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ɸʥʥʦʪʘʮʠʷ 

ʅʘ ʙʘʟʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ɻʆʉʊʦʚ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʷ ʘʜʛʝ-

ʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʟʘʱʠʪʥʦʛʦ ʧʦʢʨʳʪʠʷ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʜʣʠʪʝʣʴʥʦʛʦ ʢʦʥʪʘʢʪʘ ʩʦ ʩʨʝʜʦʡ. 

ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʪʦʨʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʤʝʪʦʜ ʧʨʠʤʝʥʠʤ ʜʣʷ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʧʦʢʨʳʪʠʷ, ʯʝʨʝʟ ʢʦʪʦʨʦʝ ʧʨʦʰʣʘ ʭʠʤʠʯʝʩʢʘʷ ʩʨʝʜʘ ʠ ʜʦʩʪʠʛʣʘ ʟʘʱʠʱʘʝ-

ʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʠ ʢʘʢ ʦʥʘ ʤʝʥʷʝʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ ʠ ʪʦ, ʯʪʦ ʧʦʢʨʳʪʠʝ ʤʦʞʝʪ ʠʤʝʪʴ ʭʦʨʦʰʫʶ ʘʜʛʝʟʠʦʥʥʫʶ 

ʩʚʷʟʴ ʩ ʟʘʱʠʱʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ɸʜʛʝʟʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʘʝʪ ʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʢʨʳʪʠʷ ʠ ʩʨʦʢ 

ʝʛʦ ʟʘʱʠʪʥʦʛʦ ʜʝʡʩʪʚʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʤʝʪʦʜʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʜʣʷ 

ʢʦʤʧʦʟʠʪʥʳʭ ʧʦʢʨʳʪʠʡ, ʩʤʦʜʝʣʠʨʦʚʘʚ ʨʝʘʣʴʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʫʩʣʦʚʠʷ ʠʭ ʧʨʠʤʝʥʝʥʠʷ. 

Abstract 

On the basis of existing GOSTs, a methodology was developed to quantify the change in the adhesive strength 

of a protective coating during its long contact with the medium. 

 A series of experiments was performed from the results of which it follows that the method is applicable for 

determining the adhesion strength of the coating through which the chemical medium has passed and reached the 

surface to be protected and how it varies with time and that the coating can have a good adhesion bond to the 

surface to be protected. Adhesion significantly improves the protective properties of the coating and the duration 

of its protective action. 

Thus, using this method, it is possible to determine the amount of adhesive strength for composite coatings, 

simulating the actual operating conditions for their application. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʜʛʝʟʠʷ, ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʘʜʛʝʟʠʦʥʥʘʷ ʧʨʦʯʥʦʩʪʴ, ʟʘʱʠʪʥʳʝ ʧʦʢʨʳʪʠʷ, 

ʭʠʤʠʷ. 

Keywords: adhesion, composite materials, adhesion strength, protective coatings, chemistry. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʨʦʢʘ ʩʣʫʞʙʳ ʧʦʣʠʤʝʨʥʳʭ, 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʢʨʳʪʠʡ ʭʦʨʦʰʦ 

ʦʧʠʩʘʥʦ ʚ ʩʪʘʪʴʝ çʀʩʩʣʝʜʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʡ ʩʪʦʡ-

ʢʦʩʪʠ ʠ ʜʠʬʬʫʟʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʘʟʮʦʚ ʧʦ-

ʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʢʨʳʪʠʡ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ 

ʛʠʜʨʦʤʘʰʠʥ, ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʚʦʜʳè 

ʜʘʥʥʦʛʦ ʞʫʨʥʘʣʘ ʚ ˉ2(80), ʟʘ 2016 ʛʦʜ. 

ɼʣʷ ʦʮʝʥʢʠ ʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ ʧʦʢʨʳʪʠʷ ʥʝʦʙ-

ʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʩʨʦʢ ʩʣʫʞʙʳ ʧʦʢʨʳ-

ʪʠʷ, ʥʦ ʠ ʝʛʦ ʘʜʛʝʟʠʦʥʥʫʶ ʧʨʦʯʥʦʩʪʴ ʢ ʟʘʱʠʱʘʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

ɺʦʧʨʦʩʳ ʘʜʛʝʟʠʠ ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ ʜʣʷ ʣʘʢʦ-

ʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ. ʆʜʥʘʢʦ ʥʝ ʩʫʱʝʩʪʚʦʚʘʣʦ ʤʝ-

ʪʦʜʠʢʠ ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʷ ʘʜʛʝʟʠʦʥ-

ʥʦʡ ʧʨʦʯʥʦʩʪʠ ʟʘʱʠʪʥʦʛʦ ʧʦʢʨʳʪʠʷ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ 

ʜʣʠʪʝʣʴʥʦʛʦ ʢʦʥʪʘʢʪʘ ʩʦ ʩʨʝʜʦʡ.  
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ɼʣʷ ʦʮʝʥʢʠ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʧʦʢʨʳʪʠʷ 

ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʢʦʥʪʘʢʪʘ ʩʦ ʩʨʝʜʦʡ ʨʘʟʨʘʙʦʪʘʣʠ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʝʪʦʜ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʩʚʦʙʦʜʥʳʭ ʦʙ-

ʨʘʟʮʘʭ ʟʘʱʠʪʥʦʛʦ ʧʦʢʨʳʪʠʷ ʦʧʨʝʜʝʣʷʣʠ ʚʨʝʤʷ ʧʨʦ-

ʭʦʞʜʝʥʠʷ ʩʨʝʜʳ ʯʝʨʝʟ ʥʠʭ. ʊʦʣʱʠʥʘ ʟʘʱʠʪʥʦʛʦ ʧʦ-

ʢʨʳʪʠʷ ʦʧʨʝʜʝʣʷʣʘʩʴ ʠʩʭʦʜʷ ʠʟ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦ-

ʩʪʘʚʘ ʧʦʢʨʳʪʠʷ ʠ ʜʘʣʴʥʝʡʰʠʭ ʫʩʣʦʚʠʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʟʜʝʣʠʷ ʠʣʠ ʙʳʣʘ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚ 

ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʘ ʢʦʥ-

ʢʨʝʪʥʫʶ ʧʨʦʜʫʢʮʠʶ.  

ɿʘʪʝʤ ʠʟʛʦʪʦʚʠʣʠ ʦʙʨʘʟʮʳ. ʆʩʥʦʚʘʥʠʝ 1 ʮʠ-

ʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʠʟ ʤʝʪʘʣʣʘ ʟʘʱʠʱʘʝʤʦʛʦ ʠʟ-

ʜʝʣʠʷ, ʧʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʥʘ ʝʛʦ ʪʦʨʮʝʚʫʶ ʧʦʚʝʨʭ-

ʥʦʩʪʴ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʚʩʝʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʙʦ-

ʚʘʥʠʡ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʦʣʠʤʝʨʥʦʛʦ ʧʦʢʨʳʪʠʷ 2, 

ʧʦʤʝʩʪʠʣʠ ʚ ʨʘʩʪʚʦʨ, ʦʪ ʢʦʪʦʨʦʛʦ ʵʪʦ ʧʦʣʠʤʝʨʥʦʝ 

ʧʦʢʨʳʪʠʝ ʜʦʣʞʥʦ ʟʘʱʠʱʘʪʴ ʤʝʪʘʣʣ ʠʟʜʝʣʠʷ, ʚ ʚʦ-

ʜʷʥʫʶ ʙʘʥʶ. 

ɺʨʝʤʷ ʚʳʜʝʨʞʢʠ ʧʦʣʠʤʝʨʥʦʛʦ ʧʦʢʨʳʪʠʷ ʫʩʪʘ-

ʥʦʚʠʣʠ ʨʘʚʥʳʤ ʠʣʠ ʧʨʝʚʳʰʘʶʱʠʤ ʠʟʤʝʨʝʥʥʦʝ ʨʘ-

ʥʝʝ ʚʨʝʤʷ ʨʘʚʥʦʚʝʩʥʦʡ ʩʦʨʙʮʠʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʠ-

ʥʘʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠʟʤʝʥʝʥʠʷ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯ-

ʥʦʩʪʠ.  

ʇʦʜ ʧʦʣʫʯʝʥʠʝʤ ʜʠʥʘʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦʥʠ-

ʤʘʝʪʩʷ ʩʣʝʜʫʶʱʝʝ: ʧʨʦʚʦʜʠʪʩʷ ʩʝʨʠʷ ʠʩʧʳʪʘʥʠʡ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʥʘ ʘʜʛʝʟʠʦʥʥʫʶ ʧʨʦʯ-

ʥʦʩʪʴ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ ʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ʇʝʨʚʫʶ ʩʝʨʠʶ ʠʩʧʳʪʘʥʠʡ ʧʨʦʚʦʜʠʣʠ ʙʝʟ ʚʳ-

ʜʝʨʞʢʠ ʚ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʩʨʝʜʝ ʠʩʧʳʪʫʝʤʦʛʦ 

ʧʦʣʠʤʝʨʥʦʛʦ ʧʦʢʨʳʪʠʷ. ɺʪʦʨʫʶ ʩʝʨʠʶ ʠʩʧʳʪʘʥʠʡ 

ʧʨʦʚʦʜʠʣʠ ʩ ʚʳʜʝʨʞʢʦʡ ʚ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ 

ʩʨʝʜʝ ʠʩʧʳʪʫʝʤʦʛʦ ʧʦʣʠʤʝʨʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʩʦ ʚʨʝ-

ʤʝʥʝʤ ʚʳʜʝʨʞʢʠ ʨʘʚʥʳʤ ʨʘʥʝʝ ʫʩʪʘʥʦʚʣʝʥʥʦʤʫ 

ʚʨʝʤʝʥʠ ʨʘʚʥʦʚʝʩʥʦʡ ʩʦʨʙʮʠʠ. ʉʣʝʜʫʶʱʫʶ ʩʝʨʠʶ 

ʠʩʧʳʪʘʥʠʡ ʧʨʦʚʦʜʠʣʠ ʩʦ ʚʨʝʤʝʥʝʤ ʚʳʜʝʨʞʢʠ ʧʦʣʠ-

ʤʝʨʥʦʛʦ ʧʦʢʨʳʪʠʷ ʚ ʩʨʝʜʝ, ʧʨʝʚʳʰʘʶʱʠʤ ʚʨʝʤʷ 

ʨʘʚʥʦʚʝʩʥʦʡ ʩʦʨʙʮʠʠ.  

ʂʦʣʠʯʝʩʪʚʘ ʧʨʦʚʦʜʠʤʳʭ ʠʩʧʳʪʘʥʠʡ ʜʦʣʞʥʦ 

ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʜʠʥʘʤʠʢʦʡ 

ʚʣʠʷʥʠʷ ʥʘ ʘʜʛʝʟʠʦʥʥʫʶ ʧʨʦʯʥʦʩʪʴ ʭʠʤʠʯʝʩʢʠ ʘʢ-

ʪʠʚʥʦʡ ʩʨʝʜʳ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʦʤʝʞʫʪʦʢ ʚʨʝ-

ʤʝʥʠ, ʥʘ ʢʦʪʦʨʳʡ ʫʚʝʣʠʯʠʚʘʣʠ ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ ʦʙ-

ʨʘʟʮʘ ʚ ʩʨʝʜʝ, ʧʦʜʙʠʨʘʣʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ 

ʙʳʣʦ ʚʠʜʥʦ ʠʟʤʝʥʝʥʠʝ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ 

ʩʮʝʧʣʝʥʠʷ ʧʦʣʠʤʝʨʥʦʛʦ ʧʦʢʨʳʪʠʷ ʩ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʧʦʜʣʦʞʢʦʡ.  

ʇʦʩʣʝ ʧʨʝʙʳʚʘʥʠʷ ʚ ʩʨʝʜʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʝ ʦʩ-

ʥʦʚʘʥʠʝ ʩ ʥʘʥʝʩʝʥʥʳʤ ʧʦʢʨʳʪʠʝʤ 6 ʩʢʣʝʠʚʘʣʠ 6 ʩ 

çʦʪʚʝʪʥʳʤè ʦʩʥʦʚʘʥʠʝʤ 5 ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ. 

ʇʨʠ ʩʢʣʝʠʚʘʥʠʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʩʥʦʚʘʥʠʡ ʧʨʠ-

ʤʝʥʷʣʠ ʢʣʝʠ ʥʘ ʦʩʥʦʚʝ ʵʧʦʢʩʠʜʥʳʭ ʩʤʦʣ. 

ɸʜʛʝʟʠʚ 4 ʜʣʷ ʩʢʣʝʠʚʘʥʠʷ ʩ çʦʪʚʝʪʥʳʤè ʦʩʥʦ-

ʚʘʥʠʝʤ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʜʦʣʞʝʥ ʙʳʪʴ ʚʳʰʝ 

ʘʜʛʝʟʠʦʥʥʦʡ ʠ ʢʦʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʧʦʢʨʳʪʠʷ. 

ʇʦʜʛʦʪʦʚʣʝʥʥʳʡ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʝʮ ʦʜ-

ʥʠʤ ʢʦʥʮʦʤ ʟʘʢʨʝʧʣʷʣʠ ʚ ʨʝʟʴʙʦʚʦʤ ʭʚʦʩʪʦʚʠʢʝ 

ʥʠʞʥʝʡ ʧʣʠʪʳ ʨʘʟʨʳʚʥʦʡ ʤʘʰʠʥʳ. ʐʘʨʥʠʨ ɻʫʢʘ 

ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʥʘ ʚʝʨʭʥʶʶ ʧʣʠʪʫ ʨʘʟʨʳʚʥʦʡ ʤʘ-

ʰʠʥʳ. ʉʚʦʙʦʜʥʳʡ ʢʦʥʝʮ ʦʙʨʘʟʮʘ ʟʘʢʨʝʧʣʷʣʠ ʚ 

ʨʝʟʴʙʦʚʦʤ ʭʚʦʩʪʦʚʠʢʝ ʚʝʨʭʥʝʡ ʧʣʠʪʳ ʨʘʟʨʳʚʥʦʡ 

ʤʘʰʠʥʳ. ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʧʦʩʪʝʧʝʥʥʳʤ 

ʥʘʨʘʩʪʘʥʠʝʤ ʥʘʛʨʫʟʢʠ ʜʦ ʨʘʟʨʳʚʘ ʦʙʨʘʟʮʘ. ʇʦ 

ʰʢʘʣʝ ʨʘʟʨʳʚʥʦʡ ʤʘʰʠʥʳ ʬʠʢʩʠʨʦʚʘʣʠ ʥʘʛʨʫʟʢʫ, 

ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫʰʝʥʠʝ ʦʙʨʘʟʮʘ. 

ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʢʨʳ-

ʪʠʡ ʦʙʫʩʣʘʚʣʠʚʘʶʪʩʷ ʠʭ ʘʜʛʝʟʠʦʥʥʦʡ ʩʚʷʟʴʶ ʩ ʟʘ-

ʱʠʱʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʵʬʬʝʢʪ 

ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʥʘʣʠʯʠʠ ʵʣʝʢʪʨʦʩʪʘ-

ʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʧʦʢʨʳʪʠʝʤ ʠ ʧʦʜ-

ʣʦʞʢʦʡ. ʍʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʜʦʩʪʠʛʘʶʪʩʷ ʠ ʧʨʠ 

ʦʙʨʘʟʦʚʘʥʠʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʚʷʟʠ. 

ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʘʷ ʘʜʛʝʟʠʦʥʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ 

ʧʦʜʣʦʞʢʦʡ ʠ ʧʦʢʨʳʪʠʝʤ ʦʙʨʘʟʫʝʪʩʷ, ʢʦʛʜʘ ʦʜʥʘ ʠʟ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʘʨʷʞʝʥʘ ʧʦʣʦʞʠʪʝʣʴʥʦ, ʜʨʫʛʘʷ ï ʦʪ-

ʨʠʮʘʪʝʣʴʥʦ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠʪʷʞʝʥʠʝ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʟʘʨʷʜʦʚ ï ʧʦʚʝʨʭʥʦʩʪʝʡ. ʉʠʣʘ 

ʵʪʦʛʦ ʧʨʠʪʷʞʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʧʦʚʝʨʭʥʦʩʪ-

ʥʳʭ ʟʘʨʷʜʦʚ. 

ʇʦʚʝʨʭʥʦʩʪʴ ʣʶʙʦʛʦ ʤʝʪʘʣʣʘ, ʠʤʝʶʱʝʛʦ ʢʨʠ-

ʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʚʩʝʛʜʘ ʥʦʩʠʪ ʧʦʣʦʞʠʪʝʣʴ-

ʥʳʡ ʟʘʨʷʜ.  

ʇʦʢʨʳʪʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʵʧʦʢʩʠʜʥʳʭ ʩʤʦʣʘʭ, 

ʚ ʩʠʣʫ ʠʭ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʫ 

ʧʦʣʷʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʶʪ ʦʪʨʠʮʘ-

ʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʠʦʥʳ. ʉʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʧʦ ʩʘʤʦʡ ʧʨʠʨʦʜʝ ʤʝʪʘʣʣʘ ʠ ʪʘʢʦʛʦ ʧʦʢʨʳ-

ʪʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʙʨʘʟʫʝʪʩʷ 

ʧʨʦʯʥʘʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʘʷ ʘʜʛʝʟʠʦʥʥʘʷ ʩʚʷʟʴ. 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʦʩʥʦʚʥʫʶ ʜʦʣʶ ʚʥʦʩʠʪ ʵʣʝʢ-

ʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʚʳʩʦʢʦʡ 

ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ. ʇʦʵʪʦʤʫ, ʩʣʝʜʫʝʪ ʦʪʜʘʚʘʪʴ 

ʧʨʝʜʧʦʯʪʝʥʠʝ ʵʧʦʢʩʠʜʥʦʤʫ ʘʜʛʝʟʠʚʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʘʜ-

ʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ, ʨʘʟʨʫʰʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ, 

ʦʧʨʝʜʝʣʷʶʪ ʥʝ ʜʣʷ ʤʦʤʝʥʪʘ ʥʘʯʘʣʘ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʧʦʢʨʳʪʠʷ çʥʘ ʚʦʟʜʫʭʝè, ʘ ʧʦ ʠʩʪʝʯʝʥʠʠ ʚʨʝʤʝʥʠ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʟʘ ʢʦʪʦʨʦʝ ʩʨʝʜʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʠʬ-

ʬʫʟʠʠ ʧʨʦʡʜʷ ʥʘʩʢʚʦʟʴ ʯʝʨʝʟ ʧʦʢʨʳʪʠʝ ʜʦʩʪʠʛʥʝʪ 

ʦʩʥʦʚʘʥʠʷ ʤʝʪʘʣʣʘ.  

ʋʯʝʪ ʵʪʦʛʦ ʠʟʤʝʥʝʥʠʷ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʜʦʩʪʦ-

ʚʝʨʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʟʘ-

ʱʠʪʥʦʛʦ ʧʦʢʨʳʪʠʷ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ ʠʟʜʝʣʠʷ. 

ɸʜʛʝʟʠʦʥʥʫʶ ʧʨʦʯʥʦʩʪʴ ʢʘʞʜʦʛʦ ʠʩʩʣʝʜʫʝ-

ʤʦʛʦ ʧʦʢʨʳʪʠʷ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʘʨʘʣ-

ʣʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʥʝ ʤʝʥʝʝ 5-ʪʠ ʦʙʨʘʟʮʦʚ ʚ ʦʙʳʯ-

ʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. ʈʘʟʨʫʰʘʶʱʝʝ ʥʘʧʨʷ-

ʞʝʥʠʝ ʚ ʢʘʞʜʦʤ ʦʧʳʪʝ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ 

ʎ  ȟ ʛʜʝ: 

P- ʩʠʣʘ ʦʪʨʳʚʘ ʦʙʨʘʟʮʘ, ʅ; 

F - ʧʣʦʱʘʜʴ ʦʩʥʦʚʘʥʠʷ, ʤ2; 

ʇʦʩʣʝ ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʘ ʦʙʝ ʝʛʦ ʯʘʩʪʠ ʧʦʜ-

ʚʝʨʛʘʣʠ ʚʠʟʫʘʣʴʥʦʤʫ ʦʩʤʦʪʨʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘ-

ʨʘʢʪʝʨʘ ʨʘʟʨʫʰʝʥʠʷ: 

1) ʘʜʛʝʟʠʦʥʥʳʡ (ɸ) - ʦʪʨʳʚ ʧʦʢʨʳʪʠʷ ʦʪ ʦʩʥʦ-

ʚʘʥʠʷ; 

2) ʢʦʛʝʟʠʦʥʥʳʡ (ʂ) - ʨʘʟʨʫʰʝʥʠʝ ʚʥʫʪʨʠ ʩʣʦʷ 

ʧʦʢʨʳʪʠʷ; 

3) ʩʤʝʰʘʥʥʳʡ (ɸ, ʂ) - ʩʦʯʝʪʘʥʠʝ ʧʝʨʝʯʠʩʣʝʥ-

ʥʳʭ ʚʳʰʝ ʨʘʟʨʫʰʝʥʠʡ. 

ʇʨʠ ʩʤʝʰʘʥʥʦʤ ʭʘʨʘʢʪʝʨʝ ʨʘʟʨʫʰʝʥʠʷ ʜʦʣʶ 

ʘʜʛʝʟʠʦʥʥʦʛʦ ʠ ʢʦʛʝʟʠʦʥʥʦʛʦ ʦʪʨʳʚʘ ʦʧʨʝʜʝʣʷʣʠ ʚ 
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ʧʨʦʮʝʥʪʘʭ ʦʪ ʧʣʦʱʘʜʠ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʠ ʨʘʩʩʤʘʪ-

ʨʠʚʘʶʪ ʢʘʢ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ 5-ʪʠ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ. ɽʩʣʠ ʜʦʣʷ ʘʜʛʝʟʠʦʥʥʦʛʦ 

ʨʘʟʨʫʰʝʥʠʷ ʩʦʩʪʘʚʣʷʣʘ ʤʝʥʝʝ 20% ʨʘʟʨʫʰʝʥʠʝ ʩʯʠ-

ʪʘʣʠ ʢʦʛʝʟʠʦʥʥʳʤ. 

 

 

ɺʳʚʦʜʳ 

ʅʘʧʨʷʞʝʥʠʝ ʨʘʟʨʳʚʘ ʧʦʜʣʦʞʢʠ (ʧʦʢʨʳʪʠʷ) 

ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʩʨʝʜʦʡ ʟʘʱʠʱʘʝʤʦʛʦ ʧʦʢʨʳʪʠʷ ʠʟ-

ʤʝʥʷʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʟʮʦʤ ʙʝʟ ʚʳʜʝʨʞʢʠ ʚ 

ʩʨʝʜʝ. ʇʦʵʪʦʤʫ ʢʨʘʡʥʝ ʚʘʞʥʦ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʚʦʩ-

ʧʨʦʠʟʚʦʜʠʪʴ ʨʝʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʧʦ-

ʢʨʳʪʠʷ. 

 

 
ʘ)  ʙ) 

ʈʠʩ. 1. ʆʙʨʘʟʮʳ ʜʣʷ ʠʩʧʳʪʘʥʠʡ 

ʘ) ʦʙʨʘʟʝʮ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʚ ʩʨʝʜʝ; ʙ) ʢʦʥʪʨʦʣʴʥʳʡ ʦʙʨʘʟʝʮ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʷ ʘʜʛʝʟʠʦʥʥʦʡ 

ʧʨʦʯʥʦʩʪʠ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʩʪʘʥʜʘʨʪ ʩʦʶʟʘ ʉʉʈ 

ɻʆʉʊ 27890-88 ʦʪ 21.11.1988 ˉ3760 

2. ʐʝʚʯʝʥʢʦ ɸ.ɸ., ʌʠʟʠʢʦʭʠʤʠʷ ʠ ʤʝʭʘʥʠʢʘ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ: - ʉʇʙ.: ʎʆʇ çʇʨʦ-

ʬʝʩʩʠʷè, 2010. ï ʉ. 193-211. 
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ʇʈʆɻʈɸʄʅɸ ʉʀʉʊɽʄɸ ɼʃʗ ʈɽɻʈɽʉɯʁʅʆɻʆ ɸʅɸʃɯɿʋ 
ʇɸʈɸʄɽʊʈɯɺ ɸʈʊɽʈɯɸʃʔʅʆɻʆ ʊʀʉʂʋ ɿ ʄɽʊʆʖ ʆʎɯʅʂʀ ʉʊɸʅʋ 

ʉʊʋɼɽʅʊɯɺ ɿɸ ɿɸʅʗʊʊʗʍ ʌɯɿʀʏʅʆɻʆ ɺʀʍʆɺɸʅʅʗ 
 

ʉʝʨʙʘ ʃ.ɭ. 

ʤʘʛʽʩʪʨ 
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ɸʥʦʪʘʮʽʷ 
ɺ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʥʫ ʩʪʫʜʝʥʪʽʚ ʥʘ ʟʘʥʷʪʪʷʭ ʬʽʟʠʯʥʦʛʦ ʚʠʭʦʚʘʥʥʷ ʙʫʣʘ ʟʘʬʽʢʩʦʚʘʥʘ ʚʽʜʤʽʥʥʽʩʪʴ 

ʪʠʩʢʫ ʫ ʨʽʟʥʠʭ ʜʽʣʷʥʢʘʭ ʪʽʣʘ, ʧʦʨʽʚʥʷʥʦ ʟ ʨʝʬʝʨʝʥʪʥʦʶ ʪʦʯʢʦʶ ʥʘ ʣʽʚʦʤʫ ʧʣʝʯʽ. ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ, 

ʟʽʙʨʘʥʽ ʫ ʙʘʟʫ ʜʘʥʠʭ, ʜʘʣʠ ʧʦʰʪʦʚʭ ʜʦ ʩʪʚʦʨʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʤʦʞʥʘ ʙʫʣʦ 

ʙ ʜʦʩʣʽʜʠʪʠ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʧʘʨʘʤʝʪʨʽʚ ʪʠʩʢʫ, ʦʪʨʠʤʘʥʠʭ ʟ ʣʽʚʦʛʦ ʧʣʝʯʘ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʪʠʩʢʫ, ʦʪʨʠʤʘʥʠʭ ʟ 

ʽʥʰʠʭ ʪʦʯʦʢ ʚʝʨʭʥʽʭ ʪʘ ʥʠʞʥʽʭ ʢʽʥʮʽʚʦʢ. 

ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʘ ʧʨʦʛʨʘʤʥʘ ʩʠʩʪʝʤʘ, ʱʦ ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʜʣʷ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʧʘʨʘʤʝʪʨʽʚ 

ʘʨʪʝʨʽʘʣʴʥʦʛʦ ʪʠʩʢʫ, ʘ ʪʘʢʦʞ ʣʽʥʽʡʥʘ ʨʝʛʨʝʩʽʷ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ, ʱʦ ʣʝʞʠʪʴ ʚ ʦʩʥʦʚʽ ʨʦʙʦʪʠ 

ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ. ʃʽʥʽʡʥʠʡ ʨʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ ʜʦʟʚʦʣʷʻ ʧʦʙʫʜʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʽ ʚʠʟʥʘʯʠʪʠ 

ʾʾ ʩʪʘʪʠʯʥʫ ʥʘʜʽʡʥʽʩʪʴ. ɼʘʥʠʡ ʚʠʜ ʘʥʘʣʽʟʫ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʩʧʦʩʪʝʨʝʞʝʥʴ 

ʧʨʠ ʚʠʚʯʝʥʥʽ ʟʘʣʝʞʥʦʩʪʝʡ ʫ ʬʽʟʠʮʽ, ʙʽʦʣʦʛʽʾ, ʝʢʦʥʦʤʽʮʽ, ʪʝʭʥʽʮʽ ʪʘ ʽʥʰʠʭ ʦʙʣʘʩʪʷʭ. 

ʋ ʚʠʩʥʦʚʢʘʭ ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʩʪʚʦʨʝʥʦʾ ʧʨʦʛʨʘʤʥʦʾ ʩʠʩʪʝʤʠ. 

Abstract 
During process of studying the state of students in physical education classes, was recorded difference in 

pressure in different parts of body in comparison with the reference point on the left shoulder. The results of the 

measurements collected in the database gave an impetus to create a software product that could be used to 

investigate the relationship between pressure parameters obtained from the left shoulder and pressure parameters 

obtained from other points of the upper and lower limb. 

The article considers the software system that was created for arterial pressure regression analysis, as well as 

linear regression by the least squares method, which underlies the software product. Linear regression analysis 

allows us to construct a mathematical model and determine its static reliability. This type of analysis is one of the 

most common methods for processing observations in the study of dependencies in physics, biology, economics, 

technology, and other fields. 

In the conclusions was performed an analysis of the created software system. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʣʽʥʽʡʥʘ ʨʝʛʨʝʩʽʷ; ʤʝʪʦʜ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ; ʘʨʪʝʨʽʘʣʴʥʠʡ ʪʠʩʢ; ʧʨʦʛʨʘʤʥʘ ʩʠʩʪʝʤʘ; 

ʙʘʟʘ ʜʘʥʠʭ. 

Keywords: linear regression; least squares method; arterial pressure; software system; database. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʩʪʘʥʫ 

ʩʪʫʜʝʥʪʽʚ ʥʘ ʟʘʥʷʪʪʷʭ ʬʽʟʠʯʥʦʛʦ ʚʠʭʦʚʘʥʥʷ ʛʨʘʻ 

ʜʫʞʝ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʟʜʦʨʦʚôʷ ʪʘ 

ʟʘʚʯʘʩʥʦʤʫ ʟʘʧʦʙʽʛʘʥʥʽ ʫʪʚʦʨʝʥʥʶ ʧʨʦʙʣʝʤ ʩʝʨ-

ʮʝʚʦ-ʩʫʜʠʥʥʦʾ ʩʠʩʪʝʤʠ ʚ ʤʦʣʦʜʦʤʫ ʚʽʮʽ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. ʉʪʚʦʨʝʥʥʷ ʧʨʦʛʨʘʤʥʦʾ 

ʩʠʩʪʝʤʠ ʜʣʷ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʧʘʨʘʤʝʪʨʽʚ 

ʘʨʪʝʨʽʘʣʴʥʦʛʦ ʪʠʩʢʫ ʟ ʤʝʪʦʶ ʦʮʽʥʢʠ ʩʪʘʥʫ ʩʪʫʜʝʥʪʽʚ 

ʥʘ ʟʘʥʷʪʪʷʭ ʬʽʟʠʯʥʦʛʦ ʚʠʭʦʚʘʥʥʷ. 

ɺʠʢʣʘʜʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʋ ʢʨʦʚʦ-

ʥʦʩʥʽʡ ʩʠʩʪʝʤʽ ʞʠʚʦʛʦ ʦʨʛʘʥʽʟʤʫ ʮʠʨʢʫʣʷʮʽʷ ʢʨʦʚʽ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʫʟʛʦʜʞʝʥʠʤʠ ʜʽʷʤʠ ʩʝʨʮʷ ʽ ʩʫʜʠʥ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʘʜʘʧʪʘʮʽʶ ʜʦ ʫʤʦʚ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʚ 

ʤʝʞʘʭ ʛʦʤʝʦʩʪʘʪʠʯʥʠʭ ʢʦʨʜʦʥʽʚ. ʉʝʨʝʜ ʽʥʪʝʛʨʘʣʴ-

ʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʦʾ ʩʠʩʪʝʤʠ 

ʥʘʡʙʽʣʴʰ ʜʦʩʪʫʧʥʦʶ ʽ ʚʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ 

ʻ ʚʝʣʠʯʠʥʘ ʘʨʪʝʨʽʘʣʠʶʶ ʪʠʩʢʫ (ɸʊ), ʢʦʪʨʘ ʟʘʣʝ-

ʞʠʪʴ ʚʽʜ ʦʙ'ʻʤʫ ʮʠʨʢʫʣʶʶʯʦʾ ʢʨʦʚʽ, ʨʦʙʦʪʠ ʩʝʨʮʷ ʽ 

ʩʫʜʠʥ (ʧʝʨʠʬʝʨʠʯʥʦʛʦ ʩʫʜʠʥʥʦʛʦ ʦʧʦʨʫ, ʝʣʘʩʪʠʯ-

ʥʦʩʪʽ ʩʫʜʠʥ), ʘ ʪʘʢʦʞ ʨʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʢʨʦʚʽ. ɺʝʣʠʯʠʥʘ ʪʠʩʢʫ ʚʠʨʘʞʘʻʪʴʩʷ ʜʝʢʽʣʴʢʦʤʘ ʧʦ-

ʢʘʟʥʠʢʘʤʠ: ʩʠʩʪʦʣʽʯʥʠʤ ʪʠʩʢʦʤ S (ʤʘʢʩʠʤʘʣʴʥʠʡ 

ʪʠʩʢ ʧʨʠ ʩʢʦʨʦʯʝʥʥʽ ʩʝʨʮʝʚʦʛʦ ʤ'ʷʟʘ), ʪʠʩʢʦʤ 

ʜʽʘʩʪʦʣʠ D (ʤʽʥʽʤʘʣʴʥʠʡ ʪʠʩʢ ʤʽʞ ʫʜʘʨʘʤʠ ʩʝʨʮʷ ʚ 
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ʤʦʤʝʥʪ ʨʦʟʩʣʘʙʣʝʥʥʷ ʩʝʨʮʝʚʦʛʦ ʤ'ʷʟʘ), ʘ ʪʘʢʦʞ 

ʧʫʣʴʩʦʚʠʤ ʪʠʩʢʦʤ W (ʟʘ ʚʠʟʥʘʯʝʥʥʷʤ: W = S - D). 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʝʣʠʢʽ ʢʦʣʠʚʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʩʫ-

ʜʠʥʥʦʛʦ ʪʠʩʢʫ ʧʽʜ ʯʘʩ ʩʠʩʪʦʣʠ ʽ ʜʽʘʩʪʦʣʠ, ʢʨʦʚʦʪʽʢ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʠ ʩʪʽʡʢʦʤʫ ʨʝʞʠʤʽ ʪʠʩʢʫ, ʷʢʠʡ ʥʘ-

ʟʠʚʘʻʪʴʩʷ ʩʝʨʝʜʥʽʤ ʛʝʤʦʜʠʥʘʤʽʯʥʠʤ ʪʠʩʢʦʤ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʚʝʣʠʯʠʥʘ ʪʠʩʢʫ ʤʽʩʪʠʪʴ ʜʚʽ ʢʦʤʧʦʥʝʥʪʠ - 

ʧʦʩʪʽʡʥʠʡ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʝʣʠʯʠʥʦʶ ʩʝ-

ʨʝʜʥʴʦʛʦ ʛʝʤʦʜʠʥʘʤʽʯʥʦʛʦ ʪʠʩʢʫ ʄ, ʽ ʧʫʣʴʩʫʶʯʠʡ, 

ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʝʣʠʯʠʥʦʶ W. ɺʚʘʞʘʻʪʴʩʷ, 

ʱʦ ʄ ʚʽʜʦʙʨʘʞʘʻ ʝʥʝʨʛʽʶ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʨʫʭʫ 

ʢʨʦʚʽ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʢʦʨʦʪʣʠʚʦʾ ʬʫʥʢʮʽʾ ʩʝʨʮʷ ʽ ʟʘ-

ʛʘʣʴʥʦʛʦ ʧʝʨʠʬʝʨʠʯʥʦʛʦ ʩʫʜʠʥʥʦʛʦ ʦʧʦʨʫ. ʊʦʤʫ ʮʷ 

ʚʝʣʠʯʠʥʘ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʦʮʽʥʢʠ ʢʦʤ-

ʧʝʥʩʘʪʦʨʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʢʨʦʚʦʦʙʽʛʫ [1]. ʉʝʨʝʜʥʽʡ 

ʪʠʩʢ ʄ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘʟʚʠʯʘʡ ʟʘ ʥʘʡʙʽʣʴʰ ʧʦʧʫ-

ʣʷʨʥʦʶ ʬʦʨʤʫʣʦʶ ʍʽʢʝʤʘ: M = D + (S - D) / 3. ʇʫʣʴ-

ʩʦʚʠʡ ʪʠʩʢ W ʤʽʩʪʠʪʴ ʚ ʩʦʙʽ ʨʝʟʫʣʴʪʘʪ ʚʟʘʻʤʦʜʽʾ 

ʩʢʦʨʦʯʫʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʩʝʨʮʷ, ʨʦʟʪʷʞʥʦʩʪʽ ʘʨʪʝʨʽʡ 

ʽ ʚʝʣʠʯʠʥʠ ʭʚʠʣʽ ʚʽʜʦʙʨʘʞʝʥʥʷ [2]. 

ʌʽʟʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʘʻ ʜʦʩʠʪʴ ʩʫʪʪʻʚʠʡ 

ʚʧʣʠʚ ʥʘ ʢʨʦʚʦʦʙʽʛ. ʏʝʨʝʟ ʟʙʽʣʴʰʝʥʥʷ ʢʨʦʚʦʪʦʢʫ 

ʯʝʨʝʟ ʤ'ʷʟʠ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʢʽʣʴʢʽʩʪʴ ʢʨʦʚʽ, 

ʥʘʢʘʯʘʥʦʾ ʩʝʨʮʝʤ, ʤʦʞʝ ʟʙʽʣʴʰʠʪʠʩʷ ʚ ʯʦʪʠʨʠ ʨʘʟʠ, 

ʘ ʫ ʝʣʽʪʥʠʭ ʩʧʦʨʪʩʤʝʥʽʚ ʚ ʰʽʩʪʴ ʨʘʟʽʚ. ɿʙʽʣʴʰʝʥʥʷ 

ʦʙ'ʻʤʫ ʢʨʦʚʽ, ʚʠʢʠʥʫʪʦʾ ʧʨʠ ʢʦʞʥʦʤʫ ʩʝʨʮʝʚʦʤʫ 

ʨʠʪʤʽ, ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʩʠʩʪʦʣʽʯʥʦʛʦ 

ʘʨʪʝʨʽʘʣʴʥʦʛʦ ʪʠʩʢʫ ʜʦ 180 ʤʤ ʨʪ. ʆʜʥʘʢ ʯʝʨʝʟ ʪʝ, 

ʱʦ ʢʨʦʚ ʪʝʯʝ ʜʫʞʝ ʰʚʠʜʢʦ ʟ ʘʨʪʝʨʽʡ, ʦʩʦʙʣʠʚʦ ʜʣʷ 

ʨʦʙʦʯʦʛʦ ʤ'ʷʟʫ, ʜʝ ʩʫʜʠʥʠ ʦʧʦʨʫ ʨʦʟʰʠʨʝʥʽ, 

ʜʽʘʩʪʦʣʽʯʥʠʡ ʪʠʩʢ ʟʘʣʠʰʘʻʪʴʩʷ ʚʽʜʥʦʩʥʦ 

ʥʝʟʤʽʥʥʠʤ, ʘʙʦ ʥʘʚʽʪʴ ʤʦʞʝ ʟʤʝʥʰʫʚʘʪʠʩʷ. ɯʟʦʤʝʪ-

ʨʠʯʥʽ ʚʧʨʘʚʠ ʤʘʶʪʴ ʟʦʚʩʽʤ ʽʥʰʠʡ ʝʬʝʢʪ ʯʝʨʝʟ ʥʘʙʘ-

ʛʘʪʦ ʤʝʥʰʠʡ ʚʧʣʠʚ ʥʘ ʟʘʛʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʢʨʦʚʽ, ʱʦ 

ʥʘʢʘʯʫʻʪʴʩʷ ʩʝʨʮʝʤ, ʘʣʝ ʨʝʬʣʝʢʩʠ, ʦʩʦʙʣʠʚʦ ʪʽ ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʯʝʨʝʟ ʩʢʦʨʦʯʝʥʥʷ ʤ'ʷʟʽʚ, ʟʤʫʰʫʶʪʴ ʢʨʦ-

ʚʦʥʦʩʥʽ ʩʫʜʠʥʠ ʚ ʽʥʰʦʤʫ ʤʽʩʮʽ ʩʪʠʩʢʘʪʠʩʷ, ʘ ʦʪʞʝ, ʽ 

ʩʠʩʪʦʣʽʯʥʠʡ, ʽ ʜʽʘʩʪʦʣʽʯʥʠʡ ʘʨʪʝʨʽʘʣʴʥʠʡ ʪʠʩʢ ʨʽʟʢʦ 

ʟʨʦʩʪʘʶʪʴ [3]. 

ɺ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʥʫ ʩʪʫʜʝʥʪʽʚ ʥʘ ʟʘ-

ʥʷʪʪʷʭ ʬʽʟʠʯʥʦʛʦ ʚʠʭʦʚʘʥʥʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʝʢʩʧʝ-

ʨʠʤʝʥʪ ʚ ʷʢʦʤʫ ʧʨʠʡʥʷʣʠ ʫʯʘʩʪʴ 100 ʩʪʫʜʝʥʪʽʚ. ʄʝ-

ʪʦʶ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʦ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ 

ʩʠʩʪʦʣʽʯʥʦʛʦ ʪʠʩʢʫ, ʜʽʘʩʪʦʣʽʯʥʦʛʦ ʪʠʩʢʫ ʪʘ ʧʫʣʴʩʫ 

ʫ ʚʦʩʴʤʠ ʪʦʯʢʘʭ ʪʽʣʘ. ʅʘ ʚʝʨʭʥʽʭ ʢʽʥʮʽʚʢʘʭ 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʥʘ ʧʣʝʯʘʭ ʪʘ ʟʘʧ'ʷʩʪʢʘʭ, 

ʥʘ ʥʠʞʥʽʭ ï ʩʪʝʛʥʘ ʪʘ ʛʦʤʽʣʢʠ. ʇʦʢʘʟʥʠʢʠ ʟʥʽʤʘʣʠʩʷ 

ʫ ʩʪʘʥʽ ʩʧʦʢʦʶ ʪʘ ʦʜʨʘʟʫ ʧʽʩʣʷ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺ ʨʝ-

ʟʫʣʴʪʘʪʽ ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʙʘʟʘ ʜʘʥʠʭ, ʚ ʭʦʜʽ ʜʦ-

ʩʣʽʜʞʝʥʥʷ ʷʢʦʾ ʙʫʣʘ ʟʘʬʽʢʩʦʚʘʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʧʦʢʘʟ-

ʥʠʢʽʚ ʪʠʩʢʫ ʫ ʩʝʤʠ ʪʦʯʢʘʭ ʧʦʨʽʚʥʷʥʦ ʩ ʨʝʬʝʨʝʥʪʥʦʶ 

ʪʦʯʢʦʶ, ʟʘ ʷʢʫ ʙʫʣʦ ʧʨʠʡʥʷʪʝ ʧʣʝʯʝ ʣʽʚʦʾ ʨʫʢʠ. ɿ 

ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ ʤʽʞ ʧʦʢʘʟʥʠʢʘʤʠ 

ʪʠʩʢʫ ʚ ʦʜʥʽʡ ʟ ʩʝʤʠ ʪʦʯʦʢ ʪʘ ʨʝʬʝʨʝʥʪʥʦʶ ʪʦʯʢʦʶ 

ʙʫʣʘ ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʤʝʪʘ ʩʪʚʦʨʠʪʠ ʧʨʦʛʨʘʤʥʫ ʩʠ-

ʩʪʝʤʫ ʜʣʷ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʧʘʨʘʤʝʪʨʽʚ ʘʨ-

ʪʝʨʽʘʣʴʥʦʛʦ ʪʠʩʢʫ. ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦ-

ʜʝʣʽ ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʟʘʩʪʦʩʫ-

ʚʘʪʠ ʤʝʪʦʜ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ.  

ʋ ʩʪʘʪʠʩʪʠʮʽ ʣʽʥʽʡʥʘ ʨʝʛʨʝʩʽʷ ʻ ʣʽʥʽʡʥʠʤ 

ʧʽʜʭʽʜʦʤ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ ʤʽʞ ʩʢʘ-

ʣʷʨʥʦʶ ʟʘʣʝʞʥʦʶ ʟʤʽʥʥʦʶ y ʪʘ ʦʜʥʽʻʶ ʯʠ ʢʽʣʴʢʦʤʘ 

ʥʝʟʘʣʝʞʥʠʤʠ ʟʤʽʥʥʠʤʠ, ʧʦʟʥʘʯʝʥʠʤʠ ʍ. ʈʝʛʨʝʩʽʷ ʟ 

ʦʜʥʽʻʶ ʥʝʟʘʣʝʞʥʦʶ ʟʤʽʥʥʦʶ ʥʘʟʠʚʘʻʪʴʩʷ ʧʨʦʩʪʦʶ 

ʣʽʥʽʡʥʦʶ ʨʝʛʨʝʩʽʻʶ. ɼʣʷ ʙʽʣʴʰ ʥʽʞ ʦʜʥʽʻʾ ʥʝʟʘʣʝʞ-

ʥʦʾ ʟʤʽʥʥʦʾ ʧʨʦʮʝʩ ʥʘʟʠʚʘʻʪʴʩʷ ʤʥʦʞʠʥʥʦʶ 

ʣʽʥʽʡʥʦʶ ʨʝʛʨʝʩʽʻʶ [4]. 

