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ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʨʝʜʘʢʪʦʨ: 

ɻʫʣʷʝʚ ɻʝʨʤʘʥ ʖʨʴʝʚʠʯ ï ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ 

 

ʉʦʩʪʘʚ ʨʝʜʘʢʮʠʦʥʥʦʡ ʢʦʣʣʝʛʠʠ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʢʦʤʠʪʝʪʘ:  

ɸʛʘʨʢʦʚʘ ʃʶʙʦʚʴ ɺʘʩʠʣʴʝʚʥʘ ï 

ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɸʥʘʥʯʝʥʢʦ ʀʛʦʨʴ ɺʠʢʪʦʨʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɸʥʪʠʧʦʚ ɸʣʝʢʩʘʥʜʨ ɻʝʥʥʘʜʴʝʚʠʯ ï  

ʜʦʢʪʦʨ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ɹʘʙʘʥʦʚʘ ʖʣʠʷ ɺʣʘʜʠʤʠʨʦʚʥʘ ï  

ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɹʘʛʘʤʘʝʚ ɹʘʛʘʤ ʄʘʥʘʧʦʚʠʯ ï  

ʜʦʢʪʦʨ ʚʝʪʝʨʠʥʘʨʥʳʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɹʘʞʝʥʦʚʘ ʆʣʴʛʘ ʇʨʦʢʦʧʴʝʚʥʘ ï  

ʜʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɹʦʷʨʩʢʠʡ ʃʝʦʥʠʜ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ï  

ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ 

ɹʫʟʥʠ ɸʨʪʝʤʠʡ ʅʠʢʦʣʘʝʚʠʯ ï  

ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɹʫʨʦʚ ɸʣʝʢʩʘʥʜʨ ʕʜʫʘʨʜʦʚʠʯ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɺʘʩʠʣʴʝʚ ʉʝʨʛʝʡ ʀʚʘʥʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɺʣʘʩʦʚʘ ɸʥʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ ï  

ʜʦʢʪʦʨ ʠʩʪʦʨʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ɻʝʪʤʘʥʩʢʘʷ ɽʣʝʥʘ ɺʘʣʝʥʪʠʥʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɻʨʠʮʘʡ ʃʶʜʤʠʣʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɼʘʚʣʝʪʰʠʥ ʈʘʰʠʪ ɸʭʤʝʪʦʚʠʯ ï  

ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʀʚʘʥʦʚʘ ʀʨʠʥʘ ɺʠʢʪʦʨʦʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

ʀʛʣʠʥ ɸʣʝʢʩʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʶʨʠʜʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʀʣʴʠʥ ʉʝʨʛʝʡ ʖʨʴʝʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʀʩʢʘʥʜʘʨʦʚʘ ɻʫʣʴʥʘʨʘ ʈʠʬʦʚʥʘ ï  

ʜʦʢʪʦʨ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʂʘʟʜʘʥʷʥ ʉʫʩʘʥʥʘ ʐʘʣʚʦʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʂʘʯʘʣʦʚʘ ʃʶʜʤʠʣʘ ʇʘʚʣʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʂʦʞʘʣʠʝʚʘ ʏʠʥʘʨʘ ɹʘʢʘʝʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

ʂʦʣʝʩʥʠʢʦʚ ɻʝʥʥʘʜʠʡ ʅʠʢʦʣʘʝʚʠʯ ï  

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʂʦʨʥʝʚ ɺʷʯʝʩʣʘʚ ɺʷʯʝʩʣʘʚʦʚʠʯ ï  

ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʂʨʝʤʥʝʚʘ ʊʘʪʴʷʥʘ ʃʝʦʥʠʜʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʂʨʳʣʦʚʘ ʄʘʨʠʷ ʅʠʢʦʣʘʝʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʂʫʥʮ ɽʣʝʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ ï  

ʜʦʢʪʦʨ ʶʨʠʜʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʂʫʨʣʝʥʷ ʄʠʭʘʠʣ ɺʣʘʜʠʤʠʨʦʚʠʯ ï  

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʄʘʣʢʦʯ ɺʠʪʘʣʠʡ ɸʥʘʪʦʣʴʝʚʠʯ ï  

ʜʦʢʪʦʨ ʠʩʢʫʩʩʪʚʦʚʝʜʯʝʩʢʠʭ ʥʘʫʢ 

ʄʘʣʦʚʘ ʀʨʠʥʘ ɺʠʢʪʦʨʦʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʄʝʩʝʥʷʰʠʥʘ ʃʶʜʤʠʣʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ ï 

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʅʝʢʨʘʩʦʚ ʉʪʘʥʠʩʣʘʚ ʅʠʢʦʣʘʝʚʠʯ ï  

ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʅʝʧʦʤʥʷʱʠʡ ʆʣʝʛ ɺʣʘʜʠʤʠʨʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʆʨʦʙʝʮ ɺʣʘʜʠʤʠʨ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ï 

ʜʦʢʪʦʨ ʚʝʪʝʨʠʥʘʨʥʳʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʇʦʧʦʚʘ ʀʨʠʥʘ ɺʠʪʘʣʴʝʚʥʘ ï  

ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʇʳʨʢʦʚ ɺʷʯʝʩʣʘʚ ɽʚʛʝʥʴʝʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʈʫʢʘʚʠʰʥʠʢʦʚ ɺʠʢʪʦʨ ʉʪʝʧʘʥʦʚʠʯ ï  

ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʉʝʤʝʥʦʚʘ ʃʠʜʠʷ ʕʜʫʘʨʜʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʋʜʫʪ ɺʣʘʜʠʤʠʨ ɺʘʩʠʣʴʝʚʠʯ ï  

ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʌʠʦʥʦʚʘ ʃʶʜʤʠʣʘ ʈʠʤʦʚʥʘ ï  

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʏʠʩʪʦʚ ɺʣʘʜʠʤʠʨ ɺʣʘʜʠʤʠʨʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʐʚʝʮ ʀʨʠʥʘ ʄʠʭʘʡʣʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʖʨʦʚʘ ʂʩʝʥʠʷ ʀʛʦʨʝʚʥʘ ï  
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ʩʣʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʪʞʠʛʘ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 100-600 Üʉ ʠʥʪʝʨʚʘ-
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EFFECT OF HIGH TEMPERATURE ANNEALING ON ALUMINUM DEFORMATION 

 
Petkevich Ales Vadimovich 

 
Scientific supervisor: Sheveleva V.V. 

 
Abstract: the results of a study of the elastic-plastic properties of aluminum before and after high-temperature 
annealing in an air atmosphere in the temperature range of 100-600 Üʉ at intervals of 30 minutes are present-
ed. Changes in elastic constants after each stage of the experiment are shown. The influence of impurity ele-
ments on elastoplastic properties has been studied. 
Key words: aluminum, high-temperature annealing, rupture, Young's modulus, Poisson's ratio. 

 
ɻʛʞʝʞʦʡʞ. ɸʣʶʤʠӢʥʠʡ (ʭʠʤʠʯʝʩʢʠʡ ʩʠʤʚʦʣ ð Al, ʦʪ ʣʘʪ. Aluminium) ï ʵʪʦ ʣʸʛʢʠʡ ʧʘʨʘʤʘʛʥʠʪʥʳʡ 

ʤʝʪʘʣʣ ʩʝʨʝʙʨʠʩʪʦ-ʙʝʣʦʛʦ ʮʚʝʪʘ, ʣʝʛʢʦ ʧʦʜʜʘʶʱʠʡʩʷ ʬʦʨʤʦʚʢʝ, ʣʠʪʴʶ, ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ. ɼʘʥ-
ʥʳʡ ʤʝʪʘʣʣ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʪʝʧʣʦ- ʠ ɻʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʩʪʦʡʢʦʩʪʴʶ ʢ ʢʦʨʨʦʟʠʠ. ʆʪʥʦʩʠʪʩʷ ʢ 
ʛʨʫʧʧʝ ʣʸʛʢʠʭ ʤʝʪʘʣʣʦʚ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʤʝʪʘʣʣ ʠ ʪʨʝʪʠʡ ʧʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ ʵʣʝʤʝʥʪ 
ʚ ʟʝʤʥʦʡ ʢʦʨʝ (ʧʦʩʣʝ ʢʠʩʣʦʨʦʜʘ ʠ ʢʨʝʤʥʠʷ). 

ɸʣʶʤʠʥʠʡ ʥʘʭʦʜʠʪ ʩʘʤʦʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʵʣʝʢʪʨʦʪʝʭʥʠʢʝ ʠ ʨʘʜʠʦʪʝʭ-
ʥʠʢʝ. ɽʛʦ ʩʧʣʘʚʳ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ ʣʝʛʢʦʩʪʴʶ, ʥʝʟʘʤʝʥʠʤʳ ʚ ʤʘʰʠʥʦʩʪʨʦʝ-
ʥʠʠ. ɹʣʘʛʦʜʘʨʷ ʘʣʶʤʠʥʠʶ, ʥʘʯʘʣʠ ʙʫʨʥʦ ʨʘʟʚʠʚʘʪʴʩʷ ʘʚʠʘʮʠʦʥʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʠ ʩʫʜʦʩʪʨʦʝʥʠʝ. 
ʆʥ ʩʥʠʟʠʣ ʚʝʩ ʢʦʨʧʫʩʦʚ ʠ ʧʦʤʦʛ ʧʦʚʳʩʠʪʴ ʤʘʥʝʚʨʝʥʥʦʩʪʴ ʪʝʭʥʠʢʠ. [1]. ɸʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ ʠʤʝʶʪ 
ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʨʠʤʝʥʝʥʠʷ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʥʦʩʠʪ ʫʩʪʘʣʦʩʪʥʳʡ ʭʘʨʘʢʪʝʨ. ʇʦʪʦʤʫ ʠʟʫʯʝʥʠʝ 
ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ ʢʨʘʡʥʝ ʥʝʦʙʭʦʜʠʤʦ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʘʣʶʤʠʥʠʷ ʧʦʩʣʝ ʚʳʩʦʢʦ-
ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʪʞʠʛʘ ʜʦ 600 Áʉ. 

ʅʞʫʧʝʡʣʙ ʶʣʪʨʞʩʡʥʞʦʫʙ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʚʦʣʦʢʘ ʠʟ ʩʪʘʣʠ ʜʣʠʥʥʦʡ 100 ʤʤ 
ʠ ʜʠʘʤʝʪʨʦʤ 3 ʤʤ. ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʪʞʠʛʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʟʘʯʠʱʘ-
ʣʘʩʴ ʦʪ ʧʦʢʨʳʪʠʷ ʣʘʢʦʤ ʪʝʭʥʠʯʝʩʢʠʤ ʘʮʝʪʦʥʦʤ ʠ ʦʙʝʟʞʠʨʠʚʘʣʘʩʴ ʩʧʠʨʪʦʤ. ʆʙʨʘʟʮʳ ʦʪʞʠʛʘʣʠʩʴ ʚ ʤʫ-

https://ru.wikipedia.org/wiki/%D0%A5%D0%B8%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5_%D0%B7%D0%BD%D0%B0%D0%BA%D0%B8
https://ru.wikipedia.org/wiki/%D0%9B%D0%B0%D1%82%D0%B8%D0%BD%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/%D0%9F%D0%B0%D1%80%D0%B0%D0%BC%D0%B0%D0%B3%D0%BD%D0%B5%D1%82%D0%B8%D0%BA%D0%B8
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%B0%D0%BB%D0%BB
https://ru.wikipedia.org/wiki/%D0%A6%D0%B2%D0%B5%D1%82
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BF%D1%80%D0%BE%D0%B2%D0%BE%D0%B4%D0%BD%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D1%80%D1%80%D0%BE%D0%B7%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9B%D1%91%D0%B3%D0%BA%D0%B8%D0%B5_%D0%BC%D0%B5%D1%82%D0%B0%D0%BB%D0%BB%D1%8B
https://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D0%B4%D0%B5%D1%80%D0%B6%D0%B0%D0%BD%D0%B8%D0%B5_%D1%8D%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82%D0%BE%D0%B2_%D0%B2_%D0%B7%D0%B5%D0%BC%D0%BD%D0%BE%D0%B9_%D0%BA%D0%BE%D1%80%D0%B5
https://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D0%B4%D0%B5%D1%80%D0%B6%D0%B0%D0%BD%D0%B8%D0%B5_%D1%8D%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82%D0%BE%D0%B2_%D0%B2_%D0%B7%D0%B5%D0%BC%D0%BD%D0%BE%D0%B9_%D0%BA%D0%BE%D1%80%D0%B5
https://ru.wikipedia.org/wiki/%D0%9A%D0%B8%D1%81%D0%BB%D0%BE%D1%80%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%B5%D0%BC%D0%BD%D0%B8%D0%B9
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ʬʝʣʴʥʦʡ ʧʝʯʠ ʚ ʚʦʟʜʫʰʥʦʡ ʘʪʤʦʩʬʝʨʝ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ. ʆʪʞʠʛ ʧʨʦʚʦʜʠʣʩʷ ʚ ʪʝʯʝʥʠʝ 30 
ʤʠʥʫʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 100 ʜʦ 600ęʉ. ʊʦʯʥʦʩʪʴ ʚʳʜʝʨʞʠʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʩʪʘʚʣʷʣʘ Ñ5ęʉ. 
ʆʭʣʘʞʜʝʥʠʝ ʦʙʨʘʟʮʦʚ ʧʨʦʭʦʜʠʣʦ ʚ ʧʝʯʠ ʚ ʧʨʦʮʝʩʩʝ ʝʝ ʦʩʪʳʚʘʥʠʷ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʥʘʣʠʟʘʪʦʨ 
OXFORD INSTRUMENTS X-MaxN 80, ʩʦʚʤʝʱʝʥʥʳʡ ʩ ʨʘʩʪʨʦʚʳʤ ʵʣʝʢʪʨʦʥʥʳʤ ʤʠʢʨʦʩʢʦʧʦʤ. ʇʦʛʨʝʰ-
ʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʩʦʩʪʘʚʣʷʣʘ 0,15-0,5 ʘʪ.%. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 
ʦʧʪʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ MICROvert Planar M1, ʫʚʝʣʠʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʚ 500 ʨʘʟ. ɺ ʨʝʟʫʣʴʪʘʪʝ 
ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣ ʩʥʷʪ ʜʠʘʧʘʟʦʥ ʫʚʝʣʠʯʝʥʠʷ ʜʦ 200. ʀʩʧʳʪʘʥʠʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ 
ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʤʘʰʠʥʳ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ. 
ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʝ Testometric M350-10CT ʩ ʩʠʣʦʡ 
ʨʘʩʪʷʞʝʥʠʷ ʜʦ 1000 ʢʛ. 

ʉʞʠʬʤʵʫʙʫʴ ʶʣʪʨʞʩʡʥʞʦʫʙ: ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʩʧʣʘʚ ʘʣʶʤʠʥʠʷ ʩ 
ʥʝʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʨʦʜʘ, ʢʨʝʤʥʠʷ, ʞʝʣʝʟʘ ʠ ʢʠʩʣʦʨʦʜʘ (ʨʠʩ 1). 

 

 
ʉʡʪ. 1.ʊʨʞʣʫʩ ʮʙʩʙʣʫʞʩʡʪʫʡʰʞʪʣʧʜʧ ʩʞʦʫʜʞʦʧʛʪʣʧʜʧ ʡʠʤʬʰʞʦʡʸ ʙʤʷʥʡʦʡʞʛʧʢ ʨʩʧʛʧʤʧʣʡ 
 
ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʨʝʣʴʝʬ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʜʦ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʪʞʠʛʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚ 200 ʨʘʟ (ʨʠʩ. 2). ʇʦʚʝʨʭʥʦʩʪʴ ʥʝʨʦʚʥʘʷ, ʩ ʰʣʠʬʘʤʠ ʠ 
ʨʘʟʨʝʟʘʤʠ. 

ʎʝʣʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʘʣʶʤʠʥʠʷ ʧʦʩʣʝ ʚʳʩʦʢʦ-
ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʪʞʠʛʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ 100 ʜʦ 600 Üʉ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ ʜʣʷ ʢʘʞʜʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. 
ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʦʪʞʠʛʘ ʙʳʣʘ ʠʟʫʯʝʥʘ ʧʦʚʝʨʭʥʦʩʪʴ (ʨʠʩ. 3) ʦʙʨʘʟʮʦʚ ʘʣʶʤʠʥʠʝʚʦʡ ʧʨʦʚʦʣʦʢʠ. ʅʝʚʦ-
ʦʨʫʞʝʥʥʳʤ ʛʣʘʟʦʤ ʢʘʢʠʭ-ʣʠʙʦ ʠʟʤʝʥʝʥʠʡ ʥʝ ʚʠʜʥʦ, ʥʦ ʧʦʜ ʤʠʢʨʦʩʢʦʧʦʤ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚ 20 ʨʘʟ ʚʠʜ-
ʥʦ, ʯʪʦ ʧʦʩʣʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ 600 Üʉ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʷʚʠʣʠʩʴ ʢʨʘʪʝʨʳ, ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʪʘʨʝʥʠʝʤ 
ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʪʞʠʛʘ, ʙʣʠʟʢʦʡ ʢ ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʘʚʣʝʥʠʷ.  

 

 
ʉʡʪ. 2. ʊʦʡʥʧʣ ʡʪʮʧʝʦʧʢ ʨʧʛʞʩʮʦʧʪʫʡ ʙʤʷʥʡʦʡʞʛʧʢ ʨʩʧʛʧʤʧʣʡ ʨʩʡ ʬʛʞʤʡʰʞʦʡʡ ʛ 20 ʩʙʠ 
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ȋȄȅȃȒȌǿȏȍȃȌȚȈ ȌǿȒȖȌȍ-ȇȐȐȊȄȃȍȁǿȑȄȊțȐȉȇȈ ȉȍȌȉȒȏȐ z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

 
ʉʡʪ. 3. ʇʚʩʙʠʯʴ ʙʤʷʥʡʦʡʸ ʡ ʨʧʛʞʩʮʦʧʪʫʵ ʙʤʷʥʡʦʡʸ ʨʧʪʤʞ ʧʫʟʡʜʙ ʨʩʡ ʫʞʥʨʞʩʙʫʬʩʞ 600 ᴈ ʪ 

ʬʛʞʤʡʰʞʦʡʞʥ ʛ 20 ʩʙʠ 
 
ʇʦʩʣʝ ʦʪʞʠʛʘ ʦʙʨʘʟʮʳ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʥʘ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʦʟʥʠʢʘʶʱʠʝ 

ʚ ʘʣʶʤʠʥʠʠ ʚ ʩʚʷʟʠ ʩ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʠ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʤʘʪʝʨʠʘʣʘ. ʊʘʢ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨ-
ʥʳʡ ʠʥʪʝʨʚʘʣ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʶʤʠʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 290 ð 350 Áʉ, ʪʦ ʧʨʦʠʩʭʦʜʠʪ ʪʨʘʥʩʬʦʨʤʘʮʠʷ 
ʪʝʢʩʪʫʨʳ ʠ ʠʟʤʝʥʝʥʠʝ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʳʚʥʦʡ ʤʘʰʠʥʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʧʦ ʜʝʬʦʨʤʘʮʠʠ ʦʙʨʘʟʮʦʚ. ɼʝ-
ʬʦʨʤʘʮʠʷ ʷʚʣʷʣʘʩʴ ʦʜʥʦʦʩʥʦʡ, ʧʦʵʪʦʤʫ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʥʘʧʨʷ-
ʞʝʥʠʷ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ (ʨʠʩ. 4) ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʬʦʨʤʫʣʳ (1) ʠ (2) ʜʣʷ ʧʝʨʝʩʯʝʪʘ ʜʘʥʥʳʭ. 
ʇʦ ʛʨʘʬʠʢʘʤ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪʞʠʛʘ ʜʦ 200 Üʉ ʚʢʣʶʯʠʪʝʣʴʥʦ ʤʝʭʘʥʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ 
ʦʙʨʘʟʮʘʭ ʩʦʭʨʘʥʷʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʧʦʜʥʠʤʘʝʪʩʷ ʧʦʯʪʠ ʜʦ 200 ʄʇʘ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤ-
ʧʝʨʘʪʫʨʳ ʥʘʙʣʶʜʘʝʪʩʷ ʧʘʜʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʝ ʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 
ʜʝʬʦʨʤʘʮʠʠ, ʯʪʦ ʩʢʘʟʘʣʦʩʴ ʥʘ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʝʪʘʭ ʤʦʜʫʣʷ ʖʥʛʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʇʫʘʩʩʦʥʘ. 

„
Ὂ

Ὓ
    (1) 

ʛʜʝ: „ ï ʤʝʭʘʥʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ 

Ὂ ï ʩʠʣʘ, ʧʨʠʣʦʞʝʥʥʘʷ ʢ ʪʝʣʫ; 

Ὓ ï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. 
 

‐
Ўὰ

ὰ

ὰ ὰ

ὰ
 

     (2) 

ʛʜʝ: Ўὰ ï ʘʙʩʦʣʶʪʥʦʝ ʫʜʣʠʥʝʥʠʝ (ʘʙʩʦʣʶʪʥʘʷ ʜʝʬʦʨʤʘʮʠʷ); 
   ὰ ï ʥʘʯʘʣʴʥʘʷ ʜʣʠʥʘ ʦʙʨʘʟʮʘ; 

   ὰ ï ʜʣʠʥʘ ʦʙʨʘʟʮʘ ʧʦʩʣʝ ʜʝʬʦʨʤʘʮʠʠ. 
 

 
ʉʡʪ. 4. ɼʩʙʭʡʣʡ ʠʙʛʡʪʡʥʧʪʫʡ ʥʞʮʙʦʡʰʞʪʣʧʜʧ ʦʙʨʩʸʟʞʦʡʸ ʙʤʷʥʡʦʡʸ ʧʫ ʧʫʦʧʪʡʫʞʤʵʦʧʢ 

 ʝʞʭʧʩʥʙʯʡʡ 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʦʚ ʤʝʭʘʥʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʦʩʪʝʧʝʥʥʦ ʩʧʘʜʘʣʦ, ʥʦ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʪʝʤ-
ʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʶʤʠʥʠʷ (300 Áʉ) ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʧʘʜʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʘʣʶʤʠʥʠʷ 650 Áʉ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪʞʠʛʘ 600 Áʉ ʥʘʯʘʣʘ ʧʨʦʷʚʣʷʪʴʩʷ 
ʪʝʢʫʯʝʩʪʴ ʘʣʶʤʠʥʠʷ, ʠʟ-ʟʘ ʯʝʛʦ ʩʧʘʣʦ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʦʙʨʘʟʮʘ.  

ʈʘʩʯʝʪ ʤʦʜʫʣʷ ʖʥʛʘ ʧʨʦʠʟʚʦʜʠʣʩʷ ʧʦ ʫʛʣʫ ʥʘʢʣʦʥʘ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʬʠʢʦʚ ʥʘ ʵʪʘ-
ʧʝ ʩʦʭʨʘʥʝʥʠʷ ʟʘʢʦʥʘ ɻʫʢʘ (ʨʠʩ. 5). 

 

 
ʉʡʪ. 5. ʈʧʪʫʩʧʞʦʡʞ ʣʙʪʙʫʞʤʵʦʧʢ ʣ ʣʩʡʛʧʢ ʝʞʭʧʩʥʙʯʡʡ ʝʤʸ ʩʙʪʰʞʫʙ ʥʧʝʬʤʸ ʗʦʜʙ ʨʩʡ ʩʙʠʤʡʰʦʧʢ 

ʫʞʥʨʞʩʙʫʬʩʞ ʧʫʟʡʜʙ: 
1 ð ʝʧ ʧʫʟʡʜʙ; 2 ð 100 Üʊ; 3 ð 200 Üʊ; 4 ð 300 Üʊ; 5 ð 400 Üʊ; 6 ð 500 Üʊ; 7 ð 600 Üʊ 

 
ʀʩʭʦʜʷ ʠʟ ʨʘʩʯʸʪʦʚ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʜʫʣʴ ʖʥʛʘ ʫʤʝʥʴʰʘʣʩʷ, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʫʚʝ-

ʣʠʯʝʥʠʠ ʧʣʘʩʪʠʯʥʦʩʪʠ ʦʙʨʘʟʮʦʚ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʤʦʜʫʣʷ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʜʠʩʣʦʢʘʮʠʦʥ-
ʥʳʭ ʤʦʜʝʣʝʡ, ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ ʧʦ-
ʩʣʝ ʦʜʥʦʛʦ ʧʨʦʭʦʜʘ ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʠʩʣʦʢʘʮʠʡ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʤʦʜʫʣʷ ʠ 
ʫʚʝʣʠʯʝʥʠʶ ʟʘʪʫʭʘʥʠʷ ʜʣʷ ʤʘʪʝʨʠʘʣʘ ʦʙʨʘʟʮʘ. ɿʥʘʯʝʥʠʷ ʤʦʜʫʣʷ ʖʥʛʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʇʫʘʩʩʦʥʘ ʧʨʠ-
ʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 
ʋʙʚʤʡʯʙ 1 

ʌʨʩʬʜʡʞ ʪʛʧʢʪʫʛʙ ʙʤʷʥʡʦʡʸ ʨʧʪʤʞ ʧʫʟʡʜʙ ʨʩʡ ʩʙʠʤʡʰʦʴʮ ʫʞʥʨʞʩʙʫʬʩʙʮ 

ʊʝʤʧʝʨʘʪʫʨʘ ʦʪʞʠʛʘ, Üʉ ʄʦʜʫʣʴ ʖʥʛʘ (ɽ), 1011 ʇʘ ʂʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ (ɜ) 

0 1,11 0,12 

100 1,10 0,12 

200 0,87 0,08 

300 1,06 0,11 

400 0,85 0,15 

500 0,52 0,18 

600 0,49 0,20 



12 ǮǤǯǡǺǨ ǷǟǢ ǡ ǠǭǪǻǷǲǽ Ǭǟǲǩǲ 

 

ȋȄȅȃȒȌǿȏȍȃȌȚȈ ȌǿȒȖȌȍ-ȇȐȐȊȄȃȍȁǿȑȄȊțȐȉȇȈ ȉȍȌȉȒȏȐ z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ɼʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʇʫʘʩʩʦʥʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʬʦʨʤʫʣʘ (3) ʠʟ ʨʘʙʦʪʳ [2], ʟʥʘʯʝʥʠʝ ʢʦʪʦ-
ʨʦʛʦ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠʚʝʜʝʥʦ ʚʳʰʝ ʚ ʪʘʙʣʠʮʝ. 

’
‐

‐
 (3) 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʨʦʩ ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʫʜʣʠʥʝʥʠʠ ʦʙʨʘʟʮʦʚ ʠ 
ʨʦʩʪʝ ʠʭ ʫʧʨʫʛʦʩʪʠ. 

