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ɸʥʥʦʪʘʮʠʷ 

ʎʚʝʪ ʧʠʱʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʠʤʝʝʪ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʷ ʦʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ: ʵʪʦ ʥʝ 

ʪʦʣʴʢʦ ʧʦʢʘʟʘʪʝʣʴ ʩʚʝʞʝʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʪʘ, ʥʦ ʠ ʥʝʦʙʭʦʜʠʤʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʝʛʦ 

ʫʟʥʘʚʘʝʤʦʩʪʠ. ʇʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʢʨʘʩʠʪʝʣʝʡ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʧʰʝʥʠʯʥʦʛʦ ʭʣʝʙʘ ʥʝ ʫʭʫʜʰʘʣʠʩʴ, ʠʟʤʝʥʷʣʘʩʴ ʪʦʣʴʢʦ 

ʦʢʨʘʩʢʘ ʠʟʜʝʣʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʤʝʥʷʝʤʳʭ ʢʨʘʩʠʪʝʣʝʡ. ɸ ʵʪʦ ʤʦʞʝʪ ʩʪʘʪʴ 

ʭʦʨʦʰʠʤ ʤʘʨʢʝʪʠʥʛʦʚʳʤ ʭʦʜʦʤ ʧʨʠ ʧʨʦʜʚʠʞʝʥʠʠ ʜʘʥʥʦʛʦ ʪʦʚʘʨʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʰʝʥʠʯʥʳʡ ʭʣʝʙ, ʥʘʪʫʨʘʣʴʥʳʝ ʢʨʘʩʠʪʝʣʠ, ʨʝʮʝʧʪʫʨʘ, 

ʪʝʭʥʦʣʦʛʠʷ, ʢʘʯʝʩʪʚʦ ʭʣʝʙʘ. 

 

Abstract 

The color of the food product is of great importance to the consumer: This is not only 

an indicator of the freshness and quality of the product, but also a necessary characteristic of 

its recognition. After the use of natural dyes, the organoleptic and physico-chemical indicators 

of the quality of wheat bread did not deteriorate, only the color of the product changed 

depending on the dyes used. And this can be a good marketing move when promoting this 

product. 

Keywords: wheat bread, natural dyes, recipe, technology, bread quality. 

 

ʇʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʦ ʚʩʝʭ ʨʝʛʠʦʥʘʭ ʩʪʨʘʥʳ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʩʪʨʫʢʪʫʨʘ 

ʠ ʘʩʩʦʨʪʠʤʝʥʪ ʭʣʝʙʦʧʝʢʘʨʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʅʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ 

ʭʣʝʙʘ, ʢʦʪʦʨʳʡ ʧʨʦʠʟʚʦʜʷʪ ʧʨʝʜʧʨʠʷʪʠʷ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ (ʧʝʢʘʨʥʠ) [5]. ʅʘ ʥʝʙʦʣʴʰʠʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʙʦʣʴʰʠʝ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʷ 

ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʘʩʩʦʨʪʠʤʝʥʪʘ ʩʚʦʠʭ ʠʟʜʝʣʠʡ. ɸ ʙʝʟ ʵʪʦʛʦ ʥʝʣʴʟʷ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘ 

ʧʨʠʚʣʝʯʝʥʠʷ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʢʫʧʘʪʝʣʝʡ.  

ʀ ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʪʨʘʪ ʥʘ ʟʘʢʫʧʢʫ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʥʝ ʤʝʥʷʪʴ ʧʦʣʥʦʩʪʴʶ ʘʩʩʦʨʪʠʤʝʥʪ ʧʨʦʜʫʢʮʠʠ, ʤʦʞʥʦ ʚʥʝʩʪʠ ʥʦʪʢʫ 

ʦʨʠʛʠʥʘʣʴʥʦʩʪʠ ʚ ʪʨʘʜʠʮʠʦʥʥʳʝ ʨʝʮʝʧʪʳ. 

ʉʝʡʯʘʩ ʤʦʞʥʦ ʧʨʠʦʙʨʝʩʪʠ ʭʣʝʙ ʠ ʭʣʝʙʦʙʫʣʦʯʥʳʝ ʠʟʜʝʣʠʷ ʥʘ ʣʶʙʦʡ ʚʢʫʩ, 

ʧʨʝʜʧʨʠʷʪʠʷ ʚʳʨʘʙʘʪʳʚʘʶʪ ʥʝ ʪʦʣʴʢʦ ʨʘʟʣʠʯʥʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʬʦʨʤʦʚʦʛʦ ʠ ʧʦʜʦʚʦʛʦ 

ʭʣʝʙʘ, ʥʦ ʪʘʢʞʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʘʪʦʥʦʦʙʨʘʟʥʳʭ ʠʟʜʝʣʠʡ, ʠʟʜʝʣʠʡ ʢʦʥʜʠʪʝʨʩʢʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ [1, 2]. 

ʂʨʦʤʝ ʧʠʱʝʚʦʡ ʮʝʥʥʦʩʪʠ, ʧʠʱʝʚʳʝ ʜʦʙʘʚʢʠ ʝʱʝ ʜʦʣʞʥʳ ʜʝʣʘʪʴ ʛʦʪʦʚʦʝ ʠʟʜʝʣʠʝ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʜʣʷ ʧʦʢʫʧʘʪʝʣʷ [3]. ʊʘʢ ʢʘʢ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʛʣʘʚʥʳʭ ʢʘʯʝʩʪʚʝʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʷʚʣʷʶʪʩʷ ʠʭ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʪʦ ʠ ʚ 

ʟʘʜʘʯʫ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʚʭʦʜʠʪ ʠʭ ʫʣʫʯʰʝʥʠʝ. ʂ ʦʩʥʦʚʥʳʤ ʠʟ ʥʠʭ ʦʪʥʦʩʷʪʩʷ ʚʢʫʩ, ʮʚʝʪ ʠ 

ʟʘʧʘʭ, ʧʨʠʯʝʤ ʧʝʨʚʳʡ ʢʘʯʝʩʪʚʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ, ʥʘ ʢʦʪʦʨʳʡ ʦʙʨʘʪʠʪ ʚʥʠʤʘʥʠʝ 

ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʧʦʢʫʧʘʪʝʣʴ ï ʵʪʦ ʮʚʝʪ. 



ð 8 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʎʚʝʪʥʦʡ ʭʣʝʙ ï ʦʪʣʠʯʥʳʡ ʚʘʨʠʘʥʪ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʭʣʝʙʦʧʝʢʘʨʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʦʩʢʦʣʴʢʫ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʝ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʣʦʞʝʥʠʡ. 

ʆʙʦʨʫʜʦʚʘʥʠʝ ʠ ʪʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʩʪʘʝʪʩʷ ʧʨʝʞʥʝʡ, ʦʜʥʘʢʦ ʨʝʟʫʣʴʪʘʪ, 

ʧʦʣʫʯʘʝʤʳʡ ʥʘ ʚʳʭʦʜʝ, ʧʦʤʦʞʝʪ ʧʨʠʚʣʝʯʴ ʚʥʠʤʘʥʠʝ ʧʦʢʫʧʘʪʝʣʝʡ ʢ ʦʨʠʛʠʥʘʣʴʥʦʡ 

ʧʨʦʜʫʢʮʠʠ. ʏʘʩʪʦ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʭʣʝʙʦʚ ʥʝʩʪʘʥʜʘʨʪʥʦʡ ʨʘʩʮʚʝʪʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʮʚʝʪʥʳʝ ʟʘʚʘʨʥʳʝ ʧʘʩʪʳ. ʂʨʦʤʝ ʵʪʦʛʦ, ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʦʪʚʘʨʳ ʠ ʧʦʨʦʰʢʠ. ʉ ʠʭ 

ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʣʝʛʢʦ ʠ ʙʳʩʪʨʦ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʭʣʝʙʦʙʫʣʦʯʥʳʝ ʠʟʜʝʣʠʷ. 

ʎʚʝʪ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʢʘʢʦʡ ʥʘʪʫʨʘʣʴʥʳʡ ʢʨʘʩʠʪʝʣʴ ʙʳʣ ʜʦʙʘʚʣʝʥ ʚ 

ʟʘʚʘʨʥʫʶ ʧʘʩʪʫ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʩʧʦʩʦʙʦʚ ʩʜʝʣʘʪʴ ʭʣʝʙ ʢʨʘʩʦʯʥʳʤ. ʅʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʠʟ ʥʠʭ: 

½ ʜʦʙʘʚʠʪʴ ʚ ʪʝʩʪʦ ʩʚʝʞʠʡ ʦʚʦʱʥʦʡ ʠʣʠ ʬʨʫʢʪʦʚʳʡ ʩʦʢ; 

½ ʜʦʙʘʚʠʪʴ ʩʫʭʠʝ ʩʧʝʮʠʠ ʠ ʪʨʘʚʳ ʠʣʠ ʩʫʰʝʥʳʝ ʦʚʦʱʠ ʠ ʬʨʫʢʪʳ; 

½ ʜʦʙʘʚʠʪʴ ʧʶʨʝ ʠʟ ʦʚʦʱʝʡ ʠʣʠ ʬʨʫʢʪʦʚ. 

ʏʪʦʙʳ ʧʨʠʜʘʪʴ ʪʝʩʪʫ ʪʦʪ ʠʣʠ ʠʥʦʡ ʮʚʝʪ, ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ 

ʧʨʦʜʫʢʪʳ, ʦʩʥʦʚʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ʢ ʢʦʪʦʨʳʤ ʷʚʣʷʝʪʩʷ ʩʪʦʡʢʠʡ ʮʚʝʪ ʠ ʩʧʦʩʦʙʥʦʩʪʴ 

ʦʢʨʘʰʠʚʘʪʴ ʜʨʫʛʠʝ ʢʦʤʧʦʥʝʥʪʳ. 

ʇʦʨʷʜʦʢ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ.  

ʇʝʨʝʜ ʚʳʧʝʯʢʦʡ ʧʰʝʥʠʯʥʦʛʦ ʭʣʝʙʘ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʥʘʪʫʨʘʣʴʥʳʝ ʢʨʘʩʠʪʝʣʠ 

ʚ 2 ʵʪʘʧʘ. 

1 ʵʪʘʧ. ʇʦʜʛʦʪʦʚʢʘ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʥʘʪʫʨʘʣʴʥʳʭ ʧʠʱʝʚʳʭ 

ʢʨʘʩʠʪʝʣʝʡ ʙʳʣ ʦʪʦʙʨʘʥ ʨʘʩʪʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ. ɼʣʷ ʧʨʠʜʘʥʠʷ ʨʘʟʣʠʯʥʦʡ ʦʢʨʘʩʢʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠ: ʩʚʝʢʣʫ, ʤʦʨʢʦʚʴ, ʢʨʘʩʥʦʢʦʯʘʥʥʫʶ ʢʘʧʫʩʪʫ, ʢʫʨʢʫʤʫ, ʰʧʠʥʘʪ, ʢʘʢʘʦ. 

2 ʵʪʘʧ. ʉʦʟʜʘʥʠʝ ʢʨʘʩʠʪʝʣʷ. ɼʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʨʝʮʝʧʪʫʨʳ ʧʰʝʥʠʯʥʦʛʦ 

ʭʣʝʙʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʞʠʜʢʠʝ ʢʨʘʩʠʪʝʣʠ ʚ ʚʠʜʝ ʦʪʚʘʨʦʚ ʠ ʵʢʩʪʨʘʢʪʦʚ, ʧʦʵʪʦʤʫ ʠʭ ʤʦʞʥʦ 

ʜʦʙʘʚʣʷʪʴ ʫʞʝ ʥʘ ʵʪʘʧʝ ʟʘʤʝʩʘ ʪʝʩʪʘ (ʨʠʩ. 1). 

 

 
ʈʠʩʫʥʦʢ 1 ï ʇʦʣʫʯʝʥʥʳʝ ʢʨʘʩʠʪʝʣʠ 

 

ɼʣʷ ʦʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʝʥʥʦʛʦ ʭʣʝʙʘ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʴʥʦʛʦ 

ʚʘʨʠʘʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʤʝʩʴ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʧʰʝʥʠʯʥʦʛʦ ʭʣʝʙʘ ʧʦ ʪʨʘʜʠʮʠʦʥʥʦʡ ʨʝʮʝʧʪʫʨʝ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʨʝʮʝʧʪʫʨʳ ʧʰʝʥʠʯʥʦʛʦ ʭʣʝʙʘ ʩ ʥʘʪʫʨʘʣʴʥʳʤʠ ʢʨʘʩʠʪʝʣʷʤʠ 

ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʜʚʘ ʚʘʨʠʘʥʪʘ: 

1. ʂʦʥʪʨʦʣʴ ï ʧʰʝʥʠʯʥʳʡ ʭʣʝʙ ʧʦ ʪʨʘʜʠʮʠʦʥʥʦʡ ʨʝʮʝʧʪʫʨʝ. 

2. ʇʰʝʥʠʯʥʳʡ ʭʣʝʙ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʥʘʪʫʨʘʣʴʥʳʭ ʢʨʘʩʠʪʝʣʝʡ. 

ɿʘʪʝʤ ʩʦʩʪʘʚʠʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʨʝʮʝʧʪʫʨʫ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʪʝʩʪʘ (ʪʘʙʣʠʮʘ 

1). 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʯʝʩʪʚʘ ʭʣʝʙʘ ʧʨʦʠʟʚʦʜʠʣʠ ʧʨʦʙʥʫʶ ʚʳʧʝʯʢʫ. 

ʉʧʦʩʦʙ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʪʝʩʪʘ ï ʦʧʘʨʥʳʡ (ʥʘ ʛʫʩʪʦʡ ʦʧʘʨʝ). 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 9 ð   

 

ʊʘʙʣʠʮʘ 1  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʨʝʮʝʧʪʫʨʘ ʜʣʷ ʧʰʝʥʠʯʥʦʛʦ ʭʣʝʙʘ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʩʳʨʴʷ 
ʇʰʝʥʠʯʥʳʡ ʭʣʝʙ 

1 ʚʘʨʠʘʥʪ 2 ʚʘʨʠʘʥʪ 

ʄʫʢʘ ʧʰʝʥʠʯʥʘʷ 1 ʩʦʨʪ, ʛ 100,0 100,0 

ɺʦʜʘ, ʛ 366 366 

ɼʨʦʞʞʠ ʭʣʝʙʦʧʝʢʘʨʥʳʝ ʧʨʝʩʩʦʚʘʥʥʳʝ, ʛ 1,0 1,0 

ʉʦʣʴ ʧʦʚʘʨʝʥʥʘʷ, ʛ 1,3 1,3 

ʆʪʚʘʨ ʩʚʝʢʣʳ, ʛ 

ʕʢʩʪʨʘʢʪ ʤʦʨʢʦʚʠ, ʛ 

ʆʪʚʘʨ ʰʧʠʥʘʪʘ, ʛ 

ʆʪʚʘʨ ʢʫʨʢʫʤʳ, ʛ 

ʆʪʚʘʨ ʢʨʘʩʥʦʢʦʯʘʥʥʦʡ ʢʘʧʫʩʪʳ, ʛ 

ʆʪʚʘʨ ʢʘʢʘʦ, ʛ 

ï 

5,0 

5,0 

5,0 

5,0 

5,0 

5,0 

ʀʪʦʛʦ 102,3 132,3 

 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʧʰʝʥʠʯʥʦʛʦ ʭʣʝʙʘ ʧʦ ʚʘʨʠʘʥʪʘʤ ʦʧʳʪʘ ʧʨʦʠʟʚʦʜʠʣʠ ʧʦ 

ʦʙʱʝʧʨʠʥʷʪʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

ʈʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʥʦʚʦʡ ʨʝʮʝʧʪʫʨʳ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ ʥʝʚʦʟʤʦʞʥʳ 

ʙʝʟ ʜʝʪʘʣʴʥʦʛʦ ʪʱʘʪʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ. 

ʏʘʩʪʦ ʦʥʠ ʦʢʘʟʳʚʘʶʪʩʷ ʨʝʰʘʶʱʠʤʠ ʧʨʠ ʨʝʰʝʥʠʠ: ʚʳʧʫʩʢʘʪʴ ʥʦʚʦʝ ʠʟʜʝʣʠʝ ʥʘ 

ʨʝʘʣʠʟʘʮʠʶ ʠʣʠ ʥʝʪ, ʙʫʜʝʪ ʣʠ ʦʥʦ ʚʦʩʪʨʝʙʦʚʘʥʦ ʧʦʪʨʝʙʠʪʝʣʷʤʠ [4]. 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʧʦ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʤ 

ʧʦʢʘʟʘʪʝʣʷʤ ʧʰʝʥʠʯʥʳʡ ʭʣʝʙ ʩ ʥʘʪʫʨʘʣʴʥʳʤʠ ʢʨʘʩʠʪʝʣʷʤʠ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʪʨʝʙʦʚʘʥʠʷʤ ʜʝʡʩʪʚʫʶʱʝʛʦ ɻʆʉʊʘ. ʌʦʨʤʘ ʠ ʧʦʚʝʨʭʥʦʩʪʴ ʭʣʝʙʘ ʙʳʣʠ ʧʨʠʩʫʱʠʤʠ 

ʧʦʜʦʚʦʤʫ ʭʣʝʙʫ, ʙʝʟ ʥʘʧʣʳʚʦʚ, ʥʝ ʨʘʩʪʝʢʘʶʱʘʷʩʷ (ʨʠʩ. 2).  

ʂʨʘʩʠʪʝʣʠ ʦʞʠʜʘʝʤʦ ʧʦʚʣʠʷʣʠ ʥʘ ʮʚʝʪ ʭʣʝʙʦʙʫʣʦʯʥʦʛʦ ʠʟʜʝʣʠʷ. ɿʘ ʩʯʝʪ ʠʭ 

ʧʨʠʤʝʥʝʥʠʷ ʭʣʝʙ ʩʪʘʣ ʨʘʟʥʦʮʚʝʪʥʳʤ, ʩ ʨʘʟʥʳʤʠ ʦʪʪʝʥʢʘʤʠ, ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʜʣʷ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʢʫʧʘʪʝʣʝʡ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ɺʥʝʰʥʠʡ ʚʠʜ ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʡ 

 

ʉʦʩʪʦʷʥʠʝ ʤʷʢʠʰʘ ʥʝ ʠʟʤʝʥʷʣʦʩʴ ʧʦ ʚʘʨʠʘʥʪʘʤ ʦʧʳʪʘ (ʨʠʩ. 3), ʭʣʝʙ ʩ 

ʢʨʘʩʠʪʝʣʷʤʠ ʦʙʣʘʜʘʝʪ ʨʘʟʚʠʪʦʡ ʧʦʨʠʩʪʦʩʪʴʶ, ʧʨʦʧʝʯʝʥʥʳʡ, ʵʣʘʩʪʠʯʥʳʡ. ʅʦ 

ʧʦʨʠʩʪʦʩʪʴ ʠʟʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʤʝʥʷʝʤʦʛʦ ʢʨʘʩʠʪʝʣʷ. ʃʫʯʰʝ ʚʩʝʛʦ 

ʧʦʨʠʩʪʦʩʪʴ ʨʘʟʚʠʪʘ ʥʘ ʚʘʨʠʘʥʪʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʪʚʘʨʘ ʩʚʝʢʣʳ, ʢʫʨʢʫʤʳ ʠ ʰʧʠʥʘʪʘ, 

ʭʫʞʝ ï ʵʢʩʪʨʘʢʪʘ ʤʦʨʢʦʚʠ. ʅʦ, ʚ ʣʶʙʦʤ ʩʣʫʯʘʝ, ʚʩʝ ʚʘʨʠʘʥʪʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ 

ʭʣʝʙʦʧʝʯʝʥʠʠ.  



ð 10 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

 
ʈʠʩʫʥʦʢ 3 ï ʉʦʩʪʦʷʥʠʝ ʤʷʢʠʰʘ ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʡ 

 

ɺʢʫʩ ʠ ʟʘʧʘʭ ʚʳʨʘʞʝʥʥʳʡ, ʩʚʦʡʩʪʚʝʥʥʳʡ ʧʰʝʥʠʯʥʦʤʫ ʭʣʝʙʫ. ʇʨʠʩʫʪʩʪʚʫʝʪ 

ʣʝʛʢʠʡ ʦʪʪʝʥʦʢ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ, ʥʦ ʦʥ ʥʝ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ 

ʫʭʫʜʰʝʥʠʠ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʟʜʝʣʠʷ. 

ʇʦ ʚʣʘʞʥʦʩʪʠ ʭʣʝʙ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʥʘʪʫʨʘʣʴʥʳʭ ʢʨʘʩʠʪʝʣʝʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʰʝʥʠʯʥʦʛʦ ʭʣʝʙʘ. ʆʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʢʠʩʣʦʪʥʦʩʪʴʶ. 

ʕʪʦ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʜʣʷ ʦʢʨʘʰʠʚʘʥʠʷ ʙʨʘʣʠ ʦʪʚʘʨ ʚ ʦʩʥʦʚʥʦʤ 

ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʧʦʚʳʰʘʪʴʩʷ ʢʠʩʣʦʪʥʦʩʪʴ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ 

(ʪʘʙʣ. 2). 

ʊʘʙʣʠʮʘ 5 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʰʝʥʠʯʥʦʛʦ ʭʣʝʙʘ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ 
ʇʦʢʘʟʘʪʝʣʠ ʧʦ ʚʘʨʠʘʥʪʘʤ 

ʆʙʨʘʟʝʮ 1 ʆʙʨʘʟʝʮ 2 

ɺʣʘʞʥʦʩʪʴ ʤʷʢʠʰʘ, % 42,3 42,8 

ʂʠʩʣʦʪʥʦʩʪʴ, ʛʨʘʜ. 2,2 3,0 

ʇʦʨʠʩʪʦʩʪʴ ʤʷʢʠʰʘ, % 73,6 70,7 

 

ʇʦʨʠʩʪʦʩʪʴ ʤʷʢʠʰʘ ʙʳʣ ʯʫʪʴ ʥʠʞʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʨʘʟʮʘ, ʥʦ ʥʝ ʟʥʘʯʠʪʝʣʴʥʦ ʠ 

ʚʧʠʩʳʚʘʣʩʷ ʚ ʪʨʝʙʦʚʘʥʠʷ ʩʪʘʥʜʘʨʪʘ.  

ʇʦʵʪʦʤʫ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʥʘʪʫʨʘʣʴʥʳʭ ʢʨʘʩʠʪʝʣʝʡ ʥʝ ʫʭʫʜʰʠʣʦ 

ʦʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʧʰʝʥʠʯʥʦʛʦ ʭʣʝʙʘ ʠ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʨʝʮʝʧʪʫʨʫ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ ʭʣʝʙʦʧʝʢʘʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ. 

***  

1. ʀʚʘʥʦʚʘ ʅ. ʅ. ɺʣʠʷʥʠʝ ʜʦʙʘʚʢʠ ʠʟ ʩʫʰʝʥʦʛʦ ʢʦʨʥʝʧʣʦʜʘ ʩʝʣʴʜʝʨʝʷ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ 

ʧʰʝʥʠʯʥʦʛʦ ʭʣʝʙʘ / ʅ. ʅ. ʀʚʘʥʦʚʘ, ɼ. ʀ. ʀʚʘʥʦʚ, ʆ. ʉ. ʌʠʣʠʤʦʥʦʚʘ // ʊʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ 
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ɸʥʥʦʪʘʮʠʷ 

ɺʚʝʜʝʥʠʝ ʚ ʨʝʮʝʧʪʫʨʫ ʩʘʭʘʨʥʦʛʦ ʧʝʯʝʥʴʷ ʪʘʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʢʘʢ ʣʝʩʥʳʝ ʷʛʦʜʳ 

ʧʨʠʚʝʣʦ ʢ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ. ʃʫʯʰʠʤʠ ʧʦ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʤ ʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʩʪʘʣʠ ʦʙʨʘʟʮʳ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʛʦʣʫʙʠʢʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʝʯʝʥʴʝ, ʛʦʣʫʙʠʢʘ, ʝʞʝʚʠʢʘ, ʯʝʨʥʠʢʘ, ʪʝʭʥʦʣʦʛʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʨʝʮʝʧʪʫʨʘ, ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ. 

 

Abstract 

The introduction of such a component as wild berries into the recipe of sugar cookies 

has led to an improvement in the quality of the finished product. The best organoleptic and 

physico-chemical parameters were the samples with the addition of blueberries. 

Keywords: cookies, blackberries, blueberries, production technology, recipe, quality 

indicators. 

 

ʄʫʯʥʳʝ ʢʦʥʜʠʪʝʨʩʢʠʝ ʠʟʜʝʣʠʷ ʷʚʣʷʶʪʩʷ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ 

ʧʦʪʨʝʙʣʝʥʠʷ ʚ ʈʌ, ʢʦʪʦʨʳʝ ʜʦʩʪʫʧʥʳ ʚʩʝʤ ʩʣʦʷʤ ʥʘʩʝʣʝʥʠʷ ʠ ʧʦʣʴʟʫʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤ 

ʫʩʪʦʡʯʠʚʳʤ ʩʧʨʦʩʦʤ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʢʦʥʜʠʪʝʨʩʢʠʭ ʠʟʜʝʣʠʡ 

ʷʚʣʷʝʪʩʷ ʧʝʯʝʥʴʝ. ɺ ʥʘʰʝ ʚʨʝʤʷ ʘʩʩʦʨʪʠʤʝʥʪ ʧʝʯʝʥʴʷ ʩʠʣʴʥʦ ʠʟʤʝʥʠʣʩʷ ʠ ʠʤʝʝʪ 

ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʬʦʨʤ ʠ ʚʠʜʦʚ [5, 8]. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʩʘʭʘʨʥʦʝ ʧʝʯʝʥʴʝ, ʪʘʢ ʧʨʠ ʝʛʦ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʢʦʥʚʝʡʝʨʥʳʝ ʣʠʥʠʠ, ʵʪʠʤ 

ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝ ʪʘʢʦʛʦ ʧʝʯʝʥʴʷ ʥʘ ʨʳʥʢʝ [1]. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʩʘʭʘʨʥʦʛʦ ʧʝʯʝʥʴʷ, ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʩʪʥʦʛʦ ʜʠʢʦʨʘʩʪʫʱʝʛʦ ʧʣʦʜʦʚʦ-ʷʛʦʜʥʦʛʦ ʩʳʨʴʷ, ʢʘʢ ʚ ʩʚʝʞʝʤ, 

ʪʘʢ ʠ ʚ ʧʝʨʝʨʘʙʦʪʘʥʥʦʤ ʚʠʜʝ. ʀʟʚʝʩʪʥʳ ʨʘʙʦʪʳ ʘʚʪʦʨʦʚ, ʚ ʢʦʪʦʨʳʭ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʘ 

ʧʠʱʝʚʘʷ ʮʝʥʥʦʩʪʴ ʩʚʝʞʠʭ ʜʠʢʦʨʘʩʪʫʱʠʭ ʷʛʦʜ ʠ ʧʨʦʜʫʢʪʦʚ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʫʢʘʟʘʥʦ, 

ʯʪʦ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʣʝʩʥʳʝ ʷʛʦʜʳ ʧʨʝʚʦʩʭʦʜʷʪ 

ʢʫʣʴʪʫʨʥʳʝ ʩʦʨʪʘ [2, 4]. 

ʇʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʚʠʜʦʚ ʜʠʢʦʨʘʩʪʫʱʝʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʚ ʢʦʥʜʠʪʝʨʩʢʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʦʟʚʦʣʷʝʪ ʨʘʟʥʦʦʙʨʘʟʠʪʴ ʚʳʙʦʨ ʠʟʜʝʣʠʡ, ʧʦʚʳʩʠʪʴ ʠʭ ʧʨʦʜʫʢʪʦʚʫʶ 

ʮʝʥʥʦʩʪʴ, ʫʣʫʯʰʠʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ [3, 6]. 

ʆʜʥʠʤʠ ʠʟ ʪʘʢʠʭ ʚʠʜʦʚ ʷʚʣʷʶʪʩʷ ʷʛʦʜʳ ʟʝʤʣʷʥʠʢʠ, ʢʣʫʙʥʠʢʠ, ʤʘʣʠʥʳ, ʛʦʣʫʙʠʢʠ, 

ʯʝʨʥʠʢʠ ʠ ʝʞʝʚʠʢʠ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʪʦʥʢʠʤ ʘʨʦʤʘʪʦʤ ʠ ʩʣʘʜʢʠʤ ʚʢʫʩʦʤ. ɺ 

ʢʦʥʜʠʪʝʨʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʠʤʝʥʷʶʪʩʷ ʢʘʢ ʚ ʩʚʝʞʝʤ, ʪʘʢ ʠ ʚ ʧʝʨʝʨʘʙʦʪʘʥʥʦʤ 

ʚʠʜʝ ï ʩʤʝʩʴ ʷʛʦʜʥʦʛʦ ʧʶʨʝ ʩ ʩʘʭʘʨʦʤ, ʢʦʥʩʝʨʚʠʨʦʚʘʥʥʫʶ ʩʪʝʨʠʣʠʟʘʮʠʝʡ ʠʣʠ ʜʨʫʛʠʤʠ 

ʩʧʦʩʦʙʘʤʠ [7, 9]. 

ʇʦʨʷʜʦʢ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ.  

ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʤʝʩʴ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʘʭʘʨʥʦʛʦ ʧʝʯʝʥʴʷ ʧʦ ʪʨʘʜʠʮʠʦʥʥʦʡ ʨʝʮʝʧʪʫʨʝ ʙʝʟ 

ʜʦʙʘʚʦʢ. 

ɿʘʪʝʤ ʩʦʩʪʘʚʣʷʣʘʩʴ ʩʤʝʩʠ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʛʦʣʫʙʠʢʠ, ʝʞʝʚʠʢʠ, ʯʝʨʥʠʢʠ ʚ 

ʢʦʣʠʯʝʩʪʚʝ 5 % ʦʪ ʤʘʩʩʳ ʧʰʝʥʠʯʥʦʡ ʤʫʢʠ ʧʦ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʡ ʨʝʮʝʧʪʫʨʝ. ʗʛʦʜʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʩʚʝʞʝʤ ʚʠʜʝ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʠʟʤʝʣʴʯʝʥʠʝʤ. 



ð 12 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʝʯʝʥʴʷ ʧʨʦʠʟʚʦʜʠʣʠ ʧʨʦʙʥʫʶ ʚʳʧʝʯʢʫ (ʨʠʩ. 1). 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʥʝʩʝʥʠʷ ʛʦʣʫʙʠʢʠ, ʝʞʝʚʠʢʠ, 

ʯʝʨʥʠʢʠ ʠʩʩʣʝʜʦʚʘʥʦ ʙʳʣʦ 4 ʚʘʨʠʘʥʪʘ: 

1. ʂʦʥʪʨʦʣʴ ï ʩʘʭʘʨʥʦʝ ʧʝʯʝʥʴʝ ʧʦ ʪʨʘʜʠʮʠʦʥʥʦʡ ʨʝʮʝʧʪʫʨʝ; 

2. ʉʘʭʘʨʥʦʝ ʧʝʯʝʥʴʝ ʩ ʛʦʣʫʙʠʢʦʡ ʚ ʢʦʣʠʯʝʩʪʚʝ 5 % ʦʪ ʤʘʩʩʳ ʤʫʢʠ; 

3. ʉʘʭʘʨʥʦʝ ʧʝʯʝʥʴʝ ʩ ʝʞʝʚʠʢʦʡ ʚ ʢʦʣʠʯʝʩʪʚʝ 5 % ʦʪ ʤʘʩʩʳ ʤʫʢʠ. 

4. ʉʘʭʘʨʥʦʝ ʧʝʯʝʥʴʝ ʩ ʯʝʨʥʠʢʦʡ ʚ ʢʦʣʠʯʝʩʪʚʝ 5 % ʦʪ ʤʘʩʩʳ ʤʫʢʠ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɻʦʪʦʚʦʝ ʩʘʭʘʨʥʦʝ ʧʝʯʝʥʴʝ 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʘ ʢʦʣʠʯʝʩʪʚʦ ʛʦʣʫʙʠʢʠ, ʝʞʝʚʠʢʠ, ʯʝʨʥʠʢʠ ʙʨʘʣʠ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ ʢʦʤʧʦʥʝʥʪʦʚ ʩʦʛʣʘʩʥʦ ʨʝʮʝʧʪʫʨʝ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʘ 1 

ʈʝʮʝʧʪʫʨʘ ʩʘʭʘʨʥʦʛʦ ʧʝʯʝʥʴʷ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʩʳʨʴʷ 
ʉʦʜʝʨʞʘʥʠʝ ʛʦʣʫʙʠʢʠ, ʝʞʝʚʠʢʠ, ʯʝʨʥʠʢʠ, % 

0 (ʢʦʥʪʨʦʣʴ) 5 % ʛʦʣʫʙʠʢʠ 5 % ʝʞʝʚʠʢʠ 5 % ʯʝʨʥʠʢʠ 

ʄʫʢʘ ʧʰʝʥʠʯʥʘʷ, ʛ 1000,0 950,0 950,0 950,0 

ɻʦʣʫʙʠʢʘ, ʛ ï 50 ï ï 

ɽʞʝʚʠʢʘ, ʛ ï ï 50 ï 

ʏʝʨʥʠʢʘ, ʛ ï ï ï 50 

ʄʘʩʣʦ ʩʣʠʚʦʯʥʦʝ, ʛ 100 100 100 100 

ʉʘʭʘʨ-ʧʝʩʦʢ, ʛ 200 200 200 200 

ʉʦʣʴ ʧʦʚʘʨʝʥʥʘʷ, ʛ 10 10 10 10 

ʂʨʘʭʤʘʣ, ʛ 30 30 30 30 

ʗʡʮʘ, ʛ 275 275 275 275 

ʀʪʦʛʦ 1615,0 1615,0 1615,0 1615,0 

 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 13 ð   

 

ʇʨʦʙʥʳʝ ʚʳʧʝʯʢʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ 

ʚʘʨʠʘʥʪʦʚ ʧʝʯʝʥʴʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʭʦʨʦʰʠʤ ʚʥʝʰʥʠʤ ʚʠʜʦʤ, ʥʝʦʙʳʯʥʳʤʠ ʚʢʫʩʦʚʳʤʠ 

ʢʘʯʝʩʪʚʘʤʠ ʠ ʟʘʧʘʭʦʤ ʚʥʦʩʠʤʳʭ ʜʦʙʘʚʦʢ, ʦʙʣʘʜʘʶʪ ʨʘʩʩʳʧʯʘʪʦʩʪʴʶ, ʭʨʫʧʢʦʩʪʴʶ, 

ʞʝʣʪʦʚʘʪʳʤ ʠʣʠ ʢʦʨʠʯʥʝʚʘʪʳʤ ʮʚʝʪʦʤ (ʪʘʙʣ. 2). 

ʊʘʙʣʠʮʘ 2 

ʆʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʧʝʯʝʥʴʷ 

ʇʦʢʘʟʘʪʝʣʴ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʝʯʝʥʴʷ 

1 ʦʙʨʘʟʝʮ 

(ʢʦʥʪʨʦʣʴ) 

2 ʦʙʨʘʟʝʮ 

(ʛʦʣʫʙʠʢʘ) 

3 ʦʙʨʘʟʝʮ 

(ʝʞʝʚʠʢʘ) 

4 ʦʙʨʘʟʝʮ 

(ʯʝʨʥʠʢʘ) 

ʌʦʨʤʘ 
ʇʨʘʚʠʣʴʥʘʷ, ʢʨʘʷ ʨʦʚʥʳʝ, ʙʝʟ ʚʤʷʪʠʥ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʪʨʝʙʦʚʘʥʠʷʤ 

ʇʦʚʝʨʭʥʦʩʪʴ ɻʣʘʜʢʘʷ, ʩ ʯʝʪʢʠʤ ʨʠʩʫʥʢʦʤ ʥʘ ʣʠʮʝʚʦʡ ʩʪʦʨʦʥʝ 

ʎʚʝʪ ɿʦʣʦʪʠʩʪʦ-ʞʝʣʪʳʡ 
ɾʝʣʪʦʚʘʪʦ-

ʢʦʨʠʯʥʝʚʳʡ 

ɾʝʣʪʦʚʘʪʦ-

ʢʦʨʠʯʥʝʚʳʡ 

ɾʝʣʪʦʚʘʪʦ-

ʢʦʨʠʯʥʝʚʳʡ 

ɺʢʫʩ ʠ ʟʘʧʘʭ 

ʉʚʦʡʩʪʚʝʥʥʳʝ 

ʜʘʥʥʦʤʫ ʚʠʜʫ 

ʠʟʜʝʣʠʡ, ʙʝʟ 

ʧʦʩʪʦʨʦʥʥʝʛʦ ʟʘʧʘʭʘ 

ʠ ʧʨʠʚʢʫʩʘ 

ʉʚʦʡʩʪʚʝʥʥʳʝ ʜʘʥʥʦʤʫ ʚʠʜʫ 

ʠʟʜʝʣʠʡ. ɺʳʨʘʞʝʥʥʳʡ ʚʢʫʩ ʠ ʟʘʧʘʭ 

ʷʛʦʜ 

ʉʚʦʡʩʪʚʝʥʥʳʝ 

ʜʘʥʥʦʤʫ ʚʠʜʫ ʠʟʜʝʣʠʡ. 

ʉʣʘʙʳʡ ʚʢʫʩ ʷʛʦʜ 

ɺʠʜ ʚ ʠʟʣʦʤʝ 

ɺʠʜ ʧʨʦʧʝʯʝʥʥʦʛʦ 

ʪʝʩʪʘ ʩ ʨʘʚʥʦʤʝʨʥʦʡ 

ʧʦʨʠʩʪʦʩʪʴʶ 

ɹʦʣʝʝ ʨʘʩʩʳʧʯʘʪʦʝ ʠ ʭʨʫʧʢʦʝ, ʩ ʨʘʚʥʦʤʝʨʥʦʡ ʧʦʨʠʩʪʦʩʪʴʶ 

 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʣʫʯʰʝʥʠʝ 

ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʟʘ ʩʯʝʪ ʩʦʟʜʘʥʠʷ ʛʘʨʤʦʥʠʯʥʦʛʦ ʚʢʫʩʘ ʠ ʧʨʠʷʪʥʦʛʦ 

ʘʨʦʤʘʪʘ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʚ ʨʝʮʝʧʪʫʨʫ ʣʝʩʥʳʭ ʷʛʦʜ. ʆʩʦʙʝʥʥʦ ʚʳʜʝʣʷʶʪʩʷ ʚʘʨʠʘʥʪʳ ʩ 

ʛʦʣʫʙʠʢʦʡ ʠ ʝʞʝʚʠʢʦʡ.  

ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ʜʦʙʘʚʦʢ ʠʟʤʝʥʷʣʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚʢʫʩ ʠ ʟʘʧʘʭ ʛʦʪʦʚʦʛʦ 

ʠʟʜʝʣʠʷ. ʇʨʠ ʵʪʦʤ ʦʩʪʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʥʝ ʫʭʫʜʰʘʣʠʩʴ. 

 

ʅʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʜʦʙʘʚʢʘ ʠʩʩʣʝʜʫʝʤʳʭ ʣʝʩʥʳʭ ʷʛʦʜ ʥʝ ʫʭʫʜʰʘʣʦ ʧʦʢʘʟʘʪʝʣʠ 

ʚʣʘʞʥʦʩʪʠ, ʥʘʤʦʢʘʝʤʦʩʪʠ ʠ ʱʝʣʦʯʥʦʩʪʠ (ʪʘʙʣ. 3). 

ʊʘʙʣʠʮʘ 3 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʧʝʯʝʥʴʷ 

ʇʦʢʘʟʘʪʝʣʴ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʝʯʝʥʴʷ 

1 ʦʙʨʘʟʝʮ 

(ʢʦʥʪʨʦʣʴ) 

2 ʦʙʨʘʟʝʮ 

(5 % ʛʦʣʫʙʠʢʠ) 

3 ʦʙʨʘʟʝʮ 

(5 % ʝʞʝʚʠʢʠ) 

4 ʦʙʨʘʟʝʮ 

(5 % ʯʝʨʥʠʢʠ) 

ɺʣʘʞʥʦʩʪʴ, % 4,0 6,0 8,0 6,0 

ʑʝʣʦʯʥʦʩʪʴ, ʛʨʘʜ. 1,2 1,9 1,9 1,8 

ʅʘʤʦʢʘʝʤʦʩʪʴ, % 200 210 220 210 



ð 14 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʇʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʧʝʯʝʥʴʷ, ʧʦʣʫʯʝʥʥʳʝ ʚʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʣʝʩʥʳʭ ʷʛʦʜ, ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʦʨʤʝ ʥʘʩʪʦʷʱʝʛʦ ɻʆʉʊʘ. ʆʜʥʘʢʦ ʚ ʦʙʨʘʟʮʝ 3 

(5 % ʝʞʝʚʠʢʠ) ʧʦʢʘʟʘʪʝʣʠ ʥʘʭʦʜʷʪʩʷ ʥʘ ʛʨʘʥʠʮʝ ʥʦʨʤʳ: ʚʣʘʞʥʦʩʪʴ ï 8,0 %, ʱʝʣʦʯʥʦʩʪʴ 

ï 1,9 Ј ʠ ʥʘʤʦʢʘʝʤʦʩʪʴ ï 220 %. ʇʝʯʝʥʴʝ ʧʦʣʫʯʠʣʦʩʴ ʙʦʣʝʝ ʚʣʘʞʥʦʝ, ʯʪʦ, ʩʢʦʨʝʝ ʚʩʝʛʦ, 

ʩʢʘʞʝʪʩʷ ʥʘ ʩʨʦʢʘʭ ʝʛʦ ʭʨʘʥʝʥʠʷ ʠ ʩʦʭʨʘʥʝʥʠʠ ʚʢʫʩʦʚʳʭ ʢʘʯʝʩʪʚ. 

ɺʩʝ ʦʩʪʘʣʴʥʳʝ ʚʘʨʠʘʥʪʳ ʠʤʝʶʪ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʡ ʧʦʢʘʟʘʪʝʣʴ. ʕʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʢʘʞʜʳʡ ʠʟ ʦʙʨʘʟʮʦʚ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʩʘʭʘʨʥʦʛʦ ʧʝʯʝʥʴʷ. 

***  
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ɸʥʥʦʪʘʮʠʷ  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʙʝʣʢʦʚʦʡ ʜʦʙʘʚʢʠ ʄʠʦʛʝʣʴ ʥʘ 

ʠʟʤʝʥʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʳʨʦʢʦʧʯʝʥʳʭ ʢʦʣʙʘʩ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʧʪʠʤʠʟʘʮʠʷ ʨʝʮʝʧʪʫʨʳ ʩʳʨʦʢʦʧʯʝʥʦʡ 

ʢʦʣʙʘʩʳ çɼʝʣʠʢʘʪʝʩʥʘʷè ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʙʝʣʢʦʚʦʡ ʜʦʙʘʚʢʠ ʧʨʠʚʝʣʦ ʢ 

ʚʳʩʚʦʙʦʞʜʝʥʠʶ ʤʷʩʥʦʛʦ ʩʳʨʴʷ, ʥʝ ʦʢʘʟʳʚʘʷ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʳʨʦʢʦʧʯʝʥʳʭ ʢʦʣʙʘʩ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʘʨʰʠ, ʩʳʨʦʢʦʧʯʝʥʘʷ ʢʦʣʙʘʩʘ çɼʝʣʠʢʘʪʝʩʥʘʷè, ʪʝʭʥʦʣʦʛʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʙʝʣʢʦʚʘʷ ʜʦʙʘʚʢʘ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ. 

 

Abstract 

The influence of the protein supplement Myogel on the change in the physicochemical 

parameters of raw smoked sausages was studied experimentally. On the basis of the studies 

carried out, it was found that the optimization of the recipe of the raw smoked sausage 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 15 ð   

 

"Delicatesnaya" by adding a protein supplement led to the release of raw meat without 

adversely affecting the physicochemical characteristics of the raw smoked sausages. 
Keywords: minced meat, uncooked smoked sausage "Delicatesnaya", production 

technology, protein additive, experimental research, physical and chemical indicators. 
 
ʂʦʣʙʘʩʥʳʝ ʠʟʜʝʣʠʷ ʟʘʥʠʤʘʶʪ ʦʜʥʫ ʠʟ ʢʣʶʯʝʚʳʭ ʧʦʟʠʮʠʡ ʥʘ ʤʷʩʥʦʤ ʨʳʥʢʝ. 

ɻʦʚʦʨʷ ʦʙ ʦʪʨʘʩʣʝʚʦʡ ʩʧʝʮʠʬʠʢʝ ʨʦʩʩʠʡʩʢʦʛʦ ʢʦʣʙʘʩʥʦʛʦ ʨʳʥʢʘ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 
ʧʦ ʜʠʥʘʤʠʢʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʩʣʝʜʥʠʭ ʧʷʪʠ ʣʝʪ ʥʘʙʣʶʜʘʝʪʩʷ ʝʛʦ ʩʪʘʙʠʣʠʟʘʮʠʷ: ʪʝʤʧʳ 
ʨʦʩʪʘ/ʩʧʘʜʘ ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 2ï3,5 %, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʜʦʩʪʘʪʦʯʥʦ 
ʩʪʘʙʠʣʴʥʦʤ ʩʧʨʦʩʝ ʩʦ ʩʪʦʨʦʥʳ ʥʘʩʝʣʝʥʠʷ ʥʘ ʧʨʦʜʫʢʮʠʶ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ 
[1,2]. 

ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʩʥʠʞʝʥʠʷ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʜʫʢʮʠʠ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʚʳʩʦʢʦʛʦ 
ʫʨʦʚʥʷ ʤʷʩʦʧʨʦʜʫʢʪʦʚ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʞʠʚʦʪʥʳʭ ʙʝʣʢʦʚ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʧʠʱʝʚʫʶ ʠ 
ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ ʤʷʩʦʧʨʦʜʫʢʪʦʚ, ʧʦʥʠʞʘʪʴ ʠʭ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʠ ʫʚʝʣʠʯʠʪʴ 
ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ [3]. 

ʉʫʪʴ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʯʘʩʪʠʯʥʦʡ ʟʘʤʝʥʝ 
ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʤʷʩʥʦʛʦ ʩʳʨʴʷ, ʘ ʠʤʝʥʥʦ ʛʦʚʷʜʠʥʳ ʚʳʩʰʝʛʦ ʩʦʨʪʘ ʥʘ ʞʠʚʦʪʥʳʡ ʙʝʣʦʢ, 
ʢʦʪʦʨʳʡ ʧʦ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʩʫʱʝʩʪʚʝʥʥʦ ʜʝʰʝʚʣʝ ʤʷʩʘ [4].  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʦʤ ʨʳʥʢʝ ʧʠʱʝʚʳʭ ʠʥʛʨʝʜʠʝʥʪʦʚ ʩʫʱʝʩʪʚʫʝʪ 
ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʦʙʘʚʦʢ ʜʣʷ ʟʘʤʝʥʳ ʤʷʩʥʦʛʦ ʩʳʨʴʷ ʠ ʧʦʚʳʰʝʥʠʷ ʝʛʦ 
ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ: ʨʘʩʪʠʪʝʣʴʥʳʝ ʙʝʣʢʠ, ʧʨʝʧʘʨʘʪʳ ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʥʘ 
ʦʩʥʦʚʝ ʢʦʣʣʘʛʝʥʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ, ʧʣʘʟʤʳ ʢʨʦʚʠ, ʤʦʣʦʯʥʳʝ ʙʝʣʢʠ, ʧʠʱʝʚʳʝ ʚʦʣʦʢʥʘ. 
ʈʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʯʝʩʪʚʝʥʥʳʭ ʤʷʩʥʳʭ ʠʟʜʝʣʠʡ ʧʦʟʚʦʣʷʶʪ ʙʝʣʢʦʚʳʝ 
ʧʨʝʧʘʨʘʪʳ, ʢʦʪʦʨʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ ʚʩʝʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʤʷʩʥʦʡ 
ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʀʭ ʧʨʠʤʝʥʝʥʠʝ ʦʧʨʘʚʜʘʥʦ, ʝʩʣʠ ʦʥʠ ʠʤʝʶʪ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʝ 
ʢʘʯʝʩʪʚʦ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʤʠʥʠʤʘʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ, ʙʝʟʦʧʘʩʥʳ ʜʣʷ ʟʜʦʨʦʚʴʷ [3, 4, 5]. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʫʯʝʥʠʠ ʚʦʟʤʦʞʥʦʩʪʠ ʯʘʩʪʠʯʥʦʡ ʟʘʤʝʥʳ 
ʤʷʩʥʦʛʦ ʩʳʨʴʷ ʥʘ ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʡ ʞʠʚʦʪʥʳʡ ʙʝʣʦʢ çʄʠʦʛʝʣʴè ʠ ʦʧʨʝʜʝʣʝʥʠʠ ʝʛʦ 
ʚʣʠʷʥʠʷ ʥʘ ʩʦʟʨʝʚʘʥʠʝ ʠ ʢʘʯʝʩʪʚʦ ʩʳʨʦʢʦʧʯʝʥʳʭ ʢʦʣʙʘʩ.  

ɺʳʨʘʙʦʪʢʘ ʩʳʨʦʢʦʧʯʝʥʳʭ ʢʦʣʙʘʩ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʢʦʣʙʘʩʥʦʤ ʮʝʭʝ ʆʆʆ çʄʇʂ 
çɸʪʷʰʝʚʩʢʠʡè ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠʥʩʪʨʫʢʮʠʝʡ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ 
ʩʳʨʦʢʦʧʯʝʥʳʭ ʢʦʣʙʘʩ. 

ʇʦʨʷʜʦʢ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ.  
ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʪʙʠʨʘʣʠʩʴ ʦʙʨʘʟʮʳ: 

½ ʬʘʨʰʘ (ʧʦʩʣʝ ʧʨʠʛʦʪʦʚʣʝʥʠʷ); 

½ ʩʳʨʳʭ ʙʘʪʦʥʦʚ (ʧʦʩʣʝ ʦʩʘʜʢʠ, ʧʝʨʝʜ 1-ʳʤ ʢʦʧʯʝʥʠʝʤ, ʧʝʨʝʜ 3-ʠʤ 
ʢʦʧʯʝʥʠʝʤ); 

½ ʙʘʪʦʥʦʚ ʧʝʨʝʜ ʩʫʰʢʦʡ, ʧʦʩʣʝ 7-ʤʠ ʜʥʝʡ ʠ 2-ʭ ʥʝʜʝʣʴ ʩʫʰʢʠ; 

½ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ. 
ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʢʘʯʝʩʪʚʝʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʥʦʚʥʳʭ ʠʥʛʨʝʜʠʝʥʪʦʚ, ʠʩʧʦʣʴʟʦʚʘʚʰʠʭʩʷ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʬʘʨʰʘ. 
ʇʦʩʣʝ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ ʬʘʨʰʘ ʩʳʨʦʢʦʧʯʝʥʦʡ ʢʦʣʙʘʩʳ çɼʝʣʠʢʘʪʝʩʥʘʷè 
ʙʳʣʠ ʠʟʫʯʝʥʳ ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠʭ ʦʙʨʘʟʮʦʚ (ʪʘʙʣʠʮʘ 1). 

ʊʘʙʣʠʮʘ 1 
ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʬʘʨʰʘ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʣʙʘʩ 

ʇʦʢʘʟʘʪʝʣʠ 

ʌʘʨʰ ʩʳʨʦʢʦʧʯʝʥʳʭ ʢʦʣʙʘʩ 

çɼʝʣʠʢʘʪʝʩʥʘʷè 

ʧʦ ʊʋ9213-009-0528-5639-02 

çɼʝʣʠʢʘʪʝʩʥʘʷè 

ʩ ʯʘʩʪʠʯʥʦʡ ʟʘʤʝʥʦʡ ʛʦʚʷʜʠʥʳ 

ɺʣʘʛʘ, % 56,4 61,9 

ʅʠʪʨʠʪ ʥʘʪʨʠʷ, % 0,0247 0,0198 

ʉʦʣʴ ʧʦʚʘʨʝʥʥʘʷ, % 2,54 2,47 

 



ð 16 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʭʦʜʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʧʨʦʚʦʜʠʣʦʩʴ ʠʟʫʯʝʥʠʝ ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʚʣʘʛʠ 

ʩʳʨʦʢʦʧʯʝʥʳʭ ʢʦʣʙʘʩ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʫʯʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʚʣʘʛʠ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʳʨʦʢʦʧʯʝʥʳʭ ʢʦʣʙʘʩ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʩʦʜʝʨʞʘʥʠʝ ʚʣʘʛʠ ʚ ʬʘʨʰʝ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʦʛʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʙʝʣʦʢ ʞʠʚʦʪʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʜʦʙʘʚʣʝʥʠʝʤ ʚʦʜʳ ʜʣʷ ʛʠʜʨʘʪʘʮʠʠ 

ʞʠʚʦʪʥʦʛʦ ʙʝʣʢʘ çʄʠʦʛʝʣʴè.  

ʇʦʩʣʝ ʦʩʘʜʢʠ ʢʦʣʙʘʩʥʳʭ ʙʘʪʦʥʦʚ ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʠʭ ʚʣʘʛʠ ʫʤʝʥʴʰʠʣʦʩʴ ʥʘ 3,1 % 

ʠ 1,3 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʬʘʨʰʝʤ (ʪʘʙʣʠʮʘ 2).  

ʊʘʙʣʠʮʘ 2  

ʀʟʤʝʥʝʥʠʝ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʚʣʘʛʠ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʣʙʘʩ, % 

ˉ 

ʵʪʘʧʘ 

ʆʙʨʘʟʮʘ ʢʦʣʙʘʩ, ʦʪʦʙʨʘʥʥʳʝ ʚ 

ʭʦʜʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ 

çɼʝʣʠʢʘʪʝʩʥʘʷè 

ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ 

çɼʝʣʠʢʘʪʝʩʥʘʷè 

ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʙʝʣʢʘ 

1 ʌʘʨʰ ʧʦʩʣʝ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 56,4 61,9 

2 ɹʘʪʦʥʳ ʧʦʩʣʝ 1-ʛʦ ʜʥʷ ʦʩʘʜʢʠ 54,7 61,2 

3 ɹʘʪʦʥʳ ʧʝʨʝʜ ʢʦʧʯʝʥʠʝʤ 52,5 59,0 

4 ɹʘʪʦʥʳ ʧʝʨʝʜ ʩʫʰʢʦʡ 49,7 56,9 

5 ɹʘʪʦʥʳ ʯʝʨʝʟ 7 ʜʥʝʡ ʩʫʰʢʠ 40,3 44,6 

6 ɹʘʪʦʥʳ ʯʝʨʝʟ 14 ʜʥʝʡ ʩʫʰʢʠ 34,2 35,5 

7 ɻʦʪʦʚʘʷ ʧʨʦʜʫʢʮʠʷ 27,8 28,6 

 

ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʦʩʘʜʢʠ ʧʨʦʠʩʭʦʜʠʪ ʚʪʦʨʠʯʥʦʝ 

ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʝ ʠ ʬʝʨʤʝʥʪʘʮʠʷ ʬʘʨʰʘ, ʤʷʩʦ ʩʦʟʨʝʚʘʝʪ, ʦʙʦʣʦʯʢʘ ʧʦʜʩʫʰʠʚʘʝʪʩʷ, 

ʠʩʧʘʨʷʝʪʩʷ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʣʘʛʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʧʯʝʥʠʷ ʧʦʪʝʨʷ ʚʣʘʛʠ ʚ ʦʙʦʠʭ ʚʘʨʠʘʥʪʘʭ ʩʦʩʪʘʚʠʣʘ 11,9 % ʠ 8,1 % 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʘʨʰʝʤ ʧʦʩʣʝ ʝʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ. ʂʦʣʙʘʩʘ ʨʘʚʥʦʤʝʨʥʦ 

ʧʦʜʩʫʰʠʚʘʝʪʩʷ, ʥʦ ʧʨʠ ʵʪʦʤ ʠʟʙʝʛʘʶʪ ʯʨʝʟʤʝʨʥʦ ʙʳʩʪʨʦʛʦ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʥʘʨʫʞʥʦʛʦ 

ʩʣʦʷ, ʯʪʦ ʚʣʝʯʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʧʫʩʪʦʪ.  

ʅʘʠʙʦʣʝʝ ʧʦʪʝʨʷ ʚʣʘʛʠ ʧʨʦʜʫʢʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʩʫʰʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʢʦʣʙʘʩʥʳʝ ʠʟʜʝʣʠʷ ʧʨʠʦʙʨʝʪʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʧʣʦʪʥʫʶ ʢʦʥʩʠʩʪʝʥʮʠʶ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʠʤ ʙʦʣʴʰʫʶ ʩʪʦʡʢʦʩʪʴ ʧʨʠ ʭʨʘʥʝʥʠʠ. ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʚʣʘʛʠ ʚ ʦʙʦʠʭ ʚʘʨʠʘʥʪʘʭ ʛʦʪʦʚʦʡ 

ʧʨʦʜʫʢʮʠʠ ʜʦʩʪʠʛʣʘ ʩʪʘʥʜʘʨʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚʣʘʛʠ, ʢʦʪʦʨʦʝ ʩʦʩʪʘʚʠʣʦ 27,8 % ʠ 28,6 % 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʦ ʤʝʨʝ ʧʦʥʠʞʝʥʠʷ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʚʣʘʛʠ ʚ ʬʘʨʰʝ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʦʪʤʝʯʝʥʦ ʧʦʚʳʰʝʥʠʝ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʧʦʚʘʨʝʥʥʦʡ ʩʦʣʠ ʚ 

ʧʨʦʜʫʢʪʝ (ʪʘʙʣʠʮʘ 3).  

ʊʘʙʣʠʮʘ 3  

ʀʟʤʝʥʝʥʠʝ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʧʦʚʘʨʝʥʥʦʡ ʩʦʣʠ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʳʨʦʢʦʧʯʝʥʳʭ 

ʢʦʣʙʘʩ, % 

ˉ 

ʵʪʘʧʘ 

ʆʙʨʘʟʮʘ ʢʦʣʙʘʩ, ʦʪʦʙʨʘʥʥʳʝ ʚ 

ʭʦʜʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ 

çɼʝʣʠʢʘʪʝʩʥʘʷè 

ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ 

çɼʝʣʠʢʘʪʝʩʥʘʷè 

ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʙʝʣʢʘ 

1 ʌʘʨʰ ʧʦʩʣʝ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 2,54 2,47 

2 ɹʘʪʦʥʳ ʧʦʩʣʝ 1-ʛʦ ʜʥʷ ʦʩʘʜʢʠ 2,51 2,59 

3 ɹʘʪʦʥʳ ʧʝʨʝʜ ʢʦʧʯʝʥʠʝʤ 2,58 2,75 

4 ɹʘʪʦʥʳ ʧʝʨʝʜ ʩʫʰʢʦʡ 2,76 2,87 

5 ɹʘʪʦʥʳ ʯʝʨʝʟ 7 ʜʥʝʡ ʩʫʰʢʠ 3,37 3,41 

6 ɹʘʪʦʥʳ ʯʝʨʝʟ 14 ʜʥʝʡ ʩʫʰʢʠ 3,72 3,98 

7 ɻʦʪʦʚʘʷ ʧʨʦʜʫʢʮʠʷ 4,56 4,32 

 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 17 ð   

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʧʨʝʜʲʷʚʣʷʝʤʳʤʠ ʢ ʩʳʨʦʢʦʧʯʝʥʳʤ ʢʦʣʙʘʩʘʤ, 

ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʧʦʚʘʨʝʥʥʦʡ ʩʦʣʠ ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ ʥʝ ʙʦʣʝʝ 6 %. ʈʝʟʫʣʴʪʘʪʳ 

ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʦʚʘʨʝʥʥʦʡ ʩʦʣʠ ʚ ʛʦʪʦʚʳʭ 

ʢʦʣʙʘʩʘʭ ʥʝ ʧʨʝʚʳʩʠʣʘ ʜʦʧʫʩʪʠʤʦʛʦ ʫʨʦʚʥʷ ʠ ʩʦʩʪʘʚʠʣʘ 4,56 % ʠ 4,32 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʉʦʜʝʨʞʘʥʠʝ ʥʠʪʨʠʪʘ ʥʘʪʨʠʷ ʚʘʞʥʦ ʚ ʥʘʯʘʣʝ ʩʦʟʨʝʚʘʥʠʷ ʩʳʨʦʢʦʧʯʝʥʳʭ ʢʦʣʙʘʩ 

ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʛʥʠʣʦʩʪʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ.  

ʅʠʪʨʠʪ ʥʘʪʨʠʷ, ʥʘʨʷʜʫ ʩ ʜʨʫʛʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʫʯʘʩʪʚʫʝʪ ʚ ʧʨʦʮʝʩʩʘʭ 

ʮʚʝʪʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʘʨʦʤʘʪʠʟʘʮʠʠ ʩʳʨʦʢʦʧʯʝʥʳʭ ʢʦʣʙʘʩ, ʢʦʪʦʨʳʝ ʠʥʪʝʥʩʠʚʥʦ 

ʧʨʦʪʝʢʘʶʪ ʚ ʢʦʣʙʘʩʥʳʭ ʙʘʪʦʥʘʭ ʚʦ ʚʨʝʤʷ ʩʥʠʞʝʥʠʷ ʟʥʘʯʝʥʠʷ ʨʅ ʜʦ 5,0. 

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʘʥʪʠʤʠʢʨʦʙʥʳʝ ʩʚʦʡʩʪʚʘ, ʥʠʪʨʠʪ ʥʘʪʨʠʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʤʷʩʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚ ʢʘʯʝʩʪʚʝ ʮʚʝʪʦʦʙʨʘʟʫʶʱʝʛʦ 

ʚʝʱʝʩʪʚʘ ï ʬʠʢʩʘʪʦʨʘ ʦʢʨʘʩʢʠ (ʪʘʙʣʠʮʘ 4). 

ʊʘʙʣʠʮʘ 4  

ʀʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʥʠʪʨʠʪʘ ʥʘʪʨʠʷ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʳʨʦʢʦʧʯʝʥʳʭ 

ʢʦʣʙʘʩ, % 
ˉ 

ʵʪʘʧʘ 

ʆʙʨʘʟʮʘ ʢʦʣʙʘʩ, ʦʪʦʙʨʘʥʥʳʝ ʚ 

ʭʦʜʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

çɼʝʣʠʢʘʪʝʩʥʘʷè 

ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ 

çɼʝʣʠʢʘʪʝʩʥʘʷè 

ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʙʝʣʢʘ 

1 ʌʘʨʰ ʧʦʩʣʝ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 0,0238 0,0197 

2 ɹʘʪʦʥʳ ʧʦʩʣʝ 1-ʛʦ ʜʥʷ ʦʩʘʜʢʠ 0,0103 0,0094 

3 ɹʘʪʦʥʳ ʧʝʨʝʜ ʢʦʧʯʝʥʠʝʤ 0,0017 0,0015 

4 ɹʘʪʦʥʳ ʧʝʨʝʜ ʩʫʰʢʦʡ 0,0014 0,0013 

5 ɹʘʪʦʥʳ ʯʝʨʝʟ 7 ʜʥʝʡ ʩʫʰʢʠ 0,0012 0,0011 

6 ɹʘʪʦʥʳ ʯʝʨʝʟ 14 ʜʥʝʡ ʩʫʰʢʠ 0,0009 0,0010 

7 ɻʦʪʦʚʘʷ ʧʨʦʜʫʢʮʠʷ 0,0009 0,0009 

 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʠʟ ʚʥʝʩʝʥʥʳʭ ʚ ʩʳʨʴʝ ʥʠʪʨʠʪʦʚ ʩ ʧʠʛʤʝʥʪʘʤʠ ʤʷʩʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʪʦʣʴʢʦ 5-15 %, ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʥʠʪʨʘʪ ʜʦ 15 %, ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʶ ʩ 

ʩʫʣʴʬʛʠʜʨʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʜʦ 5 %, ʣʠʧʠʜʘʤʠ ʜʦ 5 %, ʜʨʫʛʠʤʠ ʙʝʣʢʘʤʠ ʜʦ 30 % ʠ 

ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʚ ʚʠʜʝ ʦʩʪʘʪʦʯʥʦʛʦ ʥʠʪʨʠʪʘ ʜʦ 20 %. 

ɺ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʘʭ ʩʳʨʦʢʦʧʯʝʥʦʡ ʢʦʣʙʘʩʳ çɼʝʣʠʢʘʪʝʩʥʘʷè ʙʝʟ ʠ ʩ 

ʙʝʣʢʦʚʦʡ ʜʦʙʘʚʢʦʡ ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʠʪʘ ʥʘʪʨʠʷ ʩʦʩʪʘʚʠʣʦ 0,0009 %. ʕʪʠ ʧʦʢʘʟʘʪʝʣʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʩʳʨʦʢʦʧʯʝʥʳʤ ʢʦʣʙʘʩʘʤ ʩʦʛʣʘʩʥʦ 

ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʳʨʦʢʦʧʯʝʥʳʭ 

ʢʦʣʙʘʩ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʝʣʢʦʚʦʡ ʜʦʙʘʚʢʠ çʄʠʦʛʝʣʴè ʚ ʨʝʮʝʧʪʫʨʝ 

ʢʦʣʙʘʩʳ çɼʝʣʠʢʘʪʝʩʥʘʷè ʥʝ ʦʢʘʟʘʣʦ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ, ʦʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʠʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ ʥʦʨʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʜʣʷ 

ʩʳʨʦʢʦʧʯʝʥʳʭ ʢʦʣʙʘʩ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʨʘʩʪʚʦʨʠʤʳʭ ʥʘʧʠʪʢʦʚ ʥʘ ʦʩʥʦʚʝ ʮʠʢʦʨʠʷ ʩ ʢʨʘʪʢʠʤ ʦʧʠʩʘʥʠʝʤ 

ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ɼʘʥʥʘʷ ʩʭʝʤʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩ ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʛʦ 

ʝʝ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʚʳʙʦʨʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʵʪʘʧʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʦʧʝʨʘʮʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʥʘʧʠʪʢʠ ʥʘ ʦʩʥʦʚʝ ʮʠʢʦʨʠʷ, 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ, ʦʩʥʦʚʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʛʦʪʦʚʦʡ 

ʧʨʦʜʫʢʮʠʠ 

 

Abstract 

This article presents a technological scheme for the production of functional instant 

drinks based on chicory with a brief description of the main technological processes. This 

scheme is designed for its further application to select and determine the controlled stages of 

technological operations necessary to ensure the safety of finished products. 

Keywords: functional drinks based on chicory, technological scheme, basic 

technological processes, safety of finished products 

 

ɺʚʝʜʝʥʠʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʥʝʝ ʚ ʨʘʤʢʘʭ ʪʝʤʳ ʅʀʈ çʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʨʘʩʪʚʦʨʠʤʳʭ ʥʘʧʠʪʢʦʚ ʥʘ ʦʩʥʦʚʝ ʮʠʢʦʨʠʷ ʠ ʜʨʫʛʠʭ ʚʠʜʦʚ ʬʠʪʦʩʳʨʴʷ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʪʦʯʥʠʢʘ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ. ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚè ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʠ ʦʙʦʩʥʦʚʘʥ ʚʳʙʦʨ ʩʳʨʴʷ, 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʪʦʨʦʛʦ ʨʘʟʨʘʙʦʪʘʥʳ ʨʝʮʝʧʪʫʨʥʳʝ ʢʦʤʧʦʟʠʮʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʥʘʧʠʪʢʦʚ çʎʠʢʦʨʠʡ ʨʘʩʪʚʦʨʠʤʳʡ, ʦʙʦʛʘʱʝʥʥʳʡ ʬʣʘʚʦʥʦʠʜʘʤʠè ʠ çʎʠʢʦʨʠʡ 

ʨʘʩʪʚʦʨʠʤʳʡ, ʦʙʦʛʘʱʝʥʥʳʡ ʧʠʱʝʚʳʤʠ ʚʦʣʦʢʥʘʤʠè [1]. ɼʣʷ ʦʮʝʥʢʠ ʠ ʢʦʥʪʨʦʣʷ 

ʢʘʯʝʩʪʚʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʫʢʘʟʘʥʥʳʭ ʥʘʧʠʪʢʦʚ ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ ʧʝʨʝʯʝʥʴ ʧʦʢʘʟʘʪʝʣʝʡ, 

ʚʢʣʶʯʘʶʱʠʡ ʧʦʢʘʟʘʪʝʣʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʥʜʠʢʘʪʦʨʥʳʝ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʜʣʷ ʮʝʣʝʡ ʠʭ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʫʩʪʘʥʦʚʣʝʥʳ ʬʘʢʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ [2-5]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ, 

ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʨʝʮʝʧʪʫʨʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʨʘʩʪʚʦʨʠʤʳʭ ʥʘʧʠʪʢʦʚ ʚ ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ.  

ʉʦʛʣʘʩʥʦ [6] ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʧʦʣʥʷʝʤʳʭ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ. 

ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟʛʦʪʦʚʠʪʝʣʠ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʮʠʠ ʦʙʷʟʘʥʳ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʦʮʝʩʩʳ ʝʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʪʘʢʘʷ ʧʨʦʜʫʢʮʠʷ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʂʨʦʤʝ ʵʪʦʛʦ, ʧʨʠ 

ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʧʨʦʮʝʩʩʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʮʠʠ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʠʟʛʦʪʦʚʠʪʝʣʴ ʜʦʣʞʝʥ ʨʘʟʨʘʙʘʪʳʚʘʪʴ, ʚʥʝʜʨʷʪʴ ʠ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʧʨʦʮʝʜʫʨʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʠʥʮʠʧʘʭ ʍɸʉʉʇ (ʚ ʘʥʛʣʠʡʩʢʦʡ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ʅɸʉʉʈ ï Hazard Analysis and Critical Control Points). ʆʜʥʦʡ ʠʟ 

ʦʙʷʟʘʪʝʣʴʥʳʭ ʧʨʦʮʝʜʫʨ ʧʨʠ ʵʪʦʤ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʝʝ ʠʟʛʦʪʦʚʣʝʥʠʷ. ɺ ʩʚʷʟʠ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 19 ð   

 

ʩ ʵʪʠʤ ʦʜʠʥ ʠʟ ʵʪʘʧʦʚ ʨʘʙʦʪʳ ʙʳʣ ʧʦʩʚʷʱʝʥ ʨʘʟʨʘʙʦʪʢʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʨʘʩʪʚʦʨʠʤʳʭ ʥʘʧʠʪʢʦʚ.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ʉ ʫʯʝʪʦʤ ʦʧʳʪʘ ʚʳʨʘʙʦʪʢʠ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʦʙʨʘʟʮʦʚ ʥʘʤʠ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʥʘʧʠʪʢʦʚ, ʚʢʣʶʯʘʶʱʘʷ ʦʩʥʦʚʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ (ʊʇ), 

ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 1.  

 
ʊʇ 1 ʇʨʦʮʝʩʩ ʧʨʠʝʤʢʠ ʢʦʤʧʦʥʝʥʪʦʚ 

® ® 

ʊʇ 1.1 ʇʨʦʮʝʩʩ ʧʨʠʝʤʢʠ ʨʘʩʪʚʦʨʠʤʦʛʦ ʮʠʢʦʨʠʷ 

ʊʇ 1.2 ʇʨʦʮʝʩʩ ʧʨʠʝʤʢʠ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪʦʚ - 

ʩʫʭʠʭ ʵʢʩʪʨʘʢʪʦʚ: ʙʝʣʦʛʦ ʯʘʷ, ʟʝʣʝʥʦʛʦ ʯʘʷ, 

ʣʠʩʪʴʝʚ ʦʣʠʚʳ, ʣʠʩʪʴʝʚ ʩʪʝʚʠʠ, ʧʣʦʜʦʚ 

ʙʦʷʨʳʰʥʠʢʘ, ʧʣʦʜʦʚ ʚʠʰʥʠ, ʧʣʦʜʦʚ ʢʣʶʢʚʳ, 

ʧʣʦʜʦʚ ʤʘʣʠʥʳ, ʧʣʦʜʦʚ ʯʝʨʥʦʡ ʩʤʦʨʦʜʠʥʳ, 

ʧʣʦʜʦʚ ʰʠʧʦʚʥʠʢʘ, 

ʷʛʦʜ ʛʦʜʞʠ 

® ® 

ʊʇ 2 ʇʨʦʮʝʩʩ ʠʥʩʧʝʢʮʠʠ 

® ® 

ʊʇ 3 ʇʨʦʮʝʩʩ ʜʦʟʠʨʦʚʘʥʠʷ ʠ ʩʤʝʰʠʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ, ʩʦʛʣʘʩʥʦ ʨʝʮʝʧʪʫʨʘʤ: 

® ® ® 

ʊʇ 3.1 ʇʨʦʮʝʩʩ ʩʤʝʰʠʚʘʥʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʧʠʪʢʘ 

çʎʠʢʦʨʠʡ ʨʘʩʪʚʦʨʠʤʳʡ, 

ʦʙʦʛʘʱʝʥʥʳʡ ʬʣʘʚʦʥʦʠʜʘʤʠè, 

ʆʙʨʘʟʝʮ ˉ1 -  ʨʘʩʪʚʦʨʠʤʦʛʦ 

ʮʠʢʦʨʠʷ ʠ ʩʫʭʠʭ ʵʢʩʪʨʘʢʪʦʚ: 

ʙʝʣʦʛʦ ʯʘʷ, ʟʝʣʝʥʦʛʦ ʯʘʷ, 

ʣʠʩʪʴʝʚ ʩʪʝʚʠʠ, ʧʣʦʜʦʚ 

ʙʦʷʨʳʰʥʠʢʘ, ʧʣʦʜʦʚ ʚʠʰʥʠ, 

ʧʣʦʜʦʚ ʢʣʶʢʚʳ 

ʊʇ 3.2 ʇʨʦʮʝʩʩ ʩʤʝʰʠʚʘʥʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʧʠʪʢʘ 

çʎʠʢʦʨʠʡ ʨʘʩʪʚʦʨʠʤʳʡ, 

ʦʙʦʛʘʱʝʥʥʳʡ ʬʣʘʚʦʥʦʠʜʘʤʠè, 

ʆʙʨʘʟʝʮ ˉ2 -  ʨʘʩʪʚʦʨʠʤʦʛʦ 

ʮʠʢʦʨʠʷ ʠ ʩʫʭʠʭ ʵʢʩʪʨʘʢʪʦʚ: 

ʟʝʣʝʥʦʛʦ ʯʘʷ, ʣʠʩʪʴʝʚ ʦʣʠʚʳ, 

ʧʣʦʜʦʚ ʙʦʷʨʳʰʥʠʢʘ, ʧʣʦʜʦʚ 

ʚʠʰʥʠ, ʧʣʦʜʦʚ ʢʣʶʢʚʳ, ʣʠʩʪʴʝʚ 

ʩʪʝʚʠʠ 

ʊʇ 3.3 ʇʨʦʮʝʩʩ ʩʤʝʰʠʚʘʥʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʧʠʪʢʘ 

çʎʠʢʦʨʠʡ ʨʘʩʪʚʦʨʠʤʳʡ, 

ʦʙʦʛʘʱʝʥʥʳʡ ʧʠʱʝʚʳʤʠ 

ʚʦʣʦʢʥʘʤʠè -  ʨʘʩʪʚʦʨʠʤʦʛʦ 

ʮʠʢʦʨʠʷ ʠ ʩʫʭʠʭ ʵʢʩʪʨʘʢʪʦʚ: 

ʣʠʩʪʴʝʚ ʩʪʝʚʠʠ, ʧʣʦʜʦʚ ʤʘʣʠʥʳ, 

ʧʣʦʜʦʚ ʯʝʨʥʦʡ ʩʤʦʨʦʜʠʥʳ, 

ʧʣʦʜʦʚ ʰʠʧʦʚʥʠʢʘ, ʷʛʦʜ ʛʦʜʞʠ 

® ® ® 

ʊʇ 4 ʇʨʦʮʝʩʩ ʫʧʘʢʦʚʢʠ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʚ ʧʦʪʨʝʙʠʪʝʣʴʩʢʫʶ ʠ ʪʨʘʥʩʧʦʨʪʥʫʶ ʫʧʘʢʦʚʢʫ 

® ® ® 

ʊʇ 5 ʇʨʦʮʝʩʩ ʤʘʨʢʠʨʦʚʢʠ ʫʧʘʢʦʚʘʥʥʦʡ (ʧʦʤʝʱʝʥʥʦʡ ʚ ʧʦʪʨʝʙʠʪʝʣʴʩʢʫʶ ʠ ʪʨʘʥʩʧʦʨʪʥʫʶ ʫʧʘʢʦʚʢʫ) 

ʧʨʦʜʫʢʮʠʠ 

ʈʠʩʫʥʦʢ 1 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʠʟʛʦʪʦʚʣʝʥʠʷ  

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʨʘʩʪʚʦʨʠʤʳʭ ʥʘʧʠʪʢʦʚ  

 

ʂʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʇʨʠʝʤʢʫ ʢʦʤʧʦʥʝʥʪʦʚ 

ʧʨʦʚʦʜʷʪ ʩ ʦʙʷʟʘʪʝʣʴʥʳʤ ʚʭʦʜʥʳʤ ʢʦʥʪʨʦʣʝʤ, ʚʢʣʶʯʘʶʱʠʤ ʢʦʥʪʨʦʣʴ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʚʠʜʦʚ ʠ ʥʘʠʤʝʥʦʚʘʥʠʡ ʢʦʤʧʦʥʝʥʪʦʚ ʤʘʨʢʠʨʦʚʢʝ ʥʘ ʫʧʘʢʦʚʢʝ ʠ ʚ ʩʦʧʨʦʚʦʜʠʪʝʣʴʥʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ, ʢʦʥʪʨʦʣʴ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʢ ʧʘʨʪʠʠ, ʫʢʘʟʘʥʥʦʡ ʚ 

ʩʦʧʨʦʚʦʜʠʪʝʣʴʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʢʦʥʪʨʦʣʴ ʩʦʦʪʚʝʪʩʪʚʠʷ ʫʧʘʢʦʚʢʠ ʠ ʤʘʨʢʠʨʦʚʢʠ 

ʪʨʝʙʦʚʘʥʠʷʤ ʜʝʡʩʪʚʫʶʱʠʭ ʜʦʢʫʤʝʥʪʦʚ. ʇʨʠ ʵʪʦʤ ʧʦʩʪʫʧʘʶʱʠʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʢʦʤʧʦʥʝʥʪʳ ʜʦʣʞʥʦ ʙʳʪʴ ʫʧʘʢʦʚʘʥʳ ʚ ʪʨʘʥʩʧʦʨʪʥʫʶ ʫʧʘʢʦʚʢʫ ʠʟʛʦʪʦʚʠʪʝʣʷ. ʋʧʘʢʦʚʢʘ 

ʜʦʣʞʥʘ ʙʳʪʴ ʮʝʣʦʡ ʠ ʯʠʩʪʦʡ ʩ ʯʝʪʢʦ ʦʙʦʟʥʘʯʝʥʥʦʡ ʤʘʨʢʠʨʦʚʢʦʡ. ʂʘʞʜʘʷ ʧʘʨʪʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʜʦʣʞʥʘ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʜʦʢʫʤʝʥʪʘʤʠ, 

ʫʜʦʩʪʦʚʝʨʷʶʱʠʤʠ ʝʛʦ ʙʝʟʦʧʘʩʥʦʩʪʴ. ɺʩʝ ʢʦʤʧʦʥʝʥʪʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʥʘʧʠʪʢʦʚ, ʜʦʣʞʥʳ ʦʪʚʝʯʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ [6]. ʂʦʤʧʦʥʝʥʪʳ, ʥʝ 

ʦʪʚʝʯʘʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʝ ʜʦʧʫʩʢʘʶʪʩʷ. ɼʦ 

ʧʦʩʪʫʧʣʝʥʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʦʤʧʦʥʝʥʪʳ ʜʦʣʞʥʳ ʭʨʘʥʠʪʴʩʷ ʚ ʩʫʭʦʤ, ʯʠʩʪʦʤ, ʭʦʨʦʰʦ 

ʚʝʥʪʠʣʠʨʫʝʤʦʤ ʧʦʤʝʱʝʥʠʠ, ʥʝ ʟʘʨʘʞʝʥʥʦʤ ʚʨʝʜʠʪʝʣʷʤʠ ʠ ʦʩʥʘʱʝʥʥʦʤ 

ʠʟʤʝʨʠʪʝʣʴʥʳʤʠ ʧʨʠʙʦʨʘʤʠ ʜʣʷ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ 



ð 20 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʚʦʟʜʫʭʘ. ʅʝ ʜʦʧʫʩʢʘʝʪʩʷ ʭʨʘʥʠʪʴ ʚ ʦʜʥʦʤ ʧʦʤʝʱʝʥʠʠ ʩ ʧʨʠʤʝʥʷʝʤʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʩʢʦʨʦʧʦʨʪʷʱʠʝʩʷ ʧʨʦʜʫʢʪʳ ʠ ʪʦʚʘʨʳ ʩ ʨʝʟʢʠʤ ʟʘʧʘʭʦʤ.  

ʀʥʩʧʝʢʮʠʶ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʦʚʦʜʷʪ ʚʠʟʫʘʣʴʥʦ ʥʘ ʩʪʦʣʝ ʜʣʷ ʧʨʦʩʤʦʪʨʘ ʠʣʠ 

ʠʥʩʧʝʢʮʠʦʥʥʦʤ ʪʨʘʥʩʧʦʨʪʝʨʝ, ʩ ʫʜʘʣʝʥʠʝʤ (ʧʨʠ ʠʭ ʥʘʣʠʯʠʠ) ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʠʤʝʩʝʡ ʠ 

ʚʢʣʶʯʝʥʠʡ. ʆʯʠʩʪʢʫ ʩʳʨʴʷ ʦʪ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʦʩʪʦʷʥʥʳʤʠ 

ʤʘʛʥʠʪʘʤʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʘʜ ʩʪʦʣʦʤ ʜʣʷ ʧʨʦʩʤʦʪʨʘ ʠʣʠ ʠʥʩʧʝʢʮʠʦʥʥʳʤ 

ʪʨʘʥʩʧʦʨʪʝʨʦʤ, ʠʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘ ʥʠʤʠ. ʄʝʪʘʣʣʠʯʝʩʢʠʝ ʧʨʠʤʝʩʠ ʫʣʘʚʣʠʚʘʶʪ 

ʪʘʢʞʝ ʤʘʛʥʠʪʥʳʤʠ ʫʣʦʚʠʪʝʣʷʤʠ ʥʘ ʜʨʫʛʠʭ ʊʇ. ʇʦʩʣʝ ʠʥʩʧʝʢʮʠʠ ʢʦʤʧʦʥʝʥʪʳ 

ʥʘʧʨʘʚʣʷʶʪ ʚ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʝʤʢʦʩʪʠ (ʥʘʧʨʠʤʝʨ, ʙʫʥʢʝʨʘ-ʥʘʢʦʧʠʪʝʣʠ) ʜʣʷ ʭʨʘʥʝʥʠʷ 

ʠʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʩʣʝʜʫʶʱʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ.  

ʂʦʤʧʦʥʝʥʪʳ ʜʦʟʠʨʫʶʪ ʧʦ ʥʘʠʤʝʥʦʚʘʥʠʷʤ ʚ ʧʨʦʮʝʥʪʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ, ʩʦʛʣʘʩʥʦ 

ʫʪʚʝʨʞʜʝʥʥʳʤ ʨʝʮʝʧʪʫʨʘʤ, ʥʘ ʨʘʟʣʠʯʥʳʭ ʚʝʩʦʚʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʠ ʥʘʧʨʘʚʣʷʶʪ ʚ 

ʩʤʝʩʠʪʝʣʴ. ʉ ʮʝʣʴʶ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʰʠʚʘʥʠʝ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʴ ʚ ʩʤʝʩʠʪʝʣʷʭ ʙʘʨʘʙʘʥʥʦʛʦ ʪʠʧʘ ʚ ʜʚʘ ʵʪʘʧʘ: ʥʘ ʧʝʨʚʦʤ 

ʵʪʘʧʝ ʚ ʙʘʨʘʙʘʥ ʩʤʝʩʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳ ʧʦʜʘʶʪ ʢʘʞʜʳʡ ʢʦʤʧʦʥʝʥʪ ʚ ʢʦʣʠʯʝʩʪʚʝ ʦʢʦʣʦ 

50 % ʦʪ ʨʝʮʝʧʪʫʨʳ ʠ ʧʨʦʠʟʚʦʜʷʪ ʩʤʝʰʠʚʘʥʠʝ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ; ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʢ 

ʧʦʣʫʯʝʥʥʦʡ ʩʤʝʩʠ ʜʦʙʘʚʣʷʶʪ ʚʩʝ ʦʩʪʘʚʰʠʝʩʷ ʢʦʤʧʦʥʝʥʪʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ 

ʩʤʝʰʠʚʘʥʠʷ, ʠ ʧʨʦʠʟʚʦʜʷʪ ʩʤʝʰʠʚʘʥʠʝ ʝʱʝ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ.  

ɼʣʷ ʫʧʘʢʦʚʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʥʘʧʠʪʢʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʫʧʘʢʦʚʢʫ ʠ 

ʫʧʘʢʦʚʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʦʪʚʝʯʘʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʤ [7], ʠ 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʩʦʭʨʘʥʥʦʩʪʴ ʢʘʯʝʩʪʚʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʠ ʠʭ ʭʨʘʥʝʥʠʠ, 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʠ ʠ ʨʝʘʣʠʟʘʮʠʠ ʚ ʪʝʯʝʥʠʝ ʩʨʦʢʘ ʛʦʜʥʦʩʪʠ. 

ʄʘʨʢʠʨʦʚʢʘ ʫʧʘʢʦʚʘʥʥʳʭ (ʧʦʤʝʱʝʥʥʳʭ ʚ ʧʦʪʨʝʙʠʪʝʣʴʩʢʫʶ ʠ ʪʨʘʥʩʧʦʨʪʥʫʶ 

ʫʧʘʢʦʚʢʫ) ʥʘʧʠʪʢʦʚ ʜʦʣʞʥʘ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ [8]. 

ɿʘʢʣʶʯʝʥʠʝ. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʥʘʧʠʪʢʦʚ ʨʘʟʨʘʙʦʪʘʥʘ ʩ ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʛʦ ʝʝ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ 

ʚʳʙʦʨʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʵʪʘʧʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ.  

ʌʠʥʘʥʩʠʨʦʚʘʥʠʝ. ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʨʫʢʦʧʠʩʠ 

ʧʨʦʚʝʜʝʥʘ ʟʘ ʩʯʝʪ ʩʨʝʜʩʪʚ ʩʫʙʩʠʜʠʠ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʚ ʨʘʤʢʘʭ 

ʇʨʦʛʨʘʤʤʳ ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʘʢʘʜʝʤʠʡ ʥʘʫʢ 

ʥʘ 2013-2020 ʛʦʜʳ (ʪʝʤʘ ˉ 0529-2019-0065). 
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ɸʥʥʦʪʘʮʠʷ  
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʢʫʭʥʠ, ʢʘʢ ʥʦʚʦʛʦ, 

ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʛʦ ʩʧʦʩʦʙʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʙʣʶʜ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʝʝ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʵʪʥʠʯʝʩʢʦʡ ʢʫʭʥʝ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʤʦʣʝʢʫʣʷʨʥʦʡ 
ʢʫʭʥʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʵʪʥʠʯʝʩʢʠʭ ʠ ʥʘʮʠʦʥʘʣʴʥʳʭ ʙʣʶʜ ʩ ʮʝʣʴʶ ʨʘʩʰʠʨʝʥʠʷ 
ʘʩʩʦʨʪʠʤʝʥʪʘ ʠ ʚʢʫʩʦʚʳʭ ʩʦʯʝʪʘʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʣʝʢʫʣʷʨʥʘʷ ʢʫʭʥʷ, ʤʝʪʦʜʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʦʜʫʢʮʠʠ, 
ʵʪʥʠʯʝʩʢʘʷ ʢʫʭʥʷ 

 
Abstract 
The article examines the features of molecular cuisine as a new, high-tech way of 

cooking, as well as the possibilities of its use in ethnic cuisine. The application of methods of 
molecular cuisine for the manufacture of ethnic and national dishes is proposed in order to 
expand the range and flavor combinations. 

Keywords: molecular cuisine, production methods, ethnic cuisine 
 
ʄʦʣʝʢʫʣʷʨʥʘʷ ʢʫʭʥʷ ï ʵʪʦ ʩʦʚʨʝʤʝʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʠʱʝʚʦʡ 

ʧʨʦʜʫʢʮʠʠ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʦʚ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʢʫʭʥʠ ʧʦʚʘʨʘ 
ʤʦʛʫʪ ʜʦʙʠʚʘʪʴʩʷ ʫʥʠʢʘʣʴʥʳʭ ʚʢʫʩʦʚ ʠ ʬʦʨʤ ʛʦʪʦʚʳʭ ʙʣʶʜ. 

ʄʦʣʝʢʫʣʷʨʥʘʷ ʢʫʭʥʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʣʝʜʫʶʱʠʤʠ ʦʩʥʦʚʥʳʤʠ ʤʝʪʦʜʘʤʠ 
ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʦʜʫʢʮʠʠ: 

1. ʇʝʥʦʦʙʨʘʟʦʚʘʥʠʝ ï ʚʚʝʜʝʥʠʝ ʚ ʠʟʤʝʣʴʯʸʥʥʳʡ ʜʦ ʧʦʣʫʞʠʜʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 
ʧʨʦʜʫʢʪ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʪʩʷ ʧʝʥʥʘʷ ʤʘʩʩʘ ʩ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʤ 
ʚʢʫʩʦʤ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʙʣʶʜ. 

2. ʇʦʣʫʯʝʥʠʝ ʛʝʣʝʡ ʠ ʩʬʝʨʠʬʠʢʘʮʠʷ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʞʝʣʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ, 
ʪʘʢʠʭ ʢʘʢ ʘʣʴʛʠʥʘʪʳ ʠ ʞʝʣʘʪʠʥ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʞʝʣʝ ʠʟ ʧʨʦʜʫʢʪʦʚ. ʊʘʢʞʝ ʘʣʴʛʠʥʘʪʳ 
ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʚʳʚʝʜʝʥʠʷ ʧʦʣʫʧʨʦʟʨʘʯʥʳʭ ʩʬʝʨ, ʥʘʧʦʣʥʝʥʥʳʭ ʧʠʱʝʚʳʤʠ ʠ 
ʚʢʫʩʦʚʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʜʣʷ ʫʩʠʣʝʥʠʷ ʠʣʠ ʜʦʙʘʚʣʝʥʠʷ ʚʢʫʩʦʚ ʢ ʙʣʶʜʘʤ. 

3. ɸʨʦʤʘʢʫʭʥʷ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʵʢʩʪʨʘʢʪʦʚ ʠ ʵʬʠʨʥʳʭ 
ʤʘʩʝʣ, ʧʨʠʜʘʶʱʠʭ ʘʨʦʤʘʪ ʨʘʟʣʠʯʥʳʤ ʧʠʱʝʚʳʤ ʩʫʙʩʪʘʥʮʠʷʤ, ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ 
ʢʫʣʠʥʘʨʥʦʛʦ ʠʣʠ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ (ʥʘʧʨʠʤʝʨ, ʦʩʳʧʘʪʴ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ 
ʵʢʩʪʨʘʢʪʘʤʠ ʢʫʙʠʢ ʩʫʭʦʛʦ ʣʴʜʘ ʜʣʷ ʦʢʨʫʞʝʥʠʷ ʧʦʩʝʪʠʪʝʣʷ ʘʨʦʤʘʪʘʤʠ) 

4. ʎʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝ ï ʨʘʟʜʝʣʝʥʠʝ ʧʠʱʝʚʦʛʦ ʚʝʱʝʩʪʚʘ ʥʘ ʩʦʩʪʘʚʥʳʝ 
ʵʣʝʤʝʥʪʳ ʧʦ ʧʣʦʪʥʦʩʪʠ ʧʫʪʸʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ ʧʨʠ ʚʨʘʱʝʥʠʠ 
ʮʝʥʪʨʠʬʫʛʠ. ʂʘʞʜʳʡ ʠʟ ʨʘʟʜʝʣʸʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʦʟʤʦʞʥʦ ʟʘʪʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 
ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʦʜʫʢʮʠʠ. 



ð 22 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 
5. ʂʨʠʦʢʫʭʥʷ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʞʠʜʢʦʛʦ ʘʟʦʪʘ ʜʣʷ ʤʛʥʦʚʝʥʥʦʛʦ 

ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʧʨʦʜʫʢʪʘ. ɾʠʜʢʠʡ ʘʟʦʪ ʪʘʢ ʞʝ ʤʛʥʦʚʝʥʥʦ ʠʩʧʘʨʷʝʪʩʷ, ʥʝ ʦʩʪʘʚʣʷʷ 
ʩʣʝʜʦʚ. ɺ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʤʦʨʦʞʝʥʥʦʛʦ, ʧʦʤʘʜʦʢ, ʜʝʩʝʨʪʦʚ. 

6. ɺʘʢʫʫʤʥʘʷ ʦʙʨʘʙʦʪʢʘ ï ʧʨʦʚʝʜʝʥʠʝ ʢʫʣʠʥʘʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʫʩʣʦʚʠʷʭ 
ʚʘʢʫʫʤʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʧʨʦʜʫʢʪ ʚ 
ʚʘʢʫʫʤʝ ʫʩʠʣʝʥʥʦ ʚʧʠʪʳʚʘʝʪ ʤʘʨʠʥʘʜ ʠ ʦʢʨʫʞʘʶʱʠʝ ʝʛʦ ʞʠʜʢʦʩʪʠ. 

7. Sous-vide ï ʠʟʛʦʪʦʚʣʝʥʠʝ ʧʨʦʜʫʢʪʘ (ʚ ʦʩʥʦʚʥʦʤ ʤʷʩʘ) ʚ ʚʘʢʫʫʤʥʦʤ ʧʘʢʝʪʝ 
ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 60ʉ0. ʄʷʩʦ, ʧʨʠʛʦʪʦʚʣʝʥʥʦʝ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ, 
ʩʦʭʨʘʥʷʝʪ ʬʦʨʤʫ, ʥʝ ʪʝʨʷʝʪ ʞʠʨʘ, ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʧʨʠʷʪʥʦʡ ʪʝʢʩʪʫʨʦʡ. 

ʄʦʣʝʢʫʣʷʨʥʘʷ ʢʫʭʥʷ ʯʘʩʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʞʝ ʫʩʪʦʷʚʰʠʭʩʷ 
ʨʝʮʝʧʪʦʚ, ʧʦʵʪʦʤʫ ʦʩʚʝʞʝʥʠʝ ʘʩʩʦʨʪʠʤʝʥʪʘ ʙʣʘʛʦʧʨʠʷʪʥʦ ʩʢʘʞʝʪʩʷ ʥʘ ʩʧʨʦʩʝ 
ʧʦʪʨʝʙʠʪʝʣʝʡ ʦʙʲʝʢʪʦʚ ʠʥʜʫʩʪʨʠʠ ʧʠʪʘʥʠʷ.  

ʕʪʥʠʯʝʩʢʘʷ, ʠʣʠ ʠʥʘʯʝ ʥʘʟʳʚʘʝʤʘʷ ʥʘʮʠʦʥʘʣʴʥʘʷ ʢʫʭʥʷ, ʷʚʣʷʝʪʩʷ ʠʜʝʘʣʴʥʳʤ 
ʠʩʪʦʯʥʠʢʦʤ ʜʣʷ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʠʜʝʡ ʠ ʩʦʯʝʪʘʥʠʡ ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʢʫʭʥʠ.  

ʂʘʞʜʳʡ ʥʘʨʦʜ ʠʤʝʝʪ ʩʦʙʩʪʚʝʥʥʫʶ ʫʥʠʢʘʣʴʥʫʶ, ʙʦʛʘʪʫʶ ʠʩʪʦʨʠʶ, ʩʚʷʟʘʥʥʫʶ ʩ 
ʧʠʱʝʡ. ʅʝʢʦʪʦʨʳʝ ʨʝʮʝʧʪʳ ʩʚʷʟʘʥʳ ʩ ʪʝʭʥʠʯʝʩʢʠʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʮʠʚʠʣʠʟʘʮʠʠ ʥʘ 
ʪʦʪ ʤʦʤʝʥʪ ʠ ʣʝʛʢʦ ʦʩʦʚʨʝʤʝʥʠʚʘʣʠʩʴ, ʘ ʜʨʫʛʠʝ ʧʨʠʦʙʨʝʪʘʣʠ ʨʠʪʫʘʣʴʥʦʝ, ʧʨʘʟʜʥʠʯʥʦʝ 
ʠ ʠʥʦʝ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ. ɹʣʘʛʦʜʘʨʷ ʩʝʛʦʜʥʷʰʥʝʡ ʪʝʥʜʝʥʮʠʠ ʢ ʛʣʦʙʘʣʠʟʘʮʠʠ, ʣʶʜʠ ʢʘʢ 
ʥʠʢʦʛʜʘ ʩʢʣʦʥʥʳ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʣʶʙʳʭ ʩʧʦʩʦʙʦʚ ʧʨʦʷʚʣʝʥʠʷ ʩʚʦʝʡ ʥʘʮʠʦʥʘʣʴʥʦʡ 
ʠʜʝʥʪʠʯʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʫʧʦʪʨʝʙʣʝʥʠʶ ʪʨʘʜʠʮʠʦʥʥʳʭ ʜʣʷ ʩʚʦʝʛʦ ʥʘʨʦʜʘ ʠʣʠ 
ʵʪʥʦʩʘ ʙʣʶʜ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʦʙʥʳʭ ʥʘʮʠʦʥʘʣʴʥʳʭ ʨʝʮʝʧʪʦʚ ʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʢʫʭʥʝ ʥʝ 
ʪʦʣʴʢʦ ʧʦʤʦʞʝʪ ʨʘʩʰʠʨʠʪʴ ʘʩʩʦʨʪʠʤʝʥʪ ʟʘ ʩʯʸʪ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʙʦʛʘʪʝʡʰʝʛʦ 
ʠʩʪʦʯʥʠʢʘ ʚʢʫʩʦʚʳʭ ʩʦʯʝʪʘʥʠʡ, ʥʦ ʝʱʸ ʠ ʧʦʤʦʞʝʪ ʧʨʠʚʣʝʯʴ ʧʦʩʝʪʠʪʝʣʝʡ ʟʘ ʩʯʸʪ 
ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʭ ʫʥʠʢʘʣʴʥʳʭ ʙʣʶʜ, ʢ ʢʦʪʦʨʳʤ ʥʝʢʦʪʦʨʳʝ ʤʦʛʣʠ ʧʨʠʚʳʢʥʫʪʴ ʩ ʜʝʪʩʪʚʘ, 
ʚ ʥʦʚʦʤ ʠ ʥʝʦʙʳʯʥʦʤ ʬʦʨʤʘʪʝ.  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʜʣʘʛʘʝʤʳʭ ʚʘʨʠʘʥʪʦʚ ʚʦʟʤʦʞʥʘ ʩʬʝʨʠʬʠʢʘʮʠʷ ʥʘʮʠʦʥʘʣʴʥʳʭ 
ʩʫʧʦʚ ʠ ʠʥʳʭ ʞʠʜʢʠʭ ʙʣʶʜ, ʪʘʢʠʭ ʢʘʢ ʙʦʨʱ, ʭʘʨʯʦ, ʤʠʩʦ-ʩʫʧ. ʉʦʟʜʘʥʠʝ ʧʠʱʝʚʳʭ ʩʬʝʨ, 
ʩʦʜʝʨʞʘʱʠʭ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʡ ʚʢʫʩ ʜʘʥʥʳʭ ʙʣʶʜ, ʧʦʟʚʦʣʠʪ ʧʨʠʤʝʥʷʪʴ ʠʭ ʚ ʢʘʯʝʩʪʚʝ 
ʟʘʢʫʩʦʢ ʠʣʠ ʠʢʨʳ ʜʣʷ ʙʫʪʝʨʙʨʦʜʦʚ ʠ ʢʘʥʘʧʝ. ʊʘʢʞʝ ʠʭ ʤʦʞʥʦ ʩʦʯʝʪʘʪʴ ʚʤʝʩʪʝ ʜʣʷ 
ʩʦʟʜʘʥʠʷ ʫʥʠʢʘʣʴʥʳʭ ʚʢʫʩʦʚʳʭ ʩʦʯʝʪʘʥʠʡ ʠ ʜʘʞʝ ʪʘʨʝʣʦʢ - ʘʩʩʦʨʪʠ, ʩʦʨʪʠʨʫʷ ʠʭ ʧʦ 
ʮʚʝʪʫ ʠ ʚʢʫʩʫ. ʋʞʝ ʩʫʱʝʩʪʚʫʶʪ ʧʦʜʘʯʠ ʧʝʨʚʳʭ ʙʣʶʜ ʚ ʚʠʜʝ ʛʝʣʠʬʠʮʠʨʦʚʘʥʥʦʡ ʣʘʧʰʠ. 

ʉʦʟʜʘʥʠʝ ʧʠʱʝʚʳʭ ʧʝʥ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʥʫʪʴ ʥʝʚʝʨʦʷʪʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʊʘʢ ʢʘʢ 
ʧʝʥʳ ʤʦʛʫʪ ʙʳʪʴ ʠʟ ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʠʥʛʨʝʜʠʝʥʪʦʚ, ʵʪʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 
ʧʦʜʘʯʠ ʩʘʣʘʪʦʚ ʠ ʤʷʩʥʳʭ ʙʣʶʜ, ʪʘʢʠʭ ʢʘʢ çʩʝʣʴʜʴ ʧʦʜ ʰʫʙʦʡè, ʰʘʰʣʳʢ, ʪʝʬʪʝʣʠ, 
ʰʘʫʨʤʘ, ʙʫʨʨʠʪʦ, ʪʘʢʦ, ʪʦʨʪʠʣʴʷ. ʊʘʢʞʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʝʥʦʦʙʨʘʟʥʳʡ ʤʸʜ ʜʣʷ 
ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʣʘʜʢʠʭ ʙʣʶʜ.  

ɼʣʷ ʙʦʣʝʝ ʥʘʩʳʱʝʥʥʦʛʦ ʘʨʦʤʘʪʘ ʧʦʜʘʚʘʝʤʳʭ ʙʣʶʜ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʜʦʩʪʠʞʝʥʠʷ ʘʨʦʤʘʢʫʭʥʠ. ʊʘʢ, ʜʘʞʝ ʦʙʳʯʥʳʡ ʙʦʨʱ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʙʦʣʝʝ ʫʥʠʢʘʣʴʥʳʤ, 
ʝʩʣʠ ʨʘʟʤʝʩʪʠʪʴ ʚʦʟʣʝ ʥʝʛʦ ʢʫʙʠʢ ʩʫʭʦʛʦ ʣʴʜʘ ʩ ʧʠʱʝʚʳʤ ʘʨʦʤʘʪʠʟʘʪʦʨʦʤ. ʊʘʢʠʤ 
ʦʙʨʘʟʦʤ ʧʫʪʸʤ ʤʠʥʠʤʘʣʴʥʳʭ ʫʩʠʣʠʡ ʤʦʞʥʦ ʨʘʟʥʦʦʙʨʘʟʠʪʴ ʘʩʩʦʨʪʠʤʝʥʪ ʙʣʶʜ 
ʩʦʟʜʘʥʠʝʤ ʫʥʠʢʘʣʴʥʳʭ ʩʦʯʝʪʘʥʠʡ ʘʨʦʤʘʪʦʚ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʩʪʠʞʝʥʠʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʢʫʭʥʠ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 
ʨʘʩʰʠʨʠʪʴ ʘʩʩʦʨʪʠʤʝʥʪ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʦʜʘʯʠ ʛʦʪʦʚʳʭ ʙʣʶʜ ʠ ʠʟʜʝʣʠʡ, ʥʘ ʚʢʫʩ ʠ 
ʘʨʦʤʘʪ ʧʨʦʜʫʢʮʠʠ. ʕʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʢʘʢ ʥʘ ʢʘʯʝʩʪʚʦ ʧʠʱʠ, ʪʘʢ ʠ ʥʘ ʠʥʪʝʨʝʩ 
ʧʦʩʝʪʠʪʝʣʝʡ. ʇʨʠ ʫʩʣʦʚʠʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʝʨʚʠʩʘ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʫ ʨʝʩʪʦʨʘʥʘ, 
ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʤʝʪʦʜʳ ʤʦʣʝʢʫʣʷʨʥʦʡ ʢʫʭʥʠ, ʙʫʜʝʪ ʙʦʣʝʝ ʚʳʩʦʢʘʷ 
ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ, ʯʝʤ ʫ ʠʥʳʭ ʟʘʚʝʜʝʥʠʡ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘ ʫʜʘʨʥʳʡ ʠʟʛʠʙ ʦʙʨʘʟʮʦʚ ʠʟ ʩʪʘʣʠ 08ɻ2ʉ, 

ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ 3D-ʧʝʯʘʪʠ ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ ʥʘʧʣʘʚʢʦʡ. ʀʟʫʯʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʨʝʱʠʥʳ ʚ ʤʝʪʘʣʣʝ ʥʘ ʦʩʥʦʚʝ ʦʧʪʠʯʝʩʢʦʡ ʠ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʩʪʘʣʠ 08ɻ2ʉ, ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ 3D-

ʧʝʯʘʪʠ ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ ʥʘʧʣʘʚʢʦʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʠʞʝ t=-40oʉ ʥʝ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚ ʩʚʷʟʠ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʤʝʭʘʥʠʟʤʘ ʨʘʟʨʫʰʝʥʠʷ ʤʘʪʝʨʠʘʣʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: 3D-ʧʝʯʘʪʴ ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ ʥʘʧʣʘʚʢʦʡ, ʤʝʭʘʥʠʟʤʳ 

ʨʘʟʨʫʰʝʥʠʷ, ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ, ʭʨʫʧʢʦʝ ʨʘʟʨʫʰʝʥʠʝ. 

 

Abstract 

In this work, a study of impact bending of specimens made of 08G2S steel, obtained 

on the basis of 3D-printing by electric arc surfacing, was carried out. The features of crack 

propagation in metal are studied on the basis of optical and electron microscopy. It is shown 

that the use of steel 08G2S, obtained on the basis of 3D printing by electric arc surfacing at an 

operating temperature below t = -40oʉ, is not recommended due to a significant change in the 

mechanism of material destruction. 

Keywords: 3D printing by electric arc surfacing, fracture mechanisms, impact 

toughness, brittle fracture. 

 

ʆʩʚʦʝʥʠʝ ʩʝʚʝʨʥʳʭ ʨʘʡʦʥʦʚ ʈʦʩʩʠʠ ʠ ɸʨʢʪʠʢʠ ʪʨʝʙʫʝʪ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ. 

ʆʙʝʩʧʝʯʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʤʝʭʘʥʠʟʤʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, 

ʧʨʘʚʠʣʴʥʳʤ ʚʳʙʦʨʦʤ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ 

ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʜʝʪʘʣʝʡ ʤʝʭʘʥʠʟʤʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʡ ʩʝʚʝʨʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ 

ʧʦʣʫʯʘʶʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ 3D-ʧʝʯʘʪʠ ʤʝʪʘʣʣʘʤʠ. ʅʘʠʙʦʣʝʝ 

ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ 3D-ʧʝʯʘʪʠ ʭʣʘʜʦʩʪʦʡʢʠʤʠ ʤʝʪʘʣʣʘʤʠ 

ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʜʫʛʦʚʘʷ ʥʘʧʣʘʚʢʘ. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ 

ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʥʦʚʳʝ ʜʝʪʘʣʠ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʠʟʥʦʰʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʤʝʩʪʘ, ʛʜʝ ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ, ʧʨʠ ʵʪʦʤ ʫʤʝʥʴʰʘʝʪʩʷ ʚʨʝʤʷ 

ʥʝ ʪʦʣʴʢʦ ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ, ʥʦ ʠ ʥʘ ʜʦʩʪʘʚʢʫ [1, 2].  

ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʨʦʙʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʤʝʭʘʥʠʟʤʳ ʨʘʟʨʫʰʝʥʠʷ ʤʝʪʘʣʣʦʚ 

ʧʦʣʫʯʝʥʥʳʭ 3D-ʧʝʯʘʪʴʶ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʪʦʙʳ ʠʤʝʪʴ ʣʫʯʰʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʢʘʢ ʤʘʪʝʨʠʘʣ ʚʝʜʝʪ ʩʝʙʷ ʩ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. ʅʝ ʩʤʦʪʨʷ ʥʘ ʧʦʷʚʣʝʥʠʝ ʨʷʜʘ 

ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʠʟʫʯʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ 

ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʠ 3D-ʧʝʯʘʪʠ ʧʦʜʦʙʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʨʘʙʦʪʝ ʥʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝʪ [3-5]. 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʘ ʩʪʘʣʴ 08ɻ2ʉ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʱʘʷʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ. 



