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Abstract 

This article is devoted to the analysis of the industrial safety and labor protection management system. The 

statistics of traumatism is considered. As a result, the system's shortcomings were revealed and measures for its 

improvement were proposed. 

ɸʥʥʦʪʘʮʠʷ 

ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʦʭʨʘʥʳ ʪʨʫʜʘ. 

ʈʘʩʩʤʦʪʨʝʥʘ ʩʪʘʪʠʩʪʠʢʘ ʪʨʘʚʤʘʪʠʟʤʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʷʚʣʝʥʳ ʥʝʜʦʩʪʘʪʢʠ ʩʠʩʪʝʤʳ ʠ ʧʨʝʜʣʦʞʝʥʳ ʤʝʨʦʧʨʠ-

ʷʪʠʷ ʧʦ ʝʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ. 

 

Keywords: Measures to improve, OSH management system, OSH, traumatism, electrical safety. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʄʝʨʦʧʨʠʷʪʠʷ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ, ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʦʭʨʘʥʦʡ ʪʨʫʜʘ, ʪʨʘʚ-

ʤʘʪʠʟʤ, ʵʣʝʢʪʨʦʙʝʟʦʧʘʩʥʦʩʪʴ. 

 

ʆʪ ʧʨʘʚʠʣʴʥʦʛʦ ʠ ʥʘʜʝʞʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘ-

ʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʦʭʨʘʥʦʡ ʪʨʫʜʘ ʟʘʚʠʩʠʪ 

ʨʘʟʚʠʪʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʮʝʣʦʤ, ʤʦʜʝʨʥʠʟʘʮʠʷ 

ʉʋʆʊ ʢʨʘʡʥʝ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʥʠʟʠʪʴ 

ʨʠʩʢ ʪʨʘʚʤʘʪʠʟʤʘ ʥʘ ʜʘʥʥʦʤ ʦʙʲʝʢʪʝ, ʫʣʫʯʰʠʪʴ 

ʫʩʣʦʚʠʷ ʪʨʫʜʘ ʨʘʙʦʪʥʠʢʦʚ, ʩʥʠʟʠʪʴ ʨʠʩʢ ʧʨʦʬʝʩʩʠ-

ʦʥʘʣʴʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ [1].  

ʉ ʵʪʦʡ ʮʝʣʴʶ ʚ ʦʨʛʘʥʠʟʘʮʠʷʭ ʩʦʟʜʘʝʪʩʷ ʩʠ-

ʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʦʭʨʘʥʦʡ ʪʨʫʜʘ, ʷʚʣʷʶʱʘʷʩʷ ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʡ çʟʘʱʠʪʦʡè ʚ ʣʶʙʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʥʝʦʙ-

ʭʦʜʠʤʘʷ ʜʣʷ ʩʧʘʩʝʥʠʷ ʦʪ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʥʝʧʨʠʷʪ-

ʥʦʩʪʝʡ ʚ ʧʨʦʮʝʩʩʝ ʪʨʫʜʘ. ʅʦ ʯʪʦʙʳ ʜʦʩʪʠʯʴ ʞʝʣʘʝ-

ʤʳʭ ʮʝʣʝʡ ʩʠʩʪʝʤʫ ʢʨʘʡʥʝ ʚʘʞʥʦ ʧʦʩʪʦʷʥʥʦ ʩʦʚʝʨ-

ʰʝʥʩʪʚʦʚʘʪʴ, ʜʦʙʘʚʣʷʪʴ ʚ ʥʝʝ ʥʦʚʳʝ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʥʦʚʰʝʩʪʚʘ [2, c. 4]. ʇʨʠ ʵʪʦʤ ʥʘʜʣʝʞʠʪ ʫʯʠʪʳʚʘʪʴ 

ʨʦʣʴ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʠ ʫʯʘʩʪʠʝ ʯʝʣʦʚʝʢʘ ʚ 

ʦʙʝʩʧʝʯʝʥʠʠ ʩʦʙʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʵʪʠ 

ʬʘʢʪʦʨʳ ʪʘʢʞʝ ʠʛʨʘʶʪ ʥʝʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ ʧʨʠ 

ʦʙʝʩʧʝʯʝʥʠʠ ʙʝʟʦʧʘʩʥʳʭ ʫʩʣʦʚʠʡ ʪʨʫʜʘ. ʋʣʫʯʰʝ-

ʥʠʝ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʨʘʙʦʯʠʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʩʦʮʠʘʣʴʥʦ - ʪʨʫʜʦʚʦʡ ʩʬʝʨʳ ʠ ʵʢʦʥʦʤʠʢʠ ʚ ʥʘʰʝʡ 

ʩʪʨʘʥʝ [3, c.18]. 

ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ, ʪʝʤʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠ-

ʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʦʭʨʘʥʦʡ ʪʨʫʜʘ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ 

ʘʢʪʫʘʣʴʥʦʡ ʠ ʝʝ ʨʦʣʴ ʜʦʣʞʥʘ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ 

ʦʜʥʘ ʠʟ ʧʝʨʚʦʩʪʝʧʝʥʥʳʭ ʟʘʜʘʯ ʨʘʟʚʠʪʠʷ ʣʶʙʦʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ.  

ʇʦ ʩʪʘʪʠʩʪʠʢʝ ʈʦʩʪʝʭʥʘʜʟʦʨʘ ʚ ʦʨʛʘʥʠʟʘʮʠʷʭ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ ʈʌ ʟʘ 2016 ʛʦʜ ʧʨʦʠʟʦʰʣʦ 64 

ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʷ ʩʦ ʩʤʝʨʪʝʣʴʥʳʤ ʠʩʭʦʜʦʤ (ʚ 

2015 ʛʦʜʫ ʧʨʦʠʟʦʰʣʦ 53 ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʷ), ʪ.ʝ. 

ʢʦʣʠʯʝʩʪʚʦ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʘʥʘ-

ʣʦʛʠʯʥʳʤ ʧʝʨʠʦʜʦʤ ʧʨʦʰʣʦʛʦ ʛʦʜʘ ʫʚʝʣʠʯʠʣʦʩʴ 

(ʈʠʩʫʥʦʢ 1).  
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ʈʠʩʫʥʦʢ 1 ï ʉʪʘʪʠʩʪʠʢʘ ʵʣʝʢʪʨʦʪʨʘʚʤʘʪʠʟʤʘ ʟʘ 2012-2016 ʛʦʜʘ 

 

ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ 

ʩʦ ʩʤʝʨʪʝʣʴʥʳʤ ʠʩʭʦʜʦʤ ʟʘ 12 ʤʝʩʷʮʝʚ 2016 ʛʦʜʘ 

ʧʨʦʠʟʦʰʣʦ ʥʘ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʘʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ð 

36 (56 % ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ). ɺ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʝʪʷʭ ʢʦʣʠʯʝʩʪʚʦ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʩʦ ʩʤʝʨʪʝʣʴ-

ʥʳʤ ʠʩʭʦʜʦʤ ʩʦʩʪʘʚʠʣʦ 27 (42 %), ʚ ʪʝʧʣʦʚʳʭ ʫʩʪʘ-

ʥʦʚʢʘʭ ʵʥʝʨʛʦʩʥʘʙʞʘʶʱʠʭ ʦʨʛʘʥʠʟʘʮʠʡ ð 1 (2 %). 

ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ 

ʧʨʦʠʟʦʰʣʦ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʥʘ ʚʦʟʜʫʰʥʳʭ 

ʣʠʥʠʷʭ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ, ʚʙʣʠʟʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʢʠ 

ʙʝʟ ʩʥʷʪʠʷ ʥʘʧʨʷʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴ-

ʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʚʩʣʝʜʩʪʚʠʝ ʩʣʫʯʘʡʥʦʛʦ ʧʨʠʢʦʩʥʦ-

ʚʝʥʠʷ ʢ ʪʦʢʦʚʝʜʫʱʠʤ ʯʘʩʪʷʤ, ʥʘʭʦʜʷʱʠʤʩʷ ʧʦʜ 

ʥʘʧʨʷʞʝʥʠʝʤ [4, c. 277].  

ɺ ʆʆʆ çɸʊʉè (ʈʝʩʧʫʙʣʠʢʘ ɹʘʰʢʦʨʪʦʩʪʘʥ) 

ʧʨʦʠʟʦʰʝʣ ʥʝʩʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʩʦ ʩʤʝʨʪʝʣʴʥʳʤ ʠʩ-

ʭʦʜʦʤ. ʕʣʝʢʪʨʦʤʦʥʪʝʨ ʧʨʦʚʦʜʠʣ ʨʘʙʦʪʳ ʧʦ ʟʘʤʝʨʫ 

ʚʝʣʠʯʠʥʳ ʥʘʧʨʷʞʝʥʠʷ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ ʚ 

ʈʋ 10 ʢɺ ʂʊʇʅ 10/0,4 ˉ 337 ʙʝʟ ʦʬʦʨʤʣʝʥʠʷ ʨʘʙʦʪ 

ʥʘʨʷʜʦʤ-ʜʦʧʫʩʢʦʤ ʠʣʠ ʨʘʩʧʦʨʷʞʝʥʠʝʤ ʠ ʚʳʧʦʣʥʝ-

ʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠ ʧʨʠ-

ʙʣʠʞʝʥʠʠ ʢ ʪʦʢʦʚʝʜʫʱʠʤ ʯʘʩʪʷʤ, ʥʘʭʦʜʷʱʠʤʩʷ 

ʧʦʜ ʥʘʧʨʷʞʝʥʠʝʤ, ʙʳʣ ʧʦʨʘʞʝʥ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦ-

ʢʦʤ [6]. 

ɺ ʆʆʆ çɹʘʰʢʠʨʕʥʝʨʛʦè ʟʘ 2017 ʧʨʦʠʟʦʰʣʠ 6 

ʫʯʝʪʥʳʭ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ( ʚ 2016 ʛ. ï 5 ʥʝʩʯʘʩʪ-

ʥʳʭ ʩʣʫʯʘʝʚ), ʧʨʠ ʯʠʩʣʝʥʥʦʩʪʠ ʨʘʙʦʪʥʠʢʦʚ 7111 ʯʝ-

ʣʦʚʝʢ, ʯʪʦ ʟʘʩʪʘʚʣʷʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʦʙʝʩʧʝ-

ʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʦʤʧʘʥʠʷʭ 

[7].  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʩʠʩʪʝʤʘ 

ʫʧʨʘʚʣʝʥʠʷ ʦʭʨʘʥʦʡ ʪʨʫʜʘ ʚ ʄʋʇ çɹɻʕʉè [8]. ɼʝ-

ʷʪʝʣʴʥʦʩʪʴ ʄʋʇ çɹɻʕʉè ʧʦ ʦʭʨʘʥʝ ʪʨʫʜʘ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʟʘʢʦ-

ʥʦʜʘʪʝʣʴʥʳʭ, ʥʦʨʤʘʪʠʚʥʳʭ, ʣʦʢʘʣʴʥʳʭ ʘʢʪʦʚ ʚ 

ʵʪʦʡ ʦʙʣʘʩʪʠ, ʦʩʥʦʚʥʳʤ ʧʨʠʦʨʠʪʝʪʦʤ ʢʦʪʦʨʳʭ ʷʚ-

ʣʷʝʪʩʷ ʩʦʭʨʘʥʝʥʠʝ ʞʠʟʥʠ ʠ ʟʜʦʨʦʚʴʷ ʨʘʙʦʪʥʠʢʦʚ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʜʨʫʛʠʤ ʨʝʟʫʣʴʪʘʪʘʤ ʪʨʫʜʦʚʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ. 

ʇʦʜʛʦʪʦʚʢʘ ʧʝʨʩʦʥʘʣʘ ʧʦ ʦʭʨʘʥʝ ʪʨʫʜʘ ʚʢʣʶ-

ʯʘʝʪ ʚ ʩʝʙʷ: ʠʟʫʯʝʥʠʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ, ʧʨʘʚʠʣ 

ʦʭʨʘʥʳ ʪʨʫʜʘ, ʠʥʩʪʨʫʢʮʠʡ ʧʦ ʦʭʨʘʥʝ ʪʨʫʜʘ, ʧʨʦʚʝ-

ʜʝʥʠʝ ʦʙʫʯʝʥʠʷ ʩʦʪʨʫʜʥʠʢʦʚ. ɺʩʝ ʧʨʠʥʠʤʘʝʤʳʝ ʥʘ 

ʨʘʙʦʪʫ ʩʦʪʨʫʜʥʠʢʠ ʩʚʦʝʚʨʝʤʝʥʥʦ ʧʨʦʭʦʜʷʪ ʚʚʦʜ-

ʥʳʡ, ʧʝʨʚʠʯʥʳʡ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ, ʧʦʚʪʦʨʥʳʡ, ʚʥʝ-

ʧʣʘʥʦʚʳʡ ʠ ʮʝʣʝʚʦʡ ʠʥʩʪʨʫʢʪʘʞʠ ʩ ʨʝʛʠʩʪʨʘʮʠʝʡ ʚ 

ʞʫʨʥʘʣʘʭ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʚʦʜʠʪʩʷ 

ʦʙʫʯʝʥʠʝ ʨʘʙʦʪʥʠʢʦʚ ʙʝʟʦʧʘʩʥʳʤ ʧʨʠʝʤʘʤ ʠ ʤʝʪʦ-

ʜʘʤ ʨʘʙʦʪʳ ʥʘ ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʧʦʚʳ-

ʰʝʥʥʦʡ ʦʧʘʩʥʦʩʪʴʶ [5].  