ʀʟ-ʟʘ ʧʨʠʤʝʩʝʡ ʢʨʝʤʥʠʷ ʠ ʞʝʣʝʟʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʫʚʝʣʠʯʠʣʘʩʴ ʩ 200 Üʉ ʜʦ 350 Üʉ, 
ʪʘʢʞʝ ʢʨʝʤʥʠʡ ʧʨʠʜʘʝʪ ʚʳʩʦʢʫʶ ʪʝʢʫʯʝʩʪʴ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʧʨʦʯʥʦʩʪʴ. 

ʀʙʣʤʷʰʞʦʡʞ: ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 
ʦʪʞʠʛʘ ʥʘ ʫʧʨʫʛʠʝ ʠ ʧʣʘʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʘʣʶʤʠʥʠʷ. ʇʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚʳʩʦ-
ʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʦʪʞʠʛ ʘʣʶʤʠʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʥʝʩʪʘʥʜʘʨʪʥʦʤʫ ʟʥʘʯʝʥʠʶ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ, ʯʪʦ ʩʚʷʟʘʥʦ 
ʩ ʧʨʠʤʝʩʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʤʘʪʝʨʠʘʣʝ. ʆʪʞʠʛ ʘʣʶʤʠʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʤʝ-
ʭʘʥʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʘ ʧʨʠʤʝʩʥʳʝ ʘʪʦʤʳ ʠ ʩʪʘʨʝʥʠʝ ʤʝʪʘʣʣʘ ʧʨʠʚʦ-
ʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʣʘʩʪʠʯʥʦʩʪʠ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ 1,11 Ĭ 1011 ʇʘ ʧʨʦʷʚʣʷʝʪʩʷ 
ʚ ʦʙʨʘʟʮʝ ʜʦ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʪʞʠʛʘ. ʋʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʜʘʥʥʦʛʦ 
ʟʥʘʯʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʧʨʫʛʠʝ ʠ ʧʣʘʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʣʷ ʩʪʘʣʠ ʟʥʘʯʠ-
ʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʧʨʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʦʪʞʠʛʝ, ʥʘ ʯʪʦ ʤʦʞʝʪ ʚʣʠʷʪʴ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ, ʧʨʠʤʝʩ-
ʥʳʝ ʘʪʦʤʫ ʠ ʜʚʠʞʝʥʠʝ ʥʘʥʦʜʝʬʝʢʪʦʚ. 
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ǡǪǧǾǬǧǤ ǡǺǰǭǩǭǱǤǫǮǤǯǟǱǲǯǬǭǢǭ ǭǱǥǧǢǟ 
Ǭǟ ǣǤǳǭǯǫǟǵǧǽ ǰǱǟǪǧ 

ǾȏȍȋȇȖ ǟȌȃȏȄȈ ǣȋȇȑȏȇȄȁȇȖ 
ʰʢʦʣʴʥʠʢ, 11 ʢʣʘʩʩ 

ʋʆ çʅʘʮʠʦʥʘʣʴʥʳʡ ʜʝʪʩʢʠʡ ʪʝʭʥʦʧʘʨʢè, 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʐʝʚʝʣʸʚʘ ɺ. ɺ. 
ʠʥʞʝʥʝʨ ʢʘʬʝʜʨʳ ʬʠʟʠʢʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ 

 ʬʠʟʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ, ʤʘʛʠʩʪʨ ʬʠʟʠʢʠ ɹɻʋ 
 

ɹʦʦʧʫʙʯʡʸ: ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʪʘʣʠ ʜʦ ʠ ʧʦʩʣʝ 
ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʪʞʠʛʘ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 100-600 Üʉ ʠʥʪʝʨʚʘʣʘʤʠ 
ʧʦ 30 ʤʠʥʫʪ. ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʦʪʞʠʛʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʪʘʣʠ, ʧʦʢʘʟʘʥʳ ʨʘʟʣʠʯʥʳʝ ʵʪʘʧʳ 
ʦʢʠʩʣʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʤʘʪʝʨʠʘʣʘ ʠ ʧʨʠʤʝʩʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʦʢʘʟʘʥʳ ʠʟʤʝʥʝʥʠʷ ʫʧʨʫʛʠʭ 
ʢʦʥʩʪʘʥʪ ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʵʪʘʧʘ ʵʢʩʧʝʨʠʤʝʥʪʘ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʩʪʘʣʴ, ʧʦʚʝʨʭʥʦʩʪʴ, ʧʨʠʤʝʩʴ, ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʦʪʞʠʛ, ʨʘʟʨʳʚ, ʤʦʜʫʣʴ ʖʥʛʘ, 
ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ. 

 
EFFECT OF HIGH TEMPERATURE ANNEALING ON STEEL DEFORMATION 

 
Yaromich Andrey Dmitrievich 

 
Scientific supervisor: Sheveleva V.V. 

 
Abstract: the results of a study of the elastic-plastic properties of steel before and after high-temperature an-
nealing in an air atmosphere in the temperature range of 100-600 Üʉ at intervals of 30 minutes are presented. 
The effect of annealing on the surface properties of steel is studied, and various stages of oxidation are shown 
depending on the type of material and impurity elements. Changes in elastic constants after each stage of the 
experiment are shown. 
Key words: steel, surface, impurity, high-temperature annealing, rupture, Young's modulus, Poisson's ratio. 

 
ɻʛʞʝʞʦʡʞ: ʈʦʣʴ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ ʩʣʦʞʥʦ ʧʝʨʝʦʮʝʥʠʪʴ. ʊʚʝʨʜʦʩʪʴ, ʧʣʘ-

ʩʪʠʯʥʦʩʪʴ, ʢʦʚʢʦʩʪʴ, ʩʜʝʣʘʣʠ ʠʭ ʥʝʟʘʤʝʥʠʤʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 
ʠʟʜʝʣʠʡ. ʉʪʘʣʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ, ʥʘʯʠʥʘʷ ʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʳʪʦʚʦʡ ʪʝʭʥʠʢʠ ʠ ʟʘʢʘʥ-
ʯʠʚʘʷ ʘʚʠʘʩʪʨʦʝʥʠʝʤ. ʆʜʥʘʢʦ, ʥʝ ʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʝʠʤʫʱʝʩʪʚ ʤʝʪʘʣʣʦʚ ʥʘʜ ʜʨʫʛʠʤʠ 
ʤʘʪʝʨʠʘʣʘʤʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʣʘʚʢʠ, ʧʨʦʢʘʪʢʠ, ʚʦʣʦʯʝʥʠʷ ʠ ʧʨʝʩʩʦʚʘʥʠʷ ʚ ʤʝʪʘʣʣʘʭ ʠ ʩʧʣʘʚʘʭ ʦʙʨʘ-
ʟʫʶʪʩʷ ʚʥʫʪʨʝʥʥʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʝ ʜʝʬʝʢʪʳ: ʧʦʨʳ, ʤʠʢʨʦʪʨʝʱʠʥʳ ʠ ʨʘʟʣʠʯʥʳʝ ʜʝ-
ʬʝʢʪʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. ʕʪʠ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʫʩʢʦʨʝʥʠʶ ʨʘʟʨʫʰʝʥʠʷ ʠ ʠʟ-
ʥʦʩʘ ʜʝʪʘʣʝʡ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʭ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʩʥʷʪʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʥʘʧʨʷʞʝ-
ʥʠʷ ʷʚʣʷʝʪʩʷ ʥʘʛʨʝʚ ʤʝʪʘʣʣʘ ʠ ʝʛʦ ʜʘʣʴʥʝʡʰʘʷ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ. ɼʦ ʩʠʭ ʧʦʨ ʘʢʪʫʘʣʴʥʦ ʠʟʫʯʝʥʠʝ ʤʝ-
ʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʦʚ ʧʨʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʦʪʞʠʛʝ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴ-
ʥʳʝ ʤʝʪʦʜʳ ʦʪʞʠʛʘ ʤʝʪʘʣʣʦʚ, ʧʨʠ ʢʦʪʦʨʳʤ ʢʦʣʠʯʝʩʪʚʦ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʝʢʪʦʚ ʙʫʜʝʪ ʤʠ-
ʥʠʤʘʣʴʥʳʤ.  
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ȋȄȅȃȒȌǿȏȍȃȌȚȈ ȌǿȒȖȌȍ-ȇȐȐȊȄȃȍȁǿȑȄȊțȐȉȇȈ ȉȍȌȉȒȏȐ z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʪʘʣʠ ʧʦʩʣʝ ʚʳʩʦʢʦʪʝʤ-
ʧʝʨʘʪʫʨʥʦʛʦ ʦʪʞʠʛʘ ʜʦ 600 Áʉ.  

ʉʪʘʣʴ ï ʩʧʣʘʚ ʞʝʣʝʟʘ (Fe) ʩ ʫʛʣʝʨʦʜʦʤ (C). ʇʨʠ ʵʪʦʤ ʜʦʣʷ ʫʛʣʝʨʦʜʘ ʚ ʩʦʩʪʘʚʝ ʤʘʣʘ: ʜʦ 2,14% ʚ 
ʪʝʦʨʠʠ ʠ ʦʙʳʯʥʦ ʥʝ ʙʦʣʝʝ 1,5% ʥʘ ʧʨʘʢʪʠʢʝ. ʆʜʥʘʢʦ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʫʛʣʝʨʦʜʘ ʚʳʰʝ 0,9% ʧʦʚʳʰʘʝʪʩʷ 
ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʩʪʘʣʠ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʚ ʩʪʘʣʴ ʚʚʦʜʷʪʩʷ ʨʘʟʣʠʯʥʳʝ ʣʝʛʠʨʫʶʱʠʝ ʵʣʝʤʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ 
ʭʨʦʤ, ʚʦʣʴʬʨʘʤ ʠ ʢʨʝʤʥʠʡ [1]. 

ʅʞʫʧʝʡʣʙ ʶʣʪʨʞʩʡʥʞʦʫʙ: ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʚʦʣʦʢʘ ʠʟ ʩʪʘʣʠ ʜʣʠʥʥʦʡ 100 ʤʤ 
ʠ ʜʠʘʤʝʪʨʦʤ 3 ʤʤ. ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʪʞʠʛʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʟʘʯʠʱʘ-
ʣʘʩʴ ʦʪ ʧʦʢʨʳʪʠʷ ʣʘʢʦʤ ʪʝʭʥʠʯʝʩʢʠʤ ʘʮʝʪʦʥʦʤ ʠ ʦʙʝʟʞʠʨʠʚʘʣʘʩʴ ʩʧʠʨʪʦʤ. ʆʙʨʘʟʮʳ ʦʪʞʠʛʘʣʠʩʴ ʚ ʤʫ-
ʬʝʣʴʥʦʡ ʧʝʯʠ ʚ ʚʦʟʜʫʰʥʦʡ ʘʪʤʦʩʬʝʨʝ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ. ʆʪʞʠʛ ʧʨʦʚʦʜʠʣʩʷ ʚ ʪʝʯʝʥʠʝ 30 
ʤʠʥʫʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 100 ʜʦ 600ęʉ. ʊʦʯʥʦʩʪʴ ʚʳʜʝʨʞʠʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʩʪʘʚʣʷʣʘ Ñ5ęʉ. 
ʆʭʣʘʞʜʝʥʠʝ ʦʙʨʘʟʮʦʚ ʧʨʦʭʦʜʠʣʦ ʚ ʧʝʯʠ ʚ ʧʨʦʮʝʩʩʝ ʝʝ ʦʩʪʳʚʘʥʠʷ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʥʘʣʠʟʘʪʦʨ 
OXFORD INSTRUMENTS X-MaxN 80, ʩʦʚʤʝʱʝʥʥʳʡ ʩ ʨʘʩʪʨʦʚʳʤ ʵʣʝʢʪʨʦʥʥʳʤ ʤʠʢʨʦʩʢʦʧʦʤ. ʇʦʛʨʝʰ-
ʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʩʦʩʪʘʚʣʷʣʘ 0,15-0,5 ʘʪ.%. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 
ʦʧʪʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ MICROvert Planar M1, ʫʚʝʣʠʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʚ 500 ʨʘʟ. ɺ ʨʝʟʫʣʴʪʘʪʝ 
ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣ ʩʥʷʪ ʜʠʘʧʘʟʦʥ ʫʚʝʣʠʯʝʥʠʷ ʜʦ 200. ʀʩʧʳʪʘʥʠʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ 
ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʤʘʰʠʥʳ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ. 
ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʝ Testometric M350-10CT ʩ ʩʠʣʦʡ 
ʨʘʩʪʷʞʝʥʠʷ ʜʦ 1000 ʢʛ. 

ʉʞʠʬʤʵʫʙʫʴ ʶʣʪʨʞʩʡʥʞʦʫʙ: ɼʣ̫ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʥʠʟʢʦʫʛʣʝʨʦʜʠ-
ʩʪʘʷ ʩʪʘʣʴʥʘʷ ʧʨʦʚʦʣʦʢʘ ʩ ʧʨʠʤʝʩʷʤʠ ʬʪʦʨʘ, ʤʘʨʛʘʥʮʘ ʠ ʘʣʶʤʠʥʠʷ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʣʝʛʠʨʫʶʱʠʤʠ 
ʵʣʝʤʝʥʪʘʤʠ ʠ ʫʣʫʯʰʘʶʪ ʩʚʦʡʩʪʚʘ ʩʪʘʣʠ. 

ʊʘʢʞʝ, ʠʩʭʦʜʷ ʠʟ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʜʝʣʘʥʥʦʛʦ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ, 
ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʥʘʣʠʯʠʝ ʚ ʩʦʩʪʘʚʝ ʩʪʘʣʠ ʢʠʩʣʦʨʦʜʘ (ʨʠʩ. 1). ʕʪʦʪ ʵʣʝʤʝʥʪ ʥʝ ʞʝʣʘʪʝʣʝʥ, ʦʜʥʘʢʦ ʠʟʙʘ-
ʚʠʪʴʩʷ ʦʪ ʧʨʠʤʝʩʠ ʢʠʩʣʦʨʦʜʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ. ʆʜʥʘʢʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʘʣʠʯʠʝ ʢʠʩʣʦʨʦʜʘ ʥʝ 
ʩʢʘʞʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʦ ʥʘ ʩʚʦʡʩʪʚʘ ʩʪʘʣʠ ʠʟ-ʟʘ ʧʨʠʤʝʩʠ ʤʘʨʛʘʥʮʘ. 

ʇʨʠ ʧʦʤʦʱʠ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʨʝʣʴʝʬ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʜʦ ʚʳʩʦʢʦ-
ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʪʞʠʛʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚ 200 ʨʘʟ (ʨʠʩ. 2). ʅʘ ʦʙʨʘʟʮʝ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʟʘʱʠʪʥʦʛʦ 
ʧʦʢʨʳʪʠʷ, ʥʦ ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʳ ʧʦʣʦʩʳ ʰʣʠʬʦʚʢʠ ʠ ʧʨʦʪʷʞʢʠ ʧʨʦʚʦʣʦʢʠ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ ʧʨʦ-
ʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ. 

 

 
ʉʡʪ. 1. ʊʨʞʣʫʩ ʮʙʩʙʣʫʞʩʡʪʫʡʰʞʪʣʧʜʧ ʩʞʦʫʜʞʦʧʛʪʣʧʜʧ ʡʠʤʬʰʞʦʡʸ ʪʫʙʤʵʦʧʢ ʨʩʧʛʧʤʧʣʡ  
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www.naukaip.ru 

 
ʉʡʪ. 2.  ʊʦʡʥʧʣ ʨʧʛʞʩʮʦʧʪʫʡ ʡʪʮʧʝʦʧʢ ʪʫʙʤʵʦʧʢ ʨʩʧʛʧʤʧʣʡ 

 
ɿʘʪʝʤ ʙʳʣ ʧʨʦʚʝʜʝʥ ʦʙʞʠʛ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫ-

ʨʘʭ. ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʦʪʞʠʛʘ ʙʳʣʘ ʠʟʫʯʝʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʢʘʞʜʦʛʦ ʠʟ ʦʙʨʘʟʮʦʚ. ʄʦʞʥʦ ʥʘʙʣʶʜʘʪʴ, ʯʪʦ 
ʚʦ ʚʨʝʤʷ ʦʪʞʠʛʘ ʧʨʠ 300 ʛʨʘʜʫʩʘʭ ʤʝʪʘʣʣ ʧʨʠʦʙʨʝʪʘʝʪ ʩʠʥʠʡ ʮʚʝʪ (ʨʠʩ. 3 ʘ). ʕʪʦʪ ʵʬʬʝʢʪ ʥʘʟʳʚʘʶʪ 
ñʮʚʝʪʦʤ ʧʦʙʝʞʘʣʦʩʪʠò. ʕʪʦʪ ʵʬʬʝʢʪ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʥʘ ʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʪʦʥ-
ʢʦʡ ʧʨʦʟʨʘʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʢʠʩʥʦʡ ʧʣʝʥʢʠ ʠ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʩʚʝʪʘ ʚ ʥʝʡ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʥʘʛʨʝʚʝ 
ʤʝʪʘʣʣʘ ʮʚʝʪ ʩʥʘʯʘʣʘ ʧʨʠʦʙʨʝʪʘʝʪ ʯʝʨʥʳʡ ʦʢʨʘʩ (ʨʠʩ. 3 ʙ). 

 

 
ʉʡʪ. 3. ʁʠʥʞʦʞʦʡʞ ʨʧʛʞʩʮʦʧʪʫʡ ʨʧʪʤʞ ʧʫʟʡʜʙ ʨʩʡ ʬʛʞʤʡʰʞʦʡʡ ʛ 200 ʩʙʠ (ʘ - ʧʚʩʙʠʯʙ ʨʧʪʤʞ ʧʫʟʡʜʙ 

ʨʩʡ ʫʞʥʨʞʩʙʫʬʩʞ 300 Üʊ; ʙ - ʧʚʩʙʠʯʙ ʨʧʪʤʞ ʧʫʟʡʜʙ ʨʩʡ ʫʞʥʨʞʩʙʫʬʩʞ 600 Üʊ) 
 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʦʪʞʠʛʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʜʣʷ ʚʳʷʚʣʝʥʠʝ ʧʣʘʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʘʞ-
ʜʦʛʦ ʦʙʨʘʟʮʘ. ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʡ ʥʘ ʨʘʟʨʳʚʥʦʡ ʤʘʰʠʥʝ, ʠ ʧʨʠ ʧʦʤʦʱʠ 
ʬʦʨʤʫʣ (1) ʠ (2) ʠʟ ʨʘʙʦʪʳ [2] ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 
ʥʘʧʨʷʞʝʥʠʷ ʦʙʨʘʟʮʦʚ.  

 

„
Ὂ

Ὓ
 

       
(1) 

ʛʜʝ: „ ï ʤʝʭʘʥʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ 

Ὂ ï ʩʠʣʘ, ʧʨʠʣʦʞʝʥʥʘʷ ʢ ʪʝʣʫ; 

Ὓ ï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. 
 

‐
Ўὰ

ὰ

ὰ ὰ

ὰ
 

    (2) 

ʛʜʝ: Ўὰ ï ʘʙʩʦʣʶʪʥʦʝ ʫʜʣʠʥʝʥʠʝ (ʘʙʩʦʣʶʪʥʘʷ ʜʝʬʦʨʤʘʮʠʷ); 
   ὰ ï ʥʘʯʘʣʴʥʘʷ ʜʣʠʥʘ ʦʙʨʘʟʮʘ; 

   ὰ ï ʜʣʠʥʘ ʦʙʨʘʟʮʘ ʧʦʩʣʝ ʜʝʬʦʨʤʘʮʠʠ. 
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ȋȄȅȃȒȌǿȏȍȃȌȚȈ ȌǿȒȖȌȍ-ȇȐȐȊȄȃȍȁǿȑȄȊțȐȉȇȈ ȉȍȌȉȒȏȐ z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʜʘʥʥʳʤʠ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 
ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ (ʨʠʩ. 4). ʀʟ ʛʨʘʬʠʢʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳ-
ʚʦʜ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪʞʠʛʘ ʚ 100 ʛʨʘʜʫʩʦʚ ʚʳʨʘʩʪʘʝʪ ʢʘʢ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʥʘʛʨʫʟʢʘʤ, ʪʘʢ ʠ ʧʣʘ-
ʩʪʠʯʥʦʩʪʴ ʤʝʪʘʣʣʘ. ʆʜʥʘʢʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʥʘʛʨʫʟʢʘʤ ʧʘʜʘʝʪ, ʥʦ 
ʚʦʟʨʘʩʪʘʝʪ ʧʣʘʩʪʠʯʥʦʩʪʴ ʤʝʪʘʣʣʘ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʚʷʟʠ ʩ ʧʨʦʮʝʩʩʦʤ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʫʚʝʣʠʯʝ-
ʥʠʝʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʟʝʨʝʥ. 

ʇʨʠ ʦʪʞʠʛʝ ʩʪʘʣʠ ʚ 600 ʛʨʘʜʫʩʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʨʦʩʣʘ ʧʣʘʩʪʠʯʥʦʩʪʴ ʤʝʪʘʣʣʘ, ʦʜʥʘʢʦ ʢʨʘʡʥʝ 
ʩʠʣʴʥʦ ʫʧʘʣʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʥʘʛʨʫʟʢʘʤ. ʕʪʦ ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʤ ʧʨʦʮʝʩʩʝ ʨʝʢʨʠ-
ʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠ ʥʘʛʨʝʚʝ ʥʘ ʵʪʫ ʚʝʣʠʯʠʥʫ. 

 

 
ʉʡʪ. 4.  ɼʩʙʭʡʣʡ ʠʙʛʡʪʡʥʧʪʫʡ ʥʞʮʙʦʡʰʞʪʣʧʜʧ ʦʙʨʩʸʟʞʦʡʸ ʪʫʙʤʡ ʧʫ ʧʫʦʧʪʡʫʞʤʵʦʧʢ ʝʞʭʧʩʥʙʯʡʡ 

 
ɿʘʪʝʤ, ʠʩʭʦʜʷ ʠʟ ʛʨʘʬʠʢʘ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʝʬʦʨʤʘ-

ʮʠʠ, ʧʫʪʝʤ ʧʦʩʪʨʦʝʥʠʷ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʛʨʘʬʠʢʫ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʠ ʨʘʩʯʝʪʘ ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʤʝʞʜʫ ʢʘʩʘ-
ʪʝʣʴʥʦʡ ʠ ʛʨʘʬʠʢʦʤ, ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʤʦʜʫʣʴ ʖʥʛʘ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʇʫʘʩʩʦʥʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʬʦʨʤʫʣʘ (3), ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ, ʘ ʪʘʢʞʝ 
ʟʥʘʯʝʥʠʷ ʤʦʜʫʣʷ ʖʥʛʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

’
‐

‐
          (3) 

 
ʇʨʠ ʨʘʩʯʝʪʝ ʤʦʜʫʣʷ ʖʥʛʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʘʜʝʥʠʝ ʟʥʘʯʝʥʠʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ 200 Üʉ. ʇʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʦʪʞʠʛʫ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʨʦʩʪ ʤʦʜʫʣʷ 
ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 400 Üʉ, ʦʜʥʘʢʦ ʧʦʩʣʝ ʵʪʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʧʘʜʝʥʠʷ 
ʟʥʘʯʝʥʠʷ. ʊʘʢʦʝ ʥʝʦʙʳʯʥʦʝ ʧʦʚʝʜʝʥʠʝ ʟʥʘʯʝʥʠʷ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʨʝʘʢʮʠʝʡ 
ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʦʪʞʠʛ ʠ ʚʥʝʜʨʝʥʠʝ ʠʭ ʚ ʩʪʨʫʢʪʫʨʫ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 
ʨʝʰʝʪʢʠ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ʚʝʜʝʪ ʩʝʙʷ ʩʦʚʩʝʤ ʠʥʘʯʝ. ʀʟʥʘʯʘʣʴʥʦ ʦʥ ʧʦʚʳʰʘʝʪʩʷ, ʦʜʥʘʢʦ ʧʦʩʣʝ ʦʪ-
ʞʠʛʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 200 ʛʨʘʜʫʩʦʚ ʝʛʦ ʟʥʘʯʝʥʠʝ ʨʝʟʢʦ ʧʘʜʘʝʪ ʚʥʠʟ, ʧʦʩʣʝ ʯʝʛʦ ʚʥʦʚʴ ʥʘʯʠʥʘʝʪ ʩʪʨʝ-
ʤʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ 300 Üʉ. ʇʦʩʣʝ ʩʠʪʫʘʮʠʷ ʧʦʚʪʦʨʷʝʪʩʷ, ʦʜʥʘʢʦ ʫʞʝ ʧʦʚʳʰʝ-
ʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʇʫʘʩʩʦʥʘ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ 600 ʛʨʘʜʫʩʦʚ ʠ ʠʤʝʝʪ ʙʦʣʝʝ ʩʪʨʝʤʠʪʝʣʴʥʳʝ ʪʝʤʧʳ. 
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ʋʙʚʤʡʯʙ 1 
ʌʨʩʬʜʡʞ ʪʛʧʢʪʫʛʙ ʪʫʙʤʡ ʨʧʪʤʞ ʧʫʟʡʜʙ ʨʩʡ ʩʙʠʤʡʰʦʴʮ ʫʞʥʨʞʩʙʫʬʩʙʮ 

ʊʝʤʧʝʨʘʪʫʨʘ ʦʪʞʠʛʘ, Üʉ ʄʦʜʫʣʴ ʖʥʛʘ (ɽ), 1011 ʇʘ ʂʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ (ɜ) 

0 2,03 0,42 

100 1,73 0,46 

200 1,40 0,38 

300 2,25 0,43 

400 2,33 0,36 

500 2,00 0,54 

600 1,72 0,85 

 
ʊʘʢʦʝ ʷʚʣʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʚʳʭʦʜʦʤ ʫʛʣʝʨʦʜʘ ʠʟ ʩʪʘʣʠ ʚ ʩʚʷʟʠ ʩ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʦʙʨʘʙʦʪʢʦʡ. ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʠʤʝʩʝʡ ʚ ʤʘʪʝʨʠʘʣʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 
ʥʘʛʨʝʚʘ. ʊʘʢʞʝ ʪʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʇʫʘʩʩʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʧʨʠ ʦʪʞʠʛʝ 
ʩʪʘʣʠ ʠʟʤʝʥʝʥʠʶ ʧʦʜʚʝʨʛʣʠʩʴ ʥʝ ʪʦʣʴʢʦ ʟʝʨʥʘ, ʢʦʪʦʨʳʝ ʫʢʨʫʧʥʠʣʠʩʴ, ʥʦ ʠ ʩʪʨʫʢʪʫʨʘ ʧʝʨʣʠʪʘ, ʢʦʪʦʨʳʡ 
ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʪʘʣʠ. ʷʚʣʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʚʳʭʦʜʦʤ ʫʛʣʝʨʦʜʘ ʠʟ ʩʪʘʣʠ 
ʚ ʩʚʷʟʠ ʩ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʦʡ. ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʠʤʝ-
ʩʝʡ ʚ ʤʘʪʝʨʠʘʣʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʛʨʝʚʘ. 