ð 24 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ɿʘʛʦʪʦʚʢʠ ʦʙʨʘʟʮʦʚ ʠʟ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʝʭʥʦʣʦʛʠʠ 3D-ʧʝʯʘʪʠ ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ ʥʘʧʣʘʚʢʦʡ.  

ʂʘʯʝʩʪʚʦ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ ʧʦʣʫʯʘʝʤʳʭ ʦʙʨʘʟʮʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʣʦʩʴ ʟʘ ʩʯʝʪ ʧʦʩʪʦʷʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

çʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ ï ʜʫʛʘ ï ʤʘʪʝʨʠʘʣè. ʇʦʩʣʝ 3D-ʧʝʯʘʪʠ, ʩ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʩʪʘʣʴ 08ɻ2ʉ ʙʳʣʘ ʧʦʜʚʝʨʛʥʫʪʘ ʦʪʞʠʛʫ (940oʉ, 

ʦʭʣʘʞʜʝʥʠʝ ʩ ʧʝʯʴʶ). 

ɼʣʷ ʦʮʝʥʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʷʟʢʦ-ʭʨʫʧʢʦʛʦ ʧʝʨʝʭʦʜʘ ʠ ʤʝʭʘʥʠʟʤʦʚ ʨʘʟʨʫʰʝʥʠʷ 

ʤʝʪʘʣʣʦʚ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ ʦʙʨʘʟʮʳ ʪʠʧʘ 

ʐʘʨʧʠ (ʪʠʧ ʦʙʨʘʟʮʘ 13 ʧʦ ɻʆʉʊ 9454) ʩ ʩʝʯʝʥʠʝʤ ʚ ʟʦʥʝ ʢʦʥʮʝʥʪʨʘʪʦʨʘ 5ʭ8 ʤʤ. 

ʀʩʧʳʪʘʥʠʷ ʥʘ ʫʜʘʨʥʳʡ ʠʟʛʠʙ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʤʘʷʪʥʠʢʦʚʦʤ ʢʦʧʨʝ ʄʂ-30ɸ ʚ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ ï100é+20oC ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ɻʆʉʊ 9454. ʆʭʣʘʞʜʝʥʠʝ 

ʦʙʨʘʟʮʦʚ ʜʦ ʥʝʦʙʭʦʜʠʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʢʨʠʦʢʘʤʝʨʝ, ʧʦʢʘʟʘʥʥʦʡ ʠ ʦʧʠʩʘʥʥʦʡ ʚ ʣʠʪʝʨʘʪʫʨʝ [6]. 

ʌʨʘʢʪʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʩʪʨʦʚʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʤʠʢʨʦʩʢʦʧʘ JSM-3U. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʷʟʢʦ-ʭʨʫʧʢʦʛʦ ʧʝʨʝʭʦʜʘ 

ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʠʟʣʦʤʳ ʦʙʨʘʟʮʦʚ, ʠʩʧʳʪʘʥʥʳʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʆʧʨʝʜʝʣʷʣʦʩʴ ʢʦʣʠʯʝʩʪʚʦ ʚʷʟʢʦʡ ʠ ʭʨʫʧʢʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʠʟʣʦʤʝ ʩʦʛʣʘʩʥʦ ɻʆʉʊ ʈ 

ʀʉʆ 148-1ï2013.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʥʘ ʫʜʘʨʥʳʡ ʠʟʛʠʙ ʩʪʘʣʠ 08ɻ2ʉ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
ʈʠʩʫʥʦʢ 1 - ʋʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ ʩʪʘʣʠ 08ɻ2ʉ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʳʪʘʥʠʷ 

 

ʀʟ ʧʦʣʫʯʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ (ʨʠʩ. 1) ʚʠʜʥʦ, ʯʪʦ ʩ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ ʩʪʘʣʠ 08ɻ2ʉ ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ 3D-ʧʝʯʘʪʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʜʦʩʪʠʛʘʝʪ ʥʝʧʨʠʝʤʣʝʤʦ ʤʘʣʳʭ ʟʥʘʯʝʥʠʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ t = -80Áʉ. 

ʆʙʱʠʡ ʚʠʜ ʠʟʣʦʤʦʚ ʦʙʨʘʟʮʦʚ ʩʪʘʣʠ 08ɻ2ʉ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʢʘʟʘʥ 

ʥʘ ʨʠʩʫʥʢʝ 2 ʩ ʚʳʜʝʣʝʥʠʝʤ ʦʪʜʝʣʴʥʳʭ ʟʦʥ ʚ ʠʟʣʦʤʝ. 

 

 
ʈʠʩʫʥʦʢ 2 - ʇʦʚʝʨʭʥʦʩʪʠ ʠʟʣʦʤʦʚ ʦʙʨʘʟʮʦʚ ʠʟ ʩʪʘʣʠ 08ɻ2ʉ (3D-ʧʝʯʘʪʴ ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ ʥʘʧʣʘʚʢʦʡ) ʧʦʩʣʝ 

ʠʩʧʳʪʘʥʠʷ ʥʘ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ: 1 - ʟʦʥʘ ʟʘʨʦʞʜʝʥʠʷ ʪʨʝʱʠʥʳ; 2 - ʟʦʥʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʨʝʱʠʥʳ; 3 - ʫʪʷʞʢʠ; 4 - ʟʦʥʘ ʜʦʣʦʤʘ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 25 ð   

 

ɸʥʘʣʠʟ ʦʙʱʝʛʦ ʚʠʜʘ (ʨʠʩ. 2) ʠ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʣʦʤʘ ʩʪʘʣʠ 08ɻ2ʉ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʳʪʘʥʠʷ ʦʪ +20Áʉ ʜʦ -80Áʉ ʧʨʦʠʩʭʦʜʠʪ 

ʫʤʝʥʴʰʝʥʠʝ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ (ʙʦʢʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʘʥʦʚʠʪʴʩʷ ʨʦʚʥʝʝ, ʙʝʟ 

ʚʳʪʷʥʫʪʦʛʦ ʤʝʪʘʣʣʘ). ʆʯʘʛ ʨʘʟʨʫʰʝʥʠʷ ʦʙʥʘʨʫʞʝʥ ʥʘ ʚʩʝʭ ʦʙʨʘʟʮʘʭ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʟʦʥʝ 

ʟʘʨʦʞʜʝʥʠʷ ʪʨʝʱʠʥ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʣʦʤʦʚ ʦʙʨʘʟʮʦʚ ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʯʝʪʳʨʝʭ 

ʟʦʥ, ʧʨʠ ʵʪʦʤ ʫ ʦʙʨʘʟʮʘ ʠʩʧʳʪʘʥʥʦʛʦ ʧʨʠ tʠʩʧ = -60Áʉ ʚʠʜʥʦ ʪʦʣʴʢʦ ʪʨʠ ʟʦʥʳ (ʨʠʩ. 2). 

ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʳʪʘʥʠʷ ʦʪ +20Áʉ ʜʦ - 60Áʉ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦʣʷ 

ʭʨʫʧʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. ʊʘʢ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ t=+20ÁC ʚ ʠʟʣʦʤʝ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ 

ʚʷʟʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ, ʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ t=-40ÁC ʥʘʯʠʥʘʝʪ ʧʨʝʦʙʣʘʜʘʪʴ ʭʨʫʧʢʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ. ʉʪʘʣʴ 08ɻ2ʉ ʠʤʝʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʚʷʟʢʦ-ʭʨʫʧʢʦʛʦ ʧʝʨʝʭʦʜʘ ʊ50=41Ñ3
oʉ. 

ɼʣʷ ʧʦʜʨʦʙʥʦʛʦ ʠʟʫʯʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʚ ʠʟʣʦʤʝ (ʨʠʩ. 2) ʧʨʦʚʝʜʝʥʳ 

ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʜʝʣʝʥʥʳʭ ʟʦʥ. ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʳ 

ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʠʟʣʦʤʦʚ ʚ ʟʦʥʝ ʟʘʨʦʞʜʝʥʠʷ ʪʨʝʱʠʥʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʠʩʧʳʪʘʥʠʷ. 

 

 
ʈʠʩʫʥʦʢ 3 - ʀʟʣʦʤ ʚ ʟʦʥʝ ʟʘʨʦʞʜʝʥʠʷ ʪʨʝʱʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ: t=+20ÁC (ʘ); t=-20ÁC (ʙ); t=-60ÁC (ʚ) 

 

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʘʥʘʣʠʟ ʠʟʣʦʤʦʚ, ʚ ʟʦʥʝ ʟʘʨʦʞʜʝʥʠʷ ʪʨʝʱʠʥʳ (ʨʠʩ. 3) 

ʥʘʙʣʶʜʘʶʪʩʷ ʷʤʢʠ ʦʪʨʳʚʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʚʷʟʢʦʝ ʨʘʟʨʫʰʝʥʠʝ. ʇʨʠ ʧʦʥʠʞʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʘ ʷʤʦʢ (ʨʠʩ. 3), ʯʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʩʥʠʞʝʥʠʝ ʧʣʘʩʪʠʯʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʅʘ ʨʠʩ. 4 ʧʦʢʘʟʘʥʳ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʠʟʣʦʤʦʚ ʚ ʟʦʥʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʨʝʱʠʥʳ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʩʧʳʪʘʥʠʷ. 

 

 
ʈʠʩʫʥʦʢ 4 - ʀʟʣʦʤ ʚ ʟʦʥʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʨʝʱʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ: t=+20ÁC (ʘ); t=-20ÁC (ʙ); t=-60ÁC 

(ʚ) 

 

ɺ ʟʦʥʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʨʝʱʠʥ (ʨʠʩ. 4) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ t=+20ÁC ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʦʣʥʦʩʪʴʶ ʚʷʟʢʠʡ ʠʟʣʦʤ (ʷʤʢʠ). ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ t=-20ÁC ʚ ʟʦʥʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʪʨʝʱʠʥʳ ʥʘʙʣʶʜʘʝʪʩʷ ʩʤʝʰʘʥʥʳʡ ʠʟʣʦʤ (ʷʤʢʠ, ʩʢʦʣ ʠ ʬʘʩʝʪʢʠ ʩʢʦʣʘ). ʇʨʠ 

ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ t=-60ÁC ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʨʝʱʠʥʳ ʠʜʝʪ ʧʦʣʥʦʩʪʴʶ ʧʦ 

ʭʨʫʧʢʦʤʫ ʤʝʭʘʥʠʟʤʫ ʠ ʚ ʠʟʣʦʤʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʢʦʣ ʠ ʬʘʩʝʪʢʠ ʩʢʦʣʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʨʝʱʠʥʳ ʚ ʩʪʘʣʠ 08ɻ2ʉ ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ 3D-ʧʝʯʘʪʠ ʧʨʠ 

ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʭʨʫʧʢʦʤʫ ʤʝʭʘʥʠʟʤʫ. 



ð 26 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʅʘ ʨʠʩ. 5 ʧʦʢʘʟʘʥʳ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʠʟʣʦʤʦʚ ʚ ʟʦʥʝ ʜʦʣʦʤʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʩʧʳʪʘʥʠʷ. 

 

 
ʈʠʩʫʥʦʢ 5 - ʀʟʣʦʤ ʚ ʟʦʥʝ ʜʦʣʦʤʘ ʦʙʨʘʟʮʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ: t=+20ÁC (ʘ); t=-20ÁC (ʙ); t=-60ÁC (ʚ) 

 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ t=+20ÁC ʚ ʟʦʥʝ ʜʦʣʦʤʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʚʦʣʦʢʥʠʩʪʳʡ 

(ʚʷʟʢʠʡ) ʠʟʣʦʤ, ʢʘʢ ʚ ʜʨʫʛʠʭ ʟʦʥʘʭ ʠʟʣʦʤʘ. ʇʨʠ ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ t=-20ÁC 

ʥʘʙʣʶʜʘʶʪʩʷ ʚʷʟʢʠʝ ʷʤʢʠ ʩʜʚʠʛʘ, ʥʦ ʠʟʣʦʤ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʦʥʝ ʧʦʣʥʦʩʪʴʶ ʚʷʟʢʠʡ. 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ t=-60ÁC ʚ ʟʦʥʝ ʜʦʣʦʤʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʭʨʫʧʢʠʡ ʠʟʣʦʤ 

(ʬʘʩʝʪʢʠ ʩʢʦʣʘ). 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʟʣʦʤʦʚ ʩʪʘʣʠ 08ɻ2ʉ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʪʦʯʥʠʢʘʤʠ ʚʷʟʢʦʛʦ 

ʨʘʟʨʫʰʝʥʠʷ ʷʚʣʷʶʪʩʷ ʢʘʨʙʠʜʳ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʚʥʫʪʨʠ ʷʤʦʢ (ʨʠʩ. 6). 

 

 
ʈʠʩʫʥʦʢ 6 - ʏʘʩʪʠʮʳ ʚʥʫʪʨʠ ʷʤʦʢ 

 

ɺʳʚʦʜʳ ʧʦ ʨʘʙʦʪʝ 

ʉ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʳʪʘʥʠʷ ʜʣʷ ʩʪʘʣʠ 08ɻ2ʉ ʥʘʙʣʶʜʘʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ, ʪʘʢ ʧʨʠ t=-80Áʉ ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ ʩʥʠʞʘʝʪʩʷ 

ʥʘ 80% ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʤʧʝʨʘʪʫʨʳ t=+20Áʉ. ʅʘʙʣʶʜʘʝʪʩʷ ʤʦʥʦʪʦʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ 

ʚʷʟʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʳʪʘʥʠʷ ʩʪʘʣʠ, ʪʘʢ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ t=-80Áʉ ʚ ʠʟʣʦʤʝ ʚʳʷʚʣʝʥʘ ʪʦʣʴʢʦ ʭʨʫʧʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ. ʉʪʘʣʴ 08ɻ2ʉ 

ʠʤʝʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʚʷʟʢʦ-ʭʨʫʧʢʦʛʦ ʧʝʨʝʭʦʜʘ ʧʦʨʷʜʢʘ t=-41Ñ3oʉ. ɺ ʟʦʥʝ ʟʘʨʦʞʜʝʥʠʷ 

ʪʨʝʱʠʥʳ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ +20 ʜʦ -60Áʉ ʥʘʙʣʶʜʘʶʪʩʷ ʷʤʢʠ ʚʷʟʢʦʛʦ 

ʨʘʟʨʫʰʝʥʠʷ, ʧʨʠʯʝʤ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʟʤʝʨ ʷʤʦʢ ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʥʠʞʝʥʠʝ ʧʣʘʩʪʠʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. ɺ ʟʦʥʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʨʝʱʠʥʳ ʩ 

ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʦʪ ʚʷʟʢʦʛʦ ʤʝʭʘʥʠʟʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʪʨʝʱʠʥʳ ʢ ʧʦʣʥʦʩʪʴʶ ʭʨʫʧʢʦʤʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ t=-60Áʉ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʨʠʤʝʥʝʥʠʝ ʩʪʘʣʠ 08ɻ2ʉ, ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ 3D-ʧʝʯʘʪʠ ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ ʥʘʧʣʘʚʢʦʡ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʠʞʝ t=-40oʉ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚ ʩʚʷʟʠ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʠʟʤʝʥʝʥʠʝʤ ʤʝʭʘʥʠʟʤʘ ʨʘʟʨʫʰʝʥʠʷ ʤʘʪʝʨʠʘʣʘ (ʫʚʝʣʠʯʝʥʠʝʤ ʚʝʨʦʷʪʥʦʩʪʠ ʭʨʫʧʢʦʛʦ 

ʨʘʟʨʫʰʝʥʠʷ) ʠ ʥʠʟʢʦʡ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʘʛʠʩʪʨʘʣʴʥʦʡ 

ʪʨʝʱʠʥʳ. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 27 ð   

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ çʆʮʝʥʢʘ ʭʣʘʜʦʩʪʦʡʢʦʩʪʠ ʠ ʠʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʨʘʟʨʫʰʝʥʠʷ ʤʝʪʘʣʣʦʚ 

ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ 3D-ʧʝʯʘʪʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ɸʨʢʪʠʢʠ ʠ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘè 

***  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚʝʜʫʱʠʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʷ ʜʦʨʦʞʥʦʛʦ 

ʧʦʢʨʳʪʠʷ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʫʪʝʤ ʬʦʨʤʦʚʘʥʠʝ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʦʙʨʘʟʮʦʚ ʩʦ 

ʩʚʦʡʩʪʚʘʤʠ, ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʥʳʤʠ ʢ ʩʦʩʪʦʷʥʠʶ ʘʩʬʘʣʴʪʘ ʚ ʧʦʢʨʳʪʠʠ. ʊʦʛʜʘ, 

ʧʨʦʚʦʜʷ ʨʘʟʣʠʯʥʳʝ ʠʩʧʳʪʘʥʠʷ ʩʚʦʡʩʪʚ ʪʘʢʠʭ ʦʙʨʘʟʮʦʚ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ, 

ʤʦʞʥʦ ʙʫʜʝʪ ʧʦʣʫʯʠʪʴ ʧʨʦʛʥʦʟ ʩʦʩʪʦʷʥʠʷ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ ʯʝʨʝʟ ʛʦʜ, ʜʚʘ ʠʣʠ 

ʣʶʙʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʝʪ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʘʙʦʨʘʪʦʨʠʷ, ʦʙʦʨʫʜʦʚʘʥʠʝ, ʛʠʨʘʪʦʨʥʳʡ ʢʦʤʧʘʢʪʦʨ, ʩʝʨʚʦ-

ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʨʦʣʣʝʨʥʳʡ ʢʦʤʧʘʢʪʦʨ, ʛʘʤʙʫʨʛʩʢʦʝ ʢʦʣʝʩʦ. 

 

Abstract 

The article is an analysis of the laboratory equipment from leading manufacturers, 

which can be used to predict the behavior of the pavement under real conditions by shaping in 

laboratory samples with properties closest to the condition of the asphalt surface. Then, by 

conducting various tests of the properties of such samples in the laboratory, it will be possible 

to obtain a forecast of the condition of the road surface in a year, two or any number of years. 

Keywords: laboratory, equipment, gyratory compactor, servo-hydraulic system, roller 

compactor, Hamburg wheel. 

 

ɺʘʞʥʳʤ ʩʦʙʳʪʠʝʤ ʧʨʦʰʣʦʛʦ ʛʦʜʘ ʜʣʷ ʝʚʨʦʧʝʡʩʢʠʭ ʠʟʛʦʪʦʚʠʪʝʣʝʡ 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʪʘʣʦ ʩʦʟʜʘʥʠʝ ʥʦʚʦʛʦ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʢʦʤʧʘʥʠʠ ñʄʘʪʝʩʪò. 

ʅʦʚʘʷ ʢʦʤʧʘʥʠʷ ñʇʝʡʚʪʝʩʪò, ʢʦʪʦʨʫʶ ʚʦʟʛʣʘʚʣʷʶʪ ʘʚʪʦʨʠʪʝʪʳ ʩ ʤʠʨʦʚʳʤ ʠʤʝʥʝʤ ʂʦʥ 

https://translate.google.ru/
https://translate.google.ru/


ð 28 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʉʠʥʘʜʠʥʦʩʦʤ ʠ ɸʣʘʥʦʤ ʌʠʣʠ ʟʘʥʠʤʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʦʡ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʠʥʥʦʚʘʮʠʦʥ-

ʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʘʩʬʘʣʴʪʘ - ʫʥʠʚʝʨʩʘʣʴʥʳʭ, ʥʘʜʝʞʥʳʭ ʠ ʩ 

ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ [1]. 

ʌʦʨʤʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʩʦ ʩʚʦʡʩʪʚʘʤʠ, ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʥʳʤʠ ʢ 

ʧʦʣʫʯʘʶʱʝʤʫʩʷ ʥʘ ʜʦʨʦʛʝ ʧʦʢʨʳʪʠʶ, ʢʘʢ ʧʦ ʩʠʩʪʝʤʝ çʉʫʧʝʨʧʝʡʚè, ʪʘʢ ʠ ʧʦ ʩʪʘʥʜʘʨʪʘʤ 

EN, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʛʠʨʘʪʦʨʥʦʤ ʢʦʤʧʘʢʪʦʨʝ ʧʨʦʠʟʚʦʜʩʪʚʘ çʄʘʪʝʩʪè (ʨʠʩʫʥʦʢ 1). 

ɺ ʢʦʤʧʘʢʪʦʨʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ñʄʘʪʝʩʪò ʚʥʫʪʨʝʥʥʠʡ ʫʛʦʣ ʛʠʨʘʮʠʠ ʢʘʣʠʙʨʫʝʪʩʷ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʘ ʟʘʚʦʜʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʥʜʘʨʪʦʤ ASTM D6925-15 ñʉʪʘʥʜʘʨʪʥʳʡ 

ʩʧʦʩʦʙ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʦʙʨʘʟʮʦʚ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʡ ʩʤʝʩʠ c ʧʦʤʦʱʴʶ ʉʫʧʝʨʧʦʣʦʩʪʥʦʛʦ ɻʠʨʘʮʠʦʥʥʦʛʦ ʫʧʣʦʪʥʠʪʝʣʷò [2]. 

ʄʦʞʥʦ ʬʦʨʤʦʚʘʪʴ ʦʙʨʘʟʮʳ ʜʠʘʤʝʪʨʦʤ 100 ʠʣʠ 150 ʤʤ ʩ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʳʤʠ 

ʪʦʨʮʝʚʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ. ʅʘ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʟʘʪʝʤ ʧʨʦʚʦʜʷʪ ʠʩʧʳʪʘʥʠʷ 

ʩʚʦʡʩʪʚ: ʧʦʨʠʩʪʦʩʪʠ, ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʧʨʠ ʨʘʩʢʦʣʝ, ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʧʨʠ 

ʩʞʘʪʠʠ ʠ ʨʘʩʪʷʞʝʥʠʠ, ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʥʘ ʧʦʣʟʫʯʝʩʪʴ, ʢʦʣʝʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦ 

ASTM ʠ ʜʨʫʛʠʝ. 

 

 
ʈʠʩʫʥʦʢ 1 - ɻʠʨʘʪʦʨʥʳʡ ʢʦʤʧʘʢʪʦʨ 

 

AMPT /SPT - ʄʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʝʨʚʦ-ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʪʨʝʭʦʩʥʳʭ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ ʘʩʬʘʣʴʪʘ d=100*h=l50 ʤʤ ʧʨʠ ʨʘʟʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʜʣʷ ʧʨʦʝʢʪʘ NCHRP 9-19 ʠ 9-29; ʜʠʥʘʤʠʯʝ-

ʩʢʦʛʦ ʤʦʜʫʣʷ, ʯʠʩʣʘ ʪʝʢʫʯʝʩʪʠ ʠ ʚʨʝʤʝʥʠ ʪʝʢʫʯʝʩʪʠ  (ʨʠʩʫʥʦʢ 2). 

 

 
ʈʠʩʫʥʦʢ 2 - ʄʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʝʨʚʦ-ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ AMPT /SPT 

 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 29 ð   

 

ʇʦ AASHTO ʊʈ 79-09 [3] ʵʪʘ ʫʩʪʘʥʦʚʢʘ ʦʧʠʩʘʥʘ ʚ ñʄʝʪʦʜʝ ʦʧʨʝʜʝʣʝʥʠʷ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ ʠ ʯʠʩʣʘ ʪʝʢʫʯʝʩʪʠ ʛʦʨʷʯʠʭ ʘʩʬʘʣʴʪʦʚʳʭ ʩʤʝʩʝʡ ʥʘ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʪʝʩʪʝʨʝ ʘʩʬʘʣʴʪʘ (AMPT - Asphalt Mixture Performance Tester)ò. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʥʘ ʵʪʦʡ ʩʠʩʪʝʤʝ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʠʩʧʳʪʘʥʠʷ ʥʘ ʮʠʢʣʠʯʝʩʢʫʶ 

ʫʩʪʘʣʦʩʪʴ ʧʨʠ ʧʨʷʤʦʤ ʥʘʛʨʫʞʝʥʠʠ, ʜʠʥʘʤʠʯʝʩʢʠʡ ʤʦʜʫʣʴ ʧʨʠ ʥʝʧʨʷʤʦʤ ʨʘʩʪʷʞʝʥʠʠ, 

ʜʝʬʦʨʤʘʮʠʶ ʧʨʠ ʧʦʩʪʦʷʥʥʦ ʥʘʨʘʩʪʘʶʱʝʡ ʥʘʛʨʫʟʢʝ, ʧʦʣʫʢʨʫʛʣʳʭ ʦʙʨʘʟʮʦʚ ʥʘ 

ʨʘʩʪʷʞʝʥʠʝ ʠ ʠʩʧʳʪʘʥʠʝ ʧʦʢʨʳʚʘʶʱʝʛʦ ʩʣʦʷ ʘʩʬʘʣʴʪʘ. 

DTS (DYNAMIC TESTING SYSTEM). ɼʣʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʫʩʪʘʣʦʩʪʥʳʭ 

ʠʩʧʳʪʘʥʠʡ ʘʩʬʘʣʴʪʘ ʢʦʤʧʘʥʠʝʡ ñʄʘʪʝʩʪò ʩʝʨʠʡʥʦ ʚʳʧʫʩʢʘʶʪʩʷ ʩʝʨʚʦ-ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ 

(16 ʢʅ) ʠ ʩʝʨʚʦ-ʧʥʝʚʤʘʪʠʯʝʩʢʘʷ (30 ʢʅ) ʩʠʩʪʝʤʳ (ʨʠʩʫʥʦʢ 3). ʋʩʪʘʥʦʚʢʘ ʥʘ 130 ʢʅ ʝʱʝ 

ʚ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɺ ʤʘʰʠʥʘʭ ʩ ʧʦʤʦʱʴʶ ʮʠʬʨʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚʳʩʦʢʦʪʦʯʥʳʤ 

ʩʝʨʚʦ-ʧʥʝʚʤʘʪʠʯʝʩʢʠʤ ʢʣʘʧʘʥʦʤ ʠ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʠʚʦʜʘ ʩ ʥʠʟʢʠʤ 

ʪʨʝʥʠʝʤ ʢ ʦʙʨʘʟʮʫ ʧʨʠʢʣʘʜʳʚʘʝʪʩʷ ʩʠʥʫʩʦʠʜʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʯʘʩʪʦʪʦʡ ʜʦ 70 ʠʣʠ 100 

ɻʮ, ʠʤʠʪʠʨʫʷ ʧʨʦʝʟʜ ʠʣʠ ʦʩʪʘʥʦʚʢʫ ʘʚʪʦʤʦʙʠʣʷ. ʇʨʠʚʦʜ ʜʚʦʡʥʦʛʦ ʜʝʡʩʪʚʠʷ ʧʦʟʚʦʣʷʝʪ 

ʩʦʟʜʘʚʘʪʴ ʢʘʢ ʩʞʠʤʘʶʱʠʝ, ʪʘʢ ʠ ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʫʩʠʣʠʷ, ʯʪʦ ʜʘʝʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ 

ʫʧʨʘʚʣʝʥʠʷ ʬʦʨʤʦʡ ʥʘʛʨʫʟʢʠ ʧʨʠ ʟʘʜʘʥʠʠ ʮʠʢʣʦʚ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ. ʉʠʩʪʝʤʳ 

ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, 

ʘʩʬʘʣʴʪ, ʛʨʫʥʪ, ʥʝʩʚʷʟʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʜʨ. 

 

 
ʈʠʩʫʥʦʢ 3 - ʉʝʨʚʦ-ʧʥʝʚʤʘʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ DTS-30 

 

ɼʣʷ ʘʩʬʘʣʴʪʘ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʠʩʧʳʪʘʥʠʷ ʥʘ ʦʩʪʘʪʦʯʥʫʶ ʜʝʬʦʨʤʘʮʠʶ, 

ʞʝʩʪʢʦʩʪʴ, ʧʦʣʟʫʯʝʩʪʴ ʠ ʜʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʫʩʪʘʣʦʩʪʴ ʧʨʠ ʠʟʛʠʙʝ ʧʦ 

4-ʪʦʯʝʯʥʦʤʫ ʤʝʪʦʜʫ ʥʘ ʦʙʨʘʟʮʝ-ʙʘʣʦʯʢʝ. ʆʙʨʘʟʝʮ ʚ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʥʦʡ ʢʘʤʝʨʝ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʮʠʢʣʘʤ ʥʘʛʨʫʞʝʥʠʷ, ʠʤʠʪʠʨʫʶʱʠʤ ʧʦʚʪʦʨʥʳʝ ʥʘʛʨʫʟʢʠ ʦʪ ʧʨʦʝʟʜʘ ʢʦʣʝʩ 

ʪʨʘʥʩʧʦʨʪʘ. ʀʩʧʳʪʘʥʠʝ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ ʧʦʢʘ ʥʝ ʦʙʨʘʟʫʝʪʩʷ ʪʨʝʱʠʥʘ ʚ ʤʝʩʪʝ, 

ʛʜʝ ʞʝʩʪʢʦʩʪʴ ʦʙʨʘʟʮʘ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʦʡ ʧʦʣʦʚʠʥʝ ʦʪ ʝʛʦ ʠʟʥʘʯʘʣʴʥʦʡ ʞʝʩʪʢʦʩʪʠ. ɺ 

ʠʩʧʳʪʘʥʠʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʩʪʘʣʦʩʪʥʘʷ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʵʥʝʨʛʠʷ ʨʘʟʨʫʰʝʥʠʷ ʜʦʨʦʞʥʳʭ 

ʧʦʢʨʳʪʠʡ. ʆʙʨʘʟʮʳ-ʙʘʣʦʯʢʠ ʜʣʷ ʵʪʦʛʦ ʤʝʪʦʜʘ ʚʳʨʝʟʘʶʪ ʠʟ ʦʙʨʘʟʮʦʚ-ʧʣʠʪ ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʮʠʘʣʴʥʦʡ ʘʣʤʘʟʥʦʡ ʧʠʣʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʩʪʴ ʛʨʘʥʝʡ ʙʘʣʦʯʢʠ 

ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʠʩʧʳʪʘʥʠʷ. 

ɼʣʷ ʬʦʨʤʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ-ʧʣʠʪ ʠʟ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʧʨʝʜʥʘʟʥʘʯʝʥ 

ʨʦʣʣʝʨʥʳʡ ʢʦʤʧʘʢʪʦʨ ʘʩʬʘʣʴʪʘ (ARC), ʚ ʢʦʪʦʨʦʤ ʫʧʣʦʪʥʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʨʦʣʣʝʨʥʳʤ ʩʝʛʤʝʥʪʦʤ, ʠʤʠʪʠʨʫʶʱʠʤ ʚʦʟʜʝʡʩʪʚʠʝ ʜʦʨʦʞʥʦʛʦ ʢʘʪʢʘ ʥʘ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʫʶ ʩʤʝʩʴ (ʨʠʩʫʥʦʢ 4).  



ð 30 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

 
ʈʠʩʫʥʦʢ 4 - ʈʦʣʣʝʨʥʳʡ ʢʦʤʧʘʢʪʦʨ ʘʩʬʘʣʴʪʘ (ARC) 

 

ʎʠʢʣʳ ʫʧʣʦʪʥʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʳ ʧʦ ʟʘʜʘʥʥʦʡ ʚʝʣʠʯʠʥʝ 

ʥʘʛʨʫʞʝʥʠʷ ʠʣʠ ʜʝʬʦʨʤʘʮʠʠ (ʚʳʩʦʪʝ ʦʙʨʘʟʮʘ). ɼʣʷ ʝʱʝ ʙʦʣʴʰʝʛʦ ʧʨʠʙʣʠʞʝʥʠʷ 

ʫʩʣʦʚʠʡ ʬʦʨʤʦʚʘʥʠʷ ʢ ʨʝʘʣʴʥʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪ ʥʘ ʜʦʨʦʛʝ ʥʘ 

ʢʦʤʧʘʢʪʦʨ ʤʦʞʥʦ ʦʧʮʠʦʥʘʣʴʥʦ ʫʩʪʘʥʦʚʠʪʴ ʚʠʙʨʘʪʦʨ ʠ ʥʘʛʨʝʚʘʪʝʣʠ ʜʣʷ ʧʦʜʦʛʨʝʚʘ ʠ 

ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʝʛʤʝʥʪʝ ʠ ʩʪʦʣʘ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʙʨʘʟʮʘ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʦʚʘʥʠʷ.  

ʀʩʧʳʪʘʥʠʷ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʣʝʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʣʘʩʪʠʯʥʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʘʩʬʘʣʴʪʘ ʧʨʦʚʦʜʷʪ ʥʘ ʫʩʪʘʥʦʚʢʘʭ ʪʠʧʘ Wheel Tracking - ñʆʪʩʣʝʞʠʚʘʥʠʝ 

ʢʦʣʝʩʘò. ʅʘʠʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳ ʫʩʪʘʥʦʚʢʠ, ʥʘ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʠʩʧʳʪʘʥʠʷ 

ʥʘ ʢʦʣʝʝʦʙʨʘʟʦʚʘʥʠʝ ʢʘʢ ʥʘ ʚʦʟʜʫʭʝ, ʪʘʢ ʠ ʚ ʚʦʜʝ - ñɻʘʤʙʫʨʛʩʢʦʝ ʢʦʣʝʩʦò. 

SmarTrackerÊ ʧʨʦʠʟʚʦʜʩʪʚʘ ñʄʘʪʝʩʪò ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʘʥʜʘʨʪʘʤ DIN EN 12697-22-2020 

ñʉʤʝʩʠ ʙʠʪʫʤʥʳʝ. ʄʝʪʦʜʳ ʠʩʧʳʪʘʥʠʡ. ʏʘʩʪʴ 22. ʋʩʪʦʡʯʠʚʦʩʪʴ ʢ ʢʦʣʝʝʦʙʨʘʟʦʚʘʥʠʶò 

[4] ʠ AASHTO ʊ-324-19 ñʉʪʘʥʜʘʨʪʥʳʡ ʤʝʪʦʜ ʠʩʧʳʪʘʥʠʷ ʜʣʷ ɻʘʤʙʫʨʛʘ ʢʦʣʝʩʥʦ-

ʛʫʩʝʥʠʯʥʳʭ ʠʩʧʳʪʘʥʠʷ ʫʧʣʦʪʥʝʥʥʳʭ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʳʭ ʩʤʝʩʝʡò [5] (ʨʠʩʫʥʦʢ 5). 

 

 
ʈʠʩʫʥʦʢ 5 - SmarTrackerÊ 

 

AASHTO ʩ ʧʦʤʦʱʴʶ ʥʘʛʨʫʞʝʥʥʦʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʦʣʝʩʘ ʠʩʧʳʪʳʚʘʶʪ ʜʚʘ 

ʢʝʨʥʘ ʜʠʘʤʝʪʨʦʤ 50 ʤʤ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʝ ʚ ʚʠʜʝ ñ8ò ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʬʦʨʤʝ. 

ʅʝʟʘʚʠʩʠʤʳʝ ʜʚʠʛʘʪʝʣʠ ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʣʝʩʘ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ çʩʫʭʦʡè ʠʣʠ 

çʤʦʢʨʳʡè ʪʝʩʪʳ ʥʘ ʦʙʦʠʭ ʢʦʣʝʩʘʭ ʠʣʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʟʘʤʝʪʠʪʴ ʦʜʥʦ ʢʦʣʝʩʦ ʥʘ ʚʦʟʜʫʭʝ, 

ʘ ʜʨʫʛʦʝ - ʚ ʚʦʜʝ. ʀʩʧʳʪʘʥʠʷ - ʧʦʣʥʦʩʪʴʶ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. ɻʣʫʙʠʥʘ ʢʦʣʝʠ ʠ 

ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʭʦʜʦʚ ʦʪʦʙʨʘʞʘʶʪʩʷ ʥʘ ʵʢʨʘʥʝ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ʊʝʩʪ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʟʘʜʘʥʥʦʡ ʛʣʫʙʠʥʳ ʢʦʣʝʠ ʠʣʠ ʯʠʩʣʫ ʠʩʧʳʪʘʪʝʣʴʥʳʭ 

ʮʠʢʣʦʚ. 

ɼʣʷ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʢ ʠʩʪʠʨʘʥʠʶ 

ʰʠʧʦʚʘʥʥʳʤʠ ʰʠʥʘʤʠ ʧʦ ʩʪʘʥʜʘʨʪʫ DIN EN 12697-16 ñɹʠʪʫʤʥʳʝ ʩʤʝʩʠ - ʄʝʪʦʜʳ 

ʠʩʧʳʪʘʥʠʡ - ʏʘʩʪʴ 16: ʉʪʠʨʘʥʠʝ ʦʙʠʪʳʤʠ ʰʠʥʘʤʠò [6], ʤʝʪʦʜ ɸ (ʘʥʛʣʦʷʟʳʯʥʦʝ 

ʥʘʟʚʘʥʠʝ PRALL TEST), ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʫʩʪʘʥʦʚʢʘ ʰʚʝʜʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚ ʢʦʪʦʨʦʡ 

ʦʙʨʘʟʝʮ ʘʩʬʘʣʴʪʘ ʜʠʘʤʝʪʨʦʤ 100 ʤʤ, ʧʦʤʝʱʝʥʥʳʡ ʚ ʢʘʤʝʨʫ ʚʠʙʨʦʧʨʠʚʦʜʘ, 

ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʩʪʘʣʴʥʳʤʠ ʰʘʨʠʢʘʤʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ ʚʦʜʳ ʧʨʠ +5Áʉ (ʨʠʩʫʥʦʢ 6). 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 31 ð   

 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʢ ʠʩʪʠʨʘʥʠʶ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʦʙʲʝʤʘ ʦʙʨʘʟʮʘ. ɼʚʘ 

ʨʝʟʝʨʚʫʘʨʘ ʜʣʷ ʚʦʜʳ (ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʠ ʨʘʙʦʯʠʡ) ʦʙʝʩʧʝʯʠʚʘʶʪ ʮʠʢʣʳ 

ʠʩʧʳʪʘʥʠʡ ʙʝʟ ʧʝʨʝʨʳʚʘ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʚʦʜʳ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʪʝʩʪʘ ʤʘʰʠʥʘ 

ʧʨʝʜʫʧʨʝʞʜʘʝʪ ʦʧʝʨʘʪʦʨʘ, ʯʪʦ ʥʫʞʥʦ ʠʟʚʣʝʯʴ ʦʙʨʘʟʝʮ ʠ ʫʩʪʘʥʦʚʠʪʴ ʥʦʚʳʡ ʜʣʷ 

ʩʣʝʜʫʶʱʝʛʦ ʠʩʧʳʪʘʥʠʷ. 

 

 
ʈʠʩʫʥʦʢ 6 - ʋʩʪʘʥʦʚʢʘ ʰʚʝʜʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʣʷ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʛʦ 

ʧʦʢʨʳʪʠʷ ʢ ʠʩʪʠʨʘʥʠʶ ʰʠʧʦʚʘʥʥʳʤʠ ʰʠʥʘʤʠ 

 
ʀʩʧʳʪʘʥʠʷ ʥʘ ʚʩʝʭ ʚʳʰʝ ʦʧʠʩʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʧʨʦʭʦʜʷʪ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ 

ʨʝʞʠʤʝ ʩ ʦʪʦʙʨʘʞʝʥʠʝʤ ʥʘ ʵʢʨʘʥʝ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ 
ʛʨʘʬʠʢʦʚ, ʩʙʦʨʦʤ ʠ ʟʘʧʠʩʴʶ ʜʘʥʥʳʭ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ ʥʘ ʇʂ.  

ɺʳʚʦʜ: ʥʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʠʟ 
ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʜʦʨʦʛ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʣʘʙʦʨʘʪʦʨʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʜʘʶʪ 
ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʢʠ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ʠ ʥʘʟʥʘʯʝʥʠʷ ʦʙʦʩʥʦʚʘʥʥʳʭ ʩʨʦʢʦʚ 
ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ. 
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ɸʥʥʦʪʘʮʠʷ 
ʈʘʩʩʤʦʪʨʝʥʳ  ʦʩʥʦʚʥʳʝ  ʜʝʢʦʨʘʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ 

ʜʨʝʚʝʩʠʥʳ: ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ,ʮʚʝʪ ʠ ʙʣʝʩʢ ʧʦʢʨʳʪʠʷ. ʇʦʩʢʦʣʴʢʫ ʣʘʢʦʢʨʘʩʦʯʥʳʝ 



ð 32 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 
ʧʦʢʨʳʪʠʷ ʨʘʟʣʠʯʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ, ʥʦ ʠ ʩʪʨʫʢʪʫʨʦʡ 
ʤʘʢʨʦʤʦʣʝʢʫʣ,ʚʦʟʜʝʡʩʪʚʠʝ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʝʛʦ 
ʧʨʝʣʦʤʣʝʥʠʶ,ʧʦʛʣʦʱʝʥʠʶ,ʦʪʨʘʞʝʥʠʶ ʠʣʠ ʨʘʩʩʝʠʚʘʥʠʶ.   ʇʨʦʷʚʣʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ 
ʩʚʦʡʩʪʚ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ ʦʙʫʩʣʦʚʣʠʚʘʝʪʩʷ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʧʦʪʦʢʦʤ 
ʩʚʝʪʘ,ʧʨʝʜʩʪʘʚʣʷʶʱʠʤ ʩʦʙʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʚʦʣʥʦʚʦʝ ʧʦʣʝ. ʎʚʝʪ ʠ ʩʪʝʧʝʥʴ 
ʢʦʥʪʨʘʩʪʦʚ ʤʝʞʜʫ ʬʦʥʦʤ ʠ ʧʨʝʜʤʝʪʘʤʠ ʦʢʘʟʳʚʘʶʪ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʚʦʩʧʨʠʷʪʠʝ 
ʦʙʲʝʤʘ,ʬʦʨʤʳ ʠ ʧʦʣʦʞʝʥʠʷ ʧʨʝʜʤʝʪʦʚ  ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ.ʇʦʵʪʦʤʫ ʮʚʝʪ ʚʩʝʛʜʘ ʚʳʩʪʫʧʘʝʪ 
ʢʘʢ ʦʜʥʦ ʠʟ ʦʩʥʦʚʥʳʭ ʜʝʢʦʨʘʪʠʚʥʳʭ ʩʚʦʡʩʪʚ  ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʧʦʢʨʳʪʠʷ. ʆʜʥʦʡ ʠʟ 
ʚʘʞʥʝʡʰʠʭ   ʭʘʨʘʢʪʝʨʠʩʪʠʢ  ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʧʦʢʨʳʪʠʷ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ 
ʝʛʦ ʙʣʝʩʢ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʝʛʦ ʩʪʨʫʢʪʫʨʳ ʠ ʛʣʘʜʢʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ. ʉʨʘʚʥʝʥʠʝ ʙʣʝʩʢʘ 
ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʪʨʦʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʦʧʪʠʢʠ.ʉʧʦʩʦʙʥʦʩʪʴ 
ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʧʦʢʨʳʪʠʷ ʢ ʙʣʝʩʢʫ ʩʚʷʟʘʥʘ ʩ ʦʧʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʩʪʨʫʢʪʫʨʦʡ 
ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʨʳʪʠʷ. ʇʨʘʢʪʠʯʝʩʢʠ ʨʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʙʣʝʩʢ ʧʦʢʨʳʪʠʷ ʦʢʘʟʳʚʘʝʪ 
ʩʪʨʫʢʪʫʨʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ  ʩʣʦʚʘ : ʣʘʢʦʢʨʘʩʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʧʦʢʘʟʘʪʝʣʴ 
ʧʨʝʣʦʤʣʝʥʠʷ ,ʮʚʝʪ , ʙʣʝʩʢ ʧʦʢʨʳʪʠʷ , ʥʘʧʨʘʚʣʝʥʥʦʝ ʦʪʨʘʞʝʥʠʝ, ʜʠʬʬʫʟʥʦʝ ʨʘʩʩʝʠʚʘʥʠʝ 
ʩʚʝʪʘ ,ʢʨʘʩʠʪʝʣʠ 

 

Abstract 
The main decorative properties of wood paint coatings are considered: optical 

properties,color and gloss of the coating. Since paint coatings differ not only in their chemical 
composition, but also in the structure of macromolecules, exposure to light can lead to its 
refraction,absorption,reflection or scattering. The manifestation of the optical properties of 
paint coatings is due to their interaction with the light stream,which is an electromagnetic 
wave field. The color and degree of contrast between the background and objects have a great 
influence on the perception of the volume,shape and position of objects in space.Therefore, 
color always acts as one of the main decorative properties of paintwork. One of the most 
important characteristics of the appearance of the paint coating is also its gloss, depending on 
its structure and surface smoothness. The comparison of the surface gloss is based on the 
physical laws of optics.The ability of a paint coating to shine is related to the optical 
properties and structure of the coating surface. Almost decisive influence on the gloss of the 
coating is the structure of its surface. 

Keywords: paint and varnish materials, optical properties, refractive index, color, 
coating gloss, directional reflection, diffuse light scattering, dyes 

 
ʇʦʥʷʪʠʝ ʢʘʯʝʩʪʚʘ ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʧʦʢʨʳʪʠʷ  ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʤ 

,ʧʦʩʢʦʣʴʢʫ ʢ ʧʦʢʨʳʪʠʶ  ʦʙʳʯʥʦ ʧʨʝʜʲʷʚʣʷʶʪ ʢʦʤʧʣʝʢʩ ʪʨʝʙʦʚʘʥʠʡ.ɺ ʮʝʣʦʤ, ʧʦʥʷʪʠʝ 
ʢʘʯʝʩʪʚʘ ʧʦʢʨʳʪʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʜʚʫʭ ʘʩʧʝʢʪʘʭ: ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʠ 
ʵʩʪʝʪʠʯʝʩʢʦʤ.ʇʦʜ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʪʦʨʦʥʦʡ ʢʘʯʝʩʪʚʘ ʦʪʜʝʣʢʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ  
ʩʪʝʧʝʥʴ ʩʦʦʪʚʝʪʩʪʚʠʷ ʩʚʦʡʩʪʚ ʧʦʢʨʳʪʠʡ ʪʨʝʙʦʚʘʥʠʷʤ ʫʩʣʦʚʠʡ  ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ 
ʧʦʪʨʝʙʣʝʥʠʷ.ʕʩʪʝʪʠʯʝʩʢʠʡ ʘʩʧʝʢʪ ʚʳʨʘʞʘʝʪ ʢʦʤʧʦʟʠʮʠʦʥʥʦʝ ʨʝʰʝʥʠʝ ʦʪʜʝʣʢʠ ʠʟʜʝʣʠʡ 
ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʘʢ ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ ,ʦʪʨʘʞʘʶʱʠʡ ʚʥʝʰʥʠʝ ʧʨʠʟʥʘʢʠ ʧʦʢʨʳʪʠʡ : 
ʮʚʝʪ, ʬʘʢʪʫʨʫ,ʩʪʝʧʝʥʴ ʙʣʝʩʢʘ ʠʣʠ ʤʘʪʦʚʦʩʪʴ,ʧʨʦʟʨʘʯʥʦʩʪʴ ʠʣʠ ʥʝʧʨʦʟʨʘʯʥʦʩʪʴ, ʦʙʱʫʶ 
ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʴ.ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʤʦʛʫʪ ʙʳʪʴ ʚʳʨʘʞʝʥʳ 
ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʚʦʡʩʪʚʘʤʠ ʣʘʢʦʢʨʘʩʦʯʥʳʭ 
ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʪʝʭʥʦʣʦʛʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʢʨʳʪʠʡ.ɿʥʘʯʠʪʝʣʴʥʦ 
ʩʣʦʞʥʝʝ ʦʙʩʪʦʠʪ ʜʝʣʦ ʩ ʵʩʪʝʪʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʘʯʝʩʪʚʘ ʦʪʜʝʣʢʠ.ʕʩʪʝʪʠʯʝʩʢʠʝ 
ʧʨʠʟʥʘʢʠ ,ʩʚʷʟʘʥʥʳʝ ʩ ʮʚʝʪʦʤ ʠ ʬʘʢʪʫʨʦʡ ʧʦʢʨʳʪʠʡ ,ʯʘʱʝ ʚʩʝʛʦ ʦʮʝʥʠʚʘʶʪʩʷ 
ʩʫʙʲʝʢʪʠʚʥʦ ʯʝʨʝʟ ʯʫʚʩʪʚʝʥʥʦ ʚʦʩʧʨʠʥʠʤʘʝʤʳʝ ʢʘʪʝʛʦʨʠʠ.ʏʪʦʙʳ ʧʨʘʚʠʣʴʥʦ  
ʫʯʠʪʳʚʘʪʴ  ʜʝʢʦʨʘʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ ʧʨʠ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ 
ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠʟʜʝʣʠʷ ,ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʢʨʠʪʝʨʠʠ,ʠʭ ʦʧʨʝʜʝʣʷʶʱʠʝ, ʧʨʠ ʵʪʦʤ 
ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ,ʯʪʦ ʧʨʠ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ ʜʨʝʚʝʩʠʥʳ ʚʩʝʛʜʘ 
ʥʘʨʷʜʫ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ  ʧʦʢʘʟʘʪʝʣʷʤʠ ʫʯʠʪʳʚʘʣʩʷ  ʠ ʚʥʝʰʥʠʡ ʚʠʜ ʠʟʜʝʣʠʷ, ʢʘʢ  



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 33 ð   

 
ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʠ ʦʜʠʥ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ , ʢʦʪʦʨʳʡ ʚʦ ʤʥʦʛʦʤ 
ʟʘʚʠʩʠʪ  ʦʪ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʧʦʢʨʳʪʠʷ.ʇʨʦʷʚʣʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ 
ʩʚʦʡʩʪʚ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʙʫʩʣʦʚʣʠʚʘʝʪʩʷ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʧʦʪʦʢʦʤ 
ʩʚʝʪʘ,ʧʨʝʜʩʪʘʚʣʷʶʱʠʤ ʩʦʙʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʚʦʣʥʦʚʦʝ ʧʦʣʝ [ 1 ].ʇʦʩʢʦʣʴʢʫ 
ʣʘʢʦʢʨʘʩʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʨʘʟʣʠʯʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ, ʥʦ ʠ 
ʩʪʨʫʢʪʫʨʦʡ ʤʘʢʨʦʤʦʣʝʢʫʣ,ʚʦʟʜʝʡʩʪʚʠʝ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʝʛʦ 
ʧʨʝʣʦʤʣʝʥʠʶ,ʧʦʛʣʦʱʝʥʠʶ,ʦʪʨʘʞʝʥʠʶ ʠʣʠ ʨʘʩʩʝʠʚʘʥʠʶ.ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ Iʦ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ :  

Io=IŰ+Iɟ+IŬ  ,                                                           (1) 

ʛʜʝ IŰ, Iɟ, IŬ  - ʧʨʦʧʫʱʝʥʥʳʡ ʤʘʪʝʨʠʘʣʦʤ,ʦʪʨʘʞʝʥʥʳʡ ʦʪ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʧʦʛʣʦʱʝʥʥʳʡ ʩʚʝʪʦʚʳʝ ʧʦʪʦʢʠ  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.ʆʪʥʦʰʝʥʠʝ ʧʦʪʦʢʘ  

ʧʨʦʧʫʱʝʥʥʦʛʦ,ʦʪʨʘʞʝʥʥʦʛʦ ʠ ʧʦʛʣʦʱʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʦʤ ʢ ʧʦʪʦʢʫ ,ʧʘʜʘʶʱʝʤʫ ʥʘ ʥʝʛʦ 

,ʥʘʟʳʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʨʦʧʫʩʢʘʥʠʷ Ű , ʦʪʨʘʞʝʥʠʷ ɟ ʠ ʧʦʛʣʦʱʝʥʠʷ Ŭ , ʪ.ʝ. 

IŰ/ Io=Ű ;      Iɟ/ Io=ɟ ; IŬ/ Io=Ŭ ,                                             (2) 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ,  Ű+ɟ+Ŭ =1 

ɺʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʚʝʱʝʩʪʚʘ ʥʝ ʠʤʝʶʪ ʧʦʛʣʦʱʝʥʠʷ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ 

ʩʧʝʢʪʨʘ,ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʝʭ ʩʣʫʯʘʝʚ , ʢʦʛʜʘ ʦʥʠ ʦʢʨʘʰʝʥʳ ʠʣʠ ʧʨʠʦʙʨʝʣʠ ʮʚʝʪ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ.ʉʣʝʜʦʚʘʪʝʣʴʥʦ,ʩʚʝʪʦʧʨʦʧʫʩʢʘʥʠʝ ʧʦʣʠʤʝʨʦʚ ʚ 

ʦʙʣʘʩʪʠ ʚʠʜʠʤʦʛʦ ʩʧʝʢʪʨʘ ʦʙʫʩʣʦʚʣʝʥʦ ʚ ʦʩʥʦʚʥʦʤ ʠʭ ʩʚʝʪʦʨʘʩʩʝʠʚʘʶʱʝʡ ʠ 

ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʷʤʠ.ʉʣʝʜʫʝʪ ʦʪʣʠʯʘʪʴ ʩʚʝʪʦʧʨʦʧʫʩʢʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʧʦʣʠʤʝʨʘ ʦʪ ʝʛʦ ʧʨʦʟʨʘʯʥʦʩʪʠ.ʇʨʦʟʨʘʯʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 

ʩʚʝʪʘ,ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʩʣʦʡ ʚʝʱʝʩʪʚʘ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ.ʆʪ ʧʨʦʟʨʘʯʥʦʩʪʠ 

ʧʦʣʠʤʝʨʘ ʟʘʚʠʩʠʪ , ʥʘʩʢʦʣʴʢʦ ʭʦʨʦʰʦ ʚʠʜʥʘ ʧʦʜ ʩʣʦʝʤ ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʧʦʜʣʦʞʢʘ.ʄʘʪʝʨʠʘʣ ʤʦʞʝʪ ʦʙʣʘʜʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʤ ʩʚʝʪʦʧʨʦʧʫʩʢʘʥʠʝʤ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ 

ʤʘʣʦʡ ʧʨʦʟʨʘʯʥʦʩʪʴʶ.ʏʝʤ ʙʦʣʴʰʝ ʩʚʝʪʘ ʨʘʩʩʝʠʚʘʝʪʩʷ ʚ ʤʘʪʝʨʠʘʣʝ , ʪʝʤ ʤʝʥʴʰʝ  ʯʘʩʪʴ 

ʩʚʝʪʘ , ʧʨʦʰʝʜʰʝʛʦ ʧʨʷʤʦ , ʠ ʤʝʥʴʰʝ  ʝʛʦ ʧʨʦʟʨʘʯʥʦʩʪʴ. ʇʦʛʣʦʱʝʥʠʝ ʩʚʝʪʘ ʚ 

ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʧʨʦʠʩʭʦʜʠʪ ʚ ʠʥʬʨʘʢʨʘʩʥʦʡ ʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʦʙʣʘʩʪʷʭ 

ʩʧʝʢʪʨʘ. ʆʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʧʨʦʮʝʩʩʘʤʠ  

ʠʭ ʦʪʚʝʨʞʜʝʥʠʷ ,ʩ ʚʦʧʨʦʩʘʤʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʧʦʢʨʳʪʠʷ ,ʦʩʦʙʝʥʥʦ ʧʨʠ  ʜʝʡʩʪʚʠʠ  

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʭ ʣʫʯʝʡ.ʍʠʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʣʠʤʝʨʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ ,ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʦʛʣʦʱʝʥʠʝ ʧʦʣʠʤʝʨʘʤʠ ʠʥʬʨʘʢʨʘʩʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ.ɺʩʝ ʩʦʝʜʠʥʝʥʠʷ,ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʠʣʠ ʚʚʦʜʷʪʩʷ ʚ ʣʘʢʦʢʨʘʩʦʯʥʳʡ 

ʤʘʪʝʨʠʘʣ , ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʤʝʨʝ ʚʣʠʷʶʪ ʥʘ ʠʭ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ.ʋʚʝʣʠʯʝʥʠʝ 

ʪʦʣʱʠʥʳ ʧʦʛʣʦʱʘʶʱʝʛʦ ʩʣʦʷ ʧʦʣʠʤʝʨʘ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʝʛʦ ʧʨʦʟʨʘʯʥʦʩʪʠ ʚʦ 

ʤʥʦʛʠʭ ʫʯʘʩʪʢʘʭ ʩʧʝʢʪʨʘ.ʋʤʝʥʴʰʝʥʠʝ ʧʨʦʟʨʘʯʥʦʩʪʠ ʧʣʝʥʢʠ ʩʚʷʟʘʥʦ ʩ ʧʨʦʷʚʣʝʥʠʝʤ ʚ 

ʩʧʝʢʪʨʝ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʛʨʫʧʧ,ʠʤʝʶʱʠʭʩʷ ʚ ʧʦʣʠʤʝʨʝ  ʚ 

ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ. ɹʦʣʴʰʠʥʩʪʚʦ ʧʦʣʠʤʝʨʦʚ ʠʤʝʶʪ ʤʥʦʛʦ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʚ 

ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ.ʆʥʠ ʧʨʠʤʝʥʷʶʪʩʷ ʢʘʢ ʧʨʦʟʨʘʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʣʠʙʦ ʚ 

ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʩʧʝʢʪʨʘ, ʣʠʙʦ ʚ ʪʦʥʢʠʭ ʩʣʦʷʭ ʧʦʢʨʳʪʠʡ. ɺ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʠ 

ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʷʭ ʩʧʝʢʪʨʘ ʪʘʢʞʝ  ʚʦʟʤʦʞʥʦ ʧʨʦʷʚʣʝʥʠʝ ʢʘʢʦʡ-ʥʠʙʫʜʴ ʧʨʠʤʝʩʠ, 

ʫʭʫʜʰʘʶʱʝʡ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʠʤʝʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʩʚʝʪʘ ʥʘ 

ʣʘʢʦʢʨʘʩʦʯʥʳʡ ʤʘʪʝʨʠʘʣ ʚ ʦʧʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʧʨʦʠʩʭʦʜʷʪ ʜʝʬʦʨʤʘʮʠʦʥʥʘʷ 

ʠʣʠ ʠʥʜʫʢʮʠʦʥʥʘʷ ʧʦʣʷʨʠʟʘʮʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʤʝʱʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʠ ʷʜʝʨ ʚ ʧʦʣʝ 

ʚʦʣʥʳ.ʉʤʝʱʝʥʠʝ ʷʜʝʨ ʩʫʱʝʩʪʚʝʥʥʦ ʜʣʷ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʩʧʝʢʪʨʘ, ʘ ʜʝʬʦʨʤʘʮʠʷ 

ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʦʣʦʯʝʢ ʤʦʣʝʢʫʣ ʜʣʷ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ  ʠ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʝʡ 

ʩʧʝʢʪʨʘ.ʉʧʦʩʦʙʥʦʩʪʴ ʤʦʣʝʢʫʣʳ ʧʦʣʷʨʠʟʦʚʘʪʴʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʝʨʝʤʝʥʥʦʛʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʚʝʪʦʚʦʡ ʚʦʣʥʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʧʦʣʷʨʠʟʫʝʤʦʩʪʴʶ.ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʤʝʞʜʫ ʜʠʧʦʣʴʥʳʤ ʤʦʤʝʥʪʦʤ ʠ 

ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʧʦʣʷ ʥʘʟʳʚʘʝʪʩʷ ʧʦʣʷʨʠʟʫʝʤʦʩʪʴʶ ʤʦʣʝʢʫʣʳ.ɼʣʷ  ʣʘʢʦʢʨʘʩʦʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩʫʱʝʩʪʚʫʝʪ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʝʛʦ  ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ ʠ 

ʧʦʣʷʨʠʟʫʝʤʦʩʪʴʶ ʤʦʣʝʢʫʣʳ. ɼʣʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʤʦʣʴʥʘʷ ʨʝʬʨʘʢʮʠʷ 

ʷʚʣʷʝʪʩʷ ʘʜʜʠʪʠʚʥʦʡ ʚʝʣʠʯʠʥʦʡ,ʪ.ʝ. ʨʘʚʥʦʡ ʩʫʤʤʝ ʠʥʢʨʠʤʝʥʪʦʚ ʨʝʬʨʘʢʮʠʠ 



ð 34 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

,ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʤʦʣʝʢʫʣʝ ʘʪʦʤʦʚ,ʠʭ ʛʨʫʧʧʠʨʦʚʢʘʤ ʠ ʩʚʷʟʷʤ.ʀʤʝʶʱʘʷʩʷ ʚʟʘʠʤʦʩʚʷʟʴ 

ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ.ʄʦʣʴʥʘʷ ʨʝʬʨʘʢʮʠʷ ʧʦ 

ʃʦʨʝʥʪʮ-ʃʦʨʝʥʮʫ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ : 

Ὑ =  z   ,                                                    ( 3)    

ʛʜʝ RLL ï ʤʦʣʴʥʘʷ ʨʝʬʨʘʢʮʠʷ ʧʦ ʃʦʨʝʥʪʮ-ʃʦʨʝʥʮʫ ; 

ʄ-ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ; 

Q ï ʧʣʦʪʥʦʩʪʴ; 

n- ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ. 

ʇʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʣʘʢʦʚ ,ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʦʪʜʝʣʢʠ 

ʜʨʝʚʝʩʠʥʳ, ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 1,530-1,566.ʇʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʜʨʝʚʝʩʠʥʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʦʟʜʫʭʘ ʩʦʩʪʘʚʣʷʝʪ 1,520-1,550, ʧʦʵʪʦʤʫ ʟʘʤʝʥʘ ʚʦʟʜʫʭʘ ʥʘ ʣʘʢ ʟʘʤʝʪʥʦ 

ʧʨʠʙʣʠʞʘʝʪ ʢ 1 ʦʪʥʦʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ ʠ ʪʝʤ ʩʘʤʳʤ ʫʤʝʥʴʰʘʝʪ 

ʢʦʣʠʯʝʩʪʚʦ ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ. ʎʚʝʪ ʠ ʩʪʝʧʝʥʴ ʢʦʥʪʨʘʩʪʦʚ ʤʝʞʜʫ ʬʦʥʦʤ ʠ ʧʨʝʜʤʝʪʘʤʠ 

ʦʢʘʟʳʚʘʶʪ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʚʦʩʧʨʠʷʪʠʝ ʦʙʲʝʤʘ,ʬʦʨʤʳ ʠ ʧʦʣʦʞʝʥʠʷ ʧʨʝʜʤʝʪʦʚ  ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ.ʇʦʵʪʦʤʫ ʮʚʝʪ ʚʩʝʛʜʘ ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʦʜʥʦ ʠʟ ʦʩʥʦʚʥʳʭ ʜʝʢʦʨʘʪʠʚʥʳʭ 

ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʠ ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʧʦʢʨʳʪʠʷ [ 2,3 ].ʇʦʤʠʤʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ, ʮʚʝʪ ʦʙʣʘʜʘʝʪ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤʠ ʭʫʜʦʞʝʩʪʚʝʥʥʳʤʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ,ʧʦʵʪʦʤʫ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʝʛʦ ʚ ʧʨʦʮʝʩʩʘʭ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʢʨʳʪʠʡ ʥʫʞʥʦ 

ʠʩʭʦʜʠʪʴ ʥʝ ʧʨʦʩʪʦ ʠʟ ʫʪʠʣʠʪʘʨʥʳʭ ʧʦʟʠʮʠʡ, ʥʦ ʠ ʫʯʠʪʳʚʘʪʴ ʝʛʦ ʵʤʦʮʠʦʥʘʣʴʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ.ʇʨʠʤʝʥʝʥʠʝ ʮʚʝʪʘ ʢʘʢ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʩʨʝʜʩʪʚʘ ʜʦʣʞʥʦ ʙʳʪʴ 

ʩʦʛʣʘʩʦʚʘʥʦ ʩ ʜʨʫʛʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʢʦʤʧʦʟʠʮʠʠ.ʇʨʠ ʟʘʱʠʪʥʦ-ʜʝʢʦʨʘʪʠʚʥʦʡ ʦʪʜʝʣʢʝ 

ʜʨʝʚʝʩʠʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʮʚʝʪʥʳʭ ʧʨʦʟʨʘʯʥʳʭ ʧʦʢʨʳʪʠʡ ʤʦʞʥʦ ʣʠʙʦ ʦʢʨʘʰʠʚʘʪʴ 

ʧʦʚʝʨʭʥʦʩʪʴ ʩʘʤʦʡ ʜʨʝʚʝʩʠʥʳ ʠʣʠ ʥʘʥʦʩʠʪʴ ʧʨʦʟʨʘʯʥʳʝ, ʥʦ ʦʢʨʘʰʝʥʥʳʝ 

ʣʘʢʦʢʨʘʩʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ.ʏʪʦʙʳ ʧʨʠʜʘʪʴ ʮʚʝʪ ʣʘʢʦʢʨʘʩʦʯʥʦʤʫ ʤʘʪʝʨʠʘʣʫ ʙʝʟ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʨʦʟʨʘʯʥʦʩʪʠ ʠ ʥʝ ʚʫʘʣʠʨʦʚʘʪʴ ʪʝʢʩʪʫʨʫ ʜʨʝʚʝʩʠʥʳ, 

ʧʨʠʤʝʥʷʶʪ ʜʦʙʘʚʢʠ, ʩʧʦʩʦʙʥʳʝ ʧʦʛʣʦʱʘʪʴ ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʜʣʠʥʳ ʚʦʣʥ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ, 

ʧʨʦʧʫʩʢʘʪʴ ʦʩʪʘʣʴʥʳʝ ʠ ʦʪʨʘʞʘʪʴ ʪʝ ʩʚʝʪʦʚʳʝ ʣʫʯʠ, ʜʣʠʥʘ ʚʦʣʥ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʞʝʣʘʝʤʦʤʫ ʮʚʝʪʫ. ɼʣʷ ʵʪʦʛʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʧʦʢʘʟʘʪʝʣʠ 

ʧʨʝʣʦʤʣʝʥʠʷ ʢʦʪʦʨʳʭ ʥʝ ʦʯʝʥʴ ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʣʘʢʘ ʠ 

ʜʨʝʚʝʩʠʥʳ.ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ,ʜʘʞʝ ʝʩʣʠ ʦʥʠ ʧʦʣʥʦʩʪʴʶ ʥʝ ʨʘʩʪʚʦʨʷʶʪʩʷ 

,ʤʘʣʦ ʚʣʠʷʝʪ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʭʦʞʜʝʥʠʷ ʩʚʝʪʘ. ʂʨʠʪʝʨʠʝʤ ʦʮʝʥʢʠ ʮʚʝʪʘ ʧʦʢʨʳʪʠʷ 

ʷʚʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʫʩʢʘʥʠʷ ʠʣʠ ʦʪʨʘʞʝʥʠʷ ʜʣʷ ʚʩʝʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʮʚʝʪʦʚ 

ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ.ʇʦʛʣʦʱʝʥʠʝ ʩʚʝʪʘ ʧʨʦʟʨʘʯʥʳʤ ʧʦʢʨʳʪʠʝʤ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʩʣʝʜʫʶʱʝʤʫ 

ʟʘʢʦʥʫ  : 

    
   

 = ὰ ȟȟ ,                                                          ( 4 ) 

ʛʜʝ  Ὅ ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʧʦʢʨʳʪʠʝ ʩʚʝʪʘ; Ὅ ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ ; a- ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʩʚʝʪʘ ʢʨʘʩʠʪʝʣʝʤ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ  

ʨʘʚʥʦʡ 1;ʩ-ʢʦʥʮʝʥʪʨʘʮʠʷ  ʢʨʘʩʠʪʝʣʷ ; h-ʪʦʣʱʠʥʘ ʧʦʢʨʳʪʠʷ ,ʤʢʤ ɿʘʱʠʪʥʦ-ʜʝʢʦʨʘʪʠʚʥʘʷ 

ʦʪʜʝʣʢʘ ʜʨʝʚʝʩʠʥʳ ʚʳʧʦʣʥʷʝʪʩʷ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʚʥʝʰʥʝʛʦ ʚʠʜʘ 

ʧʦʚʝʨʭʥʦʩʪʠ,ʦʮʝʥʠʚʘʝʤʦʛʦ ,ʦʙʳʯʥʦ ,ʚʠʟʫʘʣʴʥʦ. ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ   ʭʘʨʘʢʪʝʨʠʩʪʠʢ  

ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʧʦʢʨʳʪʠʷ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʝʛʦ ʙʣʝʩʢ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʝʛʦ 

ʩʪʨʫʢʪʫʨʳ ʠ ʛʣʘʜʢʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ. ɺʧʝʯʘʪʣʝʥʠʝ ʦʪ ʙʣʝʩʢʘ ʥʝ ʧʦʜʜʘʝʪʩʷ ʧʨʷʤʦʤʫ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʫʩʣʦʚʥʳʭ ʧʝʨʝʭʦʜʥʳʭ ʢʨʠʪʝʨʠʝʚ. ɺ 

ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʠʤʝʥʷʝʤʳʭ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʙʣʝʩʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʢʦʩʚʝʥʥʳʝ ʩʧʦʩʦʙʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʷʚʣʝʥʠʡ , ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʙʣʝʩʢʫ , ʚ 

ʬʦʨʤʳ,ʧʦʜʜʘʶʱʠʝʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʨʝʥʠʶ [ 4 ].ʉʨʘʚʥʝʥʠʝ ʙʣʝʩʢʘ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʩʪʨʦʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʦʧʪʠʢʠ.ʉʧʦʩʦʙʥʦʩʪʴ ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ 

ʧʦʢʨʳʪʠʷ ʢ ʙʣʝʩʢʫ ʩʚʷʟʘʥʘ ʩ ʦʧʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʩʪʨʫʢʪʫʨʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʢʨʳʪʠʷ. ʇʨʘʢʪʠʯʝʩʢʠ ʨʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʙʣʝʩʢ ʧʦʢʨʳʪʠʷ ʦʢʘʟʳʚʘʝʪ ʩʪʨʫʢʪʫʨʘ ʝʛʦ 

ʧʦʚʝʨʭʥʦʩʪʠ. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 35 ð   

 
ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʧʦʢʨʳʪʠʷ 

ʧʨʦʷʚʣʷʶʪʩʷ ʧʨʠ ʦʮʝʥʢʝ ʙʣʝʩʢʘ ʟʘ ʩʯʝʪ ʦʪʨʘʞʝʥʠʷ, ʧʦʛʣʦʱʝʥʠʷ ʠ ʨʘʩʩʝʠʚʘʥʠʷ 
ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ.ʇʦʚʝʨʭʥʦʩʪʴ, ʩʧʦʩʦʙʥʘʷ ʦʪʨʘʞʘʪʴ ʩʚʝʪ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 
,ʫʩʠʣʠʚʘʝʪ ʙʣʝʩʢ.ɽʩʣʠ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʠʬʬʫʟʥʦʝ ʦʪʨʘʞʝʥʠʝ ʧʘʜʘʶʱʝʛʦ 
ʩʚʝʪʘ,ʪʦ ʵʪʦ ʧʨʠʚʝʜʝʪ ʢ ʦʩʣʘʙʣʝʥʠʶ ʙʣʝʩʢʘ.ʂʦʣʠʯʝʩʪʚʦ ʩʚʝʪʘ, ʦʪʨʘʞʝʥʥʦʛʦ ʦʪ 
ʧʦʚʝʨʭʥʦʩʪʠ ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʧʦʢʨʳʪʠʷ , ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʣʠʯʝʩʪʚʫ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ : 

       =   
        

       ,                               ( 5 ) 

ʛʜʝ  Ὅ ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ ; Ὅ ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ ; ű ï 
ʫʛʦʣ ʧʘʜʝʥʠʷ ; Ŭ ï ʫʛʦʣ ʧʨʝʣʦʤʣʝʥʠʷ . 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʠʚʝʜʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ,ʥʘ  ʙʣʝʩʢ ʧʦʢʨʳʪʠʷ ʚʣʠʷʶʪ ʚ ʦʩʥʦʚʥʦʤ 
ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ , ʟʘʚʠʩʷʱʠʝ ʦʪ ʧʦʛʣʦʱʝʥʠʷ ʠ ʧʨʝʣʦʤʣʝʥʠʷ ʩʚʝʪʘ, ʢʦʪʦʨʳʝ , ʚ ʩʚʦʶ 
ʦʯʝʨʝʜʴ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʪʨʫʢʪʫʨʦʡ ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʧʦʢʨʳʪʠʷ ʠ ʩʚʦʡʩʪʚʘʤʠ 
ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 
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ɸʥʥʦʪʘʮʠʷ 
ʍʫʜʦʞʝʩʪʚʝʥʥʘʷ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ  ʠʟʜʝʣʠʡ ʠʟ ʜʨʝʚʝʩʠʥʳ ʚʦ ʤʥʦʛʦʤ 

ʧʨʝʜʦʧʨʝʜʝʣʷʝʪʩʷ ʝʝ ʜʝʢʦʨʘʪʠʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ,ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ  ʮʚʝʪ,ʙʣʝʩʢ ʠ 
ʪʝʢʩʪʫʨʘ ʤʘʪʝʨʠʘʣʘ.ʇʨʠʚʝʜʝʥʳ  ʨʝʟʫʣʴʪʘʪʳ ʢʘʯʝʩʪʚʝʥʥʦʡ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ 
ʮʚʝʪʘ ʜʨʝʚʝʩʠʥʳ , ʚʳʧʦʣʥʝʥʥʳʝ  ʧʦ ʤʝʪʦʜʠʢʝ ʧʨʦʬ.ʈʘʙʢʠʥʘ ɽ.ɹ. ɸʥʘʣʠʟ 
ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ,ʯʪʦ ʮʚʝʪʦʚʦʡ ʪʦʥ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʧʦʨʦʜ ʜʨʝʚʝʩʠʥʳ 
ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 575 ʜʦ 585,5 ʥʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʞʝʣʪʦʤʫ ʫʯʘʩʪʢʫ 
ʩʧʝʢʪʨʘ.ʏʠʩʪʦʪʘ ʮʚʝʪʘ ʜʨʝʚʝʩʠʥʳ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 22 ʜʦ 62 %, ʘ ʩʚʝʪʣʦʪʘ 
ʠʟʤʝʥʷʝʪʩʷ ʦʪ 42 ʜʦ 75,5 %.ɼʝʢʦʨʘʪʠʚʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʨʝʚʝʩʠʥʳ ,ʢʘʢ ʙʣʝʩʢ 
,ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ  ʥʘʧʨʘʚʣʝʥʥʦʝ ʦʪʨʘʞʝʥʠʝ ʧʘʜʘʶʱʝʛʦ  ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ, ʘ 
ʤʘʪʦʚʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʠʬʬʫʟʥʳʤ ʨʘʩʩʝʠʚʘʥʠʝʤ ʧʘʜʘʶʱʝʛʦ 
ʩʚʝʪʘ.ɹʣʝʩʢ ʜʨʝʚʝʩʠʥʳ ʟʘʚʠʩʠʪ  ʦʪ ʝʝ ʮʚʝʪʘ , ʘʥʘʪʦʤʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ , ʭʘʨʘʢʪʝʨʘ 
ʦʩʚʝʱʝʥʠʷ,ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ.ɹʣʝʩʢ ʜʨʝʚʝʩʠʥʳ ʧʦʚʳʰʘʝʪʩʷ ʩ 
ʫʤʝʥʴʰʝʥʠʝʤ ʜʣʠʥʳ ʚʦʣʥʳ ʠ ʯʠʩʪʦʪʳ ʮʚʝʪʘ. ʉ ʘʥʘʪʦʤʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ  ʪʝʩʥʦ 
ʩʚʷʟʘʥʘ ʪʘʢʞʝ ʠ ʪʝʢʩʪʫʨʘ ʜʨʝʚʝʩʠʥʳ.ʏʝʤ ʩʣʦʞʥʝʝ ʩʪʨʦʝʥʠʝ ʜʨʝʚʝʩʠʥʳ ʠ ʨʘʟʥʦʦʙʨʘʟʥʝʝ 
ʩʦʯʝʪʘʥʠʝ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ,ʪʝʤ ʙʦʛʘʯʝ ʠ ʢʨʘʩʠʚʝʝ ʝʝ ʪʝʢʩʪʫʨʘ.ʊʝʢʩʪʫʨʘ ʭʚʦʡʥʳʭ 
ʧʦʨʦʜ ʜʨʝʚʝʩʠʥʳ  ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ  ʥʝ ʦʯʝʥʴ ʚʳʨʘʟʠʪʝʣʴʥʳʤ,ʜʦʚʦʣʴʥʦ ʦʜʥʦʦʙʨʘʟʥʳʤ 
ʨʠʩʫʥʢʦʤ,ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʨʝʚʝʩʠʥʳ ʪʚʝʨʜʦʣʠʩʪʚʝʥʥʳʭ ,ʦʩʦʙʝʥʥʦ ʪʨʦʧʠʯʝʩʢʠʭ ʧʦʨʦʜ 
,ʠʤʝʶʱʠʭ ʨʘʟʥʦʦʙʨʘʟʥʫʶ ʮʚʝʪʦʚʫʶ ʛʘʤʤʫ ʠ ʢʨʘʩʠʚʫʶ ʪʝʢʩʪʫʨʫ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ 
ʜʠʟʘʡʥʘ ʤʝʙʝʣʠ ,ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ , ʟʥʘʯʠʤʫʶ ʨʦʣʴ ʤʦʞʝʪ 
ʩʳʛʨʘʪʴ ʟʥʘʥʠʝ ʠ ʫʜʘʯʥʳʡ ʧʦʜʙʦʨ ʚʘʨʠʘʥʪʦʚ ʨʠʩʫʥʢʘ,ʮʚʝʪʘ ʣʠʮʝʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 
ʠʟʜʝʣʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʨʝʚʝʩʠʥʘ, ʮʚʝʪ , ʙʣʝʩʢ, ʪʝʢʩʪʫʨʘ , ʧʦʨʦʜʘ ʜʨʝʚʝʩʠʥʳ, 

ʨʘʜʠʘʣʴʥʘʷ , ʪʘʥʛʝʥʪʘʣʴʥʘʷ ʪʝʢʩʪʫʨʘ . 



ð 36 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

Abstract 

The artistic expressiveness of various wood products is largely determined by its       

decorative properties, which include the color, gloss and texture of the material.The results of 

qualitative and quantitative assessment of the color of wood, performed according to the 

method of Prof.Rabkin, E. B. The analysis of the presented data showed that the color tone of 

the considered wood species is in the range from 575 to 585.5 nm, which corresponds to the 

yellow part of the spectrum.The purity of the wood color ranges from 22 to 62 %, and the 

lightness varies from 42 to 75.5 %.The decorative characteristic of wood, such as gloss, is a 

directional reflection of the incident light stream, and the matte surface is characterized by 

diffuse scattering of the incident light.The luster of the wood depends on its color , the 

anatomical structure , the nature of the lighting, the condition of the surface, and other 

factors.The gloss of the wood increases with decreasing wavelength and color purity. The 

texture of wood is also closely related to the anatomical structure.The more complex the 

structure of the wood and the more diverse the combination of individual elements, the richer 

and more beautiful its texture.The texture of coniferous wood is characterized by a not very 

expressive, rather monotonous pattern, in contrast to hard-leaved wood, especially tropical 

species, which have a variety of colors and a beautiful texture. When developing the design of 

furniture ,in order to increase its attractiveness , a significant role can be played by the 

knowledge and successful selection of drawing options,the color of the front surface of the 

product. 

Keywords: wood, color, gloss, texture, wood type, radial, tangential texture . 

 

ʍʫʜʦʞʝʩʪʚʝʥʥʘʷ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ  ʠʟʜʝʣʠʡ ʚʦ ʤʥʦʛʦʤ 

ʧʨʝʜʦʧʨʝʜʝʣʷʝʪʩʷ ʜʝʢʦʨʘʪʠʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.ʂ ʪʘʢʠʤ 

ʩʚʦʡʩʪʚʘʤ,ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʜʝʢʦʨʘʪʠʚʥʫʶ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʜʨʝʚʝʩʠʥʳ,ʦʪʥʦʩʷʪʩʷ 

ʮʚʝʪ,ʙʣʝʩʢ ʠ ʪʝʢʩʪʫʨʘ ʤʘʪʝʨʠʘʣʘ.ʎʚʝʪ ʤʘʪʝʨʠʘʣʘ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ,ʯʪʦ ʠʭ ʤʦʣʝʢʫʣʳ 

ʧʦʛʣʦʱʘʶʪ ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʝʥʥʫʶ ʯʘʩʪʴ ʧʘʜʘʶʱʠʭ ʥʘ ʥʠʭ ʣʫʯʝʡ ʩʚʝʪʘ.ɻʣʘʟ ʯʝʣʦʚʝʢʘ 

ʨʘʟʣʠʯʘʝʪ ʣʠʰʴ ʯʘʩʪʴ ʩʚʝʪʦʚʳʭ ʣʫʯʝʡ, ʦʪʥʦʩʷʱʫʶʩʷ ʢ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, ʘ 

ʠʤʝʥʥʦ, ʦʪ 400 ʜʦ 800 ʥʤ.ʉʦʚʤʝʩʪʥʦʝ ʜʝʡʩʪʚʠʝ ʩʚʝʪʦʚʳʭ ʣʫʯʝʡ ʚʩʝʛʦ ʠʥʪʝʨʚʘʣʘ 

ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʥʘ ʩʝʪʯʘʪʢʫ ʛʣʘʟʘ ʚʳʟʳʚʘʝʪ ʦʱʫʱʝʥʠʝ ʙʝʣʦʛʦ ʮʚʝʪʘ.ʈʘʟʜʝʣʴʥʦʝ 

ʜʝʡʩʪʚʠʝ ʫʟʢʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʫʯʢʦʚ ( ʠʣʠ ʠʭ ʩʦʚʦʢʫʧʥʦʩʪʝʡ ) ʚʳʟʳʚʘʝʪ ʦʱʫʱʝʥʠʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʮʚʝʪʘ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʦʩʥʦʚʥʳʤʠ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʮʚʝʪʘʤʠ, ʨʫʢʦʚʦʜʩʪʚʫʷʩʴ ʢʦʪʦʨʳʤʠ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʮʚʝʪ ʪʦʛʦ ʠʣʠ 

ʠʥʦʛʦ ʪʝʣʘ.(ʪʘʙʣ.1 ).ʆʱʫʱʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʮʚʝʪʦʚ ʚʦʟʥʠʢʘʝʪ ʚ ʟʨʠʪʝʣʴʥʦʤ 

ʘʧʧʘʨʘʪʝ,ʝʩʣʠ ʠʟ ʙʝʣʦʛʦ ʠʟʲʷʪʴ ʢʘʢʦʡ ïʣʠʙʦ ʮʚʝʪ ʩʧʝʢʪʨʘ.ʅʘʧʨʠʤʝʨ,ʝʩʣʠ ʤʘʪʝʨʠʘʣ 

ʧʦʛʣʦʱʘʝʪ ʬʠʦʣʝʪʦʚʳʝ ʣʫʯʠ(400-435 ʥʤ), ʛʣʘʟ ʥʘʙʣʶʜʘʪʝʣʷ ʫʚʠʜʠʪ ʟʝʣʝʥʦʚʘʪʦ-ʞʝʣʪʳʡ 

ʮʚʝʪ.ʆʙʲʝʢʪ,ʧʦʛʣʦʱʘʶʱʠʡ ʞʝʣʪʳʝ ʣʫʯʠ,ʢʘʞʝʪʩʷ ʥʘʤ ʩʠʥʠʤ.ʀʟʤʝʥʝʥʠʝ 

ʮʚʝʪʘ,ʚʳʟʚʘʥʥʦʝ ʧʦʛʣʦʱʝʥʠʝʤ ʙʦʣʝʝ ʜʣʠʥʥʳʭ ʚʦʣʥ, ʥʘʟʳʚʘʶʪ ʫʛʣʫʙʣʝʥʠʝʤ ʮʚʝʪʘ, ʘ 

ʙʦʣʝʝ ʢʦʨʦʪʢʠʭ ʚʦʣʥ ï ʧʦʚʳʰʝʥʠʝʤ ʮʚʝʪʘ.ʎʚʝʪ ʧʨʝʜʤʝʪʘ,ʢʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ 

,ʦʙʫʩʣʦʚʣʝʥ ʝʛʦ ʨʘʟʣʠʯʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦʛʣʦʱʘʪʴ ʠʣʠ ʦʪʨʘʞʘʪʴ ʩʚʝʪʦʚʳʝ 

ʣʫʯʠ.ɼʨʝʚʝʩʠʥʘ ʤʦʞʝʪ ʙʳʪʴ ʦʢʨʘʰʝʥʘ ʢʘʢ ʚ ʘʭʨʦʤʘʪʠʯʝʩʢʠʝ,ʪʘʢ ʠ ʭʨʦʤʘʪʠʯʝʩʢʠʝ ʮʚʝʪʘ 

ʨʘʟʣʠʯʥʳʭ ʮʚʝʪʦʚʳʭ ʪʦʥʦʚ ʠ ʦʪʪʝʥʢʦʚ. ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʘ   ʢʘʯʝʩʪʚʝʥʥʘʷ  ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʘ ʮʚʝʪʘ ʜʨʝʚʝʩʠʥʳ ʨʘʟʣʠʯʥʳʭ ʧʦʨʦʜ ,ʚʳʧʦʣʥʝʥʥʘʷ ʧʦ ʤʝʪʦʜʠʢʝ  

ʧʨʦʬ.ʈʘʙʢʠʥʘ ɽ.ɹ.[1,3] ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʮʚʝʪʘ ʨʘʟʣʠʯʥʳʭ ʧʦʨʦʜ ʜʨʝʚʝʩʠʥʳ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ.2. 
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             ʉʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʦʩʥʦʚʥʳʤʠ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ  ʮʚʝʪʘʤʠ.             

ʇʦʚʳʰʝʥʠʝ ʠ ʫʛʣʫʙʣʝʥʠʝ ʮʚʝʪʘ 
ɼʣʠʥʘ ʚʦʣʥʳ,ɚ,ʥʤ ʉʧʝʢʪʨʘʣʴʥʳʡ ʮʚʝʪ ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʮʚʝʪ ʀʟʤʝʥʝʥʠʝ ʮʚʝʪʘ 

400-435 ʌʠʦʣʝʪʦʚʳʡ ɿʝʣʝʥʦʚʘʪʦ-ʞʝʣʪʳʡ  

ʇʦʚʳʰʝʥʠʝ  ŷ 

 

435-480 ʉʠʥʠʡ ɾʝʣʪʳʡ 

480-490 ɿʝʣʝʥʦʚʘʪʦ-ʩʠʥʠʡ ʆʨʘʥʞʝʚʳʡ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 37 ð   

 
490-500 ʉʠʥʝʚʘʪʦ-ʟʝʣʝʥʳʡ ʂʨʘʩʥʳʡ  

ʋʛʣʫʙʣʝʥʠʝŹ 500-560 ɿʝʣʝʥʳʡ ʇʫʨʧʫʨʥʳʡ 

560-580 ɾʝʣʪʦʚʘʪʦ-ʟʝʣʝʥʳʡ ʌʠʦʣʝʪʦʚʳʡ 

580-595 ɾʝʣʪʳʡ ʉʠʥʠʡ 

595-605 ʆʨʘʥʞʝʚʳʡ ɿʝʣʝʥʦʚʘʪʦ-ʩʠʥʠʡ 

605-730 ʂʨʘʩʥʳʡ ʉʠʥʝʚʘʪʦ-ʟʝʣʝʥʳʡ 

730-760 ʇʫʨʧʫʨʥʳʡ ɿʝʣʝʥʳʡ 
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ʎʚʝʪʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʢʦʪʦʨʳʭ ʧʦʨʦʜ ʜʨʝʚʝʩʠʥʳ 

ʇʦʨʦʜʘ ʜʨʝʚʝʩʠʥʳ 
ʎʚʝʪʦʚʦʡ 

ʪʦʥ,ɚ,ʥʤ 

ʏʠʩʪʦʪʘ, 

ʈ,% 

ʉʚʝʪʣʦʪʘ, 

ɟ,% 

ʉʦʩʥʘ: 

ʧʦʟʜʥʷʷ ʜʨʝʚʝʩʠʥʘ 

ʨʘʥʥʷʷ  ʜʨʝʚʝʩʠʥʘ 

 

585 

575 

 

58 

38 

 

50 

62 

ʆʩʠʥʘ 575 22 75,5 

ɼʫʙ 582,5 41 42 

ʗʩʝʥʴ: 

ʧʦʟʜʥʷʷ  ʜʨʝʚʝʩʠʥʘ 

ʨʘʥʥʷʷ   ʜʨʝʚʝʩʠʥʘ 

 

585 

580,5 

 

42 

30 

 

42 

61 

ʂʘʨʝʣʴʩʢʘʷ ʙʝʨʝʟʘ 579,0 42 56 

ʂʣʝʥ ç ʧʪʠʯʠʡ ʛʣʘʟ è 585,5 62 44 

 

ɸʥʘʣʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ,ʯʪʦ ʮʚʝʪʦʚʦʡ ʪʦʥ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʧʦʨʦʜ ʜʨʝʚʝʩʠʥʳ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 575 ʜʦ 585,5 ʥʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʞʝʣʪʦʤʫ 

ʫʯʘʩʪʢʫ ʩʧʝʢʪʨʘ.ʏʠʩʪʦʪʘ ʮʚʝʪʘ ʜʨʝʚʝʩʠʥʳ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 22 ʜʦ 62 %, ʘ 

ʩʚʝʪʣʦʪʘ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 42 ʜʦ 75,5 %.ʎʚʝʪ ʜʨʝʚʝʩʠʥʳ ʩʦʩʥʳ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ 

ʢʘʢ ʦʨʘʥʞʝʚʦ-ʞʝʣʪʳʡ,ʩʨʝʜʥʝʥʘʩʳʱʝʥʥʳʡ,ʩʚʝʪʣʳʡ.ɺʣʠʷʥʠʝʤ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʧʦʷʩʘ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʦʪ ʬʘʢʪ,ʯʪʦ  ʦʜʥʘ ʠ ʪʘ ʞʝ  ʧʦʨʦʜʘ ʜʝʨʝʚʘ,  ʥʦ ʨʘʩʪʫʱʘʷ ʚ ʨʘʟʥʳʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ,ʦʪʣʠʯʘʝʪʩʷ  ʨʘʟʥʳʤ ʮʚʝʪʦʚʳʤ ʪʦʥʦʤ, ʯʪʦ ʩʚʷʟʘʥʦ  ʩ ʨʘʟʣʠʯʠʝʤ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʨʦʠʟʨʘʩʪʘʥʠʷ, ʩʦʩʪʘʚʘ ʛʨʫʥʪʘ,ʚʦʜʳ ʠ  ʜʨ.ʂʘʢ ʠʟʚʝʩʪʥʦ, ʪʘʢʘʷ 

ʜʝʢʦʨʘʪʠʚʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʨʝʚʝʩʠʥʳ ,ʢʘʢ ʙʣʝʩʢ ,ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ  ʥʘʧʨʘʚʣʝʥʥʦʝ 

ʦʪʨʘʞʝʥʠʝ ʧʘʜʘʶʱʝʛʦ  ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ, ʘ ʤʘʪʦʚʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʜʠʬʬʫʟʥʳʤ ʨʘʩʩʝʠʚʘʥʠʝʤ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ.ʇʦʚʝʨʭʥʦʩʪʴ  ʜʨʝʚʝʩʠʥʳ ʜʦ ʝʝ ʦʪʜʝʣʢʠ 

ʣʘʢʦʢʨʘʩʦʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʦʙʣʘʜʘʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʙʣʝʩʢʦʤ,ʟʘʚʠʩʷʱʠʤ ʦʪ ʮʚʝʪʘ ʠ 

ʘʥʘʪʦʤʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʜʨʝʚʝʩʠʥʳ.ʂʦʣʴʮʝʧʦʨʦʚʳʝ ʧʦʨʦʜʳ (ʜʫʙ,ʷʩʝʥʴ) ʠ ʥʝʢʦʪʦʨʳʝ 

ʨʘʩʩʝʷʥʥʦ-ʧʦʨʦʚʳʝ (ʙʫʢ) ʠʤʝʶʪ ʤʝʥʴʰʠʡ ʙʣʝʩʢ, ʯʝʤ ʩʚʝʪʣʳʝ ʧʦʨʦʜʳ ʜʨʝʚʝʩʠʥʳ, ʪʘʢʠʭ 

ʢʘʢ ʙʝʨʝʟʘ,ʣʠʧʘ,ʦʩʠʥʘ ʠ ʜʨ.(ʪʘʙʣ.3) 
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ɹʣʝʩʢ ʜʨʝʚʝʩʠʥʳ ʨʘʟʣʠʯʥʳʭ ʧʦʨʦʜ 

ʇʦʨʦʜʘ 
ʉʪʝʧʝʥʴ ʙʣʝʩʢʘ ʧʦʚʝʨʭʥʦʩʪʠ,% 

ʨʘʜʠʘʣʴʥʘʷ ʪʘʥʛʝʥʪʘʣʴʥʘʷ 

ʉʦʩʥʘ (ʟʘʙʦʣʦʥʴ) 

ʆʩʠʥʘ 

ɼʫʙ 

ʗʩʝʥʴ ( ʷʜʨʦ ) 

ɹʫʢ 

ɹʝʨʝʟʘ 

ʃʠʧʘ 

13,75 

16,27 

6,79 

7,78 

8,28 

11,2 

11,87 

12,7 

14,6 

5,9 

7,24 

7,56 

11,6 

10,35 

  

ɹʣʝʩʢ ʜʨʝʚʝʩʠʥʳ ʟʘʚʠʩʠʪ ʪʘʢʞʝ ʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʦʩʚʝʱʝʥʠʷ,ʩʦʩʪʦʷʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ.ɹʣʝʩʢ ʜʨʝʚʝʩʠʥʳ ʧʦʚʳʰʘʝʪʩʷ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʜʣʠʥʳ 

ʚʦʣʥʳ ʠ ʯʠʩʪʦʪʳ ʮʚʝʪʘ.ʉ ʘʥʘʪʦʤʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ ʜʨʝʚʝʩʠʥʳ ,ʢʘʢ ʠʟʚʝʩʪʥʦ,ʦʯʝʥʴ 

ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʪʘʢʞʝ ʠ ʪʝʢʩʪʫʨʘ ʜʨʝʚʝʩʠʥʳ[2].ʏʝʤ ʩʣʦʞʥʝʝ ʩʪʨʦʝʥʠʝ ʜʨʝʚʝʩʠʥʳ ʠ 

ʨʘʟʥʦʦʙʨʘʟʥʝʝ ʩʦʯʝʪʘʥʠʝ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ,ʪʝʤ ʙʦʛʘʯʝ ʠ ʢʨʘʩʠʚʝʝ ʝʝ 

ʪʝʢʩʪʫʨʘ.ʊʝʢʩʪʫʨʘ ʭʚʦʡʥʳʭ ʧʦʨʦʜ ʜʨʝʚʝʩʠʥʳ  ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ  ʥʝ ʦʯʝʥʴ 



ð 38 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʚʳʨʘʟʠʪʝʣʴʥʳʤ,ʜʦʚʦʣʴʥʦ ʦʜʥʦʦʙʨʘʟʥʳʤ ʨʠʩʫʥʢʦʤ,ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʨʝʚʝʩʠʥʳ 

ʪʚʝʨʜʦʣʠʩʪʚʝʥʥʳʭ ,ʦʩʦʙʝʥʥʦ ʪʨʦʧʠʯʝʩʢʠʭ ʧʦʨʦʜ ,ʠʤʝʶʱʠʭ ʨʘʟʥʦʦʙʨʘʟʥʫʶ ʮʚʝʪʦʚʫʶ 

ʛʘʤʤʫ ʠ ʢʨʘʩʠʚʫʶ ʪʝʢʩʪʫʨʫ.ʊʝʢʩʪʫʨʘ ʜʨʝʚʝʩʠʥʳ ʟʘʚʠʩʠʪ ʦʪ ʰʠʨʠʥʳ ʠ ʣʠʥʝʡʥʦʡ ʬʦʨʤʳ 

ʛʦʜʠʯʥʳʭ ʩʣʦʝʚ, ʨʘʟʥʠʮʳ ʚ ʧʣʦʪʥʦʩʪʠ ʠ ʦʢʨʘʩʢʝ ʤʝʞʜʫ ʨʘʥʥʝʡ ʠ ʧʦʟʜʥʝʡ ʟʦʥʳ 

ʜʨʝʚʝʩʠʥʳ, ʩʝʨʜʮʝʚʠʥʥʳʭ ʣʫʯʝʡ,ʥʘʧʨʘʚʣʝʥʠʷ ʚʦʣʦʢʦʥ,ʩʫʯʢʦʚʘʪʦʩʪʠ ʠ ʪ.ʜ.ʇʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʜʠʟʘʡʥʘ ʤʝʙʝʣʠ ,ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ , ʟʥʘʯʠʤʫʶ ʨʦʣʴ 

ʤʦʞʝʪ ʩʳʛʨʘʪʴ ʠ ʫʜʘʯʥʳʡ ʧʦʜʙʦʨ ʚʘʨʠʘʥʪʦʚ ʨʠʩʫʥʢʘ,ʮʚʝʪʘ ʣʠʮʝʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʟʜʝʣʠʷ.ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʦʚʳʭ ʚʘʨʠʘʥʪʦʚ ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ [4] : 

- ʰʪʨʠʭʦʚʦʡ ʨʠʩʫʥʦʢ ʪʝʢʩʪʫʨʳ ʩ ʤʝʣʢʠʤʠ ʦʜʥʦʨʦʜʥʳʤʠ ʰʪʨʠʭʘʤʠ 

,ʧʦʣʫʯʘʶʱʠʤʠʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʳʚʘ ʩʝʨʜʮʝʚʠʥʥʳʭ ʣʫʯʝʡ. ʊʘʢʫʶ ʪʝʢʩʪʫʨʫ ʠʤʝʝʪ 

ʜʨʝʚʝʩʠʥʘ ʙʫʢʘ ;- ʤʫʘʨʦʚʳʡ ʨʠʩʫʥʦʢ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʥʘ ʨʘʜʠʘʣʴʥʦʤ ʨʘʟʨʝʟʝ ʠʛʨʦʡ 

ʚʩʢʨʳʪʳʭ ʩʦʩʫʜʦʚ ,ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʚʠʜʝ ʦʙʨʳʚʘʶʱʠʭʩʷ ʧʦʣʦʩ.ʊʘʢʘʷ ʪʝʢʩʪʫʨʘ 

ʩʚʦʡʩʪʚʝʥʥʘ ʜʣʷ ʢʨʘʩʥʦʛʦ ʜʝʨʝʚʘ,ʚʦʣʥʠʩʪʦʛʦ ʢʣʝʥʘ,ʙʝʨʝʟʳ;-ʧʦʣʦʩʘʪʳʡ ʨʠʩʫʥʦʢ, 

ʦʙʨʘʟʫʶʱʠʡʩʷ ʥʘ ʨʘʜʠʘʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ.ʆʥ ʦʙʫʩʣʦʚʣʝʥ ʢʦʥʪʨʘʩʪʥʦʩʪʴʶ ʚ ʦʢʨʘʩʢʝ 

ʨʘʥʥʝʡ ʠ ʧʦʟʜʥʝʡ ʜʨʝʚʝʩʠʥʳ,ʘ ʪʝʢʩʪʫʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʠʩʫʥʦʢ, ʦʙʨʘʟʦʚʘʥʥʳʡ 

ʯʝʨʝʜʦʚʘʥʠʝʤ ʫʟʢʠʭ ʠ ʰʠʨʦʢʠʭ ,ʪʝʤʥʳʭ ʠ ʩʚʝʪʣʳʭ ʧʦʣʦʩ.ʕʪʦʪ ʨʠʩʫʥʦʢ ʭʘʨʘʢʪʝʨʝʥ  ʜʣʷ 

ʜʨʝʚʝʩʠʥʳ ʭʚʦʡʥʳʭ ʧʦʨʦʜ,ʢʨʘʩʥʦʛʦ ʜʝʨʝʚʘ, ʦʨʝʭʘ, ʮʝʙʨʘʥʦ ;-ʚʦʣʥʠʩʪʳʡ ʨʠʩʫʥʦʢ ʠʤʝʝʪ 

ʜʨʝʚʝʩʠʥʘ ʩ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʦʡ  ʩʪʚʦʣʘ ʥʘ ʨʘʜʠʘʣʴʥʦʤ ʩʨʝʟʝ- ʩʚʠʣʝʚʘʪʘʷ ʜʨʝʚʝʩʠʥʘ 

ʙʝʨʝʟʳ, ʢʣʝʥʘ, ʢʨʘʩʥʦʛʦ ʜʝʨʝʚʘ; - V- ʦʙʨʘʟʥʳʡ ʨʠʩʫʥʦʢ ʪʝʢʩʪʫʨʳ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ 

ʪʘʥʛʝʥʪʘʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ.ʕʪʦʪ ʨʠʩʫʥʦʢ  ʷʨʢʦ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʨʘʩʢʨʦʝ ʭʚʦʡʥʳʭ 

ʧʦʨʦʜ ʜʨʝʚʝʩʠʥʳ,ʦʨʝʭʘ, ʜʫʙʘ;- ʢʨʠʚʦʣʠʥʝʡʥʳʡ ʨʠʩʫʥʦʢ  ʪʝʢʩʪʫʨʳ ʦʙʨʘʟʫʝʪʩʷ ʥʘ 

ʪʘʥʛʝʥʪʘʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ  ʥʝʢʦʪʦʨʳʭ ʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʜʨʝʚʝʩʠʥʳ ʧʨʠ 

ʥʝʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʨʦʩʪʘ ʜʝʨʝʚʘ.ʕʪʦʪ ʨʠʩʫʥʦʢ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʪʝʢʩʪʫʨʳ ʢʘʧʦʚ, 

ʥʘʧʣʳʚʦʚ  ʜʨʝʚʝʩʠʥʳ ʦʨʝʭʘ, ʢʘʨʘʛʘʯʘ;-ʣʠʩʪʦʦʙʨʘʟʥʳʡ ʨʠʩʫʥʦʢ ʥʘ ʪʘʥʛʝʥʪʘʣʴʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʤʢʥʫʪʳʝ ʵʣʣʠʧʩʦʚʠʜʥʳʝ ʣʠʥʠʠ ʥʝʧʨʘʚʠʣʴʥʦʡ 

ʬʦʨʤʳ;-ʩʫʯʢʦʚʘʪʳʡ ʨʠʩʫʥʦʢ ʩʦʩʪʦʠʪ ʠʟ ʦʪʜʝʣʴʥʳʭ ʧʷʪʝʥ , ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ 

ʦʢʨʫʞʥʦʩʪʝʡ ʪʝʤʥʦʦʢʨʘʰʝʥʥʦʡ  ʜʨʝʚʝʩʠʥʳ.ʊʘʢʦʡ ʨʠʩʫʥʦʢ ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ ʨʘʩʢʨʦʝ 

ʜʨʝʚʝʩʠʥʳ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʫʯʢʦʚ-ʩʦʩʥʘ, ʝʣʴ, ʘʢʘʮʠʷ. 
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ɸʥʥʦʪʘʮʠʷ 

ʈʘʩʩʤʦʪʨʝʥ ʬʨʘʛʤʝʥʪ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʘʩʰʠʨʷʶʱʝʡʩʷ ʩ ʦʭʣʘʞʜʝʥʠʝʤ 

ɺʩʝʣʝʥʥʦʡ. ʇʦʣʫʯʝʥʳ ʬʦʨʤʫʣʳ ʜʣʷ ʬʦʪʦʥ ï ʙʘʨʠʦʥʥʦʛʦ ʦʪʥʦʰʝʥʠʷ, ʦʙʲʝʤʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʙʘʨʠʦʥʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʪʥʦʰʝʥʠʷ ʦʙʲʝʤʥʳʭ ʧʣʦʪʥʦʩʪʝʡ ʵʥʝʨʛʠʡ 

ʙʘʨʠʦʥʦʚ ʠ ʬʦʪʦʥʦʚ ɺʩʝʣʝʥʥʦʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʣʠʢʪʦʚʦʝ ʠʟʣʫʯʝʥʠʝ, ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʝ ʪʝʣʦ, ʬʦʪʦʥ ï 

ʙʘʨʠʦʥʥʦʝ ʦʪʥʦʰʝʥʠʝ. 

 

Abstract 

A fragment of the physical model of the Universe expanding with cooling is 

considered. Formulas for the photon ï baryon ratio, the volume energy density of baryons, 

and the ratio of the volume energy densities of baryons and photons of the universe are 

obtained. 

Keywords: the relic radiation of an absolutely black body, the photon ï baryon ratio. 

 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚ 1987 ʛ. ʷʧʦʥʩʢʦ ï ʘʤʝʨʠʢʘʥʩʢʘʷ ʛʨʫʧʧʘ ʩʦʦʙʱʠʣʘ, ʯʪʦ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʷ ʩ ʙʦʨʪʘ ʨʘʢʝʪʳ ʥʘʙʣʶʜʘʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʩʧʝʢʪʨʘ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʬʦʥʘ ʦʪ ʯʝʨʥʦʪʝʣʴʥʦʛʦ. ʇʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫ ʘʚʪʦʨʘ [1], ʝʩʣʠ ʙʳ ʦʥʠ 

ʦʢʘʟʘʣʠʩʴ ʧʨʘʚʳ, ʪʦ ʵʪʦ ʙʳ ʷʚʠʣʦʩʴ ʢʦʥʮʦʤ ʪʝʦʨʠʠ ʛʦʨʷʯʝʛʦ ɹʦʣʴʰʦʛʦ ʚʟʨʳʚʘ.  ʆʜʥʘʢʦ 

ʩʦʤʥʝʥʠʷ ʧʨʦʜʦʣʞʘʣʠʩʴ ʥʝ ʜʦʣʛʦ. ɺ ʥʦʷʙʨʝ 1989 ʛ. ʥʘ ʦʨʙʠʪʫ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʩʧʫʪʥʠʢʘ 

ɿʝʤʣʠ ʙʳʣ ʚʳʚʝʜʝʥ ʢʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ COBE (ʦʪ Cosmic Background Explorer ï 

ʀʩʩʣʝʜʦʚʘʪʝʣʴ ʂʦʩʤʠʯʝʩʢʦʛʦ ʌʦʥʘ) ʩʦ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʦʤ FIRAS ʥʘ ʙʦʨʪʫ. ʀʟʫʯʘʣʦʩʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʣʠʢʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦ ʯʘʩʪʦʪʝ. ʂʦʛʜʘ ʚ ʷʥʚʘʨʝ 1990 ʛ. ʥʘ ʟʘʩʝʜʘʥʠʠ 

ɸʤʝʨʠʢʘʥʩʢʦʛʦ ʘʩʪʨʦʥʦʤʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ɼɾ. ʂ. ʄʘʡʝʨ ʧʦʢʘʟʘʣ ʩʣʘʡʜ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʡ ʩʦʛʣʘʩʠʝ ʥʘʙʣʶʜʘʝʤʦʛʦ ʩʧʝʢʪʨʘ ʩ ʧʣʘʥʢʦʚʩʢʠʤ ʩʧʝʢʪʨʦʤ ʯʝʨʥʦʛʦ 

ʪʝʣʘ, ʝʤʫ ʘʧʣʦʜʠʨʦʚʘʣʠ ʩʪʦʷ [2]. 

