȟ   ρς 

ʛʜʝ I ï ʘʤʧʣʠʪʫʜʘ ʠʤʧʫʣʴʩʘ ʪʦʢʘ; † ï ʜʣʠʪʝʣʴ-
ʥʦʩʪʴ ʠʤʧʫʣʴʩʘ; T ï ʧʝʨʠʦʜ ʧʦʚʪʦʨʝʥʠʷ ʠʤʧʫʣʴʩʦʚ. 

ʈʝʰʝʥʠʝ (10)ï(12) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚ ʘʥʘʣʠʪʠ-

ʯʝʩʢʦʡ ʬʦʨʤʝ. ʀʩʢʣʶʯʘʷ ʠʟ ʫʨʘʚʥʝʥʠʡ (10) ʬʫʥʢ-

ʮʠʶ, Ὄ  ̐ʧʦʣʫʯʘʝʤ 

Ὁ̐
ᾀ

ὴ‐‘Ὁ̐ πȢ                 ρσ 

ʆʙʱʝʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (13) ʠʤʝʝʪ ʚʠʜ: 

 

Ὁ̐ ὃὩ̐ ὄὩ ̐ȟ                  ρτ 
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ʛʜʝ Ὧ̐ ὴ ‐‘Ƞ A ʠ B ï ʧʨʦʠʟʚʦʣʴʥʳʝ ʢʦʥ-

ʩʪʘʥʪʳ, ʥʝ ʟʘʚʠʩʷʱʠʝ ʦʪ ʧʝʨʝʤʝʥʥʦʡ z. 

ʀʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʡ ʟʘʜʘʯʠ ʚ (14) ʩʣʝʜʫʝʪ ʧʦʣʦ-

ʞʠʪʴ ὄ π. ʊʦʛʜʘ, ʠʩʧʦʣʴʟʫʷ (10) ʠ ʧʦʜʩʪʘʚʣʷʷ (14) 
ʚ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ (11), ʧʦʣʫʯʘʝʤ 

Ὧ̐

‘ὴ
ὃὩ̐ Ὂὴȟ                       ρυ 

ʦʪʢʫʜʘ ʩʣʝʜʫʝʪ 

ὃ
‘

‐
Ὡ ̐ὊὴȢ                 ρφ 

ʇʦʣʫʯʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ A ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʝʜʩʪʘʚʠʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʃʘʧʣʘʩʘ ʜʣʷ ʢʦʤʧʦ-

ʥʝʥʪʦʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʚʦʟʙʫʞʜʝʥʥʳʭ ʪʦ-

ʢʦʤ (1), (2), ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ 

Ὁ̐ Ὅ
‘

‐

ρ Ὡ ςὴ ρφ“Ὢ

ςὴρ Ὡ ὴ ρφ“Ὢ
Ὡ̐ Ȣ                                  ρχ 

 

ɽʩʣʠ ʪʝʧʝʨʴ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʦʙʨʘʪʥʳʤ ʧʨʝʦʙ-

ʨʘʟʦʚʘʥʠʝʤ ʃʘʧʣʘʩʘ [7], ʪʦ ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ ʚʳʨʘʞʝ-

ʥʠʝ ʜʣʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʧʦ-

ʨʦʞʜʘʝʤʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʪʦʢʦʤ (1) 

Ὁ̐
Ὅ

τ“Ὥ

‘

‐

ρ Ὡ ςὴ ρφ“Ὢ

ὴρ Ὡ ὴ ρφ“Ὢ
Ὡ̐ Ὡ Ὠὴȟ                    ρψ

 

 

ʛʜʝ ὥ π ï ʧʨʦʠʟʚʦʣʴʥʦʝ ʧʦʩʪʦʷʥʥʦʝ ʯʠʩʣʦ. 

ʀʥʪʝʛʨʘʣ ʚ (18) ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʩ ʧʦʤʦʱʴʶ 

ʚʳʯʝʪʦʚ [8]. ʊʘʢ ʢʘʢ ʧʦʜʳʥʪʝʛʨʘʣʴʥʘʷ ʬʫʥʢʮʠʷ ʚ 

(18) ʠʤʝʝʪ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦ ʧʝʨʝʤʝʥʥʦʡ p ʥʘ ʢʦʤ-

ʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʪʠʧʘ ʧʨʦʩʪʦʛʦ ʧʦʣʶʩʘ ʚ ʪʦʯʢʘʭ 

ὴ Ὥ
ς“

Ὕ
ὲȟὲ πȟρȟςȟȣȟ           ρω 

ʪʦ ʧʦʩʣʝ ʨʷʜʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʘʝʤ 

Ὁ̐  Ὅ
‘

‐
ὗ

ς

“

ÓÉÎ“ὲὗ

ὲ
ÃÏÓ
ς“ὲ

Ὕ
ὸ ὸ

†

ς
ȟ                     ςπ 

 

ʛʜʝ ὸ ‐‘ Ὤ ᾀȟ ὗ Ὕ†ϳ ï ʩʢʚʘʞʥʦʩʪʴ 

ʠʤʧʫʣʴʩʘ. 

ʌʦʨʤʫʣʘ (20) ʩʧʨʘʚʝʜʣʠʚʘ ʜʣʷ ʤʦʤʝʥʪʦʚ ʚʨʝ-

ʤʝʥʠ ὸ ὸ, ʪʦ ʝʩʪʴ ʢʦʛʜʘ ʧʝʨʚʳʡ ʠʤʧʫʣʴʩ ʧʨʠʭʦ-
ʜʠʪ ʚ ʪʦʯʢʫ ʥʘʙʣʶʜʝʥʠʷ ʩ ʢʦʦʨʜʠʥʘʪʦʡ z (h ï ʨʘʩ-

ʩʪʦʷʥʠʝ ʦʪ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ ʜʦ ʠʩʪʦʯʥʠʢʘ). 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʟʘʜʘʯʫ ʦ ʧʨʦʭʦʞʜʝʥʠʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (20) ʚ ʠʥʢʫʙʘʮʠʦʥʥʫʶ ʝʤ-

ʢʦʩʪʴ ʩ ʚʦʜʦʡ. ʇʫʩʪʴ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʜʳ ʩʦʚʧʘʜʘʝʪ ʩ 

ʧʣʦʩʢʦʩʪʴʶ XOY. ɺ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʝ ᾀ π ʧʦ-
ʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ (1), ʢʦʪʦʨʘʷ ʟʘʜʘʥʘ ʥʘ 

ʧʣʦʩʢʦʩʪʠ ᾀ Ὤ, ʚʦʟʙʫʞʜʘʝʪ ʧʦʣʝ (20). ʇʨʠ ʩʜʝʣʘʥ-
ʥʳʭ ʚʳʰʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷʭ, ʟʘʜʘʯʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʦʧʨʝʜʝʣʝʥʠʠ ʧʦʣʷ, ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʛʨʘʥʠʮʫ ʚʦʟ-

ʜʫʭ-ʚʦʜʘ ᾀ π. 

ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ ʚ ʜʝʢʘʨʪʦʚʦʡ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʠ ʧʨʠʤʝʥʠʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʃʘʧʣʘʩʘ ʧʦ ʚʨʝʤʝʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ t. ʊʦʛʜʘ ʚ ʧʦʣʫ-

ʧʨʦʩʪʨʘʥʩʪʚʝ ᾀ π ʧʦʣʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

Ὁ̐ Ὁ̐ ὙὩ ̐ȟ 

Ὄ̐
ρ

‘ὴ

Ὁ̐
ᾀ

ὙὩ ̐

ᾀ
ȟ   ςρ 

ʛʜʝ Ὁ  ̐ï ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʃʘʧʣʘʩʘ ʜʣʷ ʧʦʣʷ, 

ʚʦʟʙʫʞʜʘʝʤʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʪʦʢʦʤ ʧʨʠ ʦʪʩʫʪ-

ʩʪʚʠʠ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʘ ʩ ʚʦʜʦʡ (17); 

Ὁ̐ ὊὴὩ̐Ƞ 

Ὂὴ Ὅ
‘

‐

ρ Ὡ ςὴ ρφ“Ὢ

ςὴρ Ὡ ὴ ρφ“Ὢ
Ὡ ̐Ƞ 

R ï ʘʤʧʣʠʪʫʜʘ ʦʪʨʘʞʝʥʥʦʡ ʚʦʣʥʳ. 

ʇʦʣʝ, ʢʦʪʦʨʦʝ ʧʨʦʰʣʦ ʚ ʚʦʜʫ (ʧʦʣʫʧʨʦʩʪʨʘʥ-

ʩʪʚʦ ᾀ π), ʜʦʣʞʥʦ ʦʪʚʝʯʘʪʴ ʩʣʝʜʫʶʱʠʤ ʫʨʘʚʥʝ-
ʥʠʷʤ: 

Ὁ̃
ᾀ

ὴ‘Ὄ ȟ̃ 

Ὄ̃
ᾀ

‐̃‐ὴ „̃ Ὁ ȟ̃                 ςς 

ʛʜʝ ‐̃ ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠ-

ʮʘʝʤʦʩʪʴ ʚʦʜʳ; „̃ ï ʫʜʝʣʴʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʚʦʜʳ. 

ʅʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʩʨʝʜ (ᾀ π) ʪʘʥʛʝʥʮʠʘʣʴ-
ʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʧʦʣʷ ʜʦʣʞʥʳ ʙʳʪʴ ʥʝʧʨʝʨʳʚʥʳʤʠ 

Ὁ ȿ̐ Ὁ ȿ̃ ȟ 

Ὄ̐ Ὄ̃ Ȣ                     ςσ 

ɺʳʧʦʣʥʷʷ ʩ (22) ʜʝʡʩʪʚʠʷ, ʘʥʘʣʦʛʠʯʥʳʝ ʪʝʤ, 

ʢʦʪʦʨʳʝ ʙʳʣʠ ʩʜʝʣʘʥʳ ʩ (10), ʠʤʝʝʤ 

Ὁ̃ ὝὩ̃ȟ 

Ὄ̃
Ὧ̃

‘ὴ
ὝὩ̃ȟ                     ςτ 

ʛʜʝ Ὧ̃ ὴ‐̃‐‘ ὴ„̃‘; Ὕ ï ʘʤʧʣʠʪʫʜʘ 

ʚʦʣʥʳ, ʧʨʦʰʝʜʰʝʡ ʚ ʚʦʜʫ. 

ʇʦʜʩʪʘʚʣʷʷ (21) ʠ (24) ʚ ʫʩʣʦʚʠʷ ʩʦʧʨʷʞʝʥʠʷ 

(23) ʦʧʨʝʜʝʣʷʝʤ ʥʝʠʟʚʝʩʪʥʫʶ ʘʤʧʣʠʪʫʜʫ ʚʦʣʥʳ, 

ʧʨʦʝhʜʰʝʡ ʚ ʚʦʜʫ. ʇʦʩʣʝ ʨʷʜʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦ-

ʣʫʯʘʝʤ ʩʣʝʜʫʶʱʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʵʪʦʛʦ ʧʦʣʷ: 
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Ὁ̃  Ὅ
‘

‐

ρ Ὡ ςὴ ρφ“Ὢ Ὡ̃ ̐

ὴρ Ὡ ὴ ρφ“Ὢ ὴ ‐ὴ
„
‐

ȟ                                 ςυ 

 

ɽʩʣʠ ʪʝʧʝʨʴ ʧʨʠʤʝʥʠʪʴ ʢ (25) ʦʙʨʘʪʥʦʝ ʧʨʝʦʙ-

ʨʘʟʦʚʘʥʠʝ ʃʘʧʣʘʩʘ, ʪʦ ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝ-

ʥʠʝ ʜʣʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ 

ʚʦʜʝ: 

Ὁ̃ᾀȟὸ  
Ὅ

ς“Ὥ

‘

‐

ρ Ὡ ςὴ ρφ“Ὢ Ὡ̃ ̐

ὴρ Ὡ ὴ ρφ“Ὢ ὴ ‐ὴ
„
‐

Ὠὴȟ           ςφ 

 

ʛʜʝ ὥ π. 
ʇʦʣʫʯʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ (26) ʜʣʷ ʧʦʣʷ, ʢʦʪʦʨʦʝ 

ʧʨʦʰʣʦ ʚ ʚʦʜʫ, ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʨʠ ʨʝʰʝʥʠʠ 

ʟʘʜʘʯʠ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʤ-

ʧʫʣʴʩʦʚ ʩ ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʚʦʜʝ ʠʢʨʠʥʢʘʤʠ ʩʪʝʨ-

ʣʷʜʠ. 

ɺʳʚʦʜʳ 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ 

ʜʣʷ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩ-

ʚʝʣʣʘ, ʤʦʜʝʣʠʨʫʶʱʠʭ ʧʨʦʮʝʩʩ ʚʣʠʷʥʠʷ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʤʧʫʣʴʩʦʚ ʥʘ ʠʢ-

ʨʠʥʢʠ ʨʳʙʳ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʠʥʢʫʙʘʮʠʦʥʥʦʡ 

ʝʤʢʦʩʪʠ. ʉ ʧʦʤʦʱʴʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʘʧʣʘʩʘ ʠʩ-

ʭʦʜʥʘʷ ʥʝʩʪʘʮʠʦʥʘʨʥʘʷ ʟʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ ʟʘʜʘʯʝ 

ʜʠʬʨʘʢʮʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʥʘ ʦʙʣʘʩʪʠ, ʩʦ-

ʜʝʨʞʘʱʝʡ ʠʢʨʫ, ʢʦʪʦʨʘʷ ʤʦʜʝʣʠʨʫʝʪʩʷ ʠʟʦʪʨʦʧʥʦʡ 

ʦʜʥʦʨʦʜʥʦʡ ʩʨʝʜʦʡ ʩ ʢʦʤʧʣʝʢʩʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝ-

ʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʦ ʚʳ-

ʨʘʞʝʥʠʝ ʜʣʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, 

ʫʩʨʝʜʥʝʥʥʦʛʦ ʧʦ ʝʤʢʦʩʪʠ ʩ ʠʩʩʣʝʜʫʝʤʦʡ ʠʢʨʦʡ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʪʦʯʢʠ (ɹɸʊ) ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ 

ʧʣʦʩʢʦʩʣʦʡʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ. ʕʪʘ ʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʦʚʘʥʘ ʪʨʝʤʷ ʧʣʦʩʢʠʤʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ 

ʩʣʦʷʤʠ ʠ ʢʦʥʝʯʥʳʤ ʮʠʣʠʥʜʨʦʤ, ʟʘʧʦʣʥʝʥʥʳʤ ʜʠʵʣʝʢʪʨʠʢʦʤ (ʙʝʣʢʦʤ ʢʦʣʣʘʛʝʥʘ). ɺʝʨʭʥʠʡ ʩʣʦʡ ʤʦʜʝʣʠ-

ʨʫʝʪ ʪʫʯʥʳʝ ʢʣʝʪʢʠ, ʩʨʝʜʥʠʡ ʩʣʦʡ ï ʢʨʦʚʝʥʦʩʥʳʝ ʠ ʣʠʤʬʘʪʠʯʝʩʢʠʝ ʩʦʩʫʜʳ, ʘ ʥʠʞʥʠʡ ʩʣʦʡ ʦʙʨʘʟʦʚʘʥ ʥʝʨʚ-

ʥʳʤʠ ʚʦʣʦʢʥʘʤʠ, ʢʦʪʦʨʳʝ ʧʨʦʚʦʜʷʪ ʠ ʧʝʨʝʜʘʶʪ ʩʠʛʥʘʣʳ ʫʧʨʘʚʣʝʥʠʷ ʦʪ ɹɸʊ ʢ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠ-

ʩʪʝʤʝ. ʊʘʢʘʷ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʧʘʨʘʤʝʪʨʳ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʣʷ ʣʝʯʝʥʠʷ ʜʠʩʧʝʧʩʠʠ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʪʝʣʷʪ. 

Abstract 

As an electrodynamics model of bioactive point (BAP) the dielectric structure of flat layers was considered. 

This structure is formed by three flat dielectric layers and eventual cylinder filled by a dielectric (by the albumen 

of collagen). An epiphase designs obese cages, middle layer are blood and lymphatic vessels, and an understratum 

is formed by conducting nervous fibers, transmitter management signals from BAP to the central nervous system. 

The upper layer models mast cells, the middle layer ï blood and lymph vessels, and the lower layer is formed by 

nerve fibers that conduct and transmit control signals from the BAP to the central nervous system. Such electro-

dynamics structure allows defining the necessary parameters of the informative electromagnetic field for treatment 

of dyspepsia of new-born calves. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʜʝʣʴ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʪʦʯʢʠ, ʣʝʯʝʥʠʝ ʜʠʩʧʝʧʩʠʠ ʪʝʣʷʪ, ʧʘʨʘʤʝʪʨʳ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

Keywords: model of bioactive point, treatment of dyspepsia of calves, parameters of the informative elec-

tromagnetic field. 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʋʚʝʣʠʯʝʥʠʝ ʧʦʛʦʣʦʚʴʷ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ 

ʩʢʦʪʘ ʩʚʷʟʘʥʦ ʩ ʙʳʩʪʨʳʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ ʣʝʯʝʥʠʝʤ 

ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʪʝʣʷʪ. ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʫʱʝʨʙ, 

ʥʘʥʦʩʠʤʳʡ ʩʝʣʴʩʢʦʤʫ ʭʦʟʷʡʩʪʚʫ ʙʦʣʝʟʥʷʤʠ ʪʝʣʷʪ, 

ʩʦʩʪʦʠʪ ʠʟ ʩʥʠʞʝʥʠʷ ʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʥʝ-

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʨʘʩʭʦʜʦʚ ʥʘ ʣʝʯʝʥʠʝ, ʧʨʠʨʝʟʢʠ ʠ 

ʧʘʜʝʞʘ ʙʦʣʴʥʳʭ. ʆʩʥʦʚʥʳʤʠ ʠʥʬʝʢʮʠʦʥʥʳʤʠ ʙʦ-

ʣʝʟʥʷʤʠ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʪʝʣʷʪ ʷʚʣʷʶʪʩʷ: ʜʠʩʧʝʧ-

ʩʠʷ ʧʘʨʘʪʠʬ; ʜʠʧʣʦʢʦʢʢʦʚʘʷ ʠʣʠ ʧʥʝʚʤʦʢʦʢʢʦʚʘʷ 

ʠʥʬʝʢʮʠʷ, ʥʘ ʢʦʪʦʨʳʝ ʧʨʠʭʦʜʠʪʩʷ 65ï80 % ʛʠʙʝʣʠ 

ʪʝʣʷʪ [1]. 

ɼʣʷ ʣʝʯʝʥʠʷ ʜʠʩʧʝʧʩʠʠ ʪʝʣʷʪ ʩʣʝʜʫʝʪ ʧʨʠʤʝ-

ʥʷʪʴ ʨʘʜʠʦʠʤʧʫʣʴʩʥʦʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝ-

ʥʠʝ ʜʣʷ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ 

ʪʦʯʢʠ ʢʦʞʥʦʛʦ ʧʦʢʨʦʚʘ ʞʠʚʦʪʥʳʭ. 

ʈʘʜʠʦʠʤʧʫʣʴʩʥʦʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ ʩʧʦʩʦʙʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ 

ʠʤʤʫʥʥʳʡ ʩʪʘʪʫʩ ʦʨʛʘʥʠʟʤʘ ʞʠʚʦʪʥʳʭ, ʦʢʘʟʳʚʘʪʴ 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ, ʫʣʫʯʰʘʪʴ ʤʠʢʨʦ-

ʮʠʨʢʫʣʷʮʠʶ ʢʨʦʚʠ ʚ ʪʢʘʥʷʭ [2, 3], ʘʢʪʠʚʠʟʠʨʦʚʘʪʴ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʫʶ ʠ ʨʝʧʘʨʘʪʠʚʥʫʶ ʨʝʛʝʥʝʨʘʮʠʶ 

[4, 5]. 

ɸʥʘʣʠʟ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʋʚʝʣʠʯʝʥʠʝ ʧʦʛʦʣʦʚʴʷ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ 

ʩʢʦʪʘ ʩʚʷʟʘʥʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʪʝ-

ʣʷʪ ʚ ʧʝʨʚʳʝ ʜʥʠ ʧʦʩʣʝ ʠʭ ʨʦʞʜʝʥʠʷ. 

ʇʦ ʜʘʥʥʳʤ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟ-ʟʘ ʙʦ-

ʣʝʟʥʝʡ ʚʳʩʦʢʠʝ ʧʦʪʝʨʠ ʪʝʣʷʪ ʙʳʚʘʶʪ ʜʦ 15-ʜʥʝʚ-

ʥʦʛʦ ʚʦʟʨʘʩʪʘ. ʇʨʠ ʵʪʦʤ, ʥʘ ʧʝʨʚʳʝ 5 ʜʥʝʡ ʞʠʟʥʠ 

ʧʨʠʭʦʜʠʪʩʷ 40ï50 % ʛʠʙʝʣʠ ʪʝʣʷʪ, ʥʘ ʧʝʨʚʳʝ 10 

ʜʥʝʡ ï 65ï70 % ʠ ʜʦ 15-ʜʥʝʚʥʦʛʦ ʚʦʟʨʘʩʪʘ ï 75ï

80 % ʦʪ ʧʘʚʰʠʭ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʦʛʦ ʛʦʜʘ ʞʠʟʥʠ [6]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʤʦʣʦʜʥʷʢʘ 

ʠʩʧʦʣʴʟʫʶʪ ʘʥʪʠʤʠʢʨʦʙʥʳʝ ʧʨʝʧʘʨʘʪʳ, ʛʦʨʤʦʥʳ ʠ 

ʜʨʫʛʠʝ ʭʠʤʠʯʝʩʢʠʝ ʧʨʝʧʘʨʘʪʳ. ʄʝʜʠʢʘʤʝʥʪʦʟʥʳʝ 

ʩʨʝʜʩʪʚʘ ʷʚʣʷʶʪʩʷ ʯʘʩʪʦ ʥʝʵʬʬʝʢʪʠʚʥʳʤʠ, ʘ ʜʣʠ-

ʪʝʣʴʥʦʝ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʥʝʨʝʜʢʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʪʷ-

ʞʝʣʳʝ ʦʩʣʦʞʥʝʥʠʷ, ʚʳʟʳʚʘʝʤʳʝ ʙʫʨʥʳʤ ʨʘʟʚʠʪʠʝʤ 

ʛʨʠʙʢʦʚ, ʩʪʘʬʠʣʦʢʦʢʢʦʚ, ʛʝʤʘʪʦʣʦʛʠʯʝʩʢʠʭ ʰʪʘʤ-

ʤʦʚ ʢʠʰʝʯʥʳʭ ʧʘʣʦʯʝʢ ʠ ʧʨʦʪʝʷ [7]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʤʝʜʠʢʘʤʝʥʪʦʟʥʳʤ ʩʨʝʜʩʪʚʘʤ ʜʣʷ ʪʝ-

ʨʘʧʠʠ ʙʦʣʴʥʳʭ ʜʠʩʧʝʧʩʠʝʡ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʪʝʣʷʪ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʜʠʦʠʤʧʫʣʴʩʥʳʭ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʟʣʫʯʝʥʠʡ ʜʣʷ 
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ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʪʦʯʢʠ, ʪʫʯ-

ʥʳʝ ʢʣʝʪʢʠ ʠ ʥʝʡʪʨʦʬʠʣʳ ʚ ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʘʭ 

ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ ʜʠʩʧʝʧʩʠʠ ʞʠʚʦʪʥʳʭ 

[8]. 

ɺ ʦʩʥʦʚʝ ʨʘʜʠʦʠʤʧʫʣʴʩʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪ-

ʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʣʝʞʘʪ 

ʨʝʟʦʥʘʥʩʥʳʝ ʷʚʣʝʥʠʷ, ʩʪʝʧʝʥʴ ʧʨʦʷʚʣʝʥʠʷ ʢʦʪʦʨʳʭ 

ʟʘʚʠʩʠʪ ʦʪ ʤʦʣʝʢʫʣʷʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʣʫʯʘʝʤʳʭ 

ʞʠʚʦʪʥʳʭ ʠ ʫʩʣʦʚʠʡ ʠʭ ʩʫʱʝʩʪʚʦʚʘʥʠʷ. 

ʆʜʥʘʢʦ ʵʬʬʝʢʪʠʚʥʦʝ ʣʝʯʝʥʠʝ ʜʠʩʧʝʧʩʠʠ ʥʦʚʦ-

ʨʦʞʜʝʥʥʳʭ ʪʝʣʷʪ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʪʦʣʴʢʦ ʧʨʠ 

ʦʧʪʠʤʘʣʴʥʦʤ ʩʦʯʝʪʘʥʠʠ ʙʠʦʪʨʦʧʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʨʘʜʠʦʠʤʧʫʣʴʩʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

(ʯʘʩʪʦʪʘ ʩʣʝʜʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ, ʩʢʚʘʞʥʦʩʪʴ, ʤʦʱ-

ʥʦʩʪʴ, ʯʘʩʪʦʪʘ ʟʘʧʦʣʥʝʥʠʷ ʠʤʧʫʣʴʩʦʚ, ʵʢʩʧʦʟʠʮʠʷ) 

[9]. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨ-

ʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʝʱʝ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʠʟʫʯʝʥ ʚʦʧʨʦʩ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʝʡ, ʩʧʦʩʦʙʥʳʭ ʜʘʪʴ 

ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʪʝʨʘʧʠʠ ʥʦʚʦ-

ʨʦʞʜʝʥʥʳʭ ʪʝʣʷʪ, ʙʦʣʴʥʳʭ ʜʠʩʧʝʧʩʠʝʡ, ʦʪʩʫʪ-

ʩʪʚʫʝʪ ʤʝʪʦʜʦʣʦʛʠʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʟʥʘʯʝʥʠʡ ʙʠʦʪʨʦʧʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʜʠʦʠʤʧʫʣʴʩ-

ʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʧʦ ʩʦʟʜʘʥʠʶ ʘʥʪʝʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʠʤʧʫʣʴʩ-

ʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩ ʥʠʟʢʦʡ ʚʝʣʠ-

ʯʠʥʦʡ ʥʘʧʨʷʞʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʨʘ-

ʜʠʦʠʤʧʫʣʴʩʥʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʙʠʦʪʝʭʥʦʣʦʛʠʠ 

ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʪʝʨʘʧʠʠ ʪʝʣʷʪ, ʙʦʣʴʥʳʭ 

ʜʠʩʧʝʧʩʠʝʡ, ʥʝʩʦʤʥʝʥʥʦ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘ-

ʯʝʡ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʫʚʝʣʠʯʝʥʠʷ ʧʦʛʦ-

ʣʦʚʴʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ. 

ʆʙʲʝʢʪ, ʮʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʷ ʨʘʜʠʦʠʤʧʫʣʴʩʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪ-

ʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʤʦʜʝʣʴʶ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʪʦʯʝʢ (ɹɸʊ) ʢʦʞʥʦʛʦ ʧʦʢʨʦʚʘ ʞʠʚʦʪʥʳʭ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʤʦʜʝʣʠ 

ɹɸʊ ʜʣʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʣʝʯʝʥʠʷ ʪʝʣʷʪ ʙʦʣʴʥʳʭ 

ʜʠʩʧʝʧʩʠʝʡ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʧʦ-

ʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʆʙʦʩʥʦʚʘʪʴ ʤʦʜʝʣʴ ɹɸʊ ʪʝʣʷʪ ʢʨʫʧʥʦʛʦ ʨʦ-

ʛʘʪʦʛʦ ʩʢʦʪʘ. 

2. ʅʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ ɹɸʊ ʩʬʦʨ-

ʤʫʣʠʨʦʚʘʪʴ ʟʘʜʘʯʫ ʦʧʨʝʜʝʣʝʥʠʷ ʙʠʦʪʨʦʧʥʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʕʄʇ ʜʣʷ ʣʝʯʝʥʠʷ ʜʠʩʧʝʧʩʠʠ ʪʝʣʷʪ. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ɺʚʝʜʝʤ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ 

ὶȟ•ȟᾀ ʩ ʦʩʴʶ z, ʩʦʚʧʘʜʘʶʱʝʡ ʩ ʦʩʴʶ ʮʠʣʠʥʜʨʘ ʠ 

ʥʘʯʘʣʦʤ ʢʦʦʨʜʠʥʘʪ ʚ ʪʦʯʢʝ O, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʥʘ 

ʥʠʞʥʝʡ ʛʨʘʥʠʮʝ ɹɸʊ (ʨʠʩ. 1). ʈʘʩʩʤʦʪʨʠʤ ʜʝʡʩʪʚʠʝ 

ʂɺʏ ʠʟʣʫʯʝʥʠʷ ʥʘ ɹɸʊ, ʜʣʠʥʘ ʚʦʣʥʳ ʢʦʪʦʨʦʛʦ ʟʥʘ-

ʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʵʪʦʡ 

ʪʦʯʢʠ. ʕʪʦʪ ʬʘʢʪ ʧʦʟʚʦʣʷʝʪ ʫʩʨʝʜʥʠʪʴ ʤʘʪʝʨʠʘʣʴ-

ʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʦ ʢʦʦʨʜʠʥʘʪʝ •. ʇʦʵʪʦʤʫ, ʜʘʣʝʝ 
ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʤʘʪʝʨʠʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ (ʜʠ-

ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ) ʧʣʦʩʢʦʩʣʦʡʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʦʨʜʠʥʘʪʳ •. 

 
ʈʠʩ. 1. ʕʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ɹɸʊ 

 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʤʘʪʝʨʠʘʣʴ-

ʥʳʝ ʧʘʨʘʤʝʪʨʳ ɹɸʊ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 1: 

2R ʠ h ï ʜʠʘʤʝʪʨ ʠ ʚʳʩʦʪʘ ʮʠʣʠʥʜʨʘ; 

Ὤ ï ʪʦʣʱʠʥʘ ʩʣʦʷ, ʤʦʜʝʣʠʨʫʶʱʝʛʦ ʪʫʯʥʳʝ 

ʢʣʝʪʢʠ; 

Ὤ ï ʪʦʣʱʠʥʘ ʩʣʦʷ, ʤʦʜʝʣʠʨʫʶʱʝʛʦ ʥʝʨʚʥʳʝ 

ʚʦʣʦʢʥʘ; 

‐ȟ ‐ȟ ‐ȟ ‐ ï ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝ-

ʤʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʧʣʦʩʢʦʩʣʦʡʥʦʡ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʚʦʟ-

ʙʫʞʜʘʝʤʦʛʦ ʨʘʜʠʦʠʤʧʫʣʴʩʥʳʤ ʠʟʣʫʯʝʥʠʝʤ, ʧʨʝʜ-

ʧʦʣʘʛʘʝʪʩʷ ʩʣʝʜʫʶʱʝʝ. ʅʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʢʦʦʨʜʠʥʘʪʳ 

•, ʪʦ ʝʩʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʷʚʣʷʝʪʩʷ ʦʩʝʩʠʤ-
ʤʝʪʨʠʯʥʳʤ ʠ ʠʤʝʝʪ ʚʠʜ: 

Ἇᴆ ὉἭᴆȟἒᴆ ὌἭᴆ ὌἭᴆȟ           ρ 

ʛʜʝ ἭᴆȟἭᴆȟ Ἥᴆ ï ʦʨʪʳ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ. 

ʊʘʢʦʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʤʦʞʝʪ ʙʳʪʴ ʚʦʟ-

ʙʫʞʜʝʥʦ ʢʦʣʴʮʝʚʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ, ʨʘʩʧʦ-

ʣʦʞʝʥʥʳʤ ʥʘ ʥʝʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʠ L ʦʪ ʚʥʝʰʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ɹɸʊ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʵʪʦʪ ʪʦʢ ʚʦʟ-

ʙʫʞʜʘʝʪ ʛʘʨʤʦʥʠʯʝʩʢʦʝ ʢʦʣʝʙʘʥʠʝ ʩ ʢʨʫʛʦʚʦʡ ʯʘ-

ʩʪʦʪʦʡ -ʠ ʤʦʜʫʣʠʨʦʚʘʥʥʦʝ ʧʦ ʘʤʧʣʠʪʫʜʝ ʩ ʯʘʩʪʦ 

ʪʦʡ ʤʦʜʫʣʷʮʠʠ ɱ. ʊʦʛʜʘ ʢʦʤʧʦʥʝʥʪʫ Ὁ  ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 
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Ὁ Ὁ ρ άÃÏÓɱὸÃÏÓ ὸ
ᾀ

ὧ
Ȣ                                               ς 

ɿʜʝʩʴ m ï ʛʣʫʙʠʥʘ ʤʦʜʫʣʷʮʠʠ; Ὁ ï ʘʤʧʣʠʪʫʜʘ; c ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ. ʏʘʩʪʦʪʘ ʤʦʜʫʣʷʮʠʠ ɱ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʠ ʜʣʷ ʥʝʝ ʚʳʧʦʣʥʷʝʪʩʷ ʥʝʨʘʚʝʥʩʪʚ ɱḺʖ. ʏʘʩʪʦʪʘ ʖ ʣʝʞʠʪ 

ʚ ʂɺʏ ʜʠʘʧʘʟʦʥʝ τͯπ φπ ːː .̗ ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (1), (2) ʩ ɹɸʊ 

ʚʦʟʥʠʢʘʝʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩ ʪʘʢʦʡ ʞʝ ʧʦʣʷʨʠʟʘʮʠʝʡ, ʯʪʦ ʠ ʫ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʧʦʣʷ. ʕʪʦ ʧʦʣʝ ʜʦʣʞʥʦ 

ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʨʘʚʥʝʥʠʷʤ ʄʘʢʩʚʝʣʣʘ: 

ἺἷἼἒᴆ
ρ

ὧ

Ἆᴆ

ὸ
ȟ                                                                          σ 

ἺἷἼἏᴆ
ρ

ὧ

Ἄᴆ

ὸ
Ȣ                                                                       τ 

ʂʨʦʤʝ ʪʦʛʦ, ʪʘʥʛʝʥʮʠʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʥʘʧʨʷʞʝʥʥʦʩʪʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ 

ʜʦʣʞʥʳ ʙʳʪʴ ʥʝʧʨʝʨʳʚʥʳ ʥʘ ʛʨʘʥʠʮʘʭ ʨʘʟʜʝʣʘ ʩʨʝʜ. ɺʝʢʪʦʨʳ ʠʥʜʫʢʮʠʠ Ἆᴆ ʠ Ἄᴆ ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ʥʘʧʨʷ-

ʞʝʥʥʦʩʪʠ Ἇᴆ ʠ ἒᴆ ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʠʭ ʚʳʨʘʞʝʥʠʡ: 

Ἆᴆ ‐ἏᴆȟἌᴆ ἒᴆȟ                                                                    υ 

ʛʜʝ ‐ ï ʢʫʩʦʯʥʦ-ʧʦʩʪʦʷʥʥʘʷ ʬʫʥʢʮʠʷ, ʩʚʷʟʘʥʥʘʷ ʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʩʣʝʜʫʶʱʠʤ ʦʙ-

ʨʘʟʦʤ: 

‐

ừ
Ử
Ừ

Ử
ứ
ρȟᾀ πȟᾀ Ὤ ὬȠ                                        
‐ȟπ ᾀ ὬȠ                                                 
‐ȟ Ὤ ᾀ Ὤ Ὤ Ὤȟὶ ὙȠ

‐ȟ Ὤ Ὤ Ὤ ᾀ Ὤ Ὤȟὶ ὙȠ        
‐ȟ Ὤ ᾀ Ὤ Ὤȟὶ ὙȢ                         

   (6) 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ (2)ï(4), ʟʘʜʘʯʘ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʚʦʣʥ ʨʘʜʠʦʠʤʧʫʣʴʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ɹɸʊ ʷʚʣʷʝʪʩʷ 

ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʟʘʜʘʯʝʡ ʜʠʬʨʘʢʮʠʠ. ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʢʦʤʧʣʝʢʩʥʳʭ ʘʤʧʣʠʪʫʜ [10] ʵʪʫ ʟʘʜʘʯʫ ʤʦʞʥʦ 

ʩʚʝʩʪʠ ʢ ʟʘʜʘʯʝ ʜʠʬʨʘʢʮʠʠ ʜʣʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʟʘʚʠʩʷʱʠʭ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʦʪ ʚʨʝʤʝʥʠ. ɼʝʡ-

ʩʪʚʠʪʝʣʴʥʦ, ʧʨʝʜʩʪʘʚʠʤ ʚʦʟʙʫʞʜʘʶʱʝʝ ʧʦʣʝ (2) ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

Ὁ Ὁ2ÅὩ Ὡ
ά

ς
Ὡ

ά

ς
Ὡ ȟ                                        χ 

 

ʛʜʝ Re ï ʦʙʦʟʥʘʯʘʝʪ ʨʝʘʣʴʥʫʶ ʯʘʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ; Ὧ . 

ʀʟ (7) ʩʣʝʜʫʝʪ, ʯʪʦ ʚʦʟʙʫʞʜʘʶʱʝʝ ʧʦʣʝ ʷʚʣʷʝʪʩʷ ʩʫʧʝʨʧʦʟʠʮʠʝʡ ʪʨʝʭ ʧʦʣʝʡ: 

Ὁ Ὁ Ὁ Ὁ Ȣ                                                                   ψ 

ɿʜʝʩʴ: 

Ὁ 2ÅὩ Ὡ Ƞ Ὁ πȟυάὉ2ÅὩ Ὡ Ƞ 

Ὁ πȟυάὉ2ÅὩ Ὡ Ȣ                                                               ω 

 

ɺ ʩʠʣʫ ʧʨʠʥʮʠʧʘ ʩʫʧʝʨʧʦʟʠʮʠʠ ʨʝʰʝʥʠʝ ʠʩʭʦʜʥʦʡ ʟʘʜʘʯʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʢʘʢ ʩʫʧʝʨʧʦʟʠʮʠʷ 

ʨʝʰʝʥʠʡ ʪʨʝʭ ʟʘʜʘʯ ʩ ʧʦʣʷʤʠ ʚʦʟʙʫʞʜʝʥʠʷ (9). ʊʦʛʜʘ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʢʦʤʧʣʝʢʩʥʳʭ ʘʤʧʣʠʪʫʜ, ʜʦʩʪʘʪʦʯʥʦ 

ʨʝʰʠʪʴ ʪʨʠ ʟʘʜʘʯʠ ʜʠʬʨʘʢʮʠʠ ʩ ʧʦʣʷʤʠ ʚʦʟʙʫʞʜʝʥʠʷ: 

 

Ὁ ὉὩ Ὡ , ʛʜʝ ὲ ρȟςȟσȢ                                                    (10) 

 

ʛʜʝ Ὁ Ὁȟ Ὁ Ὁ ȟ  ȟ   ɱȟ   ɱȢ 

ʉʬʦʨʤʫʣʠʨʫʝʤ ʵʪʠ ʟʘʜʘʯʠ ʜʠʬʨʘʢʮʠʠ. ɺʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʷ: 

Ὁ ὟὩ ȟ ὲ ρȟςȟσȢ                                                     (11) 

ʛʜʝ Ὗ  ï ʦʙʦʟʥʘʯʘʝʪ ʢʦʤʧʣʝʢʩʥʫʶ ʘʤʧʣʠʪʫʜʫ, ʢʦʪʦʨʘʷ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʚʦʟʙʫʞʜʘʶʱʝʛʦ 

ʧʦʣʷ Ὁ  ʥʘ ɹɸʊ (ʩʤ. 10). 

ɼʘʣʝʝ, ʧʨʝʜʩʪʘʚʣʷʷ ʫʨʘʚʥʝʥʠʝ (3) ʠ (4) ʚ ʢʦʦʨʜʠʥʘʪʥʦʡ ʬʦʨʤʝ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, 

ʧʦʩʣʝ ʨʷʜʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʠʤʝʝʤ: 

Ὗ

ὶ

ρ

ὶ

Ὗ

ὶ

Ὗ

ᾀ
Ὧ‐

ρ

ὶ
Ὗ πȠ                                             ρς 

Ὄ
Ὥ

Ὧ

Ὗ

ᾀ
Ὡ Ƞ Ὄ

Ὥ

Ὧὶ

ὶὟ

ὶ
Ὡ Ƞ  

Ὁ ὟὩ Ƞὲ ρȟςȟσȢ                                                               ρσ 
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ʛʜʝ Ὧ Ƞ Ὄ ȟ Ὄ , ï ʢʦʤʧʦʥʝʥʪʳ ʥʘʧʨʷ-

ʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʘ ʢʫʩʦʯʥʦ-ʧʦʩʪʦʷʥʥʘʷ 

ʬʫʥʢʮʠʷ ‐ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (6). 

ʄʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʢʨʘʝʚʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʬʫʥʢʮʠʠ Ὗ  ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʩʘʤʦʡ 

ʬʫʥʢʮʠʠ ʠ ʝʝ ʥʦʨʤʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʥʘ ʛʨʘʥʠʮʘʭ 

ʨʘʟʜʝʣʘ ʩʨʝʜ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʯʘʣʴʥʘʷ ʥʝʩʪʘʮʠʦʥʘʨʥʘʷ ʟʘ-

ʜʘʯʘ ʜʠʬʨʘʢʮʠʠ ʨʘʜʠʦʠʤʧʫʣʴʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ 

ɹɸʊ ʩʚʝʜʝʥʘ ʢ ʪʨʝʤ ʟʘʜʘʯʘʤ ʜʠʬʨʘʢʮʠʠ (12), (13) ʠ 

(10). 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ (12), (13), ʵʪʠ ʟʘʜʘʯʠ ʦʪʣʠʯʘ-

ʶʪʩʷ ʪʦʣʴʢʦ ʚʦʣʥʦʚʳʤʠ ʯʠʩʣʘʤʠ Ὧ  ὧȟϳ  ὲ
ρȟςȟσȢ ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ ʨʝʰʝ-
ʥʠʷ ʦʜʥʦʡ ʠʟ ʵʪʠʭ ʟʘʜʘʯ, ʘ ʜʣʷ ʜʨʫʛʠʭ ʜʦʩʪʘʪʦʯʥʦ 

ʟʘʤʝʥʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʦʣʥʦʚʳʝ ʯʠʩʣʘ. 

ɺʳʚʦʜʳ 

1. ɼʣʷ ʘʥʘʣʠʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʜʠʦʠʤʧʫʣʴʩ-

ʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ɹɸʊ ʢʦʞʥʦʛʦ ʧʦʢʨʦʚʘ ʪʝʣʷʪ ʩʣʝ-

ʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʝʣʴ ʚ ʚʠʜʝ ʧʣʦʩʢʦʩʣʦʡʥʦʡ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. 

2. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʙʠʦʪʨʦʧʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʕʄʇ ʜʣʷ ʣʝʯʝʥʠʷ ʜʠʩʧʝʧʩʠʠ ʪʝʣʷʪ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʚʤʝʩʪʦ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʟʘʜʘʯʠ ʜʠʬʨʘʢʮʠʠ 

ʨʘʜʠʦʠʤʧʫʣʴʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ɹɸʊ ʪʨʠ ʟʘʜʘʯʠ 

ʜʠʬʨʘʢʮʠʠ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʢʦʤʧʣʝʢʩʥʳʭ ʘʤʧʣʠ-

ʪʫʜ. 
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ɸʥʥʦʪʘʮʠʷ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ ʥʘ ʕɺʄ ʦʙʣʘʩʪʝʡ, ʚʥʫʪʨʠ ʢʦʪʦʨʳʭ ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ 

ʥʝ ʤʝʥʴʰʝ ʪʨʝʙʫʝʤʦʡ, ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʘʨʘʤʝʪʨʘ ʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ (ʉɸʋ). 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ ʤʥʦʛʦʢʨʘʪʥʦʝ ʧʦʩʪʨʦʝʥʠʝ ʠ ʘʥʘʣʠʟ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩ-

ʪʠʢʠ ʠʣʠ ʯʘʩʪʦʪʥʦʛʦ ʛʦʜʦʛʨʘʬʘ ʉɸʋ, ʘ ʪʘʢ ʞʝ ʧʦʩʪʨʦʝʥʠʝ ʠ ʘʥʘʣʠʟ ʛʦʜʦʛʨʘʬʘ D-ʨʘʟʙʠʝʥʠʷ. ʕʪʠ ʛʦʜʦʛʨʘʬʳ 

ʠʤʝʶʪ ʥʝʨʝʛʫʣʷʨʥʳʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ, ʠ ʜʣʷ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʠʭ ʧʦʩʪʨʦʝʥʠʝ ʤʦʞʝʪ ʧʨʝʚʨʘʪʠʪʴʩʷ ʚ ʩʫ-

ʱʝʩʪʚʝʥʥʫʶ ʧʨʦʙʣʝʤʫ, ʩʚʷʟʘʥʥʫʶ ʩ ʚʳʙʦʨʦʤ ʰʘʛʘ ʠʟʤʝʥʝʥʠʷ ʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪʳ. ɺ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʥʫʞʥʳ ʛʦʜʦʛʨʘʬʳ ʥʝ ʚ ʮʝʣʦʤ (ʥʝ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ), ʘ ʣʠʰʴ ʠʭ ʦʪ-

ʜʝʣʴʥʳʝ ʪʦʯʢʠ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʛʨʘʥʠʮʳ ʠʩʢʦʤʳʭ ʦʙʣʘʩʪʝʡ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʦʧʨʝʜʝʣʷʪʴ 

ʥʘʣʠʯʠʝ ʵʪʠʭ ʪʦʯʝʢ ʧʦ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʚʝʱʝʩʪʚʝʥʥʳʤ ʢʦʨʥʷʤ ʩʧʝʮʠʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʧʦʩʪʨʦʝʥʥʳʭ ʘʣʛʝʙ-

ʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, ʯʪʦ ʥʝ ʪʨʝʙʫʝʪ ʧʝʨʝʙʦʨʘ ʟʥʘʯʝʥʠʡ ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʝʤ ʩʘʤʳʤ ʥʝ ʪʨʝʙʫʝʪ 

ʠʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ. ʇʨʝʜʣʘʛʘʝʤʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʠʪʴ 

ʚʨʝʤʷ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ʠ ʧʦʚʳʩʠʪʴ ʩʣʦʞʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʳʭ ʉɸʋ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʦʙʣʘʩʪʝʡ ʫʩʪʦʡʯʠ-

ʚʦʩʪʠ ʠ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ. 

Abstract 

We consider a method of computer construction of areas within which the bandwidth is not less than required 

in the parameter space of linear automatic control systems (ACS). To solve the problem, it is necessary to repeat-

edly construct and analyze the amplitude-frequency characteristic or frequency hodograph of ACS, as well as the 

construction and analysis of the D-partition hodograph. These hodographs have an irregular behavior and for dif-

ficult systems their construction can turn into a significant problem associated with the choice of the step of change 

and the maximum frequency value. In turn, to solve the problem, hodographs are needed not as a whole (not in the 

whole frequency range), but only their individual points, with the help of which the boundaries of the desired areas 

are determined. It is offered to determine the presence of these points by positive real roots in a special way of the 

constructed algebraic equations that doesn't demand search of all values of the frequency characteristics, thereby 

does not require their direct construction. The proposed solution of a task allows to reduce significantly time of 

receiving result and to increase complexity of the studied ACS in the construction of stability areas and areas of 

guaranteed bandwidth. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʠʥʝʡʥʘʷ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ, ʦʙʣʘʩʪʴ 

ʫʩʪʦʡʯʠʚʦʩʪʠ, ʦʙʣʘʩʪʴ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ, ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʝʥʥʳʝ ʢʦʨʥʠ. 

Keywords: linear automatic control system, bandwidth, stability area, area of guaranteed bandwidth, positive 

real roots. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ 

ʇʨʠ ʩʠʥʪʝʟʝ ʉɸʋ, ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ 

ʚʣʠʷʥʠʝ ʟʥʘʯʝʥʠʡ ʢʘʢʠʭ-ʣʠʙʦ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʩʪʨʦʷʪ ʦʙʣʘʩʪʴ (ʦʙʣʘʩʪʠ) 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʵʪʠʭ ʚʘʨʴʠ-

ʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ. ɺ ʜʘʣʴʥʝʡʰʝʤ, ʧʨʠ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʠ, ʚʥʫʪʨʠ ʧʦʣʫʯʝʥʥʦʡ ʦʙʣʘʩʪʠ ʩʪʨʦʷʪ ʧʦʜʦʙ-

ʣʘʩʪʴ ʢʘʯʝʩʪʚʘ ʩ ʪʨʝʙʫʝʤʳʤʠ (ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʤʠ) 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʠʪʩʷ ʠ ʧʦʣʦʩʘ 

ʧʨʦʧʫʩʢʘʥʠʷ. ʊʦ ʝʩʪʴ, ʢʘʢ ʧʨʠ ʘʥʘʣʠʟʝ, ʪʘʢ ʠ ʧʨʠ 

ʩʠʥʪʝʟʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʦʜʥʦʛʦ ʬʘʢʪʘ ʫʩʪʦʡ-

ʯʠʚʦʩʪʠ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʅʝʦʙʭʦʜʠʤʦ ʝʱʝ ʦʮʝʥʠʪʴ 

ʢʘʯʝʩʪʚʦ ʝʝ ʨʘʙʦʪʳ, ʪʦ ʝʩʪʴ ʥʘʩʢʦʣʴʢʦ ʚʳʧʦʣʥʷʶʪʩʷ 

ʪʝ ʠʣʠ ʠʥʳʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

(ʥʘʧʨʠʤʝʨ, ʚʨʝʤʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʧʝʨʝʨʝʛʫʣʠʨʦʚʘ-
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ʥʠʝ, ʧʦʢʘʟʘʪʝʣʴ ʢʦʣʝʙʘʪʝʣʴʥʦʩʪʠ, ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘ-

ʥʠʷ ʠ ʪ.ʧ.) ʠʣʠ ʢʨʠʪʝʨʠʠ. ʉʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ 

ʫʩʪʦʡʯʠʚʦʡ, ʥʘ ʧʨʘʢʪʠʢʝ ʤʦʞʝʪ ʙʳʪʴ ʥʝʧʨʠʛʦʜʥʦʡ 

ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ, ʪʘʢ ʢʘʢ ʝʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʥʝ ʫʜʦ-

ʚʣʝʪʚʦʨʷʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʵʪʠʭ ʟʘʜʘʯ [1, 2, 12]. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʦʙʣʘʩʪʝʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʉɸʋ 

ʥʘ ʕɺʄ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʧʦʠʩʢʦʚʳʝ ʤʝʪʦʜʳ, ʪʘʢ ʠ 

ʢʣʘʩʩʠʯʝʩʢʠʝ [1, 8], ʥʦ ʤʘʰʠʥʥʦ-ʘʜʘʧʪʠʨʦʚʘʥʥʳʝ, 

ʯʘʩʪʦʪʥʳʝ ʤʝʪʦʜʳ D-ʨʘʟʙʠʝʥʠʷ. ɼʣʷ ʚʳʜʝʣʝʥʠʷ 

ʚʥʫʪʨʠ ʦʙʣʘʩʪʝʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʜʦʙʣʘʩʪʝʡ ʩ ʛʘ-

ʨʘʥʪʠʨʦʚʘʥʥʦʡ ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ ʧʨʠʤʝʥʷʝʪʩʷ 

ʤʥʦʛʦʢʨʘʪʥʦʝ ʧʦʩʪʨʦʝʥʠʝ ʠ ʘʥʘʣʠʟ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʚʘʨʴʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʘʤʣʠʪʫʜʥʦ-ʯʘ-

ʩʪʦʪʥʦʡ (ɸʏʍ) ʠʣʠ ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʦʡ (ʯʘʩʪʦʪ-

ʥʦʛʦ ʛʦʜʦʛʨʘʬʘ) ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʆʙʣʘ-

ʩʪʴʶ ʩ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ ʷʚ-

ʣʷʝʪʩʷ ʦʙʣʘʩʪʴ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʡ ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘ-

ʥʠʷ ʥʝ ʤʝʥʴʰʝ ʪʨʝʙʫʝʤʦʡ. 

ʅʘ ʧʨʘʢʪʠʢʝ, ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʩʣʫʞʠʪ ʜʣʷ 

ʦʮʝʥʢʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʉɸʋ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʘʩʪʦ-

ʪʦʡ wʧ, ʥʘ ʢʦʪʦʨʦʡ ɸʏʍ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ɸ(w) 

ʧʝʨʝʩʝʢʘʝʪ ʩʧʝʮʠʘʣʴʥʫʶ ʧʨʷʤʫʶ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 1 [1], ʪʦ ʝʩʪʴ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ 

A(wʧ)=0.707A(0). ɺ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ ɸʏʍ ʧʨʦ-

ʭʦʜʠʪ ʥʘʜ ʩʧʝʮʠʘʣʴʥʦʡ ʧʨʷʤʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ-

ʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʫʨʘʚʥʝ-

ʥʠʷ ʚʠʜʘ: 

( ) 0.707 (0)A Aw= ,  (1)
 

ʛʜʝ A(0) ï ʟʥʘʯʝʥʠʝ ɸʏʍ ʥʘ ʥʫʣʝʚʦʡ ʯʘʩʪʦʪʝ.

 ɼʦʧʫʩʪʠʤʳʝ (ʪʨʝʙʫʝʤʳʝ) ʟʥʘʯʝʥʠʷ wʧ ʫʩʪʘʥʘʚ-
ʣʠʚʘʶʪʩʷ ʜʣʷ ʢʘʞʜʦʡ ʢʦʥʢʨʝʪʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʦʩ-

ʥʦʚʝ ʠʟʫʯʝʥʠʷ ʫʩʣʦʚʠʡ ʝʝ ʵʢʩʧʣʫʘʪʘʮʠʠ [1]. 

 
ʈʠʩʫʥʦʢ 1. ɸʏʍ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʩ ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ [0; wʧ]  

 

ɹʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʟʘʜʘʯʫ ʧʦʩʪʨʦʝʥʠʷ ʥʘ 

ʕɺʄ ʦʙʣʘʩʪʝʡ ʩ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʧʦʣʦʩʦʡ ʧʨʦʧʫʩ-

ʢʘʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʜʥʦʛʦ ʚʘʨʴʠʨʫʝʤʦʛʦ ʧʘʨʘ-

ʤʝʪʨʘ ʣʠʥʝʡʥʳʭ ʟʘʤʢʥʫʪʳʭ ʩʠʩʪʝʤ ʩ ʧʦʤʦʱʴʶ ʧʨʦ-

ʩʪʦʛʦ, ʥʦ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʜʦʩʪʘʪʦʯʥʦ ʵʬ-

ʬʝʢʪʠʚʥʦʛʦ ʩʧʦʩʦʙʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ 

ʘʣʛʝʙʨʘʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ɸʏʍ. 

