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Abstract. The paper presents a scheme for surfacing high-strength layers, discusses the basic 

principles of designing and manufacturing a wire with tungsten nanopowder for arc surfacing, analyzes 

the microstructure and properties of a high-strength deposited layer. 
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ʜʝʩʷʪʠʣʝʪʠʷ ʥʘʫʢʘ ʦ ʤʘʪʝʨʠʘʣʘʭ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʥʘ ʨʘʟʨʘʙʦʪʢʝ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʠ 

ʥʘʥʦʧʦʨʦʰʢʦʚ. ɻʣʘʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʙʣʘʩʪʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʠʭ ʩʪʨʫʢʪʫʨʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʫʣʫʯʰʝʥʥʳʝ 

ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ: ʪʚʝʨʜʦʩʪʴ, ʧʨʦʯʥʦʩʪʴ, ʧʣʘʩʪʠʯʥʦʩʪʴ ʠ ʪ.ʜ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʠ ʧʨʠʤʝʥʝʥʠʝ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʠ ʥʘʥʦʧʦʨʦʰʢʦʚ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʳʤ ʧʨʦʮʝʩʩʦʤ [1]. 

ʉʚʦʡʩʪʚʘ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ (ʥʘʧʣʘʚʣʝʥʥʳʭ ʩʣʦʝʚ) ʚ 

ʦʩʥʦʚʥʦʤ ʟʘʚʠʩʷʪ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʬʦʨʤʳ ʜʝʥʜʨʠʪʦʚ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʪʦ-

ʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʚʘʨʦʯʥʦʡ ʚʘʥʥʳ [2-4]. ʀʟʤʝʥʠʪʴ ʨʘʟʤʝʨ ʟʝʨʝʥ 

ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʝʪ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ. ʆʜʥʠ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʤʦʜʠʬʠʮʠʨʦ-

ʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʚʝʜʝʥʠʝ ʚ ʨʘʩʧʣʘʚ ʪʫʛʦʧʣʘʚʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩ ʤʝʣʢʠʤ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ. ʀʩʭʦ-
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ʜʷ ʠʟ ʠʩʪʦʯʥʠʢʦʚ ʣʠʪʝʨʘʪʫʨʳ ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʚʚʝʜʝʥʠʝ ʚ ʞʠʜʢʫʶ ʩʚʘʨʦʯʥʫʶ ʚʘʥʥʫ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʚ ʥʘʧʣʘʚʣʝʥʥʦʤ ʤʝ-

ʪʘʣʣʝ ʥʘʥʦʜʠʩʧʝʨʩʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʯʘʩʪʠʮ, ʚʚʝʜʝʥʥʳʝ ʚ ʩʚʘʨʦʯʥʫʶ ʚʘʥʥʫ ʯʘʩʪʠʮʳ ʧʨʠʚʦ-

ʜʷʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʧʨʦʯʥʦʩʪʠ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʠ 

ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʮʝʣʦʤ [5-9]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʮʝʩʩʳ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʚʘʨʦʯʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʚ ʮʝʣʦʤ, ʪ.ʢ. ʙʦʣʴʰʘʷ ʜʦʣʷ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ ʷʚʣʷʶʪʩʷ ʩʚʘʨʥʳʤʠ. ʇʦʵʪʦʤʫ ʚʦʧʨʦʩ ʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʠ ʩʚʘʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʦʜʠʬʠʢʘʪʦʨʘʤʠ ʩ ʫʣʴʪʨʘ- ʠ ʥʘʥʦʨʘʟʤʝʨʥʳʤʠ ʯʘʩʪʠʮʘʤʠ, ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤ. ʄʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʫʣʴʪʨʘ- ʠ ʥʘʥʦʨʘʟʤʝʨʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʧʦʟʚʦʣʠʪ ʫʧʨʘʚʣʷʪʴ 

ʧʨʦʮʝʩʩʦʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ, ʧʦʣʫʯʘʪʴ ʩʚʘʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʟʘʜʘʥʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ 

ʤʝʭʘʥʠʯʝʩʢʠʝ (ʚʨʝʤʝʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘ ʨʘʟʨʳʚ, ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ) ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

(ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ) ʩʚʦʡʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʨʫʢʪʫʨʦʡ, ʠʤʝʶʱʝʡ 

ʢʨʫʧʥʦʝ ʟʝʨʥʦ [10, 11]. 

ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʧʨʠ ʩʚʘʨʢʝ (ʥʘʧʣʘʚʢʝ) 

ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʧʦʨʦʰʢʠ ʧʦʧʘʜʘʶʪ ʚ ʜʫʛʦʚʦʡ ʧʨʦʤʝʞʫʪʦʢ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʪʦʨʦʛʦ, ʧʨʝʚʳʰʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʧʦʨʦʰʢʦʚ. ʇʦʚʳʰʝʥʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʟʦʥʝ ʜʝʡʩʪʚʠʷ ʜʫʛʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʩʪʚʦʨʝʥʠʶ ʯʘʩʪʠʮ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ 

ʧʦʨʦʰʢʦʚ ʚ ʞʠʜʢʦʡ ʩʚʘʨʦʯʥʦʡ ʚʘʥʥʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʩʚʷʱʝʥʦ 

ʠʟʫʯʝʥʠʶ ʩʧʦʩʦʙʦʚ ʚʚʝʜʝʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʧʦʨʦʰʢʦʚ ʚ ʞʠʜʢʫʶ ʩʚʘʨʦʯʥʫʶ ʚʘʥʥʫ 

ʠʣʠ ʧʨʠʤʝʥʝʥʠʝ ʧʦʨʦʰʢʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʧʦʚʳʰʝʥʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ, 

ʫʚʝʣʠʯʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʠ ʤʝʥʴʰʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ [12, 13]. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʤʠʨʦʚʦʛʦ ʦʧʳʪʘ ʧʨʠʤʝʥʝʥʠʷ ʥʘʥʦ- ʠ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ ʚ 

ʢʘʯʝʩʪʚʝ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʧʨʠ ʩʚʘʨʢʝ ʧʣʘʚʣʝʥʠʝʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʧʦ ʩʧʦʩʦʙʘʤ ʚʚʝ-

ʜʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʧʦʨʦʰʢʦʚ ʚ ʞʠʜʢʫʶ ʩʚʘʨʦʯʥʫʶ ʚʘʥʥʫ. ʇʨʠ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʘʭ ʩʚʘʨʢʠ ʝʩʪʴ 

ʦʩʦʙʝʥʥʦʩʪʠ ʚʚʝʜʝʥʠʷ ʜʘʥʥʳʭ ʧʦʨʦʰʢʦʚ ʚ ʞʠʜʢʫʶ ʩʚʘʨʦʯʥʫʶ ʚʘʥʥʫ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʩʭʝʤʘ ʧʨʠʤʝʥʝʥʠʷ ʥʘʥʦ- ʠ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ ʚ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ. 

 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʧʨʠʤʝʥʝʥʠʷ ʥʘʥʦ- ʠ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ  

ʚ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʩʧʦʩʦʙ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʧʫʪʝʤ ʚʚʝʜʝ-

ʥʠ̫ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʨʦʚʦʣʦʢʠ, ʩʦʜʝʨʞʘʱʝʡ ʥʘʥʦʧʦʨʦʰʢʠ, ʚ ʭʚʦʩʪʦʚʫʶ ʯʘʩʪʴ ʩʚʘʨʦʯʥʦʡ ʚʘʥʥʳ. 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ ʚʚʝʜʝʥʠʝʤ ʥʘʥʦʩʪʨʫʢʪʫ-

ʨʠʨʦʚʘʥʥʳʭ ʧʦʨʦʰʢʦʚ-ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʚ ʩʦʩʪʘʚ ʰʠʭʪʳ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʠ. ʊʝʭʥʦʣʦʛʠʷ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʯʝʨʝʟ ʚʚʝʜʝʥʠʝ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʠ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠ-

ʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢ ʦʩʥʦʚʥʦʤʫ ʩʚʘʨʦʯʥʦʡ ʧʨʦʚʦʣʦʢʝ. ʉʭʝʤʘ ʥʘʧʣʘʚʢʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2 [14]. 