ʉʧʝʢʪʨ ʠʟʣʫʯʝʥʠʷ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʩʦʩʪʘʚʘ ʠ 

ʩʪʨʫʢʪʫʨʳ ʦʧʠʩʳʚʘʝʪʩʷ ʬʦʨʤʫʣʦʡ (ʟʘʢʦʥʦʤ) ʇʣʘʥʢʘ [3] 

                                        dὟ    ̆ ϳ  .                                             (1) 

ɿʜʝʩʴ Ὗ   ʵʥʝʨʛʠʠ ʬʦʪʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ɜ ï ʯʘʩʪʦʪʘ, V ï ʦʙʲʝʤ, Ὤ’ ï ʵʥʝʨʛʠʷ 
ʬʦʪʦʥʘ, ὯὝ ï ʩʨʝʜʥʷʷ ʵʥʝʨʛʠʷ ʬʦʪʦʥʦʚ. ʌʦʨʤʫʣʘ (1), ʧʦʣʫʯʝʥʥʘʷ  ʄ. ʇʣʘʥʢʦʤ ʚ 1900 
ʛʦʜʫ, ʙʳʣʘ ʧʝʨʚʦʡ ʠʟ ʬʦʨʤʫʣ ʚ ʠʩʪʦʨʠʠ ʥʘʫʢʠ, ʛʜʝ ʬʠʛʫʨʠʨʦʚʘʣʠ ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ h 

ʠ ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ k. ʕʥʝʨʛʠʷ dὟȟ  ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʠʥʪʝʨʚʘʣʫ ʯʘʩʪʦʪ (ɜ, ɜ + dɜ), 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʫʤʥʦʞʝʥʠʝʤ ʯʠʩʣʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʦʪʦʥʦʚ dὔ ʥʘ Ὤ’: dὟ = 

Ὤ’ὨὔȢ ʀʤʝʝʤ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʝ ʯʠʩʣʦ ʬʦʪʦʥʦʚ dὔ, ʨʘʚʥʦʝ  dὔ    ̆ ϳ  , ʘ 

ʪʘʢʞʝ ʜʣʷ ʠʥʪʝʨʚʘʣʘ ʯʘʩʪʦʪ ɜ ʦʪ ʥʫʣʷ ʜʦ ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʠʭ ʢʦʥʝʯʥʫʶ ʚʝʣʠʯʠʥʫ 

ὔ  πȟςττ
Ͻ

 Ὕὠ                                                     (2) 



ð 40 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

(ʩ ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ). ʋʨʘʚʥʝʥʠʝ (2) ʠʟʚʝʩʪʥʦ ʠ ʠʟ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ 

ʨʘʚʥʦʚʝʩʥʳʭ ʩʠʩʪʝʤ. ʆʥʦ ʦʪʚʝʯʘʝʪ ʧʨʝʜʧʦʣʦʞʝʥʠʶ, ʯʪʦ ʩʦʩʪʦʷʥʠʝʤ ʬʦʪʦʥʘ ʷʚʣʷʝʪʩʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʚʦʣʥʘ, ʘ ʯʠʩʣʦ ʬʦʪʦʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʦʣʥʦʡ, ʚʳʨʘʞʘʝʪʩʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ɹʦʟʝ ï ʕʡʥhʪʝʡʥʘ [4].   

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʬʦʨʤʫʣʦʡ ʇʣʘʥʢ ʪʘʢʞʝ ʚʚʝʣ ʚ ʥʘʫʯʥʳʡ ʦʙʦʨʦʪ ʩʚʦʠ 

çʝʩʪʝʩʪʚʝʥʥʳʝ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷè [5] 

- ʜʣʠʥʳ               ὒ  = 
Ͻ Ⱦ

  ρπ  ȟ̍ 

- ʤʘʩʩʳ                 ά  = 
Ͻ Ⱦ

  ρπ ̋ ȟ̄    

- ʚʨʝʤʝʥʠ                 ὸ  = 
Ͻ Ⱦ

  ρπ  Ãȟ 

- ʪʝʤʧʝʨʘʪʫʨʳ        Ὕ  = 
Ͻ
Ͻ

Ⱦ

  ρπ +ȟ              

ʘ ʪʘʢʞʝ ʦʪʤʝʪʠʣ, ʯʪʦ ʦʥʠ ʩʦʭʨʘʥʷʶʪ çʩʚʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʚʩʝʭ ʚʨʝʤʝʥ ʠ ʜʣʷ ʚʩʝʭ 

ʢʫʣʴʪʫʨ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚʥʝ ʟʝʤʥʳʭéʧʦʢʘ ʩʧʨʘʚʝʜʣʠʚʳ ʟʘʢʦʥʳ ʪʷʛʦʪʝʥʠʷ, ʦʙʘ ʥʘʯʘʣʘ 

ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʠ ʧʦʢʘ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝè. ʀʤʝʥʥʦ 

ʙʣʘʛʦʜʘʨʷ ʇʣʘʥʢʫ ʬʦʪʦʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʦʩʪʦʷʱʠʤ ʠʟ ʙʦʣʴʰʦʛʦ 

ʯʠʩʣʘ ʯʘʩʪʠʮ (ʬʦʪʦʥʦʚ), ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʦʙʣʘʜʘʷ ʢʚʘʥʪʦʤ ʵʥʝʨʛʠʠ, ʜʚʠʞʝʪʩʷ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʦ ʩʢʦʨʦʩʪʴʶ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ ʩ = 3Ͻρπ ̍ Ȣ̒ϳ   

ʉʣʝʜʫʷ (2), ʘ ʪʘʢʞʝ ʧʣʘʥʢʦʚʩʢʠʤ ʚʝʣʠʯʠʥʘʤ ʦʙʲʝʤʘ ὠ  ὒ  ʠ ʪʝʤʧʝʨʘʪʫʨʳ Ὕ  

ʚʳʨʘʞʝʥʠʶ ʜʣʷ ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦʩʪʠ ʬʦʪʦʥʦʚ (ʪʦ ʝʩʪʴ ʜʣʷ ʯʠʩʣʘ ʬʦʪʦʥʦʚ ʚ ʝʜʠʥʠʮʝ 

ʦʙʲʝʤʘ) ʤʦʞʥʦ ʧʨʠʜʘʪʴ ʚʠʜ 

                                          ὲ =  = Ȣ                                                      (3) 

ʂ ʯʠʩʣʫ ʚʘʞʥʝʡʰʠʭ ʧʘʨʘʤʝʪʨʦʚ ʬʠʟʠʢʠ ɺʩʝʣʝʥʥʦʡ ʦʪʥʦʩʠʪʩʷ ʬʦʪʦʥ ï 

ʙʘʨʠʦʥʥʦʝ ʦʪʥʦʰʝʥʠʝ Z ʢʘʢ ʤʝʨʘ ʦʪʥʦʰʝʥʠʷ ʯʠʩʣʘ ʬʦʪʦʥʦʚ ὔ ʢ ʯʠʩʣʫ ʙʘʨʠʦʥʦʚ ὔ  ʚ 
ʦʙʲʝʤʝ ɺʩʝʣʝʥʥʦʡ:  

                                                   Z =                                                                    (4) 

(ʙʘʨʠʦʥʳ - ʵʪʦ ʧʨʦʪʦʥʳ ʠ ʥʝʡʪʨʦʥʳ ʢʘʢ ʩʪʨʦʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʚʠʜʠʤʳʭ ʟʚʝʟʜ ʠ ʠʭ 

ʩʢʦʧʣʝʥʠʡ). ɼʣʷ ʦʙʲʝʤʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʘʨʠʦʥʦʚ ὲ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ  

                                              ὲ =  = 
Ͻ

Ȣ                                                        (5)                                   

ʋʤʥʦʞʘʷ ʦʙʲʝʤʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʯʘʩʪʠʮ ὲ̨ ʥʘ ʚʝʣʠʯʠʥʫ ʩʨʝʜʥʝʡ ʵʥʝʨʛʠʠ 

ʝʜʠʥʠʯʥʦʡ ʯʘʩʪʠʮʳ Ὗ̨  ʤʦʞʥʦ ʚʳʡʪʠ ʥʘ ʠʭ ʦʙʲʝʤʥʫʶ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ό̨ = ̨ = 

Ὗ̨ Ͻὲ̨Ȣ  ʀʤʝʝʤ ʚʳʨʘʞʝʥʠʷ ʜʣʷ 

½ ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʛʘʟʘ ʬʦʪʦʥʦʚ ʚʦ ɺʩʝʣʝʥʥʦʡ 

                             ό =  = Ὗ Ͻὲ    
Ͻ

ȟ                                             (6) 

½ ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʙʘʨʠʦʥʥʦʛʦ ʛʘʟʘ 

                             ό =  = Ὗ Ͻὲ    
Ͻ

Ͻ
Ȣ                                            (7)  

ʋʤʥʦʞʘʝʤ ʠ ʜʝʣʠʤ ʧʨʘʚʫʶ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʷ (6) ʥʘ ʧʣʘʥʢʦʚʩʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ Ὕ , 

ʯʪʦ ʩ ʫʯʝʪʦʤ ʚʟʘʠʤʦʩʚʷʟʠ Ὗ  = ὯϽὝ  ʧʦʟʚʦʣʷʝʪ ʟʘʧʠʩʘʪʴ 

                                     ό =  = Ὗ Ͻὲ    Ȣ                                               (8) 

ɿʜʝʩʴ ʤʳ ʤʦʞʝʤ ʚʩʧʦʤʥʠʪʴ ʦ ʚʳʚʦʜʘʭ ʉ. ɺʘʡʥʙʝʨʛʘ [6, ʩ. 66] çʦ ʢʦʣʠʯʝʩʪʚʝ 

ʵʥʝʨʛʠʠ ʚ ʠʟʣʫʯʝʥʠʠ ʯʝʨʥʦʛʦ ʪʝʣʘè: çʂʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ ʚ ʦʜʥʦʤ ʣʠʪʨʝ, ʠʣʠ 

çʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠè, ʝʩʪʴ ʧʨʦʩʪʦ ʯʠʩʣʦ ʬʦʪʦʥʦʚ ʚ ʦʜʥʦʤ ʣʠʪʨʝ, ʫʤʥʦʞʝʥʥʦʝ ʥʘ 

ʩʨʝʜʥʶʶ ʵʥʝʨʛʠʶ ʦʜʥʦʛʦ ʬʦʪʦʥʘ. ʅʦ ʤʳ ʚʠʜʝʣʠ, ʯʪʦ ʯʠʩʣʦ ʬʦʪʦʥʦʚ ʚ ʦʜʥʦʤ ʣʠʪʨʝ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 41 ð   

 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʫʙʫ ʪʝʤʧʝʨʘʪʫʨʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʢ ʩʨʝʜʥʷʷ ʵʨʝʨʛʠʷ ʬʦʪʦʥʘ ʧʨʦʩʪʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʝ. ʆʪʩʶʜʘ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ ʚ ʦʜʥʦʤ ʣʠʪʨʝ ʠʟʣʫʯʝʥʠʷ 

ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʫʙʫ ʪʝʤʧʝʨʘʪʫʨʳ , ʫʤʥʦʞʝʥʥʦʤʫ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʫ, ʠʣʠ, ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʯʝʪʚʝʨʪʦʡ ʩʪʝʧʝʥʠ ʪʝʤʧʝʨʘʪʫʨʳè. 

ʉʦʛʣʘʩʥʦ ʨʘʚʥʝʥʠʷʤ (6) ʠ (8) ό θ ὝȢ ʕʪʦ ʦʪʚʝʯʘʝʪ ʬʠʟʠʯʝʩʢʦʡ ʩʫʪʠ ʫʨʘʚʥʝʥʠʷ 
(ʟʘʢʦʥʘ) ʉʪʝʬʘʥʘ ï ɹʦʣʴʮʤʘʥʘ ʚ ʝʛʦ ʬʦʨʤʘʭ ʟʘʧʠʩʠ ʚʠʜʘ (6) ʠ (8). ʀʟ ʦʙʲʝʢʪʠʚʥʦʡ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʝʝ ʟʘʧʠʩʷʭ ʚʠʜʘ (6) ʠ (8) ʩʣʝʜʫʝʪ, ʯʪʦ ʬʦʪʦʥʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʠʟʚʝʩʪʥʦʝ 

ʚ ʥʘʰʠ ʜʥʠ ʢʘʢ ʨʝʣʠʢʪʦʚʦʝ ʠʟʣʫʯʝʥʠʝ, ʩʪʘʣʦ ʥʝʦʪʲʝʤʣʝʤʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ɺʩʝʣʝʥʥʦʡ 

ʚʩʣʝʜ ʟʘ ʧʣʘʥʢʦʚʩʢʠʤ ʤʛʥʦʚʝʥʠʝʤ ʚʨʝʤʝʥʠ  ὸ . 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʵʥʝʨʛʠʷ ʨʝʣʠʢʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ 

Ὗ  ̒̃̏̆̊ ̘̃̆̌̉̉̎̆ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʵʥʝʨʛʠʠ ʙʘʨʠʦʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

Ὗ  ʤʘʪʝʨʠʠ ɺʩʝʣʝʥʥʦʡ. ʆʜʥʘʢʦ ʩʦʛʣʘʩʥʦ ʪʝʦʨʠʠ ʛʦʨʷʯʝʛʦ ɹʦʣʴʰʦʛʦ ʚʟʨʳʚʘ ʫ ʠʩʪʦʢʘ 
ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ɺʩʝʣʝʥʥʦʡ ʢʘʨʪʠʥʘ ʙʳʣʘ ʜʠʘʤʝʪʨʘʣʴʥʦ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʚ ʠʩʪʦʨʠʠ ɺʩʝʣʝʥʥʦʡ ʙʳʣʦ ʠ ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ 

ʤʛʥʦʚʝʥʠʝ ʨʝʢʦʤʙʠʥʘʮʠʠ, ʢʦʛʜʘ ʩʦʧʦʩʪʘʚʣʷʝʤʳʝ ʚʝʣʠʯʠʥʳ ʵʥʝʨʛʠʠ ʙʳʣʠ ʨʘʚʥʳ: 

Ὗ  Ὗ  [2]. ʊʦʛʜʘ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʬʫʥʢʮʠʷ f ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʦʙʲʝʤʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʙʘʨʠʦʥʦʚ ʢ ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʬʦʪʦʥʦʚ. ɼʝʣʠʤ (7) ʥʘ (8) ʠ 

ʧʦʣʫʯʘʝʤ ʜʣʷ f  ʚʳʨʘʞʝʥʠʝ  f =  =  = 
Ͻ

ϽϽ
 ʩ ʪʨʝʤʷ ʧʝʨʝʤʝʥʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ: ʤʘʩʩʘ 

ʙʘʨʠʦʥʘ ά , ʬʦʪʦʥ ï ʙʘʨʠʦʥʥʦʝ ʦʪʥʦʰʝʥʠʝ Z ʠ ʪʝʤʧʝʨʘʪʫʨʘ T. ʀʟ ʚʳʨʘʞʝʥʠʷ ʜʣʷ f  

ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘ ʤʦʤʝʥʪ ʦʢʦʥʯʘʥʠʷ ʵʧʦʭʠ ʇʣʘʥʢʘ (ʥʘ ʧʣʘʥʢʦʚʩʢʦʝ ʚʨʝʤʷ ὸ  ʧʨʠ Ὢ  = 1 

ʚʳʧʦʣʥʷʶʪʩʷ ʨʘʚʝʥʩʪʚʘ ὤ ρ ̉ ά Ͻὧ = ὯϽὝ  Ὗ , ʛʜʝ ά  ʠ Ὗ  ï 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʘʩʩʘ ʠ ʵʥʝʨʛʠʷ ʧʣʘʥʢʦʚʩʢʠʭ ʙʘʨʠʦʥʦʚ (ʥʘʟʚʘʥʠʝ ʫʩʣʦʚʥʦʝ). 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʥʘ ʤʦʤʝʥʪ ʨʝʢʦʤʙʠʥʘʮʠʠ ʧʨʠ Ὢ  = 1 ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʨʘʚʝʥʩʪʚʦ  
Ͻ

Ͻ Ͻ
 = 1. ɺʩʝ ʚʭʦʜʷʱʠʝ ʚ ʥʝʛʦ ʚʝʣʠʯʠʥʳ ʦʪʥʦʩʷʪʩʷ ʢ ʯʠʩʣʫ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʚʝʣʠʯʠʥ. 

ὤ  ρπ [2], Ὕ τϽρπ K [2], Ὕ  ρπ + ʠ Ὕ  =  , ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʧʠʩʘʪʴ  

Ͻ

Ͻ Ͻ
 =  

Ͻ Ͻ

Ͻ Ͻ
 = 

Ͻ Ͻ

Ͻ
 = 1.    ʇʝʨʝʭʦʜʷ ʟʜʝʩʴ ʢ ʪʝʢʫʱʠʤ ʟʥʘʯʝʥʠʷʤ ʬʠʟʠʯʝʩʢʠʭ 

ʚʝʣʠʯʠʥ, ʚʳʭʦʜʠʤ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʬʦʪʦʥ ï ʙʘʨʠʦʥʥʦʛʦ ʦʪʥʦʰʝʥʠʷ 

[7]: 

                                                   Z =  
Ⱦ

Ȣ                                                        (9) 

ʊʦʛʜʘ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʙʘʨʠʦʥʦʚ ό  ʧʨʠʤʝʪ ʚʠʜ  

                                      ό =  = 
Ͻ

ȟ                                                  (10) 

ʘ ʜʣʷ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ f ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 

                                       f  =   =  = 
Ͻ

 .                                                     (11)                            

ɻʦʚʦʨʷ ʦ ʚʦʟʨʘʩʪʝ ɺʩʝʣʝʥʥʦʡ, ʇ.ʌ.ʄ. ɼʠʨʘʢ [8, c179] ʦʙʨʘʱʘʝʪʩʷ ʢ çʤʦʜʝʣʠ 

ʙʦʣʴʰʦʛʦ ʚʟʨʳʚʘ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʚ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʚʩʝ ʚʝʱʝʩʪʚʦ ɺʩʝʣʝʥʥʦʡ ʙʳʣʦ 

ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʦ ʚ ʦʯʝʥʴ ʤʘʣʝʥʴʢʦʤ ʦʙʲʝʤʝ, ʤʦʞʝʪ ʙʳʪʴ ʜʘʞʝ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʪʦʯʢʝ. ʇʦʪʦʤ ʧʨʦʠʟʦʰʝʣ ʛʠʛʘʥʪʩʢʠʡ ʚʟʨʳʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʙʳʣʦ ʚʳʙʨʦʰʝʥʦ 

ʤʥʦʞʝʩʪʚʦ ʩʛʫʩʪʢʦʚ ʚʝʱʝʩʪʚʘéʄʦʞʥʦ ʧʨʠʥʷʪʴ ʜʨʫʛʫʶ ʤʦʜʝʣʴ, ʧʨʝʜʣʦʞʝʥʥʫʶ 

ʃʝʤʝʪʨʦʤ. ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʤʦʜʝʣʠ ɺʩʝʣʝʥʥʘʷ ʥʘʯʠʥʘʣʘʩʴ ʩ ʦʜʥʦʛʦ ï ʝʜʠʥʩʪʚʝʥʥʦʛʦ 

ʘʪʦʤʘéʕʪʦʪ ʝʜʠʥʩʪʚʝʥʥʳʡéʘʪʦʤ ʙʳʣ ʯʨʝʟʚʳʯʘʡʥʦ ʨʘʜʠʦʘʢʪʠʚʥʳʤ. ʆʥ ʤʛʥʦʚʝʥʥʦ 

ʨʘʩʧʘʣʩʷ ʥʘ ʯʘʩʪʠ, ʢʦʪʦʨʳʝ ʧʨʝʪʝʨʧʝʣʠ ʜʘʣʴʥʝʡʰʠʡ ʨʘʩʧʘʜ, ʨʘʩʧʘʜʳ ʧʨʦʜʦʣʞʘʣʠʩʴ, ʠ 

ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʴ, ʢʦʪʦʨʫʶ ʤʳ ʥʘʙʣʶʜʘʝʤ ʩʝʡʯʘʩ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʩʪʦ ʦʩʪʘʪʢʠ 

ʥʘʯʘʣʴʥʦʡ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʠ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʩʭʝʤʘ ʜʦʚʦʣʴʥʦ ʢʨʘʩʠʚʘéè. 

ɺ ʧʨʠʚʝʜʝʥʥʦʤ ʚʳʰʝ ʬʨʘʛʤʝʥʪʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʥʘʯʘʣʫ ʨʘʩʰʠʨʝʥʠʷ 

ɺʩʝʣʝʥʥʦʡ ʦʪʚʝʯʘʝʪ ʚʝʩʴʤʘ ʤʘʣʳʡ, ʥʦ ʢʦʥʝʯʥʳʡ ʧʦ ʚʝʣʠʯʠʥʝ ʧʣʘʥʢʦʚʩʢʠʡ ʦʙʲʸʤ ὠ = 



ð 42 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ὒ  = ρπ ̍. ɽʩʣʠ ʩʣʝʜʦʚʘʪʴ ʚʳʨʘʞʝʥʠʶ (9), ʪʦ ʨʦʩʪ ʚʝʣʠʯʠʥʳ ʬʦʪʦʥ ï ʙʘʨʠʦʥʥʦʛʦ 

ʦʪʥʦʰʝʥʠʷ  Z =   
Ⱦ

 ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʩʧʘʜʦʤ ʥʝʩʪʘʙʠʣʴʥʳʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ 

ʯʘʩʪʠʮ (ʧʦʷʚʣʝʥʠʶ ʢʦʪʦʨʳʭ ʘʢʪʠʚʥʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʢʦʩʤʠʯʝʩʢʠʡ ʚʘʢʫʫʤ ʩ ʧʨʠʩʫʱʠʤ 

ʝʤʫ ʟʘʧʘʩʦʤ ʵʥʝʨʛʠʠ). ʌʦʪʦʥ ï ʙʘʨʠʦʥʥʦʝ ʦʪʥʦʰʝʥʠʝ Z =   ʚʦʟʨʘʩʪʘʝʪ ʚ ʧʝʨʠʦʜ 

ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ ʚ ʩʚʦʠʭ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʨʝʜʝʣʘʭ ʦʪ ὤ  = 1 ʜʦ ʝʛʦ ʩʦʚʨʝʤʝʥʥʦʡ 

ʚʝʣʠʯʠʥʳ ὤ = ςϽρπ. ɼʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʤʥʝʥʠʝʤ ʇ. ɼʵʚʠʩʘ [9, ʩ. 122]: 

çʇʦʷʚʣʝʥʠʝ ρπ ʬʦʪʦʥʦʚ ʥʘ ʢʘʞʜʳʡ ʧʨʦʪʦʥ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʨʘʩʰʠʨʝʥʠʷ ɺʩʝʣʝʥʥʦʡ 
ï ʵʪʦ ʯʘʩʪʴ ʙʦʣʴʰʦʡ ʪʘʡʥʳ ʦʙʨʘʟʦʚʘʥʠʷ ʩʘʤʠʭ ʬʦʪʦʥʦʚè.  

ɽʩʣʠ ʚʥʦʚʴ ʦʙʨʘʪʠʪʴʩʷ ʢ ʫʨʘʚʥʝʥʠʶ (11), ʪʦ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʝʝ.  ʇʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʥʝʨʘʚʝʥʩʪʚʘ  ὤ ϽὝ  Ὕ  ʵʥʝʨʛʠʷ ʬʦʪʦʥʦʚ ʧʨʝʚʳʰʘʝʪ ʵʥʝʨʛʠʶ ʛʘʟʘ 

ʙʘʨʠʦʥʦʚ ɺʩʝʣʝʥʥʦʡ: Ὗ  Ὗ. ʕʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʨʘʜʠʘʮʠʦʥʥʦ - ʜʦʤʠʥʠʨʦʚʘʥʥʦʡ 

ʩʪʘʜʠʠ ʨʘʩʰʠʨʝʥʠʷ ɺʩʝʣʝʥʥʦʡ [2, 6, 9]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ  ʧʨʠ ʯʠʩʣʦʚʳʭ ʟʥʘʯʝʥʠʷʭ 

ʚʝʣʠʯʠʥ ʧʣʘʥʢʦʚʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ Ὕ  = ρπ K, ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʣʠʢʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ 

Ὕ = 2,73 K ʠ ʬʦʪʦʥ ï ʙʘʨʠʦʥʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ὤ = 2Ͻρπʠʤʝʝʤ ʚʝʣʠʯʠʥʫ ʦʪʥʦʰʝʥʠʷ 

ʵʥʝʨʛʠʡ  =  = 4,6Ͻρπ, ʯʪʦ ʩʦʚʧʘʜʘʝʪ ʩ ʠʟʚʝʩʪʥʳʤʠ ʦʮʝʥʢʘʤʠ [9] ʧʦ ʧʦʨʷʜʢʫ 

ʚʝʣʠʯʠʥʳ. 
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ɸʥʥʦʪʘʮʠʷ 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʯʪʦ ʵʧʦʭʘ ʇʣʘʥʢʘ ʠ ʧʝʨʠʦʜ 

ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ ʠʛʨʘʶʪ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʵʚʦʣʶʮʠʠ ɺʩʝʣʝʥʥʦʡ, ʯʝʤ 

ʩʯʠʪʘʣʦʩʴ ʨʘʥʝʝ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʣʠʢʪʦʚʦʝ ʠʟʣʫʯʝʥʠʝ, ʬʦʨʤʫʣʘ ʇʣʘʥʢʘ, ʧʨʠʥʮʠʧ 

ʥʘʠʤʝʥʴʰʝʛʦ ʜʝʡʩʪʚʠʷ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʤʘʪʝʨʠʠ ɺʩʝʣʝʥʥʦʡ. 

 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 43 ð   

 

Abstract 

The paper presents data that suggest that the Planck epoch and the period of nuclear 

reactions play a more significant role in the evolution of the Universe than previously 

thought.  

Keywords: relict radiation, Planck's formula, the principle of least action, components 

of the matter of the Universe. 

 

ʀʟʚʝʩʪʝʥ ʠʥʪʝʨʝʩ ʢ ʛʣʫʙʠʥʥʳʤ ʚʦʧʨʦʩʘʤ ʩʫʜʴʙʳ ʠ ʥʘʯʘʣʘ ʥʘʰʝʡ ɺʩʝʣʝʥʥʦʡ, ʢ 

ʢʦʪʦʨʳʤ  ʨʘʥʥʠʝ ʮʠʚʠʣʠʟʘʮʠʠ ʦʙʨʘʱʘʣʠʩʴ ʚ ʩʚʦʠʭ ʤʠʬʘʭ ʠ ʩʢʘʟʘʥʠʷʭ. ʆʜʥʘʢʦ 

ʩʠʪʫʘʮʠʷ ʠʟʤʝʥʠʣʦʩʴ ʚ ʥʘʯʘʣʝ ʍʍ ʚʝʢʘ ʩʨʘʟʫ ʞʝ ʢʘʢ ɸ. ʕʡʥʰʪʝʡʥ ʟʘʣʦʞʠʣ ʦʩʥʦʚʳ 

ʦʙʱʝʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. ʆʥʘ ʧʦʟʚʦʣʠʣʘ ʩʜʝʣʘʪʴ ʦʩʥʦʚʥʦʡ ʚʳʚʦʜ (ɸ.ɸ. 

ʌʨʠʜʤʘʥ, 1922 ʛ.): ɺʩʝʣʝʥʥʘʷ ʥʝ ʩʪʘʮʠʦʥʘʨʥʘ, ʦʥʘ ʨʘʩʰʠʨʷʝʪʩʷ ʩ ʦʭʣʘʞʜʝʥʠʝʤ. ɺ 

ʧʦʣʴʟʫ ʪʝʦʨʠʠ ʨʘʩʰʠʨʷʶʱʝʡʩʷ ɺʩʝʣʝʥʥʦʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʬʘʢʪʳ: ʨʘʟʙʝʛʘʥʠʝ 

ʛʘʣʘʢʪʠʢ, ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʬʦʥʘ (ʨʝʣʠʢʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ), 

ʥʘʣʠʯʠʝ ʣʠʰʴ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʝʡʪʝʨʠʷ ʚʦ ɺʩʝʣʝʥʥʦʡ, ʦʪʩʫʪʩʪʚʠʝ ʚ ʥʝʡ 

ʥʝʙʝʩʥʳʭ ʪʝʣ, ʚʦʟʨʘʩʪ ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʣ ʙʳ ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ ʚʦʟʨʘʩʪ ɺʩʝʣʝʥʥʦʡ. ɺ 

ʩʚʦʝ ʚʨʝʤʷ ʧʨʝʜʩʢʘʟʘʥʠʝ ʦʩʪʘʪʦʯʥʦʛʦ ʬʦʪʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ɻ. ɻʘʤʦʚ, 1940 ï ʝ ʛʛ.), 

ʵʥʝʨʛʠʷ ʢʦʪʦʨʦʛʦ ʜʦʣʞʥʘ ʙʳʣʘ ʧʨʦʷʚʣʷʪʴ ʩʝʙʷ ʚ ʬʦʨʤʝ ʨʘʜʠʦʩʠʛʥʘʣʦʚ, ʬʘʢʪʠʯʝʩʢʠ 

ʦʩʪʘʣʦʩʴ ʥʝ ʟʘʤʝʯʝʥʥʳʤ. ʈʝʛʠʩʪʨʘʮʠʷ ʜʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ɸ. ʇʝʥʟʠʘʩ ʠ ʈ. ɺʠʣʩʦʥ, 1965 

ʛ.) ʩʦʩʪʦʷʣʘʩʴ ʩʣʫʯʘʡʥʦ, ʚ ʭʦʜʝ ʧʨʦʮʝʩʩʘ ʧʦʩʪʦʷʥʥʦ ʚʝʜʫʱʝʛʦʩʷ ʘʩʪʨʦʥʦʤʠʯʝʩʢʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʩʤʦʩʘ. ʊʘʢ ʯʪʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʬʦʥʘ ʝʩʪʴ ʬʘʢʪ ʚ ʩʘʤʦʤ 

ʯʠʩʪʦʤ ʚʠʜʝ, ʧʦʩʢʦʣʴʢʫ ʝʛʦ çʥʝ ʠʩʢʘʣʠ ʧʦʜ ʪʝʦʨʠʶè [1]. ʀ ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ, ʵʪʦʪ ʚʘʞʥʳʡ 

ʥʘʙʣʶʜʘʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʙʳʣ ʦʞʠʜʘʝʤʳʤ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʬʘʢʪʦʚ ʚ 

ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʤ ʟʥʘʥʠʠ, ʘ ʪʘʢʞʝ ʚ ʬʠʟʠʢʝ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʚʝʩʴʤʘ ʩʚʦʝʦʙʨʘʟʥʳ. ʊʘʢ, 

ʧʦʜʪʚʝʨʜʠʪʴ ʠʣʠ ʦʧʨʦʚʝʨʛʥʫʪʴ ʥʝʢʦʪʦʨʳʝ ʠʟ ʛʠʧʦʪʝʟ, ʚʳʜʚʠʥʫʪʳʭ ʚ ʨʘʤʢʘʭ ʨʘʟʣʠʯʥʳʭ 

ʧʦʜʭʦʜʦʚ ʢ ʢʚʘʥʪʦʚʦʡ ʛʨʘʚʠʪʘʮʠʠ ʥʘ ʧʣʘʥʢʦʚʩʢʦʤ ʫʨʦʚʥʝ ʵʥʝʨʛʠʠ ʚʝʩʴʤʘ ʩʣʦʞʥʦ. 

ɼʘʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʥʝʚʦʟʤʦʞʥʦ ʜʦʩʪʠʛʥʫʪʴ ʚ ʟʝʤʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʵʢʩʧʝʨʠʤʝʥʪʳ ʩʪʘʚʷʪʩʷ ʧʦʜ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʪʝʦʨʠʶ, ʨʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪʩʷ ʵʪʦʡ ʞʝ ʪʝʦʨʠʝʡ. ɺ ʜʘʥʥʦʡ ʩʚʷʟʠ ʧʨʘʚʦʤʝʨʥʦʡ 

ʩʣʝʜʫʝʪ ʧʨʠʟʥʘʪʴ ʧʦʩʪʘʥʦʚʢʫ ʚʦʧʨʦʩʘ: ʢʘʢ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʪʝʦʨʠʶ ʵʤʧʠʨʠʯʝʩʢʠ 

ʦʙʦʩʥʦʚʘʥʥʦʡ, ʝʩʣʠ ʦʥʘ ʩʘʤʘ ʫʯʘʩʪʚʫʝʪ ʚ ʩʚʦʝʤ ʦʙʦʩʥʦʚʘʥʠʠ? [1]. ɺ ʜʘʥʥʦʡ ʩʚʷʟʠ ʧʦʨʦʡ 

ʚʳʩʢʘʟʳʚʘʝʪʩʷ ʩʫʞʜʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʥʝʟʘʚʠʩʠʤʦʝ ʵʤʧʠʨʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʪʝʦʨʠʡ 

ʥʝʚʦʟʤʦʞʥʦ, ʘ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʟʥʘʥʠʝ ï ʵʪʦ ʥʝ ʟʜʘʥʠʝ ʥʘ ʥʘʜʝʞʥʦʤ ʬʫʥʜʘʤʝʥʪʝ, ʘ ʢʦʣʦʩʩ 

ʥʘ ʛʣʠʥʷʥʳʭ ʥʦʛʘʭ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʚ ʥʘʫʢʝ ʩʪʘʚʷʪʩʷ ʧʦʠʩʢʦʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʢʦʛʜʘ 

ʪʝʦʨʠʡ, ʢʦʪʦʨʳʝ ʥʘʤʝʨʠʚʘʶʪʩʷ ʧʨʦʚʝʨʠʪʴ, ʝʱʝ ʧʨʦʩʪʦ ʥʝ ʩʫʱʝʩʪʚʫʶʪ. ɺʤʝʩʪʝ ʩ ʪʝʤ, 

ʧʦʨʦʡ ʬʘʢʪʳ ʥʘʩʪʦʣʴʢʦ ʧʨʦʥʠʟʘʥʳ ʪʝʦʨʠʷʤʠ, ʯʪʦ ʩʘʤʠ ʩʪʘʥʦʚʷʪʩʷ ʪʝʦʨʠʷʤʠ (ʇ. 

ʌʝʡʝʨʘʙʝʥʪ). ʀ ʵʪʦ ʦʪʚʝʯʘʝʪ ʨʝʘʣʴʥʦʤʫ ʧʦʣʦʞʝʥʠʶ ʜʝʣ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʢʝ. 

ɸʩʪʨʦʬʠʟʠʢʠ ɾ. ʃʝʤʝʪʨ, ɸ. ʕʜʜʠʥʛʪʦʥ, ɻ.ɸ. ɻʘʤʦʚ ʧʦʣʘʛʘʣʠ, ʯʪʦ ʛʜʝ ï ʪʦ ʜʝʩʷʪʴ 

ʪʳʩʷʯ ʤʠʣʣʠʦʥʦʚ ʣʝʪ ʪʦʤʫ ʥʘʟʘʜ ʚ ʧʨʠʨʦʜʝ ʠʤʝʣ ʤʝʩʪʦ ʨʝʘʣʴʥʳʡ ɹʦʣʴʰʦʡ ʚʟʨʳʚ, ʟʘ 

ʢʦʪʦʨʳʤ ʧʦʩʣʝʜʦʚʘʣ ʧʝʨʠʦʜ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ. ʊʦʛʜʘ ʦʩʪʘʪʦʯʥʦʝ ʬʦʪʦʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ï 

ʵʪʦ ʝʩʪʝʩʪʚʝʥʥʳʡ ʧʨʦʜʫʢʪ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʨʘʩʧʘʜʘ ʥʝʩʪʘʙʠʣʴʥʳʭ ʘʪʦʤʦʚ ʚ ʪʦʡ ʞʝ ʤʝʨʝ, 

ʢʘʢ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʬʦʥʘ (ʢʦʪʦʨʘʷ ʚʳʰʝ ʘʙʩʦʣʶʪʥʦʛʦ ʥʫʣʷ) ʝʩʪʴ ʨʝʣʠʢʪ 

ʥʘʨʘʩʪʘʥʠʷ ʵʥʝʨʛʠʠ ʚ ʛʣʫʙʠʥʥʦʤ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʰʣʦʤ ɺʩʝʣʝʥʥʦʡ. ɺ ʜʘʥʥʦʡ 

ʩʚʷʟʠ ʝʩʪʝʩʪʚʝʥʥʦ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ: ʨʝʘʣʠʟʫʝʤʘ ʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʲʝʢʪʠʚʥʦʛʦ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʨʝʘʣʴʥʦʩʪʠ ʬʘʢʪʘ ɹʦʣʴʰʦʛʦ ʚʟʨʳʚʘ ʫ ʠʩʪʦʢʘ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ ɺʩʝʣʝʥʥʦʡ? ʀʣʠ ʠʥʳʤʠ ʩʣʦʚʘʤʠ, ʤʦʞʥʦ ʣʠ ʧʨʠʟʥʘʪʴ ɹʦʣʴʰʦʡ ʚʟʨʳʚ 

ʨʝʘʣʴʥʳʤ ʉʦʙʳʪʠʝʤ? ʇʨʝʜʧʨʠʤʝʤ ʧʦʧʳʪʢʫ ʦʪʚʝʪʘ ʥʘ ʧʦʩʪʘʚʣʝʥʥʳʡ ʚʦʧʨʦʩ. 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʦʚ, ʘ ʪʘʢʞʝ ʚʳʭʦʜ 

(ʩ ʮʝʣʴʶ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʬʦʥʘ) ʟʘ ʧʨʝʜʝʣʳ 

ʘʪʤʦʩʬʝʨʳ ɿʝʤʣʠ ʦʜʥʦʟʥʘʯʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʚ ʧʦʣʴʟʫ ʯʝʨʥʦʪʝʣʴʥʦʩʪʠ ʨʝʣʠʢʪʦʚʦʛʦ 



ð 44 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʠʟʣʫʯʝʥʠʷ. ʉʧʝʢʪʨ ʠʟʣʫʯʝʥʠʷ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ, ʢʦʪʦʨʦʝ ʩ ʚʝʣʠʯʘʡʰʝʡ 

ʪʦʯʥʦʩʪʴʶ ʚʦʩʩʦʟʜʘʥʦ ʩʘʤʦʡ ʧʨʠʨʦʜʦʡ, ʦʧʠʩʳʚʘʝʪʩʷ ʬʦʨʤʫʣʦʡ (ʟʘʢʦʥʦʤ) ʇʣʘʥʢʘ  

                                            
  

   ̆ ϳ  .                                                   (1)    

ɿʜʝʩʴ ʚ ʟʘʧʠʩʠ ʦʙʲʝʢʪʠʚʥʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʤʳ ʚʠʜʠʤ ʧʦʩʪʦʷʥʥʳʝ ʠ 

ʧʝʨʝʤʝʥʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ. ɺ ʯʠʩʣʝ ʧʦʩʪʦʷʥʥʳʭ ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʝ ʤʠʨʦʚʳʝ 

ʢʦʥʩʪʘʥʪʳ: h - ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ ʠ Ὧ  - ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ; ʠʭ ʚʚʝʜʝʥʠʝ ʟʘ 

ʥʝʩʢʦʣʴʢʦ ʥʝʜʝʣʴ ʜʦ ʦʢʦʥʯʘʥʠʷ ʍ1ʍ ʚʝʢʘ ʦʙʫʩʣʦʚʠʣʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʢʘʢ ʩʪʘʥʦʚʣʝʥʠʝ 

ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ, ʘʪʦʤʥʦʡ ʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ, ʪʘʢ ʠ ʨʘʟʚʠʪʠʝ ʪʝʦʨʠʠ ʥʝʦʙʨʘʪʠʤʳʭ 

ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɺ ʯʠʩʣʝ ʧʝʨʝʤʝʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ: ό   ʦʙʲʝʤʥʘʷ 

ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʬʦʪʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ɜ ï ʯʘʩʪʦʪʘ, T - ʘʙʩʦʣʶʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ,  Ὤ’ ï 
ʵʥʝʨʛʠʷ ʝʜʠʥʠʯʥʦʛʦ ʬʦʪʦʥʘ, ὯὝ ï ʩʨʝʜʥʷʷ ʵʥʝʨʛʠʷ ʬʦʪʦʥʦʚ. ʆʜʥʘʢʦ ʚ ʟʘʧʠʩʠ ʚʠʜʘ (1) 
ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʠʤʦʩʪʠ ʬʦʨʤʫʣʳ ʇʣʘʥʢʘ ʥʝ ʦʧʨʝʜʝʣʝʥʘ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʵʪʦʛʦ    

ʥʝʜʦʩʪʘʪʢʘ ʩʣʝʜʫʝʪ ʧʨʠʥʷʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʙʝʟʨʘʟʤʝʨʥʳʝ ʧʣʘʥʢʦʚʩʢʠʝ ʚʝʣʠʯʠʥʳ ʵʥʝʨʛʠʠ 

, ʦʙʲʝʤʘ  ʠ ʯʘʩʪʦʪʳ  . ɿʜʝʩʴ 

Ὗ  = ὦϽὟ ὦ
Ͻ

Ⱦ

; ὠ  ὦϽὒ  ὦ
Ͻ Ⱦ

Ƞ’  = ὸ  
Ͻ

Ⱦ

 

ʛʜʝ ὦ ̉ ὦ - ʢʦʵʬʬʠʮʠʝʥʪʳ, c ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ, G ï ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ 

ʧʦʩʪʦʷʥʥʘʷ, Ὗ ȟὒ  ̉ ὸ  ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʣʘʥʢʦʚʩʢʠʝ ʵʥʝʨʛʠʷ, ʜʣʠʥʘ ʠ ʚʨʝʤʷ [2].  

ʊʦʛʜʘ ʩ ʫʯʝʪʦʤ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ, ʢʚʘʥʪʦʚʦʡ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʦʩʦʙʝʥʥʦʩʪʠ 

ʨʘʩʰʠʨʝʥʠʷ ɺʩʝʣʝʥʥʦʡ ʬʦʨʤʫʣʘ ʇʣʘʥʢʘ (1) ʧʨʠʤʝʪ ʚʠʜ 

                                  
  
 =  

Ͻ
 

̆Ͻ Ͻϳ  .                                          (2)   

ʂʘʢ ʟʘʢʦʥ ʧʨʠʨʦʜʳ, ʬʦʨʤʫʣʘ ʇʣʘʥʢʘ ʚ ʟʘʧʠʩʠ ʚʠʜʘ (2) ʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʦʙʲʝʢʪʠʚʥʳʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚ ʧʦʣʴʟʫ çʛʦʨʷʯʝʛʦè ʥʘʯʘʣʘ ɺʩʝʣʝʥʥʦʡ. ʅʘ ʧʣʘʥʢʦʚʩʢʦʝ 

ʤʛʥʦʚʝʥʠʝ ʚʨʝʤʝʥʠ ὸ  ρπ  ̒ ʤʳ ʩ ʦʯʝʚʠʜʥʦʩʪʴʶ ʥʘʙʣʶʜʘʝʤ ʢʦʩʤʦʣʦʛʠʯʝʩʢʠ 

ʦʛʨʦʤʥʳʝ ʚʝʣʠʯʠʥʘʭ ʪʝʤʧʝʨʘʪʫʨʳ Ὕ  ρπ + ʠ ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦʩʪʠ ʬʦʪʦʥʥʦʡ ʜʦʣʠ 

ʵʥʝʨʛʠʠ ό   ρπ  ˑ ̇̍ȟϳ  ʘ ʪʘʢʞʝ ʯʘʩʪʦʪʳ ʜʚʠʞʝʥʠʷ ’  ʧʣʘʥʢʦʚʩʢʠʭ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ, ʢʦʪʦʨʘʷ ʦʢʘʟʳʚʘʝʪʩʷ ʨʘʚʥʦʡ  ’  ρπὧ . ʇʦ ʤʝʨʝ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ɺʩʝʣʝʥʥʦʡ ʝʝ ʪʝʤʧʝʨʘʪʫʨʘ T ʠ ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ 

ʬʦʪʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʠ ό  ʥʝʫʢʣʦʥʥʦ ʧʦʥʠʞʘʶʪʩʷ ʜʦ ʠʭ ʩʦʚʨʝʤʝʥʥʳʭ ʯʠʩʣʦʚʳʭ 

ʟʥʘʯʝʥʠʡ Ὕ = 2,725 K ʠ ό  = ρπ ˑ̇ϳ̍ . ʂʘʢ ʚʠʜʠʤ, ʟʘ ʚʨʝʤʷ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ ɺʩʝʣʝʥʥʦʡ ʝʝ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʥʠʟʠʣʘʩʴ ʚ ρπʨʘʟ, ʘ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʛʘʟʘ 
ʬʦʪʦʥʦʚ ʩʥʠʟʠʣʘʩʴ ʚ ρπ ʨʘʟ. ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʪʚʝʯʘʝʪ [2, 3 ʠ ʜʨ.] 

ʤʦʜʝʣʠ ɺʩʝʣʝʥʥʦʡ, ʢʦʪʦʨʘʷ ʨʘʩʰʠʨʷʝʪʩʷ ʩ ʦʭʣʘʞʜʝʥʠʝʤ. ʀ ʥʘʙʣʶʜʘʝʤʦʝ ʚʨʷʜ ʣʠ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʩʣʫʯʘʡʥʦʩʪʴʶ, ʧʦʩʢʦʣʴʢʫ ʬʦʨʤʫʣʘ ʇʣʘʥʢʘ (2), ʙʫʜʫʯʠ ʟʘʢʦʥʦʤ 

ʬʠʟʠʢʠ, ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʝʥʥʦʡ ʝʤʫ ʙʦʣʴʰʦʡ ʧʨʝʜʩʢʘʟʘʪʝʣʴʥʦʡ ʩʠʣʦʡ. ʇʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫ ʃ.ɻ. ɸʥʪʠʧʝʥʢʦ [1, ʩ. 159], ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʛʦ ʟʥʘʥʠʷ ʷʚʣʷʝʪʩʷ çʬʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʠʝ ʧʨʝʜʩʢʘʟʘʥʠʡè. 

ɽʩʣʠ ʩʣʝʜʦʚʘʪʴ ʦʙʲʝʢʪʠʚʥʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ (2), ʪʦ ʬʦʪʦʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʚʦ 

ɺʩʝʣʝʥʥʦʡ ʚʦʟʥʠʢʣʦ ʚʩʣʝʜ ʟʘ ʧʣʘʥʢʦʚʩʢʠʤ ʤʦʤʝʥʪʦʤ ʚʨʝʤʝʥʠ ὸȟ ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ 

ʵʧʦʭʫ ʇʣʘʥʢʘ (ʪʦ ʝʩʪʴ ʚ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ 0 ὸ  ὸ  ʬʦʪʦʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʚ ʧʨʠʨʦʜʝ 

ʦʪʩʫʪʩʪʚʦʚʘʣʦ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʜʣʷ ʧʣʘʥʢʦʚʩʢʦʛʦ ʤʛʥʦʚʝʥʠʷ ʠʟ (1) ʠ (2) ʚʳʪʝʢʘʶʪ 

ʚʟʘʠʤʦʩʚʷʟʠ 

                                                      = h                                                                 (3) 

ʠ ὒ Ͻ’ ȟ̒  ʚʪʦʨʘʷ ʠʟ ʢʦʪʦʨʳʭ ʜʣʷ ʜʨʫʞʥʦʛʦ ʩʝʤʝʡʩʪʚʘ ʧʣʘʥʢʦʚʩʢʠʭ ʚʝʣʠʯʠʥ ʥʝ 
ʷʚʣʷʝʪʩʷ ʥʦʚʦʡ. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 45 ð   

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢ ʟʘʚʠʩʠʤʦʩʪʠ ʚʠʜʘ (3) ʤʦʞʥʦ ʧʦʜʦʡʪʠ ʠ ʠʥʳʤ ʧʫʪʝʤ. 

ʀʟʙʝʛʘʷ ʚʳʢʣʘʜʢʠ, ʩʧʦʩʦʙʥʳʝ ʟʘʩʣʦʥʠʪʴ ʩʫʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʠʜʝʡ, ʘʚʪʦʨʳ [3, ʩ. 139] 

ʦʪʤʝʯʘʶʪ, ʯʪʦ ʦʜʥʦ ʚʨʝʤʷ ʥʘʠʙʦʣʴʰʝʡ ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʧʦʣʴʟʦʚʘʣʘʩʴ ʪʦʯʢʘ ʟʨʝʥʠʷ, 

ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʥʘʰ ʮʠʢʣ ʨʘʩʰʠʨʝʥʠʷ ɺʩʝʣʝʥʥʦʡ ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ 

ʧʨʝʜʳʜʫʱʝʛʦ ʮʠʢʣʘ ʩʞʘʪʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʤ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʩʦʩʪʦʷʥʠʝ 

ʤʘʪʝʨʠʠ ɺʩʝʣʝʥʥʦʡ, ʢʦʪʦʨʦʝ ʦʪʚʝʯʘʝʪ ʫʩʣʦʚʥʦ ʥʫʣʝʚʦʤʫ ʤʦʤʝʥʪʫ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʛʦ 

ʚʨʝʤʝʥʠ: t = 0. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ T ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʢʘʢ ʤʝʨʫ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʢʚʘʥʪʦʚ ʢʘʢ ʤʠʢʨʦʯʘʩʪʠʮ. ʇʝʨʚʠʯʥʳʡ ʩʛʫʩʪʦʢ ʤʘʪʝʨʠʠ 

ʧʦʛʨʫʞʝʥ ʚ ʢʦʩʤʠʯʝʩʢʠʡ ʚʘʢʫʫʤ, ʠ ʦʥ ʧʨʝʙʳʚʘʝʪ ʚ ʚʝʩʴʤʘ ʩʞʘʪʦʤ ʩʦʩʪʦʷʥʠʠ. ɺ ʩʨʝʜʥʝʤ 

ʢʚʘʥʪʳ ʤʘʪʝʨʠʠ ʥʝʧʦʜʚʠʞʥʳ; ʦʙʲʝʤ ʩʛʫʩʪʢʘ ʙʣʠʟʦʢ ʢ ʥʫʣʶ: ὠ πȟ ʘʙʩʦʣʶʪʥʘʷ 
ʪʝʤʧʝʨʘʪʫʨʘ Ὕ ʠ ʯʘʩʪʦʪʘ ’ ʙʣʠʟʢʠ ʢ ʥʫʣʶ:  Ὕ π  ̉ ’  0, ʘ ʪʘʢʞʝ ʙʣʠʟʢʘ ʢ ʥʫʣʶ ʠ 

ʦʧʨʝʜʝʣʷʝʤʘʷ ʯʝʨʝʟ ʧʦʩʪʦʷʥʥʫʶ ɹʦʣʴʮʤʘʥʘ Ὧ ʠ ʪʝʤʧʝʨʘʪʫʨʫ T ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ 

ʧʝʨʚʠʯʥʦʛʦ ʩʛʫʩʪʢʘ ʤʘʪʝʨʠʠ ɺʩʝʣʝʥʥʦʡ Ὗ = Ὧ ϽὝ : Ὗ πȢ ɼʘʣʝʝ ʧʝʨʚʠʯʥʳʡ ʩʛʫʩʪʦʢ 
ʤʘʪʝʨʠʠ ʨʘʟʞʠʤʘʝʪʩʷ, ʚʝʣʠʯʠʥʘ ʢʘʞʜʦʛʦ ʠʟ ʚʳʜʝʣʝʥʥʳʭ ʚʳʰʝ ʧʘʨʘʤʝʪʨʦʚ (V, T, U, ɜ) 

ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʚʦʟʨʘʩʪʘʝʪ ʜʦ ʩʚʦʝʡ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ 

ʧʣʘʥʢʦʚʩʢʦʡ ʚʝʣʠʯʠʥʳ ( ὠȟὝȟ   Ὗ ȟ’ . ɺ ʵʧʦʭʫ ʇʣʘʥʢʘ ʪʘʢʠʝ ʚʝʣʠʯʠʥʳ ʧʘʨʘʤʝʪʨʦʚ 

ʩʦʩʪʦʷʥʠʷ ɺʩʝʣʝʥʥʦʡ ʢʘʢ V, T, U, ɜ ʚʦʟʨʘʩʪʘʶʪ ʩʠʥʭʨʦʥʥʦ. ʂʚʘʥʪ ï ʵʪʦ ʠ ʯʘʩʪʠʮʘ, ʠ 

ʚʦʣʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʘʷ ʯʘʩʪʦʪʦʡ. ʅʘ ʧʣʘʥʢʦʚʩʢʦʝ ʤʛʥʦʚʝʥʠʝ ʚʨʝʤʝʥʠ ὸ  ʚʝʣʠʯʠʥʘ 

ʦʪʥʦʰʝʥʠʷ ʵʥʝʨʛʠʠ ʤʘʪʝʨʠʠ ʢ ʯʘʩʪʦʪʝ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʦʡ  ʧʦʩʪʦʷʥʥʦʡ ʇʣʘʥʢʘ h [4]:                        

                                                     = h.                                                               (4) 

ʇʨʦʩʪʳʝ ʩ ʚʠʜʫ ʬʦʨʤʫʣʳ (3) ʠ (4) ʩʦʚʧʘʜʘʶʪ ʤʝʞʜʫ ʩʦʙʦʡ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 

ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʤʥʦʞʠʪʝʣʷ ὦ = Ὗ Ὗϳ  ʧʦʨʷʜʢʘ ʝʜʠʥʠʮʳ. ʄʥʦʞʠʪʝʣʴ ὦ ʫʯʠʪʳʚʘʝʪ 

ʥʘʣʠʯʠʝ  ʛʨʫʧʧ ʢʚʘʥʪʦʚʳʭ ʯʘʩʪʠʮ, ʟʘʩʝʣʷʶʱʠʭ  ɺʩʝʣʝʥʥʫʶ ʚ ʝʸ ʧʣʘʥʢʦʚʩʢʫʶ ʵʧʦʭʫ 

(ʥʠʞʝ ʚʳʧʦʣʥʠʤ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʦʜʥʦʡ ʠʟ ʢʦʣʦʥʠʡ ʧʣʘʥʢʦʚʩʢʠʭ ʯʘʩʪʠʮ, 

ʢʦʪʦʨʳʝ ʫʩʣʦʚʥʦ ʥʘʤʠ ʥʘʟʚʘʥʳ ʧʣʘʥʢʦʚʩʢʠʤʠ ʬʦʪʦʥʘʤʠ). 

ʆʙʨʘʱʘʷʩʴ ʢ ʬʠʟʠʯʝʩʢʦʤʫ ʩʤʳʩʣʫ ʧʨʝʜʣʘʛʘʝʤʦʡ ʠʤ ʤʠʨʦʚʦʡ ʢʦʥʩʪʘʥʪʳ   h, ʄ. 

ʇʣʘʥʢ [5, ʩ. 287] ʥʘʟʳʚʘʝʪ ʝʝ ʵʣʝʤʝʥʪʘʨʥʳʤ ʢʚʘʥʪʦʤ ʜʝʡʩʪʚʠʷ. ʇʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫ ʘʚʪʦʨʘ 

[6],  ʠ ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʝ, ʠ ʚ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʝ ʜʝʡʩʪʚʠʝ, ʘ ʪʘʢʞʝ ʧʨʠʥʮʠʧ 

ʥʘʠʤʝʥʴʰʝʛʦ ʜʝʡʩʪʚʠʷ ʥʝ ʠʤʝʶʪ ʝʜʠʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ. ʆʜʥʘʢʦ ɸ. ʕʜʜʠʥʛʪʦʥ 

[7] ʚʳʨʘʞʘʝʪ ʧʨʠʥʮʠʧ ʥʘʠʤʝʥʴʰʝʛʦ ʜʝʡʩʪʚʠʷ ʢʘʢ ʧʨʠʥʮʠʧ ʥʘʠʙʦʣʴʰʝʡ ʚʝʨʦʷʪʥʦʩʪʠ. 

ʇʦ ʕʜʜʠʥʛʪʦʥʫ, ʧʨʠ ʚʳʭʦʜʝ çʥʘ ʜʝʡʩʪʚʠʝ, ʠʟʤʝʨʷʝʤʦʝ ʯʠʩʣʦʤéʦʥʦ ʤʦʞʝʪ ʙʳʪʴ, 

ʥʘʧʨʠʤʝʨ, ʘʪʦʤʦʤ ʜʝʡʩʪʚʠʷ, ʪ. ʝ. ʪʘʢʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʜʝʡʩʪʚʠʷ, ʤʝʥʴʰʝ ʢʦʪʦʨʦʛʦ ʫʞʝ ʥʝ 

ʩʫʱʝʩʪʚʫʝʪè: çɿʘʢʦʥ ʧʨʠʨʦʜʳ ʩʚʦʜʠʪʩʷ ʢ ʪʦʤʫ, ʯʪʦ ʪʦ ʩʦʩʪʦʷʥʠʝ ʤʠʨʘ, ʢʦʪʦʨʦʝ 

ʦʩʫʱʝʩʪʚʣʝʥʦ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ ʩʦʩʪʦʷʥʠʝʤè [7, 

ʩ. 177]. ʉ ʫʯʝʪʦʤ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʛʦ ʥʘʤʠ ʚʳʰʝ ʚʦʧʨʦʩʘ, ʘ ʪʘʢʞʝ ʩʤʳʩʣʦʚʦʡ ʥʘʛʨʫʟʢʠ 

ʚʟʘʠʤʦʩʚʷʟʝʡ (3) ʠ (4) ʠ ʚʳʩʢʘʟʘʥʥʳʭ ʚ ʠʭ ʘʜʨʝʩ ʤʥʝʥʠʡ [5, c, 287; 7, ʩ. 177], ʤʦʞʥʦ 

ʧʨʠʡʪʠ ʢ ʩʣʝʜʫʶʱʝʤʫ ʚʳʚʦʜʫ: ʥʘ ʩʤʝʥʫ ʵʧʦʭʝ ʇʣʘʥʢʘ ʧʨʠʰʣʘ ʵʧʦʭʘ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ. 

ʀ ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ, ʚ ʵʧʦʭʫ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ ɺʩʝʣʝʥʥʦʡ ʥʘʧʦʣʥʝʥʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʥʳʥʝ 

ʨʝʣʠʢʪʦʚʳʤʠ ʬʦʪʦʥʘʤʠ, ʥʦ ʠ ʩʪʨʦʠʪʝʣʴʥʳʤ ʙʘʨʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ (ʧʨʦʪʦʥʳ, 

ʥʝʡʪʨʦʥʳ), ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʤʫ ʚʦʟʥʠʢʣʠ ʥʳʥʝ ʥʘʙʣʶʜʘʝʤʳʝ ʟʚʝʟʜʳ, ʘ ʪʘʢʞʝ ʠʭ 

ʩʢʦʧʣʝʥʠʷ. ʉʚʦʠʤ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʢʘʢ ʨʝʛʠʩʪʨʠʨʫʝʤʳʝ ʧʨʠʙʦʨʘʤʠ, ʪʘʢ ʠ ʩʢʨʳʪʳʝ ʧʦʢʘ 

ʦʪ ʥʠʭ ʩʦʩʪʘʚʣʷʶʱʠʝ ʤʘʪʝʨʠʠ ɺʩʝʣʝʥʥʦʡ ʚʦ ʤʥʦʛʦʤ ʦʙʷʟʘʥʳ ʢʦʩʤʠʯʝʩʢʦʤʫ ʚʘʢʫʫʤʫ ʩ 

ʝʛʦ ʦʛʨʦʤʥʳʤ ʟʘʧʘʩʦʤ ʵʥʝʨʛʠʠ. 

ɺʳʧʦʣʥʠʤ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʯʠʩʣʘ ʧʣʘʥʢʦʚʩʢʠʭ ʬʦʪʦʥʦʚ ὔ  ψ. ɼʣʷ 

ʵʥʝʨʛʠʠ ʬʦʪʦʥʦʚ Ὗ ʩʧʨʘʚʝʜʣʠʚʦ ʨʘʚʝʥʩʪʚʦ Ὗ  Ὧ ϽTϽὔ, ʯʪʦ ʚʙʣʠʟʠ ʧʣʘʥʢʦʚʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ɺʩʝʣʝʥʥʦʡ ʧʦʟʚʦʣʷʝʪ ʟʘʧʠʩʘʪʴ  =   . ʉʦʦʪʥʝʩʸʤ  ʧʦʜʩʪʨʦʯʥʳʤ 

ʠʥʜʝʢʩʦʤ O ʧʘʨʘʤʝʪʨʳ ʢ ʦʢʦʥʯʘʥʠʶ ʵʧʦʭʠ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ. ʀʥʪʝʛʨʠʨʫʷ, ʧʨʠʭʦʜʠʤ ʢ 

ʨʘʚʝʥʩʪʚʫ 
 

 
 

 
 

  ʠʣʠ 
Ͻ Ͻ

  . ʀʤʝʝʤ ʬʦʨʤʫʣʫ ʜʣʷ 



ð 46 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʚʳʯʠʩʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʣʘʥʢʦʚʩʢʠʭ ʬʦʪʦʥʦʤ: ὔ  
Ͻ

 , ʘ ʧʨʠ ʯʠʩʣʦʚʳʭ ʟʥʘʯʝʥʠʷʭ 

Ὗ  ρπ ˑ ȟ̇Ὧ ρȟσψϽρπ ˑ̇+ϳ  ʠ Ὕ  ρπK [9] ʠ ʠʭ ʠʩʢʦʤʫʶ ʚʝʣʠʯʠʥʫ ὔ  = 

ρπ. ʊʝʤ ʩʘʤʳʤ, ʠʤʝʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʠ ʚ ʧʦʣʴʟʫ ʟʘʩʝʣʝʥʥʦʩʪʠ 

ʧʣʘʥʢʦʚʩʢʦʡ ʵʧʦʭʠ, ʠ ʚ ʧʦʣʴʟʫ ʚʳʩʦʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʚʘʢʫʫʤʘ (ʚ ʧʝʨʠʦʜ 

ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ) ʚ ʥʘʨʘʩʪʘʥʠʠ ʤʘʩʩʳ ʨʘʩʰʠʨʷʶʱʝʡʩʷ ʩ ʦʭʣʘʞʜʝʥʠʝʤ ɺʩʝʣʝʥʥʦʡ. 

ʇʦ ʩʚʦʝʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʵʧʦʭʘ ʇʣʘʥʢʘ ʠ ʩʤʝʥʠʚʰʠʡ ʝʝ ʧʝʨʠʦʜ ʷʜʝʨʥʳʭ 

ʨʝʘʢʮʠʡ ʙʳʣʘ ʚʝʩʴʤʘ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʤʠ. ʆʜʥʘʢʦ ʠʭ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʦʡ ʢʘʨʪʠʥʳ 

ʤʠʨʘ, ʢʦʪʦʨʫʶ ʤʳ ʩʝʛʦʜʥʷ ʥʘʙʣʶʜʘʝʤ, ʦʛʨʦʤʥʘ.   
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ɸʥʥʦʪʘʮʠʷ  

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʘʯʝʩʪʚʘ ʚʦʜʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʚʦʜʘ, ʘʥʘʣʠʟ, ʧʨʠʙʦʨ.  

 

Abstract 

The article deals with the electrochemical equipment for determining water quality. 

Keywords: electrochemical equipment, water, analysis, instrument. 

 

ʂʦʥʪʨʦʣʴ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʘʥʘʣʠʟ 

ʨʘʟʣʠʯʥʳʭ ʚʦʜ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʧʨʦʚʦʜʠʪʩʷ 

ʨʘʟʣʠʯʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʟʘʥʠʤʘʶʪ ʦʜʥʦ ʠʟ ʚʝʜʫʱʠʭ ʤʝʩʪ ʠʟ-ʟʘ ʧʨʦʩʪʦʪʳ, ʜʝʰʝʚʠʟʥʳ, ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʦʧʝʨʘʮʠʡ.  

ʆʜʥʠʤ ʠʟ ʥʠʭ ʧʨʠʙʦʨʦʚ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʷʚʣʷʝʪʩʷ ʠʦʥʦʤʝʨ - ʧʨʠʙʦʨ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʠʦʥʦʤʝʪʨʠʯʝʩʢʦʛʦ, ʠʣʠ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʉʦʚʨʝʤʝʥʥʳʡ 

ʠʦʥʦʤʝʨ - ʵʪʦ ʩʚʝʨʭʪʦʯʥʳʡ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʧʨʠʙʦʨ ʩ ʨʘʟʣʠʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ (ʦʪ ʦʜʥʦʛʦ ʜʦ ʯʝʪʳʨʝʭ) ʠ ʨʘʟʣʠʯʥʳʤʠ 

ʜʠʘʧʘʟʦʥʘʤʠ ʠʟʤʝʨʝʥʠʷ (ʩʪʘʥʜʘʨʪʦʤ ʩʯʠʪʘʝʪʩʷ: ʧʣʶʩ-ʤʠʥʫʩ 3200 ʣʠʙʦ 4000 ʤɺ). 

ʂ ʜʘʥʥʳʤ ʧʨʠʙʦʨʘʤ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʨʘʟʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 47 ð   

 

ʦʪ ʪʦʛʦ, ʢ ʢʘʢʦʤʫ ʢʣʘʩʩʫ ʧʨʠʥʘʜʣʝʞʠʪ ʫʩʪʨʦʡʩʪʚʦ: ʧʨʝʮʠʟʠʦʥʥʳʡ ʠʦʥʦʤʝʨ ʜʦʣʞʝʥ 

ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʘ ʜʣʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʜʦʩʪʘʪʦʯʥʦ ʩʨʝʜʥʝʡ. ɺʳʧʫʩʢʘʶʪʩʷ 

ʢʘʢ ʧʦʨʪʘʪʠʚʥʳʝ, ʪʘʢ ʠ ʩʪʘʮʠʦʥʘʨʥʳʝ ʠʦʥʦʤʝʨʳ. ʇʨʠʙʦʨʳ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʪʨʝʙʦʚʘʥʠʷʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʜʣʷ ʫʩʪʨʦʡʩʪʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʨʅ, 

ʘ ʪʘʢʞʝ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʠʦʥʦʩʝʣʝʢʪʠʚʥʳʤ ʵʣʝʢʪʨʦʜʘʤ. ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʠʦʥʦʤʝʨʘ ʷʚʣʷʶʪʩʷ ʧʠʪʴʝʚʳʝ, ʧʨʠʨʦʜʥʳʝ, ʘ ʪʘʢʞʝ ʩʪʦʯʥʳʝ ʚʦʜʳ. ʏʘʩʪʦ ʧʨʠʙʦʨʳ 

ʟʘʜʝʡʩʪʚʫʶʪ ʚ ʘʥʘʣʠʟʝ ʨʘʟʣʠʯʥʳʭ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʨʦʙ ʪʚʝʨʜʳʭ ʚʝʱʝʩʪʚ, ʥʘʧʨʠʤʝʨ, 

ʧʨʦʙ ʧʦʯʚ, ʨʘʩʪʠʪʝʣʴʥʦʡ, ʧʠʱʝʚʦʡ, ʢʦʩʤʝʪʠʯʝʩʢʦʡ ʠ ʜʨʫʛʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʉʣʝʜʫʶʱʠʤ ʚʘʞʥʳʤ ʧʨʠʙʦʨʦʤ ʷʚʣʷʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦ, ʦʧʨʝʜʝʣʷʶʱʝʝ ʫʨʦʚʝʥʴ 

ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚ ʞʠʜʢʦʡ ʠʩʩʣʝʜʫʝʤʦʡ ʩʨʝʜʝ -ʢʠʩʣʦʨʦʜʦʤʝʨ, ʠʣʠ ʦʢʩʠʤʝʪʨ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʛʜʝ ʙʫʜʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʧʨʠʦʙʨʝʪʘʝʪʩʷ 

ʩʪʘʮʠʦʥʘʨʥʳʡ ʠʣʠ ʧʦʨʪʘʪʠʚʥʳʡ ʧʨʠʙʦʨ. ʉʦʚʨʝʤʝʥʥʳʡ ʩʪʘʮʠʦʥʘʨʥʳʡ ʢʠʩʣʦʨʦʜʦʤʝʨ - 

ʵʪʦ ʫʩʪʨʦʡʩʪʚʦ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ, ʚ ʦʩʥʦʚʥʦʤ, ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʥʝʧʨʝʨʳʚʥʳʭ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʘʥʘʣʠʟʦʚ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʚʦʜʥʳʭ ʩʨʝʜʘʭ ʢʠʩʣʦʨʦʜʘ ʠ ʪʝʤʧʝʨʘʪʫʨ 

ʧʦ ʜʚʫʤ ʢʘʥʘʣʘʤ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʦʪʧʨʘʚʢʦʡ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦʩʨʝʜʩʪʚʦʤ 

ʪʦʢʦʚʦʛʦ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʚʳʭʦʜʘ ʠ/ʠʣʠ ʠʥʪʝʨʬʝʡʩʦʚ RS-232/RS-484. 

ɺ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʥʘʣʠʟʘʪʦʨʦʚ ʢʠʩʣʦʨʦʜʘ ʚ ʚʦʜʝ ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʦʯʝʥʴ ʤʥʦʛʠʝ 

ʦʙʣʘʩʪʠ ʥʘʫʢʠ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ: ʨʳʙʥʘʷ ʠ ʧʠʱʝʚʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, 

ʘʢʚʘʨʠʫʤʠʩʪʠʢʘ, ʤʝʜʠʮʠʥʘ ʠ ʬʘʨʤʘʮʝʚʪʠʢʘ, ʙʠʦʣʦʛʠʷ, ʭʠʤʠʯʝʩʢʘʷ, ʥʝʬʪʝʭʠʤʠʯʝʩʢʘʷ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʯʝʨʥʘʷ/ʮʚʝʪʥʘʷ ʤʝʪʘʣʣʫʨʛʠʷ, ʧʨʠʨʦʜʦʦʭʨʘʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, 

ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʘ. 

ʆʢʩʠʤʝʪʨʳ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʪʦʯʥʦʩʪʴʶ ʠ ʩʢʦʨʦʩʪʴʶ ʠʟʤʝʨʝʥʠʡ, 

ʢʘʯʝʩʪʚʦʤ ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʵʢʨʘʥʘ ʠ ʜʨʫʛʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʇʨʠ ʚʳʙʦʨʝ 

ʢʠʩʣʦʨʦʜʦʤʝʨʘ ʩʣʝʜʫʝʪ ʦʪʜʘʚʘʪʴ ʧʨʝʜʧʦʯʪʝʥʠʝ ʧʨʠʙʦʨʘʤ, ʠʟʛʦʪʦʚʣʝʥʥʳʤ ʩʦʣʠʜʥʳʤʠ 

ʬʠʨʤʘʤʠ. 

ɼʣʷ ʠʟʤʝʨʝʥʠʡ ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʠ ʩʨʝʜ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʥʜʫʢʪʦʤʝʪʨʳ. ʆʥʠ ʥʫʞʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʠʩʣʦʪ, ʦʩʥʦʚʘʥʠʡ 

ʠ ʨʘʩʪʚʦʨʦʚ ʩʦʣʝʡ ʚ ʚʦʜʥʳʭ ʠ ʥʝ ʚʦʜʥʳʭ ʩʠʩʪʝʤʘʭ, ʘ ʪʘʢʞʝ ʢʦʣʣʦʠʜʘʭ ʠ ʨʘʩʧʣʘʚʘʭ. 

ʆʩʥʦʚʦʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʥʜʫʢʪʦʤʝʪʨʘ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚʝʱʝʩʪʚ ʦʪ ʠʭ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ɹʘʟʦʚʳʤ ʢʨʠʪʝʨʠʝʤ 

ʚʳʙʦʨʘ ʢʦʥʜʫʢʪʦʤʝʪʨʘ ʷʚʣʷʝʪʩʷ ʪʦʯʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʧʨʠʙʦʨ ʩ ʜʠʩʢʨʝʪʥʦʩʪʴʶ 

1 ʩʤʉʠ/ʩʤ ʩʯʠʪʘʝʪʩʷ ʪʦʯʥʳʤ). ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʧʦʢʫʧʢʝ ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ 

ʥʘ ʫʨʦʚʝʥʴ ʪʝʨʤʦʢʦʤʧʝʥʩʘʮʠʠ, ʧʦʪʦʤʫ ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʘʟʳʚʘʝʪ ʦʱʫʪʠʤʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʫʜʝʣʴʥʫʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʳʭ ʨʘʩʪʚʦʨʦʚ. ʇʦ ʫʨʦʚʥʶ ʪʝʨʤʠʯʝʩʢʦʡ 

ʢʦʤʧʝʥʩʘʮʠʠ ʚʩʝ ʢʦʥʜʫʢʪʦʤʝʨʳ ʤʦʞʥʦ ʧʦʜʝʣʠʪʴ ʥʘ ʪʨʠ ʛʨʫʧʧʳ: ʙʝʟ 

ʪʝʨʤʦʢʦʤʧʝʥʩʘʮʠʠ, ʩ ʪʝʨʤʦʢʦʤʧʝʥʩʘʮʠʝʡ ʚ 2% ʥʘ ʛʨʘʜʫʩ ʠ ʩ ʧʨʦʠʟʚʦʣʴʥʦ ʚʳʙʠʨʘʝʤʳʤ 

ʪʝʨʤʠʯʝʩʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʥʝʬʝʣʦʤʝʪʨʳ. ɺ ʨʫʩʩʢʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʥʘʟʚʘʥʠʷ " ʤʫʪʥʦʤʝʨ " 

ʠ çʥʝʬʝʣʦʤʝʪʨè ʠ ʜʘʞʝ çʘʥʘʣʠʟʘʪʦʨ ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮè. ʉ ʬʦʨʤʘʣʴʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʪʫʨʙʠʜʠʤʝʪʨ, ʵʪʦ ʘʥʘʣʠʟʘʪʦʨ ʤʫʪʥʦʩʪʠ, ʠʩʧʦʣʴʟʫʶʱʠʡ 

ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʡ ʧʨʠʥʮʠʧ ʠ ʦʧʨʝʜʝʣʷʶʱʠʡ ʧʦʛʣʦʱʝʥʠʝ ʚ ʩʣʦʝ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ 

ʚʝʱʝʩʪʚʘ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʠʩʪʦʯʥʠʢ ʠʟʣʫʯʝʥʠʷ ʠ ʜʝʪʝʢʪʦʨ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʦʜʥʦʡ ʦʩʠ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʚʝʣʠʯʠʥʘ ʤʫʪʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦʛʦ ʚʘʞʥʳʤ ʠʥʪʝʛʨʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʠ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʥʘʭʦʜʠʪ ʚ ʚʦʜʦʧʦʜʛʦʪʦʚʢʝ, ʚʦʜʦʦʯʠʩʪʢʝ, ʚ ʧʠʱʝʚʦʤ ʠ ʭʠʤʠʯʝʩʢʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. 

ʈʘʟʚʠʪʠʝ ʵʪʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʧʨʦʠʩʭʦʜʠʣʦ ʧʘʨʘʣʣʝʣʴʥʦ ʚʦ ʤʥʦʛʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʯʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʢʘʢ ʨʘʟʥʦʩʪʦʨʦʥʥʝʡ ʧʨʠʨʦʜʦʡ ʩʘʤʦʛʦ ʷʚʣʝʥʠʷ, ʪʘʢ ʠ ʙʦʣʴʰʠʤ 

ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʥʘʮʠʦʥʘʣʴʥʳʭ ʠ ʦʪʨʘʩʣʝʚʳʭ ʩʪʘʥʜʘʨʪʦʚ, ʢʦʪʦʨʳʝ, ʟʘʯʘʩʪʫʶ, ʷʚʣʷʶʪʩʷ 

ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʥʘ ʢʦʥʢʨʝʪʥʫʶ ʪʝʭʥʦʣʦʛʠʶ. 

ʕʪʦ ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʦʯʝʥʴ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʝʜʠʥʠʮ 

ʠʟʤʝʨʝʥʠʷ ʤʫʪʥʦʩʪʠ ʠ ʩʝʡʯʘʩ ʦʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʧʨʠ ʚʳʙʦʨʝ ʥʝʦʙʭʦʜʠʤʦʛʦ 



ð 48 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʘʥʘʣʠʟʘʪʦʨʘ ʤʫʪʥʦʩʪʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʥʠʤʘʥʠʠ ʪʦʛʦ, ʦʪʚʝʯʘʝʪ ʣʠ ʝʛʦ ʢʦʥʩʪʨʫʢʮʠʷ 

ʠ ʠʩʧʦʣʴʟʫʝʤʘʷ ʰʢʘʣʘ ʠʟʤʝʨʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʟʘʜʘʯʝ. 

ɺ ʥʝʬʝʣʦʤʝʪʨʘʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʫʪʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠʥʮʠʧ 

ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʧʦʜ ʫʛʣʦʤ 90Á ʢ ʠʩʪʦʯʥʠʢʫ. ʇʦʩʢʦʣʴʢʫ ʚ ʢʦʥʩʪʨʫʢʮʠʠ 

ʙʦʣʴʰʠʥʩʪʚʘ ʩʦʚʨʝʤʝʥʥʳʭ ʘʥʘʣʠʟʘʪʦʨʦʚ ʤʫʪʥʦʩʪʠ ʧʨʠʤʝʥʷʶʪʩʷ ʜʝʪʝʢʪʦʨʳ ʢʘʢ 

ʥʘ ʧʨʦʭʦʜʷʱʝʝ, ʪʘʢ ʠ ʥʘ ʨʘʩʩʝʷʥʥʦʝ ʧʦʜ ʨʘʟʣʠʯʥʳʤʠ ʫʛʣʘʤʠ ʢ ʠʩʪʦʯʥʠʢʫ ʠʟʣʫʯʝʥʠʝ, 

ʘ ʩʘʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʜʦʚʦʣʴʥʦ ʩʚʦʙʦʜʥʦ ʦʧʝʨʠʨʫʶʪ ʚʩʝʤʠ ʪʨʝʤʷ ʪʝʨʤʠʥʘʤʠ, ʜʣʷ 

ʥʘʠʤʝʥʦʚʘʥʠʷ ʘʥʘʣʠʟʘʪʦʨʦʚ ʤʫʪʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪ ʥʘʠʙʦʣʝʝ ʦʙʱʠʡ ʪʝʨʤʠʥ 

çʤʫʪʥʦʤʝʨè. 

ʆɺʇ ʤʝʪʨ (ORP ʤʝʪʨ) ʠʟʤʝʨʷʝʪ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ. 

ʕʪʦ ʫʨʦʚʝʥʴ ʩʧʦʩʦʙʥʦʩʪʠ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴʩʷ, ʪʦ ʝʩʪʴ ʧʨʠʩʦʝʜʠʥʷʪʴ 

ʵʣʝʢʪʨʦʥʳ. 

ʉ ʧʦʤʦʱʴʶ ʆɺʇ (ORP) ʤʝʪʨʘ ʤʦʞʥʦ ʠʟʤʝʨʠʪʴ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʚ ʚʦʜʦʝʤʘʭ ʠ ʙʘʩʩʝʡʥʘʭ, ʘʢʚʘʨʠʫʤʘʭ, ʠ ʜʘʞʝ ʆɺʇ ʧʦʯʚʳ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʆɺʇ ʞʠʜʢʦʩʪʝʡ: ʚʦʜʳ 

ʠ ʩʣʘʙʳʭ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʢʠʩʣʦʪ, ʱʝʣʦʯʝʡ, ʩʦʣʝʡ. 

ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʦʧʨʝʜʝʣʷʶʪ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤ 

ʤʝʪʦʜʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʝʢʣʷʥʥʦʛʦ ʵʣʝʢʪʨʦʜʘ, ʥʘʧʨʠʤʝʨ, ʆɺʇ (ORP) ʤʝʪʨʘ ʩ red-

ox, ʠ ʚʳʨʘʞʘʶʪ ʚ ʤʠʣʣʠʚʦʣʴʪʘʭ (ʤɺ) ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʦʜʦʨʦʜʥʦʛʦ 

ʵʣʝʢʪʨʦʜʘ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ. ɺ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʟʥʘʯʝʥʠʝ ʆɺʇ (Eh) ʚʦʜʳ 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ ð 400 ʜʦ + 700 ʤɺ. ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ 

ʧʦʪʝʥʮʠʘʣ ʚʟʘʠʤʦʩʚʷʟʘʥ ʩ ʫʨʦʚʥʝʤ ʢʠʩʣʦʪʥʦʩʪʠ (ʨʅ) ʠ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩʨʝʜʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʧʨʠʙʦʨʳ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʠʤʝʶʪ ʨʷʜ 

ʜʦʩʪʦʠʥʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʘ ʪʘʢʞʝ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, 

ʥʘʧʨʠʤʝʨ, ʥʘʙʦʨʦʤ ʩʦʚʤʝʩʪʠʤʳʭ ʩ ʫʩʪʨʦʡʩʪʚʦʤ ʵʣʝʢʪʨʦʜʦʚ, ʦʙʲʝʤʦʤ ʚʩʪʨʦʝʥʥʦʡ 

ʧʘʤʷʪʠ, ʢʘʯʝʩʪʚʦʤ ʜʠʩʧʣʝʷ ʠ ʪ.ʧ.  

***  

1. ɸʣʝʢʩʝʝʚ, ʃ.ʉ. ʂʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʚʦʜʳ / ʃ.ʉ. ɸʣʝʢʩʝʝʚ. - ʄ.: ʀʅʌʈɸ-ʄ, 2004. - 154 c. 

2. ɹʨʘʡʥʠʥʘ ʍ.ɿ. ʕʣʝʢʪʨʦʘʥʘʣʠʟ: ʦʪ ʣʘʙʦʨʘʪʦʨʥʳʭ ʢ ʧʦʣʝʚʳʤ ʚʘʨʠʘʥʪʘʤ//ɾʫʨʥ. ʘʥʘʣʠʪ. ʭʠʤʠʠ. 2001. 

- ˉ 4. - ʉ. 344-354. 

3. ɺʠʢʫʣʠʥʘ, ɺ.ɹ. ʄʝʪʨʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʚʦʜʳ / ɺ.ɹ. ɺʠʢʫʣʠʥʘ. - ʄ.: 

ʄɻʉʋ, 2011. - 83 c. 

4. ʂʦʞʠʥʦʚ ɺ.ʌ. ʆʯʠʩʪʢʘ ʧʠʪʴʝʚʦʡ ʠ ʪʝʭʥʠʯʝʩʢʦʡ ʚʦʜʳ - ʄ.: ʆʆʆ "ɹɸʉʊɽʊ", 2008. - 304 ʩ. 

5. ʂʫʮʝʚʘ ʅ.ʂ. ʆʙʱʠʡ ʦʨʛʘʥʠʯʝʩʢʠʡ ʫʛʣʝʨʦʜ-ʧʦʢʘʟʘʪʝʣʴ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʚʦʜʝ // 

ʇʠʪʴʝʚʘʷ ʚʦʜʘ. ï 2006. ï ˉ 6. ï ʉ. 24ï26.  

6. ʄʝʪʦʜʳ ʠ ʧʨʠʙʦʨʳ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʠ ʩʦʜʝʨʞʘʥʠʷ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʚʦʜʝ / ɸ.ʀ. ʇʦʪʘʧʦʚ ʠ ʜʨ. - 

ʄ.: ʅʘʫʢʘ, 2008. - 760 c. 

7. ʐʣʷʧʫʥʦʚʘ ɽ.ɺ. ʇʨʦʪʦʯʥʦ-ʠʥʞʝʢʮʠʦʥʥʘʷ ʢʦʥʜʫʢʪʦʤʝʪʨʠʷ ʢʘʨʙʦʥʘʪʥʦʡ ʱʝʣʦʯʥʦʩʪʠ ʧʨʠʨʦʜʥʳʭ ʠ 

ʧʠʪʴʝʚʳʭ ʚʦʜ // ɸʥʘʣʠʪʠʢʘ ʈʦʩʩʠʠ: ʄʘʪʝʨ. 2 ɺʩʝʨʦʩ. ʢʦʥʬ. ʧʦ ʘʥʘʣʠʪ. ʭʠʤʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 

ʫʯʘʩʪʠʝʤ (ʢ ʶʙʠʣʝʶ ʘʢʘʜ. ʖ.ɸ. ɿʦʣʦʪʦʚʘ), ʂʨʘʩʥʦʜʘʨ, 7ï12 ʦʢʪ. 2007. ï ʂʨʘʩʥʦʜʘʨ, 2007. ï ʉ. 402. 

ʄʫʨʘʪʦʚ ɸ.ʉ., ʆʪʘʞʦʥʦʚ ʉ.ʄ., ʂʫʣʙʘʝʚ ɻ.ɻ., ʋʘʣʠʝʚ ɼ.ʄ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʵʣʝʢʪʨʦʜʚʠʞʫʱʠʭ ʩʠʣ ʚ ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʩʪʨʫʢʪʫʨʘʭ 

ʂʘʨʘʢʘʣʧʘʢʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɹʝʨʜʘʭʘ 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʬʦʪʦ-ʕɼʉ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʥʦʛʦʩʣʦʡʥʳʭ 

ʛʝʪʝʨʦʧʝʨʝʭʦʜʘʭ. ʈʘʩʩʤʦʪʨʝʥʥʘʷ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚ 

ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʭʘʨʘʢʪʝʨʥʳʝ ʯʘʩʪʦʪʳ, 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 49 ð   

 

ʧʨʠ ʢʦʪʦʨʳʭ ʕɼʉ ʠʤʝʝʪ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. ʆʧʨʝʜʝʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪʳ, 

ʧʨʠ ʢʦʪʦʨʳʭ ʕɼʉ, ʤʝʥʷʝʪ ʟʥʘʢ, ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʜʘʥʥʳʤʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʘʢʩʠʤʫʤʳ ʕɼʉ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢ ʯʠʩʣʫ ʩʣʦʝʚ, ʠ 

ʠʤʝʶʪ ʩʣʦʞʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʤʦʣʝʢʫʣʳ, ʠ ʪʦʣʱʠʥʳ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʘ. ʈʘʩʩʤʦʪʨʝʥʥʫʶ ʤʥʦʛʦʩʣʦʡʥʫʶ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʫʶ ʩʪʨʫʢʪʫʨʫ ʠʟ 

nGaAs ʠ nZnSe ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʧʝʨʝʢʣʶʯʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʪʘʢ ʢʘʢ ʚʨʝʤʷ 

ʧʝʨʝʢʣʶʯʝʥʠʷ ʠʭ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʜʚʠʞʫʱʘʷ ʩʠʣʘ, ʢʦʣʝʙʘʥʠʷ, ʵʣʝʢʪʨʦʥ, ʯʘʩʪʦʪʘ, 

ʵʥʝʨʛʠʷ. 

 

Abstract 
The paper analyzes the photo-EMF in semiconductor multilayer heterojunctions. The 

considered theoretical model of the optoelectronic properties of multilayer periodic structures 

makes it possible to determine the characteristic frequencies at which the EMF has extreme 

values. Certain frequency values at which the EMF changes sign are in good agreement with 

the experimental data. It is shown that the EMF maxima is directly proportional to the number 

of layers and have a complex dependence on the distance between the centers of the molecule 

and the thickness of the electron gas. The considered multilayer semiconductor structure of 

nGaAs and nZnSe can be used in switching devices because of their rather short switching 

times. 

Keywords: electromotive force, vibration, electron, frequency, energy. 

 

ɺʚʝʜʝʥʠʝ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʤʥʦʛʦʩʣʦʡʥʳʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʩʪʨʫʢʪʫʨʳ (ʄʇʉ) ʦʙʣʘʜʘʶʪ 

ʨʘʟʣʠʯʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʪʘʢ, ʥʘʧʨʠʤʝʨ, ʥʘ ʚʦʣʴʪʘʤʧʝʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ (ɺɸʍ) 

ʠʤʝʝʪʩʷ ʫʯʘʩʪʦʢ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʆɼʉ) [1], ʧʨʠ 

ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʠ ʚʦʟʥʠʢʘʝʪ ʵʣʝʢʪʨʦʜʚʠʞʫʱʘʷ ʩʠʣʘ (ʕɼʉ) [2], ʥʘʙʣʶʜʘʝʪʩʷ ʵʬʬʝʢʪ 

ʧʝʨʝʢʣʶʯʝʥʠʷ [2-4]. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʥʝʨʛʠʶ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʩʚʝʪʦʚʦʛʦ 

ʩʠʛʥʘʣʘ ʄʇʉ GaAs-ZnSe n -ʪʠʧʘ ʧʨʝʦʙʨʘʟʫʝʪ ʥʘ ʕɼʉ, ʚ ʠʥʪʝʨʚʘʣʝ ʜʣʠʥʳ ʚʦʣʥ (0.47-

1.7ɛm), ʧʨʠʯʝʤ ʧʨʠ ʜʣʠʥʝ 0.86 ɛm ʬʦʪʦ-ʕɼʉ ʤʝʥʷʝʪ ʟʥʘʢ, ʪʦ ʝʩʪʴ ʕɼʉ ʧʝʨʝʢʣʶʯʘʝʪʩʷ 

ʦʪ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʢ ʦʪʨʠʮʘʪʝʣʴʥʦʤʫ (ʨʠʩ. 1). 

 

 
ʈ 

ʈʠʩ.1. ʉʧʝʢʪʨʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʄʇʉ nGaAs ïnZnSe [2].  

 

ɸʥʘʣʦʛʠʯʥʳʝ ʵʬʬʝʢʪʳ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʛʝʪʝʨʦʵʧʠʪʘʢʩʠʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ Ge-GaAs 

[3]. ʀʟʫʯʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʧʝʨʝʯʥʦʡ ʬʦʪʦ-ʕɼʉ, ʧʨʠ ʨʘʟʣʠʯʥʦʡ 



ð 50 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʘ ʢʚʘʥʪʦʚ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʩʚʝʪʘ, ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʠʥʚʝʨʩʠʷ ʬʦʪʦ-ʕɼʉ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 0.86 ɛm. ʇʨʠ ʵʪʦʤ ʚʳʜʝʣʷʝʪʩʷ 

ʪʨʠ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. ɺʦ-ʧʝʨʚʳʭ, ʬʦʪʦ-ʕɼʉ ʚʦʟʥʠʢʘʝʪ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʧʘʜʘʶʱʝʤʫ ʧʦʪʦʢʫ ʩʚʝʪʘ ʠ ʛʨʘʜʠʝʥʪʫ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʥʥʦ-ʜʳʨʦʯʥʳʭ ʧʘʨ, ʠ ʟʥʘʯʠʪ, ʧʘʨʘʣʣʝʣʴʥʦ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ 

ʧʣʝʥʢʠ ʠ ʧʦʜʣʦʞʢʠ. ɺʦ-ʚʪʦʨʳʭ, ʩʧʝʢʪʨʘʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʦʪʦ-ʕɼʉ ʜʚʘʞʜʳ 

ʤʝʥʷʝʪ ʟʥʘʢ ʠ ʠʤʝʝʪ ʪʨʠ ʚʳʨʘʞʝʥʥʳʭ ʤʘʢʩʠʤʫʤʘ ʚʙʣʠʟʠ ʜʣʠʥ ʚʦʣʥ 0.65, 0.89 ʠ 1.3 ɛm 

(ʠʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʥʝʨʛʠʠ ʢʚʘʥʪʦʚ ʩʚʝʪʘ 1.9, 1.4 ʠ 0.95 eV).  ɺ-ʪʨʝʪʴʠʭ, ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʝʣʠʥʝʡʥʘʷ ʠ ʥʝʤʦʥʦʪʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ ʬʦʪʦ-ʕɼʉ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʩʚʝʪʘ. 

ʂ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʬʦʪʦ-ʕɼʉ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ, ʢʘʢ ʤʠʥʠʤʫʤ ʜʚʝ ʧʨʠʯʠʥʳ: 

ʜʝʬʦʨʤʘʮʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʢʦʡ Ge ʠ GaAs ʠʣʠ ʛʨʘʜʠʝʥʪ ʫʜʝʣʴʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʧʣʝʥʢʝ ʛʝʨʤʘʥʠʷ ʠ ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʥʝʡ ʦʙʣʘʩʪʠ. ʊʘʢʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ [4]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʝʬʦʨʤʘʮʠʠ 

ʢʦʥʪʘʢʪʠʨʫʶʱʠʭʩʷ ʜʚʫʭ ʤʦʣʝʢʫʣ ʚʦʟʥʠʢʘʝʪ ʤʛʥʦʚʝʥʥʳʝ ʜʠʧʦʣʠ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʠʪ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʬʦʪʦ-ʕɼʉ, ʚ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʩʠʤʫʤ ʘʤʧʣʠʪʫʜʳ 

ʬʦʪʦ-ʕɼʉ. 

ɺ ʨʘʙʦʪʘʭ [4, 5] ʧʨʦʚʝʜʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ 

ʛʝʪʝʨʦʧʝʨʝʭʦʜʘʭ ʚʦʟʤʦʞʥʳ ʘʥʘʣʦʛʠʯʥʳʝ ʧʝʨʝʢʣʶʯʝʥʠʷ ʕɼʉ ʩ ʦʜʥʦʡ ʧʦʣʷʨʥʦʩʪʠ ʢ 

ʜʨʫʛʦʡ. ʊʘʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʚʷʟʘʥʳ ʩ ʚʳʥʫʞʜʝʥʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʵʣʝʢʪʨʦʥʦʚ, ʘ ʩʘʤ 

ʧʨʦʮʝʩʩ ʦʙʲʷʩʥʷʝʪʩʷ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʩʭʝʤʦʡ ʩʚʷʟʘʥʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʢʦʥʪʫʨʦʚ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʤ ʘʥʘʣʠʟ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʦʧʦʩʪʘʚʣʷʷ ʧʨʠ 

ʵʪʦʤ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ɺ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʦʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʩʯʠʪʘʶʪʩʷ ʢʦʥʪʘʢʪʳ 

ʤʥʦʛʦʵʣʝʢʪʨʦʥʥʳʭ ʤʦʣʝʢʫʣ, ʢʘʢʠʤʠ ʷʚʣʷʶʪʩʷ GaAs ʠ ZnSe. ʇʨʠʯʝʤ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚʘʣʝʥʪʥʘʷ ʩʚʷʟʴ. 

 

 
ʈʠʩ.2. ʉʧʝʢʪʨʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʕɼʉ ʛʝʪʝʨʦʧʝʨʝʭʦʜʘ. 

 

 

ɺ ʨʘʙʦʪʝ [2] ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʟʘʚʠʩʠʤʦʩʪʠ 

ʬʦʪʦ-ʕɼʉ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʩʚʝʪʦʚʦʛʦ ʩʠʛʥʘʣʘ. ʊʘʢ ʢʘʢ  ʚ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʙʦʪʘʭ ʫʜʦʙʥʦ ʚʝʩʪʠ ʨʘʩʯʝʪʳ ʚ ʚʠʜʝ ʯʘʩʪʦʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʕɼʉ, 

ʠʩʧʦʣʴʟʫʷ ʦʙʱʝʠʟʚʝʩʪʥʫʶ ʬʦʨʤʫʣʫ 2 /cw p l= . 

ʆʧʨʝʜʝʣʠʤ ʭʘʨʘʢʪʝʨʥʳʝ ʯʘʩʪʦʪʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʣʠʥʘʤ ʚʦʣʥ, ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʥʘ ʦʧʳʪʘʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʘʝʤ ʛʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʕɼʉ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʯʘʩʪʦʪʳ w.  



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 51 ð   

 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʠʚʝʜʝʥʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʪʘʢʦʛʦ ʛʨʘʬʠʢʘ, ʛʜʝ 

0 1,w wʠ 2w  ʷʚʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤʠ ʯʘʩʪʦʪʘʤʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʕɼʉ  ʠʤʝʝʪ ʨʘʟʣʠʯʥʳʝ 

ʟʥʘʯʝʥʠʷ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠ 
0w  ʕɼʉ ʤʝʥʷʝʪ ʟʥʘʢ. ɸ ʧʨʠ 

1w ʠ 
2w  ʯʘʩʪʦʪʘʤʠ 

ʦʪʤʝʯʝʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʯʘʩʪʦʪʳ, ʧʨʠ ʢʦʪʦʨʳʭ ʬʦʪʦ-ʕɼʉ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʟʥʘʯʝʥʠʷ. 

ɺʳʯʠʩʣʝʥʠʝ ʯʘʩʪʦʪʳ ʧʝʨʝʢʣʶʯʝʥʠʷ - 
0w  

ʇʨʠ ʯʘʩʪʦʪʘʭ 
0w  ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʩʚʝʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʕɼʉ ʙʫʜʝʪ ʨʘʚʥʦ 

ʥʫʣʶ. ɺ ʨʘʙʦʪʘʭ [4,5] ʜʣʷ ʪʘʢʦʡ ʯʘʩʪʦʪʳ ʧʦʣʫʯʝʥʘ ʬʦʨʤʫʣʘ 

( )
2

0 6

0

40 1

2g

B

mR
w= ,   

4

0 020B E r= . 

ɺ ʵʪʠʭ ʬʦʨʤʫʣʘʭ 0E
 
ʠ 0r  ʦʙʦʟʥʘʯʘʝʪ ʙʦʨʦʚʩʢʫʶ ʵʥʝʨʛʠʶ ʵʣʝʢʪʨʦʥʘ ʠ ʨʘʜʠʫʩʘ 

ʧʝʨʚʦʡ ʙʦʨʦʚʩʢʦʡ ʦʨʙʠʪʳ, 
0m -ʤʘʩʩʘ ʵʣʝʢʪʨʦʥʘ, 

gR -ʪʦʣʱʠʥʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʘ ʚ 

ʢʦʥʪʘʢʪʥʦʡ ʦʙʣʘʩʪʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʤʝʝʪ ʤʝʩʪʦ 
3

0 ~ gRw -
. 

ʇʨʠ 
105.2 10gR -= Ö m, () () 14

0 00 22 10Tw w= = Örad/s, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʜʣʠʥʳ ʚʦʣʥʳ 
6

0 0.86 10l -= Ö m. ɼʣʷ 

ʚʳʯʠʩʣʝʥʠʷ  ( )0 gRw  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
gR   ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʬʦʨʤʫʣʦʡ 

() ( )
3

0 /gR R Rw w= . 

ɺʳʯʠʩʣʝʥʠʝ ʭʘʨʘʢʪʝʨʥʳʭ ʯʘʩʪʦʪ 
kw  ʠ 

kw¡ 
ɺ ʨʘʙʦʪʝ [5] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʘ ʠʤʝʝʪ ʤʝʩʪʦ 

ʢʦʣʝʙʘʥʠʝ ʜʚʫʭ ʦʩʮʠʣʣʷʪʦʨʦʚ ʩ ʯʘʩʪʦʪʘʤʠ 
kw  ʠ 

kw¡ 
3

2
2 3 21 2

2 13

0 1 2

2
k

Z Zke
Z Z

m R Z Z
w

å õ+
= æ öæ ö

ç ÷

,          

3
2

2 3 21 2

1 23

0 1 2

2
( )k

Z Zke
Z Z

m R Z Z
w

å õ+
¡= æ öæ ö

ç ÷

. 

ʊʘʢ ʢʘʢ ʟʘʨʷʜʦʚʳʝ ʯʠʩʣʘ GaAs ʠ ZnSe 
1 2 64Z Z= = , ʪ.ʝ. ʨʘʚʥʳ, ʪʦ 

k kw w¡=  

ʙʫʜʫʪ ʨʘʚʥʳʤʠ. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʦʜʥʦ ʢʦʣʝʙʘʥʠʝ. ɽʩʣʠ  ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʮʝʥʪʨʘʤʠ ʵʪʠʭ ʤʦʣʝʢʫʣ ʙʫʜʝʪ ʨʘʚʥʦ 
1040 10R -= Ö m, ʪʦ 

kw  ʠ 
kw¡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

3/2~k Rw -
.  

ɽʩʣʠ ʫʯʠʪʳʚʘʪʴ ʠʥʜʫʢʮʠʦʥʥʳʝ ʩʠʣʳ ʧʨʠ ʢʫʣʦʥʦʚʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ, ʪʦ 

ʧʨʦʠʩʭʦʜʷʪ ʢʦʣʝʙʘʥʠʷ ʜʚʫʭ ʦʩʮʠʣʣʷʪʦʨʦʚ, ʦʪʥʦʰʝʥʠʝ ʠʭ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ 

2 2

2 25

1 1

1

1
ki

ki

Z

Z

w e

w e

å õ å õ¡ -
=æ ö æ ö

¡¡ -ç ÷ç ÷
. 

ɽʩʣʠ ʧʨʠʥʠʤʘʪʴ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ 
9

0 4.0 10R -= Ö m, ʪʦ 

( )
3

0 0 /ki R Rw w¡ ¡¡= . 

ʇʨʠ ʵʪʦʤ 
6

0 ~10w¡¡ rad/s, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʦʣʷ ʠʥʜʫʢʮʠʦʥʥʳʭ ʩʠʣ ʥʘ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʣʘʥʩ ʥʘ ʤʥʦʛʦ ʤʝʥʴʰʝ, ʥʦ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʟʘʧʘʩʘʥʠʷ ʵʥʝʨʛʠʠ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʢʦʣʝʙʘʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʪʦʣʴʢʦ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʦʩʪʦʷʥʥʳʭ, ʢʦʥʪʘʢʪʠʨʫʶʱʠʭʩʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ. 



ð 52 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʈʘʩʯʝʪ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʵʣʝʢʪʨʦʥʦʚ ʚ ʊʦʤʘʩ-ʌʝʨʤʠʝʚʩʢʦʤ 

ʧʦʪʝʥʮʠʘʣʝ 

ɽʩʣʠ ʵʣʝʢʪʨʦʥ ʥʘʭʦʜʠʪʩʷ ʚ ʦʢʨʫʞʝʥʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʘ, ʪʦ ʧʨʠ 

1 211.2, 8.1e e= =  ʨʘʚʥʦʚʝʩʠʝ ʥʘʭʦʜʠʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 
124 10mx -= Ö  m ʦʪ ʢʨʘʷ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʘ. ʇʨʠ ʵʪʦʤ ʠʤʝʝʪ ʤʝʩʪʦ ʢʦʣʝʙʘʥʠʝ ʩ ʯʘʩʪʦʪʘʤʠ 
Tiw  ʠ 

Tiw¡, 
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2 2 0 10
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g m
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e e
w

-
¡ =

+
, 

ʛʜʝ 
0V - ʢʣʘʩʩʠʯʝʩʢʦʡ ʦʙʲʝʤ ʵʣʝʢʪʨʦʥʘ.  

ʇʦʜʩʪʘʚʣʷʷ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ, ʧʦʣʫʯʘʝʤ, ʯʪʦ  
2 1611 10Tiw = Ö (rad/s)2, 

2 16( ) 3.1 10Tiw¡ = Ö (rad/s)2. 

ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʥʘ ʵʣʝʢʪʨʦʥ ʜʝʡʩʪʚʫʶʪ ʢʫʣʦʥʦʚʩʢʠʝ, ʊʦʤʘʩʘ-

ʌʝʨʤʠʝʚʩʢʠʝ ʧʦʪʝʥʮʠʘʣʳ ʠ ʧʦʪʝʥʮʠʘʣʳ ʠʥʜʫʢʮʠʦʥʥʳʭ ʩʠʣ. ʇʨʠ ʵʪʦʤ ʚʦʩʧʦʣʴʟʫʝʤʩʷ 

ʜʠʘʛʨʘʤʤʦʡ ʩʣʦʞʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ. ɺ ʥʘʰʠʭ ʨʘʩʯʝʪʘʭ ʦʧʨʝʜʝʣʝʥʳ 

ʢʚʘʜʨʘʪʳ ʯʘʩʪʦʪ ʦʪʜʝʣʴʥʳʭ ʦʩʮʠʣʣʷʪʦʨʦʚ, ʧʦʵʪʦʤʫ ʦʥʠ ʩʢʘʣʷʨʥʳʝ ʚʝʣʠʯʠʥʳ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʵʥʝʨʛʠʶ ʦʩʮʠʣʣʷʪʦʨʦʚ. ʆʜʥʘʢʦ ʠʭ ʘʨʠʬʤʝʪʠʯʝʩʢʘʷ ʩʫʤʤʘ ʵʥʝʨʛʠʠ ʵʪʠʭ 

ʦʩʮʠʣʣʷʪʦʨʦʚ ʥʝ ʜʘʝʪ ʧʦʣʥʫʶ ʵʥʝʨʛʠʶ, ʪʘʢ ʢʘʢ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʧʦʛʘʩʷʪ ʵʥʝʨʛʠʶ 

ʜʨʫʛʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ ʟʘʧʘʩʝʥʥʫʶ ʚ 

ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʵʥʝʨʛʠʶ. ʇʦʵʪʦʤʫ ʚ ʨʘʙʦʪʝ [5], ʧʨʠʥʠʤʘʷ ʨʘʩʩʤʦʪʨʝʥʥʫʶ 

ʩʠʩʪʝʤʫ ʢʦʣʝʙʘʥʠʡ ʦʩʮʠʣʣʷʪʦʨʦʚ, ʢʘʢ ʜʚʘ ʩʚʷʟʘʥʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʢʦʥʪʫʨʦʚ 

ʦʧʨʝʜʝʣʝʥʳ ʬʦʨʤʫʣʳ 

2 2

1 2

1 1 2
,

bLC LC C L
w w= = + . 

ʕʣʝʢʪʨʦʬʠʟʠʯʝʩʢʘʷ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʩʭʝʤʘ ʢʦʥʪʘʢʪʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 
ʈʠʩ. 3. ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʩʭʝʤʘ ʢʦʥʪʘʢʪʘ. 

 

ʊʘʢ ʢʘʢ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ T   ʚʩʷ ʵʥʝʨʛʠʷ, ʟʘʧʘʩʝʥʥʘʷ ʚ ʧʝʨʚʦʤ ʢʦʣʝʙʘʪʝʣʴʥʦʤ 

ʢʦʥʪʫʨʝ, ʧʝʨʝʭʦʜʠʪ ʢʦ ʚʪʦʨʦʤʫ ʢʦʣʝʙʘʪʝʣʴʥʦʤʫ ʢʦʥʪʫʨʫ, ʪʦ ʵʪʠ ʵʥʝʨʛʠʠ ʧʦʣʥʦʩʪʴʶ 

ʟʘʧʘʩʘʶʪʩʷ ʚ ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʧʦʣʷʭ. ʊʦʛʜʘ ʧʦʣʫʯʘʝʤ, ʯʪʦ 

( )

2
20
06

0

2 40

2b g

e k

C L m R
w= = . 

ʇʨʠ ʵʪʦʤ ʘʤʧʣʠʪʫʜʘ ʤʦʜʫʣʠʨʦʚʘʥʥʳʭ ʚʦʣʥ ʙʫʜʝʪ ʨʘʚʥʘ ʥʫʣʶ. ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʨʝʟʦʥʘʥʩʥʳʝ ʷʚʣʝʥʠʷ ʚ ʩʚʷʟʘʥʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʢʦʥʪʫʨʘʭ ʧʨʦʠʩʭʦʜʷʪ ʚ ʜʚʫʭ ʨʘʟʥʳʭ 

ʯʘʩʪʦʪʘʭ. ɿʘʧʘʩʝʥʥʘʷ ʵʥʝʨʛʠʷ ʩʦʟʜʘʝʪ ʕɼʉ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ 
2 2

0w w<  ʠ 

2 2 2

0 2w w w¢ ¢  ʠʥʪʝʨʚʘʣʝ ʥʘʙʣʶʜʘʶʪʩʷ ʨʝʟʦʥʘʥʩʳ, ʧʨʠʯʝʤ ʕɼʉ ʠʤʝʝʪ ʜʚʝ ʨʘʟʥʳʝ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 53 ð   

 

ʧʦʣʷʨʥʦʩʪʠ. ʅʘ ʨʠʩ. 2 ʚʠʜʥʦ, ʯʪʦ ʧʨʠʙʦʨ ʠʤʝʝʪ ʪʨʠ ʫʩʪʦʡʯʠʚʳʭ ʩʦʩʪʦʷʥʠʷ ( 1, 0, 1)+ -, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʦʪ ʵʬʬʝʢʪ ʢʘʢ ʧʝʨʝʢʣʶʯʘʪʝʣʴ ʚ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ 

ʩʭʝʤʘʭ [5]. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʪʘʢʦʡ ʵʬʬʝʢʪ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʤʥʦʛʦʩʣʦʡʥʳʭ 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ GaAs ʠ ZnSe n-ʪʠʧʘ ʧʨʦʚʦʜʠʤʦʩʪʠ [2] ʠ 

Ge-GaAs [3]. 

ɿʘʢʣʶʯʝʥʠʷ 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʤʦʪʨʝʥʥʘʷ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚ 

ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʭʘʨʘʢʪʝʨʥʳʝ ʯʘʩʪʦʪʳ, 

ʧʨʠ ʢʦʪʦʨʳʭ ʕɼʉ ʠʤʝʝʪ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. ʆʧʨʝʜʝʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪʳ, 

ʧʨʠ ʢʦʪʦʨʳʭ ʕɼʉ, ʤʝʥʷʝʪ ʟʥʘʢ, ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʜʘʥʥʳʤʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʘʢʩʠʤʫʤʳ ʕɼʉ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʘʣʴʥʘ ʢ ʯʠʩʣʫ ʩʣʦʝʚ, ʠ ʠʤʝʶʪ 

ʩʣʦʞʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʤʦʣʝʢʫʣʳ, ʠ ʪʦʣʱʠʥʳ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʘ. ʏʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʵʪʠʭ ʚʝʣʠʯʠʥ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʚ ʨʘʤʢʘʭ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʈʘʩʩʤʦʪʨʝʥʥʫʶ 

ʤʥʦʛʦʩʣʦʡʥʫʶ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʫʶ ʩʪʨʫʢʪʫʨʫ ʠʟ nGaAs ʠ nZnSe ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ 

ʧʝʨʝʢʣʶʯʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʪʘʢ ʢʘʢ ʚʨʝʤʷ ʧʝʨʝʢʣʶʯʝʥʠʷ ʠʭ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦ. 

