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ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʥʘʢʦʧʠʪʝʣʝʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ (ʅʕ) ʚ ʩʫʜʦʚʳʭ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʢʘʭ 

(ʉʕʕʋ). ʀʟ ʚʩʝʡ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʅʕ, ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʸʪʩʷ ʘʢʢʫʤʫʣʷʪʦʨʥʳʤ 

ʙʘʪʘʨʝʷʤ ʠ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʘʤ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʜʣʷ ʚʳʨʘʚʥʠʚʘʥʠʷ 

ʥʘʛʨʫʟʢʠ ʠ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʠ ʨʘʙʦʪʝ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩʫʜʦʚ ʩ ʨʝʟʢʦʧʝʨʝʤʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ. ʇʨʝʜʣʦʞʝʥ 

ʚʘʨʠʘʥʪ ʧʨʠʤʝʥʝʥʠʷ ʛʠʙʨʠʜʥʦʡ ʩʭʝʤʳ ʥʘʢʦʧʠʪʝʣʝʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, 

ʧʦʜʢʣʶʯʘʝʤʦʡ ʢ ʰʠʥʘʤ ɻʈʑ.  

Annotation. The possibilities of using electric energy storage devices (NE) in 

marine electric power plants (SEEU) are considered. Of the whole variety of NO, 

preference is given to rechargeable batteries and a supercapacitor, as the most 

suitable for load balancing and improving the quality of electricity when operating 

electric power systems of ships with a sharply variable load. A variant of the 
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application of a hybrid scheme of electric power storage devices connected to the 

GRSH buses is proposed.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʅʘʢʦʧʠʪʝʣʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʘʢʢʫʤʫʣʷʪʦʨʥʳʝ ʙʘʪʘʨʝʠ, 

ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʳ, ʛʠʙʨʠʜʥʳʝ ʩʠʩʪʝʤʳ, ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʘ. 

Keywords. Electric power storage, storage batteries, supercapacitors, hybrid 

systems, electric power plant. 

 

ɺʚʝʜʝʥʠʝ 

ʉʫʜʦʚʘʷ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘ ʷʚʣʷʝʪʩʷ ʪʦʡ ʦʙʣʘʩʪʴʶ, ʛʜʝ ʥʘʢʦʧʠʪʝʣʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʜʣʷ 

ʩʫʜʦʚʳʭ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʭʘʨʘʢʪʝʨʥʳʤʠ ʷʚʣʷʶʪʩʷ ʨʝʞʠʤʳ 

ʨʘʙʦʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʠʢʦʚʦʡ ʠ ʨʝʟʢʦ ʧʝʨʝʤʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ.  ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʜʦʧʫʩʪʠʤʳʤ ʢʦʣʝʙʘʥʠʷʤ ʠ ʧʨʦʚʘʣʘʤ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʰʠʥʘʭ ɻʈʑ, ʯʪʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʨʘʙʦʪʫ ʩʫʜʦʚʳʭ ʧʨʠʸʤʥʠʢʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, 

ʫʭʫʜʰʘʷ ʠʭ ʨʘʙʦʪʫ. 

ʈʝʞʠʤ ʧʠʢʦʚʳʭ ʥʘʛʨʫʟʦʢ ʦʙʳʯʥʦ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʨʘʟʛʨʫʟʦʯʥʦ-ʧʦʛʨʫʟʦʯʥʳʭ 

ʦʧʝʨʘʮʠʷʭ, ʚʳʧʦʣʥʷʝʤʳʭ ʩʚʦʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʥʘ ʩʫʜʘʭ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ 

(ʩʫʭʦʛʨʫʟʘʭ, ʢʦʥʪʝʡʥʝʨʦʚʦʟʘʭ, ʪʘʥʢʝʨʘʭ).  

ʈʝʞʠʤ ʩ ʨʝʟʢʦ ʧʝʨʝʤʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʨʘʙʦʪʝ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʩʦʠʟʤʝʨʠʤʦʡ ʩ ʩʫʜʦʚʳʤʠ ʛʝʥʝʨʘʪʦʨʘʤʠ ʤʦʱʥʦʩʪʴʶ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠ ʨʘʙʦʪʝ ʧʦʜʨʫʣʠʚʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚ ʤʦʤʝʥʪ ʰʚʘʨʪʦʚʢʠ ʩʫʜʥʘ.  

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʥʠʟʠʪʴ ʚʣʠʷʥʠʝ ʵʪʠʭ ʨʝʞʠʤʦʚ ʥʘ ʥʘʧʨʷʞʝʥʠʝ ʚ ʩʫʜʦʚʦʡ 

ʩʝʪʠ ʧʨʠʤʝʥʷʶʪ ʨʘʟʣʠʯʥʳʝ ʨʝʰʝʥʠʷ, ʥʘʧʨʠʤʝʨ: ʚʳʜʝʣʷʶʪ ʦʪʜʝʣʴʥʳʡ 

ʛʝʥʝʨʘʪʦʨ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʙʦʪʫ ʧʦʜʨʫʣʠʚʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʘ ʜʨʫʛʦʡ 

ʛʝʥʝʨʘʪʦʨ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʚ ʵʪʦ ʚʨʝʤʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ ʩʫʜʦʚʳʝ ʧʨʠʸʤʥʠʢʠ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʟʘʜʘʥʥʦʝ ʢʘʯʝʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʣʷ ʩʫʜʦʚʳʭ ʧʨʠʸʤʥʠʢʦʚ ʠʣʠ 

ʚʢʣʶʯʘʶʪ ʥʘ ʧʘʨʘʣʣʝʣʴʥʫʶ ʨʘʙʦʪʫ ʜʚʘ ʠʣʠ ʙʦʣʝʝ ʩʫʜʦʚʳʭ ʛʝʥʝʨʘʪʦʨʦʚ, ʜʣʷ 

ʫʚʝʣʠʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʩʫʜʦʚʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʨʘʩʭʦʜʫ ʪʦʧʣʠʚʘ, 

ʫʚʝʣʠʯʝʥʠʶ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʫ ʠ ʫʤʝʥʴʰʝʥʠʶ ʝʛʦ ʨʝʩʫʨʩʘ. 
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ʈʝʰʝʥʠʝʤ ʚʦʟʥʠʢʰʠʭ ʧʨʦʙʣʝʤ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʦ ʚ ʧʨʠʤʝʥʝʥʠʠ 

ʥʘʢʦʧʠʪʝʣʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʢʣʶʯʝʥʳ ʢ 

ʩʝʢʮʠʷʤ ɻʈʑ. 

ʇʨʠʤʝʥʝʥʠʝ ʥʘʢʦʧʠʪʝʣʝʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʉʕʕʋ 

ʅʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳ ʢ ʧʨʠʤʝʥʝʥʠʶ ʚ ʩʫʜʦʚʳʭ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤʘʭ ʜʚʘ ʚʠʜʘ ʥʘʢʦʧʠʪʝʣʝʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʕʪʦ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʳ ʠ 

ʘʢʢʫʤʫʣʷʪʦʨʥʳʝ ʙʘʪʘʨʝʠ. 

ʈʘʙʦʪʘ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʦʚ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʪʴ ʩʛʣʘʞʠʚʘʥʠʝ ʧʠʢʦʚʳʭ 

ʥʘʛʨʫʟʦʢ, ʘ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ ʩʚʝʜʝʥʠʝ ʢ ʤʠʥʠʤʫʤʫ ʢʦʣʝʙʘʥʠʷ 

ʥʘʧʨʷʞʝʥʠʷ. 

ʇʨʠ ʧʨʦʚʘʣʘʭ ʠ ʚʳʙʨʦʩʘʭ ʥʘʧʨʷʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʷʪʴ ʤʦʱʥʦʩʪʴ 

ʧʦʤʝʭʠ ʠ ʧʦ ʝʸ ʚʝʣʠʯʠʥʝ ʚʳʙʠʨʘʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʤʦʱʥʦʩʪʴ ʅʕ [1].   

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʚʠʜʦʤ ʅʕ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠ 

ʚʝʣʠʯʠʥʳ ʧʨʦʚʘʣʦʚ ʠ ʚʳʙʨʦʩʦʚ ʥʘʧʨʷʞʝʥʠʷ, ʷʚʣʷʶʪʩʷ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʳ. 

ʇʨʠʤʝʥʝʥʠʝ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʦʚ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʱʘʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʧʨʦʚʘʣʦʚ ʠ ʚʳʙʨʦʩʦʚ ʙʦʣʝʝ, ʯʝʤ ʥʘ 50% , ʘ ʚʝʣʠʯʠʥʫ ʧʨʦʚʘʣʦʚ ʠ ʚʳʙʨʦʩʦʚ - ʜʦ 

10%. ʄʝʩʪʦ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʛʦ ʚʢʣʶʯʝʥʠʷ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʦʚ ï ʰʠʥʳ ɻʈʑ.  

ʅʘ ʨʠʩʫʥʢʝ 1. ʧʦʢʘʟʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʘ ʧʨʠ 

ʧʦʜʢʣʶʯʝʥʠʠ ʝʛʦ ʢ ʩʫʜʦʚʦʡ ʩʝʪʠ ʜʣʷ ʩʛʣʘʞʠʚʘʥʠʷ ʧʠʢʦʚʳʭ ʥʘʛʨʫʟʦʢ ʙʝʟ 

ʧʨʠʤʝʥʝʥʠʷ ʥʘʢʦʧʠʪʝʣʝʡ ʵʥʝʨʛʠʠ ʠ ʩ ʠʭ ʧʨʠʤʝʥʝʥʠʝʤ. [2]  

 

ŭUʧ - ʚʝʣʠʯʠʥʘ ʧʨʦʚʘʣʘ ʥʘʧʨʷʞʝʥʠʷ; ȹtʧ - ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʚʘʣʘ ʥʘʧʨʷʞʝʥʠʷ; 

ŭUE - ʚʝʣʠʯʠʥʘ ʚʳʙʨʦʩʘ ʥʘʧʨʷʞʝʥʠʷ; ȹtE - ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʚʘʣʘ ʥʘʧʨʷʞʝʥʠʷ. 

ʈʠʩʫʥʦʢ 1 - ɺʳʙʨʦʩ ʠ ʧʨʦʚʘʣ ʥʘʧʨʷʞʝʥʠʷ 



ʄʅʇʂ çʊʈɸʅʉʇʆʈʊʅʓɽ ʉʀʉʊɽʄʓ: ɹɽɿʆʇɸʉʅʆʉʊʔ, ʅʆɺʓɽ ʊɽʍʅʆʃʆɻʀʀ, ʕʂʆʃʆɻʀʗè 

12 

 

ɼʣʷ ʩʛʣʘʞʠʚʘʥʠʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʛʨʘʬʠʢʘ ʥʘʛʨʫʟʢʠ, ʅʕ ʤʛʥʦʚʝʥʥʦ 

ʦʪʜʘʸʪ ʥʘʢʦʧʣʝʥʥʫʶ ʤʦʱʥʦʩʪʴ ʚ ʩʝʪʴ ʩʛʣʘʞʠʚʘʷ ʧʠʢʦʚʫʶ ʥʘʛʨʫʟʢʫ, ʘ ʚ 

ʧʝʨʠʦʜʳ, ʢʦʛʜʘ ʥʘʛʨʫʟʢʘ ʩʥʠʞʘʝʪʩʷ - ʥʘʢʘʧʣʠʚʘʝʪ ʠ ʭʨʘʥʠʪ ʵʥʝʨʛʠʶ.  

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥ ʛʨʘʬʠʢ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʅʕ 

ʠ ʩ ʠʭ ʧʨʠʤʝʥʝʥʠʝʤ. 
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ʈʠʩʫʥʦʢ 2 - ɻʨʘʬʠʢ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ 

 

ʇʨʠʤʝʥʝʥʠʝ ʅʕ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʳ ʚ ʵʥʝʨʛʦʩʠʩʪʝʤʘʭ, ʩʥʠʞʘʝʪ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚʦ ʚʨʘʱʘʶʱʝʤʩʷ ʨʝʟʝʨʚʝ. ʇʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʥʘʛʨʫʟʢʠ ʩʚʳʰʝ 

ʟʘʷʚʣʝʥʥʦʡ, ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʦʪʢʣʦʥʝʥʠʷ ʯʘʩʪʦʪʳ ʟʘ ʨʘʤʢʠ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ 

ʟʥʘʯʝʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʯʠʥʘʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʯʘʩʪʦʪʳ 

ʥʘʢʦʧʠʪʝʣʷʤʠ ʵʥʝʨʛʠʠ, ʩʧʦʩʦʙʥʳʤʠ ʙʳʩʪʨʝʝ ʠ ʪʦʯʥʝʝ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʢʦʤʘʥʜʳ 

ʩʠʩʪʝʤʥʦʛʦ ʦʧʝʨʘʪʦʨʘ, ʯʝʤ ʪʨʘʜʠʮʠʦʥʥʳʝ ʛʝʥʝʨʠʨʫʶʱʠʝ ʤʦʱʥʦʩʪʠ. ʄʦʱʥʦʩʪʴ 

ʠ ʵʥʝʨʛʦʸʤʢʦʩʪʴ ʥʘʢʦʧʠʪʝʣʷ ʜʦʣʞʥʘ ʙʳʪʴ ʚʳʙʨʘʥʘ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ 

ʧʦʜʜʝʨʞʘʥʠʷ ʚʳʜʘʯʠ ʤʦʱʥʦʩʪʠ ʥʘ ʚʨʝʤʷ ʦʪʢʣʦʥʝʥʠʷ ʯʘʩʪʦʪʳ. 

ʅʘʢʦʧʠʪʝʣʴ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʚʠʜʝ, ʥʘʧʨʠʤʝʨ, ɸɹ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʢʘʢ ʠʩʪʦʯʥʠʢ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʦʛʨʘʥʠʯʝʥʥʦʡ ʛʨʫʧʧʳ ʩʫʜʦʚʳʭ ʧʨʠʸʤʥʠʢʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ.  

 ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʢʦʧʠʪʝʣʝʡ ʵʥʝʨʛʠʠ ʜʣʷ 

ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʢʘʪʝʛʦʨʠʡ 

ʧʠʪʘʥʠʷ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. 
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ʈʠʩʫʥʦʢ 3 - ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʥʘʢʦʧʠʪʝʣʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

 

ɼʣʷ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʩʣʫʯʘʷ ʤʦʱʥʦʩʪʴ ʥʘʢʦʧʠʪʝʣʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʤʦʱʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ 

ʠʩʪʦʯʥʠʢʦʚ ʛʝʥʝʨʘʮʠʠ ʠ ʤʦʱʥʦʩʪʴʶ, ʥʝʦʙʭʦʜʠʤʦʡ ʧʦʪʨʝʙʠʪʝʣʷʤ ʚʦ ʚʨʝʤʷ 

ʦʪʢʣʶʯʝʥʠʷ ʦʩʥʦʚʥʦʛʦ (ʳʭ) ʠʩʪʦʯʥʠʢʘ (ʦʚ) ʵʥʝʨʛʠʠ. ɽʩʣʠ ʤʦʱʥʦʩʪʠ ʅʕ ʙʫʜʝʪ 

ʜʦʩʪʘʪʦʯʥʦ, ʪʦ ʦʥ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʧʠʪʘʥʠʝʤ ʚʩʝʭ ʧʦʪʨʝʙʠʪʝʣʝʡ. ɽʩʣʠ 

ʤʦʱʥʦʩʪʠ ʙʫʜʝʪ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʫʩʪʨʦʡʩʪʚʦ ʨʘʟʛʨʫʟʢʠ ʅʕ ʦʪʢʣʶʯʠʪ III 

ʢʘʪʝʛʦʨʠʶ ʠ ʥʘʢʦʧʠʪʝʣʴ ʵʥʝʨʛʠʠ ʙʫʜʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʠʪʘʥʠʝʤ ʧʦʪʨʝʙʠʪʝʣʝʡ I 

ʠ ʚʳʙʦʨʦʯʥʦ II ʢʘʪʝʛʦʨʠʠ. 

ʉʠʩʪʝʤʳ, ʚ ʨʘʙʦʪʝ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʝʩʢʦʣʴʢʦ 

ʥʘʢʦʧʠʪʝʣʝʡ ʵʥʝʨʛʠʠ ʥʦʩʷʪ ʥʘʟʚʘʥʠʝ ï ʛʠʙʨʠʜʥʳʤʠ.  

ʇʨʠʤʝʥʝʥʠʝ ʛʠʙʨʠʜʥʳʡ ʥʘʢʦʧʠʪʝʣʝʡ ʵʥʝʨʛʠʠ ʚ ʩʫʜʦʚʳʭ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʢʘʭ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ.   

 ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʦʙʲʝʜʠʥʝʥʥʦʤ ʠʥʩʪʠʪʫʪʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʩʦʟʜʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʛʠʙʨʠʜʥʘʷ ʫʩʪʘʥʦʚʢʘ, 

ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʨʘʙʦʪʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʫʜʦʚʳʭ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʢʘʯʝʩʪʚʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʙʝʩʧʝʨʝʙʦʡʥʦʩʪʠ ʧʠʪʘʥʠʷ ʩʫʜʦʚʳʭ ʧʨʠʸʤʥʠʢʦʚ ʚ ʧʠʢʦʚʳʭ ʠ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʩʫʜʦʚʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ [3]. 
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ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʉʕʕʋ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʣʦʞʝʥʘ ʙʣʦʢ ʩʭʝʤʘ ʛʠʙʨʠʜʥʦʡ 

ʫʩʪʘʥʦʚʢʠ, ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʩʫʜʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ 

ʨʠʩʫʥʢʝ 4. 

 

 
 

ʈʠʩʫʥʦʢ 4 - ɹʣʦʢ - ʩʭʝʤʘ ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʳ ʥʘʢʦʧʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, 

ʢʦʪʦʨʘʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʢ ʧʨʠʤʝʥʝʥʠʶ ʚ ʉʕʕʋ 

 

ɻʠʙʨʠʜʥʘʷ ʩʠʩʪʝʤʘ ʥʘʢʦʧʣʝʥʠʷ ʵʥʝʨʛʠʠ ʩʦʜʝʨʞʠʪ ʥʘʢʦʧʠʪʝʣʴ (1) ʠʟ 

ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ ʠ ʥʘʢʦʧʠʪʝʣʴ (2) ʠʟ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʦʚ. ʂʘʞʜʳʡ 

ʥʘʢʦʧʠʪʝʣʴ ʠ ʯʝʨʝʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ (3) ʠ ʩʦʛʣʘʩʫʶʱʠʡ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨ (4) ʧʦʜʢʣʶʯʝʥ ʢ ʚʭʦʜʫ ʤʦʜʫʣʷ (7) ʧʝʨʝʢʣʶʯʝʥʠʷ ʥʘ ʩʝʪʴ (5) ʠʣʠ 

ʥʘʛʨʫʟʢʫ (6). 

 ʂʘʞʜʳʡ ʠʟ ʤʦʜʫʣʝʡ (7) (ʨʠʩʫʥʦʢ 5) ʩʦʜʝʨʞʠʪ ʧʝʨʚʳʡ ʤʝʭʘʥʠʯʝʩʢʠʡ 

ʢʦʤʤʫʪʘʪʦʨ (8), ʧʝʨʚʳʡ ʵʣʝʢʪʨʦʥʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʡ ʢʦʤʤʫʪʘʪʦʨ (9), ʙʣʦʢ (10) 

ʬʠʣʴʪʨʫʶʱʠʭ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʠ ʜʝʤʧʬʠʨʫʶʱʠʡ ʫʟʝʣ (11).  
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ʈʠʩʫʥʦʢ 5 - ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʤʦʜʫʣʷ ʧʝʨʝʢʣʶʯʝʥʠʷ 

 

ʇʝʨʚʳʡ ʤʝʭʘʥʠʯʝʩʢʠʡ ʢʦʤʤʫʪʘʪʦʨ (8) ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢ 

ʥʘʛʨʫʟʢʝ (6). ʇʝʨʚʳʡ ʵʣʝʢʪʨʦʥʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʡ ʢʦʤʤʫʪʘʪʦʨ (9) ʧʨʝʜʥʘʟʥʘʯʝʥ 

ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʩʝʪʠ (5). ɹʣʦʢ (10) ʬʠʣʴʪʨʫʶʱʠʭ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʠ 

ʜʝʤʧʬʠʨʫʶʱʠʡ ʫʟʝʣ (11) ʚʢʣʶʯʝʥʳ ʥʘ ʚʭʦʜʝ ʤʦʜʫʣʷ (7) ʯʝʨʝʟ ʚʪʦʨʦʡ 

ʵʣʝʢʪʨʦʥʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʡ ʢʦʤʤʫʪʘʪʦʨ (12) ʠ ʚʪʦʨʦʡ ʤʝʭʘʥʠʯʝʩʢʠʡ ʢʦʤʤʫʪʘʪʦʨ 

(13) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʉʠʩʪʝʤʘ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺ ʨʝʞʠʤʝ ʘʚʪʦʥʦʤʥʦʡ ʨʘʙʦʪʳ ʥʘ 

ʥʘʛʨʫʟʢʫ (6) ʢʦʤʤʫʪʘʪʦʨ (12) ʢʘʞʜʦʛʦ ʤʦʜʫʣʷ (7) ʧʦʜʢʣʶʯʘʝʪ ʙʣʦʢ (10) ʯʝʨʝʟ 

ʩʦʛʣʘʩʫʶʱʠʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ (4) ʢ ʚʳʭʦʜʫ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ (3), ʘ ʚ ʨʝʞʠʤʝ 

ʨʘʙʦʪʳ ʥʘ ʩʝʪʴ (5) ʙʣʦʢ (10) ʦʪʢʣʶʯʘʝʪʩʷ ʢʦʤʤʫʪʘʪʦʨʦʤ (12) ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʘʚʪʦʥʦʤʥʦʤ ʨʝʞʠʤʝ ʯʝʨʝʟ 

ʬʠʣʴʪʨʫʶʱʠʝ ʢʦʥʜʝʥʩʘʪʦʨʳ ʙʣʦʢʘ (10) ʧʨʦʪʝʢʘʝʪ ʪʦʢ ʦʩʥʦʚʥʦʡ ʛʘʨʤʦʥʠʢʠ ʠ 

ʨʝʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ, ʩʦʟʜʘʚʘʝʤʘʷ ʵʪʠʤ ʪʦʢʦʤ, ʩʦʩʪʘʚʣʷʝʪ ʜʦ ʧʦʣʦʚʠʥʳ 

ʥʦʤʠʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʡ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ (3). ɽʤʢʦʩʪʠ 

ʬʠʣʴʪʨʫʶʱʠʭ ʢʦʥʜʝʥʩʘʪʦʨʦʚ, ʩʦʟʜʘʶʱʠʝ ʜʘʥʥʫʶ ʨʝʘʢʪʠʚʥʫʶ ʤʦʱʥʦʩʪʴ, 

ʚʳʙʨʘʥʳ ʠʩʭʦʜʷ ʠʟ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʫʣʴʩʘʮʠʡ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʧʨʠ ʟʘʜʘʥʥʳʭ ʧʫʣʴʩʘʮʠʷʭ ʪʦʢʘ ʬʠʣʴʪʨʫʶʱʝʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

(3). ʏʪʦʙʳ ʫʩʪʨʘʥʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ, ʚʳʟʚʘʥʥʳʝ ʵʪʠʤ ʨʝʘʢʪʠʚʥʳʤ 

ʪʦʢʦʤ ʚ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʥʘ ʩʝʪʴ, ʢʦʥʜʝʥʩʘʪʦʨʳ ʙʣʦʢʘ 10 ʦʪʢʣʶʯʘʶʪʩʷ. 

ʕʣʝʢʪʨʦʥʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʡ ʢʦʤʤʫʪʘʪʦʨ (12) ʧʦʟʚʦʣʷʝʪ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ 

ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʧʝʨʝʢʣʶʯʝʥʠʷ, ʩ ʜʨʫʛʦʡ - ʚʳʩʦʢʫʶ 
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ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʰʫʥʪʠʨʦʚʘʥʠʠ ʵʣʝʢʪʨʦʥʥʳʭ ʢʣʶʯʝʡ ʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʢʦʥʪʘʢʪʘʤʠ. 

ɼʣʷ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʚʳʙʨʦʩʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʧʨʠ ʤʛʥʦʚʝʥʥʦʤ 

ʦʪʢʣʶʯʝʥʠʠ ʩʝʪʠ ʠʣʠ ʦʙʨʳʚʝ ʚ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʥʘ ʩʝʪʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʟʝʣ (11), 

ʧʦʜʢʣʶʯʝʥʥʳʡ ʢ ʩʦʛʣʘʩʫʶʱʝʤʫ ʪʨʘʥʩʬʦʨʤʘʪʦʨʫ 4 ʯʝʨʝʟ ʚʪʦʨʦʡ ʤʝʭʘʥʠʯʝʩʢʠʡ 

ʢʦʤʤʫʪʘʪʦʨ (13) ʠ ʚʳʧʦʣʥʝʥʥʳʡ ʚ ʚʠʜʝ ʚʳʧʨʷʤʠʪʝʣʷ ʩ ʝʤʢʦʩʪʥʦʡ ʥʘʛʨʫʟʢʦʡ. 

ʇʨʠ ʨʝʟʢʦʤ ʚʦʟʨʘʩʪʘʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʝʤʢʦʩʪʴ ʥʘ ʚʳʭʦʜʝ ʚʳʧʨʷʤʠʪʝʣʷ 

ʟʘʨʷʞʘʝʪʩʷ ʟʘ ʩʯʝʪ ʵʥʝʨʛʠʠ ʚʳʙʨʦʩʘ. ʇʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʚʳʙʨʦʩʘ ʠ ʧʦʛʣʦʱʝʥʠʷ 

ʝʛʦ ʵʥʝʨʛʠʠ ʝʤʢʦʩʪʴ ʥʘ ʚʳʭʦʜʝ ʚʳʧʨʷʤʠʪʝʣʷ ʨʘʟʨʷʞʘʝʪʩʷ ʥʘ ʙʘʣʣʘʩʪʥʳʝ 

ʨʝʟʠʩʪʦʨʳ. 

ʐʫʥʪʠʨʦʚʘʥʠʝ ʨʝʟʠʩʪʦʨʘʤʠ (14) ʢʦʥʪʘʢʪʦʚ ʢʦʤʤʫʪʘʪʦʨʘ (13) ʥʝʦʙʭʦʜʠʤʦ 

ʜʣʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʚʢʣʶʯʝʥʠʷ ʧʨʠ ʨʘʟʨʷʞʝʥʥʳʭ ʝʤʢʦʩʪʷʭ ʥʘ ʚʳʭʦʜʝ 

ʚʳʧʨʷʤʠʪʝʣʷ ʙʣʦʢʘ (11). 

ʂʦʤʤʫʪʘʪʦʨ (9) ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʜʢʣʶʯʝʥʠʝ ʥʘʛʨʫʟʢʠ (6) ʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

(3) ʜʣʷ ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʘʙʦʪʳ ʥʘ ʩʝʪʴ (5). 

ɺʳʚʦʜʳ 

1. ʊʝʭʥʦʣʦʛʠʠ ʥʘʢʦʧʣʝʥʠʷ ʵʥʝʨʛʠʠ ʨʘʟʚʠʚʘʶʪʩʷ ʚʳʩʦʢʠʤʠ ʪʝʤʧʘʤʠ, 

ʥʘʢʦʧʠʪʝʣʠ ʵʥʝʨʛʠʠ ʥʘʭʦʜʷʪ ʚʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʘʢʪʠʢʝ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʨʝʞʠʤʘʤʠ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

 2. ʄʘʣʦʝ ʚʨʝʤʷ ʦʪʢʣʠʢʘ, ʟʥʘʯʠʪʝʣʴʥʳʝ ʚʝʣʠʯʠʥʳ ʤʦʱʥʦʩʪʠ ʠ 

ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʦʪʢʨʳʚʘʶʪ ʰʠʨʦʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ ʥʘʢʦʧʠʪʝʣʝʡ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʢʘʢ ʫʩʪʘʥʦʚʠʚʰʠʤʠʩʷ, ʪʘʢ ʠ ʧʝʨʝʭʦʜʥʳʤʠ ʨʝʞʠʤʘʤʠ ʚ ʩʫʜʦʚʳʭ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʢʘʭ. 

3. ʇʨʠʤʝʥʝʥʠʝ ʛʠʙʨʠʜʥʳʭ ʥʘʢʦʧʠʪʝʣʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʜʦʚʳʭ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʚʳʩʠʪʴ ʥʘʜʸʞʥʦʩʪʴ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʩʫʜʦʚʳʭ ʧʨʠʸʤʥʠʢʦʚ, ʢʘʯʝʩʪʚʦ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, 

ʩʥʠʟʠʪʴ ʧʦʪʨʝʙʣʝʥʠʝ ʪʦʧʣʠʚʘ ʠ ʫʤʝʥʴʰʠʪʴ ʚʨʝʜʥʳʝ ʚʳʙʨʦʩʳ ʚ ʘʪʤʦʩʬʝʨʫ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨ 
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ɸʥʥʦʪʘʮʠʷ. ʆʪʨʘʩʣʴ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʝʨʝʞʠʚʘʝʪ 

ʚʳʟʦʚ ʩʦ ʩʪʦʨʦʥʳ ʜʝʬʠʮʠʪʘ ʠʤʧʦʨʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʪʩʫʪʩʪʚʠʝ ʢʦʪʦʨʦʛʦ 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʦʩʪʨʦʡʢʝ ʥʦʚʳʭ ʩʫʜʦʚ, ʧʝʨʝʜ ʠʥʞʝʥʝʨʘʤʠ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ 

ʟʘʜʘʯʘ ʚ ʨʘʟʨʘʙʦʪʢʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʝʛʦ ʚ 

ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʬʣʦʪ. ɼʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʷʚʠʣʘʩʴ ʥʦʚʳʤ ʪʦʣʯʢʦʤ ʨʘʟʚʠʪʠʷ 

ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʩʫʜʦʩʪʨʦʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʦʪʨʘʩʣʴ ʩʪʨʝʤʠʪʩʷ ʩʜʝʣʘʪʴ ʚʝʩʴ ʮʠʢʣ 

ʩʙʦʨʢʠ ʩʫʜʦʚ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʘʭ, ʯʪʦ ʙʣʘʛʦʧʨʠʷʪʥʦ ʩʢʘʟʘʣʦʩʴ ʥʘ 

ʪʝʭʥʠʯʝʩʢʦʤ ʧʨʦʛʨʝʩʩʝ ʩʫʜʦʩʪʨʦʝʥʠʷ ʠ ʥʝ ʪʦʣʴʢʦ. 

Annotation. The water transport industry is currently experiencing a challenge 

from the shortage of imported equipment, the lack of which prevents the construction 

of new ships, the engineers were challenged to develop their own equipment to 

integrate it into the domestic fleet. This problem was a new impetus for the 

development of domestic shipbuilding, as the industry is striving to make the whole 

cycle of ship assembly on domestic components, which favourably affected the 

technical progress of shipbuilding and not only. 
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ɺʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪ ʷʚʣʷʝʪʩʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʈʌ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʤʫ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʦʩʪʘʚʢʘ ʧʨʘʢʪʠʯʝʩʢʠ 

ʚʩʝʭ ʚʠʜʦʚ ʛʨʫʟʦʚ ʠ ʧʘʩʩʘʞʠʨʦʚ ʢʘʢ ʧʦ ʚʥʫʪʨʝʥʥʠʤ ʚʦʜʥʳʤ ʧʫʪʷʤ ʈʦʩʩʠʡʩʢʦʡ 

ʬʝʜʝʨʘʮʠʠ, ʪʘʢ ʠ ʤʦʨʩʢʠʤ ʘʢʚʘʪʦʨʠʷʤ, ʧʦ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʠ 

ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʧʝʨʝʚʦʟʢʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʨʘʩʣʴ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ 

ʧʝʨʝʞʠʚʘʝʪ ʥʝʧʨʦʩʪʦʝ ʚʨʝʤʷ ʚ ʚʠʜʫ ʟʘʢʨʳʪʠʷ ʠʤʧʦʨʪʘ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʦʜʜʝʨʞʢʠ ʝʛʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʠʤʝʶʱʠʭʩʷ ʠ ʧʦʩʪʨʦʡʢʠ ʥʦʚʳʭ ʩʫʜʦʚ.   

ʇʨʦʙʣʝʤʘ ʩʪʘʣʘ ʩʪʠʤʫʣʦʤ ʚ ʨʘʟʚʠʪʠʠ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʩʫʜʦʩʪʨʦʝʥʠʷ, 

ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ, ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʥʝ ʪʦʣʴʢʦ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʫʜʘʝʪʩʷ 

ʨʝʰʘʪʴ ʩʣʦʞʥʳʝ ʟʘʜʘʯʠ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʝʪʩʷ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʨʘʙʦʪ ʧʦ ʨʘʟʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ, ʥʘʯʠʥʘʷ ʦʪ ʟʘʤʝʥʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ, ʟʘʢʘʥʯʠʚʘʷ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʝʤ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʧʦʩʪʨʦʡʢʦʡ ʥʦʚʳʭ 

ʪʠʧʦʚ ʩʫʜʦʚ. 

ʕʣʝʢʪʨʦʩʫʜʘ ï ʥʦʚʘʷ ʩʪʫʧʝʥʴ ʨʘʟʚʠʪʠʷ ʩʫʜʦʩʪʨʦʝʥʠʷ, ʚ ʢʘʯʝʩʪʚʝ ʩʠʣʦʚʦʡ 

ʫʩʪʘʥʦʚʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʥʝʩʢʦʣʴʢʦ 

ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʜʘʤʠ, ʠʩʧʦʣʴʟʫʶʱʠʤʠ ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʜʚʠʛʘʪʝʣʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʵʢʦʣʦʛʠʯʥʦʩʪʴ ʠ ʧʦʚʳʰʝʥʥʘʷ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ [1]. ɼʘʥʥʳʝ ʩʫʜʘ ʠʤʝʶʪ ʜʚʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʤʦʱʥʦʩʪʴʶ 

400 ʢɺʪ ʢʘʞʜʳʡ ʠ ʘʢʢʫʤʫʣʷʪʦʨʥʳʝ ʙʘʪʘʨʝʠ ʝʤʢʦʩʪʴʶ ʦʢʦʣʦ 1200 ʢɺʪ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ 8 ʯʘʩʦʚ ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʙʦʪʳ. ɼʣʷ ʧʦʩʪʨʦʡʢʠ ʪʘʢʦʛʦ ʩʫʜʥʘ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 2 ʪʠʧʘ ʤʘʪʝʨʠʘʣʦʚ: ʘʣʶʤʠʥʠʡ ʠ 

ʩʪʝʢʣʦʧʣʘʩʪʠʢ. ʉʪʝʢʣʦʧʣʘʩʪʠʢ ï ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʧʦʣʠʤʝʨʥʦ-ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ (ʇʂʄ), ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʧʨʠ ʧʦʩʪʨʦʡʢʝ ʤʘʣʦʤʝʨʥʳʭ, 

ʧʨʦʛʫʣʦʯʥʳʭ ʠ ʩʧʦʨʪʠʚʥʳʭ ʩʫʜʦʚ. 
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ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʈʝʛʠʩʪʨ ʧʦʟʚʦʣʷʝʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʠʟ ʇʂʄ ʩʣʝʜʫʶʱʠʝ 

ʚʠʜʳ ʦʙʦʨʫʜʦʚʘʥʠʷ: 

ï ʪʨʫʙʳ ʠ ʬʘʩʦʥʥʳʝ ʯʘʩʪʠ ʠʟ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʫʜʦʚʳʭ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ; 

ï ʧʘʥʝʣʠ ʠʟ ʪʨʫʜʥʦʛʦʨʶʯʝʛʦ ʇʂʄ ʜʣʷ ʚʥʫʪʨʝʥʥʝʡ ʦʪʜʝʣʢʠ ʩʫʜʦʚʳʭ 

ʧʦʤʝʱʝʥʠʡ; 

ï ʧʦʣʠʤʝʨʥʳʝ ʧʦʜʢʣʘʜʢʠ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʛʣʘʚʥʳʭ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ, ʩʫʜʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

ï ʇʂʄ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʡʜʚʫʜʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ʠ ʧʦʜʰʠʧʥʠʢʦʚ ʙʘʣʣʝʨʘ 

ʨʫʣʷ; 

ï ʛʨʝʙʥʳʝ ʚʘʣʳ (ʮʝʥʪʨʘʣʴʥʳʝ ʩʝʢʮʠʠ) ʠ ʤʫʬʪʳ ʠʟ ʇʂʄ; 

ï ʩʫʜʦʚʳʝ ʜʚʝʨʠ ʠ ʣʶʢʠ ʠʟ ʇʂʄ ʥʝʧʨʦʥʠʮʘʝʤʳʝ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʤʦʨʷ (ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʭ); 

ï ʧʝʨʝʭʦʜʥʳʝ ʤʦʩʪʠʢʠ ʠʟ ʇʂʄ ʜʣʷ ʥʝʬʪʝʥʘʣʠʚʥʳʭ ʩʫʜʦʚ; 

ï ʩʦʩʫʜʳ ʠʟ ʇʂʄ ʜʣʷ ʢʦʥʪʝʡʥʝʨʦʚ-ʮʠʩʪʝʨʥ; 

ï ʢʦʨʧʫʩʘ ʩʧʘʩʘʪʝʣʴʥʳʭ ʰʣʶʧʦʢ, ʢʦʨʧʫʩʘ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʩʫʜʦʚ, ʢʦʨʧʫʩʘ 

ʨʳʙʦʣʦʚʥʳʭ ʩʫʜʦʚ ʜʣʠʥʦʡ ʜʦ 24 ʤ; 

ï ʩʫʜʦʚʫʶ ʤʝʙʝʣʴ, ʦʪʜʝʣʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʠʟʜʝʣʠʷ, ʥʘʧʨʠʤʝʨ, ʨʘʤʳ 

ʠʣʣʶʤʠʥʘʪʦʨʦʚ, ʜʫʰʝʚʳʝ ʢʘʙʠʥʢʠ. 

ɻʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʇʂʄ ʧʝʨʝʜ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʵʪʦ 

ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ, ʣʝʛʢʦʩʪʴ, ʥʝʤʘʛʥʠʪʥʦʩʪʴ, ʭʦʨʦʰʘʷ ʤʦʜʠʬʠʢʘʮʠʷ 

ʤʘʪʝʨʠʘʣʘ, ʧʫʪʸʤ ʜʦʙʘʚʣʝʥʠʷ ʧʨʠʤʝʩʝʡ, ʘ ʪʘʢʞʝ ʜʝʰʝʚʠʟʥʘ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʅʦ ʪʝʤ ʥʝ ʤʝʥʝʝ ʜʘʥʥʳʡ ʚʠʜ ʤʘʪʝʨʠʘʣʦʚ ʚʩʝ ʞʝ ʫʩʪʫʧʘʝʪ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʩʪʘʣʠ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʝʪ ʦʧʨʝʜʝʣʸʥʥʳʝ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʩʪʦʨʦʥʳ, ʩʚʷʟʘʥʥʳʝ ʦʧʷʪʴ 

ʞʝ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʤʘʪʝʨʠʘʣʘ, ʥʘʧʨʠʤʝʨ: ʇʂʄ ʦʙʣʘʜʘʝʪ ʥʠʟʢʦʡ ʦʛʥʝʩʪʦʡʢʦʩʪʴʶ 

ʠ ʧʦʚʳʰʝʥʥʦʡ ʛʦʨʶʯʝʩʪʴʶ, ʚ ʦʩʥʦʚʥʦʤ ʇʂʄ ʦʪʣʠʯʥʦ ʧʦʜʭʦʜʠʪ ʪʘʤ, ʛʜʝ 

ʩʣʝʜʫʝʪ ʦʙʣʝʛʯʠʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʩʫʜʥʘ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʪʝʨʠʘʣʳ ʩ ʚʳʩʦʢʦʡ 

ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ. 
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ɺ ʈʦʩʩʠʠ ʨʘʟʨʘʙʦʪʢʦʡ ʠ ʧʦʩʪʨʦʡʢʦʡ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʛʠʙʨʠʜʥʳʭ ʩʫʜʦʚ 

ʟʘʥʠʤʘʝʪʩʷ ʢʦʤʧʘʥʠʷ SITRONICS group, ʥʘ ʚʝʨʬʠ Emperium ʚ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʝ, ʢʫʨʩʠʨʫʶʪ ʜʘʥʥʳʝ ʩʫʜʘ ʧʦ ʧʨʦʛʫʣʦʯʥʳʤ ʤʘʨʰʨʫʪʘʤ ʄʦʩʢʚʳ 

(ʈʠʩ.1). ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʧʫʱʝʥʦ ʥʘ ʚʦʜʫ 21 ʩʫʜʥʦ ʠ 23 ʧʣʘʚʫʯʠʭ ʧʨʠʯʘʣʘ ʩ 

ʟʘʨʷʜʥʳʤʠ ʩʪʘʥʮʠʷʤʠ. ʕʣʝʢʪʨʦʩʫʜʘ ʥʦʚʘʷ ʩʪʫʧʝʥʴ ʚ ʧʘʩʩʘʞʠʨʩʢʦʤ ʬʣʦʪʝ, 

ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ, ʥʦ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʤʝʶʱʠʤ 

ʦʧʨʝʜʝʣʸʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʚ ʦʪʥʦʰʝʥʠʠ ʧʨʦʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʫʜʥʘ ʚʦ ʣʴʜʫ, ʧʦʩʢʦʣʴʢʫ ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, çʉʠʥʠʯʢʘʤè ʧʦʢʘ ʪʷʞʝʣʦ ʧʨʝʦʜʦʣʝʪʴ ʜʘʥʥʫʶ ʧʨʝʛʨʘʜʫ, ʥʦ ʪʝʤ ʥʝ 

ʤʝʥʝʝ ʥʘʯʘʣʦ ʧʦʣʦʞʝʥʦ. 

 

ʈʠʩʫʥʦʢ 1 - ʂʘʪʘʤʘʨʘʥ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʧʘʩʩʘʞʠʨʦʚ çʕʢʦʚʦʣʴʪ 1.0è 

ʇʨʠ ʨʘʙʦʪʝ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʧʨʠ ʧʦʩʪʨʦʡʢʝ ʩʫʜʦʚ, ʪʨʝʙʫʝʪʩʷ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʩʠʣʠʡ ʠ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʦʝ ʪʨʝʙʫʝʪʩʷ ʢʘʢ ʥʘ ʧʨʦʢʘʪ, ʨʝʟʢʫ, 

ʩʚʘʨʢʫ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ, ʘ ʟʘʪʝʤ ʧʨʦʠʟʚʝʜʝʥʠʷ ʪʱʘʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ 

ʢʘʯʝʩʪʚʘ, ʜʣʷ ʧʨʦʭʦʞʜʝʥʠʷ ʜʝʪʘʣʠ ʚ ʩʣʝʜʫʶʱʫʶ ʩʪʘʜʠʶ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɿʜʝʩʴ ʧʦʷʚʣʷʝʪʩʷ ʠʥʥʦʚʘʮʠʷ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʨʦʠʪʴ ʪʘʥʢʝʨ ʢʣʘʩʩʘ 

AFRAMAX, ʚʩʝʛʦ ʟʘ 9 ʤʝʩʷʮʝʚ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʸʤ ʚʥʝʜʨʝʥʠʷ 

ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ: ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʨʝʟʯʠʢʠ ʤʝʪʘʣʣʘ, 

ʣʠʩʪʦʛʠʙʦʯʥʳʝ ʩʪʘʥʢʠ, ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʘʷ ʩʚʘʨʢʘ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. ɼʘʥʥʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʉʉʂ çɿʚʝʟʜʘè, ʨʘʩʧʦʣʘʛʘʶʱʠʡʩʷ ʚ ʛʦʨʦʜʝ ɹʦʣʴʰʦʡ 

ʂʘʤʝʥʴ, ʇʨʠʤʦʨʩʢʦʛʦ ʢʨʘʷ [2].  

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʝʨʬʠ: 
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ï ʮʝʭ ʢʦʨʧʫʩʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ ʥʦʚʝʡʰʠʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ: 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʤʠ ʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤʠ ʣʠʥʠʷʤʠ ʨʝʟʢʠ, ʩʚʘʨʢʠ ʠ ʦʢʨʘʩʢʠ ʤʝʪʘʣʣʘ 

ï ʪʷʞʸʣʳʡ ʩʪʘʧʝʣʴ ʠ ʜʦʩʪʨʦʝʯʥʘʷ ʥʘʙʝʨʝʞʥʘʷ 

ï ʮʝʭʘ ʩʙʦʨʢʠ ʠ ʥʘʩʳʱʝʥʠʷ ʢʦʨʧʫʩʘ ʩʫʜʥʘ 

ï ʜʚʘ ʧʦʜʲʸʤʥʳʭ ʢʦʟʣʦʚʳʭ ʢʨʘʥʘ çɻʦʣʠʘʬè (ʢʦʤʧʘʥʠʠ Konecranes) ʚʳʩʦʪʘ ï 

107 ʤʝʪʨʦʚ, ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ ï 1200 ʪʦʥʥ 

ï ʩʫʭʦʡ ʜʦʢ ʜʣʷ ʟʘʭʦʜʘ ʩʫʜʦʚ ʚʝʩʦʤ 300 ʪʳʩ. ʪʦʥʥ 

ʆʩʥʦʚʥʳʤ ʚʠʜʦʤ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʩʫʜʥʘ ʷʚʣʷʝʪʩʷ ʩʚʘʨʢʘ, 

ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʠʭ ʦʙʲʝʤʦʚ, ʪʨʝʙʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʚʘʨʱʠʢʦʚ ʠ ʚʨʝʤʝʥʠ. ʇʨʦʤʳʰʣʝʥʥʳʝ ʨʦʙʦʪʳ 

ʚʦʚʣʝʢʘʝʤʳʝ ʚ ʧʨʦʮʝʩʩ ʩʚʘʨʢʠ ʷʚʣʷʶʪʩʷ ʩʦʯʣʝʥʝʥʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, 

ʦʙʦʨʫʜʦʚʘʥʥʳʤʠ ʨʫʢʘʚʘʤʠ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʦʜʥʦʡ ʠʟ 

ʦʩʝʚʳʭ ʬʦʨʤ ʧʦʟʚʦʣʷʶʱʝʡ ʠʤ ʜʚʠʛʘʪʴʩʷ ʠ ʠʟʤʝʥʷʪʴ ʩʚʦʝ ʜʚʠʞʝʥʠʝ ʢʘʢ ʵʪʦ 

ʥʝʦʙʭʦʜʠʤʦ. ʈʦʙʦʪ, ʢʦʪʦʨʳʡ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʩʚʦʠʭ ʟʘʜʘʯ, 

ʦʟʥʘʯʘʝʪ ʯʪʦ ʦʥ ʨʘʙʦʪʘʝʪ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠ ʥʫʞʜʘʝʪʩʷ ʚ ʦʯʝʥʴ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʠ ʢʦʥʪʨʦʣʝ ʩʦ ʩʪʦʨʦʥʳ ʯʝʣʦʚʝʢʘ. 

ʅʘ ʪʦʤ ʞʝ ʩʘʤʦʤ ʧʨʠʥʮʠʧʝ ʠ ʦʩʥʦʚʘʥ ʩʪʘʥʦʢ ʨʝʟʢʠ ʣʠʩʪʦʚʦʛʦ ʤʝʪʘʣʣʘ, 

ʪʨʝʙʫʝʪʩʷ ʣʠʰʴ ʟʘʛʨʫʟʠʪʴ ʢʘʨʪʫ ʨʘʩʢʨʦʷ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʦʧʝʨʘʪʦʨʦʤ 

(ʈʠʩ.2). 

 

ʈʠʩʫʥʦʢ 2 - ʈʦʙʦʪʠʟʠʨʦʚʘʥʥʘʷ ʩʚʘʨʢʘ ʠ ʨʝʟʢʘ ʤʝʪʘʣʣʘ 

ɼʘʥʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʧʦʟʚʦʣʠʣʠ ʥʝ ʪʦʣʴʢʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʣʥʦʮʝʥʥʦʝ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʪʘʥʢʝʨʦʚ ʢʣʘʩʩʘ AFRAMAX, ʥʦ ʠ ʧʦʟʚʦʣʠʣʦ ʥʘʨʘʩʪʠʪʴ 
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23 

 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʤʦʱʥʦʩʪʠ, ʚʤʝʩʪʝ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʟʘʪʨʘʪ ʥʘ ʯʝʣʦʚʝʯʝʩʢʠʝ 

ʦʰʠʙʢʠ. ɸʥʘʣʦʛʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʈʦʩʩʠʠ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝʪ ʠ ʧʦ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʤʝʨʢʘʤ ʜʘʥʥʘʷ ʚʝʨʬʴ ʥʝ ʫʩʪʫʧʘʝʪ ʚʝʜʫʱʠʤ ʚʝʨʬʷʤ Samsung. 

ʈʦʙʦʪʠʟʘʮʠʷ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʟʘʥʷʣʠ ʦʙʰʠʨʥʫʶ ʥʠʰʫ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʙʣʘʛʦʜʘʨʷ ʝʡ ʜʦʩʪʠʛʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʡ ʫʨʦʚʝʥʴ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ 

ʵʢʦʥʦʤʠʢʝ ʩʪʨʘʥʳ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʜʘʚʥʦ ʧʨʦʥʠʢʣʘ ʚ ʪʨʘʥʩʧʦʨʪ, ʪʝʧʝʨʴ ʵʪʫ ʠʜʝʶ ʨʝʘʣʠʟʦʚʘʣʠ 

ʥʘ ʩʫʜʥʝ, ʩ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʚʣʠʷʥʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ 

ʟʘʛʨʷʟʥʝʥʠʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʥʘʜ ʯʝʤ IMO ʥʝʧʨʝʨʳʚʥʦ ʨʘʙʦʪʘʝʪ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʦʝʢʪʦʚ ʚ ʤʠʨʝ ʧʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʝʸ ʧʨʝʠʤʫʱʝʩʪʚʘ ʟʘʢʣʶʯʘʶʪʩʷ ʚ 

ʩʣʝʜʫʶʱʝʤ: 

ï ʦʧʪʠʤʠʟʘʮʠʷ ʤʘʥʝʚʨʦʚ 

ï ʩʥʠʞʝʥʠʝ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ 

ï ʤʦʥʠʪʦʨʠʥʛ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ï ʩʥʠʞʝʥʠʝ ʚʣʠʷʥʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ 

ï ʩʦʢʨʘʱʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʵʢʠʧʘʞʘ ʠ ʟʘʪʨʘʪ ʥʘ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʝ 

ɸʚʪʦʥʦʤʥʦʝ ʩʫʜʦʚʦʞʜʝʥʠʝ ʤʦʞʝʪ ʷʚʣʷʝʪʩʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʦʡ 

ʜʣʷ ʰʪʫʨʤʘʥʘ ʚ ʚʦʧʨʦʩʘʭ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ ʛʣʘʚʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ, ʨʝʢʦʤʝʥʜʘʮʠʡ ʢʘʩʘʝʤʦ ʤʘʨʰʨʫʪʘ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʘʣʴʥʦʤʝʨʥʳʭ ʩʠʩʪʝʤ ʧʨʠ ʤʘʥʝʚʨʘʭ. 

ʆʪʝʯʝʩʪʚʝʥʥʳʡ ʧʘʨʦʤ çɻʝʥʝʨʘʣ ʏʝʨʥʷʭʦʚʩʢʠʡè ʩʪʘʣ ʚʪʦʨʳʤ ʚ ʩʝʨʠʠ 

ʧʘʨʦʤʦʚ ʧʨʦʝʢʪʘ CNF19M, ʧʦʩʪʨʦʝʥʥʳʡ ʚ ʢʦʦʧʝʨʘʮʠʠ ʅʝʚʩʢʦʛʦ 

ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʦ-ʩʫʜʦʨʝʤʦʥʪʥʦʛʦ ʟʘʚʦʜʘ (ʚʭʦʜʠʪ ʚ ʆʉʂ) ʠ ʪʫʨʝʮʢʦʡ ʚʝʨʬʠ 

Kuzey Star Shipyard ʧʦ ʧʦʨʫʯʝʥʠʶ ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ [3]. 
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ʈʠʩʫʥʦʢ 3 - ʉʇɻ ʧʘʨʦʤ çɻʝʥʝʨʘʣ ʏʝʨʥʷʭʦʚʩʢʠʡè 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʨʦʤʦʚ ʧʨʦʝʢʪʘ CNF19M (ʨʠʩ.3): 

ʜʣʠʥʘ 199,9 ʤ 

ʰʠʨʠʥʘ 27,4 ʤ 

ʚʳʩʦʪʘ ʙʦʨʪʘ ʜʦ ʚʝʨʭʥʝʡ ʧʘʣʫʙʳ 14,7 ʤ 

ʦʩʘʜʢʘ 6 ʤ 

ʜʝʜʚʝʡʪ 11 ʪʳʩ. ʪ 

ʛʣʘʚʥʳʝ ʜʚʠʛʘʪʝʣʠ 2ʭ6000 ʢɺʪ 

ʪʦʧʣʠʚʦ - ʜʠʟʝʣʴʥʦʝ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ ʠ ʩʞʠʞʝʥʥʳʡ ʧʨʠʨʦʜʥʳʡ ʛʘʟ 

(ʉʇɻ) 

ʩʢʦʨʦʩʪʴ ʭʦʜʘ ʥʘ ʯʠʩʪʦʡ ʚʦʜʝ 16,5 ʫʟʣʦʚ 

ʣʝʜʦʚʳʡ ʢʣʘʩʩ Arc4 (ʚʦʟʤʦʞʥʦʩʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʧʣʘʚʘʥʠʷ ʚ ʦʜʥʦʣʝʪʥʠʭ 

ʣʴʜʘʭ ʪʦʣʱʠʥʦʡ ʜʦ 0,8 ʤ), 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʚʦʟʢʠ ʜʦ 80 ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʚʘʛʦʥʦʚ ʠ 78 ʝʜ. 

ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʪʝʭʥʠʢʠ, 

ʵʢʠʧʘʞ/ʧʘʩʩʘʞʠʨʳ - 24/12 ʯʝʣʦʚʝʢ. 

ʆʥ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʤʥʦʞʝʩʪʚʦ ʨʘʟʨʘʙʦʪʦʢ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʚʫʭʪʦʧʣʠʚʥʘʷ 

ʩʠʩʪʝʤʘ ʜʣʷ ʨʘʡʦʥʦʚ ʩ ʧʦʥʠʞʝʥʥʳʤ ʫʨʦʚʥʝʤ ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʫ, ʧʦʟʚʦʣʷʝʪ 

ʨʘʙʦʪʘʪʴ ʩʫʜʥʫ ʢʘʢ ʥʘ ɼʊ, ʪʘʢ ʠ ʥʘ ʉʇɻ, ʘ ʪʘʢʞʝ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʩʫʜʦʚʦʞʜʝʥʠʷ. 
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ʉʝʛʦʜʥʷ ʚʝʜʫʱʠʤʠ ʠʥʩʪʠʪʫʪʘʤʠ ʩʪʨʘʥʳ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʠ ʚʥʝʜʨʷʶʪʩʷ 

ʪʝʭʥʦʣʦʛʠʠ ʝïʅʘʚʠʛʘʮʠʠ ʠ ʘïʅʘʚʠʛʘʮʠʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ 

ʣʠʜʝʨʩʢʠʭ ʧʦʟʠʮʠʡ ʈʦʩʩʠʠ ʚ ʦʙʣʘʩʪʠ ʘʚʪʦʥʦʤʥʦʛʦ ʩʫʜʦʚʦʞʜʝʥʠʷ ʥʘ ʤʠʨʦʚʦʤ 

ʨʳʥʢʝ. 

ʇʦ ʦʮʝʥʢʘʤ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʦʩʥʦʚʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʘʚʪʦʥʦʤʥʦʩʪʠ ʩʫʜʥʘ 

ʜʣʷ ʧʝʨʝʚʦʟʦʢ ʛʨʫʟʦʚ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʥʘ ʝʛʦ ʙʦʨʪʫ ʵʢʠʧʘʞʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʠ ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʘʣʠʯʠʷ ʥʘ ʩʫʜʥʝ ʦʙʠʪʘʝʤʳʭ ʞʠʣʳʭ ʧʦʤʝʱʝʥʠʡ ʠ 

ʚʩʝʭ ʩʠʩʪʝʤ ʦʙʝʩʧʝʯʝʥʠʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʴʰʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʛʨʫʟʘ, ʘ ʪʘʢʞʝ ʵʢʦʥʦʤʠʪʴ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʠ ʪʦʧʣʠʚʦ. ɿʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʧʦʪʨʝʙʣʷʝʤʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʜʣʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʢʦʥʪʝʡʥʝʨʦʚʦʟʘ ʵʢʦʥʦʤʠʷ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 40% ʠʟïʟʘ 

ʩʦʢʨʘʱʝʥʠʷ ʵʥʝʨʛʦʟʘʪʨʘʪ ʥʘ ʦʪʦʧʣʝʥʠʝ, ʚʝʥʪʠʣʷʮʠʶ, ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʝ, 

ʧʨʘʯʝʯʥʫʶ ʠ ʢʘʤʙʫʟ [4], ʥʦ ʚʩʝ ʞʝ ʥʝ ʩʪʦʠʪ ʟʘʙʳʚʘʪʴ ʦ ʪʦʤ, ʯʪʦ ʵʣʝʢʪʨʦʥʠʢʘ 

ʪʘʢʞʝ ʤʦʞʝʪ ʜʘʪʴ ʩʙʦʠ, ʘ ʜʘʣʝʝ ʚʦʟʤʦʞʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʠʥʮʠʜʝʥʪʘ ʚ ʚʠʜʝ 

ʩʚʦʙʦʜʥʦ ʜʨʝʡʬʫʶʱʝʛʦ ʩʫʜʥʘ ʙʝʟ ʵʢʠʧʘʞʘ ʚ ʤʦʨʝ, ʯʪʦ ʥʝʩʝʪ ʙʦʣʴʰʫʶ 

ʦʧʘʩʥʦʩʪʴ ʯʝʤ ʩʫʜʥʦ ʩ ʵʢʠʧʘʞʝʤ, ʪʝʤ ʥʝ ʤʝʥʝʝ ʜʘʥʥʳʡ ʧʨʦʝʢʪ ʷʚʣʷʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʘʤʙʠʮʠʦʟʥʳʤ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʚ ʦʙʣʘʩʪʠ ʨʘʟʚʠʪʠʷ ʥʘʚʠʛʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ, ʩʠʩʪʝʤ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʥʦʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʨʝʘʣʠʟʫʝʪʩʷ ʬʝʜʝʨʘʣʴʥʳʡ ʧʨʦʝʢʪ çɸʚʪʦʥʦʤʥʦʝ ʩʫʜʦʚʦʞʜʝʥʠʝè ʚ ʨʘʤʢʘʭ 

ʚʭʦʜʷʱʝʡ ʚ ʩʦʩʪʘʚ ʠʥʠʮʠʘʪʠʚ ʩʦʮʠʘʣʴʥʦïɻ ʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʜʦ 2030 ʛʦʜʘ ʠʥʠʮʠʘʪʠʚʳ çʄʘʷʢʠ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡè. 

ʉʦʚʨʝʤʝʥʥʳʝ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʩʦʟʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʦʪʨʘʩʣʠ, ʧʫʪʸʤ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʩʫʜʦʚ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʚʳʧʦʣʥʷʪʴ ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʠ, ʘ ʪʘʢʞʝ ʧʦʷʚʣʝʥʠʝ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʩʫʜʥʘ 

ʠ ʵʢʠʧʘʞʘ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʷʭ 

ʧʝʨʝʚʦʟʦʢ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʮʝʧʦʯʝʢ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɸʥʥʦʪʘʮʠʷ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʘʩʩʠʚʘ 

ʜʘʥʥʳʭ ʦ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʪʦʚʘʨʦʜʚʠʞʝʥʠʠ ʠʩʧʦʣʴʟʫʷ ʥʘʮʠʦʥʘʣʴʥʫʶ ʩʝʪʴ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ. ʉʝʛʦʜʥʷ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʣʠʜʠʨʫʶʱʝʝ 

ʤʝʩʪʦ, ʢʘʢ ʠ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʚʘʜʮʘʪʴ ʣʝʪ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʧʝʨʝʚʝʟʝʥʥʳʭ ʛʨʫʟʦʚ 

ʟʘʥʠʤʘʝʪ ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ. ɼʣʷ ʛʦʩʫʜʘʨʩʪʚʘ ʦʥ ʷʚʣʷʝʪʩʷ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʚʘʞʥʳʤ ʚʠʜʦʤ ʪʨʘʥʩʧʦʨʪʘ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʫʣʫʯʰʠʪʴ 

ʝʛʦ ʦʙʝʩʧʝʯʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʚʥʝʜʨʝʥʠʷ ʥʘʮʠʦʥʘʣʴʥʦʡ ʩʝʪʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 
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ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʝʩʢʦʣʴʢʦ ʢʨʫʧʥʳʭ ʦʧʝʨʘʪʦʨʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʠʩʪʝʤ. ʉ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʣʥʦʮʝʥʥʦʛʦ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ ʦ 

ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʪʦʚʘʨʦʜʚʠʞʝʥʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʙʲʝʜʠʥʠʪʴ ʧʨʝʜʣʦʞʝʥʥʳʝ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʠʩʪʝʤʳ ʚ ʦʜʥʫ ʩʝʪʴ, ʩʬʦʨʤʠʨʦʚʘʪʴ ʢʦʤʧʣʝʢʩ 

ʧʦʢʘʟʘʪʝʣʝʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʚʣʠʷʪʴ ʥʘ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʚ ʩʬʝʨʝ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʧʝʨʝʚʦʟʦʢ ʛʨʫʟʦʚ. 

Annotation. The purpose of the study is to generate an array of data on 

international commodity movement using a national network of intelligent transport 

systems. Today, motor transport occupies a leading place in our country, as in the last 

twenty years, in terms of the number of transported goods. It is a strategically 

important mode of transport for the state, and therefore it is proposed to improve its 

provision through the introduction of a national network of intelligent transport 

systems. To date, several large operators of intelligent transport systems are 

represented in the Russian Federation. In order to ensure the formation of a full-

fledged array of data on international commodity movement, it is proposed to 

combine the proposed intelligent transport systems into one network, to form a set of 

indicators that allow influencing management decisions in the field of international 

road freight transportation. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʠʩʪʝʤʳ, 

ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʛʨʫʟʦʚʳʝ ʧʝʨʝʚʦʟʢʠ, ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ, ʤʘʩʩʠʚ 

ʜʘʥʥʳʭ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ. 

Keywords: intelligent transport systems, international cargo transportation, 

road transport, data set, statistical indicators. 

 

ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʟʘʜʘʯ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ ʈʦʩʩʠʠ ʷʚʣʷʝʪʩʷ 

ʦʙʝʩʧʝʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦ-

ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʪʨʘʥʳ ʧʫʪʝʤ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʫʩʣʫʛ ʚ ʦʙʣʘʩʪʠ ʧʝʨʝʚʦʟʢʠ ʚʥʝʰʥʝʪʦʨʛʦʚʳʭ ʛʨʫʟʦʚ. ʈʝʘʣʠʟʘʮʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ 

ʟʘʜʘʯʠ ʪʨʝʙʫʝʪ ʚʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʠ ʪʝʣʝʤʘʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ. ʋʯʠʪʳʚʘʷ ʥʘʢʦʧʣʝʥʥʳʡ 

ʚ ʩʪʨʘʥʝ ʦʧʳʪ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʨʘʟʨʦʟʥʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʥʘ 

ʪʨʘʥʩʧʦʨʪʝ, ʨʝʰʘʶʱʠʭ ʦʛʨʘʥʠʯʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʟʘʜʘʯʠ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʥʘʟʨʝʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʝʜʠʥʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʪʨʘʪʝʛʠʠ, 

ʦʧʨʝʜʝʣʷʶʱʝʡ ʧʨʘʚʠʣʘ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʢʘʢ ʯʘʩʪʝʡ ʝʜʠʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʦʙʲʝʜʠʥʷʶʱʝʛʦ ʜʝʷʪʝʣʴʥʦʩʪʴ ʰʠʨʦʢʦʛʦ ʧʝʨʝʯʥʷ ʬʝʜʝʨʘʣʴʥʳʭ 

ʦʨʛʘʥʦʚ ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʚʣʘʩʪʠ, ʘ ʪʘʢʞʝ ʦʨʛʘʥʦʚ ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʚʣʘʩʪʠ 
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ʩʫʙʲʝʢʪʦʚ ʬʝʜʝʨʘʮʠʠ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʣʦʢʘʣʴʥʳʝ ʠʣʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʦʛʨʘʥʠʯʝʥʥʳʝ ʚʝʜʦʤʩʪʚʝʥʥʳʝ ʩʠʩʪʝʤʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʝʛʤʝʥʪʦʚ ʪʨʘʥʩʧʦʨʪʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚ 

ʨʷʜʝ ʩʣʫʯʘʝʚ ʵʬʬʝʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʫʟʢʦʛʦ ʧʝʨʝʯʥʷ ʟʘʜʘʯ. ʇʨʠ ʵʪʦʤ ʦʪʩʫʪʩʪʚʠʝ 

ʝʜʠʥʳʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʨʘʟʚʠʪʠʷ ʘʥʘʣʦʛʠʯʥʳʭ ʩʠʩʪʝʤ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʠʥʪʝʛʨʘʮʠʠ ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʝʜʠʥʦʡ 

ʫʧʨʘʚʣʷʶʱʝʡ ʧʣʘʪʬʦʨʤʳ, ʚ ʢʦʪʦʨʦʡ ʧʨʠʥʮʠʧʳ ʫʧʨʘʚʣʝʥʠʷ ʚʳʭʦʜʷʪ ʥʘ ʥʦʚʳʡ 

ʢʘʯʝʩʪʚʝʥʥʳʡ ʫʨʦʚʝʥʴ ï ʧʨʦʛʥʦʟʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʪ.ʝ. ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʚʠʜʝʥʠʷ 

ʩʠʪʫʘʮʠʠ ʧʦ ʚʩʝʤ ʧʦʢʘʟʘʪʝʣʷʤ ʜʝʷʪʝʣʴʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ.  

ɺʳʜʝʣʷʷ ʦʩʥʦʚʥʳʝ ʢʨʠʪʝʨʠʠ ʦʪʙʦʨʘ ʜʘʥʥʳʭ ʠ ʦʙʦʟʥʘʯʘʷ ʠʭ ʚ ʨʘʤʢʘʭ 

ʢʘʢʦʡ-ʣʠʙʦ ʩʠʩʪʝʤʳ, ʤʳ ʬʦʨʤʠʨʫʝʤ ʥʝʦʙʭʦʜʠʤʳʡ ʠ ʟʥʘʯʠʤʳʡ 

ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʦʙʨʘʟʦʚʘʥʠʷ ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʦʙʦʛʘʱʝʥʠʷ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʪʦʚʘʨʦʧʦʪʦʢʘʭ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ ʥʘʮʠʦʥʘʣʴʥʦʡ ʩʝʪʠ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ (ʜʘʣʝʝ ï ʀʊʉ). 

ʈʝʛʠʦʥʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘʮʠʦʥʘʣʴʥʦʡ ʩʝʪʠ 

ʀʊʉ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝ ʪʦʣʴʢʦ ʩʨʝʜʩʪʚʘ ʩʙʦʨʘ ʜʘʥʥʳʭ ʦ ʧʝʨʝʚʦʟʢʝ 

(ʵʣʝʢʪʨʦʥʥʳʝ ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʧʣʦʤʙʳ, ʢʦʤʧʣʝʢʩ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʚʝʩʦʛʘʙʘʨʠʪʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʩʠʩʪʝʤʫ çʇʣʘʪʦʥè ʠ ʧʨʦʯʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ, 

ʨʘʩʧʦʣʘʛʘʶʱʠʝʩʷ ʚʜʦʣʴ ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ), ʥʦ ʠ ʫʨʦʚʝʥʴ ʧʦʜʩʠʩʪʝʤ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ ʦ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʪʦʚʘʨʦʧʦʪʦʢʝ ʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʜʦʨʦʛ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ. ʅʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ 

ʭʘʨʘʢʪʝʨʥʦ ʩʝʛʨʝʛʘʮʠʷ ʜʘʥʥʳʭ ʧʦ ʧʝʨʚʦʥʘʯʘʣʴʥʳʤ ʧʨʠʟʥʘʢʘʤ (ʯʝʨʝʟ ʝʜʠʥʫʶ 

ʩʝʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠʣʠ ʞʝ ʙʘʟʳ ʜʘʥʥʳʭ ï ʜʘʣʝʝ ɹɼ), ʥʘ ʯʝʤ ʚ ʧʦʩʣʝʜʩʪʚʠʠ 

ʙʫʜʝʪ ʩʬʦʨʤʠʨʦʚʘʥ ʩʣʝʜʫʶʱʠʡ ʫʨʦʚʝʥʴ.  
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ʈʠʩʫʥʦʢ 1 - ʈʝʛʠʦʥʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʥʘʮʠʦʥʘʣʴʥʦʡ ʩʝʪʠ ʀʊʉ 

ɺ ʫʨʦʚʝʥʴ ʧʦʜʩʠʩʪʝʤ ʚʢʣʶʯʘʝʪʩʷ: 

- ʧʦʜʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʧʦʪʦʢʘʤʠ; 

- ʧʦʜʩʠʩʪʝʤʘ ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ; 

- ʧʦʜʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʧʨʘʚʦʥʘʨʫʰʝʥʠʡ; 

- ʧʦʜʩʠʩʪʝʤʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʪʨʘʥʩʧʦʨʪʝ; 

- ʧʦʜʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʦʢʨʫʞʝʥʠʷ; 

- ʧʦʜʩʠʩʪʝʤʘ ʜʦʨʦʞʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʥʘʮʠʦʥʘʣʴʥʦʡ ʩʝʪʠ ʀʊʉ ʧʦ ʧʨʠʥʮʠʧʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʙʫʜʝʪ ʜʝʣʠʪʴʩʷ ʥʘ 

ʩʣʝʜʫʶʱʠʝ ʩʠʩʪʝʤʳ: 

- ʩʠʩʪʝʤʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ; 

- ʩʠʩʪʝʤʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʪʨʘʥʩʧʦʨʪʝ; 

- ʩʠʩʪʝʤʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 
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ɺ ʵʪʠ ʩʠʩʪʝʤʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʙʫʜʫʪ ʚʭʦʜʠʪʴ ʨʝʛʠʦʥʘʣʴʥʳʝ ʫʯʨʝʞʜʝʥʠʷ, 

ʬʦʨʤʠʨʫʶʱʠʝ ʧʦʜʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʨʘʥʝʝ ʧʦʜʝʣʝʥʳ ʯʝʨʝʟ ɹɼ ʧʦ ʦʩʥʦʚʥʳʤ 

ʧʨʠʟʥʘʢʘʤ. ʉʠʩʪʝʤʥʳʡ ʫʨʦʚʝʥʴ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʫʞʙʳ, ʛʝʥʝʨʠʨʫʶʱʠʝ 

ʦʩʥʦʚʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ ʚ ʄʠʥʪʨʘʥʩʝ, ʠ 

ʟʘʜʝʡʩʪʚʫʶʪʩʷ ʥʘ ʬʝʜʝʨʘʣʴʥʦʤ ʫʨʦʚʥʝ ʫʧʨʘʚʣʝʥʠʷ ʥʘʮʠʦʥʘʣʴʥʦʡ ʩʝʪʴʶ ʀʊʉ. 

 

 

 

ʈʠʩʫʥʦʢ 2 - ʌʝʜʝʨʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʥʘʮʠʦʥʘʣʴʥʦʡ ʩʝʪʠ ʀʊʉ 

ɼʘʣʝʝ ʥʘʭʦʜʠʪʩʷ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʩʝʪʠ, ʢ ʢʦʪʦʨʦʤʫ ʦʪʥʦʩʠʪʩʷ 

ʎʝʥʪʨʘʣʴʥʳʡ ʦʧʝʨʘʪʦʨ ʥʘʮʠʦʥʘʣʴʥʦʡ ʩʝʪʠ ʀʊʉ, ʢʦʪʦʨʦʝ ʚʳʧʦʣʥʷʝʪ ʦʩʥʦʚʥʳʝ 

ʬʫʥʢʮʠʠ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʠʩʪʝʤʳ ʠ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ 

ʥʝʦʙʭʦʜʠʤʳʤʠ ʩʚʝʜʝʥʠʷʤʠ ʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʧʝʨʝʚʦʟʦʢ. 

ʇʨʠ ʵʪʦʤ ʠʥʬʦʨʤʘʮʠʷ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʭʘʨʘʢʪʝʨʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚ 

ʦʪʢʨʳʪʳʭ ʨʝʩʫʨʩʘʭ, ʯʪʦ ʟʘʢʦʥʦʤʝʨʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʧʦʟʠʪʠʚʥʦʤ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʢʣʘʩʩʝ ʥʘʮʠʦʥʘʣʴʥʦʡ ʩʝʪʠ ʀʊʉ. ʀʤʝʝʪʩʷ ʚ ʚʠʜʫ, ʯʪʦ 

ʟʘʜʝʡʩʪʚʫʶʪʩʷ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʝ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ ʧʨʠʥʮʠʧʳ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʩʚʦʙʦʜʥʳʤ ʦʙʨʘʟʦʤ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʩʭʝʤʘ ʥʘʮʠʦʥʘʣʴʥʦʡ ʩʝʪʠ ʀʊʉ ʠʤʝʝʪ 

ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʧʦʟʚʦʣʷʶʱʫʶ ʯʝʪʢʦ ʦʪʩʣʝʜʠʪʴ ʜʚʠʞʝʥʠʝ 

ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʫʨʦʚʥʷ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʙʦʨʘ ʜʘʥʥʳʭ ʜʦ ʫʨʦʚʥʷ ʧʦʜʩʠʩʪʝʤ ʠ 

ʩʠʩʪʝʤ, ʠ ʜʘʣʝʝ ʜʦ ʫʨʦʚʥʷ, ʛʜʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʬʠʥʘʣʴʥʘʷ ʬʫʥʢʮʠʷ ʨʝʘʣʠʟʘʮʠʠ 

ʢʦʥʮʝʧʮʠʠ ʦ ʥʘʮʠʦʥʘʣʴʥʦʡ ʩʝʪʠ ʀʊʉ ï ʜʦʩʪʦʚʝʨʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩʚʝʜʝʥʠʷʤʠ 

ʚʩʝʭ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʣʠʮ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʜʘʥʥʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʦʙʤʝʥʝ. 
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ʆʩʪʘʥʦʚʠʤʩʷ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ 

ʬʦʨʤʠʨʫʶʪʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʠʩʪʝʤ, ʚʢʣʶʯʝʥʥʳʭ ʥʘʮʠʦʥʘʣʴʥʫʶ ʩʝʪʴ 

ʀʊʉ. 

ʄʘʩʩʠʚʳ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ, ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʙʫʜʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ 

ʧʦʩʨʝʜʩʪʚʦʤ ʥʘʮʠʦʥʘʣʴʥʦʡ ʩʝʪʠ ʀʊʉ, ʤʦʛʫʪ ʧʦʩʪʫʧʘʪʴ ʠʟ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

ʇʝʨʚʠʯʥʳʡ ʩʙʦʨ ʠʭ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʟʘ ʩʯʝʪ ʨʘʟʣʠʯʥʳʭ ʜʘʪʯʠʢʦʚ, 

ʚʢʣʶʯʝʥʥʳʭ ʚ ʩʠʩʪʝʤʳ, ʚʭʦʜʷʱʠʝ ʚ ʥʘʮʠʦʥʘʣʴʥʫʶ ʩʝʪʴ ʀʊʉ. ʇʨʠ ʵʪʦʤ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʬʦʨʤʘʪ ʜʘʥʥʳʭ ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ, ʪʦ ʝʩʪʴ ʙʫʜʫʪ 

ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʢʘʢ ʚʠʜʝʦ, ʬʦʪʦ, ʪʘʢ ʠ ʠʟʤʝʨʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʜʘʪʯʠʢʦʚ, 

ʦʪʦʙʨʘʞʘʝʤʳʝ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ɼʘʣʝʝ ʠʤʝʝʪ ʩʤʳʩʣ ʧʝʨʝʡʪʠ ʢ ʦʧʠʩʘʥʠʶ 

ʧʦʜʨʦʙʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʠ ʭʘʨʘʢʪʝʨʘ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʶ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘʮʠʦʥʘʣʴʥʦʡ ʩʝʪʠ ʀʊʉ ʠ 

ʧʨʠʥʮʠʧʘʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʦ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʪʦʚʘʨʦʧʦʪʦʢʝ ʚ ʵʪʦʡ ʩʝʪʠ 

(ʨʠʩʫʥʦʢ 3.). 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 3 - ɼʘʥʥʳʝ, ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʚ ʨʘʤʢʘʭ ʩʠʩʪʝʤ 

ʥʘʮʠʦʥʘʣʴʥʦʡ ʩʝʪʠ ʀʊʉ 

˿͙͔ͫͭͣ͊ 

͎ͭͪ͊ͤͫͨͦͪͭͤͦͦ 

͔͔ͦ͋ͫͨ;͔͙ͤΎ 

˿͙͔ͫͭͣ͊ 

 ͋ ͔͙ͦͨ͊ͫͤͦͫͭ͘ ͤ͊ 

͔ͭͪ͊ͤͫͨͦͪͭ 

˿͙͔ͫͭͣ͊ 

͍͎͔ͫͨͦͣͦ͊ͭ͡Έ͎ͤͦͦ 

͔͔ͦ͋ͫͨ;͔͙ͤΎ 

˸͔͔͙͔ͫͭͦͨͦͦ͗ͤ͡ ͔̇ͦͫͭͤͦͫͭ͡Έ 

ˤ͔ͫ ͎ͪͯ͊͘ 

ˤ͔͔͊͒͡͡ͼ ́˿ 

˸͊ͪ΄ͪͯͭ ́˿ 

˹͊ͪͯ΄͔͙ͤΎ 

̉ ˿

˭͎͔͊ͪͯ͗ͤͤͦͫͭΈ 
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ʕʣʝʢʪʨʦʥʥʳʝ ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʧʣʦʤʙʳ ʬʦʨʤʠʨʫʶʪ ʩʣʝʜʫʶʱʠʝ ʤʘʩʩʠʚʳ 

ʜʘʥʥʳʭ: ʮʝʣʦʩʪʥʦʩʪʴ ʛʨʫʟʘ ʠ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ ʢʦʥʪʝʡʥʝʨʘ ʩ ʛʨʫʟʦʤ. ʂʦʥʪʨʦʣʴ 

ʮʝʣʦʩʪʥʦʩʪʠ ʛʨʫʟʘ ʜʦʩʪʠʛʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʚʳʧʦʣʥʝʥʠʶ ʦʩʥʦʚʥʦʡ ʬʫʥʢʮʠʠ 

ʛʨʫʟʦʚʳʭ ʧʣʦʤʙ, ï ʘ ʠʤʝʥʥʦ ʟʘʱʠʪʥʫʶ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ 

ʩʦʭʨʘʥʷʪʴ ʚʝʩʴ ʧʦʪʝʥʮʠʘʣ ʧʣʦʤʙʳ, ʧʨʠ ʵʪʦʤ, ʧʦʣʫʯʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʩʣʝʞʠʚʘʪʴ 

ʤʘʨʰʨʫʪ ʩ ʧʦʤʦʱʴʶ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʨʝʜʩʪʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʨʤʠʨʫʝʪʩʷ 

ʤʘʩʩʠʚ ʜʘʥʥʳʭ, ʧʨʠʥʘʜʣʝʞʘʱʠʡ ʢ ʜʚʫʭ ʨʘʟʥʳʤ ʩʠʩʪʝʤʘʤ, ʢʦʪʦʨʳʝ ʠʭ ʙʫʜʫʪ 

ʦʙʨʘʙʘʪʳʚʘʪʴ. ʊʝʤ ʩʘʤʳʤ ʫʞʝ ʚʳʨʘʞʘʝʪʩʷ ʜʠʚʝʨʩʠʬʠʢʘʮʠʷ ʫʨʦʚʥʝʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʘʝʤʦʡ ʧʦʩʨʝʜʩʪʚʦʤ ʜʘʥʥʳʭ ʚʠʜʦʚ ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʳʭ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʣʝʢʪʨʦʥʥʳʝ ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʧʣʦʤʙʳ ʦʪʥʦʩʷʪʩʷ ʢ ʜʚʫʤ 

ʩʠʩʪʝʤʘʤ: ʢ ʩʠʩʪʝʤʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʪʨʘʥʩʧʦʨʪʝ ʠ ʩʠʩʪʝʤʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ. ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʦʥʠ ʥʦʩʷʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʙʝʟʦʧʘʩʥʳʡ 

ʭʘʨʘʢʪʝʨ. 

ʉʠʩʪʝʤʘ ɸɺɻʂ ʚ ʦʪʣʠʯʠʝ ʦʪ ʵʣʝʢʪʨʦʥʥʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʣʦʤʙ 

ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʤʘʩʩʠʚ ʜʘʥʥʳʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʪʠʚʦʙʦʨʩʪʚʦʤ ʩ 

ʥʝʟʘʢʦʥʥʳʤʠ ʧʝʨʝʚʦʟʢʘʤʠ. ɺ ʵʪʦʪ ʤʘʩʩʠʚ ʚʭʦʜʷʪ ʜʘʥʥʳʝ ʦ ʚʣʘʜʝʣʴʮʝ 

ʘʚʪʦʤʦʙʠʣʷ, ʬʠʢʩʠʨʫʝʤʳʝ ʩʠʩʪʝʤʦʡ ʢʘʤʝʨ çʀɿʆʉʂɸʅè, ʩʯʠʪʳʚʘʶʱʠʤʠ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʦʤʝʨ ʘʚʪʦʤʦʙʠʣʷ. ɼʘʥʥʳʝ ʦ ʚʝʩʝ ʘʚʪʦʤʦʙʠʣʷ 

ʧʨʦʩʤʘʪʨʠʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʉɼʂ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʧʨʦʩʯʠʪʘʪʴ 

ʚʝʩ ʛʨʫʟʘ (ʟʥʘʷ ʚʝʩ ʧʦʨʦʞʥʝʛʦ ʘʚʪʦʤʦʙʠʣʷ, ʠ ʚʝʩ ʘʚʪʦʤʦʙʠʣʷ ʩ ʛʨʫʟʦʤ, ʤʦʞʥʦ 

ʫʟʥʘʪʴ ʚʝʩ ʛʨʫʟʘ), ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʘʙʣʶʜʝʥʠʶ ʟʘ ʧʝʨʝʚʦʟʯʠʢʦʤ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʜʦʙʨʦʩʦʚʝʩʪʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʝʤʦʡ ʧʝʨʝʚʦʟʢʠ ï ʠʩʢʣʶʯʘʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʢʨʘʞʠ ʛʨʫʟʘ ʧʨʠ ʧʦʛʨʫʟʢʝ ʠʣʠ ʞʝ ʨʘʟʛʨʫʟʢʝ, ʧʦʪʦʤʫ ʯʪʦ ʚʝʩ, ʢʘʢ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʙʫʜʝʪ ʩʚʝʨʷʝʪʩʷ ʩ ʦʪʛʨʫʟʦʯʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ɸɺɻʂ. ɺʝʜʴ ʜʦʢʫʤʝʥʪʳ, ʥʘʧʨʠʤʝʨ, ʤʘʨʰʨʫʪʥʘʷ ʢʘʨʪʘ, 

ʚʢʣʶʯʝʥʥʘʷ ʚ ʩʠʩʪʝʤʫ çʇʣʘʪʦʥè, ʦ ʢʦʪʦʨʦʡ ʨʝʯʴ ʧʦʡʜʝʪ ʧʦʟʞʝ, ʪʘʢʞʝ ʠʤʝʝʪ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʚʝʩʘ ʧʝʨʝʚʦʟʠʤʦʛʦ ʛʨʫʟʘ. ɽʩʣʠ ʵʪʦ ʙʫʜʝʪ ʦʙʲʝʜʠʥʝʥʦ ʚ ʦʜʥʫ 

ʤʘʩʩʠʚʫ ʥʘʮʠʦʥʘʣʴʥʫʶ ʩʝʪʴ, ʪʦ ʫʨʦʚʝʥʴ ʪʘʢʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪ. ɸɺɻʂ ʠʤʝʝʪ ʚ ʩʝʙʝ ʚʩʝ ʦʩʥʦʚʳ ʧʦʜʜʝʨʞʘʥʠʷ 
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ʩʠʩʪʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʪʨʘʥʩʧʦʨʪʝ, ʧʦʵʪʦʤʫ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʦʪʥʦʩʠʪʩʷ ʢ 

ʥʝʡ. 

ʂʘʤʝʨʳ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʝʥʳ ʚʦ ʤʥʦʛʠʝ ʨʝʛʠʦʥʘʣʴʥʳʝ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʀʊʉ 

ʠ ʩʦʩʪʘʚʣʷʶʪ ʦʩʥʦʚʥʫʶ ʯʘʩʪʴ ʧʦʪʦʢʘ ʠʥʬʦʨʤʘʮʠʠ, ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʥʘ 

ʪʨʘʥʩʧʦʨʪʝ, ʠʩʧʦʣʴʟʫʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʪʘʢʞʝ 

ʩʦʜʝʨʞʘʪ ʚ ʩʝʙʝ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʜʘʥʥʳʭ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢ ʨʘʟʣʠʯʥʳʤ 

ʩʠʩʪʝʤʘʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ ʦ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʪʦʚʘʨʦʧʦʪʦʢʝ. ɺʦ-

ʧʝʨʚʳʭ, ʥʘ ʤʝʩʪʘʭ ʜʦʨʦʛ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ, ʛʜʝ ʫʩʪʘʥʦʚʣʝʥʳ ʪʘʢʠʝ ʢʘʤʝʨʳ, 

ʷʩʥʦ ʚʠʜʥʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʊʉ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʫʞʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢʘʤʝʨʳ ʢ 

ʩʠʩʪʝʤʘʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʪʦ ʝʩʪʴ, 

ʚʳʧʦʣʥʷʶʱʠʤʠ ʥʘʚʠʛʘʮʠʦʥʥʫʶ ʬʫʥʢʮʠʶ. ʊʘʢʞʝ ʢʘʤʝʨʳ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʧʦʣʫʯʝʥʠʶ ʠʥʬʦʨʤʘʮʠʠ ʦʙʝʩʧʝʯʠʪʝʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʚ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʤ 

ʨʝʞʠʤʝ, ʪʦ ʝʩʪʴ ʦʥʠ ʤʦʛʫ ʬʦʨʤʠʨʦʚʘʪʴ ʧʦʪʦʢʠ ʜʘʥʥʳʭ ʦʙ ʦʧʨʝʜʝʣʝʥʥʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʊʉ, ʜʚʠʞʫʱʠʭʩʷ ʧʦ ʢʘʢʦʤʫ-ʣʠʙʦ ʫʯʘʩʪʢʫ ʜʦʨʦʛʠ. ʇʦʤʠʤʦ ʵʪʦʛʦ, 

ʢʘʤʝʨʳ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʘʭ ʥʘʰʝʡ ʩʪʨʘʥʳ, ʤʦʛʫʪ 

ʩʦʟʜʘʚʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʢʘʨʪʠʥʫ ʦʙ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʷʭ, 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʥʘ ʜʦʨʦʛʘʭ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ, ʪʝʤ ʩʘʤʳʤ ʠʥʬʦʨʤʠʨʫʷ 

ʚʦʜʠʪʝʣʝʡ ʦʙ ʦʧʘʩʥʦʩʪʠ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ, ʨʘʟʫʤʝʝʪʩʷ, ʢʘʤʝʨʳ ʜʦʣʞʥʳ ʙʳʪʴ 

ʫʩʪʘʥʦʚʣʝʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʦʧʘʩʥʦʤ ʫʯʘʩʪʢʝ ʜʦʨʦʛʝ, ʢʦʪʦʨʳʡ ʨʘʥʝʝ ʙʳʣ 

ʟʘʤʝʯʝʥ ʠ ʦʙʨʘʙʦʪʘʥ.  

ʅʘʮʠʦʥʘʣʴʥʘʷ ʩʝʪʴ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ ʧʦʟʚʦʣʠʪ 

ʛʦʩʫʜʘʨʩʪʚʫ ʫʥʠʬʠʮʠʨʦʚʘʪʴ ʩʙʦʨ ʧʝʨʚʠʯʥʳʭ ʜʘʥʥʳʭ ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʦʤ 

ʪʨʘʥʩʧʦʨʪʝ, ʘ ʪʘʢʞʝ ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪʘ ʫʥʠʬʠʢʘʮʠʷ ʚ ʧʣʘʥʝ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ ʦ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʪʦʚʘʨʦʜʚʠʞʝʥʠʠ. ʇʨʠ ʵʪʦʤ, ʛʦʩʫʜʘʨʩʪʚʫ 

ʙʫʜʝʪ ʣʝʛʯʝ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʝʢʪʦʨ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʧʝʨʝʚʦʟʦʢ ʛʨʫʟʦʚ, ʧʨʠ 

ʦʙʲʝʜʠʥʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʬʠʩʢʘʣʴʥʦʛʦ ʠ ʧʨʝʚʝʥʪʠʚʥʦʛʦ ʧʣʘʥʘ, ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʩʢʘʞʝʪʩʷ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. 

ʇʨʠʥʮʠʧ, ʟʘʣʦʞʝʥʥʳʡ ʚ ʦʩʥʦʚʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʦ ʤʝʞʜʫʥʘʨʦʜʥʦʤ 

ʪʦʚʘʨʦʜʚʠʞʝʥʠʠ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʢʨʠʪʝʨʠʠ 
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ʧʝʨʚʠʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʘʥʩʧʦʨʪʥʦʡ ʧʝʨʝʚʦʟʢʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ 

ʧʦʩʣʝʜʫʶʱʝʤ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʢʦʤʧʣʝʢʩʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʟʘ ʩʯʝʪ ʯʝʛʦ 

ʨʦʞʜʘʝʪʩʷ ʚʳʰʝʦʧʠʩʘʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ, ʩʦʟʜʘʥʥʳʡ ʜʣʷ ʢʦʥʪʨʦʣʷ ʠ 

ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ɺ ʙʫʜʫʱʝʤ, ʦʙʲʝʜʠʥʠʚ ʦʩʥʦʚʥʳʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ 

ʩʠʩʪʝʤʳ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʵʪʦ ʧʦʤʦʞʝʪ ʫʣʫʯʰʠʪʴ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʜʦʨʦʛ, ʦʙʝʟʦʧʘʩʠʪʴ ʠʭ ʥʘʩʢʦʣʴʢʦ ʵʪʦ ʚʦʟʤʦʞʥʦ, ʘ ʪʘʢʞʝ 

ʫʢʨʝʧʠʪʴ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʦʪʥʦʰʝʥʠʷ ʯʝʨʝʟ ʩʪʠʤʫʣʷʮʠʶ ʚʥʝʰʥʝʡ ʪʦʨʛʦʚʣʠ 

ʠʩʢʣʶʯʠʪʝʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʛʨʫʟʦʚʳʭ ʧʝʨʝʚʦʟʦʢ ʘʚʪʦʤʦʙʠʣʴʥʳʤ 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʨʘʞʝʥʠʷ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʪʝʭʥʠʢʠ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʚʥʝʰʥʝʡ 

ʚʟʨʳʚʥʦʡ ʛʝʥʝʨʘʮʠʠ, ʠ ʜʦʩʪʘʚʢʝ ʤʦʱʥʦʛʦ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʠʤʧʫʣʴʩʘ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʢʦʨʧʫʩ ʩʫʜʥʘ ʚ ʤʦʨʩʢʦʡ ʚʦʜʝ. 

Annotation. Results of pilot studies of the defeat of radio-electronic systems of 

the equipment based on external explosive generation, and delivery of a powerful 

high-voltage impulse directly on a hull in sea water are presented. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʟʨʳʚʦʛʝʥʝʨʘʪʦʨ, ʧʴʝʟʦʛʝʥʝʨʘʪʦʨ, ʠʤʧʫʣʴʩ, ʛʝʥʝʨʘʪʦʨ 

ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 
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ʥʝʜʦʩʪʘʪʦʢ ï ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʩʪʘʙʠʣʴʥʦʩʪʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ (ʕʄ) ʠʟʣʫʯʝʥʠʷʤ ʚ ʦʯʝʥʴ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ. 

ɹʦʝʩʧʦʩʦʙʥʦʩʪʴ ʠ ʞʠʚʫʯʝʩʪʴ ʩʦʚʨʝʤʝʥʥʦʡ ʙʨʦʥʝʪʝʭʥʠʢʠ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ ʧʨʠ 

ʧʦʨʘʞʝʥʠʠ ʪʦʡ ʠʣʠ ʠʥʦʡ ʠʟ ʙʦʨʪʦʚʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪ [1, 2]. 

ʉʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠʟʜʝʣʠʡ ʦʢʘʟʳʚʘʶʪ 

ʠʤʧʫʣʴʩʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʥʘʚʝʜʝʥʥʳʝ ʥʘ ʧʨʦʪʷʞʝʥʥʳʭ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʣʠʥʠʷʭ, 

ʚ ʘʥʪʝʥʥʘʭ ʠ ʪ.ʜ., ʵʣʝʢʪʨʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʭ ʩ ʵʪʠʤʠ ʠʟʜʝʣʠʷʤʠ. ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʠʤʧʫʣʴʩʥʳʭ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʤʦʛʫʪ ʠʤʝʪʴ ʤʝʩʪʦ: ʧʨʦʙʦʠ ʨ-n 

ʧʝʨʝʭʦʜʦʚ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʠʙʦʨʘʭ ʠ ʨʘʩʧʣʘʚʣʝʥʠʝ ʠ ʦʙʨʳʚ 

ʪʦʢʦʚʝʜʫʱʠʭ ʜʦʨʦʞʝʢ, ʤʝʩʪ ʧʘʡʢʠ (ʩʚʘʨʢʠ) ʧʨʦʚʦʜʦʚ ʠʟ-ʟʘ 

ʪʝʨʤʦʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ. 

ʅʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʢ ʪʘʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʷʚʣʷʶʪʩʷ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʧʨʠʙʦʨʳ ʠ ʠʥʪʝʛʨʘʣʴʥʳʝ ʤʠʢʨʦʩʭʝʤʳ. ʆʩʥʦʚʥʳʝ ʦʪʢʘʟʳ 

ʵʪʠʭ ʠʟʜʝʣʠʡ ʩʚʷʟʘʥʳ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ (ʚʣʠʷʶʱʠʤʠ ʥʘ ʚʝʣʠʯʠʥʫ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʦʢʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʧʨʠʙʦʨʦʚ) ʠ ʪʝʧʣʦʚʳʤʠ (ʦʧʨʝʜʝʣʷʶʱʠʤʠ 

ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʩʪʨʫʢʪʫʨʳ ʧʨʠʙʦʨʦʚ) ʧʨʦʮʝʩʩʘʤʠ. 

ʆʩʥʦʚʥʦʡ ʠʜʝʝʡ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʢ ʈʕɹ ʙʳʣʘ ʜʦʩʪʘʚʢʘ ʤʦʱʥʦʛʦ ʠʤʧʫʣʴʩʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʈʏʕʄʀ) 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʙʣʠʞʝ ʢ ʧʦʨʘʞʘʝʤʦʤʫ ʦʙʲʝʢʪʫ ʩʧʝʮʠʘʣʴʥʳʤ ʙʦʝʧʨʠʧʘʩʦʤ, 

ʧʨʠ ʧʦʜʨʳʚʝ ʢʦʪʦʨʦʛʦ, ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʚʟʨʳʚʘ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚ ʵʥʝʨʛʠʶ 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʈʏʕʄʀ-ʩʧʝʢʪʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʰʘʣʘʩʴ ʟʘʜʘʯʘ ʜʘʣʴʥʦʩʪʠ 

ʧʦʨʘʞʝʥʠʷ ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʠ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʥʘ ʧʨʦʙʦʡ ʚʦʟʜʫʭʘ [3-6]. 

ʄʠʨʦʚʳʝ ʦʢʝʘʥʳ ʠ ʤʦʨʷ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʞʠʟʥʠ ʥʘ ɿʝʤʣʝ, ʠ 

ʦʥʠ ʧʦʢʨʳʚʘʶʪ ʙʦʣʝʝ 70% ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʥʝʪʳ. ʆʜʥʘʢʦ ʥʝ ʚʩʝ ʤʦʨʷ 

ʦʜʠʥʘʢʦʚʳ ï ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʙʦʣʝʝ ʩʦʣʝʥʳʝ, ʯʝʤ ʜʨʫʛʠʝ. ʌʘʢʪʠʯʝʩʢʠ, 

ʩʦʣʝʥʦʩʪʴ ʤʦʨʷ ʤʦʞʝʪ ʰʠʨʦʢʦ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʝʩʢʦʣʴʢʠʭ 

ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʢʦʨʦʩʪʴ ʠʩʧʘʨʝʥʠʷ, ʨʝʯʥʦʡ ʩʪʦʢ ʠ ʦʢʝʘʥʩʢʠʝ ʪʝʯʝʥʠʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʘʤʳʝ ʩʦʣʝʥʳʝ ʤʦʨʷ ʚ ʤʠʨʝ ʠ ʬʘʢʪʦʨʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʩʪʦʣʴ 

ʚʳʩʦʢʦʤʫ ʫʨʦʚʥʶ ʩʦʣʝʥʦʩʪʠ. ʉʦʣʝʥʦʩʪʴ ʤʦʨʩʢʦʡ ʚʦʜʳ ʦʧʨʝʜʝʣʷʝʪʩʷ 
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ʢʦʣʠʯʝʩʪʚʦʤ ʨʘʩʪʚʦʨʝʥʥʳʭ ʚ ʥʝʡ ʩʦʣʝʡ ʠʣʠ ʜʨʫʛʠʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʝʪʦʜʦʤ ʠʟʤʝʨʝʥʠʷ ʩʦʣʝʥʦʩʪʠ 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʜʫʢʪʦʤʝʪʨʘ, ʢʦʪʦʨʳʡ ʠʟʤʝʨʷʶʪ ʵʣʝʢʪʨʠʯʝʩʢʫʶ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʤʦʨʩʢʦʡ ʚʦʜʳ, ʦʥʘ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʝʝ ʩʦʣʝʥʦʩʪʠ. 

ʉʦʣʝʥʘʷ ʚʦʜʘ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ ʧʨʦʚʦʜʥʠʢʦʤ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʧʦʩʢʦʣʴʢʫ 

ʨʘʩʪʚʦʨʝʥʥʳʝ ʚ ʥʝʡ ʩʦʣʠ ʠ ʜʨʫʛʠʝ ʠʦʥʳ ʥʝʩʫʪ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʟʘʨʷʜʳ. ʏʝʤ 

ʙʦʣʴʰʝ ʩʦʣʝʡ ʠ ʠʦʥʦʚ ʚ ʚʦʜʝ, ʪʝʤ ʚʳʰʝ ʝʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʩʦʣʝʥʦʩʪʴ. 

ʂʨʘʩʥʦʝ ʤʦʨʝ ï ʵʪʦ ʩʦʣʝʥʳʡ ʚʦʜʦʝʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʤʝʞʜʫ ʘʬʨʠʢʘʥʩʢʠʤ 

ʢʦʥʪʠʥʝʥʪʦʤ ʥʘ ʟʘʧʘʜʝ ʠ ɸʨʘʚʠʡʩʢʠʤ ʧʦʣʫʦʩʪʨʦʚʦʤ ʥʘ ʚʦʩʪʦʢʝ. ʉʦʣʝʥʦʩʪʴ 

ʂʨʘʩʥʦʛʦ ʤʦʨʷ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 40%, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʩʦʣʝʥʳʭ 

ʤʦʨʝʡ ʚ ʤʠʨʝ. ʅʘ ʚʳʩʦʢʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʩʦʣʠ ʚʣʠʷʝʪ ʥʝʩʢʦʣʴʢʦ ʬʘʢʪʦʨʦʚ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʪʝʧʣʳʡ ʠ ʟʘʩʫʰʣʠʚʳʡ ʢʣʠʤʘʪ, ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʠʩʧʘʨʝʥʠʷ ʠ 

ʦʛʨʘʥʠʯʝʥʥʳʡ ʧʨʠʪʦʢ ʧʨʝʩʥʦʡ ʚʦʜʳ ʠʟ ʨʝʢ, ʚʧʘʜʘʶʱʠʭ ʚ ʤʦʨʝ. 

ʇʝʨʩʠʜʩʢʠʡ ʟʘʣʠʚ ï ʤʦʨʩʢʦʡ ʚʦʜʦʝʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ɿʘʧʘʜʥʦʡ ɸʟʠʠ, 

ʛʨʘʥʠʯʘʱʠʡ ʩ ʀʨʘʥʦʤ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʠ ɸʨʘʚʠʡʩʢʠʤ ʧʦʣʫʦʩʪʨʦʚʦʤ ʥʘ ʶʛʦ-

ʟʘʧʘʜʝ.  

ʉʦʣʝʥʦʩʪʴ ʇʝʨʩʠʜʩʢʦʛʦ ʟʘʣʠʚʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 40%, ʯʪʦ ʥʝʤʥʦʛʦ 

ʤʝʥʴʰʝ, ʯʝʤ ʚ ʄʝʨʪʚʦʤ ʤʦʨʝ, ʥʦ ʚʩʝ ʞʝ ʥʘʤʥʦʛʦ ʚʳʰʝ, ʯʝʤ ʚ ʦʢʨʫʞʘʶʱʠʭ 

ʦʢʝʘʥʘʭ. ɺʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʠ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʩʢʦʣʴʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʟʘʩʫʰʣʠʚʳʤ ʢʣʠʤʘʪʦʤ, ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʠʩʧʘʨʝʥʠʷ ʠ 

ʦʛʨʘʥʠʯʝʥʥʳʤ ʧʨʠʪʦʢʦʤ ʧʨʝʩʥʦʡ ʚʦʜʳ. ɿʘʣʠʚ ʧʠʪʘʶʪ ʥʝʩʢʦʣʴʢʦ ʨʝʢ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʊʠʛʨ ʠ ɽʚʬʨʘʪ, ʥʦ ʵʪʠ ʨʝʢʠ ʧʨʠʥʦʩʷʪ ʚ ʤʦʨʝ ʣʠʰʴ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʝʩʥʦʡ ʚʦʜʳ. 

ʉʨʝʜʠʟʝʤʥʦʝ ʤʦʨʝ ï ʙʦʣʴʰʦʡ ʤʦʨʩʢʦʡ ʚʦʜʦʝʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʤʝʞʜʫ 

ɽʚʨʦʧʦʡ ʠ ɸʬʨʠʢʦʡ, ʩ ɸʟʠʝʡ ʥʘ ʚʦʩʪʦʢʝ. ʉʦʣʝʥʦʩʪʴ ʉʨʝʜʠʟʝʤʥʦʛʦ ʤʦʨʷ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 38%, ʯʪʦ ʚʳʰʝ, ʯʝʤ ʫ ʦʢʨʫʞʘʶʱʠʭ ʦʢʝʘʥʦʚ, ʥʦ ʥʠʞʝ, ʯʝʤ ʫ 

ʥʝʢʦʪʦʨʳʭ ʛʠʧʝʨʩʦʣʝʥʳʭ ʤʦʨʝʡ ʚ ʵʪʦʤ ʩʧʠʩʢʝ. ɺʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʠ ʚ 

ʤʦʨʝ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʩʢʦʣʴʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʝʧʣʳʤ ʠ ʟʘʩʫʰʣʠʚʳʤ 

ʢʣʠʤʘʪʦʤ, ʦʛʨʘʥʠʯʝʥʥʳʤ ʧʨʠʪʦʢʦʤ ʧʨʝʩʥʦʡ ʚʦʜʳ ʠ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ 
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ʠʩʧʘʨʝʥʠʷ. ʉʨʝʜʠʟʝʤʥʦʝ ʤʦʨʝ ʧʠʪʘʶʪ ʥʝʩʢʦʣʴʢʦ ʨʝʢ, ʚ ʪʦʤ ʯʠʩʣʝ ʅʠʣ, ʈʦʥʘ ʠ 

ʇʦ, ʥʦ ʵʪʠ ʨʝʢʠ ʚʥʦʩʷʪ ʚ ʤʦʨʝ ʣʠʰʴ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʝʩʥʦʡ ʚʦʜʳ. 

ʄʝʢʩʠʢʘʥʩʢʠʡ ʟʘʣʠʚ ï ʙʦʣʴʰʦʡ ʤʦʨʩʢʦʡ ʚʦʜʦʝʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʶʛʦ-

ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʠ, ʛʨʘʥʠʯʘʱʠʡ ʩ ʉʐɸ ʥʘ ʩʝʚʝʨʝ ʠ ʟʘʧʘʜʝ, 

ʄʝʢʩʠʢʦʡ ʥʘ ʶʛʝ ʠ ʂʫʙʦʡ ʥʘ ʶʛʦ-ʚʦʩʪʦʢʝ.  

ʉʦʣʝʥʦʩʪʴ ʄʝʢʩʠʢʘʥʩʢʦʛʦ ʟʘʣʠʚʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 36,6 %, ʯʪʦ ʘʥʘʣʦʛʠʯʥʦ 

ʩʦʣʝʥʦʩʪʠ ʇʝʨʩʠʜʩʢʦʛʦ ʟʘʣʠʚʘ. ʅʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʩʦʣʠ ʚ ʤʦʨʝ ʚʣʠʷʝʪ ʥʝʩʢʦʣʴʢʦ 

ʬʘʢʪʦʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʝʧʣʳʡ ʠ ʚʣʘʞʥʳʡ ʢʣʠʤʘʪ, ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʠʩʧʘʨʝʥʠʷ 

ʠ ʦʛʨʘʥʠʯʝʥʥʳʡ ʧʨʠʪʦʢ ʧʨʝʩʥʦʡ ʚʦʜʳ ʠʟ ʨʝʢ, ʚʧʘʜʘʶʱʠʭ ʚ ʤʦʨʝ. 

ɸʨʘʚʠʡʩʢʦʝ ʤʦʨʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʀʥʜʠʡʩʢʦʛʦ ʦʢʝʘʥʘ, 

ʛʨʘʥʠʯʘʱʝʡ ʩ ɸʨʘʚʠʡʩʢʠʤ ʧʦʣʫʦʩʪʨʦʚʦʤ ʥʘ ʟʘʧʘʜʝ, ʀʨʘʥʦʤ ʠ ʇʘʢʠʩʪʘʥʦʤ ʥʘ 

ʩʝʚʝʨʝ ʠ ʀʥʜʠʝʡ ʥʘ ʚʦʩʪʦʢʝ. ʉʦʣʝʥʦʩʪʴ ɸʨʘʚʠʡʩʢʦʛʦ ʤʦʨʷ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 

35,5%, ʯʪʦ ʘʥʘʣʦʛʠʯʥʦ ʩʦʣʝʥʦʩʪʠ ʄʝʢʩʠʢʘʥʩʢʦʛʦ ʟʘʣʠʚʘ. ʅʘ ʚʳʩʦʢʫʶ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʩʦʣʠ ʚ ʤʦʨʝ ʚʣʠʷʝʪ ʥʝʩʢʦʣʴʢʦ ʬʘʢʪʦʨʦʚ, ʛʣʘʚʥʳʡ ʠʟ ʢʦʪʦʨʳʭ ï

ʦʛʨʘʥʠʯʝʥʥʳʡ ʧʨʠʪʦʢ ʧʨʝʩʥʦʡ ʚʦʜʳ ʠʟ ʨʝʢ, ʚʧʘʜʘʶʱʠʭ ʚ ʤʦʨʝ. 

ʄʝʨʪʚʦʝ ʤʦʨʝ ï ʦʜʥʦ ʠʟ ʩʘʤʳʭ ʠʟʚʝʩʪʥʳʭ ʩʦʣʝʥʳʭ ʚʦʜʦʝʤʦʚ ʥʘ ʟʝʤʣʝ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʤʝʞʜʫ ʀʦʨʜʘʥʠʝʡ ʥʘ ʚʦʩʪʦʢʝ ʠ ʀʟʨʘʠʣʝʤ ʥʘ ʟʘʧʘʜʝ. ʕʪʦ 

ʛʠʧʝʨʩʦʣʝʥʦʝ ʦʟʝʨʦ, ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʠ ʚ ʥʝʤ ʥʘʤʥʦʛʦ ʚʳʰʝ, 

ʯʝʤ ʚ ʦʢʨʫʞʘʶʱʠʭ ʦʢʝʘʥʘʭ. ʌʘʢʪʠʯʝʩʢʠ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʠ ʚ ʥʝʤ ʥʘʩʪʦʣʴʢʦ 

ʚʳʩʦʢʘ, ʯʪʦ ʦʥ ʟʘʩʣʫʞʠʣ ʪʠʪʫʣ ʩʘʤʦʛʦ ʩʦʣʝʥʦʛʦ ʚʦʜʦʝʤʘ ʥʘ ʟʝʤʣʝ ʩ ʫʨʦʚʥʝʤ 

ʩʦʣʝʥʦʩʪʠ ʦʢʦʣʦ 34%. 

ʖʞʥʳʡ ʦʢʝʘʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʣʝʥʳʡ ʚʦʜʦʝʤ, ʢʦʪʦʨʳʡ ʦʢʨʫʞʘʝʪ 

ɸʥʪʘʨʢʪʠʜʫ ʠ ʧʨʦʩʪʠʨʘʝʪʩʷ ʥʘ ʩʝʚʝʨ ʜʦ 60-ʡ ʧʘʨʘʣʣʝʣʠ ʶʞʥʦʡ ʰʠʨʦʪʳ. 

ʖʞʥʳʡ ʦʢʝʘʥ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʩʦʣʝʥʳʭ ʤʦʨʝʡ ʚ ʤʠʨʝ ʩʦ ʩʨʝʜʥʝʡ 

ʩʦʣʝʥʦʩʪʴʶ ʦʢʦʣʦ 34%. ʕʪʘ ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʩʚʷʟʘʥʘ ʩ ʧʨʦʮʝʩʩʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʪʘʷʥʠʷ ʤʦʨʩʢʦʛʦ ʣʴʜʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʦʙʨʘʟʫʝʪʩʷ ʧʣʦʪʥʘʷ ʩʦʣʝʥʘʷ ʚʦʜʘ, ʢʦʪʦʨʘʷ ʦʧʫʩʢʘʝʪʩʷ ʥʘ ʜʥʦ ʦʢʝʘʥʘ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʚʩʝʤʫ ʨʝʛʠʦʥʫ. 
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ʄʦʨʝ ʋʵʜʜʝʣʣʘ ï ʯʘʩʪʴ ʖʞʥʦʛʦ ʦʢʝʘʥʘ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʫ ʙʝʨʝʛʦʚ 

ɸʥʪʘʨʢʪʠʜʳ. ʄʦʨʝ ʋʵʜʜʝʣʣʘ ʦʢʨʫʞʝʥʦ ɸʥʪʘʨʢʪʠʯʝʩʢʠʤ ʧʦʣʫʦʩʪʨʦʚʦʤ, 

ʦʩʪʨʦʚʘʤʠ ʜʫʛʠ ʉʢʦʪʠʷ ʠ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʝʡ ɿʝʤʣʠ ʂʦʫʪʩʘ. ʕʪʦ ʦʜʥʦ ʠʟ ʩʘʤʳʭ 

ʩʦʣʝʥʳʭ ʤʦʨʝʡ ʚ ʤʠʨʝ ʩʦ ʩʨʝʜʥʝʡ ʩʦʣʝʥʦʩʪʴʶ ʦʢʦʣʦ 34,3 ʯʘʩʪʝʡ ʥʘ ʪʳʩʷʯʫ. 

ɺʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʝʡ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʚʷʟʘʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠ 

ʪʘʷʥʠʝʤ ʤʦʨʩʢʦʛʦ ʣʴʜʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʳʙʨʦʩʫ ʧʣʦʪʥʦʡ ʩʦʣʝʥʦʡ ʚʦʜʳ. 

ʉʝʚʝʨʥʳʡ ʃʝʜʦʚʠʪʳʡ ʦʢʝʘʥ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʩʦʣʝʥʳʭ ʤʦʨʝʡ ʚ 

ʤʠʨʝ ʩʦ ʩʨʝʜʥʝʡ ʩʦʣʝʥʦʩʪʴʶ ʦʢʦʣʦ 34,9 ʯʘʩʪʝʡ ʥʘ ʪʳʩʷʯʫ. ɺʳʩʦʢʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʝʡ ʦʙʫʩʣʦʚʣʝʥʘ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʟʘʤʝʨʟʘʥʠʝʤ ʠ ʪʘʷʥʠʝʤ 

ʤʦʨʩʢʦʛʦ ʣʴʜʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʳʙʨʦʩʫ ʧʣʦʪʥʦʡ ʩʦʣʝʥʦʡ ʚʦʜʳ. ʇʦʩʣʝʜʥʷʷ 

ʦʧʫʩʢʘʝʪʩʷ ʥʠʞʝ ʠ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʚ ʚʦʜʘʭ. 

ɹʝʥʛʘʣʴʩʢʠʡ ʟʘʣʠʚ ï ʙʦʣʴʰʦʡ ʚʦʜʦʝʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ 

ʯʘʩʪʠ ʀʥʜʠʡʩʢʦʛʦ ʦʢʝʘʥʘ, ʛʨʘʥʠʯʘʱʠʡ ʩ ʀʥʜʠʝʡ ʥʘ ʟʘʧʘʜʝ, ɹʘʥʛʣʘʜʝʰ ʥʘ 

ʩʝʚʝʨʝ ʠ ʄʴʷʥʤʦʡ ʥʘ ʚʦʩʪʦʢʝ. ʉʨʝʜʥʷʷ ʩʦʣʝʥʦʩʪʴ ɹʝʥʛʘʣʴʩʢʦʛʦ ʟʘʣʠʚʘ 

ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 33 ʯʘʩʪʠ ʥʘ ʪʳʩʷʯʫ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʤʝʥʝʝ ʩʦʣʝʥʳʤ, ʯʝʤ 

ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʤʦʨʷ ʚ ʵʪʦʤ ʩʧʠʩʢʝ. ʄʝʥʴʰʘʷ ʩʦʣʝʥʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʙʦʣɹh ʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʚʧʘʜʘʶʱʠʭ ʚ ʟʘʣʠʚ ʨʝʢ, ʥʝʩʫʱʠʭ ʧʨʝʩʥʫʶ ʚʦʜʫ ʩ ʦʢʨʝʩʪʥʳʭ 

ʟʝʤʝʣʴ. 

ʏʝʨʥʦʝ ʤʦʨʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ɽʚʨʦʧʝ. ʉʨʝʜʥʷʷ ʩʦʣʝʥʦʩʪʴ 

ʏʝʨʥʦʛʦ ʤʦʨʷ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 18 ʯʘʩʪʝʡ ʥʘ ʪʳʩʷʯʫ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʦʜʥʠʤ 

ʠʟ ʥʘʠʤʝʥʝʝ ʩʦʣʝʥʳʭ ʤʦʨʝʡ ʚ ʵʪʦʤ ʩʧʠʩʢʝ. ɹʦʣʝʝ ʥʠʟʢʘʷ ʩʦʣʝʥʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ 

ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʝʩʥʦʡ ʚʦʜʳ, ʧʦʩʪʫʧʘʶʱʝʡ ʚ ʤʦʨʝ ʠʟ ʥʝʩʢʦʣʴʢʠʭ 

ʢʨʫʧʥʳʭ ʨʝʢ, ʚʢʣʶʯʘʷ ɼʫʥʘʡ, ɼʥʝʧʨ ʠ ɼʦʥ. 

ʂʘʩʧʠʡʩʢʦʝ ʤʦʨʝ ï ʚʦʜʦʝʤ ʤʝʞʜʫ ʀʨʘʥʦʤ ʠ ʈʦʩʩʠʝʡ, ʛʨʘʥʠʯʘʱʠʡ ʩ 

ɸʟʝʨʙʘʡʜʞʘʥʦʤ, ʂʘʟʘʭʩʪʘʥʦʤ ʠ ʊʫʨʢʤʝʥʠʩʪʘʥʦʤ. ʂʘʩʧʠʡʩʢʦʝ ʤʦʨʝ ʠʤʝʝʪ 

ʩʨʝʜʥʶʶ ʩʦʣʝʥʦʩʪʴ ʧʨʠʤʝʨʥʦ 12-13 ʯʘʩʪʝʡ ʥʘ ʪʳʩʷʯʫ. ɹʦʣʝʝ ʥʠʟʢʘʷ ʩʦʣʝʥʦʩʪʴ 

ʦʙʫʩʣʦʚʣʝʥʘ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʝʩʥʦʡ ʚʦʜʳ, ʧʦʩʪʫʧʘʶʱʝʡ ʚ ʤʦʨʝ ʠʟ 

ʥʝʩʢʦʣʴʢʠʭ ʢʨʫʧʥʳʭ ʨʝʢ, ʚ ʪʦʤ ʯʠʩʣʝ ɺʦʣʛʠ, ʋʨʘʣʘ ʠ ʂʫʨʳ. 
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ɹʘʣʪʠʡʩʢʦʝ ʤʦʨʝ ï ʵʪʦ ʩʦʣʦʥʦʚʘʪʳʡ ʚʦʜʦʝʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʉʝʚʝʨʥʦʡ 

ɽʚʨʦʧʝ, ʛʨʘʥʠʯʘʱʠʡ ʩʦ ʐʚʝʮʠʝʡ, ʌʠʥʣʷʥʜʠʝʡ, ʈʦʩʩʠʝʡ, ʕʩʪʦʥʠʝʡ, ʃʘʪʚʠʝʡ, 

ʃʠʪʚʦʡ, ʇʦʣʴʰʝʡ ʠ ɻʝʨʤʘʥʠʝʡ. ʇʦʢʘʟʘʪʝʣʴ ʩʦʣʝʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 10-15 ʯʘʩʪʝʡ 

ʥʘ ʪʳʩʷʯʫ. ʇʨʠʯʠʥʘ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʝʩʥʦʡ ʚʦʜʳ, ʧʦʩʪʫʧʘʶʱʝʡ ʚ 

ʤʦʨʝ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʢʨʫʧʥʳʭ ʨʝʢ, ʚʢʣʶʯʘʷ ɺʠʩʣʫ, ʆʜʝʨ ʠ ʅʝʚʫ.  

ɸʟʦʚʩʢʦʝ ʤʦʨʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʙʦʣʴʰʦʡ ʚʦʜʦʝʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ 

ʤʝʞʜʫ ʋʢʨʘʠʥʦʡ ʥʘ ʩʝʚʝʨʝ ʠ ʈʦʩʩʠʝʡ ʥʘ ʚʦʩʪʦʢʝ ʠ ʶʛʝ. ɸʟʦʚʩʢʦʝ ʤʦʨʝ ʠʤʝʝʪ 

ʩʨʝʜʥʶʶ ʩʦʣʝʥʦʩʪʴ ʧʨʠʤʝʨʥʦ 10-11 ʯʘʩʪʝʡ ʥʘ ʪʳʩʷʯʫ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʝʩʥʦʡ ʚʦʜʳ, ʧʦʩʪʫʧʘʶʱʝʡ ʠʟ ʢʨʫʧʥʳʭ ʨʝʢ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠʟ ɼʦʥʘ ʠ ʂʫʙʘʥʠ. 

ɻʫʜʟʦʥʦʚ ʟʘʣʠʚ ï ʙʦʣʴʰʦʡ ʚʦʜʦʝʤ ʩ ʩʦʣʝʥʦʡ ʚʦʜʦʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ 

ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʂʘʥʘʜʳ, ʦʢʨʫʞʝʥʥʳʡ ʧʨʦʚʠʥʮʠʷʤʠ ʆʥʪʘʨʠʦ, ʂʚʝʙʝʢ, ʄʘʥʠʪʦʙʘ 

ʠ ʅʫʥʘʚʫʪ.  

ʉʦʣʝʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 3 %, ʯʪʦ ʥʝʤʥʦʛʦ ʥʠʞʝ ʩʨʝʜʥʝʡ ʩʦʣʝʥʦʩʪʠ ʄʠʨʦʚʦʛʦ 

ʦʢʝʘʥʘ. ɹʦʣʝʝ ʥʠʟʢʠʡ ʧʦʢʘʟʘʪʝʣʴ ʩʚʷʟʘʥ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʝʩʥʦʡ ʚʦʜʳ, 

ʧʦʩʪʫʧʘʶʱʝʡ ʚ ʟʘʣʠʚ ʠʟ ʨʝʢ ð ʏʝʨʯʠʣʣʴ, ʅʝʣʴʩʦʥ ʠ ʍʝʡʩ. 

ʂʦʥʝʯʥʦ, ʥʘ ʩʦʣʝʥʦʩʪʴ ʤʦʨʝʡ ʚʣʠʷʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ, 

ʧʦʵʪʦʤʫ ʧʦʢʘʟʘʪʝʣʴ ʩʦʣʝʥʦʩʪʠ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ. 

ʉʪʘʣʴ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʦʙʰʠʚʢʝ ʢʦʨʧʫʩʘ ʩʫʜʥʘ, ʜʝʪʘʣʷʭ ʤʘʰʠʥ ʠ ʧʨʠʙʦʨʦʚ, ʚ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʙʦʨʪʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ. ʄʝʪʘʣʣʦʧʨʦʢʘʪ, ʢʦʥʪʘʢʪʠʨʫʶʱʠʡ ʩ 

ʧʨʝʩʥʦʡ ʨʝʯʥʦʡ ʠ ʩʦʣʝʥʦʡ ʚʦʜʦʡ, ʜʦʣʞʝʥ ʦʪʚʝʯʘʪʴ ʨʷʜʫ ʪʨʝʙʦʚʘʥʠʡ, ʯʪʦʙʳ 

ʦʙʝʩʧʝʯʠʪʴ ʧʣʘʚʫʯʝʩʪʴ, ʜʣʠʪʝʣʴʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ, ʨʘʮʠʦʥʘʣʴʥʦ ʩʥʠʟʠʪʴ ʤʘʩʩʫ 

ʢʦʨʘʙʣʷ, ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʠʩʢʠ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ: 

1. ʧʨʦʯʥʦʩʪʴ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʜʝʨʞʠʚʘʪʴ ʩʪʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʥʘʛʨʫʟʢʠ; 

2. ʩʚʘʨʠʚʘʝʤʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʦʯʥʷʪʴʩʷ ʪʝʨʤʦʦʙʨʘʙʦʪʢʦʡ; 

3. ʫʧʨʫʛʦʩʪʴ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʚʘʞʥʦ ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʦʙʰʠʚʢʠ, ʜʥʠʱʘ ʠ ʧʘʣʫʙʳ; 

4. ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴ ʤʦʨʩʢʦʡ ʢʦʨʨʦʟʠʠ; 

5. ʧʣʘʩʪʠʯʥʦʩʪʴ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ. 
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ʅʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʩʫʜʦʚ ʠʜʫʪ ʤʘʛʥʠʝʚʳʝ, ʜʶʨʘʣʝʚʳʝ, ʪʠʪʘʥʦʚʳʝ ʠ ʤʝʜʥʳʝ 

ʩʧʣʘʚʳ ð ʚʩʝ, ʢʨʦʤʝ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ. ʆʥʠ ʦʪʚʝʯʘʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʚʝʩʫ, 

ʧʣʘʩʪʠʯʥʦʩʪʠ, ʢʦʨʨʦʟʠʦʥʥʦʡ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʦʩʥʘʩʪʢʠ, ʚ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʥʘʚʠʛʘʮʠʦʥʥʳʭ 

ʧʨʠʙʦʨʘʭ, ʜʣʷ ʪʨʫʙ ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ. 

 

ʈʠʩʫʥʦʢ 1 - ʉʪʘʣʴ ʜʣʷ ʤʦʨʩʢʠʭ ʚʦʝʥʥʳʭ ʢʦʨʘʙʣʝʡ 

 

ʘ) 12ʍ18ʅ10ʊ 

 

ʙ) 95ʍ18 

 

ʚ) AISI 302 

ʈʠʩʫʥʦʢ 2 - ʄʝʪʘʣʣʳ ʜʣʷ ʤʦʨʩʢʠʭ ʚʦʝʥʥʳʭ ʩʫʜʦʚ 
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ʈʠʩʫʥʦʢ 3 - ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʦʪ 

ʕʄʇ 

 

 

ʈʠʩʫʥʦʢ 4 - ʈʝʟʫʣʴʪʘʪʳ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʦʪ ʕʄʇ 
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ɺ ʤʘʣʦʤ ʩʫʜʦʩʪʨʦʝʥʠʠ ʧʨʠʤʝʥʷʶʪʩʷ ʥʝʜʦʨʦʛʠʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʤʘʨʢʠ 

ʉʪ3, 08, 20, 45, 60. ʆʥʠ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʢʦʨʨʦʟʠʡʥʳʤ 

ʧʨʦʮʝʩʩʘʤ. ɿʘʪʦ ʜʝʰʝʚʣʝ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʳʭ, ʩʚʘʨʠʚʘʶʪʩʷ, ʩʪʦʡʢʦ 

ʩʦʧʨʦʪʠʚʣʷʶʪʩʷ ʫʜʘʨʘʤ, ʚʠʙʨʘʮʠʷʤ, ʚʦʟʜʝʡʩʪʚʠʶ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʧʣʶʩ, 

ʣʝʛʢʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʨʝʤʦʥʪʥʳʤʠ ʦʧʝʨʘʮʠʷʤʠ. ʀʟ ʥʠʭ ʜʝʣʘʶʪ: ʚʥʫʪʨʝʥʥʠʝ 

ʧʝʨʝʢʨʳʪʠʷ ʢʦʨʧʫʩʘ, ʪʨʶʤʳ, ʤʘʯʪʳ, ʙʘʢʠ, ʣʶʢʠ.  

ɼʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʩʪʦʡʢʦʩʪʴ ʢʦʨʧʫʩʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʢ ʢʦʨʨʦʟʠʠ 

ʧʦʚʳʰʘʝʪʩʷ ʟʘ ʩʯʝʪ ʩʧʝʮʠʘʣʴʥʳʭ ʩʦʨʪʦʚ ʥʝʨʞʘʚʝʡʢʠ. ɼʣʷ ʤʦʨʩʢʠʭ ʩʫʜʦʚ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʭʨʦʤʦʥʠʢʝʣʝʚʘʷ ʘʫʩʪʝʥʠʪʥʘʷ ʩʪʘʣʴ, ʩʦʜʝʨʞʘʱʘʷ ʥʝ ʤʝʥʝʝ 18% 

ʭʨʦʤʘ ʠ 9% ʥʠʢʝʣʷ. ʂ ʪʘʢʠʤ ʤʘʨʢʘʤ ʦʪʥʦʩʷʪʩʷ: 12ʍ18ʅ10ʊ, 95ʍ18, 

AISI 302, AISI 304, AISI 316. ʕʪʠ ʩʧʣʘʚʳ ʦʙʣʘʜʘʶʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ 

ʥʘʜʝʞʥʦʩʪʴʶ ʧʨʠ ʨʘʙʦʪʝ ʚ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ, ʫʣʫʯʰʝʥʥʦʡ ʩʚʘʨʠʚʘʝʤʦʩʪʴʶ, 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʢʦʣʝʙʘʥʠʷʭ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ (ʨʠʩ.3) ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʩʦʜʝʨʞʘʥʠʝ ʩʦʣʠ ʚ 

ʚʦʜʝ. ʇʨʠ ʠʤʠʪʘʮʠʠ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʠʤʧʫʣʴʩʘ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ ʠʟʤʝʨʝʥʠʝ ʥʘ 

ʟʘʞʠʤʝ ʤʝʪʘʣʣʘ ʙʦʝʚʦʛʦ ʢʦʨʘʙʣʷ, ʠʤʧʫʣʴʩ (ʨʠʩ.4) ʜʦʩʪʠʛʘʣ 12 ʢɺ, ʧʦʩʣʝʜʫʶʱʠʝ 

ʠʤʧʫʣʴʩ ï ʵʪʦ ʩʧʝʢʪʨ ʠʤʧʫʣʴʩ (ʦʩʪʘʪʦʯʥʳʡ ʥʘʢʦʧʣʝʥʥʳʡ ʧʦʪʝʥʮʠʘʣ). 
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ɸʥʥʦʪʘʮʠʷ. ɺʠʟʫʘʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ 

ʥʘ ʜʝʡʩʪʚʫʶʱʠʭ ɻʊʉ ʠ ʦʪʨʘʞʘʝʪʩʷ ʚ ʜʝʢʣʘʨʘʮʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʨʠʪʝʨʠʷʭ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʧʨʦʝʢʪʝ ʤʦʥʠʪʦʨʠʥʛʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʦʦʨʫʞʝʥʠʷ. ʅʘ ʦʩʥʦʚʝ 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ɻʊʉ ʜʝʡʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʛʠʜʨʦʟʦʣʦʫʜʘʣʝʥʠʷ ʊʕʉ 

ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʠ ʂʝʤʝʨʦʚʩʢʦʡ ʦʙʣʘʩʪʝʡ, ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ ʤʳ ʧʨʝʜʣʘʛʘʝʤ 

ʨʘʩʰʠʨʠʪʴ ʠ ʫʧʦʨʷʜʦʯʠʪʴ ʩʪʨʫʢʪʫʨʫ ʚʠʟʫʘʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ï ʵʪʦ 

ʧʦʟʚʦʣʠʪ ʢʘʯʝʩʪʚʝʥʥʦ ʠ ʦʧʝʨʘʪʠʚʥʦ ʦʮʝʥʠʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ɻʊʉ, ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʩʚʦʝʚʨʝʤʝʥʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʧʦʷʚʣʝʥʠʝ ʢʨʠʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʠ 

ʧʦʚʨʝʞʜʝʥʠʡ. 
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Annotation. Visual and measuring control is mandatory on existing GTS and is 

reflected in the safety declaration, safety criteria and the project for monitoring the 

safety of the facility. Based on the reviewed GTS of the existing hydrosol removal 

systems of thermal power plants in the Novosibirsk and Kemerovo regions, 

Krasnoyarsk Territory, we propose to expand and streamline the structure of visual 

and measuring control - this will allow us to qualitatively and operationally assess 

changes in the technical condition of the GTS, control the accuracy of the 

information received, respond in a timely manner to the appearance of critical 

deformations and damages. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʠʟʫʘʣʴʥʳʡ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ, ʩʪʨʫʢʪʫʨʘ 

ʢʦʥʪʨʦʣʷ, ʦʮʝʥʢʘ ʠʟʤʝʥʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʦʨʫʞʝʥʠʷ, ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ, ʢʨʠʪʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ ʠ 

ʧʦʚʨʝʞʜʝʥʠʷ 

Keywords: visual and measuring control, control system, assessment of changes 

in the technical condition of a hydraulic structure, reliability of information, critical 

deformations and damages 

 

ɺʠʟʫʘʣʴʥʳʡ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ (ɺʀʂ) ï ʵʪʦ ʦʜʠʥ ʠʟ ʤʝʪʦʜʦʚ 

ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ, ʢʦʪʦʨʳʡ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʩʥʦʚʘʥ ʥʘ ʚʦʟʤʦʞʥʦʩʪʷʭ 

ʟʨʝʥʠʷ, ʦʙʲʝʢʪ ʢʦʥʪʨʦʣʷ ʠʩʩʣʝʜʫʝʪʩʷ ʚ ʚʠʜʠʤʦʤ ʠʟʣʫʯʝʥʠʠ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʢʦʥʪʨʦʣʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʨʠʙʦʨʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʨʘʩʰʠʨʠʪʴ 

ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʰʝʛʦ ʟʨʠʪʝʣʴʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ (ʙʠʥʦʢʣʠ, ʣʫʧʳ) ʠ ʦʮʝʥʠʪʴ 

ʛʘʙʘʨʠʪʳ ʚʳʷʚʣʝʥʥʳʭ ʜʝʬʝʢʪʦʚ (ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ), ʘ ʪʘʢʞʝ ʩʨʝʜʩʪʚʘ 

ʬʦʪʦ ʠ ʚʠʜʝʦ ʬʠʢʩʘʮʠʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʠʟʫʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ 

ʦʙʱʝʡ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ ʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʠʣʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ 

ʤʝʨʦʧʨʠʷʪʠʡ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ. ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ 

ʚʠʟʫʘʣʴʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʧʨʠ ʵʪʦʤ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʜʝʬʝʢʪʦʚ ʠ 

ʧʦʚʨʝʞʜʝʥʠʡ ʩʦʦʨʫʞʝʥʠʡ, ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʭ 

ʧʨʠʚʷʟʢʘ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ. ɼʣʷ ʦʮʝʥʢʠ ʛʘʙʘʨʠʪʦʚ ʚʳʷʚʣʝʥʥʳʭ 

ʧʦʚʨʝʞʜʝʥʠʡ ʧʨʠ ʚʠʟʫʘʣʴʥʦʤ ʢʦʥʪʨʦʣʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʥʩʪʨʫʤʝʥʪʳ, ʥʝ 

ʪʨʝʙʫʶʱʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʟʥʘʥʠʡ, ʩʣʦʞʥʳʭ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʨʫʣʝʪʢʠ, ʣʠʥʝʡʢʠ ʠ ʪ.ʜ.). 
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ʇʦʣʫʯʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪ ʠ 

ʧʨʦʛʨʘʤʤʳ ʧʨʦʚʝʜʝʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʜʝʪʘʣʴʥʳʭ ʦʙʩʣʝʜʦʚʘʥʠʡ. 

ʇʨʦʚʝʜʝʥʠʝ ʤʦʥʠʪʦʨʠʥʛʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʜʝʡʩʪʚʫʶʱʠʭ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ 

ʩʦʦʨʫʞʝʥʠʷʭ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚʠʟʫʘʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ) ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʠ 

ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ʮʝʣʳʤ ʨʷʜʦʤ ʜʦʢʫʤʝʥʪʦʚ, ʦʩʥʦʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʜʣʷ 

ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ɻʊʉ ʷʚʣʷʶʪʩʷ: 

- ʜʝʢʣʘʨʘʮʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ɻʊʉ; 

- ʢʨʠʪʝʨʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ɻʊʉ; 

- ʧʨʦʝʢʪ ʤʦʥʠʪʦʨʠʥʛʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ɻʊʉ. 

ɸʥʘʣʠʟ ʫʢʘʟʘʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʡ ʠ ʥʦʨʤʘʪʠʚʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʠʜʝʘʣʝ ʩʠʩʪʝʤʫ ʚʠʟʫʘʣʴʥʦʛʦ 

ʢʦʥʪʨʦʣʷ ɻʊʉ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʪʫʧʝʥʯʘʪʦʡ ʩʪʨʫʢʪʫʨʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ 

ʯʝʪʳʨʝʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʵʪʘʧʦʚ (ʨʠʩʫʥʦʢ 1). ʂʘʞʜʳʡ ʵʪʘʧ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʩʦʙʩʪʚʝʥʥʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʥʘʙʣʶʜʝʥʠʡ, ʩʦʩʪʘʚʦʤ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʩʣʦʞʥʦʩʪʴʶ (ʩʧʝʮʠʬʠʢʦʡ) ʚʳʧʦʣʥʷʝʤʳʭ ʥʘʙʣʶʜʝʥʠʡ, 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʠʩʧʦʣʥʠʪʝʣʷʤ, ʩʦʩʪʘʚʦʤ ʦʪʯʝʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. 

 

 

ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʘ ʚʠʟʫʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʨʠ ʤʦʥʠʪʦʨʠʥʛʝ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ɻʊʉ ʟʦʣʦʰʣʘʢʦʦʪʚʘʣʘ 
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ʆʩʥʦʚʥʳʤʠ ʵʪʘʧʘʤʠ ʚʠʟʫʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ɻʊʉ 

ʜʦʣʞʥʳ ʷʚʣʷʪʴʩʷ: 

1) ɽʞʝʜʥʝʚʥʳʡ ʢʦʥʪʨʦʣʴ. ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʙʭʦʜʯʠʢʦʤ ɿʐʆ. 

ɺʠʟʫʘʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʚʝʜʫʪʩʷ ʧʫʪʝʤ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʦʙʭʦʜʦʚ ʠ ʦʩʤʦʪʨʦʚ 

ʩʦʦʨʫʞʝʥʠʷ. ʄʘʨʰʨʫʪ ʦʙʭʦʜʘ ʜʦʣʞʝʥ ʦʭʚʘʪʳʚʘʪʴ ʚʩʝ ʦʩʥʦʚʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʠ 

ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʝ ʤʝʩʪʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʡ. ʈʝʟʫʣʴʪʘʪʳ 

ʥʘʙʣʶʜʝʥʠʡ ʟʘʥʦʩʷʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʳʝ ʞʫʨʥʘʣʳ (ɾʫʨʥʘʣ ʥʘʙʣʶʜʝʥʠʡ). 

ʉʧʝʮʠʬʠʢʦʡ ʵʪʘʧʘ ʷʚʣʷʝʪʩʷ: ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘʙʣʶʜʝʥʠʷ; 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʥʦʦʙʨʘʟʥʳʭ, ʥʝ ʩʚʷʟʘʥʥʳʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʥʘʙʣʶʜʘʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ; ʚʳʩʦʢʘʷ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʥʘʙʣʶʜʝʥʠʡ; ʚʳʧʦʣʥʝʥʠʝ 

ʥʘʙʣʶʜʝʥʠʡ ʥʝʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ ʧʝʨʩʦʥʘʣʦʤ; ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ 

ʪʦʣʴʢʦ ʟʥʘʯʠʪʝʣʴʥʳʭ, ʣʝʛʢʦ ʦʙʥʘʨʫʞʠʚʘʝʤʳʭ ʜʝʬʝʢʪʦʚ ʠ ʧʦʚʨʝʞʜʝʥʠʡ; 

ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʘʷ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʠ ʟʥʘʯʠʤʦʩʪʴ ʜʘʥʥʳʭ. 

2) ʂʦʥʪʨʦʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ. ɺʳʧʦʣʥʷʶʪʩʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʨʝʛʫʣʷʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ (ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ, 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ, ʵʢʦʣʦʛʠʯʝʩʢʠʭ, ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠ ʪ.ʜ.). ɺʠʟʫʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ 

ʧʨʠ ʵʪʦʤ ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʙʦʪ. ʅʘʙʣʶʜʝʥʠʷ 

ʚʳʧʦʣʥʷʶʪʩʷ ʧʨʦʬʠʣʴʥʳʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʦʙʭʦʜʠʤʳʭ 

ʧʨʠʙʦʨʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʚʳʧʦʣʥʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʨʠʚʦʜʷʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʦʪʯʝʪʘʭ. ʉʧʝʮʠʬʠʢʦʡ ʵʪʘʧʘ ʷʚʣʷʝʪʩʷ: ʢʘʢ 

ʧʨʘʚʠʣʦ, ʦʜʠʥ ʦʙʲʝʢʪ ʥʘʙʣʶʜʝʥʠʷ; ʥʘʙʣʶʜʘʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʚʟʘʠʤʦʩʚʷʟʘʥʳ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʧʨʦʮʝʩʩ; ʙʦʣʝʝ ʥʠʟʢʘʷ 

ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʥʘʙʣʶʜʝʥʠʡ (ʝʞʝʤʝʩʷʯʥʦ, ʝʞʝʛʦʜʥʦ); ʚʳʧʦʣʥʝʥʠʝ 

ʥʘʙʣʶʜʝʥʠʡ ʧʨʦʬʠʣʴʥʳʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ; ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʥʝʷʚʥʳʭ ʜʝʬʝʢʪʦʚ ʠ ʧʦʚʨʝʞʜʝʥʠʡ; ʚʳʩʦʢʘʷ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʠ 

ʟʥʘʯʠʤʦʩʪʴ ʜʘʥʥʳʭ. 

3) ʇʣʘʥʦʚʳʝ ʢʦʤʠʩʩʠʦʥʥʳʝ ʦʩʤʦʪʨʳ ɻʊʉ. ʇʨʦʠʟʚʦʜʷʪʩʷ ʜʚʘ ʨʘʟʘ ʚ 

ʛʦʜ: ʚʝʩʥʦʡ ʠ ʦʩʝʥʴʶ ï ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʦʪʦʚʥʦʩʪʠ ɻʊʉ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢ 

ʧʨʦʭʦʞʜʝʥʠʶ ʧʘʚʦʜʢʘ ʠ ʢ ʟʠʤʥʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʨʦʚʦʜʷʪʩʷ ʩʧʝʮʠʘʣʴʥʦ 
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ʥʘʟʥʘʯʝʥʥʦʡ ʢʦʤʠʩʩʠʝʡ ʩ ʫʯʘʩʪʠʝʤ ʚʩʝʭ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʦʩʤʦʪʨʦʚ ʦʬʦʨʤʣʷʶʪʩʷ ʘʢʪʦʤ. ʉʧʝʮʠʬʠʢʦʡ ʵʪʘʧʘ ʷʚʣʷʝʪʩʷ: ʦʩʤʦʪʨ 

ʚʩʝʭ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ; ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʨʷʜ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʠ ʨʘʥʝʝ ʚʳʷʚʣʝʥʥʳʭ ʜʝʬʝʢʪʦʚ; ʚʳʧʦʣʥʝʥʠʝ ʥʘʙʣʶʜʝʥʠʡ ʛʨʫʧʧʦʡ 

ʧʨʦʬʠʣʴʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ; ʚʳʩʦʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʜʘʥʥʳʭ. 

4) ʄʥʦʛʦʬʘʢʪʦʨʥʳʝ ʠ ʩʧʝʮʠʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʎʝʣʴʶ 

ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ (ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ) ɻʊʉ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ 

ʬʘʢʪʠʯʝʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ɻʊʉ, ʦʩʥʦʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ɻʊʉ, 

ʦʧʨʝʜʝʣʝʥʠʝ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ʠʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʜʝʬʠʮʠʪʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʜʦʣʞʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ɻʊʉ. ʇʨʦʚʦʜʠʪʩʷ ʦʜʠʥ ʨʘʟ ʚ ʧʷʪʴ ʣʝʪ ʯʝʨʝʟ ʜʚʘʜʮʘʪʴ ʧʷʪʴ ʣʝʪ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʩʦʦʨʫʞʝʥʠʷ. ɺʳʧʦʣʥʷʝʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ.  

ʊʘʢʘʷ ʤʥʦʛʦʫʨʦʚʥʝʚʘʷ ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʚʠʟʫʘʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ 

ʧʦʟʚʦʣʠʪ ʢʘʯʝʩʪʚʝʥʥʦ ʠ ʦʧʝʨʘʪʠʚʥʦ ʦʮʝʥʠʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ɻʊʉ, ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʩʚʦʝʚʨʝʤʝʥʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʧʦʷʚʣʝʥʠʝ ʢʨʠʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʠ 

ʧʦʚʨʝʞʜʝʥʠʡ. 

ʅʘ ʦʩʥʦʚʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ɻʊʉ (ʜʝʡʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ ʛʠʜʨʦʟʦʣʦʫʜʘʣʝʥʠʷ 

ʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʚ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʠ ʂʝʤʝʨʦʚʩʢʦʡ ʦʙʣʘʩʪʷʭ ʠ 

ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ) ʚʠʟʫʘʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʠʤʝʶʪ ʧʦʜʨʦʙʥʦʝ ʠ ʢʘʯʝʩʪʚʝʥʥʦʝ 

ʦʙʦʩʥʦʚʘʥʠʝ ʚ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʡ ʠ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. 

ʀʤʝʶʝɦʡʩʷ ʜʝʡʩʪʚʫʶʱʝʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʚʩʝʭ 

ʨʘʟʜʝʣʦʚ ʧʨʦʝʢʪʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ɻʊʉ ʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ 

ʚʠʟʫʘʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ: 

- ʥʘ ʚʩʝʭ ʦʙʲʝʢʪʘʭ ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʠ ʠʤʝʝʪʩʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʧʦ 

ʚʳʧʦʣʥʝʥʠʶ ʤʦʥʠʪʦʨʠʥʛʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ɻʊʉ ʚ ʥʝʦʙʭʦʜʠʤʦʤ ʦʙʲʝʤʝ; 

- ʚʠʟʫʘʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʥʘ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ 

ʩʦʦʨʫʞʝʥʠʷʭ ʦʙʲʝʢʪʦʚ ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʠ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ ʚ 



ʄʅʇʂ çʊʈɸʅʉʇʆʈʊʅʓɽ ʉʀʉʊɽʄʓ: ɹɽɿʆʇɸʉʅʆʉʊʔ, ʅʆɺʓɽ ʊɽʍʅʆʃʆɻʀʀ, ʕʂʆʃʆɻʀʗè 

50 

 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʝʡʩʪʚʫʶʱʠʤʠ ʧʨʦʝʢʪʘʤʠ ʤʦʥʠʪʦʨʠʥʛʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ɻʊʉ ʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʜʨʫʛʦʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ; 

- ʨʝʟʫʣʴʪʘʪʳ ʚʠʟʫʘʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʠʣʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʜʘʥʥʳʭ. ʇʨʠʚʦʜʷʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʦʪʯʝʪʘʭ ʠʣʠ ʧʦʣʝʚʳʭ ʞʫʨʥʘʣʘʭ. ʇʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝ ʥʦʩʷʪ ʦʙʷʟʘʪʝʣʴʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ; 

- ʨʝʟʫʣʴʪʘʪʳ ʚʠʟʫʘʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʯʘʱʝ ʚʩʝʛʦ 

ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʟʘʢʘʟʯʠʢʫ ʚ ʧʝʯʘʪʥʦʤ ʚʠʜʝ ʠ ʚ ʥʝ ʨʝʜʘʢʪʠʨʫʝʤʳʭ ʬʦʨʤʘʪʘʭ 

(PDF), ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʠʭ ʦʙʨʘʙʦʪʢʫ ʠ ʘʥʘʣʠʟ; 

- ʚʝʜʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ, ʛʣʫʙʦʢʠʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʚʠʟʫʘʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʨʘʟʚʠʪʠʷ ʚʳʷʚʣʝʥʥʳʭ ʜʝʬʝʢʪʦʚ ʥʝ 

ʚʳʧʦʣʥʷʶʪʩʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʧʦʣʥʷʝʤʳʝ ʥʘ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʷʭ ʦʙʲʝʢʪʦʚ 

ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʠ ʚʠʟʫʘʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ, ʚ ʥʘʩʪʦʷʱʝʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ 

ʦʛʨʦʤʥʳʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ. ʅʦ ʵʪʘ ʠʥʬʦʨʤʘʮʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʵʬʬʝʢʪʠʚʥʦ 

ʠ ʣʠʰʴ ʯʘʩʪʠʯʥʦ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ ʤʦʥʠʪʦʨʠʥʛʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ɻʊʉ ʚ 

ʮʝʣʦʤ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʤʦʥʠʪʦʨʠʥʛʘ ʤʳ ʧʨʝʜʣʘʛʘʝʤ ʨʘʩʰʠʨʠʪʴ ʠ 

ʫʧʦʨʷʜʦʯʠʪʴ ʩʠʩʪʝʤʫ ʚʠʟʫʘʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ. ɼʣʷ ʵʪʦʛʦ 

ʥʝʦʙʭʦʜʠʤʦ: 

1) ʨʘʟʨʘʙʦʪʘʪʴ ʜʣʷ ʢʘʞʜʦʛʦ ʜʝʡʩʪʚʫʶʱʝʛʦ ɻʊʉ ʧʦʜʨʦʙʥʫʶ ʧʨʦʛʨʘʤʤʫ 

ʚʠʟʫʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ (ʩ ʫʯʝʪʦʤ ʝʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ), ʩ ʨʘʟʙʠʚʢʦʡ ʥʘ ʭʘʨʘʢʪʝʨʥʳʝ ʵʪʘʧʳ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ 

ʢʘʯʝʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʥʠʞʥʝʤ ʫʨʦʚʥʝ (ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʡ ʧʝʨʩʦʥʘʣ, 

ʦʙʭʦʜʯʠʢʠ) ʫʢʘʟʘʪʴ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʝ ʜʝʬʝʢʪʳ, ʤʝʩʪʘ ʠʭ ʚʦʟʤʦʞʥʦʛʦ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʤʝʪʦʜʳ ʚʳʷʚʣʝʥʠʷ; 

2) ʨʘʟʨʘʙʦʪʘʪʴ ʩʪʘʥʜʘʨʪʥʳʝ ʬʦʨʤʳ ʧʦʣʝʚʳʭ ʞʫʨʥʘʣʦʚ, ʦʪʯʝʪʥʳʭ 

ʜʦʢʫʤʝʥʪʦʚ ʩʭʝʤ ʩʦʦʨʫʞʝʥʠʡ ʩ ʦʙʷʟʘʪʝʣʴʥʳʤ ʠʭ ʧʨʠʤʝʥʝʥʠʝʤ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʠ 

ʚʩʝʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʢʦʥʪʨʦʣʷ; 
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3) ʢʘʯʝʩʪʚʝʥʥʦ (ʜʦʙʨʦʩʦʚʝʩʪʥʦ) ʚʳʧʦʣʥʷʪʴ ʨʘʙʦʪʳ ʥʘ ʢʘʞʜʦʤ ʠʟ 

ʚʳʜʝʣʝʥʥʳʭ ʵʪʘʧʦʚ ʚ ʯʝʪʢʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ. ʅʝ 

ʜʦʧʫʩʢʘʪʴ ʬʦʨʤʘʣʴʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ, ʩʦʢʨʘʱʝʥʠʷ ʯʠʩʣʘ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ, ʩʦʢʨʘʱʝʥʠʷ ʤʘʨʰʨʫʪʦʚ ʦʙʭʦʜʦʚ; 

4) ʧʨʠʚʣʝʢʘʪʴ ʢ ʚʳʧʦʣʥʝʥʠʶ ʨʘʙʦʪ ʥʘ ʢʘʞʜʦʤ ʠʟ ʵʪʘʧʦʚ ʩʧʝʮʠʘʣʠʩʪʦʚ, 

ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʫʨʦʚʥʝʤ ʢʚʘʣʠʬʠʢʘʮʠʠ ʠ ʦʧʳʪʘ; 

5) ʦʬʦʨʤʣʷʪʴ ʦʪʯʝʪʥʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ ʧʦ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʬʦʨʤʘʤ (ʚ 

ʵʣʝʢʪʨʦʥʥʦʤ ʚʠʜʝ) ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʝʝ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʟʘʢʘʟʯʠʢʫ ʚ ʢʨʘʪʯʘʡʰʠʝ 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʩʨʦʢʠ; 

6) ʦʨʛʘʥʠʟʦʚʘʪʴ ʚʝʜʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ. ʇʨʝʜʦʩʪʘʚʠʪʴ ʜʦʩʪʫʧ ʢ ʙʘʟʘʤ ʜʘʥʥʳʭ ʚʩʝʭ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʣʠʮ; 

7) ʦʨʛʘʥʠʟʦʚʘʪʴ ʩʦʚʤʝʩʪʥʳʡ ʘʥʘʣʠʟ ʚʩʝʡ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʨʝʞʠʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ɻʊʉ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ; 

8) ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʨʘʟʚʠʪʠʝ ʚʳʷʚʣʝʥʥʳʭ ʜʝʬʝʢʪʦʚ ʠ ʠʟʤʝʥʝʥʠʝ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ɻʊʉ ʚ ʮʝʣʦʤ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. 

ʇʨʠ ʵʪʦʤ ʚʩʝ ʧʨʝʜʣʘʛʘʝʤʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʥʦʩʷʪ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ, 

ʥʝ ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʡ ʠ ʤʦʛʫʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ ʩʠʣʘʤʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ ʠʣʠ ʩʦʪʨʫʜʥʠʢʘʤʠ ʦʨʛʘʥʠʟʘʮʠʡ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʤʦʥʠʪʦʨʠʥʛ ʙʝʟʦʧʘʩʥʦʩʪʠ ɻʊʉ. ʆʨʛʘʥʠʟʘʮʠʷ ʠ ʚʥʝʜʨʝʥʠʝ 

ʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ ʦʙʨʘʙʦʪʢʠ, ʭʨʘʥʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʚʠʟʫʘʣʴʥʦʛʦ 

ʢʦʥʪʨʦʣʷ ʤʦʛʫʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ ʟʘ ʰʝʩʪʴ ʵʪʘʧʦʚ (ʨʠʩʫʥʦʢ 2). 
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ʈʠʩʫʥʦʢ 2 ï ʕʪʘʧʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

ʚʠʟʫʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ 

ʂʘʞʜʳʡ ʠʟ ʵʪʘʧʦʚ ʥʝ ʷʚʣʷʶʪʩʷ ʟʘʢʨʳʪʳʤ, ʘ ʨʘʟʚʠʚʘʝʪʩʷ ʠ ʢʦʨʨʝʢʪʠʨʫʝʪʩʷ ʚ 

ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ɻʊʉ (ʪʘʙʣʠʮʘ 1). 

ʊʘʙʣʠʮʘ 1 ï ʉʦʩʪʘʚ ʨʘʙʦʪ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ ʚʠʟʫʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ 

ʕʪʘʧ 
ʅʘʯʘʣʴʥʳʡ ʵʪʘʧ 

(ɽʜʠʥʦʚʨʝʤʝʥʥʳʝ ʨʘʙʦʪʳ) 

ʈʘʙʦʯʠʡ ʵʪʘʧ 

(ʉʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʨʘʙʦʪʳ) 

1 

1) ʉʙʦʨ, ʦʮʠʬʨʦʚʢʘ, ʧʨʦʝʢʪʥʦʡ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ 

ʠ ʦʪʯʝʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʦ ʦʙʲʝʢʪʘʤ 

ʤʦʥʠʪʦʨʠʥʛʘ ʟʘ ʧʝʨʠʦʜ ʜʦ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ; 

2) ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʡ ʙʘʟʳ; 

3) ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʨʘʙʦʯʝʛʦ ʤʘʪʝʨʠʘʣʘ; 

4) ʬʦʨʤʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʘʪʘʣʦʛʘ ʨʘʙʦʯʠʭ 
ʤʘʪʝʨʠʘʣʦʚ. 

1) ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʨʘʙʦʯʠʭ 

ʤʘʪʝʨʠʘʣʦʚ; 

2) ʘʢʪʫʘʣʠʟʘʮʠʷ ʥʦʨʤʘʪʠʚʥʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ; 

3) ʚʝʜʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʘʪʘʣʦʛʘ 

ʨʘʙʦʯʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

2 

1) ʌʦʨʤʠʨʦʚʘʥʠʝ ʙʘʥʢʘ ʜʘʥʥʳʭ ʟʘ ʧʝʨʠʦʜ ʜʦ 

ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ; 

2) ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʘʥʢʘ ʟʥʘʥʠʡ ʧʦ ʦʙʲʝʢʪʘʤ 

ʤʦʥʠʪʦʨʠʥʛʘ. 

1) ɸʢʪʫʘʣʠʟʘʮʠʷ ʙʘʥʢʘ ʜʘʥʥʳʭ ʧʦ 

ʦʙʲʝʢʪʘʤ ʤʦʥʠʪʦʨʠʥʛʘ; 

2) ʘʢʪʫʘʣʠʟʘʮʠʷ ʙʘʥʢʘ ʟʥʘʥʠʡ ʧʦ 

ʦʙʲʝʢʪʘʤ ʤʦʥʠʪʦʨʠʥʛʘ. 

3 
1) ʉʦʟʜʘʥʠʝ ʩʝʪʝʚʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʨʝʩʫʨʩʘ; 

2) ʩʦʟʜʘʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʨʝʩʫʨʩʘ. 

1) ɸʢʪʫʘʣʠʟʘʮʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʨʝʩʫʨʩʘ. 

4 
1) ʉʦʟʜʘʥʠʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ 

ʤʦʥʠʪʦʨʠʥʛʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ɻʊʉ; 

1) ɸʢʪʫʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ ʧʦ ʩʦʩʪʘʚʫ ʠ 
ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʡ, ʩʦʩʪʘʚʫ ʠ 

ʪʝʭʥʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ ʩʝʪʠ ʂʀʇ ʠ 

ʂʀɸ. 

5 
1) ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʙʣʦʢʘ ʘʥʘʣʠʟʘ 

ʜʘʥʥʳʭ. 

1) ʂʦʥʪʨʦʣʴ ʨʘʙʦʪʳ ʙʣʦʢʘ ʘʥʘʣʠʟʘ 

ʜʘʥʥʳʭ. 

6 
1) ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʙʣʦʢʘ ʚʳʜʘʯʠ 

ʨʝʟʫʣʴʪʘʪʦʚ. 

1) ʂʦʥʪʨʦʣʴ ʨʘʙʦʪʳ ʙʣʦʢʘ ʚʳʜʘʯʠ 

ʨʝʟʫʣʴʪʘʪʦʚ; 

2) ʘʢʪʫʘʣʠʟʘʮʠʷ ʩʪʘʥʜʘʨʪʥʳʭ 

ʦʪʯʝʪʥʳʭ ʬʦʨʤ. 

 

ʋʯʠʪʳʚʘʷ ʩʧʝʮʠʬʠʢʫ ʚʠʟʫʘʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ, ʤʝʪʦʜʦʚ ʬʠʢʩʘʮʠʠ 

ʜʝʬʝʢʪʦʚ, ʢʦʣʠʯʝʩʪʚʘ, ʢʘʯʝʩʪʚʘ ʠ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʭ, ʘ 

ʪʘʢʞʝ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚʠʟʫʘʣʴʥʳʝ 

ʥʘʙʣʶʜʝʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝ ʢʘʢ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʡ ʵʪʘʧ ʢ 

ʧʨʦʚʝʜʝʥʠʶ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʘ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʚʠʜ 

ʢʦʥʪʨʦʣʷ. 
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ʆɹɿʆʈ ʄʆɼɽʃʀ ʈɸɹʆʊʓ ʂʆʅʊɽʁʅɽʈʅʆɻʆ ʊɽʈʄʀʅɸʃɸ ʉ RFID 

ʄɽʊʂɸʄʀ ʀ ɸʅɸʃʀɿ ɽɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ 
 

ɺʘʩʠʣʴʝʚ ɺʣʘʜʠʤʠʨ ʂʠʨʠʣʣʦʚʠʯ  

ʉʪʫʜʝʥʪ, ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʤʦʨʩʢʦʛʦ ʠ ʨʝʯʥʦʛʦ ʬʣʦʪʘ ʠʤʝʥʠ ʘʜʤʠʨʘʣʘ 

ʉ.ʆ. ʄʘʢʘʨʦʚʘ, 
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ɸʥʥʦʪʘʮʠʷ. ɼʘʥʥʘʷ ʥʘʫʯʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʠ ʘʥʘʣʠʟʫ 

ʤʦʜʝʣʠ ʨʘʙʦʪʳ ʢʦʥʪʝʡʥʝʨʥʦʛʦ ʪʝʨʤʠʥʘʣʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ 

ʨʘʜʠʦʯʘʩʪʦʪʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ (RFID). ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʧʨʠʤʝʥʝʥʠʷ RFID ʤʝʪʦʢ ʚ 

ʢʦʥʪʝʢʩʪʝ ʫʧʨʘʚʣʝʥʠʷ ʛʨʫʟʦʧʝʨʝʚʦʟʢʘʤʠ ʠ ʦʧʝʨʘʮʠʷʤʠ ʥʘ ʢʦʥʪʝʡʥʝʨʥʳʭ 

ʪʝʨʤʠʥʘʣʘʭ. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʚʳʛʦʜ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ RFID-ʪʝʭʥʦʣʦʛʠʡ ʚ ʫʧʨʘʚʣʝʥʠʠ 

ʢʦʥʪʝʡʥʝʨʥʳʤʠ ʪʝʨʤʠʥʘʣʘʤʠ, ʚʢʣʶʯʘʷ ʦʧʪʠʤʠʟʘʮʠʶ ʧʨʦʮʝʩʩʦʚ ʩʢʣʘʜʠʨʦʚʘʥʠʷ, 

ʦʪʩʣʝʞʠʚʘʥʠʷ ʛʨʫʟʦʚ ʠ ʧʦʚʳʰʝʥʠʷ ʦʙʱʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʝʨʤʠʥʘʣʘ. 

Annotation. This scientific article is devoted to the research and analysis of the 

model of container terminal operation using radio frequency identification (RFID) 

technology. The article discusses the theoretical basis and practical aspects of the 

application of RFID tags in the context of freight transportation management and 

operations at container terminals. The main objective of the study is to assess the 

potential benefits and effectiveness of RFID technology implementation in container 

terminal management, including optimization of warehousing processes, cargo 

tracking and increasing the overall productivity of the terminal. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɸʚʪʦʤʘʪʠʟʘʮʠʷ, RFID, ʢʦʥʪʝʡʥʝʨ, ʪʝʨʤʠʥʘʣ 
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ʉʦʚʨʝʤʝʥʥʘʷ ʛʣʦʙʘʣʠʟʘʮʠʷ ʠ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʦʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʪʦʨʛʦʚʣʠ ʧʨʠʚʝʣʠ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʧʝʨʘʪʠʚʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʢʦʥʪʝʡʥʝʨʥʳʭ ʛʨʫʟʦʚ. ʂʦʥʪʝʡʥʝʨʥʳʝ ʪʝʨʤʠʥʘʣʳ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ 

ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʙʝʟʦʧʘʩʥʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ, ʠʭ ʭʨʘʥʝʥʠʷ ʠ 

ʧʝʨʝʛʨʫʟʢʠ. ʆʜʥʘʢʦ, ʩ ʨʦʩʪʦʤ ʦʙʲʝʤʦʚ ʛʨʫʟʦʧʦʪʦʢʘ ʚʦʟʥʠʢʘʶʪ ʧʨʦʙʣʝʤʳ, 
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ʩʚʷʟʘʥʥʳʝ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠ ʪʦʯʥʦʩʪʴʶ ʦʧʝʨʘʮʠʡ ʚ ʢʦʥʪʝʡʥʝʨʥʳʭ 

ʪʝʨʤʠʥʘʣʘʭ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʪʝʭʥʦʣʦʛʠʷ Radio Frequency Identification (RFID) ʩʪʘʣʘ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ, ʚʢʣʶʯʘʷ ʣʦʛʠʩʪʠʢʫ ʠ ʪʨʘʥʩʧʦʨʪ. 

RFID-ʤʝʪʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʵʣʝʢʪʨʦʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʠʢʨʝʧʣʝʥʳ ʢ ʢʦʥʪʝʡʥʝʨʘʤ ʠ ʛʨʫʟʘʤ, ʠ ʩʦʜʝʨʞʘʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʠʭ. 

ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʙʝʩʢʦʥʪʘʢʪʥʦʤʫ ʯʪʝʥʠʶ ʠ ʟʘʧʠʩʠ ʜʘʥʥʳʭ, 

RFID-ʤʝʪʢʠ ʧʦʟʚʦʣʷʶʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʠ ʫʣʫʯʰʠʪʴ ʫʧʨʘʚʣʝʥʠʝ 

ʢʦʥʪʝʡʥʝʨʥʳʤʠ ʪʝʨʤʠʥʘʣʘʤʠ. [1] 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʥʘʫʯʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ ʤʦʜʝʣʠ ʨʘʙʦʪʳ 

ʢʦʥʪʝʡʥʝʨʥʦʛʦ ʪʝʨʤʠʥʘʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ RFID-ʤʝʪʦʢ. ʄʳ ʧʨʝʜʣʘʛʘʝʤ 

ʠʩʩʣʝʜʦʚʘʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ RFID-ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʦʧʝʨʘʮʠʡ ʚ ʢʦʥʪʝʡʥʝʨʥʳʭ ʪʝʨʤʠʥʘʣʘʭ, ʘ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʪʴ 

ʚʣʠʷʥʠʝ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʪʦʯʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʙʦʪʢʠ 

ʛʨʫʟʦʚ. 

ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʪ ʦʮʝʥʠʪʴ ʧʦʪʝʥʮʠʘʣ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ RFID-ʪʝʭʥʦʣʦʛʠʠ ʚ ʢʦʥʪʝʡʥʝʨʥʳʭ ʪʝʨʤʠʥʘʣʘʭ, ʘ 

ʪʘʢʞʝ ʧʨʝʜʣʦʞʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʩʪʨʘʪʝʛʠʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʦʧʝʨʘʮʠʡ ʠ 

ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ. [2] 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʥʘʫʯʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ ʤʦʜʝʣʠ ʨʘʙʦʪʳ 

ʢʦʥʪʝʡʥʝʨʥʦʛʦ ʪʝʨʤʠʥʘʣʘ, ʦʧʠʨʘʶʱʝʡʩʷ ʥʘ ʪʝʭʥʦʣʦʛʠʶ ʨʘʜʠʦʯʘʩʪʦʪʥʦʡ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ (RFID). ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ ʧʨʠʤʝʥʝʥʠʷ RFID ʤʝʪʦʢ ʚ 

ʢʦʥʪʝʢʩʪʝ ʫʧʨʘʚʣʝʥʠʷ ʛʨʫʟʦʧʝʨʝʚʦʟʢʘʤʠ ʠ ʦʧʝʨʘʮʠʷʤʠ ʥʘ ʢʦʥʪʝʡʥʝʨʥʳʭ 

ʪʝʨʤʠʥʘʣʘʭ. ʂʨʦʤʝ ʪʦʛʦ, ʩʪʘʪʴʷ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʦʮʝʥʢʫ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʚʳʛʦʜ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ RFID-ʪʝʭʥʦʣʦʛʠʡ ʚ ʢʦʥʪʝʢʩʪʝ ʫʧʨʘʚʣʝʥʠʷ 

ʢʦʥʪʝʡʥʝʨʥʳʤʠ ʪʝʨʤʠʥʘʣʘʤʠ, ʚʢʣʶʯʘʷ ʦʧʪʠʤʠʟʘʮʠʶ ʧʨʦʮʝʩʩʦʚ ʩʢʣʘʜʠʨʦʚʘʥʠʷ, 

ʦʪʩʣʝʞʠʚʘʥʠʷ ʛʨʫʟʦʚ ʠ ʧʦʚʳʰʝʥʠʷ ʦʙʱʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʝʨʤʠʥʘʣʘ. [3] ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʧʦ ʚʦʟʤʦʞʥʳʤ ʫʣʫʯʰʝʥʠʷʤ 
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ʠ ʧʦʜʭʦʜʘʤ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ RFID ʤʝʪʦʢ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ 

ʢʦʥʪʝʡʥʝʨʥʳʭ ʪʝʨʤʠʥʘʣʦʚ. 

ʇʦ ʠʩʪʦʯʥʠʢʫ ʧʠʪʘʥʠʷ ʤʝʪʢʠ ʜʝʣʷʪʩʷ ʥʘ 3 ʪʠʧʘ: 

- ʇʘʩʩʠʚʥʳʝ ʤʝʪʢʠ: ʇʘʩʩʠʚʥʳʝ ʤʝʪʢʠ ʥʝ ʠʤʝʶʪ ʩʦʙʩʪʚʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ 

ʠ ʧʦʣʫʯʘʶʪ ʵʥʝʨʛʠʶ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʦʪ ʩʯʠʪʳʚʘʪʝʣʷ. ʆʩʥʦʚʥʳʤ 

ʜʦʩʪʦʠʥʩʪʚʦʤ ʜʘʥʥʦʛʦ ʪʠʧʘ ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʚʘʨʠʘʥʪʘʤʠ, ʦʜʥʘʢʦ, ʨʘʜʠʫʩ ʠʭ ʜʝʡʩʪʚʠʷ ʩʠʣʴʥʦ ʫʩʪʫʧʘʝʪ ʘʢʪʠʚʥʳʤ ʤʝʪʢʘʤ. 

ʅʘʢʦʧʠʚ ʥʝʦʙʭʦʜʠʤʫʶ ʵʥʝʨʛʠʶ, ʤʝʪʢʘ ʤʦʞʝʪ ʧʝʨʝʜʘʚʘʪʴ/ʧʦʣʫʯʘʪʴ ʩʠʛʥʘʣ ʚ 

ʧʨʝʜʝʣʘʭ 0,20ï10 ʤʝʪʨʦʚ. 

- ɸʢʪʠʚʥʳʝ ʤʝʪʢʠ: ɸʢʪʠʚʥʳʝ ʤʝʪʢʠ ʠʤʝʶʪ ʩʦʙʩʪʚʝʥʥʳʡ ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʤ ʧʝʨʝʜʘʚʘʪʴ ʩʠʛʥʘʣʳ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʘʩʩʠʚʥʳʤʠ ʤʝʪʢʘʤʠ, ʘ ʪʘʢʞʝ ʠʤʝʪʴ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

ʏʠʪʘʶʪʩʷ ʥʘ ʜʘʣʴʥʝʤ ʨʘʩʩʪʦʷʥʠʠ ʜʦ 100 ʤʝʪʨʦʚ, ʥʦ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ 

ʩʪʦʠʤʦʩʪʴʶ ʠ ʙʦʣʝʝ ʢʨʫʧʥʳʤʠ ʛʘʙʘʨʠʪʘʤʠ, ʯʝʤ ʦʙʳʯʥʦ ʧʘʩʩʠʚʥʘʷ ʤʝʪʢʘ. ʉ 

ʧʦʤʦʱʴʶ ʚʦʟʤʦʞʥʦʩʪʝʡ ʘʢʪʠʚʥʦʡ ʤʝʪʢʠ ʜʦʩʪʫʧʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ 

ʪʝʨʤʦʩʪʘʪʘ ʠ ʯʠʧʘ ʥʘʚʠʛʘʪʦʨʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʘ ʧʦʣʦʞʝʥʠʷ ʠ 

ʨʘʜʠʦʯʘʩʪʦʪʥʦʡ ʪʨʠʘʥʛʫʣʷʮʠʠ. 

- ʇʦʣʫʘʢʪʠʚʥʳʝ ʤʝʪʢʠ: ʤʝʪʢʠ, ʠʤʝʶʱʠʝ ʩʚʦʡ ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ, ʢʦʪʦʨʳʡ 

ʟʘʜʝʡʩʪʚʫʝʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʷ ʤʠʢʨʦʩʭʝʤʳ, ʘ ʥʝ ʜʣʷ ʦʪʧʨʘʚʢʠ 

ʩʠʛʥʘʣʘ ʩʯʠʪʳʚʘʪʝʣʶ. 

ʆʩʥʦʚʥʳʤ ʚʘʨʠʘʥʪʦʤ ʨʘʟʤʝʱʝʥʠʷ ʤʝʪʢʠ ʷʚʣʷʝʪʩʷ ʚʥʝʰʥʝʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʦʥʪʝʡʥʝʨʘ: ʥʘ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʝʡʥʝʨʘ, ʥʘʧʨʠʤʝʨ, ʥʘ ʜʚʝʨʠ ʠʣʠ 

ʙʦʢʦʚʳʭ ʩʪʝʥʢʘʭ. [4] ʕʪʦʪ ʚʘʨʠʘʥʪ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʣʝʛʢʠʡ ʜʦʩʪʫʧ ʢ ʤʝʪʢʘʤ ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʯʠʪʘʝʤʦʩʪʴ, ʥʦ ʤʦʞʝʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʬʠʟʠʯʝʩʢʠʤ 

ʧʦʚʨʝʞʜʝʥʠʷʤ ʠ ʚʦʟʜʝʡʩʪʚʠʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ.  

ʊʘʢʞʝ ʚʦʟʤʦʞʥʦ ʚʥʫʪʨʝʥʥʝʝ ʨʘʟʤʝʱʝʥʠʝ ʚʥʫʪʨʠ ʢʦʥʪʝʡʥʝʨʘ: ʄʝʪʢʠ ʤʦʛʫʪ 

ʙʳʪʴ ʨʘʟʤʝʱʝʥʳ ʚʥʫʪʨʠ ʢʦʥʪʝʡʥʝʨʘ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʘʱʠʪʫ ʤʝʪʦʢ ʦʪ 

ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠ ʧʦʚʳʰʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʥʦ ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ ʪʨʫʜʥʦʩʪʠ 

ʧʨʠ ʯʪʝʥʠʠ ʤʝʪʦʢ ʥʘ ʨʘʩʩʪʦʷʥʠʠ. 
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ɺʠʜʳ ʩʯʠʪʳʚʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ: 

- ʅʘ ʧʝʨʝʛʨʫʟʦʯʥʦʡ ʪʝʭʥʠʢʝ 

ʇʨʠ ʫʩʪʘʥʦʚʢʝ ʩʯʠʪʳʚʘʪʝʣʷ RFID ʤʝʪʦʢ ʥʘ ʩʧʨʝʜʝʨʝ ʠʣʠ ʢʦʨʧʫʩʝ 

ʧʝʨʝʛʨʫʟʦʯʥʳʡ ʪʝʭʥʠʢʠ, ʫ ʦʧʝʨʘʪʦʨʦʚ ʙʫʜʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʚʝʨʠʪʴ ʢʦʥʪʝʡʥʝʨ, ʪʘʢʞʝ ʧʦʷʚʠʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʪʦʯʥʦʡ ʥʘʚʠʛʘʮʠʠ ʯʝʨʝʟ 

ʙʦʨʪʦʚʦʡ ʢʦʤʧʴʶʪʝʨ ʢ ʢʦʥʪʝʡʥʝʨʫ. 

- ʇʦʨʪʘʪʠʚʥʳʝ ʩʯʠʪʳʚʘʪʝʣʠ 

ɼʣʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʢʦʥʪʝʡʥʝʨʦʚ ʧʝʨʩʦʥʘʣʦʤ ʧʦʪʨʝʙʫʝʪʩʷ 

ʚʳʜʘʯʘ ʨʘʙʦʪʥʠʢʘʤ ʧʘʨʪʠʪʠʚʥʳʭ ʩʯʠʪʳʚʘʪʝʣʝʡ, ʩ ʠʭ ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʙʫʜʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʢʦʥʪʝʡʥʝʨ, ʜʘʞʝ ʝʩʣʠ ʦʥ ʙʫʜʝʪ ʚʝʩʴ ʚ ʛʨʷʟʠ ʠʣʠ ʩʥʝʛʫ. 

- ʉʪʘʮʠʦʥʘʨʥʳʡ ʩʯʠʪʳʚʘʪʝʣʴ 

ʋʩʪʘʥʦʚʢʘ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʯʠʪʳʚʘʪʝʣʝʡ ʥʘ ʩʪʦʣʙʘʭ ʠ ʟʜʘʥʠʷʭ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʪʝʨʤʠʥʘʣʘ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ ʮʠʬʨʦʚʫʶ ʢʘʨʪʫ ʪʝʨʤʠʥʘʣʘ, ʥʘ ʢʦʪʦʨʦʡ 

ʦʪʦʙʨʘʞʘʣʦʩʴ ʙʳ ʧʝʨʝʤʝʱʝʥʠʝ ʚʩʝʭ ʢʦʥʪʝʡʥʝʨʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

ʂʦʥʪʝʡʥʝʨ ʧʨʠʙʳʚʘʝʪ ʥʘ ʪʝʨʤʠʥʘʣ, ʜʘʣʝʝ ʧʨʦʠʩʭʦʜʠʪ ʦʩʤʦʪʨ. ʇʦʩʣʝ ʵʪʦʛʦ 

ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʢʦʥʪʝʡʥʝʨ ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʪʝʨʤʠʥʘʣʘ ʙʦʣʝʝ 5 

ʜʥʝʡ, ʥʘ ʥʝʛʦ ʫʩʪʘʥʘʚʣʠʚʘʶʪ RFID ʤʝʪʢʫ ʠ ʥʘ ʥʝʝ ʟʘʧʠʩʳʚʘʶʪ ʜʘʥʥʳʝ ʦ ʛʨʫʟʝ. 

[5] ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʛʨʫʟʘ ʩ ʢʦʥʪʝʡʥʝʨʘ ʩʥʠʤʘʶʪ ʤʝʪʢʫ ʠ ʩʪʠʨʘʶʪ ʩ ʥʝʝ ʜʘʥʥʳʝ.  

ʄʦʜʝʣʴ ʨʘʙʦʪʳ ʢʦʥʪʝʡʥʝʨʥʦʛʦ ʪʝʨʤʠʥʘʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ RFID-ʤʝʪʦʢ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʵʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʠ ʦʪʩʣʝʞʠʚʘʥʠʝ ʢʦʥʪʝʡʥʝʨʦʚ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ - ʦʪ ʧʨʠʙʳʪʠʷ ʥʘ ʪʝʨʤʠʥʘʣ ʜʦ ʦʪʙʳʪʠʷ. 

ɺʦʪ ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʤʦʜʝʣʠ ʨʘʙʦʪʳ ʪʘʢʦʛʦ ʪʝʨʤʠʥʘʣʘ: 

ʂʦʛʜʘ ʢʦʥʪʝʡʥʝʨ ʧʨʠʙʳʚʘʝʪ ʥʘ ʪʝʨʤʠʥʘʣ, ʝʤʫ ʥʘʟʥʘʯʘʝʪʩʷ ʫʥʠʢʘʣʴʥʳʡ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʠ ʥʘ ʥʝʛʦ ʩʪʘʚʠʪʩʷ RFID-ʤʝʪʢʘ. ʕʪʘ ʤʝʪʢʘ ʩʦʜʝʨʞʠʪ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʦʥʪʝʡʥʝʨʝ, ʪʘʢʫʶ ʢʘʢ ʥʦʤʝʨ, ʚʣʘʜʝʣʝʮ, ʪʠʧ ʛʨʫʟʘ ʠ ʪ.ʜ. RFID-

ʤʝʪʢʘ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʤʝʱʝʥʘ ʥʘ ʚʠʜʠʤʦʤ ʤʝʩʪʝ ʢʦʥʪʝʡʥʝʨʘ ʠʣʠ ʚʩʪʨʦʝʥʘ ʚ 

ʥʝʛʦ. ʆʥʘ ʘʢʪʠʚʠʨʫʝʪʩʷ ʧʨʠ ʧʨʠʙʳʪʠʠ ʥʘ ʪʝʨʤʠʥʘʣ ʠ ʛʦʪʦʚʘ ʢ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ. 

ʇʦʩʣʝ ʫʩʪʘʥʦʚʢʠ RFID-ʤʝʪʢʠ ʥʘ ʢʦʥʪʝʡʥʝʨ ʝʛʦ ʜʘʥʥʳʝ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʚ 

ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʪʝʡʥʝʨʥʳʤ ʪʝʨʤʠʥʘʣʦʤ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʟʘʧʠʩʴ 
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ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʦʥʪʝʡʥʝʨʝ, ʝʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʠ ʜʨʫʛʠʭ ʨʝʣʝʚʘʥʪʥʳʭ ʜʘʥʥʳʭ 

ʚ ʙʘʟʫ ʜʘʥʥʳʭ ʪʝʨʤʠʥʘʣʘ. 

ʂʦʥʪʝʡʥʝʨ ʥʘʧʨʘʚʣʷʝʪʩʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ. ɺʦ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ 

ʢʦʥʪʝʡʥʝʨʘ RFID-ʤʝʪʢʘ ʧʨʦʜʦʣʞʘʝʪ ʧʝʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ ʦ ʝʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʠ 

ʩʦʩʪʦʷʥʠʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʪʝʨʤʠʥʘʣʦʤ 

ʦʪʩʣʝʞʠʚʘʪʴ ʢʘʞʜʳʡ ʵʪʘʧ ʦʙʨʘʙʦʪʢʠ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʨʦʛʨʝʩʩ ʨʘʙʦʪ. 

RFID-ʤʝʪʢʘ ʦʙʤʝʥʠʚʘʝʪʩʷ ʜʘʥʥʳʤʠ ʩ RFID-ʩʯʠʪʳʚʘʪʝʣʷʤʠ, ʢʦʪʦʨʳʝ 

ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ ʦʙʨʘʙʦʪʢʠ ʢʦʥʪʝʡʥʝʨʘ: ʥʘʧʨʠʤʝʨ, ʥʘ 

ʧʣʘʪʬʦʨʤʘʭ ʨʘʟʛʨʫʟʢʠ/ʧʦʛʨʫʟʢʠ, ʚʦʨʦʪʘʭ ʪʝʨʤʠʥʘʣʘ ʠ ʪ.ʜ. ʉʯʠʪʳʚʘʪʝʣʠ 

ʩʯʠʪʳʚʘʶʪ ʠʥʬʦʨʤʘʮʠʶ ʩ RFID-ʤʝʪʢʠ, ʪʘʢʫʶ ʢʘʢ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʢʦʥʪʝʡʥʝʨʘ, 

ʚʨʝʤʷ ʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ. ʕʪʘ ʠʥʬʦʨʤʘʮʠʷ ʧʝʨʝʜʘʝʪʩʷ ʦʙʨʘʪʥʦ ʚ ʩʠʩʪʝʤʫ 

ʫʧʨʘʚʣʝʥʠʷ, ʛʜʝ ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʢʦʥʪʨʦʣʷ ʠ ʢʦʦʨʜʠʥʘʮʠʠ 

ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʢʦʥʪʝʡʥʝʨ ʛʦʪʦʚ ʢ 

ʦʪʙʳʪʠʶ ʩ ʪʝʨʤʠʥʘʣʘ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ RFID-ʤʝʪʢʘ ʩʥʠʤʘʝʪʩʷ ʩ ʢʦʥʪʝʡʥʝʨʘ. 

ʉʥʷʪʠʝ ʤʝʪʢʠ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ ʩʯʠʪʳʚʘʪʝʣʷ, ʢʦʪʦʨʳʡ 

ʜʝʘʢʪʠʚʠʨʫʝʪ ʤʝʪʢʫ ʠ ʧʨʝʢʨʘʱʘʝʪ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ. ʇʦʩʣʝ ʩʥʷʪʠʷ ʤʝʪʢʠ, 

ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʪʝʨʤʠʥʘʣʦʤ ʦʙʥʦʚʣʷʝʪ ʜʘʥʥʳʝ ʢʦʥʪʝʡʥʝʨʘ ʚ ʙʘʟʝ ʜʘʥʥʳʭ, 

ʫʢʘʟʳʚʘʷ, ʯʪʦ ʦʥ ʧʦʢʠʥʫʣ ʪʝʨʤʠʥʘʣ. ʕʪʘ ʠʥʬʦʨʤʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʦʪʯʝʪʦʚ ʦ ʛʨʫʟʦʧʦʪʦʢʘʭ, ʫʯʝʪʘ ʢʦʥʪʝʡʥʝʨʦʚ ʠ ʜʨʫʛʠʭ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʮʝʣʝʡ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʤʦʜʝʣʠ ʨʘʙʦʪʳ ʢʦʥʪʝʡʥʝʨʥʦʛʦ ʪʝʨʤʠʥʘʣʘ ʩ RFID-ʤʝʪʢʘʤʠ 

ʚʢʣʶʯʘʶʪ ʙʦʣʝʝ ʪʦʯʥʦʝ ʦʪʩʣʝʞʠʚʘʥʠʝ ʢʦʥʪʝʡʥʝʨʦʚ, ʫʣʫʯʰʝʥʥʫʶ ʧʨʦʧʫʩʢʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʪʝʨʤʠʥʘʣʘ, ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʠ ʧʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʧʝʨʘʮʠʡ. ʕʪʦ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʩʥʠʞʝʥʠʶ ʨʠʩʢʘ ʧʦʪʝʨʠ ʠʣʠ ʦʰʠʙʦʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʢʦʥʪʝʡʥʝʨʦʚ.[6] 

ɼʣʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʙʫʜʝʪ ʟʘʢʫʧʠʪʴ ʤʝʪʢʠ, 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʫʩʪʘʥʦʚʠʪʴ ʝʛʦ ʥʘ ʪʝʭʥʠʢʫ. ʊʘʢʞʝ ʚʘʞʥʦ ʦʙʫʯʠʪʴ ʧʝʨʩʦʥʘʣ ʜʣʷ 

ʨʘʙʦʪʳ ʩ ʤʝʪʢʘʤʠ ʠ ʥʘʡʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ. ʀ, ʧʦʤʠʤʦ ʵʪʦʛʦ, 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʮʠʬʨʦʚʫʶ ʨʘʙʦʯʫʶ ʵʢʦʩʠʩʪʝʤʳ. 
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ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʧʦʥʠʞʝʥʥʘʷ ʩʢʦʨʦʩʪʴ 

ʨʘʙʦʪʳ ʪʝʨʤʠʥʘʣʘ. ʀʟ-ʟʘ ʫʚʝʣʠʯʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʧʝʨʘʮʠʡ ʩ ʢʦʥʪʝʡʥʝʨʘʤʠ 

ʚʨʝʤʷ ʧʝʨʝʛʨʫʟʦʯʥʳʭ ʨʘʙʦʪ ʙʫʜʝʪ ʫʚʝʣʠʯʝʥʦ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʛʘʪʠʚʥʳʤ 

ʬʘʢʪʦʨʦʤ ʜʣʷ ʪʝʨʤʠʥʘʣʘ. 

ʊʘʢʞʝ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ ʧʦʚʳʰʝʥʠʝ ʦʧʝʨʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ. ɿʘʢʫʧʢʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʪʝʨʤʠʥʘʣʘ ʤʦʞʝʪ ʚʦʩʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʪʨʘʪʘʤ 

ʥʘ ʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʝ ʥʫʞʜʳ, ʪʘʢʠʝ ʢʘʢ ʥʦʚʘʷ ʪʝʭʥʠʢʘ ʠʣʠ ʥʘʡʤ ʧʝʨʩʦʥʘʣʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʪʠʢʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ RFID-ʪʝʭʥʦʣʦʛʠʠ ʚ 

ʢʦʥʪʝʡʥʝʨʥʳʭ ʪʝʨʤʠʥʘʣʘʭ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ, ʦʜʥʘʢʦ ʥʝʜʦʩʪʘʪʢʠ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʥʘ ʧʦʜʦʙʥʫʶ ʤʦʜʝʣʴ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʤʠ. 

ʇʦʥʠʞʝʥʥʘʷ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ ʦʟʥʘʯʘʝʪ ʤʝʥʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ 

ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʧʨʦʩʪʦʠ ʪʝʭʥʠʢʠ, ʯʪʦ ʫʤʝʥʴʰʘʝʪ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʪʝʨʤʠʥʘʣʘ. 

ʊʘʢʞʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʤʦʜʝʣʴ ʨʘʙʦʪʳ ʢʦʥʪʝʡʥʝʨʥʦʛʦ ʪʝʨʤʠʥʘʣʘ ʩ 

RFID-ʤʝʪʢʘʤʠ ʥʫʞʜʘʝʪʩʷ ʚ ʫʚʝʣʠʯʝʥʥʦʤ ʬʠʥʘʥʩʠʨʦʚʘʥʠʠ, ʥʦ ʧʨʠʙʳʣʴ ʠʟ-ʟʘ 

ʤʝʥʴʰʝʡ ʩʢʦʨʦʩʪʠ ʨʘʙʦʪʳ ʢʨʘʪʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʯʪʦ ʪʘʢʞʝ ʩʥʠʞʘʝʪ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʵʪʦʡ ʩʠʩʪʝʤʳ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʤʦʜʝʣʴ ʨʘʙʦʪʳ ʢʦʥʪʝʡʥʝʨʥʦʛʦ 

ʪʝʨʤʠʥʘʣʘ ʩ ʫʩʪʘʥʦʚʢʦʡ RFID-ʤʝʪʦʢ ʷʚʣʷʝʪʩʷ ʥʝʵʬʬʝʢʪʠʚʥʳʤ ʠ 

ʙʝʩʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʢ ʦʧʪʠʤʠʟʘʮʠʠ ʦʧʝʨʘʮʠʡ ʚ ʢʦʥʪʝʡʥʝʨʥʳʭ 

ʪʝʨʤʠʥʘʣʘʭ. ɹʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ ʙʫʜʝʪ ʦʧʮʠʦʥʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ 

ʤʝʪʦʢ ʥʘ ʜʦʨʦʛʦʩʪʦʷʱʠʝ ʛʝʥʝʨʘʣʴʥʳʝ ʛʨʫʟʳ ʠ ʢʦʥʪʝʡʥʝʨʘ, ʧʨʠ ʫʩʣʦʚʠʠ 

ʚʟʠʤʘʥʠʷ ʟʘ ʵʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʘʨʠʬʦʚ ʚ ʢʘʯʝʩʪʚʝ ʦʧʣʘʪʳ ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʧʦʚʳʰʝʥʥʦʡ ʩʦʭʨʘʥʥʦʩʪʠ ʛʨʫʟʘ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʜʘʥʦ ʦʧʠʩʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʦ 

ʧʝʨʝʤʝʱʝʥʠʶ ʙʝʩʧʠʣʦʪʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʨʦʩʩʠʡʩʢʦ-ʢʠʪʘʡʩʢʦʤ 

ʪʨʘʥʩʛʨʘʥʠʯʥʦʤ ʤʦʩʪʦʚʦʤ ʧʝʨʝʭʦʜʝ çɹʣʘʛʦʚʝʱʝʥʩʢ ï ʍʵʡʭʵè ʠ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʦʝ ʦʩʥʘʱʝʥʠʝ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʙʝʩʧʠʣʦʪʥʦʛʦ 

ʩʦʦʙʱʝʥʠʷ. 

Annotation. The article describes the technological processes for the movement 

of unmanned vehicles on the Russian-Chinese crossïborder bridge 

çBlagoveshchensk ï Heiheè and presents the appropriate infrastructure equipment for 

the organization of unmanned communication. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʘʥʩʛʨʘʥʠʯʥʳʡ ʧʝʨʝʭʦʜ, ʙʝʩʧʠʣʦʪʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ 

ʩʨʝʜʩʪʚʘ, ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʧʫʥʢʪ ʧʨʦʧʫʩʢʘ. 

Keywords: cross-border crossing, unmanned vehicles, automobile checkpoint. 

 

ɺ 2022 ʛʦʜʫ ʦʪʢʨʳʪʦ ʤʝʞʜʫʥʘʨʦʜʥʦʝ ʩʦʦʙʱʝʥʠʝ ʤʝʞʜʫ ʈʦʩʩʠʝʡ ʠ ʂʠʪʘʝʤ 

ʯʝʨʝʟ ʤʦʩʪʦʚʦʡ ʧʝʨʝʭʦʜ çɹʣʘʛʦʚʝʱʝʥʩʢ-ʍʵʡʭʵè. ɺ 2019 ʛʦʜʫ ʟʘʚʝʨʰʠʣʘʩʴ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʜʘʥʥʦʛʦ ʤʦʩʪʘ. ɺ ʩʚʷʟʠ ʩ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʝʡ ʚ ʤʠʨʝ, 

ʵʢʩʧʣʫʘʪʘʮʠʷ ʤʦʩʪʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʥʘʯʘʣʘʩʴ ʚ ʠʶʣʝ 2022 ʛʦʜʘ [1]. ʆʩʥʦʚʥʦʡ 

ʮʝʣʴʶ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʤʦʩʪʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ 

ʪʦʚʘʨʦʦʙʦʨʦʪʘ ʤʝʞʜʫ ʜʚʫʤʷ ʩʪʨʘʥʘʤʠ [2]. ɺʚʦʜ ʤʦʩʪʘ ʫʩʢʦʨʠʣ ʧʨʦʮʝʩʩ 

ʧʝʨʝʤʝʱʝʥʠʷ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʠ ʛʨʫʟʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ. ɺ 

2023 ʛʦʜʫ ʛʨʫʟʦʦʙʦʨʦʪ ʤʦʩʪʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʩʦʩʪʘʚʠʣ 550 ʪʳʩ. ʪʦʥʥ, 

ʧʨʦʩʣʝʜʦʚʘʣʦ ʯʝʨʝʟ ʧʝʨʝʭʦʜ ʙʦʣʝʝ 51 ʪʳʩ. ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ (ʊʉ). 

ʄʦʩʪʦʚʦʡ ʧʝʨʝʭʦʜ çɹʣʘʛʦʚʝʱʝʥʩʢ-ʍʵʡʭʵè ʷʚʣʷʝʪʩʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ 

ʜʣʷ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʂʠʪʘʡʩʢʦʡ ʅʘʨʦʜʥʦʡ ʈʝʩʧʫʙʣʠʢʠ ʠ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ [3]. ʇʣʘʥʠʨʫʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʤʦʩʪʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʜʦ 630 ʝʜʠʥʠʮ ʪʨʘʥʩʧʦʨʪʘ ʚ ʩʫʪʢʠ [4]. 

ɸʚʪʦʤʦʙʠʣʴʥʳʡ ʤʦʩʪʦʚʦʡ ʧʝʨʝʭʦʜ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ, ʢʘʢ ʧʣʦʱʘʜʢʘ ʜʣʷ 

ʚʥʝʜʨʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʛʨʫʟʦʚʳʤ ʜʚʠʞʝʥʠʝʤ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʩʦʦʙʱʝʥʠʠ [5]. ʆʨʛʘʥʠʟʘʮʠʷ ʜʚʠʞʝʥʠʷ 

ʙʝʩʧʠʣʦʪʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ (ɹʊʉ) ʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʝ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ [6]. ʅʘ ʨʠʩʫʥʢʝ 1 ʠʟʦʙʨʘʞʝʥʦ ʦʩʥʘʱʝʥʠʝ 
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ʪʨʘʥʩʛʨʘʥʠʯʥʦʛʦ ʧʝʨʝʭʦʜʘ ʚʠʜʝʦʢʘʤʝʨʘʤʠ ʩ ʜʘʪʯʠʢʘʤʠ ʧʨʠʙʣʠʞʝʥʠʷ ɹʊʉ (ʘ), 

ʩʪʦʡʢʘʤʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʨʝʛʠʩʪʨʘʮʠʦʥʥʦʛʦ ʥʦʤʝʨʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʚ QR-ʢʦʜ (ʙ), ʘ ʪʘʢʞʝ ʜʘʪʯʠʢʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʧʦʜ ʥʘʧʦʣʴʥʳʤ 

ʧʦʢʨʳʪʠʝʤ (ʚ), ʩʨʘʙʘʪʳʚʘʶʱʠʝ ʥʘ ʙʝʩʧʠʣʦʪʥʦʝ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ ʚ 

ʧʨʦʮʝʩʩʝ ʧʨʦʭʦʞʜʝʥʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʵʪʘʧʦʚ. 

 

ʈʠʩʫʥʦʢ 1 ï ʀʥʬʨʘʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ ʪʨʘʥʩʛʨʘʥʠʯʥʳʭ ʧʝʨʝʭʦʜʦʚ ʩ 

ʜʚʠʞʝʥʠʝʤ ʙʝʩʧʠʣʦʪʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ 

ʀʥʬʨʘʩʪʨʫʢʪʫʨʥʦʝ ʦʩʥʘʱʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ 

ʪʨʘʥʩʛʨʘʥʠʯʥʦʛʦ ʤʦʩʪʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɹʊʉ ʧʨʠʚʝʜʝʪ ʢ 

ʧʦʣʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʛʨʫʟʘ [7]. 

ʋʢʨʫʧʥʝʥʥʦ ʧʨʦʮʝʩʩ ʧʝʨʝʤʝʱʝʥʠʷ ɹʊʉ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʩʦʦʙʱʝʥʠʠ ʚʢʣʶʯʘʝʪ 

ʩʝʤʴ ʵʪʘʧʦʚ: 

1) ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʚʟʚʝʰʠʚʘʥʠʝ ɹʊʉ. ɼʚʠʞʝʥʠʝ ʙʝʩʧʠʣʦʪʥʳʭ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʥʘʯʠʥʘʝʪʩʷ ʩ ʟʦʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʚʟʚʝʰʠʚʘʥʠʷ, ʛʜʝ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʝʩʦʚʳʝ ʛʘʙʘʨʠʪʳ ɹʊʉ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʨʘʟʨʝʰʝʥʠʷ 

ʧʝʨʝʜʚʠʞʝʥʠʷ ɹʊʉ ʧʦ ʤʦʩʪʦʚʦʤʫ ʧʝʨʝʭʦʜʫ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʮʝʩʩ 

ʧʝʨʝʤʝʱʝʥʠʷ ɹʊʉ ʚ ʟʦʥʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʚʟʚʝʰʠʚʘʥʠʷ. 
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ʈʠʩʫʥʦʢ 2 ï ʇʨʦʮʝʩʩ ʧʝʨʝʤʝʱʝʥʠʷ ɹʊʉ ʯʝʨʝʟ ʟʦʥʫ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʚʟʚʝʰʠʚʘʥʠʷ 

ʅʘ ʨʠʩʫʥʢʝ 2 ʚ ʟʦʥʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʚʟʚʝʰʠʚʘʥʠʷ ʧʝʨʝʤʝʱʝʥʠʝ ɹʊʉ 

ʥʘʯʠʥʘʝʪʩʷ ʩ ʜʚʠʞʝʥʠʷ ʚ ʧʦʜʲʝʟʜʥʦʡ ʟʦʥʝ (1), ʩ ʵʪʦʛʦ ʵʪʘʧʘ ʥʘʯʠʥʘʝʪʩʷ 

ʦʪʩʣʝʞʠʚʘʥʠʝ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ. ɼʘʣʝʝ ʢʘʤʝʨʘ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ, 

ʨʝʘʛʠʨʫʶʱʘʷ ʥʘ ʜʚʠʞʝʥʠʝ ɹʊʉ ʬʠʢʩʠʨʫʝʪ ʝʛʦ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚ ʧʦʜʲʝʟʜʥʦʡ ʟʦʥʝ 

(2), ʟʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʤʝʱʝʥʠʝʤ ʚ ʨʘʟʤʝʯʝʥʥʫʶ ʟʦʥʫ ʚʟʚʝʰʠʚʘʥʠʷ (3), 

ʦʩʥʘʱʝʥʥʫʶ ʜʘʪʯʠʢʘʤʠ. ʇʨʦʠʩʭʦʜʠʪ ʩʨʘʙʘʪʳʚʘʥʠʝ ʜʘʪʯʠʢʘ ʚʠʜʝʦʢʘʤʝʨʳ ʥʘ 

ʛʦʪʦʚʥʦʩʪʴ ɹʊʉ ʢ ʚʟʚʝʰʠʚʘʥʠʶ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘʧʨʦʪʠʚ ʨʘʟʤʝʯʝʥʥʦʡ ʟʦʥʳ 

ʚʟʚʝʰʠʚʘʥʠʷ (4), ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʘʢʪʠʚʘʮʠʝʡ ʩʪʦʡʢʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʨʝʛʠʩʪʨʘʮʠʦʥʥʦʛʦ ʥʦʤʝʨʘ ʩ QR ʢʦʜʦʤ (5). ʅʘ ʵʪʘʧʝ (6) 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʢʘʥʠʨʦʚʘʥʠʝ ʨʝʛʠʩʪʨʘʮʠʦʥʥʦʛʦ ʥʦʤʝʨʘ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ ʚʟʚʝʰʠʚʘʥʠʷ ʠ ʧʝʨʝʜʘʯʘ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʩʪʦʡʢʠ ʢ ʜʘʪʯʠʢʘʤ ʦ 

ʛʦʪʦʚʥʦʩʪʠ ʚʟʚʝʰʠʚʘʥʠʷ (7). ʇʦʩʣʝ ʧʨʦʮʝʜʫʨʳ ʚʟʚʝʰʠʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ 

ʥʘʧʦʣʴʥʳʭ ʜʘʪʯʠʢʦʚ (8), ʨʝʟʫʣʴʪʘʪʳ ʚʟʚʝʰʠʚʘʥʠʷ ʧʝʨʝʜʘʶʪʩʷ ʥʘ ʩʪʦʡʢʫ ʠ ʜʘʣʝʝ 

ʙʝʩʧʠʣʦʪʥʦʝ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʫʶ ʟʦʥʫ (9).  



ʄʅʇʂ çʊʈɸʅʉʇʆʈʊʅʓɽ ʉʀʉʊɽʄʓ: ɹɽɿʆʇɸʉʅʆʉʊʔ, ʅʆɺʓɽ ʊɽʍʅʆʃʆɻʀʀ, ʕʂʆʃʆɻʀʗè 

63 

 

2) ʉʢʣʘʜʩʢʠʝ ʦʧʝʨʘʮʠʠ. ʇʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʚʟʚʝʰʠʚʘʥʠʷ, ɹʊʉ ʧʝʨʝʜʚʠʛʘʝʪʩʷ ʚ ʟʦʥʫ ʩʢʣʘʜʠʨʦʚʘʥʠʷ ʜʣʷ ʦʪʛʨʫʟʢʠ ʪʦʚʘʨʘ ʥʘ 

ʧʣʘʪʬʦʨʤʫ. ɺ ʵʪʦʡ ʟʦʥʝ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʤʝʱʝʥʠʝ ʪʦʚʘʨʘ ʥʘ ʧʣʘʪʬʦʨʤʫ ɹʊʉ ʩ 

ʧʦʤʦʱʴʶ ʨʦʙʦʪʘ-ʧʦʛʨʫʟʯʠʢʘ. ʇʦ ʦʢʦʥʯʘʥʠʶ ʦʪʛʨʫʟʢʠ ʪʦʚʘʨʘ ʠʥʬʦʨʤʘʮʠʷ 

ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʩʪʦʡʢʫ ʠ ʙʝʩʧʠʣʦʪʥʦʝ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ 

ʟʦʥʫ ʧʦʚʪʦʨʥʦʛʦ ʚʟʚʝʰʠʚʘʥʠʷ [8].  

3) ʇʦʚʪʦʨʥʦʝ ʚʟʚʝʰʠʚʘʥʠʝ. ɺ ʜʘʥʥʦʡ ʟʦʥʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ 

ʧʦʚʪʦʨʥʦʛʦ ʚʟʚʝʰʠʚʘʥʠʷ ʧʦʩʣʝ ʧʦʛʨʫʟʢʠ ʪʦʚʘʨʘ ʥʘ ɹʊʉ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʝʩʘ 

ʪʦʚʘʨʘ. ʇʨʦʮʝʜʫʨʘ ʘʥʘʣʦʛʠʯʥʘ ʧʨʦʮʝʩʩʫ ʚ ʟʦʥʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʚʟʚʝʰʠʚʘʥʠʷ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʨʠʩʫʥʢʝ 2. 

4) ʇʝʨʝʤʝʱʝʥʠʝ ɹʊʉ ʚ ʟʦʥʫ ʢʦʥʪʨʦʣʷ. ʇʦʩʣʝ ʧʦʚʪʦʨʥʦʛʦ ʚʟʚʝʰʠʚʘʥʠʷ ɹʊʉ 

ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʟʦʥʝ ʦʪʧʨʘʚʣʝʥʠʷ ʛʨʫʟʘ ʧʦ ʦʙʦʨʫʜʦʚʘʥʥʦʡ ʘʚʪʦʪʨʘʩʩʝ ʜʦ ʟʦʥʳ 

ʪʘʤʦʞʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ. ʅʘ ʨʠʩʫʥʢʝ 3 ʠʟʦʙʨʘʞʝʥ ʧʨʦʮʝʩʩ ʧʝʨʝʤʝʱʝʥʠʷ ɹʊʉ ʚ 

ʟʦʥʫ ʢʦʥʪʨʦʣʷ. 

 

ʈʠʩʫʥʦʢ 3 - ʇʝʨʝʤʝʱʝʥʠʝ ɹʊʉ ʚ ʟʦʥʫ ʢʦʥʪʨʦʣʷ 

ʇʨʠ ʩʦʚʝʨʰʝʥʠʠ ʢʘʢʠʭ-ʣʠʙʦ ʦʧʝʨʘʮʠʡ, ʧʨʦʠʩʭʦʜʠʪ ʬʠʢʩʠʨʦʚʘʥʠʝ ʜʘʪʳ ʠ 

ʚʨʝʤʝʥʠ ʚ ʢʘʞʜʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʟʦʥʝ. 

5) ʊʘʤʦʞʝʥʥʳʡ ʠ ʧʦʛʨʘʥʠʯʥʳʡ ʢʦʥʪʨʦʣʴ. ʅʘ ʨʠʩʫʥʢʝ 4 ʠʟʦʙʨʘʞʝʥ 

ʧʨʦʮʝʩʩ ʧʝʨʝʤʝʱʝʥʠʷ ɹʊʉ ʯʝʨʝʟ ʟʦʥʫ ʢʦʥʪʨʦʣʷ. ʇʨʦʮʝʩʩ ʧʨʦʭʦʞʜʝʥʠʷ 

ʢʦʥʪʨʦʣʷ ʜʝʣʠʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ: 1 ʵʪʘʧ ï ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʜʦʢʫʤʝʥʪʦʚ ʠ 

ʠʭ ʢʦʥʪʨʦʣʴ (ʵʣʝʢʪʨʦʥʥʳʡ ʜʦʩʪʫʧ); 2 ʵʪʘʧ ï ʧʨʦʭʦʞʜʝʥʠʝ ʢʦʥʪʨʦʣʴʥʳʭ 

ʧʨʦʮʝʜʫʨ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʦʨʛʘʥʘʤʠ; 3 ʵʪʘʧ ï ʧʝʨʝʤʝʱʝʥʠʝ ɹʊʉ ʯʝʨʝʟ 
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ʛʦʩʫʜʘʨʩʪʚʝʥʥʫʶ ʛʨʘʥʠʮʫ; 4 ʵʪʘʧ ï ʧʝʨʝʤʝʱʝʥʠʝ ɹʊʉ ʯʝʨʝʟ ʛʦʩʫʜʘʨʩʪʚʝʥʥʫʶ 

ʛʨʘʥʠʮʫ. 

 

ʈʠʩʫʥʦʢ 4 ï ʇʝʨʝʤʝʱʝʥʠʝ ɹʊʉ ʯʝʨʝʟ ʟʦʥʫ ʢʦʥʪʨʦʣʷ 

6) ɼʚʠʞʝʥʠʝ ɹʊʉ ʯʝʨʝʟ ʪʨʘʥʟʠʪʥʫʶ ʟʦʥʫ ʧʦ ʤʦʩʪʦʚʦʤʫ ʧʝʨʝʭʦʜʫ. ʅʘ 

ʪʝʨʨʠʪʦʨʠʠ ʩʤʝʞʥʦʡ ʩʪʨʘʥʳ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʩʝʯʝʥʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʛʨʘʥʠʮʳ 

ʠ ʧʨʦʭʦʞʜʝʥʠʝ ʢʦʥʪʨʦʣʴʥʳʭ ʧʨʦʮʝʜʫʨ. ɹʊʉ ʧʝʨʝʤʝʱʘʝʪʩʷ ʜʦ ʩʢʣʘʜʘ 

ʚʨʝʤʝʥʥʦʛʦ ʭʨʘʥʝʥʠʷ.  

7) ʉʢʣʘʜ ʚʨʝʤʝʥʥʦʛʦ ʭʨʘʥʝʥʠʷ. ɼʘʥʥʘʷ ʟʦʥʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʚʨʝʤʝʥʥʦʛʦ 

ʭʨʘʥʝʥʠʷ ʛʨʫʟʘ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʟʦʥʳ ʢʦʥʪʨʦʣʷ. ɹʊʉ ʧʝʨʝʤʝʱʘʝʪʩʷ ʯʝʨʝʟ 

ʪʨʘʥʟʠʪʥʫʶ ʟʦʥʫ ʠ ʚʳʛʨʫʞʘʝʪʩʷ ʥʘ ʩʢʣʘʜ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʘʤʦʞʝʥʥʳʭ 

ʧʨʦʮʝʜʫʨ. ʇʨʠ ʵʪʦʤ ʜʨʫʛʦʝ ɹʊʉ ʤʦʞʝʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʜʦ ʟʦʥʳ ʧʦʛʨʘʥʠʯʥʦʛʦ 

ʢʦʥʪʨʦʣʷ ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʝʨʝʤʝʱʝʥʠʝ ʯʝʨʝʟ ʪʨʘʥʟʠʪʥʫʶ ʟʦʥʫ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʩʤʝʞʥʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ ʧʫʥʢʪʘ ʧʨʦʧʫʩʢʘ. ʅʘ ʨʠʩʫʥʢʝ 5 ʠʟʦʙʨʘʞʝʥ ʧʨʦʮʝʩʩ 

ʧʝʨʝʤʝʱʝʥʠʷ ɹʊʉ ʚ ʟʦʥʝ ʉɺʍ. 
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ʈʠʩʫʥʦʢ 5 - ɿʦʥʘ ʦʙʨʘʙʦʪʢʠ ɹʊʉ ʥʘ ʉɺʍ 

 

ɺʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ ʙʝʩʧʠʣʦʪʥʦʛʦ ʩʦʦʙʱʝʥʠʷ ʥʘ ʨʦʩʩʠʡʩʢʦ-ʢʠʪʘʡʩʢʦʤ 

ʘʚʪʦʜʦʨʦʞʥʦʤ ʤʦʩʪʫ çɹʣʘʛʦʚʝʱʝʥʩʢ-ʍʵʡʭʵè ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʧʫʩʢʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʠ ʫʚʝʣʠʯʠʪʴ ʦʙʲʝʤʳ 

ʚʥʝʰʥʝʪʦʨʛʦʚʦʛʦ ʪʦʚʘʨʦʦʙʦʨʦʪʘ [9]. ʉ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, 

ɹʊʉ ʤʦʞʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʢʨʫʛʣʦʩʫʪʦʯʥʦ, ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝʨʝʨʳʚʦʚ ʥʘ 

ʦʪʜʳʭ ʠ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʪʨʝʙʦʚʘʥʠʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʜ ʢʦʥʪʨʦʣʝʤ 

ʩʧʝʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʥʘʚʠʛʘʮʠʠ [10].  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʝʩʧʠʣʦʪʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʢʨʘʱʝʥʠʶ 

ʨʘʩʭʦʜʦʚ ʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʛʨʫʟʦʚ, ʧʦʚʳʰʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ, 

ʤʠʥʠʤʠʟʘʮʠʠ ʚʣʠʷʥʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʵʢʦʣʦʛʠʶ, ʯʪʦ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʦʪʨʘʟʠʪʩʷ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʨʘʟʚʠʪʠʠ ʨʝʛʠʦʥʘ ʠ ʩʪʘʥʝʪ ʤʦʱʥʳʤ 

ʠʤʧʫʣʴʩʦʤ ʧʦ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʪʨʘʥʳ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʇʨʦʮʢʦ ɽ. ɺ. ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʣʦʛʠʩʪʠʢʠ ʧʝʨʝʚʦʟʦʢ ʚ ɸʟʠʘʪʩʢʦ-

ʊʠʭʦʦʢʝʘʥʩʢʦʤ ʨʝʛʠʦʥʝ ʚ ʫʩʣʦʚʠʷʭ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ / ɽ. ɺ. 

ʇʨʦʮʢʦ, ʈ. ɻ. ʂʦʨʦʣʴ // ʊʨʘʥʩʧʦʨʪ ʠ ʣʦʛʠʩʪʠʢʘ: ʨʘʟʚʠʪʠʝ ʚ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʴʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʧʦʪʦʢʦʚ : ʩʙ. ʥʘʫʯ. ʪʨ. VII ʤʝʞʜ. ʥʘʫʯ.-ʧʨʘʢʪ. ʢʦʥʬ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, 

2023. ï ʉ. 286-289. EDN: VLIZMI  

https://elibrary.ru/item.asp?id=54305683&selid=54305746
https://elibrary.ru/item.asp?id=54305683&selid=54305746
https://elibrary.ru/vlizmi


ʄʅʇʂ çʊʈɸʅʉʇʆʈʊʅʓɽ ʉʀʉʊɽʄʓ: ɹɽɿʆʇɸʉʅʆʉʊʔ, ʅʆɺʓɽ ʊɽʍʅʆʃʆɻʀʀ, ʕʂʆʃʆɻʀʗè 

66 

 

2. ɺʦʣʦʜʠʥ ɸ. ɹ. ʇʫʥʢʪʳ ʧʨʦʧʫʩʢʘ ʯʝʨʝʟ ʛʦʩʫʜʘʨʩʪʚʝʥʥʫʶ ʛʨʘʥʠʮʫ. 

ʇʨʦʙʣʝʤʳ ʠ ʧʫʪʠ ʠʭ ʨʝʰʝʥʠʷ / ɸ. ɹ. ɺʦʣʦʜʠʥ // ʄʠʨ ʪʨʘʥʩʧʦʨʪʘ. ï 2019. ï ˉ 17 

(3). ï ʉ. 170-177. DOI: 10.30932/1992-3252-2019-17-3-170-177 

3. ʂʦʨʦʣʴ ʈ. ɻ. ʀʥʪʝʛʨʘʮʠʷ ʨʦʩʩʠʡʩʢʦʡ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ ʨʝʘʣʠʟʘʮʠʠ ʥʦʚʦʛʦ ʰʝʣʢʦʚʦʛʦ ʧʫʪʠ çʆʜʠʥ ʧʦʷʩ - ʆʜʠʥ ʧʫʪʴè 

/ ʈ. ɻ. ʂʦʨʦʣʴ, ɸ. ɽ. ɼʝʤʠʜʦʚʘ // ʅʦʚʳʝ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʚ ʫʧʨʘʚʣʝʥʠʠ 

ʧʨʦʮʝʩʩʘʤʠ ʧʝʨʝʚʦʟʦʢ, ʘʚʪʦʤʘʪʠʢʝ ʠ ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʷʭ : ʪʨʫʜʳ ʚʩʝʨʦʩʩ. 

ʥʘʫʯ.-ʧʨʘʢʪ. ʢʦʥʬ. ʍʘʙʘʨʦʚʩʢ, 2017. ï ʉ. 100-105. EDN: YSOWUR 

4. ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʝ ʪʘʤʦʞʝʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ. ʆʬʠʮʠʘʣʴʥʳʡ ʩʘʡʪ 

[ʵʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] - ʈʝʞʠʤ ʜʦʩʪʫʧʘ. - URL:  https://dvtu.customs.gov.ru/ 

5. ʂʦʨʦʣʴ ʈ. ɻ. ʀʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ ʧʝʨʝʭʦʜʘ çʂʘʥʠ-ʂʫʨʛʘʥ (ʈʌ) - 

ʍʵʡʭʵ (ʂʅʈ)è / ʈ. ɻ. ʂʦʨʦʣʴ // ɺʝʩʪʥʠʢ ʤʦʩʢʦʚʩʢʦʛʦ ʘʚʪʦʤʦʙʠʣʴʥʦ-ʜʦʨʦʞʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʄɸɼʀ). ï 2023. ï ˉ 1 (72). ï ʉ. 

42-49. EDN: FUCWWB 

6. ɺʘʩʠʣʴʝʚʘ ʅ. ʅ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʚʦʧʨʦʩʳ ʦʨʛʘʥʠʟʘʮʠʠ ʧʝʨʝʚʦʟʦʢ ʩ 

ʧʦʤʦʱʴʶ ʙʝʩʧʠʣʦʪʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ / ʅ. ʅ. ɺʘʩʠʣʴʝʚʘ, ʈ. ɻ. ʂʦʨʦʣʴ // 

ʀʥʥʦʚʘʮʠʦʥʥʳʡ ʪʨʘʥʩʧʦʨʪ. ï 2023. ï ˉ 2 (48). ï ʉ. 3-6. DOI: 10.20291/2311-

164X-2023-2-3-6 

7. ɾʤʫʜʴ ɺ. ɸ. ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʙʝʩʧʠʣʦʪʥʳʭ ʥʘʟʝʤʥʳʭ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ / ɺ. ɸ. ɾʤʫʜʴ // ɸʚʪʦʤʘʪʠʢʘ ʠ ʧʨʦʛʨʘʤʤʥʘʷ ʠʥʞʝʥʝʨʠʷ. 

ï 2021. ï ˉ4 (38). ï ʉ. 17-35. EDN: PNHUDO 

8. ʂʦʨʦʣʴ ʈ. ɻ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʨʠʛʨʘʥʠʯʥʦʡ ʪʝʨʤʠʥʘʣʴʥʦ-

ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʥʪʨʝʡʣʝʨʥʳʭ ʧʝʨʝʚʦʟʦʢ ʥʘ 

ʥʘʧʨʘʚʣʝʥʠʠ ʉʫʡʬʵʥʴʭʵ (ʂʅʈ) - ɻʨʦʜʝʢʦʚʦ (ʈʌ) / ʈ. ɻ. ʂʦʨʦʣʴ // ʀʟʚʝʩʪʠʷ 

ʊʨʘʥʩʩʠʙʘ. ï 2022. ï ˉ 1 (49). ï ʉ. 43-56. EDN: EMTDNK 

9. ʇʫʛʘʯʝʚ ʀ. ʅ. ʈʘʟʚʠʪʠʝ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʨʝʛʠʦʥʘ ʈʦʩʩʠʠ / ʀ. ʅ. ʇʫʛʘʯʝʚ, ʈ. ɻ. ʂʦʨʦʣʴ, ʅ. ʉ. 

https://doi.org/10.30932/1992-3252-2019-17-3-170-177
https://elibrary.ru/item.asp?id=32626521&selid=32626674
https://elibrary.ru/item.asp?id=32626521&selid=32626674
https://elibrary.ru/ysowur
https://dvtu.customs.gov.ru/
https://elibrary.ru/contents.asp?id=50733659
https://elibrary.ru/contents.asp?id=50733659
https://elibrary.ru/contents.asp?id=50733659&selid=50733666
https://elibrary.ru/fucwwb
https://elibrary.ru/contents.asp?id=54136795
https://elibrary.ru/contents.asp?id=54136795&selid=54136796
https://doi.org/10.20291/2311-164X-2023-2-3-6
https://doi.org/10.20291/2311-164X-2023-2-3-6
https://www.elibrary.ru/pnhudo
https://elibrary.ru/contents.asp?id=48416222
https://elibrary.ru/contents.asp?id=48416222
https://elibrary.ru/contents.asp?id=54136795&selid=54136796
https://elibrary.ru/emtdnk
https://elibrary.ru/item.asp?id=50424718
https://elibrary.ru/item.asp?id=50424718


ʄʅʇʂ çʊʈɸʅʉʇʆʈʊʅʓɽ ʉʀʉʊɽʄʓ: ɹɽɿʆʇɸʉʅʆʉʊʔ, ʅʆɺʓɽ ʊɽʍʅʆʃʆɻʀʀ, ʕʂʆʃʆɻʀʗè 

67 

 

ʅʝʩʪʝʨʦʚʘ // ʊʨʘʥʩʧʦʨʪ ɸʟʠʘʪʩʢʦ-ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʨʝʛʠʦʥʘ. ï 2022. ï ˉ 4 (33). ï 

ʉ. 25-34. EDN: FANMES 

10. ʇʦʜʦʣʠʥʥʘʷ ʉ. ɼ. ʂ ʚʦʧʨʦʩʫ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ 

ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʫʭʦʧʫʪʥʳʭ ʪʨʘʥʩʛʨʘʥʠʯʥʳʭ 

ʧʫʥʢʪʦʚ ʧʨʦʧʫʩʢʘ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ / ʉ. ɼ. ʇʦʜʦʣʠʥʥʘʷ, ɸ. ɺ. ʅʝʥʘʰʝʚʘ, ʖ. ɽ. 

ʂʫʯʝʨ, ʂ. ʖ. ʏʝʥ, ʈ. ɻ. ʂʦʨʦʣʴ // ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʝ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʩʪʨʘʥ ɸʊʈ ʚ XXI ʚʝʢʝ. ï 2023. ï ʊ. 1. ï ʉ. 122-126. EDN: 

MBZZDF 

ʈɸɿʈɸɹʆʊʂɸ ʂʆʅʎɽʇʎʀʀ ʇʆɺʓʐɽʅʀʗ ʕʌʌɽʂʊʀɺʅʆʉʊʀ 

ʕʂʉʇʃʋɸʊɸʎʀʀ, ʊɽʍʅʀʏɽʉʂʆɻʆ ʆɹʉʃʋɾʀɺɸʅʀʗ ʀ ʈɽʄʆʅʊɸ 

ʕʃɽʂʊʈʆɺʆɿʆɺ ʅɸ ʆʉʅʆɺɽ ʈɸʉʏɽʊʅʆɻʆ ʀ ʊɽʂʋʑɽɻʆ 

ʋʈʆɺʅɽʁ ʀʍ ʕʅɽʈɻʆʕʌʌɽʂʊʀɺʅʆʉʊʀ 

ɺʠʣʴʛʝʣʴʤ ɸʣʝʢʩʘʥʜʨ ʉʝʨʛʝʝʚʠʯ 

ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ çʇʦʜʚʠʞʥʦʡ ʩʦʩʪʘʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʞʝʣʝʟʥʳʭ 

ʜʦʨʦʛè, ʜʦʮʝʥʪ, ʆʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ (ʆʤɻʋʇʉ), ʈʌ, ʛ. 

ʆʤʩʢ 

E-mail: vilgelm1987@yandex.ru 
 

DEVELOPMENT OF A CONCEPT FOR INCREASING THE 

EFFICIENCY OF OPERATION, MAINTENANCE AND REPAIR OF 

ELECTRIC LOCOMOTIVES  BASED ON THE ESTIMATED AND 

CURRENT LEVELS OF THEIR ENERGY EFFICIENCY  
 

Vilgelm Alexander Sergeevich  

Candidate of Science, Associate Professor of the Department of ñRolling Stock of Electric 

Railwaysò, Associate Professor, Omsk State Transport University (OmGUPS), Russian Federation, 

Omsk 

E-mail: vilgelm1987@yandex.ru 

 

ɸʥʥʦʪʘʮʠʷ. ʎʝʣʴ ʨʘʙʦʪʳ ï ʧʨʝʜʣʦʞʝʥʠʝ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʧʦʜʭʦʜʦʚ ʢ 

ʧʨʠʤʝʥʝʥʠʶ ʟʥʘʥʠʡ ʦʙ ʫʨʦʚʥʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʚʦʟʦʚ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʭ ʨʘʙʦʪʳ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʈʝʟʫʣʴʪʘʪʦʤ ʷʚʣʷʝʪʩʷ ʘʣʛʦʨʠʪʤ ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʮʝʧʮʠʠ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ 

ʨʝʤʦʥʪʘ ʵʣʝʢʪʨʦʚʦʟʦʚ ʥʘ ʦʩʥʦʚʝ ʫʨʦʚʥʷ ʠʭ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʉʜʝʣʘʥʳ 

ʚʳʚʦʜʳ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʩ ʧʨʝʜʣʦʞʝʥʠʷʤʠ 

ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʧʦʜʭʦʜʦʚ ʢ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʧʨʦʮʝʩʩʦʚ ʨʝʤʦʥʪʘ ʠ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʵʣʝʢʪʨʦʚʦʟʦʚ ʠ ʧʦ ʚʥʝʜʨʝʥʠʶ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʝʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 
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Annotation. The goal is to propose approaches to the use of knowledge about 

the level of energy efficiency of electric locomotives to improve the efficiency of 

their operation. Analytical research methods are presented. The result is an algorithm 

for the concept of increasing the efficiency of operation, maintenance and repair of 

electric locomotives based on their level of energy efficiency. Conclusions are drawn 

on the interpretation of the calculation results with proposals for approaches to 

improving the repair and maintenance of electric locomotives and the introduction of 

energy-saving equipment. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʚʦʟʳ; ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ; ʪʝʭʥʠʯʝʩʢʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ; ʨʝʤʦʥʪ; ʧʨʦʬʠʣʴ ʧʫʪʠ. 

Keywords: electric locomotives; energy efficiency; maintenance; repair; track 

profile. 

 

ɺʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʝʨʝʚʦʟʦʯʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʚ ʆɸʆ çʈɾɼè ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʠ ʟʥʘʯʠʤʳʤʠ [1] ʧʦʩʢʦʣʴʢʫ 

ʝʞʝʛʦʜʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʦʧʣʘʪʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʪʷʛʫ ʧʦʝʟʜʦʚ ʩʦʩʪʘʚʣʷʶʪ 

ʚʝʣʠʯʠʥʫ ʙʦʣʝʝ 150 ʤʣʨʜ ʨʫʙ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘ ʩʝʪʠ ʈʦʩʩʠʡʩʢʠʭ ʞʝʣʝʟʥʳʭ 

ʜʦʨʦʛ ʧʨʦʜʦʣʞʘʝʪʩʷ ʥʝʧʨʝʨʳʚʥʳʡ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ 

ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʝʨʦʧʨʠʷʪʠʡ.  

ʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʚʦʟʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʩʫʱʝʩʪʚʝʥʥʦʡ ʩʪʝʧʝʥʠ 

ʟʘʚʠʩʠʪ ʦʪ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʚʦʟʦʚ, ʘ ʠʤʝʥʥʦ ʦʪ ʠʭ ʠʩʭʦʜʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʪ ʦʨʛʘʥʠʟʘʮʠʠ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʜʝʧʦ, ʥʘ 

ʫʯʘʩʪʢʘʭ ʠ ʧʦʣʠʛʦʥʘʭ, ʦʪ ʨʝʞʠʤʦʚ ʠʭ ʨʘʙʦʪʳ ʚ ʧʨʦʮʝʩʩʝ ʪʷʛʠ ʧʦʝʟʜʦʚ, ʦʪ 

ʢʘʯʝʩʪʚʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ, ʦʪ ʤʘʩʪʝʨʩʪʚʘ ʣʦʢʦʤʦʪʠʚʥʳʭ 

ʙʨʠʛʘʜ, ʘ ʪʘʢʞʝ ʦʪ ʨʷʜʘ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʝʩʪʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 

ʨʘʙʦʪʳ ʠ, ʥʘʧʨʠʤʝʨ, ʧʦʛʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. 

ɺʦʧʨʦʩʘʤ ʘʥʘʣʠʟʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʚʦʟʦʚ, ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ ʚʦʧʨʦʩʘʤ ʚʣʠʷʥʠʷ ʥʘ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʚʦʟʘ 

ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʢʘʯʝʩʪʚʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, 

ʧʦʩʚʷʱʝʥ ʨʷʜ ʨʘʙʦʪ ʩʧʝʮʠʘʣʠʩʪʦʚ ʆʤɻʋʇʉ, ʦʧʠʩʘʥʥʳʭ ʚ [2 ï 6]. ɼʘʥʥʳʝ 

ʚʦʧʨʦʩʳ ʰʠʨʦʢʦ ʠʟʫʯʝʥʳ ʚ ʢʦʥʪʝʢʩʪʝ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ ʪʷʛʦʚʳʭ ʨʝʩʫʨʩʦʚ ʧʦ 

ʢʨʠʪʝʨʠʶ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ [6]. ʉ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʵʬʬʝʢʪʠʚʥʳʤ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʵʣʝʢʪʨʦʚʦʟʦʚ ʜʣʷ ʢʘʞʜʳʭ ʢʦʥʢʨʝʪʥʳʭ 
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ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ 

ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʪʷʛʠ ʧʦʝʟʜʘ, ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʴʥʳʡ ʧʨʦʬʠʣʴ ʧʫʪʠ ʫʯʘʩʪʢʘ 

ʩʣʝʜʦʚʘʥʠʷ ʧʦʝʟʜʘ. ʋʢʘʟʘʥʥʳʝ ʚʳʰʝ ʨʘʙʦʪʳ ʠʩʩʣʝʜʫʶʪ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʣʝʢʪʨʦʚʦʟʦʚ ʨʘʟʣʠʯʥʳʭ ʩʝʨʠʡ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʫʯʘʩʪʢʘʭ ʩ 

ʨʘʟʣʠʯʥʳʤ ʧʨʦʬʠʣʝʤ ʧʫʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ 

ʠʥʜʠʢʘʪʦʨʦʚ (ʠʣʠ ʧʦʢʘʟʘʪʝʣʝʡ) ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʚʦʟʦʚ, ʢʦʪʦʨʳʝ 

ʦʪʦʙʨʘʞʘʶʪ ʥʝʢʦʪʦʨʳʡ ʨʘʩʯʝʪʥʳʡ ʫʨʦʚʝʥʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʢʘʞʜʦʡ ʩʝʨʠʠ ʵʣʝʢʪʨʦʚʦʟʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚʳʭ ʧʨʦʬʠʣʝʡ ʧʫʪʠ ʧʨʠ 

ʟʘʜʘʥʥʳʭ ʨʘʩʯʝʪʥʳʭ (ʫʥʠʚʝʨʩʘʣʴʥʳʭ) ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ (ʨʘʩʯʝʪʥʘʷ ʤʘʩʩʘ 

ʩʦʩʪʘʚʘ, ʜʚʠʞʝʥʠʝ ʩ ʫʩʪʘʥʦʚʠʚʰʠʤʠʩʷ ʩʢʦʨʦʩʪʷʤʠ ʠ ʪ.ʧ.). ʎʝʣʴʶ ʚʳʧʦʣʥʝʥʥʳʭ 

ʨʘʙʦʪ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʩʯʝʪʥʦʛʦ ʙʘʟʦʚʦʛʦ ʫʨʦʚʥʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʵʣʝʢʪʨʦʚʦʟʦʚ, ʦʨʠʝʥʪʠʨʫʷʩʴ ʥʘ ʢʦʪʦʨʳʡ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʝʥ ʤʦʥʠʪʦʨʠʥʛ ʠ 

ʘʥʘʣʠʟ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʚʦʟʦʚ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʢʨʠʪʝʨʠʠ 

(ʧʦʢʘʟʘʪʝʣʠ) ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʚʦʟʘ, ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʠʭ 

ʦʧʨʝʜʝʣʝʥʠʷ, ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʦʡ. 

ʊʘʢ, ʚ ʢʘʯʝʩʪʚʝ ʧʦʢʘʟʘʪʝʣʷ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʙʳʣʦ ʨʝʰʝʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʜʝʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ, ʪ.ʝ. ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ 

ʵʣʝʢʪʨʦʚʦʟʦʤ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʝʜʠʥʠʮʳ ʨʘʙʦʪʳ. ɸ ʠʤʝʥʥʦ, ʚ ʢʘʯʝʩʪʚʝ 

ʧʦʢʘʟʘʪʝʣʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʚʦʟʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʨʘʩʯʝʪʥʘʷ ʚʝʣʠʯʠʥʘ 

ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʵʥʝʨʛʠʠ (ʋʈʕ), ʦʧʨʝʜʝʣʷʝʤʫʶ ʧʦ ʬʦʨʤʫʣʝ, ʢɺʪĀʯ/104 ʪʢʤ 

ʙʨʫʪʪʦ: 
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ʛʜʝ  Aʨʘʟ ï ʵʥʝʨʛʠʷ, ʟʘʪʨʘʯʠʚʘʝʤʘʷ ʵʣʝʢʪʨʦʚʦʟʦʤ ʥʘ ʨʘʟʛʦʥ ʧʦʝʟʜʘ ʜʦ 

ʧʝʨʚʦʛʦ ʟʥʘʯʝʥʠʷ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʨʘʩʯʝʪʥʦʡ ʩʢʦʨʦʩʪʠ, ʢɺʪĀʯ; 

Aʪ ï ʵʥʝʨʛʠʷ, ʟʘʪʨʘʯʝʥʥʘʷ ʥʘ ʪʷʛʫ ʧʦʝʟʜʘ ʚ ʨʝʞʠʤʘʭ ʜʚʠʞʝʥʠʷ ʧʦʩʣʝ 

ʨʘʟʛʦʥʘ, ʢɺʪĀʯ; 

Aʩ.ʥ. ï ʵʥʝʨʛʠʷ, ʧʦʪʨʝʙʣʝʥʥʘʷ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʥʫʞʜʳ ʵʣʝʢʪʨʦʚʦʟʘ, ʢɺʪĀʯ; 
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Aʨʝʢ ï ʵʥʝʨʛʠʷ ʨʝʢʫʧʝʨʘʮʠʠ, ʚʦʟʚʨʘʱʝʥʥʘʷ ʵʣʝʢʪʨʦʚʦʟʦʤ ʚ ʢʦʥʪʘʢʪʥʫʶ ʩʝʪʴ 

ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ, ʢɺʪĿʯ; 

mc ï ʤʘʩʩʘ ʩʦʩʪʘʚʘ, ʪ;  

S ï ʜʣʠʥʘ ʧʫʪʠ ʨʘʩʯʝʪʥʦʛʦ ʫʯʘʩʪʢʘ, ʢʤ. 

ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʚʦʟʘ 

ʩʚʦʜʠʪʩʷ ʢ ʟʘʜʘʯʝ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʛʦ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʪʷʛʠ ʧʦʝʟʜʘ. 

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʬʘʢʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʵʣʝʢʪʨʦʚʦʟʘ ʟʘʚʠʩʠʪ, ʚ ʪʦʤ ʯʠʩʣʝ, ʦʪ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢʪʨʦʚʦʟʘ ʠ ʦʪ 

ʢʘʯʝʩʪʚʘ ʝʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʵʣʝʢʪʨʦʚʦʟʦʚ ʥʘ ʦʩʥʦʚʝ ʩʨʘʚʥʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʠʭ 

ʨʘʩʯʝʪʥʦʛʦ ʠ ʪʝʢʫʱʝʛʦ (ʦʪʯʝʪʥʦʛʦ) ʫʨʦʚʥʝʡ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʊʦ ʝʩʪʴ, ʜʣʷ 

ʦʨʛʘʥʠʟʘʮʠʡ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʨʝʤʦʥʪ 

ʵʣʝʢʪʨʦʚʦʟʦʚ, ʧʦʢʘʟʘʪʝʣʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʚʦʟʦʚ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʙʘʟʦʚʳʤ ʨʘʩʯʝʪʥʳʤ ʠʭ ʫʨʦʚʥʝʤ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ 

ʩʚʦʝʦʙʨʘʟʥʳʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ, ʦʨʠʝʥʪʠʨʫʷʩʴ ʥʘ ʢʦʪʦʨʳʝ, ʩʪʘʥʦʚʠʪʩʷ 

ʚʦʟʤʦʞʥʳʤ ʨʝʰʝʥʠʝ ʨʷʜʘ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʚʳʰʝʥʠʝʤ ʢʘʯʝʩʪʚʘ ʨʝʤʦʥʪʘ ʠ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʵʣʝʢʪʨʦʚʦʟʦʚ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʠʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ.  

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʧʨʝʜʣʘʛʘʝʤʫʶ ʢʦʥʮʝʧʮʠʶ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʵʣʝʢʪʨʦʚʦʟʦʚ ʥʘ ʦʩʥʦʚʝ 

ʩʨʘʚʥʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʠʭ ʨʘʩʯʝʪʥʦʛʦ ʠ ʪʝʢʫʱʝʛʦ ʫʨʦʚʥʝʡ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ɸʣʛʦʨʠʪʤ ʧʨʝʜʣʘʛʘʝʤʦʡ ʢʦʥʮʝʧʮʠʠ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 1.  



ʄʅʇʂ çʊʈɸʅʉʇʆʈʊʅʓɽ ʉʀʉʊɽʄʓ: ɹɽɿʆʇɸʉʅʆʉʊʔ, ʅʆɺʓɽ ʊɽʍʅʆʃʆɻʀʀ, ʕʂʆʃʆɻʀʗè 

71 

 

ʄʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʠ ʩʨʘʚʥʠʪʝʣɹʥʦʛʦ 

ʘʥʘʣʠʟʘ ʠʥʜʠʢʘʪʦʨʦʚ (ʧʦʢʘʟʘʪʝʣʝʡ) 

ʥɻʝʨʛʦɻʬʬʝʢʪʠʚʥʦʩʪʠ ɻʣʝʢʪʨʦʚʦʟʦʚ 

ʈʘʩʯʝʪ ʟʥʘʯʝʥʠʡ ʋʈʕ ɻʣʝʢʪʨʦʚʦʟʦʚ 

ʥʦʚrʭ ʩʝʨʠʡ ʜʣ̫ ʪʠʧʦʚrʭ ʫʩʣʦʚʥrʭ 

ʫʯʘʩʪʢʦʚ, ʦʧʨʝʜʝʣ̫ʶɦ ʠʭ ʙʘʟʦʚrʡ 

ʫʨʦʚʝʥɹ ɻʥʝʨʛʦɻʬʬʝʢʪʠʚʥʦʩʪʠ 

ʣɻʝʢʪʨʦʚʦʟʦʚ

ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

ʫʯʘʩʪʢʦʚ ʬʘʢʪʠʯʝʩʢʦʡ ɻʢʩʧʣʫʘʪʘʮʠʠ 

ʢʦʥʢʨʝʪʥrʭ ɻʣʝʢʪʨʦʚʦʟʦʚ ʢ ʪʠʧʦʚrʤ 

ʫʩʣʦʚʥrʤ ʫʯʘʩʪʢʘʤ

ʈʘʩʯʝʪ ʟʥʘʯʝʥʠʡ ʬʘʢʪʠʯʝʩʢʦʛʦ 

ʋʈʕ ʢʦʥʢʨʝʪʥrʭ ɻʣʝʢʪʨʦʚʦʟʦʚ 

ʧʦ ʨʝʟʫʣɹʪʘʪʘʤ ʠʭ 

ʢɻʩʧʣʫʘʪʘʮʠʠ ʥʘ ʜʝʡʩʪʚʫʁ ʠɦʭ 

ʫʯʘʩʪʢʘʭ

ɸʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠ̫ 

ʟʥʘʯʝʥʠʡ ʬʘʢʪʠʯʝʩʢʦʛʦ ʋʈʕ 

ʢʦʥʢʨʝʪʥrʭ ɻʣʝʢʪʨʦʚʦʟʦʚ ʧʦ 

ʨʝʟʫʣɹʪʘʪʘʤ ʠʭ ɻʢʩʧʣʫʘʪʘʮʠʠ 

ʥʘ ʜʝʡʩʪʚʫʁ ʠɦʭ ʫʯʘʩʪʢʘʭ

ʊʠʧr ʧʨʦʬʠʣʝʡ

I-II III IV

ʉʝʨʠʠ 

ʣɻʝʢʪʨʦʚʦʟʦʚ

I II

2ʕʉ4ʂʋʈʕ- 2ʕʉ4ʂIII

2ʕʉ4ʂʋʈʕ IV

2ʕʉ4ʂʋʈʕ

I II

2ʕʉ6ʋʈʕ- 2ʕʉ6III

2ʕʉ6ʋʈʕ
IV

2ʕʉ6ʋʈʕ

... ... ... ...

2ʕʉ5ʂI II

2ʕʉ5ʂʋʈʕ- III

2ʕʉ5ʂʋʈʕ IV

2ʕʉ5ʂʋʈʕ

ɸʥʘʣʠʟ ʧʨʠʯʠʥ ʥʠʟʢʦʛʦ ʫʨʦʚʥ̫ 

ʬʘʢʪʠʯʝʩʢʦʡ ɻʥʝʨʛʦɻʬʬʝʢʪʠʚʥʦʩʪʠ 

ʣɻʝʢʪʨʦʚʦʟʦʚ ʦʪʥʦʩʠʪʝʣɹʥʦ ʨʘʩʯʝʪʥʦʛʦ 

ʙʘʟʦʚʦʛʦ

ɸʥʘʣʠʟ ʫʩʣʦʚʠʡ ɻʢʩʧʣʫʘʪʘʮʠʠ 

ʢʦʥʢʨʝʪʥrʭ ɻʣʝʢʪʨʦʚʦʟʦʚ ʥʘ ʫʯʘʩʪʢʘʭ 

ʠʭ ʨʘʙʦʪr

ɸʥʘʣʠʟ ʜʘʥʥrʭ ʙʦʨʪʦʚrʭ ʩʠʩʪʝʤ 

ʜʠʘʛʥʦʩʪʠʢʠ ʦ ʩʦʩʪʦ̫ʥʠʠ 

ʦʙʦʨʫʜʦʚʘʥʠ̫ ʠ ʩʠʣʦʚrʭ ʮʝʧʝʡ 

ʣɻʝʢʪʨʦʚʦʟʘ ʚ ʧʨʦʮʝʩʩʝ 

ʢɻʩʧʣʫʘʪʘʮʠʠ

ɸʥʘʣʠʟ ʢʘʯʝʩʪʚʘ ʠ ʩʦʙʣʁʜʝʥʠ̫ 

ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʚrʧʦʣʥʝʥʠ̫ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠ̫ ʠ 

ʨʝʤʦʥʪʘ ɻʣʝʢʪʨʦʚʦʟʘ ʚ ʉʃɼ

(ʚ ʪʦʤ ʯʠʩʣʝ ʚʥʝʧʣʘʥʦʚrʭ 

ʨʝʤʦʥʪʦʚ)

ʈʘʟʨʘʙʦʪʢʠ ʧʦʜʭʦʜʦʚ ʢ 

ʩʦʚʝʨh ʝʥʩʪʚʦʚʘʥʠʁ  

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʨʝʤʦʥʪʘ 

ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠ̫ 

ʣɻʝʢʪʨʦʚʦʟʦʚ, ʘ ʪʘʢʞʝ ʧʨʝʜʣʦʞʝʥʠʡ 

ʧʦ ʧʨʦʚʝʜʝʥʠʁ  ʚʥʝʧʣʘʥʦʚrʭ 

ʨʝʤʦʥʪʦʚ ʩ ʮʝʣɹ  ʁʧʨʝʜʫʧʨʝʞʜʝʥʠ̫ 

ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʚ ʧʨʦʮʝʩʩʝ 

ʢɻʩʧʣʫʘʪʘʮʠʠ

ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝhʝʥʠʡ ʧʦ 

ʧʦʚr ʝhʥʠʁ  ʫʨʦʚʥ̫ 

ʥɻʝʨʛʦɻʬʬʝʢʪʠʚʥʦʩʪʠ ɻʣʝʢʪʨʦʚʦʟʦʚ

ɸʥʘʣʠʟ ɻʥʝʨʛʝʪʠʯʝʩʢʦʡ ɻʬʬʝʢʪʠʚʥʦʩʪʠ 

ʢʦʥʢʨʝʪʥrʭ ɻʣʝʢʪʨʦʚʦʟʦʚ ʚ ʧʨʦʮʝʩʩʝ 

ʢɻʩʧʣʫʘʪʘʮʠʠ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠ̫

ʉ
ʦ
ʧ
ʦ
ʩʪ
ʘʚ
ʣ
ʝʥ
ʠ
ʝ 

ʨ
ʝʟ
ʫ
ʣɹ
ʪʘ
ʪʦ
ʚ

 

ʈʠʩʫʥʦʢ 1 ï ɸʣʛʦʨʠʪʤ ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʮʝʧʮʠʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʵʣʝʢʪʨʦʚʦʟʦʚ ʥʘ ʦʩʥʦʚʝ 

ʨʘʩʯʝʪʥʦʛʦ ʫʨʦʚʥʷ ʠʭ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ɺ ʦʩʥʦʚʫ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʦʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʠ 

ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠʥʜʠʢʘʪʦʨʦʚ (ʧʦʢʘʟʘʪʝʣʝʡ) ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʵʣʝʢʪʨʦʚʦʟʦʚ, ʦʧʠʩʘʥʥʘʷ ʚʳʰʝ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʥʘ 

ʧʨʘʢʪʠʢʝ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʘʭ ʩʝʪʠ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ ʧʨʠʤʝʥʷʶʪʩʷ ʠ 

ʨʘʟʣʠʯʥʳʝ ʨʝʞʠʤʳ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢʪʨʦʚʦʟʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʠʥʜʠʢʘʪʦʨʦʚ (ʧʦʢʘʟʘʪʝʣʝʡ) 
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ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʚʦʟʦʚ, ʦʪʦʙʨʘʞʘʶʱʠʭ ʨʘʩʯʝʪʥʳʝ ʫʨʦʚʥʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʘʞʜʦʡ ʩʝʨʠʠ ʵʣʝʢʪʨʦʚʦʟʘ, ʩʦʛʣʘʩʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʝʥʠʝ ʨʘʩʯʝʪʦʚ ʟʥʘʯʝʥʠʡ ʋʈʕ 

ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʡ. ʕʪʠ ʨʘʩʯʝʪʳ ʩʪʘʥʦʚʷʪʩʷ ʦʩʥʦʚʦʡ 

ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʚʳʰʝʥʠʝʤ ʢʘʯʝʩʪʚʘ ʵʢʩʧʣʫʘʪʘʮʠʠ, 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʵʣʝʢʪʨʦʚʦʟʦʚ. 

ɺʪʦʨʳʤ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ ʤʝʭʘʥʠʟʤʦʤ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʥʢʨʝʪʥʳʭ ʵʣʝʢʪʨʦʚʦʟʦʚ ʚ 

ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. ɿʜʝʩʴ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʧʨʦʬʠʣʷ ʧʫʪʠ ʫʯʘʩʪʢʘ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʪʠʧʫ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ [2, 

4]. ɼʘʣʝʝ ʚʳʧʦʣʥʷʝʪʩʷ ʢʦʤʧʣʝʢʩ ʨʘʙʦʪ ʧʦ ʨʘʩʯʝʪʫ ʬʘʢʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ ʋʈʕ 

ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʦʥʢʨʝʪʥʳʭ ʵʣʝʢʪʨʦʚʦʟʦʚ ʠ ʘʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʵʪʠʭ 

ʟʥʘʯʝʥʠʡ ʚ ʤʝʞʨʝʤʦʥʪʥʳʡ ʧʝʨʠʦʜ ʨʘʙʦʪʳ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʙʦʨʪʦʚʳʭ ʩʠʩʪʝʤ 

ʜʠʘʛʥʦʩʪʠʢʠ ʵʣʝʢʪʨʦʚʦʟʦʚ. ɿʘʪʝʤ ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʨʘʩʯʝʪʥʳʭ 

ʟʥʘʯʝʥʠʡ ʋʈʕ ʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʬʘʢʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ. 

ʇʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʨʘʩʯʝʪʥʳʭ ʋʈʕ ʩ ʬʘʢʪʠʯʝʩʢʠʤʠ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ 

ʵʣʝʢʪʨʦʚʦʟʦʚ, ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʚʳʷʚʣʷʪʴ ʵʣʝʢʪʨʦʚʦʟʳ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʨʠʯʠʥʳ ʥʠʟʢʦʛʦ ʠʣʠ ʩʥʠʞʘʶʱʝʛʦʩʷ 

ʫʨʦʚʥʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʙʳʪʴ, ʚ ʪʦʤ ʯʠʩʣʝ, 

ʦʪʢʣʦʥʝʥʠʷ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʚʦʟʦʚ ʦʪ ʦʧʪʠʤʘʣʴʥʳʭ, ʪʘʢʠʝ ʢʘʢ: 

1) ʥʝʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʷʛʦʚʳʭ ʩʚʦʡʩʪʚ ʵʣʝʢʪʨʦʚʦʟʘ, ʥʘʧʨʠʤʝʨ, 

ʨʘʙʦʪʘ ʥʘ ʥʝʧʦʜʭʦʜʷʱʝʤ ʧʨʦʬʠʣʝ ʧʫʪʠ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʣʦʢʦʤʦʪʠʚʘ ʠʣʠ ʨʘʙʦʪʘ 

ʩ ʥʝʦʧʪʠʤʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʝʢʮʠʡ ʚ ʦʜʥʦʤ ʣʦʢʦʤʦʪʠʚʝ, ʠʣʠ ʫʩʪʘʥʦʚʣʝʥʥʳʝ 

ʥʝʦʧʪʠʤʘʣʴʥʳʝ ʤʘʩʩʳ ʩʦʩʪʘʚʦʚ ʜʣʷ ʜʝʡʩʪʚʫʶʱʠʭ ʫʯʘʩʪʢʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʪ.ʧ.; 

2) ʧʨʠʤʝʥʝʥʠʝ ʥʝʨʘʮʠʦʥʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʚʦʟʘ 

ʣʦʢʦʤʦʪʠʚʥʳʤʠ ʙʨʠʛʘʜʘʤʠ; 

3) ʦʪʢʣʦʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʦʚʦʟʘ ʦʪ ʦʧʪʠʤʘʣʴʥʳʭ 

(ʧʘʩʧʦʨʪʥʳʭ). 
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ɽʩʣʠ ʧʝʨʚʳʝ ʜʚʝ ʧʨʠʯʠʥʳ ʩʚʷʟʘʥʳ ʩ ʦʨʛʘʥʠʟʘʮʠʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʵʣʝʢʪʨʦʚʦʟʦʚ, ʪʦ ʪʨʝʪʴʷ ʤʦʞʝʪ ʙʳʪʴ ʩʣʝʜʩʪʚʠʝʤ ʥʝʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠʣʠ 

ʥʝʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠʣʠ ʨʝʤʦʥʪʘ ʵʣʝʢʪʨʦʚʦʟʘ. ʉ ʵʪʦʡ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ çʧʨʦʟʨʘʯʥʦʛʦè ʨʘʩʯʝʪʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ 

ʤʝʪʦʜʘ ʋʈʕ ʨʘʟʣʠʯʥʳʭ ʩʝʨʠʡ ʵʣʝʢʪʨʦʚʦʟʦʚ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʘʥʘʣʠʟʦʤ ʜʘʥʥʳʭ 

ʙʦʨʪʦʚʳʭ ʩʠʩʪʝʤ ʜʠʘʛʥʦʩʪʠʢʠ ʵʣʝʢʪʨʦʚʦʟʦʚ ʧʦʟʚʦʣʷʪ ʦʧʨʝʜʝʣʠʪʴ ʚʦʟʥʠʢʰʫʶ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʫʩʪʘʥʦʚʣʝʥʠʠ ʧʨʠʯʠʥ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʬʘʢʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ 

ʋʈʕ ʨʘʩʯʝʪʥʳʤ. 

ʅʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʝʩʣʠ ʵʣʝʢʪʨʦʚʦʟ ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʠ 

ʨʝʞʠʤʘʭ, ʩʦʧʦʩʪʘʚʠʤʳʭ ʩ ʨʘʩʯʝʪʥʳʤʠ, ʥʦ ʫʨʦʚʝʥʴ ʝʛʦ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʠ ʵʪʦʤ ʥʠʞʝ ʨʘʩʯʝʪʥʦʛʦ, ʵʪʦ ʤʦʞʝʪ ʩʪʘʪʴ ʧʨʷʤʳʤ ʫʢʘʟʘʥʠʝʤ ʥʘ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʬʘʢʪʠʯʝʩʢʠʭ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʷʚʣʝʥʥʳʤ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, 

ʚʦʟʤʦʞʥʦ, ʠʤʝʝʪ ʤʝʩʪʦ ʥʠʟʢʦʝ ʢʘʯʝʩʪʚʦ ʨʝʤʦʥʪʘ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʜʘʥʥʦʛʦ ʣʦʢʦʤʦʪʠʚʘ. ʇʨʠ ʵʪʦʤ ʟʘʜʘʯʘ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʵʣʝʢʪʨʦʚʦʟʦʚ ʥʘ ʠʭ ʥʘʜʝʞʥʦʩʪʴ, ʩʚʦʜʠʪʩʷ ʢ ʘʥʘʣʠʟʫ ʚʣʠʷʥʠʷ ʥʠʟʢʦʛʦ ʠʣʠ 

ʩʥʠʞʘʶʱʝʛʦʩʷ ʫʨʦʚʥʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʚʦʟʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ 

ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʩʪʫʧʣʝʥʠʷ ʧʨʝʜʦʪʢʘʟʥʳʭ ʩʦʩʪʦʷʥʠʡ ʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩʪʘʥʝʪ ʚʦʟʤʦʞʥʳʤ ʨʘʟʨʘʙʦʪʢʘ 

ʧʦʜʭʦʜʦʚ ʢ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʨʝʤʦʥʪʘ ʠ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʵʣʝʢʪʨʦʚʦʟʦʚ ʠ ʧʨʝʜʣʦʞʝʥʠʡ ʧʦ ʚʥʝʜʨʝʥʠʶ ʥʘ 

ʵʣʝʢʪʨʦʚʦʟʳ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʠ ʧʦʚʳʰʘʶʱʠʭ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢʠʭ ʢʘʢ ʫʩʪʨʦʡʩʪʚʘ ʢʦʤʧʝʥʩʘʮʠʠ 

ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʥʘʢʦʧʠʪʝʣʠ ʵʥʝʨʛʠʠ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʡ ʪʷʛʦʚʳʡ 

ʧʨʠʚʦʜ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʘʚʪʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʚʦʟʦʚ ʠ 

ʪ.ʧ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚʳʧʦʣʥʝʥʥʳʡ ʧʦʜʦʙʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʠʪ ʫʩʪʘʥʦʚʠʪʴ 

ʚʟʘʠʤʦʩʚʷʟʴ ʥʠʟʢʦʛʦ ʠʣʠ ʩʥʠʞʘʶʱʝʛʦʩʷ ʫʨʦʚʥʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʵʣʝʢʪʨʦʚʦʟʘ ʩ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʪʝʭʥʠʯʝʩʢʠʭ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ, ʧʨʠʚʦʜʷʱʠʭ ʢ 

ʚʥʝʧʣʘʥʦʚʳʤ ʨʝʤʦʥʪʘʤ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʩʪʘʥʝʪ ʚʦʟʤʦʞʥʳʤ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʪʴ 
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ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʚʥʝʧʣʘʥʦʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʩʣʫʞʠʚʘʥʠʡ ʵʣʝʢʪʨʦʚʦʟʦʚ ʩ 

ʥʠʟʢʦʡ ʠʣʠ ʩʥʠʞʘʶʱʝʡʩʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʩ ʮʝʣʴʶ ʝʝ ʧʦʚʳʰʝʥʠʷ ʠ 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ. 
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ɸʥʥʦʪʘʮʠʷ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ, 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʤʝʪʦʨʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ.  

ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʜʘʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʜʘʥʥʳʝ ʙʦʣʝʝ ʯʝʤ 50-ʣʝʪʥʠʭ ʥʘʙʣʶʜʝʥʠʡ ʧʦ 

ʅʦʚʦʩʠʙʠʨʩʢʦʤʫ ʚʦʜʦʭʨʘʥʠʣʠʱʫ 

2. ʇʦʩʪʨʦʝʥʳ ʵʧʶʨʳ ʩʢʦʨʦʩʪʝʡ ʜʦʥʥʳʭ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʪʝʯʝʥʠʡ 

3. ʉʦʚʤʝʱʝʥʳ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʝ ʢʘʨʪʳ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʟʘ 1985 ʠ 2022 ʛ.ʛ.  

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪʳ ʙʳʣʠ ʠʟʫʯʝʥʳ: ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ, 

ʛʝʦʣʦʛʠʯʝʩʢʠʝ, ʛʠʜʨʦʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ, ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ, ʘ ʪʘʢʞʝ ʠʥʳʝ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠ ʨʷʜ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʟʘʜʘʯ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ 

ʨʘʙʦʪʳ ʥʘʜ ʥʘʫʯʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ. 

 Annotation. The purpose of the work is to analyze the geomorphological, 

hydrological and hydrometeorological features of the Novosibirsk reservoir. 

To achieve this goal, the following tasks were solved: 

 1. Data from more than 50 years of observations on the Novosibirsk reservoir 

were analyzed 

 2. Velocity diagrams of bottom and surface currents were constructed 

 3. Topographic maps of the Novosibirsk reservoir for 1985 and 2022 are 

combined. 