ʀʙʣʤʷʰʞʦʡʞ: ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 
ʦʪʞʠʛʘ ʥʘ ʫʧʨʫʛʠʝ ʠ ʧʣʘʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʪʘʣʠ. ʇʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚʳʩʦʢʦʪʝʤ-
ʧʝʨʘʪʫʨʥʳʡ ʦʪʞʠʛ ʩʪʘʣʠ ʧʨʠʚʦʜʠʪ ʢ ʥʝʩʪʘʥʜʘʨʪʥʦʤʫ ʟʥʘʯʝʥʠʶ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʨʠ-
ʤʝʩʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʤʘʪʝʨʠʘʣʝ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʖʥʛʘ 2,33 
Ĭ 1011 ʇʘ. ʋʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ ʧʨʠʚʦʜʠʪ ʢ ʤʝʜʣʝʥʥʦʤʫ ʚʦʟʨʘʩʪʘʥʠʶ. ʘ ʟʘʪʝʤ ʢ ʨʝʟʢʦʤʫ 
ʧʘʜʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʩʧʦʩʦʙʥʦʛʦ ʚʳʜʝʨʞʘʪʴ ʩʪʘʣʴ, ʥʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʫʜʣʠʥʝ-
ʥʠʷ (ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ). ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 600 Áʉ, ʯʪʦ 
ʩʚʷʟʘʥʦ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʚʳʭʦʜʦʤ ʫʛʣʝʨʦʜʘ ʩʦ ʩʪʘʣʠ ʠ ʚʣʠʷʥʠʷ ʧʨʠʤʝʩʥʳʭ ʘʪʦʤʦʚ, ʢʦʪʦʨʳʝ ʫʚʝʣʠʯʠ-
ʚʘʶʪ ʧʣʘʩʪʠʯʥʦʩʪʴ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʧʨʫʛʠʝ ʠ ʧʣʘʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʣʷ ʩʪʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦ 
ʦʪʣʠʯʘʶʪʩʷ ʧʨʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʦʪʞʠʛʝ, ʥʘ ʯʪʦ ʤʦʞʝʪ ʚʣʠʷʪʴ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ, ʧʨʠʤʝʩʥʳʝ 
ʘʪʦʤʫ ʠ ʜʚʠʞʝʥʠʝ ʥʘʥʦʜʝʬʝʢʪʦʚ. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 
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ǲǣǩ 4.0,/5 

ǭ ǡǪǧǾǬǧǧ ǭǱǥǧǢǟ Ǭǟ ǫǤǴǟǬǧǶǤǰǩǧǤ 
ǰǡǭǨǰǱǡǟ ǮǤǬǭǣǧǟǱǭǫǧǱǭǡǭǨ ǩǤǯǟǫǧǩǧ  

ǠȏȍȁȇȌ ǧȁǿȌ ǣȋȇȑȏȇȄȁȇȖ 
ʩʪʫʜʝʥʪ 

ǣȋȇȑȏȄȁȐȉȇȈ ǟȌȃȏȄȈ ǟȌȃȏȄȄȁȇȖ 
ʘʩʧʠʨʘʥʪ 

ʄʦʩʢʦʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʉʢʚʦʨʮʦʚ ɸʨʢʘʜʠʡ ɸʣʝʢʩʝʝʚʠʯ 
ʜ. ʬ.-ʤ. ʥ., ʧʨʦʬʝʩʩʦʨ 

ʄʦʩʢʦʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
 

ɹʦʦʧʫʙʯʡʸ: ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʥʘ ʠʟʫʯʝʥʠʶ ʩʚʦʡʩʪʚ ʜʠʘʪʦʤʠʪʦʚʦʡ ʢʝʨʘʤʠʢʠ, ʥʘʧʨʠʤʝʨ, ʠʟʫʯʝʥʠʝ ʧʦʚʝ-
ʜʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʜʝʬʦʨʤʘʮʠʷʭ ʠ ʚʥʝʰʥʠʭ ʥʘʧʨʷʞʝʥʠʷʭ , ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʥʪʘ ʧʦʨʠʩʪʦʩʪʠ ʤʘ-

ʪʝʨʠʘʣʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʠʣʠ ʚʣʠʷʥʠʷ ʥʘ ʩʘʤ ʦʙʨʘʟʝʮ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 8000ʉ ʜʦ 10000ʉ.ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʝʤʝʥʪʦʚ ʧʦ ʦʪʞʠʛʫ ʤʘʪʝʨʠʘʣʘ ʙʳʣʠ 
ʚʳʷʚʣʝʥʥʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚ ʬʘʟʝ, ʜʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ SiO2 ʙʦʣʴʰʠʥʩʪʚʦ ʩʦʩʪʦʚʣʷʣ 
ʘʣʴʬʘ-ʢʚʘʨʮ, ʥʦ ʧʦʩʣʝ ʩʧʝʢʘʥʠʷ ʧʨʠ 10000ʉ ʚ ʪʝʯʝʥʠʠ ʪʨʸʭ ʯʘʩʦʚ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʬʘʟʘ ʙʝʪʘ-
ʢʨʠʩʪʘʙʘʣʣʠʪʘ, ʵʪʦ ʜʘʝʪ ʧʦʥʷʪʴ, ʯʪʦ ʥʘ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʚʣʠʷʶʪ ʤʥʦʛʠʝ ʬʘʢʪʦʨʳ ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʠʟʤʝ-
ʥʝʥʠʝ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʝʪʢʝ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʦʙʞʠʛ, ʩʧʝʢʘʥʠʝ, ʧʦʨʠʩʪʦʩʪʴ, ʨʘʟʨʫʰʝʥʠʝ, ʩʫʰʢʘ,SiO2 
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Abstract: The work is devoted to the study of the properties of diatomite ceramics, for example, the study of 
the behavior of the material under deformations and external stresses, the study of the percentage of porosity 

of the material, including the dependence of the elastic modulus on temperature, or the effect on the sam-

ple itself of high temperatures from 8000ʉ to 10000ʉ. During the experiments on the annealing of the material, 
a transformation in the phase was revealed, before the temperature exposure in SiO2, alpha quartz made up 
the majority, but after sintering at 10000ʉ for three hours, the beta-cristaballite phase was detected, this makes 
it clear that many factors affect the modulus of elasticity, including a change in the crystal grid. 
Key words: roasting, sintering, porosity, destruction, drying, SiO2 

 
ɼʠʘʪʦʤʠʪ ʵʪʦ ʫʥʠʢʘʣʴʥʳʡ ʤʘʪʝʨʠʘʣ,  ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʠʟ ʩʝʙʷ ʦʩʘʜʦʯʥʫʶ ʧʦʨʦʜʫ ʚ ʚʠʜʝ ʢʨʝʤʥʠ-

ʩʪʳʭ ʦʪʣʦʞʝʥʠʡ, ʩʦʩʪʦʷʱʠʡ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʩʪʚʦʨʦʢ ʜʠʘʪʦʤʝʡ. ʍʠʤʠʯʝʩʢʠ ʜʠʘʪʦʤʠʪ ʩʦʩʪʦʠʪ ʠʟ ʢʨʝʤʥʦ-
ʟʸʤʘ ʥʘ 70-98%. ʇʣʦʪʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 250-800 ʢʛ/ʤ3

. ɼʠʘʪʦʤʠʪ ʠʩʧʦʣʴʟʫʶʪ, ʚ 
ʢʘʯʝʩʪʚʝ ʘʜʩʦʨʙʝʥʪʘ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʫʙʦʨʢʝ ʥʝʬʪʝʥʳʭ ʧʷʪʝʥ), ʫʜʦʙʨʝʥʠʡ (ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ), ʘ 
ʪʘʢʞʝ ʪʝʧʣʦʠʟʦʣʷʪʦʨʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʪʝʧʣʦʚʳʭ ʘʛʨʝʛʘʪʘʭ [1 ʩ 35]. 
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ʇʨʦʠʟʚʦʜʩʪʚʦ ʧʝʥʦʜʠʘʪʦʤʠʪʦʚʳʭ ʦʙʨʘʟʮʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʩʪʦʠʪ ʠʟ  ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 
ʦʧʝʨʘʮʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʦʧʦʢʠ,  ʬʦʨʤʦʚʢʘ ʠʟʜʝʣʠʡ, ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʪʝʧʣʦʚʳʭ ʚʦʟʜʝʡ-
ʩʪʚʠʡ ʥʘ ʤʘʪʝʨʠʘʣ [3,c 1-20,4, c 893-898]. 

ʆʙʨʘʟʮʳ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʳʨʝʟʘʣʠʩʴ ʚ ʚʠʜʝ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʦʚ ʨʘʟʤʝʨʦʤ 15Ĭ100Ĭ100 ʤʤ ʠ 
15Ĭ15Ĭ100 ʤʤ.  ʇʦʨʠʩʪʦʩʪʴ ʦʙʨʘʟʮʦʚ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ 35 ï 75%. 

ɼʣʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ ʥʘ ʩʞʘʪʠʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʨʘʟʨʳʚʥʘʷ ʤʘʰʠʥʘ ʩ ʵʣʝʢʪʨʦʤʝ-
ʭʘʥʠʯʝʩʢʠʤ ʧʨʠʚʦʜʦʤ ʠ ʵʣʝʢʪʨʦʥʥʳʤ ʩʠʣʦʤʝʨʦʤ. ʅʘʠʙʦʣʴʰʘʷ ʧʨʝʜʝʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʥʝ ʧʨʝʚʳʰʘʣʘ 200 
ʢʅ, ʧʨʝʜʝʣʳ ʜʦʧʫʩʢʘʝʤʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʥʘʛʨʫʟʢʠ (ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 8 ʜʦ 200 ʢʅ) ʥʝ ʧʨʝʚʳʰʘʣʠ 1 
%, ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʘʢʪʠʚʥʦʛʦ ʟʘʭʚʘʪʘ ʤʦʛʣʘ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,05 ʜʦ 50 ʤʤ/ʤʠʥ.  

ɺ ʧʝʯʠ (ʊ<1473Ñ2 ʂ, Vʢʘʤʝʨʳ=4 ʣʠʪʨʘ) ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʦʪʞʠʛ ʦʙʨʘʟʮʦʚ ʜʠʘʪʦʤʠʪʘ. ʕʢʩʧʝʨʠʤʝʥʪʳ 
ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʊ1=1073 K, ʊ2=1173 K, ʊ3=1223 K, ʊ4=1273 K ʚ ʪʝʯʝʥʠʠ t=1ï3 ʯʘʩʦʚ. ɿʘʪʝʤ ʠʟʤʝʨʷʣʠʩʴ 
ʧʦʨʠʩʪʦʩʪʴ, ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʦʙʨʘʟʮʦʚ. 

ʀʟʚʝʩʪʥʦ [5,c 9745-9752,6, c 1-9], ʯʪʦ ʢʝʨʘʤʠʢʘ ʥʘ ʦʩʥʦʚʝ SiO2, ʷʚʣʷʝʪʩʷ  ʭʨʫʧʢʠʤ ʤʘʪʝʨʠʘʣʦʤ 
ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʚ ʩʣʝʜʩʪʚʠʠ ʯʝʛʦ ʟʘʢʦʥ ɻʫʢʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʢʝʨʘʤʠʢʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ.1.  
 

 
ʉʡʪ.1. ɽʡʙʜʩʙʥʥʴ ʪʟʙʫʡʸ ʧʚʩʙʠʯʧʛ ʨʧʩʡʪʫʧʜʧ ʝʡʙʫʧʥʡʫʙ ʪ ʩʙʠʤʡʰʦʧʢ ʨʧʩʡʪʫʧʪʫʵʷ ʈ: 1- 35%; 2-
30%; 3-24%; 4- 20%. ʆʙ ʛʪʫʙʛʣʞ: ʭʧʫʧʜʩʙʭʡʸ ʭʩʙʜʥʞʦʫʙ ʨʧʩʡʪʫʧʢ ʝʡʙʫʧʥʡʫʧʛʧʢ ʪ ʉ=30% ʛ ʨʩʧ-

ʯʞʪʪʞ ʩʙʠʩʬʱʞʦʡʸ 
 

ɼʘʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʝ ʩ ʩʢʦʨʦʩʪʴʶ 8Ŀ10-4 ʩ-
1.ɿʘʚʠʩʠʤʦʩʪʴ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʜʠʘʛʨʘʤʤʘʤ ʩʞʘʪʠʷ, ʯʪʦ ʙʳʣ ʬʠʢʩʠʨʦʚʘʥ ʜʣʷ ʪʝʭ ʦʙʨʘʟʮʦʚ, ʫ ʢʦʪʦʨʳʭ 
ʙʳʣ ʨʘʟʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʨʠʩʪʦʩʪʠ ʤʘʪʝʨʠʘʣʘ (ʨʠʩ.2).  
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ȋȄȅȃȒȌǿȏȍȃȌȚȈ ȌǿȒȖȌȍ-ȇȐȐȊȄȃȍȁǿȑȄȊțȐȉȇȈ ȉȍȌȉȒȏȐ z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ɿʥʘʯʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ ʪʘʢʞʝ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʩʧʝʢʘʥʠʝ (ʧʨʠ ʪʝʤʧʝʨʘ-

ʪʫʨʝ 8000ʉ<T<10000ʉ) ʚʣʠʷʝʪ ʥʘ ʧʦʨʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʤʝʥʷʝʪ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʦʙʨʘʟʮʦʚ . 

ɼʣʷ ʦʪʞʠʛʘ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʨʝʟʠʩʪʠʚʥʫʶ ʧʝʯʴ, ʩ ʜʦʧʫʩʪʠʤʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʜʦ 12500ʉ, ʩ ʚʝʨʪʠ-
ʢʘʣʴʥʦʡ ʥʘʛʨʫʟʢʦʡ.  

ʆʪʞʠʛ ʧʨʦʠʟʚʦʜʠʣʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʊ1=8000ʉ, ʊ2=9000ʉ, ʊ3=9500ʉ, ʊ4=10000ʉ  ʧʨʠ t=1-3 ʯʘʩʦʚ. 
ʇʦʩʣʝ ʦʪʞʠʛʘ ʜʠʘʪʦʤʠʪʦʚʦʡ ʢʝʨʘʤʠʢʠ ʧʨʦʚʦʜʠʣʦʩʴ ʠʟʤʝʨʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ. 

 

 
ʉʡʪ. 2. ʀʙʛʡʪʡʥʧʪʫʵ ʡʠʥʞʦʞʦʡʸ ʥʧʝʬʤʸ ʬʨʩʬʜʧʪʫʡ ʧʫ ʛʩʞʥʞʦʡ ʧʫʟʡʜʙ ʧʚʩʙʠʯʧʛ: 1 ð 800 0ʊ; 2 - 900 

0ʊ; 3 ð 950 0ʊ; 4 ð 1000 0ʊ. =120 ʅʈʙ ð ʥʧʝʬʤʵ ʬʨʩʬʜʧʪʫʡ ʝʧ ʧʫʟʡʜʙ ʨʩʡ ʨʧʩʡʪʫʧʪʫʡ P= 25%,  

 ð ʥʧʝʬʤʵ ʬʨʩʬʜʧʪʫʡ ʨʧʪʤʞ ʧʫʟʡʜʙ. 

 
ʇʦ  ʧʦʣʫʯʝʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʥʘʡʜʝʤ ʵʥʝʨʛʠʶ ʘʢʪʠʚʘʮʠʠ ʧʨʦʮʝʩʩʘ Wʘ1 = 0,22 Ñ 

0,04 ʵɺ; Wʘ2 = 0,24 Ñ 0,04 ʵɺ; Wʘ3 = 0,23 Ñ 0,04 ʵɺ (ʨʠʩ.2). ʈʝʟʫʣʴʪʘʪʳ, ʢʦʪʦʨʳʝ ʚʳʚʝʣʠ ʚ ʭʦʜʝ 
ʵʢʩʧʝʨʠʤʝʥʪʘ, ʥʝ ʧʨʦʪʠʚʦʨʝʯʘʪ ʜʘʥʥʳʤ ʠʟ ʣʠʪʝʨʘʪʫʨʳ, ʦʥʠ ʥʝʜʘʣʝʢʠ ʦʪ ʪʝʭ ʟʥʘʯʝʥʠʡ ʵʥʝʨʛʠʠ 
ʘʢʪʠʚʘʮʠʠ ʚʷʟʢʦʛʦ ʪʝʯʝʥʠʷ [7,c 387-391, 8, c 289-296]. ɽʱʸ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʜʠʘʪʦʤʠʪʦʚʦʡ 
ʢʝʨʘʤʠʢʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, ʩʚʷʟʘʥʥʦ ʵʪʦ ʥʝ ʪʦʣʴʢʦ ʩ ʬʠʟʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ, ʪʦ 
ʙʠʰʴ ʫʚʝʣʠʯʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʦʙʨʘʟʮʘ ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʧʦʨ, ʘ ʝʱʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʚ ʬʘʟʝ ʚ 
ʩʘʤʦʤ ʦʙʨʘʟʮʝ. 

ɸʣʴʬʘ-ʢʚʘʨʮ ʩ ʩʠʣʴʥʦ ʠʩʢʘʞʝʥʥʦʡ ʨʝʰʝʪʢʦʡ, ʜʦ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʦʙʞʠʛʦʤ, ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʘʚʣʷʣ 
ʩʪʨʫʢʪʫʨʫ SiO2, ʥʦ ʧʦʩʣʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʦʥʘ ʧʦʤʝʥʷʣʘʩʴ ʥʘ ʙʝʪʘ-ʢʨʠʩʪʘʙʘʣʣʠʯʝʩʢʫʶ. 
ɻʣʘʚʥʦʝ ʦʪʣʠʯʠʝ ʵʪʠʭ ʜʚʫʭ ʩʦʩʪʦʷʥʠʡ ʚ ʪʦʤ, ʯʪʦ ʙʝʪʘ-ʢʨʠʩʪʘʙʘʣʣʠʪ ʠʤʝʝʪ ʢʫʙʠʯʝʩʢʫʶ ʩʠʥʛʦʥʠʶ, ʘ 
ʘʣʴʬʘ-ʢʚʘʨʮ ʠʤʝʝʪ ʪʨʠʘʛʦʥʘʣʴʥʫʶ ʩʠʥʛʦʥʠʶ.  

ʊʝʤʧʝʨʘʪʫʨʘ ʧʨʠ ʢʦʪʦʨʦʡ ʬʨʘʢʮʠʠ ʘʣʴʬʘ-ʢʚʘʨʮʘ ʧʝʨʝʭʦʜʷʪ ʚ ʙʝʪʘ-ʢʚʘʨʮ ʨʘʚʥʘ 5750ʉ (ʵʥʪʘʣʴʧʠʷ 
ʧʝʨʝʭʦʜʘ 0,41 ʢɼʞ/ʤʦʣʴ), ʘ ʙʝʪʘ-ʢʚʘʨʮ ʫʞʝ ʩʪʘʥʦʚʠʪʩʷ ʙʝʪʘ-ʢʨʠʩʪʦʙʘʣʠʪʦʤ ʧʨʠ 9270ʉ (ʵʥʪʘʣʴʧʠʷ 
ʧʝʨʝʭʦʜʘ 2,26 ʢɼʞ/ʤʦʣʴ).  

ɺ ʟʘʢʣʶʯʝʥʠʠ ʤʦʞʝʤ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚ ʜʘʥʥʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʝ ʙʳʣʠ 
ʠʟʫʯʝʥʳ ʧʨʦʮʝʩʩʳ ʨʘʟʨʫʰʝʥʠʷ ʠ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. ʇʨʠ ʵʪʦʤ, ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 8000ʉ ʜʦ 
10000ʉ, ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʠʟʤʝʥʝʥʠʷ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʦʪ ʚʨʝʤʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʦʪʞʠʛʘ. ɹʳʣʠ ʚʳʷʚʣʝʥʳ 
ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʡ ʘʢʪʠʚʘʮʠʠ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ Wʘ1 = 0,22 Ñ 0,04 ʵɺ; Wʘ2 = 0,24 Ñ 0,04 ʵɺ; Wʘ3 = 0,23 Ñ 
0,04 ʵɺ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʚʨʝʤʝʥʘʭ ʦʪʞʠʛʘ. ʆʙʨʘʟʝʮ ʙʳʣ ʧʦʜʚʝʨʛʥʫʪ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʚʣʠʷʥʠʶ ʧʨʠ 
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10000ʉ ʠ ʟʘ 3 ʯʘʩʘ ʧʦʷʚʠʣʘʩʴ ʩʪʨʫʢʪʫʨʘ SiO2 ʚ ʚʠʜʝ ʙʝʪʘ-ʢʨʠʩʪʘʙʘʣʣʠʪʘ. ʄʦʞʥʦ ʩʜʝʣʘʪʴ 
ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʚ ʜʠʘʪʦʤʠʪʦʚʦʡ ʢʝʨʘʤʠʢʠ ʩʚʷʟʘʥʥʦ ʥʝ ʪʦʣʴʢʦ 
ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʣʠʰʴ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ, ʥʦ ʠ ʩ ʬʘʟʦʚʳʤʠ 
ʠʟʤʝʥʝʥʠʷʤʠ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʧʨʦʝʢʪʘ FZRR-2023-0009. 
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ɻʛʞʝʞʦʡʞ 

ʊʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ï ʦʜʥʠ ʠʟ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ, ʦʢʘʟʳʚʘʶʱʠʝ ʪʦʢʩʠʯʝʩʢʦʝ ʚʦʟ-
ʜʝʡʩʪʚʠʝ ʥʘ ʚʩʝ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ.  

ʆʩʦʙʫʶ ʨʦʣʴ ʚ ʟʘʛʨʷʟʥʝʥʠʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ ʠʛʨʘʶʪ ʵʥʝʨʛʝʪʠʢʘ, ʯʝʨʥʘʷ 
ʠ ʮʚʝʪʥʘʷ ʤʝʪʘʣʣʫʨʛʠʷ, ʜʝʷʪʝʣʴʥʦʩʪʴ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ [1, ʩ. 4-5]. 

ʄʥʦʛʠʝ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ï ʚʘʞʥʳʝ ʤʠʢʨʦʵʣʝʤʝʥʪʳ, ʥʦ ʠʭ ʧʦʚʳʰʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʦʞʝʪ 
ʦʢʘʟʳʚʘʪʴ ʪʦʢʩʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ ʠ ʧʨʠʚʦʜʠʪʴ ʢ ʥʘʨʫʰʝʥʠʶ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 
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ʨʷʜʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ.  
ʃʝʩʥʳʝ ʜʠʢʦʨʘʩʪʫʱʠʝ ʛʨʠʙʳ ï ʮʝʥʥʳʝ ʧʠʱʝʚʳʝ ʦʙʲʝʢʪʳ ʜʣʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʘʩʝʣʝʥʠʷ 

ʥʘʰʝʡ ʩʪʨʘʥʳ, ʧʦʪʨʝʙʣʝʥʠʝ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʙʦʣʝʝ ʦʜʥʦʛʦ ʢʠʣʦʛʨʘʤʤʘ ʥʘ ʯʝʣʦʚʝʢʘ ʚ ʛʦʜ [2]. 
ɻʨʠʙʳ, ʥʝ ʩʤʦʪʨʷ ʥʘ ʠʭ ʚʳʨʘʞʝʥʥʳʝ ʘʢʢʫʤʫʣʷʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ʢ ʪʷʞʝʣʳʤ ʤʝʪʘʣʣʘʤ, ʷʚʣʷʶʪʩʷ ʧʦʧʫ-
ʣʷʨʥʳʤ ʦʙʲʝʢʪʦʤ ʧʠʪʘʥʠʷ ʩʨʝʜʠ ʥʘʩʝʣʝʥʠʷ [3]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʭ 
ʫʧʦʪʨʝʙʣʝʥʠʷ ʚ ʧʠʱʫ 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ð ʠʟʫʯʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʧʣʦʜʦʚʳʭ ʪʝʣʘʭ ʨʘʟʣʠʯʥʳʭ 
ʚʠʜʦʚ ʰʣʷʧʦʯʥʳʭ ʛʨʠʙʦʚ, ʩʦʙʨʘʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʄʫʨʤʘʥʩʢʦʡ ʦʙʣʘʩʪʠ. 

 
ʅʙʫʞʩʡʙʤʴ ʡ ʥʞʫʧʝʴ ʡʪʪʤʞʝʧʛʙʦʡʸ 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʧʣʦʜʦʚʳʝ ʪʝʣʘ ʪʘʢʠʭ ʰʣʷʧʦʯʥʳʭ ʛʨʠʙʦʚ, ʢʘʢ: Russula vesca, Leccinum 
aurantiacum, Leccinum scabrum, Boletus edulis, Xerocomus sp., Lactarius rufus, Russula fragilis, Russula 
claroflava, Lactarius torminosus 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʩʙʦʨ ʧʨʦʙ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʡʦʥʘʭ ʄʫʨʤʘʥʩʢʦʡ 
ʦʙʣʘʩʪʠ ʚ ʧʝʨʠʦʜ ʩ 2020 ʛʦʜʘ ʧʦ 2022 ʛʦʜ. ʄʝʩʪʘʤʠ ʩʙʦʨʘ ʧʨʦʙ ʩʪʘʣʠ ʩʝʣʦ ʉʦʩʥʦʚʢʘ, ʧʦʩʝʣʦʢ ɼʘʣʴʥʠʝ 
ɿʝʣʝʥʮʳ ʠ ʧʦʩʝʣʦʢ ɿʚʝʨʦʩʦʚʭʦʟ. 

ʋ ʢʘʞʜʦʛʦ ʛʨʠʙʘ ʙʳʣʠ ʚʟʷʪʳ ʧʦ ʜʚʝ ʧʨʦʙʳ ʪʨʝʭ ʯʘʩʪʝʡ ʧʣʦʜʦʚʦʛʦ ʪʝʣʘ ʛʨʠʙʘ: ʪʨʘʤʘ, ʛʠʤʝʥʦʬʦʨ, 
ʥʦʞʢʘ.  

ɺ ʢʘʞʜʦʡ ʧʨʦʙʝ ʦʧʨʝʜʝʣʷʣʘʩʴ ʤʘʩʩʦʚʘʷ ʜʦʣʷ Pb, Cd, Cu, Zn. ɼʣʷ ʵʪʦʛʦ ʙʳʣ ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ ʠʥ-
ʚʝʨʩʠʚʥʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ (ʌʈ.1.31.2004.00986) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʘʣʠʟʘʪʦʨʘ çʊɸ-Labè.  