ɺʳʷʚʣʝʥʳ ʥʝʜʦʩʪʘʪʢʠ ʉʋʆʊ çɹɻʕʉè ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ʜʝʡʩʪʚʫʶʱʠʤʠ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʤʠ 

ʘʢʪʘʤʠ ʦ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʦʭʨʘʥʦʡ ʪʨʫʜʘ, ʠ ʨʘʟ-

ʨʘʙʦʪʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ 

ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ [9-10]: 

ï ʧʝʨʝʩʤʦʪʨʝʪʴ ʩʫʱʝʩʪʚʫʶʱʫʶ ʩʠʩʪʝʤʫ 

ʫʧʨʘʚʣʝʥʠʷ ʦʭʨʘʥʦʡ ʪʨʫʜʘ, ʪʘʢ ʢʘʢ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʤʥʦʛʠʝ ʥʝ ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʦʨʤʘ-

ʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʜʦʢʫʤʝʥʪʳ, ʠ ʉʋʆʊ ʥʝ ʧʝʨʝ-

ʩʤʘʪʨʠʚʘʣʘʩʴ ʩ ʤʦʤʝʥʪʘ ʝʝ ʧʨʠʥʷʪʠʷ; 

ï  ʚʥʝʜʨʠʪʴ ʵʬʬʝʢʪʠʚʥʫʶ ʩʠʩʪʝʤʫ ʤʦʪʠʚʠ-

ʨʦʚʘʥʠʷ ʩʦʪʨʫʜʥʠʢʦʚ ʧʦ ʚʳʧʦʣʥʝʥʠʶ ʪʨʝʙʦʚʘʥʠʡ 

ʦʭʨʘʥʳ ʪʨʫʜʘ. ɸ ʪʘʢʞʝ ʚʥʝʜʨʠʪʴ ʩʠʩʪʝʤʫ ʤʦʪʠʚʘ-

ʮʠʠ ʧʦ ʙʘʣʴʥʦ-ʨʝʡʪʠʥʛʦʚʦʡ ʩʠʩʪʝʤʝ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ 

ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ ʥʝʤʘʪʝʨʠʘʣʴʥʳʭ ʧʦʦʱʨʝʥʠʷʭ; 

ï ʧʝʨʝʩʤʦʪʨʝʪʴ ʩʠʩʪʝʤʫ ʦʙʫʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦ-
ʩʪʠ ʪʨʫʜʘ, ʚʥʝʩʪʠ ʢʦʨʨʝʢʪʠʨʦʚʢʠ [11]; 

ï  ʧʝʨʝʩʤʦʪʨʝʪʴ ʇʣʘʥʳ ʦʙʫʯʝʥʠʡ ʧʦ ʦʭʨʘʥʝ 

ʪʨʫʜʘ ʠ ʧʨʦʚʝʨʢʝ ʟʥʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ ʪʨʫʜʘ; 

ï  ʚʥʝʩʪʠ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʦʤ, ʢʘʢ ʦʮʝʥʠʚʘ-

ʝʪʩʷ ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ ʨʘʙʦʪʥʠʢʘ ʠ ʢʘʢ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʠ ʨʝʘʣʠʟʫʝʪʩʷ ʧʦʪʨʝʙʥʦʩʪʴ ʨʘʙʦʪʥʠʢʘ ʚ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʭ ʚʠʜʘʭ ʧʦʜʛʦʪʦʚʢʠ ʠ ʦʙʫʯʝʥʠʷ; 

ï  ʚʥʝʜʨʷʪʴ ʜʣʷ ʦʙʫʯʝʥʠʷ ʠ ʠʥʩʪʨʫʢʪʘʞʝʡ ʨʘ-

ʙʦʪʥʠʢʦʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʢʦʤʧʴ-

ʶʪʝʨʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʥʘʧʨʠʤʝʨ, ʪʘʢʠʝ ʢʘʢ çʅʘʛʣʷʜ-

ʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʦʭʨʘʥʘ ʪʨʫʜʘè, ʠʥʪʝʨʘʢʪʠʚʥʫʶ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʷʶʱʫʶ ʩʠʩʪʝʤʫ çʊʝʭ-

ʥʦʩʬʝʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴè (ʀʀʋʉ çʊɹè), ʪʝ-

ʩʪʠʨʫʶʱʫʶ ʧʨʦʛʨʘʤʤʫ ʧʦ ʵʣʝʢʪʨʦʙʝʟʦʧʘʩʥʦ-
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ï  ʩʫʱʝʩʪʚʫʶʱʠʝ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʮʝʣʠ ʧʦ 

ʦʭʨʘʥʝ ʪʨʫʜʘ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʢʨʝʧʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʠʤʠ ʨʘʟʜʝʣʘʤʠ ʚ ʇʦʣʦʞʝʥʠʠ ʉʋʆʊ; 

ï  ʧʦʜʢʨʝʧʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʨʘʟʜʝʣʘʤʠ 

ʚ ʇʦʣʦʞʝʥʠʠ ʦ ʉʋʆʊ ʩʫʱʝʩʪʚʫʶʱʠʝ ʚ ʦʨʛʘʥʠʟʘ-

ʮʠʠ ʧʨʦʮʝʜʫʨʳ ʤʦʥʠʪʦʨʠʥʛʘ ʠʩʧʦʣʥʝʥʠʷ ʠ ʦʮʝʥʢʠ 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ ʪʨʫʜʘ;  

ï  ʧʨʠʚʝʩʪʠ ʧʨʦʮʝʜʫʨʳ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʚʝʨʦʢ 

ʚ ʇʦʣʦʞʝʥʠʠ, ʘ ʚ ʦʪʯʝʪʘʭ ʧʦ ʧʨʦʚʝʨʢʘʤ ʩʜʝʣʘʪʴ ʚʳ-

ʚʦʜʳ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʉʋʆʊ ʚ ʦʨʛʘʥʠʟʘʮʠʠ; 

ï ʨʘʟʨʘʙʦʪʘʪʴ ʨʘʟʜʝʣ çʀʩʭʦʜʥʳʡ ʘʥʘʣʠʟè ʚ 
ʇʦʣʦʞʝʥʠʠ, ʩʦʛʣʘʩʥʦ ɻʆʉʊ 12.0.230.2-2015 çʉʠ-

ʩʪʝʤʘ ʩʪʘʥʜʘʨʪʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʫʜʘ. ʉʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʦʭʨʘʥʦʡ ʪʨʫʜʘ. ʆʮʝʥʢʘ ʩʦʦʪʚʝʪʩʪʚʠʷ. 

ʊʨʝʙʦʚʘʥʠʷè, ʪʘʢ ʢʘʢ ʦʥ ʩʣʫʞʠʪ ʦʩʥʦʚʦʡ ʜʣʷ ʩʦʟʜʘ-

ʥʠʷ ʉʋʆʊ ʠ ʦʧʨʝʜʝʣʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʥʝʧʨʝʨʳʚ-

ʥʦʤʫ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʦʭʨʘʥʦʡ ʪʨʫʜʘ [10]; 

ï  ʚʳʧʦʣʥʷʪʴ ʧʨʦʮʝʜʫʨʳ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ 

ʦʭʨʘʥʳ ʪʨʫʜʘ ʠ ʉʋʆʊ ʦʨʛʘʥʠʟʘʮʠʠ ʚ ʮʝʣʦʤ, ʫʯʠʪʳ-

ʚʘʷ ʥʦʚʫʶ ʠʥʬʦʨʤʘʮʠʶ ʚ ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ ʪʨʫʜʘ ʠ 

ʠʟʤʝʥʝʥʠʷ ʚ ʅʇɸ ʠ ʚ ʧʨʦʛʨʘʤʤʘʭ ʧʦ ʦʭʨʘʥʝ ʪʨʫʜʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʧʦʣʥʝʥʥʳʡ ʘʥʘʣʠʟ ʉʋʆʊ ʚ 

ʄʋʇ çɹɻʕʉè, ʜʘʣ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʷʚʠʪʴ ʦʩʥʦʚʥʳʝ 

ʥʝʜʦʩʪʘʪʢʠ ʩʠʩʪʝʤʳ ʠ ʧʨʝʜʣʦʞʠʪʴ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʉʋʆʊ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʦʨʛʘʥʠ-

ʟʘʮʠʠ.  
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ɸʥʥʦʪʘʮʠʷ 

ʅʘʣʠʯʠʝ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʚʘʨʥʳʭ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʪʘʢ ʢʘʢ ʧʨʠ ʠʭ ʨʘʙʦʪʝ ʦʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʩʢʣʘʜʳʚʘʶʪʩʷ ʩ ʥʘʧʨʷʞʝʥʠʷʤʠ ʦʪ ʚʥʝʰʥʠʭ 

ʥʘʛʨʫʟʦʢ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʚʘʨʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʠʪʴ ʪʝʨʤʠʯʝ-

ʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʝʞʠʤʘ ʦʪʧʫʩʢʘ, ʢʦʪʦʨʳʝ ʩʥʠʟʷʪ ʚʝʣʠʯʠʥʫ ʩʚʘʨʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʠ 

ʥʘʧʨʷʞʝʥʠʡ.  

 

Keywords: steel pipe, residual stresses, deformations, heat treatment  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʘʣʴʥʘʷ ʪʨʫʙʘ, ʦʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʜʝʬʦʨʤʘʮʠʠ, ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ  

 

ʇʨʠ ʩʚʘʨʢʝ ʪʨʫʙ ʚ ʟʦʥʝ ʩʚʘʨʥʦʛʦ ʰʚʘ ʦʪ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʘ ʧʨʦʠʩ-

ʭʦʜʠʪ ʥʝʨʘʚʥʦʤʝʨʥʳʡ ʥʘʛʨʝʚ ʤʝʪʘʣʣʘ. ʊʘʢʦʡ 

ʥʘʛʨʝʚ ʚʳʟʳʚʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʚʨʝʤʝʥʥʳʭ ʠ ʦʩʪʘʪʦʯ-

ʥʳʭ ʩʚʘʨʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʠ ʜʝʬʦʨʤʘʮʠʡ. 

ʆʩʪʘʪʦʯʥʳʝ ʩʚʘʨʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚʦʟʥʠʢʘʶʪ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʪʨʫʜʥʝʥʠʡ ʨʘʩʰʠʨʝʥʠʷ ʠ ʩʞʘʪʠʷ ʤʝ-

ʪʘʣʣʘ ʧʨʠ ʝʛʦ ʥʘʛʨʝʚʝ ʠ ʦʭʣʘʞʜʝʥʠʠ. ʉʪʘʣʴʥʘʷ 

ʪʨʫʙʘ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴ ʬʦʨʤʫ ʠ ʨʘʟʤʝʨʳ, ʪ.ʝ. ʜʝʬʦʨ-

ʤʠʨʦʚʘʪʴʩʷ. ʅʘʣʠʯʠʝ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝ-

ʬʦʨʤʘʮʠʡ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦ-

ʩʪʠ ʩʚʘʨʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʪʘʢ ʢʘʢ ʧʨʠ ʠʭ ʨʘʙʦʪʝ 

ʦʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʩʢʣʘʜʳʚʘʶʪʩʷ ʩ ʥʘʧʨʷʞʝ-

ʥʠʷʤʠ ʦʪ ʚʥʝʰʥʠʭ ʥʘʛʨʫʟʦʢ. ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʥʘʧʨʷʞʝʥʠʡ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ 

ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʱʠʥ ʚ ʩʚʘʨʥʦʤ ʩʦʝʜʠʥʝʥʠʠ. ɼʣʷ ʧʦ-

ʚʳʰʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʚʘʨʥʳʭ ʪʨʫʙʦʧʨʦʚʦ-

ʜʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʠʪʴ ʪʝʨʤʠʯʝʩʢʫʶ ʦʙʨʘ-

ʙʦʪʢʫ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʝʞʠʤʘ ʦʪʧʫʩʢʘ, ʢʦʪʦʨʳʝ 

ʩʥʠʟʷʪ ʚʝʣʠʯʠʥʫ ʩʚʘʨʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʠ ʥʘʧʨʷ-

ʞʝʥʠʡ [1]. 

ʇʨʠ ʥʘʛʨʝʚʝ ʩʚʘʨʥʦʛʦ ʰʚʘ ʚ ʥʝʤ ʚʦʟʥʠʢʘʶʪ 

ʥʘʧʨʷʞʝʥʠʷ ʩʞʘʪʠʷ, ʫʨʘʚʥʦʚʝʰʝʥʥʳʝ ʨʘʩʪʷʛʠʚʘʶ-

ʱʠʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ ʚ ʦʩʥʦʚʥʦʤ ʤʝʪʘʣʣʝ. ʇʦʩʣʝ 

ʧʦʣʥʦʛʦ ʦʩʪʳʚʘʥʠʷ ʚ ʰʚʝ ʙʫʜʫʪ ʨʘʩʪʷʛʠʚʘʶʱʠʝ, ʘ ʚ 

ʦʩʥʦʚʥʦʤ ʤʝʪʘʣʣʝ ï ʩʞʠʤʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ. ɽʩʣʠ 

ʩʚʘʨʥʦʡ ʰʦʚ ʥʝ ʩʚʷʟʘʥ ʩʦ ʩʚʘʨʠʚʘʝʤʳʤʠ ʚʠʪʢʘʤʠ, 

ʪʦ ʩʚʦʙʦʜʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠʚʝ-

ʜʫʪ ʢ ʝʛʦ ʫʜʣʠʥʝʥʠʶ. 

