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ɸʥʥʦʪʘʮʠʷ 

ɿʘʜʘʯʘ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʷ 

ʪʝʧʣʦʥʘʧʨʷʞʸʥʥʦʩʪʠ ʛʝʨʤʝʪʠʯʥʦʛʦ ʭʣʘʜʦʥʦʚʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ ʚ ʪʨʦʧʠʯʝʩʢʦʤ ʠʩʧʦʣʥʝʥʠʠ, 

ʪ.ʝ. ʩʦʭʨʘʥʷʶʱʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʚ ʩʦʩʪʘʚʝ ʛʝʨʤʝʪʠʯʥʦʛʦ ʢʦʥʪʫʨʘ ʭʦʣʦʜʠʣʴʥʦʛʦ 

ʘʛʨʝʛʘʪʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 40-60Áʉ, ʷʚʣʷʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʘʢʪʫʘʣʴʥʦʡ. 

ʉ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨ ʢʠʧʝʥʠʷ ʤʘʩʩʘ ʮʠʨʢʫʣʠʨʫʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʚʝʱʝʩʪʚʘ 

ʫʤʝʥʴʰʘʝʪʩʷ ʙʳʩʪʨʝʝ, ʯʝʤ ʧʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚʩʪʨʦʝʥʥʦʛʦ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʦʚʳʰʘʝʪʩʷ. ʈʝʰʝʥʠʝ ʪʘʢʦʡ ʟʘʜʘʯ ʧʦʩʚʷʱʝʥʘ ʜʘʥʥʘʷ ʩʪʘʪʴʷ. ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʠ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʝʨʤʝʪʠʯʥʳʭ ʭʣʘʜʦʥʦʚʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ʜʣʷ ʙʳʪʦʚʦʡ ʭʦʣʦʜʠʣʴʥʦʡ 

ʪʝʭʥʠʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʨʤʝʪʠʯʥʳʡ ʭʣʘʜʦʥʦʚʳʡ ʢʦʤʧʨʝʩʩʦʨ, ʩʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ, 

ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (COP), ʫʨʦʚʝʥʴ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ, 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

 

Abstract 

The task of increasing energy efficiency and reducing the thermal stress of the hermetic 

refrigerant compressor in a tropical version, i.e. preserving the performance of the hermetic 

circuit of the refrigeration unit at an ambient temperature of 40-60 Á C, is extremely important. 

With a decrease in boiling points, the mass of the circulating working substance decreases faster 

than the consumed power and the temperature of the built-in electric motor increases. The 

solution of such problems is given in this article. The research results are of interest when 

solving problems of constructive optimization and energy efficiency of hermetic refrigerant 

compressors for household refrigeration. 

Keywords: hermetic refrigerant compressor, cooling system, theoretical efficiency ratio 

(COP), energy consumption level, energy efficiency. 

 

ɸʥʘʣʠʟ ʬʘʢʪʦʨʦʚ, ʬʦʨʤʠʨʫʶʱʠʡ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʭʦʣʦʜʠʣʴʥʦʡ ʪʝʭʥʠʢʠ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʫʪʝʤ 

ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʛʝʨʤʝʪʠʯʥʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ ʠ ʩʦʟʜʘʥʠʷ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʦʭʣʘʞʜʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʨʦʢʘ ʩʣʫʞʙʳ ʠ 

ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ [7,5].  

ʀʩʧʳʪʘʥʠʷ ʢʦʤʧʨʝʩʩʦʨʦʚ ʩʨʝʜʥʝʡ ʠ ʤʘʣʦʡ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʧʝʨʝʛʨʝʚʫ, ʧʨʠ ʵʪʦʤ 

ʜʘʣʴʥʝʡʰʠʡ ʨʦʩʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʘʨʦʚ ʭʣʘʜʦʥʘ ʫʚʝʣʠʯʠʚʘʝʪ ʦʙʲʝʤʥʳʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʧʦʪʝʨʠ, ʘ ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʫʨʦʚʝʥʴ ʢʦʤʧʨʝʩʩʦʨʘ, ʯʪʦ ʩʥʠʞʘʝʪ ʝʛʦ ʥʘʜʝʞʥʦʩʪʴ ʠ 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ.   

ʇʨʠʤʝʥʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʧʦʩʦʙʦʚ ʦʭʣʘʞʜʝʥʠʷ ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʝʨʝʥʦʩʝ 

ʪʝʧʣʦʪʳ ʮʠʨʢʫʣʠʨʫʶʱʠʤ ʭʣʘʜʘʛʝʥʪʦʤ ʚ ʢʦʥʜʝʥʩʘʪʦʨ ʦʪ ʪʝʧʣʦʥʘʧʨʷʞʝʥʥʳʭ ʫʟʣʦʚ 

ʢʦʤʧʨʝʩʩʦʨʥʦʛʦ ʘʛʨʝʛʘʪʘ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʪʝʧʣʦʥʘʧʨʷʞʝʥʥʦʩʪʠ ʠ ʚʣʠʷʝʪ ʥʘ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 5 ð   

 

ʧʘʨʘʤʝʪʨʳ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʤʧʨʝʩʩʦʨʘ. ɺʘʞʥʳʤ ʩʧʦʩʦʙʦʤ ʩʥʠʞʝʥʠʷ 

ʪʝʧʣʦʥʘʧʨʷʞʝʥʥʦʩʪʠ ʢʦʤʧʨʝʩʩʦʨʘ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʝʛʦ ʚʳʩʦʢʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʤʝʥʝʥʠʝʤ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʨʘʙʦʯʠʭ ʪʝʣ. 

ɸʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʦʩʪʠʯʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʩʦʢʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʥʠʟʢʦʡ ʪʝʨʤʦʥʘʧʨʷʞʝʥʥʦʩʪʠ ʛʝʨʤʝʪʠʯʥʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ ʤʦʞʥʦ 

ʢʦʤʙʠʥʠʨʫʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʦʪʚʦʜʦʤ ʪʝʧʣʦʪʳ ʦʪ 

ʪʝʧʣʦʥʘʧʨʷʞʝʥʥʳʭ ʫʟʣʦʚ ʢʦʤʧʨʝʩʩʦʨʥʦʛʦ ʘʛʨʝʛʘʪʘ ʠ ʧʨʠʤʝʥʷʪʴ ʨʘʙʦʯʝʝ ʪʝʣʦ ʩ ʚʳʩʦʢʠʤʠ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʢʦʥʜʝʥʩʘʮʠʠ. 

ɸʚʪʦʨʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʭʦʣʦʜʠʣʴʥʦʛʦ ʮʠʢʣʘ ʜʚʫʭ ʨʝʘʣʴʥʳʭ ʭʣʘʜʘʛʝʥʪʦʚ R 134a ʠ R 600a ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ 

ʢʦʤʧʨʝʩʩʦʨʘ ï ʉʆʈ[10], ʫʜ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʧʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʢʦʥʮʝ ʩʞʘʪʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʝʨʝʛʨʝʚʘ ʠ ʧʝʨʝʦʭʣʘʞʜʝʥʠʷ, 

ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʤʠ EN 12900 [3] (32,2 ʦʉ) ʠ ʧʝʨʝʤʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʥʜʝʥʩʘʮʠʠ 

(45-60 ʦʉ) ʠ ʢʠʧʝʥʠʷ  (ʤʠʥʫʩ 25 ï ʤʠʥʫʩ 15 ʦʉ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʭʣʘʜʘʛʝʥʪ R600a ʠʤʝʝʪ ʤʝʥʴʰʠʡ ʧʝʨʝʛʨʝʚ ʭʣʘʜʘʛʝʥʪʘ ʚ ʢʦʥʮʝ ʩʞʘʪʠʷ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʯʝʤ R 134a. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʦʪʚʦʜʷʱʝʛʦ ʪʝʧʣʦʪʫ ʦʪ 

ʪʝʧʣʦʥʘʧʨʷʞʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʢʦʤʧʨʝʩʩʦʨʘ, ʙʫʜʫʪ ʙʦʣʝ ʵʬʬʝʢʪʠʚʥʳʤ ʥʘ ʭʣʘʜʘʛʝʥʪʝ R 

600ʘ, ʯʝʤ ʥʘ R134a, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘ ʨʠʩ.1.  

 

 
ʈʠʩ. 1.ɿʘʚʠʩʠʤʦʩʪʴʶ ʫʜʝʣʴʥʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʢʦʥʮʝ 

ʧʨʦʮʝʩʩʘ ʩʞʘʪʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ R 600a ʠ R134a [4] ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

43̄ ʉ. 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʛʝʨʤʝʪʠʯʥʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ 

ʦʙʫʩʣʦʚʣʝʥʦ, ʚ ʦʩʥʦʚʥʦʤ, ʪʨʝʤʷ ʧʨʠʯʠʥʘʤʠ: ʚʦ-ʧʝʨʚʳʭ, ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʙʤʦʪʦʢ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʢʣʘʩʩʦʤ ʠʟʦʣʷʮʠʠ ɻʆʉʊ 8865; 

ʚʦ-ʚʪʦʨʳʭ, ʪʝʤʧʝʨʘʪʫʨʦʡ ʨʘʟʣʦʞʝʥʠʷ ʤʘʩʣʦʭʣʘʜʦʥʦʚʦʡ ʩʤʝʩʠ ʚ ʮʠʣʠʥʜʨʝ ʢʦʤʧʨʝʩʩʦʨʘ ʚ 

ʢʦʥʮʝ ʩʞʘʪʠʷ; ʚ-ʪʨʝʪʴʠʭ, ʧʦʪʝʨʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʫʜʝʣʴʥʦʛʦ ʦʙʲʝʤʘ ʚʩʘʩʳʚʘʝʤʦʛʦ ʧʘʨʘ. ʏʘʩʪʠʯʥʦʝ ʨʝʰʝʥʠʝ ʵʪʠʭ ʚʦʧʨʦʩʦʚ ʚʦʟʤʦʞʥʦ 



ð 6 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʩʣʝʜʫʶʱʠʤʠ ʧʫʪʷʤʠ: ʩʦʟʜʘʥʠʝʤ ʪʝʨʤʦʩʪʦʡʢʦʡ ʠʟʦʣʷʮʠʠ ʦʙʤʦʪʦʢ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ; 

ʧʨʠʤʝʥʝʥʠʝʤ ʤʘʩʝʣ, ʠʤʝʶʱʠʭ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʨʘʟʣʦʞʝʥʠʷ; ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʭʦʣʦʜʠʣʴʥʳʭ ʘʛʝʥʪʦʚ ʩ ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʦʥʮʘ ʩʞʘʪʠʷ. ʆʜʥʘʢʦ ʚʳʰʝʫʢʘʟʘʥʥʳʝ 

ʤʝʨʦʧʨʠʷʪʠʷ ʥʝ ʫʩʪʨʘʥʷʶʪ ʛʣʘʚʥʦʡ ʧʨʠʯʠʥʳ ʥʠʟʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʦʤʧʨʝʩʩʦʨʦʚ: 

ʚʳʩʦʢʦʛʦ ʧʝʨʝʛʨʝʚʘ ʚʩʘʩʳʚʘʝʤʳʭ ʧʘʨʦʚ. ʇʦʵʪʦʤʫ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʨʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʦʭʣʘʞʜʝʥʠʷ ʛʝʨʤʝʪʠʯʥʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʝʰʘʪʴ ʧʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ. 

ɿʘʜʘʯʘ ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ ʢʦʤʧʨʝʩʩʦʨʘ ʦʪ ʧʝʨʝʛʨʝʚʘ ʧʘʨʦʚ ʚ ʢʦʞʫʭʝ ʢʦʤʧʨʝʩʩʦʨʘ ʠ 

ʧʨʠʙʣʠʞʝʥʠʝ ʧʨʦʮʝʩʩʘ ʩʞʘʪʠʷ ʢ ʠʟʦʪʝʨʤʠʯʝʩʢʦʤʫ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ, ʝʩʣʠ ʪʝʧʣʦ, 

ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʨʘʙʦʪʝ ʩʞʘʪʠʷ, ʦʪʚʦʜʠʪʴ ʦʪ ʙʣʦʢʘ ʮʠʣʠʥʜʨʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʧʫʪʝʤ ʨʝʛʝʥʝʨʘʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ, ʧʦʚʳʰʘʶʱʝʛʦ ʦʙʨʘʪʠʤʦʩʪʴ 

ʮʠʢʣʘ, ʙʝʟ ʧʝʨʝʛʨʝʚʘ ʧʘʨʦʚ ʭʣʘʜʦʥʘ. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʪʘʢʦʡ ʦʜʥʦʩʪʫʧʝʥʯʘʪʦʡ 

ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ ʩ ʛʝʨʤʝʪʠʯʥʳʤ ʭʣʘʜʦʥʦʚʳʤ ʢʦʤʧʨʝʩʩʦʨʦʤ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2. 

 
ʈʠʩ. 2. ʉʭʝʤʘ ʦʭʣʘʞʜʝʥʠʷ ʙʣʦʢʘ ʮʠʣʠʥʜʨʘ [7] 

1 ï ʢʦʤʧʨʝʩʩʦʨ, 2 ï ʮʠʣʠʥʜʨ, 3 ï ʢʣʘʧʘʥʥʘʷ ʛʦʣʦʚʢʘ, 4 ï ʧʦʣʦʩʪʴ ʥʘʛʥʝʪʘʥʠʷ, 5 ï ʧʦʣʦʩʪʴ ʚʩʘʩʳʚʘʥʠʷ, 6 ï 

ʦʭʣʘʞʜʘʶʱʘʷ ʢʘʤʝʨʘ,  8 ï ʛʝʨʤʝʪʠʯʥʳʡ ʢʦʞʫʭ, 9 ï ʧʨʝʜʢʦʥʜʝʥʩʘʪʦʨ , 12 ï ʟʤʝʝʚʠʢ ʦʭʣʘʞʜʝʥʠʷ, 13 ï 

ʢʦʥʜʝʥʩʘʪʦʨ,14 ï ʨʝʛʝʥʝʨʘʪʠʚʥʳʡ ʪʝʧʣʦʦʙʤʝʥʥʠʢ,15 ï ʜʨʦʩʩʝʣʠʨʫʶʱʠʡ ʵʣʝʤʝʥʪ, 16 ï ʠʩʧʘʨʠʪʝʣʴ,17 ï 

ʪʝʧʣʦʠʟʦʣʠʨʫʶʱʠʡ ʢʦʥʪʫʨ ʠʩʧʘʨʠʪʝʣʷ. 

 

ɺʚʝʜʝʥʠʝ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʭʦʣʦʜʠʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʦʭʣʘʞʜʝʥʠʷ ʛʝʨʤʝʪʠʯʥʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ (ʨʠʩ 2) ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʷʤ ʚ ʧʨʦʪʝʢʘʥʠʠ 

ʧʨʦʮʝʩʩʦʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʮʠʢʣʘ. ʕʪʦ ʩʚʷʟʘʥʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʚ ʩʭʝʤʫ 

ʘʛʨʝʛʘʪʘ ʜʚʫʭ ʵʣʝʤʝʥʪʦʚ: ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ (ʧʨʝʜʢʦʥʜʝʥʩʘʪʦʨʘ) 9 ʠ ʩʠʩʪʝʤʳ 

ʦʭʣʘʞʜʝʥʠʷ ʢʦʤʧʨʝʩʩʦʨʘ 7, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʫʢʘʟʘʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʝʞʜʫ 

ʢʦʤʧʨʝʩʩʦʨʦʤ ʠ ʢʦʥʜʝʥʩʘʪʦʨʦʤ.  

ʉ ʮʝʣʴʶ ʧʨʠʙʣʠʞʝʥʠʷ ʧʨʦʮʝʩʩʘ ʩʞʘʪʠʷ ʢ ʠʟʦʪʝʨʤʠʯʝʩʢʦʤʫ (ʠʜʝʘʣʴʥʦʤʫ) ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘʷ ʩʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ ʛʦʣʦʚʢʠ ʙʣʦʢʘ ʮʠʣʠʥʜʨʘ ʞʠʜʢʠʤ ʭʣʘʜʦʥʦʤ ʠʟ 

ʧʨʝʜʢʦʥʜʝʥʩʘʪʦʨʘ (ɸʚʪʦʨʩʢʦʝ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʈʌ ˉ 603811 ʠ ˉ 612066 [6]) ʈʠʩ. 2. 

ʆʭʣʘʞʜʝʥʠʝ ʛʦʣʦʚʢʠ ʙʣʦʢʘ ʮʠʣʠʥʜʨʘ 6 ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜʘʯʝʡ ʞʠʜʢʦʛʦ ʭʣʘʜʘʛʝʥʪʘ ʠʟ 

ʧʨʝʜʢʦʥʜʝʥʩʘʪʦʨʘ (11) ʚ ʛʝʨʤʝʪʠʯʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʛʦʣʦʚʢʠ ʦʭʣʘʞʜʝʥʠʷ, ʢʦʪʦʨʘʷ 

ʢʨʝʧʠʪʩʷ ʢ ʮʠʣʠʥʜʨʫ (2) ʯʝʨʝʟ ʧʘʨʦʥʠʪʦʚʫʶ ʧʨʦʢʣʘʜʢʫ ʯʝʪʳʨʴʤʷ ʙʦʣʪʘʤʠ. ɺ ʛʦʣʦʚʢʝ 

ʦʭʣʘʞʜʝʥʠʷ ʭʣʘʜʘʛʝʥʪ ʢʠʧʠʪ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʢʦʥʜʝʥʩʘʮʠʠ ʟʘ ʩʯʝʪ ʦʪʙʦʨʘ ʪʝʧʣʘ ʦʪ ʢʘʤʝʨ 

ʚʩʘʩʳʚʘʥʠʷ, ʥʘʛʥʝʪʘʥʠʷ ʠ ʮʠʣʠʥʜʨʘ. ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʛʦʣʦʚʢʘ ʦʭʣʘʞʜʝʥʠʷ (6) ʚʳʧʦʣʥʝʥʘ ʚ 

ʚʠʜʝ ʛʦʣʦʚʢʠ ʙʣʦʢʘ ʮʠʣʠʥʜʨʘ, ʫ ʢʦʪʦʨʦʡ ʦʪʩʫʪʩʪʚʫʝʪ ʦʛʨʘʥʠʯʠʪʝʣʴ ʧʦʜʲʝʤʘ 

ʥʘʛʥʝʪʘʪʝʣʴʥʦʛʦ ʢʣʘʧʘʥʘ ʠ ʧʝʨʝʛʦʨʦʜʢʘ, ʨʘʟʜʝʣʷʶʱʘʷ ʚʩʘʩʳʚʘʶʱʫʶ ʠ ʥʘʛʥʝʪʘʪʝʣʴʥʳʝ 

ʧʦʣʦʩʪʠ. ʇʦʜʚʦʜʷʱʠʡ ʠ ʦʪʚʦʜʷʱʠʡ ʭʣʘʜʘʛʝʥʪ ʟʤʝʝʚʠʢʠ ʩʦʝʜʠʥʷʶʪʩʷ ʩ ʢʦʞʫʭʦʤ 

ʦʭʣʘʞʜʝʥʠʷ ʩʚʝʪʣʦʡ ʧʘʡʢʦʡ ʠ ʧʦ ʬʦʨʤʝ ʚʳʧʦʣʥʝʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʝʨʝʜʘʚʘʪʴ 

ʤʠʥʠʤʫʤ ʚʠʙʨʘʮʠʡ ʦʪ ʢʦʤʧʨʝʩʩʦʨʘ ʥʘ ʝʛʦ ʢʦʞʫʭ.  

ʋʩʪʘʥʦʚʣʝʥʦ [4], ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʛʦʣʦʚʢʠ ʙʣʦʢʘ ʮʠʣʠʥʜʨʘ 

ʛʝʨʤʝʪʠʯʥʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ ʞʠʜʢʠʤ ʭʣʘʜʦʥʦʤ ʠʟ ʧʨʝʜʢʦʥʜʝʥʩʘʪʦʨʘ, ʚʢʣʶʯʝʥʥʦʛʦ ʚ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 7 ð   

 

ʟʘʤʢʥʫʪʳʡ ʮʠʨʢʫʣʷʮʠʦʥʥʳʡ ʢʦʥʪʫʨ ʭʦʣʦʜʠʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ, ʦʧʨʝʜʝʣʷʝʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʧʣʦʱʘʜʴʶ ʧʨʝʜʢʦʥʜʝʥʩʘʪʦʨʘ.  

 
ʘ)  ʙ 

ʈʠʩ. 3. ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʤʧʨʝʩʩʦʨʘ ʩ ʧʘʨʘʤʝʪʨʘʤʠ: 

ʈʘʙʦʯʠʡ ʦʙʲʸʤ: 5.70 ʩʤ3; ʭʣʘʜʘʛʝʥʪ: R600a; ʢʦʣʠʯʝʩʪʚʦ ʤʘʩʣʘ: 180 ʩʤ3; ʤʦʪʦʨ - ʨʝʞʠʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ï 

RSCR, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʩʥʦʚʥʦʡ ʦʙʤʦʪʢʠ - 25.7 ʆʤ, cʦʧʨʦʪʠʚʣʝʥʠʝ ʧʫʩʢʦʚʦʡ ʦʙʤʦʪʢʠ - 18.6 ʆʤ, 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʤʦʪʢʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ: 125 ʉ̄. ʘ) ʉʆP[3] ʢʦʤʧʨʝʩʩʦʨʦʚ 

ʪʠʧʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʩ ʉʆ; ʙ) ʉʆP [3] ʢʦʤʧʨʝʩʩʦʨʦʚ ʩ ʉʆ ʚ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʭʣʘʜʘʛʝʥʪʘ ʥʘ ʣʠʥʠʠ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʧʨʠ ʢʠʧʝʥʠʠ ʦʪ -35 ʜʦ -10 ̄ ʉ; 

 

ʊʘʙʣʠʮʘ ˉ1 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧʨʝʩʩʦʨʘ ʩ ʩʠʩʪʝʤʦʡ ʦʭʣʘʞʜʝʥʠʷ 

ʛʦʣʦʚʢʠ ʙʣʦʢʘ ʮʠʣʠʥʜʨʘ ʚ ʩʦʩʪʘʚʝ ʤʦʨʦʟʠʣʴʥʠʢʘ 

ˉ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʩʨʝʜʳ, 

ʦʢʨʫʞʘʶʱʝʡ 

ʢʦʤʧʨʝʩʩʦʨ, 
ʆ

ʉ 

ʊʝʤ-ʨʘ ʚ 

ʤʦʨʦʟʠʣʴʥʦʡ 

ʢʘʤʝʨʝ,
 ʦ

ʉ 

ʂʦʵʬʬʠ- 

ʮʠʝʥʪ 

ʨʘʙʦʯʝʛʦ 

ʚʨʝʤʝʥʠ 

ʂ.ʈ.ɺ. 

ɼʘʚʣʝʥʠʝ 

ʚʩʘʩʳʚʘʥʠʷ 

ʢʛʩ/ʩʤ
2

 

ɼʘʚʣʝʥʠʝ 

ʢʦʥʜʝʥʩʘʮ

ʠʠ 

ʢʛʩ/ʩʤ
2

 

ʈʘʩʭʦʜ 

ʵʣʝʢʪʨʦ- 

ʵʥʝʨʛʠʠ 

ʂʚʪ.ʯ/ʩʫʪ. 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʨʘʙʦʯʝʡ 

ʦʙʤʦʪʢʠ 

ʵʣʝʢʪʨʦʜʚ.,
 ʆ

ʉ 

1 25 -18,34 0,25 0,35 7,6 0,9 67 

2 32 -20 0,29 0,19 9,5 1,3 70 

3 43 -18,24 0,43 0,17 11,4 1,5 81 

4 55 -18,42 0,52 0,17 15,6 1,95 99 

5 60 -18,2 0,69 0,16 16,8 2,8 110 

ʇʨʠʤʝʯʘʥʠʝ: ʋʩʣʦʚʠʷ ʠʩʧʳʪʘʥʠʷ: ʪʝʤʧʝʨʘʪʫʨʘ ʩʨʝʜʳ, ʦʢʨʫʞʘʶʱʝʡ ʢʦʤʧʨʝʩʩʦʨ, ʚ ʧ/ʧ 1-2 ʧʦ ɻʆʉʊ ʈ 

54381-2011[3], ʦʩʪʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʠʩʧʳʪʘʥʠʷ ʧʦ [3]. 

 
ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 32Áʉ ʦʭʣʘʞʜʝʥʠʝ ʛʦʣʦʚʢʠ ʙʣʦʢʘ ʮʠʣʠʥʜʨʘ 

ʞʠʜʢʠʤ ʭʣʘʜʦʥʦʤ ʠʟ ʧʨʝʜʢʦʥʜʝʥʩʘʪʦʨʘ ʧʦʟʚʦʣʷʝʪ: 
¶ ʧʦʚʳʩʠʪʴ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘ 6-22% (ʩʤ. ʨʠʩ. 3) 
¶ ʧʦʚʳʩʠʪʴ ʭʦʣʦʜʠʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘ 5,5-22% (ʩʤ. ʨʠʩ.3) 
¶ ʩʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʦʙʤʦʪʦʢ ʥʘ 24-31% (ʩʤ. ʪʘʙʣ. 1) 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 43Áʉ: 
¶ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 81-98,3% 
¶ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʭʦʣʦʜʠʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 0,57-0,69. 
¶ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʤʦʪʦʢ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʩʦʩʪʘʚʠʣʘ 363-376 ʂ (90-103Áʉ). 

ʂʦʥʩʪʨʫʢʪʠʚʥʦʝ ʠʩʧʦʣʥʝʥʠʝ ʤʦʨʦʟʠʣʴʥʠʢʦʚ ʚ ʪʨʦʧʠʯʝʩʢʦʤ ʠʩʧʦʣʥʝʥʠʠ ʧʨʠ 
ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 60Áʉ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʧʨʝʩʩʦʨʘ, 
ʠʤʝʶʱʝʛʦ ʵʬʬʝʢʪʠʚʥʫʶ ʩʠʩʪʝʤʫ ʦʭʣʘʞʜʝʥʠʷ ʙʣʦʢʘ ʮʠʣʠʥʜʨʘ ʞʠʜʢʠʤ ʭʣʘʜʘʛʝʥʪʦʤ ʠʟ 
ʧʨʝʜʢʦʥʜʝʥʩʘʪʦʨʘʦʪʨʘʞʝʥʳ ʚ ʩʣʝʜʫʶʱʠʭ ʨʘʙʦʪʘʭ ʘʚʪʦʨʦʚ [5,6].  

ɿʘʢʣʶʯʝʥʠʝ: ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʠʚʝʜʸʥʥʦʝ ʚ ʜʘʥʥʦʡ 
ʨʘʙʦʪʝʧʦʜʪʚʝʨʞʜʘʶʪ ʵʥʨʝʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ 
ʙʳʪʦʚʦʡ ʭʦʣʦʜʠʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʨʘʙʦʪʘʶʱʝʡ ʧʨʠ ʵʢʩʪʨʠʤʘʣʴʥʦ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 



ð 8 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 
ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (60 ʛʨʘʜ. ʉ) ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʛʝʨʤʝʪʠʯʥʦʛʦ 
ʭʣʘʜʦʥʦʚʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ.ʋʢʘʟʘʥʥʘʷ ʩʠʩʪʝʤʘ, ʫʩʧʝʰʥʦ ʨʝʘʣʠʟʫʝʪ ʵʬʬʝʢʪʠʚʥʦʝ 
ʦʭʣʘʞʜʝʥʠʝ ʢʦʤʧʨʝʩʩʦʨʘ ʮʠʨʢʫʣʠʨʫʶʱʠʤ ʭʣʘʜʦʥʦʤ ʥʘ ʦʩʥʦʚʝ ʦʪʚʦʜʘ ʪʝʧʣʘ ʦʪ 
ʪʝʧʣʦʥʘʧʨʷʞʝʥʥʳʭ ʧʦʣʦʩʪʝʡ ʚʩʘʩʳʚʘʥʠʷ ʠ ʥʘʛʥʝʪʘʥʠʷ ʮʠʣʠʥʜʨʘ ʩʠʩʪʝʤʦʡ ʦʭʣʘʞʜʝʥʠʷ. 
ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʪʝʧʣʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʝʨʤʝʪʠʯʥʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ ʠ 
ʭʦʣʦʜʠʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʚ ʮʝʣʦʤ, ʩʥʠʞʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʤʦʪʢʠ ʚʩʪʨʦʝʥʥʦʛʦ 
ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. 

***  

1. ʇʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʭʦʣʦʜʠʣʴʥʠʢʦʤ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: / ʅ. ʂʦʥʦʧʣʝʚʘ. ʇʦʪʨʝʙʠʪʝʣʴ. 
ʕʢʩʧʝʨʪʠʟʘ ʠ ʪʝʩʪʳ. ɹʳʪʦʚʘʷ ʪʝʭʥʠʢʘ. ï ʕʣʝʢʪʨʦʥ.ʞʫʨʥ. ï ʄʦʩʢʚʘ : ʆʆʆ ʀɼ "ʕʢʩʧʝʨʪʠʟʘ ʠ ʪʝʩʪʳ". ï ˉ 
31. ï 2004 ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ ʢ ʞʫʨʥ.: http://byt.potrebitel.ru/data/5/43/223.shtml (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 
20.10.2012) 

2. ɼʝʤʝʥʝʚ ɸ. ɺ. ʄʝʪʦʜ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʫʨʦʚʥʷ ʰʫʤʘ, ʩʦʟʜʘʚʘʝʤʳʡ ʩʘʤʦʜʝʡʩʪʚʫʶʱʠʤʠ 
ʢʣʘʧʘʥʘʤʠ ʛʝʨʤʝʪʠʯʥʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ //ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ. ï 2017. ï 
ˉ. 06 (60) ʏʘʩʪʴ 3. ï ʉ. 118-123. 

3. ʂʦʤʧʨʝʩʩʦʨʳ ʭʦʣʦʜʠʣʴʥʳʝ. ʋʩʣʦʚʠʷ ʠʩʧʳʪʘʥʠʡ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʜʦʧʫʩʢʠ ʠ 
ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ //Refrigerant compressors. Rating conditions, tolerances and 
presentation of manufacturer's performance data[ʊʝʢʩʪ]: ɻʆʉʊʈ 54381-2011 (ɽʅ 12900:2006) / ʜʘʪʘ 
ʚʚʝʜʝʥʠʷ 2011-08-19. ï ʄ.:ʉʪʘʥʜʘʨʪʠʥʬʦʨʤ, 2011. ï 14 ʉ. 

4. ʅʘʙʝʨʝʞʥʳʭ ɸ. ʀ., ɼʝʤʝʥʝʚ ɸ. ɺ. ʊʝʦʨʠʷ ʠ ʧʨʘʢʪʠʢʘ ʩʦʟʜʘʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʡ ʙʳʪʦʚʦʡ 
ʭʦʣʦʜʠʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʨʘʙʦʪʘʶʱʝʡ ʧʨʠ ʵʢʩʪʨʝʤʘʣʴʥʦ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 
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ɸʥʥʦʪʘʮʠʷ  

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʠʩʩʣʝʜʦʚʘʥʘ ʧʨʦʛʨʘʤʤʘ çAlcoControlsè ʧʦ ʧʦʜʙʦʨʫ 

ʪʝʨʤʦʨʝʛʫʣʠʨʫʶʱʝʛʦ ʚʝʥʪʠʣʷ(ʊʈɺ). ʀʟʫʯʝʥʘ ʤʝʪʦʜʠʢʘ ʨʘʙʦʪʳ ʚ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ. 

ʀʩʩʣʝʜʦʚʘʥ ʝʝ ʠʥʪʝʨʬʝʡʩ, ʚʳʧʦʣʥʝʥʦ ʦʧʠʩʘʥʠʝ ʨʝʢʦʤʝʥʜʫʝʤʦʡ ʧʨʦʛʨʘʤʤʦʡ ʤʘʨʢʠ ʊʈɺ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʊʝʨʤʦʨʝʛʫʣʠʨʫʶʱʠʡ ʚʝʥʪʠʣʴ, ʢʦʤʧʨʝʩʩʦʨ, ʧʨʦʛʨʘʤʤʘ, 

ʭʣʘʜʘʛʝʥʪ, ʢʦʤʧʴʶʪʝʨʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ, ʜʘʚʣʝʥʠʝ.      

  



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 9 ð   

 

Abstract  

In this article the program "Alco Controls" on the selection of temperature control 

valve(TCV). The method of work in this program is studied. Its interface is investigated, the 

description of the recommended program of the TCV brand is executed.  

Keywords: Temperature control valve, compressor, program, refrigerant, computer 

diagnostics, pressure.  

 

ʉʦʟʜʘʥʠʝ ʩʠʩʪʝʤ ʢʦʤʧʴʶʪʝʨʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʘʥʘʣʠʟʘ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ 

ʭʦʣʦʜʠʣʴʥʦʡ ʪʝʭʥʠʢʠ ʧʫʪʝʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ 

ʧʨʠ ʩʦʟʜʘʥʠʠ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʭʦʣʦʜʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʩʦʟʜʘʥʘ 

ʩʠʩʪʝʤʘ ʢʦʤʧʴʶʪʝʨʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʘʥʘʣʠʟʘ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʢʦʥʜʠʮʠʦʥʝʨʘ ʣʝʛʢʦʚʦʛʦ 

ʘʚʪʦʤʦʙʠʣʷ. ʉʠʩʪʝʤʘ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʥʘʫʯʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʩʦʟʜʘʥʥʦʛʦ 

ʜʣʷ ʫʯʝʙʥʳʭ ʮʝʣʝʡ ʠ ʥʘʫʯʥʦʡ ʨʘʙʦʪʳ [1].   

ʉʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʩ ʧʦʤʦʱʴʶ ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʚʠʟʫʘʣʴʥʦ ʥʘʙʣʶʜʘʪʴ ʠ 

ʠʩʩʣʝʜʦʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʠʟʤʝʥʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʢʦʤʧʣʝʢʩʘ: ʟʘʧʫʩʢ, ʦʩʪʘʥʦʚʢʘ, ʨʘʙʦʪʘ ʥʘ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʨʝʞʠʤʘʭ. ʆʧʨʝʜʝʣʷʪʴ ʦʩʥʦʚʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ 

ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʢʦʥʜʠʮʠʦʥʝʨʘ. ʇʨʦʮʝʩʩʳ ʠʟʫʯʘʶʪʩʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʩ ʧʦʤʦʱʴʶ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ ʠ ʦʩʮʠʣʣʦʛʨʘʤʤ, ʧʦʟʚʦʣʷʶʱʠʭ ʠʩʩʣʝʜʦʚʘʪʴ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ 

ʜʘʚʣʝʥʠʷ ʥʘʛʥʝʪʘʥʠʷ ʠ ʜʘʚʣʝʥʠʷ ʚʩʘʩʳʚʘʥʠʷ ʭʣʘʜʘʛʝʥʪʘ, ʘ ʪʘʢʞʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʘʣʘ 

ʢʦʤʧʨʝʩʩʦʨʘ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ ʢʦʥʜʠʮʠʦʥʝʨʘ [2].  

 
ʈʠʩʫʥʦʢ 1. ʉʪʝʥʜ-ʪʨʝʥʘʞʸʨ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʦʩʥʦʚʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ 

ʢʦʥʜʠʮʠʦʥʝʨʘ. 