 

1 ï ʦʩʥʦʚʥʘʷ ʩʧʣʦʰʥʘʷ ʩʚʘʨʦʯʥʘʷ ʧʨʦʚʦʣʦʢʘ; 2 ï ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ; 3 ï ʧʨʠʩʘʜʦʯʥʘʷ ʧʨʦʚʦʣʦʢʘ, ʩʦ-

ʜʝʨʞʘʱʘʷ ʥʘʥʦʧʦʨʦʰʦʢ ʚʦʣʴʬʨʘʤʘ; 4 ï ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʦʥʘ ʩʚʘʨʦʯʥʦʡ ʚʘʥʥʳ (ʭʚʦʩʪʦʚʘʷ ʯʘʩʪʴ);  

5 ï ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʦʥʘ ʩʚʘʨʦʯʥʦʡ ʚʘʥʥʳ (ʛʦʣʦʚʥʘʷ ʯʘʩʪʴ) 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʥʘʧʣʘʚʢʠ ʚʩrʦʢʦʧʨʦʯʥʳʭ ʩʣʦʝʚ 

ʇʨʦʮʝʩʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ, ʛʜʝ ʧʦʨʦʰʢʦʚʘʷ ʧʨʦʚʦʣʦʢʘ ʩ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤʠ ʤʦ-

ʜʠʬʠʢʘʪʦʨʘʤʠ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʢ ʦʩʥʦʚʥʦʡ ʩʚʘʨʦʯʥʦʡ ʧʨʦʚʦʣʦʢʝ, ʟʘ-

ʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ʇʨʠʩʘʜʦʯʥʫʶ ʧʨʦʚʦʣʦʢʫ, ʚʳʧʦʣʥʝʥʥʫʶ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʠ, ʚ ʩʦʩʪʘʚ ʩʝʨʜʝʯʥʠʢʘ ʢʦʪʦʨʦʡ ʚʭʦʜʷʪ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʧʦʨʦʰʦʢ 

ʚʦʣʴʬʨʘʤʘ, ʧʦʜʘʶʪ ʚ ʭʚʦʩʪʦʚʫʶ ʯʘʩʪʴ ʩʚʘʨʦʯʥʦʡ ʚʘʥʥʳ. ʇʨʠʩʘʜʦʯʥʘʷ ʧʨʦʚʦʣʦʢʘ ʧʣʘʚʠʪʩʷ ʚ 

ʧʦʪʦʢʝ ʧʝʨʝʛʨʝʪʦʛʦ ʞʠʜʢʦʛʦ ʤʝʪʘʣʣʘ ʩʚʘʨʦʯʥʦʡ ʚʘʥʥʳ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʠʟ-ʧʦʜ ʜʫʛʠ ʚ ʭʚʦʩʪʦ-

ʚʫʶ ʯʘʩʪʴ. ʅʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʧʦʨʦʰʦʢ ʠʟ ʨʘʩʧʣʘʚʣʝʥʥʦʡ ʧʨʠʩʘʜʦʯʥʦʡ ʧʨʦʚʦʣʦʢʠ ʧʦʧʘ-

ʜʘʶʪ ʚ ʭʚʦʩʪʦʚʫʶ ʯʘʩʪʴ ʩʚʘʨʦʯʥʦʡ ʚʘʥʥʳ, ʥʝ ʧʨʦʭʦʜʷʪ ʜʫʛʦʚʦʡ ʧʨʦʤʝʞʫʪʦʢ, ʪ.ʝ. ʧʨʘʢʪʠʯʝʩʢʠ 

ʙʝʟ ʧʦʪʝʨʴ ʧʝʨʝʭʦʜʷʪ ʚ ʞʠʜʢʠʡ ʤʝʪʘʣʣ ʩʚʘʨʦʯʥʦʡ ʚʘʥʥʳ, ʧʝʨʝʤʝʰʠʚʘʶʪʩʷ ʚ ʥʝʡ ʠ ʩʣʫʞʘʪ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʳʤʠ ʮʝʥʪʨʘʤʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʟʝʨʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʥʘʧʣʘʚʣʝʥ-

ʥʦʛʦ ʤʝʪʘʣʣʘ ï ʤʦʜʠʬʠʮʠʨʫʶʪ ʩʪʨʫʢʪʫʨʫ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʰʚʘ. ʆʥʠ ʥʝ ʨʘʩʧʣʘʚʣʷʶʪʩʷ ʚ 

ʞʠʜʢʦʡ ʩʚʘʨʦʯʥʦʡ ʚʘʥʥʝ ʚ ʩʚʷʟʠ ʩ ʠʭ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ. 

ʊʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʠ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʚʭʦʜʷʪ ʥʘʥʦʩʪʨʫʢʪʫ-

ʨʠʨʦʚʘʥʥʳʝ ʧʦʨʦʰʢʠ-ʤʦʜʠʬʠʢʘʪʦʨʳ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʨʘʟʨʘʙʦʪʢʝ ʠ ʠʟʛʦʪʦʚ-

ʣʝʥʠʠ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʠ. ʆʙʦʙʱʝʥʥʘʷ ʩʭʝʤʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠ-

ʩʫʥʢʝ 3, ʢʦʤʧʦʥʦʚʦʯʥʘʷ ʩʭʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4. 

 

1 ï ʢʦʨʧʫʩ; 2 - ʧʨʦʬʠʣʝʛʠʙʦʯʥʘʷ ʢʣʝʪʴ; 3 ï ʜʦʟʘʪʦʨ ʜʣʷ ʜʦʙʘʚʣʝʥʠʷ ʥʘʥʦʧʦʨʦʰʢʘ  

ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ; 4 - ʬʦʨʤʠʨʫʶʱʘʷ ʢʣʝʪʴ; 5 ï ʬʠʣʴʝʨʘ  

ʈʠʩʫʥʦʢ 3 ï ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʚʘʨʦʯʥʦʡ ʧʨʦʚʦʣʦʢʠ 



7 

 

1 ï ʦʩʥʦʚʘʥʠʝ, 2 ï ʧʨʦʬʠʣʝʛʠʙʦʯʥʘʷ ʢʣʝʪʴ ˉ1, 3 ï ʧʨʦʬʠʣʝʛʠʙʦʯʥʘʷ ʢʣʝʪʴ ˉ2,  

4 - ʧʨʦʬʠʣʝʛʠʙʦʯʥʘʷ ʢʣʝʪʴ ˉ3, 5 ï ʜʦʟʘʪʦʨ, 6 - ʧʨʦʬʠʣʝʛʠʙʦʯʥʘʷ ʢʣʝʪʴ ˉ4,  

7 ï ʧʨʦʬʠʣʝʛʠʙʦʯʥʘʷ ʢʣʝʪʴ ˉ5, 8 ï ʧʦʜʞʠʤʘʶʱʘʷ ʢʣʝʪʴ, 9 ï ʬʠʣʴʝʨʘ 

ʈʠʩʫʥʦʢ 4 ï ʂʦʤʧʦʥʦʚʦʯʥʘʷ ʩʭʝʤʘ ʣʠʥʠʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʠ 

ʉʫʱʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʠ: ʠʟ ʧʦʜʛʦʪʦʚʣʝʥʥʦʡ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʣʝʥʪʳ ʬʦʨʤʠʨʫʶʪ ʧʫʪʝʤ ʧʨʦʢʘʪʳʚʘʥʠʷ ʯʝʨʝʟ ʧʨʦʬʠʣʝʛʠʙʦʯʥʫʶ ʢʣʝʪʴ 2,3,4 U 

ï ʦʙʨʘʟʥʳʡ ʞʝʣʦʙʦʢ, ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʟʘʛʠʙʘ. ʇʦʩʣʝ ʯʝʛʦ ʧʨʠ ʧʦʤʦʱʠ ʜʦʟʘʪʦʨʘ 5 

ʚ ʞʝʣʦʙʦʢ ʟʘʩʳʧʘʝʪʩʷ ʥʘʧʦʣʥʠʪʝʣʴ ʩ ʥʝʦʙʭʦʜʠʤʳʤ ʩʦʩʪʘʚʦʤ ʚ ʥʫʞʥʦʤ ʢʦʣʠʯʝʩʪʚʝ. ɼʘʣʝʝ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʦʝ ʩʤʳʢʘʥʠʝ ʢʨʦʤʦʢ ʚ ʧʨʦʬʠʣʝʛʠʙʦʯʥʦʡ ʢʣʝʪʠ 6, 7. ʇʦʜʞʠʤʘʶʱʘʷ 