ʅʘ ʩʘʤʦʤ ʞʝ ʜʝʣʝ ʰʦʚ ʞʝʩʪʢʦ ʩʚʷʟʘʥ ʩʦ ʩʚʘʨʠ-

ʚʘʝʤʳʤʠ ʚʠʪʢʘʤʠ, ʠ ʩʚʦʙʦʜʘ ʝʛʦ ʢ ʠʟʤʝʥʝʥʠʶ ʨʘʟ-

ʤʝʨʦʚ ʧʨʠ ʥʘʛʨʝʚʝ ʠ ʦʭʣʘʞʜʝʥʠʠ ʦʛʨʘʥʠʯʝʥʘ. ɼʝʡ-

ʩʪʚʠʪʝʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʚ ʰʚʝ ʧʨʠ ʥʘʛʨʝʚʝ ʙʫʜʫʪ 

ʤʝʥʴʰʝ, ʯʝʤ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʠ ʩʚʦʙʦʜʥʦʤ ʥʘʧʨʷʞʝ-

ʥʠʠ, ʪ.ʝ. ʤʝʪʘʣʣ ʰʚʘ ʨʘʩʰʠʨʷʝʪʩʷ ʚ ʩʪʝʩʥʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʠ ʚ ʥʝʤ ʚʦʟʥʠʢʘʶʪ ʩʞʠʤʘʶʱʠʝ ʥʘʧʨʷʞʝ-

ʥʠʷ. ʅʦ ʨʘʩʰʠʨʷʶʱʠʡʩʷ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʟʦʥʝ ʤʝʪʘʣʣ ʨʘʩʪʷʛʠʚʘʝʪ ʙʦʣʝʝ ʭʦʣʦʜʥʳʝ ʫʯʘʩʪʢʠ, ʚ 

ʢʦʪʦʨʳʭ ʚʦʟʥʠʢʘʶʪ ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ. 

ɺʠʙʨʘʮʠʦʥʥʘʷ ʧʨʦʯʥʦʩʪʴ ʩʚʘʨʥʳʭ ʪʨʫʙ ʪʘʢʞʝ 

ʩʥʠʞʘʝʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʦʩʪʘʪʦʯʥʳʭ ʨʘʩʪʷʛʠʚʘʶ-

ʱʠʭ ʥʘʧʨʷʞʝʥʠʡ. ʇʨʘʢʪʠʯʝʩʢʠ ʜʝʬʦʨʤʘʮʠʠ ʠ ʦʩʪʘ-

ʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʥʘʣʠʯʠʠ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʚ 

ʫʩʣʦʚʠʷʭ ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ 

ʨʝʟʢʦ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʩʪʘʣʝʡ ʥʘʯʘʣʫ ʭʨʫʧʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ. 

ʉʞʠʤʘʶʱʠʝ ʦʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʧʦʥʠ-

ʞʘʶʪ ʤʝʩʪʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʪʦʥʢʦʩʪʝʥʥʳʭ ʵʣʝʤʝʥ-

ʪʦʚ ʩʚʘʨʥʳʭ ʪʨʫʙ. ʄʝʩʪʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʪʦʥʢʦ-

ʩʪʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʨʫʙʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ 

ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʩʞʘʪʠʷ ʠʣʠ ʩʜʚʠʛʘ. 

ʅʝʨʝʜʢʦ ʤʝʩʪʥʘʷ ʧʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʘʢʠʭ ʵʣʝ-

ʤʝʥʪʦʚ ʥʘʩʪʫʧʘʝʪ ʦʪ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʝʱʝ 

ʜʦ ʧʨʠʣʦʞʝʥʠʷ ʨʘʙʦʯʠʭ ʥʘʛʨʫʟʦʢ. ʇʦʪʝʨʷ ʤʝʩʪʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʞʝʪ ʷʚʠʪʴʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ 

ʧʨʠʯʠʥʦʡ ʧʦʪʝʨʠ ʦʙʱʝʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

ʇʝʨʝʤʝʱʝʥʠʝ ʩʚʘʨʠʚʘʝʤʳʭ ʪʨʫʙ ʚ ʧʨʦʮʝʩʩʝ 

ʩʚʘʨʢʠ ʩʦʟʜʘʶʪ ʜʝʬʦʨʤʘʮʠʠ ʚ ʟʦʥʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʤʝʪʘʣʣʘ ʩʚʘʨʦʯʥʦʡ ʚʘʥʥʳ ʠ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʦʙʨʘ-

ʟʦʚʘʥʠʶ ʛʦʨʷʯʠʭ (ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ) ʪʨʝʱʠʥ. 

ɺʦ ʚʨʝʤʷ ʩʚʘʨʢʠ, ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ, ʚʦʟʥʠʢʘʶʪ ʧʝ-

ʨʝʤʝʱʝʥʠʷ ʚ ʟʦʥʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝ-

ʥʠʷ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʤʝʱʝʥʠʶ ʩʚʘʨʠʚʘʝʤʳʭ 

ʢʨʦʤʦʢ ʠ ʠʟʤʝʥʝʥʠʶ ʟʘʟʦʨʘ ʚ ʩʪʳʢʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʚʦʟʥʠʢʘʝʪ ʥʝʧʨʦʚʘʨ [1]. 

ɺʳʩʦʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʣʠʰʴ ʚ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ 

ʤʦʛʫʪ ʦʪʚʝʯʘʪʴ ʤʘʪʝʨʠʘʣʳ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʩʪʘʚʢʠ. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʥʫʞʜʘʝʪʩʷ ʚ ʫʧʨʦʯʥʝʥʠʠ ʠʣʠ ʩʪʘʙʠʣʠʟʘ-

ʮʠʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ, ʥʝ ʠʟʤʝʥʷʶʱʠʭʩʷ 

ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ, ʧʦʵʪʦʤʫ ʦʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ 

ʧʦʚʳʰʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʪʝʨʤʠ-

ʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ. 

ʊʝʨʤʦʦʙʨʘʙʦʪʢʫ ʧʨʦʚʦʜʷʪ ʩ ʮʝʣʴʶ ʠʟʤʝʥʝʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʘ. ʊʝʨ-

ʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʮʝʣʝʥʘʧʨʘʚ-

ʣʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ, ʘ ʠʤʝʥʥʦ, 

ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥ-

ʪʦʚ, ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʟʝʨʝʥ, 

ʚʠʜʘ ʜʝʬʝʢʪʦʚ, ʠʭ ʢʦʣʠʯʝʩʪʚʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦ ʧʦ-

ʣʫʯʘʪʴ ʪʨʝʙʫʝʤʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ. 

ɺʘʞʥʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʩʚʦʡʩʪʚʘ ʤʝʪʘʣʣʘ ʟʘʚʠʩʷʪ 

ʥʝ ʪʦʣʴʢʦ ʦʪ ʠʭ ʩʪʨʫʢʪʫʨʳ, ʥʦ ʠ ʦʪ ʠʭ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ, ʢʦʪʦʨʳʡ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʠ ʣʠʪʝʡʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʇʨʠ ʪʝʨ-

ʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʩʪʘʝʪʩʷ 

ʥʝʠʟʤʝʥʥʳʤ. ɿʘʜʘʯʘʤʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʷʚ-

ʣʷʶʪʩʷ ʣʠʢʚʠʜʘʮʠʷ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʤʝ-

ʪʘʣʣʝ ʧʦʩʣʝ ʩʚʘʨʢʠ, ʘ ʪʘʢʞʝ ʧʦʩʣʝ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʪʘʣʴʥʳʭ ʵʣʝʢʪʨʦʩʚʘʨʥʳʭ ʩʧʠʨʘʣʴʥʦ-

ʰʦʚʥʳʭ ʪʨʫʙ. ʆʪʧʫʩʢ ʧʨʦʚʦʜʠʪʩʷ ʜʣʷ ʧʨʠʚʝʜʝʥʠʷ 

ʟʘʢʘʣʝʥʥʦʛʦ ʩʧʣʘʚʘ ʚ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʝ ʩʪʨʫʢʪʫʨ-

ʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʩʥʷʪʠʷ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʧʦ-

ʚʳʰʝʥʠʷ ʚʷʟʢʦʩʪʠ ʠ ʧʣʘʩʪʠʯʥʦʩʪʠ. 

ʂʘʯʝʩʪʚʦ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʦʧʨʝʜʝʣʷʶʪ 

ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʢʨʠʪʝʨʠʠ: 

- ʦʙʝʩʧʝʯʝʥʠʝ ʪʨʝʙʫʝʤʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ; 

- ʩʚʝʜʝʥʠʝ ʢ ʤʠʥʠʤʫʤʫ ʧʦʙʦʯʥʳʭ ʷʚʣʝʥʠʡ ï 

ʥʝʞʝʣʘʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʠʟʜʝʣʠʡ (ʬʦʨʤʳ, ʨʘʟʤʝʨʦʚ, ʩʦʩʪʦʷʥʠʷ ʧʦ-

ʚʝʨʭʥʦʩʪʠ) ʠʣʠ ʥʘʨʫʰʝʥʠʷ ʩʧʣʦʰʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ; 

- ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʠʭ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝ-

ʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʝʨʝʜʝʣʘ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʪʝʤʧʝʨʘʪʫʨʘ ʦʪʧʫʩʢʘ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʩʪʘʣʠ [2]. 

ʈʘʩʩʤʦʪʨʠʤ ʚʣʠʷʥʠʝ ʦʪʧʫʩʢʘ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʘʥʘʣʠʟʘ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 3-ʭ ʨʝʞʠʤʦʚ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ: ʥʠʟʢʠʡ ʦʪʧʫʩʢ ʧʨʠ ʪʝʤʧʝ-

ʨʘʪʫʨʝ ʜʦ 250ϊʉ, ʩʨʝʜʥʠʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 400ϊʉ 
ʠ ʚʳʩʦʢʠʡ ʦʪʧʫʩʢ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ 500 ʜʦ 650ϊʉ 
[3]. 

ʆʪʧʫʩʢ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʛʨʝʚʝ ʟʘʢʘʣʝʥʥʦʡ 

ʩʪʘʣʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʥʠʞʝ 7270, ʚʳʜʝʨʞʢʝ ʧʨʠ ʟʘ-

ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʦʭʣʘʞʜʝʥʠʠ ʩ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ. ʆʪʧʫʩʢ ʷʚʣʷʝʪʩʷ ʦʢʦʥʯʘ-

ʪʝʣʴʥʦʡ ʦʧʝʨʘʮʠʝʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʩʪʘʣʴ ʧʦʣʫʯʘʝʪ ʪʨʝʙʫʝʤʳʝ ʤʝʭʘ-

ʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʆʪʧʫʩʢ ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʯʘ-

ʩʪʠʯʥʦ ʫʩʪʨʘʥʷʝʪ ʥʘʧʨʷʞʝʥʠʷ. ʏʝʤ ʚʳʰʝ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʪʝʤ ʙʦʣʴʰʝ ʠ ʩʥʷʪʠʝ ʥʘʧʨʷʞʝʥʠʡ. 

ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʥʘʧʨʷʞʝʥʠʷ ʩʥʠʞʘʶʪʩʷ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʚʳʜʝʨʞʢʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 650ϊʉ ʚ ʪʝʯʝ-
ʥʠʝ ʯʘʩʘ. ʉʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʧʦʩʣʝ ʦʪʧʫʩʢʘ 

ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʚʝʣʠʯʠʥʫ 

ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. ʏʝʤ, ʤʝʜʣʝʥʥʝʝ ʦʭʣʘʞʜʝ-

ʥʠʝ, ʪʝʤ ʤʝʥʴʰʝ ʦʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ [3]. 

ʇʨʠ ʥʠʟʢʦʤ ʦʪʧʫʩʢʝ ʩʥʠʞʘʶʪʩʷ ʚʥʫʪʨʝʥʥʠʝ 

ʥʘʧʨʷʞʝʥʠʷ, ʤʘʨʪʝʥʩʠʪ ʟʘʢʘʣʢʠ ʧʝʨʝʚʦʜʠʪʩʷ ʚ ʦʪ-

ʧʫʱʝʥʥʳʡ ʤʘʨʪʝʥʩʠʪ, ʧʦʚʳʰʘʝʪʩʷ ʧʨʦʯʥʦʩʪʴ ʠ ʥʝ-

ʤʥʦʛʦ ʫʣʫʯʰʘʝʪʩʷ ʚʷʟʢʦʩʪʴ, ʙʝʟ ʟʘʤʝʪʥʦʛʦ ʩʥʠʞʝ-

ʥʠʷ ʪʚʝʨʜʦʩʪʠ. ʆʜʥʘʢʦ ʪʘʢʦʝ ʠʟʜʝʣʠʝ ʥʝ ʚʳʜʝʨʞʠ-

ʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ. 