 

ʈʘʙʦʪʘ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʢʦʥʜʠʮʠʦʥʝʨʘ ʦʧʪʠʤʘʣʴʥʘ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʘʭ:  

¶ ʊʠʧ ʭʣʘʜʘʛʝʥʪʘ (R-134a) 

¶ ʊʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ ( -10Áʉ) 

¶ ʊʝʤʧʝʨʘʪʫʨʘ ʢʦʥʜʝʥʩʘʮʠʠ (34Áʉ) 

¶ ʇʝʨʝʦʭʣʘʞʜʝʥʠʝ (5ʂ) 

¶ ʍʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ (2,2 ʢɺʪ) 

¶ ʇʘʜʝʥʠʝ ʜʘʚʣʝʥʠʷ ʥʘ ʠʩʧʘʨʠʪʝʣʠ (7 ʙʘʨ) 

ɼʣʷ ʵʪʦʛʦ ʪʨʝʙʫʝʪʩʷ ʧʦʜʦʙʨʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʪʝʨʤʦʨʝʛʫʣʠʨʫʶʱʠʡ ʚʝʥʪʠʣʴ 

(ʊʈɺ). ʉ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ çAlcoControlsè ʧʦʜʙʝʨʝʤ ʤʦʜʝʣʴ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʊʈɺ ʠ 

ʦʧʨʝʜʝʣʠʤ ʝʛʦ ʪʠʧ [3]. 

ʀʥʪʝʨʬʝʡʩ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. 



ð 10 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

 
ʈʠʩʫʥʦʢ 2. ɺʠʜ ʧʨʦʛʨʘʤʤʳ ʩ ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ. 

 

ʇʨʦʛʨʘʤʤʦʡ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʧʦ ʧʦʜʙʦʨʫ ʪʝʨʤʦʨʝʛʫʣʠʨʫʶʱʝʛʦ ʚʝʥʪʠʣʷ 

ʢʦʥʜʠʮʠʦʥʝʨʘ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʠʣʷ.  ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʩʝʨʠʷ 

ʫʩʪʨʦʡʩʪʚʘ ʊʍ6 (ʨʠʩʫʥʦʢ3). 

 
ʈʠʩʫʥʦʢ 3. ɺʠʜ ʧʨʦʛʨʘʤʤʳ ʩ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ. 

 

ɼʘʥʥʘʷ ʩʝʨʠʷ ʊʈɺ (ʊʍ6) ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʷ ʞʠʜʢʦʛʦ ʭʣʘʜʘʛʝʥʪʘ ʠ 

ʧʦʜʜʝʨʞʘʥʠʷ ʟʘʜʘʥʥʦʛʦ ʧʝʨʝʛʨʝʚʘ ʛʘʟʘ ʚ ʠʩʧʘʨʠʪʝʣʝ. ʄʦʜʝʣʴʥʳʡ ʨʷʜ ʚʢʣʶʯʘʝʪ ʚʠʜʳ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʦʪ 13.3 ʜʦ 81ʢɺʪ. ɺʩʝ ʊʈɺ (ʊʍ6) ʩʝʨʠʠ ʥʝʨʘʟʙʦʨʥʳʝ ʠ ʠʤʝʶʪ 

ʚʥʝʰʥʝʝ ʫʨʘʚʥʠʚʘʥʠʝ. ʊʈɺ ʩʝʨʠʠ (ʊʍ6) ï ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʝ, ʪ.ʝ. ʚ ʨʝʚʝʨʩʠʚʥʦʡ ʩʠʩʪʝʤʝ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 11 ð   

 

ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʠʥ ʊʈɺ ʢʘʢ ʜʣʷ ʨʝʞʠʤʘ ʦʭʣʘʞʜʝʥʠʷ, ʪʘʢ ʠ ʜʣʷ ʨʝʞʠʤʘ ʥʘʛʨʝʚʘ 

[4]. 

 
ʈʠʩʫʥʦʢ 4. ɺʠʜ ʪʝʨʤʦʨʝʛʫʣʠʨʫʶʱʝʛʦ ʚʝʥʪʠʣʷ ʩʝʨʠʠ (ʊʍ6). 

 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ 

ɾʠʜʢʠʡ ʭʣʘʜʘʛʝʥʪ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ ʧʦʩʪʫʧʘʝʪ ʥʘ ʚʭʦʜ ʊʈɺ, ʧʨʦʭʦʜʷ ʯʝʨʝʟ 

ʢʘʣʠʙʨʦʚʘʥʥʦʝ ʦʪʚʝʨʩʪʠʝ ʦʥ ʜʨʦʩʩʝʣʠʨʫʝʪʩʷ ʜʦ ʜʘʚʣʝʥʠʷ ʢʠʧʝʥʠʷ. ʊʈɺ ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʟʘʜʘʥʥʳʡ ʧʝʨʝʛʨʝʚ, ʩʨʘʚʥʠʚʘʷ ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʨʤʦʙʘʣʣʦʥʘ, ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʥʘ ʚʳʭʦʜʝ ʠʟ 

ʠʩʧʘʨʠʪʝʣʷ, ʩ ʜʘʚʣʝʥʠʝʤ ʚ ʠʩʧʘʨʠʪʝʣʝ. ʇʨʠ ʩʥʠʞʝʥʠʠ ʧʝʨʝʛʨʝʚʘ ʊʈɺ ʟʘʢʨʳʚʘʝʪʩʷ, 

ʫʤʝʥʴʰʘʷ ʧʦʜʘʯʫ ʞʠʜʢʦʩʪʠ ʚ ʠʩʧʘʨʠʪʝʣʴ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʧʝʨʝʛʨʝʚʘ. ʊʘʢʞʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʝʨʝʛʨʝʚʘ ʊʈɺ ʦʪʢʨʳʚʘʝʪʩʷ, ʫʚʝʣʠʯʠʚʘʷ ʧʦʜʘʯʫ 

ʞʠʜʢʦʩʪʠ ʚ ʠʩʧʘʨʠʪʝʣʴ, ʫʤʝʥʴʰʘʷ ʧʝʨʝʛʨʝʚ. ʅʘʩʪʨʦʡʢʘ ʧʝʨʝʛʨʝʚʘ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʨʝʛʫʣʠʨʦʚʦʯʥʳʤ ʚʠʥʪʦʤ ʥʘ ʢʦʨʧʫʩʝ ʊʈɺ [5].  

ʊʝʭʥʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ  

1) ʇʦʜʜʝʨʞʘʥʠʝ ʟʘʜʘʥʥʦʛʦ ʧʝʨʝʛʨʝʚʘ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ; 

2) ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʪ 13.3 ʜʦ 80.8 ʢɺʪ  

3) ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʧʦʜ ʧʘʡʢʫ ʩ ʚʥʝʰʥʠʤ ʫʨʘʚʥʠʚʘʥʠʝʤ; 

4) ɹʦʣʴʰʘʷ ʜʠʘʬʨʘʛʤʘ ʠ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʡ ʧʦʨʪ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʣʘʚʥʦʝ 
ʨʝʛʫʣʠʨʦʚʘʥʠʝ; 

5) ʄʘʢʩʠʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ 31-42 ɹʘʨ; 

6) ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪ -45 ʜʦ +60 ʛʨʘʜʫʩʦʚ  

7) ɼʣʠʥʘ ʢʘʧʠʣʣʷʨʥʦʡ ʪʨʫʙʢʠ 1.5 ʤʝʪʨʘ. 

ʈʠʩʫʥʦʢ 5. ʊʘʙʣʠʮʘ ʧʦʜʙʦʨʘ ʊʈɺ ʩʝʨʠʠ ʊʍ6. 

  



ð 12 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʅʦʤʠʥʘʣʴʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʫʢʘʟʘʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʥʜʝʥʩʘʮʠʠ +38Áʉ, 

ʪʝʤʧʝʨʘʪʫʨʝ ʢʠʧʝʥʠʷ +4Áʉ ʠ ʧʝʨʝʦʭʣʘʞʜʝʥʠʝ ʞʠʜʢʦʩʪʠ ʥʘ ʚʭʦʜʝ ʚ ʊʈɺ 1ʂ. 

ɼʣʷ ʜʨʫʛʠʭ ʫʩʣʦʚʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʙʣʠʮʘ ʧʦʧʨʘʚʦʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

 

ʈʠʩʫʥʦʢ 6. ʊʘʙʣʠʮʘ ʟʥʘʯʝʥʠʡ ʄʆʈ. 

ʌʫʥʢʮʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʘʙʦʯʝʛʦ ʜʘʚʣʝʥʠʷ (ʄʆʈ) - ʵʪʦ ʬʫʥʢʮʠʷ ʦʛʨʘʥʠʯʝʥʠʷ 

ʜʘʚʣʝʥʠʷ ʚ ʠʩʧʘʨʠʪʝʣʝ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʯʪʦʙʳ ʟʘʱʠʪʠʪʴ ʢʦʤʧʨʝʩʩʦʨ ʦʪ 

ʧʝʨʝʛʨʫʟʢʠ. ʄʆʈ - ʵʪʦ ʜʘʚʣʝʥʠʝ ʠʩʧʘʨʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʨʘʩʰʠʨʠʪʝʣʴʥʳʡ ʢʣʘʧʘʥ ʜʦʣʞʝʥ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʧʨʳʩʢ ʞʠʜʢʦʩʪʠ ʚ ʠʩʧʘʨʠʪʝʣʴ ʚ ʪʘʢʠʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʯʪʦʙʳ ʥʝ ʜʦʧʫʩʪʠʪʴ 

ʧʦʚʳʰʝʥʠʝ ʚ ʥʝʤ ʜʘʚʣʝʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢʣʘʧʘʥ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʜʨʦʩʩʝʣʠʨʫʶʱʝʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ ʧʝʨʝʛʨʝʚʘ ʠ ʨʘʙʦʪʘʝʪ ʢʘʢ ʨʝʛʫʣʷʪʦʨ ʜʘʚʣʝʥʠʷ ʚ 

ʠʩʧʘʨʠʪʝʣʝ ʚ ʧʨʝʜʝʣʘʭ ʜʠʘʧʘʟʦʥʘ ʄʆʈ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʀʩʧʦʣʴʟʫʝʤʘʷ ʧʨʦʛʨʘʤʤʘ çAlcoControlsè ʵʬʬʝʢʪʠʚʥʘ ʜʣʷ ʧʦʜʙʦʨʘ ʊʈɺ 

ʭʦʣʦʜʠʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʙʳʪʦʚʦʛʦ ʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʆʥʘ ʦʙʣʘʜʘʝʪ ʧʦʥʷʪʥʳʤ 

ʠʥʪʝʨʬʝʡʩʦʤ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʩʪʦ ʨʘʙʦʪʘʪʴ. ʆʙʣʝʛʯʘʝʪ ʧʦʜʙʦʨ ʊʈɺ ʜʣʷ ʭʦʣʦʜʠʣʴʥʳʭ ʤʘʰʠʥ 

ʠ ʩʠʩʪʝʤ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ.  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʥʘʫʯʥʦʡ ʨʘʙʦʪʳ ʠʩʩʣʝʜʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʜʚʠʞʝʥʠʷ ʢʦʣʝʩʥʦʡ ʤʘʰʠʥʳ, ʩʧʦʨʪʠʚʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʘʚʪʦʤʦʙʠʣʝʤ, ʦʙʲʝʢʪʠʚʥʳʝ ʠ ʩʫʙʲʝʢʪʠʚʥʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ 

ʩʧʦʨʪʠʚʥʦʝ ʚʦʞʜʝʥʠʝ, ʠʜʝʘʣʴʥʘʷ ʛʝʦʤʝʪʨʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʩʩ ʛʦʥʦʯʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʩ 

ʧʝʨʝʜʥʠʤ ʧʨʠʚʦʜʦʤ. ʈʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ʚ ʩʨʝʜʝ MATLAB Simulink, ʢʦʪʦʨʘʷ 

ʧʦʟʚʦʣʷʝʪ, ʚʘʨʴʠʨʫʷ ʚʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʘʚʪʦʤʦʙʠʣʷ ʠ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ, ʦʧʨʝʜʝʣʠʪʴ 

ʭʘʨʘʢʪʝʨ ʧʦʚʝʜʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ ʠ ʧʦʥʷʪʴ ʚʣʠʷʥʠʝ ʢʘʞʜʦʛʦ ʧʘʨʘʤʝʪʨʘ ʥʘ ʨʝʟʫʣʴʪʘʪʳ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 13 ð   

 

ʧʨʦʭʦʞʜʝʥʠʷ ʧʦʚʦʨʦʪʦʚ ʢʘʪʝʛʦʨʠʡ    1-6 ʝʱʝ ʜʦ ʧʦʩʪʨʦʡʢʠ ʘʚʪʦʤʦʙʠʣʷ. ɺ ʩʪʘʪʴʝ 

ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʨʘʩʯʝʪʘʭ ʜʠʥʘʤʠʢʠ ʘʚʪʦʤʦʙʠʣʷ ʠ ʨʝʟʫʣʴʪʘʪʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʘʚʪʦʤʦʙʠʣʷ ʃʘʜʘ çʂʘʣʠʥʘè. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʥʘʤʠʢʘ ʘʚʪʦʤʦʙʠʣʷ, ʥʘʩʪʨʦʡʢʘ ʛʦʥʦʯʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ, 

ʧʦʩʪʨʦʡʢʘ ʛʦʥʦʯʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ, 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ. 

 

Abstract 

Within this scientific work, the main parameters, characteristics and factors affecting the 

movement of a wheeled car, sports car control, objective and subjective factors affecting sports 

driving, ideal geometry and mass distribution of a front-wheel drive race car are investigated. 

The developed in MATLAB Simulink programme allows, varying the input data of the car and 

the external conditions, to determine the behavior of the car and understand the impact of each 

parameter on the results of cornering in categories 1-6 before the car construction. The article 

provides basic information about the calculations of the dynamics of the car and the simulation 

results for the car Lada Kalina. 

Key words: vehicle dynamics, setting up a race car, construction of a race car, simulation 

of driving a racing car, the prediction of the behavior of the car 

 

1. ʊʝʦʨʠʷ ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ 

ʊʨʘʩʩʳ ʠ ʠʭ ʫʯʘʩʪʢʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʛʦʥʦʯʥʳʭ 

ʩʦʨʝʚʥʦʚʘʥʠʡ ʠʣʠ ʩʧʦʢʦʡʥʦʛʦ ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʝʡ, ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ: 

¶ ʜʣʠʥʘ (ʧʨʦʪʷʞʝʥʥʦʩʪʴ) ʠ ʰʠʨʠʥʘ; 

¶ ʩʢʦʨʦʩʪʥʦʡ ʨʝʞʠʤ; 

¶ ʪʠʧ ʜʦʨʦʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʘʩʬʘʣʴʪ, ʙʝʪʦʥ, ʛʨʘʚʠʡ, ʙʫʣʳʞʥʠʢ, ʛʨʫʥʪ, 

ʧʝʩʦʢ, ʩʥʝʛ, ʣʝʜ); 

¶ ʢʘʪʝʛʦʨʠʷ (ʦʪ 0 ʜʦ 7; ʦʜʠʥʦʯʥʳʝ ʠʣʠ ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʧʨʦʩʪʳʝ ʠ ʩʣʦʞʥʳʝ 
ʧʦʚʦʨʦʪʳ). 

ʊʨʘʩʩʫ ʠ ʝʝ ʯʘʩʪʠ ʨʘʟʜʝʣʷʶʪ ʥʘ ʫʯʘʩʪʢʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʵʣʝʤʝʥʪʦʚ ʨʘʟʥʦʡ 

ʩʣʦʞʥʦʩʪʠ: ʪʦʨʤʦʞʝʥʠʝ, ʚʭʦʜ ʚ ʧʦʚʦʨʦʪ, ʢʨʠʚʦʣʠʥʝʡʥʦʝ ʜʚʠʞʝʥʠʝ (ʧʦʚʦʨʦʪ) ʩ 

ʫʩʪʘʥʦʚʠʚʰʠʤʩʷ ʠʣʠ ʧʝʨʝʤʝʥʥʳʤ ʫʛʣʦʤ ʧʦʚʦʨʦʪʘ ʨʫʣʷ, ʚʳʭʦʜ ʠʟ ʧʦʚʦʨʦʪʘ, ʫʩʢʦʨʝʥʠʝ ʜʦ 

ʩʢʦʨʦʩʪʠ, ʧʦʩʣʝ ʢʦʪʦʨʦʡ ʩʣʝʜʫʝʪ ʩʣʝʜʫʶʱʠʡ ʵʣʝʤʝʥʪ ʪʨʘʩʩʳ. ʂʨʠʚʦʣʠʥʝʡʥʦʝ ʜʚʠʞʝʥʠʝ 

ʢʦʣʝʩʥʦʡ ʤʘʰʠʥʳ (ʜʘʣʝʝ çʂʄè), ʨʝʘʣʠʟʫʝʤʦʝ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʚʦʜʠʪʝʣʷ, ʥʘʟʳʚʘʝʪʩʷ 

ʧʦʚʦʨʦʪʦʤ. ʉʚʦʡʩʪʚʦ ʂʄ ʩʦʚʝʨʰʘʪʴ ʧʦʚʦʨʦʪʳ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʨʠʚʠʟʥʦʡ ʠ 

ʤʠʥʠʤʘʣʴʥʳʤ ʨʘʜʠʫʩʦʤ ʥʘʟʳʚʘʝʪʩʷ ʧʦʚʦʨʦʪʣʠʚʦʩʪʴʶ. 

 
ʈʠʩʫʥʦʢ 1 ï ʋʧʨʦʱʝʥʠʝ ʩʭʝʤʘ ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ ʜʚʠʞʝʥʠʷ ʂʄ 

 

ʅʘ ʢʦʣʝʩʦ ʦʪ ʢʦʨʧʫʩʘ ʘʚʪʦʤʦʙʠʣʷ ʠ ʩʦ ʩʪʦʨʦʥʳ ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʜʘʣʝʝ çʆʇè) 

ʜʝʡʩʪʚʫʶʪ ʩʠʣʳ ʠ ʨʝʘʢʮʠʠ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʤʝʱʝʥʠʝ 

(ʜʝʬʦʨʤʘʮʠʷ) ʦʙʦʜʘ ʢʦʣʝʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʘʢʪʥʦʡ ʧʣʦʱʘʜʢʠ ʠ ʩʢʦʣʴʞʝʥʠʝ (ʩʜʚʠʛ) 

ʧʦʩʣʝʜʥʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʆʇ. 

ʇʨʠ ʢʘʯʝʥʠʠ ʵʣʘʩʪʠʯʥʦʛʦ ʢʦʣʝʩʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʙʦʢʦʚʦʡ ʩʠʣʳ ʧʦ ʧʨʷʤʦʣʠʥʝʡʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ ʧʨʦʠʩʭʦʜʠʪ ʩʠʣʦʚʦʡ ʫʚʦʜ, ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʙʦʢʦʚʘʷ 



ð 14 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʜʝʬʦʨʤʘʮʠʷ ʦʙʦʣʦʯʢʠ ʰʠʥʳ ʚ ʦʙʣʘʩʪʠ ʢʦʥʪʘʢʪʘ. ʕʪʠʤ ʚʳʟʚʘʥʦ ʜʚʠʞʝʥʠʝ ʢʘʪʷʱʝʛʦʩʷ 

ʢʦʣʝʩʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦ ʩʢʦʨʦʩʪʷʤʠ 6  (ʧʣʦʩʢʦʩʪʠ ʩʠʤʤʝʪʨʠʠ ʢʦʣʝʩʘ) ʠ 6  

(ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʵʪʦʡ ʧʣʦʩʢʦʩʪʠ). ɺʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʮʝʥʪʨʘ ʦʙʦʜʘ ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ 

ʧʣʦʩʢʦʩʪʠ ʚʨʘʱʝʥʠʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʫʛʦʣ ŭ, ʥʘʟʳʚʘʝʤʳʡ ʫʛʣʦʤ ʙʦʢʦʚʦʛʦ ʫʚʦʜʘ. 

ʆʪʢʣʦʥʝʥʠʝ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ 6 ʵʣʘʩʪʠʯʥʦʛʦ ʢʦʣʝʩʘ ʦʪ ʧʣʦʩʢʦʩʪʠ ʝʛʦ ʚʨʘʱʝʥʠʷ ʧʨʠ 

ʜʝʡʩʪʚʠʠ ʣʶʙʦʡ ʙʦʢʦʚʦʡ ʩʠʣʳ 0 ʥʘʟʳʚʘʝʪʩʷ ʙʦʢʦʚʳʤ ʫʚʦʜʦʤ, ʘ ʦʪʢʣʦʥʝʥʠʝ ʚʝʢʪʦʨʘ 

ʩʢʦʨʦʩʪʠ, ʚʳʟʚʘʥʥʦʝ ʜʝʡʩʪʚʠʝʤ ʪʦʣʴʢʦ ʙʦʢʦʚʦʡ ʩʠʣʳ ï ʩʠʣʦʚʳʤ ʫʚʦʜʦʤ ʢʦʣʝʩʘ. 

 
ʈʠʩʫʥʦʢ 2 ï ʈʘʩʯʝʪʥʳʝ ʩʭʝʤʳ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʢʦʣʝʩʦ ʧʨʠ ʩʠʣʦʚʦʤ ʫʚʦʜʝ ʚ ʧʨʦʜʦʣʴʥʦ-ʚʝʨʪʠʢʘʣʴʥʦʡ 

(ʘ) ʠ ʚ ʧʦʧʝʨʝʯʥʦ-ʚʝʨʪʠʢʘʣʴʥʦʡ (ʙ) ʧʣʦʩʢʦʩʪʷʭ ʢʦʣʝʩʘ, ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʦʙʦʜʘ ʠ ʧʷʪʥʝ 

ʢʦʥʪʘʢʪʘ ʢʦʣʝʩʘ ʩ ʆʇ (ʚ). 

 

ʈʘʩʩʤʦʪʨʠʤ ʢʨʠʚʦʣʠʥʝʡʥʦʝ ʜʚʠʞʝʥʠʝ ʂʄ ʚ ʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʩ 

ʮʝʥʪʨʦʤ ὅ̐ ,̅ ʩʦʚʧʘʜʘʶʱʠʤ ʩ ʮʝʥʪʨʦʤ ʧʦʜʨʝʩʩʦʨʝʥʥʦʡ ʤʘʩʩʳ, ʠ ʦʩʴʶ ὢ
̐

,̅ 

ʩʦʚʧʘʜʘʶʱʝʡ ʩ ʧʨʦʜʦʣʴʥʦʡ ʦʩʴʶ ʩʠʤʤʝʪʨʠʠ ʂʄ ʠ ʥʘʧʨʘʚʣʝʥʥʦʡ ʚ ʩʪʦʨʦʥʫ ʝʝ 

ʜʚʠʞʝʥʠʷ. 

ʂʠʥʝʤʘʪʠʯʝʩʢʠʡ ʮʝʥʪʨ ʧʦʚʦʨʦʪʘ ὕ̋ ̉ ̎ ï ʪʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ ʣʠʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ 

ʠʟ ʮʝʥʪʨʦʚ ʧʦʚʦʨʦʪʥʳʭ ʢʦʣʝʩ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʠʭ ʧʣʦʩʢʦʩʪʠ ʩʠʤʤʝʪʨʠʠ (ʚʨʘʱʝʥʠʷ). 

ʄʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʪʦʯʢʠ ὕ̋ ̉ ̎  ʜʦ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʂʄ ʥʘʟʳʚʘʶʪ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʤ ʨʘʜʠʫʩʦʤ ʧʦʚʦʨʦʪʘ Ὑ̋ ̉,̎ ʘ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʧʦʣʶʩʘ ὕᴂ̋̉ ̎ ʨʫʣʝʚʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʜʦ ʟʘʜʥʝʡ ʦʩʠ ʂʄ ï ʩʤʝʱʝʥʠʝʤ ὼ̋ ̉ ̎ ʧʦʣʶʩʘ ʨʫʣʝʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʇʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʙʦʢʦʚʳʭ ʩʠʣ ʧʨʠ ʢʨʠʚʦʣʠʥʝʡʥʦʤ ʜʚʠʞʝʥʠʠ ʥʘ ʵʣʘʩʪʠʯʥʳʭ 

ʢʦʣʝʩʘʭ ʚʦʟʥʠʢʘʝʪ ʵʬʬʝʢʪ ʙʦʢʦʚʦʛʦ ʫʚʦʜʘ, ʧʨʠ ʵʪʦʤ ʚʝʢʪʦʨʳ ʩʢʦʨʦʩʪʝʡ ὠ  

ʦʪʢʣʦʥʷʶʪʩʷ ʦʪ ʧʣʦʩʢʦʩʪʝʡ ʠʭ ʚʨʘʱʝʥʠʷ ʥʘ ʫʛʣʳ ʫʚʦʜʘ ɿ, ʘ ʧʦʣʦʞʝʥʠʝ ʤʛʥʦʚʝʥʥʦʛʦ 

ʮʝʥʪʨʘ ʚʨʘʱʝʥʠʷ ʩʤʝʱʘʝʪʩʷ ʚ ʪʦʯʢʫ ὕ̐. 

 
ʈʠʩʫʥʦʢ 3 ï ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ ʜʚʠʞʝʥʠʷ ʂʄ ʚ ʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ  ὢ

̐
 ̅ὅ̐  ̅

ὣ̐  ̅



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 15 ð   

 

ʋʛʣʳ ʫʚʦʜʘ ʢʦʣʝʩ ʚʳʯʠʩʣʷʶʪ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʡ: 

ɿ ̃̎ ɿ ʃ ̃̎ ὥὶὧὸὫ
̐

̐ ȟ
; (1.01) 

ɿ ̎ ɿ ʃ ̎ ὥὶὧὸὫ̐
̐ ȟ

; (1.02) 

ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʨʘʩʯʝʪʦʚ ʨʘʩʩʤʘʪʨʠʚʘʶʪ çʚʝʣʦʩʠʧʝʜʥʫʶ ʩʭʝʤʫè, ʢʦʛʜʘ ʜʚʘ 

ʢʦʣʝʩʘ ʦʜʥʦʡ ʦʩʠ ʧʨʠʚʦʜʷʪ ʢ ʦʜʥʦʤʫ, ʨʘʩʧʦʣʦʞʝʥʥʦʤʫ ʥʘ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʩʠʤʤʝʪʨʠʠ 

ʂʄ. 

ʈʘʜʠʫʩ ʧʦʚʦʨʦʪʘ ʧʨʠ ʚʝʣʦʩʠʧʝʜʥʦʡ ʩʭʝʤʝ ʚʳʯʠʩʣʷʶʪ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ: 

Ὑ̐ ὒȾὸὫ— ‏ ὸὫ— ‏ ; (1.03) 
ʉʤʝʱʝʥʠʝ ʧʦʣʶʩʘ ʧʦʚʦʨʦʪʘ ʚʳʯʠʩʣʷʶʪ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ: 

ὼ̐ Ὑ̐ὸὫ— ‏ ; (1.04) 
ʋʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʧʦʚʦʨʦʪʘ ʂʄ ʚʳʯʠʩʣʷʶʪ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ: 

ȾὙ̐; (1.05) ̍‡ ̍‫ 
ʋʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ ʧʦʚʦʨʦʪʘ ʂʄ ʚʳʯʠʩʣʷʶʪ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ: 

‐̍ ὥ̍ ȾὙ̐; (1.06) 
ʎʝʥʪʨ ʧʦʜʨʝʩʩʦʨʝʥʥʳʭ ʤʘʩʩ ὅ̐  ̅ʩʦʚʝʨʰʘʝʪ ʩʣʦʞʥʦʝ ʜʚʠʞʝʥʠʝ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ὢ
̐

 ̅ ὅ̐  ̅ ὣ̐ ,̅ ʩʦʩʪʦʷʱʝʝ ʠʟ ʢʨʫʛʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʮʝʥʪʨʘ ʤʘʩʩ ὅ̐  ̅

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʦʨʦʪʘ ὕᴂ̐ ʠ ʢʨʫʛʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦʣʶʩʘ ὕᴂ̐ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʤʛʥʦʚʝʥʥʦʛʦ ʮʝʥʪʨʘ ʧʦʚʦʨʦʪʘ ὕ̐. 

ʉʢʦʨʦʩʪʴ ʮʝʥʪʨʘ ʤʘʩʩ ὅ̐  ̅ ʚʳʯʠʩʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ: 

‡
̐̅

‡̍ ;  ‡
̐̅

ὰ̐ ̍‫ ̅
;̐ (1.07) 

ʋʩʢʦʨʝʥʠʝ ʮʝʥʪʨʘ ʤʘʩʩ ὅ̐  ̅ ʚʳʯʠʩʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ: 

ὥ
̐̅

ὥ̍ ὰ̐
̅
ὥ ; ̍̐‫

̐̅
‡̍ ὰ̐ ̍‫

̅
‐̐̍ ; (1.08) 

ʇʨʠ ʧʦʩʪʦʷʥʥʳʭ ʫʛʣʘʭ ʧʦʚʦʨʦʪʘ ʃ ʫʧʨʘʚʣʷʝʤʳʭ ʢʦʣʝʩ ʠ ʨʘʟʣʠʯʥʳʭ ʫʛʣʘʭ ʫʚʦʜʘ 

ɿ ʧʦʣʦʞʝʥʠʝ ʤʛʥʦʚʝʥʥʦʛʦ ʮʝʥʪʨʘ ʧʦʚʦʨʦʪʘ ὕ̐ ʠʟʤʝʥʷʝʪʩʷ. 

ʉʚʦʡʩʪʚʦ ʂʄ ʠʟʤʝʥʷʪʴ ʢʨʠʚʠʟʥʫ ʪʨʘʝʢʪʦʨʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʩʠʣ ʧʨʠ 

ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʤ ʨʫʣʝʚʦʤ ʫʧʨʘʚʣʝʥʠʠ ʥʘʟʳʚʘʝʪʩʷ ʧʦʚʦʨʘʯʠʚʘʝʤʦʩʪʴʶ. 

ʂʘʪʝʛʦʨʠʠ ʧʦʚʦʨʘʯʠʚʘʝʤʦʩʪʠ: 

¶ ʥʝʡʪʨʘʣʴʥʘʷ, ʝʩʣʠ ʢʨʠʚʠʟʥʘ ʪʨʘʝʢʪʦʨʠʠ ʧʨʠ ʜʝʡʩʪʚʠʠ ʙʦʢʦʚʦʡ ʩʠʣʳ 
ʧʦʩʪʦʷʥʥʘʷ, ʥʦ ʠʟʤʝʥʷʝʪʩʷ ʧʦʣʦʞʝʥʠʝ ʧʦʣʶʩʘ ʧʦʚʦʨʦʪʘ. 

¶ ʥʝʜʦʩʪʘʪʦʯʥʘʷ, ʝʩʣʠ ʢʨʠʚʠʟʥʘ ʪʨʘʝʢʪʦʨʠʠ ʧʨʠ ʜʝʡʩʪʚʠʠ ʙʦʢʦʚʦʡ ʩʠʣʳ 
ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʠʟʤʝʥʷʝʪʩʷ ʧʦʣʦʞʝʥʠʝ ʧʦʣʶʩʘ ʧʦʚʦʨʦʪʘ. 

¶ ʠʟʙʳʪʦʯʥʘʷ, ʝʩʣʠ ʢʨʠʚʠʟʥʘ ʪʨʘʝʢʪʦʨʠʠ ʧʨʠ ʜʝʡʩʪʚʠʠ ʙʦʢʦʚʦʡ ʩʠʣʳ 
ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʧʦʣʦʞʝʥʠʝ ʧʦʣʶʩʘ ʧʦʚʦʨʦʪʘ ʠʟʤʝʥʷʝʪʩʷ. 

 
ʈʠʩʫʥʦʢ 4 ï ʉʭʝʤʳ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ ʜʚʠʞʝʥʠʷ ʂʄ ʧʨʠ ʥʝʡʪʨʘʣʴʥʦʡ (ʘ, ʛ, ʞ), 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ (ʙ, ʜ, ʟ) ʠ ʠʟʙʳʪʦʯʥʦʡ (ʚ, ʝ, ʠ) ʧʦʚʦʨʘʯʠʚʘʝʤʦʩʪʠ. 

 

ʂʨʦʤʝ ʥʦʨʤʘʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʧʦ ʧʨʠʯʠʥʝ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʥʦʨʤʘʣʴʥʳʭ ʥʘʛʨʫʟʦʢ ʧʦ ʙʦʨʪʘʤ ʢʦʣʝʩ ʠʭ ʥʘʢʣʦʥ ʥʘ ʫʛʦʣ ɾ  ʦʧʨʝʜʝʣʷʝʪʩʷ 



ð 16 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʢʠʥʝʤʘʪʠʢʦʡ ʥʘʧʨʘʚʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʧʦʜʨʝʩʩʦʨʠʚʘʥʠʷ, ʧʨʠ ʵʪʦʤ ʫʛʣʳ 

ʥʘʢʣʦʥʘ  ɾ  ʠ ʫʚʦʜʘ ɿ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ, ʪʘʢ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ. 

ʏʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠʚʦʝ ʧʨʷʤʦʣʠʥʝʡʥʦʝ ʜʚʠʞʝʥʠʝ ʂʄ ʠ ʫʤʝʥʴʰʠʪʴ 

ʢʦʣʝʙʘʥʠʷ ʢʦʣʝʩ ʠʭ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʩ ʨʘʟʚʘʣʦʤ ʠ ʩʭʦʞʜʝʥʠʝʤ. ʇʨʠ ʥʘʢʣʦʥʝ ʧʣʦʩʢʦʩʪʠ 

ʢʦʣʝʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʜʦʣʴʥʦ-ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʥʘ ʫʛʦʣ ʧʦʧʝʨʝʯʥʦʛʦ ʥʘʢʣʦʥʘ 

(ʨʘʟʚʘʣʘ) ɾ  ʧʦ ʧʨʠʯʠʥʝ ʙʦʢʦʚʦʡ ʜʝʬʦʨʤʘʮʠʠ ʰʠʥʳ ʚʦʟʥʠʢʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ 

ʙʦʢʦʚʘʷ ʨʝʘʢʮʠʷ: 

Ὑ ὙὸὫ ‎ ; (1.09) 
ʅʘʢʣʦʥʝʥʥʦʝ ʢʦʣʝʩʦ ʚʩʝʛʜʘ ʩʪʨʝʤʠʪʩʷ ʢʘʪʠʪʴʩʷ ʩ ʫʚʦʜʦʤ ʚ ʩʪʦʨʦʥʫ ʥʘʢʣʦʥʘ ʧʦʜ 

ʫʛʣʦʤ ɿ. 

ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʵʪʘʧʳ ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ ʜʚʠʞʝʥʠʷ ʥʘ ʧʨʠʤʝʨʝ ʜʚʫʭʦʩʥʦʡ ʂʄ ʩ 

ʦʜʥʦʡ ʧʝʨʝʜʥʝʡ ʫʧʨʘʚʣʷʝʤʦʡ ʦʩʴʶ (ʚʝʣʦʩʠʧʝʜʥʘʷ ʩʭʝʤʘ), ʧʨʠʚʦʜʷ ʢʦʣʝʩʘ ʙʦʨʪʦʚ ʦʩʝʡ ʢ 

ʫʩʣʦʚʥʳʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʚ ʧʣʦʩʢʦʩʪʠ ʩʠʤʤʝʪʨʠʠ ʂʄ. ʄʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʧʦʚʦʨʦʪʫ ʂʄ ʥʘʭʦʜʠʤ ʧʦ ʬʦʨʤʫʣʝ: 

ὓ̒  ̐̍ ὓ̒  ̐̏ ὓ̒  ̐̏ В В ὓ̒  ̐ ; (1.10) 

 
ʈʠʩʫʥʦʢ 5 ï ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ ʜʚʠʞʝʥʠʷ ʜʚʫʭʦʩʥʦʡ ʂʄ 

 

ʄʘʩʩʳ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʧʦ ʦʩʷʤ: 

ά̏ ά̍ ὰȾὒ;  ά̏ ά̍ ὰȾὒ; (1.11) 
ʇʨʝʦʙʨʘʟʦʚʘʚ ʫʨʘʚʥʝʥʠʷ 1.18 ʠ 1.19 ʧʦʣʫʯʘʝʤ 

Ὑ ̏  ̍

̐

̍  ̍  ̍ ̒ ̐̍ Ὑ ὸὫ —; (1.12) 

Ὑ ̏  ̍

̐

̍  ̍  ̍ ̒ ̐̍; (1.13) 

ʀʟ ʫʨʘʚʥʝʥʠʷ (1.21) ʠ (1.22) ʜʝʣʘʝʤ ʚʳʚʦʜʳ ʦ ʚʣʠʷʥʠʠ ʩʣʝʜʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʥʘ 

ʙʦʢʦʚʳʝ ʨʝʘʢʮʠʠ ʦʩʝʡ ʂʄ: 

1. ʇʨʠ ʜʚʠʞʝʥʠʠ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʧʦ ʢʨʠʚʦʡ ʧʦʩʪʦʷʥʥʦʡ ʢʨʠʚʠʟʥʳ 

ʙʦʢʦʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʠʣʳ ʠʥʝʨʮʠʠ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

ʤʘʩʩʘʤ, ʧʨʠʭʦʜʷʱʠʤʩʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʩʠ. 

2. ʇʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʫʩʢʦʨʝʥʠʠ ʨʝʘʢʮʠʷ Ὑ  ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ 

ʥʘʧʨʘʚʣʝʥʠʝ ʨʝʘʢʮʠʠ Ὑ  ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ὰὰ ”̍ , ʢʦʪʦʨʘʷ 
ʤʦʞʝʪ ʙʳʪʴ, ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʦʡ, ʪʘʢ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʂʄ 

”̍ ȾὰὰȢ πȟψȢȢρȟς. 
3. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʃ (ʚʭʦʜ ʚ ʧʦʚʦʨʦʪ) ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʃ1 >0 

ʠ ʨʝʘʢʮʠʷ Ὑ   ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʫʛʣʘ ʊɽʊɸ1 (ʚʳʭʦʜ ʠʟ 

ʧʦʚʦʨʦʪʘ) ʃ1<0 ʠ ʨʝʘʢʮʠʷ Ὑ  ʫʤʝʥʴʰʘʝʪʩʷ. ɿʥʘʢ ʩʦʩʪʘʚʣʷʶʱʝʡ ʙʦʢʦʚʦʡ 

ʨʝʘʢʮʠʠ Ὑ  ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʪʥʦʰʝʥʠʷ ”̍ /(ὰὰ . 

4. ʄʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʚʦʨʦʪʫ ὓ̒  ̐̍ʫʚʝʣʠʯʠʚʘʝʪ ʙʦʢʦʚʫʶ ʨʝʘʢʮʠʶ ʥʘ 

ʧʝʨʝʜʥʝʡ ʦʩʠ ʠ ʫʤʝʥʴʰʘʝʪ ʥʘ ʟʘʜʥʝʡ. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 17 ð   

 

5. ʇʦʣʦʞʠʪʝʣʴʥʘʷ ʧʨʦʜʦʣʴʥʘʷ ʨʝʘʢʮʠʷ Ὑ  ʥʘ ʧʝʨʝʜʥʝʡ ʦʩʠ ʩʥʠʞʘʝʪ 

ʙʦʢʦʚʫʶ ʨʝʘʢʮʠʶ Ὑ  ʠ ʥʝ ʚʣʠʷʝʪ ʥʘ Ὑ . ʇʨʠʯʝʤ, ʯʝʤ ʙʦʣʴʰʝ ʫʛʦʣ 

ʧʦʚʦʨʦʪʘ ʢʦʣʝʩ ʧʝʨʝʜʥʝʡ ʦʩʠ, ʪʝʤ ʤʝʥʴʰʝ ʨʝʘʢʮʠʷ Ὑ . 

 
ʈʠʩʫʥʦʢ 6 ï ʀʟʤʝʥʝʥʠʝ ʙʦʢʦʚʳʭ ʨʝʘʢʮʠʡ ʥʘ ʧʝʨʚʦʡ (ʘ) ʠ ʚʪʦʨʦʡ (ʙ) ʦʩʠ ʂʄ ʧʨʠ ʚʭʦʜʝ (I), ʜʚʠʞʝʥʠʠ ʩ 

ʧʦʩʪʦʷʥʥʳʤ ʨʘʜʠʫʩʦʤ (II) ʠ ʚʳʭʦʜʝ (III) ʠʟ ʧʦʚʦʨʦʪʘ. 

 

2. ʉʧʦʨʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʘʚʪʦʤʦʙʠʣʝʤ 

2.1 ɻʦʥʦʯʥʘʷ ʪʨʘʩʩʘ, ʦʧʪʠʤʘʣʴʥʘʷ ʪʨʘʝʢʪʦʨʠʷ 

ʆʧʪʠʤʘʣʴʥʘʷ ʪʨʘʝʢʪʦʨʠʷ ʷʚʣʷʝʪʩʷ ʠʜʝʘʣʴʥʦʡ ʟʘʤʢʥʫʪʦʡ ʣʠʥʠʝʡ ʧʦ ʢʦʪʦʨʦʡ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʚʠʛʘʪʴʩʷ ʛʦʥʱʠʢʫ. ʊʘʢ ʢʘʢ ʝʝ ʛʝʦʤʝʪʨʠʷ ʦʧʨʝʜʝʣʝʥʘ ʩʦʚʤʝʩʪʥʦ 

ʥʘʠʚʳʩʰʝʡ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʴʶ ʠ ʤʠʥʠʤʘʣʴʥʳʤ ʚʨʝʤʝʥʝʤ ʧʨʦʭʦʞʜʝʥʠʷ ʪʨʘʩʩʳ, ʦʥʘ 

ʭʘʨʘʢʪʝʨʥʘ ʚʳʩʦʢʠʤ çʜʝʨʞʘʢʦʤè - ʧʘʨʘʤʝʪʨʦʤ ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ, ʚʳʟʚʘʥʥʳʤ 

ʤʥʦʛʦʢʨʘʪʥʳʤ ʧʨʦʭʦʞʜʝʥʠʝʤ ʘʚʪʦʤʦʙʠʣʝʡ ʩ ʠʟʥʦʩʦʤ ʧʦʢʨʳʰʝʢ, ʦʩʪʘʚʣʷʶʱʠʭ 

ʯʘʩʪʠʮʳ ʨʘʟʣʦʞʝʥʠʷ ʚ ʤʘʣʝʥʴʢʠʭ ʠ ʙʦʣʴʰʠʭ ʦʪʢʨʳʪʳʭ ʫʛʣʫʙʣʝʥʠʷʭ ʪʨʘʩʩʳ. 

2.2 ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦʚʦʨʦʪʦʚ. 
ɺʩʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʦʚʦʨʦʪʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʛʨʫʧʧʳ: ʧʨʦʩʪʳʝ, 

ʩʣʦʞʥʳʝ, ʦʧʘʩʥʳʝ. 

ɼʣʷ ʧʨʦʩʪʳʭ ʧʦʚʦʨʦʪʦʚ ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʧʦʩʪʦʷʥʝʥ, ʘ ʜʣʷ ʩʣʦʞʥʳʭ ʦʥ ʤʦʞʝʪ 

ʤʝʥʷʪʴʩʷ. ʇʨʦʩʪʳʝ ʧʦʚʦʨʦʪʳ ʨʘʟʣʠʯʘʶʪʩʷ ʪʦʣʴʢʦ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʚʠʞʝʥʠʷ (ʣʝʚʳʡ, 

ʧʨʘʚʳʡ) ʠ ʢʨʫʪʠʟʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. ʈʘʟʥʦʚʠʜʥʦʩʪʝʡ ʩʣʦʞʥʳʭ ʧʦʚʦʨʦʪʦʚ ʜʦʩʪʘʪʦʯʥʦ 

ʤʥʦʛʦ: ʧʣʘʚʥʳʡ, ʨʝʟʢʠʡ, ʜʣʠʥʥʳʡ, ʢʨʫʪʦʡ, ʩʦʯʣʝʥʝʥʥʳʡ, S-ʦʙʨʘʟʥʳʡ ʠ ʜʨʫʛʠʝ. 

 
ʈʠʩʫʥʦʢ 7 - ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦʚʦʨʦʪʦʚ ʧʦ ʫʛʣʫ ʠ ʢʨʠʚʠʟʥʝ. 

 

2.3 ʊʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʠ ʝʝ ʬʘʟʳ 
ʇʨʠ ʜʚʠʞʝʥʠʠ ʚ ʧʦʚʦʨʦʪʝ ʚʘʞʥʦ ʧʨʘʚʠʣʴʥʦ ʚʳʙʨʘʪʴ ʪʨʘʝʢʪʦʨʠʶ. ʆʧʪʠʤʘʣʴʥʦʡ 

ʪʨʘʝʢʪʦʨʠʝʡ ʷʚʣʷʝʪʩʷ ʥʝ ʩʠʤʤʝʪʨʠʯʥʘʷ çʧʨʘʚʠʣʴʥʘʷè ʜʫʛʘ, ʘ ʪʘʢʘʷ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ 

ʥʘʯʘʪʴ ʙʦʣʝʝ ʨʘʥʥʠʡ ʠ ʠʥʪʝʥʩʠʚʥʳʡ ʨʘʟʛʦʥ, ʪʘʢ ʢʘʢ ʜʠʥʘʤʠʢʘ ʪʦʨʤʦʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ 

ʚʩʝʛʜʘ ʙʦʣʴʰʝ ʜʠʥʘʤʠʢʠ ʝʛʦ ʫʩʢʦʨʝʥʠʷ.  

ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʧʦʚʦʨʦʪʘ ʩʧʦʩʦʙʦʤ çʛʣʫʙʦʢʠʡ ʚʭʦʜè ʘʚʪʦʤʦʙʠʣʴ ʜʚʠʞʝʪʩʷ ʧʦ 

ʥʘʨʫʞʥʦʡ ʩʪʦʨʦʥʝ ʧʦʚʦʨʦʪʘ, ʧʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʢʘʢ ʤʦʞʥʦ ʜʘʣʴʰʝ ʧʨʦʝʭʘʪʴ, 

ʫʜʝʨʞʠʚʘʷ ʢʦʣʝʩʘ ʚ ʧʦʣʦʞʝʥʠʠ çʧʨʷʤʦè ʜʦ ʥʘʯʘʣʘ ʤʘʥʝʚʨʘ. 

ʊʘʢʪʠʢʘ ʧʨʦʭʦʞʜʝʥʠʷ ʧʦʚʦʨʦʪʘ: 

1. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʩʝʡ ʰʠʨʠʥʳ ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ: ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ 

ʘʚʪʦʤʦʙʠʣʴ ʜʦʣʞʝʥ ʜʚʠʛʘʪʴʩʷ ʧʦ ʚʥʝʰʥʝʡ ʩʪʦʨʦʥʝ ʪʨʘʩʩʳ; 



ð 18 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

2. ʊʦʯʢʘ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʚʥʫʪʨʝʥʥʝʡ ʛʨʘʥʠʮʝ ʪʨʘʩʩʳ ʜʦʣʞʥʘ ʙʳʪʴ ʥʘʩʢʦʣʴʢʦ 

ʚʦʟʤʦʞʥʦ ʜʘʣʴʰʝ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ. 

ʇʨʦʭʦʞʜʝʥʠʝ ʧʦʚʦʨʦʪʦʚ ʚʘʞʥʦ ʨʝʘʣʠʟʦʚʳʚʘʪʴ, ʠʤʝʷ ʪʦʣʴʢʦ 3 ʪʦʯʢʠ ʢʦʥʪʘʢʪʘ (3 

ʢʦʣʝʩʘ, ʧʨʠʯʝʤ ʠʭ ʚʳʙʦʨ ʦʙʫʩʣʦʚʣʝʥ ʪʠʧʦʤ ʧʨʠʚʦʜʘ ʘʚʪʦʤʦʙʠʣʷ). ʇʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ 

ʧʦʚʦʨʦʪʘ ʥʝʦʙʭʦʜʠʤʦ ʚʝʨʥʫʪʴ ʘʚʪʦʤʦʙʠʣʴ ʚ ʧʦʣʦʞʝʥʠʝ, ʢʦʛʜʘ ʦʥ ʠʤʝʝʪ 4 ʪʦʯʢʠ ʦʧʦʨʳ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʦʜʠʥʘʢʦʚʦʡ ʟʘʛʨʫʟʢʠ ʢʦʣʝʩ ʣʝʚʦʛʦ ʠ ʧʨʘʚʦʛʦ ʙʦʨʪʦʚ. ʉʪʦʠʪ 

ʥʘʧʦʤʥʠʪʴ, ʯʪʦ ʨʘʟʚʝʩʦʚʢʘ ʤʝʞʜʫ ʧʝʨʝʜʥʝʡ ʠ ʟʘʜʥʝʡ ʦʩʴʶ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʪʠʧʘ 

ʧʨʠʚʦʜʘ, ʢʠʥʝʤʘʪʠʢʠ ʨʫʣʝʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʦʜʚʝʩʢʠ. 

 

3. ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʥʘʩʪʨʦʡʢʝ ʧʝʨʝʜʥʝʧʨʠʚʦʜʥʦʛʦ ʛʦʥʦʯʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ. 

ʋ ʛʦʥʦʯʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʦʩʦʙʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʪʠʧ ʧʨʠʚʦʜʘ. ʋ 

ʧʝʨʝʜʥʝʧʨʠʚʦʜʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ, ʤʘʩʩʘ ʢʦʪʦʨʦʛʦ ʚ ʥʝʩʥʘʨʷʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʨʘʚʥʘ 

1000 ʢʛ, ʥʘʛʨʫʟʢʠ ʥʘ ʦʩʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʚ ʩʦʦʪʥʦʰʝʥʠʠ i=60/40 ʠʣʠ ʙʣʠʟʢʦʤ ʢ ʵʪʦʤʫ, 

ʥʘʛʨʫʟʢʘ ʥʘ ʧʝʨʝʜʥʶʶ ʦʩʴ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 600 ʢʛ. 

ʅʘ ʩʦʚʨʝʤʝʥʥʳʭ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʷʭ ʢʣʘʩʩʘ çBè ʥʘ ʧʝʨʝʜʥʝʤ ʤʦʩʪʫ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʝʟʘʚʠʩʠʤʘʷ ʧʦʜʚʝʩʢʘ ʪʠʧʘ çʄʘʢʬʝʨʩʦʥè ʩ ʨʝʝʯʥʳʤ ʨʫʣʝʚʳʤ 

ʫʧʨʘʚʣʝʥʠʝʤ ʩ ʟʘʜʥʠʤ ʨʫʣʝʚʳʤ ʪʨʝʭʟʚʝʥʥʠʢʦʤ, ʘ ʥʘ ʟʘʜʥʝʤ ʤʦʩʪʫ ï ʧʦʣʫʟʘʚʠʩʠʤʘʷ 

ʧʦʜʚʝʩʢʘ ʩ ʩʦʧʨʷʞʝʥʥʳʤʠ ʨʳʯʘʛʘʤʠ, ʥʝʟʘʚʠʩʠʤʘʷ ʧʦʜʚʝʩʢʘ ʥʘ ʧʨʦʜʦʣʴʥʳʭ ʨʳʯʘʛʘʭ 

ʠʣʠ ʤʥʦʛʦʨʳʯʘʞʥʘʷ ʥʝʟʘʚʠʩʠʤʘʷ ʧʦʜʚʝʩʢʘ.  

ʉ ʧʦʤʦʱʴʶ ʠʟʤʝʥʝʥʠʷ ʫʩʪʘʥʦʚʦʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʫʣʝʚʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʧʦʜʚʝʩʢʠ 

ʧʝʨʝʜʥʝʛʦ ʠ ʟʘʜʥʝʛʦ ʤʦʩʪʦʚ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʠʟʙʳʪʦʯʥʦʡ, ʥʝʡʪʨʘʣʴʥʦʡ ʠʣʠ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʧʦʚʦʨʘʯʠʚʘʝʤʦʩʪʠ ʘʚʪʦʤʦʙʠʣʷ. ʂʘʞʜʳʡ ʛʦʥʱʠʢ ʥʘʩʪʨʘʠʚʘʝʪ ʜʘʥʥʳʡ 

ʧʘʨʘʤʝʪʨ ʩʚʦʝʛʦ ʘʚʪʦʤʦʙʠʣʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʦʜ ʩʝʙʷ. 

ʊʘʢ ʢʘʢ ʥʘʯʘʣʴʥʳʝ ʫʩʪʘʥʦʚʦʯʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʝʨʝʜʥʠʭ ʢʦʣʝʩ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʦʪʨʠʮʘʪʝʣʴʥʦʤʫ ʨʘʟʚʘʣʫ (ʥʘʧʨʘʚʣʝʥʥʦʤʫ ʚʥʫʪʨʴ ʘʚʪʦʤʦʙʠʣʷ), ʪʦ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚ 

ʧʦʚʦʨʦʪʝ ʧʨʠ ʢʨʝʥʝ ʘʚʪʦʤʦʙʠʣʷ ʢʦʣʝʩʘ ʥʝ ʧʝʨʝʭʦʜʷʪ ʚ ʟʦʥʫ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʨʘʟʚʘʣʘ ʠ 

ʩʦʭʨʘʥʷʶʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʮʝʧʣʝʥʠʝ ʠ ʟʥʘʯʝʥʠʷ ʧʨʦʜʦʣʴʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ ʨʝʘʢʮʠʠ 

ʢʦʣʝʩʘ ʩ ʜʦʨʦʛʦʡ. 

ʇʨʠ ʜʚʠʞʝʥʠʠ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʧʦʚʦʨʦʪʝ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʢʨʝʥ ʢʫʟʦʚʘ 

ʘʚʪʦʤʦʙʠʣʷ, ʢʦʣʝʩʘ ʟʘʜʥʝʡ ʦʩʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʷʶʪ ʫʛʦʣ ʥʘʢʣʦʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʦʧʝʨʝʯʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩʠʤʤʝʪʨʠʠ ʘʚʪʦʤʦʙʠʣʷ ʚ ʩʪʦʨʦʥʫ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʨʘʟʚʘʣʘ, ʯʪʦ 

ʫʚʝʣʠʯʠʚʘʝʪ ʫʛʦʣ ʫʚʦʜʘ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʠʟʙʳʪʦʯʥʫʶ ʧʦʚʦʨʘʯʠʚʘʝʤʦʩʪʴ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʚʳʛʦʜʥʦ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʧʦʚʦʨʦʪʦʤ ʙʦʣʴʰʦʡ ʢʨʫʪʠʟʥʳ ʥʘ ʤʘʣʦʡ ʩʢʦʨʦʩʪʠ. 

ɺ ʧʨʦʮʝʩʩʝ ʧʦʚʦʨʦʪʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ ʢʫʟʦʚ ʧʝʨʝʜʘʝʪ ʫʩʠʣʠʝ 

ʥʘ ʢʦʣʝʩʦ, ʢʦʥʪʘʢʪʠʨʫʶʱʝʝ ʩ ʜʦʨʦʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʟʜʘʝʪʩʷ ʤʦʤʝʥʪ, 

ʠʟʛʠʙʘʶʱʠʡ ʢʦʣʝʩʦ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʨʘʟʚʘʣʘ. ʊʝʤ ʩʘʤʳʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʠʟʥʘʯʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʫʩʪʘʥʦʚʢʠ ʢʦʣʝʩ ʟʘʜʥʝʡ ʦʩʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʨʘʟʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʜʘʯʠ ʫʩʠʣʠʷ ʩʦ ʩʪʦʨʦʥʳ ʜʦʨʦʛʠ ʦʪ ʫʛʣʘ ʢʨʝʥʘ ʠʣʠ ʭʦʜʘ ʧʦʜʚʝʩʢʠ. 

4. ʀʜʝʘʣʴʥʘʷ ʛʝʦʤʝʪʨʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʩʩʳ ʛʦʥʦʯʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʩ 

ʧʝʨʝʜʥʠʤ ʧʨʠʚʦʜʦʤ ʢʦʣʝʩ. 

ɼʣʷ ʨʘʩʯʝʪʦʚ ʙʳʣ ʚʳʙʨʘʥ ʘʚʪʦʤʦʙʠʣʴ ʤʘʨʢʠ ʃʘʜʘ çʂʘʣʠʥʘè ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʤʘʩʩʳ ʘʚʪʦʤʦʙʠʣʷ ʧʦ ʦʩʷʤ ï 659 ʢʛ ʥʘ ʧʝʨʝʜʥʶʶ ʦʩʴ ʠ 432 ʢʛ ʥʘ ʟʘʜʥʶʶ ʦʩʴ, ʧʨʠ 

ʫʩʣʦʚʠʠ ʧʦʣʥʦʡ ʤʘʩʩʳ 1091 ʢʛ, ʨʘʟʚʝʩʦʚʢʦʡ 60,4% ʥʘ ʧʝʨʝʜʥʶʶ ʦʩʴ ʠ 39,6% ʥʘ ʟʘʜʥʶʶ 

ʦʩʴ. ɼʣʷ ʧʝʨʝʜʥʝʧʨʠʚʦʜʥʦʛʦ ʛʦʥʦʯʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ, ʦʩʥʘʱʝʥʥʦʛʦ ʢʘʨʢʘʩʦʤ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʠʜʝʘʣʴʥʦʡ ʨʘʟʚʝʩʦʚʢʦʡ ʷʚʣʷʝʪʩʷ: 70% ʥʘ ʧʝʨʝʜʥʶʶ ʦʩʴ (ʧʦ 35% ʥʘ 

ʢʘʞʜʦʝ ʢʦʣʝʩʦ) ʠ 30% ʥʘ ʟʘʜʥʶʶ ʦʩʴ (ʧʦ 15% ʥʘ ʢʘʞʜʦʝ ʢʦʣʝʩʦ). ʊʘʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʤʘʩʩʳ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʧʦʪʝʨʠ ʩʮʝʧʣʝʥʠʷ ʚʦ ʚʩʝʭ ʬʘʟʘʭ ʧʨʦʭʦʞʜʝʥʠʷ ʧʦʚʦʨʦʪʦʚ 

ʣʶʙʦʡ ʢʘʪʝʛʦʨʠʠ. 

ʈʘʩʯʝʪʥʘʷ ʤʘʩʩʘ ʘʚʪʦʤʦʙʠʣʷ ʠʤʝʝʪ 1030 ʢʛ. ʇʦʩʪʨʦʠʚ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ 

ʚʳʙʨʘʥʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʩ ʫʯʝʪʦʤ ʚʩʝʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʫʩʪʘʥʦʚʦʯʥʳʭ ʫʛʣʦʚ ʧʦʜʚʝʩʢʠ 

ʨʫʣʝʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʝʨʝʤʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʣʝʯʘ ʢʨʝʥʘ ʣʝʚʦʛʦ ʠ ʧʨʘʚʦʛʦ 

ʧʝʨʝʜʥʠʭ ʢʦʣʝʩ, ʚʳʯʠʩʣʷʝʤ ʠʜʝʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʩʩʳ ʥʘ ʢʦʣʝʩʘ ʧʨʠ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 19 ð   

 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʧʦʣʦʞʝʥʠʠ ʩʨʝʜʥʝʛʦ ʢʦʣʝʩʘ ʧʝʨʝʜʥʝʡ ʦʩʠ, ʠʩʧʦʣʴʟʫʷ ʜʫʙʣʠʨʫʶʱʫʶ 

ʚʝʣʦʩʠʧʝʜʥʫʶ ʩʭʝʤʫ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʦʚ ʨʘʟʚʝʩʦʚʢʘ ʩʦʩʪʘʚʠʣʘ 67% ʥʘ ʧʝʨʝʜʥʶʶ 

ʦʩʴ ʠ 33% ʥʘ ʟʘʜʥʶʶ ʦʩʴ, ʯʪʦ ʙʣʠʟʢʦ ʢ ʠʜʝʘʣʴʥʦʤʫ. 

5. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ 

MATLAB  Simulink . 

ɿʘʜʘʝʤ ʢʠʥʝʤʘʪʠʢʫ ʧʦʜʚʝʩʢʠ ʠ ʨʫʣʝʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ, ʚʚʦʜʠʤ ʜʘʥʥʳʝ 

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʰʠʥ, ʢʘʪʝʛʦʨʠʠ ʧʦʚʦʨʦʪʘ (ʩ 1-ʛʦ ʧʦ 6-ʦʡ) ʠ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ 

(ʧʦʚʦʨʦʪʦʤ ʨʫʣʝʚʦʛʦ ʢʦʣʝʩʘ), ʦʧʨʝʜʝʣʷʝʤ ʩʢʦʨʦʩʪʥʳʝ ʨʝʞʠʤʳ ʠ ʦʪʩʣʝʞʠʚʘʝʤ 

ʩʦʩʪʦʷʥʠʝ ʚʩʝʭ ʧʘʨʘʤʝʪʨʦʚ ʘʚʪʦʤʦʙʠʣʷ. 

   
ʂʘʪʝʛʦʨʠʷ 1 ʂʘʪʝʛʦʨʠʷ 2 ʂʘʪʝʛʦʨʠʷ 3 

   
ʂʘʪʝʛʦʨʠʷ 4 ʂʘʪʝʛʦʨʠʷ 5 ʂʘʪʝʛʦʨʠʷ 6 

ʈʠʩʫʥʦʢ 8 ï ʂʘʪʝʛʦʨʠʠ ʧʦʚʦʨʦʪʦʚ 

 

 
ʈʠʩʫʥʦʢ 9 ï ʇʦʚʦʨʦʪ ʢʘʪʝʛʦʨʠʠ 1, ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ 

 



ð 20 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

 
ʈʠʩʫʥʦʢ 10 ï ʇʦʚʦʨʦʪ ʢʘʪʝʛʦʨʠʠ 1, ʩʢʦʨʦʩʪʴ ʂʄ 

 
ʈʠʩʫʥʦʢ 11 ï ʇʦʚʦʨʦʪ ʢʘʪʝʛʦʨʠʠ 1, ʤʦʤʝʥʪʳ ʚʨʘʱʝʥʠʷ 

 
ʈʠʩʫʥʦʢ 12 ï ʇʦʚʦʨʦʪ ʢʘʪʝʛʦʨʠʠ 1, ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 

 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 21 ð   

 

 
ʈʠʩʫʥʦʢ 13 ï ʇʦʚʦʨʦʪ ʢʘʪʝʛʦʨʠʠ 1, ʫʛʣʳ ʚʨʘʱʝʥʠʷ 

 
ʈʠʩʫʥʦʢ 14 ï ʇʦʚʦʨʦʪ ʢʘʪʝʛʦʨʠʠ 1, ʫʩʢʦʨʝʥʠʷ 

 
ʈʠʩʫʥʦʢ 15 ï ʇʦʚʦʨʦʪ ʢʘʪʝʛʦʨʠʠ 1, ʥʦʨʤʘʣʴʥʳʝ ʩʠʣʳ ʚ ʧʷʪʥʝ ʢʦʥʪʘʢʪʘ 



ð 22 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

 
ʈʠʩʫʥʦʢ 16 ï ʇʦʚʦʨʦʪ ʢʘʪʝʛʦʨʠʠ 1, ʫʚʦʜʳ ʚ ʧʷʪʥʝ ʢʦʥʪʘʢʪʘ 

 

 
ʈʠʩʫʥʦʢ 17 ï ʇʦʚʦʨʦʪ ʢʘʪʝʛʦʨʠʠ 2, ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠ 

 ̫

 
ʈʠʩʫʥʦʢ 18 ï ʇʦʚʦʨʦʪ ʢʘʪʝʛʦʨʠʠ 2, ʩʢʦʨʦʩʪʴ ʂʄ 

 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 23 ð   

 

 
ʈʠʩʫʥʦʢ 19 ï ʇʦʚʦʨʦʪ ʢʘʪʝʛʦʨʠʠ 2, ʤʦʤʝʥʪʳ ʚʨʘʱʝʥʠʷ 

 

 
ʈʠʩʫʥʦʢ 20 ï ʇʦʚʦʨʦʪ ʢʘʪʝʛʦʨʠʠ 2, ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 

 

 
ʈʠʩʫʥʦʢ 21 ï ʇʦʚʦʨʦʪ ʢʘʪʝʛʦʨʠʠ 2, ʫʛʣʳ ʚʨʘʱʝʥʠʷ 

 



ð 24 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

 
ʈʠʩʫʥʦʢ 22 ï ʇʦʚʦʨʦʪ ʢʘʪʝʛʦʨʠʠ 2, ʫʩʢʦʨʝʥʠʷ 

 

 
ʈʠʩʫʥʦʢ 23 ï ʇʦʚʦʨʦʪ ʢʘʪʝʛʦʨʠʠ 2, ʥʦʨʤʘʣʴʥʳʝ ʩʠʣʳ ʚ ʧʷʪʥʝ ʢʦʥʪʘʢʪʘ 

 

 
ʈʠʩʫʥʦʢ 24 ï ʇʦʚʦʨʦʪ ʢʘʪʝʛʦʨʠʠ 2, ʫʚʦʜʳ ʚ ʧʷʪʥʝ ʢʦʥʪʘʢʪʘ 

 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 25 ð   

 

 
ʈʠʩʫʥʦʢ 25 ï ʇʦʚʦʨʦʪ ʢʘʪʝʛʦʨʠʠ 3, ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ 

 

 
ʈʠʩʫʥʦʢ 26 ï ʇʦʚʦʨʦʪ ʢʘʪʝʛʦʨʠʠ 3, ʩʢʦʨʦʩʪʴ ʂʄ 

 
ʈʠʩʫʥʦʢ 27 ï ʇʦʚʦʨʦʪ ʢʘʪʝʛʦʨʠʠ 3, ʤʦʤʝʥʪʳ ʚʨʘʱʝʥʠʷ 



ð 26 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

 
ʈʠʩʫʥʦʢ 28 ï ʇʦʚʦʨʦʪ ʢʘʪʝʛʦʨʠʠ 3, ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 

 

 
ʈʠʩʫʥʦʢ 29 ï ʇʦʚʦʨʦʪ ʢʘʪʝʛʦʨʠʠ 3, ʫʛʣʳ ʚʨʘʱʝʥʠʷ 

 

 
ʈʠʩʫʥʦʢ 30 ï ʇʦʚʦʨʦʪ ʢʘʪʝʛʦʨʠʠ 3, ʫʩʢʦʨʝʥʠʷ 

 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 27 ð   

 

 
ʈʠʩʫʥʦʢ 31 ï ʇʦʚʦʨʦʪ ʢʘʪʝʛʦʨʠʠ 3, ʥʦʨʤʘʣʴʥʳʝ ʩʠʣʳ ʚ ʧʷʪʥʝ ʢʦʥʪʘʢʪʘ 

 

 
ʈʠʩʫʥʦʢ 32 ï ʇʦʚʦʨʦʪ ʢʘʪʝʛʦʨʠʠ 3, ʫʚʦʜʳ ʚ ʧʷʪʥʝ ʢʦʥʪʘʢʪʘ 

 
ʈʠʩʫʥʦʢ 33 ï ʇʦʚʦʨʦʪ ʢʘʪʝʛʦʨʠʠ 4, ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ 



ð 28 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

 
ʈʠʩʫʥʦʢ 34 ï ʇʦʚʦʨʦʪ ʢʘʪʝʛʦʨʠʠ 4, ʩʢʦʨʦʩʪʴ ʂʄ 

 

 
ʈʠʩʫʥʦʢ 35 ï ʇʦʚʦʨʦʪ ʢʘʪʝʛʦʨʠʠ 4, ʤʦʤʝʥʪʳ ʚʨʘʱʝʥʠʷ 

 

 
ʈʠʩʫʥʦʢ 36 ï ʇʦʚʦʨʦʪ ʢʘʪʝʛʦʨʠʠ 4, ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 

 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 29 ð   

 

 
ʈʠʩʫʥʦʢ 37 ï ʇʦʚʦʨʦʪ ʢʘʪʝʛʦʨʠʠ 4, ʫʛʣʳ ʚʨʘʱʝʥʠʷ 

 

 
ʈʠʩʫʥʦʢ 38 ï ʇʦʚʦʨʦʪ ʢʘʪʝʛʦʨʠʠ 4, ʫʩʢʦʨʝʥʠʷ 

 

 
ʈʠʩʫʥʦʢ 39 ï ʇʦʚʦʨʦʪ ʢʘʪʝʛʦʨʠʠ 4, ʥʦʨʤʘʣʴʥʳʝ ʩʠʣʳ ʚ ʧʷʪʥʝ ʢʦʥʪʘʢʪʘ 

 



ð 30 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

 
ʈʠʩʫʥʦʢ 40 ï ʇʦʚʦʨʦʪ ʢʘʪʝʛʦʨʠʠ 4, ʫʚʦʜʳ ʚ ʧʷʪʥʝ ʢʦʥʪʘʢʪʘ 

 

 
ʈʠʩʫʥʦʢ 41 ï ʇʦʚʦʨʦʪ ʢʘʪʝʛʦʨʠʠ 5, ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ 

 

 
ʈʠʩʫʥʦʢ 42 ï ʇʦʚʦʨʦʪ ʢʘʪʝʛʦʨʠʠ 5, ʩʢʦʨʦʩʪʴ ʂʄ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 31 ð   

 
 

 
ʈʠʩʫʥʦʢ 43 ï ʇʦʚʦʨʦʪ ʢʘʪʝʛʦʨʠʠ 5, ʤʦʤʝʥʪʳ ʚʨʘʱʝʥʠʷ 

 

 
ʈʠʩʫʥʦʢ 44 ï ʇʦʚʦʨʦʪ ʢʘʪʝʛʦʨʠʠ 5, ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 

 

 
ʈʠʩʫʥʦʢ 45 ï ʇʦʚʦʨʦʪ ʢʘʪʝʛʦʨʠʠ 5, ʫʛʣʳ ʚʨʘʱʝʥʠʷ 

 



ð 32 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

 
ʈʠʩʫʥʦʢ 46 ï ʇʦʚʦʨʦʪ ʢʘʪʝʛʦʨʠʠ 5, ʫʩʢʦʨʝʥʠʷ 

 

 
ʈʠʩʫʥʦʢ 47 ï ʇʦʚʦʨʦʪ ʢʘʪʝʛʦʨʠʠ 5, ʥʦʨʤʘʣʴʥʳʝ ʩʠʣʳ ʚ ʧʷʪʥʝ ʢʦʥʪʘʢʪʘ 

 

 
ʈʠʩʫʥʦʢ 48 ï ʇʦʚʦʨʦʪ ʢʘʪʝʛʦʨʠʠ 5, ʫʚʦʜʳ ʚ ʧʷʪʥʝ ʢʦʥʪʘʢʪʘ 

 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 33 ð   

 

 
ʈʠʩʫʥʦʢ 49 ï ʇʦʚʦʨʦʪ ʢʘʪʝʛʦʨʠʠ 6, ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ 

 

 
ʈʠʩʫʥʦʢ 50 ï ʇʦʚʦʨʦʪ ʢʘʪʝʛʦʨʠʠ 6, ʩʢʦʨʦʩʪʴ ʂʄ 

 



ð 34 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

 
ʈʠʩʫʥʦʢ 51 ï ʇʦʚʦʨʦʪ ʢʘʪʝʛʦʨʠʠ 6, ʤʦʤʝʥʪʳ ʚʨʘʱʝʥʠʷ 

 

 
ʈʠʩʫʥʦʢ 52 ï ʇʦʚʦʨʦʪ ʢʘʪʝʛʦʨʠʠ 6, ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 

 

 
ʈʠʩʫʥʦʢ 53 ï ʇʦʚʦʨʦʪ ʢʘʪʝʛʦʨʠʠ 6, ʫʛʣʳ ʚʨʘʱʝʥʠʷ 

 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 35 ð   

 

 
ʈʠʩʫʥʦʢ 54 ï ʇʦʚʦʨʦʪ ʢʘʪʝʛʦʨʠʠ 6, ʫʩʢʦʨʝʥʠʷ 

 

 
ʈʠʩʫʥʦʢ 55 ï ʇʦʚʦʨʦʪ ʢʘʪʝʛʦʨʠʠ 6, ʥʦʨʤʘʣʴʥʳʝ ʩʠʣʳ ʚ ʧʷʪʥʝ ʢʦʥʪʘʢʪʘ 

 

 
ʈʠʩʫʥʦʢ 56 ï ʇʦʚʦʨʦʪ ʢʘʪʝʛʦʨʠʠ 6, ʫʚʦʜʳ ʚ ʧʷʪʥʝ ʢʦʥʪʘʢʪʘ 

 



ð 36 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ɼʘʥʥʦʝ ʥʘʫʯʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʌʦʥʜʘ ʩʦʜʝʡʩʪʚʠʷ 

ʨʘʟʚʠʪʠʶ ʤʘʣʳʭ ʬʦʨʤ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʩʬʝʨʝ ʧʦ ʧʨʦʛʨʘʤʤʝ 

çʋʄʅʀʂè ʧʦ ʪʝʤʝ çʀʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ 

ʛʦʥʦʯʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʠ ʚʳʯʠʩʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘʩʪʨʦʝʢ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʣʫʯʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚè ʚ ʨʘʤʢʘʭ ʜʦʛʦʚʦʨʘ ˉ10903ɻʋ/2016 ʦʪ 29.12.2016ʛ 

***  

1. ʊʝʦʨʠʷ ʜʚʠʞʝʥʠʷ ʧʦʣʥʦʧʨʠʚʦʜʥʳʭ ʢʦʣʝʩʥʳʭ ʤʘʰʠʥ: ʫʯʝʙʥʠʢ / ɺ. ɺ. ʃʘʨʠʥ. ï ʄ.: ʀʟʜ-ʚʦ ʄɻʊʋ ʠʤ. ʅ. 