***  
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ɸʥʥʦʪʘʮʠʷ 
ʋʢʨʫʧʥʝʥʥʘʷ ʜʠʜʘʢʪʠʯʝʩʢʘʷ ʝʜʠʥʠʮʘ ʦʙʣʘʜʘʝʪ ʢʘʯʝʩʪʚʘʤʠ ʩʠʩʪʝʤʥʦʩʪʠ ʠ 

ʮʝʣʦʩʪʥʦʩʪʠ, ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʩʦʭʨʘʥʝʥʠʶ ʚʦ ʚʨʝʤʝʥʠ ʠ ʙʳʩʪʨʳʤ ʧʨʦʷʚʣʝʥʠʝʤ ʚ 
ʧʘʤʷʪʠ. ʆʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʋɼɽ ʧʨʠʦʙʨʝʪʘʝʪ ʚ ʫʩʣʦʚʠʷʭ ʚʚʝʜʝʥʠʷ ʌɻʆʉ. ʇʨʠʥʮʠʧʳ 
ʪʝʭʥʦʣʦʛʠʠ ʋɼɽ ʩʧʦʩʦʙʩʪʚʫʶʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʫʯʝʙʥʳʭ ʜʝʡʩʪʚʠʡ, 
ʢʣʶʯʝʚʳʭ ʤʝʪʘʧʨʝʜʤʝʪʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ, ʨʘʟʚʠʪʠʶ ʫʯʝʙʥʦ-ʧʦʟʥʘʚʘʪʝʣʴʥʳʭ 
ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʙʫʯʘʶʱʠʭʩʷ. ɻʣʘʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʫʢʨʫʧʥʝʥʠʷ ʝʜʠʥʠʮʳ ʫʩʚʦʝʥʠʷ ï 
ʩʦʟʜʘʥʠʝ ʫʩʣʦʚʠʡ ʜʣʷ ʧʦʩʪʠʞʝʥʠʷ ʙʦʛʘʪʩʪʚʘ ʩʚʷʟʝʡ ʠ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ 
ʝʜʠʥʦʛʦ ʟʥʘʥʠʷ (ʇ.ʄ.ʕʨʜʥʠʝʚ). ʆʜʥʠʤ ʠʟ ʩʨʝʜʩʪʚ ʫʢʨʫʧʥʝʥʠʷ ʝʜʠʥʠʮʳ ʫʩʚʦʝʥʠʷ 
ʩʣʫʞʠʪ ʤʘʪʨʠʯʥʘʷ ʩʠʩʪʝʤʘ ʬʠʢʩʘʮʠʠ ʫʯʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ.  

ɼʣʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʠʪʦʛʦʚʦʡ ʘʪʪʝʩʪʘʮʠʠ ʧʦ ʧʨʦʛʨʘʤʤʘʤ ʩʨʝʜʥʝʛʦ ʦʙʱʝʛʦ 
ʦʙʨʘʟʦʚʘʥʠʷ ʧʦ ʭʠʤʠʠ ʚ 2022 ʛ. ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʘʷ ʤʦʜʝʣʴ ɽɻʕ (ʧʨʦʝʢʪ) ʧʦ 
ʭʠʤʠʠ ʜʣʷ ʦʙʱʝʩʪʚʝʥʥʦ-ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʩʫʞʜʝʥʠʷ. ʇʨʝʜʣʘʛʘʶʪʩʷ ʥʝʢʦʪʦʨʳʝ 
ʠʟʤʝʥʝʥʠʷ, ʢʘʢ ʚ ʩʪʨʫʢʪʫʨʝ, ʪʘʢ ʠ ʚ ʩʦʜʝʨʞʘʥʠʠ ʵʢʟʘʤʝʥʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. ʂ ʧʨʠʤʝʨʫ, 
ʟʘʜʘʥʠʝ ˉ 20 ʚ ʯʘʩʪʠ 1 ʂʀʄ  ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʳ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩ ʦʜʠʥʘʢʦʚʦʡ 
ʤʦʣʷʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ. ɼʣʷ ʚʝʱʝʩʪʚ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʧʝʨʝʯʥʝ, ʥʝʦʙʭʦʜʠʤʦ 
ʦʧʨʝʜʝʣʠʪʴ ʩʨʝʜʫ ʠʭ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩ ʦʜʠʥʘʢʦʚʦʡ ʤʦʣʷʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ, ʥʦ ʠ 
ʟʘʧʠʩʘʪʴ ʥʦʤʝʨʘ ʚʝʱʝʩʪʚ ʚ ʧʦʨʷʜʢʝ ʚʦʟʨʘʩʪʘʥʠʷ ʟʥʘʯʝʥʠʷ ʨʅ ʠʭ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ. 
ɼʘʥʥʦʝ ʟʘʜʘʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʚʳʷʚʣʝʥʠʝ ʟʥʘʥʠʡ ʦ ʚʦʜʦʨʦʜʥʦʤ ʧʦʢʘʟʘʪʝʣʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʣʠʪʳ, ʩʨʝʜʘ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʵʣʝʢʪʨʦʣʠʪʘ, 
ʚʦʜʦʨʦʜʥʳʡ ʧʦʢʘʟʘʪʝʣʴ, ʤʘʪʨʠʮʘ, ʧʝʨʩʧʝʢʪʠʚʥʘʷ ʤʦʜʝʣʴ ɽɻʕ (ʧʨʦʝʢʪ) 2022 ʛ. 

 
Abstract 
A consolidated didactic unit is consistent and holistic, stable to time conservation and 

quick emergence in memory. A CDU gets a special actuality in the conditions of Federal State 
Educational Standard introduction. Principles of Technology of Consolidation didactic units 
contribute to forming of universal training activities, key interdisciplinary competences, 
growth of educational and informative possibilities of students. The main feature of 
consolidation assimilation unit is to create conditions for understanding of connections and 
junctions between among components of unified knowledge (P.M. Erdniev). One means of 
consolidation assimilation unit is a matrix system of educational information fixation. 

For the state final examination in chemistry on general secondary education in 2022 a 
perspective Unified state examination model in chemistry is offered for social and 
professional discussion. Some changes both in the structure and in the content of the exam 
paper are offered. For example, task 20, part 1 of the exam paper, is to identify the 
environment of the aqueous solution with the similar molar concentration. Foe the substances 
given in the list it is necessary both to identify the environment of their aqueous solutions 
with the similar molar concentration and to write down the numbers of the substances in order 
of increase Ph value of their aqueous solutions. This task aims to reveal the hydrogen index 
knowledge. 

Keywords: electrolytes, electrolyteôs environment of aqueous solution, hydrogen 

index, matrix, perspective USE model (project) 2022. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 55 ð   

 

ɺ ʨʘʩʪʚʦʨʘʭ ʨʘʟʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʤʦʛʫʪ 

ʠʟʤʝʥʷʪʴʩʷ. ɼʝʩʷʪʠʯʥʳʡ ʣʦʛʘʨʠʬʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʥʘʟʳʚʘʝʪʩʷ 

ʚʦʜʦʨʦʜʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ: ʨʅ = ï lg [H+]. 

ʇʨʠ 25 Áʉ ʚ ʯʠʩʪʦʡ ʚʦʜʝ: ʨʅ = 7 ʠ ʨʆʅ = 7, ʪ. ʢ. ʢʦʥʮʝʥʪʨʘʮʠʠ  ʢʘʪʠʦʥʦʚ ʅ+ ʠ 

ʘʥʠʦʥʦʚ ʆʅ- ʨʘʚʥʳ 1 Ā 10-7 ʤʦʣʴ/ʣ, ʧʦʵʪʦʤʫ ʨʅ + ʨʆʅ = 14. 

ɺ ʨʘʟʙʘʚʣʝʥʥʳʭ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʟʥʘʯʝʥʠʝ ʨʅ ʤʦʞʝʪ ʙʳʪʴ ʨʘʚʥʦ 

ʨʅ ʯʠʩʪʦʡ ʚʦʜʳ ʧʨʠ 25 Áʉ.  ʨʅ = 7, ʩʨʝʜʘ ʥʝʡʪʨʘʣʴʥʘʷ. ɺ ʢʠʩʣʳʭ ʨʘʩʪʚʦʨʘʭ ʨʅ < 7, 

ʩʨʝʜʘ ʢʠʩʣʦʪʥʘʷ, ʘ ʚ ʱʝʣʦʯʥʳʭ ʨʘʩʪʚʦʨʘʭ  pH > 7, ʩʨʝʜʘ ʱʝʣʦʯʥʘʷ. ʐʢʘʣʘ ʢʠʩʣʦʪʥʦʩʪʠ 

ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ ʨʅ ʦʪ1 ï 14 (ʧʨʘʢʪʠʯʝʩʢʘʷ ʰʢʘʣʘ ʨʅ = 1 ï 13). 

ɿʘʜʘʥʠʝ. ɼʣʷ ʵʣʝʢʪʨʦʣʠʪʦʚ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʤʘʪʨʠʮʝ, ʦʧʨʝʜʝʣʠʪʝ ʩʨʝʜʫ ʠʭ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩ ʦʜʠʥʘʢʦʚʦʡ ʤʦʣʷʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ. ʈʘʩʧʦʣʦʞʠʪʝ ʵʣʝʢʪʨʦʣʠʪʳ ʚ 

ʧʦʨʷʜʢʝ ʚʦʟʨʘʩʪʘʥʠʷ (ʫʙʳʚʘʥʠʷ) ʟʥʘʯʝʥʠʷ ʚʦʜʦʨʦʜʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʨʅ ʠʭ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ. 

ʄʘʪʨʠʮʘ 1 

pH ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʵʣʝʢʪʨʦʣʠʪʦʚ 

ˉ 
ʬʦʨʤʫʣʳ 

ʵʣʝʢʪʨʦʣʠʪʦʚ 

pH < 7, ʩʨʝʜʘ 

ʢʠʩʣʦʪʥʘʷ 

pH = 7, ʩʨʝʜʘ 

ʥʝʡʪʨʘʣʴʥʘʷ 

pH > 7, ʩʨʝʜʘ 

ʱʝʣʦʯʥʘʷ 

1 H2SO4    

2 K2SO4    

3 KHSO4    

4 K2SO3    

 

1 ɼʠʩʩʦʮʠʘʮʠʷ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʚ ʨʘʟʙʘʚʣʝʥʥʦʤ ʨʘʩʪʚʦʨʝ:   

H2SO4 = H+  + ʅSO4
- (Ŭ Ÿ 1) 1 ʩʪʫʧʝʥʴ, HSO4

- = H+  + SO4
2- (Ŭ Ÿ1) 2 ʩʪʫʧʝʥʴ 

ʋʨʘʚʥʝʥʠʝ ʜʠʩʩʦʮʠʘʮʠʠ: H2SO4 = 2H+  + SO4
2- 

ɺ 0,1 ʥ ʨʘʩʪʚʦʨʝ H2SO4 ʨʅ = 1,2, ʩʨʝʜʘ ʩʠʣʴʥʦʢʠʩʣʦʪʥʘʷ. 

3. ɼʠʩʩʦʮʠʘʮʠʷ ʢʠʩʣʦʡ ʩʦʣʠ:  KHSO4 = K+ + HSO4
- 

ɼʠʩʩʦʮʠʘʮʠʷ ʛʠʜʨʦʩʫʣʴʬʘʪ-ʠʦʥʘ:  HSO4
- = H+  + SO4

2- 

ɺ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʧʦʷʚʣʷʝʪʩʷ ʠʟʙʳʪʦʢ ʠʦʥʦʚ H+ , pH < 7, ʩʨʝʜʘ ʢʠʩʣʦʪʥʘʷ. 

4. ɼʠʩʩʦʮʠʘʮʠʷ ʩʨʝʜʥʝʡ ʩʦʣʠ:  K2SO3 = 2K+ + SO3 
2- 

ʆʙʨʘʪʠʤʳʡ ʛʠʜʨʦʣʠʟ: H2O (ʞ) + SO3
2-
(ʨ-ʨ) ź HSO3

- (ʨ-ʨ) + OH- (ʨ-ʨ)  (-  Q)      

ɺ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʧʦʷʚʣʷʝʪʩʷ ʠʟʙʳʪʦʢ ʠʦʥʦʚ OH-, pH  > 7, ʩʨʝʜʘ ʱʝʣʦʯʥʘʷ. 

ɿʥʘʯʝʥʠʷ pH ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʵʣʝʢʪʨʦʣʠʪʦʚ ʚʦʟʚʨʘʩʪʘʝʪ ʚ ʨʷʜʫ: H2SO4 , KHSO4 

,K2SO4 ,K2SO3 . 

ʄʘʪʨʠʮʘ 2 

pH ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʵʣʝʢʪʨʦʣʠʪʦʚ 

ˉ 
ʬʦʨʤʫʣʳ 

ʵʣʝʢʪʨʦʣʠʪʦʚ 

pH < 7, ʩʨʝʜʘ 

ʢʠʩʣʦʪʥʘʷ 

pH = 7, ʩʨʝʜʘ 

ʥʝʡʪʨʘʣʴʥʘʷ 

pH > 7, ʩʨʝʜʘ 

ʱʝʣʦʯʥʘʷ 

1 K2ʉO3    

2 K2CrO4    

3 H2CrO4    

4 KHCrO4    

 

1. ɼʠʩʩʦʮʠʘʮʠʷ ʩʨʝʜʥʝʡ ʩʦʣʠ:  K2ʉO3 = 2K+ + ʉO3 
2- 

ʆʙʨʘʪʠʤʳʡ ʛʠʜʨʦʣʠʟ: H2O (ʞ) + ʉO3
2-
(ʨ-ʨ) ź HʉO3

- (ʨ-ʨ) + OH- (ʨ-ʨ)  (-  Q)      

ɺ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʧʦʷʚʣʷʝʪʩʷ ʠʟʙʳʪʦʢ ʠʦʥʦʚ OH-, pH  > 7, ʩʨʝʜʘ ʱʝʣʦʯʥʘʷ. 

3. ɼʠʩʩʦʮʠʘʮʠʷ H2CrO4: H2CrO4 = H+ + HCrO4
- (Ŭ Ÿ 1) 1 ʩʪʫʧʝʥʴ 

ɼʠʩʩʦʮʠʘʮʠʷ ʛʠʜʨʦʭʨʦʤʘʪ-ʠʦʥʘ:  HʉrO4
- ź H+  + CrO4

2- 

ɺ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʧʦʷʚʣʷʝʪʩʷ ʠʟʙʳʪʦʢ ʠʦʥʦʚ H+ , pH < 7, ʩʨʝʜʘ ʢʠʩʣʦʪʥʘʷ. 

4. ɼʠʩʩʦʮʠʘʮʠʷ ʢʠʩʣʦʡ ʩʦʣʠ:  KHCrO4 = K+ + HCrO4
- ; HʉrO4

- ź H+  + CrO4
2- 



ð 56 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ɺ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʧʦʷʚʣʷʝʪʩʷ ʠʟʙʳʪʦʢ ʠʦʥʦʚ H+ , pH < 7, ʩʨʝʜʘ ʢʠʩʣʦʪʥʘʷ. 

ɿʥʘʯʝʥʠʷ pH ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʵʣʝʢʪʨʦʣʠʪʦʚ ʫʙʳʚʘʝʪ ʚ ʨʷʜʫ: K2ʉO3 , K2CrO4 , 

KHCrO4 , H2CrO4 . 

ʄʘʪʨʠʮʘ 3 

pH ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʵʣʝʢʪʨʦʣʠʪʦʚ 

ˉ 
ʬʦʨʤʫʣʳ 

ʵʣʝʢʪʨʦʣʠʪʦʚ 

pH < 7, ʩʨʝʜʘ 

ʢʠʩʣʦʪʥʘʷ 

pH = 7, ʩʨʝʜʘ 

ʥʝʡʪʨʘʣʴʥʘʷ 

pH > 7, ʩʨʝʜʘ 

ʱʝʣʦʯʥʘʷ 

1 NaHʉO3    

2 Na2CO3    

3 NaNO3    

4 H2CO3    

 

1. ɼʠʩʩʦʮʠʘʮʠʷ ʢʠʩʣʦʡ ʩʦʣʠ:  NaHCO3 = Na+ + HCO3
- 

ʆʙʨʘʪʠʤʳʡ ʛʠʜʨʦʣʠʟ: H2O (ʞ) + HCO3
-
(ʨ-ʨ) ź H2CO3 (ʨ-ʨ) + OH- (ʨ-ʨ)  (-  Q) 

ɺ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʧʦʷʚʣʷʝʪʩʷ ʠʟʙʳʪʦʢ ʠʦʥʦʚ OH-, pH  > 7, ʩʨʝʜʘ ʱʝʣʦʯʥʘʷ. 

2. ɼʠʩʩʦʮʠʘʮʠʷ ʩʨʝʜʥʝʡ ʩʦʣʠ:  Na2CO3 = 2Na+ + CO3 
2- 

ʆʙʨʘʪʠʤʳʡ ʛʠʜʨʦʣʠʟ: H2O (ʞ) + CO3
2-
(ʨ-ʨ) ź HCO3

- (ʨ-ʨ) + OH- (ʨ-ʨ)  (-  Q)      

ɺ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʧʦʷʚʣʷʝʪʩʷ ʠʟʙʳʪʦʢ ʠʦʥʦʚ OH-, pH  > 7, ʩʨʝʜʘ 

ʩʠʣʴʥʦʱʝʣʦʯʥʘʷ. ɿʥʘʯʝʥʠʷ pH ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʵʣʝʢʪʨʦʣʠʪʦʚ ʚʦʟʚʨʘʩʪʘʝʪ ʚ ʨʷʜʫ: 

H2CO3 , NaNO3 , NaHʉO3 , Na2CO3 . 

ʄʘʪʨʠʮʘ 4 

pH ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʵʣʝʢʪʨʦʣʠʪʦʚ 

ˉ 
ʬʦʨʤʫʣʳ 

ʵʣʝʢʪʨʦʣʠʪʦʚ 

pH < 7, ʩʨʝʜʘ 

ʢʠʩʣʦʪʥʘʷ 

pH = 7, ʩʨʝʜʘ 

ʥʝʡʪʨʘʣʴʥʘʷ 

pH > 7, ʩʨʝʜʘ 

ʱʝʣʦʯʥʘʷ 

1 KH2PO4    

2 K3PO4    

3 H3PO4    

4 K2HPO4    

 

1. ɼʠʩʩʦʮʠʘʮʠʷ ʢʠʩʣʦʡ ʩʦʣʠ: KH2PO4 = K+  + H2PO4 
- 

ɼʠʩʩʦʮʠʘʮʠʷ ʜʠʛʠʜʨʦʬʦʩʬʘʪ-ʠʦʥʘ:  H2PO4 
- ź H+  + HʈO4

2- 

ɺ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʧʦʷʚʣʷʝʪʩʷ ʠʟʙʳʪʦʢ ʠʦʥʦʚ H+ , pH < 7, ʩʨʝʜʘ ʢʠʩʣʦʪʥʘʷ. 

2. ʆʙʨʘʪʠʤʳʡ ʛʠʜʨʦʣʠʟ: H2O (ʞ) + PO4
3-
(ʨ-ʨ) ź HPO4

2- (ʨ-ʨ) + OH- (ʨ-ʨ)  (-  Q) 

ɺ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ K3PO4  pH  > 7, ʩʨʝʜʘ ʩʠʣʴʥʦʱʝʣʦʯʥʘʷ. 

3. ɼʠʩʩʦʮʠʘʮʠʷ H3PO4: H3PO4 ź H
+  + H2PO4 

- 

ɺ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ H3PO4  pH  < 7, ʩʨʝʜʘ ʢʠʩʣʦʪʥʘʷ. 

4. ɼʠʩʩʦʮʠʘʮʠʷ ʢʠʩʣʦʡ ʩʦʣʠ: K2HPO4 = 2K+  + HPO4
2 - 

ʆʙʨʘʪʠʤʳʡ ʛʠʜʨʦʣʠʟ: H2O (ʞ)  + HPO4
2-
(ʨ-ʨ) ź H2PO4

- (ʨ-ʨ) + OH- (ʨ-ʨ)  (-  Q) 

ɺ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʧʦʷʚʣʷʝʪʩʷ ʠʟʙʳʪʦʢ ʠʦʥʦʚ OH-, pH  > 7, ʩʨʝʜʘ ʱʝʣʦʯʥʘʷ. 

ɿʥʘʯʝʥʠʷ pH ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʵʣʝʢʪʨʦʣʠʪʦʚ ʚʦʟʚʨʘʩʪʘʝʪ ʚ ʨʷʜʫ: H3PO4 , 

KH2PO4, K2HPO4, K3PO4 . 

ɿʘʜʘʥʠʝ 5. ʉʦʩʪʘʚʴʪʝ ʤʘʪʨʠʮʫ, ʠʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʳ ʵʣʝʢʪʨʦʣʠʪʦʚ: NaHS, 

NaClO4, H2S, Na2S. ʆʧʨʝʜʝʣʠʪʝ ʩʨʝʜʫ ʠʭ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩ ʦʜʠʥʘʢʦʚʦʡ ʤʦʣʷʨʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʠ ʟʥʘʯʝʥʠʷ ʨʅ. ʈʘʩʧʦʣʦʞʠʪʝ ʵʣʝʢʪʨʦʣʠʪʳ ʧʦ ʤʝʨʝ  ʫʙʳʚʘʥʠʷ ʟʥʘʯʝʥʠʷ 

ʨʅ ʠ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʪʠʦʥʘ ʅ+ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʩ 

ʦʜʠʥʘʢʦʚʦʡ ʤʦʣʷʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ.  

ɿʥʘʯʝʥʠʷ pH ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʵʣʝʢʪʨʦʣʠʪʦʚ ʫʙʳʚʘʝʪ ʚ ʜʘʥʥʦʤ ʨʷʜʫ: Na2S,  

NaHS, NaClO4, H2S. ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʪʠʦʥʘ ʅ+ (ʫʤʝʥʴʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʛʠʜʨʦʢʩʠʜ-ʠʦʥʘ): Na2S,  NaHS, NaClO4, H2S. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 57 ð   

 
ɿʘʜʘʥʠʝ 6. ʉʦʩʪʘʚʴʪʝ ʤʘʪʨʠʮʫ, ʠʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʳ ʵʣʝʢʪʨʦʣʠʪʦʚ: C6H5ONa, 

Cʅ3ʉOONa, ʉʅ3ʉʆʆʅ, CCl3COOH. ʆʧʨʝʜʝʣʠʪʝ ʩʨʝʜʫ ʠʭ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩ 
ʦʜʠʥʘʢʦʚʦʡ ʤʦʣʷʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʠ ʟʥʘʯʝʥʠʷ ʨʅ. ʈʘʩʧʦʣʦʞʠʪʝ ʵʣʝʢʪʨʦʣʠʪʳ ʧʦ 
ʤʝʨʝ ʚʦʟʨʘʩʪʘʥʠʷ ʨʅ ʠ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʪʠʦʥʘ ʅ+ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ 
ʵʣʝʢʪʨʦʣʠʪʦʚ ʩ ʦʜʠʥʘʢʦʚʦʡ ʤʦʣʷʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ.  

ɿʥʘʯʝʥʠʷ pH ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʵʣʝʢʪʨʦʣʠʪʦʚ ʚʦʟʨʘʩʪʘʝʪ ʚ ʜʘʥʥʦʤ ʨʷʜʫ: 
CCl3COOH, ʉʅ3ʉʆʆʅ, C6H5ONa, Cʅ3ʉOONa. ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʪʠʦʥʘ ʅ+ 
(ʫʤʝʥʴʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʠʜʨʦʢʩʠʜ-ʠʦʥʘ): Cʅ3ʉOONa, C6H5ONa, ʉʅ3ʉʆʆʅ, 
CCl3COOH. 

ɿʘʜʘʥʠʝ 7. ʉʦʩʪʘʚʴʪʝ ʤʘʪʨʠʮʫ, ʠʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʳ ʵʣʝʢʪʨʦʣʠʪʦʚ: NH4F, HNCS, 
CH3COONH4, NH4CN. ʆʧʨʝʜʝʣʠʪʝ ʩʨʝʜʫ ʠʭ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩ ʦʜʠʥʘʢʦʚʦʡ ʤʦʣʷʨʥʦʡ 
ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʠ ʟʥʘʯʝʥʠʷ ʨʅ.  ʈʘʩʧʦʣʦʞʠʪʝ ʵʣʝʢʪʨʦʣʠʪʳ ʧʦ ʤʝʨʝ ʚʦʟʨʘʩʪʘʥʠʷ ʨʅ ʠ 
ʫʤʝʥʴʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʪʠʦʥʘ ʅ+ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʩ ʦʜʠʥʘʢʦʚʦʡ 
ʤʦʣʷʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ.  

ɿʥʘʯʝʥʠʷ pH ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʵʣʝʢʪʨʦʣʠʪʦʚ ʚʦʟʨʘʩʪʘʝʪ ʚ ʜʘʥʥʦʤ ʨʷʜʫ: HNCS, 
NH4F,  CH3COONH4, NH4CN. ʋʤʝʥʴʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʪʠʦʥʘ ʅ+ (ʫʚʝʣʠʯʝʥʠʝ 
ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʠʜʨʦʢʩʠʜ-ʠʦʥʘ): HNCS, NH4F, CH3COONH4, NH4CN. 

ɿʘʜʘʥʠʝ 8. ʉʦʩʪʘʚʴʪʝ ʤʘʪʨʠʮʫ, ʠʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʳ ʵʣʝʢʪʨʦʣʠʪʦʚ: Cʅ2ClCOOH, 
ʉʅCl2ʉʆʆʅ, Cʅ3NH2, NH2CH2COOH. ʆʧʨʝʜʝʣʠʪʝ ʩʨʝʜʫ ʠʭ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩ 
ʦʜʠʥʘʢʦʚʦʡ ʤʦʣʷʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʠ ʟʥʘʯʝʥʠʷ ʨʅ. ʈʘʩʧʦʣʦʞʠʪʝ ʵʣʝʢʪʨʦʣʠʪʳ ʧʦ 
ʤʝʨʝ ʚʦʟʨʘʩʪʘʥʠʷ ʨʅ ʠ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʪʠʦʥʘ ʅ+ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ 
ʵʣʝʢʪʨʦʣʠʪʦʚ ʩ ʦʜʠʥʘʢʦʚʦʡ ʤʦʣʷʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ.  

ɿʥʘʯʝʥʠʷ pH ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʵʣʝʢʪʨʦʣʠʪʦʚ ʚʦʟʨʘʩʪʘʝʪ ʚ ʜʘʥʥʦʤ ʨʷʜʫ: 
ʉʅCl2ʉʆʆʅ, Cʅ2ClCOOH, NH2CH2COOH, Cʅ3NH2. ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʪʠʦʥʘ 
ʅ+ (ʫʤʝʥʴʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʠʜʨʦʢʩʠʜ-ʠʦʥʘ): Cʅ3NH2, NH2CH2COOH, Cʅ2ClCOOH, 
ʉʅCl2ʉʆʆʅ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʯʝʤ ʥʠʞʝ ʟʥʘʯʝʥʠʝ ʨʅ, ʪʝʤ ʙʦʣʴʰʝ 
ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʘʪʠʦʥʘ ʅ+, ʥʦ ʤʝʥʴʰʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʛʠʜʨʦʢʩʠʜ-ʠʦʥʘ ʚ ʚʦʜʥʳʭ 
ʨʘʩʪʚʦʨʘʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʩ ʦʜʠʥʘʢʦʚʦʡ ʤʦʣʷʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ. ʋɼɽ ï ʩʦʟʜʘʥʠʝ 
ʫʩʣʦʚʠʡ ʜʣʷ ʧʦʩʪʠʞʝʥʠʷ ʙʦʛʘʪʩʪʚʘ ʩʚʷʟʝʡ ʠ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʝʜʠʥʦʛʦ 
ʟʥʘʥʠʷ (ʇ.ʄ.ʕʨʜʥʠʝʚ). 

***  

1. ʂʫʟʴʤʝʥʢʦ ʅ.ɽ, ʊʝʨʝʥʠʥ ɺ.ʀ. ʍʠʤʠʷ: ʌʦʨʤʫʣʳ ʫʩʧʝʭʘ ʥʘ ʚʩʪʫʧʠʪʝʣʴʥʳʭ ʵʢʟʘʤʝʥʘʭ. ï ʄ.: 
ʄʦʩʢʦʚʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ. ʅʘʫʢʘ, 2006. 373 ʩ. 

2. ʃʠʜʠʥ ʈ.ɸ, ɸʣʠʢʙʝʨʦʚʘ ʃ.ʖ. ʍʠʤʠʷ. ʉʧʨʘʚʦʯʥʠʢ ʜʣʷ ʩʪʘʨʰʝʢʣʘʩʩʥʠʢʦʚ ʠ ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʚʫʟʳ. ï 
ʄ.:ɸʩʪ-ʇʨʝʩʩ ʰʢʦʣʘ, 2007. 511 ʩ. 

3. ʇʝʨʩʧʝʢʪʠʚʥʘʷ ʤʦʜʝʣʴ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʠʪʦʛʦʚʦʡ ʘʪʪʝʩʪʘʮʠʠ ʧʦ 
ʧʨʦʛʨʘʤʤʘʤ ʩʨʝʜʥʝʛʦ ʦʙʱʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦ ʭʠʤʠʠ (ʧʨʦʝʢʪ). ɼʝʤʦʥʩʪʨʘʮʠʦʥʥʳʡ ʚʘʨʠʘʥʪ. ï ʄ.: 
ʌɻɹʅʋ çʌʀʇʀè, 2020. 

4. ʇʫʟʘʢʦʚ ʉ.ɸ., ʇʦʧʢʦʚ ɺ.ɸ. ʇʦʩʦʙʠʝ ʧʦ ʭʠʤʠʠ ʜʣʷ ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʚʫʟʳ. ï ʄ.: 2001. 575 ʩ. 
5. ʕʨʜʥʠʝʚ ɹ.ʇ. ʄʘʪʨʠʮʳ ʚ ʦʙʫʯʝʥʠʠ. ï ʕʣʠʩʪʘ: ʂʘʣʤʳʮʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 1990.  
6. ʕʨʜʥʠʝʚ ʇ.ʄ. ʋʢʨʫʧʥʝʥʠʝ ʜʠʜʘʢʪʠʯʝʩʢʠʭ ʝʜʠʥʠʮ ʢʘʢ ʪʝʭʥʦʣʦʛʠʷ ʦʙʫʯʝʥʠʷ (ʯʘʩʪʴ ɯ, II). ï ʄ.: 

çʇʨʦʩʚʝʱʝʥʠʝè, 1992. 

ɽʨʤʫʭʘʥʦʚʘ ʉ.ʊ., ʍʘʮʨʠʥʦʚ ɸ.ʀ. 

ʄʝʪʦʜʳ ʧʝʨʝʨʘʙʦʪʢʠ ʧʨʠʨʦʜʥʦʛʦ ʙʘʨʠʪʘ ʠ ʧʦʣʫʯʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʩʫʣʴʬʘʪʘ 

ʙʘʨʠʷ 

ʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

(ʈʦʩʩʠʷ, ʂʘʟʘʥʴ) 

doi: 10.18411/lj-03-2021-51 

idsp: ljournal-03-2021-51 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʠʨʦʜʥʳʝ ʤʠʨʦʚʳʝ ʙʘʨʠʪʦʚʳʝ ʠʩʪʦʯʥʠʢʠ, ʠʟʚʝʩʪʥʳʝ 

ʤʝʪʦʜʳ ʧʝʨʝʨʘʙʦʪʢʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʯʠʩʪʦʛʦ ʩʫʣʴʬʘʪʘ ʙʘʨʠʷ.  
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Abstract 

The article discusses the world's natural barite sources, known processing methods for 

obtaining pure barium sulfate. 

Key words: barite, barium sulfate, sedimentation, purification of barite, barite 
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ɺ ʩʚʷʟʠ ʩ ʚʚʦʜʦʤ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʨʷʜʘ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʳʭ ʠ ʥʝʬʪʷʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɺʦʩʪʦʯʥʦʡʉʠʙʠʨʠ ʠ ʗʢʫʪʠʠ ʚʦʟʨʘʩʪʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʙʘʨʠʪʝ. ɼʦ 

ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ çʙʘʨʠʪʦʚʳʡè ʨʳʥʦʢ ʈʦʩʩʠʠ ʥʘʭʦʜʠʣʩʷ ʚ ʢʨʠʪʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʠʤʧʦʨʪʘ ʙʘʨʠʪʘ.  

ʆʩʥʦʚʥʳʤ ʧʨʦʤʳʰʣʝʥʥʳʤ ʤʠʥʝʨʘʣʦʤ ʙʘʨʠʷ, ʚ ʩʠʣʫ ʰʠʨʦʢʦʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʠ ʧʨʠʩʫʱʠʭ ʝʤʫ ʩʚʦʡʩʪʚ (ʚʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ, ʭʠʤʠʯʝʩʢʘʷ 

ʠʥʝʨʪʥʦʩʪʴ, ʥʠʟʢʘʷ ʪʚʝʨʜʦʩʪʴ, ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʛʣʦʱʘʪʴ ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʠ ʜʨ.), 

ʷʚʣʷʝʪʩʷ ʙʘʨʠʪ [1]. 

ɹʘʨʠʪ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʠʥʪʝʨʝʩʥʳʤ ʤʠʥʝʨʘʣʦʤ ʠ ʚʤʝʩʪʝ ʩ ʪʝʤ 

ʩʚʦʝʦʙʨʘʟʥʳʤ ʧʦʣʝʟʥʳʤ ʠʩʢʦʧʘʝʤʳʤ. ʀʥʪʝʨʝʩ ʢ ʙʘʨʠʪʫ ʢʘʢ ʤʠʥʝʨʘʣʫ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʙʘʨʠʪ ʩʦʭʨʘʥʷʝʪ ʩʚʦʠ ʩʚʦʡʩʪʚʘ ʚʦ ʚʩʝʭ ʧʨʦʮʝʩʩʘʭ ʚʳʚʝʪʨʠʚʘʥʠʷ ʠ 

ʚʳʱʝʣʘʯʠʚʘʥʠʷ. 

ʉʚʦʝʦʙʨʘʟʠʝ ʙʘʨʠʪʘ ʢʘʢ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ ʩʢʘʟʳʚʘʝʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚ 

ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ ʠ ʫʪʷʞʝʣʠʪʝʣʷ ʙʫʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ. ɿʜʝʩʴ 

ʦʢʘʟʳʚʘʶʪʩʷ ʚʘʞʥʳʤʠ ʚʩʝ ʩʚʦʡʩʪʚʘ ʵʪʦʛʦ ʤʠʥʝʨʘʣʘ - ʝʛʦ ʭʠʤʠʯʝʩʢʘʷ ʠʥʝʨʪʥʦʩʪʴ, 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʘʷ ʪʚʝʨʜʦʩʪʴ (ʙʘʨʠʪ ʥʝ ʨʘʟʨʫʰʘʝʪ ʙʫʨʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ), ʠ, 

ʢʦʥʝʯʥʦ, ʝʛʦ ʥʝʦʙʳʯʘʡʥʦ ʚʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ [2]. ɺʤʝʩʪʝ ʩ ʪʝʤ ʪʘʢʦʝ "ʦʜʥʦʩʪʦʨʦʥʥʝʝ" 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʯʪʠ ʚʩʝʛʦ ʜʦʙʳʚʘʝʤʦʛʦ ʙʘʨʠʪʘ (ʙʦʣʝʝ 75%) [1] ʜʦʣʛʦʝ ʚʨʝʤʷ 

ʩʜʝʨʞʠʚʘʣʦ ʨʘʟʚʠʪʠʝ ʙʘʨʠʪʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʉʝʛʦʜʥʷ ʙʘʨʠʪʦʚʦʝ ʩʳʨʴʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʤʝʪʘʣʣʫʨʛʠʠ, ʭʠʤʠʯʝʩʢʦʡ ʠ ʮʝʤʝʥʪʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʜʨʫʛʠʭ 

ʦʪʨʘʩʣʷʭ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʙʘʣʘʥʩʦʤ ʈʌ ʫʯʪʝʥʦ 20 ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʚ 

ʢʦʪʦʨʳʭ ʟʘʢʣʶʯʝʥʦ 21,6 ʤʣʥ. ʪ. ʙʘʨʠʪʘ [4]. ʀʟ ʥʠʭ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʪʦʣʴʢʦ ʪʨʠ: 

ʂʚʘʨʮʠʪʦʚʘʷ ʉʦʧʢʘ (ʆɸʆ "ʉʘʣʘʠʨʩʢʠʡ ɻʆʂ" ʚ ʂʝʤʝʨʦʚʩʢʦʡ ʦʙʣʘʩʪʠ), ʊʦʣʯʝʠʥʩʢʦʝ 

(ʆɸʆ "ɹʘʨʠʪ" ʚ ʈʝʩʧʫʙʣʠʢʝ ʍʘʢʘʩʠʷ) ʠ ʍʦʡʣʠʥʩʢʦʝ (ɿɸʆ "ʍʦʡʣʠʥʩʢʠʡ ɻʆʂ" ʚ 

ʈʝʩʧʫʙʣʠʢʝ ʂʦʤʠ) [3,5]. 

ʅʘʠʙʦʣʝʝ ʤʦʱʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʙʘʨʠʪʘ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ɿʘʢʘʚʢʘʟʴʝ 

(ʂʫʪʘʠʩʩʢʦʝ, ɻʘʥʜʞʠʥʩʢʦʝ, ʐʘʤʭʦʨʩʢʦʝ, ʂʘʪʘʨ-ʂʦʚʘʨʪʩʢʦʝ, ɸʢʪʘʣʴʩʢʦʝ ʠ ʜʨ.), ʛʜʝ 

ʩʦʜʝʨʞʘʥʠʝ BaSO4 ʚ ʨʫʜʘʭ ʠʥʦʛʜʘ ʜʦʭʦʜʠʪ ʜʦ 97%, ʚ ʉʨʝʜʥʝʡ ɸʟʠʠ ʠ ʚ ʧʨʠʤʳʢʘʶʱʠʭ 

ʢ ʥʝʡ ʨʘʡʦʥʘʭ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ. ʀʤʝʶʪʩʷ ʪʘʢʞʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ BaSO4 ʥʘ ʋʨʘʣʝ. ʅʘ 

ɸʣʪʘʝ ʙʘʨʠʪ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠʣʠ ʩʚʠʥʮʦʚʦ-

ʮʠʥʢʦʚʳʭ ʨʫʜ, ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʠʟ ʢʦʪʦʨʳʭ ʩʫʣʴʬʠʜʦʚ ʩʚʠʥʮʘ, ʮʠʥʢʘ, ʤʝʜʠ, ʞʝʣʝʟʘ, 

ʩʝʨʝʙʨʘ ʧʦʣʫʯʘʝʪʩʷ ʙʘʨʠʪʦʚʳʡ ʢʦʥʮʝʥʪʨʘʪ (ɿʤʝʠʥʦʛʦʨʩʢʦʝ, ʃʝʥʠʥʦʛʦʨʩʢʦʝ, 

ɹʝʣʦʫʩʦʚʩʢʦʝ, ɹʝʨʝʟʦʚʩʢʦʝ, ʉʘʣʘʠʨʩʢʦʝ ʠ ʜʨʫʛʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ). ʉʦʨʪʠʨʦʚʢʘ ʨʫʜʳ 

ɿʤʝʠʥʦʛʦʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʜʘʝʪ ʙʘʨʠʪ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 98% BaSO4. 

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʩʫʣʴʬʘʪ ʙʘʨʠʷ ʠʟʛʦʪʦʚʣʷʶʪ ʚ ʚʠʜʝ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʛʦ ʧʦʨʦʰʢʘ 

ʩʣʝʜʫʶʱʠʤʠ ʩʧʦʩʦʙʘʤʠ: 

1) ʆʩʘʞʜʝʥʠʝʤ ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩʦʣʝʡ ʙʘʨʠʷ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ ʠʣʠ 

ʩʝʨʥʦʢʠʩʣʳʤʠ ʩʦʣʷʤʠ [6]. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʦʩʘʞʜʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʝʨʥʳʡ 

ʠ ʩʝʨʥʠʩʪʳʡ ʘʥʛʠʜʨʠʜ. ʉʫʣʴʬʘʪ ʙʘʨʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʦʣʫʯʘʶʪ ʚ ʦʩʥʦʚʥʦʤ 

ʦʩʘʞʜʝʥʠʝʤ ʝʛʦ ʠʟ ʭʣʦʨʠʜʘ, ʩʫʣʴʬʠʜʘ ʠ ʛʠʜʨʦʦʢʠʩʠ ʩʫʣʴʬʘʪʦʤ ʥʘʪʨʠʷ ʠʣʠ ʩʝʨʥʦʡ 

ʢʠʩʣʦʪʦʡ. ʇʨʠ ʦʩʘʞʜʝʥʠʠ ʩʫʣʴʬʘʪʘ ʙʘʨʠʷ ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʝʛʦ ʭʣʦʨʠʜʘ ʧʦʣʫʯʘʝʪʩʷ 

ʧʨʦʜʫʢʪ, ʟʘʛʨʷʟʥʝʥʥʳʡ ʭʣʦʨʠʜʘʤʠ ʥʘʪʨʠʷ ʠ ʢʘʣʴʮʠʷ, ʘ ʠʟ ʩʫʣʴʬʠʜʘ - ʩʝʨʥʠʩʪʳʤʠ 
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ʩʦʝʜʠʥʝʥʠʷʤʠ. ʃʫʯʰʠʡ ʧʦ ʢʘʯʝʩʪʚʫ ʧʨʦʜʫʢʪ ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʝʛʦ ʠʟ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʛʠʜʨʦʦʢʠʩʠ ʙʘʨʠʷ ʧʨʠ ʦʩʘʞʜʝʥʠʠ ʦʯʠʱʝʥʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʩʫʣʴʬʘʪʘ 

ʥʘʪʨʠʷ. ɼʣʷ ʦʩʚʦʙʦʞʜʝʥʠʷ ʦʪ ʱʝʣʦʯʠ ʦʙʨʘʟʫʶʱʫʶʩʷ ʧʘʩʪʫ ʧʦʜʢʠʩʣʷʶʪ ʯʠʩʪʦʡ ʩʝʨʥʦʡ 

ʢʠʩʣʦʪʦʡ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʳʡ ʧʨʦʜʫʢʪ ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ ʦʩʘʞʜʝʥʠʠ ʝʛʦ 

ʠʟ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʙʘʨʠʷ ʩʫʣʴʬʘʪʦʤ ʥʘʪʨʠʷ, ʘ ʥʝ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ, ʪʘʢ ʢʘʢ 

ʨʘʩʪʚʦʨʳ ʩʫʣʴʬʘʪʘ ʥʘʪʨʠʷ ʣʫʯʰʝ ʧʦʜʜʘʶʪʩʷ ʦʯʠʩʪʢʝ, ʯʝʤ ʩʝʨʥʘʷ ʢʠʩʣʦʪʘ. ɹʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʩʫʣʴʬʘʪʘ ʙʘʨʠʷ ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʝʛʦ 

ʛʠʜʨʦʦʢʠʩʠ ʘʙʩʦʨʙʮʠʝʡ ʩʝʨʥʦʛʦ ʘʥʛʠʜʨʠʜʘ ʠʣʠ ʩʝʨʥʠʩʪʦʛʦ ʛʘʟʘ ʩ ʤʘʣʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

Sʆ2 [7].  

2) ʆʙʨʘʙʦʪʢʦʡ ʧʨʠʨʦʜʥʦʛʦ ʙʘʨʠʪʘ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ʆʯʠʱʝʥʥʳʡ 

ʩʫʣʴʬʘʪ ʙʘʨʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʠʟ ʧʨʠʨʦʜʥʦʛʦ ʙʘʨʠʪʘ ʦʙʨʘʙʦʪʢʦʡ 

ʪʦʥʢʦʠʟʤʝʣʴʯʝʥʥʦʛʦ ʤʠʥʝʨʘʣʘ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ ʩ ʮʝʣʴʶ ʫʜʘʣʝʥʠʷ ʠʟ ʥʝʛʦ ʧʨʠʤʝʩʝʡ. 

ʊʘʢ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʙʘʨʠʪʘ ʦʣʝʫʤʦʤ BaSO4 ʨʘʩʪʚʦʨʷʝʪʩʷ, ʘ ʟʘʪʝʤ, ʧʦʩʣʝ ʦʪʜʝʣʝʥʠʷ 

ʥʝʨʘʩʪʚʦʨʠʚʰʝʛʦʩʷ ʦʩʪʘʪʢʘ, ʚʳʜʝʣʷʝʪʩʷ ʧʨʠ ʨʘʟʙʘʚʣʝʥʠʠ ʨʘʩʪʚʦʨʘ ʚʦʜʦʡ. ʇʨʠ 

ʦʙʨʘʙʦʪʢʝ ʧʨʠʨʦʜʥʦʛʦ ʙʘʨʠʪʘ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ ʚ ʨʘʩʪʚʦʨ ʧʝʨʝʭʦʜʷʪ ʩʦʝʜʠʥʝʥʠʷ 

ʘʣʶʤʠʥʠʷ, ʞʝʣʝʟʘ, ʢʘʣʴʮʠʷ, ʘ ʚ ʦʩʘʜʢʝ ʦʩʪʘʶʪʩʷ BaSO4  ʠ SiO2. ɼʣʷ ʪʘʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʛʘʪʳʝ ʙʘʨʠʪʳ. ʊʘʢ,  ʠʟ ʤʠʥʝʨʘʣʘ, ʩʦʜʝʨʞʘʱʝʛʦ 95-98 % 

BaSO4, 1-2 % SiO2 ʠ 1-3 % ʉʘʆ, Al 2O3, Fe2O3, ʧʦʩʣʝ ʜʚʫʢʨʘʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʦʣʷʥʦʡ 

ʢʠʩʣʦʪʦʡ ʧʣʦʪʥʦʩʪʴʶ 1,19 ʛ/ʩʤ3, ʨʘʟʙʘʚʣʝʥʥʦʡ 1:10, ʚ ʪʝʯʝʥʠʝ 2 ʯ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʦʪʤʳʚʢʦʡ ʠʦʥʦʚ ʭʣʦʨʘ ʚʦʜʦʡ ʙʳʣ ʧʦʣʫʯʝʥ ʧʨʦʜʫʢʪ, ʩʦʜʝʨʞʘʱʠʡ 99 % 

BaSO4 ʠ 1% SiO2. ʋʩʪʘʥʦʚʣʝʥʦ ʯʪʦ ʧʨʠʤʝʩʴ ʠʥʝʨʪʥʦʛʦ SiO2 ʥʝ ʧʨʝʧʷʪʩʪʚʫʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʘ ʜʣʷ ʨʝʥʪʛʝʥʦʩʢʦʧʠʠ [8]. 

ʆʯʠʩʪʢʫ ʧʨʠʨʦʜʥʦʛʦ ʙʘʨʠʪʘ ʤʦʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʪʘʢʞʝ ʨʘʩʪʚʦʨʝʥʠʝʤ ʝʛʦ ʚ 

ʨʘʩʧʣʘʚʣʝʥʥʳʭ ʩʦʣʷʭ - NaCl ʠ CaCl2: ʧʦʩʣʝ ʦʪʩʪʘʠʚʘʥʠʷ ʧʨʠʤʝʩʝʡ ʠ ʜʝʢʘʥʪʘʮʠʠ 

ʨʘʩʧʣʘʚʘ ʝʛʦ ʦʭʣʘʞʜʘʶʪ, ʠ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʟʘʩʪʳʚʰʝʡ ʤʘʩʩʳ ʚʦʜʦʡ ʧʦʣʫʯʘʶʪ ʯʠʩʪʳʡ 

BaSO4[6]. ʊʘʢʠʤ ʧʫʪʝʤ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ BaSO4 ʧʨʠʛʦʜʥʳʡ ʜʣʷ ʙʫʤʘʞʥʦʡ ʠ 

ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʣʠʰʴ ʠʟ ʧʝʨʚʦʩʦʨʪʥʦʡ ʙʘʨʠʪʦʚʦʡ ʨʫʜʳ [9]. 

ʂʘʞʫʱʠʡʩʷ ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʧʨʦʩʪʳʤ, ʩʧʦʩʦʙ ʩʚʷʟʘʥ ʩ ʙʦʣʴʰʠʤʠ ʟʘʪʨʫʜʥʝʥʠʷʤʠ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ. ʂ ʪʦʤʫ ʞʝ ʦʥ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʪʘ [7]. 

ʀʟʚʝʩʪʝʥ ʩʧʦʩʦʙ ʠʟʚʣʝʯʝʥʠʷ ʩʫʣʴʬʘʪʘ ʙʘʨʠʷ ʠʟ ʧʨʠʨʦʜʥʦʛʦ ʙʘʨʠʪʘ ʦʙʨʘʙʦʪʢʦʡ 

ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʙʘʨʠʪʘ ʤʠʥʝʨʘʣʴʥʦʡ ʢʠʩʣʦʪʦʡ ʚ ʜʚʝ ʩʪʘʜʠʠ ʧʨʠ ʊ:ɾ=1:10 ʩ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʬʠʣʴʪʨʘʮʠʝʡ, ʛʠʜʨʦʣʠʟʦʤ ʥʘʩʳʱʝʥʥʦʛʦ ʙʘʨʠʝʤ ʨʘʩʪʚʦʨʘ, ʦʪʜʝʣʝʥʠʝʤ ʠ 

ʧʨʦʤʳʚʢʦʡ ʧʨʦʜʫʢʪʘ [10]. ʉʧʦʩʦʙ ʩʚʷʟʘʥ ʩ ʙʦʣʴʰʠʤ ʨʘʩʭʦʜʦʤ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ 

ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ, ʥʠʟʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʛʠʜʨʦʩʫʣʴʬʘʪʘ ʙʘʨʠʷ ʚ 96 %-ʥʦʡ ʩʝʨʥʦʡ 

ʢʠʩʣʦʪʝ (103 ʛ/ʣ ʠʣʠ 50 ʛ/ʢʛ ʩ ʫʯʝʪʦʤ ʧʣʦʪʥʦʩʪʠ 96 %-ʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ, ʨʘʚʥʦʡ 1,83 

ʛ/ʩʤ3) ʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴʶ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʙʝʣʠʟʥʳ ʧʦʣʫʯʘʝʤʦʛʦ 

ʧʨʦʜʫʢʪʘ. 

ɺ ʠʟʦʙʨʝʪʝʥʠʠ ʄ.ʍ. ɸʭʤʝʪʦʚʘ ʠ ʜʨ., ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ 

ʫʩʪʦʡʯʠʚʦʡ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʯʠʩʪʦʪʳ ʠ ʙʝʣʠʟʥʳ ʧʦʣʫʯʘʝʤʦʛʦ 

ʧʨʦʜʫʢʪʘ ʟʘ ʩʯʝʪ ʧʦʣʫʯʝʥʠʷ ʛʦʤʦʛʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʫʣʴʬʘʪʘ ʙʘʨʠʷ ʚ ʨʘʩʧʣʘʚʝ ʩʦʣʝʡ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʧʨʠʨʦʜʥʦʛʦ ʙʘʨʠʪʘ ʨʘʩʧʣʘʚʦʤ ʩʦʣʝʡ ʠ ʧʦʣʥʦʛʦ ʫʜʘʣʝʥʠʷ ʞʝʣʝʟʘ ʚ ʛʘʟʦʚʫʶ 

ʩʨʝʜʫ. ɺ ʟʘʷʚʣʷʝʤʦʤ ʩʧʦʩʦʙʝ ʧʦʣʫʯʝʥʠʷ ʩʫʣʴʬʘʪʘ ʙʘʨʠʷ ʠʟ ʧʨʠʨʦʜʥʦʛʦ ʙʘʨʠʪʘ 

ʦʙʨʘʙʦʪʢʦʡ ʙʘʨʠʪʘ ʨʘʩʧʣʘʚʘʤʠ ʩʦʣʝʡ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʭʣʘʞʜʝʥʠʝʤ ʨʘʩʧʣʘʚʘ, 

ʨʘʩʪʚʦʨʝʥʠʝʤ ʚ ʚʦʜʝ, ʬʠʣʴʪʨʘʮʠʝʡ, ʦʪʤʳʚʢʦʡ ʧʨʦʜʫʢʪʘ ʥʘ ʬʠʣʴʪʨʝ ʚʦʜʦʡ ʠ ʩʫʰʢʦʡ 

ʧʨʠʤʝʥʷʶʪ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʧʣʘʚʘ ʩʦʣʝʡ ʨʘʩʧʣʘʚ ʩʤʝʩʠ ʭʣʦʨʠʜʦʚ ʥʘʪʨʠʷ ʠ ʢʘʣʠʷ ʚ 

ʤʦʣʴʥʦʤ ʦʪʥʦʰʝʥʠʠ 1:1, ʚ ʨʘʩʧʣʘʚ ʚʚʦʜʷʪ ʙʘʨʠʪ ʤʘʩʩʦʡ , ʩʦʩʪʘʚʣʷʶʱʝʡ 25% ʠʣʠ 

ʤʝʥʴʰʝ ʦʪ ʤʘʩʩʳ ʨʘʩʧʣʘʚʘ ʩʦʣʝʡ, ʠ ʯʝʨʝʟ ʩʤʝʰʘʥʥʳʡ ʨʘʩʧʣʘʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 700-

800Áʉ ʧʨʦʧʫʩʢʘʶʪ ʧʦʪʦʢ ʩʫʭʦʛʦ ʭʣʦʨʠʩʪʦʛʦ ʚʦʜʦʨʦʜʘ [11].  

ɼʣʷ ʧʝʨʝʚʦʜʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʘʩʪʚʦʨʠʤʦʛʦ ʥʠ ʚ ʚʦʜʝ, ʥʠ ʚ ʢʠʩʣʦʪʘʭ ʙʘʨʠʪʘ ʚ 

ʨʘʩʪʚʦʨʠʤʦʝ ʩʦʝʜʠʥʝʥʠʝ ʝʛʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ ʚ ʩʝʨʥʠʩʪʳʡ ʙʘʨʠʡ. ɺ ʜʘʣʴʥʝʡʰʝʤ 

ʩʝʨʥʠʩʪʳʡ ʙʘʨʠʡ ʣʝʛʢʦ ʧʝʨʝʨʘʙʘʪʳʚʘʶʪ ʥʘ ʣʶʙʳʝ ʩʦʝʜʠʥʝʥʠʷ ʙʘʨʠʷ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ 



ð 60 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʙʘʨʠʪʘ ʚʝʜʫʪ ʧʦʯʪʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʪʨʫʙʯʘʪʳʭ ʚʨʘʱʘʶʱʠʭʩʷ ʧʝʯʘʭ ʩ ʧʦʤʦʱʴʶ ʫʛʣʷ ʠ 

ʧʨʠʨʦʜʥʦʛʦ ʠʣʠ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʰʠʭʪʘ ʩʦʩʪʦʠʪ ʠʟ ʙʘʨʠʪʘ ʠ ʫʛʣʷ, BaSO4 ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʦʢʠʩʴʶ ʫʛʣʝʨʦʜʘ: 

BaS04 + 4ʉʆ = BaS + 4ʉʆ2 

ɼʚʫʦʢʠʩʴ ʫʛʣʝʨʦʜʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʫʛʣʝʨʦʜʦʤ ʜʦ ʉʆ ʧʦ ʨʝʘʢʮʠʠ 

Cʆ2+C=2Cʆ. ɺʳʰʝ 1000Á ʚ ʩʦʩʪʘʚʝ ʨʘʚʥʦʚʝʩʥʦʡ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʫʛʣʝʨʦʜʘ 

ʉʆ2 ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ. ʇʦʵʪʦʤʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʙʘʨʠʪʘ ʚʳʰʝ 900-1000Á 

ʧʨʦʪʝʢʘʝʪ ʧʦ ʩʫʤʤʘʨʥʦʡ ʨʝʘʢʮʠʠ 

BaS04 + 4ʉ = BaS + 4ʉʆ - 138,5 ʢʢʘʣ (1) 

ʘ ʧʨʠ 600ð800Á ʧʦ ʩʫʤʤʘʨʥʦʡ ʨʝʘʢʮʠʠ: 

BaS04 + 2ʉ= BaS + 2ʉʆʘ- 56,1 ʢʢʘʣ (2) 
ɺʩʣʝʜʩʪʚʠʝ ʵʥʜʦʪʝʨʤʠʯʥʦʩʪʠ ʵʪʠʭ ʨʝʘʢʮʠʡ ʥʝʦʙʭʦʜʠʤ ʧʦʜʚʦʜ ʪʝʧʣʘ, ʜʣʷ ʯʝʛʦ 

ʩʞʠʛʘʶʪ ʚ ʧʝʯʠ ʧʨʠʨʦʜʥʳʡ ʠʣʠ ʛʝʥʝʨʘʪʦʨʥʳʡ ʛʘʟ, ʢʦʤʧʦʥʝʥʪʳ ʢʦʪʦʨʦʛʦ (ʉʅ4, ʅ2, ʉʆ) 
ʧʨʠ ʥʝʧʦʣʥʦʤ ʠʭ ʩʛʦʨʘʥʠʠ ʪʘʢʞʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ ʙʘʨʠʪ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʩʭʦʜʘ ʫʛʣʷ 
ʠ ʟʘʪʨʘʪʳ ʪʝʧʣʘ ʚʳʛʦʜʥʝʝ ʚʝʩʪʠ ʧʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʦ 
ʨʝʘʢʮʠʠ (2), ʥʦ ʪʘʢ ʢʘʢ ʦʥ ʧʨʠ ʵʪʦʤ ʧʨʦʪʝʢʘʝʪ ʤʝʜʣʝʥʥʦ, ʪʦ ʧʨʝʜʧʦʯʠʪʘʶʪ 
ʦʩʫʱʝʩʪʚʣʷʪʴ ʝʛʦ ʧʦ ʨʝʘʢʮʠʠ (1), ʠʜʫʱʝʡ ʟʥʘʯʠʪʝʣʴʥʦ ʙʳʩʪʨʝʝ, ʠ ʜʣʷ ʵʪʦʛʦ 
ʪʝʤʧʝʨʘʪʫʨʫ ʚ çʛʦʨʷʯʝʤè ʢʦʥʮʝ ʧʝʯʠ ʧʦʜʜʝʨʞʠʚʘʶʪ ʚʳʰʝ 1000Á. 

ʉʢʦʨʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʙʘʨʠʪʘ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʨʪʘ 
ʪʚʝʨʜʦʛʦ ʫʛʣʝʨʦʜʠʩʪʦʛʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ. ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ ʦʧʳʪʘʭ, ʠʩʧʦʣʴʟʦʚʘʥ ʙʘʨʠʪ, 
ʩʦʜʝʨʞʘʱʠʡ (ʚ %):. ɺʘʆ - 64,98, S03 - 34,13. ʉʘʆ - 0,26, Fc203 - 0,06, SiO2 - 0,65, ʅ20 - 
0,08. ɺʦʩʩʪʘʥʦʚʠʪʝʣʠ ʩʦʜʝʨʞʘʣʠ; ʚʳʩʫʰʝʥʥʳʡ ʜʨʝʚʝʩʥʳʡ ʫʛʦʣʴ - 18,8% ʣʝʪʫʯʠʭ ʠ 3,8% 
ʟʦʣʳ; ʢʦʢʩ-1% ʣʝʪʫʯʠʭ, 0,6% ʚʣʘʛʠ, 9,2% ʟʦʣʳ; ʘʥʪʨʘʮʠʪ -5,4% ʣʝʪʫʯʠʭ, 2,6% ʚʣʘʛʠ, 
2,7% ʟʦʣʳ, ʢʘʤʝʥʥʳʡ ʫʛʦʣʴ -27,4% ʣʝʪʫʯʠʭ, 1,2% ʚʣʘʛʠ, 7,5% ʟʦʣʳ. ɼʠʩʧʝʨʩʥʦʩʪʴ 
ʙʘʨʠʪʘ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ - 0,13 ʤʤ. ʂʦʣʠʯʝʩʪʚʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʙʨʘʣʠ ʩ 60-55%-ʥʳʤ 
ʠʟʙʳʪʢʦʤ ʧʦ ʫʛʣʝʨʦʜʫ. ʂʘʤʝʥʥʳʡ ʫʛʦʣʴ - ʙʦʣʝʝ ʘʢʪʠʚʥʳʡ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ, ʯʝʤ 
ʜʨʝʚʝʩʥʳʡ ʫʛʦʣʴ, ʢʦʢʩ ʠ ʘʥʪʨʘʮʠʪ. ʇʦʵʪʦʤʫ ʧʨʝʜʧʦʯʠʪʘʶʪ ʫʧʦʪʨʝʙʣʷʪʴ ʢʘʤʝʥʥʳʡ 
ʫʛʦʣʴ, ʥʘʧʨʠʤʝʨ ʤʘʨʢʠ ʇɾ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʨʘʩʭʦʜ ʝʛʦ ʙʦʣʴʰʝ, ʯʝʤ ʪʦʱʠʭ ʫʛʣʝʡ 
(ʥʘʧʨʠʤʝʨ, ʘʥʪʨʘʮʠʪʘ), ʩʦʜʝʨʞʘʱʠʭ ʤʘʣʦ ʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ. 

ɿʘʚʦʜʩʢʠʤʠ ʦʧʳʪʘʤʠ ʧʦʢʘʟʘʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʛʨʘʥʫʣʠʨʦʚʘʥʠʷ ʰʠʭʪʳ ʠʟ 
ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʙʘʨʠʪʘ ʠ ʢʦʢʩʠʢʘ (ʩ ʨʘʟʤʝʨʦʤ ʟʝʨʝʥ ʤʝʥʴʰʝ 3 ʤʤ) ʩ ʜʦʙʘʚʢʦʡ ʚ ʢʘʯʝʩʪʚʝ 
ʩʚʷʟʫʶʱʝʛʦ 8%-ʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʫʣʴʬʠʪʥʦʛʦ ʱʝʣʦʢʘ (8-10% ʦʪ ʚʝʩʘ ʰʠʭʪʳ) . ɹʣʘʛʦʜʘʨʷ 
ʧʦʨʠʩʪʦʩʪʠ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ ʙʘʨʠʪʘ ʝʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʜʝʪ ʙʳʩʪʨʝʝ, ʯʝʤ 
ʜʨʦʙʣʝʥʦʛʦ, ʠ ʨʘʚʥʘʷ ʩʪʝʧʝʥʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ~ 100Á 
ʙʦʣʝʝ ʥʠʟʢʦʡ. ʀʩʩʣʝʜʦʚʘʥʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʙʘʨʠʪʘ ʵʣʝʢʪʨʦʪʝʨʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʚ 
ʣʘʙʦʨʘʪʦʨʥʦʡ ʦʜʥʦʬʘʟʥʦʡ ʧʝʯʠ (d = 300ʤʤ) ʤʦʱʥʦʩʪʴʶ 25ʢʚʪ [6]. 

ɹʦʣʴʰʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʤʝʝʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʙʘʨʠʪʘ ʛʘʟʘʤʠ. ʇʨʠ ʵʪʦʤ 
ʧʦʣʫʯʘʝʪʩʷ ʯʠʩʪʳʡ ʧʣʘʚ, ʥʝ ʟʘʛʨʷʟʥʝʥʥʳʡ ʫʛʣʝʤ ʠ ʟʦʣʦʡ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʣʝʛʯʘʝʪ ʝʛʦ 
ʜʘʣʴʥʝʡʰʫʶ ʧʝʨʝʨʘʙʦʪʢʫ. 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ BaSʆ4 ʩ ʉʆ ʚ ʠʥʪʝʨʚʘʣʝ 700-1000Á ʦʙʨʘʟʫʝʪʩʷ ʛʣʘʚʥʳʤ 
ʦʙʨʘʟʦʤ BaS ʠ ʣʠʰʴ ʥʝʤʥʦʛʦ ɺʘʉʆʟ. ʉʢʦʨʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʙʘʨʠʪʘ ʦʢʠʩʴʶ ʫʛʣʝʨʦʜʘ 
ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʘ ʩʢʦʨʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʦʢʩʦʤ. ʈʘʚʥʦʚʝʩʠʝ ʨʝʘʢʮʠʠ 

BaSO4 (ʪʚ.) + 4ʉʆ (ʛ.)=BaS (ʪʚ.) + 4ʉʆ2(ʛ.) 
ʚ ʦʪʩʫʪʩʪʚʠʝ ʩʚʦʙʦʜʥʦʛʦ ʫʛʣʝʨʦʜʘ ʩʠʣʴʥʦ ʩʜʚʠʥʫʪʦ ʚ ʩʪʦʨʦʥʫ ʦʙʨʘʟʦʚʘʥʠʷ BaS ʜʘʞʝ 
ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʊʘʢ, ʧʨʠ 1200Áʚ ʨʘʚʥʦʚʝʩʥʦʡ ʛʘʟʦʚʦʡ ʩʤʝʩʠ 91 % ʉ02 [lg ʂʨ 
= lg (p4 ʉʆ2 Ā p4 ʉʆ) =- 7690ʊ-1+ 1,2]. 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ BaSʆ4 ʚʦʜʦʨʦʜʦʤ ʥʠʞʝ 700Á ʠʜʝʪ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦ, ʧʨʠ 850-
900Á-ʙʳʩʪʨʦ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ BaSʆ4 ʤʝʪʘʥʦʤ ʠʜʝʪ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʚʦʜʦʨʦʜʦʤ, ʠ 
ʪʨʝʙʫʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʅʘʯʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ BaSʆ4 
ʚʦʜʦʨʦʜʦʤ ʠʣʠ ʦʢʠʩʴʶ ʫʛʣʝʨʦʜʘ ʨʘʩʪʝʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʜʘʚʣʝʥʠʶ ʛʘʟʘ (ʠʟʫʯʝʥʦ ʜʦ 
600 ʤʤ ʨʪ. ʩʪ.); ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʵʪʠʭ ʨʝʘʢʮʠʡ  ʩʦʩʪʘʚʣʷʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 47000 ʠ 56 
000 ʢʘʣ/ʤʦʣʴ. ɼʣʷ ʨʝʘʢʮʠʠ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 61 ð   

 
BaSO4(ʪʚ.) + 4ʅ2 (ɻ.) =BaS (ʪʚ.) + 4ʅ20 (ʛ.) 
ʚ ʠʥʪʝʨʚʘʣʝ 800-1000Á lg ʂP = 5,447+697,5/ʊ. 

ʇʝʨʩʧʝʢʪʠʚʥʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʙʘʨʠʪʘ ʧʨʠʨʦʜʥʳʤ ʛʘʟʦʤ ʚ ʧʝʯʘʭ ʩ ʢʠʧʷʱʠʤ 
ʩʣʦʝʤ. ʇʨʠ 900Á ʟʘ 30-40 ʤʠʥ ʩʪʝʧʝʥʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʦʩʪʠʛʘʝʪ 94%, ʘ ʩʪʝʧʝʥʴ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ (ʛʘʟʘ) 32-36%. ʇʦ ʜʨʫʛʠʤ ʜʘʥʥʳʤ, ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ 
ʙʘʨʠʪʘ ʧʨʦʜʫʢʪʘʤʠ ʥʝʧʦʣʥʦʛʦ ʩʛʦʨʘʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ (~ 13% ʅ2 ʠ 10% ʉʆ) ʚ ʪʝʯʝʥʠʝ 
70-80 ʤʠʥ ʧʨʠ 800-900Á ʠ ʚʳʩʦʪʝ ʢʠʧʷʱʝʛʦ ʩʣʦʷ 1 ʤ ʧʦʣʫʯʘʝʪʩʷ çʧʣʘʚè, ʩʦʜʝʨʞʘʱʠʡ 
62-64% BaS ʠ 10-12% ɺʘʉʆ3. ʉʪʝʧʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʘʟʦʚ ʚ ʧʨʦʮʝʩʩʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ: 
ʉʆ-74% ʠ H2-52%. ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʣʘʚʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʪʘʢʦʡ ʞʝ, ʢʘʢ 
ʠʩʭʦʜʥʦʛʦ ʙʘʨʠʪʘ [6]. 

ʊʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 
ʥʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʳʤʠ ʷʚʣʷʶʪʩʷ ʩʧʦʩʦʙʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ ʙʘʨʠʷ ʠʟ 
ʩʫʣʴʬʠʜʘ ʙʘʨʠʷ (ʨʠʩ. 1)  [12]. 

 

 
ʈʠʩ. 1- ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ ʙʘʨʠʷ ʠʟ ʩʫʣʴʬʠʜʘ ʙʘʨʠʷ 

 

ʀʤʝʥʥʦ ʵʪʠ ʩʧʦʩʦʙʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ, 

ʚʳʩʦʢʫʶ ʢʫʣʴʪʫʨʫ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʣʫʯʰʠʝ ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʠ 

ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ. 
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ɸʥʥʦʪʘʮʠʷ 
ʈʘʩʩʤʦʪʨʝʥʦ ʷʚʣʝʥʠʝ ʘʜʛʝʟʠʠ, ʝʝ ʚʣʠʷʥʠʝ ʥʘ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʆʧʠʩʘʥʳ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʘʜʛʝʟʠʠ ʧʦʣʠʤʝʨʦʚ, ʧʨʦʚʝʜʝʥʦ ʦʧʳʪʥʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʚʦʣʦʢʥʘ ʢ ʩʚʷʟʫʶʱʝʤʫ ʧʦ ʦʜʥʦʤʫ ʠʟ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɸʜʛʝʟʠʷ, ʘʜʛʝʟʠʦʥʥʘʷ ʧʨʦʯʥʦʩʪʴ, ʘʜʛʝʟʠʚ, ʩʫʙʩʪʨʘʪ, 

ʤʝʞʬʘʟʥʳʡ ʩʣʦʡ, ʚʦʣʦʢʥʦ, ʩʚʷʟʫʶʱʝʝ. 

 

Abstract 

The phenomenon of adhesion and its effect on the properties of composite materials is 

considered. The methods of measuring polymer adhesion are described, and a pilot definition 

of fiber adhesive strength to the binder has been carried out according to one of the promising 

methods. 

Keywords: Adhesion, adhesive strength, adhesive, substratum, interphase layer, fiber, 

binder. 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʚʳʩʦʢʦʧʨʦʯʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘʭʦʜʷʪ ʚʩʸ ʙʦʣʝʝ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʪʝʭʥʠʢʠ. ʀʭ ʫʩʧʝʰʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ï ʧʝʨʝʜʘʯʘ ʫʩʠʣʠʡ, ʠʥʪʝʥʩʠʚʥʦʝ ʥʘʛʨʫʞʝʥʠʝ ʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʨʝʘʣʠʟʘʮʠʷ 

ʩʚʦʡʩʪʚ ʥʘʧʦʣʥʠʪʝʣʷ ʚʦʟʤʦʞʥʳ ʪʦʣʴʢʦ ʧʨʠ ʫʩʣʦʚʠʠ ʜʦʩʪʘʪʦʯʥʦ ʥʘʜʸʞʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ 

ʢʦʤʧʦʥʝʥʪʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʝʤʦʡ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʜʦʩʪʘʪʦʯʥʦʡ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ 

ʚʦʣʦʢʥʘ ʢ ʩʚʷʟʫʶʱʝʤʫ. 

ʊʝʨʤʠʥ ʘʜʛʝʟʠʷ ʙʳʣ ʚʚʝʜʸʥ ʚ 1924 ʛ. ɹʝʭʦʣʴʮʦʤ ʠ ʅʝʡʤʘʥʦʤ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ 

ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʮʝʧʣʝʥʠʷ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʠʟʚʝʩʪʥʳʤ ʚ ʪʦ ʚʨʝʤʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʦ ʤʝʭʘʥʠʯʝʩʢʦʤ ʭʘʨʘʢʪʝʨʝ ʧʨʠʨʦʜʳ ʩʢʣʝʠʚʘʥʠʷ [1]. 

ɹʝʭʦʣʴʮ ʠ ʅʝʡʤʘʥ ʚ ʩʚʦʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʦʚʦʜʠʣʠ ʦʧʳʪʳ ʧʦ ʩʢʣʝʠʚʘʥʠʶ 

ʜʨʝʚʝʩʠʥʳ ʨʘʟʥʳʭ ʧʦʨʦʜ ʠ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʥʘ ʧʨʦʯʥʦʩʪʴ ʢʣʝʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʧʨʠʨʦʜʘ ʧʦʜʣʦʞʢʠ: ʧʦʨʦʜʘ ʜʨʝʚʝʩʠʥʳ, ʝʸ ʩʪʨʫʢʪʫʨʘ, ʥʘʧʨʘʚʣʝʥʠʝ 

ʩʨʝʟʘ. ʂʘʢ ʤʳ ʟʥʘʝʤ, ʧʨʦʯʥʦʩʪʴ ʩʢʣʝʠʚʘʥʠʷ ʟʘʚʠʩʠʪ ʪʘʢ ʞʝ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʢʣʝʷ. ʅʘ ʵʪʫ ʟʘʚʠʩʠʤʦʩʪʴ ʚʧʝʨʚʳʝ ʦʙʨʘʪʠʣ ʚʥʠʤʘʥʠʝ ɻʝʨʥʛʨʦʩʩ. ʆʥ ʪʘʢʞʝ ʦʪʤʝʯʘʣ, ʯʪʦ 

ʩʫʱʝʩʪʚʫʝʪ ʭʠʤʠʯʝʩʢʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʢʣʝʝʤ ʠ ʩʢʣʝʠʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʧʦʵʪʦʤʫ 

ʦʙʨʘʙʦʪʢʘ ʱʝʣʦʯʴʶ ʥʝʢʦʪʦʨʳʭ ʧʦʨʦʜ ʜʨʝʚʝʩʠʥʳ ʧʦʚʳʰʘʝʪ ʘʜʛʝʟʠʶ ʢ ʥʠʤ ʢʣʝʝʚʳʭ 

ʢʦʤʧʦʟʠʮʠʡ.  

ɸʜʛʝʟʠʝʡ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʤʦʣʝʢʫʣʷʨʥʫʶ ʩʚʷʟʴ, ʢʦʪʦʨʘʷ ʚʦʟʥʠʢʘʝʪ ʤʝʞʜʫ 

ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʨʘʟʥʦʨʦʜʥʳʭ ʪʝʣ, ʧʨʠʚʝʜʸʥʥʳʭ ʚ ʢʦʥʪʘʢʪ. ʋʜʝʣʴʥʘʷ ʩʠʣʘ ʠʣʠ ʫʜʝʣʴʥʘʷ 

ʨʘʙʦʪʘ ʨʘʟʨʫʰʝʥʠʷ ʘʜʛʝʟʠʦʥʥʦʡ ʩʚʷʟʠ ʷʚʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ 

ʧʨʦʯʥʦʩʪʠ ʘʜʛʝʟʠʦʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙ ʘʜʛʝʟʠʠ ʤʦʞʥʦ ʩʫʜʠʪʴ ʧʦ 

ʨʘʙʦʪʝ, ʟʘʪʨʘʯʝʥʥʦʡ ʥʘ ʨʘʟʨʳʚ ʘʜʛʝʟʠʦʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ.  

ʇʦ ʤʝʥʴʰʝʡ ʤʝʨʝ, ʰʝʩʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ ʤʝʭʘʥʠʟʤʫ ʘʜʛʝʟʠʠ ʠʤʝʣʠʩʴ 

ʢ ʢʦʥʮʫ 70-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ: ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʪʝʦʨʠʷ, ʘʜʩʦʨʙʮʠʦʥʥʘʷ ʪʝʦʨʠʷ, 

ʜʠʬʬʫʟʠʦʥʥʘʷ ʪʝʦʨʠʷ, ʭʠʤʠʯʝʩʢʘʷ ʪʝʦʨʠʷ, ʤʝʭʘʥʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʠ ʪʝʦʨʠʷ ʩʣʘʙʦʛʦ 

ʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ. ʇʦʧʳʪʢʫ ʬʦʨʤʘʣʴʥʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ ʵʪʠʭ ʪʝʦʨʠʡ ʧʨʝʜʧʨʠʥʷʣ ʂ.ɺ. 

ɸʣʝʥ [8]. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 63 ð   

 

ɸʜʛʝʟʠʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦʝ ʷʚʣʝʥʠʝ, ʩ ʵʪʠʤ ʩʚʷʟʘʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ 

ʜʝʩʷʪʢʦʚ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʘʜʛʝʟʠʠ ʧʦʣʠʤʝʨʦʚ. ʋʥʠʚʝʨʩʘʣʴʥʦʛʦ ʤʝʪʦʜʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʘʜʛʝʟʠʠ ʧʦʣʠʤʝʨʦʚ ʠ ʧʦʣʠʤʝʨʥʳʭ ʧʦʢʨʳʪʠʡ ʧʦʢʘ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʜʘʯʠ ʠ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʠʨʘʶʪ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ 

ʦʧʨʝʜʝʣʝʥʠʷ ʘʜʛʝʟʠʠ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ 

ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ: ʥʦʨʤʘʣʴʥʦʛʦ ʦʪʨʳʚʘ (ʤʝʪʦʜ ʛʨʠʙʢʦʚ), ʰʪʠʬʪʦʚ, ʩʨʝʟʘʥʠʷ 

ʧʦʢʨʳʪʠʷ ʨʝʟʮʦʤ, ʦʪʩʣʘʠʚʘʥʠʷ ʧʦʢʨʳʪʠʷ ʦʪ ʧʦʜʣʦʞʢʠ, ʦʪʩʣʘʠʚʘʥʠʷ ʧʨʦʚʦʣʦʯʢʠ ʦʪ 

ʧʦʣʠʤʝʨʘ, ʤʝʪʦʜ ʛʘʟʦʚʦʛʦ ʠʣʠ ʞʠʜʢʦʩʪʥʦʛʦ ʧʫʟʳʨʷ [3]. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʘʜʛʝʟʠʚ ï ʩʫʙʩʪʨʘʪ ʚʘʞʥʦ ʟʥʘʪʴ ʥʝ ʪʦʣʴʢʦ ʚʝʣʠʯʠʥʫ 

ʘʜʛʝʟʠʠ, ʥʫʞʥʦ ʪʘʢ ʞʝ ʧʦʥʠʤʘʪʴ ʧʦ ʢʘʢʦʤʫ ʪʠʧʫ ʧʨʦʠʟʦʡʜʸʪ ʨʘʟʨʫʰʝʥʠʝ ʩʠʩʪʝʤʳ, ʪʘʢ 

ʢʘʢ ʟʥʘʷ ʩʣʘʙʳʝ ʟʚʝʥʴʷ ʩʠʩʪʝʤʳ, ʤʦʞʥʦ ʠʩʢʘʪʴ ʧʫʪʠ ʧʦʚʳʰʝʥʠʷ ʝʸ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ. 

ʈʘʟʣʠʯʘʶʪ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʨʘʟʨʫʰʝʥʠʷ: ʘʜʛʝʟʠʦʥʥʦʝ (ʘʜʛʝʟʠʚ ʧʦʣʥʦʩʪʴʶ ʦʪʜʝʣʷʝʪʩʷ 

ʦʪ ʩʫʙʩʪʨʘʪʘ), ʢʦʛʝʟʠʦʥʥʦʝ (ʨʘʟʨʳʚ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʤʘʩʩʠʚʫ ʘʜʛʝʟʠʚʘ ʠʣʠ ʩʫʙʩʪʨʘʪʘ), ʠ 

ʩʤʝʰʘʥʥʦʝ (ʧʨʦʠʩʭʦʜʠʪ ʯʘʩʪʠʯʥʦʝ ʦʪʜʝʣʝʥʠʝ ʘʜʛʝʟʠʚʘ ʦʪ ʩʫʙʩʪʨʘʪʘ ʠ ʯʘʩʪʠʯʥʦʝ 

ʨʘʟʨʫʰʝʥʠʝ ʘʜʛʝʟʠʚʘ).           

ʆʜʠʥ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ 

ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʵʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʘʜʛʝʟʠʠ ʥʘ ʛʨʘʥʠʮʝ ʚʦʣʦʢʥʦ 

- ʩʚʷʟʫʶʱʝʝ ʜʣʷ ʦʙʨʘʟʮʦʚ çʩ ʫʟʣʦʤè. 

ʈʘʩʩʤʦʪʨʠʤ ʤʝʪʦʜʠʢʫ ʜʘʥʥʦʛʦ ʠʩʧʳʪʘʥʠʷ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʅʀʈʉ [6]. 

ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʝ ʩʣʦʞʥʳʭ ʦʙʨʘʟʮʦʚ, ʜʣʷ ʯʝʛʦ: 

1) ɹʳʣ ʥʘʨʝʟʘʥ ʞʛʫʪ ʘʨʘʤʠʜʥʳʡ 40 ʰʪ., ʣʶʙʦʡ ʤʘʨʢʠ, ʧʘʨʪʠʠ l=30 ʩʤ.; 

2) ʇʨʠʛʦʪʦʚʣʝʥʦ ʩʚʷʟʫʶʱʝʝ ʋʇ-2217 ʠ ʕʉ-3; 

3) ʇʨʦʧʠʪʘʥ ʞʛʫʪ, ʧʨʦʩʫʰʝʥ 1-2 ʯʘʩʘ; 

4) ʀʟʛʦʪʦʚʣʝʥʳ ʦʙʨʘʟʮʳ ʧʦ ʨʠʩʫʥʢʫ 1, ʜʣʷ ʯʝʛʦ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ ʩʚʷʟʘʪʴ 
ʞʛʫʪ ʫʟʝʣ ʠ ʧʨʦʜʝʪʴ ʚ ʜʨʫʛʦʡ ʞʛʫʪ, ʟʘʪʷʥʫʪʴ ʩ ʫʩʠʣʠʝʤ 1 ʅ (ʨʠʩ. 1); 

5) ʆʙʨʘʟʮʳ ʧʦʤʝʱʝʥʳ ʥʘ ʌ-4, ʦʪʚʝʨʞʜʝʥʳ ʧʦ ʨʝʞʠʤʫ 160Ј ʉ ï 4 ʯʘʩʘ; 

6) ʆʙʨʘʟʮʳ ʠʩʧʳʪʘʥʳ ʥʘ ʚʝʣʠʯʠʥʫ ʧʨʦʯʥʦʩʪʠ ʚʳʜʸʨʛʠʚʘʥʠʷ ʥʠʪʠ ʞʛʫʪʘ ʠʟ 

ʫʟʣʘ. ɿʘʧʠʩʘʥ ʨʝʟʫʣʴʪʘʪ. 

 

 
ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʘ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ: 

ʀʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʝ ʋʊʉ 110 ʄʅ-5, 

ʩʢʦʨʦʩʪʴ ʧʦʜʚʠʞʥʦʛʦ ʟʘʭʚʘʪʘ ï 1 ʤʤ/ʤʠʥ.  



ð 64 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʟʠʪʘ. ʀʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʥʘʛʨʫʟʢʘ, ʢʦʪʦʨʫʶ ʚʳʜʝʨʞʠʚʘʝʪ ʦʙʨʘʟʝʮ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʚʷʟʫʶʱʝʛʦ ʕʉ-3 

ʩʦʩʪʘʚʠʣʘ 134 ʅ, ʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʚʷʟʫʶʱʝʛʦ ʋʇ-2217 ï 131 ʅ.  

ʈʘʩʩʯʠʪʘʝʤ ʘʜʛʝʟʠʦʥʥʫʶ ʧʨʦʯʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʚʦʣʦʢʥʦ-ʩʚʷʟʫʶʱʝʝ. 

 †  ï ʬʦʨʤʫʣʘ ʜʣʷ ʨʘʩʯʸʪʘ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ. ʈʘʩʩʯʠʪʘʝʤ ʧʣʦʱʘʜʴ 

ʘʜʛʝʟʠʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ: ʜʠʘʤʝʪʨ ʞʛʫʪʘ = 2ʤʤ, S = 2*Pi*0.002*2 = 0.2399 ̍  

†
˚

ȟ  ̍
υυψȟυχ ̃  ́ï ʜʣʷ ʩʚʷʟʫʶʱʝʛʦ ʕʉ-3. 

†
˚

ȟ  ̍
υτφȟπφ ̃  ́ï ʜʣʷ ʩʚʷʟʫʶʱʝʛʦ ʋʇ-2217. 

ʆʙʘ ʩʚʷʟʫʶʱʠʭ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʳʩʦʢʠʝ ʘʜʛʝʟʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʯʪʦ 

ʜʦʢʘʟʳʚʘʝʪ ʧʨʦʯʥʦʩʪʴ ʢʦʤʧʦʟʠʪʦʚ, ʩʜʝʣʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʩʚʷʟʫʶʱʠʭ. 

***  
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ɸʥʥʦʪʘʮʠʷ 
ɺʦʜʦʨʦʜ, ʷʚʣʷʷʩʴ ʩʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʵʣʝʤʝʥʪʦʤ ɺʩʝʣʝʥʥʦʡ, 

ʤʦʞʝʪ ʚ ʙʫʜʫʱʝʤ ʟʘʤʝʥʠʪʴ ʪʨʘʜʠʮʠʦʥʥʳʝ ʚʠʜʳ ʪʦʧʣʠʚ, ʦʙʣʘʜʘʷ ʮʝʣʦʤ ʨʷʜʦʤ 
ʧʨʝʠʤʫʱʝʩʪʚ. ʆʜʥʘʢʦ ʥʘ ʥʘʰʝʡ ʧʣʘʥʝʪʝ ʦʥ ʚʩʪʨʝʯʘʝʪʩʷ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʦʣʴʢʦ ʚ 
ʩʚʷʟʘʥʥʦʤ ʚʠʜʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʚʠʜʝ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʢʠʩʣʦʨʦʜʦʤ (ʚʦʜʳ) ʠ ʩ 
ʫʛʣʝʨʦʜʦʤ (ʫʛʣʝʚʦʜʦʨʦʜʳ). ɼʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʦ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ 
ʩʳʨʴʝʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʨʦʜʘ, ʠ ʪʝʭʥʦʣʦʛʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ 
ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʨʦʜʘ ʠʟ ʜʘʥʥʦʛʦ ʚʠʜʘ ʩʳʨʴʷ, ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ. 
ʉʨʝʜʠ ʥʠʭ ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʨʦʜʘ ʵʣʝʢʪʨʦʣʠʟʦʤ ʚʦʜʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʥʝʨʛʠʷ, ʚʦʜʦʨʦʜ, ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ, ʵʣʝʢʪʨʦʣʠʟ, 
ʫʛʣʝʨʦʜʥʳʡ ʩʣʝʜ, çʟʝʣʝʥʳʡè ʚʦʜʦʨʦʜ. 

 

Abstract 
Hydrogen, being the most widespread chemical element of the Universe, can replace 

traditional types of fuels in the future, having a number of advantages. However, on our 
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planet, it is found mainly only in a bound form, in particular in the form of chemical 
compounds with oxygen (water) and carbon (hydrocarbons). These compounds are 
traditionally the main raw material for the production of hydrogen, and the technologies 
currently used to obtain hydrogen from this type of raw material are the most common. 
Among them, a special place is occupied by the technology of hydrogen production by 
electrolysis of water. 

Keywords: energy, energy, hydrogen, production technologies, electrolysis, carbon 
footprint, "green" hydrogen. 

 
ɺʦʜʦʨʦʜ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʵʣʝʤʝʥʪʦʤ ɺʩʝʣʝʥʥʦʡ, 

ʥʦ ʥʘ ʥʘʰʝʡ ʧʣʘʥʝʪʝ ʦʥ ʚʩʪʨʝʯʘʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʩʚʷʟʘʥʥʦʤ ʚʠʜʝ: ʚ ʩʦʩʪʘʚʝ 
ʚʦʜʳ, ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ ʠ ʜʨ. ʅʠʟʢʦʟʘʪʨʘʪʥʦʝ ʧʦʣʫʯʝʥʠʝ ʚʦʜʦʨʦʜʘ 
ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ, ʷʚʣʷʝʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʦʡ ʠʟ  
ʚʘʞʥʝʡʰʠʭ ʧʨʦʙʣʝʤ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ, ʙʝʟʫʩʣʦʚʥʦ, ʧʦʤʦʞʝʪ ʩʜʝʣʘʪʴ ʯʝʣʦʚʝʯʝʩʪʚʫ 
ʛʠʛʘʥʪʩʢʠʡ ʨʳʚʦʢ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʨʘʟʚʠʪʠʠ. 

ʄʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʨʦʜʘ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠ 
ʧʨʦʤʳʰʣʝʥʥʳʝ [1]. ʂ ʧʝʨʚʳʤ, ʦʙʱʝʠʟʚʝʩʪʥʳʤ ʠʟ ʰʢʦʣʴʥʳʭ ʫʨʦʢʦʚ ʭʠʤʠʠ, ʦʪʥʦʩʷʪ 
ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʪʘʣʣʦʚ ʩ ʢʠʩʣʦʪʘʤʠ ʠ ʱʝʣʦʯʘʤʠ, ʘ ʪʘʢʞʝ 
ʵʣʝʢʪʨʦʣʠʟ ʚʦʜʳ. ɺʳʜʝʣʝʥʠʝ ʚʦʜʦʨʦʜʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʢʠʩʣʦʪ ʩ 
ʤʝʪʘʣʣʘʤʠ, ʩʪʦʷʱʠʤʠ ʚ ʚʳʪʝʩʥʠʪʝʣʴʥʦʤ ʨʷʜʝ ʤʝʪʘʣʣʦʚ ʣʝʚʝʝ ʚʦʜʦʨʦʜʘ [2]. 

ɺʦʜʦʨʦʜ ʚʳʜʝʣʷʝʪʩʷ ʪʘʢʞʝ ʧʨʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʜʥʦʛʦ 
ʨʘʩʪʚʦʨʘ ʱʝʣʦʯʝʡ ʩ ʘʤʬʦʪʝʨʥʳʤʠ ʤʝʪʘʣʣʘʤʠ. ɺ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʧʦʪʝʥʮʠʘʣ 
ʚʦʜʦʨʦʜʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ɽ = -0,826ɺ ʠ ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʚ ʨʘʩʪʚʦʨʘʭ ʱʝʣʦʯʝʡ 
ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʪʚʦʨʝʥʠʝ ʤʝʪʘʣʣʦʚ ʫ ʢʦʪʦʨʳʭ ʧʦʪʝʥʮʠʘʣʳ ʦʪʨʠʮʘʪʝʣʴʥʝʝ -0,826ɺ. 
ʆʜʥʘʢʦ, ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʥʘ ʭʦʜ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʪʘʣʣʘ ʩ 
ʨʘʩʪʚʦʨʦʤ ʱʝʣʦʯʠ ʚʣʠʷʶʪ ʤʥʦʛʦ ʬʘʢʪʦʨʦʚ, ʘ ʥʝ ʪʦʣʴʢʦ ʵʣʝʢʪʨʦʜʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʥʝʣʴʟʷ 
ʦʜʥʦʟʥʘʯʥʦ ʦʮʝʥʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ [3].  

ʇʦʣʫʯʝʥʠʝ ʚʦʜʦʨʦʜʘ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʤʘʩʰʪʘʙʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʝʪʦʜʦʤ 
ʧʘʨʦʚʦʡ ʠ ʧʘʨʦʢʠʩʣʦʨʦʜʥʦʡ ʢʦʥʚʝʨʩʠʠ, ʧʨʦʧʫʩʢʘʥʠʝʤ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʥʘʜ ʥʘʛʨʝʪʳʤ ʜʦ 
1000 Áʉ ʫʛʣʝʤ, ʛʘʟʠʬʠʢʘʮʠʝʡ ʫʛʣʷ ʠ ʥʝʢʦʪʦʨʳʤʠ ʜʨʫʛʠʤʠ ʤʝʥʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ 
ʤʝʪʦʜʘʤʠ, ʘ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ  ʵʣʝʢʪʨʦʣʠʟʘ ʚʦʜʳ. ʆʩʪʘʥʦʚʠʤʩʷ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʥʘ 
ʵʣʝʢʪʨʦʣʠʟʝ ʚʦʜʳ - ʥʘ  ʦʜʥʦʤ ʠʟ ʩʘʤʳʭ ʧʝʨʚʳʭ ʤʝʪʦʜʦʚ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 
ʚʦʜʦʨʦʜʘ.  

ʇʨʠ ʵʣʝʢʪʨʦʣʠʟʝ ʚʦʜʳ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ 
ʧʨʦʠʩʭʦʜʠʪ ʝʝ ʨʘʟʣʦʞʝʥʠʝ ʥʘ ʚʦʜʦʨʦʜ ʠ ʢʠʩʣʦʨʦʜ, ʧʨʠ ʵʪʦʤ ʥʘ ʢʘʪʦʜʝ ʚʳʜʝʣʷʝʪʩʷ 
ʚʦʜʦʨʦʜ, ʘ ʥʘ ʘʥʦʜʝ ʢʠʩʣʦʨʦʜ. ɺʧʝʨʚʳʝ ʧʨʦʮʝʩʩ ʵʣʝʢʪʨʦʣʠʟʘ ʚʦʜʳ ʙʳʣ ʧʨʦʚʝʜʝʥ ʚ 1800 
ʛʦʜʫ ɺʠʣʴʷʤʦʤ ʅʠʢʦʣʩʦʥʦʤ, ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʵʪʦ ʞʝ ʚʨʝʤʷ ʀʦʛʘʥʥ ʈʠʪʪʝʨ ʚʧʝʨʚʳʝ 
ʩʤʦʛ ʩʦʙʨʘʪʴ ʦʪʜʝʣʴʥʦ ʚʦʜʦʨʦʜ ʠ ʢʠʩʣʦʨʦʜ [4]. ʉʘʤʦ ʘʚʪʦʨʩʪʚʦ ʦʪʢʨʳʪʠʷ ʟʘʢʦʥʦʚ 
ʵʣʝʢʪʨʦʣʠʟʘ ʚʦʜʳ ʧʨʠʥʘʜʣʝʞʠʪ ʘʥʛʣʠʡʩʢʦʤʫ ʬʠʟʠʢʫ ʄʘʡʢʣʫ ʌʘʨʘʜʝʶ, ʚʧʝʨʚʳʝ 
ʫʩʪʘʥʦʚʠʚʰʝʤʫ ʩʚʷʟʴ ʤʝʞʜʫ ʚʝʣʠʯʠʥʦʡ ʪʦʢʘ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 
ʧʦʣʫʯʘʝʤʦʛʦ ʚʦʜʦʨʦʜʘ ʚ 1833 ʛʦʜʫ.  

ʇʝʨʚʳʡ ʧʨʦʤʳʰʣʝʥʥʳʡ ʦʙʨʘʟʝʮ ʵʣʝʢʪʨʦʣʠʟʝʨʘ ʙʳʣ ʩʦʟʜʘʥ ʚ 1927 ʛ. ʥʦʨʚʝʞʩʢʦʡ 
ʢʦʤʧʘʥʠʝʡ çNorsk Hydro Electrolysersè ʜʣʷ ʟʘʚʦʜʘ, ʢʦʪʦʨʳʡ ʧʨʦʠʟʚʦʜʠʣ ʘʤʤʠʘʢ.  

ʇʨʦʠʟʚʦʜʩʪʚʦ ʚʦʜʦʨʦʜʘ ʵʣʝʢʪʨʦʣʠʟʦʤ ʚʦʜʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ 
ʦʙʣʘʜʘʝʪ ʮʝʣʳʤ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ, ʩʨʝʜʠ ʥʠʭ: ʥʘʣʠʯʠʝ ʜʦʩʪʫʧʥʦʛʦ ʩʳʨʴʷ (ʚʦʜʘ); 
ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʯʘʩʦʚʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʠʤʝʥʷʝʤʳʭ ʫʩʪʘʥʦʚʦʢ (ʦʪ 
ʥʝʩʢʦʣʴʢʠʭ ʣʠʪʨʦʚ ʜʦ ʩʦʪʝʥ ʢʫʙʦʤʝʪʨʦʚ); ʚʳʩʦʢʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 
ʧʨʦʠʟʚʦʜʩʪʚʘ (ʦʪʩʫʪʩʪʚʠʝ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʠ ʩʙʨʦʩʦʚ ʚ ʦʢʨʫʞʘʶʱʫʶ ʧʨʠʨʦʜʥʫʶ 
ʩʨʝʜʫ); ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʯʠʩʪʦʪʳ ʧʦʣʫʯʘʝʤʦʛʦ ʚʦʜʦʨʦʜʘ (99,99%); ʧʦʣʫʯʝʥʠʝ ʮʝʥʥʦʛʦ 
ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ï ʢʠʩʣʦʨʦʜʘ; ʧʨʦʩʪʦʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʪʘʥʦʚʦʢ; 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʪʝʭʥʦʣʦʛʠʠ ʵʣʝʢʪʨʦʣʠʟʘ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʟʥʘʯʠʪʝʣʴʥʫʶ 
ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʠʤʦʛʦ ʚʦʜʦʨʦʜʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʝʩʦʤʦʡ ʧʨʠʯʠʥʦʡ, 



ð 66 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 
ʩʜʝʨʞʠʚʘʶʱʝʡ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ. ʇʦʵʪʦʤʫ ʜʦʣʷ ʚʦʜʦʨʦʜʘ, ʧʦʣʫʯʘʝʤʦʛʦ 
ʵʣʝʢʪʨʦʣʠʟʦʤ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʩʪʘʚʣʷʝʪ ʣʠʰʴ ʧʦʨʷʜʢʘ 5% ʦʪ ʚʩʝʛʦ ʤʠʨʦʚʦʛʦ ʝʛʦ 
ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʦʜʦʨʦʜʘ ʵʣʝʢʪʨʦʣʠʟʦʤ ʠ 
ʜʨʫʛʠʤʠ, ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʇʦ ʜʘʥʥʳʤ ʇɸʆ çɻʘʟʧʨʦʤè ʜʣʷ 
ʧʦʣʫʯʝʥʠʷ 1 ʤ3 ʚʦʜʦʨʦʜʘ ʠʟ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ (ʤʝʪʘʥʘ) ʥʝʦʙʭʦʜʠʤʦ ʟʘʪʨʘʪʠʪʴ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʪ 0,7 ʜʦ 3,3 ʢɺʪΞʯ, ʘ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʚʦʜʦʨʦʜʘ ʵʣʝʢʪʨʦʣʠʟʦʤ ʚʦʜʳ ʦʪ 

2,5 ʜʦ 8,0 ʢɺʪΞʯ, ʪ.ʝ. ʨʘʟʥʠʮʘ ʪʨʦʝʢʨʘʪʥʘʷ [5]. ʆʪʤʝʯʘʝʪʩʷ ʪʘʢʞʝ, ʯʪʦ ʧʦ ʜʘʥʥʳʤ 
ʥʝʤʝʮʢʦʡ ʢʦʤʧʘʥʠʠ BASF, ʨʘʟʥʠʮʘ ʚ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʩʘʤʦʤ ʜʝʣʝ 
ʜʝʩʷʪʠʢʨʘʪʥʘʷ, ʥʦ ʧʝʨʚʘʷ  ʪʨʦʝʢʨʘʪʥʘʷ ʨʘʟʥʠʮʘ ʧʦʣʫʯʝʥʘ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʪʝʭʥʦʣʦʛʠʡ 
ʧʦʣʫʯʝʥʠʷ ʠʤʝʥʥʦ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ çʟʝʣʝʥʦʛʦè ʚʦʜʦʨʦʜʘ (ʧʦ ʪʝʨʤʠʥʦʣʦʛʠʠ ɽʉ).  

ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʦʣʫʯʘʝʤʦʛʦ çʟʝʣʝʥʦʛʦè ʚʦʜʦʨʦʜʘ ʤʝʪʦʜʦʤ 
ʵʣʝʢʪʨʦʣʠʟʘ, ʚ ʩʠʣʫ ʚʩʝʭ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚ, ʠʤʝʥʥʦ ʵʣʝʢʪʨʦʣʠʟ ʚʦʜʳ 
ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ, ʢʦʛʜʘ ʨʝʯʴ ʠʜʝʪ ʦ 
ʧʨʦʠʟʚʦʜʩʪʚʝ çʟʝʣʝʥʦʛʦè ʚʦʜʦʨʦʜʘ. 

 

 
ʈʠʩʫʥʦʢ 1. ɿʘʪʨʘʪʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʦʜʦʨʦʜʘ, ʧʦ ʜʘʥʥʳʤ ʄʕɸ ʟʘ 2018 ʛ., ʜʦʣʣ. ʉʐɸ/ʢʛ [5] 

 

ʅʦ ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʥʘʟʚʘʪʴ ʧʦʣʫʯʘʝʤʳʡ ʚʦʜʦʨʦʜ çʟʝʣʝʥʳʤè, ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʧʦʣʥʠʪʴ ʦʜʥʦ ʚʘʞʥʦʝ ʫʩʣʦʚʠʝ ï ʧʨʠ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝ ʜʦʣʞʥʘ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ, ʧʦʣʫʯʝʥʥʘʷ ʠʟ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʪ.ʝ. ʙʝʟ 

ʫʛʣʝʨʦʜʥʦʛʦ ʩʣʝʜʘ. ʋʛʣʝʨʦʜʥʳʤ ʩʣʝʜʦʤ ʥʘʟʳʚʘʶʪ ʦʙʱʠʡ ʦʙʲʝʤ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, 

ʚʳʨʘʞʝʥʥʳʭ ʚ ʵʢʚʠʚʘʣʝʥʪʝ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ, ʢʦʪʦʨʳʝ ʧʦʷʚʣʷʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʠʣʠ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ [6], ʚ ʤʠʨʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ ʠʜʫʪ ʧʨʦʮʝʩʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʜʝʢʘʨʙʦʥʠʟʘʮʠʝʡ ʠ ʥʠʟʢʦʫʛʣʝʨʦʜʥʳʤ ʨʘʟʚʠʪʠʝʤ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʪʝʭʥʦʣʦʛʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʥʠʞʝʥʠʝ ʵʪʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʩʣʝʜʘ.  ɺ ʵʪʦʡ ʩʚʷʟʠ, ʥʫʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʤʠʤʦ ʧʦʥʷʪʠʷ çʟʝʣʝʥʳʡè ʚʦʜʦʨʦʜ, ʩʫʱʝʩʪʚʫʝʪ ʧʦʥʷʪʠʝ çʩʠʥʠʡè 

(ʠʥʦʛʜʘ ʝʛʦ ʥʘʟʳʚʘʶʪ çʛʦʣʫʙʳʤè ʚʦʜʦʨʦʜʦʤ), ʘ ʪʘʢʞʝ ʧʦʥʷʪʠʷ çʩʝʨʳʡè ʠ çʙʫʨʳʡè 

ʚʦʜʦʨʦʜ [7].  

ɺʦʜʦʨʦʜ ʥʘʟʳʚʘʶʪ çʩʝʨʳʤè, ʝʩʣʠ ʝʛʦ ʧʨʦʠʟʚʦʜʷʪ ʠʟ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʩ ʧʦʤʦʱʴʶ 

ʨʠʬʦʨʤʠʥʛʘ, ɽʩʣʠ ʞʝ ʚʦʜʦʨʦʜ ʧʦʣʫʯʘʶʪ ʧʫʪʝʤ ʛʘʟʠʬʠʢʘʮʠʠ ʫʛʣʷ, ʪʦ ʝʛʦ ʥʘʟʳʚʘʶʪ 

çʙʫʨʳʤè. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʦʙʨʘʟʫʝʪʩʷ ʥʝʞʝʣʘʪʝʣʴʥʳʡ ʧʨʦʜʫʢʪ ï ʜʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ ʠ 

ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʧʘʨʥʠʢʦʚʳʝ ʛʘʟʳ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʜʝʣʠʪʴ ʦʪ ʚʦʜʦʨʦʜʘ. ʇʦʩʣʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʯʠʩʪʢʠ ʵʪʦʪ ʦʯʠʱʝʥʥʳʡ ʚʦʜʦʨʦʜ ʥʘʟʳʚʘʶʪ çʩʠʥʠʤè (çʛʦʣʫʙʳʤè) 

ʚʦʜʦʨʦʜʦʤ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʵʣʝʢʪʨʦʣʠʟʝʨʳ ʚʦʜʳ, ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʪʝʭʥʦʣʦʛʠʷʭ çPower-

to-Xè. ɼʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʣʘʚʥʦʛʦ ʧʝʨʝʭʦʜʘ ʦʪ ʠʩʢʦʧʘʝʤʦʛʦ 

ʪʦʧʣʠʚʘ ʢ ʙʝʟʫʛʣʝʨʦʜʥʦʤʫ ʙʫʜʫʱʝʤʫ.  



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 67 ð   

 

ɹʣʘʛʦʜʘʨʷ ʪʝʭʥʦʣʦʛʠʷʤ Power-to-X ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʫʛʣʝʨʦʜʥʦ-ʥʝʡʪʨʘʣʴʥʳʝ 

ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ ʠʣʠ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ ʙʝʟ ʚʳʙʨʦʩʦʚ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, 

ʨʘʙʦʪʘʶʱʠʝ ʥʘ e-Fuel ʠ / ʠʣʠ e-Hydrogen, ʚ ʙʣʠʞʘʡʰʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʜʦʣʞʥʳ ʩʪʘʪʴ 

ʥʦʨʤʦʡ ʠ ʮʝʥʪʨʘʣʴʥʦʝ ʤʝʩʪʦ ʚ ʜʘʥʥʦʡ ʩʬʝʨʝ ʦʪʚʝʜʝʥʦ ʚʦʜʦʨʦʜʫ [8].  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʜʝʣʷʶʪ ʜʚʝ ʦʩʥʦʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʨʦʜʘ 

ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʣʠʟʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʠ ʫʩʣʦʚʠʡ 

ʧʨʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʣʠʟʘ: ʱʝʣʦʯʥʳʡ ʠ ʩ ʪʚʝʨʜʳʤ ʧʦʣʠʤʝʨʥʳʤ ʧʦʢʨʳʪʠʝʤ.  

ʑʝʣʦʯʥʳʡ ʵʣʝʢʪʨʦʣʠʟ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʭʦʞʜʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʯʝʨʝʟ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʂʆʅ ʠʣʠ Nʘʆʅ, ʧʨʠ ʵʪʦʤ ʥʘ ʘʥʦʜʝ 

ʚʳʜʝʣʷʝʪʩʷ ʚʦʜʦʨʦʜ, ʘ ʥʘ ʢʘʪʦʜʝ - ʢʠʩʣʦʨʦʜ. ʑʝʣʦʯʠ ʜʦʙʘʚʣʷʶʪʩʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʪ.ʢ. ʜʘʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʫ ʚʦʜʳ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʨʠ 

ʵʣʝʢʪʨʦʣʠʟʝ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʘʷ, ʘ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ 

ʚʦʜʘ,  ɼʦʩʪʦʠʥʩʪʚʘʤʠ ʧʨʦʮʝʩʩʘ ʱʝʣʦʯʥʦʛʦ ʵʣʝʢʪʨʦʣʠʟʘ ʷʚʣʷʶʪʩʷ ʧʨʦʩʪʦʪʘ 

ʘʧʧʘʨʘʪʫʨʥʦʛʦ ʦʬʦʨʤʣʝʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪʳ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ 

ʥʘʛʨʫʟʦʢ, ʥʘʯʠʥʘʷ ʩ 20 % ʦʪ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ. 

ʕʣʝʢʪʨʦʣʠʟʝʨʳ ʩ ʪʚʝʨʜʦ-ʧʦʣʠʤʝʨʥʳʤ ʵʣʝʢʪʨʦʣʠʪʦʤ ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʳ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʟʘʪʨʘʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʢʦʩʤʠʯʝʩʢʠʭ ʢʦʨʘʙʣʷʭ, ʧʦʜʚʦʜʥʳʭ ʣʦʜʢʘʭ ʠ ʚ ʜʨʫʛʠʭ ʦʙʲʝʢʪʘʭ, ʛʜʝ ʠʤʝʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʘʚʪʦʥʦʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʵʥʝʨʛʠʝʡ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʜʘʥʥʦʛʦ ʚʠʜʘ ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ, ʷʚʣʷʶʪʩʷ ʤʝʤʙʨʘʥʳ, ʦʙʣʘʜʘʶʱʠʝ ʭʠʤʠʯʝʩʢʦʡ 

ʩʪʦʡʢʦʩʪʴʶ ʠ ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ. ɿʘʨʷʜ ʧʝʨʝʥʦʩʠʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʭ ʧʨʦʪʦʥʦʚ ʯʝʨʝʟ ʤʝʤʙʨʘʥʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʙʝʩʧʦʨʠʩʪʳʝ 

ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʦʛʦ ʫʛʣʝʨʦʜʘ. ɼʘʥʥʳʡ ʚʠʜ 

ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ ʚ 5-7 ʨʘʟ ʜʦʨʦʞʝ ʚʦʜʥʦ-ʱʝʣʦʯʥʳʭ ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ [1].  

ʂʣʶʯʝʚʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ ʩ ʪʚʝʨʜʦ-ʧʦʣʠʤʝʨʥʳʤ 

ʵʣʝʢʪʨʦʣʠʪʦʤ ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʧʣʦʪʥʦʩʪʝʡ ʪʦʢʘ ʠ ʙʳʩʪʨʦʝ ʚʨʝʤʷ 

ʦʪʢʣʠʢʘ ʧʨʠ ʩʤʝʥʝ ʥʘʛʨʫʟʢʠ. ʆʜʥʘʢʦ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʚʳʜʝʣʝʥʠʷ 

ʚʦʜʦʨʦʜʘ ʤʦʞʝʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʘ ʪʦʣʴʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ 

ʚʝʩʴʤʘ ʜʦʨʦʛʠʭ ʤʝʪʘʣʣʦʚ ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʢʩʠʜʦʚ ʠʣʠ ʢʘʨʙʠʜʦʚ ʨʷʜʘ ʤʝʪʘʣʣʦʚ, 

ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ IrOx/TiOx [9]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ 

ʠ ʧʨʦʠʟʚʦʜʩʪʚ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʯʝʣʦʚʝʯʝʩʪʚʦ ʩʪʦʠʪ ʥʘ ʧʦʨʦʛʝ ʥʦʚʦʡ 

ʠʥʜʫʩʪʨʠʘʣʴʥʦʡ ʵʧʦʭʠ ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʦʜʦʨʦʜʘ ʙʝʟ ʫʛʣʝʨʦʜʥʦʛʦ ʩʣʝʜʘ. ʀ ʚ 

ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ, ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ çʟʝʣʝʥʦʛʦè ʚʦʜʦʨʦʜʘ ʵʣʝʢʪʨʦʣʠʟʦʤ ʚʦʜʳ, ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʢʦʣʦʛʠʯʥʳʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʦʚʨʝʤʝʥʥʦʩʪʠ. 
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Abstract 
The article points out that the growth of solid waste in the world is a source of danger 

to the environment.  Among the solid wastes, the waste formed from construction materials is 
widespread, occupying vacant lands and forming large landfills. For this reason, the benefits 
of recycling ï protection of the environment from excess waste, thereby release of useful 
lands as well as protection of atmosphere from pollution, and less use of natural resources 
have been emphasized. While using raw materials in the chemical industry, development of 
harmless and waste-free technologies has been shown as one of the main ways to eliminate 
environmental problems. 

Keywords: solid waste, construction waste, recycling, development, chemicals, 
waste-free technology 

 

ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʪʚʝʨʜʳʭ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ ʚ ʤʠʨʝ ʷʚʣʷʝʪʩʷ 

ʠʩʪʦʯʥʠʢʦʤ ʦʧʘʩʥʦʩʪʠ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʨʝʜʠ ʪʚʝʨʜʳʭ ʦʪʭʦʜʦʚ 
ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʦʪʭʦʜʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʦʪ ʩʪʨʦʠʪʝʣʴʥʳʭ 
ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪ ʧʫʩʪʫʶʱʠʝ ʟʝʤʣʠ ʠ ʦʙʨʘʟʫʶʪ ʢʨʫʧʥʳʝ ʩʚʘʣʢʠ. ʇʦ ʵʪʦʡ 
ʧʨʠʯʠʥʝ ʦʪʤʝʯʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚʪʦʨʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ - ʠʟʙʘʚʣʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ 
ʩʨʝʜʳ ʦʪ ʣʠʰʥʠʭ ʦʪʭʦʜʦʚ, ʪʝʤ ʩʘʤʳʤ ʚʳʩʚʦʙʦʞʜʘʷ ʧʣʦʜʦʨʦʜʥʳʝ ʟʝʤʣʠ ʠ ʟʘʱʠʱʘʷ 
ʵʢʦʣʦʛʠʶ, ʘ ʪʘʢʞʝ ʘʪʤʦʩʬʝʨʫ ʦʪ ʟʘʛʨʷʟʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʤʝʥʴʰʝʤʫ 
ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʳʨʴʷ ʚ ʭʠʤʠʯʝʩʢʦʡ 
ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʨʘʟʨʘʙʦʪʢʘ ʙʝʟʚʨʝʜʥʳʭ ʠ ʙʝʟʦʪʭʦʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʙʳʣʘ 
ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʦʚ ʫʩʪʨʘʥʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʚʝʨʜʳʝ ʦʪʭʦʜʳ, ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʫʩʦʨ, ʚʪʦʨʠʯʥʘʷ 
ʧʝʨʝʨʘʙʦʪʢʘ, ʨʘʟʨʘʙʦʪʢʘ, ʭʠʤʠʢʘʪʳ, ʙʝʟʦʪʭʦʜʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 

 
In modern times, the world is constantly evolving. The growth of the world's 

population and the expansion of cities have led to a further increase in annual production. On 
the other hand, as the chemical industry developed, the range of industrial products expanded. 
For this reason, the increase in consumption and, consequently, production has increased the 
demand for resources. Natural resources in nature are limited over time. In this case, there is a 
shortage of raw materials required for production, which leads to delays in the process and 
failure to meet the growing consumer needs [1-3]. 
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While scientific and technological progress is constantly improving human life, it is 

also creating various environmental problems. As a result of human activities, a large number 
of harmful substances enter the environment. One of the sources of harmful effects on the 
environment is the chemical industry. Until now, more than 3 million new types of chemicals 
not accustomed to nature have been identified. On the other hand, the use of the achievements 
of chemistry is an important condition for solving environmental problems [3]. 

One of the main ways to overcome environmental problems is the development of 
harmless and waste-free technologies in the working out of new types of materials from raw 
materials [1-3]. 

Waste-free technology means a system of efficient use of all components of raw 
materials, types of energy without disturbing the ecological balance of the raw material-
production-operation cycle.  Waste-free technology can be implemented in workshops, 
factories, associations, fields and within the region.  It is practically impossible to create a 
completely waste-free technology.  In reality, low-waste technologies can be created. The 
main principles of waste-free technology include integrated processing of raw materials, use 
of energy sources, closed water and gas circulation, new high-efficiency, environmentally 
friendly and low-waste processes, reuse of waste, etc. [1]. 

In order to meet the needs of one person, 20-30 tons of mineral raw materials are 
extracted from the ground every year, which does not exceed 1-3% of the final product. Due 
to this, as a whole more than 100 billion tons of industrial waste per year are generated in the 
planet. These include rocks, ferrous and non-ferrous metal production wastes, slag and 
combustion products from blast furnaces, thermal power plants and other furnaces, and wastes 
from the chemical and other industries. As the world populationôs needs grow year by year, 
its mineral and ore reserves are constantly declining. Due to useful components, the demand 
for the use of poor ore deposits is growing. This leads to an increase in the amount of rock 
that forms waste. Thus, the volume of industrial waste is constantly growing. These wastes, 
which are formed in large quantities, occupy a significant area of land, enter the atmosphere 
in the form of dust and the hydrosphere as a solution. Solid waste is considered 
environmentally hazardous because of its high content of harmful substances. Therefore, the 
need for industrial waste treatment is important [1, 3]. 

According to the research, only in the United States in 2012, about 280 million tons of 
solid industrial waste was formed. Solid industrial waste management, which causes 
excessive pollution, has always been a major challenge around the world.  Burial and 
incineration of waste as a common method without control has led to problems such as soil, 
water and air pollution [3]. 

Vietnam is considered one of the top five countries in terms of solid waste generation, 
with about 13 million tons per year. It has been estimated that in 2017, Vietnam generated 
38,000 tons of household waste per day. Improper handling of such a waste problem can 
damage the urban environment. The Vietnam Environmental Administration says that the 
country's household waste production increases by 10-16% annually [5]. 

Due to the rapid development of industrial waste, mankind is faced with the need to 
use new technologies for waste disposal. Today, about 94% of waste in Russia remains in 
special landfills. In Europe, though this figure is very low (40%) it remains undesirable [2]. 
According to Rostechnology, about 40% of the waste collected in Russia is considered 
valuable - secondary raw material and can be recycled [6]. It has been estimated that about 
11.5 million tons of construction waste is annually generated in Moscow, and in the near 
future the increase in the amount of concrete crumbs during demolition, reconstruction, 
overhaul and assembly of non-standard structures will reach 13-15 million tons per year [7]. 

According to a special instruction of the European Union, in 2020, seventy percent of 
the waste generated during the construction and demolition of buildings will be sent for 
recycling. In Finland, the future use of this type of waste varies both by classification and 
region. The wooden materials in a very bad condition are burned because their reuse is 
difficult. Concrete crumbs from the demolition of buildings are mostly used in earthworks. At 
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the same time, 250,000 tons of construction waste are still sent to the landfill. In Finland, 
recycling of construction waste accounts for twenty-six percent of all non-waste energy [8]. 
According to scientists, the amount of waste is expected to increase to 3.4 billion tons by 
2050. 

Many industrial wastes have valuable components.  Such wastes are considered raw 
materials for new production areas. For example, ferrous metallurgical wastes contain Ti, Ni, 
Cu, Au, Pt and other metals.  The ashes of coal and burning shales contain Ge, Mo, V, Re, 
Ag, Au and other elements.  Therefore, it is possible to obtain large amounts of valuable 
substances from the processing of such wastes.  Wastes from many other industries can be 
used to make building materials. Metallurgy (slag), thermal energy (waste), chemicals and 
other areas can be exemplified to such production areas [4]. 

Every day, thousands of tons of waste are collected from modern cities and transported 
to special landfills for burial and incineration.  However, the area of such places on the earth 
is limited. But the amount of incoming waste exceeds their capacity, and that is why, the 
waste mountains are rising every day. According to experts, up to 75% of this waste can be 
recycled. Large amounts of unprocessed waste have a serious negative impact on the 
ecological condition of the planet [9]. That is why, there is a need to establish high-quality 
waste processing plants. 

Municipal waste is sent to pre-defined areas or waste incinerators.  Despite the 
simplicity and efficiency of the work, such use of waste is severely criticized for its damage 
to the environment. Burial of waste over time causes methane gas to leak into the atmosphere, 
which is more harmful and dangerous than carbon dioxide in terms of increasing the 
"greenhouse effect". In addition, buried waste can poison groundwater as it is a source of 
leakage of harmful substances. Since the process of dissolving many waste materials in nature 
takes thousands of years, there is a need to constantly expand the areas for their collection or 
burial.  This is a stronger alarm for large cities, as vacant space in such cities is limited and 
expensive [3].  Incineration, in turn, releases greenhouse gases and harmful chemicals into the 
atmosphere, which pollute the environment and accelerate global warming. 

Making new products from previously used and recycled materials saves energy. As a 
rule, the processing of ready-made material requires less energy. For example, making paper 
from waste paper is 40% faster than making it from wood.  Energy conservation affects less 
water and air pollution. In addition, waste recycling significantly reduces the use of raw 
materials, which leads to savings and conservation of natural resources. Processing of one ton 
of newsprint protects 12 trees [9]. 

Construction waste is the waste generated during construction, repair and other works. 
All construction - demolition, restoration and repair projects, insulation materials, electrical 
wiring, concrete, construction materials, wood, plaster, scrap metal, cement, glass, asbestos, 
bricks, various packaging materials generate a large amount of waste. The statistics of the 
distribution of these wastes are shown in a percentage in Figure 1 [10]. 

 

 
Fig.1. Distribution of construction waste by %. 
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Every year, construction waste occupies and is buried in an area that is growing, 

adversely affecting health and damaging the environment.  In this regard, there is a need for 

secondary measures - recycling of construction waste and finding areas for their application 

[11-12].  Concrete is one of the most widely used artificial building materials in the world.  

Concrete has many advantages over other building materials, such as abundant resources, 

easy operation, stable mechanical properties, durability. The production of green concrete 

meets three requirements: very low energy and resource consumption, low pollution and 

sustainable development [13]. During production of one ton of cement 0.9 tons of CO2 

releases. 10% of a cubic meter of concrete is cement. Thus, it is possible to reduce CO2 

emissions into the atmosphere using green concrete in environmental construction techniques 

[14]. 

Studies have shown that waste limestone and waste silicon dioxide can be a substitute 

for cement used in the preparation of concrete [15]. 

Silicon mist and waste glass have been used in the production of cement and concrete. 

The hardening properties of new concrete obtained using silicon mist and waste glass have 

been studied in the research [16]. The strength properties of concrete have been improved by 

the incorporation of silicon mist and waste glass to a certain composition. The workability of 

concrete decreased with the addition of silicon mist and increased with the inclusion of waste 

glass [16]. 

In order to reduce silicon-rich wastes they have been used in the manufacture of meso-

porous materials [17]. The synthesis template for porous carbon materials typically requires 

selective removal of silicon from carbon/silicon composites. The recycling of nano-cast 

silicates has been successful for the first time in the recovery of meso-porous MCM and SBA-

type silicon materials, which will not only save valuable chemicals, but also reduce chemical 

waste and improve environmental standards [18]. 

Geopolymer has been produced using aluminum oxide and silicon (IV) oxide wastes 

as raw materials. The used alumina waste is from the aluminum thermal metallurgy plant in 

Thailand, and the silicon (IV) oxide waste is obtained from the recycling industry. The 

obtained geopolymer samples have been analyzed. The study of the concentration of heavy 

metals has shown that after the formation of the geopolymer, the heavy metal is stabilized in 

the structure with a lower concentration, and geopolymer products are no longer hazardous 

waste [2]. 

The use of low-waste technologies in the chemical industry, as well as the discovery 

of new applications for waste, thus releasing useful lands and protecting the atmosphere from 

pollution, are considered to be the achievements of green chemistry. 
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ɸʥʥʦʪʘʮʠʷ 

ɾʠʟʥʝʥʥʳʡ ʮʠʢʣ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʧʨʦʭʦʜʠʪ ʜʦʣʛʦʝ ʚʨʝʤʷ. ɿʘ ʵʪʦʪ ʧʝʨʠʦʜ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʤʦʜʝʨʥʠʟʘʮʠʡ ʩ ʮʝʣʴʶ ʥʝ ʨʘʟʨʫʰʝʥʠʷ ʟʜʘʥʠʷ. ɼʣʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʥʝʦʙʭʦʜʠʤ ʤʦʥʠʪʦʨʠʥʛ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʤʝʪʦʜʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ.    

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʥʠʪʦʨʠʥʛ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʛʝʦʤʦʥʠʪʦʨʠʥʛ, 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ 

 

Abstract 

The life cycle of buildings and structures takes a long time. During this period, several 

modernizations are carried out in order not to destroy the building. Monitoring is essential for 

this process to be effective. The article discusses methods of automated monitoring of 

buildings and structures. 

Keywords: monitoring of buildings and structures, geomonitoring, classification of 

monitoring systems 

 

ʄʦʥʠʪʦʨʠʥʛ ʚ ʦʙʱʝʧʨʠʥʷʪʦʤ ʧʦʥʠʤʘʥʠʠ ʟʥʘʯʠʪ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʥʘʙʣʶʜʝʥʠʝ ʟʘ 

ʦʙʲʝʢʪʦʤ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʣʠ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ. 

ʄʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʆʥ ʧʨʦʚʦʜʠʪʩʷ ʜʣʷ ʠʭ ʩʪʘʙʠʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʦʙʥʘʨʫʞʝʥʠʷ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʡ ʩ ʦʜʥʠʤ ʠʟ ʵʣʝʤʝʥʪʦʚ 

ʩʦʦʨʫʞʝʥʠʷ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʣʶʙʦʡ ʧʨʦʙʣʝʤʳ ʚʩʝʛʜʘ ʩʪʦʠʪ ʨʘʟʦʙʨʘʪʴʩʷ ʩ ʧʨʠʯʠʥʘʤʠ. ʇʦʵʪʦʤʫ 

ʜʣʷ ʥʘʯʘʣʘ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʯʝʥʴ ʤʥʦʛʠʝ ʬʘʢʪʦʨʳ ʚʣʠʷʶʪ ʥʘ ʨʘʟʨʫʰʝʥʠʝ ʠʣʠ 

ʠʟʤʝʥʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʜʘʥʠʷ. ʊʘʢʠʤʠ ʧʨʠʯʠʥʘʤʠ ʷʚʣʷʶʪʩʷ: 

- ʨʝʟʢʠʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ 

ʠʟʤʝʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʠʨʦʜʥʳʝ ʷʚʣʝʥʠʷ; 

- ʫʩʠʣʝʥʠʝ ʥʘʛʨʫʟʦʢ ʥʘ ʦʩʥʦʚʘʥʠʝ ʟʜʘʥʠʷ, ʠʟʥʘʰʠʚʘʝʤʦʩʪʴ; 

- ʥʠʟʢʘʷ ʢʚʘʣʠʬʠʢʘʮʠʷ ʨʘʙʦʪʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ, ʩʣʘʙʘʷ ʧʦʜʛʦʪʦʚʣʝʥʥʦʩʪʴ; 

- ʥʝʪʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʯʝʪʝ ʠ ʦʰʠʙʢʠ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʦʦʨʫʞʝʥʠʷ; 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʧʦʜʭʦʜʷʱʠʭ ʠʣʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʨʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 
ʥʝʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ɻʆʉʊʫ. 

ɺʳʰʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʬʘʢʪʦʨʳ ʦʢʘʟʳʚʘʶʪ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʜʘʣʴʥʝʡʰʫʶ 

ʩʫʜʴʙʫ ʦʙʲʝʢʪʘ. ʀʩʭʦʜʷ ʠʟ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʤʦʞʥʦ ʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʚʳʰʝ ʩʢʘʟʘʥʥʦʡ 

ʧʨʦʙʣʝʤʝ, ʘ ʫʞʝ ʧʦʪʦʤ ʚʳʙʠʨʘʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʤʦʥʠʪʦʨʠʥʛʘ ʟʜʘʥʠʡ ʠ 

ʩʦʦʨʫʞʝʥʠʡ. 

ʈʘʩʩʤʦʪʨʠʤ  ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ.  

ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʛʦ ʤʝʪʦʜʘ ʨʘʩʩʤʦʪʨʠʤ ʦʜʠʥ ʠʟ ʧʦʧʫʣʷʨʥʳʭ ʤʝʪʦʜʦʚ 

ʤʦʥʠʪʦʨʠʥʛʘ ʠʩʧʦʣʴʟʫʶʱʠʡ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ. ɻʝʦʜʝʟʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ 

ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʳʭ ʪʘʭʝʦʤʝʪʨʦʚ. 



ð 74 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠʣʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ, ʘ ʪʘʢʞʝ ʚ 

ʪʝʯʝʥʠʝ ʥʝ ʤʝʥʝʝ ʦʜʥʦʛʦ ʛʦʜʘ ʧʦʩʣʝ ʜʣʷ ʪʦʯʥʦʛʦ ʢʦʥʪʨʦʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠʣʠ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʦʪʢʣʦʥʝʥʠʡ. ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʦʙʥʘʨʫʞʝʥʠʠ ʩʜʚʠʛʦʚ, ʪʨʝʱʠʥ ʠʣʠ ʧʝʨʝʤʝʱʝʥʠʡ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ ʠʣʠ ʚʝʨʪʠʢʘʣʠ ʜʘʞʝ ʚ 

ʧʦʜʟʝʤʥʦʡ ʯʘʩʪʠ ʩʦʦʨʫʞʝʥʠʷ. ʉʫʪʴ ʛʝʦʤʦʥʠʪʦʨʠʥʛʘ: ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʜʚʘ ʚʠʜʘ 

ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʟʥʘʢʦʚ ï ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʤʘʨʢʠ ʠ ʦʩʥʦʚʥʳʝ ʨʝʧʝʨʳ. ʆʩʥʦʚʥʳʝ ʨʝʧʝʨʳ 

ï ʵʪʦ ʩʪʘʙʠʣʴʥʳʝ ʪʦʯʢʠ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʳʭ ʚʳʩʯʠʪʳʚʘʶʪ ʦʪʢʣʦʥʝʥʠʷ ʠ ʩʜʚʠʛʠ. 

ʏʘʱʝ ʚʩʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʵʪʠʭ ʪʦʯʝʢ ʠʩʧʦʣʴʟʫʶʪ ʛʦʨʦʜʩʢʠʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʩʝʪʠ. 

ɼʝʬʦʨʤʘʮʠʦʥʥʳʝ ʤʘʨʢʠ ï ʵʪʦ ʪʦʯʢʠ, ʢʦʪʦʨʳʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʥʘ ʠʩʩʣʝʜʫʝʤʦʤ 

ʩʦʦʨʫʞʝʥʠʠ. ɺ ʦʪʣʠʯʠʠ ʦʪ ʦʩʥʦʚʥʳʭ ʨʝʧʝʨʦʚ, ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʤʘʨʢʠ ʦʧʨʝʜʝʣʷʶʪ ʩ 

ʧʦʤʦʱʴʶ ʚʳʩʦʢʦʪʦʯʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʪʘʭʝʦʤʝʪʨʦʚ.  

ʕʪʦʪ ʤʝʪʦʜ ʦʯʝʥʴ ʧʦʣʝʟʝʥ ʢʘʢ ʧʨʠ ʪʱʘʪʝʣʴʥʦʤ ʦʩʤʦʪʨʝ ʚʩʝʛʦ ʩʦʦʨʫʞʝʥʠʷ, ʪʘʢ ʠ 

ʧʨʠ ʦʩʤʦʪʨʝ ʦʪʜʝʣʴʥʳʭ ʝʛʦ ʯʘʩʪʝʡ, ʦʜʥʘʢʦ ʵʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʥʠʤʘʶʪ ʦʯʝʥʴ ʤʥʦʛʦ 

ʚʨʝʤʝʥʠ, ʪʨʫʜʦʝʤʢʠ, ʘ ʪʘʢʞʝ ʠʤʝʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʮʝʥʫ.  

ʉʣʝʜʫʶʱʠʤ ʘʢʪʫʘʣʴʥʳʤ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʤʝʪʦʜʦʤ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ 

ʬʦʪʦʬʠʢʩʘʮʠʠ ʜʝʬʝʢʪʦʚ.  ʇʨʝʠʤʫʱʝʩʪʚʦ ʵʪʦʛʦ ʤʝʪʦʜʘ ʧʝʨʝʜ ʜʨʫʛʠʤʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʦʙʥʘʨʫʞʝʥʠʠ ʧʦʣʦʤʦʢ ʠʣʠ ʪʨʝʱʠʥ ʚ ʩʘʤʳʭ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʤʝʩʪʘʭ, ʘ ʪʘʢʞʝ ʚ 

ʢʦʥʪʨʦʣʝ ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʟʘ ʩʯʸʪ ʘʵʨʦʩʲʝʤʢʠ.  

ʉʫʱʥʦʩʪʴ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʩʦʩʪʦʠʪ ʚ ʩʦʩʪʘʚʣʝʥʠʠ ʪʨʝʭʤʝʨʥʦʡ ʢʘʨʪʠʥʢʠ ʟʜʘʥʠʷ 

ʠʣʠ ʩʦʦʨʫʞʝʥʠʷ, ʠʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʉ ʧʦʤʦʱʴʶ ʧʦʩʪʨʦʝʥʥʦʡ ʤʦʜʝʣʠ ʤʦʞʥʦ 

ʦʪʩʣʝʞʠʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʚʩʝʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʩʪʨʦʡʢʠ, ʯʪʦʙʳ ʚ ʙʫʜʫʱʝʤ ʠʟʙʝʞʘʪʴ 

ʦʰʠʙʦʢ ʠ ʥʝʪʦʯʥʦʩʪʝʡ. ʉ ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʤʝʪʦʜʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʦʜʨʦʙʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʜʠʥʘʤʠʢʝ ʨʘʟʚʠʪʠʷ ʪʝʭ ʠʣʠ ʠʥʳʭ ʧʨʦʙʣʝʤ ʩ ʩʦʦʨʫʞʝʥʠʝʤ. ʅʦ 

ʧʨʠʤʝʥʝʥʠʝ ʩʧʦʩʦʙ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʭʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʥʦ ʪʘʢʞʝ ʠ 

ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʷ ʠʣʠ ʝʛʦ ʨʝʤʦʥʪʝ.  

ʊʘʢ ʵʪʦʪ ʤʝʪʦʜ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʦʜʥʠʤ ʠʟ ʣʫʯʰʠʭ, ʚʝʜʴ ʦʥ ʜʘʝʪ ʚʳʩʦʢʦʪʦʯʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ ʢʦʥʪʨʦʣʝ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʦʜʥʫ ʠʟ ʧʨʠʯʠʥ ʨʘʟʨʫʰʝʥʠʷ ʠʣʠ ʯʘʩʪʳʭ 

ʧʦʣʦʤʦʢ ʩʦʦʨʫʞʝʥʠʷ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʵʬʬʝʢʪʠʚʥʳʭ, ʜʦʩʪʫʧʥʳʭ, 

ʣʝʛʢʠʭ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʘ ʩʘʤʦʝ ʛʣʘʚʥʦʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ 

ʤʦʥʠʪʦʨʠʥʛʘ ʙʝʪʦʥʥʳʭ ʠ ʢʘʤʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʧʦʤʦʱʴʶ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ.  

ɼʘʥʥʳʡ ʚʠʜ ʤʦʥʠʪʦʨʠʥʛʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʝʜʝʣʴʥʳʭ 

ʜʝʬʦʨʤʘʮʠʠ ʠʣʠ ʪʨʝʱʠʥ, ʧʝʨʝʤʝʱʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʘ ʪʘʢʞʝ ʠʟʤʝʨʝʥʠʷ 

ʚʣʘʞʥʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʪ.ʜ. 

ʕʪʦʪ ʤʝʪʦʜ ʧʦ ʧʨʘʚʫ ʩʯʠʪʘʝʪʩʷ ʙʘʟʦʡ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʠʟ-ʟʘ 

ʥʦʚʝʡʰʠʭ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ. ʉʫʱʝʩʪʚʝʥʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʵʪʠʭ 

ʜʘʪʯʠʢʦʚ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʚ ʥʝʥʘʜʦʙʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʨʘʙʦʪʫ ʜʘʥʥʳʭ ʜʘʪʯʠʢʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʤʦʞʥʦ ʟʘʷʚʠʪʴ, ʯʪʦ ʦʜʥʦʟʥʘʯʥʦʛʦ ʤʝʪʦʜʘ 

ʙʦʨʴʙʳ ʩ ʦʙʨʫʰʝʥʠʷʤʠ ʤʳ ʥʘʟʚʘʪʴ ʥʝ ʩʤʦʞʝʤ, ʪʘʢ ʢʘʢ ʢʘʞʜʳʡ ʠʟ ʤʝʪʦʜʦʚ ʠʤʝʝʪ ʩʚʦʠ 

ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʆʜʥʘʢʦ ʧʨʦʙʣʝʤʘ ʨʘʟʨʫʰʝʥʠʷ ʚʩʝʛʜʘ ʙʫʜʝʪ ʦʯʝʥʴ ʦʩʪʨʦ 

ʩʪʦʷʪʴ ʧʝʨʝʜ ʩʦʚʨʝʤʝʥʥʳʤ ʦʙʱʝʩʪʚʦʤ, ʯʪʦ ʙʫʜʝʪ ʝʞʝʜʥʝʚʥʦ ʤʦʪʠʚʠʨʦʚʘʪʴ ʣʶʜʝʡ ʥʘ 

ʧʦʠʩʢʠ ʥʦʚʳʭ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. 
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ɸʥʥʦʪʘʮʠʷ  

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʙʱʠʝ ʘʩʧʝʢʪʳ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʟʜʘʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʥʷʪʠʝ çʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʟʜʘʥʠʝè, ʩʤʝʪʘ ʠ 

ʩʦʩʪʘʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʟʜʘʥʠʝ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʟʜʘʥʠʷ, ʫʤʥʳʡ ʜʦʤ, 

ʫʤʥʦʝ ʟʜʘʥʠʝ. 

 

Abstract  

This article examines the general aspects of the modern smart building. In particular, 

the concept of "Intelligent building", estimate and composition. 

Keywords: Intelligent building, building automation, smart house, smart building. 

 

ʇʦʥʷʪʠʝ "ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʟʜʘʥʠʝ" ʙʳʣʦ ʩʬʦʨʤʫʣʠʨʦʚʘʥʦ ʚ 70-ʝ ʛʦʜʳ 

ʧʨʦʰʣʦʛʦ ʚʝʢʘ: "ɿʜʘʥʠʝ ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʧʨʦʜʫʢʪʠʚʥʦʝ ʠ ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ..." 

ʉʪʦʠʪ ʨʘʟʣʠʯʘʪʴ ʧʦʥʷʪʠʷ "ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʟʜʘʥʠʝ" ʠ "ʩʠʩʪʝʤʳ 

ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ". ʆʪʜʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʦʙʣʘʜʘʶʪ ʣʠʰʴ ʥʝʦʙʭʦʜʠʤʳʤʠ ʠʥʪʝʨʬʝʡʩʘʤʠ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ. ʂʦʥʮʝʧʮʠʷ ñʉʠʩʪʝʤʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʟʜʘʥʠʝʤò 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʦʚʳʡ ʧʦʜʭʦʜ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ ʟʜʘʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʟʘ 

ʩʯʝʪ ʢʦʤʧʣʝʢʩʘ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʥʘʜʝʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʚʩʝʭ ʩʠʩʪʝʤ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʆʩʥʦʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʟʜʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʙʲʝʜʠʥʝʥʠʝ 

ʦʪʜʝʣʴʥʳʭ ʧʦʜʩʠʩʪʝʤ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʚ ʝʜʠʥʳʡ ʫʧʨʘʚʣʷʝʤʳʡ ʢʦʤʧʣʝʢʩ. 

ʇʝʨʝʚʦʜ ʪʝʨʤʠʥʘ intelligent building ʦʟʥʘʯʘʝʪ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʫʤʝʪʴ 

ʨʘʩʧʦʟʥʘʚʘʪʴ ʢʦʥʢʨʝʪʥʳʝ ʩʠʪʫʘʮʠʠ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʟʜʘʥʠʠ, ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʦʙʨʘʟʦʤ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʥʠʭ: ʦʜʥʘ ʠʟ ʩʠʩʪʝʤ ʤʦʞʝʪ ʫʧʨʘʚʣʷʪʴ ʧʦʚʝʜʝʥʠʝʤ ʜʨʫʛʠʭ ʧʦ 

ʟʘʨʘʥʝʝ ʚʳʨʘʙʦʪʘʥʥʳʤ ʘʣʛʦʨʠʪʤʘʤ.  



ð 76 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ɿʜʘʥʠʝ ʧʨʦʝʢʪʠʨʫʶʪ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚʩʝ ʩʠʩʪʝʤʳ ʝʛʦ ʫʧʨʘʚʣʝʥʠʷ ʤʦʛʣʠ 

ʠʥʪʝʛʨʠʨʦʚʘʪʴʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ, ʘ ʠʭ ʦʙʩʣʫʞʠʚʘʥʠʝ ʙʳʣʦ 

ʙʳ ʦʨʛʘʥʠʟʦʚʘʥʦ ʦʧʪʠʤʘʣʴʥʳʤ ʦʙʨʘʟʦʤ. ʇʨʦʝʢʪ ʦʙʷʟʘʪʝʣʴʥʦ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʨʘʱʠʚʘʪʴ ʠ ʚʠʜʦʠʟʤʝʥʷʪʴ ʢʦʥʬʠʛʫʨʘʮʠʠ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʩʠʩʪʝʤ. 

ʉʦ ʚʨʝʤʝʥʝʤ ʟʜʘʥʠʷ ʦʙʨʝʪʫʪ "ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ". ʊʦʛʜʘ ʩ ʧʦʣʥʳʤ 

ʦʩʥʦʚʘʥʠʝʤ ʤʦʞʥʦ ʙʫʜʝʪ ʥʘʟʳʚʘʪʴ ʠʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ. ʉʠʩʪʝʤʳ ʩʤʦʛʫʪ 

ʦʪʩʣʝʞʠʚʘʪʴ ʨʘʙʦʪʫ ʠ ʩʦʩʪʦʷʥʠʝ ʚʩʝʛʦ ʟʜʘʥʠʷ, ʚʢʣʶʯʘʷ ʦʛʨʘʞʜʘʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʠ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ʚ ʠʟʤʝʥʷʶʱʠʭʩʷ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʭ. 

ʇʦʣʘʛʘʶʪ, ʯʪʦ ʧʝʨʚʦʝ ʟʜʘʥʠʝ ʙʳʣʦ ʩʥʘʙʞʝʥʦ "ʠʥʪʝʣʣʝʢʪʦʤ" ʚ 1986 ʛʦʜʫ 

ʢʦʤʧʘʥʠʷʤʠ AT&T ʠ Honeywell, ʢʦʪʦʨʳʝ ʪʦʛʜʘ ʩʪʨʝʤʠʣʠʩʴ ʥʘʡʪʠ ʥʦʚʳʝ ʦʙʣʘʩʪʠ ʩʙʳʪʘ 

ʜʣʷ ʩʚʦʝʡ ʢʘʙʝʣʴʥʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ. 

ʆʩʦʙʝʥʥʦʩʪʴ, ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ɽʚʨʦʧʳ ʠ ʈʦʩʩʠʠ: ʠʥʪʝʣʣʝʢʪʦʤ ʯʘʱʝ ʥʘʧʦʣʥʷʶʪ 

ʦʬʠʩʥʳʝ ʟʜʘʥʠʷ, ʥʝʞʝʣʠ ʵʣʠʪʥʦʝ ʞʠʣʴʝ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʚʩʝ ʙʦʣʴʰʝ 

ʣʶʜʝʡ ʠʥʪʝʨʝʩʫʶʪʩʷ ʚʦʧʨʦʩʦʤ ʚ ʯʘʩʪʥʦʤ ʧʦʨʷʜʢʝ. 

ʄʥʝʥʠʷ ʵʢʩʧʝʨʪʦʚ ʧʦ ʧʦʚʦʜʫ ʧʨʦʛʥʦʟʦʚ ʨʘʟʚʠʪʠʷ ʨʳʥʢʘ "ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʟʜʘʥʠʡ" ʨʘʟʜʝʣʠʣʠʩʴ. ʆʜʥʠ ʩʯʠʪʘʶʪ, ʯʪʦ ʚ ʩʝʢʪʦʨʝ ʵʣʠʪʥʦʛʦ ʞʠʣʴʷ ʙʫʨʥʳʡ ʨʦʩʪ ʙʫʜʝʪ 

ʥʘʙʣʶʜʘʪʴʩʷ ʚ ʯʘʩʪʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʢʚʘʨʪʠʨ ʠ 

ʢʦʪʪʝʜʞʝʡ.  

ɼʨʫʛʠʝ ʩʧʝʮʠʘʣʠʩʪʳ ʫʚʝʨʝʥʳ, ʯʪʦ ʚ ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʭ ʵʣʠʪʥʳʭ ʜʦʤʘʭ 

ʟʘʩʪʨʦʡʱʠʢʠ ʙʫʜʫʪ ʚʩʝ ʙʦʣʴʰʝ ʩʪʨʝʤʠʪʴʩʷ ʢ ʚʢʣʶʯʝʥʠʶ ʚ ʧʨʦʝʢʪ ʢʦʤʧʣʝʢʩʥʳʭ ʩʠʩʪʝʤ 

"ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʟʜʘʥʠʷ", ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʠʥʪʝʛʨʘʮʠʶ ʩʠʩʪʝʤ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ, 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ. ɸ ʥʘ ʜʦʣʶ ʚʣʘʜʝʣʴʮʝʚ ʢʚʘʨʪʠʨ ʦʩʪʘʥʫʪʩʷ ʣʠʰʴ 

ʨʘʩʭʦʜʳ ʧʦ "ʨʘʟʚʦʜʢʝ" ʢʘʙʝʣʴʥʳʭ ʩʠʩʪʝʤ ʚ ʢʚʘʨʪʠʨʝ ʠ ʫʩʪʘʥʦʚʢʝ ʤʥʦʛʦʢʦʤʥʘʪʥʳʭ 

ʘʫʜʠʦ-ʚʠʜʝʦʩʠʩʪʝʤ ʚʤʝʩʪʝ ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʦʩʚʝʱʝʥʠʝʤ, 

ʢʣʠʤʘʪʦʤ.  

ʅʝʜʘʚʥʠʡ ʧʨʦʛʥʦʟ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʩʧʨʦʩ ʥʘ ʩʠʩʪʝʤʳ 

"ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʟʜʘʥʠʷ" ʚ ʩʝʢʪʦʨʝ ʵʣʠʪʥʦʛʦ ʞʠʣʴʷ ʚ ʄʦʩʢʚʝ ʩʦʩʪʘʚʣʷʝʪ 140 ʤʣʥ 

ʜʦʣʣʘʨʦʚ. ʆʜʥʘʢʦ ʩʝʛʦʜʥʷ ʦʥ ʥʝ ʧʨʝʚʳʰʘʝʪ 7 ʤʣʥ ʜʦʣʣʘʨʦʚ. ʃʠʰʴ ʚ ʥʝʙʦʣʴʰʦʡ ʯʘʩʪʠ 

ʜʦʤʦʚ ʚ ʧʨʦʝʢʪ ʟʘʢʣʘʜʳʚʘʶʪʩʷ ʩʠʩʪʝʤʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʩʨʘʟʫ ʜʣʷ ʚʩʝʭ ʞʠʣʴʮʦʚ. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʨʘʩʭʦʜʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʞʠʣʴʮʘʤʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦ, ʧʦʩʣʝ ʧʨʠʦʙʨʝʪʝʥʠʷ 

ʢʚʘʨʪʠʨʳ. ʕʪʦ ʩʜʝʨʞʠʚʘʝʪ ʨʦʩʪ ʦʜʥʦʛʦ ʠʟ ʩʘʤʳʭ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʭ ʩʝʛʤʝʥʪʦʚ ʨʳʥʢʘ 

ʩʙʳʪʘ ʜʣʷ ʧʦʩʪʘʚʱʠʢʦʚ ʩʠʩʪʝʤ "ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʟʜʘʥʠʷ". 

ʈʳʥʦʢ "ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʟʜʘʥʠʡ" ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʨʳʥʢʘ: ʯʝʤ ʙʦʣʴʰʝ ʟʜʘʥʠʡ ʙʫʜʝʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ, ʩʪʨʦʠʪʴʩʷ 

ʥʦʚʳʭ ʩ ñʧʨʘʚʢʘʤʠò ʚ ʧʨʦʝʢʪʘʭ, ʪʝʤ ʚʳʰʝ ʙʫʜʝʪ ʩʧʨʦʩ ʥʘ "ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʟʜʘʥʠʷ". 

ʏʝʨʝʟ ʧʷʪʴ-ʩʝʤʴ ʣʝʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʘʢʠʭ ʟʜʘʥʠʡ ʠʭ ʚʣʘʜʝʣʴʮʘʤ ʤʦʞʥʦ ʙʫʜʝʪ 

ʧʦʜʩʯʠʪʳʚʘʪʴ ʧʨʠʙʳʣʴ, ʘ ʵʪʦ ʜʘʩʪ ʨʳʥʢʫ ʥʦʚʳʡ ʚʠʪʦʢ ʨʦʩʪʘ. 

ɺʦʧʨʦʩ ʩʪʦʠʤʦʩʪʠ. ʇʨʦʝʢʪ "ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʟʜʘʥʠʷ" ʤʦʞʝʪ ʩʪʦʠʪʴ ʦʪ 5-7 ʜʦ 

50-100 ʜʦʣʣʘʨʦʚ ʟʘ ʤ2: ʵʪʦ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʩʠʩʪʝʤ. ʉʪʦʠʤʦʩʪʴ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʙʦʡʜʝʪʩʷ ʟʘʢʘʟʯʠʢʫ ʦʪ 25 ʜʦ 250 ʜʦʣʣʘʨʦʚ ʟʘ ʤ2. ɺ ʯʘʩʪʥʦʤ ʞʠʣʴʝ 

ʩʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʙʫʜʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʟʘ ʩʯʝʪ ʦʪʥʦʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʩʠʩʪʝʤ 

ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʢ ʧʣʦʱʘʜʠ ʩʘʤʦʛʦ ʟʜʘʥʠʷ, ʪʘʢ ʢʘʢ ʚʩʝ ʥʝʦʙʭʦʜʠʤʦ "ʚʧʠʩʘʪʴ" ʚ 

ʥʝʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ. ʋʩʪʘʥʦʚʢʘ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʤʦʥʪʘʞʥʳʭ ʠ ʧʫʩʢʦʥʘʣʘʜʦʯʥʳʭ 

ʨʘʙʦʪ, ʦʙʭʦʜʠʪʩʷ ʚ ʩʨʝʜʥʝʤ ʦʪ 20 ʜʦ 30% ʦʪ ʩʪʦʠʤʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʀʥʦʛʜʘ ʩʪʦʠʤʦʩʪʴ "ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʟʜʘʥʠʷ" ʧʨʝʚʳʰʘʝʪ ʩʪʦʠʤʦʩʪʴ ʦʙʳʯʥʦʛʦ ʚ 

ʜʚʘ ʨʘʟʘ. ɽʩʣʠ ʧʨʦʝʢʪ ʠ ʫʩʪʘʥʦʚʢʘ ʩʠʩʪʝʤ ʚʳʧʦʣʥʝʥʳ ʢʘʯʝʩʪʚʝʥʥʦ, ʪʦ ʥʘ ʥʘʯʘʣʴʥʳʭ 

ʵʪʘʧʘʭ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʫʚʝʣʠʯʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʩʦʩʪʘʚʠʪ 20-30%. 

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ "ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʟʜʘʥʠʷ" ʠʟ ʛʦʜʘ ʚ ʛʦʜ ʵʢʦʥʦʤʠʷ 

ʨʘʩʭʦʜʦʚ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 70% ʙʶʜʞʝʪʘ ʘʥʘʣʦʛʠʯʥʦʛʦ ʥʝʦʙʦʨʫʜʦʚʘʥʥʦʛʦ ʟʜʘʥʠʷ. 

ɺʘʞʥʦ, ʯʪʦʙʳ ʟʘʪʨʘʪʳ ʥʘ ʩʠʩʪʝʤʫ ʙʳʣʠ ʘʜʝʢʚʘʪʥʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʘʤʦʤʫ ʦʙʲʝʢʪʫ. 

ɹʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʩʠʩʪʝʤʳ ʚ ʟʜʘʥʠʠ ʨʘʙʦʪʘʶʪ ʩʦʛʣʘʩʦʚʘʥʥʦ, ʧʦʷʚʣʷʶʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʮʝʥʘʨʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʟʜʘʥʠʷ, ʵʢʦʥʦʤʠʠ ʵʣʝʢʪʨʦ-, ʛʘʟʦ-, ʚʦʜʦʨʝʩʫʨʩʦʚ. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 77 ð   

 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʤʝʥʴʰʘʝʪʩʷ ʯʠʩʣʦ ʩʦʪʨʫʜʥʠʢʦʚ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ ʠ 

ʨʘʩʭʦʜʦʚ ʥʘ ʠʭ ʩʦʜʝʨʞʘʥʠʝ. 

ʇʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʦʙʲʝʢʪʘ, ʵʢʦʥʦʤʠʷ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, 

ʵʢʦʥʦʤʠʷ ʣʶʜʩʢʠʭ ʨʝʩʫʨʩʦʚ, ʫʤʝʥʴʰʝʥʠʝ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ 

ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ "ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʟʜʘʥʠʷ". 

ʇʨʠʩʪʫʧʘʷ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ, ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʫ ʟʘʢʘʟʯʠʢʘ ʠ ʧʦʜʨʷʜʯʠʢʘ 

ʙʳʣʦ ʩʬʦʨʤʠʨʦʚʘʥʦ ʝʜʠʥʦʝ ʧʦʥʠʤʘʥʠʝ ʪʦʛʦ, ʢʘʢʠʝ ʩʠʩʪʝʤʳ ʠ ʧʦʜʩʠʩʪʝʤʳ ʙʫʜʫʪ 

ʫʩʪʘʥʦʚʣʝʥʳ. ʆʯʝʥʴ ʭʦʨʦʰʦ, ʝʩʣʠ ʢ ʪʦʤʫ ʚʨʝʤʝʥʠ ʛʦʪʦʚʳ ʧʨʦʝʢʪʳ ʩʠʩʪʝʤ ʦʪʦʧʣʝʥʠʷ, 

ʚʝʥʪʠʣʷʮʠʠ, ʩʫʱʝʩʪʚʫʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʦʙʲʝʢʪʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʢʦʤʧʘʥʠʷ-ʠʥʪʝʛʨʘʪʦʨ "ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʟʜʘʥʠʷ" ʩ ʙʦʣʴʰʝʡ ʪʦʯʥʦʩʪʴʶ ʩʤʦʞʝʪ 

ʩʣʝʜʦʚʘʪʴ ʧʦʞʝʣʘʥʠʷʤ ʟʘʢʘʟʯʠʢʘ, ʢʦʪʦʨʳʝ ʫʞʝ ʚʳʨʘʞʝʥʳ ʚ ʧʨʦʝʢʪʘʭ, ʠ ʩʦʚʤʝʩʪʥʘʷ 

ʨʘʙʦʪʘ ʧʨʠʥʝʩʝʪ ʙʦʣʴʰʠʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ. 

ʇʦʩʣʝ ʧʨʦʚʦʜʠʪʩʷ ʚʳʙʦʨ ʩʣʘʙʦʪʦʯʥʳʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʫʩʪʘʥʦʚʣʝʥʳ ʚ 

ʟʜʘʥʠʠ: ʧʨʦʪʠʚʦʧʦʞʘʨʥʘʷ ʩʠʛʥʘʣʠʟʘʮʠʷ, ʩʠʩʪʝʤʳ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ, ʢʦʥʪʨʦʣʷ ʜʦʩʪʫʧʘ, 

ʘʫʜʠʦ- ʠ ʚʠʜʝʦ-ʢʦʤʧʦʥʝʥʪʳ (ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʯʘʱʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʞʠʣʳʭ ʟʜʘʥʠʡ), 

ʘʚʪʦʤʘʪʠʢʘ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ (ʫʧʨʘʚʣʝʥʠʝ ʩʚʝʪʦʤ, ʚʝʥʪʠʣʷʮʠʝʡ ʠ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʝʤ, ʚʦʜʦʩʥʘʙʞʝʥʠʝʤ ʠ ʦʪʦʧʣʝʥʠʝʤ, ʰʪʦʨʘʤʠ ʠ ʧʨ.), ʟʘʪʝʤ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜʙʦʨ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ï ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ. 

ʂʦʛʜʘ ʫʞʝ ʠʟʚʝʩʪʥʦ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʧʨʦʚʦʜʥʘʷ ʯʘʩʪʴ, 

ʫʩʪʘʥʦʚʱʠʢ, ʛʝʥʧʦʜʨʷʜʯʠʢ ʠ ʟʘʢʘʟʯʠʢ ʩʦʚʤʝʩʪʥʦ ʧʨʦʜʫʤʳʚʘʶʪ ʩʮʝʥʘʨʠʡ ʨʘʙʦʪʳ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. 

ʀʥʪʝʛʨʘʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʝ ʜʦʣʞʥʳ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʷ ʥʘ ʩʘʤʫ 

ʩʠʩʪʝʤʫ, ʢʘʞʜʳʡ ʝʝ ʵʣʝʤʝʥʪ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʣʦʢʘʣʴʥʦʡ ʣʦʛʠʢʦʡ. ʅʘ ʜʝʣʝ 

ʠʩʢʫʩʩʪʚʝʥʥʦʤʫ ʠʥʪʝʣʣʝʢʪʫ ʦʪʚʦʜʠʪʩʷ ʨʦʣʴ ʧʨʦʠʟʚʦʜʠʪʴ ʤʦʥʠʪʦʨʠʥʛ ʠ ʫʧʨʘʚʣʷʪʴ 

ʧʘʨʘʤʝʪʨʘʤʠ ʩʠʩʪʝʤʳ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʚ ʨʫʯʥʦʤ ʠʣʠ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ 

ʨʝʞʠʤʝ. 

ɺ ʩʣʫʯʘʝ ʢʘʢʦʛʦ-ʣʠʙʦ ʩʙʦʷ ʚʩʝʛʜʘ ʜʦʣʞʥʘ ʦʩʪʘʚʘʪʴʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʥʘ 

ʘʚʪʦʥʦʤʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʢʘʞʜʳʤ ʵʣʝʤʝʥʪʦʤ ʩʠʩʪʝʤʳ. 

ɺ ʮʝʣʦʤ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚʩʝʭ ʛʨʫʧʧ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʜʦʣʞʥʦ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʪʘʥʜʘʨʪʘʤ, ʧʨʠʥʷʪʳʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʨʘʟʤʝʱʝʥʠʷ. ʕʪʦ ʚʘʞʥʦ, ʧʨʠʯʝʤ 

ʢʘʢ ʚ ʧʨʘʢʪʠʯʝʩʢʦʤ, ʪʘʢ ʠ ʚ ʶʨʠʜʠʯʝʩʢʦʤ ʘʩʧʝʢʪʘʭ. ʉʝʨʪʠʬʠʮʠʨʦʚʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʴʰʝʡ ʥʘʜʝʞʥʦʩʪʴʶ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʧʦʚʳʰʘʝʪ ʩʪʦʠʤʦʩʪʥʫʶ ʦʮʝʥʢʫ 

ʦʙʲʝʢʪʘ, ʥʘ ʢʦʪʦʨʦʤ ʦʥʦ ʫʩʪʘʥʦʚʣʝʥʦ. ɺ ʶʨʠʜʠʯʝʩʢʦʤ ʘʩʧʝʢʪʝ, ʠʩʧʦʣʴʟʫʷ 

ʥʝʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʥʘʧʨʠʤʝʨ ʚ ʩʠʩʪʝʤʝ ʧʦʞʘʨʥʦʡ ʠʣʠ ʦʭʨʘʥʥʦʡ 

ʩʠʛʥʘʣʠʟʘʮʠʠ, ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʜʲʷʚʠʪʴ ʧʨʝʪʝʥʟʠʠ ʚ ʩʣʫʯʘʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʏʇ ʥʠ 

ʩʪʨʘʭʦʚʱʠʢʘʤ, ʥʠ ʦʭʨʘʥʥʦʡ ʢʦʤʧʘʥʠʠ, ʧʦʩʢʦʣʴʢʫ ʟʘʢʦʥʳ ʦʙʷʟʳʚʘʶʪ ʠʭ ʨʘʙʦʪʘʪʴ 

ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʷʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʊʘʢʞʝ ʙʫʜʝʪ 

ʩʣʦʞʥʦ ʥʘʡʪʠ ʠ ʩʝʨʚʠʩʥʫʶ ʩʪʨʫʢʪʫʨʫ ʜʣʷ ʵʢʩʢʣʶʟʠʚʥʦʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʘ 

ʝʩʣʠ ʪʘʢʦʚʘʷ ʥʘʡʜʝʪʩʷ, ʩʪʦʠʤʦʩʪʴ ʩʝʨʚʠʩʘ ʙʫʜʝʪ ʚʳʩʦʢʘ. 
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ɸʥʥʦʪʘʮʠʷ 

ʉʧʦʩʦʙʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʢʦʥʪʨʦʣʷ ʠ ʫʯʝʪʘ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʠʭ ʨʘʩʩʤʦʪʨʝʥʠʝ, 

ʨʳʥʦʢ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʧʨʠʯʠʥʳ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʠʭ ʩʫʪʴ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʋʯʝʪ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʢʦʥʪʨʦʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, 

ʨʘʥʦʢ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʤʝʥʝʜʞʝʨʳ, EPR-ʩʠʩʪʝʤʳ. 

 

Abstract 

Methods of automation of control and accounting in construction, their consideration, 

the market of automation systems, the reasons for the low level of automation and their 

essence. 

Keywords: Accounting in construction, construction control automation, wound 

automation systems, managers, EPR systems. 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʪʨʝʤʠʪʝʣʴʥʳʡ ʨʦʩʪ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ, ʫʨʦʚʝʥʴ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʥʠʟʦʢ. ʀ ʚʩʝ ʞʝ ʥʝʣʴʟʷ ʟʘʙʳʚʘʪʴ ʧʨʦ ʩʧʝʮʠʬʠʯʥʦʩʪʴ 

ʜʘʥʥʦʡ ʦʪʨʘʩʣʠ, ʚʝʜʴ ʠʤʝʥʥʦ ʧʦʵʪʦʤʫ ʜʦ ʩʠʭ ʧʦʨ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʥʝ ʨʘʟʚʠʪʘ. ʃʶʙʘʷ 

ʩʪʨʦʠʪʝʣʴʥʘʷ ʢʦʤʧʘʥʠʷ ʙʫʢʚʘʣʴʥʦ ʥʫʞʜʘʝʪʩʷ ʚ ʩʠʩʪʝʤʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʚʩʝʭ ʫʯʘʩʪʢʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʧʨʠ ʵʪʦʤ ʥʝʤʘʣʦʚʘʞʥʦʡ ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʮʠʷ ʵʪʠʭ 

ʫʯʘʩʪʢʦʚ ʤʝʞʜʫ ʩʦʙʦʡ. 

ʋʧʨʘʚʣʝʥʯʝʩʢʠʡ ʫʯʸʪ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʠ 

ʤʝʥʝʜʞʤʝʥʪʘ, ʢʦʪʦʨʘʷ ʦʩʥʦʚʘʥʘ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ, ʠʟʤʝʨʝʥʠʠ, ʥʘʢʦʧʣʝʥʠʠ, ʘʥʘʣʠʟʝ, 

ʧʝʨʝʨʘʙʦʪʢʝ ʠ ʧʝʨʝʜʘʯʝ ʠʥʬʦʨʤʘʮʠʠ ʢʘʢ ʦ ʚʥʝʰʥʝʡ, ʪʘʢ ʠ ʦ ʚʥʫʪʨʝʥʥʝʡ ʩʨʝʜʝ 

ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʤʧʘʥʠʠ. 

ɻʣʘʚʥʘʷ ʮʝʣʴ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʫʯʝʪʘ ï ʦʙʝʩʧʝʯʝʥʠʝ ʤʝʥʝʜʞʝʨʦʚ ʢʦʤʧʘʥʠʠ ʚʩʝʤ 

ʦʙʲʝʤʦʤ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʳʧʦʣʥʝʥʠʷ ʠʤʠ ʦʩʥʦʚʥʳʭ 

ʬʫʥʢʮʠʡ ʫʧʨʘʚʣʝʥʠʷ (ʧʣʘʥʠʨʦʚʘʥʠʷ, ʦʨʛʘʥʠʟʘʮʠʠ, ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʠ ʢʦʥʪʨʦʣʷ). 

ɽʩʣʠ ʩʨʘʚʥʠʚʘʪʴ ʫʧʨʘʚʣʝʥʯʝʩʢʠʡ ʫʯʝʪ ʩ ʙʫʭʛʘʣʪʝʨʩʢʠʤ ʫʯʝʪʦʤ (ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʨʝʛʫʣʠʨʫʝʪʩʷ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ), ʧʝʨʚʳʡ ʩʪʨʦʠʪʩʷ ʪʦʣʴʢʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʤʝʥʝʜʞʤʝʥʪʘ ʢʦʥʢʨʝʪʥʦʡ ʢʦʤʧʘʥʠʠ. 

ɿʘʯʘʩʪʫʶ ʫ ʤʝʥʝʜʞʝʨʦʚ ʚʩʪʘʝʪ ʚʦʧʨʦʩ, ʭʦʨʦʰʘʷ ʠʣʠ ʧʣʦʭʘʷ ʫ ʥʠʭ ʩʠʩʪʝʤʘ 

ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʫʯʸʪʘ. ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʫʯʸʪʘ 

ʨʝʘʣʠʟʦʚʘʥʘ ʫʩʧʝʰʥʦ, ʝʩʣʠ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ ʧʦʣʫʯʘʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ 

ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ɼʝʣʘʷ ʚʳʚʦʜ ʠʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʠʩʪʝʤʘ 

ʫʯʝʪʘ ʜʦʣʞʥʘ ʦʩʫʱʝʪʩʚʣʷʪʴʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʜʣʷ ʢʘʞʜʦʡ ʢʦʤʧʘʥʠʠ, ʫʯʠʪʳʚʘʷ ʚʩʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʩʧʝʮʠʬʠʢʫ ʝʝ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɻʨʘʤʦʪʥʦ ʚʳʩʪʨʦʝʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ 

ʦʧʝʨʘʪʠʚʥʦ ʧʦʣʫʯʘʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʤʝʥʝʜʞʝʨʘʤ ʠʥʬʦʨʤʘʮʠʶ ʚ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʭ 

ʬʦʨʤʘʪʘʭ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦʤʫ ʧʨʠʥʷʪʠʶ ʚʝʨʥʳʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ. ʋʧʨʘʚʣʝʥʯʝʩʢʠʡ ʫʯʝʪ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʤʘʩʰʪʘʙʥʦʛʦ ʦʙʲʝʤʘ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʦʧʝʨʘʮʠʡ. ʅʝ ʠʤʝʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʥʫʞʥʦʛʦ ʢʘʯʝʩʪʚʘ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʦʙʲʝʤʝ, ʠ ʯʪʦ 

ʥʝʤʘʣʦʚʘʞʥʦ, ʚ ʪʨʝʙʫʝʤʳʝ ʩʨʦʢʠ. ʇʦʪʨʝʙʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʢʘʯʝʩʪʚʝʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʮʝʣʝʡ ʫʧʨʘʚʣʝʥʠʷ, ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ 

ʪʝʤʳ. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 79 ð   

 

ɺ ʵʢʦʥʦʤʠʢʝ ʈʦʩʩʠʠ ʪʝʤʧʳ ʨʦʩʪʘ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ 

ʚʳʩʦʢʠʤʠ. ʀ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʫʨʦʚʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʤʧʘʥʠʡ ʧʦ-

ʧʨʝʞʥʝʤʫ ʦʩʪʘʸʪʩʷ ʦʯʝʥʴ ʥʠʟʢʠʤ. 

ʈʳʥʦʢ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʠ ʫʯʝʪʘ ʜʣʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʤʧʘʥʠʡ ʥʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʩʪʘʜʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ: 

½ ʦʪʩʫʪʩʪʚʠʝʤ ʩʪʨʫʢʪʫʨʳ ʠ ʩʝʛʤʝʥʪʘʮʠʠ; 

½ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴʶ ʧʨʝʜʣʦʞʝʥʠʷ; 

½ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʩʪʘʚʱʠʢʦʚ ʨʝʰʝʥʠʡ ʠ ʠʭ ʩʣʘʙʦʩʪʴʶ; 

½ ʦʪʩʫʪʩʪʚʠʝʤ ʩʪʘʥʜʘʨʪʦʚ ʨʝʰʝʥʠʡ ʜʣʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. 

ʅʘ ʨʳʥʢʝ ʚʩʸ ʝʱʝ ʥʝʪ ʯʝʪʢʦ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ, ʧʦʵʪʦʤʫ ʤʦʞʥʦ 

ʩʢʘʟʘʪʴ, ʯʪʦ ʦʥ ʥʘ ʵʪʘʧʝ ʬʦʨʤʠʨʦʚʘʥʠʷ. ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪ Keymetrix 

ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ, ʩʪʘʣʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʩʦʛʣʘʩʥʦ ʤʥʝʥʠʶ 

ʨʝʩʧʦʥʜʝʥʪʦʚ ʣʠʜʝʨʘʤʠ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʦʪʨʘʩʣʠ ʷʚʣʷʶʪʩʷ ʜʝʚʝʣʦʧʝʨʩʢʠʝ ʢʦʤʧʘʥʠʠ, ʢʦʪʦʨʳʝ ʥʘʯʠʥʘʶʪ ʚʥʝʜʨʷʪʴ ʪʘʢʠʝ ʩʠʩʪʝʤʳ 

ʧʝʨʚʳʤʠ. ʊʘʢʠʝ ʢʦʤʧʘʥʠʠ ʯʝʪʢʦ ʦʩʦʟʥʘʶʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʫʯʝʪʝ ʠ ʧʣʘʥʠʨʦʚʘʥʠʠ. ʕʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ, ʧʨʠʚʣʝʢʘʷ ʠʥʚʝʩʪʠʮʠʠ, ʦʥʠ ʜʦʣʞʥʳ ʪʦʯʥʦ ʨʘʩʩʯʠʪʘʪʴ 

ʧʨʠʙʳʣʴʥʦʩʪʴ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ. ʇʦʵʪʦʤʫ ʜʝʚʝʣʦʧʝʨʫ ʥʫʞʥʦ ʪʦʯʥʦ 

ʧʣʘʥʠʨʦʚʘʪʴ ʨʘʩʭʦʜʳ ʠ ʟʘʧʣʘʥʠʨʦʚʘʪʴ ʧʨʦʜʘʞʠ ʥʝʜʚʠʞʠʤʦʩʪʠ ʫʯʠʪʳʚʘʷ ʧʨʦʛʥʦʟ 

ʨʳʥʢʘ. ɼʘʥʥʫʶ ʟʘʜʘʯʫ ʧʦʟʚʦʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʪʴ ʩʠʩʪʝʤʳ ERP. ʇʦʤʠʤʦ ʵʪʦʛʦ, 

ʜʘʥʥʳʡ ʩʝʛʤʝʥʪ ʨʳʥʢʘ ʥʘʠʙʦʣʝʝ ʢʦʥʢʫʨʝʥʪʥʳʡ: ʟʜʝʩʴ ʧʨʠʩʫʪʩʪʚʫʝʪ ʨʷʜ ʢʨʫʧʥʳʭ 

ʠʛʨʦʢʦʚ, ʢʦʪʦʨʳʝ ʩʝʨʴʝʟʥʦ ʢʦʥʢʫʨʠʨʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ. 

ERP-ʩʠʩʪʝʤʳ - ʩʠʩʪʝʤʘ ʥʘ ʙʘʟʝ ʀʊ, ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʚʥʫʪʨʝʥʥʠʤʠ ʠ ʚʥʝʰʥʠʤʠ 

ʨʝʩʫʨʩʘʤʠ ʧʨʝʜʧʨʠʷʪʠʷ. ʎʝʣʴ ʩʠʩʪʝʤʳ - ʩʦʜʝʡʩʪʚʠʝ ʧʦʪʦʢʘʤ ʠʥʬʦʨʤʘʮʠʠ ʤʝʞʜʫ ʚʩʝʤʠ 

ʭʦʟʷʡʩʪʚʝʥʥʳʤʠ ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ (ʙʠʟʥʝʩ-ʬʫʥʢʮʠʷʤʠ) ʚʥʫʪʨʠ ʧʨʝʜʧʨʠʷʪʠʷ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʧʦʜʜʝʨʞʢʘ ʩʚʷʟʝʡ ʩ ʜʨʫʛʠʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ. ʆʥʘ ʧʦʩʪʨʦʝʥʘ ʥʘ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ ʠ ʬʦʨʤʠʨʫʝʪ ʩʪʘʥʜʘʨʪʥʦʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ. 

ɻʦʚʦʨʷ ʦ ʧʨʠʯʠʥʘʭ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʤʧʘʥʠʡ, 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ: 

ʉʣʦʞʥʦʩʪʴ ʟʘʜʘʯʠ ʧʦ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʙʠʟʥʝʩʘ. ʉʪʨʦʠʪʝʣʴʥʘʷ 

ʦʪʨʘʩʣʴ ʦʪʣʠʯʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦʤ ʨʘʟʣʠʯʥʳʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ 

ʨʘʟʥʝʩʝʥʥʳʤʠ ʦʙʲʝʢʪʘʤʠ. ɺʩʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʢʦʤʧʘʥʠʠ ʧʦ-ʩʚʦʝʤʫ ʫʥʠʢʘʣʴʥʳ, ʢʘʞʜʘʷ 

ʠʩʧʦʣʴʟʫʝʪ ʩʚʦʠ ʤʝʪʦʜʳ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʠʤʝʝʪ ʩʦʙʩʪʚʝʥʥʳʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ: çɺʩʝ 

ʚʨʦʜʝ ʙʳ ʨʘʙʦʪʘʶʪ ʧʦ ʪʝʤ ʞʝ ʩʘʤʳʤ ʉʅʀʇʘʤ, ʧʦ ʪʝʤ ʞʝ ʩʤʝʪʘʤ, ʥʦ ʥʘ ʜʝʣʝ ʧʦʣʫʯʘʝʪʩʷ 

ʩʦʚʩʝʤ ʧʦ-ʜʨʫʛʦʤʫ: ʚʳʨʳʣʠ ʣʠ ʦʥʠ ʷʤʫ ʵʢʩʢʘʚʘʪʦʨʦʤ ʠʣʠ ʥʘʥʷʣʠ ʤʥʦʛʦ ʨʘʙʦʯʠʭ ð ʵʪʦ 

ʫʞʝ ʫ ʚʩʝʭ ʧʦ-ʨʘʟʥʦʤʫè.  

ʅʠʟʢʠʡ ʫʨʦʚʝʥʴ ʢʦʥʢʫʨʝʥʮʠʠ ʠ ʙʦʣʴʰʘʷ ʨʦʣʴ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʛʦ ʬʘʢʪʦʨʘ. 

ʂʦʤʧʘʥʠʠ ʥʘʧʨʷʤʫʶ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʥʝ ʢʦʥʢʫʨʠʨʫʶʪ. ʆʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ ʫʩʧʝʭʘ 

ʷʚʣʷʝʪʩʷ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʡ ʬʘʢʪʦʨ. 

ʆʛʨʘʥʠʯʝʥʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʠʷ. ʉʨʝʜʠ ʠʤʝʶʱʠʭʩʷ ʩʠʩʪʝʤ ʥʝʪ ʪʝʭ, ʢʦʪʦʨʳʝ ʠʤʝʣʠ 

ʙʳ ʩʪʘʪʫʩ ʦʪʨʘʩʣʝʚʦʛʦ ʩʪʘʥʜʘʨʪʘ ʠ ʧʦʣʴʟʦʚʘʣʠʩʴ ʚʳʩʦʢʠʤ ʩʧʨʦʩʦʤ. ʇʨʝʜʣʦʞʝʥʠʝ 

ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʫʯʝʪʘ ʜʣʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʤʧʘʥʠʡ ʥʘ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʚ çʟʘʯʘʪʦʯʥʦʤ ʩʦʩʪʦʷʥʠʠè. ʕʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʤ 

ʦʪʩʫʪʩʪʚʠʠ ʨʝʰʝʥʠʡ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʩʪʨʦʠʪʝʣʝʡ.  

ʉʪʨʦʠʪʝʣʴʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʣʦʞʥʦ ʩʧʣʘʥʠʨʦʚʘʪʴ, ʩʣʦʞʥʦ ʦʪʩʣʝʜʠʪʴ 

ʚʳʧʦʣʥʝʥʠʝ ʧʣʘʥʘ. ʆʪʩʣʝʞʠʚʘʪʴ ʠʩʧʦʣʥʝʥʠʝ ʟʘʜʘʯ ʚ ʩʪʨʦʠʪʝʣʴʥʦʤ ʧʨʦʝʢʪʝ - 

ʯʨʝʟʚʳʯʘʡʥʦ ʪʨʫʜʦʸʤʢʦ, ʧʦʩʢʦʣʴʢʫ ʫʨʦʚʝʥʴ ʢʦʤʧʴʶʪʝʨʠʟʘʮʠʠ ʪʨʫʜʘ ʥʝʢʦʪʦʨʳʭ 

ʦʪʜʝʣʴʥʳʭ ʠʩʧʦʣʥʠʪʝʣʝʡ ʥʠʟʦʢ. ʇʦʜʘʚʣʷʶʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʟʘʪʨʘʪ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʢʦʤʧʘʥʠʠ ʩʣʦʞʥʦ ʩʧʣʘʥʠʨʦʚʘʪʴ ʟʘʨʘʥʝʝ. 

ɺʳʩʦʢʘʷ ʩʨʝʜʥʷʷ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʙʠʟʥʝʩʘ. ʋʨʦʚʝʥʴ 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʜʣʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʤʧʘʥʠʡ, ʚʳʧʦʣʥʷʶʱʠʭ ʧʦʜʨʷʜʥʳʝ ʨʘʙʦʪʳ 

ʩʦʩʪʘʚʣʷʝʪ 10-15%. ʂʦʤʧʘʥʠʠ ʨʝʰʘʶʪ ʠʤʝʶʱʠʝʩʷ ʧʨʦʙʣʝʤʳ ʫʯʝʪʘ ʧʫʪʝʤ ʚʣʦʞʝʥʠʷ 



ð 80 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʚ ʯʝʣʦʚʝʯʝʩʢʠʡ ʨʝʩʫʨʩ (ʧʨʠʚʣʝʢʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʢʦʥʪʨʦʣʝʨʦʚ). ʇʨʦʙʣʝʤʘ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʩʥʠʞʝʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠʟʜʝʨʞʝʢ ʧʦʢʘ ʥʝ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʥʦʡ ʜʣʷ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ: 

½ ʢʦʥʪʨʦʣʴ ʨʘʩʭʦʜʦʚ ʠ ʜʦʭʦʜʦʚ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʥʬʦʨʤʘʮʠʶ ʦ 
ʥʘʣʠʯʠʠ ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʦʚ, ʧʣʘʥʠʨʫʝʤʳʭ ʧʦʩʪʫʧʣʝʥʠʷʭ, ʪʝʢʫʱʠʭ 

ʟʘʪʨʘʪʘʭ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʘʥʘʣʠʟʘ, ʘ ʪʘʢʞʝ ʦ ʜʦʩʪʘʪʦʯʥʦʩʪʠ ʪʝʢʫʱʠʭ 

ʟʘʪʨʘʪ ʠ ʦʞʠʜʘʝʤʦʤ ʬʠʥʘʥʩʦʚʦʤ ʨʝʟʫʣʴʪʘʪʝ; 

½ ʫʧʨʘʚʣʝʥʠʝ ʦʙʷʟʘʪʝʣʴʩʪʚʘʤʠ, ʪʦ ʝʩʪʴ ʢʦʥʪʨʦʣʴ ʧʦ ʟʘʜʦʣʞʝʥʥʦʩʪʷʤ ʨʘʙʦʪ 
ʠ ʧʦ ʜʦʛʦʚʦʨʘʤ ʧʦʜʨʷʜʘ, ʧʣʘʥʠʨʦʚʘʥʠʝ ʧʦʩʪʫʧʣʝʥʠʡ ʧʦ ʜʦʛʦʚʦʨʘʤ 

ʢʫʧʣʠ-ʧʨʦʜʘʞʠ ʠ ʧʨ. ʂʣʶʯʝʚʘʷ ʟʘʜʘʯʘ ʚ ʜʘʥʥʦʤ ʧʨʦʮʝʩʩʝ ï 

ʧʣʘʥʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʧʦ ʢʘʞʜʦʤʫ ʜʦʛʦʚʦʨʫ ʠ ʛʨʘʬʠʢ ʦʧʣʘʪ 

ʧʦ ʨʘʩʭʦʜʥʳʤ ʢʦʥʪʨʘʢʪʘʤ; 

½ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʝʢʪʘʤʠ, ʚ ʢʦʪʦʨʦʤ ʚʘʞʥʝʡʰʠʤ ʷʚʣʷʝʪʩʷ ʥʝ 

ʟʘʧʣʘʥʠʨʦʚʘʪʴ, ʘ ʦʪʩʣʝʜʠʪʴ ʚʳʧʦʣʥʝʥʠʝ; 

½ ʩʦʩʪʘʚʣʝʥʠʝ ʩʤʝʪ ï ʥʘʚʝʨʥʷʢʘ ʚʩʝ ʧʦʥʠʤʘʶʪ, ʯʪʦ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʥʝʦʙʭʦʜʠʤʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʤʘʪʝʨʠʘʣʘʭ ʠ ʠʭ ʩʪʦʠʤʦʩʪʠ, ʘ ʚʩʣʝʜʩʪʚʠʝ ʠ 

ʚʩʷ ʩʪʦʠʤʦʩʪʴ ʦʙʲʝʢʪʘ. 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʨʳʥʦʢ ʧʨʝʜʣʘʛʘʝʪ ʥʝʩʢʦʣʴʢʦ ʧʘʢʝʪʦʚ ʧʨʦʛʨʘʤʤ, ʢʦʪʦʨʳʝ 

ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʧʦʜʛʦʪʦʚʢʫ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʉʘʤʳʡ ʷʚʥʳʡ 

ʦʪʣʠʯʠʪʝʣʴʥʳʡ ʢʨʠʪʝʨʠʡ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʨʘʟʣʠʯʠʷ ʦʪʜʝʣʴʥʳʭ ʪʠʧʦʚ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤ ï ʵʪʦ ʠʩʧʦʣʴʟʫʝʤʘʷ ʠʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʘʟʘ. 

ʋʩʣʦʚʥʦ ʧʨʦʛʨʘʤʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʭʦʟʷʡʩʪʚʫʶʱʝʛʦ 

ʩʫʙʲʝʢʪʘ ʜʝʣʷʪʩʷ ʥʘ 2 ʚʠʜʘ: 

½ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʠʰʴ ʪʝʭ 

ʧʦʢʘʟʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪʩʷ ʚ ʙʫʭʛʘʣʪʝʨʩʢʦʡ ʦʪʯʝʪʥʦʩʪʠ, 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ; 

½ ʧʨʦʛʨʘʤʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ, ʷʚʣʷʶʱʠʝʩʷ 

ʙʘʟʦʚʳʤʠ ʙʣʦʢʘʤʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ɼʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʦʡ ʬʠʥʘʥʩʦʚʦʡ ʦʪʯʝʪʥʦʩʪʠ, ʢʨʫʧʥʳʤ 

ʩʪʨʦʠʪʝʣʴʥʳʤ ʦʨʛʘʥʠʟʘʮʠʷʤ ʘʢʪʫʘʣʴʥʦ ʩʦʦʪʥʦʩʠʪʴ ʠʪʦʛʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʩ 

ʢʦʥʢʨʝʪʥʳʤ ʧʦʜʨʘʟʜʝʣʝʥʠʝʤ (ʜʦʯʝʨʥʝʡ ʢʦʤʧʘʥʠʝʡ ʠ ʜʨ.). 

ʂʘʢ ʩʣʝʜʩʪʚʠʝ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʯʝʪʘ ʜʝʚʝʣʦʧʝʨʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʩʪʘʥʦʚʷʪʩʷ: ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʪʨʫʜʘ ʠ ʩʥʠʞʝʥʠʝ ʪʨʫʜʦʟʘʪʨʘʪ; ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʰʠʙʦʢ ʚ ʦʪʯʝʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ 

ʠ ʪ.ʧ.; ʧʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʫʯʝʪʦʤ ʨʘʟʣʠʯʥʦʛʦ 

ʨʦʜʘ; ʫʜʦʙʩʪʚʦ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʜʝʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʢʦʤʧʘʥʠʠ; 

ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʨʫʜʘ, ʘ ʟʘʯʘʩʪʫʶ ʠ ʧʦʚʳʰʝʥʠʝ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ. 
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ɸʥʥʦʪʘʮʠʷ 

ʇʨʦʮʝʩʩ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ 

ʩʨʝʜʩʪʚ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʎʝʣʴʶ ʚʥʝʜʨʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ-

ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʷʚʣʷʝʪʩʷ ʜʦʩʪʠʞʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʩ ʤʝʥʴʰʠʤʠ ʠʟʜʝʨʞʢʘʤʠ, ʩ ʥʘʠʚʳʩʰʝʡ ʙʝʟʦʧʘʩʥʦʩʪʴʶ, ʧʨʦʩʪʦʪʦʡ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʩʦ ʩʥʠʞʝʥʥʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʟʘʪʨʘʪʘʤʠ. 

ʂʣʁ ʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ, 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʜʦʢʫʤʝʥʪʘʮʠʷ, ʩʤʝʪʳ, BIM-ʪʝʭʥʦʣʦʛʠʷ. 

 

Abstract 

The process of construction and construction management in modern conditions is 

unthinkable without the use of a wide range of software and hardware and information 

technologies. The purpose of using information technologies in construction is to achieve the 

result of production activities with lower costs, with high safety, ease of management and 

maintenance, with reduced operating costs. 

Keywords: information technologies, software package, design, documentation, 

estimates, BIM technology. 

 

ʇʨʠʤʝʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ (ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʀʊ) ʚ ʩʦʚʨʝʤʝʥʥʦʤ 

ʤʠʨʝ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. "ʋʤʥʳʝ" 

ʩʠʩʪʝʤʳ ʠ ʧʨʦʛʨʘʤʤʳ ʧʨʠʭʦʜʷʪ ʥʘ ʧʦʤʦʱʴ ʚ ʙʫʭʛʘʣʪʝʨʠʠ ʠ ʬʠʥʘʥʩʘʭ, ʤʝʜʠʮʠʥʝ ʠ 

ʧʝʜʘʛʦʛʠʢʝ, ʨʝʢʣʘʤʝ ʠ ʢʠʥʦ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʩʬʝʨʘʭ ʞʠʟʥʠ. ʀʊ ʚʥʝʩʣʠ ʚ ʨʘʙʦʪʫ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʩʬʝʨʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʨʘʩʰʠʨʠʣʠ ʛʦʨʠʟʦʥʪʳ 

ʜʘʥʥʦʡ ʩʬʝʨʳ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʂʦʤʧʴʶʪʝʨʳ ʧʦʤʦʛʘʶʪ ʦʪ ʩʘʤʦʛʦ ʥʘʯʘʣʘ, ʧʨʠʥʷʪʠʷ ʠʜʝʠ 

ʜʦ ʩʦʟʜʘʥʠʷ ʧʨʦʝʢʪʘ, ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʝʟʫʣʴʪʘʪʘ, ʩʦʩʪʘʚʣʝʥʠʷ ʨʘʩʯʝʪʦʚ ʠ ʩʤʝʪ, 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʦʟʚʝʜʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʫʧʨʘʚʣʝʥʠʷ ʩʘʤʠʤ ʦʙʲʝʢʪʦʤ[1-6].  

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠʩʧʦʣʴʟʫʶʪ 

ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ - ʉɸʇʈ. ʉɸʇʈ (ʘʥʛʣ. CAD, Computer-

Aided Design) - ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʨʘʟʨʘʙʦʪʢʠ ʦʙʲʝʢʪʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʘ ʪʘʢʞʝ ʦʬʦʨʤʣʝʥʠʷ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʠ/ʠʣʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʳʭ ʩʠʩʪʝʤ ʤʦʞʥʦ ʚʳʧʦʣʥʷʪʴ:  

½ ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ;  

½ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʨʦʝʢʪʘ;  



ð 82 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

½ ʜʠʟʘʡʥʝʨʩʢʠʝ ʨʝʰʝʥʠʷ;  

½ ʩʦʟʜʘʥʠʝ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʝ ʝʡ; 

½ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʦʤ ʩʘʤʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ.  

ʄʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʉɸʇʈ ʦʙʳʯʥʦ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʪʨʠ 

ʦʩʥʦʚʥʳʭ ʙʣʦʢʘ CAD, ʉɸʄ, ʉɸɽ. ʄʦʜʫʣʠ ʙʣʦʢʘ CAD (Computer Aided Designed) 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʛʨʘʬʠʯʝʩʢʠʭ ʨʘʙʦʪ, ʤʦʜʫʣʠ ʉɸʄ (Computer Aided 

Manufacturing) - ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʯʘʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʤʦʜʫʣʠ ʉɸɽ 

(Computer Aided Engineering) ï ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ, ʘʥʘʣʠʟʘ ʠ 

ʧʨʦʚʝʨʢʠ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ. 

ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʘʢʝʪʦʚ ʉɸʇʈ ʨʘʟʥʦʛʦ ʫʨʦʚʥʷ, ʧʝʨʝʯʠʩʣʠʤ 

ʩʘʤʳʝ ʧʦʧʫʣʷʨʥʳʝ ʠʟ ʥʠʭ: 

½ ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʠʟʚʝʩʪʥʳʭ ʷʚʣʷʝʪʩʷ AutoCAD. ɼʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ 
ʧʘʢʝʪ, ʨʘʟʨʘʙʦʪʘʣʘ ʧʨʦʛʨʘʤʤʘ Autodesk ʙʦʣʝʝ 20 ʣʝʪ ʥʘʟʘʜ. AutoCAD 

ʷʚʣʷʝʪʩʷ ʪʦʡ ʩʘʤʦʡ ʙʘʟʦʡ ʜʣʷ ʤʥʦʛʠʭ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ, ʢʦʪʦʨʘʷ 

ʥʝʦʙʭʦʜʠʤʘ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʪʝʭʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʧʨʦʝʢʪʘ. ʇʦʟʚʦʣʷʝʪ 

ʩʦʟʜʘʚʘʪʴ ʜʚʫʭ- ʠ ʪʨʝʭʤʝʨʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʦʙʲʝʢʪʳ. 

½ Autodesk Revit Structure. ʆʩʥʦʚʦʡ ʵʪʦʛʦ ʧʨʦʜʫʢʪʘ ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ 
ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʜʘʥʠʡ (BIM). ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʨʘʟʣʠʯʥʳʭ ʜʠʩʮʠʧʣʠʥ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ. 

ʊʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʩʪʨʦʠʪʝʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʠʥʞʝʥʝʨʥʳʝ 

ʩʠʩʪʝʤʳ ʣʶʙʦʡ ʩʣʦʞʥʦʩʪʠ. 

½ ArchiCAD - ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʢʦʤʧʘʥʠʠ Graphisoft, ʧʦ ʥʘʰʝʤʫ 

ʤʥʝʥʠʶ, ʷʚʣʷʝʪʩʷ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʜʥʦʡ ʠʟ ʣʫʯʰʠʭ ʩʠʩʪʝʤ 

ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ArchiCAD - ɼʘʥʥʘʷ 

ʇʨʦʛʨʘʤʤʘ ʦʙʲʝʜʠʥʷʝʪ ʚ ʩʝʙʝ ʦʙʰʠʨʥʳʡ ʬʫʥʢʮʠʦʥʘʣ: ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʠʥʪʝʨʴʝʨʦʚ, ʨʘʟʨʘʙʦʪʢʘ ʣʘʥʜʰʘʬʪʥʦʛʦ ʜʠʟʘʡʥʘ, 

ʨʘʟʨʘʙʦʪʢʘ ʯʝʨʪʝʞʝʡ, ʧʦʜʩʯʝʪ ʨʘʩʭʦʜʘ ʩʪʨʦʡʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʞʝ ʚʢʣʶʯʘʝʪ 

ʚ ʩʝʙʷ ʪʝʭʥʦʣʦʛʠʶ ʪʨʝʭʤʝʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʙʦʣʴʰʫʶ ʙʠʙʣʠʦʪʝʢʫ 

ʧʨʝʜʤʝʪʦʚ ʠ ʦʙʲʝʢʪʦʚ,  

½ ʇʨʦʛʨʘʤʤʘ Allplan ʥʝʤʝʮʢʦʡ ʬʠʨʤʳ Nemetschek - ʵʪʦ ʧʨʦʛʨʘʤʤʥʳʡ 

ʢʦʤʧʣʝʢʩ ʜʣʷ ʚʩʝʭ ʬʘʟ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

Allplan ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʨʘʟʜʝʣʳ: ʘʨʭʠʪʝʢʪʫʨʘ, ʛʝʥʧʣʘʥ, 

ʜʠʟʘʡʥ, ʦʮʝʥʢʘ ʩʪʦʠʤʦʩʪʠ ʠ ʩʤʝʪʳ, ʩʪʨʦʠʪʝʣʴʥʳʝ ʦʙʲʝʤʳ, ʠʥʞʝʥʝʨʥʳʝ 

ʩʠʩʪʝʤʳ ʟʜʘʥʠʡ, ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʠ, ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ. 

½ nanoCAD - ʨʦʩʩʠʡʩʢʘʷ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʇʣʘʪʬʦʨʤʘ ʦʪʣʠʯʥʦ ʧʦʜʦʡʜʝʪ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʥʫʞʥʦ ʩʦʟʜʘʪʴ 

ʜʚʫʭʤʝʨʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʥʝʪ ʞʝʣʘʥʠʷ ʨʘʙʦʪʘʪʴ ʚ 3D ʧʨʦʛʨʘʤʤʘʭ, 

ʚʝʜʴ nanoCAD ʩʦʜʝʨʞʠʪ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʙʘʟʦʚʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʡ ʠʥʪʝʨʬʝʡʩ, ʧʦʜʜʝʨʞʢʫ 

ʬʦʨʤʘʪʘ DWG ʠ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʜʨʫʛʠʤʠ ʉɸʇʈ-ʨʝʰʝʥʠʷʤʠ. 

½ ʂʆʄʇɸʉ - ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, 

ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʨʦʩʩʠʡʩʢʦʡ ʢʦʤʧʘʥʠʝʡ <ɸʉʂʆʅ> ʩ ʚʦʟʤʦʞʥʦʩʪʷʤʠ 

ʦʬʦʨʤʣʝʥʠʷ ʧʨʦʝʢʪʥʦʡ ʠ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʩʦʛʣʘʩʥʦ 

ʩʪʘʥʜʘʨʪʘʤ ʩʝʨʠʠ ɽʉʂɼ ʠ ʉʇɼʉ. ʉʫʱʝʩʪʚʫʝʪ ʚ ʜʚʫʭ ʚʝʨʩʠʷʭ: 

ʂʆʄʇɸʉ-ɻʨʘʬʠʢ ʠ ʂʆʄʇɸʉ-3D, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ 

ʜʣʷ ʧʣʦʩʢʦʛʦ ʯʝʨʯʝʥʠʷ ʠ ʪʨʸʭʤʝʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ɹʣʘʛʦʜʘʨʷ ʜʘʥʥʳʤ ʧʨʦʛʨʘʤʤʘʤ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ ʯʝʨʪʝʞ, ʘ ʪʘʢʞʝ 

ʮʠʬʨʦʚʫʶ ʤʦʜʝʣʴ ʦʙʲʝʢʪʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʝʱʸ ʜʦ ʚʦʟʚʝʜʝʥʠʷ ʦʙʲʝʢʪʘ ʫʚʠʜʝʪʴ ʝʛʦ 

ʢʦʧʠʶ.  



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 83 ð   

 

ʉʣʝʜʫʶʱʠʤ ʛʣʘʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʥʘ ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʧʦʚʣʠʷʣʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʶʪʩʷ ʩʠʩʪʝʤʳ ʩʪʨʦʠʪʝʣʴʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. ʃʶʙʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ 

ʥʘʯʠʥʘʝʪʩʷ ʧʨʝʞʜʝ ʚʩʝʛʦ ʩ ʦʮʝʥʢʠ ʩʪʦʠʤʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ, ʚʝʜʴ ʥʝʦʙʭʦʜʠʤʦ 

ʟʘʨʘʥʝʝ ʦʮʝʥʠʪʴ, ʚ ʢʘʢʫʶ ʩʫʤʤʫ ʦʙʦʡʜʝʪʩʷ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʵʪʦʛʦ ʦʙʲʝʢʪʘ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʵʪʫ ʩʪʦʠʤʦʩʪʴ ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ ʚʩʝ ʚʠʜʳ ʨʘʙʦʪ ʠ 

ʨʝʩʫʨʩʦʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʩʣʝʜʩʪʚʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʀ ʩʘʤʦʝ ʛʣʘʚʥʦʝ, 

ʯʪʦ ʩʦʩʪʘʚʣʝʥʥʘʷ ʩʤʝʪʘ ʜʦʣʞʥʘ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ ʩʦʛʣʘʩʥʦ ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʭ 

ʜʦʢʫʤʝʥʪʦʚ. 

ʇʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʩʤʝʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʧʦʟʚʦʣʷʶʪ: ʨʘʩʩʯʠʪʳʚʘʪʴ ʩʤʝʪʫ; ʚʳʙʠʨʘʪʴ ʬʦʨʤʫ ʩʤʝʪʳ; ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʥʘʥʠʝ 

ʥʦʨʤʘʪʠʚʥʳʭ ʙʘʟ, ʠʥʜʝʢʩʦʚ, ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʉʫʱʝʩʪʚʫʶʪ ʧʨʠʣʦʞʝʥʠʷ, 

ʘʚʪʦʤʘʪʠʟʠʨʫʶʱʠʝ ʵʪʠ ʧʨʦʮʝʩʩʳ. ʉʘʤʳʝ ʧʦʧʫʣʷʨʥʳʝ ʠʟ ʥʠʭ, ʵʪʦ: 

½ "ʉʤʝʪʘ 2000"\"ʈʝʩʫʨʩʥʘʷ ʩʤʝʪʘ"; 

½ Smeta.ru;  

½ "ʉʤʝʪʘ-2000"; 

½ "ɸʚʝʨʩ";  

½ "ɻʨʘʥʜ ʉʤʝʪʘ" ʠ ʜʨʫʛʠʝ.  

ɺʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʨʦʨʘʙʦʪʢʠ ʜʦʢʫʤʝʥʪʦʚ ʦʙʣʝʛʯʘʝʪ ʨʘʙʦʪʫ, 

ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʥʘ ʩʦʟʜʘʥʠʝ ʚʩʝʡ ʥʫʞʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. ɸ ʪʘʢʞʝ ʛʣʘʚʥʳʤ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʤʦʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʀʊ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʰʠʙʢʠ.  

ʉʬʝʨʘ ʚ ʀʊ ʧʦʩʪʦʷʥʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʠ ʙʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʧʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʤʝʪʦʜʳ 

ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʊʘʢʠʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ BIM 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʈʫʙʝʞ ʢʦʥʮʘ ʍʍ - ʥʘʯʘʣʘ XXI ʚʝʢʦʚ, ʩʚʷʟʘʥʥʳʡ ʩ ʙʫʨʥʳʤ ʨʘʟʚʠʪʠʝʤ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʦʟʥʘʤʝʥʦʚʘʣʩʷ ʧʦʷʚʣʝʥʠʝʤ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʦʛʦ 

ʧʦʜʭʦʜʘ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ -  BIM (Building Information 

Modeling) ï ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʦʦʨʫʞʝʥʠʡ, ʢʦʪʦʨʦʝ ʩʣʫʞʠʪ ʜʣʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʟʜʘʥʠʡ.  

ɺ ʭʦʜʝ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ ʧʦ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʩʣʦʞʥʳʭ, ʥʘʩʳʱʝʥʥʳʭ ʩʝʪʴʶ 

ʢʦʤʤʫʥʠʢʘʮʠʡ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʚʦʟʥʠʢʘʝʪ ʨʷʜ ʧʨʦʙʣʝʤ. 

ʆʩʥʦʚʥʘʷ ʠʭ ʯʘʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʜʦʧʫʱʝʥʘ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ 

ʥʠʭ ʤʦʞʥʦ ʫʩʪʨʘʥʠʪʴ. ɹʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ BIM-ʪʝʭʥʦʣʦʛʠʠ ʧʦʚʳʰʘʝʪʩʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʩʝʭ ʫʯʘʩʪʢʦʚ ʧʨʦʮʝʩʩʘ, ʩʦʢʨʘʱʘʝʪʩʷ ʩʪʦʠʤʦʩʪʴ, ʩʨʦʢ ʠ 

ʨʠʩʢʠ. ʕʪʦ ʥʝ ʧʨʦʩʪʦ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ï ʵʪʦ ʩʤʝʥʘ ʧʦʜʭʦʜʘ ʢ ʫʧʨʘʚʣʝʥʠʶ 

ʧʨʦʝʢʪʘʤʠ[7,8]. 

ʇʝʨʝʯʠʩʣʠʤ ʦʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ BIM ʤʦʜʝʣʠʨʦʚʘʥʠʷ:  

½ ʉʦʟʜʘʥʠʝ, ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʚ ʙʘʟʫ ʜʘʥʥʳʭ ʥʝʪʠʧʦʚʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʦʙʦʟʥʘʯʝʥʠʡ ʠ ʪʘʢ ʜʘʣʝʝ.  

½ ʉʦʚʤʝʩʪʥʘʷ ʨʘʙʦʪʘ ʦʪʜʝʣʦʚ ʠ ʫʯʘʩʪʥʠʢʦʚ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ.  

½ ʇʘʨʘʤʝʪʨʠʟʘʮʠʷ. 

½ ʇʦʠʩʢ ʢʦʣʣʠʟʠʡ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʠʭ ʫʩʪʨʘʥʝʥʠʝ.  

½ ʉʦʟʜʘʥʠʝ ʣʶʙʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʦʪ ʧʨʦʝʢʪʘ ʜʦ ʩʤʝʪʳ ʠ ʙʫʭʛʘʣʪʝʨʩʢʠʭ 

ʩʯʝʪʦʚ.  

ɺ ʟʘʢʣʶʯʝʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʟʘʷʚʠʪʴ, ʯʪʦ ʫʩʧʝʰʥʦʝ ʨʘʟʚʠʪʠʝ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʩʝʢʪʦʨʘ ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʙʝʟ ʘʢʪʠʚʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʉʦʚʨʝʤʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʚ ʩʬʝʨʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʪʣʠʯʘʝʪʩʷ ʯʝʤ, ʯʪʦ ʚ ʥʝʡ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʵʣʝʢʪʨʦʥʥʳʝ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ; ʭʨʘʥʝʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ 

ʧʦʩʨʝʜʩʪʚʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʦʙʱʝʩʪʚʝʥʥʳʭ ʩʝʪʝʡ. ɺ ʥʦʚʦʡ 



ð 84 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʢʨʘʡʥʝ ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ ʩʪʘʥʦʚʠʪʩʷ 

ʤʛʥʦʚʝʥʥʦ ʜʦʩʪʫʧʥʳʤ ʚ ʣʶʙʦʝ ʚʨʝʤʷ ʠ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʤʠʨʘ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʩʦʦʙʱʘʝʪʩʷ ʦ ʪʝʭʥʦʣʦʛʠʠ ʠ ʨʝʘʣʠʟʘʮʠʠ ʦʙʲʝʢʪʦʚ ʤʘʣʦʡ ʘʨʭʠʪʝʢʪʫʨʥʦʡ 

ʬʦʨʤʳ ʚ ʀʥʞʝʥʝʨʥʦʤ ʧʘʨʢʝ ʀʥʩʪʠʪʫʪʘ ʣʝʩʥʳʭ, ʛʦʨʥʳʭ ʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʥʘʫʢ (ʀʃɻʉʅ) 

ʇʝʪʨɻʋ.  ʈʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʧʨʦʝʢʪʳ ʜʣʷ ʦʙʲʝʢʪʦʚ ʣʘʥʜʰʘʬʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʝʢʪʥʘʷ ʨʘʙʦʪʘ, ʪʝʭʥʦʣʦʛʠʷ, ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ 

ʦʙʨʘʟʦʚʘʥʠʝ, ʤʘʣʘʷ ʘʨʭʠʪʝʢʪʫʨʥʘʷ ʬʦʨʤʘ, ʩʢʘʤʝʡʢʘ. 

 

Abstract 

The article reports on the technology and realization of objects of small architectural 

form in the Engineering Park of the Institute of Forest, Mining and Construction Sciences 

(ILGSN) of PetrSU. In the Engineering Park is developing projects for landscape architecture 

objects. 

Key words: project work, technology, engineering and technological education, small 

architectural form, bench. 

 

ʅʘ ʧʣʦʱʘʜʢʝ ʀʥʞʝʥʝʨʥʦʛʦ ʧʘʨʢʘ ʀʃɻʉʅ, ʩʦʟʜʘʥʥʦʛʦ ʩ ʮʝʣʴʶ ʚʥʝʜʨʝʥʠʷ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʘʟʨʘʙʦʪʦʢ, ʨʝʟʫʣʴʪʘʪʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʠ 

ʩʦʪʨʫʜʥʠʢʦʚ ʇʝʪʨɻʋ, ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʞʝʥʝʨʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʫ ʦʙʫʯʘʶʱʠʭʩʷ 

ʀʥʩʪʠʪʫʪʘ ʣʝʩʥʳʭ, ʛʦʨʥʳʭ ʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʥʘʫʢ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʨʘʙʦʪʢʘ ʠ 

ʨʝʘʣʠʟʘʮʠʷ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʭʫʜʦʞʝʩʪʚʝʥʥʳʭ ʠ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʦʢʘʟʘʥʠʝ ʧʦʜʜʝʨʞʢʠ ʠ ʨʘʟʚʠʪʠʷ ʵʣʝʤʝʥʪʦʚ ʢʦʤʬʦʨʪʥʦʡ ʠ ʢʨʝʘʪʠʚʥʦʡ 

ʩʨʝʜʳ ʚʫʟʘ ʠ ʨʝʛʠʦʥʘ. ɺʳʧʦʣʥʷʝʪʩʷ ʩʦʚʤʝʩʪʥʘʷ ʧʨʦʝʢʪʥʘʷ ʨʘʙʦʪʘ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ 

ʩʪʫʜʝʥʪʦʚ ʀʃɻʉʅ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ ʣʘʥʜʰʘʬʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ (ʧʘʨʢʦʚ, 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 85 ð   

 

ʜʚʦʨʦʚʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʰʢʦʣʴʥʳʭ ʫʯʘʩʪʢʦʚ) ʚ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ ʈʝʩʧʫʙʣʠʢʠ ʂʘʨʝʣʠʷ 

[1], [2], [3], [4], [5]. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʘʫʢʠ ʠ ʙʠʟʥʝʩʘ ʧʨʦʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʚʦʟʤʦʞʥʦʩʪʠ 

ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ, ʥʦ ʧʦʟʚʦʣʷʝʪ ʧʦʛʨʫʟʠʪʴ ʩʪʫʜʝʥʪʦʚ ʚ 

ʘʪʤʦʩʬʝʨʫ ʙʫʜʫʱʝʡ ʧʨʦʬʝʩʩʠʠ ʚ ʧʣʦʩʢʦʩʪʠ ñʅʘʫʢʘ ï ʇʨʘʢʪʠʢʘ ï ɹʠʟʥʝʩò. 

ɺʩʝ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʧʨʦʝʢʪʳ ʩʧʦʩʦʙʩʪʚʫʶʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫ ʦʙʫʯʘʶʱʠʭʩʷ 

ʨʘʟʣʠʯʥʳʭ ʥʘʚʳʢʦʚ, ʥʘʧʨʠʤʝʨ, ʧʨʦʝʢʪʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʪʝʭʥʦʣʦʛʠʠ 

ʠ ʤʝʪʦʜʦʚ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʠ ʢʦʤʧʴʶʪʝʨʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʘ ʪʘʢʞʝ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʥʘʚʳʢʦʚ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʙʲʝʢʪʦʚ ʣʘʥʜʰʘʬʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. 

ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʨʦʚ ʧʨʦʝʢʪʥʦʡ ʨʘʙʦʪʳ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ ʦʙʫʯʘʶʱʠʭʩʷ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ çʃʘʥʜʰʘʬʪʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘè ʙʳʣʘ ʨʝʘʣʠʟʘʮʠʷ ʩʢʘʤʝʡʢʠ ʜʣʷ ʩʢʝʡʪ-ʧʘʨʢʘ 

ʥʘ ʩʪʘʜʠʦʥʝ çʖʥʦʩʪʴè ʚ ʛʦʨʦʜʝ ʇʝʪʨʦʟʘʚʦʜʩʢʝ ʦʩʝʥʴʶ 2020 ʛʦʜʘ (ʨʠʩʫʥʦʢ 1) [6]. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʇʦʣʫʢʨʫʛʣʘʷ ʩʢʘʤʝʡʢʘ 

 

ʈʘʟʨʘʙʦʪʢʘ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ ʤʘʣʦʡ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʬʦʨʤʳ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩʪʫʜʝʥʪʘʤʠ (ʨʠʩʫʥʦʢ 2). 

 

 
ʈʠʩʫʥʦʢ 2 ï ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʢʘʤʝʡʢʠ ʚ 3Ds Max 

 



ð 86 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʂʦʥʩʪʨʫʢʮʠʷ ʩʢʘʤʝʡʢʠ ʨʘʟʨʘʙʘʪʳʚʘʣʘʩʴ ʩ ʫʯʝʪʦʤ ʫʜʦʙʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʚ ʧʘʨʢʝ, 

ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʥʦʡ ʤʦʜʫʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʠʟʛʦʪʦʚʠʪʴ ʩʢʘʤʝʡʢʫ ʚ ʚʠʜʝ ʜʫʛʠ. 

ʉʢʘʤʝʡʢʘ ʠʟʛʦʪʘʚʣʠʚʘʣʘʩʴ ʚ ʀʥʞʝʥʝʨʥʦʤ ʧʘʨʢʝ ʀʃɻʉʅ. ʆʙʱʘʷ ʜʣʠʥʘ 

ʧʦʣʫʢʨʫʛʣʦʡ ʩʢʘʤʝʡʢʠ ʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 8 ʤʝʪʨʦʚ. ʆʙʫʯʘʶʱʠʝʩʷ ʦʟʥʘʢʦʤʠʩʣʠʩʴ ʥʘ 

ʧʨʘʢʪʠʢʝ ʩʦ ʩʣʝʩʘʨʥʳʤʠ, ʩʚʘʨʦʯʥʳʤʠ ʠ ʧʦʢʨʘʩʦʯʥʳʤʠ ʨʘʙʦʪʘʤʠ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʢʘʨʢʘʩʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʢʘʤʝʡʢʠ (ʨʠʩʫʥʦʢ 3). 

 

 
ʈʠʩʫʥʦʢ 3 ï ʀʟʛʦʪʦʚʣʝʥʠʝ ʩʢʘʤʝʡʢʠ ʚ ʀʥʞʝʥʝʨʥʦʤ ʧʘʨʢʝ ʀʃɻʉʅ 

 

ʉ ʧʣʦʪʥʠʮʢʠʤʠ ʨʘʙʦʪʘʤʠ ʧʦ ʠʟʛʦʪʦʚʣʝʥʠʶ ʩʢʘʤʝʝʯʥʦʛʦ ʙʨʫʩʘ ʩʪʫʜʝʥʪʳ 

ʦʟʥʘʢʦʤʠʣʠʩʴ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʜʝʨʝʚʦʦʙʨʘʙʦʪʢʠ  ʋʯʝʙʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʝʥʪʨʘ 

ʀʃɻʉʅ. 

ɺʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʧʣʘʥʠʨʦʚʦʯʥʳʝ ʠ ʟʝʤʣʷʥʳʝ ʨʘʙʦʪʳ  (ʚʢʣʶʯʘʷ  ʧʦʜʛʦʪʦʚʢʫ 

ʦʩʥʦʚʘʥʠʷ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʛʝʦʪʝʢʩʪʠʣʷ, ʦʪʩʳʧʢʫ ʧʝʩʢʦʤ ʠ ʱʝʙʥʝʤ), ʘ ʪʘʢʞʝ 

ʤʦʥʪʘʞʥʳʝ ʨʘʙʦʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʩ ʫʯʘʩʪʠʝʤ ʩʪʫʜʝʥʪʦʚ (ʨʠʩʫʥʦʢ 4). 

 

 
ʈʠʩʫʥʦʢ 4 ï ʈʘʙʦʪʳ ʧʦ ʤʦʥʪʘʞʫ ʧʦʣʫʢʨʫʛʣʦʡ ʩʢʘʤʝʡʢʠ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 87 ð   

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʀʥʞʝʥʝʨʥʦʤ ʧʘʨʢʝ ʀʃɻʉʅ ʩʪʫʜʝʥʪʳ ʩʪʘʨʰʠʭ ʢʫʨʩʦʚ ʤʦʛʫʪ 

ʫʩʧʝʰʥʦ ʚʳʧʦʣʥʷʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʠ ʧʨʦʝʢʪʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ. 

***  
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ɸʥʥʦʪʘʮʠʷ 

ʉ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ ANSYS ʚʳʧʦʣʥʝʥ ʨʘʩʯʸʪ ʧʦʣʝʡ ʥʘʧʨʷʞʝʥʠʡ 

ʠ ʜʝʬʦʨʤʘʮʠʡ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ.  ɹʳʣʠ ʚʳʜʝʣʝʥʳ ʜʚʝ 

ʷʯʝʡʢʠ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʩ ʦʜʠʥʘʢʦʚʦʡ ʦʙʲʝʤʥʦʡ ʜʦʣʝʡ ʥʘʧʦʣʥʝʥʠʷ, ʥʦ ʨʘʟʥʦʡ ʬʦʨʤʦʡ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʚʳʙʨʘʥ ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʚ ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʵʧʦʢʩʠʜʥʘʷ 

ʤʘʪʨʠʮʘ, ʘʨʤʠʨʦʚʘʥʥʘʷ ʩʪʝʢʣʷʥʥʳʤʠ ʚʦʣʦʢʥʘʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʩʪʝʢʣʦʧʣʘʩʪʠʢ, ʫʧʨʫʛʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʬʦʨʤʘ ʚʦʣʦʢʥʘ 

 

Abstract  

The ANSYS software system was used to calculate the stress and strain fields of a 

unidirectional composite material. Two periodicity cells were identified with the same volume 

fraction of filling, but different shapes. For the calculation, a composite material was selected 

in which an epoxy matrix reinforced with glass fibers was used. 

Keywords: composite material, fiberglass, elastic characteristics, fiber shape 

 

ɺʚʝʜʝʥʠʝ 

ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʂʄ) ï ʵʪʦ ʤʘʪʝʨʠʘʣʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʜʚʫʭ ʠʣʠ 

ʙʦʣʝʝ ʢʦʤʧʦʥʝʥʪʦʚ (ʦʪʜʝʣʴʥʳʭ ʚʦʣʦʢʦʥ ʠʣʠ ʜʨʫʛʠʭ ʘʨʤʠʨʫʶʱʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʠ 

ʩʚʷʟʫʶʱʝʡ ʠʭ ʤʘʪʨʠʮʳ). ɺ ʢʘʯʝʩʪʚʝ ʘʨʤʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʂʄ ʯʘʩʪʦ ʚʳʙʠʨʘʶʪ 

ʚʦʣʦʢʥʘ, ʩʨʝʜʠ ʥʠʭ ʦʩʦʙʝʥʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʩʪʝʢʣʷʥʥʳʝ.  

ʉʪʝʢʣʷʥʥʳʝ ʚʦʣʦʢʥʠʩʪʳʝ ʥʘʧʦʣʥʠʪʝʣʠ ʚʚʦʜʷʪ ʚ ʪʝʨʤʦʘʢʪʠʚʥʳʝ ʠ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʝ ʧʦʣʠʤʝʨ.r ʇʨʠ ʚʚʝʜʝʥʠʠ ʚ ʇʂʄ ʧʦʚʳʰʘʶʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ, ʧʦʥʠʞʘʶʪ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ, ʫʣʫʯʰʘʶʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚʦʣʦʢʦʥ ʚ ʂʄ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʠʭ ʜʣʠʥʳ. 

ʅʝʧʨʝʨʳʚʥʳʝ ʚʦʣʦʢʥʘ ʚʳʧʫʩʢʘʶʪʩʷ ʩ ʪʨʝʫʛʦʣʴʥʦʡ, ʢʚʘʜʨʘʪʥʦʡ, ʧʨʷʤʦʫʛʦʣʴʥʦʡ, 

ʰʝʩʪʠʫʛʦʣʴʥʦʡ ʠ ʢʨʫʛʣʦʡ ʬʦʨʤʦʡ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ 

ʧʣʦʪʥʫʶ ʫʧʘʢʦʚʢʫ ʠʭ ʚ ʢʦʤʧʦʟʠʮʠʠ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʦʙʝʩʧʝʯʠʪʴ ʧʦʚʳʰʝʥʠʝ ʝʝ 

ʧʨʦʯʥʦʩʪʠ ʠ ʞʝʩʪʢʦʩʪʠ. ʅʝʧʨʝʨʳʚʥʳʝ ʚʦʣʦʢʥʘ, ʠʤʝʶʱʠʝ ʬʦʨʤʫ ʩʝʯʝʥʠʷ ʦʪʣʠʯʥʫʶ ʦʪ 

ʢʨʫʛʣʦʡ, ʥʘʟʳʚʘʶʪʩʷ ʧʨʦʬʠʣʴʥʳʤʠ. ʇʨʠʤʝʥʝʥʠʝ ʧʨʦʬʠʣʴʥʳʭ ʚʦʣʦʢʦʥ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʥʠʟʠʪʴ ʧʣʦʪʥʦʩʪʴ ʧʣʘʩʪʠʢʦʚ, ʫʚʝʣʠʯʠʪʴ ʫʜʝʣʴʥʫʶ ʞʝʩʪʢʦʩʪʴ, ʧʦʚʳʩʠʪʴ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʪʝʧʣʦʠʟʦʣʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʩʠʪʴ 

ʧʣʦʪʥʦʩʪʴ ʫʧʘʢʦʚʢʠ ʚʦʣʦʢʦʥ ʚ ʢʦʤʧʦʟʠʮʠʠ ʠ ʧʦʚʳʩʠʪʴ ʧʨʦʯʥʦʩʪʴ ʧʣʘʩʪʠʢʘ [1,2].  

ʆʩʥʦʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʪʝʢʣʷʥʥʳʭ ʚʦʣʦʢʦʥ ʷʚʣʷʶʪʩʷ ʧʨʦʯʥʦʩʪʴ ʠ 

ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ. ɺʳʩʦʢʘʷ ʧʨʦʯʥʦʩʪʴ ʩʪʝʢʣʷʥʥʳʭ ʚʦʣʦʢʦʥ ʟʘʣʦʞʝʥʘ ʚ ʩʘʤʦʡ ʧʨʠʨʦʜʝ 

ʩʪʝʢʣʘ: ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʥʥʦʝ ʨʘʟʨʫʰʘʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʩʪʝʢʣʘ 

ʩʦʩʪʘʚʣʷʝʪ 1000-1400 ʢʛʩ/ʤʤ2 ʚ ʩʣʫʯʘʝ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʦʩʪʘʚʦʚ ʠ 2500 ʢʛʩ/ʤʤ2 ʜʣʷ 

ʧʣʘʚʣʝʥʦʛʦ ʢʚʘʨʮʘ. ɺʳʧʫʩʢʘʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʩʪʝʢʣʷʥʥʳʝ 

ʚʦʣʦʢʥʘ ʧʦʤʠʤʦ ʩʪʨʫʢʪʫʨʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ, ʠʤʝʶʪ ʤʝʭʘʥʠʯʝʩʢʠ ʠ ʭʠʤʠʯʝʩʢʠ 

ʧʦʚʨʝʞʜʝʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʧʨʦʯʥʦʩʪʴ ʪʘʢʠʭ ʚʦʣʦʢʦʥ ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʣʘ ʠ ʭʘʨʘʢʪʝʨʘ 

ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʜʝʬʝʢʪʦʚ. ʇʦʵʪʦʤʫ, ʠʟʤʝʨʷʷ ʧʨʦʯʥʦʩʪʴ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 89 ð   

 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʜʠʥʦʯʥʳʭ ʚʦʣʦʢʦʥ, ʦʮʝʥʠʚʘʶʪ ʥʝ ʜʝʡʩʪʚʠʪʝʣʴʥʫʶ ʧʨʦʯʥʦʩʪʴ, 

ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ ʚʦʣʦʢʥʘ ʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʩʦʩʪʘʚʘ, ʘ ʣʠʰʴ ʧʨʦʯʥʦʩʪʴ ʜʝʬʝʢʪʥʦʛʦ 

ʦʙʨʘʟʮʘ, ʟʘʚʠʩʷʱʫʶ ʦʪ ʝʛʦ ʧʨʝʜʳʩʪʦʨʠʠ ʠ ʩʪʝʧʝʥʠ ʜʝʬʝʢʪʥʦʩʪʠ [2]. 

ʅʘʣʠʯʠʝ ʜʝʬʝʢʪʦʚ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʩʨʝʜʥʝʡ ʧʨʦʯʥʦʩʪʠ 

ʩʪʝʢʣʷʥʥʳʭ ʚʦʣʦʢʦʥ ʠ ʫʚʝʣʠʯʝʥʠʶ ʨʘʟʙʨʦʩʘ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

çʥʝʪʨʦʥʫʪʳʤʠè ʚʦʣʦʢʥʘʤʠ [3]. 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʚʦʣʦʢʥʘ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʘʢʠʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʘʢ: ʬʘʢʪʦʨʦʤ ʬʦʨʤʳ ʚʦʣʦʢʥʘ, ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʝʡ, ʦʨʠʝʥʪʘʮʠʝʡ, 

ʩʦʩʪʦʷʥʠʝʤ ʜʠʩʧʝʨʩʥʦʩʪʠ [4]. 

ʇʨʦʯʥʦʩʪʴ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ (ʚʦʣʦʢʥʠʩʪʳʭ) ʤʘʪʝʨʠʘʣʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʚʦʡʩʪʚʘʤʠ ʚʦʣʦʢʦʥ; ʤʘʪʨʠʮʘ ʚ ʦʩʥʦʚʥʦʤ ʜʦʣʞʥʘ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʪʴ ʥʘʧʨʷʞʝʥʠʷ ʤʝʞʜʫ 

ʘʨʤʠʨʫʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʇʦʵʪʦʤʫ ʧʨʦʯʥʦʩʪʴ ʠ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʚʦʣʦʢʦʥ ʜʦʣʞʥʳ 

ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʦʯʥʦʩʪʴ ʠ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʤʘʪʨʠʮʳ [1]. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʪʨʘʛʦʥʘʣʴʥʫʶ ʷʯʝʡʢʫ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʚʦʣʦʢʥʠʩʪʦʛʦ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʟʘʜʘʚ ʥʘ ʥʝʤ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʫʩʣʦʚʠʶ ʦʜʥʦʦʩʥʦʛʦ ʨʘʩʪʷʞʝʥʠʷ. ʇʨʦʚʝʜʝʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʣʝʡ 

ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʦʪ ʬʦʨʤʳ ʚʦʣʦʢʥʘ, ʧʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʤʝʞʜʫ ʤʘʪʨʠʮʝʡ ʠ 

ʚʦʣʦʢʥʦʤ ʩʫʱʝʩʪʚʫʝʪ ʠʜʝʘʣʴʥʳʡ ʢʦʥʪʘʢʪ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʟʦʪʨʦʧʥʦʡ ʵʧʦʢʩʠʜʥʦʡ ʤʘʪʨʠʮʳ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʘʪʨʠʮʘ ʤʘʨʢʠ 

ʕɼʊï10. ɺ ʢʘʯʝʩʪʚʝ ʘʨʤʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʪʝʢʣʷʥʥʳʝ ʠʟʦʪʨʦʧʥʳʝ 

ʚʦʣʦʢʥʘ.  

ʈʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʫ ʜʣʷ ʢʚʘʟʠʦʜʥʦʨʦʜʥʦʛʦ ʪʝʣʘ ʦʙʲʸʤʦʤ V ʩ ʛʨʘʥʠʮʝʡ ɻ, 

ʩʦʩʪʦʷʱʫʶ ʠʟ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ [6].  

ɼʘʥʥʳʝ ʫʧʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʥʝʥʪʦʚ ʩʪʝʢʣʦʧʣʘʩʪʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 

ʋʧʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʥʝʥʪʦʚ ʩʪʝʢʣʦʧʣʘʩʪʠʢʘ [6] 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʉʪʝʢʣʷʥʥʳʝ ʠʟʦʪʨʦʧʥʳʝ 

ʚʦʣʦʢʥʘ 

ʕʧʦʢʩʠʜʥʘʷ ʤʘʪʨʠʮʘ 

ʕɼʊ-10 

ʄʦʜʫʣʴ ʖʥʛʘ ɽ, ɻʇʘ 10 2,91 

ʂʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ɜ 0,21 0,356 

ʄʦʜʫʣʴ ʩʜʚʠʛʘ G, ɻʇʘ 4,132 1,073 

ʄʦʜʫʣʴ ʦʙʲʝʤʥʦʛʦ ʩʞʘʪʠʷ ʂ, 

ɻʇʘ 
5,747 3,368 

 

ʄʦʜʫʣʴ ʩʜʚʠʛʘ ʠ ʤʦʜʫʣʴ ʦʙʲʝʤʥʦʛʦ ʩʞʘʪʠʷ ʜʣʷ ʤʘʪʨʠʮʳ ʠ ʚʦʣʦʢʥʘ ʨʘʩʩʯʠʪʘʥ ʧʦ 

ʬʦʨʤʫʣʘʤ 1 ʠ 2.  

Ὃ
Ὁ

ςρ ʉ
 (1) 

 

ὑ
Ὁ

σρ ςʉ
 (2) 

ʈʝʘʣʠʟʘʮʠʷ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ ANSYS Mechanical 

ʂʣʘʩʩʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ANSYS 

ʨʝʘʣʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʉʪʨʦʠʪʩʷ ʛʝʦʤʝʪʨʠʷ, ʚʳʙʠʨʘʶʪʩʷ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʠ ʟʘʜʘʶʪʩʷ ʝʛʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʉʪʦʨʦʥʘ ʷʯʝʡʢʠ ʧʨʠʥʠʤʘʝʪʩʷ a=1. ɺʦʣʦʢʥʦ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʟʘʜʘʸʪʩʷ 

ʢʘʢ ʯʝʪʚʝʨʪʴ ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʦʤ  

ὶ =ςz ὥ   (3) 

ʛʜʝ Vf  - ʦʙʲʝʤʥʘʷ ʜʦʣʷ ʚʦʣʦʢʥʘ. Vf  =0,58. 



ð 90 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʌʦʨʤʘ ʚʦʣʦʢʥʘ ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʟʘʜʘʝʪʩʷ ʢʘʢ ʢʚʘʜʨʘʪ ʩʪʦʨʦʥʦʡ b=0.761. 

ɿʘʪʝʤ ʨʘʟʙʠʚʘʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʥʘ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ, ʠ ʟʘʜʘʶʪʩʷ ʛʨʘʥʠʯʥʳʝ 

ʫʩʣʦʚʠʷ ʚ ʧʝʨʝʤʝʱʝʥʠʷʭ (ʨʠʩ. 2): Ux=0,05, Uy=0 

 

   
ʘ                                                                                  ʙ 

ʈʠʩ. 1. ʈʘʟʙʠʝʥʠʝ ʷʯʝʡʢʠ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʥʘ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʟʘʜʘʥʠʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʩ ʢʨʫʛʣʳʤ 

(ʘ) ʠ ʢʚʘʜʨʘʪʥʳʤ ʚʦʣʦʢʥʦʤ (ʙ). 

 

ʅʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ ʧʦʣʫʯʝʥʳ ʧʦʣʷ ʥʘʧʨʷʞʝʥʠʡ (ʨʠʩ. 2) 

ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʩʦʩʪʦʷʥʠʠ ʦʜʥʦʦʩʥʦʛʦ ʨʘʩʪʷʞʝʥʠʷ. 

 

   
 ʘ                                                                                     ʙ 

ʈʠʩ. 2. ɼʠʘʛʨʘʤʤʘ ʧʦʣʝʡ ʥʘʧʨʷʞʝʥʠʡ ʚʜʦʣʴ ʦʩʠ ʍ ʜʣʷ ʵʣʝʤʝʥʪʘ ʩ ʢʨʫʛʣʳʤ (ʘ) ʠ ʢʚʘʜʨʘʪʥʳʤ ʚʦʣʦʢʥʦʤ 

(ʙ). 

 

  
    ʘ                                                                                 ʙ 

ʈʠʩ. 3. ɼʝʬʦʨʤʘʮʠʷ ʵʣʝʤʝʥʪʘ ʩ ʢʨʫʛʣʳʤ (ʘ) ʠ ʢʚʘʜʨʘʪʥʳʤ ʚʦʣʦʢʥʦʤ (ʙ).                                                               



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 91 ð   

 

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʨʘʩʯʝʪʦʚ ʤʦʜʝʣʠ ʚ ʧʨʦʛʨʘʤʤʝ ANSYS, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 2 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʤʦʜʝʣʠ 

ʌʦʨʤʘ ʚʦʣʦʢʥʘ 
ʉʫʤʤʘ ʥʘʧʨʷʞʝʥʠʡ ʢʘʞʜʦʛʦ 

ʵʣʝʤʝʥʪʘ, ʇʘ 

ʉʫʤʤʘ ʜʝʬʦʨʤʘʮʠʡ ʢʘʞʜʦʛʦ 

ʵʣʝʤʝʥʪʘ 

ʢʨʫʛ -0.2799Ͻρπ 0,2278Ͻρπ 

ʢʚʘʜʨʘʪ -0.1584Ͻρπ -0,2022Ͻρπ 

 

ʈʘʩʯʝʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʫʤʤʘʨʥʦʝ ʟʥʘʯʝʥʠʝ ʩʨʝʜʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʥʠʞʝ ʚ ʚʦʣʦʢʥʘʭ ʩ 

ʢʚʘʜʨʘʪʥʳʤ ʧʦʧʝʨʝʯʥʳʤ ʩʝʯʝʥʠʝʤ, ʯʪʦ ʩʢʘʟʘʣʦʩʴ ʠ ʥʘ ʩʨʝʜʥʠʭ ʜʝʬʦʨʤʘʮʠʷʭ, 

ʩʫʤʤʘʨʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʦʢʘʟʘʣʠʩʴ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʚʦʣʦʢʥʘʭ ʩ ʢʨʫʛʣʳʤ 

ʧʦʧʝʨʝʯʥʳʤ ʩʝʯʝʥʠʝʤ. 

ʇʨʠ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʥʘʛʨʫʞʝʥʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʦʣʴʰʝʡ ʧʨʦʯʥʦʩʪʠ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʚʘʜʨʘʪʥʳʝ ʚʦʣʦʢʥʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʅʀʈʉ [7]. 

***  
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ð 92 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 
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ʂʘʨʧʝʥʢʦ ʅ.ɺ., ʊʦʧʳʨʢʠʥ ɸ.ɼ. 
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ɸʥʥʦʪʘʮʠʷ 

ʉ ʧʦʤʦʱʴʶ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʠ ʢʨʦʩʩʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʚʳʙʨʘʥʳ 

ʬʘʢʪʦʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʚʝʣʠʯʠʥʫ ʢʫʨʩʘ ʘʢʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʢʦʤʧʘʥʠʠ ʚ 

ʫʩʣʦʚʠʷʭ ʥʠʟʢʦʡ ʚʦʣʘʪʠʣʴʥʦʩʪʠ. ʇʦʩʪʨʦʝʥʥʘʷ ʤʦʜʝʣʴ ʘʚʪʦʨʝʛʨʝʩʩʠʠ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤ 

ʣʘʛʦʤ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠ ʭʦʨʦʰʠʝ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʆʩʪʘʪʢʠ ʤʦʜʝʣʠ 

ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʪʝʦʨʝʤʳ ɻʘʫʩʩʘ-ʄʘʨʢʦʚʘ. ʅʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʧʦʣʫʯʝʥ 

ʧʨʦʛʥʦʟ ʢʫʨʩʘ ʘʢʮʠʡ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʢʫʨʩʘ ʘʢʮʠʡ ʢʦʤʧʘʥʠʠ ʠʟ ʣʶʙʦʛʦ ʩʝʢʪʦʨʘ ʵʢʦʥʦʤʠʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʂʫʨʩ ʘʢʮʠʡ, ʘʚʪʦʢʦʨʨʝʣʷʮʠʷ, ʢʨʦʩʩʢʦʨʨʝʣʷʮʠʷ, ʤʦʜʝʣʴ 

ʘʚʪʦʨʝʛʨʝʩʩʠʠ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤ ʣʘʛʦʤ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ. 

 

Abstract 

Using autocorrelation and cross-correlation analysis, the factors that determine the 

value of the share price of a transport and logistics company in conditions of low volatility are 

selected. The constructed autoregression model with distributed lag has high accuracy and 

good predictive properties. The residuals of the model satisfy the requirements of the Gauss-

Markov theorem. Based on the model, a high-precision stock price forecast is obtained. The 

proposed approach can be used to model the share price of a company from any sector of the 

economy. 

Keywords: Stock price, autocorrelation, cross-correlation, distributed lag 

autoregression model, forecasting. 

 

ʄʠʨʦʚʘʷ ʵʢʦʥʦʤʠʢʘ ʠʩʧʳʪʳʚʘʝʪ ʥʘ ʩʝʙʝ ʚʣʠʷʥʠʝ ʤʥʦʞʝʩʪʚʘ ʚʥʫʪʨʝʥʥʠʭ ʠ 

ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ. ɺ ʤʘʩʰʪʘʙʘʭ ʛʦʩʫʜʘʨʩʪʚʘ ʵʪʦ ʚʣʠʷʥʠʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʠʟʤʝʥʝʥʠʠ 

ʚʘʣʦʚʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʦʜʫʢʪʘ, ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʥʘʩʝʣʝʥʠʷ, ʨʘʟʤʝʨʘ ʙʶʜʞʝʪʘ, 

ʧʨʦʚʦʜʠʤʦʡ ʤʦʥʝʪʘʨʥʦʡ ʠ ʬʠʩʢʘʣʴʥʦʡ ʧʦʣʠʪʠʢʠ. ʅʘ ʤʠʢʨʦʫʨʦʚʥʝ ʧʨʦʠʩʭʦʜʠʪ 

ʠʟʤʝʥʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʪʜʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʢʦʤʧʘʥʠʡ, ʫʨʦʚʥʷ 

ʜʝʣʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʢʦʣʠʯʝʩʪʚʘ ʠ ʢʘʯʝʩʪʚʘ ʧʨʦʠʟʚʦʜʠʤʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʜʨ. 

ɸʥʘʣʠʟ ʤʝʭʘʥʠʟʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʫʨʩʘ ʘʢʮʠʡ ʠʤʝʝʪ ʦʩʦʙʫʶ ʚʘʞʥʦʩʪʴ. ɸʢʮʠʠ ï 

ʮʝʥʥʳʝ ʙʫʤʘʛʠ, ʜʘʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʶ, ʚʳʧʫʩʪʠʚʰʝʤʫ ʠʭ, ʧʨʠʚʣʝʯʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʨʝʜʩʪʚʘ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʤʦʣʦʜʳʭ ʢʦʤʧʘʥʠʡ, ʠʣʠ ʤʦʙʠʣʠʟʦʚʘʪʴ 

ʩʚʦʡ ʢʘʧʠʪʘʣ, ʠʤʝʥʥʦ ʪʘʢ ʟʘʯʘʩʪʫʶ ʧʦʩʪʫʧʘʶʪ ʦʨʛʘʥʠʟʘʮʠʠ, ʢʦʪʦʨʳʝ ʜʘʚʥʦ ʚʝʜʫʪ ʩʚʦʶ 

ʜʝʷʪʝʣʴʥʦʩʪʴ. 

ɼʘʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʚʘʞʝʥ ʝʱʝ ʠ ʧʦʪʦʤʫ, ʯʪʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʚʣʝʯʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʢʦʤʧʘʥʠʠ ʦʛʨʘʥʠʯʝʥʳ. ɺʝʨʥʝʝ, ʦʛʨʘʥʠʯʝʥʳ ʥʝ ʩʘʤʠ 

ʚʦʟʤʦʞʥʦʩʪʠ, ʘ ʦʙʲʝʤʳ ʧʨʠʚʣʝʯʝʥʠʷ ʵʪʠʭ ʩʨʝʜʩʪʚ. ʇʨʝʜʧʨʠʷʪʠʝ ʥʝ ʤʦʞʝʪ ʟʘ ʢʦʨʦʪʢʠʡ 

ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʤʦʙʠʣʠʟʦʚʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ ʙʝʟ ʨʠʩʢʘ 

ʙʘʥʢʨʦʪʩʪʚʘ, ʠʙʦ ʝʜʠʥʩʪʚʝʥʥʳʤ ʬʠʥʘʥʩʦʚʳʤ ʠʥʩʪʠʪʫʪʦʤ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʧʨʝʜʦʩʪʘʚʠʪʴ 

ʢʦʤʧʘʥʠʠ ʪʘʢʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʙʘʥʢ, ʢʦʪʦʨʳʡ ʩʪʘʨʘʝʪʩʷ ʟʘʩʪʨʘʭʦʚʘʪʴ ʩʚʦʠ 

ʚʣʦʞʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʧʨʦʮʝʥʪʥʦʡ ʩʪʘʚʢʦʡ ʧʦ ʢʨʝʜʠʪʫ, ʯʪʦ ʥʝʛʘʪʠʚʥʦ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 93 ð   

 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʬʠʥʘʥʩʦʚʳʭ ʨʝʟʫʣʴʪʘʪʘʭ ʦʨʛʘʥʠʟʘʮʠʠ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ, ʦʧʪʠʤʘʣʴʥʳʤ 

ʨʝʰʝʥʠʝʤ ʧʦ ʧʨʠʚʣʝʯʝʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʘʧʠʪʘʣʘ ʜʣʷ ʢʨʫʧʥʦʡ ʢʦʤʧʘʥʠʠ ʩʣʫʞʠʪ 

ʵʤʠʩʩʠʷ ʮʝʥʥʳʭ ʙʫʤʘʛ, ʘ ʠʤʝʥʥʦ ʘʢʮʠʡ. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʶ 

ʠʥʚʝʩʪʠʨʦʚʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʨʝʜʩʪʚ ʚ ʢʦʥʢʨʝʪʥʳʝ ʦʙʣʘʩʪʠ ʝʛʦ ʜʝʷʪʝʣʴʥʦʩʪʴ, 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʪʦʯʝʯʥʦʝ ʠʥʚʝʩʪʠʨʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʞʝʪʩʷ 

ʥʘ ʩʦʩʪʦʷʥʠʠ ʢʦʤʧʘʥʠʠ, ʝʩʣʠ ʢʦʥʝʯʥʦ ʵʪʠ ʜʝʥʝʞʥʳʝ ʩʨʝʜʩʪʚʘ ʙʫʜʫʪ ʵʬʬʝʢʪʠʚʥʦ 

ʚʣʦʞʝʥʳ.  

ɿʥʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʫʨʩʘ ʘʢʮʠʡ ʠ ʚʣʠʷʶʱʠʭ ʥʘ ʥʝʛʦ ʬʘʢʪʦʨʦʚ 

ʜʘʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ, ʢʘʢ ʜʣʷ ʘʢʮʠʦʥʝʨʦʚ, ʪʘʢ ʠ ʜʣʷ ʢʦʤʧʘʥʠʠ, ʠʭ ʚʳʧʫʩʪʠʚʰʝʡ. 

ʇʝʨʚʳʝ ʥʘ ʦʩʥʦʚʝ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ ʤʦʛʫʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʣʦʞʝʥʥʳʭ 

ʠʤʠ ʩʨʝʜʩʪʚ ʚ ʢʨʘʪʢʦʩʨʦʯʥʦʡ ʠ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ, ʘ ʚʪʦʨʳʝ ʧʦʥʠʤʘʶʪ 

ʥʘʩʢʦʣʴʢʦ ʜʠʚʝʨʩʠʬʠʮʠʨʦʚʘʥʘ ʜʝʷʪʝʣʴʥʦʩʪʴ ʠʭ ʦʨʛʘʥʠʟʘʮʠʠ, ʢʘʢ ʩʠʣʴʥʦ ʬʠʥʘʥʩʦʚʳʡ 

ʨʝʟʫʣʴʪʘʪ ʢʦʤʧʘʥʠʠ ʟʘʚʠʩʠʪ ʦʪ ʢʫʨʩʦʚ ʜʨʫʛʠʭ ʢʦʤʧʘʥʠʡ, ʪʦʚʘʨʦʚ ʠ ʚʘʣʶʪ, ʥʘʩʢʦʣʴʢʦ 

ʵʬʬʝʢʪʠʚʥʘ ʦʩʫʱʝʩʪʚʣʷʝʤʘʷ ʧʨʝʜʧʨʠʷʪʠʝʤ ʘʢʪʠʚʥʦʩʪʴ. 

ʇʦʩʢʦʣʴʢʫ ʢʫʨʩ ʘʢʮʠʠ ï ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ, ʠʟʤʝʥʷʶʱʘʷʩʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʫʨʦʚʥʷ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʟʥʘʯʝʥʠʝ ʢʫʨʩʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ï ʵʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʝʣʠʯʠʥ ʢʫʨʩʦʚ 

ʘʢʮʠʡ ʠ ʜʨʫʛʠʭ ʚʣʠʷʶʱʠʭ ʬʘʢʪʦʨʦʚ ʚ ʧʨʦʰʣʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʢʫʨʩ ʘʢʮʠʡ ʢʦʤʧʘʥʠʠ ʇɸʆ 

çʊʨʘʥʩʢʦʥʪʝʡʥʝʨè, ʚ ʢʘʯʝʩʪʚʝ ʚʣʠʷʶʱʠʭ ʬʘʢʪʦʨʦʚ ï ʢʫʨʩ ʥʝʬʪʠ ʤʘʨʢʠ çBrentè ʠ ʢʫʨʩ 

ʜʦʣʣʘʨʘ ʉʐɸ. ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʦʮʝʥʢʘ ʩʪʝʧʝʥʠ ʠʭ ʚʣʠʷʥʠʷ ʜʨʫʛ ʥʘ ʜʨʫʛʘ. ɺ 

ʢʘʯʝʩʪʚʝ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʟʥʘʯʝʥʠʷ ʚʳʙʨʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʟʘ 

ʧʝʨʠʦʜ ʩ 1 ʩʝʥʪʷʙʨʷ ʧʦ 31 ʦʢʪʷʙʨʷ 2019 ʛʦʜʘ.  

ʊʘʢ ʢʘʢ ʢʫʨʩ ʘʢʮʠʡ ʢʦʤʧʘʥʠʠ ï ʵʪʦ ʚʝʣʠʯʠʥʘ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ, 

ʠʟ ʢʣʘʩʩʘ ʤʦʜʝʣʝʡ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʙʳʣʘ ʚʳʙʨʘʥʘ ʤʦʜʝʣʴ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʨʝʛʨʝʩʩʠʠ. 

ʆʜʥʘʢʦ ʜʘʥʥʘʷ ʛʨʫʧʧʘ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʤʦʜʝʣʝʡ.  

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʪʠʧʘ ʤʦʜʝʣʠ ʚ ʨʘʙʦʪʝ ʙʳʣʘ ʚʳʙʨʘʥʘ ʘʚʪʦʨʝʛʨʝʩʩʠʷ ʩ 

ʨʘʩʧʨʝʜʝʣʸʥʥʳʤ ʣʘʛʦʤ. ʉʦʩʪʘʚ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʦʧʨʝʜʝʣʷʣʩʷ ʩ ʧʦʤʦʱʴʶ 

ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ (ʪʘʙʣ. 1). 

ʍʘʨʘʢʪʝʨ ʩʚʷʟʠ ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ ʨʷʜʘ ʦʧʨʝʜʝʣʷʣʩʷ ʧʦ ʰʢʘʣʝ ʏʝʜʜʦʢʘ. ʉʦʛʣʘʩʥʦ 

ʜʘʥʥʳʤ ʪʘʙʣ. 1 ʩʠʣʴʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ ʢʫʨʩʘ ʘʢʮʠʡ ʦʪʤʝʯʘʝʪʩʷ ʜʣʷ ʣʘʛʘ k = 1 

(ʢʦʵʬʬʠʮʠʝʥʪ ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ r1 > 0,7), ʩʚʷʟʴ ʩʨʝʜʥʝʡ ʩʠʣʳ ï ʜʣʷ ʣʘʛʘ 

k = 2 (ʢʦʵʬʬʠʮʠʝʥʪ ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʥʝʨʘʚʝʥʩʪʚʫ 

0,5 < r2 < 0,7). ʇʨʠ ʵʪʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳ, ʧʦʩʢʦʣʴʢʫ ʟʥʘʯʝʥʠʷ | rk | ʧʨʝʚʳʰʘʶʪ ʢʨʠʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ 

rk
ʢʨʠʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʠ r-ʇʠʨʩʦʥʘ. 

ʆʩʪʘʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʩʪʨʝʤʷʪʩʷ ʢ ʥʫʣʶ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʥʘ ʪʝʢʫʱʠʡ ʢʫʨʩ ʘʢʮʠʠ ʢʦʤʧʘʥʠʠ 

ʇɸʆ çʊʨʘʥʩʢʦʥʪʝʡʥʝʨè ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ ʢʫʨʩʳ ʚʯʝʨʘʰʥʝʛʦ ʠ 

ʧʦʟʘʚʯʝʨʘʰʥʝʛʦ ʜʥʷ. 

ɼʘʥʥʳʝ ʪʘʙʣ. 1 ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʢʦʪʠʨʦʚʦʢ ʥʝʬʪʠ ʤʘʨʢʠ çBrentè 

ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʨʦʩʩʢʦʨʨʝʣʷʮʠʠ ʥʫʣʝʚʦʛʦ ʠ ʧʝʨʚʦʛʦ 

ʧʦʨʷʜʢʘ, 0,59 ʠ 0,62 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʥʘ ʢʫʨʩ ʘʢʮʠʡ 

ʢʦʤʧʘʥʠʠ ʇɸʆ çʊʨʘʥʩʢʦʥʪʝʡʥʝʨè ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʢʫʨʩ ʥʝʬʪʠ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʠ ʚʯʝʨʘʰʥʠʡ ʜʝʥʴ. ʂʨʦʤʝ ʪʦʛʦ, ʫ ʚʩʝʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʨʦʩʩʢʦʨʨʝʣʷʮʠʠ 

ʜʦʩʪʘʪʦʯʥʦ ʩʭʦʞʠʝ ʟʥʘʯʝʥʠʷ ʠ ʩʚʷʟʴ ʤʝʞʜʫ ʜʘʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʩʦʭʨʘʥʷʣʘʩʴ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ 7 ʜʥʝʡ. ɺʝʣʠʯʠʥʘ ʟʘʜʝʨʞʢʠ ʚ ʜʚʘ ʜʥʷ ʙʳʣʘ ʚʳʙʨʘʥʘ ʪʘʢʞʝ ʚʚʠʜʫ ʪʦʛʦ, ʯʪʦ 

ʚʢʣʶʯʝʥʠʝ ʚ ʤʦʜʝʣʴ ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʤʦʤʝʥʪʦʚ ʟʘʜʝʨʞʢʠ ʩʥʠʞʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʦʙʲʷʩʥʷʶʱʠʭ ʬʘʢʪʦʨʦʚ ʠʟ-ʟʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʝʪʦʜʘ 

ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ. 

 



ð 94 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʊʘʙʣʠʮʘ 1 

ɸʚʪʦʢʦʨʨʝʣʷʮʠʦʥʳʡ ʘʥʘʣʠʟ ʢʫʨʩʘ ʘʢʮʠʡ ʢʦʤʧʘʥʠʠ ʇɸʆ çʊʨʘʥʩʢʦʥʪʝʡʥʝʨè ʧʦ ʜʘʥʥʳʤ ʩ 

1 ʩʝʥʪʷʙʨʷ ʧʦ 31 ʦʢʪʷʙʨʷ 2019 ʛ. 

ʃʘʛ,  

k 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʘʚʪʦʢʦʨ-ʨʝʣʷʮʠʠ 

ʢʫʨʩʘ ʘʢʮʠʠ, 

rʢ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʢʨʦʩʩʢʦʨ-ʨʝʣʷʮʠʠ 

ʢʫʨʩʘ ʘʢʮʠʠ ʥʘ 

ʩʪʦʠʤʦʩʪʴ ʥʝʬʪʠ 

ʤʘʨʢʠ çBrentè, rʢ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʢʨʦʩʩʢʦʨ-ʨʝʣʷʮʠʠ 

ʢʫʨʩʘ ʘʢʮʠʠ ʥʘ  

ʢʫʨʩ ʜʦʣʣʘʨʘ 

ʉʐɸ, 

rʢ 

ʏʠʩʣʦ 

ʩʪʝʧʝʥʝʡ  

ʩʚʦʙʦʜʳ, 

df 

ʂʨʠʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ  

ʢʦʨʨʝʣʷʮʠʠ 

ʇʠʨʩʦʥʘ, 

r k
ʢʨʠʪ 

0 - 0,59 0,37 58 0,254 

1 0,81 0,62 0,36 57 0,256 

2 0,58 0,57 0,36 56 0,259 

3 0,42 0,54 0,32 55 0,261 

4 0,30 0,50 0,29 54 0,263 

5 0,23 0,48 0,29 53 0,266 

6 0,21 0,47 0,26 52 0,268 

7 0,19 0,50 0,17 51 0,271 

 

ɺ ʩʣʫʯʘʝ ʜʦʣʣʘʨʘ ʉʐɸ, ʭʦʪʷ ʠ ʠʤʝʝʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʧʝʨʚʳʭ ʧʷʪʠ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʨʦʩʩʢʦʨʨʝʣʷʮʠʠ (ʪʘʙʣ. 1), ʩʠʣʘ ʩʚʷʟʠ ʜʣʷ ʵʪʠʭ ʣʘʛʦʚ ʩʣʘʙʘʷ. ʕʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʪʘʢʦʡ ʦʙʲʷʩʥʷʶʱʠʡ ʬʘʢʪʦʨ, ʢʘʢ ʜʦʣʣʘʨ ʉʐɸ ʧʦʯʪʠ ʥʝ 

ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ ʢʫʨʩ ʘʢʮʠʡ ʢʦʤʧʘʥʠʠ. ɺʠʜʠʤʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʘʢʮʠʠ ʇɸʆ 

çʊʨʘʥʩʢʦʥʪʝʡʥʝʨè ʪʦʨʛʫʶʪʩʷ ʥʘ ʙʠʨʞʝ ʚ ʵʪʦʡ ʚʘʣʶʪʝ ʠ ʪʝʤ ʩʘʤʳʤ ʠʟʤʝʥʝʥʠʝ ʢʫʨʩʘ 

ʩʨʘʟʫ ʞʝ ʚʣʠʷʝʪ ʥʘ ʩʪʦʠʤʦʩʪʴ ʘʢʮʠʡ. ɺ ʧʦʩʪʨʦʝʥʥʦʡ ʤʦʜʝʣʠ ʢʫʨʩ ʜʦʣʣʘʨʘ ʉʐɸ ʥʝ 

ʫʯʠʪʳʚʘʣʩʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘ ʦʩʥʦʚʝ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʠ ʢʨʦʩʩʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʩʝʤʴ ʤʦʜʝʣʝʡ ʘʚʪʦʨʝʛʨʝʩʩʠʠ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤ ʣʘʛʦʤ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʢʦʤʙʠʥʘʮʠʷʤʠ ʣʘʛʦʚʳʭ ʠ ʘʚʪʦʨʝʛʨʝʩʩʠʦʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʥʘʠʣʫʯʰʝʡ ʠʟ ʢʦʪʦʨʳʭ (ʧʦ 

ʤʠʥʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ʩʨʝʜʥʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʦʰʠʙʢʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʄɸʈɽ, 

ʨʘʚʥʦʤʫ 0,80%) ʷʚʣʷʝʪʩʷ: 

ώ ςπωπȟψττπȟωπχzώ πȟςχωzώ πȟςψτzὼ ‐ . 
ɿʜʝʩʴ yt-1 ʠ yt-2 ï ʢʫʨʩʳ ʘʢʮʠʡ ʢʦʤʧʘʥʠʠ ʇɸʆ çʊʨʘʥʩʢʦʥʪʝʡʥʝʨè ʚ ʤʦʤʝʥʪʳ 

ʚʨʝʤʝʥʠ t-1 ʠ t-2, t ï ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ ʚʨʝʤʝʥʠ, x1t-1 ï ʢʫʨʩ ʥʝʬʪʠ ʤʘʨʢʠ çBrentè ʚ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t-1.  

ɼʣʷ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʘʚʪʦʨʝʛʨʝʩʩʠʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʖʣʘ-

ʋʦʢʝʨʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʠʟ p ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʩ p 

ʥʝʠʟʚʝʩʪʥʳʤʠ, ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ r1, r2, ..., rp . 

ɸʥʘʣʠʟ ʦʩʪʘʪʢʦʚ ʤʦʜʝʣʠ Ůt ʥʘ 5%-ʤ ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ ʧʦʜʪʚʝʨʜʠʣ ʜʣʷ ʥʠʭ 

ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʨʘʚʝʥʩʪʚʘ ʥʫʣʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ (t-ʢʨʠʪʝʨʠʡ), 

ʧʦʩʪʦʷʥʩʪʚʦ ʜʠʩʧʝʨʩʠʠ (ʪʝʩʪ ɻʦʣʬʝʣʜʘ-ʂʚʘʥʜʪʘ) ʠ ʥʝʟʘʚʠʩʠʤʦʩʪʴ (ʢʨʠʪʝʨʠʡ ɼʘʨʙʠʥʘ-

ʋʦʪʩʦʥʘ), ʘ ʪʘʢʞʝ ʧʦʜʯʠʥʝʥʠʝ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ʪʝʩʪ ɾʘʨʢʘ-ɹʝʨʨʘ). 

ʏʪʦ ʧʦʢʘʟʳʚʘʝʪ ʭʦʨʦʰʠʝ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʦʜʝʣʠ. 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ ʧʦʩʪʨʦʝʥ ʧʨʦʛʥʦʟ ʢʫʨʩʘ ʘʢʮʠʡ ʥʘ ʧʝʨʠʦʜ ʩ 1 ʧʦ 22 

ʥʦʷʙʨʷ 2019 ʛ. (ʪʘʙʣ. 2). ʉʨʝʜʥʷʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʘ ʄɸʈɽ ʥʘ ʜʠʩʪʘʥʮʠʠ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 95 ð   

 

ʚ 15 ʜʥʝʡ ʩʦʩʪʘʚʠʣʘ 0,64% , ʯʪʦ ʥʘ 0,16% ʤʝʥʴʰʝ, ʯʝʤ ʩʨʝʜʥʷʷ ʦʰʠʙʢʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʜʣʷ ʤʦʜʝʣʠ ʥʘ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʝ. 

ʊʘʙʣʠʮʘ 2 

ʇʨʦʛʥʦʟ ʢʫʨʩʘ ʘʢʮʠʡ ʢʦʤʧʘʥʠʠ ʇɸʆ çʊʨʘʥʩʢʦʥʪʝʡʥʝʨè ʧʦ ʤʦʜʝʣʠ ʘʚʪʦʨʝʛʨʝʩʩʠʠ ʩ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʤ ʣʘʛʦʤ ʩ 1 ʧʦ 22 ʥʦʷʙʨʷ 2019 ʛ. 

ɼʝʥʴ 
ʌʘʢʪʠʯʝʩʢʠʡ  

ʢʫʨʩ (ʨʫʙ.) 

ʇʨʦʛʥʦʟ  

ʧʦ ʤʦʜʝʣʠ (ʨʫʙ.) 

ʄɸʈɽ  

(%)  

01.11.2019 8565 8595 0,35 

05.11.2019 8505 8560 0,65 

06.11.2019 8525 8565 0,47 

07.11.2019 8545 8573 0,33 

08.11.2019 8570 8588 0,21 

11.11.2019 8580 8612 0,37 

12.11.2019 8705 8612 1,07 

13.11.2019 8680 8727 0,54 

14.11.2019 8515 8681 1,95 

15.11.2019 8490 8527 0,44 

18.11.2019 8475 8553 0,92 

19.11.2019 8430 8544 1,35 

20.11.2019 8450 8477 0,32 

21.11.2019 8410 8537 1,51 

22.11.2019 8405 8515 1,31 

 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʙʨʘʥʥʘʷ ʤʦʜʝʣʴ ʥʘ ʜʨʫʛʦʤ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ 

ʩʧʦʩʦʙʥʘ ʧʦʢʘʟʳʚʘʪʴ ʠ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ, ʥʦ ʧʨʠ ʫʩʣʦʚʠʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʳʥʢʘ 

ʮʝʥʥʳʭ ʙʫʤʘʛ, ʪʘʢ ʢʘʢ ʚ ʩʚʦʸʤ ʧʨʦʛʥʦʟʝ ʦʥʘ ʧʦʣʘʛʘʝʪʩʷ ʥʘ ʧʨʝʜʳʜʫʱʠʝ ʢʦʪʠʨʦʚʢʠ. ɺ 

ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʚʦʣʘʪʠʣʴʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʦʛʨʘʥʠʯʝʥʦ ʚʚʠʜʫ 

ʥʘʨʫʰʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʢʫʨʩʘ ʘʢʮʠʡ ʦʪ ʣʘʛʦʚʳʭ ʠ ʘʚʪʦʨʝʛʨʝʩʩʠʦʥʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭ. 

***  
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ɸʥʥʦʪʘʮʠʷ 

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʪʝʥʜʝʥʮʠʷʤ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʡ ʚʠʨʪʫʘʣʴʥʦʡ ʠ 

ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʚ ʩʚʘʜʝʙʥʦʡ ʠʥʜʫʩʪʨʠʠ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ 

ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʮʠʬʨʦʚʠʟʘʮʠʠ ʠ ʘʥʘʣʠʟ ʩʣʦʞʠʚʰʠʭʩʷ ʪʨʝʥʜʦʚ ʥʘ ʨʳʥʢʝ ʩʚʘʜʝʙʥʳʭ 

ʫʩʣʫʛ. ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʘʥʘʣʠʟ ʚʪʦʨʠʯʥʳʭ ʜʘʥʥʳʭ ʠʟ ʦʪʢʨʳʪʳʭ ʟʘʨʫʙʝʞʥʳʭ ʠ 

ʨʦʩʩʠʡʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ, ʠʟʫʯʝʥʠʝ ʵʢʩʧʝʨʪʥʳʭ ʧʦʟʠʮʠʡ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ, ʩʠʥʪʝʟ 

ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʈʘʩʩʤʦʪʨʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʧʨʠʤʝʥʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʡ ʚʠʨʪʫʘʣʴʥʦʡ ʠ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʚ ʚʳʰʝʫʢʘʟʘʥʥʦʤ ʩʝʛʤʝʥʪʝ, ʘ 

ʪʘʢʞʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʷʚʣʝʥʳ 

ʦʩʥʦʚʥʳʝ ʪʨʝʥʜʳ ʨʘʟʚʠʪʠʷ AR- ʠ VR-ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʚʘʜʝʙʥʦʡ ʠʥʜʫʩʪʨʠʠ, ʘ ʪʘʢʞʝ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʶ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʦʧʦʣʥʝʥʥʘʷ ʨʝʘʣʴʥʦʩʪʴ, ʚʠʨʪʫʘʣʴʥʘʷ ʨʝʘʣʴʥʦʩʪʴ, ʩʚʘʜʝʙʥʘʷ 

ʠʥʜʫʩʪʨʠʷ, ʨʳʥʦʢ ʩʚʘʜʝʙʥʳʭ ʫʩʣʫʛʠ, AR/VR- ʪʝʭʥʦʣʦʛʠʠ 
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ʉʦʚʨʝʤʝʥʥʳʡ ʨʳʥʦʢ ʩʚʘʜʝʙʥʳʭ ʫʩʣʫʛ ʧʝʨʝʥʘʩʳʱʝʥ ʢʦʤʧʘʥʠʷʤʠ, ʢʦʪʦʨʳʝ 

ʥʘʭʦʜʷʪʩʷ ʚ ʧʦʩʪʦʷʥʥʦʡ ʙʦʨʴʙʝ ʟʘ ʚʥʠʤʘʥʠʝ ʧʦʪʨʝʙʠʪʝʣʷ. ɼʣʷ ʚʳʞʠʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʚʳʩʦʢʦʡ ʨʳʥʦʯʥʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʢʦʤʧʘʥʠʠ ʚʳʥʫʞʜʝʥʳ ʠʩʢʘʪʴ ʥʦʚʳʝ ʩʧʦʩʦʙʳ 

ʧʦʚʳʰʝʥʠʷ ʢʘʧʠʪʘʣʠʟʘʮʠʠ, ʩʦʟʜʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʣʦʷʣʴʥʦʩʪʠ ʠ ʧʨʠʚʣʝʯʝʥʠʷ ʚʥʠʤʘʥʠʷ 

ʢʣʠʝʥʪʦʚ. ʉʝʛʦʜʥʷ ʚʩʝ ʯʘʱʝ ʤʦʞʥʦ ʫʩʣʳʰʘʪʴ ʦ ʧʨʦʥʠʢʥʦʚʝʥʠʠ ʠʥʪʝʨʘʢʪʠʚʥʳʭ 

ʤʘʨʢʝʪʠʥʛʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʨʘʟʣʠʯʥʳʝ ʩʬʝʨʳ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʠ 

ʵʢʦʥʦʤʠʢʠ ʚ ʮʝʣʦʤ. ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʚʠʨʪʫʘʣʴʥʦʡ ʠ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʪʨʝʥʜʦʚ ʚ ʩʬʝʨʝ IT. [1] ɺʠʨʪʫʘʣʴʥʘʷ ʨʝʘʣʴʥʦʩʪʴ (VR - 

virtual reality) ʧʦʣʥʦʩʪʴʶ ʧʦʛʨʫʞʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʠʩʢʫʩʩʪʚʝʥʥʫʶ ʩʨʝʜʫ ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɼʦʧʦʣʥʝʥʥʘʷ ʨʝʘʣʴʥʦʩʪʴ (AR - augmented reality) 

ʧʦʟʚʦʣʷʝʪ ʫʚʠʜʝʪʴ ʚʠʨʪʫʘʣʴʥʳʝ ʧʨʝʜʤʝʪʳ ʚ ʨʝʘʣʴʥʦʤ ʚʠʜʝ, ʠʩʧʦʣʴʟʫʷ ʩʝʛʦʜʥʷ ʢʘʤʝʨʫ 

ʩʤʘʨʪʬʦʥʘ. ɺ ʫʩʣʦʚʠʷʭ ʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʤʠʨʦʚʦʡ ʨʳʥʦʢ 

ʪʘʢʞʝ ʙʳʩʪʨʦ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ, ʘ ʧʦʪʨʝʙʠʪʝʣʠ ʩʪʘʥʦʚʷʪʩʷ ʨʘʚʥʦʜʫʰʥʳʤʠ ʢ 

ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʘʤ ʠ ʠʥʩʪʨʫʤʝʥʪʘʤ ʤʘʨʢʝʪʠʥʛʘ. [2] 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 97 ð   

 

ʉʚʘʜʝʙʥʘʷ ʠʥʜʫʩʪʨʠʷ, ʦ ʢʦʪʦʨʦʡ ʧʦʡʜʝʪ ʨʝʯʴ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ, ʥʝ ʷʚʣʷʝʪʩʷ 

ʠʩʢʣʶʯʝʥʠʝʤ. ʈʳʥʦʢ ʩʚʘʜʝʙʥʳʭ ʫʩʣʫʛ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʠ ʠʟʤʝʥʷʝʪʩʷ. 

ɺʨʝʤʝʥʘ, ʢʦʛʜʘ ʥʘ ʩʚʘʜʴʙʘʭ ʧʨʠʩʫʪʩʪʚʦʚʘʣʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʟʥʘʢʦʤʳʭ 

ʨʦʜʩʪʚʝʥʥʠʢʦʚ, ʩʫʱʝʩʪʚʦʚʘʣʠ ʪʨʘʜʠʮʠʠ ʚʳʢʫʧʘ, ʫʭʦʜʷʪ ʚ ʧʨʦʰʣʦʝ. ʇʦʪʨʝʙʠʪʝʣʴ 

ʫʚʣʝʢʘʝʪʩʷ ʠʥʥʦʚʘʮʠʷʤʠ ʜʘʞʝ ʚ ʪʘʢʦʡ ʪʨʘʜʠʮʠʦʥʥʦʡ ʠʥʜʫʩʪʨʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ, ʢʘʢ ʚ ʥʘʰʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʚʨʝʤʷ ʦʨʛʘʥʠʟʦʚʘʪʴ ʩʚʘʜʝʙʥʦʝ 

ʤʝʨʦʧʨʠʷʪʠʝ ʧʦ ʤʦʜʥʳʤ ʢʘʥʦʥʘʤ? ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʤʦʜʫ ʚ ʩʚʘʜʝʙʥʦʡ ʠʥʜʫʩʪʨʠʠ 

ʜʠʢʪʫʝʪ ʞʝʣʘʥʠʝ ʧʘʨ ʜʝʣʘʪʴ ʧʨʘʟʜʥʠʢ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ, ʧʦ-ʥʘʩʪʦʷʱʝʤʫ ʚʝʩʝʣʳʤ ʠ 

ʟʘʧʦʤʠʥʘʶʱʠʤʩʷ ʜʣʷ ʚʩʝʭ ʝʛʦ ʫʯʘʩʪʥʠʢʦʚ. ʇʨʦʰʝʜʰʠʡ 2020 ʛʦʜ ʚʥʝʩ ʩʚʦʠ ʢʦʨʨʝʢʪʠʚʳ 

ʚʦ ʚʩʝ ʩʬʝʨʳ ʞʠʟʥʠ ʣʶʜʝʡ, ʚʢʣʶʯʘʷ ʩʚʘʜʝʙʥʫʶ ʠʥʜʫʩʪʨʠʶ. ʋ ʧʘʨ ʧʦʷʚʠʣʦʩʴ ʞʝʣʘʥʠʝ 

ʫʩʪʨʘʠʚʘʪʴ ʢʘʤʝʨʥʳʝ ʪʦʨʞʝʩʪʚʘ, ʧʨʦʚʦʜʠʪʴ ʚʘʞʥʝʡʰʠʡ ʜʝʥʴ ʩʚʦʝ ʞʠʟʥʠ ʥʘ ʦʪʢʨʳʪʦʤ 

ʚʦʟʜʫʭʝ, ʦʙʨʘʱʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʜʝʪʘʣʠ ʠ, ʩʘʤʦʝ ʛʣʘʚʥʦʝ, ʚʦʧʣʦʱʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʫʶ 

ʢʦʥʮʝʧʮʠʶ ʩʚʘʜʴʙʳ [3]. ɹʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʥʘʙʠʨʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ 

ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʩʚʘʜʝʙʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʠʭ 

ʧʦʜʛʦʪʦʚʢʝ. ʇʦʪʨʝʙʠʪʝʣʶ ʩʪʘʣʠ ʚʘʞʥʳ ʙʳʩʪʨʦʪʘ ʦʢʘʟʘʥʠʷ ʫʩʣʫʛʠ ʠ ʘʢʪʫʘʣʴʥʦʩʪʴ 

ʪʨʝʥʜʦʚ. ʂ ʧʨʠʤʝʨʫ, ʧʦʜʘʪʴ ʟʘʷʚʣʝʥʠʝ ʦ ʨʝʛʠʩʪʨʘʮʠʠ ʙʨʘʢʘ ʚ ɿɸɻʉ ʤʦʞʥʦ ʦʥʣʘʡʥ, 

ʧʨʠʛʣʘʰʝʥʠʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʪʘʢʞʝ ʥʦʩʷʪ ʦʥʣʘʡʥ-ʬʦʨʤʘʪ ʚ ʚʠʜʝ ʵʣʝʢʪʨʦʥʥʦʡ 

ʦʪʢʨʳʪʢʠ ʠʣʠ ʚʠʜʝʦʧʨʠʛʣʘʰʝʥʠʷ, ʦʙʩʫʞʜʝʥʠʷ ʜʨʝʩʩ-ʢʦʜʘ, ʧʣʘʥʠʨʦʚʘʥʠʝ ʜʝʚʠʯʥʠʢʘ ʠ 

ʤʘʣʴʯʠʰʥʠʢʘ. ʇʦʜʛʦʪʦʚʢʘ ʢ ʩʚʘʜʴʙʝ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦ 

ʩʦʟʜʘʥʥʳʭ ʚʝʙ-ʩʪʨʘʥʠʮ ʚ ʠʥʪʝʨʥʝʪʝ. ʂʣʘʩʩʠʯʝʩʢʠʝ ʦʬʦʨʤʣʝʥʠʷ ʟʘʣʦʚ ʮʚʝʪʘʤʠ ʠ 

ʜʝʢʦʨʘʮʠʷʤʠ ʩʤʝʥʷʶʪʩʷ ʧʨʦʝʢʮʠʷʤʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʙʝʩʢʦʥʝʯʥʦ ʤʝʥʷʪʴ, ʢ ʪʦʤʫ ʞʝ, ʥʘ 

ʤʦʥʪʘʞ ʠ ʜʝʤʦʥʪʘʞ ʪʘʢʠʭ ʫʢʨʘʰʝʥʠʡ ʚʨʝʤʷ ʤʦʞʥʦ ʥʝ ʪʨʘʪʠʪʴ. ɼʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʧʘʨ 

ʚʘʞʥʦ, ʯʪʦʙʳ ʥʘ ʩʚʘʜʴʙʝ ʙʳʣʠ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʟʦʥʳ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʦʙʱʝʥʠʷ. ʅʘ ʧʦʤʦʱʴ ʧʨʠʭʦʜʷʪ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʩʪʝʥʳ, VR-ʠʛʨʳ ʠ ʢʚʝʩʪʳ, ʚʠʜʝʦ- ʠ 

ʢʠʥʦʰʦʫ, ʣʘʟʝʨʥʦ-ʩʚʝʪʦʚʳʝ ʠ ʠʣʣʶʟʠʦʥʥʳʝ ʰʦʫ, ʚʠʜʝʦʤʵʧʧʠʥʛ, ʵʢʨʘʥʳ ʠ 

ʚʠʜʝʦʧʨʦʝʢʮʠʠ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ [4].  

ʇʨʝʜʣʘʛʘʝʤʳʝ ʦʧʮʠʠ ʨʘʟʚʣʝʯʝʥʠʷ ʛʦʩʪʝʡ ʩ ʢʘʞʜʳʤ ʩʚʘʜʝʙʥʳʤ ʩʝʟʦʥʦʤ ʨʘʩʪʫʪ, 

ʚʤʝʩʪʝ ʩ ʙʶʜʞʝʪʘʤʠ, ʢʦʪʦʨʳʝ ʛʦʪʦʚʳ ʧʦʪʨʘʪʠʪʴ ʤʦʣʦʜʳʝ ʠ ʠʭ ʨʦʜʠʪʝʣʠ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ 

ʛʣʘʚʥʳʡ ʜʝʥʴ ʩʚʦʝʡ ʞʠʟʥʠ ʥʝʟʘʙʳʚʘʝʤʳʤ. ɽʞʝʛʦʜʥʦ ʦʙʦʨʦʪʳ ʩʚʘʜʝʙʥʦʛʦ ʨʳʥʢʘ ʨʘʩʪʫʪ 

ʥʘ 3-5%. ʅʘʮʝʥʢʘ ʥʘ ʩʚʘʜʝʙʥʳʝ ʪʦʚʘʨʳ ʩʦʩʪʘʚʣʷʝʪ 300-500%, ʘ ʥʘ ʫʩʣʫʛʘʭ ʩʚʘʜʝʙʥʳʡ 

ʦʨʛʘʥʠʟʘʪʦʨ ʠ ʝʛʦ ʢʦʤʘʥʜʘ ʟʘʨʘʙʘʪʳʚʘʶʪ 35-500 000 ʪʳʩ. ʨʫʙʣʝʡ ʟʘ ʦʜʥʦ ʤʝʨʦʧʨʠʷʪʠʝ 

[5]. ʉ ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʭ ʚʥʝʜʨʝʥʠʝʤ ʚ ʩʚʘʜʝʙʥʳʡ ʙʠʟʥʝʩ, ʯʝʢ 

ʤʝʨʦʧʨʠʷʪʠʷ ʦʱʫʪʠʤʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʊʘʢʞʝ ʨʘʩʪʝʪ ʯʠʩʣʦ ʪʝʭ, ʢʪʦ ʚʩʝ ʞʝ ʧʨʦʪʠʚʠʪʩʷ 

ʥʦʚʦʤʫ ʪʨʝʥʜʫ ʠ ʥʝ ʭʦʯʝʪ ʦʙʨʝʤʝʥʷʪʴ ʛʦʩʪʝʡ ʚʝʯʝʨʘ ʥʦʚʝʡʰʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʥʦ ʥʝ 

ʦʪʢʘʟʳʚʘʝʪʩʷ ʦʪ ʥʠʭ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʤʝʨʦʧʨʠʷʪʠʷ, ʪʝʤ ʩʘʤʳʤ ʦʙʣʝʛʯʘʷ ʩʝʙʝ ʞʠʟʥʴ.  

ɻʦʚʦʨʷ ʦʙ ʦʙʲʝʤʝ ʨʳʥʢʘ ʚʠʨʪʫʘʣʴʥʦʡ ʠ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ, ʚ 2019 ʛʦʜʫ ʦʥ 

ʩʦʩʪʘʚʠʣ $88 ʤʣʨ, ʘ ʚ 2020 ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʚʳʨʦʩ ʥʘ 85%. ʇʨʠ ʵʪʦʤ ʙʦʣʴʰʘʷ ʯʘʩʪʴ 

ʧʨʠʥʘʜʣʝʞʠʪ VR-ʪʝʭʥʦʣʦʛʠʷʤ ($130 ʤʣʨʜ), ʘ ʤʝʥʴʰʘʷ AR-ʪʝʭʥʦʣʦʛʠʷʤ ($30 ʤʣʨʜ) [6]. 

ʆʧʠʨʘʷʩʴ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ Tadviser ʥʘ ʪʝʤʫ çʈʳʥʦʢ VR/AR-

ʨʝʰʝʥʠʡ ʚ ʈʦʩʩʠʠè, ʧʨʠ ʩʨʝʜʥʝʛʦʜʦʚʦʤ ʨʦʩʪʝ ʥʘ 85% ʟʘ 4 ʛʦʜʘ ʚʳʨʘʩʪʝʪ ʚ 11,7 ʨʘʟ. ʏʪʦ 

ʢʘʩʘʝʪʩʷ ʉʐɸ, ʚ ʩʝʛʤʝʥʪʝ ʢʦʨʧʦʨʘʪʠʚʥʳʭ VR-ʧʨʠʣʦʞʝʥʠʡ ʦʞʠʜʘʝʪʩʷ ʨʦʩʪ ʩ $374 ʤʣʥ. 

ʚ 2017 ʛʦʜʫ ʜʦ 3,35 $ʤʣʨʜ. ʚ 2022 ʛʦʜʫ, ʪʦ ʝʩʪʴ ʩʦʚʦʢʫʧʥʳʡ ʛʦʜʦʚʦʡ ʪʝʤʧ ʨʦʩʪʘ ʨʘʚʝʥ 

55%, ʥʠʰʘ AR-ʧʨʠʣʦʞʝʥʠʡ ʧʦ ʦʮʝʥʢʘʤ ʘʥʘʣʠʪʠʢʦʚ ʚ 2017 ʛʦʜʫ ʩ $671 ʤʣʥ. ʫʚʝʣʠʯʠʪʩʷ 

ʜʦ $29,6 ʤʣʨʜ. ʚ 2022 ʛʦʜʫ ʠ ʜʦʩʪʠʛʥʝʪ 113% ʩʦʚʦʢʫʧʥʳʡ ʪʝʤʧ ʨʦʩʪʘ [7].  

ʅʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʧʨʠʤʝʥʝʥʠʷ VR- ʠ AR-ʪʝʭʥʦʣʦʛʠʡ ʚ ʈʦʩʩʠʠ ʚ ʩʚʘʜʝʙʥʦʤ 

ʩʝʛʤʝʥʪʝ ʚ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ ʧʨʦʛʥʦʟʠʨʫʶʪ:  

- ʫʚʝʣʠʯʝʥʠʝ ʧʦʧʫʣʷʨʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʠʨʪʫʘʣʴʥʦʛʦ ʩʤʝʥʷʶʱʝʛʦʩʷ 
ʜʝʢʦʨʘ ʥʘ ʩʚʘʜʝʙʥʳʭ ʧʣʦʱʘʜʢʘʭ; 

- AR-ʧʨʠʛʣʘʰʝʥʠʷ ʥʘ ʩʚʘʜʝʙʥʳʝ ʪʦʨʞʝʩʪʚʘ; 

- ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʩʝʭ ʜʝʢʦʨʘʮʠʡ, ʨʘʩʩʘʜʢʠ, ʩʚʝʪʘ ʠ ʚʩʝʛʦ ʩʚʘʜʝʙʥʦʛʦ ʜʥʷ 
ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʣʷ ʫʯʝʪʘ ʚʩʝʭ ʤʦʤʝʥʪʦʚ ʠ ʚʠʜʝʥʴʷ ʦʙʱʝʡ ʢʘʨʪʠʥʳ; 



ð 98 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

- ʟʘʧʠʩʴ ʚʩʝʛʦ ʩʚʘʜʝʙʥʦʛʦ ʪʦʨʞʝʩʪʚʘ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʩʤʦʪʨʝʪʴ ʟʘʧʠʩʴ ʚ 
VR-ʦʯʢʘʭ; 

- ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʧʨʦʩʤʦʪʨ ʧʣʦʱʘʜʦʢ ʠ ʣʦʢʘʮʠʡ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 
ʧʨʠʝʟʜʘ ʟʘʢʘʟʯʠʢʘ; 

- ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʥʘ ʩʚʘʜʴʙʝ ʜʨʫʟʝʡ/ʨʦʜʩʪʚʝʥʥʠʢʦʚ ʩ 

ʧʦʤʦʱʴʶ VR-ʪʨʘʥʩʣʷʮʠʠ: 

- VR ʠ AR ʠʛʨʳ ʠ ʨʘʟʚʣʝʯʝʥʠʷ ʥʘ ʤʝʨʦʧʨʠʷʪʠʷʭ ʪʘʢʞʝ ʩʪʨʝʤʷʪʩʷ çʚʦʡʪʠ ʚ 

ʧʨʠʚʳʯʢʫè ʠ ʩʪʘʪʴ ʤʦʜʥʳʤ ʪʨʝʥʜʦʤ; 

- ʧʦʟʜʨʘʚʣʝʥʠʷ ʠ ʧʨʝʟʝʥʪʘʮʠʠ ʧʨʠʦʙʨʝʪʫʪ ʥʦʚʳʡ, ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʬʦʨʤʘʪ; 

- ʩʚʘʜʝʙʥʳʝ AR-ʘʣʴʙʦʤʳ ʩ ʬʦʪʦʛʨʘʬʠʷʤʠ, ʬʣʠʧ-ʟʘʧʠʩʠ ʚ ʪʝʣʝʬʦʥʘʭ. 

ʈʘʟʚʠʪʠʝ ʚʩʝʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ 

ʜʦʧʦʣʥʝʥʥʦʡ ʠ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʦʧʨʝʜʝʣʠʪ ʙʣʠʞʘʡʰʝʝ ʙʫʜʫʱʝʝ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, 

ʚ 2017 ʛʦʜʫ ʧʦʯʪʠ ʩʣʝʧʦʡ ʕʥʜʨʶ ʕʡʨʠ ʩʤʦʛ ʩʦʙʩʪʚʝʥʥʳʤʠ ʛʣʘʟʘʤʠ ʫʚʠʜʝʪʴ ʩʚʦʶ 

ʩʚʘʜʴʙʫ. ɺ ʧʝʨʚʳʡ ʨʘʟ ʦʥ ʞʝʥʠʣʩʷ ʚ 2002 ʛʦʜʫ, ʥʦ ʪʦʛʜʘ ʥʠʯʝʛʦ ʥʝ ʚʠʜʝʣ. ɺ 2017 ʛʦʜʫ 

ʮʝʨʝʤʦʥʠʶ ʨʝʰʠʣʠ ʧʦʚʪʦʨʠʪʴ, ʠ ʪʝʧʝʨʴ ʥʘ ʞʝʥʠʭʝ ʙʳʣ ʛʘʜʞʝʪ ʦʪ eSight. ʆʥ 

ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʧʦʜ ʢʘʞʜʦʛʦ ʢʣʠʝʥʪʘ, ʦʙʨʘʙʘʪʳʚʘʝʪ ʠʟʦʙʨʘʞʝʥʠʝ ʩ HD-ʢʘʤʝʨʳ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʪʨʘʥʩʣʠʨʫʝʪ ʝʛʦ ʥʘ ʥʝʙʦʣʴʰʠʝ LED-ʵʢʨʘʥʳ ʧʝʨʝʜ ʛʣʘʟʘʤʠ 

ʯʝʣʦʚʝʢʘ, ʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʧʦʜʦʙʨʘʥʥʳʝ ʣʠʥʟʳ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʯʝʣʦʚʝʢʫ ʯʝʪʢʦ 

ʚʠʜʝʪʴ ʢʘʨʪʠʥʢʫ [8]. 

ʈʳʥʦʢ ʚʠʨʪʫʘʣʴʥʦʡ ʠ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ ʚʣʠʚʘʝʤʳʭ ʚ 

ʥʝʛʦ ʠʥʚʝʩʪʠʮʠʡ, ʘ ʪʘʢʞʝ ʪʝʤʧʦʚ ʨʘʟʚʠʪʠʷ ʥʦʚʝʡʰʠʭ ʪʝʭʥʦʣʦʛʠʡ. ʈʦʩʪ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʨʳʥʢʘ ʚ ʈʦʩʩʠʠ ʩʜʝʨʞʠʚʘʝʪ ʩʪʝʨʝʦʪʠʧʥʦʝ ʤʳʰʣʝʥʠʝ ʦ ʜʦʨʦʛʦʚʠʟʥʝ ʠ 

ʩʣʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ 

ʩʝʛʤʝʥʪʘ. ʊʝʭʥʦʣʦʛʠʷ ʜʦʧʦʣʥʝʥʥʦʡ ʠ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʥʝ ʠʟ 

ʜʝʰʝʚʳʭ, ʦʜʥʘʢʦ ʨʘʟʨʘʙʦʪʢʠ ʥʝ ʩʪʦʷʪ ʥʘ ʤʝʩʪʝ, ʠ ʨʘʟʨʘʙʦʪʯʠʢʠ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʜʝʣʘʶʪ 

ʨʝʘʣʴʥʳʤ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ.  

ɿʘʷʚʢʦʡ ʥʘ ʫʩʧʝʭ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʛʦʪʦʚʷʱʠʡʩʷ ʧʨʦʨʳʚ ʚ ʩʬʝʨʝ VR ʠ AR ʛʘʜʞʝʪʦʚ 

ʦʪ ʢʦʤʧʘʥʠʠ Apple. Apple ʧʣʘʥʠʨʫʝʪ ʧʝʨʝʚʝʩʪʠ ʚʩʝ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʯʠʧʳ ARM 

(ʤʦʱʥʝʡʰʠʡ ʤʦʙʠʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ). ARM-ʪʝʭʥʦʣʦʛʠʷ ʩʪʘʥʝʪ ʩʣʝʜʫʶʱʠʤ ʰʘʛʦʤ 

ʧʝʨʝʭʦʜʘ VR-ʛʘʨʥʠʪʫʨ ʦʪ ʧʦʜʢʣʶʯʘʝʤʳʭ ʢ ʢʦʤʧʴʶʪʝʨʘʤ ʫʩʪʨʦʡʩʪʚ ʢ ʧʦʣʥʦʩʪʴʶ 

ʘʚʪʦʥʦʤʥʳʤ ʛʘʨʥʠʪʫʨʘʤ. ʈʦʩʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʜʘʩʪ ʩʢʘʯʦʢ ʨʘʟʚʠʪʠʷ AR-

ʪʝʭʥʦʣʦʛʠʡ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʛʝʦʤʝʪʨʠʶ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʦ ʚʩʝʤʠ 

ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʥʝʤ ʦʙʲʝʢʪʘʤʠ, ʧʦʷʚʠʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ çʩʦʟʜʘʪʴè ʦʙʲʝʢʪʳ ʚ 

ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ï ʩ ʧʨʠʚʷʟʢʦʡ ʢ çʞʠʚʳʤè ʧʨʝʜʤʝʪʘʤ ʠʣʠ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ 

ʦʨʠʝʥʪʠʨʘʤ. ʆʯʝʚʠʜʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʵʪʦʡ ʨʘʟʨʘʙʦʪʢʠ ʩʪʘʥʝʪ ʚʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ 

ʜʦʧʦʣʥʝʥʥʦʡ ʠ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʧʦʚʩʝʤʝʩʪʥʦ. ɿʘʧʫʩʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʨʳʚʘ ʧʣʘʥʠʨʫʝʪʩʷ ʚ ʢʦʥʮʝ 2022 ʛʦʜʘ [9]. ʇʨʦʜʫʢʮʠʷ Apple ʦʙʣʘʜʘʝʪ ʦʛʨʦʤʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʬʘʥʘʪʦʚ ʠ ʧʦʯʠʪʘʪʝʣʝʡ. ʅʦʚʠʥʢʘ ʥʝ ʪʦʣʴʢʦ ʨʘʩʰʠʨʠʪ ʧʨʠʤʝʥʝʥʠʷ 

ʥʦʚʝʡʰʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʥʦ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ VR-ʠ 

AR-ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʤ ʩʝʛʤʝʥʪʝ, ʯʪʦ ʦʪʨʘʟʠʪʩʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʠ ʥʘ 

ʩʚʘʜʝʙʥʦʡ ʠʥʜʫʩʪʨʠʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚʩʸ ʛʣʫʙʞʝ ʧʨʦʥʠʢʘʶʪ ʚʦ ʚʩʝ 

ʘʩʧʝʢʪʳ ʠʥʜʫʩʪʨʠʠ ʩʚʘʜʝʙʥʳʭ ʫʩʣʫʛ, ʧʦʟʚʦʣʷʶʪ ʢʦʤʧʘʥʠʷʤ ʧʨʠʚʣʝʢʘʪʴ ʥʦʚʳʭ 

ʢʣʠʝʥʪʦʚ, ʬʦʨʤʠʨʦʚʘʪʴ ʣʦʷʣʴʥʦʩʪʴ ʠ ʫʥʠʢʘʣʴʥʳʡ ʦʧʳʪ. 
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Abstract 

The characteristic of the state of train radio communication at the Tambov 1 station is 

given. The option of modernization of park communication of the loud-speaking notification 

with the use of the SDPS equipment is offered. 
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ʀʟ-ʟʘ ʦʛʨʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʥʘʩʝʣʝʥʥʳʤʠ ʧʫʥʢʪʘʤʠ ʚ ʈʦʩʩʠʠ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʚʠʜʦʤ ʪʨʘʥʩʧʦʨʪʘ ʧʦ ʧʝʨʝʚʦʟʢʝ ʛʨʫʟʦʚ 

ʠ ʧʘʩʩʘʞʠʨʦʚ, ʛʜʝ ʦʩʥʦʚʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʶʪʩʷ ʧʦʜʚʠʞʥʳʝ ʝʜʠʥʠʮʳ, 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʣʘʞʝʥʥʦʡ ʨʘʙʦʪʳ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪ ʩʚʷʟʴ ʩ ʧʦʜʚʠʞʥʳʤʠ 

ʦʙʲʝʢʪʘʤʠ, ʚʢʣʶʯʘʶʱʫʶ ʩʨʝʜʩʪʚʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʨʘʜʠʦʩʚʷʟʠ ʢ ʢʦʪʦʨʦʡ ʦʪʥʦʩʷʪ ʠ 

ʧʘʨʢʦʚʫʶ ʩʚʷʟʴ ʛʨʦʤʢʦʛʦʚʦʨʷʱʝʛʦ ʦʧʦʚʝʱʝʥʠʷ (ʇʉɻʆ). 

ʇʉɻʆ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʦʟʚʫʯʠʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʡ ʩʪʘʥʮʠʡ ʠ ʜʣʷ ʤʘʥʝʚʨʦʚʦʡ 

ʨʘʙʦʪʳ. ʄʘʥʝʚʨʦʚʳʡ ʜʠʩʧʝʪʯʝʨ, ʜʝʞʫʨʥʳʝ ʧʦ ʩʪʘʥʮʠʠ ʠʣʠ ʩʦʨʪʠʨʦʚʦʯʥʦʡ ʛʦʨʢʝ ʧʦ 

ʛʨʦʤʢʦʛʦʚʦʨʷʱʝʡ ʩʚʷʟʠ ʤʦʛʫʪ ʜʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʫʢʘʟʘʥʠʷ ʨʘʙʦʪʥʠʢʘʤ ʩʚʦʝʡ ʩʤʝʥʳ, 

ʥʘʭʦʜʷʱʠʤʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʧʘʨʢʘ. ʂʘʞʜʳʡ ʠʟ ʨʘʙʦʪʥʠʢʦʚ ʩʪʘʥʮʠʠ ʤʦʞʝʪ ʙʳʩʪʨʦ 

ʜʦʣʦʞʠʪʴ ʧʦ ʵʪʦʡ ʩʚʷʟʠ ʢʦʤʘʥʜʠʨʫ ʦ ʚʳʧʦʣʥʝʥʠʠ ʟʘʜʘʥʠʷ. ʅʘ ʢʨʫʧʥʳʭ ʩʦʨʪʠʨʦʚʦʯʥʳʭ 

ʩʪʘʥʮʠʷʭ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʛʨʦʤʢʦʛʦʚʦʨʷʱʝʡ ʩʚʷʟʠ ʦʙʦʨʫʜʫʶʪ ʦʪʜʝʣʴʥʳʝ 

ʨʘʡʦʥʳ, ʛʦʨʢʠ, ʧʘʨʢʠ ʧʨʠʙʳʪʠʷ ʠ ʦʪʧʨʘʚʣʝʥʠʷ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʦʣʝʝ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʨʫʢʦʚʦʜʩʪʚʘ ʨʘʙʦʪʦʡ ʩʪʘʥʮʠʠ ʛʨʦʤʢʦʛʦʚʦʨʷʱʫʶ ʩʚʷʟʴ ʩʦʯʝʪʘʶʪ ʩ ʪʝʣʝʬʦʥʥʦʡ 

ʧʨʦʚʦʜʥʦʡ ʠ ʩʪʘʥʮʠʦʥʥʦʡ ʨʘʜʠʦʩʚʷʟʴʶ. ʇʦ ʧʘʨʢʦʚʦʡ ʩʚʷʟʠ ʛʨʦʤʢʦʛʦʚʦʨʷʱʝʛʦ 

ʦʧʦʚʝʱʝʥʠʷ ʜʝʞʫʨʥʳʝ ʧʦ ʧʘʨʢʘʤ ʠ ʩʦʨʪʠʨʦʚʦʯʥʳʤ ʛʦʨʢʘʤ, ʩʪʘʥʮʠʦʥʥʳʝ ʜʠʩʧʝʪʯʝʨʳ, 

ʜʝʞʫʨʥʳʝ ʧʦ ʧʫʥʢʪʘʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʜʜʝʨʞʠʚʘʶʪ ʜʚʫʩʪʦʨʦʥʥʶʶ ʩʚʷʟʴ 

ʩ ʩʦʩʪʘʚʠʪʝʣʷʤʠ, ʜʝʞʫʨʥʳʤʠ 'ʩʪʨʝʣʦʯʥʦʛʦ ʧʦʩʪʘ, ʨʝʛʫʣʠʨʦʚʱʠʢʘʤʠ ʩʢʦʨʦʩʪʠ ʦʪʮʝʧʦʚ, 

ʦʩʤʦʪʨʱʠʢʘʤʠ, ʘʚʪʦʤʘʪʯʠʢʘʤʠ ʠ ʜʨʫʛʠʤʠ ʨʘʙʦʪʥʠʢʘʤʠ. 

ʇʦ ʧʨʠʥʮʠʧʫ ʜʝʡʩʪʚʠʷ ʛʨʦʤʢʦʛʦʚʦʨʷʱʫʶ ʩʚʷʟʴ ʨʘʟʜʝʣʷʶʪ ʥʘ ʦʜʥʦ- ʠ 

ʜʚʫʩʪʦʨʦʥʥʶʶ (ʨʠʩʫʥʦʢ 1).  
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ʈʠʩʫʥʦʢ 1- ʉʭʝʤʘ ʦʜʥʦʩʪʦʨʦʥʥʝʡ (ʘ) ʠ ʜʚʫʩʪʦʨʦʥʥʝʡ (ʙ) ʇʉɻʆ 

 

ʆʜʥʦʩʪʦʨʦʥʥʷʷ ʩʚʷʟʴ ʩʣʫʞʠʪ ʜʣʷ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ ʪʦʣʴʢʦ ʚ ʦʜʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʦʙʳʯʥʦ ʩʦ ʩʪʦʨʦʥʳ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʢʦʤʘʥʜʥʳʭ ʧʫʥʢʪʦʚ. ɹʦʣʝʝ 

ʩʦʚʝʨʰʝʥʥʦʡ ʷʚʣʷʝʪʩʷ ʜʚʫʩʪʦʨʦʥʥʷʷ ʇʉɻʆ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʦʧʦʚʝʩʪʠʪʝʣʴʥʘʷ 

ʜʣʷ ʧʝʨʝʜʘʯʠ ʨʘʩʧʦʨʷʞʝʥʠʡ ʚ ʧʘʨʢ ʦʪ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʢʦʤʘʥʜʠʨʦʚ, ʪʘʢ ʠ ʜʣʷ 

ʚʝʜʝʥʠʷ ʜʚʫʩʪʦʨʦʥʥʠʭ ʧʝʨʝʛʦʚʦʨʦʚ ʢʦʤʘʥʜʠʨʘ ʩ ʨʘʙʦʪʥʠʢʘʤʠ ʧʘʨʢʘ. 

ʂʦʤʧʣʝʢʪ ʦʙʦʨʫʜʦʚʘʥʠʷ ʇʉɻʆ ʥʘ ʧʦʩʪʫ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʥʪʨʘʣʠʟʘʮʠʠ ʩʪʘʥʮʠʠ 

ʊʘʤʙʦʚ 1 ʩʦʩʪʦʠʪ ʠʟ ʤʦʨʘʣʴʥʦ ʠ ʬʠʟʠʯʝʩʢʠ ʠʟʥʦʰʝʥʥʦʛʦ ʠ ʫʩʪʘʨʝʚʰʝʛʦ 

ʪʨʘʥʩʣʷʮʠʦʥʥʦʛʦ ʫʩʠʣʠʪʝʣʷ (ʊʋ 600). ʉʝʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʟʘʪʨʘʪʘʤʠ, ʥʠʟʢʠʤʠ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʠ ʦʪʩʫʪʩʪʚʠʝʤ 

ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʰʫʤʦʚ ʩʦʟʜʘʝʪ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʚ ʨʘʙʦʪʝ 

ʧʝʨʩʦʥʘʣʘ ʠ ʙʣʠʟʣʝʞʘʱʠʭ ʞʠʣʳʭ ʨʘʡʦʥʘʭ; ʠʩʧʦʣʥʠʪʝʣʠ ʧʨʦʩʣʫʰʠʚʘʶʪ ʚʩʝ ʩʦʦʙʱʝʥʠʷ, 

ʯʪʦ ʤʝʰʘʝʪ ʨʘʙʦʪʝ, ʩʚʷʟʘʥʥʦʡ ʩ ʦʨʛʘʥʠʟʘʮʠʝʡ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʠ ʦʙʝʩʧʝʯʝʥʠʝʤ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʢʪʫʘʣʴʥʦʩʪʴ ʟʘʤʝʥʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʇʉɻʆ ʥʘ ʩʪʘʥʮʠʠ 

ʊʘʤʙʦʚ 1 ʦʯʝʚʠʜʥʘ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʘʥʘʣʦʛʦʚʳʝ ʩʠʩʪʝʤʳ ʩʚʷʟʠ ʥʝ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ, ʥʘʜʝʞʥʦʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʧʦʩʦʙʘ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʵʪʦʤʫ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ çʉʪʨʘʪʝʛʠʝʡ ʨʘʟʚʠʪʠʷ ʆɸʆ çʈɾɼè ʜʦ 2030 ʛʦʜʘè ʧʨʦʠʩʭʦʜʠʪ 

ʤʦʜʝʨʥʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʩʚʷʟʠ ʠ ʚʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʳʭ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ.  

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʘʧʧʘʨʘʪʫʨʳ ʩʪʘʥʮʠʦʥʥʦʡ ʜʚʫʭʩʪʦʨʦʥʥʝʡ ʧʘʨʢʦʚʦʡ ʩʚʷʟʠ ʩ 

ʮʠʬʨʦʚʦʡ ʢʦʤʤʫʪʘʮʠʝʡ ʜʣʷ ʩʪʘʥʮʠʠ ʊʘʤʙʦʚ 1 ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʤʝʶʱʠʭʩʷ ʥʘ ʩʪʘʥʮʠʠ ʬʠʜʝʨʥʳʭ ʣʠʥʠʡ ʠ ʛʨʦʤʢʦʛʦʚʦʨʠʪʝʣʝʡ. ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ 

ʜʚʫʩʪʦʨʦʥʥʝʡ ʧʘʨʢʦʚʦʡ ʩʚʷʟʠ (ɼʇʉ) ʨʘʟʤʝʱʘʪʴ ʛʨʦʤʢʦʛʦʚʦʨʠʪʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʨʘʩʯʝʪʦʚ ʦʟʚʫʯʝʥʠʷ, ʫʯʠʪʳʚʘʷ ʩʚʦʡʩʪʚʘ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ 

ʛʨʦʤʢʦʛʦʚʦʨʠʪʝʣʝʡ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʰʫʤ ʟʘ ʪʝʨʨʠʪʦʨʠʝʡ ʩʪʘʥʮʠʠ. ʈʘʩʯʝʪʳ 

ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚʝʣʠʯʠʥʳ ʟʘʪʫʭʘʥʠʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ ʚ 

ʮʝʧʠ ʛʨʦʤʢʦʛʦʚʦʨʠʪʝʣʝʡ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ ɼʇʉ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʦʨʤʘʤ, ʣʠʥʠʷ 

ʛʨʦʤʢʦʛʦʚʦʨʠʪʝʣʝʡ ʥʝ ʙʫʜʝʪ ʧʝʨʝʛʨʫʞʝʥʘ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʘʣʴʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʙʫʜʝʪ 

ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʪʨʝʙʦʚʘʥʠʷʤ. 

ɸʧʧʘʨʘʪʫʨʘ ʉɼʇʉ-ʎ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʜʣʷ ʟʘʤʝʥʳ ʊʋ 600, ʙʦʣʝʝ ʧʦʣʥʦ 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʦʧʨʝʜʝʣʷʝʤʳʤ ʪʝʭʥʦʣʦʛʠʝʡ ʨʘʙʦʪʳ 

ʩʪʘʥʮʠʠ, ʪʘʢ ʢʘʢ ʚ ʥʝʡ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʨʝʞʠʤʳ çʛʨʦʤʢʦʡè (ʧʨʠ ʧʝʨʝʜʘʯʝ ʦʙʲʷʚʣʝʥʠʡ, 

ʨʘʩʧʦʨʷʞʝʥʠʡ) ʠ çʪʠʭʦʡè ʩʚʷʟʠ (ʧʨʠ ʧʝʨʝʛʦʚʦʨʘʭ). ʆʙʦʨʫʜʦʚʘʥʠʝ ʉɼʇʉ-ʎ ʷʚʣʷʝʪʩʷ 

ʮʠʬʨʦʚʳʤ, ʙʦʣʝʝ ʥʘʜʝʞʥʳʤ ʠ ʩʪʘʙʠʣʴʥʳʤ ʚ ʨʘʙʦʪʝ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʚʤʝʩʪʥʦʡ 

ʨʘʙʦʪʳ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʠ ʙʦʣʝʝ ʥʦʚʳʤʠ ʩʠʩʪʝʤʘʤʠ ʩʚʷʟʠ ʩʪʘʥʜʘʨʪʘ DMR, GSM-R 

ʠʣʠ TETRA. ʄʦʜʫʣʴʥʳʡ ʧʨʠʥʮʠʧ ʧʦʩʪʨʦʝʥʠʷ; ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ 

ʥʘʠʙʦʣʝʝ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʙʣʦʢʦʚ ʠ ʫʟʣʦʚ; ʛʠʙʢʘʷ ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʠ 

ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ; ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʠ ʥʘʜʝʞʥʦʩʪʴ ʦʪʣʠʯʘʝʪ ʚʚʦʜʠʤʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. 

ɺ ʩʦʩʪʘʚ ʘʧʧʘʨʘʪʫʨʳ ʉɼʇʉ-ʎ ʚʭʦʜʷʪ ʢʦʤʤʫʪʘʮʠʦʥʥʳʝ, ʫʩʠʣʠʪʝʣʴʥʳʝ, 

ʵʣʝʢʪʨʦʧʠʪʘʶʱʠʝ ʠ ʧʘʨʢʦʚʳʝ ʧʝʨʝʛʦʚʦʨʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʧʫʣʴʪʳ ʨʫʢʦʚʦʜʠʪʝʣʝʡ, 



ð 102 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʛʨʦʤʢʦʛʦʚʦʨʠʪʝʣʠ, ʚʚʦʜʥʦ-ʟʘʱʠʪʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʢʘʙʝʣʴʥʳʝ ʤʫʬʪʳ. ʉʠʩʪʝʤʘ 

ʛʨʦʤʢʦʛʦʚʦʨʷʱʝʛʦ ʦʧʦʚʝʱʝʥʠʷ ʩʪʨʦʠʪʩʷ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʫʩʠʣʠʪʝʣʷ ʤʦʜʫʣʴʥʦʛʦ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʯʝʪʳʨʝʭʢʘʥʘʣʴʥʦʛʦ ʋʄʂ-4 (ʨʠʩʫʥʦʢ 2), ʚʳʧʦʣʥʷʶʱʝʛʦ ʬʫʥʢʮʠʠ 

ʫʩʠʣʠʪʝʣʷ ʤʦʱʥʦʩʪʠ, IP-ʰʣʶʟʘ ʠ ʢʦʤʤʫʪʘʮʠʦʥʥʦʡ ʩʪʘʥʮʠʠ. 

 

 
ʈʠʩʫʥʦʢ 2 - ʉʭʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʛʨʦʤʢʦʛʦʚʦʨʷʱʝʛʦ ʦʧʦʚʝʱʝʥʠʷ 

 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʨʝʙʫʝʤʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʘʙʦʥʝʥʪʘʤ ʩʠʩʪʝʤʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ 

ʮʠʬʨʦʚʳʝ ʧʫʣʴʪʳ. ʋʄʂ-4 ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʝʛʦʚʦʨʳ ʧʝʨʩʦʥʘʣʘ ʧʘʨʢʦʚ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʩʪʘʥʮʠʡ ʩ ʧʦʤʦʱʴʶ ʩʨʝʜʩʪʚ ʛʨʦʤʢʦʛʦʚʦʨʷʱʝʡ ʩʚʷʟʠ ʤʝʞʜʫ ʩʦʙʦʡ; ʩ 

ʦʧʝʨʘʪʠʚʥʳʤ ʧʝʨʩʦʥʘʣʦʤ ʠ ʨʫʢʦʚʦʜʠʪʝʣʷʤʠ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʧʦʤʝʱʝʥʠʷʭ ʜʝʞʫʨʥʳʭ 

ʧʦ ʩʪʘʥʮʠʷʤ, ʜʠʩʧʝʪʯʝʨʩʢʠʭ ʮʝʥʪʨʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʧʝʨʝʜʘʯʫ ʨʝʢʣʘʤʥʳʭ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʦʦʙʱʝʥʠʡ ʩʦ ʚʩʪʨʦʝʥʥʦʛʦ ʘʚʪʦʠʥʬʦʨʤʘʪʦʨʘ ʠ ʧʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤʫ 

ʢʘʥʘʣʫ ʦʪ ʎʀʉ. 

ʄʦʜʝʨʥʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʜʚʫʭʩʪʦʨʦʥʥʝʡ ʧʘʨʢʦʚʦʡ ʩʚʷʟʠ ʩʪʘʥʮʠʠ ʊʘʤʙʦʚ 1 

ʧʦʟʚʦʣʠʪ ʚʥʝʜʨʠʪʴ ʥʘ ʩʪʘʥʮʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʫʩʣʫʛʠ, ʧʦʚʳʰʘʶʱʠʝ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʚʦʟʦʯʥʦʛʦ 

ʧʨʦʮʝʩʩʘ. ʊʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʧʨʦʝʢʪʘ ʜʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠʥʷʪʦʝ 

ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʨʘʮʠʦʥʘʣʴʥʦ, ʠʤʝʝʪ ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʨʫʢʦʚʦʜʩʪʚʦʤ ʈʎʉ-3 ʧʨʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ ʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʝʪʠ ʇʉɻʆ. 
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ɸʥʥʦʪʘʮʠʷ 

ʅʘʨʷʜʫ ʩ ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ ʛʝʥʝʨʘʪʦʨʦʚ, ʙʣʘʛʦʜʘʨʷ ʧʨʦʩʪʦʪʝ ʢʦʥʩʪʨʫʢʮʠʠ, 

ʥʘʜʝʞʥʦʩʪʠ ʠ ʥʝ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʧʦ ʩʝʡ ʜʝʥʴ ʘʢʪʫʘʣʴʥʳʤ ʦʩʪʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ 

ʚʝʪʨʦʫʩʪʘʥʦʚʢʘʭ ʘʚʪʦʥʦʤʥʳʭ ʘʩʠʥʭʨʦʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ. ɺ ʭʦʜʝ ʦʧʳʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʚʠʪʢʦʚʳʭ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ ʚ ʩʪʘʪʦʨʥʦʡ ʦʙʤʦʪʢʝ ʬʠʢʩʠʨʦʚʘʣʦʩʴ ʠʟʤʝʥʝʥʠʝ 

ʚʠʙʨʘʮʠʠ ʢʦʨʧʫʩʘ ʛʝʥʝʨʘʪʦʨʘ. ɼʘʥʥʳʡ ʧʨʠʟʥʘʢ ʧʦʟʚʦʣʷʝʪ ʦʙʥʘʨʫʞʠʚʘʪʴ ʥʝ ʪʦʣʴʢʦ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ, ʥʦ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʚʨʝʞʜʝʥʠʷ, ʧʦʵʪʦʤʫ ʝʛʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʟʘʱʠʪʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʥʦʤʥʳʡ ʘʩʠʥʭʨʦʥʥʳʡ ʛʝʥʝʨʘʪʦʨ, ʦʙʤʦʪʢʘ ʩʪʘʪʦʨʘ, 

ʨʝʛʠʩʪʨʘʮʠʷ, ʚʠʙʨʘʮʠʷ, ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʘ. 

 

Abstract 

Along with other types of generators, due to the simplicity of design, reliability and 

low cost, the use of autonomous asynchronous generators in wind turbines remains relevant to 

this day. In the course of experimental studies of turn short circuits in the stator winding, a 

change in the vibration of the generator case was recorded. This feature allows detecting not 

only electrical, but also mechanical damage, therefore it is advisable to use it to build a 

protection device. 

Keywords: stand-alone asynchronous generator, stator winding, registration, 

vibration, wind power plant. 

 

ʇʦʩʪʦʷʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʚʳʨʘʙʦʪʢʝ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʟʘʩʪʘʚʣʷʝʪ 

ʠʩʢʘʪʴ ʥʦʚʳʝ ʩʨʝʜʩʪʚʘ ʛʝʥʝʨʘʮʠʠ ʵʥʝʨʛʠʠ. ʋʞʝ ʥʝ ʧʝʨʚʳʡ ʛʦʜ ʚ ʢʨʫʧʥʝʡʰʠʭ ʩʪʨʘʥʘʭ 

ʤʠʨʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʬʝʨʘʭ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ ʠ 

ʚʥʝʜʨʷʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʦʩʚʦʝʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. ʆʩʦʙʦʝ ʤʝʩʪʦ ʚ 

ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʟʘʥʠʤʘʝʪ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʘ. ɺ ʈʦʩʩʠʠ ʜʘʥʥʘʷ ʦʪʨʘʩʣʴ ʧʦʢʘ ʝʱʝ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʨʘʟʚʠʪʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦʡ ʜʦʣʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, ʥʦ 

ʧʨʦʤʳʰʣʝʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʧʨʠ ʜʦʣʞʥʦʤ ʫʨʦʚʥʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʠ ʤʦʞʝʪ ʚ 

ʢʦʨʥʝ ʠʩʧʨʘʚʠʪʴ ʵʪʫ ʩʠʪʫʘʮʠʶ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʘʚʪʦʥʦʤʥʦʡ 

ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʷʚʣʷʝʪʩʷ ʛʝʥʝʨʘʪʦʨ [2]. ʅʘʨʷʜʫ ʩ ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ 

ʛʝʥʝʨʘʪʦʨʦʚ, ʙʣʘʛʦʜʘʨʷ ʧʨʦʩʪʦʪʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʥʘʜʝʞʥʦʩʪʠ ʠ ʥʝ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʧʦ 

ʩʝʡ ʜʝʥʴ ʘʢʪʫʘʣʴʥʳʤ ʦʩʪʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʚʝʪʨʦʫʩʪʘʥʦʚʢʘʭ ʘʚʪʦʥʦʤʥʳʭ 

ʘʩʠʥʭʨʦʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ (ɸɸɻ). 

ɼʘʥʥʳʡ ʪʠʧ ʛʝʥʝʨʘʪʦʨʦʚ ʪʘʢʞʝ ʧʦʜʚʝʨʞʝʥ ʨʘʟʣʠʯʥʳʤ ʪʝʭʥʠʯʝʩʢʠʤ ʥʝʜʦʩʪʘʪʢʘʤ 

ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʥʝʩʪʘʙʠʣʴʥʦʩʪʴʶ ʥʘʧʨʷʞʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʢʘʢ ʦʪʤʝʯʝʥʦ ʚ [6], 

ʩʫʱʝʩʪʚʫʝʪ ʝʱʝ ʦʜʥʘ ʚʦʟʤʦʞʥʘʷ ʪʝʭʥʠʯʝʩʢʘʷ ʧʨʦʙʣʝʤʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʘʥʥʦʛʦ ʚʠʜʘ 



ð 104 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʛʝʥʝʨʘʪʦʨʦʚ, ʩʚʷʟʘʥʥʘʷ ʩ ʚʦʟʤʦʞʥʳʤʠ ʧʦʚʨʝʞʜʝʥʠʷʤʠ ʚ ʝʛʦ ʦʙʤʦʪʢʘʭ. ʊʘʢ, ʚ 

ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʦʡ ʦʙʤʦʪʢʝ ʨʦʪʦʨʘ ʚʦʟʤʦʞʥʦ ʥʘʣʠʯʠʝ ʧʦʚʨʝʞʜʝʥʥʳʭ ʩʪʝʨʞʥʝʡ. ɼʘʥʥʳʡ 

ʚʠʜ ʧʦʚʨʝʞʜʝʥʠʷ ʥʘʟʳʚʘʝʪʩʷ ʦʙʨʳʚʦʤ ʩʪʝʨʞʥʷ ʠ ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ ʠʟ-ʟʘ ʨʘʟʣʠʯʥʳʭ 

ʧʨʠʯʠʥ, ʥʘʧʨʠʤʝʨ, ʠʟ-ʟʘ ʧʝʨʝʛʨʝʚʘ ʛʝʥʝʨʘʪʦʨʘ. 

ɺ ʦʙʤʦʪʢʝ ʞʝ ʩʪʘʪʦʨʘ, ʯʪʦ ʦʧʠʩʘʥʦ ʚ [3], ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ. ʀʩʭʦʜʷ ʠʟ ʠʥʬʦʨʤʘʮʠʠ ʚ [4], ʩʨʝʜʠ ʜʘʥʥʳʭ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ 

ʩʘʤʳʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʟʘʤʢʥʫʪʳʝ ʥʘ ʢʦʨʦʪʢʦ ʚʠʪʢʠ ʦʙʤʦʪʢʠ. ʀʤʝʷ 

ʥʝʙʦʣʴʰʦʝ ʠʭ ʢʦʣʠʯʝʩʪʚʦ (ʥʝ ʙʦʣʝʝ 5 %), ʛʝʥʝʨʘʪʦʨ ʧʨʦʜʦʣʞʘʝʪ ʩʚʦʶ ʨʘʙʦʪʫ. ʇʨʠ ʵʪʦʤ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʝʛʨʝʚ ʦʙʤʦʪʦʢ, ʯʪʦ ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʧʨʠʯʠʥʦʡ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ, ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʦʟʛʦʨʘʥʠʷ ʠ, ʥʘ ʢʦʥʝʮ, ʥʘʨʫʰʝʥʠʷ ʩʠʩʪʝʤʳ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʚ ʮʝʣʦʤ. ʕʪʦ ʚʩʝ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ 

ʜʘʥʥʳʭ ʚʠʜʦʚ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ, ʪʦ ʝʩʪʴ ʧʦʣʫʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ 

ʠʟʤʝʥʝʥʠʠ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ ʛʝʥʝʨʘʪʦʨʘ. ɿʥʘʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ, 

ʤʦʞʥʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʜʘʥʥʳʡ ʚʠʜ ʥʘʨʫʰʝʥʠʷ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ʛʝʥʝʨʘʪʦʨʘ ʥʘ 

ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʦʚʨʝʤʷ ʫʩʪʨʘʥʠʪʴ ʢʦʥʢʨʝʪʥʫʶ ʥʝʠʩʧʨʘʚʥʦʩʪʴ. ʂʨʦʤʝ 

ʪʦʛʦ, ʵʪʦʪ ʤʦʤʝʥʪ ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʚʘʞʥʦʩʪʴ ʚ ʩʚʝʪʝ ʪʦʛʦ, ʯʪʦ ʧʨʠ ʚʳʭʦʜʝ ʠʟ ʩʪʨʦʷ 

ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʩ ʛʝʥʝʨʘʪʦʨʦʤ, ʤʳ ʧʦʣʫʯʘʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʱʝʨʙ [5]. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʧʦʚʨʝʞʜʝʥʠʷ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ 

ʛʝʥʝʨʘʪʦʨʘ, ʘ ʠʤʝʥʥʦ ʚʠʪʢʦʚʳʭ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ (ʂɿ) ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ 

ʦʧʳʪʦʚ. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ ʚʥʫʪʨʠ ʦʙʤʦʪʢʠ 

ʩʪʘʪʦʨʘ ʛʝʥʝʨʘʪʦʨʘ ʙʳʣʘ ʩʦʟʜʘʥʘ ʫʩʪʘʥʦʚʢʘ, ʚ ʢʦʪʦʨʦʡ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʩʠʥʭʨʦʥʥʳʡ ʛʝʥʝʨʘʪʦʨ, ʚʳʧʦʣʥʝʥʥʳʡ ʥʘ ʙʘʟʝ ʘʩʠʥʭʨʦʥʥʦʛʦ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʩ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʤ ʨʦʪʦʨʦʤ ʪʠʧʘ 4A100S4ʋ3 (3 ʢɺʪ, 1435 ʦʙ/ʤʠʥ, 

ʥʦʤʠʥʘʣʴʥʳʤ ʪʦʢʦʤ 6,7 ɸ, ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʤʦʱʥʦʩʪʠ, ʨʘʚʥʳʤ 0,65, ʢʦʣʠʯʝʩʪʚʦʤ 

ʚʠʪʢʦʚ ʚ ʬʘʟʝ 210) [1].  

 

 
ʈʠʩʫʥʦʢ 1 ï ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʚʠʙʨʘʮʠʠ 

 

ɼʣʷ ʠʤʠʪʘʮʠʠ ʚʠʪʢʦʚʳʭ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ ʠʟ ʢʦʨʧʫʩʘ ʛʝʥʝʨʘʪʦʨʘ ʥʘʨʫʞʫ 

ʙʳʣʠ ʚʳʚʝʜʝʥʳ ʦʪʧʘʡʢʠ ʦʪ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ. ʉ ʧʦʤʦʱʴʶ ʜʘʪʯʠʢʦʚ ʚʠʙʨʘʮʠʠ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʢʦʨʧʫʩʝ ʛʝʥʝʨʘʪʦʨʘ, ʬʠʢʩʠʨʦʚʘʣʦʩʴ ʠʟʤʝʥʝʥʠʝ ʩʠʛʥʘʣʘ ʧʨʠ 

ʧʦʷʚʣʝʥʠʠ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʭ ʚʠʪʢʦʚ. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 105 ð   

 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʚʠʪʢʦʚʳʭ ʟʘʤʳʢʘʥʠʷʭ ʚ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʦʡ ʯʘʩʪʠ 

ʦʙʤʦʪʢʠ ʮʠʨʢʫʣʠʨʫʝʪ ʪʦʢ ʚ 5-7 ʨʘʟ ʧʨʝʚʳʰʘʶʱʠʡ ʥʦʤʠʥʘʣʴʥʳʡ. ʅʘʠʙʦʣʴʰʝʛʦ 

ʟʥʘʯʝʥʠʷ ʪʦʢ ʂɿ ʜʦʩʪʠʛʘʝʪ ʧʨʠ ʟʘʤʳʢʘʥʠʠ ʥʝʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʚʠʪʢʦʚ (3 %) ʠ 

ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʤʝʨʝ ʝʛʦ ʫʚʝʣʠʯʝʥʠʷ. 

ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ʂɿ ʚʠʪʢʦʚ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʚʠʙʨʘʮʠʠ (ʨʠʩʫʥʦʢ 

1). ʊʘʢ ʧʨʠ 15% ʂɿ ʚʠʪʢʦʚ ʘʤʧʣʠʪʫʜʘ ʚʠʙʨʘʮʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 4,5 ʨʘʟʘ, ʘ ʧʨʠ 30 % ʂɿ 

ʚʠʪʢʦʚ ʚ 8,5 ʨʘʟʘ. ʇʨʠ ʵʪʦʤ ʧʨʠ 1 ï 3 % ʟʘʤʢʥʫʪʳʭ ʚʠʪʢʦʚ ʪʘʢʞʝ ʥʝ ʧʨʦʠʩʭʦʜʠʪ 

ʟʘʤʝʪʥʦʛʦ ʝʝ ʠʟʤʝʥʝʥʠʷ [1]. 

ʊʘʢʞʝ ʚ ʩʣʫʯʘʝ ʂɿ ʚ ʩʪʘʪʦʨʥʦʡ ʦʙʤʦʪʢʝ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʠʛʥʘʣʘ 

ʚʠʙʨʦʜʘʪʯʠʢʘ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʚ 4 ï 8 ʨʘʟ (ʚ ʦʙʣʘʩʪʠ 600 ï 1500 ɻʮ). ʉʧʝʢʪʨ ʩʠʛʥʘʣʘ 

ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 2. ʇʦ ʦʩʠ ʘʙʩʮʠʩʩ ʫʢʘʟʘʥʘ ʯʘʩʪʦʪʘ ʪʦʢʘ ʚ ɻʮ, ʘ ʧʦ ʦʩʠ ʦʨʜʠʥʘʪ 

ʫʢʘʟʘʥʘ ʰʢʘʣʘ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ ʂ: 

˗ ̕

̕
, 

ʛʜʝ Ὅ̕  ï ʚʝʣʠʯʠʥʘ ʪʦʢʘ n-ʡ ʛʘʨʤʦʥʠʢʠ; 

Ὅ̕  ï ʚʝʣʠʯʠʥʘ ʪʦʢʘ 1-ʡ ʛʘʨʤʦʥʠʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʝ ɸɸɻ ʧʨʠ 

ʥʦʤʠʥʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʘʭ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʉʧʝʢʪʨ ʩʠʛʥʘʣʘ ʚʠʙʨʦʜʘʪʯʠʢʘ 

 

ɸʥʘʣʦʛʠʯʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʦʠʩʭʦʜʷʪ ʧʨʠ ʦʙʨʳʚʝ ʬʘʟ ɸɸɻ ʠ ʝʤʢʦʩʪʝʡ 

ʩʘʤʦʚʦʟʙʫʞʜʝʥʠʷ. ʇʨʠ ʤʘʣʦʤ ʯʠʩʣʝ ʂɿ ʚʠʪʢʦʚ ʠʟʤʝʥʝʥʠʝ ʛʘʨʤʦʥʠʢ ʥʝ ʟʥʘʯʠʪʝʣʴʥʦ (1 ï 

4 %). ʂʨʦʤʝ ʪʦʛʦ, ʩ ʧʦʤʦʱʴʶ ʩʠʛʥʘʣʘ ʚʠʙʨʦʜʘʪʯʠʢʘ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ 

ʥʝ ʪʦʣʴʢʦ ʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʥʦ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʚʨʝʞʜʝʥʠʡ, ʧʦʵʪʦʤʫ ʝʛʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʟʘʱʠʪʳ ɸɸɻ [6, 7, 8]. 
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ɸʥʥʦʪʘʮʠʷ 

ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʘʪʨʠʮ ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʤʦʥʠʪʦʨʦʚ ʠ ʠʭ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʚʠʜʳ ʤʘʪʨʠʮ ʠ 

ʧʨʦʚʝʜʝʥ ʠʭ ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ. ɺ ʤʘʪʝʨʠʘʣʝ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ-ʦʧʝʨʘʪʦʨʘ ʠ ʚʳʜʝʣʝʥʳ  ʪʨʠ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʜʣʷ 

ʢʦʪʦʨʳʭ ʚr ʜʝʣʝʥʳ ʢʨʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʥʠʪʦʨʦʚ. ʇʦ ʢʘʞʜʦʤʫ ʠʟ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʤʦʛʣʦ 

ʦʧʨʝʜʝʣʠʪʴ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʠ ʨʝʢʦʤʝʥʜʫʝʤʳʝ ʟʥʘʯʝʥʠʷ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʇʦ 

ʠʪʦʛʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʘʥʘʣʠʟʘ  ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʚʳʙʦʨʫ ʪʠʧʘ ʤʘʪʨʠʮʳ ɾʂ-ʤʦʥʠʪʦʨʘ  ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʦʧʝʨʘʪʦʨʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɾʠʜʢʦ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨ, ʤʘʪʨʠʮʘ ʤʦʥʠʪʦʨʘ, 

ʷʨʢʦʩʪʴ, ʚʨʝʤʷ ʦʪʢʣʠʢʘ, ʯʘʩʪʦʪʘ ʦʙʥʦʚʣʝʥʠʷ, ʛʣʫʙʠʥʘ ʮʚʝʪʘ, ʮʚʝʪʦʚʦʡ ʦʭʚʘʪ, 

ʢʦʥʪʨʘʩʪʥʦʩʪʴ. 

 

Abstract 

This article is devoted to the study of liquid crystal monitor matrices and their main 

characteristics. The main types of matrices are considered and their system analysis is carried 

out. The article considers various types of human operator activities and identifies three main 

groups of users, for which the critical characteristics of monitors are highlighted. For each of 

the presented parameters, a study was conducted, which helped to determine the maximum 

permissible and recommended values of these characteristics. Based on the results of the 

conducted research and analysis, recommendations are formulated for choosing the type of 

LCD monitor matrix for different groups of operators. 

Key words. Liquid crystal monitor, monitor matrix, brightness, response time, refresh 

rate, color depth, color gamut, contrast. 

 

ɺʚʝʜʝʥʠʝ 

ɺʥʝʜʨʝʥʠʝ ʢʦʤʧʴʶʪʝʨʦʚ ʧʨʠʚʝʣʦ ʢ ʢʘʨʜʠʥʘʣʴʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʧʨʘʢʪʠʢʝ 

ʨʘʙʦʪʳ ʤʥʦʛʠʭ ʣʶʜʝʡ. ʉʝʛʦʜʥʷ ʪʘʢʠʝ ʚʠʜʳ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʢʘʢ ʯʪʝʥʠʝ, ʧʠʩʴʤʦ ʠ 

ʠʟʤʝʥʝʥʠʝ ʪʝʢʩʪʘ, ʤʦʞʥʦ ʚʳʧʦʣʥʷʪʴ, ʥʝ ʦʪʭʦʜʷ ʦʪ ʢʦʤʧʴʶʪʝʨʘ. ʕʪʦ ʠʟʤʝʥʝʥʠʝ ʚ 

ʧʨʘʢʪʠʢʝ ʨʘʙʦʪʳ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʨʦʩʪʦʤ ʞʘʣʦʙ ʥʘ ʨʷʜ ʧʨʦʙʣʝʤ ʩʦ ʟʜʦʨʦʚʴʝʤ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʙʦʪʦʡ ʥʘ ʚʠʜʝʦ ʜʠʩʧʣʝʷʭ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʟʣʠʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʨʘʙʦʪʝ ʟʘ ʤʦʥʠʪʦʨʦʤ ʧʦʚʳʰʘʝʪʩʷ ʨʠʩʢ ʨʘʟʚʠʪʠʷ 

ʛʣʘʟʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʙʦʣʝʡ ʚ ʦʧʦʨʥʦ-ʜʚʠʛʘʪʝʣʴʥʦʤ ʘʧʧʘʨʘʪʝ ʠ ʫʤʩʪʚʝʥʥʦʡ ʥʘʛʨʫʟʢʠ. 

ʇʦ ʤʝʨʝ ʪʦʛʦ, ʢʘʢ ʨʘʙʦʯʘʷ ʩʠʣʘ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʟʘʚʠʩʠʤʦʡ ʦʪ ʢʦʤʧʴʶʪʝʨʦʚ, ʚʩʝ 

ʙʦʣʝʝ ʢʨʠʪʠʯʥʦʡ ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʘʚʠʣʴʥʦʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʘʙʦʯʠʭ ʩʪʘʥʮʠʡ. 