ʉʨʝʜʥʠʡ ʦʪʧʫʩʢ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʠʡ ʧʨʝʜʝʣ 

ʫʧʨʫʛʦʩʪʠ, ʧʨʝʜʝʣ ʚʳʥʦʩʣʠʚʦʩʪʠ ʠ ʨʝʣʘʢʩʘʮʠʦʥ-

ʥʫʶ ʩʪʦʡʢʦʩʪʴ. ʉʪʨʫʢʪʫʨʘ ʩʪʘʣʠ ʧʦʩʣʝ ʩʨʝʜʥʝʛʦ ʦʪ-

ʧʫʩʢʘ ï ʪʨʦʦʩʪʠʪ ʦʪʧʫʩʢʘ ʠʣʠ ʪʨʦʦʩʪʦʤʘʨʪʝʥʩʠʪ. 

ɺʳʩʦʢʠʡ ʦʪʧʫʩʢ ʩʦʟʜʘʝʪ ʥʘʠʣʫʯʰʝʝ ʩʦʦʪʥʦʰʝʥʠʝ 

ʧʨʦʯʥʦʩʪʠ ʠ ʚʷʟʢʦʩʪʠ ʩʪʘʣʠ. 

ʉʪʨʫʢʪʫʨʘ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ, ʧʨʠ 

ʥʠʟʢʦʤ ʠ ʩʨʝʜʥʝʤ ʦʪʧʫʩʢʝ ʠʟʤʝʥʷʝʪʩʷ ʤʘʣʦ, ʧʨʦʠʩ-

ʭʦʜʠʪ ʣʠʰʴ ʫʤʝʥʴʰʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʇʦʩʢʦʣʴʢʫ ʬʝʨ-

ʨʠʪʦ-ʧʝʨʣʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʵʪʠʭ ʩʪʘʣʝʡ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʩʦʙʦʡ ʩʤʝʩʴ ʬʝʨʨʠʪʘ ʠ ʮʝʤʝʥʪʠʪʘ, ʧʨʠ ʦʪʧʫʩʢʝ 

ʚ ʥʝʡ ʧʨʦʪʝʢʘʝʪ ʣʠʰʴ ʢʦʘʛʫʣʷʮʠʷ ʢʘʨʙʠʜʥʳʭ ʬʘʟ, 

ʯʪʦ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʤʝʭʘʥʠʯʝ-

ʩʢʠʭ ʩʚʦʡʩʪʚ ʩʪʘʣʝʡ ʬʝʨʨʠʪʦ-ʧʝʨʣʠʪʥʦʛʦ ʢʣʘʩʩʘ. 

ʇʨʦʮʝʩʩʳ ʢʦʘʛʫʣʷʮʠʠ ʢʘʨʙʠʜʥʦʡ ʬʘʟʳ ʚ ʦʧʨʝʜʝ-

ʣʝʥʥʦʡ ʤʝʨʝ ʩʢʘʟʳʚʘʶʪʩʷ ʣʠʰʴ ʧʨʠ ʦʪʧʫʩʢʝ ʥʦʨʤʘ-

ʣʠʟʦʚʘʥʥʳʭ ʩʪʘʣʝʡ ʩ ʢʘʨʙʠʜʥʳʤ ʫʧʨʦʯʥʝʥʠʝʤ. ʇʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪʧʫʩʢʘ 600-650Áʉ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠ-

ʞʝʥʠʝ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʘʣʠ. ɺ ʩʪʨʫʢ-

ʪʫʨʝ ʠʤʝʶʪʩʷ ʫʯʘʩʪʢʠ ʠʛʦʣʴʯʘʪʦʛʦ ʬʝʨʨʠʪʘ, ʦʪ-

ʜʝʣʴʥʳʝ ʟʦʥʳ ʩ ʥʠʞʥʠʤ ʙʝʡʥʠʪʦʤ ʠ ʜʘʞʝ ʦʪʧʫʱʝʥ-

ʥʳʤ ʤʘʨʪʝʥʩʠʪʦʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʧʫʩʢʘ 

ʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʩʪʘʣʠ 17ɻ1ʉ-ʋ ʚʳʷʚʠʣʠ, ʯʪʦ ʦʪ-

ʧʫʩʢ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 200-300Áʉ ʤʘʣʦ ʚʣʠʷʝʪ ʥʘ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʵʪʦʡ ʩʪʘʣʠ. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʦʪʧʫʩʢʘ ʜʦ 450Áʉ ʧʨʠʚʦʜʠʪ ʢ ʥʘʯʘʣʫ ʨʘʩʧʘʜʘ 

ʠʩʭʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʨʘʟʤʳ-

ʪʦʩʪʴ ʢʦʥʪʫʨʘ ʬʘʟ, ʧʦʪʝʨʷ ʦʪʯʝʪʣʠʚʦʡ ʠʛʦʣʴʯʘʪʦʡ 

ʦʨʠʝʥʪʘʮʠʠ ʠ ʪ. ʜ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʨʘʩʧʘʜʘʶʪʩʷ 

ʟʦʥʳ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʨʦʜʘ. 

ʀʥʪʝʥʩʠʚʥʳʡ ʨʘʩʧʘʜ ʙʝʡʥʠʪʘ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 500Áʉ; ʧʨʠ 600Áʉ ʠ, ʦʩʦʙʝʥʥʦ, ʧʨʠ 

650Áʉ ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʪʥʘʷ ʢʦʘʛʫʣʷʮʠʷ ʢʘʨʙʠʜʥʦʡ 

ʬʘʟʳ ʠ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʤʘʪʨʠʮʳ. ʂʦʘʛʫʣʷʮʠʷ ð 

ʦʙʲʝʜʠʥʝʥʠʝ ʤʝʣʢʠʭ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ ʚ 

ʙʦʣʴʰʠʝ ʧʦ ʨʘʟʤʝʨʫ ʘʛʨʝʛʘʪʳ. ʉ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʦʪʧʫʩʢʘ ʜʠʩʣʦʢʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠʟʤʝ-

ʥʷʝʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʠʟ-ʟʘ ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʦʚ 

ʧʦʣʠʛʦʥʠʟʘʮʠʠ ʠ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʬʝʨʨʠʪʥʦʡ 

ʤʘʪʨʠʮʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʪʧʫʩʢʘ ʧʨʠ 450Á ʉ ʚ ʙʝʡ-

ʥʠʪʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʧʦʷʚʣʷʶʪʩʷ ʨʘʟʤʳʪʳʝ ʷʯʝʡʢʠ ʩ 

ʧʦʥʠʞʝʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʜʠʩʣʦʢʘʮʠʡ ʚ ʮʝʥʪʨʝ ʠ ʧʦ-

ʚʳʰʝʥʥʦʡ ʫ ʧʝʨʠʬʝʨʠʠ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʦʪʧʫʩʢʘ ʷʯʝʡʢʠ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ ʯʝʪʢʠʤʠ ʠ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʚ ʨʘʟʤʝʨʘʭ. ʇʦʷʚʣʷʶʪʩʷ ʩʫʙʟʝʨʥʘ ʩ 

ʫʟʢʠʤʠ ʯʝʪʢʠʤʠ ʛʨʘʥʠʮʘʤʠ, ʩʚʦʙʦʜʥʳʝ ʠʣʠ ʧʦʯʪʠ 

ʩʚʦʙʦʜʥʳʝ ʦʪ ʜʠʩʣʦʢʘʮʠʡ. ʇʦ ʤʝʨʝ ʨʦʩʪʘ ʩʫʙʟʝʨʥʘ 

ʤʦʛʫʪ ʧʨʠʦʙʨʝʩʪʠ ʙʦʣʴʰʝʫʛʣʦʚʳʝ ʛʨʘʥʠʮʳ ʩ ʧʦʣʠ-

ʛʦʥʠʟʦʚʘʥʥʦʡ ʤʘʪʨʠʮʝʡ, ʯʪʦ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠ-

ʚʘʪʴʩʷ ʢʘʢ ʥʘʯʘʣʦ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘ-

ʣʝʡ, ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʧʨʠ ʦʪʧʫʩʢʝ ʧʦʣʠʛʦʥʠʟʘʮʠʝʡ 

ʢʘʢ ʚʪʦʨʦʡ ʩʪʘʜʠʝʡ ʚʦʟʚʨʘʪʘ, ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʜʠʩʣʦʢʘʮʠʡ, ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʝʨʘʚ-

ʥʦʤʝʨʥʦ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʧʨʘʚʠʣʴ-

ʥʳʭ ʩʪʝʥʦʢ, ʜʝʣʷʱʠʭ ʢʨʠʩʪʘʣʣ ʥʘ ʬʨʘʛʤʝʥʪʳ ð 

ʩʫʙʟʝʨʥʘ. ʈʘʩʩʤʘʪʨʠʚʘʷ ʧʨʦʮʝʩʩʳ ʦʪʧʫʩʢʘ ʛʦʨʷʯʝ-

ʢʘʪʘʥʳʭ ʠʣʠ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʩʪʘʣʝʡ ʧʝʨʣʠʪʥʦʛʦ 

ʢʣʘʩʩʘ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ, ʟʘʚʠʩʷʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʧʫʩʢʘ. ʆʜʥʦ ʠʟ 

ʚʦʟʤʦʞʥʳʭ ʦʙʲʷʩʥʝʥʠʡ ʦʪʤʝʯʝʥʥʦʛʦ ʵʬʬʝʢʪʘ ʩʦ-

ʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ. ʀʟʚʝʩʪʥʦ, ʯʪʦ çʦʩʪʨʦʚʢʠè ʤʘʨ-

ʪʝʥʩʠʪʘ ʚ ʙʝʡʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʝ ʩʠʣʴʥʦ ʦʙʦʛʘʱʝʥʳ 

ʫʛʣʝʨʦʜʦʤ ʠ ʧʦʵʪʦʤʫ ʜʦʣʞʥʳ ʩʦʜʝʨʞʘʪʴ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʦʩʪʘʪʦʯʥʦʛʦ ʘʫʩʪʝʥʠʪʘ. ʇʨʠ ʦʪʧʫʩʢʝ 

ʧʨʝʚʨʘʱʝʥʠʝ ʘʫʩʪʝʥʠʪʘ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʥʝ 

ʪʦʣʴʢʦ ʚ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʦʙʣʘʩʪʠ, ʥʦ ʠ ʚ ʦʙʣʘʩʪʠ 

ʧʝʨʣʠʪʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ [2]. 

ʂʘʢ ʙʳʣʦ ʦʧʠʩʘʥʦ ʚʳʰʝ, ʯʪʦ ʧʨʠ ʥʠʟʢʦʤ ʠ 

ʩʨʝʜʥʝʤ ʦʪʧʫʩʢʝ ʩʪʨʫʢʪʫʨʘ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʳʭ 

ʩʪʘʣʝʡ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʘ ʚʳʩʦʢʠʡ ʦʪʧʫʩʢ ʩʦʟʜʘʝʪ 

ʥʘʠʣʫʯʰʝʝ ʩʦʦʪʥʦʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʠ ʚʷʟʢʦʩʪʠ 

ʩʪʘʣʠ, ʘ ʪʘʢʞʝ ʩʥʠʤʘʝʪ ʥʘʧʨʷʞʝʥʠʷ ʪʝʤ ʧʦʣʥʝʝ, ʯʝʤ 

ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʘ ʦʪʧʫʩʢʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ 3-ʭ ʚʠʜʦʚ ʦʪ-

ʧʫʩʢʘ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʩʪʘʣʴʥʳʭ ʵʣʝʢʪʨʦ-

ʩʚʘʨʥʳʭ ʩʧʠʨʘʣʴʥʦ-ʰʦʚʥʳʭ ʪʨʫʙ ʙʦʣʴʰʦʛʦ ʜʠʘ-

ʤʝʪʨʘ ʚʳʙʨʘʥ ʨʝʞʠʤ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʚʠʜʝ 

ʚʳʩʦʢʦʛʦ ʦʪʧʫʩʢʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ 600 ϊʉ ʜʦ 
650ϊʉ, ʪʘʢ ʢʘʢ ʧʨʠ ʥʠʟʢʦʤ ʠ ʩʨʝʜʥʝʤ ʦʪʧʫʩʢʝ ʩʪʨʫʢ-
ʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ ʤʝʪʘʣʣʘ ʠ ʩʚʘʨʥʦʛʦ ʰʚʘ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʥʝ ʠʟʤʝʥʷʶʪʩʷ. 
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Abstract 

The choice of the optimal variant of the manipulator should be made on the basis of a certain criterion, with 

the minimum possible cost of material, energy. Therefore, the formulation of the optimization problem requires a 

certain design criterion, i.e. the choice of the most rational manipulator from a variety of alternatives 

ɸʥʥʦʪʘʮʠʷ 

ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ ʤʘʥʠʧʫʣʷʪʦʨʘ ʜʦʣʞʝʥ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʥʘ ʦʩʥʦʚʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʨʠʪʝ-

ʨʠʷ, ʧʨʠ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʭ ʟʘʪʨʘʪʘʭ ʤʘʪʝʨʠʘʣʘ, ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ. ʇʦʵʪʦʤʫ ʬʦʨʤʫʣʠʨʦʚʢʘ ʟʘʜʘʯʠ ʦʧ-

ʪʠʤʠʟʘʮʠʠ ʪʨʝʙʫʝʪ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʨʠʪʝʨʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʪ.ʝ. ʚʳʙʦʨʘ ʠʟ ʤʥʦʞʝʩʪʚʘ ʘʣʴʪʝʨʥʘʪʠʚ ʥʘʠʙʦ-

ʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨʘ 

 

Keywords: manipulator, comparability criteria, the criterion of intensity, the criterion of material, the crite-

rion of rigidity 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʥʠʧʫʣʷʪʦʨ, ʢʨʠʪʝʨʠʠ ʩʦʧʦʩʪʘʚʠʤʦʩʪʠ, ʢʨʠʪʝʨʠʡ ʵʥʝʨʛʦʝʤʢʦʩʪʠ, ʢʨʠʪʝʨʠʡ ʤʘʪʝ-

ʨʠʘʣʦʝʤʢʦʩʪʠ, ʢʨʠʪʝʨʠʡ ʞʝʩʪʢʦʩʪʠ 

 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʥʦʚʳʭ ʤʦʜʝʣʝʡ ʤʘʥʠʧʫʣʷʪʦ-

ʨʦʚ ʥʘ ʙʘʟʝ ʚʳʙʨʘʥʥʳʭ ʨʘʮʠʦʥʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʦʙʝʩʧʝʯʠʪ ʩʦʟʜʘʥʠʝ ʰʠʨʦʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʢʦʥʩʪʨʫʢ-

ʮʠʡ ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ 

ʢʦʥʢʨʝʪʥʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ. 

