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ɸʥʥʦʪʘʮʠʷ 

ʊʝʭʥʦʣʦʛʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʴʶ, ʘʢʪʠʚʥʦ ʧʨʦʥʠʢʘʶʪ ʚ ʨʘʟʣʠʯʥʳʝ ʩʬʝʨʳ ʞʠʟʥʠ 

ʦʙʱʝʩʪʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʩʬʝʨʫ ʪʫʨʠʟʤʘ. ʆʜʥʘʢʦ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʢʘʢʦʡ-

ʣʠʙʦ ʪʫʨʠʩʪʩʢʦʡ ʜʝʩʪʠʥʘʮʠʠ ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʷʜʘ ʬʘʢʪʦʨʦʚ. ɺ ʩʪʘʪʴʝ ʥʘ ʧʨʠʤʝʨʝ 

ʄʦʩʢʚʳ ʠ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʩʪʝʧʝʥʠ ʘʪʪʨʘʢʪʠʚʥʦʩʪʠ ʚ ʧʨʦʩʪʨʘʥ-

ʩʪʚʘʭ ʨʝʪʨʦʩʧʝʢʪʠʚʥʦʡ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʢʘʢ ʦʜʠʥ ʠʟ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ. ʆʧʠʩʘʥʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥ-

ʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʧʨʦʝʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʝʪʨʦʩʧʝʢʪʠʚʥʦʡ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴ-

ʥʦʩʪʴʶ, ʜʣʷ ʦʙʦʟʥʘʯʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

Abstract 
The technologies associated with augmented reality actively penetrate into various spheres of society, includ-

ing the tourism sector. However, the prospects for using such technologies for any tourist destination vary de-

pending on a number of factors. The article, using the example of Moscow and St. Petersburg, examines the at-

tractiveness degree differentiation in spaces of retrospective augmented reality as one of such factors. The spatial 

patterns of changes in the projects potential (associated with retrospective augmented reality) for the indicated 

objects of research were describe. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʪʨʦʩʧʝʢʪʠʚʥʘʷ ʜʦʧʦʣʥʝʥʥʘʷ ʨʝʘʣʴʥʦʩʪʴ, ʘʪʪʨʘʢʪʠʚʥʦʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʘʥ-

ʪʨʦʧʦʛʝʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʠʩʪʦʨʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ. 

Key words: retrospective augmented reality, space attractiveness, anthropogenic activity, historical and ge-

ographical value.  

 

ɺ ʫʩʣʦʚʠʷʭ ʩʪʘʥʦʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙ-

ʱʝʩʪʚʘ ʧʦʣʫʯʠʣʠ ʘʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʥʝʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʳʡ ʩʝʢʪʦʨ, ʧʦʷʚʣʷʶʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦ-

ʚʳʝ ʚʠʜʳ ʫʩʣʫʛ. ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʥʦʚʝʡʰʠʭ ʪʝʥʜʝʥ-

ʮʠʡ ʚʳʩʪʫʧʘʝʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ 

ʜʦʧʦʣʥʝʥʥʦʡ ʠ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ (AR ʠ VR). 

ɽʱʝ ʚ 1997 ʛʦʜʫ ʈ. ɸʟʫʤ ʫʧʦʤʠʥʘʣ AR, ʢʘʢ ʪʨʝʭ-

ʤʝʨʥʫʶ ʩʠʩʪʝʤʫ [3], ʢʦʪʦʨʘʷ ʚ ʦʪʣʠʯʠʝ ʦʪ VR ʠʥʪʝ-

ʛʨʠʨʫʝʪʩʷ ʩ ʨʝʘʣʴʥʳʤ ʤʠʨʦʤ [4]. ʊʝʭʥʦʣʦʛʠʠ AR 

ʨʘʟʚʠʚʘʶʪʩʷ ʚʦ ʤʥʦʛʠʭ ʩʬʝʨʘʭ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʪʫʨʠʟʤʝ. ʊʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʝ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦʜʦʙʥʳʭ ʠʜʝʡ ʚ 

ʩʬʝʨʝ ʪʫʨʠʟʤʘ ʩʣʦʞʠʣʠʩʴ, ʥʝʦʙʭʦʜʠʤʦ ʪʦʣʴʢʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʠ ʩʦʟʜʘʥʠʠ ʪʫʨʠʩʪʩʢʠʭ ʧʨʦʜʫʢʪʦʚ ʠ ʧʣʘʥʠʨʦʚʘ-

ʥʠʠ ʪʫʨʠʩʪʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʘʪʪʨʘʢʪʠʚʥʦʩʪʠ ʪʫʨʠʩʪʩʢʠʭ ʜʝʩʪʠʥʘʮʠʡ.  

ʆʜʥʘʢʦ ʥʘʫʯʥʘʷ ʵʢʩʧʣʠʢʘʮʠʷ ʧʦʜʦʙʥʳʭ ʧʨʦʝʢ-

ʪʦʚ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʥʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ, 

ʢʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʦʚʦ-

ʜʷʪʩʷ [2]. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʨʘʟ-

ʨʘʙʘʪʳʚʘʝʤʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦ-

ʩʪʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ, ʫʩʧʝʰʥʦʩʪʠ 

ʧʨʦʝʢʪʦʚ ʚ ʨʘʤʢʘʭ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʧʨʦʩʪʨʘʥʩʪʚ 

ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʪʠʧʦʚ 

ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʧʨʦʩʪʨʘʥʩʪʚʦ ʨʝʪʨʦʩʧʝʢʪʠʚʥʦʡ ʜʦ-

ʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ (ʜʘʣʝʝ - ʈɼʈ). ʈɼʈ ʩʚʷʟʘʥʘ ʩ 

ʨʝʢʦʥʩʪʨʫʢʮʠʝʡ ʢʦʥʢʨʝʪʥʦ-ʠʩʪʦʨʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʡ 

ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʈɼʈ ʦʙʣʘʜʘʝʪ ʩʦʙ-

ʩʪʚʝʥʥʳʤ ʢʦʥʪʝʥʪʦʤ, ʢʦʪʦʨʳʡ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ 

ʘʪʪʨʘʢʪʠʚʥʦʩʪʴ ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʵʪʦʡ ʞʝ ʪʝʨʨʠʪʦ-

ʨʠʠ ʪʫʨʠʩʪʩʢʦʡ ʜʝʩʪʠʥʘʮʠʠ. ʆʧʨʝʜʝʣʝʥʠʝ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʧʨʦʩʪʨʘʥʩʪʚʘ ʈɼʈ ʚʳʩʪʫʧʘʝʪ ʥʝʦʙʭʦʜʠʤʳʤ 

ʵʣʝʤʝʥʪʦʤ ʜʣʷ ʦʮʝʥʢʠ ʝʛʦ ʘʪʪʨʘʢʪʠʚʥʦʩʪʠ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʧʝʰʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ 

ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʝʢʪʘ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʜʦʙʥʘʷ ʦʮʝʥʢʘ ʘʪ-

ʪʨʘʢʪʠʚʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚ ʈɼʈ ʛ. ʄʦʩʢʚʳ ʠ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʝʘʣʠ-

ʟʘʮʠʠ ʧʨʦʝʢʪʦʚ ʈɼʈ ʥʘ ʨʘʟʣʠʯʥʳʭ ʚʥʫʪʨʠʛʦʨʦʜ-

ʩʢʠʭ ʪʝʨʨʠʪʦʨʠʷʭ.  

ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʘʪʪʨʘʢʪʠʚʥʦʩʪʠ ʧʨʦ-

ʩʪʨʘʥʩʪʚ ʈɼʈ ʜʦʣʞʥʘ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ ʫʯʝʪʝ ʢʦʣʠ-

ʯʝʩʪʚʝʥʥʳʭ ʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠʩʪʦʨʠʯʝ-

ʩʢʠʭ ʵʧʦʭ, ʚ ʭʦʜʝ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʘʥʪʨʦʧʦ-

ʛʝʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʥʘ ʪʝʨʨʠʪʦʨʠʠ. ʉʪʦʠʪ ʪʘʢʞʝ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʪʪʨʘʢʪʠʚʥʦʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚ ʈɼʈ ʩʚʷ-

ʟʘʥʘ ʠ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʠʩʪʦʨʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʚ 

ʢʦʥʢʨʝʪʥʦʤ ʤʝʩʪʝ. ʀʩʭʦʜʷ ʠʟ ʫʢʘʟʘʥʥʳʭ ʧʦʣʦʞʝ-

ʥʠʡ, ʦʧʨʝʜʝʣʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʠʩʪʦʨʠʢʦ-ʛʝʦʛʨʘ-

https://doi.org/10.24411/2520-6990-2019-10551
https://doi.org/10.24411/2520-6990-2019-10551


ζColloquium - journal Ȼ#17(41),2019 / EARTH SCIENCES 5 

ʬʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʘʝʪ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʝ ʦ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʚʥʝʜʨʝʥʠʷ ʥʘ ʥʠʭ ʪʝʭʥʦʣʦʛʠʡ ʈɼʈ. ʆʜʥʘʢʦ ʜʘʥʥʳʡ 

ʧʦʜʭʦʜ ʧʨʠʤʝʥʠʤ ʪʦʣʴʢʦ ʚ ʧʨʝʜʝʣʘʭ ʢʦʥʢʨʝʪʥʦʛʦ 

ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʪʘʢ ʢʘʢ ʦʮʝʥʢʘ ʠʩʪʦʨʠʢʦ-

ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʩʘʤʦʛʦ ʮʝʥʥʦʛʦ (ʠʩʪʦʨʠʯʝʩʢʠ) ʫʯʘʩʪʢʘ 

ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʧʨʝʜʝʣʘʭ ʛʨʘʥʠʮ ʦʙʲʝʢʪʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ʮʝʣʷʭ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʠʥʮʠʧʘʤ ʠʟʦʤʦʨ-

ʬʠʟʤʘ, ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʣʦʛʠʠ ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ ʚ 

ʩʝʙʷ ʦʧʨʝʜʝʣʝʥʠʝ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ ʫʨʦʚʥʝʡ ʘʪ-

ʪʨʘʢʪʠʚʥʦʩʪʠ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʠʭ ʩʦʦʪʚʝʪʩʪʚʠʷ ʩ ʠʩ-

ʪʦʨʠʯʝʩʢʠʤʠ ʵʧʦʭʘʤʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʢʦʥʩʪʨʫ-

ʠʨʦʚʘʪʴ ʠ ʬʦʨʤʠʨʦʚʘʪʴ ʢʦʥʪʝʥʪ ʧʨʦʩʪʨʘʥʩʪʚ ʈɼʈ. 

ɽʱʝ ʦʜʥʦ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʝ ʟʘʪʨʫʜʥʝʥʠʝ ʟʘʢʣʶʯʘ-

ʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʫʩʣʦʚʥʳʤʠ 

ʫʨʦʚʥʷʤʠ ʘʪʪʨʘʢʪʠʚʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚ ʈɼʈ ʠ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʦʡ ʨʘʟʚʠʪʠʷ ʦʙ-

ʱʝʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ. ʇʨʠ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʚʦʟ-

ʥʠʢʘʝʪ ʥʘʤʝʨʝʥʠʝ ʦʧʨʝʜʝʣʠʪʴ ʦʜʠʥ ʚʝʢ ʢʘʢ ʦʜʠʥ 

ʫʨʦʚʝʥʴ ʘʪʪʨʘʢʪʠʚʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʈɼʈ. ʅʦ ʵʪʦ 

ʥʝ ʤʦʞʝʪ ʦʪʨʘʞʘʪʴ ʨʝʘʣʴʥʫʶ ʘʪʪʨʘʢʪʠʚʥʦʩʪʴ ʚʚʠʜʫ 

ʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʘ, ʢʦʪʦʨʳʡ ʉ.ʇ. ʂʘʧʠʮʘ ʦʧʨʝʜʝʣʠʣ 

ʢʘʢ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʠʩʪʦʨʠʯʝʩʢʠʭ ʧʝʨʠʦʜʦʚ [1, c. 66].  

ʉ.ʇ. ʂʘʧʠʮʘ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʫʩʢʦʨʝʥʠʝ ʨʘʟʚʠ-

ʪʠʷ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʥʘ ʢʘʞʜʳʡ ʧʦʩʣʝʜʫʶʱʠʡ 

ʵʪʘʧ ʧʨʠʭʦʜʠʪʩʷ ʚʨʝʤʷ ʚ ʧʦʣʦʚʠʥʫ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʧʨʦʰʣʦʛʦ ʵʪʘʧʘ [1, c. 67]. ʀʤʝʥʥʦ ʵʪʫ ʟʘʢʦʥʦʤʝʨ-

ʥʦʩʪʴ ʥʝʦʙʭʦʜʠʤʦ ʟʘʣʦʞʠʪʴ ʚ ʦʩʥʦʚʫ ʦʧʨʝʜʝʣʝʥʠʷ 

ʫʨʦʚʥʝʡ ʘʪʪʨʘʢʪʠʚʥʦʩʪʠ. ɸʜʘʧʪʠʨʫʷ ʜʘʥʥʳʡ ʧʦʜ-

ʭʦʜ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʄʦʩʢʚʝ ʠ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʫ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 10 ʫʨʦʚʥʝʡ ʘʪʪʨʘʢʪʠʚʥʦʩʪʠ, ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʭ XII-XX ʚʝʢʘʤ, ʩ ʩʦʢʨʘʱʘʶʱʠʤʩʷ ʚʨʝ-

ʤʝʥʥʳʤ ñʰʘʛʦʤò ʩ 200 ʜʦ 20 ʣʝʪ (ʩʤ. ʪʘʙ.-1). ʋʯʠ-

ʪʳʚʘʷ ʵʪʦ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʦ-

ʚʣʝʯʝʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʚ ʠʥʪʝʥʩʠʚʥʫʶ 

ʘʥʪʨʦʧʦʛʝʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʠʩ-

ʪʦʨʠʯʝʩʢʠʭ ʢʘʨʪ ʠ ʧʣʘʥʦʚ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʢʘʨʪʦ-

ʩʭʝʤʳ ʘʪʪʨʘʢʪʠʚʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚ ʨʝʪʨʦʩʧʝʢʪʠʚ-

ʥʦʡ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʚ ʧʨʝʜʝʣʘʭ ʄʦʩʢʚʳ ʠ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ (ʩʤ. ʨʠʩ.-1). 10-ʡ ʫʨʦʚʝʥʴ ʘʪʪʨʘʢ-

ʪʠʚʥʦʩʪʠ ʧʨʠʩʚʘʠʚʘʣʩʷ ʪʝʨʨʠʪʦʨʠʷʤ ʧʦʣʥʦʩʪʴʶ 

ʚʢʣʶʯʝʥʥʳʤ ʚ ʥʝʧʨʝʨʳʚʥʫʶ ʠʥʪʝʥʩʠʚʥʫʶ ʘʥʪʨʦ-

ʧʦʛʝʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩ XII ʧʦ XX ʚʝʢʘ ʚʢʣʶʯʠ-

ʪʝʣʴʥʦ. 1-ʡ ʫʨʦʚʝʥʴ ʧʨʠʩʚʘʠʚʘʣʩʷ ʪʝʨʨʠʪʦʨʠʷʤ, ʚʦ-

ʚʣʝʯʝʥʥʳʤ ʚ ʠʥʪʝʥʩʠʚʥʫʶ ʘʥʪʨʦʧʦʛʝʥʥʫʶ ʜʝʷʪʝʣʴ-

ʥʦʩʪʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʠʩʪʦʨʠʯʝʩʢʦʛʦ 

ʧʝʨʠʦʜʘ (ʢʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ ʚʪʦʨʘʷ ʧʦʣʦʚʠʥʘ XX 

ʚʝʢʘ).  

ʊʘʙʣʠʮʘ 1  

ʉʦʦʪʥʦʰʝʥʠʝ ʫʨʦʚʥʝʡ ʘʪʪʨʘʢʪʠʚʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚ ʨʝʪʨʦʩʧʝʢʪʠʚʥʦʡ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ  

ʠ ʠʩʪʦʨʠʯʝʩʢʠʭ ʧʝʨʠʦʜʦʚ. ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ.   
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ʈʠʩʫʥʦʢ 1. ʂʘʨʪʦʩʭʝʤʳ ʘʪʪʨʘʢʪʠʚʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚ ʨʝʪʨʦʩʧʝʢʪʠʚʥʦʡ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ 

ʄʦʩʢʚʳ ʠ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ. ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ.  

 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʘʚʪʦʨʩʢʠʡ ʤʝʪʦʜ ʠ ʨʘʟʨʘʙʦʪʘʥ-

ʥʘʷ ʚ ʝʝ ʨʘʤʢʘʭ 10-ʫʨʦʚʥʝʚʘʷ ʰʢʘʣʘ ʘʪʪʨʘʢʪʠʚʥʦʩʪʠ 

ʜʣʷ ʄʦʩʢʚʳ ʠ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʧʨʠʤʝʥʠʤʘ ʜʣʷ 

ʣʶʙʳʭ ʪʝʨʨʠʪʦʨʠʡ ʩ ʘʢʪʠʚʥʦʡ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʴʶ ʚ ʧʝʨʠʦʜ ʩ XII ʚʝʢʘ. ɼʣʷ ʦʙʲʝʢʪʦʚ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ, ʠʤʝʶʱʠʭ ʙʦʣʝʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʫʶ ʠʩ-

ʪʦʨʠʶ, ʪʨʝʙʫʝʪʩʷ ʧʝʨʝʬʦʨʤʘʪʠʨʦʚʘʥʠʝ ʰʢʘʣʳ ʠ 

ʚʢʣʶʯʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʨʦʚʥʝʡ ʧʨʠ ʩʦʭʨʘʥʝ-

ʥʠʠ ʩʘʤʦʡ ʤʝʪʦʜʠʢʠ ʧʦʩʪʨʦʝʥʠʷ. ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʣʝ-

ʜʫʝʪ ʩʢʘʟʘʪʴ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʘʪʪʨʘʢ-

ʪʠʚʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʈɼʈ ʥʘʠʙʦʣʝʝ ʨʝʣʝʚʘʥʪʥʦ 

ʯʝʨʝʟ ʚʳʜʝʣʝʥʠʝ ʠʩʪʦʨʠʯʝʩʢʠʭ ʵʧʦʭ ʩ ʫʯʝʪʦʤ ʬʘʢ-

ʪʦʨʘ ʫʩʢʦʨʝʥʠʷ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ.  

ʂʘʩʘʪʝʣʴʥʦ ʘʪʪʨʘʢʪʠʚʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚ ʈɼʈ 

ʄʦʩʢʚʳ ʠ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ, ʫʯʠʪʳʚʘʷ ʧʦʣʫʯʝʥ-

ʥʳʝ ʢʘʨʪʦʩʭʝʤʳ (ʩʤ. ʨʠʩ.-1), ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫ-

ʶʱʠʝ ʚʳʚʦʜʳ:  

1. ɸʪʪʨʘʢʪʠʚʥʦʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʘ ʈɼʈ ʄʦʩʢʚʳ 

ʚʳʰʝ, ʯʝʤ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ (ʥʘ 4 ʫʩʣʦʚʥʳʭ 

ʫʨʦʚʥʷ ʠʟ 10). ʆʜʥʘʢʦ, ʫʯʠʪʳʚʘʷ ʬʘʢʪʦʨ ʩʞʘʪʠʷ ʠʩ-

ʪʦʨʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ ʠ ʘʪʪʨʘʢʪʠʚʥʦʩʪʠ ʧʨʦ-

ʩʪʨʘʥʩʪʚ ʈɼʈ ʦʪʜʝʣʴʥʳʭ ʤʝʩʪʦʧʦʣʦʞʝʥʠʡ, ʚʳʜʝʣʷ-

ʶʱʠʭʩʷ ʚʘʞʥʳʤʠ ʠʩʪʦʨʠʯʝʩʢʠʤʠ ʩʦʙʳʪʠʷʤʠ, ʦʪ-

ʥʦʩʠʪʝʣʴʥʳʡ ʨʘʟʨʳʚ ʚ ʧʦʢʘʟʘʪʝʣʷʭ ʘʪʪʨʘʢʪʠʚʥʦʩʪʠ 

ʙʫʜʝʪ ʩʦʢʨʘʱʘʪʴʩʷ.  

2. ʉʫʱʝʩʪʚʫʶʪ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʨʘʟʣʠʯʠʷ ʚ 

ʩʪʨʫʢʪʫʨʝ ʘʪʪʨʘʢʪʠʚʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚ ʈɼʈ 

ʄʦʩʢʚʳ ʠ ʇʝʪʝʨʙʫʨʛʘ. ʊʘʢ, ʄʦʩʢʚʘ ʦʙʣʘʜʘʝʪ ʢʣʘʩ-

ʩʠʯʝʩʢʦʡ ʤʦʥʦʮʝʥʪʨʠʯʝʩʢʦʡ ʨʘʜʠʘʣʴʥʦʡ ʩʪʨʫʢʪʫ-

ʨʦʡ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʘʪʪʨʘʢʪʠʚʥʦʩʪʠ ʦʪ ʮʝʥʪʨʘ ʢ ʧʝ-

ʨʠʬʝʨʠʠ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ ʞʝ ʦʙʣʘʜʘʝʪ ʥʝʩʢʦʣʴ-

ʢʠʤʠ ʣʦʢʘʣʠʟʦʚʘʥʥʳʤʠ ʤʘʢʩʠʤʫʤʘʤʠ 

ʘʪʪʨʘʢʪʠʚʥʦʩʪʠ; ʥʝ ʧʦ ʚʩʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʦʪ ʮʝʥʪʨʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʣʘʚʥʦʝ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʘʪʪʨʘʢʪʠʚ-

ʥʦʩʪʠ.  

3. ʅʘʠʙʦʣʴʰʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʦʝʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʈɼʈ, ʦʙʣʘʜʘʶʪ ʠʩʪʦʨʠʯʝʩʢʠʝ 

ʮʝʥʪʨʳ ʠʩʩʣʝʜʫʝʤʳʭ ʛʦʨʦʜʦʚ, ʯʪʦ ʚʚʠʜʫ ʟʥʘʯʠʪʝʣʴ-

ʥʦʡ ʨʘʟʚʠʪʦʩʪʠ ʪʫʨʠʩʪʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ ʠʭ 

ʧʨʝʜʝʣʘʭ ʠ ʧʦʣʦʞʝʥʠʝʤ ʥʘ ʚʥʫʪʨʠʛʦʨʦʜʩʢʠʭ ʪʫ-

ʨʠʩʪʩʢʠʭ ʧʦʪʦʢʘʭ ʬʦʨʤʠʨʫʝʪ ʙʣʘʛʦʧʨʠʷʪʥʫʶ ʩʨʝʜʫ 

ʜʣʷ ʧʨʦʝʢʪʦʚ ʈɼʈ. ʉʣʝʜʩʪʚʠʝʤ ʚʥʝʜʨʝʥʠʷ ʧʦʜʦʙ-

ʥʳʭ ʠʜʝʡ ʠ ʪʝʭʥʦʣʦʛʠʡ AR ʥʘ ʫʢʘʟʘʥʥʳʭ ʪʝʨʨʠʪʦ-

ʨʠʷʭ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʦʙʱʝʝ ʧʦʚʳʰʝʥʠʝ ʪʫʨʠʩʪʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʄʦʩʢʚʳ ʠ ʇʝʪʝʨʙʫʨʛʘ.  

4. ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʧʨʦʝʢʪʦʚ 

ʈɼʈ ʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʦ ʩʝʟʦʥʥʦʤʫ ʬʘʢʪʦʨʫ, ʥʝʞʝʣʠ 

ʧʨʦʝʢʪʦʚ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ, ʚ ʩʚʷʟʠ ʩ ʥʝʦʙ-

ʭʦʜʠʤʦʩʪʴʶ ʪʫʨʠʩʪʫ ʥʘʭʦʜʠʪʴʩʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ 

ʤʝʩʪʝ ʚ ʦʪʢʨʳʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʋʯʠʪʳʚʘʷ ʩʝʟʦʥ-

ʥʳʡ ʬʘʢʪʦʨ, ʩʣʝʜʫʝʪ ʩʢʘʟʘʪʴ ʦ ʪʦʤ, ʯʪʦ ʚʦʟʤʦʞʥʦ-

ʩʪʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʠʜʝʡ ʈɼʈ ʚ ʄʦʩʢʚʝ ʥʝʩʢʦʣʴʢʦ 

ʚʳʰʝ. ɺ ʪʦʞʝ ʚʨʝʤʷ, ʵʪʦʪ ʞʝ ʢʣʠʤʘʪʠʯʝʩʢʠʡ ʬʘʢʪʦʨ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʚʦʟʤʦʞʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘ-

ʥʠʷ ʢʦʥʪʝʥʪʘ ʧʨʦʩʪʨʘʥʩʪʚʘ ʈɼʈ ʚ ʇʝʪʝʨʙʫʨʛʝ. 

ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʚʦʩʩʦʟʜʘʪʴ ʠʩʪʦʨʠʯʝʩʢʠ ʟʥʘʯʠ-

ʤʳʝ ʥʘʚʦʜʥʝʥʠʷ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ.  
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SPATIAL ASSESSMENT OF WIND FLOW POTENTIAL BASED ON ERA5 IMPLEMENTATION 

DATA  

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʳʭ ʨʝʘʥʘʣʠʟʘ ERA5 ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʢʘʨʪʳ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ, ʧʦʚʪʦʨʷʝʤʦ-

ʩʪʠ ʛʨʘʜʘʮʠʡ ʩʢʦʨʦʩʪʝʡ ʚʝʪʨʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʵʪʠʤ ʛʨʘʜʘʮʠʷʤ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʦʡ ʵʥʝʨʛʠʠ ʜʣʷ 

ʪʝʨʨʠʪʦʨʠʠ, ʧʨʦʣʝʛʘʶʱʝʡ ʦʪ ʚʦʩʪʦʯʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ ʜʦ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɿʘʧʘʜʥʦ-ʉʠ-

ʙʠʨʩʢʦʡ ʨʘʚʥʠʥʳ. ʊʘʢʞʝ ʚ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥ ʘʥʘʣʠʟ ʦʰʠʙʦʢ ʜʘʥʥʳʭ ʨʝʘʥʘʣʠʟʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʘʥʥʳʤʠ 

ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʤʝʪʝʦʩʪʘʥʮʠʷʭ. 

Abstract 

In the article with the help of ERA5 reanalysis data the maps of wind speed, repeatability of wind speed 

gradations and amount of received energy for the territory from the eastern coast of the Caspian Sea to the western 

part of the West Siberian Plain were drawn. The article also contains an analysis of the reanalysis data errors in 

comparison with the observation data at meteorological stations. 
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ʈʘʩʪʫʱʠʡ ʩʧʨʦʩ ʥʘ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ 

ʵʥʝʨʛʠʠ ʚ ʙʣʠʞʘʡʰʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʩʠʛʥʘʣʠʟʠʨʫʝʪ ʦ 

ʪʦʤ, ʯʪʦ ʯʝʣʦʚʝʢʫ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʯʝʪʢʦʝ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʝ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚʝʪʨʦʚʳʭ ʨʝ-

ʩʫʨʩʦʚ. ʈʘʟʚʠʪʠʝ ʚʝʪʨʦʚʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ʙʫʜʫʱʝʤ 

ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ: ʩʮʝʥʘʨʠʠ ʫʚʝʣʠ-

ʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʠ ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ 

251 ʜʦ 392 ɻɺʪ ʢ 2030 ʛʦʜʫ, ʯʪʦ ʚ ʜʚʘ-ʪʨʠ ʨʘʟʘ ʧʨʝ-

ʚʳʰʘʝʪ ʥʳʥʝʰʥʶʶ ʤʦʱʥʦʩʪʴ. [2,4] ʄʝʩʪʥʦʩʪʴ, ʚʳ-

ʙʨʘʥʥʘʷ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚʝʪʨʷʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥ-

ʮʠʠ, ʜʦʣʞʥʘ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦ-

ʢʠʤʠ ʠ ʫʩʪʦʡʯʠʚʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʚʝʪʨʘ. ʀʤʝʥʥʦ 

ʧʦʵʪʦʤʫ ʪʘʢ ʚʘʞʥʦ ʧʨʦʚʦʜʠʪʴ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʛʠʦʥʘ, ʚ ʢʦʪʦʨʦʤ ʧʣʘʥʠʨʫʝʪʩʷ ʫʩʪʘ-

ʥʦʚʢʘ ʚʝʪʨʦʚʦʡ ʪʫʨʙʠʥʳ. 

ɺʘʞʥʝʡʰʝʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʨʘʟʚʠʪʠʷ ʣʶʙʦʡ ʦʪ-

ʨʘʩʣʠ ʵʥʝʨʛʝʪʠʢʠ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʝʝ ʨʝʩʫʨʩ-

ʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʚʳʷʚʣʝʥʠʝ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚ-

ʥʳʭ "ʤʝʩʪʦʨʦʞʜʝʥʠʡ", ʦʧʨʝʜʝʣʝʥʠʝ ʚʦʟʤʦʞʥʳʭ 

ʦʙʲʝʤʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨ-

ʛʠʠ. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʝ ʵʪʦ ʦʩʦ-

ʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ, ʪʘʢ ʢʘʢ ʵʪʦʪ ʨʝʩʫʨʩ ʠʤʝʝʪ ʟʥʘʯʠ-

ʪʝʣʴʥʫʶ ʚʝʨʦʷʪʥʦʩʪʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʧʦʣʫʯʝʥʠʷ 

ʵʥʝʨʛʠʠ. ʇʦʵʪʦʤʫ ʩʣʝʜʫʝʪ ʫʜʝʣʠʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘ-

ʥʠʝ ʦʧʨʝʜʝʣʝʥʠʶ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠ-

ʘʣʘ ʥʘ ʦʙʱʝʡ ʪʝʨʨʠʪʦʨʠʠ ʚʳʙʨʘʥʥʦʛʦ ʨʝʛʠʦʥʘ. [1] 

ɺ ʦʩʥʦʚʫ ʜʣʷ ʨʘʩʯʝʪʘ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʧʦʪʝʥʮʠ-

ʘʣʘ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʠ ʥʘ ʦʩʥʦʚʝ ʩʝʪʦʯʥʳʭ ʜʘʥʥʳʭ 

ʣʝʛ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳʡ ʨʝʘʥʘʣʠʟ ɽʚʨʦʧʝʡʩʢʦʛʦ ʮʝʥ-

ʪʨʘ ʩʨʝʜʥʝʩʨʦʯʥʳʭ ʧʨʦʛʥʦʟʦʚ ʧʦʛʦʜʳ (ECMWF) 

ERA, ʚ ʝʛʦ ʩʘʤʦʤ ʧʦʩʣʝʜʥʝʤ ʜʝʪʘʣʴʥʦʤ ʚʳʧʫʩʢʝ 

ERA5 (Copernicus Climate Change Service, 2017), ʢʦ-

ʪʦʨʳʡ ʩʪʘʚʠʪ ʟʘʜʘʯʫ ʦʙʦʙʱʝʥʠʷ ʛʣʦʙʘʣʴʥʦʡ ʩʝʪʠ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘ ʦʩʥʦʚʝ ʩʠ-

ʩʪʝʤʳ ʯʝʪʳʨʝʭʤʝʨʥʦʛʦ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʫʩʚʦʝʥʠʷ 

(4D-Var) ʥʘ ʦʩʥʦʚʝ ʨʝʪʨʦʩʧʝʢʪʠʚʥʳʭ ʜʘʥʥʳʭ, ʩʦ-

ʙʨʘʥʥʳʭ ʚ ʥʘʠʙʦʣʝʝ ʧʦʣʥʫʶ ʙʘʟʫ. ʈʝʘʥʘʣʠʟ ERA 5 

ʠʤʝʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʦʢʦʣʦ 30 ʢʤ ʠ 

ʯʘʩʦʚʦʝ ʦʩʨʝʜʥʝʥʠʝ ʚ ʜʘʥʥʳʭ ʧʦʩʣʝ ʧʦʩʪ-ʧʨʦʮʝʩ-

ʩʠʥʛʘ. ʅʘ ʦʮʝʥʢʫ ʩʢʦʨʦʩʪʝʡ ʚʝʪʨʘ ʚ ʧʦʛʨʘʥʠʯʥʦʤ 

ʩʣʦʝ ʚ ʣʦʢʘʣʴʥʦʤ ʠ ʨʝʛʠʦʥʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ 

ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʩʭʝʤʘ ʦʧʠʩʘʥʠʷ 

ʪʫʨʙʫʣʝʥʪʥʳʭ ʧʦʪʦʢʦʚ. ɺ ʤʦʜʝʣʠ ECMWF ʪʫʨʙʫ-

ʣʝʥʪʥʦʩʪʴ ʦʧʠʩʳʚʘʝʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ ʜʣʷ ʧʨʠʟʝʤʥʦʛʦ 

ʠ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʝʚ. ɺ ʧʨʠʟʝʤʥʦʤ ʩʣʦʝ (ʢʫʜʘ ʚʭʦ-

ʜʠʪ ʥʠʞʥʠʡ ʤʦʜʝʣʴʥʳʡ ʫʨʦʚʝʥʴ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ʚ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ) ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʫʨʙʫʣʝʥʪʥʦʝ ʟʘʤʳʢʘ-

ʥʠʝ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʩ ʷʚʥʳʤ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʩʪʨʘ-

ʪʠʬʠʢʘʮʠʠ ʯʝʨʝʟ ʧʘʨʘʤʝʪʨ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʄʦʜʝʣʴ-

ʥʳʡ ʫʨʦʚʝʥʴ ʜʣʷ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʙʳʣ ʚʳʙʨʘʥ ʨʘʚ-

ʥʳʤ ʩʪʘʥʜʘʨʪʥʳʤ 10 ʤ. [3]  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʳʭ ʨʝʘʥʘʣʠʟʘ 

ERA5 ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python ʤʥʦʡ 

ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʢʘʨʪʳ ʚʝʪʨʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʪʝʨ-

ʨʠʪʦʨʠʠ, ʧʨʦʣʝʛʘʶʱʝʡ ʦʪ ʚʦʩʪʦʯʥʦʛʦ ʧʦʙʝʨʝʞʴʷ 

ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ ʜʦ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɿʘʧʘʜʥʦ-ʉʠ-

ʙʠʨʩʢʦʡ ʨʘʚʥʠʥʳ, ʚ ʢʦʪʦʨʳʭ ʙʳʣʠ ʦʮʝʥʝʥʳ ʪʘʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʢʘʢ: ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ, ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʛʨʘ-

ʜʘʮʠʡ ʩʢʦʨʦʩʪʝʡ ʚʝʪʨʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʵʪʠʤ 

ʛʨʘʜʘʮʠʷʤ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʦʡ ʵʥʝʨʛʠʠ. 

ʅʘ ʨʠʩ. 1 ʠ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʦʟʜʘʥʥʳʝ ʤʥʦʡ ʢʘʨʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʡ ʤʥʦʛʦʣʝʪʥʝʡ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ 

ʥʘ ʚʳʩʦʪʝ 10 ʤ ʚ ʷʥʚʘʨʝ ʠ ʠʶʣʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  
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ʈʠʩ. 1 ʉʨʝʜʥʷʷ ʤʥʦʛʦʣʝʪʥʷʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʚ ʷʥʚʘʨʝ ʥʘ 10 ʤ, ʤ/ʩ 

 
ʈʠʩ. 2 ʉʨʝʜʥʷʷ ʤʥʦʛʦʣʝʪʥʷʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʚ ʠʶʣʝ ʥʘ 10 ʤ, ʤ/ʩ 

 

ɺ ʷʥʚʘʨʝ (ʨʠʩ.1) ʩʨʝʜʥʠʝ ʤʥʦʛʦʣʝʪʥʠʝ ʩʢʦʨʦ-

ʩʪʠ ʚʝʪʨʘ ʚ ʮʝʣʦʤ ʚʳʰʝ, ʯʝʤ ʚ ʠʶʣʝ (ʨʠʩ.2) ʧʨʠ-

ʤʝʨʥʦ ʥʘ 1 ʤ/ʩ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ 

(ʦʢʦʣʦ 6 ʤ/ʩ) ʥʘʙʣʶʜʘʶʪʩʷ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʂʘʩ-

ʧʠʡʩʢʦʛʦ ʤʦʨʷ ʠ ʥʘ ʝʛʦ ʧʦʙʝʨʝʞʴʝ. ʊʘʢʞʝ ʜʦʚʦʣʴʥʦ 

ʙʦʣʴʰʠʝ ʩʢʦʨʦʩʪʠ (ʦʢʦʣʦ 5 ʤ/ʩ) ʜʦʩʪʠʛʘʶʪʩʷ ʚ ʨʘʡ-

ʦʥʝ ʏʝʣʷʙʠʥʩʢʦʡ ʦʙʣʘʩʪʠ. ʉʘʤʳʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ (<2 ʤ/ʩ) ʥʘʙʣʶ-

ʜʘʶʪʩʷ ʚ ʉʚʝʨʜʣʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. 

ɺ ʠʶʣʝ (ʨʠʩ.2) ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʩʨʝʜʥʠʝ ʩʢʦʨʦ-

ʩʪʠ ʚʝʪʨʘ ʩʤʝʱʝʥʳ ʢ ʶʛʫ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ 

ʚʝʪʨʘ (ʦʢʦʣʦ 6 ʤ/ʩ) ʥʘʙʣʶʜʘʶʪʩʷ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ ʠ ʥʘ ʝʛʦ ʧʦʙʝʨʝʞʴʝ, ʘ ʪʘʢʞʝ ʥʘ 

ʦʟʝʨʝ ɹʘʣʢʘʰ ʠ ɸʨʘʣʴʩʢʦʤ ʤʦʨʝ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʤʝʥʴʰʠʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʭʦʧʫʪʥʳʤʠ ʫʯʘʩʪʢʘʤʠ 

ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʪʨʝʥʠʝʤ. ʉʘʤʳʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ (<2 ʤ/ʩ) ʪʘʢʞʝ 

ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʉʚʝʨʜʣʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʅʘ ʨʠʩ.3 ʠ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʨʪʳ ʧʦʚʪʦʨʷ-

ʝʤʦʩʪʠ ʩʢʦʨʦʩʪʝʡ ʚʝʪʨʘ ʧʦ ʛʨʘʜʘʮʠʷʤ ʚ ʷʥʚʘʨʝ ʠ 

ʠʶʣʝ ʥʘ ʚʳʩʦʪʝ 10 ʤ, ʧʦʩʪʨʦʝʥʥʳʝ ʧʦ ʜʘʥʥʳʤ ʨʝʘ-

ʥʘʣʠʟʘ ERA5. 



ζColloquium - journal Ȼ#17(41),2019 / EARTH SCIENCES 9 

ʈʠʩ. 3 ʇʦʚʪʦʨʷʝʤʦʩʪʴ ʩʢʦʨʦʩʪʝʡ ʚʝʪʨʘ (ʚ ʤ/ʩ) ʚ ʷʥʚʘʨʝ ʥʘ 10 ʤ 
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ʈʠʩ. 4 ʇʦʚʪʦʨʷʝʤʦʩʪʴ ʩʢʦʨʦʩʪʝʡ ʚʝʪʨʘ (ʚ ʤ/ʩ) ʚ ʠʶʣʝ ʥʘ 10 ʤ 

 

ʈʠʩ. 3 ʠ ʨʠʩ. 4 ʧʦʜʪʚʝʨʞʜʘʶʪ ʢʘʨʪʳ ʩʦ ʩʨʝʜ-

ʥʠʤʠ ʤʥʦʛʦʣʝʪʥʠʤʠ ʩʢʦʨʦʩʪʷʤʠ ʚʝʪʨʘ ʚ ʚʳʙʨʘʥʥʦʤ 

ʨʝʛʠʦʥʝ (ʨʠʩ. 1 ʠ ʨʠʩ. 2). ɹʦʣʴʰʘʷ ʧʦʚʪʦʨʷʝʤʦʩʪʴ 

ʥʠʟʢʠʭ ʩʢʦʨʦʩʪʝʡ ʚʝʪʨʘ (0 ï 3 ʤ/ʩ) ʧʨʝʠʤʫʱʝ-

ʩʪʚʝʥʥʦ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʨʘʡʦʥʘʭ ɽʢʘʪʝʨʠʥʙʫʨʛʘ - ɻ ʪʦ 

ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʝʨʨʠʪʦʨʠʠ. ɹʣʘʛʦʜʘʨʷ ʤʝʨʠʜʠʦ-

ʥʘʣʴʥʦʤʫ ʨʘʩʧʦʣʦʞʝʥʠʶ ʭʨʝʙʪʘ ʋʨʘʣʴʩʢʠʭ ʛʦʨ, 

ʜʘʞʝ ʥʝʩʤʦʪʨʷ ʥʘ ʠʭ ʥʝʙʦʣʴʰʫʶ ʚʳʩʦʪʫ, ʧʨʝʦʙʣʘ-

ʜʘʶʱʠʝ ʟʘʧʘʜʥʳʝ ʠ ʶʛʦ-ʟʘʧʘʜʥʳʝ ʚʝʪʨʳ ʩ ʟʘʪʨʫʜ-

ʥʝʥʠʝʤ ʧʨʦʥʠʢʘʶʪ ʚ ʨʘʡʦʥ ʉʚʝʨʜʣʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʀʟ-ʟʘ ʵʪʦʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʧʘ-

ʜʘʝʪ. [2] ɺʳʩʦʢʘʷ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʙʦʣʴʰʠʭ ʩʢʦʨʦ-

ʩʪʝʡ ʚʝʪʨʘ ʚ ʨʘʡʦʥʘʭ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ, ʦʟʝʨʘ ɹʘʣ-

ʢʘʰ ʠ ʯʘʩʪʠʯʥʦ ɸʨʘʣʴʩʢʦʛʦ ʤʦʨʷ ʪʘʢʞʝ ʦʙʲʷʩʥʷ-

ʝʪʩʷ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʝʣʴʝʬʘ. ɺ ʵʪʦʡ ʯʘʩʪʠ ʂʘʩʧʠʡ-

ʩʢʦʛʦ ʤʦʨʷ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ ʧʨʝʦʙʣʘʜʘʝʪ ʩʝʚʝʨʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ, ʵʪʠ ʩʝʚʝʨʥʳʝ 

ʚʝʪʨʳ ʩ ɸʨʢʪʠʢʠ ʧʨʦʥʠʢʘʶʪ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʤʦʨʷ, 

ʤʘʣʦ ʪʝʨʷʷ ʩʚʦʶ ʩʢʦʨʦʩʪʴ ʙʣʘʛʦʜʘʨʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʦʜʥʦʨʦʜʥʦʤʫ ʨʝʣʴʝʬʫ. [2] 

ʅʘ ʨʠʩ. 5 ʠ ʨʠʩ. 6 ʧʦʢʘʟʘʥʳ ʢʘʨʪʳ ʤʦʱʥʦʩʪʠ 

ʚʝʪʨʦʚʦʛʦ ʧʦʪʦʢʘ ʩ ʫʯʝʪʦʤ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʚ ʷʥʚʘʨʝ 

ʠ ʠʶʣʝ. 
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ʈʠʩ. 6 ʄʦʱʥʦʩʪʴ ʩʢʦʨʦʩʪʝʡ ʚʝʪʨʘ (ʚ ʤ/ʩ) ʚ ʠʶʣʝ ʩ ʫʯʝʪʦʤ ʠʭ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʥʘ 10 ʤ, ɺʪ/ʤĮ 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʜʘʥʥʳʭ ʨʝʘʥʘ-

ʣʠʟʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʝʛʦ ʦʰʠʙʦʢ, 

ʩʨʘʚʥʠʚʘʷ ʜʘʥʥʳʝ ERA5 ʩ ʜʘʥʥʳʤʠ ʤʝʪʝʦʨʦʣʦʛʠʯʝ-

ʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʚ ʪʦʯʢʘʭ. 

ʅʘ ʨʠʩ. 7, ʨʠʩ. 8 ʠ ʨʠʩ. 9 ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʳ 

ʛʨʘʬʠʢʠ ʘʙʩʦʣʶʪʥʳʭ ʦʰʠʙʦʢ ʜʘʥʥʳʭ ʨʝʘʥʘʣʠʟʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ 

ʥʘ ʩʪʘʥʮʠʷʭ ʆʨʝʥʙʫʨʛ, ɸʢʩʘʢʦʚʦ ʠ ʂʣʶʯʠ, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ. ɼʘʥʥʳʝ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ 

ʥʘ ʫʢʘʟʘʥʥʳʭ ʩʪʘʥʮʠʷʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʩʘʡʪʝ 

çʅʘʮʠʦʥʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʦʢʝʘʥʠʯʝʩʢʠʭ ʠ ʘʪʤʦ-

ʩʬʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡè (National Oceanic and 

Atmospheric Administration, NOAA). [5] ʅʘ ʩʪʘʥ-

ʮʠʷʭ ʂʣʶʯʠ ʠ ʆʨʝʥʙʫʨʛ ʥʘʙʣʶʜʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ 

ʚ ʧʝʨʠʦʜ ʩ ʷʥʚʘʨʷ 1979 ʛʦʜʘ ʧʦ ʤʘʡ 2019 ʛʦʜʘ. ʅʘ 

ʤʝʪʝʦʩʪʘʥʮʠʠ ɸʢʩʘʢʦʚʘ ʝʩʪʴ ʜʘʥʥʳʝ ʤʝʪʝʦʨʦʣʦʛʠ-

ʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʩ ʠʶʥʷ 1985 ʛʦʜʘ ʧʦ ʤʘʡ 2019 

ʛʦʜʘ. 
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ʅʘ ʛʨʘʬʠʢʘʭ 7, 8, 9 ʚʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʝ 

ʦʰʠʙʢʠ ʜʘʥʥʳʭ ʨʝʘʥʘʣʠʟʘ ERA5 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʳ-

ʩʦʢʠʤ ʩʢʦʨʦʩʪʷʤ ʚʝʪʨʘ (>10 ʤ/ʩ), ʥʝ ʟʘʚʠʩʠʤʦ ʦʪ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʝʪʝʦʩʪʘʥʮʠʠ. ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝ-

ʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ (ʉʂʆ) ʥʘ ʩʪʘʥʮʠʠ ʆʨʝʥʙʫʨʛ 

ʥʘʠʤʝʥʴʰʝʝ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 1 ʤ/ʩ (0,96 ʤ/ʩ). 

ʅʘʠʙʦʣʴʰʝʝ ʉʂʆ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʝʪʝʦʩʪʘʥʮʠʠ ɸʢ-

ʩʘʢʦʚʦ ʠ ʨʘʚʥʷʝʪʩʷ 1,36 ʤ/ʩ. ʉʂʆ ʜʣʷ ʩʪʘʥʮʠʠ 

ʂʣʶʯʠ ï 1,30 ʤ/ʩ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʜʘʥʥʳʤ ʨʝʘʥʘʣʠʟʘ ERA5 

ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʢʘʨʪʳ ʜʣʷ ʩʨʝʜʥʠʭ ʩʢʦʨʦʩʪʝʡ 

ʚʝʪʨʘ ʠ ʢʦʣʠʯʝʩʪʚʘ ʵʥʝʨʛʠʠ, ʚʳʨʘʙʦʪʘʥʥʦʡ ʧʨʠ ʵʪʠʭ 

ʩʢʦʨʦʩʪʷʭ, ʥʘ ʚʳʙʨʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʅʘ ʧʨʠʤʝʨʝ 

ʪʨʝʭ ʤʝʪʝʦʩʪʘʥʮʠʡ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʜʘʥʥʳʝ 

ʨʝʘʥʘʣʠʟʘ ERA5 ʠ ʜʘʥʥʳʝ ʨʝʘʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʥʘ 

ʤʝʪʝʦʩʪʘʥʮʠʠ ʠ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʨʝʘʥʘʣʠʟ 

ʤʦʞʝʪ ʜʘʚʘʪʴ ʥʝ ʩʦʚʩʝʤ ʪʦʯʥʫʶ ʦʮʝʥʢʫ ʩʢʦʨʦʩʪʠ 

ʚʝʪʨʘ ʚ ʨʝʛʠʦʥʝ. ɼʘʥʥʳʝ ʨʝʘʥʘʣʠʟʘ ʭʦʨʦʰʦ ʧʦʜʭʦ-

ʜʷʪ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʣʦʙʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦ-

ʠʩʭʦʜʷʱʠʭ ʚ ʘʪʤʦʩʬʝʨʝ ʠ ʦʢʝʘʥʝ. ɼʣʷ ʣʦʢʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʝʛʠʦʥʦʚ ʣʫʯʰʝ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʥʘʙʣʶʜʝʥʠʷʤʠ ʥʘ ʤʝʪʝʦʩʪʘʥʮʠʠ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʪʝʨʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ʧʝʨʝʜ ʚʝʩʝʥʥʠʤʠ ʧʦʣʦʚʦʜʴʷʤʠ ʥʘ ʨ. ɽʤʮʘ. ɺʳʷʚʣʝʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʢʦʧʣʝʥʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘʯʘʣʘ ʚʝʩʥʳ ʥʘ ʜʘʪʫ ʨʘʟʚʠʪʠʷ ʧʦʣʦʚʦʜʴʷ. ʇʨʦ-

ʘʥʘʣʠʟʠʨʦʚʘʥʳ ʮʠʨʢʫʣʷʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʨʝʜʰʝʩʪʚʫʶʱʠʝ ʨʘʟʚʠʪʠʶ ʧʦʣʦʚʦʜʴʷ, ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʢʘʪʘ-

ʣʦʛʘ ʦʩʥʦʚʥʳʭ ʬʦʨʤ ʮʠʨʢʫʣʷʮʠʠ ʧʦ ɻ.ʗ. ɺʘʥʛʝʥʛʝʡʤʫ ï ɸ.ɸ. ɻʠʨʩʫ. ɺʳʷʚʣʝʥʘ ʧʨʝʦʙʣʘʜʘʶʱʘʷ ʬʦʨʤʘ 

ʮʠʨʢʫʣʷʮʠʠ, ʧʨʝʜʰʝʩʪʚʫʶʱʘʷ ʚʝʩʝʥʥʠʤ ʧʦʣʦʚʦʜʴʷʤ ʥʘ ʨʝʢʝ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʩʧʦʩʦʙ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦʡ 

ʦʮʝʥʢʠ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʝʩʝʥʥʠʭ ʧʦʣʦʚʦʜʴʝʚ ʥʘ ʨ. ɽʤʮʘ. 