ʢʣʝʪʴ 8 ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʘʢʨʳʪʠʝ ʟʘʤʢʘ, ʢʦʪʦʨʦʝ ʧʨʝʜʦʪʚʨʘʪʠʪ ʚʳʩʳʧʘʥʠʝ ʥʘʧʦʣʥʠʪʝʣʷ ʠʟ 

ʧʨʦʚʦʣʦʢʠ. ʉʬʦʨʤʠʨʦʚʘʥʥʘʷ ʟʘʛʦʪʦʚʢʘ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʠ ʧʦʜʚʝʨʛʘʝʪʩʷ ʥʘ 

ʟʘʚʝʨʰʘʶʱʝʤ ʵʪʘʧʝ ʚʦʣʦʯʝʥʠʶ ʯʝʨʝʟ ʬʦʨʤʠʨʫʶʱʫʶ ʬʠʣʴʝʨʫ 9. ɻʜʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʫʯʝʥʠʝ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʪʠʧʦʨʘʟʤʝʨʘ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʫʧʣʦʪʥʝʥʠʝ ʥʘʧʦʣʥʠʪʝʣʷ. ʕʪʘʧʳ ʬʦʨʤʦʚʘʥʠʷ 

ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʠ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 5. 

 

1 ʵʪʘʧ ï ʧʨʦʢʘʪʢʘ ʣʝʥʪʳ ʯʝʨʝʟ ʨʦʣʠʢʠ ʠ ʧʦʣʫʯʝʥʠʝ ʩʪʫʧʝʥʠ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʩʣʫʞʠʪʴ 

 ʚ ʢʘʯʝʩʪʚʝ ʟʘʤʢʘ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʳʩʧrʘʥʠʷ ʰʠʭʪʳ; 2 ʵʪʘʧ ï ʧʦʩʪʝʧʝʥʥʦʝ ʧʨʝʜʘʥʠʝ ʣʝʥʪʝ  

U - ʦʙʨʘʟʥʦʡ ʬʦʨʤʳ; 3 ʵʪʘʧ ï ʧʦʣʫʯʝʥʠʝ U - ʦʙʨʘʟʥʦʡ ʬʦʨʤʳ ʠ ʟʘʩʳʧʘʥʠʝ ʰʠʭʪʳ, ʢʦʪʦʨʘʷ ʧʦʩʪʫʧʘʝʪ 

ʠʟ ʙʫʥʢʝʨʘ; 4 ʵʪʘʧ ï ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʢʨʘʷ ʣʝʥʪʳ ʩʛʠʙʘʶʪʩʷ ʜʦ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʟʘʤʢʘ 

 ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʯʘʩʪʴʶ ʣʝʥʪʳ; 5 ʵʪʘʧ ï ʥʘ ʧʨʝʜʧʦʩʣʝʜʥʝʤ ʵʪʘʧʝ ʬʦʨʤʠʨʫʝʪʩʷ ʪʨʫʙʢʘ ʟʘʜʘʥʥʦʡ 

ʬʦʨʤʳ, ʩ ʟʘʱʝʣʢʥʫʪʳʤ ʟʘʤʢʦʤ; 6 ʵʪʘʧ ï ʧʨʦʪʷʞʢʘ ʣʝʥʪʳ ʯʝʨʝʟ ʬʠʣʴʝʨʫ ʜʣʷ ʧʨʠʜʘʥʠʷ ʧʦʨʦʰʢʦʚʦʡ  

ʧʨʦʚʦʣʦʢʝ ʟʘʜʘʥʥʦʛʦ ʜʠʘʤʝʪʨʘ  

ʈʠʩʫʥʦʢ 5 ï ʕʪʘʧʳ ʬʦʨʤʦʚʘʥʠʷ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʠ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʨʦʰʢʦʚ ʚʦʣʴʬʨʘʤʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʦʚʦʣʦʢʘ ʤʘʨʢʠ çɺɸè ʜʠʘʤʝʪ-