 During the work, the following were studied: hydrogeological, geological, 

hydrogeomorphological, hydrological, as well as other analytical data and a number 

of related tasks that arise in the process of working on scientific research. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʜʦʭʨʘʥʠʣʠʱʝ, ʙʝʨʝʛʦʚʘʷ ʣʠʥʠʷ, ʛʝʦʤʦʨʬʦʣʦʛʠʷ. 

Key words: reservoir, coastline, geomorphology. 

ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ɻʕʉ ʙʳʣʦ ʟʘʚʝʨʰʝʥʦ ʙʦʣʝʝ 60 ʣʝʪ ʥʘʟʘʜ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʦʙʨʘʟʦʚʘʣʦʩʴ 

ʅʦʚʦʩʠʙʠʨʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ. ɹʣʘʛʦʜʘʨʷ ʙʦʣʴʰʦʡ ʧʦʣʝʟʥʦʡ ʝʤʢʦʩʪʠ 

ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʩʜʝʨʞʠʚʘʝʪ ʠ ʘʢʢʫʤʫʣʠʨʫʝʪ ʧʘʚʦʜʢʦʚʳʝ ʚʦʜʳ, ʧʦʩʪʫʧʘʶʱʠʝ ʠʟ 

ʈʝʩʧʫʙʣʠʢʠ ɸʣʪʘʡ ʠ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ.  

ʅʦʚʦʩʠʙʠʨʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʷʚʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʳʤ ʚʦʜʥʳʤ ʦʙʲʝʢʪʦʤ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʋʞʝ ʙʦʣʝʝ 60 ʣʝʪ ʦʥʦ ʠʥʪʝʥʩʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʥʘʨʦʜʥʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʮʝʣʷʭ - ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʦʩʥʦʚʥʦʡ 

ʟʦʥʦʡ ʨʝʢʨʝʘʮʠʠ ʞʠʪʝʣʝʡ ʛ. ʅʦʚʦʩʠʙʠʨʩʢʘ, ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ ʠ 

ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ, ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ ʜʣʷ ʩʫʜʦʭʦʜʩʪʚʘ ʠ ʨʳʙʥʦʛʦ ʭʦʟʷʡʩʪʚʘ.  

ɺ ʜʚʫʭʢʠʣʦʤʝʪʨʦʚʦʡ ʟʦʥʝ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʨʘʩʧʦʣʦʞʝʥ 

41 ʥʘʩʝʣʝʥʥʳʡ ʧʫʥʢʪ, ʚ ʪʦʤ ʯʠʩʣʝ ʛʦʨʦʜʘ ʂʘʤʝʥʴ-ʥʘ-ʆʙʠ, ɹʝʨʜʩʢ, ʀʩʢʠʪʠʤ, 
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ʆʨʜʳʥʩʢʦʝ, ʅʦʚʦʩʠʙʠʨʩʢ. ʇʨʠʙʨʝʞʥʘʷ ʦʙʣʝʩʝʥʥʘʷ ʪʝʨʨʠʪʦʨʠʷ ʩʣʫʞʠʪ ʤʝʩʪʦʤ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʟʜʦʨʦʚʠʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ, ʢʦʪʪʝʜʞʥʳʭ, ʜʘʯʥʳʭ ʧʦʩʝʣʢʦʚ ʠ 

ʩʘʜʦʚʦʜʯʝʩʢʠʭ ʦʙʱʝʩʪʚ, ʤʝʩʪʦʤ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʦʪʜʳʭʘ ʥʘʩʝʣʝʥʠʷ [1].  

ɹʝʨʝʛ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʷʚʣʷʝʪʩʷ ʧʨʠʨʦʜʥʳʤ ʨʫʙʝʞʦʤ ʤʝʞʜʫ ʚʦʜʦʡ ʠ ʩʫʰʝʡ. 

ɿʜʝʩʴ ʧʦʩʪʦʷʥʥʦ ʧʨʦʠʩʭʦʜʷʪ ʠʟʤʝʥʝʥʠʷ ʨʝʣʴʝʬʘ, ʢʘʢ ʚ ʥʘʜʚʦʜʥʦʡ, ʪʘʢ ʠ 

ʧʦʜʚʦʜʥʦʡ ʯʘʩʪʠ ʙʝʨʝʛʦʚʦʡ ʟʦʥʳ ʚʦʜʦʸʤʘ.  

ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʤʝʱʝʥʠʷ ʚʦʜ ʠ ʥʘʥʦʩʦʚ 

ʙʝʨʝʛʦʚʦʡ ʟʦʥʳ, ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ ʩʣʫʞʠʪ ʵʥʝʨʛʠʷ ʚʝʪʨʦʚʳʭ 

ʚʦʣʥ ʠ ʚʦʟʙʫʞʜʘʝʤʳʭ ʠʤ ʪʝʯʝʥʠʡ [2]. ʈʘʟʨʫʰʝʥʠʝ ʙʝʨʝʛʦʚ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ 

ʚʝʩʝʥʥʝʛʦ ʦʪʪʘʠʚʘʥʠʷ, ʨʘʟʤʦʢʘʥʠʷ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʘʙʨʘʟʠʦʥʥʦʛʦ ʫʩʪʫʧʘ. 

ʀʥʪʝʥʩʠʚʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩʢʣʦʥʘ ʩʧʦʩʦʙʩʪʚʫʶʪ ʛʣʫʙʦʢʠʝ 

ʦʚʨʘʛʠ, ʨʘʟʨʝʟʘʶʱʠʝ ʧʦʚʝʨʭʥʦʩʪʴ ʙʝʨʝʛʘ, ʯʪʦ ʚʣʝʯʸʪ ʟʘ ʩʦʙʦʡ ʦʪʪʦʢ ʪʘʣʳʭ ʠ 

ʜʦʞʜʝʚʳʭ ʚʦʜ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʫʭʫʜʰʘʝʪʩʷ ʧʨʦʟʨʘʯʥʦʩʪʴ ʚʦʜʳ ʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ. ʇʨʦʮʝʩʩ ʘʙʨʘʟʠʦʥʥʦʡ 

ʧʝʨʝʨʘʙʦʪʢʠ ʙʝʨʝʛʦʚʳʭ ʦʪʣʦʞʝʥʠʡ (ʩʣʘʥʮʳ, ʧʝʩʯʘʥʠʢʠ, ʛʣʠʥʳ, ʩʫʛʣʠʥʢʠ, 

ʩʫʧʝʩʠ) ʦʙʫʩʣʦʚʣʝʥ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʜʝʡʩʪʚʠʝʤ ʚʝʪʨʦʚʳʭ ʚʦʣʥ. 

ɺ ʮʝʣʦʤ ʧʦ ʚʦʜʦʭʨʘʥʠʣʠʱʫ ʢ ʥʘʯʘʣʫ ʥʦʨʤʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ (1960 ʛ.) 

ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʘʙʨʘʟʠʦʥʥʳʭ ʙʝʨʝʛʦʚ ʩʦʩʪʘʚʣʷʣʘ 115 ʢʤ (20 % ʦʪ ʦʙʱʝʡ ʜʣʠʥʳ), 

ʘ ʧʣʦʱʘʜʴ ʧʦʪʝʨʷʥʥʳʭ ʟʝʤʝʣʴ - ʧʨʠʤʝʨʥʦ 4 ʢʤ2. ʂ ʢʦʥʮʫ ʧʝʨʚʦʛʦ ʜʝʩʷʪʠʣʝʪʠʷ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʧʝʨʝʨʘʙʦʪʢʦʡ ʙʳʣʦ ʦʭʚʘʯʝʥʦ 250 ʢʤ, ʠʣʠ 50 % 

ʚʩʝʡ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ, ʘ ʧʦʪʝʨʠ ʟʝʤʝʣʴ ʩʦʩʪʘʚʣʷʣʠ 10 ʢʤ2. ɺ ʧʦʩʣʝʜʫʶʱʠʝ 

ʜʝʩʷʪʠʣʝʪʠʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʘʙʨʘʟʠʦʥʥʳʭ ʙʝʨʝʛʦʚ ʙʳʣʘ ʦʢʦʣʦ 400 ʢʤ, ʘ ʧʦʪʝʨʠ 

ʟʝʤʝʣʴ - 15 ʢʤ2. ʇʨʦʮʝʩʩ ʦʙʨʫʰʝʥʠʷ ʙʝʨʝʛʦʚʳʭ ʩʢʣʦʥʦʚ ʚʦʜʦʭʨʘʥʠʣʠʱʘ 

ʦʢʘʟʘʣʩʷ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʤ, ʯʝʤ ʵʪʦ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʦʩʴ ʚ ʧʨʦʛʥʦʟʘʭ, ʢʦʪʦʨʳʝ 

ʧʦʪʨʝʙʦʚʘʣʠ ʫʪʦʯʥʝʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʬʘʢʪʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʦʛʥʦʟʦʚ. ʄʥʦʛʦʣʝʪʥʠʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʠʟʤʝʥʝʥʠʷʤʠ 

ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʚʳʷʚʠʣʠ ʨʷʜ ʥʝʧʝʨʠʦʜʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʭʦʜʝ 

ʚʳʨʘʙʦʪʢʠ ʧʨʦʬʠʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʙʝʨʝʛʦʚ ʚʦʜʦʭʨʘʥʠʣʠʱʘ. 
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ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʨʝʟʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʭʦʜʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʝʨʝʛʦʚ, ʢʦʪʦʨʦʝ 

ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʚ ʧʨʦʛʥʦʟʘʭ, ʩʚʷʟʘʥʦ ʩ ʨʘʟʣʠʯʥʦʡ ʚʦʜʥʦʩʪʴʶ ʛʦʜʘ ʠ 

ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ [3]. ʇʨʠ ʤʘʣʦʡ ʚʦʜʥʦʩʪʠ ʛʦʜʘ ʦʪʤʝʯʘʶʪʩʷ 

ʠʥʪʝʥʩʠʚʥʳʡ ʨʘʟʤʳʚ ʫʞʝ ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʧʨʠʙʨʝʞʥʳʭ ʦʪʤʝʣʝʡ ʠ ʥʝʢʦʪʦʨʦʝ 

ʟʘʪʫʭʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʙʝʨʝʛʦʚ. ʇʨʠ ʧʦʚʳʰʝʥʥʦʡ ʚʦʜʥʦʩʪʠ 

ʧʨʦʠʩʭʦʜʠʪ ʚʩʧʳʰʢʘ ʙʝʨʝʛʦʦʙʨʫʰʝʥʠʡ, ʚ ʮʝʣʦʤ ʧʨʦʮʝʩʩ ʥʦʩʠʪ ʮʠʢʣʠʯʝʩʢʠʡ 

ʭʘʨʘʢʪʝʨ. 

ʅʝʢʦʪʦʨʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʠʟʦʰʣʠ ʧʨʘʢʪʠʯʝʩʢʠ "ʤʛʥʦʚʝʥʥʦ", ʥʦ 

ʤʥʦʛʠʝ ʥʦʩʷʪ ʣʘʪʝʥʪʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʜʘʣʝʢʦ ʥʝ ʚʩʝʛʜʘ ʙʣʘʛʦʧʨʠʷʪʥʳ. ɺ ʠʭ ʯʠʩʣʝ 

ʥʘʠʙʦʣʝʝ ʟʘʤʝʪʥʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʜʝʷʪʝʣʴʥʦʩʪʴ ʙʝʨʝʛʦʚʳʭ ʧʨʦʮʝʩʩʦʚ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʨʘʟʨʫʰʝʥʠʝ ʙʝʨʝʛʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʦʣʥ ʠ ʪʝʯʝʥʠʡ. ʇʦʩʢʦʣʴʢʫ 

ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʚʦʜʦʝʤʳ ʩʦʟʜʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʦʙʞʠʪʳʭ ʨʘʡʦʥʘʭ, 

ʫʱʝʨʙ ʦʪ ʧʦʪʝʨʠ ʟʝʤʝʣʴ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʤʘʩʰʪʘʙʦʚ. 

ʋʱʝʨʙ ʦʪ ʧʦʪʝʨʠ ʟʝʤʝʣʴ ʠ ʥʝʛʘʪʠʚʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ 

ʨʘʟʨʫʰʝʥʠʷ ʙʝʨʝʛʦʚ ʚʦʜʦʭʨʘʥʠʣʠʱ ʩʜʝʣʘʣʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʫ 

ʠʭ ʟʘʱʠʪʳ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʧʝʨʚʳʝ ʙʝʨʝʛʦʟʘʱʠʪʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʦʙʳʯʥʦ 

ʧʨʦʚʦʜʠʣʠʩʴ ʩʨʘʟʫ ʧʦʩʣʝ ʠʭ ʩʦʟʜʘʥʠʷ. ʀʟʚʝʩʪʥʳ ʜʘʞʝ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʪʘʢʠʝ 

ʤʝʨʦʧʨʠʷʪʠʷ ʠʤʝʣʠ ʧʨʝʚʝʥʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʧʨʝʜʰʝʩʪʚʦʚʘʣʠ ʩʦʟʜʘʥʠʶ 

ʚʦʜʦʝʤʘ: ʪʘʢ, ʝʱʝ ʜʦ ʟʘʧʦʣʥʝʥʠʷ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʪʘʤ ʙʳʣʦ 

ʥʘʯʘʪʦ ʚʦʟʚʝʜʝʥʠʝ ʢʘʤʝʥʥʦ-ʥʘʙʨʦʩʥʳʭ ʧʦʢʨʳʪʠʡ ʩ ʮʝʣʴʶ ʟʘʱʠʪʳ ʙʝʨʝʛʘ ʠ 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʧʦʙʝʨʝʞʴʝ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʟʚʠʪʠʝ ʧʝʨʝʚʦʟʦʢ ʚʥʫʪʨʝʥʥʠʤ ʚʦʜʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝʤ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʫʩʪʨʘʥʝʥʠʝʤ ʫʟʢʠʭ ʤʝʩʪ ʜʣʷ ʤʘʢʩʠʤʠʟʘʮʠʠ ʟʘʛʨʫʟʢʠ ʨʝʯʥʳʭ ʩʫʜʦʚ. ɺ ʨʘʤʢʘʭ 

ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʫʚʝʣʠʯʠʪʴ ʧʝʨʝʚʦʟʦʯʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʩʪʘʚʦʚ 

ʩʫʜʦʚ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʠʭ ʢʦʥʬʠʛʫʨʘʮʠʠ ʥʘ ʤʘʨʰʨʫʪʝ ʩʣʝʜʦʚʘʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʝʪ ʪʝʭʥʦʣʦʛʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʘʚʘʤʠ ʩʫʜʦʚ, ʬʦʨʤʠʨʫʶʱʘʷ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʚʘʨʠʘʥʪʘ 

ʦʨʛʘʥʠʟʘʮʠʠ ʧʝʨʝʚʦʟʦʢ. 

Annotation. The development of inland waterway transport is currently driven 

by the introduction of digital technologies and the removal of bottlenecks to 

maximize the load of river vessels. Within the framework of this article, it is 

proposed to increase the carrying capacity of ship trains by changing their 

configuration on the route. The result of the research is the intelligent management 

technology of composite vessels, which forms recommendations for choosing an 

option for organizing transportation. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪ; ʚʥʫʪʨʝʥʥʠʝ ʚʦʜʥʳʝ ʧʫʪʠ; ʩʦʩʪʘʚʳ 

ʩʫʜʦʚ; ʪʝʭʥʦʣʦʛʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ; ʢʦʥʬʠʛʫʨʘʮʠʷ ʩʦʩʪʘʚʘ ʩʫʜʦʚ 

Keywords: water transport; inland waterways; ship compositions; intelligent 

control technology; configuration of the composition of ships 
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ʈʘʟʚʠʪʠʝ ʚʦʜʥʦʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʝʰʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʙʣʦʢʦʚ ʟʘʜʘʯ, ʠʟ ʢʦʪʦʨʳʭ ʦʩʥʦʚʥʳʤʠ 

ʷʚʣʷʶʪʩʷ: 

- ʫʩʪʨʘʥʝʥʠʝ ʫʟʢʠʭ ʤʝʩʪ ʠ ʣʠʤʠʪʠʨʫʶʱʠʭ ʫʯʘʩʪʢʦʚ ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʥʳʭ 

ʧʫʪʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʟʘʛʨʫʟʢʠ ʨʝʯʥʳʭ ʩʫʜʦʚ; 

- ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʥʘ ʪʨʘʥʩʧʦʨʪʝ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʮʠʬʨʦʚʠʟʘʮʠʠ ʧʝʨʝʚʦʟʦʢ ʚ ʮʝʣʷʭ ʩʥʠʞʝʥʠʷ ʠʟʜʝʨʞʝʢ. 

ɼʘʥʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʩʨʝʜʠ ʧʨʦʯʠʭ ʧʨʠʚʝʜʝʥʳ ʚ ʊʨʘʥʩʧʦʨʪʥʦʡ 

ʩʪʨʘʪʝʛʠʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2030 ʛʦʜʘ ʩ ʧʨʦʛʥʦʟʦʤ ʥʘ ʧʝʨʠʦʜ ʜʦ 2035 ʛʦʜʘ [1]. 

ʉʨʝʜʠ ʢʣʶʯʝʚʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʥʘʮʝʣʝʥʥʳʭ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʵʪʠʭ ʥʘʧʨʘʚʣʝʥʠʡ, 

ʚʳʜʝʣʝʥʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʤʦʜʝʨʥʠʟʘʮʠʷ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ (ʚ ʪʦʤ 

ʯʠʩʣʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ɹʘʛʘʝʚʩʢʦʛʦ ʛʠʜʨʦʫʟʣʘ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʅʠʞʝʛʦʨʦʜʩʢʦʛʦ 

ʥʠʟʢʦʥʘʧʦʨʥʦʛʦ ʛʠʜʨʦʫʟʣʘ); ʦʙʝʩʧʝʯʝʥʠʝ 100 % ʧʦʢʨʳʪʠʷ ʦʧʦʨʥʦʡ ʩʝʪʠ 

ʵʣʝʢʪʨʦʥʥʳʤʠ ʥʘʚʠʛʘʮʠʦʥʥʳʤʠ ʢʘʨʪʘʤʠ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ, ʩʦʟʜʘʥʠʝ 

ʮʠʬʨʦʚʦʡ ʢʘʨʪʳ ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʥʳʭ ʧʫʪʝʡ, ʚʥʝʜʨʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʩʠʩʪʝʤ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʜʦʭʦʜʩʪʚʘ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʮʝʧʮʠʷ ʩʦʟʜʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʩʦʩʪʘʚʘʤʠ ʩʫʜʦʚ, ʢʦʪʦʨʘʷ 

ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʥʘʧʨʘʚʣʝʥʘ ʥʘ 

ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʧʝʨʝʚʦʟʠʤʦʛʦ ʟʘ ʦʜʠʥ ʨʝʡʩ ʛʨʫʟʘ. 

ʋʚʝʣʠʯʝʥʠʝ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʩʫʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʦʙʲʝʤʘ 

ʧʝʨʝʚʝʟʝʥʥʦʛʦ ʟʘ ʦʜʠʥ ʨʝʡʩ ʛʨʫʟʘ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʥʘʠʙʦʣʝʝ ʪʦʯʥʦʛʦ 

ʧʨʠʙʣʠʞʝʥʠʷ ʦʙʱʠʭ ʛʘʙʘʨʠʪʦʚ ʩʫʜʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚʦ ʚʨʝʤʷ ʨʝʡʩʘ, ʢ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʥʳʭ ʧʫʪʝʡ [2].  

ɺ ʩʫʱʝʩʪʚʫʶʱʝʡ ʧʨʘʢʪʠʢʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠʤʝʥʷʝʪʩʷ ʣʠʥʝʘʨʥʳʡ ʧʦʜʭʦʜ, 

ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʪʦʤ, ʯʪʦ ʩʦʩʪʘʚ ʧʨʠ ʜʚʠʞʝʥʠʠ ʥʘ ʤʘʨʰʨʫʪʝ ʦʪ ʧʫʥʢʪʘ 

ʦʪʧʨʘʚʣʝʥʠʷ ʜʦ ʧʫʥʢʪʘ ʥʘʟʥʘʯʝʥʠʷ (ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʫʥʢʪʘ 

ʧʦʛʨʫʟʢʠ/ʚʳʛʨʫʟʢʠ) ʩʦʭʨʘʥʷʝʪ ʥʝʠʟʤʝʥʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ. ʇʨʠ ʵʪʦʤ 
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ʤʘʢʩʠʤʘʣʴʥʳʝ ʦʙʱʠʝ ʛʘʙʘʨʠʪʳ ʩʦʩʪʘʚʘ ʩʫʜʦʚ ʧʦ ʜʣʠʥʝ ʠ ʰʠʨʠʥʝ ʥʘʟʥʘʯʘʶʪʩʷ 

ʧʦ ʤʠʥʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ʨʘʜʠʫʩʘ ʧʦʚʦʨʦʪʘ ʠ ʰʠʨʠʥʳ ʚʦʜʥʳʭ ʧʫʪʝʡ 

ʤʘʨʰʨʫʪʘ [3, 4, 5].  

ɺ ʨʘʙʦʪʝ [6] ʧʨʠʚʦʜʠʪʩʷ ʩʪʨʫʢʪʫʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʭ 

ʛʘʙʘʨʠʪʦʚ ʧʦ ʰʠʨʠʥʝ ʠ ʨʘʜʠʫʩʫ ʧʦʚʦʨʦʪʘ ʥʘ ʧʨʠʤʝʨʝ ɺʦʣʛʦ-ɹʘʣʪʠʡʩʢʦʛʦ 

ʙʘʩʩʝʡʥʘ ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʥʳʭ ʧʫʪʝʡ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʠʥʠʤʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʨʘʜʠʫʩʘ ʧʦʚʦʨʦʪʘ ʠ ʰʠʨʠʥʳ ʦʪʥʦʩʷʪʩʷ ʢ ʨʘʟʣʠʯʥʳʤ ʫʯʘʩʪʢʘʤ, ʘ 

ʚʥʫʪʨʝʥʥʠʝ ʚʦʜʥʳʝ ʧʫʪʠ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ ʧʦ ʨʘʟʤʝʨʥʳʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʫʯʘʩʪʢʦʚ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʚʳʧʦʣʥʷʪʴ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʫ ʩʦʩʪʘʚʦʚ ʩʫʜʦʚ ʥʘ ʤʘʨʰʨʫʪʝ 

ʩʣʝʜʦʚʘʥʠʷ, ʪʦ ʝʩʪʴ ʠʟʤʝʥʷʪʴ ʢʦʥʬʠʛʫʨʘʮʠʶ ʩʦʩʪʘʚʘ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʯʠʩʣʘ 

ʥʝʩʘʤʦʭʦʜʥʳʭ ʙʘʨʞ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʘʙʘʨʠʪʦʚ ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʥʳʭ ʧʫʪʝʡ. ɺ 

ʩʪʘʪʴʷʭ [7, 8] ʵʪʦ ʨʘʩʢʨʳʚʘʝʪʩʷ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ. ʈʝʘʣʠʟʘʮʠʷ ʧʨʝʜʣʦʞʝʥʥʦʛʦ 

ʧʦʜʭʦʜʘ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʘ ʥʘ ʦʩʥʦʚʝ ʩʦʟʜʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʩʦʩʪʘʚʦʚ ʩʫʜʦʚ, 

ʢʦʥʮʝʧʪʫʘʣʴʥʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʢʦʪʦʨʦʡ ʧʦʩʚʷʱʝʥʘ ʜʘʥʥʘʷ ʩʪʘʪʴʷ. 

ʊʝʭʥʦʣʦʛʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʩʦʩʪʘʚʦʚ ʩʫʜʦʚ 

ʚʢʣʶʯʘʝʪ ʪʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʵʪʘʧʘ:  

- ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʨʘʩʯʝʪ ʩʦʦʪʚʝʪʩʪʚʠʷ ʨʘʟʤʝʨʝʥʠʡ ʩʦʩʪʘʚʘ ʩʫʜʦʚ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʚʦʜʥʦʛʦ ʧʫʪʠ ʧʨʦʛʨʘʤʤʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʚ 

ʮʝʥʪʨʝ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʩʫʜʥʦʤ;  

- ʧʝʨʝʜʘʯʘ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʥʘ ʙʦʨʪʦʚʦʡ ʢʦʤʧʴʶʪʝʨ;  

- ʧʨʠʥʷʪʠʝ ʢʘʧʠʪʘʥʦʤ ʨʝʰʝʥʠʷ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝʨʝʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʫʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʝʨʝʜ ʧʨʠʙʣʠʞʝʥʠʝʤ ʢ ʩʪʝʩʥʝʥʥʦʤʫ ʫʯʘʩʪʢʫ ʚʦʜʥʦʛʦ ʧʫʪʠ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʚʳʧʦʣʥʝʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʧʨʦʠʩʭʦʜʠʪ 

ʚʳʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʘʚʘ, ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʘʙʘʨʠʪʘʤ 

ʚʦʜʥʦʛʦ ʧʫʪʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʙʦʨ ʙʘʨʞ, ʛʨʫʧʧʠʨʦʚʢʘ ʢʦʪʦʨʳʭ ʚ ʨʘʟʣʠʯʥʳʭ 

ʚʘʨʠʘʥʪʘʭ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʭʦʞʜʝʥʠʝ ʚʩʝʛʦ ʤʘʨʰʨʫʪʘ ʩ ʥʘʠʙʦʣʴʰʠʤ ʦʙʲʝʤʦʤ 
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ʧʝʨʝʚʦʟʠʤʦʛʦ ʛʨʫʟʘ, ʘ ʪʘʢʞʝ ʦʙʦʟʥʘʯʘʶʪʩʷ ʤʝʩʪʘ ʧʝʨʝʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʥʘ 

ʤʘʨʰʨʫʪʝ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʧʨʝʜʣʘʛʘʝʤʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

 

 

ʈʠʩʫʥʦʢ 1 ï ʕʪʘʧʳ ʨʝʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʩʦʩʪʘʚʦʚ ʩʫʜʦʚ 

 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ (ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʝʘʣʠʟʘʮʠʠ 

ʪʝʭʥʦʣʦʛʠʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʩʦʩʪʘʚʦʚ ʩʫʜʦʚ) 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ:  

- ʦʙʲʝʤ ʧʝʨʝʚʦʟʠʤʦʛʦ ʛʨʫʟʘ;  

- ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʢʘʨʪʳ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʚʦʜʥʦʛʦ ʧʫʪʠ: 

ʰʠʨʠʥʘ ʩʫʜʦʚʦʛʦ ʭʦʜʘ, ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʩʫʜʦʚʦʛʦ ʭʦʜʘ, ʠʟʦʙʘʪʳ ʛʣʫʙʠʥ;  

- ʜʘʥʥʳʝ ʦ ʛʘʙʘʨʠʪʘʭ ʙʘʨʞ ʠ ʙʫʢʩʠʨʦʚ ʧʦ ʜʣʠʥʝ, ʰʠʨʠʥʝ ʠ ʦʩʘʜʢʝ ʠʟ ʠʭ 

ʤʝʨʠʪʝʣʴʥʳʭ ʩʚʠʜʝʪʝʣʴʩʪʚ.  

ʆʩʥʦʚʫ ʨʘʩʯʝʪʦʚ ʩʦʩʪʘʚʷʪ ʩʦʦʪʥʦʰʝʥʠʷ ʠ ʩʠʩʪʝʤʘ ʥʝʨʘʚʝʥʩʪʚ ʠʟ [7, 9] ʠ 

ʧʨʦʛʨʘʤʤʥʦ-ʚʯrʠʩʣʠʪʝʣʴʥʳʡ ʢʦʜ ʠʟ [10]. ʈʝʟʫʣʴʪʘʪ ʨʘʩʯʝʪʘ ʧʨʦʛʨʘʤʤʥʦ-

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨʳ ʩʦʩʪʘʚʘ, ʥʘʙʦʨ 

ʙʘʨʞ ʠ ʙʫʢʩʠʨʦʚ ʠ ʠʭ ʢʦʥʬʠʛʫʨʘʮʠʶ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʨʦʭʦʞʜʝʥʠʝ ʢʘʞʜʦʛʦ 

ʦʪʜʝʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʤʘʨʰʨʫʪʘ, ʘ ʪʘʢʞʝ ʧʨʝʜʣʦʞʠʪʴ ʤʝʩʪʘ ʧʝʨʝʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʦʩʪʘʚʘ ʥʘ ʤʘʨʰʨʫʪʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʜʛʦʪʦʚʠʪʴ ʧʣʘʥ ʧʝʨʝʭʦʜʘ ʩ ʫʢʘʟʘʥʠʝʤ 

ʤʝʩʪ ʧʝʨʝʬʦʨʤʠʨʦʚʘʥʠʷ ʩʫʜʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪʴ ʛʨʫʧʧʠʨʦʚʢʫ 

ʩʦʩʪʘʚʘ ʚ ʦʧʪʠʤʘʣʴʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʜʣʷ ʙʝʟʦʧʘʩʥʦʛʦ ʧʨʦʭʦʞʜʝʥʠʷ 

ʩʪʝʩʥʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʥʳʭ ʧʫʪʝʡ. ʉʫʱʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʛʦ 

ʩʧʦʩʦʙʘ ʧʦʷʩʥʷʝʪʩʷ ʥʘ ʨʠʩʫʥʢʝ 2. 
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ʈʠʩʫʥʦʢ 2 ï ʇʨʠʤʝʨ ʧʨʦʭʦʞʜʝʥʠʷ ʩʦʩʪʘʚʦʤ ʩʫʜʦʚ ʫʯʘʩʪʢʦʚ ʚʦʜʥʦʛʦ ʧʫʪʠ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʝʛʦ ʢʦʥʬʠʛʫʨʘʮʠʠ ʥʘ ʤʘʨʰʨʫʪʝ, 

ʛʜʝ 1 ï ʠʩʭʦʜʥʳʡ ʚʘʨʠʘʥʪ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʦʩʪʘʚʘ ʩʫʜʦʚ, ʜʣʷ ʧʨʠʤʝʨʘ ʩʦʩʪʦʷʱʠʡ 

ʠʟ 3 ʨʷʜʦʚ ʠ 2 ʣʠʥʠʡ ʥʝʩʘʤʦʭʦʜʥʳʭ ʙʘʨʞ ʠ ʦʜʥʦʛʦ ʙʫʢʩʠʨʘ-ʪʦʣʢʘʯʘ;  

2 ï ʧʝʨʝʬʦʨʤʠʨʦʚʘʥʥʳʡ ʩʫʜʦʚʦʡ ʩʦʩʪʘʚ, ʨʘʩʯʝʪʥʦ ʩʦʩʪʦʷʱʠʡ ʠʟ 2 ʨʷʜʦʚ ʠ  

3 ʣʠʥʠʡ ʥʝʩʘʤʦʭʦʜʥʳʭ ʙʘʨʞ; 3 ï ʫʯʘʩʪʦʢ ʚʦʜʥʦʛʦ ʧʫʪʠ; 4 ï ʦʧʘʩʥʘʷ ʠʟʦʙʘʪʘ;  

5 ï ʣʠʥʠʷ ʨʘʟʜʝʣʝʥʠʷ ʫʯʘʩʪʢʦʚ ʚʦʜʥʦʛʦ ʧʫʪʠ ʥʘ ʢʨʠʚʦʣʠʥʝʡʥʳʡ ʠ 

ʧʨʷʤʦʣʠʥʝʡʥʳʡ; 6 ï ʟʦʥʘ ʧʝʨʝʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʘ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʜʣʷ 

ʙʝʟʦʧʘʩʥʦʛʦ ʧʨʦʭʦʜʘ ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ ʫʯʘʩʪʢʘ ʚʦʜʥʦʛʦ ʧʫʪʠ 

 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʢʦʥʮʝʧʮʠʷ ʪʝʭʥʦʣʦʛʠʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʩʦʩʪʘʚʘʤʠ ʩʫʜʦʚ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʨʘʟʤʝʨʝʥʠʷ ʩʦʩʪʘʚʘ ʩʫʜʦʚ ʜʣʷ ʨʘʙʦʪʳ ʥʘ 

ʤʘʨʰʨʫʪʝ ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʢʦʥʬʠʛʫʨʘʮʠʠ ʚ ʧʫʪʠ ʩʣʝʜʦʚʘʥʠʷ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʩʧʦʩʦʙ ʦʨʛʘʥʠʟʘʮʠʠ ʧʝʨʝʚʦʟʦʢ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʠʪʴ ʦʙʲʝʤ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʘ ʟʘ ʦʜʠʥ ʨʝʡʩ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʘʙʦʪʳ ʚʥʫʪʨʝʥʥʝʛʦ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ.  
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ʵʥʝʨʛʝʪʠʢʠ ʚ ʈʦʩʩʠʠ  

Annotation. The article provides an analysis of the current state of solar energy 

in Russia  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʩʦʣʥʝʯʥʘʷ 

ʵʥʝʨʛʝʪʠʢʘ, ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ 
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ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ ʚ ʈʦʩʩʠʠ - ʵʪʦ ʊʕʎ, ʢʦʪʦʨʳʝ ʧʨʦʠʟʚʦʜʷʪ 

68% ʦʪ ʦʙʱʝʡ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʦʙʱʝʤ ʵʥʝʨʛʦʙʘʣʘʥʩʝ, ʛʜʝ ʛʘʟ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠʤʝʨʥʦ ʥʘ ʜʚʝ ʪʨʝʪʠ, ʘ ʦʩʪʘʣʴʥʦʝ-ʥʘ ʫʛʦʣʴ, ɻʕʉ ʧʨʦʠʟʚʦʜʷʪ 

21% ʠ ɸʕʉ ʧʨʦʠʟʚʦʜʷʪ 11% ʵʥʝʨʛʠʠ. ɺʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, 

ʪʘʢʠʝ ʢʘʢ ʩʦʣʥʝʯʥʘʷ ʠʣʠ ʚʝʪʨʷʥʘʷ ʤʝʥʝʝ 1% ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʕʪʘ ʩʪʨʫʢʪʫʨʘ ʨʘʟʣʠʯʥʳʭ ʜʣʷ ʈʦʩʩʠʠ ʟʦʥ, ʪʘʢʠʭ ʢʘʢ ɼʘʣʴʥʠʡ ɺʦʩʪʦʢ, 

ʉʠʙʠʨʴ ʠ ʝʚʨʦʧʝʡʩʢʘʷ ʯʘʩʪʴ. ɺ ʢʘʞʜʦʡ ʠʟ ʵʪʠʭ ʦʙʣʘʩʪʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʨʘʟʣʠʯʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ. ɺ ɽʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ ʧʨʝʦʙʣʘʜʘʝʪ 

ʛʘʟ, ʘ ʚ ʦʩʪʘʣʴʥʦʡ ʈʦʩʩʠʠ ʫʛʦʣʴ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʪʦʧʣʠʚʦʤ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ, ʪʝʨʨʠʪʦʨʠʷ ʈʦʩʩʠʠ ʨʘʟʜʝʣʝʥʘ ʥʘ ʜʚʝ ʮʝʥʦʚʳʝ ʟʦʥʳ. ɺ ʧʝʨʚʦʡ 

ʟʦʥʝ, ʮʝʥʘ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʟʘʚʠʩʠʪ ʦʪ ʠʟʤʝʥʝʥʠʷ ʮʝʥ ʥʘ ʛʘʟ, ʘ ʚʦ ʚʪʦʨʦʡ ʟʦʥʝ, 

ʩʪʦʠʤʦʩʪʴ ʫʛʣʷ ʦʧʨʝʜʝʣʷʝʪ ʮʝʥʳ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ. ʈʘʚʥʦʚʝʩʠʝ ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ 

ʨʳʥʢʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʧʨʝʜʝʣʘʭ ʵʪʠʭ ʜʚʫʭ ʟʦʥ. ɺ ʦʩʪʘʣʴʥʦʡ ʈʦʩʩʠʠ ʪʘʨʠʬʳ ʥʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʨʝʛʫʣʠʨʫʶʪʩʷ. 

ɺʝʩʴ ʨʳʥʦʢ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩʦʩʪʦʠʪ ʠʟ ʤʦʱʥʦʩʪʠ ʥʘ ʦʧʪʦʚʦʤ ʨʳʥʢʝ (95% 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʩʪʨʘʥʝ) ʠ ʨʦʟʥʠʯʥʳʭ ʨʳʥʢʘʭ. ʋʯʘʩʪʠʝ ʚ 

ʦʧʪʦʚʦʤ ʨʳʥʢʝ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʜʣʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ 

ʤʦʱʥʦʩʪʴʶ ʙʦʣʝʝ 25 ʄɺʪ. ʕʣʝʢʪʨʦʩʪʘʥʮʠʠ ʤʦʱʥʦʩʪʴʶ ʦʪ 5 ʜʦ 25 ʄɺʪ ʤʦʛʫʪ 
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ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʦʧʪʦʚʦʤ ʠʣʠ ʨʦʟʥʠʯʥʦʤ ʨʳʥʢʝ. ʇʨʦʤʳʰʣʝʥʥʳʝ ʧʦʪʨʝʙʠʪʝʣʠ 

ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʠ ʩʝʨʚʠʩʥʳʝ ʧʦʩʪʘʚʱʠʢʠ ʷʚʣʷʶʪʩʷ ʜʨʫʛʠʤʠ ʫʯʘʩʪʥʠʢʘʤʠ 

ʚʥʫʪʨʝʥʥʝʛʦ ʨʳʥʢʘ. ʈʦʟʥʠʯʥʳʝ ʨʳʥʢʠ ʥʝʦʙʭʦʜʠʤʳ, ʯʪʦʙʳ ʜʦʩʪʘʚʠʪʴ 

ʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʧʨʦʜʘʥʥʦʝ ʚʥʫʪʨʝʥʥʠʤ ʨʳʥʢʦʤ ʢʦʥʝʯʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ. 

ʋʯʘʩʪʥʠʢʠ ʨʦʟʥʠʯʥʳʭ ʨʳʥʢʦʚ ʷʚʣʷʶʪʩʷ ʧʦʪʨʝʙʠʪʝʣʠ, ʧʦʩʪʘʚʱʠʢʠ 

ʢʦʤʤʫʥʘʣʴʥʳʭ ʫʩʣʫʛ, ʧʦʩʪʘʚʱʠʢʘʤʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʤʘʣʝʥʴʢʠʝ ʛʝʥʝʨʠʨʫʶʱʠʝ 

ʢʦʤʧʘʥʠʠ ʠ ʜʠʩʪʨʠʙʴʶʪʦʨʩʢʠʝ ʢʦʤʧʘʥʠʠ [1, 2]. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʚ ʨʷʜʝ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʟʦʥ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʨʝʛʠʦʥʘʭ, ʧʨʝʜʣʘʛʘʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ. ʉʦʣʥʝʯʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʚ ʈʦʩʩʠʠ ʥʝ ʦʩʦʙʦ ʚʦʩʪʨʝʙʦʚʘʥ, ʥʝʩʤʦʪʨʷ ʥʘ ʝʛʦ 

ʦʛʨʦʤʥʳʡ ʧʦʪʝʥʮʠʘʣ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦʣʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ʦʙʱʝʡ 

ʵʥʝʨʛʦʩʠʩʪʝʤʝ ʈʦʩʩʠʠ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 0,001% [3, 4]. ʄʠʥʠʩʪʝʨʩʪʚʦ ʵʥʝʨʛʝʪʠʢʠ 

ʈʦʩʩʠʠ ʜʦʛʦʚʦʨʠʣʠʩʴ ʢ 2020 ʛʦʜʫ ʜʦʚʝʩʪʠ ʝʛʦ ʜʦ 0,9%. ʇʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ 

ʧʨʦʛʥʦʟʘʤ ʦʩʥʦʚʥʳʝ ʨʝʛʠʦʥʳ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʧʨʠʥʠʤʘʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ 

ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ʜʦʣʞʥʳ ʙʳʪʴ ʶʞʥʳʝ ʨʝʛʠʦʥʳ ʈʦʩʩʠʠ, ʘ ʪʘʢʞʝ ʚ ʥʘʩʝʣʸʥʥʳʝ 

ʧʫʥʢʪʳ ʥʝ ʧʦʜʢʣʶʯʝʥʳ ʢ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʵʣʝʢʪʨʦʩʝʪʠ. 

ʉʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ. ʏʪʦʙʳ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʵʥʝʨʛʠʶ ʩʦʣʥʮʘ ʚ ʧʦʣʝʟʥʫʶ 

ʵʥʝʨʛʠʶ ʪʦʧʣʠʚʦ ʷʚʣʷʝʪʩʷ ʙʝʩʧʣʘʪʥʳʤ ʠ ʥʠʢʦʛʜʘ ʥʝ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʚʟʣʝʪʦʚ ʠ 

ʧʘʜʝʥʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʳʥʢʦʚ. ʉʫʱʝʩʪʚʫʝʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ: ʧʨʷʤʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʚ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʚ ʪʝʧʣʦ ʠ ʝʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤʫ 

ʮʠʢʣʫ (ʩʦʣʥʝʯʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʪʘʥʮʠʠ) [5, 6]. 

ʉʦʣʥʝʯʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʙʫʜʝʪ ʨʘʟʚʠʚʘʪʴʩʷ, ʢʘʢ ʚʦ ʚʩʝʤ ʤʠʨʝ, ʪʘʢ ʠ ʚ ʈʦʩʩʠʠ, 

ʚ ʦʩʥʦʚʥʦʤ ʠʟ-ʟʘ ʩʣʝʜʫʶʱʠʭ ʢʘʯʝʩʪʚ: 

- ʉʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ ʷʚʣʷʝʪʩʷ ʯʠʩʪʳʤ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ. 
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- ʉʳʨʴʝʚʘʷ ʙʘʟʘ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ (ʢʨʝʤʥʠʡ) ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʠʩʯʝʨʧʘʝʤʳ, ʩʦʜʝʨʞʘʥʠʝ ʢʨʝʤʥʠʷ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʧʨʝʚʳʰʘʝʪ ʟʘʧʘʩʳ ʫʨʘʥʘ ʚ 

100 ʪʳʩʷʯ ʨʘʟ. 

- ʌʦʪʦʵʣʝʤʝʥʪʳ ʠʤʝʶʪ ʦʩʦʙʝʥʥʦ ʚʳʩʦʢʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʢʘʯʝʩʪʚʘ: 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ (20-30 ʣʝʪ) 

- ʉʦʣʥʝʯʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʦʩʪʦʷʥʥʦʛʦ ʨʦʩʪʘ ʮʝʥ ʥʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ. 

ɺ ʈʦʩʩʠʠ ʝʩʪʴ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʨʨʠʪʦʨʠʡ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʩʦʣʥʝʯʥʳʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʚ ʦʩʥʦʚʥʦʤ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʶʛʝ ʠ ʶʛʦ-ʚʦʩʪʦʢʝ ʩʪʨʘʥʳ. 

ʉʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʩʣʝʜʫʶʱʠʭ ʦʙʣʘʩʪʷʭ: 

- ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʘʚʠʘʩʪʨʦʝʥʠʝ, ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʝ ʠ ʪ. ʜ.), 

- ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, 

- ʚ ʩʝʤʴʷʭ, 

- ʚ ʩʦʣʥʝʯʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ, 

- ʚ ʘʚʪʦʥʦʤʥʳʭ ʩʠʩʪʝʤʘʭ ʦʩʚʝʱʝʥʠʷ, 

- ʚ ʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʈʦʩʩʠʷ ʦʙʣʘʜʘʝʪ ʧʝʨʝʜʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʧʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ. ɽʩʪʴ ʨʷʜ ʧʨʝʜʧʨʠʷʪʠʡ ʠ 

ʦʨʛʘʥʠʟʘʮʠʡ, ʢʦʪʦʨʳʝ ʨʘʟʨʘʙʦʪʘʣʠ ʠ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪ ʪʝʭʥʦʣʦʛʠʠ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ: ʢʘʢ ʥʘ ʢʨʝʤʥʠʝʚʳʭ, ʪʘʢ ʠ ʥʘ 

ʤʥʦʛʦʧʝʨʝʭʦʜʥʳʭ ʩʪʨʫʢʪʫʨʘʭ. ɽʩʪʴ ʨʷʜ ʨʘʟʨʘʙʦʪʦʢ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʦʥʮʝʥʪʨʠʨʫʶʱʠʭ ʩʠʩʪʝʤ ʜʣʷ ʩʦʣʥʝʯʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ [6]. 

ʈʘʟʚʠʪʠʝ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ʈʦʩʩʠʠ ʩʚʷʟʘʥʦ ʩ ʥʝʩʢʦʣʴʢʠʤʠ 

ʬʘʢʪʦʨʘʤʠ: 

1) ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ: ʜʘʥʥʳʡ ʬʘʢʪʦʨ ʚʣʠʷʝʪ ʥʝ ʪʦʣʴʢʦ ʥʘ ʛʦʜ 

ʜʦʩʪʠʞʝʥʠʷ ʩʝʪʝʚʦʛʦ ʧʘʨʠʪʝʪʘ, ʥʦ ʠ ʥʘ ʚʳʙʦʨ ʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʦʣʥʝʯʥʦʡ 

ʫʩʪʘʥʦʚʢʠ, ʢʦʪʦʨʘʷ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʧʦʜʭʦʜʠʪ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʨʝʛʠʦʥʘ [7]; 

2) ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʦʜʜʝʨʞʢʘ: ʥʘʣʠʯʠʝ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʭ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʪʠʤʫʣʦʚ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʦʢʘʟʳʚʘʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ 
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ʥʘ ʝʝ ʨʘʟʚʠʪʠʝ. ʉʨʝʜʠ ʚʠʜʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ, ʫʩʧʝʰʥʦ 

ʧʨʠʤʝʥʷʶʱʠʭʩʷ ʚ ʨʷʜʝ ʩʪʨʘʥ ɽʚʨʦʧʳ ʠ ʉʐɸ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ: ʣʴʛʦʪʥʳʡ 

ʪʘʨʠʬ ʜʣʷ ʩʦʣʥʝʯʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʩʫʙʩʠʜʠʠ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʩʦʣʥʝʯʥʳʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʥʘʣʦʛʦʚʳʭ ʣʴʛʦʪ, ʢʦʤʧʝʥʩʘʮʠʷ ʯʘʩʪʠ 

ʨʘʩʭʦʜʦʚ ʧʦ ʦʙʩʣʫʞʠʚʘʥʠʶ ʢʨʝʜʠʪʦʚ ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ ʩʦʣʥʝʯʥʳʭ ʫʩʪʘʥʦʚʦʢ 

[7]; 

3) ʉʪʦʠʤʦʩʪʴ ʉʌʕʋ (ʩʦʣʥʝʯʥʳʝ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ): ʩʝʛʦʜʥʷ 

ʩʦʣʥʝʯʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʜʦʨʦʛʠʭ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʆʜʥʘʢʦ ʧʦ ʤʝʨʝ ʩʥʠʞʝʥʠʷ ʩʪʦʠʤʦʩʪʠ 

1 ʢɺʪ*ʯ ʚʳʨʘʙʦʪʘʥʥʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʩʪʘʥʦʚʠʪʩʷ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʡ. ʆʪ ʩʥʠʞʝʥʠʷ ʩʪʦʠʤʦʩʪʠ 1ɺʪ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ 

ʉʌʕʋ (~3000$ ʚ 2010 ʛʦʜʫ) ʟʘʚʠʩʠʪ ʩʧʨʦʩ ʥʘ ʉʌʕʋ. ʉʥʠʞʝʥʠʝ ʩʪʦʠʤʦʩʪʠ 

ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʂʇɼ, ʩʥʠʞʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʪʨʘʪ ʠ 

ʩʥʠʞʝʥʠʷ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʚʣʠʷʥʠʝ ʢʦʥʢʫʨʝʥʮʠʠ). ʇʦʪʝʥʮʠʘʣ 

ʩʥʠʞʝʥʠʷ ʩʪʦʠʤʦʩʪʠ 1 ʢɺʪ ʤʦʱʥʦʩʪʠ ʟʘʚʠʩʠʪ ʦʪ ʪʝʭʥʦʣʦʛʠʠ ʠ ʣʝʞʠʪ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 5% ʜʦ 15% ʚ ʛʦʜ [7]; 

4) ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʥʦʨʤʳ: ʥʘ ʨʳʥʦʢ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʫʞʝʩʪʦʯʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʦʨʤ (ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʰʪʨʘʬʦʚ) 

ʚʩʣʝʜʩʪʚʠʝ ʚʦʟʤʦʞʥʦʛʦ ʧʝʨʝʩʤʦʪʨʘ ʂʠʦʪʩʢʦʛʦ ʧʨʦʪʦʢʦʣʘ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʤʝʭʘʥʠʟʤʦʚ ʧʨʦʜʘʞʠ ʢʚʦʪ ʥʘ ʚʳʙʨʦʩʳ ʤʦʞʝʪ ʜʘʪʴ ʥʦʚʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ 

ʩʪʠʤʫʣ ʜʣʷ ʨʳʥʢʘ ʉʌʕʋ [7]; 

5) ɹʘʣʘʥʩ ʩʧʨʦʩʘ ʠ ʧʨʝʜʣʦʞʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ: ʨʝʘʣʠʟʘʮʠʷ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʤʙʠʮʠʦʟʥʳʭ ʧʣʘʥʦʚ ʧʦ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʛʝʥʝʨʠʨʫʶʱʠʭ ʠ ʵʣʝʢʪʨʦʩʝʪʝʚʳʭ ʤʦʱʥʦʩʪʝʡ ʢʦʤʧʘʥʠʡ, ʚʳʜʝʣʠʚʰʠʭʩʷ ʠʟ ʈɸʆ 

çɽʕʉ ʈʦʩʩʠʠè ʚ ʭʦʜʝ ʨʝʬʦʨʤʳ ʦʪʨʘʩʣʠ, ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪ ʧʨʝʜʣʦʞʝʥʠʝ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʤʦʞʝʪ ʫʩʠʣʠʪʴ ʜʘʚʣʝʥʠʝ ʥʘ ʮʝʥʫ ʥʘ ʦʧʪʦʚʦʤ ʨʳʥʢʝ. ʆʜʥʘʢʦ 

ʚʳʙʳʪʠʝ ʩʪʘʨʳʭ ʤʦʱʥʦʩʪʝʡ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʩʧʨʦʩʘ ʧʦʚʣʝʯʝʪ ʟʘ 

ʩʦʙʦʡ ʫʚʝʣʠʯʝʥʠʝ ʮʝʥʳ [7]; 
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6) ʅʘʣʠʯʠʝ ʧʨʦʙʣʝʤ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ: ʟʘʜʝʨʞʢʠ ʩ 

ʚʳʧʦʣʥʝʥʠʝʤ ʟʘʷʚʦʢ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʢ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ 

ʩʠʩʪʝʤʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʷʚʣʷʶʪʩʷ ʩʪʠʤʫʣʦʤ ʢ ʧʝʨʝʭʦʜʫ ʢ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ 

ʠʩʪʦʯʥʠʢʘʤ ʵʥʝʨʛʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʢ ʉʌʕʋ. ʊʘʢʠʝ ʟʘʜʝʨʞʢʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ 

ʦʙʲʝʢʪʠʚʥʦʡ ʥʝʭʚʘʪʢʦʡ ʤʦʱʥʦʩʪʝʡ, ʪʘʢ ʠ ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʦʨʛʘʥʠʟʘʮʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩʝʪʝʚʳʤʠ ʢʦʤʧʘʥʠʷʤʠ ʠʣʠ ʥʝʜʦʩʪʘʪʢʦʤ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʠʟ ʪʘʨʠʬʘ [7]; 

7) ʀʥʠʮʠʘʪʠʚʳ ʤʝʩʪʥʳʭ ʚʣʘʩʪʝʡ: ʨʝʛʠʦʥʘʣʴʥʳʝ ʠ ʤʫʥʠʮʠʧʘʣʴʥʳʝ ʦʨʛʘʥʳ 

ʫʧʨʘʚʣʝʥʠʷ ʤʦʛʫʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʧʨʦʛʨʘʤʤʳ ʧʦ ʨʘʟʚʠʪʠʶ 

ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʠʣʠ, ʙʦʣʝʝ ʰʠʨʦʢʦ, ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ/ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. ʉʝʛʦʜʥʷ ʪʘʢʠʝ ʧʨʦʛʨʘʤʤʳ ʫʞʝ ʨʝʘʣʠʟʫʶʪʩʷ ʚ 

ʂʨʘʩʥʦʷʨʩʢʦʤ ʠ ʂʨʘʩʥʦʜʘʨʩʢʦʤ ʢʨʘʷʭ, ʈʝʩʧʫʙʣʠʢʝ ɹʫʨʷʪʠʷ ʠ ʜʨ. [7]; 

8) ʈʘʟʚʠʪʠʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ: ʨʦʩʩʠʡʩʢʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʉʌʕʋ 

ʤʦʞʝʪ ʦʢʘʟʘʪʴ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʨʦʩʩʠʡʩʢʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ 

ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. ɺʦ-ʧʝʨʚʳʭ, ʙʣʘʛʦʜʘʨʷ ʩʦʙʩʪʚʝʥʥʦʤʫ ʧʨʦʠʟʚʦʜʩʪʚʫ 

ʫʩʠʣʠʚʘʝʪʩʷ ʦʙʱʘʷ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʦ ʥʘʣʠʯʠʠ ʩʦʣʥʝʯʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʭ ʧʦʧʫʣʷʨʥʦʩʪʴ. ɺʦ-ʚʪʦʨʳʭ, ʩʥʠʞʘʝʪʩʷ ʩʪʦʠʤʦʩʪʴ ʉʌʕʋ ʜʣʷ 

ʢʦʥʝʯʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʟʚʝʥʴʝʚ 

ʜʠʩʪʨʠʙʴʶʪʦʨʩʢʦʡ ʮʝʧʠ ʠ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ [7]. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʩʪʘʚʣʝʥʦ ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʢʨʠʪʝʨʠʡ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʚʣʝʯʝʥʠʷ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ ʚ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʣʘʥʩ ʩʪʨʘʥʳ 

Annotation. The article provides an analysis of the main criteria for assessing 

the effectiveness of the involvement of non-traditional renewable energy sources in 

the country's fuel and energy balance 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʩʦʣʥʝʯʥʘʷ 

ʵʥʝʨʛʝʪʠʢʘ, ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ 

Keywords: alternative energy sources, solar energy, solar panels 

 

ʈʘʟʚʠʪʠʝ ʤʠʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʨʘʟʚʠʪʠʝʤ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʠ ʨʦʩʪʦʤ ʯʠʩʣʝʥʥʦʩʪʴʶ ʥʘʩʝʣʝʥʠʷ, ʥʘ ʦʛʨʘʥʠʯʝʥʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ (ʧʣʘʥʝʪʝ ɿʝʤʣʷ) ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʷʤ ʚ ʵʢʦʣʦʛʠʠ ʥʘʰʝʡ 

ʧʣʘʥʝʪʳ [1-4]. ʆʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʪʦʧʣʠʚʥʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ. ʉʧʦʨʳ ʚʦʢʨʫʛ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʠ ʟʘʧʨʝʱʝʥʠʷ ʥʝʙʝʟʦʧʘʩʥʳʭ ʜʣʷ ʧʨʠʨʦʜʳ 

ʚʠʜʦʚ ʵʥʝʨʛʝʪʠʢʠ ʠʜʫʪ ʥʘ ʤʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ ʠ ʦʙʦʩʪʨʷʶʪʩʷ ʘʢʮʠʷʤʠ 
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ʵʢʦʣʦʛʦʚ, ʪʘʢʠʤʠ ʢʘʢ ʟʘʭʚʘʪ ʥʝʬʪʝʛʘʟʦʚʳʭ ʧʣʘʪʬʦʨʤ, ʦʩʪʘʥʦʚʢʘ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʩʦʩʪʘʚʦʚ ʩ ʷʜʝʨʥʳʤʠ ʦʪʭʦʜʘʤʠ [5].  

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʵʥʝʨʛʠʷ ʩʪʘʥʦʚʠʪʩʷ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʫʩʣʦʚʠʡ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ ʩʪʨʘʥʳ. ʇʦ ʢʦʣʠʯʝʩʪʚʫ ʜʦʙʳʚʘʝʤʦʡ ʠ ʠʩʧʦʣʴʟʫʝʤʦʡ 

ʵʥʝʨʛʠʠ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʪʝʭʥʠʯʝʩʢʦʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʤʦʱʠ ʣʶʙʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʘ. ɺ ʩʚʦʝʡ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʣʶʜʠ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ 

ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʝ ʫʩʣʦʚʥʦ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʘʜʠʮʠʦʥʥʳʝ ʠ 

ʥʝʪʨʘʜʠʮʠʦʥʥʳʝ (ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ).  

ʊʨʘʜʠʮʠʦʥʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʵʥʝʨʛʠʠ ʦʪʥʦʩʷʪʩʷ: ʦʨʛʘʥʠʯʝʩʢʦʝ ʪʦʧʣʠʚʦ ˈ 

ʫʛʦʣʴ, ʥʝʬʪʴ, ʛʘʟ; ʛʠʜʨʦʵʥʝʨʛʠʷ; ʘʪʦʤʥʘʷ ʵʥʝʨʛʠʷ ˈ ʷʜʝʨʥʦʝ ʪʦʧʣʠʚʦ. ɺʩʝ ʦʥʠ 

ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʛʠʜʨʦʵʥʝʨʛʠʠ, ʷʚʣʷʶʪʩʷ ʥʝʚʦʟʦʙʥʦʚʣʷʝʤʳʤʠ. ɸʣʴʪʝʨʥʘʪʠʚʥʳʝ 

ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʷʚʣʷʶʪʩʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤʠ. ʂ ʥʠʤ 

ʦʪʥʦʩʷʪʩʷ: ʩʦʣʥʝʯʥʘʷ, ʚʝʪʨʦʚʘʷ, ʛʝʦʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ, ʵʥʝʨʛʠʷ ʤʦʨʩʢʠʭ ʚʦʣʥ, 

ʧʨʠʣʠʚʦʚ ʠ ʦʢʝʘʥʘ, ʵʥʝʨʛʠʷ ʙʠʦʤʘʩʩʳ, ʜʨʝʚʝʩʠʥʳ, ʜʨʝʚʝʩʥʦʛʦ ʫʛʣʷ, ʪʦʨʬʘ, 

ʪʷʛʣʦʚʦʛʦ ʩʢʦʪʘ, ʩʣʘʥʮʝʚ, ʙʠʪʫʤʠʥʦʟʥʳʭ ʧʝʩʯʘʥʠʢʦʚ ʠ ʛʠʜʨʦʵʥʝʨʛʠʷ ʙʦʣʴʰʠʭ ʠ 

ʤʘʣʳʭ ʚʦʜʦʪʦʢʦʚ. [4]  

ʉʪʝʧʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭ ʠʣʠ ʠʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚ ʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʞʠʟʥʠ ʦʙʱʝʩʪʚʘ ʦʙʫʩʣʦʚʣʝʥʦ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴʶ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʚ ʈʦʩʩʠʠ, ʢʘʢ ʚ ʙʳʪʫ, ʪʘʢ ʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ: ʫʛʦʣʴ, ʥʝʬʪʴ, ʛʘʟ, ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ. 99 % ʚʩʝʡ 

ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʈʦʩʩʠʠ, ʘ ʵʪʦ ʦʢʦʣʦ ʪʨʠʣʣʠʦʥʘ ʢɺʪĀʯ ʚ ʛʦʜ, 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʊʕʉ, ɻʕʉ ʠ ɸʕʉ, ʠ ʚʩʝʛʦ ʣʠʰʴ 1% ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ [3]. ɺ 

ʈʦʩʩʠʠ ʊʕʉ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʀʭ 

ʢʦʣʠʯʝʩʪʚʦ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʦʢʦʣʦ 400 ʝʜʠʥʠʮ. ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʩ 

60-ʭ ʧʦ 80-ʝ ʛʦʜʘ ʧʨʦʰʣʦʛʦ ʚʝʢʘ. ʊʦʧʣʠʚʦʤ ʜʣʷ ʊʕʉ ʩʣʫʞʘʪ ʛʘʟ, ʤʘʟʫʪ, ʫʛʦʣʴ. 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʚʳʜʝʣʷʶʪ ʧʘʨʦʪʫʨʙʠʥʥʳʝ, ʛʘʟʦʪʫʨʙʠʥʥʳʝ ʠ ʜʠʟʝʣʴʥʳʝ ʊʕʉ. 

ʌʫʥʢʮʠʷʤʠ ʊʕʉ ʷʚʣʷʝʪʩʷ ʩʥʘʙʞʝʥʠʝ ʥʘʩʝʣʝʥʠʷ ʠ ʧʨʝʜʧʨʠʷʪʠʡ ʵʣʝʢʪʨʠʯʝʩʪʚʦʤ 



ʄʅʇʂ çʊʈɸʅʉʇʆʈʊʅʓɽ ʉʀʉʊɽʄʓ: ɹɽɿʆʇɸʉʅʆʉʊʔ, ʅʆɺʓɽ ʊɽʍʅʆʃʆɻʀʀ, ʕʂʆʃʆɻʀʗè 

94 

 

ʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʝʡ (ʛʦʨʷʯʝʝ ʚʦʜʦʩʥʘʙʞʝʥʠʝ, ʦʪʦʧʣʝʥʠʝ ʠ ʧʘʨ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ).  

ʊʕʉ ʩʧʦʩʦʙʥʳ ʚʳʨʘʙʘʪʳʚʘʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʙʝʟ ʩʝʟʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ. 

ʉʝʙʝʩʪʦʠʤʦʩʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ ʚʳʩʦʢʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʨʫʛʠʤʠ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʤʠ, ʪ.ʢ. ʦʥʘ ʟʘʚʠʩʠʪ ʦʪ ʮʝʥʳ ʧʦʢʫʧʢʠ ʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʪʦʧʣʠʚʘ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʨʠ ʨʘʙʦʪʝ ʊʕʉ. ʉʘʤʘʷ 

ʜʦʨʦʛʘʷ ʵʥʝʨʛʠʷ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʤʠ ʨʘʙʦʪʘʶʱʠʤʠ ʥʘ ʤʘʟʫʪʝ, ʘ 

ʜʝʰʸʚʘʷ - ʥʘ ʫʛʣʝ. ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʦʛʦ ʚʠʜʘ ʩʳʨʴʷ 

ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ ʊʕʉ ʚʝʟʜʝ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʳʩʪʨʦ ʠ ʜʸʰʝʚʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ɻʕʉ ʠ ɸʕʉ. ʉʪʨʦʠʪʴ ʊʕʉ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʦ ʪʦʣʴʢʦ ʚ ʛʦʨʦʜʘʭ ʩ 

ʥʘʩʝʣʝʥʠʝʤ ʚ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʪʳʩʷʯ ʯʝʣʦʚʝʢ. ɺʪʦʨʳʤ ʧʦ ʚʝʣʠʯʠʥʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʈʦʩʩʠʠ ʷʚʣʷʶʪʩʷ ɻʕʉ.  

ʀʭ ʢʦʣʠʯʝʩʪʚʦ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʧʦʨʷʜʢʘ 190 ʝʜʠʥʠʮ. ʉʪʨʦʷʪ ʠʭ ʥʘ ʨʝʢʘʭ, 

ʩʦʦʨʫʞʘʷ ʧʣʦʪʠʥʳ ʠ ʚʦʜʦʭʨʘʥʠʣʠʱʘ. ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 

ʢʘʧʠʪʘʣʦʸʤʢʠʤ ʠ ʜʣʠʪʝʣʴʥʳʤ (15-20 ʣʝʪ), ʯʝʤ ʪʝʧʣʦʚʳʭ ʩʪʘʥʮʠʡ. ʆʜʥʘʢʦ, 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ɻʕʉ ʷʚʣʷʝʪʩʷ 

ʩʘʤʦʡ ʥʠʟʢʦʡ ʚ ʦʪʨʘʩʣʠ. ʂʇɼ ʦʯʝʥʴ ʚʳʩʦʢʠʡ 92-94%. ʂ ʪʦʤʫ ʞʝ ʨʘʙʦʪʘ ɻʕʉ ʥʝ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʨʝʜʥʳʤʠ ʚʳʙʨʦʩʘʤʠ ʚ ʘʪʤʦʩʬʝʨʫ. ʇʨʦʩʪ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʅʝʜʦʩʪʘʪʢʘʤʠ ɻʕʉ ʷʚʣʷʝʪʩʷ ʟʘʪʦʧʣʝʥʠʝ ʙʦʣʴʰʠʭ ʧʣʦʱʘʜʝʡ ʧʣʦʜʦʨʦʜʥʦʡ 

ʟʝʤʣʠ. ɿʘʛʨʷʟʥʝʥʠʝ ʨʝʢ ʠ ʩʥʠʞʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʨʳʙ ʚ ʩʣʝʜʩʪʚʠʠ ʧʝʨʝʢʨʳʪʠʷ 

ʥʝʨʝʩʪʥʳʭ ʧʫʪʝʡ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ ɸʕʉ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʈʦʩʩʠʠ ʜʝʡʩʪʚʫʶʪ 10 ɸʕʉ, 

ʛʜʝ ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ 33 ʵʥʝʨʛʦʙʣʦʢʘ ʦʙʱʝʡ ʤʦʱʥʦʩʪʴʶ 23 643 ʄɺʪ. ɺ 

ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ ʧʣʘʥʠʨʫʝʪʩʷ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʝʱʝ 28 ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ, 

ʚʢʣʶʯʘʷ ʧʣʘʚʫʯʠʡ ʵʥʝʨʛʦʙʣʦʢ. ɺ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʥʘ ɸʕʉ ʠʩʧʦʣʴʟʫʝʪʩʷ ʷʜʝʨʥʦʝ 

ʪʦʧʣʠʚʦ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʦʙʦʛʘʱʸʥʥʳʡ ʧʣʫʪʦʥʠʡ ʠ ʫʨʘʥ). ɼʣʷ 

ʨʘʙʦʪʳ ɸʕʉ ʪʨʝʙʫʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʪʠʭ ʚʝʱʝʩʪʚ, ʯʪʦ 

ʫʧʨʦʱʘʝʪ ʠ ʫʜʝʰʝʚʣʷʝʪ ʠʭ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ. ʂʇɼ ɸʕʉ ʩʦʩʪʘʚʣʷʝʪ 80%. 

ʉʝʙʝʩʪʦʠʤʦʩʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʦʠʟʚʦʜʠʤʦʡ ʥʘ ɸʕʉ ʥʠʞʝ ʯʝʤ ʥʘ ʊʕʉ. ʈʘʙʦʪʘ 
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ʩʪʘʥʮʠʠ ʥʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʘʛʨʷʟʥʝʥʠʝʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʥʦ ʪʘʠʪ ʚ ʩʝʙʝ 

ʚʳʩʦʢʫʶ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʦʧʘʩʥʦʩʪʴ. ʂʨʫʧʥʘʷ ʘʚʘʨʠʷ ʩʧʦʩʦʙʥʘ ʚʳʚʝʩʪʠ ʠʟ 

ʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʳʩʷʯʠ ʢʠʣʦʤʝʪʨʦʚ ʪʝʨʨʠʪʦʨʠʠ (ʧʨʠʤʝʨ, ʘʚʘʨʠʷ 

ʥʘ ʏʝʨʥʦʙʳʣʴʩʢʦʡ ɸʕʉ ʠ ʥʘ ʌʫʢʫʩʠʤʩʢʦʡ ɸʕʉ).  

ʅʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʝ ʨʠʩʢʠ, ʥʠ ʦʜʥʘ ʢʨʫʧʥʘʷ ʩʪʨʘʥʘ ʥʝ ʤʦʞʝʪ 

ʧʦʟʚʦʣʠʪʴ ʩʝʙʝ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʪʘʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʡ ʜʦʢʘʟʘʣ ʩʚʦʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʥʝʟʘʤʝʥʠʤʦʩʪʴ ʟʘ 60 ʣʝʪ ʠʥʪʝʥʩʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ.  

ʀʟ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚ ʈʦʩʩʠʠ 

ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʛʝʦʪʝʨʤʘʣʴʥʘʷ ʠ ʧʨʠʣʠʚʥʘʷ ʵʥʝʨʛʝʪʠʢʘ, ʚ 

ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʚʝʪʨʷʥʘʷ ʠ ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʝʪʠʢʘ, ʵʥʝʨʛʝʪʠʢʘ ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʙʠʦʪʦʧʣʠʚʝ. ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ 

ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʂʘʤʯʘʪʢʝ ʠ ʂʫʨʠʣʘʭ, ʘ ʠʤʝʥʥʦ: ʄʫʪʥʦʚʩʢʦʝ, 

ʇʘʫʞʝʪʩʢʦʝ, ʀʪʫʨʫʧʩʢʦʝ, ʂʫʥʘʰʠʨʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ. ɽʩʪʴ ʠ ʜʨʫʛʠʝ ʨʝʛʠʦʥʳ 

ʚ ʢʦʪʦʨʳʭ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʥʝʜʨʷʪʴ ɻʝʦʊʕʉ - ʂʨʘʩʥʦʜʘʨʩʢʠʡ ʠ ʉʪʘʚʨʦʧʦʣʴʩʢʠʡ 

ʢʨʘʡ, ʨʝʩʧʫʙʣʠʢʠ ʉʝʚʝʨʥʦʛʦ ʂʘʚʢʘʟʘ (ɼʘʛʝʩʪʘʥ, ʂʘʨʘʯʘʝʚʦ-ʏʝʨʢʝʩʩʠʷ), 

ɸʙʭʘʟʠʷ. ɻʝʦʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʥʝ ʤʦʞʝʪ ʠʛʨʘʪʴ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ 

ʤʘʩʰʪʘʙʘʭ ʚʩʝʡ ʩʪʨʘʥʳ. ʅʦ ʜʣʷ ʫʢʘʟʘʥʥʳʭ ʨʘʡʦʥʦʚ, ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʝ ʢʦʪʦʨʳʭ 

ʮʝʣʠʢʦʤ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʚʦʟʥʦʛʦ ʪʦʧʣʠʚʘ, ʛʝʦʵʥʝʨʛʝʪʠʢʘ ʩʧʦʩʦʙʥʘ ʨʝʰʠʪʴ 

ʧʨʦʙʣʝʤʫ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚ ʨʘʟʚʠʪʠʷ ʧʨʠʣʠʚʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʧʨʦʝʢʪʳ: ʄʝʟʝʥʩʢʦʡ, ʊʫʛʫʨʩʢʦʡ, ʉʝʚʝʨʥʦʡ, 

ʇʝʥʞʠʥʩʢʦʡ ʇʕʉ. ʕʥʝʨʛʠʠ ʭʚʘʪʠʪ ʜʣʷ ʚʩʝʛʦ ʨʝʛʠʦʥʘ, ʚʪ.ʯ. ʠ ʜʣʷ ʵʢʩʧʦʨʪʘ ʚ 

ɿʘʧʘʜʥʫʶ ɽʚʨʦʧʫ, ʚ ʖʞʥʫʶ ʂʦʨʝʶ, ʚ ʗʧʦʥʠʶ ʠ ʂʠʪʘʡ. ɺ ʩʣʫʯʘʝ ʧʦʩʪʨʦʡʢʠ 

ʩʪʘʥʮʠʡ ʝʞʝʛʦʜʥʘʷ ʵʢʦʥʦʤʠʷ ʪʦʧʣʠʚʘ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 77 ʤʣʥ. ʪ.ʫ.ʪ. 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʇʕʉ ʷʚʣʷʝʪʩʷ ʵʢʦʣʦʛʠʯʥʦʩʪʴ ʠ ʥʠʟʢʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʝʨʛʠʠ. ʉʪʦʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ʥʘ ʇʕʉ ʤʝʥʴʰʝ ʯʝʤ ʥʘ ɻʕʉ, ʊʕʉ ʠ 

ɸʕʉ. ʅʝʜʦʩʪʘʪʢʘʤʠ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʠʟʤʝʥʷʶʱʘʷʩʷ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʤʦʱʥʦʩʪʴ, ʪʨʝʙʫʶʱʘʷ ʦʪ ʇʕʉ 

ʨʘʙʦʪʳ ʚ ʩʦʩʪʘʚʝ ʵʥʝʨʛʦʩʠʩʪʝʤʳ.  
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ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʇʕʉ ʧʦʢʘ ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʦʪʜʘʣʝʥʥʦʛʦ ʙʫʜʫʱʝʛʦ. 

ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʚʝʪʨʦʚʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ʈʦʩʩʠʠ ʦʮʝʥʠʚʘʝʪʩʷ 

ʧʨʠʤʝʨʥʦ 260 ʤʣʨʜ. ʢɺʪĿʯ/ʛʦʜ, ʪʦ ʝʩʪʴ ʦʢʦʣʦ 30% ʚʩʝʡ ʧʨʦʠʟʚʦʜʠʤʦʡ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʈʌ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘʭʦʜʷʪʩʷ ʧʦʨʷʜʢʘ 1500 

ʚʝʪʨʦʫʩʪʘʥʦʚʦʢ ʨʘʟʣʠʯʥʦʡ ʤʦʱʥʦʩʪʠ. ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʦʙʲʝʢʪʳ 

ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ, ʥʘ ʏʫʢʦʪʢʝ, ʚ 

ɺʦʨʢʫʪʝ, ʚ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ.  

ʋʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ɺʕʉ ʚ ʩʪʨʘʥʝ ʥʘ 2014 ʛʦʜ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 83 

ʄɺʪ, ʩʫʤʤʘʨʥʘʷ ʚʳʨʘʙʦʪʢʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 40 ʤʣʥ. ʢɺʪĿʯ/ʛʦʜ. ʈʘʙʦʪʘ 

ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ ʤʦʱʥʦʩʪʴʶ 1 ʄɺʪ ʟʘ 20 ʣʝʪ ʧʦʟʚʦʣʷʝʪ ʩʵʢʦʥʦʤʠʪʴ ʧʨʠʤʝʨʥʦ 

29 ʪʳʩ. ʪʦʥʥ ʫʛʣʷ ʠʣʠ 92 ʪʳʩ. ʙʘʨʨʝʣʝʡ ʥʝʬʪʠ. ʉʝʙʝʩʪʦʠʤʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʪʚʘ 

ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ, ʦʪʣʠʯʘʶʱʝʛʦʩʷ ʙʦʣʴʰʠʤ ʥʝʧʦʩʪʦʷʥʩʪʚʦʤ. ʇʦʵʪʦʤʫ 

ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʘ ʪʨʝʙʫʝʪ ʨʝʟʝʨʚʘ ʤʦʱʥʦʩʪʠ ʚ ʵʥʝʨʛʦʩʠʩʪʝʤʝ ʚ ʚʠʜʝ 

ʜʫʙʣʠʨʫʶʱʠʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʜʦʨʦʞʘʝʪ ʧʦʣʫʯʘʝʤʫʶ ʦʪ ʥʠʭ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ.ʇʦʧʨʦʙʫʝʤ ʨʘʟʦʙʨʘʪʴʩʷ ʩ ʜʦʩʪʦʠʥʩʪʚʘʤʠ ʠ ʥʝʜʦʩʪʘʪʢʘʤʠ 

ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʧʮʠʡ ʵʥʝʨʛʝʪʠʢʠ ʠ ʧʨʠʡʪʠ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʚʳʚʦʜʘʤ ʦ 

ʙʫʜʫʱʠʭ ʜʝʡʩʪʚʠʷʭ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ.  

ɺʦ-ʧʝʨʚʳʭ, ʪʝʨʤʠʥ "ʚʦʟʦʙʥʦʚʣʷʝʤʳʡ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ" ʥʝʩʝʪ ʚ ʩʝʙʝ ʷʨʢʦ 

ʚʳʨʘʞʝʥʥʫʶ ʠʟʙʳʪʦʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʧʦʩʢʦʣʴʢʫ ʩʦʛʣʘʩʥʦ ʟʘʢʦʥʫ 

ʩʦʭʨʘʥʝʥʠʶ ʵʥʝʨʛʠʠ ʠ ʚʝʱʝʩʪʚʘ ʵʥʝʨʛʠʷ ʠ ʝʝ ʥʦʩʠʪʝʣʴ ʙʝʩʩʣʝʜʥʦ ʥʝ ʠʩʯʝʟʘʶʪ 

[6, 7].  

ɽʩʣʠ ʵʥʝʨʛʦʥʦʩʠʪʝʣʴ ʩʫʱʝʩʪʚʫʝʪ, ʪʦ ʩʘʤ ʬʘʢʪ ʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʦʥ ʚʦʟʦʙʥʦʚʣʷʝʤ, ʧʦʩʢʦʣʴʢʫ ʝʩʣʠ ʵʪʦ ʥʝ ʪʘʢ, ʪʦ 

ʦʪʢʫʜʘ ʞʝ ʦʥ ʚʟʷʣʩʷ ʠ ʯʪʦ ʞʝ ʧʦʤʝʰʘʝʪ ʝʤʫ ʧʦʷʚʠʪʴʩʷ ʝʱʝ ʨʘʟ [8].  

ʇʦʥʷʪʠʝ ʥʝʚʦʟʦʙʥʦʚʣʷʝʤʦʩʪʠ (ʠʩʯʝʨʧʘʝʤʦʩʪʠ) ʨʝʩʫʨʩʦʚ ʩʧʨʘʚʝʜʣʠʚʦ ʥʝ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʠʟʠʢʠ, ʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ, ʘ 

ʠʤʝʥʥʦ, ʝʛʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ, ʥʝ ʧʦʟʚʦʣʷʶʱʝʛʦ ʩʦʟʜʘʚʘʪʴ ʪʦʪ ʠʣʠ 

ʠʥʦʡ ʵʥʝʨʛʦʥʦʩʠʪʝʣʴ ʚ ʦʙʲʝʤʘʭ, ʜʦʩʪʘʪʦʯʥʳʭ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʤʠʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ [9].  
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ɺʦ-ʚʪʦʨʳʭ, ʪʝʨʤʠʥ "ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʡ" ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʘʙʩʪʨʘʢʪʥʳʤ. ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʘʤ ʬʠʟʠʢʠ ʥʝ ʙʳʚʘʝʪ ʧʦʣʝʟʥʦʛʦ ʠʣʠ ʚʨʝʜʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ. ʕʪʦ ʪʦʞʝ ʩʫʙʲʝʢʪʠʚʥʳʡ ʪʝʨʤʠʥ, ʢʦʪʦʨʳʡ ʦʙʲʝʜʠʥʷʝʪ ʪʦ ʠʣʠ ʠʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ, ʥʝ ʩʚʷʟʘʥʥʦʝ ʩ ʥʘʫʯʥʦ ʜʦʢʘʟʘʥʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʚ ʵʢʦʣʦʛʠʠ 

ʧʣʘʥʝʪʳ [10].  

ɺ-ʪʨʝʪʴʠʭ, ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʚʨʦʜʝ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ, 

ʷʚʣʷʶʪʩʷ ʚʪʦʨʠʯʥʳʤʠ, ʪʦ ʝʩʪʴ ʧʨʦʠʩʭʦʜʷʪ ʦʪ ʜʨʫʛʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ [11, 

12]. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʪ ʉʦʣʥʮʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʨʤʦʷʜʝʨʥʦʡ ʨʝʘʢʮʠʠ. ɽʩʣʠ 

ʫʯʝʩʪʴ, ʯʪʦ ʵʢʦʣʦʛʠ ʧʨʦʪʝʩʪʫʶʪ ʧʨʦʪʠʚ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʪʦ ʣʦʙʙʠʨʦʚʘʥʠʝ 

ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚʳʛʣʷʜʠʪ ʩʪʨʘʥʥʦ.  

ʂʘʢʦʡ ʩʤʳʩʣ ʟʘʢʨʳʚʘʪʴ ʷʜʝʨʥʳʝ ʨʝʘʢʪʦʨʳ ʥʘ ɿʝʤʣʝ ʠ ʧʦʣʴʟʦʚʘʪʴʩʷ 

ʪʝʨʤʦʷʜʝʨʥʳʤ ʨʝʘʢʪʦʨʦʤ ʚ ʂʦʩʤʦʩʝ? ɹʦʣʴʰʠʥʩʪʚʦ ʵʢʦʣʦʛʦʚ ʥʝ ʪʦʣʴʢʦ ʥʝ 

ʟʥʘʶʪ, ʯʪʦ ʉʦʣʥʮʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ 

(ʪʝʨʤʦʷʜʝʨʥʳʡ ʨʝʘʢʪʦʨ), ʥʦ ʠ ʧʨʠʯʠʥʷʝʪ ʦʱʫʪʠʤʳʡ ʚʨʝʜ ʵʢʦʣʦʛʠʠ ɿʝʤʣʠ [13].  

ʉʦʣʥʮʝ ʠʟʣʫʯʘʝʪ ʚ ʂʦʩʤʦʩ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʤʝʨʪʝʣʴʥʦʛʦ 

ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʟʘʨʷʞʝʥʥʳʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ, ʫʙʠʚʘʶʱʠʭ 

ʚʩʝ ʞʠʚʦʝ. ɽʩʣʠ ʙʳ ʥʝ ʤʘʛʥʠʪʥʳʝ ʧʦʣʶʩʘ ʥʘʰʝʡ ʧʣʘʥʝʪʳ, ʫʜʝʨʞʠʚʘʶʱʠʝ 

ʜʘʥʥʦʝ ʩʤʝʨʪʦʥʦʩʥʦʝ ʠʟʣʫʯʝʥʠʝ ʚ ʚʠʜʝ ʉʝʚʝʨʥʦʛʦ ʉʠʷʥʠʷ, ʪʦ ʩʨʦʢ ʞʠʟʥʠ 

ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʯʝʣʦʚʝʢʘ ʙʳʣ ʙʳ ʥʘʤʥʦʛʦ ʢʦʨʦʯʝ, ʘ ʫʨʦʚʝʥʴ 

ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʚʳʰʝ [14]. ʉ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʵʥʝʨʛʠʠ ʥʘ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ ʟʥʘʯʠʪʝʣʴʥʦ ʵʢʦʣʦʛʠʯʥʝʝ, ʧʦʩʢʦʣʴʢʫ ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʝʨʛʠʠ ʥʘ ʉʦʣʥʮʝ ʥʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʙʨʦʩʦʤ 

ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʠ ʠʟʣʫʯʝʥʠʷ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ [15]. ʆʙʱʝʩʪʚʦ 

ʜʦʣʞʥʦ ʟʥʘʪʴ ʠʩʪʠʥʥʫʶ ʩʠʪʫʘʮʠʶ ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʝʪʠʢʠ, ʯʪʦʙʳ ʧʨʠʥʠʤʘʪʴ 

ʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ.  

ʅʝ ʙʫʜʝʤ ʦʯʝʨʥʷʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠʥʠʮʠʘʪʠʚʳ, ʥʦ ʦʥʠ ʜʦʣʞʥʳ 

ʙʘʟʠʨʦʚʘʪʴʩʷ ʥʘ ʩʪʨʦʛʦʤ ʥʘʫʯʥʦʤ ʧʦʜʭʦʜʝ, ʢʦʪʦʨʦʛʦ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʥʝʪ 

[16]. ʇʨʦʠʟʚʦʜʩʪʚʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʯʠʩʪʦʡ ʵʥʝʨʛʠʠ ʥʦʩʠʪ ʜʘʣʝʢʦ 

ʥʝʙʝʟʦʧʘʩʥʳʡ ʭʘʨʘʢʪʝʨ ʜʣʷ ʵʢʦʣʦʛʠʠ (ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ). 
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ɺʣʠʷʥʠʝ ʚʝʪʨʦʚʳʭ ʩʪʘʥʮʠʡ ʥʘ ʵʢʦʣʦʛʠʶ ʪʘʢʞʝ ʥʝ ʥʘʟʦʚʝʰʴ ʥʝʡʪʨʘʣʴʥʳʤ. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʙʠʦʪʦʧʣʠʚʘ ʚ ʫʩʣʦʚʠʷʭ ʜʝʬʠʮʠʪʘ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʚ ʩʪʨʘʥʘʭ 

ɸʬʨʠʢʠ ʚʳʛʣʷʜʠʪ ʧʨʦʩʪʦ ʥʝʘʢʪʫʘʣʴʥʦ.  

ɺ ʦʙʱʝʩʪʚʝ ʥʝ ʧʦʧʫʣʷʨʠʟʠʨʫʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʚʨʝʜʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʯʪʦ ʜʝʣʘʝʪ ʥʝʩʧʨʘʚʝʜʣʠʚʦʡ ʙʦʨʴʙʫ ʵʢʦʣʦʛʦʚ ʠ ʵʥʝʨʛʝʪʠʢʦʚ.  

ʆʪʜʝʣʴʥʳʝ ʠʥʠʮʠʘʪʠʚʳ ʵʢʦʣʦʛʦʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʦʣʝʟʥʳ, ʥʦ ʦ ʩʪʝʧʝʥʠ ʠʭ 

ʧʨʠʤʝʥʠʤʦʩʪʠ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʜʦʣʞʥʳ ʩʫʜʠʪʴ ʥʝ ʦʥʠ, ʘ ʵʢʩʧʝʨʪʳ ʠ 

ʦʙʱʝʩʪʚʦ ʚ ʮʝʣʦʤ, ʨʘʩʧʦʣʘʛʘʷ ʧʦʣʥʳʤ ʦʙʲʝʤʦʤ ʜʘʥʥʳʭ ʧʦ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʝ.  

ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʛʣʦʙʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʜʝʬʠʮʠʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ. ʆʩʦʟʥʘʚʘʷ ʚʘʞʥʦʩʪʴ ʵʪʦʛʦ ʚʳʟʦʚʘ, 

ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʤʥʦʛʠʭ ʩʪʨʘʥ ʫʞʝ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ 

ʧʨʦʚʦʜʷʪ ʛʦʩʫʜʘʨʩʪʚʝʥʥʫʶ ʧʦʣʠʪʠʢʫ ʚ ʩʬʝʨʝ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ. ʋʢʘʟʘʥʥʘʷ 

ʧʦʣʠʪʠʢʘ ʧʨʠʚʝʣʘ ʥʝ ʪʦʣʴʢʦ ʢ ʩʦʢʨʘʱʝʥʠʶ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ, ʥʦ ʪʘʢʞʝ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʚʥʝʜʨʝʥʠʶ ʠʥʥʦʚʘʮʠʡ ʠ ʨʘʟʚʠʪʠʶ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ 

ʩʝʢʪʦʨʦʚ.  

ʈʦʩʪ ʮʝʥ ʥʘ ʵʥʝʨʛʦʥʦʩʠʪʝʣʠ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ ʩʪʘʣ ʚʘʞʥʳʤ ʩʪʠʤʫʣʦʤ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʤʝʨ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʩʥʠʞʝʥʠʷ 

ʧʦʪʨʝʙʣʝʥʠʷ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ.  

ɹʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʪʘʢʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʫʜʝʣʷʝʪʩʷ ʚ ʪʘʢʠʭ ʩʪʨʘʥʘʭ, ʢʘʢ 

ʉʐɸ, ɽʉ ʠ ʗʧʦʥʠʷ. ʈʦʩʩʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʩʪʘʝʪ ʦʪ ʚʝʜʫʱʠʭ ʩʪʨʘʥ ʚ ʩʬʝʨʝ 

ʵʢʦʥʦʤʠʠ ʵʥʝʨʛʠʠ. 

ʕʢʦʥʦʤʠʢʘ ʈʦʩʩʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʘʤʦʡ ʥʠʟʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 

ʧʦʪʨʝʙʣʝʥʥʦʡ ʵʥʝʨʛʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʘʨʫʙʝʞʥʳʤʠ ʩʪʨʘʥʘʤʠ.  

ʊʘʢ, ʚ ʈʦʩʩʠʠ ʚ 2015 ʛʦʜʫ ʧʦʪʨʝʙʣʝʥʠʝ 1 ʢʛ. ʥʝʬʪʷʥʦʛʦ ʵʢʚʠʚʘʣʝʥʪʘ 

ʵʥʝʨʛʠʠ ʧʨʠʚʦʜʠʣʦ ʢ ʩʦʟʜʘʥʠʶ 3 ʜʦʣʣ. ɺɺʇ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʛʦ ʞʝ ʦʙʲʝʤʘ ʵʥʝʨʛʠʠ ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ 11 ʜʦʣʣ. ɺɺʇ.  

ʂʨʦʤʝ ʵʪʦʛʦ, ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʈʦʩʩʠʷ ʚ 2015 ʛ. 

ʥʘʭʦʜʠʣʘʩʴ ʥʘ 110 ʤʝʩʪʝ ʠʟ 126 ʦʙʩʣʝʜʫʝʤʳʭ ɺʩʝʤʠʨʥʳʭ ɹʘʥʢʦʤ ʩʪʨʘʥ.  
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99 

 

ʇʨʠ ʵʪʦʤ ʪʘʢʠʝ ʩʝʚʝʨʥʳʝ ʩʪʨʘʥʳ ʢʘʢ ɼʘʥʠʷ, ʅʦʨʚʝʛʠʷ, ʂʘʥʘʜʘ ʠ 

ʌʠʥʣʷʥʜʠʷ ʧʨʝʚʦʩʭʦʜʷʪ ʈʦʩʩʠʶ ʧʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʚ 2-

3 ʨʘʟʘ. 

ɺ ʈʦʩʩʠʠ ʚ ʩʨʝʜʥʝʤ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ 20 ʣʝʪ ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘ ʩʯʝʪ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʨʦʩʪʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ ʠ ʠʟʤʝʥʝʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʵʢʦʥʦʤʠʢʠ.  

ʆʜʥʘʢʦ ʦʩʥʦʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʵʢʦʥʦʤʠʢʠ 

ʦʢʘʟʘʣʦ ʫʚʝʣʠʯʝʥʠʝ ʤʠʨʦʚʳʭ ʮʝʥ ʥʘ ʵʢʩʧʦʨʪʠʨʫʝʤʳʝ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʨʝʩʫʨʩʳ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʨʦʩʪʫ ɺɺʇ ʩʪʨʘʥʳ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʦʚʳʰʝʥʠʷ 

ʧʦʪʨʝʙʣʝʥʠʷ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʪʝʯʝʥʠʝ 

ʧʝʨʠʦʜʘ ʩ 1991 ʛ. ʧʦ 2015 ʛ. ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʫʚʝʣʠʯʠʣʘʩʴ 

ʧʦʯʪʠ ʥʘ 40%, ʩ 2,1 ʜʦ 2,9 ʜʦʣʣ. ɺɺʇ ʚ ʧʦʩʪʦʷʥʥʳʭ ʮʝʥʘʭ / ʢʛ. ʥʝʬʪʷʥʦʛʦ 

ʵʢʚʠʚʘʣʝʥʪʘ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ çʕʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʪʨʘʪʝʛʠʝʡ ʈʦʩʩʠʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2030 

ʛʦʜʘè [1] ʢ 2030 ʛʦʜʫ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ɺɺʇ ʜʦʣʞʥʘ ʙʳʪʴ ʩʥʠʞʝʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

2005 ʛ. ʚ ʜʚʘ ʨʘʟʘ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʢ 2030 ʛʦʜʫ ʥʝʦʙʭʦʜʠʤʦ ʜʦʩʪʠʯʴ 

ʧʦʢʘʟʘʪʝʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 5 ʜʦʣʣ. ɺɺʇ ʚ ʧʦʩʪʦʷʥʥʳʭ ʮʝʥʘʭ ʥʘ 1 ʢʛ. 

ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʥʝʬʪʷʥʦʤ ʵʢʚʠʚʘʣʝʥʪʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʫʢʘʟʘʥʥʦʛʦ ʮʝʣʝʚʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʟʘ ʙʣʠʞʘʡʰʠʝ 20 ʣʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʜʦʣʞʥʘ ʚʳʨʘʩʪʠ ʚ ʩʪʨʘʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 

70%. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʩʢʦʨʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʵʢʦʥʦʤʠʢʠ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ 2012-2030 ʛʛ. ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʠʤʝʨʥʦ ʚ 2 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ 

ʟʘ ʧʨʝʜʳʜʫʱʝʝ ʜʚʘʜʮʘʪʠʣʝʪʠʝ (1991-2011 ʛʛ.).  

ɺ ʩʣʫʯʘʝ ʨʝʘʣʠʟʘʮʠʠ ʠʥʝʨʮʠʦʥʥʦʛʦ ʩʮʝʥʘʨʠʷ (ʙʝʟ ʘʢʪʠʚʠʟʘʮʠʠ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʚ ʩʬʝʨʝ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ) ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ 

ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʵʢʦʥʦʤʠʢʠ ʥʘ 22% ʚ ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʘ 2010-2020 ʛʛ. 

[2]. ʇʨʠ ʵʪʦʤ, ʧʦ ʦʮʝʥʢʘʤ, ʟʘ ʩʯʝʪ ʨʝʘʣʠʟʘʮʠʠ ʥʝʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʥʘ ʪʝʢʫʱʠʡ 
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100 

 

ʤʦʤʝʥʪ ʧʦʪʝʥʮʠʘʣʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ 

ʤʦʞʥʦ ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʚ ʩʪʨʘʥʝ ʥʘ 40% [1].  

ʉʦʛʣʘʩʥʦ ʤʠʨʦʚʦʤʫ ʦʧʳʪʫ ʠ ʘʥʘʣʠʟʫ BCG, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʙʘʨʴʝʨʳ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʝ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ:  

- ʨʳʥʦʯʥʳʝ (ʚʳʩʦʢʠʝ ʪʨʘʥʩʘʢʮʠʦʥʥʳʝ ʠʟʜʝʨʞʢʠ, ʩʪʨʫʢʪʫʨʘ ʨʳʥʢʘ ʠ 

ʮʝʥʦʚʳʝ ʠʩʢʘʞʝʥʠʷ);  

- ʪʝʭʥʠʯʝʩʢʠʝ (ʦʛʨʘʥʠʯʝʥʥʳʡ ʜʦʩʪʫʧ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʠ 

ʥʝʭʚʘʪʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ ʠʭ ʚʥʝʜʨʝʥʠʷ);  

- ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ (ʦʪʩʫʪʩʪʚʠʝ ʟʥʘʥʠʡ ʦ ʚʳʛʦʜʘʭ ʧʦʚʳʰʝʥʠʷ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ);  

- ʬʠʥʘʥʩʦʚʳʝ (ʦʪʩʫʪʩʪʚʠʝ ʫ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʬʠʥʘʥʩʦʚʳʭ ʠʥʩʪʠʪʫʪʦʚ 

ʠʥʪʝʨʝʩʘ ʢ ʦʩʫʱʝʩʪʚʣʝʥʠʶ ʠʥʚʝʩʪʠʮʠʡ ʚ ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʵʢʦʥʦʤʠʢʠ);  

- ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʝ (ʨʘʟʤʝʨ ʪʘʨʠʬʦʚ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ, ʥʝ 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʡ ʚʣʦʞʝʥʠʶ ʩʨʝʜʩʪʚ ʚ ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ).  

ɺ ʨʘʟʚʠʪʳʭ ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥʘʭ ʢʦʤʧʣʝʢʩʥʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʦʣʠʪʠʢʘ ʚ 

ʩʬʝʨʝ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʥʘʯʘʣʘ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʩ ʩʝʨʝʜʠʥʳ 90-ʭ ʛʦʜʦʚ 

ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ. ʉʪʠʤʫʣʦʤ ʜʣʷ ʝʝ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ʧʦʩʣʫʞʠʣʘ ʚʪʦʨʘʷ 

ʚʦʣʥʘ ʨʦʩʪʘ ʮʝʥ ʥʘ ʵʥʝʨʛʦʥʦʩʠʪʝʣʠ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ ʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʘ 

ʥʝʬʪʴ.  

ʉ ʮʝʣʴʶ ʧʨʝʦʜʦʣʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʙʘʨʴʝʨʦʚ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʤʝʥʷʣʠʩʴ ʦʙʷʟʘʪʝʣʴʥʳʝ ʠ 

ʩʪʠʤʫʣʠʨʫʶʱʠʝ ʤʝʨʳ. ʉʦʦʪʥʦʰʝʥʠʝ ʜʘʥʥʳʭ ʜʚʫʭ ʪʠʧʦʚ ʤʝʨ ʟʘʚʠʩʝʣʦ ʦʪ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʘʚʦʧʨʠʤʝʥʠʪʝʣʴʥʦʡ ʧʨʘʢʪʠʢʠ ʚ ʢʦʥʢʨʝʪʥʦʡ ʩʪʨʘʥʝ, ʘ ʪʘʢʞʝ ʦʪ 

ʝʝ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʥʘʩʣʝʜʠʷ.  

ʂ ʦʙʷʟʘʪʝʣʴʥʳʤ ʤʝʨʘʤ ʦʪʥʦʩʷʪʩʷ ʥʦʨʤʘʪʠʚʳ ʠ ʩʪʘʥʜʘʨʪʳ ʚ ʩʬʝʨʝ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, ʥʝʠʩʧʦʣʥʝʥʠʝ ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʠʪ ʢ ʩʘʥʢʮʠʷʤ (ʥʘʣʦʞʝʥʠʝ 

ʰʪʨʘʬʦʚ, ʦʪʟʳʚ ʣʠʮʝʥʟʠʡ ʠ ʜʨʫʛʦʝ), ʘ ʪʘʢʞʝ ʦʙʷʟʘʪʝʣʴʩʪʚʘ ʢʦʤʧʘʥʠʡ ʧʦ 
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ʩʥʠʞʝʥʠʶ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʚ ʨʘʩʯʝʪʝ ʥʘ ʝʜʠʥʠʮʫ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ ʠ 

ʩʦʢʨʘʱʝʥʠʶ ʵʤʠʩʩʠʠ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ.  

ʂ ʨʘʟʨʷʜʫ ʩʪʠʤʫʣʠʨʫʶʱʠʭ ʤʝʨ ʦʪʥʦʩʷʪ ʥʘʣʦʛʠ ʥʘ ʵʥʝʨʛʦʥʦʩʠʪʝʣʠ, ʣʴʛʦʪʳ 

ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ ʠʟ ʨʘʟʣʠʯʥʳʭ ʩʝʢʪʦʨʦʚ ʵʢʦʥʦʤʠʢʠ, ʨʝʘʣʠʟʫʶʱʠʭ 

ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʝ ʧʨʦʛʨʘʤʤʳ, ʘ ʪʘʢʞʝ ʨʳʥʦʢ ʩʝʨʪʠʬʠʢʘʪʦʚ ʥʘ ʚʳʙʨʦʩ 

ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʥʦʨʤʘʪʠʚʳ ʠ ʩʪʘʥʜʘʨʪʳ ʚ ʩʬʝʨʝ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ 

ʙʳʣʠ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʨʦʩʩʠʡʩʢʠʤ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ, ʠʭ ʧʨʘʚʦʧʨʠʤʝʥʠʪʝʣʴʥʘʷ 

ʧʨʘʢʪʠʢʘ ʥʝ ʦʪʣʠʯʘʣʘʩʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʠ ʢʦʥʪʨʦʣʴ ʟʘ ʠʭ ʩʦʙʣʶʜʝʥʠʝʤ ʥʝ 

ʚʩʝʛʜʘ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʜʦʣʞʥʳʤ ʦʙʨʘʟʦʤ [3]. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʩʪʘʚʣʝʥ ʦʙʟʦʨ ʩʦʩʪʦʷʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʳ 

ʛʠʙʨʠʜʥʳʭ ʵʥʝʨʛʦʢʦʤʧʣʝʢʩʦʚ ʚ ʈʦʩʩʠʠ 

Annotation. The article provides an overview of the state and prospects of 

hybrid energy complexes in Russia 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʠʙʨʠʜʥʳʝ ʵʥʝʨʛʦʢʦʤʧʣʝʢʩʳ, ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ 

Keywords: hybrid energy complexes, renewable energy sources, power supply 

 

ʉʨʝʜʠ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ ʦʪʩʪʘʚʘʥʠʷ ʈʦʩʩʠʠ ʚ ʨʘʟʚʠʪʠʠ ʵʥʝʨʛʝʪʠʢʠ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʚʳʩʦʢʫʶ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʮʝʥʪʨʘʣʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ, ʪʨʘʥʩʧʦʨʪʦʤ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʩʚʷʟʘʥʥʫʶ ʩ ʵʪʠʤ ʤʦʜʝʣʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʤʦʱʥʦʩʪʠ ʚ ɽʜʠʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

(ɽʕʉ) ʈʦʩʩʠʠ. ʕʪʠ ʤʦʤʝʥʪʳ ʧʦʣʦʞʝʥʳ ʚ ʦʩʥʦʚʫ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʪʨʘʪʝʛʠʠ 

ʈʦʩʩʠʠ, ʟʘʢʦʥʘ ʦʙ ʵʥʝʨʛʝʪʠʢʝ ʠ ʩʪʘʥʜʘʨʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɽʕʉ. ɺ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʚʩʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ʜʦʣʞʥʳ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʙʝʩʧʝʯʠʪʴ ʚʩʝʤ ʧʦʪʨʝʙʠʪʝʣʷʤ ʵʥʝʨʛʠʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʘʪʝʛʦʨʠʠ, ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʝ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʝ. ʕʣʝʢʪʨʦʩʪʘʥʮʠʠ ʙʝʟ 

ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʵʥʝʨʛʠʠ ʠʣʠ ʥʝ ʠʤʝʶʱʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʝʩʫʨʩʘ, ʥʝ ʤʦʛʫʪ 

ʦʙʝʩʧʝʯʠʪʴ ʪʘʢʦʝ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʝ. ʅʦ ʛʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ, ʧʦ ʢʦʪʦʨʦʡ 

ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʠ ʥʘ ʦʩʥʦʚʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ (ɺʀʕ) ʜʦ 
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ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʘʭʦʜʷʪʩʷ ʥʝʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʤʠ ʚ ɽʕʉ ʈʦʩʩʠʠ, 

ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʘʷ ʫʜʝʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ ʤʦʱʥʦʩʪʠ ʠ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ 

ʵʥʝʨʛʠʠ ʧʨʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʦʮʝʥʢʝ ʵʣʝʤʝʥʪʦʚ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ 

ʤʝʪʦʜʦʤ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʇʦʩʣʝʜʥʝʝ, ʢʘʢ ʥʝ ʪʨʫʜʥʦ ʟʘʤʝʪʠʪʴ, 

ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʘʥʮʠʡ ʥʘ ʦʩʥʦʚʝ ɺʀʕ ʚ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʵʥʝʨʛʦʩʠʩʪʝʤʝ. ʅʝʪʨʫʜʥʦ ʦʩʦʟʥʘʪʴ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʮʝʥ ʥʘ 

ʫʛʣʝʚʦʜʦʨʦʜʥʦʝ ʠ ʜʨʫʛʦʝ ʠʩʢʦʧʘʝʤʦʝ ʪʦʧʣʠʚʦ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ ɺʀʕ ʙʫʜʝʪ ʚʦʟʨʘʩʪʘʪʴ. 

ɺʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʩʦʙʣʶʜʝʥʠʝ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʨʝʞʠʤʘ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʩʥʘʙʞʝʥʥʦʡ ʨʝʟʝʨʚʦʤ ʤʦʱʥʦʩʪʠ. ɼʣʷ 

ʨʘʟʥʳʭ ʩʠʩʪʝʤ ʵʪʘ ʛʨʘʥʠʮʘ, ʚ ʢʦʪʦʨʫʶ ʤʦʛʫʪ çʚʧʠʩʳʚʘʪʴʩʷè ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ 

ɺʀʕ, ʩʦʩʪʘʚʣʷʝʪ 10ï15 %, ʭʦʪʷ ʧʦ ʦʮʝʥʢʘʤ ʨʦʩʩʠʡʩʢʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʦʥ ʤʦʞʝʪ 

ʙʳʪʴ ʠ ʙʦʣʴʰʠʤ. 

ʆʙʦʟʥʘʯʝʥʥʳʝ ʚʳʰʝ ʧʨʦʙʣʝʤʳ ʤʦʛʫʪ ʙʳʪʴ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʨʘʟʨʝʰʝʥʳ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʦʩʥʦʚʝ ɺʀʕ 

ʙʫʜʫʪ ʨʘʙʦʪʘʪʴ ʚʥʝ ʛʨʘʥʠʮ ɽʕʉ, ʥʝ ʧʦʜʯʠʥʷʷʩʴ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʨʷʜʢʘʤ ʝʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʊʘʢʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʈʦʩʩʠʠ, ʙʝʩʩʧʦʨʥʦ, ʠʤʝʝʪʩʷ, ʫʯʠʪʳʚʘʷ 

ʪʦʪ ʬʘʢʪʦʨ, ʯʪʦ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ ʧʣʦʱʘʜʠ ʩʪʨʘʥʳ ʥʝ ʦʙʣʘʜʘʝʪ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʤ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʝʤ, ʘ ʚ ʨʘʡʦʥʘʭ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ ʠ ɼʘʣʴʥʝʛʦ 

ɺʦʩʪʦʢʘ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʩʨʝʜʘ ʫʭʫʜʰʘʝʪʩʷ ʦʪʭʦʜʘʤʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ ʥʘ ʙʘʟʝ ʜʠʟʝʣʴïʛʝʥʝʨʘʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ. 

ʆʩʦʙʝʥʥʦ ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʜʣʷ ʧʦʜʲʝʤʘ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ 

ʵʥʝʨʛʝʪʠʢʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʤʘʣʳʝ ʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʨʘʟʨʘʙʦʪʢʘ ʢʦʪʦʨʳʭ ʩ ʥʦʷʙʨʷ 2010 ʛ. 

ʧʨʠʦʙʨʝʣʘ ʩʪʘʪʫʩ ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ. 

ɺʧʨʦʯʝʤ, ʨʝʘʣʴʥʳʡ ʨʦʩʪ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ ʩʪʘʥʝʪ 

ʦʩʫʱʝʩʪʚʠʤʳʤ ʪʦʛʜʘ, ʢʦʛʜʘ ʚʩʝ ʪʨʝʙʫʝʤʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ 

ʥʘ ʦʩʥʦʚʝ ɺʀʕ ʙʫʜʝʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴʩʷ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʚ ʵʪʦʡ ʩʬʝʨʝ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ 
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ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʦʩʩʠʡʩʢʠʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʟʫʯʝʥʳ ʚʩʝ ʵʣʝʤʝʥʪʳ ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ, ʢʨʦʤʝ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʦʚ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʧʦʠʩʢ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʨʝʰʝʥʠʡ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʦʨʛʘʥʠʟʦʚʘʪʴ ʠʟʛʦʪʦʚʣʝʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʫʩʪʘʥʦʚʦʢ ʥʘ 

ʦʩʥʦʚʝ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ʈʦʩʩʠʠ, ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʨʦʩʪʘ 

ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʠ ʵʥʝʨʛʦʤʘʰʠʥʦʩʪʨʦʝʥʠʷ [1]. 

ʂʦʥʮʝʧʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʪʨʝʭ ʦʩʥʦʚʥʳʭ 

ʧʦʣʦʞʝʥʠʷʭ: ʫʯʝʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʧʨʦʩʘ ʥʘ ʢʘʯʝʩʪʚʦ ʠ ʢʦʣʠʯʝʩʪʚʦ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʤʝʩʪʥʳʤʠ (ʣʦʢʘʣʴʥʳʤʠ) ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚʩʝʭ 

ʚʠʜʦʚ; ʝʜʠʥʩʪʚʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ï 

ʦʪ ʛʝʥʝʨʘʮʠʠ ʵʥʝʨʛʠʠ ʜʦ ʝʸ ʧʦʪʨʝʙʣʝʥʠʷ; ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʥʘʙʞʝʥʠʝ 

ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʧʝʨʚʠʯʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʟʘ ʩʯʝʪ ʩʦʙʩʪʚʝʥʥʳʭ 

ʨʝʩʫʨʩʦʚ ʪʝʨʨʠʪʦʨʠʠ, ʢʘʢ ʥʝʚʦʟʦʙʥʦʚʣʷʝʤʳʭ, ʪʘʢ ʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ. 

ɺʦʟʨʘʩʪʘʥʠʝ ʤʘʣʦʡ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚʟʘʠʤʦʟʘʤʝʥʷʝʪʩʷ 

ʜʦʧʦʣʥʝʥʠʝʤ ʦʩʥʦʚʥʦʡ ʪʝʦʨʠʠ ʨʘʟʚʠʪʠʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, 

ʠʟʣʘʛʘʝʤʦʡ ʢʘʢ ʥʘʜʝʞʥʦʝ ʠ ʙʝʩʧʝʨʝʙʦʡʥʦʝ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʝ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ ʵʥʝʨʛʠʠ, ʧʠʪʘʶʱʝʛʦʩʷ ʦʪ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ (ʪʝʧʣʦʚʦʡ, ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʜʨ.) ʩʝʪʠ, ʩʦʝʜʠʥʷʶʱʝʡ ʝʛʦ ʩ 

ʠʩʪʦʯʥʠʢʘʤʠ ʛʝʥʝʨʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʵʥʝʨʛʠʠ. 

ʄʘʣʘʷ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʦʚʦʣʴʥʦ ʥʝʯʘʩʪʦ. 

ʏʪʦʙʳ ʧʨʠʤʝʥʠʪʴ ʝʸ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʯʝʪʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʩʠʩʪʝʤʥʳʭ 

ʩʚʦʡʩʪʚʘʭ. 

ɽʩʣʠ ʛʦʚʦʨʠʪʴ ʦ ʩʠʩʪʝʤʘʭ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʠʭ ʧʘʨʘʤʝʪʨʳ, 

ʩʪʦʠʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʘʤʦ ʫʩʪʨʦʡʩʪʚʦ ʩʠʩʪʝʤʳ, ʩ ʝʸ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 

ʫʩʪʨʦʡʩʪʚʦʤ. ʊʝʤ ʩʘʤʳʤ ʟʘʪʨʘʛʠʚʘʷ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ. 

ʕʥʝʨʛʦʩʠʩʪʝʤʳ ʚʢʣʶʯʘʶʪ ʚ ʩʚʦʡ ʩʦʩʪʘʚ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʬʦʨʤʠʨʫʶʱʠʭ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʪʝʧʣʦʚʦʡ, ʤʝʭʘʥʠʯʝʩʢʦʡ, ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʜʨ. 

ʚʠʜʘʭ ʧʦʪʨʝʙʣʷʝʤʦʡ ʵʥʝʨʛʠʠ, ʧʨʦʠʟʚʦʜʠʪʝʣʷʭ (ʛʝʥʝʨʘʪʦʨʘʭ) ʪʨʝʙʫʝʤʳʭ ʚʠʜʦʚ 

ʵʥʝʨʛʠʠ, ʩʨʝʜʩʪʚʘʭ ʜʦʩʪʘʚʢʠ ʵʥʝʨʛʠʠ ʧʦʪʨʝʙʠʪʝʣʶ, ʛʠʙʢʦʡ ʩʠʩʪʝʤʝ 
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ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʧʦʩʪʘʚʱʠʢʦʚ ʵʥʝʨʛʠʠ ʠ ʵʬʬʝʢʪʠʚʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʚʩʝʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤʳ. 

ɺʘʞʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʤʘʣʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʶʪʩʷ: 

- ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʤʝʩʪʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʝʨʛʠʠ ʜʦ 

ʤʝʩʪʘ ʝʸ ʧʦʪʨʝʙʣʝʥʠʷ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪ ʟʥʘʯʝʥʠʝ ʧʦʪʝʨʴ ʧʦ ʜʣʠʥʝ 

ʣʠʥʠʡ ʩʥʘʙʞʝʥʠʷ (ʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʤʝʭʘʥʠʯʝʩʢʠʭ, ʪʝʧʣʦʚʳʭ, ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ, ʠ 

ʜʨ.); 

- ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʝ ʯʠʩʣʦ ʧʦʪʨʝʙʣʷʶʱʠʭ ʵʥʝʨʛʠʶ ʫʩʪʘʥʦʚʦʢ, 

ʝʜʠʥʠʯʥʘʷ ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʳʭ ʩʦʚʧʘʜʘʝʪ ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʴʶ 

ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ; 

- ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʝ ʯʠʩʣʦ ʛʝʥʝʨʠʨʫʶʱʠʭ ʵʥʝʨʛʠʶ ʫʩʪʘʥʦʚʦʢ, 

ʝʜʠʥʠʯʥʘʷ ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʳʭ ʩʦʚʧʘʜʘʝʪ ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʴʶ 

ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ; ʪʝʩʥʘʷ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʴ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʚʩʝʭ 

ʵʣʝʤʝʥʪʦʚ ʵʥʝʨʛʦʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʝʝ 

ʨʘʙʦʪʳ. 

ʇʘʨʘʤʝʪʨʳ ʛʝʥʝʨʠʨʫʶʱʝʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ ʚʳʙʠʨʘʶʪʩʷ ʠʩʭʦʜʷ ʠʟ 

ʧʦʪʨʝʙʥʦʩʪʝʡ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʧʘʨʘʤʝʪʨʳ ʠ ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʠʭ 

ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʥʦʩʪʠ [1,2]. 

ɺʩʣʝʜʩʪʚʠʝ ʦʪʩʫʪʩʪʚʠʷ ʥʦʨʤʘʪʠʚʥʳʭ ʦʧʨʝʜʝʣʝʥʠʡ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʠ 

ʤʘʣʳʭ ʵʥʝʨʛʦʩʠʩʪʝʤ ʠ ʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʙʫʜʝʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʣʷ ʥʠʭ ʧʦʥʷʪʠʝ ʛʠʙʨʠʜʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʝʡ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 

ʵʥʝʨʛʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʘʚʪʦʥʦʤʥʦʩʪʴ ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 

ʇʦʜ ɻʕʂ ʯʘʩʪʦ ʧʦʜʨʘʟʫʤʝʚʘʶʪ: 

- ʛʨʫʧʧʠʨʦʚʢʘ ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ ʨʘʟʥʦʛʦ ʪʠʧʘ, ʚʢʣʶʯʘʷ ʫʩʪʘʥʦʚʢʠ ʥʘ ʦʩʥʦʚʝ 

ɺʀʕ; 

- ʦʙʲʝʜʠʥʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ (ʛʝʥʝʨʘʪʦʨʦʚ), ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʦʙʲʝʢʪʦʚ 

ʪʨʘʥʩʧʦʨʪʥʦ-ʢʦʤʤʫʪʘʮʠʦʥʥʦʡ ʩʝʪʠ ʦʙʲʝʢʪʘ ʤʝʩʪʥʦʛʦ ʟʥʘʯʝʥʠʷ 

(çʠʟʦʣʠʨʦʚʘʥʥʳʝ ʵʥʝʨʛʦʩʠʩʪʝʤʳè ʠʣʠ çʣʦʢʘʣʴʥʳʝ ʵʥʝʨʛʦʩʠʩʪʝʤʳè). 
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ʆʪʤʝʪʠʤ ʩʣʝʜʫʶʱʠʝ ʩʠʩʪʝʤʥʳʝ ʩʚʦʡʩʪʚʘ ʛʠʙʨʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ: 

- ʟʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʝʥʝʨʘʪʦʨʦʚ (ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ 

ʵʥʝʨʛʠʠ ʨʘʟʥʳʭ ʪʠʧʦʚ ʧʝʨʚʠʯʥʦʡ ʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʠ ʪʝʧʣʦʚʫʶ 

ʵʥʝʨʛʠʶ) ʦʪ ʚʠʜʦʚ ʧʦʪʨʝʙʠʪʝʣʝʡ ʨʘʟʥʳʭ ʚʠʜʦʚ ʵʥʝʨʛʠʠ; 

- ʧʦʪʨʝʙʥʦʩʪʴ ʛʠʙʢʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʛʝʥʝʨʘʪʦʨʦʚ, ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʥʘ 

ʨʘʟʥʳʭ ʚʠʜʘʭ ʧʝʨʚʠʯʥʦʡ ʵʥʝʨʛʠʠ, ʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ ʠ 

ʥʘʟʥʘʯʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ, ʨʘʟʚʠʪʦʡ (ʫʤʥʦʡ) ʩʝʪʠ ʪʠʧʘ micro-grid; 

- ʟʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʛʝʥʝʨʘʪʦʨʦʚ ʢʘʞʜʦʛʦ ʪʠʧʘ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʛʨʘʬʠʢʘ ʧʦʩʪʫʧʣʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʙʘʣʘʥʩʠʨʦʚʘʥʠʷ ʛʝʥʝʨʘʮʠʠ ʠ ʧʦʪʨʝʙʣʝʥʠʷ ʤʦʱʥʦʩʪʠ ʠ 

ʵʥʝʨʛʠʠ ʵʣʝʤʝʥʪʦʚ ɻʕʂ. 

ɼʦʛʦʚʦʨʠʤʩʷ, ʯʪʦ ɻʕʂ ʷʚʣʷʝʪʩʷ ʥʝʢʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ, 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʢʣʶʯʘʶʱʝʡ ʚ ʩʝʙʷ ʛʝʥʝʨʘʪʦʨʳ ʵʥʝʨʛʠʠ ʨʘʟʥʳʭ ʚʠʜʦʚ 

(ʵʣʝʢʪʨʠʯʝʩʢʦʡ, ʪʝʧʣʦʚʦʡ ʠ ʜʨ.), ʘʢʢʫʤʫʣʷʪʦʨʳ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʝ ʭʨʘʥʷʪ ʚ ʩʝʙʝ 

ʟʘʧʘʩʳ ʵʥʝʨʛʠʠ, ʩʨʝʜʩʪʚʘ ʦʪʢʣʶʯʝʥʠʷ, ʫʧʨʘʚʣʝʥʠʷ (ʢʦʤʤʫʪʘʮʠʠ) ʠ ʧʝʨʝʜʘʯʠ 

ʵʥʝʨʛʠʠ, ʩʨʝʜʩʪʚʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʚ ʚʠʜ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʧʨʠʛʦʜʝʥ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʪʨʝʙʠʪʝʣʷʤʠ [3]. 

ɼʣʷ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʛʦ ʠ ʧʦʥʷʪʥʦʛʦ ʦʙʦʟʥʘʯʝʥʠʷ ʜʘʥʥʦʡ ʢʘʪʝʛʦʨʠʠ 

ʨʘʟʦʙʴʝʤ ʧʦʪʨʝʙʠʪʝʣʝʡ ʥʘ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ: ʧʦʪʨʝʙʠʪʝʣʠ ʵʥʝʨʛʠʠ (ʇʕ), 

ʧʦʪʨʝʙʠʪʝʣʠ-ʨʝʛʫʣʷʪʦʨʳ (ʇʈ), ʧʦʪʨʝʙʠʪʝʣʠ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ 

(ʇɻʕ), ʨʝʟʝʨʚʥʳʝ ʧʦʪʨʝʙʠʪʝʣʠ (ʈʇ). 

ʇʦʪʨʝʙʠʪʝʣʠ ʵʥʝʨʛʠʠ (ʇʕ) ʧʦʤʠʤʦ ʧʨʦʩʪʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ ʠʤʝʶʪ 

ʥʘʢʦʧʠʪʝʣʴ ʵʥʝʨʛʠʠ (ʙʘʪʘʨʝʠ, ʘʢʢʫʤʫʣʷʪʦʨʳ). 

ʇʦʪʨʝʙʠʪʝʣʠ-ʨʝʛʫʣʷʪʦʨʳ (ʇʈ) ʠʤʝʶʪ ʨʘʟʥʳʝ ʛʨʘʬʠʢʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ 

ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ ʧʨʦʚʘʣʦʚ ʩʫʪʦʯʥʳʭ ʥʘʛʨʫʟʦʢ ʠ ʚʳʨʘʚʥʠʚʘʥʠʷ ʛʨʘʬʠʢʘ 

ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʇʦʪʨʝʙʠʪʝʣʠ ʛʘʨʘʥʪʠʡʥʦʛʦ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ (ʇɻʕ) ʪʨʝʙʫʶʱʠʝ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʛʨʘʬʠʢʘ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʩʥʘʙʞʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʘʯʝʩʪʚʘ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ. 
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ʈʝʟʝʨʚʥʳʝ ʧʦʪʨʝʙʠʪʝʣʠ (ʈʇ) ʷʚʣʷʶʪʩʷ ʦʩʦʙʳʤ ʚʠʜʦʤ ʧʦʪʨʝʙʠʪʝʣʷ, 

ʚʢʣʶʯʘʶʱʝʛʦʩʷ ʜʣʷ ʚʪʦʨʠʯʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ. 

ɸʢʢʫʤʫʣʷʪʦʨʳ ʩʣʫʞʘʪ ʜʣʷ ʭʨʘʥʝʥʠʷ ʧʨʦʠʟʚʝʜʝʥʥʦʡ ʵʥʝʨʛʠʠ ʩ ʮʝʣʴʶ 

ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʡ ʵʥʝʨʛʠʠ ʚ ʤʦʤʝʥʪʳ, ʢʦʛʜʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʧʨʦʠʟʚʦʜʠʤʦʡ ʵʥʝʨʛʠʠ ʥʝ ʭʚʘʪʘʝʪ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʳ ɻʕʂ ʠʣʠ ʵʥʝʨʛʠʷ 

ʚʦʦʙʱʝ ʥʝ ʧʨʦʠʟʚʦʜʠʪʩʷ. 

ʂ ʜʘʥʥʦʤʫ ʪʠʧʫ ʧʨʠʙʦʨʦʚ ʦʪʥʦʩʷʪ ʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʝʨʝʜʘʯʫ ʵʥʝʨʛʠʠ ʤʝʞʜʫ ʛʝʥʝʨʘʪʦʨʘʤʠ, ʘʢʢʫʤʫʣʷʪʦʨʘʤʠ ʠ 

ʧʦʪʨʝʙʠʪʝʣʷʤʠ, ʘ ʪʘʢʞʝ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʙʣʦʢʘ. 

ʂʦʤʤʫʥʠʢʘʪʦʨʳ ʧʨʠʟʚʘʥʳ ʜʣʷ ʦʙʲʝʜʠʥʝʥʠʷ ʮʝʧʝʡ ʧʝʨʝʜʘʯʠ ʚʩʝʭ ʚʠʜʦʚ 

ʵʥʝʨʛʠʠ, ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ, ʢʦʥʪʨʦʣʷ. ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʤʦʞʥʦ ʧʦʣʥʦʩʪʴʶ ʩʣʝʜʠʪʴ ʟʘ ɻʕʂ ʠ ʫʧʨʘʚʣʷʪʴ ʚʩʝʤʠ ʝʛʦ ʵʣʝʤʝʥʪʘʤʠ. 

ɻʝʥʝʨʘʪʦʨ ʵʥʝʨʛʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʝʦʙʨʘʟʫʝʪ ʥʝʵʣʝʢʪʨʠʯʝʩʢʠʝ ʚʠʜʳ ʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ 

ʵʥʝʨʛʠʶ. ɻʝʥʝʨʘʪʦʨʳ ʩʦʟʜʘʶʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ. 

ɺ ʢʘʯʝʩʪʚʝ ʛʝʥʝʨʘʪʦʨʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʦʣʥʝʯʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, 

ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ. 

ɻʝʥʝʨʘʪʦʨʳ ʠʤʝʶʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ 

ʢʦʤʧʣʝʢʩ ʩʣʝʜʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ: 

- ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ 

- ʥʘʢʦʧʠʪʝʣʠ ʵʥʝʨʛʠʠ 

- ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʵʥʝʨʛʠʠ ʚ ʪʨʝʙʫʝʤʳʡ ʧʦʪʨʝʙʠʪʝʣʶ ʚʠʜ 

ʄʦʜʝʣʴ ʛʝʥʝʨʘʪʦʨʦʚ ɻʕʂ ʠʤʝʝʪ ʚ ʩʝʙʝ: 

- ʤʦʜʝʣʴ ʧʦʩʪʫʧʣʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ 

- ʤʦʜʝʣʴ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʠ ʨʘʩʩʯʠʪʳʚʘʶʱʘʷ ʪʝʭʥʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ 

ʵʥʝʨʛʠʠ, ʪʦ ʝʩʪʴ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ, ʧʦʣʫʯʘʝʤʦʝ ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʦʧʝʨʘʮʠʷ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ. ʉʶʜʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʪʘʢʠʝ ʟʥʘʯʝʥʠʷ, ʢʘʢ ʩʢʦʨʦʩʪʴ 

ʚʝʪʨʘ ʥʘ ʚʳʩʦʪʝ ʫʩʪʘʥʦʚʢʠ ʚʝʪʨʷʢʘ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ 

ʩʦʣʥʝʯʥʦʡ ʙʘʪʘʨʝʝ 
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- ʤʦʜʝʣʴ ʥʘʢʘʧʣʠʚʘʥʠʷ ʵʥʝʨʛʠʠ. ʂ ʥʝʡ ʦʪʥʦʩʷʪʩʷ ʘʢʢʫʤʫʣʷʪʦʨʳ 

ʈʝʩʫʨʩʥʳʝ ʤʦʜʝʣʠ 

ʄʦʜʝʣʠ ʧʨʠʭʦʜʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʢʦʤʧʣʝʢʩʘ ʥʘʙʣʶʜʝʥʠʡ ʭʘʨʘʢʪʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʥʘ 

ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʥʘ ʩʦʣʥʝʯʥʦʡ ʙʘʪʘʨʝʝ), 

ʠʥʘʯʝ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʨʘʩʯʝʪ ʥʘ ʟʘʜʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ. 

ʄʦʜʝʣʠ ʨʘʩʯʝʪʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʝʨʚʠʯʥʦʡ ʵʥʝʨʛʠʠ ʜʦʣʞʥʳ 

ʠʤʝʪʴ ʚʠʜ ʘʣʛʦʨʠʪʤʦʚ ʧʝʨʝʩʯʝʪʘ ʚʝʣʠʯʠʥ, ʧʦʣʫʯʝʥʥʳʭ ʟʘ ʩʯʝʪ ʤʦʜʫʣʝʡ 

ʧʦʩʪʫʧʣʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ, ʠ ʚʳʯʠʩʣʷʶʪ ʚʝʣʠʯʠʥʳ ʛʝʥʝʨʠʨʫʶʱʠʭ 

ʫʩʪʘʥʦʚʦʢ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʘʜʣʝʞʘʱʠʤ ʪʝʭʥʠʯʝʩʢʠʤ ʨʝʰʝʥʠʷʤ. 

ʄʦʜʝʣʠ ʜʦʣʞʥʳ ʙʳʪʴ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʧʦʣʫʯʝʥʠʠ ʜʦʩʪʫʧʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʦʙ ʫʩʣʦʚʠʷʭ ʧʨʠʤʝʥʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ɻʕʂ, ʦʛʨʘʥʠʯʝʥʥʳʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʜʦʩʪʫʧʥʦʩʪʴʶ ʪʝʨʨʠʪʦʨʠʠ ʜʣʷ 

ʩʧʝʮʪʝʭʥʠʢʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʮʝʥʥʦʩʪʷʭ 

ʚʝʣʠʯʠʥ ʢʦʥʩʪʨʫʢʮʠʠ ɻʕʂ (ʟʥʘʯʠʪʝʣʴʥʘʷ ʚʳʩʦʪʘ ʙʘʰʥʠ ʚʝʪʨʦʫʩʪʘʥʦʚʢʠ 

ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʭʥʠʢʠ). 

ʄʦʜʝʣʴ ʥʘʢʦʧʠʪʝʣʝʡ ʧʝʨʚʠʯʥʦʡ ʵʥʝʨʛʠʠ ʠʤʝʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʦʙʲʝʤʘ 

ʥʘʢʘʧʣʠʚʘʝʤʦʡ ʵʥʝʨʛʠʠ ʦʪ ʛʘʙʘʨʠʪʦʚ ʩʘʤʦʛʦ ʥʘʢʦʧʠʪʝʣʷ. ɻʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ 

ʜʦʣʞʥʳ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʷʪʴ ʚʥʫʪʨʝʥʥʠʝ ʚʝʣʠʯʠʥʳ ʥʘʢʦʧʠʪʝʣʷ, 

ʦʙʲʝʜʠʥʝʥʥʳʝ ʩ ʪʝʭʥʦʣʦʛʠʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʢʦʧʠʪʝʣʷ ʠ ʩ ʝʛʦ ʙʝʟʦʧʘʩʥʦʡ 

ʨʘʙʦʪʦʡ. 

ɺʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ɻʕʂ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʝʪʝʡ ʚʳʩʪʫʧʘʝʪ ʥʘʢʦʧʠʪʝʣʴ 

ʵʥʝʨʛʠʠ (ʘʢʢʫʤʫʣʷʪʦʨ). ʏʪʦʙʳ ʥʘʢʦʧʠʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ ʯʘʩʪʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʪʘʢʠʝ ʘʢʢʫʤʫʣʷʪʦʨʳ ʢʘʢ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʘʢʢʫʤʫʣʷʪʦʨʳ, 

ʠʥʝʨʮʠʦʥʥʳʝ ʘʢʢʫʤʫʣʷʪʦʨʳ ʠʣʠ ʤʘʭʦʚʠʢʠ, ʪʝʧʣʦʚʳʝ, ʧʥʝʚʤʘʪʠʯʝʩʢʠʝ, 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʠ ʪ.ʜ. 

ʄʦʜʝʣʠ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʜʦʣʞʥʳ ʠʤʝʪʴ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʪʨʦʡʩʪʚ 

ʠ ʟʘʚʠʩʠʤʦʩʪʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʵʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 
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ɼʣʷ ʠʥʝʨʮʠʦʥʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʭʘʨʘʢʪʝʨʥʳʤʠ ʷʚʣʷʶʪʩʷ ʤʘʩʩʘ, 

ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʩʘʤʦʛʦ ʘʢʢʫʤʫʣʷʪʦʨʘ, ʜʣʷ ʤʘʭʦʚʠʢʦʚ ï ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ, 

ʜʣʷ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʥʘʢʦʧʠʪʝʣʝʡ ï ʚʳʩʦʪʘ ʧʦʜʲʝʤʘ, ʚʨʝʤʷ ʩʦʭʨʘʥʝʥʠʷ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ ʫʜʝʣʴʥʘʷ ʵʥʝʨʛʠʷ. 

ʄʦʜʝʣʠ ʪʝʧʣʦʚʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʙʫʜʫʪ ʠʤʝʪʴ ʭʘʨʘʢʪʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ, 

ʪʘʢʠʝ ʢʘʢ ʪʝʧʣʦʝʤʢʦʩʪʴ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʛʘʙʘʨʠʪʳ ʘʢʢʫʤʫʣʷʪʦʨʘ, ʤʘʩʩʘ, 

ʚʨʝʤʷ ʩʦʭʨʘʥʝʥʠʷ ʪʝʧʣʦʪʳ ʠ ʩʢʦʨʦʩʪʴ ʦʪʜʘʯʠ ʪʝʧʣʦʪʳ. 

ʄʦʜʝʣʠ ʛʠʜʨʦʘʢʢʫʤʫʣʷʪʦʨʦʚ ʙʫʜʫʪ ʠʤʝʪʴ ʭʘʨʘʢʪʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʪʘʢʠʝ 

ʢʘʢ ʤʘʩʩʘ ʘʢʢʫʤʫʣʷʪʦʨʘ, ʝʛʦ ʦʙʲʝʤ, ʛʘʙʘʨʠʪʳ, ʥʘʧʦʨ, ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʦʜʦʚʦʜʦʚ. 

ʄʦʜʝʣʠ ʧʥʝʚʤʦʘʢʢʫʤʫʣʷʪʦʨʦʚ ʙʫʜʫʪ ʠʤʝʪʴ ʭʘʨʘʢʪʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʪʘʢʠʝ 

ʢʘʢ ʦʙʲʝʤ, ʜʘʚʣʝʥʠʝ, ʪʚʝʨʜʦʩʪʴ ʩʪʝʥʦʢ ʨʝʟʝʨʚʫʘʨʘ, ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ. 

ɼʣʷ ʤʦʜʝʣʝʡ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʟʘ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʦʞʥʦ ʧʨʠʥʷʪʴ 

ʥʘʢʦʧʣʝʥʥʫʶ ʵʥʝʨʛʠʶ, ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʧʨʠ ʭʨʘʥʝʥʠʠ, ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ 

ʥʘʢʦʧʣʝʥʥʦʡ ʵʥʝʨʛʠʠ, ʘ ʪʘʢʞʝ ʤʘʩʩʘ ʠ ʛʘʙʘʨʠʪʳ. 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʝʪʴ ï ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʦʜʩʪʘʥʮʠʡ, ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʠ ʩʦʝʜʠʥʷʶʱʠʭ ʠʭ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ (ɻʆʉʊ 24291-90). 

ʊʝʧʣʦʚʘʷ ʩʝʪʴ ï ʢʦʤʧʣʝʢʩ ʫʩʪʨʦʡʩʪʚ, ʧʝʨʝʜʘʶʱʠʭ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʧʦʪʨʝʙʠʪʝʣʷʤ. 

ʆʩʥʦʚʦʡ ʤʦʜʝʣʝʡ ʩʝʪʠ ʷʚʣʷʶʪʩʷ ʤʦʜʝʣʠ ʧʦʪʦʢʦʨʘʩʧʨʝʜʝʣʝʥʠʷ, 

ʫʯʠʪʳʚʘʶʱʠʝ ʤʠʥʠʤʠʟʘʮʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʚ ʩʠʩʪʝʤʝ ʧʝʨʝʜʘʯʠ, ʩʭʝʤʳ 

ʩʦʝʜʠʥʝʥʠʷ, ʥʘ ʢʦʪʦʨʳʭ ʚʠʜʥʳ ʵʣʝʤʝʥʪʳ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, 

ʧʫʥʢʪʦʚ ʪʝʧʣʦʧʝʨʝʜʘʯʠ, ʧʫʥʢʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʢʦʤʤʫʪʘʮʠʶ (ʧʝʨʝʢʣʶʯʝʥʠʝ 

ʠ ʦʪʢʣʶʯʝʥʠʝ ʚ ʮʝʧʠ). 

ʊʨʘʥʩʧʦʨʪʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ 

ʩʧʦʩʦʙʥʦʩʪʴʶ, ʩʚʦʝʚʨʝʤʝʥʥʦ ʦʧʨʝʜʝʣʷʪʴ ʬʘʢʪ ʠ ʧʦʣʦʞʝʥʠʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʩʠʪʫʘʮʠʡ, ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʚʦʟʤʦʞʥʳʭ 

ʟʘʜʝʡʩʪʚʦʚʘʥʠʝ ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʩʣʫʞʘʱʠʭ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 
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ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ. ɼʘʥʥʳʝ ʬʫʥʢʮʠʠ ʜʦʣʞʥʳ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚ ʩʠʩʪʝʤʘʭ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʥʪʨʦʣʷ. ɸʣʛʦʨʠʪʤʳ ʢʦʥʪʨʦʣʷ ï ʥʝʦʪʲʝʤʣʝʤʘʷ ʯʘʩʪʴ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ 

ʪʨʘʥʩʧʦʨʪʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ. 

ʄʦʜʝʣʴ ʧʦʪʨʝʙʠʪʝʣʝʡ ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ ʤʦʱʥʦʩʪʠ 

ʧʦʪʨʝʙʣʝʥʠʷ, ʪʦ ʝʩʪʴ ʟʥʘʯʝʥʠʝʤ ʤʦʱʥʦʩʪʠ ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʚʨʝʤʝʥʥʦʡ 

ʠʥʪʝʨʚʘʣ. ɻʨʘʬʠʢ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʘʥ 

ʪʘʢ, ʯʪʦʙʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʠʥʪʝʛʨʘʣʴʥʦʤʫ ʦʛʨʘʥʠʯʝʥʠʶ ʧʦ ʤʘʢʩʠʤʘʣʴʥʦʡ 

(ʫʩʪʘʥʦʚʣʝʥʥʦʡ) ʤʦʱʥʦʩʪʠ ʠ ʤʠʥʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ (ʪʝʭʥʠʯʝʩʢʠʡ ʤʠʥʠʤʫʤ). 

ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʤʦʜʝʣʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ʚ ʦʪʜʝʣʴʥʦʩʪʠ, ʘ 

ʧʦʪʦʤ ʧʨʦʚʝʜʝʥʦ ʠʭ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʟʥʘʯʝʥʠʷ. 

ʄʦʱʥʦʩʪʴ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʚʳʙʠʨʘʝʪʩʷ ʟʘ ʩʯʝʪ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʫʯʠʪʳʚʘʷ ʧʘʨʘʤʝʪʨʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ɻʕʂ. 

ʇʨʦʛʨʝʩʩ ʤʘʣʦʡ ʵʥʝʨʛʝʪʠʢʠ ʜʦʣʞʝʥ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ ʧʘʨʘʜʠʛʤʝ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʵʥʝʨʛʦʢʦʤʧʣʝʢʩʘ, ʚʢʣʶʯʘʶʱʝʛʦ 

ʛʝʥʝʨʠʨʫʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʫʩʪʨʦʡʩʪʚʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʧʦʪʨʝʙʠʪʝʣʝʡ, 

ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʝʜʠʥʦʤ ʢʦʥʪʫʨʝ ʫʧʨʘʚʣʝʥʠʷ. 

ɻʕʂ, ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʚʦʡ ʩʦʩʪʘʚ ʫʩʪʘʥʦʚʢʠ ʥʘ ʦʩʥʦʚʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʧʨʦʝʢʪʠʨʫʶʪʩʷ ʧʦ ʝʜʠʥʦʡ ʤʝʪʦʜʠʢʝ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʦʚ ʛʠʙʨʠʜʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʪʘʢʞʝ 

ʨʘʩʩʤʘʪʨʠʚʘʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʫʪʠʣʠʟʘʮʠʶ ʦʪʭʦʜʦʚ. 

ʉʧʦʩʦʙ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ɻʕʂ ʦʙʷʟʘʥ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʦʧʪʠʤʠʟʘʮʠʶ ʤʦʜʝʣʝʡ ʵʣʝʤʝʥʪʦʚ ɻʕʂ ʚ ʮʝʣʦʩʪʥʦʤ ʢʦʤʧʣʝʢʩʝ ʩʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠ ʨʝʞʠʤʥʳʭ ʤʦʜʝʣʝʡ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʦʙʦʩʥʦʚʘʥʠʷ ɻʕʂ ʧʦʤʦʞʝʪ ʩʥʠʟʠʪʴ 

ʬʠʥʘʥʩʦʚʳʝ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʧʨʦʝʢʪʦʚ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɸʥʥʦʪʘʮʠʷ. ʎʝʣʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʪʨʘʥʩʧʦʨʪʥʦʡ ʦʪʨʘʩʣʠ ʜʣʷ ʦʪʢʨʳʪʠʷ ʥʦʚʳʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ. ɺ ʧʨʦʮʝʩʩʝ 

ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ: ʪʝʦʨʝʪʠʯʝʩʢʠʡ, ʩʨʘʚʥʠʪʝʣʴʥʳʡ, 

ʜʦʢʫʤʝʥʪʘʣʴʥʳʡ.  

Annotation. The purpose of the study is the possibility of using artificial 

intelligence in the transport industry to open up new opportunities for operational 

efficiency and reduce costs. In the process of work, the following methods were used: 

theoretical, comparative, documentary. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪ, ʣʦʛʠʩʪʠʢʘ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ 

ʠʥʪʝʣʣʝʢʪ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʥʘ ʩʫʜʘʭ, ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʘʷ ʙʘʟʘ, ʘʚʘʨʠʠ, 

ʘʚʪʦʥʦʤʥʳʝ ʩʫʜʘ, ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ, 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ. 
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ɺʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪ ʠʛʨʘʝʪ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ ʤʠʨʦʚʦʡ ʪʦʨʛʦʚʣʝ, ʣʦʛʠʩʪʠʢʝ, 

ʪʫʨʠʟʤʝ ʠ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʙʦʪʳ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚʩʝ 

ʙʦʣʝʝ ʚʘʞʥʦʡ ʩʪʘʥʦʚʠʪʩʷ ʠʥʪʝʛʨʘʮʠʷ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ.  

ɹʣʘʛʦʜʘʨʷ ʚʦʟʤʦʞʥʦʩʪʷʤ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʝ ʩʪʦʨʦʥʳ ʚ ʦʪʨʘʩʣʠ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʤʦʛʫʪ ʦʪʢʨʳʪʴ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʦʧʝʨʘʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʘʚʪʦʥʦʤʥʘʷ ʥʘʚʠʛʘʮʠʷ, ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʩʪʦʣʢʥʦʚʝʥʠʡ, 

ʧʨʦʛʥʦʟʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʦʧʪʠʤʠʟʘʮʠʷ ʤʘʨʰʨʫʪʘ, ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ, 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʫʧʨʘʚʣʝʥʠʝ ʨʠʩʢʘʤʠ, ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, 

ʤʦʥʠʪʦʨʠʥʛ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʦʧʪʠʤʠʟʘʮʠʷ ʪʨʘʥʩʧʦʨʪʘ, ʫʧʨʘʚʣʝʥʠʝ 

ʯʨʝʟʚʳʯʘʡʥʳʤʠ ʩʠʪʫʘʮʠʷʤʠ, ʦʙʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ 

ʦʪʩʣʝʞʠʚʘʥʠʝ ʢʦʥʪʝʡʥʝʨʦʚ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʘʩʩʘʞʠʨʘʤʠ, ʤʦʥʠʪʦʨʠʥʛ 

ʛʨʫʟʦʚʦʛʦ ʧʦʪʦʢʘ, ʫʧʨʘʚʣʝʥʠʝ ʪʝʨʤʠʥʘʣʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʨʝʢʦʤʝʥʜʘʮʠʡ ʠ 

ʪʨʝʙʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʨʪʦʚ.  

ʂʘʞʜʳʡ ʚʘʨʠʘʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʨʚʠʩʥʳʭ ʫʩʣʫʛ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʧʠʩʦʢ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ, ʪʨʝʙʦʚʘʥʠʡ, ʧʨʦʙʣʝʤ ʠ ʧʨʝʠʤʫʱʝʩʪʚ ʧʨʠʤʝʥʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. 

ʇʦʩʢʦʣʴʢʫ ʪʝʭʥʦʣʦʛʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʧʨʦʜʦʣʞʘʶʪ 

ʨʘʟʚʠʚʘʪʴʩʷ ʠ ʧʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʚʘʨʠʘʥʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʝʨʝʩʤʘʪʨʠʚʘʪʴ ʠ ʦʙʥʦʚʣʷʪʴ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʝ ʘʢʪʳ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʦ ʚʦʜʥʦʤʫ ʪʨʘʥʩʧʦʨʪʫ, ʯʪʦʙʳ ʦʪʨʘʟʠʪʴ ʧʦʩʣʝʜʥʠʝ 

ʜʦʩʪʠʞʝʥʠʷ ʠ ʣʫʯʰʠʝ ʧʨʘʢʪʠʢʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. 
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ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ - ʵʪʦ ʥʘʙʦʨ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʢʦʛʥʠʪʠʚʥʳʝ ʬʫʥʢʮʠʠ ʯʝʣʦʚʝʢʘ (ʚʢʣʶʯʘʷ 

ʩʘʤʦʦʙʫʯʝʥʠʝ, ʧʦʠʩʢ ʨʝʰʝʥʠʡ ʙʝʟ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ) ʠ 

ʧʦʣʫʯʘʪʴ ʨʝʟʫʣʴʪʘʪʳ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʨʘʚʥʳʝ ʨʝʟʫʣʴʪʘʪʘʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʟʘʜʘʯ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ. 

ɻʣʦʙʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ McKinsey, 

ʧʨʦʚʝʜʝʥʥʦʝ ʚ 2019 ʛʦʜʫ, ʚʳʷʚʠʣʦ ʧʦʯʪʠ 25%-ʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʛʦʜʦʚʦʤ ʠʩʯʠʩʣʝʥʠʠ. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʚ ʩʪʘʥʜʘʨʪʥʳʭ 

ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʭ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʙʠʟʥʝʩʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʣʦʛʠʩʪʠʢʘ, - ʵʪʦ 

ʦʪʨʘʩʣʴ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʠʥʪʝʣʣʝʢʪʝ, ʙʦʨʴʙʘ ʟʘ ʦʛʨʦʤʥʳʡ 

ʧʦʪʝʥʮʠʘʣ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʤʦʨʩʢʦʡ ʠ ʨʝʯʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʟʘ 

ʩʯʝʪ ʫʩʪʨʘʥʝʥʠʷ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʟʘʜʘʯ. 

ʆʪʜʝʣʴʥʦʝ ʤʝʞʦʪʨʘʩʣʝʚʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ McKinsey ʧʦ ʚʥʝʜʨʝʥʠʶ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚʳʷʚʠʣʦ, ʯʪʦ ʧʝʨʚʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʠ ʩ ʧʨʦʘʢʪʠʚʥʦʡ 

ʩʪʨʘʪʝʛʠʝʡ ʚ ʩʝʢʪʦʨʝ ʣʦʛʠʩʪʠʢʠ ʧʦʣʫʯʠʣʠ ʙʦʣʝʝ 5% ʧʨʠʙʳʣʠ. 

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʤʦʞʝʪ ʧʨʠʥʝʩʪʠ ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʦʣʴʟʫ 

ʪʨʘʥʩʧʦʨʪʫ, ʠ ʪʝ, ʢʪʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʨʠʥʠʤʘʝʪ ʤʝʨʳ ʠ ʥʘʯʠʥʘʝʪ ʚʥʝʜʨʷʪʴ 

ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʚ ʩʚʦʡ ʙʠʟʥʝʩ, ʩʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ 

ʩʝʪʠ, ʧʦʣʫʯʘʪʴ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʝʨʝʜ ʢʦʥʢʫʨʝʥʪʘʤʠ ʠ ʣʫʯʰʝ ʧʦʜʛʦʪʦʚʠʪʴʩʷ ʢ 

ʙʫʜʫʱʝʤʫ ʧʨʦʮʝʩʩʫ ʧʨʠ ʧʝʨʝʚʦʟʢʘʭ ʛʨʫʟʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʥʦʛʠʝ ʛʠʛʘʥʪʳ IT ʦʪʨʘʩʣʠ ʚʝʜʫʪ ʨʘʟʨʘʙʦʪʢʠ, ʢʦʪʦʨʳʝ 

ʧʨʠʟʚʘʥʳ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ. 

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʫʞʝ ʥʘʯʘʣ ʚʣʠʷʪʴ ʥʘ ʣʦʛʠʩʪʠʢʫ, ʦʧʪʠʤʠʟʠʨʫʷ ʠ 

ʫʣʫʯʰʘʷ ʮʝʧʦʯʢʠ ʧʦʩʪʘʚʦʢ.  

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʙʝʩʧʠʣʦʪʥʘʷ ʥʘʚʠʛʘʮʠʷ ʵʪʦ ʦʜʥʘ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʦʙʣʘʩʪʝʡ ʨʘʟʚʠʪʠʷ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ ʙʫʜʝʪ 

ʠʤʝʪʴ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʚ ʦʙʣʘʩʪʠ ʤʦʨʩʢʦʡ ʠ ʨʝʯʥʦʡ ʣʦʛʠʩʪʠʢʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʩ ʵʣʝʤʝʥʪʘʤʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʩʧʦʩʦʙʥʦʡ 

https://www.mckinsey.com/business-functions/mckinsey-analytics/our-insights/how-artificial-intelligence-can-deliver-real-value-to-companies
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ʫʧʨʘʚʣʷʪʴ ʢʘʢ ʦʪʜʝʣʴʥʳʤʠ ʩʫʜʘʤʠ, ʪʘʢ ʠ ʚʩʝʡ ʩʝʪʴʶ ʩʫʜʦʚ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʧʨʠʦʨʠʪʝʪʦʚ ʨʘʟʚʠʪʠʷ ʝʜʠʥʦʡ ʚʦʜʥʦʡ ʩʝʪʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʆʜʠʥ ʠʟ 

ʚʘʞʥʳʭ ʰʘʛʦʚ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʬʦʨʤʫʣʠʨʦʚʘʥʠʝ ʨʝʘʣʠʩʪʠʯʥʦʡ ʢʦʥʮʝʧʮʠʠ 

ʪʘʢʦʡ ʩʠʩʪʝʤʳ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʠʤʝʥʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʢʦʨʝʥʥʳʤ 

ʦʙʨʘʟʦʤ ʠʟʤʝʥʠʣʦ ʨʘʙʦʪʫ ʤʥʦʛʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʤʧʘʥʠʡ ʠ ʮʝʣʳʝ ʦʪʨʘʩʣʠ. 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʫʞʝ ʜʦʢʘʟʳʚʘʶʪ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʧʨʠ ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ (big-data ʪʝʭʥʦʣʦʛʠʠ), ʢʦʪʦʨʳʝ ʙʳʣʦ ʙʳ 

ʥʝʚʦʟʤʦʞʥʦ ʚʢʣʶʯʠʪʴ ʚ ʝʜʠʥʳʡ ʧʨʦʮʝʩʩ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʊʝʢʫʱʠʡ ʧʨʦʛʨʝʩʩ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʩʫʜʦʩʪʨʦʝʥʠʠ ʠ ʥʘʚʠʛʘʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʪʝʭʥʦʣʦʛʠʠ ʥʘʯʠʥʘʶʪ 

ʠʛʨʘʪʴ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʟʘʤʝʪʥʫʶ ʨʦʣʴ ʚ ʢʦʤʤʝʨʯʝʩʢʦʤ ʩʫʜʦʭʦʜʩʪʚʝ. ʉ 

ʧʨʠʤʝʥʝʥʠʝʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʩʠʩʪʝʤʘ 

ʩʧʦʩʦʙʥʘ ʧʨʝʜʣʘʛʘʪʴ ʨʝʰʝʥʠʷ, ʚʝʜʫʱʠʝ ʢ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʩʪʨʘʪʝʛʠʠ ʠ 

ʧʣʘʥʫ ʜʝʡʩʪʚʠʡ. 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʙʝʩʧʠʣʦʪʥʳʡ ʪʨʘʥʩʧʦʨʪ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʜʦʩʪʘʚʢʠ, ʘ ʪʘʢʞʝ ʨʝʰʠʪʴ ʠʟʚʝʩʪʥʳʡ ʨʷʜ ʧʨʦʙʣʝʤ ʚ ʩʬʝʨʝ ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʥʳʭ 

ʧʝʨʝʚʦʟʦʢ, ʚ ʯʘʩʪʥʦʩʪʠ. ʉʫʜʦʚʣʘʜʝʣʴʮʳ ʚʩʝ ʙʦʣʴʰʝ ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʚ 

ʧʨʠʤʝʥʝʥʠʠ ʥʦʚʝʡʰʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠʟ-ʟʘ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʢʦʥʦʤʠʠ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʝʨʩʦʥʘʣʦʤ, ʝʛʦ 

ʟʜʦʨʦʚʴʝʤ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴʶ, ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʩʫʜʥʘ [4]: 

- ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʚʦʟʦʢ ʚʚʠʜʫ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʤʝʶʱʠʭʩʷ 

ʚʦʜʥʳʭ ʤʘʨʰʨʫʪʦʚ ʥʝ ʧʦʟʚʦʣʷʝʪ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʥʘ ʨʘʚʥʳʭ ʩ ʘʚʪʦʤʦʙʠʣʴʥʳʤ ʠ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ; 

- ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʚʦʟʨʘʩʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʬʣʦʪʘ, ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʠ 

ʩʣʦʞʥʦʩʪʠ ʚ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʚʳʰʝʥʠʶ ʯʠʩʣʘ ʘʚʘʨʠʡ. 

ʉʦʚʦʢʫʧʥʦʝ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʨʦʙʣʝʤ 

ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʥʠʟʢʫʶ ʠʥʚʝʩʪʠʮʠʦʥʥʫʶ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʡ 

ʦʪʨʘʩʣʠ, ʧʘʜʝʥʠʝ ʦʙʲʝʤʦʚ ʧʝʨʝʚʦʟʦʢ ʛʨʫʟʦʚ ʠ ʧʘʩʩʘʞʠʨʦʚ, ʥʝʛʘʪʠʚʥʳʝ 
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ʪʝʥʜʝʥʮʠʠ ʚ ʠʟʤʝʥʝʥʠʠ ʩʪʨʫʢʪʫʨʳ ʧʝʨʝʚʦʟʠʤʳʭ ʛʨʫʟʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʨʘʟʚʠʪʠʝ 

ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʥʳʭ ʧʝʨʝʚʦʟʦʢ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʨʘʟʚʠʪʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ 

ʧʨʝʠʤʫʱʝʩʪʚ ʚʦʜʥʳʭ ʧʫʪʝʡ ʷʚʣʷʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʝʟʝʨʚʳ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʷʭ ʨʘʟʚʠʪʠʷ ʩʝʪʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ 

ʠ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʧʫʪʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʜʲʝʟʜʥʳʭ ʧʫʪʝʡ ʢ ʤʦʨʩʢʠʤ ʠ ʨʝʯʥʳʤ 

ʧʦʨʪʘʤ, ʙʝʟʘʣʴʪʝʨʥʘʪʠʚʥʦʩʪʴ ʚ ʨʷʜʝ ʨʝʛʠʦʥʦʚ. 

ʈʘʟʨʘʙʦʪʢʘ ʘʚʪʦʥʦʤʥʳʭ ʩʫʜʦʚ ʩʦʧʨʷʞʝʥʘ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʩʣʦʞʥʦʩʪʷʤʠ, 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʜʦʚ ʙʝʟ ʣʶʜʝʡ ʥʘ ʙʦʨʪʫ ʷʩʥʦ ʜʘʶʪ ʧʦʥʷʪʴ, ʯʪʦ 

ʦʪʨʘʩʣʴ ʙʫʜʝʪ ʜʚʠʛʘʪʴʩʷ ʚʧʝʨʝʜ ʩ ʨʘʟʚʠʪʠʝʤ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʇʦʤʠʤʦ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʚʦʧʨʦʩʦʚ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʦʜʦʣʝʪʴ, ʩʫʱʝʩʪʚʫʶʪ 

ʦʛʨʦʤʥʳʝ ʥʦʨʤʘʪʠʚʥʳʝ ʧʨʝʧʷʪʩʪʚʠʷ, ʩʪʦʷʱʠʝ ʥʘ ʧʫʪʠ ʢ ʧʦʣʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʩʫʜʦʭʦʜʩʪʚʘ. ʋʞʝ ʩʝʛʦʜʥʷ ʨʦʣʴ ʯʝʣʦʚʝʢʘ ʚ ʫʧʨʘʚʣʝʥʠʠ ʩʫʜʥʦʤ ʤʝʥʷʝʪʩʷ ʦʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʢ ʦʧʝʨʘʮʠʷʤ ʧʦ ʤʦʥʠʪʦʨʠʥʛʫ ʠ ʦʙʩʣʫʞʠʚʘʥʠʶ.  

ɺ ʢʨʘʪʢʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʦʪʤʝʯʘʝʪʩʷ ʨʝʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ ʨʘʙʦʪ ʥʘ ʙʦʨʪʫ ʠ ʩʥʠʟʠʪʴ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʵʢʠʧʘʞ ʟʘ ʩʯʝʪ ʚʥʝʜʨʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʩʠʩʪʝʤ. 

ʇʨʦʯʥʘʷ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʘʷ ʙʘʟʘ ʜʣʷ ʘʚʪʦʥʦʤʥʳʭ ʩʫʜʦʭʦʜʥʳʭ ʦʧʝʨʘʮʠʡ 

ʜʦʣʞʥʘ ʙʳʪʴ ʚ ʩʦʩʪʦʷʥʠʠ ʩʧʨʘʚʠʪʴʩʷ ʩ ʪʘʢʠʤʠ ʚʘʨʠʘʮʠʷʤʠ ʠ ʥʝ ʜʦʣʞʥʘ 

ʦʛʨʘʥʠʯʠʚʘʪʴʩʷ ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʨʦʚʥʝʤ ʫʢʦʤʧʣʝʢʪʦʚʘʥʠʷ ʧʝʨʩʦʥʘʣʦʤ ʠʣʠ 

ʘʚʪʦʥʦʤʠʝʡ. ɺʝʨʦʷʪʥʦ, ʝʛʦ ʧʨʠʜʝʪʩʷ ʚʚʦʜʠʪʴ ʧʦʵʪʘʧʥʦ ʩ ʫʯʝʪʦʤ ʤʥʦʞʝʩʪʚʘ 

ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʩʪʫʧʥʦʩʪʠ, 

ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʩʧʨʦʩʘ ʠ ʧʦʣʠʪʠʯʝʩʢʦʡ ʧʨʠʝʤʣʝʤʦʩʪʠ. ɼʘʣʴʥʝʡʰʝʝ ʦʙʩʫʞʜʝʥʠʝ 

ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʠʤʝʥʥʦ ʥʘ ʶʨʠʜʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʘʚʪʦʤʘʪʠʟʘʮʠʝʡ 

ʬʫʥʢʮʠʡ ʤʦʩʪʠʢʘ ʠ ʥʘʚʠʛʘʮʠʦʥʥʳʤʠ ʨʝʰʝʥʠʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ 

ʩʪʦʣʢʥʦʚʝʥʠʡ. 

ʊʘʢʞʝ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʥʘ ʵʪʘʧʘʭ ʚʥʝʜʨʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

ʩʫʜʦʚʣʘʜʝʣʴʮʳ ʠ ʧʨʝʜʧʨʠʷʪʠʷ ʩʪʦʣʢʥʫʪʩʷ ʩ ʪʨʫʜʥʦʩʪʷʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ 
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ʦʪʩʫʪʩʪʚʠʝʤ ʵʢʠʧʘʞʘ ʥʘ ʩʫʜʥʝ. ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʪʠʧʦʚ ʩʫʜʦʚ ʥʘʚʠʛʘʮʠʷ 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʬʫʥʢʮʠʝʡ ʢʦʨʘʙʣʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʘʣʠʯʠʷ 

ʵʢʠʧʘʞʘ [11]. ʆʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʯʣʝʥʦʚ ʵʢʠʧʘʞʘ ʠʤʝʶʪ ʢʚʘʣʠʬʠʢʘʮʠʶ 

ʥʘʚʠʛʘʪʦʨʘ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʦʮʝʥʢʫ ʩʦʩʪʦʷʥʠʷ ʠ ʧʣʘʥʠʨʦʚʘʥʠʝ ʜʝʡʩʪʚʠʡ. 

ʂʨʦʤʝ ʪʦʛʦ, ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʯʣʝʥʦʚ ʵʢʠʧʘʞʘ - ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʝ 

ʩʧʝʮʠʘʣʠʩʪʳ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʥʘʜʝʞʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʢʦʥʪʨʦʣʷ ʥʘʜ ʩʠʩʪʝʤʘʤʠ ʠ 

ʧʨʠʚʦʜʘʤʠ. ʉʣʝʜʫʝʪ ʦʪʜʝʣʴʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʣʶʙʦʝ ʩʫʜʥʦ, ʢʦʪʦʨʦʝ ʧʝʨʝʚʦʟʠʪ 

ʧʘʩʩʘʞʠʨʦʚ, ʧʦʯʪʠ ʥʘʚʝʨʥʷʢʘ ʩʦʭʨʘʥʠʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ 

ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʡ ʢʦʤʘʥʜʝ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʥʘ ʙʦʨʪʫ, ʢʘʢ ʤʠʥʠʤʫʤ, ʜʣʷ 

ʥʘʙʣʶʜʝʥʠʷ ʠ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʯʨʝʟʚʳʯʘʡʥʳʝ ʩʠʪʫʘʮʠʠ. 

ʇʦ ʤʝʨʝ ʚʥʝʜʨʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʩʠʩʪʝʤʫ ʜʚʠʞʝʥʠʷ ʩʫʜʦʚ, 

ʵʢʠʧʘʞʠ ʜʦʣʞʥʳ ʦʚʣʘʜʝʪʴ ʥʦʚʳʤʠ ʢʦʤʧʝʪʝʥʮʠʷʤʠ ʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, 

ʩʚʷʟʘʥʥʳʤʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʫʜʦʭʦʜʩʪʚʝ ʥʘ ʧʨʘʢʪʠʢʝ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʩʪʘʥʜʘʨʪʳ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʙʝʟʦʧʘʩʥʳʝ ʤʝʪʦʜʳ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʜʦʚ, ʦʮʝʥʠʪʴ ʚʩʝ ʨʠʩʢʠ ʜʣʷ ʩʫʜʦʚ ʠ ʧʝʨʩʦʥʘʣʘ, ʠʥʬʦʨʤʠʨʦʚʘʪʴ 

ʦ ʤʝʪʦʜʘʭ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʨʠʩʢʘʤ ʥʘ ʙʝʨʝʛʫ ʠ ʥʘ ʙʦʨʪʫ ʩʫʜʦʚ. ʇʦʩʢʦʣʴʢʫ ʜʣʷ 

ʙʝʟʦʧʘʩʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʥʦʤ ʣʶʙʦʡ ʦʙʲʝʢʪ ʠʣʠ ʧʘʨʘʤʝʪʨ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ 

ʧʦʚʣʠʷʪʴ ʥʘ ʥʘʚʠʛʘʮʠʶ, ʜʦʣʞʝʥ ʙʳʪʴ ʩʚʦʝʚʨʝʤʝʥʥʦ ʦʙʥʘʨʫʞʝʥ, ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʮʝʥʢʘ ʩʠʪʫʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʣʶʜʴʤʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ 

ʩ ʜʘʪʯʠʢʦʚ ʠ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʚʥʝʰʥʝʡ ʦʙʩʪʘʥʦʚʢʦʡ. 

ʆʜʥʘʢʦ, ʜʣʷ ʟʘʤʝʥʳ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ ʘʚʪʦʥʦʤʥʳʝ 

ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʩʫʜʥʘ ʪʘʢʞʝ ʜʦʣʞʥʳ ʟʘʤʝʥʷʪʴ ʚʦʩʧʨʠʷʪʠʝ ʙʦʨʪʦʚʳʭ 

ʥʘʚʠʛʘʪʦʨʦʚ-ʣʶʜʝʡ [11]. ɺ ʮʝʣʷʭ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʦʪʤʝʯʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ 

ʨʝʛʫʣʷʨʥʦʤ ʧʨʦʚʝʜʝʥʠʠ ʪʝʭʦʙʩʣʫʞʠʚʘʥʠʷ, ʩʙʦʨʘ ʜʘʥʥʳʭ ʩʘʤʦʜʠʘʛʥʦʩʪʠʢʠ 

ʩʠʩʪʝʤ ʠ ʘʛʨʝʛʘʪʦʚ ʩʫʜʥʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʪʨʦʣʴʥʳʭ ʢʘʨʪ ʠ ʦʧʝʯʘʪʳʚʘʥʠʷ 

ʛʨʫʟʘ ʧʝʨʝʜ ʦʪʙʳʪʠʝʤ ʩʫʜʥʘ ʠʟ ʧʦʨʪʘ, ʧʦʩʢʦʣʴʢʫ ʚ ʫʩʣʦʚʠʷʭ ʘʚʪʦʥʦʤʥʦʡ 

ʥʘʚʠʛʘʮʠʠ ʧʨʷʤʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʣʝʥʦʚ ʵʢʠʧʘʞʘ ʠ ʨʝʤʦʥʪ ʥʝʠʩʧʨʘʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʘʛʨʝʛʘʪʦʚ ʙʫʜʫʪ ʥʝʦʩʫʱʝʩʪʚʠʤʳ. 



ʄʅʇʂ çʊʈɸʅʉʇʆʈʊʅʓɽ ʉʀʉʊɽʄʓ: ɹɽɿʆʇɸʉʅʆʉʊʔ, ʅʆɺʓɽ ʊɽʍʅʆʃʆɻʀʀ, ʕʂʆʃʆɻʀʗè 

119 

 

ʅʘʜʝʞʥʦʩʪʴ ʜʘʪʯʠʢʦʚ ʪʘʢʞʝ ʜʦʣʞʥʘ ʙʳʪʴ ʩʦʭʨʘʥʝʥʘ ʚʦ ʚʨʝʤʷ ʥʘʚʠʛʘʮʠʠ 

ʩʫʜʥʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʩʯʠʪʘʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʧʨʦʚʝʜʝʥʠʝ ʪʱʘʪʝʣʴʥʦʡ 

ʧʨʦʚʝʨʢʠ ʩʠʩʪʝʤ ʚʦ ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ʚ ʧʦʨʪʫ, ʘ ʪʘʢʞʝ ʜʫʙʣʠʨʦʚʘʥʠʝ ʚʩʝʭ 

ʚʘʞʥʳʭ ʘʛʨʝʛʘʪʦʚ ʩʫʜʥʘ, ʧʦʩʢʦʣʴʢʫ ʚ ʩʣʫʯʘʝ ʘʚʘʨʠʠ ʩʫʜʥʦ ʥʝ ʙʫʜʝʪ ʠʤʝʪʴ ʥʘ 

ʙʦʨʪʫ ʵʢʠʧʘʞ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʝʤʦʥʪʘ ʚʦ ʚʨʝʤʷ ʥʘʚʠʛʘʮʠʠ. ʊʘʢ, ʥʘʜʝʞʥʦʩʪʴ 

ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʩʨʦʢʘ ʩʣʫʞʙʳ 

ʩʫʜʥʘ ʠ ʧʦʜʚʝʨʛʘʪʴʩʷ, ʢʘʢ ʣʦʢʘʣʴʥʳʤ ʩʘʤʦʪʝʩʪʠʨʦʚʘʥʠʷʤ, ʪʘʢ ʠ ʧʝʨʠʦʜʠʯʝʩʢʠʤ 

ʧʨʦʚʝʨʢʘʤ ʩ ʫʯʘʩʪʠʝʤ ʧʝʨʩʦʥʘʣʘ. 

ʉʠʪʫʘʮʠʦʥʥʘʷ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʴ ʧʦʪʨʝʙʫʝʪ, ʯʪʦʙʳ ʚʩʝ ʦʙʥʘʨʫʞʝʥʥʳʝ 

ʦʙʲʝʢʪʳ ʠʣʠ ʫʩʣʦʚʠʷ, ʘ ʪʘʢʞʝ ʣʶʙʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʦʩʪʦʷʥʠʠ ʩʫʜʥʘ ʜʦʣʞʥʳ 

ʙʳʪʴ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʚʩʷ ʠʥʬʦʨʤʘʮʠʷ ʜʦʣʞʥʘ ʩʦʙʠʨʘʪʴʩʷ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʩʦʩʪʦʷʥʠʷ 

ʢʦʨʘʙʣʷ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ʂʨʦʤʝ ʪʦʛʦ, ʠʥʬʦʨʤʘʮʠʷ ʜʦʣʞʥʘ ʙʳʪʴ 

ʜʦʩʪʘʚʣʝʥʘ ʤʘʢʩʠʤʘʣʴʥʦ ʙʳʩʪʨʦ ʠ ʥʘʜʝʞʥʦ, ʚ ʮʝʣʷʭ ʦʙʝʩʧʝʯʝʥʠʷ ʫʜʘʣʝʥʥʦʛʦ 

ʦʧʝʨʘʪʦʨʘ ʚʩʝʡ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʝʡ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʦʩʣʝʜʥʝʤʫ ʜʘʚʘʪʴ 

ʢʦʨʨʝʢʪʥʳʝ ʫʢʘʟʘʥʠʷ ʩʫʜʥʫ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʝʥʠʝ [11], ʯʪʦ ʵʢʠʧʘʞ ʥʝʩʝʪ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʧʦʯʪʠ 70% 

ʘʚʘʨʠʡ ʥʘ ʩʫʜʘʭ. ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʟʘʤʝʥʘ ʢʦʤʘʥʜʳ ʩʫʜʥʘ, ʦʩʦʙʝʥʥʦ ʩʨʝʜʥʝʡ ʠ 

ʥʠʟʢʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ ʥʘ ʥʘʜʝʞʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʫʜʦʭʦʜʩʪʚʘ, 

ʙʫʜʫʪ ʠʤʝʪʴ ʧʦʪʝʥʮʠʘʣ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘʚʠʛʘʮʠʠ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ, ʦʪʤʝʯʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʤʧʨʦʤʠʩʩʘ ʤʝʞʜʫ ʧʦʣʥʦʡ 

ʘʚʪʦʥʦʤʥʦʩʪʴʶ, ʠ ʜʠʩʪʘʥʮʠʦʥʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʘ ʙʦʨʪʫ ʩʫʜʦʚ ʧʦʪʨʝʙʫʶʪʩʷ ʥʦʚʳʝ ʩʪʘʥʜʘʨʪʳ ʦʧʨʝʜʝʣʝʥʠʷ 

ʤʦʨʷʢʘ, ʘ ʪʘʢʞʝ ʯʝʪʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʨʦʣʝʡ ʠ ʦʙʷʟʘʥʥʦʩʪʝʡ ʤʝʞʜʫ 

ʦʙʩʣʫʞʠʚʘʶʱʠʤ ʧʝʨʩʦʥʘʣʦʤ, ʫʜʘʣʝʥʥʳʤʠ ʦʧʝʨʘʪʦʨʘʤʠ ʠ ʢʘʧʠʪʘʥʦʤ. 

ʆʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʣʘʚʘʥʠʷ ʥʘ ʚʦʣʥʝʥʠʠ ï ʦʜʥʘ ʠʟ 

ʚʘʞʥʳʭ ʟʘʜʘʯ ʵʢʠʧʘʞʘ ʩʫʜʥʘ. ɽʞʝʛʦʜʥʦ ʩʦʪʥʠ ʤʦʨʩʢʠʭ ʠ ʨʝʯʥʳʭ ʩʫʜʦʚ ʪʝʨʧʷʪ 

ʘʚʘʨʠʠ ʠʟ-ʟʘ ʨʘʟʣʠʯʥʳʭ ʛʠʜʨ ʤʝʪʝʦʫʩʣʦʚʠʡ. ʄʥʦʛʠʝ ʵʢʩʧʝʨʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, 

ʯʪʦ ʢ ʯʠʩʣʫ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʘʚʘʨʠʡ ʦʪʥʦʩʷʪʩʷ ʥʝʧʨʘʚʠʣʴʥʳʝ ʨʝʰʝʥʠʷ 
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ʩʫʜʦʚʦʜʠʪʝʣʝʡ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʩʫʜʘʤʠ ʚ ʩʣʦʞʥʦʡ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ 

ʦʙʩʪʘʥʦʚʢʝ ʠ ʥʝʧʦʣʥʦʝ ʟʥʘʥʠʝ ʠʤʠ ʩʫʜʦʭʦʜʥʳʭ ʠ ʤʦʨʝʭʦʜʥʳʭ ʢʘʯʝʩʪʚ ʩʫʜʥʘ. 

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʧʨʠʟʥʘʪʴ, ʯʪʦ ʚ ʦʩʥʦʚʝ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʩʪʠ ʧʨʠʥʠʤʘʝʤʳʭ 

ʩʫʜʦʚʦʜʠʪʝʣʝʤ ʨʝʰʝʥʠʡ ʥʝʨʝʜʢʦ ʣʝʞʠʪ ʠ ʪʨʫʜʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ 

ʪʦʯʥʦʡ ʠ ʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʠ ʩʫʜʥʘ, ʦʪʩʫʪʩʪʚʠʝ 

ʚʨʝʤʝʥʠ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʨʘʩʯʝʪʦʚ ʠ ʧʦʜʛʦʪʦʚʢʫ ʦʙʦʩʥʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ. 

ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʝʩʣʠ ʢʦʨʘʙʣʴ ʠʤʝʝʪ ʘʚʪʦʥʦʤʥʫʶ ʩʠʩʪʝʤʫ ʥʘʚʠʛʘʮʠʠ, ʦʥʘ 

(ʚ ʪʝʦʨʠʠ) ʩʤʦʞʝʪ ʥʘʜʝʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʢʦʨʘʙʣʴ, ʢʦʛʜʘ ʩʚʷʟʴ ʩ ʦʧʝʨʘʪʦʨʦʤ 

ʥʝʜʦʩʪʫʧʥʘ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʝʩʣʠ ʩʫʜʥʦ ʙʫʜʝʪ ʠʤʝʪʴ ʪʦʣʴʢʦ ʘʚʪʦʥʦʤʥʫʶ 

ʥʘʚʠʛʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ, ʥʘʜʝʞʥʦʩʪʴ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʩʧʦʩʦʙʥʦʩʪʠ 

ʘʣʛʦʨʠʪʤʦʚ ʧʨʦʠʟʚʦʜʠʪʴ ʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʠ ʧʣʘʥʠʨʦʚʘʥʠʝ ʜʝʡʩʪʚʠʡ, ʯʪʦʙʳ 

ʧʨʠʥʠʤʘʪʴ ʧʨʘʚʠʣʴʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʣʶʙʳʭ ʩʮʝʥʘʨʠʝʚ ʠ ʚ ʣʶʙʳʭ ʫʩʣʦʚʠʷʭ. 

ʆʜʥʘʢʦ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʦʩʦʙʝʥʥʦ ʫʷʟʚʠʤʦ ʢ ʟʘʜʝʨʞʢʘʤ ʚ ʢʘʥʘʣʝ 

ʩʚʷʟʠ ʠ ʧʦʪʝʨʝ ʧʦʜʢʣʶʯʝʥʠʷ, ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʝʪ ʩʪʘʪʴ ʧʨʠʯʠʥʦʡ ʘʚʘʨʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʬʫʥʢʮʠʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʯʝʣʦʚʝʯʝʩʢʘʷ 

ʦʰʠʙʢʘ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ, ʥʦ ʪʘʢʞʝ ʠ 

ʷʚʣʷʪʴʩʷ ʬʘʢʪʦʨʦʤ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʘʚʘʨʠʡ ʥʘ ʩʫʜʘʭ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʄʝʞʜʫʥʘʨʦʜʥʳʝ ʧʨʘʚʠʣʘ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʩʪʦʣʢʥʦʚʝʥʠʷ 

ʩʫʜʦʚ ʠ ʠʥʳʝ ʙʘʟʦʚʳʝ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʢʦʥʚʝʥʮʠʠ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʣʞʥʳ 

ʙʳʪʴ ʚʩʪʨʦʝʥʳ ʚ ʘʣʛʦʨʠʪʤʳ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚʩʝ ʠʥʩʪʨʫʢʮʠʠ 

ʜʦʣʞʥʳ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʛʠʙʢʠʤʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʠʪʫʘʮʠʠ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ 

ʠʤʝʪʴ ʯʝʪʢʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʜʣʷ ʩʠʩʪʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʆʙʫʯʝʥʠʝ 

ʘʣʛʦʨʠʪʤʦʚ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ 

ʩʠʤʫʣʷʪʦʨʦʤ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ, ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ 

ʚʩʝ ʨʝʰʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʦʣʞʥʳ ʧʨʦʚʝʨʷʪʴʩʷ ʚ ʩʠʤʫʣʷʮʠʷʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʣʴʥʳʭ ʩʮʝʥʘʨʠʝʚ. ʇʦʩʣʝ ʚʝʨʠʬʠʢʘʮʠʠ ʥʘ ʩʠʤʫʣʷʪʦʨʝ 

ʩʣʝʜʫʝʪ ʧʦʣʥʦʤʘʩʰʪʘʙʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʜʣʷ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ. 
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ʆʜʥʘʢʦ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʚ ʝʛʦ ʥʳʥʝʰʥʝʤ ʚʠʜʝ ʥʝ ʷʚʣʷʝʪʩʷ 

ʧʦʣʥʦʩʪʴʶ ʩʘʤʦʜʦʩʪʘʪʦʯʥʳʤ. ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʡ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠʤʝʶʪ ʫʟʢʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʠ ʥʝʧʨʠʤʝʥʠʤʳ ʚ 

ʩʣʦʞʥʳʭ ʩʠʪʫʘʮʠʷʭ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʚʥʝʜʨʝʥʠʷ ʦʪʤʝʯʘʝʪʩʷ 

ʦʩʪʨʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʪʝʩʪʠʨʦʚʘʥʠʠ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʦʧʝʨʘʪʦʨʘ. 

ɸʥʘʣʠʟʠʨʫʷ ʪʨʘʜʠʮʠʦʥʥʫʶ ʤʝʪʦʜʠʢʫ ʢʦʥʪʨʦʣʷ ʩʫʜʦʭʦʜʩʪʚʘ, ʤʦʞʥʦ 

ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʠʝ ʝʝ ʥʝʜʦʩʪʘʪʢʠ: 

- ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʩʫʜʦʚʦʜʠʪʝʣʷ ʥʘ ʠʟʤʝʨʝʥʠʷ ʠ ʨʘʩʯʝʪʳ 

ʧʨʦʢʣʘʜʢʠ ʢʫʨʩʘ ʩʫʜʥʘ; 

- ʙʦʣʴʰʠʝ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʥʘʙʣʶʜʝʥʠʷʤʠ, ʥʝʚʦʟʤʦʞʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʚʦʣʥʝʥʠʷ ʚ ʥʦʯʥʳʭ ʫʩʣʦʚʠʷʭ; 

- ʦʮʝʥʢʘ ʥʝʧʦʣʥʦʛʦ ʚʝʢʪʦʨʘ ʤʦʨʝʭʦʜʥʦʩʪʠ; 

- ʙʦʣʴʰʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ, ʨʘʩʯʝʪʦʚ, ʩʫʙʲʝʢʪʠʚʥʳʭ ʦʮʝʥʦʢ; 

- ʟʥʘʯʠʪʝʣʴʥʘʷ ʨʦʣʴ ʩʫʙʲʝʢʪʠʚʥʦʛʦ ʬʘʢʪʦʨʘ ʢʘʢ ʠʩʪʦʯʥʠʢʘ ʚʦʟʤʦʞʥʳʭ 

ʦʰʠʙʦʢ, ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʥʘ ʦʩʥʦʚʝ ʦʧʳʪʘ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʨʷʜ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʜʣʷ ʩʫʜʥʘ ʩʠʪʫʘʮʠʡ ʠ ʧʦʣʫʯʘʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ; 

- ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʰʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦʡ ʠ 

ʪʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʆʪʤʝʯʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʪʨʘʜʠʮʠʦʥʥʦʡ ʤʝʪʦʜʠʢʠ 

ʩʦʩʪʘʚʣʷʶʪ ʦʜʥʫ ʠʟ ʧʨʠʯʠʥ ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʥʠʤʘʝʤʳʭ ʨʝʰʝʥʠʡ ʧʦ 

ʫʧʨʘʚʣʝʥʠʶ ʩʫʜʥʦʤ ʚ ʰʪʦʨʤʦʚʳʭ ʫʩʣʦʚʠʷʭ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʟʜʘʥʳ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʚʦʣʥʝʥʠʷ, ʩʣʝʤʠʥʛʝ, ʟʘʣʠʚʘʝʤʦʩʪʠ, ʜʚʠʞʝʥʠʷ ʢʦʨʧʫʩʘ ʥʘ ʢʘʯʢʝ, ʥʘʧʨʷʞʝʥʠʡ 

ʵʣʝʤʝʥʪʦʚ ʢʦʨʧʫʩʘ ʠ ʪ.ʜ. ɹʦʨʪʦʚʘʷ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʤʦʨʝʭʦʜʥʦʩʪʠ (ɸʉʂʄ) 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʧʦʣʫʯʘʝʪ, ʭʨʘʥʠʪ, 

ʦʙʨʘʙʘʪʳʚʘʝʪ ʠʥʬʦʨʤʘʮʠʶ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʦʮʝʥʢʠ, ʧʨʦʛʥʦʟʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʤʦʨʝʭʦʜʥʦʩʪʠ ʩʫʜʥʘ, ʠ ʦʪʦʙʨʘʞʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʚ ʚʠʜʝ, ʦʙʣʝʛʯʘʶʱʝʤ 

ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʯʣʝʥʦʚ ʵʢʠʧʘʞʘ ʩʫʜʥʘ ʠ ʛʨʫʟʘ 

[14]. 
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ʏʪʦ ʢʘʩʘʝʪʩʷ ʩʫʜʦʚ ʩ ʜʠʩʪʘʥʮʠʦʥʥʳʤ ʫʧʨʘʚʣʝʥʠʝ ʛʨʫʧʧʘ ʫʜʘʣʝʥʥʳʭ 

ʦʧʝʨʘʪʦʨʦʚ ʩ ʙʝʨʝʛʘ ʠʛʨʘʝʪ ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʚ ʥʘʚʠʛʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʠ ʩʫʜʥʦʤ, 

ʘʥʘʣʦʛʠʯʥʦ ʪʦʤʫ, ʢʘʢ ʵʪʦ ʜʝʣʘʝʪʩʷ ʥʘ ʤʦʩʪʠʢʝ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʜʝʡʩʪʚʠʷʤʠ 

ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʥʦʤ. ʇʦʵʪʦʤʫ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʙʝʨʝʛʦʚʳʝ ʦʧʝʨʘʪʦʨʳ ʩʫʜʦʚ, 

ʚʝʨʦʷʪʥʦ, ʩʧʦʩʦʙʥʳ ʚʳʧʦʣʥʷʪʴ ʩʚʦʠ ʦʙʷʟʘʥʥʦʩʪʠ ʪʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʚʦʟʥʠʢʣʘ ʝʱʝ ʦʜʥʘ ʟʘʤʝʪʥʘʷ ʜʠʣʝʤʤʘ, ʚʦʟʥʠʢʰʘʷ ʚ ʩʚʷʟʠ ʩ ʢʦʥʮʝʧʮʠʝʡ 

ʘʚʪʦʥʦʤʥʳʭ ʩʫʜʦʚ: ʩʣʝʜʫʝʪ ʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʙʝʨʝʛʦʚʦʛʦ ʩʫʜʦʚʦʛʦ ʜʠʩʧʝʪʯʝʨʘ 

ʢʘʢ ʢʦʤʘʥʜʫ ʢʦʨʘʙʣʷ. ʇʨʝʞʜʝ ʯʝʤ ʜʝʣʘʪʴ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʧʦ ʵʪʦʤʫ ʚʦʧʨʦʩʫ, 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʷʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʥʝʩʢʦʣʴʢʦ ʪʝʭʥʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ, 

ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʘʚʪʦʥʦʤʥʳʭ ʩʫʜʦʚ. ʇʦʩʢʦʣʴʢʫ ʙʝʨʝʛʦʚʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ ʥʝʪ ʥʘ 

ʙʦʨʪʫ ʢʦʨʘʙʣʷ, ʧʦʜʜʝʨʞʘʥʠʝ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʠ ʦ ʩʠʪʫʘʮʠʠ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ 

ʚʘʞʥʳʤ, ʯʝʤ ʢʦʛʜʘ-ʣʠʙʦ ʧʨʝʞʜʝ, ʜʣʷ ʙʝʟʦʧʘʩʥʦʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʩʫʜʥʦʤ. ɺ ʵʪʦʤ ʩʤʳʩʣʝ ʢʘʯʝʩʪʚʦ ʜʘʥʥʳʭ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʙʝʨʝʛʦʚʦʤʫ 

ʦʧʝʨʘʪʦʨʫ, ʘ ʠʤʝʥʥʦ ʮʝʥʪʨʫ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʠʤʝʝʪ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ. ɽʩʣʠ ʘʢʪʫʘʣʴʥʘʷ ʠ ʚʘʞʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʠ ʩʘʤʦʛʦ 

ʩʫʜʥʘ ʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʪʫʘʮʠʠ ʚʦʢʨʫʛ ʩʫʜʥʘ ʧʦʣʥʦʩʪʴʶ ʜʦʩʪʫʧʥʘ ʦʧʝʨʘʪʦʨʫ ʚ 

ʮʝʥʪʨʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʜʦʩʪʫʧʝʥ ʥʘ ʤʦʩʪʠʢʝ ʩʫʜʥʘ, 

ʙʳʣʦ ʙʳ ʥʝʫʤʝʩʪʥʦ ʦʮʝʥʠʚʘʪʴ ʙʝʨʝʛʦʚʦʛʦ ʦʧʝʨʘʪʦʨʘ ʢʘʢ ʵʢʠʧʘʞ, ʧʦ ʢʨʘʡʥʝʡ 

ʤʝʨʝ, ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʘʩʧʝʢʪʝ ʚʦʧʨʦʩʘ. ɽʩʣʠ ʙʝʨʝʛʦʚʦʡ ʩʫʜʦʚʦʡ ʜʠʩʧʝʪʯʝʨ ʙʫʜʝʪ 

ʧʨʠʥʷʪ ʚ ʢʘʯʝʩʪʚʝ ʯʣʝʥʘ ʵʢʠʧʘʞʘ ʢʦʨʘʙʣʷ, ʧʦʷʚʷʪʩʷ ʜʚʘ ʨʘʟʥʳʭ ʠʩʭʦʜʘ. ɺʦ-

ʧʝʨʚʳʭ, ʪʨʝʙʦʚʘʥʠʝ ʜʝʡʩʪʚʫʶʱʝʛʦ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʤʦʨʩʢʦʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ 

çʦ ʥʘʜʣʝʞʘʱʝʤ ʫʢʦʤʧʣʝʢʪʦʚʘʥʠʠ ʧʝʨʩʦʥʘʣʦʤè ʛʠʧʦʪʝʪʠʯʝʩʢʠ ʙʫʜʝʪ ʩʯʠʪʘʪʴʩʷ 

ʚʳʧʦʣʥʝʥʥʳʤ, ʘ ʚʦ-ʚʪʦʨʳʭ, ʵʪʦʪ ʦʧʝʨʘʪʦʨ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʠʤ 

ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʤʦʤ. ʊʦ ʝʩʪʴ ʦʧʝʨʘʪʦʨ ʘʚʪʦʥʦʤʥʦʛʦ ʩʫʜʥʘ ʙʫʜʝʪ ʢʦʤʧʝʪʝʥʪʥʳʤ 

ʚ ʪʦʤ ʩʤʳʩʣʝ, ʯʪʦ ʦʥ ʜʦʣʞʝʥ ʠʤʝʪʴ ʜʦʩʪʘʪʦʯʥʫʶ ʧʦʜʛʦʪʦʚʢʫ ʠ ʠʥʩʪʨʫʢʪʘʞ, 

ʥʘʜʣʝʞʘʱʠʝ ʟʥʘʥʠʷ ʦ ʩʘʤʦʡ ʩʠʩʪʝʤʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʠ ʦʛʨʘʥʠʯʝʥʠʷʭ ʘʚʪʦʥʦʤʥʦʛʦ ʩʫʜʥʘ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝ ʜʦʣʞʥʦ 

ʙʳʪʴ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʦʪʠʚʦʧʦʢʘʟʘʥʠʡ ʢ ʨʘʙʦʪʝ ʠ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʫʤʩʪʚʝʥʥʦʡ 

ʠʣʠ ʬʠʟʠʯʝʩʢʦʡ ʥʝʜʝʝʩʧʦʩʦʙʥʦʩʪʠ ʩʦ ʩʪʦʨʦʥʳ ʙʝʨʝʛʦʚʦʛʦ ʦʧʝʨʘʪʦʨʘ ʩʫʜʥʘ. 
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ʍʦʪʷ ʤʝʞʜʫʥʘʨʦʜʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʚ ʝʛʦ ʪʝʢʫʱʠʭ ʚʦʟʤʦʞʥʦʩʪʷʭ ʥʝ 

ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʣʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʤʦʨʝʭʦʜʥʳʭ ʢʘʯʝʩʪʚ ʩʫʜʥʘ, ʵʪʦ ʥʝ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʠʜʝʷ ʧʦʣʥʦʛʦ ʩʘʤʦʦʧʨʝʜʝʣʝʥʠʷ ʤʦʨʝʭʦʜʥʳʭ ʢʘʯʝʩʪʚ 

ʥʝʨʝʘʣʠʩʪʠʯʥʘ ʚ ʙʫʜʫʱʝʤ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʨʝʚʦʣʶʮʠʷ ʚ ʩʫʜʦʭʦʜʥʦʡ ʦʪʨʘʩʣʠ 

ʪʦʣʴʢʦ ʥʘʯʠʥʘʝʪʩʷ, ʠ ʤʘʩʩʦʚʦʝ ʚʥʝʜʨʝʥʠʝ ʘʚʪʦʥʦʤʥʳʭ ʩʫʜʦʚ ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ ʢ 

2050 ʛʦʜʫ. ʀʤʝʥʥʦ ʚ ʵʪʦʪ ʤʦʤʝʥʪ ʩʘʤʦʦʧʨʝʜʝʣʝʥʠʝ ʤʦʨʝʭʦʜʥʳʭ ʢʘʯʝʩʪʚ ʤʦʞʝʪ 

ʩʪʘʪʴ ʨʝʘʣʴʥʦʩʪʴʶ.  

ʏʪʦʙʳ ʜʦʙʠʪʴʩʷ ʫʩʧʝʭʘ ʚ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʨʝʚʦʣʶʮʠʠ, 

ʢʨʘʡʥʝ ʚʘʞʥʦ, ʯʪʦʙʳ ʵʢʠʧʘʞʠ ʩʫʜʦʚ, ʥʝ ʩʦʭʨʘʥʷʣʠ ʩʚʦʠ ʪʨʘʜʠʮʠʦʥʥʳʝ ʥʘʚʳʢʠ, 

ʘ ʧʦʩʪʦʷʥʥʦ ʨʘʟʚʠʚʘʣʠ ʥʦʚʳʝ ʥʘʚʳʢʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʠʤ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʦʩʪʦʷʥʥʦ ʨʘʩʰʠʨʷʶʱʠʡʩʷ ʩʧʝʢʪʨ ʪʝʭʥʦʣʦʛʠʡ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʩʫʜʘ ʙʦʣʝʝ 

ʙʝʟʦʧʘʩʥʳʤʠ ʠ ʵʬʬʝʢʪʠʚʥʳʤʠ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʚ ʙʫʜʫʱʝʤ, ʫʯʝʙʥʳʝ ʟʘʚʝʜʝʥʠʷ ʜʦʣʞʥʳ ʪʝʩʥʦ 

ʩʦʪʨʫʜʥʠʯʘʪʴ ʩ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʩʫʜʦʚ, ʪʝʭʥʦʣʦʛʠʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʩʫʜʦʚʦʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʦʷʥʥʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʚ ʦʙʣʘʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ, ʢʘʢ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʠ ʢʫʨʩʘʥʪʦʚ, ʪʘʢ ʠ ʜʣʷ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ. 
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(ʵʞʝʢʪʦʨʘ).  

Annotation. The article presents an energy equation from a thermodynamic 

point of view, which will allow, with further mathematical transformations, to 

determine the dimensions of the ejector flow path and changes in the main physical 

parameters. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʩʦʩ, ʤʝʪʦʜʠʢʘ, ʨʘʩʯʸʪ, ʵʞʝʢʪʦʨ. 

Key words: pump, methodology, calculation, ejector. 

 

ʉʪʨʫʡʥʳʡ ʥʘʩʦʩ - ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʥʘʛʥʝʪʘʥʠʷ (ʠʥʞʝʢʪʦʨ) ʠʣʠ ʦʪʩʘʩʳʚʘʥʠʷ 

(ʵʞʝʢʪʦʨ) ʞʠʜʢʠʭ ʠʣʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ʚʝʱʝʩʪʚ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʛʠʜʨʦʩʤʝʩʝʡ 

(ʛʠʜʨʦʵʣʝʚʘʪʦʨ), ʜʝʡʩʪʚʠʝ ʢʦʪʦʨʦʛʦ ʦʩʥʦʚʘʥʦ ʥʘ ʫʚʣʝʯʝʥʠʠ ʥʘʛʥʝʪʘʝʤʦʛʦ 

(ʦʪʢʘʯʠʚʘʝʤʦʛʦ) ʚʝʱʝʩʪʚʘ ʩʪʨʫʸʡ ʞʠʜʢʦʩʪʠ, ʧʘʨʘ ʠʣʠ ʛʘʟʘ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʨʘʟʣʠʯʘʶʪ ʞʠʜʢʦʩʪʨʫʡʥʳʝ, ʧʘʨʦʩʪʨʫʡʥʳʝ ʠ ʛʘʟʦʩʪʨʫʡʥʳʝ ʥʘʩʦʩʳ). 

ʉʪʨʫʡʥʳʝ ʥʘʩʦʩʳ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʚ ʧʘʨʦʪʫʨʙʠʥʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʜʣʷ 

ʦʪʩʦʩʘ ʠʟ ʢʦʥʜʝʥʩʘʪʦʨʘ ʚʦʟʜʫʭʘ, ʧʨʝʧʷʪʩʪʚʫʶʱʝʛʦ ʢʦʥʜʝʥʩʘʮʠʠ ʧʘʨʘ ʥʘ 

ʥʘʨʫʞʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʪʨʫʙʦʢ, ʚʥʫʪʨʠ ʢʦʪʦʨʳʭ ʪʝʯʝʪ ʦʭʣʘʞʜʘʶʱʘʷ ʚʦʜʘ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʩʪʨʫʡʥʦʛʦ ʥʘʩʦʩʘ (ʵʞʝʢʪʦʨʘ) ʦʩʥʦʚʘʥ ʥʘ ʧʝʨʝʜʘʯʝ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʦʪ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʘʢʪʠʚʥʦʛʦ ʧʦʪʦʢʘ ʢ ʧʘʩʩʠʚʥʦʤʫ 

(ʜʘʚʣʝʥʠʝ ʢʦʪʦʨʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʦʚʳʩʠʪʴ) ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʩʤʝʰʝʥʠʷ. ʕʞʝʢʪʦʨ 

ʩʦʩʪʦʠʪ ʯʝʪʳʨʝʭ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʨʠʩ.1): ʨʘʟʛʦʥʥʦʛʦ ʩʦʧʣʘ, ʧʘʩʩʠʚʥʦʛʦ 

ʩʦʧʣʘ, ʢʘʤʝʨʳ ʩʤʝʰʝʥʠʷ ʠ ʜʠʬʬʫʟʦʨʘ, ʚ ʢʦʪʦʨʦʤ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ 

ʧʝʨʝʭʦʜʠʪ ʚ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʩ ʨʦʩʪʦʤ ʜʘʚʣʝʥʠʷ. ɼʦʩʪʦʠʥʩʪʚʦ ʵʞʝʢʪʦʨʘ ï 

ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʠʠ, ʦʪʩʫʪʩʪʚʠʝ ʜʚʠʞʫʱʠʭʩʷ ʯʘʩʪʝʡ, ʥʝʜʦʩʪʘʪʦʢ - ʥʠʟʢʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʟ-ʟʘ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʦʪʝʨʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʨʠ 

ʩʤʝʰʝʥʠʠ, ʢʦʪʦʨʘʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʚʘʜʨʘʪʫ ʨʘʟʥʦʩʪʠ ʩʢʦʨʦʩʪʝʡ 

ʩʤʝʰʠʚʘʶʱʠʭʩʷ ʧʦʪʦʢʦʚ. 

 

ʈʠʩʫʥʦʢ 1 - ʉʭʝʤʘ ʩʪʨʫʡʥʦʛʦ ʥʘʩʦʩʘ (ʵʞʝʢʪʦʨʘ) 
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ʇʨʝʜʩʪʘʚʠʤ ʧʨʦʮʝʩʩʳ ʚ ʵʞʝʢʪʦʨʝ ʩ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʟʠʮʠʡ ʚ i-s 

ʜʠʘʛʨʘʤʤʝ (ʨʠʩ. 2). ʇʦʣʥʘʷ ʵʥʝʨʛʠʷ ʧʦʪʦʢʘ (ʛʘʟ, ʚʦʟʜʫʭ) ʥʘ ʚʭʦʜʝ ʚ ʘʢʪʠʚʥʦʝ 

ʩʦʧʣʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʵʥʪʘʣʴʧʠʝʡ ʪʦʨʤʦʞʝʥʠʷ i1 *, ʘ ʚ ʧʘʩʩʠʚʥʦʝ i3 *. ʊʦʯʢʘ 2 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʦʩʪʦʷʥʠʝ ʧʦʪʦʢʘ ʥʘ ʩʨʝʟʝ ʘʢʪʠʚʥʦʛʦ ʩʦʧʣʘ ʧʨʠ ʠʟʦʵʥʪʨʦʧʥʦʤ 

ʨʘʩʰʠʨʝʥʠʠ 1ï2. ʈʝʘʣʴʥʳʡ ʧʨʦʮʝʩʩ ʨʘʩʰʠʨʝʥʠʷ ʠʟ-ʟʘ ʜʝʡʩʪʚʠʷ ʩʠʣ ʪʨʝʥʠʷ 

ʧʨʦʪʝʢʘʝʪ ʧʦ ʢʨʠʚʦʡ 1ï2ʜ. ɸʥʘʣʦʛʠʯʥʦ ʜʣʷ ʧʘʩʩʠʚʥʦʛʦ ʩʦʧʣʘ ʙʫʜʝʤ ʠʤʝʪʴ 

ʧʨʦʮʝʩʩ 3ï4ʜ. ɽʩʣʠ ʙʳ ʧʨʦʮʝʩʩ ʩʤʝʰʝʥʠʷ ʧʦʪʦʢʦʚ ʙʳʣ ʦʙʨʘʪʠʤʳʤ, ʪʦ ʧʦʩʣʝ 

ʠʟʦʙʘʨʥʦʛʦ ʩʤʝʰʝʥʠʷ ʚ ʢʘʤʝʨʝ ʧʦʪʦʢ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʙʳ ʪʦʯʢʦʡ 5, ʧʨʠ 

ʥʝʠʟʦʙʘʨʥʦʤ ʩʤʝʰʝʥʠʠ ï ʪʦʯʢʦʡ 5ǋ. ʀʟ-ʟʘ ʥʘʣʠʯʠʷ ʫʜʘʨʥʳʭ ʧʦʪʝʨʴ ʠ ʨʝʥʠʷ ʚ 

ʢʘʤʝʨʝ ʩʤʝʰʝʥʠʷ ʵʥʪʘʣʴʧʠʷ ʧʦʪʦʢʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ ȹi = ȹiʫʜ + ȹiʪʨ . ʊʦʯʢʘ 

5ʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʦʩʪʦʷʥʠʝ ʧʦʪʦʢʘ ʧʝʨʝʜ ʜʠʬʬʫʟʦʨʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʜʠʬʬʫʟʦʨʝ ʩ ʫʯʸʪʦʤ ʜʝʡʩʪʚʠʷ ʩʠʣ ʪʨʝʥʠʷ (ʧʨʦʮʝʩʩ 

5ʜï6ʜ) ʥʘ ʩʨʝʟʝ ʜʠʬʬʫʟʦʨʘ ʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʨʘʚʥʦ ʨ6ʜ, ʘ ʩ ʫʯʸʪʦʤ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ - p6ʜ .  

 

ʈʠʩʫʥʦʢ 2 - ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʵʞʝʢʪʦʨʘ 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʵʞʝʢʪʦʨʝ ʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʧʘʩʩʠʚʥʦʛʦ ʘʛʝʥʪʘ 

ʫʚʝʣʠʯʠʣʦʩʴ ʦʪ ʨ3 ʜʦ p6ʜ, ʪ. ʝ. ʵʞʝʢʪʦʨ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʢʦʤʧʨʝʩʩʦʨ. ɽʩʣʠ 

ʧʨʦʮʝʩʩʳ ʚ ʵʞʝʢʪʦʨʝ ʙʫʜʫʪ ʦʨʛʘʥʠʟʦʚʘʥʳ ʥʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ, ʪʦʯʢʘ 6ʜ ʙʫʜʝʪ 

ʧʝʨʝʤʝʱʘʪʴʩʷ ʚʧʨʘʚʦ ʧʦ ʧʨʷʤʦʡ iʩʤ = const, ʠ ʩʪʝʧʝʥʴ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʧʦ 

ʟʘʪʦʨʤʦʞʸʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ˊ = p6ʜ/p3 ʙʫʜʝʪ ʫʤʝʥʴʰʘʪʴʩʷ. ɺ ʧʨʝʜʝʣʝ 
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ʚʦʟʤʦʞʝʥ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʨ6ʜ = ʨ3, ʘ ˊ* ʩʪʘʥʝʪ ʨʘʚʥʳʤ ʝʜʠʥʠʮʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʵʞʝʢʪʦʨ ʥʝ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴ ʬʫʥʢʮʠʠ ʢʦʤʧʨʝʩʩʦʨʘ. 

ʊʘʢ ʢʘʢ ʵʞʝʢʪʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʢʨʳʪʫʶ ʘʜʠʘʙʘʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, 

ʪʦ ʫʨʘʚʥʝʥʠʝ ʵʥʝʨʛʠʠ ʠʤʝʝʪ ʚʠʜ ʠʣʠ . 

ʆʪʢʫʜʘ, ʚʚʦʜʷ ʢʦʵʬʬʠʮʠʝʥʪ ʵʞʝʢʮʠʠ , ʧʦʣʫʯʠʤ . 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʝʰʝʥʠʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʟʘʢʦʥʦʚ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʩʦʩʪʦʷʥʠʝ ʜʚʫʭʬʘʟʥʦʛʦ ʧʦʪʦʢʘ 

ʚʜʦʣʴ ʧʨʦʜʦʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʳ ʢʘʥʘʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʠ 

ʚʳʷʚʠʪʴ ʨʦʣʴ ʩʠʣʦʚʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʪʨʝʥʠʷ, ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʛʨʘʚʠʪʘʮʠʠ ʠ 

ʛʝʦʤʝʪʨʠʠ ʢʘʥʘʣʘ ʥʘ ʧʦʪʦʢ. ʇʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʤʝʪʦʜʦʤ ʬʠʟʠʯʝʩʢʠʝ ʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʨʘʩʯʸʪʘ ʩʪʨʫʡʥʦʛʦ ʥʘʩʦʩʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʚ ʜʘʣʴʥʝʡʰʝʝ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʨʘʩʯʸʪʘ ʘʧʧʘʨʘʪʦʚ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʜʘʸʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʥʘʫʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʨʘʙʦʪʳ ʢʘʬʝʜʨʳ çʉʫʜʦʚʳʭ ʗʕʋè çɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʤʦʨʩʢʦʛʦ ʠ 

ʨʝʯʥʦʛʦ ʬʣʦʪʘ ʠʤʝʥʠ ʘʜʤ. ʉ.ʆ. ʄʘʢʘʨʦʚʘ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʠ ʦʙʦʩʥʦʚʘʥʠʶ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʝʘʢʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʘʪʦʤʥʳʭ 

ʣʝʜʦʢʦʣʦʚ. ʇʨʠʚʝʜʝʥ ʦʙʰʠʨʥʳʡ ʧʝʨʝʯʝʥʴ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ ʠ ʫʯʝʙʥʦʡ 

ʣʠʪʝʨʘʪʫʨʳ, ʚ ʢʦʪʦʨʦʡ ʨʘʟʨʘʙʦʪʘʥʳ ʢʦʥʢʨʝʪʥʳʝ ʨʝʰʝʥʠʷ ʠ ʨʘʩʩʤʦʪʨʝʥʳ 

ʤʝʪʦʜʳ ʨʘʩʯʸʪʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ 

ʜʘʥʥʳʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʝʘʢʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ. 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʧʨʦʛʨʘʤʤ 

ʠʟʤʝʥʝʥʠʷ ʤʦʱʥʦʩʪʠ ʠ ʤʝʪʦʜʦʣʦʛʠʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʚ 

ʤʥʦʛʦʬʘʢʪʦʨʥʦʡ ʩʠʩʪʝʤʝ. ʆʮʝʥʠʚʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ çʩʢʦʣʴʟʷʱʝʛʦè 

ʜʘʚʣʝʥʠʷ ʚ ʛʣʘʚʥʦʤ ʧʘʨʦʧʨʦʚʦʜʝ ʜʣʷ ʵʢʦʥʦʤʠʠ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ. 

Annotation. This article provides information on the scientific direction of the 

work of the Department of Marine Nuclear Power Plants of the State University of 

Marine and River Fleet named after Adm. S.O. Makarov on the development and 

justification of innovative technologies in the operation of reactor installations of 

nuclear icebreakers. A comprehensive list of scientific articles and educational 

literature is presented, in which specific solutions have been developed and methods 
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of computational analysis of the expected results in the application of these 

innovative technologies in the operation of reactor installations are considered. The 

possibilities of using alternative power change programs and the methodology for 

choosing optimal solutions in a multifactor system are considered. The results of the 

application of "sliding" pressure in the main steam pipeline to save nuclear fuel are 

evaluated. 
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ɺ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʧʣʘʥʘ ʤʝʨʦʧʨʠʷʪʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʧʨʦʛʨʘʤʤ 

çʉʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠè, çʈʘʟʚʠʪʠʝ ʩʫʜʦʩʪʨʦʝʥʠʷ ʥʘ 2013 ï 2030 ʛʦʜʳè ʠ çʈʘʟʚʠʪʠʝ 

ʘʪʦʤʥʦʛʦ ʵʥʝʨʛʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘè ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʤʘʩʰʪʘʙʥʘʷ 

ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʘʪʦʤʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʛʨʘʞʜʘʥʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ɸʨʢʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ ʈʦʩʩʠʠ. ʂ ʥʠʤ ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʪʥʦʩʷʪʩʷ 

ʘʪʦʤʥʳʝ ʣʝʜʦʢʦʣʳ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʪʨʘʥʩʧʦʨʪʘʙʝʣʴʥʳʝ ʤʦʜʫʣʴʥʳʝ ʘʪʦʤʥʳʝ 

ʩʪʘʥʮʠʠ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ (ɸʉʄʄ), ʘʪʦʤʥʳʝ ʪʝʧʣʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʧʦʜʚʦʜʥʳʝ 

ɸʉʄʄ ʜʣʷ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʰʝʣʴʬʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʝʬʪʝ- ʠ ʛʘʟʦ- ʜʦʙʳʯʠ, 

ʘʪʦʤʥʳʝ ʵʥʝʨʛʦʠʩʪʦʯʥʠʢʠ ʜʣʷ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʤʦʨʩʢʦʡ 

ʠ ʘʵʨʦʥʘʚʠʛʘʮʠʠ ʚʜʦʣʴ ʪʨʘʩʩʳ ʉʝʚʝʨʥʦʛʦ ʤʦʨʩʢʦʛʦ ʧʫʪʠ, ʜʨʫʛʠʝ ʩʧʝʮʠʘʣʴʥʳʝ 

ʦʙʲʝʢʪʳ ʦʙʫʩʪʨʦʡʩʪʚʘ ʧʨʠʙʨʝʞʥʳʭ ʩʝʚʝʨʥʳʭ ʪʝʨʨʠʪʦʨʠʡ [1] 

ʇʨʦʠʩʭʦʜʠʪ ʧʝʨʝʦʨʠʝʥʪʘʮʠʷ ʩ ʙʣʦʯʥʳʭ ʨʝʘʢʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ  (ʆʂ-900ɸ, 

ʂʃʊ-40ʄ, ʂʃʊ-40, ʂʃʊ-40ʉ, ɸɹɺ-6ʕ) ʥʘ ʤʦʥʦʙʣʦʯʥʳʝ ʨʝʘʢʪʦʨʥʳʝ ʫʩʪʘʥʦʚʢʠ 

(ʈʀʊʄ-200, ʈʀʊʄ-200ʉ, ʈʀʊʄ-200ʄ, ʈʀʊʄ-400, ʈʀʊʄ-400ʄ) [2, 3, 4, 5].  

ʅʝʦʙʭʦʜʠʤʳʡ ʫʨʦʚʝʥʴ ʨʘʟʨʘʙʦʪʦʢ ʥʦʚʳʭ ʨʝʘʢʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ (ʈʋ) 

ʦʙʝʩʧʝʯʠʚʘʝʪ çʆʂɹʄ ɸʬʨʠʢʘʥʪʦʚè ʦʧʠʨʘʶʱʠʡʩʷ ʥʘ ʩʦʙʩʪʚʝʥʥʳʡ 

ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʝʨʩʦʥʘʣ ʠ ʪʚʦʨʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʚʝʜʫʱʠʭ 

ʥʘʫʯʥʳʭ ʠʥʩʪʠʪʫʪʦʚ, ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʠ ʥʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʜʠʥʝʥʠʡ. 
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ʇʨʠ ʵʪʦʤ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʠ ʧʨʦʝʢʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʝ 

ʧʦʠʩʢʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ ï ʩʤ. ʨʠʩʫʥʦʢ 1. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʝʘʢʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ 

ʘʪʦʤʥʦʛʦ ʣʝʜʦʢʦʣʘ  
ʀʩʩʣʝʜʦʚʘʪʝʣʴ-

ʩʢʠʝ ʠ  

ʧʨʦʝʢʪʥʦ-

ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʝ 

ʧʦʠʩʢʠ ʠ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝʥʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʨʘʟʨʘʙʦʪʢʠ 

ʕʢʩʧʣʫʘʪʘʮʠʷ ʨʝʘʢʪʦʨʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ʢʘʢ ʥʘʠʙʦʣʝʝ ʦʪ-

ʚʝʪʩʪʚʝʥʥʘʷ ʯʘʩʪʴ ʠʥʪʝʣʣʝʢ-

ʪʫʘʣʴʥʳʭ ʚʣʦʞʝʥʠʡ ʥʘ ʜʣʠ-

ʪʝʣʴʥʦʤ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ 

ʆʩʥʦʚʥʘʷ ʢʦʤ-

ʧʣʝʢʩʥʘʷ ʩʦʩʪʘʚ-

ʣʷʶʱʘʷ, ʦʧʨʝʜʝ-

ʣʷʶʱʘʷ ʛʣʦʙʘʣʴ-

ʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ, 

ʩʪʦʠʤʦʩʪʴ ʠ ʩʪʨʫʢ-

ʪʫʨʥʫʶ ʥʘʩʳʱʝʥ-

ʥʦʩʪʴ ʘʪʦʤʥʦʛʦ ʣʝ-

ʜʦʢʦʣʘ 

ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ  

ʘʣʛʦʨʠʪʤʳ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʡ ʧʨʦ-

ʛʨʘʤʤʳ ʠʟʤʝʥʝʥʠʷ ʤʦʱ-

ʥʦʩʪʠ 

ʇʦʚʳʰʝʥʠʝ ʤʘ-

ʥʝʚʨʝʥʥʦʩʪʠ 

ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʝʨʛʦʟʘʧʘʩʘ 

ʘʢʪʠʚʥʦʡ ʟʦʥʳ 

 

ʈʠʩʫʥʦʢ 1 - ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ ʈʋ ʧʨʠ ʩʦʟʜʘʥʠʠ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʈʋ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, 

ʦʧʨʝʜʝʣʷʶʱʝʡ ʛʣʦʙʘʣʴʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʩʪʦʠʤʦʩʪʴ ʠ ʩʪʨʫʢʪʫʨʥʫʶ 

ʥʘʩʳʱʝʥʥʦʩʪʴ ʘʪʦʤʥʦʛʦ ʣʝʜʦʢʦʣʘ.   ɺ ʵʪʦʡ ʩʚʷʟʠ ʚʦʟʥʠʢʘʝʪ ʧʦʚʳʰʝʥʥʳʡ ʟʘʧʨʦʩ 

ʥʘ ʢʘʯʝʩʪʚʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʘʥʥʦʛʦ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʛʦ ʦʙʲʝʢʪʘ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʦʩʥʦʚʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʧʝʨʩʦʥʘʣʘ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʈʋ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ 

ʢʘʬʝʜʨʝ çʉʫʜʦʚʳʭ ʷʜʝʨʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢè (ʉʗʕʋ) ʠ ʚ ʎʝʥʪʨʝ 

ʤʦʨʩʢʠʭ ʘʨʢʪʠʯʝʩʢʠʭ ʢʦʤʧʝʪʝʥʮʠʡ (ʎʄɸʂ) ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʤʦʨʩʢʦʛʦ ʠ ʨʝʯʥʦʛʦ ʬʣʦʪʘ (ɻʋʄʈʌ) ʠʤʝʥʠ ʘʜʤʠʨʘʣʘ ʉ.ʆ. ʄʘʢʘʨʦʚʘ [6]. 

ʕʢʩʧʣʫʘʪʘʮʠʷ ʈʋ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʦʪʚʝʪʩʪʚʝʥʥʦʡ ʯʘʩʪʴʶ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʚʣʦʞʝʥʠʡ ʚ ʚʦʧʨʦʩʳ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʛʦ ʚʦʟʤʦʞʥʦʩʪʝʡ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʨʘʩʪʸʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʚʳʩʦʢʦʡ 

ʢʚʘʣʠʬʠʢʘʮʠʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʥʝ ʪʦʣʴʢʦ ʥʘ 

ʚʳʧʦʣʥʝʥʠʠ ʬʫʥʢʮʠʡ ʠʤʠʪʘʪʦʨʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʠʥʩʪʨʫʢʮʠʡ, ʥʦ ʠ 

ʦʙʣʘʜʘʶʱʝʛʦ ʚʦʟʤʦʞʥʦʩʪʴʶ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʩʤʳʩʣʝʥʠʷ ʩʦʧʫʪʩʪʚʫʶʱʠʭ 

ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ.  

ʅʘ ʢʘʬʝʜʨʝ ʉʗʕʋ ɻʋʄʈʌ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʶ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʥʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ, 

ʢʦʪʦʨʳʝ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʠʟʤʝʥʝʥʠʷ ʤʦʱʥʦʩʪʠ 
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(ʇʀʄ), ʧʦʚʳʰʝʥʠʝ ʤʘʥʝʚʨʝʥʥʦʩʪʠ ʈʋ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʵʥʝʨʛʦʟʘʧʘʩʘ ʘʢʪʠʚʥʳʭ ʟʦʥ. ɺʳʧʦʣʥʝʥʠʝ ʜʘʥʥʳʭ ʟʘʜʘʯ ʥʘ ʘʪʦʤʥʳʭ ʣʝʜʦʢʦʣʘʭ 

ʤʦʞʥʦ ʚʦʟʣʦʞʠʪʴ ʪʦʣʴʢʦ ʥʘ ʪʫ ʯʘʩʪʴ ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ 

ʧʝʨʩʦʥʘʣʘ, ʢʦʪʦʨʘʷ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʪʚʦʨʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʵʢʩʧʣʫʘʪʘʮʠʠ, 

ʠʱʫʱʠʭ ʠ ʞʝʣʘʶʱʠʭ ʜʦʩʪʠʛʘʪʴ ʥʦʚʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʦʩʥʦʚʘʥʠʠ ʙʦʣʝʝ 

ʛʣʫʙʦʢʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʦʮʝʩʩʦʚ.   

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʈʋ ʘʪʦʤʥʳʭ ʣʝʜʦʢʦʣʦʚ ʚ ʦʩʥʦʚʥʦʤ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʪʘʪʥʦʡ ʇʀʄ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʨʘʩʭʦʜʝ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ. ʅʘ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʘʪʦʤʥʳʭ ʣʝʜʦʢʦʣʘʭ ʧʨʦʝʢʪʘ 22220 

ʫʩʪʘʥʦʚʣʝʥʳ ʤʦʥʦʙʣʦʯʥʳʝ ʈʋ, ʠʤʝʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ ʎʅʇʂ ʟʘ ʩʯʸʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʯʘʩʪʦʪʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ (ʏʈ) ʚʭʦʜʷʱʝʛʦ 

ʚ ʢʦʤʧʣʝʢʪʘʮʠʶ ʗʕʋ.  ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʤʦʞʥʘ ʨʝʘʣʠʟʘʮʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ 

ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʇʀʄ ʩ ʧʝʨʝʤʝʥʥʳʤ ʨʘʩʭʦʜʦʤ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʯʝʨʝʟ ʘʢʪʠʚʥʫʶ 

ʟʦʥʫ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʇʀʄ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʥʠʪʴ ʫʩʣʦʚʠʷ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʘʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʥʘʜʸʞʥʦʩʪʴ (ʷʜʝʨʥʘʷ ʠ 

ʨʘʜʠʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ) ʤʘʥʝʚʨʝʥʥʦʩʪʴ ʈʋ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʗʕʋ ʚ ʮʝʣʦʤ. 

ʇʨʠ ʚʳʙʦʨʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦʡ ʇʀʄ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʢʦʤʧʣʝʢʩʥʦ ʫʯʠʪʳʚʘʪʴ ʧʦʟʠʪʠʚʥʳʝ ʠ ʥʝʛʘʪʠʚʥʳʝ ʩʪʦʨʦʥʳ ʧʨʠʤʝʥʷʝʤʦʡ 

ʧʨʦʛʨʘʤʤʳ [7 ï 16].  

ɺʳʩʪʨʘʠʚʘʷ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ ʥʘʣʠʯʠʠ ʰʪʘʪʥʦʡ ʠ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʇʀʄ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʦʧʨʝʜʝʣʷʶʱʠʝ ʬʘʢʪʦʨʳ ʧʦ ʚʩʝʤ 

ʢʨʠʪʝʨʠʷʤ ʩʦʧʦʩʪʘʚʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʦʣʫʯʠʪʴ ʥʘʠʣʫʯʰʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʜʣʷ ʥʘʠʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʭ ʧʦ ʚʨʝʤʝʥʠ ʨʝʞʠʤʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʀʤʝʥʥʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʥʘʠʙʦʣʴʰʠʡ ʚʳʠʛʨʳʰ, ʢʘʢ ʧʦ 

ʧʦʚʳʰʝʥʠʶ ʥʘʜʸʞʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʘʢ ʠ ʧʦ ʵʢʦʥʦʤʠʠ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ 

(ʗʊ).  

ʂʘʞʜʘʷ ʧʨʦʛʨʘʤʤʘ ʠʤʝʝʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚ ʦʧʨʝʜʝʣʸʥʥʦʤ 

ʧʦʜʜʠʘʧʘʟʦʥʝ ʤʦʱʥʦʩʪʝʡ, ʧʨʠ ʨʘʟʥʳʭ ʚʘʨʠʘʥʪʘʭ ʪʝʭʥʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʗʕʋ ʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʣʘʚʘʥʠʷ.  ʅʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ 
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ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ (ʩʪʨʘʪʝʛʠʶ) ʚ ʤʥʦʛʦʬʘʢʪʦʨʥʦʡ ʩʠʩʪʝʤʝ. ʅʘ ʨʠʩʫʥʦʢ 2 

ʧʦʢʘʟʘʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʚʳʙʦʨʘ ʇʀʄ ʩ ʫʯʸʪʦʤ ʦʩʥʦʚʥʳʭ ʢʨʠʪʝʨʠʝʚ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ.  

ʇʨʦʛʨʘʤʤʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʦ ʦʩʥʦʚʥʳʤ ʛʨʫʧʧʘʤ ʢʨʠʪʝʨʠʝʚ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ: ʷʜʝʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ (ʥʘʜʸʞʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ), 

ʤʘʥʝʚʨʝʥʥʦʩʪʴ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ. ɺʳʜʝʣʷʶʪʩʷ ʙʣʦʢʠ ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ 

ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ: 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʗʜʝʨʥʘʷ ʠ ʨʘʜʠʘʮʠʦʥʥʘʷ 

ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʄʘʥʝʚʨʝʥʥʦʩʪʴ ʕʢʦʥʦʤʠʯʥʦʩʪʴ 

1. ʊʝʧʣʦʪʝʭʥʠʯʝʩʢʘʷ ʥʘʜʸʞʥʦʩʪʴ  

ʘʢʪʠʚʥʦʡ ʟʦʥʳ 

2. ɼʦʣʛʦʚʝʯʥʦʩʪʴ ʦʙʦʣʦʯʝʢ 

3. ʊʝʨʤʦʮʠʢʣʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ 

ʢʦʨʧʫʩʥʳʭ ʵʣʝʤʝʥʪʦʚ 

4. ʅʘʜʸʞʥʦʩʪʴ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʈʋ 

ʚ ʫʩʣʦʚʠʷʭ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ 

5. ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʦʟʘʧʘʩʘ 

ʘʢʪʠʚʥʦʡ ʟʦʥʳ 

ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʡ 

ʇʀʄ 

ʋʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ɹʣʦʢ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʩʚʝʜʝʥʠʡ 

ʇʈʆɺɽʈʂɸ ʆʎɽʅʆʏʅʓʍ ʌɸʂʊʆʈʆɺ 

 

ʈʠʩʫʥʦʢ 2 - ɹʣʦʢ-ʩʭʝʤʘ ʚʳʙʦʨʘ ʇʀʄ 

1. ʊʝʧʣʦʪʝʭʥʠʯʝʩʢʘʷ ʥʘʜʸʞʥʦʩʪʴ ʘʢʪʠʚʥʦʡ ʟʦʥʳ (ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʦʙʦʣʦʯʝʢ ʪʚʵʣ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʦʧʣʠʚʥʦʡ ʢʦʤʧʦʟʠʮʠʠ, 

ʤʠʥʠʤʘʣʴʥʳʡ ʟʘʧʘʩ ʜʦ ʢʨʠʟʠʩʘ ʪʝʧʣʦʦʙʤʝʥʘ); 

2. ɼʦʣʛʦʚʝʯʥʦʩʪʴ ʦʙʦʣʦʯʝʢ ʪʚʵʣ (ʩʪʘʙʠʣʴʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʦʣʦʯʢʠ, 

ʪʝʨʤʦʮʠʢʣʳ  ʥʘ ʦʙʦʣʦʯʢʘʭ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʨʦʪʷʞʸʥʥʦʩʪʴ ʟʦʥʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʢʠʧʝʥʠʷ ʥʘ ʦʙʦʣʦʯʢʘʭ ʪʚʵʣ, ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʘʭ ʪʝʨʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʧʦ 

ʦʙʦʣʦʯʢʘʤ ʪʚʵʣ, ʜʠʘʧʘʟʦʥ  ʤʦʱʥʦʩʪʝʡ ʧʨʠʩʪʝʥʥʦʛʦ ʢʠʧʝʥʠʷ, ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʨʘʟʤʘʭ ʪʝʨʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʧʦ ʪʦʧʣʠʚʫ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʝʙʘʥʠʝ ʜʘʚʣʝʥʠʷ ʚ 

ʧʝʨʚʦʤ ʢʦʥʪʫʨʝ ʚ ʩʪʘʪʠʢʝ, ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʟʘʭʦʣʘʞʠʚʘʥʠʝ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʧʨʠ 
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ʨʦʩʪʝ ʤʦʱʥʦʩʪʠ ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʷ ʨʘʩʭʦʜʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʜʠʥʘʤʠʯʝʩʢʠʡ ʚʳʙʝʛ ʤʦʱʥʦʩʪʠ  ʧʨʠ ʧʦʜʲʸʤʝ/ʩʥʠʞʝʥʠʠ ʤʦʱʥʦʩʪʠ); 

3. ʊʝʨʤʦʮʠʢʣʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʠ ʢʦʨʧʫʩʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʪʝʨʤʠʯʝʩʢʠʝ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʢʦʨʧʫʩʥʳʭ ʵʣʝʤʝʥʪʘʭ); 

4. ʅʘʜʸʞʥʦʩʪʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʈʋ ʚ ʫʩʣʦʚʠʷʭ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʈʋ (ʧʝʨʝʪʦʢʠ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʤʝʞʜʫ ʸʤʢʦʩʪʷʤʠ ʩʠʩʪʝʤʳ ʢʦʤʧʝʥʩʘʮʠʠ ʜʘʚʣʝʥʠʷ ʠ ʨʝʘʢʪʦʨʦʤ, 

ʪʝʨʤʦʮʠʢʣʳ ʚ ʢʨʠʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʘʭ ʥʝʦʪʩʝʢʘʝʤʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʤʝʞʜʫ 

ʨʝʘʢʪʦʨʦʤ ʠ ʸʤʢʦʩʪʷʤʠ ʩʠʩʪʝʤʳ ʢʦʤʧʝʥʩʘʮʠʠ ʜʘʚʣʝʥʠʷ, ʚʝʨʦʷʪʥʦʩʪʴ ʙʦʣʴʰʦʡ 

ʪʝʯʠ ʠʟ-ʟʘ ʧʝʨʝʪʦʢʦʚ ʪʝʧʣʦʥʦʩʠʪʝʣʷ); 

5. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʦʟʘʧʘʩʘ ʘʢʪʠʚʥʦʡ ʟʦʥʳ (ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʘʨʘ ʟʘ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘʤʠ, ʠʟʦʵʥʪʨʦʧʠʡʥʳʡ ʧʝʨʝʧʘʜ ʵʥʪʘʣʴʧʠʡ ʥʘ ʪʫʨʙʠʥʫ, 

ʢʦʥʝʯʥʘʷ ʚʣʘʞʥʦʩʪʴ ʧʘʨʘ ʟʘ ʪʫʨʙʠʥʦʡ, ʤʦʱʥʦʩʪʴ, ʧʦʪʨʝʙʣʷʝʤʘʷ ʎʅʇʂ, 

ʠʟʤʝʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʇʊʋ). 

ɺ ʢʘʞʜʦʤ ʙʣʦʢʝ ʬʘʢʪʦʨʦʚ ʩʦʜʝʨʞʘʪʩʷ ʨʘʩʯʸʪʥʳʝ ʢʦʜʳ, ʢʦʪʦʨʳʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʠʣʠ ʢʘʯʝʩʪʚʝʥʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʜʘʥʥʳʡ ʙʣʦʢ ʜʣʷ ʰʪʘʪʥʦʡ ʠ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʧʨʦʛʨʘʤʤ ʫʧʨʘʚʣʝʥʠʷ. ɺʳʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦ ʛʨʫʧʧʘʤ 

ʬʘʢʪʦʨʦʚ ʠ ʫʪʦʯʥʷʶʱʠʝ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʝʨʝʜʘʶʪʩʷ ʚ ʙʣʦʢ ʚʳʙʦʨʘ ʇʀʄ 

[10, 12].  

ʅʘʠʙʦʣʝʝ ʜʦʨʦʛʦʡ ʟʘʤʝʥʷʝʤʦʡ ʯʘʩʪʴʶ ʘʪʦʤʥʳʭ ʣʝʜʦʢʦʣʦʚ ʷʚʣʷʝʪʩʷ 

ʘʢʪʠʚʥʘʷ ʟʦʥʘ ʨʝʘʢʪʦʨʘ ʠ ʧʦʵʪʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʝʸ ʵʥʝʨʛʦʟʘʧʘʩʘ ʠ ʵʥʝʨʛʦʨʝʩʫʨʩʘ 

ʚʦ ʚʩʝ ʚʨʝʤʝʥʘ ʧʨʠʜʘʚʘʣʦʩʴ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ 

ʘʢʪʠʚʥʳʭ ʟʦʥ ʫʜʘʣʦʩʴ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʚʳʨʘʚʥʠʚʘʥʠʷ ʨʘʩʯʸʪʥʦʛʦ ʵʥʝʨʛʦʟʘʧʘʩʘ ʠ 

ʥʘʟʥʘʯʝʥʥʦʛʦ ʵʥʝʨʛʦʨʝʩʫʨʩʘ [17, 18].  ɿʥʘʯʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʚ ʫʣʫʯʰʝʥʠʠ 

ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʣʝʜʦʢʦʣʦʚ ʩʚʷʟʘʥ ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʤʘʥʝʚʨʝʥʥʦʩʪʠ ʈʋ ʠ ʣʝʜʦʢʦʣʘ ʚ ʮʝʣʦʤ. ʅʘ ʨʠʩʫʥʦʢ 3 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ 

ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʧʦʚʳʰʝʥʠʝʤ ʤʘʥʝʚʨʝʥʥʦʩʪʠ ʈʋ ʠ ʜʦʩʪʠʛʘʝʤʳʤʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ.  ʇʦʤʠʤʦ ʫʣʫʯʰʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʣʝʜʦʢʦʣʘ ʟʘ ʩʯʸʪ ʩʥʠʞʝʥʠʷ ʩʨʝʜʥʝʡ çʠʟʙʳʪʦʯʥʦʡè ʤʦʱʥʦʩʪʠ 

ʨʝʘʢʪʦʨʘ ʧʨʠ ʤʘʥʝʚʨʠʨʦʚʘʥʠʠ ʈʋ ʧʦʚʳʰʝʥʠʝ ʤʘʥʝʚʨʝʥʥʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 
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ʪʘʢʞʝ ʣʫʯʰʠʝ ʫʩʣʦʚʠʷ ʜʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʜʦʚʦʞʜʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʫʚʝʣʠʯʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʧʠʪʘʪʝʣʴʥʦʛʦ ʢʣʘʧʘʥ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʤʘʥʸʚʨʘ ʥʝ ʜʘʸʪ 

ʘʥʘʣʦʛʠʯʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʣʝʜʦʢʦʣʘ.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʇʆɺʓʐɽʅʀɽ ʄɸʅɽɺʈɽʅ-

ʅʆʉʊʀ ʈʋ 

ʆʩʥʦʚʥʘʷ ʮʝʣʴ 

ɹʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʦʚʦʞʜʝʥʠʷ 

ʉʚʷʟʴ ʩʢʦʨʦʩʪʠ ʣʝʜʦʢʦʣʘ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʤʦʱ-

ʥʦʩʪʠ ʨʝʘʢʪʦʨʘ 

ʇʦʚʳʰʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʣʝʜʦʢʦʣʘ 

ʉʧʦʩʦʙʳ ʜʦʩʪʠʞʝʥʠʷ 

ʇʨʦʝʢʪʥʦʝ ʨʘʟʚʠʪʠʝ ʤʦʜʝʣʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʈʋ 

ʋʤʝʥʴʰʝʥʠʝ çʠʟʙʳʪʦʯʥʦʡè 

ʤʦʱʥʦʩʪʠ ʨʝʘʢʪʦʨʘ ʥʘ ʤʘʥʝʚ-

ʨʠʨʦʚʘʥʠʝ ʈʋ 

ʉʦʟʜʘʥʠʝ ʪʠʧʦʚʦʡ ʙʘʟʳ ʬʠʢ-

ʩʠʨʦʚʘʥʥʳʭ ʨʝʛʣʘʤʝʥʪʦʚ ʧʨʦ-

ʚʦʜʢʠ ʜʣʷ ʣʝʜʦʢʦʣʦʚ 

ɺʚʝʜʝʥʠʝ ʨʝʛʣʘʤʝʥʪʘ çʤʘ-

ʥʝʚʨʠʨʦʚʘʥʠʝ ʟʘ ʧʨʝʜʝʣʘʤʠ 

ʦʛʨʘʥʠʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ɻʕʋ 

 

ʈʠʩʫʥʦʢ 3 - ʉʭʝʤʘ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʧʦʚʳʰʝʥʠʝʤ ʤʘʥʝʚʨʝʥʥʦʩʪʠ ʈʋ ʠ 

ʜʦʩʪʠʛʘʝʤʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ 

 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʨʘʙʦʪʳ ʣʝʜʦʢʦʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ɸʨʢʪʠʢʠ ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʯʘʩʪʳʭ ʠʟʤʝʥʝʥʠʷʭ ʤʦʱʥʦʩʪʠ ʥʘ ʛʨʝʙʥʳʭ ʚʠʥʪʘʭ. ʇʨʠʚʦʜʘʤʠ 

ʛʨʝʙʥʳʭ ʚʠʥʪʦʚ ʷʚʣʷʶʪʩʷ ʛʨʝʙʥʳʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ (ɻʕɼ), ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʶʪ 

ʵʣʝʢʪʨʦʧʠʪʘʥʠʝ ʦʪ ʛʣʘʚʥʳʭ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʦʚ (ɻʊɻ). ɻʊɻ ʠ ɻʕɼ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʚ ʨʝʞʠʤʝ ʚʳʩʦʢʦʡ ʤʘʥʝʚʨʝʥʥʦʩʪʠ ʠ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʠʟʤʝʥʝʥʠʷ ʤʦʱʥʦʩʪʠ ʛʨʝʙʥʳʭ ʚʠʥʪʦʚ. ʋʞʝ ʜʣʷ 

ʧʝʨʚʳʭ ʘʪʦʤʥʳʭ ʣʝʜʦʢʦʣʦʚ ʙʳʣʠ ʟʘʜʘʥʳ ʞʸʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʨʝʚʝʨʩʘʤ 

ʛʨʝʙʥʳʭ ʚʠʥʪʦʚ: ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʪʝʯʝʥʠʠ ʯʘʩʘ ʧʨʦʠʟʚʦʜʠʪʴ 

30 ʨʝʚʝʨʩʦʚ, ʧʨʠʯʸʤ ʠʟ ʥʠʭ 15é20 ʨʝʚʝʨʩʦʚ ʩ ʠʥʪʝʨʚʘʣʦʤ 10 ʩʝʢʫʥʜ. ɺʨʝʤʷ 

ʨʝʚʝʨʩʘ ʥʝ ʙʦʣʝʝ 10 ʩʝʢʫʥʜ. ʇʨʠ ʵʪʦʤ ʦʜʥʦʡ ʠʟ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʦʧʝʨʘʮʠʡ, 

ʚʳʧʦʣʥʷʝʤʳʭ ʣʝʜʦʢʦʣʦʤ, ʷʚʣʷʝʪʩʷ çʦʢʦʣʢʘè ʩʫʜʥʘ, ʧʦʩʢʦʣʴʢʫ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʣʝʜʦʢʦʣ ʙʣʠʟʢʦ ʧʨʦʭʦʜʠʪ ʦʢʦʣʦ ʧʨʦʚʦʜʠʤʦʛʦ ʩʫʜʥʘ. 

ʆʜʥʘʢʦ ʷʜʝʨʥʘʷ ʧʘʨʦʧʨʦʠʟʚʦʜʷʱʘʷ ʫʩʪʘʥʦʚʢʘ (ʗʇʇʋ) ʥʝ ʤʦʞʝʪ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʩʦʢʫʶ ʤʘʥʝʚʨʝʥʥʦʩʪʴ, ʪʨʝʙʫʝʤʫʶ ʛʨʝʙʥʳʤ ʚʠʥʪʘʤ ʧʦʩʢʦʣʴʢʫ 

ʦʥʘ ʦʛʨʘʥʠʯʝʥʘ ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʘʢʪʠʚʥʦʡ ʟʦʥʳ 

(ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʠ ʤʦʱʥʦʩʪʥʳʤʠ ʵʬʬʝʢʪʘʤʠ ʨʝʘʢʪʠʚʥʦʩʪʠ, ʵʬʬʝʢʪʘʤʠ 
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ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʦʪʨʘʚʣʝʥʠʷ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ ʢʩʝʥʦʥʦʤ). 

ʂʨʦʤʝ ʪʦʛʦ, ʦʙʦʨʫʜʦʚʘʥʠʝ ʈʋ ʧʦ ʧʝʨʚʦʤʫ ʢʦʥʪʫʨʫ ʥʘʭʦʜʠʪʩʷ ʧʨʠ ʚʳʩʦʢʦʤ 

ʜʘʚʣʝʥʠʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ (ʚʦʜʳ), ʯʪʦ ʧʦ ʫʩʣʦʚʠʷʤ ʩʪʘʪʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ 

ʪʨʝʙʫʝʪ ʙʦʣʴʰʫʶ ʪʦʣʱʠʥʫ ʩʪʝʥʦʢ ʢʦʨʧʫʩʦʚ ʨʝʘʢʪʦʨʘ, ʧʘʨʦʛʝʥʝʨʘʪʦʨʦʚ ʠ 

ʜʨʫʛʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʠʤʳʢʘʶʱʝʛʦ ʢ ʧʝʨʚʦʤʫ ʢʦʥʪʫʨʫ (ʜʦ 200 ʤʤ).  ʇʨʠ 

ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ (ʥʘʧʨʠʤʝʨ, ʧʨʠ 

ʚʘʨʴʠʨʦʚʘʥʠʠ ʤʦʱʥʦʩʪʴʶ, ʨʘʟʦʛʨʝʚʝ ʠ ʨʘʩʭʦʣʘʞʠʚʘʥʠʠ, ʩʨʘʙʘʪʳʚʘʥʠʠ ɸɿ, 

ʕʉʄ) ʚ ʪʦʣʩʪʦʩʪʝʥʥʳʭ ʵʣʝʤʝʥʪʘʭ ʦʩʥʦʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʈʋ ʚ ʜʠʥʘʤʠʢʝ 

ʚʦʟʥʠʢʘʶʪ ʚʳʩʦʢʠʝ ʪʝʨʤʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʨʠʩʪʝʥʥʦʡ ʟʦʥʝ, ʧʨʠʤʳʢʘʶʱʝʡ 

ʢ ʪʝʧʣʦʥʦʩʠʪʝʣʶ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʟʥʘʢʦʧʝʨʝʤʝʥʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʤʝʪʘʣʣʘ ʢʦʨʧʫʩʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ.  ʅʘʢʦʧʣʝʥʠʝ ʪʝʨʤʦʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʚ ʤʝʪʘʣʣʝ ʚʝʜʸʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʣʦʢʘʣʴʥʳʭ ʫʩʪʘʣʦʩʪʥʳʭ 

ʪʨʝʱʠʥ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʝʨʚʦʛʦ 

ʢʦʥʪʫʨʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʘʥʝʚʨʝʥʥʦʩʪʴ ʈʋ ʪʘʢʞʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 

ʪʝʨʤʦʮʠʢʣʠʯʝʩʢʦʡ ʫʩʪʘʣʦʩʪʴʶ ʦʩʥʦʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʢʣʶʯʸʥʥʦʛʦ ʚ ʧʝʨʚʳʡ 

ʢʦʥʪʫʨ.  

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʠʝ ʤʘʥʝʚʨʝʥʥʳʝ ʢʘʯʝʩʪʚʘ ʗʕʋ ʘʪʦʤʥʳʭ 

ʣʝʜʦʢʦʣʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʧʦ ʤʦʱʥʦʩʪʠ ʤʝʞʜʫ ʈʋ ʠ 

ɻʊɻ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʯʘʩʪʦ ʠʟʤʝʥʷʪʴ ʤʦʱʥʦʩʪʴ ʥʘ ʚʠʥʪʘʭ (ɻʕɼ) ʠ ʟʥʘʯʠʪʝʣʴʥʦ 

ʨʝʞʝ ʤʦʱʥʦʩʪʴ ʈʋ.  

ʇʨʠ ʨʘʙʦʪʝ ʘʪʦʤʥʳʭ ʣʝʜʦʢʦʣʦʚ ʚ ʪʷʞʸʣʳʭ ʣʴʜʘʭ ɸʨʢʪʠʢʠ ʚ ʤʘʥʝʚʨʝʥʥʦʤ 

ʨʝʞʠʤʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʩʪʝʤʘ ʨʘʟʜʝʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ (ʉʈʋ) ʈʋ ʠ ʇʊʋ (ɻʕʋ), 

ʢʘʢ ʝʜʠʥʩʪʚʝʥʥʦ ʚʦʟʤʦʞʥʳʡ ʩʧʦʩʦʙ ʫʧʨʘʚʣʝʥʠʷ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ [19].  

ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʉʈʋ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʦʧʝʨʘʪʠʚʥʳʡ ʟʘʧʘʩ ʤʦʱʥʦʩʪʠ 

ʨʝʘʢʪʦʨʘ ʥʘ ʤʘʥʝʚʨʠʨʦʚʘʥʠʝ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ ʧʦ ʪʨʝʙʦʚʘʥʠʶ ʩʫʜʦʚʦʜʠʪʝʣʷ 

ʠʥʞʝʥʝʨʦʤ-ʦʧʝʨʘʪʦʨʦʤ, ʟʘʜʘʸʪʩʷ çʠʟʙʳʪʦʯʥʘʷè (ʦʧʝʨʘʪʠʚʥʘʷ) ʤʦʱʥʦʩʪʴ ʈʋ - 

ῳὗȟ
̏̐ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʨʘʙʦʪʳ ɻʕɼ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ:  ὗȟ

˔˝

ː˟ː

˜˟ˠ
ῳὗȟ
̏̐ πȟ ʛʜʝ ὔː˟ːȟ–̃ ˟-ɣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʵʬʬʝʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ 

ʛʣʘʚʥʦʛʦ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘ ʠ ʂʇɼ ʧʘʨʦʪʫʨʙʠʥʥʦʡ ʫʩʪʘʥʦʚʢʠ. ɼʣʷ ʩʫʜʦʚʦʜʠʪʝʣʷ 
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ʤʦʱʥʦʩʪʴ ʈʋ, ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʠʥʞʝʥʝʨʦʤ-ʦʧʝʨʘʪʦʨʦʤ ʥʘ ʧʫʣʴʪʝ ʗʇʇʋ, 

ʷʚʣʷʝʪʩʷ ʦʛʨʘʥʠʯʝʥʠʝʤ ʤʦʱʥʦʩʪʠ (ʆʄ) ɻʕʋ ʧʨʠ ʤʘʥʝʚʨʠʨʦʚʘʥʠʠ.    

çʀʟʙʳʪʦʯʥʘʷè ʤʦʱʥʦʩʪʴ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʪʦʤʥʦʛʦ ʣʝʜʦʢʦʣʘ ʚʦ ʣʴʜʘʭ ʤʦʞʝʪ 

ʠʟʤʝʥʷʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ ῳὗ̑ ᶰ0...140 ʄɺʪ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʠʥʪʫʠʪʠʚʥʦ ʩʫʜʦʚʦʜʠʪʝʣʝʤ ʠʟ ʫʩʣʦʚʠʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʤʦʨʝʧʣʘʚʘʥʠʷ. ɿʘʚʳʰʝʥʥʳʡ ʦʧʝʨʘʪʠʚʥʳʡ ʟʘʧʘʩ ʤʦʱʥʦʩʪʠ ʨʝʘʢʪʦʨʘ ʥʘ 

ʜʣʠʪʝʣʴʥʦʤ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʨʘʩʭʦʜʫ ʗʊ.  

ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʛʣʘʚʥʦʤ ʧʘʨʦʧʨʦʚʦʜʝ (ɻʇ) ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʢʣʘʧʘʥ ʪʨʘʚʣʝʥʠʷ (ʂʊ). ʇʨʠ ʝʛʦ ʧʦʣʥʦʤ ʟʘʢʨʳʪʠʝ ʚ ɻʇ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʤʠʥʠʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ. ɽʩʣʠ ʩʫʜʦʚʦʜʠʪʝʣʴ ʟʘʜʘʸʪ ʤʦʱʥʦʩʪʴ ɻʕʋ, 

ʧʨʝʚʳʰʘʶʱʝʡ ʆʄ ɻʕʋ, ʪʦ ʜʘʚʣʝʥʠʝ ʚ ɻʇ ʩʥʠʞʘʝʪʩʷ ʤʝʥʴʰʝ ʤʠʥʠʤʘʣʴʥʦ 

ʧʦʜʜʝʨʞʠʚʘʝʤʦʛʦ ʠ ʪʝʤ ʩʫʱʝʩʪʚʝʥʥʝʝ, ʯʝʤ ʙʦʣʴʰʝ ʟʘʜʘʥʥʘʷ ʩʫʜʦʚʦʜʠʪʝʣʝʤ 

ʤʦʱʥʦʩʪʴ ɻʕʋ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʆʄ ɻʕʋ. ʄʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʚ ɻʇ ʨʝʘʣʠʟʫʝʪʩʷ 

ʨʝʞʠʤ çʩʢʦʣʴʟʷʱʝʛʦ ʜʘʚʣʝʥʠʷè ʧʘʨʘ [20].    

ʅʘ ʨʠʩʫʥʦʢ 4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʦʩʥʦʚʥʳʭ ʰʘʛʦʚ ʧʦ ʩʥʠʞʝʥʠʶ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʟʘʧʘʩʘ ʤʦʱʥʦʩʪʠ ʥʘ ʤʘʥʝʚʨʠʨʦʚʘʥʠʝ. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʨʘʩʯʸʪʦʚ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʨʘʙʦʪʝ [21], ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ, ʠʩʧʦʣʴʟʫʷ ʧʨʠ 

ʥʘʟʥʘʯʝʥʠʠ ʆʄ ɻʕʋ ʚʝʨʠʬʠʮʠʨʦʚʘʥʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦ ʨʘʙʦʪʝ ɻʕɼ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʚʠʜʝ  
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                                                                                                                                      ʅʝʪ 

 

 

 

                                                                                                                                        ɼʘ 

 

 

 

ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʦʟʘʧʘʩʘ ʘʢʪʠʚʥʦʡ ʟʦʥʳ 

ʅʦʨʤʠʨʦʚʘʥʠʝ ʦʧʝʨʘʪʠʚʥʦʛʦ ʟʘʧʘʩʘ ʤʦʱʥʦʩʪʠ ʈʋ ʥʘ 

ʤʘʥʝʚʨʠʨʦʚʘʥʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʣʝ-

ʜʦʢʦʣʘ  

ʅʘʟʥʘʯʝʥʠʝ ʆʄ ɻʕʋ ʧʨʠ ʤʘʥʝʚʨʠʨʦʚʘʥʠʠ ʥʘ j-ʤ ʠʥ-

ʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʣʝʜʦʢʦʣʘ  

ʅʘʟʥʘʯʝʥʠʝ ʆʄ ɻʕʋ ʧʨʠ ʤʘʥʝʚʨʠʨʦʚʘʥʠʠ ʥʘ j-ʤ ʠʥ-

ʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʣʝʜʦʢʦʣʘ    

 

ʅʘʟʥʘʯʝʥʠʝ ʆʄ ɻʕʋ ʧʨʠ ʤʘʥʝʚʨʠʨʦʚʘʥʠʠ ʥʘ j-ʤ ʠʥ-

ʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʣʝʜʦʢʦʣʘ   

ʅʘʟʥʘʯʝʥʠʝ ʆʄ ɻʕʋ ʧʨʠ ʤʘʥʝʚʨʠʨʦʚʘʥʠʠ ʥʘ j-ʤ ʠʥ-

ʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʣʝʜʦʢʦʣʘ   

 

ʅʝʦʧʳʪʥʳʡ ʩʫʜʦʚʦʜʠʪʝʣ ɹ 

(ʠʥʪʫʠʪʠʚʥʦ) 

ʆʧʳʪʥʡr ʩʫʜʦʚʦʜʠʪʝʣ ɹ 

(ʠʥʪʫʠʪʠʚʥʦ) 

 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʥʦʚʘʮʠʦʥ-

ʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦ-

ʛʦ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ɻʕʋ ʟʘ ʧʨʝ-

ʜʝʣʦʤ ʆʄ ʩʦ ʩʢʦʣʴʟʷʱʠʤ ʜʘʚʣʝ-

ʥʠʝʤ ʧʘʨʘ ʚ ʛʣʘʚʥʦʤ ʧʘʨʦʧʨʦʚʦʜʝ 

ʉ ʫʯʸʪʦʤ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʩʫ-

ʜʦʚʦʜʠʪʝʣʝʤ ʨʝʛʣʘʤʝʥʪʘ ʧʨʦʚʦʜʢʠ  

ʠʟ ʪʠʧʦʚʦʡ ʙʘʟʳ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʨʝ-

ʛʣʘʤʝʥʪʦʚ ʧʨʦʚʦʜʢʠ, ʧʦʣʫʯʝʥʥʦʡ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ɻʕʋ 

 

ʅʘʙʣʶʜʝʥʠʝ ʟʘ ʦʧʝʨʘʪʠʚʥʦʡ ʤʦʱʥʦʩʪʴʶ ʈʋ ʠ ɻʕɼ ʧʨʠ 

i-ʭ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ ʣʝʜʦʢʦʣʘ 

ʂʦʨʨʝʢʪʠʨʦʚʢʘ ʚʝʣʠʯʠʥʳ ʟʘʜʘʥʥʦʡ ʤʦʱʥʦʩʪʠ ʈʋ   

ʧʝʨʝʩʪʘʥʦʚʢʦʡ ɿʈ ʥʘ ʙʦʣʴʰʠʡ ʫʨʦʚʝʥʴ ʤʦʱʥʦʩʪʠ 

Űʧʨ >|Űʧʨ| 

 
ʈʠʩʫʥʦʢ 4 - ɹʣʦʢ-ʩʭʝʤʘ ʦʩʥʦʚʥʳʭ ʰʘʛʦʚ ʧʦ ʩʥʠʞʝʥʠʶ ʦʧʝʨʘʪʠʚʥʦʛʦ ʟʘʧʘʩʘ 

ʤʦʱʥʦʩʪʠ ʥʘ ʤʘʥʝʚʨʠʨʦʚʘʥʠʝ 

 

ʪʠʧʦʚʦʡ ʙʘʟʳ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʨʝʛʣʘʤʝʥʪʦʚ ʧʨʦʚʦʜʢʠ Ὑ, ʘ ʪʘʢʞʝ ʪʝʭʥʦʣʦʛʠʶ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʤʘʥʸʚʨʘ ʟʘ ʧʨʝʜʝʣʘʤʠ ʆʄ ɻʕʋ (ʩʢʦʣʴʟʷʱʝʛʦ ʜʘʚʣʝʥʠʷ ʚ ɻʇ) 

ʤʦʞʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʗʊ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʧʨʠʤʝʨʥʦ ʚ 

1,35 ʨʘʟʘ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʚʳʧʦʣʥʷʝʤʘʷ ʣʝʜʦʢʦʣʦʤ ʨʘʙʦʪʘ ʧʦ ʧʨʦʚʦʜʢʝ ʩʫʜʦʚ 

ʤʦʞʝʪ ʙʳʪʴ ʫʚʝʣʠʯʝʥʘ ʙʦʣʝʝ ʯʝʤ ʥʘ ʪʨʝʪʴ ʧʨʠ ʨʘʩʯʸʪʥʦʤ ʵʥʝʨʛʦʟʘʧʘʩʝ ʘʢʪʠʚʥʦʡ 

ʟʦʥʳ. ɼʣʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʟʘʜʘʥʥʦʡ ʤʦʱʥʦʩʪʠ ʨʝʘʢʪʦʨʘ ὗ̑ȟ
˔˝   ʧʦʟʚʦʣʠʪ ʪʘʢʞʝ 

ʚ ʦʧʨʝʜʝʣʸʥʥʦʡ ʤʝʨʝ ʩʦʭʨʘʥʠʪʴ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʫʶ ʥʘʜʸʞʥʦʩʪʴ ʘʢʪʠʚʥʦʡ ʟʦʥʳ.  

ʇʦʩʢʦʣʴʢʫ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʪʝʧʣʦʚʳʭ 

ʧʦʪʦʢʦʚ ʚ ʘʢʪʠʚʥʦʡ ʟʦʥʝ, ʨʘʩʪʸʪ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʜʦ ʢʨʠʟʠʩʘ ʪʝʧʣʦʦʙʤʝʥʘ, 

ʩʥʠʞʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʦʣʦʯʝʢ ʠ ʪʦʧʣʠʚʥʦʡ ʢʦʤʧʦʟʠʮʠʠ, 

ʫʤʝʥʴʰʘʝʪʩʷ ʫʜʝʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʜʝʣʝʥʠʷ ʚ ʷʜʝʨʥʦʤ ʪʦʧʣʠʚʝ. 

ʋʣʫʯʰʝʥʠʝ ʫʩʣʦʚʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʚʝʨʦʷʪʥʝʡ ʚʩʝʛʦ ʧʦʟʚʦʣʠʪ 

ʩʦʭʨʘʥʠʪʴ ʝʸ ʛʝʨʤʝʪʠʯʥʦʩʪʴ ʢ ʢʦʥʮʫ ʨʘʩʯʸʪʥʦʡ ʢʘʤʧʘʥʠʠ ʠ ʤʦʞʝʪ ʩʪʘʪʴ 

ʧʨʝʜʧʦʩʳʣʢʦʡ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ çʜʦʞʠʛʘʥʠʷ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘè [22]. ʕʪʦ ʜʘʩʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʚʳʛʦʜʳ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʣʦʞʝʥʥʳʭ 

ʨʝʰʝʥʠʡ.  ʂʨʦʤʝ ʪʦʛʦ, ʠʟ-ʟʘ ʩʥʠʞʝʥʠʷ ʚʝʣʠʯʠʥʳ ʜʣʠʪʝʣʴʥʦʛʦ ʪʨʘʚʣʝʥʠʷ ʧʘʨʘ ʚ 
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ʛʣʘʚʥʳʝ ʢʦʥʜʝʥʩʘʪʦʨʳ ʫʤʝʥʴʰʘʪʩʷ ʪʝʧʣʦʚʳʝ ʚʳʙʨʦʩʳ ʣʝʜʦʢʦʣʘ ʚ ʚʦʜʳ 

ʘʨʢʪʠʯʝʩʢʠʭ ʤʦʨʝʡ, ʯʪʦ ʧʦʟʠʪʠʚʥʦ ʦʪʨʘʟʠʪʩʷ ʥʘ ʵʢʦʣʦʛʠʶ ɸʨʢʪʠʢʠ. 
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ɸʥʥʦʪʘʮʠʷ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ 

ʚʦʜʦʟʘʙʦʨʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʝʢʪʥʦʡ ʠ ʨʘʙʦʯʝʡ ʜʦʢʫʤʝʥʪʘʮʠʠ 

ʦʙʲʝʢʪʦʚ ʢʘʧʠʪʘʣʴʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ ʫʩʣʦʚʠʷʭ ʢʨʘʡʥʝʛʦ ʩʝʚʝʨʘ.  

ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʜʘʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʋʪʦʯʥʝʥ ʧʣʘʥʠʨʫʝʤʳʡ ʪʠʧ ʚʦʜʦʟʘʙʦʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ 

2. ʆʧʨʝʜʝʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʨʘʩʭʦʜʘ ʥʘ 

ʨʘʩʯʝʪʥʳʡ ʧʝʨʠʦʜ ʩ ʫʯʝʪʦʤ ʟʘʜʘʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

3. ʆʧʨʝʜʝʣʝʥʦ ʢʘʯʝʩʪʚʦ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪʳ ʙʳʣʠ ʠʟʫʯʝʥʳ: ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ, 

ʛʝʦʣʦʛʠʯʝʩʢʠʝ, ʛʠʜʨʦʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ, ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ, ʘ ʪʘʢʞʝ ʨʝʰʝʥ ʨʷʜ 

ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʟʘʜʘʯ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʥʘʜ ʥʘʫʯʥʳʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ. 

Annotation. The purpose of the work is to select the optimal option for a water 

intake structure for the preparation of design and working documentation for capital 

construction projects in the Far North. 

To achieve this goal, the following tasks were solved: 

1. The planned type of water intake structures has been clarified 
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2. The possibility of water consumption of a given flow rate for the calculation 

period is determined, taking into account the specified technical characteristics. 

3. The quality of groundwater has been determined. 

During the work, the following were studied: hydrogeological, geological, 

hydrogeomorphological, hydrological, and a number of related problems that arise in 

the process of working on scientific research were solved. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʜʦʟʘʙʦʨʥʦʝ ʩʦʦʨʫʞʝʥʠʝ, ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʝ, 

ʛʠʜʨʦʛʝʦʣʦʛʠʷ, ʛʝʦʤʦʨʬʦʣʦʛʠʷ. 

Key words: water intake structure, water consumption, hydrogeology, 

geomorphology. 

 

ɼʣʷ ʮʝʣʝʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ 

ʧʠʪʘʥʠʷ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʠʥʬʠʣʴʪʨʘʮʠʠ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʩʧʝʮʠʘʣʴʥʳʭ ʙʘʣʘʥʩʦʚʳʭ ʨʘʙʦʪ ʠ ʣʠʪʝʨʘʪʫʨʥʳʭ 

ʜʘʥʥʳʭ. ʂʦʣʠʯʝʩʪʚʦ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʜʣʷ ʧʠʪʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʠ 

ʧʣʦʱʘʜʴ ʚʦʜʦʩʙʦʨʘ, ʘ ʪʘʢʞʝ ʦʙʲʝʤ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʪʦʢʘ ʧʦʩʣʫʞʠʣʠ ʦʩʥʦʚʦʡ 

ʦʮʝʥʢʠ ʧʠʪʘʥʠʷ [1].  