Abstract 

In this paper, the thermal regime before spring floods on the river Emtsa is analyzed. The dependence of the 

accumulated positive temperatures at the beginning of spring on the date of flood development is revealed. The 

circulation processes preceding the development of the flood are analyzed with the involvement of the catalogue 

of the main forms of circulation on G.Y. Wangenheim - A.A. Girsu. The prevailing form of circulation preced-

ing the spring floods on the river was revealed. A method of early assessment of the favorable conditions for the 

formation of spring floods on the river Emtsa is proposed. 

 

ɺʚʝʜʝʥʠʝ 

ʇʨʘʢʪʠʯʝʩʢʠ ʝʞʝʛʦʜʥʦ ʚ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘ-

ʩʪʠ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ʈʦʩʩʠʠ ʥʘʙʣʶʜʘʶʪʩʷ ʦʜʥʠ ʠʟ 

ʩʘʤʳʭ ʩʠʣʴʥʳʭ ʚʝʩʝʥʥʠʭ ʥʘʚʦʜʥʝʥʠʡ ʚ ʈʦʩʩʠʠ. ʇʦ-

ʣʦʚʦʜʴʷ ʥʘʙʣʶʜʘʶʪʩʷ ʥʘ ʉʝʚʝʨʥʦʡ ɼʚʠʥʝ ʠ ʥʘ ʝʝ 

ʧʨʠʪʦʢʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʘ ʨʝʢʝ ɽʤʮʝ. ʇʨʠʯʠʥʦʡ ʚʝ-

ʩʝʥʥʝʛʦ ʧʦʣʦʚʦʜʴʷ ʩʣʫʞʠʪ ʚʦʟʨʘʩʪʘʶʱʠʡ ʧʨʠʪʦʢ 

ʚʦʜʳ ʚ ʨʝʯʥʦʝ ʨʫʩʣʦ, ʢʦʪʦʨʳʡ ʚʳʟʚʘʥ ʪʘʷʥʠʝʤ ʩʥʝʛʘ 

ʥʘ ʨʘʚʥʠʥʘʭ. 

ʅʘʠʙʦʣʝʝ ʦʧʘʩʥʳʤʠ ʷʚʣʷʶʪʩʷ ʨʘʥʥʠʝ ʧʦʣʦʚʦ-

ʜʴʷ. ʂ ʥʠʤ ʛʦʨʦʜʩʢʠʝ ʩʣʫʞʙʳ ʦʙʳʯʥʦ ʥʝ ʛʦʪʦʚʳ, 

ʧʦʵʪʦʤʫ ʘʥʘʣʠʟ ʫʩʣʦʚʠʡ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ. 
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ʄʝʪʦʜʳ 

ɼʣʷ ʘʥʘʣʠʟʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʠ ʮʠʨʢʫ-

ʣʷʮʠʦʥʥʳʭ ʫʩʣʦʚʠʡ ʧʝʨʝʜ ʚʝʩʝʥʥʠʤ ʧʦʣʦʚʦʜʴʝʤ ʥʘ 

ʨ.ɽʤʮʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʨʭʠʚ ʩʨʝʜʥʝʩʫʪʦʯʥʳʭ ʪʝʤ-

ʧʝʨʘʪʫʨ ʚʦʟʜʫʭʘ ʚ ʨʘʡʦʥʝ ɽʤʝʮʢʘ ʠ ʘʨʭʠʚ ʦʩʥʦʚʥʳʭ 

ʬʦʨʤ ʮʠʨʢʫʣʷʮʠʠ ʘʪʤʦʩʬʝʨʳ ɻ.ʗ.ɺʘʥʛʝʥʛʝʡʤʘ-

ɸ.ɸ.ɻʠʨʩʘ ʟʘ ʧʝʨʠʦʜ ʩ 1936 ʧʦ 2016 ʛʛ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʘʪʳ ʧʦʣʦʚʦʜʴʷ ʙʳʣʠ ʨʘʟʜʝ-

ʣʝʥʳ ʧʦ ʩʨʦʢʘʤ ʥʘʩʪʫʧʣʝʥʠʷ ʥʘ ʪʨʠ ʛʨʫʧʧʳ: çʨʘʥ-

ʥʠʝè (ʥʘʩʪʫʧʠʚʰʠʝ ʜʦ 30 ʘʧʨʝʣʷ ʚʢʣʶʯʠʪʝʣʴʥʦ), 

çʩʨʝʜʥʠʝè (ʩ 1 ʤʘʷ ʧʦ 13 ʤʘʷ ʚʢʣʶʯʠʪʝʣʴʥʦ) ʠ 

çʧʦʟʜʥʠʝè (ʩ 14 ʤʘʷ ʠ ʧʦʟʞʝ). ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʷʣʦʩʴ ʫʩʣʦʚʠʷʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʥʥʠʭ ʧʦʣʦʚʦ-

ʜʴʝʚ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʧʦ ʤʝʪʦʜʠʢʝ ʌʝʜʦʨʦʚʘ ʙʳʣʘ 

ʨʘʩʩʯʠʪʘʥʘ ʜʘʪʘ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʚʝʩʥʳ ʚ ɽʤʝʮʢʝ. 

ʈʘʩʩʯʠʪʘʥʳ ʥʘʢʦʧʣʝʥʥʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʚ ʨʘʡʦʥʝ ɽʤʝʮʢʘ ʜʣʷ ʢʘʞʜʦʛʦ ʜʥʷ ʩ 15 ʤʘʨʪʘ ʠ 

ʜʦ 31 ʤʘʷ ʟʘ ʧʝʨʠʦʜ ʩ 1936 ʧʦ 2016 ʛʛ. ʇʦʣʫʯʝʥʥʳʝ 

ʜʘʥʥʳʝ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ 5 ʢʚʘʨʪʠʣʴʥʳʭ ʛʨʘʜʘ-

ʮʠʡ: çʩʨʝʜʥʝʝè (ʉ), çʚʳʰʝ ʩʨʝʜʥʝʛʦè (ɺʉ), çʥʠʞʝ 

ʩʨʝʜʥʝʛʦè (ʅʉ), çʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʩʨʝʜʥʝʛʦè 

(ɿɺʉ) ʠ çʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʩʨʝʜʥʝʛʦè (ɿʅʉ). ʇʦ-

ʩʪʨʦʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʩʫʤʤ ʥʘʢʦʧʣʝʥʥʳʭ ʧʦ-

ʣʦʞʠʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʩʦ ʜʥʷ ʥʘʯʘʣʘ ʚʝʩʥʳ ʜʦ 

ʜʘʪʳ ʨʘʟʚʠʪʠʷ ʧʦʣʦʚʦʜʴʷ.  

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʮʠʨʢʫʣʷʮʠ-

ʦʥʥʳʝ ʫʩʣʦʚʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʣʦʚʦʜʴʷ ʩ ʧʨʠʚʣʝ-

ʯʝʥʠʝʤ ʢʘʪʘʣʦʛʘ ʦʩʥʦʚʥʳʭ ʬʦʨʤ ʮʠʨʢʫʣʷʮʠʠ ʧʦ 

ɻ.ʗ. ɺʘʥʛʝʥʛʝʡʤʫ ï ɸ.ɸ. ɻʠʨʩʫ ʟʘ ʧʝʨʠʦʜ ʩ 1936 ʧʦ 

2016 ʛʛ. ʇʦʩʪʨʦʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʩʨʦʢʘ 

ʥʘʩʪʫʧʣʝʥʠʷ ʚʝʩʝʥʥʝʛʦ ʥʘʚʦʜʥʝʥʠʷ ʦʪ ʢʦʣʠʯʝʩʪʚʘ 

ʜʥʝʡ ʩ ʚʦʩʪʦʯʥʦʡ ʬʦʨʤʦʡ ʮʠʨʢʫʣʷʮʠʠ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʭ ʘʥʘʣʠʟ 

ʅʘʯʘʣʦ ʧʦʣʦʚʦʜʴʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʦ ʩ 

ʜʘʪʦʡ ʫʩʪʦʡʯʠʚʦʛʦ ʧʝʨʝʭʦʜʘ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ 

ʯʝʨʝʟ ʥʫʣʝʚʦʡ ʧʨʝʜʝʣ, ʪʦ ʝʩʪʴ ʩ ʥʘʯʘʣʦʤ ʢʣʠʤʘʪʠʯʝ-

ʩʢʦʡ ʚʝʩʥʳ. ʉ ʵʪʦʛʦ ʤʦʤʝʥʪʘ ʥʘʯʠʥʘʝʪʩʷ ʘʢʪʠʚʥʦʝ 

ʩʥʝʛʦʪʘʷʥʠʝ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʩ 1936 ʧʦ 

2016 ʛʛ. ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ 30 ʧʦʣʦʚʦʜʴʝʚ ʠʟ 80 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ, ʢʦʪʦʨʳʝ ʧʦʧʘʜʘʶʪ ʚ ʛʨʘʜʘʮʠʶ 

çʨʘʥʥʠʝè. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʩʤʝʱʝ-

ʥʠʝ ʥʘʯʘʣʘ ʚʝʩʝʥʥʝʛʦ ʧʦʣʦʚʦʜʴʷ ʥʘ ʙʦʣʝʝ ʨʘʥʥʠʝ 

ʩʨʦʢʠ. ɼʘʥʥʘʷ ʪʝʥʜʝʥʮʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʦʣʝʝ ʨʘʥ-

ʥʝʤʫ ʧʨʠʭʦʜʫ ʚʝʩʥʳ ʚ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ. ɼʘʪʘ 

ʥʘʯʘʣʘ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʚʝʩʥʳ ʚ ʩʨʝʜʥʝʤ ʧʨʠʭʦʜʠʪʩʷ 

ʥʘ 20 ʤʘʨʪʘ, ʘ ʚʳʩʦʢʘʷ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʧʦʣʦʞʠʪʝʣʴ-

ʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘʙʣʶʜʘʝʪʩʷ ʩ 15 ʤʘʨʪʘ. ʉ ʫʯʝʪʦʤ 

ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ 

ʥʘʢʦʧʣʝʥʥʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʘʡ-

ʦʥʝ ɽʤʝʮʢʘ ʜʣʷ ʢʘʞʜʦʛʦ ʜʥʷ ʩ 15 ʤʘʨʪʘ ʠ ʜʦ 31 ʤʘʷ 

ʟʘ ʧʝʨʠʦʜ ʩ 1936 ʧʦ 2016 ʛʛ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ 5 ʢʚʘʨʪʠʣʴʥʳʭ ʛʨʘʜʘʮʠʡ: çʩʨʝʜ-

ʥʝʝè (ʉ), çʚʳʰʝ ʩʨʝʜʥʝʛʦè (ɺʉ), çʥʠʞʝ ʩʨʝʜʥʝʛʦè 

(ʅʉ), çʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʩʨʝʜʥʝʛʦè (ɿɺʉ) ʠ çʟʥʘ-

ʯʠʪʝʣʴʥʦ ʥʠʞʝ ʩʨʝʜʥʝʛʦè (ɿʅʉ). ʈʝʟʫʣʴʪʘʪʦʤ ʘʥʘ-

ʣʠʟʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ, ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ 

ʧʘʚʦʜʢʫ ʥʘ ʨʝʢʝ ɽʤʮʘ ʷʚʣʷʝʪʩʷ ʛʨʘʬʠʢ ʥʘ ʨʠʩʫʥʢʝ 

1. 

 
ʈʠʩʫʥʦʢ 1. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʩʨʦʢʦʚ ʥʘʩʪʫʧʣʝʥʠʷ ʧʦʣʦʚʦʜʴʝʚ ʥʘ ɽʤʮʝ ʦʪ ʥʘʢʦʧʣʝʥʥʦʡ ʧʦʣʦʞʠʪʝʣʴ-

ʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ ʨʘʡʦʥʝ ɽʤʝʮʢʘ ʟʘ ʧʝʨʠʦʜ ʩ 1936 ʧʦ 2016 ʛʛ. 

 

ɼʣʷ ʨʘʥʥʠʭ ʧʦʣʦʚʦʜʴʝʚ ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʬʦ-

ʥʦʚʳʤʠ ʫʩʣʦʚʠʷʤʠ ʷʚʣʷʶʪʩʷ ʩʫʤʤʳ ʥʘʢʦʧʣʝʥʥʳʭ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ, ʧʦʧʘʜʘʶʱʠʭ ʚ ʛʨʘʜʘ-

ʮʠʠ çʚʳʰʝ ʩʨʝʜʥʝʛʦè ʠ çʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʩʨʝʜ-

ʥʝʛʦè. 

ʇʦ ʜʘʥʥʦʤʫ ʛʨʘʬʠʢʫ, ʝʩʣʠ ʚʝʩʪʠ ʛʨʘʬʠʢ ʥʘʢʦʧ-

ʣʝʥʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʜʣʷ ʢʘʞʜʦʛʦ 

ʜʥʷ, ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ ʦʧʘʩʥʫʶ ʩʠʪʫʘʮʠʶ ʚʦʟ-

ʥʠʢʥʦʚʝʥʠʷ ʧʦʣʦʚʦʜʴʷ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʧʦʣʦʚʦ-

ʜʴʝ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʧʨʠ ʧʝʨʝʭʦʜʝ 

ʚ ʦʧʘʩʥʫʶ ʛʨʘʜʘʮʠʶ, ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦʩʪʠ ʚ ʜʘʥʥʦʤ 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʠ ʥʝʪ.  

ʇʦʵʪʦʤʫ ʥʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʙʳʣʠ ʧʨʦʘʥʘʣʠ-

ʟʠʨʦʚʘʥʳ ʮʠʨʢʫʣʷʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʢʦʪʦʨʳʝ ʩʧʦ-

ʩʦʙʩʪʚʫʶʪ ʥʘʢʦʧʣʝʥʠʷʤ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘ-

ʪʫʨ ʜʦ ʨʘʟʚʠʪʠʷ ʧʦʣʦʚʦʜʴʷ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʢʘʪʘ-

ʣʦʛʘ ʦʩʥʦʚʥʳʭ ʬʦʨʤ ʮʠʨʢʫʣʷʮʠʠ ʧʦ ɻ.ʗ. 

ɺʘʥʛʝʥʛʝʡʤʫ ï ɸ.ɸ. ɻʠʨʩʫ ʟʘ ʧʝʨʠʦʜ ʩ 1936 ʧʦ 2016 

ʛʛ. ʆʩʥʦʚʥʳʝ ʬʦʨʤʳ ʮʠʨʢʫʣʷʮʠʠ ʧʨʦʛʥʦʟʠʨʫʶʪʩʷ 

ʧʦ ʜʝʢʘʜʘʤ ʥʘ ʤʝʩʷʮ ʚʧʝʨʝʜ ʚ ʅʀʀ ɸʨʢʪʠʢʠ ʠ ɸʥ-

ʪʘʨʢʪʠʢʠ. ʇʨʠ ʚʳʷʚʣʝʥʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʜʘʪʳ ʧʦʣʦ-

ʚʦʜʴʷ ʦʪ ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ ʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ ʨʝ-

ʞʠʤʘ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ ʦʧʘʩʥʫʶ ʩʠʪʫʘʮʠʶ ʩ ʟʘ-

ʙʣʘʛʦʚʨʝʤʝʥʥʦʩʪʴʶ ʚ ʤʝʩʷʮ. 
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ʇʝʨʠʦʜ ʜʦ ʥʘʩʪʫʧʣʝʥʠʷ ʧʦʣʦʚʦʜʴʷ ʙʳʣ ʩʦʧʦ-

ʩʪʘʚʣʝʥ ʩ ʢʘʪʘʣʦʛʦʤ ɻ.ʗ. ɺʘʥʛʝʥʛʝʡʤʘ ï ɸ.ɸ. ɻʠʨʩʘ 

ʟʘ ʧʝʨʠʦʜ ʩ 1936 ʧʦ 2016 ʛʛ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ ʚʳ-

ʷʚʣʝʥʘ ʧʨʝʦʙʣʘʜʘʶʱʘʷ ʬʦʨʤʘ ʮʠʨʢʫʣʷʮʠʠ, ʢʦʪʦʨʘʷ 

ʧʨʝʜʰʝʩʪʚʫʝʪ ʚʝʩʝʥʥʝʤʫ ʧʘʚʦʜʢʫ ʥʘ ɽʤʮʝ. ɺ ʩʨʝʜ-

ʥʝʤ, ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʚʦʩʪʦʯʥʦʡ ʬʦʨʤʳ ʮʠʨʢʫʣʷʮʠʠ 

(ʬʦʨʤʳ ɽ) ʚ ʪʝʯʝʥʠʝ ʜʝʩʷʪʠʜʥʝʚʥʦʛʦ ʧʝʨʠʦʜʘ ʜʦ 

ʥʘʯʘʣʘ ʥʘʚʦʜʥʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 6 ï 7 ʜʥʝʡ.  

ɺ ʨʘʙʦʪʝ ʜʘʪʳ ʩ ʚʦʩʪʦʯʥʦʡ ʬʦʨʤʦʡ ʮʠʨʢʫʣʷ-

ʮʠʠ, ʧʦʧʘʜʘʶʱʠʝ ʚ ʜʝʩʷʪʠʜʥʝʚʥʳʡ ʧʝʨʠʦʜ, ʙʳʣʠ 

ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʨʝʘʣʴʥʳʤʠ ʩʠʥʦʧʪʠʯʝʩʢʠʤʠ ʩʠʪʫʘ-

ʮʠʤ̫ʠ, ʩ ʘʨʭʠʚʦʤ ʧʨʠʟʝʤʥʳʭ ʙʘʨʠʯʝʩʢʠʭ ʢʘʨʪ ʤʦ-

ʜʝʣʠ GFS (Global Forecast System) (ɻʣʦʙʘʣʴʥʘʷ ʉʠ-

ʩʪʝʤʘ ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʷ). 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʠʧʠʯʥʘʷ ʩʠʥʦʧʪʠ-

ʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ, ʭʘʨʘʢʪʝʨʥʘʷ ʜʥʷʤ ʩ ʚʦʩʪʦʯʥʦʡ 

ʬʦʨʤʦʡ ʮʠʨʢʫʣʷʮʠʠ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʚʝʩʝʥʥʝʛʦ ʧʦʣʦ-

ʚʦʜʴʷ. 

 
ʈʠʩʫʥʦʢ 2. ʊʠʧʠʯʥʘʷ ʩʠʥʦʧʪʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ ʧʝʨʝʜ ʚʝʩʝʥʥʠʤ ʧʘʚʦʜʢʦʤ ʥʘ ɽʤʮʝ (ʬʦʨʤʘ ɽ)  

(ʂʦʤʧʣʝʢʩʥʘʷ ʩʠʥʦʧʪʠʯʝʩʢʘʷ ʢʘʨʪʘ (ʧʨʠʟʝʤʥʘʷ ʠ ʢʘʨʪʘ ʘʙʩʦʣʶʪʥʦʡ ʪʦʧʦʛʨʘʬʠʠ ʥʘ ʫʨʦʚʥʝ 500 ʛʇʘ)). 

 

ʉʠʥʦʧʪʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ, ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʚʦ-

ʩʪʦʯʥʦʡ ʬʦʨʤʳ ʮʠʨʢʫʣʷʮʠʠ (ʬʦʨʤʳ ɽ) ʜʣʷ ɸʨʭʘʥ-

ʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʙʰʠʨʥʳʤ ʤʘʣʦʧʦ-

ʜʚʠʞʥʳʤ ʘʥʪʠʮʠʢʣʦʥʦʤ. ɻʨʝʙʝʥʴ ʘʥʪʠʮʠʢʣʦʥʘ ʨʘʩ-

ʧʨʦʩʪʨʘʥʷʝʪʩʷ ʩ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʠ ʩʪʘʮʠʦʥʠʨʫʝʪ ʥʘʜ 

ʩʝʚʝʨʦʤ ɽʚʨʦʧʝʡʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ (ɽʊʈ). ɺ 

ʨʘʡʦʥʝ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʘʶʪʩʷ ʟʘ-

ʪʦʢʠ ʪʝʧʣʦʛʦ ʚʦʟʜʫʭʘ ʩ ʶʛʦ-ʚʦʩʪʦʢʘ. ɼʘʥʥʦʡ ʩʠʥʦʧ-

ʪʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʭʘʨʘʢʪʝʨʥʦ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʚʦʟʜʫʭʘ, ʘʢʪʠʚʥʦʝ ʩʥʝʛʦʪʘʷʥʠʝ. ʅʘ ʨʠʩʫʥʢʝ 

3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʨʪʘ ʘʙʩʦʣʶʪʥʦʡ ʪʦʧʦʛʨʘʬʠʠ 

ɸʊ850, ʛʜʝ ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʟʜʫʭʘ ʥʘ ʚʳʩʦʪʝ 1,5 ʢʤ, ʢʦʪʦʨʦʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʚʳʰʝʠʟʣʦʞʝʥʥʦʤʫ ʩʠʥʦʧʪʠʯʝʩʢʦʤʫ ʧʨʦʮʝʩʩʫ. 

ʅʘʙʣʶʜʘʝʪʩʷ ʛʨʝʙʝʥʴ ʪʝʧʣʘ, ʩʚʷʟʘʥʥʳʡ ʩ ʩʝʚʝʨʦ-ʟʘ-

ʧʘʜʦʤ ʈʦʩʩʠʠ ʠ ʚ ʪʦʤ ʯʠʩʣʝ ʩ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘ-

ʩʪʴʶ. 
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ʈʠʩʫʥʦʢ 3. ʉʠʥʦʧʪʠʯʝʩʢʘʷ ʢʘʨʪʘ ʘʙʩʦʣʶʪʥʦʡ ʪʦʧʦʛʨʘʬʠʠ ʥʘ ʫʨʦʚʥʝ 850 ʛʇʘ.  

ʊʠʧʠʯʥʘʷ ʩʠʥʦʧʪʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ ʧʝʨʝʜ ʚʝʩʝʥʥʠʤ ʧʘʚʦʜʢʦʤ ʥʘ ɽʤʮʝ (ʬʦʨʤʘ ɽ). 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʪʠʧʠʯʥʦʡ ʩʠʥʦʧʪʠʯʝʩʢʦʡ 

ʩʠʪʫʘʮʠʠ ʧʝʨʝʜ ʧʘʚʦʜʢʦʤ, ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʚʦ-

ʩʪʦʯʥʫʶ ʬʦʨʤʫ ʘʪʤʦʩʬʝʨʥʦʡ ʮʠʨʢʫʣʷʮʠʠ, ʢʘʢ ʩʧʦ-

ʩʦʙʩʪʚʫʶʱʫʶ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʚʝʩʝʥʥʝʛʦ ʥʘʚʦʜʥʝ-

ʥʠʷ ʥʘ ɽʤʮʝ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ, ʥʘ ʢʘʞʜʳʡ ʜʝʥʴ ʧʝʨʠʦʜʘ ʩ 15 

ʤʘʨʪʘ ʠ ʜʦ 31 ʤʘʷ ʙʳʣʦ ʨʘʩʩʯʠʪʘʥʦ ʥʘʢʦʧʣʝʥʥʦʝ ʢʦ-

ʣʠʯʝʩʪʚʦ ʜʥʝʡ ʩ ʚʦʩʪʦʯʥʦʡ ʬʦʨʤʦʡ ʮʠʨʢʫʣʷʮʠʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ 5 ʢʚʘʨʪʠʣʴ-

ʥʳʭ ʛʨʘʜʘʮʠʡ: çʩʨʝʜʥʝʝè (ʉ), çʚʳʰʝ ʩʨʝʜʥʝʛʦè 

(ɺʉ), çʥʠʞʝ ʩʨʝʜʥʝʛʦè (ʅʉ), çʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ 

ʩʨʝʜʥʝʛʦè (ɿɺʉ) ʠ çʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʩʨʝʜʥʝʛʦè 

(ɿʅʉ) ʠ ʙʳʣ ʧʦʩʪʨʦʝʥ ʛʨʘʬʠʢ ʥʘʢʦʧʣʝʥʥʳʭ ʜʥʝʡ ʩ 

ʚʦʩʪʦʯʥʦʡ ʬʦʨʤʦʡ ʮʠʨʢʫʣʷʮʠʠ ʜʣʷ ʢʘʞʜʦʛʦ ʚʝʩʝʥ-

ʥʝʛʦ ʧʦʣʦʚʦʜʴʷ ʟʘ ʧʝʨʠʦʜ ʩ 1936 ʧʦ 2016 ʛʛ. (ʨʠʩʫ-

ʥʦʢ 4). 

 

 
ʈʠʩʫʥʦʢ 4. ɿʘʚʠʩʠʤʦʩʪʴ ʜʘʪʳ ʥʘʯʘʣʘ ʚʝʩʝʥʥʝʛʦ ʧʦʣʦʚʦʜʴʷ ʥʘ ɽʤʮʝ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʜʥʝʡ  

ʩ ʚʦʩʪʦʯʥʦʡ ʬʦʨʤʦʡ ʮʠʨʢʫʣʷʮʠʠ (ʧʝʨʠʦʜ ʩ 1936 ʧʦ 2016 ʛʛ.). 
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ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʧʦ-

ʣʦʚʦʜʴʝʚ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʚ ʛʨʘʜʘʮʠʶ 

çʩʨʝʜʥʝʝè ʠ çʚʳʰʝ ʩʨʝʜʥʝʛʦè. ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, 

ʯʪʦ ʯʝʤ ʧʦʟʞʝ ʥʘʩʪʫʧʘʝʪ ʧʦʣʦʚʦʜʴʝ, ʪʝʤ ʤʝʥʴʰʝʝ 

ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʚʦʩʪʦʯʥʘʷ ʬʦʨʤʘ ʮʠʨʢʫʣʷʮʠʠ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʦʢʘ ʥʘʩʪʫʧʣʝʥʠʷ ʧʦʣʦʚʦʜʴʷ ʦʪ 

ʢʦʣʠʯʝʩʪʚʘ ʜʥʝʡ ʩ ɽ ʬʦʨʤʦʡ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʘ 

ʜʣʷ ʨʘʥʥʠʭ ʩʣʫʯʘʝʚ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʘʥʘʣʠʟʦʤ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʚʝʩʪʠ ʩʚʦʡ 

ʛʨʘʬʠʢ ʥʘʢʦʧʣʝʥʥʳʭ ʜʥʝʡ ʩ ʚʦʩʪʦʯʥʦʡ ʬʦʨʤʦʡ ʮʠʨ-

ʢʫʣʷʮʠʠ ʜʣʷ ʢʘʞʜʦʛʦ ʩʝʟʦʥʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʞʥʦ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦ ʚʳʷʚʠʪʴ 

ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʥʘʯʘʣʘ ʨʘʟʚʠʪʠʷ ʨʘʥ-

ʥʝʛʦ ʧʦʣʦʚʦʜʴʷ ʥʘ ʨʝʢʝ ɽʤʮʘ. 

ɼʣʷ ʦʮʝʥʢʠ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ ʚʦʟʥʠʢʥʦ-

ʚʝʥʠʷ ʧʦʣʦʚʦʜʴʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʝʢʘʜ-

ʥʳʡ ʧʨʦʛʥʦʟ ʧʨʝʦʙʣʘʜʘʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʬʦʨʤʳ 

ʮʠʨʢʫʣʷʮʠʠ ʥʘ ʘʧʨʝʣʴ ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ʠʥʩʪʠʪʫʪʘ ɸʨʢʪʠʢʠ ʠ ɸʥʪʘʨʢʪʠʢʠ (ɸɸʅʀʀ). ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʢʘʢʘʷ ʜʝʢʘʜʘ ʤʝ-

ʩʷʮʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʘʩʥʦʡ ʜʣʷ ʥʘʩʪʫʧʣʝʥʠʷ ʧʦʣʦʚʦ-

ʜʴʷ ʥʘ ʨʝʢʝ ɽʤʮʘ. 

ɺʳʚʦʜʳ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʪʦʤ, ʯʪʦ ʚʝʩʝʥʥʠʝ ʧʦʣʦʚʦʜʴʷ ʥʘ ʨʝʢʝ ɽʤʮʘ ʩʪʘʣʠ 

ʥʘʩʪʫʧʘʪʴ ʨʘʥʴʰʝ. ʕʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʩʜʚʠʛʫ ʥʘʯʘʣʘ ʚʝʩʥʳ ʥʘ ʙʦʣʝʝ ʨʘʥʥʠʝ ʩʨʦʢʠ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ 

ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʩʫʤʤʘ ʥʘʢʦʧʣʝʥʥʳʭ ʧʦʣʦʞʠ-

ʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʧʝʨʝʜ ʨʘʥʥʠʤʠ ʧʦʣʦʚʦʜʴʷʤʠ 

ʧʦʧʘʜʘʝʪ ʚ ʛʨʘʜʘʮʠʶ çʚʳʰʝ ʩʨʝʜʥʝʛʦè ʠ çʟʥʘʯʠ-

ʪʝʣʴʥʦ ʚʳʰʝ ʩʨʝʜʥʝʛʦè. 

ʇʝʨʝʜ ʨʘʥʥʠʤʠ ʧʦʣʦʚʦʜʴʷʤʠ ʧʨʝʦʙʣʘʜʘʝʪ ʚʦ-

ʩʪʦʯʥʘʷ ʬʦʨʤʘ ʮʠʨʢʫʣʷʮʠʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʥʘʜ ɸʨ-

ʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʴʶ ʥʘʙʣʶʜʘʝʪʩʷ ʛʨʝʙʝʥʴ ʪʝʧʣʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʅʀʈ ʧʦʩʪʨʦʝʥ ʛʨʘ-

ʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʩʨʦʢʦʚ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʣʦʚʦ-

ʜʴʝʚ ʥʘ ʨʝʢʝ ɽʤʮʘ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʜʥʝʡ ʩ ʚʦʩʪʦʯʥʦʡ 

ʬʦʨʤʦʡ ʮʠʨʢʫʣʷʮʠʠ. ʇʦʣʫʯʝʥʥʳʡ ʛʨʘʬʠʢ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʮʝʥʢʠ ʧʘʚʦʜʢʦʦʧʘʩʥʦʡ ʩʠʪʫʘʮʠʠ 

ʩ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦʩʪʴʶ ʚ ʤʝʩʷʮ. 
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ANALYSIS OF THE AIR ENVIRONMENT OF AN OIL PRODUCTION FACILITY  

 

ɸʥʥʦʪʘʮʠʷ 
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Abstract 

The article presents the analysis of atmospheric air at the production facility and the maximum permissible 

concentrations of the studied components are determined, as well as explosion-proof concentrations of the studied 

components of petroleum hydrocarbons are determined. 
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ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʝ 

ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʍʄɸʆ ʥʘ ʧʨʠʨʦʜʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ. ɿʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʥʝʬʪʴʶ, ʨʘʟʣʠʯʥʳʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʛʘ-

ʟʦʦʙʨʘʟʥʳʤʠ ʚʳʙʨʦʩʘʤʠ ʬʘʢʝʣʦʚ, ʧʨʦʠʟʚʦʜʩʪʚʝʥ-

ʥʳʤʠ ʠ ʙʳʪʦʚʳʤʠ ʦʪʭʦʜʘʤʠ. ɼʘʥʥʳʝ ʧʨʦʙʣʝʤʳ ʘʢ-

ʪʫʘʣʴʥʳ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʪʘʢ ʢʘʢ ʩʦʩʪʦʷʥʠʝ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʘʚʪʦʥʦʤʥʦʤ ʦʢʨʫʛʝ ʦʮʝʥʠ-

ʚʘʝʪʩʷ, ʢʘʢ ʥʝʙʣʘʛʦʧʦʣʫʯʥʦʝ [5]. ʅʘʠʙʦʣʴʰʠʡ 

ʚʢʣʘʜ ʚ ʟʘʛʨʷʟʥʝʥʠʝ ʘʪʤʦʩʬʝʨʳ ʚʥʦʩʷʪ ʧʨʝʜʧʨʠʷʪʠʷ 

ʥʝʬʪʝʛʘʟʦʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [6].  

ʅʝʬʪʝʜʦʙʳʚʘʶʱʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʷʚʣʷʝʪʩʷ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʘʛʨʷʟʥʝʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʮʝʣʦʤ, ʠ ʚ ʯʘʩʪʥʦʩʪʠ ʘʪʤʦ-

ʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ. ɺʦʟʤʦʞʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʝʜ-

ʧʨʠʷʪʠʡ ʦʪʨʘʩʣʠ ʥʘ ʩʦʩʪʦʷʥʠʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟ-

ʜʫʭʘ ʦʙʫʩʣʦʚʣʝʥʦ ʪʦʢʩʠʯʥʦʩʪʴʶ ʧʨʠʨʦʜʥʳʭ ʫʛʣʝ-

ʚʦʜʦʨʦʜʦʚ, ʠʭ ʩʧʫʪʥʠʢʦʚ, ʙʦʣʴʰʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ 

ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʘ ʪʘʢʞʝ ʚʦʟʨʘʩʪʘʶʱʠʤ ʦʙʲʝʤʦʤ 

ʜʦʙʳʯʠ ʥʝʬʪʠ, ʝʝ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʭʨʘʥʝʥʠʷ [1]. 

ɺʩʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʥʝʬʪʝʜʦʙʳʚʘʶ-

ʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʨʘʟʚʝʜʢʘ, ʙʫʨʝʥʠʝ, ʜʦʙʳʯʘ, 

ʩʙʦʨ, ʭʨʘʥʝʥʠʝ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʥʝʬʪʠ) ʧʨʠ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʭ ʫʩʣʦʚʠʷʭ ʥʘʨʫʰʘʶʪ ʝʩʪʝʩʪʚʝʥʥʫʶ 

ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʦʙʩʪʘʥʦʚʢʫ [2].  

ʅʘ ʦʙʲʝʢʪʘʭ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʭ ʫʩʪʘʥʦʚʦʢ, ʨʝʟʝʨʚʫʘʨʥʳʭ ʧʘʨʢʦʚ, ʥʝʬʪʝʩʙʦʨ-

ʥʳʭ ʧʫʥʢʪʦʚ, ʙʫʨʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʠ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ 

ʩʫʱʝʩʪʚʫʝʪ ʦʧʘʩʥʦʩʪʴ ʟʘʛʘʟʦʚʘʥʥʦʩʪʠ ʚʦʟʜʫʰʥʦʡ 

ʩʨʝʜʳ. ʇʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʨʦʚʝʜʝʥʠʠ ʨʘʙʦʪ ʚʦʟʜʫʰ-

ʥʫʶ ʩʨʝʜʫ ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʢʘʞʜʳʡ 

ʯʘʩ, ʪʘʢ ʢʘʢ ʥʝ ʠʩʢʣʶʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ 

ʚ ʨʘʙʦʯʫʶ ʟʦʥʫ ʚʟʨʳʚʦʧʦʞʘʨʦʦʧʘʩʥʳʭ ʠʣʠ ʚʨʝʜ-

ʥʳʭ ʧʘʨʦʚ, ʛʘʟʦʚ ʠ ʜʨʫʛʠʭ ʚʝʱʝʩʪʚ, ʩʧʦʩʦʙʥʳʭ ʚʳ-

ʟʚʘʪʴ ʚʟʨʳʚ, ʟʘʛʦʨʘʥʠʝ, ʦʢʘʟʘʪʴ ʚʨʝʜʥʦʝ ʚʦʟʜʝʡ-

ʩʪʚʠʝ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʠ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʛʘʟʦʚʘʥʥʦʩʪʠ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ 

ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʫʩʪʨʘʥʝʥʠʷ ʧʨʠʯʠʥ ʟʘʛʘʟʦʚʘʥʥʦ-

ʩʪʠ ʜʦʣʞʝʥ ʙʳʪʴ ʦʨʛʘʥʠʟʦʚʘʥ ʥʝʧʨʝʨʳʚʥʳʡ ʢʦʥ-

ʪʨʦʣʴ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʟʘ ʩʦʜʝʨʞʘʥʠʝʤ ʚʨʝʜʥʳʭ ʠ 

ʚʟʨʳʚʦʦʧʘʩʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʘʨʦʚ ʠ ʛʘʟʦʚ ʚ ʧʨʦ-

ʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʷʭ ʠ ʚ ʨʘʙʦʯʠʭ ʟʦʥʘʭ ʧʨʠ-

ʤʝʥʷʶʪ ʩʪʘʮʠʦʥʘʨʥʳʝ ʧʨʠʙʦʨʳ ʠ ʧʝʨʝʥʦʩʥʳʝ ʛʘʟʦ-

ʘʥʘʣʠʟʘʪʦʨʳ. ɼʘʥʥʳʝ ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʳ, ʧʨʝʜʥʘʟʥʘ-

ʯʝʥʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʦʙʲʝʤʥʦʡ ʜʦʣʠ ʤʝʪʘʥʘ, 

ʧʨʦʧʘʥʘ, ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ, ʢʠʩʣʦʨʦʜʘ, ʚʦʜʦʨʦʜʘ ʠ 

ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ, ʩʝʨʦʚʦʜʦ-

ʨʦʜʘ, ʜʠʦʢʩʠʜʘ ʩʝʨʳ, ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ, ʘʤʤʠʘʢʘ ʠ 

ʧʨʝʜʝʣʴʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʉ2-ʉ10) ʚ ʚʦʟʜʫʭʝ ʨʘʙʦ-

ʯʝʡ ʟʦʥʳ [3]. 

ɻʘʟʦʘʥʘʣʠʟʘʪʦʨʳ ʷʚʣʷʶʪʩʷ ʧʦʨʪʘʪʠʚʥʳʤʠ 

ʧʨʠʙʦʨʘʤʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ. ʉʧʦʩʦʙ ʟʘʙʦʨʘ 

ʧʨʦʙʳ ʧʨʠʥʫʜʠʪʝʣʴʥʳʡ [3].  

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʘʥʥʳʝ 

ʪʦʯʢʠ: ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ, ʨʝʟʝʨʚʫʘʨʳ ʜʣʷ 

ʭʨʘʥʝʥʠʷ ʥʝʬʪʠ, ʢʦʪʝʣʴʥʘʷ ˉ1, ʢʦʪʝʣʴʥʘʷ ˉ2, ɼʕʉ 

ˉ1, ɼʕʉ ̄ 2, ʣʘʙʦʨʘʪʦʨʠʷ. ɺ ʢʦʪʦʨʳʭ ʫʩʪʘʥʦʚʣʝʥʳ 

ʩʪʘʮʠʦʥʘʨʥʳʝ ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʳ ʜʣʷ ʢʦʥʪʨʦʣʷ ʚʦʟ-

ʜʫʭʘ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʟʦʥʘʭ. ʅʘ ʪʦʯʢʘʭ ʢʦʥʪʨʦʣʷ 

ʠʜʝʪ ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʠʟʤʝʨʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘ-

ʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. ɼʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʝʞʝʯʘʩʥʦʛʦ 

ʢʦʥʪʨʦʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʝʨʝʥʦʩʥʳʝ ʛʘʟʦʘʥʘʣʠʟʘ-

ʪʦʨʳ. ɿʘʤʝʨʳ ʧʨʦʚʦʜʠʣʠ ʚ ʨʘʙʦʯʠʭ ʟʦʥʘʭ.  

ʅʘ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʨʝʜʥʷʷ ʢʦʥ-

ʮʝʥʪʨʘʮʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ 

ʥʝ ʧʨʝʚʳʰʘʣʘ ʇɼʂ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʚʦʟʜʫʭʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʟʘʛʨʷʟʥʷʶ-

ʱʠʝ ʚʝʱʝʩʪʚʘ: ʜʠɾʝʣʝʟʦ ʪʨʠʦʢʩʠʜ, ʘʟʦʪ (IV), ʘʟʦʪ 

(II), ʫʛʣʝʨʦʜ, ʩʝʨʘ ʜʠʦʢʩʠʜ - ʘʥʛʠʜʨʠʜ ʩʝʨʥʠʩʪʳʡ, 

ʜʠʛʠʜʨʦʩʫʣʴʬʠʜ (ʩʝʨʦʚʦʜʦʨʦʜ), ʙʫʪʘʥ, ʛʝʢʩʘʥ, ʧʝʥ-

ʪʘʥ, ʤʝʪʘʥ, ʵʪʘʥ, ʙʝʥʟʦʣ, ʢʩʠʣʦʣ, ʬʦʨʤʘʣʴʜʝʛʠʜ. 

ɺ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣʦ ʫʩʪʘʥʦʚ-

ʣʝʥʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʝʬʪʠ (ʙʫ-

ʪʘʥ, ʛʝʢʩʘʥ, ʧʝʥʪʘʥ, ʤʝʪʘʥ, ʵʪʘʥ) ʚ ʘʪʤʦʩʬʝʨʥʦʤ 

ʚʦʟʜʫʭʝ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʥʝ ʧʨʝʚʳʰʘʣʦ ʤʘʢʩʠ-

ʤʘʣʴʥʦ ʨʘʟʦʚʫʶ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʫʶ ʢʦʥʮʝʥʪʨʘ-

ʮʠʶ(200,0 ʤʛ/ʤ3, 60,0 ʤʛ/ʤ3, 100,0 ʤʛ/ʤ3). ʇʦ ʤʝ-

ʪʘʥʫ ʠ ʵʪʘʥʫ (ʆɹʋɺ ʩʦʩʪʘʚʣʷʣ 50,0 ʤʛ/ʤ3, 50,0 

ʤʛ/ʤ3). (ʨʠʩ 1).  

 

 
ʈʠʩ. 1. ɸʥʘʣʠʟ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʫʪʘʥʘ 
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ʄʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʙʳʣʘ ʚ ʨʝʟʝʨʚʫʘʨʘʭ ʥʝʬʪʠ (179,0 ʤʛ/ʤ3), ʪʘʢ ʢʘʢ 

ʪʘʤ ʜʦʣʛʦʝ ʚʨʝʤʷ ʭʨʘʥʠʪʩʷ ʥʝʬʪʴ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʩʚʦʡʩʪʚʦ ʚʳʜʝʣʷʪʴ ʛʘʟʳ, ʤʠʥʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʳʣʘ 

ʥʘ ʜʠʟʝʣʴʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ (30,0 ʤʛ/ʤ3) (ʨʠʩ.1). 

 

 
ʈʠʩ. 2. ɸʥʘʣʠʟ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʝʢʩʘʥʘ 

 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʛʝʢʩʘʥʘ ʙʳʣʘ ʚ ʨʝʟʝʨʚʫʘʨʘʭ ʥʝʬʪʠ (45,0 ʤʛ/ʤ3), ʢʦʪʦʨʘʷ ʜʦʩʪʠʛʘʝʪʩʷ ʠʟ-

ʟʘ ʠʩʧʘʨʝʥʠʡ ʥʝʬʪʠ (ʨʠʩ.2). 

 

 
ʈʠʩ. 3. ʂʦʥʮʝʥʪʨʘʮʠʷ ʧʝʥʪʘʥʘ 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʝʥʪʘʥʘ ʙʳʣʘ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʝ ʠ ʚ ʨʝ-

ʟʝʨʚʫʘʨʘʭ (56,0 ʠ 42,0 ʤʛ/ʤ3). ʊʘʢ ʢʘʢ ʪʘʤ ʧʨʦʠʩʭʦʜʠʪ ʦʪʩʪʘʠʚʘʥʠʝ, ʠ ʦʪʩʣʘʠʚʘʥʠʝ ʩʤʝʩʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʙʦʣʴʰʠʤ ʠʩʧʘʨʝʥʠʷʤ ʥʝʬʪʠ (ʨʠʩ.3). 

 

 
ʈʠʩ. 4. ʉʦʜʝʨʞʘʥʠʝ ʤʝʪʘʥʘ ʚ ʨʘʙʦʯʠʭ ʟʦʥʘʭ 
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ʉʦʜʝʨʞʘʥʠʝ ʤʝʪʘʥʘ (32,0 ʤʛ/ʤ3) ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚ ʨʝʟʝʨʚʫʘʨʘʭ ʭʨʘʥʝʥʠʷ ʥʝʬʪʠ. ʅʘʣʠʯʠʝ ʤʝʪʘʥʘ ʚ ʨʘ-

ʙʦʯʠʭ ʟʦʥʘʭ ʙʳʣʦ ʨʘʟʦʚʳʤ (ʨʠʩ.4). 

 

 
ʈʠʩ. 5. ʂʦʣʠʯʝʩʪʚʦ ʵʪʘʥʘ ʚ ʪʦʯʢʘʭ ʦʪʙʦʨʘ ʧʨʦʙ ʚʦʟʜʫʭʘ 

 

ʉʦʝʜʠʥʝʥʠʷ ʵʪʘʥʘ ʚ ʚʦʟʜʫʭʝ ʨʘʟʦʚʳʝ ʠ ʚʨʝʤʝʥʥʳʝ ʠ ʟʘʚʠʩʷʪ ʦʪ ʨʘʙʦʪ ʧʨʦʚʦʜʠʤʳʭ ʚ ʪʦʯʢʘʭ ʦʪʙʦʨʘ. 

ʅʘʣʠʯʠʝ ʵʪʘʥʘ ʚ ʦʩʪʘʣʴʥʳʭ ʪʦʯʢʘʭ ʦʪʙʦʨʘ ʦʪʩʫʪʩʪʚʫʶʪ (ʨʠʩ.5). 

 

 
ʈʠʩ. 6. ʂʦʥʮʝʥʪʨʘʮʠʷ ʙʝʥʟʦʣʘ 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʝʥʟʦʣʘ ʙʳʣʘ ʚ ʨʝʟʝʨʚʫʘʨʘʭ (0,01 ʤʛ/ʤ3) ʠ ʚ ʣʘʙʦʨʘʪʦʨʠʠ (0,02 ʤʛ/ʤ3). 

ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʩʤʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʧʨʠʩʘʜʦʢ, ʜʣʷ ʧʦ-

ʣʫʯʝʥʠʷ ʪʦʚʘʨʥʳʭ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ (ʨʠʩ.6).  

 

 
ʈʠʩ. 7. ʂʦʥʮʝʥʪʨʘʮʠʷ ʢʩʠʣʦʣʘ 
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ʄʘʢʩʠʤʘʣʴʥʘʷ ʨʘʟʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʩʠʣʦʣʘ ʙʳʣʘ ʪʦʣʴʢʦ ʚ ʨʝʟʝʨʚʫʘʨʘʭ (0,01 ʤʛ/ʤ3), ʟʘ ʩʯʝʪ ʜʦʙʘʚ-

ʣʝʥʠʷ ʧʨʠʩʘʜʦʢ, ʜʣʷ ʦʪʩʣʘʠʚʘʥʠʷ ʥʝʬʪʠ (ʨʠʩ.7). 

 

 
ʈʠʩ. 8. ʂʦʥʮʝʥʪʨʘʮʠʷ ʬʦʨʤʘʣʴʜʝʛʠʜʘ 

 

ʌʦʨʤʘʣʴʜʝʛʠʜ ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʦʚʘʣ ʚ ʪʦʯʢʘʭ ʦʪʙʦʨʘ, ʢʨʦʤʝ ʣʘʙʦʨʘʪʦʨʠʠ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʰʝ-

ʥʠʷ ʨʝʘʛʝʥʪʦʚ, ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʦʚ (ʨʠʩ.8). 

 

 
ʈʠʩ. 9. ʂʦʥʮʝʥʪʨʘʮʠʷ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ 

 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʫʛʣʝʨʦʜʘ (ʩʘʞʘ) ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʦʙʲʝʢʪʝ ʙʳʣʘ ʚ ʧʨʝʜʝʣʘʭ ʜʦʧʫʩʪʠʤʦʡ ʤʘʢʩʠ-

ʤʘʣʴʥʦ ʨʘʟʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʜʦ 0,15 ʤʛ/ʤ3). ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʙʳʣʦ ʥʘ ʜʠʟʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ (0,11 

ʤʛ/ʤ3).  

 
ʈʠʩ. 10. ʂʦʥʮʝʥʪʨʘʮʠʷ ʦʢʩʠʜʘ ʘʟʦʪʘ, ʤʛ/ʤ3 
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ʆʢʩʠʜ ʘʟʦʪʘ ʚ ʪʦʯʢʘʭ ʦʪʙʦʨʘ ʥʝ ʧʨʝʚʳʰʘʣ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘ-

ʯʝʥʠʝ (0,2 ʤʛ/ʤ3) ʙʳʣ ʚ ʨʝʟʝʨʚʫʘʨʘʭ, ʪʘʢ ʢʘʢ ʪʘʤ ʭʨʘʥʠʪʩʷ ʥʝʬʪʴ, ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʫʯʝʪʘ. ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʙʳʣʦ ʚ ʪʦʯʢʘʭ ʦʪʙʦʨʘ ʧʨʦʙ ʢʦʪʝʣʴʥʘʷ ˉ1, 2 (ʨʠʩ.10).  

 

 
ʈʠʩ. 11. ʂʦʥʮʝʥʪʨʘʮʠʷ ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ, ʤʛ/ʤ3 

 

ɼʠʦʢʩʠʜ ʘʟʦʪʘ ʠʤʝʣ ʨʘʟʦʚʫʶ ʩʨʝʜʥʝʩʫʪʦʯʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʠ ʥʝ ʧʨʝʚʳʰʘʣ ʥʦʨʤʫ. ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʨʘʟʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʳʣʘ ʚ ʨʝʟʝʨʚʫʘʨʘʭ (0,006ʤʛ/ʤ3). ʅʝʬʪʴ, ʥʘʭʦʜʷʱʘʷʩʷ ʚ ʝʤʢʦʩʪʷʭ, ʚʭʦʜʠʪ ʚ ʨʝʘʢʮʠʠ 

ʩ ʜʦʙʘʚʣʷʝʤʳʤʠ ʚʝʱʝʩʪʚʘʤʠ. 

 

 
ʈʠʩ. 12. ʂʦʥʮʝʥʪʨʘʮʠʷ ʩʝʨʦʚʦʜʦʨʦʜʘ, ʤʛ/ʤ3 

 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʨʘʟʦʚʘʷ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʝʨʦʚʦʜʦʨʦʜʘ (0,0002 ʤʛ/ʤ3). ɺ ʦʩʪʘʣʴ-

ʥʳʭ ʪʦʯʢʘʭ ʦʪʙʦʨʘ ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʦʚʘʣʘ. 

 
ʈʠʩ. 13. ʂʦʥʮʝʥʪʨʘʮʠʷ ʦʢʩʠʜʘ ʩʝʨʳ 
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ʂʦʥʮʝʥʪʨʘʮʠʷ ʦʢʩʠʜʘ ʩʝʨʳ ʚ ʘʪʤʦʩʬʝʨʥʦʤ ʚʦʟʜʫʭʝ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʥʝ ʧʨʝʚʳʰʘʣʦ ʩʨʝʜʥʝʩʫʪʦʯʥʫʶ 

ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʚʝʱʝʩʪʚ ʙʳʣʘ ʚ ʨʝʟʝʨ-

ʚʫʘʨʘʭ (0,06 ʤʛ/ʤ3), ʪʘʢ ʢʘʢ ʪʘʤ ʥʝʬʪʴ ʥʘʭʦʜʠʪʩʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʠ ʥʘʢʘʧʣʠʚʘʝʪ ʚ ʩʝʙʝ ʦʢʩʠʜʳ 

ʩʝʨʳ. 