ʋ ʣʽʥʽʡʥʽʡ ʨʝʛʨʝʩʽʾ ʚʽʜʥʦʩʠʥʠ ʤʦʜʝʣʶʶʪʴʩʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʣʽʥʽʡʥʠʭ ʧʨʝʜʠʢʪʦʨʥʠʭ ʬʫʥʢʮʽʡ, 

ʥʝʚʽʜʦʤʽ ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ ʦʮʽʥʶʶʪʴʩʷ ʟʘ ʜʘʥʠʤʠ. 

ʊʘʢʽ ʤʦʜʝʣʽ ʥʘʟʠʚʘʶʪʴʩʷ ʣʽʥʽʡʥʠʤʠ ʤʦʜʝʣʷʤʠ [5]. 

ʃʽʥʽʡʥʘ ʨʝʛʨʝʩʽʷ ʬʦʢʫʩʫʻʪʴʩʷ ʥʘ ʫʤʦʚʥʦʤʫ 

ʨʦʟʧʦʜʽʣʽ ʡʤʦʚʽʨʥʦʩʪʽ y, ʟʘʜʘʥʦʶ ʭ, ʘ ʥʝ ʥʘ ʩʧʽʣʴʥʠʡ 

ʨʦʟʧʦʜʽʣ ʚʽʨʦʛʽʜʥʦʩʪʽ y ʽ X, ʱʦ ʻ ʦʙʣʘʩʪʶ ʙʘʛʘʪʦ-

ʚʠʤʽʨʥʦʛʦ ʘʥʘʣʽʟʫ. 

ʃʽʥʽʡʥʘ ʨʝʛʨʝʩʽʷ ʙʫʣʘ ʧʝʨʰʠʤ ʪʠʧʦʤ ʨʝ-

ʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ, ʷʢʠʡ ʧʦʚʠʥʝʥ ʙʫʪʠ ʨʝʪʝʣʴʥʦ 

ʚʠʚʯʝʥʠʡ ʟʘʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʨʘʢʪʠʯʥʠʭ ʮʽʣʷʭ. 

ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʤʦʜʝʣʽ, ʷʢʽ ʣʽʥʽʡʥʦ ʟʘʣʝʞʘʪʴ 

ʚʽʜ ʾʭ ʥʝʚʽʜʦʤʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʣʝʛʰʝ ʧʽʜʛʘʥʷʶʪʴʩʷ, 

ʥʽʞ ʤʦʜʝʣʽ, ʥʝʣʽʥʽʡʥʦ ʧʦʚ'ʷʟʘʥʽ ʟ ʾʭ ʧʘʨʘʤʝʪʨʘʤʠ, ʘ 

ʪʘʢʦʞ, ʪʦʤʫ ʱʦ ʩʪʘʪʠʩʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʪʨʠʤʘʥʠʭ 

ʦʮʽʥʦʢ ʣʝʛʰʝ ʚʠʟʥʘʯʠʪʠ.  

ʃʽʥʽʡʥʘ ʨʝʛʨʝʩʽʷ ʤʘʻ ʙʘʛʘʪʦ ʧʨʘʢʪʠʯʥʠʭ ʟʘ-

ʩʪʦʩʫʚʘʥʴ. ɹʽʣʴʰʽʩʪʴ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʦʜʥʽʻʾ ʟ ʥʘʩʪʫʧ-

ʥʠʭ ʜʚʦʭ ʰʠʨʦʢʠʭ ʢʘʪʝʛʦʨʽʡ. ʗʢʱʦ ʤʝʪʦʶ ʻ ʧʨʦʛʥʦ-

ʟʫʚʘʥʥʷ ʘʙʦ ʟʤʝʥʰʝʥʥʷ ʧʦʤʠʣʦʢ, ʤʦʞʥʘ ʚʠʢʦʨʠ-

ʩʪʦʚʫʚʘʪʠ ʣʽʥʽʡʥʫ ʨʝʛʨʝʩʽʶ ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʧʨʦʛʥʦʟʫʶʯʦʾ ʤʦʜʝʣʽ ʩʧʦʩʪʝʨʝʞʫʚʘʥʦʤʫ ʥʘʙʦʨʫ ʜʘ-

ʥʠʭ ʟʥʘʯʝʥʴ y ʽ X. ʇʽʩʣʷ ʨʦʟʨʦʙʢʠ ʪʘʢʦʾ ʤʦʜʝʣʽ, 

ʷʢʱʦ ʜʘʣʽ ʟʘʜʘʥʦ ʜʦʜʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ X ʙʝʟ ʩʫ-

ʧʨʦʚʽʜʥʦʛʦ ʟʥʘʯʝʥʥʷ y, ʪʦ ʚʽʜʧʦʚʽʜʥʘ ʤʦʜʝʣʴ ʤʦʞʝ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʥʘʯʝʥʥʷ y 

[5]. ɿ ʦʛʣʷʜʫ ʥʘ ʟʤʽʥʥʫ y ʽ ʯʠʩʣʦ ʟʤʽʥʥʠʭ X1, ..., Xp, 

ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʽ ʟ y, ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ 

ʣʽʥʽʡʥʠʡ ʨʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ ʜʣʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ 

ʩʠʣʠ ʟʚ'ʷʟʢʫ ʤʽʞ y ʽ Xj ʜʣʷ ʦʮʽʥʢʠ ʪʦʛʦ, ʷʢʠʡ Xj 

ʤʦʞʝ ʥʝ ʤʘʪʠ ʚʽʜʥʦʰʝʥʥʷ ʟ y ʚʟʘʛʘʣʽ, ʽ ʚʠʟʥʘʯʠʪʠ, 

ʷʢʽ ʧʽʜʤʥʦʞʠʥʠ Xj ʤʽʩʪʷʪʴ ʥʘʜʣʠʰʢʦʚʫ ʽʥʬʦʨʤʘʮʽʶ 

ʧʨʦ y.  

ʄʦʜʝʣʽ ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ ʯʘʩʪʦ ʚʩʪʘʥʦʚʣʶ-

ʶʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜ-

ʨʘʪʽʚ. ʄʝʪʦʜ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʻ ʩʪʘʥʜʘʨʪʥʠʤ 

ʧʽʜʭʦʜʦʤ ʚ ʨʝʛʨʝʩʽʡʥʦʤʫ ʘʥʘʣʽʟʽ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ 

ʥʘʙʣʠʞʝʥʦʛʦ ʨʦʟʚ'ʷʟʢʫ ʥʘʜʣʠʰʢʦʚʦ-ʚʠʟʥʘʯʝʥʦʾ ʩʠ-

ʩʪʝʤʠ, ʪʦʙʪʦ ʙʝʟʣʽʯʽ ʨʽʚʥʷʥʴ, ʚ ʷʢʠʭ ʻ ʙʽʣʴʰʝ 

ʨʽʚʥʷʥʴ, ʥʽʞ ʥʝʚʽʜʦʤʠʭ. çʅʘʡʤʝʥʰʽ ʢʚʘʜʨʘʪʠè 

ʦʟʥʘʯʘʶʪʴ, ʱʦ ʟʘʛʘʣʴʥʝ ʨʽʰʝʥʥʷ ʤʽʥʽʤʽʟʫʻ ʩʫʤʫ 

ʢʚʘʜʨʘʪʽʚ ʟʘʣʠʰʢʽʚ, ʦʪʨʠʤʘʥʠʭ ʚ ʨʝʟʫʣʴʪʘʪʽ ʢʦʞ-

ʥʦʛʦ ʦʢʨʝʤʦʛʦ ʨʽʚʥʷʥʥʷ [6]. 

ʅʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʻ ʟʙʽʨ ʜʘ-

ʥʠʭ. ʅʘʡʢʨʘʱʘ ʧʽʜʛʦʥʢʘ ʚ ʤʝʪʦʜʽ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜ-

ʨʘʪʽʚ ʟʚʦʜʠʪʴ ʜʦ ʤʽʥʽʤʫʤʫ ʩʫʤʫ ʢʚʘʜʨʘʪʽʚ ʟʘʣʠʰʢʽʚ 

(ʟʘʣʠʰʢʦʚʘ ʩʢʣʘʜʦʚʘ: ʨʽʟʥʠʮʷ ʤʽʞ ʩʧʦʩʪʝʨʝʞʫʚʘ-

ʥʠʤ ʟʥʘʯʝʥʥʷʤ ʽ ʚʩʪʘʥʦʚʣʝʥʠʤ ʟʥʘʯʝʥʥʷʤ, ʥʘʜʘʥʠʤ 

ʤʦʜʝʣʣʶ). ʂʦʣʠ ʧʨʦʙʣʝʤʘ ʤʘʻ ʽʩʪʦʪʥʫ ʥʝʚʠʟʥʘ-

ʯʝʥʽʩʪʴ ʚ ʥʝʟʘʣʝʞʥʽʡ ʟʤʽʥʥʽʡ (ʟʤʽʥʥʘ x), ʪʦ ʧʨʦʩʪʽ 

ʤʝʪʦʜʠ ʨʝʛʨʝʩʽʾ ʽ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʤʘʶʪʴ ʧʨʦ-

ʙʣʝʤʠ; ʚ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʟʘʤʽʩʪʴ ʩʭʝʤʠ ʥʘʡʤʝʥʰʠʭ 

ʢʚʘʜʨʘʪʽʚ ʤʦʞʝ ʙʫʪʠ ʨʦʟʛʣʷʥʫʪʘ ʤʝʪʦʜʦʣʦʛʽʷ, ʥʝʦʙ-

ʭʽʜʥʘ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʤʦʜʝʣʝʡ ʧʦʤʠʣʦʢ ʚ ʟʤʽʥʥʠʭ. 

ʇʨʦʙʣʝʤʠ ʟ ʥʘʡʤʝʥʰʠʤʠ ʢʚʘʜʨʘʪʘʤʠ ʜʽʣʷʪʴʩʷ 

ʥʘ ʜʚʽ ʢʘʪʝʛʦʨʽʾ: ʣʽʥʽʡʥʽ ʘʙʦ ʟʚʠʯʘʡʥʽ ʥʘʡʤʝʥʰʽ 

ʢʚʘʜʨʘʪʠ ʽ ʥʝʣʽʥʽʡʥʽ ʥʘʡʤʝʥʰʽ ʢʚʘʜʨʘʪʠ, ʚ ʟʘʣʝʞ-

ʥʦʩʪʽ ʚʽʜ ʪʦʛʦ, ʯʠ ʻ ʟʘʣʠʰʢʠ ʣʽʥʽʡʥʠʤʠ ʧʦ ʚʩʽʤ 

ʥʝʚʽʜʦʤʠʤ. ʃʽʥʽʡʥʘ ʧʨʦʙʣʝʤʘ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ 

https://uk.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%BE%D0%B4_%D0%BD%D0%B0%D0%B9%D0%BC%D0%B5%D0%BD%D1%88%D0%B8%D1%85_%D0%BA%D0%B2%D0%B0%D0%B4%D1%80%D0%B0%D1%82%D1%96%D0%B2
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ʚʠʥʠʢʘʻ ʧʨʠ ʩʪʘʪʠʩʪʠʯʥʦʤʫ ʨʝʛʨʝʩʽʡʥʦʤʫ ʘʥʘʣʽʟʽ; 

ʚʽʥ ʤʘʻ ʟʘʤʢʥʫʪʝ ʨʽʰʝʥʥʷ. ʅʝʣʽʥʽʡʥʘ ʟʘʜʘʯʘ ʟʘʟʚʠ-

ʯʘʡ ʚʠʨʽʰʫʻʪʴʩʷ ʰʣʷʭʦʤ ʽʪʝʨʘʪʠʚʥʦʛʦ ʫʪʦʯʥʝʥʥʷ; 

ʥʘ ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ ʩʠʩʪʝʤʘ ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ 

ʣʽʥʽʡʥʦʶ [7]. 

ʇʦʣʽʥʦʤʽʘʣʴʥʽ ʥʘʡʤʝʥʰʽ ʢʚʘʜʨʘʪʠ ʦʧʠʩʫʶʪʴ 

ʜʠʩʧʝʨʩʽʶ ʧʝʨʝʜʙʘʯʝʥʥʷ ʟʘʣʝʞʥʦʾ ʟʤʽʥʥʦʾ ʷʢ 

ʬʫʥʢʮʽʶ ʥʝʟʘʣʝʞʥʦʾ ʟʤʽʥʥʦʾ  ̔ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʚʩʪʘ-

ʥʦʚʣʝʥʦʾ ʢʨʠʚʦʾ. 

ʉʪʘʥʜʘʨʪʥʽ ʤʦʜʝʣʽ ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ ʟʽ ʩʪʘʥ-

ʜʘʨʪʥʠʤʠ ʤʝʪʦʜʘʤʠ ʦʮʽʥʢʠ ʨʦʙʣʷʪʴ ʨʷʜ ʧʨʠʧʫʱʝʥʴ 

ʱʦʜʦ ʟʤʽʥʥʠʭ-ʧʨʝʜʠʢʪʦʨʽʚ, ʟʤʽʥʥʠʭ ʚʽʜʧʦʚʽʜʽ  ̔ʾʭ 

ʚʟʘʻʤʦʟʚ'ʷʟʢʫ. ɯʩʥʫʶʪʴ ʯʠʩʣʝʥʥʽ ʩʧʦʩʦʙʠ, ɦ ʦ ʜʦʟʚʦ-

ʣʷʶʪʴ ʧʦʤ'ʷʢʰʠʪʠ ʢʦʞʥʝ ʟ ʮʠʭ ʧʨʠʧʫʱʝʥʴ (ʪʦʙʪʦ 

ʟʚʝʩʪʠ ʜʦ ʙʽʣʴʰ ʩʣʘʙʢʦʾ ʬʦʨʤʠ), ʘ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜ-

ʢʘʭ ʧʦʚʥʽʩʪʶ ʚʠʢʣʶʯʠʪʠ. ʗʢ ʧʨʘʚʠʣʦ, ʮ ̔ʩʧʦʩʦʙʠ 

ʨʦʙʣʷʪʴ ʧʨʦʮʝʜʫʨʫ ʦʮʽʥʢʠ ʙʽʣʴʰ ʩʢʣʘʜʥʦʶ  ̔ʪʨʫ-

ʜʦʤʽʩʪʢʦʶ, ʘ ʪʘʢʦʞ ʤʦʞʫʪʴ ʚʠʤʘʛʘʪʠ ʙʽʣʴʰʝ ʜʘʥʠʭ 

ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʦʜʥʘʢʦʚʦ ʪʦʯʥʦʾ ʤʦʜʝʣʽ [8]. 

ʅʠʞʯʝ ʥʘʚʦʜʷʪʴʩʷ ʦʩʥʦʚʥʽ ʜʦʧʫʱʝʥʥʷ, ʟʨʦʙ-

ʣʝʥʽ ʩʪʘʥʜʘʨʪʥʠʤʠ ʣʽʥʽʡʥʠʤʠ ʨʝʛʨʝʩʽʡʥʠʤʠ ʤʦʜʝ-

ʣʷʤʠ ʟʽ ʩʪʘʥʜʘʨʪʥʠʤʠ ʤʝʪʦʜʘʤʠ ʦʮʽʥʢʠ (ʥʘʧʨʠʢʣʘʜ, 

ʟʚʠʯʘʡʥʠʤʠ ʥʘʡʤʝʥʰʠʤʠ ʢʚʘʜʨʘʪʘʤʠ): 

ʉʣʘʙʢʘ ʝʢʟʦʛʝʥʥʽʩʪʴ. ʎʝ ʧʦ ʩʫʪʽ ʦʟʥʘʯʘʻ, ʱʦ 

ʧʨʝʜʠʢʪʦʨʥʽ ʟʤʽʥʥʽ x ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʬʽʢʩʦ-

ʚʘʥʽ ʟʥʘʯʝʥʥʷ, ʘ ʥʝ ʚʠʧʘʜʢʦʚʽ. ʎʝ ʦʟʥʘʯʘʻ, ʥʘʧʨʠ-

ʢʣʘʜ, ʱʦ ʧʨʝʜʠʢʪʦʨʥʽ ʟʤʽʥʥʽ ʚʚʘʞʘʶʪʴʩʷ ʙʝʟʧʦʤʠʣ-

ʢʦʚʠʤʠ, ʪʦʙʪʦ ʥʝ ʟʘʙʨʫʜʥʝʥʽ ʧʦʤʠʣʢʘʤʠ 

ʚʠʤʽʨʶʚʘʥʥʷ.  

ʃʽʥʽʡʥʽʩʪʴ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 

ʟʤʽʥʥʦʾ ʚʽʜʧʦʚʽʜʽ ʷʚʣʷʻ ʩʦʙʦʶ ʣʽʥʽʡʥʫ ʢʦʤʙʽʥʘʮʽʶ 

ʧʘʨʘʤʝʪʨʽʚ (ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʾ) ʽ ʟʤʽʥʥʠʭ-ʧʨʝ-

ʜʠʢʪʦʨʽʚ. ʆʩʢʽʣʴʢʠ ʟʤʽʥʥʽ ʧʨʝʜʠʢʪʦʨʘ ʨʦʟʛʣʷʜʘ-

ʶʪʴʩʷ ʷʢ ʬʽʢʩʦʚʘʥʽ ʟʥʘʯʝʥʥʷ, ʣʽʥʽʡʥʽʩʪʴ ʥʘʩʧʨʘʚʜʽ ʻ 

ʣʠʰʝ ʦʙʤʝʞʝʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ. ʉʘʤʽ ʟʤʽʥʥʽ ʧʨʝʜʠʢ-

ʪʦʨʘ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʚʽʣʴʥʦ ʧʝʨʝʪʚʦʨʝʥʽ, ʽ ʥʘʩʧʨʘʚʜʽ 

ʤʦʞʥʘ ʜʦʜʘʪʠ ʢʽʣʴʢʘ ʢʦʧʽʡ ʦʜʥʽʻʾ ʽ ʪʽʻʾ ʞ ʦʩʥʦʚʥʦʾ 

ʧʝʨʝʜʙʘʯʫʚʘʥʦʾ ʟʤʽʥʥʦʾ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʧʝʨʝʪʚʦ-

ʨʶʻʪʴʩʷ ʧʦ-ʨʽʟʥʦʤʫ. ʎʝʡ ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, 

ʥʘʧʨʠʢʣʘʜ, ʚ ʧʦʣʽʥʦʤʽʘʣʴʥʽʡ ʨʝʛʨʝʩʽʾ, ʷʢʘ ʚʠʢʦʨʠ-

ʩʪʦʚʫʻ ʣʽʥʽʡʥʫ ʨʝʛʨʝʩʽʶ ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʤʽʥʥʦʾ 

ʚʽʜʛʫʢʫ ʷʢ ʜʦʚʽʣʴʥʦʾ ʧʦʣʽʥʦʤʽʘʣʴʥʦʾ ʬʫʥʢʮʽʾ (ʘʞ ʜʦ 

ʟʘʜʘʥʦʛʦ ʨʘʥʛʫ) ʧʨʝʜʠʢʪʦʨʥʦʾ ʟʤʽʥʥʦʾ. ʌʘʢʪʠʯʥʦ, 

ʪʘʢʽ ʤʦʜʝʣʽ, ʷʢ ʧʦʣʽʥʦʤʽʘʣʴʥʘ ʨʝʛʨʝʩʽʷ, ʯʘʩʪʦ çʟʘʥʘ-

ʜʪʦ ʩʠʣʴʥʽè, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʩʭʠʣʴʥʽ ʧʝʨʝʚʘʥʪʘ-

ʞʫʚʘʪʠ ʜʘʥʽ. ɺ ʨʝʟʫʣʴʪʘʪʽ, ʷʢ ʧʨʘʚʠʣʦ, ʷʢʘʩʴ ʨʝʛʫʣʷ-

ʨʠʟʘʮʽʷ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ 

ʥʝʦʙʛʨʫʥʪʦʚʘʥʠʭ ʨʽʰʝʥʴ, ʱʦ ʚʠʭʦʜʷʪʴ ʟ ʧʨʦʮʝʩʫ 

ʦʮʽʥʢʠ.  

ʇʦʩʪʽʡʥʘ ʜʠʩʧʝʨʩʽʷ (ʛʦʤʦʩʢʝʜʘʩʪʠʯʥʽʩʪʴ). ʎʝ 

ʦʟʥʘʯʘʻ, ʱʦ ʨʽʟʥʽ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʦʾ ʚʽʜʧʦʚʽʜʽ ʤʘʶʪʴ 

ʦʜʥʘʢʦʚʫ ʜʠʩʧʝʨʩʽʶ ʚ ʩʚʦʾʭ ʧʦʤʠʣʢʘʭ, ʥʝʟʘʣʝʞʥʦ 

ʚʽʜ ʟʥʘʯʝʥʴ ʧʨʝʜʠʢʪʦʨʥʠʭ ʟʤʽʥʥʠʭ. ʅʘ ʧʨʘʢʪʠʮʽ ʮʝ 

ʧʨʠʧʫʱʝʥʥʷ ʻ ʥʝʜʽʡʩʥʠʤ (ʪʦʙʪʦ ʧʦʤʠʣʢʠ ʻ ʛʝʪʝʨʦ-

ʩʢʝʜʘʩʪʠʯʥʠʤʠʤʠ), ʷʢʱʦ ʟʤʽʥʥʘ ʚʽʜʧʦʚʽʜʽ ʤʦʞʝ 

ʚʘʨʽʶʚʘʪʠʩʷ ʚ ʰʠʨʦʢʠʭ ʤʘʩʰʪʘʙʘʭ. ʑʦʙ ʧʝ-

ʨʝʚʽʨʠʪʠ ʛʝʪʝʨʦʛʝʥʥʫ ʜʠʩʧʝʨʩʽʶ ʧʦʤʠʣʦʢ ʨʦʟʫʤʥʦ 

ʰʫʢʘʪʠ çʝʬʝʢʪ ʨʦʟʜʫʚʘʥʥʷè ʤʽʞ ʟʘʣʠʰʢʦʚʦʶ ʧʦʤʠ-

ʣʢʦʶ ʽ ʧʨʦʛʥʦʟʦʚʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ [9]. 

ʇʨʦʩʪʽ ʤʝʪʦʜʠ ʦʮʽʥʢʠ ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ ʜʘʶʪʴ 

ʤʝʥʰ ʪʦʯʥʽ ʦʮʽʥʢʠ ʧʘʨʘʤʝʪʨʽʚ. ʆʜʥʘʢ ʨʽʟʥʽ ʤʝʪʦʜʠ 

ʦʮʽʥʢʠ ʤʦʞʫʪʴ ʦʙʨʦʙʣʷʪʠ ʛʝʪʝʨʦʩʢʝʜʘʩʪʽʯʥʽʩʪʴ ʚ 

ʜʦʩʠʪʴ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ. ɹʘʡʻʩʦʚʩʴʢʽ ʤʝʪʦʜʠ 

ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ ʤʦʞʫʪʴ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ, 

ʢʦʣʠ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʜʠʩʧʝʨʩʽʷ ʻ ʬʫʥʢʮʽʻʶ ʩʝ-

ʨʝʜʥʴʦʛʦ. ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʪʘʢʦʞ ʤʦʞʣʠʚʦ ʫʩʫ-

ʥʫʪʠ ʧʨʦʙʣʝʤʫ, ʟʘʩʪʦʩʫʚʘʚʰʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʦ 

ʟʤʽʥʥʦʾ ʚʽʜʧʦʚʽʜʽ (ʥʘʧʨʠʢʣʘʜ, ʚʩʪʘʥʦʚʠʪʠ ʣʦʛʘʨʠʬʤ 

ʟʤʽʥʥʦʾ ʚʽʜʧʦʚʽʜʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʽ ʣʽʥʽʡʥʦʾ 

ʨʝʛʨʝʩʽʾ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʟʤʽʥʥʘ ʚʽʜʧʦʚʽʜʽ ʤʘʻ ʣʦʛʘ-

ʨʠʬʤʽʯʥʦ ʥʦʨʤʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ, ʘ ʥʝ ʥʦʨʤʘʣʴʥʠʡ 

ʨʦʟʧʦʜʽʣ). 

ʅʝʟʘʣʝʞʥʽʩʪʴ ʧʦʤʠʣʦʢ. ʎʝ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʧʦ-

ʤʠʣʢʠ ʟʤʽʥʥʠʭ ʚʽʜʧʦʚʽʜʽ ʥʝʢʦʨʝʣʴʦʚʘʥʽ ʦʜʠʥ ʟ ʦʜ-

ʥʠʤ. ɼʝʷʢʽ ʤʝʪʦʜʠ (ʥʘʧʨʠʢʣʘʜ, ʫʟʘʛʘʣʴʥʝʥʽ ʥʘʡ-

ʤʝʥʰʽ ʢʚʘʜʨʘʪʠ) ʟʜʘʪʥʽ ʦʙʨʦʙʣʷʪʠ ʢʦʨʝʣʴʦʚʘʥʽ ʧʦ-

ʤʠʣʢʠ, ʭʦʯʘ ʟʘʟʚʠʯʘʡ ʚʦʥʠ ʚʠʤʘʛʘʶʪʴ ʟʥʘʯʥʦ 

ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʜʘʥʠʭ, ʷʢʱʦ ʙʫʜʴ-ʷʢʘ ʨʝʛʫʣʷʨʠʟʘ-

ʮʽʷ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʩʫʚʫ ʤʦʜʝʣʽ ʚ ʩʪʦʨʦʥʫ 

ʜʦʧʫʱʝʥʥʷ ʥʝʢʦʨʝʣʴʦʚʘʥʠʭ ʧʦʤʠʣʦʢ. ɹʘʡʻʩʦʚʘ 

ʣʽʥʽʡʥʘ ʨʝʛʨʝʩʽʷ - ʮʝ ʟʘʛʘʣʴʥʠʡ ʩʧʦʩʽʙ ʚʠʨʽʰʝʥʥʷ 

ʮʽʻʾ ʧʨʦʙʣʝʤʠ. 

ɺʽʜʩʫʪʥʽʩʪʴ ʜʦʩʢʦʥʘʣʦʾ ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʦʩʪʽ ʚ 

ʧʨʦʚʽʩʥʠʢʽʚ. ɼʣʷ ʩʪʘʥʜʘʨʪʥʠʭ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʥʘʡ-

ʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʤʘʪʨʠʮʷ ʧʨʦʝʢʪʫʚʘʥʥʷ X ʧʦ-

ʚʠʥʥʘ ʤʘʪʠ ʧʦʚʥʠʡ ʨʘʥʛ ʩʪʦʚʧʯʠʢʘ p; ʚ ʽʥʰʦʤʫ 

ʚʠʧʘʜʢʫ ʤʦʞʝ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʜʦʩʢʦʥʘʣʘ ʤʫʣʴʪʠ-

ʢʦʣʽʥʝʘʨʥʽʩʪʴ ʚ ʧʨʝʜʠʢʪʦʨʥʠʭ ʟʤʽʥʥʠʭ. ʎʝ ʤʦʞʝ 

ʙʫʪʠ ʚʠʢʣʠʢʘʥʦ ʥʘʷʚʥʽʩʪʶ ʜʚʦʭ ʘʙʦ ʙʽʣʴʰʝ ʽʜʝ-

ʘʣʴʥʦ ʢʦʨʝʣʴʦʚʘʥʠʭ ʧʨʝʜʠʢʪʦʨʥʠʭ ʟʤʽʥʥʠʭ (ʥʘʧʨʠ-

ʢʣʘʜ, ʷʢʱʦ ʦʜʥʘ ʽ ʪʘ ʞ ʧʨʝʜʠʢʪʦʨʥʘ ʟʤʽʥʥʘ ʧʦʤʠʣ-

ʢʦʚʦ ʟʘʜʘʻʪʴʩʷ ʜʚʽʯʽ). ʎʝ ʪʘʢʦʞ ʤʦʞʝ ʩʪʘʪʠʩʷ, ʷʢʱʦ 

ʻ ʟʘʥʘʜʪʦ ʤʘʣʦ ʜʘʥʠʭ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʽʣʴʢʽʩʪʶ 

ʦʮʽʥʶʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʥʘʧʨʠʢʣʘʜ, ʤʝʥʰʘ ʢʽʣʴ-

ʢʽʩʪʴ ʪʦʯʦʢ ʜʘʥʠʭ, ʥʽʞ ʢʦʝʬʽʮʽʻʥʪʠ ʨʝʛʨʝʩʽʾ). ʋ ʨʘʟʽ 

ʜʦʩʢʦʥʘʣʦʾ ʙʘʛʘʪʦʢʦʣʽʥʝʘʨʥʦʩʪʽ ʚʝʢʪʦʨ ʧʘʨʘʤʝʪʨʽʚ 

ɓ ʙʫʜʝ ʥʝʽʜʝʥʪʠʬʽʢʦʚʘʥʠʤ - ʚʽʥ ʥʝ ʤʘʻ ʦʜʥʦʟʥʘʯʥʦʾ 

ʚʽʜʧʦʚʽʜʽ. ʋ ʢʨʘʱʦʤʫ ʚʠʧʘʜʢʫ ʤʠ ʟʤʦʞʝʤʦ ʚʠʟʥʘ-

ʯʠʪʠ ʜʝʷʢʽ ʧʘʨʘʤʝʪʨʠ, ʪʦʙʪʦ ʟʚʫʟʠʪʠ ʡʦʛʦ ʟʥʘʯʝʥʥʷ 

ʜʦ ʜʝʷʢʦʛʦ ʣʽʥʽʡʥʦʛʦ ʧʽʜʧʨʦʩʪʦʨʫ.  

ɺʘʨʪʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ, ʱʦ ʙʽʣʴʰ ʩʢʣʘʜʥʽ ʦʙ-

ʯʠʩʣʶʚʘʣʴʥʽ ʘʣʛʦʨʠʪʤʠ ʜʣʷ ʦʮʽʥʢʠ ʧʘʨʘʤʝʪʨʽʚ, 

ʥʘʧʨʠʢʣʘʜ ʪʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʫʟʘʛʘʣʴʥʝʥʠʭ 

ʣʽʥʽʡʥʠʭ ʤʦʜʝʣʷʭ, ʥʝ ʩʪʨʘʞʜʘʶʪʴ ʚʽʜ ʮʽʻʾ ʧʨʦʙʣʝʤʠ 

[10]. 

ɿʚʘʞʘʶʯʠ ʥʘ ʨʦʟʛʣʷʥʫʪʫ ʪʘ ʥʘʚʝʜʝʥʫ ʚʠʱʝ ʪʝʦ-

ʨʝʪʠʯʥʫ ʽʥʬʦʨʤʘʮʽʶ, ʙʫʣʦ ʧʨʠʡʥʷʪʝ ʨʽʰʝʥʥʷ ʟʘ-

ʩʪʦʩʫʚʘʪʠ ʤʝʪʦʜ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʜʣʷ ʧʨʦʚʝ-

ʜʝʥʥʷ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʦʛʨʘʤʥʦʶ ʩʠʩʪʝʤʦʶ. 

ʆʢʨʽʤ ʧʨʦʛʨʘʤʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʧʦʩʪʘʣʘ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʨʦʟʨʦʙʠʪʠ ʬʫʥʢʮʽʦʥʘʣ ʜʣʷ ʛʥʫʯʢʦʾ ʨʦʙʦʪʠ ʟ ʙʘʟʦʶ 

ʜʘʥʠʭ. ɺ ʨʘʤʢʘʭ ʮʽʻʾ ʟʘʜʘʯʽ ʙʫʣʘ ʜʦʜʘʥʘ ʤʦʞʣʠʚʽʩʪʴ 

ʬʽʣʴʪʨʘʮʽʾ ʚʭʽʜʥʠʭ ʜʘʥʠʭ. ʇʝʨʰʠʤ ʚʭʽʜʥʠʤ ʧʘʨʘ-

ʤʝʪʨʦʤ ʧʨʦʛʨʘʤʠ ʻ ʚʠʙʽʨʢʘ ʣʶʜʝʡ ʟ ʚʠʭʽʜʥʦʾ ʙʘʟʠ 

ʜʘʥʠʭ, ʦʙʨʘʥʘ ʟʘ ʧʝʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʪʘʢʠʤʠ ʷʢ 

ʚʽʢ, ʩʪʘʪʴ, ʪʠʧ ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʙʦ ʥʦʤʝʨ ʢʣʘʩʪʝʨʫ. 

ɼʨʫʛʠʤ ʚʭʽʜʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʻ ʜʽʣʷʥʢʘ ʪʽʣʘ, ʥʘ ʷʢʽʡ 

ʧʨʦʚʦʜʠʣʦʩʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʠʩʢʫ. ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʮʴʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ ʢʦʨʠʩʪʫʚʘʯ ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʰʚʠʜʢʦ ʽ ʟʨʫʯʥʦ ʬʦʨʤʫʚʘʪʠ ʚʠʙʽʨʢʫ ʜʘʥʠʭ ʜʣʷ 

ʘʥʘʣʽʟʫ. ʅʘʧʨʠʢʣʘʜ, ʧʨʦʚʝʩʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞ-

ʥʦʩʪʽ ʤʽʞ ʟʥʘʯʝʥʥʷʤ ʩʠʩʪʦʣʽʯʥʦʛʦ ʪʠʩʢʫ ʚ ʨʝʬʝ-

ʨʝʥʪʥʽʡ ʪʦʯʮʽ(ʣʽʚʝ ʧʣʝʯʝ) ʪʘ ʪʦʯʮʽ ʥʘ ʧʨʘʚʦʤʫ ʩʪʝʛʥʽ 

ʦʢʨʝʤʦ ʜʣʷ ʞʽʥʦʢ ʧʽʩʣʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʤʝʪʦʶ 

ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʪʠʤ ʩʘʤʠʤ ʚʠʤʽʨʶʚʘʥʥʷʤ 
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ʜʣʷ ʯʦʣʦʚʽʢʽʚ ʧʽʩʣʷ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʇʨʦʛʨʘʤʘ ʜʦʟʚʦ-

ʣʷʻ ʦʙʨʘʪʠ ʧʦʪʨʽʙʥʫ ʙʘʟʫ ʜʘʥʠʭ ʫ ʬʦʨʤʘʪʽ .xls, 

ʩʬʦʨʤʫʚʘʪʠ ʚʠʙʽʨʢʫ ʜʘʥʠʭ ʜʣʷ ʘʥʘʣʽʟʫ ʟʘ ʜʦʧʦʤʦ-

ʛʦʶ ʬʽʣʴʪʨʽʚ, ʪʘ ʟʙʝʨʝʛʪʠ ʨʝʟʫʣʴʪʘʪʠ ʚ ʦʙʨʘʥʫ ʙʘʟʫ 

ʜʘʥʠʭ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ. ɼʘʥʽ ʟʙʝʨʽʛʘ-

ʶʪʴʩʷ ʥʘ ʥʦʚʦʤʫ ʣʠʩʪʽ, ʱʦ ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʟʘʩʪʦʩʦʚʘʥʽ ʢʦʨʠʩʪʫʚʘʯʝʤ ʬʽʣʴʪʨʠ. 

 
ʈʠʩ. 1. ɯʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʥʦʾ ʩʠʩʪʝʤʠ 

 

 
ʈʠʩ. 2. ʇʨʦʛʨʘʤʥʘ ʩʠʩʪʝʤʘ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʨʦʟʨʘʭʫʥʢʫ ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ 

 

 
ʈʠʩ. 3. ʈʝʟʫʣʴʪʘʪ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʠ, ʟʘʧʠʩʘʥʠʡ ʚ ʙʘʟʫ ʜʘʥʠʭ 
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ɺʠʩʥʦʚʢʠ: 

ɹʫʣʘ ʩʪʚʦʨʝʥʘ ʧʨʦʛʨʘʤʥʘ ʩʠʩʪʝʤʘ ʜʣʷ ʨʝʛʨʝʩʽʡʥʦʛʦ 

ʘʥʘʣʽʟʫ ʧʘʨʘʤʝʪʨʽʚ ʘʨʪʝʨʽʘʣʴʥʦʛʦ ʪʠʩʢʫ. ʇʨʦʛʨʘʤʥʠʡ 

ʧʨʦʜʫʢʪ ʥʘʮʽʣʝʥʠʡ ʥʘ ʛʥʫʯʢʫ ʨʦʙʦʪʫ ʟ ʙʘʟʦʶ ʜʘʥʠʭ, 

ʥʘʜʘʶʯʠ ʤʦʞʣʠʚʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʫ ʬʦʨʤʫʚʘʪʠ ʥʝʦʙʭʽʜʥʫ 

ʚʠʙʽʨʢʫ ʜʘʥʠʭ ʜʣʷ ʘʥʘʣʽʟʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʽʣʴʪʨʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʠ ʟʙʝʨʽʛʶʪʴʩʷ ʚ ʙʘʟʫ ʜʘʥʠʭ 

ʬʦʨʤʘʪʫ .xls ʥʘ ʥʦʚʦʤʫ ʣʠʩʪʽ, ʱʦ ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ 

ʧʨʦ ʬʽʣʴʪʨʠ, ʷʢʽ ʟʘʩʪʦʩʫʚʘʚ ʢʦʨʠʩʪʫʚʘʯ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʟʨʫʯʥʦ ʧʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ.  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʠʪʴ ʧʨʠʥʮʠʧʳ ʩʪʨʘʪʝʛʠʠ ERP ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʠʥʪʝʛʨʠ-

ʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʤʘʣʦʛʦ/ʩʨʝʜʥʝʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ. ʉʦʟʜʘʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʥʦʛʦʧʨʦʬʠʣʴʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʨʝʩʫʨʩʘ ʘʢʪʫʘʣʴʥʦ ʜʣʷ 

ʩʪʨʘʭʦʚʦʡ ʤʝʜʠʮʠʥʳ ʠ ʦʭʨʘʥʳ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ (GMP, 

ISO, ICH), ʘ ʪʘʢʞʝ ʛʨʘʥʪʦʚ ɽʚʨʦʩʦʶʟʘ: HORIZON 2020: Work Programme 2016 ï 2017. Health, demographic 

change and well-being. 

Abstract 

The article suggests using the ERP principles for the development and implementation of a corporate inte-

grated information system for health care SME. Content creation and use of information resources is actuality 

from the standpoint of safety and human healthcare, taking into account international standards (GMP, ISO, ICH) 

and EU grants: HORIZON 2020 ï Work Programme 2016 ï 2017. Health, demographic change and well-being. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʦʮʝʩʩʥʳʡ ʧʦʜʭʦʜ, ʩʠʩʪʝʤʳ ʤʝʥʝʜʞʤʝʥʪʘ ʢʘʯʝ-

ʩʪʚʘ. 

Keywords: information technology, process approach, quality management systems. 

 

1. ɺʚʝʜʝʥʠʝ  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝ ʘʢ-

ʮʝʥʪʦʚ ʚʥʝʜʨʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠ-

ʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʚ ʩʪʦʨʦʥʫ ʤʘʩ-

ʩʦʚʦʛʦ ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʙʝʟʦʧʘʩʥʦʛʦ ʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʫʭʦʜʘ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʣʠʮ ʠ ʛʨʫʧʧ ʥʘʩʝʣʝʥʠʷ [1].  

https://ru.wikipedia.org/wiki/%D0%9B%D0%B8%D0%BD%D0%BD%D0%B8%D0%BA,_%D0%AE%D1%80%D0%B8%D0%B9_%D0%92%D0%BB%D0%B0%D0%B4%D0%B8%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B8%D1%87_(%D0%BC%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D0%BA)
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ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ 

ʨʘʩʢʨʳʪʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʟʘʜʘʯ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝ-

ʥʠʷ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ HIS (Health Information System) 

ʧʨʝʜʧʨʠʷʪʠʷ SME (Small and medium-sized enter-

prise) c çʧʨʦʮʝʩʩʥʳʤ ʧʦʜʭʦʜʦʤè ʢ ʤʝʥʝʜʞʤʝʥʪʫ ʢʘ-

ʯʝʩʪʚʘ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʘʥʜʘʨʪʫ 

ISO 9001; ʤʝʪʦʜʦʣʦʛʠʠ QFD (Quality Function De-

ployment), ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʢʦʥʚʝʨʛʝʥʮʠʠ ʤʝ-

ʪʦʜʦʚ ʩʠʩʪʝʤ ʤʝʥʝʜʞʤʝʥʪʘ ʢʘʯʝʩʪʚʘ QMS (Quality 

Management Systems) ʠ ʩʠʩʪʝʤ ʤʝʥʝʜʞʤʝʥʪʘ ʧʨʝʜ-

ʧʨʠʷʪʠʡ (ʧʘʨʘʜʠʛʤ ʫʧʨʘʚʣʝʥʠʷ) EMS (Enterprise 

Management Systems) [2]. ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʠʩʘ ʢʦʥʚʝʨ-

ʛʝʥʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ SME ʧʨʝʜʣʦ-

ʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʣʘʪʬʦʨʤʫ ERP (Enterprise Re-

source Planning) ʩ ʘʢʮʝʥʪʦʤ ʥʘ ʚʥʝʰʥʠʝ ʠʩʪʦʯʥʠʢʠ 

ʜʘʥʥʳʭ ʠ ʚʥʝʰʥʠʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʧʦʜʛʦʪʦʚʣʝʥʥʦʛʦ 

ʢʦʥʪʝʥʪʘ.  

2. ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʠ ʮʝʣʴ 

ʊʨʫʜʥʦ ʧʝʨʝʦʮʝʥʠʪʴ ʚʘʞʥʦʩʪʴ ʜʦʩʪʦʚʝʨʥʳʭ 

ʤʝʜʠʢʦ-ʩʘʥʠʪʘʨʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʦʙʱʝʩʪʚʘ, ʦʜʥʘʢʦ 

ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʦʡ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ 

ʠ ʫʩʪʦʡʯʠʚʦʡ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʦʙʱʝʩʪʚʝʥʥʦʛʦ 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʚ ʤʘʩʰʪʘʙʘʭ ʚʩʝʛʦ ɽʚʨʦʧʝʡʩʢʦʛʦ 

ʉʦʶʟʘ (ɽʉ) ʠʣʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʟʜʨʘʚʦ-

ʦʭʨʘʥʝʥʠʷ [3]. ʅʝ ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʦʨʛʘʥʠʟʘʮʠʠ ʩʙʦʨʘ 

ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʛʨʘʮʠʠ ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨ-

ʤʘʮʠʠ ʠ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ ʵʪʠʭ ʜʘʥʥʳʭ ʩ ʧʦ-

ʤʦʱʴʶ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʧʘʢʝʪʘ ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ [3]. ɸʢʪʫʘʣʴʥʳ ʪʘʢʞʝ ʧʦ-

ʪʨʝʙʥʦʩʪʠ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʠʥʥʦʚʘʮʠʡ ʚ ʦʙʣʘʩʪʠ e- 

Health ʠ ʩʪʨʘʭʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʢʦʤʧʣʝʢʩʥʳʭ ʫʩʣʫʛ 

ʧʦ ʫʭʦʜʫ ʟʘ ʙʦʣʴʥʳʤʠ [4]. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʣʶʙʘʷ ʩʦʚʨʝʤʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʢʘʢ ʬʠʟʠʯʝʩʢʠʝ, 

ʪʘʢ ʠ ʦʙʱʝʩʪʚʝʥʥʳʝ ʦʪʥʦʰʝʥʠʷ ʠ ʵʪʦ ʦʩʦʙʝʥʥʦ ʘʢ-

ʪʫʘʣʴʥʦ ʜʣʷ ʙʦʣʴʰʠʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʢʨʫʧʥʳʭ ʦʨʛʘʥʠʟʘ-

ʮʠʡ, ʪʘʢʠʭ ʢʘʢ ʙʦʣʴʥʠʮʳ [5]. ʇʦʵʪʦʤʫ, ʜʣʷ ʰʠʨʦ-

ʢʦʛʦ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʝʜʠʥʦʛʦ ʨʳʥʢʘ e- Health ʚʘʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʪʘʥʜʘʨʪʦʚ 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ 

(http://ec.europa.eu/health/programme/policy_en) [5].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴ ʩʪʘʪʴʠ ï ʧʨʝʜʣʦʞʠʪʴ ʧʨʠ-

ʢʣʘʜʥʳʝ ʧʨʠʥʮʠʧʳ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ʢʦʨʧʦ-

ʨʘʪʠʚʥʦʡ HIS ʧʨʝʜʧʨʠʷʪʠʷ ʜʣʷ ʤʥʦʛʦʧʨʦʬʠʣʴʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ. 

3. ʇʨʠʥʮʠʧʳ ʦʨʛʘʥʠʟʘʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥ-
ʥʦʡ ʩʠʩʪʝʤʳ  

ʊʝʤʘʪʠʯʝʩʢʠʝ ʧʫʙʣʠʢʘʮʠʠ [1-7] ʠ ʧʨʠʥʮʠʧʳ 

ʩʪʘʥʜʘʨʪʦʚ ISO [2] ʧʦʟʚʦʣʷʶʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝ-

ʜʫʶʱʠʝ ʧʨʠʥʮʠʧʳ ʨʝʰʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʨʦ-

ʙʣʝʤ: 

1. ɺ ʦʩʥʦʚʝ ʢʣʠʥʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʪʠʢʠ ʣʝʞʠʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤʠ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ [6]. ʂʦʨʧʦʨʘ-

ʪʠʚʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʵʪʠʭ ʩʠʩʪʝʤ ʙʫʜʫʪ ʦʪʣʠʯʘʪʴʩʷ 

ʦʪ ʤʝʜʠʮʠʥʩʢʦʛʦ ʧʝʨʩʦʥʘʣʘ [4].  