ɺ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʯʘʩʪʢʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.  

ʇʨʠ ʙʫʨʝʥʠʠ ʠʩʪʦʯʥʠʢʘ ʚʦʜʳ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʜʝʙʠʪ ʩʢʚʘʞʠʥʳ. ʕʪʦʪ 

ʧʦʢʘʟʘʪʝʣʴ ʦʧʨʝʜʝʣʷʝʪ, ʢʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʞʠʜʢʦʩʪʠ ʤʦʞʝʪ ʚʳʜʘʪʴ ʠʩʪʦʯʥʠʢ ʟʘ 

ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ. ɼʝʙʠʪ ʩʢʚʘʞʠʥʳ ʠʣʠ ʢʦʣʦʜʮʘ ï ʵʪʦ ʧʦʢʘʟʘʪʝʣʴ ʦʙʲʝʤʘ 

ʞʠʜʢʦʩʪʠ, ʧʦʣʫʯʝʥʥʦʡ ʟʘ 1 ʯʘʩ, ʪʦ ʝʩʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠʩʪʦʯʥʠʢʘ. 

ʀʟʤʝʨʷʝʪʩʷ ʚ ʣ/ʩ ʠʣʠ ʤ3/ʯ. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʢʚʘʞʠʥʥʦʛʦ ʚʦʜʦʟʘʙʦʨʘ ï 

ʚʝʣʠʯʠʥʘ ʥʝʩʪʘʙʠʣʴʥʘʷ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ ʠ ʧʘʨʘʤʝʪʨʦʚ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʦʪ ʩʦʩʪʦʷʥʠʷ ʠ ʨʝʩʫʨʩʘ ʠʩʪʦʯʥʠʢʘ, ʚʨʝʤʝʥʠ ʛʦʜʘ, ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʠ ʪ. ʜ. ʆʜʥʘʢʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʧʦʜʩʯʠʪʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʜʝʙʠʪʘ ʚʦʟʤʦʞʥʦ. ʇʨʠ ʚʳʯʠʩʣʝʥʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʫʯʠʪʳʚʘʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [2]: 

-  ʩʪʘʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ï ʚʳʩʦʪʘ ʩʪʦʣʙʘ ʚʦʜʳ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ (ʙʝʟ 

ʚʦʜʦʟʘʙʦʨʘ); 
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- ʜʠʥʘʤʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ï ʚʳʩʦʪʘ ʩʪʦʣʙʘ ʚʦʜʳ, ʢʦʛʜʘ ʧʨʠʪʦʢ ʨʘʚʝʥ ʦʪʪʦʢʫ 

(ʚʦ ʚʨʝʤʷ ʚʦʜʦʟʘʙʦʨʘ); 

- ʚʳʩʦʪʘ ʚʦʜʥʦʛʦ ʩʪʦʣʙʘ ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʩʪʘʪʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʜʦ ʜʥʘ 

ʚʦʜʦʟʘʙʦʨʥʦʛʦ ʩʪʚʦʣʘ; 

- ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘʩʦʩʘ ï ʦʧʨʝʜʝʣʝʥʥʳʡ ʦʙʲʝʤ ʞʠʜʢʦʩʪʠ, ʢʦʪʦʨʳʡ 

ʧʝʨʝʛʦʥʷʝʪʩʷ ʥʘʛʥʝʪʘʪʝʣʝʤ ʟʘ ʫʩʣʦʚʥʫʶ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ. 

 

ʈʠʩʫʥʦʢ 1 ï ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ 

ʈʘʩʯʝʪ ʜʝʙʠʪʘ ʢʦʣʦʜʮʘ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʚʝʜʝʥʥʳʤʠ ʠʩʧʳʪʘʥʠʷʤʠ, 

ʙʳʣ ʪʘʢʞʝ ʨʘʩʩʯʠʪʘʥ ʤʘʪʝʤʘʪʠʯʝʩʢʠ. ʈʘʩʯʝʪ ʧʨʦʠʟʚʦʜʠʣʩʷ ʧʦ ʪʨʝʤ ʨʘʟʣʠʯʥʳʤ 

ʤʝʪʦʜʘʤ. ʇʦʛʨʝʰʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ‏ὗ ʩʦʩʪʘʚʠʣʘ ψςȟωϷ. ʀʟ ʪʨʝʭ 

ʟʥʘʯʝʥʠʡ, ʚʳʯʠʩʣʝʥʥʳʭ ʧʦ ʨʘʟʥʳʤ ʬʦʨʤʫʣʘʤ, ʠʩʭʦʜʷ ʠʟ ʥʘʠʭʫʜʰʠʭ ʫʩʣʦʚʠʡ 

ʧʨʠʥʠʤʘʝʤ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʯʝʪʥʦʛʦ ʤʠʥʠʤʘʣʴʥʳʡ ʜʝʙʠʪ Q = 5,616 ʤ3/ʩʫʪ. ʅʘ 

ʨʠʩʫʥʢʝ 2 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʜʝʙʠʪʘ ʨʘʩʯʝʪʥʦʡ ʩʢʚʘʞʠʥʳ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʫʚʝʣʠʯʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʦʜʮʘ ʤʦʞʝʪ ʥʝ ʦʙʝʩʧʝʯʠʪʴ ʟʘʜʘʥʥʳʡ ʜʝʙʠʪ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʦʜʦʟʘʙʦʨʘ (ʢʦʣʦʜʮʘ 



ʄʅʇʂ çʊʈɸʅʉʇʆʈʊʅʓɽ ʉʀʉʊɽʄʓ: ɹɽɿʆʇɸʉʅʆʉʊʔ, ʅʆɺʓɽ ʊɽʍʅʆʃʆɻʀʀ, ʕʂʆʃʆɻʀʗè 

145 

 

ʩ ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ ʢʦʣʦʜʮʘ 150 ʩʤ, ʛʣʫʙʠʥʦʡ ʩʢʚʘʞʠʥʳ - ʥʝ ʤʝʥʝʝ 5 ʤ), 

ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʥʝ ʤʝʥʝʝ 20 ʤ ʦʪ ʩʫʱʝʩʪʚʫʶʱʝʛʦ. 

 

 

ʈʠʩʫʥʦʢ 2 - ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʜʝʙʠʪʘ ʩʢʚʘʞʠʥʳ 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ:  

1. ʋʨʦʚʝʥʴ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʫʩʪʘʥʦʚʠʣʩʷ ʥʘ ʛʣʫʙʠʥʘʭ ʦʪ 0,0 ʜʦ 2,9 ʤ, ʥʘ 

ʘʙʩʦʣʶʪʥʳʭ ʦʪʤʝʪʢʘʭ ʦʪ 0,5 ʜʦ 19,5 ʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʣʴʝʬʘ. 

2. ʇʦ ʩʦʩʪʘʚʫ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʝ, ʤʘʛʥʠʝʚʦ-

ʢʘʣʴʮʠʝʚʦ-ʥʘʪʨʠʝʚʳʝ, ʧʨʝʩʥʳʝ, ʫʤʝʨʝʥʥʦ ʞʝʩʪʢʠʝ (ʞʝʩʪʢʦʩʪʴ ʢʘʨʙʦʥʘʪʥʘʷ). 

ʉʪʝʧʝʥʴ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ 0,37-0,60 ʛ/ʣ. ɺʦʜʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʥʦʨʤʘʤ ʧʠʪʴʝʚʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʩʦʛʣʘʩʥʦ ʉʘʥʇʠʅ 2.1.3684-21. 

3. ʀʩʩʣʝʜʫʝʤʳʡ ʫʯʘʩʪʦʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʥʘʩʝʣʝʥʥʦʛʦ ʧʫʥʢʪʘ 

ʦʪʥʦʩʠʪʩʷ ʢ I ʢʘʪʝʛʦʨʠʠ ʟʘʱʠʱʝʥʥʦʩʪʠ ʦʪ ʟʘʛʨʷʟʥʝʥʠʷ, ʪ. ʝ. ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʥʘʠʤʝʥʴʰʝʡ ʟʘʱʠʱʝʥʥʦʩʪʴʶ. 

4. ɺ ʥʘʩʪʦʷʱʝʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʠ ʦʮʝʥʢʘ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʩʫʤʤʳ ʦʩʘʜʢʦʚ ʟʘ ʤʥʦʛʦʣʝʪʥʠʡ 

ʧʝʨʠʦʜ ʚ ʨʘʡʦʥʝ ʤʝʪʝʦʩʪʘʥʮʠʠ ɺʘʡʜʘ-ɻʫʙʘ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʣʠʤʘʪʠʯʝʩʢʘʷ ʥʦʨʤʘ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʩʫʤʤʳ ʦʩʘʜʢʦʚ ʜʣʷ 

ʤʝʪʝʦʩʪʘʥʮʠʠ ɺʘʡʜʘ-ɻʫʙʘ. ʆʥʘ ʩʦʩʪʘʚʣʷʝʪ 39,1. ʅʘʠʤʝʥʴʰʝʝ ʩʨʝʜʥʝʝ 
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ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʘʧʨʝʣʝ ʠ ʩʦʩʪʘʚʣʷʝʪ 24,9. ʅʘʠʙʦʣʴʰʝʝ 

ʩʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʢʪʷʙʨʝ ʠ ʩʦʩʪʘʚʣʷʝʪ 56,6.  

5. ʈʘʟʥʦʩʪʥʘʷ ʠʥʪʝʛʨʘʣʴʥʘʷ ʢʨʠʚʘʷ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʩʫʤʤʳ ʦʩʘʜʢʦʚ ʟʘ 

ʤʥʦʛʦʣʝʪʥʠʡ ʧʝʨʠʦʜ ʜʣʷ ʤʝʪʝʦʩʪʘʥʮʠʠ ɺʘʡʜʘ-ɻʫʙʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʚ ʧʝʨʠʦʜ ʩ 

1940 ʧʦ 1962 ʛʛ. ʥʘʙʣʶʜʘʣʠʩʴ ʧʦʥʠʞʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ, ʘ ʚ 

ʧʝʨʠʦʜ ʩ 1963 ʧʦ 2015 ʛʛ. ï ʧʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ.  

6. ɼʝʙʠʪ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʢʚʘʞʠʥʳ ʩʦʩʪʘʚʣʷʝʪ Q = 5,616 ʤ3/ʩʫʪ. 

(ʨʝʟʫʣʴʪʘʪ ʧʨʠʥʷʪ ʧʦ ʥʘʠʤʝʥʴʰʝʤʫ ʠʟ ʪʨʝʭ ʟʥʘʯʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʯʝʪʥʳʤ 

ʧʫʪʝʤ). 

7. ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ - 40 ʤ3/ʩʫʪ. 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʢʚʘʞʠʥʥʦʛʦ ʚʦʜʦʟʘʙʦʨʘ. ɼʘʥʥʫʶ 

ʟʘʜʘʯʫ ʤʦʞʥʦ ʨʝʰʠʪʴ ʧʫʪʝʤ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʱʘʜʠ ʧʨʠʝʤʘ ʢʦʣʦʜʮʝʤ ʛʨʫʥʪʦʚʳʭ 

ʚʦʜ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʙʲʝʤʘ ʥʘʢʦʧʣʷʝʤʦʡ ʚ ʥʝʤ ʚʦʜʳ (ʫʚʝʣʠʯʠʚ ʜʠʘʤʝʪʨ 

ʢʦʣʦʜʮʘ ʜʦ 150 ʩʤ, ʘ ʛʣʫʙʠʥʫ- ʜʦ 5 ʤ), ʘ ʪʘʢʞʝ, ʟʘ ʩʯʝʪ ʩʦʟʜʘʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ ʚ ʚʠʜʝ ʢʦʣʦʜʮʘ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʈʘʩʧʦʣʦʞʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʠʩʪʦʯʥʠʢ ʚʦʜʦʟʘʙʦʨʘ 

ʥʝʦʙʭʦʜʠʤʦ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʥʝ ʤʝʥʝʝ 20 ʤ ʦʪ ʩʫʱʝʩʪʚʫʶʱʝʛʦ.  

8. ɺʦʜʦʧʦʪʨʝʙʣʝʥʠʝ ʜʚʫʭ ʢʦʣʦʜʮʝʚ ʟʘʜʘʥʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʙʫʜʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʨʦʝʢʪʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ: 40 ʤ3/ 

ʩʫʪ ʚ ʥʦʨʤʘʣʴʥʳʭ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ; ʘʥʦʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ: ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ 

ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʚʳʟʚʘʥʥʳʡ ʦʪʩʫʪʩʪʚʠʝʤ ʦʩʘʜʢʦʚ ʠ ʠʥʳʭ ʧʨʠʨʦʜʥʳʭ 

ʢʘʪʘʢʣʠʟʤʦʚ, ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʕʣʝʢʪʨʦʥʥʳʡ ʬʦʥʜ ʧʨʘʚʦʚʳʭ ʠ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ 
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ɸʥʥʦʪʘʮʠʷ. ʎʝʣʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ, ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʧʨʦʙʣʝʤʳ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʝʩʧʠʣʦʪʥʳʭ ʩʫʜʦʚ ʚ ʨʦʩʩʠʡʩʢʦʤ ʩʫʜʦʭʦʜʩʪʚʝ ʚ 

ʩʚʷʟʠ ʩ ʙʝʩʩʧʦʨʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʜʘʥʥʦʛʦ ʚʠʜʘ ʩʫʜʦʭʦʜʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤ. 

Annotation. The purpose of this article is to analyze the problem of the need to 

produce unmanned ships in Russian shipping in connection with the undeniable 

advantages of this type of shipping compared to traditional ones. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʭʥʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ, ʘʢʪʫʘʣʴʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ 

ʩʨʝʜʩʪʚʘ, ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʩʫʜʘ, ʙʝʩʧʠʣʦʪʥʳʝ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʣʘʩʪʠ ʚʦʜʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ 

Keywords: keyword; technical progress, current technical means, robotic ships, 

unmanned technologies in the field of water transport 
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ʛʣʘʚʥʦʡ ʮʝʣʠ ʜʣʷ ʥʘʰʝʡ ʩʪʨʘʥʳ ï ʵʪʦ ʧʦʙʝʜʳ ʥʝ ʪʦʣʴʢʦ ʥʘʜ ʫʢʨʘʠʥʩʢʠʤ 

ʬʘʰʠʟʤʦʤ, ʥʦ ʫʥʠʯʪʦʞʝʥʠʝ ʤʠʨʦʚʦʛʦ ʬʘʰʠʟʤʘ ʚ ʮʝʣʦʤ. 

ʉʧʝʮʠʘʣʴʥʘʷ ʚʦʝʥʥʘʷ ʦʧʝʨʘʮʠʷ, ʢʦʪʦʨʫʶ ʈʦʩʩʠʷ ʙʳʣʘ ʚʳʥʫʞʜʝʥʘ ʥʘʯʘʪʴ, 

ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʠ ʟʘʱʠʪʳ ʨʫʩʩʢʠʭ ʣʶʜʝʡ ʥʘ ʠʩʢʦʥʥʦ-ʨʫʩʩʢʠʭ ʟʝʤʣʷʭ ʧʝʨʝʨʦʩʣʘ 

ʚ ʩʚʷʱʝʥʥʫʶ ʙʦʨʴʙʫ ʧʨʦʪʠʚ ʤʠʨʦʚʦʛʦ ʟʣʘ! 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʤʳ ʦʜʝʨʞʘʣʠ ʧʦʙʝʜʫ ʚ ʵʪʦʡ ʚʦʡʥʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʣʦʞʠʪʴ 

ʥʝʤʘʣʦ ʫʩʠʣʠʡ. ɸ ʜʣʷ ʵʪʦʛʦ ʪʨʝʙʫʶʪʩʷ ʥʦʚʳʝ ʘʢʪʫʘʣʴʥʳʝ ʥʝʩʪʘʥʜʘʨʪʥʳʝ 

ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ.  ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʩʫʜʦʚ ʠ 

ʩʫʜʦʚ ʩ ʜʠʩʪʘʥʮʠʦʥʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʜʣʷ ʚʝʜʝʥʠʷ ʙʦʷ ʥʘ ʚʦʜʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ 

ʦʯʝʚʠʜʥʘ ʠ ʚʦʩʪʨʝʙʦʚʘʥʘ. 

ʊʝʭʥʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ, ʦʩʦʙʝʥʥʦ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʬʦʨʤ ʙʦʨʴʙʳ ʩ ʚʨʘʛʦʤ.  

ʉʪʨʝʤʠʪʝʣʴʥʦʝ ʚʥʝʜʨʝʥʠʝ, ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚʨʳʚʘʝʪʩʷ ʠ ʚ 

ʪʨʘʥʩʧʦʨʪ ʥʘ ʚʦʜʝ. ɽʱʝ ʢʘʢʠʭ-ʪʦ 30 ʣʝʪ ʥʘʟʘʜ ʩʦʟʜʘʥʠʝ ʙʝʩʧʠʣʦʪʥʳʭ ʩʫʜʦʚ 

ʩʯʠʪʘʣʦʩʴ ʬʘʥʪʘʩʪʠʢʦʡ, ʘ ʩʝʛʦʜʥʷ ʵʪʦ ʩʪʘʥʦʚʠʪʩʷ ʨʝʘʣʴʥʦʩʪʴʶ ʞʠʟʥʠ. 

ʆʪʨʘʩʣʴ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʵʪʦ ʦʜʥʘ ʠʟ ʢʣʶʯʝʚʳʭ ʩʬʝʨ ʵʢʦʥʦʤʠʢʠ ʥʝ 

ʪʦʣʴʢʦ ʈʦʩʩʠʠ, ʥʦ ʠ ʚʩʝʛʦ ʤʠʨʘ, ʝʡ ʧʨʠʥʘʜʣʝʞʘʪ ʦʢʦʣʦ 80% ʢʦʣʠʯʝʩʪʚʘ 

ʧʝʨʝʚʦʟʦʢ ʚ ʤʠʨʝ. 

ʈʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʩʫʜʘ ʠ ʩʫʜʘ ʩ ʜʠʩʪʘʥʮʠʦʥʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʫʞʝ 

ʩʫʱʝʩʪʚʫʶʪ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ, ʥʦ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʢ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʥʝʩʢʦʣʴʢʦ 

ʩʢʝʧʪʠʯʝʩʢʠ [1, 35]. 

ʍʦʪʷ ʙʝʩʧʠʣʦʪʥʦʝ ʩʫʜʦʭʦʜʩʪʚʦ ʫʞʝ ʬʫʥʢʮʠʦʥʠʨʫʝʪ, ʚ ʥʝʜʦʩʪʘʪʦʯʥʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʚʦʧʨʦʩ ʩʪʦʠʪ ʦ ʪʦʤ, ʢʦʛʜʘ ʧʨʦʠʟʦʡʜʝʪ ʧʝʨʝʭʦʜ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʘʥʥʳʭ ʩʫʜʦʚ ʚ ʧʦʣʥʦʡ ʤʝʨʝ. 

 ɹʣʘʛʦʜʘʨʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʤʫ ʠʥʪʝʣʣʝʢʪʫ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʧʦʷʚʣʝʥʠʝ ʩʫʜʦʚ ʩ 

ʜʠʩʪʘʥʮʠʦʥʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ, ʧʨʦʠʩʭʦʜʷʱʠʤ ʩ ʙʝʨʝʛʘ, ʠ ʘʚʪʦʥʦʤʥʳʝ ʩʫʜʘ, 

ʧʨʠʥʠʤʘʶʱʠʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʨʝʰʝʥʠʷ. 
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ʈʘʟʨʘʙʦʪʢʘ ʙʝʩʧʠʣʦʪʥʳʭ ʩʫʜʦʚ ʥʝʦʙʭʦʜʠʤʘ, ʧʦ ʪʦʡ ʧʨʦʩʪʦʡ ʧʨʠʯʠʥʝ, ʯʪʦ 

ʪʘʢʠʝ ʩʫʜʘ ʦʯʝʥʴ ʚʳʛʦʜʥʳ, ʦʥʠ ʙʦʣʝʝ ʙʝʟʦʧʘʩʥʳ, ʛʦʨʘʟʜʦ ʜʝʰʝʚʣʝ 

ʦʙʩʣʫʞʠʚʘʥʠʠ ʠ ʥʘʤʥʦʛʦ ʵʬʬʝʢʪʠʚʥʝʝ. 

ʉʫʱʝʩʪʚʫʝʪ ʝʱʝ ʦʜʥʦ ʚʝʩʢʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʜʘʥʥʳʭ ʢʦʨʘʙʣʝʡ, ʦʥʦ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʤʦʛʫʪ ʠʤʝʪʴ ʥʘʤʥʦʛʦ ʣʫʯʰʫʶ ʘʵʨʦʜʠʥʘʤʠʢʫ ʠ 

ʠʤʝʪʴ ʙʦʣʴʰʫʶ ʛʨʫʟʦʚʤʝʩʪʠʤʦʩʪʴ [2, 152]. 

ɺ ʦʪʩʫʪʩʪʚʠʠ ʵʢʠʧʘʞʘ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʤʥʦʛʠʭ 

ʵʣʝʤʝʥʪʦʚ ʥʘ ʢʦʨʘʙʣʝ ʪʘʢʠʭ ʢʘʢ: ʩʠʩʪʝʤʘ ʦʪʦʧʣʝʥʠʷ ʠ ʢʘʥʘʣʠʟʘʮʠʷ, ʥʝʢʦʪʦʨʘʷ 

ʯʘʩʪʴ ʚʝʥʪʠʣʷʮʠʠ, ʢʘʶʪʳ, ʨʫʙʢʘ ʥʘ ʧʘʣʫʙʝ. ɿʘ ʩʯʝʪ ʵʪʦʛʦ ʩʫʜʥʦ ʙʫʜʝʪ ʛʦʨʘʟʜʦ 

ʣʝʛʯʝ ʠ ʧʨʠʦʙʨʝʪʝʪ ʙʦʣʝʝ ʦʙʪʝʢʘʝʤʫʶ ʬʦʨʤʫ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʵʪʦ ʜʘʩʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʥʠʟʠʪʴ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʩʦʢʨʘʪʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʩʪʦʠʤʦʩʪʴ 

ʠ ʮʝʥʫ ʧʦʩʪʨʦʡʢʠ [4, 68]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝʦʙʭʦʜʠʤʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʵʣʝʤʝʥʪʳ ʜʣʷ ʪʦʛʦ, 

ʯʪʦʙʳ ʩʦʟʜʘʪʴ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʠ ʜʠʩʪʘʥʮʠʦʥʥʦ ʫʧʨʘʚʣʷʝʤʳʝ ʩʫʜʘ ʫʞʝ 

ʠʟʚʝʩʪʥʳ, ʙʦʣʝʝ ʪʦʛʦ ʜʘʥʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʤʘʰʠʥʳ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 

ʫʞʝ ʧʨʦʠʟʚʦʜʷʪʩʷ. 

ʉʘʤʳʤ ʚʘʞʥʳʤ ʠ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʨʘʙʦʪʳ ʵʪʠʭ ʤʘʰʠʥ ʷʚʣʷʝʪʩʷ ʠʭ 

ʫʤʝʥʠʝ ʚʦʩʧʨʠʥʠʤʘʪʴ ʦʙʩʪʘʥʦʚʢʫ, ʩʢʣʘʜʳʚʘʶʱʫʶʩʷ ʚʦʢʨʫʛ ʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʧʝʨʘʪʦʨʫ ʩʠʩʪʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, 

ʢʦʪʦʨʳʡ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʜʘʣʝʢʦ ʦʪ ʩʫʜʥʘ ʥʘ ʙʝʨʝʛʫ. ʊʝʭʥʦʣʦʛʠʷ ʪʘʢʦʡ ʧʝʨʝʜʘʯʠ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʚʠʜʝʦ ʢʘʤʝʨʳ ʧʝʨʝʜʘʶʪ 

ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʧʦʢʘʟʘʥʠʷ ʨʘʜʘʨʘ ʠ ʨʘʟʣʠʯʥʳʭ ʧʨʠʙʦʨʦʚ. ʆʧʝʨʘʪʦʨ, ʢʦʪʦʨʳʡ 

ʫʧʨʘʚʣʷʝʪ ʩʫʜʥʦʤ ʩ ʧʦʤʦʱʴʶ ʫʜʘʣʝʥʥʦʛʦ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʜʦʩʪʫʧʘ, ʢʨʦʤʝ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʧʦʣʴʟʫʝʪʩʷ ʠ ʪʘʢʠʤʠ 

ʠʥʬʦʨʤʠʨʫʶʱʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʢʘʢ ʩʧʫʪʥʠʢʦʚʳʡ ʥʘʚʠʛʘʪʦʨ, ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ 

ʩʚʦʜʢʠ ʦ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʦʦʙʱʝʥʠʷ ʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ 

ʠʥʳʭ ʩʫʜʦʚ [5, ʩ.14]. 

ɺ ʤʠʨʦʚʦʤ ʩʫʜʦʩʪʨʦʝʥʠʠ ʠʟʚʝʩʪʥʳ ʨʘʟʣʠʯʥʳʝ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʩʫʜʘ ʠ 

ʩʫʜʘ ʩ ʜʠʩʪʘʥʮʠʦʥʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩʠʩʪʝʤʳ ʘʚʪʦʥʦʤʥʦʛʦ 
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ʩʫʜʦʚʦʞʜʝʥʠʷ. ʈʦʩʩʠʡʩʢʘʷ ʩʠʩʪʝʤʘ Sitronics KT ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʘʷ ʥʘ ʦʩʥʦʚʝ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ ʘʢʪʫʘʣʴʥʦʡ ʠ 

ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʡ, ʙʦʣʝʝ ʪʦʛʦ ʦʥʘ ʧʨʠʟʥʘʥʘ ʤʠʨʦʚʳʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ 

ʙʝʩʧʠʣʦʪʥʳʭ ʩʫʜʦʚ ʣʫʯʰʝʡ ʚ ʤʠʨʝ ʩʨʝʜʠ ʙʝʩʧʠʣʦʪʥʦʛʦ ʭʦʞʜʝʥʠʷ ʩʫʜʦʚ ʥʘ ʚʦʜʝ.  

ɺ ʩʫʪʠ ʜʘʥʥʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʣʝʞʠʪ ʧʨʠʥʮʠʧ 

ʩʠʪʫʘʮʠʦʥʥʦʡ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʠ, ʠʟ ʧʨʠʙʦʨʦʚ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘʚʠʛʘʮʠʦʥʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ, ʚʩʝ ʵʪʦ ʨʘʙʦʪʘʝʪ ʥʘ ʦʩʥʦʚʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʩʧʦʩʦʙʥʘ ʦʙʝʩʧʝʯʠʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ    

ʘʚʪʦʥʦʤʥʦʛʦ ʧʝʨʝʜʚʠʞʝʥʠʝ ʩʫʜʦʚ, ʥʦ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʘʤʠ ʥʘ 

ʫʜʘʣʝʥʥʦʤ ʜʦʩʪʫʧʝ [3, ʩ.57]. 

ʉʠʩʪʝʤʘ ʘʚʪʦʥʦʤʥʦʛʦ ʩʫʜʦʚʦʞʜʝʥʠʷ (ʘ-ʅʘʚʠʛʘʮʠʷ) ʦʪ Sitronics KT ʙʝʟ 

ʦʩʦʙʦ ʚʦʟʥʠʢʰʠʭ ʧʨʦʙʣʝʤ ʧʨʦʰʣʘ ʠʩʧʳʪʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʫʜʘʭ, ʧʦʩʣʝ ʯʝʛʦ ʙʫʣʘ 

ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ ʜʚʫʭ ʧʘʨʦʤʘʭ çʄʘʨʰʘʣ ʈʦʢʦʩʩʦʚʩʢʠʡè ʠ çɻʝʥʝʨʘʣ 

ʏʝʨʥʷʭʦʚʩʢʠʡè, ʢʦʪʦʨʳʝ ʢʫʨʩʠʨʫʶʪ ʚ ʤʦʨʝ ʤʝʞʜʫ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʴʶ ʠ 

ʂʘʣʠʥʠʥʛʨʘʜʦʤ. 
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ɸʥʥʦʪʘʮʠʷ. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ 

ʟʘʱʠʪʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʩʣʠʚʘ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʠʟ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʮʠʩʪʝʨʥ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ ʚʳʷʚʣʝʥʳ 

ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʩʣʫʯʘʶʱʠʝʩʷ ʠ ʦʧʘʩʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʬʘʢʪʦʨʳ, ʩʚʷʟʘʥʥʳʝ 

ʩ ʣʦʢʘʣʴʥʳʤʠ ʨʘʟʣʠʚʘʤʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʚ ʪʦʯʢʝ ʧʦʜʢʣʶʯʝʥʠʷ 

ʩʣʠʚʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʧʘʪʨʫʙʢʘ ʮʠʩʪʝʨʥʳ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʩʪʘʣʦ ʧʨʝʜʣʦʞʝʥʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ, 

ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʨʘʟʣʠʚʦʚ 

ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʞʠʜʢʦʩʪʝʡ. 

Annotation. The purpose of this study is to increase the level of environmental 

protection during the technological process of draining petroleum products from 

railway tanks, within the framework of which the identified the most frequently 

occurring and dangerous production factors associated with local spills of petroleum 

products that occur at the connection point of the drainage device and the tank pipe. 

The result of the work was a proposed technical solution aimed at preventing 

unauthorized spills of hydrocarbon liquids. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʬʪʝʧʨʦʜʫʢʪʳ; ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ; ʦʪʛʨʫʟʢʘ; 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ. 
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ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʈʝʘʣʠʟʘʮʠʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʦʪ ʤʝʩʪ ʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʦ ʧʦʪʨʝʙʠʪʝʣʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʮʠʢʣʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ, 

ʚʢʣʶʯʘʶʱʠʤ ʚ ʩʝʙʷ ʧʦʛʨʫʟʦʯʥʦ-ʨʘʟʛʨʫʟʦʯʥʳʝ ʵʪʘʧʳ, ʘ ʪʘʢʞʝ ʵʪʘʧ ʧʝʨʝʚʦʟʢʠ [2, 

ʩ. 258]. 

ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʤ ʵʣʝʤʝʥʪʦʤ ʮʝʧʠ ʚʳʜʝʣʷʝʪʩʷ ʠʤʝʥʥʦ 

ʟʘʢʣʶʯʠʪʝʣʴʥʳʡ, ʦʪʛʨʫʟʦʯʥʳʡ ʵʪʘʧ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʩʦʧʨʷʞʝʥʥʳʡ ʩ ʨʠʩʢʦʤ 

ʧʦʞʘʨʥʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ [1, ʩ. 276], ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʢʦʪʦʨʳʭ ʩʧʦʩʦʙʥʦ 

ʧʨʠʚʝʩʪʠ ʢʘʢ ʢ ʤʘʪʝʨʠʘʣʴʥʦʤʫ, ʪʘʢ ʠ ʢ ʵʢʦʣʦʛʠʯʝʩʢʦʤʫ ʫʱʝʨʙʫ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ, ʧʨʦʚʦʮʠʨʦʚʘʥʠʝ ʩʠʪʫʘʮʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʘʚʘʨʠʡʥʳʤʠ 

ʨʘʟʣʠʚʘʤʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʠʭ ʩʣʠʚʘ ʥʘ ʵʩʪʘʢʘʜʘʭ ʚʦʟʤʦʞʥʦ 

ʜʘʞʝ ʧʨʠ ʤʘʣʝʡʰʠʭ ʦʰʠʙʢʘʭ ʠ ʧʨʦʩʯʝʪʘʭ, ʩʧʦʩʦʙʥʳʭ ʚ ʧʦʩʣʝʜʩʪʚʠʠ ʥʘʥʝʩʪʠ 

ʪʷʞʝʣʳʡ ʚʨʝʜ ʩʦʩʪʦʷʥʠʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [4. ʩ. 151].  

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʣʦʢʘʣʴʥʳʭ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʨʘʟʣʠʚʦʚ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʷʚʣʷʶʪʩʷ ʦʰʠʙʢʠ, 

ʩʦʚʝʨʰʘʝʤʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʧʝʨʩʦʥʘʣʦʤ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʘ ʠʤʝʥʥʦ ʧʨʠ ʩʙʦʨʢʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʧʦʜʢʣʶʯʝʥʠʝʤ ʫʩʪʨʦʡʩʪʚʘ ʥʠʞʥʝʛʦ ʩʣʠʚʘ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ 

(ʜʘʣʝʝ ï ʋʉʅ) ʢ ʩʣʠʚʥʦʤʫ ʧʘʪʨʫʙʢʫ ʚʘʛʦʥʘ-ʮʠʩʪʝʨʥʳ. 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʝʢʘʯʝʩʪʚʝʥʥʦ ʚʳʧʦʣʥʝʥʥʦʛʦ ʧʦʜʢʣʶʯʝʥʠʷ, ʤʝʩʪʦ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʋʉʅ ʢ ʩʣʠʚʥʦʤʫ ʧʘʪʨʫʙʢʫ ʩʪʘʥʦʚʠʪʩʷ ʥʘʠʙʦʣʝʝ ʫʷʟʚʠʤʦʡ 

ʪʦʯʢʦʡ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. ʊʘʢʘʷ ʦʙʩʪʘʥʦʚʢʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 

ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʦʧʘʩʥʦʩʪʴ ʘʚʘʨʠʡʥʦʛʦ ʨʘʟʣʠʚʘ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʩ 

ʦʪʣʘʛʘʪʝʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. 

ʈʠʩʫʥʦʢ 1 ï ʋʟʝʣ ʧʦʜʢʣʶʯʝʥʠʷ ʋʉʅ ʢ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʮʠʩʪʝʨʥʝ 

 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʪʝʯʝʥʠʠ 2023 ʛʦʜʘ ʧʨʦʚʦʜʠʣʘʩʴ ʨʝʛʠʩʪʨʘʮʠʷ 

ʠʥʮʠʜʝʥʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʣʦʢʘʣʴʥʳʤʠ ʨʘʟʣʠʚʘʤʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʥʘ ʦʜʥʦʤ ʠʟ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʧʦʟʚʦʣʠʚʰʘʷ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ 

ʧʨʠʯʠʥʘʤʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʘʢʦʛʦ ʠʥʮʠʜʝʥʪʘ ʟʘʯʘʩʪʫʶ ʷʚʣʷʝʪʩʷ ʯʝʣʦʚʝʯʝʩʢʠʡ 

ʬʘʢʪʦʨ, ʚʳʨʘʞʝʥʥʳʡ ʚ ʦʰʠʙʢʘʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ, ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʦʙʫʩʣʦʚʣʝʥ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʜʦʩʪʘʪʢʦʤ ʪʨʝʙʫʝʤʦʛʦ ʦʧʳʪʘ (ʩʦʚʝʨʰʝʥʠʝ 

ʦʰʠʙʦʢ, ʚ ʩʚʷʟʠ ʩ ʥʝʟʥʘʥʠʝʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʙʦʨʢʠ ʩʭʝʤʳ), ʣʠʙʦ ʝʛʦ 

ʧʝʨʝʠʟʙʳʪʢʦʤ (ʜʦʧʫʱʝʥʠʝ ʦʰʠʙʦʢ ʠʟ-ʟʘ ʠʟʣʠʰʥʝʡ ʫʚʝʨʝʥʥʦʩʪʠ ʚ ʚʳʧʦʣʥʷʝʤʳʭ 

ʜʝʡʩʪʚʠʷʭ). 
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ʆʜʥʘʢʦ ʢʘʢʠʤʠ ʙʳ ʥʝ ʙʳʣʠ ʧʨʠʯʠʥʳ, ʠʪʦʛʦʤ ʪʘʢʠʭ ʦʰʠʙʦʢ ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ 

ʘʚʘʨʠʡʥʳʡ ʨʘʟʣʠʚ, ʩʧʦʩʦʙʥʳʡ ʢ ʤʛʥʦʚʝʥʥʦʤʫ ʧʝʨʝʭʦʜʫ ʠʟ ʣʦʢʘʣʴʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʚ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʝ, ʯʪʦ ʥʝ ʪʦʣʴʢʦ ʥʘʥʦʩʠʪ ʙʝʟʫʩʣʦʚʥʳʡ ʚʨʝʜ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʥʦ ʠ ʦʙʨʝʪʘʝʪ ʪʨʫʜʥʦʣʦʢʘʣʠʟʫʝʤʳʡ ʭʘʨʘʢʪʝʨ, ʣʠʢʚʠʜʘʮʠʷ 

ʧʦʩʣʝʜʩʪʚʠʡ ʢʦʪʦʨʦʛʦ ʩʪʘʥʦʚʠʪʩʷ ʪʷʞʝʣʦʡ ʟʘʜʘʯʝʡ. 

ɺ ʵʪʦʡ ʩʚʷʟʠ, ʨʘʟʨʘʙʦʪʢʘ ʧʨʝʚʝʥʪʠʚʥʳʭ ʤʝʨ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʦʪʛʨʫʟʦʯʥʦʛʦ ʵʪʘʧʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʚʦʧʨʦʩʦʤ ʥʝ ʪʦʣʴʢʦ ʚ ʨʘʤʢʘʭ ʦʧʘʩʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʦʙʲʝʢʪʘ, ʥʦ ʠ ʚ 

ʛʨʘʥʠʮʘʭ ʚʩʝʡ ʦʢʨʫʞʘʶʱʝʡ ʝʛʦ ʪʝʨʨʠʪʦʨʠʠ, ʷʚʣʷʶʱʝʡʩʷ ʟʘʯʘʩʪʫʶ ʩʝʣʠʪʝʙʥʦʡ 

ʟʦʥʦʡ, ʘ ʪʘʢʞʝ ʚʦʜʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʠ ʦʙʲʝʢʪʘʤʠ ʣʝʩʥʦʛʦ ʬʦʥʜʘ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ, ʚʦʜ, ʘ ʪʘʢʞʝ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʦʚ ʠ ʠʥʳʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʜʘʯ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʚʦʟʤʦʞʥʦ ʯʝʨʝʟ 

ʤʠʥʠʤʠʟʘʮʠʶ ʨʠʩʢʦʚ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡ ʥʘ ʦʧʘʩʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʦʙʲʝʢʪʘʭ ʠ ʜʨʫʛʠʭ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ [5, ʩ. 7].  

ɺ ʮʝʣʷʭ ʨʝʰʝʥʠʷ ʪʘʢʦʡ ʟʘʜʘʯʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʝ ʩʣʠʚʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʦʚʝʨʢʠ 

ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʩʦʙʠʨʘʝʤʦʛʦ ʧʦʜʢʣʶʯʝʥʠʷ [3, ʩ. 1], ʤʦʜʝʣʴ ʢʦʪʦʨʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 
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ʈʠʩʫʥʦʢ 2 ï ʄʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʝ ʩʣʠʚʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩ ʧʨʦʚʝʨʢʦʡ 

ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ 

 

ʇʨʘʢʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʴʶ ʜʘʥʥʦʛʦ ʨʝʰʝʥʠʷ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʝʥʠʝ 

ʣʦʢʘʣʴʥʳʭ ʨʘʟʣʠʚʦʚ ʥʝʬʪʝʧʨʦʜʫʢʪʘ ʧʨʠ ʠʭ ʩʣʠʚʝ, ʨʝʘʣʠʟʫʝʤʦʝ ʯʝʨʝʟ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʧʨʦʮʝʜʫʨʫ ʧʨʦʚʝʨʢʠ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʩʦʙʨʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʝʤʦʝ ʦʩʥʘʱʝʥʠʝʤ ʋʉʅ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʣʠʥʠʝʡ ʧʦʜʘʯʠ ʩʞʘʪʦʛʦ 

ʚʦʟʜʫʭʘ ʚ ʝʛʦ ʪʨʫʙʦʧʨʦʚʦʜʥʫʶ ʩʠʩʪʝʤʫ, ʘ ʪʘʢʞʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʤʘʥʦʤʝʪʨʘ, ʧʦ 

ʧʦʢʘʟʘʥʠʷʤ ʢʦʪʦʨʦʛʦ ʜʝʣʘʝʪʩʷ ʚʳʚʦʜ ʦ ʥʘʜʝʞʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ. 

ʇʨʠ ʵʪʦʤ ʜʘʚʣʝʥʠʝ ʧʨʦʚʝʨʦʯʥʦʛʦ ʚʦʟʜʫʭʘ, ʩʦʟʜʘʚʘʝʤʦʝ ʚʦ ʚʥʫʪʨʠʪʨʫʙʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʋʉʅ, ʨʘʚʥʷʝʪʩʷ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʤʫ ʜʘʚʣʝʥʠʶ ʥʝʬʪʝʧʨʦʜʫʢʪʘ, 

ʧʦʩʪʫʧʘʶʱʝʛʦ ʠʟ ʢʦʪʣʘ ʮʠʩʪʝʨʥʳ, ʠ ʜʣʷ ʩʚʝʪʣʳʭ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʩʦʩʪʘʚʣʷʝʪ 

ʦʢʦʣʦ 0,3 ʢʛ/ʩʤ2. 

ɺ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʠʟʤʝʥʝʥʠʡ ʥʘ ʰʢʘʣʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʤʘʥʦʤʝʪʨʘ ʚ 

ʪʝʯʝʥʠʠ 5 ʤʠʥʫʪ, ʧʦʜʢʣʶʯʝʥʠʝ ʩʯʠʪʘʝʪʩʷ ʛʝʨʤʝʪʠʯʥʳʤ, ʧʦʩʣʝ ʯʝʛʦ ʧʝʨʩʦʥʘʣ 

ʤʦʞʝʪ ʧʨʠʩʪʫʧʘʪʴ ʢ ʦʪʛʨʫʟʢʝ, ʩʙʨʦʩʠʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʜʘʚʣʝʥʠʝ ʠʟ ʋʉʅ. 

ɿʘʢʣʶʯʝʥʠʝ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʠʝ ʦʧʝʨʘʮʠʠ ʧʦ ʦʪʛʨʫʟʢʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʠʟ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʮʠʩʪʝʨʥ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʧʥʝʚʤʘʪʠʯʝʩʢʠʤ ʠʩʧʳʪʘʥʠʝʤ 

ʫʟʣʘ ʧʦʜʢʣʶʯʝʥʠʷ, ʧʦʟʚʦʣʠʪ ʠʩʢʣʶʯʠʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ 

ʨʘʟʣʠʚʦʚ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʧʨʠ ʠʭ ʩʣʠʚʝ ʠ ʧʦʚʳʩʠʪʴ ʪʝʤ ʩʘʤʳʤ ʫʨʦʚʝʥʴ ʟʘʱʠʪʳ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʦʭʨʘʥʳ ʪʨʫʜʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʟʘʢʣʶʯʠʪʝʣʴʥʦʛʦ ʵʪʘʧʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʦʙʣʝʤʘ ʜʝʬʠʮʠʪʘ ʢʘʜʨʦʚ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʤʥʦʛʠʭ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʪʨʘʥʩʧʦʨʪʥʦïʣʦʛʠʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ  ʤʘʢʨʦ ï ʠ 

ʤʠʢʨʦʫʨʦʚʥʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʆʤʩʢʦʡ ʦʙʣʘʩʪʠ. ɺ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʠʷ 

ʚʥʫʪʨʝʥʥʝʛʦ ʧʦʪʝʥʮʠʘʣʘ ʨʳʥʢʘ ʪʨʫʜʘ ʦʥʠ ʚʳʥʫʞʜʝʥʳ ʠʩʢʘʪʴ ʚʘʨʠʘʥʪʳ 

ʢʘʜʨʦʚʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ɺ ʩʪʘʪʴʝ ʫʢʘʟʘʥʦ ʨʷʜ ʥʘʧʨʘʚʣʝʥʠʡ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘʩʪʘʚʥʠʯʝʩʪʚʘ. ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʠ 

ʩʠʥʪʝʟʘ ʨʘʩʢʨʳʪʘ ʝʝ ʧʨʦʮʝʩʩʥʘʷ ʤʦʜʝʣʴ, ʧʦʢʘʟʘʥʘ ʨʦʣʴ ʥʘʩʪʘʚʥʠʯʝʩʪʚʘ ʚ 

ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʩʦʥʘʣʦʤ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ 

ʭʦʟʷʡʩʪʚʫʶʱʠʭ ʩʫʙʲʝʢʪʦʚ, ʨʝʰʘʶʱʠʭ ʟʘʜʘʯʠ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʯʠʤʠ ʢʘʜʨʘʤʠ. 

Annotation. The problem of personnel shortage is typical for many enterprises 

involved in macroï and microïlevel transport and logistics systems, including the 

Omsk region. Given the limited internal potential of the labor market, they are forced 

to look for staffing options. The article indicates a number of areas involving the use 

of mentoring technology. Using the methods of analysis and synthesis, its process 

model is revealed, the role of mentoring in the personnel management system is 

shown. The results are intended for business entities that solve the tasks of providing 

workers. 
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ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʜʚʫʭ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤ ʩʦʦʙʱʝʩʪʚʝ ʠ ʚ 

ʥʘʫʯʥʳʭ ʢʨʫʛʘʭ ʰʠʨʦʢʦ ʦʙʩʫʞʜʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʢʘʜʨʦʚʦʛʦ ʜʝʬʠʮʠʪʘ, ʢʦʪʦʨʫʶ 

ʦʩʪʨʦ ʦʱʫʪʠʣʠ ʧʨʝʜʧʨʠʷʪʠʷ ʤʥʦʛʠʭ ʨʦʩʩʠʡʩʢʠʭ ʨʝʛʠʦʥʦʚ, ʚʧʝʨʚʳʝ ʩ 1998 ʛʦʜʘ. 

ɺ 2022 ʛʦʜʫ ʝʝ ʠʩʧʳʪʳʚʘʣʠ ʩʚʳʰʝ 80% ʢʦʤʧʘʥʠʡ, ʚ 2023ï91%. ʇʦ ʦʮʝʥʢʘʤ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʘʛʝʥʪʩʪʚ ʚ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ ʩʠʪʫʘʮʠʷ ʥʝ ʠʟʤʝʥʠʪʩʷ: çʢ 2030 

ʛʦʜʫ ʚ ʈʦʩʩʠʠ ʜʝʬʠʮʠʪ ʨʘʙʦʯʠʭ ʢʘʜʨʦʚ ʩʦʩʪʘʚʠʪ ʦʪ ʜʚʫʭ ʜʦ ʯʝʪʳʨʝʭ ʤʠʣʣʠʦʥʦʚ 

ʯʝʣʦʚʝʢ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʪ 1,1 ʜʦ 2,2 ʤʠʣʣʠʦʥʦʚ ʩʧʝʮʠʘʣʠʩʪʦʚ ʩʨʝʜʥʝʡ 

ʢʚʘʣʠʬʠʢʘʮʠʠ, ʦʪ 0,7 ʜʦ 1,4 ʤʠʣʣʠʦʥʘ ï ʚʳʩʰʝʡè [6]. ʆʩʦʙʝʥʥʦ ʩʣʦʞʥʘʷ 

ʩʠʪʫʘʮʠʷ ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ ʚ ʦʙʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʣʦʛʠʩʪʠʢʝ ʠ 

ʪʦʨʛʦʚʣʝ. ɺ ʯʠʩʣʝ ʧʨʠʯʠʥ ʩʧʝʮʠʘʣʠʩʪʳ ʦʪʤʝʯʘʶʪ ʩʧʨʦʩ ʥʘ ʢʘʜʨʳ ʩʦ ʩʪʦʨʦʥʳ 

ʠʤʧʦʨʪʦʟʘʤʝʱʘʶʱʠʭ ʧʨʦʠʟʚʦʜʩʪʚ, ʚʳʩʦʢʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʩʦ ʩʪʦʨʦʥʳ 

ʧʨʝʜʧʨʠʷʪʠʡ ʦʙʦʨʦʥʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʩʥʠʞʝʥʠʝ ʤʠʛʨʘʮʠʦʥʥʳʭ 

ʧʦʪʦʢʦʚ, ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ. 

ʆʤʩʢʘʷ ʦʙʣʘʩʪʴ ʠʩʪʦʨʠʯʝʩʢʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʣʦʛʠʩʪʠʯʝʩʢʠʤ, 

ʧʨʦʤʳʰʣʝʥʥʳʤ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤ ʮʝʥʪʨʦʤ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʝʝ 

ʉʠʙʠʨʩʢʦ-ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ. ʆʩʥʦʚʫ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʦʩʪʘʚʣʷʶʪ 

ʦʙʨʘʙʘʪʳʚʘʶʱʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ï ʧʦʨʷʜʢʘ 33,2% ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʚʘʣʦʚʦʛʦ 

ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʧʨʦʜʫʢʪʘ [5].  

ɺ ʆʤʩʢʦʤ ʨʝʛʠʦʥʝ ʩʘʤʳʤʠ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʨʘʙʦʪʥʠʢʘʤʠ ʩʝʛʦʜʥʷ 

ʷʚʣʷʝʪʩʷ ʨʘʙʦʯʠʡ ʧʝʨʩʦʥʘʣ, ʥʘ ʠʭ ʜʦʣʶ ʧʨʠʭʦʜʠʪʩʷ 26% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʚʘʢʘʥʪʥʳʭ ʧʨʝʜʣʦʞʝʥʠʡ. ʅʘ ʚʪʦʨʦʤ ʤʝʩʪʝ ï ʢʘʜʨʳ ʠʟ ʩʬʝʨʳ ʧʨʦʠʟʚʦʜʩʪʚʘ (21 

%), ʪʨʝʪʴʝʤ ï ʩʪʨʦʠʪʝʣʠ (19 %), ʯʝʪʚʝʨʪʦʤ ï ʤʝʥʝʜʞʝʨʳ ʧʦ ʧʨʦʜʘʞʘʤ (18 %), 

ʧʷʪʦʤ  ʚʦʜʠʪʝʣʠ ʠ ʤʘʰʠʥʠʩʪʳ (15 %) [1]. ʉʨʝʜʠ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ, ʢʦʪʦʨʳʝ 

ʧʨʠʚʝʣʠ ʚ ʨʝʛʠʦʥʝ ʢ ʪʘʢʦʤʫ ʧʦʣʦʞʝʥʠʶ ʜʝʣ ʩ ʢʘʜʨʘʤʠ, ʩʪʦʠʪ ʥʘʟʚʘʪʴ ʥʠʟʢʦʝ 

ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ, ʠʟ-ʟʘ ʯʝʛʦ ʥʘʙʣʶʜʘʣʩʷ ʝʞʝʛʦʜʥʳʡ ʦʪʪʦʢ ʪʨʫʜʦʩʧʦʩʦʙʥʦʛʦ 

ʥʘʩʝʣʝʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʦʣʦʜʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʜʨʫʛʠʝ ʩʫʙʲʝʢʪʳ 
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ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʩʥʠʞʘʣʘʩʴ ʨʦʞʜʘʝʤʦʩʪʴ. ʉʦʛʣʘʩʥʦ ʨʝʡʪʠʥʛʫ ʨʝʛʠʦʥʦʚ, 

ʩʦʩʪʘʚʣʝʥʥʦʤ çʈʀɸ ʅʦʚʦʩʪʠè, ʆʤʩʢʘʷ ʦʙʣʘʩʪʴ ʚ 2022 ʛʦʜʫ ʧʦ ʫʨʦʚʥʶ ʢʘʯʝʩʪʚʘ 

ʞʠʟʥʠ ʥʘʭʦʜʠʣʘʩʴ ʥʘ 62 ʤʝʩʪʝ ʠʟ 85, ʚ 2023 ʛʦʜʫ ï ʥʘ 57 [4].  

ʉʣʝʜʫʝʪ ʧʨʠʟʥʘʪʴ, ʯʪʦ ʚʥʫʪʨʝʥʥʠʡ ʧʦʪʝʥʮʠʘʣ ʨʳʥʢʘ ʪʨʫʜʘ ʚ ʨʝʛʠʦʥʝ 

ʦʛʨʘʥʠʯʝʥ.  ʋʨʦʚʝʥʴ ʙʝʟʨʘʙʦʪʠʮʳ ʚ ʆʤʩʢʦʡ ʦʙʣʘʩʪʠ ʚ 4-ʤ ʢʚʘʨʪʘʣʝ 2023 ʛʦʜʘ 

ʩʦʩʪʘʚʠʣ 3,2%, ʵʪʦ ʚʳʰʝ, ʯʝʤ ʩʨʝʜʥʠʡ ʧʦʢʘʟʘʪʝʣʴ ʧʦ ʈʦʩʩʠʠ ʥʘ 0,3 ʧ.ʧ. ʀ ʭʦʪʴ 

ʨʝʛʠʦʥ ʧʦ ʵʪʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʥʘʭʦʜʠʪʩʷ ʥʘ 56-ʤ ʤʝʩʪʝ ʠʟ 85 ʚʦʟʤʦʞʥʳʭ [2], ʥʦ 

ʚʳʭʦʜ ʥʘ ʨʘʙʦʪʫ ʙʝʟʨʘʙʦʪʥʳʭ ʫʞʝ ʥʝ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʨʝʟʝʨʚʘ 

ʜʣʷ ʨʳʥʢʘ ʪʨʫʜʘ. 

ɺʦʧʨʦʩ ʜʝʬʠʮʠʪʘ ʢʘʜʨʦʚ ʨʘʙʦʯʠʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ, 

ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤʠ 

ʥʘʚʳʢʘʤʠ ʠ ʢʦʤʧʝʪʝʥʮʠʷʤʠ, ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʚ ʫʩʣʦʚʠʷʭ ʚʥʝʜʨʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠʥʥʦʚʘʮʠʡ, ʦʧʪʠʤʠʟʘʮʠʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, ʮʠʬʨʦʚʠʟʘʮʠʠ 

ʵʢʦʥʦʤʠʢʠ ʷʚʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʥʦʡ ʜʣʷ ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʆʤʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʉʦʛʣʘʩʥʦ ʧʨʠʥʷʪʦʡ ʚ 2022 ʛʦʜʫ   ʉʪʨʘʪʝʛʠʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʨʘʟʚʠʪʠʷ ʦʙʣʘʩʪʠ ʜʦ 2030 ʧʨʘʚʠʪʝʣʴʩʪʚʦ ʥʝ ʪʦʣʴʢʦ ʦʙʦʟʥʘʯʘʝʪ ʵʪʫ ʧʨʦʙʣʝʤʫ, ʥʦ 

ʠ ʦʧʨʝʜʝʣʷʝʪ ʤʝʨʳ ʧʦ ʝʝ ʨʝʰʝʥʠʶ, ʧʦʩʢʦʣʴʢʫ ʧʨʝʢʨʘʩʥʦ ʦʩʦʟʥʘʝʪ, ʯʪʦ  ʨʘʟʚʠʪʠʝ 

ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʤʝʞʜʫ ʩʫʙʲʝʢʪʘʤʠ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʟʘ ʨʝʩʫʨʩʳ, ʚʢʣʶʯʘʷ ʪʨʫʜʦʚʳʝ. ɺ ʯʠʩʣʝ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ 

ʟʘʜʘʯ ï ʩʦʟʜʘʥʠʝ ʫʩʣʦʚʠʡ ʜʣʷ ʨʦʩʪʘ ʙʣʘʛʦʩʦʩʪʦʷʥʠʷ ʠ ʙʣʘʛʦʧʦʣʫʯʠʷ ʞʠʪʝʣʝʡ ʠ 

ʨʦʩʪʘ ʜʦʭʦʜʦʚ ʥʘʩʝʣʝʥʠʷ; ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʠ ʜʦʩʪʫʧʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚʦ ʚʩʝʭ ʦʪʨʘʩʣʷʭ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʳ; ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʩʠʩʪʝʤʳ ʩʦʮʠʘʣʴʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʘʩʝʣʝʥʠʷ; ʩʦʜʝʡʩʪʚʠʝ ʚ ʧʦʚʳʰʝʥʠʠ 

ʜʦʩʪʫʧʥʦʩʪʠ ʢʦʤʬʦʨʪʥʦʛʦ ʞʠʣʴʷ, ʘ ʪʘʢʞʝ ʢʘʯʝʩʪʚʘ ʠ ʥʘʜʝʞʥʦʩʪʠ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʞʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʳʭ ʫʩʣʫʛ; ʬʦʨʤʠʨʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ 

ʜʝʤʦʛʨʘʬʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʩʥʠʞʝʥʠʝ ʤʠʛʨʘʮʠʦʥʥʦʛʦ ʦʪʪʦʢʘ 

ʥʘʩʝʣʝʥʠʷ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʧʨʠʨʦʩʪʘ ʥʘʩʝʣʝʥʠʷ ʠ ʜʨʫʛʠʝ [5].  

ʉʦʚʨʝʤʝʥʥʳʝ ʚʳʟʦʚʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʦʤ ʢʘʜʨʦʚ ʚ ʩʬʝʨʝ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʪʨʘʥʩʧʦʨʪʘ, ʦʙʦʟʥʘʯʘʶʪ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʥʝ 



ʄʅʇʂ çʊʈɸʅʉʇʆʈʊʅʓɽ ʉʀʉʊɽʄʓ: ɹɽɿʆʇɸʉʅʆʉʊʔ, ʅʆɺʓɽ ʊɽʍʅʆʃʆɻʀʀ, ʕʂʆʃʆɻʀʗè 

160 

 

ʪʦʣʴʢʦ ʧʝʨʝʜ ʨʫʢʦʚʦʜʠʪʝʣʷʤʠ ʩʫʙʲʝʢʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʥʦ ʠ ʩʪʘʚʷʪ 

ʦʧʝʨʘʪʠʚʥʳʝ ʟʘʜʘʯʠ ʧʝʨʝʜ  ʨʫʢʦʚʦʜʠʪʝʣʷʤʠ ʧʨʝʜʧʨʠʷʪʠʡ, ʢʦʪʦʨʳʝ ʚʳʥʫʞʜʝʥʳ 

ʠʩʢʘʪʴ ʚʦʟʤʦʞʥʳʝ ʧʫʪʠ ʚʳʭʦʜʘ ʠʟ ʩʦʟʜʘʚʰʝʡʩʷ ʩʠʪʫʘʮʠʠ ï ʧʝʨʝʤʘʥʠʚʘʪʴ ʢʘʜʨʳ 

ʜʨʫʛ ʫ ʜʨʫʛʘ, ʧʨʝʜʣʘʛʘʷ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʦʧʣʘʪʫ ʪʨʫʜʘ, ʭʦʪʷ ʵʬʬʝʢʪ ʦʪ ʪʘʢʦʛʦ 

ʚʘʨʠʘʥʪʘ ʙʫʜʝʪ ʢʨʘʪʢʦʩʨʦʯʥʳʤ, ʠʣʠ ʞʝ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʤʝʨʳ, 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʥʘ  ʜʦʣʛʦʩʨʦʯʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ï  ʘʢʪʠʚʥʦ  ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ 

ʩ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʤʦʣʦʜʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, 

ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʩʪʘʞʠʨʦʚʢʠ ʜʣʷ ʤʦʣʦʜʳʭ ʢʘʜʨʦʚ, ʫʚʝʣʠʯʠʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ 

ʩʪʘʞʝʨʩʢʠʭ ʤʝʩʪ ʧʦ ʨʘʟʥʳʤ ʫʯʘʩʪʢʘʤ ʨʘʙʦʪʳ;  ʛʦʪʦʚʠʪʴ ʨʘʙʦʯʠʝ ʢʘʜʨʳ ʚ 

ʫʯʝʙʥʳʭ ʮʝʥʪʨʘʭ ʧʨʠ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʧʨʠʚʣʝʢʘʪʴ ʨʘʙʦʪʥʠʢʦʚ, ʚʳʰʝʜʰʠʭ ʥʘ 

ʧʝʥʩʠʶ, ʚʢʣʘʜʳʚʘʪʴ ʠʥʚʝʩʪʠʮʠʠ ʚ ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ. 

ʉʪʦʠʪ ʩʢʘʟʘʪʴ, ʯʪʦ ʨʝʘʣʠʟʘʮʠʷ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʥʘʩʪʘʚʥʠʯʝʩʪʚʘ. 

ɺ ʪʝʦʨʠʠ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʧʝʨʩʦʥʘʣʦʤ ʥʘʩʪʘʚʥʠʯʝʩʪʚʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩ 

ʪʨʝʭ  ʩʪʦʨʦʥ ï ʢʘʢ  ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʘʷ ʬʦʨʤʘ ʘʜʘʧʪʘʮʠʠ ʣʠʮ, ʧʨʠʥʷʪʳʭ 

ʥʘ ʨʘʙʦʪʫ, ʧʝʨʝʚʝʜʝʥʥʳʭ ʥʘ ʥʦʚʳʡ ʫʯʘʩʪʦʢ ʨʘʙʦʪʳ; ʢʘʢ ʬʦʨʤʘ ʦʙʫʯʝʥʠʷ 

ʩʦʪʨʫʜʥʠʢʦʚ, ʟʘʯʠʩʣʝʥʥʳʭ ʚ ʢʘʜʨʦʚʳʡ ʨʝʟʝʨʚ ʥʦʚʳʤ ʢʦʤʧʝʪʝʥʮʠʷʤ [3, ʩ. 166];  

ʢʘʢ ʧʨʘʢʪʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ ʦʙʫʯʘʶʱʠʭʩʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʢ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʥʘʩʪʘʚʥʠʯʝʩʪʚʦ ï ʵʪʦ ʥʝ 

ʧʨʦʩʪʦ ʩʧʦʩʦʙ ʧʝʨʝʜʘʯʠ ʟʥʘʥʠʡ, ʫʤʝʥʠʡ, ʥʘʚʳʢʦʚ ʦʪ ʦʧʳʪʥʦʛʦ ʩʦʪʨʫʜʥʠʢʘ 

ʥʦʚʠʯʢʫ, ʥʦ ʠ ʚʳʧʦʣʥʝʥʠʝ ʪʘʢʠʭ ʟʥʘʯʠʤʳʭ ʬʫʥʢʮʠʡ ʢʘʢ ʩʪʘʥʦʚʣʝʥʠʝ, ʨʘʟʚʠʪʠʝ, 

ʘʜʘʧʪʘʮʠʷ ʧʦʜʦʧʝʯʥʦʛʦ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʭʥʦʣʦʛʠʷ ʥʘʩʪʘʚʥʠʯʝʩʪʚʘ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʘʜʘʧʪʘʮʠʠ, 

ʩʪʘʞʠʨʦʚʢʝ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʝ, ʧʦʜʛʦʪʦʚʢʝ ʚʥʫʪʨʝʥʥʝʛʦ ʠ ʚʥʝʰʥʝʛʦ 

ʢʘʜʨʦʚʦʛʦ ʨʝʟʝʨʚʘ ʧʨʝʜʧʨʠʷʪʠʷ. 

ɺ ʩʚʷʟʠ ʩʦ ʟʥʘʯʠʤʦʩʪʴʶ ʜʘʥʥʦʡ ʢʘʜʨʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʢʘʬʝʜʨʦʡ 

çʕʢʦʥʦʤʠʢʘ ʪʨʘʥʩʧʦʨʪʘ, ʣʦʛʠʩʪʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʢʘʯʝʩʪʚʦʤè ʆʤɻʋʇʉ ʚ ʨʘʤʢʘʭ 

ɻɹ ʅʀʈ 245 çʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦ-

ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳè ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʧʨʦʮʝʩʩʥʘʷ ʤʦʜʝʣʴ, ʚʢʣʶʯʘʶʱʘʷ 
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ʥʘʟʥʘʯʝʥʠʝ ʚʣʘʜʝʣʴʮʘ ʧʨʦʮʝʩʩʘ, ʫʯʘʩʪʥʠʢʦʚ ʠ ʠʩʧʦʣʥʠʪʝʣʝʡ, ʦʧʨʝʜʝʣʝʥʠʝ  

ʚʭʦʜʦʚ ʠ ʚʳʭʦʜʦʚ,  ʚʳʜʝʣʝʥʠʝ ʧʦʜʧʨʦʮʝʩʩʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʧʨʦʮʝʩʩ, 

ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʘʚʘ ʨʝʩʫʨʩʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪʳ ʧʦ 

ʧʨʦʮʝʩʩʫ, ʜʦʢʫʤʝʥʪʦʚ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʭ ʨʘʙʦʪʫ ʚ ʨʘʤʢʘʭ ʧʨʦʮʝʩʩʘ.  ʇʨʠ 

ʩʦʟʜʘʥʠʠ ʤʦʜʝʣʠ ʚʳʜʝʣʝʥʳ ʛʨʫʧʧʳ ʩʫʙʲʝʢʪʦʚ ʠ ʦʙʲʝʢʪʦʚ ʥʘʩʪʘʚʥʠʯʝʩʪʚʘ, 

ʫʢʘʟʘʥʳ ʜʝʡʩʪʚʠʷ, ʨʝʘʣʠʟʫʝʤʳʝ ʚ ʨʘʤʢʘʭ ʢʘʞʜʦʛʦ ʧʦʜʧʨʦʮʝʩʩʘ. ɺ ʟʘʚʝʨʰʝʥʠʠ 

ʨʘʩʢʨʳʪʦ ʟʥʘʯʝʥʠʝ ʥʘʩʪʘʚʥʠʯʝʩʪʚʘ ʚ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʩʦʥʘʣʦʤ 

ʭʦʟʷʡʩʪʚʫʶʱʠʭ ʩʫʙʲʝʢʪʦʚ. ʆʪʜʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʪʘʪʴʝ. 

ʉʦʩʪʘʚʣʝʥʥʘʷ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʧʨʦʮʝʩʩʥʘʷ ʤʦʜʝʣʴ 

ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ: 

1) ʚʣʘʜʝʣʝʮ ʧʨʦʮʝʩʩʘ ï ʟʘʤʝʩʪʠʪʝʣʴ ʜʠʨʝʢʪʦʨʘ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʫʧʨʘʚʣʝʥʠʶ 

ʧʝʨʩʦʥʘʣʦʤ; ʦʥ ʨʫʢʦʚʦʜʠʪ ʧʨʦʮʝʩʩʦʤ, ʦʪʚʝʯʘʝʪ ʟʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʡ 

ʢʘʜʨʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ; 

2) ʜʦʢʫʤʝʥʪʳ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʝ ʧʨʦʮʝʩʩ, ï ɻʨʘʞʜʘʥʩʢʠʡ ʢʦʜʝʢʩ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʊʨʫʜʦʚʦʡ ʢʦʜʝʢʩ ʈʌ, ʩʪʘʥʜʘʨʪ ʧʨʝʜʧʨʠʷʪʠʷ ʦ 

ʥʘʩʪʘʚʥʠʯʝʩʪʚʝ; 

3) ʨʝʩʫʨʩʳ ʜʣʷ ʧʨʦʮʝʩʩʘ ï ʢʘʜʨʦʚʳʝ, ʬʠʥʘʥʩʦʚʳʝ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ, 

ʤʘʪʝʨʠʘʣʴʥʳʝ;  

4) ʚʭʦʜʳ ʚ ʧʨʦʮʝʩʩ ï ʢʘʜʨʦʚʘʷ ʧʦʣʠʪʠʢʘ ʧʨʝʜʧʨʠʷʪʠʷ, ʩʪʨʘʪʝʛʠʷ ʧʦ 

ʫʧʨʘʚʣʝʥʠʶ ʧʝʨʩʦʥʘʣʦʤ, ʧʨʠʢʘʟʳ ʧʦ ʣʠʯʥʦʤʫ ʩʦʩʪʘʚʫ ï ʦ ʧʨʠʝʤʝ, ʧʝʨʝʚʦʜʝ 

ʨʘʙʦʪʥʠʢʦʚ, ʘʜʘʧʪʘʮʠʠ ʧʝʨʩʦʥʘʣʘ, ʦʨʛʘʥʠʟʘʮʠʠ ʩʪʘʞʠʨʦʚʦʢ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʨʘʢʪʠʢ ʠ ʧʨʦʯʝʝ;  

5) ʫʯʘʩʪʥʠʢʠ ʠ ʠʩʧʦʣʥʠʪʝʣʠ ʧʨʦʮʝʩʩʘ:  ʩʫʙʲʝʢʪʳ ʠ ʦʙʲʝʢʪʳ 

ʥʘʩʪʘʚʥʠʯʝʩʪʚʘ; ʨʫʢʦʚʦʜʠʪʝʣʴ ʠ ʩʦʪʨʫʜʥʠʢʠ ʦʪʜʝʣʘ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʧʝʨʩʦʥʘʣʦʤ 

(ʦʩʫʱʝʩʪʚʣʷʶʪ ʥʦʨʤʘʪʠʚʥʦïʤʝʪʦʜʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʢʦʦʨʜʠʥʠʨʫʶʪ ʨʘʙʦʪʫ, 

ʢʦʥʪʨʦʣʠʨʫʝʪ ʝʝ ʭʦʜ  ʠ ʨʝʟʫʣʴʪʘʪʳ);  ʨʫʢʦʚʦʜʠʪʝʣʠ ʨʘʟʣʠʯʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ 

(ʦʪʚʝʯʘʶʪ ʟʘ ʦʨʛʘʥʠʟʘʮʠʶ ʵʪʦʡ ʨʘʙʦʪʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʠ ʚʦ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʷʭ, ʩʦʜʝʡʩʪʚʫʶʪ ʵʬʬʝʢʪʠʚʥʦʡ ʨʝʘʣʠʟʘʮʠʠ 

ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʦʨʛʘʥʠʟʦʚʳʚʘʶʪ ʫʯʘʩʪʠʝ ʥʘʩʪʘʚʥʠʢʦʚ ʚ ʤʝʨʦʧʨʠʷʪʠʷʭ ʧʦ 
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ʦʙʤʝʥʫ ʦʧʳʪʦʤ, ʥʘʧʨʘʚʣʷʶʪ ʠʭ ʥʘ ʢʫʨʩʳ ʧʦʚʳʰʝʥʠʝ ʢʚʘʣʠʬʠʢʘʮʠʠ, 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʢʦʥʪʨʦʣʴ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʪʦʨʦʛʦ ʧʨʠʥʠʤʘʶʪ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ 

ʨʝʰʝʥʠʷ);  

6) ʧʦʜʧʨʦʮʝʩʩʳ ï ʦʨʛʘʥʠʟʘʮʠʷ ʨʘʙʦʪʳ ʧʦ ʥʘʩʪʘʚʥʠʯʝʩʪʚʫ; ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ 

ʨʝʘʣʠʟʘʮʠʷ ʥʘʩʪʘʚʥʠʯʝʩʪʚʘ; ʢʦʥʪʨʦʣʴ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʮʝʩʩʘ ʥʘʩʪʘʚʥʠʯʝʩʪʚʘ; 

7) ʚʳʭʦʜʳ ʠʟ ʧʨʦʮʝʩʩʘ ï ʨʘʙʦʪʥʠʢʠ, ʚʢʣʶʯʘʷ ʤʦʣʦʜʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, 

ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʢ ʚʳʧʦʣʥʝʥʠʶ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʙʷʟʘʥʥʦʩʪʝʡ ʠ ʨʘʙʦʯʠʭ 

ʟʘʜʘʥʠʡ; ʦʙʫʯʘʶʱʠʝʩʷ, ʫʩʧʝʰʥʦ ʧʨʦʰʝʜʰʠʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʦʙʫʯʝʥʠʝ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʦʬʦʨʤʣʝʥʥʳʝ ʥʘ ʨʘʙʦʪʫ ʚ ʨʝʞʠʤʝ ʥʝʧʦʣʥʦʛʦ ʨʘʙʦʯʝʛʦ ʜʥʷ; 

8)  ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ï ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ï ʜʦʣʷ ʣʠʮ, 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʦʙʲʝʢʪʘʤ ʥʘʩʪʘʚʥʠʯʝʩʪʚʘ, ʫʩʧʝʰʥʦ ʟʘʚʝʨʰʠʚʰʠʭ ʧʨʦʛʨʘʤʤʫ 

ʦʙʫʯʝʥʠʷ, ʧʣʘʥ ʩʪʘʞʠʨʦʚʢʠ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʠ, ʢ ʦʙʱʝʤʫ ʯʠʩʣʫ 

ʧʦʜʦʧʝʯʥʳʭ; ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʢʫʯʝʩʪʠ ʩʨʝʜʠ ʧʦʜʦʧʝʯʥʳʭ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʙʱʝʡ ʪʝʢʫʯʝʩʪʠ ʧʝʨʩʦʥʘʣʘ ʧʦ ʧʨʝʜʧʨʠʷʪʠʶ; ʢʘʯʝʩʪʚʝʥʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ  ï ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ ʠ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ ʥʘʩʪʘʚʥʠʢʘʤʠ.    

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʜʝʣʝʥʳ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ ʩʦʪʨʫʜʥʠʢʦʚ, 

ʚʳʩʪʫʧʘʶʱʠʭ ʚ ʨʦʣʠ ʩʫʙʲʝʢʪʦʚ ʥʘʩʪʘʚʥʠʯʝʩʪʚʘ, ʫʢʘʟʘʥʳ ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʥʠʤ 

ʪʨʝʙʦʚʘʥʠʷ. ɺ ʧʝʨʚʫʶ ʛʨʫʧʧʫ ʚʦʰʣʠ ʜʝʡʩʪʚʫʶʱʠʝ ʩʦʪʨʫʜʥʠʢʠ, ʠʤʝʶʱʠʝ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʩʪʘʞ ʨʘʙʦʪʳ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʚ ʘʥʘʣʦʛʠʯʥʦʡ ʜʦʣʞʥʦʩʪʠ ʠʣʠ ʚ 

ʧʨʦʬʝʩʩʠʠ. ʆʥʠ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʦʬʝʩʩʠʦʥʘʣʘʤʠ ʚ ʩʚʦʝʡ ʦʙʣʘʩʪʠ, ʧʨʝʜʘʥʥʳʝ 

ʜʝʣʫ, ʩʦʙʣʶʜʘʪʴ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʧʨʘʚʠʣʘ ʠ ʩʪʘʥʜʘʨʪʳ ʧʨʝʜʧʨʠʷʪʠʷ, ʦʙʣʘʜʘʪʴ 

ʥʝʦʙʭʦʜʠʤʳʤʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤʠ ʢʦʤʧʝʪʝʥʮʠʷʤʠ, ʞʝʣʘʥʠʝʤ ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʜʝʣʠʪʴʩʷ ʦʧʳʪʦʤ, ʠʤʝʪʴ ʦʪʣʠʯʥʳʝ ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʝ ʥʘʚʳʢʠ, ʭʦʨʦʰʠʝ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ ʥʘʚʳʢʠ, ʥʘʚʳʢʠ ʨʘʙʦʪʳ ʩ ʠʥʬʦʨʤʘʮʠʝʡ. ɺʪʦʨʘʷ ʛʨʫʧʧʘ 

ʚʢʣʶʯʘʝʪ ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʘʢʪʠʢ, ʥʘʟʥʘʯʝʥʥʳʭ ʠʩʭʦʜʷ ʠʟ 

ʜʦʛʦʚʦʨʦʚ ʩ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ. ʂʨʦʤʝ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʦʥʠ ʜʦʣʞʥʳ ʦʪʚʝʯʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ 

ʪʨʫʜʦʚʦʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʦ ʜʦʧʫʩʢʝ ʢ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʉʦʩʪʘʚ 

ʪʨʝʪʴʝʡ ʛʨʫʧʧʳ ʧʨʝʜʣʦʞʝʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʠʟ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ 
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ʩʧʝʮʠʘʣʠʩʪʦʚ, ʨʘʙʦʯʠʭ, ʚʳʩʚʦʙʦʞʜʝʥʥʳʭ ʠʣʠ ʧʨʝʢʨʘʪʠʚʰʠʭ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʩʚʷʟʠ ʩ ʜʦʩʪʠʞʝʥʠʝʤ ʧʝʥʩʠʦʥʥʦʛʦ ʚʦʟʨʘʩʪʘ 

ʠʣʠ ʩ ʦʛʨʘʥʠʯʝʥʠʝʤ ʧʦ ʤʝʜʠʮʠʥʩʢʠʤ ʧʦʢʘʟʘʥʠʷʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ  ʥʘʩʪʘʚʥʠʯʝʩʪʚʘ ʫʩʪʘʥʦʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ ʣʠʮ: 

ʥʦʚʳʝ ʨʘʙʦʪʥʠʢʠ ʩ ʦʧʳʪʦʤ ʨʘʙʦʪʳ ʠ ʙʝʟ ʥʝʛʦ, ʫʩʧʝʰʥʦ ʧʨʦʰʝʜʰʠʝ ʦʪʙʦʨʦʯʥʳʝ 

ʧʨʦʮʝʜʫʨʳ, ʚʢʣʶʯʘʷ ʤʦʣʦʜʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʩʦ ʩʨʦʢʦʤ ʧʦʩʪʫʧʣʝʥʠʷ ʥʘ ʨʘʙʦʪʫ 

ʥʝ ʙʦʣʝʝ ʛʦʜʘ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʫʯʝʙʥʦʛʦ ʟʘʚʝʜʝʥʠʷ; ʨʘʙʦʪʥʠʢʠ ʧʨʝʜʧʨʠʷʪʠʷ, 

ʧʝʨʝʚʝʜʝʥʥʳʝ ʚ ʨʘʤʢʘʭ ʚʥʫʪʨʝʥʥʝʡ ʨʦʪʘʮʠʠ ʥʘ ʜʨʫʛʦʡ ʫʯʘʩʪʦʢ ʨʘʙʦʪʳ;  

ʨʘʙʦʪʥʠʢʠ, ʟʘʯʠʩʣʝʥʥʳʝ ʚ ʢʘʜʨʦʚʳʡ ʨʝʟʝʨʚ;   ʩʦʪʨʫʜʥʠʢʠ, ʧʨʦʰʝʜʰʠʝ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʧʝʨʝʧʦʜʛʦʪʦʚʢʫ ʧʦ ʚʪʦʨʦʡ (ʩʤʝʞʥʦʡ) ʧʨʦʬʝʩʩʠʠ;  

ʦʙʫʯʘʶʱʠʝʩʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʨʝʜʧʨʠʷʪʠʝ ʜʣʷ 

ʧʨʦʭʦʞʜʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʠ, ʤʦʣʦʜʳʝ ʩʧʝʮʠʘʣʠʩʪʳ, ʧʨʠʥʷʪʳʝ ʥʘ 

ʩʪʘʞʠʨʦʚʢʫ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʥʢʫʨʩʥʦʛʦ ʦʪʙʦʨʘ.  

ʇʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʤʦʜʝʣʠ ʥʘʩʪʘʚʥʠʯʝʩʪʚʘ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʜʧʨʦʮʝʩʩʘ ʙʳʣʠ 

ʨʘʩʢʨʳʪʳ ʚʳʧʦʣʥʷʝʤʳʝ ʜʝʡʩʪʚʠʷ.  

ɺ ʨʘʤʢʘʭ ʧʦʜʧʨʦʮʝʩʩʘ çʆʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪʳ ʧʦ ʥʘʩʪʘʚʥʠʯʝʩʪʚʫè ʜʝʡʩʪʚʠʷ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʠʟʜʘʥʠʝ ʧʨʠʢʘʟʘ ʧʦ ʧʨʝʜʧʨʠʷʪʠʶ ʦ ʥʘʯʘʣʝ ʦʪʙʦʨʘ 

ʥʘʩʪʘʚʥʠʢʦʚ; ʧʦʜʛʦʪʦʚʢʫ ʧʨʝʜʩʪʘʚʣʝʥʠʡ (ʩʣʫʞʝʙʥʳʭ ʟʘʧʠʩʦʢ) ʥʘ ʢʘʥʜʠʜʘʪʦʚ ʚ 

ʥʘʩʪʘʚʥʠʢʠ; ʦʨʛʘʥʠʟʘʮʠʶ ʠ ʧʨʦʚʝʜʝʥʠʝ ʧʨʦʮʝʜʫʨʳ ʦʪʙʦʨʘ ʣʫʯʰʠʭ ʢʘʥʜʠʜʘʪʫʨ 

ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʬʫʥʢʮʠʡ ʥʘʩʪʘʚʥʠʢʦʚ; ʧʦʣʫʯʝʥʠʝ ʢʘʥʜʠʜʘʪʦʚ, ʫʩʧʝʰʥʦ 

ʧʨʦʰʝʜʰʠʭ ʦʪʙʦʨ, ʩʦʛʣʘʩʠʡ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʬʫʥʢʮʠʡ ʥʘʩʪʘʚʥʠʢʦʚ; ʪ, ʠʟʜʘʥʠʝ 

ʧʨʠʢʘʟʘ ʧʦ ʧʨʝʜʧʨʠʷʪʠʶ ʦ ʥʘʟʥʘʯʝʥʠʠ ʥʘʩʪʘʚʥʠʢʦʚ; ʦʙʫʯʝʥʠʝ ʬʫʥʢʮʠʷʤ 

ʥʘʩʪʘʚʥʠʯʝʩʪʚʘ ʚ ʨʘʤʢʘʭ ʫʯʝʙʥʦʛʦ ʢʫʨʩʘ çʆʨʛʘʥʠʟʘʮʠʷ ʫʯʝʙʥʦ-

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘè.   

ɼʝʡʩʪʚʠʷʤʠ ʧʦʜʧʨʦʮʝʩʩʘ  çʇʣʘʥʠʨʦʚʘʥʠʝ ʠ ʨʝʘʣʠʟʘʮʠʷ ʥʘʩʪʘʚʥʠʯʝʩʪʚʘè 

ʷʚʣʷʶʪʩʷ ʩʦʩʪʘʚʣʝʥʠʝ ʧʣʘʥʘ ʠ ʧʨʦʛʨʘʤʤʳ ʦʙʫʯʝʥʠʷ ʣʠʮ ï ʦʙʲʝʢʪʦʚ 

ʥʘʩʪʘʚʥʠʯʝʩʪʚʘ (ʜʘʣʝʝ ï ʧʦʜʦʧʝʯʥʳʝ); ʨʘʟʨʘʙʦʪʢʘ ʧʣʘʥʦʚ ʨʘʙʦʪʳ ʥʘʩʪʘʚʥʠʢʦʚ 

ʠʩʭʦʜʷ ʠʟ ʧʣʘʥʦʚ ʠ ʧʨʦʛʨʘʤʤ ʦʙʫʯʝʥʠʷ;  ʚʳʧʦʣʥʝʥʠʝ ʥʘʩʪʘʚʥʠʢʘʤʠ 

ʟʘʢʨʝʧʣʝʥʥʳʭ ʟʘ ʥʠʤʠ ʬʫʥʢʮʠʡ: ʦʙʫʯʝʥʠʝ ʧʦʜʦʧʝʯʥʳʭ ʩʦʛʣʘʩʥʦ ʧʣʘʥʘʤ, 
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ʧʨʦʛʨʘʤʤʘʤ, ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʟʘʜʘʥʠʷʤ, ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʭʦʜʦʤ ʠʭ ʨʘʙʦʪʳ, 

ʧʦʤʦʱʴ ʚ ʨʝʰʝʥʠʠ ʚʦʧʨʦʩʦʚ, ʩʦʚʝʪʳ ʠ ʥʘʧʨʘʚʣʝʥʠʷ,  ʢʦʥʪʨʦʣʴ ʚʳʧʦʣʥʝʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʘʜʘʥʠʡ, ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʠ ʠʪʦʛʦʚʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʦʮʝʥʢʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʧʦʜʦʧʝʯʥʳʭ, ʩʦʩʪʘʚʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʦʪʟʳʚʦʚ) ʦʙ ʠʭ 

ʨʘʙʦʪʝ, ʦʮʝʥʦʯʥʳʭ ʣʠʩʪʦʚ; ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʠʥʬʦʨʤʠʨʦʚʘʥʠʝ ʨʫʢʦʚʦʜʠʪʝʣʝʡ 

ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʦ ʚʳʧʦʣʥʝʥʠʠ ʧʣʘʥʦʚ, ʧʨʦʛʨʘʤʤ ʧʦʜʛʦʪʦʚʢʠ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ, ʩʦʙʣʶʜʝʥʠʠ ʧʦʜʦʧʝʯʥʳʤʠ ʧʨʘʚʠʣ ʧʦʚʝʜʝʥʠʠ ʠ ʜʠʩʮʠʧʣʠʥʳ, 

ʨʝʟʫʣʴʪʘʪʘʭ ʩʚʦʝʛʦ ʚʣʠʷʥʠʷ ʥʘ ʠʭ ʩʪʘʥʦʚʣʝʥʠʝ. 

ɼʣʷ ʧʦʜʧʨʦʮʝʩʩʘ çʂʦʥʪʨʦʣʴ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʮʝʩʩʘ ʥʘʩʪʘʚʥʠʯʝʩʪʚʘè 

ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʜʝʡʩʪʚʠʷ ï ʩʦʩʪʘʚʣʝʥʠʝ ʦʪʯʝʪʘ ʦ ʚʳʧʦʣʥʝʥʠʠ ʬʫʥʢʮʠʡ 

ʥʘʩʪʘʚʥʠʢʘ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʩʨʦʢʘ ʥʘʩʪʘʚʥʠʯʝʩʪʚʘ; ʦʮʝʥʢʘ ʠ ʘʥʘʣʠʟ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘʩʪʘʚʥʠʢʦʚ, ʨʝʟʫʣʴʪʘʪʦʚ ʠʭ ʨʘʙʦʪʳ, ʧʦʜʛʦʪʦʚʢʘ ʧʨʝʜʣʦʞʝʥʠʡ ʦ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤ ʨʘʟʚʠʪʠʠ ʥʘʩʪʘʚʥʠʢʦʚ, ʧʦʚʳʰʝʥʠʠ ʚ ʜʦʣʞʥʦʩʪʠ, ʚʳʧʣʘʪʝ ʠʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʜʝʥʝʞʥʦʛʦ ʚʦʟʥʘʛʨʘʞʜʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢ ʤʦʨʘʣʴʥʦʤʫ 

ʧʦʦʱʨʝʥʠʶ; ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʦʙʦ ʚʩʝʭ ʚʠʜʘʭ ʥʘʩʪʘʚʥʠʯʝʩʪʚʘ, ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʚ 

ʪʝʯʝʥʠʝ ʢʘʣʝʥʜʘʨʥʦʛʦ ʛʦʜʘ, ʩʦʩʪʘʚʣʝʥʠʝ ʠʪʦʛʦʚʦʛʦ ʦʪʯʝʪʘ ʧʦ ʧʨʝʜʧʨʠʷʪʠʶ; 

ʦʙʩʫʞʜʝʥʠʝ ʠʪʦʛʦʚ ʥʘʩʪʘʚʥʠʯʝʩʪʚʘ ʟʘ ʛʦʜ, ʧʨʠʥʷʪʠʝ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ 

ʧʦ ʠʟʤʝʥʝʥʠʶ, ʫʣʫʯʰʝʥʠʶ ʧʨʦʮʝʩʩʘ. 

ɺ ʮʝʣʷʭ ʚʥʝʜʨʝʥʠʷ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ 

ʥʘʩʪʘʚʥʠʯʝʩʪʚʘ ʥʝʦʙʭʦʜʠʤʦ ʚʚʦʜʠʪʴ ʜʦʧʣʘʪʳ ʥʘʩʪʘʚʥʠʢʘʤ ʟʘ ʚʳʧʦʣʥʝʥʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ, ʘ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʘʟʦʚʫʶ ʚʳʧʣʘʪʫ  ʧʦ 

ʭʦʜʘʪʘʡʩʪʚʫ ʨʫʢʦʚʦʜʠʪʝʣʷ ʧʦʜʨʘʟʜʝʣʝʥʠʷ, ʥʘʧʨʠʤʝʨ, 10 % ʦʪ ʜʦʣʞʥʦʩʪʥʦʛʦ 

ʦʢʣʘʜʘ, ʚ ʮʝʣʷʭ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ. 

ʈʦʣʴ ʥʘʩʪʘʚʥʠʯʝʩʪʚʘ ʚ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʩʦʥʘʣʦʤ ʩʪʦʠʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩ ʯʝʪʳʨʝʭ ʩʪʦʨʦʥ: ʨʘʙʦʪʥʠʢʦʚ (ʥʦʚʠʯʢʦʚ, ʨʝʟʝʨʚʠʩʪʦʚ), 

ʧʨʘʢʪʠʢʘʥʪʦʚ ʠ ʩʪʘʞʝʨʦʚ, ʥʘʩʪʘʚʥʠʢʦʚ, ʘ ʪʘʞʝ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʮʝʣʦʤ. ʉ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʨʘʙʦʪʥʠʢʦʚ ʦʥʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʤ ʙʳʩʪʨʦ ʦʩʚʘʠʚʘʪʴ ʠ 

ʟʘʪʝʤ ʢʘʯʝʩʪʚʝʥʥʦ ʚʳʧʦʣʥʷʪʴ ʪʨʫʜʦʚʳʝ ʦʙʷʟʘʥʥʦʩʪʠ, ʣʝʛʢʦ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ 

ʦʩʦʙʝʥʥʦʩʪʷʤ, ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʢʫʣʴʪʫʨʳ ʧʨʝʜʧʨʠʷʪʠʷ, ʧʦʚʳʰʘʪʴ 
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ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʠ ʥʘʚʳʢʠ. ʇʨʘʢʪʠʢʘʥʪʘʤ ʠ ʩʪʘʞʝʨʘʤ ʪʝʭʥʦʣʦʛʠʷ 

ʥʘʩʪʘʚʥʠʯʝʩʪʚʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘ ʧʨʘʢʪʠʢʝ ʧʨʠʤʝʥʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʥʘʥʠʷ, ʧʨʦʷʚʠʪʴ ʠʥʠʮʠʘʪʠʚʫ, ʥʘ ʜʝʣʝ 

ʧʦʢʘʟʘʪʴ ʩʚʦʠ ʣʫʯʰʠʝ ʢʘʯʝʩʪʚʘ, ʧʦʣʫʯʠʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʠ 

ʪʨʫʜʦʫʩʪʨʦʠʪʴʩʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʝ. ʅʘʩʪʘʚʥʠʢʠ, ʚʳʧʦʣʥʷʷ ʥʦʚʳʝ ʬʫʥʢʮʠʠ, ʤʦʛʫʪ 

ʩʘʤʦʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ, ʨʘʟʚʠʚʘʪʴʩʷ, ʧʝʨʝʜʘʚʘʪʴ ʦʧʳʪ ʤʦʣʦʜʝʞʠ. ɹʣʘʛʦʜʘʨʷ 

ʧʨʠʤʝʥʝʥʠʶ ʪʝʭʥʦʣʦʛʠʠ ʥʘʩʪʘʚʥʠʯʝʩʪʚʘ ʧʨʝʜʧʨʠʷʪʠʷ ʤʦʛʫʪ ʟʘʢʨʝʧʠʪʴ ʥʦʚʳʝ 

ʢʘʜʨʳ, ʦʨʛʘʥʠʟʦʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʘʙʦʯʠʝ ʤʝʩʪʘ, ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ 

ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʠ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʧʝʨʩʦʥʘʣʘ,  ʦʙʝʩʧʝʯʠʪʴ 

ʧʦʚʳʰʝʥʠʝ ʣʦʷʣʴʥʦʩʪʠ ʩʦʪʨʫʜʥʠʢʦʚ, ʫʢʨʝʧʠʪʴ ʠ ʩʧʣʦʪʠʪʴ ʢʦʣʣʝʢʪʠʚ, 

ʫʩʪʘʥʦʚʠʪʴ ʠ ʨʘʩʧʨʦʩʪʨʘʥʠʪʴ ʪʨʘʜʠʮʠʠ, ʩʬʦʨʤʠʨʦʚʘʪʴ ʠ ʫʜʝʨʞʠʚʘʪʴ  ʭʦʨʦʰʫʶ 

ʜʝʣʦʚʫʶ ʨʝʧʫʪʘʮʠʶ ʧʨʝʜʧʨʠʷʪʠʷ ʢʘʢ ʨʘʙʦʪʦʜʘʪʝʣʷ. ʇʨʠ ʚʳʩʦʢʦʡ ʢʦʥʢʫʨʝʥʮʠʠ 

ʥʘ ʨʳʥʢʝ ʪʨʫʜʘ ʩʠʣʘ ʙʨʝʥʜʘ ʧʨʝʜʧʨʠʷʪʠʷ, ʝʛʦ ʠʤʠʜʞ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ 

ʢʘʢ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʦʣʣʝʢʪʠʚʘ, ʪʘʢ ʠ ʜʣʷ ʧʨʠʚʣʝʯʝʥʠʷ ʥʦʚʳʭ 

ʢʘʜʨʦʚ, ʦʩʦʙʝʥʥʦ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ.  

ɿʘʚʝʨʰʘʷ ʩʪʘʪʴʶ, ʩʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʥʘʣʠʯʠʝ ʥʝʦʙʭʦʜʠʤʳʭ 

ʆʤʩʢʦʤʫ ʨʝʛʠʦʥʫ ʪʨʫʜʦʚʳʭ ʨʝʩʫʨʩʦʚ, ʙʝʟʫʩʣʦʚʥʦ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ 

ʬʘʢʪʦʨʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʨʝʛʠʦʥʘʣʴʥʦʡ 

ʵʢʦʥʦʤʠʢʠ, ʘ ʥʘʩʪʘʚʥʠʯʝʩʪʚʦ ï ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʩ ʧʦʤʦʱʴʶ 

ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʩʦʭʨʘʥʠʪʴ ʢʦʣʣʝʢʪʠʚʳ ʧʨʝʜʧʨʠʷʪʠʡ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʚ 

ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʧʦʧʦʣʥʠʪʴ ʠʭ ʢʘʜʨʦʚʳʝ ʩʦʩʪʘʚʳ. ʆʪ 

ʢʘʜʨʦʚʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʞʜʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, ʚʭʦʜʷʱʝʛʦ ʚ ʪʨʘʥʩʧʦʨʪʥʦ-

ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʟʘʚʠʩʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʘʤʦʡ 

ʩʠʩʪʝʤʳ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ɸ-ʥʘʚʠʛʘʮʠʠ ʠ 

ʚʥʝʜʨʝʥʠʷ ʥʦʚʦʛʦ ʢʣʘʩʩʘ çɸʚʪʦʥʦʤʥʦʝ ʩʫʜʥʦè. ʈʘʩʢʨʳʪʳ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʘʚʪʦʥʦʤʥʦʡ 

ʥʘʚʠʛʘʮʠʠ. ʆʪʤʝʯʘʶʪʩʷ ʚʦʟʤʦʞʥʳʝ ʧʦʜʭʦʜʳ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ, ʠʭ 

ʫʥʠʢʘʣʴʥʦʩʪʴ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʫʜʦʭʦʜʩʪʚʝ.  

Annotation. The article considers the application of A-navigation 

technologies and the introduction of a new class of "Autonomous vessel". The 

positive and negative factors influencing the development of autonomous 

navigation technologies are revealed. Possible approaches to the introduction of 

technologies, their uniqueness and advantages of application in shipping are noted. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʨʭʠʪʝʢʪʫʨʫ ʄɸʅʉ, ʢʣʘʩʩ ʘʚʪʦʥʦʤʥʦʛʦ ʩʫʜʥʘ, 

ʘʚʪʦʥʦʤʥʘʷ ʥʘʚʠʛʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʩʫʜʥʘ. 

Keywords: architecture of the MANS, class of autonomous vessel, 

autonomous navigation system, safety of life of the vessel. 

 

ʉ ʨʘʟʚʠʪʠʝʤ ʤʠʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʶʪʩʷ ʥʦʚʳʝ ʢʣʘʩʩʳ 

ʩʫʜʦʚ, ʩʧʦʩʦʙʥʳʝ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʤʦʨʩʢʠʭ 

ʦʧʝʨʘʮʠʡ. ʆʜʥʦ ʠʟ ʩʘʤʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ï ʵʪʦ ʘʚʪʦʥʦʤʥʳʝ 

ʩʫʜʘ, ʩʧʦʩʦʙʥʳʝ ʦʙʭʦʜʠʪʴʩʷ ʙʝʟ ʫʯʘʩʪʠʷ ʵʢʠʧʘʞʘ ʣʠʙʦ ʧʦʣʥʦʩʪʴʶ, ʣʠʙʦ 

ʯʘʩʪʠʯʥʦ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʦʩʦʙʝʥʥʦʩʪʠ, ʧʝʨʩʧʝʢʪʠʚʳ, ʘ 

ʪʘʢʞʝ ʧʨʦʙʣʝʤʳ ʢʣʘʩʩʘ çɸʚʪʦʥʦʤʥʦʝ ʩʫʜʥʦè  

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʝʦʙʭʦʜʠʤʦ ʫʪʦʯʥʠʪʴ, ʯʪʦ ʘʚʪʦʥʦʤʥʦʝ ʩʫʜʥʦ 

(ʘʚʪʦʥʦʤʥʦ ʫʧʨʘʚʣʷʝʤʦʝ ʩʫʜʥʦ) ˈ ʩʫʜʥʦ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʚʩʝʤ 

ʧʨʠʤʝʥʠʤʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʘʚʠʣ Pʈʉ (Racing Rules Of Sailing), 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʜʦʢʫʤʝʥʪʘʤ (ʢʦʥʚʝʥʮʠʷ ʉʆʃɸʉ, ʢʦʜʝʢʩ ʄʇʇʉʉ, 

ʢʦʥʚʝʥʮʠʷ ʄɸʈʇʆʃ, ʢʠʦʪʩʢʠʡ ʧʨʦʪʦʢʦʣ, ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʢʦʜʝʢʩ ʧʦ 

ʙʝʟʦʧʘʩʥʦʤʫ ʫʧʨʘʚʣʝʥʠʶ (ISM), ʢʦʪʦʨʦʝ ʫʧʨʘʚʣʷʝʪʩʷ ʙʝʟ ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʢʘ, 

ʩʣʝʜʫʷ ʨʝʡʩʦʚʦʤʫ ʟʘʜʘʥʠʶ.  
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ɸ - ʥʘʚʠʛʘʮʠʷ ï ʵʪʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʠ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ    

ʩʫʜʘʤʠ, ʧʨʠʤʝʥʝʥʠʝ ʤʦʨʩʢʠʭ ʘʚʪʦʥʦʤʥʳʭ ʥʘʜʚʦʜʥʳʭ ʩʫʜʦʚ (ʄɸʅʉ). ʅʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʝʪ 5 ʢʘʪʝʛʦʨʠʡ ʄɸʅʉ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʥʦʤ ʚ ʦʪʢʨʳʪʦʤ ʤʦʨʝ ʠ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚ 

ʩʪʝʩʥʝʥʥʳʭ ʫʩʣʦʚʠʷʭ,  ʫʟʢʦʩʪʷʭ, ʤʝʩʪʘʭ ʰʚʘʨʪʦʚʢʠ, ʚ ʧʦʨʪʘʭ, ʢʣʘʩʩ ʢʦʪʦʨʳʭ 

ʜʝʣʠʪʩʷ ʥʘ: 

- Mʉ - ʨʫʯʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʯʝʣʦʚʝʢ ʥʘ ʙʦʨʪʫ. 

- Mʉ (DS) - ʨʫʯʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩ ʧʦʜʜʝʨʞʢʦʡ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ, 

ʯʝʣʦʚʝʢ ʥʘ ʙʦʨʪʫ. 

- RC (MC) - ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʝʨʝʭʦʜʘ ʥʘ 

ʨʫʯʥʦʝ, ʯʝʣʦʚʝʢ ʥʘ ʙʦʨʪʫ. 

- RC - ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʥʝʪ ʯʝʣʦʚʝʢʘ ʥʘ ʙʦʨʪʫ. 

- ɸʉ - ʘʚʪʦʥʦʤʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʥʝʪ ʯʝʣʦʚʝʢʘ ʥʘ ʙʦʨʪʫ. 

ʈʘʩʩʤʦʪʨʠʤ ʦʙʱʝʧʨʠʥʷʪʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʄɸʅʉ ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʥʘ 

ʨʠʩʫʥʢʝ 1, ʠʩʧʦʣʴʟʫʶʱʫʶ ʧʝʨʝʜʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 

ʜʦʩʪʠʯʴ ʧʦʣʥʦʡ ʘʚʪʦʥʦʤʥʦʩʪʠ ʩʫʜʥʘ ʠ ʧʦʚʳʩʠʪʴ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ 

ʤʦʨʩʢʠʭ ʦʧʝʨʘʮʠʷʭ. [4] 
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ʈʠʩʫʥʦʢ 1 - ɸʨʭʠʪʝʢʪʫʨʘ ʄɸʅʉ 

 

ɿʘ ʘʥʘʣʠʟ ʦʢʨʫʞʘʶʱʝʡ ʦʙʩʪʘʥʦʚʢʠ ʦʪʚʝʯʘʝʪ ʧʦʜʩʠʩʪʝʤʘ ʦʙʨʘʙʦʪʢʠ ʠ 

ʠʥʪʝʛʨʘʮʠʠ ʠʥʬʦʨʤʘʮʠʠ. ʆʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠʥʪʝʛʨʠʨʫʝʪ ʜʘʥʥʳʝ ʚʩʝʭ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʨʠʙʦʨʦʚ ʥʘ ʩʫʜʥʝ, ʜʘʥʥʳʭ ʩʠʩʪʝʤʳ ʦʧʪʠʯʝʩʢʦʛʦ 

ʥʘʙʣʶʜʝʥʠʷ ʠ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ. 

ʇʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʠ ʤʘʥʝʚʨʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʷʝʪ ʘʚʪʦʥʦʤʥʘʷ 

ʥʘʚʠʛʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ (ɸʅʉ). ɸʅʉ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʦʢʨʫʞʘʶʱʝʡ ʦʙʩʪʘʥʦʚʢʠ, ʧʝʨʝʭʦʜʘ ʧʦ ʟʘʜʘʥʥʦʤʫ ʤʘʨʰʨʫʪʫ (ʚ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʠ ʚ ʨʝʞʠʤʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ), ʧʨʝʜʣʘʛʘʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʦ ʤʘʥʝʚʨʠʨʦʚʘʥʠʠ ʩʫʜʥʘ ʩ ʫʯʝʪʦʤ ʝʛʦ 

ʧʘʨʘʤʝʪʨʦʚ.  

ɿʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʦʙʥʘʨʫʞʝʥʠʝ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʦʢʨʫʞʘʶʱʠʭ ʦʙʲʝʢʪʦʚ 

ʦʪʚʝʯʘʝʪ ʦʧʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʘʥʘʣʠʟʘ ʩʠʪʫʘʮʠʦʥʥʦʡ ʦʙʩʪʘʥʦʚʢʠ (ʆʉɸ). 

ɼʘʥʥʳʝ ʦʙ ʦʢʨʫʞʘʶʱʠʭ ʦʙʲʝʢʪʘʭ ʧʝʨʝʜʘʶʪʩʷ ʚ ɸʅʉ, ʘ ʦʙʨʘʙʦʪʘʥʥʦʝ 

ʚʠʜʝʦʠʟʦʙʨʘʞʝʥʠʝ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʠʥʪʝʨʬʝʡʩ ʧʦʣʴʟʦʚʘʪʝʣʷ (ʥʘʧʨʠʤʝʨ, ʥʘ 

ʧʫʣʴʪ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ) [5]. 
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ʇʦʜʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʠ ʨʘʩʭʦʞʜʝʥʠʷ (ʇɸʄʀʈ) 

ʫʜʝʨʞʠʚʘʝʪ ʩʫʜʥʦ ʥʘ ʤʘʨʰʨʫʪʝ ʠ ʨʘʩʩʯʠʪʳʚʘʝʪ ʝʛʦ ʤʘʥʝʚʨʳ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʩʪʦʣʢʥʦʚʝʥʠʡ ʩ ʜʨʫʛʠʤʠ ʩʫʜʘʤʠ ʠ ʥʘʚʠʛʘʮʠʦʥʥʳʤʠ 

ʦʧʘʩʥʦʩʪʷʤʠ. 

ʇʫʣʴʪ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ (ʇɼʋ) - ʵʪʦ ʨʘʙʦʯʝʝ ʤʝʩʪʦ ʦʧʝʨʘʪʦʨʘ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʨʝʰʝʥʠʷ ʚʩʝʛʦ ʩʧʝʢʪʨʘ 

ʟʘʜʘʯ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʥʦʤ. ʆʥ ʨʘʩʧʦʣʦʞʝʥ ʟʘ 

ʧʨʝʜʝʣʘʤʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʩʫʜʥʘ ʠ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʤ 

ʘʥʘʣʦʛʦʤ ʩʫʜʦʚʦʛʦ ʤʦʩʪʠʢʘ ʠ ʎʇʋ. ʇʫʣʴʪ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʤʦʞʝʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʙʝʨʝʛʫ, ʥʦ ʠ ʥʘ ʛʦʣʦʚʥʦʤ ʩʫʜʥʝ ʜʣʷ 

ʢʦʥʪʨʦʣʷ ʜʚʠʞʝʥʠʷ ʜʨʫʛʠʭ ʩʫʜʦʚ ʚ ʩʦʩʪʘʚʝ ʢʘʨʘʚʘʥʘ. 

ʇʦʜʩʠʩʪʝʤʘ ʚʥʫʪʨʝʥʥʝʛʦ ʥʘʙʣʶʜʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʩʦʩʪʦʷʥʠʝ ʧʦʤʝʱʝʥʠʡ, ʦʙʦʨʫʜʦʚʘʥʠʷ, ʛʨʫʟʘ. ʅʘʧʨʠʤʝʨ, ʤʘʰʠʥʥʦʝ ʦʪʜʝʣʝʥʠʝ, 

ʭʦʣʦʜʠʣʴʥʳʝ ʢʘʤʝʨʳ, ʪʨʶʤʳ. ʄʦʞʝʪ ʧʦʜʢʣʶʯʘʪʴʩʷ ʢ ʫʞʝ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʘ 

ʩʫʜʥʝ ʢʘʤʝʨʘʤ, ʛʝʥʝʨʠʨʦʚʘʪʴ ʫʚʝʜʦʤʣʝʥʠʷ ʦ ʥʝʩʦʦʪʚʝʪʩʪʚʠʠ ʠ ʧʝʨʝʜʘʚʘʪʴ ʵʪʫ 

ʠʥʬʦʨʤʘʮʠʶ ʥʘ ʇɼʋ.  

ʆʩʦʙʝʥʥʦʩʪʠ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʄɸʅʉ. ɸʚʪʦʥʦʤʥʳʝ ʛʨʫʟʦʚʳʝ ʩʫʜʘ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʥʥʦʚʘʮʠʦʥʥʦʝ ʨʝʰʝʥʠʝ ʚ ʤʦʨʩʢʦʤ ʪʨʘʥʩʧʦʨʪʝ, ʢʦʪʦʨʦʝ 

ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʚʩʝʛʦ ʤʠʨʘ. ʕʪʠ ʩʫʜʘ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ 

ʫʥʠʢʘʣʴʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʜʝʣʘʶʪ ʠʭ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʤʠ, ʠ ʙʝʟʦʧʘʩʥʳʤʠ  

¶ ʉʫʜʦʭʦʜʥʘʷ ʢʦʤʧʘʥʠʷ ʤʦʞʝʪ ʫʧʨʘʚʣʷʪʴ ʩʚʦʠʤ ʩʫʜʥʦʤ ʢʘʢ 

ʪʨʘʜʠʮʠʦʥʥʦ, ʪʘʢ ʠ ʧʨʠ ʧʦʤʦʱʠ ɸʅʉ ʚ ʜʠʩʪʘʥʮʠʦʥʥʦʤ ʨʝʞʠʤʝ.  

¶ ɹʣʘʛʦʜʘʨʷ ʧʨʦʛʨʘʤʤʥʦʤʫ ʢʦʤʧʣʝʢʩʫ ʆʉɸ ʤʦʥʠʪʦʨʠʥʛ ʠʥʬʦʨʤʘʮʠʠ 

ʧʨʦʠʩʭʦʜʠʪ ʢʨʫʛʣʦʩʫʪʦʯʥʦ ʩʦ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠ ʜʘʞʝ ʚ ʧʦʣʥʦʡ ʪʝʤʥʦʪʝ. 

¶ ʇʦʢʘʟʘʥʠʷ ʚʩʝʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʨʠʙʦʨʦʚ, ʜʘʥʥʳʝ ʠʟ ʚʥʝʰʥʠʭ 

ʠʩʪʦʯʥʠʢʦʚ ʚʳʚʦʜʷʪʩʷ ʥʘ ʝʜʠʥʳʡ ʵʢʨʘʥ ʚ ʫʜʦʙʥʦʤ ʠʥʪʝʨʬʝʡʩʝ. 
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¶ ʅʝʟʘʚʠʩʠʤʳʝ ʩʝʨʚʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʙʝʩʧʝʨʝʙʦʡʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʧʠʪʘʥʠʷ, ʯʪʦʙʳ ʧʨʠ ʣʶʙʳʭ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʷʭ ʭʨʘʥʠʪʴ 

ʠ ʦʙʨʘʙʘʪʳʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ.  

¶ ɸʚʪʦʥʦʤʥʳʝ ʛʨʫʟʦʚʳʝ ʩʫʜʘ ʦʩʥʘʱʝʥʳ ʩʠʩʪʝʤʘʤʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ, 

ʚʢʣʶʯʘʷ ʛʠʙʨʠʜʥʳʝ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʜʚʠʛʘʪʝʣʠ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ 

ʩʥʠʞʘʶʪ ʧʦʪʨʝʙʣʝʥʠʝ ʪʦʧʣʠʚʘ ʠ ʚʳʙʨʦʩʳ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ, ʩʦʜʝʡʩʪʚʫʷ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʩʥʠʞʝʥʠʶ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ. 

ɺʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʫʥʢʪʳ ʷʚʣʷʶʪʩʷ ʪʝʭʥʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʘʚʪʦʥʦʤʥʳʭ ʩʫʜʦʚ, ʥʦ ʧʦʤʠʤʦ ʚʥʫʪʨʝʥʥʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʘʢʦʡ ʢʣʘʩʩ ʩʫʜʦʚ 

ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʜ ʦʙʳʯʥʳʤʠ ʩʫʜʘʤʠ ʩ ʵʢʠʧʘʞʝʤ: 

¶ ʋʤʝʥʴʰʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʵʢʠʧʘʞʘ ʥʘ ʙʦʨʪʫ, ʩʥʠʞʝʥʠʝ ʚʣʠʷʥʠʷ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ: ʩʦʛʣʘʩʥʦ ʩʪʘʪʠʩʪʠʢʝ, ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʦʠʩʰʝʩʪʚʠʡ ʚʦ 

ʚʨʝʤʷ ʤʦʨʩʢʠʭ ʦʧʝʨʘʮʠʡ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʦʰʠʙʦʢ ʣʶʜʝʡ. ʆʪʩʫʪʩʪʚʠʝ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʚ ʫʧʨʘʚʣʝʥʠʠ ʩʫʜʥʘ ʠ ʫʧʨʘʚʣʝʥʠʝʤ ʧʨʦʮʝʩʩʦʤ 

ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ ʩʥʠʞʘʝʪ ʨʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡ ʠ ʜʨʫʛʠʭ 

ʧʨʦʠʩʰʝʩʪʚʠʡ. 

¶ ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʘʚʘʨʠʡ ʥʘ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʦʚ 

ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʠ ʨʘʩʭʦʞʜʝʥʠʷ ʩ ʦʧʘʩʥʳʤʠ ʮʝʣʷʤʠ: ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʜʘʥʥʦʤ ʧʨʦʝʢʪʝ, ʷʚʣʷʝʪʩʷ ʠʩʢʫʩʩʪʚʝʥʥʳʡ 

ʠʥʪʝʣʣʝʢʪ (ʀʀ). ɹʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʀʀ, ʩʫʜʥʦ ʩʧʦʩʦʙʥʦ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʣʘʥʠʨʦʚʘʪʴ ʤʘʨʰʨʫʪ, ʫʧʨʘʚʣʷʪʴ ʜʚʠʞʝʥʠʝʤ ʠ ʧʨʠʥʠʤʘʪʴ 

ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʩʦʙʨʘʥʥʳʭ ʜʘʥʥʳʭ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʨʠʩʢʠ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ, ʫʣʫʯʰʠʪʴ ʪʦʯʥʦʩʪʴ ʥʘʚʠʛʘʮʠʠ ʠ ʧʦʚʳʩʠʪʴ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʛʨʫʟʦʧʝʨʝʚʦʟʦʢ. 

¶ ʇʨʝʜʦʪʚʨʘʱʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʢʘʪʘʩʪʨʦʬ: ʚ ʧʨʦʝʢʪʳ ʘʚʪʦʥʦʤʥʳʭ 

ʩʫʜʦʚ ʚʥʝʜʨʷʶʪ ʧʝʨʝʜʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ 

ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ʠ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʝ ʨʝʰʝʥʠʷ. ʆʥʠ ʩʧʦʩʦʙʥʳ ʨʘʙʦʪʘʪʴ 

ʥʘ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ, ʵʥʝʨʛʠʠ ʚʝʪʨʘ ʠ ʜʨʫʛʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ 

ʠʩʪʦʯʥʠʢʘʭ, ʯʪʦ ʫʤʝʥʴʰʘʝʪ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 
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¶ ʉʥʠʞʝʥʠʝ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʜʦʚ ʢʦʤʤʝʨʯʝʩʢʦʛʦ 

ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʬʣʦʪʘ: ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʪʴ ʠ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ 

ʨʘʩʭʦʜʳ ʥʘ ʵʢʠʧʘʞ, ʚʢʣʶʯʘʷ ʦʧʣʘʪʫ ʠʭ ʪʨʫʜʘ ʠ ʧʨʦʞʠʚʘʥʠʝ, ʦʪʩʫʪʩʪʚʫʝʪ, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪ ʨʘʩʭʦʜʳ ʢʦʤʧʘʥʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʘʚʪʦʥʦʤʥʳʝ ʩʫʜʘ 

ʩʧʦʩʦʙʥʳ ʵʬʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʴ ʛʨʫʟʘʤʠ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʤʘʨʰʨʫʪʳ, ʯʪʦ 

ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʧʝʨʝʚʦʟʢʠ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

¶ ʉʥʠʞʝʥʠʝ ʨʠʩʢʦʚ ʧʦʪʝʨʠ ʵʢʠʧʘʞʘ ʧʨʠ ʧʨʦʠʩʰʝʩʪʚʠʷʭ: ʫʧʨʘʚʣʝʥʠʝ 

ʩʫʜʥʦʤ ʧʨʦʠʩʭʦʜʠʪ ʚ ʜʠʩʪʘʥʮʠʦʥʥʦʤ ʠʣʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʦʬʠʩʘ ʢʦʤʧʘʥʠʠ.  

ʇʨʠʤʝʥʝʥʠʝ ʘʚʪʦʥʦʤʥʳʭ ʩʫʜʦʚ ʧʝʨʝʚʝʨʥʝʪ ʤʦʨʩʢʫʶ ʣʦʛʠʩʪʠʢʫ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʧʦʚʳʰʝʥʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʩʦʢʨʘʱʝʥʠʝ ʟʘʪʨʘʪ, ʵʢʦʣʦʛʠʯʝʩʢʫʶ 

ʯʠʩʪʦʪʫ, ʛʠʙʢʦʩʪʴ ʚ ʧʣʘʥʠʨʦʚʘʥʠʠ ʤʘʨʰʨʫʪʦʚ. ʕʪʠ ʩʫʜʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʠʥʥʦʚʘʮʠʦʥʥʦʝ ʨʝʰʝʥʠʝ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʩʪʘʪʴ ʥʦʚʳʤ ʵʪʘʧʦʤ ʚ ʨʘʟʚʠʪʠʠ 

ʤʠʨʦʚʦʡ ʪʦʨʛʦʚʣʠ ʠ ʤʦʨʩʢʦʡ ʣʦʛʠʩʪʠʢʠ. [3] 

ʇʨʝʧʷʪʩʪʚʠʷ ʥʘ ʧʫʪʠ ʨʘʟʚʠʪʠʷ ʘʚʪʦʥʦʤʥʦʛʦ ʩʫʜʦʭʦʜʩʪʚʘ. ʇʨʠ 

ʚʥʝʜʨʝʥʠʠ ʘʚʪʦʥʦʤʥʳʭ ʩʫʜʦʚ ʚʦʟʥʠʢʘʝʪ ʮʝʣʳʡ ʨʷʜ ʧʨʦʙʣʝʤ, ʢʦʪʦʨʳʝ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʠ ʧʨʝʦʜʦʣʝʚʘʪʴ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ 

ʥʦʚʦʛʦ ʪʠʧʘ ʩʫʜʦʚ. ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʘʚʪʦʥʦʤʥʳʭ ʩʫʜʦʚ:  

¶ ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ: ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʮʠʬʨʦʚʦʤ ʤʠʨʝ 

ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴ ʩʪʘʣʘ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʠ ʚʘʞʥʳʭ ʚʦʧʨʦʩʦʚ. 

ʆʪ ʢʨʫʧʥʳʭ ʢʦʨʧʦʨʘʮʠʡ ʜʦ ʦʙʳʯʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠʥʪʝʨʥʝʪʘ, ʚʩʝ 

ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʫʛʨʦʟʦʡ ʢʠʙʝʨʘʪʘʢ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʨʠʩʢʦʤ ʫʪʝʯʢʠ ʜʘʥʥʳʭ, 

ʪʘʢ ʠ ʘʚʪʦʥʦʤʥʳʝ ʩʫʜʘ ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʚʝʨʞʝʥʳ ʭʘʢʝʨʩʢʦʡ ʘʪʘʢʝ ʚʧʣʦʪʴ ʜʦ 

ʧʝʨʝʭʚʘʪʘ ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʥʦʤ, ʵʪʦ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʩʝʨʴʸʟʥʳʡ ʫʱʝʨʙ ʢʘʢ ʜʣʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʪʘʢ ʠ ʜʣʷ ʩʫʜʦʚʣʘʜʝʣʴʮʘ. 

¶ ʊʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ: ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʩʙʦʸʚ ʚ ʩʠʩʪʝʤʘʭ ʠʣʠ 

ʦʙʦʨʫʜʦʚʘʥʠʠ ʘʚʪʦʥʦʤʥʦʛʦ ʩʫʜʥʘ ʚ ʨʝʡʩʝ, ʦʪʩʫʪʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʦʪʢʣʦʥʝʥʠʶ ʦʪ ʢʫʨʩʘ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʩʦʟʜʘʪʴ ʫʛʨʦʟʫ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʗ ʩʯʠʪʘʶ, 
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ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʩʠʩʪʝʤʫ, ʩʧʦʩʦʙʥʫʶ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʦʟʚʨʘʱʘʪʴ 

ʩʫʜʥʦ ʥʘ ʙʘʟʫ ʠʣʠ ʚ ʙʝʟʦʧʘʩʥʦʝ ʤʝʩʪʦ ʚʧʣʦʪʴ ʜʦ ʧʦʣʥʦʡ ʦʩʪʘʥʦʚʢʠ ʩʫʜʥʘ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʸʞʥʦʡ ʠ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

¶ ʅʦʨʤʘʪʠʚʥʳʝ ʧʨʦʙʣʝʤʳ: ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʧʨʘʚʠʣʘ ʠ 

ʥʦʨʤʳ ʚ ʦʙʣʘʩʪʠ ʤʦʨʩʢʦʛʦ ʩʫʜʦʭʦʜʩʪʚʘ ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʧʦʣʥʦʩʪʴʶ 

ʘʚʪʦʥʦʤʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʫʜʥʦʤ. ʅʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʥʦʚʳʝ 

ʥʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ ʠ ʩʪʘʥʜʘʨʪʳ ʜʣʷ ʙʝʟʦʧʘʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʘʚʪʦʥʦʤʥʳʭ ʩʫʜʦʚ, ʘ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʢʦʥʚʝʥʮʠʠ ʠ 

ʜʦʛʦʚʦʨʳ. 

¶ ʉʦʮʠʘʣʴʥʳʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ: ʚʥʝʜʨʝʥʠʝ ʘʚʪʦʥʦʤʥʳʭ ʩʫʜʦʚ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʧʨʦʩʘ ʥʘ ʧʣʘʚʩʦʩʪʘʚ ʠ ʧʦʪʝʨʝ ʨʘʙʦʯʠʭ ʤʝʩʪ ʚ 

ʦʪʨʘʩʣʠ ʤʦʨʩʢʦʛʦ ʩʫʜʦʭʦʜʩʪʚʘ. ʕʪʦ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʩʦʮʠʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʠ 

ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʤʝʭʘʥʠʟʤʦʚ ʠʥʪʝʛʨʘʮʠʠ ʠ ʧʝʨʝʦʙʫʯʝʥʠʷ ʜʣʷ ʧʝʨʩʦʥʘʣʘ. 

¶ ʇʫʙʣʠʯʥʦʝ ʤʥʝʥʠʝ: ʰʠʨʦʢʦʝ ʚʥʝʜʨʝʥʠʝ ʘʚʪʦʥʦʤʥʳʭ ʩʫʜʦʚ ʤʦʞʝʪ 

ʚʳʟʚʘʪʴ ʦʧʘʩʝʥʠʷ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʦ ʩʪʦʨʦʥʳ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ ʠʟ-ʟʘ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʨʠʩʢʦʚ ʜʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

¶ ʇʨʘʚʦʚʳʝ ʚʦʧʨʦʩʳ: ʩʫʱʝʩʪʚʫʶʪ ʤʥʦʞʝʩʪʚʦ ʶʨʠʜʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʘʚʪʦʥʦʤʥʳʤʠ ʩʫʜʘʤʠ, ʪʘʢʠʝ ʢʘʢ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ 

ʧʨʦʠʩʰʝʩʪʚʠʷ ʥʘ ʤʦʨʝ, ʩʪʨʘʭʦʚʘʥʠʝ ʠ ʥʦʨʤʘʪʠʚʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʚʪʦʥʦʤʥʳʭ ʩʫʜʦʚ ʚ ʤʦʨʩʢʦʡ 

ʠʥʜʫʩʪʨʠʠ. ʇʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʚʪʦʥʦʤʥʳʭ ʩʫʜʦʚ ʚ ʤʦʨʩʢʦʡ 

ʠʥʜʫʩʪʨʠʠ ʷʚʣʷʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʠ ʚʘʞʥʳʤʠ ʜʣʷ ʙʫʜʫʱʝʛʦ ʩʫʜʦʭʦʜʩʪʚʘ. 

ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʠʟ ʢʣʶʯʝʚʳʭ ʧʝʨʩʧʝʢʪʠʚ: 

¶ ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʵʢʦʥʦʤʠʷ: ɸʚʪʦʥʦʤʥʳʝ ʩʫʜʘ ʙʫʜʫʪ ʩʦʢʨʘʱʘʪʴ 

ʦʧʝʨʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʵʢʠʧʘʞ, 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʨʝʡʩʦʚ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʧʣʘʚʘʥʠʷ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʧʦʚʳʰʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʝʨʝʚʦʟʯʠʢʦʚ. 

¶ ɹʝʟʦʧʘʩʥʦʩʪʴ: ɸʚʪʦʥʦʤʥʳʝ ʩʫʜʘ, ʦʩʥʘʱʝʥʥʳʝ ʧʝʨʝʜʦʚʳʤʠ ʩʠʩʪʝʤʘʤʠ 

ʫʧʨʘʚʣʝʥʠʷ, ʥʘʚʠʛʘʮʠʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʤʦʛʫʪ ʩʥʠʟʠʪʴ ʨʠʩʢʠ ʯʝʣʦʚʝʯʝʩʢʠʭ 
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ʦʰʠʙʦʢ ʠ ʘʚʘʨʠʡ ʥʘ ʤʦʨʝ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʘʢ 

ʜʣʷ ʩʫʜʦʚ, ʪʘʢ ʠ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

¶ ɻʠʙʢʦʩʪʴ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ: ɸʚʪʦʥʦʤʥʳʝ ʩʫʜʘ ʤʦʛʫʪ ʙʳʪʴ 

ʘʜʘʧʪʠʨʦʚʘʥʳ ʧʦʜ ʨʘʟʣʠʯʥʳʝ ʟʘʜʘʯʠ ʠ ʫʩʣʦʚʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ 

ʛʠʙʢʦʩʪʴ ʠ ʤʘʩʰʪʘʙʳ ʧʝʨʝʚʦʟʦʯʥʳʭ ʦʧʝʨʘʮʠʡ. ʆʥʠ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʚ 

ʩʣʦʞʥʳʭ ʤʦʨʩʢʠʭ ʫʩʣʦʚʠʷʭ ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʛʨʫʟʦʚʳʭ 

ʧʝʨʝʚʦʟʦʢ. 

¶ ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ: ɸʚʪʦʥʦʤʥʳʝ ʩʫʜʘ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ 

ʵʣʝʢʪʨʠʯʝʩʪʚʝ ʠʣʠ ʜʨʫʛʠʭ ʥʠʟʢʦʫʛʣʝʨʦʜʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʵʥʝʨʛʠʠ, ʤʦʛʫʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ ʚʨʝʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʩʥʠʟʠʚ 

ʚʳʙʨʦʩʳ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʠ ʟʘʛʨʷʟʥʝʥʠʝ ʤʦʨʩʢʠʭ ʚʦʜ. 

¶ ʀʥʥʦʚʘʮʠʠ ʠ ʨʘʟʚʠʪʠʝ: ʈʘʟʚʠʪʠʝ ʘʚʪʦʥʦʤʥʳʭ ʩʫʜʦʚ ʩʪʠʤʫʣʠʨʫʝʪ 

ʠʥʥʦʚʘʮʠʠ ʚ ʦʙʣʘʩʪʠ ʤʦʨʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʜʘʪʯʠʢʦʚ, ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʠ ʜʨʫʛʠʭ ʪʝʭʥʦʣʦʛʠʡ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʤʦʨʩʢʦʡ 

ʠʥʜʫʩʪʨʠʠ ʚ ʮʝʣʦʤ ʠ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʨʳʥʦʯʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʚʪʦʥʦʤʥʳʭ ʩʫʜʦʚ ʛʘʨʘʥʪʠʨʫʶʪ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʤʦʨʩʢʦʡ ʠʥʜʫʩʪʨʠʠ, ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʨʩʢʠʭ ʧʝʨʝʚʦʟʦʢ, ʘ ʪʘʢʞʝ ʩʦʜʝʡʩʪʚʠʝ ʨʦʩʪʫ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʫʩʪʦʡʯʠʚʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. 

ʉʪʠʤʫʣʠʨʦʚʘʥʠʝ ʠʥʥʦʚʘʮʠʡ. ʈʘʟʚʠʪʠʝ ʘʚʪʦʥʦʤʥʳʭ ʩʫʜʦʚ ʩʪʠʤʫʣʠʨʫʝʪ 

ʠʥʥʦʚʘʮʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ: 

- ʤʦʨʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ: ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʠʩʪʝʤ ʥʘʚʠʛʘʮʠʠ, 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʚʷʟʠ, ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʡ, ʚʥʝʜʨʝʥʠʝ 

ʩʠʩʪʝʤ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ; 

- ʜʘʪʯʠʢʠ, ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʜʘʪʯʠʢʦʚ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʩʦʩʪʦʷʥʠʷ ʩʫʜʥʘ; 

- ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ: ʩʦʟʜʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʘʚʪʦʥʦʤʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʥʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 
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ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤ ʦʧʪʠʤʠʟʘʮʠʠ ʤʘʨʰʨʫʪʦʚ ʠ ʨʘʩʭʦʜʘ 

ʪʦʧʣʠʚʘ. 

ʈʘʟʚʠʪʠʝ ʘʚʪʦʥʦʤʥʳʭ ʩʫʜʦʚ ʧʨʠʚʝʜʝʪ ʢ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʨʳʥʢʦʚ: 

- ʨʳʥʦʢ ʘʚʪʦʥʦʤʥʳʭ ʩʫʜʦʚ: ʪʘʢʠʝ ʩʫʜʘ ʥʫʞʥʦ ʙʫʜʝʪ ʧʨʦʝʢʪʠʨʦʚʘʪʴ, 

ʩʪʨʦʠʪʴ, ʦʙʩʣʫʞʠʚʘʪʴ, ʩʝʨʪʠʬʠʮʠʨʦʚʘʪʴ, ʩʪʨʘʭʦʚʘʪʴ; 

- ʨʳʥʦʢ ʜʘʥʥʳʭ: ʥʦʚʳʡ ʢʣʘʩʩ ʩʫʜʥʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʙʦʨʘ, 

ʘʥʘʣʠʟʘ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʠ ʥʝ 

ʪʦʣʴʢʦ ʤʝʩʪʘʭ. 