ɺ ʨʷʜʝ ʨʘʙʦʪ [1, ʩ.57] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʣʫʯʰʠʝ 

ʫʩʣʦʚʠʷ ʩʦʧʦʩʪʘʚʠʤʦʩʪʠ ʦʮʝʥʦʢ ʢʘʯʝʩʪʚʘ ʤʘʰʠʥ 

ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʚʢʣʶʯʘʝʪ ʥʝ-

ʩʢʦʣʴʢʦ ʧʘʨʘʤʝʪʨʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʪʝʭʥʠʯʝʩʢʦ-ʵʢʦʥʦ-

ʤʠʯʝʩʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʤʘʥʠʧʫ-

ʣʷʪʦʨʦʚ. ʉ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʪʘʢʠʭ ʩʦʧʦʩʪʘʚʠʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʟʫʯʝ-

ʥʠʝ ʪʝʦʨʠʠ ʠʭ ʨʘʩʯʝʪʘ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʠʥʪʝʟʘ 

ʤʝʭʘʥʠʟʤʦʚ. ɹʳʣʠ ʫʯʪʝʥʳ ʨʘʥʝʝ ʚʳʧʦʣʥʝʥʥʳʝ ʨʘ-

ʙʦʪʳ ʜʣʷ ʜʨʫʛʠʭ ʤʘʰʠʥ. 

ʅʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʘʥʠʧʫʣʷʪʦʨʦʚ 

ʢʦʥʩʪʨʫʢʪʦʨʳ ʥʝ ʠʤʝʶʪ ʩʚʝʜʝʥʠʡ ʦ ʬʘʢʪʠʯʝʩʢʠ 

ʜʝʡʩʪʚʫʶʱʠʭ ʫʩʠʣʠʷʭ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʵʣʝʤʝʥʪʘʭ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʠ ʥʘʟʥʘʯʘʶʪ ʠʭ ʩ ʙʦʣʴʰʠʤ ʟʘʧʘʩʦʤ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʤʝʪʘʣʣʦʝʤʢʦʩʪʠ, ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ ʠ ʵʥʝʨʛʦʝʤʢʦʩʪʠ. ɻʣʘʚʥʳʤ ʬʘʢʪʦʨʦʤ, 

ʚʣʠʷʶʱʠʤ ʥʘ ʚʳʙʦʨ ʢʦʥʩʪʨʫʢʮʠʠ ʤʘʥʠʧʫʣʷʪʦʨʘ, 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʙʦʨ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʢʨʠʪʝʨʠʷ QL, 

ʷʚʣʷʶʱʠʡʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʧʨʝʜʣʦʞʝʥʥʳʭ ʩʦ-

ʧʦʩʪʘʚʠʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦ-

ʚʳʩʷʪ ʩʢʦʨʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʧʦʠʩʢʘ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝ-

ʰʝʥʠʡ ʤʘʥʠʧʫʣʷʪʦʨʦʚ. ʈʘʟʫʤʥʳʡ ʚʳʙʦʨ ʩʦʧʦʩʪʘʚʠ-

ʤʳʭ ʢʨʠʪʝʨʠʝʚ ʩ ʫʯʝʪʦʤ ʠʭ ʚʝʩʦʚʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʨʝʙʫʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ 

ʧʨʝʜʝʣʦʚ ʚʘʨʴʠʨʦʚʘʥʠʷ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʢʨʠʪʝʨʠʡ QL ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ ʤʘʥʠʧʫʣʷʪʦʨʘ, ʜʣʠʥʫ ʪʨʘʥʩ-

ʧʦʨʪʠʨʦʚʘʥʠʷ ʤʘʥʠʧʫʣʷʪʦʨʘ. ɻʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ Q 

ʦʧʨʝʜʝʣʷʝʤ ʢʘʢ ʩʫʤʤʘʨʥʫʶ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ ʝʛʦ 

ʨʫʢ. ɻʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ ʨʫʢʠ ʤʘʥʠʧʫʣʷʪʦʨʘ ï 

ʥʘʠʙʦʣʴʰʘʷ ʤʘʩʩʘ ʦʙʲʝʢʪʦʚ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ, 

ʚʢʣʶʯʘʷ ʤʘʩʩʫ ʟʘʭʚʘʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʤʦ-

ʛʫʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʨʫʢʦʡ ʧʨʠ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ 

(ʧʨʠ Vmax ʠʣʠ Vmin, ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʠʣʠ ʤʠʥʠ-

ʤʘʣʴʥʦʤ ʚʳʣʝʪʝ ʨʫʢʠ); ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʘʥʠʧʫ-

ʣʷʪʦʨʦʚ ʥʦʤʠʥʘʣʴʥʘʷ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

mKKQ nc= ,  (1) 

 

ʛʜʝ cK  - ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʤʘʩʩʫ 

ʩʭʚʘʪʘ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʪʘʙʣʠʮʝ [1, ʩ.133]; nK  - ʢʦ-

ʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʪʠʧ ʧʨʠʚʦʜʘ (ʜʣʷ ʛʠʜ-

ʨʘʚʣʠʯʝʩʢʠʭ ï 1.1; ʜʣʷ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ï 1.3; ʜʣʷ 

ʚʘʢʫʫʤʥʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ 1.5); m - ʤʘʩʩʘ ʦʙʲʝʢʪʘ 

ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ, ʢʛ. 

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʦʥʩʪʨʫʢ-

ʮʠʡ ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʠ ʨʘʮʠʦʥʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʥʦʚʳʝ ʢʨʠʪʝʨʠʠ ʩʦʧʦʩʪʘ-

ʚʠʤʦʩʪʠ. 
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ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ ʤʘʥʠʧʫʣʷʪʦʨʘ 

ʜʦʣʞʝʥ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʥʘ ʦʩʥʦʚʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʢʨʠʪʝʨʠʷ, ʧʨʠ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʭ ʟʘʪʨʘʪʘʭ ʤʘ-

ʪʝʨʠʘʣʘ, ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ. ʇʦʵʪʦʤʫ ʬʦʨʤʫʣʠʨʦʚʢʘ 

ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʪʨʝʙʫʝʪ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʨʠʪʝ-

ʨʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʪ.ʝ. ʚʳʙʦʨʘ ʠʟ ʤʥʦʞʝʩʪʚʘ ʘʣʴ-

ʪʝʨʥʘʪʠʚ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨʘ [2, 

ʩ. 246]. 

ɼʣʷ ʚʳʙʦʨʘ ʩʦʚʝʨʰʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʤʘʥʠ-

ʧʫʣʷʪʦʨʘ ʧʨʝʜʣʦʞʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʘʟʨʘʙʦʪʘʥʥʳʝ 

ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʢʨʠʪʝʨʠʠ ʩʦʧʦʩʪʘʚʠʤʦʩʪʠ [3, ʩ. 

331]: 

- ʢʨʠʪʝʨʠʡ ʵʥʝʨʛʦʝʤʢʦʩʪʠ, ʚʳʨʘʞʝʥʥʳʡ ʯʝʨʝʟ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ:  

 

QL
NK =1 ,   (2) 

 

ʛʜʝ -N ʤʦʱʥʦʩʪʴ ʧʨʠʚʦʜʘ, ʢɺʪ; -QL ʬʫʥʢ-

ʮʠʦʥʘʣʴʥʳʡ ʢʨʠʪʝʨʠʡ; -L ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʧʘʨʘ-

ʤʝʪʨ ʨʘʙʦʯʝʡ ʟʦʥʳ (ʜʣʠʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ, ʚʳ-

ʩʦʪʘ ʧʦʜʲʝʤʘ, ʨʘʜʠʫʩ ʜʝʡʩʪʚʠʷ ʤʘʥʠʧʫʣʷʪʦʨʦʚ); 

- ʢʨʠʪʝʨʠʡ ʩʪʘʪʠʯʝʩʢʦʡ ʫʨʘʚʥʦʚʝʰʝʥʥʦʩʪʠ, 

ʚʳʨʘʞʝʥʥʳʡ ʦʪʥʦʰʝʥʠʝʤ ʦʙʦʙʱʝʥʥʦʡ ʤʘʩʩʳ ʟʚʝ-

ʥʴʝʚ ʠ ʜʣʠʥ ʟʚʝʥʴʝʚ ʢ ʧʦʣʝʟʥʦʡ ʨʘʙʦʪʝ: 

 

QL

LM
K ʟʚk

Ö
=

2
,   (3) 

 

ʛʜʝ  ʄʢ ï ʦʙʦʙʱʝʥʥʘʷ ʤʘʩʩʘ ʟʚʝʥʴʝʚ; Lʟʚ 

ï ʦʙʦʙʱʝʥʥʘʷ ʜʣʠʥʘ ʟʚʝʥʴʝʚ; 

- ʢʨʠʪʝʨʠʡ ʫʜʝʣʴʥʦʡ ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʠ, ʚʳʨʘ-

ʞʝʥʥʳʡ ʦʪʥʦʰʝʥʠʝʤ ʤʘʩʩʳ ʧʝʨʝʤʝʱʘʝʤʦʛʦ ʛʨʫʟʘ 

ʥʘ ʜʣʠʥʫ ʨʫʢʦʷʪʢʠ ʤʘʥʠʧʫʣʷʪʦʨʘ ʢ ʬʫʥʢʮʠʦʥʘʣʴ-

ʥʦʤʫ ʢʨʠʪʝʨʠʶ: 

 

QL

Lm
K

ʛʨʛʨÖ
=3 ,  (4) 

 

ʛʜʝ ʛʨm  - ʤʘʩʩʘ ʧʦʜʥʠʤʘʝʤʦʛʦ ʛʨʫʟʘ, ʢʛ; ʛʨL  - 

ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʛʨʫʟʘ ʜʦ ʦʩʠ ʦʩʥʦʚ-

ʥʦʡ ʢʦʣʦʥʥʳ ʤʘʥʠʧʫʣʷʪʦʨʘ, ʤ;  

- ʢʨʠʪʝʨʠʡ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʚʦ ʚʨʝʤʝʥʠ: 

24
e

t
K

Ö
=
j

,  (5) 

ʛʜʝ j - ʫʛʦʣ ʧʦʚʦʨʦʪʘ, ʨʘʜ; t  - ʚʨʝʤʷ ʧʦʚʦʨʦʪʘ, 

ʩ; ʝ ï ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ; 

- ʢʨʠʪʝʨʠʡ ʫʜʝʣʴʥʦʡ ʤʝʪʘʣʣʦʝʤʢʦʩʪʠ, ʚʳʨʘʞʘ-

ʶʱʠʡ ʩʦʚʝʨʰʝʥʩʪʚʦ ʢʦʥʩʪʨʫʢʮʠʠ ʤʘʥʠʧʫʣʷʪʦʨʘ: 

 

ʧʪʤ

ʛʨ

M

m
K =5 ,   (6) 

 

ʛʜʝ mʛʨ ï ʤʘʩʩʘ ʧʦʜʥʠʤʘʝʤʦʛʦ ʛʨʫʟʘ; ʄʧʪʤ ï 

ʤʘʩʩʘ ʤʘʥʠʧʫʣʷʪʦʨʘ; 

- ʢʨʠʪʝʨʠʡ ʢʠʥʝʤʘʪʠʢʠ, ʚʳʨʘʞʘʝʪ ʠʟʤʝʥʝʥʠʝ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚ ʩʭʦʜʩʪʚʝʥʥʦʝ ʚʨʝʤʷ: 

 

e

Vt
K =6

,   (7) 

 

ʛʜʝ V ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʤʘʥʠʧʫʣʷʪʦʨʘ, ʤ/ʩ; 

t ï ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ, ʩ; 

- ʢʨʠʪʝʨʠʡ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʜʣʷ ʩʨʘʚ-

ʥʝʥʠʷ ʠ ʦʮʝʥʢʠ ʢʦʥʩʪʨʫʢʮʠʡ ʩʭʚʘʪʦʚ:  

 

S

T
K =7

,  (8) 

 

ʛʜʝ ʊ - ʩʠʣʘ ʩʞʘʪʠʷ ʜʝʪʘʣʠ; S - ʫʩʠʣʠʝ ʧʨʠʚʦʜʘ 

ʥʘ ʚʭʦʜʥʦʤ ʟʚʝʥʝ; 

- ʢʨʠʪʝʨʠʡ ʞʝʩʪʢʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʤʘʥʠʧʫʣʷ-

ʪʦʨʘ: 

 

2

8
D
=

F
K

     (9) 

 

ʛʜʝ  F - ʦʙʦʙʱʝʥʥʘʷ ʩʠʣʘ; 2D - ʦʙʦʙ-

ʱʝʥʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ; 

- ʢʨʠʪʝʨʠʡ ʫʜʝʣʴʥʦʡ ʩʪʦʠʤʦʩʪʠ ʤʘʥʠʧʫʣʷʪʦʨʘ:  

 

QL

C
K =9 ,   (10) 

 

ʛʜʝ ʉ ï ʩʪʦʠʤʦʩʪʴ ʤʘʥʠʧʫʣʷʪʦʨʘ. 