2. ʅʘʜʸʞʥʦʩʪʴ ʢʦʨʧʦʨʘʪʠʚʥʳʭ HIS ʜʦʩʪʠʛʘʝʪʩʷ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʤ ʧʣʘʥʠʨʦʚʘʥʠʝʤ, ʢʦʥʪʨʦʣʝʤ ʠ 

ʫʧʨʘʚʣʝʥʠʝʤ. ʉʠʥʝʨʛʠʷ ʵʪʦʡ ʪʨʠʘʜʳ ʨʘʩʢʨʳʚʘʝʪ ʛʝ-

ʥʝʟʠʩ ʪʝʨʤʠʥʘ çʫʧʨʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʝʡè [7] ʢʘʢ 

ʫʧʨʘʚʣʝʥʠʝ çʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʨʝʩʫʨʩʘʤʠè (ERP) 

[8]. 

3. ɺʳʜʝʣʷʶʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʘ ʢ ʦʮʝʥʢʝ 

ʢʘʯʝʩʪʚʘ: ʢʘʯʝʩʪʚʦ ʩʪʨʫʢʪʫʨ, ʢʘʯʝʩʪʚʦ ʧʨʦʮʝʩʩʦʚ ʠ 

ʢʘʯʝʩʪʚʦ ʨʝʟʫʣʴʪʘʪʦʚ. ʂʘʯʝʩʪʚʦ ʩʪʨʫʢʪʫʨ ʚʣʠʷʝʪ ʥʘ 

ʢʘʯʝʩʪʚʦ ʧʨʦʮʝʩʩʦʚ, ʢʘʯʝʩʪʚʦ ʧʨʦʮʝʩʩʦʚ ʚʣʠʷʝʪ ʥʘ 

ʢʘʯʝʩʪʚʦ ʨʝʟʫʣʴʪʘʪʘ [7]. 

4. ʈʘʟʨʘʙʦʪʢʘ, ʚʥʝʜʨʝʥʠʝ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʢʘʯʝʩʪʚʝʥʥʳʭ HIS ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʙʨʘʙʦʪʢʫ ʙʦʣʴ-

ʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ [1]. ʕʪʦ ʩʪʠʤʫʣʠʨʫʝʪ ʨʘʟʚʠʪʠʝ 

ʤʝʪʦʜʦʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʈɸʊ 

(Process Analytical Technology) ʠʟ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ 

ʩʠʩʪʝʤ ʠ ʙʘʟ ʜʘʥʥʳʭ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ OLAP 

(Online Analytical Processing).  

5. ʇʦʥʠʤʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʥʥʦʚʘʮʠʡ ʚ ʙʠʟ-

ʥʝʩʝ ʠ ʩʦʮʠʘʣʴʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʨʝʙ-

ʥʦʩʪʠ ʧʦʜʜʝʨʞʢʠ ʠʥʥʦʚʘʮʠʡ, ʚʥʝʜʨʷʝʤʳʭ SME [5]. 

ɼʣʷ ʧʨʝʜʘʥʠʷ ʜʘʥʥʳʤ ʩʚʦʡʩʪʚ çʚʳʩʦʢʠʭ ʠ ʜʦ-

ʩʪʦʚʝʨʥʳʭè ʠʭ ʭʨʘʥʝʥʠʝ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʝʜʣʦ-

ʞʝʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʚ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʦʤ ʚʠʜʝ ʚ 

ʫʜʘʣʸʥʥʦʤ ʭʨʘʥʠʣʠʱʝ ʜʘʥʥʳʭ ʚ ʬʦʨʤʝ CRF (Case 

Report Forms). ɼʘʥʥʳʝ CRF ʘʥʘʣʦʛʠʯʥʳ ʭʦʨʦʰʦ ʠʟ-

ʚʝʩʪʥʳʤ ʚ ʬʘʨʤʘʮʠʠ ʬʦʨʤʘʤ: Case Report Forms 

and Individual Patient Listings (M4E(R2) CTD ï Com-

mon Technical Document ICH). 

3.1 ʂʦʥʚʝʨʛʝʥʮʠʷ ʤʝʪʦʜʦʚ QMS ʠ EMS ʧʨʠ 

çʧʨʦʮʝʩʩʥʦʤ ʧʦʜʭʦʜʝè QFD ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝ-

ʣʝʡ ɺʈʄ 

ʉʦʚʨʝʤʝʥʥʳʝ QMS ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʦʩʪʠʯʴ 

ʪʨʝʙʦʚʘʥʠʡ ʧʨʦʬʠʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ (ICH Q8, 9, 10) 

ʘ ʪʘʢʞʝ: ISO 9001, ISO 22000 HACCP. ʄʥʦʛʠʝ ʤʝ-

ʪʦʜʳ ʜʦʩʪʠʞʝʥʠʷ ʢʘʯʝʩʪʚʘ QMS ʙʳʣʠ ʩʪʘʥʜʘʨʪʠʟʠ-

ʨʦʚʘʥʳ (ʥʘʧʨʠʤʝʨ, ʅɸʉʉʈ) ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʮʠʢʣʘ 

PDCA/SDCA (Plan/Standart-Do-Check-Act). ɽʩʪʝ-

ʩʪʚʝʥʥʦ, ʯʪʦ ʤʝʪʦʜʳ QMS ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ 

ʯʘʩʪʴʶ ʤʝʪʦʜʦʚ EMS ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʜʦʩʪʠʞʝʥʠʶ 

ʮʝʣʝʡ ɺʈʄ (Business Process Management) [11, 12]. 

ʄʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʢʦʥʚʝʨʛʝʥʮʠʠ ʤʝʪʦʜʦʚ QMS ʠ 

ʤʝʪʦʜʦʚ ʤʝʥʝʜʞʤʝʥʪʘ EMS ʥʘ ʦʩʥʦʚʝ çʧʨʦʮʝʩʩʥʦʛʦ 

ʧʦʜʭʦʜʘè ʢ ʜʦʩʪʠʞʝʥʠʶ ʢʘʯʝʩʪʚʘ. ʂʣʶʯʝʚʦʡ ʧʨʠʥ-

ʮʠʧ ʢʦʥʚʝʨʛʝʥʮʠʠ ï ʩʜʝʣʘʪʴ ʢʘʯʝʩʪʚʦ ʥʝʦʪʲʝʤʣʝ-

ʤʳʤ ʩʚʦʡʩʪʚʦʤ, ʢʘʢ ʩʘʤʦʛʦ ʧʨʦʜʫʢʪʘ (QMS), ʪʘʢ ʠ 

ʧʨʦʮʝʩʩʘ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (EMS). 

ʈʝʟʫʣʴʪʘʪʳ SDCA ʮʠʢʣʘ, ʧʦʣʫʯʝʥʥʳʝ ʟʘ ʩʯʸʪ 

ʨʝʘʣʠʟʘʮʠʠ ʈɸʊ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʦʚ 

ʜʘʥʥʳʭ çʜʦʤʘ ʢʘʯʝʩʪʚʘè QFD [9] ʧʨʦʠʟʚʦʜʩʪʚʝʥ-

ʥʦʛʦ ʧʨʦʮʝʩʩʘ SME, ʠʩʧʦʣʴʟʫʶʪʩʷ ɺʈʄ. ɼʦʩʪʠʞʝ-

ʥʠʝ ʦʧʝʨʘʮʠʦʥʥʳʭ ʮʝʣʝʡ QMS SME ʧʦʩʨʝʜʩʪʚʦʤ 

PAT ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪ ʨʝʟʫʣʴʪʘʪ ʩʪʨʘʪʝʛʠʠ 

BPM SME.  

ɺ ʢʘʯʝʩʪʚʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦʛʦ ʠ ʘʜʝʢʚʘʪʥʦʛʦ ʠʥ-

ʩʪʨʫʤʝʥʪʘ ʢʦʥʚʝʨʛʝʥʮʠʠ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʫʶ ʧʣʘʪʬʦʨʤʫ ERP ʢʘʢ ʦʩʥʦʚʫ BPM, 

ʧʨʝʩʣʝʜʫʶʱʝʛʦ ʮʝʣʴ çʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʙʠʟʥʝʩʦʤè [11, 12] (ʨʠʩ. 1).  

http://ec.europa.eu/health/programme/policy_en
https://www.iso.org/standards.html
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ʈʠʩ. 1. ʉʭʝʤʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʥʮʠʧʦʚ QFD ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ERP-ʩʠʩʪʝʤʳ (ERP-ʦʧʝʨʘʮʠʠ ʩ ʜʘʥʥʳʤʠ 

QFD ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ SME) 
 

BPM ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ çend-to-end 
process flowè, ʢʦʪʦʨʳʡ ʩʦʟʜʘʸʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʟʘ-
ʢʦʥʯʝʥʥʫʶ ʮʝʥʥʦʩʪʴ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʝʡ [12]. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʫ ʢʦʥʚʝʨʛʝʥʮʠʠ ʩʦʩʪʘʚ-

ʣʷʶʪ: ʧʦʥʷʪʠʷ çʢʘʯʝʩʪʚʦè, çʬʫʥʢʮʠʷ ʢʘʯʝʩʪʚʘè ʠ 
ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʧʝʨʠʨʦʚʘʥʠʷ ʙʦʣʴ-
ʰʠʤʠ ʤʘʩʩʠʚʘʤʠ ʜʘʥʥʳʭ ʜʣʷ ʧʨʦʛʥʦʟʥʳʭ ʦʮʝʥʦʢ, 
ʨʠʩʢ ʢʦʥʪʨʦʣʣʠʥʛʘ ʠ ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝ-
ʰʝʥʠʡ. ʇʨʠ ʵʪʦʤ SME ʷʚʣʷʶʪʩʷ ʮʝʥʪʨʦʤ ʠʥʥʦʚʘ-
ʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ [4]. 

3.2 ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʢʦʨʧʦʨʘʪʠʚʥʦʡ 
ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ERP ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠ-
ʩʪʝʤʳ SME ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ERP-ʩʪʨʘʪʝʛʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʠʥʪʝʛʨʘʮʠʠ 
HIS ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʦʧʪʠʤʠʟʘʮʠʶ ʠʥʬʦʨʤʘʮʠʦʥ-
ʥʦʛʦ ʨʝʩʫʨʩʘ (ʜʘʥʥʳʭ) SME ʧʦʩʨʝʜʩʪʚʦʤ ʠʥʪʝʛʨʠ-
ʨʦʚʘʥʥʦʛʦ ʧʘʢʝʪʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʠʢʣʘʜ-
ʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ 
ʭʨʘʥʠʣʠʱʝ ʜʘʥʥʳʭ çʚʳʩʦʢʦʛʦ ʜʦʚʝʨʠʷè ʠ ʤʦʜʝʣʠ 
ʧʨʦʮʝʩʩʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʬʠʣʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 
[11]. ʕʪʦ ʩʚʦʡʩʪʚʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ERP 

ʢʘʢ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ HIS SME ʜʣʷ 
ʤʥʦʛʦʧʨʦʬʠʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʩʪʦʚʝʨʥʳʭ 
ʜʘʥʥʳʭ. 
ʀʩʪʦʯʥʠʢʠ ʠʥʬʦʨʤʘʮʠʠ ʩʦ ʩʚʦʠʤʠ ʙʘʟʘʤʠ ʜʘʥ-

ʥʳʭ, ERP-ʩʠʩʪʝʤʘ ʚʤʝʩʪʝ ʩ ʭʨʘʥʠʣʠʱʝʤ ʜʘʥʥʳʭ 
DW (Data Warehouse) ʠ ʧʦʪʨʝʙʠʪʝʣʠ ʠʥʬʦʨʤʘʮʠʠ 
ʩʦ ʩʚʦʠʤʠ ʙʘʟʘʤʠ ʜʘʥʥʳʭ ï ʩʦʩʪʘʚʣʷʶʪ ʢʦʨʧʦʨʘ-
ʪʠʚʥʫʶ ʠʥʪʝʛʨʠʨʦʚʘʥʥʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ERP-
ʩʠʩʪʝʤʫ SME ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ERP-ʩʠʩʪʝʤʘ ʦʙʲʝʜʠʥʷʝʪ ʚʩʝʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 
(ʩʦʪʨʫʜʥʠʢʦʚ SME ʠ ʢʣʠʝʥʪʦʚ) ʚ ʝʜʠʥʫʶ ʢʦʨʧʦʨʘ-
ʪʠʚʥʫʶ ʢʦʤʧʴʶʪʝʨʥʫʶ ʩʠʩʪʝʤʫ (ʩʝʪʴ) ʜʣʷ ʦʙʩʣʫ-
ʞʠʚʘʥʠʷ ʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ. ʇʨʠ 
ʵʪʦʤ ʠʤʝʥʥʦ ʥʘ ʙʘʟʝ ERP-ʩʠʩʪʝʤʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 
ʠʥʪʝʛʨʘʮʠʷ ʚʩʝʭ ʧʨʠʣʦʞʝʥʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ SME.  
ʂʣʶʯʝʚʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʨʝʜʣʦʞʝʥʠʷ ʷʚʣʷ-

ʝʪʩʷ ʪʦ, ʯʪʦ ʧʦʪʨʝʙʠʪʝʣʠ ʠʥʬʦʨʤʘʮʠʠ ʷʚʣʷʶʪʩʷ 
çʤʦʜʫʣʷʤʠè (Mod 1, 2, ..., n) ERP-ʧʣʘʪʬʦʨʤʳ ʚ 
ʬʦʨʤʝ ʤʥʦʛʦʧʨʦʬʠʣʴʥʦʛʦ ʙʠʟʥʝʩʘ ʚʥʫʪʨʠ ʢʦʨʧʦʨʘ-
ʪʠʚʥʦʛʦ SME (ʥʘʧʨʠʤʝʨ, ʶʨ. ʣʠʮʘ, Legal Entity) 
(ʨʠʩ. 2).  

 
ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʘ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ERP-ʩʠʩʪʝʤʳ SME ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
 

ERP-ʩʠʩʪʝʤʘ SME ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʯʘʩʪʝʡ: ʠʩ-
ʪʦʯʥʠʢʠ ʠʥʬʦʨʤʘʮʠʠ, ERP-ʠʥʪʝʛʨʘʪʦʨ, ʧʦʪʨʝʙʠ-
ʪʝʣʠ ʠʥʬʦʨʤʘʮʠʠ/ʢʣʠʝʥʪʳ. ʀʩʪʦʯʥʠʢʘʤʠ ʠʥʬʦʨʤʘ-
ʮʠʠ ERP-ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʙʝʩʧʨʦʚʦʜʥʳʝ ʩʝʥʩʦʨ-
ʥʳʝ LAN/PAN-ʩʝʪʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ (BAN, 
IEEE802 TG6 
http://www.ieee802.org/15/pub/TG6.html) ʠ/ʠʣʠ ʩʝʥ-
ʩʦʨʳ ʩʦʚʤʝʩʪʠʤʳʝ ʩ ʘʙʦʥʝʥʪʩʢʠʤʠ ʪʝʨʤʠʥʘʣʘʤʠ 
ʤʦʙʠʣʴʥʳʭ ʩʝʪʝʡ MAN (Metropolitan Area 
Networks). 
ʎʝʥʪʨʘʣʴʥʳʤ ʟʚʝʥʦʤ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʠʥʪʝʛʨʠ-

ʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ERP-ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ 
ERP-ʠʥʪʝʛʨʘʪʦʨ (ʨʠʩ. 2). ERP-ʠʥʪʝʛʨʘʪʦʨ (ʷʜʨʦ) ï 
ʢʦʤʧʴʶʪʝʨʥʘʷ ʧʣʘʪʬʦʨʤʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʩʪʘʥʜʘʨʪʝ 
MRP II (Manufactory Resource Planning II) ʠ ʧʨʝʦʙ-
ʨʘʟʦʚʘʥʥʘʷ ʧʦʜ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 
ʧʦʜʜʝʨʞʢʠ ʧʦʪʨʝʙʠʪʝʣʝʡ [11, 12]. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ 
ERP-ʠʥʪʝʛʨʘʪʦʨʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ 
ʧʨʠʥʮʠʧʘʭ BPM ʠ  

ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʷʭ ʧʨʠʣʦʞʝʥʠʡ ʢʣʘʩʩʘ BI 
(Business Intelligence) ʚ ʯʘʩʪʥʦʩʪʠ CRM (Customer 
Relationship Management ï ʫʧʨʘʚʣʝʥʠʝ ʚʟʘʠʤʦʦʪʥʦ-
ʰʝʥʠʷʤʠ ʩ ʢʣʠʝʥʪʘʤʠ).  
ʇʦʪʨʝʙʠʪʝʣʠ ʠʥʬʦʨʤʘʮʠʠ (Mod 1, 2,é,n) ʠʩ-

ʧʦʣʴʟʫʶʪ ʜʘʥʥʳʝ ʦʪ ERP- ʷʜʨʘ ʚ ʚʠʜʝ ʠʥʬʦʨʤʘʮʠ-
ʦʥʥʦʛʦ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ B2B 
ʠ/ʠʣʠ FMCG. ɺ ʨʝʞʠʤʝ ɺ2ɺ (Business to Business) 
ï ʥʘʧʨʠʤʝʨ ʩʪʨʘʭʦʚʳʝ ʢʦʤʧʘʥʠʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʠ-
ʙʳʣʴʥʳʭ ʩʪʨʘʭʦʚʳʭ ʫʩʣʫʛ; ʚ ʨʝʞʠʤʝ FMCG (Fast 
Moving Consumer Goods) ï ʥʘʧʨʠʤʝʨ ʤʝʜʠʮʠʥʩʢʠʝ 
ʮʝʥʪʨʳ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʩʦʦʪʚʝʪ-
ʩʪʚʫʶʱʠʝ ʩʪʨʫʢʪʫʨʳ ʚʣʘʩʪʠ. ʂʦʥʪʝʥʪ ʜʦʩʪʫʧʝʥ 
ʪʘʢʞʝ ʠ ʚ ʤʦʙʠʣʴʥʦʤ ʚʘʨʠʘʥʪʝ (Mobile 
B2B/FMCG). 
ʀʟʤʝʥʝʥʠʝ ʟʘʧʨʦʩʦʚ ʢʣʠʝʥʪʦʚ ʚʣʠʷʝʪ ʥʘ ʠʟʤʝ-

ʥʝʥʠʝ ʢʦʥʪʝʥʪʘ ʟʘ ʩʯʸʪ ʢʦʥʪʫʨʘ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ çʧʦ-
ʪʨʝʙʠʪʝʣʴ ï ERP- ʷʜʨʦè (ʮʠʢʣ PDCA/SDCA). 

4. ɿʘʢʣʶʯʝʥʠʝ: SWOT- ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 
ʠʩʩʣʝʜʦʚʘʥʠʡ 

http://www.ieee802.org/15/pub/TG6.html
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Strengths. ʉʠʣʴʥʳʝ ʩʪʦʨʦʥʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 
ʧʨʝʜʣʦʞʝʥʠʡ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʚʳʚʦʜʘʭ ʘʚʪʦʨʦʚ ʠʩ-
ʩʣʝʜʦʚʘʥʠʷ [14]: ʧʨʠ ʨʘʟʫʤʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ HIS 
ʤʦʞʥʦ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʩʠʪʴ ʜʦʩʪʫʧʥʦʩʪʴ, ʧʨʦʠʟʚʦ-
ʜʠʪʝʣʴʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ, 
ʦʙʝʩʧʝʯʠʪʴ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʴ ʝʝ ʦʢʘʟʘʥʠʷ, ʥʦ ʠ ʩʦ-
ʢʨʘʪʠʪʴ ʨʝʩʫʨʩʳ ʥʘ ʣʝʯʝʥʠʝ ʧʘʮʠʝʥʪʦʚ, ʫʤʝʥʴʰʠʚ 
ʯʠʩʣʦ ʚʨʘʯʝʙʥʳʭ ʦʰʠʙʦʢ. ʉʫʱʝʩʪʚʝʥʥʫʶ ʤʦʪʠʚʘ-
ʮʠʶ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʤʥʦʛʦʧʨʦʬʠʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʝ ʜʘʥʥʳʭ HIS SME ʚ ʠʥʪʝʨʝʩʘʭ ʩʪʨʘʭʦʚʦʡ ʤʝʜʠ-
ʮʠʥʳ, ʦʨʛʘʥʦʚ ʚʣʘʩʪʠ ʠ ʪ.ʧ..  

Weaknesses. ʉʣʘʙʳʝ ʩʪʦʨʦʥʳ ʜʘʥʥʦʛʦ ʠʩʩʣʝ-
ʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 
ʧʨʦʚʝʜʝʥʠʷ ʠ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʨʘʙʦʪ ʫʟʢʦʡ ʧʨʦʬʝʩ-
ʩʠʦʥʘʣʴʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ (end-to-end process 
flow), ʘ ʪʘʢʞʝ ʧʨʦʮʝʜʫʨʘʤʠ ʚʘʣʠʜʘʮʠʠ ʩ ʜʝʡʩʪʚʫʶ-
ʱʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ. ʇʨʠʚʣʝʯʝʥʠʝ ʩʫʙʢʦʥʪʨʘʢʪʦʨʦʚ 
ʚʣʝʯʸʪ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʝʢʪʘ ʠ 
ʦʙʲʷʩʥʷʝʪʩʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘ-
ʥʠʡ/ʨʘʙʦʪ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʚ ʨʘʤʢʘʭ ʦʜʥʦʡ SME. 

Opportunities. ʌʘʢʪʦʨʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʦʟ-
ʤʦʞʥʦʩʪʝʡ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ ʦʙʫʩʣʦʚʣʝʥʳ, ʚʦ-ʧʝʨ-
ʚʳʭ, ʧʨʦʛʨʘʤʤʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷ-
ʪʠʷ ʨʝʰʝʥʠʡ ʠ ʠʥʪʝʛʨʘʮʠʠ ʩ ʭʨʘʥʠʣʠʱʘʤʠ ʜʘʥʥʳʭ 
ERP-ʩʠʩʪʝʤʳ. ʕʪʠ ʠʥʩʪʨʫʤʝʥʪʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʘʚ-
ʪʦʤʘʪʠʟʘʮʠʶ ʧʨʦʮʝʩʩʦʚ QMS ʠ EMS ʧʦ ʪʨʝʙʦʚʘ-
ʥʠʷʤ ʩʪʘʥʜʘʨʪʦʚ, ʙʝʟ ʯʝʛʦ ʧʨʦʙʣʝʤʘʪʠʯʥʦ ʧʦʣʫʯʘʪʴ 
ʜʘʥʥʳʝ ʚʳʩʦʢʦʛʦ ʜʦʚʝʨʠʷ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʷ.  
ɺʦ-ʚʪʦʨʳʭ, ʨʘʟʨʘʙʦʪʯʠʢʠ ERP-ʩʠʩʪʝʤ: SAP 

SE, Oracle, Microsoft ʧʨʝʜʣʘʛʘʶʪ ʤʦʜʫʣʠ HIS ʚ ʩʦ-
ʩʪʘʚʝ ʩʚʦʠʭ ʨʝʰʝʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʙʘ-
ʟʦʚʳʝ ʟʘʜʘʯʠ BPM ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʨʘʟʨʘʙʦʪʢʠ 
ʧʨʦʝʢʪʘ. 

Threats. ʉʣʦʞʥʦʩʪʠ ʚʦ ʚʥʝʜʨʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ 
ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʷʟʘʥʳ ʩ ʬʘʢʪʦʨʦʤ ʬʠ-
ʥʘʥʩʦʚʳʭ ʟʘʪʨʘʪ ʠ ʚʳʩʦʢʠʤʠ ʨʠʩʢʘʤʠ ʦʢʫʧʘʝʤʦʩʪʠ 
ʧʨʦʝʢʪʘ ʪ. ʢ. ʧʦʜ ʧʨʦʝʢʪʥʳʤ ʨʝʰʝʥʠʝʤ ʦʰʠʙʦʯʥʦ 
ʧʦʥʠʤʘʝʪʩʷ ʮʝʣʦʩʪʥʦʝ ʩʪʨʫʢʪʫʨʥʦʝ ʨʝʰʝʥʠʝ, ʢʦʪʦ-
ʨʦʝ ʪʷʞʝʣʦ ʚʥʝʜʨʷʪʴ ʧʦ ʯʘʩʪʷʤ. ʇʨʠ ʵʪʦʤ ʥʝ ʫʯʠʪʳ-
ʚʘʝʪʩʷ ʬʘʢʪ ʤʦʜʫʣʴʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʘʧʧʘʨʘʪʥʦ-
ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ ʠ ʠʝʨʘʨʭʠʯʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ 
ʧʨʦʮʝʩʩʦʚ SME ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʪʨʝʙʦʚʘʥʠʡ ʩʪʘʥ-
ʜʘʨʪʦʚ ʩʦʚʤʝʩʪʠʤʦʩʪʠ. ʇʨʦʙʣʝʤʳ ʧʝʨʚʦʛʦ ʬʘʢʪʦʨʘ 
ʤʦʞʥʦ ʧʨʝʦʜʦʣʝʪʴ ʟʘ ʩʯʸʪ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚʪʦʨʦʛʦ 
ʬʘʢʪʦʨʘ. 
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ɸʥʦʪʘʮʽʷ 

ɽʥʝʨʛʦʟʘʦʱʘʜʞʝʥʥʷ ʚ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʘʭ ̒  ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ, ʦʩʢʽʣʴʢʠ ʚʘʛʘ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʫ ʚʠʪ-

ʨʘʪʘʭ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʶ ʞʠʪʣʘ ʜʦʩʷʛʘʻ 60ī80 %. ʑʦʨʽʯʥʦ ʞʠʪʣʦʚʦ-ʢʦʤʫʥʘʣʴʥʝ ʛʦʩʧʦʜʘʨʩʪʚʦ ʋʢʨʘʾʥʠ ʩʧʦ-

ʞʠʚʘʻ ʧʦʥʘʜ 8 ʤʣʨʜ. ʢɺʪĀʛʦʜ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʙʽʣʷ 10 ʤʣʨʜ. ʢʫʙ. ʤ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ. ʊʽʣʴʢʠ ʥʘ ʦʧʘʣʝʥʥʷ 

ʞʠʪʣʦʚʦʛʦ ʬʦʥʜʫ ʱʦʨʽʯʥʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʧʦʥʘʜ 70 ʤʣʥ ʪ ʫ. ʧ., ʱʦ ʩʪʘʥʦʚʠʪʴ 1,6 ʪ ʫ. ʧ. ʥʘ ʦʜʥʦʛʦ ʤʝʰʢʘʥʮʷ, 

ʘ ʮʝ ʟʥʘʯʥʦ ʙʽʣʴʰʝ, ʥʽʞ ʫ ʢʨʘʾʥʘʭ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʩʧʽʚʪʦʚʘʨʠʩʪʚʘ. ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʧʝʨʰʦʯʝʨʛʦʚʠʤ ʟʘʚ-

ʜʘʥʥʷʤ ʜʣʷ ʝʢʦʥʦʤʽʾ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʚ ʞʠʪʣʦʚʦ-ʢʦʤʫʥʘʣʴʥʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʤʘʻ ʙʫʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʜʥʦʚ-

ʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʪʘʢʠʭ ʷʢ ʛʽʙʨʠʜʥʽ ʩʦʥʷʯʥʽ ʢʦʣʝʢʪʦʨʠ, ʤʝʨʝʞʝʚʽ ʩʦʥʷʯʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʚʽʪʨʦʛʝ-

ʥʝʨʘʪʦʨʠ, ʪʝʧʣʦʚʽ ʥʘʩʦʩʠ ʪʦʱʦ. ʋʨʘʭʦʚʫʶʯʠ ʮʝ, ʚ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʪʘ ʪʝʧʣʦ-

ʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʞʠʪʣʘ, ʙʫʜʠʥʢʫ, ʞʠʪʣʦʚʦʛʦ ʤʽʢʨʦʨʘʡʦʥʫ ʤʽʩʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ 

ʢʦʤʝʨʮʽʡʥʦʛʦ ʦʙʣʽʢʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʘʥʘʣʽʟʘʪʦʨʘ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ELSPEC G4500. ɺʠʢʦʥʘʥʦ ʤʦʜʝʣʶ-

ʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ, ʪʝʧʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʚʠʙʨʘʥʦ ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʧʦʪʫʞʥʦʩʪʽ ʛʽʙʨʠʜʥʠʭ ʩʦʥʷʯʥʠʭ ʢʦ-

ʣʝʢʪʦʨʽʚ. ɺʠʟʥʘʯʝʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʽʙʨʠʜʥʠʭ ʩʦʥʷʯʥʠʭ ʢʦʣʝʢʪʦʨʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʣʝʢ-

ʪʨʠʯʥʦʶ ʪʘ ʪʝʧʣʦʚʦʶ ʝʥʝʨʛʽʻʶ ʞʠʪʣʦʚʦʛʦ ʤʽʢʨʦʨʘʡʦʥʫ, ʯʠʩʪʘ ʧʨʠʚʝʜʝʥʘ ʚʘʨʪʽʩʪʴ ʧʨʦʝʢʪʫ ʟʘ ʯʘʩ ʝʢʩʧʣʫʘ-

ʪʘʮʽʾ ʩʪʘʥʦʚʠʪʠʤʝ ʙʣʠʟʴʢʦ 181 ʤʣʥ ʛʨʥ, ʧʨʠ ʮʴʦʤʫ ʩʪʨʦʢ ʦʢʫʧʥʦʩʪʽ ʩʪʘʥʦʚʠʪʠʤʝ ʙʽʣʷ 4 ʨʦʢʽʚ ʟʘ çʟʝʣʝʥʠʤè 

ʪʘʨʠʬʦʤ. ɻʽʙʨʠʜʥʽ ʩʦʥʷʯʥʽ ʢʦʣʝʢʪʦʨʠ ʤʘʶʪʴ ʨʷʜ ʧʝʨʝʚʘʛ ʧʝʨʝʜ ʤʝʨʝʞʝʚʠʤʠ ʩʦʥʷʯʥʠʤʠ ʝʣʝʢʪʨʠʯʥʠʤʠ 
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ʩʪʘʥʮʽʷʤʠ ʪʘ ʛʝʣʽʦʩʠʩʪʝʤʘʤʠ, ʷʢʱʦ ʚʦʥʠ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʦʢʨʝʤʦ, ʦʩʢʽʣʴʢʠ ʥʝʦʙʭʽʜʥʘ ʧʣʦʱʘ ʧʽʜ ʾʭ ʨʦʟʪʘ-

ʰʫʚʘʥʥʷ ʧʦʜʚʦʶʻʪʴʩʷ. ʂʨʽʤ ʮʴʦʛʦ, ʧʦʪʫʞʥʽʩʪʴ ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ 25 % ʟʘ ʨʘʭʫ-

ʥʦʢ ʦʭʦʣʦʜʞʝʥʥʷ ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʾ ʧʘʥʝʣʽ ʪʝʧʣʦʚʦʶ ʯʘʩʪʠʥʦʶ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʾʾ ʥʘʛʨʽʚʘʥʥʽ ʧʦʪʫʞʥʽʩʪʴ ʛʝʥʝ-

ʨʘʮʽʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʧʘʜʘʻ. ɿʚʠʯʘʡʥʦ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʽʙʨʠʜʥʠʭ ʩʦʥʷʯʥʠʭ ʢʦʣʝʢʪʦʨʽʚ ʥʝʦʙ-

ʭʽʜʥʦ ʧʝʨʽʦʜʠʯʥʦ ʧʝʨʝʨʘʭʦʚʫʚʘʪʠ ʯʝʨʝʟ ʟʜʝʰʝʚʣʝʥʥʷ ʨʠʥʢʦʚʠʭ ʮʽʥ ʥʘ ʦʙʣʘʜʥʘʥʥʷ, ʧʽʜʚʠʱʝʥʥʷ ʪʘʨʠʬʽʚ ʥʘ 

ʝʥʝʨʛʦʥʦʩʽʾ, ʝʣʝʢʪʨʠʯʥʫ ʪʘ ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ, ʟʤʝʥʰʝʥʥʷ ʚʝʣʠʯʠʥʠ çʟʝʣʝʥʠʭè ʪʘʨʠʬʽʚ ʪʘ ʽʥʰʠʭ ʯʠʥʥʠʢʽʚ. 

Abstract 

Energy saving in residential buildings is an important task, since the weight of energy resources in the cost 

of housing maintenance reaches 60-80%. Every year, Ukraine's housing and utilities sector consumes more than 8 

billion kWh of electricity and about 10 billion cubic m of natural gas. Proceeding from this, the priority task for 

energy saving in the housing and utilities sector should be the use of renewable energy sources, such as hybrid 

solar collectors, network solar power plants, wind turbines, heat pumps, etc. Proceeding from this, in the work the 

features of electric and thermal load of residential micro-district of the city were investigated with the help of the 

automated system of commercial electricity accounting, ELSPEC G4500 electricity quality analyzer. The 

simulation of electric and thermal load and the design and power of hybrid solar collectors are selected. The 

efficiency of using hybrid solar collectors to provide electric and thermal energy of a residential neighborhood is 

determined; the net present value of the project during operation will amount to about UAH 181 million, while the 

payback period will be around 4 years at a çgreenè tariff. Hybrid solar collectors have a number of advantages 

over network solar power stations and solar systems, if they are located separately, since the required area under 

their location is doubled. In addition, the power of generation of electric energy is increased up to 25% due to the 

cooling of the photovoltaic panel by the thermal part, because when it is heated, the power of generation of 

electricity falls. Of course, the efficiency of the use of hybrid solar collectors should be periodically recalled 

because of cheaper prices for equipment, energy tariffs, electricity and heat, reduced çgreenè tariffs, and other 

factors. 
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ʣʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʤʦʜʝʣʶʚʘʥʥʷ, ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ 
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effect 

 

ɺʩʪʫʧ. ɽʥʝʨʛʦʟʘʦʱʘʜʞʝʥʥʷ ʚ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥ-

ʢʘʭ  ̒ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ, ʦʩʢʽʣʴʢʠ ʚʘʛʘ ʝʥʝʨʛʦʨʝ-

ʩʫʨʩʽʚ ʫ ʚʠʪʨʘʪʘʭ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʶ ʞʠʪʣʘ ʜʦʩʷʛʘʻ 

60ī80 %. ʑʦʨʽʯʥʦ ʞʠʪʣʦʚʦ-ʢʦʤʫʥʘʣʴʥʝ ʛʦʩʧʦʜʘʨ-

ʩʪʚʦ ʋʢʨʘʾʥʠ ʩʧʦʞʠʚʘʻ ʧʦʥʘʜ 8 ʤʣʨʜ. ʢɺʪĀʛʦʜ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʙʽʣʷ 10 ʤʣʨʜ. ʢʫʙ. ʤ ʧʨʠʨʦʜʥʦʛʦ 

ʛʘʟʫ. ʊʽʣʴʢʠ ʥʘ ʦʧʘʣʝʥʥʷ ʞʠʪʣʦʚʦʛʦ ʬʦʥʜʫ ʱʦʨʽʯʥʦ 

ʚʠʪʨʘʯʘʻʪʴʩʷ ʧʦʥʘʜ 70 ʤʣʥ. ʪ ʫ. ʧ., ʱʦ ʩʪʘʥʦʚʠʪʴ 1,6 

ʪ ʫ. ʧ. ʥʘ ʦʜʥʦʛʦ ʤʝʰʢʘʥʮʷ, ʘ ʮʝ ʟʥʘʯʥʦ ʙʽʣʴʰʝ, ʥʽʞ 

ʫ ʢʨʘʾʥʘʭ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʩʧʽʚʪʦʚʘʨʠʩʪʚʘ. ɺʠʭʦʜʷʯʠ 

ʟ ʮʴʦʛʦ, ʧʝʨʰʦʯʝʨʛʦʚʠʤ ʟʘʚʜʘʥʥʷʤ ʜʣʷ ʝʢʦʥʦʤʽʾ 

ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʚ ʞʠʪʣʦʚʦ-ʢʦʤʫʥʘʣʴʥʦʤʫ ʛʦʩʧʦ-

ʜʘʨʩʪʚʽ ʤʘʻ ʙʫʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ 

ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʪʘʢʠʭ ʷʢ ʛʽʙʨʠʜʥʽ ʩʦʥʷʯʥʽ ʢʦʣʝʢ-

ʪʦʨʠ, ʤʝʨʝʞʝʚʽ ʩʦʥʷʯʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʚʽʪʨʦʛʝʥʝʨʘ-

ʪʦʨʠ, ʪʝʧʣʦʚʽ ʥʘʩʦʩʠ ʪʦʱʦ. 

ʄʝʪʘ ʪʘ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʘ ʨʦʙʦʪʠ 

ʧʦʣʷʛʘʻ ʚ ʚʠʟʥʘʯʝʥʥʽ ʝʣʝʢʪʨʠʯʥʦʾ ʪʘ ʪʝʧʣʦʚʦʾ ʧʦʪʫ-

ʞʥʦʩʪʽ, ʱʦ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʞʠʪ-

ʣʦʚʦʛʦ ʤʽʢʨʦʨʘʡʦʥʫ ʤʽʩʪʘ ʆʜʝʩʠ ʪʘ ʜʦʩʣʽʜʠʪʠ ʝʬʝʢ-

ʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ 

ʛʽʙʨʠʜʥʠʭ ʩʦʥʷʯʥʠʭ ʢʦʣʝʢʪʦʨʽʚ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ ʨʦʙʦʪʽ 

ʨʦʟʚôʷʟʘʥʦ ʪʘʢʽ ʟʘʚʜʘʥʥʷ:  

ī ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʝʣʝʢʪʨʠʯʥʦʛʦ ʪʘ 

ʪʝʧʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʞʠʪʣʘ, ʙʫʜʠʥʢʫ, ʞʠʪʣʦ-

ʚʦʛʦ ʤʽʢʨʦʨʘʡʦʥʫ ʤʽʩʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʬʦʨʤʘʮʽʡ-

ʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʚʠʩʦʢʦʪʦʯʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠ-

ʣʘʜʽʚ;  

ī ʤʦʜʝʣʶʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ, ʪʝʧʣʦʚʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʚʦʜʘʭ ʞʠʪʝʣ, ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ, 

ʤʽʢʨʦʨʘʡʦʥʫ ʤʽʩʪʘ ʪʘ ʚʠʙʽʨ ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʧʦʪʫʞ-

ʥʦʩʪʽ ʛʽʙʨʠʜʥʠʭ ʩʦʥʷʯʥʠʭ ʢʦʣʝʢʪʦʨʽʚ ʥʘ ʦʩʥʦʚʽ ʽʥ-

ʬʦʨʤʘʮʽʾ, ʦʪʨʠʤʘʥʦʾ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʧʨʠʣʘʜʘʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ;  

ī ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʛʽʙʨʠʜʥʠʭ ʩʦʥʷʯʥʠʭ ʢʦʣʝʢʪʦʨʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʝʣʝʢʪʨʠʯʥʦʶ ʪʘ ʪʝʧʣʦʚʦʶ ʝʥʝʨʛʽʻʶ ʞʠʪʣʦʚʦʛʦ 

ʤʽʢʨʦʨʘʡʦʥʫ. 

ɺʠʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʤʽʢʨʦ-

ʨʘʡʦʥʫ. ʄʽʢʨʦʨʘʡʦʥ ʤʽʩʪʘ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ, 

ʥʘʨʘʭʦʚʫʻ ʜʦ 55 ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ, ʥʘ ʜʘʭʘʭ ʷʢʠʭ 

ʤʦʞʥʘ ʨʦʟʪʘʰʫʚʘʪʠ ʩʦʥʷʯʥʽ ʢʦʣʝʢʪʦʨʠ (ʨʠʩʫʥʦʢ 1). 
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ʈʠʩʫʥʦʢ 1 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʞʠʪʣʦʚʦʛʦ ʤʽʢʨʦʨʘʡʦʥʫ  

 

ɽʣʝʢʪʨʦʝʥʝʨʛʽʷ ʚʽʜ ʈʇ-10 ʢɺ ʧʦ ʢʘʙʝʣʴʥʠʤ 

ʣʽʥʽʷʤ ʧʦʩʪʫʧʘʻ ʜʦ 9-ʪʠ ʊʇ-10/0,4 ʢɺ, ʚʽʜ ʷʢʠʭ ʧʦ 

ʢʘʙʝʣʴʥʠʤ ʣʽʥʽʷʤ ʟʘ ʥʘʧʨʫʛʦʶ 0,4 ʢɺ ʧʦʜʘʻʪʴʩʷ ʫ 

ʚʚʽʜʥʦ-ʨʦʟʧʦʜʽʣʴʥʽ ʧʨʠʩʪʨʦʾ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ 

ʤʽʢʨʦʨʘʡʦʥʫ (ʨʠʩʫʥʦʢ 2).  

 

 
ʈʠʩʫʥʦʢ 2 ï ʇʣʘʥ ʨʦʟʪʘʰʫʚʘʥʥʷ ʡ ʫʤʦʚʥʘ ʩʭʝʤʘ ʧʨʠʻʜʥʘʥʥʷ ʜʦ ʈʇ-10 ʢɺ 9-ʪʠ ʊʇ-10/0,4 ʢɺ ʞʠʪʣʦʚʦʛʦ 

ʤʽʢʨʦʨʘʡʦʥʫ ʤʽʩʪʘ 

 

ɺʠʤʽʨʶʚʘʥʥʷ ʪʘ ʨʝʻʩʪʨʘʮʽʷ ʜʘʥʠʭ ʱʦʜʦ ʝʣʝʢʪʨʠʯ-

ʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ ʚʠʢʦʥʫʚʘ-

ʣʦʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʢʦ-

ʤʝʨʮʽʡʥʦʛʦ ʦʙʣʽʢʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʇʫʙʣʽʯʥʦʛʦ ʘʢ-

ʮʽʦʥʝʨʥʦʛʦ ʪʦʚʘʨʠʩʪʚʘ çɽʥʝʨʛʝʪʠʯʥʘ ʢʦʤʧʘʥʽʷ 

ʆʜʝʩʘʦʙʣʝʥʝʨʛʦè, ʷʢʘ ʜʦʟʚʦʣʷʻ ʦʨʛʘʥʽʟʫʚʘʪʠ ʜʠ-

ʩʪʘʥʮʽʡʥʝ ʦʧʠʪʫʚʘʥʥʷ ʧʨʠʣʘʜʽʚ ʦʙʣʽʢʫ ʯʝʨʝʟ 

ʨʘʜʽʦʟʚôʷʟʦʢ, ʪʝʣʝʬʦʥʥʽ ʣʽʥʽʾ, GSM-ʢʘʥʘʣʠ [2, 3, 8]. 

ɺʠʤʽʨʶʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʦʞ-

ʥʦʛʦ ʚʠʜʫ ʧʦʙʫʪʦʚʦʛʦ ʝʣʝʢʪʨʦʧʨʠʣʘʜʫ ʧʨʦʚʦʜʠʣʦʩʷ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʟʘʪʦʨʘ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

ELSPEC G4500 ʢʦʤʧʘʥʽʾ Elspec Technologies. ʇʨʦ-

ʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ PQSCADA Investigator ʢʦʤ-

ʧʘʥʽʾ Elspec Technologies ʝʬʝʢʪʠʚʥʦ ʦʙʨʦʙʣʷʻ 

ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʤʠʪʪʻʚʦ ʚʽʜʦʙʨʘʞʘ-

ʶʪʴʩʷ ʥʘ ʤʦʥʽʪʦʨʽ ʇʂ ʥʘ ʦʜʥʽʡ ʩʠʥʭʨʦʥʽʟʦʚʘʥʽʡ ʯʘ-

ʩʦʚʽʡ ʚʽʩʽ ʘʙʦ ʫ ʮʠʬʨʦʚʦʤʫ ʚʠʛʣʷʜʽ.  

ʄʦʜʝʣʶʚʘʥʥʷ ʦʢʨʝʤʠʭ ʧʦʙʫʪʦʚʠʭ ʧʨʠʣʘʜʽʚ 

ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʥʘ ʦʩʥʦʚʽ ʽʥʬʦʨʤʘʮʽʾ ʘʥʘʣʽʟʘʪʦʨʘ 

ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ELSPEC G4500.  

ʅʘʧʨʠʢʣʘʜ, ʥʘ ʨʠʩʫʥʢʫ 3 ʥʘʚʝʜʝʥʦ ʤʦʜʝʣʴ ʜʠ-

ʥʘʤʽʢʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʭʦʣʦʜʠʣʴʥʠʢʘ 

ARC 4020 ʬʽʨʤʠ Whirlpool ʧʨʦʪʷʛʦʤ 5 ʛʦʜ. 

 



Slovak international scientific journal # 17, (2018) 17 

 
ʈʠʩʫʥʦʢ 3 ï ʆʩʮʠʣʦʛʨʘʤʘ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʟʘ ʮʠʢʣ ʨʦʙʦʪʠ ʭʦʣʦʜʠʣʴʥʠʢʘ ARC 4020 ʬʽʨʤʠ 

Whirlpool: 1 ï ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ; 2 ï ʣʽʥʽʷ ʪʨʝʥʜʘ 

 

ɸʥʘʣʦʛʽʯʥʦ ʜʦ ʥʘʚʝʜʝʥʦʛʦ ʧʨʠʢʣʘʜʫ, ʤʦʜʝʣʶ-

ʚʘʥʥʷʤ ʟʘ ʩʧʣʘʡʥ-ʘʧʨʦʢʩʠʤʘʮʽʻʶ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʝ-

ʣʠʯʠʥʠ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʘʢʪʠʚʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʦʞʥʦʛʦ ɽʇ ʪʘ ʧʽʜʩʫʤʢʦʚʦʛʦ, ʜʣʷ 

ʧʨʠʢʣʘʜʫ, ʧʦ 216-ʢʚʘʨʪʠʨʥʦʤʫ ʙʫʜʠʥʢʫ (ʨʠʩʫ-

ʥʦʢ 4). 