ʈʘʟʚʠʪʠʝ ʘʚʪʦʥʦʤʥʳʭ ʩʫʜʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ 

ʠʥʥʦʚʘʮʠʡ ʚ ʤʦʨʩʢʦʡ ʠʥʜʫʩʪʨʠʠ. ʕʪʦ ʥʝ ʪʦʣʴʢʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʨʩʢʠʭ ʧʝʨʝʚʦʟʦʢ, ʥʦ ʠ ʩʦʟʜʘʝʪ ʥʦʚʳʝ ʨʳʥʢʠ 

ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʙʠʟʥʝʩʘ. [1,2] 

ʇʨʦʛʥʦʟʳ ʨʘʟʚʠʪʠʷ ʘʚʪʦʥʦʤʥʳʭ ʩʫʜʦʚ ʚ ʙʫʜʫʱʝʤ. ʇʨʦʛʥʦʟʳ 

ʨʘʟʚʠʪʠʷ ʘʚʪʦʥʦʤʥʳʭ ʛʨʫʟʦʚʳʭ ʩʫʜʦʚ ʚ ʙʫʜʫʱʝʤ ʧʨʝʜʧʦʣʘʛʘʶʪ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʠʥʪʝʨʝʩʘ ʢ ʵʪʦʡ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ ʝʝ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʦʨʩʢʦʡ ʠʥʜʫʩʪʨʠʠ. ʕʢʩʧʝʨʪʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʘʚʪʦʥʦʤʥʳʝ 

ʛʨʫʟʦʚʳʝ ʩʫʜʘ ʤʦʛʫʪ ʩʪʘʪʴ ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʚ ʪʨʘʥʩʧʦʨʪʥʦʡ ʣʦʛʠʩʪʠʢʝ 

ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʥʘʜʝʞʥʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʢʨʘʱʝʥʠʷ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ. 

ɺ ʙʫʜʫʱʝʤ, ʘʚʪʦʥʦʤʥʳʝ ʛʨʫʟʦʚʳʝ ʩʫʜʘ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʦʨʩʢʠʭ ʧʝʨʝʚʦʟʦʢ ʙʣʘʛʦʜʘʨʷ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʙʦʪʳ ʚ ʨʝʞʠʤʝ 

24/7 ʙʝʟ ʧʝʨʝʨʳʚʦʚ ʥʘ ʦʪʜʳʭ ʵʢʠʧʘʞʘ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ 

ʜʦʩʪʘʚʢʠ ʛʨʫʟʦʚ ʠ ʫʣʫʯʰʠʪʴ ʦʙʱʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʩʠʩʪʝʤʳ. 

ʊʘʢʞʝ ʦʞʠʜʘʝʪʩʷ, ʯʪʦ ʘʚʪʦʥʦʤʥʳʝ ʛʨʫʟʦʚʳʝ ʩʫʜʘ ʧʨʠʚʣʝʢʫʪ ʚʥʠʤʘʥʠʝ 

ʠʥʚʝʩʪʦʨʦʚ, ʪʘʢ ʢʘʢ ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ ʤʦʞʝʪ ʩʥʠʟʠʪʴ ʦʧʝʨʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ 

ʢʦʤʧʘʥʠʡ ʠ ʫʣʫʯʰʠʪʴ ʠʭ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ. ɹʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, ʘʚʪʦʥʦʤʥʳʝ ʩʫʜʘ ʩʤʦʛʫʪ 
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ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩʚʦʡ ʤʘʨʰʨʫʪ, ʫʯʠʪʳʚʘʷ ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ, ʟʘʪʨʘʪʳ 

ʪʦʧʣʠʚʘ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ. 

ʈʘʟʚʠʪʠʝ ʘʚʪʦʥʦʤʥʳʭ ʛʨʫʟʦʚʳʭ ʩʫʜʦʚ ʦʙʝʱʘʝʪ ʠʟʤʝʥʠʪʴ ʤʦʨʩʢʫʶ 

ʧʝʨʝʚʦʟʢʫ ʛʨʫʟʦʚ, ʧʨʠʥʝʩʷ ʩ ʩʦʙʦʡ ʫʣʫʯʰʝʥʠʷ ʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʝʧʷʪʩʪʚʠʷ, 

ʘʚʪʦʥʦʤʥʳʝ ʛʨʫʟʦʚʳʝ ʩʫʜʘ ʙʫʜʫʪ ʠʛʨʘʪʴ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʙʫʜʫʱʝʤ ʤʦʨʩʢʦʤ 

ʪʨʘʥʩʧʦʨʪʝ ʠ ʣʦʛʠʩʪʠʢʝ. 

ʇʦʜʚʦʜʷ ʠʪʦʛ, ʧʨʝʠʤʫʱʝʩʪʚʘ ʥʦʚʦʛʦ ʢʣʘʩʩʘ "ɸʚʪʦʥʦʤʥʦʝ ʩʫʜʥʦ" 

ʚʢʣʶʯʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʣʫʯʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʨʝʧʣʘʚʘʥʠʷ ʟʘ ʩʯʝʪ 

ʫʤʝʥʴʰʝʥʠʷ ʨʠʩʢʘ ʯʝʣʦʚʝʯʝʩʢʠʭ ʦʰʠʙʦʢ, ʧʦʚʳʰʝʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʵʢʦʥʦʤʠʠ ʪʦʧʣʠʚʘ ʠ ʟʘʪʨʘʪ ʥʘ ʵʢʠʧʘʞ. 

ʆʜʥʘʢʦ ʚʥʝʜʨʝʥʠʝ ʘʚʪʦʥʦʤʥʳʭ ʩʫʜʦʚ ʪʘʢʞʝ ʚʩʪʨʝʯʘʝʪ ʨʷʜ ʚʳʟʦʚʦʚ ʠ 

ʧʨʝʧʷʪʩʪʚʠʡ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʚʢʣʶʯʘʶʪ ʚʦʧʨʦʩʳ ʪʝʭʥʠʯʝʩʢʦʡ ʥʘʜʝʞʥʦʩʪʠ 

ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʦʨʤ ʠ ʧʨʘʚʠʣ, ʘ 

ʪʘʢʞʝ ʩʦʮʠʘʣʴʥʳʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ, ʪʘʢʠʝ ʢʘʢ ʧʦʪʝʨʷ ʨʘʙʦʯʠʭ ʤʝʩʪ ʠ 

ʠʟʤʝʥʝʥʠʝ ʩʧʦʩʦʙʦʚ ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʘʤʠ. 

ɺ ʧʝʨʩʧʝʢʪʠʚʝ, ʚʪʦʥʦʤʥʳʝ ʩʫʜʘ ʠʤʝʶʪ ʙʦʣʴʰʦʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ 

ʫʣʫʯʰʝʥʠʷ ʦʪʨʘʩʣʠ ʤʦʨʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʦʜʥʘʢʦ ʜʣʷ ʫʩʧʝʰʥʦʡ ʨʝʘʣʠʟʘʮʠʠ 

ʵʪʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʬʘʢʪʦʨʳ ʠ 

ʪʱʘʪʝʣʴʥʦ ʧʣʘʥʠʨʦʚʘʪʴ ʚʥʝʜʨʝʥʠʝ ʪʘʢʠʭ ʩʫʜʦʚ ʚ ʤʦʨʩʢʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʠʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʩʫʜʦʩʪʨʦʝʥʠʠ. ʇʦʜʯʝʨʢʠʚʘʝʪʩʷ ʟʥʘʯʠʤʦʩʪʴ ʩʦʚʨʝʤʝʥʥʳʭ 

ʧʦʣʠʤʝʨʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʨʧʫʩʥʳʭ ʜʝʪʘʣʝʡ ʣʸʛʢʠʭ ʩʫʜʦʚ ʩ ʚʳʩʦʢʠʤʠ 

ʧʨʦʯʥʦʩʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʣʘʩʪʤʘʩʩ ʚ ʩʫʜʦʩʪʨʦʝʥʠʠ ʧʨʷʤʦ ʟʘʚʠʩʠʪ ʦʪ ʠʟʫʯʝʥʥʦʩʪʠ ʠʭ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʠʩʭʦʜʠʪ ʚʳʚʦʜ ʦ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ ʚ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʦʡ 

ʦʪʨʘʩʣʠ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʘʢʢʫʨʘʪʥʦʛʦ ʧʦʜʙʦʨʘ ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʯʝʪʦʤ ʠʭ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

Annotation. The article discusses the use of polymer materials in shipbuilding. 

The importance of modern polymers for the creation of hull parts of light vessels with 

high strength characteristics is emphasized. It is important to note that the 

effectiveness of the use of plastics in shipbuilding directly depends on the knowledge 

of their physical and mechanical properties. Thus, it is concluded that it is advisable 

to use synthetic polymers in the shipbuilding industry and the need for careful 

selection of materials taking into account their specific characteristics in order to 

achieve optimal results. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉʫʜʦʩʪʨʦʝʥʠʝ; ʢʦʨʧʫʩʥʳʝ ʜʝʪʘʣʠ; ʩʪʝʢʣʦʧʣʘʩʪʠʢ; 

ʥʘʧʦʣʥʠʪʝʣʠ; ʧʦʣʠʤʝʨʥʘʷ ʢʦʤʧʦʟʠʮʠʷ (ʇʂ). 

Keywords: Shipbuilding; hull parts; fiberglass; fillers; polymer composition 

(PC). 

 

ɺ ʩʫʜʦʩʪʨʦʝʥʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʥʠ 

ʠʤʝʶʪ ʨʘʟʥʳʝ ʩʚʦʡʩʪʚʘ, ʥʘʟʥʘʯʝʥʠʷ, ʩʧʦʩʦʙʳ ʧʨʠʤʝʥʝʥʠʷ. ʉʨʝʜʠ ʥʠʭ ʯʘʱʝ 

ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʝʨʝʚʦ, ʩʪʘʣʴ ʠ ʩʪʝʢʣʦʧʣʘʩʪʠʢ. ʉʦʚʨʝʤʝʥʥʘʷ 

ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ð ʦʜʠʥ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʧʦʪʨʝʙʠʪʝʣʝʡ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʯʝʤ ʦʙʣʘʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʦʯʝʥʴ 

ʨʘʟʥʦʦʙʨʘʟʥʳ, ʘ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʛʨʘʥʠʯʝʥʥʳ. 

ʇʦʣʠʤʝʨʳ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʨʧʫʩʦʚ ʩʫʜʦʚ ʠ ʢʦʨʧʫʩʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʜʝʪʘʣʝʡ ʩʫʜʦʚʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʧʨʠʙʦʨʦʚ ʠ 

ʘʧʧʘʨʘʪʫʨʳ, ʜʣʷ ʦʢʨʘʩʢʠ ʩʫʜʦʚ, ʦʪʜʝʣʢʠ ʧʦʤʝʱʝʥʠʡ ʠ ʠʭ ʪʝʧʣʦ-, ʟʚʫʢʦ- ʠ 

ʚʠʙʨʦʠʟʦʣʷʮʠʠ ʠ ʜʨ.  
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ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʨʧʫʩʦʚ ʩʫʜʦʚ ʠ ʢʦʨʧʫʩʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠʩʧʦʣʴʟʫʶʪ 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʧʦʣʠʵʬʠʨʥʳʝ ʩʪʝʢʣʦʧʣʘʩʪʠʢʠ ʭʦʣʦʜʥʦʛʦ ʦʪʚʝʨʞʜʝʥʠʷ. ɺ ʪʝʭ 

ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʪʨʝʙʫʶʪʩʷ ʤʘʪʝʨʠʘʣʳ ʩ ʦʩʦʙʦ ʚʳʩʦʢʠʤʠ ʧʨʦʯʥʦʩʪʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʥʘʧʨʠʤʝʨ, ʜʣʷ ʢʦʨʧʫʩʦʚ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʘʧʧʘʨʘʪʦʚ), 

ʧʨʠʤʝʥʷʶʪ ʵʧʦʢʩʠʜʥʳʝ ʩʪʝʢʣʦʧʣʘʩʪʠʢʠ. 

ʂʦʨʧʫʩʥʳʝ ʠʟʜʝʣʠʷ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʠʟ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʠʣʠ 

ʪʝʨʤʦʨʝʘʢʪʠʚʥʳʭ ʧʣʘʩʪʤʘʩʩ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ɼʣʷ 

ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʜʝʪʘʣʝʡ, ʚʳʧʫʩʢʘʝʤʳʭ ʢʨʫʧʥʳʤʠ ʪʠʨʘʞʘʤʠ, ʠʩʧʦʣʴʟʫʶʪ 

ʧʨʦʤʳʰʣʝʥʥʳʝ ʤʘʨʢʠ ʪʝʨʤʦʧʣʘʩʪʦʚ, ʘ ʪʘʢʞʝ ʬʝʥʦʧʣʘʩʪʦʚ. ʂʨʫʧʥʦʛʘʙʘʨʠʪʥʳʝ 

ʢʦʨʧʫʩʥʳʝ ʠʟʜʝʣʠʷ ʧʦʣʫʯʘʶʪ ʠʟ ʘʨʤʠʨʦʚʘʥʥʳʭ ʧʣʘʩʪʠʢʦʚ. ɺ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʚʳʩʦʢʦʥʘʛʨʫʞʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʠʟʜʝʣʠʡ ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʨʘʙʦʪʳ ʧʨʠ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʊʝʭʥʦʣʦʛʠʷ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʩʦʩʪʘʚ ʠ 

ʩʚʦʡʩʪʚʘ, ʩʦʟʜʘʚʘʷ ʧʣʘʩʪʤʘʩʩʳ ʩ ʢʦʤʧʣʝʢʩʦʤ ʪʨʝʙʫʝʤʳʭ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʝ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʨʠʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʘʭ.  

ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʚʠʜʘ ʧʦʣʠʤʝʨʘ, ʝʛʦ ʩʦʩʪʘʚʘ, ʩʦʜʝʨʞʘʥʠʝ ʥʘʧʦʣʥʠʪʝʣʷ, ʘ 

ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʭ ʮʝʣʝʚʳʭ ʜʦʙʘʚʦʢ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʫʯʝʥʠʝ ʠʟʜʝʣʠʷ ʩ 

ʨʝʛʫʣʠʨʫʝʤʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʘʧʨʷʤʫʶ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʝ ʜʝʨʝʚʫ ʠ ʩʪʘʣʠ, ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʤʦʤʝʥʪʦʚ ʧʨʝʚʦʩʭʦʜʷʱʠʝ ʠʭ. 

ʉʪʝʢʣʦʧʣʘʩʪʠʢ ð ʤʘʪʝʨʠʘʣ ʩ ʤʘʣʳʤ ʫʜʝʣʴʥʳʤ ʚʝʩʦʤ ʠ ʟʘʜʘʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʠʤʝʶʱʠʡ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʨʠʤʝʥʝʥʠʷ, ʦʙʣʘʜʘʶʪ ʦʯʝʥʴ 

ʥʠʟʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʢʘʢ ʫ ʜʝʨʝʚʘ ʠ ʧʨʦʯʥʦʩʪʴʶ ʢʘʢ ʫ ʩʪʘʣʠ, 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʴʶ, ʠ ʘʪʤʦʩʬʝʨʘ - ʩʪʦʡʢʦʩʪʴʶ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʥʥʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʠʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ, ʨʘʩʰʠʨʠʪʴ ʘʩʩʦʨʪʠʤʝʥʪ ʠ ʫʚʝʣʠʯʠʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʨʝʥʪʘʙʝʣʴʥʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʣʘʩʪʠʢʦʚ. ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʩʚʷʟʠ 

ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʦʡ ʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʣʠʤʝʨʦʚ ʧʦʟʚʦʣʷʝʪ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʥʘʧʨʘʚʣʝʥʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʠʥʪʝʟ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʞʝʣʘʝʤʳʭ 
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ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʘ ʩ ʜʨʫʛʦʡ ï ʩʫʜʠʪʴ ʦ ʩʪʨʫʢʪʫʨʝ ʤʘʪʝʨʠʘʣʘ, ʝʩʣʠ 

ʠʟʚʝʩʪʥʳ ʝʛʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ [2]. 

ʊʘʙʣʠʮʘ 1 - ʉʨʘʚʥʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ 

ʉʚʦʡʩʪʚʘ ɼʝʨʝʚʦ ʉʪʘʣʴ ʉʊʇ-97ʩ ɺʇʉ-72 

ʇʣʦʪʥʦʩʪʴ, ʢʛ/ʤ
3
 700 7800 1900 1880 

ɺʦʟʜʝʡʩʪʚʠʝ 

ʚʦʜʳ 

ʈʘʟʣʘʛʘʝʪʩ

 ̫

ʇʦʜʚʝʨʞʝʥʦ 

ʢʦʨʨʦʟʠʠ 

ʅʝ 

ʧʦʜʚʝʨʞʝʥʦ 

ʅʝ ʧʦʜʚʝʨʞʝʥʦ 

ʇʨʦʯʥʦʩʪʴ 

ʨʘʩʪʷʞʝʥʠʝ, 

ʄʧʘ 

87 300-750 259 287 

ʉʨʦʢ ʩʣʫʞʙʳ, 

ʃʝʪ 

15-30 25-40 30-50 30-50 

ɻʨʫʟʦʚʤʝʩʪʠʤʦʩ

ʪʴ ʩʫʜʥʘ, ʤ
3
 

170 187 195 195 

  

ʅʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤʠ ʚ ʩʫʜʦʩʪʨʦʝʥʠʠ ʷʚʣʷʶʪʩʷ ʩʪʝʢʣʦʧʣʘʩʪʠʢʠ ʤʘʨʦʢ 

ʉʊʇ-97ʩ ʠ ɺʇʉ-72. ʆʥʠ ʦʙʣʘʜʘʶʪ ʪʝʭʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʢʦʪʦʨʳʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ɻʆʉʊ 33351-2015 ʧʦ ʪʨʝʙʦʚʘʥʠʶ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʨʧʫʩʥʳʭ 

ʜʝʪʘʣʝʡ. 

ʊʘʙʣʠʮʘ 2 - ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʟʠʮʠʡ 

ʇʦʢʘʟʘʪʝʣʠ ʉʊʇ-97ʩ ɺʇʉ-72 

ʉʪʨʫʢʪʫʨʘ ʅʝʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʆʨʠʝʥʪʠʨʦʚʘʥʥʘʷ 

ʇʣʦʪʥʦʩʪʴ, ʢʛ/̍  1900 1880 

ʇʨʦʯʥʦʩʪʴ ʧʨʠ ʠʟʛʠʙʝ, 

ʄʇʘ 

520 870 

ɺʦʜʦʧʦʛʣʦʱʝʥʠʝ, % 3,12 2,19 

ɺʣʘʛʦʧʦʛʣʦʱʝʥʠʝ, % 1,59 1,35 

ʇʦʨʠʩʪʦʩʪʴ, %  17 10 

 

ɼʘʥʥʳʝ ʤʘʨʢʠ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʡ ʩʦʩʪʘʚ, ʥʦ ʨʘʟʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʋ 

ʧʦʣʠʤʝʨʘ ʉʊʇ-97ʩ ʩʪʨʫʢʪʫʨʘ ʥʝʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ, ʘ ʫ ɺʇʉ-72 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ. ʇʨʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʝ, ʧʨʦʯʥʦʩʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʟʨʘʩʪʘʶʪ ʚ ʦʪʣʠʯʠʝ ʦʪ ʥʝʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ. ʉʨʘʚʥʠʚ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʘʷ ʤʘʨʢʘ ɺʇʉ-72, ʪʘʢ ʢʘʢ ʧʨʝʚʦʩʭʦʜʠʪ ʧʦ 

ʧʨʦʯʥʦʩʪʠ ʥʘ ʠʟʛʠʙ ʠ ʦʙʣʘʜʘʝʪ ʥʠʟʢʠʤ ʚʣʘʛʦ- ʠ ʚʦʜʦʧʦʛʣʦʱʝʥʠʝʤ. 

ʆʪʚʝʨʜʠʪʝʣʴ ʚʚʦʜʷʪ ʚ ʥʦʚʦʣʘʯʥʳʝ ʧʦʨʦʰʢʠ ʜʣʷ ʧʝʨʝʚʦʜʘ ʣʠʥʝʡʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʧʦʣʠʤʝʨʘ ʚ ʩʝʪʯʘʪʫʶ, ʵʪʦ ï ʫʨʦʪʨʦʧʠʥ, ʜʣʷ 

ʫʣʫʯʰʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʚʚʝʜʝʥ ʥʘʠʙʦʣʝʝ ʧʨʠʤʝʥʷʝʤʳʡ 

ʧʣʘʩʪʠʬʠʢʘʪʦʨ - ʜʠʙʫʪʠʣʬʪʘʣʘʪ 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʠʤʝʥʷʶʪ ʥʘʧʦʣʥʠʪʝʣʠ, 

ʥʘʟʳʚʘʝʤʳʝ ʯʘʩʪʦ ʜʣʠʥʥʦʚʦʣʦʢʥʠʩʪʳʤʠ. ɺʳʙʦʨ ʚʠʜʘ ʚʦʣʦʢʥʘ ʦʧʨʝʜʝʣʷʶʪ 

ʚʠʜʦʤ ʪʨʝʙʫʝʤʳʭ ʩʚʦʡʩʪʚ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʟ ʚʦʣʦʢʥʠʩʪʳʭ ʥʘʧʦʣʥʠʪʝʣʝʡ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʭʣʦʧʢʦʚʳʝ ʦʯʸʩʳ, ʜʣʠʥʥʦʚʦʣʦʢʥʠʩʪʳʡ ʘʩʙʝʩʪ ʠ ʩʪʝʢʣʦʚʦʣʦʢʥʦ. 

ʊʘʙʣʠʮʘ 3 - ɺʣʠʷʥʠʝ ʥʘʧʦʣʥʠʪʝʣʝʡ ʥʘ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʮʠʠ 

ʊʠʧ 

ʥʘʧʦʣʥʠʪʝʣʷ 

ʋʩʘʜʢʘ

, % 

ʍʠʤʠʯʝʩʢʘ

ʷ ʩʪʦʡʢʦʩʪʴ 

ɺʦʜʦʩʪʦʡʢʦʩʪʴ

, % 

ʇʨʦʯʥʦʩʪʴ

, ʄʇʘ 

ʋʜʘʨʥʘʷ 

ʚʷʟʢʦʩʪʴ, 

ʢɼʞ/ʤ2 

ɼʨʝʚʝʩʥʘʷ 

ʤʫʢʘ 
- - - + - 

ʍʣʦʧʢʦʚʦʝ 

ʚʦʣʦʢʥʦ 
Ź - - + + 

ʉʪʝʢʣʦʚʦʣʦʢʥ

ʦ 
Ź + + ++ + 

 

ɺ ʪʘʙʣʠʮʝ 4 ʨʘʩʩʤʦʪʨʝʥʳ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 

(ʤʘʨʦʢ) ʚʳʙʨʘʥʥʦʛʦ ʩʪʝʢʣʦʚʦʣʦʢʥʘ. 

ʊʘʙʣʠʮʘ 4 - ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʝʢʣʦʪʢʘʥʝʡ 

ʇʦʢʘʟʘʪʝʣʴ ʊ-10-80 ʊ-10-14 

ʇʣʦʪʥʦʩʪʴ ʧʦʣʦʪʥʘ, ʛ/ʤ2 290 100 

ʇʣʦʪʥʦʩʪʴ ʥʠʪʝʡ ʥʘ 10 

ʤʤ 

36/2 36/1 

ʊʦʣʱʠʥʘ ʧʦʣʦʪʥʘ, ʤʤ 0,25 0,24 

ʈʘʟʨʳʚʥʘʷ ʥʘʛʨʫʟʢʘ ʅ/ʤ 2836/1564 3140/1668 
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ʉʪʝʢʣʦʪʢʘʥʴ ʤʘʨʢʠ ʊ 10-14 ʧʦ ʦʩʥʦʚʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ: ʨʘʟʨʳʚʥʦʡ ʥʘʛʨʫʟʢʝ, 

ʪʦʣʱʠʥʝ ʧʨʝʚʦʩʭʦʜʠʪ ʜʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʪʢʘʥʠ ʤʘʨʢʠ ʊ 10-80. 

ɺ ʧʦʣʠʤʝʨʥʫʶ ʢʦʤʧʦʟʠʮʠʶ ʚʚʝʜʝʥʘ ʮʝʣʝʚʘʷ ʜʦʙʘʚʢʘ ï ʣʶʤʠʥʦʬʦʨ ʤʘʨʢʠ 

ʊɸʊ 33, ʥʘʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʡ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ ï ʠʟʣʫʯʘʪʴ ʛʦʣʫʙʦʡ ʩʚʝʪ ʚ ʮʝʣʷʭ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ʇʦ ʚʩʝʤʫ ʧʝʨʠʤʝʪʨʫ ʩʫʜʥʘ, ʢʘʡʤʘ ʚʳʧʦʣʥʝʥʘ ʚ ʚʠʜʝ ʩʚʝʪʷʱʝʡʩʷ 

ʜʝʪʘʣʠ, ʩʦʟʜʘʚʘʷ ʧʦʜʦʙʠʝ ʛʘʙʘʨʠʪʦʚ ʩʫʜʥʘ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ ʥʠʟʢʫʶ 

ʪʦʢʩʠʯʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʩʨʦʢ ʩʣʫʞʙʳ ʧʠʛʤʝʥʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʘʣʶʤʠʥʘʪ ʩʪʨʦʥʮʠʷ.  

ʅʘ ʦʩʥʦʚʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʟʨʘʙʦʪʘʥʘ ʨʝʮʝʧʪʫʨʘ 

ʧʦʣʠʤʝʨʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 5. 

ʊʘʙʣʠʮʘ 5 - ʈʝʮʝʧʪʫʨʘ ʧʦʣʠʤʝʨʥʦʡ ʢʦʤʧʦʟʠʮʠʠ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʢʦʤʧʦʥʝʥʪʦʚ 

ɼʦʟʠʨʦʚʢʘ, % ʅʘʟʥʘʯʝʥʠʝ 

ɺʇʉ-72 100 ʈʝʘʢʪʦʧʣʘʩʪ 

ʋʨʦʪʨʦʧʠʥ 5 ʉʰʠʚʘʶʱʠʡ ʘʛʝʥʪ 

(ʦʪʚʝʨʜʠʪʝʣʴ) 

ʊɸʊ 33 5 ʃʶʤʠʥʝʩʮʠʨʫʶʱʘʷ 

ʜʦʙʘʚʢʘ 

ʊ-10-14 25 ʅʘʧʦʣʥʠʪʝʣʴ 

ɼʠʙʫʪʠʣʬʪʘʣʘʪ 15 ʇʣʘʩʪʠʬʠʢʘʪʦʨ 

 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʩʫʜʦʩʪʨʦʝʥʠʠ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʠʟʫʯʝʥʥʦʩʪʠ ʠʭ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɺʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʣʘʩʪʤʘʩʩ 

ʜʦʩʪʠʛʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʨʘʮʠʦʥʘʣʴʥʦʤ ʧʦʜʙʦʨʝ ʠʭ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ 

ʠ ʧʨʘʚʠʣʴʥʦʤ ʫʯʝʪʝ ʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʦʡ 

ʦʪʨʘʩʣʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʠʚʝʜʝʥʥʳʤʠ ʩʨʘʚʥʠʪʝʣʴʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ 

ʦʩʥʦʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɸʥʥʦʪʘʮʠʷ. ʇʦʩʢʦʣʴʢʫ ʚ ʤʠʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʩʨʝʜʥʝʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ɿʝʤʣʠ, ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʠʜʦʚ 

ʥʠʟʢʦʫʛʣʝʨʦʜʥʦʛʦ ʪʦʧʣʠʚʘ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ 

ʪʘʢʦʛʦ ʪʦʧʣʠʚʘ ʜʣʷ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʘ ʪʘʢʞʝ ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦʙ ʠʭ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ. 

Annotation. As the world experiences an increase in the average temperature of 

the Earth, the urgent task is to find alternative types of low-carbon fuels. The article 

provides a description of some types of such fuels for water transport, and also draws 

conclusions about their prospects. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʣʴʪʝʨʥʘʪʠʚʥʦʝ ʪʦʧʣʠʚʦ; ʚʦʜʦʨʦʜʥʘʷ ʵʥʝʨʛʝʪʠʢʘ; 

ʚʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪ; ʵʢʦʣʦʛʠʷ; ʧʘʨʥʠʢʦʚʳʝ ʛʘʟʳ; ʚʨʝʜʥʳʝ ʚʳʙʨʦʩʳ 

mailto:ilya_rozov@mail.ru
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ɺʚʝʜʝʥʠʝ 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʦʩʪʨʦ ʩʪʦʠʪ 

ʚʦʧʨʦʩ ʦ ʙʦʨʴʙʝ ʩ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ. ɸʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʘ ʧʝʨʝʭʦʜʘ ʪʨʘʥʩʧʦʨʪʘ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʚʠʜʳ ʪʦʧʣʠʚʘ, ʪʘʢ ʢʘʢ 

ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʚ ʵʪʦʡ ʦʪʨʘʩʣʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦʩʪʘʪʦʯʥʦ 

ʚʝʣʠʢʦ. ʈʘʟʣʠʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʪʨʘʥʩʧʦʨʪ ʛʝʥʝʨʠʨʫʝʪ 13-16 

% ʤʠʨʦʚʳʭ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʧʨʠʯʝʤ ʩʘʤʘʷ ʩʫʱʝʩʪʚʝʥʥʘʷ ʠʭ ʯʘʩʪʴ 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪ (10-12 %) [5]. ɸʚʠʘʮʠʷ ʠ ʤʦʨʩʢʠʝ ʧʝʨʝʚʦʟʢʠ 

ʛʝʥʝʨʠʨʫʶʪ ʧʦ 1,5-2 % ʤʠʨʦʚʦʛʦ ʦʙʲʝʤʘ ʚʳʙʨʦʩʦʚ, ʘ ʚʢʣʘʜ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ ʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʚ 5 ʨʘʟ ʤʝʥʴʰʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʢʨʘʱʝʥʠʝ 

ʵʤʠʩʩʠʠ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʥʘ ʪʨʘʥʩʧʦʨʪʝ ʠʛʨʘʝʪ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ ʙʦʨʴʙʝ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʢʣʠʤʘʪʘ. ɺʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪ ï ʵʪʦ ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʚʠʜʦʚ 

ʛʨʫʟʦʧʝʨʝʚʦʟʦʢ, ʷʚʣʷʶʱʠʡʩʷ ʪʘʢʞʝ ʠʩʪʦʯʥʠʢʦʤ ʚʳʙʨʦʩʦʚ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʦʙʲʝʤʦʚ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ [2]. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʇʘʨʥʠʢʦʚʳʤʠ ʛʘʟʘʤʠ ʷʚʣʷʶʪʩʷ ʛʘʟʳ ʩ ʚʳʩʦʢʦʡ ʧʨʦʟʨʘʯʥʦʩʪʴʶ ʚ ʚʠʜʠʤʦʤ 

ʜʠʘʧʘʟʦʥʝ ʠ ʩ ʚʳʩʦʢʠʤ ʧʦʛʣʦʱʝʥʠʝʤ ʚ ʪʝʧʣʦʚʦʤ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ. 

ʇʘʨʥʠʢʦʚʳʝ ʛʘʟʳ, ʪʘʢʠʝ ʢʘʢ ʦʟʦʥ (O3), ʚʦʜʷʥʦʡ ʧʘʨ, ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ, ʤʝʪʘʥ, 

ʧʦʜʜʝʨʞʠʚʘʶʪ ʞʠʟʥʴ ʥʘ ɿʝʤʣʝ, ʫʣʘʚʣʠʚʘʷ ʠ ʩʦʭʨʘʥʷʷ ʩʦʣʥʝʯʥʦʝ ʪʝʧʣʦ. ɺ 

ʪʝʯʝʥʠʝ ʪʳʩʷʯʝʣʝʪʠʡ ʩʦʙʣʶʜʘʣʘʩʴ ʝʩʪʝʩʪʚʝʥʥʘʷ ʫʛʣʝʨʦʜʥʘʷ ʥʝʡʪʨʘʣʴʥʦʩʪʴ, 

ʧʦʩʢʦʣʴʢʫ ʝʩʪʝʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʫʜʘʣʷʣʠ ʩʪʦʣʴʢʦ ʫʛʣʝʨʦʜʘ, ʩʢʦʣʴʢʦ ʦʥʠ 

ʚʳʜʝʣʷʣʠ. ʅʦ ʪʘʢʦʡ ʙʘʣʘʥʩ ʙʳʣ ʥʘʨʫʰʝʥ ʠʟ-ʟʘ ʩʞʠʛʘʥʠʷ ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ, 

ʚʳʨʫʙʢʠ ʣʝʩʦʚ, ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʜʨʫʛʠʭ ʘʥʪʨʦʧʦʛʝʥʥʳʭ 

ʚʦʟʜʝʡʩʪʚʠʡ, ʢʦʪʦʨʳʝ ʧʨʠʚʝʣʠ ʢ ʩʪʨʝʤʠʪʝʣʴʥʦʤʫ ʥʘʢʦʧʣʝʥʠʶ ʧʘʨʥʠʢʦʚʳʭ 

ʛʘʟʦʚ (ʚ ʦʩʥʦʚʥʦʤ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ), ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʚʦʟʨʦʩʣʘ ʦʧʘʩʥʦʩʪʴ 

ʫʩʠʣʝʥʠʷ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʧʘʨʥʠʢʦʚʦʛʦ ʵʬʬʝʢʪʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʘʪʤʦʩʬʝʨʝ 
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ʥʘʙʣʶʜʘʝʪʩʷ ʵʢʩʪʨʝʤʘʣʴʥʦ ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʝʪʘʥʘ (CH4) ʠ ʫʛʣʝʢʠʩʣʦʛʦ 

ʛʘʟʘ (CO2) ʟʘ ʧʦʩʣʝʜʥʠʝ ʧʦʣʤʠʣʣʠʦʥʘ ʣʝʪ [2].  

ʋʛʣʝʨʦʜʥʳʡ ʩʣʝʜ ï ʵʪʦ ʤʘʩʩʘ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʢʦʪʦʨʘʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʣʶʜʝʡ, ʙʠʟʥʝʩʘ ʠʣʠ ʛʦʩʫʜʘʨʩʪʚʘ. ʆʩʥʦʚʥʫʶ 

ʜʦʣʶ ʥʘʢʦʧʠʚʰʠʭʩʷ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʚ ʘʪʤʦʩʬʝʨʝ ʩʦʩʪʘʚʣʷʶʪ ʜʠʦʢʩʠʜ 

ʫʛʣʝʨʦʜʘ (CO2), ʤʝʪʘʥ (CH4) ʠ ʟʘʢʠʩʴ ʘʟʦʪʘ (N2O). ɼʣʷ ʩʥʠʞʝʥʠʷ ʫʛʣʝʨʦʜʥʦʛʦ 

ʩʣʝʜʘ ʦʪ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʝʢ ʟʨʝʥʠʷ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʪʦʧʣʠʚʘ, ʪʘʢʠʝ ʢʘʢ 

ʤʝʪʘʥʦʣ, ʵʪʘʥʦʣ, ʙʫʪʘʥʦʣ, ʩʞʠʞʝʥʥʳʡ ʧʨʠʨʦʜʥʳʡ ʛʘʟ (ʉʇɻ), ʩʞʠʞʝʥʥʳʡ 

ʫʛʣʝʚʦʜʦʨʦʜʥʳʡ ʛʘʟ (ʉʋɻ), ʚʦʜʦʨʦʜ ʠ ʪ.ʜ. ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʳʝ ʪʦʧʣʠʚʘ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʜʠʟʝʣʴʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʢʘʭ ʠ 

ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʷʭ, ʥʦ ʠ ʚ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ [3], 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʉʇɻ ï 23 %, ʤʝʪʘʥʦʣʘ ï 92 %, ʘʤʤʠʘʢʘ ï 79-100 %, ʚʦʜʦʨʦʜʘ ï 

95-100%. 

ʂ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʚʠʜʘʤ ʪʦʧʣʠʚʘ ʥʘ ʚʦʜʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʚʦʜʦʨʦʜ, ʘʤʤʠʘʢ, ʤʝʪʘʥ, ʤʝʪʘʥʦʣ, ʵʪʘʥʦʣ, ʧʨʦʧʘʥ-ʙʫʪʘʥʦʚʫʶ ʩʤʝʩʴ, 

ʠʟʦʙʫʪʠʣʦʚʳʡ ʩʧʠʨʪ. 

ɺʦʜʦʨʦʜ (ʅ2) ï ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʠ ʵʢʦʣʦʛʠʯʥʳʡ ʚʠʜ ʪʦʧʣʠʚʘ. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʦʜʦʨʦʜʘ ʚ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ ʧʦʙʦʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʷʚʣʷʶʪʩʷ ʚʦʜʘ ʠ ʥʝʢʦʪʦʨʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʦʙʦʛʨʝʚʘ 

ʩʫʜʦʚʳʭ ʧʦʤʝʱʝʥʠʡ. 

ɺʦʜʦʨʦʜ ʷʚʣʷʝʪʩʷ ʫʛʣʝʨʦʜʥʦ-ʥʝʡʪʨʘʣʴʥʳʤ ʪʦʧʣʠʚʦʤ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʥʘ 

ʩʪʘʜʠʠ ʧʦʪʨʝʙʣʝʥʠʷ ʘʙʩʦʣʶʪʥʦ ʵʢʦʣʦʛʠʯʥʳʤ. ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʥʳʝ ʤʝʪʦʜʳ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʦʜʦʨʦʜʘ, ʦʪ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʝʛʦ ʯʠʩʪʦʪʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʚʦʜʦʨʦʜ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦ ʩʪʝʧʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ ʢʦʥʢʨʝʪʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 
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ɺʦʜʦʨʦʜ ʦʙʳʯʥʦ ʨʘʟʣʠʯʘʶʪ ʧʦ ʮʚʝʪʘʤ (ʊʘʙʣʠʮʘ 1), ʦʜʥʘʢʦ ʪʘʢʦʝ ʮʚʝʪʦʚʦʝ 

ʨʘʟʜʝʣʝʥʠʝ ʥʝ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ [2]. ʅʘʧʨʠʤʝʨ, ʥʝʢʦʪʦʨʳʝ ʵʢʩʧʝʨʪʳ 

ʦʪʥʦʩʷʪ ʚʦʜʦʨʦʜ, ʧʦʣʫʯʝʥʥʳʡ ʦʪ ʘʪʦʤʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʢ çʟʝʣʸʥʦʤʫè 

ʚʦʜʦʨʦʜʫ, ʘ ʜʨʫʛʠʝ ʚʳʜʝʣʷʶʪ ʝʛʦ ʚ ʦʪʜʝʣʴʥʫʶ ʢʘʪʝʛʦʨʠʶ ʢʘʢ ʬʠʦʣʝʪʦʚʳʡ ʠʣʠ 

ʨʦʟʦʚʳʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘ ʝʱʸ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ ʮʚʝʪʦʚʳʭ 

ʢʦʜʦʚ ʚʦʜʦʨʦʜʘ, ʢʦʪʦʨʦʡ ʙʳ ʧʦʣʴʟʦʚʘʣʠʩʴ ʚʩʝ ʩʪʨʘʥʳ ʤʠʨʘ. 

 

ʊʘʙʣʠʮʘ 1 ï ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʚʦʜʦʨʦʜʘ ʧʦ ʮʚʝʪʫ ʧʨʠ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ˉ ʧ/ʧ ʎʚʝʪ ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

1 ɿʝʣʸʥʳʡ ɹʝʟʫʛʣʝʨʦʜʥʳʡ ʚʦʜʦʨʦʜ. 

ʇʨʦʠʟʚʦʜʠʪʩʷ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʣʠʟʘ ʚʦʜʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. 

2 ɻʦʣʫʙʦʡ ʅʠʟʢʦʫʛʣʝʨʦʜʥʳʡ ʚʦʜʦʨʦʜ. 

ʇʨʦʠʟʚʦʜʠʪʩʷ ʤʝʪʦʜʦʤ ʧʘʨʦʚʦʡ ʢʦʥʚʝʨʩʠʠ ʤʝʪʘʥʘ ʠʟ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʠʣʠ ʜʨʫʛʠʭ ʠʩʢʦʧʘʝʤʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ. 

ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʣʘʚʣʠʚʘʥʠʝ ʠ 

ʭʨʘʥʝʥʠʝ ʫʛʣʝʨʦʜʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ 

ʫʨʦʚʝʥʴ ʚʳʙʨʦʩʦʚ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ. 

ʊʦʧʣʠʚʦ, ʩʦʜʝʨʞʘʱʝʝ ʤʝʪʘʥ, ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ ʩ 

ʧʘʨʦʤ ʠ ʦʙʨʘʟʫʝʪ ʚʦʜʦʨʦʜ ʠ ʧʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ. 

3 ɹʠʨʶʟʦʚʳʡ ʅʠʟʢʦʫʛʣʝʨʦʜʥʳʡ ʚʦʜʦʨʦʜ. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʚʦʜʦʨʦʜʘ ʩ ʧʦʤʦʱʴʶ ʧʠʨʦʣʠʟʘ ʤʝʪʘʥʘ. 

ʇʦʣʫʯʝʥʥʳʡ ʪʚʸʨʜʳʡ ʫʛʣʝʨʦʜ ʤʦʞʝʪ ʙʳʪʴ ʟʘʭʦʨʦʥʝʥ 

ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

4 ɾʝʣʪʳʡ ʅʠʟʢʦʫʛʣʝʨʦʜʥʳʡ ʚʦʜʦʨʦʜ. 

ɺʦʜʦʨʦʜ ʧʨʦʠʟʚʦʜʠʪʩʷ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʣʠʟʘ ʚʦʜʳ. 

ʀʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ ʷʚʣʷʶʪʩʷ ɸʕʉ. 

5 ʉʝʨʳʡ ɺʳʩʦʢʦʫʛʣʝʨʦʜʥʳʡ ʚʦʜʦʨʦʜ. 

ʇʨʦʠʟʚʦʜʠʪʩʷ ʤʝʪʦʜʦʤ ʧʘʨʦʚʦʡ ʢʦʥʚʝʨʩʠʠ ʤʝʪʘʥʘ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʣʘʚʣʠʚʘʥʠʷ ʠ ʭʨʘʥʝʥʠʷ ʫʛʣʝʨʦʜʘ. 
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ɺʳʙʨʦʩʳ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 2 ʨʘʟʘ 

ʚʳʰʝ, ʯʝʤ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʛʦʣʫʙʦʛʦ ʚʦʜʦʨʦʜʘ. 

ʉʘʤʳʡ ʜʝʰʸʚʳʡ ʠ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʚʠʜ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

6 ʂʦʨʠʯʥʝʚʳʡ 

(ʙʫʨʳʡ) 

ɺʳʩʦʢʦʫʛʣʝʨʦʜʥʳʡ ʚʦʜʦʨʦʜ. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʚʦʜʦʨʦʜʘ ʤʝʪʦʜʦʤ ʛʘʟʠʬʠʢʘʮʠʠ ʙʫʨʦʛʦ 

ʫʛʣʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʠʥʪʝʟ-ʛʘʟʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʛʨʘʥʠʯʝʥʥʳʡ ʦʧʳʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʘ ʥʘ 

ʩʫʜʘʭ, ʘ ʪʘʢʞʝ ʥʘʭʦʞʜʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʚʦʜʦʨʦʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʩʪʘʜʠʠ 

ʨʘʟʨʘʙʦʪʦʢ (ʚʦʜʦʨʦʜʥʳʝ ʜʚʠʛʘʪʝʣʠ, ʧʨʦʪʦʥʦʦʙʤʝʥʥʳʝ ʤʝʤʙʨʘʥʳ ʩ ʣʫʯʰʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʧʨʦʝʢʪʳ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʯʠʩʪʦʛʦ ʚʦʜʦʨʦʜʘ ʠ ʪ.ʜ.), ʠʤʝʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʳʡ ʦʧʳʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ ʥʘ ʥʘʟʝʤʥʦʤ ʪʨʘʥʩʧʦʨʪʝ, ʢʦʪʦʨʳʡ 

ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʧʨʦʯʥʦʡ ʦʩʥʦʚʦʡ ʜʣʷ ʧʝʨʝʭʦʜʘ ʦʪʨʘʩʣʠ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ 

ʥʘ ʵʪʦ ʵʢʦʣʦʛʠʯʥʦʝ ʪʦʧʣʠʚʦ. 

ʊʘʢʦʡ ʚʠʜ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʪʦʧʣʠʚʘ, ʢʘʢ ʘʤʤʠʘʢ (NH3), ʤʦʞʥʦ ʵʬʬʝʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʚʦʜʦʨʦʜʘ ʚ ʭʠʤʠʯʝʩʢʠ-

ʩʚʷʟʘʥʥʦʤ ʚʠʜʝ, ʧʦʩʢʦʣʴʢʫ ʩʦʦʪʥʦʰʝʥʠʝ ʘʟʦʪʘ ʠ ʚʦʜʦʨʦʜʘ ʧʦ ʦʙʲʸʤʫ ʩʦʩʪʘʚʣʷʝʪ 

1:3, ʘ ʤʘʩʩʦʚʘʷ ʸʤʢʦʩʪʴ ʧʦ ʚʦʜʦʨʦʜʫ ʜʣʷ ʵʪʦʛʦ ʥʦʩʠʪʝʣʷ ʩʦʩʪʘʚʣʷʝʪ 17,6 %. 

ʄʝʪʘʥ (CH4) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʠ ʜʦʩʪʫʧʥʳʭ 

ʛʘʟʦʚʳʭ ʪʦʧʣʠʚ. ɺ ʢʘʯʝʩʪʚʝ ʩʫʜʦʚʦʛʦ ʪʦʧʣʠʚʘ ʤʝʪʘʥ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʩʞʠʞʝʥʥʦʤ ʚʠʜʝ (ʩʞʠʞʝʥʥʳʡ ʧʨʠʨʦʜʥʳʡ ʛʘʟ ï ʉʇɻ), ʧʨʠ ʩʛʦʨʘʥʠʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʙʨʘʟʫʶʪʩʷ ʚʳʙʨʦʩʳ ʩʝʨʳ, ʩʚʠʥʮʘ ʠ ʩʘʞʠ. ʂʨʦʤʝ ʪʦʛʦ, ʤʝʪʘʥ 

ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʪʚʝʨʜʦʦʢʩʠʜʥʳʭ (SOFC) ʠʣʠ ʧʨʦʪʦʥʥʦ-ʢʝʨʘʤʠʯʝʩʢʠʭ 

(PCFC) ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ. 

ʄʝʪʘʥʦʣ ʠʣʠ ʤʝʪʠʣʦʚʳʡ ʩʧʠʨʪ (CH3OH) ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʚ ʩʤʝʩʠ ʩ 

ʙʝʥʟʠʥʦʤ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʝʡ. ʄʝʪʘʥʦʣ 

ʩʯʠʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ ʜʣʷ ʚʦʜʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʀʄʆ ʚ 

ʥʦʷʙʨʝ 2020 ʛʦʜʘ.  
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ʕʪʘʥʦʣ ʠʣʠ ʵʪʠʣʦʚʳʡ ʩʧʠʨʪ (ʉ2H5OH) ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʦʪʦʨʥʦʛʦ. ʕʪʠʣʦʚʳʡ ʩʧʠʨʪ ʚ ʢʘʯʝʩʪʚʝ ʩʫʜʦʚʦʛʦ ʪʦʧʣʠʚʘ 

ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʢʘʢ ʚ ʯʠʩʪʦʤ ʚʠʜʝ, ʪʘʢ ʠ ʚ ʩʤʝʩʠ ʩ ʜʠʟʝʣʴʥʳʤ ʪʦʧʣʠʚʦʤ. 

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʫʛʣʝʨʦʜʥʦʛʦ ʩʣʝʜʘ ʦʪ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʠʦʵʪʘʥʦʣ ï ʦʙʳʯʥʳʡ ʵʪʘʥʦʣ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʧʨʦʮʝʩʩʝ 

ʧʝʨʝʨʘʙʦʪʢʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʘʭʘʨʥʦʛʦ ʪʨʦʩʪʥʠʢʘ ʠ 

ʢʫʢʫʨʫʟʳ. 

ʇʨʦʧʘʥ-ʙʫʪʘʥʦʚʘʷ ʩʤʝʩʴ ï ʦʜʠʥ ʠʟ ʚʠʜʦʚ ʉʋɻ, ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʚ ʜʚʠʛʘʪʝʣʷʭ ʩ ʠʩʢʨʦʚʳʤ ʟʘʞʠʛʘʥʠʝʤ ʠ 

ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʩʞʘʪʠʷ. ʇʨʦʧʘʥ-ʙʫʪʘʥʦʚʘʷ ʩʤʝʩʴ ʚ ʪʨʘʥʩʧʦʨʪʥʦʡ ʦʪʨʘʩʣʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʜʣʷ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. 

ʀʟʦʙʫʪʠʣʦʚʳʡ ʩʧʠʨʪ ʠʣʠ ʠʟʦʙʫʪʘʥʦʣ ((CH3)2CHCH2OH) ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʢʠ ʢ ʦʩʥʦʚʥʦʤʫ ʪʦʧʣʠʚʫ ʚ ʣʶʙʳʭ ʧʨʦʧʦʨʮʠʷʭ, 

ʚ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ ʠ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚʦʜʦʨʦʜʘ. ɼʘʥʥʳʡ 

ʩʧʠʨʪ ʥʝ ʦʙʣʘʜʘʝʪ ʢʦʨʨʦʟʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʥʝ ʪʨʝʙʫʝʪ ʧʨʠ ʧʝʨʝʚʦʟʢʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʨʝʟʝʨʚʫʘʨʦʚ ʜʣʷ ʭʨʘʥʝʥʠʷ. ɼʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʦʙʫʪʘʥʦʣʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʨʘʩʪʠʪʝʣʴʥʦʝ ʩʳʨʴʝ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʠʤʝʥʝʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʠʜʦʚ ʥʠʟʢʦʫʛʣʝʨʦʜʥʦʛʦ ʪʦʧʣʠʚʘ ʜʣʷ ʚʦʜʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ ʠʤʝʝʪ ʦʛʨʦʤʥʳʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ 

ʛʘʟʦʚ ʠ ʜʨʫʛʠʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ 

ʠʩʢʦʧʘʝʤʳʤ ʪʦʧʣʠʚʦʤ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʛʦ ʙʫʜʫʱʝʛʦ 

ʦʪʨʘʩʣʠ. ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ ʚʠʜʘʤʠ ʪʦʧʣʠʚʘ ʜʣʷ ʩʫʜʦʚʦʡ 

ʵʥʝʨʛʝʪʠʢʠ ʷʚʣʷʶʪʩʷ: ʚʦʜʦʨʦʜ, ʉʇɻ, ʤʝʪʘʥʦʣ, ʵʪʘʥʦʣ, ʘʤʤʠʘʢ, ʧʨʦʧʘʥ-

ʙʫʪʘʥʦʚʘʷ ʩʤʝʩʴ, ʠʟʦʙʫʪʘʥʦʣ. ʏʠʩʪʳʡ ʚʦʜʦʨʦʜ ʚ ʦʪʜʘʣʸʥʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʤʦʞʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʩʫʜʦʚʦʝ ʪʦʧʣʠʚʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʫʛʣʝʨʦʜʥʦʡ ʥʝʡʪʨʘʣʴʥʦʩʪʠ ʧʨʠ ʩʥʠʞʝʥʠʠ ʝʛʦ ʩʪʦʠʤʦʩʪʠ ʜʦ 2,5-3 $ ʟʘ ʢʛ. 

ʅʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʳʤʠ ʠ ʵʢʦʣʦʛʠʯʥʳʤʠ ʩʫʜʦʚʳʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ 
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ʫʩʪʘʥʦʚʢʘʤʠ ʷʚʣʷʶʪʩʷ ʫʩʪʘʥʦʚʢʠ ʥʘ ʙʘʟʝ ʚʦʜʦʨʦʜʥʳʭ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʧʨʦʜʫʢʪʘʤʠ ʨʝʘʢʮʠʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʚʦʜʘ ʠ ʪʝʧʣʦ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʦʧʨʝʜʝʣʸʥʥʳʭ ʪʨʫʜʥʦʩʪʝʡ, ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ ʜʣʷ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʦʯʝʥʴ ʦʧʪʠʤʠʩʪʠʯʥʳ. 

ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʧʦ ʤʝʨʝ ʩʥʠʞʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ ʙʫʜʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʠʩʪʝʤʳ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʧʣʦʚʳʤ ʧʫʥʢʪʦʤ ʩ ʇʀ-ʨʝʛʫʣʷʪʦʨʦʤ ʠ ʇʀɼ-

ʨʝʛʫʣʷʪʦʨʦʤ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʨʦʜʫʢʪʝ matlab/simulink. 

Annotation. The article presents a study of an automated control system for a 

heating substation with a PI controller and a PID controller in the matlab/simulink 

software product. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɸʚʪʦʤʘʪʠʟʘʮʠʷ, ʨʝʛʫʣʠʨʦʚʘʥʠʝ, ʨʝʛʫʣʷʪʦʨ 

Key words: Automation, regulation, regulator 

 

ɺʦʜʦʛʨʝʡʥʳʝ ʢʦʪʣʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʥʘʛʨʝʚʘ ʛʦʨʷʯʝʡ ʚʦʜʳ: ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʦʜʳ ʥʘ ʚʭʦʜʝ ʚ ʢʦʪʸʣ 60Áʉ, ʘ ʥʘ ʚʳʭʦʜʝ ʤʘʢʩʠʤʫʤ 110Áʉ. ʆʪʣʠʯʠʪʝʣʴʥʘʷ 

ʦʩʦʙʝʥʥʦʩʪʴ ʚʦʜʦʛʨʝʡʥʳʭ ʢʦʪʣʦʚ - ʦʪʩʫʪʩʪʚʠʝ ʙʘʨʘʙʘʥʘ. ɺʦʜʘ ʥʘʛʨʝʚʘʝʪʩʷ ʧʨʠ 

ʮʠʨʢʫʣʷʮʠʠ ʧʦ ʧʫʯʢʘʤ ʪʨʫʙ. 

ɿʘ ʩʯʝʪ ʰʠʨʦʢʠʭ ʧʨʦʭʦʜʦʚ ʤʝʞʜʫ ʞʘʨʦʚʳʤʠ ʪʨʫʙʘʤʠ, ʙʦʣʴʰʦʛʦ 

ʚʦʜʦʥʘʧʦʣʥʝʥʠʷ ʠ ʩʢʚʦʟʥʦʛʦ ʚʦʜʷʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘ ʩʪʦʨʦʥʝ ʚʦʜʷʥʦʛʦ ʢʦʥʪʫʨʘ ʥʘʩʪʦʣʴʢʦ ʤʘʣʦ, ʯʪʦ ʧʝʨʝʜʘʯʘ ʪʝʧʣʘ 

ʢʦʪʣʦʚʦʡ ʚʦʜʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʝʩʪʝʩʪʚʝʥʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 
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ʩʠʣ ʪʷʞʝʩʪʠ; ʧʨʠʥʫʜʠʪʝʣʴʥʘʷ ʮʠʨʢʫʣʷʮʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʥʘʩʦʩʘ ʢʦʪʣʦʚʦʛʦ ʢʦʥʪʫʨʘ 

ʘʙʩʦʣʶʪʥʦ ʥʝ ʪʨʝʙʫʝʪʩʷ. 

  ɼʘʥʥʳʡ ʢʦʪʝʣ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʥʘʛʨʝʚʘ ʚʦʜʳ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʛʦʨʷʯʝʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʦʪʦʧʣʝʥʠʷ. ɺʦʜʘ, ʠʜʫʱʘʷ ʢ ʧʦʪʨʝʙʠʪʝʣʶ, ʥʘʟʳʚʘʝʪʩʷ 

ʧʨʷʤʦʡ, ʘ ʚʦʟʚʨʘʱʘʶʱʘʷ ʦʙʨʘʪʥʦ ʦʪ ʧʦʪʨʝʙʠʪʝʣʷ ʚ ʢʦʪʝʣ - ʦʙʨʘʪʥʦʡ. ɺʦʜʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʭʠʤʠʯʝʩʢʠ ʦʯʠʱʝʥʥʘʷ, ʪʘʢ ʢʘʢ ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʧʨʠʨʦʜʥʦʡ ʚʦʜʝ 

ʨʘʩʪʚʦʨʠʤʳʝ ʛʘʟʳ (ʢʠʩʣʦʨʦʜ ʠ ʫʛʣʝʢʠʩʣʦʪʘ) ʨʘʟʨʫʰʘʶʪ ʤʝʪʘʣʣ ʢʦʪʝʣʴʥʦʛʦ 

ʘʛʨʝʛʘʪʘ ʠ ʪʨʫʙʦʧʨʦʚʦʜʳ. ʊʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʨʦʜʥʦʡ ʚʦʜʳ ʧʨʠʚʦʜʠʪ ʢ 

ʦʪʣʦʞʝʥʠʶ ʥʘʢʠʧʠ, ʢʦʪʦʨʘʷ ʚʳʟʳʚʘʝʪ ʧʝʨʝʛʨʝʚ ʤʝʪʘʣʣʘ ʚʩʣʝʜʩʪʚʠʝ ʫʭʫʜʰʝʥʠʷ 

ʦʪʚʦʜʘ ʪʝʧʣʘ. ɼʣʷ ʚʦʩʧʦʣʥʝʥʠʷ ʥʝʠʟʙʝʞʥʳʭ ʧʦʪʝʨʴ ʚʦʜʳ, ʪʨʝʙʫʝʪʩʷ ʚʦʜʘ ʜʣʷ 

ʧʦʜʧʠʪʢʠ ʦʙʨʘʪʥʦʡ ʚʦʜʳ. ʇʠʪʘʪʝʣʴʥʘʷ ʚʦʜʘ ʧʨʠʤʝʥʷʝʪʩʷ ʭʠʤʠʯʝʩʢʠ ʦʯʠʱʝʥʥʘʷ. 

ʅʘʛʨʝʚ ʚʦʜʳ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʪʝʧʣʘ, ʚʳʜʝʣʷʶʱʝʛʦʩʷ ʧʨʠ ʩʞʠʛʘʥʠʠ ʪʦʧʣʠʚʘ. 

ɺʦʜʘ ʚ ʢʦʪʝʣ  ʧʦʩʪʫʧʘʝʪ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 55 Áʉ ʠ ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 

110Áʉ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʢʦʪʝʣʴʥʳʭ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ, 

ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʟʘʱʠʪʫ, ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʠʡ 

ʢʦʥʪʨʦʣʴ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʙʣʦʢʠʨʦʚʢʠ ʠ ʩʠʛʥʘʣʠʟʘʮʠʠ.  

ɼʠʩʪʘʥʮʠʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʜʝʞʫʨʥʦʤʫ ʧʝʨʩʦʥʘʣʫ ʧʫʩʢʘʪʴ ʠ 

ʦʩʪʘʥʘʚʣʠʚʘʪʴ  ʢʦʪʝʣ, ʘ ʪʘʢ ʞʝ ʧʝʨʝʢʣʶʯʘʪʴ ʠ ʨʝʛʫʣʠʨʦʚʘʪʴ ʝʛʦ ʤʝʭʘʥʠʟʤʳ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ, ʩ ʧʫʣʴʪʘ, ʛʜʝ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʫʩʪʨʦʡʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ. 

ɺ ʢʦʪʣʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʚʪʦʤʘʪʠʢʘ Allen-Bradley SLC5 ʩ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ 

ʩʠʩʪʝʤʦʡ ʜʠʘʛʥʦʩʪʠʢʠ.  

ʂʦʥʪʨʦʣʣʝʨʳ ʚʝʜʫʪ ʥʝʧʨʝʨʳʚʥʳʡ ʢʦʥʪʨʦʣʴ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ 

ʢʦʪʝʣʴʥʦʡ, ʠʣʠ ʞʝ ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ ʦʙʲʝʢʪʫ ʠʟʤʝʨʝʥʠʷ ʦʙʩʣʫʞʠʚʘʶʱʠʤ 

ʧʝʨʩʦʥʘʣʦʤ ʠʣʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʦʡ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʙʣʦʢʠʨʦʚʢʠ ʚʳʧʦʣʥʷʶʪ ʚ ʟʘʜʘʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʨʷʜ ʦʧʝʨʘʮʠʡ ʧʨʠ ʧʫʩʢʘʭ ʠ ʦʩʪʘʥʦʚʢʘʭ ʤʝʭʘʥʠʟʤʦʚ ʢʦʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʘ ʪʘʢ 

ʞʝ ʚ ʩʣʫʯʘʷʭ ʩʨʘʙʘʪʳʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʟʘʱʠʪʳ. ɹʣʦʢʠʨʦʚʢʠ ʠʩʢʣʶʯʘʶʪ 

ʥʝʧʨʘʚʠʣʴʥʳʝ ʦʧʝʨʘʮʠʠ ʧʨʠ ʦʙʩʣʫʞʠʚʘʥʠʠ ʢʦʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʪ 
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ʦʪʢʣʶʯʝʥʠʝ ʚ ʥʝʦʙʭʦʜʠʤʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ ʚʦʟ-

ʥʠʢʥʦʚʝʥʠʠ ʘʚʘʨʠʠ. ʋʩʪʨʦʡʩʪʚʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ ʠʥʬʦʨʤʠʨʫʶʪ 

ʜʝʞʫʨʥʳʡ ʧʝʨʩʦʥʘʣ ʦ ʩʦʩʪʦʷʥʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦ ʧʨʠʙʣʠʞʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʢ 

ʘʚʘʨʠʡʥʳʤ ʟʥʘʯʝʥʠʷʤ. ʇʨʠʤʝʥʷʶʪʩʷ ʟʚʫʢʦʚʘʷ ʠ ʩʚʝʪʦʚʘʷ ʩʠʛʥʘʣʠʟʘʮʠʠ [1].  

ʄʦʜʝʨʥʠʟʘʮʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʪʝʣʴʥʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʚʥʝʜʨʝʥʠʷ 

ʧʦʣʥʦʤʘʩʰʪʘʙʥʳʭ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ɸʉʋ ʊʇ ʚʟʘʤʝʥ ʫʩʪʘʨʝʚʰʠʭ ʩʠʩʪʝʤ, ʘ 

ʪʘʢʞʝ ʚʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ 

ʤʘʢʩʠʤʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʪʝʤ ʩʘʤʳʤ 

ʜʦʙʠʪʴʩʷ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʦʛʦ ʫʨʦʚʥʷ ʪʝʭʥʦʣʦʛʠʠ. ʇʦ ʩʨʘʚʥʠʪʝʣʴʥʳʤ ʦʮʝʥʢʘʤ 

ʪʘʢʦʡ ʧʦʜʭʦʜ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʧʨʘʚʜʘʥ ʠ ʧʦ ʦʙʲʝʤʫ ʟʘʪʨʘʪ ʥʘ ʚʥʝʜʨʝʥʠʝ, ʠ ʧʦ 

ʧʦʢʘʟʘʪʝʣʷʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʷʚʣʷʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʰʠʨʦʢʠʡ ʢʨʫʛ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʧʦʚʳʩʠʪʴ ʦʙʱʫʶ 

ʢʫʣʴʪʫʨʫ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʆʮʝʥʢʫ ʧʨʘʚʠʣʴʥʦʩʪʠ ʚʳʙʦʨʘ ʩʪʨʫʢʪʫʨʳ ʠ ʧʘʨʘʤʝʪʨʦʚ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʡ 

ʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʩʨʘʚʥʝʥʠʝʤ ʚʳʯʠʩʣʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʢʘʯʝʩʪʚʘ ʠ ʪʦʯʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʧʦʣʫʯʝʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ 

ʠʣʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʜʘʥʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ. ɽʩʣʠ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʧʦʣʥʦʩʪʴʶ ʫʜʦʚʣʝʪʚʦʨʷʶʪ 

ʟʘʜʘʥʥʳʤ, ʪʦ ʫʣʫʯʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʪʦʯʥʦʩʪʠ ʩʠʩʪʝʤʳ. ʇʦʵʪʦʤʫ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʨʠʭʦʜʠʪʴʩʷ 

ʧʨʠʙʝʛʘʪʴ ʢ ʢʦʤʧʨʦʤʠʩʩʥʳʤ ʨʝʰʝʥʠʷʤ, ʯʪʦ ʥʘʤʥʦʛʦ ʫʚʝʣʠʯʠʚʘʝʪ ʟʘʪʨʘʪʳ 

ʪʨʫʜʘ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʠʩʪʝʤʳ.  

ɹʣʘʛʦʜʘʨʷ ʩʠʩʪʝʤʝ MATLAB  ʠ ʧʘʢʝʪʘ Simulink ʪʨʫʜ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ, ʪʘʢ ʢʘʢ ʵʪʘ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʩʠʥʪʝʟ ʠ 

ʘʥʘʣʠʟ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʩʠʩʪʝʤ, ʠ ʧʦʣʫʯʘʪʴ ʧʨʷʤʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ [2]. 

ɺʘʞʥʝʡʰʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʢʦʪʝʣʴʥʦʡ ʷʚʣʷʶʪʩʷ ʧʘʨʘʤʝʪʨʳ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʥʘ ʝʸ ʚʳʭʦʜʝ. ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʜʳ ʥʘ ʚʳʭʦʜʝ ʢʦʪʣʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʪʘʙʠʣʠʟʘʮʠʷ ʫʧʨʘʚʣʷʝʤʦʡ ʚʝʣʠʯʠʥʳ 
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(ʪʝʤʧʝʨʘʪʫʨʳ). ɼʣʷ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʩʧʦʣʴʟʫʝʤʩʷ 

ʤʝʪʦʜʘʤʠ ʪʝʦʨʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ.  

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʪʨʫʢʪʫʨʥʳʡ ʤʝʪʦʜ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤ ʤʝʪʦʜʦʤ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʠʩʭʦʜʥʘʷ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʟʘʤʝʥʷʝʪʩʷ 

ʫʧʨʦʱʝʥʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʭʝʤʦʡ. ʇʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʭʝʤʳ 

ʠʩʭʦʜʥʘʷ ʩʠʩʪʝʤʘ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ 

ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʪʠʧʦʚʳʤ ʩʪʨʫʢʪʫʨʥʳʤ ʟʚʝʥʦʤ.  

ʅʘ ʦʩʥʦʚʝ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ ʪʝʧʣʦʚʦʛʦ ʧʫʥʢʪʘ  ʩʦʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʢʦʥʪʫʨʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ɸʉʈ ʊʇ. ʉʭʝʤʘ ʢʦʥʪʫʨʘ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

ɿ ï ʟʘʜʘʪʯʠʢ; ʈɼ - ʨʝʛʫʣʷʪʦʨ ʜʘʚʣʝʥʠʷ; ʈʊ - ʨʝʛʫʣʷʪʦʨ ʪʝʤʧʝʨʘʪʫʨʳ; ʀʄ ï 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʤʝʭʘʥʠʟʤ; ʈʆ - ʨʝʛʫʣʠʨʫʶʱʠʡ ʦʨʛʘʥ (ʥʘʩʦʩ); ʆʈ - ʦʙʲʝʢʪ ʨʝʛʫʣʠʨʦʚʘʥʠʷ; 

ɼʊ - ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ; ɼɼ - ʜʘʪʯʠʢ ʜʘʚʣʝʥʠʠ.   

ʈʠʩʫʥʦʢ 1 - ʉʭʝʤʘ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʢʦʥʪʫʨʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ɸʉʈ ʊʇ 

ɼʣʷ ʘʥʘʣʠʟʘ ʉɸʈ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʊʇ, ʩʦʩʪʘʚʠʤ ʘʣʛʦʨʠʪʤʠʯʝʩʢʫʶ 

ʩʭʝʤʫ ʥʘ ʨʠʩʫʥʢʝ 2. 
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ʈʠʩʫʥʦʢ 2 - ɸʣʛʦʨʠʪʤʠʯʝʩʢʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʢʦʥʪʫʨʘ 

ʇʨʦʠʟʚʦʜʠʤ ʦʧʠʩʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʝʨʝʜʘʪʦʯʥʳʤʠ 

ʬʫʥʢʮʠʷʤʠ. ʇʝʨʚʠʯʥʳʡ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʜʘʚʣʝʥʠʷ ʦʧʠʩʳʚʘʝʪʩʷ 

ʘʧʝʨʠʦʜʠʯʝʩʢʠʤ ʟʚʝʥʦʤ ʩ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʝʡ: 

                                                       ὡ̉ ̅

Ὧ̉ ̅

Ὕ̅ὴ ρ
Ȣ                                                        ρ 

ʇʝʨʚʠʯʥʳʡ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʦʧʠʩʳʚʘʝʪʩʷ 

ʘʧʝʨʠʦʜʠʯʝʩʢʠʤ ʟʚʝʥʦʤ: 

                                                   ὡ̉ ̓

Ὧ̉ ̓

Ὕ̓ὴ ρ
Ȣ                                                            ς 

ɿʘʜʘʶʱʠʡ ʵʣʝʤʝʥʪ ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤ ʟʚʝʥʦʤ ʩ 

ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʝʡ: 

                                                           ὡ̈ ὴ Ὧ̈Ȣ                                                          σ 

ʕʣʝʤʝʥʪʳ ʩʨʘʚʥʝʥʠʷ ʦʧʠʩʳʚʘʶʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤʠ ʟʚʝʥʴʷʤʠ ʩ 

ʧʝʨʝʜʘʪʦʯʥʳʤʠ ʬʫʥʢʮʠʷʤʠ: 

                                                   ὡ̞ ̒̓ ὡ̞ ̒̅ρȢ                                                       τ 

ʈʝʛʫʣʷʪʦʨ ʜʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʇ ï ʨʝʛʫʣʷʪʦʨ: 

                                                        ὡ̑ ̅ Ὧ̑ Ȣ̅                                                                υ 

ʈʝʛʫʣʷʪʦʨ ʪʝʤʧʝʨʘʪʫʨʳ ʷʚʣʷʝʪʩʷ ʇ ï ʨʝʛʫʣʷʪʦʨ: 

W͘(͍p) Wͪ˨(p) Wͪͭ(p) W͙ (ͣp) Wͪ(ͦp) Wͦ(ͪp) 

W (͍p) 

W͙(ͭp) 

W͙͒(p) 

˭ ʕ ˾˨  ˾́ ˮ  ˸ ˾  ˻ ˻  ˾

ˮ ́

ˮ˨  
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                                                            ὡ̑ ̓ Ὧ̑  ̓                                                            φ 

ʇʦʩʣʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʇʀ ï ʨʝʛʫʣʷʪʦʨ ʠ ʇʀɼ ï ʨʝʛʫʣʷʪʦʨ: 

                                                     ὡ̑ ̅ Ὧ̑ ̅ρ
ρ

Ὕ̉ ὴ̅
Ƞ                                           χ 

                                                      ὡ̑ ̓ Ὧ̑ ̓ρ
ρ

Ὕ̉ ὴ̓
Ȣ                                            ψ 

ʀʩʧʦʣʥʠʪʝʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʦʧʠʩʳʚʘʝʪʩʷ ʠʥʪʝʛʨʠʨʫʶʱʠʤ ʟʚʝʥʦʤ ʩ 

ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʝʡ: 

                                                               ὡ̉ ̍

Ὧ̉ ̍

Ὕ̉ ὴ̍
Ȣ                                                   ω 

ʈʘʙʦʯʠʡ ʦʨʛʘʥ ʦʧʠʩʳʚʘʝʪʩʷ ʘʧʝʨʠʦʜʠʯʝʩʢʠʤ ʟʚʝʥʦʤ 1-ʛʦ ʧʦʨʷʜʢʘ: 

                                                  ὡ̑ ̏

Ὧ̑ ̏

ὴ̑ ̏ ρ
Ȣ                                                   ρπ 

ʉʠʩʪʝʤʫ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ. ʉʠʩʪʝʤʘ 

ʩʦʩʪʦʠʪ ʠʟ ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʦʨʛʘʥʘ, ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʦʙʲʝʢʪʘ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʜʘʪʯʠʢʘ, ʚʢʣʶʯʝʥʥʦʛʦ ʚ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ. 

ʉʦʩʪʘʚʠʤ ʉɸʈ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʨʦʛʨʘʤʤʝ Simulink ʙʝʟ ʢʦʨʨʝʢʪʠʨʫʶʱʝʛʦ 

ʟʚʝʥʘ: 

 

ʈʠʩʫʥʦʢ 3 - ʄʦʜʝʣʴ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 
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ʇʨʦʚʝʨʷʝʤ, ʚʳʧʦʣʥʷʶʪʩʷ ʣʠ ʪʨʝʙʦʚʘʥʠʷ ʟʘʜʘʥʥʳʝ ʜʣʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ. 

ɼʣʷ ʵʪʦʛʦ ʩʪʨʦʠʤ ʧʝʨʝʭʦʜʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʥʘ ʨʠʩʫʥʢʝ 4: 

 

ʈʠʩʫʥʦʢ 4 - ʇʝʨʝʭʦʜʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

 

- ʚʨʝʤʷ ʥʘʨʘʩʪʘʥʠʷ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ (Rise time) = 1.08ẗ 10  

- ʚʨʝʤʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ (Setting time)  =  1.47ẗ 10  ʩ  

- ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʝ (Overschoot)  = 0% 
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At time (sec) > 3e+004
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ʈʠʩʫʥʦʢ 5 - ʃɸʍ ʠ ʃʌʍ ʨʘʟʦʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ 

ɿʘʧʘʩ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʘʤʧʣʠʪʫʜʝ LD =  90,9 ʜɹ 

ɿʘʧʘʩ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʬʘʟʝ 
jD
= Ð 

 

 

ʈʠʩʫʥʦʢ 6 - ɸʌʏʍ ʨʘʟʦʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ 

Bode Diagram
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ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ. 

ʅʝʦʙʭʦʜʠʤʦ ʧʦʜʦʙʨʘʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʨʝʛʫʣʷʪʦʨ ʠ ʝʛʦ ʥʘʩʪʨʦʡʢʠ, 

ʛʘʨʘʥʪʠʨʫʶʱʠʡ ʪʨʝʙʫʝʤʦʝ ʢʘʯʝʩʪʚʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. 

ɺ ʣʶʙʦʡ ɸʉʈ ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʙʲʝʢʪ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʬʦʨʤʠʨʫʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʨʝʛʫʣʷʪʦʨʦʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʷʪʳʤ 

ʘʣʛʦʨʠʪʤʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʪʨʝʙʫʝʤʳʤ ʢʘʯʝʩʪʚʘʤ ɸʉʈ. 

ʅʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʥʘʜʝʞʥʦʡ ʫʩʪʦʡʯʠʚʦʡ ʨʘʙʦʪʳ ɸʉʈ ʷʚʣʷʝʪʩʷ 

ʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʪʠʧʘ ʨʝʛʫʣʷʪʦʨʘ ʠ ʝʛʦ ʥʘʩʪʨʦʝʢ, ʛʘʨʘʥʪʠʨʫʶʱʠʡ ʪʨʝʙʫʝʤʦʝ 

ʢʘʯʝʩʪʚʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʤʝʪʦʜʠʢ ʚʳʙʦʨʘ ʨʝʛʫʣʷʪʦʨʘ. ɺʦʩʧʦʣʴʟʫʝʤʩʷ 

ʤʝʪʦʜʠʢʦʡ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʘʥʘʣʠʟʝ ʚʠʜʘ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ ʦʙʲʝʢʪʘ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʚʦʡʩʪʚ ʦʙʲʝʢʪʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʝʛʦ 

ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʝʡ ʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʠ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʚʠʜʘ ʧʝʨʝʭʦʜʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʚʳʙʠʨʘʝʪʩʷ ʪʠʧ ʠ ʥʘʩʪʨʦʡʢʘ ʣʠʥʝʡʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ. 

ʈʘʩʯʝʪ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʧʫʥʢʪʘ ʩ ʇʀ-

ʨʝʛʫʣʷʪʦʨʦʤ. 

 

 

ʈʠʩʫʥʦʢ 7 - ʄʦʜʝʣʴ ʩʠʩʪʝʤʳ ʩ ʇʀ-ʨʝʛʫʣʷʪʦʨʦʤ 
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ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʪʘʢʦʚʘ: ʧʨʠ ʟʘʜʘʥʥʳʭ 

ʩʪʨʫʢʪʫʨʝ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʷʭ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ 

ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʂʨ, Ki, Kd ʨʝʛʫʣʷʪʦʨʘ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʟʘʤʢʥʫʪʦʡ ʩʪʨʫʢʪʫʨʝ ʧʝʨʝʭʦʜʥʳʡ ʧʨʦʮʝʩʩ ʙʫʜʝʪ 

ʠʤʝʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ, ʘ ʠʤʝʥʥʦ ʚʨʝʤʷ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʟʘʧʘʩʳ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʬʘʟʝ ʠ ʘʤʧʣʠʪʫʜʝ, ʠ ʪ.ʧ. 

 

ʈʠʩʫʥʦʢ 8 - ʆʢʥʦ ʟʘʜʘʥʠʷ ʥʘʩʪʨʦʝʢ ʧʘʨʘʤʝʪʨʦʚ 

ʂʦʵʬʬʠʮʠʝʥʪʳ Ki ʠ Kd ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʨʘʚʥʳʤʠ ʥʫʣʶ, ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʂʨ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʩʠʩʪʝʤʘ ʥʝ ʧʦʪʝʨʷʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʫʚʠʜʝʪʴ ʥʘ ʵʢʨʘʥʝ ʤʦʥʠʪʦʨʘ ʤʦʤʝʥʪ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ 

ʩʠʩʪʝʤʳ, ʚ ʝʸ ʩʪʨʫʢʪʫʨʫ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʦʩʮʠʣʣʦʩʢʦʧ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 10. ɿʥʘʯʝʥʠʝ ʂʨ ʥʝʦʙʭʦʜʠʤʦ ʚʚʦʜʠʪʴ ʚ ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʝ MATLAB . 



ʄʅʇʂ çʊʈɸʅʉʇʆʈʊʅʓɽ ʉʀʉʊɽʄʓ: ɹɽɿʆʇɸʉʅʆʉʊʔ, ʅʆɺʓɽ ʊɽʍʅʆʃʆɻʀʀ, ʕʂʆʃʆɻʀʗè 

201 

 

 

ʈʠʩʫʥʦʢ 9 - ɻʨʘʬʠʢ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʢʦʣʝʙʘʥʠʡ ʚʳʭʦʜʥʦʡ 

ʢʦʦʨʜʠʥʘʪʳ ʩʠʩʪʝʤʳ 

ɿʘʧʫʩʪʠʤ ʧʨʦʮʝʩʩ ʦʧʪʠʤʠʟʘʮʠʠ, ʥʘʞʘʚ ʢʥʦʧʢʫ Start.  

 

ʈʠʩʫʥʦʢ 10 - ʀʣʣʶʩʪʨʘʮʠʷ ʧʨʦʮʝʩʩʘ ʦʧʪʠʤʠʟʘʮʠʠ 

ʇʨʦʚʝʨʷʝʤ, ʚʳʧʦʣʥʷʶʪʩʷ ʣʠ ʪʨʝʙʦʚʘʥʠʷ ʟʘʜʘʥʥʳʝ ʜʣʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ. 

ɼʣʷ ʵʪʦʛʦ ʩʪʨʦʠʤ ʧʝʨʝʭʦʜʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ.  
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ʈʠʩʫʥʦʢ 11 - ʇʝʨʝʭʦʜʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʦʜʝʣʠ 

- ʚʨʝʤʷ ʥʘʨʘʩʪʘʥʠʷ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ (Rise time) = 58,7ʩ 

- ʚʨʝʤʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ (Setting time)  =  108 ʩ 

- ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʝ (Overschoot)  = 0% 

             ɼʣʷ ʨʘʟʦʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʧʦʩʪʨʦʠʤ ʃɸʍ ʠ ʃʌʍ : 

 

ʈʠʩʫʥʦʢ 12 - ʃɸʍ ʠ ʃʌʍ ʨʘʟʦʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ 

ɿʘʧʘʩ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʘʤʧʣʠʪʫʜʝ LD =  58,3 ʜɹ 
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System: Model (15)

I/O: Step (pt. 1) to Transfer Fcn2 (pt. 1)

Frequency (rad/sec): 0.00576
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ɿʘʧʘʩ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʬʘʟʝ 
jD
= 95 ʛʨʘʜ 

 

ʈʠʩʫʥʦʢ 13 - ɸʌʏʍ ʨʘʟʦʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ 

ʈʘʩʯʝʪ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʧʫʥʢʪʘ ʩ 

ʇʀɼ-ʨʝʛʫʣʷʪʦʨʦʤ. 

 

ʈʠʩʫʥʦʢ 14 - ʄʦʜʝʣʴ ʩʠʩʪʝʤʳ 

 

ʇʨʦʚʝʨʷʝʤ ʚʳʧʦʣʥʷʶʪʩʷ ʣʠ ʪʨʝʙʦʚʘʥʠʷ ʟʘʜʘʥʥʳʝ ʜʣʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ. ɼʣʷ 

ʵʪʦʛʦ ʩʪʨʦʠʤ ʧʝʨʝʭʦʜʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ. 

Nyquist Diagram
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System: Model (16)

I/O: Step (pt. 1) to Transfer Fcn2 (pt. 1)

Real: -0.0927

Imag: -1.06

Frequency (rad/sec): 0.00548

System: Model (16)

I/O: Step (pt. 1) to Transfer Fcn2 (pt. 1)

Real: -0.000277

Imag: 0.000114

Frequency (rad/sec): 2.23

From: Step (pt. 1)  To: Transfer Fcn2 (pt. 1)
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ʈʠʩʫʥʦʢ 15 - ʇʝʨʝʭʦʜʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

- ʚʨʝʤʷ ʥʘʨʘʩʪʘʥʠʷ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ (Rise time) = 22 c 

- ʚʨʝʤʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ (Setting time)  =  31,3 c 

- ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʝ (Overschoot)  = 0% 

ɼʣʷ ʨʘʟʦʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʧʦʩʪʨʦʠʤ ʃɸʍ ʠ ʃʌʍ: 
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System: Model (6)

I/O: Step (pt. 1) to Transfer Fcn1 (pt. 1)

Rise Time (sec): 22

System: Model (6)

I/O: Step (pt. 1) to Transfer Fcn1 (pt. 1)

Settling Time (sec): 31.3

From: Step (pt. 1)  To: Transfer Fcn1 (pt. 1)

System: Model (6)

I/O: Step (pt. 1) to Transfer Fcn1 (pt. 1)

Peak amplitude >= 4.32

Overshoot (%): 0

At time (sec) > 50
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 System: sveta3_2 
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 System: sveta3_2 

 Phase Margin (deg): 108 

 Delay Margin (sec): 154 

 At frequency (rad/sec): 0.0123 

 Closed Loop Stable? Yes 
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ʈʠʩʫʥʦʢ 16 - ʃɸʍ ʠ ʃʌʍ ʨʘʟʦʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ 

ɿʘʧʘʩ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʘʤʧʣʠʪʫʜʝ LD =  31.3 ʜɹ 

ɿʘʧʘʩ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʬʘʟʝ 
jD
= 108 ʛʨʘʜ 

 

ʈʠʩʫʥʦʢ 17 - ɸʌʏʍ ʨʘʟʦʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ 

ɼʣʷ ʧʦʣʥʦʡ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʩʠʩʪʝʤʳ ʚ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ Matlab ʩʤʦʪʨʠʤ 

ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ Kp, Ki, Kd: ʂʨ=26,9; ʂi=0,3915; kd=59,3 

ʊʘʙʣʠʮʘ 1 - ʉʚʦʜʥʘʷ ʪʘʙʣʠʮʘ ʨʝʟʫʣʴʪʘʪʦʚ 
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From: Input Point  To: Output Point

 System: sveta3_2 

 I/O: Input Point to Output Point 

 Peak gain (dB): 8.47 

 Frequency (rad/sec): 1e-011 

 System: sveta3_2 

 Gain Margin (dB): 31.3 

 At frequency (rad/sec): 0.301 

 Closed Loop Stable? Yes 

 System: sveta3_2 

 Phase Margin (deg): 108 

 Delay Margin (sec): 154 

 At frequency (rad/sec): 0.0123 

 Closed Loop Stable? Yes 
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ʨʝʛʫʣʷʪʦʨʘ 
0 1,47ẗ10 1,08ẗρπ 90,9 Ð 

ʇʀ-ʨʝʛʫʣʷʪʦʨ 0 58,7 108 58,3 95 

 ʇʀɼ- 0 31,3 22 31,3 108 
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ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʚʳʧʦʣʥʝʥ ʨʘʩʯʝʪ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʪʝʧʣʦʚʳʤ ʧʫʥʢʪʦʤ ʩ ʇʀ-ʨʝʛʫʣʷʪʦʨʦʤ ʠ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʦʤ. ʇʦ 

ʘʥʘʣʠʟʫ ʩʚʦʜʥʦʡ ʪʘʙʣʠʮʳ ʠ ʪʨʝʙʦʚʘʥʠʷʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, 

ʯʪʦ ʚʚʦʜ ʢʦʨʨʝʢʪʠʨʫʶʱʝʛʦ ʟʚʝʥʘ (ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ) ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʣ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʫʤʝʥʴʰʠʣʦʩʴ ʚʨʝʤʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʧʦʷʚʠʣʠʩʴ 

ʥʝʦʙʭʦʜʠʤʳʝ ʟʘʧʘʩʳ ʫʩʪʦʡʯʠʚʦʩʪʠ), ʠ ʩʠʩʪʝʤʘ ʩʪʘʣʘ ʫʜʦʚʣʝʪʚʦʨʷʪʴ 

ʧʨʝʜʲʷʚʣʝʥʥʳʤ ʢ ʥʝʡ ʪʨʝʙʦʚʘʥʠʷʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʨʘʙʦʪʫ, ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʠ 

ʪʦʯʥʦ ʥʘʡʪʠ ʥʝʦʙʭʦʜʠʤʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʢʦʪʝʣʴʥʦʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʧʦʣʥʫʶ ʠ ʜʦʩʪʦʚʝʨʥʫʶ ʠʥ-

ʬʦʨʤʘʮʠʶ ʦ ʧʨʦʪʝʢʘʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʣʥʳʡ ʝʛʦ 

ʢʦʥʪʨʦʣʴ.  
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ENHANCING MARINE FUEL EFFICIENCY AND EMISSIONS 

REDUCTION THROUGH MAGNETIC TREATMENT  
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ɸʥʥʦʪʘʮʠʷ. ʄʦʨʩʢʘʷ ʠ ʨʝʯʥʘʷ ʦʪʨʘʩʣʴ ʩʪʨʝʤʠʪʩʷ ʩʦʢʨʘʪʠʪʴ ʚʳʙʨʦʩʳ ʠ 

ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʧʣʠʚʘ. ʄʘʛʥʠʪʥʘʷ ʦʙʨʘʙʦʪʢʘ 

ʩʫʜʦʚʦʛʦ ʪʦʧʣʠʚʘ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʦʙʝʱʘʶʱʝʡ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʛʦʨʘʥʠʷ ʟʘ ʩʯʝʪ ʚʦʟʜʝʡʩʪʚʠʷ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʠʥʪʝʨʝʩ, ʧʦʥʠʤʘʥʠʝ ʝʛʦ ʤʝʭʘʥʠʟʤʦʚ ʦʩʪʘʝʪʩʷ ʥʝʧʦʣʥʳʤ. ɺ ʵʪʦʡ ʦʙʟʦʨʥʦʡ ʩʪʘʪʴʝ 

ʦʙʦʙʱʝʥʘ ʩʫʱʝʩʪʚʫʶʱʘʷ ʣʠʪʝʨʘʪʫʨʘ, ʠʩʩʣʝʜʦʚʘʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ, 

ʦʮʝʥʠʚʘʶʪʩʷ ʤʝʪʦʜʳ ʠ ʧʦʪʝʥʮʠʘʣ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ. 

Annotation. The marine and river industry is committed to reducing emissions 

and improving fuel efficiency. Magnetic treatment of marine fuel is promising due to 

increased combustion efficiency due to the effects of magnetic fields. Despite the 

interest, the understanding of its mechanisms remains incomplete. This reciew article 

summarizes the existing literature, examines the theoretical foundations, and 

evaluates methods and the potential for effective emission reduction. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʄʘʛʥʠʪʥʘʷ ʦʙʨʘʙʦʪʢʘ; ʩʫʜʦʚʦʝ ʪʦʧʣʠʚʦ; ʵʬʬʝʢʪʠʚʥʦʩʪʴ; 

ʩʦʢʨʘʱʝʥʠʝ ʚʳʙʨʦʩʦʚ; ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʩʛʦʨʘʥʠʷ. 

Keywords: Magnetic treatment; marine fuel; efficiency; emissions reduction; 

combustion optimization. 
 

ɺʚʝʜʝʥʠʝ 

ʄʦʨʩʢʦʡ ʠ ʨʝʯʥʦʡ ʩʝʢʪʦʨ ʷʚʣʷʝʪʩʷ ʢʨʘʝʫʛʦʣʴʥʳʤ ʢʘʤʥʝʤ ʤʠʨʦʚʦʡ 

ʪʦʨʛʦʚʣʠ ʠ ʪʨʘʥʩʧʦʨʪʘ, ʥʦ ʝʛʦ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ ʩʦʟʜʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʘʢʪʠʚʠʟʠʨʦʚʘʣʠʩʴ 

ʫʩʠʣʠʷ ʧʦ ʩʦʢʨʘʱʝʥʠʶ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʠ ʧʦʚʳʰʝʥʠʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʧʣʠʚʘ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʢʘʢ ʥʦʨʤʘʪʠʚʥʳʤʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ, ʪʘʢ ʠ ʦʪʨʘʩʣʝʚʳʤʠ ʠʥʠʮʠʘʪʠʚʘʤʠ. ʄʘʛʥʠʪʥʘʷ ʦʙʨʘʙʦʪʢʘ 

ʩʫʜʦʚʦʛʦ ʪʦʧʣʠʚʘ ʩʪʘʣʘ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʛʦʨʘʥʠʷ ʠ ʩʥʠʞʝʥʠʷ ʚʳʙʨʦʩʦʚ. ɺ ʜʘʥʥʦʡ ʦʙʟʦʨʥʦʡ ʩʪʘʪʴʝ 

ʧʨʝʜʩʪʘʚʣʝʥ ʚʩʝʩʪʦʨʦʥʥʠʡ ʘʥʘʣʠʟ ʧʨʠʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʤʦʨʩʢʦʤ 
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ʠ ʨʝʯʥʦʤ ʢʦʥʪʝʢʩʪʝ ʩ ʮʝʣʴʶ ʚʳʷʩʥʝʥʠʷ ʝʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʠ 

ʧʨʦʙʣʝʤ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʤʘʛʥʠʪʥʦʡ ʦʙʨʘʙʦʪʢʠ:  

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʦʩʥʦʚʘ ʤʘʛʥʠʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʝʝ ʩʧʦʩʦʙʥʦʩʪʠ 

ʚʣʠʷʪʴ ʥʘ ʤʦʣʝʢʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʤʦʣʝʢʫʣ ʪʦʧʣʠʚʘ ʧʦʩʨʝʜʩʪʚʦʤ ʚʦʟʜʝʡʩʪʚʠʷ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. ɹʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʨʘʟʣʠʯʥʳʝ ʛʠʧʦʪʝʟʳ, ʦʙʲʷʩʥʷʶʱʠʝ 

ʤʝʭʘʥʠʟʤʳ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʤʘʛʥʠʪʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʚʳʰʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʦʨʝʥʠʷ, ʚʢʣʶʯʘʷ ʚʳʨʘʚʥʠʚʘʥʠʝ ʤʦʣʝʢʫʣ ʪʦʧʣʠʚʘ, ʫʤʝʥʴʰʝʥʠʝ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʣʘʩʪʝʨʦʚ ʠ ʠʟʤʝʥʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ. ʇʦʥʠʤʘʥʠʝ ʵʪʠʭ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʠʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʩʫʜʦʚʳʭ 

ʪʦʧʣʠʚʥʳʭ ʩʠʩʪʝʤʘʭ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʠʢʠ:  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʮʝʥʠʚʘʶʱʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʤʘʛʥʠʪʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʢʦʤʙʠʥʘʮʠʶ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʦʣʝʚʳʭ ʠʩʧʳʪʘʥʠʡ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʃʘʙʦʨʘʪʦʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʦʙʨʘʟʮʳ ʩʫʜʦʚʦʛʦ 

ʪʦʧʣʠʚʘ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʨʘʟʣʠʯʥʦʡ ʩʠʣʳ ʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʘʥʘʣʠʟʦʤ ʩʚʦʡʩʪʚ ʪʦʧʣʠʚʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʦʨʝʥʠʷ. ʇʦʣʝʚʳʝ ʠʩʧʳʪʘʥʠʷ ʥʘ 

ʨʝʘʣʴʥʳʭ ʤʦʨʩʢʠʭ ʠ ʨʝʯʥʳʭ ʩʫʜʘʭ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʨʝʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ 

ʨʘʩʭʦʜʝ ʪʦʧʣʠʚʘ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʚʳʙʨʦʩʦʚ 

ʜʦ ʠ ʧʦʩʣʝ ʤʘʛʥʠʪʥʦʡ ʦʙʨʘʙʦʪʢʠ. ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʦʧʦʣʥʷʝʪ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʤʝʭʘʥʠʟʤʘʭ, 

ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʤʘʛʥʠʪʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʠ ʦʧʪʠʤʠʟʠʨʫʷ ʧʘʨʘʤʝʪʨʳ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ:  
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ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʤʥʦʛʦʦʙʝʱʘʶʱʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʚ ʦʪʥʦʰʝʥʠʠ ʚʣʠʷʥʠʷ ʤʘʛʥʠʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʧʣʠʚʘ ʥʘ ʩʫʜʘʭ ʠ ʩʦʢʨʘʱʝʥʠʝ ʚʳʙʨʦʩʦʚ. ɹʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ 

ʧʦʢʘʟʘʪʝʣʠ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʩʥʠʞʘʶʪʩʷ ʧʦʩʣʝ ʤʘʛʥʠʪʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʵʢʦʥʦʤʠʠ ʪʦʧʣʠʚʘ ʠ ʩʥʠʞʝʥʠʶ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ ʜʣʷ 

ʤʦʨʩʢʠʭ ʦʧʝʨʘʪʦʨʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʩʦʦʙʱʘʣʦʩʴ ʦ ʩʦʢʨʘʱʝʥʠʠ ʚʳʙʨʦʩʦʚ ʦʢʩʠʜʦʚ 

ʘʟʦʪʘ (NOx), ʦʢʩʠʜʦʚ ʩʝʨʳ (SOx) ʠ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ 

ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʚʦʟʜʫʭʘ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʨʩʢʠʭ 

ʧʝʨʝʚʦʟʦʢ. 

ʇʨʘʢʪʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ ʠ ʙʫʜʫʱʠʝ ʥʘʧʨʘʚʣʝʥʠʷ:  

ʇʨʘʢʪʠʯʝʩʢʦʝ ʚʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʤʘʛʥʠʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʤʦʨʩʢʦʡ ʠ 

ʨʝʯʥʦʡ ʦʪʨʘʩʣʠ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʨʷʜʦʤ ʧʨʦʙʣʝʤ, ʚʢʣʶʯʘʷ ʵʢʦʥʦʤʠʯʝʩʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠ ʩʦʦʪʚʝʪʩʪʚʠʝ ʥʦʨʤʘʪʠʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʪʝʢʫʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʝʰʝʥʠʝ ʵʪʠʭ 

ʧʨʦʙʣʝʤ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤ ʤʘʛʥʠʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʣʷ 

ʩʫʜʦʚʦʛʦ ʪʦʧʣʠʚʘ. ɹʫʜʫʱʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʢʣʶʯʘʶʪ ʜʘʣʴʥʝʡʰʝʝ 

ʠʟʫʯʝʥʠʝ ʦʩʥʦʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʤʘʛʥʠʪʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʦʧʪʠʤʠʟʘʮʠʶ 

ʧʘʨʘʤʝʪʨʦʚ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʠʥʪʝʛʨʘʮʠʶ ʪʝʭʥʦʣʦʛʠʠ ʤʘʛʥʠʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚ 

ʩʫʱʝʩʪʚʫʶʱʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʩʫʜʦʚʦʛʦ ʪʦʧʣʠʚʘ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʟʘʢʣʶʯʝʥʠʝ, ʤʘʛʥʠʪʥʘʷ ʦʙʨʘʙʦʪʢʘ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʦʙʝʱʘʶʱʝʡ 

ʪʝʭʥʦʣʦʛʠʝʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʫʜʦʚʦʛʦ ʪʦʧʣʠʚʘ ʠ 

ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ ʚ ʤʦʨʩʢʦʡ ʠ ʨʝʯʥʦʡ ʦʪʨʘʩʣʠ. ɹʣʘʛʦʜʘʨʷ ʚʩʝʩʪʦʨʦʥʥʝʤʫ 

ʦʙʟʦʨʫ ʵʪʘ ʩʪʘʪʴʷ ʜʘʣʘ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚʘʭ, 

ʢɻʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʣʦʛʠʷʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʦʩʣʝʜʩʪʚʠʷʭ ʤʘʛʥʠʪʥʦʡ 

ʦʙʨʘʙʦʪʢʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʨʦʙʣʝʤʳ ʦʩʪʘʶʪʩʷ, ʧʨʦʜʦʣʞʘʶʱʠʝʩʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʤʦʛʫʪ ʨʘʩʢʨʳʪʴ ʚʩʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʤʘʛʥʠʪʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ ʤʦʨʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʠ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʟʘʛʨʫʟʢʠ ʢʦʥʪʝʡʥʝʨʦʚ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʧʨʠʤʝʨʳ 

ʪʘʢʠʭ ʨʝʰʝʥʠʡ: LoadPlate, ʨʝʰʝʥʠʷ ʦʪ ʢʦʤʧʘʥʠʠ SmartTEH ʠ SECON, SIMPLY., 

AcculoaderÊ, FulFillerÈ C, ʤʦʜʫʣʴʥʳʝ ʨʝʰʝʥʠʷ FulFillerÈ, Rocky Dual. 

Annotation. The features of automated and robotic solutions for loading 

containers are considered. Examples of such solutions are presented: LoadPlate, 

solutions from SmartTEH and SECON, SIMPLY., AcculoaderÊ, FulFillerÈ C, 

FulFillerÈ modular solutions, Rocky Dual. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʨʫʟ; ʟʘʛʨʫʟʢʘ; ʢʦʥʪʝʡʥʝʨ; ʩʠʩʪʝʤʘ.  
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ɿʘʛʨʫʟʢʘ ʢʦʥʪʝʡʥʝʨʦʚ ʠʛʨʘʝʪ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ ʣʦʛʠʩʪʠʢʝ ʠ ʛʨʫʟʦʚʦʡ 

ʨʘʙʦʪʝ. ɿʜʝʩʴ ʦʯʝʥʴ ʚʘʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ: ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʨʫʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʧʦʪʝʨʴ ʠ ʧʦʚʨʝʞʜʝʥʠʡ 

ʛʨʫʟʘ ʧʨʠ ʝʛʦ ʧʝʨʝʭʦʜʝ ʚ ʛʨʫʟʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʦʪʩʫʪʩʪʚʠʝ (ʤʠʥʠʤʠʟʘʮʠʷ) 

ʨʠʩʢʘ ʧʦʚʨʝʞʜʝʥʠʷ ʢʦʥʪʝʡʥʝʨʘ ʧʨʠ ʟʘʛʨʫʟʢʝ [1]. 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʛʨʝʩʩʠʚʥʳʤʠ ʨʝʰʝʥʠʷʤʠ ʜʣʷ ʟʘʛʨʫʟʢʠ ʢʦʥʪʝʡʥʝʨʦʚ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ. ʕʪʠ ʩʠʩʪʝʤʳ ʦʙʳʯʥʦ 

ʧʨʝʜʧʦʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʚʝʡʝʨʥʳʭ ʣʝʥʪ, ʧʦʜʲʝʤʥʳʭ ʩʪʦʣʦʚ ʠʣʠ ʜʨʫʛʠʭ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʧʦʤʦʛʘʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʟʘʛʨʫʟʢʠ. 

ʅʘʧʨʠʤʝʨ, ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʦʛʦ ʨʝʰʝʥʠʷ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ LoadPlate. 

LoadPlate: ʤʦʞʝʪ ʟʘʛʨʫʟʠʪʴ 30 ʪʦʥʥ ʛʨʫʟʘ ʚ 40-ʬʫʪʦʚʳʡ ʢʦʥʪʝʡʥʝʨ ʟʘ 5 ʤʠʥʫʪ; 

ʦʩʦʙʝʥʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʟʘʛʨʫʟʢʠ ʩʣʦʞʥʳʭ ʛʨʫʟʦʚ, ʢʦʪʦʨʳʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʪʨʫʜʥʦ 

ʫʢʣʘʜʳʚʘʶʪʩʷ ʚ ʢʦʥʪʝʡʥʝʨʳ, ʤʦʛʫʪ ʙʳʪʴ ʣʝʛʢʦ ʧʦʚʨʝʞʜʝʥʳ ʠʣʠ ʪʨʝʙʫʶʪ 

ʩʧʝʮʠʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, ʪʘʢʠʭ ʢʘʢ ʢʦʥʪʝʡʥʝʨʳ ʩ ʦʪʢʨʳʪʳʤ 

ʚʝʨʭʦʤ ʠʣʠ ʧʣʦʩʢʠʝ ʩʪʝʣʣʘʞʠ; ʧʨʠ ʟʘʛʨʫʟʢʝ ʜʣʠʥʥʦʤʝʨʥʳʭ ʛʨʫʟʦʚ ʠʣʠ 

ʩʧʝʮʠʘʣʴʥʳʭ ʛʨʫʟʦʚ ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴ ʦʙʱʫʶ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ ʥʘ 33% ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ ʟʘʛʨʫʟʢʦʡ [3]. 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ ʜʣʷ ʟʘʛʨʫʟʢʠ ʢʦʥʪʝʡʥʝʨʦʚ ʧʨʝʜʣʘʛʘʝʪ ʠ 

ʢʦʤʧʘʥʠʷ SmartTEH (ʨʠʩ. 1). 
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ʈʠʩʫʥʦʢ 1 - ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʤʘʰʠʥʘ ʜʣʷ ʟʘʛʨʫʟʢʠ ʢʦʥʪʝʡʥʝʨʦʚ ʦʪ 

ʢʦʤʧʘʥʠʠ SmartTEH [7] 

 

ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʧʦʛʨʫʟʦʯʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʦʯʝʥʴ 

ʧʦʧʫʣʷʨʥʦ ʥʘ ʜʝʨʝʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʛʜʝ ʧʨʦʠʟʚʦʜʠʤʫʶ 

ʧʨʦʜʫʢʮʠʶ ʥʝʦʙʭʦʜʠʤʦ ʟʘʛʨʫʞʘʪʴ ʚ ʢʦʥʪʝʡʥʝʨʳ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʧʨʦʠʟʚʦʜʠʤʦʡ 

ʧʨʦʜʫʢʮʠʠ ʥʘ ʵʪʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʠʤʝʝʪ ʜʣʠʥʫ 3 ʤʝʪʨʘ ʠʣʠ ʜʘʞʝ ʙʦʣʴʰʝ ʠ 

ʫʢʣʘʜʳʚʘʝʪʩʷ ʚ ʧʘʢʝʪʳ. ɹʣʘʛʦʜʘʨʷ ʨʝʰʝʥʠʶ ʦʪ ʢʦʤʧʘʥʠʷ SmartTEH ʢʦʥʪʝʡʥʝʨ 

ʟʘʧʦʣʥʷʝʪʩʷ ʟʘ 8 ʤʠʥʫʪ, ʧʨʠ ʵʪʦʤ ʦʪʩʫʪʩʪʚʫʝʪ ʧʦʚʨʝʞʜʝʥʠʝ ʧʨʦʜʫʢʪʘ. ʇʨʘʢʪʠʢʘ, 

ʧʦʢʘʟʘʣʘ, ʯʪʦ ʵʪʦ ʨʝʰʝʥʠʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʟʘʛʨʫʟʢʠ ʢʦʥʪʝʡʥʝʨʦʚ ʪʨʘʥʩʧʦʨʪʥʳʤʠ 

ʧʘʢʝʪʘʤʠ (ʩ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ) ʜʣʠʥʦʡ ʜʘʞʝ ʚ 11 ʤʝʪʨʦʚ [7]. 

ɽʱʝ ʦʜʠʥ ʧʨʠʤʝʨ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʨʝʰʝʥʠʷ ʜʣʷ ʟʘʛʨʫʟʢʠ ʢʦʥʪʝʡʥʝʨʦʚ 

ï ʩʠʩʪʝʤʘ SIMPLY.: ʣʝʛʢʦ ʩʧʨʘʚʣʷʝʪʩʷ (ʙʣʘʛʦʜʘʨʷ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʙʦʣʝʝ 30 

ʪʦʥʥ) ʩ ʪʷʞʝʣʳʤʠ ʠ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʤʠ ʛʨʫʟʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʟʘʛʨʫʟʢʫ 

ʢʦʥʪʝʡʥʝʨʦʚ ʜʘʞʝ ʜʣʷ ʩʘʤʳʭ ʪʨʝʙʦʚʘʪʝʣʴʥʳʭ ʦʪʧʨʘʚʣʝʥʠʡ; ʫʜʝʣʷʝʪ 

ʧʨʠʦʨʠʪʝʪʥʦʝ ʚʥʠʤʘʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʙʣʘʛʦʜʘʨʷ ʪʘʢʠʤ ʵʣʝʤʝʥʪʘʤ, ʢʘʢ ʜʘʪʯʠʢʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʥʦʧʢʠ ʘʚʘʨʠʡʥʦʡ ʦʩʪʘʥʦʚʢʠ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʝ ʤʝʭʘʥʠʟʤʳ 

ʢʨʝʧʣʝʥʠʷ ʛʨʫʟʘ; ʠʤʝʝʪ ʢʦʤʧʘʢʪʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʤʘʢʩʠʤʘʣʴʥʦ 

ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʠʣʠ ʥʘ ʛʨʫʟʦʚʦʤ ʜʚʦʨʝ 

[8]. 

ɸʩʩʦʨʪʠʤʝʥʪ SIMPLY. ʦʭʚʘʪʳʚʘʝʪ ʪʨʠ ʪʠʧʘ ʢʦʥʪʝʡʥʝʨʦʚ (ʪʘʙʣ. 1) 

 

ʊʘʙʣʠʮʘ 1 ï ɺʘʨʠʘʥʪʳ SIMPLY. ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʦʥʪʝʡʥʝʨʦʚ [8] 

ʇʘʨʘʤʝʪʨ ɺʘʨʠʘʥʪʳ SIMPLY. 

SIMPLY. 20 SIMPLY. 40 SIMPLY. 45 

ɺʝʩ ʥʝʪʪʦ 5,6 ʪʦʥʥ 9,2 ʪʦʥʥ 9,7 ʪʦʥʥ 

ʆʙʱʘʷ ʜʣʠʥʘ 7400 ʤʤ 13000 ʤʤ 14800 ʤʤ 
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ʆʙʱʘʷ ʰʠʨʠʥʘ ʆʢʦʣʦ 2600 ʤʤ. 

ʆʙʱʘʷ ʚʳʩʦʪʘ ʆʢʦʣʦ 1400 ʤʤ. 

ʄʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʥʘʛʨʫʟʢʘ ʆʢʦʣʦ 30 ʪʦʥʥ 

ʄʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ 1,5 ʢɺʪ 

ʇʦʜʢʣʶʯʝʥʠʝ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ 6-8 ʙʘʨ 

ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ 400 ʚʦʣʴʪ, 16 ʘʤʧʝʨ 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʨʘʝʢʪʦʨʠʷ ʢʨʝʥʘ ʆʢʦʣʦ 

5040 ʤʤ. 

ʆʢʦʣʦ 

12100 ʤʤ. 

ʆʢʦʣʦ 

13600 ʤʤ. 

ɺʨʝʤʷ / ʤʘʨʰʨʫʪ ʆʢʦʣʦ 2 ʤʠʥ. ʆʢʦʣʦ 4 ʤʠʥ. 

 

ʂ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ ʨʝʰʝʥʠʷʤ ʜʣʷ ʟʘʛʨʫʟʢʠ ʢʦʥʪʝʡʥʝʨʦʚ ʦʪʥʦʩʠʪʩʷ 

ʪʘʢʞʝ ʩʠʩʪʝʤʘ AcculoaderÊ (ʨʠʩ. 2). 

 

ʈʠʩʫʥʦʢ 2 - Acculoader Ê [2] 

 

ʈʝʰʝʥʠʝ AcculoaderÊ ʩʧʦʩʦʙʥʦ ʚʩʝʛʦ ʟʘ 10 ʤʠʥʫʪ ʟʘʛʨʫʟʠʪʴ ʢʦʥʪʝʡʥʝʨ 

ʜʣʠʥʦʡ ʦʪ 20 ʜʦ 40 ʬʫʪʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʤʝʪʘʣʣʦʣʦʤʘ (ʩʪʘʣʠ) ʪʷʞʝʣʦʡ 

ʧʣʘʚʢʠ ʤʘʨʢʠ 1 ʠ 2, ʟʘʛʨʫʞʘʝʪ ʧʨʦʜʫʢʮʠʶ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ 

ʠ ʦʩʥʘʱʝʥʦ ʚʩʪʨʦʝʥʥʦʡ ʚʝʩʦʚʦʡ ʩʠʩʪʝʤʦʡ, ʧʦʟʚʦʣʷʶʱʝʡ ʪʦʯʥʦ ʦʧʨʝʜʝʣʷʪʴ ʚʝʩ 
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ʛʨʫʞʝʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ. AcculoaderÊ ʤʦʞʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʰʠʨʦʢʫʶ 

ʥʦʤʝʥʢʣʘʪʫʨʫ ʩʳʧʫʯʠʭ ʛʨʫʟʦʚ: ʟʝʨʥʦ, ʤʫʩʦʨ, ʩʪʘʣʴʥʦʡ ʣʦʤ, ʧʠʣʦʤʘʪʝʨʠʘʣʳ ʠ 

ʜʨʫʛʦʝ. ʇʨʠ ʵʪʦʤ ʙʣʘʛʦʜʘʨʷ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʧʝʨʝʛʦʨʦʜʢʘʤʠ ʦʙʨʘʟʫʝʪʩʷ ʦʯʝʥʴ 

ʤʘʣʦ ʧʳʣʠ ʠ ʦʪʩʫʪʩʪʚʫʶʪ ʧʦʪʝʨʠ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʟʘʛʨʫʟʢʝ. ʇʣʦʱʘʜʴ, ʟʘʥʠʤʘʝʤʘʷ 

AcculoaderÊ ï 41 ʜʶʡʤ [2]. 

ʂʨʦʤʝ ʵʪʦʛʦ, ʩʫʱʝʩʪʚʫʝʪ ʩʠʩʪʝʤʘ FulFillerÈ C (ʨʠʩ. 3), ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʫʶ ʟʘʛʨʫʟʢʫ ʩʳʧʫʯʠʭ ʧʨʦʜʫʢʪʦʚ ʚ ʢʦʥʪʝʡʥʝʨʳ ISO. 

 

 

ʈʠʩʫʥʦʢ 3 - ʉʠʩʪʝʤʘ FulFillerÈ C [9]  

ʅʠʞʝ (ʪʘʙʣ. 2) ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʨʠʥʮʠʧʝ ʨʘʙʦʪʳ ʠ ʦʩʥʦʚʥʳʭ 

ʧʘʨʘʤʝʪʨʘʭ FulFillerÈ C. 

 

ʊʘʙʣʠʮʘ 2 ï ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʠ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ FulFillerÈ C [9] 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʤʝʪʘʪʝʣʷ 

 

ɺ FulFillerÈ C ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʝʪʘʪʝʣʴʥʘʷ ʣʝʥʪʘ, ʦʧʠʨʘʶʱʘʷʩʷ ʥʘ 2 

ɿʥʘʯʝʥʠʷ ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ 

 

ʋʢʘʟʘʥʥʳʝ ʨʘʟʤʝʨʳ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ 
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ʨʦʣʠʢʘ. ʄʠʥʠʤʘʣʴʥʦʝ ʨʘʟʨʫʰʝʥʠʝ 

ʚʳʙʨʘʩʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʝʣʘʝʪ 

FulFillerÈ C ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʨʘʙʦʪʳ 

ʩ ʣʶʙʳʤʠ ʛʨʘʥʫʣʘʤʠ. 

FulFillerÈ C. ʅʘʧʨʠʤʝʨ, ʚʳʩʦʪʘ ʥʘʜ 

ʚʧʫʩʢʥʳʤ ʦʪʚʝʨʩʪʠʝʤ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʷʚʣʝʥʥʦʡ ʩʢʦʨʦʩʪʠ 

ʟʘʛʨʫʟʢʠ. 

 

ʊʘʢʞʝ ʚ ʣʠʥʝʡʢʝ FulFillerÈ ʧʨʝʜʣʘʛʘʶʪʩʷ ʪʨʠ ʤʦʜʫʣʴʥʳʭ ʨʝʰʝʥʠʷ (ʪʘʙʣ. 3). 

 

ʊʘʙʣʠʮʘ 3 ï ɺʘʨʠʘʥʪʳ ʤʦʜʫʣʴʥʳʭ ʨʝʰʝʥʠʡ FulFillerÈ [9]  

ʅʘʟʚʘʥʠʝ 

ʤʦʜʫʣʴʥʦʛʦ 

ʨʝʰʝʥʠʷ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʦʜʫʣʴʥʦʛʦ ʨʝʰʝʥʠʷ 

FulFillerÈ 

MFF 

ʄʝʪʘʪʝʣʴ ʚ ʩʙʦʨʝ ʥʘ ʨʘʤʝ ʚʠʣʦʯʥʦʛʦ ʧʦʛʨʫʟʯʠʢʘ. ʆʥ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʠʢʨʝʧʣʝʥ ʢ ʢʦʥʮʫ ʢʦʥʪʝʡʥʝʨʘ ʜʣʷ ʥʘʧʦʣʥʝʥʠʷ ʝʱʝ ʜʦ 

ʪʦʛʦ, ʢʘʢ ʢʦʥʪʝʡʥʝʨ ʙʫʜʝʪ ʧʝʨʝʤʝʱʝʥ ʧʦʜ ʩʠʣʦʩ ʠʣʠ 

ʟʘʛʨʫʟʦʯʥʳʡ ʙʫʥʢʝʨ. ʈʘʤʘ ʢʨʝʧʠʪʩʷ ʢ ʩʪʘʥʜʘʨʪʥʳʤ ʚʳʩʪʫʧʘʤ 

ʢʦʥʪʝʡʥʝʨʘ ʠ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʤʝʪʘʪʝʣʴ ʥʘʭʦʜʠʪʩʷ ʚ 

ʦʧʪʠʤʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʜʣʷ ʧʦʛʨʫʟʢʠ. 

FulFillerÈ 

DMF 

ʄʝʪʘʪʝʣʴ ʥʘ ʩʧʝʮʠʘʣʴʥʦʡ ʤʦʙʠʣʴʥʦʡ ʨʘʤʝ (ʧʣʘʪʬʦʨʤʝ), 

ʠʤʝʶʱʝʡ ʤʦʙʠʣʴʥʫʶ ʦʧʦʨʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʥʘ ʢʦʣʝʩʘʭ. 

ʇʣʘʪʬʦʨʤʘ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦʜ ʥʝʦʙʭʦʜʠʤʳʡ ʩʠʣʦʩ ʠ 

ʧʦʜʩʦʝʜʠʥʷʝʪʩʷ ʢ ʞʝʣʦʙʫ ʜʣʷ ʩʙʨʦʩʘ, ʧʨʝʞʜʝ ʯʝʤ ʢʦʥʪʝʡʥʝʨ 

ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʠʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ ʠ ʚʢʣʘʜʳʰ ʧʦʜʩʦʝʜʠʥʷʝʪʩʷ 

ʢ ʚʳʧʫʩʢʥʦʤʫ ʦʪʚʝʨʩʪʠʶ ʤʝʪʘʪʝʣʷ. ʇʦʜʭʦʜʠʪ ʜʣʷ ʨʘʙʦʪʳ ʩ 

ʥʝʩʢʦʣʴʢʠʤʠ ʙʫʥʢʝʨʘʤʠ ʠʣʠ ʪʘʤ, ʛʜʝ ʥʝʪ ʚʠʣʦʯʥʦʛʦ ʧʦʛʨʫʟʯʠʢʘ.  

FulFillerÈ 

CFF 

ʄʝʪʘʪʝʣʴ ʥʘ ʩʪʘʮʠʦʥʘʨʥʦʡ ʧʣʘʪʬʦʨʤʝ (ʥʝʩʲʝʤʥʦʡ ʨʘʤʝ 

ʟʘʢʘʟʯʠʢʘ ʠ ʩ ʥʝʩʫʱʝʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʧʦ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤʫ 

ʟʘʢʘʟʫ) ʩ ʧʦʩʪʦʷʥʥʳʤ ʧʦʜʢʣʶʯʝʥʠʝʤ ʢ ʩʠʣʦʩʫ ʠ ʠʩʪʦʯʥʠʢʫ 
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ʧʠʪʘʥʠʷ. ʇʨʠʮʝʧ-ʢʦʥʪʝʡʥʝʨʦʚʦʟ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʢ ʤʝʪʘʪʝʣʶ, 

ʧʦʜʢʣʶʯʘʝʪʩʷ ʠ ʟʘʛʨʫʞʘʝʪʩʷ. ʂʦʥʪʝʡʥʝʨ ʧʝʨʝʚʦʨʘʯʠʚʘʝʪʩʷ ʚ 

ʠʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʘ ʧʦʣʦʞʝʥʠʝ ʚʳʭʦʜʘ ʤʝʪʘʪʝʣʷ 

ʨʝʛʫʣʠʨʫʝʪʩʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʧʦʜʲʝʤʥʠʢʦʤ ʠ ʧʦʚʦʨʦʪʥʳʤ 

ʩʪʦʣʦʤ ʜʦ ʧʦʜʩʦʝʜʠʥʝʥʠʷ ʚʢʣʘʜʳʰʘ ʢ ʚʳʭʦʜʫ ʤʝʪʘʪʝʣʷ. 

 

ʇʨʠ ʵʪʦʤ ʣʝʥʪʦʯʥʳʡ ʤʝʪʘʪʝʣʴ ʨʘʟʛʦʥʷʝʪ ʤʘʪʝʨʠʘʣ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ 

ʧʨʠ ʠʟʛʠʙʝ ʥʘ 90Á ʠ ʘʢʢʫʨʘʪʥʦ ʪʨʘʥʩʧʦʨʪʠʨʫʝʪ ʤʘʪʝʨʠʘʣ ʚ ʢʦʥʪʝʡʥʝʨ [9]. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʥʘ ʨʳʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʠʩʪʝʤʳ ʟʘʛʨʫʟʢʠ ʠ ʚʳʛʨʫʟʢʠ 

ʢʦʥʪʝʡʥʝʨʦʚ ISO ʦʪ ʢʦʤʧʘʥʠʠ SECON: 

1) ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʬʨʦʥʪʘʣʴʥʦʡ ʟʘʛʨʫʟʢʠ ʢʦʥʪʝʡʥʝʨʦʚ Neumax 

14000 (ʨʠʩ. 4).  

 

  

ʈʠʩʫʥʦʢ 4 - Neumax 14000 [5] 

ʉʠʩʪʝʤʘ Neumax 14000 ʧʦʜʭʦʜʠʪ ʜʣʷ ʚʩʝʭ ʚʠʜʦʚ ʛʨʫʟʦʚ, ʜʣʷ 20- ʠ 40-

ʜʶʡʤʦʚʳʭ ʢʦʥʪʝʡʥʝʨʦʚ. ʉ ʧʦʤʦʱʴʶ ʵʪʦʡ ʩʠʩʪʝʤʳ ʚʩʝ ʛʨʫʟʳ ʤʦʞʥʦ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴ ʚ ʩʪʘʥʜʘʨʪʥʳʝ ʢʦʥʪʝʡʥʝʨʳ, ʠʟʙʝʛʘʷ ʢʦʥʪʝʡʥʝʨʦʚ ʪʠʧʘ çopen 

topè. ʉʠʩʪʝʤʦʡ Neumax 14000 ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ ʩ ʫʨʦʚʥʷ ʟʝʤʣʠ ʠʣʠ ʩ ʚʳʩʦʪʳ 

ʰʘʩʩʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʞʝʣʘʝʤʳʤʠ ʧʨʦʮʝʜʫʨʘʤʠ ʟʘʛʨʫʟʢʠ [5]. 

2) ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʥʘʧʦʣʥʝʥʠʷ ʢʦʥʪʝʡʥʝʨʦʚ. ɺʨʝʤʷ 

ʧʦʛʨʫʟʢʠ/ʨʘʟʛʨʫʟʢʠ ʥʘ 13,5 ʤʝʪʨʦʚ ï 12 ʤʠʥʫʪ. ʕʪʘ ʩʠʩʪʝʤʘ ʨʘʙʦʪʘʝʪ ʩ ʛʨʫʟʦʤ 

ʚʝʩʦʤ ʜʦ 45 ʪʦʥʥ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʘʩʰʠʨʝʥʠʷ ʜʦ 75 ʪʦʥʥ. ʂʦʥʪʝʡʥʝʨ ʥʝ 



ʄʅʇʂ çʊʈɸʅʉʇʆʈʊʅʓɽ ʉʀʉʊɽʄʓ: ɹɽɿʆʇɸʉʅʆʉʊʔ, ʅʆɺʓɽ ʊɽʍʅʆʃʆɻʀʀ, ʕʂʆʃʆɻʀʗè 

217 

 

ʪʨʝʙʫʝʪ ʤʦʜʠʬʠʢʘʮʠʠ. ʇʨʦʮʝʩʩ ʟʘʛʨʫʟʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʯʝʨʝʟ 

ʟʘʜʥʶʶ ʯʘʩʪʴ ʢʦʥʪʝʡʥʝʨʘ. ɼʣʷ ʧʦʜʛʦʪʦʚʢʠ ʪʦʚʘʨʘ ʢ ʟʘʛʨʫʟʢʝ ʚ ʢʦʥʪʝʡʥʝʨ, 

ʢʦʪʦʨʳʡ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʤʝʩʪʝ ʩ ʛʨʫʟʦʤ, ʪʨʝʙʫʝʪʩʷ ʜʝʨʝʚʷʥʥʘʷ ʦʧʦʨʥʘʷ ʨʘʤʘ [4]. 

ʂʨʦʤʝ ʵʪʦʛʦ, ʥʝʢʦʪʦʨʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʟʘʛʨʫʟʢʠ ʢʦʥʪʝʡʥʝʨʦʚ ʦʩʥʦʚʘʥʳ ʥʘ 

ʨʦʙʦʪʦʪʝʭʥʠʢʝ. 

ʅʘʧʨʠʤʝʨ, ʨʦʙʦʪ Rocky Dual ʜʣʷ ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʟʘʛʨʫʟʢʠ ʠ ʨʘʟʛʨʫʟʢʠ 

ʢʦʥʪʝʡʥʝʨʦʚ. ʕʪʦʪ ʨʦʙʦʪ ʧʦʣʫʯʘʝʪ ʢʦʨʦʙʢʫ ʩ ʛʠʙʢʦʛʦ ʨʦʣʠʢʦʚʦʛʦ ʢʦʥʚʝʡʝʨʘ ʠʣʠ 

ʩ ʪʝʣʝʩʢʦʧʠʯʝʩʢʦʛʦ ʣʝʥʪʦʯʥʦʛʦ ʢʦʥʚʝʡʝʨʘ [6]. 

ʇʨʝʜʣʘʛʘʝʤ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ Rocky Dual (ʪʘʙʣ. 4). 

 

ʊʘʙʣʠʮʘ 4 ï ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ Rocky Dual [6] 

 

ʄʦʙʠʣʴʥʘʷ ʙʘʟʘ ʠʩʧʦʣʴʟʫʝʪ ʘʣʛʦʨʠʪʤ 

SLAM ʜʣʷ ʧʦʣʫʯʝʥʠʷ 3D-

ʠʟʦʙʨʘʞʝʥʠʷ ʦʢʨʫʞʝʥʠʷ ʥʘ 360Á, 

ʦʙʝʩʧʝʯʠʚʘʷ ʪʦʯʥʫʶ ʣʦʢʘʣʠʟʘʮʠʶ ʠ 

ʥʘʚʠʛʘʮʠʶ ʙʝʟ QR-ʢʦʜʦʚ. ʈʦʙʦʪ ʛʠʙʢʦ 

ʘʜʘʧʪʠʨʫʝʪʩʷ ʢ ʩʣʦʞʥʳʤ 

ʜʠʥʘʤʠʯʝʩʢʠʤ ʩʮʝʥʘʨʠʷʤ. 

 

ɸʣʛʦʨʠʪʤʳ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʠ 

ʚʠʟʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʜʜʝʨʞʠʚʘʶʪ 

ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʥʝʠʟʚʝʩʪʥʳʭ ʪʠʧʦʚ 

ʢʦʨʦʙʦʢ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʜʝʣʝʡ 

ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʧʨʦʱʘʶʪ 

ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ 

ʩʠʩʪʝʤʳ. 

 

ɹʣʘʛʦʜʘʨʷ ʧʦʣʥʦʤʫ ʮʠʢʣʫ ʠ 

ʘʣʛʦʨʠʪʤʘʤ ʧʣʘʥʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ, 

ʢʦʦʨʜʠʥʘʮʠʷ ʜʚʫʭ ʨʦʙʦʨʫʢ 

 

ʉʧʝʮʠʘʣʴʥʘʷ ʧʨʠʩʦʩʢʘ ʧʦʟʚʦʣʷʝʪ 

ʨʦʙʦʪʫ ʦʙʨʘʙʘʪʳʚʘʪʴ ʢʦʨʦʙʢʠ ʥʘ 

ʚʝʨʭʥʝʤ ʩʣʦʝ, ʧʦʜʙʠʨʘʷ ʠʭ ʩʚʝʨʭʫ ʠʣʠ 
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ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʝ 

ʧʨʝʦʜʦʣʝʥʠʝ ʧʨʝʧʷʪʩʪʚʠʡ ʚ 

ʦʛʨʘʥʠʯʝʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ 

ʤʘʢʩʠʤʠʟʠʨʫʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

ʩʧʝʨʝʜʠ (ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʥʠʞʥʝʡ 

ʦʧʦʨʦʡ). ʇʨʠʩʦʩʢʘ ʪʘʢʞʝ 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʨʝʞʠʤ ʤʥʦʛʦʢʨʘʪʥʦʛʦ 

ʧʦʜʙʦʨʘ ʜʣʷ ʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʪʘʪʴʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʦʛʨʝʩʩʠʚʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ 

ʟʘʛʨʫʟʢʠ ʢʦʥʪʝʡʥʝʨʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʧʨʠʤʝʨʳ ʜʦʩʪʫʧʥʳʭ ʥʘ ʨʳʥʢʝ 

ʨʝʰʝʥʠʡ. ʂʘʞʜʦʝ ʠʟ ʵʪʠʭ ʨʝʰʝʥʠʡ ʷʚʣʷʝʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ: ʦʥʦ 

ʦʨʠʝʥʪʠʨʦʚʘʥʦ ʥʘ ʨʘʙʦʪʫ ʩ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʧʘʢʝʪʘʤʠ, ʢʦʨʦʙʢʘʤʠ ʠʣʠ ʩʳʧʫʯʠʤʠ 

ʛʨʫʟʘʤʠ. 
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ɸʥʥʦʪʘʮʠʷ. ʎʝʣʴʶ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ 

ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʩ ʥʝʣʠʥʝʡʥʦʡ ʚʦʣʴʪ-ʘʤʧʝʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʥʘ 

ʧʨʠʤʝʨʝ ʚ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʭ ʚʝʥʪʠʣʷʪʦʨʘ ʠ ʢʨʘʥʦʚʳʭ ʤʝʭʘʥʠʟʤʦʚ ʢʘʢ 

ʠʩʪʦʯʥʠʢʦʚ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʫ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ ʪʦʢʘ 

ʠ ʥʘʧʨʷʞʝʥʠʷ.  