ʕʨʛʦʥʦʤʠʢʘ ʠʣʠ ʥʘʫʢʘ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ ʧʨʠʟʚʘʥʘ ʥʝ ʪʦʣʴʢʦ 

ʩʜʝʣʘʪʴ ʨʘʙʦʯʝʝ ʤʝʩʪʦ ʙʦʣʝʝ ʢʦʤʬʦʨʪʥʳʤ, ʥʦ ʪʘʢʞʝ ʧʦʚʳʩʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʦʧʝʨʘʪʦʨʘ ʠ 

ʫʚʝʣʠʯʠʪʴ ʝʛʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ. ʇʦʩʢʦʣʴʢʫ ʙʦʣʴʰʠʥʩʪʚʦ ʦʬʠʩʥʳʭ ʨʘʙʦʪʥʠʢʦʚ ʧʨʦʚʦʜʷʪ 

ʚʦʩʝʤʴ ʠ ʙʦʣʝʝ ʯʘʩʦʚ ʚ ʜʝʥʴ ʧʝʨʝʜ ʢʦʤʧʴʶʪʝʨʦʤ, ʦʪʩʫʪʩʪʚʠʝ ʵʨʛʦʥʦʤʠʯʥʦʛʦ ʤʦʥʠʪʦʨʘ 
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ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʤʳʰʝʯʥʦʡ ʫʩʪʘʣʦʩʪʠ, ʙʦʣʠ ʚ ʰʝʝ ʠʣʠ ʩʧʠʥʝ, ʥʘʧʨʷʞʝʥʠʶ ʛʣʘʟ ʠ 

ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʚʠʟʫʘʣʴʥʦʡ ʵʨʛʦʥʦʤʠʢʠ, ʪʦ ʦʩʥʦʚʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʨʘʙʦʯʝʡ 

ʩʪʘʥʮʠʠ ʷʚʣʷʝʪʩʷ ʤʦʥʠʪʦʨ, ʪʘʢ ʢʘʢ ʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʠʤʠʪʠʚʥʳʡ ʦʙʲʝʢʪ ʟʨʝʥʠʷ. 

ɿʘʜʘʯʝʡ ʤʦʥʠʪʦʨʘ ʷʚʣʷʝʪʩʷ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ, ʢʘʯʝʩʪʚʦ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʠʥʦʛʜʘ ʤʦʞʝʪ ʠʤʝʪʴ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ 

ʨʘʙʦʯʠʭ ʟʘʜʘʯ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʨʘʙʦʯʠʝ ʤʝʩʪʘ ʩ ʦʩʦʙʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʥʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʴʶʪʝʨʘ ʚ ʤʝʩʪʘʭ ʪʨʝʙʫʶʱʠʭ ʙʳʩʪʨʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ (ʪ.ʝ. 

ʜʠʩʧʝʪʯʝʨʩʢʠʝ ʚ ʘʵʨʦʧʦʨʪʘʭ, ʧʦʣʠʮʝʡʩʢʠʭ ʫʯʘʩʪʢʘʭ, ʧʦʜʨʘʟʜʝʣʝʥʠʷʭ ʛʨʘʞʜʘʥʩʢʦʡ 

ʦʙʦʨʦʥʳ). 

ɺ ʢʘʯʝʩʪʚʝ ʚʠʟʫʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ ʤʦʥʠʪʦʨ ʚʦ ʤʥʦʛʦʤ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʣʠʩʪʘ ʙʫʤʘʛʠ. 

ʇʨʠ ʨʘʙʦʪʝ ʩ ʵʢʨʘʥʦʤ ʢʦʤʧʴʶʪʝʨʘ ʥʘʛʨʫʟʢʘ ʥʘ ʟʨʠʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʡ ʤʝʨʝ, ʯʝʤ ʧʨʠ ʨʘʙʦʪʝ ʩ ʙʫʤʘʞʥʳʤʠ ʥʦʩʠʪʝʣʷʤʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʙʫʤʘʛʠ, 

ʧʦʜʩʚʝʪʢʘ ʤʦʥʠʪʦʨʘ, ʢʦʪʦʨʘʷ ʦʙʥʦʚʣʷʝʪʩʷ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʚʣʠʷʝʪ ʥʘ 

ʟʨʠʪʝʣʴʥʫʶ ʫʩʪʘʣʦʩʪʴ. 

ʄʦʥʠʪʦʨʳ ʧʨʝʪʝʨʧʝʣʠ ʩʪʨʝʤʠʪʝʣʴʥʦʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʠ ʟʘ ʧʦʩʣʝʜʥʠʝ 

20-30 ʣʝʪ ʤʳ ʧʝʨʝʰʣʠ ʦʪ ʕʃʊ-ʤʦʥʦʭʨʦʤʥʳʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʜʠʩʧʣʝʝʚ ʢ ʮʚʝʪʥʳʤ 

ʕʃʊ-ʜʠʩʧʣʝʷʤ, ʘ ʟʘʪʝʤ ʢ ʪʝʢʫʱʠʤ ɾʂ-ʜʠʩʧʣʝʷʤ ʠ ʧʣʘʟʤʝʥʥʳʤ ʜʠʩʧʣʝʷʤ. ʕʪʘ 

ʵʚʦʣʶʮʠʷ ʧʨʠʚʝʣʘ ʢ ʫʚʝʣʠʯʝʥʠʶ ʨʘʟʨʝʰʝʥʠʷ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʣʫʯʰʝʥʠʶ ʚʠʟʫʘʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʚʠʟʫʘʣʴʥʦʛʦ ʢʦʤʬʦʨʪʘ.  

ʉʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ɾʂ ʤʦʥʠʪʦʨʦʚ 

ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʥʝʩʦʤʥʝʥʥʦ ʩʪʨʝʤʠʪʩʷ ʚʚʝʨʭ, ʩ 

ʢʘʞʜʳʤ ʛʦʜʦʤ ʚ ʤʠʨʝ ʧʦʷʚʣʷʶʪʩʷ ʚʩʝ ʙʦʣʝʝ ʥʦʚʳʝ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʕʪʦ 

ʩʪʨʝʤʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʥʝ ʦʙʦʰʣʦ ʩʪʦʨʦʥʦʡ ʠ ʵʢʨʘʥʳ ʤʦʥʠʪʦʨʦʚ ʧʝʨʩʦʥʘʣʴʥʳʭ 

ʢʦʤʧʴʶʪʝʨʦʚ.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʡ ʚʳʙʦʨ ʚʠʜʦʚ ʤʦʥʠʪʦʨʦʚ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʤʦʥʠʪʦʨʳ, ʢʦʪʦʨʳʝ 

ʦʪʣʠʯʘʶʪʩʷ ʦʜʥʠʤ ʦʯʝʥʴ ʚʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ï ʪʠʧ ʤʘʪʨʠʮʳ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʦʩʥʦʚʥʳʤʠ ʩʯʠʪʘʶʪʩʷ ʪʨʠ ʪʠʧʘ ʤʘʪʨʠʮ: 

× TN (Twisted Nematic) ï ʵʪʦ ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʩʪʘʨʳʭ ʪʠʧʦʚ ʤʘʪʨʠʮ, ʦʜʥʘʢʦ 

ʦʥ ʚʩʝ ʝʱʝ ʚʦʩʪʨʝʙʦʚʘʥ ʥʘ ʨʳʥʢʝ. ʉʝʡʯʘʩ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʣʫʯʰʝʥʥʘʷ ʚʝʨʩʠʷ 

TN + Film. ɸʢʪʫʘʣʴʥʦʩʪʴ ʵʪʦʡ ʤʦʜʝʣʠ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʦʜʥʠʤ ʩʣʦʚʦʤ ï ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ, 

ʪʘʢ ʢʘʢ ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʵʪʦʛʦ ʪʠʧʘ ʤʘʪʨʠʮʳ ʧʦʨʷʜʢʘ 1ʤʩ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʥʝʙʦʣʴʰʠʝ ʫʛʣʳ ʦʙʟʦʨʘ, ʥʝ ʦʯʝʥʴ ʭʦʨʦʰʘʷ ʮʚʝʪʦʧʝʨʝʜʘʯʘ, ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʘʷ 

ʢʦʥʪʨʘʩʪʥʦʩʪʴ, ʤʘʣʘʷ ʛʣʫʙʠʥʘ ʯʝʨʥʦʛʦ ʮʚʝʪʘ. 

× IPS (ʘʥʛʣ. in-plane switching) ï ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʪʠʧ ʤʘʪʨʠʮʳ ʧʨʠʟʚʘʥʥʳʡ 

ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʥʝʜʦʩʪʘʪʢʦʚ TN-ʤʘʪʨʠʮʳ, ʦʜʥʘʢʦ ʵʪʦ ʥʝ ʪʘʢ-ʪʦ ʧʨʦʩʪʦ. ʋ ʤʦʥʠʪʦʨʦʚ ʩ 

ʜʘʥʥʳʤ ʪʠʧʦʤ ʤʘʪʨʠʮʳ ʫʣʫʯʰʝʥʥʘʷ ʮʚʝʪʦʧʝʨʝʜʘʯʘ, ʛʣʫʙʠʥʘ ʮʚʝʪʘ, ʫʛʣʳ ʦʙʟʦʨʘ, ʥʦ 

ʫʚʝʣʠʯʝʥʳ ʚʨʝʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʢʨʘʥʘ.  

× VA (Vertical Alignment)/MVA (Multi -Domain Vertical Alignment) ï ʵʢʨʘʥʳ 

ʩ ʤʘʪʨʠʮʘʤʠ ʪʘʢʦʛʦ ʪʠʧʘ ʷʚʣʷʶʪʩʷ ʯʝʤ-ʪʦ ʩʨʝʜʥʠʤ ʤʝʞʜʫ IPS ʠ TN ʤʘʪʨʠʮʘʤʠ. ʊʘʢ, 

ʫʛʣʳ ʦʙʟʦʨʘ ʠ ʮʚʝʪʦʧʝʨʝʜʘʯʘ ʣʫʯʰʝ, ʯʝʤ ʫ TN, ʥʦ ʭʫʞʝ, ʯʝʤ ʫ IPS. ɸʥʘʣʦʛʠʯʥʦ ʠ ʩʦ 

ʚʨʝʤʝʥʝʤ ʦʪʢʣʠʢʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʪʦʠʤʦʩʪʴ ʠʭ ʥʠʞʝ, ʯʝʤ ʫ IPS. 

ʋ ʢʘʞʜʦʛʦ ʪʠʧʘ ʤʘʪʨʠʮ ʝʩʪʴ ʩʚʦʠ ʥʝʜʦʩʪʘʪʢʠ ʠ ʜʦʩʪʦʠʥʩʪʚʘ, ʠʤʝʥʥʦ ʧʦʵʪʦʤʫ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʧʝʨʘʪʦʨʘ, ʤʦʞʥʦ ʧʦʜʦʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʡ 

ʤʦʥʠʪʦʨ. ʈʘʩʩʤʦʪʨʠʤ ʢʘʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʩʪʴ ʫ ʵʢʨʘʥʦʚ ʇʂ ʠ ʥʘ ʯʪʦ ʦʥʠ ʚʣʠʷʶʪ. 

ʆʩʥʦʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʦʥʠʪʦʨʦʚ ʷʚʣʷʶʪʩʷ ʷʨʢʦʩʪʴ, ʢʦʥʪʨʘʩʪʥʦʩʪʴ, ʪʠʧ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʫʛʣʳ ʦʙʟʦʨʘ, ʚʨʝʤʷ ʦʪʢʣʠʢʘ, ʮʚʝʪʦʚʦʡ ʦʭʚʘʪ, ʛʣʫʙʠʥʘ ʮʚʝʪʘ ʠ  ʯʘʩʪʦʪʘ 

ʦʙʥʦʚʣʝʥʠʷ ʵʢʨʘʥʘ. 

Á ʗʨʢʦʩʪʴ 

ʗʨʢʦʩʪʴ ʤʦʥʠʪʦʨʘ ï ʵʪʦ ʢʦʣʠʯʝʩʪʚʦ ʩʚʝʪʘ, ʠʩʭʦʜʷʱʝʛʦ ʦʪ ʯʠʩʪʦ ʙʝʣʦʛʦ ʵʢʨʘʥʘ. 

ʕʪʦʪ ʧʘʨʘʤʝʪʨ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʥʠʪʦʨʦʚ ʠ ʧʨʝʜʩʪʘʚʣʝʥ ʚ 

https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA


Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 109 ð   

 

ʩʧʝʮʠʬʠʢʘʮʠʷʭ ʥʘ ʣʶʙʦʡ ʤʦʥʠʪʦʨ. ʕʪʘ ʚʝʣʠʯʠʥʘ ʠʟʤʝʨʷʝʪʩʷ ʚ ʢʜ/ʤ2, (ʢʘʥʜʝʣʘʭ ʥʘ 

ʢʚʘʜʨʘʪʥʳʡ ʤʝʪʨ). ʏʝʤ ʚʳʰʝ ʟʥʘʯʝʥʠʝ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ - ʪʝʤ ʣʫʯʰʝ. ʆʪʨʝʛʫʣʠʨʦʚʘʪʴ 

ʵʢʨʘʥ, ʩʥʠʟʠʚ ʝʛʦ ʷʨʢʦʩʪʴ, ʥʝ ʩʦʩʪʘʚʣʷʝʪ ʪʨʫʜʘ. 

ʋʚʝʣʠʯʝʥʠʝ ʷʨʢʦʩʪʠ ʜʠʩʧʣʝʷ ʚʳʟʳʚʘʝʪ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʘ ʟʨʘʯʢʘ, ʯʪʦ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʦʧʪʠʯʝʩʢʦʡ ʛʣʫʙʠʥʳ ʨʝʟʢʦʩʪʠ ʠ ʫʣʫʯʰʝʥʠʶ 

ʦʧʪʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ.  

ʕʪʦ ʫʚʝʣʠʯʝʥʠʝ ʷʨʢʦʩʪʠ ʩʝʪʯʘʪʢʠ ʛʣʘʟʘ, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʜʠʘʤʝʪʨʘ ʟʨʘʯʢʘ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʦʩʪʨʦʪʫ ʟʨʝʥʠʷ ʥʦʨʤʘʣʴʥʦʛʦ ʟʜʦʨʦʚʦʛʦ 

ʛʣʘʟʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʥʠʪʦʨʳ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʷʨʢʦʩʪʴʶ ʧʦʟʚʦʣʷʶʪ ʦʧʝʨʘʪʦʨʫ 

ʚʠʜʝʪʴ ʥʘ ʜʠʩʧʣʝʝ ʙʦʣʝʝ ʪʦʥʢʠʝ ʜʝʪʘʣʠ.  

Á ʂʦʥʪʨʘʩʪʥʦʩʪʴ  

ʕʪʦʪ ʧʘʨʘʤʝʪʨ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʪʥʦʰʝʥʠʠ ʩʘʤʳʭ ʩʚʝʪʣʳʭ ʠ ʩʘʤʳʭ ʪʝʤʥʳʭ ʪʦʯʝʢ 

ʵʢʨʘʥʘ. ɺʳʙʦʨ ʚʳʩʦʢʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʯʝʨʥʳʡ ʮʚʝʪ ʢʘʨʪʠʥʢʠ ʥʘ ʵʢʨʘʥʝ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʚʠʟʫʘʣʴʥʦ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʯʝʨʥʦʤʫ, ʘ ʥʝ ʪʝʤʥʦ-ʩʝʨʦʤʫ. 

Á ʊʠʧ ʧʦʚʝʨʭʥʦʩʪʠ 

ʊʠʧ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʦʜ ʩʦʙʦʡ ʧʦʢʨʳʪʠʝ ʜʠʩʧʣʝʷ. ʅʝ ʚʦʦʨʫʞʝʥʥʳʤ 

ʚʟʛʣʷʜʦʤ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʤʦʥʠʪʦʨʳ ʠʤʝʶʪ ʛʣʷʥʮʝʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, 

ʢʦʪʦʨʘʷ ʦʪʨʘʞʘʝʪ ʧʘʜʘʶʱʠʡ ʩʚʝʪ, ʥʝʢʦʪʦʨʳʝ ʞʝ ʵʢʨʘʥʳ ʥʘʦʙʦʨʦʪ, ʧʦʛʣʦʱʘʶʪ ʣʫʯʠ 

ʩʚʝʪʘ. ʅʘ ʧʨʘʢʪʠʢʝ ʨʘʟʣʠʯʘʶʪ ʜʚʘ ʚʠʜʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ï ʤʘʪʦʚʘʷ ʠ ʛʣʷʥʮʝʚʘʷ. ɺ ʪʘʙʣ. 1 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʪʠʧʦʚ ʧʦʢʨʳʪʠʡ. 

ʊʘʙʣʠʮʘ 1.  

ɺʠʜʳ ʧʦʢʨʳʪʠʡ. 
ʊʠʧ ʧʦʚʝʨʭʥʦʩʪʠ ɼʦʩʪʦʠʥʩʪʚʘ ʅʝʜʦʩʪʘʪʢʠ 

ʄʘʪʦʚʘʷ 

ɹʣʠʢʠ çʛʘʩʷʪʩʷè - ʢʦʤʬʦʨʪʥʝʝ 

ʨʘʙʦʪʘʪʴ ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʩʚʝʪʘ ʥʘ 

ʵʢʨʘʥ 

ɹʣʝʢʣʦʩʪʴ ï ʮʚʝʪʘ ʤʝʥʝʝ ʯʝʪʢʠʝ. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʵʬʬʝʢʪ - ʦʪʦʙʨʘʞʘʝʤʘʷ 

ʪʦʯʢʘ ʥʝ ʠʤʝʝʪ ʯʝʪʢʠʭ ʛʨʘʥʠʮ, ʘ ʤʦʞʝʪ ʠʤʝʪʴ 

ʥʝʢʠʝ ʥʝʨʦʚʥʳʝ ʢʨʘʷ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʦʪʪʝʥʢʘʤʠ. 

ɻʣʷʥʮʝʚʘʷ 

ʗʨʢʦʩʪʴ, ʢʦʥʪʨʘʩʪʥʦʩʪʴ ʠ 

ʮʚʝʪʦʧʝʨʝʜʘʯʘ ʣʫʯʰʝ ʥʝʞʝʣʠ ʥʘ 

ʤʘʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʆʪʨʘʞʘʝʪ ʩʚʝʪ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ 

ʚʦʩʧʨʠʥʠʤʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʫʪʦʤʣʷʝʤʦʩʪʴ ʛʣʘʟ. 

ʇʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʦʝ ʟʘʛʨʷʟʥʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ (ʭʦʨʦʰʦ ʚʠʜʥʦ ʦʪʧʝʯʘʪʢʠ 

ʧʘʣʴʮʝʚ ʠ ʧʳʣʴ) 

 

Á ʋʛʣʳ ʦʙʟʦʨʘ  

ʕʪʦʪ ʧʘʨʘʤʝʪʨ ʜʦʩʪʘʪʦʯʥʦ ʚʘʞʝʥ, ʪʘʢ ʢʘʢ ʦʥ ʛʦʚʦʨʠʪ ʥʘʤ ʦ ʪʦʤ ʧʦʜ ʢʘʢʠʤ ʫʛʣʦʤ 

ʤʦʞʥʦ ʩʤʦʪʨʝʪʴ ʥʘ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʤʦʥʠʪʦʨʝ ʙʝʟ ʫʭʫʜʰʝʥʠʷ ʢʘʯʝʩʪʚʘ. ɽʩʣʠ ʫʛʦʣ 

ʦʙʟʦʨʘ ʫ ʤʦʥʠʪʦʨʘ ʥʝ ʚʝʣʠʢ, ʪʦ ʧʨʠ ʥʝʙʦʣʴʰʦʤ ʦʪʢʣʦʥʝʥʠʠ ʦʪ ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʠʷ, 

ʦʧʝʨʘʪʦʨ ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴ ʠʟʤʝʥʝʥʠʝ ʮʚʝʪʘ, ʷʨʢʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʷ (ʨʠʩ. 1).  

 

 
 

ʈʠʩ. 1. ʋʛʣʳ ʦʙʟʦʨʘ 



ð 110 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

Á ɺʨʝʤʷ ʦʪʢʣʠʢʘ 

ʕʪʦ ʪʦʪ ʜʠʘʧʘʟʦʥ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤ ʧʠʢʩʝʣʶ, ʯʪʦʙʳ ʠʟʤʝʥʠʪʴ 

ʷʨʢʦʩʪʴ ʜʦ ʪʨʝʙʫʝʤʦʛʦ ʟʥʘʯʝʥʠʷ (ʠʟʤʝʨʷʝʪʩʷ ʚ ʤʠʣʣʠʩʝʢʫʥʜʘʭ, ʤʩ). ɼʘʥʥʳʡ ʧʘʨʘʤʝʪʨ 

ʧʦʢʘʟʳʚʘʝʪ ʥʘʩʢʦʣʴʢʦ ʯʝʪʢʦʡ ʙʫʜʝʪ ʢʘʨʪʠʥʢʘ ʧʨʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʠ ʙʳʩʪʨʦ 

ʧʝʨʝʤʝʱʘʶʱʠʭʩʷ ʧʦ ʵʢʨʘʥʫ ʦʙʲʝʢʪʦʚ. ɽʩʣʠ ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʙʦʣʴʰʦʝ, ʪʦ ʠʟʦʙʨʘʞʝʥʠʝ 

ʤʦʞʝʪ ʠʩʢʘʞʘʪʴʩʷ, ʵʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʰʣʝʡʬʦʚ, ʢʦʪʦʨʳʝ ʪʷʥʫʪʩʷ ʟʘ ʠʟʦʙʨʘʞʝʥʠʝʤ 

ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʮʝʥʘʭ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʝʤ ʤʝʥʴʰʝ ʵʪʦʪ ʧʘʨʘʤʝʪʨ, ʪʝʤ ʣʫʯʰʝ (ʨʠʩ. 2). 

 

 
ʈʠʩ. 2. ɺʨʝʤʷ ʦʪʢʣʠʢʘ 

 

Á ʎʚʝʪʦʚʦʡ ʦʭʚʘʪ 

ʎʚʝʪʦʚʦʡ ʦʭʚʘʪ ð ʵʪʦ ʜʠʘʧʘʟʦʥ ʮʚʝʪʦʚ, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʝʥ ʦʪʦʙʨʘʟʠʪʴ ʤʦʥʠʪʦʨ. 

ʕʪʦʪ ʧʘʨʘʤʝʪʨ ʥʝ ʚʩʝʛʜʘ ʫʢʘʟʳʚʘʝʪʩʷ ʚ ʩʧʝʮʠʬʠʢʘʮʠʠ ʤʦʥʠʪʦʨʘ, ʦʜʥʘʢʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ 

ʩʣʫʯʘʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʭʦʨʦʰʝʡ ʮʚʝʪʦʧʝʨʝʜʘʯʠ ʤʦʥʠʪʦʨʘ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʫʢʘʟʳʚʘʶʪ ʵʪʦʪ 

ʧʘʨʘʤʝʪʨ ʯʪʦʙʳ ʧʦʜʯʝʨʢʥʫʪʴ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʵʢʨʘʥʘ. ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥ ʮʚʝʪʦʚʦʡ 

ʦʭʚʘʪ ʨʘʟʥʳʭ ʩʪʘʥʜʘʨʪʦʚ. 

ɺʩʷ ʮʚʝʪʥʘʷ ʦʙʣʘʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʧʝʢʪʨ ʮʚʝʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʝʪ 

ʨʘʟʣʠʯʘʪʴ ʯʝʣʦʚʝʯʝʩʢʠʡ ʛʣʘʟ. ɺʥʫʪʨʠ ʵʪʦʡ ʦʙʣʘʩʪʠ ʧʦʢʘʟʘʥʳ ʪʨʝʫʛʦʣʴʥʠʢ ï ʵʪʦ 

ʜʠʘʧʘʟʦʥ ʮʚʝʪʦʚ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʧʝʨʝʜʘʚʘʪʴʩʷ ʢʦʥʢʨʝʪʥʳʤ ʤʦʥʠʪʦʨʦʤ, ʘ ʪʘʢʞʝ 

ʛʨʘʥʠʮʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʠʥʷʪʳʤ ʩʪʘʥʜʘʨʪʘʤ ʮʚʝʪʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʣʷ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

 

 
ʈʠʩ. 3. ʉʪʘʥʜʘʨʪʳ ʮʚʝʪʦʚʦʛʦ ʦʭʚʘʪʘ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 111 ð   

 

ʏʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʨʠ ʮʚʝʪʦʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘ: 

¶ sRGB ï ʩʪʘʥʜʘʨʪ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ 1996-ʤ ʛʦʜʫ ʢʦʤʧʘʥʠʷʤʠ HP ʠ 

Microsoft. ʆʭʚʘʪʳʚʘʝʪ ʥʝʙʦʣʴʰʫʶ ʯʘʩʪʴ ʮʚʝʪʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʜʦʩʪʫʧʥʦʛʦ 

ʯʝʣʦʚʝʯʝʩʢʦʤʫ ʟʨʝʥʠʶ. 

¶ Adobe RGB ï ʩʪʘʥʜʘʨʪ, ʢʦʪʦʨʳʡ ʰʠʨʝ sRGB ʠ ʧʦʢʨʳʚʘʝʪ ʙʦʣʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʮʚʝʪʦʚ. 

¶ DCI-P3 ï ʥʦʚʳʡ ʩʪʘʥʜʘʨʪ, ʢʦʪʦʨʳʡ ʙʝʨʝʪ ʩʚʦʝ ʥʘʯʘʣʦ ʚ ʢʠʥʦʠʥʜʫʨʩʪʠʠ, 

ʝʛʦ ʮʚʝʪʦʚʦʡ ʦʭʚʘʪ ʫʚʝʣʠʯʝʥ ʚ ʦʙʣʘʩʪʠ ʟʝʣʝʥʳʭ ʠ ʢʨʘʩʥʳʭ ʦʪʪʝʥʢʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

Adobe RGB. 

ʂʘʢ ʧʨʘʚʠʣʦ ʮʚʝʪʦʚʦʡ ʦʭʚʘʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚ ʧʨʦʮʝʥʪʘʭ ʦʪ ʩʪʘʥʜʘʨʪʘ. ʅʘʧʨʠʤʝʨ, 

ʵʢʨʘʥ, ʢʦʪʦʨʳʡ ʧʦʢʨʳʚʘʝʪ ʦʢʦʣʦ 60% sRGB ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʥʝʧʨʠʤʝʯʘʪʝʣʴʥʳʤ, ʪʘʢ ʢʘʢ 

ʥʘ ʥʝʤ ʩʣʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʦʩʪʦʚʝʨʥʫʶ ʧʝʨʝʜʘʯʫ ʮʚʝʪʦʚ. 

Á ɻʣʫʙʠʥʘ ʮʚʝʪʘ 

ɽʩʣʠ ʮʚʝʪʦʚʦʡ ʦʭʚʘʪ ð ʵʪʦ ʜʠʘʧʘʟʦʥ ʮʚʝʪʦʚ, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʝʥ ʦʪʦʙʨʘʟʠʪʴ 

ʤʦʥʠʪʦʨ, ʪʦ ʛʣʫʙʠʥʘ ʮʚʝʪʘ ð ʵʪʦ ʛʨʘʜʘʮʠʠ ʜʠʘʧʘʟʦʥʘ. 

ʂʘʢ ʧʨʘʚʠʣʦ,  ʤʦʥʠʪʦʨʳ ʠʤʝʶʪ 8-ʙʠʪʥʫʶ ʛʣʫʙʠʥʫ ʮʚʝʪʘ ʥʘ ʢʘʥʘʣ, ʵʪʦʪ ʧʘʨʘʤʝʪʨ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʤʝʨʥʦ 16.7 ʤʣʥ. ʦʪʦʙʨʘʞʘʝʤʳʭ ʮʚʝʪʦʚ. 

ʊʘʢ ʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʙʦʣʝʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʤʦʥʠʪʦʨʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʧʨʝʜʦʩʪʘʚʠʪʴ ʧʦʣʴʟʦʚʘʪʝʣʶ 10-ʙʠʪʥʶʶ ʛʣʫʙʠʥʫ ʮʚʝʪʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʦʙʨʘʞʝʥʠʶ 

ʙʦʣʝʝ ʤʠʣʣʠʘʨʜʘ ʮʚʝʪʦʚ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ, ʬʘʢʪʠʯʝʩʢʠ, ʷʚʣʷʶʪʩʷ 8-ʙʠʪʥʳʤʠ, ʘ 

ʨʘʩʰʠʨʝʥʠʝ ʛʣʫʙʠʥʳ ʮʚʝʪʦʧʝʨʝʜʘʯʠ ʜʦ 10 ʙʠʪ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʦʤʦʱʠ ʪʝʭʥʦʣʦʛʠʠ 

FRC. ʉʫʪʴ ʪʝʭʥʦʣʦʛʠʠ FRC ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʧʨʝʜʩʪʘʚʠʪʴ ʥʝʜʦʩʪʘʶʱʠʝ 

ʧʦʣʫʪʦʥʘ ʧʫʪʝʤ ʚʳʚʦʜʘ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʢʘʜʨʘ ʩ ʜʚʫʤʷ ʜʨʫʛʠʤʠ ʮʚʝʪʘʤʠ, ʢʦʪʦʨʳʝ ʚ 

ʠʪʦʛʝ ʜʘʶʪ ʪʝ ʦʪʪʝʥʢʠ, ʢʦʪʦʨʳʝ ʥʝʜʦʩʪʫʧʥʳ 8-ʙʠʪʥʦʡ ʤʘʪʨʠʮʝ. 

16,7 ʤʠʣʣʠʦʥʦʚ ʦʪʦʙʨʘʞʘʝʤʳʭ ʮʚʝʪʦʚ ï ʵʪʦ ʭʦʨʦʰʠʡ ʧʦʢʘʟʘʪʝʣʴ, ʦʜʥʘʢʦ 

ʩʫʱʝʩʪʚʫʶʪ ʠ 6-ʠ ʙʠʪʥʳʝ ʤʘʪʨʠʮʳ, ʢʦʪʦʨʳʝ ʪʘʢ ʞʝ ʠʩʧʦʣʴʟʫʶʪ ʪʝʭʥʦʣʦʛʠʶ FRC, ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʟʥʠʮʘ ʦʪʪʝʥʢʦʚ ʟʘʤʝʪʥʘ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ. ʅʠʞʝ ʥʘ ʨʠʩ. 4 

ʧʨʝʜʩʪʘʚʣʝʥʳ  ʦʪʣʠʯʠʷ 8-ʙʠʪʥʦʡ ʛʣʫʙʠʥʳ ʮʚʝʪʘ ʦʪ 6-ʙʠʪʥʦʡ ʩ FRC ʪʝʭʥʦʣʦʛʠʝʡ. 

 

 
ʈʠʩ. 4. ɻʣʫʙʠʥʘ ʮʚʝʪʘ 

 

Á ʏʘʩʪʦʪʘ ʦʙʥʦʚʣʝʥʠʷ ʵʢʨʘʥʘ 

ʕʪʦ ʝʱʝ ʦʜʥʘ ʚʨʝʤʝʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʦʥʠʪʦʨʦʚ, ʥʘ ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʦʙʨʘʪʠʪʴ 

ʚʥʠʤʘʥʠʝ ʪʦʣʴʢʦ ʧʨʠ ʧʨʦʩʤʦʪʨʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʮʝʥ ʥʘ ʵʢʨʘʥʝ. 

ʀʟʦʙʨʘʞʝʥʠʝ ʥʘ ʜʠʩʧʣʝʝ ʥʝ ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʘʪʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ. ʀʟʦʙʨʘʞʝʥʠʝ ʠ 

ʝʛʦ ʜʚʠʞʝʥʠʝ ʚʳʛʣʷʜʷʪ ʧʣʘʚʥʦ ʪʦʣʴʢʦ ʧʦʪʦʤʫ, ʯʪʦ ʢʘʞʜʳʡ ʧʠʢʩʝʣʴ ʦʙʥʦʚʣʷʝʪʩʷ ʜʣʷ 

ʦʪʦʙʨʘʞʝʥʠʷ ʪʝʢʫʱʝʡ ʠ ʪʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʦʪ ʧʨʦʮʝʩʩʦʨʥʦʛʦ 



ð 112 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʙʣʦʢʘ. ʇʠʢʩʝʣʠ ʥʘ ʵʢʨʘʥʝ ʦʙʥʦʚʣʷʶʪʩʷ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʨʝʛʫʣʷʨʥʳʤʠ ʠʥʪʝʨʚʘʣʘʤʠ, 

ʪ.ʝ. ʩ ʯʘʩʪʦʪʦʡ ʦʙʥʦʚʣʝʥʠʷ. 

ʏʘʩʪʦʪʘ ʦʙʥʦʚʣʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʚʣʠʷʝʪ ʥʘ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ 

ʦʙʥʦʚʣʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʵʢʨʘʥʝ. ʀʟʤʝʨʝʥʥʘʷ ʚ ʛʝʨʮʘʭ (ɻʮ), ʯʘʩʪʦʪʘ ʦʙʥʦʚʣʝʥʠʷ 

ʧʦʢʘʟʳʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʦʙʥʦʚʣʝʥʠʡ ʵʢʨʘʥʘ ʚ ʩʝʢʫʥʜʫ. ʅʘʧʨʠʤʝʨ, 60 ɻʮ ʜʠʩʧʣʝʡ 

ʦʙʥʦʚʣʷʝʪʩʷ 60 ʨʘʟ ʚ ʩʝʢʫʥʜʫ, 90 ɻʮ - 90 ʨʘʟ ʚ ʩʝʢʫʥʜʫ ʠ 120 ɻʮ - 120 ʨʘʟ ʚ ʩʝʢʫʥʜʫ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 5).  
 

 
ʈʠʩ. 5. ʏʘʩʪʦʪʘ ʦʙʥʦʚʣʝʥʠʷ 

 

ʉʫʤʤʠʨʫʷ ʚʩʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʠʚʝʜʝʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʤʦʥʠʪʦʨʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʨʠʮ, ʤʦʞʥʦ ʦʪʦʙʨʘʟʠʪʴ ʚ ʪʘʙʣʠʮʝ (ʪʘʙʣ. 2).  

ɼʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʨʘʩʩʤʦʪʨʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ʤʦʥʠʪʦʨʦʚ ʨʘʟʥʦʡ ʮʝʥʦʚʦʡ 

ʢʘʪʝʛʦʨʠʠ ʠ ʨʘʟʥʳʭ ʬʠʨʤ.  

ʊʘʙʣʠʮʘ 2.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʨʠʮ ɾʂ-ʤʦʥʠʪʦʨʦʚ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ TN IPS VA 

ʗʨʢʦʩʪʴ 150 ï 300 ʢʜ/ʤ2 150 ï 400 ʢʜ/ʤ2 150 ï 500 ʢʜ/ʤ2 

ʂʦʥʪʨʘʩʪʥʦʩʪʴ 500:1 1000:1 3000:1 

ʋʛʦʣ ʦʙʟʦʨʘ ɼʦ 160 ɼʦ 178 ɼʦ 170 

ʎʚʝʪʦʚʦʡ ʦʭʚʘʪ 

ʆʛʨʘʥʠʯʝʥʥʦʝ 

ʮʚʝʪʦʚʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ - ʢʘʢ 

ʧʨʘʚʠʣʦ, 

ʩʪʘʥʜʘʨʪʥʳʡ RGB, 

ʥʦ ʦʪʣʠʯʥʳʝ 

ʛʣʫʙʦʢʠʝ ʦʪʪʝʥʢʠ 

ʯʝʨʥʦʛʦ. 

ʇʦʜʜʝʨʞʢʘ ʮʚʝʪʦʚʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚ, DCI-P3 

ʠ Rec. 2020. 

ʇʨʝʚʦʩʭʦʜʥʦʝ 

ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ 

ʮʚʝʪʘ. 

 

ʍʦʨʦʰʘʷ 

ʮʚʝʪʦʧʝʨʝʜʘʯʘ ʩ 

ʙʦʣʝʝ ʰʠʨʦʢʦʡ 

ʛʘʤʤʦʡ, ʯʝʤ ʫ TN ï 

ʯʘʩʪʦ Adobe RGB ʠ 

ʠʥʦʛʜʘ ʜʘʞʝ DCI-P3 

ɻʣʫʙʠʥʘ ʮʚʝʪʘ ɼʦ 8-ʙʠʪ ɼʦ 10 10 ï 12 ʙʠʪ  

ɺʨʝʤʷ ʦʪʢʣʠʢʘ 1 ʤʩ 5-9 ʤʩ 4-6ʤʩ 

ʏʘʩʪʦʪʘ ʦʙʥʦʚʣʝʥʠʷ ɼʦ 240 ɻʮ ɼʦ 144 ɻʮ ɼʦ 160 ɻʮ 

 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 113 ð   

 

ʆʮʝʥʢʘ ʢʨʠʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ  ɾʂ ʤʦʥʠʪʦʨʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 

ʦʧʝʨʘʪʦʨʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʇʨʠ ʚʳʙʦʨʝ ʤʦʥʠʪʦʨʘ ʜʣʷ ʇʂ ʥʫʞʥʦ ʯʝʪʢʦ ʧʦʥʠʤʘʪʴ, ʢʘʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʥʝʦʙʭʦʜʠʤʳ ʧʦʣʴʟʦʚʘʪʝʣʶ, ʘ ʢʘʢʠʤʠ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ʅʘʧʨʠʤʝʨ, ʥʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʧʨʠʦʙʨʝʪʘʪʴ ʤʦʥʠʪʦʨ ʩ ʩʘʤʳʤʠ ʣʫʯʰʠʤʠ ʚʨʝʤʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʝʩʣʠ 

ʦʩʥʦʚʥʦʝ ʝʛʦ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ - ʵʪʦ ʯʪʝʥʠʝ ʩʪʘʪʝʡ ʚ ʠʥʪʝʨʥʝʪʝ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʦʞʥʦ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳ ʜʣʷ 

ʧʦʣʴʟʦʚʘʪʝʣʷ.  

ɼʣʷ ʩʦʟʜʘʥʠʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʬʝʩʩʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ 

ʦʧʝʨʘʪʦʨʦʚ: 

ɻʨʫʧʧʘ A. ʇʦʣʴʟʦʚʘʪʝʣʠ, ʨʘʙʦʪʘʶʱʠʝ ʩ ʪʝʢʩʪʦʤ;  

ɻʨʫʧʧʘ B. ʆʧʝʨʘʪʦʨʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʇʂ ʜʣʷ ʨʘʙʦʪʳ ʩ ʠʟʦʙʨʘʞʝʥʠʷʤʠ; 

ɻʨʫʧʧʘ C. ʇʦʣʴʟʦʚʘʪʝʣʠ, ʨʘʙʦʪʘʶʱʠʝ ʩ ʚʠʜʝʦ ʠʣʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ 

ɻʨʫʧʧʘ ɸ ï ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʵʪʦʡ ʛʨʫʧʧʝ ʚʘʞʥʦ, ʯʪʦʙʳ ʨʘʙʦʪʘ 

ʙʳʣʘ ʢʦʤʬʦʨʪʥʘ ʜʣʷ ʛʣʘʟ. ɺʨʝʤʝʥʥʳʝ ʠ ʮʚʝʪʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʇʂ ʥʝ ʪʘʢ ʚʘʞʥʳ, ʪʘʢ 

ʢʘʢ ʦʥʠ ʥʝ ʠʩʧʦʣʴʟʫʶʪ ʢʦʤʧʴʶʪʝʨ ʜʣʷ ʨʘʙʦʪʳ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠʣʠ ʩ 

ʠʟʦʙʨʘʞʝʥʠʷʤʠ.  

ɻʨʫʧʧʘ B ï ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʵʪʦʡ ʛʨʫʧʧʝ, ʥʝʦʙʭʦʜʠʤʘ ʭʦʨʦʰʘʷ 

ʧʝʨʝʜʘʯʘ ʮʚʝʪʘ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚʩʝ ʮʚʝʪʘ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ ʙʳʣʠ ʨʝʘʣʠʩʪʠʯʥʳʤʠ. 

ɺʨʝʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʜʘʥʥʦʛʦ ʪʠʧʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʪʦʞʝ ʥʝ ʚʘʞʥʳ. 

ɻʨʫʧʧʘ ʉ ï ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʵʪʦʡ ʛʨʫʧʧʝ ʚʘʞʥʳ ʚʨʝʤʝʥʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʤʦʥʠʪʦʨʘ, ʪʘʢ ʢʘʢ ʧʨʦʬʝʩʩʠʦʥʘʣʳ ʠʤʝʥʥʦ ʵʪʦʡ ʢʘʪʝʛʦʨʠʠ, ʧʦʩʪʦʷʥʥʦ ʠʤʝʶʪ 

ʜʝʣʦ ʩ ʜʠʥʘʤʠʯʝʩʢʠ ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʠʟʦʙʨʘʞʝʥʠʷʤʠ.  

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʘʙʣʠʮʘ, ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪ ʢʨʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʜʣʷ ʚʳʜʝʣʝʥʥʳʭ ʛʨʫʧʧ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʊʘʙʣʠʮʘ 3.  

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʦʧʝʨʘʪʦʨʦʚ ʠ ʠʭ ʢʨʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ɻʨʫʧʧʘ ʉʧʝʮʠʬʠʢʘ ʊʠʧ ʜʝʡʩʪʚʠʡ 
ʂʨʠʪʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ɻʨʫʧʧʘ ɸ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʴʶʪʝʨʘ 

ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʨʘʙʦʯʝʛʦ 

ʜʥʷ (ʤʠʥʠʤʫʤ 7 ʯʘʩʦʚ), 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʦʣʴʰʘʷ 

ʥʘʛʨʫʟʢʘ ʥʘ ʟʨʠʪʝʣʴʥʳʡ 

ʘʧʧʘʨʘʪ. ɼʦʣʛʦʚʨʝʤʝʥʥʘʷ 

ʨʘʙʦʪʘ ʩ ʪʝʢʩʪʦʤ ï 

ʦʜʥʦʦʙʨʘʟʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, 

ʙʳʩʪʨʘʷ ʫʩʪʘʣʦʩʪʴ 

ʟʨʠʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ. 

ʏʪʝʥʠʝ, ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ, 

ʚʚʦʜ ʪʝʢʩʪʦʚʦʡ 

ʠʥʬʦʨʤʘʮʠʠ 

ʗʨʢʦʩʪʴ  

ʂʦʥʪʨʘʩʪʥʦʩʪʴ  

ɻʨʫʧʧʘ B 
ʈʘʙʦʪʘ ʩ ʷʨʢʠʤʠ ʮʚʝʪʘʤʠ ï 

ʠʟʦʙʨʘʞʝʥʠʷʤʠ.  

ʉʦʟʜʘʥʠʝ, 

ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ 

ʠʟʦʙʨʘʞʝʥʠʡ 

ʎʚʝʪʦʚʦʡ ʦʭʚʘʪ, 

ɻʣʫʙʠʥʘ ʮʚʝʪʘ, 

ɻʨʫʧʧʘ ʉ 

ʈʘʙʦʪʘ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤʠ 

ʜʘʥʥʳʤʠ - ʚʠʜʝʦ, ʙʳʩʪʨʦ 

ʠʟʤʝʥʷʶʱʠʝʩʷ ʛʨʘʬʠʢʠ 

ʇʨʦʩʤʦʪʨ ʜʠʥʘʤʠʯʝʩʢʠʭ 

cʮʝʥ, ʫʧʨʘʚʣʝʥʠʝ ʙʳʩʪʨʦ 

ʜʚʠʞʫʱʠʤʠʩʷ ʦʙʲʝʢʪʘʤʠ 

ɺʨʝʤʷ ʦʪʢʣʠʢʘ 

ʏʘʩʪʦʪʘ ʦʙʥʦʚʣʝʥʠʷ 

 



ð 114 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʆʮʝʥʠʤ ʚʳʷʚʣʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

¶ ʗʨʢʦʩʪʴ  

ʕʪʦʪ ʧʘʨʘʤʝʪʨ ʢʨʘʡʥʝ ʚʘʞʝʥ ʜʣʷ ʦʬʠʩʥʦʡ ʨʘʙʦʪʳ, ʪʘʢ ʢʘʢ ʫʩʪʘʣʦʩʪʴ ʟʨʠʪʝʣʴʥʦʛʦ 

ʘʧʧʘʨʘʪʘ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ.[6] ɼʞ.ʃʦʬʪʫʩ - ʧʨʦʬʝʩʩʦʨ ʧʩʠʭʦʣʦʛʠʠ 

ɺʘʰʠʥʛʪʦʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʧʨʦʚʝʣ ʤʥʦʞʝʩʪʚʦ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʚ ʭʦʜʝ ʢʦʪʦʨʳʭ ʙʳʣʦ 

ʚʳʷʚʣʝʥʦ, ʯʪʦ ʷʨʢʦʩʪʴ ʠʟʦʙʨʘʞʝʥʠʡ ʚʣʠʷʝʪ ʥʘ ʩʢʦʨʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʥʘ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʬʠʢʩʘʮʠʡ, ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʷʨʢʦʩʪʠ ʯʧʦʚʣʝʯʸʪ ʟʘ ʩʦʙʦʡ ʫʚʝʣʠʯʝʥʠʝ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʬʠʢʩʘʮʠʠ ʠʥʬʦʨʤʘʮʠʠ (Loftus 1985). [5] ʉʦʛʣʘʩʥʦ TCOô03/TCOô99 

ʤʠʥʠʤʘʣʴʥʳʝ ʪʨʝʙʫʝʤʳʝ ʫʨʦʚʥʠ ʷʨʢʦʩʪʠ ʜʣʷ ɾʂ-ʤʦʥʠʪʦʨʦʚ ʩʦʩʪʘʚʣʷʶʪ 150 ʢʜ/ʤ2, ʘ ʧʦ 

ɻʆʉʊʫ ʈ ʀʉʆ 9241-303-2012 - 100 ʢʜ/ʤ2. [10][12] ʕʪʠ ʩʪʘʥʜʘʨʪʳ ʙʳʣʠ ʦʩʥʦʚʘʥʳ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʥʘʙʣʶʜʘʪʝʣʷ ʜʦ ʤʦʥʠʪʦʨʘ 50 ʩʤ ʠ ʦʪʩʫʪʩʪʚʠʠ ʦʢʨʫʞʘʶʱʝʛʦ ʩʚʝʪʘ. ʊʘʢ 

ʞʝ ʩʫʱʝʩʪʚʫʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʷʨʢʦʩʪʠ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʨʠʪʝʣʴʥʦʡ 

ʩʠʩʪʝʤʦʡ ʯʝʣʦʚʝʢʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ: 

V ʧʨʠ ʷʨʢʦʩʪʠ ʜʦ 25 -30 ʢʜ/ʤ2 ʩʚʝʪ ʥʝ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʢʘʢ ʷʨʢʦʩʪʴ, ʘ 

ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʢʘʢ ʩʚʝʪʣʦʝ ʧʷʪʥʦ;  

V ʧʨʠ ʷʨʢʦʩʪʠ 200 ʢʜ/ʤ2  - ʩʚʝʪ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʢʘʢ ʦʱʫʪʠʤʘʷ ʷʨʢʦʩʪʴ;  

V ʧʨʠ 500 ʢʜ/ʤ2 - ʩʚʝʪ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʢʘʢ ʧʨʠʚʣʝʢʘʶʱʠʡ ʚʥʠʤʘʥʠʝ; 

V ʧʨʠ 1000 ʢʜ/ʤ2 ï ʩʚʝʪ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʢʘʢ ʙʝʩʧʦʢʦʷʱʘʷ ʷʨʢʦʩʪʴ; 

V ʧʨʠ 2000 ʢʜ/ʤ2 ï ʩʣʝʧʷʱʘʷ (ʭʦʪʷ ʩʦʙʩʪʚʝʥʥʦ ʩʣʝʧʷʱʘʷ ʷʨʢʦʩʪʴ 

ʟʥʘʯʠʪʝʣʴʥʦ  ʚʳʰʝ), ʘ ʚʳʰʝ ï ʥʝʚʳʥʦʩʠʤʘʷ. [1] 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤʠ ʜʘʥʥʳʤʠ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʧʨʠʝʤʣʝʤʳʝ ʟʥʘʯʝʥʠʷ ʷʨʢʦʩʪʠ ʣʝʞʘʪ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 100 ʢʜ/ʤ2 ʜʦ 800 ʢʜ/ʤ2. 

ʆʜʥʘʢʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʷʚʠʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɾʂ- 

ʤʦʥʠʪʦʨʦʚ, ʚ ʢʦʪʦʨʳʭ ʦʢʨʫʞʘʶʱʠʡ ʩʚʝʪ ʠ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʥʘʙʣʶʜʘʪʝʣʷ ʜʦʚʦʣʴʥʦ 

ʨʘʟʥʦʦʙʨʘʟʥʳ. ʀʟʚʝʩʪʥʘʷ ʢʦʤʧʘʥʠʶ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʠʢʠ Acer 

ʧʨʦʚʝʣʘ ʩʦʙʩʪʚʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʨʢʦʩʪʠ ʠ ʢʦʥʪʨʘʩʪʥʦʩʪʠ. ʂʦʤʧʘʥʠʷ Acer ʚʭʦʜʠʪ 

ʟʘʥʠʤʘʝʪ 5-ʝ ʤʝʩʪʦ ʥʘ ʤʠʨʦʚʦʤ 3-ʝ ʤʝʩʪʦ ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ ʢʦʤʧʘʥʠʡ 

ʧʨʦʠʟʚʦʜʷʱʠʭ ʇʂ. ɺʩʝ ʤʦʥʠʪʦʨʳ, ʧʨʦʠʟʚʦʜʠʤʳʝ ʜʘʥʥʦʡ ʢʦʤʧʘʥʠʝʡ, ʷʚʣʷʶʪʩʷ LCD-

ʤʦʥʠʪʦʨʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʵʢʨʘʥʳ ʥʦʫʪʙʫʢʦʚ. ɺ ʩʚʦʸʤ ʠʩʩʣʝʜʦʚʘʥʠʠ Acer ʧʨʠʚʦʜʠʪ ʜʚʘ 

ʚʠʜʘ ʢʣʘʩʩʠʬʠʢʘʮʠʡ:  

1) ʚʘʨʠʘʥʪʳ ʫʨʦʚʥʝʡ ʷʨʢʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʩʚʝʱʝʥʠʷ ʠ ʜʠʩʪʘʥʮʠʠ ʜʦ 

ʥʘʙʣʶʜʘʪʝʣʷ,  

2) ʚʘʨʠʘʥʪʳ ʫʨʦʚʥʝʡ ʷʨʢʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʩʤʘʪʨʠʚʘʝʤʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʜʣʷ ʨʘʙʦʪʳ ʩ ʪʝʢʩʪʦʤ:  

a) ʚ ʦʬʠʩʥʳʭ ʧʦʤʝʱʝʥʠʷʭ ʩʦ ʩʣʘʙʳʤ ʦʩʚʝʱʝʥʠʝʤ (ʥʘʩʪʦʣʴʥʘʷ ʣʘʤʧʘ) ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ ~50 ʩʤ ʨʝʢʦʤʝʥʜʫʝʤʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʷʨʢʦʩʪʠ ʙʫʜʫʪ 200-250 

ʢʜ/ʤ2, ʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ~60ʩʤ ʩ ʜʥʝʚʥʳʤ ʦʩʚʝʱʝʥʠʝʤ - 250-300 ʢʜ/ʤ2; 

b) ʜʣʷ ʨʘʙʦʪʳ ʩ ʠʟʦʙʨʘʞʝʥʠʷʤʠ ʠ ʛʨʘʬʠʢʦʡ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ 

ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʷʨʢʦʩʪʠ ʦʪ 300 ʢʜ/ʤ2. [7] 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʪʘʥʜʘʨʪ ʮʚʝʪʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ Adobe RGB, ʨʘʟʨʘʙʦʪʘʥʥʳʡ 

ʢʦʤʧʘʥʠʝʡ Adobe Systems, Inc. ʚ 1998 ʛʦʜʫ, ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʧʝʨʘʪʦʨʦʚ, 

ʨʘʙʦʪʘʶʱʠʭ ʩ ʠʟʦʙʨʘʞʝʥʠʷʤʠ, ʟʘʜʘʥʳ ʩʪʘʥʜʘʨʪʥʳʝ ʫʩʣʦʚʠʷ ʧʨʦʩʤʦʪʨʘ ï ʪʦ ʝʩʪʴ 

ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʦʧʝʨʘʪʦʨ ʧʦʣʫʯʠʪ ʦʪ ʮʚʝʪʦʚʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʪʨʝʙʫʝʤʳʡ ʵʬʬʝʢʪ:  

ü ʋʨʦʚʝʥʴ ʷʨʢʦʩʪʠ ʙʝʣʦʡ ʪʦʯʢʠ ï 160 ʢʜ/ʤ2; 

ü ʋʨʦʚʝʥʴ ʷʨʢʦʩʪʠ ʯʝʨʥʦʡ ʪʦʯʢʠ ï 0,5557 ʢʜ/ʤ2; 

ü ʋʨʦʚʝʥʴ ʚʥʝʰʥʝʡ ʦʩʚʝʱʝʥʥʦʩʪʠ ï 32 ʣʢ.[9] 32 ʣʢ ï ʵʪʦ ʦʯʝʥʴ ʥʠʟʢʘʷ 

ʦʩʚʝʱʝʥʥʦʩʪʴ. 

https://en.wikipedia.org/wiki/Adobe_Systems


Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 115 ð   

 

ʅʘ ʨʠʩ. 6 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʢʦʤʝʥʜʫʝʤʳʝ ʟʥʘʯʝʥʠʷ ʷʨʢʦʩʪʠ ʜʣʷ 3-ʭ ʛʨʫʧʧ 

ʦʧʝʨʘʪʦʨʦʚ. 

 

 
ʈʠʩ. 6. ʈʝʢʦʤʝʥʜʫʝʤʳʝ ʧʦʢʘʟʘʪʝʣʠ ʷʨʢʦʩʪʠ 

 

¶ ʂʦʥʪʨʘʩʪʥʦʩʪʴ 

ɼʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʚʘʞʝʥ ʜʣʷ ʨʘʙʦʪʳ ʩ ʪʝʢʩʪʦʤ, ʦʜʥʘʢʦ ʩʣʠʰʢʦʤ ʙʦʣʴʰʦʝ 

ʟʥʘʯʝʥʠʝ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʪʦʞʝ ʥʝ ʠʤʝʝʪ ʩʤʳʩʣʘ, ʚʟʛʣʷʜ ʙʫʜʝʪ ʨʘʩʩʝʠʚʘʪʴʩʷ ʥʘ ʤʝʣʢʠʝ ʥʝ 

ʚʘʞʥʳʝ ʜʝʪʘʣʠ.  

ɺʳʜʝʣʷʶʪ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʢʦʥʪʨʘʩʪʘ: 

Á  ʮʚʝʪʦʚʦʡ ʢʦʥʪʨʘʩʪ - ʩʘʤʳʡ ʧʨʦʩʪʦʡ ʠʟ ʚʩʝʭ ʚʠʜʦʚ ʢʦʥʪʨʘʩʪʦʚ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʯʝʪʘʥʠʝ ʯʠʩʪʳʭ ʮʚʝʪʦʚ ʩʧʝʢʪʨʘ. ʅʘʠʙʦʣʝʝ ʩʠʣʴʥʳʡ ʢʦʥʪʨʘʩʪ ʩʦʟʜʘʶʪ 

ʙʘʟʦʚʳʝ ʮʚʝʪʘ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʮʚʝʪʦʚʦʛʦ ʢʨʫʛʘ): ʩʠʥʠʡ, ʢʨʘʩʥʳʡ ʠ ʞʝʣʪʳʡ.  

Á ʢʦʥʪʨʘʩʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʮʚʝʪʦʚ - ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʩʫʪʠ ʵʪʦʛʦ ʢʦʥʪʨʘʩʪʘ, 

ʥʫʞʥʦ ʚʚʝʩʪʠ ʧʦʥʷʪʠʝ ʮʚʝʪʦʚʦʛʦ ʢʨʫʛʘ. ʀʩʘʘʢ ʅʴʶʪʦʥ ʝʱʝ ʚ 17 ʚʝʢʝ ʨʘʟʣʦʞʠʣ 

ʩʦʣʥʝʯʥʳʡ ʮʚʝʪ ʥʘ 12 ʦʪʪʝʥʢʦʚ ʩʧʝʢʪʨʘ ʠ ʧʦʤʝʩʪʠʣ ʠʭ ʥʘ ʢʨʫʛʝ. ʂʨʦʤʝ 7 ʦʩʥʦʚʥʳʭ 

ʮʚʝʪʦʚ ʨʘʜʫʛʠ, ʚ ʪʘʢʦʡ ʢʨʫʛ ʚʭʦʜʷʪ ʝʱʝ ʧʝʨʝʭʦʜʥʳʝ ʮʚʝʪʘ. ʂʦʥʪʨʘʩʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʮʚʝʪʦʚ ʦʩʥʦʚʘʥ ʥʘ ʩʦʯʝʪʘʥʠʠ ʮʚʝʪʦʚ, ʜʠʘʤʝʪʨʘʣʴʥʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʘ ʢʨʫʛʝ. 

ʅʘʭʦʜʷʩʴ ʨʷʜʦʤ, ʵʪʠ ʮʚʝʪʘ ʧʦʜʯʝʨʢʠʚʘʶʪ, ʫʩʠʣʠʚʘʶʪ ʜʨʫʛ ʜʨʫʛʘ, ʩʦʟʜʘʚʘʷ ʪʝʤ ʩʘʤʳʤ 

ʢʨʘʩʠʚʳʡ ʢʦʥʪʨʘʩʪ. 

Á ʢʦʥʪʨʘʩʪ ʩʚʝʪʣʦʛʦ ʠ ʪʝʤʥʦʛʦ - ʩʘʤʳʡ ʩʠʣʴʥʳʡ ʢʦʥʪʨʘʩʪ ʧʦ ʩʚʝʪʣʦʪʝ 

ʦʙʨʘʟʫʶʪ ʙʝʣʳʡ ʠ ʯʝʨʥʳʡ ʮʚʝʪʘ, ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʦʪʪʝʥʢʦʚ ʩʝʨʦʛʦ ʢʦʥʪʨʘʩʪ ʩʥʠʞʘʝʪʩʷ. 

ʅʦ ʢʦʥʪʨʘʩʪʥʳʤʠ ʧʦ ʩʚʝʪʣʦʪʝ ʤʦʛʫʪ ʙʳʪʴ ʥʝ ʪʦʣʴʢʦ ʘʭʨʦʤʘʪʠʯʝʩʢʠʝ (ʯʝʨʥʳʡ, ʙʝʣʳʡ ʠ 

ʩʝʨʳʡ) ʮʚʝʪʘ. ʀ ʟʜʝʩʴ ʥʘʤ ʦʧʷʪʴ ʧʨʠʛʦʜʠʪʩʷ ʮʚʝʪʦʚʦʡ ʢʨʫʛ. ɽʩʣʠ ʧʝʨʝʚʝʩʪʠ 

ʭʨʦʤʘʪʠʯʝʩʢʠʝ ʮʚʝʪʘ ʚ ʯʝʨʥʦ-ʙʝʣʫʶ ʛʘʤʤʫ, ʪʦ ʤʳ ʫʚʠʜʠʤ ʨʘʟʥʳʝ ʦʪʪʝʥʢʠ ʩʝʨʦʛʦ ï ʦʪ 

ʧʦʯʪʠ ʙʝʣʦʛʦ (ʞʝʣʪʳʡ) ʜʦ ʧʦʯʪʠ ʯʝʨʥʦʛʦ (ʬʠʦʣʝʪʦʚʳʡ). ʉʘʤʳʡ ʩʣʘʙʳʡ ʢʦʥʪʨʘʩʪ 

ʩʦʟʜʘʶʪ ʢʨʘʩʥʳʡ ʠ ʟʝʣʝʥʳʡ, ʪʘʢ ʢʘʢ ʚ ʯʝʨʥʦ-ʙʝʣʦʤ ʚʠʜʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʠʤʝʨʥʦ 

ʦʜʠʥʘʢʦʚʦʤʫ ʦʪʪʝʥʢʫ ʩʝʨʦʛʦ. 



ð 116 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

Á ʢʦʥʪʨʘʩʪ ʧʦ ʥʘʩʳʱʝʥʥʦʩʪʠ - ʥʘʩʳʱʝʥʥʦʩʪʴ ʦʪʪʝʥʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʥʝʤ ʯʠʩʪʦʛʦ ʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʮʚʝʪʘ. ɼʦʙʘʚʣʝʥʠʝ ʘʭʨʦʤʘʪʠʯʝʩʢʠʭ 

ʙʝʣʦʛʦ, ʯʝʨʥʦʛʦ ʠʣʠ ʜʨʫʛʦʛʦ ʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʮʚʝʪʘ ʩʥʠʞʘʝʪ ʥʘʩʳʱʝʥʥʦʩʪʴ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʢʦʥʪʨʘʩʪ ʧʦ ʥʘʩʳʱʝʥʥʦʩʪʠ ʚʦʟʥʠʢʘʝʪ ʤʝʞʜʫ ʯʠʩʪʳʤ ʠ ʧʨʠʛʣʫʰʝʥʥʳʤ 

ʦʪʪʝʥʢʦʤ. ɺʘʞʥʦ ʦʪʣʠʯʘʪʴ ʢʦʥʪʨʘʩʪ ʧʦ ʥʘʩʳʱʝʥʥʦʩʪʠ ʦʪ ʢʦʥʪʨʘʩʪʘ ʧʦ ʩʚʝʪʣʦʪʝ: 

ʢʦʥʪʨʘʩʪ ʩʚʝʪʣʦʛʦ ʠ ʪʝʤʥʦʛʦ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʪʦʥʘ ʥʝʦʙʷʟʘʪʝʣʴʥʦ ʷʚʣʷʝʪʩʷ 

ʢʦʥʪʨʘʩʪʦʤ ʧʦ ʥʘʩʳʱʝʥʥʦʩʪʠ. [13] 

ɺ ɻʆʉʊʝ ʈ ʀʉʆ 9241-3-2003 ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʷʨʢʦʩʪʥʦʛʦ ʢʦʥʪʨʘʩʪʘ ʜʝʪʘʣʝʡ ʟʥʘʢʘ, ʚʥʫʪʨʠ ʟʥʘʢʘ ʠʣʠ ʤʝʞʜʫ ʟʥʘʢʘʤʠ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʚʣʠʷʶʱʝʝ ʥʘ ʨʘʟʙʦʨʯʠʚʦʩʪʴ, ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 3:1. [2] ʉʦʛʣʘʩʥʦ ʨʫʢʦʚʦʜʩʪʚʫ ʚʝʙ-

ʜʦʩʪʫʧʥʦʩʪʠ, WCAG 2.0, ʧʦʣʫʯʠʚʰʝʤʫ ʩʪʘʪʫʩ ISO ʚ 2012 ʛʦʜʫ, ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ 

ʧʦʪʨʝʙʥʦʩʪʝʡ ʨʘʟʣʠʯʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʪʫʘʮʠʷʭ. ʈʫʢʦʚʦʜʩʪʚʦ 

ʦʧʨʝʜʝʣʷʝʪ ʪʨʠ ʫʨʦʚʥʷ ʩʦʦʪʚʝʪʩʪʚʠʷ: ɸ (ʥʠʟʰʠʡ), ɸɸ (ʩʨʝʜʥʠʡ) ʠ ɸɸɸ (ʥʘʠʚʳʩʰʠʡ). 

ʕʪʠʤ ʫʨʦʚʥʷʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʢʦʥʪʨʘʩʪʥʦʩʪʠ (ʤʠʥʠʤʘʣʴʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ): 

ɸ ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʥʝ ʤʝʥʝʝ 3:1, 

ɸɸ ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʥʝ ʤʝʥʝʝ 4,5:1, 

ɸɸɸ ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʥʝ ʤʝʥʝʝ 7:1. [14] 

 

 
ʈʠʩ. 7. ʈʝʢʦʤʝʥʜʫʝʤʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʦʥʪʨʘʩʪʥʦʩʪʠ. ʅʘ ʨʠʩ. 7 ʧʦ ʦʩʠ ʦʨʜʠʥʘʪ ʠʟʤʝʨʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ 

ʢʦʥʪʨʘʩʪʥʦʩʪʠ y:1. 

 

¶ ʎʚʝʪʦʚʦʡ ʦʭʚʘʪ 

ʎʚʝʪʦʚʦʡ ʦʭʚʘʪ ʦʯʝʥʴ ʚʘʞʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʣʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʨʘʙʦʪʳ ʩ 

ʠʟʦʙʨʘʞʝʥʠʷʤʠ. ɹʦʣʝʝ 95% sRGB ʩʯʠʪʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʨʘʙʦʪʳ ʩ ʛʨʘʬʠʢʦʡ. 

ʄʦʥʠʪʦʨʳ ʩ ʤʝʥʴʰʠʤ ʧʨʦʮʝʥʪʦʤ ʧʨʦʠʟʚʦʜʷʪ ʙʣʝʢʣʦʝ, ʥʝʥʘʩʳʱʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ. 

ʅʝʢʦʪʦʨʳʝ ʤʦʥʠʪʦʨʳ ʤʦʛʫʪ ʧʨʠʙʣʠʞʘʪʴʩʷ ʢ ʧʦʢʨʳʪʠʶ Adobe RGB, ʢʦʪʦʨʦʝ ʥʘʤʥʦʛʦ 

ʰʠʨʝ sRGB. ʆʜʥʘʢʦ ʪʘʢʘʷ ʰʠʨʦʢʘʷ ʮʚʝʪʦʚʘʷ ʛʘʤʤʘ ʪʨʝʙʫʝʪʩʷ ʪʦʣʴʢʦ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʦʙʣʘʩʪʷʭ ʨʘʙʦʪʳ ʠ, ʥʘʧʨʠʤʝʨ, ʦʙʳʯʥʳʤ ʬʦʪʦʛʨʘʬʘʤ ʦʥʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʥʫʞʥʘ. ɼʝʣʦ ʚ 

ʪʦʤ, ʯʪʦ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʤʦʥʠʪʦʨʘʭ ʩ ʨʘʩʰʠʨʝʥʥʦʡ ʮʚʝʪʦʚʦʡ ʛʘʤʤʦʡ ʚʳʛʣʷʜʷʪ ʙʦʣʝʝ 

ʥʘʩʳʱʝʥʥʳʤʠ ʚ ʧʨʦʛʨʘʤʤʘʭ, ʥʝ ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʫʧʨʘʚʣʝʥʠʝ ʮʚʝʪʦʤ. ʇʦʵʪʦʤʫ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 117 ð   

 

ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʡ ʨʠʩʢ ʩʜʝʣʘʪʴ ʥʘ ʥʝʤ ʠʟʦʙʨʘʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ 

ʙʣʝʜʥʳʤ ʥʘ ʩʪʘʥʜʘʨʪʥʳʭ ʤʦʥʠʪʦʨʘʭ. ʄʠʨʦʚʦʡ ʩʪʘʥʜʘʨʪ ʮʚʝʪʦʚʦʛʦ ʦʭʚʘʪʘ, ʧʨʠʥʷʪʳʡ 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ ʢʦʤʠʩʩʠʝʡ (IEC) sRGB - ʷʚʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʥʦʡ 

ʮʚʝʪʦʚʦʡ ʛʘʤʤʦʡ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ, ʩʪʘʥʜʘʨʪ AdobeRGB - ʨʘʟʨʘʙʦʪʘʥ 

ʢʦʤʧʘʥʠʝʡ Adobe Systems ʜʣʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʨʘʙʦʪʳ ʩ ʦʙʨʘʙʦʪʢʦʡ ʠʟʦʙʨʘʞʝʥʠʡ.  

¶ ɻʣʫʙʠʥʘ ʮʚʝʪʘ 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʩʦʙʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʦʧʝʨʘʪʦʨʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʩ ʠʟʦʙʨʘʞʝʥʠʷʤʠ. ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʯʝʣʦʚʝʯʝʩʢʠʡ ʛʣʘʟ ʤʦʞʝʪ ʨʘʟʣʠʯʘʪʴ ʦʢʦʣʦ 10-12 ʤʠʣʣʠʦʥʦʚ ʦʪʪʝʥʢʦʚ, ʨʘʟʣʠʯʥʳʝ 

ʩʪʘʥʜʘʨʪʳ ʙʠʪʦʚʦʡ ʛʣʫʙʠʥʳ ʮʚʝʪʘ ʤʦʛʫʪ ʧʝʨʝʜʘʚʘʪʴ ʜʦ ʤʠʣʣʠʘʨʜʘ ʨʘʟʣʠʯʥʳʭ ʦʪʪʝʥʢʦʚ, 

ʪʘʢ ʟʘʯʝʤ ʞʝ ʪʘʢ ʤʥʦʛʦ ʮʚʝʪʦʚ ʥʘ ʵʢʨʘʥʝ ʤʦʥʠʪʦʨʘ? ɺ 16-ʙʠʪʥʦʤ ʮʚʝʪʝ ʩʫʱʝʩʪʚʫʝʪ 2ĭы = 

65 536 ʚʦʟʤʦʞʥʳʭ ʪʦʥʘʣʴʥʳʭ ʚʘʨʠʘʮʠʡ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʮʚʝʪʦʚ RGB. ʂʘʞʜʳʡ ʢʘʥʘʣ 

ʠʤʝʝʪ 16 ʙʠʪ, ʧʦʵʪʦʤʫ ʫ ʥʘʩ ʚʩʝʛʦ 48 ʙʠʪ ʥʘ ʧʠʢʩʝʣʴ (16 ʜʣʷ ʢʨʘʩʥʦʛʦ, 16 ʜʣʷ ʟʝʣʝʥʦʛʦ, 

16 ʜʣʷ ʩʠʥʝʛʦ). ʀʟʦʙʨʘʞʝʥʠʝ ʤʦʞʝʪ ʦʪʦʙʨʘʞʘʪʴ ʚ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ 281 474 976 710 

656 ʮʚʝʪʦʚ (2щэ). ɺ ʠʜʝʘʣʝ ʣʫʯʰʝ ʚʩʝʛʦ ʧʦʜʦʡʜʝʪ 16-ʙʠʪʥʳʡ, ʧʦʪʦʤʫ ʯʪʦ ʦʥ ʤʦʞʝʪ 

ʦʪʦʙʨʘʞʘʪʴ ʙʦʣʴʰʝ ʪʦʥʘʣʴʥʳʭ ʚʘʨʠʘʮʠʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʯʝʣʦʚʝʯʝʩʢʠʡ ʛʣʘʟ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʥʝ ʚʠʜʠʪ ʪʘʢ ʤʥʦʛʦ ʦʪʪʝʥʢʦʚ ʮʚʝʪʘ. ɻʠʙʢʦʩʪʴ - ʚʦʪ ʯʪʦ ʜʝʣʘʝʪ ʨʘʙʦʪʫ ʩ 

16-ʙʠʪʥʳʤʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ ʣʫʯʰʝʡ ʜʣʷ ʨʝʜʘʢʪʦʨʦʚ. ʂʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ 

ʠʟʦʙʨʘʞʝʥʠʷ ʤʥʦʛʦ ʨʘʟ, ʧʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʪʝʨʝ ʜʝʪʘʣʝʡ. ʅʘ ʠʟʦʙʨʘʞʝʥʠʠ 

ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʪʦ, ʯʪʦ ʥʘʟʳʚʘʝʪʩʷ ʧʦʣʦʩʘʤʠ. ʇʨʠ ʨʘʙʦʪʝ ʩ 16-ʙʠʪʥʳʤʠ 

ʠʟʦʙʨʘʞʝʥʠʷʤʠ ʪʘʢʞʝ ʪʝʨʷʶʪʩʷ ʜʝʪʘʣʠ, ʥʦ, ʧʦʩʢʦʣʴʢʫ ʦʧʝʨʘʪʦʨʫ ʜʦʩʪʫʧʥʦ ʤʥʦʛʦ 

ʪʦʥʘʣʴʥʳʭ ʚʘʨʠʘʮʠʡ ʮʚʝʪʘ, ʵʪʦ ʥʝ ʩʣʠʰʢʦʤ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʠʟʦʙʨʘʞʝʥʠʝ. ʇʦʵʪʦʤʫ 

ʜʣʷ ʧʨʦʩʪʦʛʦ ʧʨʦʩʤʦʪʨʘ ʠʟʦʙʨʘʞʝʥʠʡ ʜʦʩʪʘʪʦʯʥʦ 8-ʙʠʪʥʦʡ ʛʣʫʙʠʥʳ ʮʚʝʪʘ, ʥʦ ʧʨʠ 

ʨʝʜʘʢʪʠʨʦʚʘʥʠʠ ʠʟʦʙʨʘʞʝʥʠʷ ʛʣʫʙʠʥʘ ʮʚʝʪʘ ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ 10, 12 ʠʣʠ 16 ʙʠʪ. 

ʅʝʢʦʪʦʨʳʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʬʦʪʦʘʧʧʘʨʘʪʳ (ʚ ʪʦʤ ʯʠʩʣʝ ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʦʜʝʣʠ Nikon) 

ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝ ʧʦʜʜʝʨʞʠʚʘʶʪ ʩʲʝʤʢʫ ʩ ʛʣʫʙʠʥʦʡ ʮʚʝʪʘ ʚ 8-ʙʠʪ. [8] 

 

 
ʈʠʩ. 8. ʈʝʢʦʤʝʥʜʫʝʤʳʝ ʧʦʢʘʟʘʪʝʣʠ ʛʣʫʙʠʥʳ ʮʚʝʪʘ 



ð 118 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

¶ ɺʨʝʤʷ ʦʪʢʣʠʢʘ 

ʇʨʠ ʚʳʩʦʢʠʭ ʧʦʢʘʟʘʪʝʣʷʭ ʠʟʦʙʨʘʞʝʥʠʝ ʤʦʞʝʪ ʠʩʢʘʞʘʪʴʩʷ. ɼʣʷ ʨʘʙʦʪʳ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʚʘʞʥʘ ʪʦʯʥʦʩʪʴ ʦʪʦʙʨʘʞʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʠ ʠʩʢʘʞʝʥʠʷ ʠʣʠ 

ʟʘʜʝʨʞʢʠ ʥʝ ʧʨʠʝʤʣʝʤʳ, ʪʘʢ ʢʘʢ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʪʝʨʝ ʜʘʥʥʳʭ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, 

ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʜʦʣʞʥʦ ʙʳʪʴ, ʢʘʢ ʤʦʞʥʦ ʥʠʞʝ. ʂʦʤʘʥʜʘ ʥʝʡʨʦʙʠʦʣʦʛʦʚ ʠʟ 

ʄʘʩʩʘʯʫʩʝʪʩʢʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʦʙʥʘʨʫʞʠʣʘ, ʯʪʦ ʯʝʣʦʚʝʯʝʩʢʠʡ ʤʦʟʛ 

ʤʦʞʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʮʝʣʳʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʚʠʜʠʪ ʛʣʘʟ, ʚʩʝʛʦ ʟʘ 13 ʤʠʣʣʠʩʝʢʫʥʜ. 

[11] ɺ ʩʪʘʥʜʘʨʪʝ ɻʆʉʊ ʈ 52324-2005 ʜʣʷ ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʘʥʝʣʝʡ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ, ʝʩʣʠ ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʤʝʥʝʝ 10 ʤʩ, ʪʦ ʥʠʢʘʢʠʭ ʟʘʤʝʪʥʳʭ ʛʣʘʟʫ 

ʘʨʪʝʬʘʢʪʦʚ ʧʨʠ ʜʚʠʞʝʥʠʠ ʦʙʲʝʢʪʦʚ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. [3] 

 

 
ʈʠʩ. 9. ʈʝʢʦʤʝʥʜʫʝʤʳʝ ʧʦʢʘʟʘʪʝʣʠ ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ 

 

¶ ʏʘʩʪʦʪʘ ʦʙʥʦʚʣʝʥʠʷ 

ʉʦʛʣʘʩʥʦ ɻʆʉʊʫ ʈ 50948-2001 ʯʘʩʪʦʪʘ ʦʙʥʦʚʣʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ 

ʤʝʥʝʝ 75 ɻʮ ʜʣʷ ʜʠʩʧʣʝʝʚ ʥʘ ʧʣʦʩʢʠʭ ʜʠʩʢʨʝʪʥʳʭ ʵʢʨʘʥʘʭ. [4] ʉʪʘʥʜʘʨʪ ʥʘʩʪʦʣʴʥʳʭ 

ʤʦʥʠʪʦʨʦʚ - ʵʪʦ ʯʘʩʪʦʪʘ ʦʙʥʦʚʣʝʥʠʷ 75 ɻʮ, ʥʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦʷʚʠʣʠʩʴ ʙʦʣʝʝ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ, ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʤʦʥʠʪʦʨʳ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʝ ʯʘʩʪʦʪʫ 

ʦʙʥʦʚʣʝʥʠʷ 120 ɻʮ, 144 ɻʮ ʠ ʜʘʞʝ 240 ɻʮ. ʆʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʚʝʨʭʛʣʘʜʢʠʡ ʧʨʦʩʤʦʪʨ 

ʢʦʥʪʝʥʪʘ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʜʠʥʘʤʠʯʥʳ ʚʠʟʫʘʣʴʥʳʝ ʵʬʬʝʢʪʳ ʥʘ ʵʢʨʘʥʝ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʛʦʣʣʠʚʫʜʩʢʠʭ ʬʠʣʴʤʦʚ ʩʥʠʤʘʶʪʩʷ ʠ ʧʨʦʠʟʚʦʜʷʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 24 ʢʘʜʨʘ 

ʚ ʩʝʢʫʥʜʫ (FPS), ʘ ʜʣʷ ʢʦʥʪʝʥʪʘ ʚ ʝʚʨʦʧʝʡʩʢʦʤ ʩʪʘʥʜʘʨʪʝ ʚʠʜʝʦ PAL ʠʩʧʦʣʴʟʫʝʪʩʷ 25 

ʠʣʠ 50 ʢʘʜʨʦʚ ʚ ʩʝʢʫʥʜʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʥʠʪʦʨ ʩ ʯʘʩʪʦʪʦʡ 75 ɻʮ ʙʫʜʝʪ ʣʝʛʢʦ 

ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʵʪʠ ʜʘʥʥʳʝ ʧʣʘʚʥʦ. ʅʘʣʠʯʠʝ ʤʦʥʠʪʦʨʘ ʩ ʯʘʩʪʦʪʦʡ 120 ɻʮ ʠʣʠ ʜʘʞʝ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 119 ð   

 

ʚʳʰʝ ʥʝ ʧʨʠʥʝʩʝʪ ʚʠʜʠʤʦʛʦ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ. ʆʜʥʘʢʦ ʝʩʪʴ 

ʩʦʚʨʝʤʝʥʥʳʝ ʧʣʘʪʬʦʨʤʳ, ʢʦʪʦʨʳʝ ʧʦʜʜʝʨʞʠʚʘʶʪ ʘʥʠʤʘʮʠʶ ʩʦ ʩʢʦʨʦʩʪʴʶ 100 FPS ʠʣʠ 

ʚʳʰʝ. 

 

 
ʈʠʩ. 10. ʈʝʢʦʤʝʥʜʫʝʤʳʝ ʧʦʢʘʟʘʪʝʣʠ ʯʘʩʪʦʪʳ ʦʙʥʦʚʣʝʥʠʷ 

 

ʇʨʠʦʨʠʪʝʪʥʳʡ ʚʳʙʦʨ ɾʂ ʵʢʨʘʥʦʚ 

ʇʦ ʠʪʦʛʘʤ ʧʨʦʚʝʜʝʥʥʳʭ  ʘʥʘʣʠʟʘ ʠ ʦʮʝʥʢʠ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ 

ʧʦ ʚʳʙʦʨʫ ʪʠʧʘ ʤʘʪʨʠʮʳ ɾʂ-ʤʦʥʠʪʦʨʘ, ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʦʧʝʨʘʪʦʨʦʚ.  

× ɻʨʫʧʧʘ ɸ. 

ʊʘʙʣʠʮʘ 4.  

ʈʝʢʦʤʝʥʜʫʝʤʳʝ ʟʥʘʯʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʂʨʠʪʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ ʈʝʢʦʤʝʥʜʫʝʤʳʡ ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ 

ʗʨʢʦʩʪʴ, ʢʜ/ʤ2 200-300 

ʂʦʥʪʨʘʩʪʥʦʩʪʴ 400:1 ï 600:1 

 

ɼʣʷ ʵʪʦʡ ʛʨʫʧʧʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʣʶʙʦʡ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʪʠʧʦʚ 

ʤʘʪʨʠʮ, ʪʘʢ ʢʘʢ ʟʥʘʯʝʥʠʷ ʷʨʢʦʩʪʠ ʠ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʠʤʠ ʫ 

ʚʩʝʭ ʤʘʪʨʠʮ, ʦʜʥʘʢʦ ʧʨʝʜʧʦʯʪʝʥʠʝ ʣʫʯʰʝ ʦʪʜʘʪʴ ʤʦʥʠʪʦʨʫ ʩ IPS ʤʘʪʨʠʮʝʡ, ʪʘʢ ʢʘʢ 

ʦʧʝʨʘʪʦʨʘʤ, ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ ʩ ʪʝʢʩʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʥʝ ʥʫʞʥʘ ʚʳʩʦʢʘʷ ʷʨʢʦʩʪʴ ʠ 

ʢʦʥʪʨʘʩʪʥʦʩʪʴ ʤʦʥʠʪʦʨʘ, ʧʨʠ ʜʥʝʚʥʦʤ ʦʩʚʝʱʝʥʠʠ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʦʡ ʙʫʜʝʪ ʷʨʢʦʩʪʴ 

200-300ʢʜ/ʤ2. ɿʥʘʯʝʥʠʷ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʫ ʵʪʠʭ ʤʘʪʨʠʮ ʩʠʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʤʠʥʠʤʘʣʴʥʦʝ 

(ʩʦʛʣʘʩʥʦ ʩʪʘʥʜʘʨʪʫ ɻʆʉʊ ʈ ʀʉʆ 9241-3-2003), ʜʣʷ ʨʘʙʦʪʳ ʩ ʪʝʢʩʪʦʤ ʚ ʧʦʚʳʰʝʥʥʦʤ 

ʟʥʘʯʝʥʠʠ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. 

ʅʠʞʝ ʥʘ ʩʪʦʣʙʯʘʪʳʭ ʜʠʘʛʨʘʤʤʘʭ (ʨʠʩ. 11 ʠ 12) ʛʦʣʫʙʳʤ ʮʚʝʪʦʤ ʚʳʜʝʣʝʥ 

ʜʠʘʧʘʟʦʥ ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʟʥʘʯʝʥʠʡ ʜʣʷ ʛʨʫʧʧʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ɸ. 

 



ð 120 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

 
ʈʠʩ. 11. ɿʥʘʯʝʥʠʷ ʷʨʢʦʩʪʠ 

 

 
ʈʠʩ. 12. ɿʥʘʯʝʥʠʷ ʢʦʥʪʨʘʩʪʥʦʩʪʠ 

 

× ɻʨʫʧʧʘ B. 

ʊʘʙʣʠʮʘ 5.  

ʈʝʢʦʤʝʥʜʫʝʤʳʝ ʟʥʘʯʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʂʨʠʪʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ ʈʝʢʦʤʝʥʜʫʝʤʳʡ ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ 

ʎʚʝʪʦʚʦʡ ʦʭʚʘʪ ʅʝ ʤʝʥʝʝ 99% sRGB 

ɻʣʫʙʠʥʘ ʮʚʝʪʘ, ʙʠʪ ʆʪ 8+FRC 

ʗʨʢʦʩʪʴ, ʢʜ/ʤ2 350-500 

ʂʦʥʪʨʘʩʪʥʦʩʪʴ 1500:1 ï 2500:1 

 

ɼʣʷ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʝʜʧʦʯʝʩʪʴ ɾʂ ʜʠʩʧʣʝʠ ʩ ʤʘʪʨʠʮʝʡ VA, ʪʘʢ 

ʢʘʢ ʤʦʥʠʪʦʨʳ ʩ ʵʪʠʤ ʪʠʧʦʤ ʤʘʪʨʠʮʳ ʠʤʝʶʪ ʣʫʯʰʠʡ ʮʚʝʪʦʚʦʡ ʦʭʚʘʪ ʠ ʙʦʣʴʰʫʶ 

ʛʣʫʙʠʥʫ ʮʚʝʪʘ, ʧʦʤʠʤʦ ʚʳʩʦʢʠʭ ʮʚʝʪʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʪʦʪ ʪʠʧ ʤʘʪʨʠʮʳ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʠʝ ʷʨʢʦʩʪʥʳʝ ʠ ʢʦʥʪʨʘʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʯʪʦ ʪʘʢ ʞʝ ʷʚʣʷʝʪʩʷ 

ʥʝ ʤʘʣʦ ʚʘʞʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʜʣʷ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ.  



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 121 ð   

 

ʅʠʞʝ ʥʘ ʩʪʦʣʙʯʘʪʳʭ ʜʠʘʛʨʘʤʤʘʭ (ʨʠʩ. 13, 14 ʠ 15) ʛʦʣʫʙʳʤ ʮʚʝʪʦʤ ʚʳʜʝʣʝʥ 

ʜʠʘʧʘʟʦʥ ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʟʥʘʯʝʥʠʡ ʜʣʷ ʛʨʫʧʧʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ɺ. 

 

 
ʈʠʩ. 13. ɿʥʘʯʝʥʠʷ ʛʣʫʙʠʥʳ ʮʚʝʪʘ 

 

 
ʈʠʩ. 14. ɿʥʘʯʝʥʠʷ ʷʨʢʦʩʪʠ 

 

 
ʈʠʩ. 15. ɿʥʘʯʝʥʠʷ ʢʦʥʪʨʘʩʪʥʦʩʪʠ 



ð 122 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

× ɻʨʫʧʧʘ ʉ. 

ʊʘʙʣʠʮʘ 6.  

ʈʝʢʦʤʝʥʜʫʝʤʳʝ ʟʥʘʯʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʂʨʠʪʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ ʈʝʢʦʤʝʥʜʫʝʤʳʡ ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ 

ʏʘʩʪʦʪʘ ʦʙʥʦʚʣʝʥʠʷ, ɻʮ ʆʪ 120 

ɺʨʝʤʷ ʦʪʢʣʠʢʘ, ʤʩ 0-2 

ʗʨʢʦʩʪʴ, ʢʜ/ʤ2 250-400 

ʂʦʥʪʨʘʩʪʥʦʩʪʴ 800:1 ï 1800:1 

 

ɼʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʥʘʠʙʦʣʝʝ 

ʧʦʜʭʦʜʷʱʠʤʠ ʙʫʜʫʪ ʤʦʥʠʪʦʨʳ ʩ ʤʘʪʨʠʮʝʡ TN, ʪʘʢ ʢʘʢ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʵʪʦʡ ʛʨʫʧʧʳ 

ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʷʚʣʷʶʪʩʷ ʚʨʝʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʆʜʥʘʢʦ ʝʩʣʠ ʧʦʣʴʟʦʚʘʪʝʣʴ 

ʨʘʙʦʪʘʶʱʠʡ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʜʦʣʞʝʥ ʥʘʙʣʶʜʘʪʴ ʠʣʠ ʫʧʨʘʚʣʷʪʴ ʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʦʯʝʥʴ ʤʘʣʝʥʴʢʠʭ ʜʝʪʘʣʝʡ, ʪʦ ʣʫʯʰʝ ʚʳʙʨʘʪʴ ʤʘʪʨʠʮʫ VA (ʩ ʣʫʯʰʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʯʘʩʪʦʪʳ ʦʙʥʦʚʣʝʥʠʷ ʠ ʚʨʝʤʝʥʝʤ ʦʪʢʣʠʢʘ) ʪʘʢ ʢʘʢ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʯʝʥʴ 

ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʛʨʘʶʪ ʷʨʢʦʩʪʥʳʝ ʠ ʢʦʥʪʨʘʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʨʠʮʳ.  

ʅʠʞʝ ʥʘ ʩʪʦʣʙʯʘʪʳʭ ʜʠʘʛʨʘʤʤʘʭ (ʨʠʩ. 16-19) ʛʦʣʫʙʳʤ ʮʚʝʪʦʤ ʚʳʜʝʣʝʥ ʜʠʘʧʘʟʦʥ 

ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʟʥʘʯʝʥʠʡ ʜʣʷ ʛʨʫʧʧʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʉ. 

 

 

ʈʠʩ. 16. ɿʥʘʯʝʥʠʷ ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ 

 

 

ʈʠʩ. 17. ɿʥʘʯʝʥʠʷ ʯʘʩʪʦʪʳ ʦʙʥʦʚʣʝʥʠʷ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 123 ð   

 

 
ʈʠʩ. 18. ɿʥʘʯʝʥʠʷ ʷʨʢʦʩʪʠ 

 

 
ʈʠʩ. 19. ɿʥʘʯʝʥʠʷ ʢʦʥʪʨʘʩʪʥʦʩʪʠ 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚʩʝ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʢʨʘʥʦʚ 

ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ, ʘ ʪʘʢʞʝ ʪʨʠ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʤʘʪʨʠʮ ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʤʦʥʠʪʦʨʦʚ: TN, VA ʠ IPS. ʇʨʝʜʣʦʞʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʦʧʝʨʘʪʦʨʦʚ ʇʂ ʧʦ ʚʠʜʘʤ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. ɼʣʷ ʢʘʞʜʦʛʦ ʚʠʜʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʢʨʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ  ʧʦ  ʥʠʤ ʜʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʪʠʧʘ ʤʘʪʨʠʮʳ ɾʂ ʜʠʩʧʣʝʝʚ. 

Conclusion 

In this article, we have considered all the main characteristics of personal computer 

screens, as well as the three main types of liquid crystal monitor matrices: TN, VA, and IPS. 

The classification of PC operators by type of activity is proposed. For each type of user, 

critical characteristics were identified and analyzed, and recommendations were given for 

choosing a certain type of LCD display matrix. 
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ɸʥʥʦʪʘʮʠʷ  
ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʦʥʮʝʧʮʠʠ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʭ ʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʤʝʨʦʧʨʠʷʪʠʡ ʚ ʩʣʫʯʘʷʭ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʤʘʣʦʚʦʜʴʷ ʚ ʙʘʩʩʝʡʥʝ ʨʝʢʠ ʂʫʙʘʥʴ ʜʣʷ 
ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ ʦʨʦʰʘʝʤʳʭ ʟʝʤʝʣʴ ʚ ʂʨʘʩʥʦʜʘʨʩʢʦʤ ʢʨʘʝ. 
ɸʢʪʫʘʣʠʟʠʨʫʝʪʩʷ ʧʨʦʙʣʝʤʘ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʚ 
ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʢʦʤʧʣʝʢʩʝ ʂʫʙʘʥʠ ʥʘ ʧʨʠʥʮʠʧʘʭ ʵʢʦʩʠʩʪʝʤʥʦʛʦ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʝ, ʚʦʜʦʭʨʘʥʠʣʠʱʝ, ʵʢʦʣʦʛʠʷ, ʨʘʮʠʦʥʘʣʴʥʦʝ 
ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʝ, ʤʝʨʦʧʨʠʷʪʠʷ 

 
Abstract 
The concepts of institutional and fundamental measures in extreme conditions of low 

water in the Kuban river basin for guaranteed water consumption of irrigated lands in the 
Krasnodar Territory are considered. The problem of rational use of water resources in the 
water sector is actualized. Principles of ecosystem water use. 

Keywords:water consumption, reservoir, ecology, rational water use, activities 

 
ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʧʦ ʜʘʥʥʳʤ ʄʠʥʩʝʣʴʭʦʟʘ ʈʦʩʩʠʠ, ʚ ʩʦʩʪʘʚ ʨʦʩʩʠʡʩʢʦʛʦ 

ʤʝʣʠʦʨʘʪʠʚʥʦ-ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʬʝʜʝʨʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʚʭʦʜʠʪ 
ʙʦʣʝʝ 60 ʪʳʩ. ʨʘʟʣʠʯʥʳʭ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ: ʩʚʳʰʝ 230 
ʚʦʜʦʭʨʘʥʠʣʠʱ, ʙʦʣʝʝ 2 ʪʳʩ. ʨʝʛʫʣʠʨʫʶʱʠʭ ʛʠʜʨʦʫʟʣʦʚ, ʦʢʦʣʦ 50 ʪʳʩ. ʢʤ 
ʚʦʜʦʧʨʦʚʦʜʷʱʠʭ ʠ ʩʙʨʦʩʥʳʭ ʢʘʥʘʣʦʚ, ʩʚʳʰʝ 3 ʪʳʩ. ʢʤ ʟʘʱʠʪʥʳʭ ʚʘʣʦʚ ʠ ʜʘʤʙ[1, 2].  

ɺ ʇʦʚʦʣʞʩʢʦʤ, ʖʞʥʦʤ ʠ ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʦʤ ʬʝʜʝʨʘʣʴʥʳʭ ʦʢʨʫʛʘʭ ʧʨʘʢʪʠʯʝʩʢʠ 
ʚʩʝ ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ ʚʦʚʣʝʯʝʥʳ ʚ ʥʘʨʦʜʥʦ-ʭʦʟʷʡʩʪʚʝʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ. ʉʫʤʤʘʨʥʳʡ 
ʚʦʜʦʟʘʙʦʨ ʥʘ ʭʦʟʷʡʩʪʚʝʥʥʳʝ ʥʫʞʜʳ ʧʦ ʨʷʜʫ ʨʝʯʥʳʭ ʙʘʩʩʝʡʥʦʚ ʧʨʝʚʳʰʘʝʪ 
ʵʢʦʣʦʛʠʯʝʩʢʠ ʜʦʧʫʩʪʠʤʳʝ ʦʙʲʝʤʳ ʠʟʲʷʪʠʷ, ʚ ʪ. ʯ. ʧʦ ʨ. ɼʦʥ ï 64 %, ʧʦ ʨ. ʊʝʨʝʢ ï 68 %, 
ʧʦ ʨ. ʂʫʙʘʥʠ ï 80 % ʦʪ ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ ʩʪʦʢʘ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʥʘʙʣʶʜʘʶʪʩʷ ʥʝʜʦʧʫʩʪʠʤʦ 
ʙʦʣʴʰʠʝ ʧʦʪʝʨʠ ʚʦʜʳ, ʚ ʪ. ʯ. ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʥʘʧʨʠʤʝʨ, ʚ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ 
ʈʦʩʩʠʠ ï ʜʦ 30 % (ʥʝʩʦʚʝʨʰʝʥʥʳʝ ʪʝʭʥʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʠʚʘ, ʟʘʚʳʰʝʥʥʳʝ ʥʦʨʤʳ 
ʧʦʣʠʚʘ, ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʩʙʨʦʩʳ ʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ, ʟʘʚʳʰʝʥʥʳʝ ʥʦʨʤʳ ʧʦʜʘʯʠ 
ʚʦʜʳ ʜʣʷ ʮʝʣʝʡ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ).  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʚʦʧʨʦʩʳ ʨʘʟʨʘʙʦʪʢʠ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ 
ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ ʦʨʦʰʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʵʢʦʥʦʤʠʶ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʟʘ 
ʩʯʝʪ ʥʠʭ ʫʚʝʣʠʯʝʥʠʝ ʦʨʦʰʘʝʤʳʭ ʧʣʦʱʘʜʝʡ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ[3, 4].  

ɺ ʨʝʰʝʥʠʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʙʦʣʴʰʦʡ ʚʢʣʘʜ ʚʥʝʩʣʠ ʤʝʣʠʦʨʘʪʠʚʥʳʝ ʠʥʩʪʠʪʫʪʳ 
ʈɸʅ ʠ ʦʪʨʘʩʣʝʚʳʝ ʠʥʩʪʠʪʫʪʳ ʠ ʚʫʟʳ ʄʠʥʩʝʣʴʭʦʟʘ ʈʦʩʩʠʠ, ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ 
ʌɻɹʅʋ çʈʦʩʅʀʀʇʄè. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʚ ʂʨʘʩʥʦʜʘʨʩʢʦʤ ʢʨʘʝ ʛʣʘʚʥʳʤ 
ʚʦʜʦʧʦʪʨʝʙʠʪʝʣʝʤ ʙʳʣʦ ʠ ʦʩʪʘʝʪʩʷ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʦ ʩ 
ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʚʦʜʦʩʥʘʙʞʝʥʠʠ, ʦʩʦʙʝʥʥʦ ʚ ʧʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ 
ʦʩʥʦʚʥʳʭ ʩʝʣʴʭʦʟ ʢʫʣʴʪʫʨ[5]. 

ʈʘʟʚʠʪʠʝ ʧʨʦʤʳʰʣʝʥʥʦʝ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʝʧʨʦʠʟʚʦʜʩʪʚʦ ʟʘʪʨʫʜʥʝʥʳ ʠʟ-ʟʘ 
ʩʢʫʜʥʦʩʪʠ ʤʝʩʪʥʳʭ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʦʩʦʙʝʥʥʦ ʵʪʘ ʧʨʦʙʣʝʤʘ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʤʘʣʦʚʦʜʴʝ. 
ʈʘʟʚʠʪʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʠʣ ʪʘʢʠʭ ʨʘʡʦʥʦʚ ʩʚʷʟʘʥʦ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʨʦʚʝʜʝʥʠʷ 
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ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʦʙʚʦʜʥʝʥʠʶ, ʧʦʜ ʢʦʪʦʨʳʤ ʧʦʥʠʤʘʝʪʩʷ ʩʦʟʜʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʳʭ 
ʚʦʜʦʠʩʪʦʯʥʠʢʦʚ ʚ ʚʠʜʝ ʢʘʥʘʣʦʚ, ʧʨʫʜʦʚ, ʢʦʣʦʜʮʝʚ[6]. 

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʯʥʳʭ ʠ 
ʦʟʝʨʥʳʭ ʚʦʜ ʚ ʧʝʨʠʦʜ ʧʦʣʦʚʦʜʴʷ ʠ ʧʘʚʦʜʢʦʚ. ɺ ʵʪʦ ʚʨʝʤʷ ʟʘʪʦʧʣʷʶʪ ʧʨʠʣʝʛʘʶʱʠʝ ʢ 
ʥʠʤ ʪʝʨʨʠʪʦʨʠʠ. ʅʝʤʘʣʳʝ ʧʣʦʱʘʜʠ ʟʘʪʘʧʣʠʚʘʶʪʩʷ ʠ ʚ ʧʨʠʤʦʨʩʢʠʭ ʨʘʡʦʥʘʭ ʚʦ ʚʨʝʤʷ 
ʧʨʠʣʠʚʦʚ ʠ ʧʨʠ ʥʘʛʦʥʥʳʭ ʚʝʪʨʘʭ. ɼʣʷ ʠʥʪʝʥʩʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʠʭ ʟʝʤʝʣʴ 
ʥʝʦʙʭʦʜʠʤʦ ʣʠʙʦ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʠʭ ʟʘʪʦʧʣʝʥʠʝ, ʣʠʙʦ ʦʪʨʝʛʫʣʠʨʦʚʘʪʴ ʜʣʠʪʝʣʴʥʦʩʪʴ 
ʪʘʢʦʛʦ ʟʘʪʦʧʣʝʥʠʷ, ʯʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦʤ ʟʘʱʠʪʥʳʭ ʚʘʣʦʚ[7]. 

ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʢʫʣʴʪʫʨʪʝʭʥʠʯʝʩʢʠʝ ʤʝʣʠʦʨʘʮʠʠ, ʢʦʪʦʨʳʝ 
ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʫʜʘʣʝʥʠʝ ʜʨʝʚʝʩʥʦʡ ʠ ʢʫʩʪʘʨʥʠʢʦʚʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʫʙʦʨʢʫ ʢʦʯʝʢ ʠ 
ʢʘʤʥʝʡ, ʢʦʨʯʝʚʘʥʠʝ ʧʥʝʡ ʠ ʪ.ʜ. 

ɺ ʨʘʡʦʥʘʭ ʥʝʯʝʨʥʦʟʝʤʥʦʡ ʧʦʣʦʩʳ ʠ ʩʝʚʝʨʘ ʣʝʩʦʩʪʝʧʠ ʫʛʦʜʴʷ ʧʦʢʨʳʪʳ ʢʦʯʢʘʤʠ ʠ 
ʟʘʩʦʨʝʥʳ ʢʘʤʥʷʤʠ, ʘ ʝʱʝ ʙʦʣʴʰʝ ʟʝʤʝʣʴ ʟʘʨʦʩʣʠ ʢʫʩʪʘʨʥʠʢʦʤ, ʤʝʣʢʦʣʝʩʴʝʤ ʠ ʟʘʩʦʨʝʥʳ 
ʢʘʤʥʷʤʠ. ɼʣʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʰʠʥ ʥʘ ʪʘʢʠʭ ʟʝʤʣʷʭ 
ʥʝʦʙʭʦʜʠʤʦ ʫʜʘʣʠʪʴ ʜʨʝʚʝʩʥʫʶ ʠ ʢʫʩʪʘʨʥʠʢʦʚʫʶ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ, ʫʙʨʘʪʴ ʢʦʯʢʠ, ʢʘʤʥʠ, 
ʚʳʢʦʨʯʝʚʘʪʴ ʧʥʠ.  

ʍʦʟʷʡʩʪʚʝʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʦʪ ʠ ʟʘʙʦʣʦʯʝʥʥʳʭ ʟʝʤʝʣʴ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ 
ʥʘ ʥʠʭ ʦʩʫʰʠʪʝʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʜʨʝʚʝʩʥʦ-
ʢʫʩʪʘʨʥʠʢʦʚʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʢʦʯʝʢ, ʘ ʪʘʢʞʝ ʧʦʩʣʝ ʨʘʟʜʝʣʢʠ ʜʝʨʥʠʥʳ ʠ ʚʳʧʦʣʥʝʥʠʷ 
ʜʨʫʛʠʭ ʨʘʙʦʪ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʨʠʚʝʜʝʥʠʝ ʵʪʠʭ ʟʝʤʝʣʴ ʚ ʩʦʩʪʦʷʥʠʝ, ʧʨʠʛʦʜʥʦʝ ʜʣʷ ʩ.-
ʭ. ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠʚʦʜʦʧʦʜʘʯʠʥʘ 
ʤʝʣʠʦʨʘʪʠʚʥʳʝ ʩʠʩʪʝʤʳ ʚʢʣʶʯʘʶʪ: 

½ ʩʥʠʞʝʥʠʝ ʦʙʲʝʤʦʚ ʟʘʙʠʨʘʝʤʦʡ ʚʦʜʳ ʟʘ ʩʯʝʪ ʦʩʚʦʝʥʠʷ 
ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʨʝʞʠʤʦʚ ʦʨʦʰʝʥʠʷ, ʮʠʢʣʠʯʝʩʢʦʡ ʠ 
ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʡ ʦʨʦʰʝʥʠʷ[4, 8]; 

½ ʩʥʠʞʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʦʙʲʝʤʘʭ ʦʨʦʩʠʪʝʣʴʥʦʡ ʚʦʜʳ ʥʘ ʦʨʦʰʘʝʤʦʤ 
ʧʦʣʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʤʝʥʴʰʝʥʠʝ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʚ ʢʘʥʘʣʝ, ʠ ʪʝʤ ʩʘʤʳʤ 
ʫʤʝʥʴʰʘʶʪʩʷ ʨʘʟʤʝʨʳ ʩʝʯʝʥʠʷ ʢʘʥʘʣʦʚ ʠ ʠʭ ʧʨʦʬʠʣʴ, ʩʥʠʞʘʶʪʩʷ 
ʦʙʲʝʤʳ ʟʝʤʣʷʥʳʭ ʨʘʙʦʪ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʢʘʥʘʣʦʚ, ʘ ʪʘʢʞʝ ʨʘʩʭʦʜ 
ʦʙʣʠʮʦʚʦʯʥʳʭ ʠ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ[9, 10]. 

ʇʨʦʪʠʚʦʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʠ ʟʘʢʨʳʪʘʷ ʦʨʦʩʠʪʝʣʴʥʘʷ ʩʝʪʴ 
ʩʧʦʩʦʙʩʪʚʫʝʪ: 

½ ʩʥʠʞʝʥʠʶ ʧʦʪʝʨʴ ʦʨʦʩʠʪʝʣʴʥʦʡ ʚʦʜʳ ʥʘ ʬʠʣʴʪʨʘʮʠʶ ʥʘ 20ï25 % ʧʫʪʝʤ 
ʠʟʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʟʘʤʝʥʳ ʢʘʥʘʣʦʚ ʚ ʟʝʤʣʷʥʦʤ 
ʨʫʩʣʝ ʢʘʥʘʣʘʤʠ ʩ ʦʙʣʠʮʦʚʢʦʡ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʠʭ 
ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚ 1,5 ʨʘʟʘ; 

½ ʩʥʠʞʝʥʠʶ ʧʦʪʝʨʴ ʥʘ ʬʠʣʴʪʨʘʮʠʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʧʨʦʧʫʩʢʥʫʶ 
ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʥʘʣʦʚ ʠ ʫʤʝʥʴʰʠʪʴ ʩʝʯʝʥʠʷ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ, 
ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʝʪʠ. 

ʋʧʨʘʚʣʝʥʠʝ ʚʦʜʦʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʥʘ ʤʝʞʭʦʟʷʡʩʪʚʝʥʥʦʡ ʠ ʚʥʫʪʨʠʭʦʟʩʝʪʠ 
ʦʙʝʩʧʝʯʠʚʘʝʪ: 

½ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʦʧʝʨʘʪʠʚʥʘʷ ʢʦʨʨʝʢʪʠʨʦʚʢʘ 
ʚʦʜʦʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ (ʨʘʟʨʘʙʦʪʢʠ 
ʠʩʧʦʣʥʠʪʝʣʷ, ʧʘʪʝʥʪʳ) ʩʥʠʞʘʶʪ ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʩʙʨʦʩʳ 
ʦʨʦʩʠʪʝʣʴʥʦʡ ʚʦʜʳ ʠʟ ʢʘʥʘʣʦʚ ʥʘ 5ï15 %[11]; 

½ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʧʫʩʢʘ ʠ 
ʦʪʢʣʶʯʝʥʠʷ ʥʘʩʦʩʦʚ ʩ ʫʯʝʪʦʤ ʵʬʬʝʢʪʘ ʜʦʙʝʛʘʥʠʷ ʚʦʜʳ ʧʦ ʢʘʥʘʣʘʤ ʜʦ 
ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʫʟʣʘ ʧʦʟʚʦʣʷʶʪ ʵʢʦʥʦʤʠʪʴ 10ï15% ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, 
ʨʘʩʭʦʜʫʝʤʦʡ ʥʘʩʦʩʥʳʤʠ ʩʪʘʥʮʠʷʤʠ ʥʘ ʧʝʨʝʢʘʯʢʫ ʚʦʜʳ. 

ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʝ ʨʝʞʠʤʳ ʦʨʦʰʝʥʠʷʩʧʦʩʦʙʩʪʚʫʶʪ: 

½ ʧʨʠʤʝʥʝʥʠʶʚʦʜʦʩʙʝʨʝʛʘʶʱʠʭ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʭ 
ʦʨʦʩʠʪʝʣʴʥʳʭ ʥʦʨʤ ʜʣʷ ʧʦʣʠʚʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ 
ʧʦʟʚʦʣʷʝʪ ʵʢʦʥʦʤʠʪʴ 10ï15 % ʚʦʜʳ[12]; 
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½ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʶ ʨʝʞʠʤʦʚ ʦʨʦʰʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ 
ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ, ʮʠʢʣʠʯʝʩʢʦʤ ʠʣʠ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʦʨʦʰʝʥʠʠ ʩ 
ʧʦʜʜʝʨʞʘʥʠʝʤ ʦʧʪʠʤʘʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʧʦʣʠʚʘʤʠ ʚ ʥʘʠʙʦʣʝʝ 
ʢʨʠʪʠʯʝʩʢʠʝ ʬʘʟʳ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ[13, 14]. 

ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʯʝʥʳʭ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʧʦʣʠʚʥʳʭ ʠ ʦʨʦʩʠʪʝʣʴʥʳʭ 
ʥʦʨʤ ʥʘ 20 % ʦʪ ʦʧʪʠʤʘʣʴʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʨʘʩʯʝʪʥʳʭ (ʫʩʪʘʥʦʚʣʝʥʥʳʭ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ) ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʫʨʦʞʘʡʥʦʩʪʠ ʪʦʣʴʢʦ ʥʘ 3ï8 %, ʧʦʵʪʦʤʫ 
ʷʚʣʷʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʤ ʠ ʦʙʦʩʥʦʚʘʥʥʳʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚʥʝʜʨʝʥʠʝ ʧʨʠʚʝʜʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʨʠ 
ʦʨʦʰʝʥʠʠ ʟʝʤʝʣʴ ʂʫʙʘʥʠ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʟʘʚʠʩʠʤʦʩʪʠ 
ʦʪ ʧʨʦʙʣʝʤ ʥʝʜʦʩʪʘʪʢʘ ʚʦʜʳ, ʦʩʦʙʝʥʥʦ ʚ ʧʝʨʠʦʜ ʤʘʣʦʚʦʜʴʷ. 
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ɸʥʥʦʪʘʮʠʷ 
ʈʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʜʦʣʞʥʦ 

ʙʘʟʠʨʦʚʘʪʴʩʷ ʥʘ ʚʥʝʜʨʝʥʠʠ ʧʨʦʛʨʝʩʩʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩ ʫʯʝʪʦʤ ʤʝʨ, 
ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʨʝʟʢʦʝ ʩʦʢʨʘʱʝʥʠʝ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ, ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʦʨʦʰʘʝʤʦʤ ʟʝʤʣʝʜʝʣʠʠ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 
ʦʨʦʩʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʠ ʚʥʝʜʨʝʥʠʷ ʧʝʨʝʜʦʚʳʭ ʩʧʦʩʦʙʦʚ ʦʨʦʰʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 
ʵʢʦʥʦʤʥʦʝ ʨʘʩʭʦʜʦʚʘʥʠʝ ʚʦʜʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʜʦʦʙʝʩʧʝʯʝʥʥʦʩʪʴ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʨʘʮʠʦʥʘʣʴʥʦʝ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ. 