ʕ. ɹʘʫʤʘʥʘ, 2010. ï 391, [1]ʩ.: ʠʣ. 

2. ʊʝʦʨʠʷ ʤʝʭʘʥʠʟʤʦʚ ʠ ʤʘʰʠʥ. ʂʫʨʩʦʚʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ: ʫʯʝʙ. ʧʦʩʦʙʠʝ / ʧʦʜ ʨʝʜ. ɻ. ɸ. ʊʠʤʦʬʝʝʚʘ ʠ ʅ. 

ɺ. ʋʤʥʦʚʘ. ï ʄ.: ʀʟʜ-ʚʦ ʄɻʊʋ ʠʤ. ʅ. ʕ. ɹʘʫʤʘʥʘ, 2010. ï 154, [2]ʩ.: ʠʣ. 

3. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʦʣʥʦʧʨʠʚʦʜʥʳʭ ʢʦʣʝʩʥʳʭ ʤʘʰʠʥ: ʋʯʝʙʥʠʢ ʜʣʷ ʚʫʟʦʚ: ʇ79 ɺ 3 ʪ. ʊ. 2 / ɹ.ɸ. 
ɸʬʘʥʘʩʴʝʚ, ʃ.ʌ. ɾʝʛʣʦʚ, ɺ.ʅ. ɿʫʟʦʚ ʠ ʜʨ.; ʇʦʜ ʨʝʜ. ɸ.ɸ. ʇʦʣʫʥʛʷʥʘ. ï ʄ.: ʀʟʜ-ʚʦ ʄɻʊʋ ʠʤ. ʅ.ʕ. 

ɹʘʫʤʘʥʘ, 2008. ï 528 ʩ.: ʠʣ. 

4. ʐʘʩʩʠ ʘʚʪʦʤʦʙʠʣʷ: ʂʦʥʩʪʨʫʢʮʠʷ ʧʦʜʚʝʩʦʢ. ʁ. ʈʘʤʧʝʣʴ / ʇʝʨ. ʩ ʥʝʤ. ɺ.ʇ. ɸʛʘʧʦʚʘ. ï  ʄ.: 

ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1989. ï 328 ʩ.: ʠʣ. 

5. ʐʘʩʩʠ ʘʚʪʦʤʦʙʠʣʷ: ʕʣʝʤʝʥʪʳ ʧʦʜʚʝʩʢʠ. ʁ. ʈʘʤʧʝʣʴ / ʇʝʨ. ʩ ʥʝʤ. ɸ.ʃ. ʂʘʨʧʫʭʠʥʘ; ʇʦʜ ʨʝʜ. ɻ.ɻ. 

ɻʨʠʜʘʩʦʚʘ. ï  ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1987. ï 288 ʩ.: ʠʣ. 

6. ʐʘʩʩʠ ʘʚʪʦʤʦʙʠʣʷ: ɸʤʦʨʪʠʟʘʪʦʨʳ, ʰʠʥʳ ʠ ʢʦʣʝʩʘ. ʁ. ʈʘʤʧʝʣʴ / ʇʝʨ. ʩ ʥʝʤ. ɺ.ʇ. ɸʛʘʧʦʚʘ; ʇʦʜ ʨʝʜ. 
ʆ.ɼ. ɿʣʘʪʦʚʨʘʪʩʢʦʛʦ.ï  ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1986. ï 320 ʩ.: ʠʣ. 

7. ʕʢʩʪʨʝʤʘʣʴʥʦʝ ʚʦʞʜʝʥʠʝ. ɻʦʥʦʯʥʳʝ ʩʝʢʨʝʪʳ. ʄ. ɻ. ɻʦʨʙʘʯʝʚ ï  ʄ.: ʈʠʧʦʣ ʂʣʘʩʩʠʢ, 2007. ï 304 ʩ.: ʠʣ. 

ʄʘʣʘʭʦʚ ɸ.ʖ., ɸʣʝʢʩʘʥʜʨʦʚ ɺ.ɸ., ʇʝʨʝʢʨʝʩʪʦʚʘ ɺ.ɸ. 

ʂʦʤʙʠʥʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʤʝʪʘʣʣʠʟʘʮʠʠ ʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʘʟʦʪʠʨʦʚʘʥʠʷ 

ʄʦʩʢʦʚʩʢʠʡ ʘʚʪʦʤʦʙʠʣʴʥʦ-ʜʦʨʦʞʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʄɸɼʀ) 

(ʈʦʩʩʠʷ, ʄʦʩʢʚʘ) 

doi: 10.18411/lj -01-2019-130 

idsp: ljournal-01-2019-130 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʤʝʪʘʣʣʠʟʘʮʠʠ ʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʘʟʦʪʠʨʦʚʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ, ʚʦ-ʧʝʨʚʳʭ, ʜʦʙʠʪʴʩʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʥʘʩʳʱʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʠ 

ʘʟʦʪʦʤ, ʘ, ʚʦ-ʚʪʦʨʳʭ, ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʪʨʦʝʥʠʝ, ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠ ʢʠʥʝʪʠʢʫ ʨʦʩʪʘ 

ʘʟʦʪʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ. ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʝʪʦʜʘ ï ʥʘʫʯʠʪʴʩʷ ʨʝʛʫʣʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʘʟʦʪʠʨʦʚʘʥʠʷ, ʥʝ ʚʘʨʴʠʨʫʷ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʩʦʩʪʘʚʦʤ 

ʥʘʩʳʱʘʶʱʝʡ ʩʨʝʜʳ ʠ ʜʦʙʠʪʴʩʷ ʫʩʢʦʨʝʥʠʷ ʩʘʤʦʛʦ ʧʨʦʮʝʩʩʘ, ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʷ 

ʨʝʩʫʨʩʦʟʘʪʨʘʪʳ. ʇʨʦʮʝʩʩ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʘʟʦʪʠʨʦʚʘʥʠʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʠ 

(ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ, ʫʩʪʘʣʦʩʪʥʦʡ ʧʨʦʯʥʦʩʪʠ, ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ), ʚ ʩʚʷʟʠ ʩ ʯʝʤ 

ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʝ ʘʟʦʪʠʨʦʚʘʥʠʝ, ʤʝʪʘʣʣʠʟʘʮʠʷ, ʜʠʬʬʫʟʠʷ, 

ʢʘʪʘʣʠʟʘʪʦʨ, ʤʥʦʛʦʩʣʦʡʥʦʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʝ ʧʦʢʨʳʪʠʝ. 

 

Abstract 

The article describes a new method of combining the processes of metallization and low-

temperature nitriding. This makes it possible to achieve a catalytic acceleration of the diffusion 

saturation of the steel surface with nitrogen and to regulate the structure, phase composition and 

growth kinetics of the nitrided layer. The purpose and objectives of the proposed method is to 

learn how to regulate the process of low ï temperature nitriding without varying the temperature 

and the composition of the saturating medium and to accelerate the process itself, which will 

significantly reduce the cost of resources. The process of low-temperature nitriding is widely 

used in the production of machine parts to improve the physical and mechanical properties of the 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 37 ð   

 

surface (wear resistance, fatigue strength, corrosion resistance). Therefore, the studies conducted 

in this article are quite relevant. 
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ɺʚʝʜʝʥʠʝ 

ʇʨʦʮʝʩʩ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʘʟʦʪʠʨʦʚʘʥʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʠ (ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ, ʫʩʪʘʣʦʩʪʥʦʡ ʧʨʦʯʥʦʩʪʠ, ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ) 

[1]. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʘʥʘʣʦʛʠʯʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʭʠʤʠʢʦ-ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʠ (ʥʘʧʨʠʤʝʨ, 

ʪʘʢʦʛʦ ʢʘʢ ʮʝʤʝʥʪʘʮʠʷ). ɸʟʦʪʠʨʦʚʘʥʠʝ ï ʵʪʦ ʧʨʦʮʝʩʩ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʥʘʩʳʱʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʩʪʘʣʝʡ ʠ ʩʧʣʘʚʦʚ ʘʟʦʪʦʤ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʨʝʜʝ. 

ʅʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʝ ʘʟʦʪʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

500 ï 600 ʦʉ [2]. 

ʇʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʘʟʦʪʠʨʦʚʘʥʠʠ ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʘʣʠ ʥʝ ʠʩʧʳʪʳʚʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʇʨʠ ʵʪʦʤ ʪʚʝʨʜʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʩʪʘʣʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠʟ-ʟʘ ʦʙʨʘʟʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ - ʥʠʪʨʠʜʦʚ. 

ʆʪʩʫʪʩʪʚʠʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʝ ʠʟʤʝʥʷʝʪ ʛʝʦʤʝʪʨʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʘʟʦʪʠʨʫʝʤʳʭ 

ʜʝʪʘʣʝʡ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʜʘʥʥʳʡ ʤʝʪʦʜ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʩʪʘʣʴʥʳʭ ʠʟʜʝʣʠʡ, 

ʢʦʪʦʨʳʝ ʫʞʝ ʧʨʦʰʣʠ ʟʘʢʘʣʢʫ ʩ ʚʳʩʦʢʠʤ ʦʪʧʫʩʢʦʤ ʠ ʦʪʰʣʠʬʦʚʘʥʳ ʜʦ ʪʨʝʙʫʝʤʳʭ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʇʦʣʫʯʝʥʥʳʡ ʧʨʠ ʘʟʦʪʠʨʦʚʘʥʠʠ ʫʧʨʦʯʥʝʥʥʳʡ ʩʣʦʡ ʭʦʨʦʰʦ 

ʰʣʠʬʫʝʪʩʷ ʠ ʧʦʣʠʨʫʝʪʩʷ. 

ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʩʧʦʩʦʙʘ 

ʧʦʚʳʰʝʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʠ. 

ʆʜʥʘʢʦ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʝ ʘʟʦʪʠʨʦʚʘʥʠʝ ʠʤʝʝʪ ʩʚʦʠ ʥʝʜʦʩʪʘʪʢʠ. ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ 

ʧʦʣʫʯʝʥʠʝ ʪʦʥʢʠʭ ʫʧʨʦʯʥʝʥʥʳʭ ʩʣʦʸʚ (ʚʩʝʛʦ 0,3 ï 0,6 ʤʤ) [1], ʯʪʦ ʜʣʷ ʜʝʪʘʣʝʡ 

ʨʘʙʦʪʘʶʱʠʡ ʚ ʫʩʣʦʚʠʷʭ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʠʟʥʦʩʘ ʠʣʠ ʩʠʣʴʥʦʡ ʢʦʨʨʦʟʠʦʥʥʦ-ʘʛʨʝʩʩʠʚʥʦʡ 

ʩʨʝʜʳ ʤʦʞʝʪ ʙʳʪʴ ʥʝʜʦʩʪʘʪʦʯʥʳʤ. ʇʦʣʫʯʝʥʠʝ ʪʦʥʢʠʭ ʫʧʨʦʯʥʝʥʥʳʭ ʩʣʦʝʚ ʩʚʷʟʘʥʦ ʩ 

ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʩʘʤʦʛʦ ʧʨʦʮʝʩʩʘ (ʥʠʟʢʦʡ ʜʠʬʬʫʟʠʝʡ ʥʘʩʳʱʘʶʱʝʛʦ ʵʣʝʤʝʥʪʘ). 

ʆʜʥʘʢʦ ʧʦʣʫʯʝʥʠʝ ʛʣʫʙʦʢʠʭ ʫʧʨʦʯʥʸʥʥʳʭ ʩʣʦʸʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʠʭ ʥʝʜʦʩʪʘʪʦʯʥʦʡ 

ʘʜʛʝʟʠʠ ʩ ʤʘʪʨʠʮʝʡ ʩʘʤʦʡ ʩʪʘʣʠ ʠ ʦʭʨʫʧʯʠʚʘʥʠʶ ʩʣʦʷ.  ʉ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʪʦʣʱʠʥʳ 

ʫʧʨʦʯʥʝʥʥʳʭ ʩʣʦʝʚ ʧʨʠʭʦʜʠʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʘʤʦʛʦ 

ʧʨʦʮʝʩʩʘ (ʥʘ ʥʝʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʣʱʠʥʳ 

ʘʟʦʪʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʘʟʦʪʠʨʦʚʘʥʠʝ ʤʦʞʝʪ ʜʣʠʪʴʩʷ ʥʝʩʢʦʣʴʢʦ ʩʫʪʦʢ). ɺʦ-ʚʪʦʨʳʭ, ʵʪʦ 

ʩʣʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʦʣʫʯʘʝʤʦʛʦ ʧʦʢʨʳʪʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʦʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʨʝʛʫʣʠʨʫʶʱʠʤʠ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʧʦʣʫʯʘʝʤʦʡ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʷʚʣʷʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʩʦʩʪʘʚ ʥʘʩʳʱʘʶʱʝʡ ʩʨʝʜʳ. 

ʆʜʥʘʢʦ, ʥʝʜʦʩʪʘʪʢʠ ʜʘʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʚʷʟʘʥʳ ʩʦ ʩʣʦʞʥʦʩʪʴʶ ʢʦʥʪʨʦʣʷ ʩʦʩʪʘʚʘ ʠ 

ʥʠʟʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʚʦʟʤʦʞʥʦʩʪʝʡ ʚʣʠʷʥʠʷ ʥʘ ʧʦʣʫʯʘʝʤʳʝ ʩʣʦʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʧʦʢʨʳʪʠʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʪʘʢʦʛʦ ʩʧʦʩʦʙʘ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʘʟʦʪʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʙʳ ʩʤʦʛ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ 

ʧʨʦʮʝʩʩʘ, ʧʦʟʚʦʣʠʣ ʙʳ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʨʝʛʫʣʠʨʦʚʘʪʴ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʧʦʣʫʯʘʝʤʦʛʦ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʠ ʫʩʪʨʘʥʠʪʴ ʭʨʫʧʢʦʩʪʴ ʠ ʥʠʟʢʫʶ ʘʜʛʝʟʠʶ ʜʦʩʪʘʪʦʯʥʦ 

ʛʣʫʙʦʢʠʭ ʥʠʪʨʠʜʥʳʭ ʩʣʦʸʚ ʩ ʤʘʪʨʠʮʝʡ ʩʪʘʣʠ.  

ʉʫʱʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʋʩʢʦʨʝʥʠʝ ʧʨʦʮʝʩʩʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʘʟʦʪʠʨʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ 

ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ï ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʂʘʪʘʣʠʟʘʪʦʨ ð ʭʠʤʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ, 

ʫʩʢʦʨʷʶʱʝʝ ʨʝʘʢʮʠʶ, ʥʦ ʥʝ ʨʘʩʭʦʜʫʶʱʝʝʩʷ ʚ ʧʨʦʮʝʩʩʝ ʨʝʘʢʮʠʠ [3]. ʀʟʚʝʩʪʥʦ ʤʥʦʞʝʩʪʚʦ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ï Cu, Cr, Ni, Pd, Rh. ɺ 

ʥʘʰʝʤ ʩʣʫʯʘʝ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʙʳʣʘ ʚʳʙʨʘʥʘ Cu, ʚ ʩʚʷʟʠ ʩ ʧʨʦʩʪʦʪʦʡ ʝʸ ʥʘʥʝʩʝʥʠʷ 



ð 38 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʘʣʠ ʠ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ 

ʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʤʝʪʘʣʣʘʤʠ-ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʪʝʭʥʦʣʦʛʠʷ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ: 

1. ʄʝʪʘʣʣʠʟʘʮʠʷ - ʵʪʘʧ ʥʘʥʝʩʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʘʣʠ ʤʝʪʘʣʣʘ-ʢʘʪʘʣʠʟʘʪʦʨʘ 

(ʤʝʜʠ). ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʦʩʥʦʚʥʳʤ ʫʩʣʦʚʠʝʤ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʭʦʨʦʰʠʭ ʘʜʛʝʟʠʦʥʥʳʭ 

ʩʚʷʟʝʡ ʤʝʞʜʫ ʤʝʜʴʶ ʠ ʩʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʥʘ ʢʦʪʦʨʫʶ ʦʥʘ ʦʩʘʞʜʘʝʪʩʷ. ɺ ʩʣʫʯʘʝ 

ʧʣʦʭʦʡ ʘʜʛʝʟʠʠ ʤʝʜʴ ʧʨʦʩʪʦ ʦʪʜʝʣʠʪʩʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʠ ʚ ʧʨʦʮʝʩʩʝ ʘʟʦʪʠʨʦʚʘʥʠʷ ʠ 

ʥʠʢʘʢ ʥʝ ʧʦʚʣʠʷʝʪ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʩʘʤʦʛʦ ʧʨʦʮʝʩʩʘ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʩʥʦʚʥʳʤ 

ʢʨʠʪʝʨʠʝʤ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʷʚʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨ ʪʦʣʱʠʥʳ ʦʩʘʞʜʝʥʥʦʛʦ ʤʝʜʥʦʛʦ ʩʣʦʷ. 

ʀʤʝʥʥʦ ʪʦʣʱʠʥʘ ʦʩʘʞʜʝʥʥʦʛʦ ʤʝʜʥʦʛʦ ʩʣʦʷ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʬʘʢʪʦʨʦʤ, ʨʝʛʫʣʠʨʫʶʱʠʤ 

ʢʠʥʝʪʠʢʫ ʨʦʩʪʘ ʘʟʦʪʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʠ ʝʛʦ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ.  

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʩʧʦʩʦʙʳ ʤʝʪʘʣʣʠʟʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʠ: 

ʘ). ɻʘʣʴʚʘʥʠʯʝʩʢʠʡ ï ʭʠʤʠʯʝʩʢʠʡ (ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ) ʤʝʪʦʜ ʥʘʥʝʩʝʥʠʷ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʝʥʢʠ ʥʘ ʩʪʘʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʠ ʝʸ ʧʦʤʝʱʝʥʠʠ ʚ ʝʤʢʦʩʪʴ ʩ ʨʘʩʪʚʦʨʦʤ 

ʵʣʝʢʪʨʦʣʠʪʘ. 

ʙ). ʆʩʘʞʜʝʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠʟ ʧʘʨʦʚ (ʛʘʟʦʚʦʡ ʩʨʝʜʳ) ʣʝʪʫʯʠʭ ʭʠʤʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʠʤʝʶʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨ ʚ ʩʚʦʸʤ ʩʦʩʪʘʚʝ.  

ʚ). ɺʘʢʫʫʤʥʦʝ ʥʘʧʳʣʝʥʠʝ.  

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚʘʢʫʫʤʥʦʝ ʥʘʧʳʣʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʡ 

ʧʨʦʮʝʩʩ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʛʘʣʴʚʘʥʠʯʝʩʢʠʤ ʦʩʘʞʜʝʥʠʝʤ ʠ ʦʩʘʞʜʝʥʠʝʤ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʠʟ ʧʘʨʦʚ (ʛʘʟʦʚʦʡ ʩʨʝʜʳ) ʣʝʪʫʯʠʭ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʢʘʯʝʩʪʚʝ 

ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʧʨʠʤʝʥʷʣʩʷ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʤʝʜʥʦʛʦ ʢʫʧʦʨʦʩʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʛʘʟʦʚʦʡ ʩʨʝʜʳ ʦʩʘʞʜʝʥʠʷ ʧʨʠʤʝʥʷʣʩʷ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʭʣʦʨʠʜʘ ʤʝʜʠ (ʉuCl2), ʢʦʪʦʨʳʡ 

ʧʦʤʝʱʘʣʩʷ ʚ ʩʧʝʮʠʘʣʴʥʫʶ ʝʤʢʦʩʪʴ ʧʝʨʝʜ ʧʝʯʴʶ. ʍʣʦʨʥʳʤ ʨʘʩʪʚʦʨʦʤ ʩʚʦʡʩʪʚʝʥʥʘ 

ʩʠʣʴʥʘʷ ʠʩʧʘʨʷʝʤʦʩʪʴ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʛʘʟʦʚʘʷ ʩʨʝʜʘ ʚʳʜʝʣʷʝʪʩʷ ʠʟ ʨʘʩʪʚʦʨʘ ʭʣʦʨʠʜʘ ʤʝʜʠ, 

ʜʘʞʝ ʙʝʟ ʥʘʛʨʝʚʘʥʠʷ. ɼʘʣʝʝ ʯʝʨʝʟ ʜʘʥʥʫʶ ʝʤʢʦʩʪʴ ʧʦʜʘʚʘʣʩʷ ʚʦʟʜʫʭ, ʢʦʪʦʨʳʡ ʩ ʧʘʨʘʤʠ 

ʭʣʦʨʠʜʘ ʤʝʜʠ ʧʦʩʪʫʧʘʣ ʚ ʧʝʯʴ, ʦʩʘʞʜʘʷ ʤʝʜʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ. ʇʨʠ ʵʪʦʤ ʟʜʝʩʴ 

ʬʘʢʪʦʨʦʤ ʪʦʣʱʠʥʳ ʦʩʘʞʜʝʥʥʦʡ ʤʝʜʠ ʷʚʣʷʝʪʩʷ ʚʨʝʤʷ ʧʨʦʜʫʚʢʠ ʝʤʢʦʩʪʠ ʩ ʨʘʩʪʚʦʨʦʤ 

ʭʣʦʨʠʜʘ ʤʝʜʠ. ʆʩʘʞʜʝʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠʟ ʧʘʨʦʚ (ʛʘʟʦʚʦʡ ʩʨʝʜʳ) ʣʝʪʫʯʠʭ ʭʠʤʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩʣʦʞʥʝʝ ʦʙʳʯʥʦʛʦ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ, ʦʜʥʘʢʦ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ï ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʘʣʝʡ ʩ ʙʦʣʴʰʠʤ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ (ʥʘʧʨʠʤʝʨ, ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʝ ʩʪʘʣʠ ʪʠʧʘ 20ʍ13). 

2. ʆʢʠʩʣʝʥʠʝ ʤʝʜʥʦʡ ʧʣʝʥʢʠ. ʆʩʘʞʜʘʷʩʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʠ ʤʝʜʴ, ʦʙʨʘʟʫʝʪ 

ʥʝʧʨʦʥʠʮʘʝʤʳʡ ʩʧʣʦʰʥʦʡ ʩʣʦʡ. ʏʝʨʝʟ ʪʘʢʦʡ ʩʣʦʡ ʘʪʦʤʳ ʘʟʦʪʘ ʥʝʩʧʦʩʦʙʥʳ ʧʨʦʥʠʢʥʫʪʴ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʠ. ʅʝʦʙʭʦʜʠʤʦ ʜʦʩʪʠʯʴ ʥʘʣʠʯʠʷ ʧʨʦʥʠʮʘʝʤʦʡ ʧʦʨʠʩʪʦʡ ʧʣʝʥʢʠ ʤʝʜʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʠ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʢʠʩʣʷʪʴ ʤʝʜʥʫʶ ʧʣʝʥʢʫ. ʆʢʠʩʣʝʥʠʝ ʩʣʦʷ 

ʯʠʩʪʦʡ ʤʝʜʠ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʥʝʩʸʥʥʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʘʣʴʥʦʛʦ ʦʙʨʘʟʮʘ (ʥʝʟʘʚʠʩʠʤʦ 

ʦʪ ʩʧʦʩʦʙʘ) ʧʨʦʠʩʭʦʜʠʪ ʧʫʪʸʤ ʧʨʦʜʫʚʢʠ ʧʝʯʠ ʚʦʟʜʫʭʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʘʟʦʪʠʨʦʚʘʥʠʷ (585 Ñ 5 0ʉ) ʚ ʪʝʯʝʥʠʝ 1 é 3 ʤʠʥʫʪ.  

3. ʇʨʦʮʝʩʩ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʘʟʦʪʠʨʦʚʘʥʠʷ ʚ ʩʨʝʜʝ ʘʤʤʠʘʢʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

585 Ñ 5 0ʉ ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ. ʈʘʩʭʦʜ ʘʤʤʠʘʢʘ ʧʦʜʙʠʨʘʣʩʷ ʨʘʚʥʳʤ 2,5 ʦʙʲʸʤʦʚ ʤʫʬʝʣʷ 

ʧʝʯʠ ʚ ʯʘʩ. 

4. ʆʭʣʘʞʜʝʥʠʝ ʦʙʨʘʟʮʦʚ ʩʪʘʣʠ ʚʤʝʩʪʝ ʩ ʧʝʯʴʶ ʚ ʘʪʤʦʩʬʝʨʝ ʘʤʤʠʘʢʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʪʘʣʠ ʤʘʨʢʠ 08ʖ ʚ ʩʚʷʟʠ ʩ ʧʨʦʩʪʦʪʦʡ 

ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʥʘ ʜʘʥʥʦʡ ʩʪʘʣʠ ʤʝʜʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦ 

ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʤʝʜʠ ʥʘ ʧʨʦʮʝʩʩʳ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʘʟʦʪʠʨʦʚʘʥʠʷ (ʥʠʟʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ ʚ ʜʘʥʥʦʡ ʩʪʘʣʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʙʦʣʝʝ ʛʣʫʙʦʢʠʝ ʥʠʪʨʠʜʥʳʝ ʩʣʦʠ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʨʝʜʥʝ ʠ ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʳʤʠ ʩʪʘʣʷʤʠ). ʆʩʘʞʜʝʥʠʷ ʤʝʜʠ ʠʟ ʧʘʨʦʚ 

ʛʘʟʦʚʦʡ ʩʨʝʜʳ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʭʣʦʨʠʜʘ ʤʝʜʠ ʠ ʜʘʣʴʥʝʡʰʝʝ ʘʟʦʪʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ 

ʥʘ ʩʪʘʣʠ 20ʍ13. 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ, ʥʘ ʢʦʪʦʨʦʡ ʧʨʦʠʟʚʦʜʠʣʩʷ ʧʨʦʮʝʩʩ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʘʟʦʪʠʨʦʚʘʥʠʷ, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. ʆʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 39 ð   

 

ʫʩʪʘʥʦʚʢʠ ʷʚʣʷʶʪʩʷ ʧʝʯʴ (ʉʐʆʃ-1.1.6 12-ʄɿ-ʋ4.2) ʜʣʷ ʘʟʦʪʠʨʦʚʘʥʠʷ, ʫʩʪʨʦʡʩʪʚʦ ʧʦʜʘʯʠ 

ʥʘʩʳʱʘʶʱʝʡ ʩʨʝʜʳ ʠ ʚʦʟʜʫʭʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʝʨʝʢʣʶʯʝʥʠʷ, ʝʤʢʦʩʪʴ ʩ ʚʦʜʥʳʤ 

ʨʘʩʪʚʦʨʦʤ ʉuCl2 ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʝʸ ʧʨʦʜʫʚʢʠ ʚʦʟʜʫʭʦʤ, ʪʝʨʤʦʧʘʨʘ ʠ ʝʸ ʨʝʛʫʣʷʪʦʨ ʜʣʷ 

ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʮʝʩʩʘ.   

 
ʈʠʩʫʥʦʢ 1 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ, ʥʘ ʢʦʪʦʨʦʡ ʧʨʦʠʟʚʦʜʠʣʩʷ ʧʨʝʜʣʘʛʘʝʤʳʡ ʧʨʦʮʝʩʩ: 1 ï 

ʝʤʢʦʩʪʴ ʩ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʉuCl2, 2 ï ʦʙʨʘʟʝʮ, 3 ï ʪʝʨʤʦʧʘʨʘ, 4 ï ʨʝʛʫʣʷʪʦʨ ʪʝʨʤʦʧʘʨʳ, 5 ï ʧʝʯʴ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʦʚ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ 

ʠʥʚʝʨʪʠʨʦʚʘʥʥʦʛʦ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ AXIOVERT 25ʉɸ, ʧʨʦʠʟʚʦʜʩʪʚʦ 

çZeissè, ɻʝʨʤʘʥʠʷ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʠ ʬʘʟʦʚʳʡ 

ʘʥʘʣʠʟ ʚʳʧʦʣʥʷʣʠ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ (ʈʕʄ) çJEOL JSM-

6480LVè, ʧʨʦʠʟʚʦʜʩʪʚʦ çʗʧʦʥʠʷè ʩ ʨʘʟʨʝʰʝʥʠʝʤ ʜʦ 3 ʥʘʥʦʤʝʪʨʦʚ. 

ʂʘʯʝʩʪʚʝʥʥʳʡ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ 

ɼʈʆʅ-3 - ʤʥʦʛʦʮʝʣʝʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʠʡ ʜʠʬʨʘʢʪʦʤʝʪʨ ʩ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʨʝʛʠʩʪʨʘʮʠʠ ʥʘ ʙʘʟʝ IBM PC. 

ɼʶʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦ ʪʦʣʱʠʥʝ 

ʘʟʦʪʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʤʠʢʨʦʪʚʝʨʜʦʤʝʨʝ ʇʄʊ-3 ʩ ʥʘʛʨʫʟʢʦʡ 0,02 ʅ (20ʛ) ʠ 

0,05 ʅ (50ʛ). 

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʪʦʣʱʠʥʦʡ, ʛʘʣʴʚʘʥʠʯʝʩʢʠ ʦʩʘʞʜʘʝʤʦʡ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʘʣʠ 08ʖ ʤʝʜʥʦʡ ʧʣʝʥʢʠ ʠ ʝʸ ʦʢʠʩʣʝʥʠʝ ʚʦʟʜʫʭʦʤ, ʚʳʷʚʠʣʠ ʝʸ ʚʣʠʷʥʠʝ ʥʘ 

ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʩʦʩʪʘʚ ʩʘʤʦʛʦ ʬʦʨʤʠʨʫʶʱʝʛʦʩʷ ʘʟʦʪʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʚ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʠ.  

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʘ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʘʟʦʪʠʨʦʚʘʥʥʦʛʦ 

ʧʦʢʨʳʪʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪ ʘʟʦʪʠʨʦʚʘʥʠʷ ʩʪʘʣʠ 08ʖ ʧʦʩʣʝ ʦʩʘʞʜʝʥʠʷ ʥʘ ʝʸ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʜʠ ʪʦʣʱʠʥʦʡ 6,5 ʤʢʤ (ʠ ʝʸ ʦʢʠʩʣʝʥʠʷ ʚʦʟʜʫʭʦʤ).  

http://www.rosmed.ru/brands/show/308/Zeiss


ð 40 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

 
ʈʠʩʫʥʦʢ 2 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʟʦʪʠʨʦʚʘʥʠʷ ʯʝʨʝʟ ʦʩʘʞʜʝʥʥʫʶ ʧʣʝʥʢʫ 

ʦʢʠʩʣʝʥʥʦʡ ʤʝʜʠ ʪʦʣʱʠʥʦʡ 6,5 ʤʢʤ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʩʪʘʣʠ 08ʖ, ʭ 500, ʭ 1000 (AXIOVERT 

25ʉɸ):  

1 ï ʥʠʪʨʠʜʥʘʷ ʟʦʥʘ (Ů ï ʬʘʟʘ); 2 ï ʥʠʪʨʠʜʥʘʷ ʟʦʥʘ (Ů + ɔ') ʬʘʟʘ; 

 3 ï ʟʦʥʘ ʚʥʫʪʨʝʥʥʝʛʦ ʘʟʦʪʠʨʦʚʘʥʠʷ (ʪʚʸʨʜʳʡ ʨʘʩʪʚʦʨ ʘʟʦʪʘ ʚ FeŬ + ɔ'). 

 

ʇʨʠ ʧʦʤʦʱʠ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ (ʈʕʄ) JEOL JSM-6480LV ʠ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʜʠʬʨʘʢʪʦʤʝʪʨʘ ɼʈʆʅ-3 ʫʩʪʘʥʦʚʣʝʥ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʧʦʣʫʯʝʥʥʦʛʦ 

ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʘʟʦʪʠʨʦʚʘʥʥʦʛʦ ʧʦʢʨʳʪʠʷ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʠ 08ʖ ʬʦʨʤʠʨʫʝʪʩʷ 

ʧʣʦʪʥʳʡ ʩʣʦʡ ʥʠʪʨʠʜʥʳʭ ʬʘʟ Fe3N (Ů ï ʬʘʟʘ) ʠ Fe4N (ɔ' ï ʬʘʟʘ), ʘ ʧʦʜ ʥʠʤʠ ʟʦʥʘ 

ʚʥʫʪʨʝʥʥʝʛʦ ʘʟʦʪʠʨʦʚʘʥʠʷ ʪʚʸʨʜʦʛʦ ʨʘʩʪʚʦʨʘ FeŬ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʧʦʤʠʤʦ ʘʟʦʪʘ ʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʩʣʦʡ ʪʘʢʞʝ ʜʠʬʬʫʥʜʠʨʫʝʪ ʠ ʤʝʜʴ ʥʘ ʛʣʫʙʠʥʫ ʜʦ 100 

ʤʢʤ.  

ɼʶʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ 

ʩ ʧʦʣʫʯʝʥʥʳʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʤʥʦʛʦʩʣʦʡʥʳʤ ʧʦʢʨʳʪʠʝ ʚʛʣʫʙʴ ʝʛʦ ʤʘʪʨʠʮʳ ʧʦʢʘʟʘʣ 

ʠʥʪʝʛʨʘʣʴʥʦ ʧʣʘʚʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ (ʨʠʩʫʥʦʢ 3). ʄʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʵʪʦ 

ʦʙʝʩʧʝʯʠʪ ʦʯʝʥʴ ʭʦʨʦʰʫʶ ʘʜʛʝʟʠʶ ʤʝʞʜʫ ʚʝʨʭʥʠʤʠ ʥʠʪʨʠʜʥʳʤʠ ʩʣʦʷʤʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʠ ʤʘʪʨʠʮʝʡ ʩʪʘʣʠ. 