 

 
ʈʠʩʫʥʦʢ 4 ï ʈʝʟʫʣʴʪʘʪ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʙʦʚʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 216-ʢʚʘʨʪʠʨʥʦʛʦ ʙʫʜʠʥʢʫ ʟʘ 

4 ʞʦʚʪʥʷ 2017 ʨ. 

 

ʇʦʨʽʚʥʶʶʯʠ ʦʪʨʠʤʘʥʝ ʟʘ ʤʦʜʝʣʶʚʘʥʥʷʤ ʥʘʚʘʥʪʘ-

ʞʝʥʥʷ ʟ ʮʠʤ ʧʦʢʘʟʥʠʢʦʤ ʟʘ ʥʦʨʤʘʪʠʚʥʠʤʠ ʜʦʢʫʤʝʥ-

ʪʘʤʠ ʚʽʜʟʥʘʯʘʻʤʦ, ʱʦ ʥʦʨʤʘʪʠʚʥʠʡ ʧʦʢʘʟʥʠʢ ʟʘʚʠʱʫʻ 

ʨʝʟʫʣʴʪʘʪ ʚ 2,2 ʨʘʟʫ.  

ɿʘ ʚʠʢʣʘʜʝʥʠʤ ʤʝʪʦʜʦʤ ʚʠʟʥʘʯʝʥʦ ʜʠʥʘʤʽʢʫ 

ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʦʢʨʝʤʦ ʜʣʷ 455, 706, 

1047, 1458, 1893, 1938 ʢʚʘʨʪʠʨ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʨʝʟʫʣʴʪʘ-

ʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʠʤʽʨʶʚʘʥʴ 

ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʫʜʠʥʢʽʚ ʥʘ 9-ʪʠ ʊʇï

10/0,4 ʢɺ ʤʽʢʨʦʨʘʡʦʥʫ ʤʽʩʪʘ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʦʛʦ ʥʘʚʝ-

ʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 5 [1, 4, 5]. 

 

 
ʘ 
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b 

ʈʠʩʫʥʦʢ 5 ï ʈʝʟʫʣʴʪʘʪ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ a ï ʜʦ 150, ʪʘ 

b ï ʜʦ 2000 ʢʚʘʨʪʠʨ ʟʘ: 1ï ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ; 2 ï ʤʝʪʦʜʫ ʤʦʜʝʣʶʚʘʥʥʷ 

 

ʈʝʟʫʣʴʪʘʪ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘ ʘʧʨʦʢʩʠʤʘʮʽʻʶ ʜʠ-

ʥʘʤʽʢʠ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘ-

ʞʝʥʥʷ ʢʚʘʨʪʠʨ ʤʽʢʨʦʨʘʡʦʥʫ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʠʩʦʢʫ 

ʩʪʫʧʽʥʴ ʘʜʝʢʚʘʪʥʦʩʪʽ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʝʟʫʣʴʪʘʪ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠ-

ʥʘʤʽʢʠ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘ ʨʠʩʫʥʢʦʤ 

5, ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʝʣʠʯʠʥʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʦʞʥʦʾ 

ʛʨʫʧʠ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ, ʷʢʽ ʦʪʨʠʤʘʶʪʴ ʞʠʚʣʝʥʥʷ 

ʚʽʜ ʥʘʡʙʣʠʞʯʦʾ ʊʇ-10/0,4 ʢɺ, ʜʦ ʷʢʦʾ ʧʨʠʻʜʥʫʚʘʪʠ-

ʤʫʪʴʩʷ ʚʠʟʥʘʯʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʽʙʨʠʜʥʽ ʩʦʥʷʯʥʽ ʢʦ-

ʣʝʢʪʦʨʠ ʯʘʩʪʠʥʦʶ, ʱʦ ʛʝʥʝʨʫʚʘʪʠʤʝ ʝʣʝʢʪʨʠʯʥʫ 

ʝʥʝʨʛʽʶ [9,10].  

ɿʘ ʧʦʧʝʨʝʜʥʽʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ ʟʘ ʨʠʩʫʥʢʦʤ 5 

ʝʣʝʢʪʨʠʯʥʘ ʧʦʪʫʞʥʽʩʪʴ ʤʽʢʨʦʨʘʡʦʥʫ, ʷʢʘ ʥʘʣʽʯʫʻ 

1938 ʢʚʘʨʪʠʨ, ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 750 ʢɺʪ.  

ɺʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʤʽʢʨʦʨʘʡ-

ʦʥʫ. ʊʝʧʣʦʚʘ ʧʦʪʫʞʥʽʩʪʴ ʤʽʢʨʦʨʘʡʦʥʫ ʜʣʷ ʛʘʨʷʯʦʛʦ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʟ ʨʦʟʨʘʭʫʥʢʫ ʧʠʪʦ-

ʤʦʾ ʢʽʣʴʢʦʩʪʽ ʾʾ ʦʙôʻʤʫ ʥʘ ʦʜʥʦʛʦ ʤʝʰʢʘʥʮʷ ʥʘ ʜʦʙʫ, 

ʷʢʘ ʧʨʠʡʤʘʻʪʴʩʷ 50 ʣ/ʜʦʙ., ʱʦ ʩʪʘʥʦʚʠʪʴ ʙʽʣʷ 

261230 ʣ/ʜʦʙ. ʊʝʧʣʦʚʘ ʧʦʪʫʞʥʽʩʪʴ ʛʽʙʨʠʜʥʠʭ ʢʦʣʝʢ-

ʪʦʨʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʧʦʪʫʞʥʽʩʪʶ ʾʾ ʝʣʝʢʪʨʠʯʥʦʾ ʯʘ-

ʩʪʠʥʠ, ʷʢʘ ʟʘ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʣʝʢʪʦʨʽʚ 

ʙʽʣʴʰʘ ʫ ʪʨʠ ʨʘʟʠ, ʪʦʙʪʦ ʩʪʘʥʦʚʠʪʠʤʝ ʙʣʠʟʴʢʦ 2250 

ʢɺʪ.  

ʂʦʥʩʪʨʫʢʮʽʷ ʪʘ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʛʽʙʨʠʜʥʠʭ ʩʦʥʷʯʥʠʭ ʢʦʣʝʢʪʦʨʽʚ. ɻʽʙʨʠʜʥʠʡ ʢʦ-

ʣʝʢʪʦʨ ATMOSFERA-F2PV ʤʽʩʪʠʪʴ ʧʦʣʽʢʨʠ-

ʩʪʘʣʽʯʥʠʡ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʡ ʤʦʜʫʣʴ ʧʦʪʫʞʥʽʩʪʶ 

300 ɺʪ ʽ ʩʦʥʷʯʥʠʡ ʪʝʧʣʦʚʠʡ ʢʦʣʝʢʪʦʨ, ʷʢʽ ʩʧʨʦ-

ʤʦʞʥʽ ʧʝʨʝʪʚʦʨʶʚʘʪʠ ʝʥʝʨʛʽʶ ʩʦʥʷʯʥʦʛʦ ʚʠ-

ʧʨʦʤʽʥʶʚʘʥʥʷ ʷʢ ʚ ʝʣʝʢʪʨʠʯʥʫ, ʜʣʷ ʞʠʚʣʝʥʥʷ ʝʣʝʢ-

ʪʨʦʧʨʠʡʤʘʯʽʚ, ʪʘʢ ʽ ʚ ʪʝʧʣʦʚʫ, ʷʢʘ ʩʧʨʷʤʦʚʫʻʪʴʩʷ 

ʜʣʷ ʧʦʪʨʝʙ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʧʽʜʪʨʠ-

ʤʫʚʘʥʥʷ, ʟʘ ʥʘʷʚʥʦʩʪʽ ʥʘʜʣʠʰʢʫ, ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ 

ʧʨʠʤʽʱʝʥʴ [7].  

ʂʦʥʩʪʨʫʢʮʽʶ ʽ ʩʭʝʤʫ ʧʨʠʻʜʥʘʥʥʷ ʜʦ ʚʚʽʜʥʦ-

ʨʦʟʧʦʜʽʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʙʫʜʠʥʢʫ ʘʙʦ ʜʦ ʰʠʥ ʊʇ-

10/0,4 ʢɺ ʝʣʝʢʪʨʠʯʥʦʾ ʯʘʩʪʠʥʠ ʩʦʥʷʯʥʦʛʦ ʢʦʣʝʢʪʦʨʘ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 6, 7. 

 

 
ʈʠʩʫʥʦʢ 6 ï ʂʦʥʩʪʨʫʢʮʽʷ ʛʽʙʨʠʜʥʦʛʦ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʦʛʦ ʩʦʥʷʯʥʦʛʦ ʢʦʣʝʢʪʦʨʘ ATMOSFERA-F2PV 

 

ʄʘʢʩʠʤʘʣʴʥʘ ʪʝʧʣʦʚʘ ʧʦʪʫʞʥʽʩʪʴ, ʱʦ ʛʝʥʝʨʫʻ 

ʛʽʙʨʠʜʥʘ ʧʘʥʝʣʴ ATMOSFERA F2PV ʩʪʘʥʦʚʠʪʴ 

1037 ɺʪ. ʇʨʠ ʮʴʦʤʫ, ʚʣʽʪʢʫ ʧʘʥʝʣʴ ʤʦʞʝ ʥʘʛʨʽʪʠ 

150 ʣ ʚʦʜʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ +60 Áʉ (ʤʘʢʩʠʤʘʣʴʥʘ ï 

ʜʦ 100Áʉ). ʅʦʤʽʥʘʣʴʥʠʡ ʧʨʦʪʦʢ ʚʦʜʠ ʩʪʘʥʦʚʠʪʴ 1,2 

ʣ / ʭʚ. ɺʘʨʪʽʩʪʴ ʧʘʥʝʣʽ ï 22736 ʛʨʥ. 
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ʈʠʩʫʥʦʢ 7 ï ʉʭʝʤʘ ʧʨʠʻʜʥʘʥʥʷ ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʤʦʜʫʣʷ ʩʦʥʷʯʥʦʛʦ ʢʦʣʝʢʪʦʨʘ ʜʦ ʚʚʽʜʥʦ-ʨʦʟʧʦʜʽʣʴʥʦʛʦ 

ʧʨʠʩʪʨʦʶ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ 

 

ʆʩʥʦʚʥʽ ʜʘʥʽ ʝʣʝʢʪʨʠʯʥʦʾ ʯʘʩʪʠʥʠ ʩʦʥʷʯʥʦʛʦ 

ʢʦʣʝʢʪʦʨʘ F2PV ʪʘʢʽ: ʥʦʤʽʥʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ī 300 

ɺʪ, ʥʦʤʽʥʘʣʴʥʠʡ ʩʪʨʫʤ ī 8,15 ɸ, ʩʪʨʫʤ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʠʢʘʥʥʷ ī 8,78 ɸ, ʥʦʤʽʥʘʣʴʥʘ ʥʘʧʨʫʛʘ ï 36,82 ɺ, 

ʥʘʧʨʫʛʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ ī 45,31 ɺ. 

ɼʣʷ ʧʨʠʢʣʘʜʫ, ʥʘ ʨʠʩʫʥʢʫ 8 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴ-

ʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘ ʩʧʣʘʡʥ-ʘʧʨʦʢʩʠʤʘʮʽʻʶ ʜʠ-

ʥʘʤʽʢʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 144-ʢʚʘʨʪʠʨ-

ʥʦʛʦ ʙʫʜʠʥʢʫ ʪʘ ʤʘʢʩʠʤʘʣʴʥʝ ʛʝʥʝʨʫʚʘʥʥʷ ʝʣʝʢ-

ʪʨʠʢʠ ʚʣʽʪʢʫ ʽ ʚʟʠʤʢʫ ʛʽʙʨʠʜʥʠʤ ʩʦʥʷʯʥʠʤ 

ʢʦʣʝʢʪʦʨʦʤ. 

 
ʈʠʩʫʥʦʢ 8 ï ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ: 1 ï ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʫʜʠʥʢʫ; 2 ï 

ʤʘʢʩʠʤʘʣʴʥʝ ʛʝʥʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʠʢʠ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʤ ʤʦʜʫʣʝʤ ʚʣʽʪʢʫ; 3 ï ʤʽʥʽʤʘʣʴʥʝ ʛʝʥʝʨʫʚʘʥʥʷ 

ʚʟʠʤʢʫ ʩʦʥʷʯʥʠʤ ʢʦʣʝʢʪʦʨʦʤ 

 

ɺʠʟʥʘʯʘʻʪʴʩʷ ʨʽʯʥʘ, ʟʘ ʩʝʨʝʜʥʴʦʜʦʙʦʚʦʾ ʢʽʣʴ-

ʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʷʢʘ ʛʝʥʝʨʫʻʪʴʩʷ ʬʦʪʦʝʣʝʢ-

ʪʨʠʯʥʠʤ ʤʦʜʫʣʝʤ, ʜʣʷ ʧʨʠʢʣʘʜʫ, ʧʦʪʫʞʥʽʩʪʶ 50 

ʢɺʪ (ʟʘ ʛʨʘʬʽʢʦʤ ʥʘ ʨʠʩʫʥʢʫ 8) 

 

24 24
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ɺʘʨʪʽʩʪʴ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ 

ʛʽʙʨʠʜʥʠʤ ʢʦʣʝʢʪʦʨʦʤ ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʟʘ ʪʘʨʠʬʦʤ, 

ʱʦ ʧʨʠʡʤʘʻʪʴʩʷ ʜʣʷ ʥʘʩʝʣʝʥʥʷ 1,68 ʛʨʥ / ʢɺʪĀʛʦʜ, 

ʩʪʘʥʦʚʠʪʠʤʝ 146700 ʛʨʥ. 

ʉʝʨʝʜʥʴʦʜʦʙʦʚʘ ʜʠʥʘʤʽʢʘ ʛʝʥʝʨʫʚʘʥʥʷ ʪʝʧʣʦ-

ʚʦʾ ʝʥʝʨʛʽʾ ʢʦʣʝʢʪʦʨʦʤ ʜʣʷ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘ-

ʯʘʥʥʷ ʞʠʪʣʦʚʦʛʦ 144-ʢʚʘʨʪʠʨʥʦʛʦ ʙʫʜʠʥʢʫ ʧʨʦʪʷ-

ʛʦʤ ʨʦʢʫ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 9. 

 

 
ʈʠʩʫʥʦʢ 9 ï ʄʦʜʝʣʽ ʜʠʥʘʤʽʢʠ ʜʦʙʦʚʦʛʦ ʛʝʥʝʨʫʚʘʥʥʷ ʛʘʨʷʯʦʾ ʚʦʜʠ ʛʽʙʨʠʜʥʠʤ ʩʦʥʷʯʥʠʤ ʢʦʣʝʢʪʦʨʦʤ (1) ʽ 

ʩʧʦʞʠʚʘʥʥʷ ʞʠʪʣʦʚʠʤ ʙʫʜʠʥʢʦʤ (2) 

 

ʆʙôʻʤ ʜʦʙʦʚʦʛʦ ʛʝʥʝʨʫʚʘʥʥʷ ʛʘʨʷʯʦʾ ʚʦʜʠ ʢʦ-

ʣʝʢʪʦʨʦʤ ʟʘ ʪʝʤʧʝʨʘʪʫʨʦʶ 60 Áʉ ʩʪʘʥʦʚʠʪʠʤʝ (ʟʘ 

ʛʨʘʬʽʢʦʤ ʥʘ ʨʠʩʫʥʢʫ 9) 
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ʅʘʜʣʠʰʢʠ ʛʝʥʝʨʦʚʘʥʦʾ ʛʘʨʷʯʦʾ ʚʦʜʠ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʷʢ ʢʦʤʧʝʥʩʫʚʘʣʴʥʠʡ ʦʙôʻʤ ʚ 

ʙʘʢʫ-ʥʘʢʦʧʠʯʫʚʘʯʽ (ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ ʛʦʨʠʱʽ) ʚ 

ʧʝʨʽʦʜ ʥʝʜʦʩʪʘʪʥʴʦʾ ʩʦʥʷʯʥʦʾ ʽʥʩʦʣʷʮʽʾ ʧʨʦʪʷʛʦʤ 

ʨʦʢʫ ʜʣʷ ʥʘʛʨʽʚʘʥʥʷ ʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʚʦʜʠ, ʜʦ-

ʜʘʪʢʦʚʦʛʦ ʥʘʛʨʽʚʘʥʥʷ ʪʝʧʣʦʥʦʩʽʷ ʦʧʘʣʝʥʥʷ 

ʧʨʠʤʽʱʝʥʴ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ (ʨʠʩʫʥʦʢ 10). 

 

 
ʈʠʩʫʥʦʢ 10 ï ʉʠʩʪʝʤʘ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ ʚʽʜ ʛʽʙʨʠʜʥʦʛʦ ʩʦʥʷʯʥʦʛʦ 

ʢʦʣʝʢʪʦʨʘ: 1 ï ʛʽʙʨʠʜʥʠʡ ʩʦʥʷʯʥʠʡ ʢʦʣʝʢʪʦʨ; 2 ï ʙʘʢ ʥʘʢʦʧʠʯʫʚʘʯ; 3 ï ʧʦʧʝʨʝʜʥʽʡ ʚʦʜʦʥʘʛʨʽʚʘʯ; 4 

ʚʦʜʦʥʘʛʨʽʚʘʯ; 5 ï ʩʠʩʪʝʤʘ ʭʦʣʦʜʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ 

 

ɯʥʚʝʩʪʠʮʽʡʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫʧʨʦʚʘʜʞʝʥʥʷ 

ʛʽʙʨʠʜʥʠʭ ʩʦʥʷʯʥʠʭ ʢʦʣʝʢʪʦʨʽʚ. ʏʠʩʪʘ ʧʦʪʦʯʥʘ 

ʚʘʨʪʽʩʪʴ NPV ʫʧʨʦʚʘʜʞʝʥʥʷ ʛʽʙʨʠʜʥʠʭ ʩʦʥʷʯʥʠʭ 

ʢʦʣʝʢʪʦʨʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʢʨʦʨʘʡʦʥʫ ʝʣʝʢʪʨʠ-

ʢʦʶ ʪʘ ʪʝʧʣʦʚʦʶ ʝʥʝʨʛʽʻʶ, ʷʢʘ ʦʪʨʠʤʫʚʘʪʠʤʝʪʴʩʷ 

ʰʣʷʭʦʤ ʜʠʩʢʦʥʪʫʚʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 
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ʜʝ tR  ï ʧʨʠʙʫʪʦʢ ʟʘ t -ʡ ʨʽʢ; 

tB  ï ʨʽʯʥʽ ʚʠʪʨʘʪʠ ʟʘ t -ʡ ʨʽʢ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʷʢ ʨʽʟʥʠʮʷ ʤʽʞ ʨʽʯʥʠʤʠ ʢʘʧʽʪʘʣʴʥʠʤʠ tK  ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʝʢʩ.t
C  ʚʠʪʨʘʪʘʤʠ; 

k  ï ʢʦʝʬʽʮʽʻʥʪ ʜʠʩʢʦʥʪʫʚʘʥʥʷ ʟʘ ʚʽʜʩʦʪʢʦʚʦʾ 

ʩʪʘʚʢʠ ʙʘʥʢʽʚʩʴʢʠʭ ʢʨʝʜʠʪʽʚ. 

 

ʏʠʩʪʘ ʧʨʠʚʝʜʝʥʘ ʚʘʨʪʽʩʪʴ ʫʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦ-

ʝʢʪʫ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 10.
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ʈʠʩʫʥʦʢ 10 ï ʏʠʩʪʘ ʧʨʠʚʝʜʝʥʘ ʚʘʨʪʽʩʪʴ ʫʧʨʦʚʘʜʞʝʥʥʷ ʛʽʙʨʠʜʥʠʭ ʩʦʥʷʯʥʠʭ ʢʦʣʝʢʪʦʨʽʚ: 1 ï ʟʘ çʟʝʣʝʥʠʤè 

ʪʘʨʠʬʦʤ; 2 ī ʟʘ ʟʚʠʯʘʡʥʠʤ ʪʘʨʠʬʦʤ 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦ-

ʩʣʽʜʞʝʥʥʷ ʨʦʟʚôʷʟʘʥʦ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

ī ʜʦʩʣʽʜʞʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʪʘ ʪʝʧ-

ʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʞʠʪʣʘ, ʙʫʜʠʥʢʫ, ʞʠʪʣʦʚʦʛʦ 

ʤʽʢʨʦʨʘʡʦʥʫ ʤʽʩʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ 

ʩʠʩʪʝʤʠ ʢʦʤʝʨʮʽʡʥʦʛʦ ʦʙʣʽʢʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, 

ʘʥʘʣʽʟʘʪʦʨʘ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ELSPEC G4500; 

ī ʚʠʢʦʥʘʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ, ʪʝʧʣʦ-

ʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʚʦʜʘʭ ʞʠʪʝʣ, ʞʠʪʣʦʚʠʭ ʙʫ-

ʜʠʥʢʽʚ, ʤʽʢʨʦʨʘʡʦʥʫ ʤʽʩʪʘ ʪʘ ʚʠʙʨʘʥʦ ʢʦʥʩʪʨʫʢʮʽʾ ʽ 

ʧʦʪʫʞʥʦʩʪʽ ʛʽʙʨʠʜʥʠʭ ʩʦʥʷʯʥʠʭ ʢʦʣʝʢʪʦʨʽʚ ʥʘ ʦʩ-

ʥʦʚʽ ʽʥʬʦʨʤʘʮʽʾ, ʦʪʨʠʤʘʥʦʾ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʧʨʠʣʘʜʘʤʠ ʽʥʬʦʨʤʘʮʽʡ-

ʥʠʭ ʪʝʭʥʦʣʦʛʽʡ;  

ī ʚʠʟʥʘʯʝʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʽʙʨʠʜ-

ʥʠʭ ʩʦʥʷʯʥʠʭ ʢʦʣʝʢʪʦʨʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʣʝʢ-

ʪʨʠʯʥʦʶ ʪʘ ʪʝʧʣʦʚʦʶ ʝʥʝʨʛʽʻʶ ʞʠʪʣʦʚʦʛʦ ʤʽʢʨʦ-

ʨʘʡʦʥʫ, ʯʠʩʪʘ ʧʨʠʚʝʜʝʥʘ ʚʘʨʪʽʩʪʴ ʧʨʦʝʢʪʫ ʟʘ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʪʘʥʦʚʠʪʠʤʝ ʙʣʠʟʴʢʦ 181 ʤʣʥ ʛʨʥ, ʧʨʠ 

ʮʴʦʤʫ ʩʪʨʦʢ ʦʢʫʧʥʦʩʪʽ ʩʪʘʥʦʚʠʪʠʤʝ ʙʽʣʷ 4 ʨʦʢʽʚ ʟʘ 

çʟʝʣʝʥʠʤè ʪʘʨʠʬʦʤ. 

ɺʠʩʥʦʚʢʠ ʪʘ ʧʨʦʧʦʟʠʮʽʾ. ɻʽʙʨʠʜʥʽ ʩʦʥʷʯʥʽ ʢʦ-

ʣʝʢʪʦʨʠ ʤʘʶʪʴ ʨʷʜ ʧʝʨʝʚʘʛ ʧʝʨʝʜ ʤʝʨʝʞʝʚʠʤʠ ʩʦ-

ʥʷʯʥʠʤʠ ʝʣʝʢʪʨʠʯʥʠʤʠ ʩʪʘʥʮʽʷʤʠ ʪʘ ʛʝʣʽʦʩʠʩʪʝ-

ʤʘʤʠ, ʷʢʱʦ ʚʦʥʠ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʦʢʨʝʤʦ, ʦʩʢʽʣʴʢʠ 

ʥʝʦʙʭʽʜʥʘ ʧʣʦʱʘ ʧʽʜ ʾʭ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʦʜʚʦʶʻʪʴʩʷ. 

ʂʨʽʤ ʮʴʦʛʦ, ʧʦʪʫʞʥʽʩʪʴ ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʠʯʥʦʾ 

ʝʥʝʨʛʽʾ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ 25 % ʟʘ ʨʘʭʫʥʦʢ ʦʭʦʣʦʜ-

ʞʝʥʥʷ ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʾ ʧʘʥʝʣʽ ʪʝʧʣʦʚʦʶ ʯʘʩʪʠʥʦʶ, 

ʦʩʢʽʣʴʢʠ ʧʨʠ ʾʾ ʥʘʛʨʽʚʘʥʥʽ ʧʦʪʫʞʥʽʩʪʴ ʛʝʥʝʨʘʮʽʾ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʧʘʜʘʻ. ɿʚʠʯʘʡʥʦ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʽʙʨʠʜʥʠʭ ʩʦʥʷʯʥʠʭ ʢʦʣʝʢʪʦʨʽʚ ʥʝʦʙ-

ʭʽʜʥʦ ʧʝʨʽʦʜʠʯʥʦ ʧʝʨʝʨʘʭʦʚʫʚʘʪʠ ʯʝʨʝʟ ʟʜʝʰʝʚ-

ʣʝʥʥʷ ʨʠʥʢʦʚʠʭ ʮʽʥ ʥʘ ʦʙʣʘʜʥʘʥʥʷ, ʧʽʜʚʠʱʝʥʥʷ ʪʘ-

ʨʠʬʽʚ ʥʘ ʝʥʝʨʛʦʥʦʩʽʾ, ʝʣʝʢʪʨʠʯʥʫ ʪʘ ʪʝʧʣʦʚʫ 

ʝʥʝʨʛʽʶ, ʟʤʝʥʰʝʥʥʷ ʚʝʣʠʯʠʥʠ çʟʝʣʝʥʠʭè ʪʘʨʠʬʽʚ ʪʘ 

ʽʥʰʠʭ ʯʠʥʥʠʢʽʚ. 
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ʏɸʉʊʆʊɸ ɺʉʊʈɽʏɸɽʄʆʉʊʀ ɸʃʃɽʃʔʅʓʍ ɺɸʈʀɸʅʊʆɺ ɻɽʅʆɺ 
ʌɸʂʊʆʈʆɺ ʉʀʉʊɽʄʓ ɻɽʄʆʉʊɸɿɸ ʋ ʇɸʎʀɽʅʊʆɺ 

ʆʈʊʆʇɽɼʀʏɽʉʂʆɻʆ ʇʈʆʌʀʃʗ. 
 

ʅʠʢʠʪʠʥʘ ɺ.ɺ. 

ʢʘʥʜʠʜʘʪ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʢʣʠʥʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ  

ʉʘʨʘʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ɺ.ʀ. ʈʘʟʫʤʦʚʩʢʦʛʦ 

ɺʦʨʦʙʴʝʚʘ ʀ.ʉ. 

ʚʨʘʯ ʢʣʠʥʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʅʀʀ ʪʨʘʚʤʘʪʦʣʦʛʠʠ, ʦʨʪʦʧʝʜʠʠ ʠ ʥʝʡʨʦʭʠʨʫʨʛʠʠ  

ʉʘʨʘʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ɺ.ʀ. ʈʘʟʫʤʦʚʩʢʦʛʦ 

ɹʦʨʦʜʫʣʠʥ ɺ.ɹ. 

ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʙʠʦʭʠʤʠʠ  

ʉʘʨʘʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ɺ.ʀ. ʈʘʟʫʤʦʚʩʢʦʛʦ  
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ɸʥʥʦʪʘʮʠʷ 
ʆʨʪʦʧʝʜʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʵʥʜʦʧʨʦʪʝʟʠʨʦʚʘʥʠʝ ʢʦʣʝʥʥʦʛʦ ʠʣʠ ʪʘʟʦʙʝʜʨʝʥʥʦʛʦ ʩʫʩʪʘʚʦʚ - 

ʦʪʥʦʩʷʪ ʢ ʦʧʝʨʘʪʠʚʥʳʤ ʚʤʝʰʘʪʝʣʴʩʪʚʘʤ ʚʳʩʦʢʦʛʦ ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ ʪʨʦʤʙʦʵʤʙʦʣʠʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ 

(ʊʕʆ).  

ʇʣʘʥʠʨʫʷ ʤʝʨʳ ʧʨʦʬʠʣʘʢʪʠʢʠ ʚʝʥʦʟʥʳʭ ʪʨʦʤʙʦʵʤʙʦʣʠʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ (ɺʊʕʆ) ʥʠʟʢʦʤʦʣʝʢʫʣʷʨ-

ʥʳʤʠ ʛʝʧʘʨʠʥʘʤʠ (ʅʄɻ) ʫ ʙʦʣʴʥʳʭ ʪʨʘʚʤʘʪʦʣʦʛʦ-ʦʨʪʦʧʝʜʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ, ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʥʘʣʠʯʠʷ ʙʝʩʩʠʤʧʪʦʤʥʦʛʦ ʠ ʤʘʣʦʩʠʤʧʪʦʤʥʦʛʦ ʪʨʦʤʙʦʟʘ ʫ ʧʘʮʠʝʥʪʦʚ, ʩʪʝʧʝʥʴ ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ ʦʩʣʦʞ-

ʥʝʥʠʡ ʧʦʩʣʝ ʭʠʨʫʨʛʠʯʝʩʢʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʜʣʷ ʢʘʞʜʦʛʦ ʙʦʣʴʥʦʛʦ ʠʥʜʠʚʠʜʫʘʣʴʥʦ, ʘʜʝʢʚʘʪʥʦʩʪʴ ʚʳʙʦʨʘ 

ʤʝʪʦʜʘ ʧʨʦʬʠʣʘʢʪʠʢʠ.  

ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʚʳʷʚʣʝʥʠʷ ʛʨʫʧʧʳ ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ ʊʕʆ ʷʚʣʷʝʪʩʷ ʢʦʩʚʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʜʠʘʛʥʦ-

ʩʪʠʢʠ, ʢʦʪʦʨʘʷ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʘʥʘʣʠʟʝ ʢʣʠʥʠʯʝʩʢʦʡ ʢʘʨʪʠʥʳ, ʤʦʥʠʪʦʨʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʛʝ-

ʤʦʩʪʘʟʘ ʠ ʜʘʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝ ʚʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʣʠʷ-

ʥʠʝ ʬʘʢʪʦʨʦʚ ʨʠʩʢʘ ʥʘ ʨʘʟʚʠʪʠʝ ʟʘʙʦʣʝʚʘʥʠʷ. ʇʦ ʤʥʝʥʠʶ ʙʦʣʴʰʠʥʩʪʚʘ ʘʚʪʦʨʦʚ, ʜʦ 50% ʚʩʝʭ çʥʝʙʣʘʛʦʧʨʠ-

ʷʪʥʳʭè ʥʘʨʫʰʝʥʠʡ, ʘ ʚ ʯʘʩʪʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʊʕʆ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ. 
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ʇʦʣʠʤʦʨʬʠʟʤʳ ʛʝʥʦʚ ʤʦʛʫʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʩʝʙʷ ʥʝ ʧʨʦʷʚʣʷʪʴ. ʅʦ ʧʨʠ ʨʷʜʝ ʬʘʢʪʦʨʦʚ ʩʪʘʥʦ-

ʚʷʪʩʷ ʧʨʠʯʠʥʦʡ ʦʧʘʩʥʳʭ ʜʣʷ ʞʠʟʥʠ ʠ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ ʙʦʣʝʟʥʝʡ: ʠʰʝʤʠʯʝʩʢʘʷ ʙʦʣʝʟʥʴ ʩʝʨʜʮʘ, ʠʰʝʤʠ-

ʯʝʩʢʠʝ ʟʘʙʦʣʝʚʘʥʠʷ ʤʦʟʛʘ, ʪʨʦʤʙʦʵʤʙʦʣʠʷ ʣʝʛʦʯʥʦʡ ʘʨʪʝʨʠʠ ʠ ʜʨ.  

Abstract 
Orthopedic surgery, such as knee or hip arthroplasty, is referred to as an operative intervention of a high risk 

of thromboembolic complications. 

When planning the prevention of venous thromboembolic complications with low molecular weight heparins 

in patients with traumatologic and orthopedic profiles, one should take into account the possibility of asymptomatic 

and low-symptomatic thrombosis in patients, the risk of complications after surgery for each patient individually, 

the adequacy of the choice of the method of prevention. 

The main disadvantage of identifying a risk group for the development of a feasibility study is the indirect 

nature of the diagnosis, which is based on the analysis of the clinical picture, monitoring the parameters of the 

hemostasis system and instrumental diagnostic data. In addition, not all studies confirm the influence of risk factors 

on the development of the disease. According to the majority of authors, up to 50% of all "unfavorable" violations, 

and in particular the development of a feasibility study, can be associated with genetic factors. 

Polymorphisms of genes can not manifest themselves for a long time. But with a number of factors, they 

cause life-threatening and human health diseases: cardiac ischemia, ischemic brain diseases, pulmonary embolism, 

etc. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʦʤʙʦʵʤʙʦʣʠʯʝʩʢʠʝ ʦʩʣʦʞʥʝʥʠʷ, ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʛʝʧʘʨʠʥʳ, ʧʠʨʦʩʝʢʚʝʥʠʨʦ-

ʚʘʥʠʝ, ʛʝʥʝʪʠʯʝʩʢʠʝ ʧʦʣʠʤʦʨʬʠʟʤʳ, ʛʝʥ PAI-1 

Keywords: thromboembolic complications, low molecular weight heparins, pyrospecification, genetic poly-

morphisms, gene PAI-1 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʦ ʚʩʝʭ ʵʢʦʥʦʤʠʯʝʩʢʠ ʨʘʟʚʠ-

ʪʳʭ ʩʪʨʘʥʘʭ ʦʪʤʝʯʘʝʪʩʷ ʥʝʫʢʣʦʥʥʳʡ ʨʦʩʪ ʯʘʩʪʦʪʳ 

ɺʊʕʆ. ɿʥʘʯʝʥʠʝ ɺʊʕʆ ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ ʯʨʝʟʚʳ-

ʯʘʡʥʦ ʚʳʩʦʢʠʤ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʨʠʩʢʦʤ ʜʣʷ ʟʜʦʨʦ-

ʚʴʷ ʠ ʞʠʟʥʠ ʧʘʮʠʝʥʪʘ.  

ɼʘʥʥʳʝ ʦ ʨʦʣʠ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʧʦʣʠʤʦʨʬʠʟʤʦʚ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ 

ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʠ ʢ ʪʝʤ ʠʣʠ ʠʥʳʤ ʪʨʦʤʙʦʪʠʯʝ-

ʩʢʠʤ ʧʨʦʷʚʣʝʥʠʷʤ ʦʩʪʘʶʪʩʷ ʚʝʩʴʤʘ ʧʨʦʪʠʚʦʨʝʯʠ-

ʚʳʤʠ. ʆʩʪʘʶʪʩʷ ʥʝʨʝʰʝʥʥʳʤʠ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢ-

ʪʠʢʝ ʚʦʧʨʦʩʳ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʜʠʘʛʥʦʩʪʠʢʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʦʣʠʤʦʨʬʠʟʤʦʚ, ʯʪʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʤʝʨʝ ʦʙʲʷʩʥʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʫʩʪʘʥʦʚʣʝʥʠʝ ʢʦʨʨʝ-

ʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʨʠʩʢʦʤ ʨʘʟʚʠʪʠʷ ʪʨʦʤʙʦ-

ʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʝʛʦ ʢʣʠʥʠʯʝ-

ʩʢʦʛʦ ʪʝʯʝʥʠʷ ʠ ʥʘʣʠʯʠʝʤ ʦʧʨʝʜʝʣʝʥʥʳʭ ʤʘʨʢʝʨʦʚ 

ʚ ʛʝʥʦʪʠʧʝ ʧʘʮʠʝʥʪʘ. 

ɻʝʥʝʪʠʯʝʩʢʠʡ ʧʦʣʠʤʦʨʬʠʟʤ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ 

ʚʝʜʝʪ ʢ ʩʦʩʪʦʷʥʠʶ ʙʦʣʝʟʥʠ. ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʚ ɼʅʂ 

ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʧʦʧʫʣʷʮʠʠ. ɺʣʠʷʥʠʝ ʥʘ ʙʝʣʢʠ, ʢʦʪʦ-

ʨʳʝ ʦʥʠ ʢʦʜʠʨʫʶʪ, ʤʦʞʝʪ ʙʳʪʴ ʚʘʨʠʘʙʝʣʴʥʳʤ, ʚ ʥʝ-

ʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʜʘʞʝ ʙʣʘʛʦʧʨʠʷʪʥʳʤ. ʏʘʩʪʦʪʘ 

ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʧʦʣʠʤʦʨ-

ʬʠʟʤʘ ʤʝʥʷʝʪʩʷ ʦʪ ʦʜʥʦʡ ʧʦʧʫʣʷʮʠʠ ʢ ʜʨʫʛʦʡ, ʦʪ-

ʨʘʞʘʷ ʜʨʝʚʥʶʶ ʘʜʘʧʪʘʮʠʶ ʯʝʣʦʚʝʢʘ ʢ ʩʧʝʮʠʬʠʯʝ-

ʩʢʠʤ ʫʩʣʦʚʠʷʤ ʩʨʝʜʳ. 

ɺ ʠʩʩʣʝʜʫʝʤʫʶ ʛʨʫʧʧʫ ʚʦʰʣʠ 151 ʧʘʮʠʝʥʪ ʚ 

ʚʦʟʨʘʩʪʝ ʦʪ 25 ʜʦ 68 ʣʝʪ (50 ʤʫʞʯʠʥ ʠ 101 ʞʝʥ-

ʱʠʥʘ). ɺ ʢʦʥʪʨʦʣʴʥʫʶ ʛʨʫʧʧʫ ʚʦʰʣʠ 20 ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʟʜʦʨʦʚʳʭ ʯʝʣʦʚʝʢ: 11 ʞʝʥʱʠʥ ʠ 9 ʤʫʞʯʠʥ, ʩʦ-

ʧʦʩʪʘʚʠʤʳʝ ʧʦ ʧʦʣʫ ʠ ʚʦʟʨʘʩʪʫ ʩ ʦʙʩʣʝʜʫʝʤʳʤʠ ʣʠ-

ʮʘʤʠ. ɺʩʝʤ ʧʘʮʠʝʥʪʘʤ ʥʘʟʥʘʯʘʣʠ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʡ ʛʝʧʘʨʠʥ (ʅʄɻ) ʵʥʦʢʩʘʧʘʨʠʥ 

(ʂʣʝʢʩʘʥ) ʚ ʜʦʟʝ 40 ʤʛ ʦʜʠʥ ʨʘʟ ʚ ʜʝʥʴ ʧʦʜʢʦʞʥʦ ʥʘ 

2ï3-ʡ ʜʝʥʴ ʧʦʩʣʝ ʦʧʝʨʘʮʠʠ ʠ ʜʦ ʤʦʤʝʥʪʘ ʚʳʧʠʩʢʠ 

ʙʦʣʴʥʦʛʦ ʠʟ ʩʪʘʮʠʦʥʘʨʘ (ʥʘ 7ï10-ʡ ʜʝʥʴ ʧʦʩʣʝ ʦʧʝ-

ʨʘʮʠʠ). 

ʄʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʝ-

ʥʦʚ ʧʦ ʧʨʦʬʠʣʶ çʇʣʘʟʤʦ-ʩʢʨʠʥ. ʇʣʘʟʤʝʥʥʳʝ ʬʘʢ-

ʪʦʨʳ ʩʠʩʪʝʤʳ ʩʚʝʨʪʳʚʘʥʠʷ ʢʨʦʚʠè ʦʧʨʝʜʝʣʷʣʠ ʚ 

ʮʝʣʴʥʦʡ ʢʨʦʚʠ ʩ ʧʦʤʦʱʴʶ çʉʠʩʪʝʤʳ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ PyroMark Q24è (ʬʠʨʤʘ çQiagenè, ɻʝʨʤʘ-

ʥʠʷ; ʨʝʘʛʝʥʪʳ ï çɼʅʂ-ʩʦʨʙ-ɺè ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʌɹʋʅ ʎʅʀʀ ʕʧʠʜʝʤʠʦʣʦʛʠʠ ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨʘ), 

ʇʎʈ ʠ ʧʠʨʦʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʥʘ ʧʨʠʙʦʨʝ çɸʤʧʣʠ-

ʉʝʥʩʇʠʨʦʩʢʨʠʥè ʩ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ 

ʌʦʨʤʘ 6 çʇʃɸɿʄʆ-ʩʢʨʠʥè (ʌɹʋʅ ʎʅʀʀ ʕʧʠʜʝ-

ʤʠʦʣʦʛʠʠ ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨʘ); ʨʝʘʛʝʥʪʳ 

çPyroMarkGold Q96 Reagentsè (ʬʠʨʤʳ çQiagenè, 

ɻʝʨʤʘʥʠʷ). ʂʨʦʚʴ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʘʣʠ ʠʟ 

ʢʫʙʠʪʘʣʴʥʦʡ ʚʝʥʳ ʫʪʨʦʤ, ʥʘʪʦʱʘʢ, ʚ ʦʜʥʦʨʘʟʦʚʳʝ 

ʧʨʦʙʠʨʢʠ ʩ ʕɼʊɸ ʜʣʷ ʛʝʤʘʪʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ çVACUETTEè.  

ɼʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘ-

ʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʘ-

ʢʝʪʳ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ Statistica 10.0 

(StatSoft Inc.), SPSS 13.0 for Windows (SPSS Inc.), 

Microsoft Office Excel 2007.  

ʇʨʠ ʚʳʙʦʨʝ ʤʝʪʦʜʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʫʯʠʪʳʚʘʣʩʷ ʪʠʧ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʘʥʥʳʭ, ʦʙʲʸʤ 

ʚʳʙʦʨʢʠ ʠ ʧʘʨʘʤʝʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ.  

ʉʨʘʚʥʝʥʠʝ ʯʘʩʪʦʪ ʙʠʥʘʨʥʦʛʦ ʧʨʠʟʥʘʢʘ ʚ ʜʚʫʭ 

ʥʝʟʘʚʠʩʠʤʳʭ ʛʨʫʧʧʘʭ ʧʨʦʚʦʜʠʣʠ ʧʫʪʸʤ ʧʦʩʪʨʦʝʥʠʷ 

ʪʘʙʣʠʮ ʩʦʧʨʷʞʸʥʥʦʩʪʠ 2ʭ2, ʩʦʜʝʨʞʘʱʠʭ ʘʙʩʦʣʶʪ-

ʥʳʝ ʯʘʩʪʦʪʳ ʜʣʷ ʚʟʘʠʤʦʠʩʢʣʶʯʘʶʱʠʭ ʟʥʘʯʝʥʠʡ 

ʠʟʫʯʘʝʤʦʛʦ ʙʠʥʘʨʥʦʛʦ ʧʨʠʟʥʘʢʘ ʚ ʢʘʞʜʦʡ ʠʟ ʛʨʫʧʧ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟʳ ʦʙ ʦʜʥʦʨʦʜʥʦʩʪʠ ʛʨʫʧʧ ʠʩ-

ʧʦʣʴʟʦʚʘʣʠ ʢʨʠʪʝʨʠʡ ɢ2 ʠʣʠ ɢ2 ʩ ʧʦʧʨʘʚʢʦʡ ʁʝʪʩʘ, 

ʪʦʯʥʳʡ ʢʨʠʪʝʨʠʡ ʌʠʰʝʨʘ. 

ʆʜʥʦʨʦʜʥʦʩʪʴ ʪʨʸʭ ʠ ʙʦʣʝʝ ʛʨʫʧʧ ʩʨʘʚʥʠʚʘʣʠ 

ʩ ʧʦʤʦʱʴʶ ʢʨʠʪʝʨʠʷ ʂʨʘʩʢʝʣʘ-ʋʦʣʣʠʩʘ.  