 

 
ʈʠʩ. 14. ʉʨʝʜʥʝʩʫʪʦʯʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʠʘʣʶʤʠʥʠʷ ʪʨʠʦʢʩʠʜʘ 

 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʳʣʠ ʚ ʪʦʯʢʘʭ ʦʪʙʦʨʘ ʢʦʪʝʣʴʥʘʷ ˉ1, ˉ2 (0,0003 ʠ 0,0005), 

ʢʦʪʦʨʳʝ ʜʦʩʪʠʛʘʣʠʩʴ ʟʘ ʩʯʝʪ ʧʨʦʚʦʜʠʤʳʭ ʪʘʤ ʨʘʙʦʪ. 

 

 
ʈʠʩ. 15. ʉʨʝʜʥʝʩʫʪʦʯʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʢʩʠʜʘ ʞʝʣʝʟʘ 

 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʳʣʠ ʚ ʪʦʯʢʘʭ ʦʪʙʦʨʘ ʧʨʦʙ ʢʦʪʝʣʴʥʘʷ ˉ1, ʢʦʪʝʣʴʥʘʷ ˉ2 (0,002 

ʠ 0,006 ʤʛ/ʤ3), ʢʦʪʦʨʳʝ ʜʦʩʪʠʛʘʣʠʩʴ ʟʘ ʩʯʝʪ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ. 

 

ʇʨʝʜʝʣʳ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʛʘʟʦʚ ʚ ʩʤʝʩʠ ʩ ʚʦʟʜʫʭʦʤ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʦʙʲʝʢʪʝ, ʤʛ/ʤ3 

ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʧʨʝʜʝʣʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ ʥʝ ʧʨʝʚʳʰʘʶʪ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʫʶ ʚʟʨʳ-

ʚʦʙʝʟʦʧʘʩʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʛʘʟʦʚ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʠʤʝʩʝʡ ʠ ʛʘʟʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʨʝʟʝʨʚʫ-

ʘʨʘʭ ʥʝʬʪʠ (412 ʠ 456 ʤʛ/ʤ3) ʠ ʚ ʪʦʯʢʘʭ ʫʯʝʪʘ ʥʝʬʪʠ (200 ʠ 320 ʤʛ/ʤ3). ʅʝʬʪʴ, ʥʘʭʦʜʷʱʘʷʩʷ ʚ ʝʤʢʦʩʪʷʭ ʠ 

ʮʠʩʪʝʨʥʘʭ ʥʘʢʘʧʣʠʚʘʝʪ ʚʟʨʳʚʦʦʧʘʩʥʳʝ ʧʘʨʳ (ʪʘʙ. 10, ʨʠʩ. 7,8). 

 

ʊʘʙʣʠʮʘ 1 

ʇʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʚʟʨʳʚʦʙʝʟʦʧʘʩʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʝʬʪʠ ʠ ʤʝʪʘʥʘ 
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ʈʠʩ. 16. ɺʟʨʳʚʦʙʝʟʦʧʘʩʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʉ2-ʉ10 , ʤʛ/ʤ3 

 

ʈʠʩ. 17. ɺʟʨʳʚʦʙʝʟʦʧʘʩʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ CH4, ʤʛ/ʤ3 

 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʥʘʙʣʶʜʘʣʠʩʴ ʚʟʨʳʚʦʙʝʟʦʧʘʩʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʛ-

ʣʝʚʦʜʦʨʦʜʦʚ ʥʝʬʪʠ ʥʘ ʚʩʝʭ ʪʦʯʢʘʭ ʦʪʙʦʨʘ ʧʨʦʙ ʚʦʟ-

ʜʫʭʘ. ɺ ʨʘʟʳ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʘʟʦʚ ʠ ʧʨʠʤʝ-

ʩʝʡ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʜʝʛʘʟʘʮʠʷ ʝʤʢʦʩʪʝʡ ʠ ʮʠʩʪʝʨʥ, 

ʯʪʦʙʳ ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ ʚʟʨʳʚʦʦʧʘʩʥʦʩʪʠ ʩʢʦʧʠʚ-

ʰʠʭʩʷ ʛʘʟʦʚ. 
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ɺʳʚʦʜʳ 

1. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʦʪʥʦ-

ʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʥʝʬʪʴ, ʩʚʦʡʩʪʚʘ, ʠʟʫʯʘʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʤʦʛʫʪ 

ʨʘʟʣʠʯʘʪʴʩʷ.  

2. ʇʝʨʝʥʦʩʥʳʝ ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʳ ʧʦʟʚʦʣʷʶʪ 

ʙʳʩʪʨʦ ʠ ʪʦʯʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʥʘ ʣʶʙʳʭ ʚʳʙʨʘʥʥʳʭ ʪʦʯʢʘʭ ʦʪ-

ʙʦʨʘ ʧʨʦʙ ʚʦʟʜʫʭʘ. 

3. ʂʦʥʮʝʥʪʨʘʮʠʠ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʚʦʟʜʫʭʝ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʡ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʥʝ 

ʧʨʝʚʳʰʘʶʪ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ. 
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STATE AND PROSPECTS FOR THE DEVELOPMENT OF THE ARKHANGELSK REGIONôS 

MINERAL RESOURCES  

 

ɸʥʥʦʪʘʮʠʷ 

ʇʝʨʩʧʝʢʪʠʚʘ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʨʦʩʩʠʡʩʢʠʭ ʨʝʛʠʦʥʦʚ ʦʙʫʩʣʦʚʣʝʥʘ ʦʙʝʩʧʝʯʝʥʥʦ-

ʩʪʴʶ ʠʭ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʤʠ ʨʝʩʫʨʩʘʤʠ. ʅʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʵʢʦʥʦʤʠʢʫ ʨʝʛʠʦʥʘ ʦʧʨʝʜʝʣʷʶʪ ʤʝ-

ʩʪʦʨʦʞʜʝʥʠʷ ʘʣʤʘʟʦʚ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʩʦʩʪʦʷʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʦʩʚʦʝʥʠʷ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ 

ʨʝʛʠʦʥʘ. ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʧʨʦʙʣʝʤ ʨʝʩʫʨʩʦʚ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʝʪʩʷ ʚ ʮʝʣʦʤ ʩʣʘʙʘʷ ʨʝʛʠʦʥʘʣʴʥʘʷ 

ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʠʟʫʯʝʥʥʦʩʪʴ ʪʝʨʨʠʪʦʨʠʠ.  

Abstract 

The prospect of the economic development of most Russian regions depends on the availability of their min-

eral resources. Currently, the Arkhangelsk regionôs economy is determined by diamond deposits. The article is 

reviewed the state and prospects of the development of mineral resources in the region. One of the main problems 

of the resource development in the region is a generally low geological exploration of the territory.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ, ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʝ ʨʝʩʫʨʩʳ, ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣʘʩʪʴ, ʩʦ-

ʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʨʝʛʠʦʥʘ. 

Key words: mineral resources, mineral deposits, the Arkhangelsk region, socio-economic development of 

regions.  

 

ʇʝʨʩʧʝʢʪʠʚʘ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʙʦʣʴ-

ʰʠʥʩʪʚʘ ʨʦʩʩʠʡʩʢʠʭ ʨʝʛʠʦʥʦʚ ʦʙʫʩʣʦʚʣʝʥʘ ʦʙʝʩʧʝ-

ʯʝʥʥʦʩʪʴʶ ʠʭ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʤʠ ʨʝʩʫʨʩʘʤʠ. 

ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣʘʩʪʴ ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ 

ʢʨʫʧʥʳʭ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʦʙʨʘ-

ʟʦʚʘʥʠʡ, ʧʨʠ ʵʪʦʤ ʩʝʤʴ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘ-

ʥʠʡ (ʛʛ. ɸʨʭʘʥʛʝʣʴʩʢ, ʉʝʚʝʨʦʜʚʠʥʩʢ, ʅʦʚʦʜʚʠʥʩʢ; 

ʆʥʝʞʩʢʠʡ, ʇʨʠʤʦʨʩʢʠʡ, ʄʝʟʝʥʩʢʠʡ ʤʫʥʠʮʠʧʘʣʴ-

ʥʳʝ ʨʘʡʦʥʳ, ʅʦʚʘʷ ɿʝʤʣʷ) ʚ ʝʝ ʛʨʘʥʠʮʘʭ ʦʪʥʝʩʝʥʳ 

ʢ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ.  

ʅʝʜʨʘ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʠʤʝʶʪ ʧʨʘʢʪʠ-

ʯʝʩʢʠ ʚʝʩʴ ʩʧʝʢʪʨ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ ï 

ʙʦʣʝʝ 25 ʚʠʜʦʚ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʧʦʤʠʤʦ ʦʙ-

ʱʝʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ, ʩʧʦʩʦʙʥʳʭ ʦʙʝʩʧʝʯʠʪʴ ʧʦ-

ʪʨʝʙʥʦʩʪʠ ʵʢʦʥʦʤʠʢʠ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʝ ʪʦʣʴʢʦ 
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ʦʙʣʘʩʪʠ, ʥʦ ʠ ʩʦʩʝʜʥʠʭ ʩʫʙʲʝʢʪʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝ-

ʜʝʨʘʮʠʠ. ʅʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʚ ʨʝʛʠʦʥʝ ʚʝʜʝʪʩʷ 

ʜʦʙʳʯʘ ʘʣʤʘʟʦʚ, ʙʦʢʩʠʪʦʚ, ʠʟʚʝʩʪʥʷʢʦʚ ʜʣʷ ʮʝʣʣʶ-

ʣʦʟʥʦ-ʙʫʤʘʞʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʦʙʱʝʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʥʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʦʜʥʘʢʦ ʵʢʦʥʦ-

ʤʠʢʫ ʦʙʣʘʩʪʠ (ʥʝ ʚʢʣʶʯʘʷ ʅʝʥʝʮʢʠʡ ʘʚʪʦʥʦʤʥʳʡ 

ʦʢʨʫʛ) ʦʧʨʝʜʝʣʷʶʪ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʘʣʤʘʟʦʚ, ʢʦʪʦ-

ʨʳʝ ʠʛʨʘʶʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʩʳʨʴʝʚʦʤ ʧʦʪʝʥ-

ʮʠʘʣʝ ʥʝ ʪʦʣʴʢʦ ʨʝʛʠʦʥʘ, ʥʦ ʠ ʈʦʩʩʠʠ ʚ ʮʝʣʦʤ 

(26,4% ʦʙʱʝʨʦʩʩʠʡʩʢʠʭ ʟʘʧʘʩʦʚ). ɺ ʥʦʚʳʭ ʵʢʦʥʦ-

ʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʩʥʦʚʥʳʝ 

ʧʨʦʙʣʝʤʳ ʩʚʷʟʘʥʳ ʩ ʨʘʩʰʠʨʝʥʠʝʤ ʟʘʧʘʩʦʚ, ʧʦʚʳ-

ʰʝʥʠʝʤ ʢʘʯʝʩʪʚʘ ʨʫʜʳ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʪʝʭ-

ʥʦʣʦʛʠʠ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ. 

ʅʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ ʠ ʨʝʩʫʨ-

ʩʦʚ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥ-

ʥʦʝ ʚʣʠʷʥʠʝ ʚʳʩʦʢʦʰʠʨʦʪʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʙʦʣʴʰʘʷ 

ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʩ ʩʝʚʝʨʘ ʥʘ ʶʛ ʠ ʩ ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ, 

ʙʣʠʟʦʩʪʴ ʉʝʚʝʨʥʦʛʦ ʃʝʜʦʚʠʪʦʛʦ ʦʢʝʘʥʘ. ɻʝʦʣʦʛʠʯʝ-

ʩʢʦʝ ʦʧʠʩʘʥʠʝ ʧʦʜʦʙʥʳʭ ʢʨʫʧʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʩʚʷ-

ʟʘʥʦ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ 

ʦʭʚʘʪʳʚʘʶʪ ʩʪʨʫʢʪʫʨʳ ʩ ʨʘʟʣʠʯʥʳʤ ʛʝʦʣʦʛʠʯʝʩʢʠʤ 

ʩʪʨʦʝʥʠʝʤ ʠ ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ ʠʟʫʯʝʥʥʦʩʪʠ. ɹʦʣʴ-

ʰʘʷ ʯʘʩʪʴ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ 

ʩʝʚʝʨʥʦʡ ʦʢʨʘʠʥʝ ʈʫʩʩʢʦʡ ʧʣʠʪʳ ï ʪʝʢʪʦʥʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʧʣʘʪʬʦʨʤʳ, 

ʠʤʝʶʱʝʡ ʜʚʫʭʲʷʨʫʩʥʦʝ ʩʪʨʦʝʥʠʝ: ʢʨʠʩʪʘʣʣʠʯʝ-

ʩʢʠʡ ʬʫʥʜʘʤʝʥʪ, ʧʝʨʝʢʨʳʪʳʡ ʦʩʘʜʦʯʥʳʤ ʯʝʭʣʦʤ. 

ɺʦʟʨʘʩʪ ʬʫʥʜʘʤʝʥʪʘ ï ʘʨʭʝʡʩʢʦ-ʨʘʥʥʝʧʨʦʪʝʨʦʟʦʡ-

ʩʢʠʡ. ʄʦʱʥʦʩʪʴ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ ʥʝʧʦʩʪʦʷʥʥʘ: ʥʘ 

ʟʘʧʘʜʝ ʦʙʣʘʩʪʠ ʚ ʧʨʝʜʝʣʘʭ ɹʘʣʪʠʡʩʢʦʛʦ ʱʠʪʘ ʬʫʥ-

ʜʘʤʝʥʪ ʧʣʠʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ 

ʧʦʨʦʜʘʤʠ ʜʦʢʝʤʙʨʠʷ, ʚʳʭʦʜʠʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ; ʚ 

ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʛʨʫʞʝʥʠʝ 

ʬʫʥʜʘʤʝʥʪʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʱʥʦʩʪʠ ʦʩʘʜʦʯʥʦʛʦ 

ʯʝʭʣʘ ʜʦ 8 ʢʤ ʥʘ ʛʨʘʥʠʮʝ ʩ ʂʘʥʠʥʦ-ʊʠʤʘʥʩʢʦʡ 

ʩʢʣʘʜʯʘʪʦʡ ʩʠʩʪʝʤʦʡ. ʈʘʩʩʤʦʪʨʠʤ ʨʫʜʥʳʝ ʧʦʣʝʟ-

ʥʳʝ ʠʩʢʦʧʘʝʤʳʝ ʚʤʝʩʪʝ ʩ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʦʡ ʨʝʛʠʦʥʘ. 

ɺ ʩʪʨʦʝʥʠʠ ɹʘʣʪʠʡʩʢʦʛʦ ʱʠʪʘ ʚʳʜʝʣʷʶʪ ʥʝ-

ʩʢʦʣʴʢʦ ʩʝʛʤʝʥʪʦʚ ʟʝʤʥʦʡ ʢʦʨʳ ʩ ʠʥʜʠʚʠʜʫʘʣʴ-

ʥʳʤʠ ʯʝʨʪʘʤʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʨʘʟʥʦʡ 

ʠʩʪʦʨʠʝʡ. ʊʝʨʨʠʪʦʨʠʶ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ 

ʦʭʚʘʪʳʚʘʝʪ ʪʦʣʴʢʦ ʶʛʦ-ʚʦʩʪʦʯʥʘʷ ʝʛʦ ʯʘʩʪʴ ï ʚʦ-

ʩʪʦʢ ʂʦʣʴʩʢʦ-ʂʘʨʝʣʴʩʢʦʛʦ ʩʝʛʤʝʥʪʘ, ʨʘʟʜʝʣʝʥʥʳʡ 

ʥʘ ʥʝʩʢʦʣʴʢʦ ʢʨʫʧʥʳʭ ʙʣʦʢʦʚ ʟʝʤʥʦʡ ʢʦʨʳ, ʛʨʘʥʠ-

ʯʘʱʠʭ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʟʦʥʘʤ ʨʘʟʣʦʤʦʚ [3, ʩ.62]. 

ʉʧʝʢʪʨ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ɹʘʣʪʠʡʩʢʦʛʦ ʱʠʪʘ 

ʯʨʝʟʚʳʯʘʡʥʦ ʰʠʨʦʢ, ʥʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʦʙʣʘʩʪʠ ʩʯʠ-

ʪʘʝʪʩʷ ʥʝ ʠʤʝʶʱʠʤ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ. ɺ 

ʧʨʝʜʝʣʘʭ ɺʝʪʨʝʥʦʛʦ ʧʦʷʩʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʩʪʨʫʢ-

ʪʫʨʥʦ-ʜʝʥʫʜʘʮʠʦʥʥʦʡ ʢʨʷʞʝʚʦʡ ʚʦʟʚʳʰʝʥʥʦʩʪʴʶ 

ɹʘʣʪʠʡʩʢʦʛʦ ʱʠʪʘ, ʠʟʚʝʩʪʥʳ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʧʨʦ-

ʷʚʣʝʥʠʷ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ (ʂʦʞʦʟʝʨʩʢʦʝ ʠ ʅʠ-

ʤʝʥʛʩʢʦʝ ʨʫʜʥʳʝ ʧʦʣʷ), ʥʘ ʶʛʦ-ʚʦʩʪʦʢʝ ï ʩʠʣʠʢʘʪ-

ʥʳʝ ʥʠʢʝʣʝʚʳʝ ʨʫʜʳ (ʉʝʟʩʢʦʝ ʠ ʊʘʣʠʮʢʦʝ), ʩʫʣʴ-

ʬʠʜʥʦʝ ʤʝʜʥʦ-ʥʠʢʝʣʝʚʦʝ ʦʨʫʜʥʝʥʠʝ 

(ɺʦʣʦʰʦʚʩʢʦʝ). 

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘ ʚʳʷʚʣʝʥʠʝ ʟʦʣʦ-

ʪʦʛʦ ʦʨʫʜʥʝʥʠʷ ʧʣʦʱʘʜʠ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʟʘʧʘʜʝ 

ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʧʨʝʜʝʣʘʭ ʉʫʤʦʟʝʨʩʢʦ-ʂʝ-

ʥʦʟʝʨʩʢʦʡ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʡ ʟʦʥʳ. ʇʨʦʷʚʣʝʥʠʷ ʠ 

ʧʫʥʢʪʳ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʟʦʣʦʪʘ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 

ʧʦʧʫʪʥʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʙʦʪ ʥʘ ʜʨʫʛʠʝ ʧʦʣʝʟʥʳʝ 

ʠʩʢʦʧʘʝʤʳʝ. ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʦʠʩʢʦʚʳʝ ʨʘ-

ʙʦʪʳ ʥʘ ʟʦʣʦʪʦ ʧʨʦʚʝʜʝʥʳ ʚ ʦʯʝʥʴ ʥʝʙʦʣʴʰʠʭ ʦʙʲ-

ʝʤʘʭ, ʧʦʵʪʦʤʫ ʘʚʪʦʨʩʢʠʝ ʦʮʝʥʢʠ ʢʦʥʢʨʝʪʥʳʭ ʧʨʦʷʚ-

ʣʝʥʠʡ ʫ ʨʘʟʥʳʭ ʘʚʪʦʨʦʚ ʯʘʩʪʦ ʦʪʣʠʯʘʶʪʩʷ ʥʘ ʥʝ-

ʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ [2, ʩ.7]. 

ʉʝʚʝʨʦ-ʆʥʝʞʩʢʠʡ ʙʦʢʩʠʪʦʚʳʡ ʨʘʡʦʥ ʨʘʩʧʦʣʦ-

ʞʝʥ ʚ ʟʦʥʝ ʩʦʯʣʝʥʝʥʠʷ ʶʛʦ-ʚʦʩʪʦʢʘ ɹʘʣʪʠʡʩʢʦʛʦ 

ʱʠʪʘ ʠ ʄʝʟʝʥʩʢʦʡ ʩʠʥʝʢʣʠʟʳ. ʀʢʩʠʥʩʢʦʝ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʝ ʙʦʢʩʠʪʦʚ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʩ 1975 ʛ. ʉʜʝʨ-

ʞʠʚʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʨʘʟʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʠʡ 

ʢʨʝʤʥʠʝʚʳʡ ʤʦʜʫʣʴ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʢʘʯʝʩʪʚʦ 

ʙʦʢʩʠʪʦʚ.  

ʉʝʚʝʨʥʘʷ ʯʘʩʪʴ ʈʫʩʩʢʦʡ ʧʣʠʪʳ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʦʩʘʜʦʯʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʚʝʥʜʘ ʠ ʬʘʥʝʨʦʟʦʷ. 

ʊʝʨʨʠʪʦʨʠʷ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʩʪʳʢʝ ɹʘʣʪʠʡʩʢʦʛʦ 

ʱʠʪʘ ʩ ʦʩʘʜʦʯʥʳʤ ʯʝʭʣʦʤ. ʈʘʥʥʠʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ 

ʩʚʷʟʘʥ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʬʫʥʜʘʤʝʥʪʘ ʧʣʠʪʳ. ɺ ʘʨ-

ʭʝʝ ʦʙʨʘʟʫʝʪʩʷ ʅʦʚʛʦʨʦʜʩʢʠʡ ʤʝʟʦʙʣʦʢ, ʚ ʨʘʥʥʝʤ 

ʧʨʦʪʝʨʦʟʦʝ ʘʢʪʠʚʠʟʠʨʫʝʪʩʷ ʨʘʟʨʳʚʥʘʷ ʪʝʢʪʦʥʠʢʘ ʠ 

ʧʨʦʠʩʭʦʜʷʪ ʙʣʦʢʦʚʳʝ ʜʚʠʞʝʥʠʷ, ʚ ʨʠʬʝʝ ʚʦʟʥʠʢʘʶʪ 

ʣʠʥʝʡʥʦ-ʚʳʪʷʥʫʪʳʝ ʧʨʦʛʠʙʳ (ʇʘʰʩʢʠʡ, ʆʨʰʘʥ-

ʩʢʠʡ, ʂʨʝʩʪʝʮʢʠʡ), ʚ ʚʝʥʜʝ ʟʘʢʣʘʜʳʚʘʝʪʩʷ ʄʦʩʢʦʚ-

ʩʢʘʷ ʩʠʥʝʢʣʠʟʘ, ʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʬʘʥʝʨʦʟʦʷ 

ʬʦʨʤʠʨʫʝʪʩʷ ʦʩʘʜʦʯʥʳʡ ʯʝʭʦʣ. ʊʘʢʦʝ ʩʚʦʝʦʙʨʘʟʠʝ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʠʩʪʦʨʠʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʘʟʚʠʪʠʷ ʦʧʨʝʜʝʣʠʣʦ ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʥʝʨʘʛʝʥʠʠ 

ʜʘʥʥʦʛʦ ʨʝʛʠʦʥʘ. ʆʩʥʦʚʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʄʝʟʝʥ-

ʩʢʦʡ ʩʠʥʝʢʣʠʟʳ ʩʚʷʟʘʥʳ ʩ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʥʝʬʪʝʛʘ-

ʟʦʥʦʩʥʦʩʪʴʶ ʨʠʬʝʡʩʢʠʭ ʠ ʚʝʥʜʩʢʠʭ ʦʪʣʦʞʝʥʠʡ, ʥʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ ʧʦʢʘ ʥʝ 

ʫʩʪʘʥʦʚʣʝʥʳ. ʅʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʚ ʧʨʝʜʝʣʘʭ ʇʝʰ-

ʩʢʦʡ ʚʧʘʜʠʥʳ ʦʪʢʨʳʪʳ ɹʝʟʤʦʰʠʮʢʦʝ ʠ ʇʨʠʱʘʪʠ-

ʥʠʮʢʦʝ ʧʨʦʷʚʣʝʥʠʷ ʤʘʨʛʘʥʮʝʚʳʭ ʨʫʜ.  

ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʚ ʙʣʠʞʘʡʰʝʡ ʧʝʨʩʧʝʢ-

ʪʠʚʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʇʘʚʣʦʚʩʢʦʝ ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʦʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʥʘ ʅʦʚʦʡ ɿʝʤʣʝ ʩ ʧʨʦʛʥʦʟʥʳʤʠ ʨʝ-

ʩʫʨʩʘʤʠ ʙʦʣʝʝ 19 ʤʣʥ ʪ ʩʚʠʥʮʘ ʠ ʮʠʥʢʘ, ʩʦʪʥʷʤʠ 

ʪʦʥʥ ʩʝʨʝʙʨʘ. ʉʜʝʨʞʠʚʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʦʩʚʦʝʥʠʷ 

ʅʦʚʦʡ ɿʝʤʣʠ ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʵʪʘ ʪʝʨʨʠʪʦʨʠʷ 

ʷʚʣʷʝʪʩʷ ʟʘʢʨʳʪʦʡ ʚʦʝʥʥʦʡ ʟʦʥʦʡ, ʥʘʭʦʜʷʱʘʷʩʷ ʧʦʜ 

ʩʪʨʦʛʠʤ ʢʦʥʪʨʦʣʝʤ ʩʦ ʩʪʦʨʦʥʳ ɺʉ ʈʦʩʩʠʠ. ʇʝʨʚʘʷ 

ʛʦʨʥʦʨʫʜʥʘʷ ʢʦʤʧʘʥʠʷ, ʜʦʯʝʨʥʝʝ ʧʨʝʜʧʨʠʷʪʠʝ ʈʦ-

ʩʘʪʦʤʘ, ʧʣʘʥʠʨʫʝʪ ʟʘʧʫʩʪʠʪʴ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ 2023-

ʤ ʛʦʜʫ. 

ʈʘʟʥʦʦʙʨʘʟʥʘ ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʘʷ ʛʨʫʧʧʘ ʥʝʤʝ-

ʪʘʣʣʠʯʝʩʢʠʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʦʪʣʠʯʠʪʝʣʴʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʧʣʘʥʦʚʦʩʪʴ 

ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʢ ʚ ʙʳʪʫ, ʪʘʢ ʠ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪ-

ʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. ɺʦ-

ʩʝʤʴ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʢʘʤʥʷ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʛʨʘʥʠʪʘʤʠ, ʛʨʘʥʠʪʦ-ʛʥʝʡʩʘʤʠ, ʙʘʟʘʣʴʪʘʤʠ 

ʩ ʟʘʧʘʩʘʤʠ ʙʦʣʝʝ 400 ʤʣʥ ʪ. ʈʘʟʚʝʜʘʥʥʳʝ ʟʘʧʘʩʳ ʠʟ-

ʚʝʩʪʥʷʢʦʚ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʚʝʩʪʠ ʩʦʩʪʘʚʣʷʶʪ ʙʦ-

ʣʝʝ 180 ʤʣʥ ʪ. ɼʣʷ ʥʫʞʜ ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ ʐʚʘʢʠʥʩʢʦʝ ʤʝ-

ʩʪʦʨʦʞʜʝʥʠʝ ʠʟʚʝʩʪʥʷʢʦʚ. ʀʤʝʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥ-

ʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʝʩʯʘʥʦ-ʛʨʘʚʠʡʥʦʛʦ ʤʘʪʝʨʠ-

ʘʣʘ, ʪʦʨʬʷʥʳʝ ʨʝʩʫʨʩʳ, ʧʦʜʟʝʤʥʳʝ ʧʨʝʩʥʳʝ ʠ ʤʠ-

ʥʝʨʘʣʴʥʳʝ ʚʦʜʳ. ʀʟ ʜʨʫʛʠʭ ʚʠʜʦʚ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʧʘʣʳʛʦʨ-

ʩʢʠʪʦʚʳʝ ʛʣʠʥʳ (ʂʘʨʤʦʟʝʨʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ).  
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ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʧʨʦʙʣʝʤ ʨʝʩʫʨʩʦʚ ɸʨʭʘʥ-

ʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʝʪʩʷ ʚ ʮʝʣʦʤ ʩʣʘʙʘʷ ʨʝʛʠʦ-

ʥʘʣʴʥʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʠʟʫʯʝʥʥʦʩʪʴ ʪʝʨʨʠʪʦʨʠʠ, 

ʥʘʠʙʦʣʝʝ ʥʠʟʢʘʷ ʚ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ. ʇʨʠ 

ʵʪʦʤ, ʩʦʛʣʘʩʥʦ [4, ʩ .96], ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ 

ʠ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʦʙʣʘ-

ʩʪʠ ʧʨʦʚʦʜʷʪʩʷ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʩʦʙʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ 

ʥʝʜʨʦʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʧʨʦʚʝʜʝʥʠʝ ʨʘʙʦʪ ʟʘ ʩʯʝʪ 

ʩʨʝʜʩʪʚ ʬʝʜʝʨʘʣʴʥʦʛʦ ʙʶʜʞʝʪʘ ʥʝ ʧʣʘʥʠʨʦʚʘʣʦʩʴ ʠ 

ʥʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ.  

ʉ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʧʝʨʩʧʝʢʪʠʚs 

ʨʘʟʚʠʪʠʷ ʣʶʙʦʛʦ ʨʝʛʠʦʥʘ ʦʙʫʩʣʦʚʣʝʥʘ ʨʷʜʦʤ ʙʘʟʦ-

ʚʳʭ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴ ʢʘʢ ʧʨʝ-

ʠʤʫʱʝʩʪʚʘ, ʪʘʢ ʠ ʙʘʨʴʝʨʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟ-

ʚʠʪʠʷ. ʉʦʛʣʘʩʥʦ çʅʦʚʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʛʝʦʛʨʘ-

ʬʠʠè ʇ. ʂʨʫʛʤʘʥʘ, ʠʭ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ 

ʛʨʫʧʧʳ. ʂ ʬʘʢʪʦʨʘʤ çʧʝʨʚʦʡ ʧʨʠʨʦʜʳè ʪʨʘʜʠʮʠ-

ʦʥʥʦ ʦʪʥʦʩʷʪ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʧʨʠʨʦʜʥʳʤʠ ʨʝʩʫʨ-

ʩʘʤʠ, ʢʦʪʦʨʳʝ ʚʦʩʪʨʝʙʦʚʘʥʳ ʥʘ ʨʳʥʢʝ; ʚʳʛʦʜʥʦʝ 

ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ, ʩʥʠʞʘʶʱʠʝ ʪʨʘʥʩ-

ʧʦʨʪʥʳʝ ʠʟʜʝʨʞʢʠ [1, ʩ. 39]. ʀʤʝʥʥʦ ʵʪʠ ʬʘʢʪʦʨʳ 

ʠʛʨʘʶʪ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʨʘʟʚʠʪʠʠ ʨʝ-

ʛʠʦʥʦʚ ʈʦʩʩʠʠ. ʅʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʛʣʦʙʘʣʴ-

ʥʳʤ ʨʳʥʢʦʤ ʨʝʩʫʨʩʘʤʠ ʷʚʣʷʶʪʩʷ ʥʝʬʪʴ, ʛʘʟ ʠ ʤʝ-

ʪʘʣʣʳ. ʌʘʢʪʦʨʘʤʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʷʚʣʷʶʪʩʷ ʘʛʣʦ-

ʤʝʨʘʮʠʦʥʥʳʡ ʵʬʬʝʢʪ ʠ ʚʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ 

ʥʘʩʝʣʝʥʠʷ, ʜʘʶʱʠʝ ʵʢʦʥʦʤʠʶ ʥʘ ʤʘʩʰʪʘʙʝ; ʨʘʟʚʠ-

ʪʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ; ʯʝʣʦʚʝʯʝʩʢʠʡ ʢʘʧʠʪʘʣ; ʠʥʩʪʠ-

ʪʫʪʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʫʣʫʯʰʝʥʠʶ ʧʨʝʜʧʨʠʥʠʤʘ-

ʪʝʣʴʩʢʦʛʦ ʢʣʠʤʘʪʘ. ʊʘʢʠʝ ʬʘʢʪʦʨʳ ʯʘʩʪʦ ʦʢʘʟʳʚʘ-

ʶʪʩʷ ʩʚʦʝʛʦ ʨʦʜʘ ʙʘʨʴʝʨʘʤʠ ʨʘʟʚʠʪʠʷ ʪʝʨʨʠʪʦʨʠʠ. 

ɼʣʷ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʪʨʘʥʩʧʦʨʪʥʘʷ ʠʥʬʨʘ-

ʩʪʨʫʢʪʫʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʟʚʠʪʘ, ʦʪʤʝʯʘʝʪʩʷ ʙʣʠ-

ʟʦʩʪʴ ʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ ʢ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʧʦʪʨʝ-

ʙʠʪʝʣʷʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦʙ ʠʥʚʝʩʪʠʮʠʦʥ-

ʥʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʨʝʛʠʦʥʘ.  

ʈʝʘʣʴʥʦʡ ʦʩʥʦʚʦʡ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ 

ʦʙʣʘʩʪʠ ʷʚʣʷʶʪʩʷ ʘʣʤʘʟʳ ʠ ʙʦʢʩʠʪʳ. ʇʝʨʩʧʝʢʪʠʚʳ 

ʚʦʚʣʝʯʝʥʠʷ ʚ ʘʢʪʠʚʥʫʶ ʨʘʟʨʘʙʦʪʢʫ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʤʘʨʛʘʥʮʘ, ʧʦʣʠʤʝʪʘʣʣʦʚ, ʟʦʣʦʪʘ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʥʘ 

ʅʦʚʦʡ ɿʝʤʣʝ, ʥʝ ʦʧʨʝʜʝʣʝʥʳ ʧʦ ʧʨʠʯʠʥʘʤ, ʥʝ ʩʚʷ-

ʟʘʥʥʳʤʠ ʩ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ ʠ ʠʟʫʯʝʥʥʦ-

ʩʪʴʶ. ʄʠʥʝʨʘʛʝʥʠʯʝʩʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʡʦʥʘ ɺʝʪ-

ʨʝʥʦʛʦ ʧʦʷʩʘ ʥʝ ʦʧʨʝʜʝʣʝʥʳ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʪʝʨʨʠ-

ʪʦʨʠʠ ʦʙʣʘʩʪʠ ʧʝʨʝʢʨʳʪʘ ʤʦʱʥʳʤ ʦʩʘʜʦʯʥʳʤ 

ʯʝʭʣʦʤ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʧʨʝʠʤʫ-

ʱʝʩʪʚʝʥʥʦ ʥʘ ʩʪʨʦʡʤʘʪʝʨʠʘʣʳ ʠ ʦʙʱʝʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʥʳʝ ʧʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ. ʇʝʨʩʧʝʢʪʠʚʳ ʄʝ-

ʟʝʥʩʢʦʡ ʩʠʥʝʢʣʠʟʳ ʥʘ ʫʛʣʝʚʦʜʦʨʦʜʥʦʝ ʩʳʨʴʝ ʜʦ 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʘ ʤʝʪʦʜʠʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʤʦʜʝʣʠ çNASA Global Land Data Assimilation 

Systemè (GLDAS-2.1) ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʨʝʢʝ ʇʝʯʦʨʘ ʩ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦʩʪʴʶ ʦʢʦʣʦ 1 ʤʝ-

ʩʷʮʘ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʜʝʪʝʨʤʠʥʘʮʠʠ R2 ʧʦʩʪʨʦʝʥʥʦʡ ʤʥʦʛʦʬʘʢʪʦʨʥʦʡ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʤʦʜʝʣʠ, ʚ ʢʘʯʝʩʪʚʝ 

ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ GLDAS-2.1, ʦʢʘʟʘʣʠʩʴ ʨʘʚʥʳ 0.87 ʥʘ ʦʙʦʠʭ ʢʦʥ-

ʪʨʦʣʴʥʳʭ ʧʦʩʪʘʭ (ʋʩʪʴ-ʋʩʘ ʠ ʋʩʪʴ-ʎʠʣʴʤʘ). ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘ 

ʫʩʧʝʰʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʤʦʜʝʣʠ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʫʨʦʚʥʷ ʧʦʜʲʝʤʘ ʚʦʜʳ ʚ ʧʦʣʦʚʦʜʴʝ ʚ ʢʘʯʝʩʪʚʝ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʠ ʪʦʯʥʳʭ ʤʦʜʝʣʝʡ ʠ ʧʨʦʛʥʦʟʦʚ.  

Abstract 

There is a methodology of using the data of the NASA Global Land Data Assimilation System (GLDAS-2.1) 

model for predicting the water level in the Pechora river with time lag of 1 month. The determination coefficients 

R2 of the constructed multivariate regression model, using GLDAS-2.1 data as input parameters, turned out to be 

0.87 at both control posts (Ust-Usa and Ust-Tsilma). The results obtained make it possible to count on the suc-

cessful use of the model data to predict the level of water rise in floods as an auxiliary tool for more complex and 

accurate models and forecasts. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʇʦʣʦʚʦʜʴʝ, ʫʨʦʚʝʥʴ ʚʦʜʳ, ʧʨʦʛʥʦʟ, ʤʦʜʝʣʴ, ʨʝʛʨʝʩʩʠʷ.  

Key words: High water, water level, forecast, model, regression.  

 

ɺʚʝʜʝʥʠʝ 

ɺ ʦʙʣʘʩʪʴ ʠʥʪʝʨʝʩʦʚ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

ʚʭʦʜʠʪ ʤʦʥʠʪʦʨʠʥʛ ʠ ʧʨʦʛʥʦʟ ʦʧʘʩʥʳʭ ʛʠʜʨʦʣʦʛʠ-

ʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ, ʥʘʚʦʜʥʝʥʠʡ. ɽʩʪʝ-

ʩʪʚʝʥʥʦ, ʯʪʦ ʣʫʯʰʝ ʟʥʘʪʴ ʟʘʨʘʥʝʝ, ʧʨʦʠʟʦʡʜʝʪ ʣʠ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʝ ʩʦʙʳʪʠʝ, ʠ ʝʩʣʠ ʧʨʦʠʟʦʡʜʝʪ, ʪʦ ʩ 

ʢʘʢʠʤʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ 

ʜʣʷ ʜʘʥʥʳʭ ʮʝʣʝʡ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦʛʥʦʟ-

ʥʳʝ ʤʦʜʝʣʠ [1, 2, 3]. ʆʜʥʘʢʦ, ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦ-

ʧʨʷʞʝʥʦ ʩ ʧʦʣʫʯʝʥʠʝʤ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʩʣʫʞʘʪ 

ʚʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʜʝʣʠ. ɼʘʞʝ ʝʩʣʠ ʚʭʦʜ-

ʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʝ ʟʘʜʘʶʪʩʷ ʷʚʥʦ, ʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʧʦʜʭʦʜ, ʪʦ ʦʩʥʦʚʫ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 

ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʩʪʘʚʣʷʶʪ ʵʤʧʠ-

ʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫ-

ʯʠʪʴ.  

ʉʦʚʨʝʤʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʝʪ 

ʨʝʰʠʪʴ ʥʝʭʚʘʪʢʫ ʚ ʜʘʥʥʳʭ. ʊʘʢ, ʜʘʥʥʳʝ ʟʦʥʜʠʨʦʚʘ-

ʥʠʷ ɿʝʤʣʠ, ʨʘʟʣʠʯʥʳʝ ʩʝʪʢʠ ʨʝʘʥʘʣʠʟʘ ʠ ʜʨʫʛʠʝ 

ʧʨʦʜʫʢʪʳ [4, 5, 6] ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʜʘʥ-

ʥʳʭ ʜʣʷ ʥʘʫʯʥʳʭ ʠʟʳʩʢʘʥʠʡ.  

ʅʝʨʝʜʢʠʤ ʩʧʦʩʦʙʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩʪʘʣʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʨʪʦ-

ʛʨʘʬʠʯʝʩʢʠʭ web-ʩʝʨʚʠʩʦʚ. ʇʨʠʤʝʨʦʤ ʧʦʜʦʙʥʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ NASA Global Land Data 

Assimilation System (GLDAS-2.1). ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ 

ʤʦʜʝʣʴ ʠʩʧʦʣʴʟʫʝʪ ʜʘʥʥʳʝ ʤʝʪʝʦʥʘʙʣʶʜʝʥʠʡ ʜʣʷ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʩʘʜʢʘʭ, ʧʦʯʚʝʥ-

ʥʦʡ ʚʣʘʛʝ, ʩʫʤʤʘʨʥʦʤ ʠʩʧʘʨʝʥʠʠ, ʩʪʦʢʝ, ʚʳʩʦʪʝ 

ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʚʦʜʥʦʤ ʙʘʣʘʥʩʝ ʪʝʨʨʠʪʦʨʠʠ. 

ʅʘʤʠ ʚʳʜʚʠʥʫʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʜʘʥʥʳʝ 

GLDAS-2.1 ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʠʤʳ ʚ ʮʝʣʷʭ ʫʢʨʫʧ-

ʥʝʥʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʫʨʦʚʥʷ ʚʦʜʳ ʨʝʢʠ ʚ ʧʦʣʦ-

ʚʦʜʴʝ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʤʘʩʩʠʚ ʜʘʥʥʳʭ ʙʳʣʦ ʨʝʰʝʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʫʨʘʚ-

ʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ, ʛʜʝ ʦʪʢʣʠʢʦʤ ʚʳʩʪʫʧʘʣ ʙʳ ʫʨʦ-

ʚʝʥʴ ʨʝʢʠ ʥʘ ʛʠʜʨʦʧʦʩʪʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴ ʜʘʥ-

ʥʦʡ ʨʘʙʦʪʳ ï ʧʦʩʪʨʦʠʪʴ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʫʶ ʤʥʦʛʦ-

ʬʘʢʪʦʨʥʫʶ ʨʝʛʨʝʩʩʠʦʥʥʫʶ ʤʦʜʝʣʴ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʫʶ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʫʨʦʚʥʷ 

ʨʝʢʠ ʇʝʯʦʨʘ ʚʦ ʚʨʝʤʷ ʧʦʣʦʚʦʜʴʷ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʨʘʙʦʪʝ 

ʧʨʦʛʥʦʟʦʚ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 15 ʜʥʝʡ ʜʦ ʦʜʥʦʛʦ ʤʝʩʷʮʘ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɼʘʥʥʳʝ ʙʳʣʠ ʩʢʘʯʘʥʳ ʩ web-ʩʝʨʚʠʩʘ ʩ ʜʘʥ-

ʥʳʤʠ ʤʦʜʝʣʠ GLDAS-2.1[7] ʜʣʷ 30 ʪʦʯʝʢ ʚ ʬʦʨʤʘʪʝ 

ç.csvè. ɼʘʥʥʳʝ ʪʦʯʢʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʚʦʜʦʩʙʦʨʥʦʤ 

ʙʘʩʩʝʡʥʝ ʨʝʢʠ ʇʝʯʦʨʘ (ʨʠʩ. 1).  
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ʈʠʩʫʥʦʢ 1. ʂʘʨʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʦʯʝʢ. ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

 

ʆʙʨʘʙʦʪʢʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʥʘʧʠʩʘʥʥʳʤʠ ʥʘ ʷʟʳʢʝ Python ʧʨʦʛʨʘʤʤʘʤʠ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʦʩʫ-

ʱʝʩʪʚʣʷʣʩʷ ʚʳʙʦʨ ʥʝʦʙʭʦʜʠʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʟ csv-ʬʘʡʣʦʚ, ʠʭ ʦʩʨʝʜʥʝʥʠʝ ʧʦ 30 ʪʦʯʢʘʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ 227 ʩʨʝʜʥʝʤʝʩʷʯʥʳʭ ʟʥʘʯʝʥʠʡ (ʩʨʝʜʥʠʭ ʜʣʷ ʙʘʩʩʝʡʥʘ ʧʦ 30 ʪʦʯʢʘʤ) ʜʣʷ 6 ʧʦʢʘʟʘʪʝʣʝʡ, ʪʦ 

ʝʩʪʴ ʚʩʝʛʦ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʠ ʦʙʨʘʙʦʪʘʥʦ 40860 ʟʥʘʯʝʥʠʡ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ GLDAS-

2.1 ʨʷʜʳ ʜʘʥʥʳʭ ʚʳʛʣʷʜʷʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʨʠʩ. 2). 

 

 
ʈʠʩʫʥʦʢ 2 ʀʟʤʝʥʯʠʚʦʩʪʴ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʩ 2000 ʧʦ 2018 ʛʦʜʳ ʜʣʷ ʙʘʩʩʝʡʥʘ ʨʝʢʘ ʇʝʯʦʨʳ.  

ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

 

ʊʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʷʜʳ ʜʣʷ 

ʦʩʪʘʣʴʥʳʭ 5 ʧʦʢʘʟʘʪʝʣʝʡ: ʦʩʘʜʢʦʚ, ʧʦʯʚʝʥʥʦʡ 

ʚʣʘʛʠ, ʩʪʦʢʘ, ʩʫʤʤʘʨʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʠ ʚʳʩʦʪʳ 

ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ, - ʧʨʝʜʠʢʪʦʨʦʚ ʚ ʫʨʘʚʥʝʥʠʠ ʨʝ-

ʛʨʝʩʩʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʦʪʢʣʠʢʘ ʙʳʣʦ ʨʝʰʝʥʦ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʫʨʦʚʝʥʴ ʚʦʜʳ ʥʘ ʜʚʫʭ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʥ-

ʮʠʷʭ: ʋʩʪʴ-ʋʩʘ ʠ ʋʩʪʴ-ʎʠʣʴʤʘ (ʜʘʥʥʳʝ ʈʆʉɻʠʜʨʦ-

ʤʝʪʘ). ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʘ ʛʦʜ 

ʧʦʢʘʟʘʪʝʣʠ ʫʨʦʚʥʷ (ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ 

ʧʨʠʭʦʜʠʣʠʩʴ ʥʘ ʤʘʡ - ʠʶʥʴ). 

ɿʥʘʯʝʥʠʷ ʫʨʦʚʥʷ ʚʦʜʳ ʟʘʥʦʩʠʣʠʩʴ ʚ ʦʙʱʫʶ 

ʪʘʙʣʠʮʫ ʩ ʜʘʥʥʳʤʠ ʧʨʝʜʠʢʪʦʨʦʚ ʥʘʧʨʦʪʠʚ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʛʦ ʤʝʩʷʮʘ. ɿʥʘʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ ʚʳʩʦ-

ʢʦʛʦ ʫʨʦʚʥʷ ʚʦʜʳ ʟʘʥʦʩʠʣʦʩʴ ʥʘʧʨʦʪʠʚ ʧʨʝʜʠʢʪʦ-

ʨʦʚ ʟʘ ʧʨʝʜʳʜʫʱʠʡ ʤʝʩʷʮ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʤʘʢʩʠ-

ʤʘʣʴʥʳʡ ʟʘ ʛʦʜ ʫʨʦʚʝʥʴ ʚʦʜʳ ʚ ʨʝʢʝ ʬʠʢʩʠʨʦʚʘʣʩʷ 

10ʛʦ ʤʘʷ, ʪʦ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʥʘ ʜʘʥʥʳʡ ʧʦʢʘʟʘ-

ʪʝʣʴ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʧʦʚʣʠʷʣʠ ʫʩʣʦʚʠʷ (ʢʦʣʠʯʝ-

ʩʪʚʦ ʦʩʘʜʢʦʚ, ʠʩʧʘʨʝʥʠʝ ʠ ʪ.ʜ.) ʘʧʨʝʣʷ, ʥʝʞʝʣʠ ʯʝʤ 

ʤʘʡʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʧʦʵʪʦʤʫ ʚʳʙʨʘʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʩʦʧʦʩʪʘʚʣʷʣʦʩʴ ʘʧʨʝʣʴʩʢʠʤ ʟʥʘʯʝʥʠʷʤ ʧʨʝʜʠʢʪʦ-

ʨʦʚ.  

ɽʩʣʠ ʞʝ ʩʯʠʪʘʪʴ, ʯʪʦ ʠʤʝʥʥʦ ʚ ʤʘʝ ʥʘʠʙʦʣʴʰʘʷ 

ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʩʘʤʦʛʦ ʙʦʣʴʰʦʛʦ ʟʘ ʛʦʜ ʧʨʝ-
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ʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʥʘʜ ʥʫʣʝʤ ʛʠʜʨʦʧʦʩʪʘ, ʪʦ ʚ ʢʘʯʝ-

ʩʪʚʝ ʧʨʝʜʠʢʪʦʨʦʚ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʥʘʯʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʟʘ ʘʧʨʝʣʴ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ, ʪʦʯʥʦʩʪʴ ʤʦ-

ʜʝʣʠ ʥʝʩʢʦʣʴʢʦ ʧʘʜʘʝʪ, - ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘ-

ʮʠʠ R2 ʜʣʷ ʩʪʘʥʮʠʠ ʋʩʪʴ-ʎʠʣʴʤʘ ʧʨʠ ʧʨʝʜʠʢʪʦʨʘʭ 

ʩʪʦʢ, ʧʦʯʚʝʥʥʘʷ ʚʣʘʛʘ, ʚʳʩʦʪʘ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ, 

ʦʩʘʜʢʠ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ 0.80. ʆʜʥʘʢʦ ʚ ʪʘʢʦʤ 

ʩʣʫʯʘʝ ʥʝ ʚʦʟʥʠʢʘʝʪ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʩ ʚʳʙʦʨʦʤ 

ʟʥʘʯʝʥʠʡ ʧʨʝʜʠʢʪʦʨʦʚ (ʟʘ ʢʘʢʦʡ ʤʝʩʷʮ ʚʳʙʠʨʘʪʴ 

ʟʥʘʯʝʥʠʷ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʟʘʥʝʩʝʥʦ 17 ʟʥʘʯʝʥʠʡ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʘ ʢʘʞʜʳʡ ʛʦʜ ʟʥʘʯʝʥʠʡ ʫʨʦʚʥʷ 

ʚʦʜʳ ʚ ʨʝʢʝ ʩ 2000 ʧʦ 2016 ʛʛ. ɼʣʷ ʧʦʜʛʦʪʦʚʢʠ ʠ ʚʳ-

ʙʦʨʘ ʥʘʠʣʫʯʰʝʡ ʤʦʜʝʣʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʷʟʳʢ ʧʨʦ-

ʛʨʘʤʤʠʨʦʚʘʥʠʷ R. 