ʨʦʤ 0,31ʤʤ, ʜʣʠʥʦʡ 50ʤʤ, ʥʘʧʨʷʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʜʘʚʘʣʠ ʥʘ ʚʳʩʦʢʦʚʦʣʴʪʥʳʡ ʵʣʝʢʪʨʦʜ 31ʢɺ 

[15, 16]. ʇʦʨʦʰʦʢ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥʳ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʚʟʨʳʚʘ ʧʨʦʚʦʜʥʠʢʦʚ (ʕɺʇ). 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʜʠʩʧʝʨʩʥʦʩʪʴ ʧʦʨʦʰʢʘ, ʤʝʥʷʷ ʢʘʢ ʬʠʟʠʯʝʩʢʠʝ (ʜʠʘ-

ʤʝʪʨ, ʜʣʠʥʫ ʚʟʨʳʚʘʝʤʦʛʦ ʦʪʨʝʟʢʘ ʧʨʦʚʦʣʦʢʠ, ʜʘʚʣʝʥʠʝ ʛʘʟʘ ʚ ʫʩʪʘʥʦʚʢʝ), ʪʘʢ ʠ ʵʣʝʢʪʨʦʬʠʟʠ-

ʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ (ʨʘʙʦʯʝʝ ʥʘʧʨʷʞʝʥʠʝ, ʝʤʢʦʩʪʴ, ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʢʦʥʪʫʨʘ, ʘ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ï 

ʵʥʝʨʛʠʶ, ʚʚʦʜʠʤʫʶ ʚ ʧʨʦʚʦʜʥʠʢ ʧʨʠ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʚʟʨʳʚʝ [17, 18].  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʣʘʚʣʝʥʥʳʭ ʩʣʦʝʚ ʧʨʦʚʦʜʠʣʠʩʴ ʩʦʛʣʘʩʥʦ ʩʭʝʤʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 6. 
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1 ï ʥʘʧʣʘʚʣʝʥʥʳʡ ʚʘʣʠʢ; 2 ï ʦʙʣʘʩʪʴ çʟʝʨʝʥʥʳʭè ʜʝʥʜʨʠʪʦʚ; 3 ï ʦʙʣʘʩʪʴ ʨʘʟʥʦʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ 

 ʜʝʥʜʨʠʪʦʚ; 4 ï ʦʩʥʦʚʥʦʡ ʤʝʪʘʣʣ; 5 ï ʟʦʥʘ ʩʧʣʘʚʣʝʥʠʷ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʚʘʣʠʢʘ ʠ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ; 

6 ï ʣʠʥʠʷ ʠʟʤʝʨʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ 

ʈʠʩʫʥʦʢ 6 ï ʉʭʝʤʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʩʣʦʷ  

ʄʠʢʨʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʩʣʦʷ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʦ ʤʝʪʦʜʠʢʝ, ʧʨʠʚʝ-

ʜʸʥʥʦʡ ʚ ʨʘʙʦʪʘʭ [16-17]. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʤʝʪʦʜʦʤ ʦʧʪʠʯʝʩʢʦʡ ʤʝʪʘʣʣʦʛʨʘʬʠʠ ʥʘ 

ʤʠʢʨʦʩʢʦʧʝ Neophot-21 ʩ ʨʝʛʠʩʪʨʘʮʠʝʡ ʠʟʦʙʨʘʞʝʥʠʡ ʮʠʬʨʦʚʦʡ ʢʘʤʝʨʦʡ Genius VileaCam. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʥʘʧʣʘʚʣʝʥʥʳʭ ʩʣʦʸʚ ʨʘʟʣʠʯʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʩʝ ʦʥʠ 

ʠʤʝʶʪ ʩʭʦʞʝʝ ʩʪʨʦʝʥʠʝ, ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʜʚʫʤʷ ʚʳʨʘʞʝʥʥʳʤʠ ʦʙʣʘʩʪʷʤʠ: ʦʙʣʘʩʪʴ çʟʝʨʝʥ-

ʥʳʭè ʜʝʥʜʨʠʪʦʚ ʠ ʦʙʣʘʩʪʴ ʨʘʟʥʦʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʜʝʥʜʨʠʪʦʚ (ʨʠʩʫʥʦʢ 7). 