ɺ ʢʘʯʝʩʪʚʝ ʥʫʣʝʚʦʡ ʛʠʧʦʪʝʟʳ ʧʨʠʥʠʤʘʣʦʩʴ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʠʡ ʧʦ ʠʟʫʯʘʝ-

ʤʦʤʫ ʧʨʠʟʥʘʢʫ ʚ ʩʨʘʚʥʠʚʘʝʤʳʭ ʛʨʫʧʧʘʭ. ʇʨʠ 

ʨ<0,05 ʥʫʣʝʚʫʶ ʛʠʧʦʪʝʟʫ ʧʨʠʥʠʤʘʣʠ ʦʪʢʣʦʥʸʥʥʦʡ. 
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ɼʣʷ ʦʮʝʥʢʠ ʩʚʷʟʠ ʜʚʫʭ ʧʨʠʟʥʘʢʦʚ ʧʨʠʤʝʥʷʣʠ 

ʧʘʨʥʳʡ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʧʦ ʉʧʠʨʤʝʥʫ. ʇʨʠ 

ʚʝʣʠʯʠʥʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ (r) <0,25 ʢʦʨ-

ʨʝʣʷʮʠʶ ʩʯʠʪʘʣʠ ʩʣʘʙʦʡ, ʧʨʠ r=0,25-0,6 ï ʫʤʝʨʝʥ-

ʥʦʡ, ʧʨʠ r>0,6 ï ʩʠʣʴʥʦʡ. ʂʦʨʨʝʣʷʮʠʦʥʥʫʶ ʩʚʷʟʴ 

ʩʯʠʪʘʣʠ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʧʨʠ r>0, ʦʪʨʠʮʘʪʝʣʴʥʦʡ 

ʧʨʠ r<0. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʢʣʶʯʘʣʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʜʠʥʘʤʠʯʝʩʢʦʝ ʥʘʙʣʶ-

ʜʝʥʠʝ ʩ ʬʠʢʩʘʮʠʝʡ ʤʘʪʝʨʠʘʣʘ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘ-

ʣʠʟ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʜʦʢʘʟʘʪʝʣʴ-

ʥʦʡ ʤʝʜʠʮʠʥʳ, ʘ ʪʘʢʞʝ ʣʦʛʠʯʝʩʢʦʝ ʦʙʦʙʱʝʥʠʝ ʧʦ-

ʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʩʥʦʚ-

ʥʳʤ ʧʨʠʥʮʠʧʘʤ ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʦʡ 

ʤʝʜʠʮʠʥʩʢʦʡ ʧʨʘʢʪʠʢʠ. 

ʆʪʤʝʯʘʣʦʩʴ ʩʣʝʜʫʶʱʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʙʦʣʴ-

ʥʳʭ ʧʦ ʚʦʟʨʘʩʪʫ ʠ ʧʦʣʫ (ʪʘʙʣ.1).  

 

ʊʘʙʣʠʮʘ 1 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʘʮʠʝʥʪʦʚ ʩ ʜʝʬʦʨʤʠʨʫʶʱʠʤ ʦʩʪʝʦʘʨʪʨʦʟʦʤ ʧʦ ʧʦʣʫ ʠ ʚʦʟʨʘʩʪʫ 

ʇʦʣ 
ɺʦʟʨʘʩʪ ʚ ʛʦʜʘʭ 

ʚʩʝʛʦ 
25-40 41ï60 >61 

ʄʫʞ. 21 23 24 68 

ɾʝʥ. 21 30 32 83 

ɺʩʝʛʦ 42 53 56 151 

 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʢʣʶʯʝʥʳ ʪʦʣʴʢʦ ʙʦʣʴʥʳʝ ʩ 

ʜʠʘʛʥʦʟʦʤ ʧʝʨʚʠʯʥʳʡ ʛʦʥʘʨʪʦʨʦʟ ʠ ʢʦʢʩʘʨʪʨʦʟ III 

ʩʪʘʜʠʠ. ɼʠʘʛʥʦʟʳ ʫ ʚʩʝʭ ʙʦʣʴʥʳʭ ʙʳʣʠ ʫʩʪʘʥʦʚ-

ʣʝʥʳ ʨʘʥʝʝ; ʚʧʝʨʚʳʝ ʚʳʷʚʣʝʥʥʳʭ ʥʝʪ.  

ɺʩʝʤ ʧʘʮʠʝʥʪʘʤ ʥʘʟʥʘʯʘʣʠ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨ-

ʥʳʡ ʛʝʧʘʨʠʥ (ʅʄɻ) ʕʥʦʢʩʘʧʘʨʠʥ (çʂʣʝʢʩʘʥè) ʚ 

ʜʦʟʝ 40 ʤʛ ʦʜʠʥ ʨʘʟ ʚ ʜʝʥʴ ʧʦʜʢʦʞʥʦ ʥʘ 2-3 ʜʝʥʴ 

ʧʦʩʣʝ ʦʧʝʨʘʮʠʠ ʠ ʜʦ ʤʦʤʝʥʪʘ ʚʳʧʠʩʢʠ ʙʦʣʴʥʦʛʦ ʠʟ 

ʩʪʘʮʠʦʥʘʨʘ (ʥʘ 7-10 ʜʝʥʴ ʧʦʩʣʝ ʦʧʝʨʘʮʠʠ). ʇʦʢʘʟʘ-

ʥʠʝʤ ʢ ʧʨʠʤʝʥʝʥʠʶ ʅʄɻ ʙʳʣʠ ʵʥʜʦʧʨʦʪʝʟʠʨʦʚʘ-

ʥʠʝ ʢʨʫʧʥʳʭ ʩʫʩʪʘʚʦʚ ʥʠʞʥʠʭ ʢʦʥʝʯʥʦʩʪʝʡ (ʪʘʟʦ-

ʙʝʜʨʝʥʥʦʛʦ ʠ ʢʦʣʝʥʥʦʛʦ ʩʫʩʪʘʚʦʚ).  

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʝʥʦʚ ʧʦ ʧʨʦʬʠʣʶ çʇʣʘʟʤʦ-ʩʢʨʠʥ. 

ʇʣʘʟʤʝʥʥʳʝ ʬʘʢʪʦʨʳ ʩʠʩʪʝʤʳ ʩʚʝʨʪʳʚʘʥʠʷ ʢʨʦʚʠè 

ʤʝʪʦʜʦʤ ʧʠʨʦʩʝʢʚʝʥʠʨʦʚʘʥʠʷ.  

ʇʨʦʬʠʣʴ ʧʨʦʚʝʜʝʥʥʦʛʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʛʝʥʦʚ ʬʘʢʪʦʨʦʚ ʩʠʩʪʝʤʳ ʩʚʝʨʪʳʚʘʥʠʷ ʫ ʦʙ-

ʩʣʝʜʦʚʘʥʥʳʭ ʧʘʮʠʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2. 

ʇʨʦʬʠʣʴ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ çʇʣʘʟʤʦ-ʩʢʨʠʥ. ʇʣʘʟʤʝʥʥʳʝ ʬʘʢʪʦʨʳ ʩʠʩʪʝʤʳ ʩʚʝʨʪʳʚʘʥʠʷ 

ʢʨʦʚʠè. 

ɻʝʥ, ʬʫʥʢʮʠʷ ʛʝʥʘ ʇʦʣʠʤʦʨʬʠʟʤ 

ɸʣʣʝʣʴ 

çʥʝʡʪʨʘʣʴ-

ʥʳʡè 
çʨʠʩʢʘè 

F2 ʧʨʦʪʨʦʤʙʠʥ (ʬʘʢʪʦʨ 2 ʩʚʝʨʪʳʚʘʥʠʷ ʢʨʦʚʠ). ʂʦʜʠʨʫʝʪ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢ ʪʨʦʤʙʠʥʘ, ʩʪʠʤʫʣʠʨʫʶʱʝʛʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʪʨʦʤʙʘ 

20210 G> ɸ, 

rs1799963 
G/G G/A, A/A 

F5 (ʬʘʢʪʦʨ v ʩʚʝʨʪʳʚʘʥʠʷ ʢʨʦʚʠ). ʂʦʜʠʨʫʝʪ ʙʝʣʢʦʚʳʡ ʢʦ-

ʬʘʢʪʦʨ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʪʨʦʤʙʠʥʘ ʠʟ ʧʨʦʪʨʦʤʙʠʥʘ) 

R534Q G>ɸ, 

rs 6025 
G/G G/A, A/A 

F7 (ʬʘʢʪʦʨ VII  ʩʚʝʨʪʳʚʘʥʠʷ ʢʨʦʚʠ). ʂʦʜʠʨʫʝʪ ʙʝʣʦʢ, ʫʯʘʩʪ-

ʚʫʶʱʠʡ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʪʢʘʥʝʚʦʡ ʧʨʦʪʨʦʤʙʠʥʘʟʳ, ʦʪʚʝʯʘʝʪ 

ʟʘ ʧʨʝʚʨʘʱʝʥʠʝ ʧʨʦʪʨʦʤʙʠʥʘ ʚ ʪʨʦʤʙʠʥ 

R353Q G>ɸ, 

rs 6046 
G/G G/A, A/A 

FGB-ʬʠʙʨʠʥʦʛʝʥ (ʬʘʢʪʦʨ I ʩʚʝʨʪʳʚʘʥʠʷ ʢʨʦʚʠ). ʂʦʜʠʨʫʝʪ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢ ʬʠʙʨʠʥʘ, ʦʙʨʘʟʫʶʱʠʡ ʦʩʥʦʚʫ ʬʠʙʨʠʥʦ-

ʚʦʛʦ ʪʨʦʤʙʘ 

455Q G> ɸ, 

rs1800790 
G/G G/A, A/A 

ʉʝʨʧʠʥ I (PAI-I) ʘʥʪʦʛʦʥʠʩʪ ʪʢʘʥʝʚʦʛʦ ʘʢʪʠʚʘʪʦʨʘ ʧʣʘʟʤʠ-

ʥʦʛʝʥʘ. ʂʦʜʠʨʫʝʪ ʚʠʪʘʤʠʥʂ-ʟʘʚʠʩʠʤʳʡ ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʠʡ 

ʬʝʨʤʝʥʪ, ʢʦʪʦʨʳʡ ʘʢʪʠʚʠʨʫʝʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʨʦʤʙʠʥʘ 

-675 5G>4G, 

rs 1799768 
5G/5G 

5G/4A, 

4G/4G 

 

ɻʦʤʦʟʠʛʦʪʥʘʷ ʤʫʪʘʮʠʷ AA ʠ ʛʝʪʝʨʦʟʠʛʦʪʥʘʷ 

GA ʛʝʥʘ ʬʘʢʪʦʨʘ F II ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʛʨʫʧʧʝ ʥʝ 

ʚʩʪʨʝʯʘʣʘʩʴ, ʪʘʢ ʞʝ, ʢʘʢ ʠ ʘʣʣʝʣʠ ʨʠʩʢʘ ʬʘʢʪʦʨʘ V 

(ʪʘʙ.2). 

ʏʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʛʝʪʝʨʦʟʠʛʦʪʥʦʡ ʤʫʪʘ-

ʮʠʠ GA ʚ ʛʝʥʝ ʬʘʢʪʦʨʘ VII ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʛʨʫʧʧʝ 

ʩʦʩʪʘʚʠʣʘ 20 %, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʯʘʩʪʦʪʦʡ ʚʩʪʨʝ-

ʯʘʝʤʦʩʪʠ ʜʘʥʥʦʡ ʤʫʪʘʮʠʠ ʚ ʝʚʨʦʧʝʡʩʢʦʡ ʧʦʧʫʣʷ-

ʮʠʠ (10ï20%). ɻʦʤʦʟʠʛʦʪʥʘʷ ʤʫʪʘʮʠʷ AA ʛʝʥʘ ʬʘʢ-

ʪʦʨʘ F VII ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʛʨʫʧʧʝ ʥʝ ʚʩʪʨʝʯʘʣʘʩʴ. ɺ 

ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ ʜʘʥʥʳʝ 

ʦ ʧʦʣʠʤʦʨʬʠʟʤʝ ʛʝʥʘ ʬʘʢʪʦʨʘ VII. ʆʜʥʠ ʘʚʪʦʨʳ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʦʚʳʰʝʥʠʝ ʨʠʩʢʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʪʨʦʤʙʦʟʦʚ, ʜʨʫʛʠʝ ʠʤʝʶʪ ʥʘ ʵʪʦʪ ʩʯʝʪ ʜʠʘʤʝʪ-

ʨʘʣʴʥʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ ʤʥʝʥʠʝ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʦ-

ʩʠʪʝʣʴʩʪʚʦ ʤʫʪʘʥʪʥʦʛʦ ʘʣʣʝʣʷ R353Q A ʷʚʣʷʝʪʩʷ 

ʟʥʘʯʠʤʳʤ ʬʘʢʪʦʨʦʤ ʧʦʚʳʰʝʥʥʦʛʦ ʨʠʩʢʘ ʢʨʦʚʦʪʝ-

ʯʝʥʠʡ. 

ɺ ʛʨʫʧʧʝ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʧʘʮʠʝʥʪʦʚ ʛʝʥ FGB-

ʬʠʙʨʠʥʦʛʝʥ ʚʳʷʚʣʷʣʩʷ ʚ 40% ʩʣʫʯʘʝʚ. ʀʟ ʥʠʭ ʛʝʪʝ-

ʨʦʟʠʛʦʪʥʳʡ ʛʝʥʦʪʠʧ GA ʬʘʢʪʦʨʘ GB ʜʠʘʛʥʦʩʪʠʨʦ-

ʚʘʥ ʚ 50 % ʩʣʫʯʘʝʚ, ʪʘʢʞʝ, ʢʘʢ ʠ ʛʦʤʦʟʠʛʦʪʥʳʡ ʚʘ-

ʨʠʘʥʪ ʛʝʥʦʪʠʧʘ. ɺʘʨʠʘʥʪ G-455QA ʚ ʛʝʥʝ ʬʠʙʨʠʥʦ-

ʛʝʥʘ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʧʦʚʳʰʝʥʥʫʶ ʪʨʘʥʩʢʨʠʧʮʠʶ 
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ʛʝʥʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʥʦʤʫ 

ʫʨʦʚʥʶ ʬʠʙʨʠʥʦʛʝʥʘ ʚ ʢʨʦʚʠ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ 

ʫʚʝʣʠʯʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʨʦʤʙʦʚ, 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʠʥʩʫʣʴʪʘ ʩ ʤʥʦʛʦʦʯʘʛʦʚʦ-

ʩʪʴʶ ʧʦʨʘʞʝʥʠʡ. ʏʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʛʝʥʦʪʠʧʦʚ 

G/A, A/A ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʧʦʧʫʣʷʮʠʠ ʦʪ 5 ʜʦ 20%. 

ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʩʥʠʞʝʥʠʷ ʬʠʙʨʠʥʦʣʠʪʠʯʝ-

ʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʨʦʚʠ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʪʨʦʤʙʦʟʘʤʠ 

ʷʚʣʷʝʪʩʷ ʧʦʣʠʤʦʨʬʠʟʤ 4G(ï675)5G ʛʝʥʘ PAI-1, ʢʦ-

ʪʦʨʳʡ ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠ ʚʳʷʚʣʷʣʩʷ ʯʘʱʝ 

ʚʩʝʛʦ ï ʚ 80% ʩʣʫʯʘʝʚ. ɺ 39,0% ʩʣʫʯʘʝʚ ʦʧʨʝʜʝ-

ʣʷʣʩʷ ʛʝʪʝʨʦʟʠʛʦʪʥʳʡ ʛʝʥʦʪʠʧ 5G4G ʛʝʥʘ ʠʥʛʠʙʠ-

ʪʦʨʘ ʘʢʪʠʚʥʦʩʪʠ ʧʣʘʟʤʠʥʦʛʝʥʘ ʪʠʧʘ I, ʚ 41,0% ï ʛʦ-

ʤʦʟʠʛʦʪʥʳʡ 4G4G ʛʝʥʦʪʠʧ. ʇʦʣʠʤʦʨʬʠʟʤ ʛʝʥʘ 

PAI-1 ʚ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʤ ʚʘʨʠʘʥʪʝ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠ-

ʞʝʥʠʶ ʬʠʙʨʠʥʦʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʨʦʚʠ, ʯʪʦ 

ʧʦʚʳʰʘʝʪ ʨʠʩʢ ʚʝʥʦʟʥʳʭ ʢʦʨʦʥʘʨʥʳʭ ʥʘʨʫʰʝʥʠʡ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʚ ʧʦʧʫʣʷʮʠʠ ʥʦʩʠʪʝʣʴʩʪʚʘ ʛʝ-

ʥʦʪʠʧʘ 4G(ï675)4G, ʧʦ ʜʘʥʥʳʤ ʨʘʟʥʳʭ ʘʚʪʦʨʦʚ, ʩʦ-

ʩʪʘʚʣʷʝʪ ʦʪ 5 ʜʦ 30%, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʠʩʢ ʪʨʦʤʙʦ-

ʟʦʚ ʫ ʪʘʢʠʭ ʧʘʮʠʝʥʪʦʚ ʚʦʟʨʘʩʪʘʝʪ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ PAI-1 ʚ ʧʣʘʟʤʝ ʫ ʥʦʩʠ-

ʪʝʣʝʡ ʘʣʣʝʣʷ 4G(ï675) ʥʘ 25% ʚʳʰʝ, ʯʝʤ ʫ ʥʦʩʠʪʝ-

ʣʝʡ ʘʣʣʝʣʷ 5G (ʪʘʙ.3). 

 

ʊʘʙʣʠʮʘ 3. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʯʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʘʣʣʝʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ ʛʝʥʦʚ ʬʘʢʪʦʨʦʚ ʩʠʩʪʝʤʳ ʛʝʤʦʩʪʘʟʘ ʫ ʦʙʩʣʝ-

ʜʦʚʘʥʥʳʭ ʧʘʮʠʝʥʪʦʚ. 

ɻʝʥʳ 

ʄʫʪʘʮʠʷ/ 

ʇʦʣʠʤʦʨ- 

ʬʠʟʤ 

ɻʝʥʦʪʠʧʳ 

ɻʨʫʧʧʘ 1 (n=40) ɻʨʫʧʧʘ 2 (n=111) 

ʂʨʠʪʝʨʠʡ 

ʌʠʰʝʨʘ/ 

ɢ2 

ʈʘʩʧʨʝʜʝ- 

ʣʝʥʠʝ ʛʝʥʦ-

ʪʠʧʘ, % 

ʏʘʩʪʦʪʘ 

ʘʣʣʝʣʷ 

ʈʘʩʧʨʝʜʝʣʝ-

ʥʠʝ ʛʝʥʦ-

ʪʠʧʘ, 

% 

ʏʘʩʪʦʪʘ 

ʘʣʣʝʣʷ 

F2 G20210 ɸ 

G/G 97 
G=0,80 

ɸ=0,20 

98 
G=0,99 

ɸ=0,01 

F=(ï) 

p=0,564 
G/A 3 2 

A/A  0 0 

F5 GR534Q ɸ 

G/G 94 
G=0,97 

ɸ=0,03 

99 
G=0,99 

ɸ=0,01 

F=(ï) 

p=0,827 
G/A 6 1 

A/A  0 0 

F7 GR353Q ɸ 

G/G 87 
G=0,94 

ɸ=0,06 

99 
G=0,99 

ɸ=0,01 

F=(ï) 

p=0,827 
G/A 13 1 

A/A  0 0 

FGB G455Q ɸ 

G/G 50 
G=0,75 

ɸ=0,25 

55 
G=0,73 

ɸ=0,27 

ɢ2=7,95 

ʨ=0,047 
G/A 50 40 

A/A  0 5 

PAI-1 5G(-675)4G 

5G/5G 20 

G=0,39 

ɸ=0,61 

27 

G=0,55 

ɸ=0,45 

ɢ2=7,69 

ʨ=0,053 
5G/4A 39 27 

4G/4G 41 46 

 

ʇʨʠʤʝʯʘʥʠʝ: ʩʨʘʚʥʝʥʠʝ ʢʦʥʪʨʦʣʴʥʳʭ ʠ ʦʧʳʪ-

ʥʳʭ ʯʘʩʪʦʪ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʢʨʠʪʝʨʠʷ ɢ2 ʥʘ 

ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʚʩʝ ʟʥʘʯʝʥʠʷ ʯʘ-

ʩʪʦʪ ʩʨʘʚʥʠʚʘʝʤʳʭ ʧʨʠʟʥʘʢʦʚ ʙʦʣʴʰʝ 5. ʇʨʠ ʯʘʩʪʦ-

ʪʘʭ ʤʝʥʴʰʝ 5 ʩʨʘʚʥʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʪʦʯʥʦʛʦ ʢʨʠʪʝʨʠʷ ʌʠʰʝʨʘ. ʊʘʢ ʢʘʢ ʜʣʷ ʜʘʥ-

ʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʦʨʤʘʣʴʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʨʠʟʥʘʢʘ ʜʦʢʘʟʘʪʴ ʥʝ ʫʜʘʣʦʩʴ, ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʥʝ-

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ: ʢʨʠʪʝʨʠʡ ʄʘʥʥʘ-ʋʠʪʥʠ 

ʜʣʷ ʥʝʟʘʚʠʩʠʤʳʭ ʚʳʙʦʨʦʢ ʠ ʢʨʠʪʝʨʠʡ ɺʠʣʢʦʢʩʦʥʘ 

ʜʣʷ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʚʥʫʪʨʠ ʛʨʫʧʧ. 

ʉʪʘʥʦʚʠʪʩʷ ʧʦʥʷʪʥʳʤ, ʯʪʦ ʪʦʣʴʢʦ ʥʘʣʠʯʠʝ ʫ 

ʧʘʮʠʝʥʪʘ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʛʝʥʦʪʠʧʘ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜ-

ʨʘʩʧʦʣʘʛʘʪʴ ʢ ʨʘʟʚʠʪʠʶ ʩʦʩʫʜʠʩʪʦʛʦ ʦʩʣʦʞʥʝʥʠʷ ʫ 

ʙʦʣʴʥʳʭ ʩ ʜʝʬʦʨʤʠʨʫʶʱʠʤʠ ʦʩʪʝʦʘʨʪʨʦʟʘʤʠ. 

ʇʨʠ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʚʢʣʶʯʘʷ ʚʦʩʧʘ-

ʣʠʪʝʣʴʥʳʝ ʠ ʜʨʫʛʠʝ ʧʨʦʮʝʩʩʳ, ʵʢʩʧʨʝʩʩʠʷ PAI-1 

ʨʘʟʥʳʤʠ ʢʣʝʪʢʘʤʠ ʩʪʠʤʫʣʠʨʫʝʪʩʷ ʮʠʪʦʢʠʥʘʤʠ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʣʦʢʘʣʴʥʦʤʫ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʶ ʠʥʛʠʙʠ-

ʪʦʨʘ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʩʣʫʯʘʝ ʪʨʦʤʙʦʮʠʪʦʚ, 

ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ PAI-1 ʚ ʣʘ-

ʪʝʥʪʥʦʡ ʬʦʨʤʝ. ʇʨʠ ʘʢʪʠʚʘʮʠʠ ʪʨʦʤʙʦʮʠʪʦʚ ʧʨʦʠʩ-

ʭʦʜʠʪ ʩʝʢʨʝʮʠʷ ʩʦʜʝʨʞʠʤʦʛʦ ʧʫʣʦʚ ʠʭ ʭʨʘʥʝʥʠʷ ʚʦ 

ʚʥʝʰʥʶʶ ʩʨʝʜʫ. ɺʳʩʚʦʙʦʜʠʚʰʠʡʩʷ PAI-1 ʩʚʷʟʳʚʘ-

ʝʪʩʷ ʩ ʬʠʙʨʠʥʦʤ, ʯʪʦ ʦʙʲʷʩʥʷʝʪ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʩʦ-

ʧʨʦʪʠʚʣʷʝʤʦʩʪʴ ʢ ʣʠʟʠʩʫ ʪʨʦʤʙʦʚ, ʙʦʛʘʪʳʭ ʪʨʦʤʙʦ-

ʮʠʪʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʘʢʪʠʚʘʮʠʠ ʪʨʦʤʙʦʮʠʪʦʚ ʥʘ 

ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʭ ʤʝʤʙʨʘʥʳ ʧʦʷʚʣʷʶʪʩʷ 

ʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ ʢʠʩʣʳʭ ʬʦʩʬʦʣʠʧʠʜʦʚ, ʢʦʪʦ-

ʨʳʝ ʷʚʣʷʶʪʩʷ ʮʝʥʪʨʘʤʠ ʩʚʷʟʳʚʘʥʠʷ ʩʝʨʠʥʦʚʳʭ ʧʨʦ-

ʪʝʘʟ (ʪʨʦʤʙʠʥʘ, ʧʣʘʟʤʠʥʘ, tPA, APC ʠ FXa). ʕʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʪʨʦʤʙʦʦʙʨʘʟʦʚʘʥʠʶ, ʣʠʙʦ ʢ ʫʭʫʜʰʝ-

ʥʠʶ ʨʘʩʪʚʦʨʝʥʠʷ ʪʨʦʤʙʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʣʫʯʘʝ 

ʘʢʪʠʚʘʮʠʠ ʪʨʦʤʙʦʮʠʪʦʚ ʧʨʠ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʧʨʦ-

ʮʝʩʩʘʭ, ʧʨʦʠʩʭʦʜʠʪ ʚʳʙʨʦʩ PAI-1, ʠ ʩʪʠʤʫʣʠʨʦʚʘ-

ʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʬʘʢʪʦʨʘ ʨʦʩʪʘ ʵʥʜʦʪʝʣʠʷ ʩʦʩʫʜʦʚ 

(VEGF-A). ʇʦʜʦʙʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʛʫʪ ʧʨʦʠʩ-

ʭʦʜʠʪʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʦʢ ʵʥʜʦʪʝʣʠʷ ʩʦʩʫʜʦʚ, 



26 Slovak international scientific journal # 17, (2018) 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʫʞʝʥʠʶ ʩʦʩʫʜʦʚ ʠ ʩʜʚʠʛʫ ʨʘʚʥʦʚʝ-

ʩʠʷ ʤʝʞʜʫ ʩʚʝʨʪʳʚʘʶʱʝʡ ʠ ʧʨʦʪʠʚʦʩʚʝʨʪʳʚʘʶʱʝʡ 

ʩʠʩʪʝʤʘʤʠ ʚ ʩʪʦʨʦʥʫ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʦʤʙʦʚ.  

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʧʦʣʫʯʝʥʥʳʝ ʚ ʥʘʩʪʦʷ-

ʱʝʡ ʨʘʙʦʪʝ ʜʘʥʥʳʝ, ʩ ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʛʦ ʩʥʠʞʝʥʠʷ 

ʯʘʩʪʦʪʳ ɺʊʕʆ ʫ ʧʘʮʠʝʥʪʦʚ ʦʨʪʦʧʝʜʠʯʝʩʢʦʛʦ ʧʨʦ-

ʬʠʣʷ, ʥʘʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʚʳʜʝʣʝ-

ʥʠʝ ʛʨʫʧʧʳ ʧʘʮʠʝʥʪʦʚ çʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʨʠʩʢʘè, 

ʥʫʞʜʘʶʱʝʡʩʷ ʚ ʪʱʘʪʝʣʴʥʦʤ ʣʘʙʦʨʘʪʦʨʥʦʤ ʤʦʥʠʪʦ-

ʨʠʥʛʝ. ʂ ʵʪʦʡ ʛʨʫʧʧʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʥʦʩʠʪʴ ʧʘʮʠʝʥ-

ʪʦʚ ʩ ʧʦʣʠʤʦʨʬʠʟʤʦʤ 5G (-675) 4G ʛʝʥʘ PAI-1 ʚ ʩʳ-

ʚʦʨʦʪʢʝ ʢʨʦʚʠ. 

ʕʪʦ ʧʦʟʚʦʣʠʪ ʧʦʜʦʙʨʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʫʶ ʵʬ-

ʬʝʢʪʠʚʥʫʶ ʩʠʩʪʝʤʫ ʧʨʦʬʠʣʘʢʪʠʢʠ, ʜʦʩʪʦʚʝʨʥʦ 

ʩʥʠʟʠʪʴ ʯʘʩʪʦʪʫ ʨʘʟʚʠʪʠʷ ʧʦʩʣʝʦʧʝʨʘʮʠʦʥʥʳʭ 

ɺʊʕʆ, ʘ ʪʘʢʞʝ ʧʦʩʣʝʦʧʝʨʘʮʠʦʥʥʫʶ ʣʝʪʘʣʴʥʦʩʪʴ, 

ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʦʢʘʟʘʥʠʷ ʭʠ-

ʨʫʨʛʠʯʝʩʢʦʡ ʧʦʤʦʱʠ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʘʣʦʩʴ ʩʦʜʝʨʞʘʥʠʝ ʛʠʙʙʝʨʝʣʣʠʥʘ ɸ3 ʚ ʩʦʮʚʝʪʠʷʭ Tradescantia (clon 02) 

ʧʦʩʣʝ ʥʠʟʢʦʠʥʪʝʥʩʠʚʥʦʛʦ ɔ-ʦʙʣʫʯʝʥʠʷ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʨʦʚʝʥʴ ʵʪʦʛʦ ʛʦʨʤʦʥʘ ʧʨʦʷʚʣʷʣ ʢʘʢ ʩʥʠʞʝʥʠʝ, 

ʪʘʢ ʠ ʧʦʚʳʰʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ, ʟʘʚʠʩʷ ʦʪ ʧʦʣʫʯʝʥʥʦʡ ʨʘʩʪʝʥʠʷʤʠ ʜʦʟʳ ʠʦʥʠʟʠʨʫʶʱʝʡ ʨʘʜʠʘ-

ʮʠʠ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʝʥʠʝ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʜʘʥʥʳʤʠ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʜʨʫʛʠʭ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʛʦʨʤʦʥʦʚ ʠ ʩ ʮʠʪʦʛʝʥʝʪʠʯʝʩʢʠʤʠ ʵʬʬʝʢʪʘʤʠ ʤʘʣʳʭ ʜʦʟ, ʧʦʣʫʯʝʥʥʳʤʠ ʨʘʥʝʝ.  

ɸbstract 

In the present work gibberellin A3 content in Tradescantia (clone 02) inflorescences after low-intensity ɔ-

irradiation was studied. The level of this hormone was shown to exhibit both the increase and the decrease of the 

content relatively to the control, depending on the dosage of ɔ-irradiation. A comparison of these findings with the 

data on other plant hormone content and with those on the low-dose ɔ-irradiation cytogenetic effects obtained 

earlier is also attempted in the paper. 
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Results and discussion. Gibberellins are hor-

mones involved in plant growth and morphogenesis, re-

productive development, shoot differentiation, etc. 

While the role of cytokinins may be called a key one as 

far as resistance to impacts of genotoxic stresses is con-

cerned, the role played by gibberellins in the above-

mentioned processes may not be considered as an evi-

dent one. However, the processes governed by gibber-

ellic acid include protein and nucleic acidsô synthesis, 

cell cycle control mechanism, nuclear transportation 

and cell structure special arrangement, thus hormonal 

response to low-dose irradiation is the phenomenon of 

high complexity and scientific interest.  

Materials and methods. Stem cuttings of plants 

with inflorescences having 2 or 3 internodes where 

used as starting raw material. All of the inflorescences 

were obtained during spring-summer period. Prior to 

irradiation the cuttings with inflorescences were placed 

into distilled water. The inflorescences were irradiated 

with 226Ra source 17 h later. Upon irradiation up to 9.0 

ʩGy, the exposure time was 20 h, the doses being in-

creased through enhancing irradiation intensity. The 

intensity remained constant in high-dose irradiation 

variant: 0.45 ʩGy per hour. Gibberellin A3 content was 

estimated on a Tradescantia (clon 02) model. Immedi-

ately after irradiation, the inflorescences were cut, 

their mass wasestimated, the materials were fixed in a 

water-ethanol mixture (80:20 by volume). The fixation 

time for each sample was 1 hour. Gibberellic acid con-

tent was evaluated by a biological method. Evaluation 

of gibberellin A3 was performed through applying 

Frankland and Wareing method [Skorobogatova at al., 

1999; Frankland, Wareing, 1960]. Berlin(sky) lettuce 

variety (Holland selection) was used. Gibberellinôs 

content was assessed on the calibration curve, for its 

plotting gibberellic acid produced at Orlov chemical 

plant was used. 

In the context of the plant hormonal system re-

sponse to irradiation, the overall dose range may be 

subdivided into 3 levels. Doses up to 2.0 ʩGy, inclu-

sively, can be referred to the first level. Irradiation in 

such doses leads to increasing gibberellinôs content in 

respect to the control from 20.61°0.47 to 32.73°2.98 

ng/g of raw weight. The content of gibberellins (up to 

3.16°0.62 ng/g of raw weight) was decreasing both in 

respect to the control (natural and less intensity irradia-

tion variants upon irradiation in doses from 3.0 to 9.0 

ʩGy). Irradiation in doses from 9.8 ʩGy and higher is 

characterized with content increasing, reaching its 

maximum in the point of 30.6 ʩGy - 75.72°1.34 ng/g 

of raw weight (Fig.1). 

 
Fig. 1. Gibberellin A3 content in control and under low-dose irradiation, exposure time 20 hour, source - 226Ra. 

Abscissa ï dose, ʩGy; Ordinate ïGA A3 content (ng/g of raw weight). 

 

Stimulating-hormone content reduction was ob-

served in response to genotoxic-stress. Low- dose irra-

diation induces a number of processes which are evolu-

tionary conservative and ensure genome integrity. Cell 

cycle inhibition allowing time for initiating the repair 

system and lesion repair are assumed to be the basis of 

the discussed processes. These processes are provided 

by cell cycle control mechanisms, with hormonal sys-

tem being the key regulator in plants.  

Earlier, we presented in Homichenko A.A. et al. 

[2007] the data on the content of auxins and cytokinins 

in Tradescantia (clon 02) inflorescences after exposure 

to low-dose ɔ-irradiation. Both hormones demonstrated 

their content lowering in respect to the control in all 
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variants upon ɔ-irradiation. While cytokinins exhibited 

significant (p<0.05, T-test) content decrease as early as 

the plant was irradiated with 1.0 ʩGy, it showed maxi-

mal reduction in its content upon 2.0 ʩGy irradiation. 

Auxinsô level dropped significantly, with inflores-

cences being irradiated with higher doses, i.e. 4.86 ʩGy 

(Fig. 2 and 3). Gibberellic acid level decrease exhibited 

in 3.0 up to 9.0 ʩGy dose range is in agreement with the 

stimulating hormone pathway.  

 
Fig. 2. Cytokinins content in control and upon low-dose irradiation. Abscissa ï dose, ʩGy; Ordinate ï cytokinins 

(CTK) level (mkg/g of raw weight). The method precision - 30%. 

 

Note: changes of the cytokinins level in all irradiation variants significantly differs from the control from Hom-

ichenko A.A. et al. [2007]. 

 
Fig. 3. Auxins content in control and under low dose irradiation. Abscissa ï dose, ʩGy; Ordinate ïauxins level 

(ng/g of raw weight). The method precision - 30% [Homichenko A.A. et al., 2007] 

Note: changes of the auxin level in the variants with the irradiation doses of 4.86, 9.8 and 28.0 ʩGy significantly 

differs from that of the control. 

 

We suppose the reduction of each hormone level 

(cytokinins, auxins and gibberellins) following the irra-

diation dose increase to be accounted for by ñthe 

weightò of each of these hormones in the cell cycle con-

trol as well as by their function in the control mecha-
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nisms being able to duplicate. It may indicate to the ge-

netic lesion repair process at irradiation dose levels up 

to 8 - 9 ʩGy being closely connected with the cell cycle 

control mechanism. In a particular dose range gibberel-

lic acid seems to contribute to the control mechanism 

activity as well. 

The role of gibberellic acid in cell cycle control-

ling mechanisms has been a matter of a debate for a 

long time. Currently, it has been established that gib-

berellins regulate positively the expression of a number 

of components of cyʩlin/cyclin-dependent proteinki-

nase complexes responsible for cell cycle S- and G2-

phase transition. Genes expressed in response to GA3 

treatment are cyclins of ɸ- and ɺ-groups and cyclin-

dependent kinases CDKA1;1, CDKB;1 and CDKD 

[Sauter, Kende, 1992; Sauter et al., 1995; Sauter M., 

1997; van der Knaap E. et al., 1997]. In gibberellin-de-

ficient plants gene expression of the inhibitors such as 

CDK (ICK) - KRP2, SIM, SMR1 and SMR2 is en-

hanced. They exhibit the dependence on DELLA-

factors degradation process, which is the central mech-

anism in gibberellic signal transition [Achard et al. 

2006, Achard et al. 2008; Achard et al. 2009; Richards, 

D.E., 2001]. Its role in regulation of the abovemen-

tioned mechanisms seems to be not so significant, when 

compared to the role of cytokinins and auxins.  

The gradual lowering of different phytohormonesô 

content appears to be accounted for by the similarity of 

their functions, the effects observed are related to the 

consistent mobilisation of the Tradescantia (clon 02) 

inflorescence tissue repair potential. We suppose that 

the changes in this hormonal system reflects the key 

dose levels responding the the radiobiological process 

development under low intensity irradiation. Dramatic 

decline of the gibberellinôs content upon 8.0 and 9.0 

ʩGy irradiation and its increase, with the doses en-

hancement following, are likely to indicate the deple-

tion of the repair mechanisms potential (those being ac-

tive upon less intensive irradiation) and transition to the 

new types of the plant cell response to ionising irradia-

tion.  

Interestingly, in two dose ranges: from 0.4 to 2.0 

ʩGy and from 9.8 ʩGy, gibberellic acid shows the level 

increase, this fact is very interesting per se (Fig. 1). 

Tradescantia (clon 02) cytokinin and auxin levels in the 

inflorescences were decreasing upon ɔ-irradiation in all 

variants in respect to the control.  

Earlier it was shown that the irradiation with 2.3 

and 4.86 ʩGy doses results in increasing the inflo-

rescence radio-resistance. Radio-induced resistance to 

irradiation with doses quantity increasing at the levels 

near to those mention above (2.3 and 4.86 ʩGy) is at-

tributed to the activation of an error-free repair branch 

on the basis of homologous sequences, this being occa-

sionally referred to as radio-induced adaptive response 

[Khomichenko A.A., 2018]. In the work presented this 

effect either precedes or accompanies gibberellinôs 

content reduction upon ɔ-irradiation increasing to 3.0 

ʩGy. With assuming that the increase of gibberellinôs 

level at irradiation dose levels up to 2.0 cGy is aimed at 

compensation of the increasing dose load, its reduction 

under irradiation doses > 3.0 cGy is accounted for by 

the increased radioresistance of the flower meristem 

cells.  

Tradescantia (clon 02) inflorescences irradiation 

in doses over 9.8 ʩGy resulted in gibberellic acid in-

crease both in respect to the control level and to less 

intensive irradiation, with considerable genetic lesion 

frequency increase observed (Fig. 4). Significant de-

crease of gibberellinôs content upon 8.0 and 9.0 ʩGy 

dose irradiation with its subsequent growth is likely to 

be attributed to a particular cell response to the ionising 

irradiation dose enhancement. This may indicate to the 

depletion of the potential of the repair mechanisms be-

ing active upon irradiation in less intensive doses and 

may demonstrate the transition to new mechanisms of 

the ionising irradiation response. These responses are 

likely to be followed by the significant increase in ge-

netic lesion outcomes. Fig.4. presents the data on the 

gibberellins content given above and compare them to 

the findings on cytogenetic lesions [Khomichenko 

A.A., 2018].  
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Fig. 4. Pink somatic mutation frequency in Tradescantia (clon 02) stamen hairs cells upon up to 40.6 ʩGy 

irradiation doses. Abscissa ï irradiation dose (ʩGy), Ordinate - pink somatic mutation frequency (%). 

 

Upon doses increasing from 9.8 ʩGy further on, 

genetic lesion frequency significantly increases and in 

the 21.0 ï 40.6 ʩGy limits remains within a rather nar-

row range (from 0.730 to 1.014%). Considerable pink 

mutation increase following gibberellinôs content en-

hancing, with any significant dependence on ɔ-

irradiation dose being missing, may indicate to muta-

genic repair branches activity. Among these mecha-

nisms NHEJ has been most thoroughly studied. DNA 

lesion repair assumed as the basis of this process is re-

lated to joining the torn ends with KU70ïKU80 getero-

dimers. Interestingly, the expression of these proteins is 

being positively governed by gibberellic acid, and ara-

bidopsis treatment with this acid increases the AtKU ex-

pression level two fold within several hours [Richards, 

D.E. et al., 2007; Liu P.F. et al., 2008].  

Plants are obligatory photoautotrophic organisms. 

Throughout their life span solar irradiation accounts for 

the character and the sequence in their development as 

well as for a series of other processes, the solar irradia-

tion is a factor inducing the majority of genetic lesions. 

This is likely to be accounted for by the fact that the key 

factors regulating photomorphogenesis - DET1, COP1 

and HY5 are indispensable elements of the repair mech-

anisms. Gibberellic acid plays a central role in regula-

tion of discussed processes [AlabadēË D. et al. 2008; Al-

abadēË D. et al., 2009; Gallego-BartolomeË J. et al., 

2011; Jang I.-C. et al., 2010; Casal J.J., Yanovsky J., 

2005]. Primarily, this refers to light-independent repair 

(NER), photoreactivation and to other repair branches 

as well. DET and COP proteins, as well as a series of 

the structurally affined proteins form several com-

plexes required for realisation of a number of the repair 

branches. In turn, they form and regulate complexes 

with such factors as XP and CS proteins (pigment xe-

roderm and Kokkain syndrome) and endonucleases. 

RNA-polymerase II, TFIIH ʠ RPA1 are also being 

bound/connected to them [Mannuss A. et al., 2012; 

Singh S.K. et al., 2010; Waterworth W. M., 2011; Roy 

S., 2014].  

TFIIH protein complexes and RNA-polymerase II  

include ʉɸʂ-complex D-type, its catalytic units 

ʉDKD-kinases and cyclin H of CAK. CDKD-activating 

kinases are plant homologs of CDK7 of mammals. Cy-

clin H homologs were also isolated in a series of the 

model plant subjects. The expression of each of these 

proteins is positively regulated by gibberellic acid [Fa-

bian T. et al., 2000; van der Knaap E. et al., 1997; Sau-

ter M. et al., 1995 Sauter M. 1997]. Thus, ʉɸʂ-

complex, functionally uniting TFIIH and RNA-

polymerase II which play a major role in different re-

pair branches and, with their activity being interde-

pendent, is positively controlled by gibberellic acid. 

RNA polymerase II is positively regulated by gibberel-

lic acid. According to Umeda M. et al., [2005], this 

mechanism or rather mechanisms complex is one of the 

most important pathways of connecting the hormonal 

system and genetic apparatus of plants.  

Noteworthy, ɸ3 Oryza sativa L. treatment with 

gibberellin induces replication protein ɸ1 expression 

(RPA1) [van der Knaap E. et al., 1997]. This hetero-

genic protein found in the basic model plants subjects 

and involved in DNA replication recombination and re-

pair could be called one of the critical factors in a series 

of the repair branches [Umezu et al., 1998; Brush, 

Kelly, 2000; van der Knaap E. et al., 1997].  

Thus, the data presented in the literature show the 

possibility of gibberellinôs being involved in both cell 

cycle control mechanism and in a wide range of active 
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genetic structure repair process, this being in agreement 

with the works showing gibberellic acid to be an effi-

cient radio-protector upon plantsô higher-dose ɔ-

irradiation [Vilensky E.P., 1987]. 

Conclusion. Genotoxic stress leads to the inacti-

vation of genes required for mitosis and cytokinesis, in-

suring the checkpoints governing. Otherwise, putting it 

results in DNA-metabolism inhibition and in DNA-

reparation genes stimulation and induction and, hence, 

in synthesis and activation of the repair ferments and 

complexes, RNA and DNA synthesis and other factors 

involved in maintaining the genetic structure integrity. 

We think these two aspects to be worth noting.  

Both of these reaction types are generally realized 

as a single event and require an appropriate coordina-

tion of the expression of these two groups of genes. 

With extremely close interaction of the mechanisms, 

i.e. genetic lesion recognition mechanism, cell cycle 

control mechanisms and those of the lesion repair, these 

mechanisms are qualitatively different. These pro-

cesses are regulated by the activating hormones. There 

arises a situation requiring different responses of the 

hormonal system i.e. both increasing and lowering of 

the stimulant hormones content.  

We believe that in the framework of the hormonal 

system there might be a particular specialization. The 

specific mechanism responsible for one of the aspects 

of the plant response to the genotoxic stress, for exam-

ple, by the cell cycle kinetics, is predominantly gov-

erned by cytokinins and auxins, while the governing of 

the repair processes per se is accounted for by the ac-

tivity of gibberellin A3.  
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ɸʥʥʦʪʘʮʠʷ 

ʉ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʠ ʨʘʩʰʠʨʝʥʠʷ ʩʬʝʨ ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʤʦʜʝ-

ʣʝʡ ʜʠʥʘʤʠʢʠ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʢʣʘʩʩʘ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ, ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʦʜʥʦʡ ʠʟ ʥʠʭ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʢʦ-

ʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ. ɺ ʩʪʘʪʴʝ ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘʥʝʝ ʨʘʙʦʪ, ʧʦʩʚʷʱʸʥʥʳʭ ʤʦʜʝʣʠʨʦʚʘʥʠʶ 

ʜʠʥʘʤʠʢʠ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʢʣʘʩʩʘ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ, ʥʘ ʦʩʥʦʚʝ ʯʝʛʦ 

ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʦʜʦʙʥʦʛʦ ʢʣʘʩʩʘ ʩ ʨʝʰʝʥʠʝʤ, ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʳʤ ʚ ʜʠʩʢʨʝʪʥʦʤ ʚʨʝʤʝʥʠ, ʩ ʫʯʸʪʦʤ ʵʣʝʤʝʥʪʦʚ ʪʨʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ 

ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʨʘʥʝʝ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʠ, ʚ 

ʚʠʜʝ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. 

Abstract 

With the aim of improve the computational properties and expansion of applications of mathematical models 

of the dynamics of oscillatory processes of mechanical systems class gears, with reference to one of them devel-

oped a finite-difference mathematical model, based on the use of the finite difference method The article analyzes 

the works published earlier on modeling the dynamics of oscillatory processes in mechanical systems class gears, 

on the basis of which concluded the need to develop mathematical models of this class with the solution presented 

in discrete time. As an object to the use of the finite difference method was proposed earlier by the author devel-

oped a mathematical model of gear in the form of a system of linear differential equations of the second order. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ, ʢʦʵʬ-

ʬʠʮʠʝʥʪ ʪʨʝʥʠʷ. 