ʎʝʣʴ ʩʪʘʪʴʠ 

ʎʝʣʴʶ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ 

(ʧʦʜʭʦʜʘ) ʧʦʩʪʨʦʝʥʠʷ ʥʘ ʕɺʄ ʦʙʣʘʩʪʝʡ ʛʘʨʘʥʪʠʨʦ-

ʚʘʥʥʦʡ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʉɸʋ ʥʘ ʦʩʥʦʚʝ D-

ʨʘʟʙʠʝʥʠʷ ʠ ɸʏʍ ʧʦ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʚʝʱʝʩʪʚʝʥ-

ʥʳʤ ʨʝʰʝʥʠʷʤ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, ʪʦ ʝʩʪʴ 

ʥʝ ʪʨʝʙʫʶʱʝʛʦ ʧʦʩʪʨʦʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʯʘʩʪʦʪʥʳʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʩʚʦ-

ʜʠʪʩʷ ʢ ʘʣʛʝʙʨʘʠʟʘʮʠʠ ʢʣʘʩʩʠʯʝʩʢʠʭ ʯʘʩʪʦʪʥʳʭ ʤʝ-

ʪʦʜʦʚ ʪʝʦʨʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʉʣʝ-

ʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʘʢʦʡ ʘʣʛʝʙʨʘʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ 

ʨʝʰʝʥʠʶ ʟʘʜʘʯ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʠʤʝʥʠʤ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʦʙʣʘʩʪʝʡ ʢʘʯʝʩʪʚʘ 

ʉɸʋ [11], ʘʥʘʣʠʟʘ ʧʨʷʤʳʭ ʠ ʢʦʩʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝ-

ʣʝʡ ʢʘʯʝʩʪʚʘ [3, 4], ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʉɸʋ [5], ʘʥʘʣʠʟʘ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʚ ʥʝʣʠ-

ʥʝʡʥʳʭ ʩʠʩʪʝʤʘʭ [6], ʘʥʘʣʠʟʘ ʘʙʩʦʣʶʪʥʦʡ ʫʩʪʦʡʯʠ-

ʚʦʩʪʠ ʥʝʣʠʥʝʡʥʳʭ ʉɸʋ ʧʦ ʢʨʠʪʝʨʠʶ ʇʦʧʦʚʘ [7]. 

 ʇʨʝʜʣʘʛʘʝʤʳʡ ʚ ʩʪʘʪʴʝ ʘʣʛʝʙʨʘʠʯʝʩʢʠʡ ʤʝʪʦʜ 

ʧʦʟʚʦʣʷʝʪ ʚ ʙʝʩʢʦʥʝʯʥʦʤ ʤʥʦʞʝʩʪʚʝ ʪʦʯʝʢ ʚʘʨʴʠʨʫ-

ʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʉɸʋ ʫʩʪʘʥʦʚʠʪʴ ʪʝ, ʢʦʪʦʨʳʝ ʦʧʨʝ-

ʜʝʣʷʶʪ ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʝʡ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʧʦʣʦʩʳ 

ʧʨʦʧʫʩʢʘʥʠʷ.  

ʇʦʩʪʨʦʝʥʠʝ ʦʙʣʘʩʪʝʡ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʧʦ-

ʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʦ-

ʞʠʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚʝʥʥʳʭ ʨʝʰʝʥʠʡ ʘʣʛʝʙʨʘʠʯʝ-

ʩʢʠʭ ʫʨʘʚʥʝʥʠʡ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʣʫʯʘʡ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʦʜʥʦʛʦ ʚʘʨʴʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ a ʯʠʩʣʠ-

ʪʝʣʷ ʠ ʟʥʘʤʝʥʘʪʝʣʷ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ ʟʘʤʢʥʫ-

ʪʦʡ ʉɸʋ. ʊʘʢʘʷ ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʠʤʝʝʪ ʚʠʜ: 

( ) ( )
ʌ( )

( ) ( )

c s v s
s

a s b s

a

a

+
=

+
,(2)

 

ʛʜʝ c(s), v(s), a(s), b(s) - ʧʦʣʠʥʦʤʳ ʩ ʚʝʱʝʩʪʚʝʥ-

ʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ. 

ʇʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʜʣʷ 

ʫʩʪʦʡʯʠʚʳʭ ʩʠʩʪʝʤ, ʧʦʵʪʦʤʫ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʩʪʨʦʠʤ ʦʙʣʘʩʪʠ (ʠʥʪʝʨʚʘʣʳ) ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ ʧʘʨʘʤʝʪʨʘ a. ɼʣʷ ʵʪʦʛʦ ʧʨʠʤʝʥʠʤ ʤʝʪʦʜ, 
ʦʧʠʩʘʥʥʳʡ ʚ [10].  

ʇʦ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ (2) ʟʘʧʠʰʝʤ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʯʝʩʢʠʡ ʧʦʣʠʥʦʤ ʟʘʤʢʥʫʪʦʡ ʉɸʋ: 

ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʫʨʘʚʥʝʥʠʶ: 

0)}(/)(Im{ =- ww jbja . 

ʇʦʜʩʪʘʚʠʤ ʚ ʧʦʣʠʥʦʤ (3) ʚʤʝʩʪʦ s ʤʥʠʤʫʶ ʧʝ-

ʨʝʤʝʥʥʫʶ jw ʠ ʚʳʜʝʣʠʤ ʚʘʨʴʠʨʫʝʤʳʡ ʧʘʨʘʤʝʪʨ: 

0 w

ʧ 

w 

0.707ɸ

(0) 

ɸ

(0) 

ɸ(

w) 
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)(/)()( wwwa jbjaj -=  (4)
 

ʇʨʝʜʩʪʘʚʠʤ (4) ʚ ʚʠʜʝ 

( ) ( )
( ) ,

( ) ( )

r m
j j

z z

w w
a w

w w
= + Ö (5)

 

ʛʜʝ r(w), m(w) ʠ z(w) ï ʧʦʣʠʥʦʤʳ ʩ ʚʝʱʝʩʪʚʝʥ-

ʥʤrʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ. 

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʠʥʪʝʨʚʘʣʦʚ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʉɸʋ ʧʦ ʧʘʨʘʤʝʪʨʫ a ʚʳʯʠʩʣʠʤ 

ʚʝɦʝʩʪʚʝʥʥʳʝ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʝ ʢʦʨʥʠ ʠ ʠʭ ʢʨʘʪʥʦ-

ʩʪʠ ʧʦʣʠʥʦʤʦʚ ʯʠʩʣʠʪʝʣʷ ʠ ʟʥʘʤʝʥʘʪʝʣʷ ʤʥʠʤʦʡ 

ʯʘʩʪʠ ʚʳʨʘʞʝʥʠʷ (5). 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʠʥʪʝʨʚʘʣʦʚ ʦʩʫ-

ʱʝʩʪʚʣʷʝʤ ʧʝʨʝʙʦʨ ʢʦʨʥʝʡ ʧʦʣʠʥʦʤʘ ʯʠʩʣʠʪʝʣʷ 

m(w) ʠ ʩʨʘʚʥʠʚʘʝʤ ʦʯʝʨʝʜʥʦʡ ʢʦʨʝʥʴ ʯʠʩʣʠʪʝʣʷ
 
ʩ 

ʢʦʨʥʷʤʠ ʧʦʣʠʥʦʤʘ ʟʥʘʤʝʥʘʪʝʣʷ z(w). ʀʩʢʣʶʯʘʝʤ 
ʩʦʚʧʘʜʘʶʱʠʝ ʢʦʨʥʠ ʩ ʫʯʝʪʦʤ ʠʭ ʢʨʘʪʥʦʩʪʝʡ. ʆʩʪʘʚ-

ʰʠʝʩʷ ʧʦʩʣʝ ʠʩʢʣʶʯʝʥʠʷ ʢʦʨʥʠ ʧʦʣʠʥʦʤʘ m(w), ʢʦ-
ʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʯʘʩʪʦʪʘʤʠ ʧʝʨʝʩʝʯʝʥʠʷ ʛʦʜʦʛʨʘʬʘ 

D-ʨʘʟʙʠʝʥʠʷ ʩ ʚʝʱʝʩʪʚʝʥʥʦʡ ʦʩʴʶ, ʧʦʜʩʪʘʚʣʷʝʤ ʚ 

ʜʝʡʩʪʚʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʚʳʨʘʞʝʥʠʷ (5) ʠ ʦʧʨʝʜʝʣʷʝʤ 

ʛʨʘʥʠʮʳ ʠʥʪʝʨʚʘʣʦʚ çʧʨʝʪʝʥʜʝʥʪʦʚè ʥʘ ʫʩʪʦʡʯʠ-

ʚʦʩʪʴ. ʋʧʦʨʷʜʦʯʠʚʘʝʤ ʧʦʣʫʯʝʥʥʳʝ ʛʨʘʥʠʮʳ ʚʘʨʴʠ-

ʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ a ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ, ʜʦʙʘʚʣʷʝʤ ʢ 

ʥʠʤ ʥʠʞʥʶʶ ʠ ʚʝʨʭʥʶʶ ʧʨʝʜʝʣʴʥʳʝ ʛʨʘʥʠʮʳ (ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʠʝ a=-Ð ʠ a=+Ð) ʠ ʬʦʨʤʠʨʫʝʤ ʩʘʤʠ 
ʠʥʪʝʨʚʘʣʳ çʧʨʝʪʝʥʜʝʥʪʳè ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ. 

ɼʘʣʝʝ, ʜʣʷ ʢʘʞʜʦʛʦ ʠʥʪʝʨʚʘʣʘ ʦʧʨʝʜʝʣʠʤ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʧʦʣʠʥʦʤʘ 

D( ) ( ) ( )cs b s a sa= + , ʛʜʝ aʩ ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʠʥʪʝʨʚʘʣʘ, ʩ ʧʦʤʦʱʴʶ ʣʶʙʦʛʦ ʘʣʛʝʙʨʘʠʯʝʩʢʦʛʦ 

ʢʨʠʪʝʨʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ (ʥʘʧʨʠʤʝʨ, ʈʘʫʩʘ). ɽʩʣʠ 

ʧʦʣʠʥʦʤ D(s) ʫʩʪʦʡʯʠʚ, ʪʦ ʠ ʚʝʩʴ ʠʥʪʝʨʚʘʣ ʠʟʤʝʥʝ-

ʥʠʷ ʧʘʨʘʤʝʪʨʘ ʷʚʣʷʝʪʩʷ ʠʥʪʝʨʚʘʣʦʤ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʉɸʋ.  

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʩʪʨʦʠʤ ʧʦʜʦʙʣʘʩʪʠ (ʠʥʪʝʨ-

ʚʘʣʳ) ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ ʧʘʨʘʤʝʪʨʘ a ʚʥʫʪʨʠ ʧʦʣʫʯʝʥʥʳʭ ʠʥʪʝʨ-

ʚʘʣʦʚ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

ʉʥʘʯʘʣʘ ʨʘʩʩʤʦʪʨʠʤ, ʢʘʢ ʘʣʛʝʙʨʘʠʯʝʩʢʠʤ ʩʧʦ-

ʩʦʙʦʤ (ʙʝʟ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ɸʏʍ) 

ʦʧʨʝʜʝʣʠʪʴ ʧʦʣʦʩʫ ʧʨʦʧʫʩʢʘʥʠʷ ʧʨʠ ʥʝʢʦʪʦʨʦʤ 

ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʟʥʘʯʝʥʠʠ a ʠʟ ʠʥʪʝʨʚʘʣʘ ʫʩʪʦʡʯʠ-

ʚʦʩʪʠ, ʧʦʣʫʯʝʥʥʦʛʦ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ. 

ʇʦʜʩʪʘʚʠʚ ʪʘʢʦʝ a ʚ ʧʝʨʝʜʘʪʦʯʥʫʶ ʬʫʥʢʮʠʶ 

(2), ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʝʝ ʚ ʚʠʜʝ 

)(

)(
)(

sA

sB
s =F ,  (6) 

ʛʜʝ 

0

( )
m

i

m i

i

B s b s-
=

=ä
 

ʠ 

0

( )
n

i

n i

i

A s a s-
=

=ä . 

ʇʦ (6) ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ɸʏʍ ɸ(w): 

)()( ww jA F= .  (7) 

ɼʣʷ ʵʪʦʛʦ ʧʨʦʠʟʚʝʜʝʤ ʚ (6) ʟʘʤʝʥʫ ʦʧʝʨʘʪʦʨʘ s 

ʥʘ ʤʥʠʤʫʶ ʧʝʨʝʤʝʥʥʫʶ jw.
 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫ-

ʯʠʤ ʯʘʩʪʦʪʥʫʶ ʧʝʨʝʜʘʪʦʯʥʫʶ ʬʫʥʢʮʠʶ: 

0 1 2

1 2

0

( )
( ) ( )( )

( )
( ) ( ) ( )

( )

m
i

m i

i

n
i

n i

i

b j
b jbB j

j
A j a ja

a j

w
w ww

w
w w w

w

-

=

-

=

+
F = = =

+

ä

ä

   (8) 

ʛʜʝ 1 2 1 2( ), ( ), ( ), ( )b b a aw w w w
 
ï ʧʦʣʠʥʦʤʳ ʩ ʚʝʱʝʩʪʚʝʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ.

  

ʇʨʝʜʩʪʘʚʠʤ (8) ʚ ʚʠʜʝ 

c ( ) c ( )
ʌ( )

( ) ( )

u vj j
z z

w w
w

w w
= + Ö ,     (9) 

ʛʜʝ 
1 1 2 2c ( ) ( ) ( ) ( ) ( )u b a b aw w w w w= + ,

 

2 1 1 2c ( ) ( ) ( ) ( ) ( )v b a b aw w w w w= - ,
 

2 2

1 2z( ) ( ) ( )a aw w w= + . 

ʊʦʛʜʘ ʚʳʨʘʞʝʥʠʝ (7) ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ɸʏʍ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, ʢʘʢ: 

 

2 2

2

c ( ) c ( ) c ( ) ( )
( )

( ) ( ) z ( )

u v u vc
A j

z z

w w w w
w

w w w

+
= + Ö = .   (10) 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʟʥʘʯʝʥʠʷ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ wʧ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʫʨʘʚʥʝʥʠʝ (1), ʢʦʪʦʨʦʝ, ʩ ʫʯʝ-
ʪʦʤ (10), ʟʘʧʠʰʝʤ ʚ ʚʠʜʝ 

2 2

2

c ( ) ( )
0.707 (0)

z ( )

u vc
A

w w

w

+
=     (11)

 

ɺʦʟʚʝʜʝʤ ʣʝʚʫʶ ʠ ʧʨʘʚʫʶ ʯʘʩʪʴ (11) ʚ ʢʚʘʜʨʘʪ, ʧʦʣʫʯʠʤ: 
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2 2
2

2

c ( ) ( )
0.4998 (0)

z ( )

u vc
A

w w

w

+
= , Ý  

 

2 2 2 2c ( ) c ( ) 0.4998 (0) ( ) 0u v A Zw w w+ - =    (12) 

 

ɺʳʯʠʩʣʠʤ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʝʥʥʳʝ 

ʢʦʨʥʠ ʫʨʘʚʥʝʥʠʷ (12). ʅʘʠʤʝʥʴʰʠʡ ʠʟ ʧʦʣʫʯʝʥʥʳʭ 

ʢʦʨʥʝʡ ʠ ʙʫʜʝʪ ʟʥʘʯʝʥʠʝʤ wʧ. 
ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʘʨʴʠʨʫʝʤʦʛʦ 

ʧʘʨʘʤʝʪʨʘ a ʦʙʣʘʩʪʝʡ (ʠʥʪʝʨʚʘʣʦʚ) ʛʘʨʘʥʪʠʨʦʚʘʥ-

ʥʦʡ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʩ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ ʙʳʣ 

ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʝʪʦʜʝ ʧʦʣʦ-

ʚʠʥʥʦʛʦ ʜʝʣʝʥʠʷ [9]. ʈʘʩʩʤʦʪʨʠʤ ʵʪʦʪ ʘʣʛʦʨʠʪʤ ʜʣʷ 

ʦʜʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʧʦʣʫʯʝʥʥʦʛʦ ʥʘ 

ʧʝʨʚʦʤ ʵʪʘʧʝ. 

ʐʘʛ 1. ɿʘʜʘʝʤ ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ ʜʣʷ 

ʜʘʥʥʦʡ ʉɸʋ ʟʥʘʯʝʥʠʝ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ 
min

ʇw

, ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚʘʨʴʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ an 

(an Ƅ ʣʝʚʘʷ ʛʨʘʥʠʮʘ ʠʥʪʝʨʚʘʣʘ ʫʩʪʦʡʯʠʚʦʩʪʠ), ʢʦ-

ʥʝʯʥʦʝ ʟʥʘʯʝʥʠʝ ʚʘʨʴʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ap (ap Ƅ 

ʧʨʘʚʘʷ ʛʨʘʥʠʮʘ ʠʥʪʝʨʚʘʣʘ ʫʩʪʦʡʯʠʚʦʩʪʠ), ʢʦʣʠʯʝ-

ʩʪʚʦ ʪʦʯʝʢ ʧʦʠʩʢʘ u (ʟʥʘʯʝʥʠʝ u ʜʦʣʞʥʦ ʙʳʪʴ ʜʦʩʪʘ-

ʪʦʯʥʦ ʙʦʣʴʰʠʤ), ʰʘʛ ʠʟʤʝʥʝʥʠʷ ʚʘʨʴʠʨʫʝʤʦʛʦ ʧʘ-

ʨʘʤʝʪʨʘ (ʰʘʛ ʧʦʠʩʢʘ) ha=(ap-an)/u ʠ l (0<l< ha) Ƅ 

ʪʨʝʙʫʝʤʫʶ ʪʦʯʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʛʨʘʥʠʮʳ 

ʧʘʨʘʤʝʪʨʘ a. 

ʆʙʦʟʥʘʯʠʤ ʛʨʘʥʠʮʳ ʠʩʢʦʤʳʭ ʠʥʪʝʨʚʘʣʦʚ ʢʘʢ 
m

sG , ʛʜʝ s Ƅ ʥʦʤʝʨ ʠʥʪʝʨʚʘʣʘ, ʘ m Ƅ ʥʦʤʝʨ ʛʨʘ-

ʥʠʮʳ ʠʥʪʝʨʚʘʣʘ (ʜʣʷ ʣʝʚʦʡ ʛʨʘʥʠʮʳ ʦʥ ʨʘʚʝʥ 1, ʜʣʷ 

ʧʨʘʚʦʡ ʦʥ ʨʘʚʝʥ 2).
 

ɿʘʜʘʝʤ a=an. ɺʳʯʠʩʣʷʝʤ ʧʨʠ ʟʘʜʘʥʥʦʤ a ʟʥʘ-

ʯʝʥʠʝ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʇw . ɺʳʧʦʣʥʷʝʤ ʧʨʦ-

ʚʝʨʢʫ: ʝʩʣʠ 
min

ʇ ʇw w² , ʪʦ ʟʘʜʘʝʤ d=0, ʠʥʘʯʝ 

ʟʘʜʘʝʤ d=1. 

ɿʘʜʘʝʤ d1=d.  

ʇʦʣʦʞʠʤ m=1, s=1.  

ɺʳʧʦʣʥʷʝʤ ʧʨʦʚʝʨʢʫ: ʝʩʣʠ d1=0, ʪʦ 
m

sG a=
 
ʠ m=2.  

ʐʘʛ 2. ɿʘʜʘʝʤ ʥʦʚʦʝ ʟʥʘʯʝʥʠʝ a=a+ ha. 

ɺʳʧʦʣʥʷʝʤ ʧʨʦʚʝʨʢʫ: ʝʩʣʠ a>ap+ha/2, ʧʨʦʮʝʩʩ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʜʳʥʪʝʨʚʘʣʦʚ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʧʦ-

ʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʥʘ ʜʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʫʩʪʦʡʯʠʚʦ-

ʩʪʠ ʟʘʚʝʨʰʘʝʪʩʷ. ʇʨʠ ʵʪʦʤ, ʝʩʣʠ d1=0 ʠ d2=0, ʪʦ m=2 

ʠ 
m

sG haa= -
 
.
 

ʐʘʛ 3. ɺʳʯʠʩʣʷʝʤ ʧʨʠ ʵʪʦʤ a ʟʥʘʯʝʥʠʝ ʧʦʣʦʩʳ 

ʧʨʦʧʫʩʢʘʥʠʷ ʇw . ɺʳʧʦʣʥʷʝʤ ʧʨʦʚʝʨʢʫ: ʝʩʣʠ 

min

ʇ ʇw w² , ʪʦ ʟʘʜʘʝʤ d=0, ʠʥʘʯʝ ʟʘʜʘʝʤ d=1. 

ɿʘʜʘʝʤ d2=d. 

ʐʘʛ 4. ɺʳʧʦʣʥʷʝʤ ʧʨʦʚʝʨʢʫ:  

ʘ) ʝʩʣʠ d1=1 ʠ d2=1, ʪʦ ʧʝʨʝʭʦʜʠʤ ʢ ʰʘʛʫ 2; 

ʙ) ʝʩʣʠ d1=0 ʠ d2=0, ʪʦ ʧʝʨʝʭʦʜʠʤ ʢ ʰʘʛʫ 2; 

ʚ) ʝʩʣʠ d1=0, ʘ d2=1, ʪʦ ʧʝʨʝʭʦʜʠʤ ʢ ʰʘʛʫ 5; 

ʛ) ʝʩʣʠ d1=1 ʠ d2=0, ʪʦ ʧʝʨʝʭʦʜʠʤ ʢ ʰʘʛʫ 5; 

ʐʘʛ 5. ɿʘʜʘʝʤ ʥʘʯʘʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʥʝʦʧʨʝʜʝ-

ʣʝʥʥʦʩʪʠ L0=[ c, b], ʛʜʝ b=a ʘ c=a- ha. ɿʘʜʘʝʤ d4=d2. 

ʐʘʛ 6. ɺʳʯʠʩʣʷʝʤ 

2

b c
y c

-
= +. ɺʳʯʠʩ-

ʣʷʝʤ ʧʨʠ a=y ʟʥʘʯʝʥʠʝ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʇw . 

ɺʳʧʦʣʥʷʝʤ ʧʨʦʚʝʨʢʫ: ʝʩʣʠ 
min

ʇ ʇw w² , ʪʦ ʟʘ-

ʜʘʝʤ d=0, ʠʥʘʯʝ ʟʘʜʘʝʤ d=1. 

ɿʘʜʘʝʤ
 
d3=d. 

ʐʘʛ 7.
 
ɺʳʧʦʣʥʷʝʤ ʧʨʦʚʝʨʢʫ: 

ʘ) ʝʩʣʠ d3=0, d1=0, ʘ d2=1, ʪʦ ʧʦʣʦʞʠʤ c=y, 

d1=d3 ʠ ʧʝʨʝʭʦʜʠʤ ʢ ʰʘʛʫ 8; 

ʙ) ʝʩʣʠ d3=0, d1=1, ʘ d2=0, ʪʦ ʧʦʣʦʞʠʤ b=y, 

d2=d3 ʠ ʧʝʨʝʭʦʜʠʤ ʢ ʰʘʛʫ 8; 

ʩ) ʝʩʣʠ d3=1, d1=0, ʘ d2=1, ʪʦ ʧʦʣʦʞʠʤ b=y, 

d2=d3 ʠ ʧʝʨʝʭʦʜʠʤ ʢ ʰʘʛʫ 8; 

ʜ) ʝʩʣʠ d3=1, d1=1, ʘ d2=0, ʪʦ ʧʦʣʦʞʠʤ c=y, 

d1=d3. 

ʐʘʛ 8. ɺʳʧʦʣʥʷʝʤ ʧʨʦʚʝʨʢʫ: 

ʘ) ʝʩʣʠ b-cÒl, ʧʨʦʮʝʩʩ ʧʦʠʩʢʘ ʦʯʝʨʝʜʥʦʡ ʛʨʘ-

ʥʠʮʳ G ʟʘʚʝʨʰʘʝʪʩʷ.  

ɺ ʢʘʯʝʩʪʚʝ ʨʝʰʝʥʠʷ ʤʦʞʥʦ ʚʟʷʪʴ ʟʥʘʯʝʥʠʝ a ʚ 

ʩʝʨʝʜʠʥʝ ʧʦʩʣʝʜʥʝʛʦ ʠʥʪʝʨʚʘʣʘ: 

2

m

s

b c
G c

-
= +. ɽʩʣʠ m=2, ʪʦ ʧʦʣʦʞʠʤ 

m=1, d1=d4, s=s+1 ʠ ʧʝʨʝʭʦʜʠʤ ʢ ʰʘʛʫ 2, ʠʥʘʯʝ ʧʝ-

ʨʝʭʦʜʠʤ ʢ ʰʘʛʫ 9. 

ʙ) ʝʩʣʠ b-c>l, ʧʝʨʝʭʦʜʠʤ ʢ ʰʘʛʫ 6. 

ʐʘʛ 9. ʇʦʣʦʞʠʤ d1=d4, m=2 ʠ ʧʝʨʝʭʦʜʠʤ ʢ 

ʰʘʛʫ 2. 

ɺr ʚʦʜʳ 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʚ ʩʪʘʪʴʝ ʤʘʰʠʥʥʦ-ʦʨʠʝʥʪʠʨʦ-

ʚʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦ-

ʚʘʪʴ ʧʦʩʪʨʦʝʥʠʝ ʦʙʣʘʩʪʝʡ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʧʦʣʦʩʳ 

ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʘʨʘʤʝʪʨʘ ʣʠʥʝʡʥʳʭ 

ʉɸʋ. ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʧʦʜʭʦʜ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦ-

ʱʘʝʪ ʠ ʫʣʫʯʰʘʝʪ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʘ ʕɺʄ 

ʢʘʯʝʩʪʚʘ ʣʠʥʝʡʥʳʭ ʉɸʋ, ʠʤʝʶʱʠʭ ʚʳʩʦʢʠʡ ʧʦʨʷ-

ʜʦʢ ʠʣʠ ʩʣʦʞʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʪʘʢ ʢʘʢ ʥʝ ʪʨʝʙʫʝʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʛʦʜʦʛʨʘʬʘ D-

ʨʘʟʙʠʝʥʠʷ ʠ ɸʏʍ. ʆʥ ʦʩʥʦʚʘʥ ʥʘ ʚʳʯʠʩʣʝʥʠʠ ʠ ʘʥʘ-

ʣʠʟʝ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚʝʥʥʳʭ ʨʝʰʝʥʠʡ ʘʣ-

ʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, ʢʦʪʦʨʳʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʢʦʤʧʣʝʢʩʥʳʭ ʨʝʰʝʥʠʡ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘ ʕɺʄ ʯʠʩ-

ʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʩ ʚʳʩʦʢʦʡ ʥʘʜʝʞʥʦʩʪʴʶ ʠ ʩʢʦ-

ʨʦʩʪʴʶ ʜʘʞʝ ʜʣʷ ʫʨʘʚʥʝʥʠʡ ʚʳʩʦʢʠʭ (ʜʦ ʩʦʨʦʢʦ-

ʚʦʛʦ) ʧʦʨʷʜʢʦʚ. ʅʘ ʙʘʟʝ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʧʦʜʭʦʜʘ 

ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʧʦʜ-

ʪʚʝʨʜʠʚʰʝʝ ʝʛʦ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʧʦʟʚʦʣʷ-

ʶʱʝʝ ʦʧʨʝʜʝʣʷʪʴ ʠʩʢʦʤʳʝ ʦʙʣʘʩʪʠ ʜʣʷ ʩʠʩʪʝʤ ʜʦ 

25 ʧʦʨʷʜʢʘ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʦʚʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʙʳʣʦ ʠʩʧʳʪʘʥʦ ʥʘ ʧʨʠʤʝʨʝ ʘʚʪʦʤʦʙʠʣʷ Cobalt, 

ʫʩʪʨʦʡʩʪʚʦ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʚ ʦʩʥʦʚʥʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʦʥʩʪʨʫʢʮʠʠ ʢʨʳʰʢʠ ʙʘʛʘʞ-

ʥʠʢʘ ʵʪʦʛʦ ʘʚʪʦʤʦʙʠʣʷ. 