ʈʝʟʫʣʴʪʘʪʳ 

ʄʥʦʛʦʬʘʢʪʦʨʥʘʷ ʨʝʛʨʝʩʩʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʜʣʷ ʧʨʦʛʥʦʟʘ ʤʘʢʩʠʤʘʣʴʥʳʭ ʫʨʦʚʥʝʡ ʚʦʜʳ ʚ ʨʝʢʝ 

ʧʦʢʘʟʘʣʘ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ, R2=0.87, ʧʨʠ ʧʨʝʜʠʢ-

ʪʦʨʘʭ: ʦʩʘʜʢʠ, ʩʪʦʢ, ʚʳʩʦʪʘ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ, ʧʦʯ-

ʚʝʥʥʘʷ ʚʣʘʛʘ. ʈʝʟʫʣʴʪʘʪʳ ʥʘʠʣʫʯʰʝʡ ʤʦʜʝʣʠ ʜʣʷ 

ʜʚʫʭ ʩʪʘʥʮʠʡ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʘ ʨʠʩʫʥʢʝ 3. 

 
ʈʠʩʫʥʦʢ 3. ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʬʘʢʪʠʯʝʩʢʠʭ ʠ ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʧʦ ʤʥʦʛʦʬʘʢʪʦʨʥʦʡ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʤʦ-

ʜʝʣʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʨʝʢʝ ʇʝʯʦʨʘ ʥʘ ʩʪʘʥʮʠʷʭ ʋʩʪʴ-ʎʠʣʴʤʘ ʠ ʋʩʪʴ-ʋʩʘ.  

ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

 

ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʪʘʢ ʞʝ ʧʦʜʙʠʨʘʣʠʩʴ ʠ ʜʨʫʛʠʝ ʢʦʤʙʠʥʘʮʠʠ ʧʨʝʜʠʢʪʦʨʦʚ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ çʫʩʧʝʰʥʦ-

ʩʪʠè ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ R2. ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʣʠ-

ʥʝʡʥʳʭ ʤʥʦʛʦʬʘʢʪʦʨʥʳʭ ʤʦʜʝʣʝʡ ʟʘʥʝʩʝʥʳ ʚ ʪʘʙʣʠʮʫ 1.  

ʊʘʙʣʠʮʘ 1  

ʉʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʝʪʝʨʤʠʥʘʮʠʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ. 

ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

ˉ ʅʘʙʦʨ ʧʨʝʜʠʢʪʦʨʦʚ R2 (ʋʩʪʴ-ʋʩʘ) R2 (ʋʩʪʴ-ʎʠʣʴʤʘ) 

1 ʉʪʦʢ, ʇʦʯʚʝʥʥʘʷ ʚʣʘʛʘ, ɺʳʩʦʪʘ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ, ʆʩʘʜʢʠ 0.87 0.87 

2 ʉʪʦʢ, ʀʩʧʘʨʝʥʠʝ, ʇʦʯʚʝʥʥʘʷ ʚʣʘʛʘ, ʆʩʘʜʢʠ 0.81 0.85 

3 ʉʪʦʢ, ʀʩʧʘʨʝʥʠʝ, ɺʳʩʦʪʘ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ, ʆʩʘʜʢʠ 0.76 0.83 

4 ʉʪʦʢ, ʀʩʧʘʨʝʥʠʝ, ʆʩʘʜʢʠ 0.75 0.83 

5 
ʉʪʦʢ, ʀʩʧʘʨʝʥʠʝ, ɺʳʩʦʪʘ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ, ʇʦʯʚʝʥʥʘʷ 

ʚʣʘʛʘ 
0.72 0.77 

ɺʘʣʠʜʘʮʠʷ ʨʝʛʨʝʩʩʠʠ ʩ ʥʘʙʦʨʦʤ ʧʨʝʜʠʢʪʦʨʦʚ 

ˉ1 ʧʦʢʘʟʘʣʘ, ʯʪʦ ʦʪʢʣʦʥʝʥʠʝ ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʧʦ ʤʦ-

ʜʝʣʠ ʟʥʘʯʝʥʠʡ ʦʪ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʥʝ ʧʨʝʚʳʰʘʝʪ 6% 

ʠ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʠʣʦ 3%. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʭʦʜʝ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʤʥʦʛʦʬʘʢʪʦʨ-

ʥʦʡ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʤʦʜʝʣʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʚʦʜʳ ʚ 
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ʨʝʢʝ ʇʝʯʦʨʘ ʚ ʧʝʨʠʦʜ ʧʦʣʦʚʦʜʴʷ. ʂʦʵʬʬʠʮʠʝʥʪ ʜʝ-

ʪʝʨʤʠʥʘʮʠʠ R2 ʩʦʩʪʘʚʠʣ 0.87 ʥʘ ʜʚʫʭ ʛʠʜʨʦʧʦʩʪʘʭ 

(ʋʩʪʴ-ʎʠʣʴʤʘ ʠ ʋʩʪʴ-ʋʩʘ), ʧʨʠ ʧʨʝʜʠʢʪʦʨʘʭ 

ʦʩʘʜʢʠ, ʩʪʦʢ, ʚʳʩʦʪʘ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ, ʧʦʯʚʝʥʥʘʷ 

ʚʣʘʛʘ ʧʦ ʜʘʥʥʳʤ GLDAS-2.1. ʇʦʩʪʨʦʝʥʥʘʷ ʨʝʛʨʝʩ-

ʩʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʩʪʘ ʠ ʣʝʛʢʦʨʝʘʣʠʟʫʝʤʘ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴ ʝʸ ʜʣʷ ʨʘʟ-

ʣʠʯʥʳʭ ʨʝʢ ʩ ʪʦʡ ʣʠʰʴ ʦʛʦʚʦʨʢʦʡ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʣʫʯʰʝ ʚʩʝʛʦ ʩʪʦʠʪ ʚ ʩʚʷʟʢʝ ʩ ʜʨʫ-

ʛʠʤʠ, ʙʦʣʝʝ çʪʷʞʝʣʦʚʝʩʥʳʤʠè ʤʦʜʝʣʷʤʠ ʠ ʤʝʪʦ-

ʜʘʤʠ. 

ʄʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ 

ʜʘʥʥʳʝ ʚ ʤʦʜʝʣʠ GLDAS-2.1 ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ, 

ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʩʪʘʪʴʝ, ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʤʘʢ-

ʩʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʨʝʢʝ ʚ ʧʦʣʦʚʦʜʴʝ. ɽʩʪʝ-

ʩʪʚʝʥʥʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʦʪʢʣʠʢʦʚ ʥʝ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʧʨʝʚʳʰʝʥʠʡ ʫʨʦʚʥʷ ʚʦʜʳ ʥʘʜ ʥʫʣʝʤ 

ʛʠʜʨʦʧʦʩʪʘ, ʘ ʦʩʨʝʜʥʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʜʣʷ ʥʝʢʦʪʦ-

ʨʦʛʦ ʧʝʨʠʦʜʘ (ʥʘʧʨʠʤʝʨ, ʟʘ ʤʝʩʷʮ), ʧʦʟʚʦʣʠʪ ʩʪʨʦ-

ʠʪʴ ʙʦʣʝʝ ʪʦʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʧʦʩʪʨʦʝʥʥʳʝ ʤʦʜʝʣʠ ʚ ʢʘʯʝʩʪʚʝ ʭʦʨʦ-

ʰʠʭ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʦ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʨʫʯʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʥʠʤʢʦʚ ʄʈʊ ʛʦʣʦʚʥʦʛʦ 

ʤʦʟʛʘ ʥʘ ʥʘʣʠʯʠʝ ʦʧʫʭʦʣʝʡ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʪʝʭʥʦʣʦʛʘʤʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʨʘʟʨʘʙʦʪʘʥʘ ʩʚʝʨ-

ʪʦʯʥʘʷ ʥʝʡʨʦʩʝʪʝʚʘʷ ʤʦʜʝʣʴ, ʘ ʪʘʢʞʝ, ʥʘʧʠʩʘʥ ʚʝʙ-ʠʥʪʝʨʬʝʡʩ ʢ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʙʳʩʪʨʦ ʠ ʫʜʦʙʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʥʠʤʢʠ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʩʳʣʢʠ ʥʘ ʨʘʟʨʘʙʦ-

ʪʘʥʥʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ, ʘ ʪʘʢʞʝ ʬʨʘʛʤʝʥʪʳ ʢʦʜʘ ʚʝʙ-ʠʥʪʝʨʬʝʡʩʘ.  

Abstract 
This article discusses the solution to the problem of manual classification of brain MRI images for the pres-

ence the tumors by specialist technologists. To solve this problem, a convolutional neural network model was 

developed, and a web interface for the developed model was written, which allows to quickly and conveniently 

analyze images in automatic mode. Links to the developed information system, as well a code fragments of the web 

interface are provided. 
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ɺʚʝʜʝʥʠʝ 
ʇʦʚʩʝʤʝʩʪʥʳʡ ʧʨʠʨʦʩʪ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦ-

ʣʝʚʘʥʠʡ ʚʩʝʣʷʝʪ ʩʝʨʴʝʟʥʳʝ ʦʧʘʩʝʥʠʷ. ɿʘ ʵʪʠ 12 ʣʝʪ 

ʵʪʦʪ ʧʨʠʨʦʩʪ ʩʦʩʪʘʚʠʣ ʩʚʳʰʝ 15% [4]. ʇʦʤʠʤʦ 

ʵʪʦʛʦ, ʪʘʢʞʝ ʚʦʟʨʘʩʪʘʶʪ ʧʦʢʘʟʘʪʝʣʠ ʩʤʝʨʪʥʦʩʪʠ. 

ʈʘʟʣʠʯʥʳʝ ʦʧʫʭʦʣʠ ʟʘʥʠʤʘʶʪ ʦʩʥʦʚʥʳʝ ʧʦʟʠʮʠʠ 

ʩʨʝʜʠ ʟʘʙʦʣʝʚʘʥʠʡ ʚʩʝʭ ʦʨʛʘʥʦʚ ʠ ʩʠʩʪʝʤ. ʉʦʛʣʘʩʥʦ 

ʩʪʘʪʠʩʪʠʢʝ, ʢʘʞʜʳʡ ʜʝʥʴ ʧʦ ʚʩʝʤʫ ʤʠʨʫ 30 000 ʣʶ-

ʜʝʡʫʟʥʘʶʪ ʦ ʥʘʣʠʯʠʠ ʫ ʩʝʙʷ ʦʥʢʦʣʦʛʠʯʝʩʢʦʛʦ ʟʘʙʦ-

ʣʝʚʘʥʠʷ [6, c. 127]. ɺ ʦʩʥʦʚʥʦʤ ʩʠʪʫʘʮʠʷ ʫʩʫʛʫʙʣʷ-

ʝʪʩʷ ʧʦʟʜʥʝʡ ʜʠʘʛʥʦʩʪʠʢʦʡ ʦʧʫʭʦʣʝʡ, ʢʦʛʜʘ ʧʦ-

ʤʦʱʴ ʙʦʣʴʥʦʤʫ ʫʞʝ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʩʩʤʳʩʣʝʥʥʘ. 

ʆʧʠʩʘʥʠʝ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ 

ʆʧʫʭʦʣʴ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ï ʚʥʫʪʨʠʯʝʨʝʧʥʦʝ 

ʦʙʨʘʟʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʦʷʚʣʷʝʪʩʷ, ʢʦʛʜʘ ʚ ʛʦʣʦʚ-

ʥʦʤ ʤʦʟʛʝ ʚʦʟʥʠʢʘʶʪ ʥʝʟʜʦʨʦʚʳʝ ʢʣʝʪʢʠ. ʂʣʘʩʩʠ-

ʬʠʮʠʨʫʶʪ 2 ʦʩʥʦʚʥʳʭ ʚʠʜʘ ʦʧʫʭʦʣʝʡ: ʨʘʢʦʚʳʝ, ʦʥʠ 

ʞʝ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʝ, ʘ ʪʘʢʞʝ ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʳʝ 

ʦʧʫʭʦʣʠ. ɺʩʝ ʚʠʜʳ ʨʘʢʦʚʳʭ ʦʧʫʭʦʣʝʡ ʤʦʞʥʦ ʧʨʦ-

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ ʥʘ ʧʝʨʚʠʯʥʳʝ, ʢʦʪʦʨʳʝ ʚʦʟʥʠ-

ʢʘʶʪ ʚ ʤʦʟʛʝ, ʘ ʝʱʝ ʚʪʦʨʠʯʥʳʝ ʦʧʫʭʦʣʠ, ʨʘʩʧʨʦ-

ʩʪʨʘʥʷʶʱʠʝʩʷ ʠʟ ʜʨʫʛʠʭ ʤʝʩʪ [3]. ʆʥʠ ʠʟʚʝʩʪʥʳ 

ʧʦʜ ʥʘʟʚʘʥʠʝʤ ʤʝʪʘʩʪʘʟʠʨʫʶʱʠʭ ʦʧʫʭʦʣʝʡ. ʆʧʫ-

ʭʦʣʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʤʦʛʫʪ ʨʘʟʣʠʯʘʪʴʩʷ ʩʠʤʧʪʦʤʘ-

ʪʠʢʦʡ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʩʪʘ ʠʭ ʣʦʢʘʣʠʟʘʮʠʠ. 

ʉʠʤʧʪʦʤʳ ʤʦʛʫʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʛʦʣʦʚʥʳʤʠ ʙʦ-

ʣʷʤʠ, ʩʫʜʦʨʦʛʘʤʠ, ʧʩʠʭʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ. ɻʦ-

ʣʦʚʥʘʷ ʙʦʣʴ, ʢʘʢ ʧʨʘʚʠʣʦ, ʫʩʠʣʠʚʘʝʪʩʷ ʧʦ ʫʪʨʘʤ ʠ 

ʠʩʯʝʟʘʝʪ ʧʦʩʣʝ ʨʚʦʪʳ. ɼʨʫʛʠʝ ʩʠʤʧʪʦʤʳ ʤʦʛʫʪ ʧʨʦ-

ʷʚʣʷʪʴʩʷ ʪʨʫʜʥʦʩʪʷʤʠ ʧʨʠ ʭʦʜʴʙʝ, ʢʦʩʥʦʷʟʳʯʠʝʤ. 

ʇʦ ʤʝʨʝ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʷ ʟʘʙʦʣʝʚʘʥʠʷ ʤʦʞʝʪ ʚʦʟ-

ʥʠʢʥʫʪʴ ʧʦʪʝʨʷ ʩʦʟʥʘʥʠʷ. 

ʇʨʦʙʣʝʤʘʪʠʢʘ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʡ 

ʧʦʤʦʱʠ ʧʘʮʠʝʥʪʘʤ ʧʦ ʚʳʷʚʣʝʥʠʶ ʠ ʦʙʥʘʨʫʞʝʥʠʶ 

ʦʧʫʭʦʣʝʡ ʩʫʱʝʩʪʚʫʝʪ ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʘʷ ʪʦʤʦ-

ʛʨʘʬʠʷ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ. ʏʘʩʪʦ ʩʥʠʤʢʠ ʦʢʘʟʳʚʘ-

ʶʪʩʷ ʥʝ ʣʫʯʰʝʛʦ ʢʘʯʝʩʪʚʘ ʠ ʦʧʨʝʜʝʣʠʪʴ ʥʘ ʥʠʭ ʦʧʫ-

ʭʦʣʴ ʪʝʭʥʦʣʦʛʫ ʨʝʥʪʛʝʥʦʣʦʛʫ ʙʳʚʘʝʪ ʟʘʪʨʫʜʥʠ-

ʪʝʣʴʥʦ. ʂ ʪʦʤʫ ʞʝ, ʨʫʯʥʘʷ ʨʘʙʦʪʘ ʫʪʦʤʠʪʝʣʴʥʘ ʠ 

ʜʘʣʴʥʝʡʰʘʷ ʩʝʛʤʝʥʪʘʮʠʷ ʩʥʠʤʢʘ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ 

ʥʝʥʫʞʥʦʡ ʚ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʦʧʫʭʦʣʠ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʙʦʪʳ ʪʝʭʥʦʣʦʛʘ ʨʝʥʪʛʝ-

ʥʦʣʦʛʘ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ 

ʙʫʜʝʪ ʩʧʦʩʦʙʥʘ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦʩʪʫʧʘʶʱʠʝ ʥʘ 

ʚʭʦʜ ʩʥʠʤʢʠ ʄʈʊ. ʉʠʩʪʝʤʘ ʜʦʣʞʥʘ ʜʘʚʘʪʴ ʦʪʚʝʪ ʥʘ 

ʚʦʧʨʦʩ ʦ ʥʘʣʠʯʠʠ ʦʧʫʭʦʣʠ ʫ ʧʘʮʠʝʥʪʘ. ʊʘʢʞʝ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʫʜʦʙʥʳʤ ʠ 

ʧʦʥʷʪʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ. 
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ʎʝʣʴ ʨʘʙʦʪʳ 

ʎʝʣʴʶ ʧʨʦʚʦʜʠʤʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘ-

ʙʦʪʢʘ ʩʚʝʨʪʦʯʥʦʡ ʥʝʡʨʦʩʝʪʝʚʦʡ ʤʦʜʝʣʠ ʜʣʷ ʢʣʘʩʩʠ-

ʬʠʢʘʮʠʠ ʩʥʠʤʢʦʚ ʄʈʊ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʥʘ ʥʘʣʠʯʠʝ 

ʦʧʫʭʦʣʝʡ. ɼʘʥʥʳʡ ʚʠʜ ʥʝʡʨʦʩʝʪʝʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ 

ʣʫʯʝh ʚʩʝʛʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʘʥʘʣʠʟʘ, ʢʣʘʩʩʠʬʠʢʘʮʠʠ, 

ʩʝʛʤʝʥʪʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʜʨʫʛʠʭ ʟʘʜʘʯ, ʩʚʷʟʘʥ-

ʥʳʭ ʩ ʦʙʨʘʙʦʪʢʦʡ ʠʟʦʙʨʘʞʝʥʠʡ. ɹʫʜʝʪ ʥʝʦʙʭʦʜʠʤʦ 

ʦʙʨʘʙʦʪʘʪʴ ʠʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ (ʥʘʙʦʨ ʩʥʠʤʢʦʚ 

ʄʈʊ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ). ʊʘʢʞʝ ʥʫʞʥʦ ʧʨʦʚʝʩʪʠ ʧʨʝ-

ʧʨʦʮʝʩʩʠʥʛ ʩʥʠʤʢʦʚ, ʯʪʦʙʳ ʨʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʤʦ-

ʜʝʣʴ ʦʙʣʘʜʘʣʘ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʚʝʨʥʦ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʣʘ ʧʦʩʪʫʧʘʶʱʠʝ ʠʟʦʙʨʘʞʝʥʠʷ. ʇʦ-

ʤʠʤʦ ʵʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ, ʦʙʫʯʝʥʥʦʡ ʥʝʡʨʦʩʝʪʝʚʦʡ 

ʤʦʜʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʜʘʪʴ ʧʦʥʷʪʥʳʡ ʧʦʣʴʟʦʚʘ-

ʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʟʨʘʙʦʪʢʘ 

ʤʦʜʝʣʠ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʷʟʳʢʘ ʚʳ-

ʩʦʢʦʛʦ ʫʨʦʚʥʷ Python ʚʝʨʩʠʠ 3.6.3. ɹʫʜʫʪ ʠʩʧʦʣʴʟʦ-

ʚʘʥʳ ʪʘʢʠʝ ʙʠʙʣʠʦʪʝʢʠ ʜʣʷ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

ʢʘʢ TensorFlow, Keras ʠ ʜʨʫʛʠʝ. ɺʝʙ-ʠʥʪʝʨʬʝʡʩ ʙʫ-

ʜʝʪ ʨʘʟʨʘʙʦʪʘʥ ʥʘ ʬʨʝʡʤʚʦʨʢʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʠʥʠ-

ʤʘʣʠʩʪʠʯʥʳʭ ʢʘʨʢʘʩʦʚ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ Flask. 

ʈʘʟʨʘʙʦʪʢʘ ʥʝʡʨʦʩʝʪʝʚʦʡ ʤʦʜʝʣʠ 
ɺ ʥʘʰʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʥʝʡʨʦʩʝʪʝʚʳʭ ʘʨʭʠʪʝʢʪʫʨ, ʚʳʧʦʣʥʷʶʱʠʭ ʤʘʢ-

ʩʠʤʘʣʴʥʦ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʟʘʜʘʯʠ. ʉʫʱʝʩʪʚʫʶʪ ʨʘʟ-

ʣʠʯʥʳʝ ʤʝʪʦʜʳ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʩʝʪʝʡ, ʥʘʧʨʠʤʝʨ, ʩ 

ʫʯʠʪʝʣʝʤ ʠ ʙʝʟ. ɼʣʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʨʘʩ-

ʧʦʟʥʘʚʘʥʠʝʤ ʠʟʦʙʨʘʞʝʥʠʡ ʦʧʪʠʤʘʣʴʥʦ ʙʫʜʝʪ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʘʨʭʠʪʝʢʪʫʨʫ ʩʚʝʨʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ 

ʩʝʪʠ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʬʨʝʡʤ-

ʚʦʨʢ Keras, ʩʦʜʝʨʞʘʱʠʡ ʚ ʩʚʦʝʡ ʦʩʥʦʚʝ ʜʨʫʛʦʡ 

ʬʨʝʡʤʚʦʨʢ ʜʣʷ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʦʪ ʢʦʤʧʘʥʠʠ 

Google ʧʦʜ ʥʘʟʚʘʥʠʝʤ TensorFlow[7, c. 81]. ʌʨʝʡʤ-

ʚʦʨʢ Keras ʧʦʟʚʦʣʠʪ ʘʙʩʪʨʘʛʠʨʦʚʘʪʴʩʷ ʦʪ ʥʠʟʢʦ-

ʫʨʦʚʥʝʚʳʭ ʘʩʧʝʢʪʦʚ ʩʚʝʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, 

ʪʘʢʠʭ ʢʘʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʷʜʨʘ ʩʚʝʨʪʢʠ 

ʠ ʧʨ. ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʤʫ ʫʨʦʚʥʶ ʘʙʩʪʨʘʢʮʠʠ ʨʘʟ-

ʨʘʙʦʪʢʘ ʤʦʜʝʣʠ ʙʫʜʝʪ ʧʨʦʪʝʢʘʪʴ ʙʳʩʪʨʦ ʠ ʫʜʦʙʥʦ 

[2].  

ʇʝʨʚʠʯʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ 

ʉʥʠʤʢʠ ʄʈʊ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʘʥʦʥʠʤʥʳʭ ʧʘ-

ʮʠʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʜʘʣʠ ʩʦʛʣʘʩʠʝ ʥʘ ʦʙʨʘʙʦʪʢʫ ʩʚʦʠʭ 

ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʙʳʣʠʧʨʝʜʦʩʪʘʚʣʝʥʳ ʤʝʩʪ-

ʥʦʡ ʧʦʣʠʢʣʠʥʠʢʦʡ.ʊʦʤʦʛʨʘʤʤʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦ-

ʙʦʡ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʬʦʨʤʘʪʝ .jpg ʠ ʠʤʝʶʪ ʨʘʟʣʠʯʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ. ɺ ʠʤʝʶʱʝʤʩʷ ʥʘʙʦʨʝ ʩʦʜʝʨʞʘʪʩʷ 155 

ʠʟʦʙʨʘʞʝʥʠʡ, ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʢ ʩʥʠʤʢʠ, ʥʘ 

ʢʦʪʦʨʳʭ ʠʤʝʝʪʩʷ ʦʧʫʭʦʣʴ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʘ ʪʘʢʞʝ 

74 ʪʦʤʦʛʨʘʤʤʳ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʙʝʟ ʦʧʫʭʦʣʝʡ.  

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ ʥʝʦʙʭʦ-

ʜʠʤʦ ʨʘʟʜʝʣʠʪʴ ʠʤʝʶʱʠʡʩʷ ʥʘʙʦʨ ʜʘʥʥʳʭ ʥʘ 3 ʚʳ-

ʙʦʨʢʠ, ʧʦ ʢʦʪʦʨʳʤ ʙʫʜʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʜʘʣʴʥʝʡʰʝʝ 

ʦʙʫʯʝʥʠʝ ʠ ʧʨʦʚʝʨʢʘ. ɹʳʣ ʥʘʧʠʩʘʥ ʩʢʨʠʧʪ, ʢʦʪʦʨʳʡ 

ʨʘʟʤʝʱʘʝʪ ʚ ʩʣʫʯʘʡʥʦʤ ʧʦʨʷʜʢʝ ʩʥʠʤʢʠ ʧʦ 3 ʜʠʨʝʢ-

ʪʦʨʠʷʤ: ʜʠʨʝʢʪʦʨʠʷ ʜʣʷ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ, ʜʠʨʝʢʪʦ-

ʨʠʷ ʜʣʷ ʚʘʣʠʜʘʮʠʠ ʤʦʜʝʣʠ, ʘ ʪʘʢʞʝ ʜʠʨʝʢʪʦʨʠʷ ʧʨʦ-

ʚʝʨʢʠ ʤʦʜʝʣʠ ʥʘ ʷʚʣʝʥʠʝ ʧʝʨʝʦʙʫʯʝʥʠʷ. ʂʘʞʜʘʷ ʜʠ-

ʨʝʢʪʦʨʠʷ ʩʦʜʝʨʞʠʪ 2 ʧʦʜʜʠʨʝʢʪʦʨʠʠ, ʚ ʢʦʪʦʨʳʭ 

ʥʘʭʦʜʷʪʩʷ ʪʦʤʦʛʨʘʤʤʳ ʥʘ ʢʦʪʦʨʳʭ ʥʝʪ ʦʧʫʭʦʣʝʡ 

ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʠ ʩʥʠʤʢʠ ʥʘ ʢʦʪʦʨʳʭ ʠʤʝʝʪʩʷ ʦʥ-

ʢʦʣʦʛʠʯʝʩʢʦʝ ʟʘʙʦʣʝʚʘʥʠʝ. ʇʦʩʣʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩʥʠʤʢʦʚ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʜʠʨʝʢʪʦʨʠʷʤ ʚ ʜʠ-

ʨʝʢʪʦʨʠʠ ʜʣʷ ʦʙʫʯʝʥʠʷ ʦʢʘʟʘʣʦʩʴ 74 ʩʥʠʤʢʘ ʙʝʟ 

ʦʧʫʭʦʣʝʡ ʠ 119 ʩ ʦʧʫʭʦʣʴʶ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʚ ʚʘ-

ʣʠʜʘʮʠʦʥʥʦʡ ʜʠʨʝʢʪʦʨʠʠ ʥʘʭʦʜʠʪʩʷ 31 ʩʥʠʤʦʢ ʩ 

ʦʥʢʦʣʦʛʠʝʡ ʠ 19 ʙʝʟ, ʚ ʜʠʨʝʢʪʦʨʠʠ ʜʣʷ ʧʨʦʚʝʨʢʠ 5 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʥʠʤʢʦʚ ʧʦʨʦʚʥʫ. 

ʇʨʝʧʨʦʮʝʩʩʠʥʛ ʩʥʠʤʢʦʚ ʄʈʊ 

ʇʦʩʣʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʤʦʛʨʘʤʤ ʧʦ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʤ ʜʠʨʝʢʪʦʨʠʷʤ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ 

ʦʙʨʘʙʦʪʢʫ ʩʘʤʠʭ ʩʥʠʤʢʦʚ, ʯʪʦʙʳ ʢʦʨʨʝʢʪʥʦ ʦʙʫ-

ʯʠʪʴ ʤʦʜʝʣʴ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝ-

ʩʪʠ ʧʦʠʩʢ ʦʙʣʘʩʪʝʡ ʠʥʪʝʨʝʩʦʚ ʠ ʦʙʨʝʟʘʪʴ ʩʥʠʤʦʢ 

ʪʘʢ, ʯʪʦʙʳ ʥʘ ʥʸʤ ʩʦʜʝʨʞʘʣʘʩʴ ʣʠʰʴ ʥʝʦʙʭʦʜʠʤʘʷ 

ʠʥʬʦʨʤʘʮʠʷ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʤ ʬʠʣʴʪʨ ɻʘʫʩʩʘ, 

ʜʘʙʳ ʣʠʰʥʠʝ ʠ ʤʝʣʢʠʝ ʜʝʪʘʣʠ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ 

ʩʪʘʣʠ ʥʝʟʘʤʝʪʥʳ. ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʮʚʝʪʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʜʚʦʠʯ-

ʥʦʝ[5, c. 233]. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʠʟʦʙʨʘʞʝʥʠʝ ʙʫʜʝʪ 

ʧʨʝʦʙʨʘʟʦʚʘʥʦ ʚ ʙʠʥʘʨʥʦʝ ʥʫʞʥʦ ʧʨʦʚʝʩʪʠ 2 ʠʪʝʨʘ-

ʮʠʠ ʵʨʦʟʠʠ ʠ ʪʘʢʦʝ ʞʝ ʢʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ ʜʣʷ ʦʧʝ-

ʨʘʮʠʠ ʜʠʣʘʪʘʮʠʠ. ʀʟʦʙʨʘʞʝʥʠʝ ʙʫʜʝʪ ʛʦʪʦʚʦ ʜʣʷ 

ʧʦʠʩʢʘ ʥʘ ʥʸʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʥʪʫʨʘ, ʢʦʪʦʨʳʡ ʙʫ-

ʜʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʦʚʘʣʴʥʫʶ ʛʨʘʥʠʮʫ ʛʦʣʦʚ-

ʥʦʛʦ ʤʦʟʛʘ. ɺ ʧʦʣʫʯʝʥʥʦʡ ʦʙʣʘʩʪʠ ʪʨʝʙʫʝʪʩʷ ʚʳʜʝ-

ʣʠʪʴ ʪʦʯʢʠ ʵʢʩʪʨʝʤʫʤʘ ʜʣʷ ʧʨʘʚʠʣʴʥʦʡ ʦʙʨʝʟʢʠ 

ʠʟʦʙʨʘʞʝʥʠʷ. ɺʳʜʝʣʝʥʥʳʡ ʩʥʠʤʦʢ ʛʦʪʦʚʳʡ ʢ ʢʦ-

ʥʝʯʥʦʡ ʦʙʨʝʟʢʝ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʈʠʩʫʥʢʝ 1. 

 

 
ʈʠʩʫʥʦʢ 1. ʉʥʠʤʦʢ ʄʈʊ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʧʦʜʛʦ-

ʪʦʚʣʝʥʥʳʡ ʜʣʷ ʦʙʨʝʟʢʠ  

 

ʊʝʧʝʨʴ ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʥʠʪʴ ʨʘʟʨʝʰʝʥʠʝ ʚʩʝʭ 

ʪʦʤʦʛʨʘʤʤ. ɺʩʝ ʩʥʠʤʢʠ ʙʫʜʫʪ ʢʚʘʜʨʘʪʥʳʤʠ ʩʦ ʩʪʦ-

ʨʦʥʦʡ 224 ʧʠʢʩʝʣʷ. ʇʦʩʣʝ ʪʨʝʙʫʝʪʩʷ ʩʦʭʨʘʥʠʪʴ ʦʙ-

ʨʘʙʦʪʘʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʜʠ-

ʨʝʢʪʦʨʠʷʤ ʠ ʥʘʯʘʪʴ ʨʘʟʨʘʙʦʪʢʫ ʥʝʡʨʦʩʝʪʝʚʦʡ ʤʦ-

ʜʝʣʠ ʥʘ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʜʘʥʥʳʭ. 

ʆʙʫʯʝʥʠʝ ʤʦʜʝʣʠ 

ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʚʩʝ ʩʥʠʤʢʠ ʧʦʜʚʝʨʛʣʠʩʴ ʦʙʨʘ-

ʙʦʪʢʝ ʠ ʙʳʣʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʜʠʨʝʢʪʦʨʠʷʤ, ʤʦʞʥʦ 

ʥʘʯʠʥʘʪʴʩʦʟʜʘʚʘʪʴʨʘʩʰʠʨʝʥʥʳʝ ʢʣʘʩʩʳ ʜʣʷ ʪʦʤʦ-

ʛʨʘʤʤ. ʈʘʩʰʠʨʝʥʥʳʡ ʢʣʘʩʩ ʩʥʠʤʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʧʨʦʝʢʮʠʠ ʠʩʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʜ ʨʘʟ-

ʥʳʤʠ ʫʛʣʘʤʠ ʧʦʚʦʨʦʪʘ. ɼʣʷ ʩʥʠʤʢʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ 

ʚ ʜʠʨʝʢʪʦʨʠʠ ʩ ʪʦʤʦʛʨʘʤʤʘʤʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʤʠ 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ, ʥʝʦʙʭʦʜʠʤʦ ʩʦ-

ʟʜʘʪʴ ʨʘʩʰʠʨʝʥʥʳʝ ʢʣʘʩʩʳ.  

ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʨʘʩʰʠʨʝʥʥʳʭ ʢʣʘʩʩʦʚ ʩʥʠʤ-

ʢʦʚ, ʪʨʝʙʫʝʪʩʷ ʟʘʛʨʫʟʠʪʴ ʠʟ ʦʪʢʨʳʪʦʛʦ ʨʝʧʦʟʠʪʦʨʠʷ 
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ʧʨʝʜʦʙʫʯʝʥʥʫʶ ʤʦʜʝʣʴ ʩʚʝʨʪʦʯʥʦʡ ʩʝʪʠ ʜʣʷ ʚʳʜʝ-

ʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ, VGG16. ɺʝʩʘ ʚ ʵʪʦʡ ʤʦʜʝʣʠ ʠʟʥʘ-

ʯʘʣʴʥʦ ʧʦʜʦʙʨʘʥʳ ʦʧʪʠʤʘʣʴʥʳʤ ʦʙʨʘʟʦʤ, ʧʦʵʪʦʤʫ 

ʦʩʪʘʸʪʩʷ ʣʠʰʴ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʠʭ ʧʦʜ ʢʦʥʢʨʝʪʥʫʶ 

ʟʘʜʘʯʫ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʪʦʯʥʦʩʪʴ. 

ʇʦʩʣʝ ʟʘʛʨʫʟʢʠ ʤʦʜʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ ʩʣʦʠ 

ʠ ʘʢʪʠʚʘʮʠʦʥʥʫʶ ʬʫʥʢʮʠʶ. ɹʣʘʛʦʜʘʨʷ ʬʨʝʡʤʚʦʨʢʫ 

Keras ʩʜʝʣʘʪʴ ʵʪʦ ʦʯʝʥʴ ʧʨʦʩʪʦ. ɼʣʷ ʦʙʫʯʝʥʠʷ ʨʝʢʦ-

ʤʝʥʜʫʝʪʩʷ ʥʘʟʥʘʯʠʪʴ 30 ʠʪʝʨʘʮʠʡ, ʜʦʙʘʚʠʪʴ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʨʘʥʥʝʛʦ ʧʨʝʨʳʚʘʥʠʷ, ʝʩʣʠ ʜʘʣʴʥʝʡʰʝʝ 

ʦʙʫʯʝʥʠʝ ʥʝ ʙʫʜʝʪ ʠʤʝʪʴ ʩʤʳʩʣʘ, ʘ ʪʘʢʞʝ ʚ ʢʘʞʜʦʡ 

ʵʧʦʭʝ ʙʫʜʝʪ 50 ʧʨʦʛʦʥʦʚ. ʆʙʫʯʝʥʠʝ ʤʦʜʝʣʠ ï ʧʨʦ-

ʮʝʩʩ ʜʣʠʪʝʣʴʥʳʡ. ʅʘ ʨʘʙʦʯʝʡ ʩʪʘʥʮʠʠ ʩ ʧʨʦʮʝʩʩʦ-

ʨʦʤ IntelCore i3 3.7GHz, 16 GBRAM, ʚʠʜʝʦʘʜʘʧʪʝ-

ʨʦʤ Intel HD Graphics 530 ʚʝʩʴ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʟʘ-

ʥʷʣ 2 ʯʘʩʘ. ʇʦʩʣʝ ʵʪʦʛʦ ʤʦʜʝʣʴ ʙʳʣʘ ʩʦʭʨʘʥʝʥʘ ʚ 

ʬʦʨʤʘʪʝ h5 ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ[1]. ʅʘ 

ʦʙʫʯʘʶʱʝʤ ʤʥʦʞʝʩʪʚʝ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʪʦʯʥʦʩʪʴ 

92%. ʅʘ ʪʝʩʪʦʚʦʤ ʤʥʦʞʝʩʪʚʝ ʪʦʯʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 

80%. ɺʝʩʴʤʘ ʥʝʧʣʦʭʦʡ ʨʝʟʫʣʴʪʘʪ! ʊʝʧʝʨʴ ʥʝʦʙʭʦ-

ʜʠʤʦ ʩʦʟʜʘʪʴ ʫʜʦʙʥʳʡ ʠʥʪʝʨʬʝʡʩ ʧʦʣʴʟʦʚʘʪʝʣʷ, 

ʯʪʦʙʳ ʤʦʜʝʣʴ ʙʳʣʦ ʫʜʦʙʥʦ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴ. 

ʈʘʟʨʘʙʦʪʢʘ ʚʝʙ-ʠʥʪʝʨʬʝʡʩʘ ʜʣʷ ʥʝʡʨʦʩʝʪʝʚʦʡ 

ʤʦʜʝʣʠ 

ɼʣʷ ʩʦʭʨʘʥʝʥʥʦʡ ʤʦʜʝʣʠ ʤʦʞʥʦ ʨʘʟʨʘʙʦʪʘʪʴ 

ʨʘʟʣʠʯʥʳʡ ʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ɹʳʣ ʩʜʝʣʘʥ ʚʳʙʦʨ ʚ ʧʦʣʴʟʫ ʚʝʙ-ʠʥʪʝʨʬʝʡʩʘ ʚ ʩʚʷʟʠ 

ʩ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴʶ ʧʣʘʪʬʦʨʤ ʠ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʚ 

ʚʠʜʝ ʝʜʠʥʦʙʨʘʟʠʷ ʚʝʙ-ʧʣʘʪʬʦʨʤʳ.  

ʀʥʪʝʨʬʝʡʩ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʩʣʝʜʫʶʱʠʤ ʤʠ-

ʥʠʤʘʣʴʥʳʤ ʬʫʥʢʮʠʦʥʘʣʦʤ: ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʨʘʪʴ 

ʠʟʦʙʨʘʞʝʥʠʝ, ʦʪʤʝʥʠʪʴ ʚʳʙʦʨ, ʦʪʧʨʘʚʠʪʴ ʩʥʠʤʦʢ 

ʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʶ. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʙʳʣ ʚʳʙʨʘʥ ʬʨʝʡʤʚʦʨʢ Flask. 

ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʠʪ ʙʳʩʪʨʦ ʠ ʢʘʯʝʩʪʚʝʥʥʦ 

ʨʘʟʚʝʨʥʫʪʴ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʨʘʙʦʯʠʡ ʩʝʨʚʝʨ, ʥʘʧʠʩʘʚ 

ʥʝʤʥʦʛʦ ʢʦʜʘ, ʧʦʩʪʨʦʠʪʴ ʪʦʯʥʫʶ ʤʘʨʰʨʫʪʠʟʘʮʠʶ 

ʟʘʧʨʦʩʦʚ, ʘ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʰʘʙʣʦʥʠʟʘʪʦʨʘ Jinja 

2, ʩʜʝʣʘʪʴ ʠʥʪʝʨʬʝʡʩ ʚʠʟʫʘʣʴʥʦ ʧʨʠʷʪʥʳʤ ʜʣʷ 

ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʅʘ ʃʠʩʪʠʥʛʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ, 

ʢʦʪʦʨʳʡ ʦʪʚʝʯʘʝʪ ʟʘ ʟʘʛʨʫʟʢʫ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʬʦʨ-

ʤʘʪʝ .jpg ʥʘ ʩʝʨʚʝʨ: 

@app.route('/upload', methods=['GET','POST']) 

def upload_file(): 

if  request.method=='POST': 

file= request.files['file'] 

if fileand allowed_file(file.filename): 

 filename = secure_filename(file.filename) 

file.save(os.path.join(app.con-

fig['UPLOAD_FOLDER'], filename)) 

return  redirect(url_for('uploaded_file', file-

name=filename)) 

 

return  redirect(url_for('index')) 

 

ʃʠʩʪʠʥʛ 1.ʌʫʥʢʮʠʷ, ʦʪʚʝʯʘʶʱʘʷ ʟʘ ʟʘ-

ʛʨʫʟʢʫ ʩʥʠʤʢʦʚ ʄʈʊ ʥʘ ʩʝʨʚʝʨ 

ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʬʫʥʢʮʠʶ, ʢʦ-

ʪʦʨʘʷ ʙʫʜʝʪ ʦʪʣʘʚʣʠʚʘʪʴ ʧʝʨʝʘʜʨʝʩʘʮʠʶ ʩ ʜʘʥʥʦʛʦ 

ʤʝʪʦʜʘ ʥʘ ʘʜʨʝʩ, ʢʦʪʦʨʳʡ ʫʢʘʟʘʥ ʚ ʦʧʝʨʘʪʦʨʝ ʚʦʟ-

ʚʨʘʪʘ. ʇʦʪʨʝʙʫʝʪʩʷ ʚʳʜʝʣʠʪʴ ʦʪʜʝʣʴʥʳʡ ʧʦʪʦʢ ʜʣʷ 

ʜʘʥʥʦʡ ʬʫʥʢʮʠʠ, ʪʘʢ ʢʘʢ ʜʝʡʩʪʚʠʝ ʧʦ ʦʙʨʘʙʦʪʢʝ ʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʦʤʦʛʨʘʤʤʳ ʜʦʣʞʥʦ ʦʙʨʘʙʘʪʳ-

ʚʘʪʴʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʩ HTTP-ʟʘʧʨʦʩʦʤ. ʅʘ ʃʠʩʪʠʥʛʝ 

2 ʧʨʠʚʝʜʸʥ ʧʨʠʤʝʨ ʪʘʢʦʡ ʬʫʥʢʮʠʠ: 

@app.route('/uploads/<filename>') 

def uploaded_file(filename): 

global graph 

with  graph.as_default(): 

image_path = UPLOAD_FOLDER + filename 

 

img = image.load_img(image_path, tar-

get_size=IMG_SIZE) 

x = image.img_to_array(img) 

x = np.expand_dims(x, axis=0) 

 

images = np.vstack([x]) 

classes = model.predict_classes(images, 

batch_size=10) 

print ('Predicted class is: ' + str(classes[0][0])) 

 

return  render_template('result.html', file-

name=filename, result=classes[0][0]) 

ʃʠʩʪʠʥʛ 2. ʌʫʥʢʮʠʷ, ʦʪʚʝʯʘʶʱʘʷ ʟʘ ʢʣʘʩʩʠʬʠ-

ʢʘʮʠʶ ʩʥʠʤʢʦʚ ʄʈʊ 

ʇʦʩʣʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ, ʚʝʩʴ ʠʩʭʦʜʥʳʡ 

ʢʦʜ ʙʳʣ ʟʘʛʨʫʞʝʥ ʥʘ ʦʙʣʘʯʥʳʡ ʭʦʩʪʠʥʛ Heroku. ʅʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʠʩʪʝʤʘ ʜʦʩʪʫʧʥʘ ʧʦ ʘʜʨʝʩʫ: 

https://brain-tumor-classifier.herokuapp.com/ 

ʅʘ ʈʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥ ʠʥʪʝʨʬʝʡʩ ʛʦʪʦʚʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʥʘ ʭʦ-

ʩʪʠʥʛʝ Heroku: 

 
ʈʠʩʫʥʦʢ 2. ɺʝʙ-ʠʥʪʝʨʬʝʡʩ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʦʟʛʦʚʳʭ ʦʧʫʭʦʣʝʡ 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʭʦʜʝ ʨʘʙʦʪʳʙʳʣʘ ʩʤʦʜʝʣʠʨʦʚʘʥʘ ʩʚʝʨʪʦʯʥʘʷ 

ʥʝʡʨʦʩʝʪʴ, ʚʳʧʦʣʥʷʶʱʘʷ ʬʫʥʢʮʠʶ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʩʥʠʤʢʦʚ ʄʈʊ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʥʘ ʥʘʣʠʯʠʝ ʦʧʫʭʦ-

ʣʝʡ. ʂ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ ʙʳʣ ʩʦʟʜʘʥ ʫʜʦʙʥʳʡ 

ʚʝʙ-ʠʥʪʝʨʬʝʡʩ, ʢʦʪʦʨʳʡ ʫʧʨʦʱʘʝʪ ʨʘʙʦʪʫ ʩ ʩʠʩʪʝ-

ʤʦʡ, ʜʝʣʘʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʩʠʩʪʝʤʦʡ ʧʨʠʷʪʥʳʤ ʠ 

ʫʜʦʙʥʳʤ.  

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ 

ʪʝʭʥʦʣʦʛʘʤʠ ʨʝʥʪʛʝʥʦʣʦʛʘʤʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦ-

ʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ. ʇʨʦʮʝʩʩ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʩʥʠʤʢʦʚ ʄʈʊ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ. 
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ʀʩʧʦʣʥʠʪʝʣʶ ʩʪʦʠʪ ʟʘʥʷʪʴʩʷ ʣʠʰʴ ʜʘʣʴʥʝʡʰʝʡ ʩʝʛ-

ʤʝʥʪʘʮʠʝʡ ʚ ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ ʦʧʫʭʦʣʠ ʫ ʧʘʮʠʝʥʪʘ. 
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ANALYSIS OF THE POSSIBILITIES OF USING THE SYNERGISTIC EFFECT TO IMPROVE THE 

PERFORMANCE OF HYBRID CUTTING AND WELDING TECHNOLOGIES  

 

ɸʥʥʦʪʘʮʠʷ 
ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʥʘ ʚʳʟʳʚʘʶʱʠʝ ʝʛʦ 

ʛʠʙʨʠʜʥʳʝ ʧʨʦʮʝʩʩʳ ʨʝʟʢʠ ʠ ʩʚʘʨʢʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʫʛʠ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʤʦʱʥʦʩʪʝʡ ʦʪ 1:1 ʜʦ 1:3 ʥʘʨʫʰʘʝʪʩʷ ʘʜʜʠʪʠʚʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʠʟʜʝʣʠʝ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ ʠ ʜʫʛʦʚʦʡ ʧʣʘʟʤʳ. ʅʘʠʙʦʣʝʝ ʷʚʥʦ ʵʪʦʪ ʵʬʬʝʢʪ ʚʳʨʘʞʝʥ ʚ ʣʘ-

ʟʝʨʥʦ-ʧʣʘʟʤʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʣʝʥʠʷ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ 

ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʚʝʣʠʯʠʥʝ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʫʞʝʥʠʠ ʠ 

ʧʦʚʳʰʝʥʠʠ ʛʣʫʙʠʥʳ ʧʘʨʦʛʘʟʦʚʦʛʦ ʢʘʥʘʣʘ. ʕʪʦʪ ʵʬʬʝʢʪ, ʚ ʪʦʤ ʯʠʩʣʝ, ʧʨʦʷʚʣʷʝʪʩʷ ʚ çʧʨʠʚʷʟʢʝè ʘʥʦʜʥʦʡ 

ʦʙʣʘʩʪʠ ʜʫʛʠ ʢ ʧʣʘʟʤʝʥʥʦʤʫ ʬʘʢʝʣʫ, ʩʦʟʜʘʚʘʝʤʦʤʫ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʝʪʘʣʣʘ ʣʘʟʝʨʥʳʤ ʧʫʯʢʦʤ, ʠ ʚ ʩʦ-

ʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʦʤ ʤʠʥʠʤʫʤʘ ʐʪʝʝʥʙʝʢʘ (M. Steenbeck) ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʥʘʧʨʷʞʝʥʠʷ ʥʘ 

ʜʫʛʦʚʦʤ ʧʨʦʤʝʞʫʪʢʝ. 

Abstract 
The article analyzes the positive effect of the synergetic effect on the hybrid processes of cutting and welding 

that cause it. It is shown that the combined use of laser radiation and electric arc at a power ratio of 1:1 to 1:3 

violates the additivity of the thermal effect on the product of the laser beam and arc plasma. This effect is most 

clearly expressed in laser-plasma processes. The technological efficiency of the synergetic effect is directly pro-

portional to the power density of the laser radiation and consists in narrowing and increasing the depth of the 

keyhole. This effect, in particular, manifests itself in the "binding" of the anode region of the arc to the plasma 

torch is generated above the surface of the metal with a laser beam, and in accordance with the principle of 

minimum Steenbeck (M. Steenbeck) it contributes to the reduction of the voltage at the arc gap. 
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formance. 
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ɺ ʢʦʥʮʝ 1970-ʭ ʛʦʜʦʚ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʦʬ. 

ʋʠʣʴʷʤʘ ʉʪʠʥʘ (William M. Steen) ʙʳʣʠ ʧʨʝʜʣʦ-

ʞʝʥʳ ʧʨʦʮʝʩʩʳ ʛʠʙʨʠʜʥʦʡ ʣʘʟʝʨʥʦ-ʜʫʛʦʚʦʡ (ʣʘ-

ʟʝʨʥʦ-ʧʣʘʟʤʝʥʥʦʡ) ʩʚʘʨʢʠ ʠ ʨʝʟʢʠ ʩʪʘʣʝʡ ʠ ʩʧʣʘʚʦʚ 

[1, 2]. ʉ ʪʝʭ ʧʦʨ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʦʩʣʘʙʝʚʘʶʱʠʡ ʨʦʩʪ 

ʠʥʪʝʨʝʩʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢ ʵʪʠʤ ʧʨʦʮʝʩʩʘʤ, ʦʙʫ-

ʩʣʦʚʣʝʥʥʳʡ ʵʬʬʝʢʪʦʤ ʥʝʘʜʜʠʪʠʚʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ 

ʦʙʲʝʤʘ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ 

ʜʝʡʩʪʚʠʠ ʣʘʟʝʨʥʦʛʦ ʠ ʜʫʛʦʚʦʛʦ (ʧʣʘʟʤʝʥʥʦʛʦ) ʠʩ-

ʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. ʊʘʢʦʡ ʵʬʬʝʢʪ ʥʘʟʳʚʘʶʪ ʛʠʙʨʠʜ-

ʥʳʤ ʠʣʠ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʤ [3]. ʉ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʦʟʠʮʠʡ ʞʝʣʘʪʝʣʴʥʦ, ʯʪʦʙʳ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬ-

ʬʝʢʪ ʧʦʟʚʦʣʷʣ ʫʚʝʣʠʯʠʚʘʪʴ ʛʣʫʙʠʥʫ ʧʨʦʚʘʨʘ ʠ ʨʝʟʘ 

ʚ ʛʠʙʨʠʜʥʳʭ ʧʨʦʮʝʩʩʘʭ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ. ʇʨʠ-

ʯʝʤ ʛʣʫʙʠʥʘ ʛʠʙʨʠʜʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʦʣʞʥʘ ʧʨʝʚʳ-

ʰʘʪʴ ʩʫʤʤʫ ʛʣʫʙʠʥ ʦʙʨʘʙʦʪʢʠ ʩ ʧʦʤʦʱʴʶ ʩʦʩʪʘʚ-

ʣʷʶʱʠʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʧʨʠ ʨʘʚʝʥʩʪʚʝ ʧʦʛʦʥ-

ʥʳʭ ʵʥʝʨʛʠʡ. 