ʅʘ ʧʦʩʣʝʜʥʝʤ ʵʪʘʧʝ ʧʨʦʚʦʜʠʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 
 

ʉʞʠʬʤʵʫʙʫʴ ʡ ʧʚʪʬʟʝʞʦʡʸ  
ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʧʣʦʜʦʚʳʭ ʪʝʣʘʭ ʛʨʠʙʦʚ ʧʨʝʜʩʪʘʚʣʝ-

ʥʳ ʚ ʪʘʙʣʠʮʘʭ ˉ1-5. 
 
 

ʋʙʚʤʡʯʙ 1 
ʅʙʪʪʧʛʴʞ ʣʧʦʯʞʦʫʩʙʯʡʡ ʋʅ ʛ ʨʤʧʝʧʛʴʮ ʫʞʤʙʮ ʱʤʸʨʧʰʦʴʮ ʜʩʡʚʧʛ (ʥʜ/ʣʜ ʪʬʮʧʢ ʥʙʪʪʴ) 

ɺʠʜ Cd Pb Cu Zn 

ɼʘʣʴʥʠʝ ɿʝʣʝʥʮʳ 

Russula vesca 0,29 0,46 14,09 86,12 

Leccinum aurantiacum 0,85 1,09 51,16 73,69 

Leccinum scabrum 1,14 1,54 65,25 159,81 

ɿʚʝʨʦʩʦʚʭʦʟ 

Leccinum aurantiacum 0,95 0,81 34,16 101,22 

Lactarius torminosus 0,86 1,42 19,13 145,88 

Leccinum scabrum 1,51 1,54 5,08 3,78 

Boletus edulis 0,88 1,20 61,67 0,07 

Russula vesca 1,46 1,54 29,76 3,42 

ʉʦʩʥʦʚʢʘ 

Russula claroflava 0,37 0,51 71,86 124,34 

Xerocomus sp. 0,6 0,34 13,38 83,43 

Lactarius torminosus 0,44 2,89 17,74 200,43 

Leccinum scabrum 0,42 2,18 14,42 151,11 

Lactarius rufus 0,40 0,76 31,90 168,35 

Leccinum aurantiacum 0,62 0,59 81,92 122,05 

Russula fragilis 0,22 0,37 16,03 200,77 
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ʅʘʠʙʦʣʴʰʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ Cd ʙʳʣʘ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʚ ʧʣʦʜʦʚʦʤ ʪʝʣʝ Russula vesca, ʩʦʙʨʘʥʥʦʤ 
ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɿʚʝʨʦʩʦʚʭʦʟʘ, ʩʚʠʥʮʘ ï ʚ Lactarius torminosus, ʤʝʜʠ ï ʚ Leccinum aurantiacum, ʮʠʥʢʘ ï ʚ 
Lactarius torminosus ʠ Russula fragilis, ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʦʩʥʦʚʢʠ. 

ʇʦʩʢʦʣʴʢʫ ʚ ʧʣʦʜʦʚʳʭ ʪʝʣʘʭ ʛʨʠʙʦʚ, ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʥʘ ʦʜʥʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ 
ʨʘʟʣʠʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʝ ʛʨʠʙʳ ʠʤʝʶʪ 
ʚʠʜʦʚʫʶ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʢ ʥʘʢʦʧʣʝʥʠʶ ʵʣʝʤʝʥʪʦʚ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʮʠʥʢʘ ʚ Lactarius torminosus ʧʨʘʢʪʠʯʝʩʢʠ ʚ 2000 ʨʘʟ ʧʨʝʚʳʰʘʝʪ 
ʢʦʥʮʝʥʪʨʘʮʠʶ ʚ Boletus edulis, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ ʯʪʦ ʦʥʠ ʙʳʣʠ ʩʦʙʨʘʥʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʦʜʥʦʛʦ ʧʦʩʝʣʝʥʠʷ.  

 
ʋʙʚʤʡʯʙ 2 

ʅʙʪʪʧʛʴʞ ʣʧʦʯʞʦʫʩʙʯʡʡ ʣʙʝʥʡʸ ʛ ʨʤʧʝʧʛʴʮ ʫʞʤʙʮ ʱʤʸʨʧʰʦʴʮ ʜʩʡʚʧʛ (ʥʜ/ʣʜ ʪʬʮʧʢ ʥʙʪʪʴ) 

ɺʠʜ ʊʨʘʤʘ ɻʠʤʝʥʦʬʦʨ ʅʦʞʢʘ 

ɼʘʣʴʥʠʝ ɿʝʣʝʥʮʳ 

Russula vesca 0,23 Ñ 0,12 0,41 Ñ 0,28 0,29 Ñ 0,16 

Leccinum aurantiacum 0 1,92 Ñ 0,72 0,31 Ñ 0,18 

Leccinum scabrum 0,28 Ñ 0,14 0,14 Ñ 0,04 0 

ɿʚʝʨʦʩʦʚʭʦʟ 

Leccinum aurantiacum 2,15 Ñ 1,1 0,55 Ñ 0,5 1,1 Ñ 0,3 

Lactarius torminosus 0,82 Ñ 0,4 1,52 Ñ 0,7 0,26 Ñ 0,15 

 

Leccinum scabrum 0,27 Ñ 0,08 1,64 Ñ 1,3 2,61 Ñ 1,2 

Boletus edulis 0,62 Ñ 0,36 1 Ñ 0,06 1,67 Ñ 0,12 

Russula vesca 1,26 Ñ 0,37 2,7 Ñ 1,4 0,41 Ñ 0,05 

ʉʦʩʥʦʚʢʘ 

Russula claroflava 0,09 Ñ 0,1 0,41 Ñ 0,01 0,9 Ñ 0,5 

Xerocomus sp. 0,98 Ñ 0,6 0,5 Ñ 0,28 0,14 Ñ 0,09 

Lactarius torminosus 0 1,15 Ñ 0,7 0,31 Ñ 0,2 

Leccinum scabrum 0,41 Ñ 0,3 0,71 Ñ 0,3 0,15 Ñ 0,1 

Lactarius rufus 0,86 Ñ 0,2 0,31 Ñ 0,13 0,09 Ñ 0,02 

Leccinum aurantiacum 0,84 Ñ 0,26 1,21 Ñ 0,3 0,22 Ñ 0,13 

Russula fragilis 0,66 Ñ 0,08   

ʇʨʠʤʝʯʘʥʠʝ: ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Ñ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ. 
 
ɺ ʥʦʞʢʝ Leccinum scabrum, ʧʨʦʠʟʨʘʩʪʘʶʱʝʛʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɿʚʝʨʦʩʦʚʭʦʟʘ, ʟʘʬʠʢʩʠʨʦʚʘʥʦ 

ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ Cd, ʘ ʠʤʝʥʥʦ ï 2,61 ʤʛ/ʢʛ. ʆʜʥʘʢʦ, ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʙʦʣʴʰʠʝ ʢʦʥʮʝʥ-
ʪʨʘʮʠʠ ʦʪʤʝʯʘʣʠʩʴ ʚ ʛʠʤʝʥʦʬʦʨʝ, ʥʘʠʤʝʥʝʝ ʯʘʩʪʦ ï ʚ ʪʨʘʤʝ ʧʣʦʜʦʚʳʭ ʪʝʣ ʛʨʠʙʦʚ. ʊʘʢ, ʩʘʤʳʝ ʙʦʣʴ-
ʰʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Cd ʚ ʛʠʤʝʥʦʬʦʨʝ ʦʪʤʝʯʝʥʳ ʫ 7 ʛʨʠʙʦʚ ʠʟ 14, ʚ ʪʨʘʤʝ ï ʫ 4, ʘ ʚ ʥʦʞʢʝ ï ʫ 3 ʛʨʠʙʦʚ.  

 
ʋʙʚʤʡʯʙ 3 

ʅʙʪʪʧʛʴʞ ʣʧʦʯʞʦʫʩʙʯʡʡ ʪʛʡʦʯʙ ʛ ʨʤʧʝʧʛʴʮ ʫʞʤʙʮ ʱʤʸʨʧʰʦʴʮ ʜʩʡʚʧʛ (ʥʜ/ʣʜ ʪʬʮʧʢ ʥʙʪʪʴ) 

ɺʠʜ ʊʨʘʤʘ ɻʠʤʝʥʦʬʦʨ ʅʦʞʢʘ 

ɼʘʣʴʥʠʝ ɿʝʣʝʥʮʳ 

Russula vesca 0,58 Ñ 0,33 0,61 Ñ 0,21 0,33 Ñ 0,19 

Leccinum aurantiacum 0 1,84 Ñ 0,08 0,9 Ñ 0,6 

Leccinum scabrum 0,28 Ñ 0,14 0,13 Ñ 0,1 0 

ɿʚʝʨʦʩʦʚʭʦʟ 

Leccinum aurantiacum 1 Ñ 0,23 0,61 Ñ 0,33 0,82 Ñ 0,2 

Lactarius torminosus 1,21 Ñ 0,8 1,34 Ñ 0,64 0,32 Ñ 0,1 

Leccinum scabrum 0,35 Ñ 0,1 1,66 Ñ 1,3 3,25 Ñ 2 
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ȋȄȅȃȒȌǿȏȍȃȌȚȈ ȌǿȒȖȌȍ-ȇȐȐȊȄȃȍȁǿȑȄȊțȐȉȇȈ ȉȍȌȉȒȏȐ z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ɺʠʜ ʊʨʘʤʘ ɻʠʤʝʥʦʬʦʨ ʅʦʞʢʘ 

Boletus edulis 1,01 Ñ 0,6 0,92 Ñ 0,19 1,66 Ñ 0,11 

Russula vesca 1,29 Ñ 0,4 2,93 Ñ 1,4 0,41 Ñ 0,04 

ʉʦʩʥʦʚʢʘ 

Russula claroflava 0,35 Ñ 0,11 0,25 Ñ 0,16 0,94 Ñ 0,39 

Xerocomus sp. 0,2 Ñ 0,06 0,51 Ñ 0,28 0,47 Ñ 0,18 

Lactarius torminosus 3,81 Ñ 2,4 4,67 Ñ 2,4 2 Ñ 1,33 

Leccinum scabrum 0,53 Ñ 0,26 8,23 Ñ 4,06 0,64 Ñ 0,01 

Lactarius rufus 0,8 Ñ 0,26 1,04 Ñ 0,80 0,43 Ñ 0,21 

Leccinum aurantiacum 0,44 Ñ 0,12 0,94 Ñ 0,27 0,39 Ñ 0,13 

Russula fragilis 1,12 Ñ 0,48   

ʇʨʠʤʝʯʘʥʠʝ: ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Ñ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ. 
 
ɺ ʛʠʤʝʥʦʬʦʨʝ Leccinum scabrum, ʩʦʙʨʘʥʥʦʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʦʩʥʦʚʢʠ, ʦʪʤʝʯʝʥʦ ʩʘʤʦʝ ʙʦʣʴʰʦʝ 

ʟʥʘʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʩʚʠʥʮʘ, ʘ ʠʤʝʥʥʦ ï 8,23 ʤʛ/ʢʛ. 
ɺ 9 ʠʟ 14 ʧʣʦʜʦʚʳʭ ʪʝʣ ʥʘʠʙʦʣʴʰʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʚʠʥʮʘ ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʠʤʝʥʥʦ ʚ ʛʠʤʝ-

ʥʦʬʦʨʝ. 
 

ʋʙʚʤʡʯʙ 4 
ʅʙʪʪʧʛʴʞ ʣʧʦʯʞʦʫʩʙʯʡʡ ʥʞʝʡ ʛ ʨʤʧʝʧʛʴʮ ʫʞʤʙʮ ʱʤʸʨʧʰʦʴʮ ʜʩʡʚʧʛ (ʥʜ/ʣʜ ʪʬʮʧʢ ʥʙʪʪʴ) 

ɺʠʜ ʊʨʘʤʘ ɻʠʤʝʥʦʬʦʨ ʅʦʞʢʘ 

ɼʘʣʴʥʠʝ ɿʝʣʝʥʮʳ 

Russula vesca 8,97 Ñ 4,29 25 Ñ 2 8,3 Ñ 2,79 

Leccinum aurantiacum 4,17 Ñ 2,02 146,2 Ñ 37,85 3,12 Ñ 5,43 

Leccinum scabrum 0,55 Ñ 0,22 4,37 Ñ 0,7 0,47 Ñ 0,28 

ɿʚʝʨʦʩʦʚʭʦʟ 

Leccinum aurantiacum 38,54 Ñ 6 25 Ñ 10 38,95 Ñ 7 

Lactarius torminosus 11,13 Ñ 5 32,87 Ñ 14,9 7,87 Ñ 3,34 

Leccinum scabrum 4,47 Ñ 1,25 9,26 Ñ 3,47 1,52 Ñ 0,77 

Boletus edulis 51,6 Ñ 11,02 90,73 Ñ 40,7 42,68 Ñ 15,89 

Russula vesca 26,33 Ñ 5,62 52,28 Ñ 24,37 10,68 Ñ 1,45 

ʉʦʩʥʦʚʢʘ 

Russula claroflava 30,25 Ñ 7,4 67,43 Ñ 1,9 117,9 Ñ 52,1 

Xerocomus sp. 23,86 Ñ 15,84 10,25 Ñ 1,88 6,02 Ñ 1,86 

Lactarius torminosus 17,33 Ñ 14,91 22,22 Ñ 3,1 13,67 Ñ 10,93 

Leccinum scabrum 14,95 Ñ 13,71 22,87 Ñ 9,86 7,94 Ñ 4,06 

Lactarius rufus 56,4 Ñ 11,15 33,18 Ñ 10,73 6,13 Ñ 3,96 

Leccinum aurantiacum 94,9 Ñ 12,8 156,5 Ñ 27,51 38,3 Ñ 3,98 

Russula fragilis 54,34 Ñ 31,22     

ʇʨʠʤʝʯʘʥʠʝ: ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Ñ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ. 
 
ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʘʭ 4 ʠ 5 ʩʣʝʜʫʝʪ, ʯʪʦ ʩʘʤʘʷ ʙʦʣʴʰʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʤʝʜʠ ʦʪʤʝʯʝʥʘ ʚ ʛʠʤʝʥʦʬʦʨʝ Leccinum aurantiacum, ʘ ʮʠʥʢʘ ï ʚ ʪʨʘʤʝ Russula fragilis, ʩʦʙʨʘʥʥʳʭ ʥʘ 
ʪʝʨʨʠʪʦʨʠʠ ʉʦʩʥʦʚʢʠ. 

ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʘʭ 4 ʠ 5, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʭʘʨʘʢʪʝʨ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʜʠ ʠ ʮʠʥʢʘ ʪʘʢʦʡ ʞʝ, ʢʘʢ ʠ ʜʚʫʭ ʧʨʝʜʳʜʫʱʠʭ ʤʝʪʘʣʣʦʚ. ʊʘʢ, ʚ 10 ʠʟ 14 ʛʨʠʙʦʚ ʙʦʣʴ-
ʠhʝ ʩʦʜʝʨʞʘʥʠʷ ʤʝʜʠ ʠ ʮʠʥʢʘ ʥʘʙʣʶʜʘʣʠʩʴ ʠʤʝʥʥʦ ʚ ʛʠʤʝʥʦʬʦʨʝ. ʆʜʥʘʢʦ, ʜʣʷ ʮʠʥʢʘ (ʪʘʙʣ. 5) ʭʘʨʘʢ-
ʪʝʨʥʘ ʤʝʥʴʰʘʷ ʘʢʢʫʤʫʣʷʮʠʷ ʚ ʥʦʞʢʝ, ʘ ʥʝ ʚ ʪʨʘʤʝ.  
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ʋʙʚʤʡʯʙ 5 
ʅʙʪʪʧʛʴʞ ʣʧʦʯʞʦʫʩʙʯʡʡ ʯʡʦʣʙ ʛ ʨʤʧʝʧʛʴʮ ʫʞʤʙʮ ʱʤʸʨʧʰʦʴʮ ʜʩʡʚʧʛ (ʥʜ/ʣʜ ʪʬʮʧʢ ʥʙʪʪʴ) 

ɺʠʜ ʊʨʘʤʘ ɻʠʤʝʥʦʬʦʨ ʅʦʞʢʘ 

ɼʘʣʴʥʠʝ ɿʝʣʝʥʮʳ 

Russula vesca 78,39 Ñ 30,56 115,29 Ñ 12 64,69 Ñ 20,77 

Leccinum aurantiacum 33,4 Ñ 4,32 187,67 Ñ 18,15 0 

Leccinum scabrum 53,93 Ñ 17,12 77,68 Ñ 33,18 41,53 Ñ 15,57 

ɿʚʝʨʦʩʦʚʭʦʟ 

Leccinum aurantiacum 93,52 Ñ 17,13 115,29 Ñ 52,06 94,86 Ñ 18,68 

Lactarius torminosus 132,32 Ñ 49,49 177,6 Ñ 23,74 127,73 Ñ 72,18 

Leccinum scabrum 2,98 Ñ 1,24 4,28 Ñ 0,94 4,09 Ñ 1,76 

Boletus edulis 0 0,35 Ñ 0,24 0 

Russula vesca 4,73 Ñ 1,01 5,53 Ñ 0,98 0 

ʉʦʩʥʦʚʢʘ    

Russula claroflava 83,03 Ñ 15,76 140 Ñ 17,05 150 Ñ 26,69 

Xerocomus sp. 108,5 Ñ 86,4 92,4 Ñ 37,62 49,4 Ñ 6,71 

Lactarius torminosus 205,17 Ñ 31,82 245,33 Ñ 70,51 150,8 Ñ 62,35 

Leccinum scabrum 231,5 Ñ 24,44 182,17 Ñ 57,49 98,95 Ñ 42,49 

Lactarius rufus 368,75 Ñ 114,36 86,08 Ñ 10,45 97,58 Ñ 76,26 

Leccinum aurantiacum 109,23 Ñ 48,25 208,5 Ñ 30,76 48,43 Ñ 8,85 

Russula fragilis 781,84 Ñ 361,32   

ʇʨʠʤʝʯʘʥʠʝ: ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Ñ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ. 
 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʜʤʠʷ, ʩʚʠʥʮʘ, ʤʝʜʠ ʠ ʮʠʥʢʘ ʜʦʩʪʘʪʦʯʥʦ ʩʭʦʞ ï ʥʘʠʙʦ-

ʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʘʢʢʫʤʫʣʷʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ ʰʣʷʧʢʝ, ʥʘʠʤʝʥʝʝ ï ʚ ʥʦʞʢʝ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, 
ʯʪʦ ʩʘʤʳʝ ʘʢʪʠʚʥʳʝ ʦʙʤʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʠʜʫʪ ʚ ʰʣʷʧʢʘʭ ʛʨʠʙʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʠʭ 
ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʙʫʜʝʪ ʛʦʨʘʟʜʦ ʚʳʰʝ [4]. 

ɺ ʦʙʨʘʟʮʘʭ, ʩʦʙʨʘʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɿʚʝʨʦʩʦʚʭʦʟʘ, ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʩʘʤʳʝ ʚʳʩʦʢʠʝ ʟʥʘ-
ʯʝʥʠʷ ʢʘʜʤʠʷ ʩʨʝʜʠ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʛʨʠʙʦʚ.  

ɺ ʦʙʨʘʟʮʘʭ, ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʦʩʥʦʚʢʠ, ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʩʘʤʳʝ ʚʳʩʦʢʠʝ ʟʥʘ-
ʯʝʥʠʷ Pb, Cu, Zn, ʯʪʦ ʜʦʚʦʣʴʥʦ ʥʝʦʞʠʜʘʥʥʦ, ʧʦʩʢʦʣʴʢʫ ʩʝʣʦ ʉʦʩʥʦʚʢʘ ʥʘʭʦʜʠʪʩʷ ʚ ʙʦʣʴʰʦʤ ʫʜʘʣʝʥʠʠ 
ʦʪ ʛʦʨʦʜʦʚ, ɻʆʂ, ɻʄʂ, ʠ ʜʨʫʛʠʭ ʠʩʪʦʯʥʠʢʦʚ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ.  

 
ʋʙʚʤʡʯʙ 6 

ʈɽʃ ʋʅ ʛ ʨʤʧʝʧʛʴʮ ʫʞʤʙʮ ʜʩʡʚʧʛ ʛ ʪʧʧʫʛʞʫʪʫʛʡʡ ʪ ʊʙʦʈʡʆ 2.3.2.1078-01. 2.3.2  
(ʥʜ/ʣʜ ʪʬʮʧʢ ʥʙʪʪʴ) 

Cd Pb Cu Zn 

0,03 0,5 10 20 

 
ʉʨʘʚʥʠʚʘʷ ʜʘʥʥʳʝ ʧʝʨʚʦʡ ʪʘʙʣʠʮʳ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʇɼʂ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʚʩʝ ʟʥʘʯʝʥʠʷ ʧʦ 

Cd ʧʨʝʚʳʰʘʣʠ ʟʥʘʯʝʥʠʷ ʇɼʂ. ɺ ʛʠʤʝʥʦʬʦʨʝ Russula vesca (ʪʘʙʣ. 2) ʟʥʘʯʝʥʠʷ Cd ʧʨʝʚʳʩʠʣʠ ʚ 90 ʨʘʟ 
ʟʥʘʯʝʥʠʷ ʇɼʂ. ɺʦ ʚʩʝʭ ʛʨʠʙʘʭ, ʧʦʤʠʤʦ ʪʨʝʭ, ʟʥʘʯʝʥʠʷ ʩʚʠʥʮʘ ʧʨʝʚʳʰʘʣʠ ʇɼʂ. ʊʦʣʴʢʦ ʚ 1 ʠʟ 15 ʛʨʠʙʦʚ, 
Leccinum scabru (ʪʘʙʣ. 3), ʧʨʦʠʟʨʘʩʪʘʶʱʝʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɿʚʝʨʦʩʦʚʭʦʟʘ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʝʜʠ ʥʝ ʧʨʝ-
ʚʳʰʘʣʘ ʟʥʘʯʝʥʠʡ ʇɼʂ. ɺʦ ʚʩʝʭ ʛʨʠʙʘʭ, ʧʦʤʠʤʦ ʪʨʝʭ, ʩʦʙʨʘʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɿʚʝʨʦʩʦʚʭʦʟʘ, ʟʥʘʯʝʥʠʷ 
ʮʠʥʢʘ ʧʨʝʚʳʰʘʣʠ ʇɼʂ (ʪʘʙʣ. 4). 

 
ʀʙʣʤʷʰʞʦʡʞ 

ɺ ʮʝʣʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʣʦʜʦʚʳʝ ʪʝʣʘ ʰʣʷʧʦʯʥʳʭ ʛʨʠʙʦʚ, ʩʦʙʨʘʥʥʳʝ ʥʘ ʪʝʨ-
ʨʠʪʦʨʠʠ ʄʫʨʤʘʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʥʝ ʷʚʣʷʶʪʩʷ ʧʦʣʥʦʩʪʴʶ ʙʝʟʦʧʘʩʥʳʤʠ ʢ ʫʧʦʪʨʝʙʣʝʥʠʶ. ʇʨʦʠʟʨʘʩʪʘʥʠʝ 
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ʛʨʠʙʦʚ ʚ ʨʘʡʦʥʘʭ, ʫʜʘʣʝʥʥʳʭ ʦʪ ʛʦʨʦʜʦʚ ʠ ʧʨʝʜʧʨʠʷʪʠʡ, ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ ʠʭ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʧʦʩʢʦʣʴʢʫ ʚ 
ʙʦʣʴʰʠʥʩʪʚʝ ʦʙʨʘʟʮʦʚ ʩʦʜʝʨʞʘʥʠʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʧʨʝʚʳʰʘʣʠ ʟʥʘʯʝʥʠʷ ʇɼʂ.  

ʅʘʙʣʶʜʘʝʪʩʷ ʚʠʜʦʚʘʷ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ. ʇʦʩʢʦʣʴʢʫ ʚ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʛʨʠ-
ʙʦʚ, ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʥʘ ʦʜʥʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʦʪʤʝʯʝʥʦ ʨʘʟʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʦʚ. 

ʅʘʠʙʦʣʝʝ ʙʝʟʦʧʘʩʥʦʡ ʜʣʷ ʫʧʦʪʨʝʙʣʝʥʠʷ ʚ ʧʠʱʫ ʯʘʩʪʴʶ ʧʣʦʜʦʚʦʛʦ ʪʝʣʘ ʷʚʣʷʝʪʩʷ ʥʦʞʢʘ, ʪʘʢ ʢʘʢ ʚ 
ʥʝʡ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʥʘʠʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ. 
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Abstract: This article discusses the features of the accumulation of heavy metals by plants from the 
wastewater of a mining and processing plant. The content of heavy metals in the aboveground and under-
ground parts of plants was determined by the method of inversion voltammetry and atomic emission spec-
trometry. It was found that Myosotis alpestris and Ranunculus repens intensively absorb heavy metal ions and 
can later be used for phyto-purification of wastewater and phyto-extraction of useful metals. 
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ɻɻɾɽɾʆʁɾ 

ɿʘʛʨʷʟʥʝʥʠʝ ʚʦʜʥʳʭ ʠ ʥʘʟʝʤʥʳʭ ʵʢʦʩʠʩʪʝʤ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 
ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʧʨʦʙʣʝʤʫ, ʢʦʪʦʨʘʷ ʚʳʟʳʚʘʝʪ ʙʝʩʧʦʢʦʡʩʪʚʦ ʥʘʩʝʣʝʥʠʷ. ʊʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʷʚʣʷʶʪʩʷ 
ʩʪʦʡʢʠʤʠ ʟʘʛʨʷʟʥʠʪʝʣʷʤʠ ʠ ʩʪʘʙʠʣʴʥʦ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ.  
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ȋȄȅȃȒȌǿȏȍȃȌȚȈ ȌǿȒȖȌȍ-ȇȐȐȊȄȃȍȁǿȑȄȊțȐȉȇȈ ȉȍȌȉȒȏȐ z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʤʘ ʬʠʪʦʨʝʤʝʜʠʘʮʠʠ ʟʘʛʨʷʟʥʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʬʠʪʦʵʢʩʪʨʘʢʮʠʠ ʧʦʣʶʪʘʥ-
ʪʦʚ ʠʟ ʧʦʯʚʳ ʠ ʚʦʜʳ ʠ ʜʘʞʝ ʬʠʪʦʜʦʙʳʯʠ ʧʦʣʝʟʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʝʨʝʞʠʚʘʝʪ ʙʦʣʴʰʦʡ ʧʦʜʲʝʤ, ʚ ʩʚʷʟʠ ʩ 
ʪʝʤ, ʯʪʦ ʪʘʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʩʨʘʟʫ ʨʝʰʠʪʴ ʠ ʧʨʦʙʣʝʤʫ ʦʯʠʩʪʢʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʢʦʤʤʫʥʘʣʴ-
ʥr ʭ ʦʪʭʦʜʦʚ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʧʦʣʝʟʥʳʭ ʵʣʝʤʝʥʪʦʚ [1]. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʦʪʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʵʢʦʥʦʤʠʯʝ-
ʩʢʠ ʥʝ ʚʳʛʦʜʥʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʚʳʩʰʠʭ ʨʘʩʪʝʥʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʩʰʠʭ ʨʘʩʪʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʨʝʘ-
ʛʝʥʪʦʚ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʤ, ʪʘʢ ʢʘʢ ʥʝ ʪʨʝʙʫʝʪʩʷ 
ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʵʥʝʨʛʠʶ ʠ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʛʝʥʪʳ [2]. 