 
ʈʠʩʫʥʦʢ 3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ (ʦʪʧʝʯʘʪʢʦʚ ʠʥʜʝʥʪʦʨʘ ʤʠʢʨʦʪʚʝʨʜʦʤʝʨʘ ʇʄʊ-3) ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢ ʤʘʪʨʠʮʝ ʦʙʨʘʟʮʘ 08ʖ ʘʟʦʪʠʨʦʚʘʥʥʦʛʦ ʩ ʥʘʥʝʩʝʥʥʦʡ ʦʢʠʩʣʝʥʥʦʡ ʧʣʝʥʢʦʡ ʤʝʜʠ, 

ʭ500 (ʌʆʄ-1-16 ʇʄʊ-3). 

 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 41 ð   

 

ʉ ʠʩʩʣʝʜʫʝʤʳʤʠ ʦʙʨʘʟʮʘʤʠ, ʥʘ ʢʦʪʦʨʳʝ ʦʩʘʞʜʘʣʘʩʴ ʤʝʜʴ, ʧʨʠ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ, 

ʘʟʦʪʠʨʦʚʘʣʩʷ ʪʘʢʞʝ ʠ ʦʙʨʘʟʝʮ ʩʪʘʣʠ 08ʖ ʙʝʟ ʥʘʥʝʩʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʉʨʘʚʥʝʥʠʝ 

ʧʦʣʫʯʝʥʥʦʛʦ ʥʘ ʜʘʥʥʦʤ ʦʙʨʘʟʮʝ ʘʟʦʪʠʨʦʚʘʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʩ ʦʙʨʘʟʮʦʤ ʧʦʢʘʟʘʥʥʦʤ ʥʘ 

ʨʠʩʫʥʢʝ 2, ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʧʨʠʤʝʥʝʥʠʷ ʧʝʨʝʜ ʘʟʦʪʠʨʦʚʘʥʠʝʤ 

ʦʢʠʩʣʝʥʥʦʡ ʤʝʜʥʦʡ ʧʣʸʥʢʠ. ʅʘ ʦʙʨʘʟʮʝ ʙʝʟ ʥʘʥʝʩʝʥʠʷ ʤʝʜʥʦʡ ʧʣʝʥʢʠ ʬʦʨʤʠʨʫʶʪʩʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʪʝ ʞʝ ʬʘʟʳ, ʯʪʦ ʠ ʥʘ ʦʙʨʘʟʮʝ ʩ ʥʘʥʝʩʝʥʥʦʡ ʦʢʠʩʣʝʥʥʦʡ ʤʝʜʥʦʡ ʧʣʝʥʢʦʡ 6,5 

ʤʢʤ, ʦʜʥʘʢʦ ʪʦʣʱʠʥʘ ʩʣʦʸʚ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ.  

 
ʈʠʩʫʥʦʢ 3 ï ʉʨʘʚʥʝʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨ ʦʙʨʘʟʮʦʚ ʩʪʘʣʠ 08ʖ ʧʦʩʣʝ ʘʟʦʪʠʨʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʧʣʝʥʢʠ ʦʢʠʩʣʝʥʥʦʡ ʤʝʜʠ ʪʦʣʱʠʥʦʡ 6,5 ʤʢʤ (ʦʙʨʘʟʝʮ 2) ʠ ʙʝʟ ʥʝʸ (ʦʙʨʘʟʝʮ 1). 

 

ʅʠʪʨʠʜʥʳʡ ʩʣʦʡ ʦʙʨʘʟʮʘ, ʩ ʥʘʥʝʩʝʥʥʦʡ ʧʝʨʝʜ ʘʟʦʪʠʨʦʚʘʥʠʝʤ ʦʢʠʩʣʝʥʥʦʡ ʧʣʝʥʢʠ 

ʤʝʜʠ ʪʦʣʱʠʥʦʡ 6,5 ʤʢʤ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʟʮʦʤ ʙʝʟ ʝʸ ʥʘʥʝʩʝʥʠʷ ʙʦʣʝʝ ʯʝʤ ʚ 7 ʨʘʟ 

ʙʦʣʴʰʝ. ʆʙʱʠʡ ʜʠʬʬʫʟʠʦʥʥʳʡ ʩʣʦʡ ʦʙʨʘʟʮʘ 2 ʙʦʣʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ ʙʦʣʴʰʝ ʦʙʱʝʛʦ 

ʘʟʦʪʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʦʙʨʘʟʮʘ 1. 

ɼʘʥʥʳʡ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʢʠʩʣʝʥʥʦʡ ʧʣʝʥʢʠ ʤʝʜʠ ʥʘ ʧʨʦʮʝʩʩ ʘʟʦʪʠʨʦʚʘʥʠʷ 

ʦʙʲʷʩʥʷʝʪʩʷ, ʪʝʤ, ʯʪʦ ʨʘʙʦʪʘ ʚʳʭʦʜʘ ʵʣʝʢʪʨʦʥʦʚ ʠʟ ʦʢʠʩʣʘ ʤʝʜʠ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ ʨʘʙʦʪʳ 

ʚʳʭʦʜʘ ʵʣʝʢʪʨʦʥʦʚ ʠʟ ʯʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʠ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʠʟ ʦʢʠʩʣʘ ʤʝʜʠ 

ʢʦʣʠʯʝʩʪʚʦ ʚʳʣʝʪʝʚʰʠʭ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʙʫʜʝʪ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ ʯʝʤ ʠʟ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʪʘʣʠ. ɸ ʠʤʝʥʥʦ ʵʪʠ ʚʳʣʝʪʝʚʰʠʝ ʩʚʦʙʦʜʥʳʝ ʵʣʝʢʪʨʦʥʳ ʩʧʦʩʦʙʩʪʚʫʶʪ ʜʠʩʩʦʮʠʘʮʠʠ 

ʘʤʤʠʘʢʠ ʩ ʚʳʜʝʣʝʥʠʝʤ ʘʪʦʤʦʚ ʘʟʦʪʘ, ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠ ʥʘʩʳʱʘʶʪ ʧʦʚʝʨʭʥʦʩʪʴ 

ʩʪʘʣʠ, ʬʦʨʤʠʨʫʷ ʨʘʟʣʠʯʥʳʝ ʫʧʨʦʯʥʝʥʥʳʝ ʩʣʦʠ. ʏʝʤ ʙʦʣʴʰʝ ʵʣʝʢʪʨʦʥʦʚ ʚʳʣʝʪʝʣʦ, ʪʝʤ 

ʙʦʣʝʝ ʘʢʪʠʚʥʦ ʧʦʡʜʝʪ ʨʝʘʢʮʠʷ ʜʠʩʩʦʮʠʘʮʠʠ ʘʤʤʠʘʢʘ, ʟʥʘʯʠʪ ʪʝʤ ʙʦʣʴʰʝ ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʘʪʦʤ ʘʟʦʪʘ, ʘʙʩʦʨʙʠʨʫʝʪʩʷ, ʘ ʟʘʪʝʤ ʠ ʜʠʬʬʫʟʠʦʥʥʦ ʧʨʦʥʠʢʥʝʪ ʚ ʩʪʘʣʴ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʩ ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʪʦʣʱʠʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʝʨʝʜ ʧʨʦʮʝʩʩʦʤ 

ʘʟʦʪʠʨʦʚʘʥʠʷ ʥʘʥʦʩʠʤʦʡ ʦʢʠʩʣʝʥʥʦʡ ʧʣʝʥʢʠ ʤʝʜʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʠʥʝʪʠʢʘ ʨʦʩʪʘ 

ʘʟʦʪʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ (ʝʛʦ ʩʪʨʦʝʥʠʝ ʠ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ) ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʷʪ ʦʪ ʪʦʣʱʠʥʳ 

ʧʣʝʥʢʠ. ɻʨʘʬʠʯʝʩʢʠ ʜʘʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 4. 



ð 42 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

 
ʈʠʩʫʥʦʢ 4 - ɿʘʚʠʩʠʤʦʩʪʴ ʪʦʣʱʠʥʳ ʥʠʪʨʠʜʥʦʛʦ ʩʣʦʷ ʚ ʩʪʘʣʠ 08ʖ ʧʦʩʣʝ ʘʟʦʪʠʨʦʚʘʥʠʷ ʦʪ ʪʦʣʱʠʥʳ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʥʦʩʠʤʦʡ ʤʝʜʥʦʡ ʧʣʸʥʢʠ. 

 

ʂʘʢ ʧʦʢʘʟʘʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʚʝʣʠʯʝʥʠʝ ʪʦʣʱʠʥʳ ʦʢʠʩʣʝʥʥʦʡ ʤʝʜʥʦʡ ʧʣʝʥʢʠ ʜʦ 

ʥʝʢʦʪʦʨʦʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ hCucrit ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ, ʢʘʢ ʥʠʪʨʠʜʥʦʡ ʟʦʥʳ, 

ʪʘʢ ʠ ʟʦʥʳ ʚʥʫʪʨʝʥʥʝʛʦ ʘʟʦʪʠʨʦʚʘʥʠʷ ʩʪʘʣʠ (ʟʦʥʳ ʪʚʸʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʘʟʦʪʘ ʚ FeŬ + ɔ' 

(Fe4N)). ʉʚʦʡʩʪʚʘ ʦʢʠʩʣʝʥʥʦʡ ʧʣʝʥʢʠ ʥʘ ʧʨʦʮʝʩʩ ʘʟʦʪʠʨʦʚʘʥʠʷ ʥʦʩʷʪ ʟʜʝʩʴ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʦʣʱʠʥʳ ʤʝʜʥʦʡ ʧʣʝʥʢʠ ʙʦʣʝʝ hCucrit 

ʧʨʦʠʩʭʦʜʠʪ ʟʘʪʫʭʘʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʦʢʠʩʣʝʥʥʦʡ ʧʣʝʥʢʠ ʥʘ ʨʦʩʪ ʥʠʪʨʠʜʥʦʡ 

ʟʦʥʳ ʠ ʩʚʦʡʩʪʚʘ ʧʣʝʥʢʠ ʥʦʩʷʪ ʫʞʝ ʙʘʨʴʝʨʥʳʡ ʭʘʨʘʢʪʝʨ (ʧʨʝʧʷʪʩʪʚʫʶʪ ʜʠʬʬʫʟʠʠ ʘʪʦʤʦʚ 

ʘʟʦʪʘ ʚ ʩʪʘʣʴ). ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʪʦʣʱʠʥʳ ʧʣʝʥʢʠ ʜʦ ʟʥʘʯʝʥʠʷ hCu0 ʨʦʩʪ ʥʠʪʨʠʜʥʦʡ ʟʦʥʳ ʚ 

ʩʪʘʣʠ ʧʦʣʥʦʩʪʴʶ ʧʦʜʘʚʣʷʝʪʩʷ, ʦʜʥʘʢʦ ʟʦʥʘ ʚʥʫʪʨʝʥʥʝʛʦ ʘʟʦʪʠʨʦʚʘʥʠʷ ʦʩʪʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʧʨʦʪʷʞʝʥʥʦʡ. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʪʦʣʱʠʥʳ ʦʢʠʩʣʝʥʥʦʡ ʤʝʜʥʦʡ ʧʣʝʥʢʠ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʣʥʦʤʫ ʧʦʜʘʚʣʝʥʠʶ ʜʠʬʬʫʟʠʠ ʘʪʦʤʦʚ ʘʟʦʪʘ ʚ ʩʪʘʣʴ. ʉʚʦʡʩʪʚʘ ʦʢʠʩʣʝʥʥʦʡ ʧʣʝʥʢʠ ʧʨʠ 

ʵʪʠʭ ʟʥʘʯʝʥʠʷʭ ʪʦʣʱʠʥʳ ʥʦʩʠʪ ʠʥʛʠʙʠʪʦʨʥʳʡ (ʟʘʱʠʪʥʳʡ) ʭʘʨʘʢʪʝʨ. ʊʘʢʠʝ ʨʘʟʣʠʯʠʷ ʚ 

ʭʘʨʘʢʪʝʨʝ ʚʣʠʷʥʠʷ ʥʘ ʘʟʦʪʠʨʦʚʘʥʠʝ ʦʢʠʩʣʝʥʥʦʡ ʧʣʝʥʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʸ ʪʦʣʱʠʥʳ 

ʦʙʲʷʩʥʷʝʪʩʷ ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʥʦʩʪʠ ʧʣʝʥʢʠ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʣʝʥʢʘ ʤʦʛʣʘ ʧʨʦʧʫʩʢʘʪʴ 

ʯʝʨʝʟ ʩʝʙʷ ʘʪʦʤʳ ʘʟʦʪʘ ʦʥʘ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʦʥʠʮʘʝʤʦʡ (ʧʦʨʠʩʪʦʡ). ʊʘʢʦʝ ʩʪʨʦʝʥʠʝ ʧʣʝʥʢʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʸ ʦʢʠʩʣʝʥʠʝ. ʏʝʤ ʙʦʣʴʰʝ ʪʦʣʱʠʥʘ ʤʝʜʥʦʡ ʧʣʝʥʢʠ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʦʩʘʞʜʸʥʥʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʠ, ʪʝʤ ʩʣʦʞʥʝʡ ʜʦʩʪʠʯʴ ʝʸ ʧʦʣʥʦʛʦ ʦʢʠʩʣʝʥʠʷ. ʇʨʠ 

ʙʦʣʴʰʦʡ ʪʦʣʱʠʥʝ ʧʣʝʥʢʠ ʝʸ ʥʠʞʥʠʡ ʩʣʦʡ ʦʩʪʘʝʪʩʷ ʥʝʜʦʦʢʠʩʣʝʥʥʳʤ, ʯʪʦ ʠ ʧʨʝʧʷʪʩʪʚʫʝʪ 

ʜʠʬʬʫʟʠʠ ʘʟʦʪʘ ʯʝʨʝʟ ʥʝʸ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩ ʦʩʘʞʜʝʥʠʝʤ ʤʝʜʠ ʠʟ ʛʘʟʦʚʦʡ ʩʨʝʜʳ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʭʣʦʨʠʜʘ ʤʝʜʠ 

(ʉuCl2) ʥʘ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʫʶ ʩʪʘʣʴ 20ʍ13 ʪʘʢʞʝ ʚʳʷʚʠʣʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ 

ʦʩʘʞʜʝʥʥʦʡ ʤʝʜʠ ʥʘ ʧʨʦʮʝʩʩ ʘʟʦʪʠʨʦʚʘʥʠʷ (ʨʠʩʫʥʦʢ 5).  

 
ʈʠʩʫʥʦʢ 5 ï ʉʨʘʚʥʝʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨ ʦʙʨʘʟʮʦʚ ʩʪʘʣʠ 20ʍ13 ʧʦʩʣʝ ʘʟʦʪʠʨʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʧʣʝʥʢʠ ʦʢʠʩʣʝʥʥʦʡ ʤʝʜʠ, ʦʩʘʞʜʝʥʥʦʡ ʠʟ ʛʘʟʦʚʦʡ ʩʨʝʜʳ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʭʣʦʨʠʜʘ ʤʝʜʠ 

(ʦʙʨʘʟʝʮ 1) ʠ ʙʝʟ ʥʝʸ (ʦʙʨʘʟʝʮ 2). 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 43 ð   

 
ʉʣʦʡ ʤʝʜʠ ʟʜʝʩʴ ʢʦʥʪʨʦʣʠʨʦʚʘʣʩʷ ʚʨʝʤʝʥʝʤ ʧʨʦʜʫʚʢʠ ʚʦʟʜʫʭʦʤ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ 

(ʉuCl2), ʧʘʨʳ ʢʦʪʦʨʦʛʦ ʜʘʣʝʝ ʧʦʩʪʫʧʘʶʪ ʚ ʧʝʯʴ ʘʟʦʪʠʨʦʚʘʥʠʷ ʠ ʦʩʘʞʜʘʶʪ ʤʝʜʴ ʥʘ 
ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʩʪʘʣʠ 20ʍ13. ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ 5 ʧʦʣʫʯʝʥʥʳʡ ʚ ʧʨʦʮʝʩʩʝ 
ʘʟʦʪʠʨʦʚʘʥʠʷ ʫʧʨʦʯʥʝʥʥʳʡ ʩʣʦʡ ʥʘ ʦʙʨʘʟʮʝ ʩʪʘʣʠ 20ʍ13, ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʦʩʘʞʜʝʥʠʝʤ 
ʤʝʜʠ ʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʭʣʦʨʠʜʘ ʤʝʜʠ, ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ ʙʦʣʴʰʝ, ʯʝʤ ʩʣʦʡ, ʧʦʣʫʯʝʥʥʳʡ 
ʧʦʩʣʝ ʘʟʦʪʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʘ ʙʝʟ ʝʸ ʦʩʘʞʜʝʥʠʷ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʪʦʣʱʠʥʘ 
ʦʩʘʞʜʘʝʤʦʡ ʤʝʜʥʦʡ ʧʣʝʥʢʠ ʥʘ ʜʘʥʥʦʡ ʩʪʘʣʠ ʪʘʢʞʝ ʙʫʜʝʪ ʤʝʥʷʪʴ ʩʚʦʠ ʩʚʦʡʩʪʚʘ 
(ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ, ʙʘʨʴʝʨʥʳʝ, ʠʥʛʠʙʠʪʦʨʥʳʝ (ʟʘʱʠʪʥʳʝ)) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʣʱʠʥʳ.  

ɺʳʚʦʜʳ 
1. ʇʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʩʧʦʩʦʙ ʘʟʦʪʠʨʦʚʘʥʠʷ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʢʦʤʙʠʥʠʨʦʚʘʥʠʠ 

ʧʨʦʮʝʩʩʘ ʤʝʪʘʣʣʠʟʘʮʠʠ (ʦʩʘʞʜʝʥʠʷ ʤʝʜʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʠ ʛʘʣʴʚʘʥʠʯʝʩʢʠ ʠʟ ʚʦʜʥʦʛʦ 
ʨʘʩʪʚʦʨʘ ʤʝʜʥʦʛʦ ʢʫʧʦʨʦʩʘ ʠʣʠ ʠʟ ʛʘʟʦʚʦʡ ʩʨʝʜʳ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʭʣʦʨʠʜʘ ʤʝʜʠ) ʠ 
ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʦʮʝʩʩʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʘʟʦʪʠʨʦʚʘʥʠʷ.  

2. ʇʦʢʘʟʘʥ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʩʧʦʩʦʙʘ.  
ʅʠʪʨʠʜʥʳʡ ʩʣʦʡ ʦʙʨʘʟʮʘ ʩʪʘʣʠ 08ʖ ʩ ʥʘʥʝʩʝʥʥʦʡ ʧʝʨʝʜ ʘʟʦʪʠʨʦʚʘʥʠʝʤ ʦʢʠʩʣʝʥʥʦʡ 
ʧʣʝʥʢʠ ʤʝʜʠ ʪʦʣʱʠʥʦʡ 6,5 ʤʢʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʟʮʦʤ ʙʝʟ ʝʸ ʥʘʥʝʩʝʥʠʷ ʙʦʣʝʝ ʯʝʤ ʚ 7 
ʨʘʟ ʙʦʣʴʰʝ, ʘ ʦʙʱʠʡ ʜʠʬʬʫʟʠʦʥʥʳʡ ʩʣʦʡ ʙʦʣʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ. ɸʟʦʪʠʨʦʚʘʥʥʳʡ ʩʣʦʡ ʥʘ 
ʦʙʨʘʟʮʝ ʩʪʘʣʠ 20ʍ13, ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʦʩʘʞʜʝʥʠʝʤ ʤʝʜʠ ʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʭʣʦʨʠʜʘ 
ʤʝʜʠ, ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʩʣʦʡ, ʧʦʣʫʯʝʥʥʳʡ ʧʦʩʣʝ ʘʟʦʪʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʘ ʙʝʟ 
ʝʸ ʦʩʘʞʜʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʫʩʪʘʥʦʚʣʝʥʦ ʧʣʘʚʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦ 
ʧʦʚʝʨʭʥʦʩʪʠ ʫʧʨʦʯʥʝʥʥʦʛʦ ʩʣʦʷ ʜʦ ʤʘʪʨʠʮʳ ʩʪʘʣʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʪʣʠʯʥʫʶ ʘʜʛʝʟʠʶ 
ʩʣʦʷ ʩ ʤʘʪʨʠʮʝʡ. 

3. ɺʘʨʴʠʨʦʚʘʥʠʝ ʪʦʣʱʠʥʦʡ ʦʢʠʩʣʝʥʥʦʡ ʧʣʝʥʢʠ ʤʝʜʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʠ ʚʣʠʷʝʪ 
ʥʘ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʩʦʩʪʘʚ ʩʘʤʦʛʦ ʬʦʨʤʠʨʫʶʱʝʛʦʩʷ ʘʟʦʪʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʚ 
ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʠ. ʊʘʢ, ʚʣʠʷʥʠʝ ʧʣʝʥʢʠ ʥʘ ʧʨʦʮʝʩʩ ʘʟʦʪʠʨʦʚʘʥʠʷ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʪʦʣʱʠʥʳ, ʤʦʞʝʪ ʙʳʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ, ʙʘʨʴʝʨʥʳʤ, ʠʥʛʠʙʠʪʦʨʥʳʤ (ʟʘʱʠʪʥʳʤ).   

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ 

ʧʨʦʝʢʪʘ ˉ 18-33-00992. 
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ɸʥʥʦʪʘʮʠʷ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʛʦ ʧʦʢʨʳʪʠʷ ʚ ʩʦʯʝʪʘʥʠʠ 

ʤʝʪʦʜʦʚ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʛʦ ʘʟʦʪʠʨʦʚʘʥʠʷ ʠ ʤʘʛʥʝʪʨʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘ ʘʣʶʤʠʥʠʡ ʩʦʜʝʨʞʘʱʠʭ ʤʘʪʝʨʠʘʣʘʭ 

ʠʟʥʦʩʦʩʪʦʡʢʦʛʦ ʧʦʢʨʳʪʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ 

ʚʦʣʴʬʨʘʤʘ ʠ ʵʚʪʝʢʪʠʢʠ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ. 



ð 44 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʝ ʘʟʦʪʠʨʦʚʘʥʠʝ, ʤʘʛʥʝʪʨʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʝ 

ʣʝʛʠʨʦʚʘʥʠʝ, ʠʟʥʦʩʦʩʪʦʡʢʠʝ ʧʦʢʨʳʪʠʷ, ʘʣʶʤʠʥʠʡ ʩʦʜʝʨʞʘʱʠʝ ʤʘʪʝʨʠʘʣʳ. 

 

Abstract 

The technology of obtaining a wear-resistant coating in the combination of methods of 

ion-plasma nitriding and magnetron-plasma doping is considered. Experimentally confirmed the 

formation of aluminum-containing materials wear-resistant coating of the surface layer, 

consisting of fine particles of tungsten and eutectics based on various metals. 

Keywords: ion-plasma nitriding, magnetron-plasma doping, wear-resistant coatings, 

aluminum-containing materials. 

 

ʀʟʜʝʣʠʷ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʠʟʥʘʰʠʚʘʶʪʩʷ ʢʘʢ ʦʪ ʩʠʣʳ ʪʨʝʥʠʷ, 

ʪʘʢ ʠ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʛʘʟʦʚ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʠʟʤʝʥʷʝʪʩʷ ʠʭ 

ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʬʦʨʤʘ, ʧʦʷʚʣʷʶʪʩʷ ʪʨʝʱʠʥʳ ʠ ʢʦʨʨʦʟʠʦʥʥʳʡ ʠʟʥʦʩ. ɸʣʶʤʠʥʠʡ, 

ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʩʚʦʡʩʪʚʘʤ ʥʘʰʝʣ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠʟʜʝʣʠʡ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. ɺ ʩʠʣʫ ʵʪʦʛʦ, ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʧʦʩʦʙʦʚ 

ʧʦʚʳʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʜʝʪʘʣʝʡ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʘʣʶʤʠʥʠʡ-

ʩʦʜʝʨʞʘʱʠʭ ʤʘʪʝʨʠʘʣʦʚ [1]. 

ɼʣʷ ʫʧʨʦʯʥʝʥʠʷ ʘʣʶʤʠʥʠʡ ʩʦʜʝʨʞʘʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ [2]. ʉʨʝʜʠ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ï 

ʥʘʥʝʩʝʥʠʝ ʧʦʢʨʳʪʠʡ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʣʝʛʠʨʦʚʘʥʠʝ ʤʝʪʦʜʘʤʠ ʭʠʤʠʢʦ-ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ, ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʳʤʠ ʠ ʤʘʛʥʠʪʨʦʥʥʳʤ ʤʝʪʦʜʦʤ. ɼʘʥʥʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ 

ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʧʦʚʝʨʭʥʦʩʪʴ ʠʟʜʝʣʠʷ ʥʝ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʨʠʮʳ, ʥʦ ʠ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʦʪʣʠʯʠʶ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʭ, ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʦʩʥʦʚʳ, ʢʦʪʦʨʳʝ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʶʪ ʩʚʦʡʩʪʚʘ ʧʦʩʣʝʜʥʝʛʦ. 

ʇʦʣʫʯʝʥʠʝ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʦʜʥʦʤ ʩʧʦʩʦʙʦʤ ʠʣʠ ʤʝʪʦʜʦʤ, ʦʩʥʦʚʘʥʥʦʤ ʥʘ 

ʝʜʠʥʩʪʚʝʥʥʦʤ ʬʠʟʠʯʝʩʢʦʤ ʠ ʭʠʤʠʯʝʩʢʦʤ ʷʚʣʝʥʠʠ, ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ 

ʷʚʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʳʤ ʩʣʫʯʘʝʤ. ɺ ʦʩʥʦʚʥʦʤ ʨʝʟʫʣʴʪʘʪ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʝʡʩʪʚʠʡ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʨʝʰʘʝʪ ʦʜʥʫ ʠʣʠ 

ʥʝʩʢʦʣʴʢʦ ʩʤʝʞʥʳʭ ʟʘʜʘʯ, ʯʪʦ ʩʦʙʩʪʚʝʥʥʦ ʠ ʦʧʨʝʜʝʣʷʝʪ ʪʝʭʥʦʣʦʛʠʶ. ʀʣʠ ʞʝ ʦʜʠʥ ʤʝʪʦʜ 

ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩʳ ʜʨʫʛʦʛʦ ʤʝʪʦʜʘ ʚʦʟʜʝʡʩʪʚʠʷ [3]. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ 

ʨʘʥʥʠʝ ʦʪʨʳʪʳʝ ʤʝʪʦʜʳ ʥʘʩʪʦʣʴʢʦ ʩʠʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʳ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ 

ʧʨʦʨʳʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʂʦʤʙʠʥʠʨʦʚʘʥʠʝ ʠʣʠ ʩʦʚʤʝʱʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʦ ʩʫʪʠ ʧʨʦʮʝʩʩʦʚ 

ʜʘʶʪ ʟʘʯʘʩʪʫʶ ʫʥʠʢʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ [4, 5, 6]. 

ɸʚʪʦʨʘʤʠ ʩʪʘʪʴʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʨʠʛʠʥʘʣʴʥʘʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʡ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʘʣʶʤʠʥʠʡ ʩʦʜʝʨʞʘʱʠʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʇʨʝʜʣʘʛʘʝʤʘʷ ʪʝʭʥʦʣʦʛʠʷ ʩʦʩʪʦʠʪ ʠʟ 3 ʵʪʘʧʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʚ ʩʝʙʷ 4 

ʧʨʦʮʝʩʩʘ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʪʨʝʙʫʝʪʩʷ ʧʦʣʫʯʠʪʴ ʦʢʩʠʜ ʚʦʣʴʬʨʘʤʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʷ. ʅʘ 

ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʨʦʚʦʜʠʪʩʷ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʝ ʘʟʦʪʠʨʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʨʘʟʫ 

ʜʚʘ ʧʨʦʮʝʩʩʘ: 1- ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʚʦʣʴʬʨʘʤʘ ʠʟ ʦʢʩʠʜʘ ʠ 2 -ʧʦʣʫʯʝʥʠʝ ʘʟʦʪʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ 

ʚ ʤʘʪʨʠʮʝ. ʀʪʦʛʦʚʳʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʤʘʛʥʝʪʨʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʝ ʣʝʛʠʨʦʚʘʥʠʝ, ʚ ʧʨʦʮʝʩʩʝ 

ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʟʘʢʨʝʧʣʝʥʠʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʚʦʣʴʬʨʘʤʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʷ. ʅʘʥʝʩʝʥʠʝ ʩʣʦʷ ʦʢʩʠʜʘ ʚʦʣʴʬʨʘʤʘ WO3 ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʝʤ 

ʨʘʩʧʳʣʝʥʠʷ ʚʦʣʴʬʨʘʤʦʚʦʛʦ ʵʣʝʢʪʨʦʜʘ ʚ ʢʠʩʣʦʨʦʜʦʩʦʜʝʨʞʘʱʝʡ ʘʪʤʦʩʬʝʨʝ ʥʘ ʫʩʪʘʥʦʚʢʝ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʮʝʩʩʘ 500 ʉ ʧʦ ʨʝʘʢʮʠʠ 2W+3O2Ÿ2WO3.. ɼʘʣʝʝ ʥʘ ʵʪʘʧʝ ʠʦʥʥʦ-

ʧʣʘʟʤʝʥʥʦʛʦ ʘʟʦʪʠʨʦʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʇʦʣʫʯʝʥʠʝ ʚʦʣʴʬʨʘʤʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʦʣʴʬʨʘʤʘ ʚʦʜʦʨʦʜʦʤ ʠʟ ʦʢʩʠʜʘ ʚʦʣʴʬʨʘʤ ʠ ʧʦʣʫʯʝʥʠʝ 

ʘʟʦʪʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʚ ʤʘʪʨʠʮʝ. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 45 ð   

 

ʉ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʣʦʞʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʠʟʚʝʩʪʠ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠʦʥʥʦ-ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʣʦʝʚ. ɼʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʙʨʘʟʮʳ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ 

ɼ16 ʠ ʘʣʶʤʠʥʠʡ-ʩʦʜʝʨʞʘʱʠʭ ʩʧʣʘʚʦʚ 08ʖ, 20ʍɻʈ ʠ ʍʅ60ʖ. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʜʘʥʥʳʝ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʦʙʨʘʟʮʦʚ. 

ʊʘʙʣʠʮʘ 1. 

ʍʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 
C Si Mn  P S Cr  Ni As Mg 

08ʖ 0,081 0,015 0,88 0,012 0,006 0,020 0,011 0,004 - 

20ʍɻʈ 0,235 0,22 0,92 0,013 0,002 1,25 0,16 0,004 - 

ʍʅ60

ʖ 
0,09 0,68 0,17 0,011 0,003 17,27 57,53 - - 

ɼ16 - 0,45 0,38 - - - 0,05 - 1,57 

 
Mo Cu Al  Ti  V Bʘ Nb Fe Zn 

08ʖ <0,005 0,011 0,070 <0,002 <0,005 - 0,020 ʦʩʥʦʚʘ - 

20ʍɻʈ 0,075 0,15 0,023 0,003 0,008 - 0,021 ʦʩʥʦʚʘ - 

ʍʅ60

ʖ 
- - 3,07 0,03 - 0,05 - 23,7 0,075 

ɼ16 - 4,57 ʦʩʥʦʚʘ 0,02 - - - 0,43 0,12 

 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʧʦ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʩʧʣʘʚʝ ɼ16. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ 

ʩʧʣʘʚʘ ɼ16 ʛʦʨʘʟʜʦ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʢʦʙʘʣʴʪʘ, ʪʦ ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʫʶʱʝʛʦ 

ʤʘʪʝʨʠʘʣʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʮʠʥʢ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʟʥʘʯʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʩʣʦʷ ʦʩʪʘʣʦʩʴ ʩʦʧʦʩʪʘʚʠʤʳʤ ʩʦ ʟʥʘʯʝʥʠʝʤ ʪʚʝʨʜʦʩʪʠ ʤʘʪʨʠʮʳ. ʅʦ ʪʘʢ ʢʘʢ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʪʝʧʝʨʴ ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʝ ʚʢʨʘʧʣʝʥʠʷ ʚʦʣʴʬʨʘʤʘ, 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʧʦʚʳʰʝʥʠʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʤʝʪʦʜʫ 

ʐʘʨʧʠ. 

 
ʈʠʩʫʥʦʢ 1. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʥʘ ʩʧʣʘʚʝ ɼ16. ʋʚʝʣʠʯʝʥʠʝ ʭ 500 ʨʘʟ. 

 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʣʦʝʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʠʢʨʦʩʢʦʧ AXIOVERT 

25ʉɸ (ɻʝʨʤʘʥʠʷ). ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 

2 ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʥʘ ʩʧʣʘʚʝ ʍʅ60ʖ. ɼʣʷ ʵʪʦʛʦ ʩʧʣʘʚʘ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ 

ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʟʚʦʣʠʣʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʂʦʙʘʣʴʪ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʠʟʥʦʩʦʩʪʦʡʢʦʝ ʧʦʢʨʳʪʠʝ, ʩʦʩʪʦʷʱʝʝ ʠʟ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʤʝʩʠ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʚʦʣʴʬʨʘʤʘ ʠ ʵʚʪʝʢʪʠʢʠ ʥʘ ʦʩʥʦʚʝ ʢʦʙʘʣʴʪʘ. ʊʘʢʞʝ 

ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʪʣʠʯʠʠ ʦʪ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ, ʥʘ ʩʧʣʘʚʝ ʍʅ60ʖ ʧʨʦʠʟʦʰʣʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʥʠʪʨʠʜʥʦʛʦ ʧʦʜʩʣʦʷ. 



ð 46 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

 
ʈʠʩʫʥʦʢ 2. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʥʘ ʩʪʘʣʠ ʍʅ60ʖ. ʋʚʝʣʠʯʝʥʠʝ ʭ 500 ʨʘʟ. 

 

ʊʦʣʱʠʥʘ ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʢʨʳʪʠʷ 50 -60 ʤʢʤ, ʘ ʪʦʣʱʠʥʘ ʧʝʨʝʭʦʜʥʦʛʦ ʩʣʦʷ 10-15 

ʤʢʤ. ɼʶʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʩʣʦʝʚ ʧʨʦʠʟʚʦʜʠʣʩʷ ʩ 

ʧʦʤʦʱʴʶ ʤʠʢʨʦʪʚʝʨʜʦʤʝʨʘ ʇʄʊ-3. ɿʥʘʯʝʥʠʝ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʧʦ ʩʣʦʶ 

ʤʘʪʝʨʠʘʣʘ ʍʅ60ʖ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3. 

 
ʈʠʩʫʥʦʢ 3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʧʦ ʪʦʣʱʠʥʝ ʩʣʦʷ ʥʘ ʩʪʘʣʠ ʍʅ60ʖ 

 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʣʝʥʢʠ ʦʢʩʠʜʘ ʚʦʣʴʬʨʘʤʘ ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ ʨʘʩʪʨʦʚʦʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ JEOL JSM-6480LV(ʗʧʦʥʠʷ). ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʈʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʚʦ ʚʪʦʨʠʯʥʳʭ ʵʣʝʢʪʨʦʥʘʭ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʵʣʝʤʝʥʪʦʚ ʧʦ ʛʣʫʙʠʥʝ ʩʣʦʷ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ 

ʤʘʩʩʦʚʳʡ ʧʝʨʝʥʦʩ ʚʦʣʴʬʨʘʤʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠʟʜʝʣʠʷ (ʨʠʩ.4). 
 