 
Abstract 
Rational use of water resources, first of all, should be based on the introduction of 

progressive technological processes, taking into account measures aimed at a sharp reduction 
in water consumption, increasing the efficiency of water resources use in irrigated agriculture 
through the reconstruction of irrigation systems and the introduction of advanced irrigation 
methods that ensure economical water consumption. 

Keywords: water availability, efficiency, rational use. 
 
ɺʦʜʦʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʢʨʘʷ ʦʪʣʠʯʘʝʪʩʷ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴʶ. ɺ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʦʡ ʩʝʪʠ ʢʨʘʷ ʧʨʠʥʷʪʦ ʚʳʜʝʣʷʪʴ ʯʝʪʳʨʝ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʛʨʫʧʧʳ ʨʝʢ: 1) ʨʝʯʥʫʶ ʩʠʩʪʝʤʫ ʂʫʙʘʥʠ, 2) ʟʘʢʫʙʘʥʩʢʠʝ 
ʨʝʢʠ, 3) ʩʪʝʧʥʳʝ ʨʝʢʠ, 4) ʨʝʢʠ ʯʝʨʥʦʤʦʨʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʧʨʦʠʩʭʦʜʠʪ ʚ ʥʝʩʢʦʣʴʢʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʦʙʦʩʦʙʣʝʥʥʳʭ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʠʭ ʨʘʡʦʥʘʭ. ʆʩʥʦʚʘ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ 
ʢʨʘʷ - ʩʪʦʢ ʨ. ʂʫʙʘʥʴ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʢʨʘʷ ʥʘʭʦʜʠʪʩʷ 79% ʝʝ ʙʘʩʩʝʡʥʘ. ɽʩʪʝʩʪʚʝʥʥʳʝ 
ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ ʪʝʨʨʠʪʦʨʠʠ ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʢʨʘʷ, ʧʦ ʦʮʝʥʢʝ ʆɸʆ çʂʫʙʘʥʴʚʦʜʧʨʦʝʢʪè, 
ʚ ʩʨʝʜʥʠʡ ʧʦ ʚʦʜʥʦʩʪʠ ʛʦʜ ʩʦʩʪʘʚʣʷʶʪ ʜʣʷ ʅʠʞʥʝʡ ʂʫʙʘʥʠ ʠ ɿʘʢʫʙʘʥʴʷ 1110 ʤʣʥ 
ʤ3/ʛʦʜ. ɻʣʘʚʥʳʡ ʧʦʪʨʝʙʠʪʝʣʴ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʂʨʘʩʥʦʜʘʨʩʢʦʤ ʢʨʘʝ - ʩʝʣʴʩʢʦʝ 
ʭʦʟʷʡʩʪʚʦ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʨʠʩʦʚʦʜʩʪʚʦ. ʉʫʤʤʘʨʥʳʡ ʨʘʩʭʦʜ ʟʘʙʠʨʘʝʤʳʭ ʚʦʜ ʨʝʢʠ 
ʂʫʙʘʥʴ ʠ ʝʝ ʧʨʠʪʦʢʦʚ ʚʦʜʦʟʘʙʦʨʘʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʦʪ 20 ʜʦ 100 ʤ3/ʩ ʜʣʷ ʮʝʣʝʡ 
ʨʠʩʦʚʦʜʩʪʚʘ ʧʨʝʚʳʰʘʝʪ 750 ʤ3/ʩ. 

ʆʩʥʦʚʥʘʷ ʈʆʉ ʢʨʘʷ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʠʞʝ ʩʪʚʦʨʘ ʧʣʦʪʠʥʳ ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ 
ʚʦʜʦʭʨʘʥʠʣʠʱʘ. ʂ ʛʣʘʚʥʳʤ ʦʙʲʝʢʪʘʤ ʚʥʝʰʥʝʛʦ ʚʦʜʦʦʙʝʩʧʝʯʝʥʠʷ ʦʪʥʦʩʷʪʩʷ: ʨ. ʂʫʙʘʥʴ ʩ 
ʧʨʠʪʦʢʘʤʠ, ʂʨʘʩʥʦʜʘʨʩʢʦʝ, ɺʘʨʥʘʚʠʥʩʢʦʝ ʠ ʂʨʶʢʦʚʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʌʝʜʦʨʦʚʩʢʠʡ 
ʠ ʊʠʭʦʚʩʢʠʡ ʧʝʨʝʛʦʨʘʞʠʚʘʶʱʠʝ ʛʠʜʨʦʫʟʣʳ ʥʘ ʨ. ʂʫʙʘʥʴ. ʂ ʩʦʦʨʫʞʝʥʠʷʤ, 
ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʢʦʥʢʨʝʪʥʳʭ ʚʦʜʦʧʦʪʨʝʙʠʪʝʣʝʡ, ʦʪʥʦʩʷʪʩʷ ʚʦʜʦʟʘʙʦʨʥʳʝ ʠ ʩʙʨʦʩʥʳʝ 
ʩʦʦʨʫʞʝʥʠʷ ʥʘ ʨʝʢʘʭ ʠ ʢʘʥʘʣʘʭ, ʘ ʪʘʢʞʝ ʩʘʤʠ ʢʘʥʘʣʳ - ʤʘʛʠʩʪʨʘʣʴʥʳʝ ʠ 
ʤʝʞʭʦʟʷʡʩʪʚʝʥʥʳʝ. ʆʙʱʘʷ ʩʭʝʤʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʙʲʝʢʪʦʚ 
ʚʥʝʰʥʝʛʦ ʚʦʜʦʦʙʝʩʧʝʯʝʥʠʷ ʪʘʢʦʚʘ. ɺʦʜʦʭʨʘʥʠʣʠʱʘ ʢ ʥʘʯʘʣʫ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ 
ʥʘʢʘʧʣʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʳʡ ʦʙʲʝʤ ʚʦʜʳ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʨʘʬʠʢʘʤʠ ʧʦʜʘʶʪ ʚʦʜʫ ʚ ʨ. 
ʂʫʙʘʥʴ ʠʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʠʪʘʶʪ ʚʦʜʦʟʘʙʦʨʥʳʝ ʩʦʦʨʫʞʝʥʠʷ. 

ʇʝʨʝʛʦʨʘʞʠʚʘʶʱʠʝ ʛʠʜʨʦʫʟʣʳ ʥʘ ʨ. ʂʫʙʘʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʳʝ 
ʛʦʨʠʟʦʥʪʳ ʚʦʜʳ ʚ ʩʪʚʦʨʘʭ ʚʦʜʦʟʘʙʦʨʦʚ ʢʨʫʧʥʳʭ ʈʆʉ ʠ ʧʨʦʭʦʞʜʝʥʠʝ ʦʩʪʘʪʢʘ 
ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʧʫʩʢʘ ʚ ʥʠʟʦʚʴʷ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʥʫʞʜ ʜʨʫʛʠʭ ʚʦʜʦʟʘʙʦʨʦʚ, 
ʦʙʲʝʢʪʦʚ ʨʳʙʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʧʦʪʨʝʙʥʦʩʪʝʡ ʜʨʫʛʠʭ ʦʪʨʘʩʣʝʡ, ʘ ʪʘʢʞʝ ʩʘʥʠʪʘʨʥʳʭ 
ʨʘʩʭʦʜʦʚ. ʉʦʟʜʘʥʠʝ ʈʆʉ ʦʢʘʟʘʣʦ ʤʦʱʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʨʠʨʦʜʫ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 129 ð   

 
ʨʠʩʦʚʦʛʦ ʨʝʛʠʦʥʘ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʥʝʤʫ ʟʝʤʣʷʭ ʨʘʩʧʦʣʘʛʘʝʪʩʷ 68 ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ. 
ʀʟ ʥʠʭ 64, ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʤʝʨʝ, ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʦʜʪʘʧʣʠʚʘʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʠ 
ʛʨʫʥʪʦʚʳʤʠ ʚʦʜʘʤʠ. ɺ ʦʜʥʠʭ ʩʣʫʯʘʷʭ ʧʨʠʯʠʥʳ ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ: ʧʫʥʢʪ 
ʧʦʜʪʘʧʣʠʚʘʣʩʷ ʚʩʝʛʜʘ ʠ ʚ ʜʦʨʠʩʦʚʳʡ ʧʝʨʠʦʜ. ʇʨʠʯʠʥʘ ʚ ʠʩʭʦʜʥʦ ʙʣʠʟʢʦʤ ʩʪʦʷʥʠʠ 
ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. ɺ ʜʨʫʛʦʤ ʩʣʫʯʘʝ ʧʦʜʪʦʧʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʧʨʦʚʝʜʝʥʥʳʭ 
ʚ ʥʘʩʝʣʝʥʥʦʤ ʧʫʥʢʪʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʥʝ ʫʯʠʪʳʚʘʶʱʠʭ ʝʛʦ ʦʩʦʙʝʥʥʦʩʪʝʡ, 
ʥʘʧʨʠʤʝʨ, ʧʨʠ ʫʧʣʦʪʥʝʥʠʠ ʟʘʩʪʨʦʡʢʠ ʠʣʠ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʝ ʪʝʨʨʠʪʦʨʠʠ ʟʘʩʳʧʘʥʳ 
ʤʝʣʢʠʝ ʚʦʜʦʪʦʢʠ, ʩʣʫʞʠʚʰʠʝ ʨʘʥʝʝ ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʜʨʝʥʘʤʠ, ʚ ʪʨʝʪʴʝʤ ʩʣʫʯʘʝ ʠʩʭʦʜʥʦ 
ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʜʨʝʥʠʨʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʫʩʫʛʫʙʠʣʠʩʴ ʥʝʜʦʩʪʘʪʦʯʥʦ 
ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʦʡ ʦʛʨʘʜʠʪʝʣʴʥʦʡ ʢʦʣʣʝʢʪʦʨʥʦ-ʜʨʝʥʘʞʥʦʡ ʩʝʪʠ ʙʣʠʟʢʦ 
ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʨʠʩʦʚʦʛʦ ʫʯʘʩʪʢʘ. ʏʘʩʪʦ ʨʝʯʴ ʠʜʝʪ ʦ ʩʦʚʦʢʫʧʥʦʤ ʚʣʠʷʥʠʠ ʚʩʝʭ 
ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʬʘʢʪʦʨʳ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʵʢʦʥʦʤʠʠ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ 
ʫʣʫʯʰʝʥʠʷ ʚʦʜʦʦʙʝʩʧʝʯʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʩʦʙʣʶʜʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ 
ʨʝʩʫʨʩʦʚ ʚʥʫʪʨʠ ʧʨʝʜʧʨʠʷʪʠʷ. ʊʘʢ, ʘʥʘʣʠʟ ʨʘʙʦʪʳ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, 
ʚʳʧʦʣʥʝʥʥʳʡ ɻɻʀ (2008 ʛ.), ʧʦ ʚʳʨʘʱʠʚʘʥʠʶ ʦʨʦʰʘʝʤʳʭ ʩʝʣʴʭʦʟʢʫʣʴʪʫʨ ʧʦʢʘʟʘʣ, ʯʪʦ 
ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʫʨʦʞʘʠ ʩʦʙʠʨʘʶʪ ʚ ʤʘʣʦʚʦʜʥʳʝ ʛʦʜʳ. ʕʪʦ ʩʚʷʟʘʥʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩ 
ʯʝʪʢʠʤ ʩʦʙʣʶʜʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʚʳʨʘʱʠʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. 
ʋʤʝʥʴʰʘʶʪʩʷ ʭʦʣʦʩʪʳʝ ʩʙʨʦʩʳ, ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʝʡ, ʦʜʥʘʢʦ ʧʦʟʚʦʣʷʶʱʠʝ 
ʫʧʨʦʩʪʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʶ ʧʨʠ ʥʝʭʚʘʪʢʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ. 

ʉʦʭʨʘʥʝʥʠʝ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʤʝʣʠʦʨʘʪʠʚʥʦʛʦ 
ʢʦʤʧʣʝʢʩʘ ʅʠʞʥʝʡ ʂʫʙʘʥʠ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʙʦʣʴʰʠʥʩʪʚʘ ʨʠʩʦʚʳʭ 
ʦʨʦʩʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ. ʅʝʦʙʭʦʜʠʤʦ ʫʞʝʩʪʦʯʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʫʯʝʪʫ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ 
ʠ ʚʥʝʜʨʝʥʠʝ ʘʢʪʫʘʣʴʥʳʭ ʦʨʦʩʠʪʝʣʴʥʳʭ ʥʦʨʤ. ʉʥʠʞʝʥʠʶ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ ʤʦʞʝʪ 
ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʥʠʞʝʥʠʝ ʜʦʣʠ ʨʠʩʘ ʚ ʩʝʚʦʦʙʦʨʦʪʝ ʜʦ 50% ʠ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ 
ʢʦʨʤʦʚʳʭ ʢʫʣʴʪʫʨ. 

ʈʝʰʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʟʘʜʘʯ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ 
ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʚ ʫʩʣʦʚʠʷʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʝʜʠʥʦʛʦ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʛʦ 
ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ɺ ʫʩʣʦʚʠʷʭ ʨʳʥʢʘ ʚʦʟʥʠʢʘʶʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʝʞʝʛʦʜʥʦʛʦ ʥʝʫʧʨʘʚʣʷʝʤʦʛʦ 
ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʦʩʝʚʥʳʭ ʧʣʦʱʘʜʝʡ ʨʠʩʦʚʦʛʦ ʤʘʩʩʠʚʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ 
ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʴʶ ʭʦʟʷʡʩʪʚ, ʠʟʤʝʥʷʶʱʝʡʩʷ ʢʦʥʲʶʥʢʪʫʨʦʡ ʨʳʥʢʘ, ʧʨʠʦʨʠʪʝʪʦʤ 
ʩʦʙʩʪʚʝʥʥʳʭ ʠʥʪʝʨʝʩʦʚ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʦʛʨʘʥʠʯʠʪʝʣʴʥʳʭ ʨʘʤʦʢ ʩʦ ʩʪʦʨʦʥʳ ʛʦʩʫʜʘʨʩʪʚʘ, 
ʧʨʝʢʨʘʱʘʶʱʝʛʦ ʫʯʘʩʪʠʝ ʚ ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʠ. ʕʪʠ ʧʨʝʜʧʦʩʳʣʢʠ ʩʦʟʜʘʶʪ 
ʫʩʣʦʚʠʷ ʜʣʷ ʭʠʱʥʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ (ʩ ʥʘʨʫʰʝʥʠʝʤ ʩʝʚʦʦʙʦʨʦʪʦʚ, 
ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ) ʠ ʫʭʫʜʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ. 

ʋʨʦʚʝʥʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʨʠʩʦʩʝʶʱʠʭ ʭʦʟʷʡʩʪʚʘʭ 
ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʢʨʘʷ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʝʪʩʷ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʦ ʧʦʩʝʚʥʳʭ 
ʧʣʦʱʘʜʷʭ, ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʶ, ʫʨʦʞʘʡʥʦʩʪʠ ʨʠʩʦʩʝʶʱʠʝ ʭʦʟʷʡʩʪʚʘ ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʢʨʘʷ 
ʤʦʛʫʪ ʙʳʪʴ ʪʠʧʠʟʠʨʦʚʘʥʳ ʧʦ ʦʙʲʝʤʘʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. ʇʨʠ ʵʪʦʤ 
ʢʨʫʧʥʝʡʰʠʝ ʭʦʟʷʡʩʪʚʘ, ʛʣʘʚʥʳʝ ʧʦʪʨʝʙʠʪʝʣʠ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʥʝ ʚʭʦʜʷʪ ʚ ʛʨʫʧʧʫ 
ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. ʈʠʩʦʩʝʶʱʠʝ ʭʦʟʷʡʩʪʚʘ ʢʨʘʷ 
ʜʝʣʷʪʩʷ ʥʘ ʪʠʧʳ ʧʦ ʦʙʱʝʤʫ ʦʙʲʝʤʫ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ. ɺʳʜʝʣʷʶʪʩʷ ʭʦʟʷʡʩʪʚʘ ʢʨʫʧʥʝʡʰʠʝ, 
ʢʨʫʧʥʳʝ, ʩʨʝʜʥʠʝ ʠ ʤʘʣʳʝ. ɺʥʫʪʨʠ ʪʠʧʦʚ ʚʳʜʝʣʷʶʪʩʷ ʧʦʜʪʠʧʳ ʧʦ ʚʦʜʦʧʦʜʘʯʝ ʥʘ ʝʜʠʥʠʮʫ 
ʦʨʦʰʘʝʤʦʡ ʧʣʦʱʘʜʠ. ɺʥʫʪʨʠ ʧʦʜʪʠʧʦʚ ð ʛʨʫʧʧʳ ʧʦ ʟʘʪʨʘʪʘʤ ʚʦʜʳ ʥʘ ʝʜʠʥʠʮʫ ʛʦʪʦʚʦʡ 
ʧʨʦʜʫʢʮʠʠ. ɺʦʟʨʘʩʪʘʥʠʝ ʥʦʤʝʨʘ ʧʦʜʪʠʧʘ ʠ ʛʨʫʧʧʳ ʛʦʚʦʨʠʪ ʦ ʩʥʠʞʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʭʦʟʷʡʩʪʚʝ. 

ɺʘʞʥʝʡʰʝʡ ʟʘʜʘʯʝʡ ʧʦ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ 
ʨʝʩʫʨʩʦʚ ʷʚʣʷʝʪʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ɺ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 
(ʧʘʚʦʜʢʠ, ʤʘʣʦʚʦʜʴʝ) ʵʢʩʧʣʫʘʪʘʮʠʷ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ 
ʢʨʘʷ ʫʩʣʦʞʥʷʝʪʩʷ ʚʝʜʦʤʩʪʚʝʥʥʦʡ ʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʨʘʟʦʙʱʝʥʥʦʩʪʴʶ. ʆʪʩʫʪʩʪʚʠʝ 
ʝʜʠʥʦʛʦ ʮʝʥʪʨʘ ʫʧʨʘʚʣʝʥʠʷ ʢʦʤʧʣʝʢʩʦʤ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ 
ʠʟʤʝʥʷʶʱʫʶʩʷ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʫʶ ʦʙʩʪʘʥʦʚʢʫ ʚ ʙʘʩʩʝʡʥʝ. ʅʝʦʙʭʦʜʠʤʦ 



ð 130 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 
ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʚʟʘʠʤʥʦʛʦ ʦʙʤʝʥʘ ʦʧʝʨʘʪʠʚʥʦʡ ʠ ʨʝʞʠʤʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ 
ʤʝʞʜʫ ʚʩʝʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ, ʫʯʘʩʪʚʫʶʱʠʤʠ ʚ ʠʟʤʝʨʝʥʠʠ, ʧʦʣʫʯʝʥʠʠ ʠ ʢʦʥʪʨʦʣʝ 
ʜʘʥʥʳʭ ʧʦ ʩʪʦʢʫ ʠ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʶ. 

ʉʣʦʞʠʚʰʝʝʩʷ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʈʦʩʩʠʠ ʚ ʮʝʣʦʤ ʠ ʚ ʂʨʘʩʥʦʜʘʨʩʢʦʤ ʢʨʘʝ, ʚ 
ʯʘʩʪʥʦʩʪʠ, ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʮʝʥ ʥʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʫʶ ʠ ʧʨʦʤʳʰʣʝʥʥʫʶ ʧʨʦʜʫʢʮʠʶ 
ʨʝʟʢʦ ʩʥʠʞʘʝʪ ʧʦʢʘʟʘʪʝʣʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 
ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʳ ʤʝʨʳ ʧʦ ʩʥʠʞʝʥʠʶ ʩʝʙʝʩʪʦʠʤʦʩʪʠ 
ʧʨʦʜʫʢʮʠʠ, ʫʣʫʯʰʝʥʠʶ ʝʝ ʭʨʘʥʝʥʠʷ ʠ ʨʘʩʰʠʨʝʥʠʶ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ 
ʩʝʣʴʭʦʟʧʨʝʜʧʨʠʷʪʠʷʭ. 

ɼʣʷ ʩʦʭʨʘʥʝʥʠʷ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 
ʅʠʞʥʝʡ ʂʫʙʘʥʠ ʚ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ ʙʦʣʴʰʠʥʩʪʚʫ ʈʆʉ ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ 
ʨʝʢʦʥʩʪʨʫʢʮʠʡ. ʈʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʜʦʣʞʥʦ 
ʙʘʟʠʨʦʚʘʪʴʩʷ ʥʘ ʚʥʝʜʨʝʥʠʠ ʧʨʦʛʨʝʩʩʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩ ʫʯʝʪʦʤ ʤʝʨ, 
ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʨʝʟʢʦʝ ʩʦʢʨʘʱʝʥʠʝ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ, ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʦʨʦʰʘʝʤʦʤ ʟʝʤʣʝʜʝʣʠʠ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 
ʦʨʦʩʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʠ ʚʥʝʜʨʝʥʠʷ ʧʝʨʝʜʦʚʳʭ ʩʧʦʩʦʙʦʚ ʦʨʦʰʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 
ʵʢʦʥʦʤʥʦʝ ʨʘʩʭʦʜʦʚʘʥʠʝ ʚʦʜʳ. 

ʆʩʥʦʚʦʡ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʠʭ ʫʨʦʞʘʝʚ ʨʠʩʘ ʠ ʧʨʘʚʠʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʝʛʦ 
ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ ʩʪʨʦʛʦʝ ʩʦʙʣʶʜʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʷ ʠ ʦʩʚʦʝʥʠʝ 
ʩʝʚʦʦʙʦʨʦʪʦʚ ʩ ʨʘʮʠʦʥʘʣʴʥʳʤ ʥʘʩʳʱʝʥʠʝʤ ʠʭ ʧʦʩʝʚʘʤʠ ʨʠʩʘ. ɺ ʨʠʩʦʚʳʭ ʩʝʚʦʦʙʦʨʦʪʘʭ 
ʜʦʣʞʥʳ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʧʨʘʚʠʣʴʥʦʤ ʩʦʯʝʪʘʥʠʠ ʦʨʦʰʘʝʤʳʝ ʢʫʣʴʪʫʨʳ, ʜʘʶʱʠʝ ʚ 
ʫʩʣʦʚʠʷʭ ʨʠʩʦʚʦʛʦ ʧʦʣʷ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʫʨʦʞʘʠ, ʙʫʜʫʯʠ ʭʦʨʦʰʠʤʠ 
ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʜʣʷ ʨʠʩʘ. 
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ɸʥʥʦʪʘʮʠʷ 

ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʰʠʥ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʪʭʦʜʳ IV ʢʣʘʩʩʘ ʦʧʘʩʥʦʩʪʠ, ʠ ʧʦ ʈʦʩʩʠʡʩʢʦʤʫ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʫ 

ʜʦʣʞʥʳ ʙʳʪʴ ʫʪʠʣʠʟʠʨʦʚʘʥʳ. ʇʨʠ ʤʘʩʩʦʚʦʤ ʭʨʘʥʝʥʠʠ ʠʭ ʥʘ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʭ 

ʩʚʘʣʢʘʭ ʧʨʦʠʩʭʦʜʠʪ ʚʳʜʝʣʝʥʠʝ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʠ ʥʘʢʦʧʣʝʥʠʝ ʵʪʠʭ ʚʝʱʝʩʪʚ ʚ 

ʧʦʯʚʝ, ʚ ʚʦʜʝ ʠ ʘʪʤʦʩʬʝʨʝ.  ʆʪʨʘʙʦʪʘʚʰʠʝ ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʰʠʥʳ ʧʦʞʘʨʦʦʧʘʩʥʳ, ʘ 

ʧʨʦʜʫʢʪʳ ʠʭ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʩʞʠʛʘʥʠʷ ʦʧʘʩʥʳ ʜʣʷ ʟʜʦʨʦʚʴʷ ʣʶʜʝʡ ʠ ʦʢʘʟʳʚʘʶʪ 

ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ.  

ʂʣʁ ʯʝʚʳʝ ʩʣʦʚʘ: ʆʪʨʘʙʦʪʘʚʰʠʝ ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʰʠʥʳ, ʤʝʪʦʜʳ ʧʝʨʝʨʘʙʦʪʢʠ, 

ʚʪʦʨʠʯʥʳʝ ʩʳʨʴʝʚʳʝ ʨʝʩʫʨʩʳ, ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ.  

 

Abstract 

The main technologies for processing automobile tires, which are waste of IV hazard 

class, are considered, and according to Russian legislation must be disposed of. When they 

are massively stored in uncontrolled landfills, pollutants are released and these substances 

accumulate in the soil, water and atmosphere. Used car tires are fire hazardous, and the 

products of their uncontrolled combustion are hazardous to human health and have a negative 

impact on the environment. 

Keywords: Used car tires, recycling methods, secondary raw materials, environmental 

issues. 

 

ɺʦ ʚʩʝʤ ʤʠʨʝ ʫʞʝ ʤʥʦʛʠʝ ʛʦʜʳ ʦʪʤʝʯʘʝʪʩʷ ʫʩʪʦʡʯʠʚʘʷ ʪʝʥʜʝʥʮʠʷ ʢ ʨʦʩʪʫ ʯʠʩʣʘ 

ʘʚʪʦʤʦʙʠʣʝʡ. ʇʦ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʜʘʥʥʳʤ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʪʦʣʴʢʦ ʚ ʧʝʨʠʦʜ ʩ 

2010 ʧʦ 2020 ʛʦʜʳ ʘʚʪʦʧʘʨʢ ʫʚʝʣʠʯʠʣʩʷ ʥʘ 30% ʠ ʩʦʩʪʘʚʠʣ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 58,7 ʤʣʥ 

ʝʜʠʥʠʮ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ [1].  

ɸʥʘʣʠʪʠʢʠ ʧʨʦʛʥʦʟʠʨʫʶʪ ʙʣʠʞʘʡʰʠʡ ʨʦʩʪ ʯʠʩʣʘ ʧʨʦʜʘʞ ʘʚʪʦʤʦʙʠʣʝʡ ʚ ʤʠʨʝ ʜʦ 

126,9 ʤʣʥ ʝʜʠʥʠʮ ʚ ʛʦʜ, ʘ ʢ 2035 ʛʦʜʫ ʧʦ ʧʨʦʛʥʦʟʘʤ ʯʠʩʣʦ ʘʚʪʦʤʦʙʠʣʝʡ ʜʦʩʪʠʛʥʝʪ 2 

ʤʣʨʜ [2]. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʚʪʦʤʦʙʠʣʠ ʤʦʛʫʪ ʚʳʧʫʩʢʘʪʴʩʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʤʦʜʠʬʠʢʘʮʠʷʭ, ʩ ʨʘʟʣʠʯʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ (ʙʝʥʟʠʥʦʚʳʤʠ, ʜʠʟʝʣʴʥʳʤʠ, 

ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ, ʛʠʙʨʠʜʥʳʤʠ, ʚʦʜʦʨʦʜʥʳʤʠ ʠ ʜʨ.) [3], ʥʦ ʦʥʠ çʦʙʨʝʯʝʥʳè ʜʚʠʛʘʪʴʩʷ ʩ 

ʧʦʤʦʱʴʶ ʢʦʣʝʩ ʩʦ ʩʤʝʥʷʝʤʳʤʠ ʰʠʥʘʤʠ (ʘʚʪʦʧʦʢʨʳʰʢʘʤʠ), ʧʦ ʢʨʘʡʥʝʡ ʚ ʦʙʦʟʨʠʤʦʤ 

ʙʫʜʫʱʝʤ. ʇʨʦʙʣʝʤʘ ʫʪʠʣʠʟʘʮʠʠ (ʧʝʨʝʨʘʙʦʪʢʠ) ʰʠʥ, ʦʪʨʘʙʦʪʘʚʰʠʭ ʩʚʦʡ ʨʝʩʫʨʩ, ʚ 

ʥʘʰʝʡ ʩʪʨʘʥʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʠʥʠʤʘʝʤʳʝ ʤʝʨʳ, ʦʩʪʘʝʪʩʷ ʜʦ ʢʦʥʮʘ ʥʝʨʝʰʸʥʥʦʡ. 

ɸʚʪʦʤʦʙʠʣʴʥʳʝ ʰʠʥʳ, ʦʪʨʘʙʦʪʘʚʰʠʝ ʩʚʦʡ ʨʝʩʫʨʩ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʵʢʦʣʦʛʠʯʝʩʢʫʶ 

ʦʧʘʩʥʦʩʪʴ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʪʝʤ, ʯʪʦ ʦʥʠ ʩʦʜʝʨʞʘʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʚʝʱʝʩʪʚʘ, 

ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ ʠ ʢʘʥʮʝʨʦʛʝʥʥʦʩʪʴʶ (ʜʠʬʝʥʠʣʘʤʠʥ, 

ʜʠʙʫʪʠʣʬʪʘʣʘʪ, ʬʝʥʘʥʪʨʝʥ ʠ ʧʨʦʯʠʝ ʦʧʘʩʥʳʝ ʚʝʱʝʩʪʚʘ). ɸʚʪʦʤʦʙʠʣʴʥʳʝ ʰʠʥʳ 

ʦʛʥʝʦʧʘʩʥʳ, ʧʨʠ ʟʘʛʦʨʘʥʠʠ ʠʭ ʢʨʘʡʥʝ ʪʨʫʜʥʦ ʟʘʛʘʩʠʪʴ ʠ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʚʳʜʝʣʝʥʠʝ ʧʨʠ 

ʵʪʦʤ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ: ʤʦʥʦʦʢʩʠʜʘ ʠ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ, 

ʙʝʥʟʦʧʠʨʝʥʘ, ʬʫʨʘʥʘ, ʦʢʩʠʜʦʚ ʩʝʨʳ ʠ ʘʟʦʪʘ, ʩʘʞʠ ʠ ʨʷʜʘ ʜʨʫʛʠʭ ʢʘʥʮʝʨʦʛʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. 

 ʇʨʠ ʩʛʦʨʘʥʠʠ 1 ʪʦʥʥʳ ʪʘʢʠʭ ʦʪʭʦʜʦʚ ʚ ʘʪʤʦʩʬʝʨʫ ʚʳʜʝʣʷʝʪʩʷ 270 ʢʛ ʩʘʞʠ ʠ 450 

ʢʛ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʪʦʢʩʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ [4]. ɼʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʨʝʤʝʥʠ ʜʣʷ 

ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʦʪʨʘʙʦʪʘʥʥʳʭ ʰʠʥ ʧʨʠʤʝʥʷʣʠ ʩʘʤʳʡ ʧʨʦʩʪʦʡ, ʥʦ ʵʢʦʣʦʛʠʯʝʩʢʠ 



ð 132 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʦʧʘʩʥʳʡ ʤʝʪʦʜ ï ʟʘʭʦʨʦʥʝʥʠʝ, ʪ.ʝ. ʠʭ ʟʘʢʘʧʳʚʘʥʠʝ ʚ ʟʝʤʣʶ. ʇʨʠ ʟʘʭʦʨʦʥʝʥʠʠ 

(ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʰʠʥʳ ʨʘʟʣʘʛʘʶʪʩʷ ʩʦʪʥʠ ʣʝʪ) ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʥʠʭ ʚʨʝʜʥʳʝ ʚʝʱʝʩʪʚʘ 

ʤʠʛʨʠʨʫʶʪ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʝʘʣʴʥʫʶ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʠ 

ʟʜʦʨʦʚʴʷ ʣʶʜʝʡ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʈʘʩʧʦʨʷʞʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 25 ʠʶʣʷ 2017 ʛ. ˉ1589-ʨ 

ʫʪʚʝʨʞʜʝʥ ʧʝʨʝʯʝʥʴ ʚʠʜʦʚ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʪʨʝʙʣʝʥʠʷ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ 

ʚʭʦʜʷʪ ʧʦʣʝʟʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʟʘʭʦʨʦʥʝʥʠʝ ʢʦʪʦʨʳʭ ʟʘʧʨʝʱʘʝʪʩʷ. ʉʨʝʜʠ ʥʠʭ: ʰʠʥʳ 

ʧʥʝʚʤʘʪʠʯʝʩʢʠʝ ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʦʪʨʘʙʦʪʘʥʥʳʝ, ʰʠʥʳ ʨʝʟʠʥʦʚʳʝ ʩʧʣʦʰʥʳʝ ʠʣʠ 

ʧʦʣʫʧʥʝʚʤʘʪʠʯʝʩʢʠʝ ʦʪʨʘʙʦʪʘʥʥʳʝ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʢʦʨʜʦʤ, ʢʘʤʝʨʳ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ 

ʰʠʥ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʦʪʨʘʙʦʪʘʥʥʳʝ, ʧʦʢʨʳʰʢʠ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʰʠʥ ʩ ʪʢʘʥʝʚʳʤ ʢʦʨʜʦʤ 

ʦʪʨʘʙʦʪʘʥʥʳʝ, ʧʦʢʨʳʰʢʠ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʰʠʥ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʢʦʨʜʦʤ ʦʪʨʘʙʦʪʘʥʥʳʝ 

(ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʝʨʝʯʥʝ ʧʦʜ ʥʦʤʝʨʦʤ 86-90) ʟʘʧʨʝʱʝʥʦ ʟʘʭʦʨʦʥʝʥʠʝ ʩ 1 ʷʥʚʘʨʷ 

2019 ʛʦʜʘ.  
ʇʦ ʠʤʝʶʱʠʤʩʷ ʜʘʥʥʳʤ [5], ʝʞʝʛʦʜʥʦ ʚ ʈʦʩʩʠʠ ʦʙʨʘʟʫʝʪʩʷ ʙʦʣʝʝ 1 ʤʣʥ 850 ʪʳʩ. 

ʪʦʥʥ ʦʪʨʘʙʦʪʘʚʰʠʭ ʰʠʥ ʠ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʨʛʘʥʠʟʘʮʠʠ ʵʪʠ ʦʪʭʦʜʳ, 
ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʫʛʨʦʟʫ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʦʣʦʛʠʠ, ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ 
ʚʪʦʨʠʯʥʳʡ ʩʳʨʴʝʚʦʡ ʨʝʩʫʨʩ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʮʝʣʦʛʦ ʨʷʜʘ ʧʨʦʜʫʢʮʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ 
ʨʝʟʠʥʦʚʫʶ ʢʨʦʰʢʫ. ʈʝʟʠʥʦʚʘʷ ʢʨʦʰʢʘ ʠʤʝʝʪ ʪʘʢʦʝ ʞʝ ʤʦʣʝʢʫʣʷʨʥʦʝ ʩʪʨʦʝʥʠʝ ʠ 
ʵʣʘʩʪʦʤʝʨʥʦʝ ʢʘʯʝʩʪʚʦ, ʢʘʢ ʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʩʳʨʴʝ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 
ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʰʠʥ. ɼʣʷ ʦʮʝʥʢʠ ʝʸ ʢʘʯʝʩʪʚʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 
ʧʨʦʠʟʚʦʜʠʤʳʭ ʠʟʜʝʣʠʡ, ʧʨʠʤʝʥʷʶʪ ʥʝʩʢʦʣʴʢʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ [6], ʘ ʪʘʢʞʝ 
ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʛʦʜʥʦʩʪʠ ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʧʨʠʤʝʥʷʶʪ ɻʆʉʊ 
8407-89 çʉʳʨʴʝ ʚʪʦʨʠʯʥʦʝ ʨʝʟʠʥʦʚʦʝ. ʇʦʢʨʳʰʢʠ ʠ ʢʘʤʝʨʳ ʰʠʥ. ʊʝʭʥʠʯʝʩʢʠʝ 
ʫʩʣʦʚʠʷè. ɼʘʥʥʳʡ ʩʪʘʥʜʘʨʪ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʠʟʥʦʰʝʥʥʳʝ ʧʦʢʨʳʰʢʠ ʠ ʢʘʤʝʨʳ, 
ʟʘʙʨʘʢʦʚʘʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʪʨʦʣʷ (ʚʪʦʨʠʯʥʦʝ ʨʝʟʠʥʦʚʦʝ ʩʳʨʴʝ), ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ 
ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʝʛʝʥʝʨʘʪʘ, ʤʘʪʝʨʠʘʣʦʚ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠ ʜʨ. 
ʉʪʘʥʜʘʨʪʦʤ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʨʷʜ ʪʨʝʙʦʚʘʥʠʡ, ʩʨʝʜʠ ʥʠʭ: ʚʪʦʨʠʯʥʦʝ ʨʝʟʠʥʦʚʦʝ ʩʳʨʴʝ 
ʜʦʣʞʥʦ ʙʳʪʴ ʯʠʩʪʳʤ ʠ ʥʝ ʠʤʝʪʴ ʧʦʩʪʦʨʦʥʥʠʭ ʚʢʣʶʯʝʥʠʡ, ʧʨʠ ʵʪʦʤ ʠʟ ʦʰʠʧʦʚʘʥʥʳʭ 
ʰʠʥ ʜʦʣʞʥʳ ʙʳʪʴ ʫʜʘʣʝʥʳ ʰʠʧʳ; - ʠʟʥʦʰʝʥʥʳʝ ʧʦʢʨʳʰʢʠ ʩ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʤʠ 
ʙʦʨʪʘʤʠ ʠ ʠʟʣʦʤʦʤ ʙʦʨʪʦʚʳʭ ʢʦʣʝʮ ʧʦʩʪʘʚʣʷʶʪ ʪʦʣʴʢʦ ʜʣʷ ʧʠʨʦʣʠʟʘ, ʩʞʠʛʘʥʠʷ ʚ ʧʝʯʘʭ 
ʠ ʪʝʨʤʦʜʝʩʪʨʫʢʮʠʠ ʚ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʩʨʝʜʘʭ. 

ɺ ʚʠʜʫ ʚʘʞʥʦʩʪʠ ʧʨʦʜʫʢʪʘ ʧʦʣʫʯʘʝʤʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʨʘʙʦʪʢʠ 
ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʰʠʥ, ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ ʧʨʠʤʝʥʷʝʤʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʧʦʣʫʯʝʥʠʷ ʨʝʟʠʥʦʚʦʡ 
ʢʨʦʰʢʠ. ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʤʠ ʤʝʪʦʜʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʶʪʩʷ: ʫʜʘʨʥʦ-
ʚʦʣʥʦʚʦʡ ʠ ʤʝʭʘʥʠʯʝʩʢʠʡ [7].  

ʇʝʨʚʳʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʦʭʣʘʞʜʝʥʠʠ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʳʭ ʠʟʜʝʣʠʡ ʜʦ 
ʩʚʝʨʭʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʨʦʙʣʝʥʠʝʤ ʠʭ ʩ ʧʦʤʦʱʴʶ ʫʜʘʨʥʦʡ ʚʦʣʥʳ. 
ʄʝʭʘʥʠʯʝʩʢʠʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʨʝʟʠʥʦʚʦʡ ʢʨʦʰʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʘʚʥʦ, ʠ ʚ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʭʘʥʠʟʤʘ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʨʝʞʠʤʦʚ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ: 
ʠʟʤʝʣʴʯʝʥʠʝ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʨʝʞʠʤʝ, ʠʟʤʝʣʴʯʝʥʠʝ ʧʨʠ ʚʳʩʦʢʦʡ 
ʪʝʤʧʝʨʘʪʫʨʝ, ʠʟʤʝʣʴʯʝʥʠʝ ʩ ʦʭʣʘʞʜʝʥʠʝʤ ʩʳʨʴʷ, ʠʟʤʝʣʴʯʝʥʠʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʟʦʥʘ, 
ʠʟʤʝʣʴʯʝʥʠʝ ʧʨʦʜʘʚʣʠʚʘʥʠʝʤ ʯʝʨʝʟ ʤʘʪʨʠʮʳ.  

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʚʩʝʭ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʦʨʪʠʨʦʚʢʘ 
ʠʟʜʝʣʠʡ ʧʦ ʪʠʧʦʨʘʟʤʝʨʫ ʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʳʨʫʙʢʘ ʙʦʨʪʦʚʳʭ ʢʦʣʝʮ; ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʩ 
ʧʦʤʦʱʴʶ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʥʦʞʥʠʮ ʰʠʥʳ ʜʝʣʷʪ ʥʘ ʣʝʥʪʳ ʠ ʢʫʩʢʠ; ʪʨʝʪʠʡ ʵʪʘʧ ʚʢʣʶʯʘʝʪ 
ʧʨʦʮʝʩʩ ʜʨʦʙʣʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʣʝʥʪ ʠ ʢʫʩʢʦʚ ʥʘ ʩʧʝʮʠʘʣʴʥʦʡ 
ʫʩʪʘʥʦʚʢʝ ʜʦ ʝʱʝ ʙʦʣʝʝ ʤʝʣʢʠʭ ʨʘʟʤʝʨʦʚ (ʦʪ 2 ʜʦ 10 ʩʤ2); ʏʝʪʚʝʨʪʳʡ ʵʪʘʧ ʚʢʣʶʯʘʝʪ 
ʜʘʣʴʥʝʡʰʝʝ ʠʟʤʝʣʴʯʝʥʠʝ ʢʫʩʦʯʢʦʚ ʥʘ ʨʦʪʦʨʥʳʭ ʤʝʣʴʥʠʮʘʭ ʜʦ ʥʝʦʙʭʦʜʠʤʦʛʦ 
ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ; ʥʘ ʧʷʪʦʤ ʵʪʘʧʝ ʧʨʦʠʩʭʦʜʠʪ ʦʪʜʝʣʝʥʠʝ ʦʪ ʨʝʟʠʥʦʚʦʡ ʢʨʦʰʢʠ 
ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʢʦʨʜʘ ʠ ʪʝʢʩʪʠʣʴʥʳʭ ʦʪʭʦʜʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʘʛʥʠʪʥʳʭ ʠ 
ʚʦʟʜʫʰʥʳʭ ʩʝʧʘʨʘʪʦʨʦʚ; ʥʘ ʰʝʩʪʦʤ ʟʘʚʝʨʰʘʶʱʝʤ ʵʪʘʧʝ ʧʨʦʜʫʢʮʠʷ ʨʘʟʜʝʣʷʝʪʩʷ ʧʦ 
ʬʨʘʢʮʠʷʤ ʠ ʨʘʟʤʝʱʘʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʪʘʨʫ. ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʧʝʨʝʨʘʙʦʪʢʘ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 133 ð   

 
ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʰʠʥ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʥʝ ʪʦʣʴʢʦ ʨʝʟʠʥʦʚʫʶ ʢʨʦʰʢʫ, ʥʦ ʠ 
ʠʟʤʝʣʴʯʝʥʥʳʡ ʤʝʪʘʣʣʦʢʦʨʜ ʠ ʪʝʢʩʪʠʣʴʥʳʝ ʦʪʭʦʜʳ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʚʝʩʴʤʘ 
ʮʝʥʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʨʘʟʣʠʯʥʳʭ 
ʪʦʚʘʨʦʚ. ʀʟʚʣʝʯʝʥʥʳʝ ʯʘʩʪʠʮʳ ʤʝʪʘʣʣʦʢʦʨʜʘ ʦʪʧʨʘʚʣʷʶʪ ʥʘ ʧʝʨʝʧʣʘʚʢʫ. 

ʀʟ ʪʝʢʩʪʠʣʴʥʳʭ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʷʪ ʫʪʝʧʣʠʪʝʣʴ. ʢʦʪʦʨʳʡ ʧʦ ʩʚʦʠʤ 
ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʥʝ ʫʩʪʫʧʘʝʪ ʩʪʝʢʣʦʚʘʪʝ, ʧʨʠ ʵʪʦʤ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 
ʜʝʰʝʚʳʤ ʠ ʙʝʟʦʧʘʩʥʳʤ. ɼʘʥʥʳʤ ʪʝʢʩʪʠʣʝʤ ʟʘʧʦʣʥʷʶʪ ʩʧʦʨʪʠʚʥʳʝ ʤʘʪʳ, ʙʦʢʩʝʨʩʢʠʝ 
ʛʨʫʰʠ ʠ ʪ.ʜ. ʅʝ ʩʤʦʪʨʷ ʥʘ ʚʦʟʤʦʞʥʦʩʪʠ ʙʦʣʝʝ ʤʘʩʰʪʘʙʥʦʡ ʫʪʠʣʠʟʘʮʠʠ ʦʪʨʘʙʦʪʘʥʥʳʭ 
ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʰʠʥ, ʚ ʈʦʩʩʠʠ ʧʝʨʝʨʘʙʘʪʳʚʘʝʪʩʷ ʣʠʰʴ ʧʦʨʷʜʢʘ 20% ʰʠʥ, 
ʦʪʨʘʙʦʪʘʚʰʠʭ ʩʚʦʡ ʨʝʩʫʨʩ, ʠ ʠʟ ʥʠʭ 60% ʧʝʨʝʨʘʙʘʪʳʚʘʶʪʩʷ ʥʘ ʯʝʪʳʨʝʭ ʢʨʫʧʥʳʭ 
ʧʨʝʜʧʨʠʷʪʠʷʭ [8]: ɺʦʣʞʩʢʠʡ ʨʝʛʝʥʝʨʘʪʥʦ-ʰʠʥʦʨʝʤʦʥʪʥʳʡ ʟʘʚʦʜ (ɺʦʣʛʦʛʨʘʜʩʢʘʷ ʦʙʣ.); 
ʏʝʭʦʚʩʢʠʡ ʨʝʛʝʥʝʨʘʪʥʳʡ ʟʘʚʦʜ (ʄʦʩʢʦʚʩʢʘʷ ʦʙʣ.); çʂʉʊ-ʵʢʦʣʦʛʠʷè (ʉʤʦʣʝʥʩʢʘʷ ʦʙʣ.) ʠ 
ɿʘʚʦʜ ʧʝʨʝʨʘʙʦʪʢʠ ʰʠʥ ˉ1 (ɺʣʘʜʠʤʠʨʩʢʘʷ ʦʙʣ.). 

ɸʥʘʣʠʟ ʩʠʪʫʘʮʠʠ ʜʘʥʥʦʛʦ ʚʠʜʘ ʫʩʣʫʛ ʥʘ ʨʳʥʢʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘ ʧʫʪʠ ʨʝʰʝʥʠʷ 
ʧʨʦʙʣʝʤʳ ʙʦʣʝʝ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʰʠʥ ʩʫʱʝʩʪʚʫʶʪ ʟʥʘʯʠʤʳʝ ʨʠʩʢʠ [9], 
ʢʦʪʦʨʳʝ ʥʘʯʠʥʘʶʪʩʷ ʩ ʨʠʩʢʘ ʟʘʢʫʧʢʠ ʥʘʜʝʞʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʨʝʙʫʶʱʠʝ ʥʝʤʘʣʳʭ 
ʩʨʝʜʩʪʚ. ʇʨʠ ʵʪʦʤ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʧʦʜ ʟʘʢʘʟ, 
ʪʨʘʥʩʧʦʨʪʠʨʫʝʪʩʷ, ʤʦʥʪʠʨʫʝʪʩʷ, ʟʘʧʫʩʢʘʝʪʩʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʠ ʥʘ ʚʩʝ ʵʪʦ ʤʦʞʝʪ ʫʡʪʠ 
ʙʦʣʝʝ ʛʦʜʘ.  

ʉʣʝʜʫʶʱʠʡ ʨʠʩʢ ʩʚʷʟʘʥ ʩ ʪʝʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ, ʯʪʦ ʚʳʙʨʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 
ʤʦʞʝʪ ʥʝ ʧʦʜʦʡʪʠ ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʘʚʪʦʧʦʢʨʳʰʝʢ ʚ ʩʚʷʟʠ ʩ ʠʭ 
ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʰʠʥʘʤʠ ʟʘʨʫʙʝʞʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 
ʉʣʝʜʫʶʱʠʝ ʨʠʩʢʠ ʩʚʷʟʘʥʳ ʩʦ ʩʙʦʨʦʤ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʰʠʥ ʠ ʩʦ ʩʙʳʪʦʤ ʧʦʣʫʯʝʥʥʦʡ 
ʨʝʟʠʥʦʚʦʡ ʢʨʦʰʢʠ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʤ ʪʝʭʥʠʯʝʩʢʠʤ 
ʫʩʣʦʚʠʷʤ ʠʣʠ ʩʪʘʥʜʘʨʪʫ. 

ʇʦ ʧʨʠʤʝʨʫ ʚʝʜʫʱʠʭ ʧʨʦʤʳʰʣʝʥʥʦ-ʨʘʟʚʠʪʳʭ ʩʪʨʘʥ, ʚ ʈʦʩʩʠʠ ʚʚʝʜʝʥʳ 
ʫʪʠʣʠʟʘʮʠʦʥʥʳʝ ʩʙʦʨʳ: ʥʘ ʫʪʠʣʠʟʘʮʠʶ ʚʩʝʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʚʢʣʶʯʘʷ 
ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʰʠʥʳ (ʧʣʘʪʠʪ ʧʦʢʫʧʘʪʝʣʴ ʘʚʪʦʤʦʙʠʣʷ ʧʨʠ ʝʛʦ ʧʨʠʦʙʨʝʪʝʥʠʠ); ʥʘ 
ʫʪʠʣʠʟʘʮʠʶ ʦʪʜʝʣʴʥʦ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʰʠʥ (ʧʣʘʪʷʪ ʧʨʝʜʧʨʠʷʪʠʷ ï ʧʨʦʠʟʚʦʜʠʪʝʣʠ 
ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʰʠʥ).  

ɼʘʥʥʳʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʤʝʨʳ ʚʦʟʤʦʞʥʦ ʧʦʟʚʦʣʷʪ ʨʝʰʠʪʴ ʜʘʥʥʫʶ ʥʘʩʫʱʥʫʶ 

ʧʨʦʙʣʝʤʫ ʚ ʪʝʯʝʥʠʝ ʜʝʩʷʪʠ ʣʝʪ, ʚ ʯʘʩʪʥʦʩʪʠ ʢ 2030 ʛʦʜʫ [10]. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʦʙʣʝʤʳ ʜʦʨʦʞʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʠ ʦʩʥʦʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ 

ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʦʪʤʝʯʝʥʳ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʜʦʨʦʞʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʈʦʩʩʠʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʝʨʩʧʝʢʪʠʚʳ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ, ʜʦʨʦʞʥʘʷ 

ʦʜʝʞʜʘ, ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʜʦʨʦʞʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʨʘʟʚʠʪʠʝ. 

 

Abstract 

The paper considers the problems of road construction in the Russian Federation and 

the main technologies used to form the pavement of highways. Based on the analysis of the 

published data, promising directions for the development of the road-building industry in 

Russia are marked. 

Keywords: energy, energy, hydrogen, production technologies, electrolysis, carbon 

footprint, "green" hydrogen. 

 

ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ ʧʦ ʩʚʦʝʡ ʧʣʦʱʘʜʠ ʟʘʥʠʤʘʝʪ ʧʝʨʚʦʝ ʤʝʩʪʦ ʚ ʤʠʨʝ ʠ ʧʦ 

ʜʘʥʥʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʟʘ ʥʝʡ ʩʣʝʜʫʶʪ ʂʘʥʘʜʘ, ʉʐɸ ʠ ʂʠʪʘʡ. ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʥʘʰʝʡ 

ʩʪʨʘʥʳ ʩ ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ ʩʦʩʪʘʚʣʷʝʪ ʧʦʯʪʠ 10 ʪʳʩ. ʢʤ, ʘ ʩʝʚʝʨʘ ʥʘ ʶʛ ʙʦʣʝʝ 4 ʪʳʩ. ʢʤ 

[1, 2]. ɼʣʷ ʫʩʪʦʡʯʠʚʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʣʶʙʦʡ ʩʪʨʘʥʳ, ʥʝ ʛʦʚʦʨʷ ʫʞʝ ʦ 

ʩʪʨʘʥʘʭ ʩ ʦʛʨʦʤʥʳʤʠ ʪʝʨʨʠʪʦʨʠʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʈʦʩʩʠʷ, ʥʝʦʙʭʦʜʠʤʘ ʪʨʘʥʩʧʦʨʪʥʘʷ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʚʢʣʶʯʘʶʱʘʷ ʠ ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʜʦʨʦʛʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʵʬʬʝʢʪʠʚʥʫʶ ʨʘʙʦʪʫ ʥʘʟʝʤʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʧʦ ʜʦʩʪʘʚʢʝ ʛʨʫʟʦʚ ʠ ʧʝʨʝʚʦʟʢʠ 

ʧʘʩʩʘʞʠʨʦʚ ʜʦ ʤʝʩʪʘ ʥʘʟʥʘʯʝʥʠʷ.  

ɺʘʞʥʝʡʰʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʨʘʟʚʠʪʦʩʪʠ ʘʚʪʦʜʦʨʦʞʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʡ ʩʪʨʘʥʳ, ʷʚʣʷʶʪʩʷ  ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʘʚʪʦʤʦʙʠʣʴʥʳʭ 

ʜʦʨʦʛ ʠ ʠʭ ʢʘʯʝʩʪʚʦ.  

ɺ ʪʘʙʣ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʧʦ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʘʚʪʦʜʦʨʦʛ ʠ ʧʣʦʪʥʦʩʪʴ 

ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʚʳʰʝʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʪʨʘʥ: ʈʦʩʩʠʠ, ʂʘʥʘʜʳ, ʉʐɸ ʠ ʂʠʪʘʷ [3]. 

 

ʊʘʙʣʠʮʘ 1 

ʉʨʘʚʥʝʥʠʝ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʠ ʧʣʦʪʥʦʩʪʠ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʈʦʩʩʠʠ ʠ ʨʷʜʘ ʩʪʨʘʥ 

ʇʨʦʪʷʞʝʥʥʦʩʪʴ  ɻʦʜ 
ɺʩʝ ʜʦʨʦʛʠ, 

ʪʳʩ. ʢʤ 

ʠʟ ʥʠʭ ʩ 

ʪʚʝʨʜʳʤ 

ʧʦʢʨʳʪʠʝʤ, 

ʪʳʩ. ʢʤ 

ʇʣʦʪʥʦʩʪʴ 

ʘʚʪʦʤʦʙʠʣʴʥʳʭ 

ʜʦʨʦʛ ï ʚʩʝʛʦ ʢʤ ʥʘ 

1000 ʢʤ2 

ʪʝʨʨʠʪʦʨʠʠ 

ʈʦʩʩʠʷ 2019 1542,2 1089,3 90 

ʂʘʥʘʜʘ 2018 1208,0 - 121,2 

ʉʐɸ 2018 6696,0 4577,0 695,4 

ʂʠʪʘʡ 2018 4847,0 - 504,8 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, ʧʦ ʜʘʥʥʳʤ ʚʝʩʴʤʘ ʚʘʞʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʈʦʩʩʠʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʪʫʧʘʝʪ ʵʪʠʤ ʩʪʨʘʥʘʤ ʠ ʥʝʦʙʭʦʜʠʤʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʩʠʣʠʷ ʠ 

ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʷ, ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʵʪʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʦʪʩʪʘʚʘʥʠʝ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 135 ð   

 

ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʦʚ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʥʘʰʝʡ ʩʪʨʘʥʳ ʨʘʟʨʘʙʦʪʘʥʘ  

ʊʨʘʥʩʧʦʨʪʥʘʷ ʩʪʨʘʪʝʛʠʷ ʈʌ ʥʘ ʧʝʨʠʦʜ ʜʦ 2030 ʛʦʜʘ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʝʥʳ ʮʝʣʠ 

ʠ ʧʨʠʦʨʠʪʝʪʳ ʨʘʟʚʠʪʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ ʈʦʩʩʠʠ ʥʘ ʜʦʣʛʦʩʨʦʯʥʫʶ ʧʝʨʩʧʝʢʪʠʚʫ 

[4].  

ʂʨʦʤʝ ʵʪʦʛʦ ʋʢʘʟʦʤ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 7 ʤʘʷ 2018 ʛʦʜʘ 

ˉ204 çʆ ʥʘʮʠʦʥʘʣʴʥʳʭ ʮʝʣʷʭ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ ʨʘʟʚʠʪʠʷ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2024 ʛʦʜʘè ʄʠʥʪʨʘʥʩʦʤ ʈʦʩʩʠʠ  ʨʘʟʨʘʙʦʪʘʥ ʧʘʩʧʦʨʪ 

ʥʘʮʧʨʦʝʢʪʘ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʯʝʪʳʨʝ ʬʝʜʝʨʘʣʴʥʳʭ ʧʨʦʝʢʪʘ [5]: 

1. çɼʦʨʦʞʥʘʷ ʩʝʪʴè; 

2. çʆʙʱʝʩʠʩʪʝʤʥʳʝ ʤʝʨʳ ʧʦ ʨʘʟʚʠʪʠʶ ʜʦʨʦʞʥʦʛʦ ʭʦʟʷʡʩʪʚʘè; 

3.  çɹʝʟʦʧʘʩʥʦʩʪʴ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷè; 

4. çɸʚʪʦʤʦʙʠʣʴʥʳʝ ʜʦʨʦʛʠ ʄʠʥʦʙʦʨʦʥʳ ʈʦʩʩʠʠè. 

ʈʝʘʣʠʟʘʮʠʷ ʵʪʠʭ ʚʘʞʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʧʣʘʥʦʚ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʫʣʫʯʰʝʥʠʶ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʥʦʚʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ. 

ʂʨʦʤʝ ʵʪʦʛʦ, ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʜʦʣʶ ʨʝʛʠʦʥʘʣʴʥʳʭ ʜʦʨʦʛ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ 

ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ; ʩʥʠʟʠʪʴ ʘʚʘʨʠʡʥʦʩʪʴ ʥʘ ʜʦʨʦʛʘʭ; ʚʥʝʜʨʠʪʴ ʥʦʚʳʝ 

ʪʨʝʙʦʚʘʥʠʷ, ʩʪʘʥʜʘʨʪʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʦʨʛʘʥʠʟʘʮʠʠ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ, ʪʦʣʴʢʦ ʥʘ ʨʘʟʚʠʪʠʝ ʜʦʨʦʞʥʦʡ ʩʝʪʠ ʚ 

ʨʝʛʠʦʥʘʭ, ʚ ʙʣʠʞʘʡʰʠʝ ʪʨʠ ʛʦʜʘ ʇʨʘʚʠʪʝʣʴʩʪʚʦ ʥʘʧʨʘʚʠʪ ʙʦʣʝʝ 172,3 ʤʣʨʜ ʨʫʙʣʝʡ [6] ʠ 

ʵʪʠ ʩʨʝʜʩʪʚʘ, ʙʝʟʫʩʣʦʚʥʦ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʮʠʦʥʘʣʴʥʦ ʠ ʵʬʬʝʢʪʠʚʥʦ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʪʝʭʥʦʣʦʛʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʜʦʨʦʞʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʧʨʠ ʵʪʦʤ ʦʥʠ ʦʪʣʠʯʘʶʪʩʷ ʧʨʠʤʝʥʷʝʤʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʦʡ, ʪʨʫʜʦʟʘʪʨʘʪʘʤʠ ʠ ʩʪʦʠʤʦʩʪʴʶ.  

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʧʨʦʮʝʥʪʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʪʝʭʥʦʣʦʛʠʠ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ  

ʟʘ ʧʝʨʠʦʜ 2018-2019 ʛʛ ʥʘ ʦʙʲʝʢʪʘʭ ʌʝʜʝʨʘʣʴʥʦʛʦ ʜʦʨʦʞʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʈʆʉɸɺʊʆɼʆʈ 

ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ. ʂʘʢ ʚʳʜʝʣʝʥʦ ʚ ʂʘʪʘʣʦʛʝ [7], ʟʘ ʧʦʩʣʝʜʥʠʝ 

ʪʨʠ ʛʦʜʘ ʧʦ ʚʩʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʜʦʨʦʞʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴʰʝʝ ʠʭ ʢʦʣʠʯʝʩʪʚʦ 

ʚʥʝʜʨʝʥʦ ʚ ʦʙʣʘʩʪʠ ʩʠʩʪʝʤ ʚʦʜʦʦʪʚʦʜʘ ʠ ʪʝʭʥʦʣʦʛʠʡ ʫʩʪʨʦʡʩʪʚʘ ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ. 

ʂ ʪʘʢʠʤ ʪʝʭʥʦʣʦʛʠʷʤ ʫʩʪʨʦʡʩʪʚʘ ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ ʦʪʥʦʩʷʪʩʷ ʩʪʘʙʠʣʠʟʘʮʠʷ ʠ 

ʫʢʨʝʧʣʝʥʠʝ ʛʨʫʥʪʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʧʦʚʳʰʝʥʠʝ ʠʭ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʜʦʙʘʚʣʝʥʠʷ ʚ ʥʠʭ ʨʘʟʣʠʯʥʳʭ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʠ ʚʷʞʫʱʠʭ ʜʦʙʘʚʦʢ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʨʘʩʭʦʜʳ 

ʜʦʨʦʞʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʩʪʥʳʭ ʛʨʫʥʪʦʚ, ʧʝʨʚʦʥʘʯʘʣʴʥʦ 

ʥʝʛʦʜʥʳʭ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ, ʢʨʦʤʝ ʵʪʦʛʦ ʦʪʧʘʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʚʦʟʢʠ ʵʪʦʛʦ 

ʥʝʧʨʠʛʦʜʥʦʛʦ ʛʨʫʥʪʘ. 

 

 
ʈʠʩʫʥʦʢ 1. ʊʝʭʥʦʣʦʛʠʠ ʫʩʪʨʦʡʩʪʚʘ ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ [7] 



ð 136 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ɼʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʫʢʨʝʧʣʝʥʠʷ ʛʨʫʥʪʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʮʝʤʝʥʪ, ʠʟʚʝʩʪʴ, 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʷʞʫʱʠʝ ʜʦʙʘʚʢʠ (ʙʠʪʫʤ ʠʣʠ ʙʠʪʫʤʥʘʷ ʵʤʫʣʴʩʠʷ) [8]. ʉʦʩʪʘʚ ʠ 

ʢʦʣʠʯʝʩʪʚʦ ʚʚʦʜʠʤʦʡ ʜʦʙʘʚʢʠ ʧʦʜʙʠʨʘʝʪʩʷ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʛʨʫʥʪʘ 

ʠ ʢʘʪʝʛʦʨʠʠ ʩʪʨʦʷʱʝʡʩʷ ʘʚʪʦʜʦʨʦʛʠ. ʊʝʭʥʦʣʦʛʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʥʷʪʠʠ ʩʣʦʷ ʛʨʫʥʪʘ ʥʘ 

ʥʝʦʙʭʦʜʠʤʫʶ ʪʦʣʱʠʥʫ, ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʝʛʦ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʜʦʙʘʚʢʘʤʠ ʠ 

ʨʘʚʥʦʤʝʨʥʦʤ ʨʘʟʤʝʱʝʥʠʝʤ ʧʦʣʫʯʝʥʥʦʡ ʩʤʝʩʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ɿʘʪʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʫʧʣʦʪʥʝʥʠʝ ʩʣʦʷ ʢʘʪʢʘʤʠ ʠʣʠ ʨʝʩʘʡʢʣʝʨʘʤʠ. ʆʜʥʘʢʦ ʟʘʤʝʥʘ ʧʝʩʢʘ ʠ ʱʝʙʥʷ ʪʘʢʠʤ 

ʦʙʨʘʙʦʪʘʥʥʳʤ ʛʨʫʥʪʦʤ ʧʨʦʚʦʜʠʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʣʠʰʴ ʧʨʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʘʚʪʦʜʦʨʦʛ ʩ ʤʘʣʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʠ ʥʝʙʦʣʴʰʠʤʠ ʥʘʛʨʫʟʢʘʤʠ.  

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʩʦʚʝʨʰʝʥʩʪʚʫʝʪʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ 

ʧʦʚʳʰʝʥʠʷ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʧʨʦʯʥʦʩʪʠ, ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ 

ʛʨʫʥʪʦʚ, ʩʥʠʞʝʥʠʷ ʠʭ ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʚʝʨʦʷʪʥʦʩʪʠ ʫʩʘʜʢʠ ʠ ʚʩʧʫʯʠʚʘʥʠʷ  [9]. 

ʐʠʨʦʢʦʝ ʚʥʝʜʨʝʥʠʝ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʧʦʟʚʦʣʠʪ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʦʙʝʩʧʝʯʠʪʴ ʵʢʦʥʦʤʠʶ 

ʩʨʝʜʩʪʚ ʙʶʜʞʝʪʘ ʩʪʨʘʥʳ (ʧʦʨʷʜʢʘ 30%), ʘ ʵʪʦ  ʢʦʣʦʩʩʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ, ʫʯʠʪʳʚʘʷ 

ʤʘʩʰʪʘʙʥʦʩʪʴ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ ʨʘʙʦʪ.   
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʘʛʠʩʪʨʘʥʪʦʚ ʠʥʩʪʠʪʫʪʘ 

ʘʨʭʠʪʝʢʪʫʨʳ, ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʜʠʟʘʡʥʘ ʌɻɹʆʋ ɺʆ ʀʈʅʀʊʋ, ʢʦʪʦʨʳʝ ʦʥʠ ʧʨʦʚʦʜʠʣʠ 

ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʚʳʧʫʩʢʥʦʡ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʘʨʘʤʝʪʨʦʚ 

ʪʝʧʣʦʚʳʭ ʧʫʥʢʪʦʚ ʞʠʣʳʭ ʟʜʘʥʠʡ ʤʥʦʛʦʵʪʘʞʥʦʡ ʟʘʩʪʨʦʡʢʠ ʚ ʛ. ʀʨʢʫʪʩʢʝ, ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ ʩʤʝʥʝ ʚʥʝʰʥʠʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚʥʫʪʨʝʥʥʠʝ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 137 ð   

 

ʧʘʨʘʤʝʪʨʳ ʤʠʢʨʦʢʣʠʤʘʪʘ ʟʜʘʥʠʡ ʧʨʠʭʦʜʷʪ ʚ ʩʪʘʮʠʦʥʘʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʯʝʨʝʟ 5-7 ʯʘʩʦʚ. 

ɹʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʫʭʫʜʰʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʤʠʢʨʦʢʣʠʤʘʪʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʠ ʨʝʛʫʣʠʨʦʚʢʝ ʧʦʜʘʯʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʩʠʩʪʝʤʫ 

ʦʪʦʧʣʝʥʠʷ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʠʥʝʨʮʠʦʥʥʦʩʪʠ ʟʜʘʥʠʷ. ɸʚʪʦʨʘʤʠ ʙʳʣʦ 

ʧʨʝʜʣʦʞʝʥʦ ʜʣʷ ʫʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʠʥʝʨʮʠʠ ʟʜʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʘʪʝʥʪʘ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ ˉ2611562. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʩʥʠʟʠʣʦ ʚʨʝʤʷ ʚʳʭʦʜʘ ʚ 

ʩʪʘʮʠʦʥʘʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʠʢʨʦʢʣʠʤʘʪʘ ʜʦ 1,0-1,5 ʯʘʩʦʚ ʠ ʩʥʠʟʠʣʦ ʟʘʪʨʘʪʳ ʪʝʧʣʦʚʦʡ 

ʵʥʝʨʛʠʠ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ ʥʘ 10%. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʄʠʢʨʦʢʣʠʤʘʪ, ʩʠʩʪʝʤʘ ʦʪʦʧʣʝʥʠʷ, ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʫʩʪʨʦʡʩʪʚʘ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʪʝʧʣʦʚʦʡ ʧʫʥʢʪ, ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ. 

 

Abstract 

The article presents the results of research of undergraduates of the Institute of 

Architecture, Construction and Design of the Federal State Budgetary Educational Institution 

of Higher Education IRNITU, which they carried out in the preparation of their final 

qualification work. When studying the parameters of heat points of residential buildings of 

multi-storey buildings in Irkutsk, it was found that when the external meteorological 

conditions change, the internal parameters of the microclimate of buildings come to a 

stationary state after 5-7 hours. It was revealed that the main reason for the deterioration of 

the internal parameters of the microclimate is that the parameters of the inertia of the building 

are not taken into account when adjusting the supply of the coolant to the heating system. The 

authors proposed to take into account the parameters of inertia of the building to use a 

temperature sensor manufactured in accordance with patent for invention No. 2611562. It was 

shown that the use of new thermoelectric devices reduced the time to reach a stationary state 

of the microclimate to 1.0-1.5 hours and reduced the consumption of thermal energy by 

approximately 10%. 

Keywords: Microclimate, heating system, thermoelectric devices, automatic heating 

station, energy saving. 

 

ɺʦʧʨʦʩ ʦ ʨʘʮʠʦʥʘʣʴʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʚ ʟʜʘʥʠʷʭ 

ʤʥʦʛʦʵʪʘʞʥʦʡ ʟʘʩʪʨʦʡʢʠ ʘʢʪʫʘʣʝʥ ʜʣʷ ʚʩʝʭ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ɺ 

ʦʩʥʦʚʥʦʤ, ʵʢʦʥʦʤʠʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʧʦʚʳʰʝʥʠʷ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʦʧʪʠʤʠʟʘʮʠʝʡ ʘʨʭʠʪʝʢʪʫʨʥʦ-

ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʨʝʰʝʥʠʡ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʫʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠʤʝʥʝʥʠʶ 

ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʚ ʦʩʥʦʚʥʦʤ ʩʚʷʟʘʥʥʳʭ ʩ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʦʡ, 

ʥʦ ʧʦʢʘ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʦʙʦʩʥʦʚʘʥʦ ʪʦʣʴʢʦ ʧʨʠ ʤʘʣʦʵʪʘʞʥʦʡ ʟʘʩʪʨʦʡʢʝ. ʅʝʧʣʦʭʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʠʤʝʶʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʥʦ ʜʘʥʥʳʝ 

ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʭʦʜʷʪʩʷ ʥʘ ʩʪʘʜʠʠ ʚʥʝʜʨʝʥʠʷ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʦʙʨʘʟʮʦʚ [1]. 

ʇʦʵʪʦʤʫ, ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ, ʠʤʝʶʪʩʷ ʜʚʘ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷ ʩʥʠʞʝʥʠʷ 

ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ. ʇʝʨʚʦʝ - ʵʪʦ ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʦʢʦʥ. ɺʪʦʨʦʝ - ʧʨʠʤʝʥʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʪʝʧʣʦʚʳʭ 

ʧʫʥʢʪʦʚ, ʦʩʥʘʱʝʥʥʳʭ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤʠ ʧʨʠʙʦʨʘʤʠ ʜʣʷ ʩʣʝʞʝʥʠʷ ʟʘ ʚʥʫʪʨʝʥʥʠʤʠ ʠ 

ʚʥʝʰʥʠʤʠ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ [2]. 

ɺ ʜʝʡʩʪʚʫʶʱʝʤ ʟʜʘʥʠʠ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʝʨʚʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʦʜʠʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ, ʛʦʪʦʚʠʪʴ ʧʨʦʝʢʪʥʦ-ʩʤʝʪʥʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ 

ʠ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʦʩʫʱʝʩʪʚʠʪʴ ʢʘʧʠʪʘʣʴʥʳʡ ʨʝʤʦʥʪ ʟʜʘʥʠʷ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ, 

ʜʦʩʪʘʪʦʯʥʦ ʧʨʠʤʝʥʠʪʴ ʛʦʪʦʚʳʝ ʰʪʘʪʥʳʝ ʨʝʰʝʥʠʷ. ʋʩʪʘʥʦʚʠʚ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʪʝʧʣʦʚʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʟʜʘʥʠʷ, ʚʣʘʜʝʣʴʮʳ ʤʥʦʛʦʵʪʘʞʥʦʛʦ ʜʦʤʘ ʥʘʯʠʥʘʶʪ 

ʨʘʮʠʦʥʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ [3]. ʇʨʠ ʥʘʧʠʩʘʥʠʠ ʚʳʧʫʩʢʥʦʡ 

ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʤʘʛʠʩʪʨʘʥʪʘʤʠ ʢʘʬʝʜʨʳ ɻʦʨʦʜʩʢʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ 



ð 138 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʭʦʟʷʡʩʪʚʦ ʠʥʩʪʠʪʫʪʘ çɸʨʭʠʪʝʢʪʫʨʳ, ʉʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ɼʠʟʘʡʥʘè, ʤʳ ʧʨʦʠʟʚʝʣʠ ʦʮʝʥʢʫ 

ʨʘʙʦʪʳ ʥʝʩʢʦʣʴʢʠʭ ʪʝʧʣʦʚʳʭ ʧʫʥʢʪʦʚ ʤʥʦʛʦʵʪʘʞʥʳʭ ʜʦʤʦʚ. ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʚʩʝʭ 

ʪʝʧʣʦʚʳʭ ʧʫʥʢʪʦʚ ʥʘʩʪʨʦʝʥ ʥʘ ʠʟʤʝʥʝʥʠʝ ʧʦʜʘʯʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ, ʦʩʫʱʝʩʪʚʠʚ ʥʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʝʛʫʣʠʨʦʚʢʠ ʚ 

ʥʘʩʪʨʦʡʢʘʭ, ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʙʦʣʝʝ-ʤʝʥʝʝ ʫʩʪʦʡʯʠʚʳʭ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʠ 

ʟʜʘʥʠʷ. ʈʘʙʦʪʘ ʪʝʧʣʦʚʳʭ ʧʫʥʢʪʦʚ ʥʘʩʪʨʦʝʥʘ ʥʘ ʫʢʨʫʧʥʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʪʝʧʣʦʧʦʪʝʨʴ 

ʟʜʘʥʠʷ, ʙʝʟ ʫʯʝʪʘ ʦʨʠʝʥʪʘʮʠʠ ʟʜʘʥʠʷ, ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʚʝʥʪʠʣʷʮʠʠ ʟʜʘʥʠʷ [4].  

ɼʣʷ ʫʢʨʫʧʥʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ (Qʪʥʟ) 

ʤʥʦʛʦʵʪʘʞʥʦʛʦ ʜʦʤʘ ʜʦʩʪʘʪʦʯʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʬʦʨʤʫʣʦʡ:  

1̓ ̎̈ɻ6Ñπ Ỗ  Ô ̎Ȣ̑Ȣ   , ʛʜʝ       (1) 

Ŭ ð ʢʦʵʬʬʠʮʠʝʥʪ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʠ ʨʝʛʠʦʥ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʜʘʥʠʷ;  

q0  ð ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʪʦʧʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ;  

V ð ʦʙʲʝʤ ʧʦʩʪʨʦʡʢʠ.  

(tʚ ï tʥ.ʨ.) ð ʛʨʘʜʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʳ ʤʝʞʜʫ ʚʥʫʪʨʝʥʥʠʤ ʠ ʥʘʨʫʞʥʳʤ ʚʦʟʜʫʭʦʤ. 

ɻʨʘʜʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ ʚʥʫʪʨʝʥʥʠʤ ʠ ʥʘʨʫʞʥʳʤ ʚʦʟʜʫʭʦʤ ʦʧʨʝʜʝʣʷʝʪ 

ʦʙʱʠʝ ʪʝʧʣʦʧʦʪʝʨʠ ʟʜʘʥʠʷ ʠ ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʵʪʦʤ ʟʥʘʯʝʥʠʠ ʤʦʞʥʦ ʫʩʧʝʰʥʦ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʟʘʜʘʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʥʦ ʪʦʣʴʢʦ ʜʦ ʪʦʛʦ ʤʦʤʝʥʪʘ, ʧʦʢʘ ʥʝ 

ʧʨʦʠʟʦʡʜʝʪ ʨʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ ʚʥʝʰʥʠʭ ʧʘʨʘʤʝʪʨʦʚ [5].  

ʅʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʚʥʝʰʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 10 

ʛʨʘʜʫʩʦʚ, ʚʥʫʪʨʝʥʥʠʝ ʧʘʨʘʤʝʪʨʳ ʤʠʢʨʦʢʣʠʤʘʪʘ ʧʨʠʭʦʜʷʪ ʚ ʩʪʘʮʠʦʥʘʨʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʪʦʣʴʢʦ ʯʝʨʝʟ 5-7 ʯʘʩʦʚ. ɺ ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ ʩʫʪʦʯʥʳʝ ʧʝʨʝʧʘʜʳ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 10 ʜʦ 20 ʛʨʘʜʫʩʦʚ, ʧʨʠʯʝʤ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʢʦʨʦʪʢʠʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʚ ʫʪʨʝʥʥʠʝ ʠ ʚʝʯʝʨʥʠʝ ʯʘʩʳ, ʧʨʠ ʵʪʦʤ 

ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʥʘ ʚʝʣʠʯʠʥʳ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʠ ʟʜʘʥʠʷ. ʃʠʪʝʨʘʪʫʨʥʳʝ 

ʜʘʥʥʳʝ ʠ ʥʘʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʞʠʤʘʭ 

ʦʪʦʧʣʝʥʠʷ ʟʜʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʦʩʥʦʚʥʦʡ ʧʝʨʝʨʘʩʭʦʜ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ. ɸ 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ ʚ ʟʜʘʥʠʠ ʚʦʟʥʠʢʘʝʪ, ʢʦʛʜʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ 

ʫʧʨʘʚʣʝʥʠʷ ʪʝʧʣʦʚʳʤʠ ʧʫʥʢʪʘʤʠ  ʥʝ ʫʯʠʪʳʚʘʝʪ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʟʜʘʥʠʷ. ʋʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʦʧʨʦʩʘ ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ, ʥʝ ʧʦʤʦʛʘʝʪ ʠʩʧʨʘʚʠʪʴ 

ʩʠʪʫʘʮʠʶ. ʅʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʦʞʥʦ ʧʫʪʝʤ ʧʦʜʙʦʨʘ 

ʩʢʦʨʦʩʪʠ ʦʧʨʦʩʘ ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʥʠʟʠʪʴ ʚʨʝʤʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʦʤʝʱʝʥʠʠ, ʥʦ ʫʩʪʨʘʥʠʪʴ ʧʨʦʙʣʝʤʫ ʜʘʥʥʳʤ ʩʧʦʩʦʙʦʤ 

ʥʝʚʦʟʤʦʞʥʦ. 

ʈʷʜ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʫʪʝʤ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʟʜʘʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘʤʠ 

ʤʠʢʨʦʢʣʠʤʘʪʘ, ʤʦʞʥʦ ʨʝʰʠʪʴ ʜʘʥʥʫʶ ʧʨʦʙʣʝʤʫ. ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʨʝʰʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʩʝʨʴʝʟʥʦʤʫ ʫʜʦʨʦʞʘʥʠʶ ʩʠʩʪʝʤʳ, ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ ʠ ʟʘʱʠʪʳ ʪʝʧʣʦʚʦʛʦ ʧʫʥʢʪʘ ʦʪ ʧʨʦʥʠʢʥʦʚʝʥʠʷ. 

ʇʨʠʤʝʥʝʥʠʝ ʪʝʧʣʦʚʳʭ ʧʫʥʢʪʦʚ ʩ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʫʧʨʘʚʣʝʥʠʷ ʦʧʨʘʚʜʘʥʦ 

ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʢ ʧʨʠʤʝʥʝʥʠʶ ʚʦ ʚʥʦʚʴ ʚʚʦʜʠʤʳʭ ʜʦʤʘʭ. ɺ ʜʝʡʩʪʚʫʶʱʠʭ 

ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʭ ʜʦʤʘʭ, ʦʩʦʙʝʥʥʦ ʚ ʪʝʭ, ʢʦʪʦʨʳʝ ʫʜʘʣʝʥʳ ʦʪ ʮʝʥʪʨʘʣʴʥʳʭ ʛʦʨʦʜʦʚ, 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʙʦʣʝʝ ʧʨʦʩʪʳʝ ʠ ʜʝʰʝʚʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ [6, 7]. 

ʅʘʰ ʘʥʘʣʠʟ ʜʝʡʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʦʪʦʧʣʝʥʠʷ ʟʜʘʥʠʡ ʤʥʦʛʦʵʪʘʞʥʦʡ ʟʘʩʪʨʦʡʢʠ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘʤʠ 

ʪʝʧʣʦʚʳʭ ʧʫʥʢʪʦʚ ʠʤʝʶʪ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʚʭʦʜ ʜʣʷ ʜʘʪʯʠʢʦʚ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ.  

ʉʘʤʳʤ ʤʘʣʦʠʥʝʨʮʠʦʥʥʳʤ ʜʘʪʯʠʢʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʷʚʣʷʝʪʩʷ ʪʝʨʤʦʧʘʨʘ, ʜʣʷ ʙʦʣʝʝ 

ʪʦʯʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʚ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ 

ʪʝʨʤʦʧʘʨʘ. ʏʪʦʙʳ ʫʯʠʪʳʚʘʪʴ ʠʥʝʨʮʠʦʥʥʦʩʪʴ ʟʜʘʥʠʷ, ʥʘʤʠ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʪʝʨʤʦʧʘʨʳ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʘʪʝʥʪʘ ʥʘ 

ʠʟʦʙʨʝʪʝʥʠʝ ˉ2611562 [8]. ɼʘʥʥʳʡ ʧʘʪʝʥʪ ʧʦʟʚʦʣʷʝʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʦʜʫʣʠ, ʢʦʪʦʨʳʝ ʠʟʤʝʨʷʶʪ ʛʨʘʜʠʝʥʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʤʝʞʜʫ ʚʥʝʰʥʝʡ ʩʪʦʨʦʥʦʡ ʩʪʝʥʳ ʟʜʘʥʠʷ ʠ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ. ɺʪʦʨʦʡ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 139 ð   

 

ʜʘʪʯʠʢ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚʥʫʪʨʠ ʧʦʤʝʱʝʥʠʷ, ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʢʦʤʥʘʪʝ, ʦʥ ʠʟʤʝʨʷʝʪ 

ʛʨʘʜʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʳ ʩʪʝʥʳ ʟʜʘʥʠʷ ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʚʦʟʜʫʭʘ. 

ɼʘʥʥʦʝ ʧʦʜʢʣʶʯʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʷ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦʜʘʯʝʡ ʪʝʧʣʦʥʦʩʠʪʝʣʷ. ɼʘʥʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʠʣʦ ʩʥʠʟʠʪʴ 

ʚʨʝʤʷ ʚʳʭʦʜʘ ʚ ʩʪʘʮʠʦʥʘʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʜʦ 1,0-1,5 ʯʘʩʦʚ,  ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʚʥʝʰʥʝʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 10 ʛʨʘʜʫʩʦʚ.  

ʇʨʠʤʝʥʝʥʠʝ ʥʘʫʯʥʳʭ ʜʦʩʪʠʞʝʥʠʡ ʥʘ ʧʨʘʢʪʠʢʝ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʢʦʤʬʦʨʪ ʚ 

ʟʜʘʥʠʷʭ ʤʥʦʛʦʵʪʘʞʥʦʡ ʟʘʩʪʨʦʡʢʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ, ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ 

ʩʣʦʞʥʳʭ, ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʧʨʠ ʵʪʦʤ ʩʥʠʟʠʪʴ ʧʦʪʨʝʙʣʝʥʠʝ ʪʝʧʣʦʚʦʡ 

ʵʥʝʨʛʠʠ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʪʨʝʙʣʝʥʠʝ 

ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʩʥʠʞʘʝʪʩʷ ʙʦʣʝʝ ʯʝʤ ʥʘ 10%. 

ɼʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʌʝʜʝʨʘʣʴʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ çʈʦʩʩʠʡʩʢʠʡ ʬʦʥʜ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡè (ʈʌʌʀ), ɼʦʛʦʚʦʨ ˉ 20-48-380002\20. 
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ɸʥʥʦʪʘʮʠʷ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʭʘʥʠʟʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʧʦʣʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʠ ʩʦʩʪʦʷʱʠʡ ʠʟ 

ʚʦʜʠʣʘ, ʛʨʫʟʘ, ʧʨʦʪʠʚʦʚʝʩʘ ʠ ʩʘʪʝʣʣʠʪʘ, ʢʘʪʷʱʝʛʦʩʷ ʙʝʟ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ ʧʦ 

ʥʝʧʦʜʚʠʞʥʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦʣʦʞʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʠ ʥʝʫʩʪʦʡʯʠʚʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ ʤʝʭʘʥʠʟʤʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʥʝʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʵʥʝʨʛʠʠ. ɺʳʷʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʵʪʦʡ ʬʫʥʢʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʭʘʥʠʟʤʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ, ʫʩʪʦʡʯʠʚʦʝ ʧʦʣʦʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ, 

ʥʝʫʩʪʦʡʯʠʚʦʝ ʧʦʣʦʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ, ʙʠʬʫʨʢʘʮʠʷ. 

 

Abstract 

A mechanism located in the field of gravity and consisting of a rod, a load, a 

counterweight and a satellite rolling without slipping on a stationary cylindrical surface is 

considered. The positions of the stable and unstable equilibrium of the mechanism are 

determined using the nonlinear potential energy function. The features of changing this 

function depending on the characteristics of the mechanism are revealed. 

Keywords: potential energy, stable equilibrium position, unstable equilibrium 

position, bifurcation. 

 

ʉ ʚʳʯʠʩʣʝʥʠʝʤ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʨʠʭʦʜʠʪʩʷ 

ʚʩʪʨʝʯʘʪʴʩʷ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʭ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʪʘʢ ʢʘʢ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʝʦʨʝʤʦʡ ʃʘʛʨʘʥʞʘ-ɼʠʨʠʭʣʝ [1,2] ʪʘʢʠʝ ʢʦʣʝʙʘʥʠʷ ʩʦʚʝʨʰʘʶʪʩʷ ʦʢʦʣʦ ʧʦʣʦʞʝʥʠʡ 

ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʩʠʩʪʝʤʳ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʵʥʝʨʛʠʠ. ʇʨʠ ʵʪʦʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʠʩʩʣʝʜʦʚʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʨʝʘʣʴʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʦʪ ʝʸ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʠ ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʯʠʩʣʦ ʧʦʣʦʞʝʥʠʡ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ 

ʩʠʩʪʝʤʳ. ʅʠʞʝ ʵʪʦ ʦʙʩʫʞʜʘʝʪʩʷ ʥʘ ʧʨʠʤʝʨʝ ʤʝʭʘʥʠʟʤʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ 

ʯʘʩʪʴʶ ʧʣʘʥʝʪʘʨʥʳʭ ʨʝʜʫʢʪʦʨʦʚ, ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʦʚ, ʙʦʨʪʦʚʳʭ 

ʧʣʘʥʝʪʘʨʥʳʭ ʧʝʨʝʜʘʯ ʪʷʞʝʣʳʭ ʘʚʪʦʤʦʙʠʣʝʡ, ʧʨʠʸʤʥʳʭ ʫʩʪʨʦʡʩʪʚ ʭʣʦʧʢʦʫʙʦʨʦʯʥʳʭ 

ʢʦʤʙʘʡʥʦʚ [3]. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʤʝʭʘʥʠʟʤ (ʨʠʩ. 1), 

ʩʦʜʝʨʞʘʱʠʡ ʩʘʪʝʣʣʠʪ 1 ʨʘʜʠʫʩʦʤ r ʠ ʤʘʩʩʦʡ ʄ1=0,2 ʢʛ, ʠʤʝʶʱʠʡ ʚʦʟʤʦʞʥʦʩʪʴ 

ʢʘʪʘʪʴʩʷ ʙʝʟ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ ʧʦ ʥʝʧʦʜʚʠʞʥʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 6 ʨʘʜʠʫʩʘ 

R=0,65 ʤ. ʆʩʴ ɸ ʩʘʪʝʣʣʠʪʘ ʩʢʨʝʧʣʝʥʘ ʩ ʚʦʜʠʣʦʤ 2 ʜʣʠʥʦʶ L=0,8 ʤ ʠ ʤʘʩʩʦʡ ʄ2 =0,5 ʢʛ. 
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ʈʠʩ. 1. ʄʦʜʝʣʴ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

 

ɺ ʪʦʯʢʝ ʆ ʟʘʢʨʝʧʣʝʥʘ ʤʫʬʪʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʚʨʘʱʘʪʴʩʷ ʚʦʢʨʫʛ ʥʝʧʦʜʚʠʞʥʦʡ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʵʪʫ ʪʦʯʢʫ. ʇʨʠ ʩʙʦʨʢʝ ʤʝʭʘʥʠʟʤʘ ʠʣʠ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʨʘʜʠʫʩʘ ʩʘʪʝʣʣʠʪʘ 1 ʚʦʜʠʣʦ 2 ʩʢʦʣʴʟʠʪ ʚʜʦʣʴ ʤʫʬʪʳ, ʘ ʟʘʪʝʤ ʢʨʝʧʠʪʩʷ ʢ ʥʝʡ 

ʩ ʧʦʤʦʱʴʶ ʚʠʥʪʘ. ʂ ʩʘʪʝʣʣʠʪʫ 1 ʞʝʩʪʢʦ ʧʨʠʢʨʝʧʣʝʥ ʥʝʚʝʩʦʤʳʡ ʩʪʝʨʞʝʥʴ 5 ʩ ʛʨʫʟʦʤ 3 

ʤʘʩʩʦʡ ʄ3=0,4 ʢʛ, ʢʦʪʦʨʳʡ ʬʠʢʩʠʨʫʝʪʩʷ ʥʘ ʩʪʝʨʞʥʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ɸB=l3=0,2 ʤ. ʅʘ 

ʚʦʜʠʣʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʆD=l4=0,15 ʤ ʥʘʭʦʜʠʪʩʷ ʧʨʦʪʠʚʦʚʝʩ 4 ʤʘʩʩʦʡ ʄ4=0,5 ʢʛ. ɺ 

ʩʝʯʝʥʠʠ ʉ ʚʦʜʠʣʘ ʥʘʭʦʜʠʪʩʷ ʝʛʦ ʮʝʥʪʨ ʤʘʩʩ. 

ʉʦʩʪʘʚʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʇ ʤʝʭʘʥʠʟʤʘ [4]. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʠʤʝʝʪ ʦʜʥʫ ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ, ʚ ʢʘʯʝʩʪʚʝ ʦʙʦʙʱʝʥʥʦʡ 

ʢʦʦʨʜʠʥʘʪʳ ʧʨʠʤʝʤ ʫʛʦʣ j ʦʪʢʣʦʥʝʥʠʷ ʚʦʜʠʣʘ ʦʪ ʚʝʨʪʠʢʘʣʠ. ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥ 

ʤʝʭʘʥʠʟʤ ʚ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʘ ʥʘʜʩʪʨʦʯʥʳʤ ʠʥʜʝʢʩʦʤ * ʦʪʤʝʯʝʥʦ ʧʦʣʦʞʝʥʠʝ 

ʪʦʯʝʢ N,A,B ʠ C ʧʨʠ j=0. 

 

 
ʈʠʩ. 2. ʉʭʝʤʘ ʤʝʭʘʥʠʟʤʘ. 

 

ʊʘʢ ʢʘʢ ʜʣʠʥʳ ʜʫʛ ÇPN ʠ ÇPN* ʨʘʚʥʳ, ʪʦ jq Ö=Ö Rr , ʘ ʫʛʦʣ y  ʧʦʚʦʨʦʪʘ 

ʩʘʪʝʣʣʠʪʘ 1 ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʦʦʪʥʦʰʝʥʠʶ: 

jjqy
r

rR-
=-= . 

ɸʢʪʠʚʥʳʤʠ ʩʠʣʘʤʠ, ʜʝʡʩʪʚʫʶʱʠʤʠ ʥʘ ʤʝʭʘʥʠʟʤ, ʷʚʣʷʶʪʩʷ ʩʠʣʳ ʪʷʞʝʩʪʠ. 

ɺʳʧʠʰʝʤ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʵʥʝʨʛʠʠ ʦʜʥʦʨʦʜʥʦʛʦ ʧʦʣʷ ʩʠʣʳ ʪʷʞʝʩʪʠ ʜʣʷ ʩʘʪʝʣʣʠʪʘ: 
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( )( )jcos111 -Ö-ÖÖ= rRgMʇ , 

ʜʣʷ ʚʦʜʠʣʘ: 

( )( )jcos1222 -Ö--ÖÖ= LrRgMʇ , 

ʜʣʷ ʛʨʫʟʘ 3: 
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ʠ ʜʣʷ ʧʨʦʪʠʚʦʚʝʩʘ: 

( )jcos1444 -ÖÖÖ-= lgMʇ . 
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ɿʜʝʩʴ g ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ. 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʬʫʥʢʮʠʷ ʇ(j) ʷʚʣʷʝʪʩʷ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʧʨʠ l3=0 (ʛʨʫʟ 3 

ʥʘʭʦʜʠʪʩʷ ʚ ʮʝʥʪʨʝ ʩʘʪʝʣʣʠʪʘ 1) ʠ ʧʨʠ R=2r. 

ʈʘʩʩʤʦʪʨʠʤ ʤʝʭʘʥʠʟʤ, ʫ ʢʦʪʦʨʦʛʦ ʮʝʥʪʨʳ ʤʘʩʩ ʚʦʜʠʣʘ ʠ ʩʘʪʝʣʣʠʪʘ ʥʘʭʦʜʷʪʩʷ ʧʦ 

ʦʜʥʫ ʩʪʦʨʦʥʫ ʦʪ ʥʝʧʦʜʚʠʞʥʦʛʦ ʰʘʨʥʠʨʘ, ʪʦ ʝʩʪʴ r < 0,25 ʤ. ʉʯʠʪʘʷ ʦʪʥʦʰʝʥʠʝ R/r 

ʨʘʮʠʦʥʘʣʴʥʳʤ ʯʠʩʣʦʤ ʠ ʧʦʣʘʛʘʷ, ʯʪʦ r=0,2 ʤ, ʧʨʦʚʝʜʸʤ ʘʥʘʣʠʟ ʬʫʥʢʮʠʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʵʥʝʨʛʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʚʦʜʠʣʘ j ʠ ʧʦʣʦʞʝʥʠʷ ʛʨʫʟʘ 3 (ʨʘʩʩʪʦʷʥʠʷ l3). 

ʊʦʛʜʘ ʧʨʠ ʥʝʠʟʤʝʥʥʳʭ ʜʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʤʝʭʘʥʠʟʤʘ ʠʤʝʝʤ: 

( ) ( )( )( , ) , cos , cos , .3 3l g 0 22 1 0 4 l 1 2 25P j j jè ø= Ö Ö - + Ö - Öê ú             (1) 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ (1), ʧʨʠ l3=0 (ʛʨʫʟ M3 ʚ ʮʝʥʪʨʝ ʩʘʪʝʣʣʠʪʘ) ʧʝʨʠʦʜʦʤ ʵʪʦʡ ʬʫʥʢʮʠʠ 

ʷʚʣʷʝʪʩʷ T=2p ʨʘʜ, ʘ ʧʨʠ l3Í0 ï T=8p ʨʘʜ (ʯʝʪʳʨʝ ʦʙʦʨʦʪʘ ʚʦʜʠʣʘ). 

ʅʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥ ʛʨʘʬʠʢ ʇ(j) ʧʨʠ l3=0,1 ʤ. ɺʠʜʥʦ, ʯʪʦ ʧʨʠ ʪʘʢʦʤ ʟʥʘʯʝʥʠʠ l3 

ʟʘ ʦʜʠʥ ʧʝʨʠʦʜ ʠʟʤʝʥʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʧʦ ʯʝʪʳʨʝ 

ʨʘʟʘ ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʣʦʞʝʥʠʷʭ ʫʩʪʦʡʯʠʚʦʛʦ (ʣʦʢʘʣʴʥʳʝ ʤʠʥʠʤʫʤʳ ʇ(j)) ʠ 

ʥʝʫʩʪʦʡʯʠʚʦʛʦ (ʣʦʢʘʣʴʥʳʝ ʤʘʢʩʠʤʫʤʳ ʇ(j)) ʨʘʚʥʦʚʝʩʠʷ. 

 

 
ʈʠʩ. 3. ɻʨʘʬʠʢ ʇ(j) ʧʨʠ l3=0,1 ʤ. 

 

ɽʩʣʠ l3=0,15 ʤ, ʪʦ ʥʘ ʛʨʘʬʠʢʝ ʇ(j) (ʨʠʩ. 4) ʧʨʠ j=4p ʨʘʜ ʥʘʭʦʜʠʪʩʷ ʣʦʢʘʣʴʥʳʡ 

ʤʘʢʩʠʤʫʤ, ʘ ʩʣʝʚʘ ʦʪ ʥʝʛʦ (jº(4pï4p/9)º11,1701 ʨʘʜ) ʠ ʩʧʨʘʚʘ ʦʪ ʥʝʛʦ 

(jº(4p+4p£9)º13,9626 ʨʘʜ) ï ʜʚʘ ʣʦʢʘʣʴʥʳʭ ʤʠʥʠʤʫʤʘ. ʇʨʠ ʪʘʢʦʤ ʟʥʘʯʝʥʠʠ l3 ʟʘ ʦʜʠʥ 
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ʧʝʨʠʦʜ ʠʟʤʝʥʝʥʠʷ ʇ(j) ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʧʦ ʧʷʪʴ ʨʘʟ ʧʦʙʳʚʘʝʪ ʚ ʧʦʣʦʞʝʥʠʷʭ 

ʫʩʪʦʡʯʠʚʦʛʦ ʠ ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. 

 

 
ʈʠʩ. 4. ɻʨʘʬʠʢ ʇ(j) ʧʨʠ l3=0,15 ʤ. 

 

ɸʥʘʣʠʟ ʬʫʥʢʮʠʠ (1) ʥʘ ʵʢʩʪʨʝʤʫʤ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʝʚʨʘʱʝʥʠʝ ʫʩʪʦʡʯʠʚʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʚ ʥʝʫʩʪʦʡʯʠʚʦʝ (ʙʠʬʫʨʢʘʮʠʷ) ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ l3º 0,1086 ʤ. 

ɺ ʩʣʫʯʘʝ ʨʘʟʤʝʱʝʥʠʷ ʛʨʫʟʘ ʤʘʩʩʦʡ ʄ3 ʥʘ ʦʙʦʜʝ ʩʘʪʝʣʣʠʪʘ (l3=r=0,2 ʤ) ʛʨʘʬʠʢ 

ʇ(j) ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 5. ɺʠʜʥʦ, ʯʪʦ ʯʠʩʣʦ ʧʦʣʦʞʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ ʩʠʩʪʝʤʳ ʥʝ 

ʠʟʤʝʥʠʣʦʩʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤ ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʩʣʫʯʘʝʤ. 

 

 
ʈʠʩ. 5. ɻʨʘʬʠʢ ʇ(j) ʧʨʠ l3=r=0,2 ʤ. 

 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ l3  ʜʦ ʟʥʘʯʝʥʠʷ l3=0,2025 ʤ (ʛʨʫʟ ʚʥʝ ʩʘʪʝʣʣʠʪʘ) ʥʘ 

ʛʨʘʬʠʢʝ ʇ(j) ʧʨʠ j1=2,2543 ʨʘʜ ʠ j2=8pïj1º22,8784 ʨʘʜ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘʯʠʥʘʶʪ 

ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʜʚʘ ʥʦʚʳʭ ʣʦʢʘʣʴʥʳʭ ʤʠʥʠʤʫʤʘ ï ʧʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʧʦʣʦʞʝʥʠʷ 

ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʩʠʩʪʝʤʳ (ʙʠʬʫʨʢʘʮʠʷ). ɻʨʘʬʠʢ ʇ(j) ʧʨʠ l3=0,23ʤ ʧʨʠʚʝʜʸʥ ʥʘ 

ʨʠʩ. 6. 

 

 
ʈʠʩ. 6. ɻʨʘʬʠʢ ʇ(j) ʧʨʠ l3 =0,23ʤ. 
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ɺʠʜʥʦ, ʯʪʦ ʧʨʠ ʟʥʘʯʝʥʠʠ l3=0,23ʤ ʟʘ ʯʝʪʳʨʝ ʦʙʦʨʦʪʘ ʚʦʜʠʣʘ (0<jÒ8p ʨʘʜ) 
ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʧʦ ʩʝʤʴ ʨʘʟ ʧʦʙʳʚʘʝʪ ʚ ʧʦʣʦʞʝʥʠʷʭ ʫʩʪʦʡʯʠʚʦʛʦ ʠ 

ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. 

ʊʘʢʘʷ ʩʠʪʫʘʮʠʷ ʩʦʭʨʘʥʷʝʪʩʷ ʠ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ l3 ʚʧʣʦʪʴ ʜʦ ʟʥʘʯʝʥʠʷ 

l3=0,265 ʤ, ʢʦʛʜʘ ʧʨʠ j1º7,8557 ʨʘʜ ʠ j2=8pïj1º17,277 ʨʘʜ ʥʘ ʛʨʘʬʠʢʝ ʇ(j) ʩ ʨʦʩʪʦʤ l3 

ʧʦʷʚʣʷʶʪʩʷ ʝʱʸ ʜʚʘ ʣʦʢʘʣʴʥʳʭ ʤʠʥʠʤʫʤʘ (ʙʠʬʫʨʢʘʮʠʷ). ʊʝʧʝʨʴ ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 

ʟʘ ʯʝʪʳʨʝ ʦʙʦʨʦʪʘ ʚʦʜʠʣʘ ʧʦ ʜʝʚʷʪʴ ʨʘʟ ʧʦʙʳʚʘʝʪ ʚ ʧʦʣʦʞʝʥʠʷʭ ʫʩʪʦʡʯʠʚʦʛʦ ʠ 

ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. 

 

 
ʈʠʩ. 7. ɻʨʘʬʠʢ ʇ(j) ʧʨʠ l3=0,28ʤ. 

 

ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ l3 ʯʠʩʣʦ ʧʦʣʦʞʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, 

ʠʟʤʝʥʷʶʪʩʷ ʣʠʰʴ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʇ(j) (ʨʠʩ. 7, l3=0,28ʤ). 

ʇʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʚʝʣʠʯʝʥʠʠ l3 ʥʘʧʨʠʤʝʨ, ʜʦ l3=25r=5 ʤ) ʚʪʦʨʦʡ ʯʣʝʥ ʚ 

ʚʳʨʘʞʝʥʠʠ (1) ʩʪʘʥʦʚʠʪʩʷ ʧʨʝʦʙʣʘʜʘʶʱʠʤ. ʀ ʭʦʪʷ ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ (ʨʠʩ. 8) ʧʝʨʠʦʜ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʧʦ ʧʨʝʞʥʝʤʫ ʦʩʪʘʸʪʩʷ ʨʘʚʥʳʤ 8p ʨʘʜ, ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʇ(j) ʧʨʠʙʣʠʞʘʶʪʩʷ ʜʨʫʛ ʢ ʜʨʫʛʫ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʧʦʵʪʦʤʫ ʛʨʘʬʠʢ ʇ(j) ʙʣʠʟʦʢ ʢ ʛʨʘʬʠʢʫ 

ʛʘʨʤʦʥʠʢʠ ʩ ʧʝʨʠʦʜʦʤ 8p/9 ʨʘʜ. 

 

 
ʈʠʩ. 8. ɻʨʘʬʠʢ ʇ(j) ʧʨʠ l3=25r=5 ʤ. 

 

ʊʝʧʝʨʴ ʠʩʩʣʝʜʫʝʤ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʤʝʭʘʥʠʟʤʘ ʦʪ ʨʘʜʠʫʩʘ 

ʩʘʪʝʣʣʠʪʘ ʧʨʠ l3=0,2 ʤ ʠ ʥʝʠʟʤʝʥʥʳʭ ʜʨʫʛʠʭ ʝʸ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ. ʊʦʛʜʘ 
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ʆʛʨʘʥʠʯʠʤʩʷ ʩʣʫʯʘʷʤʠ r< l3. ɻʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʬʫʥʢʮʠʠ (2) ʧʨʠ r=0,05; 

0,1; 0,13(ʤ) ʧʨʠʚʝʜʝʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʨʠʩ. 9,10 ʠ 11. 
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ʈʠʩ. 9. ɻʨʘʬʠʢ ʇ(j) ʧʨʠ r=0,05 ʤ. 

 

ʀʟ ʨʠʩ. 9 ʚʠʜʥʦ, ʯʪʦ ʇ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʝʥʠʝ ʜʚʫʭ ʛʘʨʤʦʥʠʢ ʩ ʧʝʨʠʦʜʘʤʠ 

2p ʠ p/6 ʨʘʜ, ʧʝʨʠʦʜ ʠʟʤʝʥʝʥʠʷ ʬʫʥʢʮʠʠ ʇ(j) ʨʘʚʝʥ 2p ʨʘʜ. 

ʉʣʦʞʝʥʠʝ ʜʚʫʭ ʛʘʨʤʦʥʠʢ ʩ ʧʝʨʠʦʜʘʤʠ 4p ʨʘʜ ʠ 4p/11 ʨʘʜ, ʜʘʝʪ ʧʝʨʠʦʜ ʬʫʥʢʮʠʠ 

ʇ(j) ʨʘʚʥʳʡ 4p ʨʘʜ (ʨʠʩ. 10); ʠ ʩʣʦʞʝʥʠʝ ʜʚʫʭ ʛʘʨʤʦʥʠʢ ʩ ʧʝʨʠʦʜʘʤʠ 2p ʨʘʜ ʠ p/2 ʨʘʜ, 

ʜʘʝʪ ʧʝʨʠʦʜ ʬʫʥʢʮʠʠ ʇ(j) ï 2p ʨʘʜ (ʨʠʩ. 11). 

 
ʈʠʩ. 10. ɻʨʘʬʠʢ ʇ(j) ʧʨʠ r=0,1 ʤ. 

 

 
ʈʠʩ. 11. ɻʨʘʬʠʢ ʇ(j) ʧʨʠ r=0,13 ʤ. 

 

ʇʨʠ ʜʨʫʛʠʭ ʟʥʘʯʝʥʠʷʭ r ʛʨʘʬʠʢ ʇ(j,r), ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ 

ʩʣʦʞʥʳʡ ʚʠʜ, ʥʘʧʨʠʤʝʨ ʪʘʢʦʡ, ʢʘʢ ʧʨʠ r=0,17 ʤ (ʨʠʩ.12). 



ð 146 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

 
ʈʠʩ. 12. ɻʨʘʬʠʢ ʇ(j) ʧʨʠ r=0,17 ʤ. 

 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʝʨʠʦʜ ʠʟʤʝʥʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʨʘʚʝʥ 34p ʨʘʜ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʚ ʥʝʣʠʥʝʡʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʧʦʢʘʟʘʣʦ 

ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʇ(j) ʤʝʭʘʥʠʟʤʘ ʢ ʠʟʤʝʥʝʥʠʶ ʝʛʦ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʦʪʦʨʳʝ ʟʘʜʘʚʘʣʠʩʴ ʨʘʮʠʦʥʘʣʴʥʳʤʠ ʯʠʩʣʘʤʠ. 

ɸʥʘʣʠʟ ʵʪʦʡ ʬʫʥʢʮʠʠ ʪʘʢʞʝ ʧʦʜʪʚʝʨʜʠʣ, ʯʪʦ ʦʥʘ ʷʚʣʷʝʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʬʫʥʢʮʠʝʡ ʠ ʧʦʵʪʦʤʫ ʧʦʣʦʞʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʤʝʭʘʥʠʟʤʘ, ʦʢʦʣʦ ʢʦʪʦʨʳʭ 

ʤʦʛʫʪ ʩʦʚʝʨʰʘʪʴʩʷ ʝʛʦ ʩʚʦʙʦʜʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʦʯʥʦ. 

***  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʤʝʪʦʜʠʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʚʝʩʪʠʮʠʡ  

ʤʝʪʦʜʦʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʇʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʙ 

ʦʧʪʠʤʘʣʴʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʠʥʚʝʩʪʠʮʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʚʝʩʪʠʮʠʠ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ,  ʜʠʥʘʤʠʯʝʩʢʦʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʬʫʥʢʮʠʷ ɹʝʣʣʤʘʥʘ, ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʝ ʟʘʜʘʯʠ. 

 

Abstract 

The article discusses the method of optimal investment allocation using the dynamic 

programming method. An example of solving the problem of optimal investment distribution 

is given. 

Keywords: investments, mathematical models, dynamic programming, Bellman 

function, optimization problems. 

 
