ʀʩʩʣʝʜʫʝʤʳʤʠ ʦʙʲʝʢʪʘʤʠ ʷʚʣʷʝʪʩʷ Myosotis alpestris ʠ Ranunculus repens ʧʨʦʨʘʩʪʘʶʪ ʥʘ ʪʝʨʨʠ-
ʪʦʨʠʠ ʄʫʨʤʘʥʩʢʦʡ ʦʙʣʘʩʪʠ.  

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ Myosotis alpestris ʠ Ranunculus repens ʜʣʷ 
ʬʠʪʦʵʢʩʪʨʘʢʮʠʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠʟ ʩʪʦʯʥʳʭ ʚʦʜ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʢʘʢ ʘʣʴʪʝʨʥʘ-
ʪʠʚʥʳʭ, ʪʘʢ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʤʝʪʦʜʦʚ ʦʯʠʩʪʢʠ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʤʝʪʦʜʦʚ ʬʠʪʦʜʦʙʳʯʠ ʧʦ-
ʣʝʟʥʳʭ ʤʝʪʘʣʣʦʚ. 

ʅʙʫʞʩʡʙʤʴ ʡ ʥʞʫʧʝʴ ʡʪʪʤʞʝʧʛʙʦʡʸ 
ɺ 2020 -2021 ʛʦʜʫ ʧʨʦʚʦʜʠʣʘʩʴ ʦʮʝʥʢʘ ʩʦʜʝʨʞʘʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʨʘʩʪʝʥʠʷʭ, ʚʳʩʘʞʝʥʥʳʭ 

ʚ ʬʠʪʦʩʘʜʢʠ, ʬʠʪʦʧʣʦʪʳ ʠ ʥʘ ʤʝʣʢʦʚʦʜʴʷ, ʘ ʪʘʢʞʝ ʨʷʜʘ ʜʠʢʦʨʘʩʪʫʱʠʭ ʨʘʩʪʝʥʠʡ ʤʝʣʢʦʚʦʜʠʡ ʚʪʦʨʠʯʥʦ-
ʛʦ ʦʪʩʪʦʡʥʠʢʘ ʠ ʢʘʥʘʣʘ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ Myosotis alpestris ʠ Ranunculus repens. 

ʇʨʦʙʳ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʛʥʠʷ, ʩʪʨʦʥʮʠʷ ʠ ʞʝʣʝʟʘ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʧʦ 
ʤʝʪʦʜʠʢʘʤ ʜʣʷ ʘʥʘʣʠʟʘ ʚʦʜʳ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʦʟʦʣʝʥʠʝʤ ʠ ʨʘʩʪʚʦʨʝʥʠʝʤ. ʇʨʦʙʳ  

ʇʨʦʙʳ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʪʘʢʠʭ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ, ʢʘʢ V, Mn, Fe, Cu, Sr, Mg, Mo, Zn. 
ʉʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʠ ʮʠʥʢʘ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʠʥʚʝʨʩʠʚʥʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʘʥʘʣʠʟʘʪʦʨʘ çʊɸ-Labè. ʉʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ, ʤʦʣʠʙʜʝʥʘ, ʤʘʨʛʘʥʮʘ, ʚʘʥʘʜʠʷ, ʤʘʛʥʠʷ ʠ ʩʪʨʦʥʮʠʷ ʦʧʨʝ-
ʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ɻ ʤʠʩʩʦʥʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ. 

ʉʞʠʬʤʵʫʙʫʴ ʡ ʧʚʪʬʟʝʞʦʡʸ. 
Myosotis alpestris ʷʚʣʷʝʪʩʷ ʜʚʫʣʝʪʥʠʢʦʤ ʠ ʚ ʢʦʥʮʝ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʩʝʟʦʥʘ ʜʣʷ ʚʳʩʘʜʢʠ ʠʩʧʦʣʴʟʦ-

ʚʘʣʠʩʴ ʨʘʩʪʝʥʠʷ ʧʝʨʚʦʛʦ ʛʦʜʘ ʞʠʟʥʠ, ʥʘʭʦʜʠʚʰʠʝʩʷ ʥʘ ʚʝʛʝʪʘʪʠʚʥʦʡ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ, ʘ ʚ 2021 ʛʦʜʫ ï 
ʨʘʩʪʝʥʠʷ ʚʪʦʨʦʛʦ ʛʦʜʘ ʞʠʟʥʠ ʥʘ ʩʪʘʜʠʠ ʙʫʪʦʥʠʟʘʮʠʠ, ʮʚʝʪʝʥʠʷ ʠ ʧʣʦʜʦʥʦʰʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʢʦʧʣʝʥʠʷ ʠʦʥʦʚ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʦʨʛʘʥʘʭ ʥʝʟʘʙʫʜʢʠ ʘʣʴʧʠʡʩʢʦʡ, 
ʚʳʨʘʱʝʥʥʦʡ ʥʘ ʩʪʦʯʥʳʭ ʚʦʜʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1 ʠ 2. 

ʉʪʘʙʠʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʦʪʤʝʯʝʥʦ ʜʣʷ ʠʦʥʦʚ ʞʝʣʝʟʘ, ʢʦʪʦʨʳʝ ʙʦʣʝʝ ʘʢʪʠʚʥʦ ʘʢʢʫʤʫʣʠʨʫʶʪʩʷ ʚ 
ʢʦʨʥʷʭ. ʇʦʛʣʦʱʝʥʠʝ ʤʘʨʛʘʥʮʘ ʜʦʩʪʘʪʦʯʥʦ ʠʥʪʝʥʩʠʚʥʦ, ʥʦ ʥʝʩʪʘʙʠʣʴʥʦ, ʚ ʥʘʯʘʣʝ ʚʝʛʝʪʘʮʠʠ ʦʥʦ ʧʨʦʠʩ-
ʭʦʜʠʪ ʦʯʝʥʴ ʠʥʪʝʥʩʠʚʥʦ, ʘ ʚ ʢʦʥʮʝ ʩʝʟʦʥʘ ʧʘʜʘʝʪ. ɼʦʩʪʘʪʦʯʥʦ ʘʢʪʠʚʥʦ ʥʝʟʘʙʫʜʢʘ ʧʦʛʣʦʱʘʝʪ ʠ ʚʘʥʘʜʠʡ. 
ʅʘʢʦʧʣʝʥʠʝ ʤʦʣʠʙʜʝʥʘ ʦʯʝʥʴ ʥʝʩʪʘʙʠʣʴʥʦ.  

ɺʪʦʨʳʤ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʣʝʪʥʠʡ ʚʠʜ Ranunculus repens. ɼʣʷ ʠʩʩʣʝʜʦʚʘ-
ʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʩʝ ʦʨʛʘʥʳ ʨʘʩʪʝʥʠʡ ʙʝʟ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ. 

 
ʋʙʚʤʡʯʙ 1 

ʊʧʝʞʩʟʙʦʡʞ ʡʧʦʧʛ ʥʞʫʙʤʤʧʛ ʛ ʦʙʝʠʞʥʦʴʮ ʧʩʜʙʦʙʮ ʦʞʠʙʚʬʝʣʡ (ʥʜ/ʣʜ ʪʬʮʧʢ ʥʙʪʪʴ) 

ʅʘʜʟʝʤʥʘʷ ʯʘʩʪʴ ɻʦʜ ʩʙʦʨʘ V Mn Fe Cu 

ʄʛ/ʢʛ ʩʳʨʦʡ ʤʘʩʩʳ 
2020 4,96Ñ0,46 4777Ñ512 253,3Ñ19,12 128,2Ñ10,81 

2021 7,64Ñ0,64 8740Ñ791 391Ñ40 186,3Ñ1,63 

ʄʛ/ʢʛ ʩʫʭʦʡ ʤʘʩʩʳ 
2020 29,2Ñ1,89 28100Ñ1980 1490Ñ132 753Ñ54 

2021 33,2Ñ2,71 38000Ñ2900 1700Ñ153 810Ñ69 

ʅʘʜʟʝʤʥʘʷ ʯʘʩʪʴ ɻʦʜ ʩʙʦʨʘ Sr Mg Mo Zn 

ʄʛ/ʢʛ ʩʳʨʦʡ ʤʘʩʩʳ 
2020 22,44Ñ1,81 716Ñ6,32 157Ñ12,34 21,9Ñ1,91 

2021 27,6Ñ1,9 920Ñ80,2 317,4Ñ28,3 27,4Ñ2,3 

ʄʛ/ʢʛ ʩʫʭʦʡ ʤʘʩʩʳ 
2020 132Ñ11 4215Ñ289 923Ñ72 129Ñ9,3 

2021 120Ñ9 4000Ñ312 1380Ñ120 119Ñ10,2 

ʇʨʠʤʝʯʘʥʠʝ: ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Ñ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ. 
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ʋʙʚʤʡʯʙ 2 
ʊʧʝʞʩʟʙʦʡʞ ʡʧʦʧʛ ʥʞʫʙʤʤʧʛ ʛ ʨʧʝʠʞʥʦʴʮ ʧʩʜʙʦʙʮ ʦʞʠʙʚʬʝʣʡ (ʥʜ/ʣʜ ʪʬʮʧʢ ʥʙʪʪʴ) 

ʇʨʠʤʝʯʘʥʠʝ: ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Ñ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ. 
 
ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʢʦʧʣʝʥʠʷ ʠʦʥʦʚ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʦʨʛʘʥʘʭ ʣʶʪʠʢʘ ʧʦʣʟʫʯʝʛʦ, ʚʳ-

ʨʘʱʝʥʥʦʡ ʥʘ ʩʪʦʯʥʳʭ ʚʦʜʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.  
ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ Ranunculus repens ʜʦʩʪʘʪʦʯʥʦ ʘʢʪʠʚʥʦ ʠ ʩʪʘʙʠʣʴʥʦ ʥʘʢʘʧʣʠʚʘʝʪ ʠʦʥʳ ʤʘʨʛʘʥʮʘ 

ʠ ʤʝʜʠ. ʀʥʪʝʥʩʠʚʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʞʝʣʝʟʘ ʠ ʤʘʛʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʦʩʝʥʴʶ. ʅʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʜʣʷ Mg 
ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʦʥʮʝʥʪʨʘʮʠʷ Mo ʥʝʟʥʘʯʠʪʝʣʴʥʘ.  

 
ʋʙʚʤʡʯʙ 3 

ʊʧʝʞʩʟʙʦʡʞ ʡʧʦʧʛ ʥʞʫʙʤʤʧʛ ʛ ʧʩʜʙʦʙʮ ʤʷʫʡʣʙ (ʥʜ/ʣʜ ʪʬʮʧʢ ʥʙʪʪʴ) 
ʆʨʛʘʥʳ ɺʨʝʤʷ ʦʪʙʦʨʘ ʧʨʦʙ V Mn Fe Cu Sr Mg Mo Zn 

ʄʛ/ʢʛ ʩʫʭʦʡ  
ʤʘʩʩʳ 

ʆʩʝʥʴ 2020 
19,3 5500 13200 101 810 43000 0̓,1 61 

ʄʛ/ʢʛ ʩʳʨʦʡ  
ʤʘʩʩʳ 

ʆʩʝʥʴ 2020 
3,5 924,3 2218 16,9 136 7227 0,01 10,2 

ʄʛ/ʢʛ ʩʫʭʦʡ  
ʤʘʩʩʳ 

ʃʝʪʦ 2021 
24,4 5500 1005 750 130 4200 860 124 

ʄʛ/ʢʛ ʩʳʨʦʡ  
ʤʘʩʩʳ 

ʃʝʪʦ 2021 
4,1 924,3 182,7 126 21,8 705,8 145 20,9 

 
ʊʘʢʞʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ɸʆ çʂʦʚʜʦʨʩʢʠʡ 

ɻʆʂè (ʪʘʙʣ. 4, 5). 
ʋʙʚʤʡʯʙ 4 

ʊʧʝʞʩʟʙʦʡʞ Cu, Mg, Mn, Mo ʛ ʪʫʧʰʦʴʮ ʛʧʝʙʮ ɹʇ çʃʧʛʝʧʩʪʣʡʢ ɼʇʃè (ʥʜ/ʤ) 
ɺʨʝʤʷ ʩʙʦʨʘ Cu Mg Mn Mo 

ʄʘʨʪ 2021 0,0087Ñ0,0009 23,1Ñ1,9 0,0172Ñ0,001 0,0108Ñ0,002 

ʀʶʥʴ 2021 0,0145Ñ0,001 24,7Ñ1,6 0,0575-,004 0̓,005 
ʉʝʥʪʷʙʨʴ 2021 0,0115Ñ0,001 15,7Ñ1,3 0̓,005 0̓,005 
ɼʝʢʘʙʨʴ 2021 0,0091Ñ0,001 12,7Ñ1,3 0̓,005 0̓,005 

ʇʨʠʤʝʯʘʥʠʝ: ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Ñ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ. 
 

ʋʙʚʤʡʯʙ 5 
ʊʧʝʞʩʟʙʦʡʞ Zn, V, Sr, Fe ʛ ʪʫʧʰʦʴʮ ʛʧʝʙʮ ɹʇ çʃʧʛʝʧʩʪʣʡʢ ɼʇʃè (ʥʜ/ʤ) 

ɺʨʝʤʷ ʩʙʦʨʘ Zn V Sr Fe 

ʄʘʨʪ 2021 0,013Ñ0,001 0,003Ñ0,00019 0,89Ñ0,061 0,068Ñ0,0041 

ʀʶʥʴ 2021 0̓,005 0,0016Ñ0,0001 0,94Ñ0,08 0,048Ñ0,003 

ʉʝʥʪʷʙʨʴ 2021 0̓,005 0̓,0005 0,586Ñ0,04 0,0146Ñ0,001 

ɼʝʢʘʙʨʴ 2021 0,0112Ñ0,001 0,0011Ñ0,0001 0,612Ñ0,05 0,0092Ñ0,0007 

ʇʨʠʤʝʯʘʥʠʝ: ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Ñ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ. 

ʂʦʨʥʠ ɻʦʜ ʩʙʦʨʘ V Mn Fe Cu 

ʄʛ/ʢʛ ʩʳʨʦʡ ʤʘʩʩʳ 
2020 6,98Ñ0,51 1151Ñ112 2941Ñ191 203Ñ18 

2021 12,83Ñ9,12 1365,3Ñ109 2960,2Ñ192 196,8Ñ16,31 

ʄʛ/ʢʛ ʩʫʭʦʡ ʤʘʩʩʳ 
2020 17,9Ñ1,3 2950Ñ195 7540Ñ612 520Ñ39 

2021 31,3Ñ2,7 3330Ñ273 7220Ñ615 480Ñ32 

ʂʦʨʥʠ ɻʦʜ ʩʙʦʨʘ Sr Mg Mo Zn 

ʄʛ/ʢʛ ʩʳʨʦʡ ʤʘʩʩʳ 
2020 206,3Ñ17,2 3159Ñ281 280,9Ñ21,2 36,3Ñ2,91 

2021 200,9Ñ18,3 3157Ñ194 241,9Ñ18,1 41,8Ñ3,2 

ʄʛ/ʢʛ ʩʫʭʦʡ ʤʘʩʩʳ 
2020 529Ñ34 8100Ñ681 720Ñ54 93Ñ6,2 

2021 490Ñ38 7700Ñ612 590Ñ42 102Ñ8,2 
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ȋȄȅȃȒȌǿȏȍȃȌȚȈ ȌǿȒȖȌȍ-ȇȐȐȊȄȃȍȁǿȑȄȊțȐȉȇȈ ȉȍȌȉȒȏȐ z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʅʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʫ ʤʘʛʥʠʷ. ʂʦʥʮʝʥʪʨʘʮʠʠ Zn, Cu ʠ Mo ʚ ʚʦʜʝ 
ʢʦʣʝʙʣʶʪʩʷ, ʥʦ ʚ ʮʝʣʦʤ ʠʭ ʟʥʘʯʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʶʪ ʜʦʧʫʩʪʠʤʳʭ ʥʦʨʤ. ʊʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʦʣʝʙʘʥʠʷ 
ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʩʙʦʨʘ. ʂʦʥʮʝʥʪʨʘʮʠʷ Fe ʩʥʠʞʘʝʪʩʷ ʦʪ ʤʘʨʪʘ 2021 ʛʦʜʘ ʜʦ ʜʝ-
ʢʘʙʨʷ 2021 ʛʦʜʘ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʦʩʪʘʚʘ ʚʦʜʳ ʚ ʵʪʦʪ ʧʝʨʠʦʜ, ʚ ʩʚʷʟʠ ʩ ʧʨʦʚʝʜʝ-
ʥʠʝ ʨʘʙʦʪ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʦʚʜʦʨʩʢʦʛʦ ʛʦʨʥʦ-ʦʙʦʛʘʪʠʪʝʣʴʥʦʛʦ ʢʦʤʙʠʥʘʪʘ. ʂʦʥʮʝʥʪʨʘʮʠʷ V ʠ Mn ʚ ʚʦʜʝ 
ʪʘʢʞʝ ʩʥʠʞʘʝʪʩʷ ʢ ʜʝʢʘʙʨʶ 2021 ʛʦʜʘ, ʥʦ ʠʭ ʟʥʘʯʝʥʠʷ ʚʩʝ ʝʱʝ ʚʳʰʝ ʜʦʧʫʩʪʠʤʳʭ ʥʦʨʤ [3]. ʀʩʭʦʜʥʳʝ 
ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʧʦʩʣʝ ʚʳʨʘʱʠʚʘʥʠʷ ʠʭ ʥʘ ʩʪʦʯʥʳʭ ʚʦʜʘʭ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʪʦ ʜʦʢʘʟʳʚʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ Myosotis alpestris ʠ Ranunculus repens ʢ ʘʢʪʠʚʥʦʤʫ ʧʦʛʣʦ-
ʱʝʥʠʶ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʘʭ. 

 
ʀɹʃʄʗʐɾʆʁɾ 

ʄʥʦʛʠʝ ʨʘʩʪʝʥʠʷ ʠʤʝʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʛʠʧʝʨʘʢʢʫʤʫʣʷʮʠʠ, ʪʦ ʝʩʪʴ ʩʧʦʩʦʙʥʳʤ ʠʥʪʝʥʩʠʚʥʦ ʥʘʢʘʧ-
ʣʠʚʘʪʴ ʠʦʥʳ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ. ʆʜʥʠʤʠ ʠʟ ʪʘʢʠʭ ʚʠʜʦʚ ʤʦʞʥʦ ʩʯʠ-
ʪʘʪʴ ʥʝʟʘʙʫʜʢʫ ʘʣʴʧʠʡʩʢʫʶ ʠ ʣʶʪʠʢ ʧʦʣʟʫʯʠʡ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʤʦʞʝʪ 
ʟʘʚʠʩʝʪʴ ʦʪ ʚʨʝʤʝʥʠ ʩʙʦʨʘ ʨʘʩʪʝʥʠʡ, ʚ ʩʚʷʟʠ ʩ ʧʨʦʚʝʜʝʥʠʝʤ ʨʘʙʦʪ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʢʦʤʙʠʥʘʪʘ, ʘ ʪʘʢʞʝ 
ʦʪ ʩʝʟʦʥʘ ʛʦʜʘ. Myosotis alpestris ʠ Ranunculus repens ʠʥʪʝʥʩʠʚʥʦ ʧʦʛʣʦʱʘʶʪ ʠʦʥʳ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠ 
ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʠ ʬʠʪʦʜʦʙʳʯʠ ʧʦʣʝʟʥʳʭ 
ʤʝʪʘʣʣʦʚ. 
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ʌʀʊʆʕʂʉʊʈɸʂʎʀʀ ʇʈʀ ʆʏʀʉʊʂɽ ʂɸʈʔɽʈʅʓʍ ʉʊʆʏʅʓʍ ɺʆɼ // ɻʀɸɹ. 2022. ˉ6-1  
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ȋȄȅȃȒȌǿȏȍȃȌȚȈ ȌǿȒȖȌȍ-ȇȐȐȊȄȃȍȁǿȑȄȊțȐȉȇȈ ȉȍȌȉȒȏȐ z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ǲǣǩ 40. 

ǭ ǫǭǣǤǯǬǧǦǟǵǧǧ ǰǧǰǱǤǫǺ ǲǮǯǟǡǪǤǬǧǾ 
ǪǤǬǱǭǶǬǺǫǧ ǩǭǬǡǤǨǤǯǟǫǧ ˉ15 ǧ ̄ 7  
Ǭǟ ǩǟǯǟǢǟǨǪǧǬǰǩǭǨ ǭǠǭǢǟǱǧǱǤǪǻǬǭǨ 
ǳǟǠǯǧǩǤ 

ǫǿȅȇȑ ǟȊȃȇȞȏ ǩǿȅȚȋȒȏǿȑȒȊȚ 
ʤʘʛʠʩʪʨʘʥʪ 1 ʢʫʨʩʘ 

ʂʘʨʘʛʘʥʜʠʥʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 
ʠʤʝʥʠ ɸʙʳʣʢʘʩʘ ʉʘʛʠʥʦʚʘ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 

 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʆʩʧʘʥʦʚʘ ɹʠʢʝʰ ʈʝʚʦʚʥʘ 

ʢ.ʬ.ʥ., ʜʦʮʝʥʪ 
ʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɸʙʳʣʢʘʩʘ ʉʘʛʠʥʦʚʘ 

 

ɹʦʦʧʫʙʯʡʸ: ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʤʦʜʝʨʥʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʣʝʥʪʦʯʥʳʭ ʢʦʥʚʝʡʝʨʦʚ ʩ 
ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʢʦʥʪʨʦʣʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʦʥʚʝʡ-
ʝʨʦʚ ʥʘ ʂʘʨʘʛʘʡʣʠʥʩʢʦʡ ʦʙʦʛʘʪʠʪʝʣʴʥʦʡ ʬʘʙʨʠʢʝ.  
ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʳ ʩʪʨʫʢʪʫʨʥʳʝ ʩʭʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʠʭ 
ʧʦʜʢʣʶʯʝʥʠʝ ʠ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʤʝʞʜʫ ʫʩʪʨʦʡʩʪʚʘʤʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦ-
ʣʫʯʘʪʴ ʜʘʥʥʳʝ ʩ ʜʘʪʯʠʢʦʚ, ʪʝʤ ʩʘʤʳʤ, ʧʦʟʚʦʣʷʷ, ʙʦʣʝʝ ʪʦʯʥʦ ʠ ʥʘʜʝʞʥʦ ʠʟʤʝʨʷʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʵʣʝʢ-
ʪʨʦʜʚʠʛʘʪʝʣʷ. 
ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʉɸʋ ʣʝʥʪʦʯʥʳʤ ʢʦʥʚʝʡʝʨʦʤ ʩʣʝʜʫʝʪ ʨʝʰʠʪʴ ʟʘʜʘʯʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦʛʦʥʥʦʡ ʥʘʛʨʫʟʢʠ 
ʥʘ ʧʦʣʦʪʥʦ, ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʙʦʨʥʳʭ ʢʦʥʚʝʡʝʨʥʳʭ ʣʠʥʠʡ, ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʦʪʜʝʣʴʥʳʭ ʵʣʝ-
ʤʝʥʪʦʚ ʠ ʫʟʣʦʚ ʫʩʪʘʥʦʚʢʠ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʘʤ ʫʧʨʘʚʣʝʥʠʷ. 
ʂʨʦʤʝ ʪʦʛʦ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʛʨʘʬʠʯʝʩʢʘʷ ʧʘʥʝʣʴ ʦʧʝʨʘʪʦʨʘ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʰʢʘʬ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʥʚʝʡʝʨ, ʵʣʝʢʪʨʦ-
ʜʚʠʛʘʪʝʣʴ, ʧʝʨʝʤʝʥʥʳʡ ʪʦʢ, ʜʘʪʯʠʢ, ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ.  
 
ABOUT MODERNIZATION OF THE CONTROL SYSTEM OF THE CONVEYOR BELTS NO. 15 AND NO. 7 

AT THE KARAGAILINSKY CONCENTRATING PLANT 
 

Mazhit Aldiyar Kazhymuratuly 
 

Scientific supervisor: Ospanova Bikesh Revovna  
 
Abstract: In this article, the modernization of the belt conveyor control system is considered in order to 
increase the efficiency of use and increase the control of conveyor performance at the Karagailinsky 
concentrating plant. 
To carry out the study, block diagrams of automated control, their connection and consistency between remote 
monitoring devices have been developed, which allow receiving data from sensors, thereby allowing more 
accurately and reliably measuring the temperature of the electric motor. 
When developing a self-propelled gun with a belt conveyor, it is necessary to solve the tasks of stabilizing the 
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linear load on the web, automating assembly conveyor lines, automatic diagnostics of individual elements and 
units of the installation, as well as the necessary requirements for control systems. 
In addition, an experimentally developed graphical operator panel is presented. 
Keywords: automated control system, control cabinet, conveyor, electric motor, alternating current, sensor, 
rotation speed. 

 
ɻʛʞʝʞʦʡʞ  
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʣʝʥʪʦʯʥʳʝ ʢʦʥʚʝʡʝʨʳ ʦʩʪʘʶʪʩʷ ʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ-

ʥʳʤʠ ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʤʠ ʤʘʰʠʥʘʤʠ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ ʚʦ ʚʩʝʭ ʦʪʨʘʩʣʷʭ. ʀʟ ʯʠʩʣʘ ʢʦʥʚʝʡ-
ʝʨʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʙʦʣʝʝ 90% ʷʚʣʷʶʪʩʷ ʣʝʥʪʦʯʥʳʝ ʢʦʥʚʝʡʝʨʳ.  