 
ʘ 

 
ʙ 

 
ʚ 

ʈʠʩʫʥʦʢ 7 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʠ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ: ʘ ï ʦʙʣʘʩʪʴ çʟʝʨʝʥʥʳʭè 

ʜʝʥʜʨʠʪʦʚ; ʙ ï ʦʙʣʘʩʪʴ ʨʘʟʥʦʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʜʝʥʜʨʠʪʦʚ; ʚ ï ʦʩʥʦʚʥʦʡ ʤʝʪʘʣʣ 

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʭʦʞʝʝ ʩʪʨʦʝʥʠʝ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʥʘʥʦʧʦʨʦʰʢʘ ʚ ʰʠʭ-

ʪʝ ʧʨʦʚʦʣʦʢʠ ʨʘʟʤʝʨ ʟʝʨʝʥ ʫʤʝʥʴʰʘʝʪʩʷ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠʟʤʝʥʝʥʠʷ 

ʨʘʟʤʝʨʘ ʟʝʨʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʥʦʧʦʨʦʰʢʘ ʚʦʣʴʬʨʘʤʘ ʚ ʰʠʭʪʝ ʧʨʦʚʦʣʦʢʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 8. 

 

ʈʠʩʫʥʦʢ 8 ï ɺʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʥʦʧʦʨʦʰʢʘ ʚʦʣʴʬʨʘʤʘ ʥʘ ʨʘʟʤʝʨ ʟʝʨʥʘ 

ɸʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʠʣ ʦʧʠʩʘʪʴ ʧʦʣʫʯʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʵʤʧʠ-

ʨʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʝʤ ʚʠʜʘ 

d = 31,59Āexp (- 1,55 / W) 

ʛʜʝ d ï ʨʘʟʤʝʨ ʟʝʨʥʘ, Õm;  

W ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘʥʦʧʦʨʦʰʢʘ ʚʦʣʴʬʨʘʤʘ ʚ ʧʨʦʚʦʣʦʢʝ, %. 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʯʘʩʪʠʮʘ ʥʘʥʦʧʦʨʦʰʢʘ ʚʦʣʴʬʨʘʤʘ ʩʣʫʞʘʪ ʛʦʪʦʚʳʤʠ ʮʝʥʪʨʘʤʠ ʢʨʠ-

ʩʪʘʣʣʠʟʘʮʠʠ, ʪ.ʝ. ʚʳʧʦʣʥʷʶʪ ʬʫʥʢʮʠʶ ʤʦʜʠʬʠʢʘʪʦʨʘ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ. ʈʝʛʫʣʠʨʫʷ ʢʦʥ-
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ʮʝʥʪʨʘʮʠʶ ʚʦʣʴʬʨʘʤʘ ʚ ʩʦʩʪʘʚʝ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʠ ʚʦʟʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ ʩʪʨʫʢʪʫʨʦʡ 

ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ. 

ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʥʘʥʦʧʦʨʦʰʢʘ ʥʘ ʧʨʦʯʥʦʩʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘʧʣʘʚʣʝʥʥʳʭ ʩʣʦʝʚ 

ʙʳʣʘ ʧʨʦʚʝʜʝʥʦ ʠʟʤʝʨʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʥʘʧʣʘʚʣʝʥʥʳʭ ʚʘʣʠʢʦʚ ʧʦ ʣʠʥʠʠ 6 (ʨʠʩ. 6) ʩ ʰʘ-

ʛʦʤ 0,5 ʤʤ ʥʘ ʤʠʢʨʦʪʚʝʨʜʦʤʝʨʝ ʇʄʊ-3ʄ ʧʨʠ ʥʘʛʨʫʟʢʝ ʈ=100 ʛʨ. ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʠʟʤʝʥʷʣʦʩʴ ʦʪ 0,5 ʤʤ ʜʦ 3 ʤʤ (ʨʠʩʫʥʦʢ 9). 