ɸʥʘʣʠʟʠʨʫʷ ʧʫʙʣʠʢʘʮʠʠ 1980-ʭ ï 1990-ʭ ʛʦ-

ʜʦʚ, ʧʦʩʚʷʱʝʥʥʳʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʣʘʟʝʨʥʦ-ʜʫ-

ʛʦʚʳʤ ʧʨʦʮʝʩʩʘʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʧʦʩʪʝʧʝʥ-

ʥʦʤ ʧʝʨʝʤʝʱʝʥʠʠ ʠʥʪʝʨʝʩʘ ʢ ʛʠʙʨʠʜʥʳʤ ʪʝʭʥʦʣʦ-

ʛʠʷʤ ʠʟ ʩʬʝʨʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʩʬʝʨʫ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺʦʧʨʦʩ ʦ ʧʝʨ-

ʩʧʝʢʪʠʚʘʭ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʣʘʟʝʨʥʦ-ʜʫʛʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʟʚʫʯʠʪ ʠ ʚ ʥʘʟʚʘʥʠʠ ʩʪʘʪʴʠ [4], ʢʦʪʦʨʦʝ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʦ ʘʚʪʦʨʦʤ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

çʉʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʩʦʚʤʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʩʚʘʨʦʯʥʦʡ ʜʫʛʠ ʠ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ ï ʜʣʷ ʧʨʘʢ-

ʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʠʣʠ ʪʦʣʴʢʦ ʜʣʷ ʥʘʫʯʥʳʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ?è ʕʪʘ ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʧʦ ʩʫʱʝʩʪʚʫ ʦʙ-

ʟʦʨʥʦʡ, ʦʙʦʙʱʘʶʱʝʡ ʠ ʘʥʘʣʠʟʠʨʫʶʱʝʡ 

ʜʦʩʪʠʞʝʥʠʷ ʫʯʝʥʳʭ ʨʘʟʥʳʭ ʩʪʨʘʥ ʚ ʦʙʣʘʩʪʠ ʣʘ-

ʟʝʨʥʦ-ʜʫʛʦʚʳʭ ʧʨʦʮʝʩʩʦʚ. 

ɸʚʪʦʨ ʨʘʙʦʪʳ [4] ʜʝʣʘʝʪ ʢʨʘʪʢʠʡ ʵʢʩʢʫʨʩ ʚ ʠʩ-

ʪʦʨʠʶ ʨʘʟʚʠʪʠʷ ʣʘʟʝʨʥʦ-ʜʫʛʦʚʦʡ ʩʚʘʨʢʠ, ʦʧʠʩʳʚʘʝʪ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʛʠʙʨʠʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʦʩʦʙʦ ʧʦʜ-

ʯʝʨʢʠʚʘʝʪ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʩʦʚʤʝʩʪʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʡ ʜʫʛʠ. ʆʪʤʝʪʠʚ ʥʝʜʦʩʪʘʪʢʠ ʣʘʟʝʨʥʦʡ ʩʚʘʨʢʠ ʩ 

ʜʫʛʦʡ ʥʝʧʣʘʚʷʱʝʛʦʩʷ ʵʣʝʢʪʨʦʜʘ (ʣʘʟʝʨ-TIG ʩʚʘʨʢʠ) 

ʘʚʪʦʨ ʧʝʨʝʭʦʜʠʪ ʢ ʘʥʘʣʠʟʫ ʨʘʙʦʪ ʧʦ ʣʘʟʝʨʥʦʡ 

ʩʚʘʨʢʝ ʩ ʜʫʛʦʡ ʧʣʘʚʷʱʝʛʦʩʷ ʵʣʝʢʪʨʦʜʘ (ʣʘʟʝʨ-MIG), 

ʘ ʪʘʢʞʝ ʣʘʟʝʨ-ʧʣʘʟʤʝʥʥʦʡ ʩʚʘʨʢʝ ʠ ʜʝʣʘʝʪ ʚʳʚʦʜ, 

ʯʪʦ ʧʦʩʣʝʜʥʠʝ ʩʧʦʩʦʙʳ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʧʝʨʩʧʝʢ-

ʪʠʚʥʳʤʠ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʜʠʘʧʘʟʦʥʘ ʪʦʣʱʠʥ ʠ ʪʠʧʘ ʩʚʘʨʠʚʘʝʤʳʭ ʤʝ-

ʪʘʣʣʦʚ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʣʘʟʝʨ-TIG ʧʨʦʮʝʩʩʘ, ʪʦ ʦʥ, ʥʝ-

ʩʤʦʪʨʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ, ʪʘʢʞʝ ʜʦʣʞʝʥ 

ʥʘʡʪʠ ʚ ʙʫʜʫʱʝʤ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ, ʚ ʯʝʤ 

ʫʙʝʞʜʘʝʪ ʠʤʝʶʱʠʡʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʦʧʳʪ ʝʛʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ (ʚ ʯʘʩʪʥʦʩʪʠ, ʩ ʧʨʠʩʘʜʢʦʡ) ʜʣʷ ʩʚʘʨʢʠ 

ʩʣʦʞʥʳʭ ʪʦʥʢʦʩʪʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʚ ʨʷʜʝ ʜʨʫ-

ʛʠʭ ʩʣʫʯʘʝʚ. 

ɸʚʪʦʨ ʨʘʙʦʪʳ [4] ʩʯʠʪʘʣ, ʯʪʦ ʥʘ ʪʦʪ ʤʦʤʝʥʪ ʣʘ-

ʟʝʨʥʦ-ʜʫʛʦʚʳʝ ʧʨʦʮʝʩʩʳ ʧʨʝʜʩʪʘʚʣʷʣʠ ʠʥʪʝʨʝʩ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʢʦʣʴʢʫ ʩʫʱʝʩʪʚʦʚʘʣʦ ʤʥʦʛʦ ʥʝ-

ʨʝʰʝʥʥʳʭ ʚʦʧʨʦʩʦʚ, ʥʘʧʨʠʤʝʨ, ʢʘʩʘʶʱʠʭʩʷ ʚʣʠʷ-

ʥʠʷ ʜʣʠʥʳ ʚʦʣʥʳ ʠ ʤʦʱʥʦʩʪʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʥʘ ʩʪʝʧʝʥʴ ʠʦʥʠʟʘʮʠʠ ʜʫʛʦʚʦʡ ʧʣʘʟʤʳ ʧʨʠ ʨʘʟʥʳʭ 

ʪʦʢʘʭ ʜʫʛʠ. ʊʝʤ ʩʘʤʳʤ ʦʥ ʧʨʝʜʩʢʘʟʳʚʘʣ ʧʝʨʩʧʝʢ-

ʪʠʚʳ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʛʠʙʨʠʜʥʳʭ ʣʘʟʝʨ-

TIG, ʣʘʟʝʨ-MIG ʠ ʣʘʟʝʨ-ʧʣʘʟʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ.  

ʉʚʝʜʝʥʠʷ ʦ ʨʝʘʣʠʟʘʮʠʠ ʣʘʟʝʨ-TIG ʩʚʘʨʢʠ ʘʣʶ-

ʤʠʥʠʷ ʠ ʝʛʦ ʩʧʣʘʚʦʚ ʤʘʣʳʭ ʪʦʣʱʠʥ, ʪʘʢʞʝ ʢʘʢ ʠ 

ʜʨʫʛʠʭ ʪʦʥʢʦʣʠʩʪʦʚʳʭ ʤʝʪʘʣʣʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʧʫʙʣʠʢʘʮʠʷʭ [5-10]. ɸʚʪʦʨʳ ʵʪʠʭ ʨʘʙʦʪ ʦʪʤʝʯʘʶʪ 

ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʩʦʚʤʝʩʪ-

ʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʡ ʜʫʛʠ (ʵʬʬʝʢʪ ʥʘʨʫʰʝʥʠʷ ʘʜʜʠʪʠʚʥʦʩʪʠ 

ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʠʟʜʝʣʠʝ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ 

ʠ ʜʫʛʦʚʦʡ ʧʣʘʟʤʳ, ʦ ʢʦʪʦʨʦʤ ʫʧʦʤʠʥʘʣʦʩʴ ʚʳʰʝ). 

ɺ ʨʘʙʦʪʝ [5], ʥʘʧʨʠʤʝʨ, ʫʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʚ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʭ ʧʦ ʣʘʟʝʨʥʦ-ʜʫʛʦʚʦʡ ʩʚʘʨʢʝ ʘʣʶʤʠʥʠʷ ʉʆ2-

ʣʘʟʝʨʦʤ ʤʦʱʥʦʩʪʴʶ 1,2 ʢɺʪ ʠ ʜʫʛʦʡ ʩ ʥʝʧʣʘʚʷ-

ʱʠʤʩʷ ʵʣʝʢʪʨʦʜʦʤ ʧʨʠ ʪʦʢʝ 60 ɸ ʠ ʩʢʦʨʦʩʪʠ ʩʚʘʨʢʠ 

0,25 ʤ/ʤʠʥ ʦʙʲʝʤ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʥʘ 77% 

ʧʨʝʚʳʰʘʣ ʧʨʦʩʪʫʶ ʩʫʤʤʫ ʦʙʲʝʤʦʚ ʨʘʩʧʣʘʚʦʚ, ʧʦ-

ʣʫʯʝʥʥʳʭ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʞʜʦʛʦ ʠʟ ʠʩ-

ʪʦʯʥʠʢʦʚ ʪʝʧʣʘ ʚ ʦʪʜʝʣʴʥʦʩʪʠ. ɺ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ 

ʧʫʙʣʠʢʘʮʠʷʭ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ, ʯʪʦ ʛʠʙʨʠʜʥʳʤ ʩʧʦ-

ʩʦʙʦʤ ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ ʰʚʳ ʥʘ ʘʣʶ-

ʤʠʥʠʠ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʭ ʤʦʱʥʦʩʪʷʭ ʣʘʟʝʨ-

ʥʦʛʦ ʧʫʯʢʘ ʠ ʜʫʛʠ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ 

ʩʚʘʨʢʠ, ʯʝʛʦ ʥʝ ʫʜʘʚʘʣʦʩʴ ʜʦʩʪʠʯʴ ʣʘʟʝʨʥʦʡ ʩʚʘʨ-

ʢʦʡ ʧʨʠ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʠ ʣʘʟʝʨ-

ʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʕʪʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʛʠʙʨʠʜʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʚʦʩʧʦʣʴʟʦʚʘʣʠʩʴ ʘʚʪʦʨʳ ʨʘʙʦʪʳ [7], ʧʨʠ-

ʤʝʥʠʚ ʜʣʷ ʩʚʘʨʢʠ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʪʦʣʱʠʥʦʡ 

ŭ Ó 3 ʤʤ ʪʚʝʨʜʦʪʝʣʴʥʳʡ Nd:YAG-ʣʘʟʝʨ ʤʦʱʥʦʩʪʴʶ 

ʚʩʝʛʦ 360 ɺʪ ʩʦʚʤʝʩʪʥʦ ʩ ʛʦʨʝʣʢʦʡ ʜʣʷ TIG ʩʚʘʨʢʠ 

ʥʘ ʪʦʢʝ 50 ɸ. ɼʦʩʪʠʛʥʫʪʳʝ ʠʤʠ ʧʘʨʘʤʝʪʨʳ ʧʨʦʧʣʘʚ-

ʣʝʥʠʷ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʢʘʟʘʣʠʩʴ 

ʩʨʘʚʥʠʤʳʤʠ ʩ ʧʦʣʫʯʘʝʤʳʤʠ ʧʨʠ ʩʚʘʨʢʝ Nd:YAG-

ʣʘʟʝʨʦʤ ʤʦʱʥʦʩʪʴʶ 2 ʢɺʪ. 

ɼʦʩʪʦʠʥʩʪʚʘ ʣʘʟʝʨʥʦ-ʜʫʛʦʚʦʡ ʩʚʘʨʢʠ ʪʦʥʢʦʣʠ-

ʩʪʦʚʦʛʦ ʘʣʶʤʠʥʠʷ ʠ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ ʜʝʤʦʥ-

ʩʪʨʠʨʫʶʪʩʷ ʚ ʨʘʙʦʪʘʭ [6, 8], ʛʜʝ ʩʨʘʚʥʠʚʘʶʪʩʷ ʦʩ-

ʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʝʞʠʤʦʚ ʜʣʷ ʪʨʝʭ ʩʧʦʩʦʙʦʚ 

ʩʚʘʨʢʠ: TIG, ʛʠʙʨʠʜʥʦʡ ʣʘʟʝʨ-TIG ʠ ʣʘʟʝʨʥʦʡ. ʊʘʢ, 

ʧʨʠ ʤʦʱʥʦʩʪʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 

0,1 ʜʦ 1,5 ʢɺʪ (ʜʣʷ ʜʚʫʭ ʧʦʩʣʝʜʥʠʭ ʩʧʦʩʦʙʦʚ), ʜʣʠʥʝ 

ʜʫʛʠ 6 ʤʤ ʠ 10 ʤʤ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʜʚʫʭ ʧʝʨʚʳʭ 

ʩʧʦʩʦʙʦʚ), ʪʠʧʠʯʥʘʷ ʩʢʦʨʦʩʪʴ ʩʚʘʨʢʠ ʩʦʩʪʘʚʣʷʣʘ 

0,5; 2,0 ʠ 1,0 ʤ/ʤʠʥ, ʦʪʥʦʰʝʥʠʝ ʛʣʫʙʠʥʳ ʧʨʦʧʣʘʚ-

ʣʝʥʠʷ ʢ ʰʠʨʠʥʝ ʰʚʘ ï 0,5; 2,0 ʠ 1,0, ʘ ʧʦʛʦʥʥʘʷ ʵʥʝʨ-

ʛʠʷ ï 320; 50 ʠ 160 ɼʞ/ʤʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʪʤʝʯʘ-

ʝʪʩʷ ʫʣʫʯʰʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʛʦʨʝʥʠʷ ʜʫʛʠ ʚ ʢʦʤ-

ʙʠʥʠʨʦʚʘʥʥʦʤ ʧʨʦʮʝʩʩʝ ʠ ʦʙʣʝʛʯʝʥʠʝ ʝʝ ʟʘʞʠʛʘʥʠʷ. 

ʇʦʜʯʝʨʢʠʚʘʝʪʩʷ, ʯʪʦ ʛʠʙʨʠʜʥʳʤ ʩʧʦʩʦʙʦʤ ʫʜʘʝʪʩʷ 

ʩʚʘʨʠʚʘʪʴ ʣʠʩʪʳ ʚʝʩʴʤʘ ʤʘʣʦʡ ʪʦʣʱʠʥʳ ʠ ʩʦʝʜʠ-

ʥʷʪʴ ʨʘʟʥʦʪʦʣʱʠʥʥʳʝ ʵʣʝʤʝʥʪʳ, ʥʝ ʦʙʝʩʧʝʯʠʚʘʷ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʩʙʦʨʢʠ ʩʪʳʢʦʚ, ʢʘʢ ʵʪʦ ʥʝʦʙʭʦ-

ʜʠʤʦ ʜʣʷ ʣʘʟʝʨʥʦʡ ʩʚʘʨʢʠ. ʇʦʤʠʤʦ ʛʠʙʨʠʜʥʦʡ ʣʘ-

ʟʝʨ-TIG ʩʚʘʨʢʠ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʪʦʥʢʠʭ (1é2 ʤʤ) 

ʘʣʶʤʠʥʠʝʚʳʭ ʣʠʩʪʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʣʘʟʝʨ-MIG ʧʨʦʮʝʩʩ ʚ ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʟʣʫʯʝ-

ʥʠʝ Nd:YAG- ʠ ʜʠʦʜʥʦʛʦ ʣʘʟʝʨʦʚ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʠʤ-

ʧʫʣʴʩʥʳʤ MIG ʧʨʦʮʝʩʩʦʤ [11]. 

ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʢʦʤʙʠʥʠʨʦʚʘʥ-

ʥʦʡ ʩʚʘʨʢʝ ʪʦʥʢʦʣʠʩʪʦʚʳʭ (0,5é1,0 ʤʤ) ʤʝʪʘʣʣʦʚ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʘʣʶʤʠʥʠʷ, ʥʦ ʫʞʝ ʣʘʟʝʨʥʦ-ʧʣʘʟʤʝʥʥʳʤ 

ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʳ ʚ ʨʘʙʦʪʝ [12], ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ 
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ʘʥʛʣʠʡʩʢʠʤʠ ʫʯʝʥʳʤʠ ʠʟ ʫʥʠʚʝʨʩʠʪʝʪʘ ʚ ʂʦʚʝʥʪʨʠ. 

ʉʚʘʨʢʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʉʆ2-

ʣʘʟʝʨʘ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ ʤʦʱʥʦʩʪʴʶ 400 ɺʪ 

ʠ ʩʪʘʥʜʘʨʪʥʦʡ ʧʣʘʟʤʝʥʥʦʡ ʛʦʨʝʣʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ 

ʧʦʜ ʫʛʣʦʤ ʢ ʦʩʠ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ ʚʧʝʨʝʜʠ ʧʦ ʭʦʜʫ 

ʩʚʘʨʢʠ (ʨʠʩ.1). ʆʙʦʩʥʦʚʳʚʘʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʟʘ-

ʤʝʥʳ ʚ ʛʠʙʨʠʜʥʦʤ ʧʨʦʮʝʩʩʝ ʩʚʦʙʦʜʥʦ ʛʦʨʷʱʝʡ (ʦʪ-

ʢʨʳʪʦʡ) TIG ʜʫʛʠ ʥʘ ʧʣʘʟʤʝʥʥʫʶ (ʩʞʘʪʫʶ) ʜʫʛʫ, 

ʘʚʪʦʨʳ ʨʘʙʦʪʳ [11] ʫʢʘʟʳʚʘʶʪ ʥʘ ʮʝʣʳʡ ʨʷʜ ʩʫʱʝ-

ʩʪʚʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʣʘʟʝʨ-TIG ʧʨʦʮʝʩʩʘ, ʠʟ-ʟʘ 

ʢʦʪʦʨʳʭ ʦʥ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʪʤʝʯʘʝʤʳʝ ʚʩʝʤʠ ʠʩʩʣʝ-

ʜʦʚʘʪʝʣʷʤʠ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʜʦ ʩʠʭ 

ʧʦʨ ʥʝ ʥʘʰʝʣ ʰʠʨʦʢʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʠʤʝʥʝ-

ʥʠʷ. ʆʛʨʘʥʠʯʝʥʠʷ ʣʘʟʝʨ-TIG ʩʧʦʩʦʙʘ ʩʚʘʨʢʠ ʦʙʫ-

ʩʣʦʚʣʝʥʳ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʦʚʝʜʝ-

ʥʠʷ ʦʪʢʨʳʪʦʡ ʜʫʛʠ, ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪʩʷ ʜʘʞʝ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ, ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʷ 

ʥʘ ʭʘʨʘʢʪʝʨ ʛʠʙʨʠʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʮʝʣʦʤ. ʕʪʦ ʦʙ-

ʱʝʠʟʚʝʩʪʥʳʝ ʪʨʫʜʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʟʘʞʠʛʘʥʠʝʤ 

ʜʫʛʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴʶ ʝʝ 

ʩʪʦʣʙʘ ʧʨʠ ʤʘʣʳʭ ʪʦʢʘʭ ʠ ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ ʧʝʨʝ-

ʤʝʱʝʥʠʷ ʜʫʛʦʚʦʡ ʛʦʨʝʣʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʟʜʝʣʠʷ. 

 

 
ʈʠʩ.1. ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ ʣʘʟʝʨʥʦ-ʧʣʘʟʤʝʥʥʦʡ ʩʚʘʨʢʠ [12]. 

 

ʂʘʢ ʠ ʦʞʠʜʘʣʦʩʴ, ʧʨʠʤʝʥʝʥʠʝ ʚ ʛʠʙʨʠʜʥʦʤ 

ʧʨʦʮʝʩʩʝ ʚʤʝʩʪʦ ʩʚʦʙʦʜʥʦ ʛʦʨʷʱʝʡ TIG ʜʫʛʠ ʧʣʘʟ-

ʤʝʥʥʦʡ (ʩʞʘʪʦʡ) ʜʫʛʠ ʧʦʟʚʦʣʠʣʦ ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʝ-

ʠʤʫʱʝʩʪʚʘ ʧʦʩʣʝʜʥʝʡ ʠ ʪʘʢʦʡ ʢʦʤʙʠʥʘʮʠʠ ʚ ʮʝʣʦʤ. 

ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: ʦʙʝʩʧʝ-

ʯʝʥʦ ʥʘʜʝʞʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʜʫʛʠ (ʟʘ ʩʯʝʪ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʜʝʞʫʨʥʦʡ ʜʫʛʠ) ʠ ʫʚʝʣʠʯʝʥ ʩʨʦʢ ʩʣʫʞʙʳ 

ʚʦʣʴʬʨʘʤʦʚʦʛʦ ʵʣʝʢʪʨʦʜʘ. ʆʩʥʦʚʥʳʤ ʧʦʣʦʞʠʪʝʣʴ-

ʥʳʤ ʵʬʬʝʢʪʦʤ, ʜʦʩʪʠʛʘʝʤʳʤ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ 

ʣʘʟʝʨʥʦ-ʧʣʘʟʤʝʥʥʦʛʦ ʩʧʦʩʦʙʘ, ʷʚʣʷʣʩʷ ʷʚʥʦ ʚʳʨʘ-

ʞʝʥʥʳʡ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦ-

ʪʦʨʦʛʦ ʦʙʲʝʤ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʦʢʘʟʳʚʘʣʩʷ 

ʙʦʣʴʰʝ ʩʫʤʤʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʲʝʤʦʚ ʧʨʠ ʣʘ-

ʟʝʨʥʦʡ ʠ ʧʣʘʟʤʝʥʥʦʡ ʩʚʘʨʢʝ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ. ɹʣʘʛʦ-

ʜʘʨʷ ʵʪʦʤʫ ʘʚʪʦʨʘʤ ʨʘʙʦʪʳ [12] ʫʜʘʣʦʩʴ ʫʚʝʣʠʯʠʪʴ 

ʩʢʦʨʦʩʪʴ ʩʚʘʨʢʠ ʪʦʥʢʦʣʠʩʪʦʚʳʭ ʤʝʪʘʣʣʦʚ ʚ 2é3 

ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʘʟʝʨʥʦʡ ʩʚʘʨʢʦʡ. ʊʘʢ, ʩʪʳʢʦ-

ʚʦʡ ʰʦʚ ʩ ʧʦʣʥʳʤ ʧʨʦʧʣʘʚʣʝʥʠʝʤ ʥʘ ʥʝʨʞʘʚʝʶʱʝʡ 

ʩʪʘʣʠ ʪʦʣʱʠʥʦʡ 0,6 ʤʤ ʙʳʣ ʚʳʧʦʣʥʝʥ ʧʨʠ ʤʦʱʥʦ-

ʩʪʠ ʣʘʟʝʨʘ 400 ɺʪ ʠ ʪʦʢʝ ʜʫʛʠ 50 ɸ ʥʘ ʩʢʦʨʦʩʪʠ 2,5 

ʤ/ʤʠʥ, ʢʦʪʦʨʘʷ ʚ 2,5 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʜʦ-

ʩʪʠʛʘʝʤʫʶ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʜʥʦʛʦ ʣʠʰʴ ʣʘʟʝʨʘ 

ʪʦʡ ʞʝ ʤʦʱʥʦʩʪʠ. ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʪʦʢʦʤ ʧʣʘʟ-

ʤʝʥʥʦʡ ʜʫʛʠ ʠ ʩʢʦʨʦʩʪʴʶ ʛʠʙʨʠʜʥʦʡ ʩʚʘʨʢʠ ʥʝʨʞʘ-

ʚʝʶʱʝʡ ʩʪʘʣʠ ʫʢʘʟʘʥʥʦʡ ʪʦʣʱʠʥʳ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦ-

ʠʣʣʶʩʪʨʠʨʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ ʨʠʩ.2. ʐʚʳ ʩ ʧʦʣʥʳʤ 

ʧʨʦʧʣʘʚʣʝʥʠʝʤ ʧʨʠ ʪʝʭ ʞʝ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ 

ʨʝʞʠʤʘ ʩʚʘʨʢʠ ʙʳʣʠ ʫʩʧʝʰʥʦ ʚʳʧʦʣʥʝʥʳ ʠ ʥʘ ʪʠ-

ʪʘʥʦʚʦʤ ʩʧʣʘʚʝ Ti-6Al-4V ʪʦʣʱʠʥʦʡ 0,75 ʤʤ. 
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ʈʠʩ.2. ʆʧʪʠʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʩʢʦʨʦʩʪʴʶ ʩʚʘʨʢʠ ʠ ʪʦʢʦʤ ʧʣʘʟʤʝʥʥʦʡ ʜʫʛʠ  

ʧʨʠ ʣʘʟʝʨʥʦ-ʧʣʘʟʤʝʥʥʦʡ ʩʚʘʨʢʝ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ ʪʦʣʱʠʥʦʡ 0,6 ʤʤ  

(ʤʦʱʥʦʩʪʴ CO2-ʣʘʟʝʨʘ 400 ɺʪ) [12]. 

 

ʄʝʪʦʜ ʣʘʟʝʨʥʦ-ʧʣʘʟʤʝʥʥʦʡ ʩʚʘʨʢʠ ʦʩʦʙʝʥʥʦ 

ʦʪʯʝʪʣʠʚʦ ʧʨʦʷʚʠʣ ʩʚʦʠ ʜʦʩʪʦʠʥʩʪʚʘ ʧʨʠ ʩʚʘʨʢʝ 

ʘʣʶʤʠʥʠʷ ʠ ʝʛʦ ʩʧʣʘʚʦʚ. ɸʚʪʦʨʘʤʠ [12] ʧʦʣʫʯʝʥʳ 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʩʪʳʢʦʚʳʝ ʰʚʳ ʩ ʧʦʣʥʳʤ ʧʨʦʧʣʘʚʣʝ-

ʥʠʝʤ ʥʘ ʥʝʦʯʠʱʝʥʥʦʤ ʘʣʶʤʠʥʠʠ ʪʦʣʱʠʥʦʡ 0,6 ʤʤ 

ʧʨʠ ʩʢʦʨʦʩʪʠ ʩʚʘʨʢʠ 0,5 ʤ/ʤʠʥ ʠ ʤʘʣʳʭ ʪʦʢʘʭ ʜʫʛʠ 

(ʩʢʦʨʦʩʪʴ ʩʚʘʨʢʠ ʦʛʨʘʥʠʯʠʚʘʣʘʩʴ ʣʠʰʴ ʤʦʱʥʦʩʪʴʶ 

ʠʤʝʶʱʝʛʦʩʷ ʣʘʟʝʨʘ). ʇʨʠ ʵʪʦʤ ʘʥʦʜʥʦʝ ʧʷʪʥʦ ʜʫʛʠ, 

ʩʬʦʨʤʠʨʦʚʘʚʰʠʩʴ ʚ ʧʨʝʜʝʣʘʭ ʟʦʥʳ ʥʘʛʨʝʚʘ ʤʝ-

ʪʘʣʣʘ, ʩʦʟʜʘʚʘʝʤʦʡ ʣʘʟʝʨʥʳʤ ʧʫʯʢʦʤ, ʧʝʨʝʤʝʱʘ-

ʣʦʩʴ ʚʤʝʩʪʝ ʩ ʥʝʡ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ ʥʝʧʨʝʨʳʚ-

ʥʦʩʪʴ ʰʚʦʚ ʠ ʧʦʣʥʦʝ ʧʨʦʧʣʘʚʣʝʥʠʝ ʦʙʨʘʟʮʘ. ʆʪʤʝ-

ʪʠʤ, ʯʪʦ ʧʦʧʳʪʢʠ ʘʚʪʦʨʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʨʘʙʦʪʳ 

ʚʳʧʦʣʥʠʪʴ ʰʚʳ ʥʘ ʘʣʶʤʠʥʠʠ ʩ ʧʦʤʦʱʴʶ ʧʣʘʟʤʝʥ-

ʥʦʡ ʣʠʙʦ ʣʘʟʝʨʥʦʡ ʩʚʘʨʢʠ ʦʢʘʟʘʣʠʩʴ ʙʝʟʫʩʧʝʰ-

ʥʳʤʠ, ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʠʟ-ʟʘ ʙʣʫʞʜʘʥʠʷ ʘʥʦʜʥʦʛʦ 

ʧʷʪʥʘ ʜʫʛʠ, ʚʦ ʚʪʦʨʦʤ ï ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʤʦʱ-

ʥʦʩʪʠ ʣʘʟʝʨʘ. 

ʂʘʢ ʧʨʝʠʤʫʱʝʩʪʚʘ ʣʘʟʝʨʥʦ-ʧʣʘʟʤʝʥʥʦʡ ʩʚʘʨʢʠ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʘʟʝʨʥʦʡ ʚ ʨʘʙʦʪʝ [12] ʦʪʤʝʯʘʶʪʩʷ 

ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʘʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʯʥʦʩʪʠ 

ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʬʦʨʤʘ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

ʰʚʦʚ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʤʷʛʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯ-

ʥʦʩʪʠ ʩʙʦʨʢʠ ʩʪʳʢʦʚ ʠ ʚʝʣʠʯʠʥʝ ʜʦʧʫʩʪʠʤʦʛʦ ʦʪ-

ʢʣʦʥʝʥʠʷ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ ʦʪ ʣʠʥʠʠ ʩʧʣʘʚʣʝʥʠʷ. 

ʊʘʢ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʣʘʟʝʨʥʦʡ ʩʚʘʨʢʠ, ʛʜʝ ʟʘʟʦʨʳ 

ʤʝʞʜʫ ʩʪʳʢʫʝʤʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʥʝ ʜʦʣʞʥʳ ʧʨʝʚʳ-

ʰʘʪʴ 5é10% ʪʦʣʱʠʥʳ ʤʝʪʘʣʣʘ, ʧʨʠ ʢʦʤʙʠʥʠʨʦ-

ʚʘʥʥʦʡ ʩʚʘʨʢʝ ʜʦʧʫʩʪʠʤʳ ʟʘʟʦʨʳ ʚʧʣʦʪʴ ʜʦ 

25é30%. 

ʇʨʦʚʝʜʝʥʥʳʝ ʘʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [12] ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʙʦʣʝʝ ʰʠʨʦʢʠʭ ʚʦʟ-

ʤʦʞʥʦʩʪʷʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʣʘ-

ʟʝʨʥʦ-ʧʣʘʟʤʝʥʥʦʡ ʩʚʘʨʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʘʟʝʨ-

TIG ʩʚʘʨʢʦʡ ʠ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫ-

ʯʝʥʠʷ ʣʘʟʝʨʥʦ-ʧʣʘʟʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʆʪʤʝʪʠʤ 

ʪʘʢʞʝ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʦʩʪʘʚʣʝʥʥʦʡ ʘʚʪʦʨʘʤʠ [12] ʟʘ-

ʜʘʯʠ ʩʦʟʜʘʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʣʘʟʝʨʥʦ-ʧʣʘʟʤʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ï ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʣʘʟʝʨʥʦ-ʜʫʛʦʚʳʭ 

ʧʣʘʟʤʦʪʨʦʥʦʚ. 

ɺ ʙʦʣʝʝ ʧʦʟʜʥʝʡ ʨʘʙʦʪʝ [13] ʩʦʪʨʫʜʥʠʢʘ ʪʦʛʦ 

ʞʝ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʜʘʣʴ-

ʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʮʝʩʩʘ ʣʘʟʝʨʥʦ-ʧʣʘʟʤʝʥ-

ʥʦʡ ʩʚʘʨʢʠ ʪʦʥʢʦʣʠʩʪʦʚʳʭ ʩʪʘʣʝʡ ʠ ʘʣʶʤʠʥʠʝʚʳʭ 

ʩʧʣʘʚʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʢ ʉʆ2-ʣʘʟʝʨʦʚ, ʪʘʢ ʠ 

Nd:YAG-ʣʘʟʝʨʦʚ ʤʦʱʥʦʩʪʴʶ ʦʪ 400 ɺʪ ʜʦ 6 ʢɺʪ. ɺ 

ʭʦʜʝ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʭʦʨʦʰʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʩʚʘʨʢʝ ʩʪʳʢʦʚʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʨʘʟʥʦʪʦʣʱʠʥʥʳʭ ʤʝʪʘʣʣʦʚ, ʦʪʤʝ-

ʯʝʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʰʚʘ 

ʚʙʣʠʟʠ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʘʟʝʨʥʦʡ 

ʩʚʘʨʢʦʡ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ 6000 ʪʦʣʱʠʥʦʡ 2 ʤʤ, 

ʜʦʩʪʠʛʥʫʪʳ ʩʢʦʨʦʩʪʠ ʩʚʘʨʢʠ ʥʘ 40% ʧʨʝʚʳʰʘʶʱʠʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʧʨʠ ʣʘʟʝʨʥʦʡ ʩʚʘʨʢʝ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʣʘʟʝʨʥʦ-ʧʣʘʟʤʝʥʥʦʡ ʩʚʘʨʢʝ 

ʪʦʥʢʦʣʠʩʪʦʚʳʭ ʩʪʘʣʝʡ ʥʝʧʨʝʨʳʚʥʳʝ ʰʚʳ ʩ ʧʦʣʥʳʤ 

ʧʨʦʧʣʘʚʣʝʥʠʝʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʩʢʦʨʦʩʪʷʭ ʜʦ 60 

ʤ/ʤʠʥ, ʧʨʠʯʝʤ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʩʚʘʨʢʠ ʩʦ-

ʭʨʘʥʷʣʘʩʴ ʚʧʣʦʪʴ ʜʦ ʩʢʦʨʦʩʪʝʡ ʧʦʨʷʜʢʘ 90 ʤ/ʤʠʥ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʘʚʪʦʨ ʨʘʙʦʪʳ 

[13] ʜʝʣʘʝʪ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʣʘ-

ʟʝʨʥʦ-ʧʣʘʟʤʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʧʦʟʚʦʣʷʶʪ ʧʨʝʦʜʦʣʝʪʴ 

ʤʥʦʛʠʝ ʧʨʦʙʣʝʤʳ ʪʨʘʜʠʮʠʦʥʥʦʡ ʣʘʟʝʨʥʦʡ ʩʚʘʨʢʠ ʠ 

ʤʦʛʫʪ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʪʝʩ-

ʥʠʪʴ ʧʨʦʤʳʰʣʝʥʥʳʝ ʣʘʟʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. 

ɺʦʧʨʦʩ ʦ ʨʘʩʰʠʨʝʥʠʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʠʤʝ-

ʥʝʥʠʷ ʥʦʚʳʭ ʣʘʟʝʨʥʦ-ʜʫʛʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚ ʯʘʩʪ-

ʥʦʩʪʠ, ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʭ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʘʚʪʦ-

ʤʦʙʠʣʝʡ, ʚʧʝʨʚʳʝ ʦʙʩʫʞʜʘʣʩʷ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ IBEC-94 ʚ ɼʝʪʨʦʡʪʝ [14]. ɺ ʭʦʜʝ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʷ ʛʠʙʨʠʜʥʦʛʦ ʣʘʟʝʨʥʦ-ʜʫʛʦʚʦʛʦ ʩʧʦʩʦʙʘ 

ʩʚʘʨʢʠ ʣʠʩʪʦʚʳʭ ʩʪʘʣʝʡ ʠ ʘʣʶʤʠʥʠʷ, ʦʩʫʱʝʩʪʚʣʷʝ-

ʤʦʛʦ ʧʫʪʝʤ ʛʠʙʨʠʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʠʟʜʝʣʠʝ ʠʟ-

ʣʫʯʝʥʠʷ Nd:YAG-ʣʘʟʝʨʘ ʠ TIG ʜʫʛʠ, ʙʳʣʦ ʧʦʜʯʝʨʢ-

ʥʫʪʦ, ʯʪʦ ʵʪʦʪ ʩʧʦʩʦʙ ʠʤʝʝʪ ʨʷʜ ʜʦʩʪʦʠʥʩʪʚ, ʦʩʦ-

ʙʝʥʥʦ ʚʘʞʥʳʭ ʜʣʷ ʘʚʪʦʤʦʙʠʣʴʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʘ ʠʤʝʥʥʦ: 50% ʫʤʝʥʴʰʝʥʠʝ ʩʪʦ-
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ʠʤʦʩʪʠ ʩʚʘʨʢʠ; ʪʘʢʦʝ ʞʝ (50%) ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʠ; ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʧʦʜʛʦʪʦʚʢʫ 

ʢʨʦʤʦʢ; ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʰʠʨʠʥʳ ʰʚʘ ʠ, 

ʥʘʢʦʥʝʮ, ʩʦʭʨʘʥʝʥʠʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʛʠʙʢʦʩʪʠ 

ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʩʣʝ ʩʚʘʨʢʠ. 

ʉʪʘʪʴʷ [15] ʧʨʠʤʝʯʘʪʝʣʴʥʘ ʪʝʤ, ʯʪʦ ʜʣʷ ʛʠ-

ʙʨʠʜʥʦʡ ʨʝʟʢʠ ʧʣʘʩʪʠʥ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ ʪʦʣ-

ʱʠʥʦʡ ʜʦ 2 ʤʤ ʚ ʢʘʯʝʩʪʚʝ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʩʪʦʯʥʠʢʘ 

ʪʝʧʣʘ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʝ ʠʟʣʫʯʝ-

ʥʠʝ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʣʘʟʝʨʘ ʠ ʧʣʘʟʤʝʥʥʘʷ ʜʫʛʘ ʢʦʩ-

ʚʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ. ɸʚʪʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ Nd:YAG-

ʣʘʟʝʨ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ ʤʦʱʥʦʩʪʴʶ ʦʢʦʣʦ 

200 ɺʪ, ʨʘʙʦʪʘʶʱʠʡ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ 1,06 

ʤʢʤ, ʠ ʧʣʘʟʤʦʪʨʦʥ ʤʦʱʥʦʩʪʴʶ ʜʦ 1 ʢɺʪ ʩʦ ʩʤʝʥ-

ʥʳʤ ʩʦʧʣʦʤ-ʘʥʦʜʦʤ ʜʫʛʠ, ʛʦʨʷʱʝʡ ʩ ʚʦʣʴʬʨʘʤʦ-

ʚʦʛʦ ʵʣʝʢʪʨʦʜʘ ʚ ʧʦʪʦʢʝ ʘʨʛʦʥʘ. ʃʘʟʝʨʥʘʷ ʛʦʣʦʚʢʘ, 

ʚ ʩʦʧʣʦ ʢʦʪʦʨʦʡ ʧʦʜʘʚʘʣʩʷ ʚʦʟʜʫʭ, ʫʩʪʘʥʘʚʣʠʚʘʣʘʩʴ 

ʥʘʜ ʧʣʘʩʪʠʥʦʡ ʧʦʜ ʫʛʣʦʤ 60ʦ ʢ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ 

ʧʣʘʟʤʦʪʨʦʥ ï ʚʝʨʪʠʢʘʣʴʥʦ ʧʦʜ ʧʣʘʩʪʠʥʦʡ. 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴ-

ʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ ʦʩ-

ʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʝʞʠʤʘ ʣʘʟʝʨʥʦ-ʧʣʘʟʤʝʥʥʦʡ 

ʨʝʟʢʠ ʥʘ ʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ-

ʢʘʟʘʣʠ, ʯʪʦ ʣʘʟʝʨʥʦ-ʧʣʘʟʤʝʥʥʘʷ ʨʝʟʢʘ ʧʦʟʚʦʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩ ʣʘʟʝʨʥʦʡ ʨʝʟʢʦʡ, ʥʝ ʩʥʠʞʘʷ ʢʘʯʝʩʪʚʘ ʨʝʟʘ. 

ʊʘʢ, ʧʨʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ʧʣʘʟʤʝʥʥʦʡ ʜʫʛʠ 

880 ɺʪ (ʧʦ ʦʮʝʥʢʝ ʘʚʪʦʨʦʚ ʵʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʱ-

ʥʦʩʪʠ, ʚʢʣʘʜʳʚʘʝʤʦʡ ʚ ʠʟʜʝʣʠʝ, 440 ɺʪ) ʠ ʤʦʱʥʦ-

ʩʪʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 150 ɺʪ ʩʢʦʨʦʩʪʴ ʫʚʝʣʠʯʠ-

ʚʘʣʘʩʴ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚʜʚʦʝ (ʨʠʩ.3), ʧʨʠ ʵʪʦʤ ʰʠ-

ʨʠʥʘ ʨʝʟʘ ʠ ʨʘʟʤʝʨ ʟʦʥʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ 

ʦʩʪʘʚʘʣʠʩʴ ʙʣʠʟʢʠʤʠ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʟʥʘʯʝ-

ʥʠʷʤ, ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʣʘʟʝʨʥʦʛʦ ʧʨʦʮʝʩʩʘ (ʨʠʩ.4, 

5). ʆʪʤʝʯʘʷ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʱʥʦʩʪʠ ʧʣʘʟʤʝʥ-

ʥʦʡ ʜʫʛʠ ʚʳʰʝ ʫʢʘʟʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʴ ʛʠ-

ʙʨʠʜʥʦʡ ʨʝʟʢʠ ʥʝ ʚʦʟʨʘʩʪʘʣʘ, ʘ ʧʘʨʘʤʝʪʨʳ ʠ ʢʘʯʝ-

ʩʪʚʦ ʨʝʟʘ ʩʪʘʥʦʚʠʣʠʩʴ ʪʠʧʠʯʥʳʤʠ ʜʣʷ ʧʣʘʟʤʝʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ, ʘʚʪʦʨʳ ʜʝʣʘʶʪ ʚʳʚʦʜ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʥʝ-

ʢʦʪʦʨʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʤʦʱʥʦʩʪʝʡ, 

ʚʢʣʘʜʳʚʘʝʤʳʭ ʧʣʘʟʤʝʥʥʦʡ ʩʪʨʫʝʡ ʠ ʣʘʟʝʨʥʳʤ ʧʫʯ-

ʢʦʤ ʚ ʦʙʨʘʙʘʪʳʚʘʝʤʳʡ ʤʝʪʘʣʣ, ʠ ʦʮʝʥʠʚʘʶʪ ʝʛʦ ʢʘʢ 

ʥʝ ʧʨʝʚʳʰʘʶʱʝʝ 3:1. ʆʜʥʘʢʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʪʝʧ-

ʣʦʚʦʛʦ ʚʢʣʘʜʘ ʧʣʘʟʤʝʥʥʦʡ ʩʪʨʫʠ ʚ ʠʟʜʝʣʠʝ ʘʚʪʦʨʳ 

ʫʯʠʪʳʚʘʶʪ ʣʠʰʴ ʂʇɼ ʥʘʛʨʝʚʘ ʤʝʪʘʣʣʘ ʧʣʘʟʤʦʡ, ʟʘ-

ʙʳʚʘʷ, ʥʘʧʨʠʤʝʨ, ʦ ʧʦʪʝʨʷʭ ʵʥʝʨʛʠʠ ʥʘ ʘʥʦʜʝ ʧʣʘʟ-

ʤʦʪʨʦʥʘ. ʉ ʫʯʝʪʦʤ ʵʪʠʭ ʧʦʪʝʨʴ ʤʦʱʥʦʩʪʴ, ʚʢʣʘʜʳ-

ʚʘʝʤʘʷ ʚ ʠʟʜʝʣʠʝ ʧʣʘʟʤʝʥʥʦʡ ʩʪʨʫʝʡ, ʙʫʜʝʪ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʤʝʥʴʰʝ 440 ɺʪ. ʇʦʵʪʦʤʫ ʙʦʣʝʝ ʪʦʯʥʳʤ 

ʙʫʜʝʪ ʩʣʝʜʫʶʱʠʡ ʚʳʚʦʜ: ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʠʣʫʯ-

ʰʝʛʦ ʵʬʬʝʢʪʘ ʧʨʠ ʣʘʟʝʨʥʦ-ʧʣʘʟʤʝʥʥʦʡ ʨʝʟʢʝ ʤʦʱ-

ʥʦʩʪʠ, ʚʥʦʩʠʤʳʝ ʚ ʦʙʨʘʙʘʪʳʚʘʝʤʳʡ ʤʝʪʘʣʣ ʧʣʘʟ-

ʤʝʥʥʦʡ ʩʪʨʫʝʡ ʠ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ, ʜʦʣʞʥʳ 

ʙʳʪʴ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʳʤʠ [16].  

 
ʈʠʩ.3. ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʨʝʟʢʠ ʧʣʘʩʪʠʥ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʪʦʣʱʠʥʳ: 

1 ï ʣʘʟʝʨʥʦ-ʧʣʘʟʤʝʥʥʘʷ ʨʝʟʢʘ (ʤʦʱʥʦʩʪʴ ʣʘʟʝʨʘ 150 ɺʪ, ʜʠʘʤʝʪʨ ʩʦʧʣʘ ʧʣʘʟʤʦʪʨʦʥʘ 1,5 ʤʤ, ʤʦʱʥʦʩʪʴ, 

ʚʚʦʜʠʤʘʷ ʧʣʘʟʤʝʥʥʦʡ ʩʪʨʫʝʡ, 440 ɺʪ); 2 ï ʣʘʟʝʨʥʘʷ ʨʝʟʢʘ (ʤʦʱʥʦʩʪʴ ʣʘʟʝʨʘ 150 ɺʪ, ʨʘʟʤʝʨ ʧʷʪʥʘ ʬʦʢʫʩʠ-

ʨʦʚʢʠ 0,5 ʤʤ) [15]. 

 

 
ʈʠʩ.4. ɿʘʚʠʩʠʤʦʩʪʠ ʰʠʨʠʥʳ ʨʝʟʘ ʠ ʨʘʟʤʝʨʘ ʟʦʥʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʦʪ ʩʢʦʨʦʩʪʠ ʣʘʟʝʨʥʦʡ ʨʝʟʢʠ ʥʝ-

ʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ ʪʦʣʱʠʥʦʡ 1,5 ʤʤ (ʨʘʩʩʪʦʷʥʠʝ ʣʘʟʝʨʥʦʡ ʛʦʣʦʚʢʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ 1 ʤʤ, ʦʩʪʘʣʴ-

ʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʝ ʞʝ, ʯʪʦ ʠ ʥʘ ʨʠʩ. 1.52): 1 ʠ 3 ï ʰʠʨʠʥʘ ʨʝʟʘ ʩʦ ʩʪʦʨʦʥʳ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ ʠ ʩ ʧʨʦʪʠʚʦʧʦ-

ʣʦʞʥʦʡ ʩʪʦʨʦʥʳ; 2 ï ʨʘʟʤʝʨ ʟʦʥʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ [15]. 
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ʈʠʩ.5. ʈʘʟʤʝʨ ʟʦʥʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʠ ʰʠʨʠʥʘ ʨʝʟʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʣʘʟʝʨʥʦ-ʧʣʘʟʤʝʥʥʦʡ 

ʨʝʟʢʠ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ ʪʦʣʱʠʥʦʡ 1,5 ʤʤ (ʧʘʨʘʤʝʪʨʳ ʪʝ ʞʝ, ʯʪʦ ʠ ʥʘ ʨʠʩ. 1.54, 1.55): 

 1 ï ʰʠʨʠʥʘ ʟʦʥʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ; 2 ï ʰʠʨʠʥʘ ʨʝʟʘ [15]. 

 

 
ʈʠʩ.6. ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʨʝʟʢʠ ʤʘʣʦʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ ʪʦʣʱʠʥʦʡ 3 ʤʤ ʦʪ ʤʦʱʥʦʩʪʠ,  

ʚʚʦʜʠʤʦʡ ʚ ʠʟʜʝʣʠʝ (ʚʚʦʜʠʤʘʷ ʤʦʱʥʦʩʪʴ ʜʦ 1870 ɺʪ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʣʘʟʝʨʥʳʤ ʧʫʯʢʦʤ,  

ʘ ʚʳʰʝ ʫʢʘʟʘʥʥʦʡ ʚʝʣʠʯʠʥʳ ï ʣʘʟʝʨʥʳʤ ʧʫʯʢʦʤ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʫʛʦʡ) [18]. 

 

ʕʪʦ ʫʪʚʝʨʞʜʝʥʠʝ ʘʥʘʣʦʛʠʯʥʦ ʩʜʝʣʘʥʥʦʤʫ ʚ ʨʘ-

ʙʦʪʘʭ [17, 18] ʜʣʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʨʝʟʢʠ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʜʫʛʠ ʧʨʷʤʦʛʦ ʜʝʡʩʪʚʠʷ (ʨʠʩ.6). ʂʨʦʤʝ 

ʪʦʛʦ, ʚ ʨʘʙʦʪʝ [18] ʫʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ ʝʩʣʠ ʣʘʟʝʨʥʳʡ 

ʠ ʜʫʛʦʚʦʡ ʠʩʪʦʯʥʠʢʠ ʪʝʧʣʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʩ ʦʜʥʦʡ 

ʠ ʪʦʡ ʞʝ ʩʪʦʨʦʥʳ ʠʟʜʝʣʠʷ, ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʝ ʜʫʛʠ ʚ ʨʝʞʠʤʝ ʫʩʪʦʡʯʠʚʦʛʦ ʛʦʨʝʥʠʷ (ʪʦʢ 100 

ɸ) ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʫʤʝʥʴ-

ʰʘʝʪʩʷ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʩʥʠʞʝʥʠʝ ʥʘʧʨʷʞʝ-

ʥʠʷ ʥʘ ʜʫʛʦʚʦʤ ʧʨʦʤʝʞʫʪʢʝ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ 

ʨʦʩʪʝ ʪʦʢʘ. ʇʨʠ ʵʪʦʤ ʘʥʦʜʥʘʷ ʦʙʣʘʩʪʴ ʜʫʛʠ çʧʨʠʚʷ-

ʟʳʚʘʝʪʩʷè ʢ ʧʣʘʟʤʝʥʥʦʤʫ ʬʘʢʝʣʫ, ʩʦʟʜʘʚʘʝʤʦʤʫ 

ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʝʪʘʣʣʘ ʣʘʟʝʨʥʳʤ ʧʫʯʢʦʤ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʧʨʦʷʚʣʝʥʠʝʤ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʥʮʠʧʫ ʤʠʥʠʤʫʤʘ ʐʪʝʝʥʙʝʢʘ (M. 