 
ʈʠʩʫʥʦʢ 4. ʉʧʝʢʪʨ ʵʣʝʤʝʥʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʩʧʣʘʚʝ ʤʘʨʢʠ ʍʅ60ʖ 

 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ W - 85,74 %; ʆ ï 14,26%. ʅʘ ʨʠʩʫʥʢʝ 

5 ʧʨʝʜʩʪʘʚʣʝʥʦ ʈʕʄ-ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʨʳʪʠʷ. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 47 ð   

 

 
ʈʠʩʫʥʦʢ 5. ʈʕʄ-ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʨʳʪʠʷ ʥʘ ʩʧʣʘʚʝ ʤʘʨʢʠ ʍʅ60ʖ 

 

ʈʠʩʫʥʦʢ 6 ʠʣʣʶʩʪʨʠʨʫʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʢʨʳʪʠʠ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ 

ʩʚʷʟʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʚʳʩʪʫʧʘʝʪ ʢʦʙʘʣʴʪ. 

 
ʈʠʩʫʥʦʢ 6. ʉʧʝʢʪʨ ʵʣʝʤʝʥʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʩʧʣʘʚʝ ʤʘʨʢʠ ʍʅ60ʖ 

 

 
ʈʠʩʫʥʦʢ 7. ʈʕʄ-ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʨʳʪʠʷ ʥʘ ʩʧʣʘʚʝ ʤʘʨʢʠ ʍʅ60ʖ 

 

ʅʘ ʨʠʩʫʥʢʝ 8 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʢʨʳʪʠʠ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ 

ʩʚʷʟʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʚʳʩʪʫʧʘʝʪ ʮʠʥʢ. 

 
ʈʠʩʫʥʦʢ 8. ʉʧʝʢʪʨ ʵʣʝʤʝʥʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʩʧʣʘʚʝ ʤʘʨʢʠ ʍʅ60ʖ 



ð 48 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦʙ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʧʦʜʪʚʝʨʞʜʝʥʠʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ 

ʯʘʩʪʠʮ ʚʦʣʴʬʨʘʤʘ ʠ ʵʚʪʝʢʪʠʢʠ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ 

ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʫʧʨʦʯʥʷʶʱʠʭ ʧʦʢʨʳʪʠʡ ʥʘ ʘʣʶʤʠʥʠʡ-ʩʦʜʝʨʞʘʱʠʭ ʤʘʪʝʨʠʘʣʘʭ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ 

ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 18-33-00992. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʟʘʢʨʝʧʣʷʝʤʦʩʪʠ ʮʝʤʝʥʪʦʤ 

ʜʠʩʧʝʨʩʥʳʭ ʩʳʧʫʯʠʭ ʠ ʩʚʷʟʥʳʭ ʛʨʫʥʪʦʚ, ʪʚʝʨʜʝʶʱʠʭ ʚ ʚʦʟʜʫʰʥʦ-ʚʣʘʞʥʳʭ ʠ ʚʣʘʞʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʜʦʟʠʨʦʚʘʥʠʠ ʮʝʤʝʥʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʙʣʝʤʥʳʝ ʛʨʫʥʪʳ, ʩʪʨʫʢʪʫʨʥʦ-ʥʝʫʩʪʦʡʯʠʚʳʝ, ʮʝʤʝʥʪʘʮʠʷ, 

ʩʪʨʫʡʥʘʷ ʛʝʦʪʝʭʥʦʣʦʛʠʷ, ʛʝʦʪʝʭʥʠʢʘ, ʛʨʫʥʪʦʮʝʤʝʥʪ, ʧʨʦʯʥʦʩʪʴ. 

 

Abstract 

The paper presents the results of studies on the fixability of the cement-dispersed bulk 

and cohesive soils, hardening in air-humid and humid conditions, with different dosing of 

cement. 

Key words: problem soils, structurally unstable, cementation, jet geotechnology, 

geotechnics, primer-cement, strength. 

 

ɺʚʝʜʝʥʠʝ 

ʉʨʝʜʠ ʨʘʟʥʦʦʙʨʘʟʠʷ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʨʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʚ ʛʦʨʦʜʝ ʂʘʟʘʥʠ, 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʫʯʘʩʪʢʠ, ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʧʨʦʙʣʝʤʥʳʭ ʛʨʫʥʪʦʚ, ʚʢʣʶʯʘʷ: ʣʝʩʩʦʚʳʝ ʠ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 49 ð   

 

ʣʝʩʩʦʚʠʜʥʳʝ ʧʨʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ; ʦʟʝʨʥʦ-ʙʦʣʦʪʥʳʝ, ʠʣʠʩʪʳʝ ʠ ʟʘʙʦʣʦʯʝʥʥʳʝ 

ʦʙʨʘʟʦʚʘʥʠʷ; ʥʘʩʳʧʥʳʝ; ʢʘʨʩʪʦʚʳʝ ʠ ʟʘʢʘʨʩʪʦʚʘʥʥʳʝ ʤʘʩʩʠʚʳ; ʩʣʘʙʳʝ ʚʦʜʦʥʘʩʳʱʝʥʥʳʝ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʝ ʠ ʟʘʠʣʝʥʥʳʝ ʧʝʩʢʠ, ʧʨʦʷʚʣʷʶʱʠʝ ʧʣʳʚʫʥʥʳʝ ʩʚʦʡʩʪʚʘ; ʛʣʠʥʳ ʪʝʢʫʯʝʡ 

ʢʦʥʩʠʩʪʝʥʮʠʠ [1]. ʊʨʘʜʠʮʠʦʥʥʳʝ ʩʧʦʩʦʙʳ ʬʫʥʜʠʨʦʚʘʥʠʷ ʚ ʧʨʦʙʣʝʤʥʳʭ ʛʨʫʥʪʘʭ ʥʝ ʚ 

ʧʦʣʥʦʡ ʤʝʨʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʨʝʙʫʝʤʫʶ ʧʨʦʯʥʦʩʪʴ, ʫʩʪʦʡʯʠʚʦʩʪʴ, ʥʘʜʝʞʥʦʩʪʴ, ʚʳʩʦʢʫʶ 

ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ, ʥʠʟʢʫʶ ʪʨʫʜʦʝʤʢʦʩʪʴ ʠ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ 

ʚʩʝʤʝʨʥʦ ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʜʣʷ 

ʫʧʨʦʯʥʝʥʠʷ ʮʝʤʝʥʪʦʤ ʩʪʨʫʢʪʫʨʥʦ-ʥʝʫʩʪʦʡʯʠʚʳʭ ʠ ʩʣʘʙʳʭ ʛʨʫʥʪʦʚ ʦʩʥʦʚʘʥʠʡ ʧʦʜ 

ʬʫʥʜʘʤʝʥʪʘʤʠ ʟʜʘʥʠʡ ʠʣʠ ʩʦʦʨʫʞʝʥʠʡ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʘ ʩʪʨʫʡʥʘʷ ʮʝʤʝʥʪʘʮʠʷ, 

ʢʘʢ ʥʦʚʘʷ ʛʝʦʪʝʭʥʦʣʦʛʠʷ, ʠʟʚʝʩʪʥʘʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʪʨʘʥ ʢʘʢ çJet grouting methodè. 

ʉʪʨʫʡʥʘʷ ʛʝʦʪʝʭʥʦʣʦʛʠʷ ï ʤʥʦʛʦʬʫʥʮʠʦʥʘʣʴʥʘ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʫʧʨʦʯʥʝʥʠʠ ʛʨʫʥʪʦʚ ʠ 

ʚʦʟʚʝʜʝʥʠʠ ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ [2, 3].  ʇʨʠʤʝʨ ʧʦʜʟʝʤʥʦʡ ʫʨʙʘʥʠʟʘʮʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʜʟʝʤʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʚʳʧʦʣʥʷʝʤʦʛʦ ʧʨʠ ʧʦʤʱʠ ʩʪʨʫʡʥʦʡ 

ʛʝʦʪʝʭʥʦʣʦʛʠʠ, ʧʨʠʚʝʜʝʥ ʥʘ  (ʨʠʩ. 1) [2].  
ʘ)                                                                  ʙ) 

ɸ-ɸ                                                ɺ-ɺ 

 
ʈʠʩ. 1. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʧʦʜʟʝʤʥʦʡ ʫʨʙʘʥʠʟʘʮʠʠ ʧʨʠ ʚʦʟʚʝʜʝʥʠʠ ʤʥʦʛʦʫʨʦʚʥʝʚʦʛʦ ʦʙʲʝʢʪʘ, 

ʚʳʧʦʣʥʷʝʤʦʛʦ ʧʨʠ ʧʦʤʱʠ ʩʪʨʫʡʥʦʡ ʛʝʦʪʝʭʥʦʣʦʛʠʠ [2] 

1-ʛʨʫʥʪʦʮʝʤʝʥʪʥʳʝ ʵʣʝʤʝʥʪʳ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʧʦ ʪʝʭʥʦʣʦʛʠʠ çJet grouting methodè, ʚ ʤʘʩʩʠʚʝ ʛʨʫʥʪʘ 

ʙʝʟ ʚʳʝʤʢʠ ʛʨʫʥʪʘ ʤʝʪʦʜʦʤ ʩʪʨʫʡʥʦʡ ʮʝʤʝʥʪʘʮʠʠ; 2-ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʢʦʣʦʥʥʳ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʚ 

ʙʫʨʦʚʳʭ ʩʢʚʘʞʠʥʘʭ; 3-ʧʨʦʪʠʚʦʬʠʣʴʪʨʘʮʠʦʥʥʘʷ ʟʘʚʝʩʘ ʠʟ ʛʨʫʥʪʦʮʝʤʝʥʪʘ; 4-ʜʨʝʥʘʞʥʘʷ ʟʘʚʝʩʘ ʠʟ 

ʥʘʩʳʧʥʦʛʦ ʱʝʙʥʷ ʚ ʛʣʫʙʦʢʦʡ ʪʨʘʥʰʝʝ, ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʤʝʪʦʜʦʤ çʩʪʝʥʘ ʚ ʛʨʫʥʪʝè; 5-ʧʣʦʱʘʜʥʦʡ ʜʨʝʥʘʞ. 

 

ʇʨʠʤʝʨ ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʘʚʪʦʨʦʤ [4] ʦʧʳʪʘ ʧʨʠʤʝʥʝʥʠʷ ʩʪʨʫʡʥʦʡ ʮʝʤʝʥʪʘʮʠʠ, ʩ 

ʫʧʨʦʯʥʝʥʠʝʤ ʩʣʘʙʦʛʦ ʚʦʜʦʥʘʩʳʱʝʥʥʦʛʦ ʛʨʫʥʪʘ ʦʩʥʦʚʘʥʠʷ ʧʦʜ ʧʦʜʦʰʚʦʡ ʬʫʥʜʘʤʝʥʪʘ 

ʧʦʜʟʝʤʥʦʛʦ ʧʝʨʝʭʦʜʘ, ʫʩʪʨʘʥʝʥʠʝʤ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʦʩʘʜʢʠ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ 

ʢʦʥʩʪʨʫʢʫʮʠʡ, ʧʨʠʚʝʜʝʥ ʥʘ (ʨʠʩ. 2). 
ʘ) 

 
  



ð 50 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 
 

ʙ) 

 
 

ʚ) 

 
 

ʈʠʩ. 2. ʋʧʨʦʯʥʝʥʠʝ ʩʣʘʙʦʛʦ ʚʦʜʦʥʘʩʳʱʝʥʥʦʛʦ ʛʨʫʥʪʘ ʦʩʥʦʚʘʥʠʷ ʧʦʜ ʧʦʜʦʰʚʦʡ ʬʫʥʜʘʤʝʥʪʘ ʧʦʜʟʝʤʥʦʛʦ 

ʧʝʨʝʭʦʜʘ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʫʣʠʮ ʕʩʧʝʨʘʥʪʦ-ʂʘʯʘʣʦʚʘ, ʚ ʛ. ʂʘʟʘʥʠ, ʤʝʪʦʜʦʤ ʧʦʜʚʝʜʝʥʠʷ ʛʨʫʥʪʦʮʝʤʝʥʪʥʳʭ 

ʦʧʦʨ, ʚʳʧʦʣʥʝʥʥʳʭ ʧʦ ʤʝʪʦʜʫ ʩʪʨʫʡʥʦʡ ʮʝʤʝʥʪʘʮʠʠ [3]. 

ʘ-ʘʚʨʠʡʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʝʨʝʭʦʜʘ ʜʦ ʝʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ; ʙ-ʧʣʘʥ ʧʦʜʟʝʤʥʦʛʦ ʧʝʨʝʭʦʜʘ ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ 

ʛʨʫʥʪʦʮʝʤʝʥʪʥʳʭ ʦʧʦʨ-ʩʪʦʣʙʦʚ; ʚ-ʧʦʧʝʨʝʯʥʳʡ ʨʘʟʨʝʟ ʩʪʚʦʣʘ ʧʦʜʟʝʤʥʦʛʦ ʧʝʨʝʭʦʜʘ ʩ ʵʣʝʤʝʥʪʘʤʠ 

ʫʩʠʣʝʥʠʷ; 1-ʩʪʚʦʣ ʧʝʨʝʭʦʜʘ; 2-ʣʝʩʪʥʠʮʳ; 3-ʧʨʠʷʤʦʢ; 4-ʣʠʬʪʳ; 5-ʵʣʝʤʝʥʪʳ ʫʩʠʣʝʥʠʷ ʠʟ ʛʨʫʥʪʦʮʝʤʝʥʪʘ 

 

ʊʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ  ʩʦʯʝʪʘʥʠʝʤ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʠ 

ʛʨʫʥʪʦʮʝʤʝʥʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʚʢʣʶʯʘʝʤʳʭ ʚ ʩʦʚʤʝʩʪʥʫʶ ʨʘʙʦʪʫ ʦʩʪʦʚʦʚ ʦʪ ʜʝʡʩʪʚʠʷ 

ʚʥʝʰʥʠʭ ʥʘʛʨʫʟʦʢ ʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ, ʪʨʝʙʫʶʪ ʝʱʝ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʡ ʧʨʦʨʘʙʦʪʢʠ, ʘ 

ʪʘʢʞʝ ʚʳʧʦʣʥʝʥʠʷ ʦʧʳʪʥʦʡ ʧʨʦʚʝʨʢʠ ʠ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʚʪʦʨʦʤ [5, 6, 7],  ʠ ʧʨʦʬ. ʊʦʢʠʥʳʤ ɸ.ʅ. [8],  ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʯʥʦʩʪʥʳʭ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʨʘʟʣʠʯʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʦʚ ʫʧʨʦʯʥʝʥʥʳʭ 

ʮʝʤʝʥʪʦʤ ʛʨʫʥʪʦʚ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ ʉʅɻ, ʚʢʣʶʯʘʷ ʛʦʨʦʜʘ ʉʘʤʘʨʢʘʥʜ, ʊʘʰʢʝʥʪ.  

ʂʨʦʤʝ ʵʪʦʛʦ ʘʚʪʦʨʦʤ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʨʝʧʣʷʝʤʦʩʪʠ ʮʝʤʝʥʪʦʤ ʧʨʦʙʣʝʤʥʳʭ 

ʛʨʫʥʪʦʚ ʂʘʟʘʥʠ. 

  



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 51 ð   

 

ʉʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʝ ʛʨʫʪʦʮʝʤʝʥʪʘ ʧʨʠ ʩʪʨʫʡʥʦʡ ʮʝʤʝʥʪʘʮʠʠ 

ʇʨʦʯʥʦʩʪʥʳʝ ʠ ʜʝʬʦʨʤʘʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ʛʨʫʥʪʦʮʝʤʝʥʪʘ ʠʟʫʯʘʣʠʩʴ ʚ ʄɻʋ, 

ʉʦʶʟʜʦʨʥʠʠ, ʅʀʀʆʉʇ, ɺʀʉʀ ʠ ʜʨʫʛʠʭ ʦʨʛʘʥʠʟʘʮʠʷʭ. ɻʨʫʥʪʦʮʝʤʝʥʪ, ʢʘʢ ʤʘʪʝʨʠʘʣ 

ʜʣʷ ʢʦʥʩʪʨʫʢʮʠʡ ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʤʥʦʛʦʬʘʟʥʫʶ 

ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʛʨʫʥʪʘ, ʠʤʝʶʱʝʛʦ ʧʦʣʠʜʠʩʧʝʨʩʥʳʡ ʠ ʧʦʣʠʤʠʥʝʨʘʣʴʥʳʡ 

ʩʦʩʪʘʚ, ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʚʷʞʫʱʝʛʦ - ʮʝʤʝʥʪʘ, ʩʚʷʟʳʚʘʶʱʝʛʦ ʤʠʥʝʨʘʣʴʥʳʝ ʯʘʩʪʠʮʳ 

ʜʠʩʧʝʨʩʥʦʡ ʩʨʝʜʳ ʛʨʫʥʪʘ ʚ ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʤʦʥʦʣʠʪ. ɻʝʣʴ, 

ʚʳʜʝʣʷʶʱʠʡʩʷ ʧʨʠ ʛʠʜʨʦʣʠʟʝ ʮʝʤʝʥʪʘ, ʦʙʚʦʣʘʢʠʚʘʝʪ ʙʦʢʦʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʢʘʞʜʦʡ 

ʤʠʥʝʨʘʣʴʥʦʡ ʯʘʩʪʠʮʳ ʚ ʧʨʝʜʝʣʘʭ ʨʘʟʨʫʰʝʥʥʦʡ ʛʠʜʨʦʩʪʨʫʝʡ ʤʦʥʠʪʦʨʘ ʛʨʫʥʪʦʚʦʛʦ 

ʤʘʩʩʠʚʘ ʠ çʩʢʣʝʠʚʘʝʪè ʚ ʚʦʜʦʥʝʨʘʩʪʚʦʨʠʤʫʶ ʩʪʨʫʢʪʫʨʫ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʮʝʤʝʥʪʥʦʛʦ 

ʙʝʪʦʥʘ ʛʨʫʥʪʦʮʝʤʝʥʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʠʤʝʝʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʢʨʫʧʥʦʦʙʣʦʤʦʯʥʳʭ 

ʬʨʘʢʮʠʡ (ʱʝʙʝʥʴ ʛʨʘʚʠʡ) ʠ ʝʛʦ ʧʨʦʯʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ - ʧʨʦʜʫʢʪʦʚ 

ʛʠʜʨʘʪʘʮʠʠ ʮʝʤʝʥʪʘ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʡ ʯʘʩʪʠ ʛʨʫʥʪʘ ʠ ʩʚʦʙʦʜʥʦʡ 

ʢʨʝʤʥʝʢʠʩʣʦʪʳ ʩ ʠʟʚʝʩʪʴʶ, ʚʳʜʝʣʷʶʱʝʡʩʷ ʧʨʠ ʛʠʜʨʦʣʠʟʝ ʮʝʤʝʥʪʘ. ɺ ʧʨʦʮʝʩʩʝ 

ʛʠʜʨʘʪʘʮʠʠ ʮʝʤʝʥʪʘ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʩʦʟʜʘʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʳʡ ʧʦ 

ʧʨʦʯʥʦʩʪʠ ʠ ʩʣʦʞʥʳʡ ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ ʢʘʨʢʘʩ, ʧʨʝʚʨʘʱʘʶʱʠʡ ʛʨʫʥʪ ʚ 

ʚʦʜʦʥʝʨʘʩʪʚʦʨʠʤʳʡ ʢʘʤʝʥʴ. ɺ ʮʝʤʝʥʪʝ ʧʨʝʦʙʣʘʜʘʶʪ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʝr ʩʚʷʟʠ. 

ʂʦʘʛʫʣʷʮʠʦʥʥʳʝ ʩʚʷʟʠ ʦʙʫʩʣʦʚʣʠʚʘʶʪʩʷ ʜʝʡʩʪʚʠʝʤ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʭ ʩʠʣ, ʜʣʷ ʥʠʭ 

ʭʘʨʘʢʪʝʨʥʘ ʥʠʟʢʘʷ ʧʨʦʯʥʦʩʪʴ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʚʣʘʞʥʦʩʪʠ ʛʨʫʥʪʘ. [9 , 10]. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʨʫʥʪʦʮʝʤʝʥʪ,  ʚ ʦʪʣʠʯʠʝ ʦʪ ʙʝʪʦʥʘ ʥʘ ʮʝʤʝʥʪʥʦʤ 

ʚʷʞʫʱʝʤ, ʠʤʝʝʪ ʙʦʣʝʝ ʤʝʜʣʝʥʥʳʡ ʥʘʙʦʨ ʧʨʦʯʥʦʩʪʠ ʚ ʚʦʟʜʫʰʥʦ-ʚʣʘʞʥʦʩʪʥʦʡ ʠ 

ʚʦʜʦʥʘʩʳʱʝʥʥʦʡ ʩʨʝʜʝ. ɻʨʫʥʪʦʮʝʤʝʥʪ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʫʩʪʨʦʡʩʪʚʘ ʬʫʥʜʘʤʝʥʪʦʚ, 

ʦʩʥʦʘʚʥʠʡ ʠ ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʜʦʣʞʝʥ ʠʤʝʪʴ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʝ ʧʨʦʯʥʦʩʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʙʳʪʴ ʤʦʨʦʟʦʫʩʪʦʡʯʠʚʳʤ. ɽʩʣʠ ʧʨʠʥʷʪʴ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʩʞʘʪʠʠ Rʩʞ 

ʛʨʫʥʪʦʮʝʤʝʥʪʘ ʚ ʚʦʟʨʘʩʪʝ 28 ʩʫʪʦʢ ʥʦʨʤʘʣʴʥʦ-ʚʣʘʞʥʦʩʪʥʦʛʦ ʭʨʘʥʝʥʠʷ ʟʘ 100%, ʪʦ ʟʘ  

90 ʩʫʪʦʢ Rʩʞ ʩʦʩʪʘʚʠʪ 130ð150%, ʘ ʚ ʚʦʟʨʘʩʪʝ 2-3 ʣʝʪ - 200ð300%. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

[8],  

ʪʘʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʤʦʛʫʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʳ ʪʦʣʴʢʦ ʥʘʣʠʯʠʝʤ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʩʚʷʟʝʡ, ʢʦʪʦʨʳʝ, ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʤʠ ʚ ʚʠʜʝ 

ʛʠʜʨʦʩʠʣʠʢʘʪʦʚ ʠ ʛʠʜʨʦʘʣʶʤʠʥʘʪʦʚ ʢʘʣʴʮʠʷ. ɺ ʛʨʫʥʪʦʮʝʤʝʥʪʝ ʦʙʨʘʟʫʶʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʜʚʫʭʦʩʥʦʚʥʳʝ ʛʠʜʨʦʩʠʣʠʢʘʪʳ ʢʘʣʴʮʠʷ - ʧʨʦʜʫʢʪʳ ʛʠʜʨʘʪʘʮʠʠ ʚʷʞʫʱʝʛʦ ʚ ʮʝʤʝʥʪʥʦʤ 

ʙʝʪʦʥʝ, ʥʦ  ʥʠʟʢʦʦʩʥʦʚʥʳʝ ʪʦʙʝʨʤʦʨʠʪʦʧʦʜʦʙʥʳʝ  ʛʠʜʨʦʩʠʣʠʢʘʪʳ. 

ʉʚʦʙʦʜʥʘʷ ʉʘ(ʆʅ)2 ʥʘʭʦʜʷʱʘʷʩʷ ʚ ʛʨʫʥʪʦʮʝʤʝʥʪʥʦʤ ʨʘʩʪʚʦʨʝ ʘʢʪʠʚʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʠʥʝʨʘʣʴʥʳʭ ʯʘʩʪʠʮ, ʢʦʘʛʫʣʠʨʫʝʪ, ʦʙʨʘʟʫʷ ʧʨʦʯʥʫʶ 

ʢʦʘʛʫʣʷʮʠʦʥʥʦ - ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩʚʦʙʦʜʥʦʡ ʠʟʚʝʩʪʠ ʩ ʛʣʠʥʠʩʪʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʧʦʩʣʝʜʥʠʝ ʤʦʛʫʪ  ʧʨʝʚʨʘʱʘʪʴʩʷ ʚā 

ʛʠʜʨʦʩʠʣʠʢʘʪʳ ʠ ʛʠʜʨʦʘʣʶʤʠʥʘʪʳ ʢʘʣʴʮʠʷ.  

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʛʨʫʥʪʦʮʝʤʝʥʪʥʦʡ ʩʤʝʩʠ  ʧʨʠ 

ʩʪʨʫʡʥʦʡ ʮʝʤʝʥʪʘʮʠʠ, ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʧʦʣʫʯʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʦʜʥʦʨʦʜʥʦʡ 

ʮʝʤʝʥʪʦʛʨʫʥʪʦʚʦʡ ʩʤʝʩʠ, ʚ ʢʦʪʦʨʦʡ ʢʦʣʠʯʝʩʪʚʦ ʥʝʨʘʟʨʫʰʝʥʥʳʭ ʘʛʨʝʛʘʪʦʚ ʛʨʫʥʪʘ 

ʢʨʫʧʥʝʝ 5 ʤʤ ʤʦʞʝʪ ʙʳʪʴ ʤʝʥʝʝ 1%.   

ʕʢʩʧʝʨʠʤʝʥʪʘʤʠ ʘʚʪʦʨʘ [5, 6, 7] ʠ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ [2, 3, 8] ʛʨʫʥʪʦʮʝʤʝʥʪ 

ʩ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ ʥʘ ʦʧʪʠʤʘʣʴʥʳʭ ʛʨʫʥʪʦʚʳʭ ʩʤʝʩʷʭ (ʩʫʧʝʩʯʘʥʳʝ ʛʨʫʥʪʳ ʩ ʯʠʩʣʦʤ ʧʣʘʩʪʠʯʥʦʩʪʠ  

Ip = 2 - 7 ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʛʣʠʥʠʩʪʳʭ ʯʘʩʪʠʮ ʜʦ 15%). ʊʘʢʠʝ ʩʦʩʪʘʚʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʛʨʫʥʪʦʮʝʤʝʥʪʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʠʤʝʶʱʠʭ ʤʘʨʢʫ ʄ100é200, ʧʨʠ ʨʘʩʭʦʜʝ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ 15ð18% (ʢ ʚʝʩʫ ʚʦʟʜʫʰʥʦ-ʩʫʭʦʡ ʛʨʫʥʪʦʚʦʡ ʩʤʝʩʠ), ʠʣʠ 250-300 ʢʛ ʥʘ 

1 ʤ
3
 ʛʨʫʥʪʦʮʝʤʝʥʪʘ ʚ ʜʝʣʝ.  

ʉ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʤʧʦʧʥʝʥʪʦʚ 

ʛʨʫʥʪʦʮʝʤʝʥʪʘ, ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʠ ʵʢʦʥʤʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʛʦ ʜʦʟʠʨʦʚʘʥʠʷ 

ʮʝʤʝʥʪʘ ʧʨʠ ʩʪʨʫʡʥʦʡ ʮʝʤʝʥʪʘʮʠʠ ʛʨʫʥʪʦʚ ʂʘʟʘʥʠ, ʘʚʪʦʨʦʤ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 



ð 52 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʟʘʢʨʝʧʣʷʝʤʦʩʪʠ ʛʨʫʥʪʦʚ ʮʝʤʝʥʪʦʤ ʠ ʧʦʜʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ 

ʮʝʤʝʥʪʘ ʜʣʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʛʨʫʥʪʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʢʨʝʧʣʷʝʤʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ ʛʨʫʥʪʦʮʝʤʝʥʪʘ  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʥʝʟʠʩʘ, ʤʝʩʪʘ ʦʪʣʦʞʝʥʠʷ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ, ʥʘʠʤʝʥʦʚʘʥʠʷ ʧʦ 

ʯʠʩʣʫ ʧʣʘʩʪʠʯʥʦʩʪʠ Ip , ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʛʨʫʥʪʦʚ, ʠʭ 

ʟʘʢʨʝʧʣʷʝʤʦʩʪʴ ʮʝʤʝʥʪʦʤ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʦʯʥʦʩʪʴ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʮʝʤʝʥʪʦʤ 

ʢʘʤʥʷ ʨʘʟʣʠʯʥʘ.  

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʦʩʴ ʫʩʪʘʥʦʚʣʝʥʠʝ ʬʘʢʪʠʯʝʢʦʡ ʟʘʢʨʝʧʣʷʝʤʦʩʪʠ 

ʮʝʤʝʥʪʦʤ ʨʝʛʠʦʥʘʣʴʥʳʭ ʧʦʨʦʜ ʜʠʩʧʝʨʩʥʳʭ ʩʚʷʟʥʳʭ ʛʨʫʥʪʦʚ ʠ ʜʦʩʪʠʛʘʝʤʦʡ ʧʨʦʯʥʦʩʪʠ 

ʧʨʠ ʨʘʟʣʠʥʦʤ ʜʦʟʠʨʦʚʘʥʠʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʚʷʞʫʱʝʛʦ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ, ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

½ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʚʳʧʦʣʝʥ ʢʦʤʧʣʝʢʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʛʨʘʤʤʦʡ; 

½ ʚ ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʮʦʚ ʛʨʫʥʪʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʙʨʘʥʳ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʪʠʧʳ ʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʜ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʛʦʨʦʜʘ 

ʂʘʟʘʥʠ ʠ  ʨʝʛʠʦʥʘ ʊʘʪʨʩʪʘʥʘ, ʚʢʣʶʯʘʷ: ʧʝʩʢʠ, ʩʫʧʝʩʠ, ʩʫʛʣʠʥʢʠ, ʛʣʠʥʳ ʠ 

ʠʣʳ. ʉ ʮʝʣʴʶ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥ 

ʧʝʩʦʢʠ ʠ ʮʝʤʝʥʪ; 

½ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʠ ʜʦʟʠʨʦʚʘʥʠʷ ʮʝʤʝʥʪʘ ʚ ʛʨʫʪʦʮʝʤʝʥʪʥʫʶ 
ʩʤʝʩʴ ʪʝʢʫʯʝʡ ʢʦʥʩʠʩʪʝʥʮʠʠ, ʩʚʦʡʩʪʚʝʥʥʫʶ ʧʨʠ ʩʪʨʫʡʥʦʡ ʮʝʤʝʥʪʘʮʠʠ, 

ʨʘʩʩʤʦʪʨʝʥ ʧʦʣʥʳʡ ʨʷʜ ʚʦʟʤʦʞʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʮʝʤʝʥʪʘ ʚ ʧʨʦʮʝʥʪʥʦʤ 

ʦʪʥʦʰʝʥʠʠ ʢ ʦʙʱʝʤʫ ʦʙʲʝʤʫ ʦʙʨʘʟʮʦʚ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʜʦʟʠʨʦʚʘʥʠʝ 

ʮʝʤʝʥʪʘ ʩʦʩʪʘʚʠʣʦ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 10%, 30%, 50%, 70%, 90% ʧʦ ʦʙʲʝʤʫ 

ʦʙʨʘʟʮʘ; 

½ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʧʨʦʮʝʩʩʳ ʩʭʚʘʪʳʚʘʥʠʷ ʩʚʝʞʝʠʟʛʦʪʦʚʣʝʥʥʦʡ 

ʛʨʫʪʦʮʝʤʝʥʪʥʦʡ ʩʤʝʩʠ ʠ ʥʘʙʦʨ ʧʨʦʝʢʪʥʦʡ ʧʨʦʯʥʦʩʪʠ ʛʨʫʪʦʮʝʤʝʥʪʥʦʛʦ 

ʢʘʤʥʷ, ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʦʢʨʫʞʘʶʱʝʡ ʛʝʦʩʨʝʜʳ, 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʚʦʟʜʫʰʥʦ-ʚʣʘʞʥʳʭ ʠ ʚʦʜʥʳʭ ʫʩʣʦʚʠʷʭ; 

½ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [8] ʩʨʦʢ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ-ʮʠʣʠʥʜʨʦʚ ʠʟ 

ʛʨʫʪʦʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ, ʙʳʣ ʧʨʠʥʷʪ ʨʘʚʥʳʤ 90 ʩʫʪʦʢ; 

½ ʠʩʧʳʪʘʥʠʝ ʚʩʝʭ ʦʙʨʘʟʮʦʚ-ʮʠʣʠʥʜʨʦʚ ʠʟ ʛʨʫʪʦʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʥʘ 

ʦʜʥʦʦʩʥʦʝ ʩʞʘʪʠʝ, ʧʨʦʚʝʜʝʥʦ ʧʨʠ ʧʦʤʦʱʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʧʨʝʩʩʘ ɻʇ-50. 

ʀʩʧʳʪʘʥʠʝ ʧʨʦʚʝʜʠʣʦʩʴ ʜʦ ʧʦʣʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʦʚ-ʮʠʣʠʥʜʨʦʚ; 

½ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʩʦʩʪʘʚʣʝʥʳ ʪʘʙʣʠʮʳ ʠ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ 
ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʨʘʩʯʝʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ Rʩʞ., ʢʛʩ, ʦʙʨʘʟʮʦʚ-

ʮʠʣʠʥʜʨʦʚ ʠʟ ʛʨʫʪʦʮʝʤʝʥʪʘ ʥʘ ʦʜʥʦʦʩʥʦʝ ʩʞʘʪʠʝ, ʦʪ ʧʨʦʮʝʥʪʥʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʮʝʤʝʥʪʘ ʚ ʧʨʦʮʝʥʪʘʭ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʢʨʝʧʣʷʝʤʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ ʛʨʫʥʪʦʚ.  

ɿʘʢʨʝʧʣʷʝʤʦʩʪʴ - ʵʪʦ ʧʨʦʮʝʩʩʳ ʛʠʜʨʦʣʠʟʘ ʠ ʛʠʜʨʘʪʘʮʠʠ ʮʝʤʝʥʪʘ ʚ 

ʛʨʫʥʪʦʮʝʤʝʥʪʝ. ʇʨʠ ʪʚʝʨʜʝʥʠʠ ʧʝʩʢʦʨʘʩʪʚʦʨʘ, ʩʫʧʝʩʯʘʥʦ-ʛʣʠʥʷʥʳʭ ʠ ʠʣʠʩʪʳʭ 

ʛʨʫʥʪʦʮʝʤʝʥʪʥʳʭ ʨʘʩʚʦʨʦʚ, ʛʠʜʨʘʪ ʦʢʠʩʠ ʢʘʣʴʮʠʷ, ʥʘʭʦʜʷʩʴ ʢʦʥʪʘʢʪʝ ʢʨʝʤʥʝʟʝʤʦʤ, 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʭʚʘʪʳʚʘʥʠʶ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 1-6. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ 

ʨʘʩʯʝʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ R ʩʞ,.,ʢʛʩ, ʦʪ ʜʦʟʠʨʦʚʘʥʠʷ ʮʝʤʝʥʪʘ, %, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʛʨʘʬʠʢʘʭ ʟʘʚʠʩʠʤʦʩʪʠ Rʩʞ.= f(%). 

