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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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1. ɹʫʪʝʡʢʠʩ ʅ. ɻ. ʊʝʭʥʦʣʦʛʠʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʤʫʯʥʳʭ ʢʦʥʜʠʪʝʨʩʢʠʭ ʠʟʜʝʣʠʡ: ʫʯʝʙʥʠʢ ʜʣʷ ʥʘʯ. ʧʨʦʬ. 

ʦʙʨʘʟʦʚʘʥʠʷ / ʅ. ɻ. ɹʫʪʝʡʢʩ, ɸ. ɸ. ɾʫʢʦʚʘ. ï ʄ.  :  ʀʟʜʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ çɸʢʘʜʝʤʠʷè, 2010. ï 304 ʩ. 

2. ɻʝʨʘʩʠʤʦʚ ʀ. ɺ. ʆʩʥʦʚʳ ʢʦʥʜʠʪʝʨʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ / ʀ. ɺ. ɻʝʨʘʩʠʤʦʚ, ʅ. ʄ. ʅʦʚʠʢʦʚʘ, ʅ. ɺ. 

ʂʘʨʫʰʝʚʘ. ï ʄ. : ʂʦʣʦʩ, 1996. ï 223 ʩ. 

3. ɼʦʡʣʦʚʩʢʘʷ ʊ. ɸ. ʀʟʛʦʪʦʚʣʝʥʠʝ ʤʫʯʥʳʭ ʢʦʥʜʠʪʝʨʩʢʠʭ ʠʟʜʝʣʠʡ / ʊ. ɸ. ɼʦʡʣʦʚʩʢʘʷ. ï ʄ.: ɸʉʊ 

ʉʪʘʣʢʝʨ, 2005. ï 176 ʩ. 

4. ʂʫʟʥʝʮʦʚʘ ʃ. ʉ. ʊʝʭʥʦʣʦʛʠʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʤʫʯʥʳʭ ʢʦʥʜʠʪʝʨʩʢʠʭ ʠʟʜʝʣʠʡ / ʃ. ʉ. ʂʫʟʥʝʮʦʚʘ,  ʄ. 

ʖ. ʉʠʥʜʘʥʦʚʘ. ï ʄ. : ʄʘʩʪʝʨʩʪʚʦ, 2002. ï 320 ʩ. 

5. ʄʘʨʰʘʣʢʠʥ ɻ. ɸ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʢʦʥʜʠʪʝʨʩʢʠʭ ʠʟʜʝʣʠʡ / ɻ. ɸ. ʄʘʨ-ʰʘʣʢʠʥ. ï ʄ. : ʂʦʣʦʩ, 1994. ï 

272 ʩ. 

6. ʄʘʪʚʝʝʚ ʀ. ɺ. ʇʠʱʝʚʳʝ ʜʦʙʘʚʢʠ ʠ ʭʣʝʙʦʧʝʢʘʨʥʳʝ ʫʣʫʯʰʠʪʝʣʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʫʯʥʳʭ ʠʟʜʝʣʠʡ / 

ʀ. ɺ. ʄʘʪʚʝʝʚ, ʀ. ɻ. ɹʝʣʷʚʩʢʘʷ. ï ʄ. : ʄɻʋʇʇ, 1998. ï 116 ʩ. 

7. ʇʝʪʨʦʚʘ ɺ. ʇ. ɼʠʢʦʨʘʩʪʫʱʠʝ ʧʣʦʜʳ ʠ ʷʛʦʜʳ / ɺ. ʇ. ʇʝʪʨʦʚʘ. ï ʄ. : ʃʝʩʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, 1987 

ï 248 c. 

8. ʉʢʦʙʝʣʴʩʢʘʷ ɿ. ɻ. ʊʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʘʭʘʨʥʳʭ ʢʦʥʜʠʪʝʨʩʢʠʭ ʠʟʜʝʣʠʡ: ʫʯʝʙ. ʜʣʷ ʥʘʯ. ʧʨʦʬ. 

ʦʙʨʘʟʦʚʘʥʠʷ / ɿ. ɻ. ʉʢʦʙʝʣʴʩʢʘʷ, ɻ. ʅ. ɻʦʨʷʯʝʚʘ. ï ʄ. : ʀʈʇʆ; ʇʨʦʬʆʙʨʀʟʜʘʪ, 2002. ï 416 ʩ. 

9. ʗʛʦʜʳ ʜʣʷ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. (ʉʧʨʘʚʦʯʥʠʢ ʢʦʥʜʠʪʝʨʘ) [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: ʗʛʦʜʳ ʜʣʷ 

ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. (ʉʧʨʘʚʦʯʥʠʢ ʢʦʥʜʠʪʝʨʘ): ʵʣʝʢʪʨʦʥ.ʩʪ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://baker-

group.net/ ï ɿʘʛʣ. ʩ ʵʢʨʘʥʘ. 

ʂʦʩʪʨʦʤʢʠʥʘ ʅ.ɺ., ʃʦʙʘʥʦʚʘ  ʊ.ʄ, ɾʫʣʴʢʝʚʩʢʠʡ ʄ.ɸ. 

ɺʣʠʷʥʠʝ ʙʝʣʢʦʚʦʡ ʜʦʙʘʚʢʠ ʄʠʦʛʝʣʴ ʥʘ ʠʟʤʝʥʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʩʳʨʦʢʦʧʯʝʥʦʡ ʢʦʣʙʘʩʳ çɼʝʣʠʢʘʪʝʩʥʘʷè 

ʌɻɹʆʋ ɺʆ çʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʄʦʨʜʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥ-ʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ ʇ. ʆʛʘʨʝʚʘè 

(ʈʦʩʩʠʷ, ʉʘʨʘʥʩʢ) 

doi: 10.18411/lj-03-2021-40 

idsp: ljournal-03-2021-40 

 

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 . 






























































































































































































































