Steenbeck), ʘ ʠʤʝʥʥʦ: ʧʦʩʢʦʣʴʢʫ ʵʣʝʢʪʨʦʧʨʦʚʦʜ-

ʥʦʩʪʴ ʣʘʟʝʨʥʦʡ ʧʣʘʟʤʳ, ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʪʦʨʦʡ ʤʦ-

ʞʝʪ ʜʦʩʪʠʛʘʪʴ 20000 ʂ, ʥʘʤʥʦʛʦ ʧʨʝʚʳʰʘʝʪ ʵʣʝʢ-

ʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʦʢʨʫʞʘʶʱʝʛʦ ʭʦʣʦʜʥʦʛʦ ʛʘʟʘ, ʬʘ-

ʢʝʣ ʣʘʟʝʨʥʦʡ ʧʣʘʟʤʳ ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ, 

ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʦʡ ʦʙʣʘʩʪʴʶ ʛʦʨʝʥʠʷ ʜʫʛʠ. 

ʇʨʦʠʩʭʦʜʷʱʝʝ ʧʨʠ ʵʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʣʘʟʝʨʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʩ ʧʨʠʘʥʦʜʥʦʡ ʜʫʛʦʚʦʡ ʧʣʘʟʤʦʡ, ʧʨʠʚʦ-

ʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʝʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʘ, ʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʯʪʦ ʦʙʲʷʩʥʷʝʪ ʩʥʠ-

ʞʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʜʫʛʦʚʦʤ ʧʨʦʤʝʞʫʪʢʝ [18].  

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʠ-

ʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʚ ʛʠʙʨʠʜʥʳʭ ʧʨʦʮʝʩʩʘʭ 

ʩʚʘʨʢʠ ʠ ʨʝʟʢʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʝʛʦ ʧʨʦʷʚʣʝʥʠʝ, ʘ 
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ʪʘʢʞʝ ʧʨʠʚʷʟʢʘ ʜʫʛʠ (ʧʣʘʟʤʳ) ʢ ʟʦʥʝ ʜʝʡʩʪʚʠʷ ʣʘ-

ʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʥʘ ʚʳ-

ʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ, ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ ʦʪ ʩʪʝ-

ʧʝʥʠ ʬʦʢʫʩʠʨʦʚʢʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʯʝʤ ʦʪ ʝʛʦ 

ʜʣʠʥʳ ʚʦʣʥʳ [19, 20]. ɹʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʧʨʦʷʚʣʝ-

ʥʠʝ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ, ʟʘʢʣʶʯʘʶʱʝʝʩʷ ʚ 

ʩʫʞʝʥʠʠ ʠ ʧʦʚʳʰʝʥʠʠ ʛʣʫʙʠʥʳ ʧʘʨʦʛʘʟʦʚʦʛʦ ʢʘ-

ʥʘʣʘ, ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʚʝʣʠʯʠʥʝ ʤʦʱʥʦʩʪʠ 

ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʟʥʘʯʝʥʠʶ 

ʝʛʦ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ (ʨʠʩ.7) [21].  

 

ʘ)  ʙ)  

ʈʠʩ.7. ɿʘʚʠʩʠʤʦʩʪʠ ʛʣʫʙʠʥʳ ʧʨʦʧʣʘʚʣʝʥʠʷ h ʦʪ ʩʢʦʨʦʩʪʠ Vʩʚ ʣʘʟʝʨʥʦ-ʧʣʘʟʤʝʥʥʦʡ ʩʚʘʨʢʠ  

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʣʫʯʝʥʠʷ ʜʠʦʜʥʦʛʦ ʣʘʟʝʨʘ: 

ʘ) ï ʤʦʱʥʦʩʪʴʶ 2 ʢɺʪ ʠ ʘʨʛʦʥʦʚʦʡ ʧʣʘʟʤʳ 2 ʢɺʪ ʜʣʷ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ SUS321;  

ʙ) ï ʤʦʱʥʦʩʪʴʶ 1,2 ʢɺʪ ʠ ʘʨʛʦʥʦʚʦʡ ʧʣʘʟʤʳ 0,8 ʢɺʪ ʜʣʷ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ 5083: 

1 ð ʣʘʟʝʨʥʘʷ ʩʚʘʨʢʘ; 2 ð ʧʣʘʟʤʝʥʥʘʷ; 

3 ð ʣʘʟʝʨʥʘʷ + ʧʣʘʟʤʝʥʥʘʷ (ʘʨʠʬʤʝʪʠʯʝʩʢʘʷ ʩʫʤʤʘ ʟʥʘʯʝʥʠʡ h); 4 ð ʛʠʙʨʠʜʥʘʷ [21] . 

 

ɺ ʛʠʙʨʠʜʥʳʭ ʧʨʦʮʝʩʩʘʭ ʩʚʘʨʢʠ ʠ ʨʝʟʢʠ ʤʦʛʫʪ 

ʧʨʠʤʝʥʷʪʴʩʷ ʨʘʟʣʠʯʥʳʝ ʩʭʝʤʳ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦ-

ʞʝʥʠʷ ʪʝʧʣʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʅʘʧʨʠʤʝʨ, ʩ ʢʦʘʢʩʠ-

ʘʣʴʥʳʤ ʠʣʠ ʥʘʢʣʦʥʥʳʤ ʧʦʜʚʦʜʦʤ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫ-

ʯʝʥʠʷ, ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʩ ʦʜ-

ʥʦʡ ʠʣʠ ʜʚʫʭ ʩʪʦʨʦʥ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʝʪʘʣʝʡ [22]. 

ʇʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʣʘʟʝʨʥʦ-ʧʣʘʟ-

ʤʝʥʥʦʡ ʨʝʟʢʠ ʠ ʩʚʘʨʢʠ ʩ ʢʦʘʢʩʠʘʣʴʥʳʤ ʧʦʜʚʝʜʝ-

ʥʠʝʤ ʦʙʦʠʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʜʝʪʘʣʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʷʚʣʝʥʠʷ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʵʬ-

ʬʝʢʪʘ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ çʧʨʠʚʷʟʢʝè ʘʥʦʜʥʦʛʦ 

ʧʷʪʥʘ ʜʫʛʠ ʢ ʟʦʥʝ ʜʝʡʩʪʚʠʷ ʠʟʣʫʯʝʥʠʷ, ʩʪʘʙʠʣʠʟʘ-

ʮʠʠ ʝʝ ʛʦʨʝʥʠʷ ʚ ʛʠʙʨʠʜʥʦʤ ʧʨʦʮʝʩʩʝ ʧʨʠ ʪʦʢʘʭ ʜʦ 

300 ɸ ʠ ʩʥʠʞʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʜʫʛʦʚʦʤ ʧʨʦʤʝ-

ʞʫʪʢʝ ʠʟ-ʟʘ ʧʦʚʳʰʝʥʠʷ ʝʛʦ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʟʘ 

ʩʯʝʪ ʧʝʨʝʛʨʝʚʘ ʧʣʘʟʤʳ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ [23]. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʩʢʦʨʦʩʪʠ 

ʧʨʦʮʝʩʩʦʚ ʨʝʟʢʠ ʠ ʩʚʘʨʢʠ ʙʝʟ ʧʦʚʳʰʝʥʠʷ ʧʦʛʦʥʥʦʡ 

ʵʥʝʨʛʠʠ. ʊʘʢ, ʥʘʣʠʯʠʝ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ 

ʧʨʠ ʣʘʟʝʨʥʦ-ʧʣʘʟʤʝʥʥʦʡ ʩʚʘʨʢʝ ʩʪʘʣʝʡ ʠ ʘʣʶʤʠʥʠ-

ʝʚʳʭ ʩʧʣʘʚʦʚ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʚʳʰʝʥʠʶ ʩʢʦ-

ʨʦʩʪʠ ʜʦ 3 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʘʟʝʨʥʦʡ ʩʚʘʨʢʦʡ ʠ 

ʜʦ 4 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʣʘʟʤʝʥʥʦʡ, ʘ ʧʨʠ ʣʘʟʝʨʥʦ-

ʧʣʘʟʤʝʥʥʦʡ ʨʝʟʢʝ ʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʝʡ ʧʦʟʚʦʣʷʝʪ 

ʥʘ 30-50% ʧʦʚʳʩʠʪʴ ʩʢʦʨʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʘ-

ʟʝʨʥʦʡ ʨʝʟʢʦʡ ʧʨʠ ʙʣʠʟʢʠʭ ʧʦʢʘʟʘʪʝʣʷʭ ʵʥʝʨʛʦʟʘ-

ʪʨʘʪ [23]. 

ʀʩʭʦʜʷ ʠʟ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʩʜʝ-

ʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ:  

1) ɻʠʙʨʠʜʥʳʝ ʧʨʦʮʝʩʩʳ ʨʝʟʢʠ ʠ ʩʚʘʨʢʠ ʦʪʣʠʯʘ-

ʶʪʩʷ ʥʘʣʠʯʠʝʤ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʩʦʚʤʝʩʪ-

ʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʡ ʜʫʛʠ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʤʦʱʥʦʩʪʝʡ ʦʪ 1:1 

ʜʦ 1:3, ʟʘʢʣʶʯʘʶʱʠʤʩʷ ʚ ʥʘʨʫʰʝʥʠʠ ʘʜʜʠʪʠʚʥʦʩʪʠ 

ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʠʟʜʝʣʠʝ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ 

ʠ ʜʫʛʦʚʦʡ ʧʣʘʟʤʳ. ʅʘʠʙʦʣʝʝ ʷʚʥʦ ʵʪʦʪ ʵʬʬʝʢʪ ʚʳ-

ʨʘʞʝʥ ʚ ʣʘʟʝʨʥʦ-ʧʣʘʟʤʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ. 

2) ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʣʝ-

ʥʠʷ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦ-

ʥʘʣʴʥʘ ʚʝʣʠʯʠʥʝ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʣʘʟʝʨʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʫʞʝʥʠʠ ʠ ʧʦʚʳʰʝʥʠʠ 

ʛʣʫʙʠʥʳ ʧʘʨʦʛʘʟʦʚʦʛʦ ʢʘʥʘʣʘ. ʆʥʘ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʦʚʳʰʝʥʠʶ ʩʢʦʨʦʩʪʠ ʩʚʘʨʢʠ (ʥʘʧʨʠʤʝʨ, ʜʦ 3 ʨʘʟ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʣʘʟʝʨʥʦʡ ʠ ʜʦ 4 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʣʘʟʤʝʥʥʦʡ) ʠ ʨʝʟʢʠ (ʥʘʧʨʠʤʝʨ, ʜʦ 2 ʨʘʟ ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʣʘʟʝʨʥʦʡ) ʩʪʘʣʝʡ ʠ ʩʧʣʘʚʦʚ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ 

ʩʥʠʞʝʥʠʝʤ (ʜʦ 50%) ʩʪʦʠʤʦʩʪʠ ʧʨʦʮʝʩʩʘ. 

3) ʉʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʚ ʪʦʤ ʯʠʩʣʝ, ʧʨʦ-
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MODELING OF SINGLE -LAYER NEURAL NET WORKS 

 

ɸʥʥʦʪʘʮʠʷ:  
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʧʨʦʮʝʩʩ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʜʥʦʩʣʦʡʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʚ ʚʠʜʝ ʦʜʥʦʩʣʦʡʥʦʛʦ 

ʧʝʨʩʝʧʪʨʦʥʘ ʥʘ ʧʨʠʤʝʨʝ ʩʝʤʠʩʝʛʤʝʥʪʥʦʛʦ ʠʥʜʠʢʘʪʦʨʘ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʮʠʬʨ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʘ ʛʣʘʚʥʘʷ 

ʟʘʜʘʯʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʤʦʜʝʣʠ - ʨʘʟʜʝʣʝʥʠʝ ʤʥʦʞʝʩʪʚʘ ʮʠʬʨ ʥʘ ʜʚʘ ʢʣʘʩʩʘ ʧʦ ʥʝʢʦʪʦʨʦʤʫ ʢʨʠʪʝʨʠʶ. 

ʆʧʨʝʜʝʣʝʥʳ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ, ʘ ʪʘʢʞʝ ʵʪʘʧʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ 

ʧʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʩʭʝʤʳ ʥʝʡʨʦʥʘ ʠ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʦʜʥʦʩʣʦʡʥʦʛʦ ʧʝʨʩʝʧʪʨʦʥʘ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦ-

ʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ. 
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Abstract: 

The article describes the process of modeling single-layer neural networks in the form of a single-layer per-

ceptron on the example of a seven-segment indicator to display numbers. The main task of the developed model is 

to divide the set of digits into two classes according to some criterion. The software tools for constructing the 

model, as well as the stages of modeling are defined. The practical implementation of the neuron scheme and the 

process of training a single-layer perceptron to solve the problem are considered. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʦʜʥʦʩʣʦʡʥʳʡ ʧʝʨʩʝʧʪʨʦʥ, MS Excel. 

Keywords: modeling, neural networks, single-layer perceptron, MS Excel. 

 

ʇʨʦʮʝʩʩ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʜʥʦʩʣʦʡʥʳʭ ʥʝʡʨʦʥ-

ʥʳʭ ʩʝʪʝʡ ʚ ʚʠʜʝ ʦʜʥʦʩʣʦʡʥʦʛʦ ʧʝʨʩʝʧʪʨʦʥʘ ʨʘʩ-

ʩʤʦʪʨʠʤ ʥʘ ʧʨʠʤʝʨʝ ʩʝʤʠʩʝʛʤʝʥʪʥʦʛʦ ʠʥʜʠʢʘʪʦʨʘ 

ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʮʠʬʨ. ʊʘʢʠʝ ʠʥʜʠʢʘʪʦʨʳ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʝ ʜʣʷ ʦʪʦʙʨʘʞʝ-

ʥʠʷ ʥʝ ʪʦʣʴʢʦ ʮʠʬʨ, ʥʦ ʠ ʥʝʢʦʪʦʨʳʭ ʙʫʢʚ.  

ʄʦʜʝʣʴ ʦʜʥʦʩʣʦʡʥʦʛʦ ʧʝʨʩʝʧʪʨʦʥʘ ʥʝʦʙʭʦ-

ʜʠʤʦ ʙʫʜʝʪ ʩʦʟʜʘʚʘʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʪʨʦʝʥ-

ʥʦʛʦ ʷʟʳʢʘ Visual Basic for Application ʚ MS Excel. 

ɻʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ 

ʨʘʟʜʝʣʝʥʠʝ ʤʥʦʞʝʩʪʚʘ ʮʠʬʨ ʥʘ ʜʚʘ ʢʣʘʩʩʘ ʧʦ ʥʝʢʦ-

ʪʦʨʦʤʫ ʢʨʠʪʝʨʠʶ, ʥʘʧʨʠʤʝʨ, ʥʘ ʯʝʪʥʳʝ ʠ ʥʝʯʝʪʥʳʝ.  

ʇʝʨʚʳʤ ʰʘʛʦʤ ʷʚʣʷʝʪʩʷ ʧʦʜʛʦʪʦʚʢʘ ʨʘʙʦʯʝʛʦ 

ʣʠʩʪʘ MS Excel ʜʣʷ ʫʜʦʙʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʮʠʬʨ. 

ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʥʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʷʯʝʝʢ 

ʠʟʦʙʨʘʟʠʪʴ ʩʝʤʠ ʩʝʛʤʝʥʪʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʮʠʬʨʳ 8 

(ʨʠʩʫʥʦʢ 1).  

 

 
ʈʠʩʫʥʦʢ 1.  ʀʟʦʙʨʘʞʝʥʠʝ ʮʠʬʨʳ ʚ MS Excel 

 

ɿʘʣʠʪʴ ʷʯʝʡʢʠ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ, ʠʩʧʦʣʴʟʫʷ çʋʣʦʚʥʦʝ ʬʦʨʤʘʪʠʨʦʚʘʥʠʝè, ʚ ʢʘʯʝʩʪʚʝ ʫʩʣʦʚʠʷ ʥʝʦʙʭʦ-

ʜʠʤʦ ʫʢʘʟʘʪʴ ʟʥʘʯʝʥʠʝ ʷʯʝʡʢʠ ʨʘʚʥʦʝ 1, ʘ ʜʝʡʩʪʚʠʝ ï ʟʘʣʠʚʢʘ ʷʯʝʡʢʠ ʢʨʘʩʥʳʤ ʬʦʥʦʤ (ʨʠʩʫʥʦʢ 2).  

  

 
ʈʠʩʫʥʦʢ 2. ʋʣʦʚʥʦʝ ʬʦʨʤʘʪʠʨʦʚʘʥʠʝ ʚ MS Excel 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʜʦʣʞʥʘ ʧʦʷʚʠʪʴʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʦʙʨʘʞʝʥʠʷ ʩʝʛʤʝʥʪʘ ʣʶʙʦʡ 

ʮʠʬʨʳ, ʚʚʦʜʷ 0 ʠʣʠ 1 ʚ ʥʝʦʙʭʦʜʠʤʳʝ ʷʯʝʡʢʠ (ʨʠʩʫʥʦʢ 3).  

 
ʈʠʩʫʥʦʢ 3. ʉʝʛʤʝʥʪ ʮʠʬʨʳ ʚ MS Excel 



46 TECHNICAL SCIENCE / ζColloquium - journal Ȼ# 17(41),2019 

ʇʨʦʮʝʩʩ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʜʥʦʩʣʦʡʥʦʛʦ ʧʝʨʩʝʧʪʨʦʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʩʭʝʤʳ 

ʥʝʡʨʦʥʘ (ʨʠʩʫʥʦʢ4).  

 

 
ʈʠʩʫʥʦʢ 4. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʦʜʥʦʩʣʦʡʥʦʛʦ ʧʝʨʩʝʧʪʨʦʥʘ  

 

ɼʣʷ ʵʪʦʛʦ ʢʘʞʜʳʡ ʩʝʛʤʝʥʪ ʮʠʬʨʳ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʚʭʦʜʷʱʠʤ ʩʠʛʥʘʣʦʤ ʜʣʷ ʦʜʥʦʩʣʦʡʥʦʛʦ ʧʝʨʩʝʧʪʨʦʥʘ, 

ʩʦʩʪʦʷʱʝʛʦ ʠʟ 0 ʠ 1. ɼʣʷ ʫʜʦʙʩʪʚʘ ʚ ʩʪʦʣʙʮʝ E ʨʘʟʤʝʱʝʥʳ ʩʩʳʣʢʠ ʥʘ 7 ʩʝʛʤʝʥʪʦʚ ʠʥʜʠʢʘʪʦʨʘ ʚ ʩʪʦʣʙʠʢ 

(ʨʠʩʫʥʦʢ 5).  

 

 
ʈʠʩʫʥʦʢ 5. ɺʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʦʜʥʦʩʣʦʡʥʦʛʦ ʧʝʨʩʝʧʪʨʦʥʘ 

 

ʉʣʝʜʫʶʱʠʡ ʩʪʦʣʙʝʮ ʚ Excel (F) ʙʫʜʝʪ ʦʪʦʙʨʘʞʘʪʴ ʟʥʘʯʝʥʠʝ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʩʦʚ. ɿʥʘʯʝʥʠʝ ʰʘʛʘ ʦʙʫ-

ʯʝʥʠʷ ʫʢʘʟʳʚʘʝʪʩʷ ʚ ʷʯʝʡʢʝ B9 (ʨʠʩʫʥʦʢ 6).  

 

 
ʈʠʩʫʥʦʢ 6. ʄʦʜʝʣʴ ʦʜʥʦʩʣʦʡʥʦʛʦ ʧʝʨʩʝʧʪʨʦʥʘ ʚ MS Excel 

 

ɺ ʩʪʦʣʙʮʝ (G) ʚʳʯʠʩʣʷʶʪʩʷ ʧʨʦʠʟʚʝʜʝʥʠʷ 

ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʩʠʥʘʧʪʠ-

ʯʝʩʢʠʭ ʚʝʩʦʚ (=E6*F6). ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʩʫʤʤʠʨʫʶʪʩʷ ʚ ʷʯʝʡʢʝ G13. ʗʯʝʡʢʘ H13 ʩʦʜʝʨʞʠʪ 

ʟʥʘʯʝʥʠʝ ʧʦʨʦʛʦʚʦʡ ʬʫʥʢʮʠʠ ʧʦ ʫʤʦʣʯʘʥʠʶ ʨʘʚʥʦʝ 

0.  

ɺ ʷʯʝʡʢʝ K5 ʥʘʭʦʜʠʪʩʷ ʩʘʤʘ ʧʦʨʦʛʦʚʘʷ ʬʫʥʢ-

ʮʠʷ ʣʦʛʠʢʘ ʨʘʙʦʪʳ, ʢʦʪʦʨʦʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ, 

ʝʩʣʠ ʚʳʭʦʜ ʧʨʝʚʳʩʠʪ ʧʦʨʦʛ, ʨʝʟʫʣʴʪʘʪ 1 ʠʥʘʯʝ 0. 

=ɽʉʃʀ(G13<H13;"ʯʝʪ";"ʥʝʯʝʪ").  

ʇʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʦʜʥʦʩʣʦʡʥʦʛʦ ʧʝʨʩʝʧʪʨʦʥʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ ʠʣʠ ʫʤʝʥʴʰʝʥʠʠ ʟʥʘʯʝ-

ʥʠʷ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʩʦʚ ʜʣʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʟʥʘʯʝ-

ʥʠʷ ʧʦʨʦʛʦʚʦʡ ʬʫʥʢʮʠʠ. ɼʣʷ ʵʪʦʛʦ ʥʘ ʣʠʩʪ Excel ʜʦ-

ʙʘʚʣʷʶʪʩʷ ʜʚʝ ʢʥʦʧʢʠ ʠʟ ʧʘʥʝʣʠ ʵʣʝʤʝʥʪʦʚ ʫʧʨʘʚ-

ʣʝʥʠʷ ʬʦʨʤʳ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʠ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ 

ʟʥʘʯʝʥʠʷ ʚʝʩʦʚ (ʨʠʩʫʥʦʢ 7).   
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ʈʠʩʫʥʦʢ 7. ʇʘʥʝʣʠ ʵʣʝʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʬʦʨʤʳ ʚ MS Excel 

 

ʄʘʢʨʦʩ ʜʣʷ ʢʥʦʧʢʠ çʋʤʝʥʴʰʠʪʴè ʩʦʩʪʦʠʪ ʠʟ 7 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʪʨʦʢ:  

If Range("E6"). Value = "1" Then 

Range("F6").Value = Range("F6"). Value - 

Range("B9"). Value  

ʠ ʪ.ʜ. ʜʦ ʷʯʝʡʢʠ E12.  

ʄʘʢʨʦʩ ʜʣʷ ʢʥʦʧʢʠ çʋʚʝʣʠʯʠʪʴè ʩʦʩʪʦʠʪ ʠʟ 7 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʪʨʦʢ:  

If Range("E6"). Value = "1" Then Range("F6"). 

Value = Range("F6"). Value + Range("B9"). Value  

ʠ ʪ.ʜ. ʜʦ ʷʯʝʡʢʠ E12.  

ɺ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ ʚʝʣʠʯʠʥʘ ʰʘʛʘ ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʧʨʦʠʟʚʦʣʴʥʦ. ɺ ʩʣʫʯʘʝ ʟʘʮʠʢʣʠʚʘʥʠʷ ʧʨʦ-

ʮʝʩʩʘ ʦʙʫʯʝʥʠʷ, ʪ.ʝ. ʧʦʧʘʜʘʥʠʷ ʥʘ ʥʝʢʦʪʦʨʦʤ ʰʘʛʝ 

ʥʘ ʥʘʙʦʨ ʟʥʘʯʝʥʠʡ ʚʝʩʦʚ ʠʟ ʧʨʝʜʳʜʫʱʝʛʦ ʰʘʛʘ 

ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʥʴʰʘʪʴ ʰʘʛ ʦʙʫʯʝʥʠʷ. ɺ ʢʦʥʝʯʥʦʤ 

ʠʪʦʛʝ ʙʫʜʫʪ ʧʦʣʫʯʝʥʳ ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʧʦʟ-

ʚʦʣʷʶʱʠʝ ʨʘʟʜʝʣʠʪʴ ʤʥʦʞʝʩʪʚʦ ʮʠʬʨ ʥʘ ʜʚʘ ʣʶ-

ʙʳʭ ʢʣʘʩʩʘ.  

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ  

1. ʂʦʣʷʟʦʚ ʂ.ɸ., ʐʠʷʥʦʚʘ ʅ.ʀ., ʉʠʨʦʪʠʥ ʇ.ɸ. 
ʕʥʝʨʛʦʩʙʝʨʝʛʘʶʱʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʥʝʯʝʪʢʦʛʦ ʘʣʛʦʨʠʪʤʘ. ʀʟʚʝʩʪʠʷ ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʘʢʘʜʝʤʠʠ ʘʛʨʘʨʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. 2015. ˉ23. ʉ. 

100-103.  

2. ʉʠʨʦʪʠʥ ʇ.ɸ., ʐʠʷʥʦʚʘ ʅ.ʀ., ʂʦʣʷʟʦʚ ʂ.ɸ. 
ɸʥʘʣʠʟ ʧʘʩʪʝʨʠʟʘʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʢʘʢ ʦʙʲʝʢʪʘ 

ʫʧʨʘʚʣʝʥʠ.̫ ʀʟʚʝʩʪʠʷ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʘʢʘʜʝʤʠʠ 

ʘʛʨʘʨʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. 2015. ˉ23. ʉ. 137-140.  

3. ʉʤʠʨʥʦʚ ɼ.ʖ. ʆʧʪʠʤʠʟʘʮʠʷ ʢʘʪʘʣʠʪʠʯʝ-

ʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʜʝʛʠʜʨʠʨʦʚʘʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʘ 

ʦʩʥʦʚʝ ʢʠʥʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ɸʚʪʦʨʝʬʝʨʘʪ ʜʠʩ-

ʩʝʨʪʘʮʠʠ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ 

ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ / ɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ. ʋʬʘ, 2008.  

 

ʋɼʂ 7.072 

ʃʦʜʦʯʥʠʢʦʚʘ ɸʥʘʩʪʘʩʠʷ ʉʝʨʛʝʝʚʥʘ 

ʉʪʫʜʝʥʪ 

ʉʝʚʝʨʥʳʡ (ɸʨʢʪʠʯʝʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

ʈʦʩʩʠʷ, ʛʦʨʦʜ ɸʨʭʘʥʛʝʣʴʩʢ 

ʋʩʪʠʥʦʚʘ ʇʦʣʠʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ 

ʉʪʫʜʝʥʪ 

ʉʝʚʝʨʥʳʡ (ɸʨʢʪʠʯʝʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ. 

ʈʦʩʩʠʷ, ʛʦʨʦʜ ɸʨʭʘʥʛʝʣʴʩʢ 

ɻʫʟʝʥʢʦ ʅʘʪʘʣʴʷ ɺʣʘʜʠʤʠʨʦʚʥʘ 

ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ,  

ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʣʝʩʦʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ ʠ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ. 

ʉʝʚʝʨʥʳʡ (ɸʨʢʪʠʯʝʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

ʈʦʩʩʠʷ, ʛʦʨʦʜ ɸʨʭʘʥʛʝʣʴʩʢ 

 

ʊɽʍʅʆʃʆɻʀʏɽʉʂʀɽ ʆʉʅʆɺʓ ʀʄʀʊɸʎʀʀ ʉʆʉʊɸʈʀɺɸʅʀʗ ɼʈɽɺɽʉʀʅʓ ɺ ʊɽʍʅʀʂɽ 

ʂʈɸʂʃɽ 

 

Lodochnikova Anastasia Sergeevna 

bachelor, Northern (Arctic) Federal University named after M.V. Lomonosov. 

Russia, the city of Arkhangelsk 

Ustinova Polina Vladimirovna 

bachelor, Northern (Arctic) Federal University named after M.V. Lomonosov 

Russia, the city of Arkhangelsk 

Guzenko Natalya Vladimirovna 

candidate of Pedagogical Sciences, Associate Professor,  

Department of Timber Industry and Materials Processing. Northern (Arctic)  

Federal University named after M.V. Lomonosov. 

Russia, the city of Arkhangelsk 
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ɸʥʥʦʪʘʮʠʷ 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʩʩʤʦʪʨʝʥʠʶ ʦʩʥʦʚ ʜʝʢʦʨʘʪʠʚʥʦʡ ʪʝʭʥʠʢʠ ʢʨʘʢʣʝ ʜʣʷ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʩʦʩʪʘʨʠ-

ʚʘʥʠʷ ʜʨʝʚʝʩʠʥʳ. ɺ ʩʪʘʪʴʝ ʫʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʨʠʚʘʥʠʷ ʧʨʠʤʝʥʷʶʪ ʜʚʘ ʚʠʜʘ ʢʨʘʢʝ-

ʣʶʨʥʳʭ ʣʘʢʦʚ: ʦʜʥʦʬʘʟʥʳʡ ʠ ʜʚʫʭʬʘʟʥʳʡ. ɺ ʨʘʙʦʪʝ ʚʳʷʚʣʝʥʳ ʧʨʠʥʮʠʧʳ ʜʝʡʩʪʚʠʷ ʢʨʘʢʝʣʶʨʥʳʭ ʣʘʢʦʚ, 

ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʳ ʠʭ ʥʘʥʝʩʝʥʠʷ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʘʝʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ: ʚʠʜ 

ʪʨʝʱʠʥ, ʠʭ ʪʦʣʱʠʥʘ, ʨʘʟʤʝʨ ʠ ʜʨ. 

Abstract 

The paper is devoted to the consideration of decorative crackle technique for imitation of wood aging. The 

article states that two types of craquelure varnishes are used for artificial aging: single-phase and two-phase. The 

operating principles of craquelure varnishes are revealed, methods of their application are investigated, and also 

the characteristics of the result obtained are analyzed: the type of cracks, their thickness, size, etc. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʦʩʪʘʨʠʚʘʥʠʝ ʜʨʝʚʝʩʠʥʳ, ʪʝʭʥʠʢʘ ʢʨʘʢʝʣʶʨ, ʢʨʘʢʝʣʶʨʥʳʡ ʣʘʢ. 
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ʊʝʭʥʠʢʠ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʩʦʩʪʘʨʠʚʘʥʠʷ ʜʨʝʚʝ-

ʩʠʥʳ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʧʨʠ ʜʝʢʦʨʠʨʦ-

ʚʘʥʠʠ ʠʟʜʝʣʠʡ ʜʣʷ ʧʨʠʜʘʥʠʷ ʠʤ ʘʥʪʠʢʚʘʨʥʦʛʦ ʚʠʜʘ, 

ʧʦʜʯʝʨʢʠʚʘʥʠʷ ʪʝʢʩʪʫʨʳ ʠ ʬʘʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʠʤʝʥʝʥʠʶ ʠʭ ʢʘʢ ʥʘ ʦʪʨʝʩʪʘʚʨʠʨʦ-

ʚʘʥʥʳʭ, ʪʘʢ ʠ ʥʦʚʳʭ ʠʟʜʝʣʠʷʭ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʣʷ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʩʦ-

ʩʪʘʨʠʚʘʥʠʷ ʜʨʝʚʝʩʠʥʳ ʠʩʧʦʣʴʟʫʶʪ ʧʘʪʠʥʠʨʦʚʘʥʠʝ, 

ʪʨʘʚʣʝʥʠʝ, ʢʨʘʢʣʝ, ʦʙʞʠʛ, ʙʨʘʰʠʨʦʚʘʥʠʝ ʠ ʜʨʫʛʠʝ 

ʪʝʭʥʠʢʠ, ʦʙʣʘʜʘʶʱʠʝ ʨʘʟʣʠʯʥʳʤʠ ʜʝʢʦʨʘʪʠʚʥʳʤʠ 

ʵʬʬʝʢʪʘʤʠ. ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʭ ʪʝʭʥʠʢ 

ʷʚʣʷʝʪʩʷ ʢʨʘʢʣʝ, ʧʦʜ ʢʦʪʦʨʦʡ ʧʦʥʠʤʘʶʪ ʩʧʦʩʦʙ ʠʩ-

ʢʫʩʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʨʠʚʘʥʠʷ, ʩʦʟʜʘʥʠʝ ʪʨʝʱʠʥ ʚ ʢʨʘ-

ʩʦʯʥʦʤ ʠʣʠ ʣʘʢʦʚʦʤ ʩʣʦʝ. 

 ɺ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʪʨʝ-

ʱʠʥʳ ʠʣʠ çʢʨʘʢʝʣʶʨʳè ʦʙʨʘʟʫʶʪʩʷ ʥʘ ʣʘʢʦʢʨʘʩʦʯ-

ʥʦʤ ʧʦʢʨʳʪʠʠ ʧʨʠ ʧʦʚʨʝʞʜʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʩʣʦʷ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ ʦʪ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ, ʧʝʨʝ-

ʧʘʜʦʚ ʪʝʤʧʝʨʘʪʫʨ, ʚʣʘʞʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʨʠ ʥʝʧʨʘ-

ʚʠʣʴʥʦʤ ʥʘʥʝʩʝʥʠʠ ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʊʝʭʥʠʢʘ ʢʨʘʢʣʝ ʠʟʥʘʯʘʣʴʥʦ ʨʘʟʨʘʙʘʪʳʚʘʣʘʩʴ 

ʤʘʩʪʝʨʘʤʠ ʜʣʷ ʨʝʩʪʘʚʨʠʨʦʚʘʥʠʷ ʘʥʪʠʢʚʘʨʥʳʭ ʠʟʜʝ-

ʣʠʡ, ʘ ʩʝʛʦʜʥʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʥʦʚʳʭ ʧʨʝʜʤʝʪʦʚ ʠʥʪʝʨʴʝʨʘ, ʧʨʠʜʘʚʘʷ ʠʤ ʬʣʸʨ ʩʪʘ-

ʨʠʥʳ. ʉʦʚʨʝʤʝʥʥʳʡ ʵʬʬʝʢʪ ʪʨʝʱʠʥ ʜʦʩʪʠʛʘʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʢʨʘʢʝʣʶʨʥʦʛʦ ʣʘʢʘ ʠ ʦʩʥʦʚʘʥ ʥʘ ʨʘʟʥʠʮʝ 

ʚʦ ʚʨʝʤʝʥʠ ʚʳʩʳʭʘʥʠʷ ʙʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ ʬʠʥʠʰ-

ʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʢʦʪʦʨʦʝ ʨʘʩʪʨʝʩʢʠʚʘʝʪʩʷ. ɺʨʝʤʷ ʦʙ-

ʨʘʟʦʚʘʥʠʷ ʪʨʝʱʠʥ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ ʚʳʩʳʭʘʥʠʷ 

ʬʠʥʠʰʥʦʛʦ ʧʦʢʨʳʪʠʷ. ʅʝʢʦʪʦʨʳʝ ʢʨʘʢʝʣʶʨʥʳʝ ʩʦ-

ʩʪʘʚʳ ʦʙʨʘʟʫʶʪ ʪʨʝʱʠʥʳ ʥʝ ʩʨʘʟʫ, ʪʘʢ ʢʘʢ ʦʢʦʥʯʘ-

ʪʝʣʴʥʦ ʚʳʩʳʭʘʶʪ ʟʘ ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ. ʇʨʠʥʮʠʧ ʜʝʡ-

ʩʪʚʠʷ ʙʘʟʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʪʷʛʠʚʘ-

ʥʠʠ ʚʣʘʛʠ ʠʟ ʬʠʥʠʰʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʢʦʪʦʨʦʝ 

ʫʩʳʭʘʝʪʩʷ ʠ ʪʨʝʩʢʘʝʪʩʷ, ʦʙʨʘʟʫʷ ʩʝʪʴ ʢʨʘʢʝʣʶʨʦʚ. 

ɼʣʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʨʠʚʘʥʠʷ ʧʨʠʤʝʥʷʶʪ 

ʜʚʘ ʚʠʜʘ ʢʨʘʢʝʣʶʨʥʳʭ ʣʘʢʦʚ: ʦʜʥʦʬʘʟʥʳʡ ʠ ʜʚʫʭ-

ʬʘʟʥʳʡ, ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʧʦ ʧʨʠʥʮʠʧʫ ʜʝʡʩʪʚʠʷ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ.  

ʇʨʠʥʮʠʧ ʧʨʠʤʝʥʝʥʠʷ ʦʜʥʦʬʘʟʥʦʛʦ ʣʘʢʘ ʟʘ-

ʢʣʶʯʘʝʪʩʷ ʚ ʥʘʥʝʩʝʥʠʠ ʧʦʢʨʳʪʠʡ ʢʦʥʪʨʘʩʪʥʳʭ ʮʚʝ-

ʪʦʚ ï ʪy ʤʥʦʛʦ ʠ ʩʚʝʪʣʦʛʦ. ʇʝʨʝʜ ʣʘʢʠʨʦʚʘʥʠʝʤ ʢʨʘ-

ʢʝʣʶʨʥʳʤ ʩʦʩʪʘʚʦʤ ʟʘʛʦʪʦʚʢʘ ʧʦʢʨʳʚʘʝʪʩʷ ʪʸʤʥʦʡ 

ʘʢʨʠʣʦʚʦʡ ʢʨʘʩʢʦʡ, ʦʪʪʝʥʦʢ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʦʧʨʝʜʝ-

ʣʷʪʴ ʮʚʝʪ ʪʨʝʱʠʥ. ʇʦʩʣʝ ʚʳʩʳʭʘʥʠʷ ʢʨʘʢʝʣʶʨʥʦʛʦ 

ʣʘʢʘ ʥʘ ʠʟʜʝʣʠʝ ʥʘʥʦʩʠʪʩʷ ʩʚʝʪʣʳʡ ʩʣʦʡ ʘʢʨʠʣʦʚʦʡ 

ʢʨʘʩʢʠ, ʥʘ ʢʦʪʦʨʦʤ ʧʨʦʷʚʣʷʶʪʩʷ ʪʸʤʥʳʝ ʪʨʝʱʠʥʳ. 

ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʝʢʦʨʠʨʦʚʘʥʥʦʝ ʠʟʜʝʣʠʝ 

ʤʦʞʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʟʘʱʠʪʠʪʴ ʣʘʢʦʚʳʤ ʧʦʢʨʳ-

ʪʠʝʤ. 

ʇʨʦʚʝʜʸʥʥʘʷ ʨʘʙʦʪʘ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʦʜʥʦʬʘʟ-

ʥʦʛʦ ʣʘʢʘ ʬʠʨʤʳ çAntiqueè ʧʦʟʚʦʣʠʣʘ ʚʳʷʚʠʪʴ ʜʝ-

ʢʦʨʘʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʨʝʱʠʥ ʢʨʘʢʣʝ ʧʨʠ ʨʘʟ-

ʣʠʯʥʳʭ ʩʧʦʩʦʙʘʭ ʧʦʢʨʳʪʠʷ. ɺ ʦʩʥʦʚʫ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʟʘʣʦʞʝʥʘ ʛʠʧʦʪʝʟʘ ʦ ʚʣʠʷʥʠʠ ʪʝʭʥʦʣʦʛʠʠ ʥʘʥʝʩʝʥʠʷ 

ʢʨʘʢʝʣʶʨʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʪʦʣʱʠʥʳ ʧʦʢʨʳʪʠʷ ʥʘ 

ʚʥʝʰʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʝʱʠʥ.  

ɺ ʧʝʨʚʦʤ ʚʘʨʠʘʥʪʝ (ʨʠʩʫʥʦʢ 1, ʘ-ʙ) ʣʘʢ ʠ ʬʠ-

ʥʠʰʥʳʡ ʩʚʝʪʣʳʡ ʩʣʦʡ ʢʨʘʩʢʠ ʥʘʥʦʩʠʣʩʷ ʢʠʩʪʴʶ ʚ 

ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʆʙʨʘʟʦʚʘʚʰʠʝʩʷ ʢʨʘʢʝʣʶʨʳ 

ʠʤʝʣʠ ʚʳʪʷʥʫʪʫʶ ʬʦʨʤʫ, ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʧʦ ʥʘʧʨʘʚ-

ʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʢʠʩʪʠ. ʄʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʙʦ-

ʣʝʝ ʪʦʣʩʪʦʤ ʩʣʦʝ ʣʘʢʘ (ʨʠʩʫʥʦʢ 1, ʙ) ʪʨʝʱʠʥʳ ʧʦʣʫ-

ʯʠʣʠʩʴ ʨʝʜʢʠʤʠ, ʙʦʣʴʰʠʤʠ ʠ ʰʠʨʦʢʠʤʠ. ɺʳʪʷʥʫ-

ʪʘʷ ʬʦʨʤʘ ʢʨʘʢʝʣʶʨʦʚ ʥʘʧʦʤʠʥʘʝʪ ʜʨʝʚʝʩʥʫʶ ʢʦʨʫ, 

ʯʪʦ ʩʤʦʪʨʠʪʩʷ ʢʘʢ ʠʥʪʝʨʝʩʥʳʡ ʜʝʢʦʨʘʪʠʚʥʳʡ ʵʬ-

ʬʝʢʪ. 

ʇʨʠ ʚʪʦʨʦʤ ʩʧʦʩʦʙʝ (ʨʠʩʫʥʦʢ 1, ʚ-ʛ) ʣʘʢ ʠ ʬʠ-

ʥʠʰʥʳʡ ʩʚʝʪʣʳʡ ʩʣʦʡ ʢʨʘʩʢʠ ʥʘʥʦʩʠʣʠʩʴ ʢʠʩʪʴʶ ʚ 

ʭʘʦʪʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʆʙʨʘʟʦʚʘʚʰʠʝʩʷ ʢʨʘʢʝ-

ʣʶʨʳ ʠʤʝʣʠ ʨʘʟʥʦʦʙʨʘʟʥʳʡ ʨʘʟʤʝʨ ʠ ʬʦʨʤʫ. ɹʣʘ-

ʛʦʜʘʨʷ ʵʪʦʤʫ ʪʦʣʱʠʥʘ ʩʣʦʷ ʢʨʘʢʝʣʶʨʥʦʛʦ ʣʘʢʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʦʚʣʠʷʣʘ ʥʘ ʚʠʜ ʪʨʝʱʠʥ. ʅʦ ʧʨʠ ʭʘ-

ʦʪʠʯʥʦʤ ʥʘʥʝʩʝʥʠʠ ʬʠʥʠʰʥʦʝ ʧʦʢʨʳʪʠʝ ʣʦʞʠʪʩʷ 

ʥʝʨʘʚʥʦʤʝʨʥʦ ʠ ʚʳʛʣʷʜʠʪ ʜʝʬʝʢʪʦʤ. 

ɺ ʪʨʝʪʴʝʤ ʚʘʨʠʘʥʪʝ (ʨʠʩʫʥʦʢ 1, ʜ-ʝ) ʧʨʝʜʩʪʘʚ-

ʣʝʥ ʩʧʦʩʦʙ ʥʘʥʝʩʝʥʠʷ ʣʘʢʘ ʠ ʬʠʥʠʰʥʦʛʦ ʩʚʝʪʣʦʛʦ 

ʩʣʦʷ ʢʨʘʩʢʠ ʧʨʠʤʘʢʠʚʘʥʠʝʤ ʛʫʙʢʠ. ɼʘʥʥʳʡ ʤʝʪʦʜ 

ʥʘʥʝʩʝʥʠʷ ʥʝ ʦʯʝʥʴ ʫʜʘʯʥʳʡ, ʪʘʢ ʢʘʢ ʥʘ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʦʙʨʘʟʮʘ ʦʙʨʘʟʦʚʘʣʠʩʴ ʧʫʟʳʨʠ ʠ ʦʪʧʝʯʘʪʘʣʘʩʴ 

ʬʘʢʪʫʨʘ ʛʫʙʢʠ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʦ ʥʘ ʪʦʣʩʪʦʤ 

ʩʣʦʝ ʢʨʘʢʝʣʶʨʥʦʛʦ ʣʘʢʘ (ʨʠʩʫʥʦʢ 1, ʝ), ʛʜʝ ʛʫʙʢʘ 

ʧʦʣʥʦʩʪʴʶ ʟʘʙʠʣʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʘ ʠ ʥʝ ʦʩʪʘ-

ʚʠʣʘ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʱʠʥ. ʇʨʠ 

ʥʘʥʝʩʝʥʠʠ ʬʠʥʠʰʥʦʛʦ ʧʦʢʨʳʪʠʷ ʙʦʣʝʝ ʪʦʥʢʠʤ 

ʩʣʦʝʤ (ʨʠʩʫʥʦʢ 1, ʜ), ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʦʚʘʣʠʩʴ 

ʥʝʙʦʣʴʰʠʝ ʪʨʝʱʠʥʳ ʚ ʭʘʦʪʠʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ.  
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ʈʠʩʫʥʦʢ 1. ʉʧʦʩʦʙʳ ʥʘʥʝʩʝʥʠʷ ʦʜʥʦʬʘʟʥʦʛʦ ʢʨʘʢʝʣʶʨʥʦʛʦ ʣʘʢʘ: 

ʘ) ʢʠʩʪʴʶ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʪʦʥʢʠʤ ʩʣʦʝʤ; ʙ) ʢʠʩʪʴʶ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʪʦʣʩʪʳʤ ʩʣʦʝʤ; 

ʚ) ʢʠʩʪʴʶ ʚ ʭʘʦʪʠʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʪʦʥʢʠʤ ʩʣʦʝʤ; ʛ) ʢʠʩʪʴʶ ʚ ʭʘʦʪʠʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʪʦʣʩʪʦʤ ʩʣʦʝʤ; 

ʜ) ʥʘʥʝʩʝʥʠʝ ʛʫʙʢʦʡ ʪʦʥʢʠʤ ʩʣʦʝʤ; ʝ) ʥʘʥʝʩʝʥʠʝ ʛʫʙʢʦʡ ʪʦʣʩʪʳʤ ʩʣʦʝʤ 

 

ʇʨʦʚʝʜʸʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʜ-

ʥʦʬʘʟʥʦʛʦ ʣʘʢʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ, ʯʪʦ ʨʠʩʫʥʦʢ 

ʪʨʝʱʠʥ, ʠʭ ʛʣʫʙʠʥʘ ʠ ʧʨʦʯʠʝ ʚʥʝʰʥʠʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʟʘʚʠʩʷʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʪʝʭʥʦʣʦʛʠʠ ʥʘʥʝʩʝʥʠʷ, 

ʥʦ ʠ ʦʪ ʪʦʣʱʠʥʳ ʧʦʢʨʳʪʠʷ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʠʟ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʩʧʦʩʦʙ ʥʘʥʝʩʝ-

ʥʠʷ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ ʛʫʙʢʦʡ ʩʦʧʨʦʚʦʞʜʘ-

ʝʪʩʷ ʧʦʷʚʣʝʥʠʝʤ ʜʝʬʝʢʪʦʚ, ʘ ʥʘʠʣʫʯʰʠʡ ʩʧʦʩʦʙ 

ʥʘʥʝʩʝʥʠʷ ʣʘʢʘ ʠ ʬʠʥʠʰʥʦʛʦ ʧʦʢʨʳʪʠʷ ï ʦʢʨʘʰʠ-

ʚʘʥʠʝ ʢʠʩʪʴʶ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʢʦʪʦʨʳʡ ʧʦʟʚʦ-

ʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʦʨʠʝʥʪʘʮʠʶ, ʯʘʩʪʦʪʫ ʠ ʚʝʣʠ-

ʯʠʥʫ ʢʨʘʢʝʣʶʨʦʚ. 

ʇʨʠʥʮʠʧ ʧʨʠʤʝʥʝʥʠʷ ʜʚʫʭʬʘʟʥʦʛʦ ʣʘʢʘ ʟʘ-

ʢʣʶʯʘʝʪʩʷ ʚ ʧʦʦʯʝʨʝʜʥʦʤ ʥʘʥʝʩʝʥʠʠ ʜʚʫʭ ʢʦʤʧʦ-

ʥʝʥʪʦʚ ʢʨʘʢʝʣʶʨʥʦʛʦ ʩʦʩʪʘʚʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʜʚʫʭʬʘʟʥʦʛʦ ʣʘʢʘ ʬʠʥʠʰʥʦʝ ʧʦʢʨʳʪʠʝ ʩʨʘʟʫ ʧʦʩʣʝ 

ʚʳʩʭrʘʥʠʷ ʥʘʥʦʩʠʪʩʷ ʥʘ ʙʘʟʦʚʦʝ. ɼʚʫʭʬʘʟʥʳʡ ʢʨʘ-

ʢʝʣʶʨ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʦʟʨʘʯʥʳʡ, ʧʦʵʪʦʤʫ, ʚ 

ʜʘʣʴʥʝʡʰʝʤ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʪʨʝʱʠʥʳ ʜʣʷ ʙʦʣʝʝ 

ʚʠʜʠʤʦʛʦ ʵʬʬʝʢʪʘ ʯʘʱʝ ʚʩʝʛʦ ʟʘʪʠʨʘʶʪʩʷ ʮʚʝʪ-

ʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ (ʧʠʛʤʝʥʪʘʤʠ, ʤʘʩʣʷʥʦʡ ʠ ʙʘʛʝʪ-

ʥʦʡ ʢʨʘʩʢʦʡ, ʙʠʪʫʤʦʤ, ʧʘʩʪʝʣʴʶ ʠ ʜʨ.).  

ʅʘʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʜʚʫʭʬʘʟʥʳʡ ʢʨʘʢʝ-

ʣʶʨʥʳʡ ʣʘʢ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʧʨʦʟʨʘʯʥʦʩʪʠ, ʩʳʩʢʘʣ 

ʥʘ ʜʝʢʦʨʘʪʠʚʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʩ ʠʟʦʙʨʘʞʝʥʠʷʤʠ, ʚ 

ʪʦʤ ʯʠʩʣʝ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʪʝʭʥʠʢʝ ʜʝʢʫʧʘʞ. ʉʫʪʴ 

ʜʘʥʥʦʡ ʪʝʭʥʠʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʠʢʣʝʠʚʘʥʠʠ ʠʣʠ 

ʚʞʠʚʣʝʥʠʠ ʠʟʦʙʨʘʞʝʥʠʷ (ʜʝʢʫʧʘʞʥʦʡ ʢʘʨʪʳ, ʩʘʣ-

ʬʝʪʢʠ, ʨʘʩʧʝʯʘʪʘʥʥʦʡ ʢʘʨʪʠʥʢʠ) ʥʘ ʟʘʨʘʥʝʝ ʧʦʜʛʦ-

ʪʦʚʣʝʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ.  