Keywords: finite difference method, the mathematical model, the oscillatory process, the differential equa-

tions of dynamics. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ. ʆʮʝʥʢʘ ʜʠʥʘʤʠʯʝ-

ʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ 

ʩʠʩʪʝʤ (ʚ ʯʘʩʪʥʦʩʪʠ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ) ʦʩʫʱʝʩʪʚʣʷ-

ʝʪʩʷ ʧʫʪʸʤ ʧʦʩʪʨʦʝʥʠʷ ʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʨʝʘʣʠʟʘʮʠʠ 

ʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʧʨʠ ʵʪʦʤ ʜʝʪʘʣʠʟʘʮʠʷ 

ʤʦʜʝʣʝʡ, ʩʦʩʪʘʚ ʠ ʢʦʣʠʯʝʩʪʚʦ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʷʚʣʷ-

ʶʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ 

ʪʦʯʥʦʩʪʴ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʯʸʪʘ [1-3]. ɹʦʣʴʰʠʥ-

ʩʪʚʦ ʠʟ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʘ ʩʝʛʦʜʥʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʜʠʥʘʤʠʢʠ ʢʦʣʝʙʘʥʠʡ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ, (ʚ 

ʯʘʩʪʥʦʩʪʠ [4-8]), ʦʧʠʩʳʚʘʶʪ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʧʨʦ-

ʮʝʩʩ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʚʨʝʤʝʥʠ. ɿʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠ-

ʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʣʝʙʘʪʝʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʢʣʘʩʩʘ ʟʫʙʯʘ-

ʪʳʭ ʧʝʨʝʜʘʯ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʟʘ ʩʯʸʪ ʩʦ-

ʟʜʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʠʥʘʤʠʢʠ, ʨʝʰʝ-

ʥʠʝ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʜʠʩʢʨʝʪʥʦʤ ʚʨʝʤʝʥʠ, ʩ 

ʫʯʸʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʨʝʥʠʷ. ʇʝʨʝʭʦʜ ʢ ʪʘʢʦʡ 

ʤʦʜʝʣʠ ʚʦʟʤʦʞʝʥ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʢʦ-

ʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ (ʄʂʈ) ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚ ʚʠʜʝ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ (ʩʠ-

ʩʪʝʤʳ) ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʄʂʈ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ 

ʯʠʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʙʣʘ-

ʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʘʣʛʦʨʠʪʤʠʯʥʦʩʪʠ ʤʝʪʦʜʘ ʧʨʠ ʢʦʤ-

ʧʴʶʪʝʨʥʦʡ ʨʝʘʣʠʟʘʮʠʠ, ʯʝʤʫ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʨʠʯʥʳʭ ʦʧʝʨʘʮʠʡ. 
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ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʠʩʣʝʜʦʚʘʥʠʡ ʠ ʧʫʙʣʠʢʘ-

ʮʠʡ. ʇʦʩʪʨʦʝʥʠʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʠʥʘ-

ʤʠʢʠ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ ʧʦʩʚʷʱʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ ʫʯʸʥʳʭ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʚ ʯʘʩʪ-

ʥʦʩʪʠ: ʅ. ɸ. ʂʦʚʘʣʝʚʘ, ʄ. ɹʦʰʘ, ʄ.ɼ. ɻʝʥʢʠʥʘ, ɺ.ʂ. 

ɻʨʠʥʢʝʚʠʯʘ, ɼ.ʊ. ɼʝʤʠʪʨʘʜʟʝ, ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ. 

ʇʨʦʚʦʜʷ ʘʥʘʣʠʟ ʠʭ ʨʘʙʦʪ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶ-

ʱʝʝ: ʄʦʜʝʣʴ ʅ. ɸ. ʂʦʚʘʣʝʚʘ [4] ʫʯʠʪʳʚʘʝʪ ʪʦʣʴʢʦ 

ʢʨʫʪʠʣʴʥʳʝ ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ ʟʫʙʯʘʪʳʭ ʢʦʣʸʩ ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʡ ʧʦʧʝʨʝʯʥʦʡ ʞʸʩʪʢʦʩʪʠ ʢʦʣʝʙʘʪʝʣʴʥʦʡ 

ʩʠʩʪʝʤʳ. ʇʨʠʤʝʥʝʥʠʝ ʥʝʣʠʥʝʡʥʦʡ ʪʝʦʨʠʠ ʢʦʣʝʙʘ-

ʥʠʡ ʧʨʠ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦ-

ʜʝʣʠ ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʟʦʥ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʨʘʟʨʳʚʥʳʭ ʢʦʣʝʙʘʥʠʡ, 

ʧʨʠ ʫʩʣʦʚʠʠ ʜʠʩʢʨʝʪʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʞʸʩʪʢʦʩʪʠ ʟʘ-

ʮʝʧʣʝʥʠʷ ʠ ʥʘʛʨʫʟʢʠ. 

ɺ ʤʦʜʝʣʠ ʜʠʥʘʤʠʢʠ ʄ. ɹʦʰʘ [5] ʪʘʢʞʝ ʨʘʩ-

ʩʤʘʪʨʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʢʨʫʪʠʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʩ ʫʯʸ-

ʪʦʤ ʪʘʢʠʭ ʚʠʙʨʦʦʙʨʘʟʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʢʘʢ ʦʰʠʙʢʘ 

ʬʦʨʤ ʧʨʦʬʠʣʷ ʠ ʦʩʥʦʚʥʦʛʦ ʰʘʛʘ. ʄʦʜʝʣʴ ʄ.ɼ. ɻʝʥ-

ʢʠʥʘ ʠ ɺ.ʂ. ɻʨʠʥʢʝʚʠʯʘ [6] ʧʦʩʪʨʦʝʥʘ ʩ ʫʯʸʪʦʤ ʚʣʠ-

ʷʥʠʷ ʦʧʦʨ ʠ ʫʯʠʪʳʚʘʝʪ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʦʣʝʙʘ-

ʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʘʢ ʜʝʤʧʬʝʨʳ ʟʘʮʝʧʣʝʥʠʷ, ʫʧʨʫ-

ʛʠʝ ʞʸʩʪʢʦʩʪʠ ʢʦʣʸʩ, ʤʘʩʩʳ, ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʠ 

ʨʘʜʠʫʩʳ ʢʦʣʸʩ, ʫʛʦʣ ʟʘʢʨʫʪʢʠ ʠ ʫʧʨʫʛʫʶ ʜʝʬʦʨʤʘ-

ʮʠʶ ʢʦʣʸʩ. ʄʦʜʝʣʴ ʫʯʠʪʳʚʘʝʪ ʢʨʫʪʠʣʴʥʳʝ ʠ ʧʦʧʝ-

ʨʝʯʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʢʦʣʝʙʘʥʠʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠ-

ʩʪʝʤʳ. ʄʦʜʝʣʴ ɼ.ʊ. ɼʝʤʠʪʨʘʜʟʝ ʪʘʢ ʞʝ ʜʘʸʪ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʨʫʪʠʣʴʥʳʝ ʠ ʧʦʧʝʨʝʯʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʟʫʙʯʘʪʳʭ ʢʦʣʸʩ [7]. ʅʘ ʜʘʥʥʦʡ ʤʦʜʝʣʠ 

ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʧʦʜʘʪʣʠʚʦʩʪʠ ʦʧʦʨ ʥʘ ʜʠʥʘ-

ʤʠʢʫ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʠ ʩ ʫʯʸʪʦʤ ʧʝʨʝʤʝʥʥʦʡ ʞʸʩʪ-

ʢʦʩʪʠ ʟʘʮʝʧʣʝʥʠʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʝʤʧʬʠʨʦʚʘ-

ʥʠʷ ʦʧʦʨ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʥʩʪʘʪʠʨʫʶʪ, 

ʯʪʦ ʦʩʥʦʚʥʘʷ ʯʘʩʪʦʪʘ ʨʘʜʠʘʣʴʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ ʢʦ-

ʣʝʙʘʥʠʡ ʢʦʣʸʩ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʘʩʪʦʪʦʡ ʩʤʝʥʳ ʞʸʩʪ-

ʢʦʩʪʠ ʟʫʙʴʝʚ ʠ ʦʰʠʙʢʦʡ ʟʘʮʝʧʣʝʥʠʷ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʘʚʪʦʨʦʤ [8] ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦ-

ʜʝʣʴ ʜʠʥʘʤʠʢʠ ʦʜʥʦʩʪʫʧʝʥʯʘʪʦʡ ʢʦʩʦʟʫʙʦʡ ʵʚʦʣʴ-

ʚʝʥʪʥʦʡ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʠ, ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ 14-ʪʠ 

ʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 2-ʛʦ ʧʦ-

ʨʷʜʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʦʙʱʸʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʠʤʝʝʪ 

ʚʠʜ (1).  

ɺ ʤʦʜʝʣʠ ʧʨʠʥʷʪ ʚʝʢʪʦʨ ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠ-

ʥʘʪ, ʠʤʝʶʱʠʡ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
Tzyzy zyxzyxq },,,,,,,,,,   { 2221112211 ffffjjjj  ,,,= 321

, 

ʛʜʝ ű; ű1; ű2; ű3 ï ʫʛʣʳ ʧʦʚʦʨʦʪʘ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ 

ʤʘʩʩ ʠ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʚʦʢʨʫʛ ʦʩʝʡ x1, x2; 

zyzy
2211 ;;; ffff  ï ʫʛʣʳ ʧʦʚʦʨʦʪʘ ʰʝʩʪʝʨʥʠ ʠ 

ʢʦʣʝʩʘ ʚʦʢʨʫʛ ʦʩʝʡ y1, y2 ʠ z1, z2; x1, y1, z1, x2, y2, 

z2 ï ʣʠʥʝʡʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʰʝʩʪʝʨʥʠ ʠ ʢʦʣʝʩʘ 

ʚʜʦʣʴ ʦʩʝʡ x, y, z. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʝʸ ʪʨʝʭʤʝʨʥʦʩʪʴ, ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʦʧʠʩʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʢʘʢ ʚ ʢʦ-

ʩʦʟʫʙʦʡ ʪʘʢ ʠ ʚ ʧʨʷʤʦʟʫʙʦʡ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯʘʭ, 

ʫʯʝʪ ʧʦʛʨʝʰʥʦʩʪʝʡ ʟʘʮʝʧʣʝʥʠʷ, ʧʝʨʝʤʝʥʥʦʡ ʞʝʩʪ-

ʢʦʩʪʠ ʟʘʮʝʧʣʝʥʠʷ, ʧʦʜʘʪʣʠʚʦʩʪʠ ʦʧʦʨ ʧʨʠ ʥʘʣʠʯʠʠ 

ʰʝʩʪʠ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʜʣʷ ʢʘʞʜʦʛʦ ʟʫʙʯʘʪʦʛʦ ʢʦ-

ʣʝʩʘ.  

ɸʥʘʣʠʟʠʨʫʷ ʦʩʦʙʝʥʥʦʩʪʠ ʢʘʞʜʦʡ ʠʟ ʨʘʩʩʤʦʪ-

ʨʝʥʥʳʭ ʤʦʜʝʣʝʡ, ʠ ʫʯʠʪʳʚʘʷ ʧʨʦʚʝʜʝʥʥʳʡ ʦʙʱʠʡ 

ʘʥʘʣʠʟ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʤʦʞʥʦ ʩʜʝ-

ʣʘʪʴ ʦʩʥʦʚʥʦʡ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʝʨʝʭʦʜ ʢ ʢʦʥʝʯʥʦ-

ʨʘʟʥʦʩʪʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʠʥʘʤʠʢʠ ʢʦ-

ʣʝʙʘʥʠʡ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ, ʩ 

ʫʯʝʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʨʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʝʡ 

ʘʢʪʫʘʣʴʥʦʡ. ʊʦʯʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ 

ʪʘʢʦʡ ʤʦʜʝʣʠ ʧʦʚʳʰʘʝʪʩʷ ʟʘ ʩʯʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʚʢʣʶʯʝʥʠʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʟʘʢʦʥʘ ʜʝʬʦʨʤʘʮʠʠ ʤʘ-

ʪʝʨʠʘʣʘ ʢʦʥʩʪʨʫʢʮʠʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 
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ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ. ɺ ʤʝʪʦʜʝ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦ-

ʩʪʝʡ (ʄʂʈ), ʥʘ ʦʙʣʘʩʪʴ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʪʝʣʘ 

ʫʩʣʦʚʥʦ ʥʘʥʦʩʠʪʩʷ ʩʝʪʢʘ ʣʠʥʠʡ, ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ 

ʢʦʪʦʨʳʭ ʥʘʟʳʚʘʶʪʩʷ ʫʟʣʘʤʠ [9]. ʋ ʩʪʝʨʞʥʷ ʣʠʙʦ 

ʚʘʣʘ, ʩʝʪʢʘ ʙʫʜʝʪ ʦʜʥʦʤʝʨʥʦʡ, ʠ ʫʟʣʳ ʙʫʜʫʪ ʨʘcʧʦ-

ʣʦʞʝʥʳ ʥʘ ʝʛʦ ʦʩʠ. ʅʝʠʟʚʝʩʪʥʳʤʠ ʩʯʠʪʘʶʪʩʷ ʟʥʘʯʝ-

ʥʠʷ ʬʫʥʢʮʠʡ ʚ ʫʟʣʘʭ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʳʭ ʩʧʨʘ-

ʚʝʜʣʠʚʳ ʠʟʚʝʩʪʥʳʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ 

ʜʠʥʘʤʠʢʠ ʪʝʣ ʢʦʣʝʙʘʥʠʷ. ʇʨʦʠʟʚʦʜʥʳʝ ʚ ʜʠʬʬʝ-

ʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʷʭ ʧʨʠ ʵʪʦʤ, ʘʧʧʨʦʢʩʠʤʠʨʫ-

ʶʪʩʷ ʧʨʠʙʣʠʞʝʥʥʳʤʠ ʘʣʛʝʙʨʘʠʯʝʩʢʠʤʠ ʬʦʨʤʫ-

ʣʘʤʠ, ʥʘ ʦʩʥʦʚʝ ʠʟʚʝʩʪʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ [10, 11, 

12], ʤʝʞʜʫ ʦʧʝʨʘʪʦʨʘʤʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʠ ʦʧʝ-

ʨʘʪʦʨʘʤʠ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ. ʇʦʣʫʯʝʥʥʳʝ ʘʣʛʝʙ-

ʨʘʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ ʥʘʟʳʚʘʶʪʩʷ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪ-

ʥʳʤʠ, ʠ ʥʝʠʟʚʝʩʪʥʳʤʠ ʚ ʥʠʭ ʷʚʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ 

ʬʫʥʢʮʠʡ ʚ ʫʟʣʘʭ. ɿʘʤʝʥʘ ʧʨʦʠʟʚʦʜʥʳʭ ʚ ʜʠʬʬʝʨʝʥ-

ʮʠʘʣʴʥʦʤ ʫʨʘʚʥʝʥʠʠ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʳʤʠ ʬʦʨʤʫ-

ʣʘʤʠ, ʧʨʠʚʦʜʠʪ ʢ ʩʠʩʪʝʤʝ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝ-

ʩʢʠʭ ʫʨʘʚʥʝʥʠʡ. ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʢʦʪʦʨʳʝ ʩʦ-

ʜʝʨʞʘʪ ʧʨʦʠʟʚʦʜʥʳʝ, ʩ ʧʦʤʦʱʴʶ ʢʦʥʝʯʥʦ-

ʨʘʟʥʦʩʪʥʳʭ ʬʦʨʤʫʣ ʪʘʢʞʝ ʟʘʤʝʥʷʶʪʩʷ ʘʣʛʝʙʨʘʠʯʝ-

ʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ. ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ 

ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʡʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʤʝʱʝʥʠʡ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʢʦʣʝʙʘ-

ʪʝʣʴʥʦʛʦ ʪʝʣʘ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝ-

ʩʠʷ, ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʧʦʣʦʞʝʥʠʷ ʠ ʬʦʨʤʳ. ʇʦ ʩʫʪʠ, 

ʄʂʈ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʟʘʜʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʠʟʤʝ-

ʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ, ʧʦʣʫ-

ʯʠʪʴ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʫʶ ʘʧʧʨʦʢʩʠʤʘʮʠʶ ʜʠʬʬʝ-

ʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩʠʩʪʝʤʦʡ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ 

ʨʝʢʫʨʨʝʥʪʥʳʭ ʬʦʨʤʫʣ, ʠʣʠ ʫʨʘʚʥʝʥʠʡ. 

ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʪʘʢʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩʭʝʤʘ-

ʪʠʯʥʦ, ʚ ʦʙʱʝʤ ʚʠʜʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʘʢ 

[10]: ɺ ʟʘʜʘʥʥʦʤ ʚ ʦʙʱʝʤ ʚʠʜʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤ 

ʫʨʘʚʥʝʥʠʠ ʣʠʙʦ ʩʠʩʪʝʤʝ F(yôô, yô, y, t)=0, y(t0)=y0, 

yô(t0)=yô0, ʧʨʦʠʟʚʦʜʠʪʩʷ ʟʘʤʝʥʘ ʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʝ-

ʤʝʥʥʦʡ t ʝʸ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʥʘ ʟʘʜʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ 

[t0, t) ʧʫʪʸʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ t=t0+hĀn=h(n0+n), ʘ ʠʩ-

ʢʦʤʘʷ ʬʫʥʢʮʠʷ ʠ ʝʸ ʧʨʦʠʟʚʦʜʥʳʝ ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ 

ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ, ʯʝʨʝʟ ʦʧʨʝʜʝ-

ʣʸʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʩ 

ʰʘʛʦʤ h=1 ʦʨʜʠʥʘʪ y(n), ʥʘʯʠʥʘʷ ʩ n0: y(n0)=y0, 

y(n0+1)=y1, y(n0+2)=y2, é, y(n0+k-1)=yk-1; F(yn+k, 

yn+k-1, é, yn+1, yn, n)=0, y(k)=yk, k=0, 1, 2, é ʈʘʟʨʝ-

ʰʠʚ ʥʝʷʚʥʫʶ ʬʦʨʤʫ ʨʘʟʥʦʩʪʥʦʛʦ ʚʳʨʘʞʝʥʠʷ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʩʪʘʨʰʝʡ ʢʦʦʨʜʠʥʘʪʳ y(k), ʧʦʣʫʯʘʝʤ ʨʝ-

ʢʫʨʨʝʥʪʥʫʶ ʬʦʨʤʫʣʫ, ʠʟ ʢʦʪʦʨʦʡ ʧʦ ʠʟʚʝʩʪʥʳʭ k 

ʥʘʯʘʣʴʥʳʤ ʦʨʜʠʥʘʪʘʤ ʤʦʞʥʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʥʘʡʪʠ ʦʨʜʠʥʘʪʳ ʚʩʝʛʦ ʠʩʢʦʤʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʨʦʱʝ 

ʚʩʝʛʦ ʪʘʢʘʷ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʚ ʩʣʫʯʘʝ ʘʧʧʨʦʢʩʠʤʘ-

ʮʠʠ ʧʨʦʠʟʚʦʜʥʦʡ ʨʘʟʥʦʩʪʴʶ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ: 
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ʇʦʩʣʝ ʧʨʠʚʝʜʝʥʠʷ ʠʩʭʦʜʥʦʡ ʩʠʩʪʝʤʳ ʢ ʩʠ-

ʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ, ʢʘʞʜʘʷ ʠʩʢʦʤʘʷ 

ʧʝʨʝʤʝʥʥʘʷ ʧʦʣʫʯʘʝʪ ʟʥʘʯʝʥʠʷ ʧʨʠ n=0, ʯʪʦ ʨʘʚʥʦ 

ʩʚʦʝʤʫ ʥʘʯʘʣʴʥʦʤʫ ʫʩʣʦʚʠʶ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʢʫʨ-

ʨʝʥʪʥʳʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʦʢʘʟʳʚʘʝʪʩʷ 

ʦʧʨʝʜʝʣʸʥʥʳʤ, ʠ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʯʠʩʣʠʪʴ ʥʘ 

ʦʯʝʨʝʜʥʦʤ ʰʘʛʝ (h=1) ʟʥʘʯʝʥʠʷ ʚʩʝʭ ʧʝʨʝʤʝʥʥʳʭ:  

 

y(n+h)=y(n)+hĀf(n,y(n)), n=0,1,é; y(0)=y0, 

ʣʠʙʦ  

Y(n+h)=Y(n)+hĀʌ(n,Y(n)), n=0,1,é; Y(0)=Y0, 

 

ʛʜʝ Y(n)=(y1(n), y2(n),é, yi(n), é, yn(n)) ï ʚʝʢʪʦʨ 

ʧʝʨʝʤʝʥʥʳʭ; ʌ(n,Y(n)=(f1(n,Y(n), é, fi(n,Y(n)), é) ï 

ʚʝʢʪʦʨ ʧʨʦʠʟʚʦʜʥʳʭ. ʊʘʢʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʧʨʦ-

ʮʝʩʩ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʠʩʣʝʥʥʦʤʫ ʠʥʪʝʛʨʠʨʦʚʘʥʠʶ 

ʩʠʩʪʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʦ ʷʚʥʦʤʫ 

ʤʝʪʦʜʫ ʕʡʣʝʨʘ. ʆʩʥʦʚʥʦʡ ʩʣʦʞʥʦʩʪʴʶ ʟʜʝʩʴ ʷʚʣʷ-

ʝʪʩʷ ʚʳʙʦʨ ʰʘʛʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʜʣʷ ʥʝʮʝʣʦʯʠʩ-

ʣʝʥʥʦʡ ʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ t. 

ʈʘʩʩʤʦʪʨʠʤ ʣʠʥʝʡʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ 

ʫʨʘʚʥʝʥʠʝ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʢʦʵʬ-

ʬʠʮʠʝʥʪʘʤʠ: 

 

)()()()()( trtxtqtxtpx ++¡=¡¡ , (2) 

 

ʥʘ ʠʥʪʝʨʚʘʣʝ [a; b]  ʩ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 

x(a)=Ŭ, x(b)=ɓ. ʇʦʩʪʨʦʠʤ ʨʘʟʙʠʝʥʠʝ ʦʪʨʝʟʢʘ [a; b]  ʩ 

ʧʦʤʦʱʴʶ ʪʦʯʝʢ a=t0<t1<é<tn=b. ʇʦʣʦʞʠʤ h=(b-

a)/N, ʠ ti=a+ih  ʜʣʷ i=0, 1, é, N. ʌʦʨʤʫʣʳ ʮʝʥʪʨʠʨʦ-

ʚʘʥʥʳʭ ʨʘʟʥʦʩʪʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʨʠʙʣʠʞʝʥʠʷ 

ʧʨʦʠʟʚʦʜʥʳʭ, ʠʤʝʶʪ ʚʠʜ (3) [12].ɿʘʤʝʥʠʤ ʢʘʞʜʳʡ 

ʯʣʝʥ x(ti) ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʨʘʚʝʥʩʪʚʘ (2) ʥʘ ʭ(ʽ), ʠ ʧʦ-

ʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʨʘʚʥʝʥʠʷ ʧʦʜʩʪʘʚʠʤ ʚ (3) 

ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ (4). ʆʧʫʩʪʠʤ ʚ (4) ʜʚʘ ʯʣʝʥʘ ʧʦ-

ʨʷʜʢʘ ʆ(h2) ʠ ʚʚʝʜʸʤ ʦʙʦʟʥʘʯʝʥʠʷ pi=p(ti), qi=q(ti), 

qi=q(ti), ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʣʫʯʠʤ ʨʘʟʥʦʩʪʥʦʝ ʫʨʘʚ-

ʥʝʥʠʝ (5) ʢʦʪʦʨʦʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʯʠʩ-

ʣʝʥʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ ʢ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤʫ ʫʨʘʚ-

ʥʝʥʠʶ (2). ʇʨʠʙʣʠʞʝʥʠʷ ʧʦʣʫʯʘʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʫʤʥʦʞʝʥʠʷ ʢʘʞʜʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ (5) ʥʘ h2, ʩʦʙʠ-

ʨʘʷ ʯʣʝʥʳ ʩʦʜʝʨʞʘʱʠʝ xi-1, xi, ʠ xi+1, ʠ ʨʘʩʧʦʣʘʛʘʷ ʠʭ 

ʚ ʩʠʩʪʝʤʝ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ 

(6). ɼʣʷ i=1,2,é,N-1, ʛʜʝ x0=Ŭ, xN=ɓ. ʉʠʩʪʝʤʘ ʫʨʘʚ-

ʥʝʥʠʡ (6) ʠʤʝʝʪ ʪʨʝʭʜʠʘʛʦʥʘʣʴʥʫʶ ʬʦʨʤʫ, ʢʦʪʦʨʘʷ 

ʚ ʤʘʪʨʠʯʥʦʤ ʚʠʜʝ ʠʟʦʙʨʘʞʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ (7). 

ɽʩʣʠ ʚʳʯʠʩʣʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʴ ʩ ʰʘʛʦʤ h, ʪʦ 

ʯʠʩʣʝʥʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʢ ʨʝʰʝʥʠʶ ʙʫʜʝʪ ʧʨʝʜ-

ʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʤʥʦʞʝʩʪʚʦ ʜʠʩʢʨʝʪʥʳʭ ʪʦʯʝʢ {(t i; 

xi)}. ɽʩʣʠ ʠʟʚʝʩʪʥʦ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ x(ti), ʪʦ 

ʤʦʞʥʦ ʩʨʘʚʥʠʪʴ xi ʠ x(ti). 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʦʥʝʯʥʦ-

ʨʘʟʥʦʩʪʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʠʥʘʤʠʢʠ ʟʫʙ-

ʯʘʪʦʡ ʧʝʨʝʜʘʯʠ, ʚʦʟʴʤʸʤ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʨʘʥʝʝ ʘʚ-

ʪʦʨʦʤ ʩʠʩʪʝʤʫ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (1), 

ʢʦʪʦʨʫʶ ʩ ʫʯʸʪʦʤ ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ ʚ ʢʦʣʝʙʘ-

ʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʥʝʦʙʭʦʜʠʤʦ ʜʦʧʦʣʥʠʪʴ ʯʣʝʥʘʤʠ, 

ʫʯʠʪʳʚʘʶʱʠʤʠ ʪʨʝʥʠʝ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʭʝ-

ʤʦʡ ʫʨʘʚʥʝʥʠʡ (8).  

ʇʦʩʣʝ ʟʘʤʝʥʳ ʧʨʦʠʟʚʦʜʥʳʭ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝ-

ʥʠʡ (1) ʠʭ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʳʤ ʵʢʚʠʚʘʣʝʥʪʦʤ (3), ʩ 

ʫʯʸʪʦʤ ʜʦʧʦʣʥʝʥʠʷ ʯʣʝʥʘʤʠ (8) ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 
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(4), ʦʢʦʥʯʘʪʝʣʴʥʦ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʘʷ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʘʷ ʤʦʜʝʣʴ ʜʠʥʘʤʠʢʠ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʠ ʧʨʠʦʙʨʝ-

ʪʘʝʪ ʚʠʜ (9). 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʤʘʪʝ-

ʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ (1) ʩʨʝʜʩʪʚʘʤʠ ʩʨʝʜʳ 

MATLAB -Simulink, ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠʤʠʪʘʮʠʦʥ-

ʥʘʷ ʤʦʜʝʣʴ ʨʝʰʝʥʠʷ ʝʝ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴ-

ʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʥʘ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʨʝ-

ʞʠʤʳ ʜʠʥʘʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʠ. 

ʏʘʩʪʴ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ (ʨʠʩʫʥʦʢ 1), ʨʝʘʣʠʟʫ-

ʶʱʘʷ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʧʨʦʜʦʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ 

(z1), ʩʦʟʜʘʚʘʣʘʩʴ ʥʘ ʦʩʥʦʚʝ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩʫʥʦʢ 2. 
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ʈʠʩʫʥʦʢ 1.  

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʧʨʦʜʦʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ (z1) ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ (1) 
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ʈʠʩʫʥʦʢ 2. 

 Simulink-ʨʝʘʣʠʟʘʮʠʷ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʧʨʦʜʦʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ (z1) 

 

ɺʳʚʦʜʳ.  

ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʢʦ-

ʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʠʭ ʤʦʜʝʣʝʡ ʜʠʥʘʤʠʢʠ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʢ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʦʤʫ ʚʠʜʫ, 

ʩ ʫʯʝʪʦʤ ʯʣʝʥʦʚ, ʫʯʠʪʳʚʘʶʱʠʭ ʜʠʩʩʠʧʘʮʠʶ ʵʥʝʨ-

ʛʠʠ. ʅʘ ʧʨʠʤʝʨʝ ʩʠʩʪʝʤʳ 14-ʪʠ ʣʠʥʝʡʥʳʭ ʜʠʬʬʝ-

ʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 2-ʛʦ ʧʦʨʷʜʢʘ, ʦʧʠʩʳʚʘʶ-

ʱʠʭ ʨʘʜʠʘʣʴʥʦ-ʦʩʝʚʳʝ ʢʦʣʝʙʘʥʠʷ ʟʫʙʯʘʪʦʡ ʧʝʨʝ-

ʜʘʯʠ ʚ 3-ʭ ʧʣʦʩʢʦʩʪʷʭ, ʨʘʟʨʘʙʦʪʘʥ ʝʸ ʢʦʥʝʯʥʦ-

ʨʘʟʥʦʩʪʥʳʡ ʘʥʘʣʦʛ. 
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ɸʥʥʦʪʘʮʠʷ 

ʇʦʣʠʥʦʤ ɾʝʛʘʣʢʠʥʘ, ʠʣʠ ʘʣʛʝʙʨʘʠʯʝʩʢʘʷ ʥʦʨʤʘʣʴʥʘʷ ʬʦʨʤʘ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʤʝʪʦʜʦʚ 

ʦʮʝʥʢʠ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʫʣʝʚʳʭ ʬʫʥʢʮʠʡ. ʆʜʥʘʢʦ ʵʪʦʪ ʤʝʪʦʜ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʠ ʜʣʷ ʦʮʝʥʢʠ 

ʩʚʦʡʩʪʚ ʬʫʥʢʮʠʡ ʤʥʦʛʦʟʥʘʯʥʦʡ ʣʦʛʠʢʠ. 

ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʤʝʪʦʜʘ ʧʦʩʪʨʦʝʥʠʷ ʦʙʨʘʪʥʦʡ ʤʘʪʨʠʮʳ ʈʠʜʘ-ʄʘʣ-

ʣʝʨʘ ʩ ʧʦʤʦʱʴʶ ʨʝʢʫʨʨʝʥʪʥʦʡ ʬʦʨʤʫʣʳ, ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʚ ʩʪʘʪʴʝ [1]. ʕʪʘ ʤʘʪʨʠʮʘ ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʢʦʵʬ-

ʬʠʮʠʝʥʪʳ ɸʅʌ ʬʫʥʢʮʠʠ ʤʥʦʛʦʟʥʘʯʥʦʡ ʣʦʛʠʢʠ. ʄʝʪʦʜ ʝʝ ʥʘʭʦʞʜʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʫʩʢʦʨʠʪʴ ʚʳʯʠʩʣʝʥʠʝ 

ʤʘʪʨʠʮ ʈʠʜʘ-ʄʘʣʣʝʨʘ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʥʦʩʪʝʡ. 

Abstract 

Zhegalkins polynomial, or algebraic normal form, is an integral part of the methods for evaluating the cryp-

tographic properties of Boolean functions. However, it is also possible to apply this method to evaluate the multi-

valued logic function properties. 

This article proves the validity of the formula for constructing the inverse Reed-Muller matrix via recurrence 

formula published in [1]. This matrix allows to find the ANF coefficients for a particular function of many-valued 

logic. This method makes it possible to accelerate the calculation of large-dimensional Reed-Muller matrices. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʣʛʝʙʨʘʠʯʝʩʢʘʷ ʥʦʨʤʘʣʴʥʘʷ ʬʦʨʤʘ, ʤʥʦʛʦʟʥʘʯʥʘʷ ʣʦʛʠʢʘ, ʤʘʪʨʠʮʘ ʈʠʜʘ-ʄʘʣʣʝʨʘ. 

Keywords: algebraic normal form, many-valued logic, Reed-Muller matrix. 

 

ɺʚʝʜʝʥʠʝ 

ʉʦʚʨʝʤʝʥʥʳʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʦʚ ʧʦʤʝʭʦ-

ʫʩʪʦʡʯʠʚʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ, ʢʨʠʧʪʦʛʨʘʬʠʠ, ʪʝʦʨʠʠ 

ʩʠʥʪʝʟʘ ʩʠʛʥʘʣʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʨʠʥʮʠʧʘʭ ʤʥʦʛʦ-

ʟʥʘʯʥʦʡ ʣʦʛʠʢʠ, ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʬʫʥʢʮʠʦʥʘʣʴ-

ʥʳʭ ʩʭʝʤ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʙʦʣʝʝ ʧʦʣ-

ʥʦʛʦ ʠʟʫʯʝʥʠʷ ʬʦʨʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʬʫʥʢʮʠʡ ʤʥʦ-

ʛʦʟʥʘʯʥʦʡ ʣʦʛʠʢʠ (ʌʄʃ). ʆʪʤʝʪʠʤ ʨʘʙʦʪʳ [2,3]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ q-ʠʯʥʳʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʧʨʝʦʙ-

ʨʘʟʦʚʘʥʠʡ ʠʟʫʯʘʝʪʩʷ ʜʣʷ ʪʝʭʥʦʣʦʛʠʠ CDMA, ʚ ʨʘ-

ʙʦʪʝ [2] ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʚʦʡʩʪʚʘ ʢʦʨʨʝʢʪʠʨʫʶ-

ʱʠʭ ʢʦʜʦʚ, ʨʘʙʦʪʳ [3,4] ʧʦʩʚʷʱʝʥʳ ʨʘʟʨʘʙʦʪʢʝ ʤʝ-

ʪʦʜʦʚ ʩʠʥʪʝʟʘ ʩʠʛʥʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʨʠʥʮʠʧʘʭ ʤʥʦʛʦʟʥʘʯʥʦʡ ʣʦʛʠʢʠ. 

ʊʘʢʞʝ ʤʥʦʛʦʟʥʘʯʥʘʷ ʣʦʛʠʢʘ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʪʨʦʠʯ-

ʥʦʡ ʮʠʬʨʦʚʦʡ ʪʝʭʥʠʢʝ, ʢʦʪʦʨʘʷ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʪʨʝʭ-

ʟʥʘʯʥʳʭ ʩʠʛʥʘʣʘʭ ʠ ʪʨʝʭʩʪʘʙʠʣʴʥʳʭ ʵʣʝʤʝʥʪʘʭ ʧʘ-

ʤʷʪʠ (ʪʨʠʪʘʭ). ʆʧʝʨʘʮʠʠ ʥʘʜ ʵʪʠʤʠ ʦʙʲʝʢʪʘʤʠ ʦʩʫ-

ʱʝʩʪʚʣʷʶʪʩʷ ʢʘʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʧʝʨʘʮʠʡ 

ʪʨʝʭʟʥʘʯʥʦʡ ʣʦʛʠʢʠ. ɸʥʘʣʦʛʦʤ ʙʘʡʪʘ ʩʣʫʞʠʪ ʰʝ-

ʩʪʝʨʢʘ ʪʨʠʪʦʚ - ʪʨʘʡʪ. 

ɺ ʩʬʝʨʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʥʦ-

ʛʦʟʥʘʯʥʘʷ ʣʦʛʠʢʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ 

ʤʝʪʦʜʦʚ ʰʠʬʨʦʚʘʥʠʷ. ɹʣʘʛʦʜʘʨʷ ʥʦʚʦʤʫ ʧʦʜʭʦʜʫ 

ʰʠʬʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʠʭ ʚʟʣʦʤ ʙʫʜʝʪ ʪʨʝʙʦʚʘʪʴ 

ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ, ʪ.ʢ. ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʥʝ ʧʨʠ-

ʤʝʥʠʤʳ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʧʨʠ ʫʯʝʪʝ 

ʙʳʩʪʨʦ ʚʦʟʨʘʩʪʘʶʱʝʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ 

ʢʦʤʧʴʶʪʝʨʦʚ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʜʣʷ ʙʫʣʝʚʳʭ ʬʫʥʢʮʠʡ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʘ ʘʣʛʝʙʨʘʠʯʝʩʢʘʷ ʥʦʨ-

ʤʘʣʴʥʘʷ ʬʦʨʤʘ (ɸʅʌ), ʠʟʚʝʩʪʥʘʷ ʪʘʢʞʝ ʢʘʢ ʧʦʣʠ-

ʥʦʤ ɾʝʛʘʣʢʠʥʘ, ʢʦʪʦʨʘʷ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪ ʤʥʦʛʠʝ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʫʣʝʚʳʭ ʬʫʥʢʮʠʡ. 

ʇʨʠʤʝʥʝʥʠʝʤ ɸʅʌ ʦʮʝʥʠʚʘʝʪʩʷ ʘʣʛʝʙʨʘʠʯʝ-

ʩʢʘʷ ʩʪʝʧʝʥʴ ʥʝʣʠʥʝʡʥʦʩʪʠ S-ʙʣʦʢʦʚ ʧʦʜʩʪʘʥʦʚʢʠ, 

ʚʚʦʜʠʪʩʷ ʧʦʥʷʪʠʝ ʨʘʩʩʪʦʷʥʠʷ ʥʝʣʠʥʝʡʥʦʩʪʠ [5]. ʅʘ 

ʦʩʥʦʚʝ ɸʅʌ ʙʫʣʝʚʳʭ ʬʫʥʢʮʠʡ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ 

ʧʦʩʪʨʦʝʥʠʷ ʪʘʢʠʭ ʩʦʚʝʨʰʝʥʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʢʘʢ ʙʝʥʪ-ʬʫʥʢʮʠʠ [6], ʢʦʪʦʨʳʝ ʠʛ-

ʨʘʶʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʪʝʦʨʠʠ ʢʦʜʠʨʦʚʘʥʠʷ ʠ 

ʢʨʠʧʪʦʛʨʘʬʠʠ. ɸʅʌ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʧʦ-

ʩʪʨʦʝʥʠʷ ʚʘʞʥʳʭ ʚ ʪʝʦʨʠʠ ʢʦʜʠʨʦʚʘʥʠʷ ʢʦʨʨʝʢʪʠ-

ʨʫʶʱʠʭ ʢʦʜʦʚ ʈʠʜʘ-ʄʘʣʣʝʨʘ [7]. ʆʪʤʝʪʠʤ ʪʘʢʞʝ, 

ʯʪʦ ɸʅʌ ʙʫʣʝʚʳʭ ʬʫʥʢʮʠʡ ʚʘʞʥʳ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʣʦʛʠʯʝʩʢʠʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ 

(ʇʃʀʉ). ɽʱʝ ʦʜʥʠʤ ʧʨʠʤʝʥʝʥʠʝʤ ɸʅʌ ʷʚʣʷʝʪʩʷ 

ʧʦʩʪʨʦʝʥʠʝ ʛʝʥʝʨʘʪʦʨʦʚ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʢʣʶʯʝ-

ʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ [8]. 
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ɿʘʤʝʪʠʤ, ʯʪʦ ʙʳʩʪʨʳʝ ʤʝʪʦʜʳ ʥʘʭʦʞʜʝʥʠʷ 

ɸʅʌ, ʢʘʢ ʠ ʪʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ɸʅʌ ʚʚʝʜʝʥʦ ʚ ʣʠ-

ʪʝʨʘʪʫʨʝ ʪʦʣʴʢʦ ʜʣʷ ʙʫʣʝʚʳʭ ʬʫʥʢʮʠʡ, ʯʪʦ ʦʛʨʘʥʠ-

ʯʠʚʘʝʪ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʪʝʦʨʠʠ ʠ ʧʨʘʢʪʠʢʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʥʮʠʧʦʚ ʤʥʦʛʦʟʥʘʯʥʦʡ ʣʦʛʠʢʠ ʚ ʪʝ-

ʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ. 

ɸʧʧʘʨʘʪ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʥʦʨʤʘʣʴʥʦʡ ʬʦʨʤʳ 

ʙʫʣʝʚʳʭ ʬʫʥʢʮʠʡ, ʷʚʣʷʶʱʠʡʩʷ ʨʘʟʚʠʪʳʤ ʤʝʪʦʜʦʤ 

ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, 

ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʰʠʨʝʥ ʥʘ q-ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ ʧʦʣʫ-

ʯʠʣʠ ʩʫʱʝʩʪʚʝʥʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʩʦʚʨʝʤʝʥ-

ʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ. 

ɺʩʝ ʵʪʠ ʜʦʩʪʦʠʥʩʪʚʘ ʜʝʣʘʶʪ ʠʟʫʯʝʥʠʝ ʪʨʦʠʯ-

ʥʦʡ ʣʦʛʠʢʠ ʠ ʝʝ ɸʅʌ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʜʣʷ ʜʘʣʴ-

ʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ. 

ʈʘʥʝʝ ʚ ʨʘʙʦʪʝ [1] ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʩʠʥ-

ʪʝʟʘ ɸʅʌ 3-ʬʫʥʢʮʠʡ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʧʨʝʦʙʨʘʟʦʚʘ-

ʥʠʝʤ ʈʠʜʘ-ʄʘʣʣʝʨʘ ʜʣʷ ʙʫʣʝʚʳʭ ʬʫʥʢʮʠʡ: ʥʘ ʦʩ-

ʥʦʚʝ ʨʝʢʫʨʨʝʥʪʥʦ ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʤʘʪʨʠʮ ʧʨʝʦʙʨʘ-

ʟʦʚʘʥʠʷ. ɹʳʣʘ ʚʳʜʚʠʥʫʪʘ ʛʠʧʦʪʝʟʘ, ʦʧʨʝʜʝʣʷʶʱʘʷ 

ʧʨʘʚʠʣʘ ʩʠʥʪʝʟʘ ʤʘʪʨʠʮ ʢʘʢ ʜʣʷ ʧʝʨʝʭʦʜʘ ʦʪ ʪʘʙ-

ʣʠʮʳ ʠʩʪʠʥʥʦʩʪʠ ʢ ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ 

ʥʦʨʤʘʣʴʥʦʡ ʬʦʨʤʳ, ʪʘʢ ʠ ʦʙʨʘʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘ-

ʥʠʷ ʜʣʷ ʣʶʙʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʝʤʝʥʥʳʭ 3-ʬʫʥʢʮʠʠ.  

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ɸʅʌ 3-ʬʫʥʢʮʠʡ. 

ʄʝʪʦʜ ʩʠʥʪʝʟʘ ɸʅʌ 3-ʬʫʥʢʮʠʡ 

ʆʧʨʝʜʝʣʝʥʠʝ. ʌʫʥʢʮʠʝʡ q-ʟʥʘʯʥʦʡ ʣʦʛʠʢʠ k 

ʧʝʨʝʤʝʥʥʳʭ ʥʘʟʳʚʘʝʪʩʷ ʦʪʦʙʨʘʞʝʥʠʝ πȟρȟςȟȣȟή
ρ Ÿ{0,1,2,é,ήī1}, ʛʜʝ ήīʧʨʦʩʪʦʝ. 

ʇʨʠ q = 2 ʧʦʣʫʯʘʝʤ ʙʫʣʝʚʳ ʬʫʥʢʮʠʠ. 

ʌʫʥʢʮʠʷ ʪʨʝʭʟʥʘʯʥʦʡ ʣʦʛʠʢʠ (3-ʬʫʥʢʮʠʷ) ï 

ʵʪʦ ʦʪʦʙʨʘʞʝʥʠʝ πȟρȟς Ÿ{0,1,2}, ʪ. ʝ. ʧʨʘʚʠʣʦ, 

ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʟʥʘʯʥʦ ʩʦʧʦʩʪʘʚʠʪʴ ʚʝʢʪʦʨʫ 

ʠʟ k ʢʦʦʨʜʠʥʘʪ, ʧʨʠʥʠʤʘʶʱʠʭ ʟʥʘʯʝʥʠʷ 0, 1, 2 ʟʥʘ-

ʯʝʥʠʝ 0,1 ʠʣʠ 2. 

ɸʥʘʣʦʛʠʯʥʦ ʧʦʣʠʥʦʤʘʤ ɾʝʛʘʣʢʠʥʘ ʜʣʷ ʩʣʫʯʘʷ 

ʙʫʣʝʚʳʭ ʬʫʥʢʮʠʡ, ʤʳ ʚʚʦʜʠʤ ʦʧʨʝʜʝʣʝʥʠʝ ʘʣʛʝʙʨʘ-

ʠʯʝʩʢʦʡ ʥʦʨʤʘʣʴʥʦʡ ʬʦʨʤʳ q-ʬʫʥʢʮʠʡ. 