 

ʈʠʩʫʥʦʢ 9 ï ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʥʘʧʣʘʚʣʝʥʥʳʭ ʩʣʦʝʚ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ 

ɺʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʠʤʝʝʪ ʠʜʝʥʪʠʯʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʅʘʠʙʦʣʴʰʫʶ ʪʚʝʨʜʦʩʪʴ ʥʘʧʣʘʚʣʝʥʥʳʝ ʚʘʣʠʢʠ ʠʤʝʶʪ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚʦʟʣʝ ʛʨʘʥʠʮʳ ʩʧʣʘʚʣʝ-

ʥʠʷ ʩ ʦʩʥʦʚʥʳʤ ʤʝʪʘʣʣʦʤ. ʇʨʠ ʵʪʦʤ ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʧʦʢʘʟʘʪʝʣʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʥʝʩʢʦʣʴʢʦ 

ʚʳʰʝ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʥʳʤ ʪʝʧʣʦʦʪʚʦʜʦʤ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʚ 

ʦʢʨʫʞʘʶʱʫʶ ʘʪʤʦʩʬʝʨʫ ʠ ʚ ʦʩʥʦʚʥʦʡ ʤʝʪʘʣʣ. 

ʅʘ ʛʨʘʬʠʢʝ (ʨʠʩʫʥʦʢ 10) ʧʦʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ 

ʥʘʧʣʘʚʣʝʥʥʳʭ ʩʣʦʝʚ ʦʪ ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚʦʣʴʬʨʘʤʘ 

 
ʈʠʩʫʥʦʢ 10 ï ɺʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʥʦʧʦʨʦʰʢʘ ʚʦʣʴʬʨʘʤʘ ʥʘ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ 

ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʩʣʦʷ 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦʟʚʦʣʠʣ ʦʧʠʩʘʪʴ ʧʦʣʫʯʝʥʥʫʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʵʤʧʠ-

ʨʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʝʤ ʚʠʜʘ 

HÕ = 3776,8Āexp (0,54ĀW), 

ʛʜʝ HÕ - ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʥʘʧʣʘʚʣʝʥʥʳʭ ʩʣʦʝʚ, ʄʈʘ. 

ʇʨʠʤʝʥʝʥʠʝ ʥʘʥʦʧʦʨʦʰʢʘ ʚʦʣʴʬʨʘʤʘ ʚ ʩʦʩʪʘʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʨʠʩʘʜʦʯʥʦʡ ʧʨʦʚʦʣʦ-

ʢʠ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʪʚʝʨʜʦʩʪʴ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʥʘʧʣʘʚʣʝʥʥʳʭ ʩʣʦʸʚ. 

ɺʳʚʦʜʳ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʩʧʦʩʦʙ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʦʚʦʣʦʢʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʥʘʧʣʘʚʦʯʥʳʡ ʤʘ-

ʪʝʨʠʘʣ ʩ ʥʘʥʦʧʦʨʦʰʢʦʤ ʚʦʣʴʬʨʘʤʘ. ʊʘʢʘʷ ʧʦʨʦʰʢʦʚʘʷ ʧʨʦʚʦʣʦʢʘ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʨʠʩʘʜʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʫʧʨʘʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʦʡ ʠ ʩʚʦʡʩʪʚʘʤʠ ʥʘʧʣʘʚ-
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ʣʝʥʥʳʭ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʩʣʦʸʚ. ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʟʘʜʘʥʥʳʡ ʜʠʘʧʘʟʦʥ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʣʴ-

ʬʨʘʤʘ ʚ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʝ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʨʘʟʤʝʨ ʟʝʨʥʘ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʚ 

2,7 ʨʘʟʘ. ʇʨʠ ʵʪʦʤ ʪʚʝʨʜʦʩʪʴ ʥʘʧʣʘʚʢʠ ʚʦʟʨʘʩʪʘʝʪ ʚ 1,94 ʨʘʟʘ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʤʠʢ-

ʨʦʪʚʸʨʜʦʩʪʠ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʠ ʚʦʟʣʝ ʟʦʥʳ ʩʧʣʘʚʣʝʥʠʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʦʩʪʳʚʘʥʠʠ ʥʘʧʣʘʚʢʠ (ʨʘʟʥʳʝ ʫʩʣʦʚʠʷ ʪʝʧʣʦʦʪʚʦʜʘ). 
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