ʊʘʢ ʞʝ ʢʘʢ ʠ ʚ ʦʧʳʪʘʭ ʩ ʦʜʥʦʬʘʟʥʳʤ ʣʘʢʦʤ, 

ʙʳʣʠ ʠʟʫʯʝʥʳ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʥʘʥʝʩʝʥʠʷ ʬʠ-

ʥʠʰʥʦʛʦ ʧʦʢʨʳʪʠʷ: ʢʠʩʪʴʶ ʚ ʭʘʦʪʠʯʥʦʤ ʠ ʦʜʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʘ ʪʘʢʞʝ ʛʫʙʢʦʡ. ʇʝʨʝʜ ʨʘʙʦʪʦʡ ʩ ʣʘ-

ʢʦʤ ʥʘ ʦʙʨʘʟʮʳ ʙʳʣʘ ʥʘʢʣʝʝʥʘ ʨʘʩʧʝʯʘʪʘʥʥʘʷ ʢʘʨ-

ʪʠʥʢʘ. ʇʨʠ ʜʝʢʦʨʠʨʦʚʘʥʠʠ ʧʨʠʤʝʥʷʣʩʷ ʜʚʫʭʬʘʟʥʳʡ 

ʣʘʢ ʬʠʨʤʳ çCorfixè, ʘ ʚ ʢʘʯʝʩʪʚʝ ʟʘʪʠʨʢʠ ï Betume 

ʯʸʨʥʦ ï ʢʦʨʠʯʥʝʚʦʛʦ ʦʪʪʝʥʢʘ. 

ʕʬʬʝʢʪʳ ʦʪ ʥʘʥʝʩʝʥʠʷ ʬʠʥʠʰʥʦʛʦ ʧʦʢʨʳʪʠʷ 

ʜʚʫʭʬʘʟʥʦʛʦ ʣʘʢʘ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʦʜʥʦʬʘʟʥʦʛʦ. ɻʫʙʢʘ 

(ʨʠʩʫʥʦʢ 2, ʘ) ʪʘʢʞʝ ʦʪʩʪʘʚʣʷʝʪ ʩʚʦʶ ʬʘʢʪʫʨʫ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʥʦ, ʙʣʘʛʦʜʘʨʷ ʪʸʤʥʦʡ ʟʘʪʠʨʢʝ, ʤʦʞʥʦ 

ʜʦʙʠʪʴʩʷ ʠʤʠʪʘʮʠʠ çʟʘʙʠʚʰʝʡʩʷ ʛʨʷʟʠè, ʯʪʦ ʜʘʝʪ 

ʠʥʪʝʨʝʩʥʳʡ ʵʬʬʝʢʪ ʠ ʩʤʦʪʨʠʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʝʩʪʝʩʪʚʝʥʥʦ. ʇʨʠ ʥʘʥʝʩʝʥʠʠ ʢʠʩʪʴʶ ʚ ʭʘʦʪʠʯʥʦʤ ʠ 

ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ (ʨʠʩʫʥʦʢ 2, ʙ-ʚ), 

ʦʧʨʝʜʝʣʸʥʥʳʭ ʦʪʣʠʯʠʡ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʅʦ, ʩʪʦʠʪ 

ʟʘʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʙʦʣʝʝ ʪʦʥʢʦʤ ʩʣʦʝ ʬʠʥʠʰʥʦʛʦ 

ʧʦʢʨʳʪʠʷ ʪʨʝʱʠʥʳ ʧʦʣʫʯʘʶʪʩʷ ʙʦʣʝʝ ʪʦʥʢʠʤʠ ʠ 

ʯʘʩʪʳʤʠ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʥʘʥʝʩʝʥʠʠ ʢʠʩʪʴʶ ʚ ʦʜʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ.  

ʘ  ʙ  ʚ  

ʈʠʩʫʥʦʢ 2. ʉʧʦʩʦʙʳ ʥʘʥʝʩʝʥʠʷ ʜʚʫʭʬʘʟʥʦʛʦ ʢʨʘʢʝʣʶʨʥʦʛʦ ʣʘʢʘ: 

ʘ) ʥʘʥʝʩʝʥʠʝ ʛʫʙʢʦʡ; ʙ) ʥʘʥʝʩʝʥʠʝ ʢʠʩʪʴʶ ʚ ʭʘʦʪʠʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ; 

ʚ) ʥʘʥʝʩʝʥʠʝ ʢʠʩʪʴʶ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 
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ʀʟ ʧʨʦʚʝʜʸʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʝʜʫʝʪ 

ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʤ ʩʧʦʩʦʙʦʤ 

ʥʘʥʝʩʝʥʠʷ ʜʚʫʭʬʘʟʥʦʛʦ ʢʨʘʢʝʣʶʨʥʦʛʦ ʣʘʢʘ ʪʘʢʞʝ 

ʷʚʣʷʝʪʩʷ ʧʦʢʨʳʪʠʝ ʢʠʩʪʴʶ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʜʣʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʢʨʘʢʝʣʶʨʦʚ.  

ʋʯʠʪʳʚʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʥʘʥʝʩʝʥʠʷ ʢʨʘʢʝʣʶʨʥʳʭ ʧʦʢʨʳʪʠʡ ʧʨʠ ʠʤʠʪʘʮʠʠ 

ʩʦʩʪʘʨʠʚʘʥʠʷ ʜʨʝʚʝʩʠʥʳ ʚ ʪʝʭʥʠʢʝ ʢʨʘʢʣʝ ʤʦʞʥʦ 

ʜʦʙʠʪʴʩʷ ʠʥʪʝʨʝʩʥʳʭ ʵʬʬʝʢʪʦʚ ʧʨʠ ʜʝʢʦʨʠʨʦʚʘʥʠʠ 

ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʤʝʪʦʚ ʠʥʪʝʨʴʝʨʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʰʠʨʦʢʦʤʫ ʧʨʠʤʝʥʝʥʠʶ ʪʝʭʥʠʢʠ ʚ ʚʠʥʪʘʞʥʳʭ 

ʩʪʠʣʝʚʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʘ ʪʘʢʞʝ ʧʨʠ ʨʝʩʪʘʚʨʘʮʠʠ 

ʘʥʪʠʢʚʘʨʥʳʭ ʠʟʜʝʣʠʡ. 
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ɸʥʥʦʪʘʮʠʷ 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʫʩʪʨʘʠʚʘʪʴ ʬʫʥʜʘʤʝʥʪʳ ʥʘ ʫʯʘʩʪʢʘʭ ʩʦ ʩʣʦʞʥʳʤʠ ʠʥʞʝ-

ʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʠ ʚ ʫʩʣʦʚʠʷʭ ʧʣʦʪʥʦʡ ʟʘʩʪʨʦʡʢʠ ʪʝʨʨʠʪʦʨʠʠ. ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʪʝʭʥʦʣʦ-

ʛʠʡ ʷʚʣʷʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦ ʙʫʨʦʥʘʙʠʚʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʤʠʢʨʦʩʚʘʡ ʩ ʨʘʩʰʠʨʝʥʥʦʡ ʧʷʪʦʡ. ʈʘʩʰʠʨʝʥʥʫʶ 

ʧʷʪʫ ʚʳʧʦʣʥʷʶʪ ʩ ʧʦʤʦʱʴʶ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʙʝʟ ʢʨʝʧʣʝʥʠʷ ʩʪʝʥʦʢ ʩʚʘʠ. ʇʨʠ ʥʘʣʠʯʠʠ ʥʘ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʝ ʥʝʧʣʦʪʥʳʭ ʧʝʩʯʘʥʳʭ ʠʣʠ ʚʦʜʦʥʘʩʳʱʝʥʥʳʭ ʧʳʣʝ-ʛʣʠʥʠʩʪʳʭ ʧʦʯʚ ʫʩʪʨʦʠʪʴ ʨʘʩ-

ʰʠʨʝʥʠʝ ʚ ʪʘʢʦʡ ʩʧʦʩʦʙ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦ. ʕʪʫ ʧʨʦʙʣʝʤʫ ʤʦʞʥʦ ʨʝʰʠʪʴ ʫʩʪʨʦʡʩʪʚʦʤ 

ʙʫʨʦʥʘʙʠʚʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʤʠʢʨʦʩʚʘʡ ʩ ʫʧʣʦʪʥʝʥʥʳʤ ʟʘʙʦʝʤ. 

Abstract 

Modern technologies allow suit the bases on sites with difficult engineering-geological conditions and in the 

conditions of dense building of the territory. One of such technologies is the device the buronabivnykh of reinforced 

concrete micropiles with an expanded heel. The expanded heel is carried out by means of mechanical distribution 

without fastening of walls of a pile. In the presence on the building site leaky sandy or water-saturated a heat - 

clay soils arrange expansion in such way it can be rather difficult. This problem can be solved the device the 

buronabivnykh of reinforced concrete micropiles with the condensed face. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʠʢʨʦʩʚʘʠ, ʪʝʭʥʦʣʦʛʠʷ, ʞʝʣʝʟʦʙʝʪʦʥ, ʤʘʣʦʵʪʘʞʥʦʝ ʜʦʤʦʩʪʨʦʝʥʠʝ. 

Keywords: micropiles, technology, reinforced concrete, low housing construction. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʨʦʩʣʠ 

ʥʘʛʨʫʟʢʠ ʥʘ ʦʩʥʦʚʘʥʠʝ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʫʯʘʩʪʢʠ ʩʦ 

ʩʣʦʞʥʳʤʠ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ, 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʫʩʣʦʚʠʷʭ ʧʣʦʪʥʦʡ ʛʦ-

ʨʦʜʩʢʦʡ ʟʘʩʪʨʦʡʢʠ. ʕʪʦ ʦʙʫʩʣʦʚʠʣʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʨʘʟʨʘʙʦʪʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʚʳʭ ʪʠʧʦʚ ʬʫʥʜʘ-

ʤʝʥʪʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʠʭ ʫʩʪʨʦʡʩʪʚʘ. ʕʬʬʝʢʪʠʚʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʝʡ ʜʣʷ ʫʩʪʨʦʡʩʪʚʘ ʥʦʚʳʭ ʠ ʫʩʠʣʝʥʠʝ ʩʫ-

ʱʝʩʪʚʫʶʱʠʭ ʬʫʥʜʘʤʝʥʪʦʚ ʷʚʣʷʶʪʩʷ ʞʝʣʝʟʦʙʝʪʦʥ-

ʥʳʝ ʤʠʢʨʦʩʚʘʠ, ʢʦʪʦʨʳʝ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʙʫʨʦʥʘ-

ʙʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʚ ʚʠʜʝ ʩʪʝʨʞʥʷ ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ 

ʜʠʘʤʝʪʨʦʤ ʜʦ 250 ʤʤ ʩ ʙʝʪʦʥʘ ʣʠʪʦʡ ʢʦʥʩʠʩʪʝʥʮʠʠ 

ʩ ʘʨʤʘʪʫʨʥʳʤ ʢʘʨʢʘʩʦʤ [4].  

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ɹʫʨʦʥʘʙʠʚʥʳʝ ʩʚʘʠ - ʦʜʠʥ ʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʠ 

ʥʘʜʝʞʥʳʭ ʩʧʦʩʦʙʦʚ ʫʩʪʨʦʡʩʪʚʘ ʬʫʥʜʘʤʝʥʪʘ ʟʜʘʥʠʷ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʚʝʣʠʯʠʪʴ ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʩʦʦʨʫʞʝʥʠʷ ʩʚʘʠ ʤʦʛʫʪ ʫʩʪʨʘʠʚʘʪʴʩʷ ʩ ʨʘʩʰʠʨʝ-

ʥʠʝʤ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ. ʉʦʟʜʘʝʪʩʷ ʘʨʤʘʪʫʨʥʳʡ ʢʘʨ-

ʢʘʩ, ʢʦʪʦʨʳʡ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʥʪʠʨʫʝʪʩʷ ʚ ʧʨʦʙʫ-

ʨʝʥʥʫʶ ʩʢʚʘʞʠʥʫ ʠ ʫʢʣʘʜʳʚʘʝʪʩʷ ʙʝʪʦʥ. ʏʘʱʝ 

ʚʩʝʛʦ ʙʫʨʦʥʘʙʠʚʥʳʝ ʩʚʘʠ ʧʨʠʤʝʥʷʶʪ ʧʨʠ ʙʦʣʴʰʠʭ 

ʥʘʛʨʫʟʢʘʭ ʠʣʠ ʧʨʠ ʛʣʫʙʦʢʦʤ ʟʘʣʝʛʘʥʠʠ ʩʣʘʙʦ ʩʞʠ-

ʤʘʝʤʳʭ ʛʨʫʥʪʦʚ. 
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ʇʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʫʩʪʨʦʡ-

ʩʪʚʘ ʙʫʨʦʥʘʙʠʚʥʳʭ ʩʚʘʡ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʩʦʢʨʘʱʘʝʪ ʩʪʦʠʤʦʩʪʴ ʠ ʩʨʦʢʠ ʩʪʨʦʠʪʝʣʴ-

ʥʳʭ ʨʘʙʦʪ. 

ɹʫʨʦʥʘʙʠʚʥʳʝ ʩʚʘʠ ʩ ʫʩʧʝʭʦʤ ʧʨʠʤʝʥʷʶʪʩʷ 

ʧʨʠ çʪʦʯʝʯʥʦʤè ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʚ ʩʪʝʩʥʝʥʥʳʭ ʫʩʣʦ-

ʚʠʷʭ ʠ ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʦʩʫʱʝʩʪʚ-

ʣʷʝʪʩʷ ʚʙʣʠʟʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʦʦʨʫʞʝʥʠʡ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʬʫʥʜʘʤʝʥʪʘ ʧʨʠʣʝʛʘʶʱʠʝ 

ʟʜʘʥʠʷ ʥʝ ʠʩʧʳʪʳʚʘʶʪ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ [1]. 

ɺ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʙʫʨʦʥʘʙʠʚʥʳʭ ʩʚʘʡ, ʙʫ-

ʨʠʪʩʷ ʩʢʚʘʞʠʥʘ ʧʦʜ ʟʘʱʠʪʦʡ ʠʥʚʝʥʪʘʨʥʳʭ ʦʙʩʘʜ-

ʥʳʭ ʪʨʫʙ. ʊʘʢʦʡ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʩʚʘʡ-

ʥʳʝ ʨʘʙʦʪʳ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʩʫʱʝ-

ʩʪʚʫʶʱʠʭ ʟʜʘʥʠʡ. ʊʘʢʞʝ ʵʪʦʪ ʩʧʦʩʦʙ ʠʩʢʣʶʯʘʝʪ 

ʦʩʳʧʘʥʠʝ ʩʪʝʥʦʢ ʠ ʜʝʬʦʨʤʘʮʠʶ ʛʨʫʥʪʦʚ. ʇʣʶʩ ʢʦ 

ʚʩʝʤʫ ʫʧʨʦʱʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʧʣʦʱʘʜʠ ʜʣʷ ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʘ, ʩʦʢʨʘʱʘʝʪʩʷ ʨʘʩʭʦʜ ʚʦʜʳ [2]. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ ʫʩʪʨʦʡʩʪʚʘ ʙʫ-

ʨʦʥʘʙʠʚʥʳʭ ʩʚʘʡ. ɺʳʙʦʨ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʤʝʪʦʜʘ ʟʘ-

ʚʠʩʠʪ ʦʪ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʫʯʘʩʪʢʘ, ʚʳʜʝʣʝʥ-

ʥʦʛʦ ʧʦʜ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʘ ʪʘʢʞʝ ʦʪ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ [5]. 

ʋʩʪʨʦʡʩʪʚʦ ʙʫʨʦʥʘʙʠʚʥʳʭ ʩʚʘʡ ʤʝʪʦʜʦʤ çʥʝ-

ʧʨʝʨʳʚʥʦʛʦ ʰʥʝʢʘè ʧʦʟʚʦʣʷʝʪ ʙʫʨʠʪʴ ʩʢʚʘʞʠʥʳ 

ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʜʘʣʝʥʠʷ ʛʨʫʥʪʘ ʠʟ ʩʢʚʘʞʠʥʳ. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʙʫʨʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʟʝʤʣʷʥʳʝ ʨʘʙʦʪʳ ʠ ʫʩʪʨʘʠʚʘʪʴ ɹʫʨʦʥʘʙʠʚʥʳʝ ʚ ʰʠ-

ʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʧʦʯʚ ʩʫʭʠʭ, ʩʚʷʟʥʳʭ ʠʣʠ ʩʳʧʫʯʠʭ, 

ʨʳʭʣʳʭ ʩʢʘʣʴʥʳʭ ʧʦʨʦʜʘʭ, ʛʣʠʥʘʭ, ʠʟʚʝʩʪʥʷʢʘʭ, 

ʧʝʩʯʘʥʠʢʘʭ, ʠ ʪ.ʜ. [7]. 

ɹʫʨʦʥʘʙʠʚʥʳʝ ʤʠʢʨʦʩʚʘʠ ʩ ʨʘʩʰʠʨʝʥʥʦʡ ʧʷ-

ʪʦʡ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʚ ʚʠʜʝ ʩʪʝʨʞʥʝʡ ʢʨʫʛʣʦʛʦ ʩʝ-

ʯʝʥʠʷ ʠʟ ʞʝʣʝʟʦʙʝʪʦʥʘ ʜʠʘʤʝʪʨʦʤ ʜʦ 250 ʤʤ ʠ 

ʫʩʪʨʘʠʚʘʶʪʩʷ ʚ ʩʢʚʘʞʠʥʘʭ, ʚʳʧʦʣʥʝʥʥʳʭ ʩʧʦʩʦʙʦʤ 

ʰʥʝʢʦʚʦʛʦ ʙʫʨʝʥʠʷ ʙʝʟ ʦʙʩʘʜʥʳʭ ʪʨʫʙ. ʇʨʝʜʣʦʞʝʥ-

ʥʘʷ ʤʠʢʨʦʩʚʘʠ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʥʝʩʫʱʫʶ ʩʧʦʩʦʙ-

ʥʦʩʪʴ, ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʩʭʦʜ ʤʘʪʝʨʠʘʣʦʚ ʠ ʥʝʩʣʦʞ-

ʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠ-

ʤʝʥʠʪʴ ʠʭ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʦʤ ʜʦʩʪʫʧʝ ʠ ʚ ʩʣʦʞʥʳʭ 

ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

ɺ ʧʨʘʢʪʠʢʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʤʠʢʨʦʩʚʘʠ ʜʠʘʤʝʪʨʦʤ ʜʦ 250 ʤʤ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʙʣʠʟʢʠʤʠ ʧʦ ʪʝʭʥʠʯʝʩʢʦʡ ʩʫʱʥʦʩʪʠ ʢ ʧʨʝʜʣʦʞʝʥ-

ʥʳʤ [3]. ʆʜʥʘʢʦ ʪʘʢʠʝ ʩʚʘʠ ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʜʠʘʤʝʪ-

ʨʘʭ (ʜʦ 250 ʤʤ) ʙʝʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʧʷʪʠ ʚ ʦʙʳʯ-

ʥʳʭ ʛʨʫʥʪʦʚʳʭ ʫʩʣʦʚʠʷʭ ʠʤʝʶʪ ʥʝʚʳʩʦʢʫʶ ʥʝʩʫ-

ʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. ʂʨʦʤʝ ʵʪʦʛʦ, ʜʣʷ ʠʭ ʫʩʪʨʦʡʩʪʚʘ 

ʧʨʠʤʝʥʷʶʪ ʜʦʨʦʛʦʝ ʠ ʜʦʩʪʘʪʦʯʥʦ ʛʘʙʘʨʠʪʥʦʝ ʦʙʦ-

ʨʫʜʦʚʘʥʠʝ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʣʦʞʥʷʝʪ ʪʝʭʥʦʣʦʛʠʶ 

ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʧʦʚʳʰʘʝʪ ʩʪʦʠʤʦʩʪʴ ʢʦʥʩʪʨʫʢ-

ʮʠʠ. 

ʋʩʪʨʦʡʩʪʚʦ ʨʘʩʰʠʨʝʥʥʦʡ ʜʦ ʜʚʫʭ ʜʠʘʤʝʪʨʦʚ 

ʧʷʪʳ ʢʦʥʠʯʝʩʢʦʡ ʬʦʨʤʳ ʧʦʟʚʦʣʷʝʪ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝ-

ʥʠʷ ʧʣʦʱʘʜʠ ʦʧʦʨʳ ʟʥʘʯʠʪʝʣʴʥʦ (ʧʦʯʪʠ ʚ 4 ʨʘʟʘ) 

ʧʦʚʳʩʠʪʴ ʝʝ ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. ʋʧʨʦʱʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʠʢʨʦʩʚʘʡ ʩ ʧʦʤʦʱʴʶ 

ʥʝʩʣʦʞʥʦʛʦ ʧʦʨʪʘʪʠʚʥʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦ-

ʚʘʥʠʷ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʛʦʪʦʚʠʪʴ ʠʭ ʚ ʫʩʣʦʚʠʷʭ 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʜʦʩʪʫʧʘ (ʥʘʧʨʠʤʝʨ, ʚ ʧʦʜʚʘʣʴʥʳʭ 

ʧʦʤʝʱʝʥʠʷʭ) ʠ ʚ ʩʣʦʞʥʳʭ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝ-

ʩʢʠʭ ʫʩʣʦʚʠʷʭ (ʥʘʧʨʠʤʝʨ, ʥʘ ʩʢʣʦʥʘʭ ʭʦʣʤʦʚ) [4]. 

ɹʫʨʦʥʘʙʠʚʥʘʷ ʤʠʢʨʦʩʚʘʷ ʧʨʝʜʣʦʞʝʥʥʦʡ ʢʦʥ-

ʩʪʨʫʢʮʠʠ ʫʩʪʨʘʠʚʘʝʪʩʷ ʚ ʩʢʚʘʞʠʥʘʭ, ʠʟʛʦʪʦʚʣʝʥ-

ʥʳʭ ʩ ʧʦʤʦʱʴʶ ʰʥʝʢʦʚʦʛʦ ʙʫʨʘ ʙʝʟ ʦʙʩʘʜʥʳʭ ʪʨʫʙ. 

ʐʥʝʢʠ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʩʝʢʮʠʷʤʠ ʜʣʠʥʦʡ ʜʦ 1,5, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʧʨʠ ʙʫʨʝʥʠʠ ʩʢʚʘ-

ʞʠʥ ʚ ʧʦʜʚʘʣʴʥʳʭ ʧʦʤʝʱʝʥʠʷʭ. ɹʫʨʝʥʠʝ ʧʨʦʚʦ-

ʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʣʦʛʘʙʘʨʠʪʥʦʛʦ ʤʝʭʘʥʠ-

ʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʣʠ ʚʨʫʯʥʫʶ, ʠ, ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʤʦʞʝʪ 

ʚʳʧʦʣʥʷʪʴʩʷ ʥʘ ʛʣʫʙʠʥʫ ʜʦ 6-8ʤ. ʇʦʩʣʝ ʟʘʯʠʩʪʢʠ 

ʜʥʘ ʩʢʚʘʞʠʥʳ ʩʧʝʮʠʘʣʴʥʳʤ ʰʥʝʢʦʤ ʫʩʪʨʘʠʚʘʝʪʩʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʧʨʝʜʝʣʘʭ ʝʝ ʥʠʞʥʝʛʦ ʢʦʥʮʘ, 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʘʨʤʘʪʫʨʥʳʡ ʢʘʨʢʘʩ, ʠ ʩʢʚʘʞʠʥʘ ʟʘ-

ʧʦʣʥʷʝʪʩʷ ʙʝʪʦʥʦʤ. ɼʣʷ ʫʩʪʨʦʡʩʪʚʘ ʨʘʩʧʨʦʩʪʨʘʥʝ-

ʥʠʝ ʧʷʪʠ ʩʢʚʘʞʠʥʳ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʦʝ 

ʫʩʪʨʦʡʩʪʚʦ. ɺ ʩʦʙʨʘʥʥʦʤ ʚʠʜʝ ʫʩʪʨʦʡʩʪʚʦ ʦʧʫʩʢʘ-

ʝʪʩʷ ʚ ʩʢʚʘʞʠʥʫ ʜʦ ʫʨʦʚʥʷ ʟʘʙʦʷ ʠ ʬʠʢʩʠʨʫʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʵʣʝʤʝʥʪʘ. ʅʘ ʚʝʜʫʱʫʶ 

ʰʪʘʥʛʫ, ʢʦʪʦʨʘʷ ʩʦʝʜʠʥʝʥʘ ʩ ʥʝʧʦʜʚʠʞʥʦʡ ʰʪʘʥʛʦʡ 

ʯʝʨʝʟ ʯʝʪʳʨʝʭʛʨʘʥʥʳʝ ʧʝʨʝʭʦʜʥʠʢ (ʜʣʷ ʩʦʚʤʝʩʪ-

ʥʦʛʦ ʚʨʘʱʝʥʠʷ) ʠ ʩʪʝʨʞʥʠ ʨʘʩʧʨʦʩʪʨʘʥʠʪʝʣʷ ʩ ʟʘ-

ʢʨʝʧʣʝʥʥʳʤʠ ʢ ʥʠʤ ʥʦʞʘʤʠ ʧʝʨʝʜʘʝʪʩʷ ʢʨʫʪʷʱʠʡ 

ʤʦʤʝʥʪ ʠ ʚʜʘʚʣʠʚʘʷ ʫʩʠʣʠʷ. ʇʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʧʨʠ-

ʚʦʜʥʦʡ ʰʪʘʥʛʠ ʚʥʠʟ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʧʦʜʚʠʞʥʦʡ ʜʦ 

ʦʛʨʘʥʠʯʠʪʝʣʷ ʚʝʨʭʥʠʝ ʠ ʥʠʞʥʠʝ ʩʪʝʨʞʥʠ ʨʘʩʧʨʦ-

ʩʪʨʘʥʠʪʝʣʷ ʩ ʥʦʞʘʤʠ ʧʦʩʪʝʧʝʥʥʦ ʦʪʢʣʦʥʷʶʪʩʷ ʚ 

ʩʪʦʨʦʥʳ, ʩʨʝʟʘʷ ʛʨʫʥʪ ʥʘ ʩʪʝʥʢʘʭ ʩʢʚʘʞʠʥʳ. ʈʘʟ-

ʨʳʭʣʝʥʥʳʡ ʛʨʫʥʪ ʧʦʧʘʜʘʝʪ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʝʤ-

ʢʦʩʪʴ, ʟʘʢʨʝʧʣʝʥʥʫʶ ʢ ʥʝʧʦʜʚʠʞʥʦʡ ʰʪʘʥʛʠ, ʠ ʚʳ-

ʥʠʤʘʝʪʩʷ ʠʟ ʩʢʚʘʞʠʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ [6]. 

ɺʳʚʦʜʳ  

ʊʝʤʘ ʘʢʪʫʘʣʴʥʘ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠ ʪʨʝʙʫʝʪ 

ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʤʠʢʨʦʩʚʘʠ ʠ ʪʝʭʥʦʣʦʛʠʷ ʠʭ ʠʟ-

ʛʦʪʦʚʣʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ, ʢʘʢ ʘʥʢʝʨ-

ʥʳʝ ʧʨʠ ʫʩʪʨʦʡʩʪʚʝ ʬʫʥʜʘʤʝʥʪʦʚ. ɹʫʨʦʥʘʙʠʚʥʳʝ 

ʤʠʢʨʦʩʚʘʠʠ ʠ ʨʘʩʰʠʨʝʥʥʦʡ ʧʷʪʦʡ ʜʦʩʪʘʪʦʯʥʦ ʭʦ-

ʨʦʰʦ ʩʝʙʷ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʠ 

ʤʘʣʦʵʪʘʞʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. 
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ɸʥʥʦʪʘʮʠʷ 

ʈʘʩʩʤʦʪʨʝʥʳ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʫʩʪʨʦʡʩʪʚʘ ʜʝʬʦʨ-

ʤʘʮʠʦʥʥʳʭ ʰʚʦʚ. 

Abstract 

The advantages and disadvantages of the existing design solutions for the device of deformational seams. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʝʬʦʨʤʘʮʠʦʥʥʳʡ ʰʦʚ, ʢʦʤʧʝʥʩʘʪʦʨʥʳʡ ʰʦʚ, ʫʩʘʜʦʯʥʳʡ ʰʦʚ. 

Keywords: deformational seam,expansion joint, compensatory seam, shrink seam. 

 

ʄʥʦʞʝʩʪʚʦ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʰʚʦʚ ʨʘʟʨʘʙʘʪʳ-

ʚʘʶʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʩʦʦʨʫʞʝ-

ʥʠʷ, ʧʦ ʨʘʟʥʳʤ ʧʨʠʥʮʠʧʘʤ, ʵʪʦ ʟʘʪʨʫʜʥʷʝʪ ʘʥʘʣʠʟ 

ʠʭ ʧʦʚʝʜʝʥʠʷ, ʚʳʷʚʣʝʥʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦ-

ʩʪʝʡ, ʜʦʩʪʦʠʥʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ.  

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʰʚʦʚ ʦʩʥʦ-

ʚʘʥʘ ʥʘ ʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʧʝʨʝʢʨʳ-

ʪʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʟʘʟʦʨʘ. ɺʳʜʝʣʷʶʪ ʩʣʝʜʫʶ-

ʱʠʝ ʛʨʫʧʧʳ:  

ʘ) ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʰʚʳ ʟʘʢʨʳʪʦʛʦ ʪʠʧʘ; 

ʙ) ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʰʚʳ ʦʪʢʨʳʪʦʛʦ ʪʠʧʘ; 

ʚ) ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʰʚʳ ʧʝʨʝʢʨʳʪʦʛʦ ʪʠʧʘ; 

ʛ) ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʰʚʳ ʟʘʧʦʣʥʝʥʥʦʛʦ ʪʠʧʘ. 

ʐʚʳ ʟʘʢʨʳʪʦʛʦ ʪʠʧʘ  

ɼʝʬʦʨʤʘʮʠʦʥʥʳʝ ʰʚʳ ʟʘʢʨʳʪʦʛʦ ʪʠʧʘ ʧʨʠʤʝ-

ʥʷʶʪʩʷ ʧʨʠ ʥʝʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʰʚʘʤʠ. 

ɺ IV-V ʜʦʨʦʞʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ ʧʨʠ ʧʨʦʣʝ-

ʪʘʭ ʤʝʞʜʫ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤʠ ʰʚʘʤʠ ʙʦʣʝʝ 18 ʤ 

ʰʚʳ ʟʘʢʨʳʪʦʛʦ ʪʠʧʘ ʨʘʙʦʪʘʶʪ ʥʝʫʜʦʚʣʝʪʚʦʨʠ-

ʪʝʣʴʥʦ. ʀʟ-ʟʘ ʥʠʟʢʦʡ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʠ ʘʩʬʘʣʴʪʦʙʝ-

ʪʦʥʘ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʤ 

ʧʦʢʨʳʪʠʠ ʚ ʟʦʥʝ ʰʚʘ ʧʦʷʚʣʷʶʪʩʷ ʙʫʛʨʳ, ʦʪʩʫʪʩʪʚʠʝ 

ʛʝʨʤʝʪʠʯʥʦʩʪʠ, ʪʝʱʠʥʳ ʠ ʧʨʦʯʠʝ ʜʝʬʝʢʪʳ. 

ʊʨʝʱʠʥʘ ʚ ʘʩʬʘʣʴʪʦʙʝʪʦʥʦʤ ʧʦʣʦʪʥʝ ʤʦʞʝʪ 

ʦʙʨʘʟʦʚʘʪʴʩʷ ʜʘʞʝ ʦʪ ʩʫʪʦʯʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʪʝʤʧʝ-

ʨʘʪʫʨʳ. ɺ ʦʙʨʘʟʦʚʘʚʰʫʶʩʷ ʪʨʝʱʠʥʫ ʧʦʧʘʜʘʝʪ 

ʧʳʣʴ, ʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ ʘʩ-

ʬʘʣʴʪʦʙʝʪʦʥ ʚʳʧʫʯʠʚʘʝʪʩʷ. ɿʘʢʨʳʪʳʝ ʜʝʬʦʨʤʘʮʠ-

ʦʥʥʳʝ ʰʚʳ ʩ ʦʪʜʝʣʝʥʠʝʤ ʧʦʢʨʳʪʠʷ ʦʪ ʥʠʞʝʣʝʞʘ-

ʱʠʭ ʩʣʦʝʚ ʧʦʣʦʞʠʪʝʣʴʥʦ ʧʦʢʘʟʘʣʠ ʩʝʙʷ ʚ ʨʘʡʦʥʘʭ, 

ʚ ʢʦʪʦʨʳʭ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝ ʦʧʫʩʢʘʝʪʩʷ ʥʠʞʝ -25ʦʉ, ʘ 

ʧʝʨʝʤʝʱʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʣʠ 1 ʩʤ.  

 

https://elibrary.ru/item.asp?id=23499980
https://elibrary.ru/item.asp?id=23499980
https://elibrary.ru/item.asp?id=23499980
https://elibrary.ru/contents.asp?id=34072533
https://elibrary.ru/contents.asp?id=34072533
https://elibrary.ru/contents.asp?id=34072533&selid=23499980
https://elibrary.ru/item.asp?id=36739174
https://elibrary.ru/item.asp?id=36739174
https://elibrary.ru/item.asp?id=36738527
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ʈʠʩʫʥʦʢ 1. ɼʝʬʦʨʤʘʮʠʦʥʥʳʝ ʰʚʳ ʟʘʢʨʳʪʦʛʦ ʪʠʧʘ: 1- ʧʦʢʨʳʪʠʝ, 2- ʟʘɦʠʪʥʳʡ ʩʣʦʡ, 

3- ʜʝʨʝʚʷʥʥʘʷ ʨʝʡʢʘ, 4- ʛʠʜʨʦʠʟʦʣʷʮʠʷ, 5- ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʤʧʝʥʩʘʪʦʨ, 6- ʧʦʨʠʩʪʳʡ ʤʘʪʝʨʠʘʣ, 

7- ʘʥʢʝʨ ʢʦʤʧʝʥʩʘʪʦʨʘ, 8- ʪʦʣʝʚʘʷ ʧʨʦʢʣʘʜʢʘ, 9- ʩʪʘʣʴʥʦʡ ʣʠʩʪ, 10- ʤʘʩʪʠʢʘ. 

 

ʅʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʰʚʘ ʟʘʢʨʳʪʦʛʦ ʪʠʧʘ ʷʚʣʷʝʪʩʷ ʪʨʝʱʠʥʦ-

ʩʪʦʡʢʦʩʪʴ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ.  

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʨʝʱʝʥʦʩʪʦʡʢʦʩʪʠ ʤʦʞʥʦ ʧʨʝʜʧʨʠʥʷʪʴ ʩʣʝʜʫʶʱʠʝ ʤʝʨʳ: 

1. ʇʦʚʳʩʠʪʴ ʜʝʬʦʨʤʘʪʠʬʥʳʝ ʩʚʦʡʩʪʚʘ ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ ʚ ʟʦʥʝ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʰʚʘ ʟʘ ʩʯʝʪ ʩʧʝʮʠʘʣʴ-

ʥʳʭ ʜʦʙʘʚʦʢ 

2. ʋʚʝʣʠʯʠʪʴ ʪʦʣʱʠʥʫ ʧʦʢʨʳʪʠʷ 

3. ɸʨʤʠʨʦʚʘʪʴ ʧʦʢʨʳʪʠʝ ʥʘʜ ʰʚʦʤ 

4. ʇʨʠʤʝʥʠʪʴ ʢʦʤʙʠʥʘʮʠʶ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ. 

\  

ʈʠʩʫʥʦʢ 2. ɼʝʬʦʨʤʘʮʠʦʥʥʳʡ ʰʦʚ ʩ ʘʨʤʠʨʦʚʘʥʥʳʤ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʳʤ ʧʦʢʨʳʪʠʝʤ, 

ʧʨʠʤʝʥʷʝʤʳʡ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʷʭ 10-15 ʤʤ: 

1 - ʚʳʨʘʚʥʠʚʘʶʱʠʡ ʩʣʦʡ; 2 ï ʛʠʜʨʦʠʟʦʣʷʮʠʷ; 3 ï ʟʘʱʠʪʥʳʡ ʩʣʦʡ; 

4 ï ʘʩʬʘʣʴʪʦʙʝʪʦʥ; 5 ï ʘʨʤʠʨʫʶʱʘʷ ʩʪʝʢʣʦʩʝʪʢʘ; 6 ï ʧʨʦʢʣʘʜʢʘ; 7 ï ʫʛʣʫʙʣʝʥʠʝ ʚ ʟʘʱʠʪʥʦʤ ʩʣʦʝ; 

8 ï ʧʝʨʝʢʨʳʚʘʶʱʠʡ ʣʠʩʪ; 9 ï ʧʦʨʠʩʪʳʡ ʤʘʪʝʨʠʘʣ; 10 ï ʠʟʦʣʷʮʠʷ ʧʝʪʣʠ ʢʦʤʧʝʥʩʘʪʦʨʘ; 

11 ï ʢʦʤʧʝʥʩʘʪʦʨ; 12 ï ʘʥʢʝʨʥʳʡ ʩʪʝʨʞʝʥʴ; 13 ï ʧʨʦʣʝʪʥʦʝ ʩʪʨʦʝʥʠʝ. 

 

ʐʚʳ ʟʘʧʦʣʥʝʥʥʦʛʦ ʪʠʧʘ 

ɺ ʨʘʡʦʥʘʭ ʩ ʪʝʧʣʳʤ ʢʣʠʤʘʪʦʤ ʚ ʧʨʦʣʝʪʥʳʭ 

ʩʪʨʦʝʥʠʷʭ ʜʣʠʥʦʡ ʜʦ 20-22 ʤ ʥʘʜʝʞʥʦ ʩʣʫʞʘʪ ʰʚʳ 

ʟʘʧʦʣʥʝʥʥʦʛʦ ʪʠʧʘ (15-20 ʣʝʪ). 

ʉʨʦʢ ʩʣʫʞʙʳ ʤʦʞʝʪ ʩʥʠʞʘʪʴʩʷ ʠʟ-ʟʘ ʨʘʟʨʫʰʝ-

ʥʠʷ ʟʘʧʦʣʥʝʥʠʷ ʠ ʟʘʛʨʷʟʥʝʥʠʷ ʟʘʟʦʨʘ. ɺ ʟʠʤʥʝʝ 

ʚʨʝʤʷ ʠʟ-ʟʘ ʚʳʥʦʩʘ ʤʘʪʝʨʠʘʣʘ ʠʟ ʰʚʘ ʢʦʣʝʩʘʤʠ ʘʚ-

ʪʦʤʦʙʠʣʝʡ ʠ ʟʘʧʦʣʥʝʥʠʷ ʝʛʦ ʛʨʷʟʴʶ ʠ ʱʝʙʥʝʤ, ʢʦ-

ʪʦʨʳʝ ʧʦʩʪʝʧʝʥʥʦ ʫʧʣʦʪʥʷʶʪʩʷ, ʚ ʣʝʪʥʝʝ ʚʨʝʤʷ ʧʦ-

ʷʚʣʷʶʪʩʷ ʙʫʛʨʳ. ʈʘʟʨʫʰʘʶʪʩʷ ʢʨʦʤʢʠ ʰʚʘ, ʥʘʨʫ-

ʰʘʝʪʩʷ ʛʝʨʤʝʪʠʯʥʦʩʪʴ.  

ʆʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ ʧʦʷʚʣʝʥʠʷ ʵʪʠʭ ʜʝʬʝʢʪʦʚ ï 

ʥʝʧʨʘʚʠʣʴʥʳʡ ʧʦʜʙʦʨ ʤʘʪʝʨʠʘʣʦʚ ʟʘʧʦʣʥʝʥʠʷ ʧʦʜ 

ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʤʝʩʪʥʦʩʪʠ (ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʦʟʜʫʭʘ ʤʦʞʝʪ ʙʳʪʴ ʤʝʥʴʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʭʨʫʧʢʦ-

ʩʪʠ ʤʘʪʝʨʠʘʣʘ).ʅʝʢʦʪʦʨʳʝ ʤʘʩʪʠʢʠ ʥʘ ʙʠʪʫʤʥʦʡ 

ʦʩʥʦʚʝ ʩʪʘʥʦʚʷʪʩʷ ʭʨʫʧʢʠʤʠ ʫʞʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ï 10 ʦʉ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʚʳʙʦʨʘ ʤʘʪʝʨʠʘʣʘ ʟʘʧʦʣʥʝ-

ʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʨʘʡʦʥʘ. 
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ʈʠʩʫʥʦʢ 3. ɼʝʬʦʨʤʘʮʠʦʥʥʳʝ ʰʚʳ ʩ ʟʘʧʦʣʥʝʥʠʝʤ ʤʘʩʪʠʢʦʡ: 

1 ï ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʝ ʧʦʢʨʳʪʠʝ; 2 ï ʟʘʱʠʪʥʳʡ ʩʣʦʡ; 3 ï ʤʘʩʪʠʢʘ; 4 ï ʧʦʨʠʩʪʦʝ ʟʘʧʦʣʥʝʥʠʝ; 

5 ï ʛʠʜʨʦʠʟʦʣʷʮʠʷ; 6 ï ʚʳʨʘʚʥʠʚʘʶʱʠʡ ʩʣʦʡ; 7 ï ʘʥʢʝʨʦʚʢʘ ʢʦʤʧʝʥʩʘʪʦʨʘ; 8 ï ʢʦʤʧʝʥʩʘʪʦʨ; 

9 ï ʧʨʦʣʝʪʥʦʝ ʩʪʨʦʝʥʠʝ; 10 ï ʙʝʪʦʥʥʳʡ ʧʨʠʣʠʚ; 11 ï ʙʝʪʦʥʥʦʝ ʧʦʢʨʳʪʠʝ.  

 

ʐʚʳ ʧʝʨʝʢʨʳʪʦʛʦ ʪʠʧʘ  

ʇʨʠʤʝʥʷʶʪʩʷ ʚ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʷʭ ʜʣʠʥʦʡ 30-150 ʤ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʰʚʳ ʩʦ ʩʢʦʣʴ-

ʟʷʱʠʤʠ ʩʪʘʣʴʥʳʤʠ ʜʝʪʘʣʷʤʠ, ʧʨʠʞʘʪʳʤʠ ʧʨʫʞʠʥʘʤʠ (ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʞʝʩʪʢʦʛʦ ʟʘʢʨʝʧʣʝʥʠʷ). ʇʣʦʪʥʦʝ 

ʧʨʠʞʘʪʠʝ ʩʢʦʣʴʟʷʱʝʛʦ ʣʠʩʪʘ ʢ ʘʨʤʠʨʦʚʘʥʥʦʤʫ ʦʢʘʡʤʣʝʥʠʶ ʦʙʝʩʧʝʯʝʥʦ ʧʦʜʢʨʫʯʠʚʘʥʠʝʤ ʥʘʪʷʞʥʳʭ ʛʘʝʢ. 

ʆʧʪʠʤʘʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʰʚʦʚ (ʨʠʩ. 4) ï ʩ ʧʣʦʩʢʠʤ ʣʠʩʪʦʤ (ʪʠʧ ʇʉ), ʩʦ ʩʢʦʰʝʥ-

ʥʳʤ ʣʠʩʪʦʤ (ʪʠʧ ʇʉ-ʉ) ʠ ʩʦ ʩʢʦʰʝʥʥʳʤ, ʧʣʘʚʘʶʱʠʤ ʣʠʩʪʦʤ (ʪʠʧ ʇʉ-ʉʇ) 

 

  
ʈʠʩʫʥʦʢ 4. ʂʦʥʩʪʨʫʢʮʠʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʰʚʦʚ ʩʦ ʩʢʦʣʴʟʷʱʠʤʠ ʣʠʩʪʘʤʠ  

ʇʉ (ʚʚʝʨʭʫ ʩʣʝʚʘ), ʇʉ-ʉ (ʚʚʝʨʭʫ ʩʧʨʘʚʘ), ʇʉ-ʉʇ (ʩʥʠʟʫ): 

1 ï ʦʢʘʡʤʣʝʥʠʝ; 2 ï ʩʢʦʣʴʟʷʱʠʡ ʣʠʩʪ; 3 ï ʧʨʫʞʠʥʘ ʚ ʦʙʦʡʤʝ, 4 ï ʨʝʟʠʥʘ, 5 ï ʨʝʙʨʦ ʞʝʩʪʢʦʩʪʠ ʦʢʘʡʤʣʝ-

ʥʠʷ; 6 ï ʘʥʢʝʨʳ; 7 ï ʤʘʩʪʠʢʘ; 8 ï ʟʘʱʠʪʥʳʡ ʩʣʦʡ; 9 ï ʩʢʦhʝʥʥʳʡ ʢʦʥʝʮ ʣʠʩʪʘ; 10 ï ʣʦʪʦʢ; 

11 ï ʚʳʩʦʢʦʧʨʦʯʥʳʡ ʙʦʣʪ; 12 ï ʧʨʠʞʠʤʥʘʷ ʙʘʣʢʘ.  
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ʆʩʥʦʚʥʳʤ ʜʝʬʝʢʪʦʤ ʚ ʰʚʘʭ ʧʝʨʝʢʨʳʪʦʛʦ ʪʠʧʘ 

ʷʚʣʷʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʪʨʝʱʠʥ ʚ ʧʨʠʣʝʛʘʶʱʠʭ ʢ 

ʦʢʘʡʤʣʝʥʠʶ ʫʯʘʩʪʢʦʚ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʛʦ ʧʦʢʨʳ-

ʪʠʷ. ʕʪʦ ʷʚʣʝʥʠʝ ʚʳʟʚʘʥʦ ʨʘʟʥʠʮʝʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ ʠ ʙʝʪʦʥʘ ʟʘ-

ʱʠʪʥʦʛʦ ʩʣʦʷ ʚ 3-4 ʨʘʟʘ, ʘ ʪʘʢ ʞʝ ʨʘʟʥʠʮʝʡ ʚ ʫʩʘ-

ʜʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʷʭ. ɺ ʢʦʥʩʪʨʫʢʮʠʠ ʜʝʬʦʨʤʘʮʠ-

ʦʥʥʳʭ ʰʚʦʚ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʨʘʠʚʘʪʴ ʟʘʟʦʨ ʤʝʞʜʫ 

ʧʦʢʨʳʪʠʝʤ ʠ ʦʢʘʡʤʣʝʥʠʝʤ, ʟʘʧʦʣʥʷʝʤʳʡ ʵʣʘʩʪʠʯ-

ʥʳʤ ʛʝʨʤʝʪʠʟʠʨʫʶʱʠʤ ʤʘʪʝʨʠʘʣʦʤ. 

ʆʪʢʨʳʪʳʤ ʚʦʧʨʦʩʦʤ ʦʩʪʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ 

ʥʘʜʝʞʥʦʩʪʠ ʘʥʢʝʨʦʚʢʠ ʠ ʫʣʫʯʰʝʥʠʝ ʛʠʜʨʦʠʟʦʣʷʮʠʠ 

ʦʢʘʡʤʣʝʥʠʷ. 

ʐʚʳ ʦʪʢʨʳʪʦʛʦ ʪʠʧʘ 

ʆʪʢʨʳʪʳʡ ʪʠʧ ʰʚʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʦʭʨʘʥʝʥʠʝ 

ʟʘʟʦʨʘ ʤʝʞʜʫ ʩʦʧʨʷʛʘʝʤʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʢʦʥʩʪʨʫʢ-

ʮʠʡ. ɺ ʥʝʟʘʧʦʣʥʝʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦʧʘʜʘʝʪ ʛʨʷʟʴ, 

ʚʦʜʘ ʠ ʨʘʟʣʠʯʥʳʝ ʧʨʝʜʤʝʪʳ.  

ʉʘʤʦʡ ʙʦʣʴʰʦʡ ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʥʘ ʩʝʛʦʜʥʷʰ-

ʥʠʡ ʜʝʥʴ ʧʦʣʴʟʫʶʪʩʷ ʰʚʳ ʩ ʫʧʨʫʛʠʤ ʢʦʤʧʝʥʩʘʪʦ-

ʨʦʤ. 

ʐʚʳ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳ, ʪʘʢ ʢʘʢ ʩʧʦ-

ʩʦʙʥʳ ʚʳʥʝʩʪʠ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʠʝ ʜʝʬʦʨʤʘʮʠʠ ʟʘ 

ʩʯʝʪ ʫʧʨʫʛʦʩʪʠ, ʘ ʪʘʢ ʞʝ ʠʟʤʝʥʷʷ ʭʠʤʠʯʝʩʢʠʭ ʩʦ-

ʩʪʘʚ ʤʘʪʝʨʠʘʣʘ ʢʦʤʧʝʥʩʘʪʦʨʘ ʤʦʞʥʦ ʧʦʜʦʙʨʘʪʴ ʦʧ-

ʪʠʤʘʣʴʥʳʡ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʛʦ ʩʣʫʯʘʷ. ʊʠʧʠʯ-

ʥʳʝ ʢʦʤʧʝʥʩʘʪʦʨʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʝʨʝʤʝʱʝʥʠʷ ʥʘ 

5-8 ʩʤ. ɺʝʨʭʥʠʡ ʧʨʝʜʝʣ ʧʝʨʝʤʝʱʝʥʠʡ ʥʝ ʦʧʨʝʜʝʣʝʥ, 

ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦʩʪʠʛʘʝʪ 25 ʩʤ, ʟʘ ʩʯʝʪ ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʢʦʤʧʝʥʩʘʪʦʨʘ. ʅʘ ʢʦʤʧʝʥʩʘ-

ʪʦʨ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʣʦʞʝʥʳ ʨʘʟʥʳʝ ʚʠʜʳ ʥʘʛʨʫʟʢʠ, 

ʤʘʪʝʨʠʘʣ ʨʘʙʦʪʘʝʪ ʥʘ ʪʘʢʠʝ ʚʠʜʳ ʜʝʬʦʨʤʘʮʠʡ ʢʘʢ 

ʨʘʩʪʷʞʝʥʠʝ, ʩʞʘʪʠʝ, ʩʜʚʠʛ, ʠʟʛʠʙ, ʢʨʫʯʝʥʠʝ, ʘ ʪʘʢ 

ʞʝ ʥʘ ʢʦʤʙʠʥʘʮʠʶ ʜʝʬʦʨʤʘʮʠʡ. ʇʨʦʙʣʝʤʦʡ ʜʘʥ-

ʥʳʭ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʰʚʦʚ ʤ ʷʚʣʷʝʪʩʷ ʥʘʜʝʞʥʦʩʪʴ 

ʩʧʦʩʦʙʘ ʟʘʢʨʝʧʣʝʥʠʷ ʫʧʨʫʛʦʛʦ ʢʦʤʧʝʥʩʘʪʦʨʘ. ɺʦʟ-

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʭʦʣʦʜʥʦʝ ʠ ʛʦʨʷʯʝʝ ʧʨʠʢʣʝʠ-

ʚʘʥʠʝ, ʚʫʣʢʘʥʠʟʘʮʠʶ ʠʣʠ ʤʝʭʘʥʠʯʝʩʢʦʝ ʢʨʝʧʣʝʥʠʝ.  