ɼʣ̫ ʬʫʥʢʮʠʠ ʪʨʝʭʟʥʘʯʥʦʡ ʣʦʛʠʢʠ ʦʪ Ὧ ʧʝʨʝ-
ʤʝʥʥʳʭ ʦʙʱʠʡ ʚʠʜ ɸʅʌ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫ-

ʶʱʝʡ ʬʦʨʤʫʣʦʡ: 

Ὢὼȟȣȟὼ В ὥȣȟȣȟ ὼ ȣὼ (1) 

ʛʜʝ ὥȣ  ï ʢʦʵʬʬʠʮʠʝʥʪ, ʧʨʠʥʠʤʘʶʱʠʝ ʟʥʘ-

ʯʝʥʠʷ ʠʟ ʤʥʦʞʝʩʪʚʘ {0,1,2}; ʩʫʤʤʠʨʦʚʘʥʠʝ ʚʝʜʝʪʩʷ 

ʧʦ ʚʩʝʤ ʤʫʣʴʪʠʠʥʜʝʢʩʘʤ ʪʘʢʠʤ, ʯʪʦ π Ὥ ς , 

ʩʣʦʞʝʥʠʝ ʠ ʫʤʥʦʞʝʥʠʝ ʚʳʧʦʣʥʷʶʪʩʷ ʧʦ ʤʦʜʫʣʶ 3. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʢʦʤʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦ-

ʣʠʥʦʤʘ ʩʦʩʪʘʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ, ʩʪʦʣʙʝʮ 

ʩʚʦʙʦʜʥʳʭ ʯʣʝʥʦʚ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʥʘʙʦʨʦʤ ʟʥʘʯʝ-

ʥʠʡ ʠʩʪʠʥʥʦʩʪʠ ʬʫʥʢʮʠʠ. ʆʙʦʟʥʘʯʠʤ ʦʙʨʘʪʥʫʶ 

ʤʘʪʨʠʮʫ ʵʪʦʡ ʩʠʩʪʝʤʳ ὒ . 

ɺ ʨʘʙʦʪʝ [1] ʙʳʣʘ ʚʳʜʚʠʥʫʪʘ ʛʠʧʦʪʝʟʘ: ʧʦʩʪʨʦ-

ʝʥʠʝ ʤʘʪʨʠʮ ʦʙʨʘʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɸʅʌ 

ὒ ʧʦʨʷʜʢʘ k, ʢʨʘʪʥʦʛʦ ʪʨʝʤ, ʤʦʞʝʪ ʙʳʪʴ ʦʩʫ-

ʱʝʩʪʚʣʝʥʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʣʝʜʫʶʱʝʡ ʨʝʢʫʨ-

ʨʝʥʪʥʦʡ ʬʦʨʤʫʣʦʡ: 

ὒ

ὒ π π

ὒ ὒ ὒ

ὒ ςὒ ὒ

  (2) 

ʛʜʝ ʟʥʘʢʦʤ ç0è ʦʙʦʟʥʘʯʝʥʘ ʥʫʣʝʚʘʷ ʤʘʪʨʠʮʘ 

ʧʦʨʷʜʢʘ Ὧ, ʘ  ὒ
ρ π π
ρ ρ ρ
ρ ς ρ

. 

ɼʦʢʘʞʝʤ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʬʦʨʤʫʣʳ (2). 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ 

ɹʘʟʘ ʠʥʜʫʢʮʠʠ. ɼʣʷ 3-ʬʫʥʢʮʠʠ ʜʚʫʭ ʧʝʨʝʤʝʥ-

ʥʳʭ (Ὧ=1) ʧʦʣʠʥʦʤ ɸʅʌ ʟʘʧʠʰʝʤ ʚ ʚʠʜʝ  

Ὢὼȟὼ ὥ ὥ ὼ ὥ ὼ ὥ ὼ
ὥ ὼὼ ὥ ὼὼ ὥ ὼ ὥ ὼὼ ὥ ὼὼ(3) 

ʛʜʝ ὥ ᶰπȟρȟς ï ʠʩʢʦʤʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. 

ʊʘʙʣʠʮʘ ʠʩʪʠʥʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʚ ʚʠʜʝ ʚʝʢʪʦʨʘ ʠʟ 9 ʢʦʤʧʦʥʝʥʪ: 

Ὢ ὪȟὪȟὪȟὪȟὪȟὪȟὪȟὪȟὪ  (4) 

ʇʨʠʜʘʚʘʷ ʧʝʨʝʤʝʥʥʳʤ ὼ ʟʥʘʯʝʥʠʷ 0,1,2, ʧʦʣʫ-
ʯʠʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤʠ ʚʳ-

ʯʠʩʣʝʥʠʷʤʠ ʧʦʣʫʯʘʝʤ: 

ὒ

ụ
Ụ
Ụ
Ụ
Ụ
Ụ
Ụ
Ụ
ợ
ρ π π π π π π π π
ρ ρ ρ π π π π π π
ρ ς ρ π π π π π π
ρ π π ρ π π ρ π π
ρ ρ ρ ρ ρ ρ ρ ρ ρ
ρ ς ρ ρ ς ρ ρ ς ρ
ρ π π ς π π ρ π π
ρ ρ ρ ς ς ς ρ ρ ρ
ρ ς ρ ς ρ ς ρ ς ρỨ

ủ
ủ
ủ
ủ
ủ
ủ
ủ
Ủ

 (5) 

ʃʝʛʢʦ ʚʠʜʝʪʴ, ʯʪʦ ʵʪʦ ʬʦʨʤʫʣʘ (2) ʧʨʠ Ὧ=1. 

ʐʘʛ ʠʥʜʫʢʮʠʠ. ʇʨʝʜʧʦʣʦʞʠʤ ʬʦʨʤʫʣʫ (2) 

ʩʧʨʘʚʝʜʣʠʚʦʡ ʜʣʷ ʟʥʘʯʝʥʠʷ Ὧ. ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʬʦʨ-
ʤʫʣʦʡ ʦʙʨʘʪʥʦʡ ʤʘʪʨʠʮʳ ʈʠʜʘ-ʄʘʣʣʝʨʘ (ʩʤ.[9], 

ʩ.23): 

ὒ = ṧ Ὅ , ʛʜʝ Ὅ=
ρ π π
ρ ρ ρ
ρ ς ρ

  (6) 

ʩʠʤʚʦʣʦʤ ṧ  ʦʙʦʟʥʘʯʝʥʘ k-ʷ ʢʨʦʥʝʢʝʨʦʚʘ ʩʪʝ-

ʧʝʥʴ, ʪʦ ʝʩʪʴ ʢʨʦʥʝʢʝʨʦʚʦ ʧʨʦʠʟʚʝʜʝʥʠʝ Ὧ ʤʘʪʨʠʮ 
ὒ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ὒ =ṧ )
ρ π π
ρ ρ ρ
ρ ς ρ

ṧ ṧ Ὅ)

 
ρ π π
ρ ρ ρ
ρ ς ρ

ṧὒ  = 

ὒ π π

ὒ ὒ ὒ

ὒ ςὒ ὒ

 (7) 

ʀ ʬʦʨʤʫʣʘ (2) ʩʧʨʘʚʝʜʣʠʚʘ ʜʣʷ ʟʥʘʯʝʥʠʷ Ὧ+1. 

ʄʘʪʨʠʮʘ ʈʠʜʘ-ʄʘʣʣʝʨʘ ʪʘʢʞʝ ʩʪʨʦʠʪʩʷ ʠʟ ʤʘʪ-

ʨʠʮ ʈʠʜʘ-ʄʘʣʣʝʨʘ ʤʝʥʴʰʝʡ ʢʨʦʥʝʢʝʨʦʚʦʡ ʩʪʝʧʝʥʠ.  

ʌʦʨʤʫʣʘ ʜʣʷ ʵʪʦʡ ʤʘʪʨʠʮʳ ʙʫʜʝʪ ʩʣʝʜʫʶʱʝʡ: 

Ὑ

Ὑ π π

π ςὙ Ὑ

ςὙ ςὙ ςὙ
 (8) 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʵʪʦʡ ʬʦʨʤʫʣʳ ʘʥʘʣʦʛʠʯʥʦ 

ʧʨʠʚʝʜʝʥʥʦʤʫ ʚʳʰʝ. 

ʌʦʨʤʫʣʳ (2) ʠ (6) ʧʦʟʚʦʣʷʶʪ ʚʳʯʠʩʣʷʪʴ ʢʦʵʬ-

ʬʠʮʠʝʥʪʳ ɸʅʌ 3-ʬʫʥʢʮʠʠ ʩ ʤʝʥʴʰʝʡ ʩʣʦʞʥʦʩʪʴʶ 

ʜʣʷ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʥʦʩʪʝʡ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʳʤ ʥʘʭʦʞʜʝʥʠʝʤ ʦʙʨʘʪʥʦʡ ʤʘʪʨʠʮʳ ʩʠ-

ʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ.  

ɿʘʢʣʶʯʝʥʠʝ 

ʄʥʦʛʦʟʥʘʯʥʘʷ ʣʦʛʠʢʘ ʚ ʦʙʣʘʩʪʠ ʢʦʜʠʨʦʚʘʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʪʝʤʦʡ ʜʣʷ ʠʟʫʯʝ-
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ʥʠʷ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʉʣʝʜʫʝʪ ʦʪʤʝ-

ʪʠʪʴ, ʯʪʦ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʝʤʝʥʥʳʭ, 

ʨʘʟʤʝʨ ʤʘʪʨʠʮʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ. 

ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʘʣʛʦ-

ʨʠʪʤʳ ʜʣʷ ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʦʛʦ ʠ ʤʝʥʝʝ ʪʨʫʜʦʝʤʢʦʛʦ 

ʧʦʠʩʢʘ ʨʝʟʫʣʴʪʘʪʘ. ɺ ʨʘʙʦʪʝ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʤʝʪʦʜ 

ʨʝʢʫʨʨʝʥʪʥʦʛʦ ʥʘʭʦʞʜʝʥʠʷ ʤʘʪʨʠʮʳ ʈʠʜʘ-ʄʘʣ-

ʣʝʨʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʟʘʧʦʣʥʷʪʴ ʤʘʪʨʠʮʫ ʙʦʣʴ-

ʰʝʡ ʨʘʟʤʝʨʥʦʩʪʠ ʙʣʦʢʘʤʠ, ʩʦʩʪʦʷʱʠʤʠ ʠʟ ʤʘʪʨʠʮʳ 

ʤʝʥʴʰʝʡ ʨʘʟʤʝʨʥʦʩʪʠ. 
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ɸʥʥʦʪʘʮʠʷ 

ʇʫʩʪʴ ᴓ  - ʤʥʦʞʝʩʪʚʦ ʥʘʪʫʨʘʣʴʥʳʭ ʯʠʩʝʣ, ʜʚʦʠʯʥʳʝ ʨʘʟʣʦʞʝʥʠʷ ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʯʝʪʥʦʝ ʯʠʩʣʦ 

ʝʜʠʥʠʮ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʝʰʝʥʳ ʜʚʝ ʘʜʜʠʪʠʚʥʳʝ ʟʘʜʘʯʠ ʚ ʥʘʪʫʨʘʣʴʥʳʭ ʯʠʩʣʘʭ ʠʟ ʤʥʦʞʝʩʪʚʘ ᴓ .  

Abstract 

Let ᴓ  ï a set of the natural numbers, which binary decomposition have even number of units. In this article 

two additive tasks in natural numbers from a set of ᴓ  are solved. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɸʜʜʠʪʠʚʥʳʝ ʟʘʜʘʯʠ, ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʝ ʩʫʤʤʳ, ʙʦʣʴʰʦʝ ʨʝʰʝʪʦ. 

Keywords: additive tasks, trigonometrically sums, big sieve 

 

1. ɺʚʝʜʝʥʠʝ 

ʇʫʩʪʴ ὲ Ὡ Ὡς Ễ Ὡς - ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʥʘʪʫʨʘʣʴʥʦʛʦ ʯʠʩʣʘ ὲ ʜʚʦʠʯʥʦʡ ʩʠʩʪʝʤʝ ʩʯʠʩʣʝʥʠʝ 
Ὡ πȟρ. ʇʫʩʪʴ ᴓ  - ʤʥʦʞʝʩʪʚʦ ʥʘʪʫʨʘʣʴʥʳʭ ʯʠʩʝʣ, ʜʚʦʠʯʥʳʝ ʨʘʟʣʦʞʝʥʠʷ ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʯʝʪʥʦʝ ʯʠʩʣʦ 

ʝʜʠʥʠʮ, ᴓ ᴓ͵ᴓ. ʇʫʩʪʴ  

‐ὲ
 ρȟ ̆̒̌̉ ὲᶰᴓȠ
ρȟ̆̒̌̉ ὲᶰᴓȢ

 

ɺ 1968 ʛʦʜʫ ɸ.ʆ. ɻʝʣʴʬʦʥʜ [1] ʜʦʢʘʟʘʣ, ʯʪʦ ʥʘʪʫʨʘʣʴʥʳʝ ʯʠʩʣʘ ʠʟ ʤʥʦʞʝʩʪʚ ᴓ  ʠ ᴓ  ʨʝʛʫʣʷʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʳ ʚ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʧʨʦʛʨʝʩʩʠʷʭ. 

ɺ 1991 ʛʦʜʫ ʘʚʪʦʨ ʧʦʣʫʯʠʣ [2] ʘʩʠʤʧʪʦʪʠʯʝʩʢʫʶ ʬʦʨʤʫʣʫ ʜʣʷ ʩʫʤʤʳ 
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 ȟ ᴓɴ

†ὲ 

ʠ ʪʝʤ ʩʘʤʠʤ ʨʝʰʠʣ ʧʨʦʙʣʝʤʫ ʜʝʣʠʪʝʣʝʡ ɼʠʨʠʭʣʝ ʚ ʯʠʩʣʘʭ ʠʟ ʤʥʦʞʝʩʪʚʘ ᴓ . 

ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʨʝʰʘʶʪʩʷ ʜʚʝ ʘʜʜʠʪʠʚʥʳʝ ʟʘʜʘʯʠ ʚ ʧʨʦʩʪʳʭ ʯʠʩʣʘʭ, ʜʚʦʠʯʥʳʝ ʨʘʟʣʦʞʝʥʠʷ 

ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʩʧʝʮʠʘʣʴʥʳʡ ʚʠʜ. ʕʪʠ ʟʘʜʘʯʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʙʦʙʱʝʥʠʷ ʠʟʚʝʩʪʥʦʡ ʟʘʜʘʯʠ 

ʕʩʪʝʨʤʘʥʘ. 

ʉʬʦʨʤʫʣʠʨʫʝʤ ʥʘʰʠ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

ʇʫʩʪʴ ὲ σ. ʇʫʩʪʴ ὮȟὮȟὮȟὮ  - ʧʨʦʠʟʚʦʣʴʥʳʡ ʥʘʙʦʨ ʠʟ ʥʫʣʝʡ ʠ ʝʜʠʥʠʮ. 

ʇʫʩʪʴ ὐὔ  - ʯʠʩʣʦ ʨʝʰʝʥʠʡ ʫʨʘʚʥʝʥʠʷ  

ὴ ὴ ὴ ὼ ὔ (1) 

 ʚ ʧʨʦʩʪʳʭ ʯʠʩʣʘʭ ὴ, ὴ, ὴ ʠ ʥʘʪʫʨʘʣʴʥʳʭ ʯʠʩʣʘʭ ὼ ʪʘʢʠʭ, ʯʪʦ ὴᶰᴓ  Ὧ ρȟςȟσ, ὼɴ ᴓ . 

ʇʫʩʪʴ Ὅὔ  - ʯʠʩʣʦ ʨʝʰʝʥʠʡ ʫʨʘʚʥʝʥʠʷ (1) ʚ ʧʨʦʠʟʚʦʣʴʥʳʭ ʧʨʦʩʪʳʭ ʯʠʩʣʘʭ ὴ, ὴ, ὴ ʠ ʥʘʪʫʨʘʣʴʥʳʭ 

ʯʠʩʣʘʭ ὼ. 
ʊʝʦʨʝʤʘ 1.1 ɼʣʷ ʣʶʙʦʛʦ ὅ π ʩʧʨʘʚʝʜʣʠʚʦ ʨʘʚʝʥʩʪʚʦ  

ὐὔ
ρ

ρφ
Ὅὔ ὕὔ ȾÌÏÇὔȟ 

ʛʜʝ ʧʦʩʪʦʷʥʥʘʷ ʚ ʟʥʘʢʝ ὕ ʟʘʚʠʩʠʪ ʣʠʰʴ ʦʪ ὅ ʠ ὲ. 
ɼʣʷ Ὅὔ  ʧʨʠ ʣʶʙʦʤ ʥʘʪʫʨʘʣʴʥʦʤ ὔ ʩʧʨʘʚʝʜʣʠʚʦ ʨʘʚʝʥʩʪʚʦ  

Ὅὔ „ὔὔ ὕὔ Ⱦὒ ȟ 
ʛʜʝ  

„ὔ ɮ ή ρ ɮ ὴ ȟ 

ɮ ή

ȟ

‘ήὛ ὥȟήὝὥȟή

ή• ή
Ὡ Ⱦȟ 

Ὓ ὥȟή Ὡ ȟὝὥȟή Ὡ ȟ 

 

ὔ

Ѝ Ѝ Ⱦ

ρ

ÌÏÇάÌÏÇάÌÏÇά
Ȣ 

 

ɽʩʣʠ ὔ ʙʦʣʴʰʝ ʥʝʢʦʪʦʨʦʡ ʢʦʥʩʪʘʥʪʳ, ʟʘʚʠʩʷʱʝʡ ʪʦʣʴʢʦ ʦʪ ὲ, ʪʦ Ὅὔ ḻὔ ȾÌÏÇὔ.  

ʇʫʩʪʴ ὮȟὮȟὮ  - ʧʨʦʠʟʚʦʣʴʥʳʡ ʥʘʙʦʨ ʠʟ ʥʫʣʝʡ ʠ ʝʜʠʥʠʮ. ʇʫʩʪʴ ὐὔ  - ʯʠʩʣʦ ʨʝʰʝʥʠʡ ʫʨʘʚʥʝʥʠʷ  

ὴ ὴ ὼ ὔ  (2) 

 ʚ ʧʨʦʩʪʳʭ ʯʠʩʣʘʭ ὴ, ὴ ʠ ʥʘʪʫʨʘʣʴʥʳʭ ʯʠʩʣʘʭ ὼ ʪʘʢʠʭ, ʯʪʦ ὴᶰὔ  (Ὧ ρȟς), ὼɴ ὔ . 

ʇʫʩʪʴ Ὅὔ  - ʯʠʩʣʦ ʨʝʰʝʥʠʡ ʫʨʘʚʥʝʥʠʷ (2) ʚ ʧʨʦʠʟʚʦʣʴʥʳʭ ʧʨʦʩʪʳʭ ʯʠʩʣʘʭ ὴ, ὴ ʠ ʧʨʦʠʟʚʦʣʴʥʳʭ 

ʥʘʪʫʨʘʣʴʥʳʭ ʯʠʩʣʘʭ ὼ.  
ʊʝʦʨʝʤʘ 2.2 ɼʣʷ ʣʶʙʦʛʦ ὅ π ʩʧʨʘʚʝʜʣʠʚʦ ʨʘʚʝʥʩʪʚʦ  

ὐὔ
ρ

ψ
Ὅὔ ὕὔ ȾÌÏÇὔȟ 

ʛʜʝ ʧʦʩʪʦʷʥʥʘʷ ʚ ʟʥʘʢʝ ὕ ʟʘʚʠʩʠʪ ʣʠʰʴ ʦʪ ὅ ʠ ὲ. 
ɼʣʷ Ὅὔ  ʧʨʠ ʣʶʙʦʤ ʥʘʪʫʨʘʣʴʥʦʤ ὔ ʩʧʨʘʚʝʜʣʠʚʦ ʨʘʚʝʥʩʪʚʦ  

Ὅὔ ɫὔɜὔ ὕὔ Ⱦὒ ȟ 
ʛʜʝ  

ɫὔ ɰ ή ρ ɰ ὴ ȟ 

ɰ ή

ȟ

‘ ήὝὥȟή

ή• ή
Ὡ Ⱦȟ 

 

ɜὔ
Ⱦ

ρ

ÌÏÇάÌÏÇά
Ȣ 

ɽʩʣʠ ὔ ʙʦʣʴʰʝ ʥʝʢʦʪʦʨʦʡ ʢʦʥʩʪʘʥʪʳ, ʟʘʚʠʩʷʱʝʡ ʪʦʣʴʢʦ ʦʪ ὲ, ʪʦ Ὅὔ ḻὔ ȾÌÏÇὔ.  

2. ʆʩʥʦʚʥʳʝ ʣʝʤʤʳ 
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ɼʦʢʘʟʘʪʝʣʴʩʪʚʘ ʦʙʝʠʭ ʪʝʦʨʝʤ ʧʨʦʚʦʜʷʪʩʷ ʢʨʫʛʦʚʳʤ ʤʝʪʦʜʦʤ ʍʘʨʜʠ-ʃʠʪʪʣʚʫʜʘ-ʈʘʤʘʥʫʜʞʘʥʘ-

ɺʠʥʦʛʨʘʜʦʚʘ. ʇʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʣʝʤʤʳ. 

ʃʝʤʤʘ 1.3 ʇʫʩʪʴ ɻ - ʧʨʦʠʟʚʦʣʴʥʦʝ ʚʝʱʝʩʪʚʝʥʥʦʝ ʯʠʩʣʦ, ɤÎ - ʬʫʥʢʮʠʷ ʄʘʥʛʦʣʴʜʪʘ. ʊʦʛʜʘ 

ʩʫʱʝʩʪʚʫʝʪ ʘʙʩʦʣʶʪʥʘʷ ʧʦʩʪʦʷʥʥʘʷ ɝ π ʪʘʢʘʷ, ʯʪʦ  

Ὓ

 

‐ὲɤὲὩ ὕὢ Ȣ 

ʇʦʩʪʦʷʥʥʘʷ ʚ ʟʥʘʢʝ ὕ - ʘʙʩʦʣʶʪʥʘʷ.  

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʩʤ. ʚ [4].  

ʃʝʤʤʘ 2.4 ʇʫʩʪʴ ὲ σ. ʉʫʱʝʩʪʚʫʝʪ ὧ ὧ ὲ π, ʘ ʪʘʢʞʝ ʘʙʩʦʣʶʪʥʘʷ ʧʦʩʪʦʷʥʥʘʷ ὧ π 
ʪʘʢʘʷ, ʯʪʦ ʧʨʠ ʣʶʙʦʤ ʚʝʱʝʩʪʚʝʥʥʦʤ  ʩʧʨʘʚʝʜʣʠʚʦ ʥʝʨʘʚʝʥʩʪʚʦ  

ȿ

 

‐ὼὩ ȿ  ὧὖ Ⱦ Ȣ 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʩʤ. ʚ [5]. 

3. ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʝʦʨʝʤʳ 1 ʠ 2. 

ʇʫʩʪʴ ὒ ÌÏÇὔ. ʇʫʩʪʴ ὗ ὒ, † ὔ ὒ , ʛʜʝ ὃ - ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʧʦʩʪʦʷʥʥʘʷ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʡ ʙʫʜʝʪ 

ʫʢʘʟʘʥʦ ʧʦʟʞʝ. 

ʇʫʩʪʴ  † ρ. ʆʧʨʝʜʝʣʠʤ ʤʥʦʞʝʩʪʚʘ Ὁ ʠ Ὁ:  

Ὁ ᶰ ȟρס  ȡס
ὥ

ή
ᾀȟὥȟή ρȟρ  ή ὗȟȿᾀȿ

ρ

ή†
ȟ 

Ὁ ȟρס ס Ὁ͵Ȣ 
ʆʧʨʝʜʝʣʠʤ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʝ ʩʫʤʤʳ Ὓ , Ὓ , Ὓ , Ὕ :  

Ὓ 
 
ᴓɴ

Ὡ ȟὯ ρȟςȟσȟ 

Ὕ 
 

ᴓɴ

Ὡ ȟ 

ʛʜʝ ὖ Ѝὔ, ὖ ὔȾ . 

ʇʦʩʢʦʣʴʢʫ  

ρ ρ ‐ὲ

ς

ρȟ̆̒̌̉ ὲᶰᴓ Ƞ

πȟ̆̒̌̉ ὲᶰᴓ ȟ
 

ʠʤʝʝʤ  

Ὕ 
ρ

ς
Ὕ

ρ

ς
ρ Ὕ ȟ 

ʛʜʝ  

Ὕ

 

Ὡ ȟ 

Ὕ 

 

‐ὼὩ Ȣ 

ʆʪʩʶʜʘ ʠ ʠʟ ʥʝʨʘʚʝʥʩʪʚʘ ɻʝʣʴʜʝʨʘ (ʩʤ. ʥʘʧʨʠʤʝʨ, [6], ʛʣʘʚʘ VI) ʩʣʝʜʫʝʪ, ʯʪʦ  

ὐὔ
ρ

ς
Ὓ Ὓ Ὓ ὝὩ Ὠ  

ὕ ÍÁØ
ᶰ ȟ

ȿὝ ȿ ȿὛ ȿȿὛ ȿὨ ȿὛ ȿὨ  

ρ

ς
Ὓ Ὓ Ὓ ὝὩ Ὠ  

ὕ ÍÁØ
ᶰ ȟ

ȿὝ ȿ ȿὛ ȿὨ ȿὛ ȿὨ  

ȿὛ ȿὨ 

ʇʫʩʪʴ ρ Ὧ ς. ʇʦʩʢʦʣʴʢʫ ʠʥʪʝʛʨʘʣ  

ȿὛ ȿὨ 

ʨʘʚʝʥ ʯʠʩʣʫ ʨʝʰʝʥʠʡ ʫʨʘʚʥʝʥʠʷ  

ὴ ὴ ὴ ὴ 
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ʚ ʧʨʦʩʪʳʭ ʯʠʩʣʘʭ ὴ, ὴ, ὴ, ὴ ʠʟ ʤʥʦʞʝʩʪʚʘ ᴓ  ʥʝ ʧʨʝʚʦʩʭʦʜʷʱʠʭ ὖ, ʪʦ ʦʥ ʥʝ ʧʨʝʚʦʩʭʦʜʠʪ ʯʠʩʣʘ 

ʨʝʰʝʥʠʡ ʫʨʘʚʥʝʥʠʷ  

ὲ ὲ ὲ ὲ 

ʚ ʥʘʪʫʨʘʣʴʥʳʭ ʯʠʩʣʘʭ ὲ, ὲ, ὲ, ὲ, ʥʝ ʧʨʝʚʦʩʭʦʜʷʱʠʭ ὖ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ  

ȿὛ ȿὨ

 

† ὲ ὔ ὒȢ                                           σ  

(ʟʜʝʩʴ ʤʳ ʚʦʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʝʤ, ʯʪʦ  

ὶὲ ρ  τ†ὲȟ

 

† ὲ ὔ ὒ Ȣ 

ɼʘʣʝʝ, ʪʘʢ ʢʘʢ  

ȿὛ ȿὨ “ὔȟ 

ʠʤʝʝʤ  

ὐὔ
ρ

ς
ὐὔ ὕ ÍÁØ

ᶰ ȟ
ȿὝ ȿὔ ὒȟ 

ʛʜʝ  

ὐὔ Ὓ Ὓ Ὓ ὝὩ ὨȢ 

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ ὐȟ - ʠʥʪʝʛʨʘʣ ʧʦ ʤʥʦʞʝʩʪʚʫ Ὁ, ʘ ʯʝʨʝʟ ὐȟ - ʠʥʪʝʛʨʘʣ ʧʦ ʤʥʦʞʝʩʪʚʫ Ὁ, ʪʦ ʝʩʪʴ  

ὐὔ Ὓ Ὓ Ὓ ὝὩ Ὠ  

Ὓ Ὓ Ὓ ὝὩ Ὠ  

ὐȟ ὔ ὐȟ ὔȢ 
ɺʥʦʚʴ ʧʦʣʴʟʫʝʤʩʷ ʥʝʨʘʚʝʥʩʪʚʦʤ ɻʝʣʴʜʝʨʘ ʠ ʥʝʨʘʚʝʥʩʪʚʦʤ (3); ʧʦʣʫʯʠʤ  

ὐȟ ὔ ὕÍÁØ
ᶰ
ȿὝȿὔ ὒȟ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ,  

ὐὔ
ρ

ς
ὐȟ ὔ ὕ ÍÁØ

ᶰ ȟ
ȿὝ ȿὔ ὒ  

ὕÍÁØ
ᶰ
ȿὝȿὔ ὒȟ (4) 

ɿʘʡʤʝʤʩʷ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʤ ʚʳʯʠʩʣʝʥʠʝʤ ʠʥʪʝʛʨʘʣʘ ὐȟ. ɼʣʷ ʵʪʦʛʦ ʥʘʤ ʧʨʠʜʝʪʩʷ ʧʦʣʫʯʠʪʴ 

ʧʨʠʙʣʠʞʝʥʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ Ὓ , Ὓ , Ὓ , Ὕ ʧʨʠ ᶰὉ. 

ʇʦʩʢʦʣʴʢʫ ʧʨʠ Ὧ ρȟς  
ρ ρ ‐ὲ

ς

ρȟ̆̒̌̉ ὲᶰᴓ Ƞ

πȟ̆̒̌̉ ὲᶰᴓ ȟ
 

ʠʤʝʝʤ  

Ὓ 
ρ

ς
Ὓ

ρ

ς
Ὓ ȟ 

ʛʜʝ  

Ὓ

 

Ὡ ȟ Ὓ 

 

‐ὴὩ Ȣ 

ʇʫʩʪʴ  ᾀ, ὥȟή ρ, ρ  ή ὗ, ȿᾀȿ . 

ʆʮʝʥʠʤ ʩʫʤʤʫ Ὓ  ʩʚʝʨʭʫ. 

ʇʦʣʴʟʫʷʩʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ɸʙʝʣʷ, ʠʤʝʝʤ  

Ὓ
ὥ

ή
ᾀ

ȟ

Ὡ

 

ḳ

‐ὴὩ ὕ ὖ  

ȟ

Ὡ

 

ḳ

‐ὴ ẗτ“ὭᾀὼὩ Ὠὼ  

 

ḳ

‐ὴὩ ὕ ὖ Ȣ 

ʇʫʩʪʴ ὖ   ὼ ὖ. ʀʤʝʝʤ  
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ḳ

‐ὴ
ρ

ή
 

‐ὴὩ ὕὖ Ȣ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ,  

 

Ὓ
ὥ

ή
ᾀ ὕ •ή ὖ

ρ

ή†
ὖ Ὠὼ ὕ•ήὖ  

ὕὖ ὒ Ȣ 
ʇʨʠ ʣʶʙʦʤ Ὧ ρȟς ʩʧʨʘʚʝʜʣʠʚʦ ʨʘʚʝʥʩʪʚʦ  

Ὓ 
ρ

ς
Ὓ ὕὖ ὒ Ȣ 

ʇʝʨʝʤʥʦʞʠʤ ʵʪʠ ʨʘʚʝʥʩʪʚʘ, ʧʦʣʫʯʘʝʤ:  

Ὓ Ὓ 
ρ

τ
Ὓ  ὕὖ ὒ Ȣ 

ʇʦʩʢʦʣʴʢʫ ʧʨʠ Ὧ ρȟς  
ρ ρ ‐ὲ

ς

ρȟ̆̒̌̉ ὲᶰᴓ Ƞ

πȟ̆̒̌̉ ὲᶰᴓ ȟ
 

ʠʤʝʝʤ  

Ὓ 
ρ

ς
Ὓ 

ρ

ς
Ὓ ȟ 

ʛʜʝ  

Ὓ 

 

Ὡ ȟ Ὓ 

 

‐ὴὩ Ȣ 

ʆʪʩʶʜʘ ʠ ʠʟ (4) ʧʦʣʫʯʘʝʤ  

ὐὔ
ρ

ρφ
Ὓ Ὓ ὝὩ Ὠ ὕ ὖὖὔ ȾὒὨȢ 

ʆʮʝʥʠʤ ʦʩʪʘʪʦʢ ʧʦʩʣʝʜʥʝʡ ʬʦʨʤʫʣʳ: 

ὖὖὔ ȾὒὨ ὕὖὖὔ Ⱦὒ

 
ȟ

ρ

ή†
 

ὕὖὔ Ⱦὒ ὕ ὔ ȾὖȢ 
ʄʳ ʧʨʠʰʣʠ ʢ ʬʦʨʤʫʣʝ  

ὐὔ
ρ

ρφ
Ὓ Ὓ ὝὩ Ὠ  

 ὕ ÍÁØ
ᶰ ȟ

ȿὝ ȿὔὒ ὕ ÍÁØ
ᶰ
ȿὝȿὔὒ ὕ ὔ ȾὖȢ 

ɺʥʦʚʴ ʧʨʠʤʝʥʷʷ (3), ʧʦʣʫʯʘʝʤ:  

ὐὔ
ρ

ρφ
Ὓ Ὓ ὝὩ Ὠ  

ὕ ÍÁØ
ᶰ ȟ

ȿὝ ȿὔὒ ὕ ÍÁØ
ᶰ
ȿὝȿὔὒ  

ὕ ὔ ȾὖȢ (5) 

 ʉʣʝʜʦʚʘʪʝʣʴʥʦ:  

ȿὝ ȿḺὖ Ƞ 
ʦʪʩʶʜʘ  

ÍÁØ
ᶰ ȟ

ȿὝ ȿὔὒ ὕὔὖ ὒȢ 

ɼʘʣʝʝ, ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʠʟʚʝʩʪʥʦʡ ʦʮʝʥʢʦʡ Ὕ ʥʘ ʤʘʣʳʭ ʜʫʛʘʭ (ʩʤ. ʥʘʧʨʠʤʝʨ, [6], XI, ʟʘʜʘʯʘ 14):  

 Ὕ ḺὖÍÉÎὖȟὖή ȟή ȟ (6) 

 ʛʜʝ ὧ π - ʘʙʩʦʣʶʪʥʘʷ ʧʦʩʪʦʷʥʥʘʷ. 

ɺʳʙʝʨʝʤ ὃ:  

ὃ ρφὧὲÌÎ ὲὅ σ τὅὲȢ 
ʊʦʛʜʘ ʠʟ (6) ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʣʶʙʳʭ ᶰὉ:  

Ὕ Ḻὖὒ Ȣ 
ʇʦʩʢʦʣʴʢʫ  

Ὓ Ὓ ὝὩ Ὠ Ὅὔȟ 

ʠʟ (5) ʩʣʝʜʫʝʪ, ʯʪʦ  
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ὐὔ
ρ

ρφ
Ὅὔ ὕȟ ὔὖὒ Ȣ 

ɼʣʷ ʧʦʣʥʦʪʳ ʠʟʣʦʞʝʥʠʷ ʚʳʚʝʜʝʤ ʘʩʠʤʧʪʦʪʠʯʝʩʢʫʶ ʬʦʨʤʫʣʫ ʜʣʷ Ὅὔ . 

ʉʥʘʯʘʣʘ ʧʦʣʫʯʠʤ ʧʨʠʙʣʠʞʝʥʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ ʩʫʤʤʳ Ὓ ʧʨʠ ᶰὉ. 

ʇʨʠ ʣʶʙʦʤ ά ʠʟ ʧʨʦʤʝʞʫʪʢʘ ὖ ά ὖ ʧʦ ʣʝʤʤʝ ɿʠʛʝʣʷ-ɺʘʣʴʬʠʰʘ ʠʤʝʝʤ  

“άȠήȟὰ
ὒὭ ά

•ή
ὕὖὩ  ὧ πȢ 

ʇʦʵʪʦʤʫ  

Ὓ
ὥ

ή
ᾀ Ὡ Ὡ ὕ ὖ

ȟ

Ὡ ὠὰ ὕ ὖ ȟ 

ʛʜʝ  

ὠὰ

ḳ

Ὡ “άȠήȟὰ “ά ρȠήȟὰὩ Ȣ 

ʇʨʠʤʝʥʠʤ ʢ ʧʦʩʣʝʜʥʝʡ ʩʫʤʤʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ɸʙʝʣʷ ʠ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʡ ʬʦʨʤʫʣʦʡ 

ʜʣʷ “όȠήȟὰ  

ὠὰ
ὒὭ ό

•ή
ὕὖὩ Ѝ ὨὩ  

 

ρ

•ή

Ὡ

ÌÏÇό
Ὠό ὕὖὩ Ѝ Ȣ 

ʅʘʢʦʥʝʮ, ʧʦʣʴʟʫʷʩʴ ʠʟʚʝʩʪʥʦʡ ʣʝʤʤʦʡ ʦ ʧʨʠʙʣʠʞʝʥʠʠ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʦʡ ʩʫʤʤʳ ʠʥʪʝʛʨʘʣʦʤ, 

ʧʦʣʫʯʘʝʤ  

ὠὰ
ρ

•ή

Ὡ

ÌÏÇά
ὕὖὩ Ѝ ȟ 

Ὓ
ὥ

ή
ᾀ

Ὓ ὥȟή

•ή
ὓ ᾀ ὕὖὩ Ѝ ȟ 

ʛʜʝ  

Ὓ ὥȟή

ȟ

Ὡ ȟὓ ᾀ
Ὡ

ÌÏÇά
Ȣ 

ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʩʣʝʜʫʶʱʠʤʠ ʠʟʚʝʩʪʥʳʤʠ ʨʘʚʝʥʩʪʚʘʤʠ:  

Ὓ
ὥ

ή
ᾀ

‘ή

•ή
ὓ ᾀ ὕὔὩ Ѝ ȟ 

Ὕ
ὥ

ή
ᾀ

Ὕὥȟή

ή
ὓ ᾀ ὕὒ  

ʛʜʝ  

 

ὓ ᾀ
Ὡ

ÌÏÇά
ȟὝὥȟή Ὡ ȟ 

 

ὓ ᾀ Ὡ  

(ʩʤ., ʥʘʧʨʠʤʝʨ, [6, ʛʣʘʚʳ X, XI ]). 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ  

Ὅὔ

ȟ

‘ήὛ ὥȟήὝὥȟή

ή• ή
Ὡ Ⱦὔ ὕὔὖὩ Ѝ  

 

ὕ

ȟ

ȿ
‘ήὛ ὥȟήὝὥȟή

ή• ή
ȿ

ȿȿ Ⱦ

ȿὓ ᾀȿȿὓ ᾀȿȿὓ ᾀȿὨᾀȟ 
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ʛʜʝ  

ὔ ὓ ᾀὓ ᾀὓ ᾀὩ ὨᾀȢ 

ʇʨʠʙʣʠʞʘʷ ʩʫʤʤʳ ὓ ᾀ, ὓᾀ ʠ ὓ ᾀ ʠʥʪʝʛʨʘʣʘʤʠ ʠ ʦʮʝʥʠʚʘʷ ʠʭ ʧʦ ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ, ʧʦʣʫʯʘʝʤ  

ὓ ᾀ ὕȿᾀȿ Ⱦ ȟὓᾀ ὕȿᾀȿ ȟὓ ᾀ ὕȿᾀȿ Ⱦ ȟ 
ʦʪʢʫʜʘ  

ȿȿ Ⱦ

ȿὓ ᾀȿȿὓ ᾀȿȿὓ ᾀȿὨᾀ ὕ ή† Ⱦ Ȣ 

ɼʘʣʝʝ, ʧʨʠ ήȟή ρ, ὥȟήή ρ ʠʤʝʝʪ ʤʝʩʪʦ ʨʘʚʝʥʩʪʚʦ  

Ὓ ὥȟήή Ὓ ὥήȟή Ὓ ὥήȟή Ȣ 
ʇʦʵʪʦʤʫ ʧʨʠ ʥʝʯʝʪʥʦʤ ʙʝʩʢʚʘʜʨʘʪʥʦʤ ή ʜʣʷ ʦʮʝʥʢʠ Ὓ ὥȟή ʜʦʩʪʘʪʦʯʥʦ ʦʮʝʥʠʪʴ Ὓ ὦȟὴ, ʛʜʝ ὴ - 

ʥʝʯʝʪʥʦʝ ʧʨʦʩʪʦʝ ʯʠʩʣʦ, ὦȟὴ ρ. 

ʅʦ Ὓ ὦȟὴ= Ὃὴ ρ, ʛʜʝ  - ʩʠʤʚʦʣ ʃʝʞʘʥʜʨʘ, Ὃὴ В Ὡ Ⱦ  - ʩʫʤʤʘ ɻʘʫʩʩʘ. 

ʇʦʵʪʦʤʫ Ὓ ὥȟή ὕ ή. 

ʂʨʦʤʝ ʪʦʛʦ, Ὕὥȟή ὕή Ⱦ  (ʩʤ., ʥʘʧʨʠʤʝʨ, [6, ʛʣʘʚʘ XI ]). 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ  

ȟ

ȿ
‘ήὛ ὥȟήὝὥȟή

ή• ή
ȿ

ȿȿ Ⱦ

ȿὓ ᾀȿȿὓᾀȿȿὓ ᾀȿὨᾀ  

 

ὕ ȿ
‘ήȿή

• ή
ὔὖὒ Ⱦ ὕὔὖὒ Ⱦ ÌÎÌÎὒ  

 

ὕὔὖὒ Ȣ 
ɼʘʣʝʝ, ʬʫʥʢʮʠʷ  

  

ɮ ή

ȟ

‘ήὛ ὥȟήὝὥȟή

ή• ή
Ὡ Ⱦ  

ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʘ, ʘ ʨʷʜ В ɮή ʩʭʦʜʠʪʩʷ, ʧʨʠʯʝʤ  

ɮ ή ɮ ή ὕ
ȿ‘ήȿ

• ή
ή Ⱦ „ὔ ὕὒ ȟ 

ʛʜʝ  

„ὔ ɮ ή ρ ɮ ὴ  

(ʵʡʣʝʨʦʚʦ ʧʨʦʠʟʚʝʜʝʥʠʝ ʙʝʨʝʪʩʷ ʧʦ ʥʝʯʝʪʥʳʤ ʧʨʦʩʪʳʤ ʯʠʩʣʘʤ ʧʦʪʦʤʫ, ʯʪʦ ɮ ς π ʧʨʠ ʣʶʙʳʭ 
 ρ). 
ɼʦʢʘʟʘʥʦ, ʯʪʦ  

Ὅὔ „ὔὔ ὕὔὖὒ Ȣ 
ɼʦʢʘʞʝʤ, ʯʪʦ ʧʨʠ ʣʶʙʦʤ ὔ ʩʧʨʘʚʝʜʣʠʚʦ ʥʝʨʘʚʝʥʩʪʚʦ 

„ὔ Б ρ π. 

ɺʳʯʠʩʣʠʤ ɮ ὴ, ʧʦʣʴʟʫʷʩʴ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʩʫʤʤ ɻʘʫʩʩʘ:  

ɮ ὴ
Ὃ ὴ ρὴὑ ὔ ρ

ὴὴ ρ
ς
Ὃ ὴ

ὴὴ ρ

ὼ ὔ

ὴ
ȟ 

ʛʜʝ ὑ ὔ  - ʯʠʩʣʦ ʨʝʰʝʥʠʡ ʩʨʘʚʥʝʥʠʷ ὼ ḳὔÍÏÄ ὴ. 

ʆʪʩʶʜʘ ʠʤʝʝʤ  

ȿɮ ὴȿ
ὴ ρὴὑ ὔ ρ ςὴὴ ὑ ὔ

ὴὴ ρ

ὑ ὔ ρ

ὴ ρ
Ȣ 

ɼʦʢʘʞʝʤ, ʯʪʦ ὑ ὔ ρ ὴ. 
ɺ ʩʘʤʦʤ ʜʝʣʝ, ʝʩʣʠ ὔ ʥʝ ʜʝʣʠʪʩʷ ʥʘ ὴ, ʪʦ ὑ ὔ ὴ ρ, ʧʦʩʢʦʣʴʢʫ π ʥʝ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʩʨʘʚʥʝʥʠʷ 

ὼ ḳὔÍÏÄ ὴ. ɽʩʣʠ ʞʝ ὔ ʜʝʣʠʪʩʷ ʥʘ ὴ, ʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ρ ʥʝ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʩʨʘʚʥʝʥʠʷ ὼ ḳ
ὔÍÏÄ ὴ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ὑ ὔ ὴ ρ. 
ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʥʝʨʘʚʝʥʩʪʚ ʩʣʝʜʫʝʪ, ʯʪʦ  
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ȿɮ ὴȿ
ὴ

ὴ ρ
ȟ„ὔ ρ

ὴ

ὴ ρ
πȢ 

ʆʮʝʥʠʤ ὔ  ʩʥʠʟʫ. ʀʤʝʝʤ  

 

ὔ
ρ

ÌÏÇάÌÏÇάÌÏÇά
ḻ 

 

ḻ    
ρ

ÌÏÇὔ
ḻὖὔὒ Ȣ 

ʊʝʦʨʝʤʘ ʜʦʢʘʟʘʥʘ.  
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ɸʥʦʪʘʮʽʷ 

ʉʪʘʪʪʷ ʧʨʠʩʚʷʯʝʥʘ ʜʦʩʣʽʜʞʝʥʥʶ ʧʠʪʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʚʽʜʤʦʚʦʙʝʟʧʝʢʠ, ʙʝʟʧʝʢʠ ʧʦʣʴʦʪʽʚ ʪʘ ʥʘʜʽʡʥʦʩʪʽ 

ʩʠʩʪʝʤʠ çʝʢʽʧʘʞ ï ʧʦʚʽʪʨʷʥʝ ʩʫʜʥʦè, ʟʘ ʨʘʭʫʥʦʢ ʘʥʘʣʽʟʫ ʦʧʝʨʘʪʦʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʝʢʽʧʘʞʫ ʧʦʚʽʪʨʷʥʦʛʦ ʩʫ-

ʜʥʘ (ʇʉ) ʧʨʠ ʣʦʢʘʣʽʟʘʮʽʾ ʪʠʪʘʥʦʚʦʾ ʧʦʞʝʞʽ ʘʚʽʘʜʚʠʛʫʥʽʚ ʇʉ. ʇʨʠ ʮʴʦʤʫ ʦʩʥʦʚʥʠʤ ʢʨʠʪʝʨʽʻʤ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ çʝʢʽʧʘʞ-ʇʉè ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʡʤʦʚʽʨʥʽʩʪʴ ʫʩʧʽʰʥʦʛʦ ʟʘʚʝʨʰʝʥʥʷ ʧʦʣʴʦʪʫ. ɼʣʷ 

ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ ʧʠʪʘʥʥʷ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʩʠʭʦʬʽʟʠʯʥʠʭ ʘʩʧʝʢʪʽʚ ʜʽʡ ʝʢʽʧʘʞʫ ʚ ʦʩʦʙʣʠʚʠʭ ʧʦʣʴʦʪʥʠʭ 

ʩʠʪʫʘʮʽʷʭ, ʧʦʚôʷʟʘʥʠʭ ʟ ʚʠʥʠʢʥʝʥʥʷʤ ʧʦʞʝʞʽ ʚ ʧʦʣʴʦʪʽ ʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷʤ ʟʘʩʦʙʽʚ ʧʦʞʝʞʥʦʛʦ ʟʘʭʠʩʪʫ. ɺ 

ʨʦʙʦʪʽ ʦʪʨʠʤʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʩʫʤʘʨʥʦʛʦ ʯʘʩʫ ʧʘʨʠʨʫʚʘʥʥʷ ʦʩʦʙʣʠʚʠʭ ʧʦʣʴʦʪʥʠʭ ʩʠʪʫʘʮʽʷʭ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʬʽʟʠʯʥʦʾ ʩʧʝʮʠʬʽʢʠ ʩʠʩʪʝʤʠ ʧʦʞʝʞʥʦʛʦ ʟʘʭʠʩʪʫ ʽ ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʦʧʝʨʘ-

ʪʦʨʘ. 