ɺʳʷʚʣʝʥʠʷ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ, ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʘʭ: 

ʧʫʩʢ, ʨʝʚʝʨʩʠʨʦʚʘʥʠʷ, ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʪʦʨʤʦʞʝʥʠʷ. ɼʣʷ ʧʣʘʚʥʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʯʘʩʪʦʪʥʳʝ 

mailto:Solntsev1951@bk.ru
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ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ, ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʦʩʥʦʚʘʥʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʜʝʡʩʪʚʠʷ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ ʠ ʧʦʢʘʟʘʥʥʳʤ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʠʣʴʪʨʦʚ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ ʪʦʢʘ 

ʠ ʥʘʧʨʷʞʝʥʠʷ.  

Annotation. The purpose of the article is to analyze the peculiarities of 

the operation of electric drives with a nonlinear current-voltage characteristic 

using the example of electric fan drives and crane mechanisms as sources of 

generating higher harmonics of current and voltage into the power supply 

system. Identification of higher harmonics of current and voltage during 

transient processes: start , reversing, braking speed regulation. For smooth 

regulation of transient processes using frequency converters, the considered 

technical solutions are based on compensating for the effects of higher 

harmonics and show the promise of using various filters for higher harmonics 

of current and voltage. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ, ʥʝʣʠʥʝʡʥʳʝ 

ʚʦʣʴʪʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʳʩʰʠʝ ʛʘʨʤʦʥʠʢʠ, ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ, 

ʘʩʠʥʭʨʦʥʥʳʡ ʵʣʝʢʪʨʦʧʨʠʚʦʜ, ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʯʘʩʪʦʪʳ, ʵʣʝʢʪʨʦʥʥʳʝ 

ʧʨʠʙʦʨʳ, ʬʠʣʴʪʨʳ ʛʘʨʤʦʥʠʢ, ʧʦʤʝʭʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ, ʠ ʢʘʯʝʩʪʚʦ.  

Key words: electromagnetic compatibility, nonlinear current-voltage 

characteristics, higher harmonics, power supply, asynchronous electric drive, 

frequency converters, electronic devices, harmonic filters, interference, 

characteristics, noise immunity, and quality 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ. ɺ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʥʘ 

ʦʪʜʝʣʴʥʳʭ ʩʪʨʦʡʢʘʭ ʠ ʜʨʫʛʠʭ ʦʙʲʝʢʪʘʭ ʛʜʝ ʧʨʠʤʝʥʷʶʪʩʷ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʥʝʣʠʥʝʡʥʳʤʠ ʚʦʣʴʪ ï ʘʤʧʝʨʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʨʘʙʦʪʘʶʱʠʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ, ʧʝʨʝʭʦʜʥʳʝ 

ʧʨʦʮʝʩʩʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ ʜʦ 60% ʦʜʥʦʛʦ ʮʠʢʣʘ ʨʘʙʦʪʳ 

ʤʝʭʘʥʠʟʤʦʚ. ɺ ʦʩʥʦʚʝ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʣʝʞʠʪ ʧʨʠʥʮʠʧ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʟʘ ʩʯʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʩʪʘʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ [1]. ʊʦ 

ʪʘʢʠʝ ʫʩʪʘʥʦʚʢʠ ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʭ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʥʘ ʪʨʘʥʩʧʦʨʪʝ ʠʤʝʶʱʠʝ 

ʥʝʣʠʥʝʡʥʳʝ ʚʦʣʴʪʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʚʣʷʶʱʠʝʩʷ ʠʩʪʦʯʥʠʢʘʤʠ ʚ 

ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʠʪʘʶʱʝʡ ʩʠʩʪʝʤʝ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ 
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ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʵʣʝʢʪʨʦʧʨʠʝʤʥʠʢʦʚ ʩ ʦʙʱʝʡ ʧʠʪʘʶʱʝʡ 

ʩʝʪʴʶ, ʠ ʥʘʨʫʰʝʥʠʝʤ ʨʘʙʦʪʳ ʜʨʫʛʠʭ ʵʣʝʢʪʨʦʧʨʠʝʤʥʠʢʦʚ ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ 

ʵʪʦʡ ʧʠʪʘʶʱʝʡ ʩʝʪʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ [2] 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʧʨʦʙʣʝʤʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʚ ʩʠʩʪʝʤʘʭ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʦʙʳʯʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪ 

ʵʣʝʢʪʨʦʧʨʠʝʤʥʠʢʠ ʩ ʥʝʣʠʥʝʡʥʳʤʠ ʚʦʣʴʪʘʤʧʝʨʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʨʘʟʣʠʯʥʳʝ ʵʣʝʢʪʨʦʧʨʠʚʦʜʳ, ʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦʩʦʚ, ʚʝʥʪʠʣʷʪʦʨʦʚ, 

ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʦʚ, ʧʦʜʲʝʤʥʳʝ ʢʨʘʥʳ  

ʅʘ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʚʝʥʪʠʣʷʪʦʨʳ ɺɼ-42,5 ʩ ʯʘʩʪʦʪʥʳʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʦʙʫʩʣʦʚʣʝʥʥʳʤ ʚʳʩʦʢʠʤʠ 

ʪʝʭʥʠʢʘ ï ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʚʳʩʦʢʠʤ 

ʪʨʝʙʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ. ʅʦ ʩʨʝʜʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʚʳʷʚʣʝʥʘ ʫʭʫʜʰʘʶʱʠʭ ʠʭ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʩʝʪʴʶ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʧʦʩʪʨʦʝʥʠʝ 

ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʥʘ ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʝ ʠ ʠʩʢʘʞʝʥʠʝ ʬʦʨʤʳ ʥʘʧʨʷʞʝʥʠʷ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʛʝʥʝʨʠʨʦʚʘʥʠʝʤ ʚ ʩʝʪʴ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ. ʇʦʪʨʝʙʣʝʥʠʝ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʥʘ ʯʘʩʪʦʪʝ ʦʩʥʦʚʥʦʡ ʛʘʨʤʦʥʠʢ 

ʥʘʧʨʷʞʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʪʦʛʦ, ʢʦʤʤʫʪʘʮʠʷ ʪʝʨʠʩʪʦʨʦʚ ʧʨʠʚʦʜʠʪ ʢ 

ʦʪʩʪʘʚʘʥʠʶ ʧʝʨʚʳʝ ʛʘʨʤʦʥʠʢʠ ʪʦʢʘ ʦʪ ʢʦʤʤʫʥʠʢʫʣʠʨʫʶʱʠʭ ʵʣʝʢʪʨʦʜʚʠʞʫʱʠʭ 

ʩʠʣ, ʘ ʠʩʢʘʞʝʥʠʷ ʬʦʨʤʳ ʥʘʧʨʷʞʝʥʠʷ ï ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʵʪʠ ʞʝ ʢʦʤʤʫʥʠʢʘʮʠʠ 

ʧʨʠʚʦʜʷʪ ʢ ʧʦʷʚʣʝʥʠʶ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ ʚʳʩʰʠʭ ʚ ʢʨʠʚʦʡ ʪʦʢʘ. ɺʳʩʰʠʝ 

ʛʘʨʤʦʥʠʢʠ ʪʘʢ ʞʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦ ʚʣʠʷʶʪ ʥʘ ʨʘʙʦʪʫ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʢʠ 

ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ, ʘ ʪʘʢʞʝ ʚʚʦʜʷʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ [3].    

ʅʘ ʩʪʨʦʡʢʘʭ ʚ ʧʦʨʪʘʭ ʥʘ ʪʨʘʥʩʧʦʨʪʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʥʘʭʦʜʷʪ ʨʘʟʣʠʯʥʳʝ ʢʨʘʥʳ. ɼʣʷ ʧʦʜʥʷʪʠʷ, ʦʧʫʩʢʘʥʠʷ, ʜʣʷ 

ʧʝʨʝʤʝʱʝʥʠʷ ʛʨʫʟʦʚ. ʉʪʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʨʝʞʠʤʳ ʢʨʘʥʦʚʳʭ 

ʤʝʭʘʥʠʟʤʦʚ ʦʧʨʝʜʝʣʷʶʪ ʚʳʙʦʨ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪʨʝʙʦʚʘʥʠʷ ʢ ʥʠʤ: ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ, 

ʙʳʩʪʨʦʪʘ ʨʝʚʝʨʩʠʨʦʚʘʥʠʷ, ʦʛʨʘʥʠʯʝʥʠʷ ʤʦʤʝʥʪʦʚ, ʥʘʜʝʞʥʦʝ ʪʦʨʤʦʞʝʥʠʷ [4]. 
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ʆʩʥʦʚʥʳʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʢʨʘʥʦʚ ʷʚʣʷʝʪʩʷ:1) ʨʘʙʦʪʘ ʧʨʠʚʦʜʘ ʥʘ 

ʧʦʜʲʝʤ ʛʨʫʟʘ ʠ ʦʧʫʩʢʘʥʠʷ ʛʨʫʟʘ, 2) ʧʝʨʝʤʝʱʝʥʠʝ ʛʨʫʟʘ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʦʩʠ 

ʢʨʘʥʘ ʠ ʧʝʨʝʤʝʱʝʥʠʝ ʩʘʤʦʛʦ ʢʨʘʥʘ ʩ ʛʨʫʟʦʤ. 

ɺʩʝ ʵʪʠ ʚʠʜʳ ʜʚʠʞʝʥʠʷ ʠʟʦʙʨʘʞʘʶʪʩʷ ʥʘ ʪʘʭʦʛʨʘʤʤʝ 

ʧʨʝʜʩʪʘʚʣʷʶʱʫʶ ʩʣʦʞʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ, ʚ ʢʦʪʦʨʦʡ ʧʨʝʦʙʣʘʜʘʶʪ 

ʫʯʘʩʪʢʠ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʄʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʪʨʝʙʫʝʤʳʝ 

ʪʘʭʦʛʨʘʤʤʳ ʜʚʠʞʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʤʳʝ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʪʨʝʙʫʝʤʦʡ 

ʩʢʦʨʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʳʝ ʨʝʛʫʣʠʨʫʝʤʳʡ ʵʣʝʢʪʨʦʧʨʠʚʦʜ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ 

ʢʨʘʥʘʭ ʚʳʧʦʣʥʷʝʤʳʡ ʥʘ ʙʘʟʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 

ʯʘʩʪʦʪʳ ï ʘʩʠʥʭʨʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ ʩ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʤ ʨʦʪʦʨʦʤ ʇʇʏ ï 

ɸɼ. ʆʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤ ʧʨʠʤʝʥʝʥʠʷ ʇʇʏ ï ɸɼ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩʠʩʪʝʤʦʡ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. 

ʇʨʠʯʠʥʳ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ, ʦʧʨʝʜʝʣʷʶʱʠʝʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [5]. 

¶  ʉʥʠʞʝʥʠʷ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʩʠʩʪʝʤʝ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ (ʛʝʥʝʨʠʨʦʚʘʥʠʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʪʦʢʘ 

ʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʩʠʩʪʝʤʫ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ)  

¶  ʧʦʚʳʰʝʥʠʷ ʧʦʪʝʨʴ ʤʦʱʥʦʩʪʠ  

¶ ʩʥʠʞʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ ʚ ʩʝʪʠ 

¶  ʥʘʛʨʝʚ ʧʨʦʚʦʜʦʚ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʜʨʦʩʩʝʣʝʡ ʠ ʜʨʫʛʠʝ    

¶  ʫʭʫʜʰʝʥʠʝ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʘʚʪʦʤʘʰʠʥʳ ʠ ʪʝʣʦ ʤʝʭʘʥʠʟʤʦʚ  

¶  ʦʙʨʘʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ 

ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʠʩʪʝʤʫ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʵʣʝʢʪʨʦʧʨʠʙʦʨʦʚ. 

¶ ʧʨʦʚʘʣʳ ʥʘʧʨʷʞʝʥʠʷ ʠ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʧʫʩʢʝ ʠ 

ʪʦʨʤʦʞʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʜʚʠʛʘʪʝʣʝʡ   

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝ ʩʢʘʟʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʤʳʝ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ 
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ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʛʜʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʩʠʥʭʨʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ ʩ 

ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʤ ʨʦʪʦʨʦʤ, ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʯʘʩʪʦʪʳ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤ. ʅʝ ʤʘʣʦ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʨʘʙʦʪʝ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʷʚʣʷʝʪʩʷ 

ʦʙʝʩʧʝʯʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʵʣʝʢʪʨʦʥʥʳʤʠ 

ʧʨʠʙʦʨʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʟʘʱʠʪʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʜʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ 

ʨʷʜ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ [6]. 

¶ ʦʙʝʩʧʝʯʠʪʴ ʚʥʫʪʨʝʥʥʶʶ ʧʦʤʝʭʦʚʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ (ʦʧʨʝʜʝʣʠʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʤʝʭ; ʠʭ ʚʦʟʤʦʞʥʦʩʪʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʘʨʘʟʠʪʥʳʤʠ ʧʫʪʷʤʠ) 

¶ - ʦʨʛʘʥʠʟʦʚʘʥʠʝ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʚʥʝʰʥʠʤ ʚʣʠʷʥʠʝʤ 

(ʦʛʨʘʥʠʯʠʪʴ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚʥʫʪʨʴ ʧʨʠʙʦʨʘ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʳʭ ʵʣʝʤʝʥʪʦʚ ʬʠʣʴʪʨʦʚ ʵʢʨʘʥʦʚ)  

¶ - ʦʛʨʘʥʠʯʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʩʠʛʥʘʣʘ ʧʦʤʝʭ F ʩʦʟʜʘʚʘʝʤʳʭ ʨʘʟʣʠʯʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʜʦ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʜʦʧʫʩʪʠʤʳʭ ʧʨʝʜʝʣʦʚ ( ʵʢʨʘʥʠʨʦʚʘʥʠʝ ʩʝʪʝʚʳʭ 

ʧʨʦʚʦʜʦʚ, ʫʩʪʘʥʦʚʢʘ ʬʠʣʴʪʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʤʝʩʪʝ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩʝʪʝʚʳʭ ʧʨʦʚʦʜʦʚ, ʵʢʨʘʥʠʨʦʚʘʥʠʝ ʦʙʤʦʪʦʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, 

ʵʢʨʘʥʠʨʦʚʘʥʠʝ ʢʦʤʤʫʪʠʨʫʶʱʝʛʦ ʪʨʘʥʟʠʩʪʦʨʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʦʜʦʚ ʩ 

ʢʦʨʦʪʢʦʡ ʠ ʤʷʛʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʚʨʝʤʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʥʝʣʴʟʷ 

ʧʨʦʢʣʘʜʳʚʘʪʴ ʨʷʜʦʤ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʚʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ ʧʨʦʚʦʜʘ, ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʨʦʪʢʠʝ ʠ ʥʠʟʢʦʦʤʥʳʝ ʧʨʦʚʦʜʘ ʧʠʪʘʥʠʷ ʩ ʤʘʣʳʤ ʚʦʣʥʦʚʳʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʜʦʩʪʠʛʘʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝʤ ʧʨʦʚʦʜʦʚ ʚ ʚʠʜʝ ʧʣʦʩʢʠʭ 

ʣʠʥʠʡ, ʨʘʟʜʝʣʴʥʦʝ ʧʠʪʘʥʠʝ ʘʥʘʣʦʛʦʚʳʭ ʠ ʮʠʬʨʦʚʳʭ ʵʣʝʤʝʥʪʦʚ. ʂʦʨʧʫʩ 

ʫʩʪʨʦʡʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʦ ʫʩʣʦʚʠʷʤ ʙʝʟʦʧʘʩʥʦʩʪʷʤ, ʜʦʣʞʝʥ ʙʳʪʴ ʟʘʟʝʤʣʝʥ. ʉ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʟʘʱʠʪʳ ʧʦʤʝʭ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩʥʳʡ ʚʦʧʨʦʩ çʂʘʢ 

ʧʨʠʩʦʝʜʠʥʠʪʴ ʚʳʚʦʜ ʩʠʩʪʝʤʳ ʦʧʦʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚʥʫʪʨʠ ʧʨʠʙʦʨʘ ʢ ʢʦʨʧʫʩʫè, 

ʝʩʣʠ ʧʝʨʠʬʝʨʠʡʥʳʝ ʵʣʝʤʝʥʪʳ ʩʚʷʟʘʥʳ ʩ ʮʝʥʪʨʘʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʜʣʠʥʥʳʤʠ 

ʧʨʦʚʦʜʘʤʠ, ʪʦ ʚʦʟʥʠʢʘʝʪ ʧʨʦʪʠʚʦʬʘʟʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʧʦʤʝʭ, ʥʘʢʣʘʜʳʚʘʶʱʠʡʩʷ 

ʥʘ ʥʘʧʨʷʞʝʥʠʷ ʧʦʣʝʟʥʳʭ ʩʠʛʥʘʣʦʚ. 
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʠ ʥʘʢʦʧʠʚʰʠʡʩʷ ʦʧʳʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʘʩʠʥʭʨʦʥʥʳʝ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʳ ʩ ʯʘʩʪʦʪʥʳʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʚʣʠʷʶʪ ʥʘ ʧʨʦʪʝʢʘʥʠʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʟʣʠʯʥʳʭ 

ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʠ ʝʝ ʵʣʝʤʝʥʪʦʚ, ʧʨʦʮʝʩʩʳ ʢʦʤʤʫʪʘʮʠʠ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ ʯʘʩʪʦʪʳ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ 

ʩʢʘʯʢʦʦʙʨʘʟʥʳʤʠ ʠʟʤʝʥʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ, ʚʥʦʩʷʪ 

ʨʘʟʣʠʯʥʳʝ ʠʩʢʘʞʝʥʠʷ ʩ ʬʦʨʤʳ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ, ʢʘʢ ʚ ʩʘʤʠʭ 

ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʪʘʢ ʠ ʚ ʩʝʪʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. ʀʩʢʘʞʝʥʠʷ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʛʝʥʝʨʠʨʦʚʘʥʠʝʤ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ 

ʧʝʨʝʥʘʧʨʷʞʝʥʠʷʤʠ ʥʘ ʩʪʘʪʦʨʝ ʜʚʠʛʘʪʝʣʷ, ʧʨʠʢʣʘʜʳʚʘʶʱʠʭʩʷ ʢ 

ʤʝʞʜʫʬʘʟʥʦʡ ʠ ʚʠʪʢʦʚʦʡ ʠʟʦʣʷʮʠʠ ʦʙʤʦʪʢʠ, ʘ ʪʘʢʞʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʝʤʣʠ.  

ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ (ʕʄʉ) 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʚʠʜʝ ʙʣʦʢ ʩʭʝʤʝ ʨʠʩ 

1. 

 

 

ʈʠʩʫʥʦʢ 1 - ɹʣʦʢ ʩʭʝʤʘ ʩʨʝʜʩʪʚ ʦʙʝʩʧʝʯʝʥʠʷ ʕʄʉ 
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ʂʨʦʤʝ ʚʳʰʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʕʄʉ ʤʝʞʜʫ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʠʢʘʤʠ ʠ ʩʠʩʪʝʤʦʡ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʩʫʱʝʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ 

ʚʠʜʳ  

¶ -ʦʙʝʩʧʝʯʝʥʠʷ ʩʠʤʤʝʪʨʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʪʨʝʭʬʘʟʥʦʡ ʩʠʩʪʝʤʳ 

¶ - ʧʨʠʤʝʥʝʥʠʝ ʜʚʝʥʘʜʮʘʪʠ ʧʫʣʴʩʥʦʛʦ ʚʳʧʨʷʤʠʪʝʣʷ 

¶ - ʚʢʣʶʯʝʥʠʝ ʚ ʩʠʩʪʝʤʫ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩ 

ʦʙʤʦʪʢʘʤʠ çʪʨʝʫʛʦʣʴʥʠʢ ʟʚʝʟʜʘè  

¶ - ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʠʣʴʪʨʦʚ ʢʦʤʧʝʥʩʘʮʠʠ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ  

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʩ ʕʄʉ ʷʚʣʷʝʪʩʷ 

ʫʧʨʘʚʣʝʥʠʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ ʩ ʚʝʢʪʦʨʥʦʡ ʩʠʩʪʝʤʦʡ ʩ ʧʨʦʛʨʘʤʤʥʳʤ 

ʦʙʝʩʧʝʯʝʥʠʝʤ ʦʭʚʘʪʳʚʘʶʱʠʡ ʨʘʙʦʪʫ ʘʩʠʥʭʨʦʥʥʳʤ ʜʚʠʛʘʪʝʣʝʤ ʩ ʘʢʪʠʚʥʳʤ 

ʬʠʣʴʪʨʦʤ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʯʘʩʪʦ ʠʟʫʯʘʝʤʳʝ ʧʘʨʘʜʦʢʩʳ ʠ 

ʠʨʨʘʮʠʦʥʘʣʴʥʦʩʪʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʯʝʣʦʚʝʢʦʤ. ʇʦʩʣʝ ʚʚʝʜʝʥʠʷ ʢʘʞʜʦʛʦ 

ʧʘʨʘʜʦʢʩʘ ʠʟ ʣʠʪʝʨʘʪʫʨʳ ʜʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʢʚʘʥʪʦʚʦʧʦʜʦʙʥʘʷ 

ʬʦʨʤʫʣʠʨʦʚʢʘ, ʩʧʦʩʦʙʥʘʷ ʦʧʠʩʘʪʴ ʪʘʢʦʡ ʧʘʨʘʜʦʢʩ. ʇʘʨʘʜʦʢʩʳ, 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʠ ʦʙʩʫʞʜʘʝʤʳʝ ʚ ʵʪʦʡ ʩʪʘʪʴʝ, ʩʣʝʜʫʶʱʠʝ: (1) ʵʬʬʝʢʪ 

ʧʦʨʷʜʢʘ, (2) Ellsberg ʧʘʨʘʜʦʢʩ, (3) Allais ʧʘʨʘʜʦʢʩ ʠ (4) ʦʰʠʙʢʘ ʛʦʨʷʯʝʡ ʨʫʢʠ ʠ 

ʠʛʨʦʢʘ. 

Annotation. The article examines the often-studied paradoxes and 

irrationalities of human decision making. After introducing each paradox from the 

literature, a corresponding quantum-like formulation is given that can describe such a 

paradox. The paradoxes considered and discussed in this article are: (1) the order 
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effect, (2) the Ellsberg paradox, (3) the Allais paradox, and (4) the hot hand and 

gambler fallacy.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʬʬʝʢʪ ʧʦʨʷʜʢʘ, ʧʘʨʘʜʦʢʩ, ʦʰʠʙʢʘ, ʠʛʨʦʢ. 

Key words: order effect, paradox, error, player. 

 

ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʠʟ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʚʩʝʛʜʘ ʧʨʦʷʚʣʷʣʠ ʠʥʪʝʨʝʩ ʢ ʪʦʤʫ, 

ʢʘʢ ʣʶʜʠ ʧʨʠʥʠʤʘʶʪ ʨʝʰʝʥʠʷ. ɹʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʤʥʦʞʝʩʪʚʦ ʧʦʜʭʦʜʦʚ, ʪʘʢʠʭ 

ʢʘʢ ʪʝʦʨʠʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʚʳʙʦʨʘ ʠʣʠ ʛʠʧʦʪʝʟʘ ʦʞʠʜʘʝʤʦʡ ʧʦʣʝʟʥʦʩʪʠ. ʍʦʪʷ 

ʵʪʠ ʧʦʜʭʦʜʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʜʭʦʜʷʱʫʶ ʦʩʥʦʚʫ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʣʶʜʴʤʠ, ʦʥʠ ʥʝ ʤʦʛʫʪ ʦʙʲʷʩʥʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʠʨʨʘʮʠʦʥʘʣʴʥʦʩʪʠ ʠ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʘʨʘʜʦʢʩʳ, ʠ ʟʘʙʣʫʞʜʝʥʠʷ. ʅʝʜʘʚʥʦ ʙʳʣʘ 

ʧʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʪʝʦʨʠʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ 

ʧʨʘʚʠʣʴʥʦ ʦʧʠʩʘʪʴ ʵʪʠ ʧʘʨʘʜʦʢʩʳ ʠ, ʚʦʟʤʦʞʥʦ, ʦʙʝʩʧʝʯʠʪʴ ʝʜʠʥʫʶ ʠ ʦʙʱʫʶ 

ʪʝʦʨʠʶ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ʕʪʘ ʥʦʚʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʠʤʝʥʝʥʠʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ ʢ ʦʙʣʘʩʪʷʤ ʯʝʣʦʚʝʯʝʩʢʦʛʦ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʠ ʧʦʟʥʘʥʠʷ. 

ʕʬʬʝʢʪ ʧʦʨʷʜʢʘ. ʆʜʥʦʡ ʠʟ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʚʳʚʦʜʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥ ʟʘʚʠʩʠʪ ʦʪ ʧʦʨʷʜʢʘ, ʪʦ ʝʩʪʴ ʧʦʨʷʜʦʢ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʚʣʠʷʝʪ ʥʘ ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ. ʂʚʘʥʪʦʚʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʯʝʣʦʚʝʢʦʤ ʤʦʞʝʪ ʫʯʠʪʳʚʘʪʴ ʵʪʦʪ 

ʵʬʬʝʢʪ. ɺ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ 

( ) ( )1 2 2 1Pr | hypothesis Pr | hypothesise e e eÆ = Æ
 ʠ, ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ ɹʘʡʝʩʘ, 

ʚʳʧʦʣʥʷʝʪʩʷ ( ) ( )1 2 2 1Pr hypothesis| Pr hypothesis|e e e eÆ = Æ
. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʢʣʘʩʩʠʯʝʩʢʠʝ ʪʝʦʨʝʤʳ ʚʝʨʦʷʪʥʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ ʙʘʡʝʩʦʚʩʢʘʷ ʚʝʨʦʷʪʥʦʩʪʴ, ʥʝ 

ʤʦʛʫʪ ʫʯʠʪʳʚʘʪʴ ʧʦʨʷʜʦʢ ʨʘʩʩʤʦʪʨʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʦ 

ʛʠʧʦʪʝʟʝ. 

ɺ ʟʘʜʘʯʝ ʤʝʜʠʮʠʥʩʢʦʛʦ ʚʳʚʦʜʘ ʩʫʱʝʩʪʚʫʶʪ ʜʚʝ ʛʠʧʦʪʝʟʳ, ʘ ʠʤʝʥʥʦ: 

1 Sickness presenth =  ʠ 2 Sickness absenth = . ɽʩʪʴ ʪʘʢʞʝ ʜʚʘ ʩʚʠʜʝʪʝʣʴʩʪʚʘ: 1e , 

ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʜʣʷ 1h, ʠ 2e , ʢʦʪʦʨʦʝ 

ʷʚʣʷʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʜʣʷ 2h. ʉʫʱʝʩʪʚʫʝʪ ʪʘʢʞʝ 
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ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʵʪʠ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʧʦʩʪʫʧʘʶʪ ʠʟ ʜʚʫʭ ʠʩʪʦʯʥʠʢʦʚ: (1) 

ʠʩʪʦʯʥʠʢ A, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʘʥʘʤʥʝʟʫ ʠ ʬʠʟʠʯʝʩʢʦʤʫ ʦʩʤʦʪʨʫ, ʜʘʶʱʠʡ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦ 1e, ʠ (2) ʠʩʪʦʯʥʠʢ B, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʥʳʤ ʜʘʥʥʳʤ, 

ʜʘʶʱʠʡ ʩʚʠʜʝʪʝʣʴʩʪʚʦ 2e . ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʫʝʪ ʥʘʙʣʶʜʝʥʠʝ N, ʢʦʪʦʨʦʝ 

ʦʧʠʩʳʚʘʝʪ ʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʫʙʝʞʜʝʥʠʷ ʣʠʮʘ, ʧʨʠʥʠʤʘʶʱʝʛʦ ʨʝʰʝʥʠʝ, ʜʦ 

ʧʦʣʫʯʝʥʠʷ ʢʘʢʦʡ-ʣʠʙʦ ʠʥʬʦʨʤʘʮʠʠ. 

ʅʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʫʚʝʨʝʥʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʦʩʪʦʷʥʠʝ 

ʩʫʧʝʨʧʦʟʠʮʠʠ, ʢʘʢ ij ijw Ny =ä , ʛʜʝ ijN
 ʦʙʦʟʥʘʯʘʝʪ ʩʦʩʪʦʷʥʠʝ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʚʥʘ 1 ʜʣʷ ; , 1,2i jh e i jØ = . ʇʦʩʣʝ ʥʘʙʣʶʜʝʥʠʷ ʩʦʙʳʪʠʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʝ ʢʚʘʥʪʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʧʝʨʝʩʤʦʪʨʝʥʦ. ʅʘʧʨʠʤʝʨ, 

ʧʦʩʣʝ ʪʦʛʦ ʢʘʢ ʤʳ ʫʟʥʘʝʤ, ʯʪʦ ʙʦʣʝʟʥʴ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʫ ʧʘʮʠʝʥʪʘ, 

ʩʦʩʪʦʷʥʠʝ ʙʫʜʝʪ ʠʟʤʝʥʝʥʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

()

()
1

1

1

h

P h

P h

y
y

y
=

 , ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʠʩʪʦʯʥʠʢʘʭ ʠʥʬʦʨʤʘʮʠʠ, ʤʦʞʥʦ 

ʨʘʩʩʤʦʪʨʝʪʴ ʪʨʠ ʨʘʟʣʠʯʥʳʝ ʪʦʯʢʠ ʟʨʝʥʠʷ: (1) ʪʦʯʢʘ ʟʨʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʘʷ 

ʠʩʭʦʜʥʳʤ ʦʧʠʩʘʥʠʝʤ ʧʨʦʙʣʝʤʳ, ʦʙʦʟʥʘʯʝʥʥʦʡ ʙʫʢʚʦʡ N  (2) ʪʦʯʢʘ ʟʨʝʥʠʷ, 

ʦʧʨʝʜʝʣʷʝʤʘʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʠʩʪʦʯʥʠʢʘ A ʠ (3) ʊʦʯʢʘ ʟʨʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʘʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʠʩʪʦʯʥʠʢʘ B. ʉʯʠʪʘʷ ʵʪʠ ʪʨʠ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʝʩʦʚʤʝʩʪʠʤʳʤʠ 

ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʢʚʘʥʪʦʚʦʧʦʜʦʙʥʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʦʙʲʷʩʥʠʪʴ ʵʬʬʝʢʪʳ ʧʦʨʷʜʢʘ ʚ 

ʢʦʥʪʝʢʩʪʝ ʟʘʜʘʯʠ ʤʝʜʠʮʠʥʩʢʦʛʦ ʚʳʚʦʜʘ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʜʚʝ ʛʠʧʦʪʝʟʳ 

ʩʦʚʤʝʩʪʠʤʳ ʩʦ ʚʩʝʤʠ ʪʨʝʤʷ ʵʪʠʤʠ ʪʦʯʢʘʤʠ ʟʨʝʥʠʷ. ʇʦʵʪʦʤʫ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʦʚʤʝʩʪʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ, ʪʘʢʠʝ ʢʘʢ i jh eØ . ʉʦʩʪʦʷʥʠʝ 
y

 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʝʭ ʵʪʠʭ ʥʝʩʦʚʤʝʩʪʠʤʳʭ ʪʦʯʝʢ 

ʟʨʝʥʠʷ (ʪ.ʝ. ʙʘʟʠʩʥʳʭ ʚʝʢʪʦʨʦʚ) ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

ij ij ij ij ij ijN A By w a a= = =ä ä ä . 
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ʏʪʦʙʳ ʠʟʤʝʥʠʪʴ ʧʝʨʩʧʝʢʪʠʚʫ ʩ ʦʜʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘ ʜʨʫʛʫʶ, ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʥʠʪʘʨʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ʚʨʘʯ ʤʦʞʝʪ ʥʘʯʘʪʴ ʩ 

ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (w), ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʦʩʤʦʪʨʘ ʩʤʝʩʪʠʪʴ 

ʩʚʦʶ ʪʦʯʢʫ ʟʨʝʥʠʷ ʥʘ (a), ʘ ʟʘʪʝʤ, ʧʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠʟʤʝʥʠʪʴ ʩʚʦʶ ʪʦʯʢʫ ʟʨʝʥʠʷ ʥʘ (b). ʋʥʠʪʘʨʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, 

ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʝʨʝʢʣʶʯʝʥʠʷ ʤʝʞʜʫ ʧʝʨʩʧʝʢʪʠʚʘʤʠ, 

ʩʣʝʜʫʶʱʠʝ: 

( )

( )

À À

À

À

, , , ,

receiving  first and then ,

receiving  first and then .

AN BN BNAN

BA BN AN

AB AN BN

U U U U

U U U A B

U U U B A

a w w a b w w b= = = =

=

=
 

ʂʚʘʥʪʦʚʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʫʯʠʪʳʚʘʪʴ ʵʬʬʝʢʪʳ ʧʦʨʷʜʢʘ, ʠʩʧʦʣʴʟʫʷ ʨʘʟʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʫʥʠʪʘʨʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʜʣʷ ʨʘʟʥʳʭ 

ʧʦʨʷʜʢʦʚ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. 

ʏʪʦʙʳ ʚʳʯʠʩʣʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ( )1Pr | ,h A B
, ʠʩʭʦʜʥʳʡ ʙʘʟʠʩ N  ʙʫʜʝʪ 

ʧʦʚʝʨʥʫʪ ʚ ʙʘʟʠʩ A ʩ ʧʦʤʦʱʴʶ ANU , ʘ ʟʘʪʝʤ ʙʘʟʠʩ A ʙʫʜʝʪ ʧʦʚʝʨʥʫʪ ʚ ʙʘʟʠʩ B  

ʩ ʧʦʤʦʱʴʶ BAU . ɼʣʷ ʦʙʨʘʪʥʦʛʦ ʧʦʨʷʜʢʘ ( )1Pr | ,h B A
 ʤʳ ʩʥʘʯʘʣʘ ʧʦʚʝʨʥʝʤ 

ʠʩʭʦʜʥʳʡ ʙʘʟʠʩ ʢ B-ʙʘʟʠʩʫ ʥʘ BNU , ʘ ʟʘʪʝʤ ʧʦʚʝʨʥʝʤ B-ʙʘʟʠʩ ʢ A-ʙʘʟʠʩʫ ʥʘ 

ABU . ʇʨʠʯʠʥʘ ʵʬʬʝʢʪʘ ʧʦʨʷʜʢʘ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʧʨʦʝʢʪʦʨʳ ʥʝ ʢʦʤʤʫʪʠʨʫʶʪ ʩ 

ʫʥʠʪʘʨʥʳʤʠ ʤʘʪʨʠʮʘʤʠ. ʇʨʦʱʝ ʛʦʚʦʨʷ, ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʩʦʙʳʪʠʝ A ï ʵʪʦ 

ʧʝʨʚʦʝ ʩʚʠʜʝʪʝʣʴʩʪʚʦ, ʩʦʙʨʘʥʥʦʝ ʣʠʮʦʤ, ʧʨʠʥʠʤʘʶʱʠʤ ʨʝʰʝʥʠʝ, ʘ ʩʦʙʳʪʠʝ B  

ï ʚʪʦʨʦʝ ʩʚʠʜʝʪʝʣʴʩʪʚʦ. ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ () ( )Pr Pr |A B A
 ʙʫʜʝʤ 

ʠʤʝʪʴ:  

() ( )
2 2

2 2 2

2

Pr Pr |

1
.

A B A

A B A B A

A

A B A P P

P P P P P
P

y y

y y y
y

=

= =
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ʅʦ ʜʣʷ ʥʝʩʦʚʤʝʩʪʠʤʳʭ ʤʝʨ ʚ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ ʧʨʦʝʢʮʠʦʥʥʳʝ ʦʧʝʨʘʪʦʨʳ 

AP  ʠ BP  ʥʝ ʢʦʤʤʫʪʠʨʫʶʪ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʤʳ ʙʫʜʝʤ ʠʤʝʪʴ 0A B B AP P P P-  ̧ʠ 

ʚʳʧʦʣʥʷʝʪʩʷ ʩʣʝʜʫʶʱʝʝ ʥʝʨʘʚʝʥʩʪʚʦ: 

2 2

A B B AP P P Py y¸
. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦ: ( ) ( ) ( )p AX p XA q AX- =
.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʩʧʝʢʪʠʚʳ AX  ʠ XA ʠʥʜʠʬʬʝʨʝʥʪʥʳ (ʪ. ʝ. ʧʦʨʷʜʦʢ ʠʭ 

ʦʮʝʥʢʠ ʥʝ ʚʘʞʝʥ) ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʥʝʪ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʤʦʜ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʘʪʨʠʙʫʪʦʚ ʧʦʟʥʘʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ. 

ʃʶʜʠ ʠʩʧʳʪʳʚʘʶʪ ʵʤʦʮʠʦʥʘʣʴʥʫʶ ʘʤʙʠʚʘʣʝʥʪʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʛʥʠʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʝʜʩʪʘʚʣʷʪʴ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʵʬʬʝʢʪʳ. ʆʥʠ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʵʤʧʠʨʠʯʝʩʢʠʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʠʟʫʯʝʥʠʶ ʵʬʬʝʢʪʦʚ ʧʦʨʷʜʢʘ ʚ ʯʝʣʦʚʝʯʝʩʢʠʭ 

ʵʤʦʮʠʷʭ, ʧʨʝʜʩʪʘʚʣʷʷ ʜʚʘ ʩʪʠʤʫʣʘ (ʪʦ ʝʩʪʴ ʜʚʘ ʠʟʦʙʨʘʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʶʪ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʯʫʚʩʪʚʘ) ʚ ʨʘʟʥʦʤ ʧʦʨʷʜʢʝ. ɸʥʘʣʦʛʠʯʥʘʷ 

ʢʚʘʥʪʦʚʦʧʦʜʦʙʥʘʷ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʣʷ ʦʧʠʩʘʥʠʷ ʵʪʦʛʦ ʵʬʬʝʢʪʘ ʧʦʨʷʜʢʘ. 

ʉʧʦʩʦʙʥʦʩʪʴ ʦʙʲʷʩʥʷʪʴ ʠ ʧʨʘʚʠʣʴʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʵʬʬʝʢʪʳ ʧʦʨʷʜʢʘ 

ʷʚʣʷʝʪʩʷ ʟʘʤʝʪʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʢʚʘʥʪʦʚʦʧʦʜʦʙʥʳʭ ʢʦʛʥʠʪʠʚʥʳʭ ʤʦʜʝʣʝʡ ʠ 

ʤʦʜʝʣʝʡ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʭ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʘʥʘʣʦʛʘʤʠ. ʅʦ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʧʨʦʙʣʝʤʘ, ʩʫʱʝʩʪʚʫʶʱʘʷ ʚ ʢʚʘʥʪʦʚʦʧʦʜʦʙʥʳʭ ʤʦʜʝʣʷʭ, 

ʧʳʪʘʶʱʠʭʩʷ ʦʙʲʷʩʥʠʪʴ ʵʬʬʝʢʪʳ ʧʦʨʷʜʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʢʦʤʤʫʪʘʪʠʚʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʢʚʘʥʪʦʚʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʭ ʘʧʦʩʪʝʨʠʦʨʥʦʡ ʧʨʠʨʦʜʝ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʵʪʠʭ ʤʦʜʝʣʝʡ ʤʳ ʥʝ ʤʦʞʝʤ ʟʘʨʘʥʝʝ ʧʨʠʩʚʦʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ, ʥʝ ʟʥʘʷ ʵʤʧʠʨʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ.  

Ellsberg ʧʘʨʘʜʦʢʩ. ʆʜʠʥ ʠʟ ʚʘʞʥʳʭ ʫʩʧʝʭʦʚ ʢʚʘʥʪʦʚʦʧʦʜʦʙʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʦʙʣʘʩʪʴ ʵʢʦʥʦʤʠʢʠ ʠ ʦʙʲʷʩʥʝʥʠʝ ʠʟʚʝʩʪʥʦʛʦ 

Ellsberg ʧʘʨʘʜʦʢʩʘ. Aerts ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʢʚʘʥʪʦʚʦʧʦʜʦʙʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʠʨʨʘʮʠʦʥʘʣʴʥʦʩʪʠ 

ʧʨʠʥʷʪʠʷ ʯʝʣʦʚʝʢʦʤ ʨʝʰʝʥʠʡ ʚ ʵʢʦʥʦʤʠʢʝ, ʚʢʣʶʯʘʷ Ellsberg ʧʘʨʘʜʦʢʩ. 
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Ellsberg ʨʘʟʨʘʙʦʪʘʣ ʵʢʩʧʝʨʠʤʝʥʪ, ʚ ʢʦʪʦʨʦʤ ʠʩʧʳʪʫʝʤʳʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ 

ʦʪʢʣʦʥʷʣʠʩʴ ʦʪ ʧʨʝʜʩʢʘʟʘʥʠʡ ʪʝʦʨʝʤʳ ʦʙ ʦʞʠʜʘʝʤʦʡ ʧʦʣʝʟʥʦʩʪʠ. ʕʢʩʧʝʨʠʤʝʥʪ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

ʈʘʩʩʤʦʪʨʠʤ ʫʨʥʫ ʩ 30 ʢʨʘʩʥʳʤʠ ʰʘʨʘʤʠ ʠ 60 ʞʝʣʪʳʤʠ ʠʣʠ ʯʝʨʥʳʤʠ 

ʰʘʨʘʤʠ ʚ ʥʝʠʟʚʝʩʪʥʦʡ ʧʨʦʧʦʨʮʠʠ. ʀʟ ʫʨʥʳ ʚʳʥʠʤʘʝʪʩʷ ʦʜʠʥ ʰʘʨ, ʠ ʫʯʘʩʪʥʠʢʦʚ 

ʧʨʦʩʷʪ ʩʜʝʣʘʪʴ ʩʪʘʚʢʫ ʥʘ ʨʝʟʫʣʴʪʘʪ ʚ ʦʜʥʦʡ ʠʟ ʩʣʝʜʫʶʱʠʭ ʯʝʪʳʨʝʭ ʬʦʨʤ: 

1f : 12$ ʥʘ ʢʨʘʩʥʦʤ, 0$ ʥʘ ʞʝʣʪʦʤ, 0$ ʥʘ ʯʝʨʥʦʤ. 

2f : 0$ ʥʘ ʢʨʘʩʥʦʤ, 0$ ʥʘ ʞʝʣʪʦʤ, 12$ ʥʘ ʯʝʨʥʦʤ. 

3f : 12$ ʥʘ ʢʨʘʩʥʦʤ, 12$ ʥʘ ʞʝʣʪʦʤ, 0$ ʥʘ ʯʝʨʥʦʤ. 

4f : 0$ ʥʘ ʢʨʘʩʥʦʤ, 12$ ʥʘ ʞʝʣʪʦʤ, 12$ ʥʘ ʯʝʨʥʦʤ. 

ɹʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʫʯʘʩʪʥʠʢʦʚ ʚʳʙʨʘʣʠ 1f  ʚʤʝʩʪʦ 2f  ʠ 4f  

ʚʤʝʩʪʦ 3f , ʯʪʦ ʧʨʦʪʠʚʦʨʝʯʠʪ ʪʦʤʫ, ʯʪʦ ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʪʝʦʨʝʤʘ ʦʙ ʦʞʠʜʘʝʤʦʡ 

ʧʦʣʝʟʥʦʩʪʠ ʠ ʧʨʠʥʮʠʧ ʫʚʝʨʝʥʥʦʩʪʠ ʘʢʩʠʦʤ ʉʵʚʠʜʞʘ. ʀʟ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʦʜʥʦʟʥʘʯʥʘʷ ʩʪʘʚʢʘ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʜʚʫʩʤʳʩʣʝʥʥʦʡ. ʅʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʠʟ-ʟʘ ʝʝ 

ʢʦʥʪʝʢʩʪʫʘʣʴʥʦʩʪʠ ʩʪʨʫʢʪʫʨʥʦ ʥʫʞʜʘʝʪʩʷ ʚ ʥʝʢʣʘʩʩʠʯʝʩʢʦʡ ʚʝʨʦʷʪʥʦʩʪʥʦʡ 

ʤʦʜʝʣʠ. 

ʏʪʦʙʳ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʵʪʫ ʧʨʦʙʣʝʤʫ ʚ ʢʚʘʥʪʦʚʦ-ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʦʨʤʝ, 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʨʝʭʤʝʨʥʦʝ ʢʦʤʧʣʝʢʩʥʦʝ ʛʠʣʴʙʝʨʪʦʚʦ ʧʨʦʩʪʨʘʥʩʪʚʦ. ɹʘʟʠʩʥʳʝ 

ʚʝʢʪʦʨʳ ʵʪʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ: 
{ }1,0,0 , 0,1,0 , 0,0,1

. ʄʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʩʝʤʝʡʩʪʚʦ ʧʨʦʝʢʮʠʦʥʥʳʭ ʦʧʝʨʘʪʦʨʦʚ { }r ybP ,P
, ʛʜʝ rP  ʦʙʦʟʥʘʯʘʝʪ 

ʧʨʦʝʢʮʠʶ ʥʘ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʦ 
1,0,0

 (ʪ.ʝ. ʢʨʘʩʥʳʡ) ʠ ʦʙʦʟʥʘʯʘʝʪ ʧʨʦʝʢʮʠʶ ʥʘ 

ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʦ ybP , ʩʦʟʜʘʥʥʦʝ ʩʧʝʢʪʨʘʣʴʥʳʤ ʩʝʤʝʡʩʪʚʦʤ, ʩʦʩʪʦʷʱʠʤ ʠʟ 

ʙʘʟʠʩʥʳʭ ʚʝʢʪʦʨʦʚ 
{ }0,1,0 , 0,0,1

 (ʪ.ʝ. ʞʝʣʪʳʡ ʠʣʠ ʯʝʨʥʳʡ). 
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ʄʥʦʞʝʩʪʚʦ ʚʩʝʭ ʩʦʩʪʦʷʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ Ellsberg ʩʠʪʫʘʮʠʠ, ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

2 2
1 2

, , 0 , , ,
33

yr bii i
y b y b y bv e e eqq qr r r r r r

ë û
= ¢ + =ì ü

í ý  

ʛʜʝ, ʥʘʧʨʠʤʝʨ, ʚʝʨʦʷʪʥʦʩʪʴ ʢʨʘʩʥʦʛʦ ʚ ʩʦʩʪʦʷʥʠʠ 
v

 ʙʫʜʝʪ ʚʳʯʠʩʣʷʪʴʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

2 2 1
1,0,0 |

3
rv P v= =

.  

ʏʪʦʙʳ ʦʧʠʩʘʪʴ ʜʝʡʩʪʚʠʷ ʧʦ ʩʪʘʚʢʘʤ , 1,...,4if i= , ʚʚʦʜʠʪʩʷ ʢʦʥʪʝʢʩʪ 

ʠʟʤʝʨʝʥʠʷ g, ʦʧʠʩʳʚʘʶʱʠʡ ʩʠʪʫʘʮʠʶ, ʢʦʛʜʘ ʰʘʨ ʚʳʥʠʤʘʝʪʩʷ ʠʟ ʫʨʥʳ ʠ 

ʧʨʦʚʝʨʷʝʪʩʷ ʝʛʦ ʮʚʝʪ. ʕʪʦʪ ʢʦʥʪʝʢʩʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʨʝʤʷ ʦʧʝʨʘʪʦʨʘʤʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 
{ }, ,  r y bP P P

. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʟʘʜʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ 

, ,yr bii i
v r y bp v e e eqq qr r r= =

 ʚʝʨʦʷʪʥʦʩʪʠ ʚʳʪʷʥʫʪʴ ʢʨʘʩʥʳʝ, ʞʝʣʪʳʝ ʠ ʯʝʨʥʳʝ 

ʰʘʨʳ, ʩʣʝʜʫʶʱʠʝ: 

( )

( )

( )

2
2

2
2

2
2

, ;

, ;

, .

r v r r r

y v y y y

b v b b b

µ g p P v v P v

µ g p P v v P v

µ g p P v v P v

r

r

r

= = =

= = =

= = =
 

ʈʘʟʣʠʯʥʳʝ ʜʝʡʩʪʚʠʷ if  ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʥʘʙʣʶʜʘʝʤʳʝ ʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʢʘʢ: 

1 2 3 4
Ĕ Ĕ Ĕ Ĕ12$ , 12$ , 12$ 12$ , 12$ 12$ 12$r b r y y b ybf P f P f P P f P P P= = = + = + =. 

ʇʦʣʝʟʥʦʩʪʴ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʜʝʡʩʪʚʠʡ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 
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( )

( ) ( )

( ) ( ) ( )( )

( )

1 1

2 2

3 1

4 4

1Ĕ, , 12$ 12$ 4$,
2

Ĕ, , 12$ 12$ , ,

Ĕ, , 12$ 12$ , , ,

2Ĕ, , 12$ 12$ 8$.
3

v r

v b b v

v r y r v y v

v yb

U f g p v f v v P v

U f g p v f v v P v µ g p

U f g p v f v v P P v µ g p µ g p

U f g p v f v v P v

= = = Ö =

= = =

= = + = +

= = = Ö =
 

ʌʫʥʢʮʠʠ ʧʦʣʝʟʥʦʩʪʠ 1f  and 4f  ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʣʝʟʥʦʩʪʠ 1f  ʠ 4f  

ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʇʦʵʪʦʤʫ ʩʫʱʝʩʪʚʫʶʪ 

ʜʚʫʩʤʳʩʣʝʥʥʦʩʪʠ. ʕʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ 2f  ʠ 3f , ʢʦʪʦʨʳʝ ʧʦʣʥʦʩʪʴʶ ʟʘʚʠʩʷʪ ʦʪ 

ʩʦʩʪʦʷʥʠʷ vp  ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʥʠ ʥʝʦʜʥʦʟʥʘʯʥʳ. ɼʣʷ ʥʝʦʜʥʦʟʥʘʯʥʳʭ 

ʜʝʡʩʪʚʠʡ ʨʘʩʩʤʦʪʨʠʤ ʜʝʡʩʪʚʠʝ 2f  ʜʣʷ ʜʚʫʭ ʢʨʘʡʥʠʭ ʩʦʩʪʦʷʥʠʡ ryvp
 ʠ rbvp . 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʣʝʟʥʦʩʪʠ ʜʣʷ 2f  ʵʪʠʭ ʜʚʫʭ ʩʦʩʪʦʷʥʠʡ ʩʣʝʜʫʶʱʠʝ: 

( ) ( )

( ) ( )

2

2

, , 12$ , 12$ 0 0$,

2
, , 12$ , 12$ 8$.

3

ry ry

rb rb

v b v

v b v

U f g p µ g p

U f g p µ g p

= = Ö =

= = Ö =
 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʩʦʩʪʦʷʥʠʠ ryvp
 ʧʦʣʝʟʥʦʩʪʴ ʜʝʡʩʪʚʠʷ 1f  ʙʦʣʴʰʝ, ʯʝʤ 2f , ʪʦʛʜʘ 

ʢʘʢ ʚ ʩʦʩʪʦʷʥʠʠ rbvp  ʧʦʣʝʟʥʦʩʪʴ 2f  ʙʦʣʴʰʝ, ʯʝʤ 1f . ɼʚʘ ʩʦʩʪʦʷʥʠʷ ryvp
 ʠ rbvp  

ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʩʦʟʥʘʥʠʠ ʣʠʮʘ, ʧʨʠʥʠʤʘʶʱʝʛʦ ʨʝʰʝʥʠʷ. ɼʨʫʛʠʤʠ 

ʩʣʦʚʘʤʠ, ʚ ʫʤʝ ʣʠʮʘ, ʧʨʠʥʠʤʘʶʱʝʛʦ ʨʝʰʝʥʠʝ, ʧʨʠʤʝʪ ʚʠʜ ʩʫʧʝʨʧʦʟʠʮʠʷ: 

i i
s rb ryv ae v be va b= +

 , ʛʜʝ , , ,a ba b ʚʳʙʠʨʘʶʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ 

| 1s sv v =
. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ: 

( )( )

( )

( )
( )

2 2

2 2

1

2
cos

3

3 1
cos .

2

i i i i
rb ry rb ry

r r

r r

ae v be v ae v be v

ab
a b

a b

ab

a b a b

b a q

b a q

- -= + +

= + + - + -F

- -
­ - + -F =

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʙʫʜʝʤ ʠʤʝʪʴ: 
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( ) ( )

( )

( )

2 2

2

2

1
, 3 2 2 ,

3

2
, ,

3

2
, .

3

s

s

s

r v

y v

b v

µ g p a b

µ g p b

µ g p b

= - -

=

=
 

ɸ ʜʣʷ ʟʥʘʯʝʥʠʡ ʧʦʣʝʟʥʦʩʪʠ ʙʫʜʝʤ ʠʤʝʪʴ: 

( ) ( ) ( )

( )

( ) ( ) ( )

( ) ( )

2 2 2 2
1 1

2 2
2 2

2 2 2 2
3 3

2 2 2 2
4 4

1
, , 12$ 3 2 2 4$ 3 2 2 ,

3

2
, , 12$ 4$ 2 ,

3

1 2
, , 12$ 3 2 2 12$ 4$ 3 2 ,

3 3

2 2
, , 12$ 12$ 4$ 2 2 .

3 3

s

s

s

s

v s s

v s s

v s s

v s s

U f g p v f v a b a b

U f g p v f v a a

U f g p v f v a b b a

U f g p v f v b a a b

= = Ö Ö - - = - -

= = Ö Ö = Ö

= = Ö Ö - - + Ö Ö = -

= = Ö Ö + Ö Ö = +
 

ʊʝʧʝʨʴ ʩʦʩʪʦʷʥʠʝ ʫʤʘ ʣʠʮʘ, ʧʨʠʥʠʤʘʶʱʝʛʦ ʨʝʰʝʥʠʝ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʧʦʣʝʟʥʦʩʪʴ ʜʝʡʩʪʚʠʡ ʟʘʚʠʩʷʪ ʦʪ ʦʪʥʦʰʝʥʠʷ ʣʠʮʘ, ʧʨʠʥʠʤʘʶʱʝʛʦ ʨʝʰʝʥʠʝ, ʢ 

ʜʚʫʩʤʳʩʣʝʥʥʦʩʪʠ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʝʩʣʠ ʣʠʮʦ, ʧʨʠʥʠʤʘʶʱʝʝ ʨʝʰʝʥʠʷ, 

ʠʩʧʳʪʳʚʘʝʪ ʩʠʣʴʥʦʝ ʥʝʧʨʠʷʪʠʝ ʜʚʫʩʤʳʩʣʝʥʥʦʩʪʠ, ʪʦ ʩʦʩʪʦʷʥʠʝ svp  ʙʫʜʝʪ ʙʣʠʞʝ 

ʢ ʩʦʩʪʦʷʥʠʶ ryvp
, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʵʢʩʪʨʝʤʘʣʴʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʙʝʟ ʯʝʨʥʳʭ 

ʰʘʨʦʚ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʦʩʪʦʷʥʠʝ svp  ʙʫʜʝʪ ʙʣʠʞʝ ʢ ryvp
(ʵʢʩʪʨʝʤʘʣʴʥʦʤʫ 

ʩʦʩʪʦʷʥʠʶ ʙʝʟ ʞʝʣʪʳʭ ʰʘʨʦʚ), ʝʩʣʠ ʣʠʮʦ, ʧʨʠʥʠʤʘʶʱʝʝ ʨʝʰʝʥʠʝ, ʧʨʠʥʠʤʘʝʪ 

ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ. ʇʨʝʜʧʦʣʘʛʘʷ 
2 2 1a b+ = ʠ 

2 1
2

a <
, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ 

ʙʣʠʟʦʩʪʠ svp  ʢ ryvp
, ʤʳ ʙʫʜʝʤ ʠʤʝʪʴ ( ) ( )2 1, , , ,

s sv vU f g p U f g p<
. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʣʠʮʘ, ʧʨʠʥʠʤʘʶʱʠʝ ʨʝʰʝʥʠʷ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʥʝʧʨʠʷʪʠʝʤ ʜʚʫʩʤʳʩʣʝʥʥʦʩʪʠ, 

ʧʨʝʜʧʦʯʪʫʪ ʩʜʝʣʘʪʴ ʩʪʘʚʢʫ 1f , ʘ ʥʝ 2f . ʊʝ ʞʝ ʨʘʩʩʫʞʜʝʥʠʷ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʠ 

ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʧʨʝʜʧʦʯʪʝʥʠʷ 4f  ʥʘʜ 3f , ʥʝ ʩʢʣʦʥʥʳʭ ʢ ʜʚʫʩʤʳʩʣʝʥʥʦʩʪʠ. 

Allais ʧʘʨʘʜʦʢʩ ï ʦʜʠʥ ʠʟ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʭ ʧʘʨʘʜʦʢʩʦʚ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ 

ʯʝʣʦʚʝʢʦʤ. ʕʪʦʪ ʧʘʨʘʜʦʢʩ ʦʩʦʙʝʥʥʦ ʦʙʲʷʩʥʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʚʘʥʪʦʚʦʧʦʜʦʙʥʦʡ ʬʦʨʤʫʣʠʨʦʚʢʠ.  
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ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ jX  ʵʪʦ ʩʫʤʤʘ ʜʝʥʝʛ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʚʝʨʦʷʪʥʦʩʪʷʤʠ ( )n jp X
. ʇʦʣʝʟʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʩʫʤʤʳ jX  

ʨʘʚʥʘ ( )jU X
. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ ʯʝʪʳʨʝ ʧʝʨʩʧʝʢʪʠʚʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʯʝʪʳʨʝʤ ʜʝʡʩʪʚʠʷʤ , 1,...,4nA n= . ʆʞʠʜʘʝʤʘʷ ʧʦʣʝʟʥʦʩʪʴ 

ʧʝʨʩʧʝʢʪʠʚʳ np : 

( ) ( )( )n n j j

j

U p X U Xp =ä
.  

ʊʘʢʞʝ ʠʤʝʝʪ ʤʝʩʪʦ ʩʣʝʜʫʶʱʝʝ ʨʘʚʝʥʩʪʚʦ: 

( ) ( ) ( ) ( )1 3 2 4 ,j j j jp X p X p X p X j+ = + "
.  

ɺ Allais ʧʘʨʘʜʦʢʩʝ ʩʫʙʲʝʢʪʳ ʧʨʝʜʧʦʯʠʪʘʶʪ ʧʝʨʩʧʝʢʪʠʚʫ 1p ʧʝʨʩʧʝʢʪʠʚʝ 

2p , ʯʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ: ( ) ( )1 2U Up p>
. ʂʨʦʤʝ ʪʦʛʦ: ( ) ( )3 4U Up p²

. ʀʩʧʦʣʴʟʫʷ 

ʦʧʨʝʜʝʣʝʥʠʝ ʦʞʠʜʘʝʤʦʡ ʧʦʣʝʟʥʦʩʪʠ ʠ ʠʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ( ) ( )1 2U Up p>
, 

ʧʦʣʫʯʠʤ: 

( ) ( ) ( )1 2 0j j j

j

p X p X U Xè ø- >ê úä
. (*) 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʩʭʦʜʷ ʠʟ ( ) ( )3 4U Up p²
, ʧʦʣʫʯʠʤ: 

( ) ( ) ( )3 4 0j j j

j

p X p X U Xè ø- ²ê úä
.  

ʇʨʠʚʝʜʝʥʥʦʝ ʚʳʰʝ ʫʨʘʚʥʝʥʠʝ (*) ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʢʘʢ: 

( ) ( ) ( )1 2 0j j j

j

p X p X U Xè ø- ¢ê úä
, ʯʪʦ ʥʝʩʦʚʤʝʩʪʠʤʦ ʩ (*), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʧʘʨʘʜʦʢʩʫ. 

ʇʫʩʪʴ ʯʝʪʳʨʝʭʢʨʘʪʥʘʷ ʨʝʰʝʪʢʘ { }nL p=
 ʧʝʨʩʧʝʢʪʠʚ ʫʧʦʨʷʜʦʯʝʥʘ ʪʘʢ, ʯʪʦ 

1 2p p>  ʩ 2p ʙʦʣʝʝ ʥʝʦʧʨʝʜʝʣʝʥʥʦʡ, ʯʝʤ 1p; ʠ 3 4p p²  ʩ ʨʘʚʥʳʤʠ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʷʤʠ 3p ʠ 4p. ɽʩʣʠ ʫʩʣʦʚʠʝ ʙʘʣʘʥʩʘ ʚʳʧʦʣʥʷʝʪʩʷ, ʪʦ ʨʝʰʝʥʠʷ 

1 2p p>  ʠ 3 4p p²  ʩʦʚʤʝʩʪʠʤʳ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ: 

 

( ) ( ) ( ) ( )2 2 1 1 2 0j j

j

p A X p A X q qp pè ø- < - ²ê úä
.  

ʊʦ ʝʩʪʴ ʧʘʨʘʜʦʢʩ ʦʪʩʫʪʩʪʚʫʝʪ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ QDT.  

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʧʨʦʚʝʜʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʦʙʩʣʝʜʦʚʘʥʠʡ ʚ ʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʤʧʘʥʠʷʭ. 

ʆʙʦʩʥʦʚʳʚʘʝʪʩʷ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʩʧʣʦʰʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ 

ʧʨʦʚʝʜʝʥʠʷ  ʦʙʩʣʝʜʦʚʘʥʠʷ ʠ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ, ʘʥʘʣʠʟʠʨʫʝʪʩʷ  ʥʦʨʤʘʪʠʚʥʦ-

ʧʨʘʚʦʚʘʷ ʙʘʟʘ ʥʘ ʧʨʝʜʤʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠʥʳʭ ʩʧʦʩʦʙʦʚ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ, 

ʧʨʦʚʦʜʠʪʩʷ ʨʘʥʞʠʨʦʚʘʥʠʝ ʦʙʲʝʢʪʦʚ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ  ʧʦ ʧʨʠʟʥʘʢʘʤ ʠ ʜʘʶʪʩʷ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʧʨʠʷʪʠʡ ʪʨʘʥʩʧʦʨʪʘ. 
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Annotation. The paper discusses issues of organizing and conducting energy 

surveys in transport companies. The inappropriateness of a continuous instrumental 

survey and collection of information is substantiated, the regulatory framework is 

analyzed for the possibility of other methods of collecting information, energy 

consumption objects are ranked according to criteria, and recommendations are given 

for organizing surveys of transport enterprises. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʕʥʝʨʛʦʦʙʩʣʝʜʦʚʘʥʠʝ, ʵʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪ, ʩʙʦʨ ʜʘʥʥʳʭ 

Keywords: Energy survey, energy management, data collection 

 

ʅʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦʡ ʩʪʘʪʴʝʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʢʦʤʧʘʥʠʠ ʷʚʣʷʶʪʩʷ ʟʘʪʨʘʪʳ ʥʘ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ (ʊʕʈ), 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʝʨʝʚʦʟʦʯʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ɸʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʊʕʈ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʧʨʦʚʝʜʝʥʠʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʦʙʩʣʝʜʦʚʘʥʠʡ ʦʙʲʝʢʪʦʚ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʧʝʨʝʜʘʯʠ. 

ɿʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʥʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʪʨʝʙʦʚʘʥʠʡ ʦ ʧʨʦʚʝʜʝʥʠʠ 

ʵʥʝʨʛʦʦʙʩʣʝʜʦʚʘʥʠʡ ʪʨʝʪʴʠʤʠ ʣʠʮʘʤʠ, ʧʦʵʪʦʤʫ ʦʨʛʘʥʠʟʘʮʠʷ ʚʧʨʘʚʝ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʬʦʨʤʫ ʠ ʧʦʨʷʜʦʢ ʧʨʦʚʝʜʝʥʠʷ. ʃʦʛʠʯʥʳʤ 

ʫʩʣʦʚʠʝʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʫʩʣʦʚʠʝ 

ʤʠʥʠʤʠʟʘʮʠʠ ʟʘʪʨʘʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʢʪʫʘʣʴʥʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʧʨʦʱʝʥʥʳʭ ʬʦʨʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ, ʪʘʢʠʭ ʢʘʢ 

ʚʠʟʫʘʣʴʥʦʝ ʠ ʜʦʢʫʤʝʥʪʘʣʴʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ, ʚ ʩʠʣʫ ʩʧʝʮʠʬʠʢʠ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʢʦʤʧʘʥʠʠ, ʦʪʨʘʟʠʪʴ ʜʠʥʘʤʠʢʫ ʨʘʩʭʦʜʦʚʘʥʠʷ ʊʕʈ, ʦʪʨʘʟʠʪʴ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʦʨʛʘʥʠʟʘʮʠʠ, ʧʨʠ ʤʝʥʴʰʝʤ ʦʙʲʝʤʝ ʪʝʭʥʠʢʦ-

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤʠ, ʚʠʟʫʘʣʴʥʳʤʠ ʠ 

ʜʦʢʫʤʝʥʪʘʣʴʥʳʤʠ ʬʦʨʤʘʤʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʢʦʤʧʘʥʠʠ. ʂ ʯʠʩʣʫ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ: 

ʧʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʘ ʩʫʱʝʩʪʚʫʶʱʝʡ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ 

ʚʥʦʚʴ ʚʦʟʥʠʢʰʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʨʦʚʝʜʝʥʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʦʙʩʣʝʜʦʚʘʥʠʡ, 

ʦʮʝʥʢʫ ʠʟʤʝʥʝʥʠʷ ʪʨʫʜʦʟʘʪʨʘʪ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʦʙʩʣʝʜʦʚʘʥʠʡ, 

ʨʘʟʨʘʙʦʪʢʫ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʧʦʜʭʦʜʫ ʢ ʧʨʦʚʝʜʝʥʠʶ ʠ ʩʪʨʫʢʪʫʨʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʥʷʪ 
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ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʩʫʱʝʩʪʚʫʶʱʝʡ ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʘ ʪʘʢʞʝ 

ʥʘʢʦʧʣʝʥʥʦʛʦ ʘʚʪʦʨʘʤʠ ʦʧʳʪʘ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʦʙʩʣʝʜʦʚʘʥʠʡ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʙʦʩʥʦʚʘʥʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʚ 

ʚʳʙʦʨʫ ʤʝʪʦʜʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʦʙʲʝʢʪʘ 

ʵʥʝʨʛʦʦʙʩʣʝʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʝʛʦ ʤʘʩʰʪʘʙʘ.  

ʇʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʩʪʦʷʱʝʡ ʧʝʨʝʜ ʢʦʤʤʝʨʯʝʩʢʠʤʠ ʢʦʤʧʘʥʠʷʤʠ ʠ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʫʯʨʝʞʜʝʥʠʷʤʠ. ʕʪʦ ʟʥʘʯʠʤʦ ʚ ʫʩʣʦʚʠʷʭ ʉʠʙʠʨʩʢʦʛʦ 

ʬʝʜʝʨʘʣʴʥʦʛʦ ʦʢʨʫʛʘ, ʛʜʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ ʦʪʦʧʣʝʥʠʝ ʠ ʦʩʚʝʱʝʥʠʝ ʤʦʛʫʪ 

ʜʦʩʪʠʛʘʪʴ 10%, ʩʦʚʦʢʫʧʥʳʭ ʟʘʪʨʘʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʨʝʘʣʠʟʘʮʠʶ ʧʨʦʜʫʢʮʠʠ. 

ʆʩʦʙʝʥʥʫʶ ʚʘʞʥʦʩʪʴ ʚʦʧʨʦʩ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʧʨʠʦʙʨʝʪʘʝʪ ʚ ʵʥʝʨʛʦʝʤʢʠʭ 

ʦʪʨʘʩʣʷʭ, ʪʘʢʠʭ ʢʘʢ ʪʨʘʥʩʧʦʨʪ, ʥʝʬʪʝʭʠʤʠʷ ʠ ʜʨ., ʛʜʝ ʩʦʚʦʢʫʧʥʘʷ ʜʦʣʷ ʟʘʪʨʘʪ ʥʘ 

(ʊʕʈ), ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʜʦ 35-40% ʦʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ [1]. 

ɺʦʧʨʦʩʳ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʫʜʝʣʷʝʪʩʷ ʚʥʠʤʘʥʠʝ ʥʝ 

ʪʦʣʴʢʦ ʥʘ ʫʨʦʚʥʝ ʤʝʥʝʜʞʤʝʥʪʘ ʦʨʛʘʥʠʟʘʮʠʡ, ʥʦ ʚ ʩʝʢʪʦʨʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ. ʈʝʘʣʠʟʫʝʤʳʝ ʬʝʜʝʨʘʣʴʥʳʝ ʮʝʣʝʚʳʝ ʧʨʦʛʨʘʤʤʳ 

çʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʘʷ ʵʢʦʥʦʤʠʢʘè, ʘ ʪʘʢʞʝ ʨʝʛʠʦʥʘʣʴʥʳʝ ʠ ʤʫʥʠʮʠʧʘʣʴʥʳʝ 

ʧʨʦʛʨʘʤʤʳ, ʨʫʢʦʚʦʜʷʱʠʝ ʫʢʘʟʘʥʠʷ ʌɿ 261 [2] ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʵʬʬʝʢʪ ʚ ʯʘʩʪʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ.  

ɿʘʢʦʥ ʥʦʩʠʪ ʜʦʙʨʦʚʦʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʦʜʥʘʢʦ ʫʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʤʝʨʦʧʨʠʷʪʠʷ 

ʧʦ ʵʥʝʛʨʦʩʙʝʨʝʞʝʥʠʶ ʚ ʦʙʷʟʘʪʝʣʴʥʦʤ ʧʦʨʷʜʢʝ ʜʦʣʞʥʳ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʷʜ ʪʠʧʦʚ 

ʦʨʛʘʥʠʟʘʮʠʡ, ʚ ʪ.ʯ. ʦʨʛʘʥʠʟʘʮʠʠ, ʩʦʚʦʢʫʧʥʳʝ ʟʘʪʨʘʪʳ ʢʦʪʦʨʳʭ ʥʘ ʊʕʈ 

ʧʨʝʚʳʰʘʶʪ ʜʝʩʷʪʴ ʤʠʣʣʠʦʥʦʚ ʨʫʙʣʝʡ ʟʘ ʢʘʣʝʥʜʘʨʥʳʡ ʛʦʜ. 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʷʟʘʥʳ ʧʨʦʚʦʜʠʪʴ ʧʘʩʧʦʨʪʠʟʘʮʠʶ 

ʦʙʲʝʢʪʦʚ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʧʦʪʨʝʙʣʝʥʠʷ ʚʩʝʭ ʚʠʜʦʚ ʊʕʈ, ʧʣʘʥʠʨʦʚʘʪʴ 

ʤʝʨʦʧʨʠʷʪʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ ʩʥʠʞʝʥʠʝ ʧʦʪʝʨʴ ʚʩʝʭ ʚʠʜʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʭʦʜʝ 

ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ. ʄʝʨʦʧʨʠʷʪʠʷ ʛʨʫʧʧʠʨʫʶʪʩʷ ʚ ʧʨʦʛʨʘʤʤʫ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ, ʫʪʚʝʨʞʜʘʝʤʫʶ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʝʜʧʨʠʷʪʠʷ. 
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ʆʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʧʨʦʛʨʘʤʤ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʧʘʩʧʦʨʪʘ. ɺ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʭ ʘʢʪʘʭ, ʦʧʨʝʜʝʣʝʥ ʧʦʨʷʜʦʢ ʧʨʦʚʝʜʝʥʠʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʦʙʩʣʝʜʦʚʘʥʠʡ, ʪʨʝʙʦʚʘʥʠʷ ʢ ʶʨʠʜʠʯʝʩʢʠʤ ʣʠʮʘʤ, ʧʨʦʚʦʜʷʱʠʤ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʘʪʳʚʘʶʱʠʤ ʧʨʦʛʨʘʤʤʫ ʧʦʚʳʰʝʥʠʷ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʌɿ 261 ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: 

ʉʙʦʨ ʜʘʥʥʳʭ ʦʙ ʦʙʲʝʢʪʘʭ ʦʨʛʘʥʠʟʘʮʠʠ, ʚ ʦʪʥʦʰʝʥʠʠ ʢʦʪʦʨʦʡ ʧʨʦʚʦʜʠʪʩʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ, ʚ ʪ.ʯ. ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʤ 

ʨʝʟʫʣʴʪʘʪʘʤ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ, ʦʙʲʝʤʘʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʧʦ ʚʠʜʘʤ 

ʪʦʧʣʠʚʘ ʠ ʚʦʜʳ ʥʘ ʥʫʞʜʳ ʦʩʥʦʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʦ ʟʜʘʥʠʷʤ ʠ ʩʦʦʨʫʞʝʥʠʷʤ, 

ʩʝʪʷʤ, ʦʙʲʝʢʪʘʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, ʩʝʪʷʤ (ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʠ ʪʝʧʣʦʚʳʤ), 

ʫʩʪʘʥʦʚʢʘʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʦʙʲʝʤʘʤ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʨʝʩʫʨʩʦʚ ʠ ʜʨ. ʉʙʦʨ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʬʘʢʪʠʯʝʩʢʦʛʦ ʨʘʩʭʦʜʘ ʊʕʈ 

ʦʨʛʘʥʠʟʘʮʠʠ, ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʦʚ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, ʛʝʥʝʨʘʮʠʠ ʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʦʨʛʘʥʠʟʘʮʠʠ. ɺʩʝ ʜʘʥʥʳʝ, ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʟʘ 

ʧʷʪʠʣʝʪʥʠʡ ʧʝʨʠʦʜ ʩ ʮʝʣʴʶ ʚʳʜʝʣʝʥʠʷ ʜʠʥʘʤʠʢʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʥʘ ʩ 

ʨʘʟʜʝʣʝʥʠʝʤ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠ ʚʥʝʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʥʫʞʜʳ. 

ʌʦʨʤʘʣʴʥʦ, ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʧʨʦʚʝʜʝʥʠʠ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʬʘʢʪʠʯʝʩʢʦʛʦ 

ʫʨʦʚʥʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʧʦʪʝʨʴ, ʘ ʪʘʢʞʝ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʦʚ ʵʥʝʨʛʝʪʠʢʠ ʠ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʩ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʥʦʨʤʘʪʠʚʦʚ ʧʦʪʝʨʴ ʠ ʨʘʩʭʦʜʦʚ ʊʕʈ. 

ʂ ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚʠʜʦʚ ʠʩʧʳʪʘʥʠʡ ʦʪʥʦʩʠʪʩʷ 

ʪʝʧʣʦʚʠʟʠʦʥʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ, ʢʦʥʪʨʦʣʴ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʠ ʩʦʩʪʦʷʥʠʷ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʠʟʤʝʨʝʥʠʝ ʧʦʪʝʨʴ ʚ ʩʝʪʷʭ ʠ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʊʘʢʞʝ 

ʜʦʧʫʩʢʘʶʪʩʷ ʠʥʳʝ ʦʙʲʝʢʪʠʚʥʳʝ ʚʠʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 

ʥʦʨʤʠʨʦʚʘʥʠʝ ʨʘʩʭʦʜʘ ʊʕʈ. 

ʇʨʦʛʨʘʤʤʘ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʩ ʫʯʝʪʦʤ ʧʦʣʫʯʝʥʥʳʭ ʩʚʝʜʝʥʠʡ ʦ ʬʘʢʪʠʯʝʩʢʦʤ 

ʫʨʦʚʥʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʧʦʪʝʨʴ ʚ ʦʨʛʘʥʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʩʦʩʪʦʷʥʠʠ ʦʙʲʝʢʪʦʚ 
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ʧʦʪʨʝʙʣʝʥʠʷ, ʛʝʥʝʨʘʮʠʠ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʊʕʈ. ʂʘʞʜʦʝ ʤʝʨʦʧʨʠʷʪʠʝ ʜʦʣʞʥʦ 

ʩʦʜʝʨʞʘʪʴ ʢʘʣʝʥʜʘʨʥʳʡ ʧʣʘʥ ʨʝʘʣʠʟʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʦʮʝʥʢʫ 

ʟʘʪʨʘʪ ʥʘ ʝʛʦ ʨʝʘʣʠʟʘʮʠʶ, ʘ ʪʘʢʞʝ ʦʮʝʥʢʫ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ, ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʦʨʠʪʝʪʘ ʨʝʘʣʠʟʘʮʠʠ ʤʝʨʦʧʨʠʷʪʠʷ. 

ɺ ʠʪʦʛʝ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʘʩʧʦʨʪ ʦʨʛʘʥʠʟʘʮʠʠ, ʚ ʢʦʪʦʨʦʤ 

ʥʘʭʦʜʷʪ ʦʪʨʘʞʝʥʠʝ ʧʨʦʛʨʘʤʤʘ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʥʦʨʤʘʪʠʚʳ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʚʦʟʥʠʢʘʝʪ ʨʷʜ ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʚʝʜʝʥʠʝʤ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ, ʩ ʪʝʭʥʦʣʦʛʠʝʡ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʨʦʚʝʜʝʥʠʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʥʫʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢʠʝ ʨʘʙʦʪʳ 

ʠ ʚ ʢʘʢʦʤ ʦʙʲʝʤʝ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʦʚʝʜʝʥʳ.  ʊʘʢ ʚ ʧʨʠʢʘʟʝ ˉ400 ʦʪ 30.06.2014 

ʚʚʦʜʠʪʩʷ ʧʦʥʷʪʠʝ ʚʠʟʫʘʣʴʥʦʛʦ ʠ ʜʦʢʫʤʝʥʪʘʣʴʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʤʝʥʝʝ 

ʪʨʫʜʦʝʤʢʦ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʤʝʥʝʝ ʟʘʪʨʘʪʥʦ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʪʴ ʦʭʚʘʪ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʙʩʣʝʜʦʚʘʥʠʡ 

ʟʜʘʥʠʡ ʤʘʣʦʡ ʧʣʦʱʘʜʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʪʨʘʥʩʧʦʨʪʥʦʡ ʢʦʤʧʘʥʠʠ, ʦʜʥʦʪʠʧʥʳʭ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʷʶʱʠʭ ʦʙʲʝʢʪʦʚ, ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʚ ʦʜʥʦʪʠʧʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʪ.ʢ. ʧʦʣʥʳʡ ʦʭʚʘʪ ʦʙʲʝʢʪʦʚ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤʠ 

ʦʙʩʣʝʜʦʚʘʥʠʷʤʠ, ʧʦʧʨʦʩʪʫ ʥʝ ʦʧʨʘʚʜʳʚʘʝʪ ʦʙʲʝʤ ʵʬʬʝʢʪʘ ʦʪ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ.  

ʊʘʢʞʝ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʨʷʜ ʨʘʙʦʪ ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʨʘʙʦʪʢʦʡ 

ʵʥʝʨʛʦʧʘʩʧʦʨʪʘ ʫʞʝ ʚʳʧʦʣʥʝʥ, ʥʘʧʨʠʤʝʨ, ʦʧʠʩʘʥʠʝ ʟʜʘʥʠʡ ʩʦʦʨʫʞʝʥʠʡ ʠ ʩʝʪʝʡ, 

ʠ ʘʢʪʫʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ ʩʚʝʜʝʥʠʡ ʥʝ ʧʦʪʨʝʙʫʝʪ ʧʦʚʪʦʨʥʳʭ ʜʝʡʩʪʚʠʡ 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʬʦʨʤʫʣʠʨʦʚʘʥʠʝ ʫʞʝ ʠʤʝʶʱʠʭʩʷ ʩʚʝʜʝʥʠʡ ʦʙ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʟʜʘʥʠʡ, ʩʝʪʝʡ ʠ ʧʨ. 

ʅʘʢʦʥʝʮ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʪʦ, ʯʪʦ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʪʦ ʥʝ ʪʦʣʴʢʦ 

ʧʘʩʧʦʨʪ, ʥʦ ʠ ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʛʨʘʤʤʳ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ.  ɺ ʨʘʤʢʘʭ ʧʦʚʪʦʨʥʦʛʦ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʥʘʨʷʜʫ ʩ ʦʧʠʩʘʥʥʳʤʠ ʚʳʰʝ ʬʘʢʪʦʨʘʤʠ, 

ʚʝʜʫʱʠʤʠ ʢ ʩʥʠʞʝʥʠʶ ʪʨʫʜʦʝʤʢʦʩʪʠ, ʚʦʟʥʠʢʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʨʘʙʦʪʘ, 

ʩʚʷʟʘʥʥʘʷ ʩ ʘʥʘʣʠʟʦʤ ʚʳʧʦʣʥʝʥʠʷ ʧʨʝʜʳʜʫʱʝʡ ʧʨʦʛʨʘʤʤʳ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ. 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʬʘʢʪʦʚ ʠ ʩʦʦʙʨʘʞʝʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʜʦʣʞʥʘ ʤʝʥʷʪʴʩʷ ʧʨʦʮʝʜʫʨʘ ʧʨʦʚʝʜʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʦʙʩʣʝʜʦʚʘʥʠʷ. ɺʳʚʦʜ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʥʦʨʤʘʪʠʚʥʳʭ ʧʦʣʦʞʝʥʠʷʭ ʫʞʝ 

ʫʧʦʤʠʥʘʚʰʝʛʦʩʷ ʨʘʩʧʦʨʷʞʝʥʠʷ ʄʠʥʵʥʝʨʛʦ ʈʌ ˉ 400 ʦʪ 2014 ʛʦʜʘ [3]. ʇʦ 

ʟʘʤʳʩʣʫ ʘʚʪʦʨʦʚ ʜʘʥʥʳʭ ʧʦʥʷʪʠʡ, ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦ 

ʧʨʦʚʝʩʪʠ ʧʫʪʝʤ ʚʠʟʫʘʣʴʥʦʛʦ ʦʩʤʦʪʨʘ ʠʣʠ ʠʟʫʯʝʥʠʷ ʜʦʢʫʤʝʥʪʦʚ ʦ ʜʠʥʘʤʠʢʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ.  ɼʦʢʫʤʝʥʪʘʣʴʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʟʫʯʝʥʠʝ ʦʪʯʝʪʥʦʩʪʠ ʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ 

ʦʪʜʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ, ʠ ʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʪʫʨʥʦʝ ʦʟʥʘʢʦʤʣʝʥʠʝ ʩ ʦʙʲʝʢʪʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷ [4]. ɺʠʟʫʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʦʢʫʤʝʥʪʘʣʴʥʦʝ, ʘ 

ʪʘʢʞʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʠʟʫʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʦʙʲʝʢʪʘ. ɼʦʢʫʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦʝ 

ʚʠʟʫʘʣʴʥʦʝ ʠ ʜʦʢʫʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʘ ʪʘʢʞʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤʠ ʟʘʤʝʨʘʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. ʊʦ ʝʩʪʴ, 

ʫʚʝʣʠʯʠʚʘʷ ʦʙʲʝʤ ʚʠʟʫʘʣʴʥʳʭ ʠ ʜʦʢʫʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʠʩʭʦʜʠʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʩʢʦʨʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʘʩʧʦʨʪʘ. 

ʇʨʠʯʝʤ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʪʦʤ ʞʝ ʧʦʣʦʞʝʥʠʠ ʤʦʞʥʦ ʩʫʟʠʪʴ ʛʨʘʥʠʮʳ ʧʨʦʚʝʜʝʥʠʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʢʨʠʪʝʨʠʠ ʤʘʩʰʪʘʙʘ. ɽʩʣʠ 

ʦʙʲʝʢʪ ʵʥʝʨʛʦʦʙʩʣʝʜʦʚʘʥʠʷ ʧʦʪʨʝʙʣʷʝʪ ʤʝʥʝʝ 0,5 ɻʢʘʣ/ʯʘʩ ʥʘ ʦʪʦʧʣʝʥʠʝ, ʤʝʥʝʝ 

10ʢɺʪ*ʯʘʩ ʥʘ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, ʣʠʙʦ ʤʝʥʝʝ 5 ʣʠʪʨʦʚ ʤʦʪʦʨʥʦʛʦ ʪʦʧʣʠʚʘ ʚ 

ʯʘʩ, ʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʥʝ ʧʨʠʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. ɹʝʟʫʩʣʦʚʥʦ, ʚʦʟʤʦʞʥʘ ʨʘʟʨʘʙʦʪʢʘ ʨʝʢʦʤʝʥʜʘʮʠʡ, ʥʦ ʠʭ 

ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʦʩʦʙʥʦʚʘʥʥʦʩʪʴ ʙʫʜʝʪ ʩʪʨʝʤʠʪʴʩʷ ʢ ʥʫʣʶ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʝʩʣʠ 

ʦʙʲʝʢʪ ʦʩʫʱʝʩʪʚʣʷʝʪ ʤʘʩʰʪʘʙʥʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʜʝʪʘʣʴʥʦʝ 

ʠʟʫʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ. 

ʅʘ ʚʟʛʣʷʜ ʘʚʪʦʨʘ, ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʚʧʦʣʥʝ ʚʦʟʤʦʞʝʥ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ 

ʧʨʦʚʝʜʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ, ʩ 

ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʝʭ ʚʠʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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ɼʦʢʫʤʝʥʪʘʣʴʥʳʤ ʦʙʩʣʝʜʦʚʘʥʠʝʤ ʦʭʚʘʪʳʚʘʶʪʩʷ ʚʩʝ ʦʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

[5]. ɺ ʦʪʥʦʰʝʥʠʝ ʚʠʟʫʘʣʴʥʳʭ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʦʙʩʣʝʜʦʚʘʥʠʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʫʶ ʛʨʘʥʠʮʫ. ɻʨʘʥʠʮʘ ʥʦʩʠʪ ʵʤʧʠʨʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ, 

ʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʥʘ ʦʩʥʦʚʝ ʯʠʩʣʘ ʚʳʜʚʠʛʘʝʤʳʭ ʧʨʝʜʣʦʞʝʥʠʡ. ʆʧʳʪ 

ʫʯʘʩʪʠʷ ʘʚʪʦʨʘ ʚ ʵʥʝʨʛʦʘʫʜʠʪʘʭ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʧʨʝʜʣʦʞʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʩʜʝʣʘʥʳ ʥʘ ʙʘʟʝ ʚʠʟʫʘʣʴʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ, 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʞʝ ʦʙʩʣʝʜʦʚʘʥʠʷ ʪʨʝʙʫʶʪʩʷ ʚ ʦʪʥʦʰʝʥʠʠ ʢʨʫʧʥʳʭ ʦʙʲʝʢʪʦʚ. 

ɺ ʪʘʙʣ. 1. ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʦʦʪʥʦʰʝʥʠʝ ʦʙʲʝʤʦʚ ʚʠʟʫʘʣʴʥʦʛʦ ʠ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʦʚ ʦʙʲʝʢʪʦʚ. 

 

ʊʘʙʣʠʮʘ 1. - ʉʪʨʫʢʪʫʨʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʦʙʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʙʲʝʢʪʘʤ. 

ʊʠʧ ʦʙʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʠ ʝʛʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ɼʦʣʷ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ 

ʦʙʩʣʝʜʦʚʘʥʠʷ, % 

ɼʦʣʷ ʚʠʟʫʘʣʴʥʦʛʦ/ 

ʜʦʢʫʤʝʥʪʘʣʴʥʦʛʦ  

ʦʙʩʣʝʜʦʚʘʥʠʷ, % 

ɿʜʘʥʠʷ ʠ ʩʦʦʨʫʞʝʥʠʷ, ʧʦʤʝʱʝʥʠʷ (ʦʛʨʘʞʜʘʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ), ʦʪʘʧʣʠʚʘʝʤʳʝ 

ʩʦ ʩʪʨʦʠʪʝʣʴʥʳʤ ʦʙʲʝʤʦʤ  

ʜʦ 1 500 ʤ3 

(ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ ʟʜʘʥʠʷ) 
10% 

90% 

ʦʪ 1 500 ʜʦ 5 000 ʤ3 

(ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ ʟʜʘʥʠʷ) 
25% 

75% 

ʦʪ 5 000 ʜʦ 10 000 ʤ3 

(ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʟʜʘʥʠʷ) 

50% 

50% 

ʩʚʳʰʝ 10 000 ʤ3 

(ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʟʜʘʥʠʷ) 

100% 

0 

ʋʩʪʘʥʦʚʢʠ ʛʝʥʝʨʘʮʠʠ, ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ  

ʜʦ 5 ʪ/ʯ ʠ ʜʦ 1 ɻʢʘʣ/ʯ  10% 90% 

ʦʪ 5 ʜʦ 30 ʪ/ʯ ʠ ʦʪ 1 ʜʦ 15 

ɻʢʘʣ/ʯ 25% 75% 

ʙʦʣʝʝ 30 ʪ/ʯ ʠ 15 ɻʢʘʣ/ʯ 50% 50% 

ʊʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ 0% 100% 

ʃʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ 0% 100% 

ʂʦʤʧʨʝʩʩʦʨʥʳʝ ʩʪʘʥʮʠʠ 0% 100% 

ʇʨʠʙʦʨʳ ʫʯʝʪʘ 0% 100% 

ɺʳʙʨʦʩʳ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʧʦ 

ʚʠʜʘʤ ʦʙʲʝʢʪʦʚ 0% 100% 
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ʊʠʧ ʦʙʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʠ ʝʛʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ɼʦʣʷ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ 

ʦʙʩʣʝʜʦʚʘʥʠʷ, % 

ɼʦʣʷ ʚʠʟʫʘʣʴʥʦʛʦ/ 

ʜʦʢʫʤʝʥʪʘʣʴʥʦʛʦ  

ʦʙʩʣʝʜʦʚʘʥʠʷ, % 

ʊʨʘʥʩʬʦʨʤʘʪʦʨʳ 0% 100% 

ʇʨʠʤʝʥʝʥʠʝ ʟʝʣʝʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʧʦʩʦʙʦʚ 

ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ 0% 100% 

 

ʄʘʩʰʪʘʙʥʦʝ ʦʪʥʝʩʝʥʠʝ ʧʨʠʤʝʥʝʥʠʝ ʢ ʦʙʲʝʢʪʘʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʦʙʩʣʝʜʦʚʘʥʠʷ ʚʠʟʫʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ 

ʚʩʝ ʨʝʰʝʥʠʷ ʧʦ ʜʘʥʥʳʤ ʦʙʲʝʢʪʘʤ ʧʨʠʥʠʤʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʠʟʫʯʝʥʠʷ 

ʜʦʢʫʤʝʥʪʘʮʠʠ.  

ʈʘʙʦʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʙʘʣʘʥʩʘ ʊʕʈ, ʘ ʪʘʢʞʝ ʚʦʜʳ ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʜʦʢʫʤʝʥʪʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʘʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʥʦʚʣʝʥʥʳʡ ʧʝʨʝʯʝʥʴ ʨʘʙʦʪ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

1) ʜʦʢʫʤʝʥʪʘʣʴʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ; 

2) ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʳ ʧʨʦʚʝʜʝʥʠʷ ʚʠʟʫʘʣʴʥʦʛʦ ʦʩʤʦʪʨʘ ʠ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʝʝ ʩʦʛʣʘʩʦʚʘʥʠʝ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʲʝʤʘʤʠ, ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʟʘʜʘʥʠʠ ʥʘ 

ʧʨʦʚʝʜʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʨʝʜʧʨʠʷʪʠ;̫ 

3) ʘʥʘʣʠʟ ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʧʨʦʛʨʘʤʤ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʟʘ 

ʧʨʝʜʰʝʩʪʚʫʶʱʠʡ ʧʝʨʠʦʜ; 

4) ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʪʯʝʪʘ ʦ ʧʨʦʚʝʜʝʥʥʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʦʙʩʣʝʜʦʚʘʥʠʠ 

ʧʨʝʜʧʨʠʷʪʠʠ (ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʚʦʜʥʳʭ ʜʘʥʥʳʭ ʦ ʩʪʨʫʢʪʫʨʝ ʧʦʪʨʝʙʣʝʥʠʷ ʊʕʈ ʠ 

ʚʦʜʳ ʩʪʨʫʢʪʫʨʥʳʤ ʧʦʜʨʘʟʜʝʣʝʥʠʝʤ); 

5) ʧʦʜʛʦʪʦʚʢʘ ʧʨʦʝʢʪʘ ʧʨʦʛʨʘʤʤʳ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʩʣʝʜʫʝʤʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʈʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ 

ʚʠʟʫʘʣʴʥʦʛʦ ʠ ʜʦʢʫʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʪʴ ʤʠʥʠʤʠʟʘʮʠʶ ʟʘʪʨʘʪ 
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ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ ʵʬʬʝʢʪʠʚʥʫʶ ʧʨʦʛʨʘʤʤʫ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʦʪʨʘʞʝʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʦʛʦ ʧʘʨʢʘ ʚʘʛʦʥʦʚ, ʦʪʨʘʞʝʥʦ ʧʦʥʷʪʠʝ ʢʦʥʩʦʣʠʜʘʮʠʠ, 

ʦʙʦʩʥʦʚʘʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʝʝ ʚʥʝʜʨʝʥʠʷ ʠ ʧʨʠʚʝʜʝʥʳ ʪʨʫʜʥʦʩʪʠ ʝʝ ʚʚʝʜʝʥʠʷ. 

Annotation. The article reflects the relevance of using a consolidated fleet of 

wagons, reflects the concept of consolidation, substantiates the advantages of its 

implementation and presents the difficulties of its introduction. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʝʨʝʚʦʟʦʯʥʳʡ ʧʨʦʮʝʩʩ; ʧʦʜʚʠʞʥʦʡ ʩʦʩʪʘʚ; 

ʢʦʥʩʦʣʠʜʘʮʠʷ; ʦʧʝʨʘʪʦʨʳ; ʚʘʛʦʥʦʧʦʪʦʢʠ; ʧʦʨʦʞʥʠʡ ʨʝʡʩ; ʤʘʥʝʚʨʦʚʘʷ ʠ 

ʩʦʨʪʠʨʦʚʦʯʥʘʷ ʨʘʙʦʪʘ. 

Keywords: transportation process; rolling stock; consolidation; operators; car 

traffic; empty flight; shunting and sorting work. 

 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʘ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛʘʭ ʙʦʣʴʰʦʛʦ 

ʯʠʩʣʘ ʦʧʝʨʘʪʦʨʦʚ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʦʙʣʝʤ, 

ʢʘʩʘʶʱʠʭʩʷ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʛʨʫʟʦʚʣʘʜʝʣʴʮʘʤʠ ʠ ʧʝʨʝʚʦʟʯʠʢʘʤʠ. ʇʦʵʪʦʤʫ 

ʚʘʞʥʳʤ ʦʩʪʘʝʪʩʷ ʚʦʧʨʦʩ ʵʬʬʝʢʪʠʚʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʵʪʠʭ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʜʣʷ 

ʠʩʢʣʶʯʝʥʠʷ ʢʦʥʬʣʠʢʪʘ ʠʥʪʝʨʝʩʦʚ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʪʨʫʜʥʦʩʪʝʡ ʚ ʨʘʤʢʘʭ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʦʣʴʟʦʚʘʥʠʷ ʧʘʨʢʦʤ ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʵʪʦ ʢʘʩʘʝʪʩʷ 

ʚʦʧʨʦʩʘ ʩʥʠʞʝʥʠʷ ʧʦʨʦʞʥʝʛʦ ʧʨʦʙʝʛʘ. 

ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ ʨʘʩʪʫʪ ʦʙʲʝʤʳ ʧʝʨʝʚʦʟʦʢ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʜʣʷ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦʡ ʥʦʤʝʥʢʣʘʪʫʨʳ ʛʨʫʟʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʯʠʩʣʦ 

ʦʧʝʨʘʪʦʨʦʚ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʭ ʧʦʜʚʠʞʥʦʡ ʩʦʩʪʘʚ (ʨʠʩ. 1) [2, c. 4]. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʩʦʛʣʘʩʥʦ [1, c. 6], ʟʘ 2022 ʛʦʜ 461 ʢʨʫʧʥʝʡʰʠʡ ʦʧʝʨʘʪʦʨ ʚʣʘʜʝʝʪ 95,5 % ʧʘʨʢʘ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʠʟ ʢʦʪʦʨʳʭ ʙʦʣʴʰʘʷ ʯʘʩʪʴ, 208 

ʦʧʝʨʘʪʦʨʦʚ, ʷʚʣʷʶʪʩʷ ʚʣʘʜʝʣʴʮʘʤʠ ʩʘʤʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ 

ʩʦʩʪʘʚʘ ï ʧʦʣʫʚʘʛʦʥʦʚ, 96,6 % ʧʘʨʢʘ ʧʦ ʈʦʩʩʠʠ. ɼʠʥʘʤʠʢʘ ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʠ 

ʚʘʛʦʥʦʚ ʧʨʠʚʘʪʥʦʛʦ ʧʘʨʢʘ ʧʦ ʛʦʜʘʤ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2 [3, c. 17]. 
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ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʘ ʧʦʛʨʫʟʢʠ ʛʨʫʟʦʚ ʟʘ 2023 ʛʦʜ 

 

 

ʈʠʩʫʥʦʢ 2 ï ɼʠʥʘʤʠʢʘ ʧʘʨʢʘ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʩ 2005 ʧʦ 2023 ʛʛ., % 
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ʈʠʩʫʥʦʢ 3 ï ʆʩʥʦʚʥʳʝ ʩʦʙʩʪʚʝʥʥʠʢʠ ʚʘʛʦʥʦʚ ʠ ʩʨʝʜʥʝʩʫʪʦʯʥʦʝ ʯʠʩʣʦ 

ʧʨʠʚʘʪʥʳʭ ʚʘʛʦʥʦʚ, % 

 

ɺ ʠʤʝʶʱʠʭʩʷ ʫʩʣʦʚʠʷʭ ʩʫʱʝʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ ʪʨʫʜʥʦʩʪʠ: ʢʦʥʬʣʠʢʪ 

ʠʥʪʝʨʝʩʦʚ ʦʧʝʨʘʪʦʨʦʚ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʘ ʪʘʢʞʝ ʩ 

ʚʣʘʜʝʣʴʮʘʤʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ, ʧʫʪʠ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʩʪʦʷʥʢʠ ʚʘʛʦʥʦʚ, ʚʚʠʜʫ ʯʝʛʦ ʧʨʦʠʩʭʦʜʷʪ ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʧʨʦʩʪʦʠ 

ʚʘʛʦʥʦʚ ʚ ʦʞʠʜʘʥʠʠ ʧʦʜʘʯʠ ʣʦʢʦʤʦʪʠʚʘ ʧʝʨʝʚʦʟʯʠʢʘ. ʂʨʦʤʝ ʪʦʛʦ, ʠʤʝʝʪ 

ʟʥʘʯʝʥʠʝ ʙʦʣʴʰʦʡ ʧʦʨʦʞʥʠʡ ʧʨʦʙʝʛ ʚʘʛʦʥʦʚ, ʚ ʤʠʥʠʤʠʟʘʮʠʠ ʢʦʪʦʨʦʛʦ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʫʯʘʩʪʥʠʢʠ ʧʝʨʝʚʦʟʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʮʝʣʷʭ 

ʩʥʠʞʝʥʠʷ ʜʝʥʝʞʥʳʭ ʟʘʪʨʘʪ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʘʢʪʫʘʣʴʥʦ ʚ ʥʳʥʝʰʥʠʭ ʫʩʣʦʚʠʷʭ 

ʫʚʝʣʠʯʝʥʠʷ ʨʘʙʦʪʳ ʩ ʯʘʩʪʥʳʤ ʧʦʜʚʠʞʥʳʤ ʩʦʩʪʘʚʦʤ ʥʘ ʩʦʨʪʠʨʦʚʦʯʥʳʭ 

ʩʪʘʥʮʠʷʭ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʚʚʠʜʫ ʥʘʣʠʯʠʷ ʩʪʘʥʮʠʡ ʥʘʟʥʘʯʝʥʠʷ ʫ ʚʩʝʭ ʧʦʨʦʞʥʠʭ 

ʚʘʛʦʥʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʪʘʢʞʝ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʢʦʨʝʡʰʝʛʦ 

ʚʳʚʦʜʘ ʚʘʛʦʥʦʚ ʠʟ-ʟʘ ʟʘʛʨʫʟʢʠ ʩʪʘʥʮʠʦʥʥʳʭ ʧʫʪʝʡ ʠ ʫʚʝʣʠʯʝʥʠʷ ʤʘʥʝʚʨʦʚʦʡ 

ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʚ ʫʩʣʦʚʠʷʭ ʦʪʧʨʘʚʣʝʥʠʷ ʧʦʨʦʞʥʠʭ ʧʦʝʟʜʦʚ ʩ ʥʘʨʫʰʝʥʠʷʤʠ 

ʧʣʘʥʘ ʬʦʨʤʠʨʦʚʘʥʠʷ.  

ʇʦʵʪʦʤʫ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʩʠʩʪʝʤʳ ʦʨʛʘʥʠʟʘʮʠʠ 

ʚʘʛʦʥʦʧʦʪʦʢʦʚ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʝʚʦʟʦʯʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʢʦʪʦʨʘʷ ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ 
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ʍʂ ʅʆɺʆʊʈɸʅʉ é

ʊɸʃʊʕʂ ʊʈɸʅʉ é

ʉʋʕʂ ɸʆ

ɻʈʋɿʆɺɸʗ é

ʆʆʆ ʉʂʉ

ɻʂ ʅʆɺʆʊʈɸʅʉ

ʄɽʏɽʃ-ʊʈɸʅʉ é

ʅʇʂ ɸʆ

ʌɻʂ ɸʆ

ɸʊʃɸʅʊ ʆʆʆ

ʇɻʂ ʇɸʆ

ʋɻʆʃʔ-ʊʈɸʅʉ ɸʆ

ʅɽʌʊɽʊʈɸʅʉʉɽé

ɸʆ ʅʊʂ

ʄʆɼʋʄ-ʊʈɸʅʉ é

ʉʨ/ʩʫʪ ʚʘʛʦʥʦʚ, %
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ʙʳ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʚʝʥʪʘʨʥʦʛʦ ʠ ʧʨʠʚʘʪʥʦʛʦ ʧʘʨʢʦʚ 

ʚʘʛʦʥʦʚ.  ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʩʦʟʜʘʥʠʝ 

ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʦʛʦ ʧʘʨʢʘ ʚʘʛʦʥʦʚ, ʛʣʘʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʢʦʪʦʨʦʛʦ 

ʷʚʣʷʶʪʩʷ [4, c. 9-10]: 

- ʦʙʝʟʣʠʯʠʚʘʥʠʝ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ (ʦʪʩʫʪʩʪʚʠʝ ʧʨʠʚʷʟʢʠ ʢ 

ʩʦʙʩʪʚʝʥʥʠʢʫ); ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʛʣʘʩʦʚʘʥʠʷ ʦʪʧʨʘʚʦʢ;  

- ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʦʨʪʠʨʦʚʢʠ ʚʘʛʦʥʦʚ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʘʷʚʦʢ ʛʨʫʟʦʦʪʧʨʘʚʠʪʝʣʝʡ;  

- ʧʦʚʳʰʝʥʠʝ ʜʘʣʴʥʦʩʪʠ ʩʣʝʜʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʤʘʨʰʨʫʪʦʚ ʧʨʠ ʧʦʜʭʦʜʝ 

ʧʦʨʦʞʥʠʭ ʚʘʛʦʥʦʚ ʥʫʞʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

- ʩʥʠʞʝʥʠʝ ʧʦʨʦʞʥʝʛʦ ʨʝʡʩʘ ʚʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʦʩʪʘʚʢʠ 

ʧʦʨʦʞʥʠʭ ʚʘʛʦʥʦʚ ʦʧʨʝʜʝʣʝʥʥʳʤ ʚʣʘʜʝʣʴʮʘʤ (ʧʦʨʦʞʥʠʝ ʚʘʛʦʥʳ ʦʜʥʦʛʦ ʪʠʧʘ ʠ 

ʦʜʥʦʛʦ ʩʦʙʩʪʚʝʥʥʠʢʘ ʙʫʜʫʪ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʟʥʘʯʝʥʠʝʤ 

ʙʳʩʪʨʝʝ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘ ʩʪʘʥʮʠʦʥʥʳʭ ʧʫʪʷʭ ʠ ʚ ʩʦʩʪʘʚʝ 

ʧʦʝʟʜʘ);  

- ʫʩʢʦʨʝʥʠʝ ʤʘʥʝʚʨʦʚʦʡ ʠ ʩʦʨʪʠʨʦʚʦʯʥʦʡ ʨʘʙʦʪʳ ʥʘ ʪʝʭʥʠʯʝʩʢʠʭ ʩʪʘʥʮʠʷʭ; 

- ʧʝʨʝʭʦʜ ʦʪ ʞʸʩʪʢʦʡ ʧʨʠʚʷʟʢʠ ʚʘʛʦʥʦʚ ʢ ʩʪʘʥʮʠʷʤ ʥʘʟʥʘʯʝʥʠʷ ʢ ʛʠʙʢʦʡ, 

ʢʦʛʜʘ ʜʦʧʫʩʢʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʥʘʟʥʘʯʝʥʠʡ ʧʦʨʦʞʥʠʭ ʚʘʛʦʥʦʚ ʦʜʥʦʛʦ ʪʠʧʘ ʠ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. ʀʟʤʝʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʩʣʝʜʦʚʘʥʠʷ ʚʘʛʦʥʦʚ 

ʦʪʨʘʟʠʪʩʷ ʠ ʥʘ ʩʥʠʞʝʥʠʠ ʩʪʦʠʤʦʩʪʠ ʧʦʣʴʟʦʚʘʥʠʷ ʚʘʛʦʥʘʤʠ.  

ʉʦʟʜʘʥʠʝ ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʦʛʦ ʧʘʨʢʘ ï ʧʦ ʩʚʦʝʡ ʩʫʪʠ ʚʟʘʠʤʦʚʳʛʦʜʥʦʝ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʝʝ ʟʘ ʩʯʝʪ çʦʙʝʟʣʠʯʠʚʘʥʠʷè ʧʘʨʢʘ ʚʘʛʦʥʦʚ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʠʤ ʭʦʣʜʠʥʛʦʤ ʆɸʆ çʈɾɼè, ʚʤʝʩʪʝ ʩ ʪʝʤ ʨʝʘʣʠʟʫʷ 

ʠʥʪʝʨʝʩʳ ʢʦʤʧʘʥʠʡ-ʦʧʝʨʘʪʦʨʦʚ, ʚ ʚʝʜʝʥʠʠ ʢʦʪʦʨʳʭ ʦʩʪʘʝʪʩʷ ʢʦʤʤʝʨʯʝʩʢʘʷ 

ʨʘʙʦʪʘ ʩ ʛʨʫʟʦʚʣʘʜʝʣʴʮʘʤʠ [4, c. 11]. ɼʨʫʛʘʷ ʩʪʦʨʦʥʘ ʚʦʧʨʦʩʘ ï ʥʝʩʦʛʣʘʩʠʝ 

ʦʧʝʨʘʪʦʨʦʚ ʥʘ ʜʘʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʚʠʜʫ ʦʙʦʩʥʦʚʘʥʥʳʭ ʧʨʠʯʠʥ (ʨʠʩ.4). 
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ʆʧʝʨʘʪʦʨ ʆʧʝʨʘʪʦʨʆʧʝʨʘʪʦʨ ʆʧʝʨʘʪʦʨ ʆʧʝʨʘʪʦʨ

çʆʙʝʟʣʠʯʠʚʘʥʠʝè ʚʘʛʦʥʦʚ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩ ʧʦʤʦɦ ʴʁ ʙʘʣʘʥʩʦʚʦʛʦ ʤʝʪʦʜʘ

ʂʦʥʩʦʣʠʜʘʮʠ̫ ʇʉ

ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʩʦʛʣʘʩʦʚʘʥʠ̫ ʦʪʧʨʘʚʦʢ

+ ʚʥʝʜʨʝʥʠ̫ ʧʨʝʧ̫ʪʩʪʚʠ̫

ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʜʦʧʦʣʥʠʪʝʣɹʥʦʡ 

ʩʦʨʪʠʨʦʚʢʠ ʚʘʛʦʥʦʚ 

ʫʚʝʣʠʯʝʥʠʝ ʜʘʣɹʥʦʩʪʠ 

ʩʣʝʜʦʚʘʥʠ̫ ʪʝʭʥʠʯʝʩʢʠʭ 

ʤʘʨh ʨʫʪʦʚ 

ʩʥʠʞʝʥʠʝ ʧʦʨʦʞʥʝʛʦ ʨʝʡʩʘ, 

ʫʚʝʣʠʯʝʥʠʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣɹʥʦʩʪʠ ʚʘʛʦʥʘ 

ʫʩʢʦʨʝʥʠʝ ʤʘʥʝʚʨʦʚʦʡ ʠ 

ʩʦʨʪʠʨʦʚʦʯʥʦʡ ʨʘʙʦʪr 

ʫʣʫʯh ʝʥʠʝ ʧʨʦʜʚʠʞʝʥʠ̫ 

ʧʦʨʦʞʥʠʭ ʚʘʛʦʥʦʧʦʪʦʢʦʚ

ʥʝʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪɹ 

ʦʧʝʨʘʪʦʨʦʚ

ʬʠʥʘʥʩʦʚrʝ ʨʘʟʥʦʛʣʘʩʠ̫

ʥʝʞʝʣʘʥʠʝ çʪʝʨ̫ʪɹè ʩʚʦʠ 

ʚʘʛʦʥr

 

ʈʠʩʫʥʦʢ 4 ï ʇʣʶʩʳ ʠ ʧʨʝʧʷʪʩʪʚʠʷ ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʦʛʦ ʧʘʨʢʘ ʚʘʛʦʥʦʚ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʦʛʦ ʧʘʨʢʘ, ʧʨʠ 

ʫʩʣʦʚʠʠ ʩʦʛʣʘʩʠʷ ʫʯʘʩʪʥʠʢʦʚ ʧʝʨʝʚʦʟʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʤʝʨ, 

ʧʦʤʦʞʝʪ ʨʝʰʠʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʙʣʝʤʳ ʥʘ ʪʝʭʥʠʯʝʩʢʠʭ ʩʪʘʥʮʠʷʭ, 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʫʧʨʘʚʣʝʥʠʝ ʧʦʨʦʞʥʠʤ ʧʨʦʙʝʛʦʤ ʚʘʛʦʥʦʚ, ʫʣʫʯʰʠʪʴ ʧʦʢʘʟʘʪʝʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʘʛʦʥʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʘʛʦʥʘ, ʩʦʟʜʘʪʴ 

ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʠʥʪʝʨʝʩʦʚ ʢʘʢ ʧʝʨʝʚʦʟʯʠʢʘ, ʪʘʢ ʠ 

ʦʧʝʨʘʪʦʨʦʚ.  

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʉʝʢʮʠʷ 2. ʊʈɸʅʉʇʆʈʊʅʓɽ ʉʀʉʊɽʄʓ ʀ ʊɽʍʅʀʂɸ 

ʉʇɽʎʀɸʃʔʅʆɻʆ ʅɸɿʅɸʏɽʅʀʗ 
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ʌʃʆʊɸ, ʅɸ ʋʏɸʉʊʂɽ ʈɽʂʀ ɽʅʀʉɽʁ (ʂɸɿɸʏʀʅʉʂʀʁ ʇʆʈʆɻ) 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʫʯʘʩʪʦʢ ʨʝʢʠ ɽʥʠʩʝʡ ï 

ʂʘʟʘʯʠʥʩʢʠʡ ʧʦʨʦʛ, ʢʘʢ ʦʙʲʝʢʪ ʧʦʚʳʰʝʥʥʦʡ ʦʧʘʩʥʦʩʪʠ ʜʣʷ ʩʫʜʦʭʦʜʩʪʚʘ ʚʚʠʜʫ 

ʧʘʜʝʥʠʷ ʨʝʢʠ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʚ ʧʨʝʜʝʣʘʭ 4 ʤʝʪʨʦʚ, ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ 

ʦʙʠʣʠʝʤ ʢʘʤʝʥʠʩʪʳʭ ʛʨʷʜ ʠ ʧʦʨʦʛʦʚ ʜʘʥʥʳʡ ʫʯʘʩʪʦʢ ʩʪʘʥʦʚʠʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʧʨʝʦʜʦʣʠʤʳʤ ʜʣʷ ʦʙʳʯʥʳʭ ʩʫʜʦʚ. ʇʦʵʪʦʤʫ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʩʫʜʥʦ ï ʪʫʝʨ. ʇʨʦʠʟʚʝʜʝʥʦ ʨʘʩʩʤʦʪʨʝʥʠʝ 

ʧʨʦʝʢʪʘ ʩʫʜʥʘ, ʝʛʦ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʘʣʴʪʝʨʥʘʪʠʚʳ. 

Annotation. This article examines the section of the Yenisei River - 

Kazachinsky rapids, as an object of increased danger for navigation due to the fall 

of the river in this section within 4 meters, together with the abundance of rocky 

ridges and rapids, this section becomes almost insurmountable for ordinary ships. 

mailto:akg63@mail.ru
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Therefore, a specialized vessel, a tuyer, is used in this area. The design of the 

vessel, its features and the possibility of an alternative were reviewed. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʊʫʝʨ, ʚʦʟʤʦʞʥʦʩʪʴ, ʪʷʛʘ, ʩʠʣʦʚʘʷ ʫʩʪʘʥʦʚʢʘ, 

ʙʫʢʩʠʨʦʚʢʘ. 

Keywords: Tuer, capability, traction, power plant, towing. 

 

ʉʠʙʠʨʩʢʠʝ ʨʝʢʠ ʦʙʣʘʜʘʶʪ ʩʘʤʳʤʠ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, 

ʥʘʯʠʥʘʷ ʦʪ ʪʠʧʘ ʛʨʫʥʪʘ, ʟʘʢʘʥʯʠʚʘʷ ʫʢʣʦʥʦʤ ʠ ʠʟʚʠʣʠʩʪʦʩʪʴʶ ʨʝʢ. ʉʨʝʜʠ ʥʠʭ 

ʩʪʦʠʪ ʚʳʜʝʣʠʪʴ ʨʝʢʫ ɽʥʠʩʝʡ, ʢʘʢ ʦʜʥʫ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʨʝʢ ʤʠʨʘ. ɽʸ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʨʫʩʣʦ ʧʨʦʣʝʛʘʝʪ ʧʦ ʧʣʘʪʦ ʠ ʥʘʛʦʨʴʷʤ, ʢʦʪʦʨʳʝ 

ʩʦʟʜʘʶʪ ʧʝʨʝʧʘʜʳ ʚʳʩʦʪ, ʘ ʚʤʝʩʪʝ ʩ ʵʪʠʤ ʠ ʙʦʣʴʰʫʶ ʨʘʟʥʠʮʫ ʤʝʞʜʫ 

ʧʘʜʝʥʠʝʤ ʠ ʫʢʣʦʥʦʤ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʝʝ ʫʯʘʩʪʢʘʭ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʩʢʦʨʦʩʪʴ 

ʪʝʯʝʥʠʷ ʚ ʩʨʝʜʥʝʤ 2-2,5 ʤ/ʩ, ʥʦ ʚʳʜʝʣʷʝʪʩʷ ʦʩʦʙʦ ʦʧʘʩʥʳʡ ʫʯʘʩʪʦʢ ʜʘʥʥʦʡ 

ʨʝʢʠ ï ʂʘʟʘʯʠʥʩʢʠʡ ʧʦʨʦʛ, ʩʢʦʨʦʩʪʴ ʢʦʪʦʨʦʛʦ ʜʦʩʪʠʛʘʝʪ 5-7 ʤ/ʩ, ʘ ʧʘʜʝʥʠʝ 

ʩʦʩʪʘʚʣʷʝʪ ʧʦʯʪʠ 4 ʤʝʪʨʘ. 

ʆʙʳʯʥʳʤ ʩʫʜʘʤ ʧʨʝʦʜʦʣʝʪʴ ʜʘʥʥʫʶ ʧʨʝʛʨʘʜʫ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦ ʠ 

ʢʨʘʡʥʝ ʦʧʘʩʥʦ, ʚʚʠʜʫ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʧʘʜʘʥʠʷ ʥʘ ʢʘʤʝʥʠʩʪʳʝ ʛʨʷʜʳ ʠ ʧʦʨʦʛʠ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʦʩʦʙʳʡ ʪʠʧ ʩʫʜʥʘ ï ʪʫʝʨ. 

ʊʫʝʨ ʵʪʦ ï ʙʫʢʩʠʨ, ʜʚʠʞʫʱʠʡʩʷ ʚʜʦʣʴ ʫʣʦʞʝʥʥʦʡ ʧʦ ʜʥʫ ʮʝʧʠ ʠʣʠ ʪʨʦʩʘ.  

ʂʦʥʩʪʨʫʢʮʠʷ ʠ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʪʫʝʨʘ, ʜʚʠʞʫʱʝʛʦʩʷ ʚʜʦʣʴ ʪʨʦʩʘ, 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʧʦ ʜʥʫ ʨʝʢʠ ʧʨʦʢʣʘʜʳʚʘʶʪʩʷ ʩʪʘʣʴʥʳʝ ʪʨʦʩʘ. 

ʊʨʦʩ ʧʝʨʝʢʠʜʳʚʘʝʪʩʷ ʯʝʨʝʟ ʙʣʦʢ, ʫʩʪʨʦʡʩʪʚʦ ʢʦʪʦʨʦʛʦ ʜʦʣʞʥʦ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʶ ʜʦʩʪʘʪʦʯʥʦʛʦ ʪʨʝʥʠʷ ʤʝʞʜʫ ʝʛʦ ʦʙʦʜʦʤ ʠ 

ʢʘʥʘʪʦʤ [1] (ʈʠʩ. 1). 

 

ʈʠʩʫʥʦʢ 1 - ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʪʫʝʨʥʦʡ ʪʷʛʠ 

ʊʫʝʨʳ ʩ ʪʨʦʩʦʤ ʩʠʜʷʪ ʛʣʫʙʞʝ ʮʝʧʥʳʭ ʪʫʝʨʦʚ ʠ ʤʝʥʝʝ ʤʘʥʝʚʨʝʥʥʳ. ʇʨʠ 

ʵʪʦʤ ʜʣʠʥʫ ʩʪʘʣʴʥʦʛʦ ʪʨʦʩʘ ʥʝ ʪʘʢ ʣʝʛʢʦ ʧʨʦʣʦʞʠʪʴ ʧʦ ʬʦʨʤʝ ʨʫʩʣʘ, ʚ ʩʚʷʟʠ ʩ 

https://stavkvantorium.ru/3ee7ad5129/%D0%91%D1%83%D0%BA%D1%81%D0%B8%D1%80
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ʪʝʤ, ʯʪʦ ʥʝʣʴʟʷ ʪʨʦʩ ʫʜʣʠʥʷʪʴ ʠʣʠ ʫʢʦʨʘʯʠʚʘʪʴ, ʢʘʢ ʵʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩ 

ʮʝʧʴʶ, ʧʨʠʙʘʚʣʷʷ ʠ ʫʙʘʚʣʷʷ ʟʚʝʥʴʷ. 

ʉʠʣʦʚʘʷ ʫʩʪʘʥʦʚʢʘ ʪʫʝʨʘ 

ʊʫʝʨ çɽʥʠʩʝʡè ʵʪʦ ʜʠʟʝʣʴ-ʵʣʝʢʪʨʦʭʦʜ, ʝʛʦ ʪʷʛʦʚʳʤ ʜʚʠʛʘʪʝʣʝʤ ʷʚʣʷʝʪʩʷ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ, ʧʦʣʫʯʘʶʱʠʡ ʵʥʝʨʛʠʶ ʦʪ ʩʫʜʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, 

ʧʨʠʚʦʜʷʱʝʛʦʩʷ ʚ ʜʚʠʞʝʥʠʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʦʤ. ʆʩʥʦʚʥʳʤ 

ʜʚʠʞʠʪʝʣʝʤ ʷʚʣʷʝʪʩʷ ʪʫʝʨʥʘʷ ʜʚʫʭʙʘʨʘʙʘʥʥʘʷ ʬʨʠʢʮʠʦʥʥʘʷ ʣʝʙʸʜʢʘ ʩ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʪʷʛʦʚʳʤ ʫʩʠʣʠʝʤ 50 ʪʩ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʟʘʜʝʡʩʪʚʫʶʪʩʷ 4 

ʛʨʝʙʥʳʭ ʚʠʥʪʘ (ʈʠʩ.1). ʀʤʝʝʪ 2 ʛʣʘʚʥʳʭ ʰʝʩʪʠʮʠʣʠʥʜʨʦʚʳʭ ʜʚʠʛʘʪʝʣʷ 5ɼ50, 

ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ ʧʦ 1000 ʣ.ʩ ʢʘʞʜʳʡ, ʨʘʙʦʪʘʶʱʠʡ ʥʘ ʛʝʥʝʨʘʪʦʨ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ɻʇʄ84/42-8ʂ ʤʦʱʥʦʩʪʴʶ 700 ʢɺʪ [2]. 

 

 

ʈʠʩʫʥʦʢ 2 ï ʊʝʧʣʦʭʦʜ ʧʨʦʝʢʪʘ 1111 

 

ʊʘʙʣʠʮʘ 1 ï ʆʩʥʦʚʥʳʝ ʜʘʥʥʳʝ ʪʫʝʨʘ ʧʨʦʝʢʪʘ 1111 

https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BC%D0%BE%D1%82%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%94%D0%B8%D0%B7%D0%B5%D0%BB%D1%8C%D0%BD%D1%8B%D0%B9_%D0%B4%D0%B2%D0%B8%D0%B3%D0%B0%D1%82%D0%B5%D0%BB%D1%8C
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ɺ ʩʚʷʟʠ ʩ ʫʥʠʢʘʣʴʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʩʫʜʥʘ ʠ ʚʦʟʨʘʩʪʘ ʩʘʤʦʛʦ 

ʪʫʝʨʘ, ʚʦʟʥʠʢʘʶʪ ʚʦʧʨʦʩʳ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʝʛʦ ʟʘʤʝʥʳ, ʨʘʩʩʤʦʪʨʠʤ 

ʘʥʘʣʦʛʠʯʥʳʡ ʧʦ ʤʦʱʥʦʩʪʠ ʙʫʢʩʠʨ-ʪʦʣʢʘʯ ʆʊ-2000 ʧʨʦʝʢʪʘ 428.1 (ʨʠʩ.3). 
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ʈʠʩʫʥʦʢ 3 ï ʊʝʧʣʦʭʦʜ ʧʨʦʝʢʪʘ 428.1 

ʊʝʧʣʦʭʦʜ ʧʨʦʝʢʪʘ 428.1 ʯʝʪʳʨʝʭʧʘʣʫʙʥʳʡ ʜʚʫʭʚʠʥʪʦʚʦʡ ʙʫʢʩʠʨ-ʪʦʣʢʘʯ, 

ʩ ʥʘʜʩʪʨʦʡʢʦʡ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʩʫʜʥʘ ʠ ʚʳʜʚʠʥʫʪʦʡ ʚʧʝʨʝʜ ʠ ʨʫʣʝʚʦʡ ʨʫʙʢʦʡ. 

ɿʘʜʘʯʘ ʪʝʧʣʦʭʦʜʘ ʪʦʣʢʘʥʠʝ ʠ ʙʫʢʩʠʨʦʚʢʘ ʥʝʩʘʤʦʭʦʜʥʳʭ ʩʫʜʦʚ ʚʩʝʭ ʪʠʧʦʚ [3]. 

ʆʙʣʘʜʘʝʪ ʬʦʨʤʫʣʦʡ ʢʣʘʩʩʘ ʈʦʩʩʠʡʩʢʦʛʦ ʈʝʯʥʦʛʦ ʈʝʛʠʩʪʨʘ:  ʆ 2,0 (ʣʝʜ 20). 

ʆʙʣʘʜʘʝʪ ʜʚʫʤʷ ʛʣʘʚʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ ɻ-70-5, ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ ʧʦ 

1000 ʣ.ʩ ʢʘʞʜʳʡ, ʨʘʙʦʪʘʶʱʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʚʠʥʪʳ  

ʊʘʙʣʠʮʘ 2 ï ʆʩʥʦʚʥʳʝ ʜʘʥʥʳʝ ʪʦʣʢʘʯʘ-ʙʫʢʩʠʨʘ ʧʨʦʝʢʪʘ 428.1 
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 ɹʫʢʩʠʨʦʚʱʠʢ ʧʨʦʝʢʪʘ 428.1 ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʪʝʧʣʦʭʦʜʘ 

ʧʨʦʚʦʜʥʠʢʘ ʯʝʨʝʟ ʂʘʟʘʯʠʥʩʢʠʡ ʧʦʨʦʛ. ʇʨʠ ʫʩʣʦʚʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʩʫʜʥʘ ʧʨʦʝʢʪʘ ʈ33 [4] (ʈʠʩ. 4) 

 

ʈʠʩʫʥʦʢ 4 ï ʊʝʧʣʦʭʦʜ ʧʨʦʝʢʪʘ ʈ-33 

 ʅʦ ʪʝʤ ʥʝ ʤʝʥʝʝ ʠʩʭʦʜʷ ʠʟ ʧʨʠʥʮʠʧʦʚ ʨʘʙʦʪʳ ʪʝʧʣʦʭʦʜʦʚ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʪʫʝʨʥʘʷ ʪʷʛʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʝʨʥʳʤ ʨʝʰʝʥʠʝʤ ʠ 

ʥʘʜʝʞʥʳʤ ʧʨʠ ʧʨʦʚʦʜʢʝ ʥʝʩʘʤʦʭʦʜʥʳʭ ʙʘʨʞ ʠ ʩʘʤʦʭʦʜʥʳʭ ʩʫʜʦʚ, ʥʝ 

ʩʧʦʩʦʙʥʳʭ ʧʨʦʡʪʠ ʩʣʦʞʥʳʡ ʫʯʘʩʪʦʢ ʨʝʢʠ, ʚʳʟʚʘʥʥʳʤ ʩʠʣʴʥʳʤ ʪʝʯʝʥʠʝʤ 

ʨʝʢʠ, ʘ ʪʘʢʞʝ ʚ ʧʦʨʦʛʘʭ ʩʚʦʠʤʠ ʩʠʣʘʤʠ.  