ʇʨʝʜʣʘʛʘʝʤʳʝ ʬʦʨʤʫʣʳ ʢʨʠʪʝʨʠʝʚ ʩʦʧʦʩʪʘʚʠ-

ʤʦʩʪʠ ʚʳʨʘʞʘʶʪ ʫʜʝʣʴʥʳʝ ʤʦʱʥʦʩʪʠ, ʫʜʝʣʴʥʫʶ 

ʤʝʪʘʣʣʦʝʤʢʦʩʪʴ, ʚʳʨʘʞʝʥʥʫʶ ʯʝʨʝʟ ʠʥʝʨʮʠʦʥʥʳʝ 

ʥʘʛʨʫʟʢʠ, ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʤʘʥʠʧʫʣʷ-

ʪʦʨʘ, ʫʜʝʣʴʥʳʡ ʚʝʩ ʛʨʫʟʘ, ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʟʘʛʨʫʟʢʫ 

ʤʘʥʠʧʫʣʷʪʦʨʘ, ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ, ʪʨʝʥʠʝ ʠ 

ʞʝʩʪʢʦʩʪʴ. 

ʈʘʮʠʦʥʘʣʴʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʤʘʥʠʧʫʣʷʪʦʨʘ 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʣʝʟʥʦʛʦ 

ʜʝʡʩʪʚʠʷ 1K . ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢ-
ʪʠʚʥʦʩʪʠ ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʩʢʦ-

ʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʟʚʝʥʴʝʚ ʟʘ ʩʯʝʪ ʨʘʮʠʦʥʘʣʴʥʦʡ 

ʜʣʠʥʳ ʟʚʝʥʘ ʨʫʢʠ ʠʣʠ ʧʣʝʯʘ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʝʥʠʷ 

ʤʘʩʩʳ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʙʦʣʴʰʠʝ ʩʢʦʨʦʩʪʠ ʠʣʠ ʫʩʢʦ-

ʨʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʧʦʷʚʣʝʥʠʶ ʠʥʝʨʮʠʦʥʥʳʭ ʥʘʛʨʫ-

ʟʦʢ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʢʦʥʩʪʨʫʢʮʠʶ ʤʘʥʠʧʫʣʷʪʦʨʘ, 

ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʜʚʠ-

ʞʝʥʠʡ ʨʫʢʠ ʤʘʥʠʧʫʣʷʪʦʨʘ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʧʨʦ-

ʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʵʪʠʭ ʢʦʣʝʙʘʥʠʡ ʟʘʚʠʩʷʪ ʦʪ ʢʘʯʝ-

ʩʪʚʘ ʢʦʥʩʪʨʫʢʮʠʡ ʤʘʥʠʧʫʣʷʪʦʨʘ. ʇʦʵʪʦʤʫ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʝ ʤʘʥʠʧʫʣʷʪʦʨʘ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ 

ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʠ ʧʨʝʜʣʦʞʝʥʥʳʝ ʢʨʠʪʝʨʠʠ ʩʦʧʦʩʪʘʚʠʤʦʩʪʠ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʵʪʦʡ ʮʝʣʠ. 

ɸʥʘʣʠʟ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʧʦʩʪʘʚʠʤʳʭ ʧʘʨʘʤʝʪ-

ʨʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʫʣʫʯʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʩʦʚʝʨʰʝʥ-

ʩʪʚʘ ʤʘʥʠʧʫʣʷʪʦʨʘ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʦʙʝʩʧʝʯʝʥʠʝʤ 

ʧʦʩʪʦʷʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʢʨʠʪʝʨʠʷ 
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QL  ʧʨʠ ʚʦʟʤʦʞʥʦ ʨʘʮʠʦʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʨʝʜ-

ʣʘʛʘʝʤʳʭ ʢʨʠʪʝʨʠʝʚ ʩʦʧʦʩʪʘʚʠʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʤʘʥʠʧʫʣʷ-

ʪʦʨʦʚ. 
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Abstract 

Method of construction of triads from Prime numbers with different relations between them are considered. 

It is proved that the number of some triads can be infinite. 

 

Keywords: triples of Prime numbers, Euler function. 

 

By a triad of Prime numbers (PN), we will under-

stand three odd if ὴȠ ὴȠ ὴ  associated by ὴ ὴ
ὼȠ ὴ ὴ ώ, where ὼ and ώ are even numbers. A set 

of triads with given differences ὼ and ώ is denoted as 

ὼȠώ. For example, sets ςȠς and τȠτ consist of one 

triad σȠ υȠ χ and σȠ χȠ ρρ each. Set φȠφ contains 

ten triads by the first number ὴ
υȠχȠ ρχȠσρȠτρȠτχȠφρȠφχȠωχȠρπρ among the first 

fifty PN. The question of triads sets is of practical im-

portance in the sections of cryptography, digital cur-

rency creation, generation of Prime numbers. In num-

ber theory this problem requires the development of so-

lutions. For example, the English mathematicians 

Hardy and Littlewood in the middle of the XX century 

raised the problem of the existence of an infinite set of 

triads of the form ςȠτ, i.e. sets 

υȠ χȠ ρρȟρρȠ ρσȠ ρχȟ 
ρχȠ ρωȠ ςσ and so on ρȟς. This problem has 

not yet been solved. In this paper, the authors show that 

the set of such triads is infinite. 

The logic of reasoning consists of three theses: the 

construction of the correct set of arithmetic progres-

sions (CAP), the construction of the majorant - a special 

set of arithmetic progressions (MAP) and the probabil-

ity theory analysis. The concept of majorants is widely 

used, for example, in the theory of sequences, numeri-

cal and functional series, as a reference symbol for de-

termining the convergence and uniform convergence. 

The first point of our CAP program is to create a matrix 

ὈὼȠώ of four rows and an arbitrary number of col-

umns. The first line is a sequential set of odd numbers 

ρ ςὸ, starting with ç3è. The second line consists of 

numbers ρ ὼ ςὸ , the third line consists of num-

bers ρ ὼ ώ ςὸ, the fourth line is the numbering 

of columns ὸ, ὸ ρȠςȠσȠτȠȣ For example, if ὼ
ςȟώ τ the matrix looks like 

Ὀςȟτ

σ
υ
ω
ρ

υ
χ
 ρρ 
ς

χ
ω
ρσ 
σ

ω
ρρ
ρυ 
τ

ρρ
ρσ
ρχ 
υ

ρσ
ρυ
 ρω 
φ

ρυ
ρχ
ςρ
 χ

ρχ
ρω
 ςσ 
ψ

ρω
ςρ
ςυ 
ω

ςρ
ςσ
ςχ
 ρπ 

ςσ
ςυ
ςω 
ρρ

ςυ
ςχ
σρ 
ρς

ςχ
ςω
σσ
 ρσ 

ςω
σρ
συ
ρτ

 . (1) 

Remove all compound numbers in the top row 

along with their columns. Then, in the remaining col-

umns in the second row, we also remove all the com-

posite numbers along with their columns. Similarly, in 

the remaining third line, remove the composite num-

bers and the columns containing them. The matrix will 

have the triad columns. This procedure can be carried 

out on the lower control line, removing the natural 

numbers with the help of two CAP on the PN ç3è and 

three CAP on the subsequent PN. The set of natural 

numbers in the fourth line should be divided into blocks 

depending on the last if in the PN in CAP. We will num-

ber if in ascending order ὴ σȠ ὴ υȠ ὴ
χȠ ὴ ρρȠȣȠὴȠȣ . For example, on the segment 

ὸɴ ρȟψ it is enough to use ὴ σ with two CAP 

ὸӶ ρ σίȠ ὸӶ σ σί. Here ί πȠρȠςȠȣ. These 

CAP remove bad column numbers. Good numbers ὸǶ

ςȠυȠψ remain. They give the first three triads accord-

ing to the rule  

ὴ ςὸǶρ. So we have in the first block three 

triads: υȠχȠρρȟρρȠρσȠρχȟρχȠρωȠςσ. The sec-

ond block ɴ ωȟςπ , in addition to the first two CAP, 

adds three CAP with ὴ υ, namely ὸӶ χ υίȠὸӶ

φ υίȠὸӶ τ υί. The resulting seven CAP on the in-

terval ρȟςπ leave in addition to the first three good 

ὸǶanother number ὸǶ ςπ, which gives the fourth triad 

τρȠτσȠτρ.  
In General, when starting to use the drive ὴ, to 

the previous blocks by adding the function ὸɴ
ὸ ρȟὸ   

ὸ ȟ   (2) 

 with three CAP 

ὸӶ ὴίȠ ὸӶ ὴίȠ ὸӶ

ὴίȢ (3) 

On this segment we also remove the bad ὸӶ ob-

tained from the previous CAP. Of course, the triads can 

be found by simply iterating through the PN, but the 

algorithm (1-3), firstly, speeds up the process of finding 

them, and, secondly, is necessary to determine the num-

ber of triads on the numerical axis. 

As an example, consider incremental triads {2;4} 

when adding ὴ χ. By (2) ὸ ςπȟὸ υφ. On the 

segment ςρȟυφ there are eight CAP, five previous 

ρ σίȠσ σίȠτ υίȠφ υίȠχ υί and three 

new CAP χ φίȠω χίȠρπ χίȢ After removal of 

these numbers are good ὸǶ υπȠυσ , i. e. there are two 

new triads ρπρȠρπσȠρπχ and ρπχȠρπωȠρρσ. The 

next block with ὴ ρρ gives the interval υχȟψπ, 
three new CAP, but all these numbers are removed, i.e. 
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this block does not add a triad. A block with ὴ ρσ, 
ψρȟρτπ, reveals one good ὸǶ ωυ and a new triad 

ρωρȠρωσȠρωχ. Table 1 shows the initial number of 

trial ςȠτ until ὴ ρωτρȢ ᾀ ςὸ ρ - right block 

boundary, ὔ  total number of triads to the left of ᾀ , 

ὴ is initial numbers of triads. 

Table 1 

Initial PN retried {2;4} smaller ὴ ρωτρ, right borders of blocks ᾀ, total number of triads ὔ ,probabilistic val-

ues of the number of triads ὔȢ 
ὴ 

blocks  

3 

ρȟψ 

5 
ωȟ
ςπ

 

7 
ςρȟ
υφ

 

11 
υχȟ
ψπ

 

13 
ψρȟ
ρτπ

 

17 
ρτρ
ρχφ

 

19 
ρχχȟ
ςφπ

 

23 
ςφρȟ
τρφ

 

29 
τρχȟ
τχφ

 

31 
τχχȟ
φψπ

 

37 
φψρȟ
ψσφ

 

41 
ψσχȟ
ωςω

 

ᾀ 17 41 113 161 281 353 521 833 953 1361 1573 1941 

ὔ  3 4 6 6 8 10 11 13 15 18 21 23 

ὔ  ςȢψ ςȢχ τȢσ τȢυ φȢρ φȢς χȢχ ςȢψς ρρȟρ ρτȢς ρυȢχ ρφȢσ 

ὴ υȠρρȠ 
ρχ 

τρ ρπρȠ 
ρπχ 

- ρωρȠ 
ςςχ 

σρρȠ 
στχ 

τφρ φτρȠ 
ψςρ 

ψυχȠ 
ψψρ 

ρπωρȠ 
ρςχχȠ 
ρσπρ 

ρτςχȠ 
ρτψρȠ 
ρτψχ 

ρφπχȠ 
ρψχρ 

 

As can be seen from table 1 increases the number 

of the triads and increases the distance between the 

neighbouring triads, they appear increasingly less 

likely. The question arises, what is the limit of occur-

rence of the triads, after which neither arise?  