Abstract 
The article deals with improvements fault safety, the safety and reliability of the "crew-aircraft" system 

through the analysis of crew operator activity in the localization of the titanium fires in the engines of aircraft. This 

sets the basic measure of "crew-aircraft" system efficiency as the probability of a successful flight outcome. To 

resolve this issue, the psychophysical aspects analysis of crew actions in specific flight situations (SFS) which are 

associated with the occurrence of a fire in flight and operation of fire protection means are conducted. In the paper, 

the mathematical dependence of the SFS total parrying time is obtained taking into account the physical specificity 

of the fire protection system and the psychophysiological capabilities of the operator. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʽʜʤʦʚʦʙʝʟʧʝʢʘ, ʙʝʟʧʝʢʘ ʧʦʣʴʦʪʽʚ, ʪʠʪʘʥʦʚʘ ʧʦʞʝʞʘ, ʝʢʽʧʘʞ, ʩʠʩʪʝʤʘ ʧʦʞʝʞʥʦʾ ʙʝʟ-

ʧʝʢʠ. 

Keywords: failsafety, flight safety, titanium fire, crew, fire safety systems. 

 

ɺʩʪʫʧ. ɯʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʘʚʽʘʮʽʡʥʦʛʦ ʦʙ-

ʣʘʜʥʘʥʥʷ (ɸʆ) ʚʠʢʦʥʫʶʪʴ ʚʘʞʣʠʚʽ ʬʫʥʢʮʽʾ ʟʙʦʨʫ, 

ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʬʫʥʢʮʽʦʥʘ-

ʣʴʥʠʭ ʩʠʩʪʝʤ (ʌʉ) ʽ ʢʦʤʧʣʝʢʩʽʚ ʽ, ʚ ʦʩʥʦʚʥʦʤʫ, ʽʩ-

ʪʦʪʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʙʝʟʧʝʢʫ ʧʦʣʴʦʪʽʚ (ɹʇ) ʽ ʝʬʝʢ-

ʪʠʚʥʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɼʦ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ 

ʧʦʚʽʪʨʷʥʠʭ ʩʫʜʝʥ (ʇʉ) ʚʽʜʥʦʩʷʪʴʩʷ ʩʠʩʪʝʤʠ: ʚʽʜʦ-

ʙʨʘʞʝʥʥʷ ʧʦʣʴʦʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚ ʢʘʙʽʥʽ ʝʢʽʧʘʞʫ; 

ʧʦʧʝʨʝʜʞʝʥʥʷ ʧʨʦ ʚʠʭʽʜ ʇʉ ʘʙʦ ʌʉ ʥʘ ʢʨʠʪʠʯʥʽ ʧʘ-

ʨʘʤʝʪʨʠ; ʩʠʛʥʘʣʽʟʘʮʽʾ ʚʠʥʠʢʥʝʥʥʷ ʦʩʦʙʣʠʚʠʭ 

ʧʦʣʴʦʪʥʠʭ ʩʠʪʫʘʮʽʡ (ʆʇʉ), ʪʘʢʠʭ ʷʢ ʚʠʥʠʢʥʝʥʥʷ 

ʧʦʞʝʞʽ ʥʘ ʘʚʽʘʜʚʠʛʫʥʘʭ ʽ ʫ ʚʽʜʩʽʢʘʭ, ʘ ʪʘʢʦʞ ʩʠʩʪʝʤ 

ʢʦʥʪʨʦʣʶ ʨʦʙʦʪʠ ʧʽʣʦʪʘʞʥʦ-ʥʘʚʽʛʘʮʽʡʥʠʭ, ʝʥʝʨʛʝ-

ʪʠʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʽ ʧʘʣʠʚʥʠʭ ʣʽʪʘʢʦʚʠʭ ʩʠʩʪʝʤ; 

ʦʨʛʘʥʽʟʘʮʽʾ ʨʽʟʥʦʛʦ ʨʦʜʫ "ʧʽʜʢʘʟʦʢ" ʝʢʽʧʘʞʫ; ʢʦʥʪ-

ʨʦʣʶ ʨʦʙʦʪʠ ʙʦʨʪʦʚʠʭ ʚʙʫʜʦʚʘʥʠʭ ʩʠʩʪʝʤ ʢʦʥʪ-

ʨʦʣʶ ʽ ʪ.ʜ.  

ʆʩʥʦʚʥʠʤ ʢʨʠʪʝʨʽʻʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫ-

ʚʘʥʥʷ ʧʦʜʽʙʥʠʭ ʩʠʩʪʝʤ ʷʢ ʩʠʩʪʝʤ "ɽʢʽʧʘʞ-ʇʉ" ʷʚ-

ʣʷʻʪʴʩʷ ʚʽʨʦʛʽʜʥʽʩʪʴ ʙʣʘʛʦʧʦʣʫʯʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʧʦ-

ʣʴʦʪʫ: 
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ʜʝ ()tPʘʦ  ï ʚʽʨʦʛʽʜʥʽʩʪʴ ʚʽʜʤʦʚʦʩʪʽʡʢʦʾ ʽ ʙʝʟʚʽʜʤʦʚʥʦʾ 

ʨʦʙʦʪʠ ʘʚʽʘʪʝʭʥʽʢʠ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʦʯʽʢʫʚʘʥʠʭ 

ʫʤʦʚʘʭ; ()tPʦʚʚ 
ï ʚʽʨʦʛʽʜʥʽʩʪʴ ʥʝʧʦʧʘʜʘʥʥʷ ʇʉ ʚ 

ʫʤʦʚʘʭ ʥʝʙʝʟʧʝʯʥʠʭ ʟʦʚʥʽʰʥʽʭ ʜʽʡ; ()tPʕʌ  ï ʚʽʨʦʛʽ-

ʜʥʽʩʪʴ ʧʘʨʠʨʫʚʘʥʥʷ ʝʢʽʧʘʞʦʤ ʚʽʜʤʦʚ ʘʚʽʘʪʝʭʥʽʢʠ 

ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʇʉ ʚ ʦʯʽʢʫʚʘʥʠʭ ʽ ʝʢʩʪʨʝʤʘʣʴʥʠʭ 

ʩʠʪʫʘʮʽʷʭ; )(tPʫʚʜ ï ʚʽʨʦʛʽʜʥʽʩʪʴ ʚʽʜʤʦʚʠ ʚ ʩʠʩʪʝʤʽ 

ʫʧʨʘʚʣʽʥʥʷ ʧʦʚʽʪʨʷʥʠʤ ʨʫʭʦʤ (ʋʇʈ); )(tPʧʦʞʘʨ ï 

ʚʽʨʦʛʽʜʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʧʦʞʝʞʽ; ni,  ï ʭʘʨʘʢʪʝʨ, 

ʚʠʜʠ, ʧʦʻʜʥʘʥʥʷ ʚʽʜʤʦʚ ʘʚʽʘʪʝʭʥʽʢʠ; lr ,  ï ʪʠʧ ʥʝʙʝ-

ʟʧʝʯʥʠʭ ʟʦʚʥʽʰʥʽʭ ʜʽʡ ʽ ʾʭ ʧʦʻʜʥʘʥʥʷ; qmckba ,,,,,  ï 

ʚʠʜ ʽ ʭʘʨʘʢʪʝʨ ʩʠʪʫʘʮʽʡ ʚʽʜʤʦʚ ʘʚʽʘʪʝʭʥʽʢʠ ʽ ʩʠʪʫʘ-

ʮʽʡ, ʱʦ ʧʘʨʠʨʫʶʪʴʩʷ ʝʢʽʧʘʞʦʤ.  

ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʦʢʨʝʤʠʭ ʢʨʠʪʝʨʽʾʚ 

ʻ ʚʽʜʤʦʚʦʙʝʟʧʝʢʘ, ʱʦ ʚ ʦʩʥʦʚʥʦʤʫ ʧʦʢʨʠʚʘʻ ʙʝʟʚʽʜ-

ʤʦʚʥʽʩʪʴ.  
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ɺʽʜʤʦʚʦʙʝʟʧʝʢʘ ï ʢʦʤʧʣʝʢʩʥʠʡ ʧʦʢʘʟʥʠʢ ʥʘ-

ʜʽʡʥʦʩʪʽ ʝʨʛʘʪʠʯʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʨʦ-

ʛʽʜʥʽʩʪʶ ʪʦʛʦ, ʱʦ ʥʝʩʧʨʠʷʪʣʠʚʽ ʜʽʾ ʦʜʥʦʛʦ ʘʙʦ ʜʝʢʽ-

ʣʴʢʦʭ ʯʠʥʥʠʢʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠ-

ʩʪʝʤʠ ʙʫʜʫʪʴ ʧʦʚʥʽʩʪʶ ʘʙʦ ʯʘʩʪʢʦʚʦ ʧʘʨʠʨʫʚʘʪʠʩʴ 

ʩʠʩʪʝʤʘʤʠ "ɽʢʽʧʘʞ-ʇʉ" ʟʘ ʧʝʚʥʠʡ ʯʘʩ. 

ɺʽʜʤʦʚʦʩʪʽʡʢʽʩʪʴ - ʢʦʤʧʣʝʢʩʥʠʡ ʧʦʢʘʟʥʠʢ ʥʘ-

ʜʽʡʥʦʩʪʽ ʌʉ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʨʦʛʽʜʥʽʩʪʶ ʬʫʥʢʮʽ-

ʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʥʘ ʧʝʚʥʦʤʫ ʨʽʚʥʽ ʷʢʦʩʪʽ ʧʽʩʣʷ 

ʪʦʛʦ, ʷʢ ʩʪʘʥʝʪʴʩʷ ʚʽʜʤʦʚʘ (ʯʠ ʜʝʢʽʣʴʢʘ ʚʽʜʤʦʚ) ʚ 

ʢʦʤʧʦʥʝʥʪʘʭ ʘʧʘʨʘʪʫʨʠ ʘʙʦ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝ-

ʯʝʥʥʽ. 

ʎʝʡ ʢʨʠʪʝʨʽʡ ʚʽʜʧʦʚʽʜʘʻ ʦʨʛʘʥʽʟʘʮʽʾ ʦʧʪʠʤʘʣʴ-

ʥʦʾ ʚʟʘʻʤʦʜʽʾ ʣʶʜʠʥʦ-ʤʘʰʠʥʥʦʾ ʩʠʩʪʝʤʠ (ʃʄʉ) ʽ 

ʡʦʛʦ ʢʽʥʮʝʚʦʾ ʣʘʥʢʠ "ʝʢʽʧʘʞ-ʧʦʚʽʪʨʷʥʝ ʩʫʜʥʦ", ʱʦ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʟʥʘʯʘʻ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʧʦʣʴʦʪʽʚ. ʋ 

ʨʦʙʦʪʘʭ [1,2,3,4] ʨʦʟʛʣʷʥʫʪʦ ʨʽʟʥʦʤʘʥʽʪʪʷ ʯʠʥʥʠʢʽʚ 

ʽ ʘʩʧʝʢʪʽʚ ʧʨʠ ʩʠʩʪʝʤʥʦʤʫ ʘʥʘʣʽʟʽ ʦʧʝʨʘʪʦʨʩʴʢʦʾ ʽ 

ʧʨʦʬʝʩʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʘʚʽʘʮʽʡʥʽʡ ʜʽʷ-

ʣʴʥʦʩʪʽ. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɿʘʛʘʣʴʥʦʶ ʪʝʥʜʝʥ-

ʮʽʻʶ ʩʫʯʘʩʥʠʭ ʟʘʧʨʦʝʢʪʦʚʘʥʠʭ ʽ ʚʚʝʜʝʥʠʭ ʚ ʝʢʩʧʣʫ-

ʘʪʘʮʽʶ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʩʠʩʪʝʤ ɸʆ ʽ ʇʉ ʚ ʮʽʣʦʤʫ, 

ʷʢ ʩʢʣʘʜʥʠʭ ʧʦʣʽʝʨʛʘʪʠʯʥʠʭ ʩʠʩʪʝʤ ʷʢʽ ʙʝʟʧʦʩʝʨʝʜ-

ʥʴʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ɹʇ, ʷʚʣʷʻʪʴʩʷ ʫʩʢʣʘʜʥʝʥʥʷ ʩʪʨʫ-

ʢʪʫʨʠ ʽ ʟʙʽʣʴʰʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ, ʽʥʪʝʣʝ-

ʢʪʫʘʣʽʟʘʮʽʷ ʬʫʥʢʮʽʡ ʦʧʝʨʘʪʦʨʘ (ʝʢʽʧʘʞ, ʽʥʞʝʥʝʨʥʦ-

ʘʚʽʘʮʽʡʥʘ ʩʣʫʞʙʘ). ɺ ʪʦʡ ʞʝ ʯʘʩ ʮʝʡ ʧʨʦʮʝʩ ʧʽʜʧʦ-

ʨʷʜʢʦʚʘʥʠʡ ʮʽʣʴʦʚʽʡ ʬʫʥʢʮʽʾ - ʚʠʤʦʛʘʤ ʚʠʢʦʥʘʥʥʷ 

ʥʦʨʤʘʪʠʚʥʠʭ ʚʠʤʦʛ ʥʘʜʽʡʥʦʩʪʽ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ - ʥʦʨ-

ʤʘʤ ʣʴʦʪʥʦʾ ʧʨʠʜʘʪʥʦʩʪʽ (ʅʃʇ) ʇʉ. ʉʪʦʩʦʚʥʦ ʧʦ-

ʣʴʦʪʫ ʇʉ ʮʽ ʚʠʤʦʛʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʝʬʝʢʪʠʚʥʽʩʪʶ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʚ 

ʦʮʽʥʮʽ ʧʩʠʭʦʬʽʟʠʯʥʠʭ ʘʩʧʝʢʪʽʚ ʜʽʡ ʝʢʽʧʘʞʫ ʚ ʦʩʦʙ-

ʣʠʚʠʭ ʧʦʣʴʦʪʥʠʭ ʩʠʪʫʘʮʽʷʭ, ʧʦʚôʷʟʘʥʠʭ ʟ ʚʠʥʠʢʥʝʥ-

ʥʷʤ ʧʦʞʝʞʽ ʚ ʧʦʣʴʦʪʽ ʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷʤ ʟʘʩʦʙʽʚ 

ʧʦʞʝʞʥʦʛʦ ʟʘʭʠʩʪʫ ʥʘ ʩʫʯʘʩʥʠʭ ʇʉ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. 

ɸʥʘʣʽʟ ʪʝʥʜʝʥʮʽʡ ʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚ ʮʽʡ ʦʙʣʘʩʪʽ [5,6,7] 

ʧʦʢʘʟʫʻ, ʱʦ ʥʠʥʽ ʽʩʪʦʪʥʦ ʟʤʽʥʠʣʦʩʷ ʬʫʥʢʮʽʦʥʘʣʴʥʝ 

ʧʨʠʟʥʘʯʝʥʥʷ ʽ ʨʦʣʴ ʦʧʝʨʘʪʦʨʘ ʫ ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʧʨʦ-

ʮʝʩʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʃʄʉ ʚ ʘʚʽʘʮʽʾ ʽ ʽʥʰʠʭ ʛʘʣʫʟʷʭ 

ʩʪʚʦʨʝʥʥʷ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙ'ʻʢʪʽʚ ʥʦʚʦʾ ʪʝʭʥʽʢʠ 

(ʆʅʊ).  

ʇʠʪʘʥʥʷʤ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʦʧʝʨʘʪʦʨʩʴʢʦʾ ʽ ʧʨʦ-

ʬʝʩʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʩʢʣʘʜʫ, ʷʢ ʚʘʞʣʠʚʦʛʦ ʨʦʟʜʽʣʫ 

ʪʝʦʨʽʾ ʝʨʛʘʪʠʯʥʠʭ ʩʠʩʪʝʤ ʧʨʠʩʚʷʯʝʥʦ ʜʦʩʠʪʴ ʚʝʣʠʢʝ 

ʯʠʩʣʦ ʨʦʙʽʪ. ʋ ʮʽʡ ʩʪʘʪʪʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʩʧʝʮʠʬʽʯʥʽ 

ʧʩʠʭʦʬʽʟʠʯʥʽ ʘʩʧʝʢʪʠ ʜʽʡ ʝʢʽʧʘʞʫ ʚ ʦʩʦʙʣʠʚʠʭ 

ʧʦʣʴʦʪʥʠʭ ʩʠʪʫʘʮʽʷʭ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʚʠʥʠʢʥʝʥʥʷʤ ʧʦ-

ʞʝʞʽ ʫ ʧʦʣʴʦʪʽ ʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷʤ ʟʘʩʦʙʽʚ ʧʦʞʝʞ-

ʥʦʛʦ ʟʘʭʠʩʪʫ. ʇʨʠʯʦʤʫ ʦʩʦʙʣʠʚʠʡ ʘʢʮʝʥʪ ʟʨʦʙʣʝ-

ʥʠʡ ʜʣʷ ʆʇʉ "ʪʠʪʘʥʦʚʠʭ" ʧʦʞʝʞ. 

ɿ ʧʦʟʠʮʽʡ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʧʽʜʚʠ-

ʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʨʛʘʪʠʯʥʠʭ 

ʩʠʩʪʝʤ ʩʣʽʜ ʚʢʘʟʘʪʠ ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʽ ʚʠʤʦʛʠ, ʷʢʽ 

ʧʦʚʠʥʥʽ ʤʘʪʠ ʽʥʪʝʛʨʦʚʘʥʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʦʧʝʨʘʪʦʨʩʴʢʦʶ ʽ ʧʨʦʬʝʩʽʡʥʦʶ ʜʽʷʣʴʥʽ-

ʩʪʶ (ɯɸʉʋ ʆʇɼ) : 

 - ʩʪʦʭʘʩʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ ʧʨʦʮʝʩʫ ʦʧʝʨʘʪʦʨ-

ʩʴʢʦʾ ʽ ʧʨʦʬʝʩʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚ ʦʩʦʙʣʠʚʠʭ ʧʦʣʴʦʪ-

ʥʠʭ ʩʠʪʫʘʮʽʷʭ ʚ ʧʨʦʮʝʩʽ ʥʘʚʯʘʥʥʷ;  

 - ʦʙʣʽʢ ʽʥʜʠʚʽʜʫʘʣʴʥʦʩʪʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʨʛʘ-

ʪʠʯʥʠʭ ʩʠʩʪʝʤ ʽ ʾʭ ʛʨʘʥʠʯʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞ-

ʣʠʚʦʩʪʝʡ ʚ ɯɸʉʋ ʆʇɼ; 

 - ʟʜʘʪʥʽʩʪʴ ʩʠʩʪʝʤ ʜʦ ʘʜʘʧʪʘʮʽʾ ʽ ʨʦʟʚʠʪʢʫ; 

 - ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚ ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ 

ʯʘʩʫ ʽ ʨʝʘʣʽʟʘʮʽʷ ʜʽʘʣʦʛʫ ʧʨʠ ʚʘʨʽʶʚʘʥʥʽ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘʤʠ ʪʝʭʥʽʯʥʠʤʠ ʩʠʩʪʝʤʘʤʠ. 

ɿ ʧʦʟʠʮʽʡ ʫʩʧʽʰʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʥʘʡʚʘʞ-

ʣʠʚʽʰʦʾ ʢʽʥʮʝʚʦʾ ʣʘʥʢʠ ʙʝʟʧʝʢʠ ʧʦʣʴʦʪʽʚ ɺʉ "ʝʢʽ-

ʧʘʞ - ʇʉ" ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʜʚʽ ʧʨʠʯʠʥʠ ʧʦʤʠʣʦʢ: 

ʟʘʢʦʥʦʤʽʨʥʽ ʽ ʚʠʧʘʜʢʦʚʽ. 

ɼʦ ʧʝʨʰʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʧʦʤʠʣʢʠ ʽ ʚʽʜʤʦʚʠ ʩʠʩ-

ʪʝʤʠ, ʱʦ ʚʠʷʚʣʷʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʇʝʨ-

ʰʦʧʨʠʯʠʥʦʶ ʾʭ ʚʠʥʠʢʥʝʥʥʷ ʻ ʩʠʪʫʘʪʠʚʥʽ ʧʦʻʜ-

ʥʘʥʥʷ ʚʽʜʤʦʚ ʩʠʩʪʝʤ ʩʠʛʥʘʣʽʟʘʮʽʾ ʧʨʦ ʧʦʞʝʞʫ ʽ ʚʽʜ-

ʩʫʪʥʽʩʪʴ ʚ ʨʝʢʦʤʝʥʜʘʮʽʷʭ ʧʦ ʣʴʦʪʥʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ 

(ʈʃɽ) ʧʽʜʢʘʟʦʢ ʽ ʨʝʢʦʤʝʥʜʘʮʽʡ. 

ʊʘʢʝ ʧʦʣʦʞʝʥʥʷ ʧʨʠʨʦʜʥʝ, ʦʩʢʽʣʴʢʠ ʤʠ ʤʘʻʤʦ 

ʩʧʨʘʚʫ ʽʟ ʩʢʣʘʜʥʦʶ ʩʠʩʪʝʤʦʶ, ʷʢʽʡ ʚʣʘʩʪʠʚʘ ʥʝʚʠ-

ʟʥʘʯʝʥʽʩʪʴ. ʂʨʽʤ ʪʦʛʦ, ʨʝʢʦʤʝʥʜʦʚʘʥʽ ʜʽʾ ʟ ʧʘʨʠʨʫ-

ʚʘʥʥʷ ʆʇʉ ʈʃɽ ʧʝʨʝʜʙʘʯʝʥʽ ʜʣʷ ʫʩʝʨʝʜʥʝʥʠʭ ʩʪʘ-

ʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʧʝʨʘʪʦʨʽʚ ʽ ʘʚʽʘʪʝʭʥʽʢʠ, 

ʽ ʪʦʤʫ ʚʥʘʩʣʽʜʦʢ ʦʜʥʦʯʘʩʥʦʛʦ ʥʘʢʣʘʜʝʥʥʷ ʧʦʜʽʡ ʟ 

ʥʘʡʛʽʨʰʠʤʠ ʧʦʻʜʥʘʥʥʷʤʠ ʚʽʨʦʛʽʜʥʽʩʪʴ ʥʝʚʠʢʦ-

ʥʘʥʥʷ ʟʘʚʜʘʥʥʷ ʧʽʜʚʠʱʫʻʪʴʩʷ. ɼʦ ʟʘʢʦʥʦʤʽʨʥʠʭ ʧʦ-

ʤʠʣʦʢ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ: ʧʦʤʠʣʢʫ ʚʠʙʦʨʫ ʘʧʘʨʘʪʫʨʠ 

ʫʧʨʘʚʣʽʥʥʷ ʧʨʠ ʚʽʜʢʣʶʯʝʥʥʽ ʘʚʽʘʜʚʠʛʫʥʽʚ (ɸɼ) ʧʨʠ 

ʩʠʛʥʘʣʽ "ʇʆɾɽɾɸ" (ʯʝʨʝʟ ʩʪʨʝʩ ʧʨʠ ʜʝʬʽʮʠʪʽ 

ʯʘʩʫ), ʥʝʩʚʦʻʯʘʩʥʝ ʚʪʨʫʯʘʥʥʷ ʦʧʝʨʘʪʦʨʘ ʚ ʧʘʨʠʨʫ-

ʚʘʥʥʷ ʆʇʉ ʽʟ-ʟʘ ʚʽʜʤʦʚ ʪʝʭʥʽʢʠ (ʟʘʩʦʙʽʚ ʧʦʞʝʞʥʦʛʦ 

ʟʘʭʠʩʪʫ). ʇʨʠ ʮʴʦʤʫ ʧʦʥʷʪʪʷ çʥʝʩʚʦʻʯʘʩʥʝ ʚʪʨʫ-

ʯʘʥʥʷè ʤʘʻ ʜʚʘ ʧʨʦʪʠʣʝʞʥʽ ʚʠʧʘʜʢʠ:  

ï "ʧʦʤʠʣʢʦʚʘ" ʪʨʠʚʦʛʘ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʥʘ-

ʩʣʽʜʦʢ ʧʝʨʝʜʯʘʩʥʦʛʦ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʩʠʛ-

ʥʘʣʽʟʘʮʽʾ ʧʨʦ ʧʦʞʝʞʫ (ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʘ ʚʽʜ-

ʤʦʚʘ ʩʠʩʪʝʤʠ "ɽʢʽʧʘʞ - ʇʉ"). 

ï ʥʝʚʠʷʚʣʝʥʥʷ ʧʦʞʝʞʽ - ʧʦʜʽʷ, ʷʢʘ ʤʦʞʝ ʧʨʠʚʝ-

ʩʪʠ ʜʦ ʆʇʉ, ʘʣʝ ʟʚʘʞʘʶʯʠ ʥʘ ʥʘʷʚʥʽʩʪʴ ʮʽʣʦʛʦ ʨʷʜʫ 

ʘʚʪʦʥʦʤʥʠʭ ʧʦʪʦʢʽʚ ʽʥʬʦʨʤʘʮʽʾ (ʽʥʬʦʨʤʘʮʽʡʥʝ ʨʝ-

ʟʝʨʚʫʚʘʥʥʷ) ʚʽʨʦʛʽʜʥʽʩʪʴ ʧʘʨʠʨʫʚʘʥʥʷ ʝʢʽʧʘʞʦʤ ʪʘ-

ʢʦʾ ʆʇʉ ʜʦʩʠʪʴ ʚʠʩʦʢʘ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. ʆʩʥʦʚʥʘ ʤʝʪʘ ʨʦʙʦʪʠ ʧʦ-

ʣʷʛʘʻ ʚ ʜʦʩʣʽʜʞʝʥʥʽ ʧʠʪʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʚʽʜʤʦʚʦ-

ʙʝʟʧʢʠ, ʙʝʟʧʝʢʠ ʧʦʣʴʦʪʽʚ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤʠ 

çʝʢʽʧʘʞ ï ʧʦʚʽʪʨʷʥʝ ʩʫʜʥʦè, ʟʘ ʨʘʭʫʥʦʢ ʘʥʘʣʽʟʫ ʦʧʝ-

ʨʘʪʦʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʝʢʽʧʘʞʫ ʧʦʚʽʪʨʷʥʦʛʦ ʩʫʜʥʘ 

(ʇʉ) ʧʨʠ ʣʦʢʘʣʽʟʘʮʽʾ ʪʠʪʘʥʦʚʦʾ ʧʦʞʝʞʽ ʘʚʽʘʜʚʠʛʫʥʽʚ 

ʇʉ.  

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʇʨʝʜʠʢʘʪʠʚʥʘ ʬʫʥʢʮʽʷ ʣʦ-

ʛʽʢʦ-ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ (ʃɼʉ) ʪʘʢʠʭ ʩʠʩʪʝʤ ʤʘʻ 

ʚʠʛʣʷʜ: 

î
î
î
î

í

îî
î
î

ì

ë

ʇʉ.ʙʦʨʪʫ  ʥʘ ʧʦʞʝʞʽ ʥʘʷʚʥʦʩʪʽ ʧʨʠ ʇʉ" -ɽʢʽʧʘʞ " 

ʩʠʩʪʝʤʠ ʥʥʽʥʝʩʧʨʘʮʶʚʘ  ʪʪʦʙʪʧʦʞʝʞʽ, ʧʨʦʧʫʩʢʫ"" ʧʨʠ 0,

ɸɼ;  ʚʠʤʢʥʝʥʥʷʤ ʠʤʥʝʧʨʘʚʠʣʴʥ

 ʟ ʷʟʘʥʦʾʧʦʚ'  ʪʪʨʠʚʦʛʠʧʦʤʠʣʢʦʚʦʾ ʚʠʥʠʢʥʝʥʥʽ ʧʨʠ 0,

;ʇʉ" -ɽʢʽʧʘʞ "

 ʩʠʩʪʝʤʦʶ ʧʦʞʝʞʽ ̔ʧʘʨʠʨʫʚʘʥʥʫ ʩʚʦʻʯʘʩʥʦʤ ʧʨʠ 1,

 

ɼʦ ʚʠʧʘʜʢʦʚʠʭ ʧʦʜʽʡ (ʧʦʤʠʣʦʢ) ʚʽʜʥʦʩʷʪʴʩʷ 

ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʽ ʧʦʜʽʾ, ʧʦʚ'ʷʟʘʥʽ ʟ ʚʽʜʤʦʚʘʤʠ ʩʠʩ-
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ʪʝʤʠ "ɽʢʽʧʘʞ - ʇʉ" (ʚʽʜʤʦʚʠ ʚʠʧʘʜʢʦʚʦʛʦ ʭʘʨʘʢ-

ʪʝʨʫ ʚ ʜʽʷʭ ʝʢʽʧʘʞʫ, ʚʽʜʤʦʚʠ ʪʝʭʥʽʢʠ ʽ ʢʦʤʙʽʥʦʚʘʥʽ 

ʚʽʜʤʦʚʠ). 

ʉʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ 80-90% ʧʝʨʝ-

ʜʫʤʦʚ ʜʦ ʘʚʽʘʢʘʪʘʩʪʨʦʬ ʚʥʘʩʣʽʜʦʢ ʧʦʤʠʣʦʢ ʣʴʦʪ-

ʥʦʛʦ ʩʢʣʘʜʫ (ʃʉ) ʧʘʜʘʻ ʥʘ ʟʘʧʨʦʛʨʘʤʦʚʘʥʽ ʜʽʾ ʝʢʽ-

ʧʘʞʫ ʟ ʧʘʨʠʨʫʚʘʥʥʷ ʆʇʉ, ʱʦ ʟʘʢʣʘʜʝʥʽ ʚ ʈʃɽ. ʎʝ 

ʷʚʣʷʻʪʴʩʷ ʜʫʞʝ ʥʝʩʧʨʠʷʪʣʠʚʠʤ ʯʠʥʥʠʢʦʤ ʚ ʦʨʛʘʥʽ-

ʟʘʮʽʾ ʮʽʣʝʩʧʨʷʤʦʚʘʥʠʭ ʜʽʡ ʟ ʨʦʟʨʦʙʢʠ ʟʘʭʦʜʽʚ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

ʇʨʠʯʠʥʦʶ ʪʘʢʦʛʦ ʧʦʣʦʞʝʥʥʷ ʻ ʚʠʭʽʜ ʧʩʠʭʦʬʽ-

ʟʠʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʦʧʝʨʘʪʦʨʘ ʥʘ ʛʨʘʥʠʯʥʠʡ ʨʽ-

ʚʝʥʴ ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʆʇʉ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʚʠʥʠʢ-

ʥʝʥʥʽ ʧʦʞʝʞʽ ʥʘ ʙʦʨʪʫ ɺʉ (ʨʠʩ.1.). 

 
ʈʠʩʫʥʦʢ 1. - ɽʨʛʘʪʠʯʥʽ ʦʧʝʨʘʮʽʡʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʝʪʘʧʘʭ ʧʦʣʴʦʪʫ ʚ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ 

 

ʆʩʦʙʣʠʚʦʩʪʽ ʩʧʨʠʡʥʷʪʪʷ ʦʙʨʘʟʫ "ʧʦʞʝʞʘ ʥʘ 

ʙʦʨʪʫ ʣʽʪʘʢʘ" (ʚʥʫʪʨʽʰʥʽ ʚʣʘʩʪʠʚʦʩʪʽ - ʦʙʨʘʟ - ʰʚʠ-

ʜʢʦʧʣʠʥʥʽʩʪʴ ʧʦʜʽʾ) ʽ ʦʜʥʦʯʘʩʥʦʾ ʜʽʾ ʟʚʫʢʦʚʦʾ ʩʠ-

ʨʝʥʠ ʽ ʩʚʽʪʣʦʚʦʛʦ (ʯʝʨʚʦʥʦʛʦ ʢʦʣʴʦʨʫ) ʽʥʜʠʢʘʪʦʨʘ ʚ 

ʨʽʟʥʠʭ ʨʦʙʦʯʠʭ ʤʽʩʮʷʭ ʢʘʙʽʥʠ ʝʢʽʧʘʞʫ ʷʚʣʷʻʪʴʩʷ ʩʠ-

ʣʴʥʠʤ ʽʤʧʫʣʴʩʦʤ, ʱʦ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʧʩʠʭʦʣʦʛʽʯ-

ʥʠʡ ʩʪʨʝʩ. ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʽ ʝʣʝʤʝʥʪ 

ʥʝʩʧʦʜʽʚʘʥʢʠ ʆʇʉ, ʥʘʚʽʪʴ ʧʨʠ ʛʦʪʦʚʥʦʩʪʽ ʝʢʽʧʘʞʫ 

ʩʧʨʠʡʥʷʪʠ ʩʠʛʥʘʣ ʥʝʙʝʟʧʝʢʠ. ʂʨʽʤ ʪʦʛʦ, ʩʪʨʝʩʦ-

ʚʠʡ ʩʪʘʥ ʤʦʞʝ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʷ ʥʘʷʚʥʽʩʪʶ ʫ ʦʧʝ-

ʨʘʪʦʨʘ ʜʝʷʢʠʭ ʚʥʫʪʨʽʰʥʽʭ ʩʪʝʨʝʦʪʠʧʽʚ: ʫʷʚʣʝʥʥʷ 

ʧʨʦ ʥʝʧʝʨʝʙʦʨʥʫ ʆʇʉ, ʪʨʫʜʥʦʱʽ ʚʠʢʦʥʘʥʥʷ ʩʚʦʛʦ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʟʘʚʜʘʥʥʷ ʽ ʨʫʡʥʫʚʘʥʥʷ ʦʧʝʨʘʪʦʨ-

ʩʴʢʦʛʦ ʩʪʝʨʝʦʪʠʧʫ ʧʘʨʠʨʫʚʘʥʥʷ ʆʇʉ, ʪʦʙʪʦ ʥʝʢʦʤ-

ʧʝʪʝʥʪʥʦʩʪʽ, ʚʠʢʣʠʢʘʥʦʾ ʆʇʉ. ɽʤʦʮʽʡʥʘ ʥʘʧʨʫʞʝ-

ʥʽʩʪʴ ʦʧʝʨʘʪʦʨʘ ʥʘ ʩʫʙ'ʻʢʪʠʚʥʽ ʜʽʾ ʟ ʧʘʨʠʨʫʚʘʥʥʷ 

ʆʇʉ ʧʦʛʨʦʞʫʻ ʞʠʪʪʶ ʪʘ ʟʜʦʨʦʚôʶ ʝʢʽʧʘʞʫ. ï 

ʅʘ ʰʠʨʦʢʦʬʶʟʝʣʷʞʥʠʭ ʇʉ ʽ ʇʉ ʩʝʨʝʜʥʴʦʾ ʤʘ-

ʛʽʩʪʨʘʣʴʥʦʾ ʧʨʦʪʷʞʥʦʩʪʽ ʧʦʣʴʦʪʫ ʦʩʥʦʚʥʝ ʥʘʚʘʥʪʘ-

ʞʝʥʥʷ ʧʨʠ ʧʘʨʠʨʫʚʘʥʥʽ ʆʇʉ, ʚʠʢʣʠʢʘʥʠʭ ʧʦʞʝ-

ʞʝʶ, ʧʦʢʣʘʜʝʥʝ ʥʘ ʙʦʨʪʽʥʞʝʥʝʨʘ. ʋʤʦʚʥʦ ʡʦʛʦ ʜʽʷ-

ʣʴʥʽʩʪʴ ʚ ʮʽʡ ʩʠʪʫʘʮʽʾ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʯʦʪʠʨʤʘ ʝʪʘʧʘʤʠ, ʱʦ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ, ʘ ʩʘʤʝ: 

ï ʬʦʨʤʫʚʘʥʥʷ ʯʫʪʪʻʚʦʛʦ ʦʙʨʘʟʫ ʥʘ ʦʩʥʦʚʽ ʽʥ-

ʬʦʨʤʘʮʽʾ, ʱʦ ʧʦʩʪʫʧʠʣʘ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʪʘʧʫ ʧʦ-

ʣʴʦʪʫ (ʜʝʬʽʮʠʪ ʯʘʩʫ, ʤʽʨʘ ʥʝʙʝʟʧʝʢʠ ʥʘ ʨʝʞʠʤʽ ʽ 

ʪ.ʜ.), ʱʦ ʦʮʽʥʶʻʪʴʩʷ ʯʘʩʦʤ tʬʯʦ; 

ï ʦʮʽʥʢʘ ʽ ʦʙʨʦʙʢʘ ʽʥʬʦʨʤʘʮʽʾ (ʬʦʨʤʫʚʘʥʥʷ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʦʙʨʘʟʫ ʜʽʷʣʴʥʦʩʪʽ), ʱʦ ʦʮʽʥʶʻʪʴʩʷ ʯʘ-

ʩʦʤ tʦʦʽ ; 

ï ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ (ʬʦʨʤʫʚʘʥʥʷ ʪʝʭʥʦʣʦ-

ʛʽʾ ʜʦʮʽʣʴʥʠʭ ʜʽʡ ʟʘ ʥʘʷʚʥʦʩʪʽ ʧʦʯʘʪʢʦʚʦʾ ʽʥʬʦʨʤʘ-

ʮʽʾ), ʱʦ ʦʮʽʥʶʻʪʴʩʷ ʯʘʩʦʤ ; 

ï ʚʣʘʩʥʝ ʦʧʝʨʘʪʦʨʩʴʢʘ ʜʽʷʣʴʥʽʩʪʴ ʟ ʚʠʭʽʜʥʠʤ 

ʝʬʝʢʪʦʤ ʨʫʭʦʚʦʛʦ ʘʧʘʨʘʪʫ ʪʘ ʤʦʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ 

ʦʮʽʥʶʻʪʴʩʷ ʯʘʩʦʤ  . 

ʇʨʠ ʮʴʦʤʫ ʥʘ ʪʨʝʪʴʦʤʫ ʝʪʘʧʽ ï ʝʪʘʧʽ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʥʷ ʜʽʾ ʦʧʝʨʘʪʦʨʘ ʤʦʞʫʪʴ ʙʫʪʠ ʨʽʟʥʽ: 

ï ʜʽʾ ʧʦ ʧʘʨʠʨʫʚʘʥʥʶ ʆʇʉ, ʱʦ ʚʢʘʟʘʥʽ ʚ 

ʈʃɽ; 

ï ʜʽʾ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʚʢʘʟʘʥʠʭ ʧʨʘʚʠʣ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʥʝʚʧʝʚʥʝʥʦʩʪʽ ʚ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʢʘʥʘʣʫ ʽʥ-

ʬʦʨʤʘʮʽʾ, ʦʙʣʽʢʫ ʨʽʚʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʩʪʘʥʫ ʇʉ 

ʥʘ ʤʦʤʝʥʪ ʆʇʉ, ʜʦʮʽʣʴʥʦʩʪʽ ʚʽʜʢʣʶʯʝʥʥʷ ʚ ʧʦʜʽʙ-

ʥʽʡ ʩʠʪʫʘʮʽʾ ʽ ʪ.ʜ. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʩʫʤʘʨʥʠʡ ʯʘʩ ʧʦ ʧʘʨʠʨʫ-

ʚʘʥʥʶ ʆʇʉ () ʻ ʩʫʤʦʶ ʩʢʣʘʜʦʚʠʭ : 

 

ʜʝ  ï ʽʥʝʨʮʽʡʥʽʩʪʴ (ʟʘʧʽʟʥʶʚʘʥʥʷ) ʩʠʩ-

ʪʝʤʠ ʧʦʞʝʞʥʦʛʦ ʟʘʭʠʩʪʫ (ʉʇɿ).  

ʏʘʩ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʽ, ʚʣʘʩʥʝ, ʦʧʝʨʘʪʦʨʩʴʢʘ 

ʜʽʷʣʴʥʽʩʪʴ, ʚʚʘʞʘʻʪʴʩʷ ʜʦʧʫʩʪʠʤʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʩʪʽʡʢʦʛʦ ʩʧʨʠʡʥʷʪʪʷ ʽ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ (ʚʠʭʦ-

ʜʷʯʠ ʟ ʩʝʨʝʜʥʴʦʩʪʘʪʠʩʪʠʯʥʦʾ ʢʘʨʪʠʥʠ ʚʠʢʦʥʘʥʥʷ 

ʦʧʝʨʘʮʽʡ ʝʢʽʧʘʞʦʤ ʚ ʆʇʉ), ʷʢʱʦ . 

ʇʨʦʚʝʜʝʤʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʚʽʜʤʦʚ ʚ ʩʠʩʪʝʤʽ 

"ɽʢʽʧʘʞ - ʩʠʩʪʝʤʘ ʧʦʞʝʞʥʦʛʦ ʟʘʭʠʩʪʫ" : 

ï ʚʽʜʤʦʚʠ ʦʧʝʨʘʪʦʨʘ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʚʽʜʤʦʚ 

ʉʇɿ; 

ï ʚʽʜʤʦʚʠ ʉʇɿ ("ʧʦʤʠʣʢʦʚʘ" ʪʨʠʚʦʛʘ), ʥʝʩʧʨʘ-

ʮʴʦʚʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʟʘ ʥʘʷʚʥʦʩʪʽ ʧʦʞʝʞʽ; 

ï ʟʘʣʝʞʥʽ ʚʽʜʤʦʚʠ ʦʧʝʨʘʪʦʨʘ ʚʽʜ ʢʦʤʘʥʜ ʉʇɿ; 

ï ʟʘʣʝʞʥʽ ʚʽʜʤʦʚʠ ʉʇɿ ʧʨʠ ʥʝʧʨʘʚʠʣʴʥʠʭ ʜʽʷʭ 

ʦʧʝʨʘʪʦʨʘ (ʥʝ ʧʝʨʝʢʨʠʪʪʷ ʧʦʞʝʞʥʦʛʦ ʢʨʘʥʫ ʧʨʠ ʚʠ-

ʢʦʨʠʩʪʘʥʥʽ ʟʘʩʦʙʽʚ ʧʦʞʝʞʦʛʘʩʽʥʥʷ ʪʘ ʽʥ.). 

ï ʚʽʜʤʦʚʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʡʤʦʚʽʨʥʽʩʪʴ ʧʘʨʠʨʫʚʘʥʥʷ ʚʽʜ-

ʤʦʚʠ ʩʠʩʪʝʤʠ "ɽʢʽʧʘʞ ï ʩʠʩʪʝʤʘ ʧʦʞʝʞʥʦʛʦ ʟʘʭʠ-

ʩʪʫ" ʧʨʠ ʧʘʨʠʨʫʚʘʥʥʽ ʝʢʽʧʘʞʦʤ ʆʇʉ ʪʠʧʫ "ʧʦ-

ʞʝʞʘ" ʚʠʨʘʞʘʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ: 
 

ʜʝ  

 ï ʡʤʦʚʽʨʥʦʩʪʽ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʚʽʜʧʦ-

ʚʽʜʥʦ ʦʧʝʨʘʪʦʨʘ, ʩʠʩʪʝʤʠ ʧʦʞʝʞʥʦʛʦ ʟʘʭʠʩʪʫ, ʧʘʨʠ-

ʨʫʚʘʥʥʷ ʟʘʣʝʞʥʠʭ ʚʽʜʤʦʚ ʦʧʝʨʘʪʦʨʘ, ʟʘʣʝʞʥʠʭ ʚʽʜ-

ʤʦʚ ʉʇɿ ʪʘ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ; 