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʢʦʥʚʝʡʝʨʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʩʥʘʱʝʥʠʝ ʩʨʝʜ-
ʩʪʚʘʤʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʟʘʱʠʪʳ ʢʘʞʜʦʛʦ ʢʦʥʚʝʡʝʨʘ ʢʘʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʝʜʠʥʠʮʳ ʠ ʦʙʝʩʧʝ-
ʯʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʢʘʢ ʦʪʜʝʣʴʥʳʤ ʢʦʥʚʝʡʝʨʦʤ, ʪʘʢ ʠ ʚʩʝʡ ʣʠʥʠʝʡ. ʇʦʜ ʘʚʪʦʤʘʪʠ-
ʟʠʨʦʚʘʥʥʦʡ ʢʦʥʚʝʡʝʨʥʦʡ ʣʠʥʠʝʡ ʧʦʥʠʤʘʶʪ ʪʘʢʫʶ ʣʠʥʠʶ, ʢʦʥʚʝʡʝʨʳ ʢʦʪʦʨʦʡ ʦʙʲʝʜʠʥʝʥʳ ʦʙʱʝʡ ʩʠ-
ʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʩʦʙʣʶʜʝʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʙʣʦʢʠʨʦʚʦʢ ʠ ʟʘʱʠʪ, ʘ ʪʘʢʞʝ ʘʚʪʦʤʘ-
ʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʨʘʙʦʪʳ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʣʝʥʪʦʯʥʳʭ ʢʦʥʚʝʡʝʨʘʭ ʧʨʠʤʝʥʷʶʪ ʥʝʨʝʛʫʣʠʨʫʝʤʳʡ ʘʩʠʥʭʨʦʥʥʳʡ ʧʨʠʚʦʜ. ʅʝʜʦ-
ʩʪʘʪʢʘʤʠ ʝʛʦ ʷʚʣʷʶʪʩʷ ʩʣʦʞʥʳʡ ʟʘʧʫʩʢ, ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʝ ʣʝʥʪʳ ʠ ʫʜʘʨʥʳʝ ʥʘʛʨʫʟʢʠ ʚ ʧʨʠʚʦʜʝ, ʧʦʚʳ-
ʰʝʥʥʳʡ ʠʟʥʦʩ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʠ ʥʝʧʦʣʥʦʡ ʟʘʛʨʫʟʢʝ ʠ ʨʘʙʦʪʝ 
ʢʦʥʚʝʡʝʨʘ ʚʭʦʣʦʩʪʫʶ.  

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʢʦʥʚʝʡʝʨʥʳʭ ʣʠʥʠʡ ʚʢʣʶʯʘʝʪ ʮʝʥʪʨʘʣʠʟʘʮʠʶ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘʤʠ ʟʘʧʫʩʢʘ ʠ 
ʦʩʪʘʥʦʚʢʠ ʢʦʥʚʝʡʝʨʦʚ, ʘ ʪʘʢʞʝ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʟʘʱʠʪʫ ʚ ʩʣʫʯʘʝ ʯʨʝʟʚʳʯʘʡʥʦʡ ʩʠʪʫʘʮʠʠ.  

ɸʢʪʫʘʣʴʥʦʩʪʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʡ 
ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʚʝʡʝʨʥʳʭ ʣʠʥʠʡ ʥʘ ʟʘʤʝʥʫ ʫʩʪʘʨʝʚʰʝʛʦ ʤʝʪʦʜʘ ʟʘʧʫʩʢʘ ʣʝʥʪʦʯʥʳʭ ʢʦʥʚʝʡʝʨʦʚ 
ʥʘ ʂʘʨʘʛʘʡʣʠʥʩʢʦʡ ʦʙʦʛʘʪʠʪʝʣʴʥʦʡ ʬʘʙʨʠʢʝ.  

ʅʙʫʞʩʡʙʤʴ ʡ ʥʞʫʧʝʴ ʡʪʪʤʞʝʧʛʙʦʡʸ 
ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ: ʦʧʠʩʘʪʝʣʴʥʳʡ ʤʝʪʦʜ, ʤʝʪʦʜ ʩʨʘʚʥʝʥʠʷ, 

ʤʝʪʦʜ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ.  
ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʦʧʠʩʘʥʠʷ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʠʩʪʝʤʘʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦ-

ʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʥʘʠʤʝʥʦʚʘʥʠʡ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʤʳʰʣʝʥʥʳʭ ʣʦʛʠʯʝʩʢʠʭ ʢʦʥʪʨʦʣʣʝʨʦʚ 
ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʦʧʠʩʘʪʝʣʴʥʳʡ ʤʝʪʦʜ. ɹʳʣʠ ʧʦʢʘʟʘʥʳ ʨʘʟʣʠʯʥʳʝ ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʘʪʯʠʢʠ ʩ ʠʭ ʩʭʝʤʘ-
ʪʠʯʝʩʢʠʤ ʧʦʜʢʣʶʯʝʥʠʝʤ ʠ ʥʘʟʥʘʯʝʥʠʝʤ. ʂʨʦʤʝ ʪʦʛʦ, ʦʧʠʩʘʥ ʧʦʜʢʣʶʯʘʝʤʳʡ ʯʘʩʪʦʪʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘ-
ʪʝʣʴ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʧʣʘʚʥʦʛʦ ʧʫʩʢʘ ʢʦʥʚʝʡʝʨʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ ʢʦʥʚʝʡʝʨʘ.  

ɺ ʨʘʙʦʪʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʩʨʘʚʥʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩʨʘʚʥʝʥʠʝ ʚʦʟʤʦʞʥʦ-
ʩʪʝʡ ʨʘʙʦʪʳ ʫʩʪʘʨʝʚʰʝʛʦ ʤʝʪʦʜʘ ʧʨʷʤʦʛʦ ʧʫʩʢʘ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩ ʯʘʩʪʦʪ-
ʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʢʦʥʚʝʡʝʨʥʳʭ ʣʠʥʠʡ. ʄʝʪʦʜ ʩʨʘʚʥʝʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʘʟʣʠʯʠʝ ʜʚʫʭ ʵʪʠʭ ʤʝ-
ʪʦʜʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʤʝʪʦʜ ʧʨʷʤʦʛʦ ʧʫʩʢʘ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʴʰʫʶ ʪʦʯʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʦʯʥʳʭ 
ʦʧʝʨʘʮʠʡ ʠ ʥʝ ʠʤʝʝʪ ʥʠʢʘʢʠʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʢʘʯʝʩʪʚ, ʯʝʤ ʉɸʋ ʢʦʥʚʝʡʝʨʘ.  

ʉ ʧʦʤʦʱʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʭʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚ-
ʣʝʥʠʷ, ʛʨʘʬʠʯʝʩʢʘʷ ʧʘʥʝʣʴ ʦʧʝʨʘʪʦʨʘ, ʘ ʪʘʢʞʝ ʩʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʪʯʠʢʦʚ 
ʩʭʦʜʘ ʣʝʥʪ. ʕʪʦ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʤʝʪʦʜ ʧʦʜʢʣʶʯʝʥʠʷ ʜʘʪʯʠʢʦʚ ʢ ʣʦʛʠʯʝʩʢʠʤ ʢʦʥʪʨʦʣʣʝʨʘʤ.  

ʇʚʠʧʩ ʤʡʫʞʩʙʫʬʩʴ 
ʇʨʘʢʪʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʟʘʥʠʤʘʣʠʩʴ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʫʯʝʥʳʝ, ʪʘʢʠʝ ʢʘʢ 

ʉʝʤʸʥʦʚ ɸ. ʉ., ʂʫʛʫʰʝʚʘ ʅ. ʅ., ʍʫʙʠʝʚʘ ɺ. ʄ. [1], ʢʦʪʦʨʳʝ ʫʜʝʣʷʣʠ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʨʷʤʦʤʫ ʧʫʩʢʫ 
ʜʚʠʛʘʪʝʣʷ ʠ ʧʦʢʘʟʘʥʠʷ ʪʦʢʘ ʚ ʩʪʘʪʦʨʝ ʠ ʨʦʪʦʨʝ. ɺ ʩʚʦʠʭ ʨʘʙʦʪʘʭ ʫʯʝʥʳʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʘʩʠʥʭʨʦʥʥʳʝ 
ʜʚʠʛʘʪʝʣʠ, ʤʦʜʝʣʠʨʫʶʪ ʠʭ ʧʦʢʘʟʘʥʠʷ, ʧʦʢʘʟʳʚʘʶʪ ʚ ʛʨʘʬʠʢʝ ʠ ʪʘʙʣʠʮʘʭ. ʇʨʝʜʩʪʘʚʣʷʶʪ ʦʙʦʙʱʝʥʥʫʶ 
ʩʭʝʤʫ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ ʧʨʠ ʧʨʷʤʦʤ ʧʫʩʢʝ. ɹʳʣ ʧʦʢʘʟʘʥ ʛʨʘʬʠʢ ʤʦʤʝʥʪʘ, ʢʦʪʦʨʳʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʠ ʚ  ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ  ʧʦʟʚʦʣʠʣʦ ʩʦʢʨʘʪʠʪʴ ʨʘʙʦʯʠʡ ʤʦʤʝʥʪ ʜʚʠʛʘʪʝʣʷ 
ʥʘ 18 % ʩ 1950 ʅ*ʤ ʜʦ 1600 ʅ*ʤ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʧʨʠʣʘʛʘʪʴ ʤʝʥʴʰʝ ʫʩʠʣʠʡ ʵʣʝʢʪʨʦʧʨʠʚʦʜʫ ʜʣʷ ʚʨʘʱʝ-
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ȋȄȅȃȒȌǿȏȍȃȌȚȈ ȌǿȒȖȌȍ-ȇȐȐȊȄȃȍȁǿȑȄȊțȐȉȇȈ ȉȍȌȉȒȏȐ z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʥʠʷ ʤʝʭʘʥʠʟʤʘ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʪʨʝʙʣʷʪʴ ʤʝʥʴʰʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠʟ ʩʝʪʠ. ʉʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʫʩʪʦʡ-
ʯʠʚʦʡ, ʟʥʘʯʝʥʠʝ ʢʦʣʝʙʘʪʝʣʴʥʦʩʪʠ ʦʪʩʫʪʩʪʚʫʝʪ.   

ʈʦʩʩʠʡʩʢʠʤʠ ʫʯʝʥʳʤʠ ʢʘʢ N.V. Tikhonov, M.A. Malyutin [2]  ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʠ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩ-
ʩʣʝʜʦʚʘʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʣʝʥʪʦʯʥʳʤʠ ʢʦʥʚʝʡʝʨʘʤʠ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦ-
ʚʦʜʠʣʠʩʴ  ʩ ʮʝʣʴʶ ʚʳʷʩʥʝʥʠʷ ʠʟʥʦʰʝʥʥʦʩʪʠ ʣʝʥʪ, ʠʩʧʦʣʴʟʫʷ ʨʘʟʣʠʯʥʳʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ. ʈʝʟʫʣʴʪʘʪʳ 
ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʘʪʯʠʢʠ ʩʭʦʜ ʣʝʥʪ ʧʦʤʦʛʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʣʝʥʪʦʯʥʳʭ 
ʢʦʥʚʝʡʝʨʦʚ. ʊʘʢʞʝ ʩʨʦʢ ʩʣʫʞʙʳ ʣʝʥʪ ʚʳʨʦʩ ʤʥʦʛʦʢʨʘʪʥʦ.  

ʉʞʠʬʤʵʫʙʫʴ ʡ ʧʚʪʬʟʝʞʦʡʞ 
ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʣʝʥʪʦʯʥʘʷ ʢʦʥʚʝʡʝʨʥʘʷ ʣʠʥʠʷ ʜʣʷ ʚʳʜʘʯʠ ʨʫʜʳ, ʢʦʪʦʨʘʷ 

ʥʘʭʦʜʠʪʩʷ ʚ ʂʘʟʘʭʩʪʘʥʝ, ʥʘ ʂʘʨʘʛʘʡʣʠʥʩʢʦʡ ʦʙʦʛʘʪʠʪʝʣʴʥʦʡ ʬʘʙʨʠʢʝ. ʆʥʘ ʩʦʩʪʦʠʪ ʠʟ ʢʦʥʚʝʡʝʨʘ ˉ7 
ʜʣʠʥʦʡ å 170ʤ ʠ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʢʦʥʚʝʡʝʨʘ ˉ15 ʜʣʠʥʦʡ å 1000ʤ. ʅʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ 3-ʭ ʬʘʟʥʦʝ 0,4 
ʢɺ, ʩʝʪʴ ʩ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʥʝʡʪʨʘʣʴʶ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʚʦʜʦʚ ʢʦʥʚʝʡʝʨʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʨʝʭʬʘʟʥʳʝ ʘʩʠʥ-
ʭʨʦʥʥʳʝ ʜʚʠʛʘʪʝʣʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. ʅʘ ʤʘʛʠʩʪʨʘʣʴʥʳʡ ʢʦʥʚʝʡʝʨ ˉ15 ʫʩʪʘʥʦʚʣʝʥ ʘʩʠʥʭʨʦʥʥʳʡ ʵʣʝʢ-
ʪʨʦʜʚʠʛʘʪʝʣʴ ʩ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʤ ʨʦʪʦʨʦʤ ʤʦʱʥʦʩʪʴʶ 315 ʢɺʪ, ʤʦʱʥʦʩʪʴ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʢʦʥʚʝʡʝʨʘ 
ˉ7 ʨʘʚʥʘ 75ʢɺʪ. 

 

 
ʉʡʪ. 1. ʋʞʮʦʧʤʧʜʡʰʞʪʣʙʸ ʪʮʞʥʙ ʣʧʦʛʞʢʞʩʦʴʮ ʤʡʦʡʡ ˊ15, ˊ7 

 
ʇʨʠ ʦʙʲʝʜʠʥʝʥʠʠ ʢʦʥʚʝʡʝʨʦʚ ʥʘ ʢʦʥʚʝʡʝʨʥʳʝ ʣʠʥʠʠ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʡ ʟʘʧʫʩʢ ʢʦʥʚʝʡʝʨʦʚ.  
ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʚʝʡʝʨʥʳʤʠ ʣʠʥʠʷʤʠ ʜʦʣʞʥʘ ʫʧʨʘʚʣʷʪʴ ʨʘʟʚʝʪʚ-

ʣʝʥʥʳʤʠ ʠ ʥʝʨʘʟʚʝʪʚʣʝʥʥʳʤʠ ʢʦʥʚʝʡʝʨʥʳʤʠ ʣʠʥʠʷʤʠ, ʦʜʠʥʦʯʥʳʤʠ ʢʦʥʚʝʡʝʨʘʤʠ, ʚʭʦʜʷʱʠʤʠ ʠ ʥʝ 
ʚʭʦʜʷʱʠʤʠ ʚ ʩʦʩʪʘʚ ʢʦʥʚʝʡʝʨʥʦʡ ʣʠʥʠʠ ʢʘʢ ʚ ʧʦʜʟʝʤʥʳʭ ʚʳʨʘʙʦʪʢʘʭ, ʪʘʢ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ [3]. 

ʕʣʝʢʪʨʦʧʨʠʚʦʜ ʩ ʧʨʷʤʳʤ ʧʫʩʢʦʤ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʴʰʫʶ ʪʦʯʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʦʯʥʳʭ ʦʧʝʨʘʮʠʡ, 
ʥʝ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʦʪʜʝʣʴʥʳʭ ʫʟʣʦʚ ʚ ʮʝʧʷʭ ʧʨʦʤʳʰʣʝʥʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʠ 
ʥʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʝʩʪʠ ʧʦʩʪʦʷʥʥʳʡ ʫʯʝʪ ʢʦʣʠʯʝʩʪʚʘ ʚʨʝʤʝʥʠ, ʥʘʨʘʙʦʪʘʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷʤʠ ʜʣʷ ʧʦ-
ʩʣʝʜʫʶʱʝʡ ʦʮʝʥʢʠ ʠʭ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ. ʆʪʩʫʪʩʪʚʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʫʟʣʦʚ ʚʳʟʳʚʘʝʪ ʩʣʦʞʥʦʩʪʠ ʚ ʜʠʘʛʥʦ-
ʩʪʠʢʝ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʚ ʜʠʩʪʘʥʮʠʦʥʥʦʤ ʨʝʞʠʤʝ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʥʝʜʦʩʪʘʪʢʦʚ ʩʠʩʪʝʤʳ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʨʘʟʨʘʙʦʪʢʠ ʩʦʚʨʝʤʝʥʥʦʡ ʩʠʩʪʝʤʳ ʘʚ-
ʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʚʝʡʝʨʥʦʡ ʫʩʪʘʥʦʚʢʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ.  

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʪʨʝʙʦʚʘʥʠʷ ʜʣʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʥʪʨʦʣʷ ʠ ʩʠʛʥʘʣʠʟʘʮʠʡ 
ʢʦʥʚʝʡʝʨʘ ˉ15 ʠ ˉ7.  

ʉɸʋ ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ: 

¶ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʬʫʥʢʮʠʡ ʫʧʨʘʚʣʝʥʠʷ (ʧʫʩʢ, ʦʩʪʘʥʦʚʢʘ, ʧʝʨʝʭʦʜ ʩ ʨʝʞʠʤʘ ʥʘ ʨʝʞʠʤ); 

https://link.springer.com/article/10.1007/BF02501592#auth-N__V_-Tikhonov
https://link.springer.com/article/10.1007/BF02501592#auth-M__A_-Malyutin
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¶ ʢʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʫʟʣʦʚ ʧʨʠʚʦʜʥʦʛʦ ʙʘʨʘʙʘʥʘ ʠ ʨʝʜʫʢʪʦʨʘ; 

¶ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʥʪʨʦʣʴ ʛʣʘʚʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ; 

¶ ʨʫʯʥʦʝ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʷ ʥʘʪʷʞʝʥʠʝʤ ʢʦʥʚʝʡʝʨʥʦʡ ʣʠʥʠʠ; 

¶ ʢʦʥʪʨʦʣʴ ʥʘʨʘʙʦʪʢʠ ʤʦʪʦʯʘʩʦʚ ʜʦ ʧʨʦʚʝʜʝʥʠʷ ʨʝʛʣʘʤʝʥʪʥʳʭ ʨʘʙʦʪ; 

¶ ʦʙʣʘʜʘʪʴ ʬʫʥʢʮʠʷʤʠ ʩʘʤʦʜʠʘʛʥʦʩʪʠʢʠ ʩ ʦʪʦʙʨʘʞʝʥʠʝʤ ʥʘ ʧʘʥʝʣʠ ʦʧʝʨʘʪʦʨʘ ʠ ʩʦʭʨʘʥʝʥʠʝʤ. 
ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʚʝʡʝʨʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʚʝʡʝʨʘʤʠ 

ˉ15 ʠ ˉ7 ʥʘ ʂʘʨʘʛʘʡʣʠʥʩʢʦʡ ʦʙʦʛʘʪʠʪʝʣʴʥʦʡ ʬʘʙʨʠʢʝ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʜʚʫʤ ʦʩʥʦʚ-
ʥʳʤ ʩʭʝʤʘʤ, ʚʦ- ʧʝʨʚʳʭ, ʤʝʩʪʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʫʩʢ, ʩʪʦʧ ʠ ʘʚʘʨʠʡʥʘʷ ʦʩʪʘʥʦʚʢʘ ʢʦʥʚʝʡʝ-
ʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʣʦʢʘʣʴʥʦʛʦ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ ʠ, ʚʦ- ʚʪʦʨʳʭ, ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʧʨʠ ʢʦ-
ʪʦʨʦʤ ʧʫʩʢ, ʩʪʦʧ ʠ ʘʚʘʨʠʡʥʘʷ ʦʩʪʘʥʦʚʢʘ ʢʦʥʚʝʡʝʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʫʣʴʪʘ ʨʫʯʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦ-
ʨʳʡ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʜʠʩʪʘʥʮʠʦʥʥʦ ʦʪ h ʢʘʬʘ ʫʧʨʘʚʣʝʥʠʷ.  

ʈʝʛʫʣʠʨʦʚʢʘ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʢʦʥʚʝʡʝʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʨʫʯʥʫʶ ʧʝʨʩʦʥʘʣʦʤ ʯʝʨʝʟ HMI-
ʧʘʥʝʣʠ ʠ ʯʝʨʝʟ ʢʦʥʪʨʦʣʣʝʨʳ ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʚʝʡʝʨʘʤʠ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʙʱʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʉɸʋ ʢʦʥʚʝʡʝʨʦʚ ˉ15 ʠ ˉ7.  

 
ʉʡʪ. 2. ʇʚʲʙʸ ʪʫʩʬʣʫʬʩʦʙʸ ʪʮʞʥʙ ʊɹʌ ʣʧʦʛʞʢʞʩʧʛ ˊ15 ʡ ˊ7 

 
ʍʬʦʣʯʡʡ ʡ ʧʪʧʚʞʦʦʧʪʫʡ ʪʡʪʫʞʥʴ ʊɹʌʃ. 

ʐʢʘʬ ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʚʝʡʝʨʦʤ (ʐʋʂ) ˉ15 ʦʩʥʦʚʘʥ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʣʦʛʠʯʝʩʢʠʭ ʢʦʥʪʨʦʣʣʝʨʘʭ 
(ʇʃʂ) ʩʝʨʠʠ Modicon M241 (ʧʨʦʠʟʚʦʜʠʪʝʣʴ Schneider Electric). ʇʃʂ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʡ ʩʙʦʨʘ, ʦʙʨʘʙʦʪ-
ʢʠ ʜʘʥʥʳʭ ʠ ʫʧʨʘʚʣʷʝʪ ʢʦʥʚʝʡʝʨʦʤ. ʆʩʥʦʚʥʳʤ ʦʨʛʘʥʦʤ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʛʨʘʬʠʯʝʩʢʘʷ ʧʘʥʝʣʴ ʦʧʝ-
ʨʘʪʦʨʘ (ʧʨʦʠʟʚʦʜʠʪʝʣʴ Schneider Electric). ʋʧʨʘʚʣʝʥʠʝ ʢʦʥʚʝʡʝʨʦʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʯʘ-
ʩʪʦʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʩʝʨʠʠ Altivar Process ATV900 (ʧʨʦʠʟʚʦʜʠʪʝʣʴ Schneider Electric) ʠ ʥʘʪʷʞʥʦʡ 
ʩʪʘʥʮʠʝʡ. 

ɺ ʇʃʂ ʧʦʩʪʫʧʘʶʪ ʜʘʥʥʳʝ ʦʪ: 
- ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʜʘʪʯʠʢʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʜʚʠʛʘʪʝʣʝ ʠ ʨʝʜʫʢʪʦʨʝ; 
- ʜʘʪʯʠʢʦʚ ʩʢʦʨʦʩʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʚʝʜʫʱʝʤ ʠ ʚʝʜʦʤʦʤ ʚʘʣʝ; 
- ʜʘʪʯʠʢʘ ʥʘʪʷʞʝʥʠʷ ʣʝʥʪ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʥʘʪʷʞʥʦʡ ʩʪʘʥʮʠʠ; 
- ʢʦʥʮʝʚʳʭ ʪʨʦʩʦʚʳʭ ʚʳʢʣʶʯʘʪʝʣʝʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʜʦʣʴ ʢʦʥʚʝʡʝʨʘ; 
- ʢʦʥʮʝʚʳʝ ʩʭʦʜʘ ʣʝʥʪʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʜʦʣʴ ʢʦʥʚʝʡʝʨʘ. 
ɼʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʦʙʱʘʶʪ ʪʝʤʧʝʨʘʪʫʨʫ ʜʚʠʛʘʪʝʣʷ ʠ ʨʝʜʫʢʪʦʨʘ, ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʢ ʢʨʠʪʠ-

ʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʷʚʠʪʩʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ ʧʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ ʇʃʂ ʦʪʢʣʶʯʠʪ 
ʢʦʥʚʝʡʝʨ. 

ɼʘʪʯʠʢ ʥʘʪʷʞʝʥʠʷ ʩʦʦʙʱʘʝʪ ʦ ʩʠʣʝ ʥʘʪʷʞʝʥʠʷ ʣʝʥʪʳ. ʇʃʂ ʫʜʝʨʞʠʚʘʝʪ ʩʠʣʫ ʥʘʪʷʞʝʥʠʷ ʚ ʟʘʜʘʥ-
ʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʜʠʘʧʘʟʦʥʘ ʇʃʂ ʜʘʝʪ ʢʦʤʘʥʜʫ ʥʘ ʦʩʣʘʙʣʝʥʠʝ, ʘ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʟʥʘʯʝ-
ʥʠʷ ʜʘʝʪ ʢʦʤʘʥʜʫ ʥʘ ʥʘʪʷʞʝʥʠʝ.  
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ȋȄȅȃȒȌǿȏȍȃȌȚȈ ȌǿȒȖȌȍ-ȇȐȐȊȄȃȍȁǿȑȄȊțȐȉȇȈ ȉȍȌȉȒȏȐ z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

 
ʉʡʪ. 3. ʊʮʞʥʙ ʨʧʝʣʤʷʰʞʦʡʸ ʝʙʫʰʡʣʧʛ 

 
ʂʦʥʮʝʚʦʡ ʩʭʦʜ ʣʝʥʪʳ ʫʩʪʘʥʦʚʣʝʥ ʚʜʦʣʴ ʢʦʥʚʝʡʝʨʘ ʥʘ ʢʨʘʶ ʣʝʥʪʳ, ʧʨʠ ʩʤʝʱʝʥʠʷʭ ʣʝʥʪʳ ʢʨʘʡ 

ʣʝʥʪʳ ʥʘʝʟʞʘʝʪ ʥʘ ʂʉʃ ʠ ʥʦʨʤʘʣʴʥʦ ʟʘʤʢʥʫʪʳʡ ʢʦʥʪʘʢʪ ʨʘʟʤʳʢʘʝʪʩʷ. ʇʃʂ ʦʩʪʘʥʘʚʣʠʚʘʝʪ ʢʦʥʚʝʡʝʨ ʠ 
ʩʦʦʙʱʘʝʪ ʦʙ ʘʚʘʨʠʠ çʂʊɺ ʠ ʂʉʃè. 

ʂʦʥʮʝʚʦʡ ʪʨʦʩʦʚʳʡ ʚʳʢʣʶʯʘʪʝʣʴ ʫʩʪʘʥʦʚʣʝʥ ʚʜʦʣʴ ʢʦʥʚʝʡʝʨʘ, ʤʝʞʜʫ ʢʘʞʜʳʤ ʂʊɺ ʥʘʪʷʥʫʪʳ 
ʪʨʦʩʳ. ʂʊɺ ʩʨʘʙʘʪʳʚʘʝʪ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʪʨʦʩʘ, ʥʦʨʤʘʣʴʥʦ ʟʘʤʢʥʫʪʳʡ ʢʦʥʪʘʢʪ ʨʘʟʤʳʢʘʝʪʩʷ.  

ʏʘʩʪʦʪʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʣʘʚʥʦʛʦ ʧʫʩʢʘ ʢʦʥʚʝʡʝʨʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦ-
ʩʪʴʶ ʢʦʥʚʝʡʝʨʘ.  

ɻʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʩʪʘʪʴʠ ʙʳʣʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴ 
ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʣʝʥʪʦʯʥʳʤʠ ʢʦʥʚʝʡʝʨʘʤʠ ˉ15 ʠ ˉ7 ʥʘ ʂʘʨʘʛʘʡʣʠʥʩʢʦʡ ʦʙʦʛʘʪʠʪʝʣʴʥʦʡ ʬʘʙʨʠʢʝ. 
ɼʣʷ ʜʦʩʪʠʞʝʥʠʠ ʮʝʣʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʛʨʘʬʠʯʝʩʢʘʷ HMI-ʧʘʥʝʣʴ ʦʧʝʨʘʪʦʨʘ  ʩʦ ʚʢʣʘʜʢʦʡ çʂʦʥʚʝʡʝʨè, 
ʢʦʪʦʨʘʷ ʧʦʢʘʟʘʥʘ ʥʘ ʈʠʩʫʥʢʝ 4.  

 

 
ʉʡʪ. 4. ʇʪʦʧʛʦʧʞ ʧʣʦʧ HMI-ʨʙʦʞʤʡ 

 
ʅʘ ʧʘʥʝʣʠ ʦʧʝʨʘʪʦʨʘ ʙʫʜʝʪ ʦʪʦʙʨʘʞʘʪʴʩʷ ʩʦʩʪʦʷʥʠʷ ʚʩʝʭ ʜʘʪʯʠʢʦʚ, ʯʘʩʪʦʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ 

ʠ ʥʘʪʷʞʥʦʡ ʩʪʘʥʮʠʠ. ʆʪʦʙʨʘʞʘʶʪʩʷ ʩʦʦʙʱʝʥʠʷ ʦʙ ʘʚʘʨʠʷʭ. ʅʘ ʧʘʥʝʣʠ ʦʧʝʨʘʪʦʨʘ ʤʦʞʥʦ ʧʦʩʤʦʪʨʝʪʴ 
ʜʘʪʫ, ʚʨʝʤʷ, ʨʝʞʠʤ ʨʘʙʦʪʳ ʠ ʥʘʨʘʙʦʪʢʫ ʤʦʪʦʯʘʩʦʚ. ɻʨʘʬʠʯʝʩʢʘʷ ʧʘʥʝʣʴ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʷʪʴ 
ʧʘʨʘʤʝʪʨʘʤʠ ʥʘʪʷʞʥʦʡ ʩʪʘʥʮʠʠ, ʫʩʪʘʚʢʘʤʠ ʜʘʪʯʠʢʦʚ ʠ ʯʘʩʪʦʪʥʳʤʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ. 

ɼʣʷ  ʦʙʝʩʧʝʯʝʥʠʷ  ʙʝʟʦʧʘʩʥʦʩʪʠ  ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ  ʚʘʞʥʳʤ ʤʦʤʝʥʪʦʤ  ʷʚʣʷʝʪʩʷ  ʚʳʧʦʣʥʝ-
ʥʠʷ  ʨʷʜʘ  ʙʣʦʢʠʨʦʚʦʢ,  ʟʘʧʨʝʱʘʶʱʠʭ  ʚʢʣʶʯʝʥʠʝ      ʜʚʠʛʘʪʝʣʝʡ ʢʦʥʚʝʡʝʨʘ [4]:  



ǮǤǯǡǺǨ ǷǟǢ ǡ ǠǭǪǻǷǲǽ Ǭǟǲǩǲ 39 

 

www.naukaip.ru 

Å ʙʝʟ ʧʦʜʘʯʠ ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ ʥʘ ʟʘʧʫʩʢ ʢʦʥʚʝʡʝʨʘ; 
Å ʧʨʠ  ʧʨʝʚʳʰʝʥʠʠ  ʜʦʧʫʩʪʠʤʦʛʦ  ʫʨʦʚʥʷ  ʨʫʜʳ ʚ ʤʝʩʪʘʭ ʧʝʨʝʛʨʫʟʢʠ; 
Å ʧʨʠ ʧʨʝʜʝʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʥʘʪʷʞʥʦʛʦ ʙʘʨʘʙʘʥʘ; 
Å ʧʨʠ ʥʘʣʦʞʝʥʥʳʭ ʪʦʨʤʦʟʘʭ; 
Å ʧʨʠ ʧʝʨʝʛʨʝʚʝ ʤʘʩʣʘ ʚ ʪʫʨʙʦʤʫʬʪʘʭ ʧʨʠʚʦʜʥʳʭ ʙʘʨʘʙʘʥʦʚ; 
ʂʦʥʚʝʡʝʨ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʚ ʜʚʫʭ ʨʝʞʠʤʘʭ: çʅʦʨʤʘʣʴʥʳʡè ʨʝʞʠʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʢʦʥʚʝʡʝʨ ʨʘʙʦʪʘ-

ʝʪ ʥʘ ʥʦʤʠʥʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʠ çʈʝʤʦʥʪʥʳʡè ʨʝʞʠʤ, ʥʘ ʢʦʪʦʨʦʤ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ ʢʦʥʚʝʡʝʨʘ ʦʛʨʘʥʠʯʠ-
ʚʘʝʪʩʷ ʜʦ 0,35ʤ/ʩʝʢ. ɺʩʝ ʚʳʰʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʦʤʦʛʫʪ ʥʝ ʪʦʣʴʢʦ ʦʧʝʨʘʪʦʨʘʤ, ʥʦ ʠ ʤʘʰʠʥʠ-
ʩʪʘʤ ʢʦʥʚʝʡʝʨʦʚ. 

ʀʙʣʤʷʰʞʦʡʞ  
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʩ ʧʨʷʤʳʤ ʧʫʩʢʦʤ ʩʯʠʪʘʝʪʩʷ ʤʦʨʘʣʴʥʦ ʫʩʪʘ-

ʨʝʚʰʝʡ ʠ ʬʠʟʠʯʝʩʢʠ ʠʟʥʦʰʝʥʥʦʡ, ʢʦʪʦʨʘʷ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʴʰʫʶ ʪʦʯʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʦʯʥʳʭ ʦʧʝʨʘ-
ʮʠʡ, ʥʝ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʦʪʜʝʣʴʥʳʭ ʫʟʣʦʚ ʚ ʮʝʧʷʭ ʧʨʦʤʳʰʣʝʥʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 
ʩʝʪʠ ʠ ʥʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʝʩʪʠ ʧʦʩʪʦʷʥʥʳʡ ʫʯʝʪ ʢʦʣʠʯʝʩʪʚʘ ʚʨʝʤʝʥʠ, ʥʘʨʘʙʦʪʘʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷʤʠ 
ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʦʮʝʥʢʠ ʠʭ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ. ʆʪʩʫʪʩʪʚʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʫʟʣʦʚ ʚʳʟʳʚʘʝʪ ʩʣʦʞʥʦʩʪʠ ʚ 
ʜʠʘʛʥʦʩʪʠʢʝ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʚ ʜʠʩʪʘʥʮʠʦʥʥʦʤ ʨʝʞʠʤʝ.  

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʚʳʚʦʜʦʚ ʠ ʨʝʢʦʤʝʥʜʘʮʠʡ, ʠʟʣʦʞʝʥʥʳʭ ʚ ʩʪʘʪʴʝ, ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘʛʣʷʜʥʳʤ 
ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʥʝʜʦʩʪʘʪʢʦʚ ʫʩʪʘʨʝʚʰʝʡ ʩʠʩʪʝʤʳ ʩ ʧʨʷʤʳʤ ʧʫʩʢʦʤ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʠ ʦʧʨʝʜʝʣʝʥʠʝʤ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʦʪ ʚʨʝʤʝʥʠ 
ʟʘʧʫʩʢʘ. ʂ ʧʨʠʯʠʥʘʤ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʦʪʥʦʩʷʪʩʷ: ʦʛʨʘʥʠʯʝʥʠʝ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ 
ʧʨʠʙʦʨʘ, ʨʘʟʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʚʝʩ ʨʫʜʳ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, 
ʜʣʠʥʘ ʣʝʥʪʳ.  
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ɹʦʦʧʫʙʯʡʸ: Adobe Photoshop ʠ Adobe Illustrator - ʵʪʦ ʜʚʝ ʠʟʚʝʩʪʥʳʝ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʨʝ-
ʜʘʢʪʠʨʦʚʘʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʢʦʤʧʘʥʠʝʡ Adobe Systems. Photoshop ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝ-
ʜʘʢʪʠʨʦʚʘʥʠʷ ʬʦʪʦʛʨʘʬʠʡ ʠ ʩʦʟʜʘʥʠʷ ʨʘʟʣʠʯʥʦʡ ʛʨʘʬʠʢʠ, ʘ Illustrator ʩʧʝʮʠʘʣʠʟʠʨʫʝʪʩʷ ʥʘ ʨʘʙʦʪʝ ʩ 
ʚʝʢʪʦʨʥʳʤʠ ʦʙʲʝʢʪʘʤʠ. ʆʙʘ ʧʨʠʣʦʞʝʥʠʷ ʦʙʣʘʜʘʶʪ ʰʠʨʦʢʠʤ ʥʘʙʦʨʦʤ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʬʫʥʢʮʠʡ, ʚʢʣʶ-
ʯʘʷ ʨʝʪʫʰʠʨʦʚʘʥʠʝ, ʥʘʩʪʨʦʡʢʫ ʮʚʝʪʦʚ, ʢʦʥʪʨʘʩʪʥʦʩʪʠ, ʩʦʟʜʘʥʠʝ ʵʬʬʝʢʪʦʚ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. Photoshop 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʙʦʪʳ ʩ ʨʘʩʪʨʦʚʳʤʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ Illustrator ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʨʘ-
ʙʦʪʳ ʩ ʚʝʢʪʦʨʥʳʤʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ. ɺʳʙʦʨ ʧʨʦʛʨʘʤʤʳ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʠʥʜʠʚʠʜʫ-
ʘʣʴʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʠ ʧʨʝʜʧʦʯʪʝʥʠʡ ʧʦʣʴʟʦʚʘʪʝʣʷ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʛʨʘʬʠʯʝʩʢʠʝ ʨʝʜʘʢʪʦʨʳ, ʚʝʢʪʦʨʥʘʷ ʛʨʘʬʠʢʘ, ʨʘʩʪʨʦʚʘʷ ʛʨʘʬʠʢʘ, ʠʟʦʙʨʘʞʝʥʠʝ, ʧʨʦ-
ʛʨʘʤʤʳ. 
 

COMPARATIVE CHARACTERISTICS OF GRAPHIC EDITORS ADOBE ILLUSTRATOR AND ADOBE 
PHOTOSHOP 

 
Matyushina Daria Vladimirovna,  
Bogomazova Daria Dmitrievna,  

Kudryashova Anastasia Aleksandrovna 
 

Abstract: Adobe Photoshop and Adobe Illustrator are two well-known graphics editing programs developed by 
Adobe Systems. Photoshop provides the ability to edit photos and create various graphics, while Illustrator 
specializes in working with vector objects. Both apps have a wide range of tools and features, including re-
touching, adjusting colors, contrast, creating effects, and much more. Photoshop is used to work with raster 
images, while Illustrator is designed to work with vector images. The choice of program largely depends on the 
individual needs and preferences of the user. 
Key words: graphic editors, vector graphics, raster graphics, image, programs 

 
Adobe Illustrator - ʵʪʦ ʚʝʢʪʦʨʥʳʡ ʛʨʘʬʠʯʝʩʢʠʡ ʨʝʜʘʢʪʦʨ, ʢʦʪʦʨʳʡ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʠ ʚʳʧʫʱʝʥ ʢʦʤ-

ʧʘʥʠʝʡ Adobe Systems ʚ 1987 ʛʦʜʫ. ʀʩʪʦʨʠʷ ʝʛʦ ʩʦʟʜʘʥʠʷ ʥʘʯʘʣʘʩʴ ʚ ʢʦʥʮʝ 1970-ʭ ʛʦʜʦʚ, ʢʦʛʜʘ ʜʚʘ 
ʙʨʘʪʘ ɼʞʦʥ ʠ ʊʦʤ ʂʥʦʣʣ ʨʘʟʨʘʙʦʪʘʣʠ ʧʨʦʛʨʘʤʤʫ ʧʦʜ ʥʘʟʚʘʥʠʝʤ Adobe Photoshop. ɺ ʪʦ ʚʨʝʤʷ ʦʥʠ ʨʘ-
ʙʦʪʘʣʠ ʥʘʜ ʩʦʟʜʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ ʢʦʤʧʴʶʪʝʨʝ. ʆʥʠ 
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ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʦʚʝʡʰʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʘʣʛʦʨʠʪʤʳ, ʯʪʦʙʳ ʩʦʟʜʘʪʴ ʧʨʦʛʨʘʤʤʫ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʣʘ ʧʦʣʴ-
ʟʦʚʘʪʝʣʷʤ ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʠ ʫʣʫʯʰʘʪʴ ʬʦʪʦʛʨʘʬʠʠ ʥʘ ʢʦʤʧʴʶʪʝʨʝ.  

ʆʜʥʘʢʦ ʙʨʘʪʴʷ ʂʥʦʣʣ ʧʦʥʷʣʠ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʜʨʫʛʦʤ ʪʠʧʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʨʝʜʘʢʪʦ-
ʨʘ - ʚʝʢʪʦʨʥʦʤ. ɺʝʢʪʦʨʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʩʦʩʪʦʷʪ ʠʟ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʬʦʨʤʫʣ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʬʦʨʤʫ ʠ 
ʮʚʝʪ ʦʙʲʝʢʪʦʚ ʥʘ ʵʢʨʘʥʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʷʪʴ ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʣʶʙʦʤ ʤʘʩʰʪʘʙʝ ʙʝʟ ʧʦʪʝʨʠ ʢʘʯʝʩʪʚʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 1985 ʛʦʜʫ ʙʨʘʪʴʷ ʂʥʦʣʣ ʥʘʯʘʣʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʥʦʚʫʶ ʧʨʦʛʨʘʤʤʫ, ʢʦʪʦʨʘʷ ʩʪʘ-
ʣʘ ʦʩʥʦʚʦʡ ʜʣʷ Adobe Illustrator. ʆʥʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʚʦʠ ʟʥʘʥʠʷ ʠ ʦʧʳʪ ʚ ʦʙʣʘʩʪʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʨʘʬʠ-
ʢʠ, ʯʪʦʙʳ ʩʦʟʜʘʪʴ ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʣʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʩʦʟʜʘʚʘʪʴ ʩʣʦʞʥʳʝ ʚʝʢ-
ʪʦʨʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ. ɺ 1987 ʛʦʜʫ Adobe Systems ʧʨʠʦʙʨʝʣʘ ʧʨʘʚʘ ʥʘ ʧʨʦʛʨʘʤʤʫ ʠ ʚʳʧʫʩʪʠʣʘ ʝʝ ʧʦʜ 
ʥʘʟʚʘʥʠʝʤ Adobe Illustrator. ʇʨʦʛʨʘʤʤʘ ʙʳʣʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʜʠʟʘʡʥʝʨʦʚ ʠ ʭʫ-
ʜʦʞʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʣʠ ʩ ʚʝʢʪʦʨʥʳʤʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ.  

ʉ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ Adobe Illustrator ʩʪʘʣ ʚʩʝ ʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤ ʩʨʝʜʠ ʜʠʟʘʡʥʝʨʦʚ ʠ ʭʫʜʦʞʥʠ-
ʢʦʚ. ʆʥ ʧʨʝʜʣʘʛʘʣ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʣʠ ʩʦʟʜʘʚʘʪʴ ʩʣʦʞʥʳʝ ʠ 
ʢʨʘʩʦʯʥʳʝ ʚʝʢʪʦʨʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ. ʇʨʦʛʨʘʤʤʘ ʙʳʣʘ ʧʦʩʪʦʷʥʥʦ ʦʙʥʦʚʣʷʝʪʩʷ ʠ ʫʣʫʯʰʘʣʘʩʴ, ʯʪʦʙʳ ʩʦ-
ʦʪʚʝʪʩʪʚʦʚʘʪʴ ʧʦʪʨʝʙʥʦʩʪʷʤ ʧʦʣʴʟʦʚʘʪʝʣʝʡ.  

Adobe Illustrator - ʵʪʦ ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʚʝʢʪʦʨʥʳʭ ʦʙʲʝʢʪʦʚ. ʇʨʦ-
ʛʨʘʤʤʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʬʫʥʢʮʠʦʥʘʣʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʩʦʟʜʘʚʘʪʴ ʠ ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʣʠʥʠʠ, ʬʠ-
ʛʫʨʳ, ʢʨʠʚʳʝ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. ɺʳ ʤʦʞʝʪʝ ʠʟʤʝʥʷʪʴ ʬʦʨʤʫ, ʨʘʟʤʝʨ, ʮʚʝʪ ʠ ʧʨʦʟʨʘʯʥʦʩʪʴ ʦʙʲʝʢʪʦʚ.  

ʊʘʢʞʝ ʧʨʦʛʨʘʤʤʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʩ ʪʝʢʩʪʦʤ, ʚʳʙʠʨʘʷ ʠʟ ʨʘʟʣʠʯʥʳʭ ʰʨʠʬ-
ʪʦʚ, ʥʘʩʪʨʘʠʚʘʷ ʝʛʦ ʨʘʟʤʝʨ, ʮʚʝʪ ʠ ʚʳʨʘʚʥʠʚʘʥʠʝ. ʉ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ʤʦʞʥʦ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʵʣʝ-
ʤʝʥʪʳ ʧʨʦʝʢʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʦʝʚ, ʠʟʤʝʥʷʪʴ ʠʭ ʧʦʨʷʜʦʢ, ʚʠʜʠʤʦʩʪʴ ʠ ʧʨʠʤʝʥʷʪʴ ʵʬʬʝʢʪʳ ʪʦʣʴʢʦ 
ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʩʣʦʷʤ.  

ɺʝʢʪʦʨʥʳʡ ʨʝʜʘʢʪʦʨ ʧʨʝʜʣʘʛʘʝʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʨʘʙʦʪʳ ʩ ʮʚʝʪʘʤʠ, ʚʢʣʶʯʘʷ 
ʚʳʙʦʨ ʠʟ ʧʘʣʠʪʨʳ, ʩʦʟʜʘʥʠʝ ʛʨʘʜʠʝʥʪʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʮʚʝʪʦʚʳʭ ʤʦʜʝʣʝʡ. ʇʨʦʛʨʘʤʤʘ 
ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʠʤʧʦʨʪʠʨʦʚʘʪʴ ʠ ʨʘʙʦʪʘʪʴ ʩ ʨʘʩʪʨʦʚʳʤʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ, ʩʦʯʝʪʘʷ ʠʭ ʩ ʚʝʢʪʦʨʥʳʤʠ 
ʵʣʝʤʝʥʪʘʤʠ.  

ɺ Adobe Illustrator ʜʦʩʪʫʧʥʳ ʤʥʦʞʝʩʪʚʦ ʵʬʬʝʢʪʦʚ ʠ ʩʪʠʣʝʡ, ʪʘʢʠʭ ʢʘʢ ʪʝʥʠ, ʦʙʚʦʜʢʠ ʠ ʨʘʟʤʳʪʠʝ. 
ɺʳ ʤʦʞʝʪʝ ʩʦʟʜʘʚʘʪʴ ʩʠʤʚʦʣʳ ʠ ʰʘʙʣʦʥʳ ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʵʢʩʧʦʨʪʠʨʦʚʘʪʴ ʧʨʦʝʢʪʳ ʚ 
ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʘʪʳ ʬʘʡʣʦʚ, ʚʢʣʶʯʘʷ JPEG, PNG ʠ PDF. ʊʘʢʞʝ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪ-
ʨʦʚ ʵʢʩʧʦʨʪʘ ʠ ʧʝʯʘʪʠ ʧʨʦʝʢʪʦʚ. ɺ ʮʝʣʦʤ, Adobe Illustrator ʧʨʝʜʣʘʛʘʝʪ ʤʥʦʞʝʩʪʚʦ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʚʦʟ-
ʤʦʞʥʦʩʪʝʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʚʝʢʪʦʨʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. 

 
ʋʙʚʤʡʯʙ 1 

ʅʘʟʚʘʥʠʝ ʜʝʡʩʪʚʠʷ ʂʦʤʙʠʥʘʮʠʷ ʢʣʘʚʠʰ 

ʆʪʤʝʥʠʪʴ Ctrl + Z 

ʇʦʚʪʦʨʠʪʴ Shift + Ctrl + Z 

ɺʳʨʝʟʘʪʴ Ctrl + X 

ʂʦʧʠʨʦʚʘʪʴ Ctrl + C 

ɺʩʪʘʚʠʪʴ Ctrl + V 

ɺʩʪʘʚʢʘ ʥʘ ʧʝʨʝʜʥʝʤ ʧʣʘʥʝ Ctrl + F 

ɺʩʪʘʚʢʘ ʥʘ ʟʘʜʥʝʤ ʧʣʘʥʝ Ctrl + B 

ɺʩʪʘʚʠʪʴ ʚʤʝʩʪʦ Shift + Ctrl + V 

ɺʩʪʘʚʠʪʴ ʥʘ ʚʩʝ ʤʦʥʪʘʞʥʳʝ ʦʙʣʘʩʪʠ Alt + Shift + Ctrl + V 

ʇʨʦʚʝʨʢʘ ʦʨʬʦʛʨʘʬʠʠ Ctrl + I 

ʆʪʢʨʳʪʠʝ ʜʠʘʣʦʛʦʚʦʛʦ ʦʢʥʘ çʅʘʩʪʨʦʡʢʘ ʮʚʝʪʦʚè Shift + Ctrl + K 

ʆʪʢʨʳʪʠʝ ʜʠʘʣʦʛʦʚʦʛʦ ʦʢʥʘ çʂʦʤʙʠʥʘʮʠʠ ʢʣʘ-
ʚʠʰè 

Alt + Shift + Ctrl + K 

ʆʪʢʨʳʪʠʝ ʜʠʘʣʦʛʦʚʦʛʦ ʦʢʥʘ çʋʩʪʘʥʦʚʢʠè Ctrl + K 
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ȋȄȅȃȒȌǿȏȍȃȌȚȈ ȌǿȒȖȌȍ-ȇȐȐȊȄȃȍȁǿȑȄȊțȐȉȇȈ ȉȍȌȉȒȏȐ z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʂʘʢ ʠ ʚʦ ʤʥʦʛʠʭ ʧʨʠʣʦʞʝʥʠʷʭ, ʚ Adobe Illustrator ʠʤʝʶʪʩʷ ʛʦʨʷʯʠʝ ʢʣʘʚʠʰʠ. ʆʥʠ ʦʪʚʝʯʘʶʪ ʟʘ 
ʙʳʩʪʨʦʪʫ ʨʘʙʦʪʳ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɺ ʜʘʥʥʦʤ ʧʨʠʣʦʞʝʥʠʠ ʠʭ ʤʥʦʞʝʩʪʚʦ. ʍʦʪʝʣʦʩʴ ʙʳ ʚʳʜʝʣʠʪʴ ʩʘʤʳʝ 
ʧʦʧʫʣʷʨʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʢʣʘʚʠʰ (ʪʘʙʣ.1) ʠ ʥʘʟʚʘʪʴ ʠʭ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. 

ɼʦʩʪʦʠʥʩʪʚʘ ʛʦʨʷʯʠʭ ʢʣʘʚʠʰ ʚ Adobe Illustrator: 
1. ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ: ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʦʨʷʯʠʭ ʢʣʘʚʠʰ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʚʳʧʦʣʥʷʪʴ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʦʧʝʨʘʮʠʠ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ ʤʳʰʠ. ʕʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʷʝʪ ʨʘʙʦʪʫ ʠ ʧʦʚʳʰʘʝʪ ʧʨʦ-
ʜʫʢʪʠʚʥʦʩʪʴ. 

2. ʋʜʦʙʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ: ɻʦʨʷʯʠʝ ʢʣʘʚʠʰʠ ʧʦʟʚʦʣʷʶʪ ʙʳʩʪʨʦ ʧʝʨʝʢʣʶʯʘʪʴʩʷ ʤʝʞʜʫ ʠʥʩʪʨʫ-
ʤʝʥʪʘʤʠ ʠ ʚʳʧʦʣʥʷʪʴ ʜʝʡʩʪʚʠʷ, ʥʝ ʪʨʘʪʷ ʚʨʝʤʷ ʥʘ ʧʦʠʩʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʥʦʧʦʢ ʠʣʠ ʢʦʤʘʥʜ ʚ ʤʝʥʶ. 

3. ʅʘʩʪʨʘʠʚʘʝʤʦʩʪʴ: ɺ Adobe Illustrator ʤʦʞʥʦ ʥʘʩʪʨʦʠʪʴ ʛʦʨʷʯʠʝ ʢʣʘʚʠʰʠ ʧʦ ʩʚʦʝʤʫ ʞʝʣʘʥʠʶ, 
ʜʦʙʘʚʣʷʪʴ ʥʦʚʳʝ ʢʦʤʙʠʥʘʮʠʠ ʠʣʠ ʠʟʤʝʥʷʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʩʧʦʩʦʙʠʪʴ ʧʨʦʛʨʘʤʤʫ 
ʧʦʜ ʩʚʦʠ ʧʦʪʨʝʙʥʦʩʪʠ ʠ ʧʨʝʜʧʦʯʪʝʥʠʷ. 

ʅʝʜʦʩʪʘʪʢʠ ʛʦʨʷʯʠʭ ʢʣʘʚʠʰ ʚ Adobe Illustrator: 
1. ʉʣʦʞʥʦʩʪʴ ʟʘʧʦʤʠʥʘʥʠʷ: ɺ ʥʘʯʘʣʝ ʨʘʙʦʪʳ ʩ ʧʨʦʛʨʘʤʤʦʡ ʤʦʞʝʪ ʙʳʪʴ ʩʣʦʞʥʦ ʟʘʧʦʤʥʠʪʴ ʚʩʝ 

ʢʦʤʙʠʥʘʮʠʠ ʢʣʘʚʠʰ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʠʭ ʤʥʦʛʦ. ʕʪʦ ʤʦʞʝʪ ʟʘʤʝʜʣʠʪʴ ʨʘʙʦʪʫ ʠ ʚʳʟʳʚʘʪʴ ʥʝʫʜʦʙʩʪʚʘ. 
2. ʆʛʨʘʥʠʯʝʥʠʷ ʚ ʬʫʥʢʮʠʦʥʘʣʝ: ʅʝʢʦʪʦʨʳʝ ʜʝʡʩʪʚʠʷ ʚ ʧʨʦʛʨʘʤʤʝ ʤʦʛʫʪ ʙʳʪʴ ʜʦʩʪʫʧʥʳ ʪʦʣʴʢʦ 

ʯʝʨʝʟ ʤʝʥʶ ʠʣʠ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʠ ʥʝʣʴʟʷ ʚʳʧʦʣʥʠʪʴ ʠʭ ʩ ʧʦʤʦʱʴʶ ʛʦʨʷʯʠʭ ʢʣʘʚʠʰ. ʕʪʦ ʤʦʞʝʪ 
ʙʳʪʴ ʧʨʦʙʣʝʤʦʡ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʧʨʝʜʧʦʯʠʪʘʶʱʠʭ ʨʘʙʦʪʘʪʴ ʪʦʣʴʢʦ ʩ ʢʣʘʚʠʘʪʫʨʦʡ. 