 ɺ ʩʚʷʟʠ ʩ ʚʦʟʨʘʩʪʦʤ ʩʠʣʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʦʙʦʠʭ ʩʫʜʦʚ ʠ ʧʦʚʳʰʝʥʥʦʡ 

ʚʝʨʦʷʪʥʦʩʪʴʶ ʦʪʢʘʟʘ ʦʜʥʦʛʦ ʠʟ ʜʚʠʛʘʪʝʣʝʡ, ʪʫʝʨ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʙʝʟʦʧʘʩʥʳʤ 
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ʩʧʦʩʦʙʦʤ ʙʫʢʩʠʨʦʚʢʠ, ʚʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʦʥ ʜʚʠʞʝʪʩʷ ʧʦ ʟʘʨʘʥʝʝ ʫʣʦʞʝʥʥʦʤʫ 

ʪʨʦʩʫ, ʧʨʠʯʝʤ ʙʣʘʛʦʜʘʨʷ ʝʛʦ ʜʠʘʤʝʪʨʫ ʚ 53 ʤʤ, ʩʦʟʜʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ 

ʫʜʝʨʞʠʚʘʶʱʘʷ ʩʠʣʘ, ʘ ʠʤʝʶʱʠʝʩʷ 4 ʚʠʥʪʘ ʥʝʨʝʛʫʣʠʨʫʝʤʦʛʦ ʰʘʛʘ, ʧʦʟʚʦʣʷʶʪ 

ʚ ʩʣʫʯʘʝ ʥʝʧʨʝʜʚʠʜʝʥʥʦʡ ʩʠʪʫʘʮʠʠ, ʦʢʘʟʘʪʴ ʜʝʡʩʪʚʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʠʣ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʜʘʥʦ ʨʘʟʚʸʨʥʫʪʦʝ ʧʦʥʷʪʠʝ ʢʦʤʧʦʟʠʪʥʳʭ ʦʧʦʨ ʠ ʠʭ 

ʥʘʟʥʘʯʝʥʠʝ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʜʦʩʪʦʠʥʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʧʦʨ 

ʠʟ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʧʠʩʘʥ ʩʫʱʝʩʪʚʝʥʥʳʡ ʦʧʳʪ ʧʨʠʤʝʥʝʥʠʷ 

ʢʦʤʧʦʟʠʪʥʳʭ ʦʧʦʨ. ʉʜʝʣʘʥ ʚʳʚʦʜ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʢʦʤʧʦʟʠʪʥʳʭ ʦʧʦʨ ʥʘ ʟʘʤʝʥʫ ʜʝʨʝʚʷʥʥʳʤ ʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʤ ʦʧʦʨʘʤ.  

Annotation. The article provides a detailed concept of composite supports 

and their purpose. An analysis of the advantages and disadvantages of using 

supports made of composite materials was carried out. Substantial experience with 

the use of composite supports is described. A conclusion is drawn about the 

prospects of using composite supports to replace wooden and reinforced concrete 

supports. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʧʦʟʠʪʥʳʝ ʦʧʦʨʳ, ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, 

ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ. 

Keywords: composite supports, composite materials, overhead power lines. 

 

ʂʦʤʧʦʟʠʪʥʳʝ ʦʧʦʨʳ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ (ʨʠʩ.1) 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʪʨʦʠʪʝʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ ʘʨʤʠʨʦʚʘʥʥʳʭ 

ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʫʜʝʨʞʘʥʠʷ ʣʠʥʠʡ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʠ ʛʨʦʟʦʟʘʱʠʪʥʳʭ ʪʨʦʩʦʚ ʥʘ ʟʘʜʘʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʟʝʤʣʠ. 

ʂʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʨʠʩ.2) ʧʦ ʧʨʘʚʫ ʩʯʠʪʘʶʪʩʷ ʤʘʪʝʨʠʘʣʘʤʠ XXI 

ʚʝʢʘ. ʆʥʠ ʦʙʣʘʜʘʶʪ ʥʘʠʣʫʯʰʠʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʨʠ 

ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʧʨʦʯʥʝʝ ʩʪʘʣʠ ʠ ʣʝʛʯʝ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ. 

ʂʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʥʦʛʦʛʨʘʥʥʳʝ ʥʝʦʜʥʦʨʦʜʥʳʝ 

(ʛʝʪʝʨʦʛʝʥʥʳʝ) ʩʪʨʫʢʪʫʨʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʩʦʯʝʪʘʥʠʝʤ ʘʨʤʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ 

ʠ ʠʟʦʪʨʦʧʥʳʭ ʩʚʷʟʫʶʱʠʭ. ɸʨʤʠʨʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ʚ ʚʠʜʝ ʪʦʥʢʠʭ ʚʦʣʦʢʦʥ, 

ʥʠʪʝʡ, ʞʛʫʪʦʚ ʠʣʠ ʪʢʘʥʝʡ ʦʙʝʩʧʝʯʠʚʘʶʪ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʤʘʪʝʨʠʘʣʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ ʠ ʞʝʩʪʢʦʩʪʴ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʦʨʠʝʥʪʘʮʠʠ ʚʦʣʦʢʦʥ, ʘ ʩʚʷʟʫʶʱʝʝ (ʤʘʪʨʠʮʘ) - ʝʛʦ ʤʦʥʦʣʠʪʥʦʩʪʴ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠʤʝʶʪ ʫʜʝʣʴʥʫʶ ʧʨʦʯʥʦʩʪʴ ʠ 

ʫʜʝʣʴʥʫʶ ʞʝʩʪʢʦʩʪʴ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʘʨʤʠʨʦʚʘʥʠʷ, ʧʨʝʚʳʰʘʶʱʠʝ ʫʜʝʣʴʥʫʶ 
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ʧʨʦʯʥʦʩʪʴ ʠ ʫʜʝʣʴʥʫʶ ʞʝʩʪʢʦʩʪʴ ʩʪʘʣʠ, ʘʣʶʤʠʥʠʝʚʳʭ ʠ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ 

ʙʦʣʝʝ ʯʝʤ ʚ ʯʝʪʳʨʝ-ʧʷʪʴ ʨʘʟ [1]. 

ʂʦʤʧʦʟʠʪʥʘʷ ʦʧʦʨʘ. ʇʨʠʤʝʥʝʥʠʝ: ʦʩʚʝʱʝʥʠʝ ʜʦʨʦʛ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʦʤʝʱʝʥʠʡ, ʞʠʣʳʭ ʢʚʘʨʪʘʣʦʚ, ʧʝʰʝʭʦʜʥʳʭ ʟʦʥ, ʘʣʣʝʡ, ʙʫʣʴʚʘʨʦʚ, ʧʘʨʢʦʚ, 

ɸɿʉ, ʘʚʪʦʩʪʦʷʥʦʢ ʠ ʪ.ʜ. 

 

 

ʈʠʩʫʥʦʢ 1. - ʇʨʠʤʝʨ ʢʦʤʧʦʟʠʪʥʳʭ ʦʧʦʨ 
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ʈʠʩʫʥʦʢ 2 - ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 

 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʢʦʤʧʦʟʠʪʥʦʡ ʦʧʦʨʳ [2]: 

1) ɺʝʩ. ɼʝʨʝʚʷʥʥʘʷ ʦʧʦʨʘ ʚʳʩʦʪʦʡ 12ʤ ʚʝʩʠʪ ʦʪ 300 ʜʦ 530 ʢʛ, 

ʞʝʣʝʟʦʙʝʪʦʥʥʘʷ - ʦʪ 1360 ʜʦ 1800 ʢʛ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʦʤʧʦʟʠʪʥʘʷ ʦʧʦʨʘ 

ʜʣʠʥʦʡ 12 ʤ ʚʝʩʠʪ ʚʩʝʛʦ 68ʢʛ. 

2) ʍʨʘʥʝʥʠʝ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ. ʂʦʤʧʦʟʠʪʥʳʝ ʦʧʦʨʳ ʩʦʩʪʦʷʪ ʠʟ 

ʩʝʛʤʝʥʪʦʚ ʠ ʤʦʛʫʪ ʭʨʘʥʠʪʴʩʷ ʠ ʧʝʨʝʚʦʟʠʪʴʩʷ ʧʦ ʦʜʥʦʡ, ʧʦ ʧʨʠʥʮʠʧʫ 

"ʤʘʪʨʝʰʢʠ". 

3) ʇʨʦʩʪʦʡ ʤʦʥʪʘʞ ʦʧʦʨʳ. ʉʙʦʨʢʘ ʠ ʫʩʪʘʥʦʚʢʘ ʢʦʤʧʦʟʠʪʥʦʡ ʦʧʦʨʳ ʥʝ 

ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʤʦʥʪʘʞʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠʣʠ ʪʷʞʝʣʦʡ 

ʪʝʭʥʠʢʠ. 

4) ʅʝ ʪʨʝʙʫʝʪ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺʳʩʦʢʘʷ 

ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʢʠʩʣʳʭ ʠ ʱʝʣʦʯʥʳʭ 

ʩʨʝʜʘʭ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʢʦʨʨʦʟʠʠ. 

5) ʅʠʟʢʘʷ ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʙʝʪʦʥʘ, ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫʰʝʥʠʷ ʠʟ-ʟʘ ʟʘʤʝʨʟʘʥʠʷ ʚʦʜʳ ʚ ʧʦʨʘʭ. 

6) ɼʦʣʛʦʚʝʯʥʦʩʪʴ. ʅʝʢʦʪʦʨʳʝ ʟʘʧʘʜʥʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʜʘʶʪ 40-ʣʝʪʥʶʶ 

ʛʘʨʘʥʪʠʶ ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʜʝʬʝʢʪʦʚ ʠ ʧʦʞʠʟʥʝʥʥʫʶ ʛʘʨʘʥʪʠʶ ʦʪ 
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ʧʦʚʨʝʞʜʝʥʠʡ, ʚʳʟʚʘʥʥʳʭ ʣʴʜʦʤ, ʩʥʝʛʦʤ, ʚʝʪʨʦʤ ʠ ʤʦʣʥʠʝʡ. ʇʦ ʦʮʝʥʢʘʤ 

ʵʢʩʧʝʨʪʦʚ, ʩʨʦʢ ʩʣʫʞʙʳʢʦʤʧʦʟʠʪʥʳʭʦʧʦʨʩʦʩʪʘʚʣʷʝʪ65-80 ʣʝʪ. 

7) ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʩʦʦʙʨʘʞʝʥʠʷ. ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʪʦʢʩʠʯʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʢʦʪʦʨʳʝ ʥʝ ʧʦʧʘʜʘʶʪ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʚ 

ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʦʟʠʪʥʳʭ ʦʧʦʨ ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʟʘʛʨʷʟʥʝʥʠʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʥʝ ʚʳʟʳʚʘʝʪ ʪʝʭ ʞʝ ʧʨʦʙʣʝʤ, ʯʪʦ ʠ 

ʢʨʝʦʟʦʪʦʧʨʦʧʠʪʘʥʥʳʝ ʜʝʨʝʚʷʥʥʳʝ ʦʧʦʨʳ ʧʨʠ ʫʪʠʣʠʟʘʮʠʠ. 

8) ɺʳʩʦʢʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʥʳʭ ʦʧʦʨ. ʕʪʦ ʩʚʦʡʩʪʚʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʤʦʣʥʠʝʩʪʦʡʢʦʩʪʴ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ, ʫʧʨʦʱʘʝʪ 

ʫʩʪʨʦʡʩʪʚʦ ʟʘʟʝʤʣʝʥʠʷ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʦʟʚʦʣʷʝʪ ʦʪʢʘʟʘʪʴʩʷ ʦʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʘʟʝʤʣʷʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʠ ʤʦʣʥʠʝʦʪʚʦʜʦʚ. ʆʪʩʫʪʩʪʚʠʝ 

ʟʘʟʝʤʣʷʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʚʨʝʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʙʣʫʞʜʘʶʱʠʭ ʪʦʢʦʚ ʥʘ ʟʜʘʥʠʷ, ʩʦʦʨʫʞʝʥʠʷ ʠ ʧʨʠʨʦʜʥʳʝ ʦʙʲʝʢʪʳ. ɺ ʩʣʫʯʘʝ 

ʧʨʦʙʦʷ ʠʟʦʣʷʮʠʠ ʠʣʠ ʧʘʜʝʥʠʷ ʧʨʦʚʦʜʘ ʥʘ ʪʨʘʚʝʨʩʫ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʳʢʘʥʠʷ ʥʘ ʟʝʤʣʶ, ʠ ʣʠʥʠʷ ʥʝ ʦʪʢʣʶʯʘʝʪʩʷ. 

9) ɹʝʟʦʧʘʩʥʦʩʪʴ ʜʣʷ ʫʯʘʩʪʥʠʢʦʚ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʆʧʦʨʳ ʠʟ 

ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʦʣʝʝ ʫʜʘʨʦʧʨʦʯʥʳ, ʯʝʤ ʘʥʘʣʦʛʠʯʥʳʝ ʠʟʜʝʣʠʷ ʠʟ 

ʞʝʣʝʟʦʙʝʪʦʥʘ ʠʣʠ ʤʝʪʘʣʣʘ, ʠ ʚ ʩʣʫʯʘʝ ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʠʩʰʝʩʪʚʠʷ 

ʥʝ ʧʨʠʯʠʥʷʪ ʪʨʘʚʤ ʫʯʘʩʪʥʠʢʘʤ ʜʚʠʞʝʥʠʷ ʠ ʥʝ ʥʘʥʝʩʫʪ ʩʝʨʴʝʟʥʳʭ 

ʧʦʚʨʝʞʜʝʥʠʡ ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʘʤ. ɺ ʩʣʫʯʘʝ ʩʪʦʣʢʥʦʚʝʥʠʷ ʩʝʨʴʝʟʥʳʝ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʚʨʝʞʜʝʥʠʷ ʧʦʣʫʯʠʪ ʦʧʦʨʘ, ʘ ʥʝ ʘʚʪʦʤʦʙʠʣʴ ʩ ʚʦʜʠʪʝʣʝʤ ʠʣʠ 

ʧʘʩʩʘʞʠʨʘʤʠ. 

10) ʇʨʦʯʥʦʩʪʴ. ʇʦʵʪʦʤʫ ʧʘʨʘʤʝʪʨʫ ʢʦʤʧʦʟʠʪʥʳʝ ʦʧʦʨʳ ʩʦʧʦʩʪʘʚʠʤʳ ʩʦ 

ʩʪʘʣʴʥʳʤʠ. 

11) ʕʣʘʩʪʠʯʥʦʩʪʴ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʫʧʨʫʛʦʩʪʠ (ʛʠʙʢʦʩʪʠ) ʦʧʦʨʳ 

ʚʳʜʝʨʞʠʚʘʶʪ ʚʳʩʦʢʠʝ ʚʝʪʨʦʚʳʝ ʠ ʣʝʜʦʚʳʝ ʥʘʛʨʫʟʢʠ. ɺʳʩʦʢʘʷ ʵʣʘʩʪʠʯʥʦʩʪʴ 

ʢʦʤʧʦʟʠʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʦʩʪʘʪʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ. 

12) ʕʩʪʝʪʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ. ʆʧʦʨʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʦʨʠʛʠʥʘʣʴʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʨʝʰʝʥʠʡ. 

ʅʝʜʦʩʪʘʪʢʠ. 
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1) ʇʨʦʠʟʚʦʜʩʪʚʦ ʦʧʦʨ ʜʘʥʥʦʛʦ ʪʠʧʘ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʨʘʟʚʠʪʦ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʩʪʦʠʤʦʩʪʴ ʢʦʤʧʦʟʠʪʥʳʭ ʦʧʦʨ 

ʦʩʪʘʝʪʩʷʜ ʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ. ʆʜʥʘʢʦ ʩʪʦʠʤʦʩʪʴ ʦʧʦʨ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ 

ʥʠʟʢʠʤʠ ʟʘʪʨʘʪʘʤʠ ʥʘ ʤʦʥʪʘʞ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʚʳʩʦʢʦʡ ʥʘʜʝʞʥʦʩʪʴʶ 

ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʥʠʟʢʦʡ ʘʚʘʨʠʡʥʦʩʪʴʶ. 

2) ʆʪʩʫʪʩʪʚʫʝʪ ʦʧʳʪ ʫʩʪʘʥʦʚʢʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʧʦʨ ʜʘʥʥʦʛʦ ʪʠʧʘ (ʩʦ 

ʚʨʝʤʝʥʝʤ ʵʪʦʪ ʥʝʜʦʩʪʘʪʦʢ ʙʫʜʝʪ ʫʩʪʨʘʥʝʥ). 

ʆʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʦʟʠʪʥʳʭ ʦʧʦʨ [3]: ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʜʦʩʪʘʚʢʠ ʠ 

ʦʙʩʣʫʞʠʚʘʥʠʷ; ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʝ ʤʝʩʪʘ; ʦʩʦʙʦ ʩʫʨʦʚʳʝ ʫʩʣʦʚʠʷ 

ʵʢʩʧʣʫʘʪʘʮʠʠ: ʘʛʨʝʩʩʠʚʥʳʡ ʚʦʟʜʫʭ, ʧʦʯʚʘ ʠ ʩʦʣʝʚʦʡ ʪʫʤʘʥ; ʯʘʩʪʳʝ ʠ 

ʤʥʦʛʦʢʨʘʪʥʳʝ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʟʘʤʦʨʦʟʢʠ (ʩʥʝʛʦʧʘʜʳ, ʫʨʘʛʘʥʳ). ʂʦʤʧʦʟʠʪʥʳʝ 

ʦʧʦʨʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʵʪʠʭ ʦʙʣʘʩʪʷʭ, ʛʜʝ ʥʘʜʝʞʥʦʩʪʴ ʠʤʝʝʪ 

ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ. 

ɺ ʮʝʣʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʜʦʩʪʘʪʢʠ, ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝ ʠʟ ʢʦʤʧʦʟʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠʤʝʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʝʠʤʫʱʝʩʪʚ, ʥʝʧʦʜʜʘʶʱʠʭʩʷ ʩʨʘʚʥʝʥʠʶ. 

ʂʦʤʧʦʟʠʪʥʳʝ ʦʧʦʨʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʪʝʭ ʦʙʣʘʩʪʷʭ, ʛʜʝ ʥʘʜʝʞʥʦʩʪʴ 

ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʤʦʞʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ ʦʧʦʨ ʠʟ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʧʦʟʠʪʥʳʭ ʦʧʦʨ ʤʦʜʫʣʴʥʦʛʦ ʪʠʧʘ ʩ 

ʠʟʦʣʷʮʠʦʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʜʘʝʪ ʥʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʭ 

ʚ ʢʘʯʝʩʪʚʝ ʨʝʤʦʥʪʥʦʛʦ ʨʝʟʝʨʚʘ ʠʣʠ ʚ ʟʦʥʘʭ ʩ ʦʩʦʙʳʤʠ ʫʩʣʦʚʠʷʤʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. 
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ɸʥʥʦʪʘʮʠʷ. ʋʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʠʟ-ʟʘ ʥʝʠʟʙʝʞʥʳʭ ʚʦʟʤʫʱʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ 

ʬʣʫʢʪʫʘʮʠʠ ʬʘʟʳ ʛʝʥʝʨʘʪʦʨʘ, ʨʝʘʣʴʥʳʝ ʩʠʥʭʨʦʩʠʛʥʘʣʳ ʷʚʣʷʶʪʩʷ 

ʧʩʝʚʜʦʧʝʨʠʦʜʠʯʝʩʢʠʤʠ, ʪʦ ʝʩʪʴ ʚʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ ʤʝʞʜʫ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʦʜʥʦʪʠʧʥʳʤʠ ʬʘʟʦʚʳʤʠ ʤʦʤʝʥʪʘʤʠ ʠʤʝʶʪ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʚʘʨʠʘʮʠʠ. ʇʦʜʯʝʨʢʠʚʘʝʪʩʷ, ʯʪʦ ʧʦʛʨʝʰʥʦʩʪʴ ʚʨʝʤʝʥʠ 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʬʫʥʢʮʠʝʡ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʚʳʯʠʩʣʷʶʪ ʤʥʦʞʝʩʪʚʦ 

ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

Annotation. It is indicated that due to unavoidable disturbances, such as 

fluctuations in the oscillator phase, real synchro signals are pseudoperiodic, that is, 

the time intervals between successive similar phase moments have insignificant 

variations. It is emphasized that the time error is the main function by which many 

different stability parameters are calculated. 

ʂʣʁ ʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʥʭʨʦʥʠʟʘʮʠʷ, ʩʝʪʴ ʩʚʷʟʠ, ʛʝʥʝʨʘʪʦʨ, ʩʠʥʭʨʦʩʠʛʥʘʣ, 

ʮʠʬʨʦʚʘʷ ʚʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ, ʩʪʘʥʜʘʨʪ ʯʘʩʪʦʪʳ. 

Keywords: synchronization, communication network, generator, sync signal, 

digital time intervals, frequency standard. 

ʉʠʛʥʘʣ ʩʠʥʭʨʦʥʠʟʘʮʠʠ (timing signal, ʩʠʥʭʨʦʩʠʛʥʘʣ, ʪʘʢʪʦʚʳʡ ʩʠʛʥʘʣ) ï 

ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʩʠʛʥʘʣ, ʚʳʨʘʙʘʪʳʚʘʝʤʳʡ ʪʘʢʪʦʚʳʤ ʛʝʥʝʨʘʪʦʨʦʤ ʠ 

ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʦʧʝʨʘʮʠʡ ʚ ʮʠʬʨʦʚʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʠ 

ʩʝʪʷʭ [1]. ʀʟ-ʟʘ ʥʝʠʟʙʝʞʥʳʭ ʚʦʟʤʫʱʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʬʣʫʢʪʫʘʮʠʠ ʬʘʟʳ 

http://elib.altstu.ru/uploads/open_mat/2022/Markin_KonstrKompMat_up.pdf
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ʛʝʥʝʨʘʪʦʨʘ, ʨʝʘʣʴʥʳʝ ʩʠʥʭʨʦʩʠʛʥʘʣʳ ʷʚʣʷʶʪʩʷ ʧʩʝʚʜʦʧʝʨʠʦʜʠʯʝʩʢʠʤʠ, ʪʦ 

ʝʩʪʴ ʚʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ ʤʝʞʜʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʦʜʥʦʪʠʧʥʳʤʠ 

ʬʘʟʦʚʳʤʠ ʤʦʤʝʥʪʘʤʠ ʠʤʝʶʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʚʘʨʠʘʮʠʠ.  

ʌʫʥʢʮʠʷ ʚʨʝʤʝʥʠ Ὕὸ (time function) ï ʠʟʤʝʨʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʜʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ὸ ʪʘʢʪʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ [1] 

Ὕὸ
ɮὸ

ς“ὺ
Ȣ 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʠʜʝʘʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʬʫʥʢʮʠʷ 

ʚʨʝʤʝʥʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʢʫʱʝʤʫ ï Ὕὸ ὸ (ʨʠʩ. 1). 

Ὕὸ 

t

Ὕὶὸ= ὸ 

ὸ0 ὸ0 + † † 

ὼὸ 

Ὕὸ 

Ὕὸ0 + † Ὕὸ0  

 

ʈʠʩʫʥʦʢ 1 - ʇʨʠʤʝʨ ʛʨʘʬʠʢʘ ʬʫʥʢʮʠʡ ʚʨʝʤʝʥʠ 

ʌʫʥʢʮʠʷ ʧʦʛʨʝʰʥʦʩʪʠ ʚʨʝʤʝʥʠ ὼὸ (time error function) ï ʨʘʟʥʠʮʘ 

ʤʝʞʜʫ ʚʨʝʤʝʥʘʤʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʘʢʪʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ Ὕὸ ʠ ʵʪʘʣʦʥʥʦʛʦ 

Ὕ ὸ (ʨʠʩ. 2) 

ὼὸ Ὕὸ Ὕ ὸȢ 
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tὸ0 ὸ0 + † † 

ὼὸ 

ὝὩὸ0,† 

 

ʈʠʩʫʥʦʢ 2 - ʇʨʠʤʝʨ ʛʨʘʬʠʢʘ ʬʫʥʢʮʠʡ ʧʦʛʨʝʰʥʦʩʪʠ ʚʨʝʤʝʥʠ 

ʅʘ ʯʠʩʪʦ ʘʙʩʪʨʘʢʪʥʦʤ ʫʨʦʚʥʝ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʘʥʜʘʨʪ ʯʘʩʪʦʪʳ ʩʯʠʪʘʶʪ 

ʠʜʝʘʣʴʥʳʤ, ʪʦ ʝʩʪʴ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ Ὕ ὸ ὸ [2]. ʇʦʩʢʦʣʴʢʫ ʠʜʝʘʣʴʥʦʝ 

ʚʨʝʤʷ ʥʝʜʦʩʪʫʧʥʦ ʜʣʷ ʮʝʣʝʡ ʠʟʤʝʨʝʥʠʷ, ʠʜʝʘʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʚʨʝʤʝʥʠ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʥʪʝʨʝʩʘ. ʆʜʥʘʢʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʣʝʛʢʦ 

ʚʳʷʚʣʷʝʪʩʷ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʬʫʥʢʮʠʝʡ ʧʦʛʨʝʰʥʦʩʪʠ ʚʨʝʤʝʥʠ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʦʪʢʣʦʥʝʥʠʝʤ ʯʘʩʪʦʪʳ 

ώὸ
Ὠὼὸ

Ὠὸ
Ȣ 

ʇʦʛʨʝʰʥʦʩʪʴ ʚʨʝʤʝʥʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʬʫʥʢʮʠʝʡ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ 

ʚʳʯʠʩʣʷʶʪ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʫʩʪʦʡʯʠʚʦʩʪʠ.  

ʅʘ ʦʩʥʦʚʝ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ ʚʨʝʤʝʥʠ ὼὸ ʠ ʧʦʣʥʦʡ ʬʘʟʳ ɮὸ 

ʚʚʦʜʠʪʩʷ ʤʦʜʝʣʴ ʬʫʥʢʮʠʠ ʧʦʛʨʝʰʥʦʩʪʠ ʚʨʝʤʝʥʠ [1] 

ὼὸ ὼ ώ ώ ὸ
Ὀ Ὀ

ς
ὸ

•ὸ • ὸ

ς“ὺ
ȟ 

ʛʜʝ ώ ï ʥʘʯʘʣʴʥʦʝ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʯʘʩʪʦʪʳ ʵʪʘʣʦʥʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ; 

Ὀ ï ʩʢʦʨʦʩʪʴ ʣʠʥʝʡʥʦʛʦ ʜʨʝʡʬʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪʳ 

ʵʪʘʣʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ; 

• ὸ ï ʩʪʦʭʘʩʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʩʣʫʯʘʡʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʬʘʟʳ ʵʪʘʣʦʥʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ. 
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ɺ ʥʝʢʦʪʦʨʳʭ ʠʩʪʦʯʥʠʢʘʭ, ʥʘʧʨʠʤʝʨ ʚ [3], ʦʙʦʟʥʘʯʝʥʠʝ ὼὸ ʠʩʧʦʣʴʟʫʶʪ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʣʴʢʦ ʩʣʫʯʘʡʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʰʫʤʘ, ʪʦ ʝʩʪʴ ʧʦʩʣʝʜʥʝʛʦ 

ʩʣʘʛʘʝʤʦʛʦ ʚ ʧʨʠʚʝʜʝʥʥʦʤ ʚʳʰʝ ʫʨʘʚʥʝʥʠʠ. 

ʌʫʥʢʮʠʷ ʧʦʛʨʝʰʥʦʩʪʠ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ Ὕ ὸȟ† (time interval error 

function) ï ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʠʟʤʝʨʝʥʥʳʤʠ ʠʥʪʝʨʚʘʣʘʤʠ ʚʨʝʤʝʥʠ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʪʘʢʪʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ Ὕὸ ʠ ʵʪʘʣʦʥʥʦʛʦ Ὕ ὸ 

Ὕ ὸȟ† Ὕὸ † Ὕὸ Ὕ ὸ † Ὕ ὸ ὼὸ † ὼὸȢ 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʤʧʝʨʘʪʫʨʳ ʛʝʥʝʨʘʪʦʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ. 

Annotation. Pilot studies are given in article and results of temperature of the 

generator depending on air temperature at various speed of the movement of the 

car are presented. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ, ʛʝʥʝʨʘʪʦʨ, 
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ʉʦʚʨʝʤʝʥʥʳʝ ʛʝʥʝʨʘʪʦʨʥʳʝ ʫʩʪʘʥʦʚʢʠ, ʩʦʯʝʪʘʶʱʠʝ ʚ ʩʝʙʝ ʛʝʥʝʨʘʪʦʨ ʠ 

ʨʝʛʫʣʷʪʦʨ ʥʘʧʨʷʞʝʥʠʷ, ʥʝ ʪʨʝʙʫʶʪ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ, 

ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʟʘʤʝʥʳ ʱʝʪʦʢ, ʠʤʝʶʪ ʩʨʦʢ ʩʣʫʞʙʳ, ʨʘʚʥʳʡ ʠʣʠ 

ʧʨʝʚʳʰʘʶʱʠʡ ʩʨʦʢ ʩʣʫʞʙʳ ʜʚʠʛʘʪʝʣʷ [1-3]. ɺʥʝʟʘʧʥʳʡ ʦʪʢʘʟ ʛʝʥʝʨʘʪʦʨʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ʥʝ ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʠʣʠ ʨʘʙʦʪʫ ʜʨʫʛʠʭ ʘʛʨʝʛʘʪʦʚ ʘʚʪʦʤʦʙʠʣʷ, ʧʦʩʢʦʣʴʢʫ ʧʠʪʘʥʠʝ ʧʨʦʜʦʣʞʘʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʦʪ ʘʢʢʫʤʫʣʷʪʦʨʘ. 

 ɻʝʥʝʨʘʪʦʨ ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʜʚʠʛʘʪʝʣʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠ ʩʚʷʟʘʥ ʩ ʝʛʦ 

ʢʦʣʝʥʯʘʪʳʤ ʚʘʣʦʤ. ʇʦʵʪʦʤʫ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʝʥʝʨʘʪʦʨʘ ʦʧʨʝʜʝʣʷʶʪʩʷ: 

1.ʩʦʭʨʘʥʝʥʠʝʤʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠ ʚʥʝʰʥʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

ʦʪ -40 ʜʦ 80ÁC 

2.ʦʧʪʠʤʘʣʴʥʘʷ ʨʘʙʦʯʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʜʣʷ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ 

ʩʦʩʪʘʚʣʷʝʪ 50-80ÁC. ʇʨʠ ʪʘʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʛʝʥʝʨʘʪʦʨʳ ʨʘʙʦʪʘʶʪ 

ʵʬʬʝʢʪʠʚʥʦ ʠ ʥʝ ʧʦʜʚʝʨʞʝʥʳ ʧʝʨʝʛʨʝʚʫ.  

ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʥʘʜʝʞʥʦʩʪʴ ʛʝʥʝʨʘʪʦʨʦʚ ʨʝʜʢʦ ʠʟʫʯʘʣʦʩʴ ʚ 

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʟʫʯʘʣʦʩʴ ʚʣʠʷʥʠʝ ʩʣʝʜʫʶʱʠʭ 

ʬʘʢʪʦʨʦʚ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʛʝʥʝʨʘʪʦʨʦʚ: 
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-ʊʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʜʠʘʧʘʟʦʥ ʦʪ -40ÁCʜʦ 0ÁC); 

-ʇʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ (ʜʠʘʧʘʟʦʥ ʦʪ 150 ʜʦ 560 ɺʪ); 

-ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ (ʜʠʘʧʘʟʦʥ ʦʪ 700 ʜʦ 3000 ʤʠʥ-1), 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʤʝʥʝʥʠʶ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʛʝʥʝʨʘʪʦʨʘ ʦʪ 1750 

ʜʦ7500 ʤʠʥ-1; 

-ʉʢʦʨʦʩʪʴ ʘʚʪʦʤʦʙʠʣʷ (ʜʠʘʧʘʟʦʥ 0-100 ʢʤ/ʯ). 

 

 

ʈʠʩʫʥʦʢ 1 - ʉʠʩʪʝʤʘ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʪʘʥʢʘ ʊ-72ɹ3 

 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʛʝʥʝʨʘʪʦʨʘ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʜʘʪʯʠʢ 

ʪʝʤʧʝʨʘʪʫʨʳ IT2-K-01 (ʨʠʩ. 1). ʇʝʨʝʜ ʟʘʧʫʩʢʦʤ ʜʚʠʛʘʪʝʣʷ ʙʳʣʠ ʠʟʤʝʨʝʥʳ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʛʝʥʝʨʘʪʦʨʘ. ʆʙʘ ʧʦʢʘʟʘʪʝʣʷ ʦʜʠʥʘʢʦʚʳ. 

ʇʦ ʤʝʨʝ ʧʨʦʛʨʝʚʘ ʜʚʠʛʘʪʝʣʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʝʥʝʨʘʪʦʨʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʦʢʦʚʳʝ ʢʣʝʱʠ 

FLUKE i400s. ʀʟʤʝʨʝʥʠʷ ʪʦʢʘ ʩ ʧʦʤʦʱʴʶ ʦʩʮʠʣʣʦʛʨʘʬʘ FLUKE 125 (ʨʠʩ. 2) 

ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʧʦʜʢʣʶʯʝʥʥʳʭ ʧʦʪʨʝʙʠʪʝʣʷʭ, ʢʦʪʦʨʳʝ ʟʘʥʝʩʝʥʳ ʚ ʪʘʙʣʠʮʫ 

1. 
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ʊʝʧʣʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʦʙʫʩʣʦʚʣʝʥʦ 

ʩʫʤʤʘʨʥʳʤ ʵʬʬʝʢʪʦʤ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʪʝʢʘʶʱʠʭ ʙʳʩʪʨʦʠʟʤʝʥʷʶʱʠʭʩʷ 

ʧʨʦʮʝʩʩʦʚ. 

ʊʝʧʣʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʦʙʫʩʣʦʚʣʝʥʦ 

ʩʦʚʦʢʫʧʥʳʤ ʜʝʡʩʪʚʠʝʤ ʦʜʥʦʚʨʝʤʝʥʥʦ ʙʳʩʪʨʦʧʨʦʪʝʢʘʶʱʠʭ ʬʣʫʢʪʫʠʨʫʶʱʠʭ 

ʧʨʦʮʝʩʩʦʚ ʥʘʛʨʝʚʘ ʠ ʦʭʣʘʞʜʝʥʠʷ. ʂʨʠʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʝʥʝʨʘʪʦʨʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʘʚʪʦʤʦʙʠʣʷ ʠ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʛʝʥʝʨʘʪʦʨʘ. 

ʆʙʱʝʧʨʠʥʷʪʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʛʝʥʝʨʘʪʦʨʦʚ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 

120-140ÁC. 

 

ʊʘʙʣʠʮʘ 1 ï ʊʦʢ ʧʦʪʨʝʙʠʪʝʣʝʡ 

ʇʦʢʘʟʘʥʠʷ ʪʦʢʘ, ɸ ʇʦʪʨʝʙʠʪʝʣʠ 

11,2 ɹʣʠʞʥʠʡ ʩʚʝʪ 

16 ʆʪʦʧʠʪʝʣʴ ʩʘʣʦʥʘ 

27,2 ɹʣʠʞʥʠʡ ʩʚʝʪ, ʦʪʦʧʠʪʝʣʴ ʩʘʣʦʥʘ 

38,4 ɹʣʠʞʥʠʡ ʩʚʝʪ, ʦʪʦʧʠʪʝʣʴ ʩʘʣʦʥʘ, (ʚ ʟʠʤʥʝʡ ʧʝʨʠʦʜ ï 

ʦʙʦʛʨʝʚ ʟʘʜʥʝʛʦ ʩʪʝʢʣʘ, ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ï 

ʢʦʥʜʠʮʠʦʥʝʨ) 
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ʈʠʩʫʥʦʢ 2 - ʇʦʢʘʟʘʥʠʷ ʦʩʮʠʣʣʦʛʨʘʬʘ ʧʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʧʦʪʨʝʙʠʪʝʣʝʡ 

 

ʎʝʣʴ ʵʢʩʧʝʨʠʤʝʥʪʘ ï ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʛʦ 

ʚʦʟʜʫʭʘ, ʩʢʦʨʦʩʪʠ ʘʚʪʦʤʦʙʠʣʷ, ʤʦʱʥʦʩʪʠ ʧʦʜʢʣʶʯʝʥʥʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʥʘ ʪʝʧʣʦʚʦʝ ʩʦʩʪʦʷʥʠʝ 

ʛʝʥʝʨʘʪʦʨʘ. 
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ʈʠʩʫʥʦʢ 3 - ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ  

ʛʝʥʝʨʘʪʦʨʘ ʩ ʚʢʣʶʯʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ -30Ü ʉ 

1) 38 ɸ; 2) 27 ɸ; 3) 16 ɸ. 

 

 

ʈʠʩʫʥʦʢ 4. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ  

ʛʝʥʝʨʘʪʦʨʘ ʩ ʚʢʣʶʯʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ 38 ɸ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ 1) 0ʦ ʉ; 2) -40ʦ ʉ. 

 

ɸʚʪʦʤʦʙʠʣʴ ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ ʥʘ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ ʚ ʪʝʯʝʥʠʝ 20 

ʤʠʥʫʪ ʥʘ ʪʨʝʙʫʝʤʦʡ ʧʝʨʝʜʘʯʝ, ʯʪʦʙʳ ʛʝʥʝʨʘʪʦʨ ʥʘʭʦʜʠʣʩʷ ʚ ʩʦʩʪʦʷʥʠʠ 

ʫʩʪʦʡʯʠʚʦʛʦ ʥʘʛʨʝʚʘ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʚʣʠʷʥʠʷ ʧʦʤʝʭ, ʚʳʟʚʘʥʥʳʭ 

ʦʩʪʘʥʦʚʢʘʤʠ ʠ ʟʘʤʝʜʣʝʥʠʷʤʠ, ʜʚʠʞʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʧʨʦʩʝʣʦʯʥʳʤ 

ʜʦʨʦʛʘʤ ʙʝʟ ʧʝʨʝʩʝʯʝʥʠʷ ʫʨʦʚʥʝʡ. 

ʊʝʧʣʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʛʝʥʝʨʘʪʦʨʘ ʘʚʪʦʤʦʙʠʣʷ ʙʳʣʦ ʠʟʤʝʨʝʥʦ ʚ ʨʘʙʦʯʠʭ 

ʫʩʣʦʚʠʷʭ, ʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʝʧʣʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʛʝʥʝʨʘʪʦʨʘ ʙʳʣʦ 

ʠʟʤʝʨʝʥʦ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ 

ʛʝʥʝʨʘʪʦʨʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʯʘʩʪʳʭ ʦʩʪʘʥʦʚʢʘʭ ʠ ʟʘʤʝʜʣʝʥʠʷʭ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʛʝʥʝʨʘʪʦʨʘ ʧʦʚʳʰʘʝʪʩʷ ʧʨʠ ʯʘʩʪʳʭ ʦʩʪʘʥʦʚʢʘʭ, ʫʩʪʘʥʦʚʢʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʥʠʞʝʥʠʠ ʨʘʙʦʯʠʭ ʩʢʦʨʦʩʪʝʡ ʠ ʫʤʝʥʴʰʝʥʠʠ 
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ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʝʥʝʨʘʪʦʨʘ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʩʢʦʨʦʩʪʠ 10 ʢʤ/ʯ. ʇʨʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʤ ʩʦʯʝʪʘʥʠʠ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʪʝʤʧʝʨʘʪʫʨʘ ʛʝʥʝʨʘʪʦʨʘ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ 

ʥʦʨʤʘʪʠʚʥʫʶ ʥʘ 15-20ÁC (ʨʠʩ. 3 ʠ 4), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʦʢʨʘʱʝʥʠʶ ʩʨʦʢʘ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʝʥʝʨʘʪʦʨʘ. 

ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ 

ʪʝʤʧʝʨʘʪʫʨʘ ʛʝʥʝʨʘʪʦʨʘ ʤʦʞʝʪ ʢʦʣʝʙʘʪʴʩʷ ʦʪ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʜʦ 

ʥʦʤʠʥʘʣʴʥʦʡ, ʯʪʦ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʝʪ ʩʨʦʢ ʩʣʫʞʙʳ ʛʝʥʝʨʘʪʦʨʘ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʦʚʨʝʤʝʥʥʳʭ 

ʨʘʟʨʘʙʦʪʦʢ ʚ ʦʙʣʘʩʪʠ ʨʦʙʦʪʦʪʝʭʥʠʢʠ, ʘʚʪʦʤʘʪʠʢʠ ʠ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʭ 

ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʩʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 

ʧʦʣʷʤʠ ʟʨʝʥʠʷ ʥʘʙʣʶʜʝʥʠʷ ʠ ʧʨʠʮʝʣʠʚʘʥʠʷ. 

Annotation. The analysis of opportunities of modern developments in the 

field of robotics, automatic equipment and the microprocessor systems of 

automatic control and regulation is provided in article and also comparison of 

characteristics and opportunities of the existing control systems of fields of vision 

of observation and aiming is presented. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʝʩʢʦʥʪʘʢʪʥʦʝ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ ʧʨʠʚʦʜʘʤʠ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ, 

ʤʠʢʨʦʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʩʝʥʩʦʨʳ 
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ʉʪʘʙʠʣʠʟʘʪʦʨʳ ʧʦʣʝʡ ʟʨʝʥʠʷ (ʉʇɿ) ʠ ʩʪʘʙʠʣʠʟʘʪʦʨʳ (ʪʘʥʢʦʚʦʛʦ) 

ʚʦʦʨʫʞʝʥʠʷ (ʉʊɺ) ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʦʛʥʸʤ ʠ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ, ʩʦʩʪʘʚʣʷʶʱʫʶ ʩʪʝʧʝʥʴ ʙʦʝʚʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʘʥʢʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʝʥʠʝ ʠ ʧʨʠʮʝʣʠʚʘʥʠʝ ʥʘ ʦʙʨʘʟʮʘʭ ʚʦʝʥʥʳʭ 

ʛʫʩʝʥʠʯʥʳʭ ʠ ʢʦʣʝʩʥʳʭ ʤʘʰʠʥʘʭ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʦʚʝʨʰʝʥʥʳʤʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʨʘʟʨʘʙʦʪʢʘʤʠ ʚ ʦʙʣʘʩʪʷʭ ʦʧʪʠʢʠ, ʵʣʝʢʪʨʦʥʠʢʠ, ʪʦʯʥʦʡ 

ʤʝʭʘʥʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʉʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʷʚʣʷʝʪʩʷ ʨʦʪʦʨʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʡ ʩʧʦʩʦʙ, ʪʘʢ 

ʢʘʢ ʩʠʩʪʝʤʳ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʘ ʝʛʦ ʩʚʦʡʩʪʚʘʭ ʷʚʣʷʣʠʩʴ ʧʝʨʚʳʤʠ, 

ʧʨʠʤʝʥʝʥʥʳʤʠ ʚ ʧʨʘʢʪʠʢʝ, ʢʘʢ ʥʝ ʪʨʝʙʫʶʱʠʝ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʦʙʨʘʟʥʦ ʚʨʝʤʝʥʠ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʢʘʯʝʩʪʚʘ ʩʪʘʙʠʣʠʟʘʮʠʠ, ʥʦ ʠʟʥʘʯʘʣʴʥʦ ʠʤʝʣ ʥʝʫʩʪʨʘʥʠʤʳʝ, 

ʚʚʠʜʫ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠʙʦʨʦʚ ʠ ʩʠʩʪʝʤ ʚ ʢʦʪʦʨʳʭ ʜʘʥʥʳʡ 

ʩʧʦʩʦʙ ʨʝʘʣʠʟʦʚʘʥ: 

1. ʙʦʣʴʰʠʝ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ; 

2. ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʚʳʭʦʜʘ ʚ ʨʘʙʦʯʠʡ ʨʝʞʠʤ; 

3. ʚʳʩʦʢʘʷ ʢʫʣʴʪʫʨʘ ʩ ʟʘʜʝʡʩʪʚʦʚʘʥʠʝʤ ʨʫʯʥʦʛʦ ʪʨʫʜʘ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ 

ʩʣʦʞʥʦʩʪʴ ʠ ʜʦʨʦʛʦʚʠʟʥʘ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɺʪʦʨʦʡ ʩʧʦʩʦʙ ʧʦʣʫʯʠʣ ʨʘʟʚʠʪʠʝ ʠ ʰʠʨʦʢʦʝ ʚʥʝʜʨʝʥʠʝ ʚ ʧʦʩʣʝʜʥʠʝ 

ʪʨʠʜʮʘʪʴ ʣʝʪ ʙʣʘʛʦʜʘʨʷ ʨʘʟʚʠʪʠʶ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʠ 

ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʠʤʝʝʪ ʤʘʣʦʝ ʚʨʝʤʷ ʟʘʧʫʩʢʘ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ 

ʪʦʯʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʩʪʘʙʠʣʠʟʘʮʠʠ, ʥʦ ʪʘʢʞʝ ʠʤʝʝʪ ʦʧʨʝʜʝʣʸʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ 

ʧʨʠʙʦʨʦʚ ʠ ʩʠʩʪʝʤ ʚ ʢʦʪʦʨʳʭ ʜʘʥʥʳʡ ʩʧʦʩʦʙ ʨʝʘʣʠʟʦʚʘʥ: 

1. ʙʦʣʴʰʠʝ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ: 

2. ʥʝʧʨʝʤʝʥʥʳʝ ʫʩʣʦʚʠʷ ʙʝʨʝʞʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ,  
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3. ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʛʫʣʷʨʥʦʡ ʥʘʩʪʨʦʡʢʠ ʠ ʶʩʪʠʨʦʚʢʠ ʩ ʦʙʲʝʢʪʦʤ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ; 

4. ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʠ ʩʙʦʨʢʠ. 

ɺʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʩʠʩʪʝʤʳ, ʧʨʠʙʦʨʳ ʠ ʫʩʪʨʦʡʩʪʚʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ 

ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʝʜʝʥʠʷ ʥʘʙʣʶʜʝʥʠʷ ʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʩʪʨʝʣʴʙʳ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʝ ʥʘ ʚʦʝʥʥʦʡ ʪʝʭʥʠʢʝ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ, ʢʦʪʦʨʳʭ 

ʷʚʣʷʝʪʩʷ ʩʦʭʨʘʥʝʥʠʝ ʜʠʨʝʢʪʦʨʠʠ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʧʨʠʙʦʨʘ ʥʘʙʣʶʜʝʥʠʷ ʠ 

ʧʨʠʮʝʣʠʚʘʥʠʷ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʢʦʣʝʙʘʥʠʡ ʩʘʤʦʛʦ ʦʙʲʝʢʪʘ 

ʪʝʭʥʠʢʠ ʥʘ ʢʦʨʪ ʵʪʦʪ ʧʨʠʙʦʨ ʫʩʪʘʥʦʚʣʝʥ ʠ ʚ ʦʩʥʦʚʥʦʤ ʦʪʚʝʯʘʶʪ 

ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʥʠʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʢʘʩʘʶʱʠʤʩʷ ʚʳʧʦʣʥʝʥʠʷ ʵʪʠʭ ʟʘʜʘʯ, 

ʦʜʥʘʢʦ ʩʦʚʨʝʤʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ 

ʥʦʚʳʭ ʦʙʨʘʟʮʦʚ ʚʦʦʨʫʞʝʥʠʷ ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʭ, ʢʦʤʧʘʢʪʥʳʭ ʠ 

ʪʝʭʥʦʣʦʛʠʯʥʳʭ ʨʝʰʝʥʠʡ.  

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʨʘʟʚʠʪʠʠ ʩʠʩʪʝʤ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʷʚʣʷʶʪʩʷ ʤʠʢʨʦʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

(ʄʕʄʉ) ʥʘ ʙʘʟʝ ʤʠʥʠʘʪʶʨʥʳʭ ʛʠʨʦʩʢʦʧʦʚ-ʘʢʩʝʣʝʨʦʤʝʪʨʦʚ. 

 

ʈʠʩʫʥʦʢ 1 - ʄʠʢʨʦʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʡ ʩʝʥʩʦʨ 
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ʇʨʦʮʝʩʩ ʩʪʘʙʠʣʠʟʘʮʠʠ ʦʙʲʝʢʪʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ï ʧʨʠʙʦʨʘ ʥʘʙʣʶʜʝʥʠʷ 

ʠ/ʠʣʠ ʧʨʠʮʝʣʠʚʘʥʠʷ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʬʠʟʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʘʭ ʚʦʟʜʝʡʩʪʚʠʷ ʩʠʣʳ 

ʟʝʤʥʦʛʦ ʧʨʠʪʷʞʝʥʠʷ ʥʘ ʤʠʢʨʦʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʡ ʩʝʥʩʦʨ (ʈʠʩ. 1). ʇʨʠʥʮʠʧ 

ʨʘʙʦʪʳ ʪʘʢʦʛʦ ʩʝʥʩʦʨʘ ʦʩʥʦʚʘʥ ʥʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʝʤʢʦʩʪʠ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʉ(ʍ) ʠ ʉ(Y) ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ, ʦʙʨʘʟʫʝʤʦʡ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʨʘʙʦʯʝʛʦ ʪʚʸʨʜʦʛʦ ʪʝʣʘ 1 

ʧʦʜʚʠʞʥʳʤʠ 2 ʠ ʥʝʧʦʜʚʠʞʥʳʤʠ ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʠʤʠ ʧʣʘʩʪʠʥʘʤʠ 3 

ʛʨʝʙʝʥʯʘʪʦʡ ʬʦʨʤʳ. ʀʟʤʝʥʝʥʠʝ ʝʤʢʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ 

ʂʦʨʠʦʣʠʩʘ ʥʘ ʨʘʙʦʯʝʝ ʪʚʸʨʜʦʝ ʪʝʣʦ, ʥʘʭʦʜʷʱʝʝʩʷ ʥʘ ʧʦʜʚʝʩʘʭ 4 ʚʥʫʪʨʠ 

ʢʦʨʧʫʩʘ 5 ʠ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʘʤʧʣʠʪʫʜʥʳʝ ʟʥʘʯʝʥʠʷ ʫʢʘʟʘʥʥʳʭ 

ʚʦʟʜʝʡʩʪʚʠʡ. ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʦʩʠ Z ʧʦ ʩʦʚʦʢʫʧʥʦʤʫ ʠʟʤʝʥʝʥʠʶ 

ʸʤʢʦʩʪʝʡ C(X) ʠ C(Y). 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʨʘʙʦʪʳ ʤʠʢʨʦʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʝʥʩʦʨʘ 

(ʈʠʩ. 2), ʧʦʣʦʞʝʥʥʦʛʦ ʚ ʦʩʥʦʚʫ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʩʧʦʩʦʙʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʩʣʝʜʫʶʱʝʤ: 

 

ʈʠʩʫʥʦʢ 2 - ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʨʘʙʦʪʳ ʄʕʄʉ 
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ʂʣʘʩʩʠʯʝʩʢʠʤʠ ʥʝʟʘʚʠʩʠʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ 

ʦʜʥʦʟʥʘʯʥʦ ʟʘʜʘʪʴ ʫʛʣʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʷʚʣʷʶʪʩʷ ʫʛʣʳ ʕʡʣʝʨʘ ï 

ʂʨʳʣʦʚʘ: ʢʫʨʩ ï ű, ʢʨʝʥ ï ɣ, ʪʘʥʛʘʞ ï ɗ. ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʫʛʣʦʚ 

ʦʪʩʯʠʪʳʚʘʶʪʩʷ ʧʨʦʪʠʚ ʭʦʜʘ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ, ʘ ʠʪʦʛʦʚʦʝ ʫʛʣʦʚʦʝ ʧʦʣʦʞʝʥʠʝ 

ʦʙʲʝʢʪʘ ʚ ʧʨʠʚʝʜʝʥʥʦʡ ʛʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʟʘʜʘʝʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʧʦʚʦʨʦʪʦʚ  

ɿʥʘʷ ʟʥʘʯʝʥʠʷ ʫʛʣʦʚ ʕʡʣʝʨʘ - ʂʨʳʣʦʚʘ ʚ ʪʝʢʫʱʠʡ ʜʠʩʢʨʝʪʥʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ ( i, i, i)
T ʠ ʚʝʢʪʦʨ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʚʨʘʱʝʥʠʷ (wz

*, wy
* wz

*)T ʚ 

ʥʝʧʦʜʚʠʞʥʦʡ ʛʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ OX*Y*Z* , ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʝʦʨʠʝʡ ʠʥʝʨʮʠʘʣʴʥʦʡ ʥʘʚʠʛʘʮʠʠ ʤʦʞʥʦ ʥʦʚʳʝ ʢʦʦʨʜʠʥʘʪʳ ʚ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ (i+1): 

( i+1, i+1, i+1)T = ( i, i, i)T + T(wz* , wy*  , wx*)
T , 

ʛʜʝ T ï ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʤʦʤʝʥʪʘʤʠ i ʠ (i+1) 

ʇʦʩʢʦʣʴʢʫ MEMS ʛʠʨʦʩʢʦʧ ʚʳʜʘʝʪ ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ (wz, 

wy, wx)T ʚʦʢʨʫʛ ʦʩʝʡ ʩʚʷʟʘʥʥʦʡ ʩ ʥʠʤ ʧʦʜʚʠʞʥʦʡ, ʘ ʥʝ ʛʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ, ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ   ʚʳʧʦʣʥʠʪʴ   ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ   

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

(wz* , wy*, wx*)
T = ʌ{ (wz, wy, wx)

T}  

ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚʨʘʱʝʥʠʷ ʤʠʢʨʦʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʩʝʥʩʦʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ X*  ʠ Z*  ʦʪʩʯʠʪʳʚʘʶʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʪʠʚ 

ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ. 

ɺʘʨʠʘʥʪʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ ʘʬʬʠʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ  ʢʘʯʝʩʪʚʝ 

ʬʫʥʢʮʠʦʥʘʣʘ  ʌ{-}  ʚʳʨʘʞʝʥʠʷ 

(wz* , wy*, wx*)
T = RZXY

-1(wz, wy, wx)
T 

ʛʜʝ RZXY = RZRXRY   ï ʤʘʪʨʠʮʘ ʧʦʚʦʨʦʪʘ ʚ ʪʨʝʭʤʝʨʥʦʤ (3D) 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʦʙʣʘʜʘʶʱʘʷ ʩʚʦʡʩʪʚʦʤ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʠ, ʪ.ʝ. RZXYRZXY
T = E, 

ʛʜʝ E ï ʝʜʠʥʠʯʥʘʷ ʤʘʪʨʠʮʘ, ʠ RZXY
-1 = RZXY

T, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʤʝʥʠʪʴ 
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ʚʳʯʠʩʣʠʪʝʣʴʥʦ ʝʤʢʫʶ ʧʨʦʮʝʜʫʨʫ ʦʙʨʘʱʝʥʠʷ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʠʝʤ. ʊʘʢʞʝ 

ʜʣʷ ʤʘʪʨʠʮʳ RZXY (ʢʘʢ ʠ ʜʣʷ ʤʘʪʨʠʮ RZ, RY, RX) ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦ 

det[RZXY] = 1, ʪ.ʝ. ʩʦʙʣʶʜʘʝʪʩʷ ʫʩʣʦʚʠʝ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʠ ʦʩʝʡ ʧʦʜʚʠʞʥʦʡ 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. ʉʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʧʨʦʠʟʚʝʜʝʥʠʝ ʤʘʪʨʠʮ ʧʦʚʦʨʦʪʘ 

ʥʝʢʦʤʤʫʪʘʪʠʚʥʦ, ʪ.ʝ. RXRY RYRX, ʠ ʨʝʟʫʣʴʪʘʪ ʟʘʚʠʩʠʪ ʦʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʦʚʦʨʦʪʦʚ ʚʦʢʨʫʛ ʢʘʞʜʦʡ ʠʟ ʦʩʝʡ. 

ʇʦʩʢʦʣʴʢʫ   ʪʨʦʡʢʘ   ʚʝʢʪʦʨʦʚ, ʦʙʨʘʟʫʝʤʳʭ ʦʩʷʤʠ X, Y ʠ Z ʥʘ ʬʠʛ. 2                          

ʷʚʣʷʝʪʩʷ ʧʨʘʚʦʡ, ʪʦ ʤʘʪʨʠʮʳ ʧʦʚʦʨʦʪʘ RX, RY ʠ RZ  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʤʝʶʪ 

ʚʠʜ:  

 

 

 

ʈʠʩʫʥʦʢ 3 - ʂʦʥʩʪʨʫʢʮʠʷ ʧʨʠʙʦʨʘ 
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ʉʪʘʙʠʣʠʟʘʮʠʷ ʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʨʝʘʣʠʟʫʝʪʩʷ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʦʙʲʝʢʪʝ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʤʠʢʨʦʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʡ ʩʝʥʩʦʨ 6, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʈʠʩ. 11 ʷʚʣʷʷʩʴ 

ʜʘʪʯʠʢʦʤ ʥʝʛʘʪʠʚʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʜʣʷ ʩʠʩʪʝʤʳ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ 

ʧʨʠʚʦʜʦʚ 7 ʨʘʟʤʝʱʸʥʥʳʭ ʚ ʢʘʨʜʘʥʦʚʦʤ ʧʦʜʚʝʩʝ 8 ʠ ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʦʩʝʚʦʝ 

ʧʝʨʝʤʝʱʝʥʠʝ ʦʙʲʝʢʪʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 9 (ʧʨʠʙʦʨʘ ʥʘʙʣʶʜʝʥʠʷ ʠ 

ʧʨʠʮʝʣʠʚʘʥʠʷ) ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʚʥʝʰʥʝʤʫ ʚʦʟʜʝʡʩʪʚʠʶ (ʜʚʠʞʝʥʠʷ 

ʚʦʝʥʥʦʡ ʛʫʩʝʥʠʯʥʦʡ ʠ ʢʦʣʝʩʥʦʡ ʤʘʰʠʥʳ) ʥʘʧʨʘʚʣʝʥʠʠ, ʪʝʤ ʩʘʤʳʤ ʩʪʨʝʤʷʩʴ 

ʧʨʠʜʘʪʴ ʦʙʲʝʢʪʫ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 6 ʠʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ ʧʦʩʨʝʜʩʪʚʦʤ 

ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʩʧʦʩʦʙʘ ʝʛʦ ʩʪʘʙʠʣʠʟʘʮʠʠ. ɺʳʨʘʙʦʪʢʫ ʫʧʨʘʚʣʷʶʱʠʭ 

ʩʠʛʥʘʣʦʚ 10 ʜʣʷ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʠʚʦʜʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʘʷ ʩʭʝʤʘ 11, ʠʩʪʦʯʥʠʢʦʤ ʠʩʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʜʣʷ ʢʦʪʦʨʦʡ 

ʷʚʣʷʝʪʩʷ ʤʠʢʨʦʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʡ ʩʝʥʩʦʨ 6. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʧʦʣʝʡ ʟʨʝʥʠʷ ʧʨʠʙʦʨʦʚ ʥʘʙʣʶʜʝʥʠʷ ʠ ʧʨʠʮʝʣʠʚʘʥʠʷ ʚʦʝʥʥʳʭ ʛʫʩʝʥʠʯʥʳʭ ʠ 

ʢʦʣʝʩʥʳʭ ʤʘʰʠʥ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʨʷʜ ʢʣʶʯʝʚʳʭ ʧʨʦʙʣʝʤ, ʠʤʝʶʱʠʭʩʷ ʫ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʟʘ ʩʯʝʪ ʪʘʢʠʭ ʧʨʝʠʤʫʱʝʩʪʚ ʢʘʢ: 

1. ʇʦʩʨʝʜʩʪʚʦʤ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʘʢʪʥʦʛʦ ʤʠʢʨʦ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʜʘʪʯʠʢʘ ʠʩʢʣʶʯʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʧʦʣʦʤʦʢ ʨʦʪʦʨʥʦʛʦ ʛʠʨʦʩʢʦʧʘ, ʧʨʠʤʝʥʷʝʤʦʛʦ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ 

ʩʧʦʩʦʙʝ ʩʪʘʙʠʣʠʟʘʮʠʠ; 

2. ɿʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʠʩʪʝʤ, 

ʨʝʘʣʠʟʫʶʱʠʭ ʩʪʘʙʠʣʠʟʘʮʠʶ, ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠʟʛʦʪʦʚʣʝʥʠʷ SMD ʠ MEMS ʩʪʨʫʢʪʫʨ 

3. ʇʝʨʩʧʝʢʪʠʚʘ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʠ ʩʧʦʩʦʙʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʝʛʦ 

ʚʦʟʤʦʞʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʦʩʥʦʚʳ ʜʣʷ 

ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʙʦʣʝʝ 

ʪʷʞʝʣʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʢʦʤʧʣʝʢʩʘʤʠ ʚʦʦʨʫʞʝʥʠʷ; 
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4. ʆʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʩʣʦʞʥʦʤ ʠ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʝ, ʪ.ʢ. ʚ ʩʣʫʯʘʝ ʚʳʭʦʜʘ ʠʟ 

ʩʪʨʦʷ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʦʡ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ, ʚʚʠʜʫ 

ʝʸ ʢʦʤʧʘʢʪʥʦʩʪʠ ʠ ʥʝʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ, ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʥʝʥʘ ʥʘ ʠʩʧʨʘʚʥʫʶ ʙʝʟ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʝʤʦʥʪʘ. 
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ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʤʘʥʠʧʫʣʷʪʦʨʳ ʩ ʨʘʟʚʠʪʦʡ ʩʠʩʪʝʤʦʡ ʧʨʠʚʦʜʦʚ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, 

ʨʘʩʰʠʨʝʥʠʶ ʚʦʟʤʦʞʥʦʩʪʝʡ ʊʆ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʨʝʥʘʞʸʨʦʚ, ʠʤʠʪʠʨʫʶʱʠʭ 

ʢʠʥʝʤʘʪʠʯʝʩʢʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʦʪ ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ ʠʣʠ ʪʨʘʝʢʪʦʨʠʡ 

ʙʝʟʦʧʦʨʥʦʛʦ ʜʚʠʞʝʥʠʷ ʠ ʜʨ. ʉʦʚʦʢʫʧʥʦʝ ʜʝʡʩʪʚʠʝ ʧʨʠʚʦʜʦʚ, ʧʦʟʚʦʣʷʝʪ 

ʨʝʘʣʠʟʦʚʘʪʴ ʣʶʙʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʨʛʘʥʘ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʟʦʥʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʄʘʥʠʧʫʣʷʪʦʨʳ ʠʤʝʶʪ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʮʠʬʨʦʚʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʣʶʙʦʡ ʚʠʜ ʜʚʠʞʝʥʠʷ ʠ ʠʟʤʝʥʷʪʴ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʉʣʦʞʥʦʩʪʴ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʟʘʚʠʩʠʪ ʦʪ ʩʭʝʤʥʦʛʦ 

ʨʝʰʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʧʘʨʮʠʘʣʴʥʳʝ ʜʚʠʞʝʥʠʷ ʦʪ ʦʪʜʝʣʴʥʳʭ ʧʨʠʚʦʜʦʚ ʷʚʣʷʶʪʩʷ 

ʩʚʷʟʘʥʥʳʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʜʚʠʞʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʩʧʦʣʥʝʥʠʷ ʧʘʨʮʠʘʣʴʥʳʭ ʜʚʠʞʝʥʠʡ, ʦʩʦʙʝʥʥʦ ʫʛʣʦʚʳʭ 

ʜʚʠʞʝʥʠʡ, ʧʦʚʦʨʦʪʦʚ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʪʨʝʥʘʞʝʨʘʭ ʩʭʝʤʘ ʧʦ ʪʠʧʫ çʧʣʘʪʬʦʨʤʳ ʉʪʶʘʨʪʘè [1] ʠʤʝʝʪ ʞʝʩʪʢʫʶ ʩʚʷʟʴ 

ʚʩʝʭ ʧʘʨʮʠʘʣʴʥʳʭ ʜʚʠʞʝʥʠʡ, ʬʦʨʤʠʨʫʝʤʳʭ ʰʝʩʪʴʶ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʠʣʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤʠ ʧʨʠʚʦʜʘʤʠ. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ 

ʧʣʘʪʬʦʨʤʳ ʉʪʶʘʨʪʘ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ, ʦʜʥʘʢʦ ʚ ʩʠʣʫ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʠ, 

ʧʣʘʪʬʦʨʤʘ ʉʪʶʘʨʪʘ ʦʪʨʘʙʦʪʘʥʘ ʠ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʩʝʨʠʡʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ.  

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ, ʢʘʢ ʟʘ ʨʫʙʝʞʦʤ, ʪʘʢ ʠ ʚ ʥʘʰʠʭ ɺʦʦʨʫʞʝʥʥʳʭ 

ʉʠʣʘʭ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʛʨʫʟʦʯʥʦ-ʨʘʟʛʨʫʟʦʯʥʳʭ ʠ ʜʝʤʦʥʪʘʞʥʦ-ʤʦʥʪʘʞʥʳʭ 

ʨʘʙʦʪ ʩ ʦʙʳʯʥʳʤʠ ʠ ʦʧʘʩʥʳʤʠ ʛʨʫʟʘʤʠ ʚʩʝ ʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʭʦʜʷʪ 

ʢʨʘʥʳ-ʤʘʥʠʧʫʣʷʪʦʨʳ ʚʦʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ʇʨʠʯʠʥʘʤʠ ʵʪʦʛʦ ʦʙʲʝʢʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʦʨʳ: 

ʚʦ-ʧʝʨʚʳʭ, ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʝ ʤʘʩʩʦʚʦ-ʛʘʙʘʨʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʂʄʋ, ʚʦ-ʚʪʦʨʳʭ, ʩʪʨʝʤʣʝʥʠʝ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʦʙʝʩʧʝʯʠʪʴ ʘʚʪʦʥʦʤʥʦʩʪʴ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʦʙʨʘʟʮʦʚ ʚʦʝʥʥʦʡ ʪʝʭʥʠʢʠ ʠ ʚʦʦʨʫʞʝʥʠʷ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʧʦʛʨʫʟʦʯʥʦ-ʨʘʟʛʨʫʟʦʯʥʳʭ ʨʘʙʦʪ ʠ, ʚ-ʪʨʝʪʴʠʭ, 

ʫʩʠʣʠʚʘʶʱʘʷʩʷ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʪʝʥʜʝʥʮʠʷ ʢ ʧʦʚʳʰʝʥʠʶ ʛʨʫʟʦʚʳʩʦʪʥʳʭ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂʄʋ, ʧʨʠʙʣʠʞʝʥʠʝ ʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʠ 

ʚʳʣʝʪʫ ʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ çʣʝʛʢʠʭè ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʢʨʘʥʦʚ. 

ʂʄʋ ʚʦʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʦʩʥʘʱʝʥʳ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʛʨʫʟʦʧʦʜʲʝʤʥʳʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʰʘʨʥʠʨʥʦ-ʩʦʯʣʝʥʝʥʥʦʛʦ ʪʠʧʘ ʠ ʨʝʝʯʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ 

ʧʦʚʦʨʦʪʘ, ʠʟʛʦʪʦʚʣʝʥʥʳʤʠ ʠʟ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʩʪʘʣʝʡ. ʕʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʩʪʨʝʤʣʝʥʠʝʤ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʂʄʋ ʚ 

ʪʨʘʥʩʧʦʨʪʥʦʤ ʧʦʣʦʞʝʥʠʠ, ʘ ʪʘʢʞʝ ʩʥʠʟʠʪʴ ʤʘʩʩʫ ʛʨʫʟʦʧʦʜʲʝʤʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʪʝʭʥʠʢʠ ʚʦʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʚʦʟʥʠʢʘʝʪ ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʩʪʴ ʢʦʤʧʦʥʦʚʢʠ ʂʄʋ ʥʘ 

ʨʘʟʣʠʯʥʳʝ ʩʨʝʜʩʪʚʘ ʧʦʜʚʠʞʥʦʩʪʠ. 

ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘʰʝʣ ʚʘʨʠʘʥʪ ʨʘʟʤʝʱʝʥʠʷ ʂʄʋ ʟʘ 

ʢʘʙʠʥʦʡ ʙʘʟʦʚʦʛʦ ʰʘʩʩʠ. ʅʘʧʨʠʤʝʨ, ʂʄʋ ʚʦʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʂʄʋ-10ʂ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ɸʆ çʂʣʠʥʮʦʚʩʢʠʡ ʘʚʪʦʢʨʘʥʦʚʳʡ ʟʘʚʦʜè ʚ ʩʦʩʪʘʚʝ ʧʦʜʚʠʞʥʦʡ 

ʤʘʩʪʝʨʩʢʦʡ ʇʄ-ʊʆʈ, ʧʨʠʥʷʪʦʡ ʥʘ ʩʥʘʙʞʝʥʠʝ ɾʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʚʦʡʩʢ, 

ʨʘʟʤʝʱʝʥʘ ʤʝʞʜʫ ʢʘʙʠʥʦʡ ʙʘʟʦʚʦʛʦ ʰʘʩʩʠ ï ʂʘʤɸɿ-6560 ï ʠ ʬʫʨʛʦʥʦʤ ʩ 

ʢʦʤʧʣʝʢʪʦʤ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʅʝʦʙʭʦʜʠʤʳʡ ʫʨʦʚʝʥʴ ʢʘʯʝʩʪʚʘ ʊʆ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʪʦʯʥʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʝʪʘʣʝʡ, ʚʢʣʶʯʘʷ ʪʦʯʥʦʩʪʴ 

ʨʘʟʤʝʨʦʚ, ʬʦʨʤʳ, ʰʝʨʦʭʦʚʘʪʦʩʪʴ. ɸʥʘʣʠʟ ʨʘʙʦʪ ɹ.ʄ. ɹʘʟʨʦʚʘ, ɸ.ʄ. ɹʨʦʥʥʘ, 

ɺ.ʅ. ɽʚʩʪʠʛʥʝʝʚʘ, ɺ.ɸ. ʂʫʜʠʥʦʚʘ [2, 3] ʠ ʜʨ., ʧʦʩʚʷʱʝʥʥʳʭ ʦʙʨʘʙʦʪʢʝ 

ʠʟʜʝʣʠʡ ʥʘ ʩʪʘʥʢʘʭ ʨʘʟʣʠʯʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʧʦʟʚʦʣʷʝʪ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʪʘʥʢʘ ʢʘʢ ʵʣʝʤʝʥʪʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʜʦʣʞʥʳ ʙʳʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʯʥʦʩʪʠ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʟʘʜʘʥʥʳʭ ʜʚʠʞʝʥʠʡ ʫʟʣʦʚ, ʥʝʩʫʱʠʭ ʠʥʩʪʨʫʤʝʥʪ ʠ ʟʘʛʦʪʦʚʢʫ, 

ʪʦ ʝʩʪʴ ʬʦʨʤʦʦʙʨʘʟʫʶʱʠʭ ʫʟʣʦʚ ʩʪʘʥʢʘ. ɻʣʘʚʥʳʤ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ 

ʫʩʣʦʚʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʝʪʘʣʝʡ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ 

ʧʦʛʨʝʰʥʦʩʪʷʤʠ ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤʳ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʦʪʢʣʦʥʝʥʠʡ 

ʦʪ ʟʘʜʘʥʥʳʭ ʫʩʪʦʡʯʠʚʳʭ ʧʦʣʦʞʝʥʠʡ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʟʘʛʦʪʦʚʢʠ. ʊʘʢʠʝ 

ʦʪʢʣʦʥʝʥʠʷ ʚʦʟʥʠʢʘʶʪ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʩʠʣʦʚʳʭ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ 

ʜʝʬʦʨʤʠʨʫʝʤʫʶ ʩʠʩʪʝʤʫ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʊʦʯʥʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 



ʄʅʇʂ çʊʈɸʅʉʇʆʈʊʅʓɽ ʉʀʉʊɽʄʓ: ɹɽɿʆʇɸʉʅʆʉʊʔ, ʅʆɺʓɽ ʊɽʍʅʆʃʆɻʀʀ, ʕʂʆʃʆɻʀʗè 

284  

ʦʧʨʝʜʝʣʝʥʥʘʷ ʬʫʥʢʮʠʷ ʩʪʘʪʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʊʆʅʂ ʪ.ʝ. ʦʙʦʨʫʜʦʚʘʥʠʝ ʩ ʧʘʨʘʣʣʝʣʴʥʦʡ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ 

(ʩʪʘʥʢʠ-ʛʝʢʩʘʧʦʜʳ, ʪʨʠʧʦʜʳ, ʤʘʥʠʧʫʣʷʪʦʨʳ, ʘʚʪʦ - ʠ ʘʚʠʘʪʨʝʥʘʞʝʨʳ, ʩʠʩʪʝʤʘ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʪʝʣʝʩʢʦʧʦʚ, ʩʧʫʪʥʠʢʦʚʳʭ ʘʥʪʝʥʥ, ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʚ 

ʦʨʪʦʧʝʜʠʯʝʩʢʦʡ ʭʠʨʫʨʛʠʠ ʠ ʜʨ.), ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʚʠʜʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʫʩʣʦʚʠʡ ʤʝʣʢʦʩʝʨʠʡʥʦʛʦ ʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʪʘʢʦʛʦ ʚʠʜʘ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʚʦʟʤʦʞʥʳʭ ʚʠʜʦʚ ʠ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ, ʚʳʩʦʢʘʷ 

ʞʝʩʪʢʦʩʪʴ ʧʨʠ ʤʘʣʦʡ ʤʘʩʩʝ.  

ʊʆʅʂ ʦʪʥʦʩʠʪʩʷ ʢ ʥʦʚʦʤʫ ʚʠʜʫ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʦʵʪʦʤʫ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʘʢʪʫʘʣʴʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʪʦʯʥʦʩʪʠ, ʜʠʥʘʤʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʠ ʈɿ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɺʦʧʨʦʩʘʤʠ ʢʠʥʝʤʘʪʠʢʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʥʝʪʨʘʜʠʮʠʦʥʥʦʡ 

ʢʦʤʧʦʥʦʚʢʠ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ ɸ.ʐ. ʂʦʣʠʩʢʦʨʘ, ʄ.ɿ. ʂʦʣʦʚʩʢʦʛʦ, ɺ.ʆ. 

ɸʩʪʘʥʠʥʘ, ɸ.ʌ. ʂʨʘʡʥʝʚʘ [4  7].  

ɺʦʧʨʦʩʳ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʠ ʊʆʅʂ ʠ ʇʄ 

ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʙʦʪʘʭ ʀ.ʀ. ɸʨʪʦʙʦʣʝʚʩʢʦʛʦ, ʌ.ʄ. ɼʠʤʝʥʪʙʝʨʛʘ, ɺ.ɺ. 

ɹʫʰʫʝʚʘ, ɽ.ʀ. ɺʦʨʦʙʴʝʚʘ, ɺ. ɻʘʫʬʘ, ɺ.ɸ. ɻʣʘʟʫʥʦʚʘ, ɸ.ʐ. ʂʦʣʠʩʢʦʨʘ, ʄ.ɿ. 

ʂʦʣʦʚʩʢʦʛʦ, ɸ.ɺ. ʉʣʦʫʱʘ, ɸ.ʌ. ʂʨʘʡʥʝʚʘ, ɼ. ʉʪʶʘʨʪʘ, ʂ. ʍʘʥʪʘ, ɺ.ɽ. 

ʊʫʨʣʘʧʦʚʘ ʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ [8  11]. 

ʇʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʦʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʊʆʅʂ ʩʦʩʪʦʷʪ ʚ 

ʩʣʝʜʫʶʱʝʤ: ʨʘʮʠʦʥʘʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʠʣ ʠ ʨʘʟʜʝʣʝʥʠʝ ʬʫʥʢʮʠʡ ʤʝʞʜʫ 

ʵʣʝʤʝʥʪʘʤʠ ʩʚʷʟʝʡ ʠ ʟʚʝʥʴʷʤʠ, ʧʦʟʚʦʣʷʝʪ ʠʤʝʪʴ ʤʠʥʠʤʘʣʴʥʳʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʠ ʤʠʥʠʤʘʣʴʥʳʝ ʥʘʛʨʫʟʢʠ ʥʘ ʟʚʝʥʴʷ ʠ ʧʨʠʚʦʜʳ; ʤʘʣʦʝ 

ʯʠʩʣʦ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʧʫʪʠ ʟʘʤʳʢʘʥʠʷ ʩʠʣ ʧʨʠʚʦʜʠʪ ʢ ʤʝʥʴʰʠʤ ʜʝʬʦʨʤʘʮʠʷʤ 

ʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʭ ʜʚʠʞʝʥʠʡ; ʚʳʧʦʣʥʝʥʠʝ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʦʧʝʨʘʮʠʡ ʧʦ ʫʩʪʘʥʦʚʢʝ ʦʙʲʝʢʪʘ, ʚʳʩʦʢʘʷ ʞʝʩʪʢʦʩʪʴ ʩʠʩʪʝʤʳ, 

ʧʦʩʢʦʣʴʢʫ ʥʝʩʫʱʠʝ ʟʚʝʥʴʷ ʨʘʙʦʪʘʶʪ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʠ ʩʞʘʪʠʝ; 

ʤʦʜʫʣʴʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʫʥʠʬʠʢʘʮʠʷ ʝʛʦ ʘʛʨʝʛʘʪʦʚ, ʫʟʣʦʚ ʠ 
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ʜʨ. ʂ ʦʩʥʦʚʥʦʤʫ ʥʝʜʦʩʪʘʪʢʫ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʚʳʩʦʢʠʝ ʨʘʩʭʦʜʳ ʥʘ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ.  

ʇʨʦʠʟʚʦʜʩʪʚʦʤ ʊʆʅʂ ʟʘʥʠʤʘʶʪʩʷ ʪʘʢʠʝ ʠʟʚʝʩʪʥʳʝ ʬʠʨʤʳ ʢʘʢ: 

çMicromat Werkzeugmaschinenè, çINAè (ɻʝʨʤʘʥʠʷ), çOcuma Europeè 

(ʗʧʦʥʠʷ), çNews Roboticsè (ʐʚʝʮʠʷ), çKrause & Mouserè (ɻʝʨʤʘʥʠʷ ʠ 

ɸʚʩʪʨʠʷ), çRenault Automationè (ʌʨʘʥʮʠʷ), çComauè (ʀʪʘʣʠʷ), çSena 

Technologiesè (ʖʞʥʘʷ ʂʦʨʝʷ), çʃʘʧʠʢè (ʈʦʩʩʠʷ) ʘ ʪʘʢʞʝ ʦʪʝʯʝʩʪʚʝʥʥʦʝ ɸʆ 

çʂʣʠʥʮʦʚʩʢʠʡ ʘʚʪʦʢʨʘʥʦʚʳʡ ʟʘʚʦʜè. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

ʨʘʩʩʤʦʪʨʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʊʆʅʂ ʠ ʠʭ ʘʥʘʣʠʟ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʦ ʢʨʠʪʝʨʠʷʤ 

ʪʦʯʥʦʩʪʠ ʠ ʞʝʩʪʢʦʩʪʠ. ʇʦ ʧʘʪʝʥʪʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ [12 ï 15] ʚʠʜʥʦ, ʯʪʦ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʇʄ ʷʚʣʷʶʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ. ʇʦʜʚʠʞʥʫʶ ʧʣʘʪʬʦʨʤʫ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʧʦʜʘʶʱʠʡ ʦʨʛʘʥ ʜʣʷ ʧʦʛʨʫʟʢʠ ʨʘʟʣʠʯʥʳʭ 

ʦʙʲʝʢʪʦʚ, ʥʦ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʫʶ ʧʣʘʪʬʦʨʤʫ ʢʘʢ ʩʙʦʨʥʠʢ ʜʣʷ ʧʨʠʥʷʪʠʷ 

ʨʘʟʣʠʯʥʳʭ ʛʨʫʟʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʭʘʥʠʟʤʳ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʝʥʠʷ, 

ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʷʶʱʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʪʨʘʜʠʮʠʦʥʥʦʛʦ 

ʊʆ. 
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ɸʥʥʦʪʘʮʠʷ. ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʛʘʧʦʣʠʩʳ ʠʤʝʶʪ ʚʳʩʦʢʦʨʘʟʚʠʪʳʝ 

ʧʨʝʜʧʨʠʷʪʠʷ ʢʘʢ ʚ ʩʬʝʨʝ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʪʘʢ ʠ ʩʬʝʨʝ ʫʩʣʫʛ. ʆʜʥʘʢʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʤʦʞʝʪ ʙʳʪʴ ʥʝʚʳʩʦʢʦʡ ʠʟ-ʟʘ ʠʭ 

ʩʥʠʞʝʥʥʦʡ ʜʦʩʪʫʧʥʦʩʪʠ. ʅʘ ʜʦʩʪʫʧʥʦʩʪʴ ʚʣʠʷʶʪ ʢʘʢ ʬʘʢʪʦʨʳ 

ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʋɼʉ, ʪʘʢ ʠ ʨʘʙʦʪʳ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. 

ʀʩʧʦʣʴʟʫʝʤ ʤʝʪʦʜ ʨʘʟʜʝʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ ʣʠʯʥʦʛʦ ʠ 

ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʩ ʧʨʠʦʨʠʪʠʟʘʮʠʝʡ ʧʦʩʣʝʜʥʝʛʦ.  ʉ ʵʪʦʡ ʮʝʣʴʶ 

ʨʘʩʩʤʦʪʨʠʤ ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʠ ʦʨʛʘʥʠʟʫʝʤ ʜʚʠʞʝʥʠʝ ʥʘ ʙʦʣʴʰʠʥʩʪʚʝ 

ʝʛʦ ʮʝʥʪʨʘʣʴʥʳʭ ʫʣʠʮ ʨʘʮʠʦʥʘʣʴʥʦ ʠ ʛʨʘʤʦʪʥʦ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʝ ʪʦʣʴʢʦ ʥʘ 

ʧʨʠʦʨʠʪʠʟʘʮʠʠ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʥʦ ʪʘʢʞʝ ʠ ʧʦʚʳʰʝʥʠʠ ʝʛʦ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʧʨʦʧʫʩʢʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ï ʨʘʟʚʠʪʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ. 

Annotation. Modern megacities have highly developed enterprises in both 

industry and services. However, the efficiency of these enterprises may not be high 

due to their reduced availability. Accessibility is affected by both the congestion 

factors of the road network and the operation of public transport. We use the 

method of separating the traffic flows of private and public transport with the 

prioritization of the latter.  To this end, let's consider the city of St. Petersburg, and 

organize traffic on most of its central streets rationally and competently, based not 

only on the prioritization of public transport, but also on increasing its 

environmental and capacity characteristics - the development of electric transport. 
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ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ ï 7-ʤʠʣʣʠʦʥʥʳʡ ʤʝʛʘʧʦʣʠʩ ʩ ʢʨʘʩʠʚʝʡʰʠʤ 

ʠʩʪʦʨʠʯʝʩʢʠʤ ʮʝʥʪʨʦʤ ʠ ʜʦʚʦʣʴʥʦ ʥʘʩʝʣʸʥʥʳʤʠ ʦʢʨʘʠʥʥʳʤʠ ʨʘʡʦʥʘʤʠ. ʉ 

ʇʝʪʝʨʙʫʨʛʦʤ ʛʨʘʥʠʯʘʪ ʥʝʩʢʦʣʴʢʦ ʛʦʨʦʜʦʚ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ, ʥʘʩʝʣʝʥʠʝ 

ʢʦʪʦʨʳʭ ʜʦʚʦʣʴʥʦ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʟʘʛʨʫʞʝʥʥʦʩʪʴ ʦʙʱʝʩʪʚʝʥʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ ʛʦʨʦʜʘ. ɽʩʪʝʩʪʚʝʥʥʦ, ʪʨʘʥʩʧʦʨʪʥʳʝ ʧʦʪʨʝʙʥʦʩʪʠ ʚʩʝʭ ʞʠʪʝʣʝʡ 

ʛʦʨʦʜʘ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳ ï ʵʪʦ ʣʠʙʦ ʜʚʠʞʝʥʠʝ ʚ ʮʝʥʪʨʘʣʴʥʫʶ ʯʘʩʪʴ 

ʛʦʨʦʜʘ, ʣʠʙʦ ï ʚ ʩʦʩʝʜʥʠʡ ʦʢʨʘʠʥʥʳʡ ʨʘʡʦʥ. ʊʦʯʥʦ ʪʘʢʞʝ, ʚ ʧʨʠʥʮʠʧʝ, ʠ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʛʦʨʦʜʘ ï ʞʠʪʝʣʠ ʧʨʠʙʣʠʞʸʥʥʳʭ ʢ ʮʝʥʪʨʫ ʨʘʡʦʥʦʚ ʝʟʜʷʪ ʚ 

ʮʝʥʪʨ, ʘ ʪʦʪ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʛʝʥʝʨʠʨʫʝʪ ʪʨʘʥʩʧʦʨʪʥʳʝ ʧʦʪʦʢʠ ʚ 

ʧʨʠʙʣʠʞʸʥʥʳʝ ʢ ʥʝʤʫ ʨʘʡʦʥʳ. 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʧʝʨʝʤʝʱʝʥʠʷ ʞʠʪʝʣʝʡ ʧʦ ʛʦʨʦʜʫ, ʪʨʘʥʩʧʦʨʪʥʘʷ ʥʘʫʢʘ 

ʨʘʟʨʘʙʦʪʘʣʘ ʢʦʤʧʣʝʢʩ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʨʘʟʚʠʪʠʶ ʠ ʠʥʪʝʛʨʘʮʠʠ ʪʨʘʥʩʧʦʨʪʘ ʚ 

ʞʠʟʥʴ ʛʦʨʦʞʘʥ. ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ ʪʠʧʦʣʦʛʠʷ ʤʘʨʰʨʫʪʦʚ. ʀʭ ʨʘʟʣʠʯʘʶʪ ʥʘ 

ʤʘʛʠʩʪʨʘʣʴʥʳʝ ʠ ʨʘʡʦʥʥʳʝ ʤʘʨʰʨʫʪʳ. ʇʝʨʚʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʪʘʥʛʝʥʮʠʘʣʴʥʳʝ (ʩʚʷʟʴ ʤʝʞʜʫ ʦʢʨʘʠʥʥʳʤʠ ʨʘʡʦʥʘʤʠ, ʠʥʪʝʨʚʘʣ ʜʚʠʞʝʥʠʷ ï 5-

8 ʤʠʥʫʪ), ʮʝʥʪʨʘʣʴʥʳʝ (ʩʚʷʟʴ ʤʝʞʜʫ ʦʢʨʘʠʥʥʳʤʠ ʠ ʮʝʥʪʨʘʣʴʥʳʤʠ ʨʘʡʦʥʘʤʠ, 

8-10 ʤʠʥʫʪ) ʠ ʜʠʘʤʝʪʨʘʣʴʥʳʝ (ʩʚʷʟʴ ʧʨʠʙʣʠʞʸʥʥʳʭ ʢ ʮʝʥʪʨʫ ʨʘʡʦʥʦʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʯʝʨʝʟ ʮʝʥʪʨ, 12-15 ʤʠʥʫʪ) ʤʘʨʰʨʫʪʳ. ɺʪʦʨʫʶ ʞʝ ʛʨʫʧʧʫ 

ʩʦʩʪʘʚʣʷʶʪ ʩʦʮʠʘʣʴʥʳʝ (ʩʚʷʟʴ ʩʦʮʠʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʨʘʡʦʥʘ 15-20 ʤʠʥʫʪ), 

ʢʦʣʴʮʝʚʳʝ (ʚʥʫʪʨʠʨʘʡʦʥʥʘʷ ʩʚʷʟʴ, 10-12 ʤʠʥʫʪ) ʠ ʧʝʪʣʝʚʳʝ (ʩʚʷʟʴ 

ʦʪʜʘʣʸʥʥʳʭ ʞʠʣʳʭ ʢʚʘʨʪʘʣʦʚ ʩ ʙʣʠʞʘʡʰʝʡ ʩʪʘʥʮʠʝʡ ʤʝʪʨʦ ʠʣʠ ʧʨʦʯʠʤ 

ʦʙʲʝʢʪʦʤ ʧʨʠʪʷʞʝʥʠʷ, 12-15 ʤʠʥʫʪ). ɽʩʪʝʩʪʚʝʥʥʦ, ʠ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ʛʦʨʦʜʘ ʤʦʛʫʪ ʚʩʪʨʝʪʠʪʴʩʷ ʢʦʣʴʮʝʚʳʝ, ʧʝʪʣʝʚʳʝ ʠ ʩʦʮʠʘʣʴʥʳʝ ʤʘʨʰʨʫʪʳ, ʥʦ ï 

ʚ ʧʦʨʷʜʢʝ ʠʩʢʣʶʯʝʥʠʷ. ɿʘʯʘʩʪʫʶ, ʵʪʦ ʪʫʨʠʩʪʠʯʝʩʢʠʝ ʤʘʨʰʨʫʪʳ. 
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ʈʠʩʫʥʦʢ 1 ï ʆʧʪʠʤʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʤʘʨʰʨʫʪʦʚ 

ʅʝʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ ʨʘʟʨʘʙʦʪʘʪʴ ʩʠʩʪʝʤʫ ʤʘʨʰʨʫʪʦʚ. ʅʘʜʦ ʩʢʘʟʘʪʴ, ʵʪʦ 

ʙʦʣʴʰʦʝ ʠʩʢʫʩʩʪʚʦ, ʪʘʢ ʢʘʢ ʨʘʟʨʘʙʦʪʘʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʫʜʦʙʥʫʶ ʠ ʜʦʩʪʫʧʥʫʶ 

ʤʘʨʰʨʫʪʥʫʶ ʩʝʪʴ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʦʭʚʘʪʦʤ ʋɼʉ ʥʝ ʫʜʘʩʪʩʷ ʙʝʟ 

ʤʥʦʛʦʜʥʝʚʥʦʡ ʘʥʘʣʠʪʠʢʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ, ʠʩʩʣʝʜʦʚʘʥʠʶ ʫʣʠʮ ʠ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʠ 

ʛʦʩʪʝʡ ʛʦʨʦʜʘ. ʆʜʥʘʢʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʥʘ ʟʘʨʘʙʦʪʘʣʘ ʢʘʢ ʯʘʩʳ ï ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠʤʝʥʠʪʴ ʨʷʜ ʤʝʨ ʠ ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʧʦʚʳʰʝʥʠʷ ʟʥʘʯʠʤʦʩʪʠ 

ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʥʘʜ ʝʛʦ ʛʣʘʚʥʳʤ ʢʦʥʢʫʨʝʥʪʦʤ - ʣʠʯʥʳʤ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ. 

ʂʦʥʬʣʠʢʪ ʤʝʞʜʫ ʜʚʫʤʷ ʵʪʠʤʠ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʘ ʜʘʞʝ ʚ ʙʦʣʴʰʝʡ 

ʩʪʝʧʝʥʠ ʠʩʭʦʜʠʪ ʠʟ ʠʜʝʦʣʦʛʠʠ ʛʦʨʦʜʩʢʦʡ ʤʦʙʠʣʴʥʦʩʪʠ ï ʠ ʢʘʞʜʦʛʦ ʠʟ ʥʘʩ, 

ʢʦʥʝʯʥʦ. ʂʪʦ-ʪʦ ʧʨʝʜʧʦʯʠʪʘʝʪ ʧʝʨʝʜʚʠʛʘʪʴʩʷ ʠʤʝʥʥʦ ʥʘ ʦʙʱʝʩʪʚʝʥʥʦʤ 

ʪʨʘʥʩʧʦʨʪʝ, ʢʪʦ-ʪʦ ï ʥʘ ʣʠʯʥʦʤ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʜʦʭʦʜʠʪ ʜʦ ʢʨʘʡʥʦʩʪʠ: 

ʜʘʣʴʰʝ ʢʘʙʠʥʳ ʘʚʪʦʤʦʙʠʣʷ ʦʥʠ ʥʝ ʧʦʝʜʫʪ ï ʥʝ ʭʦʪʷʪ ʝʟʜʠʪʴ "ʩ ʵʪʠʤ ʥʠʱʠʤ ʠ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ ʦʙʱʝʩʪʚʦʤ". ɺʦ-ʧʝʨʚʳʭ, ʦʥʦ ʥʝ ʥʠʱʝʝ ï ʤʠʬ ʦ ʪʦʤ, ʯʪʦ 

ʦʙʱʝʩʪʚʝʥʥʳʡ ʪʨʘʥʩʧʦʨʪ ʜʣʷ ʙʝʜʥʳʭ ʨʘʟʨʫʰʠʣʠ ʩʝʛʦʜʥʷ ʤʥʦʛʠʝ ʝʚʨʦʧʝʡʩʢʠʝ 

ʠ ʘʤʝʨʠʢʘʥʩʢʠʝ ʛʦʨʦʜʘ, ʛʜʝ ʨʘʥʴʰʝ ʙʳʣ ʫʧʦʨ ʥʘ ʘʚʪʦʤʦʙʠʣʴ, ʘ ʪʝʧʝʨʴ ï ʥʘ 

ʪʨʘʤʚʘʡ, ʯʪʦ ʙʘʥʘʣʴʥʦ ʙʳʩʪʨʝʝ ʠ ʥʘʜʸʞʥʝʝ. ɺʦ-ʚʪʦʨʳʭ, ʚ ʯʘʩʳ ʧʠʢ ʚ 

ʦʙʱʝʩʪʚʝʥʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʙʳʚʘʝʪ ʤʥʦʛʦʣʶʜʥʦ, ʥʦ ʵʪʦ ʥʠʢʘʢ 
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ʥʝ ʩʚʷʟʘʥʦ ʩ ʦʙʱʝʩʪʚʦʤ ï ʩʢʦʨʝʝ ʚʦʧʨʦʩ ʙʫʜʝʪ ʢ ʘʜʤʠʥʠʩʪʨʘʮʠʠ ʛʦʨʦʜʘ, ʪʘʢ 

ʢʘʢ ʪʝ ʷʚʥʦ ʥʝ ʩʦʧʦʩʪʘʚʠʣʠ ʧʣʘʥʦʚʳʡ ʚʳʧʫʩʢ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʚ ʧʘʩʧʦʨʪʝ 

ʤʘʨʰʨʫʪʘ, ʠ ʨʝʘʣʴʥʳʡ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʩʦʢʨʘʱʸʥʥʳʡ ʚʳʧʫʩʢ. ɼʘ, 

ʝʟʜʠʪʴ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʥʝʢʦʤʬʦʨʪʥʦ. ɸ ʯʪʦ, ʢʦʤʬʦʨʪʥʝʝ ʩʪʦʷʪʴ ʚ ʯʘʩʳ ʧʠʢ 

ʥʘ ʟʘʪʦʨʦʚʳʭ ʫʯʘʩʪʢʘʭ? ʀ ʪʫʪ 20% ʩʢʘʞʫʪ ï ʜʘ, ʤʳ ʠ ʥʝ ʥʘ ʪʘʢʦʝ ʛʦʪʦʚʳ 

ʧʦʡʪʠ, ʯʪʦʙʳ ï ʦʩʪʘʪʴʩʷ ʚ ʩʚʦʝʡ ʣʠʯʥʦʡ ʞʝʣʝʟʥʦʡ ʢʦʨʦʙʢʝ. ʅʫ, ʯʪʦ ʞ, ʠ 

ʧʫʩʪʴ! ʉʧʘʩʝʥʠʝ ʫʪʦʧʘʶʱʠʭ ï ʜʝʣʦ ʨʫʢ ʩʘʤʠʭ ʫʪʦʧʘʶʱʠʭ. ʆʩʪʘʣʴʥʳʝ ʞʝ 5-

10 ʥʘʡʜʫʪ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʩʧʦʩʦʙʳ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ: ʥʝʤʦʪʦʨʠʟʦʚʘʥʥʳʡ 

ʪʨʘʥʩʧʦʨʪ, ʉʀʄ ï ʠʣʠ, ʚ ʢʦʥʮʝ ʢʦʥʮʦʚ, ʦʙʱʝʩʪʚʝʥʥʳʡ ʪʨʘʥʩʧʦʨʪ. 

 

ʈʠʩʫʥʦʢ 2 ï ɿʘʥʠʤʘʝʤʦʝ ʛʦʨʦʜʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʨʠ ʧʝʨʝʚʦʟʢʝ  

50000 ʧʘʩʩ/ʯʘʩ 

ʊʫʪ ʪʦ ʤʳ ʠ ʧʦʥʠʤʘʝʤ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʟʘʛʨʫʞʝʥʥʦʩʪʴ ʛʦʨʦʜʩʢʠʭ ʜʦʨʦʛ 

ʧʦʣʴʟʫʶʪʩʷ ʠʤʠ ʥʝ ʙʦʣʝʝ 20% ʛʨʘʞʜʘʥ. ʇʦʣʫʯʘʝʪʩʷ, ʤʝʩʪʘ ʟʘʥʠʤʘʶʪ 

ʧʨʠʣʠʯʥʦ, ʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ï ʦʪʨʠʮʘʪʝʣʴʥʘʷ. ɿʘʪʦ ʜʦ 80% ʧʘʩʩʘʞʠʨʦʚ 

ʚʳʚʦʟʠʪ ʦʙʱʝʩʪʚʝʥʥʳʡ ʪʨʘʥʩʧʦʨʪ, ʠ ʚ ʢʘʢʠʭ ʫʩʣʦʚʠʷʭ: ʚ ʦʙʱʝʤ ʩ 

ʘʚʪʦʤʦʙʠʣʷʤʠ ʧʦʪʦʢʝ. ɽʩʪʝʩʪʚʝʥʥʦ, ʵʪʦ ʥʝʜʦʧʫʩʪʠʤʦ: ʪʨʘʥʩʧʦʨʪ, 

ʧʝʨʝʚʦʟʷʱʠʡ ʤʘʩʩʳ ʥʘʩʝʣʝʥʠʷ, ʚʳʥʫʞʜʝʥ ʞʜʘʪʴ, ʧʦʢʘ ʧʨʦʝʜʝʪ ʢʘʞʜʳʡ 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʥʘ ʣʠʯʥʦʤ. ʕʪʠ ʧʦʪʦʢʠ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʜʝʣʷʪʴ, ʠ, ʢʦʥʝʯʥʦ, ʥʝ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ʥʦʚʳʭ ʵʩʪʘʢʘʜ, ʩʢʦʨʦʩʪʥʳʭ ʤʘʛʠʩʪʨʘʣʝʡ ʠ ʨʘʟʚʷʟʦʢ ï ʵʪʦ, ʢʘʢ 

ʩʪʠʤʫʣ ʜʣʷ ʨʦʩʪʘ ʘʚʪʦʤʦʙʠʣʠʟʘʮʠʠ, ʣʠʰʴ ʫʩʫʛʫʙʠʪ ʩʠʪʫʘʮʠʶ: ʘʚʪʦʤʦʙʠʣʝʡ 

ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʦʧʷʪʴ ʩʪʘʥʝʪ ʙʦʣʴʰʝ, ʠ ʪʝ ʞʝ ʵʩʪʘʢʘʜʳ ʦʧʷʪʴ ʚʩʪʘʥʫʪ. ʀ 
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ʥʫʞʥʳ ʙʫʜʫʪ ʥʦʚʳʝ ʵʩʪʘʢʘʜʳ... ʀ ʪʘʢ ʧʦ ʢʨʫʛʫ, ʧʦʢʘ ʚʝʩʴ ʛʦʨʦʜ ʥʝ ʙʫʜʝʪ 

ʟʘʪʷʥʫʪ ʧʣʦʪʥʦʡ ʩʝʪʴʶ ʵʩʪʘʢʘʜ ʠ ʜʳʤʦʚʦʡ ʟʘʚʝʩʦʡ ʩʤʦʛʘ. ɼʝʡʩʪʚʦʚʘʪʴ ʥʫʞʥʦ 

ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ï ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʚ ʩʬʝʨʝ ʪʨʘʥʩʧʦʨʪʘ. 

 

ʈʠʩʫʥʦʢ 3 ï ʈʘʟʣʠʯʠʝ ʧʨʦʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʦʚ 

ʆʙʱʝʩʪʚʝʥʥʳʡ ʪʨʘʥʩʧʦʨʪ, ʥʘʜʦ ʩʢʘʟʘʪʴ, ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ 

ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʤʦʙʠʣʴʥʦʩʪʴʶ ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʟʜʦʨʦʚʴʷ ʠ ʙʣʘʛʦʧʦʣʫʯʠʷ ʥʘʩʝʣʝʥʠʷ. ɽʩʣʠ ʥʝ ʪʨʝʙʫʝʪʩʷ ʯʪʦ-ʣʠʙʦ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʠʣʠ ʩʪʨʦʠʪʴ ʩ ʥʫʣʷ, ʘ ʧʨʝʜʳʜʫʱʠʝ ʧʦʢʦʣʝʥʠʷ ʩʦʭʨʘʥʷʣʠ ʠ 

ʧʨʠʫʤʥʦʞʘʣʠ ʪʨʘʥʩʧʦʨʪʥʳʡ ʢʦʤʧʣʝʢʩ, ʪʦ, ʩʜʝʣʘʚ ʜʦʚʦʣʴʥʦ ʥʝʙʦʣʴʰʠʝ 

ʚʣʦʞʝʥʠʷ ʚ ʦʨʛʘʥʠʟʘʮʠʶ ʝʛʦ ʜʚʠʞʝʥʠʷ ï ʵʬʬʝʢʪ ʙʫʜʝʪ ʢʦʣʦʩʩʘʣʴʥʳʤ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʵʢʦʥʦʤʠʢʠ ʠ ʧʘʩʩʘʞʠʨʦʦʙʦʨʦʪʘ: ʚ ʩʪʦʨʦʥʫ ʨʦʩʪʘ, ʝʩʪʝʩʪʚʝʥʥʦ. ʉʘʤʳʡ 

ʙʘʥʘʣʴʥʳʡ ʩʧʦʩʦʙ ï ʦʨʛʘʥʠʟʘʮʠʷ ʚʳʜʝʣʝʥʥʳʭ ʧʦʣʦʩ ʜʣʷ ʜʚʠʞʝʥʠʷ 

ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. ɼʣʷ ʪʨʦʣʣʝʡʙʫʩʦʚ ʠ ʘʚʪʦʙʫʩʦʚ ʵʪʦ ï ʦʙʯrʥʘʷ 

ʚʳʜʝʣʝʥʥʘʷ ʧʦʣʦʩʘ, ʘ ʜʣʷ ʪʨʘʤʚʘʷ ï ʦʙʦʩʦʙʣʝʥʥʦʝ ʨʝʣʴʩʦʚʦʝ ʧʦʣʦʪʥʦ ï ʩ 

ʚʩʪʨʦʝʥʥʳʤʠ ʧʣʘʪʬʦʨʤʘʤʠ ʠʣʠ, ʢʘʢ ʤʠʥʠʤʫʤ, ʚʝʥʩʢʠʤʠ ʧʣʘʪʬʦʨʤʘʤʠ. 

ɺ ʩʣʫʯʘʝ ʩ ʪʨʘʤʚʘʝʤ, ʪʘʢʠʝ ʤʝʪʦʜʳ ʯʘʩʪʦ ʧʨʠʤʝʥʷʪʴ ʙʦʷʪʩʷ: ʚʝʜʴ 

ʧʨʠʜʝʪʩʷ ʟʘʢʨʳʪʴ ʜʣʷ ʘʚʪʦʤʦʙʠʣʝʡ 2 ʧʦʣʦʩʳ. ʋʜʠʚʠʪʝʣʴʥʦ - ʩʢʦʣʴʢʦ ʚ ʯʘʩ 

ʧʨʦʝʜʝʪ ʧʦ ʦʜʥʦʡ ʧʦʣʦʩʝ ʘʚʪʦʤʦʙʠʣʝʡ, ʘ ʩʢʦʣʴʢʦ - ʪʨʘʤʚʘʝʚ ʩ ʢʦʣʠʯʝʩʪʚʦʤ 

ʣʶʜʝʡ, ʚ ʩʦʪʥʠ ʨʘʟ ʧʨʝʚʳʰʘʶʱʠʤ ʘʚʪʦʤʦʙʠʣʠʩʪʦʚ! ʀ ʪʝʤ ʥʝ ʤʝʥʝʝ, 
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ʦʜʥʦʟʥʘʯʥʦʛʦ ʢʦʥʩʝʥʩʫʩʘ ʧʦ ʵʪʦʤʫ ʧʦʚʦʜʫ ʜʘʞʝ ʚ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʡ ʙʘʟʝ ʥʝʪ. 

ɺʨʦʜʝ ʢʘʢ, ʚʩʝ ʥʘ ʩʪʦʨʦʥʝ ʪʨʘʤʚʘʷ: ʦʥ ʠ ʚ ʧʨʠʦʨʠʪʝʪʝ, ʠ ʩ ʦʙʲʝʤʥʳʤʠ 

ʬʝʜʝʨʘʣʴʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ, ʘ ʟʥʘʯʠʪ ʠ ʩ ʙʦʣʴʰʠʤʠ ʜʠʚʠʜʝʥʜʘʤʠ ʜʣʷ 

ʙʶʜʞʝʪʘ ʛʦʨʦʜʘ - ʥʦ ʝʩʪʴ ʥʝʛʣʘʩʥʦʝ ʣʦʙʙʠ ʘʚʪʦʤʦʙʠʣʠʩʪʦʚ ʚ ɻʀɹɼɼ, ʢʦʪʦʨʦʝ 

ʩʦʟʥʘʪʝʣʴʥʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʪʘʢʠʤ ʤʝʨʘʤ - ʦʩʦʙʝʥʥʦ ʚ ʟʦʥʝ ʠʩʪʦʨʠʯʝʩʢʦʛʦ 

ʮʝʥʪʨʘ. ʆʥʠ ʨʘʜʦʚʘʣʠʩʴ, ʢʦʛʜʘ ʥʘʦʙʦʨʦʪ ʩʥʠʤʘʣʠ ʚʘʞʥʳʝ ʪʨʘʤʚʘʡʥʳʝ ʣʠʥʠʠ, 

ʚʳʨʫʙʘʣʠ ʜʝʨʝʚʴʷ - ʨʘʜʠ ʨʘʩʰʠʨʝʥʠʷ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ.  

ʀ ʪʝʤ ʥʝ ʤʝʥʝʝ, ʩʝʡʯʘʩ-ʪʘʢʠ ʩʣʫʯʠʣʩʷ ʧʝʨʝʣʦʤ, ʢʦʪʦʨʳʡ ʥʝ ʪʦʣʴʢʦ 

ʧʦʟʚʦʣʠʣ ʪʨʘʤʚʘʶ ʚʟʜʦʭʥʫʪʴ ʩʚʦʙʦʜʥʦ, ʥʦ ʠ ʦʪʢʠʥʫʣ ʘʚʪʦʤʦʙʠʣʠʩʪʦʚ ʚ 

ʧʨʦʰʣʦʝ - ʚʝʜʴ ʠʤʝʥʥʦ ʪʦʛʜʘ ʦʥʠ ʙʳʣʠ ʥʘ ʧʠʢʝ ʧʦʧʫʣʷʨʥʦʩʪʠ. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʜʦʢʫʤʝʥʪʘʮʠʶ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʦʙʦʩʦʙʣʝʥʠʝ ʪʨʘʤʚʘʡʥʳʭ 

ʣʠʥʠʡ ʩʦʢʨʘʪʠʣʠ ʥʘ ʧʦʣʛʦʜʘ ʠ ʠʩʢʣʶʯʠʣʠ ʢʫʯʫ ʥʠʢʦʤʫ ʥʝ ʥʫʞʥʳʭ 

ʩʦʛʣʘʩʦʚʘʥʠʡ ð ʵʪʦ ʨʝʟʢʠʡ ʩʢʘʯʦʢ ʚʧʝʨʸʜ, ʘ ʪʘʢʞʝ ʦʪʦʙʨʘʣʠ ʥʝʢʦʪʦʨʳʝ 

ʧʦʣʥʦʤʦʯʠʷ ʫ ɻʀɹɼɼ, ʢʦʪʦʨʳʤʠ ʪʝ ʘʢʪʠʚʥʦ ʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʚʝʜʝʥʠʷ ʩʚʦʝʡ 

ʧʨʦʘʚʪʦʤʦʙʠʣʴʥʦʡ ʧʦʣʠʪʠʢʠ. ʅʘʢʦʥʝʮ-ʪʘʢʠ ʧʦʷʚʠʪʩʷ ʬʝʜʝʨʘʣʴʥʘʷ 

ʧʨʦʛʨʘʤʤʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʢʦʤʧʣʝʢʩʥʦ ʨʘʟʚʠʚʘʪʴ ʛʦʨʦʜʩʢʦʡ ʵʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪ 

- ʢʘʢ ʦʩʥʦʚʫ ʛʦʨʦʜʩʢʠʭ ʧʝʨʝʚʦʟʦʢ ʦʙʱʝʩʪʚʝʥʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ. ɽʩʪʝʩʪʚʝʥʥʦ, 

ʤʥʦʛʦʝ ʙʳʣʦ ʫʪʝʨʷʥʦ ʟʘ ʛʦʜʳ "ʧʝʨʝʦʩʤʳʩʣʝʥʠʷ": ʥʝʢʦʪʦʨʳʭ ʣʠʥʠʡ ʣʠʰʠʣʠʩʴ 

ʙʦʣʴʰʠʝ ʛʦʨʦʜʘ, ʥʝʢʦʪʦʨʳʝ ʥʝʙʦʣʴʰʠʝ ʛʦʨʦʜʘ ʚʦʚʩʝ ʦʩʪʘʣʠʩʴ ʙʝʟ ʪʨʘʤʚʘʷ, ʥʦ 

ʧʦʣʫʯʠʪʩʷ ʚʦʩʩʪʘʥʦʚʠʪʴ ʜʦʣʶ ʥʘʟʝʤʥʦʛʦ ʵʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʘ ʚ ʦʙʱʝʤ ʦʙʲʸʤʝ 

ʧʝʨʝʚʦʟʦʢ ʩ ʩʫʱʝʩʪʚʫʶʱʠʭ ʯʫʪʴ ʤʝʥʴʰʝ 10% ʜʦ 25%. ʂʘʢʠʤ ʦʙʨʘʟʦʤ 

ʩʦʙʠʨʘʶʪʩʷ ʥʘʩʪʦʣʴʢʦ "ʚʟʚʠʥʪʠʪʴ" ʜʦʣʶ ʧʘʩʩʘʞʠʨʦʚ? ʅʝ ʪʦʣʴʢʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ʥʦʚʳʭ ʣʠʥʠʡ, ʩʢʦʨʝʝ ʜʘʞʝ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, - ʘ ʠʤʝʥʥʦ 

ʦʙʦʩʦʙʣʝʥʠʝʤ ʜʝʡʩʪʚʫʶʱʠʭ, ʠ - ʧʨʠʦʨʠʪʠʟʘʮʠʝʡ ʧʝʨʝʜ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ 

ʪʨʘʥʩʧʦʨʪʘ. 

ʇʨʠʦʨʠʪʠʟʘʮʠʷ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ - ʥʝʩʦʤʥʝʥʥʦ ʚʘʞʥʳʡ 

ʵʣʝʤʝʥʪ ʫʩʢʦʨʝʥʠʷ ʠ ʠʥʪʝʛʨʘʮʠʠ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʢʦʪʦʨʳʡ 

ʧʦʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʘ ʟʥʘʯʠʪ, ʠ 

ʧʦʧʫʣʷʨʥʦʩʪʠ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. ɿʘʢʣʶʯʘʝʪʩʷ ʦʥʘ ʚ ʛʨʘʤʦʪʥʦʤ 

ʩʚʝʪʦʬʦʨʥʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ. ʇʦʜʲʝʟʞʘʝʪ ʪʨʘʤʚʘʡ ʢ 
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ʦʩʪʘʥʦʚʢʝ - ʯʝʨʝʟ 15-20 ʩʝʢʫʥʜ ʝʤʫ ʚʢʣʶʯʘʝʪʩʷ ʟʝʣʸʥʳʡ ʩʚʝʪ - ʚ 

ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢʘʷ ʦʙʩʪʘʥʦʚʢʘ ʥʘ ʧʝʨʝʢʨʸʩʪʢʝ - ʜʦʧʬʘʟʘ ʜʣʷ 

ʪʨʘʤʚʘʷ ʥʘ 10 ʩʝʢʫʥʜ ʥʝ ʫʭʫʜʰʠʪ, ʘ ʜʘʞʝ ʫʣʫʯʰʠʪ ʜʦʨʦʞʥʫʶ ʩʠʪʫʘʮʠʶ. ʀ 

ʚʘʞʥʦ, ʯʪʦʙʳ ʥʝ ʪʦʣʴʢʦ ʦʜʠʥ ʩʚʝʪʦʬʦʨ ʙʳʣ ʧʨʠʦʨʠʪʝʪʥʦ ʥʘʩʪʨʦʝʥ: 

ʥʝʦʙʭʦʜʠʤʦ ʦʩʥʘʩʪʠʪʴ ʧʨʠʦʨʠʪʝʪʥʳʤ ʧʨʦʝʟʜʦʤ ʜʣʷ ʪʨʘʤʚʘʷ ʚʩʝʤ 

ʧʨʷʤʦʣʠʥʝʡʥʦʤ ʫʯʘʩʪʢʝ ʪʨʘʤʚʘʡʥʦʛʦ ʧʫʪʠ. ʊʘʢʞʝ, ʦʯʝʥʴ ʚʘʞʥʦ ʟʘʧʨʝʪʠʪʴ 

ʣʝʚʳʡ ʧʦʚʦʨʦʪ ʯʝʨʝʟ ʪʨʘʤʚʘʡʥʳʝ ʧʫʪʠ - ʘʚʪʦʤʦʙʠʣʠʩʪʳ ʥʘʡʜʫʪ, ʛʜʝ 

ʧʦʚʝʨʥʫʪʴ ʠʣʠ ʨʘʟʚʝʨʥʫʪʴʩʷ ʫʜʦʙʥʝʝ, ʘ ʜʣʷ ʪʨʘʤʚʘʷ ʵʪʦ - ʫʩʢʦʨʝʥʠʝ ʠ 

ʨʝʛʫʣʷʨʥʦʩʪʴ.  

ʊʦ ʞʝ ʩʘʤʦʝ ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʜʨʠʪʴ ʠ ʜʣʷ ʪʨʦʣʣʝʡʙʫʩʦʚ. ɺʳʜʝʣʝʥʥʳʝ ʧʦʣʦʩʳ ʚ 

ʧʘʨʝ ʩ "ʟʝʣʸʥʦʡ ʚʦʣʥʦʡ" - ʥʘʠʣʫʯʰʠʡ ʩʧʦʩʦʙ ʩʥʠʟʠʪʴ ʠʥʪʝʨʚʘʣʳ ʥʘ ʤʘʨʰʨʫʪʝ 

ʠ ʩʜʝʣʘʪʴ ʠʟ ʙʦʣʝʝ ʨʝʛʫʣʷʨʥʳʤʠ ʜʘʞʝ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ 

ʩʦʩʪʘʚʘ. ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʧʨʠʤʝʥʠʣʠ ʥʘ ʉʫʚʦʨʦʚʩʢʦʤ ʧʨʦʩʧʝʢʪʝ. ʊʝʧʝʨʴ, ʦʪ 

ʅʝʚʩʢʦʛʦ ʧʨʦʩʧʝʢʪʘ ʜʦ ʉʤʦʣʴʥʦʛʦ ʪʨʦʣʣʝʡʙʫʩ ʧʨʦʝʟʞʘʝʪ ʟʘ 7-8 ʤʠʥʫʪ, 

ʫʯʠʪʳʚʘʷ ʧʦʜʭʦʜʷʱʠʝ ʜʣʷ ʵʪʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ: ʙʳʩʪʨʳʡ 

ʨʘʟʛʦʥ, ʧʣʘʚʥʳʡ ʭʦʜ ʠ ʟʘʤʝʜʣʝʥʠʝ. ʄʘʰʠʥʘ ʙʫʜʝʪ ʯʫʚʩʪʚʦʚʘʪʴ ʩʝʙʷ ʣʫʯʰʝ, ʘ 

ʟʥʘʯʠʪ, ʠ ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʧʦʚʳʩʠʪʩʷ - ʠ ʢʦʣʠʯʝʩʪʚʦ 

ʨʝʤʦʥʪʦʚ ʩʥʠʟʠʪʩʷ. ʀ ʵʪʦ ʚ ʫʩʣʦʚʠʷʭ, ʢʘʟʘʣʦʩʴ ʙʳ, ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʛʦʨʦʜʩʢʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ - ʛʜʝ ʚʩʝʤ "ʥʝ ʭʚʘʪʘʝʪ ʤʝʩʪʘ"... 

 

ʈʠʩʫʥʦʢ 4 ï ʇʨʠʦʨʠʪʠʟʘʮʠʷ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ 
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ʄʳ ʦʙʛʦʚʦʨʠʣʠ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʠ ʢʘʢ ʪʝʧʝʨʴ ʠʭ ʧʨʠʤʝʥʷʪʴ ʚ ʠʩʪʦʨʠʯʝʩʢʦʤ 

ʮʝʥʪʨʝ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ: ʢʘʢ ʩʜʝʣʘʪʴ ʚʦʩʧʨʠʷʪʠʝ ʪʨʘʥʩʧʦʨʪʘ ʉʝʚʝʨʥʦʡ 

ʉʪʦʣʠʮʳ ʪʘʢʠʤ ʞʝ, ʢʘʢʦʝ ʤʳ ʦʱʫʱʘʝʤ ʦʪ ʦʜʥʦʛʦ ʣʠʰʴ ʚʟʛʣʷʜʘ ʥʘ ʕʨʤʠʪʘʞ, 

ʀʩʘʘʢʠʝʚʩʢʠʡ ʩʦʙʦʨ, ʟʜʘʥʠʷ ʇʝʪʨʦʧʘʚʣʦʚʩʢʦʡ ʢʨʝʧʦʩʪʠ ʠ ɸʜʤʠʨʘʣʪʝʡʩʪʚʘ? 

ʏʪʦ ʞʝ ʤʳ ʟʘʙʳʣʠ ʚ ʯʝʨʝʜʝ ʵʪʠʭ ʧʨʝʢʨʘʩʥʳʭ ʤʝʩʪ? ʂʦʥʝʯʥʦ, ʤʦʩʪʳ! ʕʪʦ - 

ʠʟʶʤʠʥʢʘ ʛʦʨʦʜʘ ʥʘ ʅʝʚʝ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʦʛʨʦʤʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʥʦ, ʢ 

ʩʦʞʘʣʝʥʠʶ, ʥʝʜʦʩʪʘʪʢʠ ʪʘʢʦʛʦ ʞʝ ʦʙʲʸʤʘ. ʅʠ ʚ ʢʦʝʤ ʩʣʫʯʘʝ ʥʝ ʦʙʚʠʥʷʝʤ 

ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʛʦʨʦʜʘ - ʦʥʦ ʥʘʤ ʧʨʠʥʦʩʠʪ ʙʦʣʴʰʠʝ 

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ ʪʫʨʠʩʪʠʯʝʩʢʠʝ ʧʨʝʬʝʨʝʥʮʠʠ. ʉʢʦʨʝʝ ʚʠʥʦʚʘʪʳ ʯʠʥʦʚʥʠʢʠ, 

ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʨʘʙʦʪʫ ʪʨʘʥʩʧʦʨʪʘ. 

ɿʘʤʝʪʴʪʝ, ʣʶʙʦʡ ʧʫʪʝʧʨʦʚʦʜ ʠʣʠ ʤʦʩʪ ʷʚʣʷʝʪʩʷ ʤʝʩʪʦʤ ʩʢʦʧʣʝʥʠʷ ʚʩʝʭ 

ʚʠʜʦʚ ʪʨʘʥʩʧʦʨʪʘ - ʠ ʣʠʯʥʦʛʦ, ʠ ʦʙʱʝʩʪʚʝʥʥʦʛʦ. ʊʘʢ ʧʨʦʠʩʭʦʜʠʪ, ʧʦʪʦʤʫ ʯʪʦ 

ʥʘ ʥʠʭ ʦʪʩʫʪʩʪʚʫʶʪ ʚʳʜʝʣʝʥʥʳʝ ʧʦʣʦʩʳ! ɸ ʫʯʠʪʳʚʘʷ ʧʦʪʦʢ ʪʨʘʥʩʧʦʨʪʘ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʪʨʘʤʚʘʡʥʦʛʦ, ʢʦʪʦʨʳʡ ʩʣʝʜʫʝʪ ʚ ʮʝʥʪʨʘʣʴʥʫʶ ʯʘʩʪʴ ʛʦʨʦʜʘ, ʙʝʟ 

ʦʙʦʩʦʙʣʝʥʠʷ ʢʘʢ ʤʠʥʠʤʫʤ ʪʨʘʤʚʘʡʥʳʭ ʣʠʥʠʡ - ʥʠʢʫʜʘ. ʅʝʦʙʭʦʜʠʤʦ 

ʦʙʦʩʦʙʠʪʴ ʪʨʘʤʚʘʡʥʳʝ ʣʠʥʠʠ ʠ ʚʳʜʝʣʝʥʥʳʝ ʧʦʣʦʩʳ ʜʣʷ ʪʨʦʣʣʝʡʙʫʩʦʚ ʥʘ 

ʤʦʩʪʘʭ: ɹʣʘʛʦʚʝʱʝʥʩʢʠʡ (ʪʨʘʤʚʘʡ), ɼʚʦʨʮʦʚʳʡ (ʪʨʘʤʚʘʡ + ʪʨʦʣʣʝʡʙʫʩ), 

ɹʠʨʞʝʚʦʡ (ʪʨʘʤʚʘʡ), ʊʫʯʢʦʚ (ʪʨʘʤʚʘʡ), ʂʘʤʝʥʦʦʩʪʨʦʚʩʢʠʡ ʠ ʋʰʘʢʦʚʩʢʠʡ 

(ʪʨʘʤʚʘʡ + ʪʨʦʣʣʝʡʙʫʩ), ʊʨʦʠʮʢʠʡ (ʪʨʘʤʚʘʡ), ʉʠʤʝʦʥʦʚʩʢʠʡ (ʪʨʘʤʚʘʡ), 

ɻʨʝʥʘʜʝʨʩʢʠʡ (ʪʨʘʤʚʘʡ), ʃʠʪʝʡʥʳʡ (ʪʨʘʤʚʘʡ + ʪʨʦʣʣʝʡʙʫʩ), 

ɹʦʣʴʰʝʦʭʪʠʥʩʢʠʡ (ʪʨʘʤʚʘʡ + ʪʨʦʣʣʝʡʙʫʩ), ɸʣʝʢʩʘʥʜʨʘ ʅʝʚʩʢʦʛʦ (ʪʨʘʤʚʘʡ). 



ʄʅʇʂ çʊʈɸʅʉʇʆʈʊʅʓɽ ʉʀʉʊɽʄʓ: ɹɽɿʆʇɸʉʅʆʉʊʔ, ʅʆɺʓɽ ʊɽʍʅʆʃʆɻʀʀ, ʕʂʆʃʆɻʀʗè 
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ʉ ʫʟʢʠʤʠ ʤʝʩʪʘʤʠ ʨʘʟʦʙʨʘʣʠʩʴ, "ʨʘʩʰʠʣʠ", ʝʩʣʠ ʤʦʞʥʦ ʪʘʢ ʩʢʘʟʘʪʴ. 

ʊʝʧʝʨʴ ʧʝʨʝʭʦʜʠʤ ʢ ʋɼʉ ʥʘ ʦʩʪʨʦʚʘʭ ʚ ʮʝʥʪʨʝ ʛʦʨʦʜʘ. ɺʝʜʴ ʚʩʷ ʠʩʪʦʨʠʯʝʩʢʘʷ 

ʯʘʩʪʴ ʛʦʨʦʜʘ - ʪʦ ʙʠʰʴ ʮʝʥʪʨʘʣʴʥʘʷ, ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʦʩʪʨʦʚʘʭ. ʈʘʩʩʤʦʪʨʠʤ 

ʦʩʥʦʚʥʳʝ ʘʨʪʝʨʠʠ, ʜʠʘʤʝʪʨʘʣʴʥʦ (ʯʝʨʝʟ ʮʝʥʪʨ) ʩʚʷʟʳʚʘʶʱʠʝ ʨʘʟʣʠʯʥʳʝ 

ʯʘʩʪʠ ʛʦʨʦʜʘ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʅʝʚʩʢʠʡ ʧʨʦʩʧʝʢʪ. ʕʪʦ ʢʘʢ ʩʚʦʝʦʙʨʘʟʥʘʷ 

"ʩʚʷʱʝʥʥʘʷ ʢʦʨʦʚʘ", ʩ ʢʦʪʦʨʦʡ ʪʨʫʜʥʦ ʯʪʦ-ʣʠʙʦ ʩʜʝʣʘʪʴ: ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ 

ʦʥ ʚʭʦʜʠʪ ʚ ʟʦʥʫ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ ʖʅɽʉʂʆ, ʠ ʚ ʮʝʣʦʤ ʝʛʦ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʤʘʩʩʦʚʳʭ ʤʝʨʦʧʨʠʷʪʠʡ - ʥʦ ʫʨʙʘʥʠʩʪʠʢʘ ʚʩʝʛʜʘ ʥʘʡʜʝʪ 

ʚʳʭʦʜ ʠʟ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦʡ ʩʠʪʫʘʮʠʠ. ɺʝʨʥʫʪʴ ʪʨʘʤʚʘʡ ʥʘ ʅʝʚʩʢʠʡ - ʩʘʤʦʝ 

ʧʨʘʛʤʘʪʠʯʥʦʝ ʠ ʛʨʘʤʦʪʥʦʝ ʚʦ ʚʩʝʭ ʩʤʳʩʣʘʭ ʵʪʦʛʦ ʩʣʦʚʘ ʨʝʰʝʥʠʝ. ʗ ʟʥʘʶ, 

ʩʝʡʯʘʩ ʚʩʢʦʯʘʪ ʚʩʝ ʚʝʜʦʤʩʪʚʘ - ʘ ʯʪʦ? ɸ ʢʘʢ? ɸ ʢʫʜʘ ʜʝʚʘʪʴ ʘʚʪʦʤʦʙʠʣʠ? 

ʆʪʚʝʪ ʧʨʦʩʪ. ʀ ʢʨʦʝʪʩʷ ʦʥ ʚ ʮʝʣʷʭ ʛʦʨʦʜʘ - ʣʠʙʦ ʛʦʨʦʜ ʜʣʷ ʣʶʜʝʡ, ʣʠʙʦ - 

ʛʦʨʦʜ ʜʣʷ ʘʚʪʦʤʦʙʠʣʝʡ. ɽʩʪʝʩʪʚʝʥʥʦ, ʟʜʨʘʚʘʷ ʘʜʤʠʥʠʩʪʨʘʮʠʷ ʚʳʙʝʨʝʪ ʧʝʨʚʦʝ. 

ɿʥʘʯʠʪ, ʩʪʨʦʠʤ. ɸ ʢʦʥʢʨʝʪʥʝʝ - ʥʘʰ ʛʦʨʦʜ ʠʤʝʝʪ ʫʜʦʙʥʫʶ ʜʠʘʤʝʪʨʘʣʴʥʫʶ 

ʩʪʨʫʢʪʫʨʫ ʋɼʉ. ʊʫʪ ʝʩʪʴ ʩʚʦʠ ʨʘʜʠʘʣʴʥʳʝ ʫʣʠʮʳ, ʢʦʪʦʨʳʝ ʩ ʣʠʭʚʦʡ ʚʦʟʴʤʫʪ 

ʥʘ ʩʝʙʷ ʧʦʪʦʢʠ ʩ ʅʝʚʩʢʦʛʦ, ʠ ʥʘʙʝʨʝʞʥʘʷ. ʇʦʪʦʤ, ʢʪʦ ʩʢʘʟʘʣ, ʯʪʦ ʘʚʪʦʤʦʙʠʣʠ 

ʧʦʣʥʦʩʪʴʶ ʫʭʦʜʷʪ ʩ ʅʝʚʩʢʦʛʦ? ʆʥʠ ʫʭʦʜʷʪ ʣʠʰʴ ʩ ʝʛʦ ʯʘʩʪʠ - ʦʪ 

ɸʜʤʠʨʘʣʪʝʡʩʪʚʘ ʜʦ ʥʘʙ. ʈ. ʄʦʡʢʠ. ʊʘʤ ʤʘʢʩʠʤʘʣʴʥʦ ʙʫʜʫʪ ʨʘʩʰʠʨʝʥʳ 






































































































































































































































































































































































































































































