  



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 53 ð   
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ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ Rʩʞ.= f(%),  

ʠʟʤʝʥʝʥʠʷ ʨʘʩʯʝʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ 

ʦʜʥʦʦʩʥʦʝ  

ʩʞʘʪʠʝ R ʩʞ ʛʨʫʥʪʦʮʝʤʝʥʪʥʳʭ ʦʙʨʘʟʮʦʚ-

ʮʠʣʠʥʜʨʦʚ  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ  ʩʦʜʝʨʞʘʥʠʷ ʠʣʠ 

ʜʦʟʠʨʦʚʘʥʠʝ ʮʝʤʝʥʪʘ ʚ ʧʨʦʮʝʥʪʘʭ, % ʧʦ ʦʙʲʝʤʫ, 

ʠ ʩʧʦʩʦʙʘ ʭʨʘʥʝʥʠʷ ʚ ʚʦʟʜʫʰʥʦ-ʚʣʘʞʥʦʡ ʩʨʝʜʝ 

(ʣʘʙʦʨʘʪʦʨʥʳʡ ʰʢʘʬ ʩ ʚʣʘʞʥʳʤʠ ʦʧʠʣʢʘʤʠ) ʠʣʠ 

ʚʣʘʞʥʦʡ ʩʨʝʜʝ (ʚ ʝʤʢʦʩʪʠ ʚ ʚʦʜʦʡ,  ʩ ʧʦʣʥʳʤ 

ʧʦʛʨʫʞʝʥʠʝʤ  ʦʙʨʘʟʮʦʚ-ʮʠʣʠʥʜʨʦʚ  ʧʦʜ ʚʦʜʫ) 
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ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 
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ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ-ʮʠʣʠʥʜʨʦʚ ʠʟ ʛʨʫʥʪʦʮʝʤʝʥʪʘ  

ʥʘ ʦʜʥʦʦʩʥʦʝ ʩʞʘʪʠʝ ʧʦʜ ʧʨʝʩʩʦʤ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʩʫʧʝʩʠ-ʮʝʤʝʥʪʘ-ʚʦʜʳ 
1 2 3 4 5 6 7 8 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

ʉʫʧʝʩʴ 

ʉʫʧʝʩʴ 

ʉʫʧʝʩʴ 

ʉʫʧʝʩʴ 

ʉʫʧʝʩʴ 

ʉʫʧʝʩʴ 

ʉʫʧʝʩʴ 

ʉʫʧʝʩʴ 

ʉʫʧʝʩʴ 

ʉʫʧʝʩʴ 

ʉʫʧʝʩʴ 

ʉʫʧʝʩʴ 

ʉʫʧʝʩʴ 

ʉʫʧʝʩʴ 

ʉʫʧʝʩʴ 

10 

10 

10 

30 

30 

30 

50 

50 

50 

70 

70 

70 

90 

90 

90 

90 

90 

90 

70 

70 

70 

50 

50 

50 

30 

30 

30 

10 

10 

10 

90 

90 

90 

90 

90 

90 

90 

90 

90 

90 

90 

90 

90 

90 

90 

300 

350 

410 

200 

320 

380 

400 

500 

550 

790 

780 

860 

560 

500 

560 

450 

410 

480 

400 

490 

580 

600 

610 

840 

950 

1000 

1050 

1400 

1500 

2000 
 

ɺʦʟʜʫʰʥʦ-ʚʣʘʞʥʦʝ ʭʨʘʥʝʥʠʝ: 

                 R ʩʞ,.,ʢʛʩ 
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ɺʳʚʦʜʳ  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʘʚʪʦʨʦʤ [5, 6, 7] ʠ ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ [2, 3, 8] 

ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʟʘʢʨʝʧʣʷʝʤʦʩʪʠ ʮʝʤʝʥʪʦʤ ʜʠʩʧʝʨʩʥʳʭ ʩʳʧʫʯʠʭ ʠ 

ʩʚʷʟʥʳʭ ʛʨʫʥʪʦʚ, ʪʚʝʨʜʝʶʱʠʭ ʚ ʚʦʟʜʫʰʥʦ-ʚʣʘʞʥʳʭ ʠ ʚʣʘʞʥʳʭ (ʧʦʜ ʚʦʜʦʡ) ʫʩʣʦʚʠʷʭ, 

ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʜʦʟʠʨʦʚʘʥʠʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʚʷʞʫʱʝʛʦ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʚʳʚʦʜʳ: 

1. ɺʩʝ ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʪʠʧʳ ʜʠʩʧʝʨʩʥʳʭ ʩʳʧʫʯʠʭ ʠ 

ʩʚʷʟʥʳʭ ʛʨʫʥʪʦʚ, ʚʢʣʶʯʘʷ: ʧʝʩʦʢ, ʩʫʧʝʩʴ, ʩʫʛʣʠʥʦʢ, ʛʣʠʥʘ ʠ ʠʣ (ʪʘʙʣ. 1-6), ʭʘʨʘʢʪʝʨʥʳʝ 

ʜʣʷ ʨʝʛʠʦʥʘʣʴʥʳʭ (ʂʘʟʘʥʴ ʠ ʊʘʪʘʨʩʪʘʥ) ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʧʨʠ ʠʭ 

ʟʘʪʚʦʨʝʥʠʠ ʩ ʮʝʤʝʥʪʦʤ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʦʟʠʨʦʚʢʘʭ 10%, 30%, 50%, 70% ʠ 90% ʧʦ 

ʦʙʲʝʤʫ, ʟʘʢʨʝʧʣʷʶʪʩʷ ʮʝʤʝʥʪʦʤ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʥʦʚʦʡ ʚʦʜʦʥʝʨʘʩʪʚʦʨʠʤʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʠʤʝʥʫʝʤʦʡ ʛʨʫʥʪʦʮʝʤʝʥʪ. 

2. ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʛʨʫʥʪʦʮʝʤʝʥʪ, ʢʘʢ ʩʪʨʦʠʪʝʣʴʥʳʡ 

ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʬʫʥʜʘʤʝʥʪʦʚ ʠ ʥʘʜʟʝʤʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ [8], 

ʘ ʪʘʢʞʝ ʚ ʫʩʣʦʚʠʷʭ ʚʦʜʦʥʘʩʳʱʝʥʥʳʭ ʛʨʫʥʪʦʚ, ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ 

(ʩʪʝʥʳ, ʤʘʩʩʠʚʳ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʦʩʥʦʚʘʥʠʡ, ʧʨʦʪʠʚʦʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʟʘʚʝʩʳ, ʦʙʜʝʣʢʠ 

ʪʦʥʥʝʣʝʡ, ʛʨʫʥʪʦʮʝʤʝʥʪʥʳʝ ʘʥʢʝʨʳ ʠ ʪʜ.)  [2, 3, 4]  (ʨʠʩ. 1,  2), ʧʨʦʛʨʘʤʤʦʡ 
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ð 56 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʠ ʨʝʘʣʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʩʭʚʘʪʳʚʘʥʠʷ ʠ ʪʚʝʨʜʝʥʠʷ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ ʠʟ ʛʨʫʥʪʦʮʝʤʝʥʪʘ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʫʰʥʦ-

ʚʣʘʞʥʦʛʦ ʠ ʚʦʜʥʦʛʦ ʭʨʘʥʝʥʠʷ ʦʙʨʘʟʮʦʚ-ʮʠʣʠʥʜʨʦʚ (ʪʘʙʣ. 1-6, ʛʨʘʬʳ 6, 7). 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʨʝʜʳ ʭʨʘʥʝʥʠʷ ʦʙʨʘʟʮʦʚ-ʮʠʣʠʥʜʨʦʚ, ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʷ ʧʨʦʯʥʦʩʪʠ 

(ʨʘʩʯʝʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ Rʩʞ, ʥʘ ʦʜʥʦʦʩʥʦʝ ʩʞʘʪʠʝ) ʠ ʫʩʪʘʥʦʚʠʪʴ ʦʧʪʠʤʘʣʴʥʦʡ 

ʜʦʟʠʨʦʚʘʥʠʝ ʚʷʞʫʱʝʛʦ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʚʠʜʦʚ ʛʨʫʥʪʦʚ. 

3. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʚʩʝʭ ʪʠʧʦʚ ʛʨʫʥʪʦʚ, ʜʦʟʠʨʦʚʘʥʠʝ 

ʮʝʤʝʥʪʘ ʚʳʰʝ 70% ʧʦ ʦʙʲʝʤʫ ʦʙʨʘʟʮʦʚ-ʮʠʣʠʥʜʨʦʚ, ʧʨʠ ʚʦʟʜʫʰʥʦ-ʚʣʘʞʥʦʤ ʠʭ 

ʭʨʘʥʝʥʠʠ ʚ ʪʝʯʝʥʠʝ 90 ʩʫʪʦʢ, ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʘʢʪʠʚʥʦʤʫ ʨʦʩʪʫ ʧʨʦʯʥʦʩʪʠ 

ʛʨʫʥʪʦʮʝʤʝʥʪʘ, ʘ ʜʣʷ ʧʝʩʢʘ (ʪʘʙʣ.1), ʩʫʧʝʩʠ (ʪʘʙʣ.2) ʠ ʛʣʠʥʳ (ʪʘʙʣ.4) ʧʨʦʯʥʦʩʪʴ 

ʦʙʨʘʟʮʦʚ ʩʥʠʞʘʝʪʩʷ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʨʫʰʝʥʠʝʤ ʩʣʦʞʥʳʭ ʨʝʘʢʮʠʡ ʛʠʜʨʦʣʠʟʘ ʠ 

ʛʠʜʨʘʪʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʩʭʚʘʪʳʚʘʥʠʷ ʠ ʪʚʝʨʜʝʥʠʷ ʛʨʫʥʪʦʮʝʤʝʥʪʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʪʨʝʙʫʝʪʩʷ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ. ʅʝʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʧʨʦʯʥʦʩʪʠ ʛʨʫʪʦʮʝʤʝʥʪʥʳʭ ʦʙʨʘʟʮʦʚ-

ʮʠʣʠʥʜʨʦʚ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʩʫʛʣʠʥʢʘ (ʪʘʙʣ.3) ʠ ʠʣʘ (ʪʘʙʣ.5), ʭʨʘʥʠʚʰʠʭʩʷ ʚ 

ʚʦʟʜʫʰʥʦ-ʚʣʘʞʥʦʡ ʩʨʝʜʝ ʚ ʪʝʯʝʥʠʝ 90 ʩʫʪʦʢ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʘ ʩʣʝʜʫʝʪ ʦʪʥʦʩʠʪʴ ʢ 

ʜʦʧʫʩʪʠʤʳʤ ʪʝʭʥʠʯʝʩʢʠʤ ʧʦʛʨʝʰʥʦʩʪʷʤ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʪʘʢ ʢʘʢ ʦʥʠ ʩʦʩʪʘʚʣʷʶʪ ʥʝ 

ʙʦʣʝʝ 5 %. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ, ʠʟ ʫʩʣʦʚʠʡ ʨʘʮʠʦʥʘʣʴʥʦʩʪʠ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ, ʜʦʟʨʦʚʘʥʠʝ ʮʝʤʝʥʪʘ ʜʣʷ ʛʨʫʥʪʦʮʝʤʝʥʪʥʳʭ ʦʙʨʘʟʮʦʚ-

ʮʠʣʠʥʜʨʦʚ, ʠʟʦʛʦʪʚʝʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʝʩʢʘ, ʩʫʧʝʩʠ, ʩʫʛʣʠʥʢʘ, ʛʣʠʥʳ ʠ ʠʣʘ, ʩ 

ʫʩʣʦʚʠʷʤʠ ʭʨʘʥʝʥʠʷ ʚ ʚʦʟʜʫʰʥʦ-ʚʣʘʞʥʦʡ ʩʨʝʜʝ, ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 70%. ɸʥʘʣʠʟ 

ʜʠʥʘʤʠʢʠ ʨʦʩʪʘ ʧʨʦʯʥʦʩʪʠ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ, ʧʦʟʚʦʣʷʝʪ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʘʢʪʠʚʥʦʝ 

ʥʘʨʘʱʠʚʘʥʠʝ ʧʨʦʯʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʝʜʝʣʘʭ ʜʦʟʠʨʦʚʘʥʠʷ ʦʪ 30% ʜʦ 50%. ʇʦʵʪʦʤʫ, 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʟʥʘʯʝʥʠʷ ʠʟʜʝʣʠʡ ʠʟ ʛʨʫʥʪʦʮʝʤʝʥʪʘ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ ʠ 

ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʚ ʚʦʟʜʫʰʥʦ-ʚʣʘʞʥʦʡ ʩʨʝʜʝ, ʦʧʪʠʤʘʣʴʥʳʤ ʜʠʘʧʦʟʦʥʦʤ ʜʦʟʠʨʦʚʘʥʠʷ 

ʮʝʤʝʥʪʘ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʘ, ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ 30% - 50% ʧʦ ʦʙʲʝʤʫ. 

4. ɼʠʥʘʤʠʢʘ ʨʦʩʪʘ ʧʨʦʯʥʦʩʪʠ ʮʝʤʝʥʪʦʛʨʫʥʪʦʚʳʭ ʦʙʨʘʟʮʦʚ-ʮʠʣʠʥʜʨʦʚ, 

ʭʨʘʥʷʱʠʭʩʷ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ (ʚʦʜʦʥʘʩʳʱʝʥʥʳʝ ʛʨʫʥʪʳ),  ʧʨʠ ʚʩʝʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʦʪʣʠʯʠʝ ʦʪ ʫʩʣʦʚʠʡ ʭʨʘʥʝʥʠʷ ʚ ʚʦʟʜʫʰʥʦ-ʚʣʘʞʥʦʡ 

ʩʨʝʜʝ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʭ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʜʠʥʘʤʠʢʠ 

ʨʦʩʪʘ ʨʘʩʯʝʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ Rʩʞ,, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʛʨʘʬʝ 7,  ʪʘʙʣʠʮ 1, 2, 3, 4, 5, ʘ 

ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʨʘʬʠʢʦʚ ʟʘʚʠʩʠʤʦʩʪʠ Rʩʞ.= f(%), ʧʨʠ ʚʦʜʥʦʤ ʭʨʘʥʝʥʠʠ 

ʦʙʨʘʟʮʦʚ-ʮʠʣʠʥʜʨʦʚ, ʧʨʠ ʚʩʝʭ ʜʦʟʠʨʦʚʢʘʭ ʮʝʤʝʥʪʘ, ʚʢʣʶʯʘʷ: 10%, 30%, 50%, 70%, 

90%, ʥʝʠʟʤʝʥʥʦ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʥʦʨʤʘʣʴʥʳʤ 

ʧʨʦʮʝʩʩʦʤ ʧʨʦʭʦʞʜʝʥʠʷ ʨʝʘʢʮʠʡ ʛʠʜʨʦʣʠʟʘ ʠ ʛʠʜʨʘʪʘʮʠʠ ʚ ʛʨʫʥʪʦʮʝʤʝʥʪʥʳʭ ʦʙʨʘʟʮʘʭ-

ʮʠʣʠʥʜʨʘʭ ʩ ʜʦʩʪʘʪʦʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʚʦʙʦʜʥʦʡ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʚʣʘʞʥʦʩʪʠ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʛʨʫʥʪʦʮʝʤʝʥʪʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʚ 

ʚʦʜʦʥʘʩʳʱʝʥʥʳʭ ʛʨʫʥʪʘʭ, ʧʨʠ ʧʦʤʦʱʠ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚʢʣʶʯʘʷ, ʩʪʨʫʡʥʫʶ 

ʛʝʦʪʝʭʥʦʣʦʛʠʶ (ʮʝʤʝʥʪʘʮʠʶ) [2, 3] ʠʣʠ ʙʫʨʦʩʤʝʩʠʪʝʣʴʥʳʡ ʤʝʪʦʜ ʧʝʨʝʤʝʰʠʚʘʥʠʷ [8], ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʤʦʛʫʪ 

ʠʟʛʦʪʘʚʣʠʚʘʪʴʩʷ ʧʨʠ ʣʶʙʦʤ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʦʤ ʜʦʟʠʨʦʚʘʥʠʠ ʮʝʤʝʥʪʘ ʠ 

ʪʨʝʙʫʝʤʦʡ ʧʨʦʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ.   
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ɸʥʥʦʪʘʮʠʷ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʦʪʙʦʨʘ ʢʘʥʜʠʜʘʪʦʚ ʥʘ ʜʦʣʞʥʦʩʪʴ ʤʝʥʝʜʞʝʨʘ ʚ 

ʩʪʨʦʠʪʝʣʴʥʫʶ ʢʦʤʧʘʥʠʶ. ʉ ʢʘʥʜʠʜʘʪʦʤ ʧʨʦʚʦʜʠʪʩʷ ʩʦʙʝʩʝʜʦʚʘʥʠʝ. ɼʝʣʦʚʳʝ ʠ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʢʘʯʝʩʪʚʘ ʢʘʥʜʠʜʘʪʦʚ ʦʮʝʥʠʚʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʘʥʢʝʪʠʨʦʚʘʥʠʷ ʠ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʦ ʜʝʩʷʪʠʙʘʣʣʴʥʦʡ ʰʢʘʣʝ. ʈʘʟʨʘʙʦʪʘʥʘ ʘʥʢʝʪʘ ʣʠʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʢʘʥʜʠʜʘʪʘ ʠ ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʠʭ ʦʮʝʥʢʠ ʥʘ ʦʩʥʦʚʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. 

ʇʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʧʨʠʩʚʦʝʥʠʷ ʚʝʩʦʚ ʟʥʘʯʠʤʦʩʪʠ ʣʠʯʥʦʩʪʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʢʘʥʜʠʜʘʪʦʚ, ʯʝʤ ʮʝʥʥʝʝ ʢʘʯʝʩʪʚʦ ʣʠʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʝʤ ʙʦʣʴʰʝ ʠʭ ʟʥʘʯʠʤʦʩʪʴ. 

ʇʨʠʩʚʦʝʥʠʝ ʚʝʩʦʚ ʟʥʘʯʠʤʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʵʢʩʧʝʨʪʥʳʭ 

ʤʝʪʦʜʦʚ, ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʠʝʨʘʨʭʠʡ. ɸʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ 

ʚʝʩʦʚ ʟʥʘʯʠʤʦʩʪʠ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʧʦʩʪʨʦʝʥʠʷ ʢʚʘʜʨʘʪʠʯʥʦʡ ʤʘʪʨʠʮʳ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʨʝʜʥʝʡ. 

ɺʳʙʦʨ ʢʘʥʜʠʜʘʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʫʯʝʪʦʤ ʚʝʩʦʚʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʣʠʯʥʦʩʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʯʠʩʣʘ ʙʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʦʥ ʧʦʣʫʯʠʣ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ 

ʩʦʙʝʩʝʜʦʚʘʥʠʷ.  ʇʨʦʚʝʨʢʘ ʧʨʘʚʠʣʴʥʦʩʪʠ ʚʳʙʦʨʘ ʢʦʤʧʘʥʠʝʡ ʢʘʥʜʠʜʘʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʦʨʠʠ ʠʛʨ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʠʥʬʦʨʤʘʮʠʝʡ ʜʣʷ 

ʚʟʚʝʰʝʥʥʦʛʦ ʦʪʙʦʨʘ ʢʘʥʜʠʜʘʪʦʚ ʥʘ ʜʦʣʞʥʦʩʪʴ ʤʝʥʝʜʞʝʨʘ ʚ ʣʶʙʫʶ ʢʦʤʧʘʥʠʶ, ʘ ʪʘʢʞʝ 

ʦʨʛʘʥʠʟʘʮʠʠ ʟʘʤʝʱʝʥʠʷ ʚʘʢʘʥʪʥʳʭ ʜʦʣʞʥʦʩʪʝʡ ʚʥʫʪʨʠ ʩʘʤʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʧʨʘʚʣʝʥʠʝ, ʤʝʪʦʜʠʢʘ, ʦʪʙʦʨ ʢʘʥʜʠʜʘʪʦʚ, ʜʦʣʞʥʦʩʪʴ, 

ʪʝʩʪʠʨʦʚʘʥʠʝ 

 

Abstract 

The task of selecting candidates for the position of manager in a construction company is 

considered. An interview is conducted with the candidate. Business and professional qualities of 

candidates are evaluated on the basis of questioning and testing on a ten-point scale. A 

questionnaire of personal characteristics of the candidate was developed and a method of their 

evaluation based on testing was suggested and independently. The method of assigning scales of 

importance to the personal characteristics of candidates is suggested, the more valuable the 

quality of personal characteristics, the more their significance. Assigning weights of significance 

is carried out on the basis of the application of expert methods, one of which is the method of 

analyzing hierarchies. The algorithm for determining weights of significance is carried out by 

constructing a quadratic matrix. The definition of eigenvectors is based on the geometric mean. 

The choice of the candidate is made taking into account the weight coefficient of personal 
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characteristics and the number of points that he received as a result of testing and interview. 

Verification of the company's choice of the candidate is carried out using the theory of games. 

The results of the research can serve as information for the weighted selection of candidates for 

the position of manager in any company, as well as the organization of filling vacancies within 

the enterprise itself. 

Keywords: management, methodology, selection of candidates, position, testing 

 

ɺʚʝʜʝʥʠʝ. ʄʥʦʛʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʩʦʨʝʚʥʫʶʪʩʷ ʚ ʧʨʠʚʣʝʯʝʥʠʠ ʚ ʩʚʦʶ ʢʦʤʧʘʥʠʶ 

ʣʫʯʰʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʩʚʦʝʡ ʦʙʣʘʩʪʠ. ʂʦʤʧʘʥʠʠ ʧʨʠ ʵʪʦʤ ʚʢʣʘʜʳʚʘʶʪ ʦʛʨʦʤʥʳʝ ʩʫʤʤʳ 

ʜʝʥʝʛ ʠ ʜʨʫʛʠʝ ʨʝʩʫʨʩʳ ʥʘ ʨʝʢʣʘʤʫ ʜʣʷ ʠʭ ʧʨʠʚʣʝʯʝʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʫʢʦʚʦʜʠʪʝʣʠ 

ʤʥʦʛʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦʥʠʤʘʶʪ, ʯʪʦ ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʚʘʞʥʳʭ ʨʝʩʫʨʩʦʚ ʦʨʛʘʥʠʟʘʮʠʠ, ʵʪʦ 

ʯʝʣʦʚʝʯʝʩʢʠʝ ʨʝʩʫʨʩʳ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʢʦʛʜʘ ʜʦʭʦʜʠʪ ʜʝʣʦ ʜʦ ʬʘʢʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʪʦʛʦ, ʢʘʢʠʝ ʨʘʙʦʪʳ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ ʢʘʥʜʠʜʘʪʳ, ʝʜʠʥʦʡ ʤʝʪʦʜʠʢʠ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʠ 

ʤʥʦʛʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʜʭʦʜʷʪ ʢ ʪʘʢʦʤʫ ʚʘʞʥʦʤʫ ʚʦʧʨʦʩʫ ʙʝʟ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ. ʕʪʦ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʝʨʴʝʟʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʪʘʣʘʥʪʣʠʚʳʤʠ 

ʢʘʜʨʘʤʠ. 

ʆʪʢʣʦʥʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʤʥʦʛʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʥʝ ʠʩʧʦʣʴʟʫʶʪ ʥʘʫʯʥʦ 

ʦʙʦʩʥʦʚʘʥʥʳʭ ʠ ʧʨʦʚʝʨʝʥʥʳʭ ʤʝʪʦʜʠʢ ʧʦ ʚʳʙʦʨʫ ʥʘʠʙʦʣʝʝ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʦʚ, ʘ 

ʵʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʝʜʝʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ ʠ ʩʥʠʞʝʥʠʶ 

ʢʦʥʢʫʨʝʥʪʥʦʩʪʠ, ʠ ʬʠʥʘʥʩʦʚʳʤ ʧʦʪʝʨʷʤ. 

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢʠ ʧʦ ʦʪʙʦʨʫ ʩʧʝʮʠʘʣʠʩʪʦʚ ʥʘ ʚʘʢʘʥʪʥʳʝ 

ʜʦʣʞʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʬʬʝʢʪʠʚʥʳʭ ʦʮʝʥʦʢ ʦ ʠʭ ʚʳʙʦʨʝ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ 

ʨʫʢʦʚʦʜʠʪʝʣʝʤ. 

ʇʨʠʚʣʝʯʝʥʠʝ ʠ ʥʘʙʦʨ ʣʫʯʰʠʭ ʩʦʪʨʫʜʥʠʢʦʚ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʫʩʧʝʭʘ 

ʢʦʤʧʘʥʠʠ ʥʘ ʨʳʥʢʝ ʪʨʫʜʘ ʚ ʮʝʣʦʤ. 

ʄʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʫʪʚʝʨʞʜʘʣʠ, ʝʩʣʠ ʧʦʩʪʘʚʠʪʴ ʨʘʙʦʪʥʠʢʘ ʥʘ ʜʦʣʞʥʦʩʪʴ, ʚ 

ʢʦʪʦʨʦʡ ʦʥ ʥʠʯʝʛʦ ʥʝ ʩʤʳʩʣʠʪ, ʵʪʦ ʤʦʞʝʪ ʧʨʠʥʝʩʪʠ ʢʦʤʧʘʥʠʶ ʢ ʩʥʠʞʝʥʠʶ ʝʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ, ʬʠʥʘʥʩʦʚʳʤ ʧʦʪʝʨʷʤ ʠ ʧʣʦʭʦʤʫ 

ʤʦʨʘʣʴʥʦʤʫ ʜʫʭʫ ʢʦʤʧʘʥʠʠ [1].  

ʅʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʚ ʩʚʦʠʭ ʨʘʙʦʪʘʭ [2], ʧʨʝʜʣʘʛʘʶʪ ʢʘʥʜʠʜʘʪʘʤ ʥʘ 

ʜʦʣʞʥʦʩʪʴ ʤʝʥʝʜʞʝʨʘ ʦʮʝʥʠʚʘʪʴ ʩʝʙʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʠ ʚʳʩʪʘʚʣʷʪʴ ʙʘʣʣʳ ʧʨʠ ʦʮʝʥʢʝ 

ʣʠʯʥʦʩʪʥʳʭ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʘʯʝʩʪʚ ʢʘʥʜʠʜʘʪʦʚ, ʯʪʦ ʥʝ ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ, ʦʧʨʘʚʜʘʥʦ, 

ʧʦʪʦʤʫ ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʢʘʥʜʠʜʘʪʳ ʤʦʛʫʪ ʩʝʙʷ ʧʝʨʝʦʮʝʥʠʚʘʪʴ, ʘ ʥʝʢʦʪʦʨʳʝ ʥʝʜʦʦʮʝʥʠʚʘʪʴ. 

ɺ ʨʘʙʦʪʝ ʙʫʜʝʪ ʧʨʝʜʣʘʛʘʪʴʩʷ ʩʘʤʦʦʮʝʥʢʘ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʢʘʥʜʠʜʘʪʦʚ, ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʣʠʯʥʦʩʪʥʳʭ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʘʯʝʩʪʚ ʢʘʥʜʠʜʘʪʦʚ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ.  ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʙʣʝʤʘ ʦʪʙʦʨʘ ʢʘʥʜʠʜʘʪʦʚ ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʫʶ ʜʦʣʞʥʦʩʪʴ, ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʭ ʟʘʜʘʯ ʚ ʪʝʦʨʠʠ ʠ ʧʨʘʢʪʠʢʝ 

ʵʢʩʧʝʨʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʈʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʫ ʦʪʙʦʨʘ ʢʘʥʜʠʜʘʪʦʚ ʥʘ ʜʦʣʞʥʦʩʪʴ 

ʤʝʥʝʜʞʝʨʘ ʚ ʩʪʨʦʠʪʝʣʴʥʫʶ ʢʦʤʧʘʥʠʶ. ɼʣʷ ʦʪʙʦʨʘ ʢʘʥʜʠʜʘʪʦʚ ʥʘ ʜʦʣʞʥʦʩʪʴ ʤʝʥʝʜʞʝʨʘ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ ʨʝʟʶʤʝ ʦʪ ʢʘʥʜʠʜʘʪʘ, ʧʨʦʚʝʩʪʠ ʩʦʙʝʩʝʜʦʚʘʥʠʝ ʩ ʢʘʥʜʠʜʘʪʦʤ ʠ 

ʦʩʫʱʝʩʪʚʠʪʴ ʘʥʢʝʪʠʨʦʚʘʥʠʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʈʝʟʶʤʝ ʜʦʣʞʥʦ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ: ʦʙʱʫʶ ʠʥʬʦʨʤʘʮʠʶ 

ʦ ʢʘʥʜʠʜʘʪʝ; ʩʝʤʝʡʥʦʝ ʧʦʣʦʞʝʥʠʝ; ʦʙʨʘʟʦʚʘʥʠʝ; ʩʪʘʞ ʠ ʦʧʳʪ ʨʘʙʦʪʳ ʢʘʥʜʠʜʘʪʘ ʚ 

ʜʦʣʞʥʦʩʪʠ.  

ʉʦʙʝʩʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪ ʨʫʢʦʚʦʜʩʪʚʦ ʩ ʢʘʥʜʠʜʘʪʦʤ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʢʘʥʜʠʜʘʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʠʪʴ ʠʭ 

ʘʥʢʝʪʠʨʦʚʘʥʠʝ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ.  ɺʦʧʨʦʩʳ ʚ ʘʥʢʝʪʫ ʜʦʙʘʚʣʷʝʪ ʨʫʢʦʚʦʜʩʪʚʦ, ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʜʝʣʦʚʳʭ ʢʘʯʝʩʪʚ ʢʘʥʜʠʜʘʪʦʚ ʠ ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ ʧʨʝʪʝʥʜʝʥʪʦʚ ʥʘ ʟʘʥʠʤʘʝʤʫʶ ʜʦʣʞʥʦʩʪʴ. 

ʇʨʠ ʘʥʢʝʪʠʨʦʚʘʥʠʠ ʢʘʥʜʠʜʘʪʦʚ ʤʦʞʥʦ ʨʘʟʜʘʪʴ ʢʘʥʜʠʜʘʪʘʤ ʩʧʠʩʦʢ ʩ ʣʠʯʥʦʩʪʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʚʢʣʶʯʘʶʱʠʡ: , ïʢʦʤʧʝʪʝʥʪʥʦʩʪʴ ʚ ʦʙʣʘʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ; , ï 

ʛʦʪʦʚʥʦʩʪʴ ʙʨʘʪʴ ʥʘ ʩʝʙʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ; , ï ʢʦʤʤʫʥʠʢʘʙʝʣʴʥʦʩʪʴ; , ï ʩʧʦʩʦʙʥʦʩʪʴ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 59 ð   

 

ʨʫʢʦʚʦʜʠʪʴ ʢʦʣʣʝʢʪʠʚʦʤ; , ï ʩʧʦʩʦʙʥʦʩʪʴ ʣʦʛʠʯʝʩʢʠ ʤʳʩʣʠʪʴ; , ï ʚʝʞʣʠʚʦʩʪʴ ʠ 

ʜʝʣʠʢʘʪʥʦʩʪʴ; , ï ʮʝʣʝʫʩʪʨʝʤʣʝʥʥʦʩʪʴ ʠ ʫʧʦʨʩʪʚʦ ʚ ʨʘʙʦʪʝ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ; , ï ʘʢʢʫʨʘʪʥʦʩʪʴ: , ï ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʲʝʢʪʠʚʥʦ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ. 

ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʧʨʠ ʟʘʧʦʣʥʝʥʠʠ ʘʥʢʝʪʳ ʥʘ ʚʘʢʘʥʪʥʫʶ ʜʦʣʞʥʦʩʪʴ ʤʝʥʝʜʞʝʨʘ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʢʦʤʧʘʥʠʠ, ʧʨʝʪʝʥʜʝʥʪʫ ʧʨʝʜʣʘʛʘʝʪʩʷ ʟʘʧʦʣʥʠʪʴ ʘʥʢʝʪʫ ʦʮʝʥʢʠ ʩʚʦʠʭ 

ʣʠʯʥʦʩʪʥʳʭ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʘʯʝʩʪʚ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʦʮʝʥʠʪʴ ʩʝʙʷ ʧʦ 

ʜʝʩʷʪʠʙʘʣʣʴʥʦʡ ʰʢʘʣʝ ʦʪ 0 ʜʦ 9 (ʪʘʙʣ. 1). 

ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʤʝʥʝʜʞʝʨ ʩʜʘʝʪ ʪʝʩʪʳ ʠ ʝʛʦ ʦʮʝʥʠʚʘʶʪ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʜʝʣʦʚʳʭ ʠ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʘʯʝʩʪʚ ʧʦ ʪʦʡ ʞʝ ʜʝʩʷʪʠʙʘʣʣʴʥʦʡ ʰʢʘʣʝ.   

ʊʘʙʣʠʮʘ 1 

ɸʥʢʝʪʘ ʦʮʝʥʢʠ ʣʠʯʥʦʩʪʥʳʭ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʘʯʝʩʪʚ ʢʘʥʜʠʜʘʪʘ ʥʘ ʜʦʣʞʥʦʩʪʴ 

ʤʝʥʝʜʞʝʨʘ ʩʪʨʦʠʪʝʣʴʥʦʡ ʢʦʤʧʘʥʠʠ 
ˉ 

ʭʘʨʘʢʪʝʨʠʩʪ

ʠʢʠ 

ʃʠʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʉʧʦʩʦʙ ʦʮʝʥʢʠ 

, ʂʦʤʧʝʪʝʥʪʥʦʩʪʴ ʚ ʦʙʣʘʩʪʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʪʝʩʪ 

, ɻʦʪʦʚʥʦʩʪʴ ʙʨʘʪʴ ʥʘ ʩʝʙʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʪʝʩʪ 

, ʂʦʤʤʫʥʠʢʘʙʝʣʴʥʦʩʪʴ ʪʝʩʪ 

, ʉʧʦʩʦʙʥʦʩʪʴ ʨʫʢʦʚʦʜʠʪʴ ʢʦʣʣʝʢʪʠʚʦʤ ʪʝʩʪ 

, ʉʧʦʩʦʙʥʦʩʪʴ ʣʦʛʠʯʝʩʢʠ ʤʳʩʣʠʪʴ ʪʝʩʪ 

, ɺʝʞʣʠʚʦʩʪʴ ʠ ʜʝʣʠʢʘʪʥʦʩʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 

, 
ʎʝʣʝʫʩʪʨʝʤʣʝʥʥʦʩʪʴ ʠ ʫʧʦʨʩʪʚʦ ʚ ʨʘʙʦʪʝ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ 
ʠʩʧʳʪʘʪʝʣʴʥʳʡ ʩʨʦʢ 

, ɸʢʢʫʨʘʪʥʦʩʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 

, ʉʧʦʩʦʙʥʦʩʪʴ ʦʙʲʝʢʪʠʚʥʦ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 

 

ʆʮʝʥʢʠ ʧʦʣʫʯʝʥʥʳʝ ʢʘʞʜʳʤ ʠʟ ʧʨʝʪʝʥʜʝʥʪʦʚ ʥʘ ʜʦʣʞʥʦʩʪʴ ʤʝʥʝʜʞʝʨʘ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʢʦʤʧʘʥʠʠ ʤʦʛʫʪ ʙʳʪʴ ʥʝʨʘʚʥʦʮʝʥʥʦ ʟʥʘʯʠʤʳ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ 

ʢʘʥʜʠʜʘʪʘʤ ʚʳʩʪʘʚʣʷʪʴ ʚʟʚʝʰʝʥʥʳʝ ʦʮʝʥʢʠ. ʅʝʦʙʭʦʜʠʤʦ ʢʘʞʜʦʤʫ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ 

ʢʘʯʝʩʪʚ ʧʨʠʩʚʦʠʪʴ ʚʝʩ ʟʥʘʯʠʤʦʩʪʠ, ʯʝʤ ʮʝʥʥʝʝ ʢʘʯʝʩʪʚʦ ʣʠʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʝʤ 

ʙʦʣʴʰʝ ʠʭ ʚʝʩ. ɺʝʩ ʟʥʘʯʠʤʦʩʪʠ ʤʦʞʥʦ ʧʨʠʩʚʦʠʪʴ, ʧʨʠʤʝʥʷʷ ʵʢʩʧʝʨʪʥʳʝ ʤʝʪʦʜʳ, ʦʜʥʠʤ ʠʟ 

ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʠʝʨʘʨʭʠʡ [3]. 