3. ʂʦʥʬʣʠʢʪʳ ʩ ʜʨʫʛʠʤʠ ʧʨʦʛʨʘʤʤʘʤʠ: ʅʝʢʦʪʦʨʳʝ ʛʦʨʷʯʠʝ ʢʣʘʚʠʰʠ ʤʦʛʫʪ ʙʳʪʴ ʢʦʥʬʣʠʢʪʥʳʤʠ ʩ 
ʛʦʨʷʯʠʤʠ ʢʣʘʚʠʰʘʤʠ ʜʨʫʛʠʭ ʧʨʦʛʨʘʤʤ, ʯʪʦ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʧʫʪʘʥʠʮʫ ʠ ʧʨʠʚʦʜʠʪʴ ʢ ʦʰʠʙʢʘʤ. 

ɺ ʮʝʣʦʤ, ʛʦʨʷʯʠʝ ʢʣʘʚʠʰʠ ʚ Adobe Illustrator ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʣʝʟʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʢʦʪʦʨʳʡ 
ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʨʘʙʦʪʫ ʠ ʧʦʚʳʰʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. ʆʜʥʘʢʦ, ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʝʙʫʝʪ 
ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʨʠʚʳʯʢʠ ʠ ʟʥʘʥʠʷ ʩʦʯʝʪʘʥʠʡ ʢʣʘʚʠʰ. 

ɺ 1987 ʛʦʜʫ ʙʳʣ ʩʦʟʜʘʥ ʚʩʝʤʠ ʠʟʚʝʩʪʥʳʡ Photoshop. ʉʦʟʜʘʪʝʣʠ ʝʛʦ ï ʙʨʘʪʴʷ ʊʦʤʘʩ ʠ ɼʞʦʥ ʅʦʣ-
ʣʳ ï ʠʟʥʘʯʘʣʴʥʦ ʥʘʟʚʘʣʠ ʩʦʚʨʝʤʝʥʥʫʶ ʧʨʦʛʨʘʤʤʫ Display.  ʇʝʨʚʳʡ ʫʯʠʣʩʷ ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ ʄʠʯʠʛʘʥʘ ʠ 
ʫʚʣʝʢʘʣʩʷ ʬʦʪʦʛʨʘʬʠʝʡ, ʘ ʚʪʦʨʦʡ ʨʘʙʦʪʘʣ ʩʦ ʩʧʝʮʵʬʬʝʢʪʘʤʠ ʚ ʢʦʤʧʘʥʠʠ Industrial L&M. ʅʘʟʚʘʥʠʝ 
ʧʝʨʚʦʡ ʚʝʨʩʠʠ Photoshop ï Photoshop 0.63. ʆʥʘ ʙʳʣʘ ʚʳʧʫʱʝʥʘ ʚ 1998 ʛʦʜʫ. ʆʥʘ ʨʘʙʦʪʘʣʘ ʪʦʣʴʢʦ ʥʘ 
ʢʦʤʧʴʶʪʝʨʝ ʤʘʨʢʠ Macintosh ʠ ʙʳʣʘ ʩʠʣʴʥʦ ʦʛʨʘʥʠʯʝʥʘ ʚ ʬʫʥʢʮʠʦʥʘʣʝ. ɺ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ ʬʫʥʢʮʠʦ-
ʥʘʣʴʥʦʩʪʴ ʠ ʤʥʦʛʦʛʨʘʥʥʦʩʪʴ ʧʨʦʛʨʘʤʤʳ ʪʦʣʴʢʦ ʨʦʩʣʠ. ɺ 1990 ʛʦʜʫ ʙʳʣʘ ʚʳʧʫʱʝʥʘ ʚʝʨʩʠʷ 1.0. ɺ ʥʝʸ 
ʜʦʙʘʚʠʣʠ ʧʦʜʜʝʨʞʢʫ ʮʚʝʪʘ, ʯʪʦ ʚʳʨʘʞʘʣʘʩʴ ʚ ʠʤʧʦʨʪʝ ʮʚʝʪʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ.  

ʇʣʶʩʦʤ ʢʦ ʚʩʝʤʫ, ʚ ʧʨʦʛʨʘʤʤʫ ʜʦʙʘʚʠʣʠ ʥʦʚʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʣʫʯʰʝʛʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ. ɺ 
1994 ʛʦʜʫ ʧʦʷʚʠʣʘʩʴ ʧʝʨʚʘʷ ʚʝʨʩʠʷ ʜʣʷ OS Windows, ʧʨʦʛʨʘʤʤʘ ʩʪʘʣʘ ʦʙʱʝʜʦʩʪʫʧʥʦʡ. ɺ 2003 ʛʦʜʫ 
ʙʳʣʘ ʚʳʧʫʱʝʥʘ ʚʝʨʩʠʷ Photoshop 8.0, ʧʦʷʚʠʣʠʩʴ ʥʦʚʳʝ ʬʫʥʢʮʠʠ: ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʨʘʙʦʪʳ ʩ ʢʘʤʝʨʘʤʠ 
ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʘʙʦʪʳ ʩʦ ʩʣʦʷʤʠ. ɺ 2007 ʛʦʜʫ ʧʦʷʚʠʣʩʷ Photoshop CS3, ʧʨʠʙʣʠ-
ʞʝʥʥʳʡ ʢ ʠʥʪʝʨʬʝʡʩʫ ʩʦʚʨʝʤʝʥʥʦʛʦ. ɺ 2012 ʛʦʜʫ Adobe ʧʨʝʜʩʪʘʚʠʣʘ ʧʨʦʛʨʘʤʤʫAdobe Creative Cloud.  

ʊʝʧʝʨʴ ʧʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʣʠ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ Photoshop ʧʦ ʧʦʜʧʠʩʢʝ, ʘ ʪʘʢʞʝ ʦʥʠ ʤʦʛʣʠ ʫʩʪʘʥʦ-
ʚʠʪʴ ʦʙʥʦʚʣʝʥʠʷ ʙʝʟ ʧʨʦʙʣʝʤ. ɺ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ ʙʳʣʠ ʚʳʧʫʱʝʥʳ ʚʝʨʩʠʠ CC (Creative Cloud) ʩ ʥʦ-
ʚʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʠ ʫʣʫʯʰʝʥʠʷʤʠ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʧʦʩʣʝʜʥʷʷ ʚʝʨʩʠʷ ï ʵʪʦ Adobe Photoshop 
2023 ʛʦʜʘ. ʀʟ ʥʦʚʳʭ ʠʟʤʝʥʝʥʠʡ ʜʦʙʘʚʠʣʠ ʘʜʘʧʪʠʚʥʳʝ ʬʠʣʴʪʨʳ, ʘ ʪʘʢʞʝ ʥʝʡʨʦʥʥʳʝ ʬʠʣʴʪʨʳ. ʌʫʥʢʮʠ-
ʦʥʘʣ ʤʝʥʷʝʪʩʷ ʢʨʘʡʥʝ ʨʝʜʢʦ, ʧʦʵʪʦʤʫ ʧʝʨʝʫʯʠʪʴʩʷ ʠ ʦʩʚʘʠʚʘʪʴ ʧʨʦʛʨʘʤʤʫ ʪʝʤ, ʢʪʦ ʝʡ ʧʦʣʴʟʫʝʪʩʷ ʥʝ 
ʥʫʞʥʦ.  

ɺ Photoshop ʤʦʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʠʤʧʦʨʪ ʠ ʵʢʩʧʦʨʪ ʠʟʦʙʨʘʞʝʥʠʡ, ʠʣʣʶʩʪʨʘʮʠʠ, ʣʦʛʦʪʠʧʦʚ ʠ ʪ.ʜ. ɺ 
ʮʝʣʦʤ, ʚʩʝʛʦ, ʯʪʦ ʠʤʝʝʪ ʬʦʨʤʘʪ ʢʘʨʪʠʥʢʠ ʠʣʠ ʬʦʪʦʛʨʘʬʠʠ. ʇʨʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʠ ʢʘʨʪʠʥʢʫ ʤʦʞʥʦ ʠʩʢʘ-
ʞʘʪʴ, ʦʪʟʝʨʢʘʣʠʪʴ, ʧʝʨʝʚʝʨʥʫʪʴ ï ʚʩʸ, ʯʪʦ ʜʫʰʝ ʫʛʦʜʥʦ. ʊʘʢʞʝ ʤʦʞʥʦ ʦʙʨʝʟʘʪʴ ʢʘʨʪʠʥʢʫ ʠʣʠ ʠʟʦʙʨʘʞʝ-
ʥʠʝ ʠ ʚʩʪʘʚʠʪʴ ʥʘ ʤʝʩʪʦ ʦʜʥʦʡ ʜʨʫʛʫʶ. ʀ ʚʩʸ ʵʪʦ ʚ ʦʜʥʦʤ ʧʨʦʝʢʪʝ.  

ɺʦ ʚʢʣʘʜʢʝ çʩʣʦʠè ʯʘʱʝ ʚʩʝʛʦ ʨʘʙʦʪʘʶʪ ʩ ʪʝʤ, ʛʜʝ ʥʘʭʦʜʠʪʩʷ ʠ ʢʘʢʦʡ ʩʣʦʡ, ʛʜʝ ʙʫʜʝʪ ʨʘʩʧʦʣʘ-
ʛʘʪʴʩʷ. ʊʘʢʞʝ ʟʜʝʩʴ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ çʤʘʩʢʠè ʠ ʢʨʘʩʠʚʦ ʚʥʝʜʨʠʪʴ ʯʘʩʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʚ 
ʜʨʫʛʦʝ ʥʘ ʤʝʩʪʦ ʤʘʩʢʠ. 

ɺʦ ʚʢʣʘʜʢʝ çʪʝʢʩʪè ʯʘʱʝ ʚʩʝʛʦ ʨʘʙʦʪʘʶʪ ʠʤʝʥʥʦ ʩ ʥʠʤ. ʄʥʦʛʠʝ ʥʘʟʳʚʘʶʪ ʵʪʦ çʪʠʧʦʛʨʘʬʠʢʘè, 
ʟʜʝʩʴ ʪʝʢʩʪʫ ʧʨʠʜʘʶʪ ʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʡ ʜʣʷ ʨʘʙʦʪʳ ʮʚʝʪ, ʦʩʦʙʝʥʥʦʩʪʠ ʰʨʠʬʪʘ, ʪʝʥʴ, ʙʣʝʩʢ ʠ ʪ.ʜ. 
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ɺʦ ʚʢʣʘʜʢʝ çʬʠʣʴʪʨè ʩʦʟʜʘʶʪʩʷ ʨʘʟʥʦʛʦ ʨʦʜʘ ʦʩʦʙʝʥʥʦʩʪʠ: ʦʙʣʘʢʘ ʥʘ ʬʦʥʝ, ʠʩʢʘʞʝʥʠʝ, ʰʫʤ, 
ʙʣʶʨ ï ʚʩʸ ʵʪʦ ʤʦʞʥʦ ʩʦʟʜʘʪʴ, ʝʩʣʠ ʥʘʞʘʪʴ ʥʘ ʚʢʣʘʜʢʫ ʠ ʧʦʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʠ. ʄʥʦʛʠʝ ʚ ʥʘʰʝ ʚʨʝ-
ʤʷ ʵʪʠʤ ʧʦʣʴʟʫʶʪʩʷ ʠ ʩʦʟʜʘʶʪ ʰʝʜʝʚʨʳ.  

3D ï ʦʩʦʙʝʥʥʘʷ ʯʘʩʪʴ Adobe Photoshop. ɿʜʝʩʴ ʤʦʞʥʦ ʨʘʙʦʪʘʪʴ ʩ ʦʙʲʝʤʘʤʠ ʣʶʙʦʡ ʚʳʙʨʘʥʥʦʡ 
ʬʠʛʫʨʳ, ʯʝʣʦʚʝʢʘ, ʚʝʱʠ. ʄʦʞʥʦ ʩʦʟʜʘʪʴ ʪʝʥʴ ʠ ʧʨʠʜʘʪʴ ʝʡ ʬʦʨʤʫ. ʄʥʦʛʠʝ ʜʠʟʘʡʥʝʨʳ ʚ ʩʦʚʨʝʤʝʥʥʦʤ 
ʤʠʨʝ ʧʦʣʴʟʫʶʪʩʷ ʠ ʵʪʠʤ. ɺʢʣʘʜʢʠ çʬʘʡʣè, çʚʳʜʝʣʝʥʠʝè, çʦʢʥʦè ʠ çʩʧʨʘʚʢʘè ʧʦʤʦʛʘʶʪ ʥʘʩʪʨʦʠʪʴ ʧʦʜ 
ʩʝʙʷ ʧʨʦʛʨʘʤʤʫ, ʯʪʦʙʳ ʠʥʪʝʨʬʝʡʩ ʧʦʜʩʪʨʘʠʚʘʣʩʷ ʧʦʜ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʧʦʤʦʛʘʣ ʝʤʫ, ʘ ʥʝ ʤʝʰʘʣ.  

ʆʩʥʦʚʳʝ ʢʦʤʙʠʥʘʮʠʠ ʢʣʘʚʠʰ (ʪʘʙʣ.2) ʚ Adobe Photoshop 
 

ʋʙʚʤʡʯʙ 2 

ʅʘʟʚʘʥʠʝ ʜʝʡʩʪʚʠʷ ʂʦʤʙʠʥʘʮʠʷ ʢʣʘʚʠʰ 

ʂʦʧʠʨʦʚʘʪʴ Ctrl + C 

ɺʩʪʘʚʠʪʴ Ctrl + V 

ʆʪʤʝʥʠʪʴ Ctrl + Z 

ʆʪʤʝʥʠʪʴ ʦʙʚʦʜʢʫ Ctrl + D 

ʉʚʦʙʦʜʥʦʝ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʠʝ Ctrl + T 

ʉʦʟʜʘʥʠʝ ʩʣʦʷ ʧʫʪʸʤ ʢʦʧʠʨʦʚʘʥʠʷ Ctrl + J 

ʉʦʟʜʘʥʠʝ ʥʦʚʦʛʦ ʩʣʦʷ ʧʫʪʸʤ ʚʳʨʝʟʘʥʠʷ Shift + Ctrl + J 

ʇʝʨʝʤʝʱʝʥʠʝ ʤʝʞʜʫ ʧʦʣʷʤʠ Tab 

 
ʕʪʦ ʪʦʣʴʢʦ ʥʝʢʦʪʦʨʳʝ ʠʟ ʤʥʦʞʝʩʪʚʘ ʜʦʩʪʫʧʥʳʭ ʛʦʨʷʯʠʭ ʢʣʘʚʠʰ ʚ Photoshop. ʂʘʞʜʘʷ ʚʝʨʩʠʷ ʧʨʦ-

ʛʨʘʤʤʳ ʤʦʞʝʪ ʠʤʝʪʴ ʥʝʙʦʣʴʰʠʝ ʦʪʣʠʯʠʷ ʚ ʛʦʨʷʯʠʭ ʢʣʘʚʠʰʘʭ, ʧʦʵʪʦʤʫ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʦʙʨʘʪʠʪʴʩʷ ʢ 
ʜʦʢʫʤʝʥʪʘʮʠʠ ʠʣʠ ʨʝʩʫʨʩʘʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʣʥʦʛʦ ʩʧʠʩʢʘ ʛʦʨʷʯʠʭ ʢʣʘʚʠʰ ʜʣʷ ʚʘʰʝʡ ʚʝʨʩʠʠ ʧʨʦ-
ʛʨʘʤʤʳ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ, Adobe Photoshop ʠ Adobe Illustrator ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʦʙʰʠʨʥʳʡ ʥʘʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ 
ʠ ʬʫʥʢʮʠʡ ʜʣʷ ʪʚʦʨʯʝʩʪʚʘ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ. Photoshop ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʨʘʙʦʪʳ ʩ 
ʨʘʩʪʨʦʚʳʤʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ ʠ ʨʝʪʫʰʠʨʦʚʘʥʠʷ ʬʦʪʦʛʨʘʬʠʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ Illustrator ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 
ʩʦʟʜʘʥʠʷ ʠʣʣʶʩʪʨʘʮʠʡ ʠ ʨʘʙʦʪʳ ʩ ʚʝʢʪʦʨʥʳʤʠ ʦʙʲʝʢʪʘʤʠ. ʆʙʘ ʧʨʠʣʦʞʝʥʠʷ ʷʚʣʷʶʪʩʷ ʤʦʱʥʳʤʠ ʠʥ-
ʩʪʨʫʤʝʥʪʘʤʠ, ʢʦʪʦʨʳʝ ʢʘʞʜʳʡ ʜʠʟʘʡʥʝʨ ʠ ʭʫʜʦʞʥʠʢ ʥʘʡʜʝʪ ʧʦʣʝʟʥʳʤʠ, ʠ ʚʳʙʦʨ ʤʝʞʜʫ ʥʠʤʠ ʟʘʚʠʩʠʪ ʦʪ 
ʣʠʯʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʠ ʧʨʝʜʧʦʯʪʝʥʠʡ ʧʦʣʴʟʦʚʘʪʝʣʷ. 
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ǯǟǦǯǟǠǭǱǩǟ ǪǟǠǭǯǟǱǭǯǬǭǢǭ ǰǱǤǬǣǟ 
©ǟǡǱǭǫǟǱǧǦǧǯǭǡǟǬǬǭǤ ǧ ǮǯǭǢǯǟǫǫǬǭǤ 
ǲǮǯǟǡǪǤǬǧǤ ǲǯǭǡǬǤǫ ǧ ǱǤǫǮǤǯǟǱǲǯǭǨ 
ǡǭǣǺ ǡ ǯǤǦǤǯǡǲǟǯǤ¹ Ǭǟ ǠǟǦǤ 
ǩǭǬǱǯǭǪǪǤǯǟ S7- 1500 

ǫȒȏǿȑȍȁǿ ǤȏȉȄȅǿȌ ǟȐȔǿȑǩȚȆȚ 
ʩʪʫʜʝʥʪ 

ɺʦʩʪʦʯʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɼ.ʉʝʨʠʢʙʘʝʚʘ 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʂʘʜʳʨʦʣʜʠʥʘ ɸʣʴʙʠʥʘ ʊʘʣʘʧʞʘʥʦʚʥʘ 
ʜʦʢʪʦʨ PhD, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ɺʦʩʪʦʯʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɼ.ʉʝʨʠʢʙʘʝʚʘ 
 

ɹʦʦʧʫʙʯʡʸ: ʩʪʘʪʴʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʫʨʦʚʥʝʤ ʠ ʪʝʤʧʝ-
ʨʘʪʫʨʦʡ ʚʦʜʳ ʚ ʨʝʟʝʨʚʫʘʨʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥʪʨʦʣʣʝʨʘ S7-1500, ʧʦʜʯʝʨʢʠʚʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 
ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʢʦʥʪʨʦʣʴ, ʫʨʦʚʝʥʴ ʚʦʜʳ, ʨʝʟʝʨʚʫʘʨ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʥʘʜʝʞʥʦʩʪʴ, Siemens S7-1500, 
ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʢʦʥʪʨʦʣʣʝʨ SIMATIC S7-1500 

 
ʂʦʥʪʨʦʣʴ ʫʨʦʚʥʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʚ ʨʝʟʝʨʚʫʘʨʘʭ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʚ 

ʨʘʟʣʠʯʥʳʭ ʠʥʜʫʩʪʨʠʷʭ ʠ ʦʙʣʘʩʪʷʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʦʢʘʟʳʚʘʶʪ ʧʨʷʤʦʝ ʚʣʠʷʥʠʝ 
ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʜʳ. ɺ ʜʘʥ-
ʥʦʡ ʩʪʘʪʴʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʟʥʘʯʠʤʦʩʪʴ ʥʘʜʝʞʥʦʛʦ ʢʦʥʪʨʦʣʷ ʫʨʦʚʥʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ, ʘ ʪʘʢʞʝ 
ʥʝʦʪʲʝʤʣʝʤʫʶ ʨʦʣʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ ʜʦʩʪʠʞʝʥʠʠ ʵʪʦʡ ʚʘʞʥʦʡ ʮʝʣʠ. 

ʋʧʨʘʚʣʝʥʠʝ ʫʨʦʚʥʝʤ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʜʳ ʚ ʨʝʟʝʨʚʫʘʨʘʭ ʪʨʘʜʠʮʠʦʥʥʦ ʚʳʧʦʣʥʷʣʦʩʴ ʚʨʫʯʥʫʶ, 
ʯʪʦ ʯʘʩʪʦ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʦʛʨʘʥʠʯʝʥʥʦʡ ʪʦʯʥʦʩʪʴʶ, ʚʨʝʤʝʥʥʳʤʠ ʟʘʜʝʨʞʢʘʤʠ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʨʠʩ-
ʢʘʤʠ ʯʝʣʦʚʝʯʝʩʢʠʭ ʦʰʠʙʦʢ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʥʘʜʝʞʥʦʩʪʴ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
ʧʨʦʮʝʩʩʦʚ ʩʪʘʚʷʪʩʷ ʥʘ ʧʝʨʚʦʝ ʤʝʩʪʦ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʪʘʥʦʚʷʪʩʷ ʦʙʷʟʘʪʝʣʴ-
ʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ɺ ʩʪʘʪʴʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʯʝʙʥʳʠ↑ ʣʘʙʦʨʘʪʦʨʥʳʠ↑ ʩʪʝʥʜ çɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʠ ʧʨʦʛʨʘʤʤʥʦʝ 
ʫʧʨʘʚʣʝʥʠʝ ʫʨʦʚʥʝʤ ʠ ʪʝʤʧʝʨʘʪʫʨʦʠ↑ ʚʦʜʳ ʚ ʨʝʟʝʨʚʫʘʨʝè ʠ ʧʨʦʤʳʰʣʝʥʥʳʠ↑ ʢʦʥʪʨʦʣʣʝʨ ʥʘ ʙʘʟʝ 
Siemens S7-1500 ʩʝʨʠʠ, ʩʦʙʨʘʥʥʳʡ ʥʘ ʙʘʟʝ ʎʝʥʪʨʘ ʢʦʤʧʝʪʝʥʮʠʡ ʠ ʪʨʘʥʩʬʝʨʘ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʣʘʩʪʠ 
ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʤʝʭʘʪʨʦʥʠʢʠ ʚ ʅɸʆ çɺʦʩʪʦʯʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ. ʉʝʨʠʢ-
ʙʘʝʚʘè. 

ʋʯʝʙʥʳʠ↑ ʣʘʙʦʨʘʪʦʨʥʳʠ↑ ʩʪʝʥʜ çɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʫʨʦʚʥʝʤ ʠ ʪʝʤʧʝʨʘ-
ʪʫʨʦʠ↑ ʚʦʜʳ ʚ ʨʝʟʝʨʚʫʘʨʝè ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʠ↑: 2 (ʜʚʘ) ʨʝʟʝʨʚʫʘʨʘ ʩ ʚʦʜʦʠ↑ (ʈʠʩ.1.). ʈʝʟʝʨʚʫʘʨʳ ʩʦʝʜʠʥʝʥʳ 
ʪʨʫʙʦʧʨʦʚʦʜʘʤʠ. ɺʩʝ ʧʘʨʘʤʝʪʨʳ ʩʪʝʥʜʘ ʠʟʤʝʨʷʶʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʜʘʪʯʠʢʘʤʠ. 
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ʉʡʪ. 1. ʋʞʮʦʧʤʧʜʡʰʞʪʣʙʸ ʪʮʞʥʙ ʪʫʞʦʝʙ 

 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʟʨʘʙʦʪʘʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ, ʥʘ ʢʦʪʦʨʦʠ↑ ʦʪʦʙʨʘʞʝʥʳ: ʚʝʨʭʥʠʠ↑ ʙʘʢ, ʥʠʞ-

ʥʠʠ↑ ʙʘʢ, ʨʝʩʠʚʝʨ, ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʪʯʠʢ ʫʨʦʚʥʷ, ʜʘʪʯʠʢ ʜʘʚʣʝʥʠʷ, ʟʘʜʚʠʞʢʠ ʚ ʢʦʣʠʯʝʩʪʚʝ 11 
ʰʪʫʢ, ʨʝʛʫʣʠʨʫʶʱʠʠ↑ ʢʣʘʧʘʥ.  

ɺ ʢʘʯʝʩʪʚʝ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʠ↑ʩʪʚ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʭʝʤʘʭʧʦʢʘʟʘʥʳ: ʥʘʩʦʩ ʧʠʪʘʪʝʣʴʥʳʠ↑ 
ʇʅ1 ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʫʨʦʚʥʷ ʚʦʜʳ, ɻ ʣʝʢʪʨʠʯʝʩʢʠʠ↑ ʥʘʛʨʝʚʘʪʝʣʴʥʳʠ↑ ʵʣʝʤʝʥʪ (ʪʵʥ) ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 
ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʚ ʥʠʞʥʝʤ ʙʘʢʝ. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ.2.  

 

 
TT ï ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ, PT ï ʜʘʪʯʠʢ ʜʘʚʣʝʥʠʷ, LT ï ʜʘʪʯʠʢ ʫʨʦʚʥʷ,  ʅɺ1 ï ʥʘʩʦʩ, ʂ1-ʂ11 ï ʢʣʘʧʘʥ 

ʨʫʯʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ɹ1 ï ʚʝʨʭʥʠʠ vʙʘʢ, ɹ2 ï ʥʠʞʥʠʠ vʙʘʢ, ʈ1 ï ʨʝʩʠʚʝʨ. 
ʉʡʪ. 2. ʍʬʦʣʯʡʧʦʙʤʵʦʙʸ ʪʮʞʥʙ ʤʙʚʧʩʙʫʧʩʦʧʜʧ ʪʫʞʦʝʙ 

 
ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʢʦʥʪʨʦʣʣʝʨʘ SIMATIC S7-1516 ʜʣʷ ʥʘʧʠʩʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʙʳʣ ʚʳʙʨʘʥʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʩʨʝʜʘ TIA Portal V16.  
TIA Portal (Totally Integrated Automation Portal) - ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʦʪ ʫʨʦʚʥʷ ʢʦʥʪʨʦʣʣʝʨʦʚ ʜʦ ʫʨʦʚʥʷ 










































































































































































