Abstract 

The article deals with a new device, which was tested on the example of a Cobalt car, the device was designed 

mainly using the construction information of the baggage lid of this car. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʘʛʘʞʥʠʢ, ʢʨʦʥʰʪʝʡʥ, ʘʚʪʦʤʘʪʠʢ, ʘʢʪʠʚʘʪʦʨ, ʤʝʭʘʥʠʟʤ, ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ, ʫʩʪʨʦʡ-

ʩʪʚʦ, ʜʠʥʘʤʦʤʝʪʨ. 

Keywords: baggage, bracket, automatic, actuator, mechanism, electric motor, device, dynamometer. 
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In our country, reforms are taking place in many 

fields. As a result, we have been transforming the qual-

ity of our economy, and inconsequence, the process of 

social and economic development of the country, liber-

alization of the economy and deepening of reforms are 

being carried out. 

ñCobaltò automobiles are among the cars manu-

factured by the ñGM Uzbekistanò plant, which is one 

of the many cars produced and is among the vehicles 

that attract the interest of many customers and complete 

freely with other cars on the world market. 

We know that no industry will stop growing, and 

automotive industry is not exception. That is why we 

need to enhance all parts of the car. Therefore, we, stu-

dents, need to pay more attention to such kind of issues. 

The most important part of a car is the load it needs 

for the driver, as luggage designed for a car has a num-

ber of features, including luggage, gas cylinders, cars, 

various decorations and other extra loads needed for 

cars. . Cobalt trunk is more popular than other sedan 

cars for its convenience, they have wide and beautiful 

dimensions, as well as many disadvantages for them, 

such as lack of access to the cabin, lack of special elec-

tronic blocks and central locking system. from average 

shortcomings. To solve these problems, we believe it is 

necessary to design a Cobalt automated closing device. 

This project will be one of the new car projects. This 

project will increase the comfort and convenience of 

the Cobalt car. The application of this project in cobalts 

will ensure their convenience and affordability. Imple-

mentation of the project will help to increase the beauty 

and marketability of the car and ensure its exportability. 

As a mechanism for closing the lid of the Cobalt are, 

we use a linear actuator KR46. This mechanism com-

prises of six sections,  

These are: 

 
1. Base section with linear direction, 2. Front body clothing and electric motor housing,  

3. Screw finger in the center, 4. Anecdotal,  

5. The rear portion of the closing of small crops, 6. Trunk lid brackets slider 

 

This is available mechanism ñCobaltò automo-

bileôs baggage is fixed luggage comportment cover 

brackets. Trunk covers closing force of 100N quantita-

tive us. This power brackets, with the power to affect 

the amount of decrease of approximately 90kg N. This 

mechanism is recommended as the basis for the bag-

gage to open the compartment lid is curved by its inter-

nal brackets from the dynamometers to be a force to be 

determined.  

Then the speed of closing the baggage lid is calcu-

lated. To do this, the force acting on the cover of the car 

is acted by the acceleration of free fall, that is, by the 

force of gravity of the cover itself. This, in turn, is 

found by multiplying the weight of the cover by the ac-

celeration of the body's free fall. 

ὥ Ὃ ὐ ωȟψπχzρτυρτςς ὔ 

 
Picture1. Cobalt automobileôs power scheme for automatic closing of the cargo lid. 

1) Dynamometer, 2) Baggage cartridge, 3) Baggage compartment 
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After that, the baggage compartment lid is de-

signed to allow the vehicle to close when closing the lid 

with the free fall speed, that is, the weight of the lidôs 

own weight, which increases the weight of the lid with 

the weight class is found. 

G=9.807*145=1422N 

The actuator of the KR46 actuator is 190N, the ac-

tuator is this brand is perfect for the Cobalt baggage lid. 

To prove this, the dynamometer indicator is checked 

and the dynamometer performance is 100N. 

The main purpose of this mechanism in Cobalt is 

to make this car a convenience for customers and driv-

ers. Many types of vehicles are used in the car, particu-

larly in the European and other foreign countries Also 

you can count on the many advantages of auto-closing 

the baggage lid:  

¶ Vehicles locks are automated  

¶ The driver can also open and class the car 

compartment without falling from the car seat 

¶ The lid of the truck can also be operated re-

motely by means of a special safety device 

¶ It is possible to open the baggage compartment 

lid not only with the key but also with button and con-

trol panel 

¶ The baggage compartment lid can be used to 

reduce the amount of load and other shock hazards and 

prolong the working life 

¶ Opening and closing of the door cover and at-

tachment to install equipment 

The amount of time the car baggage lid has been 

closed for a single time is 112 seconds, if the baggage 

compartment lid 15 times a day closed, in that case 

T=U*Q=112*15=1680 sec 

Here, T ï the amount of time spent on opening and 

closing baggage (sec) 

U ï the amount of time left to open the closet 

Q ï average number of closures per day 

 
Picture 2. Scheme of installing the automatic closing device to Cobalt automobile 

 

In order to install a car baggage lid for the Cobalt 

L car, it is necessary to determine the cost of importing 

the device, the price of the ACT46 KR46 in the Russian 

Federation is 655 rubles (75325 sums) other costs are 

30000 sums per month. Taking into account the total 

costs, the cost of the vehicle is 105 325 sums. 

We recommended you to use the project in prac-

tice by studying the various aspects of the proposed ve-

hicle, its constructive structure and the condition of 

production. Implementation of the project will help to 

increase the capacity and reliability of the car and en-

sure its exportation. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʚʳʜʝʣʷʶʪʩʷ ʠ ʦʧʠʩʳʚʘʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʘʭʘʣʠʥʩʢʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ, 

ʢʦʤʧʘʥʠʠ çʉʘʭʘʣʠʥ ʕʥʝʨʜʞʠè, ʦʙʩʫʞʜʘʶʪʩʷ ʇʠʣʴʪʫʥïɸʩʪʦʭʩʢʦʝ ʠ ʃʫʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʘ ʉʘʭʘʣʠʥʝ. 

ɺʳʧʦʣʥʝʥ ʨʘʩʯʸʪ ʪʦʣʱʠʥʳ ʩʪʝʥʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ.  

Abstract  

This article highlights and describes the characteristic features of the Sakhalin pipeline, the Sakhalin Energy 

company, and discusses the Piltun-Astokhskoye and Lunskoye fields on Sakhalin. The calculation of the wall 

thickness of the pipeline. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʫʙʦʧʨʦʚʦʜ, ʤʦʨʩʢʘʷ ʧʣʘʪʬʦʨʤʘ, ʧʦʣʦʩʘ ʦʪʯʫʞʜʝʥʠʷ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ, ʧʝʨʝʨʘ-

ʙʦʪʢʘ, ʭʨʘʥʝʥʠʝ. 

Keywords: pipeline, offshore platform, exclusion zone, transportation, processing, storage. 

 

ɺʚʝʜʝʥʠʝ 

ʅʝʬʪʝʛʘʟʦʚʘʷ ʢʦʤʧʘʥʠʷ çʉʘʭʘʣʠʥ ʕʥʝʨʜʞʠ 

ʀʥʚʝʩʪʤʝʥʪ ʂʦʤʧʘʥʠ ʃʪʜè (çʉʘʭʘʣʠʥ ʕʥʝʨʜʞʠè) 

ʚʝʜʝʪ ʦʩʚʦʝʥʠʝ ʇʠʣʴʪʫʥïɸʩʪʦʭʩʢʦʛʦ ʠ ʃʫʥʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʰʝʣʴʬʝ ʦʩʪ-

ʨʦʚʘ ʉʘʭʘʣʠʥ. ɺ ʟʘʜʘʯʠ ʢʦʤʧʘʥʠʠ ʚʭʦʜʷʪ ʜʦʙʳʯʘ, 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ, ʧʝʨʝʨʘʙʦʪʢʘ ʠ ʤʘʨʢʝʪʠʥʛ ʥʝʬʪʠ ʠ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ. ʂʦʤʧʘʥʠʷ ʨʘʙʦʪʘʝʪ ʥʘ ʦʩʥʦʚʝ ʉʦ-

ʛʣʘʰʝʥʠʷ ʦ ʨʘʟʜʝʣʝ ʧʨʦʜʫʢʮʠʠ (ʉʈʇ). ʉʦʛʣʘʰʝʥʠʝ 

ʧʦʜʧʠʩʘʥʦ ʤʝʞʜʫ çʉʘʭʘʣʠʥ ʕʥʝʨʜʞʠè ʠ ʈʦʩʩʠʡ-

ʩʢʦʡ ʌʝʜʝʨʘʮʠʝʡ (ʚ ʣʠʮʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʠ ʘʜʤʠ-

ʥʠʩʪʨʘʮʠʠ ʉʘʭʘʣʠʥʩʢʦʡ ʦʙʣʘʩʪʠ) ʚ ʠʶʥʝ 1994 ʛʦʜʘ. 

ʕʪʦ ʩʦʛʣʘʰʝʥʠʝ ʩʪʘʣʦ ʧʝʨʚʳʤ ʉʈʇ ʚ ʈʦʩʩʠʠ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʚʳʙʨʘʥʥʦʡ ʪʝʤʳ ʦʙʫʩʣʦʚʣʝʥʘ 

ʪʝʤ, ʯʪʦ ʥʘ ʉʘʭʘʣʠʥʝ ʨʘʟʚʠʚʘʝʪʩʷ ʜʦʙʳʯʘ ʩʳʨʦʡ 

ʥʝʬʪʠ, ʧʝʨʝʨʘʙʦʪʢʘ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʠ ʪʨʘʥʩʧʦʨʪʠ-

ʨʦʚʢʘ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʦʪ ʉʘʭʘʣʠʥʘ ʥʘ ɼʘʣʴʥʠʡ ɺʦ-

ʩʪʦʢ ʠ ʚ ʊʠʭʦʦʢʝʘʥʩʢʠʡ ʨʝʛʠʦʥ. ʕʪʦʪ ʧʨʦʝʢʪ, ʫʧʨʘʚ-

ʣʷʝʤʳʡ ʢʦʤʧʘʥʠʝʡ çʉʘʭʘʣʠʥʩʢʘʷ ʕʥʝʨʛʠʷè ʦʙʝʩʧʝ-

ʯʠʚʘʝʪ ʨʘʙʦʯʠʝ ʤʝʩʪʘ ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʙʫʨʠʣʴʱʠ-

ʢʦʚ, ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʵʥʝʨʛʝʪʠʢʦʚ, ʩʣʝʩʘʨʝʡ, 

ʪʝʭʥʠʢʦʚ-ʤʦʥʪʘʞʥʠʢʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʝʬʪʝʛʘʟʦ-

ʭʨʘʥʠʣʠʱ ʠ ʥʝʬʪʝʧʨʦʚʦʜʦʚ, ʩʥʠʞʘʷ, ʪʘʢʠʤ ʦʙʨʘ-

ʟʦʤ, ʙʝʟʨʘʙʦʪʠʮʫ ʢʘʢ ʚ ʉʘʭʘʣʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʪʘʢ ʠ 

ʚ ʮʝʣʦʤ ʧʦ ʩʪʨʘʥʝ.  

ʉʘʭʘʣʠʥ ʕʥʝʨʜʞʠ 

ʂʦʤʧʘʥʠʷ çʉʘʭʘʣʠʥ ʕʥʝʨʜʞʠè ʨʘʟʨʘʙʘʪʳʚʘʝʪ 

ʤʦʨʩʢʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʫ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʦʙʝ-

ʨʝʞʴʷ ʦʩʪʨʦʚʘ ʉʘʭʘʣʠʥ. ʆʜʥʦ ʠʟ ʥʠʭ ʥʘʟʳʚʘʝʪʩʷ 

ʇʠʣʴʪʫʥïɸʩʪʦʭʩʢʦʝ, ʚʪʦʨʦʝ ï ʃʫʥʩʢʦʝ.  

ʅʘ ʇʠʣʴʪʫʥ-ɸʩʪʦʭʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʥʘʭʦ-

ʜʷʪʩʷ 2 ʜʦʙʳʚʘʶʱʠʝ ʧʣʘʪʬʦʨʤʳ: ʄʦʣʠʢʧʘʢ ʠ 

ʇʠʣʴʪʫʥ-ɸʩʪʦʭʩʢʘʷïɹ (ʨʠʩ.1).  
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ʈʠʩʫʥʦʢ 1. ʇʠʣʴʪʫʥ-ɸʩʪʦʢʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ 

 

ʅʘ ʃʫʥʩʢʦʤ ʛʘʟʦʚʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ (ʨʠʩ.2) 

ʫʩʪʘʥʦʚʣʝʥʘ ʧʣʘʪʬʦʨʤʘ ʃʫʥʩʢʘʷ, ʢʦʪʦʨʘʷ ʜʦʙʳʚʘʝʪ 

ʦʩʥʦʚʥʫʶ ʯʘʩʪʴ ʛʘʟʘ ʜʣʷ ʟʘʚʦʜʘ ʉʇɻ (ʩʞʠʞʝʥʥʳʡ 

ʧʨʠʨʦʜʥʳʡ ʛʘʟ), ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʖʛʝ ʉʘʭʘʣʠʥʘ, 

ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʢʦʤʧʣʝʢʩʝ çʇʨʠʛʦʨʦʜʥʦʝè. 

 
ʈʠʩʫʥʦʢ 2. ʃʫʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ 

 

ʆʪ ʦʙʲʝʜʠʥʝʥʥʦʛʦ ʙʝʨʝʛʦʚʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʆɹʊʂ) ʥʝʬʪʴ ʠ ʛʘʟ ʪʨʘʥʩʧʦʨʪʠʨʫ-

ʶʪʩʷ ʜʚʫʤʷ ʪʨʫʙʦʧʨʦʚʦʜʘʤʠ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʙʦ-

ʣʝʝ 600 ʢʠʣʦʤʝʪʨʦʚ ʜʦ ʪʝʨʤʠʥʘʣʘ ʵʢʩʧʦʨʪʘ ʥʝʬʪʠ ʠ 

ʟʘʚʦʜʘ ʉʇɻ ʚ çʇʨʠʛʦʨʦʜʥʦʤè, ʥʝʜʘʣʝʢʦ ʦʪ ʶʞʥʦʛʦ 

ʧʦʨʪʘ ʂʦʨʩʘʢʦʚ. ʅʝʬʪʝʧʨʦʚʦʜ ʠʤʝʝʪ ʜʠʘʤʝʪʨ 610 

ʤʤ (24 ʜʶʡʤʘ), ʘ ʜʠʘʤʝʪʨ ʛʘʟʦʧʨʦʚʦʜʘ ï 1200 ʤʤ 

(48 ʜʶʡʤʦʚ). ʊʨʫʙʳ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʥʘ ʦʩʪʨʦʚ ʉʘ-

ʭʘʣʠʥ ʯʝʨʝʟ ʍʦʣʤʩʢʠʡ ʨʳʙʦʣʦʚʥʳʡ ʠ ʪʦʨʛʦʚʳʡ 

ʧʦʨʪ ʠʟ ʤʘʪʝʨʠʢʦʚʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ. ɺʩʝ ʦʙʦʨʫʜʦʚʘ-

ʥʠʝ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʙʳʣʦ ʪʘʢʞʝ ʠʟʛʦʪʦʚʣʝʥʦ ʥʘ ʤʘ-

ʪʝʨʠʢʝ. ʆʩʥʦʚʥʳʤʠ ʧʦʜʨʷʜʯʠʢʘʤʠ ʩʪʘʣʠ ʈʦʩʩʠʡ-

ʩʢʠʝ ʢʦʤʧʘʥʠʠ ʪʘʢʠʝ ʢʘʢ: ʉʝʚʝʨ ʉʪʘʣʴ, ʉʪʘʨ ʉʪʨʦʡ, 

ʃʫʢʦʡʣ ʅʝʬʪʝʛʘʟ ʠ ʜʨʫʛʠʝ [3]. 

ʇʷʪʴ ʦʪʜʝʣʴʥʳʭ ʙʨʠʛʘʜ ʧʨʠʥʠʤʘʣʠ ʫʯʘʩʪʠʝ ʚ 

ʧʨʦʢʣʘʜʳʚʘʥʠʠ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʂʘʞʜʳʡ ʫʯʘʩʪʦʢ 

ʦʭʚʘʪʳʚʘʣ ʜʦ 200 ʢʠʣʦʤʝʪʨʦʚ ʤʘʨʰʨʫʪʘ ʠ ʨʘʙʦʪʳ 

ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʄʝʩʪʥʦʩʪʴ ʠ ʩʝʟʦʥ-

ʥʳʝ ʫʩʣʦʚʠʷ ʦʧʨʝʜʝʣʷʣʠ ʩʨʦʢʠ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ. 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʨʘʙʦʪ ʧʨʦʚʦʜʠʣʘʩʴ ʢʨʫʛʣʳʡ ʛʦʜ, 

ʢʨʦʤʝ ʧʝʨʠʦʜʘ, ʢʦʛʜʘ ʜʦʨʦʛʠ ʙʳʣʠ ʥʝʧʨʦʭʦʜʠʤʳʤʠ 

ʠʟ-ʟʘ ʚʝʩʝʥʥʝʡ ʦʪʪʝʧʝʣʠ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʩʪʨʦʠʪʝʣʴ-

ʩʪʚʘ ʚ ʙʦʣʦʪʠʩʪʳʭ ʨʘʡʦʥʘʭ ʧʨʦʚʦʜʠʣʘʩʴ ʟʠʤʦʡ. 

ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʧʝʨʝʩʝʢʘʶʱʠʭ ʤʥʦ-

ʞʝʩʪʚʦ ʨʝʢ ʠ ʨʫʯʴʝʚ, ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʭʦ-

ʣʦʜʥʦʝ ʚʨʝʤʷ ʛʦʜʘ. ʈʘʙʦʪʘ ʚ ʛʦʨʥʦʡ ʤʝʩʪʥʦʩʪʠ ʧʨʦ-

ʚʦʜʠʣʘʩʴ ʚ ʣʝʪʥʠʝ ʤʝʩʷʮʳ, ʢʦʛʜʘ ʧʦʛʦʜʘ ʙʦʣʝʝ ʙʣʘ-

ʛʦʧʨʠʷʪʥʘ ʠ ʚʦʟʤʦʞʝʥ ʜʦʩʪʫʧ ʢ ʪʨʫʙʦʧʨʦʚʦʜʫ. ʇʦ 

ʦʢʦʥʯʘʥʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʦʣʦʩʘ ʦʪʯʫʞʜʝʥʠʷ (ʇʆ) 

ʦʯʠʱʘʝʪʩʷ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. ʉ ʩʦʙʣʶʜʝʥʠʝʤ 

ʚʩʝʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʦʨʤ ʚʳʧʦʣʥʷʶʪʩʷ ʜʨʝʥʘʞʥʳʝ 

ʨʘʙʦʪʳ, ʧʦʚʪʦʨʥʳʡ ʧʦʩʝʚ, ʪʝʨʨʘʩʠʨʦʚʘʥʠʝ ʜʣʷ 



38 The scientific heritage No 46 (2020) 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʵʨʦʟʠʠ, ʩʪʘʙʠʣʠʟʘʮʠʷ. ʊʨʫʙʦʧʨʦ-

ʚʦʜ ʧʨʦʰʝʣ ʯʝʨʝʟ 1100 ʙʦʣʦʪ, ʨʝʢ, ʨʫʯʴʝʚ, ʚʦʜʦʪʦ-

ʢʦʚ ʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʨʘʟʣʦʤʦʚ, ʥʝʩʢʦʣʴʢʦ ʘʚʪʦʤʦ-

ʙʠʣʴʥʳʭ ʠ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ. ʂʨʦʤʝ ʪʦʛʦ, ʪʨʫʙʦʧʨʦ-

ʚʦʜ ʧʝʨʝʩʝʢ ʛʦʨʥʳʝ ʭʨʝʙʪʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʭʨʝʙʝʪ 

ʄʘʢʘʨʦʚʘ, ʚʳʩʦʪʘ ʢʦʪʦʨʦʛʦ ʜʦʭʦʜʠʪ ʜʦ 400 ʤʝʪʨʦʚ 

ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ. ʕʪʠ ʘʩʧʝʢʪʳ, ʘ ʪʘʢʞʝ ʩʧʝʮʠʬʠ-

ʯʝʩʢʠʝ ʧʦʛʦʜʥʳʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʦʩʪʨʦʚʘ 

ʉʘʭʘʣʠʥ, ʩʦʟʜʘʣʠ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʙʣʝʤ ʧʨʠ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ [1]. 

ʊʨʫʙʦʧʨʦʚʦʜʳ ʜʦʣʞʥʳ ʩʧʨʘʚʣʷʪʴʩʷ ʩ ʫʩʣʦʚʠ-

ʷʤʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʆʥʠ ʜʦʣʞʥʳ ʦʩʪʘʚʘʪʴʩʷ 

ʩʪʘʙʠʣʴʥʳʤʠ ʚ ʩʣʫʯʘʝ ʥʘʚʦʜʥʝʥʠʷ, ʚʳʤʳʚʘʥʠʷ ʠ 

ʩʦʭʨʘʥʷʪʴ ʮʝʣʦʩʪʥʦʩʪʴ ʚʦ ʚʨʝʤʷ ʠ ʧʦʩʣʝ ʩʝʡʩʤʠʯʝ-

ʩʢʠʭ ʩʦʙʳʪʠʡ. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʪʨʫʙ ʧʦʢʨʳʚʘʝʪʩʷ 

ʥʦʚʳʤ ʚʳʩʦʢʦ ʪʝʭʥʦʣʦʛʠʯʥʳʤ ʧʦʢʨʳʪʠʝʤ. ɺʥʝʰ-

ʥʷʷ ʯʘʩʪʴ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʦʢʨʳʚʘʝʪʩʷ ʪʨʝʭʩʣʦʡʥʳʤ 

ʧʦʣʠʵʪʠʣʝʥʦʚʳʤ ʧʦʢʨʳʪʠʝʤ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʚʥʝʰ-

ʥʝʡ ʢʦʨʨʦʟʠʠ. ɼʣʷ ʩʦʝʜʠʥʝʥʠʷ ʪʨʫʙ ʠʩʧʦʣʴʟʫʶʪ 

ʩʚʘʨʢʫ ʠʣʠ ʬʣʘʥʮʳ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʪʨʫʙʦʧʨʦʚʦʜ 

ʦʩʥʘʱʝʥ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʦʙʥʘʨʫ-

ʞʝʥʠʷ ʧʨʦʪʝʯʝʢ [2]. 

ʅʝʬʪʴ ʠ ʛʘʟ ʧʦʜʘʶʪʩʷ ʜʣʷ ʧʨʦʭʦʞʜʝʥʠʷ ʧʦ ʪʨʫ-

ʙʦʧʨʦʚʦʜʘʤ ʩ ʧʦʤʦʱʴʶ ʛʘʟʦʢʦʤʧʨʝʩʩʦʨʥʳʭ ʠ 

ʥʝʬʪʝʧʝʨʝʢʘʯʠʚʘʶʱʠʭ ʩʪʘʥʮʠʡ. ʍʦʪʷ ʥʘʩʦʩʳ ʠ 

ʢʦʤʧʨʝʩʩʦʨʳ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʥʘʯʘʣʝ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ (ʥʘ ʧʣʘʪʬʦʨʤʘʭ ʠ ʥʘ ʙʝʨʝʛʦʚʦʤ ʧʝ-

ʨʝʨʘʙʘʪʳʚʘʶʱʝʤ ʧʨʝʜʧʨʠʷʪʠʠ), ʦʩʪʘʣʴʥʳʝ ʩʪʘʥ-

ʮʠʠ ʙʫʜʫʪ ʜʦʙʘʚʣʝʥʳ, ʝʩʣʠ ʧʦʪʨʝʙʫʝʪʩʷ, ʠʣʠ ʧʦ 

ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʩʪʘʥʮʠʠ ʙʫʜʫʪ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʪʦʯʢʘʭ ʚʜʦʣʴ ʪʨʘʩʩʳ 

ʪʨʫʙʦʧʨʦʚʦʜʘ, ʧʨʠʯʝʤ ʠʭ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʦʧʪʠʤʠ-

ʟʠʨʦʚʘʥʦ ʩ ʮʝʣʴʶ ʤʠʥʠʤʠʟʘʮʠʠ ʢʦʣʠʯʝʩʪʚʘ ʧʦʪʨʝʙ-

ʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ 

ʥʝʬʪʠ ʠ ʛʘʟʘ ʜʦ ʢʦʥʝʯʥʦʛʦ ʧʫʥʢʪʘ ʥʘʟʥʘʯʝʥʠʷ. ʂʦʤ-

ʧʣʝʢʩʥʳʡ ʧʣʘʥ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʨʘʟʨʘʙʦʪʘʥ ʩʦʚ-

ʤʝʩʪʥʦ ʩ ʤʝʩʪʥʳʤʠ ʚʣʘʩʪʷʤʠ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʢʦʥ-

ʩʫʣʴʪʘʮʠʠ ʩ ʦʙʱʝʩʪʚʝʥʥʦʩʪʴʶ ʥʘ ʉʝʚʝʨʝ ʦʩʪʨʦʚʘ 

ʉʘʭʘʣʠʥ. ʊʘʤ, ʛʜʝ ʵʪʦ ʚʦʟʤʦʞʥʦ, ʤʘʨʰʨʫʪ ʪʨʫʙʦ-

ʧʨʦʚʦʜʘ ʧʨʦʭʦʜʠʪ ʧʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʘʚʪʦʤʦʙʠʣʴ-

ʥʳʤ ʠ ʞʝʣʝʟʥʳʤ ʜʦʨʦʛʘʤ, (ʩʣʫʞʝʙʥʳʡ ʢʦʨʠʜʦʨ), ʦʪ 

ʪʦʯʝʢ ʚʳʭʦʜʘ ʤʦʨʩʢʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʥʘ ʩʫʰʫ ʠ ʟʘ-

ʚʦʜʦʤ ʉʇɻ. ʊʨʫʙʦʧʨʦʚʦʜ ʙʳʣ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥ ʚ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʙʣʘʩʪʷʭ, ʛʜʝ ʢʦʤʧʘʥʠʷ ʧʦʣʫʯʠʣʘ ʦʙ-

ʨʘʪʥʫʶ ʩʚʷʟʴ ʦʪ ʦʙʱʝʩʪʚʘ ʦ ʤʘʨʰʨʫʪʝ ʪʨʫʙʦʧʨʦ-

ʚʦʜʘ. ʊʨʫʙʦʧʨʦʚʦʜ ʪʘʢʞʝ ʙʳʣ ʧʝʨʝʥʘʧʨʘʚʣʝʥ, ʛʜʝ 

ʵʪʦ ʙʳʣʦ ʚʦʟʤʦʞʥʦ, ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʠʩʢ 

ʨʘʟʨʫʰʝʥʠʷ ʠʟ-ʟʘ ʘʢʪʠʚʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ. 

ɼʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʥʘ ʉʘʭʘ-

ʣʠʥʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʝʭʥʠʯʝʩʢʠʝ ʨʘʩʯʸʪʳ. ʈʘʩ-

ʩʤʦʪʨʠʤ ʠ ʚʳʧʦʣʥʠʤ ʨʘʩʯʝʪ ʪʦʣʱʠʥʳ ʩʪʝʥʢʠ ʪʨʫ-

ʙʦʧʨʦʚʦʜʘ [4]. 

ʈʘʩʯʝʪ ʪʦʣʱʠʥʳ ʩʪʝʥʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: 

ʧʨʦʝʢʪʠʨʫʝʤʳʡ ʪʨʫʙʦʧʨʦʚʦʜ ï ʛʘʟʦʧʨʦʚʦʜ; 

63,0=ʥD ʤ ï ʥʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ ʪʨʫʙʦʧʨʦ-

ʚʦʜʘ; 

5,5=ʨ

 

ʄʇʘ ï ʨʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ ʚ ʪʨʫʙʦʧʨʦ-

ʚʦʜʝ; 

485=ʥIR ʄʇʘ ï ʥʦʨʤʘʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʨʘʩʪʷʞʝʥʠʶ ʤʝʪʘʣʣʘ ʪʨʫʙ ʠ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ ʤʠʥʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ʚʨʝ-

ʤʝʥʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʝʪʘʣʣʘ; 

Ct A45=D  ï ʨʘʩʯʝʪʥʳʡ ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨ; 

9,00 =m

 

ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʪʨʫ-

ʙʦʧʨʦʚʦʜʘ; 

4,1=Ik  ï ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʜʝʞʥʦʩʪʠ ʧʦ ʤʘʪʝ-

ʨʠʘʣʫ; 

1,1=ʥk  ï ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʜʝʞʥʦʩʪʠ ʧʦ ʥʘʟʥʘ-

ʯʝʥʠʶ ʪʨʫʙʦʧʨʦʚʦʜʘ; 

1,1n=  ï ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʜʝʞʥʦʩʪʠ ʧʦ 

ʥʘʛʨʫʟʢʝ ï ʚʥʫʪʨʝʥʥʝʤʫ ʜʘʚʣʝʥʠʶ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ; 
5102,1 -Ö=a  ʛʨʘʜ. ï ʢʦʵʬʬʠʮʠʝʥʪ ʣʠʥʝʡʥʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ ʤʝʪʘʣʣʘ ʪʨʫʙʳ; 
51006,2 Ö=ɽ  ʄʇʘ ï ʧʝʨʝʤʝʥʥʳʡ ʧʘʨʘʤʝʪʨ 

ʫʧʨʫʛʦʩʪʠ (ʤʦʜʫʣʴ ʖʥʛʘ); 

3,0=m  ï ʧʝʨʝʤʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʧʝʨʝʯ-

ʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʩʪʘʣʠ (ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ). 

ʈʘʩʯʝʪʥʘʷ ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

( )npR

npD

I

ʥ

+
=

2
d , (1) 

ʛʜʝ IR  ï ʨʘʩʯʝʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʩʪʷʞʝ-

ʥʠʶ, ʄʇʘ, ʦʥʦ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘ-

ʟʦʤ 

ʥI

ʥ

I
I

kk

mR
R

Ö

Ö
= 0

, 

ʛʜʝ 
ʥ

IR  ï ʥʦʨʤʘʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʩʪʷ-

ʞʝʥʠʶ ʤʝʪʘʣʣʘ ʪʨʫʙ ʠ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʠʥʠ-

ʤʘʝʪʩʷ ʨʘʚʥʳʤ ʤʠʥʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ʚʨʝʤʝʥ-

ʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʝʪʘʣʣʘ. ʇʦʜʩʪʘʚʣʷʷ ʚʳʰʝʫʢʘ-

ʟʘʥʥʳʝ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʠʤ 4,283=IR . 

ɼʘʣʝʝ, ʧʦ ʬʦʨʤʫʣʝ (1) ʚʳʯʠʩʣʷʝʪʩʷ ʨʘʩʯʝʪʥʘʷ ʪʦʣ-

ʱʠʥʘ ʩʪʝʥʢʠ )(0066,0 ʤ=d . ʕʪʦ ʟʥʘʯʝʥʠʝ ʩʣʝ-

ʜʫʝʪ ʦʢʨʫʛʣʷʪʴ ʜʦ ʙʦʣʴʰʝʛʦ ʮʝʣʦʛʦ ʯʠʩʣʘ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʩʦʨʪʘʤʝʥʪʦʤ. ʇʨʠʤʝʤ ʝʝ ʨʘʚʥʦʡ 7 ʤʤ. 

ʅʘʭʦʜʠʤ ʚʝʣʠʯʠʥʫ ʧʨʦʜʦʣʴʥʳʭ ʦʩʝʚʳʭ ʩʞʠʤʘʶ-

ʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʬʦʨʤʫʣʝ: 

d
ma

2
.

ʚʥ
Nʧʨ

npD
tɽů +D-= , (2) 

ʛʜʝ ʚʥD  ï ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʪʨʫʙʦʧʨʦʚʦʜʘ, 

ʦʧʨʝʜʝʣʷʝʤʳʡ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

d2-= ʥʚʥ DD . 

ʇʦʜʩʪʘʚʣʷʷ ʚʳʰʝʫʢʘʟʘʥʥʳʝ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝ-

ʥʠʷ, ʠʤʝʝʤ 617,0=ʚʥD (ʤ), ʪʦʛʜʘ ʚʝʣʠʯʠʥʘ ʧʨʦ-

ʜʦʣʴʥʳʭ ʦʩʝʚʳʭ ʩʞʠʤʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦʣʫ-

ʯʠʪʩʷ 38,31. -=Nʧʨů  ʄʇʘ. 

ʇʨʠ ʥʘʣʠʯʠʠ ʧʨʦʜʦʣʴʥʳʭ ʦʩʝʚʳʭ ʩʞʠʤʘʶʱʠʭ 

ʥʘʧʨʷʞʝʥʠʡ N.ʧʨů  ʙʫʜʝʪ ʠʤʝʪʴ ʦʪʨʠʮʘʪʝʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ 0. <Nʧʨů . ʊʦʛʜʘ ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ ʧʝʨʝ-

ʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
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( )npR

npD
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ʥ
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, 

ʛʜʝ Iy  - ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʜʚʫʭʦʩ-

ʥʦʝ ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʪʨʫʙ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʧʦ 
ʬʦʨʤʫʣʝ: 

1

.

2

1

.

1 507501
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Ö-=y  

ʇʦʜʩʪʘʚʣʷʷ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ, ʠʤʝʝʤ 

94,0I =y , ʪʦʛʜʘ ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ ʧʦʣʫʯʠʪʩʷ 

7=d  ʤʤ. ʇʦʩʢʦʣʴʢʫ ʧʨʠ ʧʝʨʝʩʯʝʪʝ ʪʦʣʱʠʥʳ 

ʩʪʝʥʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʫʯʠʪʳʚʘʝʪʩʷ ʝʱʝ ʧʨʠʧʫʩʢ ʥʘ 
ʢʦʨʨʦʟʠʶ 2 ʤʤ ʠ ʧʨʠʧʫʩʢ ʥʘ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʨʦ-

ʢʘʪʘ 1 ʤʤ, ʪʦ 10=d  ʤʤ. 

 

ʊʦʣʱʠʥʫ ʩʪʝʥʢʠ ʪʨʫʙ, ʦʧʨʝʜʝʣʷʝʤʫʶ ʧʦ ʬʦʨ-

ʤʫʣʝ (1) ʩʣʝʜʫʝʪ ʧʨʠʥʠʤʘʪʴ ʥʝ ʤʝʥʝʝ ʥD
140

1
 (ʪ.ʝ. 

140

ʥD
²d ) ʠ ʥʝ ʤʝʥʝʝ 4 ʤʤ ï ʜʣʷ ʪʨʫʙ ʫʩʣʦʚʥʳʤ 

ʜʠʘʤʝʪʨʦʤ ʩʚʳʰʝ 200 ʤʤ. ʈʘʥʝʝ ʥʘʡʜʝʥʥʦʝ ʟʥʘʯʝ-

ʥʠʝ 10=d  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʵʪʦʤʫ ʪʨʝʙʦʚʘʥʠʶ 

140

630
10> . 

ʇʨʦʚʝʨʢʘ ʥʘ ʧʨʦʯʥʦʩʪʴ ʧʦʜʟʝʤʥʦʛʦ ʪʨʫʙʦʧʨʦ-
ʚʦʜʘ ʚ ʧʨʦʜʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʇʨʦʚʝʨʢʫ ʥʘ ʧʨʦʯʥʦʩʪʴ ʧʦʜʟʝʤʥʳʭ ʪʨʫʙʦʧʨʦ-
ʚʦʜʦʚ ʚ ʧʨʦʜʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 
ʠʟ ʫʩʣʦʚʠʷ:  

12. Rů Nʧʨ Ö¢y ,  (3) 

ʛʜʝ N.ʧʨů  ï ʧʨʦʜʦʣʴʥʦʝ ʦʩʝʚʦʝ ʥʘʧʨʷʞʝʥʠʝ 

ʦʪ ʨʘʩʯʝʪʥʳʭ ʥʘʛʨʫʟʦʢ ʠ ʚʦʟʜʝʡʩʪʚʠʡ, ʄʇʘ, ʦʧʨʝ-
ʜʝʣʷʝʤʦʝ ʦʪ ʨʘʩʯʝʪʥʳʭ ʥʘʛʨʫʟʦʢ ʠ ʚʦʟʜʝʡʩʪʚʠʡ. 
ʆʧʨʝʜʝʣʷʝʤ ʚʝʣʠʯʠʥʫ ʧʨʦʜʦʣʴʥʳʭ ʦʩʝʚʳʭ ʥʘʧʨʷ-

ʞʝʥʠʡ ʧʦ ʬʦʨʤʫʣʝ (2), ʛʜʝ 10=d  ʤʤ, ʠʤʝʝʤ 

74,55. -=Nʧʨů  ʄʇʘ 

2y  ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʜʚʫʭʦʩʥʦʝ 

ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʝʪʘʣʣʘ ʪʨʫʙ, ʧʨʠ ʨʘʩʪʷʛʠ-
ʚʘʶʱʠʭ ʦʩʝʚʳʭ ʧʨʦʜʦʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʷʭ 

( )0ů N.ʧʨ ²  ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ ʝʜʠʥʠʮʝ, ʧʨʠ 

ʩʞʠʤʘʶʱʠʭ ( )0ů N.ʧʨ < ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨ-

ʤʫʣʝ: 
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ʛʜʝ IR  ï ʨʘʩʯʝʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʩʪʷʞʝ-

ʥʠʶ, ʦʥʦ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʨʘʥʝʝ ʠ ʨʘʚʥʦ 

4,283=IR  ʄʇʘ; 

ʢʮs  ï ʢʦʣʴʮʝʚʳʝ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʨʘʩʯʝʪʥʦʛʦ 

ʚʥʫʪʨʝʥʥʝʛʦ ʜʘʚʣʝʥʠʷ, ʄʇʘ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʧʦ ʬʦʨ-
ʤʫʣʝ: 

ʥ

ʚʥ
ʢʮ

ʧʨD

d
s

2
= , 

ʛʜʝ 1,1=n  ï ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʜʝʞʥʦʩʪʠ ʧʦ 

ʥʘʛʨʫʟʢʝ ï ʚʥʫʪʨʝʥʥʝʤʫ ʜʘʚʣʝʥʠʶ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ; 

617,0=ʚʥD ʤ ï ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʪʨʫʙʦ-

ʧʨʦʚʦʜʘ; 

1,0=ʥd  ʤ ï ʥʦʤʠʥʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ 

ʪʨʫʙʳ; 

5,5=ʨ

 

ʄʇʘ ï ʨʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ ʚ ʪʨʫʙʦʧʨʦ-

ʚʦʜʝ. 
ʇʨʠ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʠʤʝʝʤ 

186=ʢʮs  ʄʇʘ. ʊʦʛʜʘ ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶ-

ʱʠʡ ʜʚʫʭʦʩʥʦʝ ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʝʪʘʣʣʘ 

ʪʨʫʙ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ 4,02=y . 

ʇʨʦʚʝʨʷʝʤ ʫʩʣʦʚʠʝ ʧʨʦʯʥʦʩʪʠ ʧʦʜʟʝʤʥʦʛʦ 
ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ ʧʨʦʜʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦ ʬʦʨ-

ʤʫʣʝ (3), ʠʤʝʝʤ 4,2834,08,55 Ö<- . ʊʘʢʠʤ ʦʙ-

ʨʘʟʦʤ, ʫʩʣʦʚʠʝ ʧʨʦʯʥʦʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʜʠʘʤʝʪʨʦʤ 
630 ʤʤ ʩ ʪʦʣʱʠʥʦʡ ʩʪʝʥʢʠ 10 ʤʤ ʚʳʧʦʣʥʷʝʪʩʷ. 
ɿʘʢʣʶʯʝʥʠʝ 
ʉʘʭʘʣʠʥʩʢʘʷ ʦʙʣʘʩʪʴ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦ-

ʣʝʝ ʨʘʟʚʠʪʳʭ ʥʝʬʪʝʛʘʟʦʜʦʙʳʚʘʶʱʠʭ ʨʘʡʦʥʦʚ ʜʘʣʴ-
ʥʝʚʦʩʪʦʯʥʦʛʦ ʨʝʛʠʦʥʘ ʠ ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ ʩʪʘʨʝʡ-
ʰʠʭ ʚ ʈʦʩʩʠʠ. ʉʘʤʘʷ ʢʨʫʧʥʘʷ ʥʝʬʪʝʛʘʟʦʜʦʙʳʚʘʶ-
ʱʘʷ ʢʦʤʧʘʥʠʷ ʥʘ ʉʘʭʘʣʠʥʝ ʵʪʦ çʉʘʭʘʣʠʥ 
ʕʥʝʨʜʞʠè. ʅʝʬʪʝʛʘʟʦʚʘʷ ʢʦʤʧʘʥʠʷ çʉʘʭʘʣʠʥ ʕʥʝʨ-
ʜʞʠ ʀʥʚʝʩʪʤʝʥʪ ʂʦʤʧʘʥʠ ʃʪʜè (çʉʘʭʘʣʠʥ ʕʥʝʨ-
ʜʞʠè) ʚʝʜʝʪ ʦʩʚʦʝʥʠʝ ʇʠʣʴʪʫʥ-ɸʩʪʦʭʩʢʦʛʦ ʠ ʃʫʥ-
ʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʰʝʣʴʬʝ 
ʦʩʪʨʦʚʘ ʉʘʭʘʣʠʥ. ɺ ʟʘʜʘʯʠ ʢʦʤʧʘʥʠʠ ʚʭʦʜʷʪ ʜʦ-
ʙʳʯʘ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ, ʧʝʨʝʨʘʙʦʪʢʘ ʠ ʤʘʨʢʝʪʠʥʛ 
ʥʝʬʪʠ ʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ. 
ʂʦʤʧʘʥʠʷ ʧʨʦʚʝʣʘ ʪʨʠ ʛʦʜʘ, ʩʦʙʠʨʘʷ ʜʘʥʥʳʝ ʠ 

ʧʨʦʚʦʜʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʘʙʦʪʳ ʚʜʦʣʴ ʤʘʨʰ-
ʨʫʪʘ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʚʦʟʤʦʞʥʦʝ ʚʦʟ-
ʜʝʡʩʪʚʠʝ ʪʨʫʙʦʧʨʦʚʦʜʘ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 
ʆʭʨʘʥʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʥʘʠʚʘʞʥʝʡ-
ʰʠʤ ʪʨʝʙʦʚʘʥʠʝʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʧʨʦʚʝʜʝʥʠʶ 
ʨʘʙʦʪ. 
ʂʦʤʧʘʥʠʷ ʙʳʣʘ ʠ ʦʩʪʘʝʪʩʷ ʧʝʨʚʦʦʪʢʨʳʚʘʪʝ-

ʣʝʤ, ʧʨʠʤʝʥʷʷ ʫʥʠʢʘʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʫʧʨʘʚʣʝʥ-
ʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʵʢʦ-
ʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʚʦ ʤʥʦʛʦʤ ʩʪʘʚʰʠʝ ʠʥʥʦ-
ʚʘʮʠʦʥʥʳʤʠ ʜʣʷ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ ʈʦʩʩʠʠ. 
ɿʘ 25 ʣʝʪ çʉʘʭʘʣʠʥ ʕʥʝʨʜʞʠè ʥʝ ʪʦʣʴʢʦ ʚʳʰʣʘ 

ʚ ʣʠʜʝʨʳ ʤʠʨʦʚʦʡ ʠʥʜʫʩʪʨʠʠ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʧʨʦʠʟ-
ʚʦʜʩʪʚʘ, ʥʦ ʠ ʩʪʘʣʘ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʧʦʩʪʘʚʱʠ-
ʢʦʚ ʵʥʝʨʛʠʠ ʜʣʷ ɸʟʠʘʪʩʢʦ-ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʨʝʛʠʦʥʘ 
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ɸʥʦʪʘʮʽʷ 

ʉʪʘʪʪʷ ʧʨʠʩʚʷʯʝʥʘ ʘʢʪʫʘʣʴʥʽʡ ʧʨʦʙʣʝʤʘʪʠʮʽ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʚ ʦʙʣʘʩʪʽ ʘʢʫʩʪʠʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ 

ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ. ɸʚʪʦʪʨʘʥʩʧʦʨʪʥʠʡ ʰʫʤ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʬʘʢʪʦʨ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʦʪʦ-

ʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʇʨʦʚʝʜʝʥʦ ʥʠʟʢʫ ʧʦʣʴʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽʟ ʚʠʤʽʨʘʤʠ ʨʽʚʥʽʚ ʰʫʤʫ ʥʘ ʨʽʟʥʠʭ ʪʝʨʠʪʦʨʽʷʭ ʤʽʩʪʘ, ʨʦʟʨʘʭʦ-

ʚʘʥʦ ʝʢʚʽʚʘʣʝʥʪʥʽ ʨʽʚʥʽ ʰʫʤʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʫ ʧʦʜʘʣʴʰʽʡ ʩʪʘʪʠʩʪʠʯʥʽʡ ʦʙʨʦʙʮʽ. ʊʘʢʦʞ ʥʘ ʦʙʨʘʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʽʣʷʥʢʘʭ ʚʨʘʭʦʚʫʚʘʣʠʩʴ ʥʘʷʚʥʽʩʪʴ ʽ ʪʠʧ ʥʘʩʘʜʞʝʥʴ, ʱʦ ʩʣʫʛʫʶʪʴ ʫ ʷʢʦʩʪʽ ʧʨʦʪʠʚʦʰʫ-

ʤʦʚʦʛʦ ʬʽʣʴʪʨʫ, ʦʧʠʩʘʥʦ ʾʭ ʚʠʜʦʚʠʡ ʩʢʣʘʜ ʟʘ ʷʨʫʩʘʤʠ. ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʪʘʢʽ ʩʪʘʪʠʩʪʠʯʥʽ ʘʧʘʨʘʪʠ: ʧʨʦʩʪʘ 

ʩʪʘʪʠʩʪʠʢʘ, ʘʥʘʣʽʟ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪ, ʢʨʠʪʝʨʽʡ ʂʦʣʤʦʛʦʨʦʚʘ-ʉʤʽʨʥʦʚʘ. ʆʪʨʠʤʘʥʠʡ ʤʘʩʠʚ ʜʘʥʠʭ ʙʫʣʦ 

ʨʦʟʧʦʜʽʣʝʥʦ ʥʘ ʯʦʪʠʨʠ ʛʨʫʧʠ ʟʘ ʢʣʘʩʠʬʽʢʶʯʦʶ ʦʟʥʘʢʦʶ çʪʠʧ ʥʘʩʘʜʞʝʥʴè: ʥʘʩʘʜʞʝʥʥʷ ʚʽʜʩʫʪʥʽ, ʣʽʩʦʧʘʨʢ, 

ʧʘʨʢʠ, ʽʥʰʽ ʥʘʩʘʜʞʝʥʥʷ (ʚʫʣʠʯʥʽ ʪʘ ʚʥʫʪʨʽʰʥʴʦ-ʢʚʘʨʪʘʣʴʥʽ). ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʩʦʙʫ MS Excel 

È ʧʦʙʫʜʦʚʘʥʦ ʣʽʥʽʡʥʽ ʨʝʛʨʝʩʽʡʥʽ ʤʦʜʝʣʽ ʘʙʩʦʣʶʪʥʦʛʦ ʟʥʠʞʝʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʨʽʚʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʰʫʤʫ 

ʟʘʣʝʞʥʦ ʚʽʜ ʚʽʜʩʪʘʥʽ ʜʦ ʜʞʝʨʝʣ ʰʫʤʫ ʥʘʩʘʜʞʝʥʥʷʤʠ ʨʽʟʥʠʭ ʪʠʧʽʚ. ʇʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰʝ ʟʥʠʞʝʥʥʷ 

ʰʫʤʫ ʜʦʩʷʛʘʻʪʴʩʷ ʥʘ ʚʽʜʩʪʘʥʽ 20 ʤ. ʚʽʜ ʧʨʦʾʟʥʦʾ ʯʘʩʪʠʥʠ, ʘ ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʤ ʪʠʧʦʤ ʥʘʩʘʜʞʝʥʴ ʫ ʷʢʦʩʪʽ 

ʧʨʦʪʠʚʦʰʫʤʦʚʦʛʦ ʬʽʣʴʪʨʫ ʩʣʫʛʫʶʪʴ ʥʘʩʘʜʞʝʥʥʷ ʧʘʨʢʦʚʦʛʦ ʪʘ ʣʽʩʦʧʘʨʢʦʚʦʛʦ ʪʠʧʽʚ. 

Abstract 

The article is devoted to current issues of environmental safety in the field of acoustic pollution of urbanized 

areas. Road transport noise is considered as a factor of technological pollution of the environment. 

Series of field studies were conducted with measurements of noise levels in various areas of the city, and 

equivalent noise levels were calculated, which were used in further statistical processing. Also, in the selected 

experimental sites, the presence and type of plantings that serve as an anti-noise filter were taken into account, 

their species composition in tiers was described. The following statistical devices were used: simple statistics, 

principal components analysis, Kolmogorov-Smirnov criterion. The resulting data array was divided into four 

groups according to the ñtype of plantingsò classification criterion: there are no plantings, forest park, parks, and 

other plantings (street and inland). Using MS Excel È software, linear regression models have been built to abso-

lutely reduce the equivalent level of traffic noise depending on the distance to noise sources by various types of 

plantings. It is confirmed that the greatest reduction of noise is achieved at the distance of 20 m from the roadway, 

and the most effective type of plantings as a noise filter are plantings of park and forest park types. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʝʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ, ʟʝʣʝʥʽ ʥʘʩʘʜʞʝʥʥʷ, ʘʚʪʦʤʦʙʽʣʴʥʘ ʜʦʨʦʛʘ, ʪʨʘʥʩʧʦʨʪʥʠʡ ʰʫʤ, ʫʨ-

ʙʘʥʽʟʦʚʘʥʘ ʪʝʨʠʪʦʨʽʷ, ʣʽʥʽʡʥʘ ʨʝʛʨʝʩʽʷ,ʩʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ. 

Keywords: ecological safety, plantings, highway, transport noise, urbanized territory, linear regression, sta-

tistical analysis. 
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Introduction. In modern cities the level of anthro-

pogenic impact on the environment is constantly in-

creasing. The issue of environmental safety in the con-

ditions of intensive operation of vehicles in urban areas 

is relevant in terms of various factors of environmental 

and human impact. It is well known that traffic noise 

accounts for about 80% of the total pollution of the 

acoustic environment. The main reason for the unfavor-

able acoustic environment, which is caused by the op-

eration of vehicles, is the increase in the number of land 

vehicles and the low capacity of the roads, which are 

not designed for modern vehicles, and the road surface 

needs major overhaul. The problem of the location of 

the road network near residential buildings and the den-

sity of urban development, which is the cause of insuf-

ficient recreation area between quarters, as well as of 

active noise and transport activity, are extremely acute 

[1].  

One of the measures to protect residential areas 

from increased noise levels occurring on roads is the 

use of plantings. The contribution of plantings to noise 

reduction has not yet been properly investigated. Rec-

ommendations on the location of plantings, which are 

given in DSTU [2] cannot be applied within the rural 

areas in connection with the established architectural 

and planning ensemble of the city territory. 

In the paper, the traffic noise is considered as a 

factor of anthropogenic impact on the urban environ-

ment. Road transport noise is a dangerous parametric 

pollution of the environment and has a negative impact 

on public health. According to the World Health Or-

ganization, thousands of people worldwide die prema-

turely due to heart disorders caused by prolonged expo-

sure to high noise levels, in particular from vehicles [3]. 

Analysis of studies of domestic and foreign scientists 

confirmed the negative effect of noise on human health 

and the emergence of diseases such as disorders of the 

cardiovascular system, hearing and nervous systems, 

can be a cause of poor sleep and cause irritation [4-9]. 

Goal of the research: assessment of the contribu-

tion of plantings of different functional purpose in re-

ducing transport noise along motorway road in urban-

ized areas. 

To achieve this goal, it was necessary to solve the 

problem of conducting a series of researches to deter-

mine the levels of noise pollution and statistical pro-

cessing of the data obtained, which will allow to evalu-

ate the contribution of plantings to the reduction of ur-

ban transport noise. 

Field observations and measurements were carried 

out for two years, in the spring-summer and autumn-

winter periods on the territory of the city of Kharkiv. 10 

profiles were laid down for the experiment:  

No. 1. Bursatskyi Uzviz; No. 2. Kravtsova Str.; 

No. 3. Park named after T.H. Shevchenko; No. 4. 

Botanical Garden of Karazin Kharkiv National 

University (site on Klochkivska Str.); No. 5. 

Klochkivskyi Uzviz; No. 6. Kosmichna Str.; No. 7. 

Sosnova Hirka Park; No. 8. Novhorodska Str.; No.9. 

Forest Park (Pavlove Pole District); No.10. Forest Park 

(Pomirky District). 

To measure noise levels from vehicles along each 

of the profiles (except profile No. 8), 5 points were laid 

at distances of 0 m, 10 m, 20 m, 50 m and 100 m from 

the roads. The segments along profile No. 8, but 

included points located at distances of 0 m, 10 m and 

20 m from the road. In most cases, the first row of 

plantings is located 5-7 m from the edge of the road. 

In selected areas full-scale measurements of noise 

levels were carried out, the main source of which is ve-

hicles. Measurements were performed using DT 8852 

sound recorder according to the method specified in 

ISO 1996-1:2016 [10]. According to this method, 

measurements should be made at the distance of 7.5 m 

from the carriageway. But, based on the goal of the re-

search of assessing the contribution of urban plantings 

to reducing traffic noise, five points were selected on 

each profile under study at the distance of 10 m, 20 m, 

50 m and 100 m. The other conditions given in the 

methodology were unchanged. Field studies were con-

ducted in dry, windless weather. Instantaneous noise 

levels were recorded during such period of time that at 

least 200 vehicles were traveling in all directions. The 

noise characteristic calculated to evaluate the condition 

of the acoustic environment in the territories of the res-

idential areas is an equivalent noise level calculated in 

accordance with the procedure given in Appendix 1 of 

GOST 23337-78 [11]. 