ʈʘʩʩʤʦʪʨʠʤ ʤʝʪʦʜ ʧʨʠʩʚʦʝʥʠʷ ʚʝʩʦʚ ʟʥʘʯʠʤʦʩʪʠ ʜʣʷ ʢʘʞʜʦʡ ʣʠʯʥʦʩʪʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ɸʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʩʦʚ ʟʥʘʯʠʤʦʩʪʠ Wi ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʧʦʩʪʨʦʝʥʠʷ 

ʢʚʘʜʨʘʪʠʯʥʦʡ ʤʘʪʨʠʮʳ ʠ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʫʞʜʝʥʠʡ ʵʢʩʧʝʨʪʘ. 

ʂʚʘʜʨʘʪʠʯʥʘʷ ʤʘʪʨʠʮʘ ʧʘʨʥʳʭ ʩʨʘʚʥʝʥʠʡ ʟʘʧʦʣʥʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʧʨʘʚʠʣʫ [4] 

(ʪʘʙʣ. 2). 

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚ ʨʘʙʦʪʝ [5] ʤʘʪʨʠʮʘ ʧʘʨʥʳʭ ʩʨʘʚʥʝʥʠʡ ʠʤʝʝʪ ʩʚʦʡʩʪʚʦ 

ʦʙʨʘʪʥʦʡ ʩʠʤʤʝʪʨʠʠ: 

Á ρȾÁ,                                                           (1) 

ʛʜʝ  Á ï ʵʢʩʧʝʨʪʥʳʝ ʦʮʝʥʢʠ ʵʣʝʤʝʥʪʦʚ ,  ʠ , ʩʪʨʦʢʠ ʠ ʩʪʦʣʙʮʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʊʘʙʣʠʮʘ 2 

ʄʘʪʨʠʮʘ ʧʘʨʥʳʭ ʩʨʘʚʥʝʥʠʡ 
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ð 60 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʕʢʩʧʝʨʪʥʳʝ ʦʮʝʥʢʠ ʧʘʨʥʳʭ ʩʨʘʚʥʝʥʠʡ ʧʨʦʚʦʜʷʪʩʷ ʚ ʪʝʨʤʠʥʘʭ ʜʦʤʠʥʠʨʦʚʘʥʠʷ 

ʦʜʥʦʛʦ ʠʟ ʵʣʝʤʝʥʪʦʚ ʥʘʜ ʜʨʫʛʠʤ Á
ᴧ

ᴧ
. ɺʦʧʨʦʩʳ, ʟʘʜʘʚʘʝʤʳʝ ʵʢʩʧʝʨʪʘʤʠ, ʧʦʧʘʜʘʶʪ ʚ 

ʦʜʥʫ ʠʟ ʪʨʝʭ ʢʘʪʝʛʦʨʠʡ: ʢʘʢʦʡ ʠʟ ʵʣʝʤʝʥʪʦʚ ʚʘʞʥʝʝ ʠʣʠ ʠʤʝʝʪ ʙʦʣʴʰʝʝ ʚʦʟʜʝʡʩʪʚʠʝ; ʢʘʢʦʡ 

ʠʟ ʵʣʝʤʝʥʪʦʚ ʙʦʣʝʝ ʚʝʨʦʷʪʝʥ; ʢʘʢʦʡ ʠʟ ʵʣʝʤʝʥʪʦʚ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ. ʈʝʟʫʣʴʪʘʪʳ 

ʩʨʘʚʥʝʥʠʡ ʚʳʨʘʞʘʶʪʩʷ ʚ ʮʝʣʳʭ ʯʠʩʣʘʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʰʢʘʣʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʚʘʞʥʦʩʪʠ (ʪʘʙʣ.3). 

ʊʘʙʣʠʮʘ 3 

ʐʢʘʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʘʞʥʦʩʪʠ 
˕̝̎̓̆̎̒̉̃̎̏̒̓ ̝̏̓̎̏̒̉̓̆̌̎̏̊ ̃́̇̎̏̒̓̉ ˛̐̑̆̅̆̌̆̎̉̆ 

1 ˝̠́̃̎́ ̝̃́̇̎̏̒̓ 

3 ˠ̍̆̑̆̎̎̏̆ ̖̐̑̆̃̏̒̏̅̒̓̃̏ ̏̅̎̏̄̏ ̎́̅ ̅̑̔̄̉̍ 

5 ˞̔̆̒̓̃̆̎̎̏̆̚ ̉̌̉ ̝̒̉̌̎̏̆ ̖̐̑̆̃̏̒̏̅̒̓̃̏ 

7 ˔̘̝̎́̉̓̆̌̎̏̆ ̖̐̑̆̃̏̒̏̅̒̓̃̏ 

9 ˛̘̝̆̎ ̝̒̉̌̎̏̆ ̖̐̑̆̃̏̒̏̅̒̓̃̏ 

2, 4, 6, 8 
˜̘̜̑̏̍̆̇̔̓̏̎̆ ̙̠̑̆̆̎̉ ̍̆̇̅̔ ̠̅̃̔̍ ̒̏̒̆̅̎̉̍̉ 

̠̒̔̇̅̆̎̉̍̉ 

˛̜̂̑́̓̎̆ ̘̜̃̆̌̉̉̎ ̜̖̐̑̉̃̆̅̆̎̎ ̜̙̃̆ 
̘̉̒̆̌ 

˒̒̌̉ ̐̑̉ ̒̑́̃̎̆̎̉̉ ̏̅̎̏̄̏ ̞̌̆̍̆̎̓́ ̒ ̅̑̔̄̉̍ 
̘̐̏̌̔̆̎̏ ̏̅̎̏ ̉̈ ̜̙̜̖̃̆̔̋́̈́̎̎ ̘̉̒̆̌ ̎́̐̑̉̍̆̑ȟ 
χ ȟ ̓̏ ̐̑̉ ̒̑́̃̎̆̎̉̉ ̃̓̏̑̏̄̏ ̞̌̆̍̆̎̓́ ̒ ̜̐̆̑̃̍ 

̘̐̏̌̔̉̍ ̟̏̂̑́̓̎̔ ̘̃̆̌̉̉̎̔ ̓Ȣ̆Ȣ ρȾχ 

 
ɺ ʤʘʪʨʠʮʝ (ʪʘʙʣ.2) ʩʨʘʚʥʠʚʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʘʞʥʦʩʪʴ ʣʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʩ 

ʵʣʝʤʝʥʪʘʤʠ ʥʘʚʝʨʭʫ.  ʇʦʵʪʦʤʫ ʝʩʣʠ ʵʣʝʤʝʥʪ ʩʣʝʚʘ ʜʦʤʠʥʠʨʫʝʪ ʥʘʜ ʵʣʝʤʝʥʪʦʤ ʥʘʚʝʨʭʫ, 
ʪʦ ʚ ʢʣʝʪʢʫ ʟʘʥʦʩʠʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʮʝʣʦʝ (ʦʪ 1 ʜʦ 9), ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ï ʦʙʨʘʪʥʦʝ 
ʯʠʩʣʦ (ʜʨʦʙʴ). ʉʠʤʤʝʪʨʠʯʥʳʝ ʢʣʝʪʢʠ ʤʘʪʨʠʮʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʟʘʧʦʣʥʷʶʪʩʷ ʦʙʨʘʪʥʳʤʠ 
ʚʝʣʠʯʠʥʘʤʠ.  ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʚʘʞʥʦʩʪʴ ʣʶʙʦʛʦ ʵʣʝʤʝʥʪʘ, ʩʨʘʚʥʠʚʘʝʤʦʛʦ ʩ ʩʘʤʠʤ ʩʦʙʦʡ, 
ʨʘʚʥʘ 1.   

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʯʠʩʣʠʪʴ ʦʮʝʥʢʠ ʢʦʤʧʦʥʝʥʪ ʩʦʙʩʪʚʝʥʥʦʛʦ 
ʚʝʢʪʦʨʘ ʧʦ ʩʪʨʦʢʘʤ ʪʘʙʣʠʮʳ 2. 

 ʇʨʦʮʝʜʫʨʘ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ ʩʦʩʪʦʠʪ ʠʟ ʧʝʨʝʤʥʦʞʝʥʠʷ n-
ʵʣʝʤʝʥʪʦʚ ʚ ʩʪʨʦʢʝ ʤʘʪʨʠʮʳ ʠ ʠʟʚʣʝʯʝʥʠʷ n ï ʡ ʩʪʝʧʝʥʠ ʠʟ ʧʝʨʝʤʥʦʞʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ 
(ʪ.ʝ. ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʨʝʜʥʝʡ ʧʦ ʩʪʨʦʢʘʤ ʤʘʪʨʠʮʳ). ʇʦʣʫʯʝʥʥʳʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 
ʩʪʦʣʙʝʮ ʯʠʩʝʣ ʥʦʨʤʘʣʠʟʫʝʪʩʷ ʜʝʣʝʥʠʝʤ ʢʘʞʜʦʛʦ ʯʠʩʣʘ ʥʘ ʩʫʤʤʫ ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ. 
ʅʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʩʪʦʣʙʝʮ ʯʠʩʝʣ ʠ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʚʝʢʪʦʨʦʤ ʧʨʠʦʨʠʪʝʪʦʚ.  
ʉʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʣʦʢʘʣʴʥʳʭ ʧʨʠʦʨʠʪʝʪʦʚ ʧʨʦʚʝʨʠʤ ʧʫʪʝʤ ʚʳʯʠʩʣʝʥʠʷ ʠʥʜʝʢʩʘ 
ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ (ʀʉ) ʠ ʦʪʥʦʰʝʥʠʷ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ (ʆʉ).  ɼʣʷ ʠʥʜʝʢʩʘ 
ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʠʤʝʝʤ 

˕˞
ᴧ Î

Î ρ
 

ʛʜʝ n ï ʯʠʩʣʦ ʩʨʘʚʥʠʚʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ;  

 ᴧ   ï ʥʘʠʙʦʣʴʰʝʝ ʩʦʙʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʘʪʨʠʮʳ ʩʫʞʜʝʥʠʡ.  

ʆʪʥʦʰʝʥʠʝ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʧʦʣʫʯʘʝʤ ʧʫʪʝʤ ʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʀʉ ʥʘ ʯʠʩʣʦ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʣʫʯʘʡʥʦʡ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʤʘʪʨʠʮʳ ʪʦʛʦ ʞʝ ʧʦʨʷʜʢʘ (ʪʘʙʣ.4). 

ʊʘʙʣʠʮʘ 4 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʨʘʟʤʝʨʘ ʤʘʪʨʠʮʳ ʠ ʩʨʝʜʥʝʛʦ   ʟʥʘʯʝʥʠʷ ʩʣʫʯʘʡʥʦʛʦ ʠʥʜʝʢʩʘ 
ʈʘʟʤʝʨ ʤʘʪʨʠʮʳ 1 2 3 4 5 6 7 8 9 10 

ʉʣʫʯʘʡʥʘʷ 

ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ 
0 0 0,58 0,90 1,12 1,24 1,32 1,41 1,45 1,49 

 

ɺʝʣʠʯʠʥʘ ʆʉ ʜʦʣʞʥʘ ʙʳʪʴ ʧʦʨʷʜʢʘ 10% ʠʣʠ ʤʝʥʝʝ, ʯʪʦʙʳ ʙʳʪʴ ʧʨʠʝʤʣʝʤʦʡ. ɺ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʜʦʧʫʩʢʘʝʪʩʷ 20%, ʥʦ ʥʝ ʙʦʣʝʝ. ɽʩʣʠ ʆʉ ʚʳʭʦʜʠʪ ʟʘ ʵʪʠ ʧʨʝʜʝʣʳ,  ʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʚʥʦʚʴ ʠʩʩʣʝʜʦʚʘʪʴ ʟʘʜʘʯʫ ʠ ʧʨʦʚʝʨʠʪʴ ʚʩʝ ʩʫʞʜʝʥʠʷ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʠʚʝʜʝʥʥʦʛʦ ʚʳʰʝ ʘʣʛʦʨʠʪʤʘ ʦʧʨʝʜʝʣʝʥʳ ʚʝʩʘ ʟʥʘʯʠʤʦʩʪʠ Wi 

ʣʠʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʤʦʪʨʠ ʪʘʙʣʠʮʫ 5. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 61 ð   

 

ʊʘʙʣʠʮʘ 5 

ʄʘʪʨʠʮʘ ʧʘʨʥʳʭ ʩʨʘʚʥʝʥʠʡ ʣʠʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʥʜʠʜʘʪʦʚ ʠ ʠʭ ʚʝʩʦʚʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʂʨʠʪʝʨʠʠ , , , , , , , , , 
ɺʝʢʪʦʨ 

ʢʨʠʪʝʨʠʝʚ 

ɺʝʢʪʦʨ 

ʧʨʠʦʨʠʪʝʪʦʚ 

Ñ 

, 1 5 7 3 2 9 4 8 3 3,84 0,304 

, 0,2 1 5 0,14 0,2 3 0,5 2 0,2 0,63 0,05 

, 0,1 0,2 1 0,14 0,2 2 0,3 2 0,14 0,37 0,03 

, 0,3 7 7 1 2 5 3 6 2 2,62 0,208 

, 0,5 5 5 0,5 1 3 4 7 2 2,16 0,171 

, 0,1 0,3 0,5 0,2 0,33 1 0,5 2 0,2 0,39 0,031 

, 0,2 2 3 0,33 0,25 2 1 3 0,2 0,81 0,064 

, 0,1 0,5 0,5 0,16 0,14 0,5 0,3 1 5 0,44 0,035 

, 0,3 5 7 0,5 0,5 5 5 0,2 1 1,34 0,107 

ʉʫʤʤʘ 
         

12,64 1 

 ʀʉ = 0,173; ʆʉ = 0,11; ᴧ ρπȟσψ  

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʪʘʙʣʠʮʳ 5 ʥʘʠʙʦʣʴʰʠʝ ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʥʘʙʨʘʣʠ ʣʠʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ ʚ ʦʙʣʘʩʪʠ ʩʪʨʦʠʪʝʣʴʥʳʭ 
ʪʝʭʥʦʣʦʛʠʡ ὒ=0,304; ʩʧʦʩʦʙʥʦʩʪʴ ʨʫʢʦʚʦʜʠʪʴ ʢʦʣʣʝʢʪʠʚʦʤ ὒ=0,208; ʩʧʦʩʦʙʥʦʩʪʴ 
ʣʦʛʠʯʝʩʢʠ ʤʳʩʣʠʪʴ ὒ=0,171; ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʲʝʢʪʠʚʥʦ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ὒ πȟρπχ. 

ʀʟ ʜʝʩʷʪʠ ʧʨʝʪʝʥʜʝʥʪʦʚ ʥʘ ʜʦʣʞʥʦʩʪʴ ʤʝʥʝʜʞʝʨʘ ʩʪʨʦʠʪʝʣʴʥʦʡ ʢʦʤʧʘʥʠʠ 
ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʪʦʙʨʘʥʳ ʩʝʤʴ, ʪʘʢ ʢʘʢ ʦʩʪʘʣʴʥʳʝ ʥʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʪʨʝʙʦʚʘʥʠʷʤ ʦ 
ʛʨʘʞʜʘʥʩʪʚʝ ʈʌ, ʜʦʩʪʠʞʝʥʠʶ ʚʦʟʨʘʩʪʘ 18 ʣʝʪ ʠ ʚʣʘʜʝʥʠʶ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʷʟʳʢʦʤ ʈʌ. 
ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʩʦʙʝʩʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 6. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʥʜʠʜʘʪʘ, ʥʘʙʨʘʚʰʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʘʣʣʦʚ ʩ 
ʫʯʝʪʦʤ ʚʝʩʦʚʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ, ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʙʣʠʮʫ 6 ʠ ʩʣʝʜʫʶʱʠʝ 
ʚʳʨʘʞʝʥʠʷ (2) ʠ (3): 

ὄ В ήὥ      ,                                           (2) 

                                                 ὄ άὥὼὄ    ,                                            (3) 

ʛʜʝ Ñ ï ʚʝʢʪʦʨ ʧʨʠʦʨʠʪʝʪʦʚ (ʚʝʩʘ) ʣʠʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʥʜʠʜʘʪʦʚ; Á ï ʙʘʣʣʳ, 

ʥʘʙʨʘʥʥʳʝ j ï ʤ ʢʘʥʜʠʜʘʪʦʤ ʧʦ i ï ʦʡ ʣʠʯʥʦʩʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ. 

ʊʘʙʣʠʮʘ 6 

ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʩʦʙʝʩʝʜʦʚʘʥʠʷ 

ʃʠʯʥʦʩʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ , 

ʂʦʣʠʯʝʩʪʚʦ ʙʘʣʣʦʚ, ʥʘʙʨʘʥʥʳʭ ʢʘʥʜʠʜʘʪʘʤʠ  

+ 

ɺʝʢʪʦʨ 

ʧʨʠʦʨʠʪ

ʝʪʦʚ Ñ +  +  +  +  +  +  +  

, 8 7 9 7 6 5 4 0,304 

, 7 7 8 7 6 4 3 0,05 

, 7 6 8 6 5 8 4 0,03 

, 9 6 8 6 5 7 8 0,208 

, 7 8 5 8 3 8 5 0,171 

, 6 5 5 8 5 3 4 0,031 

, 7 7 8 5 4 8 3 0,064 

, 6 7 8 5 8 9 2 0,035 

, 9 5 9 5 8 7 8 0,107 

" 7,868 6,657 7,805 6,552 5,374 6,45 5,247  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʠʨʤʘ ʦʩʪʘʥʦʚʠʪ ʩʚʦʡ ʚʳʙʦʨ ʥʘ ʢʘʥʜʠʜʘʪʝ ʩ ʥʦʤʝʨʦʤ 1, ʢʦʪʦʨʳʡ 

ʥʘʙʨʘʣ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʘʣʣʦʚ "=7,868. 



ð 62 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʇʨʦʚʝʨʠʤ ʧʨʘʚʠʣʴʥʦʩʪʴ ʥʘʰʝʛʦ ʩʫʞʜʝʥʠʷ, ʧʨʠʤʝʥʷʷ ʪʝʦʨʠʶ ʠʛʨ. ɼʣʷ ʵʪʦʛʦ 

ʩʦʩʪʘʚʠʤ ʤʘʪʨʠʮʫ ɻʝʨʤʝʡʝʨʘ, ʩ ʵʣʝʤʝʥʪʘʤʠ ÁÑ ʩʤʦʪʨʠ ʪʘʙʣʠʮʫ 7. 

ʊʘʙʣʠʮʘ 7 

ʄʘʪʨʠʮʘ ɻʝʨʤʝʡʝʨʘ 

ʃʠʯʥʦʩʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ , 

ʂʦʣʠʯʝʩʪʚʦ ʙʘʣʣʦʚ, ʥʘʙʨʘʥʥʳʭ ʢʘʥʜʠʜʘʪʘʤʠ  

+ 

+  +  +  +  +  +  +  

, 2,432 2,128 2,736 2,128 1,824 1,52 1,216 

, 0,35 0,35 0,4 0,35 0,3 0,2 0,15 

, 0,21 0,18 0,24 0,18 0,15 0,24 0,12 

, 1,872 1,248 1,664 1,248 1,04 1,456 1,664 

, 1,197 1,368 0,855 1,368 0,513 1,368 0,855 

, 0,186 0,155 0,155 0,248 0,155 0,093 0,124 

, 0,448 0,448 0,512 0,32 0,256 0,512 0,192 

, 0,21 0,245 0,28 0,175 0,28 0,315 0,07 

, 0,963 0,535 0,963 0,535 0,856 0,749 0,856 

' 0,186 0,155 0,155 0,175 0,15 0,093 0,07 

 

ʅʘʭʦʜʠʤ ʤʠʥʠʤʘʣʴʥʳʡ ʙʘʣʣ  Ὃ  ʧʦ ʚʩʝʤ ʢʘʥʜʠʜʘʪʘʤ ʧʨʠʤʝʥʷʷ ʬʦʨʤʫʣʫ (4):   

Ὃ ÍÉÎ ὥή                                    (4) 

ʅʘʠʣʫʯʰʠʡ ʢʘʥʜʠʜʘʪ ʙʫʜʝʪ ʚʳʙʠʨʘʪʴʩʷ, ʠʩʧʦʣʴʟʫʷ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ: 

Ὃ ÍÁØ ÍÉÎὥή  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʢʨʠʪʝʨʠʶ ɻʝʨʤʝʡʝʨʘ ʬʠʨʤʘ ʦʩʪʘʥʦʚʠʪ ʩʚʦʡ ʚʳʙʦʨ ʥʘ 

ʢʘʥʜʠʜʘʪʝ ʩ ʥʦʤʝʨʦʤ 1, ʛʜʝ  ' 0,186. 

ɿʘʢʣʶʯʝʥʠʝ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʠʥʬʦʨʤʘʮʠʝʡ ʜʣʷ 

ʚʟʚʝʰʝʥʥʦʛʦ ʦʪʙʦʨʘ ʢʘʥʜʠʜʘʪʦʚ ʥʘ ʜʦʣʞʥʦʩʪʴ ʤʝʥʝʜʞʝʨʘ ʚ ʣʶʙʫʶ ʢʦʤʧʘʥʠʶ, ʘ ʪʘʢʞʝ 

ʦʨʛʘʥʠʟʘʮʠʠ ʟʘʤʝʱʝʥʠʷ ʚʘʢʘʥʪʥʳʭ ʜʦʣʞʥʦʩʪʝʡ ʚʥʫʪʨʠ ʩʘʤʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ ʙʝʟʘʣʢʦʛʦʣʴʥʳʭ 

ʥʘʧʠʪʢʦʚ ʨʦʩʩʠʡʩʢʦʛʦ ʠ ʠʤʧʦʨʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʤʘʨʢʠʨʦʚʢʘ ʚ ʮʝʣʦʤ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 63 ð   

 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʘʥʘʣʦʛʠʯʥʳʝ 

ʥʘʠʤʝʥʦʚʘʥʠʷ ʧʨʦʜʫʢʮʠʠ ʨʘʟʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʥʝ ʚʩʝʛʜʘ ʠʤʝʶʪ ʩʦʧʦʩʪʘʚʠʤʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʤ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ. ʆʜʥʦʟʥʘʯʥʦ 

ʦʪʜʘʪʴ ʧʨʝʜʧʦʯʪʝʥʠʝ ʧʨʦʜʫʢʮʠʠ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʠʣʠ ʠʤʧʦʨʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʝ ʚʩʝʛʜʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʙʝʟ ʚʳʷʚʣʝʥʠʷ ʣʠʯʥʳʭ ʧʨʝʜʧʦʯʪʝʥʠʡ ʧʦʪʨʝʙʠʪʝʣʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʝʟʘʣʢʦʛʦʣʴʥʳʝ ʛʘʟʠʨʦʚʘʥʥʳʝ ʥʘʧʠʪʢʠ, ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ, 

ʤʘʨʢʠʨʦʚʢʘ, ʙʘʣʣʴʥʘʷ ʦʮʝʥʢʘ, ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ  

 

Abstract 

This article presents the results of a study of the quality of non-alcoholic carbonated 

drinks of Russian and imported. It is determined that the labeling in general meets the 

requirements of regulatory documents. Similar product names do not always have comparable 

characteristics for organoleptic and physico-chemical parameters. It is not always possible to 

clearly give preference to domestic or imported products without identifying the personal 

preferences of the consumer.  

Keywords: non-alcoholic carbonated drinks, quality assessment, labeling, scoring, 

organoleptic characteristics, physico-chemical indicators 

 

ʉʪʘʪʠʩʪʠʢʘ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʦʪʦʙʨʘʞʘʝʪ ʩʪʘʙʠʣʴʥʳʡ ʨʦʩʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʧʦʪʨʝʙʣʝʥʠʷ ʙʝʟʘʣʢʦʛʦʣʴʥʳʭ ʥʘʧʠʪʢʦʚ ʚʦ ʚʩʝʤ ʤʠʨʝ. ʈʦʩʩʠʡʩʢʠʡ ʨʳʥʦʢ ʙʝʟʘʣʢʦʛʦʣʴʥʳʭ 

ʥʘʧʠʪʢʦʚ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʰʠʨʦʢʠʡ ʘʩʩʦʨʪʠʤʝʥʪ ʢʘʢ ʦʪʝʯʝʩʪʚʝʥʥʦʡ, ʪʘʢ ʠ ʠʤʧʦʨʪʥʦʡ 

ʧʨʦʜʫʢʮʠʠ [1].  

ʈʳʥʦʢ ʤʠʥʝʨʘʣʴʥʦʡ ʚʦʜʳ ʙʝʟ ʧʦʜʩʣʘʩʪʠʪʝʣʝʡ ʚ ʙʦʣʴʰʝʡ ʤʝʨʝ ʬʦʨʤʠʨʫʝʪʩʷ 

ʦʪʝʯʝʩʪʚʝʥʥʳʤ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ. ʈʦʩʩʠʡʩʢʠʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʪʘʢʞʝ ʚʳʧʫʩʢʘʝʪʩʷ ʚʝʩʴ 

ʘʩʩʦʨʪʠʤʝʥʪ ʢʣʘʩʩʠʯʝʩʢʠʭ ʙʝʟʘʣʢʦʛʦʣʴʥʳʭ ʥʘʧʠʪʢʦʚ. ʉʧʨʦʩ ʥʘ ʜʘʥʥʳʡ ʚʠʜ ʧʨʦʜʫʢʮʠʠ 

ʨʘʩʪʝʪ, ʯʪʦ ʚʝʜʝʪ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʨʝʮʝʧʪʫʨ [2,3,4,5,6] ʠ ʢ ʫʚʝʣʠʯʝʥʠʶ ʦʙʲʝʤʘ ʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫ ʥʘʩʝʣʝʥʠʷ ʩʨʝʜʠ ʛʘʟʠʨʦʚʘʥʥʳʭ ʙʝʟʘʣʢʦʛʦʣʴʥʳʭ 

ʥʘʧʠʪʢʦʚ ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʧʦʣʴʟʫʝʪʩʷ ʧʨʦʜʫʢʮʠʷ, ʩʦʜʝʨʞʘʱʘʷ ʠʥʛʨʝʜʠʝʥʪʳ, ʦʙʣʘʜʘʶʱʠʝ 

ʪʦʥʠʟʠʨʫʶʱʠʤ, ʩʪʠʤʫʣʠʨʫʶʱʠʤ ʫʤʩʪʚʝʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʤ ʠ 

ʫʩʧʦʢʘʠʚʘʶʱʠʤ ʜʝʡʩʪʚʠʝʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. 

ɼʦʣʷ ʠʤʧʦʨʪʥʦʡ ʧʨʦʜʫʢʮʠʠ ʩʦʩʪʘʚʣʷʝʪ ʯʫʪʴ ʙʦʣʝʝ 31% ʧʨʝʜʣʦʞʝʥʠʷ ʥʘ 

ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ ʠ ʚ ʙʦʣʴʰʦʡ ʯʘʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʩʝʛʤʝʥʪʝ ʩʣʘʜʢʠʭ ʙʝʟʘʣʢʦʛʦʣʴʥʳʭ 

ʥʘʧʠʪʢʦʚ. ʇʨʠ ʵʪʦʤ ʢʘʯʝʩʪʚʦ ʠʤʧʦʨʪʥʳʭ ʛʘʟʠʨʦʚʘʥʥʳʭ ʥʘʧʠʪʢʦʚ ʥʝ ʚʩʝʛʜʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʪʨʝʙʦʚʘʥʠʷʤ ʨʦʩʩʠʡʩʢʠʭ ʩʪʘʥʜʘʨʪʦʚ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚʳʙʨʘʥʥʦʡ ʪʝʤʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʘʩʴ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʙʝʟʘʣʢʦʛʦʣʴʥʳʭ ʥʘʧʠʪʢʦʚ ʨʦʩʩʠʡʩʢʦʛʦ ʠ ʠʤʧʦʨʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʠʜʝʥʪʠʯʥʳʝ ʧʦ ʟʘʷʚʣʝʥʥʳʤ ʚʢʫʩʦʚʳʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʦʙʨʘʟʮʳ ʛʘʟʠʨʦʚʘʥʥʳʭ ʥʘʧʠʪʢʦʚ: ˉ 1 - çʃʘʡʤ ʤʷʪʘè (ʆʆʆ çɸʩʢʘʥʠʷ, 

ʈʦʩʩʠʷ, ʇʨʠʤʦʨʩʢʠʡ ʢʨʘʡ), ˉ 2 - çCiderè (OKF Corporation, ʖʞʥʘʷ ʂʦʨʝʷ), ˉ 3 - 

çʄʠʣʢʠʩè (Lotte Chilsung Beverage Co., Ltd, ʖʞʥʘʷ ʂʦʨʝʷ), ˉ 4 - çʄʠʣʢʠ ɸʧè (ʆʆʆ 

çʀʩʪʦʯʥʠʢè, ʈʦʩʩʠʷ, ʇʨʠʤʦʨʩʢʠʡ ʢʨʘʡ), ˉ 5 - çɻʨʵʡʧè (ʆʆʆ çʇʠʚʟʘʚʦʜ ɺʀʂɹʀʈè, 

ʈʦʩʩʠʷ, ʇʨʠʤʦʨʩʢʠʡ ʢʨʘʡ) ʠ ˉ 6 - çSANGARIA GRAPEè (Japan Sangaria Beverage, 

ʗʧʦʥʠʷ). 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʧʦ ʦʙʱʝʧʨʠʥʷʪʳʤ ʤʝʪʦʜʠʢʘʤ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʤʘʨʢʠʨʦʚʢʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ. ʅʘ ʚʩʝʭ ʦʙʨʘʟʮʘʭ 

ʫʢʘʟʘʥʦ ʥʘʠʤʝʥʦʚʘʥʠʝ ʧʨʦʜʫʢʪʘ, ʩʦʩʪʘʚ, ʢʦʣʠʯʝʩʪʚʦ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʘʜʨʝʩ 

ʠʟʛʦʪʦʚʠʪʝʣʷ. ʃʠʰʴ ʥʘ ʦʜʥʦʤ ʠʟ ʦʙʨʘʟʮʦʚ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʚʝʜʝʥʠʷ ʦ ʥʘʣʠʯʠʝ ɻʄʆ. 

ʉʦʛʣʘʩʥʦ ʊʈ ʊʉ 022/2011 ʤʘʨʢʠʨʦʚʢʘ ʜʦʣʞʥʘ ʩʦʜʝʨʞʘʪʴ ʩʚʝʜʝʥʠʷ ʦ ʥʘʣʠʯʠʝ ɻʄʆ ʧʨʠ 

ʫʩʣʦʚʠʠ, ʯʪʦ ʚ ʩʦʩʪʘʚ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʮʠʠ ʚʭʦʜʷʪ ʢʦʤʧʦʥʝʥʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʛʝʥʥʦ-ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʪ.ʝ. ʝʛʦ ʦʪʩʫʪʩʪʚʠʝ ʥʝ ʷʚʣʷʝʪʩʷ 



ð 64 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʥʘʨʫʰʝʥʠʝʤ. ʊʘʢʞʝ ʥʘ ʚʩʝʭ ʦʙʨʘʟʮʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʝʜʠʥʳʡ ʟʥʘʢ ʦʙʨʘʱʝʥʠʷ ʧʨʦʜʫʢʮʠʠ ʥʘ 

ʨʳʥʢʝ ʛʦʩʫʜʘʨʩʪʚ ï ʯʣʝʥʦʚ ʊʘʤʦʞʝʥʥʦʛʦ ʩʦʶʟʘ. ʅʘ ʚʩʝʭ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʦʙʨʘʟʮʘʭ 

ʫʢʘʟʘʥʳ ʜʘʪʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʩʨʦʢʠ ʛʦʜʥʦʩʪʠ, ʢʨʦʤʝ ʥʘʧʠʪʢʘ Cider (çOKF Corporationè, 

ʖʞʥʘʷ ʂʦʨʝʷ).  

ʄʘʨʢʠʨʦʚʢʘ ʦʙʨʘʟʮʦʚ ˉ 1-4, 6 ʥʘʥʝʩʝʥʘ ʥʘ ʵʪʠʢʝʪʢʫ ʥʘ ʨʫʩʩʢʦʤ ʷʟʳʢʝ, ʣʝʛʢʦ ʠ 

ʯʝʪʢʦ ʯʠʪʘʝʪʩʷ. ʄʘʨʢʠʨʦʚʢʘ ʦʙʨʘʟʮʘ ˉ 5 ʷʚʣʷʝʪʩʷ ʪʨʫʜʥʦʜʦʩʪʫʧʥʦʡ ʪ.ʢ. ʪʝʢʩʪ ʤʘʨʢʠʨʦʚʢʠ 

ʩʣʠʚʘʝʪʩʷ ʩ ʬʦʥʦʤ ʵʪʠʢʝʪʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʨʢʠʨʦʚʢʘ ʦʙʨʘʟʮʦʚ ˉ 1, 3 ï 6 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʊʈ ʊʉ 022/2011, ʫ ʦʙʨʘʟʮʘ ˉ 2 ʠʥʬʦʨʤʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʝ 

ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʧʨʦʚʦʜʠʣʘʩʴ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʦʙʨʘʟʮʦʚ ʧʦ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʤ 

ʧʦʢʘʟʘʪʝʣʷʤ: ʦʧʨʝʜʝʣʷʣʠʩʴ ʚʥʝʰʥʠʡ ʚʠʜ ʠ ʮʚʝʪ ʥʘʧʠʪʢʘ, ʚʢʫʩ, ʘʨʦʤʘʪ ʠ ʥʘʩʳʱʝʥʥʦʩʪʴ 

ʜʠʦʢʩʠʜʦʤ ʫʛʣʝʨʦʜʘ. 

ɺʥʝʰʥʠʡ ʚʠʜ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

   
ʦʙʨʘʟʝʮ ˉ 1 ʦʙʨʘʟʝʮ ˉ 2 ʦʙʨʘʟʝʮ ˉ 3 

   
ʦʙʨʘʟʝʮ ˉ 4 ʦʙʨʘʟʝʮ ˉ 5 ʦʙʨʘʟʝʮ ˉ 6 

ʈʠʩ. 1.  ʀʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ  

 

ʈʝʟʫʣʴʪʘʪʳ ʙʘʣʣʴʥʦʡ ʦʮʝʥʢʠ ʦʙʨʘʟʮʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1. 

ʈʝʟʫʣʴʪʘʪʳ ʙʘʣʣʴʥʦʡ ʦʮʝʥʢʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ 

ʇʦʢʘʟʘʪʝʣʠ 

ʆʮʝʥʢʘ ʝʜʠʥʠʯʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩ ʫʯʝʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʝʩʦʤʦʩʪʠ, ʙʘʣʣ 

ʆʙʨʘʟʮʳ 

ˉ 1 ˉ 2 ˉ 3 ˉ 4 ˉ 5 ˉ 6 

ɺʥʝʰʥʠʡ ʚʠʜ  

ʠ ʮʚʝʪ 
16 20 20 20 12 20 

ɺʢʫʩ  35 14 35 28 28 35 

ɸʨʦʤʘʪ 35 14 35 28 28 35 