We further apply the majorant MAP to prove an 

infinite number of triads ςȠτ. The meaning of the ma-

jorant means more of çsomethingè. In this case, it is a 

special set of MAP two for ὴ σ and three for the rest 

of the PN. We will select the initial values of these 

MAP, so that after the inclusion of new MAP on the left 

on the numerical axis everything is removed, this indi-

cates the maximum removal of natural numbers in the 

fourth row of the matrix. The first set of numbers to be 

deleted is Ὢ ρ σίȠ Ὢ ς σί leaves the num-

bers σȠφȠω as not removed. So choose Ὢ σ

υίȠὪ φ υίȠ Ὢ ω υί. Not removed in ascend-

ing order of number ρςȠρυȠςχ. Therefore, the fol-

lowing set of MAP Ὢ ρς χίȠὪ ρυ χίȠ Ὢ
ςχ χί. First not deleted the number in the block 

υχȟψπ there are τςȠτυȠφπȠχς, so the next MAP 

such Ὢ τς ρρίȠὪ τυ ρρίȠ Ὢ φπ
ρρί. The remaining number ç72è indicates that this 

block appeared in "the triad" despite the best possible 

way to remove the numbers. The next fourth block has 

five non-deleted numbers, three of which will go to the 

MAP. But two numbers remain free, i.e. they seem to 

give rise to a triad. Table 2 shows the calculations of 

the number of unbalanced numbers. 

Table 2 

Calculation of the number of ά numbers not removed by the MAP in the block 

ˉ block 7 8 9 10 11 19 20 21 22 

ά 5 3 2 5 4 4 6 8 6 

 

We performed such analysis up to ὴ ρπρ and 

found an average non-monotonic growth of non-de-

leted numbers. The number of not deleted numbers in 

each block is not equal to zero. As the number of non-

remote numbers increases, the length of blocks in-

creases by the square law, the growth of the difference 

in the MAP increases linearly, there is a clear tendency 

to increase non-remote numbers. Since the number of 

non-deleted numbers, i.e. triads, is greater in CAP than 

in the majorant MAP, this indicates an infinite number 

of triads {2;4}. 

Another proof of an infinite number of triads 

ςȠτ relies on probability theory. The famous •-Euler 

function has the form •Ὕ Б ὴ ρ

ὝБ ρ ρὴϳ . If we are on the segment ρȟὝ  

, where Ὕ Б ὴ , and we will remove the num-

bers MAP ὸӶ ὧ ὴϽίȟπ ὧ ὴ ρ, then 

on this segment the number of non-deleted numbers is 

just •Ὕ . For example, if we have two MAP: ὸӶ

ρ σί, ὸӶ ς υί, then on the segment ρȟρυ they 

will not remove eight numbers, namely 

σȠυȠφȠψȠωȠρρȠρτȠρυ . Let us at this segment num-

ber is deleted from one drive to several different MAP 

ά, ρ ά ὴ.The initial number they have different 

ὸӶ ὧ ὴϽί. Thus on the interval ρȟὝ  the 

amount of not deleted numbers is determined by the 

generalized ɮ-function Euler ū ɮὝ Б ὴ

ά ὝБ ρ ά ὴϳ Ȣ Example, on the interval 

ρȟρυ we remove the numbers five MAP ὸӶ ρ
σίȠὸӶ ς σίȠὸӶ ρ υίȠὸӶ ς υίȠὸӶ

σ υίȢ Function ɮὝ σ ς υ σ ς. In-

deed, there are numbers ωȠρυ on the segment. In our 

problem, ὴ σ has two MAP, and the remaining PN 

have three MAP. Therefore, the number of non-deleted 

numbers on the segment ρȟὝ  is determined by the 

function ɮὝ σ ςБ ὴ σ. The proba-

bility of detecting a non-deleted odd number (in our 

case, the triad) is 

‫  ɮὝ ςὝϳ Б ρ  Ȣ (4) 

The approximate number of triads on the segment 

ρȟᾀ  ɴ ρȟὝ  is determined by the standard formula 

ὔ ᾀ‫ , where ᾀ ὴ ψ ςϳ . Find the ap-

proximate number of triads on the segment of natural 

numbers ρȟρφρ . Since ρφρρσ ψ, then ὲ
τȟ‫ ςϽτϽψ υϽχϽρρϽφϳ πȢπςχχȟὔ
ρφρϽπȢπςχχτȢτφ. The exact value of ὔ φ. The 

calculation of the approximate and the exact number of 
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triads on the segments shown in the table 1. We see a 

close qualitative agreement of the results and the main 

monotonic increase of the numbers ὔ  . Check the ine-

quality ὔ ὔϳ ρ. Take the worst case ὴ

ὴ ς. The ratio (4) is 

ρȢ   (5) 

Inequality (5) reduces to inequality ὴ φ. As the 

approximate number of triads increases and it is less 

than the exact value, the number of triads ςȠτ is infi-

nite. 
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Abstract 

After disappearing large-scale logistic investments in the exploration work in the Soviet Union large objects 

for hydrocarbon reserves growth in most oil and gas bearing areas of the Timan-Pechora province have been 

remained unexplored. These objects include the tectonic junction of the Varandey-Chernyshevaulacogen, the 

Vashutkin-Talotingeotectonic zone, the Korotaikhin and Cosju-Rogovbasins, theNovovorgomusjur of Cher-

nyshov, the Lemva barrier-reef, traps under Devonian rhymes, Permian-carboniferous reefs of the Timan-Pechora 

and Volga-Ural provinces, formation and reef trapsof the autochton of Vuktyl oil and gas condensate field, Riphean 

Volga- Ural barrier reef. 

Each of the objects is from dozens and hundreds kilometers in length, hundreds square kilometers in area, has 

amplitude of hundreds of meters, has hundreds of reefs, traps with pore, cracked, caverno-pore fractured reservoirs. 

All the objects are outflows of hydrocarbon generation or located next to them. The resources of the named objects 

are not always taken into account at the state estimation of resources. Some objects belongpartially or completely 

to the undistributed mineral reserve fund. Some objects are developed by subsoil users who have to be made to 

carry out work more intensively for assessing their significance for the state.  

ɸʥʥʦʪʘʮʠʷ 

ʇʦʩʣʝ ʠʩʯʝʟʥʦʚʝʥʠʷ ʤʘʩʰʪʘʙʥʳʭ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʚʣʦʞʝʥʠʡ ʚ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ 

ʉʦʚʝʪʩʢʦʛʦ ʉʦʶʟʘ ʦʩʪʘʣʠʩʴ ʥʝʜʦʠʟʫʯʝʥʥʳʤʠ ʢʨʫʧʥʳʝ ʦʙʲʝʢʪʳ ʜʣʷ ʧʨʠʨʦʩʪʘ ʟʘʧʘʩʦʚ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʦʙʣʘʩʪʝʡ ʊʠʤʘʥʦ-ʇʝʯʦʨʩʢʦʡ ʧʨʦʚʠʥʮʠʠ. ʊʘʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʷʚʣʷʶʪʩʷ ʪʝʢ-

ʪʦʥʠʯʝʩʢʠʡ ʫʟʝʣ ʩʦʯʣʝʥʝʥʠʷ ɺʘʨʘʥʜʝʡ-ʏʝʨʥʳʰʝʚʩʢʦʛʦ ʘʚʣʘʢʦʛʝʥʘ, ɺʘʰʫʪʢʠʥʩʢʦ-ʊʘʣʦʪʠʥʩʢʦʡ ʩʪʨʫʢʪʫʨ-

ʥʦʡ ʟʦʥʳ, ʂʦʨʦʪʘʠʭʠʥʩʢʦʡ ʠ ʂʦʩʴʶ-ʈʦʛʦʚʩʢʦʡ ʚʧʘʜʠʥ, ʅʦʚʦʚʦʨʛʘʤʫʩʶʨʩʢʠʡ ʚʘʣ ʛʨʷʜʳ ʏʝʨʥʳʰʝʚʘ, ʃʝʤ-

ʚʠʥʩʢʠʡ ʙʘʨʴʝʨʥʳʡ ʨʠʬ, ʣʦʚʫʰʢʠ ʧʦʜ ʜʝʚʦʥʩʢʠʤʠ ʨʠʬʘʤʠ, ʨʠʬʳ ʧʝʨʤʠ-ʢʘʨʙʦʥʘ ʊʠʤʘʥʦ-ʇʝʯʦʨʩʢʦʡ ʠ 

ɺʦʣʛʦ-ʋʨʘʣʴʩʢʦʡ ʧʨʦʚʠʥʮʠʡ, ʧʣʘʩʪʦʚʳʝ ʠ ʨʠʬʦʚʳʝ ʣʦʚʫʰʢʠ ʘʚʪʦʭʪʦʥʘ ɺʫʢʪʳʣʴʩʢʦʛʦ ʥʝʬʪʝʛʘʟʦʢʦʥʜʝʥ-

ʩʘʪʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʨʠʬʝʡʩʢʠʡ ɺʦʣʛʦ-ʋʨʘʣʴʩʢʠʡ ʙʘʨʴʝʨʥʳʡ ʨʠʬ. 

ʂʘʞʜʳʡ ʠʟ ʦʙʲʝʢʪʦʚ ʠʤʝʝʪ ʨʘʟʤʝʨʳ ʦʪ ʜʝʩʷʪʢʦʚ ʠ ʩʦʪʝʥ ʢʠʣʦʤʝʪʨʦʚ ʚ ʜʣʠʥʫ, ʩʦʪʝʥ ʢʤ2 ʧʣʦʱʘʜʠ, ʘʤ-

ʧʣʠʪʫʜʫ ʚ ʩʦʪʥʠ ʤʝʪʨʦʚ, ʩʦʜʝʨʞʠʪ ʩʦʪʥʠ ʨʠʬʦʚ, ʦʙʣʘʜʘʝʪ ʣʦʚʫʰʢʘʤʠ ʩ ʧʦʨʦʚʳʤʠ, ʪʨʝʱʠʥʥʳʤʠ, ʢʘʚʝʨʥʦ-

ʧʦʨʦʚʦ-ʪʨʝʱʠʥʥʳʤʠ ʢʦʣʣʝʢʪʦʨʘʤʠ. ɺʩʝ ʦʙʲʝʢʪʳ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʘʤʠ ʛʝʥʝʨʘʮʠʠ ʋɺ ʠʣʠ ʨʘʩʧʦʣʦʞʝʥʳ 

ʨʷʜʦʤ ʩ ʥʠʤʠ. ʈʝʩʫʨʩʳ ʥʘʟʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʥʝ ʚʩʝʛʜʘ ʫʯʪʝʥʳ ʧʨʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʦʮʝʥʢʝ ʨʝʩʫʨʩʦʚ. ʏʘʩʪʴ 

ʦʙʲʝʢʪʦʚ ʥʘʭʦʜʠʪʩʷ ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʚ ʥʝʨʘʩʧʨʝʜʝʣʝʥʥʦʤ ʬʦʥʜʝ ʥʝʜʨ, ʯʘʩʪʴ ʠʤʝʝʪ ʥʝʜʨʦʧʦʣʴʟʦ-

ʚʘʪʝʣʝʡ, ʢʦʪʦʨʳʭ ʥʘʜʦ ʧʨʠʥʫʜʠʪʴ ʢ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʤ ʨʘʙʦʪʘʤ ʜʣʷ ʦʮʝʥʢʠ ʠʭ ʟʥʘʯʠʤʦʩʪʠ ʜʣʷ ʛʦʩʫʜʘʨ-

ʩʪʚʘ. 
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ɺ ʦʢʪʷʙʨʝ 2015 ʛ. ʘʢʘʜʝʤʠʢ ɸ.ʕ. ʂʦʥʪʦʨʦʚʠʯ 

ʠʟʣʦʞʠʣ ʧʘʨʘʜʠʛʤʫ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʥʘ ʥʝʬʪʴ ʠ ʛʘʟ ʚ ʈʦʩʩʠʡ-

ʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘ ʧʝʨʚʳʝ ʜʝʩʷʪʠʣʝʪʠʷ XXI  ʚʝʢʘ 

[15]. ʆʥ ʧʨʝʜʣʦʞʠʣ ʥʘʟʚʘʪʴ ʧʝʨʠʦʜ ɻʈʈ ʩ 20-ʭ ʛʦʜʦʚ 

ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʜʦ ʨʘʩʧʘʜʘ ʉʉʉʈ ʚ 1991 ʛ. ʧʘʨʘʜʠʛ-

ʤʦʡ ɻʫʙʢʠʥʘ  ╖ ɹʘʡʙʘʢʦʚʘ  ╖ ʊʨʦʬʠʤʫʢʘ. 