Also, at each point, the presence and type of plant-

ings were taken into account, their species composition 

in layers was described: the main tree cover (A), juve-

nile trees (Aj, young trees that have not yet been in-

cluded in the composition of the main tree cover in 

height), shrub cover (Fr), and vegetation cover (H). For 

each cover, the degree of projective coverage was esti-

mated (0 to 100% in 5% increments). The following pa-

rameters were measured separately for the main tree 

cover: 

n ī is the number of rows of plantings from the 

road to the measuring point; 

B, m ī is the width of the plantation stand from 

the outside relative to the boundary road to the measur-

ing point; 

H, m ī mean tree height (measured using the angle 

meter IU-1M); 

LCR, fracture units ī live crown ratio, that is, the 

proportion occupied by a continuously crowned crown 

from the length of the tree trunk (average for a group of 

trees at a point); 

CC H, unit fraction ī canopy closure (the same as 

tree cover), that is, an indicator similar to the projective 

cover of the tree cover; 

CC V, unit fraction ī canopy closure (vertical pro-

jection), that is, the proportion of the apparent space of 

the plane perpendicular to the soil surface, which is 

covered by the leafy crowns of adjacent trees in a row 

(average for a group of trees at the point); 

CT, unit fraction ī crown transparency, that is, the 

total proportion of the total area of the imaginary con-

tour of the living crown of a tree in different projec-

tions, which accounts for enlightenment among the 

leafed shoots; 

r, m ī average distance between trees in the plant-

ing; 

Ŭ, deg. ī surface slope (measured using the angle 

meter IU-1M). 
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All ground distances were measured using a tape 

measure. 

The live crown ratio and crown transparency were 

measured using the forest plant health monitoring 

methodology adopted in Ukraine [12]. The vertical 

crown projection for this study was first proposed. 

For each series of measurements, MS Excel 2013 

software determines the point parameters of normal sta-

tistics, as follows: 

- mean value (ὼӶ); 
- variance (ů2); 

- standard deviation (ů). 

The standard error of the average (Standard error) 

(s) was calculated by the formula: 

ί
Ѝ

 ,  (1) 

where N is a sample size [13]. 

The reliability of the average was checked using 

Student's criterion for point estimates: 

ὸ
Ӷ
  (2) 

The obtained value was compared with the stand-

ard (tabular) criterion value at the significance level of 

p>0.95 (a>0.05). The mean value is significant if the 

Student's criterion calculated is equal to or greater than 

the standard value [13]. 

The absolute reduction of the equivalent noise 

level at the distance R from the roadway was calculated 

as: 

ὃὄὛὒὙ ὒπ ȿὒὙ ὒπȿ (3) 

where L (R) is the equivalent noise level at the dis-

tance R from the roadway, dBA;  

L (0) is the equivalent noise level at the distance 

of 0 m from the carriageway, dBA. 

The relative noise level at the distance R from the 

roadway was calculated as: 

ὙὉὒὒὙȟὒπ ,  (4) 

where L (R) is the equivalent noise level at the dis-

tance R from the roadway, dBA;  

L (0) is the equivalent noise level at the distance 

of 0 m from the carriageway, dBA. 

Research results. Taking into accounts that the 

points on different profiles differed in a number of 

planting parameters, such as the width of the planting 

stand, the height of the tree cover, the average distance 

between adjacent trees, the crown density, the ratio of 

the ñlivingò crown, the crown density in vertical pro-

jection, crown transparency, etc., the Principal Compo-

nent Analysis was conducted, as expected, will help to 

identify the leading factors associated with the param-

eters of the vegetation cover, which affect the reduction 

of noise pollution in both absolute and relative displays 

bodies. Among the set of values of the eigenvectors of 

the correlation matrices of all the considered attributes 

(variables), when selecting the main components, only 

statistically significant values of the eigenvectors of the 

variables were taken into account. 

In both analyzes, the first two components gener-

ally accounted for only 68% of the total variance, which 

is insufficient to significantly reduce the dimension of 

the factor space [14] and, thus, to isolate 1-2 "leading" 

independent factors associated with particular traits of 

plantations in the studied points that could be used to 

construct the analytical regression model.  

Table 1 shows the correlation matrix of features 

(Spearman's rank correlation coefficients, rS), which 

are used to characterize the vegetation cover at the stud-

ied points. It is noticeable that the absolute reduction of 

the equivalent noise level is closely correlated (r S = 

0.84) with the distance to the linear noise source, the 

number of rows of plantings (r S = 0.87) and, slightly 

weaker, with the width of the planting stand from the 

edge to the measurement point (r S = 0.78) and the av-

erage height of the tree cover at the point (r S = 0.71). 

In turn, the number of rows of trees in the plantings and 

the width of the planting stand closely correlate with 

the distance to the linear noise source (correlation coef-

ficients r S = 0.90 and r S = 0.93, respectively). Thus, 

these parameters are interdependent. The sign of 

"crown transparency" also correlates positively with 

the mean power with such parameters as the distance to 

the noise source, the number of rows of trees, the width 

of the planting band, the absolute reduction of the 

equivalent noise level. 

Table 1 

Correlation matrix of features characterizing the absolute decrease in the equivalent noise level from vehicles at 

points on the studied profiles: Spearman's rank correlation coefficients 
Features R n B H LCR CCH CCV CT r FR HB Ŭ 

R 1.00            

n 0.90* 1.00           

B 0.93 0.92 1.00          

H 0.49 0.63 0.48 1.00         

LCR -0.17 -0.29 -0.21 -0.46 1.00        

CCH 0.19 0.21 0.17 0.20 0.20 1.00       

CCV 0.06 -0.04 -0.06 -0.03 0.36 0.48 1.00      

CT 0.46 0.53 0.44 0.66 -0.30 0.25 -0.06 1.00     

r 0.43 0.36 0.39 0.41 -0.22 -0.10 -0.24 0.19 1.00    

FR 0.35 0.22 0.20 0.05 0.18 0.56 0.47 0.10 0.24 1.00   

HB -0.05 -0.02 0.03 -0.10 -0.05 -0.38 -0.31 -0.24 0.17 -0.20 1.00  

Ŭ 0.38 0.19 0.34 -0.23 -0.06 -0.09 0.06 -0.03 0.06 0.25 -0.11 1.00 

ABS (Lʝ(R)-Le(0)) 0.84 0.87 0.78 0.71 -0.32 0.26 0.03 0.54 0.44 0.26 -0.04 0.08 

Note: only statistically significant correlation coefficients at p>0.95 (a>0.05) are highlighted in bold. 
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Considering that all the planting parameters de-

pending on the distance to the noise source, as well as 

the density of plantings in horizontal and vertical pro-

jections, together with the ñlive crownò ratio, are in-

cluded in one main component, which explains about 

52% of the variation in the absolute decrease in the 

equivalent noise level, it seems useful to identify how 

plantings of various types in the large city affect such 

decline. 

At this stage of the analysis, the entire array of data 

series characterizing the reduction of equivalent noise 

(both in absolute and relative values) on different pro-

files, perpendicular to the roads in different conditions 

of the residential area, was divided into 4 groups and 

analyzed separately in each group. These groups were 

distinguished according to the ñtype of plantingsò clas-

sification criterion, namely: there are no plantings, a 

forest park, parks, and other plantings (street and inland 

blocks).  

The series of data reflecting the reduction of the 

equivalent noise level on the profiles, grouped by the 

presence of plantings of different types or their absence, 

depending on the distance to the linear noise source are 

shown in Fig. 1 and Fig. 2. To establish how these data 

series, differ, we used the nonparametric Kolmogorov-

Smirnov (KS) statistical criterion for pairwise compar-

ison of data series [15]. We compared both the series of 

data reflecting changes in the equivalent noise level 

along the profiles as a whole, and the data sets charac-

terizing the set of measurement points at the same dis-

tances on the profiles belonging to different groups ac-

cording to the ñtype of plantingsò classification crite-

rion. If the empirically calculated criterion for the given 

pair of values is greater than the tabular critical value 

for these conditions, these series differ significantly 

from each other. 

 
Fig. 1.Reduction of the equivalent noise level from vehicles depending on the distance to the noise source in the 

investigated sections in m. Kharkiv, grouped by the presence or absence of plantings of different types (vegeta-

tion period 2017 and 2018) 
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Fig. 2. Relative reduction of the equivalent noise level from vehicles depending on the distance to the noise 

source in the investigated sections in m. Kharkiv, grouped by the presence or absence of plantings of different 

types (vegetation period 2017 and 2018) 

 

According to Kolmogorov-Smirnov criterion, all 

rows showing the absolute reduction of the equivalent 

noise level on profiles relating to different types of 

plantations, as well as on control profiles (without 

plantings) depending on the distance to the linear noise 

source, are significantly different from each other at the 

level significance p>0.95 (a>0.05). This means that 

such decrease can be described by a family of equations 

constructed by regression analysis methods that reflect 

the dependence of the form: 

ώ ὥὼ ὦ  (1) 

Table 2 

Results of comparison of sets of values reflecting the absolute reduction of equivalent noise level on profiles per-

taining to different types of plantings as well as on control profiles 

Type of planting Kolmogorov-Smirnov criterion  

without plantings forest park parks 

without plantings    

forest park 0,88 (0,07)   

parks 1,08 (0,07) 0,90 (0,05)  

others 1,03 (0,08) 1,16 (0,06) 1,01 (0,06) 

Note: in tabs there are tabular critical values of the criterion 

 

MS Excel È software builds linear regression 

models of absolute reduction of equivalent transport 

noise depending on distance to noise sources by plant-

ings of different types: 

for the forest-park area:  

ABS(L(R)-L(0)) = 0.2091R+7.3175 (R2=0.6923) ;  (2) 

for parks:  

ABS(L(R)-L(0)) = 0.1839R+5.7251 (R2=0.6920) ;  (3) 

for street and interland plantings:  

ABS(L(R)-L(0)) = 0.1647R+2.7492 (R2=0.6059) ;  (4) 

city building without plantings:  

ABS(L(R)-L(0)) = 0.1168R+2.3131 (R2=0.5169)   (5) 
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Instead, no statistically significant difference be-

tween the groups of profiles was found for the data 

showing the relative equivalent noise level at different 

distances from the highway (in all comparisons the em-

pirical Kolmogorov-Smirnov criteria were calculated 

to be less than the critical tabular values). Only by com-

paring the regrouped data series on relative noise levels 

for points that are within the same distance range, but 

in different profile groups based on "planting type", is 

a significant difference between forestry and parkland 

plantings on the one hand, and non-plantation profiles 

or with street / intra-quarter plantings, on the other 

(moving average method, level 5) at the distance of 20 

m from the carriageway (KS emp = 0.33 > K-S theor. 

= 0.30). In this case, the plantings of the first group re-

duce the noise load level by 16-25% of the equivalent 

noise level at the edge of the roadway, and in street 

plantings, or in the absence of plantings, this reduction 

reaches only 8-15%. At other intervals, the difference 

was not statistically significant. 

Conclusions. According to mean values, a de-

crease in the equivalent noise level from vehicles, both 

in absolute and in relative values, is most significant on 

profiles located in the stands of the forest park zone 

(from 10.5 dBA to 25.3 dBA, or from 15% to 34 % at 

distances from 10 to 100 m). Park-type plantings pro-

vide equivalent noise reduction of 7.8 dBA to 21.0 dBA 

(10% to 28%) at distances of 10 to 100 m, and planta-

tions of other types - from 5.0 dBA to 18.3 dBA (6% to 

25%) at distances of 10 to 100 m deep from the edge of 

the roadway. At the same time, on profiles where there 

are no plantings, the absolute reduction of equivalent 

noise levels ranged from 5-6 dBA to 10.8 dBA (from 

8% to 14%) at the same distances.  

Spearman's rank correlation has revealed that the 

most significant factor in reducing noise from linear 

sources in space is, in fact, the distance to these sources 

and the planting parameters that are closely related to 

this factor: the width of the plantation stand and the 

number of rows of trees in the planting. 

Using Kolmogorov-Smirnov criterion, linear re-

gression dependences of the absolute noise reduction 

by plantings caused by the operation of vehicles were 

constructed at different distances from the roadway, 

which can be used separately for different types of ur-

ban plantings, such as: forest parks, parks, street and 

interland, urban development without plants. 

Thus, it is shown that the presence of plantings in 

urban areas in areas with heavy traffic has a significant 

effect on the magnitude of the noise load reduction as 

it moves away from the linear noise source. Researches 

and subsequent analysis have made it possible to con-

clude that, first, the relative reduction of noise load cor-

relates with a distance of 20 meters from the roadway 

and, secondly, the closer the structure of the planting to 

the park or forest, the difference the noise load level is 

higher. It is established that there is a need for further 

analysis of the possibility of additional environmentally 

sound solutions that will reduce the noise load in urban 

areas. 
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Abstract 
The article deals with topical issues of using materials that can improve the comfort of housing. It is estab-

lished that in modern construction it is necessary to use those materials that dissipate electromagnetic radiation 

and do not contain substances that are dangerous to the human body. One such material is straw. 
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According to experts of the World Health Organi-

zation, the average resident spends in the area for about 

80% of life. Therefore, among the factors that signifi-

cantly affect health, must include the degree of neoposi-

tivist, sustainability of external and internal environ-

ment of buildings [1, p. 17]. 

Scientists-hygienists believe that many diseases 

are determined by the quality of living conditions. 

These are so-called "housing diseases". Their reason ï 

unsatisfactory influence of the internal environment of 

the room on human health. Nowadays, the safety of the 

artificial environment-a place where many people 

spend most of their lives, is becoming more urgent. 

Concrete and, especially, reinforced concrete 

slabs are very dangerous for living organisms. Concrete 

becomes incredibly strong when solidified. This is 

good from a constructive point of view, but it amplifies 

electromagnetic waves. And reinforced concrete, in ad-

dition, also shields electromagnetic radiation of the 

building. In such structures people are getting tired 

faster, experience headaches, reduced efficiency, po-

tency, see instability in blood pressure, dysfunction of 

the nervous system, allergic reactions [2, p. 999; 3, ʨ. 

1002]. 

Such thermal insulation materials as foam, poly-

styrene, glass wool and PENOPLEX contain in their 

composition formaldehyde, phenols and styrene, 

which, being in chemical and thermal equilibrium with 

the air, i.e. the temperature of 20 Á C, at which all reg-

ulatory measurements occur, are absolutely safe for hu-

man health. However, with an increase in air tempera-

ture of more than 200 C, these gases begin to be re-

leased, which is a significant fact when used in the 

South of Russia. And in the case of heating or fire, their 

concentration is not only harmful, but also deadly to 

humans. With long-term and systematic effects of sty-

rene on the human body, impaired kidney, liver, hema-

topoietic system. Styrene is a carcinogen and can pro-

voke the development of cancer [4, ʨ. 117]. 

The conclusion is obvious. It is necessary to apply 

in modern construction those materials which dissipate 

electromagnetic radiation and do not contain sub-

stances dangerous to a human body in the structure. 

One such material is straw [5, ʨ. 31]. 

Solomite (figure 1) ï material from straw in the 

form of mats, plates or blocks. But not to be confused 

with straw bales. These are completely different mate-

rials. Solomite is used as an environmental insulation, 

aggregate in frame construction as a material for the 

construction of partitions [6, ʨ. 8]. 

In many countries of the world, straw is widely 

used in agriculture and construction. In Soviet times, 

this material was beaten by regulatory requirements 

that corresponded to GOST No. 1950-43 (GOST 1950-

43, from November 15, 1952 this regulatory document 

ceased to be valid due to the lack of demand for the 

production of straw). 

Solomite was made in the form of plates. The 

overall dimensions of the straw boards are 3 m long, 1 

-1.20 m wide and 5, 7 and 10 cm thick. The specific 

gravity of 1 straw is about 17 kg. with a thickness of 7 

cm. 
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Figure 1. Solomite  

 

The moisture content of the straw should be no 

more than 18%. The thermal conductivity of solomite 

is on average 0.09. The weight of the straw, depending 

on the degree of compaction and compression, is 260 - 

360 kg / for the first grade and 200 -300 kg / for the 

second. 

Straw products are sewn with wire or thread, de-

pending on the type of machine. A wire with a diameter 

of 1.5 - 2 mm is the best option for flashing straw prod-

ucts [7, p. 97]. 

Post-installation treatment of dolomite products is 

its plaster clay or other vapor-permeable mixtures. 

Plaster is applied to one or two sides of the straw and 

perfectly protects against fungi, fire, rodents and me-

chanical damage. Pre-straw products on the construc-

tion site do not require complex preparation for finish-

ing work. Plaster for this kind of products firmly and 

securely clings, so as to prevent the mesh or lath. The 

thickness of the wall of straw 10 cm thick, plastered on 

both sides with clay plaster in terms of thermal conduc-

tivity equates to 51 cm brick and 20 cm wood. To im-

prove heat transfer parameters, you can use a warm clay 

plaster [8, p. 6]. This will significantly increase the 

thermal conductivity of the straw. 

Therefore, we can conclude that solomite is a reli-

able and environmentally friendly, light and durable, 

heat and sound insulating natural material. 

This is an excellent alternative in ecological con-

struction and ecological repair of houses and premises. 
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ɸʥʥʦʪʘʮʠʷ 

ʆʧʠʩʳʚʘʝʪʩʷ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʪʝʣʝʤʝʜʠʮʠʥʳ, ʚʢʣʶʯʘʶʱʘʷ ʚʝʙ-ʠʥʪʝʨʬʝʡʩ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ 

ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʨʘʥʥʝʡ ʜʠʘʛʥʦʩʪʠʢʠ ʨʘʢʘ ʢʦʞʠ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʝʝ ʬʫʥʢʮʠʦ-

ʥʘʣʘ, ʧʦʚʳʰʝʥʠʷ ʜʦʩʪʫʧʥʦʩʪʠ ʠ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʜʠʘʛʥʦʩʪʠʢʠ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʚʝʙ ʠʥʪʝʨʬʝʡʩ ʫʧʨʦʩʪʠʪ 

ʜʦʩʪʫʧ ʚʨʘʯʝʡ ʢ ʫʜʘʣʝʥʥʦʤʫ ʮʝʥʪʨʫ ʦʙʨʘʙʦʪʢʠ ʠ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʠ ʧʨʝʜʦʩʪʘʚʠʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʦʚ-

ʤʝʩʪʥʦʡ ʧʨʦʚʝʨʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʧʘʮʠʝʥʪʘʤʠ. ʇʦʣʴʟʦʚʘʪʝʣʠ ʩʤʦʛʫʪ 

ʧʨʦʚʦʜʠʪʴ ʢʦʤʧʴʶʪʝʨʥʳʡ ʘʥʘʣʠʟ ʩʚʦʠʭ ʢʦʞʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʠ ʦʪʩʣʝʞʠʚʘʪʴ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʪʝʣʝʤʝʜʠʮʠʥʳ ʧʨʠʚʝʜʝʪ ʢ ʥʘʢʦʧʣʝʥʠʶ ʠʟʦʙʨʘʞʝʥʠʡ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʢʦʞʠ, ʧʦ-

ʣʫʯʝʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʥʘ ʨʘʟʣʠʯʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ, ʯʪʦ ʩʦʟʜʘʩʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʙʦʣʝʝ ʪʦʯʥʳʭ ʠ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʟʘʙʦʣʝʚʘʥʠʡ ʢʦʞʠ. 

Abstract 
It describes the developed telemedicine system, including a web interface designed to integrate with the in-

formation system for early diagnosis of skin cancer to expand its functionality, improve accessibility and improve 

the quality of diagnosis. Developed web interface will simplify the access of medics to a remote data processing 

and storage center and provide opportunities for joint verification of images and interaction with potential patients. 

Users will be able to carry out a computer analysis of their skin lesions and watch the morphological changes. 

Telemedicine system usage will lead to the accumulation of images of skin neoplasms obtained in various condi-

tions and on various equipment, which will create prerequisites for the development of more accurate and universal 

algorithms for diagnosing skin diseases. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʣʘʥʦʤʘ, ʢʦʤʧʴʶʪʝʨʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ, ʚʝʙ-ʠʥʪʝʨʬʝʡʩ, ʵʢʩʧʝʨʪʥʘʷ ʩʠʩʪʝʤʘ, ʘʥʘʣʠʟ 

ʠʟʦʙʨʘʞʝʥʠʡ. 

Keywords: melanoma, computer diagnostics, web interface, expert system, image analysis. 

 

ɺʚʝʜʝʥʠʝ 

ʇʦ ʜʘʥʥʳʤ ɺʩʝʤʠʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʟʜʨʘʚʦ-

ʦʭʨʘʥʝʥʠʷ, ʚ ʤʠʨʝ ʝʞʝʛʦʜʥʦ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʙʦʣʝʝ 

160,000 ʥʦʚʳʭ ʩʣʫʯʘʝʚ ʤʝʣʘʥʦʤʳ, ʟʘʙʦʣʝʚʘʝʤʦʩʪʴ 

ʢʦʪʦʨʦʡ ʫ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʙʝʣʦʡ ʨʘʩʳ ʝʞʝʛʦʜʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 5-10% ʠ ʩʦʩʪʘʚʣʷʝʪ ʚ ɽʚʨʦʧʝ ʧʨʠ-

ʤʝʨʥʦ 11,3 ʥʘ 100 ʪʳʩ. ʥʘʩʝʣʝʥʠʷ. ʉʦʛʣʘʩʥʦ ʩʪʘʪʠ-

ʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʢʘʞʜʳʝ 10-20 ʣʝʪ ʯʠʩʣʦ ʩʣʫʯʘʝʚ 

ʤʝʣʘʥʦʤʳ ʫʜʚʘʠʚʘʝʪʩʷ. 

ɺ ʈʝʩʧʫʙʣʠʢʝ ɹʝʣʘʨʫʩʴ ʤʝʣʘʥʦʤʘ ʢʦʞʠ ʩʦʩʪʘʚ-

ʣʷʝʪ 1ï4% ʚ ʦʙʱʝʡ ʩʪʨʫʢʪʫʨʝ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʥʦ-

ʚʦʦʙʨʘʟʦʚʘʥʠʡ ʯʝʣʦʚʝʢʘ. ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʴ ʣʝʪ 

ʝʞʝʛʦʜʥʦʝ ʯʠʩʣʦ ʩʣʫʯʘʝʚ ʟʘʙʦʣʝʚʘʥʠʷ ʤʝʣʘʥʦʤʦʡ 

ʢʦʞʠ ʚ ɹʝʣʘʨʫʩʠ ʫʚʝʣʠʯʠʣʦʩʴ ʚ 1,5 ʨʘʟʘ. 

ɽʜʠʥʩʪʚʝʥʥʦʡ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʩʪʨʘ-

ʪʝʛʠʝʡ, ʥʘʮʝʣʝʥʥʦʡ ʥʘ ʨʝʟʢʦʝ ʩʦʢʨʘʱʝʥʠʝ ʫʨʦʚʥʷ 

ʩʤʝʨʪʥʦʩʪʠ ʦʪ ʤʝʣʘʥʦʤʳ, ʷʚʣʷʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʷ 

ʨʘʥʥʝʡ ʜʠʘʛʥʦʩʪʠʢʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ ʪʨʘʥʩʛʨʘ-

ʥʠʯʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʃʠʪʚʘ-ʃʘʪʚʠʷ-ɹʝʣʘʨʫʩʴ 

çʇʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʤʝʜʠʮʠʥʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘ-

ʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʨʘʢʘ ʢʦʞʠ ʠ ʨʘʢʘ ʣʝʛ-

ʢʦʛʦè ʩʦʟʜʘʥʘ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʵʢʩʧʝʨʪʥʘʷ ʩʠʩʪʝʤʘ 

ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʦʧʫʭʦʣʝʡ ʢʦʞʠ ʧʦ ʜʝʨʤʘʪʦʩʢʦʧʠ-

ʯʝʩʢʠʤ ʩʥʠʤʢʘʤ [1], ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʩʝʨʚʝʨ ʮʝʥ-

ʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʭʨʘʥʝʥʠʷ ʘʥʥʦʪʠʨʦʚʘʥʥʳʭ ʠʟʦʙʨʘ-

ʞʝʥʠʡ ʠ ʘʥʘʣʠʟʘ ʜʝʨʤʦʪʦʩʢʦʧʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ, ʠ 

ʢʣʠʝʥʪʩʢʠʝ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʩʚʷʟʠ ʩ ʩʝʨʚʝʨʦʤ, ʩ ʧʦ-

ʤʦʱʴʶ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʪʩʷ ʢʦʤʧʴʶʪʝʨʥʳʡ ʘʥʘʣʠʟ 

ʠ ʧʦʧʦʣʥʷʝʪʩʷ ʙʘʟʘ ʜʘʥʥʳʭ ʘʥʥʦʪʠʨʦʚʘʥʥʳʭ ʠʟʦʙ-

ʨʘʞʝʥʠʡ. ɼʣʷ ʢʦʤʧʴʶʪʝʨʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʦʧʫʭʦ-

ʣʝʡ ʢʦʞʠ ʧʦ ʜʝʨʤʘʪʦʩʢʦʧʠʯʝʩʢʠʤ ʩʥʠʤʢʘʤ ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ ʧʨʦʛʨʘʤʤʘ MelaSearch, ʢʦʪʦʨʘʷ ʜʝʣʘʝʪ ʧʨʦ-

ʛʥʦʟ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭ ʧʦʜʭʦʜʦʚ: ʚʳʯʠʩʣʝʥʠʝ 

ʟʥʘʯʝʥʠʡ ʩʪʘʥʜʘʨʪʥʳʭ ʜʝʨʤʘʪʦʩʢʦʧʠʯʝʩʢʠʭ ʢʨʠʪʝ-

ʨʠʝʚ ʠ ʩʫʤʤʠʨʦʚʘʥʠʷ ʠʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʦʵʬʬʠʮʠ-

ʝʥʪʘʤʠ (ABCD, 7-Point, Menzies); ʧʦʠʩʢ ʧʦʭʦʞʠʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʙʘʟʝ ʜʘʥʥʳʭ c ʠʟʚʝʩʪʥʳʤʠ ʜʠʘʛʥʦ-

ʟʘʤʠ [2]. ɹʘʟʘ ʜʘʥʥʳʭ ʘʥʥʦʪʠʨʦʚʘʥʥʳʭ ʠʟʦʙʨʘʞʝ-

ʥʠʡ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʘʣʛʦʨʠʪʤʘ ʧʦʠʩʢʘ ʧʦʭʦ-

ʞʠʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʵʪʘʣʦʥʥʦʡ ʚʳʙʦʨʢʦʡ ʜʣʷ 

ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ.  
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1. ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʠ-

ʣʦʞʝʥʠʷ 

ʍʦʪʷ ʧʨʦʛʨʘʤʤʘ MelaSearch ʤʦʞʝʪ ʙʳʪʴ ʵʬ-

ʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʜʠʘʛʥʦʩʪʠʢʝ ʟʣʦʢʘʯʝ-

ʩʪʚʝʥʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʢʦʞʠ ʚ ʤʝʜʠʮʠʥʩʢʠʭ 

ʫʯʨʝʞʜʝʥʠʷʭ ʠ ʢʦʩʤʝʪʠʯʝʩʢʠʭ ʢʘʙʠʥʝʪʘʭ, ʧʨʠʤʝʥʝ-

ʥʠʝ ʝʝ ʰʠʨʦʢʠʤ ʢʨʫʛʦʤ ʣʠʮ ʟʘʪʨʫʜʥʝʥʦ ʚ ʩʚʷʟʠ ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴ-