ʌʦʨʤʘ ʢʣʠʥʦʚʠʜʥʦʛʦ ʣʝʥʪʦʯʥʦʛʦ ʢʦʤʧʝʥʩʘ-

ʪʦʨʘ ʧʦʜʦʙʨʘʥʘ ʪʘʢʦʡ, ʯʪʦ ʛʨʷʟʴ ʠ ʤʫʩʦʨ, ʧʦʧʘʜʘʶ-

ʱʠʝ ʚ ʫʛʣʫʙʣʝʥʠʝ ʢʦʤʧʝʥʩʘʪʦʨʘ, ʚʳʥʦʩʷʪʩʷ ʢʦʣʝ-

ʩʘʤʠ ʧʨʦʭʦʜʷʱʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʧʨʦʝʟ-

ʞʫʶ ʯʘʩʪʴ. ʋʧʨʫʛʠʡ ʣʝʥʪʦʯʥʳʡ ʧʨʦʬʠʣʴ ʧʨʠ 

ʚʦʩʧʨʠʷʪʠʠ ʧʝʨʝʤʝʱʝʥʠʡ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ ʨʘ-

ʙʦʪʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʠʟʛʠʙ ʠʣʠ ʠʟʛʠʙ ʩ ʨʘʩ-

ʪʷʞʝʥʠʝʤ. 

 

 
ʈʠʩʫʥʦʢ 5. ʆʪʝʯʝʩʪʚʝʥʥʳʡ ɼʐ ʩ ʣʝʥʪʦʯʥʳʤ ʢʦʤʧʝʥʩʘʪʦʨʦʤ ʪʠʧʘ ʂ-8: 

1 - ʙʝʪʦʥ, ʧʦʜʙʠʚʘʝʤʳʡ ʚʨʫʯʥʫʶ; 2 - ʦʢʘʡʤʣʝʥʠʝ; 3 - ʢʨʘʡʥʷʷ ʩʪʘʣʴʥʘʷ ʧʣʘʩʪʠʥʘ ʟʘʧʦʣʥʝʥʠʷ; 

4 - ʧʨʠʞʠʤ ʩ ʙʦʣʪʦʤ; 5 - ʬʠʢʩʘʪʦʨ; 6 - ʨʝʙʨʦ ʞʝʩʪʢʦʩʪʠ; 7 - ʘʥʢʝʨ, 8 - ʢʣʝʡ ʠʣʠ ʮʝʤʝʥʪʥʳʡ ʨʘʩʪʚʦʨ; 

9 - ʟʘʢʣʘʜʥʘʷ ʜʝʪʘʣʴ. 

 

ɺʳʚʦʜ: ʅʝʦʙʭʦʜʠʤʦ ʯʝʪʢʦ ʦʙʦʟʥʘʯʠʪʴ ʛʨʘ-

ʥʠʮʳ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʨʝʰʝʥʠʡ ʜʝ-

ʬʦʨʤʘʮʠʦʥʥʳʭ ʰʚʦʚ ʠ ʧʨʠ ʚʳʙʦʨʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ 

ʨʝʰʝʥʠʷ ʫʯʠʪʳʚʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʩʣʫʯʘʷ. 
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PRACTICAL ASPECTS OF AUTOMATING  THE BUSINESS PROCESS OF SELLING GOODS AND 

SERVICES IN THE BATH -AND-HOTEL COMPANY  

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʨʝʘʣʠʟʘʮʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʨʘʙʦʯʝʛʦ ʤʝ-

ʩʪʘ ʢʣʠʝʥʪʘ ʙʘʥʥʦ-ʛʦʩʪʠʥʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʦʩʥʦʚʝ ʪʝʨʤʠʥʘʣʘ ʩʘʤʦʦʙʩʣʫʞʠʚʘʥʠʷ. ʆʙʦʩʥʦʚʘʥʘ ɻ ʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʨʝʰʝʥʠʷ. 

Abstract 

The article shows the features of the design and making of the automated workplace of the client of the bath 

and hotel complex, which is based on the self-service terminal. The effectiveness of the proposed software solution 

is substantiated. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʨʘʙʦʯʝʝ ʤʝʩʪʦ, ʪʝʨʤʠʥʘʣ 

ʩʘʤʦʦʙʩʣʫʞʠʚʘʥʠʷ, ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ, ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ. 

Key words: automation, business process, workstation, self-service terminal, user interface, programming. 

 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ 

ʦʙʷʟʘʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʚʳʞʠʚʘʥʠʷ ʥʘ ʨʳʥʢʝ ʜʣʷ 

ʣʶʙʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʧʝʮʠʘʣʠʟʠʨʫʶ-

ʱʝʛʦʩʷ ʥʘ ʨʝʘʣʠʟʘʮʠʠ ʩʦʮʠʘʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ 

ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʨʘʟʨʘʙʦʪʢʫ ʠ ʚʥʝʜʨʝʥʠʝ ʢʦʨʧʦʨʘʪʠʚ-

ʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ (ʂʀʉ), ʧʦʚʳʰʘʶ-

ʱʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, 

ʚʥʫʪʨʝʥʥʠʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʧʨʝʜʧʨʠʷʪʠʷ, ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ ʧʝʨʩʦʥʘʣʘ ʩ ʧʦʪʨʝʙʠʪʝʣʷʤʠ, ʫʯʝʪʘ ʠ 

ʘʥʘʣʠʟʘ ʬʠʥʘʥʩʦʚʦ-ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ [3, 

5]. 

ɻʨʫʧʧʦʡ ʩʪʫʜʝʥʪʦʚ ʌɹɻʆʋ ɺʆ çʄɻʋʊʋ ʠʤ. 

ʂ.ɻ. ʈʘʟʫʤʦʚʩʢʦʛʦ (ʇʂʋ)è ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʧʦʜʛʦʪʦʚʢʠ ʚʳʧʦʣʥʷʣʩʷ ʢʦʤʧʣʝʢʩʥʳʡ ʧʨʦʝʢʪ ʜʣʷ 

ʆʆʆ çɹɻʂ "ɸʥʛʝʣ"è (ʛ. ʄʦʩʢʚʘ). ʕʪʦ ʤʘʣʦʝ ʧʨʝʜ-

ʧʨʠʷʪʠʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʙʘʥʥʦ-ʛʦʩʪʠʥʠʯʥʳʡ ʢʦʤ-

ʧʣʝʢʩ (ɹɻʂ) ʠ ʬʠʪʥʝʩ-ʮʝʥʪʨ.  

ʆʜʥʦʡ ʠʟ ʟʘʜʘʯ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʦʝʢʪʘ 

ʩʪʘʣʘ ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʚ ʜʝʷʪʝʣʴʥʦʩʪʴ ɹɻʂ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ (ɸʈʄ) ʨʘʙʦʪ-

ʥʠʢʘ ʠ ʢʣʠʝʥʪʘ ʥʘ ʦʩʥʦʚʝ ʪʝʨʤʠʥʘʣʦʚ ʩʘʤʦʦʙʩʣʫʞʠ-

ʚʘʥʠʷ ʢʘʢ ʢʦʤʧʦʥʝʥʪʦʚ ʩʫʱʝʩʪʚʫʶʱʝʡ ʂʀʉ [1]. ʈʘ-

ʮʠʦʥʘʣʠʟʘʮʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʝʨʩʦʥʘʣʘ ɹɻʂ ʠ ʝʛʦ ʢʣʠʝʥʪʦʚ ʟʘ ʩʯʝʪ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʚʥʝʜʨʝʥʠʷ ʵʪʠʭ ɸʈʄ ʩʪʘʣʘ ʮʝʣʴʶ ʚʳʧʫʩʢʥʦʡ ʢʚʘ-

ʣʠʬʠʢʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ (ʦʜʥʦʛʦ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʦʝʢʪʘ). ʆʙʲʝʢʪ ʠʟʫʯʝʥʠʷ ï ʩʘʤʦ 

ʧʨʝʜʧʨʠʷʪʠʝ, ʘ ʧʨʝʜʤʝʪ ï ɸʈʄ ʥʘ ʦʩʥʦʚʝ ʪʝʨʤʠʥʘʣʘ 

ʩʘʤʦʦʙʩʣʫʞʠʚʘʥʠʷ ʢʘʢ ʢʦʤʧʦʥʝʥʪ ʩʫʱʝʩʪʚʫʶʱʝʡ 

ʂʀʉ ʵʪʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. 

ɼʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʝʪʦʜʦ-

ʣʦʛʠʷ IDEF0 ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʨʦʛʨʘʤʤʥʘʷ 

ʩʨʝʜʘ Ramus. IDEF0 ʦʪʨʘʞʘʝʪ ʤʝʭʘʥʠʟʤʳ ʨʝʘʣʠʟʘ-

ʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʨʦʮʝʩʩʦʚ [6].  

ɼʠʘʛʨʘʤʤʳ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ ʧʨʦʜʘʞʠ ʪʦʚʘʨʘ 

ʠʣʠ ʫʩʣʫʛʠ ʚ ɹɻʂ ʜʦ ʚʥʝʜʨʝʥʠʷ ɸʈʄ ʠ ʧʦʩʣʝ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1 ʠ 2. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʪʝʨʤʠʥʘʣ ʩʘʤʦʦʙʩʣʫʞʠʚʘʥʠʷ (ʦʩʥʦʚʘ ɸʈʄ) ʙʝʨʝʪ 

ʥʘ ʩʝʙʷ ʟʘʜʘʯʠ ʧʨʦʜʘʚʮʘ-ʢʘʩʩʠʨʘ, ʘ ʪʘʢʞʝ ʯʘʩʪʴ ʟʘ-

ʜʘʯ ʤʝʥʝʜʞʝʨʘ ʦʪʜʝʣʘ ʧʨʦʜʘʞ ʠ ʙʫʭʛʘʣʪʝʨʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ ʟʘ ʩʯʝʪ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ɸʈʄ ʜʦ-

ʩʪʠʛʘʝʪʩʷ ʟʘʷʚʣʝʥʥʘʷ ʚ ʮʝʣʠ ʨʘʙʦʪʳ ʨʘʮʠʦʥʘʣʠʟʘ-

ʮʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʝʨʩʦʥʘʣʘ 

ɹɻʂ ʠ ʝʛʦ ʢʣʠʝʥʪʦʚ. 

https://doi.org/10.24411/2520-6990-2019-10557
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ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʧʨʝʜʧʨʠ-

ʷʪʠʷ ʠ ʧʦʞʝʣʘʥʠʡ ʟʘʢʘʟʯʠʢʘ ʩʬʦʨʤʠʨʦʚʘʥʦ ʪʝʭʥʠ-

ʯʝʩʢʦʝ ʟʘʜʘʥʠʝ (ʊɿ), ʚʢʣʶʯʘʶʱʝʝ ʚ ʩʝʙʷ ʚ ʪʦʤ 

ʯʠʩʣʝ ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʘ ʧʨʦʜʘʞʠ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ 

ʩ ʧʦʤʦʱʴʶ ɸʈʄ ʥʘ ʦʩʥʦʚʝ ʪʝʨʤʠʥʘʣʘ ʩʘʤʦʦʙʩʣʫ-

ʞʠʚʘʥʠʷ: 

1) ʢʣʠʝʥʪ ʚʳʙʠʨʘʝʪ ʪʦʚʘʨʳ ʠ/ʠʣʠ ʫʩʣʫʛʠ ʩ ʧʦ-
ʤʦʱʴʶ ʩʝʥʩʦʨʥʦʡ ʧʘʥʝʣʠ ʪʝʨʤʠʥʘʣʘ ʩʘʤʦʦʙʩʣʫʞʠ-

ʚʘʥʠʷ; 

2) ʢʣʠʝʥʪ ʚʥʦʩʠʪ ʥʘʣʠʯʥʳʝ ʩʨʝʜʩʪʚʘ ʚ ʢʫʧʶ-
ʨʦʧʨʠʝʤʥʠʢ, ʢʦʪʦʨʳʡ ʨʘʩʧʦʟʥʘʝʪ ʧʦʜʣʠʥʥʦʩʪʴ 

ʥʘʣʠʯʥʳʭ ʜʝʥʝʛ, ʠʭ ʥʦʤʠʥʘʣ, ʠ ʧʨʦʠʟʚʦʜʠʪ ʚʦʟʚʨʘʪ 

ʢʫʧʶʨ, ʥʝ ʧʨʦʰʝʜʰʠʭ ʧʨʦʚʝʨʢʫ ʥʘ ʧʦʜʣʠʥʥʦʩʪʴ; 

3) ʪʝʨʤʠʥʘʣ ʨʘʩʧʝʯʘʪʳʚʘʝʪ ʯʝʢ ʦ ʩʦʚʝʨʰʝʥ-
ʥʦʡ ʦʧʝʨʘʮʠʠ ʠ ʚʳʜʘʝʪʩʷ ʩʜʘʯʘ; 

4) ʩʫʤʤʘ ʦʧʣʘʪʳ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʩʝʨʚʝʨ; 

5) ʩʝʨʚʝʨ ʬʠʢʩʠʨʫʝʪ ʦʧʣʘʪʫ ʠ ʘʢʪʫʘʣʠʟʠʨʫʝʪ 
ʜʘʥʥʳʝ ʚ ʦʩʥʦʚʥʦʡ ɹɼ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦ-

ʣʠʯʝʩʪʚʦ ʦʨʛʘʥʠʟʘʮʠʡ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʭ ʪʝʨʤʠ-

ʥʘʣʳ ʩʘʤʦʦʙʩʣʫʞʠʚʘʥʠʷ. ʅʘ ʨʳʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʤʥʦʞʝʩʪʚʦ ʚʠʜʦʚ ʪʝʨʤʠʥʘʣʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʩʚʦ-

ʠʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ. ʅʘʧʨʠʤʝʨ, 

ʪʝʨʤʠʥʘʣ ʤʦʞʝʪ ʠʤʝʪʴ ʪʘʯʩʢʨʠʥ ʠ ʧʨʠʥʪʝʨ, ʥʦ ʙʝʟ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʥʠʤʘʪʴ ʠʣʠ ʚʳʜʘʚʘʪʴ ʜʝʥʝʞʥʳʝ 

ʩʨʝʜʩʪʚʘ. ɺ ʙʦʣʝʝ ʧʦʣʥʦʡ ʢʦʤʧʣʝʢʪʘʮʠʠ ʤʦʞʝʪ 

ʙʳʪʴ ʥʘʣʠʯʠʝ ʥʝ ʪʦʣʴʢʦ ʪʘʯʩʢʨʠʥʘ ʠ ʧʨʠʥʪʝʨʘ, ʥʦ ʠ 

ʬʠʩʢʘʣʴʥʦʛʦ ʨʝʛʠʩʪʨʘʪʦʨʘ, ʢʫʧʶʨʦʧʨʠʸʤʥʠʢʘ ʩ ʧʘ-

ʯʝʯʥʳʤ ʚʚʦʜʦʤ ʩ ʬʫʥʢʮʠʝʡ ʚʳʜʘʯʠ ʩʜʘʯʠ, ʧʨʠʝʤʘ 

ʙʘʥʢʦʚʩʢʠʭ ʢʘʨʪ, ʤʦʥʝʪʦʧʨʠʝʤʥʠʢʘ ʩ ʬʫʥʢʮʠʝʡ ʚʳ-

ʜʘʯʠ ʩʜʘʯʠ, ʩʢʘʥʝʨʘ ʰʪʨʠʭ-ʢʦʜʘ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ɸʈʄ ʧʦʤʠʤʦ ʘʧʧʘʨʘʪʥʦʡ ʯʘ-

ʩʪʠ ʪʝʨʤʠʥʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʨʦ-

ʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ (ʇʆ). ʇʦʤʠʤʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʦʩʥʦʚʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʪʝʨʤʠʥʘʣʘ, ʜʘʥʥʦʝ 

ʇʆ ʯʘʱʝ ʚʩʝʛʦ ʨʝʘʣʠʟʫʝʪ ʪʘʢʞʝ ʩʝʪʝʚʦʝ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʦʟʤʦʞʥʦʩʪʴ ʫʜʘʣʸʥʥʦʛʦ ʤʦʥʠ-

ʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʪʝʨʤʠʥʘʣʘ, ʨʝʟʝʨʚʥʦʝ ʢʦʧʠʨʦʚʘ-

ʥʠʝ ʥʘ ʫʜʘʣʝʥʥʳʡ ʩʝʨʚʝʨ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʙʘʟʳ 

ʜʘʥʥʳʭ, ʠʥʪʝʛʨʘʮʠʷ ʩʦ ʩʪʦʨʦʥʥʠʤʠ ʧʨʦʛʨʘʤʤʘʤʠ 

(ʥʘʧʨʠʤʝʨ, ʩ ç1ʉ:ʇʨʝʜʧʨʠʷʪʠʝʤè). 

ɺ ʩʦʩʪʘʚʝ ʇʆ ʪʝʨʤʠʥʘʣʘ ʦʙʷʟʘʪʝʣʴʥʦ ʧʨʠʩʫʪ-

ʩʪʚʫʝʪ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ (ʦʙʦʣʦʯʢʘ). 

ʀʥʪʝʨʬʝʡʩ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʪʝʨʤʠʥʘʣʘ, ʪ.ʢ. 

ʠʤʝʥʥʦ ʧʦʩʨʝʜʩʪʚʦʤ ʠʥʪʝʨʬʝʡʩʘ ʧʦʣʴʟʦʚʘʪʝʣʴ 

(ʧʝʨʩʦʥʘʣ ʠʣʠ ʢʣʠʝʥʪ) ʨʝʘʣʠʟʫʝʪ ʩʚʦʠ ʟʘʜʘʯʠ. ʀʥ-

ʪʝʨʬʝʡʩ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʜʦʩʪʫʧ ʢ ʨʝ-

ʩʫʨʩʘʤ ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ ʪʝʨʤʠʥʘʣʘ ʧʦʩʨʝʜʩʪʚʦʤ 

ʷʜʨʘ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʦʝ, ʚ ʩʚʦʶ ʦʯʝ-

ʨʝʜʴ, ʧʦʩʨʝʜʩʪʚʦʤ ʜʨʘʡʚʝʨʦʚ ʠʤʝʝʪ ʜʦʩʪʫʧ ʢʦ ʚʩʝʤ 

ʧʦʜʢʣʶʯʝʥʥʳʤ ʫʩʪʨʦʡʩʪʚʘʤ. 

ʀʥʪʝʨʬʝʡʩ ʤʦʞʝʪ ʙʳʪʴ ʩʦʟʜʘʥ ʨʘʟʣʠʯʥʳʤʠ 

ʩʨʝʜʩʪʚʘʤʠ, ʥʘʧʨʠʤʝʨ, Adobe Flash (swf-ʬʘʡʣʳ ʚ 

ʩʨʝʜʝ Shockwave Flash); HTML, CSS ʠ JavaScript 

(ʛʠʧʝʨʪʝʢʩʪʦʚʳʝ ʜʦʢʫʤʝʥʪʳ ʠ ʙʨʘʫʟʝʨʥʳʝ ʧʨʠʣʦ-

ʞʝʥʠʷ); 1ʉ-ʬʦʨʤʳ (ʤʦʜʫʣʠ ʜʣʷ ʧʣʘʪʬʦʨʤʳ 

ç1ʉ:ʇʨʝʜʧʨʠʷʪʠʝè). 

ʀʥʪʝʨʬʝʡʩ ʩʨʝʜʩʪʚʘʤʠ ʧʣʘʪʬʦʨʤʳ ç1ʉ:ʇʨʝʜ-

ʧʨʠʷʪʠʝè ʦʙʨʘʟʫʝʪʩʷ ʬʦʨʤʘʤʠ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ 

ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʣʛʦʨʠʪʤʘʤʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʠʭ ʤʦʜʫʣʷʭ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠʥʪʝʨʬʝʡʩʘ ʧʨʦ-

ʛʨʘʤʤʥʳʡ ʢʦʜ ʚ ʤʦʜʫʣʷʭ ʦʧʨʝʜʝʣʷʝʪ ʧʝʨʝʭʦʜʳ 

ʤʝʞʜʫ ʬʦʨʤʘʤʠ, ʧʨʦʠʟʚʦʜʠʪ ʧʦʜʩʯʝʪʳ, ʧʦʠʩʢ, ʚʳ-

ʛʨʫʟʢʫ, ʜʦʙʘʚʣʝʥʠʝ ʠʣʠ ʩʦʟʜʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʜʘʥ-

ʥʳʭ. ʇʣʘʪʬʦʨʤʘ ç1ʉ:ʇʨʝʜʧʨʠʷʪʠʝè ʠʤʝʝʪ ʩʨʝʜʩʪʚʘ 

ʠʥʪʝʛʨʘʮʠʠ ʩ ʬʠʩʢʘʣʴʥʳʤʠ ʨʝʛʠʩʪʨʘʪʦʨʘʤʠ (ʢʦʤ-

ʧʦʥʝʥʪ ʦʥʣʘʡʥ-ʢʘʩʩʳ), ʩʝʥʩʦʨʥʳʤʠ ʵʢʨʘʥʘʤʠ ʠ 

ʜʨʫʛʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʪʝʨʤʠʥʘʣʘ. 

ɹʳʣʦ ʨʝʰʝʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʟʨʘʙʦʪʢʫ ʠʥʪʝʨ-

ʬʝʡʩʘ ʩʨʝʜʩʪʚʘʤʠ ç1ʉ:ʇʨʝʜʧʨʠʷʪʠʷè, ʪ.ʢ. ʚ ʩʦʩʪʘʚʝ 

ʂʀʉ ʧʨʝʜʧʨʠʷʪʠʷ ʫʞʝ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʢʦʥʬʠʛʫʨʘ-

ʮʠʠ ʜʣʷ ʜʘʥʥʦʡ ʧʣʘʪʬʦʨʤʳ, ʪʘʢʞʝ ʜʣʷ ʥʝʝ ʠʤʝʝʪʩʷ 

ʙʦʣʴʰʦʡ ʚʳʙʦʨ ʩʧʨʘʚʦʯʥʦʡ ʠ ʠʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ 

[2]. 

ʀʥʪʝʨʬʝʡʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʧʨʘʚʣʷʝʤʫʶ 

ʬʦʨʤʫ, ʦʪʨʘʞʘʶʱʫʶ ʚʩʶ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘ-

ʮʠʶ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʀʥʬʦʨʤʘʮʠʷ ʦ ʪʦʚʘʨʝ 

(ʥʘʟʚʘʥʠʝ, ʮʝʥʘ, ʬʦʪʦ) ʙʝʨʝʪʩʷ ʧʦ ʟʘʧʨʦʩʘʤ ʠʟ ʥʦ-

ʤʝʥʢʣʘʪʫʨʳ. ɼʣʷ ʠʟʤʝʥʝʥʠʷ ʮʝʥʳ, ʜʦʙʘʚʣʝʥʠʷ ʠʣʠ 

ʫʜʘʣʝʥʠʷ ʪʦʚʘʨʘ ʜʦʩʪʘʪʦʯʥʦ ʚʥʝʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʥʦʤʝʥʢʣʘʪʫʨʫ, ʧʦʩʣʝ ʯʝʛʦ ʚ ʠʥʪʝʨ-

ʬʝʡʩʝ ʙʫʜʝʪ ʦʪʨʘʞʘʪʴʩʷ ʘʢʪʫʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ. 

ʀʥʪʝʨʬʝʡʩ ʜʦʣʞʝʥ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʥʝʩʢʦʣʴ-

ʢʠʤ ʢʨʠʪʝʨʠʷʤ [4]: 

1. ʀʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʡ ï ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣ-

ʞʝʥ ʣʝʛʢʦ ʥʘʭʦʜʠʪʴ ʥʫʞʥʳʝ ʝʤʫ ʵʣʝʤʝʥʪʳ ʠ ʩʨʘʟʫ 

ʧʦʥʠʤʘʪʴ, ʢʘʢ ʩ ʥʠʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ. ɼʣʷ ʵʪʦʛʦ 

ʠʥʪʝʨʬʝʡʩ ʥʝ ʜʦʣʞʝʥ ʙʳʪʴ ʧʝʨʝʛʨʫʞʝʥ ʣʠʰʥʠʤʠ 

ʵʣʝʤʝʥʪʘʤʠ. ɺ ʦʢʥʝ ʜʦʣʞʥʦ ʥʘʭʦʜʠʪʴʩʷ ʪʦʣʴʢʦ ʪʦ, 

ʯʪʦ ʥʫʞʥʦ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ. 

2. ʄʠʥʠʤʠʟʘʮʠʷ ʦʰʠʙʦʢ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʀʥʪʝʨ-

ʬʝʡʩ ʜʦʣʞʝʥ ʩʚʝʩʪʠ ʢ ʤʠʥʠʤʫʤʫ ʚʦʟʤʦʞʥʦʩʪʴ ʦʰʠ-

ʙʦʯʥʳʭ ʜʝʡʩʪʚʠʡ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɼʣʷ ʵʪʦʛʦ, ʧʨʠ ʨʘʟ-

ʨʘʙʦʪʢʝ, ʥʫʞʥʦ ʫʜʝʣʠʪʴ ʚʥʠʤʘʥʠʝ ʨʘʟʣʠʯʥʳʤ ʧʨʦ-

ʚʝʨʢʘʤ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʧʦʣʷ çʢʦʣʠʯʝʩʪʚʦ ʪʦʚʘʨʦʚè 

ʫʩʪʘʥʦʚʠʪʴ ʪʦʣʴʢʦ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ, ʪ.ʢ. 

ʢʫʧʠʪʴ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʦʚʘʨʦʚ ʥʝʚʦʟ-

ʤʦʞʥʦ. 

3. ʅʝʥʘʚʷʟʯʠʚʦʩʪʴ. ʀʟʙʳʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʦʜʪʚʝʨʞʜʝʥʠʡ, ʧʨʦʚʝʨʦʢ, ʫʪʦʯʥʝʥʠʡ, ʤʦʞʝʪ ʦʪʨʠ-

ʮʘʪʝʣʴʥʦ ʦʪʨʘʟʠʪʩʷ ʥʘ ʞʝʣʘʥʠʠ ʢʣʠʝʥʪʘ ʧʨʦʜʦʣ-

ʞʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʠʥʪʝʨʬʝʡʩʦʤ. ʇʫʪʴ ʦʪ 

ʥʘʯʘʣʴʥʦʡ ʩʪʨʘʥʠʮʳ ʜʦ ʦʧʣʘʪʳ ʚʳʙʨʘʥʥʦʛʦ ʪʦʚʘʨʘ 

ʜʦʣʞʝʥ ʙʳʪʴ ʢʘʢ ʤʦʞʥʦ ʢʦʨʦʯʝ.  

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʊɿ ʩʪʨʫʢʪʫʨʘ 

ʠʥʪʝʨʬʝʡʩʘ ʚʢʣʶʯʘʝʪ: 

ɸ. ɻʣʘʚʥʘʷ ʩʪʨʘʥʠʮʘ: ʥʘʯʘʣʴʥʳʡ ʵʢʨʘʥ, ʥʘ ʢʦ-

ʪʦʨʦʤ ʦʪʦʙʨʘʞʝʥʳ ʯʝʪʳʨʝ ʢʥʦʧʢʠ: çʪʦʚʘʨʳ ʙʘʥ-

ʥʦʛʦ ʢʦʤʧʣʝʢʩʘè, çʫʩʣʫʛʠ ʙʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘè, çʪʦ-

ʚʘʨʳ ʬʠʪʥʝʩ-ʮʝʥʪʨʘè, çʫʩʣʫʛʠ ʬʠʪʥʝʩ-ʮʝʥʪʨʘè, ʘ 

ʪʘʢʞʝ ʢʦʨʟʠʥʘ ʩ ʦʪʦʙʨʘʞʝʥʠʝʤ ʦʙʱʝʡ ʩʫʤʤʳ ʚʳ-

ʙʨʘʥʥʳʭ ʪʦʚʘʨʦʚ (ʨʠʩ. 3). 
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(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 3. ʄʘʢʝʪ (ʘ) ʠ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʚʠʜ (ʙ) ʛʣʘʚʥʦʡ ʩʪʨʘʥʠʮʳ ʠʥʪʝʨʬʝʡʩʘ. 

 

ɹ. ʊʦʚʘʨʳ ʠ ʫʩʣʫʛʠ: ʧʨʠ ʥʘʞʘʪʠʠ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʥʦʧʢʠ, ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʥʘ ʥʫʞʥʫʶ ʩʪʨʘ-

ʥʠʮʫ (ʬʦʨʤʫ), ʦʪʨʘʞʘʶʱʫʶ ʪʦʚʘʨʳ/ʫʩʣʫʛʠ ɹɻʂ (ʨʠʩ. 4). 

ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʟʘʧʨʦʩ ʥʘ ʚʳʙʦʨʢʫ ʠʤʝʶʱʠʭʩʷ ʚ ʥʦʤʝʥʢʣʘʪʫʨʝ ʪʦʚʘʨʦʚ ʠʣʠ ʫʩʣʫʛ ʩ ʘʢʪʫʘʣʴʥʦʡ 

ʠʥʬʦʨʤʘʮʠʝʡ ʧʦ ʥʠʤ (ʨʠʩ. 5). 

 

 
ʈʠʩʫʥʦʢ 4. ʌʨʘʛʤʝʥʪ ʢʦʜʘ ʦʙʨʘʙʦʪʢʠ ʥʘʞʘʪʠʡ ʢʥʦʧʦʢ ʧʨʠ ʚʳʙʦʨʝ ʪʦʚʘʨʦʚ ʠʣʠ ʫʩʣʫʛ  

ʚ ʢʦʥʬʠʛʫʨʘʪʦʨʝ 1ʉ. 

 

 
ʈʠʩʫʥʦʢ 5. ʌʨʘʛʤʝʥʪ ʢʦʜʘ ʜʣʷ ʨʘʙʦʪʳ ʩ ʪʘʙʣʠʮʘʤʠ ʚ ʢʦʥʬʠʛʫʨʘʪʦʨʝ 1ʉ. 
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ɼʦʙʘʚʣʝʥʠʝ ʠʣʠ ʫʜʘʣʝʥʠʝ ʪʦʚʘʨʘ/ʫʩʣʫʛʠ ʠʟ ʢʦʨʟʠʥʳ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʥʘʞʘʪʠʶ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʢʥʦʧʢʠ (ʨʠʩ. 6). ʂʥʦʧʢʘ çʥʘʟʘʜè ʜʣʷ ʧʝʨʝʭʦʜʘ ʚ ʛʣʘʚʥʦʝ ʤʝʥʶ. 

 

  
(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 6. ʄʘʢʝʪ (ʘ) ʠ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʚʠʜ (ʙ) ʵʣʝʤʝʥʪʘ ʪʦʚʘʨ/ʫʩʣʫʛʘ. 

 

ɺ. ʂʦʨʟʠʥʘ ï ʩʪʨʘʥʠʮʘ (ʬʦʨʤʘ), ʥʘ ʢʦʪʦʨʦʡ ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʘʙʣʠʮʘ, ʩ ʚʩʝʤʠ ʚʳʙʨʘʥʥʳʤʠ ʪʦʚʘʨʘʤʠ 

(ʥʘʠʤʝʥʦʚʘʥʠʷ, ʢʦʣʠʯʝʩʪʚʦ/ʚʨʝʤʷ, ʮʝʥʘ, ʩʪʦʠʤʦʩʪʴ), ʢʥʦʧʢʠ çʦʧʣʘʪʠʪʴè ʠ çʥʘʟʘʜè, ʚʦʟʚʨʘʱʘʶʱʘʷ ʥʘ ʛʣʘʚ-

ʥʫʶ ʩʪʨʘʥʠʮʫ (ʬʦʨʤʫ).  

ɻ. ʆʧʣʘʪʘ. ʇʦʩʣʝ ʥʘʞʘʪʠʷ ʢʥʦʧʢʠ çʦʧʣʘʪʠʪʴè, ʦʪʢʨʳʚʘʝʪʩʷ ʩʪʨʘʥʠʮʘ (ʬʦʨʤʘ) çʦʧʣʘʪʘè. ʅʘ ʵʢʨʘʥʝ 

ʦʪʦʙʨʘʞʝʥʘ ʩʫʤʤʘ ʢ ʦʧʣʘʪʝ. ʊʝʨʤʠʥʘʣ ʧʨʦʩʠʪ ʦʧʣʘʪʠʪʴ ʩʫʤʤʫ ʧʫʪʝʤ ʚʥʝʩʝʥʠʷ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ. ɺ ʩʣʫʯʘʝ 

ʫʩʧʝʰʥʦʡ ʦʧʣʘʪʳ, ʪʝʨʤʠʥʘʣ ʚʳʜʘʝʪ ʯʝʢ ʠ ʚʦʟʚʨʘʱʘʝʪʩʷ ʥʘ ʛʣʘʚʥʫʶ ʩʪʨʘʥʠʮʫ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʥʫʣʠʚ 

ʢʦʨʟʠʥʫ (ʨʠʩ. 7). 

 

 
ʈʠʩʫʥʦʢ 7. ʌʨʘʛʤʝʥʪ ʢʦʜʘ ʜʣʷ ʨʘʙʦʪʳ ʩ ʜʦʢʫʤʝʥʪʘʤʠ ʧʦ ʟʘʢʘʟʫ ʠʟ ʢʦʨʟʠʥʳ. 

 

ʇʝʨʠʦʜʠʯʝʩʢʠ ʪʝʨʤʠʥʘʣʳ ʩʦʭʨʘʥʷʶʪ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʧʝʨʘʮʠʷʭ ʧʦ ʢʘʩʩʝ ʚ ʦʙʣʘʯʥʦʡ ʩʨʝʜʝ.  

ʇʦʩʨʝʜʩʪʚʦʤ ʟʘʱʠʱʝʥʥʦʛʦ ʧʨʦʪʦʢʦʣʘ HTTPS ʨʝʘʣʠʟʫʝʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʟʘʛʨʫʟʢʘ ʜʘʥʥʳʭ ʦʙ ʦʧʝʨʘ-

ʮʠʷʭ ʧʦ ʢʘʩʩʝ ʪʝʨʤʠʥʘʣʘ ʚ ʦʙʣʘʯʥʫʶ ʩʨʝʜʫ, ʘ ʩ ʥʝʸ ï ʚʳʛʨʫʟʢʘ ʥʘ ʩʝʨʚʝʨ ɹɼ ʚ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ ʧʨʝʜ-

ʧʨʠʷʪʠʷ. ʉʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʝʨʤʠʥʘʣʦʚ ʠ ʩʝʨʚʝʨʘ ʚ ʩʪʨʫʢʪʫʨʝ ʂʀʉ ʧʨʝʜʧʨʠʷʪʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 

8. 
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ʈʠʩʫʥʦʢ 8. ʉʭʝʤʘ ʩʝʪʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʝʨʤʠʥʘʣʦʚ ʩ ʩʝʨʚʝʨʦʤ ɹɼ ʧʨʝʜʧʨʠʷʪʠʷ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʧʦʩʪʘʚʣʝʥʥʳʝ ʧʝʨʝʜ ʧʨʦʝʢʪʥʦʡ ʛʨʫʧʧʦʡ ʟʘʜʘʯʠ ʙʳʣʠ ʨʝʰʝʥʳ, ʮʝʣʴ ʜʦʩʪʠʛʥʫʪʘ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʵʢʩʧʝʨʪʥʳʤ ʟʘʢʣʶʯʝʥʠʝʤ ʟʘʢʘʟʯʠʢʘ ʚ ʬʦʨʤʝ 

ʘʢʪʘ ʦ ʚʥʝʜʨʝʥʠʠ. 
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REGULATION OF THE WATER -HEAT MODE OF THE EARTH CANVAS ON THE SITES WITH A 

HIGH LEVEL OF UNDERGROUND WATERS  

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʦʜʥʦ-ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ ʘʚ-

ʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʠʭ ʪʨʘʥʩʧʦʨʪʥʦ-ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ʇʨʝʜʣʘʛʘʶʪʩʷ ʨʝʰʝʥʠʷ ʧʦ ʫʩʪʨʘʥʝʥʠʶ ʧʨʦʙʣʝʤ, ʚʳʷʚʣʝʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

Abstract 

The article has a question about the regulation of the water-thermal regime. Proposed solutions to eliminate 

problems identified during operation. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʝʤʣʷʥʦʝ ʧʦʣʦʪʥʦ, ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ, ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʚʦʜʥʦ ï ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ, ʜʝ-

ʬʦʨʤʘʮʠʠ ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ, ʧʫʯʠʥʳ. 

Key words: subgrade, groundwater, regulation of water - thermal conditions, roadbed deformation, frost 

heaving. 

 

ɻʝʦʪʝʭʥʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ çʟʝʤʣʷʥʦʝ ʧʦʣʦʪʥʦ - 

ʦʩʥʦʚʘʥʠʝè - ʦʜʥʘ ʠʟ ʛʣʘʚʥʳʭ ʦʙʲʝʢʪʦʚ ʜʦʨʦʞʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʇʨʦʙʣʝʤʘ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦ-

ʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʦʣʦʪʥʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʥʝ 

ʪʦʣʴʢʦ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʘʚʪʦʜʦʨʦʛ, ʥʦ ʠ ʧʨʠ ʠʭ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ. 

ɽʞʝʛʦʜʥʦ ʚ ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ ʥʘ ʦʪʜʝʣʴʥʳʭ 

ʫʯʘʩʪʢʘʭ ʜʦʨʦʛ ʨʘʟʨʫʰʘʝʪʩʷ ʜʦʨʦʞʥʘʷ ʦʜʝʞʜʘ ʠʟ-ʟʘ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʟʝʤʣʷʥʦʛʦ ʧʦ-

ʣʦʪʥʘ. 

ʇʨʠʯʠʥʦʡ ʙʦʣʴʰʠʥʩʪʚʘ ʜʝʬʦʨʤʘʮʠʡ, ʚʦʟʥʠʢʘ-

ʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦ-

ʨʦʛʠ, ʷʚʣʷʝʪʩʷ ʚʦʜʘ: ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ, ʧʨʦʩʘʯʠ-

ʚʘʶʱʠʝʩʷ ʯʝʨʝʟ ʪʨʝʱʠʥʳ ʚ ʧʦʢʨʳʪʠʠ; ʚʦʜʘ, ʟʘʩʪʘ-

ʠʚʘʶʱʘʷʩʷ ʥʘ ʦʙʦʯʠʥʘʭ ʠ ʢʶʚʝʪʘʭ; ʫʚʣʘʞʥʝʥʠʝ 

ʛʨʫʥʪʦʚ ʥʘʩʳʧʠ ʚʩʣʝʜʩʪʚʠʝ ʢʘʧʠʣʣʷʨʥʦʛʦ ʧʦʜʥʷʪʠʷ 

ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʠʟ ʦʙʚʦʜʥʸʥʥʦʛʦ ʦʩʥʦʚʘʥʠʷ; ʚʦʜʘ, 

ʧʝʨʝʤʝʱʘʶʱʘʷʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʠʛʨʘʮʠʠ ʢ ʬʨʦʥʪʫ 

ʧʨʦʤʝʨʟʘʥʠʷ ʨʠʩʫʥʦʢ 1. 

 
ʈʠʩʫʥʦʢ 1.1 - ʜʣʠʪʝʣʴʥʦ ʟʘʩʪʘʠʚʘʶʱʘʷʩʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʚʦʜʘ; 

2 - ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ; 3 - ʧʘʨʦʦʙʨʘʟʥʘʷ ʠ ʧʣʝʥʦʯʥʘʷ ʚʦʜʘ; 4 - ʢʘʧʠʣʣʷʨʥʘʷ ʚʦʜʘ. 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʮʠʢʣʦʚ ʧʨʦʤʝʨ-

ʟʘʥʠʷ ʠ ʦʪʪʘʠʚʘʥʠʷ, ʤʝʨʟʣʘʷ ʟʝʤʣʷ ʪʨʝʩʢʘʝʪʩʷ ʠ 

ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʦʩʥʦʚʳ ʜʦʨʦʞʥʦʛʦ ʧʦ-

ʣʦʪʥʘ. ɺʦʜʘ, ʧʦʧʘʜʘʶʱʘʷ ʚ ʪʨʝʱʠʥʳ, ʩʦʟʜʘʝʪ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʦʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʯʪʦ ʚ 

ʠʪʦʛʝ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʛʨʫʥʪʘ 

ʩʜʚʠʛʫ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʢ ʨʘʟʨʫʰʝʥʠʶ ʟʝʤʣʷʥʦʛʦ ʧʦ-

ʣʦʪʥʘ. ɺ ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ ʦʪʪʘʠʚʘʥʠʝ ʧʦʜ ʦʙʦʯʠ-

ʥʘʤʠ ʧʨʦʠʩʭʦʜʠʪ ʤʝʜʣʝʥʝʝ, ʯʝʤ ʧʦʜ ʧʨʦʝʟʞʝʡ ʯʘ-

ʩʪʴʶ, ʧʨʠ ʵʪʦʤ ʚʳʚʦʜʷʱʠʝ ʜʨʝʥʘʞʥʳʝ ʩʣʦʠ ʥʝ ʨʘ-

ʙʦʪʘʶʪ, ʪʘʢ ʢʘʢ ʥʘʭʦʜʷʪʩʷ ʚ ʤʝʨʟʣʦʤ ʩʦʩʪʦʷʥʠʠ, ʯʪʦ 
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ʛʦʚʦʨʠʪ ʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʤ ʥʝʜʦʩʪʘʪʢʝ ʩʫʱʝʩʪʚʫʶ-

ʱʠʭ ʜʦʨʦʞʥʳʭ ʦʜʝʞʜ. 

çʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʮʝʩʩʦʚ 

ʧʨʦʤʝʨʟʘʥʠʷ, ʤʦʨʦʟʥʦʛʦ ʧʫʯʝʥʠʷ ʠ ʦʪʪʘʠʚʘʥʠʷ ʮʝ-

ʣʝʩʦʦʙʨʘʟʥʦ ʫʯʠʪʳʚʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʤʦʨʦʟʥʦʛʦ ʧʫʯʝʥʠʷ ʦʪ ʩʢʦʨʦʩʪʠ ʧʨʦ-

ʤʝʨʟʘʥʠʷ ʛʨʫʥʪʦʚ ʦʩʥʦʚʘʥʠʷ, ʪʘʢ ʢʘʢ ʧʨʦʮʝʩʩ ʤʦ-

ʨʦʟʥʦʛʦ ʧʫʯʝʥʠʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʙʫʩʣʦʚ-

ʣʝʥ ʤʠʛʨʘʮʠʦʥʥʳʤ ʧʦʜʩʦʩʦʤ ʚʣʘʛʠ ʦʪ ʫʨʦʚʥʷ ʧʦʜ-

ʟʝʤʥʳʭ ʚʦʜ ʢ ʬʨʦʥʪʫ ʧʨʦʤʝʨʟʘʥʠʷ. ʏʝʤ ʤʝʜʣʝʥʥʝʝ 

ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʬʨʦʥʪʘ ʧʨʦʤʝʨʟʘʥʠʷ, ʪʝʤ 

ʙʦʣʴʰʝ ʚʣʘʛʠ ʧʝʨʝʥʦʩʠʪʩʷ ʢ ʬʨʦʥʪʫ ʧʨʦʤʝʨʟʘʥʠʷ, 

ʯʪʦ ʚʳʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʤʦʨʦʟʥʦʛʦ 

ʧʫʯʝʥʠʷ ʧʨʦʤʝʨʟʘʶʱʝʛʦ ʦʩʥʦʚʘʥʠʷ.è [1, ʩ. 105]. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠʣʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʟʝʤ-

ʣʷʥʦʛʦ ʧʦʣʦʪʥʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ ʤʝ-

ʨʦʧʨʠʷʪʠʷ ʧʦ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʠ ʠʭ 

ʦʪʚʦʜʘ ʦʪ ʦʩʥʦʚʘʥʠʷ ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ. ʊʘʢʦʡ ʢʦʤ-

ʧʣʝʢʩ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʜʦʣʞʝʥ 

ʦʙʝʩʧʝʯʠʪʴ ʨʘʚʥʦʤʝʨʥʦʝ ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʜʦʨʦʞʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʜ ʧʨʦʝʟʞʝʡ ʯʘʩʪʴʶ ʠ ʧʦʜ 

ʦʙʦʯʠʥʦʡ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʩʧʦʩʦʙʩʪʚʫʝʪ ʦʩʫ-

ʰʝʥʠʶ ʛʨʫʥʪʦʚʦʛʦ ʤʘʩʩʠʚʘ ʨʘʙʦʯʝʛʦ ʩʣʦʷ ʟʝʤʣʷ-

ʥʦʛʦ ʧʦʣʦʪʥʘ ʠ ʠʩʢʣʶʯʠʪ ʷʚʣʝʥʠʝ ʤʦʨʦʟʥʦʛʦ ʧʫʯʝ-

ʥʠʷ ʛʨʫʥʪʘ. 

çʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʨʝʛʫʣʠʨʦʚʘ-

ʥʠʶ ʚʦʜʥʦ-ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʟʝʤʣʷʥʦʛʦ ʧʦ-

ʣʦʪʥʘ ʷʚʣʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʷ 

ʚʣʘʞʥʦʩʪʠè [2]. 

ʄʝʪʦʜʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʦʜʥʦ-ʪʝʧʣʦʚʦʛʦ ʨʝ-

ʞʠʤʘ ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ: 

1. ɺʚʦʜ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʫʚʣʘʞʥʝʥʠʝ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ (ʟʘʱʠʪʘ ʚ ʧʨʦʮʝʩʩʝ ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʘ, ʦʪʚʦʜ ʚʦʜʳ ʩ ʦʙʦʯʠʥ, ʫʩʪʨʦʡʩʪʚʦ ʧʘʨʦ- ʠ 

ʛʠʜʨʦʠʟʦʣʠʨʫʶʱʠʭ ʩʣʦʝʚ, ʢʘʧʠʣʣʷʨʥʳʭ ʧʨʦʩʣʦʝʢ, 

ʪʱʘʪʝʣʴʥʦʝ ʫʧʣʦʪʥʝʥʠʝ ʛʨʫʥʪʦʚ); 

2. ɿʘʤʝʥʘ ʠ ʫʣʫʯʰʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʨʫʥʪʦʚ 

(ʫʩʪʨʦʡʩʪʚʦ ʥʘʩʳʧʝʡ ʠʟ ʥʝʧʫʯʠʥʠʩʪʳʭ ʠ ʩʣʘʙʦʧʫ-

ʯʠʥʩʠʪʳʭ ʛʨʫʥʪʦʚ, ʤʦʨʦʟʦʟʘʱʠʪʥʳʭ ʩʣʦʝʚ, ʦʙʨʘ-

ʙʦʪʢʘ ʛʨʫʥʪʦʚ ʚʷʞʫʱʠʤʠ); 

3. ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ ʟʝʤʣʷʥʦʛʦ 

ʧʦʣʦʪʥʘ (ʫʩʪʨʦʡʩʪʚʦ ʪʝʧʣʦʠʟʦʣʠʨʫʶʱʠʭ ʩʣʦʝʚ); 

4. ʆʪʚʦʜ ʚʦʜʳ ʛʨʫʥʪʦʚʳʭ ʚʦʜ (ʫʩʪʨʦʡʩʪʚʦ ʜʨʝ-

ʥʘʞʥʳʭ ʩʣʦʝʚ ʠ ʧʨʦʩʣʦʝʢ ʜʨʝʥʘʞʥʦʛʦ ʪʠʧʘ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʨʝʛʫ-

ʣʠʨʦʚʘʥʠʷ ʚʦʜʥʦ-ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ ʛʨʫʥʪʦʚ ʟʝʤʣʷ-

ʥʦʛʦ ʧʦʣʦʪʥʘ ʛʦʚʦʨʷʪ ʦ ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʦʚ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ. ɺ.ɽ. ɹʦʨʦʟʠʥʝʮ , ɻ.ʄ. ʌʝʣʴʜʤʘʥ ʠ 

ʇ.ʀ. ʄʝʣʴʥʠʢʦʚ [4, 5] ʛʦʚʦʨʷʪ ʦ ʥʘʢʦʧʣʝʥʠʠ ʣʴʜʘ ʚ 

ʧʨʦʤʝʨʟʘʶʱʠʭ ʛʨʫʥʪʘʭ, ʩʚʷʟʘʥʥʳʤ ʩ ʧʦʩʪʦʷʥʥʳʤ 

ʠʟʤʝʥʝʥʠʝʤ ʧʨʦʤʝʨʟʘʥʠʷ ʧʦʨʦʜ ʧʨʠ ʥʘʣʠʯʠʠ ʠʩ-

ʪʦʯʥʠʢʘ. ʇʨʦʠʩʭʦʜʠʪ ʧʨʦʪʘʠʚʘʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʩʣʦʷ 

ʤʝʨʟʣʦʛʦ ʛʨʫʥʪʘ ʠʣʠ ʣʴʜʘ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʦʙʨʘʟʫ-

ʝʪʩʷ ʚʘʢʫʫʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʩʭʦʜʠʪ ʬʠʣʴʪʨʘʮʠʷ 

ʚʦʜʳ ʚ ʟʦʥʫ ʧʨʦʪʘʠʚʘʥʠʷʤ, ʚʦʜʘ ʬʠʢʩʠʨʫʝʪʩʷ ʟʘ 

ʩʯʝʪ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʦʤʝʨʟʘʥʠʷ ʛʨʫʥʪʘ. 

ʇʨʝʜʧʦʣʦʞʝʥʠʝʤ ʜʣʷ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʘ ʨʝʛʫ-

ʣʠʨʦʚʘʥʠʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʩʪʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʚ ʦʙʣʘ-

ʩʪʠ ʘʛʨʦʬʠʟʠʢʠ [3]. ʉʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʨʝʛʫʣʠʨʦʚʘ-

ʥʠʝ ʚʦʜʥʦ-ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ ʛʨʫʥʪʘ ʚ ʧʦʜʤʝʨʟʣʦʪ-

ʥʦʡ ʟʦʥʝ, ʚʦʟʤʦʞʥʦ ʩʥʷʪʠʝʤ ʨʘʟʨʝʞʝʥʠʷ (ʚʘʢʫʫʤʘ) 

ʠ ʚʳʨʘʚʥʠʚʘʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘʜ ʧʦʜʤʝʨʟʣʦʪʥʳʤ 

ʩʣʦʝʤ, ʵʪʦ ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʨʝʟ ʩʢʚʦʟʥʳʝ ʧʦʣʦʩʪʠ, ʢʦ-

ʪʦʨʳʝ ʩʦʝʜʠʥʷʪ ʧʦʜʤʝʨʟʣʦʪʥʫʶ ʟʦʥʫ ʩ ʘʪʤʦʩʬʝʨʦʡ. 
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