ʇʦ ʤʥʝʥʠʶ ʘʢʘʜʝʤʠʢʘ, ʩʫʪʴ ʧʘʨʘʜʠʛʤʳ, ʧʦ ʢʦ-

ʪʦʨʦʡ ʨʘʟʚʠʚʘʣʘʩʴ ʚʩʷ ʥʝʬʪʝʛʘʟʦʚʘʷ ʧʨʦʤʳʰʣʝʥ-

ʥʦʩʪʴ ʉʦʚʝʪʩʢʦʛʦ ʉʦʶʟʘ, ʩʦʩʪʦʷʣʘ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʤ ʦʩʚʦʝʥʠʠ ʥʦʚʳʭ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʧʨʦʚʠʥʮʠʡ, 

ʜʚʠʛʘʷʩʴ ʩ ɿʘʧʘʜʘ ʥʘ ɺʦʩʪʦʢ, ʧʨʠ ʵʪʦʤ ʛʣʘʚʥʳʡ 

ʫʧʦʨ ʜʝʣʘʣʩʷ ʥʘ ʦʪʢʨʳʪʠʝ ʠ ʦʩʚʦʝʥʠʝ ʚ ʧʝʨʚʫʶ ʦʯʝ-

ʨʝʜʴ ʢʨʫʧʥʳʭ ʠ ʛʠʛʘʥʪʩʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʆʥʘ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʘ ʦʩʚʦʝʥʠʝ ʨʝʩʫʨʩʦʚ ʥʝʬʪʠ ʠ ʛʘʟʘ 

ʉʨʝʜʥʝʡ ɸʟʠʠ (ʋʟʙʝʢʠʩʪʘʥ, ʊʫʨʢʤʝʥʠʷ) ʠ ʂʘʟʘʭ-

ʩʪʘʥʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʇʨʠʢʘʩʧʠʡʩʢʦʡ ʚʧʘʜʠʥʳ, ʠ ʧʨʦ-

ʜʦʣʞʝʥʠʝ ʨʘʙʦʪ ʚ ɸʟʝʨʙʘʡʜʞʘʥʝ ʠ ʥʘ ʉʝʚʝʨʥʦʤ 

ʂʘʚʢʘʟʝ. ʉʦʚʨʝʤʝʥʥʘʷ ʈʦʩʩʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʜʦ-

ʚʦʜʠʣʘ ʜʦ ʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʮʘ ʧʘʨʘʜʠʛʤʫ ɻʫʙʢʠʥʘ-

ɹʘʡʙʘʢʦʚʘ-ʊʨʦʬʠʤʫʢʘ: ʤʳ ʰʣʠ ʩ ɿʘʧʘʜʘ ʥʘ ɺʦʩʪʦʢ 

ʠ ʜʦʰʣʠ ʜʦ ʊʠʭʦʛʦ ʦʢʝʘʥʘ. ɼʘʣʴʰʝ ʜʚʠʛʘʪʴʩʷ ʥʝ-

ʢʫʜʘ. ʇʘʨʘʜʠʛʤʘ ɻʫʙʢʠʥʘ-ɹʘʡʙʘʢʦʚʘ-ʊʨʦʬʠʤʫʢʘ 

ʩʝʙʷ ʠʩʯʝʨʧʘʣʘ. 

ɼʘʣʝʝ ɸ.ʕ. ʂʦʥʪʦʨʦʚʠʯ ʧʨʦʜʦʣʞʘʝʪ: "ʢʦʛʜʘ ʤʳ 

ʨʝʘʣʠʟʦʚʳʚʘʣʠ ʧʝʨʚʫʶ ʧʘʨʘʜʠʛʤʫ, ʤʳ ʰʣʠ ʧʦ ʛʠ-

ʛʘʥʪʘʤ, ʤʝʣʢʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʯʘʩʪʦ ʥʝ ʟʘʤʝʯʘʣʠ, 

ʠʭ ʥʠʢʪʦ ʥʝ ʚʚʦʜʠʣ ʚ ʨʘʟʨʘʙʦʪʢʫ, ʦʥʠ ʥʝ ʧʨʝʜʩʪʘʚ-

ʣʷʣʠ ʠʥʪʝʨʝʩʘ. ʆʩʦʙʝʥʥʦʩʪʴ ʧʘʨʘʜʠʛʤʳ ʨʘʟʚʠʪʠʷ 

ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ ʈʦʩʩʠʠ ʚ XXI ʚʝʢʝ ʙʫʜʝʪ ʩʦ-

ʩʪʦʷʪʴ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʦʩʚʦʝʥʠʠ ʚ ʩʪʘʨʳʭ ʨʘʡʦʥʘʭ 

ʥʝʬʪʝʜʦʙʳʯʠ ʤʝʣʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ ʩ ʟʘʧʘ-

ʩʘʤʠ ʜʦ 5 ʤʣʥ ʪʦʥʥ. 

ɺʪʦʨʘʷ ʟʘʜʘʯʘ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʪʝ-

ʣʝʡ, ʛʝʦʣʦʛʦʚ, ʛʝʦʬʠʟʠʢʦʚ, ʙʫʨʦʚʠʢʦʚ, ʨʘʟʨʘʙʦʪʯʠ-

ʢʦʚ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ï ʢʨʘʡʥʝ 

ʘʢʢʫʨʘʪʥʦ, ʙʝʨʝʞʥʦ, ʩ ʧʦʤʦʱʴʶ ʩʘʤʳʭ ʥʦʚʝʡʰʠʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ ʧʨʦʜʦʣʞʘʪʴ ʨʘʟʨʘʙʘ-

ʪʳʚʘʪʴ ʦʜʨʷʭʣʝʚʰʠʝ ʛʠʛʘʥʪʳ, ʠʟʚʣʝʢʘʪʴ ʦʩʪʘʪʦʯ-

ʥʫʶ ʥʝʬʪʴ ʠʟ ʟʘʣʝʞʝʡ. 

ʊʘʢʞʝ ʤʳ ʜʦʣʞʥʳ ʧʨʦʜʦʣʞʘʪʴ ʨʘʙʦʪʘʪʴ ʚ ʪʝʭ 

ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʧʨʦʚʠʥʮʠʷʭ, ʛʜʝ ʝʱʝ ʦʩʪʘʣʠʩʴ ʥʝ 

ʚʳʷʚʣʝʥʥʳʝ ʢʨʫʧʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ" (ʢʦʥʝʮ ʮʠ-

ʪʘʪʳ). 

ɺ ʊʠʤʘʥʦ-ʇʝʯʦʨʩʢʦʡ ʧʨʦʚʠʥʮʠʠ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʳʤ ʧʦʠʩʢʦʤ ʠ ʨʘʟʚʝʜʢʦʡ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʫʛʣʝ-

ʚʦʜʦʨʦʜʦʚ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʋʧʨʘʚʣʝʥʠʷ ʥʝʬʪʠ ʠ 

ʛʘʟʘ ʉʉʉʈ ʜʦ ʝʛʦ ʣʠʢʚʠʜʘʮʠʠ ʟʘʥʠʤʘʣʠʩʴ ʦʪʨʘʩʣʝ-

ʚʳʝ ʠʥʩʪʠʪʫʪʳ, ʛʣʘʚʥʳʝ ʛʝʦʣʦʛʠ ʠ ʛʝʦʬʠʟʠʢʠ ʪʝʨ-

ʨʠʪʦʨʠʘʣʴʥʳʭ ʫʧʨʘʚʣʝʥʠʡ, ʥʘʧʨʘʚʣʷʝʤʳʝ ʠʤʠ ʦʪ-

ʨʘʩʣʝʚʳʝ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʧʦʜʨʘʟʜʝʣʝ-

ʥʠʷ, ʢʦʪʦʨʳʝ ʛʦʪʦʚʠʣʠ ʧʣʘʥʳ ɻʈʈ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʠʭ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ (ʨʠʩ. 1). ɿʘ 30 ʣʝʪ ʧʦʩʣʝ ʨʘʩʧʘʜʘ 

ʉʦʚʝʪʩʢʦʛʦ ʉʦʶʟʘ ʠʩʯʝʟʣʠ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʝ ʛʝʦʣʦ-

ʛʠʯʝʩʢʠʝ ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʙʲʝʜʠʥʝʥʠʷ, ʠʭ ʛʝʦʣʦʛʠʯʝ-

ʩʢʘʷ ʤʳʩʣʴ ʚ ʣʠʮʝ ʠʥʩʪʠʪʫʪʘ ʛʣʘʚʥʳʭ ʛʝʦʣʦʛʦʚ ʠ 

ʛʣʘʚʥʳʭ ʛʝʦʬʠʟʠʢʦʚ, ʥʘʫʯʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʧʨʠ 

ʥʠʭ ʚ ʚʠʜʝ ʪʝʤʘʪʠʯʝʩʢʠʭ ʵʢʩʧʝʜʠʮʠʡ. ʆʩʪʘʣʠʩʴ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʠʥʩʪʠʪʫʪʳ ʚ ʩʪʦʣʠʮʘʭ, 

ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʣʠ ʨʦʣʴ ʢʦʨʨʝʢʪʠʨʦʚʱʠʢʦʚ ʠ ʨʝ-

ʜʘʢʪʦʨʦʚ ʛʦʜʦʚʳʭ ʠ ʧʷʪʠʣʝʪʥʠʭ ʧʣʘʥʦʚ, ʬʦʨʤʠʨʦ-

ʚʘʚʰʠʭʩʷ ʚ ʧʨʦʚʠʥʮʠʷʭ. ʕʪʠ ʠʥʩʪʠʪʫʪʳ ʙʳʣʠ ʯʘʩʪʦ 

ʜʘʣʝʢʠ ʦʪ ʧʝʨʚʠʯʥʦʛʦ ʬʘʢʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʦ-

ʣʫʯʘʝʤʦʛʦ ʚ ʧʦʣʝ ʩʝʡʩʤʦ-ʛʨʘʚʠ-ʤʘʛʥʠʪʦ-ʵʣʝʢʪʨʦ-

ʨʘʟʚʝʜʦʯʥʳʤʠ ʧʘʨʪʠʷʤʠ, ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʩʲʝʤ-

ʢʘʤʠ, ʩʢʚʘʞʠʥʘʤʠ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʜʨʫʛʠʤʠ 

ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. 

ɸ ʧʝʨʚʠʯʥʳʡ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ 

ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʝʛʦ ʦʩʤʳʩʣʝʥʠʠ, ʚʦʟʚʨʘʪʝ ʢ ʝʛʦ 

ʘʥʘʣʠʟʫ ʧʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʜʘʥʥʳʭ ʠʣʠ ʧʨʝʜ-

ʧʦʩʳʣʦʢ ʢ ʥʠʤ ʪʘʠʪ ʚ ʩʝʙʝ ʠʥʦʛʜʘ ʤʥʦʛʦ ʧʝʨʩʧʝʢ-

ʪʠʚʥʳʭ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʚʠʜʷʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

ʧʦʧʨʦʰʝʩʪʚʠʠ ʣʝʪ. ʀ ʥʘʣʠʯʠʝ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ ʤʦ-

ʞʝʪ ʦʟʥʘʯʘʪʴ, ʩ ʥʘʰʝʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʚ ʊʠʤʘʥʦ-ʇʝ-

ʯʦʨʩʢʦʡ ʧʨʦʚʠʥʮʠʠ ʚʦʟʚʨʘʪ ʢ ʧʘʨʘʜʠʛʤʝ ɻʫʙʢʠʥʘ-

ɹʘʡʙʘʢʦʚʘ-ʊʨʦʬʠʤʫʢʘ ʧʦ ʧʨʦʜʦʣʞʝʥʠʶ ʦʧʦʠʩʢʦʚʘ-

ʥʠʷ ʢʨʫʧʥʳʭ ʦʙʲʝʢʪʦʚ ʨʘʟʤʝʨʘʤʠ ʚ ʩʦʪʥʠ ʢʠʣʦʤʝʪ-

ʨʦʚ ʠ ʘʤʧʣʠʪʫʜʦʡ ʩʦʪʥʠ ʤʝʪʨʦʚ ʧʨʠ ʪʦʣʱʠʥʝ ʧʝʨ-

ʩʧʝʢʪʠʚʥʳʭ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʅɻʂ) ʚ 

ʪʳʩʷʯʠ ʤʝʪʨʦʚ, ʘ ʪʘʢʞʝ  
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ʈʠʩʫʥʦʢ 1 ᵹ ʂʨʫʧʥʳʝ ʦʙʲʝʢʪʳ ʊʠʤʘʥʦ-ʇʝʯʦʨʩʢʦʡ ʠ ɺʦʣʛʦ-ʋʨʘʣʴʩʢʦʡ ʧʨʦʚʠʥʮʠʡ ʜʣʷ ʧʦʠʩʢʦʚ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʢ ʨʠʩʫʥʢʫ 1 
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ʤʥʦʛʦʢʠʣʦʤʝʪʨʦʚʳʭ ʟʦʥ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʘʟʥʦʪʠʧʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʨʠʬʦʚʳʭ ʣʦʚʫʰʝʢ ʋɺ. 

 

ʊʝʢʪʦʥʠʯʝʩʢʠʡ ʫʟʝʣ ʩʦʯʣʝʥʝʥʠʷ ɺʘʰʫʪʢʠʥʩʢʦ-ʊʘʣʦʪʠʥʩʢʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʟʦʥʳ, ʛʨʷʜʳ ʏʝʨʥʦʚʘ, ʛʨʷʜʳ 

ʏʝʨʥʳʰʝʚʘ 

 

ʇʝʨʩʧʝʢʪʠʚʳ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ 

ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʙʳʣʠ ʦʙʦʩʥʦʚʘʥʳ ʚ ʨʘ-

ʙʦʪʘʭ ɻ.ɸ. ʏʝʨʥʦʚʘ [21], ʢʦʪʦʨʳʡ ʩʜʝʣʘʣ ʵʪʦ ʥʘ ʦʩ-

ʥʦʚʝ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʨʘʟʨʝʟʦʚ ʧʘʣʝʦʟʦʷ ʛʨʷʜʳ 

ʏʝʨʥʦʚʘ, ʇʘʡ-ʍʦʷ, ʂʦʨʦʪʘʠʭʠʥʩʢʦʡ ʚʧʘʜʠʥʳ ʚ 30-