ʥʳʭ ʜʝʨʤʘʪʦʩʢʦʧʘ ʠ ʬʦʪʦʘʧʧʘʨʘʪʘ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʜʦʩʪʫʧʥʦʩʪʠ ʠ ʨʘʩʰʠʨʝʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʜʠʘ-

ʛʥʦʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʘʥʦ ʚʝʙ-ʧʨʠʣʦʞʝ-

ʥʠʝ, ʚʢʣʶʯʘʶʱʝʝ ʬʫʥʢʮʠʠ ʪʝʣʝʤʝʜʠʮʠʥʳ ʠ ʨʘʟ-

ʣʠʯʥʳʝ ʫʨʦʚʥʠ ʜʦʩʪʫʧʘ ʜʣʷ ʚʨʘʯʝʡ, ʘʜʤʠʥʠʩʪʨʘʪʦ-

ʨʦʚ ʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʞʝʣʘʶʱʠʭ ʧʨʦʚʝʨʠʪʴ ʩʚʦʠ 

ʢʦʞʥʳʝ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ (ʧʘʮʠʝʥʪʦʚ). ʇʦʣʴʟʦʚʘ-

ʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʧʦʜʜʝʨʞʠʚʘʝʪ ʤʥʦʛʦʷʟʳʯ-

ʥʦʩʪʴ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʷʟʳʢʦʤ ʧʦ-ʫʤʦʣʯʘʥʠʶ 

ʷʚʣʷʝʪʩʷ ʘʥʛʣʠʡʩʢʠʡ. ʆʩʥʦʚʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʩʠ-

ʩʪʝʤʳ ï ʧʨʝʜʦʩʪʘʚʠʪʴ ʩʨʝʜʩʪʚʘ ʜʣʷ ʩʙʦʨʘ ʠ ʘʥʘʣʠʟʘ 

ʬʦʪʦʛʨʘʬʠʡ ʢʦʞʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʩ ʨʘʟʣʠʯʥʳʭ 

ʫʩʪʨʦʡʩʪʚ (ʜʝʨʤʘʪʦʩʢʦʧ, ʬʦʪʦʘʧʧʘʨʘʪ, ʤʦʙʠʣʴʥʳʡ 

ʪʝʣʝʬʦʥ). ɼʣʷ ʵʪʦʛʦ ʚ ʩʠʩʪʝʤʝ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʩʣʝ-

ʜʫʶʱʠʝ ʬʫʥʢʮʠʠ:  

ɼʣʷ ʚʨʘʯʘ: 

1. ʇʨʦʩʤʦʪʨ ʚʩʝʭ ʬʦʪʦʛʨʘʬʠʡ (ʚ ʪʦʤ ʯʠʩʣʝ ʦʪ 

ʜʨʫʛʠʭ ʚʨʘʯʝʡ)  

2. ʇʨʦʩʤʦʪʨ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ (ʫʜʘʣʝʥʠʝ) 

ʩʚʦʠʭ ʬʦʪʦʛʨʘʬʠʡ  

3. ɿʘʛʨʫʟʢʘ ʬʦʪʦʛʨʘʬʠʠ ʚ ʙʘʟʫ ʜʘʥʥʳʭ ʮʝʥʪʨʘ-

ʣʠʟʦʚʘʥʥʦʛʦ ʭʨʘʥʝʥʠʷ ʩ ʟʘʧʦʣʥʝʥʠʝʤ ʜʘʥʥʳʭ ʠ ʚʦʟ-

ʤʦʞʥʦʩʪʴʶ ʧʨʦʚʝʜʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʠ 

ʩʦʭʨʘʥʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʘ ʠ ʜʘʪʳ ʘʥʘʣʠʟʘ 

4. ʇʨʦʩʤʦʪʨ ʬʦʪʦʛʨʘʬʠʡ, ʢʦʪʦʨʳʝ ʦʪʧʨʘʚʣʝʥʳ 

ʧʘʮʠʝʥʪʦʤ ʠ ʝʱʝ ʥʝ ʧʨʦʩʤʦʪʨʝʥʳ ʚʨʘʯʦʤ ʚʤʝʩʪʝ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʜʘʥ-

ʥʳʭ, ʟʘʧʦʣʥʝʥʥʳʭ ʧʘʮʠʝʥʪʦʤ. 

ɼʣʷ ʧʘʮʠʝʥʪʘ: 

1. ʉʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʨʝʛʠʩʪʨʘʮʠʷ ʚ ʩʠʩʪʝʤʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʦʛʠʥʘ ʠ ʧʘʨʦʣʷ 

2. ʇʨʦʩʤʦʪʨ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ (ʫʜʘʣʝʥʠʝ) 

ʩʚʦʠʭ ʬʦʪʦʛʨʘʬʠʡ  

3. ɿʘʛʨʫʟʢʘ ʬʦʪʦʛʨʘʬʠʠ, ʢʦʤʧʴʶʪʝʨʥʳʡ ʘʥʘʣʠʟ 

ʠ ʦʪʧʨʘʚʢʘ ʚʨʘʯʫ ʩ ʚʦʟʚʨʘʱʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʘ 

4. ʆʪʦʙʨʘʞʝʥʠʝ ʫʚʝʜʦʤʣʝʥʠʡ ʦ ʪʦʤ, ʯʪʦ ʬʦʪʦ-

ʛʨʘʬʠʷ ʧʨʦʩʤʦʪʨʝʥʘ ʚʨʘʯʦʤ 

ɽʩʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ʫʩʪʘʥʦʚʣʝʥʘ ʙʦʣʴʰʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʤʝʣʘʥʦʤʳ, ʬʦʪʦ-

ʛʨʘʬʠʠ ʙʫʜʫʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʪʧʨʘʚʣʷʪʴʩʷ ʚʨʘʯʫ ʥʘ 

ʧʨʦʚʝʨʢʫ. 

ʇʘʮʠʝʥʪ ʤʦʞʝʪ ʟʘʛʨʫʞʘʪʴ ʬʦʪʦʛʨʘʬʠʠ ʩ ʣʶ-

ʙʳʭ ʫʩʪʨʦʡʩʪʚ ʩ ʫʢʘʟʘʥʠʝʤ ʠʩʪʦʯʥʠʢʘ. ɺʨʘʯʘʤ ʜʣʷ 

ʟʘʧʦʣʥʝʥʠʷ ʙʘʟʳ ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ ʜʝʣʘʪʴ ʩʥʠʤʢʠ ʦʜ-

ʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʚʩʝʭ ʫʩʪʨʦʡʩʪʚʘʭ. 

ʅʘ ʨʠʩʫʥʢʘʭ 1-3 ʧʦʢʘʟʘʥʘ ʨʘʙʦʪʘ ʚʝʙ ʠʥʪʝʨ-

ʬʝʡʩʘ  

 
ʈʠʩʫʥʦʢ 1. ʆʢʥʦ ʘʚʪʦʨʠʟʘʮʠʠ 

 

 
ʈʠʩʫʥʦʢ 2. ɻʣʘʚʥʘʷ ʩʪʨʘʥʠʮʘ ʚʨʘʯʘ. ʊʘʙʣʠʮʘ ʧʨʦʩʤʦʪʨʘ ʧʘʮʠʝʥʪʦʚ 
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ʈʠʩʫʥʦʢ 3. ʆʢʥʦ ʚʨʘʯʘ ʩ ʚʳʙʨʘʥʥʳʤ ʨʘʟʜʝʣʦʤ çʧʨʦʩʤʦʪʨ ʪʘʙʣʠʮè ʠ ʪʘʙʣʠʮʳ çʬʦʪʦʛʨʘʬʠʠè 

 

ɼʣʷ ʧʝʨʝʜʘʯʠ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʤʦʙʠʣʴʥʦʛʦ ʪʝʣʝ-

ʬʦʥʘ ʨʝʘʣʠʟʦʚʘʥ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʆʉ Android. ɼʣʷ 

ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʭʨʘʥʝʥʠʷ ʙʘʟʳ ʜʘʥʥʳʭ ʵʪʘ-

ʣʦʥʥʳʭ ʩʥʠʤʢʦʚ ʨʝʩʫʨʩʦʚ ʩʤʘʨʪʬʦʥʘ ʥʝʜʦʩʪʘ-

ʪʦʯʥʦ, ʧʦʵʪʦʤʫ ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʥʘ 

ʫʜʘʣʝʥʥʦʤ ʩʝʨʚʝʨʝ ɹʅʊʋ. 

ɺʩʷ ʨʘʙʦʪʘ ʩʚʷʟʘʥʥʘʷ ʩ ʧʝʨʝʜʘʯʝʡ ʜʘʥʥʳʭ ʠ 

ʬʘʡʣʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʧʘʨʘʣʣʝʣʴʥʦʤ ʧʦʪʦʢʝ, ʜʣʷ 

ʪʦʛʦ ʯʪʦ ʙʳ ʧʦʣʴʟʦʚʘʪʝʣʴ ʚ ʵʪʦ ʚʨʝʤʷ ʤʦʛ ʧʦʣʴʟʦ-

ʚʘʪʴʩʷ ʧʨʠʣʦʞʝʥʠʝʤ, ʘ ʥʝ ʞʜʘʣ ʦʪʚʝʪʘ ʩ ʩʝʨʚʝʨʘ. 

ʇʨʠ ʟʘʧʫʩʢʝ ʚʪʦʨʦʛʦ ʧʦʪʦʢʘ, ʧʝʨʝʜʘʝʪʩʷ ʥʘʙʦʨ ʢʦ-

ʤʘʥʜ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪʩʷ ʚʦ ʚʨʝʤʷ ʞʠʟʥʠ ʵʪʦʛʦ 

ʧʨʦʮʝʩʩʘ. ɼʣʷ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʩʝʨʚʝʨʦʤ ʠ 

ʤʦʙʠʣʴʥʳʤ ʧʨʠʣʦʞʝʥʠʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʪʦʢʦʣ 

SSH ʠ ʙʠʙʣʠʦʪʝʢʘ JSCH 

ʇʨʠ ʟʘʛʨʫʟʢʝ ʠʟʦʙʨʘʞʝʥʠʷ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ 

ʚʳʙʠʨʘʝʪʩʷ ʯʘʩʪʴ ʪʝʣʘ, ʥʘ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʘʛʘʝʪʩʷ 

ʨʦʜʠʥʢʘ ʜʣʷ ʫʜʦʙʩʪʚʘ ʩʦʨʪʠʨʦʚʢʠ ʬʦʪʦʛʨʘʬʠʡ. ɼʣʷ 

ʦʪʧʨʘʚʢʠ ʬʦʪʦʛʨʘʬʠʠ ʥʘ ʩʝʨʚʝʨ ʥʝʦʙʭʦʜʠʤʦ ʦʪ-

ʢʨʳʪʴ ʵʣʝʤʝʥʪ ʚ ʦʢʥʝ ʧʨʦʩʤʦʪʨʘ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ 

ʵʣʝʤʝʥʪʘ ʠ ʥʘʞʘʪʴ ʢʥʦʧʢʫ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʘʥʘʣʠʟʘ. 

ʏʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʧʦʩʣʝ ʥʘʞʘʪʠʷ ʢʥʦʧʢʠ ʧʨʦ-

ʚʝʨʢʠ ʨʝʟʫʣʴʪʘʪʘ, ʝʩʣʠ ʩʥʠʤʦʢ ʫʩʧʝʰʥʦ ʦʙʨʘʙʦʪʘʥ, 

ʪʦ ʥʘ ʵʢʨʘʥʝ ʦʪʦʙʨʘʟʠʪʩʷ ʦʙʨʘʙʦʪʘʥʥʘʷ (ʩʝʛʤʝʥʪʠ-

ʨʦʚʘʥʥʘʷ ʬʦʪʦʛʨʘʬʠʷ) (ʈʠʩʫʥʦʢ 4).  

 
ʈʠʩʫʥʦʢ 4. ʕʢʨʘʥ ʦʪʦʙʨʘʞʝʥʠʷ ʦʙʨʘʙʦʪʘʥʥʦʡ ʬʦʪʦʛʨʘʬʠʠ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ 

 

ʆʪʦʙʨʘʞʝʥʠʝ ʢʦʥʪʫʨʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʦʙʭʦ-

ʜʠʤʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʛ ʧʨʦʚʝʨʠʪʴ 

ʢʦʨʨʝʢʪʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʠ ʚ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʧʦʨʦʛ ʩʝʛʤʝʥʪʘʮʠʠ, ʪʘʢ ʢʘʢ ʝʛʦ 

ʟʥʘʯʝʥʠʝ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʠʪʴ ʨʝʟʫʣʴʪʘʪʳ 

ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʷ. 

ɼʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦ-

ʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ ʩʦʟʜʘʥʠʷ ʠ ʦʪʧʨʘʚʢʠ ʬʦʪʦʛʨʘ-

ʬʠʡ ʥʘ ʫʜʘʣʝʥʥʳʡ ʩʝʨʚʝʨ, ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ ʠʟ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥ-

ʪʝʨʬʝʡʩʘ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʠ ʚʝʙ-ʧʨʠʣʦʞʝ-

ʥʠʷ ʪʨʝʙʫʶʪʩʷ ʢʦʤʧʦʥʝʥʪʳ, ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʜʘʣʝʝ: 

1) ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ Debian 9; 

2) ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ ʠ ʢʦʤʧʠʣʷʪʦʨ MatLab; 

3) ʚʠʨʪʫʘʣʴʥʘʷ ʤʘʰʠʥʘ Java; 

4) Java Enterprise Edition ʧʣʘʪʬʦʨʤʘ; 

5) ʙʘʟʘ ʜʘʥʥʳʭ MySql; 

6) HTTP-ʩʝʨʚʝʨ Apache; 

7) ʢʦʥʪʝʡʥʝʨ ʩʝʨʚʣʝʪʦʚ Tomcat; 

8) ʪʝʢʩʪʦʚʳʡ ʨʝʜʘʢʪʦʨ Vim; 
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9) ʛʨʘʬʠʯʝʩʢʠʡ ʨʝʜʘʢʪʦʨ ImageMagick; 

10) ʢʣʠʝʥʪ SSH. 

11) Innotify ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʧʦʩʪʫʧʣʝʥʠʷ ʬʦ-
ʪʦʛʨʘʬʠʡ 

ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʪʝʣʝʤʝʜʠʮʠʥʳ ʚʤʝʩʪʝ ʩ 

ʘʣʛʦʨʠʪʤʦʤ ʘʥʘʣʠʟʘ ʜʝʨʤʦʩʢʦʧʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝ-

ʥʠʡ MelaSearch ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʳʡ 

ʠ ʵʬʬʝʢʪʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʨʘʥʥʝʡ ʜʠʘʛʥʦ-

ʩʪʠʢʠ ʥʘʩʝʣʝʥʠʷ. ʆʙʨʘʪʥʘʷ ʩʚʷʟʴ ʩ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ 

ʠ ʚʨʘʯʘʤʠ ʠ ʧʦʧʦʣʥʝʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ʧʦʟʚʦʣʠʪ ʧʦ-

ʩʪʦʷʥʥʦ ʫʣʫʯʰʘʪʴ ʢʘʯʝʩʪʚʦ ʘʣʛʦʨʠʪʤʦʚ ʘʥʘʣʠʟʘ. 

ɽʜʠʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʩ ʨʘʟʜʝʣʝʥʥʳʤ ʜʦʩʪʫʧ ʠ ʚʝʙ-

ʠʥʪʝʨʬʝʡʩ ʩ ʤʦʙʠʣʴʥʳʤ ʧʨʠʣʦʞʝʥʠʝʤ ʦʙʝʩʧʝʯʘʪ 

ʫʜʦʙʥʳʡ ʜʦʩʪʫʧ ʠ ʩʦʭʨʘʥʥʦʩʪʴ ʜʘʥʥʳʭ ʜʣʷ ʧʦʣʴʟʦ-

ʚʘʪʝʣʝʡ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʬʦʪʦʛʨʘʬʠʡ ʥʦʚʦʦʙʨʘʟʦʚʘ-

ʥʠʡ ʚ ʨʘʟʣʠʯʥʦʝ ʚʨʝʤʷ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ 

ʜʠʘʛʥʦʩʪʠʢʠ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʨʝʞʜʝʥʠʡ ʚ ʦʙʤʦʪʢʝ ʩʪʘʪʦʨʘ ʘʚʪʦʥʦʤʥʦʛʦ ʘʩʠʥʭʨʦʥ-

ʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʩ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ. ʇʨʠ ʵʪʦʤ ʧʦʣʫʯʝʥʘ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʘʷ ʤʦʜʝʣʴ ʩʘʤʦʚʦʟʙʫʞʜʘʶʱʝʛʦʩʷ ʛʝʥʝʨʘʪʦʨʘ ʚ ʩʠʩʪʝʤʝ Ŭ, ɓ ʢʦʦʨʜʠʥʘʪ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʩʯʝʪʘ 

ʩʦʦʪʥʦʰʝʥʠʷ ʪʦʢʦʚ, ʥʘʧʨʷʞʝʥʠʡ, ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʡ ʠ ʜʨ. ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʚʠʪʢʦʚʳʭ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘ-

ʥʠʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʢʦʨʦʪʢʠʭ 

ʟʘʤʳʢʘʥʠʡ. 

Abstract 

The article describes the methodology for studying damage in the stator winding of an autonomous asynchro-

nous generator using mathematical modeling of processes. In this case, a mathematical model of a self-excited 

generator in the Ŭ, ɓ coordinate system was obtained, which is used to calculate the ratio of currents, voltages, flux 

linkages, etc. in the event of coil short circuits, as well as for the formation of normal transient conditions in the 

event of short circuits. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʘʪʦʨ, ʦʙʤʦʪʢʘ, ʧʦʚʨʝʞʜʝʥʠʷ, ʤʦʜʝʣʴ. 

Keywords: stator, winding, damage, model. 

 

ʇʦʣʫʯʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʳʭ ʠ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ 

ʚʠʪʢʦʚʳʭ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʷʭ (ʂɿ) ʚ ʩʪʘʪʦʨʥʦʡ 

ʦʙʤʦʪʢʝ ʘʚʪʦʥʦʤʥʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 

(ɸɸɻ) ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʠʟʫʯʝʥʠʷ ʜʘʥ-

ʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʦʧʦʣʥʷʝʪ 

ʬʠʟʠʯʝʩʢʠʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʮʝʥʥʦ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʚʘʨʠʡʥʳʭ ʨʝʞʠʤʦʚ ʤʘʰʠʥ [1]. ʆʜ-

ʥʘʢʦ ʧʦʩʪʨʦʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʝʩʠʤ-

ʤʝʪʨʠʯʥʳʭ ʚʠʪʢʦʚʳʭ ʂɿ ʚ ʩʪʘʪʦʨʥʦʡ ʦʙʤʦʪʢʝ ɸɸɻ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ. ɺ 

ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʤʘʰʠʥʝ ʥʝ ʧʨʠʤʝʥʠʤʳ ʪʨʘʜʠʮʠ-

ʦʥʥʳʝ ʜʦʧʫʱʝʥʠʷ, ʢʦʪʦʨʳʝ ʜʝʣʘʶʪʩʷ ʧʨʠ ʤʦʜʝʣʠ-
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ʨʦʚʘʥʠʠ ʩʠʤʤʝʪʨʠʯʥʳʭ ʤʘʰʠʥ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫ-

ʯʘʶʪʩʷ ʛʨʦʤʦʟʜʢʠʝ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ, ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʧʝʨʝʤʝʥʥʳʭ ʢʦʵʬ-

ʬʠʮʠʝʥʪʦʚ, ʨʝʰʠʪʴ ʢʦʪʦʨʳʝ ʩ ʧʦʤʦʱʴʶ ʩʦʚʨʝʤʝʥ-

ʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʚʝʩʴʤʘ ʟʘʪʨʫʜʥʠ-

ʪʝʣʴʥʦ. ʇʦʩʪʨʦʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʦʜʝʣʠ ʮʝʣʝ-

ʩʦʦʙʨʘʟʥʦ ʧʨʦʚʝʩʪʠ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʳ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ 

ʪʦʢʦʚ, ʥʘʧʨʷʞʝʥʠʡ, ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʡ ʠ ʜʨ. ʧʨʠ ʚʦʟ-

ʥʠʢʥʦʚʝʥʠʠ ʚʠʪʢʦʚʳʭ ʂɿ, ʘ ʪʘʢʞʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘ-

ʥʠʷ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʂɿ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʩʘʤʦʚʦʟʙʫʞʜʘʶʱʝʛʦʩʷ 

ɸɸɻ. ʊʘʢʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʧʨʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʝʦʙʨʘ-

ʟʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪʥʳʭ ʩʠʩʪʝʤ ʦʧʠʩʘʥʠʷ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʅʘʟʚʘʥʥʦʡ ʟʘʜʘʯʝ ʚ ʥʘʠʙʦʣʴ-

ʰʝʡ ʩʪʝʧʝʥʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʠʩʪʝʤʘ Ŭ, ɓ ʢʦʦʨʜʠʥʘʪ, 

ʥʝʧʦʜʚʠʞʥʘʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʪʦʨʘ [4]. 

ʈʘʩʩʤʦʪʨʠʤ ʪʨʝʭʬʘʟʥʳʡ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʳʡ 

ɸɸɻ, ʩʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʦʪʦʨʦʛʦ ʠʟʦʙʨʘʞʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 1. ɺ ʤʦʜʝʣʠ ʤʘʰʠʥʳ ʠʤʝʶʪʩʷ ʪʨʝʭʬʘʟʥʳʝ 

ʦʙʤʦʪʢʠ ʥʘ ʩʪʘʪʦʨʝ ʩ ʦʜʠʥʘʢʦʚʳʤ ʯʠʩʣʦʤ ʚʠʪʢʦʚ 

CBA www ==  ʠ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʘʷ ʦʙʤʦʪʢʘ 

ʥʘ ʨʦʪʦʨʝ. 

ɺ A, B, C ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ 

ʦʙʤʦʪʦʢ ʨʦʪʦʨʘ ʚʟʘʠʤʥʳʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʤʝʞʜʫ 

ʥʠʤʠ ʠʟʤʝʥʷʶʪʩʷ ʚʦ ʚʨʝʤʝʥʠ t ʧʦ ʧʝʨʠʦʜʠʯʝʩʢʦʤʫ 

ʟʘʢʦʥʫ, ʧʨʠ ʵʪʦʤ: 

r
dt

d
w=

q
. (1) 

 

 
ʈʠʩʫʥʦʢ 1 ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʨʝʭʬʘʟʥʦʛʦ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ɸɸɻ 

 

ɼʣʷ ʪʨʝʭʬʘʟʥʦʡ ʤʘʰʠʥʳ ʚ ʩʠʩʪʝʤʝ ʚ ʬʘʟʥʳʭ ʢʦʦʨʜʠʥʘʪ A, B, C, a, b, c ɼʋ ʠʤʝʶʪ ʚʠʜ (ʜʣʷ ʂɿ ʨʦʪʦʨʘ.) 

dt

d
iRu A

AAA

Y
+= , 

dt

d
iRu B

BBB

Y
+= , 

dt

d
iRu C

CCC

Y
+= , 

dt

d
iRu a

aaa

Y
+= ,  (2) 

dt

d
iRu b

bbb

Y
+= , 

dt

d
iRu c

ccc

Y
+= , 

ʵʜ
r MM

dt

d
J -=
w

, 

ʛʜʝ cbaCBA u,u,u,u,u,u  - ʬʘʟʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ; 

cbaCBA i,i,i,i,i,i  - ʪʦʢʠ ʦʙʤʦʪʦʢ ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ; 

cbaCBA ,,,,, YYYYYY  - ʨʝʟʫʣʴʪʠʨʫʶʱʠʝ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʤʦʪʦʢ; 
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ʜʵM,M  - ʤʦʤʝʥʪʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʠ ʜʚʠʞʫʱʠʡ. 

ʇʦʪʦʢʦʩʮʝʧʣʝʥʠʷ ʠʤʝʶʪ ʚʠʜ 

cAcbAbaAaCACBABAAA iMiMiMiMiMiL +++++=Y , 

cBcbBbaaBCBCABABBB iMiMiMiMiMiL +++++=Y , 

cCcbCbaCaBCBACACCA iMiMiMiMiMiL +++++=Y , (3) 

cacbabCaCBaBAaAaaa iMiMiMiMiMiL +++++=Y , 

cbcabaCbCBbBAbAbbb iMiMiMiMiMiL +++++=Y , 

bcbacaCcCBcBAcAccc iMiMiMiMiMiL +++++=Y . 

 

ɺ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ 

cbaCBA L,L,L,L,L,L  ʷʚʣʷʶʪʩʷ ʩʦʙʩʪʚʝʥ-

ʥʳʤʠ ʠʥʜʫʢʪʠʚʥʦʩʪʷʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʤʦʪʦʢ, 

ʚʩʝ ʦʩʪʘʣʴʥʳʝ - ʚʟʘʠʤʦʠʥʜʫʢʪʠʚʥʦʩʪʷʤʠ ʤʝʞʜʫ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʦʙʤʦʪʢʘʤʠ. ʇʨʠ ʵʪʦʤ 

CBA LLL ==  ʠ cba LLL == . 

ʇʦʪʦʢʦʩʮʝʧʣʝʥʠʷ ʚ ʜʨʫʛʠʭ ʬʘʟʘʭ ʠʤʝʶʪ ʘʥʘʣʦ-

ʛʠʯʥʳʡ ʚʠʜ ʠ ʩʦʦʪʥʦʰʝʥʠʝ. 

ʏʪʦʙʳ ʠʟʙʘʚʠʪʩʷ ʦʪ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠ-

ʝʥʪʦʚ (ʠʥʜʫʢʪʠʚʥʦʩʪʠ, ʚʟʘʠʤʥʳʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ), 

ʠʟʤʝʥʷʶʱʠʭʩʷ ʧʦ ʛʘʨʤʦʥʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ ʚʩʣʝʜ-

ʩʪʚʠʝ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ, ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʡʪʠ ʢ ʟʘ-

ʪʦʨʤʦʞʝʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ Ŭ, ɓ, ɔ (ʨʠʩʫʥʦʢ 2). 

ʇʨʦʝʮʠʨʫʷ ʨʝʟʫʣʴʪʠʨʫʶʱʠʝ ʚʝʢʪʦʨʘ ʪʦʢʦʚ ʨʦʪʦʨʘ, 

ʥʘʧʨʷʞʝʥʠʡ ʠ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʡ ʥʘ ʦʩʠ ʩʪʘʪʦʨʘ ʟʘ-

ʧʠʰʝʤ ʫʨʘʚʥʝʥʠʷ (2) ʚ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʡ ʪʨʝʭʬʘʟ-

ʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ [5]: 

dt

d
iRu s
sss

a
aaa

Y
+= , 

dt

d
iRu

s
sss

b
bbb

Y
+= , 

dt

d
iRu

s
sss

g
ggg

Y
+= ,  (4) 

dt

d
iR0 r
rr

a
aa

Y
+= , 

dt

d
iR0

r
rr

b
bb

Y
+= , 

dt

d
iR0

r
rr

g
gg

Y
+= . 

ɺʝʣʠʯʠʥʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʤʘʰʠʥʳ ʩ ʯʠʩʣʦʤ ʧʘʨ ʧʦʣʶʩʦʚ p ʧʨʠʤʝʪ ʚʠʜ 

( )( )[ ]aggbbabgabga ++-++= rsrsrsrsrsrsʵ iiiiiiiiiiiiM
2

3
pM .  (5) 

 

ʆʙʳʯʥʦ ʚ ʵʣʝʢʪʨʦʤʝʭʘʥʠʢʝ ʤʥʦʛʦʬʘʟʥʳʝ ʵʣʝʢ-

ʪʨʠʯʝʩʢʠʝ ʤʘʰʠʥʳ ʧʨʠʚʦʜʷʪ ʢ ʜʚʫʭʬʘʟʥʦʡ, ʪʘʢ ʢʘʢ 

ʧʨʠ ʵʪʦʤ ʫʤʝʥʴʰʘʝʪʩʷ ʯʠʩʣʦ ʫʨʘʚʥʝʥʠʡ [4]. ɼʣʷ ʧʦ-

ʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ 

ʕɺʄ ʧʝʨʝʡʜʝʤ ʢ ʜʚʫʭʬʘʟʥʦʡ ʤʦʜʝʣʠ ɸɸɻ ʚ Ŭ-ɓ ʩʠ-

ʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʩ ʫʯʝʪʦʤ ʚʥʝʰʥʝʡ ʝʤʢʦʩʪʠ (ʩ) ʠ 

ʥʘʛʨʫʟʢʠ (ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥz ) (ʨʠʩʫʥʦʢ 3). ɼʠʬʬʝ-

ʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʧʨʠʦʙʨʝʪʘʶʪ ʚʠʜ
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dt

d
iR0

r
rr
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Y
+= . 

 
ʈʠʩʫʥʦʢ 2. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʨʝʭʬʘʟʥʦʛʦ ɸɸɻ ʚ ʟʘʪʦʨʤʦʞʝʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

 

ɸ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʡ ʩ ʚʟʘʠʤʦʠʥʜʫʢʮʠʝʡ ʄ ʩʣʝʜʫʶʱʠʡ ʚʠʜ 

rasss iMiL +=Y aaa , 

bbbb +=Y rsss iMiL ,  (7) 

sarrr iMiL +=Y aaa , 

bbbb +=Y srrr iMiL . 

ʋʨʘʚʥʝʥʠʷ ʚʥʝʰʥʝʡ ʮʝʧʠ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʥʘʛʨʫʟʢʠ 

,
c
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dt

du ʥss aaa -
=  

,
c
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dt

du ʥss bbb -
=   (8) 
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L
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dt
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ʥ

ʥʥsʥ aaa -
=  

ʥ

ʥʥsʥ

L

Riu

dt

di bbb -
= , 

ʛʜʝ ʩ,R,L,i ʥʥʥa  - ʪʦʢ, ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʛʨʫʟʢʠ ʠ ʝʤʢʦʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʥʦʡ ʙʘ-

ʪʘʨʝʠ. 

ɼʣʷ ʨʝʰʝʥʠʝ ʜʘʥʥʳʭ ɼʋ ʩ ʧʦʤʦʱʴʶ ʕɺʄ ʟʘ-

ʧʠʰʝʤ ʠʭ ʚ ʙʝʟʨʘʟʤʝʨʥʦʤ ʚʠʜʝ. ʇʨʠ ʵʪʦʤ ʚ ʢʘʯʝ-

ʩʪʚʝ ʦʩʥʦʚʥʳʭ ʙʘʟʦʚʳʭ ʚʝʣʠʯʠʥ ʧʨʠʥʠʤʘʝʤ ʘʤʧʣʠ-

ʪʫʜʥʳʝ ʥʦʤʠʥʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʬʘʟʥʦʛʦ ʥʘʧʨʷʞʝ-

ʥʠʷ, ʪʦʢʘ, ʘ ʪʘʢʞʝ ʥʦʤʠʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʫʛʣʦʚʦʡ 

ʯʘʩʪʦʪʳ ʠ ʤʦʤʝʥʪʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [2]: 

 ,
2

IpU3
M  ,f2  ,I2I  ,U2U

b

bb
bsbsbsb

w
=p=w=w==  (9) 

ʛʜʝ ss I ,U  ï ʥʦʤʠʥʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʠ ʪʦʢ ʩʪʘʪʦʨʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

sf  ï ʯʘʩʪʦʪʘ ʪʦʢʘ; 

p  ï ʯʠʩʣʦ ʧʘʨ ʧʦʣʶʩʦʚ. 
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ʈʠʩʫʥʦʢ 3. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʤʦʜʝʣʴ ɸɸɻ ʚ ʥʝʧʦʜʚʠʞʥʦʡ Ŭ-ɓ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

 

ɹʘʟʦʚʳʝ ʟʥʘʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʠʥʜʫʢʪʠʚʥʦʩʪʠ, ʝʤʢʦʩʪʠ ʠ ʚʨʝʤʝʥʠ ʙʫʜʫʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 
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ʅʘʧʨʷʞʝʥʠʝ, ʪʦʢʠ ʩʪʘʪʦʨʘ ʠ ʥʘʛʨʫʟʢʠ, ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʝ, ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ, ʠʥʜʫʢʪʠʚ-

ʥʦʩʪʴ ʥʘʛʨʫʟʢʠ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʚʝʣʠʯʠʥʘʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʙʫʜʫʪ: 
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ʛʜʝ ʥrʥss L, ,i,i ,u Y  ï ʨʝʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ, ʪʦʢʦʚ ʩʪʘʪʦʨʘ ʠ ʥʘʛʨʫʟʢʠ, ʧʦʪʦʢʦʩʮʝʧ-

ʣʝʥʠʷ, ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʥʘʛʨʫʟʢʠ; 

rs R ,R  ï ʘʢʪʠʚʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ. 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʠ ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ ʧʨʠʚʦʜʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʚʝʣʠʯʠʥʘʭ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 
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ʛʜʝ ɻM  ï ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʛʝʥʝʨʘʪʦʨʘ; 

ʩM  ï ʤʦʤʝʥʪ ʧʨʠʚʦʜʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. 

ɼʨʫʛʠʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠʤʝʶʪ ʚʠʜ: 
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ʛʜʝ mrs L ,L ,L  ï ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʩʪʘʪʦʨʘ, ʨʦʪʦʨʘ, ʚʟʘʠʤʥʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ; 

J  ï ʩʫʤʤʘ ʤʦʤʝʥʪʦʚ ʨʦʪʦʨʘ ɸɸɻ ʠ ʚʨʘʱʘʶʱʝʛʦ ʛʝʥʝʨʘʪʦʨ ʤʝʭʘʥʠʟʤʘ. 
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ʛʜʝ t  ï ʚʨʝʤʷ; 

rw  ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʨʦʪʦʨʘ; 

C ï ʝʤʢʦʩʪʴ ʮʝʧʠ ʚʦʟʙʫʞʜʝʥʠʷ. 

ɺʚʝʜʝʤ ʪʘʢʞʝ ʦʙʦʟʥʘʯʝʥʠʝ ʙʝʟʨʘʟʤʝʨʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ: 
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ɺ ʢʘʯʝʩʪʚʝ ʧʘʨʳ ʧʝʨʝʤʝʥʥʳʭ, ʦʧʠʩʳʚʘʶʱʠʭ 

ʤʘʰʠʥʫ, ʦʩʪʘʚʠʤ ʪʦʢ ʩʪʘʪʦʨʘ ʠ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʝ 

ʨʦʪʦʨʘ (, ,i rs Y ) [2]. ʊʦʛʜʘ ʦʙʦʙʱʝʥʥʫʶ ʩʠʩʪʝʤʫ 

ʫʨʘʚʥʝʥʠʡ ɸɸɻ, ʚʢʣʶʯʘʶʱʫʶ ʫʨʘʚʥʝʥʠʷ ʩʪʘʪʦʨʘ, 

ʨʦʪʦʨʘ, ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʠ ʫʨʘʚʥʝʥʠʷ ʚʥʝʰʥʝʡ 

ʮʝʧʠ ʜʣʷ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʠ ʥʘʛʨʫʟʢʠ ʚ ʥʝʧʦʜʚʠʞʥʦʡ 

ʢʦʤʧʣʝʢʩʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ (ba , ), ʤʦʞʥʦ ʟʘ-

ʧʠʩʘʪʴ ʚ ʚʠʜʝ:  
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ɼʣʷ ʨʝʰʝʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠʥʦʛʜʘ 

ʧʨʠʤʝʥʷʝʪʩʷ ʛʨʘʬʦʘʥʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʧʦʟʚʦʣʷ-

ʶʱʠʡ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʦʪʳʩʢʘʪʴ ʥʘʛʣʷʜʥʳʝ ʨʝ-

ʰʝʥʠʷ. ʆʜʥʘʢʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʚ ʤʥʦʛʦ-

ʦʙʤʦʪʦʯʥʳʭ ʤʘʰʠʥʘʭ ʚ ʦʩʦʙʳʭ ʨʝʞʠʤʘʭ ʠʟ ʨʘʙʦʪʳ 

ʩʚʷʟʘʥʦ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʝʰʝʥʠʷ ʥʝʣʠʥʝʡʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚʳʩʦʢʠʭ ʧʦʨʷʜʢʦʚ, 

ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ ʣʠʰʴ ʯʠʩʣʝʥʥʳʤ ʤʝ-

ʪʦʜʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʕɺʄ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʨʝ-

ʟʫʣʴʪʘʪʳ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (6) ʧʦʣʫʯʠʤ 

ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ MathCAD [4]. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ 

ɸɸɻ ʚʳʧʦʣʥʝʥ ʥʘ ʙʘʟʝ ʘʩʠʥʭʨʦʥʥʦʡ ʤʘʰʠʥʳ 

4A100S4ʋ3. 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʦʢʘʟʘʥ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʪʦʢʘ 

ʚ ʬʘʟʝ ʩʪʘʪʦʨʘ ʧʨʠ ʩʘʤʦʚʦʟʙʫʞʜʝʥʠʠ ʘʩʠʥʭʨʦʥʥʦʡ 

ʤʘʰʠʥʳ ʩ ʚʢʣʶʯʝʥʠʝʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʝʟʘʨʷʞʝʥ-

ʥʳʭ ʢʦʥʜʝʥʩʘʪʦʨʦʚ 40 ʤʢʌ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʧʝʨʚʦ-

ʥʘʯʘʣʴʥʳʡ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʚ ʤʘʰʠʥʝ ʦʙʫʩʣʦʚʣʝʥ 

ʣʠʰʴ ʦʩʪʘʪʦʯʥʳʤ ʥʘʤʘʛʥʠʯʠʚʘʥʠʝʤ ʩʪʘʪʦʨʘ ʠ ʨʦ-

ʪʦʨʘ [3]. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʙʣʶʜʘʶʪʩʷ ʩʠʤʤʝʪʨʠʯʥʳʝ 

ʢʣʘʩʩʠʯʝʩʢʠʝ ʧʣʘʚʥʦ ʥʘʨʘʩʪʘʶʱʠʝ ʠ ʧʦʩʪʝʧʝʥʥʦ 

ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʝʩʷ ʢʦʣʝʙʘʥʠʷ. ʆʩʮʠʣʣʦʛʨʘʤʤʘ 

ʧʨʦʮʝʩʩʘ ʩʘʤʦʚʦʟʙʫʞʜʝʥʠʷ ʜʣʷ ʨʝʘʣʴʥʦʛʦ ʘʚʪʦʥʦʤ-

ʥʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʩʘʤʦʚʦʟʙʫʞʜʘʶʱʝʛʦʩʷ ʛʝʥʝʨʘ-

ʪʦʨʘ ʧʦʢʘʟʘʥʘ ʪʘʢʞʝ ʥʘ ʨʠʩʫʥʢʝ 4. ʀʩʭʦʜʷ ʠʟ ʘʥʘ-

ʣʠʟʘ ʜʘʥʥʳʭ ʢʨʠʚʳʭ, ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʩʭʦʜʩʪʚʝ ʧʨʦ-

ʮʝʩʩʦʚ ʩʘʤʦʚʦʟʙʫʞʜʝʥʠʷ (ʨʘʩʭʦʞʜʝʥʠʝ ʚ ʧʨʝʜʝʣʘʭ 

2 ï 3 %) ʨʝʘʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʠ ʝʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ. 
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ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ɼʋ ʈʝʘʣʴʥʘʷ ʦʩʮʠʣʣʦʛʨʘʤʤʘ 

ʊʦʢ ʩʪʘʪʦʨʘ ʧʨʠ ʧʫʩʢʝ ɸɸɻ ʊʦʢ ʩʪʘʪʦʨʘ ʧʨʠ ʧʫʩʢʝ ɸɸɻ 

 
 

ʈʠʩʫʥʦʢ 4. ʂʨʠʚʳʝ ʪʦʢʘ ʩʪʘʪʦʨʘ ʧʨʠ ʩʘʤʦʚʦʟʙʫʞʜʝʥʠʠ ɸɸɻ 

 

ɼʘʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʦʩʪʘʪʦʯʥʦ ʭʦ-

ʨʦʰʦ ʦʪʨʘʞʘʝʪ ʧʨʦʮʝʩʩʳ ʩʘʤʦʚʦʟʙʫʞʜʝʥʠʷ ʠ ʥʦʨ-

ʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ʘʚʪʦʥʦʤʥʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʩʘʤʦ-

ʚʦʟʙʫʞʜʘʶʱʝʛʦʩʷ ʛʝʥʝʨʘʪʦʨʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʝʤʢʦ-

ʩʪʷʭ ʚʦʟʙʫʞʜʝʥʠʷ. 

ʆʜʥʘʢʦ ʦʥʘ ʥʝ ʜʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʨʘʙʦʪʝ ʛʝ-

ʥʝʨʘʪʦʨʘ ʧʨʠ ʚʠʪʢʦʚʳʭ ʟʘʤʳʢʘʥʠʷʭ ʚ ʝʛʦ ʩʪʘʪʦʨʥʦʡ 

ʦʙʤʦʪʢʝ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʘ ʤʦʜʝʣʴ ʧʦʚʨʝʞʜʝ-

ʥʠʡ ɸɸɻ. 

ʇʦʩʢʦʣʴʢʫ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʜʝʡʩʪʚʠʝ ʂɿ ʢʦʥ-

ʪʫʨʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʠ ʛʝʥʝʨʘʪʦʨʘ, ʪʦ 

ʝʩʪʴ ʫʤʝʥʴʰʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʚ ʦʙʣʘʩʪʠ ʜʝʡ-

ʩʪʚʠʷ ʂɿ ʢʦʥʪʫʨʘ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʧʨʝʜʝʣʴʥʳʡ ʩʣʫʯʘʡ ʪʘʢʦʛʦ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ, ʠʤʝʶ-

ʱʝʛʦ ʤʝʩʪʦ ʧʨʠ ʥʘʣʠʯʠʠ ʪʘʢʠʭ ʢʦʥʪʫʨʦʚ ʦʜʥʦʚʨʝ-

ʤʝʥʥʦ ʚʦ ʚʩʝʭ ʪʨʝʭ ʬʘʟʘʭ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ. 

ʂ ʪʦʤʫ ʞʝ ʵʪʦ ʩʣʫʯʘʡ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʨʝʞʠʤʘ 

ɸɸɻ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʠʤʳ ʪʨʘʜʠ-

ʮʠʦʥʥʳʝ ʜʦʧʫʱʝʥʠʷ ʦ ʩʠʤʤʝʪʨʠʠ ʤʘʰʠʥʳ (ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʡ, ʤʘʛʥʠʪʥʦʡ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ), ʛʣʘʜʢʠʭ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʤʘʛʥʠʪʦʧʨʦʚʦʜʦʚ 

ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ, ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩʪʘʣʴ-

ʥʳʭ ʫʯʘʩʪʢʦʚ ¤=m  ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʄɼʉ ʚ ʟʘ-

ʟʦʨʝ ʧʦ ʛʘʨʤʦʥʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ (ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

çʩʠʥʫʩʥʳʝ ʦʙʤʦʪʢʠè) [6]. 

ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʧʨʠʥʷʪʴ, ʯʪʦ ʚʨʘʱʘʶʱʝʝʩʷ 

ʧʦʣʝ ʠʤʝʝʪ ʢʨʫʛʦʚʫʶ ʬʦʨʤʫ, ʪʦ ʝʩʪʴ ʝʛʦ ʘʤʧʣʠʪʫʜʘ 

ʧʦʩʪʦʷʥʥʘ, ʘ ʤʛʥʦʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝ-

ʥʠʷ ʟʘ ʧʝʨʠʦʜ ʥʝʠʟʤʝʥʥʦ [7]. 

ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʷʪʴ, ʯʪʦ ʦʙʤʦʪʢʘ ʩʪʘ-

ʪʦʨʘ ʚʳʧʦʣʥʝʥʘ ʩ ʯʠʩʣʦʤ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʝʪʚʝʡ ʨʘʚ-

ʥʳʤ ʝʜʠʥʠʮʝ ʠ ʦʜʥʠʤ ʵʣʝʤʝʥʪʘʨʥʳʤ ʧʨʦʚʦʜʥʠʢʦʤ.  

ʀ, ʥʘʢʦʥʝʮ, ʥʝʦʙʭʦʜʠʤʦ ʩʦʩʪʘʚʠʪʴ ʩʠʩʪʝʤʫ ɼʋ 

ʧʨʠ ʚʠʪʢʦʚʳʭ ʂɿ ʚ ʬʘʟʥʦʡ ʩʪʘʪʦʨʥʦʡ ʦʙʤʦʪʢʝ ɸɸɻ, 

ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʣʦʞʥʳʤ ʭʘʨʘʢʪʝʨʦʤ 

ʧʨʦʪʝʢʘʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʛʝʥʝʨʘ-

ʪʦʨʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ ʚʠʪʢʦʚʳʭ 

ʟʘʤʳʢʘʥʠʡ ʚ ʦʙʤʦʪʢʝ ʩʪʘʪʦʨʘ ʛʝʥʝʨʘʪʦʨʘ ʤʦʞʥʦ 

ʧʨʦʚʝʩʪʠ ʚ ʪʨʠ ʵʪʘʧʘ: 

1) ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʩʠʤʤʝʪʨʠʯ-

ʥʦʛʦ ɸɸɻ ʢʘʢ ʙʘʟʳ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʠ ʨʝʰʝʥʠʷ ʫʨʘʚ-

ʥʝʥʠʡ ʧʦʩʣʝʜʫʶʱʠʭ ʯʘʩʪʥʳʭ ʤʦʜʝʣʝʡ ʚʠʪʢʦʚʳʭ ʂɿ 

ʛʝʥʝʨʘʪʦʨʘ. 

2) ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʨʝʭʬʘʟ-

ʥʳʭ ʩʠʤʤʝʪʨʠʯʥʳʭ ʂɿ ʚ ʩʪʘʪʦʨʥʦʡ ʦʙʤʦʪʢʝ ɸɸɻ. 

3) ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ɸɸɻ ʧʨʠ 

ʚʠʪʢʦʚʳʭ ʂɿ ʚ ʬʘʟʥʦʡ ʩʪʘʪʦʨʥʦʡ ʦʙʤʦʪʢʝ. 
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ɸʥʥʦʪʘʮʠʷ  

ɺ ʩʪʘʪʴʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʠʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ ʪʝʦʨʠʠ ʠ ʧʨʘʢʪʠʢʠ ʫʧʨʘʚʣʝʥʠʷ ʩʦʮʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʠʤʠ 

ʩʠʩʪʝʤʘʤʠ. ɼʝʣʘʝʪʩʷ ʚʳʚʦʜ, ʯʪʦ ʦʪ ʦʪʥʦʰʝʥʠʷ ʢ ʧʨʦʮʝʩʩʫ ʫʧʨʘʚʣʝʥʠʷ ʟʘʚʠʩʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ 

ʫʧʨʘʚʣʝʥʮʝʚ, ʨʝʘʣʠʟʘʮʠʷ ʠʭ ʤʦʨʘʣʴʥʦ-ʚʦʣʝʚʳʭ ʢʘʯʝʩʪʚ, ʛʦʪʦʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʩʨʝʜʩʪʚʘ, 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ, ʠ, ʚ ʠʪʦʛʝ ʢʘʯʝʩʪʚʦ ʩʘʤʦʛʦ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝʥʠʷ. ʆʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ 

ʧʫʪʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʚʳʚʦʜʳ ʦ ʧʝʨʩʧʝʢʪʠʚʘʭ ʠʭ ʚʥʝʜʨʝʥʠʷ. ʉʜʝ-

ʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʝʛʦ 

ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚʥʝʜʨʝʥʠʷ ʵʢʩʧʝʨʪ-

ʥʳʭ ʩʠʩʪʝʤ ʠ ʩʠʩʪʝʤ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ 

Abstract 

The article analyzes the history of the development of the theory and practice of managing social and technical 

systems. It is concluded that the effectiveness of the work of managers, the implementation of their moral-voli-

tional qualities, their willingness to use modern means, technologies and management methods, and, as a result, 

the quality of the management process itself depend on the attitude to the management process. The main ways to 

improve the management system are identified and conclusions about the prospects for their implementation are 

synthesized. It is concluded that the most effective method of improving management efficiency is its automation 

based on the use of modern information technologies, the introduction of expert systems and decision support 

systems 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʦʨʠʷ ʫʧʨʘʚʣʝʥʠʷ, ʠʩʪʦʨʠʯʝʩʢʠʡ ʦʙʟʦʨ, ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ, ʧʫʪʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʫʧʨʘʚʣʝʥʠʷ, ʧʦʜʜʝʨʞʢʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. 

Keywords: control theory, historical review, improving the quality of management, ways to improve man-

agement, decision support. 

 

ɺʚʝʜʝʥʠʝ 

ʀʥʬʦʨʤʘʪʠʟʘʮʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ ï 

ʦʙʲʝʢʪʠʚʥʘʷ ʨʝʘʣʴʥʦʩʪʴ, ʚʣʠʷʶʱʘʷ ʥʘ ʚʩʝ ʙʝʟ ʠʩ-

ʢʣʶʯʝʥʠʷ ʩʬʝʨʳ ʞʠʟʥʠ. ʅʘʧʨʠʤʝʨ, ʢʘʢ ʙʳ ʥʠ ʦʪʥʦ-

ʩʠʪʴʩʷ ʢ ʧʦʥʷʪʠʶ çʮʠʬʨʦʚʠʟʘʮʠʠè ʵʢʦʥʦʤʠʢʠ: ʢʘʢ 

ʢ ʨʘʟʚʠʪʠʶ ʥʝʢʦʝʛʦ ʚʠʨʪʫʘʣʴʥʦʛʦ çʮʠʬʨʦʚʦʛʦè 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʣʠ ʢʘʢ ʢ ʜʦʩʪʘʪʦʯʥʦ ʜʘʚʥʦ ʠʜʫʱʝʤʫ 

ʧʨʦʮʝʩʩʫ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʨʝʘʣʴʥʳʤ 

ʧʨʦʠʟʚʦʜʩʪʚʦʤ, ʧʦʚʳʰʘʶʱʝʤʫ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, 

ʥʝʠʟʤʝʥʥʳʤ ʦʩʪʘʸʪʩʷ ʪʦʣʴʢʦ ʦʜʥʦ ï ʠʥʬʦʨʤʘʪʠʟʘ-

ʮʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʝʪ ʟʥʘʯʝʥʠʝ ʫʧʨʘʚʣʝʥʠʷ ʵʢʦ-

ʥʦʤʠʯʝʩʢʠʤʠ ʬʫʥʢʮʠʷʤʠ ʠ ʧʨʦʮʝʩʩʘʤʠ. ʇʦʜʦʙʥʘʷ 

ʪʝʥʜʝʥʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʣʶʙʳʭ ʜʨʫʛʠʭ ʩʬʝʨʘʭ ʯʝ-

ʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ [13]. 

ʀ ʚ ʵʪʦʡ ʩʚʷʟʠ ʩʪʘʥʦʚʠʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʠʟʚʝʩʪ-

ʥʘʷ ʧʨʦʙʣʝʤʘ: ʥʝʩʤʦʪʨʷ ʥʘ ʜʣʠʪʝʣʴʥʫʶ ʠʩʪʦʨʠʶ 

ʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝʥʠʷ, ʦʪʥʦʰʝʥʠʝ ʢ 

ʥʝʤʫ ʜʦ ʩʠʭ ʧʦʨ ʷʚʣʷʝʪʩʷ ʥʝʦʜʥʦʟʥʘʯʥʳʤ ʠ ʨʘʩʧʨʝ-

ʜʝʣʷʝʪʩʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ: ʦʪ ʚʦʩʧʨʠʷʪʠʷ ʝʛʦ 

ʢʘʢ ʥʝʢʦʪʦʨʦʡ çʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠè ʢ ʦʩʥʦʚ-

ʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʜʦ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʠʥʪʝʣ-

ʣʝʢʪʫʘʣʴʥʦʛʦ ʪʨʫʜʘ. ʇʨʦʙʣʝʤʘ ʘʢʪʫʘʣʴʥʘ, ʪʘʢ ʢʘʢ ʦʪ 

ʵʪʦʛʦ ʦʪʥʦʰʝʥʠʷ ʟʘʚʠʩʠʪ ʤʦʪʠʚʘʮʠʷ, ʧʨʠʥʮʠʧʳ 

ʧʦʜʙʦʨʘ ʠ ʧʦʜʛʦʪʦʚʢʠ ʫʧʨʘʚʣʝʥʮʝʚ, ʠ, ʚ ʠʪʦʛʝ, ʢʘ-

ʯʝʩʪʚʦ ʧʨʠʥʠʤʘʝʤʳʭ ʨʝʰʝʥʠʡ [9,17]. 

1. ɸʥʘʣʠʟ ʠʩʪʦʨʠʠ ʚʦʧʨʦʩʘ 

ʀʩʪʦʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʧʨʦʩʣʝʜʠʪʴ 

ʠʟʤʝʥʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʢ ʫʧʨʘʚʣʝʥʠʶ ʠ ʚʳʜʝʣʠʪʴ ʥʝ-

ʩʢʦʣʴʢʦ ʚʦʟʤʦʞʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʧʦʚʳʰʝʥʠʶ ʝʛʦ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ. ʕʪʠ ʧʦʜʭʦʜʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ 

ʙʦʣʴʰʠʝ ʛʨʫʧʧʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʚʦʡʩʪʚʝʥʥʦ-

ʩʪʠ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʠʤʝʶʪʩʷ ʦʙʲ-

ʝʢʪʠʚʥʘʷ ʠ ʩʫʙʲʝʢʪʠʚʥʘʷ ʩʦʩʪʘʚʣʷʶʱʠʝ. 

ʉʫʙʲʝʢʪʠʚʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ, ʘʧʨʠʦʨʠ ʧʨʠ-

ʩʫʱʘ ʣʶʙʦʤʫ ʧʨʦʮʝʩʩʫ, ʚ ʢʦʪʦʨʦʤ ʫʯʘʩʪʚʫʝʪ ʯʝʣʦ-

ʚʝʢ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʦʮʝʩʩʫ ʫʧʨʘʚʣʝʥʠʷ. ʀ ʧʨʠ ʧʨʠ-

ʥʷʪʠʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʦʥʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʫʩʪʨʘʥʝʥʘ. ɺʧʨʦʯʝʤ, ʚ ʵʪʦʤ ʠ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, 




